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APPENDICES
Appendix A Programming Model for Retrofit without Relocation
$T 1T L E  H E N  d e s ig n -  A u to m a t ic  p a r a m e ter  c a lc u la t io n -  K IT 1 S A K -1  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * ;(:
* E q u a tio n s  that are d iffe r e n t  than  in th e  p ap er  +errata .
* (1 0 0 )  Just a n o m e n c la tu r e  c h a n g e  
* (1 0 5 )  Just a n o m e n c la tu r e  c h a n g e

* E q u a tio n s  that are a d d e d  to  th o se  th a t are in the p ap er  
* (1 0 6 )  and  (1 0 7 )
* C O N S I S T E N C Y  : N u m b e r  o f  e x c h a n g e r s  sm a lle r  th an  th e  n u m b er  o f  s h e lls
* N e e d e d  b e c a u se  th e  e x c h a n g e r s  are  r e la ted  to  the v a lu e s  o f  K .
* (1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
* ( 1 0 9 )  M IN IM U M  N U M B E R  O F  E X C H A N G E R S  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S O F F U P P E R
S E T Sz tra n sfe r  z o n e  /Z 1  * Z 1 /

♦ A L W A Y S D E F I N E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  
1 H o t  s tre a m s /I I  *13 /
J c o ld  s trea m s /J 1 * J 3 /

♦ A L W A Y S D E F I N E  T H E  U T IL IT IE S  W IT H  T H E  H IG H E S T  IN D E X  
H U (1) H e a tin g  u t il i t ie s  /I 3 /
C U (J )  C o o lin g  u t il it ie s  /J 3 /

M  tem p era tu re  in te r v a ls  /M 1 * M 8 5 /
ร  S C E N A R IO  / S I /
K  tem p era tu re  in te r v a ls  /K 1 * K 1 /
R e x c h a n g e r s  /R 1  * R 7 /

A L I A S  (M .N .L .O )
A L I A S  (I ,II)
A L I A S  (J,JJ)
A L I A S  (K .K K )
A L I A S  (Z  Z Z )

O R D E R (J )

Ï
J2

P A R A M E T E R  N IZ (S ,Z ,1 )  #  O F  I N T E R V A L S  D E S I R E D  F O R  H O T  S T R E A M S

S I .Z 1 .I 1  3 0  
S 1 .Z 1 .I 2  8 
S 1 .Z 1 .1 3  2

P A R A M E T E R  N J Z (S ,Z ,J )  #  O F  I N T E R V A L S  D E S I R E D  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  35  
S 1 .Z 1 .J 2  8 
S 1 .Z 1 .J 3  2

P A R A M E T E R  H I(S ,I )  H E A T  T R  C E O F F  F O R  H O T  S T R E A M S

S i  l l  0 .1
S I  .12 0 .1  
S I . 13 0 .1

P A R A M E T E R  H J (S ,J )  H E A T  T R  C E O F F  F O R  C O L D  S T R E A M S

S I  J 1 0 ,1
S I .J 2  0 .1  
S 1 .J 3  0.1

P A R A M E T E R S



T I H (S ,I )  T  IN  F O R  H O T  S T R E A M S

51.1 1  4 0 0
5 1 .12 1 4 0
ร ไ . 13 5 0 0

T O H (S ,I )  T  O U T  F O R  H O T  S T R E A M S

S 1 .I1  1 0 0  
ร !  .12 6 0  
ร  1.13 4 9 9

T IC (S .J )  T  IN  F O R  C O L D  S T R E A M S

S 1.J1  5 0  
ร น 2  9 0  
S 1 .J 3  3 0

T O C (S .J )  T  O U T  F O R  C O L D  S T R E A M S

S 1 .J 1  4 0 0  
ร น 2  1 6 5  
ร น 3 4 0

P A R A M E T E R S
T 1 H Z (S .Z ,I )  T  IN  F O R  H O T  S T R E A M S

S 1 .Z 1 .1 1  4 0 0  
S 1 .Z 1 .I 2  1 4 0  
S 1 .Z 1 .I 3  5 0 0

T O H Z ( S .Z .l )  T  O U T  F O R  H O T  S T R E A M S

S 1 .Z 1 .I1  1 0 0  
S 1 .Z 1 .1 2  6 0  
S 1 .Z 1 .I 3  4 9 9

T I C Z (S .Z .J )  T  IN  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  5 0  
S 1 .Z 1 .J 2  9 0  
S 1 .Z 1 .J 3  3 0

T O C Z (S ,Z ,J )  T  O U T  F O R  C O L D  S T R E A M S

S 1 .Z I .J 1  4 0 0  
S 1 .Z 1 .J 2  1 6 5  
S 1 .Z 1 .J 3  4 0! * *
* I N T R O D U C E  T H E  F C p :
F H (S ,I )  F O R  H O T  S T R E A M S

S 1 .I1  10
ร ] . 12 3 0

F C (S ,J )  F O R  C O L D  S T R E A M S

รน! 1 0

S 1 .J 2  4 0

* U S E  T H E  M A X  F C p  F O R  T H E  U T IL IT IE S

S E T S  F R E E H (I)  
/
1 !
12

13

F R E E C (J )/
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Ji
J2
J3

P A R A M E T E R  B IF (Z ,บ )

Z 1 .1 1 J 2  0  
Z 1.12 .J 1  0  
Z 1 .I3 .J 1  0  
Z 1 .1 2 .J 3  0

♦ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B I F = I  ; 
♦ M A X N E X C H P E R M A T C H  =  2

P A R A M E T E R  S P H (I)

i, ,12 1
13 1

P A R A M E T E R  S P C (J )  

1 ,

S H  in  paper

S C  in  paper

J2  1 
J3 1

P A R A M E T E R  N 1H (1)

แ 0
12 0 

13 0

P A R A M E T E R  N IC (J )

J l 0
0 

0

N o n  iso th e rm a l s p lit t in g  fo r  h o t  stream s in paper

N o n  iso th e rm a l sp lit t in g  fo r  c o ld  strea m s in  paper

J2  
J3

P A R A M E T E R  D T V I O (E J )  

II Jl 1

11. J2
11. J3
1 2 . Jl 
Ï2 .J 2
12 . J3
13 . J1
I3 .J 2  
13.J3  
/

P A R A M E T E R  K M A X ( Z T J )/
Z 1 .I 1 .J 2  1
Z 1 .12 .J 1  1
Z I .I 3 .J 1  1 
Z 1 .I 2 .J 3  1

/
****** If:********:*:********** ******* ******************************** **************

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  A D J )  f o r  r e t r o f i t  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* Çnntpxt
P A R A M E T E R  A E X (Z ,1  J )

Z 1 .1 1 .J 2  8 4 1 .8 6  
Z 1.12 .J 1  5 5 4
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Z I .I 2 .J 3  6 6 0 .1 8  
Z 1.13 .J1  2 6 2

P A R A M E T E R  A E X  B (K .Z .l .J )

K l .Z 1 .1 1 .J 2  8 4 1 .8 6

P A R A M E T E R  N U E O (S .Z J .J )

S 1 .Z I .I 1 .J 2  1 
S I .Z 1 .1 2 .J 1  1 
S I .Z 1 .I3 .J 1  1 
S 1 .Z 1 .I2 .J 3  1

P A R A M E T E R  A E X  l l(Z .I .J )

Z 1 .I I .J 2  2 0 0 0  
Z 1.12 .J I  2 0 0 0  
Z 1.I3 .J1  2 0 0 0  
Z 1 .1 2 .J 3  2 0 0 0

P A R A M E T E R  A E X J ]  โร(K .Z .I .J )  

K 1 .Z 1 .I1  J 2  2 0 0 0

P A R A M E T E R  A  N E W  M A X (Z ,] ,J )

Z l . (1 1 * 1 3 ).(J 1 * J 3 )  2 0 0 0/

♦ For R e lo c a t io n  
S o n te x t
P A R A M E T E R  A E X _ 1 (R )/
R1 1 0 0 1 .3 4  
R 2  1 0 4 8 .2 8  
R 3 1 2 1 .5 3  
R 4 1 3 3 .5 6  
R 5 5 8 4 .1 5  
R 6  6 0 3 .7 1  
R 7  2 4 6 .8 1

P A R A M E T E R  A E X J B J ( R )

R1 1 0 0 1 .3 4

P A R A M E T E R  A E X J J J ( R )

R1 1 5 0 2 .0 1  
R 2  1 5 7 2 .4 2  
R 3 1 8 2 .2 9 5  
R 4  2 0 0 .3 4  
R 5  8 7 6 .2 2 5  
R 6  9 0 5 .5 6 5  
R 7 3 7 0 .2 1 5

P A R A M E T E R  A E X J U B J ( R )

R1 1 5 0 2 .0 1/
P A R A M E T E R  R  A L E  
* M in im u m  D E L T A  Tท/:
S o ff te x t* * * * * % * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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* * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * 3):******  
P A R A M E T E R  D T H U (I )

13 1

P A R A M E T E R  D T C U (J )

J3 10

P A R A M E T E R  F M A X  H U (1 )

13 5 0 0 0

P A R A M E T E R  F M A X C U ( J )

J3 5 0 0 0

P A R A M E T E R  C H U (I )

13 9 5 -0 4

P A R A M E T E R  C C U (J )

J3  2 0

P A R A M E T E R  C F ;

g S c *
C A  =  2 0 ;* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * P Q J ^  J^ pypQ pjnp*  * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  M A X  N E W  H E X
* M a x im u m  N u m b e r  o f  n e w  e x c h a n g e r s  /2 0 0 /;
P A R A M E T E R  C A N ;

P A R A M E T E R  C A E ,
C A E  =  2 0 ;* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  Q L H M 1 N
* M in im u m  h ea t th at can  b e  tra n sferred  w ith in  an in te r v a l.H o t  stream s  

P A R A M E T E R  Q L C M IN
* M in im u m  h ea t th a t  can  b e  tra n sferred  w ith in  an in te r v a l.C o ld  stream s

P A R A M E T E R  A M A X
* M a x im u m  a rea  p er  e x c h a n g e r/2 0 0 0 0 /;
P A R A M E T E R  A S H E L L M A X
* M a x im u m  s h e ll  area/5 0 0 0/;
P A R A M E T E R  U S H E L L M A X
* M a x im u m  s h e ll  area/5 0 0 0/;
* A d d  fo r  retrofit
P A R A M E T E R  A N E W S H E L L M A X
* M a x im u m  s h e l l  area/5 0 0 0/;
P A R A M E T E R  N E W U S H E L L M A X
* M a x im u m  s h e ll  area
/ 5 0 0 0 /;

P A R A M E T E R  T O T N E X C H M A X
* M a x im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  T O T N E X C H M I N
* M in im u m  N U M B E R  O F  E X C H A N G E R S
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P A R A M E T E R  D T m in  
* M in im u m  D E L T A  T/o/;
p a ra m eter  N I N T
/2 6 3 /;
p a ra m eter  O P T/!/;
* E N D  O F  I N P U T  P A R A M E T E R S

S C A L A R S  S i ,  Z i, M i, Ic . Ji

P A R A M E T E R S  I H m in Z (S ,Z ,I ) ,I H m a x Z (S .Z ,l) .]H m a x (S ,l) ,I H m in (S ,I ) .H O T (S ,I ,M ) .  
H O T 2 (S ,M ). H O T Z (S ,Z ,] ,M ), I C m in Z (S .Z J ) ,lC m a x Z (S ,Z ,J ) ,I C m in (S ,J ) ,  

I C m a x ( s j ) ,C O L D ( S ,J ,M ) ,C O L D 2 ( S ,M ) ,  C O L D Z (S ,Z ,J ,M ), H J ( S , i ,M ) ,  H _ J (S J ,M )

F O R (S i= l  T O  C A R D (S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = I  T O  C A R D (I ) ,
] H m in Z ( S ,Z ,I )$ [ O R D (S ) = S i  A N D  O R D (I )= l

A N D  O R D (Z )=  1 ] =  0 +  1 $ [N I Z (S ,Z ,I )> =  1 ]; 
lH m in Z ( S ,Z ,I )$ [ O R D (S ) = S i  A N D  O R D (I )> l  

A N D  O R D (Z )=  1 ] =  0 +
{ S U M ((Z Z  1 1 )$ [O R D (I I )< O R D (I ) ] ,N I Z (S ,Z Z ,1 I ) )+ 1 } $ [N !Z (S ,Z ,I )> =  ! ]; 

lH m in Z ( S ,Z ,I )$ [ O R D (S ) = S i  A N D  0 R D ( Z ) > 1 ] =  0 +
{ S U M ((Z Z ,I I )$ [O R D (I I )< O R D (I ) ] ,N I Z (S ,Z Z ,n ) )

+ S U M (Z Z $ [O R D (Z Z )<  Z i] ,N I Z (S ,Z Z ,I ) )+ 1 } $ I N I Z (S ,Z ,I )> = 1 ];  
I H m a x Z (S ,Z ,I )$ [O R D (S )= S i  A N D  O R D (I )= lc  A N D  O R D (Z )= Z i]=  0 +  

{ I H m in Z (S ,Z ,I )+ N I Z (S ,Z ,I ) -I  }$ [N I Z (S ,Z ,])> = 1  J; 
I H m in ( S ,I ) $ [O R D ( S ) = S i  A N D  O R D (I )= I c ]=

S U M [Z $ { S U M ( Z Z $ [O R D ( Z Z ) < = O R D ( Z )- l ] ,N I Z ( S ,Z Z ,I ) ) = 0 } ,I H m in Z ( S .Z .I ) ] ;  
lH m a x ( S ,I ) $ [ O R D ( S ) - S i  A N D  O R D (I )= I c ]=

S U M  [Z S  { S U M (Z Z $ [O R D (Z Z )> = O R D (Z )+ 1  ] ,N IZ (S .Z Z .1 ) )= 0 }  , lH m a x Z (S .Z .l) ]  ;

F O R (M i= l  T O  C A R D ( M ) ,
H O T (S .I ,M ) $ [O R D ( S )= S i  A N D  O R D (I )= I c  A N D  O R D (M )= M i]=  0 +  

l $ [ O R D ( M ) > =  I H m in (S ,I )  A N D  O R D (M )< = I H m a x (S .l) ] ;  
H O T 2 ( S ,M )$ [ O R D (S ) = S i  A N D  O R D (M )= M i]=  0 +  !$ [O R D (M )< =  

S U M (I $ (O R D (I )= C A R D (I ) ) ,I H m a x (S ,I )) ] ;  
H O T Z (S ,Z ,I ,M )$ [O R D (S )= S i  A N D  O RD (I)==Ic A N D  O R D (M ) -M i  

A N D  O R D (Z ) = Z i]=  0 +  1 S [ 0 R D ( M ) > =  I H m in Z (S ,Z ,I )  A N D  O R D (M )< = lH m a x Z (S .Z .I ) ] ;  
H _ I ( ร , I M ) $ [ O R D ( S ) - S i  A N D  O R D (I )= I c  A N D  O R D (M )= M i  

A N D  H O T (S .I .M ) = l ]  =  H I(S ,I )  ;

F O R (J i= l  T O  C A R D (J ) ,
lC m in Z ( S ,Z ,J )$ [ O R D (S ) = S i  A N D  O R D ( J ) = lA N D  O R D ( Z ) - l  | -  0 +

{ S U M (I $ [ O R D (I ) = C A R D ( l) ] ,I H m a x ( S ,I ) ) + l  } $ [N J Z (S ,Z ,J )> = 1 ];  
I C m in Z (S ,Z ,J )$ [O R D (S )= S i  A N D  O R D (J )> l  A N D  O R D ( Z ) = l ] =  0 +

{ ร บ M { I S [O R D (I )= C A R D (I ) ] ,I H m a x (S ,I ) }
+ S U M ( ( Z Z  J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z ,J J ) )+ 1} S [N J Z (S ,Z ,J )> =  1 ]; 

I C m in Z ( S ,Z ,J )$ [ O R D ( S ) -S i  A N D  O R D ( Z ) > l ] =  0 +  
{ S U M { I $ [O R D (I )= C A R D (I ) ] ,I H m a x (S ,I )}

+ S U M ( ( Z Z ,บ ) $ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z ,บ ) )
+ S U M ( Z Z $ [ O R D ( Z Z ) <  Z i] ,N J Z (S ,Z Z ,J ) )+ l  } $ [N J Z (S ,Z J )> = 1 ] ;  

I C m a x Z (S ,Z ,J )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +
{ I C m in Z (S ,Z ,J )+ N J Z (S .Z ,J ) -1 } $ [N J Z (S ,Z ,J )> = 1  ];

I C m in (S ,J )  $ [O R D ( S )= S i  A N D  O R D (J ) = i i ] =
S U M [Z $  { ร บ M (Z Z $ [O R D (Z Z )< = O R J > (Z )- l] ,N J Z (S ,Z Z ,J ) )= 0 } .I C m in Z (S ,Z ,J ) ] ;  

I C m a x ( S J )  $ [O R D ( S )= S i  A N D  O R D (] )= J i]=  
S U M [Z $ { S U M (Z Z $ [O R D (Z Z )> = O R D (Z )+ 1 ] ,N J Z (S ,Z Z ,J ) )= 0 } ,I C m a x Z (S ,Z ,J ) ] ;

F O R (M i= l  T O  C A R D (M ) ,
C O L D ( S ,J .M )$ [ O R D ( S ) = S i  A N D  O R D (J )= J i A N D  O R D (M )= M i]=  0+

1 $ [O R D ( M ) > =  IC m in (S .J )  A N D  O R D (M )< = I C m a x (S ,J ) ] ;
C O L D 2 ( S ,M ) $  [O R D (S )= S i  A N D  O R D (M )= M  i]=  0 +

I $ [O R D ( M ) > S U M ( I $ ( O R D (I ) = C A R D ( I ) ) , lH m a x ( S ,l ) )
A N D  O R D ( M ) < -  S U M (J $ (O R D (J )= C A R D (J )) ,I C m a x (S J ) )] ;  

C O L D Z ( S ,Z ,J ,M ) $ [O R D ( S )= S i  A N D  O R D (i) = J i  A N D  O R D (M )= M i  
A N D  O R D (Z ) = Z i]=  0 +  l$ [O R D ( M ) > =  IC m in Z (S ,Z ,J )



))));
A N D  O R D (M )< = I C m a x Z (S .Z J ) ] ;  

H _ J (S ,J ,M )$ [O R D (S )= S i  A N D  ( ) R D ( J ) - J |  A N D  O R D (M )= M i  
A N D  C 0 L D ( S ,J .M ) = 1 ]  =  H J (S J )  ;

P A R A M E T E R S  D T (S ,M ) ,T U (S ,M X  T L (S ,M ),C P H (S J ,M );C P C (S .J .M ) ,D H H (S T M ) .D H C (S J .M );

* A I .W A Y S  D E F I N E  E n  A S  1 
C P H (S .I ,M ) $ [H O T ( S ,L M ) = ] ]  =  1;
C P C (S  J ,M ) $ [ C 0 L D ( S ,L M ) = 1  ]  =  1 ;

D T (S ,M )  =  ร บ M ( ( Z ,] )$ [H O T Z (S ,Z ,I ,M )=  I ] ,{  [T I H Z (S ,Z ,I ) -T 0 1  IZ (S ,Z  J ) ] /  
[ I H m a x Z (S ,Z ,I ) - I H m in Z ( S .Z .I ) + I ] } )$ [ H O T 2 ( S .M )- I ] +  

S U M (( Z ,J )$ [C O L D Z (S .Z ,J ,M )= I ] ,{ [T O C Z (S ,Z ,J ) -T ]C Z (S .Z J ) ] /
[ I C m a x Z (S ,Z J ) - I C m in Z ( S ,Z J )+ l ] } ) $ [ C O L D 2 ( S .M ) = l ] ;

F O R (S i=  1 T O  C A R D (S ) ,
F O R  ( M i= I  T O  C A R D ( M ) ,

T U ( S ,M ) $ [ O R D ( S ) - S i  A N D  O R D (M )= M i]=  { ร บ M ((Z ,I )$ [H O T Z (S ,Z T M )= l  
A N D O R D ( M ) = I H m in Z (S ,Z , i) ] ,T I H Z ( S ;Z ,I ) S [ O R D (M ) = lH m in Z ( S X I ) ] )  
+  S U M ((Z .I )$ [H O T Z (S .Z ,I ,M )=  1 A N D  O R D (M )> I H m in Z (S ,Z .I )A N D  

O R D (M )< = I H m a x Z (S ,Z J ) ] ,
[ T I H Z (S ,Z ,I ) - (O R D (M )-I H m in Z (S ,Z ,I ) )* D T (S .M )]$ [O R D (M )>  

I I Ir n in Z (S .Z ,I )A N D  O R [ ) (M )< = I H m a x Z ( S .Z .I ) ] ) } $ [ H O r 2 ( S .M )- ] ]
+  { ร บ M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )= I  A N D  O R D (M ) = I C m in Z ( S ,z j ) ] ,  

T O C Z (S ,Z ,J )$ [O R D (M )= I C m in Z (S ,Z J ) ] )
+  ร บ M ( (Z ,J )$ [C O L D Z (S ,Z ,j ,M )= l  A N D  O R D (M )> I C m in Z (S ,Z J )

A N D  O R D (M )< = ]C m a x Z (S ,Z ,J ) ) ,  
[T O C Z (S .Z ,J M O R D (M )- lC m in Z (S ,Z J ))* D T (S ,M )]$ [O R D (M )>  

lC m in Z (S ,Z ,J )A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ] ) )$ [C O L D 2 (S ,M )= l] ;  
T L ( S ,M )$ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=

{ S U M ((Z ,I )S [H O T Z (S ,Z ,I ,M )= l A N D  O R D (M )= lH m a x Z (S :Z ,I )].
T O H Z (S ,Z ,I )$ [O R D (M )= I H m a x Z (S .Z .I )] )

+  S U M ((Z .I )$ [H O T Z (S .Z ,I ,M )= l  A N D  O R D (M )< I H m a x Z (S ,Z ,l)
A N D  O R D (M )> = I H m in Z (S ,Z ,I ) ] ,  

[T O H Z (S ,Z ,I )+ ( lH m a x Z (S .Z ,I ) -O R D (M ))* D T (S .M )]$ [O R D (M )<  
I H m a x Z (S ,Z ,I )A N D  O R D (M )> = I H m in Z (S .Z .I ) ] ) } $ [H O T 2 (S .M )= I ]

+  { ร บ M ((Z ,J )$ [C O L D Z (S .Z .J .M )=  1 A N D  O R D (M )= I C m a x Z (S .Z J ) ] .
T IC Z (S 1Z ,J )$ [O R D (M )= I C m a x Z (S ,Z .J ) ] )

+  ร บ M ( ( Z J ) $ [C O L D Z ( S ,Z ,J ,M )= l  a n d  O R D (M )< I C m a x Z (S .Z J )
A N D  O R D (M )> = I C m in Z (S ,Z ,J ) ] ,  

[T I C Z ( S ,Z J )+ ( I C m a x Z ( S ,Z J )- O R D ( M ) )* D T ( S ,M )] $ [O R D ( M ) <  
]C m a x Z (S ,Z ,J )A N D  O R D (M )> = ]C m in Z (S TZ J ) ] ) } $ [ C O L D 2 ( S M ) = l ] ;  

F O R ( I c - l  T O  C A R D ( i ) ,
D H H (S ,I ,M )$ [O R E )(S )= S i A N D  O R D (M )= M i A N D  O R D (l)= I c

A N D  H O T (S ,I ,M ) = ] ] =  F H ( S ,I )* C P H (S T M )* [T U (S .M )-T L (S ,M )]  ;

F O R (J i= l  T O  C A R D (J ) ,
D H C (S  J ,M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (J ) -J i

A N D  C O L D ( S ,J ,M ) = ] ]=  F C (S ,J )* C P C (S ,L M )* [T U (S .M )-T L (S ,M )]  ;)));
P A R A M E T E R  H H E A D ( S ;M ,N ) ,  C F C E A D (S ,M .N ), L M T D (S A L N ) . D ( S .Z .M N )
♦ M ATCH  A L L O W E D  B A S E D  O N  L M T D

A L L O W (S ,Z .I ,J ) , A L L O W  H (S ,Z .I .M J ) . A L L O W _ C (S ,Z ,J ,M ,I ) , A L L O W _ 2 (Z ,บ )  ;

H H E A D ( S ,M ,N )  =  { T U (S ,M ) -T U (S ,N ) +  D T m in } $ [H O T 2 (S ,M )  A N D  C O L D 2 (S ,N )] ;  
C H E A D (S J V L N ) =  { T L (S ,M )-T L (S ,N )+  D T m in } $ [H O T 2 (S ,M )  A N D  C O L D 2 (S .N )] :

L M T D ( S ,M ,N ) =  { [H H E A D (S ,M ,N )- C H E A D ( S ,M ,N ) ]
/L O G [H H E A D ( S ,M ,N ) /C H E A D (S ,M ,N ) ] } $ [ H H E A D ( S ,M ,N ) >  0

A N D  C H E A D ( S ,M ,N ) > 0  A N D  H H E A D (S ,M .N )>  C H E A D (S ,M ,N )]
+  { [H H E A D (S ,M ,N )+ C H E A D (S ,1 V L N )] /2 } $ [H H E A D (S .M .N )> 0  A N D  C H E A D ( S .M ,N ) > 0  

A N D  ( H H E A D (S .M .N )<  C H E A D (S ,M .N )O R  H H E A D (S :M ,N )=  C H E A D (S ,M ,N ) ) ] ;

D ( S ,Z .M ,N ) =  l$ [{ H O T 2 (S _ .M )= I  A N D  H O T 2 (S ,N )= I  A N D  S U M [I $ (H O T (S .I .M )= l  
A N D  H O T (S ,L N ) = l ) ,H O T Z ( S .Z .L M ) ] = l  A N D  ร บ  M []$ (H O T (S ,L N )= l  
A N D  H O T (S ,L M )= l ) ,H O T Z ( S ,Z ,I ,N ) ] = l  !

O R  { C O L D 2 ( S ,M ) = lA N D C O L D 2 ( S ,N ) = l  A N D  ร บ M [J $ (C O L D (S .J ,M )= l  
A N D  C O L D ( S ,J ,N ) = l ) !C O L D Z (S ,Z ,J ,M )]= l  a n d  S U M [J $ ( C O L D ( S J ;N ) = l



A N D  C 0 L D ( S ,J ,M ) = 1 ) ,C 0 L D Z ( S ,Z ,J ,N ) ] = 1  î 
O R  { ( H H E A D ( S ,M ,N ) > - 0 .0 0 0 0 1  A N D  C H E A D ( S ,M ,N ) > = 0 .0 0 0 0 1 )

A N D  S U M P $ ( H O T ( S ,] ,M ) = l) ,H O T Z ( S ,Z ,I ,M )] = ]
A N D  S U M [J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z ,J ,N ) ]= l  ) ] ;

* O R  { L M T D ( S ,M ,N ) > 0  A N D  S U M [I S (H O T (S ,I ,M )= l) ,H O T Z (S ,Z ,L M )]= l
* A N D  S U M  [J $ (C O L D (S ,J ,N )=  1 ) ,C O L D Z (S ,Z  J , N ) ] - 1 } ] ;

F O R (S i=  1 T O  C A R D (S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = l  T O  C A R D ( i) ,
F O R (J i= l  T O  C A R D (J ) ,

A L L O W ( S ,Z ,l ,J )$ [ O R D ( S ) = S i  A N D  O R D (Z )= Z i A N D  O R D ( I ) - l c  
A N D  O R D (J )= J i]=  0 +  1 $ { S U M [( M ,N ) $ [ H 0 T ( S .I .M ) = 1  

A N D  C O L D ( s j ,N ) = l ] , D ( S ,Z IM ,N ) ] > 0  
A N D  N O T [H U (I ) A N D  C U (J )]  Î ;

F O R  ( M i= l  T O  C A R D ( M ) ,
A L L O W  H (S ,Z ,I ,M ,J )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D O M c  

A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  H O T ( S ,I ,M ) = l ] =  0 +

l$ { S U M [ N $ t C O L D ( S ,J ,N ) = l ] ,D ( S ,Z ,M ,N ) ]  > O A N D N O T [ H U ( ) )A N D C U ( J ) ] } ;  
A L L O W _ C ( ร ,Z ,J ,M ,l )$ [ O R D ( S ) = S i  A N D  O R D (Z )= Z i A N D  O R D (I )= ]c  

A N D  O R D (J )= J i A N D  O R D (M )= M i A N D  C O L D ( S ,J ,M )= l ]=  0 +  
1 $ { S U M [N $ [H 0 T ( S ,1 ,N )= 1 ] ,D ( S ,Z ,N ,M ) ]  > 0 A N D  N O T [H U (I )A N D  C U (J )] ) ;

F O R (Z i= l  T O  C A R D (Z ) ,
F O R (I c = l  T O  C A R D ( i) ,

F O R (J i= l  T O C A R D ( J ) ,
A L L O W _ 2 (Z ,I ,J )$ [O R D (Z )= Z i A N D  O R D (I )= ]c  A N D  O R D (J )= J i]=  0 +

1 $ { S U M [S ,A L L 0 W ( S ,Z ,I ,J ) ]  > O A N D N O T [H U (I )A N D  C U (J )] } ;

S O N T E X T
* N M -4 S  1 -F I N A L -6 -F L E X I B 1 L I T Y -S  i .g m s:  A u g u s t  9 , 2 0 0 4
* o n e  s c e n a r io , th e  o r ig in a l v a lu e s  o f  4 s  L* * * * * * * * * * *  ะ * :* * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * *  ะ * :* * * * * * * * :* * * * * * * * * * * * * * * * *
S O F F T E X T
S o n te x t
* D E F IN E S  T H E  N U M B E R  O R  T R A N S F E R  Z O N E S  
S E T

Z  tra n sfer  z o n e  /Z  1 * Z 2 /

♦ A L W A Y S D E F I N E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  
S E T  I /II  * 1 1 5 /
S E T J / J 1 'บ ]  5 /

S E T S
M  tem p er a tu r e  in te r v a ls  / M l * M 2 5 0 /
ร  S C E N A R I O  / S I /
K  n u m b e r  o f  h e a t  e x c h a n g e r s  /K 1  * K 2 0 /
X  u s e d  to  in p u t n u m b er s  / X 1 * X 1 5 /

A L I A S  ( M ,N ,L ,0 )
A L I A S  (I ,I I )
A L I A S  (J ,JJ)
A L I A S  (K ,K K )
A L I A S  (Z ,Z Z )

♦ A L W A Y S D E F I N E  T H E  U T I L IT I E S  W IT H  T H E  H IG H E S T  IN D E X  
♦ Heating u t il i t ie s
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t - แ ข  m g = G A M S !C 4 9 :I 4 9  C d im = l  
S E T H U ( I )
S G D X I N  is a b e l .g d x  
S L O A D  H U

♦ Cooling u t il it ie s
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e L x ls  S e t = c u  r n g = G A M S !C 5 2 :1 5 2  C d im = l

S G D X I N  is a b e l .g d x  
S L O A D  C U

* * * * * * * * * * * * * * * * * * * * * * * * * * * *  * In pu t p ara m eters  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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* I N P U T S  15 N U M B E R S  IN  O N E  V E C T O R  T O  R E D U C E  L O A D I N G  T IM E  
Î C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = D A T A  r n g = H o ja I  !E 4 8 :F 6 2  R d im = l  
P A R A M E T E R  D A T A (X );
$ G D X I N  is a b e l .g d x  
Î L O A D  D A T A

* D E F I N E S  W H IC H  E Q U A T I O N S  R U N  O P T = 0  G R A S S R O O T S  O P T = ]  R E T R O F IT  O P T = 2  R E L O C A T I O N  
P A R A M E T E R  O P T ;
O P T  =  D A T A ( 'X l ' ) ;

* T H E  N U M B E R  O F  I N T E R V A L S  T O  B E  U S E D  
P A R A M E T E R  N 1N T ;
N I N T  =  D A T A ('X 2 ');

♦ M axim um  s h e ll  area  
P A R A M E T E R  A S H E L L M A X ;
A S H E L L M A X  =  D A T A ('X 3 ') ;

♦ M axim um  a rea  p er  e x c h a n g e r  
P A R A M E T E R  A M A X ;
A M A X  =  D A T A ('X 4 ') ;

♦ M inim um  D E L T A  T  
P A R A M E T E R  D T m in ;
D T m in  =  D A T A ('X 5 ');

♦ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B IF = 1  ; 
♦ M A X N E X C H P E R M A T C H  =  2  
P A R A M E T E R  B IF ;
B IF  =  D A T A ('X 6 ') ;

♦ LIMITS T H E  N U M B E R  O F  H E A T  E X C H A N G E R S  IN  O N E  I N T E R V A L  
P A R A M E T E R  K M  A X ;
K M A X  =  D A T A ('X T );

♦ M inim um  h ea t th at can  b e  tra n sfe r re d  w ith in  an in te r v a l.H o t  s tre a m s  
P A R A M E T E R  Q L H M IN ;
Q L H M I N  =  D A T A 0 X 8 ') ;

♦ M inim um  h ea t that can  b e  tra n sfe r re d  w ith in  an in te r v a l.C o Id  stre a m s  
P A R A M E T E R  Q L C M IN ;
Q L C M I N  =  D A T A ('X 8 ') ;

♦ M axim um  N U M B E R  O F  E X C H A N G E R S  
P A R A M E T E R  T O T N E X C H M A X ;
T O T N E X C H M A X  =  D A T A ( ’X 9 ') ;

♦ M inim um  N U M B E R  O F  E X C H A N G E R S  
P A R A M E T E R  T O T N E X C H M I N ;
T O T N E X C H M I N  =  D A T A f X  1 O’);

♦ FIXED C O S T  F O R  A  H E A T  E X C H A N G E R  M A T C H IN G  S T R E A M S  
P A R A M E T E R  C F ;
C F  =  D A T A ( 'X 1 1');

♦ V A R IA B L E  C O S T  F O R  A  H E A T  E X C H A N G E R  M A T C H IN G  S T R E A M S  
P A R A M E T E R  C A ;
C A  =  D A T A ('X 1 2 ');

♦ COST O F  R E L O C A T IO N  
P A R A M E T E R  C A N ;
C A N  =  D A T A ( 'X 1 3 ’);
P A R A M E T E R  C A E ;
C A E  =  D A T A ('X 1 3 ');

♦ N U M B E R  O F  H E A T  E X C H A N G E R S  O R I G I N A L Y  P R E S E N T  
P A R A M E T E R  K E T  ;
K E T =  D A T A C X 1 4 ');

♦ M A X IM U M  A D I T I O N A L  A R E A



P A R A M E T E R  A  N E W  M A X ;
A  N E W  M A X  =  ]D A T A f X l 5');

♦ N U M B E R  O F  I N T E R V A L S  O N  H O T  S T R E A M
$ C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p ar= N IZ  r n g = G A M S !a l:q 3  R d im = 2  C d im = l  
P A R A M E T E R  N IZ (S ,Z ,I );
S G D X I N  is a b e l .g d x  
S L O A D  N I Z

♦ N U M B E R  O F  I N T E R V A L S  O N  C O L D  S T R E A M
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p ar= N JZ  r n g = G A M S !a 5 :q 7  R d im = 2  C d im = I  
P A R A M E T E R  N J Z (S ,Z ,J );
S G D X I N  is a b e l .g d x  
S L O A D  N J Z

♦ HEAT T R A N S F E R  C E O F F  F O R  H O T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  par—H I m g = G A M S !B 9 :q lO  R d im = l  C d im = l  
P A R A M E T E R  H I(S ,I );
S G D X I N  is a b e l .g d x  
SI O A F ) HI

♦ HEAT T R A N S F E R  C E O F F  F O R  C O L D  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  par=H J r n g = G A M S ! B 1 2 :q l3  R d im = l  C d im = l  
P A R A M E T E R  H J(S ,J );
S G D X I N  is a b e l .g d x  
S L O A D  HJ

♦ T E M P E R A T U R E  F O R  H O T  IN L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IH  r n g = G A M S ! B 1 5 :q l6  R d im = ] C d im = l  
P A R A M E T E R  T lH (S .i ) :
S G D X I N  is a b e l .g d x  
S L O A D  T IH

♦ T E M P E R A T U R E  F O R  H O T  O U T L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a i - T O H  m g = G A M S ! B 1 8 :q I 9  R d im = l C d im = ]  
P A R A M E T E R  T O H (S ,I );
S G D X I N  is a b e l .g d x  
S L O A D  T O H

♦ T E M P E R A T U R E  F O R  C O L D  IN L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IC  m g = G A M S !B 2 1  :q 22  R d im = I C d im = l  
P A R A M E T E R  T IC (S .J );
S G D X I N  is a b e l .g d x  
S L O A D  T IC

♦ T E M P E R A T U R E  F O R  C O L D  O U T L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p ar= T O C  r n g = G A M S !B 2 4 :q 2 5  R d im = l  C d im = l  
P A R A M E T E R  T 0 C (S ,J ) ;
S G D X I N  is a b e l .g d x  
S L O A D  T O C

♦ P A R A M E T E R S  F O R  z Z O N E , T E M P E R A T U R A  @  E A C H  Z O N E  A N D  F L O W  
♦ T E M P E R A T U R E  F O R  H O T  IN L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IH Z  m g = G A M S ! A 2 7 :q 2 9  R d im -2  C d im = l  
P A R A M E T E R  T IH Z (S ,Z ,I );
S G D X I N  is a b e l .g d x  
S L O A D  T IH Z

♦ T E M P E R A T U R E  F O R  H O T  O U T L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar = T O H Z  r n g = G A M S !A 3 1 :q 33  R d im = 2  C d im = ]  
P A R A M E T E R  T O H Z (S .Z ,I );
S G D X I N  is a b e l .g d x  
S L O A D  T O H Z

♦ T E M P E R A T U R E  F O R  C O L D  IN L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IC Z  r n g = G A M S !A 3 5 :q 3 7  R d im - 2  C d im - I  
P A R A M E T E R  T IC Z (S ,Z ,J );
S G D X I N  is a b e l .g d x  
S L O A D  T IC Z

♦ T E M P E R A T U R E  F O R  C O L D  O U T L E T  S T R E A M S  @  z



S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T O C Z  r n g = G A M S !A 3 9 :q 4 1  R d im = 2  C d im = l  
P A R A M E T E R  T O C Z (S .Z J );
S G D X I N  is a b e l.g d x  
S L O A D  T O C Z

♦ M ASS F L O W  F O R  T H E  H O T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= F H  r n g = G A M S !B 4 3 :q 4 4  R d im = l C d im = l  
P A R A M E T E R  F H (S ,I);
S G D X I N  is a b e l.g d x  
S L O A D  F H

♦ M ASS F L O W  F O R  T H E  C O L D  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= F C  r n g = G A M S !B 4 6 :q 4 7  R d im = l C d im = l  
P A R A M E T E R  F C (S J );
S G D X I N  is a b e l.g d x  
S L O A D  F C

♦ HOT P R O C E S S  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t= F R E E H  r n g = G A M S !C l :q l C d im = l  
S E T  F R E E H (I)
S G D X I N  is a b e l .g d x  
S L O A D  F R E E H

♦ COLD P R O C E S S  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  S e t= F R E E C  r n g = G A M S !C 5 :q 5  C d im = l  
S E T  F R E E C (J )
S G D X I N  is a b e l.g d x  
S L O A D  F R E E C

♦ SPLITS A R E  A L L O W E D  F O R  H O T  S T R E A M S  B I N A R Y  S H  in p ap er  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= S P H  m g = G A M S !C 5 5 :q 5 6  C d im = l  
P A R A M E T E R  S P H (I);
S G D X I N  isa b e l .g d x  
S L O A D  S P H

♦ SPLITS A R E  A L L O W E D  F O R  C O L D  S T R E A M S  B I N A R Y  S C  in paper  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= S P C  m g = G A M S !C 5 8 :q 5 9  C d im = l  
P A R A M E T E R  S P C (J);
S G D X I N  is a b e l .g d x  
S L O A D  S P C

♦ NON I S O T H E R M A L  M I X I N G  IS  P E R M I T E D  F O R  H O T  S T R E A M S  B IN A R Y  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= N IH  r n g = G A M S !C 5 5 :q 5 6  C d im = I  
P A R A M E T E R  N IH (I);
S G D X I N  is a b e l .g d x  
S L O A D  N IH

♦ NON I S O T H E R M A L  M I X I N G  IS  P E R M I T E D  F O R  C O L D  S T R E A M S  B IN A R Y  
S C A L L  G D X X R W E X E  c : \H E N S \is a b e l .x ls  p ar = N IC  m g = G A M S !C 5 8 :q 5 9  C d im = l  
P A R A M E T E R  N IC (J );
S G D X I N  isa b e l .g d x  
S L O A D  N IC

♦ PO S1BLE T E M P E R A T U R E  D IF E R E N C E S  B E T W E E N  E X C H A N G I N G  S T R E A M S  
S C A L L  G D X X R W .E X E  c A H E N S \is a b e l .x ls  p a r = D T V IO  m g = D T V 1 0 ! A l  :C 2 2 5  R d im = 2  
P A R A M E T E R  D T V IO (L J );
S G D X I N  is a b e l .g d x  
S L O A D  D T V I O

♦ T E M P E R A T U R E  D IF E R E N C E  IN  T H E  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a p -D T H U  r n g = G A M S !C 4 9 :q 5 0  C d im = l  
P A R A M E T E R  D T H U (I);
S G D X I N  is a b e l .g d x  
S L O A D  D T H U

♦ T E M P E R A T U R E  D IF E R E N C E  IN  T H E  C O L D  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p a r = D T C U  r n g = G A M S !C 5 2 :q 5 3  C d im = l  
P A R A M E T E R  D T C U (J );
S G D X I N  is a b e l .g d x  
S L O A D  D T C U



♦ M A X IM U M  M A S S  F L O W  F O R  T H E  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = F M A X _ H U  r n g = G A M S !C 6 1 :q 6 2  C d im = l  
P A R A M E T E R  F M A X  H U (I );
S G D X I N  is a b e l .g d x  
S L O A D  F M A X J H U

♦ M A X IM U M  M A S S  F L O W  F O R  T H E  C O L D  U T IL IT Y
SC  A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = F M A X _ C U  m g = G A M S !C 6 4 :q 6 5  C d im = ]  
P A R A M E T E R  F M A X  C U (J );
S G D X I N  is a b e l .g d x  
S L O A D  F M A X _ C บ

♦ COST O F  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C H U  m g = G A M S !C 6 7 :q 6 8  C d im = I  
P A R A M E T E R  C H U (I);
S G D X I N  is a b e l .g d x  
S L O A D  C H U

♦ COST O F  C O L D  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C C U  r n g = G A M S !C 7 0 :q 7 1  C d im = I  
P A R A M E T E R  C C U (J );
S G D X I N  is a b e l .g d x  
S L O A D  ecu

♦ CP O F  H O T  P R O C E S S  S T R E A M  I
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C P H  m g = C P !B E 2 :B H 2 5 1  r d im = 3  
P A R A M E T E R  C P H (S ,I ,M );
S G D X I N  is a b e l .g d x  
S L O A D  C P H

♦ CP O F  C O L D  P R O C E S S  S T R E A M  J
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C P C  r n g = C P !B J 2 :B M 2 5 I  r d im = 3  
P A R A M E T E R  C P C (S ,J ,M );
S G D X I N  is a b e l .g d x  
S L O A D  C P C

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  P O R  R E T R O F IT  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
♦ AREA O F  E X I S T I N G  H E A T  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p ar= A E X  r n g = E X C H A N G E R S !L 2 :0 8  R d im = 3  
P A R A M E T E R  A E X (Z 3I,J );
S G D X I N  is a b e l .g d x  
S L O A D  A E X

♦ AREA O F  E X I S T I N G  H E A T  E X C H A N G E R S  T H A T  C A N N O T  B E  M O V E D
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a i= A E X  B  m g = E X C H A N G E R S !Q 2 :U 2 1  R d im = 4
P A R A M E T E R  A E X  B (K ,Z ,บ ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X J B

♦ N U M B E R  O F  H E A T  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = N H E 0  m g = E X C H A N G E R S ! K 4 5 : 0 2 4 4  R d im = 4  
P A R A M E T E R  N H E 0 ( S ,Z ,บ ิ) ;
S G D X I N  is a b e l .g d x  
S L O A D  N H E O

♦ M A X IM U M  A R E A  O F  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ U  r n g = E X C H A N G E R S !L 2 3 :0 4 2  R d im = 3  
P A R A M E T E R  A E X _ บ ( Z ,I, J);
S G D X I N  is a b e l .g d x  
S L O A D  A E X  U

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ U _ B  m g = E X C H A N G E R S !Q 2 3 :U 4 2  R d im = 4  
P A R A M E T E R  A E X U B ( K . Z . I J ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X  Ù I b  **

** + * * * * : ! :* * * * * * * * * * * * * * * * * * * * *  y \p ) 0  F O R  R E L O C  A T I O N  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * 
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p a i - A L X  R  m g - E X C H A N G E R S ! Z 2 : A A 2 1  R d im = l  
P A R A M E T E R  A E X  R (K );
S G D X I N  is a b e l .g d x  
S L O A D  A E X  R



S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X J J  R  r n g = E X C H A N G E R S !Z 2 3 :A A 4 2  R d im = ]  
P A R A M E T E R  A E X  U  R (K );
S G D X I N  Isa b e l.g d x  
$ L O A D  A E X _ l i_ R

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ B _ R  m g = E X C H A N G E R S !A C 2 :A D 2 1 R d im = l  
P A R A M E T E R  A E X B R ( K ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X _ B _ R

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ U _ B _ R  r n g = E X C H A N G E R S  ! A C 2 3  :A D 4 2  R d im = l  
P A R A M E T E R  A E X  u  B _ R (K );
S G D X I N  is a b e l .g d x  _
S L O A D  A E X J J J B  R

* E N D  O F  I N P U T  P A R A M E T E R S  *

S C A L A R S  S i , Z i ,  M i, Ic , Ji
* H J  H E A T  T R A N S F E R  C O E F 1 C 1 E N T  F O R  H O T  S T R E A M  I 
* H J  H E A T  T R A N S F E R  C O E F I C IE N T  F O R  C O L D  S T R E A M  J
* H O T  H O T  F L O W  I P R E S E N T  IN  I N T E R V A L  M  
♦ COLD C O L D  F L O W  J P R E S E N T  IN  I N T E R V A L  N
P A R A M E T E R S  I H m in Z (S ,Z ,l) ,I H m a x Z (S ,Z ,I ) ,I H m a x (S ,l) ,I H m in (S ,I ) ,H O T (S ,I ,M ) ,  

H O T 2 (S ,M ), H O T Z (S ,Z ,l ,M ) , IC m in Z (S ,Z ,J ) ,I C m a x Z (S >Z ,J ),IC m in (S ,J ),  
I C m a x (S ,J ) ,C O L D (S ,J ,M ) ,C O L D 2 (S ,M ) , C O L D Z (S ,Z ,J ,M ) , H _ I (S ,I ,M ) , H _ J (S ,J ,M )

F O R (S i= l  T O  C A R D ( S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = l  T O  C A R D (F R E E H ),
I H m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D (I )= l

A N D  O R D ( Z ) = l ] =  0 +  1 $ [N 1 Z (S ,Z ,I )> = 1 ];  
I H m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D (] )> I  

A N D  O R D (Z ) = I  ] =  0 +
{ S U M ((Z Z ,I I )$ [O R J D (I I )< O R D (I )] ,N I Z (S ,Z Z ,I ) ) )+ l} $ [N I Z (S ,Z ,I )> =  1 ]; 

I H m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D ( Z ) > 1 ] = 0 +
{ S U M ( (Z Z ,I I )$ [O R D (I I )< O R D (I ) ] ,N lZ (S ,Z Z ,I I ) )

+ S U M ( Z Z $ [ O R D ( Z Z ) <  Z i] ,N I Z (S ,Z Z ,I ) )+ l  } $ [N I Z (S ,Z  I)> = 1  j; 
I H m a x Z (S ,Z ,I )$ [O R D (S )= S i  A N D  O R D (I )= I c  A N D  O R D (Z )= Z i]=  0 +  

{ lH r n in Z (S ,Z ,I )+ N ]Z (S ,Z ,I ) -I  }$ [N I Z (S ,Z ,I )> = 1 ] ;  
lH m in ( S ,I ) $ [O R D ( S ) = S i  A N D  O R D (I )= I c ]=

S U M [Z $  { ร บ M (Z Z $ [O R D (Z Z )< = O R D (Z ) - l ] ,N I Z (S ,Z Z ,I ) )= 0 } ,]H m in Z (S ,Z ,I ) ] ;  
I H m a x (S ,I )$ [O R D (S )= S i  A N D  O R D (] ) = I c ] =  

S U M [Z $ { S U M ( Z Z $ [O R D ( Z Z ) > = O R D ( Z )+ l] ,N I Z ( S ,Z Z ,I ) ) = 0 } ,I H m a x Z ( S ,Z ,] ) ) ;

F O R (M i= l  T O N I N T ,
H O T (S ,I ,M ) $ [O R D ( S )= S i  A N D  O R D (I ) = lc  A N D  O R D (M )= M i]=  0 +  

l $ [ O R D ( M ) > =  IH m in (S ,I )  A N D  O R D (M )< = I H m a x (S ,I ) ] ;  
H O T 2 ( S ,M ) $ [ O R D ( S ) - S i  A N D  O R D (M ) = M i] =  0 +  1 S [O R D (M )< =  

S U M (I $ (O R D (I )= C A R D (F R E E H )) ,I H m a x (S ,I )) ] ;  
H O T Z ( S ,Z ,I ,M ) $ [ O R D (S ) - S i  A N D  O R D (I )= I c  A N D  O R D (M )= M i  

A N D  ORD(Z)=zl]= 0 +  1 S [ 0 R I ) ( M ) > =  I H m in Z (S ,Z ,I )  A N D  O R D (M )< = I H m a x Z (S ,Z ,l) ] ;  
H J ( S ,I ,M ) $ [ O R D ( S ) = S i  A N D  O R D (I )= I c  A N D  O R D (M )= M i  

A N D  H O T ( S ,I ,M ) = l ]  =  H I( ร ,I) ;

F O R (J i= l  T O  C A R D (F R E E C ),
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D (J )= l  A N D  O R D ( Z ) = l ] =  0 +

{ S U M ( I $ [ O R D (I ) = C A R D (F R E E H ) ] ,I H m a x ( S ,I ) ) + I ) $ [ N J Z ( S ,Z ,J )> = l] ;  
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R I ) ( J ) > lA N D  O R D ( Z H ] -  0 +  

{ S U M { I $ [O R D (I )= C A R D (F R E E H )] ,I H m a x (S ,I ) }
+ S U M ( ( Z Z  J J )$ [O R D (J J )< O R D (J ) ] ,N J Z (S ,Z Z ,J J ) )+ l} $ [N J Z (S ,Z ,J )> = l] ;  

I C m in Z ( S ,Z ,J )$ [ O R D ( S ) -S i  A N D  O R D ( Z ) > l ] =  0 +
{ S U M { I $ [O R D (I )= C A R D (F R E E H )] ,I H m a x (S ,I ) }

+ S U M ((Z Z J J )$ [O I H ว (J J )< O R D (J )] ,N J Z (S ,Z Z ,J J ))
+ S U M ( Z Z $ [ O R D ( Z Z ) <  Z i] ,N J Z (S ,Z Z ,J ))+ I  }$ [N J Z (S ,Z  ,J ) > = ] ] ;  

lC m a x Z ( S ,Z ,J ) $ [ O R D ( S ) = S i  A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +
{ I C m in Z (S ,Z ,J )+ N J Z (S ,Z ,J ) -1} ร  [N J Z (S ,Z ,J )> =  1 ];

IC m in (S ,J )  $ [O R D ( S )= S i  A N D  O R D (J ) = i i ] =  
S U M [Z $ { S U M (Z Z $ [O R D (Z Z )< = O R J D (Z ) -1 ] ,N J Z (S ,Z Z J ) )= 0 }  J C m in Z (S ,Z ,J )] ;
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I C m a x (S ,J )  $ [O R D ( S )= S i  A N D  O R D (J )= J i]=
S U M  [Z $  { S U M  (Z Z $  [O R D (Z Z )> = O R D (Z )+ 1 ] ,N J Z (S .Z Z ,J ) )= 0 } J C m a x Z (S .Z .J )]:

F O R (M i= T  T O N 1 N T ,
C O L D (S ,J  M ) $ [ O R D ( S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i]=  0 +  

l $ [ O R D ( M ) > =  IC m in (S ,J ) A N D  O R D (M )< = I C m a x (S .J )];
C O I J D 2 (S ,M )$ [O R D (S )= S i  A N D  O R D (M )= M i]=  0 +

I $ [O R p ( M j > S U M ( I $ ( O R D ( I H : A R D ( F R E E H ) ) ;I H m a x (S ,l) )
_ A N D  O R I ) (M ) <  S U M (J $ (O R D (J )= € A R D (F R E E C ))J C m a x (S ,J ) ) ] :  

C O L D Z (S ,Z ,J ,M )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  O R D (Z ) = Z i]=  Ô+ l$ [O R D ( M ) > =  I C m in Z (S y .J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ] ;
H  J ( S ,J ,M ) $ [ O R D ( S ) = S i  A N D  O R D (J )= J i A N D  O R D (M )= M i  

A N D  C O L D ( S ,J ,M )= l]  =  H J(sTj )  ;

* D H H  E N T H A L P Y  C H A N G E  F O R  H O T  P R O C E S S  S T R E A M  I
* D H C  E N T H A L P Y  C H A N G E  F O R  C O L D  P R O C E S S  S T R E A M  J
* D T  T E M P E R A T U R E  D IF E R E N C E  B E T W E E N  S T R E A M S  A T  I N T E R V A L
* T U  U P P E R  T E M P E R A T U R E  O F  I N T E R V A L
* T L  L O W E R  T E M P E R A T U R E  O F  IN T E R C A L
P A R A M E T E R S  D T ( S ,M ) ,T U (S ,M ) , T L (S ,M ), D H H (S ,I M ) ,D H C ( S ,J M ) ;

D T ( S ,M )  =  S U M ((Z ,I )$ [H O T Z (S ,Z  I ,M )= 1 ] ,{ [T I H Z (S  Z ,I ) -T O H Z (S ,Z ,I ) ] /
[ ]H m a x Z (S ,Z ,l ) - ] H m in Z ( S ,Z ,I ) + 1 ] } ) $ [H O T 2 ( S ,M ) =  1 ]+  

S U M (( Z ,J ) $ [ C 0 L D Z ( S ,Z ,J ,M )= 1 ] ,{ [ T 0 C Z ( S ,Z ,J ) -T I C Z ( S ,Z ,J ) ] /
[ I C m a x Z (S ,Z ,J ) - I C m in Z (S ,Z ,J )+ ] ] } )$ [C O L D 2 (S ,M )= l] ;

F O R (S i=  1 T O  C A R D (S ) ,
F O R  ( M i= l  T O N I N T ,

T U ( S ,M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=  { S U M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )= l  
A N D  O R D (M )= IH m in Z (S ,Z ,I )] ,T I H Z (S ,Z ,I )$ [O R J D (M )= IH m in Z (S ,Z ,I ) ] )
+  S U M (( Z ,I ) $ [ H O T Z (S ,Z ,i ,M ) = l  A N D  O R D (M )> I H r n in Z (S ,Z ,I )A N D  

O R D (M )< = I H m a x Z (S ,Z ,I ) ] ,
[T lH Z (S ,Z ,l ) - (O R D (M )-I H m in Z (S ,Z ,I ) )* D T (S ,M )]$ [O R D (M )>

I H m in Z (S ,Z ,I )A N D  O R D < M ) < = ] H m a x Z ( S ,Z ,I ) ] ) ) $ [ H O T 2 ( S M M ]
+  { S U M ( ( Z J ) $ [ C O L D Z ( S ,Z ,J ,M ) = l  A N D  O R D (M ) = I C m in Z ( S ,z j ) ] .

T O C Z (S ,Z ,J )$ [O R D (M )= I C m in Z (S ,Z ,J )] )
+  S U M ( ( Z J ) $ [ C O L D Z ( S ,z j ,M ) = I  A N D  O R D (M )> IC r n in Z (S ,Z ,J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ] ,  
[T O C Z (S ,Z ,J )- (O R D (M )-I C m in Z (S ,Z ,J ) )* D T (S !M )]$ [O R D (M )>

I C m in Z (S ,Z ,J )A N D  O I H ) (M ) < = I C m a x Z ( S .Z J ) ] ) } $ [ C O L D 2 (S ,M ) = l] :
T L ( S .M )$ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=

{ S U M ( ( Z ,I ) $ [ H O T Z ( S ,Z ,I ,M ) = l  A N D  O R D (M )= lH m a x Z (S ,Z ,I )] ,  
T O H Z (S ,Z ,I )$ [O R D (M )= I H m a x Z (S ,Z ,I )] )

+  S U M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )= l  A N D  O R D (M )< I H m a x Z (S ,Z ,I )
A N D  O R D (M )> = lH m in Z (S ,Z ,I ) ] ,  

[T O H Z (S ,Z ,I )+ ( I H m a x Z (S ,Z ,I ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<
I H m a x Z (S ,Z ,I )A N D  O R D (M )> = I H m in Z (S ,Z ,I ) ] ) } $ [H O T 2 (S 1M ) = l ]

+  { S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )=  1 A N D  O R D (M )= I C m a x Z (S ,Z , J )], 
T IC Z (S ,Z ,J )$ [O R D (M )= I C m a x Z (S \Z ,J ) ] )

+  S U M (( Z ,J ) $ [ C 0 L D Z ( S ,Z ,J ,M )= 1 A N D  O R D (M )< I C m a x Z (S ,Z ,J )
A N D  O R D (M )> = I C m in Z (S ,Z ,J ) ] ,  

[T I C Z (S ,Z ,J )+ ( I C m a x Z (S ,Z ,J ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<
I C m a x Z (S ,Z ,J )A N D  O R D (M )> = I C m in Z (S ,Z ,J ) ] ) } $ [C O L D 2 (S ,M )= l] ;

F O R (I c = l  T O  C A R D (F R E E H ),
D H H (S ,I ,M ) $ [O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (I )= I c

A N D  H O T ( S , l ,M ) = l ] =  F H (S ,I )* C P H (S ,I ,M )* [T U (S ,M )-T L (S ,M )]  ;

F O R (J i= l  T O  C A R D (F R E E C ),
D H C (S ,J .M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (J )= J i

A N D  C O L D ( S .J ,M ) = l ] =  F C (S ,J )* C P C ( S J ,M ) * [ T U ( S M ) - T L ( S ,M ) ]  ;)));
* A L L O W _ 2  M A T C H  A L L O W E D  B A S E D  O N  L M T D
♦ ALLO W  H E A T  E X C F IA N G E  IS  P E R M IT T E D  B E T W E E N  H O T  S T R E A M  I A N D  C O L D  S T R E A M  J 
* A L L O W  H  H E A T  E X C H A N G E  IS P E R M I T T E D  B E T W E E N  H O T  S T R E A M  I@ M  A N D  C O L D  S T R E A M  J 
* A L L O W ~ C  H E A T  E X C H A N G E  IS  P E R M I T T E D  B E T W E E N  H O T  S T R E A M  1 A N D  C O L D  S T R E A M  J @ N  
P A R A M E T E R  H H E A D ( S .M .N ) , C H E A D (S .M .N ) , L M T D (S .M .N ) . D (S ,Z ,M ,N )

A L L O W (S ,Z ,I .J ) . A L L O W _ H ( ร ,Z .L M .J ) , A L L O W _ C ( S ,Z J M .I ) ,  A L L O W _ 2 ( Z ,U )  ;

F O R (I c = l  T O  C A R D (F R E E H ) ,
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F O R (Z i= l  T O  C A R D (Z ),
F O R ( lc = l  T O  C A R D (F R E E H ),

F O R (J i= l  T O  C A R D (F R E E C ),
A L L O W _ 2 (Z ,I ,J )$ [O R D (Z )= Z i A N D  O R D (I )= I c  A N D  O R D (J )= J i]=  0 +

ไ ร { ร U M [ ร ,A L L O W (S ,Z ,บ ) ]  > 0  A N D  N O T [H U (I )A N D  C U (J )]}  ;
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A L F A _ N (S ,Z ,บ , N )
F H U (I )  is  F C P  แ ข  (M J  h _ C )
F C U (J )  is  F C P  C U ( M J h J C )
B I  ( ร ,Z ,I ,M ,J ,N )  X (im jn )  in  th e  p ap er  
Q H (S ,Z ,1 ,M ,N )
Q C (S ,Z ,J ,M ,N )
Q 2 (S ,Z ,I ,M ,J ,N )
X I _ B ( S ,Z , l ’j ,M )
X _ B ( S ,K ,Z ,บ , M )
P A R  B (K ,Z ,I ,J )
U S H Ë L L (Z ,บ )
U S H E L L _ B (K ,Z ,บ )

* $ o n te x t
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A D D  F O R  r e t r o f i t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PAR_N(S,Z,บ) 
l ’A R N B t K Z J J )  DPAR_Ë(Z,บ) DPArV b(K,Z,น) 
N H E _S (S T z ,I,J)  
D E L T A (K ,K )PHI(Z,บ,K)

H O T U T I L I T Y C O S T
C o I d J J T I L I T Y j C O S T
A r e a C o s tFIxjœST

* $ o f f le x t

’ P O S IT IV E  V A R I A B L E  Q ,Q N E W 2 _ M ,Q N E W 2 _ N ,Q C ,Q H ,Q 2 ,P A R 1 ,P A R 2 ,D P A R _ E ,D P A R _ E _ B
1PAJR_N ,PAR_N_B
,P A R ,Q N E W M ,Q N E W _ N

B I N A R Y  V A R I A B L E  N H E _ M 0 _ B ,N H E _ M 1 _ B ,N H E _ N 0 _ B ,N H E _ N 1 _ B ,Y _ M ,Y _ N ,X 1 _ B ,X  B .N H E  S 
, d e f t a ,y J m _ b ,y _ n _ b ,n h e J v)0 ,n h e _ m  โ , n h f _ n o ,n h e J n  1 ,A L F a J m ,A L F A  N

IN T E G E R  V A R I A B L E  U S H E L L ,U S H E L L  B

E Q U A T I O N S
H B H U (S ,I ,M )
H B C U (S ,J ,N )
H B H S (S ,I ,M )
H B C S (S ,J ,N )
T R A N S F O R _ M ( ร ,Z ,บ , M )  
T R A N S F O R M S ,Z ,บ , N )  
H B H S _ N I (S ,T ,M )  
H B C S ~ N I (S ,J ,N )  
N O I S Ô H (S ,I ,M )  
N O I S O C (S ,J ,N )  
B IN A R Y J V I 1  (ร , Z , บ ,  M )  
B IN A R Y J V 1 2 (S ,Z ,I ,J ,M )
B  IN A R  Y  JV I 1 _ B ( S ,Z ,บ , M )  
B I N A R y I M 2 ~ B (S ,Z ,I ,J ,M )  
B I N A R Y lN l  ( ร ,Z ,1 ,J ,N )  
B I N A R Y ~ N 2 (S ,Z ,I ,J ,N )  
B I N A R Y ~ N  1 B (S ,Z ,บ , N )  
B I N A R Y ~ N 2 lB ( S ,Z ,I ,J ,N )  
B I N A R Y _ M 5 ( S ,Z ,บ , M )  
B IN A R Y ~ M 5 b (S ,Z ,I ,J ,M )  
B I N A R Y  M 3 ( S ,Z ,บ , M )  
B I N A R Y ~ M 4 (S ,Z T ,J ,M )
b i n a r y ! m 8 (S ,z j ,j ,M )
B i N A R Y j v i 9 ( s ’z , ) , j ,M )
B I N A R y I m 6 (S ,Z ,L J ,M )
b i n a r y ! m 7 (S ,z t ,j , m )
B I N A R Y ~ M 3 _ B ( ร ,Z ,บ , M )
B I N A R Y N 5 ( S , Z , U , N )
B  IN  A R  Y ~ N  5 b (S  , z ,  บ , N  )
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F E A S E N D 3  ( ร ,Z ,I ,J ,M .N )
F E A S I e N D (S ,Z ,I ,J ,M ,N )
F E A S E N D 2  ( ร ,Z ,I ,J ,M ,N )
F E A S 7 b E G 4 B ( S ,Z ,I ,J ,M ,N )
F E A s 7 b E G 2 J 3 ( S ,Z .I ,J ,M ,N )  
f e a s " b e g  ] I b (S ,Z ,I ,J ,M ,N )
F E A S ^ B E ( j3 _ B ( S , Z , U m 'N )
F E A S lE N D 3 ~ B ( S ,Z ,I ,J ,M ,N )
F E A S J E N D _ B  ( ร ,  z,บ , M .N )
F E A S ~ E N D 2  B (S ,Z ,I ,J ,M ,N )
P A R E Q ( S ,Z ,บ ิ)
S H E L L (Z ,I ,J )
S H E L l 7 b (K ,Z ,I ,J )
K M A X 1  ( ร ,Z ,I ,J )
K M A X 2 (S ,Z J ,J )
T O T A L C O S T  
T O T N E X C H  M A X  
T O T N E X C H M 1 N  
* $ o n te x t*************************** t****^^ RETROFIT* * ******* ****** ******** *********AREAREST1 (ร,z,บ)AREAJlEST2(S,z'u)
A R E A J I E S T 3 ( S ,Z ,บ )

A R E A _ R E S T 4 ( S ,Z ,บ )
A R E A J I E S T 5 (S ,Z ,1 ,J )
A R E A J L E S T 7 (S ,Z ,I ,J )
L I M _ H E X (S ,M )

A R E A _ R E S T I J B  ( ร ,  K ,Z ,I ,J )  
a r e a 7 r e s t 2 7 b ( s 'k ,z , i ,j )  
A R E a I r E S T 3 J 3 ( S ,K ,Z ,U )  
A R E A J U E S T 4 I B ( S ,K ,Z ,U )  
A R E a I r E S T 5 J B (S ,K ,Z ,I ,J )  
A R E A J I E S T 6  B (S .Z T J )

* A D D _ R E S T
* A D D J I E S T 2 ( S ,I ,J )

H O T U C  
C o I d J J  J C  
A r e a _ c  
F IX  c

S o n te x t
* * * * * * * * * * * * * * * * * * * * * * * *  ****y^P)P) P O R  R E L O C A T I O N * * * * *  * * * * * * * * * * *  * * * * * * * * * * * *  * * * * * *  
R E L O C A T E J  ( ร ,  Z ,I ,J )
R E L O C A T E J 2 (S ,Z ,I ,J )
R B L O C A T r f 3 ( S ,z ' l ,J )
R L L O C A T l f 4 ( ร ,Z ,I,J )
R E L O C A T E ^  J  ( ร ,z , บ )
R E L O C A T E l5 l2 (S ^ Z ,l ,J )
R E L O C A T E l5 l3 ( Z ,K )REI.OCATrf6(K,S.Z,บ)
R E L O C A T E l7 ( K ,S ,Z ,I J )
R E L O C A T E [8 (K .,S ,Z ,I ,J )
R E L O C A T E J > (K ,S ,Z ,I ,J )
R E L O C A T E J  0 (K ,S ,Z ,I ,J )
S o f l t e x t

* H E A T  B A L A N C E  O N  H E A T I N G  U T IL IT IE S
H B H U ( S ,I ,M )$ ( H O T (S ,I ,M ) = ]  A N D  H U (I )  A N D  F R E E H (I) A N D  O R D (M )  L E  N IN T )..  
F H U (I ) * (T U (S ,M ) -T L (S ,M ) )  = E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S .N )  L T  T U (S ,M )  
A N D  C O L D ( S ,J ,N ) = ]

A N D  A L L O W _ F l( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  F R E E C (J )) .Q (S .Z ,I ,M ,J ,N )) ;



*:e q  (2 )
H B C U (S ,J  N )$ ( C 0 L D ( S ,J ,N )= 1  A N D  C U (J )  A N D  F R E E C (J ) A N D  O R D (N )  L E  N r N T ) ..  
F C U (J )* * (T U (S ,N ) - T L ( S ,N ) )  = E =  S U M ( ( Z ,M ,I ) $ ( D ( S ,Z ,M ,N H  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  H O T (S ,I ,M ) = l

A M D  A L L O w  H (S ,Z ,I ,M ,J )=  ] A N D  A L L O W  C (S ,Z ,J ,N ,] )= 1  A N D  F R E E H (I )) ,Q (S ,Z ,I ,M ,J ,N )) ;

H B H S (S ,I ,M ) $ ( H O T ( S ,I ,M ) = l  A N D  N O T  H U (I )  A N D  F R E E H (I)  A N D  N I H ( I ) = 0  A N D  O R D (M )  L E  N I N T ) . .  
D H H (S ,I ,M )= E = S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D (S ,J ,N )= ]

A N D  A  L  L O W ]  I ( ร ,  Z , I, M , J )  1 A N D  A L L O W j : ( S ,Z ,J ,N ,I ) = l ) ,Q (S ,Z ,I ,M ,. ) ,N ) ) ;

* E Q  (4 )
H B C S ( S ,J ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  N O T  C U (J )  A N D  F R E E C (J )  A N D  N I C (J )= 0  A N D  O R D (N )  L E  N I N T ). . 
D H C (S ,L N )= E = S U M ((Z ,M ,I )$ (D (S ,Z ,M ,N )= 1  a n d  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  

A N D  A L L O W _ H (S ,Z ,l ,M ,J )= l  A N D  A L L O W C ( ร ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,I ,M ,J ,N )) ;

T R A N S F O R M S , z , บ , M ) $ ( H O T ( S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= I  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .

Q N E W _ M ( ร ,Z ,I ,J ,M ) = E =  S U M (N S (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )
A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,I ,M ,J ,N )) ;

T R A N S F O R _ N (S ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  A L L 0 W _ C (S ,Z ,J ,N ,] )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) .7
Q N E W _ N ( ร ,Z ,I ,J ,N ) = E = S U M (M $ (D ( S ^ ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,] ,M ) = l  

A N D  A L L O W _ H (S ,Z ,l ,M  J ) = l ) ,Q ( S ,Z ,I ,M ,J ,N ) ) ,

* E Q ( 7 )
H B H S _ N I ( ร , I ,M )$ ( H O T ( S ,] ,M ) = l  A N D  N O T  H U (I )  A N D  F R E E H (I) A N D  N IH (I)= 1  
A N D  O R D (.M ) บ :  N IN T )..
D H H (S ,I ,M ) = E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  C O L D ( S ,] ,N ) = l  A N D  A L L O W J -I (S ,Z ,I ,M ,J )= l  A N D  A L L O W  C ( S ,7 , ,L N J ) -  | ) ,

+ S U M ( ’( Z ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,I ,N )= l  A N D  O R D (N )  G T  O R D (M )) ,Q H (S ,Z ,I ,N ,M ))  
-S D M ((Z ,N )$ (D (S ,Z ,S v i,N )= l  A N D  H O T (S .I ,N )= l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,I ,M ,N ) ) ;

H B C S _ N I ( ร ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N I C (J )= 1 )  
D H C ( S ,J ,N ) - E =  S U M ((Z ,M ,I )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  

A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= ix Q (S ,Z ,L M ,J  N ) )  
+ S U M ( ( Z ,M ) $ ( D ( S ,Z ,M ,N ) =  1 A N D  C O L D (S ,J ,M )= ]  A N D  O R D (M ) L T  O R D (N ))  Q C (S  Z  J ,M ,N ) )  

- S U M (( z 7m ) $ ( D ( S ,Z ,M ,N ) = 1 A N D  C O L D (S ,J ,M )= l A N D  O R D (M ) G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M )) ;

N O I S O H ( S ,I ,M ) $ (H O T ( S ,I ,M )= l  A N D  N O T  H U (I )  A N D  F R E E H (I)  A N D  N IH (I)= 1  A N D  O R D (M )  L E  N I N T ). . 
S U M (( Z ,N )$ ( D ( S ,Z ,M ,N )= 1  A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,I ,M ,N ) )  
= L = S U M ( ( Z ,N ,J ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  C O I .,D (S ,J ,N )= l  
A N D  A L L O W _ H (S ,Z ,I ,M ,J )=  1 A N D  A L L 0 w J c (S ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,I ,M ,J ,N )) ;■*_________ ___________________ _______________

* E Q  ( 1 0 )
N O I S O C ( S ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  N O T  C U (J )  A N D  F R E E C (J) A N D  N IC (J )= 1  

A N D  O R D (N )  L E  N I N T ) . .
S U M (( Z ,M )$ ( D ( S ,Z ,M ,N ) = 1  A N D  C O L D (S ,J ,M )= l A N D  O R D (M ) G T  O R D (N ) )  Q C (S ,Z ,J ,N ,M ))
= L =  S U M ((Z ,M ,I )S '(D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  A L L O W _ H ( ร ,Z ,I  M ,J )=  1 A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  ) ,Q (S ,Z ,I ,M ,J ,N )) ;

* E Q  (1 l a  and  1 3 a )  C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  se t  B .

B I N A R Y  M l  ( ร ,Z ,l ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,1 ,J ) = 0  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N IN T )..

Q N E W _ M ( ร ,Z ,I ,J ,M )-Y ^ M (S ,Z ,I ,J ,M )* D H H (S ,I ,M )$ (N O T H U (I ) )
- y 7 m ( S ,Z ,U ,M )* F M A X _ H U (I )* D T H U (I )S (H U (1 ) )= L = 0 ;

* E Q  ( l i b  a n d  1 3b ) C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t b e lo n g in g  to  se t  B
* * * * * *  * * * * * * * * *  M IN I M U M  V A L U E  O F  Q N E W _ M = 0 .0 1  ! !! ! ! !! ! ! !
B I N A R Y  M 2 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M H  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B ]F (Z ,I ,J )  = 0  A N D

F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  Q N E W _ M ( ร ,Z ,I ,J ,M )-Y  M (S ,Z ,I ,J ,M )* Q L H M I N = G = 0 ;
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* E Q  (1 l a  and  1 3 a ) C a s e  o f  B IF (I ,J )= 1  ( i j )  b e lo n g in g  to  s e t  B
B 1 N A R Y _ M 1 _ B (S ,Z ,L J ,M )$ (H 0 T (S ,I ,M )“ 1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B I F (Z A J )  =1  

A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I S I ) . .
Q N E W _ M (S ,Z ,บ , M ) - Y _ M _ B (S ,Z ,I ,J ,M )* D H H (S ,l ,M )$ (N O T  H U (I ))  

-Y _ M _ B (S ,Z ,1 ,J ,M )* F M A X _ H U (I )* D T H U (I )$ (H U (I ) )= L = ;0;

* E Q  ( l i b  a n d  1 3b ) C a s e  o f  B 1F (1,J)=  1 ( i  j )  b e lo n g in g  to  s e t  B
B I N A R Y  M 2  B (S ,Z ,1 ,J ,M )$ (H 0 T (S ,I ,M )= 1  A N D  A L L O W _ H (S ,Z ,l ,M ,J )= I  A N D  B 1 F (Z ,บ )  =1
A N D  L R L L lI f i)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  Q N E W _ M (S ,Z ,I ,J ,M )-Y _ M _ B (S ,Z ,L J ,M )* Q L H M I N  = G =  0:

* E Q  ( 12 a  and  14 a )  C a s e  o f  B IF (I ,J )= 0  ( i  j )  n o t  b e lo n g in g  to  s e t  B

B I N A R Y N 1 ( ร ,z , บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  B I F (Z ,บ )  = 0  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  Ô R D (N )  L E  N I N T ). .

Q N E W  N ( S ,Z ,บ , N ) - Y _ N ( S ,Z ,บ , N )* D H C (S ,J ,N ) $ (N O T  C U ( j ) )
-Y _ N (S ,Z ,I ,J ,N )* F M A X _ C บ (J )* D T C U (J )$ (C L I (J ) )= L -0 ;

* E Q  (1 2 b  a n d  1 4b ) C a s e  o f  B 1 F (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B
B I N A R Y _ N 2 (S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D B I F (Z ,I ,J )  = 0  
A N D  F R Ë E H (I)  A N D  F R E E C (J )) .. Q N E W _ N (S ,Z ,บ , N )~ Y _ N ( ร ,z , บ , N )* Q L C M I N = G = 0 ;

* E Q  (1 2 a  and 1 4a ) C a s e  o f  B 1F (I,J )= 1  ( i j )  b e lo n g in g  to  se t  B
B I N A R Y _ N 1 _ B ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )  =1  
A N D  F R £ E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ). .

Q N E W _ N (S ,Z ,บ , N ) - Y _ N J B ( S ,Z ,บ , N )* D H C (S ,J ,N ) $ (N O T  C U (I ) )
-y ! t_ B ( ร ,Z ,I ,J ,N )* F M A X _ C บ (J )* D T C U (J )$ (C U (J ) )= L = 0 ;

* E Q  (1 2 b  and  1 4b ) C a s e  o f  B 1F (I,J )= 1  ( i  j )  b e lo n g in g  to  s e t  B
B I N A R Y _ N 2 _ B ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  B IF (Z ,I ,J )  =1
A N D  F R £ E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) . .  Q N E W _ N ( ร ,Z ,I ,J ,N ) -Y _ N _ B (S ,Z ,I ,J ,N )* Q L C M I N = G = 0 ;

* E Q  ( 1 5 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  ( 1 8 )

* E Q  ( 1 6 )
B I N A R Y  M 5 ( S ,Z ,U ,M ) $ (H O T ( S ,I ,M )= l  A N D  H O T ( S , l ,M - l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J )  A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

N H E _ M 0 (S ,Z ,1 ,J ,M )= L = 2 -y 1 m (S ,Z ,I ,J .M )-Y _ M  (ร , Z ,I ,J ,M -1 );

* E Q  ( 1 7 )  IS IN  R E A L I T Y  N O T  N E E D E D , B U T  W A S  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T (S ,I ,M - l )  A N D  A L L O W _ H ( ร ^ , I ,M -1 ,] ) A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
* A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1

B I N A R Y _ M 5 b (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L 0 W _ H ( S ,Z ,I ,M ,J )= 1 A N D  B I F ( Z L J )  = 0  
A N D  F R E E H (I)  A N D  F R E E C ( i)  A N D  O R D (M ) L E  N I N T ) . .  N H E _ M 0 (S ,Z ,I ,J ,M )  = L =  Y _ M ( ร ,Z ,1 ,J ,M );

* IT  T U R N S  O U T  T H A T  T H IS  E Q U A T I O N  O N L Y  F O R C E S  T H E  V A L U E S  O F  K  T O  B E  Z E R O
* W H E N  Y - 0 ,  W H IC H  H A P P E N S  N A T U R A L L Y  IF  O N E  IS  M I N I M I Z I N G  T H E  N U M B E R  O F
* E X C H A N G E R S  O R  B E C A U S E  T H E  F IX E D  C O S T S  A R E  B E I N G  M I N I M I Z E D
* E V E N  IF  N O T  D R I V E N  T O  Z E R O  B Y  T H E  O B J E C T IV E  F U N C T I O N  IT  IS  H A R M E L E S S .
* H O W E V E R , IT  T U R N S  O U T  T H A T  IT  C O U L D  M A K E  E X T E N S I O N S  O F  T H E  M O D E L  H A V E
* P R O B L E M S . S O , A L T H O U G H  T H E  E Q U A T I O N  IS  N O T  N E E D E D , IT  G IV E S  S O M E  E X T R A  V A L U E S
* O F  K  W H E N  T H E Y  D O  N O T  R E A L L Y  M A T T E R .

B I N A R Y _ M 3 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )  = 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .

N H E _ M 0 (ร,Z ,L J ,M ) = G =  Y _ M (S ,Z ,บ,M )-Y __M (ร,z L J .M - l )$ ( H O T (S ,I ,M - l )
A N D  A L L O W ~ H ( S ,Z ,l ,M -l ,J ) )  ;* ________________________ _______

* E Q  ( 1 9 )
B I N A R Y  M 4 (S ,Z ,l ,J ,M )$ (H O T (S ,I ,M )=  I A N D  H O T ( S J ,M - l )  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1
A N D  A L L O W _ H ( S ,Z ,L M - l,J )  A N D  B 1F (Z ,I,J ) = 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .

N H E _ M 0 ( ร ,Z ,1 ,J ,M )= G = 0 ;

* E Q  ( 2 0 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  ( 1 8 )

B I N A R Y  M 8 (S ,Z ,บ , M ) $ ( H O T ( S ,I ,M )= l  A N D  H O T ( S ,I ,M + l)  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1
A N D  A L E O W  H (S ,Z ,1 ,M + ]  ,J ) A N D  B I F ( Z J J )  = 0  A N D  F R E E H (l)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
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N H E _ M 1 (S ,Z ,บ , M )= L = 2 - Y _ M (S ,Z ,บ , M ) - Y  M (S .Z .I ,J ,M + 1 );

* E Q  ( 2 2 )  ะ O R IG IN A L L Y  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T (S ,I ,M - l )  A N D  A L L O W _ H (S ,Z ,l ,M -I ,J )
B I N A R Y _ M 9 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M )= lA N D  A L L O W J -I (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,บ )  = 0  

A N D  F R E E H (I )A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T )
N H E M 1 ( ร ,z , บ , M ) = L =  Y _ M ( S ,Z ,บ , M ) ;

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )

* E Q  (2 3 )
B I N A R Y _ M 6 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,1 .M .J )= 1  A N D  B 1F (Z ,I,J ) = 0
A N D  F R Ë E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  N H E  M  1 ( ร ,Z ,I ,J ,M )= G = Y _ M ( ร ,Z ,I ,J ,M )-Y _ M ( ร ,Z ,1 ,J ,M + 1 )  

ร ( H O T ( S ,] ,M + 1 )  A N D  A L L O W  H (S ,Z ,1 ,M + 1J))  ;

* E Q  (2 4 )
B I N A R Y _ M 7 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M )= l  A N D  H O T ( S , l ,M + l)  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A I X O W _ H ( S ,Z ,I ,M + 11 J) A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .

N H E M  1 ( ร ,z , บ , M )= G = 0 ;

B I N A R Y _ M 3 _ B ( S rZ ,l ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,7 .,l ,M ,J )= l  A N D  B IF (Z ,] ,J )  =1  
A N D  F R Ë E H f l)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ). .
Y _ M  B ( S  Z,1 J ,M ) = E =  S U M ( 0 $ ( H 0 T ( S , ] , 0 ) - 1  A N D  O R D (O )  LE  O R D (M )

A N D  A L L O W _ H ( S ,Z ,I ,O ,J ) - l ) ,N H E _ M 0  B ( S ,Z J ,J ,0 ) )
- S U M ( 0 $ ( H 0 T ( S ,I ,0 ) = 1  A N D  0 R D ( 0 )  L E  [ O R D ( M ) - l ]

A N D  A L L O W _ H ( ร ,Z ,I ,0 ,J ) =  1 ) ,N H E _ M 1 J B ( S ,Z ,1 ,3 ,0 ) );

* E Q  ( 2 6 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  ( 1 8 )

* E Q  ( 2 7 )
B I N A R Y  N 5 (S ,Z ,I ,J ,N )S (C O L D (S ,J ,N )=  I A N D  C O L D ( S ,J ,N - I )  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= I  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ) . .  

N H E J 4 0 ( S ,Z ,I ,J ,N )= L = 2 - Y _ N ( S ,Z ,1 ,J ,N )- Y _ N ( S ,Z ,1 ,J ,N - ] ) ;

* E Q  ( 2 8 )  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - I )  A N D  A L L O W _ C ( ร ,Z ,J ,N -I ,I )
B I N A R Y _ N 5 b ( S ,Z ,I ,j ,N ) $ ( C O L D (S ,J ,N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )  = 0  

A N D  F R E E H (I)  A N D  F R E E C (J )) ..
N H E _ N 0 (S ,Z ,I ,J ,N )  - L =  Y _ N ( ร ,Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )

B I N A R Y _ N 3 ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,1 ,J ) = 0  
A N D  I R E E I l( I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N  I )  .
N H E _ N 0 ( ร ,Z ,I ,J ,N )  = G =  Y _ N ( S ,Z ,I ,J ,N ) - Y _ N ( S ,Z ,I ,J ,N - 1 )

$ ( C O L D (S ,J ,N - 1 )  A N D  A L L O W  C (S ,Z ,J ,N -1 ,I )) ,

* E Q  ( 3 0 )
B I N A R Y _ N 4 ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= I  A N D  C O L D ( S ,J ,N - I ) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1
A N D  A L L O W  C ( S ,Z ,J ,N - I ,I )  A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ) . .

N H E _ N 0 (S ,Z ,I ,J ,N )= G = 0 ;

* E Q  ( 3 1 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  ( 1 8 ) * *

B I N A R Y  N 8 ( S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N ) = I  A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ). .  

N H E J N l  ( ร ,Z ,I ,J ,N ) = L = 2 -Y _ N ( S ,Z ,I ,J ,N ) -Y _ N ( S ,Z ,1 ,J ,N + 1 );

* E Q  ( 3 3 )  N O T  N E E D E D  B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ C (S ,Z ,J ,N - 1,1)
B I N A R Y _ N 9 ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )=  1 A N D  B IF (Z ,I ,J )  = 0  

A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  LE  N I N T ) . .
N H E N 1  ( ร ,  Z ,I ,J ,N )  = L =  Y _ N (S ,Z T ,J ,N );
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* S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

* E Q  (3 4 )
B I N A R Y _ N 6 (S ,Z ,  บ , N )$ (C O L D (S ,J ,N )= I  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I)= 1  A N D  B IF (Z ,I ,J )  = 0  
A N D  F R E E ! 1(1) A N D  F R E E C ( l)  A N D  O R D (N )  L E  N IN T )..  
N H E _ N 1 (S ,Z ,I ,J ,N ) = G = Y _ N ( S ,Z ,I ,J ,N ) -Y _ N ( S ,Z ,I ,J ,N + 1 )

$ ( C O L D ( S ,J ,N + l )  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1));

* E Q  ( 3 5 )
B ) N A R Y _ N 7 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1
A N D  A L L O W _ C ( ร ,Z ,J ,N + 1 ,1) A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (I) A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) . .

N H E _ N 1 (S ,Z ,1 ,J ,N ) -G = 0 ;

B I N A R Y _ N 3 _ B ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ )  =1  
A N D  F R E E H (])A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ) . . -  
Y _ N _ B ( S ,Z ,บ , N ) = E = S U M ( 0 $ ( C O L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )  
A N D " a L L O w 1 c (S ,Z ,J ,O ,I ) ) ,N H E _ N 0 _ B (S ,Z ,I ,J ,O ))  -  S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  O R D (O )  L E  

O R D ( N ) - l  A N D  A L L O W _ C (S ,Z ,J ,0 ,I ) ) ,N H E _ N  1 _ B (S ,Z ,I ,J ,0 ) ) ;

H E _ C O U N T _ M O (S ,Z ,1 ,J )$ (A L L O W (S ,Z ,I ,J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )) ..  
N H E (S ,Z ,I ,J ) = E = S lJ M ( M S ( H O T ( S ,l ,M ) = l  A N D  A L L O W  H (S ,Z ,E M J )= 1  A N D  B IF (Z ,I ,J )  = 1 ) ,  
N H E  M 0 _ B (S ,Z ,I ,J ,M ))  +  S U M (M $ (H O T ( S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  BIF_(Z ,1 ,J ) = 0 ) ,  N H E _ M 0 (S ,Z ,I ,J ,M )) ;

* E Q  (3 8 )
H E _ C O U N T _ N O (S ,Z ,I ,J )S (A L L O W (S ,Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

N H e7 s ,Z ,I ,J )= E = S U M (N $ (C O L D (S ,J ,N )= 1  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= 1  A N D  B 1F (Z ,I,J ) = 1 ) ,

+  S U M (N $ (C O L D (S ,J ,N ) =  1 A N D  A U ,O W  C ( S ,Z J ,N , l ) - l  A N D  B 1F (Z ,1,J) = 0 ) ,
N H E _ N 0 ( ร ,Z ,1 ,J ,N ));

H E _ C O U N T _ M l ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J ))  
N H E (S ,Z ,I ,J )= E = S U M (M $ (H O T (S ,I ,M )= l  A N D  A L L O W J 3 (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )  = 1 ) ,  
N H E  M  1 _ B (S ,Z ,I ,J ,M ))  +  S U M (M $ (H O T ( S ,I ,M ) = l  A N eT A L L O W  H (S ,Z ,1 ,M ,J )= 1  
A N D  B IF (Z ,I ,J )  = 0 ) ,  N H E _ M 1 (S ,Z ,I ,J ,M )) ;

H E  C O U N T  N l  ( ร ,Z ,I ,J )S (A L L O W (S ,Z ,l ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J )) . 
N H E ( S ,Z ,I , j j = E - S U M ( N $ ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N  I ) = l  A N D  B 1F (Z ,1 ,J) = 1 ) ,  
N H E _ N l _ B ( S rZ ,I ,J ,N ))  +  S U M (N S ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B IF (Z ,I ,J )  = 0 ) ,  N H E _ N  1 ( ร ,Z ,I ,J ,N )) ,

* E Q  (4 1 )
N E X C H ( S ,Z ,I ,J )$ ( A L L O W (S ^ ,I ,J ) = l  A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H (I)  
A N D  FREEC(J)). ,NHE(S,Z,น ) = L =  1 ;

N E X C H _ B ( ร ,z , บ ) ร (A L L O W (S ,Z ,I ,J )= l  A N D  B IF (Z ,I ,J )  = 1  A N D  F R E E H (I)  
A N D  F R E E C (J )) ’ N H E (S ,Z ,I ,J )= L = K M A X (Z ,I ,J )  ;

B IF  l ( ร ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M ) = l  
A N D  C O L D ( S ,J ,N ) = l  A N D

A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )  = 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T  A N D  O R D (N )  L E  N IN T )..
S U M (L $ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  L E  O R D (M )  A N D  H O T (S ,I ,L )= l  
A N D A L L O W _ H ( S ,Z , l ,L ,J ) = l) ,

Q N E W J V l( s 7 z ,I ,J ,L ) )  -  Q N E W 2 _ M ( ร ,Z ,I ,J ,M ) = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  O R D ( 0 ) L E  O R D (N )  A N D  C O L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,  

Q N E W _ N ( S ,Z ,1 ,J ,0 ) )  -  Q N E W 2 _ N ( ร ,Z ,I ,J ,N )
+  B 1  ( ร ,Z ,L M ,J ,N )  * 4 *  m a x ( S U M ( L $ ( D (S ,Z ,L ,N ) = l  A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,I ,L ) = l  A N D  A L L O w 7 .H (S ,Z ,L L ,J )= l) ,D H H (S ,l ,L ) ) ,

S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  O R D (O )  L E  O R D (N )
A N D  C O L D ( S ,J ,0 )  A N D  A L L O W _ C ( S ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

EQ (44)



99

B IF _ 2 (S _ Z ,1 ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T l l ( S ,M )  A N D  H 0 T ( S ,I ,M ) = 1  
A N D  C O L D ( S ,J ,N ) = l  A N D

A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L 0 W _ C ( S ,Z ,J ,N ,I ) = 1 A N D  B 1 F (Z ,],J )  =1 A N D  F R E E H (I)
A N D  F R Ê E C (J )  A N D  O R D (M )  L E  N I N T  A N D  O R D (N )  L E  N IN T )..
S D M (L $ (D (S ,Z ,L ,N )= 1  A N D  O R D (L ) L E  O R D (M )  A N D  H O T (S ,I ,L )= l  

A N D  A L L O W _ H (S ,Z ,I ,L ,J )= l) ,
Q N L A V M ( S ,Z X J .L ) ) - Q N E W 2 M ( S ,Z ,U ,M )  = G =

S D M ( 0 Î ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W _ C ( S ,Z ,J ,0 ,I ) ) ,  
Q N E W _ N (S ,Z ,1 ,J ,0 ) )  - Q N E W 2  N (S ,Z ,น , N )

-B  1 ( ร ,Z ,I ,M ,J ,N )  * 4 *  m a x (S U M (L $ (D (S ,Z ,L ,N )=  1 A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,I ,L )= l  A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )= 1 ) ,D H H (S ,I ,L ) ) ,
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 )  L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )

A N D  A L L 0 W _ C ( S ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

B 1 F _ 3 (S ,Z ,1 ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,) ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  
A N D  B 1 F (Z ,น )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N IN T )..  
B I ( S ,Z ,I ,M ,J ,N )  = E =  2 -  0 .2 5 *  S U M (L S (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )  
A N D  H O T (S ,I ,L )= l  A N D  A L L O W  H (S ,Z .I ,L ,J ) = 1 ) ,N H E _ M I _ B ( S ,Z J J ,L ) )
+  0 .2 5  * S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( O ) L E  O R D (N )  A N D  C O L D ( S ,J ,0 )  

A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,N H E _ N  1 _ B ( S ,Z ,I ,J ,0 ) )
-N H E _ M  1 _ B  (ร, z,น ิ, M )-N H E J N  1 _ B  (ร, Z ,1 ,J ,N );

* E Q  ( 4 6 )
B I F _ 4 ( ร ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T L ( S .M )  A N D  T L (S ,N )  G E  T L (S ,M )

A N D  H O T (S ,I ,M ) = i  A N D  C O L D (S ,J ,N )= ]  A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l
A N D  A L L O W  C (S ,Z ,J ,N ,I )=  1 A N D  B I F (Z ,น )  =1 A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T  

A N D  O R D (N ) )
S D M (L S (H O T (S ,I ,L )= ]  A N D  O R D (L ) L E  O R D (M )  A N D  
A L L O W _ H ( S ,Z ,I ,L ,J )= l) ,N H E _ M l_ B ( S ,Z ,I ,J ,L ) )
- S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  Ô R D ( 0 ) L E  O R D (N )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,

N H E N 1 _ B ( ร ,z , น , O ))= G = 0 ;

B 1 F J 1  ( ร ,Z ,l ,J ,M )S ( H O T (S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,น )  =1  
A N D  F R E E H (I )  A N D  F F Œ E C (J) A N D  O R D (M )  L E  N I N T ). .

S U M (O S (H O T (S ,L O )= l  A N D  O R D (O )  L E  O R D (M ) A N D  A L L 0 W _ H ( S ,Z ,I ,0 ,J ) = 1 ) ,  
N H E _ M 0 _ B ( ร ,z , น , 0 ) - N H E _ M l _ B ( ร ,z , น , 0 ) ) = L = 1  ;

B I F _ I 2 ( ร ,z , น , N )S ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )  =1  
A N D  F R E E H (I )A N D  F R E E C (J ) A N D  O R D (N )  L E  N IN T )..

S U M (O S ( C O L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )  A N D  A L L O W  C ( S ,Z ,J ,0 , l ) ) ,  
N F I E _ N 0 _ B (S ,Z ,น , 0 ) - N H E _ N l _ B ( ร ,Z ,I ,J ,0 ) )= L =  I ;

* E Q  ( 4 9 )
B I F _ 6 ( ร ,Z ,l ,J ,M )$ ( H O T (S ,I ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )  =1  

A N D  F R E E U (I )  A N D  F R E E C (J ) A N D  O R D (M )~ L E  N I N T ). .
Q N E W 2 _ M ( ร ,Z ,I ,J ,M ) = L =  Q N E W  M (S ,Z ,I ,J ,M );

* E Q  ( 5 0 )
B I F _ 9 ( ร ,Z ,I ,J ,M )$ (H O T (S ,] ,M )= ]  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )  =1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  O R D (M )  L E  N IN T )..

Q N E W 2 _ M ( ร ,Z ,I ,J ,M ) = L =  N H E _ M 0 _ B (S ,Z ,I ,J ,M )* D H H (S ,1 ,M );

B I ?  5 ( s !z , I ,J ,M )$ (H O T (S ,] ,M )= 1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]  a n d  B IF (Z ,1 ,J ) =1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  O R D (M )  L E  N IN T )..

Q N E W 2 _ M (S ,Z ,I ,J ,M )  = L =  N H E  M I B (S ,Z :I ,J .M )* I )II H (S ,I ,M );

* E Q  ( 5 2 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

B I F _ 8 ( S ,Z ,น , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= I  A N D  B IF (Z .I ,J )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J ) A N D  O R D (N )  L E  N IN T )..

Q N E W 2 _ N ( ร ,Z ,I ,J ,N )  = L =  Q N E W _ N (S ,Z ,I ,J ,N );

EQ (54)



B I F _ 1 0 ( S ,Z  I J ,N )$ ( C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,น )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  LETn IN T )..

Q N E W 2 _ N ( ร ,Z ,I ,J ,N )  = L =  N H E _ N O _ B (S ,Z ,I ,J ,N )* * D H C (S ,J ,N );

B I F _ 7 ( S ,Z ,I ,J ,N ) $ (C 0 L D (S ,J ,N ) = 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B I F (Z ,น )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N IN T )..

Q N E W 2 _ N ( S ,Z ,I ,J ,N ) - L - N H E _ N 1 _ B ( S ,Z ,I ,J ,N ) * D H C ( S ,J ,N ) ;

* E Q  ( 5 6 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

* E Q  ( 5 7 )
F E A S _ M _ 0 1 ( ร ,z , น , M ) $ ( H O T ( S ,I ,M - l  )  A N D  I I O T ( S ,I ,M ) - l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M -1  ,J ) A N D  B IF (Z ,I ,J )  = 0  A N D  S P H (I)= I  A N D  F R E E H (I)
A N D  F R E E C (j)  A N D  O R D (M )  L E  N I N T ) . .

A L F A _ M ( ร ,Z ,I ,J ,M )= L = ] -N H E _ M 0 ( ร ,Z ,I ,J ,M -1 )-N H E J V I0 (S ,Z ,I ,J ,M );

F E A S M O  1 _ B (S ,Z ,น , M ) $ ( H O T ( S ,] ,M -1 ) A N D  H O T (S , l ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1  
A N D  A L L O W  I I (S ,Z ,I ,M -1  ,.l) A N D  B 1 F (Z ,น )  =1 A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

A L F A _ M ( S ,Z ,น , M )= L =  1 - N H E _ M 0 _ B ( ร ,Z ,I ,J ,M -1 ) -N H E _ M 0 _ B ( ร ,Z ,I ,J ,M );

F E A S _ M _ 0 2 ( S ,Z ,I ,J ,M ) $ (H O T ( S ,I ,M -I )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l  
A N D  A L L b w _ H ( S ,Z ,I ,M - l , J )  A N D  B IF (Z ,I ,J )  = 0  A N D  S P H (I )= ]  A N D  F R E E H (Ï)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .

A L F A _ M ( ร ,Z ,I ,I ,M )= L = 1  - N H E _ M  I ( ร ,Z ,I ,J ,M - 1 )-N H E _ M  1 ( ร ,Z ,I ,] ,M );  
F E A S _ M _ 0 2 _ B ( s 7z ,I ,J ,M )S (H O T (S ,I ,M -1 ) A N D  H O T (S ,I ,M )= l a n d  A L L O W _ H ( ร ^ , 1 ,M ,J)= 1  
a n d  A L L O พ  แ ( ร ,Z ,L M -1 ,J ) A N D  B IF (Z ,I ,J )  =1 A N D  F R E E H (I)  A N D  F R E E C (J )).. 

A L F a 7 m ( S ,Z .I J ,M ) - L - 1 - N H E  M I B (S ,Z .L J ,M N )-N H L _ M )  B (S ,Z T J ,M );

F E A S _ M _ 0 3 ( S ,Z ,I ,J ,M ) $ (H O T ( S ,I ,M - 1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L 0 W _ H ( S ,Z ,L M - ] ,J )  A N D  B IF (Z ,I ,J )  = 0  A N D  S P H (1)= 1  A N D  F R E E H (I)
A N D  F R E E C (f)  A N D  O R D (M )  L E  N I N T ). .

A L F A _ M (S ,Z ,I ,J ,M )= G = Y _ 1 V 1 (S ,Z ,I ,J ,M )-N H E _ M 0 (S ,Z ,I ,J ,M -1 )-N H E _ M 0 (S ,Z ,I ,J ,1 V I)  - 
N H E _ M !  ( s i , L J , M - 1 ) -N H E _ M  1 ( ร ^ ,  I, J > 1 );

F E A S _ M _ 0 3 _ B ( ร ,Z ,น , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S  Z ,I ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M - l ,J )  A N D  B IF (Z ,I ,J )  = 1  A N D  F R E E H (I) A N D  F R E E C (J))
A l.L A  M ( ร , / , l ,J ,M ) - G = Y  M  B (S ,Z ,L J ,M )-N H E _ M 0 _ B (S ;Z .I J ,M - 1 ) - N H L  MO B (S ,Z ,L J .M )

- N H E ' m 1 _ B ( ร ,Z ,น , M - 1 ) -N H E J V I ! B (S ,Z ,1 ,J ,M ) ;

F E A S _ M _ 0 4 ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S  I M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= I  A N D  
A L L 0 w I h ( S ,Z ,I ,M -1 ,J )  A N D  (B IF (Z ,I ,J )  = 1  O R  S P H (I )= 1 )A N D  F R E E H (I)-  

A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .
A L F A _ M (S ,Z ,1 ,J ,M )= G = 0 ;

* E Q  ( 6 1 )
F E A S  M _ 2 ( S ,Z ,I ,J ,M ) $ (H O T ( S ,I ,M - 1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= !  
A N D  A lI o W _ H ( S ,Z , I , M - l , J )  A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E E C (J )

A N D  O R D (M )  L E  N I N T ) . .
Q N E W _ M ( ร ,Z ,I ,J ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )  = L =
Q N E w I m ( S ,Z ,U ,M -  1 ) / (C P H (S ,I ,M -1  ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )  
+ ( 1 - A L F A _ M ( S ,Z ,I ,J ,M )) * D H I I ( S ,] ,M ) /( C P H ( S ,I ,M ) * (T I J (S ,M ) -T L (S ,M ) )) ;

F E A S _ M _ 1 ( S ,Z ,น , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= I  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M -1 ,] )  A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R E E C (J )).. 
Q N E w lM ( S ,Z ,I , i ,M ) / (C P H ( S ,I ,M )* ( T U ( S ,M ) - T L ( S ,M ) ) )
+ ( I - A L F A _ M ( ร ,Z ,L J ,M ))* D H H (S ,1 ,M )  / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )

= G = Q N E W _ M ( ร ,Z ,I , i ,M - l ) / ( C P H ( S ,I ,M - l ) * ( T U ( S ,M - l ) - T L ( S ,M - l ) ) ) ;

F E A S  M  3 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S  Z ,I ,M ,J )= 1  
A N D  A lI o W H (S ,Z ,I ,M - I ,J )  a n d  B IF (Z ,1 ,J ) = 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .

Q N E W _ M ( S ,Z ,I ,J ,M -1 ) / (C P H ( S ,I ,M -1 ) * ( T U ( S ,M -I ) - T L ( S ,M - 1 )) )
+  O N L w 7 m (S ,Z ,1 J ,M ) /(C P 1 I (S .L M )* (T U (S .M )-T L (S .M )) )
+ ( ]  +  N H E _ M  1 ( ร , / , , น , M - 1 )  +  N I1L  M 1 ( ร ,z , น , M ) -  N H E _ M 0 (S ,Z .1 ,J ,M -1 ) )
* D H H ( s 7 i7m ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )*  1 .o o o o T  = G -  0:



F E A S JV 1  4 (S  z  1 J M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )=  1 
A N D  A L L 0 W  I 1 (S ,Z ,I ,M -] ,J )  A N D  B I F (Z ,บ )  = 0  A N D  S P H (])= 1  A N D  F R E E H (i)
A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .
-  Q N E W _ M (S ,Z ,I ,J ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+  Q N E W ~  M (S ,Z ,I ,J ,M -1 ) / (C P H ( S ,I ,M - 1 ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ))
+ ( B  N H E J v lO (S ,Z ,บ ,  M -1 ) + N H e 7 m 0 (S ,Z , บ , M )-N H E _ M 1 (S ,Z ,บ , M ))  
* D H H ( S j 7m ) / (C P H ( S ,I ,M ) * ( T U ( S ,M ) - T L ( S ,M ) ) )* L 0 0 0 0 1  = G =  0;

F E A S  M _ 3 _ B _ 2 (S ,Z ,I , l ,M ) $ (H O T ( ร , I ,M - 1 )  A N D  H O T (S ,I ,M > = I A N D  A L L O W _ H (S ,Z ,I ,M ,J )= I  
A N D  A L L Ô w 7 j î ( S , z j , M - Ù )  A N D  B I F (Z ,บ )  = ]  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .
Q N E W J M (S ,Z ,บ , M - 1 ) / ( C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 ) ) )= L =  
Q N E W lM ( s 'z ,y ,M ) / ( C P F I ( S ,I ,M ) * ( T m ( S ,M ) - T L ( S ,M ) ) )
+ (  1+ N H E M 1  _ B ( S ,Z ,บ , M - 1 ) + N H E _ M  1 _ B ( ร ,z , บ , M )-N H E _ M 0  B (S ,Z ,บ , M -1  ) )  
* D H H (S ,7 ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ))) ;

F E A S _ M _ 3 _ B _ 1 ( ร ,z , บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W J H ( ร ,Z ,1 ,M ,J )= 1  
A N D A L L 0 w 1 h ( S ,Z ,I ,M - 1 ,J ) A N D B I F ( Z ,I ,J )  =1 A N D  S P H (I )= I  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .
Q N E W 2  J V I(S ,Z ,I ,J ,M -1  ) / (C P H ( S ,I ,M - 1 ) * (■ ท)(ร,M - 1 ) -T L ( S ,M - 1 ) ) )  = L =  
Q N E W _ M (S ,Z ,I ,J ,M )/(C P H (S ,] ,M )* (T U (S ,M )-T L (S ,M )) )+  (2  +  N H E M 1 _ B (S ,Z ,I ,J ,M )  
- N H E _ M 0 _ B (S ,Z ,I ,J ,M - 1 ) - Y _ M _ B ( S ,Z ,L J ,M - ] ) )

* D H F I (S j ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

F E A S _ M _ 4 _ B ( S ,Z ,บ , M ) S ( H O T ( S ,l ,M - l)  A N D  H O T (S , l ,M ) = l  A N D  A L L O W _ H (S ,Z ,L M ,J )= ]  
A N D  A L L O W J I ( S ,Z ,I ,M - l ,J )  A N D  B IF (Z ,1 ,J )= 1  A N D  S P H (I )= ]  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
( Q N E W _ M ( S ,Z ,บ , M )-Q N E W 2 _ M ( ร ,Z ,I ,J ,M )) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )= L =  
Q N E W  _ M ( S ,Z ,I ,J ,M - 1 ) /(C P H ( s7 i ,M -1  )* (T U (S ,M -1  )-T L (S ,M -1  ) ) )

+ ( 2  +  N H E _ M 0 B ( S ,Z ,I ,J ,M - 1 ) -N H E _ M  1 J 3 ( S ,Z ,บ , M ) - Y  _ m 7 b (S ,Z ,] ,J ,M ))  
* D H H ( S ,I ,M ) /( C P H ( S X m ) ’ (T U ( S ,M ) - T l 7s ,M )));

F E A S  M _ ] _ S P ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + l)
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
a n d  A L L O w I h (S ,Z ,I ,M -1  J )  a n d  A L L O W _ H ( ร ,Z ,I ,M + 1,1) A N D  B IF (Z  บ )  = 0  A N D  S P H (I )= 0  
A N D  F R E E H ( i)  A N D  F R E E C (J ) A N D  O R D (M )  LE  N I N T ) . .  Q N E W _ M ( ร ,Z ,I ,J ,M )= G = (Y _ M ( ร ,Z ,I ,J ,M )-  

N H E _ M 0 ( ร ,  z , บ , M )  +  N H E M 1  ( ร ,Z ,] ,J ,M ))* D H H (S ,1 ,M );
F E A S _ M _ 1 _ S P _ B ( ร ,z 7 u ,M ) S ( H O T ( S ,I ,M - I )  A N D H O T ( S ,I ,M ) = l  A N D H O T ( S ,I ,M + l )  
A N D A L L O w 7 h (S ,Z ,I ,M ,I )= 1
A N D  A L L O W lH ( S ,Z ,I ,M - l ,J )  A N D  A L L O W _ H ( ร ,Z ,I ,M + 1,1) A N D  B IF (Z ,บ )  = 1  A N D  S P H (I )= 0  
A N D  F R E E H ( i)  A N D  F R E E C ( J ) ) .. Q N E W _ M (S ,Z ,1 ,J ,M )= G = (Y _ M _ B (S ,Z ,บ  M )-  

N H E _ M 0 _ B  ( ร ,  z , บ , M ) + N H E _ M 0 _ B ( S ,Z ,บ , M ))~ * D H H (S ,I ,M );

* E Q  ( 6 9 )
F E A S  N  O1 ( ร ,z , บ , N )$ ( C O L D ( S ,J ,N -1 )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N - l  ,1) A N D  B I F ( Z ,บ )  = 0  A N D  S P C (J )= 1  A N D  F R E Ë H (I)
A N D  F R E E C (J )) .

A L F A _ N (S ,Z ,I ,J ,N )  = L =  1 -N H E _ N 0 (S ,Z ,1 ,J ,N )-N H E _ N 0  ( ร ,  z , บ , N - l ) ;  
F E A S _ N _ o r B ( s 7 z , I , I ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N ,1 )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N  1,1) A N D  B I F (Z ,บ )  =1 A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

A L F a 7 n ( S ,Z ,บ ^ ) = L = 1 - N H e J n 0 _ B ( S ,Z ,I ,J ,N )- N H E _ N 0 _ B (ร ,Z ,I ,J ,N -1 ) ;

F E A S  N _ 0 2 (S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - I )  A N D  C O L D ( S ,I ,N ) = l  A N D  A L L O W  C (S,Z ,J ,N ,I)==1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1 )  A N D  B I F ( Z ,บ )  = 0  A N D  S P C (I)= 1  A N D  F R E Ë H (I)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,บ . N )= L = 1 -N H E _ N 1  ( ร ,z , บ , N ) - N H E  N 1  ( ร ,Z ,I ,J ,N -1 );  
F E A S _ N _ 0 2 7 b (S^Z ,บ , N )$ ( C O L D ( S ,J ,N - l  )  A N D  C O L D (S ,J ,N )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )=  1 
A N D  A L L O w 7 c ( i z , J , N - l , I )  A N D  B I F (Z ,บ )  =1 A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

A L F À 7 n ( S ,Z ,บ . N ) = L = 1 - N H E N 1  J B ( S ,Z ,I ,I ,N ) - N H E _ N  1 B (S ,Z ,I ,J ,N -1  );

F E A S _ N _ 0 3 ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N - l  )  A N D  C O L D ( S ,I ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= !  
A N D  A L L O w 7 c ( S , Z , J ,N - l  ,1) A N D  B IF (Z ,1 ,J ) = 0  A N D  S P C (J )= 1  A N D  F R E Ë H (I)
A N D  F R E E C (J )) ..

A L F A _ N ( ร ,Z ,I ,] ,N ) = G = Y _ N ( ร ,Z ,1 ,I ,N ) -N H E _ N 0 ( ร ,Z .I ,J ,N ) -N H E _ N 0 ( ร ,Z .L L N - l)
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F E A S  N  0 3 t B ( S ;Z J ^ N W C 0 L d [ s : S - 1 ) S  a l l o w  C (S ,Z ,J ,N ,.)= 1
A N D  A L L O W _ C ( S ,Z ,J ,N - U )  A N D  B I F (Z ,บ )  =1 A N D  F R E E H (I) A N D  F R E E C (J )).. 
A L F A _ N (S ,Z ,T ,J ,N )= G = Y _ N _ B (S ,Z ,บ , N ) - N H E _ N 0 _ B ( S ,Z ,บ , N )-N F I E _ N 0 _ B (S ,Z ,] ,J ,N -1 )  

- N H E _ N 1 B ( S ,Z ,I ,J ,N ) - N H E _ N 1 _ B ( S ,Z >1iJ iN - ] ) ;  ~~

F E A S _ N _ 0 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W j : ( ร ,Z ,J ,N ,))= 1  
A N D  A l L o W _ C (S ,Z ,J ,N -  1,1) A N D  ( B I F (Z ,บ )  =1 O R  S P C (J )= 1 )  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,บ , N )= G = 0 ;

* E Q  ( 7 3 )
F E A S _ N _ 2 ( S ,Z ,I ,J ,N ) $ ( C O L D ( S J ,N - 1 )  A N D  C O L D (S ,J ,N )= ]  A N D  A L L O W _ C (S ,Z ,J .N ,I )= l  
A N D  A L L O W _ C ( ร ,Z ,J ,N -] ,1 )  A N D  S P C (J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )) ..
Q N E W _ N ( ร ,zT i J ,N ) / ( C P C (S ,J ,N ) * (T U (S ,N ) -T L (S ,N ) ) )= L = Q N E W _ N ( ร ,Z ,I ,J ,N -1 )
/(CPC(S,J,N-1)
* (T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ) ) + ( 1 - A L F A _ N ( S ,Z ,บ , N ))* D H C (S ,J ,N ) /  

(C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) ) ;

F E A S  N  l ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N -1 )  A N D C O L D ( S ,J ,N ) = t  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  S P C (J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )) .. 
Q N E W _ N ( S X I ,J ,N ) / ( C P C ( S ,J ,N )* ( T U ( S ,N ) - T L ( S ,N ) ) )

+ ( ]  - A L F A _ N ( ร ,Z ,บ , N ) ) * D H C ( S ,J ,N )
/  (C P C (S ,J ,N  j* ( T U ( S ,N ) -T L (S ,N ) ) ) = G = Q N E W _ N ( S  z,บ , N -  ! ) /

(C P C (S ,J ,N -1  )* (T U (S ,N -1  ) -T L ( S ,N - l  )));

F E A S _ N _ 3 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W  C (S ,Z ,J ,N - l  ,1) A N D  B I F (Z ,บ )  = 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J ))
- Q N E W _ N ( ร ,Z ,I ,J ,N - 1 ) / ( C P C ( S ,J ,N -1 ) * (T U (S ,N - 1 ) - T L ( S ,N -1 ) ) )  
+ Q N E w 1 n ( S ,Z ,I ,J ,N ) / (C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )+ (  I + N H E N 1 ( ร ,  Z ,I ,J ,N - 1 ) 

+ N H E _ N  1 ( ร ,z , บ , N )
- N H E _ N 0  ( ร ,  Z ,บ , N -1 ) ) * D H C ( S ,J ,N ) / ( C P C ( S ,J ,N ) * ( T U ( S ,N )- T L ( S ,N ) ) ) *  1 .0 0 0 0 1  = G =  0;

F E A S _ N _ 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S  Z ,J ,N ,1 )= 1  
A N D  A L L O W  C (S ,Z ,J ,N - 1,1) A N D  B I F (Z ,บ )  = 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (f) ) . .
- Q N E W _ N ( ร ,Z ,I ,J ,N ) /(C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )
4-Q N EW __ N ( S ,Z ,I ,J ,N - i  ) / (C P C ( S ,J ,N - l  )* (T U (S ,N -1  ) -T L (S ,N -I  ) ))
+ (1 + N F 1 E _ N 0 ( ร ,z , บ , N - l )
+  N H E _ N 0 (S ,Z ,I ,J ,N ) - N H E _ N 1 (S ,Z ,I ,J ,N ) ) * D H C ( S ,J ,N ) /

(C P C ( S ,J ,N ) * ( T U ( S ,N )- T L ( S ,N ) ) ) *  1 .0 0 0 0 1  = G = 0 ;

* E Q  ( 7 7 )
F E A S _ N _ 3 _ B _ 2 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  
A N D A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1
A N D  A L L O W lC ( S ,Z ,J ,N - l , l )  A N D  B I F (Z ,บ )  = 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (j) ) . .
- Q N E W _ N ( ร ,Z ,I ,J ,N - I ) / ( C P C ( S ,J ,N - 1 ) * (T U (S ,N - 1 ) - T L ( S ,N -1 ) ) )
+ Q N E W ~ N ( S ,Z ,บ , N ) / ( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )
+ ( ]  +  N H E _ N  1 _ B ( S ,Z ,บ , N - 1 ) +  N H E _ N 1 _ B ( S ,Z ,บ , N ) - N H E _ N 0 _ B ( S ,Z ,บ , N - l ) )  
* D H C ( S ,J ,N ) /( C P C ( S ,J ,N ) * ( T U (S ,N ) - T L ( S ,N ) ) ) = G = 0 ,

F E A S _ N _ 3 _ B _ 1  ( ร ,z , บ , N )$ ( C O L D ( S ,J ,N -1  )  A N D  C O L D (S ,J ,N )= l  
A N D  A L L Ô \* 7 _ c ( ร ,Z ,J ,N ,I )=  1
A N D  A L L O W ~ C ( S ,z j J ,N - 1,1) A N D  B I F ( Z ,บ )  = 1  A N D  S P C (J )= 1  A N D  F R E E H (I)  
A N D  F R E E C (J )) ..
- Q N E W 2 _ N ( ร ,z , บ , N - 1 ) / (C P C ( S ,J ,N -1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ) )
+ Q N E W J 4 ( S ,Z ,บ , N ) / ( C P C ( S ,i ,N ) * ( T U ( S ,N ) - T L ( S ,N ) ) ) + ( 2  +  N H E _ N l_ B ( S ,Z ,] ,L N )  
- N H E _ N 0 _ B (S ,Z ,I ,J ,N -1  ) - Y N _ B ( S , Z , L J , N - 1 ))

* D H C (S ,T ,N ) /(C P C (S ,J ,N )* (T U (S ,N ) -T L (S .N ) ) )= G = 0 :

F E A S _ N _ 4 _ B ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D A L L 0 W _ C ( S ,Z ,J ,N - 1 ,1 ) A N D  B IF (Z ,L J )  = 1  A N D  S P C (J )= 1  A N D  F R E E H (1)
A N D  F R E E C (J )) ..
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-(QNEW N(S,Z,],J,N)-QNEW2_N(ร,Z,1,J,N))/(CPC(S,J,N)*(TU(S,N)-TL(S,N))) + QNEW” N(S z,บ,N-1 )/(CPC(S,J,N-1 )*(TU(S,N-1 )-TL(S,N-1 )))
+ (2  +  N e Te _ N 0 _ B ( S ,Z ,บ , N - l )  - N H E _ N 1 _ B ( ร ,z , บ , N ) - Y _ N _ B ( S ,Z ,บ , N ))  

* D H C (S ,J ,N ) /(C P C (S ,j7n ) * ( T U (S ,N ) -T L (S ,N ) ) )= G = 0 ;

* E Q  ( 8 0 )
F E A S N l  _ S P ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l ) A N D  
ALLO"w 7 c (S ,Z ,J ,N ,I )= !  A N D  A L L O W _ C ( S ,Z J ,N - l , l )  a n d  A L L O W _ C ( S ,Z ,J ,N + U )
A N D  B I F (Z ,บ )  = 0
A N D  S P C (J )= 0  A N D  F R E E H (I) A N D  F R E E C (J )) .. Q N E W _ N ( ร ,Z ,บ , N )  = G =

( Y _ N ( ร ,Z ,] ,J ,N ) - N H E _ N O ( s i , I J ,N ) - N H E _ N l  ( ร ^ , I ,J ,N ))* D H C (S ,J ,N );

F E A S _ N _ l_ S P _ B ( S ,Z ,] ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l )  
A N D  A I L  o w e  ( ร ,  z , J , N , I ) -  ] A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1)

A N D  S P C ( J ) 7 o  A N D  F R E E H (l)  A N D  F R E E C (J )) ..  Q N E W _ N ( S ,Z ,บ , N )  = G =  
( Y _ N B ( S ,Z ,I ,J ,N ) - N H E N O _ B ( S ,Z ,I , J ,N ) - N H F N  1 _ B ( s 7 z ,บ , N ))*  D H C (S ,J ,N );

* E Q  ( 8 1 )
F E A S _ B E G _ S P ( ร ,z , บ , M ,N )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T (S ,) ,M ) = ]  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B I F (Z ,บ )  = 0
A N D  S P H (I )= 0  A N D  SP C (J> = 0  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N 1 N T )..  

T L (S ,M )  -  T L (S ,N )  - Q N E W _ N (S ,Z ,บ , N ) /(F C (S ,J )* C P C (S ,J ,N ) )
+  Q N E W J V 1 (S ,Z ,บ , M ) /(F H (S ,I )* C P H (S ,I ,M ))
+  (2 -N H E “ m O (S ,Z ,] ,J ,M )-N H E _ N O (S ,Z ,I ,J ,N ))* T U (S ,N )= G = 0 ;

F E A S J B E G J B _ S P ( ร ,z , บ , M ,N )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )  
A N D H O T ( S , i7m ) = 1 A N I ) C O L D ( S ,J ,N ) - l  a n d  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,l )= ]  A N D  B IF (Z ,] ,J )  = 1
A N D  S P H ( I ) = 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .  

T L (S ,M )  - T L ( S ,N )  -Q N E W _ N ( ร ,Z ,1 ,] ,N ) /(F C (S ,J )* C P C (S ,J ,N ) )
+  Q N E w 7 m (S ,Z ,1 ,J ,M )/(F H (S ,1 )* C P H (S ,1 ,M ))
+  ( 2 - N H e7 _ M 0 _ B (S ,Z ,1 ,J ,M )-N H E ^ N 0 7 b (S ,Z ,I ,J ,N ))* T D (S ,N )= G = 0 ;

F E A S _ E N D _ S P ( S ,Z ,บ , M ,N )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T ( ร ิ, I ,M )=  1 A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B I F (Z ,บ )  = 0
A N D  S P H ( I ) = 0  A N D  S P C (J )= 0  A N D  F R E E H ( l)  A N D  F R E E C (J )
A N D  O R D (M )  L E  N I N T ). . T U ( S ,M ) - T U ( S ,N )
-Q N E W _ M ( S  z , บ , M ) /(F H (S ,I )* C P H (S ,I ,M ))  + Q N E W _ N ( ร ,z , บ , N ) /(F C (S ,J )* C P C (S ,J ,N ) )  

' • + ( 2 - N H E _ M l( S ,z ,บ , M )-N H E _ N 1  ( ร ,Z ,7 ,J ,N ))* T U (S ,N )= G = 0 ;  
F E A S _ E N D _ B _ S P ( S ,Z ,บ ิ, M ,N ) $ (T L ( S ,N )  l e  T U ( S ,M )  A N D  T U (S  N )  G E  T L (S ,M )  
A N D H O T ( S ,I ,M ) = l  A N D C O L D ( S ,J ,N ) = l  a n d  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )=  1 A N D  B I F (Z ,บ )  = 1
A N D  S P H (I )= (T A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C ( J ) ) .. T U ( S ,M ) - T U ( S ,N )  

- Q N E W _ M ( ร ,Z ,l ,J ,M )/(F H (S ,I )* C P fI (S ,I ,M ))  +  Q N L W _ N ( ร ,Z ,1 ,J ,N )/(F C (S ,J )* C P C (S ,J ,N ))  
+ ( 2 -N H e 7 m 1 _ B (S ,Z ,บ , M ) - N H E _ N 1 _ B ( ร ,Z ,1 ,J ,N ))* T L I(S ,N )= G = 0 ;

* E Q  ( 8 3 )
F E A S _ B E G 3 ( S ,Z ,บ , M ,N )$ (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D  T I J (S ,N )  G T  T L (S ,M )
A N D  H O T ( ร , ] ,M ) = ]  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A L L 0 w 7 h ( S ,z 7 ,M + 1 ,J )  a n d  a l l o w  C (S ,Z ,J ,N ,I )= 1  a n d  A L L O W _ C (S  Z .J ,N + 1 ,I )  
A N D  B I F (Z ,บ )  = 0  A N D  (S P H (I )= 1  O R  S P C (7 )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )
A N D  O R D (M )  L E  N I N T ) . '

N H E N 1  ( ร ,  z , บ , N )= L = ( 2 - N H E ^ M 0 (S ,Z ,บ , M )-N H E J M 0 (S ,Z ,บ , N )) ;

F E A S _ B E G (S ,Z ,] ,J ,M ,N )$ (D T V I O (I ,J )= T  A N D  D (S ,Z ,M ,N )= 1  A N D  D (S ,Z ,M .N )= I  
A N D  T L ( S ,N )  L T  T U (S ,M )
A N D  ' โ ข ( ร ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M ) = l  A N D  H O T ( S , l ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  H (S ,Z ,L M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M + 1 7 )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,บ )  = 0  
A N D  (S P H (I )= 7  o i l  S P C (J )= 1 )  a n d  F R E E H (1 ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .  
Q N E W _ N ( S ,Z ,บ , N ) / ( T U ( S ,M ) - T L ( S ,N ) ) = L = Q N E W _ N ( S ,Z ,I ,j ,N + 1 )
/ ( T U ( S ,N + 1 ) -T L (S ,N + 1  ) )*  C P C (S ,J ,N ) /C P C (S ,J ,N + 1 7

+ ( 2 - N H E _ M 0 ( ร ,Z , 0 ,M )-N H e 7 n O (S ,Z ,บ , N ) ) * D H C ( S ,L N ) /( T O ( S ,M ) - T L ( S ,N ) ) ;



F E A S _ B E G 2 (S ,2 : , บ M ,N )$ (D T V I O (I  J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D T U ( S ,N ) G T T L ( S ,M ) A N D H 0 T ( S , I ,M ) = 1  A N D H 0 T ( S ,I , M + 1 ) A N D C O L D ( S ,J ,N ) = l  
A N D  C 0 L D ( S ,J ,N + 1 )
A N D  A L L O W  I I (S ,Z ,I ,M ,J )=  1 A N D  A L L O W _ H (S ,Z ,I ,M + 1 ,J ) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W ~ C ( ร ,Z ,J ,N + 1 ,I )  A N D  B IF (Z ,I ,J )  = 0  A N D ( S P H ( ] ) = 1  O R S P C ( J ) = l )
A N D  F R E E H (ij  A N D  F R E E C (J )  A N D  O R D (M ) L E  N IN T )..
Q N E W J V i(S ,Z ,บ , M ) /( M I N ( T U ( S ,M ),T U ( S ,N ) ) - T L ( S ,M ) ) = G =

Q N E W _ M ( ร ,Z ,I ,J ,M + 1 ) / ( T U ( S ,M + 1 ) -T L ( S ,M + 1 ))
* C P H (S 7 i ,M )/C P I  I ( S ,I ,M + l) - (2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I ,J ,N ) )
* D H H (S ,1 ,M + 1 ) / ( T U ( S ,M + 1 ) -T L ( S ,M + l  ));

F E A S _ E N D 3 (S ,Z ,บ , M ,N )$ (D T V I 0 (1 ,J )= 1  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U (S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M )= l  A N D  H O T ( S , ] ,M - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N - l)
A N D  A L L O W J l( S ,Z ,I ,M ,J ) = l
A N D  A L L O W J H ( S ,Z ,I ,M - l ,J ) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  
A N D  B 1F (Z ,I,J ) = 0  A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I )  A N D  F R E E C (J )
A N D  O R D (M )  L E  N F N T )..
N H E _ M 0 (S ,Z ,] ,J ,M )= L = (2 -N H E _ M  I ( ร ,Z ,I ,J ,M )-N H E _ N  I ( ร ,Z ,] ,J ,N )) ;

F E A S _ E N D ( S ,Z ,I ,J ,M ,N ) $ ( D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D ~ T U (S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M ) = l  A N D  H O T ( S ,I ,M - l )  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  II(S ,Z ,L M ,J)= - l A N D  A L L O W _ H ( S ,Z ,l ,M - l ,J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C (ร ,Z ,J ,N -1 ,I )  A N D  B )F (Z ,I ,J )  = 0
A N D  ( S P H ( I ) - l  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .

Q N E W M ( S ,Z ,I ,J ,M ) / (T U ( S ,M )- T L ( S ,N ) )= L = Q N E W M ( S ,Z ,I ,J ,M - 1  ) /(T U (S ,M -1  ) -T L ( S ,M - l  ) )  
* C P H (S ,1 ,M )/C P H (S ,I ,M -1 )+ (2 -N H E _ M  1 ( ร ,Z ,I ,J ,M )-N H E _ N  1 ( ร ^ , I ,J ,N ))  
* D H H (S ,I ,M ) /(T U (S ,M )-T L (S ,N )) ;

F E A S _ E N D 2 (S ,Z ,I ,J ,M ,N ) $ (D T V I O ( I ,J ) = l  A N D  D (S ,Z ,M  N ) = l  A N D  T L (S  N )  L T  T U (S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M ) A N D  H O T (S , l ,M ) = l  A N D  H O T (S ,I ,M - I )  A N D  C O L D (S ,J ,N )= I  
A N D  C O L D ( S ,J ,N - I )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 A N D  A L L O W _ H (S ,Z  I M - I , j )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C (S ,Z ,J ,N - l  ,1) A N D  B ÏF (Z ,บ )  = 0  _
A N D  (S P H (I )  l  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  
Q N E W _ N ( S ,Z ,I ,J ,N ) / (T U (S ,N ) -M A X ( T L ( S ,M ) ,T L (S ,N ) ) ) = G = Q N E W _ N ( ร ,Z ,I ,J ,N -1 ) /

* C P C ( S ,i ,N ) /C P C ( S ,J ,N - l ) - ( 2 - N H E _ M l( ร ^ , I ,J ,M )-N H E _ N 1 (S ,Z ,I ,J ,N ))  
* D H C ( S , i ,N - ] ) / ( T U ( S ,N - l ) - T L ( S ,N ~ l  ) );

F E A S _ B E G 4 _ B ( ร ,z , บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T ( S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W  ! I (S ,Z ,I ,M ,J )=  1
A N D  A L L O W  J I ( S ,Z ,I ,M + 1  ,J )A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W  C (S ,Z  J ,N + 1,1)
A N D  B IF (Z ,บ )  = 1  A N D  ( S P H ® = I  O R  S P C (J )= 1 )  A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .

0 + Y J 4 J 8 ( S , Z , บ ิ, N ) - N H E _ M 0 _ B  ( ร ,  Z ,I ,J ,M )-N H E _ N 0 _ B  (ร , z,บ , N )) ;  * *

F E A S _ B E G 2 _ B ( S ,Z ,l ,J ,M ,N )$ ( D T V I O ( I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S  N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T T L ( S ,M )  A N D  H 0 T ( S ,I ,M ) = 1  A N D  H O T ( S ,L M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M + l ,J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O w _ c ( ร ,Z ,J ,N + 1,1) A N D  B IF (Z ,บ )  =1  
A N D  ( S P H ( l ) - l  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .  
Q N E W _ N  (ร,'Z ,] ,J ,N ) / ( T U ( S ,M ) - T L ( S ,N ) ) = L =
Q N E W lN ( S ,Z ,I , i ,N + 1 ) / ( T U ( S ,N + 1 ) - T L ( S ,N + 1 ))

* c p c ( s 7j ,n ) / c p c ( s , i ,n +  I )+
( 1 + Y _ N _ B ( ร ,z , บ , N ) - N H E _ M 0 _ B ( ร ,z , บ , M )-N H E _ N 0  B ( S ,Z ,บ , N ) )

* D H C ( S J ,N ) / ( T U ( S ,M ) - T L ( S ,N ) ) ;

F E A S  B E G 1 _ B ( ร ,Z ,บ , M ,N )S (D T V I O (I ,J )=  1 A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,] ,M ) = l  A N D  H O T ( S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H ( s jz ,I ,M ,J ) = l  A N D  A L L O w 7 h (S ,Z ,1 ,M + 1  ,J)
A N D  A L L O W _ C ( S ,Z ,l ,N ,I ) = l  A N D  A L L 0 W _ C ( S ,Z ,J ,N + 1 ,I )  A N D  B IF (Z  บ )  = ]
A N D  (S P H (I )= 1  O R  S P C ( J H )  A N D  F R E E H (1) A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .
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Q N E W 2 _ N ( S ,Z ,I ,J ,N ) / ( T U ( S ,M ) - T L ( S ,N )) = L = Q N E W _ N ( S ,Z ,1 J ,N + 1 ) /
(T U  ( ร ,N + 1 ) - T L ( S ,N + 1 ) )
* C P C (S ,J ,N ) /C P C (S ,J ,N + l)+ (2 -N H E _ M O _ B (S ,Z ,I ,J ,]V I ) -N H E _ N O _ B (S ,Z ,l , .I ,N ))
* D H C (S ,J ,N ) /(T U (S ,M )-T L (S ,N ) ) ;

F E A S J 3 E G 3  B ( S  Z I J ,M ,N )$ (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D T U ( S ,N )  G T  T L (S ,M ) a n d  H 0 T ( S ,I ,M ) = 1  A N D  H O T (S ,] ,M + 1 )  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H (S ,Z ,I ,M + l ,J )
A N D  A L L O W  C (S ,Z ,J ,N ,] )= 1  A N D  A L L O W  C (S ,Z ,J ,N +  i ,1) A N D  B IF (Z ,I ,J )  = )
A N D  (S P H (])= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .  
Q N E W _ M ( S ,Z ,I ,J ,M )/( M I N (T U (S ,M ) ,T U ( S ,N )) - T L ( S ,M ) ) = G - Q N E W _ M ( ร ,Z ,] ,J ,M + 1 )/

* C P H ( S J ,M ) /C P H (S ,I ,M + l) - ( 2 - N H E _ M 0 _ B ( S ,Z ,บ , ] V I)-N H E  N 0 _ B (S ,Z ,I ,J ,N ) )  
* D H H ( S ,1 ,M + 1 ) / (T U (S ,M + l  ) -T L ( S ,M + 1 ));

* E Q  ( 9 3 )
F E A S _ E N D 3 _ B ( ร ,z ,บ , M ,N )$ (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S , l ,M ) = l  A N D  H O T (S ,I ,M - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N - l)
A N D  A L L O W _ H (S ,Z ,L M ,J )= ]
A N D  A L L O W  H(S'z,I M - l ,J ) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )  A N D  A L L O W _ C ( S ,Z ,J ,N - l ,] )  
A N D  B 1 F (Z ,I ,J )  =1 A N D  ( S P H f l H  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J)
A N D  O R D (M )  L E  N IN T )..

น ิ + Y _ M _ B ( s j z ,E J ,M ) -N H E _ M  1 B (S ,Z ,บ , M ) - N H L N  1 B (S ,Z ,I ,J ,N )) ;

* E Q  ( 9 4 )
F E A S _ E N D _ B (S ,Z ,I ,J ,M ,N )$ (D T V 1 0 (1 ,J )= 1  A N D  D (S ,Z ,M ,N )= ]  A N D  T L (S ,N )  L T T U ( S ,M )  

A N D  T U ( s7n )  G T  T L (S ,M )  A N D H O T ( S ,I ,M ) = ]  a n d  H O T ( S ,] ,M - l )  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H ( S ,Z ,I ,M - U )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1 )  A N D  B IF (Z ,] ,J )  =1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (1) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .  

( Q N E W _ M ( ร ,Z ,I ,J ,M )-Q N E W 2  M (S ,Z ,I ,J ,M )) / (T U (S ,M )-T L (S ,N ))= L =  
O N B W M ( S ,Z J ,J ,M - l ) /
( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) )* C P H (S ,I ,M ) /C P H (S ,I ,M -1 )+
(2 -N H E _ M 1 _ B (S ,Z ,I ,J ,M )-N H e 7 n 1 _ B ( ร ,Z ,I ,J ,N ))* D H H (S ,I ,M ) /(T U (S ,M )-T L (S ,N ) ) ;

* E Q  ( 9 5 )
F E A S _ E N D 2 _ B ( ร ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= ]  A N D  D (S ,Z ,M ,N )= I  A N D  T L (S  N )  L T  I t ( S .M )  

A N D ~ T U (S ,N )  G T  T L (S  M ) A N D  H O T (S ,I ,M )= I  A N D  H O T (S ,I ,M - l )  A N D  C O L D (S ,J ,N )= I  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J )
A N D  A L L O W _ C ( S ,Z J ,N ,l ) =  I A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )  = 1  _
A N D  (S P H (I )=  1 O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .  

( Q N E W _ N ( ร ,Z ,I ,J ,N ) -Q N E W 2 _ N ( ร ,Z ,1 ,J ,N )) / (T U (S ,N ) -M A X (T L (S ,M ),T L (S ,N ) ) )= G =  
Q N E W _ N ( ร ,Z ,I ,J ,N -1 ) / (T U (S ,n “ i ) -T L ( S ,N - 1 ) ) * C P C (S ,J N ) /C P C ( S ,J ,N - 1 )
- ( 2 - N H E M 1 J B (S ,Z ,I ,J ,M )-N H E _ N  I _ B ( ร ^ , I ,J ,N ) )* D H C (S ,J ,N - 1 ) /

น ิ'บ ( ร ,N - 1 ) - T L ( S ,N - 1 ));

* E Q  ( 9 6 )
P A R E Q (S ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= I  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 
P A R ( Z J ,J ) = E = S U M ( ( M ,N ) $ ( D ( s i ; ,M ,N ) = l  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C 0 L D ( S ,J ,N ) - 1
A N D  A L L O w 1 h (S ,Z ,I ,M ,J )= I  a n d  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,

Q ( s i ,I ,M ,J ,N ) * ( ] /H _ I ( S , I ,M ) + l /H _ J ( S ,J ,N ) ) /L M T D ( S ,M ,N ) ) ;

* E Q  ( 9 7 )
B I F _ I 3 _ 2 (S ,K ,Z ,I ,L M )$ ( O R D ( K )  L T  K M A X (Z ,I ,J )  A N D  H O T (S ,I ,M )= l  
A N D  A L L 0 W _ H (S ,Z ,L M ,J )= 1
A N D  B IF (Z ,I ,J )  =1 A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
P A R  [ i(K ,Z ,I ,J )= L =  S U M ((I  . ,N )$ (D (S J Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )
A N D  T L (S ,N )  L T  T U ( ร ,L )
A N D  H O T (S ,I ,L )= l  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W  บ ( ร . / . , I ,L ,.])=  I 
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= T ) ,
( Q ( S ,Z ,1 ,L ,J ,N ) ~ Q 2 ( S ,Z T ,L ,J ,N ) )* ( I /H J ( S ,I ,L ) + 1 /H J ( S ,J ,N ) ) /L M T D (S ,L ,N ) )  

+ A M A À * ( 2 -N H E _ M 1 _ B  ( ร ^ ,: l ,J ,M )-X  I _ B ( ร ,Z ,1 ,J ,M )-  
S U M (K K $ (O R D (K K )  G T  1 A N D  O R D (K K )  L T  O R D (K ) ) ,X _ B ( ร ,K K ,Z ,I ,J ,M )));  

♦ Com m ent: In th e  pap er  X I  B  d o e s  n o t  s h o w . O n ly  o n e  v a r ia b le , X  B  is u se d
* to  m a k e  su m m a tio n s  fro m  1 to  k m a x -1 . H ere  w e  u s e  X I  B  a n d  th en  a
♦  s u m m a tio n  fro m  2  to  k m a x -I .  S e e  e q u a tio n  (1 0 0 )  a s w e l l .



B !F  J  3  J  ( ร ,K ,Z ,1 ,J ,M )$ (0 R D (K )  L T  K M A X (Z ,I ,J )  A N D  H 0 T ( S ,I ,M ) = 1  
A N D  A L L 0 W _ H ( S ,Z ,L M J ) - 1
A N D  B !F (Z ,I ,J )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N  IN  T )..
P A R  B (K ,Z ,I ,J )= G =  S U M ((L ,N )$ (D (S ,Z ,L ,N )= 1  A N D  O R D (L ) L E  O R D (M )  
A N D T L ( S ,N )  L T  T U (S ,L )
A N D  H O T (S ,I ,L )= I  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W J H ( ร ,Z ,I ,L ,J )= 1  
A N D  A L L O W  C (S ,Z ,J ,N ,! ) - ) ) ,
( Q ( S ,Z ,I ,L , ) ,N ) - Q 2 ( s i , I ,L ,J ,N ) ) * * ( l /H _ I ( S ,I ,L ) + l /H _ J (S ,J ,N ) ) /L M T D (S ,L ,N ) )  

-A M A X * (2 -N H E _ M 1 _ B (S ,Z ,I ,J ,M )-X 1 _ B (S ,Z ,1 ,.I ,M )-  
S U M (K K $ (O R D (K K ) G T  1 A N D  O R D (K K )  L T  O R D (K )) ,X _ B (S ,K K ,Z ,I ,J ,M )) ) ;

B JF  1 4 (S ,K ,Z ,] ,J )$ (O R D (K )  E Q  K M A X (Z ,I ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  
A N D  F R E E C (J ) A N D  B IF (Z .L J ) = 1 ) . .

P A R _ B (K ,Z ,I ,J )= G = P A R (Z ,I ,J ) -S U M (K K $ (O R D (K K ) L T  O R D (K )) ,P A R  B (K K ,Z ,I ,J )) ;

* E Q  (1 0 0 )
B I F J 5 ( S ,Z ,l ,J ,M ) $ ( H O T ( S , ] ,M ) = l  A N D  A L L O W _ H (S ,Z ,l ,M ,J )= l  A N D  B IF (Z ,] ,J )  =1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N IN T ).

X 1 _ B ( ร ,Z ,I ,J ,M )+ S U M (K $ (O R D (K )  G T  1 A N D  O R D (K ) L E  K M A X (Z ,I ,J )  ) ,
O R D (K )* X  B ( S ,K ,Z J ,L M ) ) - F -  S U M (L $ (H O T (S ,I ,L )= l  A N D  O R D (L )  L E  O R D (M )  A N D  
A L L O W _ h 7 s ,Z ,L L ,J )=  1 ) ,N H E _ M 0 _ B ( ร ,Z ,I ,J ,L ))+ 1  -Y _ M _ B (S ,Z ,I ,J ,M )  ;

* C o m m e n t:  In th e  p ap er  X I Pi d o e s T n o t ih o w . O n ly  o n e  v a r ia b le , X _ B  is u sed
* to  m a k e  s u m m a tio n s  fro m  1 to  k m a x -1 . H er e  w e  u se  X 1 _ B  and  th en  a
* s u m m a tio n  fro m  2  to  k m a x -1 .____ ____ ________________________
B IF ? 1 7 ( s !z ,I ,J ,M )S (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  a n d  B IF (Z ,บ )  = 1  
A N D  F R E E H ©  A N D  F R E E C (J ) A N D  O R D (M ) L E  N IN T )..
S U M (N $ (D ( S ,Z ,M ,N ) =  I A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S , l ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  
A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,Q 2 (S ,Z ,I ,M ,J ,N ) )= E =

Q N E W 2 _ M ( ร ,Z ,I,J ,M );

B 1 F 1 8 ( S .Z ,] ,J ,M ,N )$ ( D ( S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S  I ,M )= 1  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (ร ,Z , ] ,M ,J )= 1  A N D  A L L O W  C (S ,Z  J ,N ,I )= 1  
A N D  B I F (Z ,บ )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N IN T )..

Q 2 (S ,Z ,] ,M ,J ,N )= L = Q (S ,Z ,1 ,M ,J ,N );

* E Q  ( 1 0 3 )
S H E L L (Z ,] ,J )$ (S U M [S .A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I) A N D  F R E E C (J)  

P A R (Z ,I ,J ) -L = A S H E L L M A X * U S H E L L (Z ,บ ) ;

* E Q  ( 1 0 4 )
S H E L L _ B (K ,Z ,I ,J )$ (S U M  [ ร ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (l)  A N D  F R E E C (J )

P A R  B (K ,Z J ,J )= L = A S H E L L M A X * U S H E L L _ B (K ,Z ,I ,J );r.   1  __________________ ......1.1—___
* E Q  (1 0 5 )

T O T A L C O S T .. T C O S T = E =  S U M (1 $ (H U (I )  A N D  F R E E H © ) ,C H U ( ] ) * F H U ( I )* D T H U © )
+  S D M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))

S o n te x t
+  S U M ((Z ,] ,J )$ (O P T = 0  A N D  S U M [S ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I)

A N D  F R E E C (J )A N D  B I F ( Z ,I J ) = 0 ) ,  C F * U S H E L L (Z ,บ ) )

+  S D M ((K ,Z ,1 ,J )$ (O P T = 0  A N D  S U M [S ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I)  A N D  F R E E C (J )  
A N D  B IF (Z ,I ,J )= 1 ), C F * U S H E L L _ B (K ,Z ,บ ) )
+  S U M (( Z ,บ ) $ (O P T = 0  A N D  S U M [S ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I)  A N D  F R E E C (J )) , 
C A E * P A R (Z ,บ ) )

î o f f t e x t
* $ o n te x t

+ S U M ( ( S ,Z ,บ ) $ (O P T = l  A N D  A L L O W ( S ,Z ,l ,J )= l  A N D  F R E E H ©  A N D  F R E E C (J ))
,C F * (N H E ( s 1z ,บ ) + N H E _ ร ( ร ,Z ,บ ) $ (N H E 0 (S ,Z ,I ,J )= 1 ) -N H E 0 (S ,Z ,บ ) ) ) ______
+ S U M ( ( S ,Z  l ,J )$ (O P T = l  A N D  A L L O W ( S ,Z ,l ,J )= l  A N D  F R E E H ©  A N D  F R E E C (J )
A N D  B 1 F (Z ,1 ,] )= 0 ) .C A E * D P A R _ E (Z ,I ,J )+ C A N * P A R _ N (S ,Z ,I ,J ) )
+ S D M ((S ,K ,Z ,I ,J )$ (O P T = l  A N D - O R D (K )  L E  K M A X (Z ,] ,J )  A N D  A L L O W ( S ,Z ,I J ) = l  
A N D  F R E E H ©  A N D  F R E E C (J ) A N D  B IF (Z ,I ,J )= 1  )
,C A E * D P A R _ E _ B (K ,Z ,I ,J )+ C A N * P A R _ N  B ( K ,Z ,U ) )



’ î o f f t e x t
îo n t e x t

+ S U M ((S ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R £ E C (J )  
A N D  B 1 F (Z ,บ ) = 0 )

,(C F ’ ( N H E ( S ,Z ,บ ) - (N H E O (S ,Z ,L J )* (S U M (K Î (O R D (K )  L E  K E T ), 
iV i ( Z ,บ , K ) ) ) ) ) )+ (C A E * D P A R _ E (Z ,บ ) ) + C A N * P A R _ N ( ร ,z , บ ) )
+ S U M ( ( S ,Z ,บ ) $ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

, ( C F * ( N H c ( S ,Z ,บ ) - ร บ M ((K K ,K )$ (O P T = 2  A N D  O R D (K )  L E  K E T  A N D  
O R D (K )L E  K M A X (Z , บ ) ) , D E L T A (K K .K ))) )

’ m a y  b e  w r o n g e  e q u a tio n  (b y  w a r a p o n )
+ S L )M (K $ (O P T = l A N D  O R D (K )  L E  N H E 0 (S ,Z ,บ ) ) , (C A E * D P A R _ E _ B (K ,Z ,I ,J ))

+ (C A .N * P A R _ N _ B (K ,Z ,บ ) ) ) ) ;

’ T O T A L C O S T .. T C O S T = E =  S U M (1 $ (H U (1 )  A N D  F R E E H (I )) ,C H U (I )* F H U (I )* D T H U (I ))
* +  S U M (J S (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))
* +  S U M (( Z ,บ ) Î ( S U M  [ร ,A L L O W (S ,Z ,บ ) ] > -  1 A N D  F R E E H (I) A N D  F R E E C (J )
* A N D  B I F = 0 ) ,  C F * U S H E L L (Z ,บ ) )
* +  S U M (( K ,Z ,บ ) ร ( ร บ M [ร ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I) A N D  F R E E C (J )
* A N D  B I F = I ) C F * U S H E L L _ B (K ,Z ,บ ) )
* +  S U M ((Z ,L J )$ (S U M [S ,A L L O W (S ,Z ,I ,f ) ]> =  1 A N D  F R E E H (l)  A N D  F R E E C (J )  ),
* C A * P A R ( Z ,บ ) )
Î O F F T E X T

’ D e p e n d in g  on  th e  o p tio n  se le c te d  b y  th e  user d ife r en t s u m s  c o m e  in to  a c tio n .
* H ere  w e  h a v e  an  eq u a tio n  th at is  m a d e  s im p ler  th an  in  th e  paper. W e  a c c o u n t
* fo r  th e  to ta l a rea  o f  th e  e x c h a n g e r s  (u s e  P A R  and  n o t  P A R  B ).
’  T h e  r e su lt  is  th e  sa m e .

’ E Q  ( 1 0 6 )  C O N S I S T E N C Y : N u m b e r  o f  e x c h a n g e r s  sm a lle r  than  th e  n u m b er  o f  s h e l ls  
* N e e d e d  b e c a u s e  th e  e x c h a n g e r s  are rela ted  to  the v a lu e s  o f  K.

K M  A X  I ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,I J )=  1 A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  B I F (Z ,บ )  = 0 ) . .  
N H E (S ,Z E J )  - L -  U S H E L L (Z ,บ )  ;

K M A X 2 (S ,Z ,] ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  B 1 F (Z ,บ )  = 1 ) . .  
NT แ • ( . ร , / , บ )  - L -  S Ü M (K ,U S H E L L _ B (K ,Z ,I ,J ) )  ;

’  E X T R A  E Q U A T I O N S  N O T  IN  P A P E R  B U T  N E E D E D

* E Q  ( 1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H  M A X ( S ) . .  S U M ((Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )=  1 A N D  F R E E H (I) A N D  F R E E C (J )),  

N H E (S ,Z ,บ ) ) = L = T O T N E X C H M A X ;

’ E Q  ( 1 0 9 )  M I N I M U M  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H  M I N ( ร ) . .  S U M ((Z ,บ ) ร ( A L L O W (S ,Z ,l ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J )) , 
N H E (S ,Z ,I ,J ) )= G = T O T N E X C H M I N ;

’ îo n t e x t
* * * * * * * * * * * * * * * * * * * * * * * *  * * £ q u a rion  for  R  etX o f it*  * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * **_____________________________________
’ E Q (I I O )
A R E A _ R E S T 1  ( ร ,Z ,I ,I )$ (O P T = l  A N D  A L L O W (S ,Z ,l,J )= I  A N D  F R E E H (l)  A N D  F R E E C (J )  

P A R (Z ,I ,J )= L = A E X (Z ,I ,J )+ D P A R _ E (Z ,I ,J )+ P A R  N (S ,Z ,I ,J );

A R E A _ R E S T 2 ( S ,Z ,บ ) ร (O P T = l A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J )
A N D  B 1 F (Z ,บ ) = 0 ) . .

D P A R _ E (Z ,I ,J ) = L - A E X _ U (Z ,I ,J ) - A E X (Z ,บ ) ;

* E Q ( 1 1 2 )
A R E A  R E S T 3 ( S ,Z ,l ,J ) $ (O P T = l  A N D  A L L O W (S ,Z ,l,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )

A N D  B 1 F (Z ,บ ) = 0 ) . .
P A R _ N ( S ,Z ,I ,J )= L - A _ N E W _ M A X ( Z ,บ ) * (N H E ( S ,Z ,I ,J ) + N H E _ S (S ,Z ,I ,J ) $ ( N H E 0 ( S ,Z ,I ,J )= ] ) - N H E 0 (S ,Z ,I J ) )
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*......  .....  ■■ --------  . --- . ... —
♦ ADD E Q .(K IT IS A K 'E Q )
* E Q (R e tr o f i l  4 )

A R E A  R E S T 4 (S ,Z ,L J )$ (O P T = l A N D  A L L O W ( S ,Z ,I J ) = l  A N D  F R E E H (I) A N D  F R E E C (J )  
A N D  B 1F (Z  I ,J )= 0  )..

( N H E ( S ,Z ,บ ) + N H E _ S (S ,Z ,I ,] )$ (N H E 0 (S ,Z ,L J )= 1 ) )  = ๖ =  T O T N E X C H M A X  ;

♦ EQ (R etrofit 5 )
A R E A R E S T 5 ( ร ,Z ,บ ) $ (O P T =  1 A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J )  

A N D  B 1F (Z ,บ ) = 0  A N D  N H E 0 ( S ,Z ,บ ) =  0 ). .

P A R _ N ( ร ,z,บ )  = ๖ =  A _ N E W _ M A X ( Z ,บ ) * * ( N H E (S ,Z ,บ)+ N H E _ S (ร,z , บ)$ (N H E 0 (S ,Z ,] ,J )= 1 ) ) ;

♦ EQ (R etrofit 7 )
A R E A  R E S T 7  ( ร ,Z ,l ,J ) $ ( O P T - l  A N D  A L L O W (S ,Z ,บ ) =1 A N D  F R E E H (l)  A N D  F R E E C (J )  

A N D  B IF (Z ,บ ) = 0  A N D  N H E 0 (S ,Z ,1 ,J )=  0 ). .
(N H E (S .Z ,I ,J )+ N H E _ ร ( s ’z ,I ,J )$ (N H E O (S ,Z ,I ,J )= l) )  = L =  T O T N E X C H M A X  ;

A R E A  R E S T I _ B (S ,K ,Z .I J ) $ ( O P T = l  A N D  O R D (K )  L E  K M A X (Z J .J )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I) A N D  F R E E C (J )  A N D  B 1 F (Z ,I ,J )= 1 ).. 

P A R _ B (K ,Z ,I ,J )= L = S U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,บ ) ) ,  A E X _ B (K K ,Z ,1 ,J )  
* D E L T A ( K K ,K ) ) + D P A R J ^ B ( K ,Z ,บ ) + P A R J 'L B ( K ,Z ,บ ี) ;

* E Q ( 1 1 4 )
A R E A  R E S T 2 _ B (S ,K ,Z ,I ,J )$ (O P T =  1 A N D  O R D (K )  L E  K M A X (Z .L J )  A N D  A L L O W ( S ,Z ,l ,J )= l  

A N D  ÏT L E E H (ï) A N D  F R E E C (J )  A N D  B IF (Z T ,J )= 1 ) ..
D P A R _ E _ B (K ,Z ,I ,J )= L = ร U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,บ ) ) , (A E X  U  B (K K ,Z ,บ )

-A E X  B (K K ,Z ,บ ) ) * D E L T A (K K .K ));

A R E A _ R E S T 3 _ B (S ,K ,Z ,I ,J )$ (O P T = l  A N D  O R D (K )  L E  K M A X (Z ,] ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B IF (Z ,บ ) = 1 ) . .

P A R _ N _ B (K ,Z , I ,J > = L = A _ N E W _ M A X (Z ,บ ) * ( เ - ร บ M (K K $ (O R D (K K )L E N H E O (S ,Z ,บ ) ) , D E L T A (K K ,K )) ) ;

A R E A _ R E S T 4 _ B (S ,K ,Z ,l ,J )$ (O P T = T  A N D  O R D (K )  L E  K M A X ( Z J J )  A N D  A L L O W (S .Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B IF (Z  I,J )= 1  )..

S U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,บ ) ) , D E L T A (K K ,K ))= L = 1 ;

A R E A _ R E S T 5 _ B (S ,K -Z ,I ,] )$ (O P T =  1 A N D  O R D (K )  L E  N H E 0 (S ,Z  I,J ) A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B 1 F (Z ,บ ) = 1 ) . .

S U M (K K $ (O R D (K K )  L E  K M A X ( Z ,บ ) ) , D E L T A (K ,K K ))= L = 1  ;

*EQ("l 1 8 )
A R E A  R E S T 6 _ B (S ,Z ,บ ) $ (O P T = l  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)

A N D  F R E E C (J ) A N D  B IF (Z ,I ,J )= 1 ) . .
S U M ((K ,K K )$ (O R D (K )  L E  K M A X (Z ,บ ี)  A N D  O R D (K K ) L E  N H E 0 (S ,Z ,บ ) ) , D E L T A (K K ,K ))  

- E -  N H E 0 (S ,Z ,I ,J );

S O N T E X T
* E Q (]  1 9)

A D D R E S T . .
S U M ( ( S ,Z ,บ ) $ (O P T = I  A N D  A L L O W (S ,Z ,บ ) =1  
A N D  F R E E H (I)  A N D  F R £ E C (J ) ) ,N H E (S ,Z ,บ )

-N H E 0 (S .Z ,I ,J ) )= L -2 :

♦ E Q 0 2 0 )
A D D _ R J E S T 2 (S ,บ ) $ (O P T = l  A N D  F R E E H (l)  A N D  F R E E C (J ))

S U M ( บ ี! (A L L O  W (S ,Z ,I ,J )= 1 ) ,N H E (S ,Z ,บ ี) - N H E 0 (S ,Z ,] ,J ))= G = O ;

S O F F T E X T

♦ E Q (R etrofit 14) 
L 1 M _ H E X (S ,M )..
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ร บ  M ( ( Z ,บ ) $ (O P T = l  A N D  H O T (S ,I .M )= l
A L L O W _ H (S ,Z ,I ,M ,J )= 1 ) ,(N F 1 E (S ,Z ,I ,J )+ N F 1 E _ S (S ,Z ,I ,J )$ (N H E O (S ,Z ,I ,J )= 1 ))-N H E O (S ,Z ,L J ))  
= L =  M A X _ N E W _ H E X  :
* $ o f f te x t
S o n te x t*__________________________________
* * * * * * * * * * * * * * * * * * * * * * * * * * £ ; q Ua,j0 11 fo r  R e , 1.0 , 1,  R e |01. 3, j011* * * * * * * * » * * * * * * * * * * * * *4___________________________________
* E Q (R e tr o f it  1 6)
R E L O C A T E )  ( ร ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J)  

P A R ( Z ,] J ) - L = A E X ( Z ,บ ) + D P A R  E (Z ,บ ) +  P A R _ N (S ,Z ,น ) ;

* E Q (R e tr o f it  17)
R E L 0 C A T E _ 2 ( S ,Z ,1 J ) $ ( 0 P T = 2  A N D  A L L O W (S ,Z ,l,J )= l  A N D  F R E E H (I) A N D  F R E E C (J)  

A N D  B I F - 0  ) ..
A E X (Z .l .J )  = E =  S U M (K $ (O R D (K )  L E  K E T ) ,(A E X _ R (K )* * P h i(Z ,บ , K )));

* E Q (R e tr o f it  1 8 )
R E L O C A T E _ 3 (S ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

D P A R _ E (Z ,บ )  = L = S U M ( K S ( O R D (K )  L E  K E T ) ,(A E X _ _ U R (K )-A E X _ R (K ))
* P h i(Z ,บ , K ));4________ __________________________

* E Q (R e tr o f it  1 9)
R E L O C A T E  4 (S ^ ,L J ) $ ( O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J)

P A R _ N ( S ,Z ,บ )  = L = A _ N E W _ M A X  * (N H E (S ,Z ,] ,J ) - (N H E 0 (S ,Z ,บ ) *
S U M ( K $ ( 0 R D ( K y L E  K E T ) ,P h i(Z ,l ,J ,K ))  ));

* E Q (R e tr o f it  2 0 )
R E L O C A T E _ 5 _ l  ( ร ,Z ,l ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J )  

A N D  B 1 F - 0 ) . .  N H E ( S ,Z ,บ )  = L =  T O T N E X C H M A X  ;

R E L O C A T E _ 5 _ 2 (S .Z ,บ ) $ (O P T = 2  A N D  F R E E H (l)  A N D  F R E E C (J)
A N D  B IF = 0 ) .. ร บ M ((K )$ (O R D (K )  L E  K E T ) ,P h i(Z ,l ,J ,K ))  = L =  1 :

♦ Extra E q . L im its  n u m b er  o f  p h i m a tc h e s
R E L O C A T E _ 5 _ 3 (Z ,K )$ (O P T = 2 ) ..  S U M (( i  j ) ,  P h i(Z ,l ,J ,K ))  = L =  1 ;

* E Q (R e tr o f it  2 1 )
R E L O C A T E _ 6 (K ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M  A X  A N D  A L L O W (S ,Z ,I .J )= I  
A N D  F R E E H (1 )  A N D  F R E E C (J )  A N D  B IF = 1 ) ..

P A R  B (K ,Z ,บ ) = L = A E X  B (K ,Z ,L J )+ D P A R _ E _ B (K ,Z ,I ,J )+ P A R _ N _ B (K ,Z ,บ ) ;

* E Q (R e tr o f it  2 2 )
R E L O C A T E _ 7 (K ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M  A X  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B 1 F = 1 )„

A E X _ B ( K ,Z ,บ ) = E = S U M (K K $ (O R D (K K )  L E  K E T ) ,(A E X  B _ R (K K )* D E L T A (K K ,K ))) ;

* E Q (R e tr o f it  2 3 )
R E L O C A T E _ 8 (K ,ร ,Z ,l ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M  A X  A N D  A L L O W (S ,Z ,l,J )= l  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B IF = 1 ) ..

D P A R _ E _ B (K ,Z ,I ,J )= L =  S U M (K K $ (O R D (K K )  L E  K J E T ),(A E X _ U _ B _ R (K K )-A E X J B _ R (K K ))  
~~ * D E L T A (K K ,K )) ;

* E Q (R e tr o f it  2 4 )
R E L O C A T E _ 9 (K ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M  A X  A N D  A L L O W (S ,Z ,บ ) =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B IF = 1 ) ,.

P A R _ N _ B ( K ,Z ,บ )  = L =  A  N E W  M A X * ( l- S U M ( K K $ ( O R D ( K K )  L E  K E T )  
,D E L T A (K K ,K )) );4*___________ ________________________

* E Q (R e tr o f it  2 5 )
R E L O C A T E _  10 (K ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M  A X  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (1 ) A N D  F R E E C (J )  A N D  B 1 F = 1 )

S U M (K K $ (O R D (K K )  L E  K E T ) ,D E L T A (K K ,K ))  = L =  1 ;

S O F F T E X T*__________________________________
* S h o w  A ll  c o s t  for  c h a c k in g4__________________________________

A N D



HOTJjflLITYCOST =E= SUM(I$(HU(I) AND FREEH(])),CHU(I)*FHU(I)*DTHU(1));
Cold บ_c..
C o k f U T I L lT Y _ C O S T  = E =  S U M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ));

A r e â lC o s t = E =  S U M ((S ,Z ,I ,J )$ (O P T = l A N D  A L L O W ( ร , / . บ ) - ]  A N D  F R E E H (l)  A N D  F R E E C (J )  
A N D  B I F (Z ,I ,J )= 0 ) ,C A E * D P A R _ E (Z ,U )+ C A N * P A R  N (S ,Z ,บ ) )  ;

F ix ”  C O S T  = E =  S U M ((S ,Z ,I ,J )$ (O P T = I  A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J ))  
,C F * (N H E (S ,Z ,1 ,J )+ N H E  S (S .Z ,I :J )$ (N F IE 0 (S ,Z ,I ,J )= 1 )  N H E 0 (S ,Z ,บ ) ) )  ;

M O D E L  M P E R I O D  /  A L L /;

O P T IO N  L 1 M R O W  = 5 0 0 0 ;
O P T IO N  L I M C O L = 5 0 0 0 ;
O P T IO N  S O L P R I N T  =  O F F ;
O P T IO N  O P T C R = 0  ;
O P T IO N  O P T C A = 0  ;
O P T IO N  r e s l im  =  1 3 5 8 0 0 ;

S O L V E  M P E R I O D  U S I N G  M IP  M IN IM IZ IN G  T C O S T ;

P A R A M E T E R  Q M A T C H (S ,Z ,I ,J );
Q M A T C H ( S ,Z ,บ ) = S U M ( ( M ,N ) $ ( D (S ,Z ,M ,N ) = ]  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  D (S ,Z ,M ,N )= 1  
A N D  C O L D ( S ,J ,N )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1 ) .

Q -L (S ,Z ,I ,M ,J ,N ));

P A R A M E T E R  F H _ H (S ,Z ,บ , M )  F lo w ra te  o f  h o t stream  p er  H E x;
F H _ H (S ,Z ,บ , M ) $ [ h O T (S ,I ,M )]= Q N E W _ M .L (S ,Z ,บ , M ) /[ (T U (S ,M )-T L (S ,M ))* C P H (S ,I ,M )]  

P A R A M E T E R  F C _ C (S ,Z ,J ,1 ,M ) F lo w ra te  o f  c o ld  strea m  p er  H E x ;
F C _ C ( ร ,Z ,J ,I ,M )$ [C O L D (S ,J M )]= Q N E W _ N .L (S ,Z ,บ , M )/[ (T U (S ,M )-T L (S ,M ))* C P C (S ,J ,M )]

P A R A M E T E R  N H E 2 (S ,Z ,J ,I ) :
N H E 2 (S ,Z ,J ,I )=  N H E .L (S ,Z ,I ,J ) ;

O P T IO N  C o ld _ U T I L lT Y _ C O S T : 3 : 0 : l ;  D IS P L A Y  C o ld _ U T lL I T Y  C O S T  L;
O P T IO N  H O T _ IJ T IL IT Y  C O S T :3 :0 : I ,  D IS P L A Y  H O T _ U T IL IT Y _ C O S T .L ;
O P T IO N  A r e a  C o st:3  0 :1 ; D I S P L A Y  A re a  C ost.L ;
O P T IO N  M X  C O S  1 :3 :0 :1 ; D IS P L A Y  r iX  _C O S I .L;

o p tio n  Q :3 : 0 : l ;  d isp la y  Q .L ;  
o p tio n  F H U :3 :0 :1 ;  d isp la y  F H U .L ;  
o jttio n  F C U :3 :0 :1 ;  d isp la y  F C U .L ;
O P T IO N  D P A R  E :3 :0 :1 , D I S P L A Y  D P A R  E .L ;
O P T I O N  P A R _ N :3 :0 :1 ;  D I S P L A Y  P A R  n I ;
O P T I O N  P A R ; -1:0:1; D I S P L A Y  P A R .L ;
O P T I O N  Q M A T C H :4 :0 :1 ;  d i s p l a y  Q M A T C H ;
O P T IO N  F H _ H :3 :0 :1 ;  D I S P L A Y  I II II;
O P T IO N  F C ~ C :3 :0 :1 ; D I S P L A Y  F C _C ;
O P T IO N  L M T D :3 :0 :1 ;  D I S P L A Y  L M T D ;

S O N T E X T  
D I S P L A Y  D T V IO ;
D IS P L A Y  A E X ;
D I S P L A Y  C P H ,  
n tS P l A Y  C P C  

D I S P L A Y  P H I L ;

E X E C U T E  U N L O A D  " isa b e lo u t.g d x " ,P A R , Q M A T C H , F H _ H , FC  C , A E X ;  
i x i c U T E ~ G D X X R W .E X E  isa b e lo u L g d x  p ai= =Q M A T C H  r n g = a l';  
E X E C U T E  'G D X X R W .E X E  isa b e lo u L g d x  v a r = P A R  m g - r F ;
E X E C U T E  'G D X X R W .E X E  isa b e lo u L g d x  P A R = A E X  m g = a f l l;
E X E C U T E  'G D X X R W .E X E  isa b e lo u L g d x  p ar= F H _H  r n g= a20 ';
E X E C U T E  'G D X X R W .E X E  is a b e lo u L g d x  p ar= F C ~ C  m g = a 4 0 ’;
E X E C U T E  'G D X X R W .E X E  is a b e lo u L g d x  par= P H I r n g = a 6 0 ';
E X E C U T E  'G D X X R W .E X E  isa b e lo u L g d x  v A R = D P A R  r n g = R 6 0 ’; 
S O F F T L X T



A ppendix B P rogram m ing  M odel fo r R etrofit w ith Relocation
Î T I T L E  H E N  d e s ig n -  A u to m a t ic  p ara m eter  c a lc u la t io n -  K IT IS A K -1  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* E q u a t io n s  that are d iffe r e n t  than  in th e  pap er  + errata .
* ( 1 0 0 )  J u st a n o m e n c la tu r e  c h a n g e  
* ( 1 0 5 )  J u st a n o m e n c la tu r e  c h a n g e

* E q u a tio n s  that are a d d e d  to  th o se  that are in  th e  paper  
* (1 0 6 )  an d  (1 0 7 )
* C O N S I S T E N C Y : N u m b e r  o f  e x c h a n g e r s  sm a ller  th an  th e  n u m b er  o f  s h e lls
* N e e d e d  b e c a u se  th e  e x c h a n g e r s  are r e la ted  to  the v a lu e s  o f  K.
* (1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
* (1 0 9 )  M IN IM U M  N U M B E R  O F  E X C H A N G E R S  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S O F F U P P E R
S E T S
z  tra n sfe r  z o n e  / Z l /*

♦ A L W A Y S D E F IN E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  
I H o t  s tr e a m s  /I I  *13 /
J c o ld  stre a m s /J 1 * J 3 /

♦ A L W A Y S  D E F IN E  T H E  U T IL IT IE S  W IT H  T H E  H IG H E S T  IN D E X  
H U (I )  H e a t in g  u t il it ie s  /13 /
C U (J )  C o o l in g  u t il it ie s  /J 3 /

M  tem p era tu re  in te r v a ls  /M l  * M 8 5 /  
ร  S C E N A R IO  / S I /
K  te m p er a tu r e  in te r v a ls  /K 1 * K 1 /

R  e x c h a n g e r s  /R 1 * R 7 /

A L I A S  ( M .N X .O )
A L I A S  ( น ] )
A L I A S  (J J J )
A L I A S  (K ,K K )
A L I A S  (Z .Z Z )
A L I A S  (R  R R )

ร น ,
J1
J2J3
/
P A R A M E T E R  N 1 Z (S ,Z ,I )  #  O F  I N T E R V A L S  D E S I R E D  F O R  H O T  S T R E A M S

S 1 .Z 1 .I 1  3 0  
S 1 .Z I . I 2  8  
S 1 .Z 1 .I 3  2

P A R A M E T E R  N J Z (S ,Z .J )  #  O F  I N T E R V A L S  D E S I R E D  F O R  C O L D  S T R E A M S/
S I .Z 1 .J 1  3 5  
S 1 .Z 1 .J 2  8 
S 1 .Z 1 .J 3  2

P A R A M E T E R  H I(S .I )  H E A T  T R  C E O F F  F O R  H O T  S T R E A M S

S i  l l  0 .151.12 0.1
5 1 . 13 0 .1

P A R A M E T E R  H J (S .J ) H E A T  T R  C E O F F  F O R  C O L D  S T R E A M S/



112

S I .J 1  0 .1  
S I .J 2  0 .1  
S 1 .J 3  0 .1

P A R A M E T E R S
T 1 H (S ,I )  T  IN  F O R  H O T  S T R E A M S

S i  l l  4 0 0
5 1 . 12 1 4 0
5 1 . 13 5 0 0

T O H (S .I )  T  O U T  F O R  H O T  S T R E A M S

S i l l  1 0 0
ร ]  .12 6 0  
ร  1 .13 4 9 9

T IC (S ,J )  T  IN  F O R  C O L D  S T R E A M S

S 1 .J 1  5 0  
S 1 .J 2  9 0  
S 1 .J 3  3 0

T O C (S ,J )  T  O U T  F O R  C O L D  S T R E A M S

S 1.J1  4 0 0  
S 1 .J 2  1 6 5  
S 1 .J 3  4 0

P A R A M E T E R S
T I H Z ( S ./ .J )  T  IN  F O R  H O T  S T R E A M S

S 1 .Z 1 .1 1  4 0 0  
S 1 .Z 1 .I 2  1 4 0  
ร ! . Z 1 .I 3  5 0 0

T O H Z ( S .Z J )  T  O U T  F O R  H O T  S T R E A M S

S 1 .Z 1 .I1  1 0 0  
S 1 .Z 1 .1 2  6 0  
S 1 .Z 1 .I 3  4 9 9

T I C Z (S ,Z ,J )  T  IN  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  5 0  
S 1 .Z 1 .J 2  9 0  
S 1 .Z 1 .J 3  3 0

T O C Z (S .Z .J )  T  O U T  F O R  C O L D  S T R E A M S/
S 1 .Z 1 .J 1  4 0 0  
S 1 .Z 1 .J 2  1 6 5  
S 1 .Z 1 .J 3  4 0

/+__________________
* I N T R O D U C E  T H E  F C p :
F H ( S .l )  F O R  H O T  S T R E A M S

5 1 .1 1  10
5 1 . 12 3 0

F C (S .J )  F O R  C O L D  S T R E A M S
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SI.J] 10 
S 1 .J 2  4 0

* U S E  T H E  M A X  F C p  F O R  T H E  U T IL IT IE S

S E T S  F R E E H (I)I
II 12 
13

F R E E C (J )/
J]
J2
J3

P A R A M E T E R  B I F (Z ,บ )/
Z 1 .I 1 .J 2  0  
Z 1 .I2 .J 1  0  
Z 1 .1 2 .J 3  0  
Z 1.13 .J 1  0

^ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B IF = 1  ; 
' M A X M  X C ltP I  R M A i r i l  =  2* -
P A R A M E T E R  S P H (I)  S H  in  p ap er

i, ,12 1 
13 1

P A R A M E T E R  S P C (J ) S C  in paper

,
J2 1
J3 1

/
P A R A M E T E R  N IH (I )  N o n  iso th e rm a l s p lit t in g  fo r  h o t  stre a m s in p ap er

i,
12 0
13 0/
P A R A M E T E R  N IC (J )  N o n  iso th e rm a l s p lit t in g  fo r  c o ld  stre a m s in  p ap er

J1 0
J2 0
J3 0

P A R A M E T E R  D T V IO (L J )

l u i  1
I I . J2 1
1 1 . J3 1

12 . J1 1
I2 .J 2  1
1 2 . J3 1

13 . J1 1
13.J2 1

/
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P A R A M E T E R  K M A X (Z ,I ,J )/
Z J .I 1 .J 2  1 
Z 1 .I2 .J 1  1 
Z 1 .I2 .J 3  1 
Z 1 .I3 .J 1  1/
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  A D D  F O R  R E T R O F IT  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S o n te x t
P A R A M E T E R  A E X (Z J .J )

Z 1 .I1 .J 1  1 0 0 1 .3 4  
Z 1 .I 1 .J 3  1 0 4 8 .2 8  
Z 1 .I 2 .J 2  1 2 1 .5 3  
Z 1 .I 2 .J 3  1 3 3 .5 6  
Z 1.13 .J 1  5 8 4 .1 5  
Z I  .13 .J2 6 0 3 .7 1  
Z 1 .I 4 .J 2  2 4 6 .8 1

P A R A M E T E R  A E X _ B (K ,Z ,I ,J )

K 1 .Z 1 .I 1 .J 1  1 0 0 1 .3 4

P A R A M E T E R  N H E 0 ( S ,Z ,น ฺ)

S 1 .Z 1 .1 1 .J I  1 
S 1 .Z 1 .1 1 .J 3  1 
S 1 .Z 1 .I 2 .J 2  1 
S 1 .Z 1 .1 2 .J 3  1 
S 1 .Z 1 .1 3 .J 1  1 
S 1 .Z 1 .1 3 .J 2  1 
S 1 .Z 1 .I 4 .J 2  1

P A R A M E T E R  A E X _ บ (Z .I .J )

Z 1 .11 .J 1  1 5 0 2 .0 1  
Z 1 .I 1 .J 3  1 5 7 2 .4 2  
Z 1 .1 2 .J 2  1 8 2 .2 9 5  
Z 1 .1 2 .J 3  2 0 0 .3 4  
Z 1 .I3 .J 1  8 7 6 .2 2 5  
Z 1 .1 3 .J 2  9 0 5 .5 6 5  
Z 1 .I 4 .J 2  3 7 0 .2 1 5

P A R A M E T E R  A E X U B ( K , Z J , J )

K 1 .Z 1 .I I .J 1  1 5 0 2 .0 1/
S o f f t e x t
♦ For R e lo c a t io n  
P A R A M E T E R  N IIE 0 (S ,Z .1 .J )

S 1 .Z 1 .1 1 .J 2  I 
S 1 .Z 1 .1 2 .J 1  1 
S I .Z 1 .I 2 .J 3  1 
S I .Z 1 .I 3 .J 1  1

/
P A R A M E T E R  A E X  R (R )

R 1 8 4 1 .8 6  
R 2  5 5 4  
R 3  6 6 0 .1 8  
R 4  2 6 2

/
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P A R A M E T E R  A E X B l ( R )

R 1 8 4 1 .8 6
R 2  5 5 4  
R 3  6 6 0 .1 8  
R 4  2 6 2

P A R A M E T E R  A E X _ U _ 1 ( R )

R 1 2 0 0 0  
R 2  2 0 0 0  
R 3  2 0 0 0  
R 4  2 0 0 0

P A R A M E T E R  A E X _B __R  (r)/
R 1 8 4 1 .8 6  
R 2  5 5 4  
R 3  6 6 0 .1 8  
R 4  2 6 2

P A R A M E T E R  A E X J J _ B _ R ( R R )

R 1 2 0 0 0  
R 2  2 0 0 0  
R 3  2 0 0 0  
R 4  2 0 0 0

/
P A R A M E T E R  A E X U J 3  J  (R )/
R 1 2 0 0 0  
R 2  2 0 0 0  
R 3  2 0 0 0  
R 4  2 0 0 0/
P A R A M E T E R  R  A L L  
* M in im u m  D E L T A  T/4/;
P A R A M E T E R  K E T/4/;
* $ o f f ie x t
* $ o n t e x tะ}: * * * * * * *  * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  D T H U ( l )

L .
P A R A M E T E R  D T C U (J )

J3  10

P A R A M E T E R  F M A X  H U (I )  

13 5 0 0 0

P A R A M E T E R  F M A X _ C U (J )  

J3  5 0 0 0

P A R A M E T E R  C H U (I )/
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13 9 5 .0 4

P A R A M E T E R  C C U (J )

J3 2 0

P A R A M E T E R  C F;
C F =  1 0 0 0 ;
P A R A M E T E R  C A ;
C A  =  2 0 ;* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * *  * * * * + * * * * * * p Q J ^  J^Jgl’g Q p jl'J '* * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  C A N ;

P A R A M E T E R  C A E ;
C A E  =  2 0 ;********************************************************************************
* $ o f f ie x t

P A R A M E T E R  Q L H M IN
* M in im u m  h ea t that c a n  b e  tran sferred  w ith in  an in terva l H o t stre a m s  

P A R A M E T E R  Q L C M IN
* M in im u m  h ea t th a t can  b e  tran sferred  w ith in  an in te r v a l.C o ld  strea m s

P A R A M E T E R  A M A X
* M a x im u m  area  p er  e x c h a n g e r  /20000/;
P A R A M E T E R  A S H E L L M A X
* M a x im u m  sh e ll  area/5 000/;
P A R A M E T E R  U S H E L L M A X
* M a x im u m  s h e ll  area/5 000/;
* A d d  fo r  r e tro fit

P A R A M E T E R  A _ N E W _ M A X (Z ,] ,J )

Z l . (1 1 * 1 3 ) .(J 1 * J 3 )  3 0 0/
P A R A M E T E R  A N E W S H E L L M A X
* M a x im u m  s h e ll  area/5 000/;
P A R A M E T E R  N E W U S H E L L M A X
* M a x im u m  s h e ll  area
/ 5 0 0 0 /;

*
P A R A M E T E R  T O T N E X C H M A X
* M a x im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  T O T N E X C H M 1 N
* M in im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  D T m in
* M in im u m  D E L T A  T/o/;
p ar a m e ter  N 1 N T
/2 6 3 / ;
p ar a m e ter  O P T/2/;
* E N D  O F  I N P U T  P A R A M E T E R S* __________________________________
S C A L A R S  S i ,  Z i, M i , ]c , ม

P A R A M E T E R S  I H m in Z (S ,Z ,l ) ,I H m a x Z (S .Z ,] ) , lH m a x (S ,! ) , lH m in (S ,I ) ,H O T (S ,J ,M ) ,



H 0 T 2 ( S  M ) , H O T Z (S ,Z .I ,M ) . I C m in Z (S ,Z ,J ) ,lC m a x Z (S .Z J ) ,I C m in (S ,J ) .  
] C m a x ( S J ) ,C 0 L D ( S ,J ,M ) ,C 0 L D 2 ( S ,M ) ,  C O L D Z (S ,Z ,J ,M ) , H  l (S .I .M ) . H _ J (S ,J .M )

F O R (S i= I  T O  C A R D ( S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R ( lc = l  T O  C A R D (I ) ,
I H m iiiZ (S ,Z ,I )$ [O R D (S )= S i  A N D  O R D (I )= l

A N D  O R D ( Z ) = l ] =  0 +  1 $ [N 1 Z (S ,Z ,! )> = ] ] :  
I H m in Z (S ,Z ,I )$ [O R D (S )= S i  A N D  O R D (I )> I  

A N D  O R D ( Z ) = l ] =  0 +
{ S U M ( ( Z Z I I ) $ [ O R D ( ] I )< O R D ( I ) ] ,N I Z ( S ,Z Z ,I I ) )+ l } $ [ N I Z (S IZ .I ) > = l ] :  

I H m in Z (S ,Z ,I )$ [O R D (S )= S i  A N D  0 R D ( Z ) > 1 ] =  0 +
{ ร บ M ((Z Z ,H )$ [O R D (I I )< O R D (I )] ,N lZ (S ,Z Z ,I I ))

+ S U M (Z Z $ [O R D (Z Z )<  Z i]  N ]Z (S ,Z Z ,])> + 1  } $ |N I Z (S ,Z ,I )> = 1  ]; 
I H m a x Z ( S ,Z J ) S [O R D ( S )= S i  A N D  O R D (I )= lc  A N D  O R D (Z )= Z i]=  0 +  

{ I H m in Z ( S ,Z ,I ) + N I Z ( S ,Z ,I ) - l } $ [ N I Z ( S .Z .I ) > = l] ;  
I H m in ( S ,l ) $ [O R D ( S ) = S i  A N D  O R D (I )= lc ]=  

S U M [Z $ { S U M ( Z Z $ [O R D ( Z Z ) < = O R D ( Z ) - l ] JN IZ (S ,Z Z ,] ) )= 0 } ,IF I m in Z (S ,Z ,I ) ] ;  
I H m a x ( S ,I ) $ [ O R D ( S ) = S i  A N D  O R D (] )= I c ]=  

S U M [Z $ { S lJ M (Z Z $ [O R D (Z Z )> = O R D (Z )+ l] ,N I Z (S .Z Z ,I ) )= 0 } ,I F I m a x Z (S .Z ,l ) ] ;

F O R (M i= l  T O  C A R D ( M ) ,
H O T (S ,] ,M ) $ [O R D ( S ) = S i  A N D  O R D (] )= I c  A N D  O R D (M )= M i]=  0 +

1 $ [O R D ( M ) > =  I H m in (S J )  A N D  O R D (M )< = lH m a x (S ,I ) ] ;  
H O T 2 ( S ,M ) $ [ O R D ( S ) - S i  A N D  O R D ( M ) - M i |-  0 +  1 S [ 0 R D ( M ) < =  

S U M (I $ (O R D (I )= C A R D (I ) ) ,I H m a x (S JI))];  
H O T Z ( S ,Z ,I ,M ) $ [ O R D (S ) = S i  A N D  O R D (])= I c  A N D  O R D (M )= M i  

A N D  O R D (Z ) = Z i]=  0 +  1 $ [O R X > (M )> =  lH m in Z (S ,Z ,I )  A N D  O R D (M )< = I H m a x Z (S ,Z ,I ) ] ;  
H _ I ( ร , I M ) $ [ O R D ( S ) - S i  A N D  O R D (I )= lc  A N D  O R D (M )= M i  

A N D  H O T ( S , l ,M ) = l ]  =  F II(S ,I) ;

F O R (J i= l  T O  C A R D (J ) ,
I C m in Z (S ,Z ,J )$ [O R D (S )= S i  A N D  O R D (J )= l  A N D  O R D ( Z ) = l ] =  0 +

{ ร บ M ( l$ [O R D ( I )= C A R D ( I ) ] ,I H m a x (S ,I ) ) + l} $ [ N J Z ( S ,Z ,J ) > = l] ;  
lC m in Z ( S ,Z ,J )$ [ O R D (S ) - S i  A N D  O R D (J )> l  A N D  O R D ( Z ) = l ] =  0 +

{ ร บ M { 1 ร [ O R D ( 0 = C A R D ( I ) ] ,I H m a x ( S ,] ) }
+ S U M ( ( Z Z  J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z .J J ) )+ l  }S [N J Z (S .Z ,J )> = 1 ];  

I C m in Z ( S ,Z J ) $ [O R D ( S )= S i  A N D  O R D ( Z ) > l ] =  0 +
{ ร บ M  { l$ [O R D (I )= C A R D (I ) ] ,I H m a x (S ,I ) }  

+ S U M ((Z Z ,J J )S [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z ,J J ))
+ S U M ( Z Z $ [ O R D ( Z Z ) <  Z i] ,N J Z (S ,Z Z ,J ) )+ l  }$ [N J Z (S ,Z ,J )> = 1  ]; 

I C m a x Z (S ,Z ,J )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +
{ I C m m Z (S ,Z ,J )+ N J Z (S ,Z  j ) - 1} $ [N  J Z (S ,Z ,J )> =  1 ]; 

lC m in ( S J )  $ [O R D ( S )= S i  A N D  O R D (J )= J i]=
ร บ M [Z $ { S U M (Z Z $ [ O R D (Z Z )< = O R D ( Z ) - l ]N J Z ( S ,Z Z ,J ) ) = 0 } ,] C m in Z ( S ,Z ,J ) ] ;  

I C m a x (S ,J )  S [ O R D ( S )= S i  A N D  O R D (J )= J i]=  
S U M [Z $ { s b M ( Z Z $ [ O R D ( Z Z ) > = O R D (Z ) + l ] ,N J Z ( S ,Z Z ,J ) ) = 0 } J C m a x Z ( S ,Z ,J ) ] ;

พ));

F O R ( M i= l  T O  C A R D ( M ) ,
C O L D ( S ,J ,M )$ [ O R D ( S ) = S i  A N D  O R D (J )= J i A N D  O R D (M ) = M i] =  <H 

1 $ [O R D ( M ) > =  IC m in (S ,J )  A N D  O R D (M )< = I C m a x (S ,J ) ] ;  
C O L D 2 ( S ,M ) $ [O R D ( S )= S i  A N D  O R D (M )= M i]=  0 +

1 S [ 0 R D ( M ) > ร บ M ( ] $ (O R D (I )= C A R D (I ) )JIH m a x (S ,I ) )
A N D  O R D (M ) < =  S U M (J $ ( O R D ( j ) -C A R D ( J ) ) JI C m a x (S J ) ) l ;  

C O L D Z ( S ,Z ,J ,M ) $ [O R D ( S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  O R D (Z ) = Z i]=  0 +  l$ [O R D ( M ) > =  lC m in Z ( S ;Z ,J)

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ];  
H _ J ( S ,J ,M ) $ [ O R D ( S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i  

A N D  C O L D ( S ,J ,M )= l]  =  H J (S ,J ) ;

P A R A M E T E R S  D T (S ,M ) ,T U (S .M ) , T L (S ,M ),C P H (S ,I ,M ) ,C P C (S ,J ,M ) ,D H H (S ,] ,M ) ,D H C (S ,J ,M );

*  A I W A Y S  D F F I N F  C n  A S  1 
C P H ( S ,I ,M ) $ [ H O T ( S ,I ,M ) = l] =  1; 
C P C (S .J  M ) $ [ C O L D ( S J .M ) - 1  ]  =  I;

D T (S ,M )  =  S U M ((Z ,I )$ [H O T Z (S _ ,Z ,I ,M )= l] ,{ [T I F lZ (S ,Z ,] ) -T O H Z (S ,Z ,I )] /  
[ I H m a x Z (S >Z ,I ) I H m in Z ( S ,Z J ) + 1 ] } ) $ [ !  I O T 2 (S ,M )=  1 ]+  

S U M ((Z ,J )$ [C O L D Z (S ,Z ,J IM )=  1 ], {[T O C Z ( S ,z 'j ) ; T I C Z ( S  z j)]/
[ I C m a x Z (S ,Z ,J ) - I C m in Z (S ,Z ,J ) F l] } )$ [ C O L D 2 ( S ,M ) = ] ] ;



F O R (I c = l  T O  C A R D (I ) ,
F O R (J i= l  T O  C A R jD (J),

A L L O W ( S ,Z ,l ,J )$ [ O R D ( S ) = S i  A N D  O R D (Z )= Z i A N D  O R D (])= I c  
A N D  O R D (J )= J i]=  0 +  I S { S U M |( M ,N ) $ [ H O T ( S , l ,M ) - 1 

A N D  C O L D ( S ,J ,N ) = l  ] ,D (S ,Z ,M ,N ) ]  > 0  .

sl oS Ë รุ? เ
๐ โ?; N 2

. 
ร

 >
 >

 ”z
Sa

il
li

เแ
เส

ู
? 2 

5 v
a .00

 y
^

 V
 V

 V
 -P

 
- 

2 
2 

Z 
V)

ะ Z
 ฯ?

 Y
 JL

 2 lliif 2 R o ฝ็ N ç 
y

Y
 V - ร

Q a
: 

a :c ffi p
i II 00 00 2 2 Z Z Il รุ' H

H H c y5 M vl รู่H ริ? 
H

» ■ซ 2 > Q 2 il si

p
ig PI >mS

 
c o

g ^
9 พ

 V ill N H O

z| 0๐

> r r ๐ สิ o N 2

2 z 2 z
ô 

o
> r r ๐ .ส

ิ

N 2 z

H
: 

H o
.

: 
§5

“
5

 i
f 

Ig
n 

o 2
 3

ท'^
 o

0 0
=0

OS
S

2 รุ
'''

พ
 00 II •Tl 0 So 00 po

 
พ

 
ü n| ร I! ริ 2
 

00 — H r

oo



A N D  N O T [H U (] ) A N D  C U (J )] } ;
F O R  (M i= I  T O  C A R D (M ) ,

A L L O W  H (S ,Z ,I ,M ,J )$ [O R D (S )= S i A N D  O R D (Z )= Z i A N D  O R D (I )= I c  
A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  H O T (S ,I ,M ) = l ] =  0 +

1 $ { S U M [N $ [C 0 L D (S ,J ,N ) = 1 ] ,D ( S ,Z ,M ,N ) ]  > 0 A N D  N O T [H U (I ) A N D  C U (J )] } :
A 1 ,1 ,0  พ _ c  (ร  .Z , J, M  J  )$  [O R  D (S  )= S i A N D  O R D (Z )= Z i A N D  O R D (I )= I c  

A N D  O R D (J )= J i A N D  O R D (M )= M i A N D  C O L D ( S ,J ,M )= l ]=  0 +
1 ร { ร บ 'M [ N $ [ H O T (S ,] ,N ) = l ] ,D ( S ,Z ,N ,M ) ]  > 0 A N D  N O T [H U (I )A N D  C U ( J ) ] } ;

F O R (Z i= l  T O  C A R D (Z ),
F O R (I c = l  T O  C A R D (I ) ,

F O R (J i= l  T O  C A R D (J ) ,
A L L O W _ 2 (Z ,I ,J )$ [O R D (Z )= Z i A N D  O R D (I ) = I c  A N D  O R D (J )= J i]=  0 +

] $ { S U M [ ร ,A L L O W (S :Z ,น ) ]  > 0 A N D  N O T [H U (I )A N D  C U (J )]> ;M
S O N T E X T
* N M -4 S  1-F I N A L -6 -F L E X I B I L I T Y -S l .g m s :  A u g u s t 9 ,2 0 0 4  
* o n e  s c e n a r io , th e  o r ig in a l v a lu e s  o f  4 s  L********************************************************************************
Î O F F T E X T
S o n te x t
♦ D E FIN ES T H E  N U M B E R  O R  T R A N S F E R  Z O N E S  
S E Tz tra n sfe r  z o n e  /Z  1 * Z 2 /

♦ A L W A Y S  D E F I N E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  
S E T  I /I I  ♦ ท 5 /
S E T  J /J  1 * J 1 5 /

S E T S
M  tem p er a tu r e  in te r v a ls  / M 1 * M 2 5 0 /
ร  S C E N A R I O  / S I /
K  n u m b e r  o f  h ea t e x c h a n g e r s  / K l  ♦ K20/
X  u s e d  to  in p u t n u m b er s  /X 1 * X I 5 /

A L I A S  (M ,N ,L .O )
A L I A S  (1,11)
A L I A S  (J ,บ )
A L I A S  (K ,K K )
A L I A S  (Z ,Z Z )

♦ A L W A Y S  D E F I N E  T H E  U T IL IT IE S  W IT H  T H E  H IG H E S T  IN D E X  
♦ Heating u t il it ie s
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t= H U  r n g = G A M S !C 4 9 :1 4 9  C d im = l  
S E T  แ ข ( ไ )
Î G D X I N  is a b e l .g d x  
Î L O A D  H U

♦ C ooling u t il i t ie s
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t = c u  m g = G A M S !C 5 2 :1 5 2  C d im = l  
S E T C U ( J )
S G D X I N  is a b e l .g d x  
S L O A D  cu
* * * * * * * * * * * * * * * * * * * * * * * + * * * * * j n p U  ̂p ar a m e ter s  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* I N P U T S  15 N U M B E R S  IN  O N E  V E C T O R  T O  R E D U C E  L O A D I N G  T IM E  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = D A T A  m g = H o j a l  !E 4 8 :F 6 2  R d im = ]
P A R A M E T E R  D A T A (X );
S G D X I N  is a b e l .g d x  
S L O A D  D A T A

♦ D E FIN ES W H IC H  E Q U A T I O N S  R U N  O P T = 0  G R A S S R O O T S  O P T = l  R E T R O F IT  O P T = 2  R E L O C A T I O N  
P A R A M E T E R  O P T ;
O P T  =  D A T A ( ’X  I ');

♦ THE N U M B E R  O F  I N T E R V A L S  T O  B E  U S E D  
P A R A M E T E R  N IN T ;
N I N T  =  D A T A ('X 2 ') ;



♦ M axim um  s h e ll  area  
P A R A M E T E R  A S H E L L M A X ;  
A S H E L L M A X  =  D A T A ('X 3 ');

♦ M axim um  a rea  p er  e x c h a n g e r  
P A R A M E T E R  A M A X ;
A M A X  =  D A T A C X 4 ) ;

♦ M inim um  D E L T A  T  
P A R A M E T E R  D T m in ;  
D T m in  =  D A T A ('X 5 ');

♦ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B IF = 1  
♦ M A X N E X C H P E R M A T C H  =  2  
P A R A M E T E R  B IF ;
B IF  =  D A T A ('X 6 ') ;

♦ LIMITS T H E  N U M B E R  O F  H E A T  E X C H A N G E R S  IN  O N E  I N T E R V A L  
P A R A M E T E R  K M  A X ;
K M  A X  =  D A T A ( 'X 7 ’);

♦ M inim um  h ea t that can  b e  tran sferred  w ith in  an in te r v a l.H o t  stre a m s  
P A R A M E T E R  Q L H M IN ;
Q L H M I N  =  D A T A ('X 8 ') ;

♦ M inim um  h ea t th at c a n  b e  tra n sferred  w ith in  an in te r v a l.C o ld  stre a m s  
P A R A M E T E R  Q L C M IN ;
Q L C M I N  =  D A T A ( 'X 8 ’);

♦ M axim um  N U M B E R  O F  E X C H A N G E R S  
P A R A M E T E R  T O T N E X C H M A X ;
T O T N E X C H M A X  =  D A T A ( 'X 9 ’);

♦ M inim um  N U M B E R  O F  E X C H A N G E R S  
P A R A M E T E R  T O T N E X C H M I N ;
T O T N E X C H M I N  =  D A T A ('X IO ');

♦ FIXED C O S T  F O R  A  H E A T  E X C H A N G E R  M A T C H IN G  S T R E A M S  
P A R A M E T E R  C F ;CF = DATA('XI T);
♦ V A R IA B L E  C O S T  F O R  A  H E A T  E X C H A N G E R  M A T C H IN G  S T R E A M S  
P A R A M E T E R  C A ;
C A  =  D A T A ('X 1 2 ');

♦ COST O F  R E L O C A T IO N  
P A R A M E T E R  C A N ;
C A N  =  D A T A ('X 1 3 ');
P A R A M E T E R  C A E ;
C A E  =  D A T A ( 'X 1 3 ');

♦ N U M B E R  O F  H E A T  E X C H A N G E R S  O R 1 G IN A L Y  P R E S E N T  
P A R A M E T E R  K E T ;
K E T =  D A T A ('X 1 4 ');

♦ M A X IM U M  A D I T I O N A L  A R E A  
P A R A M E T E R  A  N E W  M A X ;
A N E W M A X  =  D A T Â C X 1 5');

♦ N U M B E R  O F  I N T E R V A L S  O N  H O T  S T R E A M
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= N IZ  r n g = G A M S !a l  :q3 R d im = 2  C d im = l  
P A R A M E T E R  N I Z fS X T );
S G D X I N  isa b e l .g d x  
Î L O A D  N IZ

♦ N U M B E R  O F  IN T E R V A L S  O N  C O L D  S T R E A M
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= N J Z  r n g = G A M S !a 5 :q 7  R d im = 2  C d im = l  
P A R A M E T E R  N J Z (S .Z .J ) ,
Î G D X I N  is a b e l .g d x  
S L O A D  N JZ



‘ H E A T  T R A N S F E R  C E O F F  F O R  H O T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= H I m g = G A M S !B 9 :q lO  R d im = l  C d im = l  
P A R A M E T E R  H I(S ,I );
S G D X I N  is a b e l .g d x  
S L O A D  HI

♦ HEAT T R A N S F E R  C E O F F  F O R  C O L D  S T R E A M S
S C A L L  G D X X R W .E X E  c : \F I E N S \is a b e l .x ls  par=H J m g = G A M S ! B 1 2 :q l3  R d im = I  C d im = l  
P A R A M E T E R  H J(S ,J );
S G D X I N  is a b e l .g d x  
S L O A D  HJ

♦ T E M P E R A T U R E  F O R  H O T  IN L E T  S T R E A M S
S C A L L G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T !H  r n g = G A M S ! B 1 5 :q l6  R d im = l  C d im = l  
P A R A M E T E R  T IH (S ,I );
S G D X I N  is a b e l .g d x  
S L O A D  T IH

♦ T E M P E R A T U R E  F O R  H O T  O U T L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  p ar= T O H  m g = G A M S ! B I 8 : q I 9 R d im = I  C d im = !  
P A R A M E T E R  T O H (S J ) ;
S G D X I N  is a b e l .g d x  
S L O A D  T O H

♦ T E M P E R A T U R E  F O R  C O L D  IN L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IC  r n g = G A M S !B 2 1 :q 2 2  R d im = l  C d im = l  
P A R A M E T E R  T IC (S .J ),
S G D X I N  is a b e l .g d x  
S L O A D  T IC

♦ T E M P E R A T U R E  F O R  C O L D  O U T L E T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T O C  m g = G A M S !B 2 4 :q 2 5  R d im = l  C d im = l  
P A R A M E T E R  T O C (S ,J );
S G D X I N  is a b e l.g d x  
S L O A D  T O C

♦ P A R A M E T E R S  F O R  z  Z O N E , T E M P E R A T U R A  @  E A C H  Z O N E  A N D  F L O W  
♦ T E M P E R A T U R E  F O R  H O T  IN L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IH Z  r n g = G A M S !A 2 7 :q 2 9  R d im = 2  C d im = l  
P A R A M E T E R  T IH Z (S ,Z ,I );
S G D X I N  is a b e l .g d x  
S L O A D  T IH Z

♦ T E M P E R A T U R E  F O R  H O T  O U T L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T O H Z  r n g = G A M S !A 3 1  :q 33  R d im = 2  C d im = l  
P A R A M E T E R  T O H Z (S ,Z ,I ) ;
S G D X I N  is a b e l .g d x  
S L O A D  T O H Z

♦ T E M P E R A T U R E  F O R  C O L D  IN L E T  S T R E A M S  @  Z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T IC Z  m g = G A M S ! A 3 5 :q 3 7  R d im = 2  C d im = l  
P A R A M E T E R  T IC Z (S ,Z ,J );
S G D X I N  is a b e l .g d x  
S L O A D  T IC Z

♦ T E M P E R A T U R E  F O R  C O L D  O U T L E T  S T R E A M S  @  z
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= T O C Z  r n g = G A M S !A 3 9 :q 4 1  R d im = 2  C d im = l  
P A R A M E T E R  T O C Z (S ,Z ,J );
S G D X I N  is a b e l .g d x  
S L O A D  T O C Z

♦ M ASS F L O W  F O R  T H E  H O T  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r  l H r n g = G A M S !B 4 3 :q 4 4  R d im = ]  C d im = l  
P A R A M E T E R  F H (S ,I );
S G D X I N  is a b e l .g d x  
S L O A D  FH

♦ M ASS F L O W  F O R  T H E  C O L D  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a ! - r c  m g = G A M S !B 4 6 :q 4 7  R d im = l  C d im = l  
P A R A M E T E R  F C (S ,J );
S G D X I N  isa b e l .g d x



SLOAD FC
♦ HOT P R O C E S S  S T R E A M S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t= F R E E H  r n g = G A M S !C l :q l C d im = l  
ร  E T  F R E E H (I )
S G D X I N  is a b e l .g d x  
S L O A D  F R E E H

* C O L D  P R O C E S S  S T R E A M S
S C A L E  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  S e t= F R E E C  m g = G A M S !C 5 :q 5  C d im = l  
S E T  F R E E C (J )
S G D X I N  is a b e l .g d x  
S L O A D  F R E E C

♦ SPLITS A R E  A L L O W E D  F O R  H O T  S T R E A M S  B IN A R Y  S H  in p ap er  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= S P H  r n g = G A M S !C 5 5 :q 5 6  C d im = l  
P A R A M E T E R  S P H (I);
S G D X I N  is a b e l .g d x  
S L O A D  S P H

♦ SPLITS A R E  A L L O W E D  F O R  C O L D  S T R E A M S  B IN A R Y  sc in  p ap er  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = S P C  m g  G A M S !C 5 8 -q 5 9  C d im = l  
P A R A M E T E R  S P C (J );
S G D X I N  is a b e l .g d x  
S L O A D  S P C

♦ NON I S O T H E R M A L  M I X I N G  IS  P E R M IT E D  F O R  H O T  S T R E A M S  B IN A R Y  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= N IH  m g = G A M S !C 5 5 :q 5 6  C d im = l  
P A R A M E T E R  N IH (I);
S G D X I N  is a b e l .g d x  
S L O A D  N 1 H

♦ NON I S O T H E R M A L  M I X I N G  IS  P E R M IT E D  F O R  C O L D  S T R E A M S  B IN A R Y  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e I .x ls  pap = N IC  r n g = G A M S !C 5 8 .q 5 9  C d im = l  
P A R A M E T E R  N IC (J);
S G D X I N  is a b e l .g d x  
S L O A D  N I C

♦ PO SIB LE  T E M P E R A T U R E  D IF E R E N C E S  B E T W E E N  E X C H A N G I N G  S T R E A M S  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = D T V IO  r n g = D T V I O !A l :C 2 2 5  R d im = 2  
P A R A M E T E R  D T V I O (l  ,J);
S G D X I N  is a b e l .g d x  
S L O A D  D T V I O

♦ T E M P E R A T U R E  D IF E R E N C E  IN  T H E  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = D T H U  r n g = G A M S !C 4 9 :q 5 0  C d im = ]  
P A R A M E T E R  D T H U (I);
S G D X I N  is a b e l .g d x  
S L O A D  D T H U

♦ T E M P E R A T U R E  D IF E R E N C E  IN  T H E  C O L D  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = D T C U  r n g = G A M S !C 5 2 :q 5 3  C d im = l
P A R A M E T E R  D T C U (J );
S G D X I N  is a b e l .g d x  
S L O A D  D T C U

♦ M A X IM U M  M A S S  F L O W  F O R  T H E  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = F M A X _ H U  r n g = G A M S !C 6 1  :q62  C d im = l  
P A R A M E T E R  F M A X H U ( I ) ;
S G D X I N  is a b e l .g d x  
S L O A D  F M A X _ H U

♦ M A X IM U M  M A S S  F L O W  F O R  T H E  C O L D  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = F M A X _ C U  m g = G A M S !C 6 4 :q 6 5  C d im = l  
P A R A M E T E R  F M A X _ C U (J );
S G D X I N  is a b e l .g d x  
S L O A D  F M A X _ C U

♦ COST O F  H O T  U T IL IT Y
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar = C H U  m g = G A M S ! C 6 7 :q 6 8 C d im = l  
P A R A M E T E R  C H U (I );



S G D X I N  is a b e l .g d x  
S L O A D  C H U

♦ COST O F  C O L D  U T IL IT Y
S C A L L G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = c c u  r n g = G A M S !C 7 0 :q 7 1  C d im = l  
P A R A M E T E R  C C U (J );
S G D X I N  is a b e l .g d x
S L O A D  e c u

♦ CP O F  H O T  P R O C E S S  S T R E A M  I
$ C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C P H  m g = C P !B E 2 :B H 2 5 1  r d im = 3  
P A R A M E T E R  C P H (S ,I ,M );
S G D X I N  is a b e l .g d x  
S L O A D  C P H

♦ CP O F  C O L D  P R O C E S S  S T R E A M  J
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p ar= C P C  m g = C P !B J 2 :B M 2 5 l  rd im = 3  
P A R A M E T E R  C P C (S ,J ,M );
S G D X I N  is a b e l .g d x  
S L O A D  C P C

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  A D D  F O R  R E T R O F IT  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
♦ AREA O F  E X I S T I N G  H E A T  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X  r n g = E X C H A N G E R S !L 2 :0 8  R d im = 3  
P A R A M E T E R  A E X (Z ,น ุ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X

♦ AREA O F  E X I S T I N G  H E A T  E X C H A N G E R S  T H A T  C A N N O T  B E  M O V E D
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ B  m g = E X C H A N G E R S !Q 2 :U 2 1  R d im -4
P A R A M E T E R  A E X _ B ( K ,Z ,น ุ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X  B

♦ N U M B E R  O F  H E A T  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a i= N H E 0  r n g = E X C H A N G E R S !K 4 5 :0 2 4 4  R d im = 4  
P A R A M E T E R  N H E 0 ( S ,Z ,น ุ) ;
S G D X I N  is a b e l .g d x  
S L O A D  N H E O

♦ M A X IM U M  A R E A  O F  E X C H A N G E R S
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r -A E X  ข  r n g = E X C I I A N G E R S !L 2 3 ;0 4 2  R d im = 3  
P A R A M E T E R  A E X _ บ (Z .I .J );
S G D X I N  is a b e l .g d x  
S L O A D  A E X  U

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ U _ B  r n g = E X C H A N G E R S !Q 2 3 :U 4 2  R d im - 4  
P A R A M E T E R  A E X _ U _ B (K ,Z ,I ,J ) ;
S G D X I N  is a b e l .g d x  
S L O A D  A E X U J B

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  ^ |[ ) [ )  P O R  R E L O C A T I O N * ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦  ♦  
S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ R  m g - E X C H A N G E R S ! Z 2 :A A 2 1 R d im = ]  
P A R A M E T E R  A F X  R (K ).
S G D X I N  is a b e l .g d x  
S L O A D  A E X _ R

S C A L L  G D X X R W .E X E  c :\H E N S \is a b e L x I s  p a r = A E X _ U _ R  m g = E X C H A N G E R S !Z 2 3 :A A 4 2  R d im -1  
P A R A M E T E R  A E X _ U _ R (K );
S G D X I N  is a b e l .g d x  
S L O A D  A E X _ U _ R

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X  B  R m g = E X C H A N G E R S !A C 2 :A D 2 1  R d im = l  
P A R A M E T E R  A E X  B  R (K );
S G D X I N  is a b e l .g d x  
S L O A D  A E X  B  R

S C A L L  G D X X R W .E X E  c : \H E N S \is a b e l .x ls  p a r = A E X _ U _ B _ R  r n g = E X C H A N G E R S !A C 2 3 :A D 4 2  R d im -1  
P A R A M E T E R  A E X  บ  B  R (K );
S G D X I N  is a b e l .g d x  
S L O A D  A E X  น  B  R



END OF INPUT PARAMETERS*
S C A L A R S  S i , Z i, M i, Ic , Ji
* H  I H E A T  T R A N S F E R  C O E F IC IE N T  F O R  H O T  S T R E A M  I 
* H J  H E A T  T R A N S F E R  C O E F IC IE N T  F O R  C O L D  S T R E A M  J 
♦ HOT H O T  F L O W  I P R E S E N T  IN  I N T E R V A L  M  
♦ COLD C O L D  F L O W  J P R E S E N T  IN  I N T E R V A L  N
P A R A M E T E R S  I H m in Z (S ,Z ,I ) ,I H m a x Z (S ,Z ,I ) ,I H m a x (S ,]) ,lH m in (S ,I ) ,H O T (S ,l ,M ) ,  

H O T 2 (S ,M ), H O T Z (S ,Z ,I ,M ) , IC m in Z (S ,Z ,J ) ,I C m a x Z (S ,Z ,J ) ,I C n iin (S J ) ,  
I C m a x (S ,J ) ,C O L D (S ,J ,M ),C O L D 2 (S ,M ), C O L D Z (S ,Z ,J ,M ) , H _ I (S ,I ,M ) , H J ( S ,J ,M )

F O R (S i= l  T O  C A R D ( S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = l  T O  C A R D (F R E E H ),
I H m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D (I )= I

A N D  O R D ( Z ) = 1 ] = 0 +  1 $ [N I Z (S ,Z ,! ) > = ! ] ;  
I H m in Z (S ,Z ,I )S [O R D (S )= S i A N D  0 R D ( I ) > 1  

A N D  O R D ( Z ) = l ] =  0 +
{ S U M ((Z Z ,I I )$ [O R D (I l)< O R D (I ) ] ,N I Z (S ,Z Z ,lI ) ) -H  } $ [N I Z (S ,Z ,I )> = 1 ] ;  

I H r n in Z (S ,Z ,I )$ [O R D (S ) -S i  A N D  O R D ( Z ) > l ] =  (>+
{S U M ((Z Z ,I I )$ [O R D (I I )< O R D (I ) ] ,N I Z (S ,Z Z ,lI ) )

+ S U M (Z Z $ [O R D (Z Z )<  Z i] ,N I Z (S ,Z Z ,I ) )+ l  } Î Î N I Z (S ,Z ,I )> = 1 ] ;  
I H m a x Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D (I ) = lc  A N D  O R D (Z )= Z i]=  0 +  

{ I H m in Z (S ,Z ,I )+ N I Z (S ,Z ,I ) - l  }$ [N 1 Z (S ,Z ,I )> = 1  ]; 
I H m in (S ,I )$ [O R D (S )= S i  A N D  O R D ( l ) = I c ] =  

S U M [Z $ { S U M ( Z Z $ [O R D ( Z Z ) < = O I lD ( Z ) - l ] ,N I Z ( S ,Z Z ,I ) ) = 0 } ,lH m in Z ( S ,Z ,I ) ] ;  
I H m a x (S ,I )$ [O R D (S )= S i A N D  O R D (I )= I c ]=  

S U M [Z $ { S U M ( Z Z $ [O R D ( Z Z ) > = O R D ( Z )+ l] ,N I Z ( S ,Z Z ,] ) ) = 0 } ,I H m a x Z ( S ,Z ,I ) ] ;

F O R (M i= l  T O N I N T ,
H O T (S ,I ,M )$ [O R D (S )= S i  A N D  O R D (I )= I c  A N D  O R D (M ) = M i] =  0 +  

l $ [ O R D ( M ) > =  I H m in (S .l)  A N D  O R D (M )< = I H m a x (S ,I ) ] ;  
H O T 2 (S ,M )$ [O R D (S )= S i  A N D  O R D (M ) = M i] =  0 +  l$ [O R D ( M ) < =  

S U M (I $ (O R D (I )= C A R D (F R E E H )) , lH m a x (S ,I ) ) ] ;  
H O T Z (S ,Z ,I ,M )$ [O R D (S )= S i A N D  O R D (I )= I c  A N D  O R D (M )= M i  

A N D  O R D ( Z ) - Z i ] =  0 +  l$ [O R D ( M ) > =  I H m in Z (S ,Z ,I )  A N D  O R D (M )< = lH m a x Z (S ,Z ,I ) ] ;  
H J ( ร ,L M )$ [O R D (S )= S i  A N D  O R JD (I)=Ic A N D  O R D (M )= M i  

A N D  H O T (S ,I ,M ) = l ]  =  H I(S ,I )  ;

F O R (J i= l  T O  C A R D (F R E E C ),
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D (J ) = l  A N D  O R D ( Z ) = l ] =  0 +

{ S U M (I $ [O R J D (I )= C A R D (F R E E H )] ,I H m a x (S ,l) )+ l  }S [N J Z (S ,Z ,J )> = 1 ];  
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R J D (J )> lA N D  O R D ( Z ) = l ] =  0 +

{ S U M  { l$ [O R D (I )= C A R D (F R E E H )] ,I H m a x (S ,I ) }  
+ S U M ((Z Z ,J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z ,J J ))+ l  } $ [N J Z (S ,Z ,J )> = 1 ];  

lC m in Z (S ,Z ,J )$ [O R D (S )= S i  A N D  O R E )( Z ) > l] =  0 +
{ S U M  { I $ [O R B (I )= C A R D (F R E E H )] ,I H m a x (S ,l ) } 

+ S U M ((Z Z ,J J )$ [O R D (J J )< O R D (J ) |,N J Z (S ,Z Z ,J J ))
+ S U M (Z Z $ [O R D (Z Z )<  Z i] ,N J Z (S ,Z Z ,J )> + l }$ fN J Z (S ,Z  J )> = 1 ];  

I C m a x Z (S ,Z ,J )S [O R D (S )= S i A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +
{ I C m in Z (S ,Z ,J )+ N J Z (S ,Z ,j ) -1} $ [N J Z (S ,Z ,J )> =  1 ] ;

J C m in (S ,J ) $ [O R D (S )= S i  A N D  O R D (J )= J i]=  
S U M [Z $ { S U M (Z Z S [O R D (Z Z )< = O R D (Z )- l ] ,N J Z (S ,Z Z ,J ) )= 0 } ,I C m in Z (S ,Z ,J ) ] ;  

I C m a x (S ,J )  $ [ O R D ( S ) - S i  A N D  O R D (J )= J i]=
S U M  [Z $  { S U M (Z Z $ [ O R D ( Z Z ) > = O R D ( Z ) + 1 ] ,N J Z (S ,Z Z ,J ) )= 0 }  J C m a x Z ( S .Z J ) ] ;

F O R (M i= I  T O N I N T ,
C O L D (S ,J ,M )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i]=  0 +

1 $ [O R D (M )> =  IC m in (S ,J )  A N D  O R D (M )< = I C m a x (S ,J ) ] ;  
C O L D 2 ( S ,M ) $ [O R D ( S )= S i  A N D  O R D (M ) = M i] =  0 +

l$ [O R D (M )> S U M (I $ (O R D (I )= C A R D (F R E E H )) ,I H m a x (S ,I ) )
A N D  O R D (M )< =  S U M (J $ (O R D (J )= C A R D (F R E E C )) ,I C m a x (S J ) ) ] ;  

C O L D Z (S ,Z ,J ,M )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  O R D (Z )= Z i]=  0 +  ) $ [ O R D ( M ) > =  IC m in Z (S ,Z ,J )

A N D  O R D (M )< = I C m a x Z (S .Z ,J ) ];
H _ J (S ,J .M )$ [O R D (S )= S i A N D  O R D (J )= J i A N D  O R D (M )= M i  

A N D  C O L D ( S ,J ,M )= l ]  =  H J (S ,J ) ;พ));



* D H H  E N T H A L P Y  C H A N G E  F O R  H O T  P R O C E S S  S T R E A M  ]
* D H C  E N T H A L P Y  C H A N G E  F O R  C O L D  P R O C E S S  S T R E A M  J
* D T  T E M P E R A T U R E  D IF E R E N C E  B E T W E E N  S T R E A M S  A T  I N T E R V A L
* T U  U P P E R  T E M P E R A T U R E  O F  IN T E R V A L
* T L  L O W E R  T E M P E R A T U R E  O F  IN T E R C A L
P A R A M E T E R S  D T ( S ,M ) ,T U (S ,M ) , T L (S ,M ), D H H (S ,I ,M ) ,D H C (S ,J ,M );

D T ( S ,M )  =  S U M (( Z ,I ) $ [ H O T Z (S ,Z ,l ,M ) = l ] >{ [T I H Z (S ,Z ,l) -T O H Z (S ,Z ,I ) ] /  
[ I H m a x Z (S ,Z ,I ) - I H r n in Z (S ,Z ,I )+ l] } )$ [H O T 2 (S ,M )= i]+

S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )=  1 ], { fT O C Z (S IZ ,J )-T I C Z (S ,Z ,J )] /
[ I C m a x Z (S ,Z ,J ) - I C m in Z (S ,Z ,J )+ 1 ] } )$ [C O L D 2 (S ,M )= l] ;

F O R (S i=  1 T O  C A R D (S ) ,
F O R  ( M C I  T O N I N T ,

T U ( S ,M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=  {S U M ((Z ,I )S [H O T Z (S ,Z ,I ,M )= l  
A N D  O R D (M )= I H m in Z (S ,Z ,I )] ,T I H Z (S ^ Z ,I )$ [O R D (M )= I H m in Z (S >Z ,] ) ] )
+  S U M ( ( Z ,I ) $ [ H O T Z ( S ,Z ,I ,M ) - lA N D  O R D (M )> ]H m in Z (S ,Z ,I )A N D  

O R D (M )< = I H m a x Z (S ,Z ,I ) ] ,
[T I H Z (S ,Z ,I ) - (O R D (M )-I H m in Z (S ,Z ,I ) )* D T (S ,M )]$ [O R D (M )>  

lH m in Z (S ,Z ,I )A N D  O R D (M ) < = I H m a x Z ( S ,Z ,I ) ] ) } $ [ H O T 2 ( S ,M )= l]
+  { S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )= l  A N D  O R D ( M H C m i n Z ( S ,z j ) ] ,  

T O C Z (S ,Z >) )$ [O R D (M )= I C m in Z (S ,Z ,J )] )
+  S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )= l A N D  O R D (M )> I C m in Z (S ,Z ,J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ] ,  
[ T O C Z (S ,Z ,J )- (O R D (M )-I C m in Z (S ,Z ,J ) )* D T (S ,M )]$ [O R D (M )>

I c  m  i n Z ( s ,z, J ) A N  D  O R D (M )< = I C m a x Z (S ,Z JJ ) ] ) } $ [ C O L D 2 ( S ,M ) = ]  ];
T L ( S ,M ) $ [ O R D ( S ) - S i  A N D  O R D (M )= M i)=

{ S U M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )=  1 A N D  O R D (M )= I H m a x Z (S ,Z ,I ) ] ,  
T O H Z (S ,Z ,I )$ [O R D (M )= lH m a x Z (S ,Z ,I ) ] )

+  S U M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )= l  A N D  O R D (M )< I H m a x Z (S ,Z ,I )
A N D  O R D (M )> = I H m in Z (S ,Z ,I ) ] ,  

[T O H Z (S ,Z ,I )+ ( I H m a x Z (S ,Z ,I ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<
I H m a x Z (S ,Z ,I )A N D  O R D (M ) > = I H m in Z ( S ,Z ,I ) ] ) } $ [ H O T 2 (S M )= l ]

+  { S U M ( ( Z .J ) S [ C O L D Z ( S ,Z ,J ,M ) = lA N D  O R D (M )= I C m a x Z (S ,Z ,J ) ] ,  
T I C Z (S ,Z ,J )$ [O R D (M )= I C m a x Z (S rZ ,J )] )

+  S U M ( ( Z J ) $ [ C 0 L D Z ( S ,Z ,J ;M ) - 1 A N D  O R D (M )< I C m a x Z (S ,Z ,J )
A N D  O R D (M )> = I C m in Z (S ,Z ,J ) ] ,  

[T I C Z (S ,Z ,J )+ ( I C m a x Z (S ,Z ,J ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<
I C m a x Z (S ,Z ,J )A N D  O R D ( M ) ^ - | ( : m i n Z ( S ,7 J ) ] ) ) $ [ C O L D 2 ( S ,M ) - l ];

F O R (lc = T  T O  C A R D (F R E E H ),
D H H (S ,I ,M ) $ [O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (I )= lc

A N D  H O T ( S , i ,M ) = l ] =  F H (S ,I )* C P H (S ,I ,M )* [T U (S ,M )-T L (S ,M )]  ;

F O R (J i= I  T O  C A R D (F R E E C ),
D H C (S ,J ,M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (J )= J i

A N D  C O L D (S ,J ,M )= T  ] =  F C (S ,J ) :fC P C (S >J ,M )’ [ T U (S ,M )-T L (S !M )]  ;)));
♦ A L L O W 2  M A T C H  A L L O W E D  B A S E D  O N  L M T D
* A L L O W -  H E A T  E X C H A N G E  IS  P E R M I T T E D  B E T W E E N  H O T  S T R E A M  I A N D  C O L D  S T R E A M  I 
♦ ALLO W  J I  H E A T  E X C H A N G E  IS  P E R M I T T E D  B E T W E E N  H O T  S T R E A M  I @ M  A N D  C O L D  S T R E A M  J 
* A L L O W ~ C  H E A T  E X C H A N G E  IS  P E R M IT T E D  B E T W E E N  H O T  S T R E A M  I A N D  C O L D  S T R E A M  J @ N  
P A R A M E T E R  H H E A D ( S ,M ^ ) ,  C H E A D ( S ,M ,N ) , L M T D (S ,M ,N ) , D (S ,Z ,M ,N )

A L L O W (S ,Z ,I ,J ) , A L L O W _ H ( ร ,Z ,I ,M ,J ), A L L O W _ C (S >Z ,J ,M ,I ), A L L O W _ 2 (Z ,l ,J )  ;

F O R (I c = l  T O  C A R D (F R E E H ),
F O R (J i= l  T O  C A R D (F R J E E C ),

H H E A D ( S ,M ,N )  =  ( T U ( S ,M ) - T U ( S ,N )  +  D T m in } $ [H O T 2 (S ,M )  A N D  C O L D 2 (S ,N ) ] ;
C H E A D ( s ’m ’n )  =  ( T L ( S ,M ) - T L ( S ,N )  +  D T m in  Î $ [ H O T 2 ( S M )  A N D  C O L D 2 ( S ,N ) i  ;

L M T D ( S ,M ,N ) =  { [ H H E A D (S ,M ,N ) - C H E A D ( S M ,N ) ]
/L 0 G [ H H E A D ( S ,M ,N ) /C H E A D ( S M ,N ) ] } $ [ H H E A D ( S ,M ,N ) >  0

A N D  C H E A D ( S M ,N ) > 0  a n d  H H E A D ( S ,M ,N ) >  C H E A D (S ,M ,N ) ]
+  { [ H H E A D ( S M ,N ) + C H E A D ( S M ,N ) ] /2 } $ [ H H E A D ( S M ,N ) > 0  a n d  C H E A D (S  M ,N ) > 0  

A N D  (H H E A D (S ,M ,N )<  C H E A D (S ,M ,N )O R  H H E A D ( S ,M ,N ) =  C H E A D (S ,M ,N ) ) ] ;

D ( S ,Z M ,N ) =  I $ [ { H O T 2 (S ,M )=  1 A N D  H O T 2 ( S ,N ) = l  A N D  S U M [ l$ ( H O T ( S ,I M ) = l  
A N D  F I O T (S ,I ,N ) = l ) ,H O T Z (S ,Z ,I M )] = l  A N D  S U M [ I $ ( H O T ( S ,I ,N H  
A N D  H O T ( S T ,M ) = l ) ,H O T Z ( S ,Z ,L N ) ] = l}

O R  { C O L D 2 ( S M H  a n d  C O L D 2 (S ,N )=  1 A N D  S U M [J $ (C O L D (S ,J  M ) = l  
A N D  C O L D ( S ,] ,N ) =  1 ) ,C O L D Z (S ,Z  J ,M )]= T  A N D  S U M [J $ ( C O L D ( S J ,N ) = l



A N D  C O L D (S ,J ,M )=  ] ) ,C 0 L D Z ( S ,Z ,J ,N ) ] = 1 }
O R  { ( H H E A D ( S ,M ,N ) > = 0 .0 0 0 0 1  A N D  C H E A D (S ,M ,N )> = 0 .0 0 0 0 1  ) 

A .N D  S U M [I $ (H O T (S ,I ,M )= I ) ,H O T Z (S ,Z ,I ,M )]= l
A N D  S U M [J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z ,J ,N ) ]= l}];

* O R  { L M T D (S ,M ,N ) > 0  A N D  S U M [I $ ( H O T ( S ,I ,M ) = l) ,H O T Z ( S ,Z ,I ,M )] = l
* A N D  S U M [ J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z ,J ,N ) ] - l }];

F O R (S i=  1 T O  C A R D (S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = l  T O  C A R IK F R E E H ),
F O R (J i= l  T O  C A R D (F R E E C ),

A L L O W (S ,Z ,บ ) $ [ O R D ( S ) - S i  A N D  O R D (Z )= Z i A N D  O R D (] )= lc  
A N D  O R D (J )= J i]=  0 +  1 $ { S U M [( M ,N ) $ [ H 0 T ( S ,I ,M ) = 1  

A N D  C O L D ( S J ,N ) = l  ] ,D ( ร ,Z ,M ,N ) ]  > 0  
A N D  N O T [H U (I ) A N D  C U (J )]  Î ;

F O R  ( M i= l  T O N I N T ,
A L L O W  H (S ,Z ,] ,M ,J )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D (I )= I c  

A N D  O R D (J )= J i A N D  O R D (M )= M i

1 $ { S U M [ N $ [ C 0 L D ( S ,J ,N ) - I ] ,D ( S ,Z ,M ,N ) ]  > 0 A N D  N O T [H U (] ) A N D  C U (J )]} ;  
A L L O W _ C (S ,Z ,J ,M ,I )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D ( l ) - I c  

A N D  O R D (J )= J i A N D  O R D (M )= M i A N D  C O L D ( S ,J ,M )= l]=  0 +  
l$ { S U M |N $ [ H O T ( S ,I ,N ) = l ] ,D ( S ,Z ,N ,M ) ]  > 0 A N D  N O T [H U (I )A N D  C D (J )]} ;

F O R (Z i= l  T O  C A R D (Z ),
F O R (I c = l  T O  C A R J X F R E E H ),

F O R (J i= l  T O  C A R D (F R E E C ),
A L L O W _ 2 ( Z ,บ ) $ [O R D (Z )= Z i A N D  O R D (I )= lc  A N D  O R D (J )= J ï]=  0 +

1 $ { S U M [ S ,A L L 0 W ( S ,Z ,บ ) ]  > 0  A N D  N O T [H U (I ) A N D  C U (J )] } ;พ);
î o f f t e x t* _________________________________

V A R I A B L E S
T C O S T
P A R (Z ,I ,J )
Q (S ,Z ,I ,M ,J ,N )  h ea t lo a d  fo r  p r o c e s s -p r o c e s s  m a tc h  
Q N E W _ M ( ร ,z , บ , M )
Q N E w I n (S ,Z ,I ,J ,N )
Q N E W 2 _ M ( S ,Z ,บ , M )
Q N E W 2 ~ N ( S ,Z ,บ . N )
Y _ M ( S ,Z ,บ , M )  
y ! n ( S ,Z ,บ , N )
Y M _ B ( S ,Z ,I ,L M )
y “n JB(S,Z,I1J,N)
N H E J V I 0 (S ,Z ,บ , M )
n h e I m i ( s ,z ,i ,J ,m )  
n h e I n o ( s ,z ,บ , N )
N H E lN l ( S ,Z ,I ,J ,N )  
n h e 7 m o  B (S ,Z ,บ , M )
N1TE M i 7 b (S ,Z ,L L M )  
n h e 7 n o 7 b ( s ,z ,บ , N )
N H E 7 n  i 7 b (S ,Z ,1 ,J ,N )
N H E (S ,Z ,1 ,J )
A L F A _ M (S ,Z ,1 ,J ,M )
a l f a 7 n ( S ,z ,บ , N )
F H U (l)  is  F C P  H U  (M J _ h _ C )
F C U (J )  is F C P  C U (M J _ h _ C )
B 1 ( S ,Z ,L M ,J ,N )  X (im jn )  in th e  p ap er  
Q H ( S ,Z ,i ,M ,N )
Q C (S ,Z ,J ,M ,N )
Q 2 (S ,Z ,I ,M ,J ,N )
X 1 _ B ( ร ,Z ,1 ,J ,M )
X _ B ( S  K , z  I ,J ,M )
P A R  B (K ,Z ,I ,J )
U S H E L L (Z ,บ )
U S H E L L _ B (ic ,Z ,I ,J )

♦ Sontext
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ ! } ] }  P Q R  R E T R O F IT *  * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * *
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P A R _ N ( ร ,Z ,I ,J )

D P A R _ E (Z ,I ,J )
N I ) E _ S ( S ,Z , i , i )
D E L T A (Z ,I ,J ,R ,R ,K )
P H I(Z .I ,J ,R )

P A R _ N _ B (K ,R ,Z ,I ,J )

^ în f f lp v  t
H O T U T I L I T Y C O S T  
C o ld ~ U T I L I T Y ~ C O S T  
A r e a C o s t  
F IX  C O S T

P O S I T I V E  V A R I A B L E  Q ,Q N E W 2 _ M ,Q N E W 2 _ N ,Q C ,Q H ,Q 2 ,P A R 1 ,P A R 2 ,D P A R _ E ,D P A R  E _ B  
,P A R _ N  ,P A R _ N _ B ,A E X ,A E X _ B  

,P A R ,Q N E W J v 4 ,Q N E W _ N ,F Ï X _ C 0 S T
B I N A R Y  V A R I A B L E  N H E _ M O _ B ,N H E  M I B .N I I F  NO B .N I I E _ N  1 _ B ,Y _ M ,Y _ N ,X  1 _ B ,X _ B ,N H E _ ร  

J ) F L T a ,y m j ! ,y _n _ b ,n h e m o ,n i i e m i , n h f n o , n h f 1 m i ,a l f a 7 m ’a l f a n

’ IN T E G E R  V A R I A B L E  U S H E L L .U S H E L L  B

E Q U A T I O N S
H B H U ( S ,I ,M )
H B C U ( s ’j ’n )
H B H S (S ,I , 'm )
H B C S ( S ,J ,N )
T R A N S F O R _ M ( ร ,Z ,1 ,J ,M )  
I R A N  ร  F O R J 4  (ร  1Z , I, J , N  ) 

H B H S _ N I (S ,7 ,M )  
F IB C s I n I (S ,J ,N )  
N O I S O H (S ,I ,M )  
N O I S O C ( S j ’n ) 
B I N A R Y J V l l  ( ร ,Z ,I ,J ,M )  
B I N A R Y ~ M 2 (S ,Z ,I ,j 'm ) 
B I N A R Y J V l f  B (S ,Z ,I ,J ,M )  

- B I N A R Y 7 m 2 _ B ( S ,Z J ,L M )  
B  IN A  R Y  N 1 ( ร , / , บ , N )  
B I N A R Y I N 2 (S ,Z ,I ,j ’n )  
B I N A R Y J 4  1 _ B ( ร ,Z ,I ,J ,N )  
B I N A R y I n 2 I b (S ,Z ,I ,J ,N )  
B I N A R Y ~ M 5 ( ร ,Z ,I ,J ,M )  
B I N A R Y ~ M 5 b (ร ,Z ,I ,J ,M )  
B I N A R Y I m 3 (S ,Z ,I ,J ,M )  
B I N A R Y J v4 4 ( S ,Z ,U ,M )  
B I N A R Y J V 1 8 (S ,Z ,I ,J ,M )  
B I N A R Y J V 1 9 ( S ,Z ,U ,M )  
B I N A R Y 7 m 6 (S ,Z ,I ,J ,M )  
B I N A R y I m 7 (S ,Z ,I ,j 'm ) 
B I N A R Y J V I 3 _ B (S ,Z ,บ , ) VI) 
B I N A R Y I n 5 (S ,Z ,I ,J ,N )  
B I N A R Y lN 5 b ( S ,Z ,I ,J ,N )  
B I N A R Y J 4 3 ( S ,Z ,I ,J ,N )  
B I N A R Y J 4 4 ( S ,Z ,U ,N )  
B I N A R y I n 8 (S ,Z ,I ,J ,N )  
B I N A R y I n 9 (S ,Z ,I ,J ,N )  
b i n a r y " N 6 ( ,s , z ' i ,L N )  
B I N A R Y J S 7 ( S ,Z ,I ,L N )  
B I N A R y 7 n 3 _ B ( ร ,Z J ,J ,N )  
H E J 2 O U N t J vI0 (S ,Z ,1 ,J )
h e I c o u n t I n o ( s ,z , i ,j )
11 E J O I  JN t J m 1 ( ร ,z ,  บ )  
H E  I c o u n t I n  I ( ร ,Z ,I  J )  
N E X C H (S ,Z ,] ,J )
n e x c h ! b ( s ,z ,i ,J)
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K M A X 1  ( ร ,Z ,I ,J )
K M A X 2 (S ,Z ,1 ,J )
T O T A L C O S T
T O T N E X C H M A X
T O T N E X C H J V 1 IN

H O T U C  
C o ld ~ U ~ C  
A r e a C  
F IX  c

î o n t e x t******************** ***+********̂ £)£) PQĴ  R ETROFIT******* ************** *********** AREAREST1 (ร,Z,I,J)AREaIrEST2(S,Z,I,J)AREA REST3(s'z,บ) areaIresti _B(S,K,Z,I,J)AREaIrEST2Ib(S,K,Z,I,J)AREaIrEST3Ib(S,K,Z,I,J)
a r e a ! r e s t 4 ~ b ( s ,k ,z , U )AREaIrEST5Ib(S,K,Z,I,J)AREA~REST6~B(S,Z,I,J)addrestADDlREST2(S,I,J) 
î o f f l ë x t  
* îo n t e x t******************** ********̂ J}J} POR relocation**** ******* **************** *******RELOCATE_I (ร, z,บ)
relocateI2(s,z,i,J)RLLOCATF,_3(S,Z,น)RELOCATE~4(S,Z,I,J) relocateV i (ร, z,I, J)RELOCATEl5l2(S,z'l,J)RELOCATEl5l3(Z,R)relocateI6(k,r,ร,z,บ)RELOCATE~7(K,R,S,z'l,J)RELOCATE~8(K,R,S,Z,I,J)RELOCATEJ>(K,R,ร,Z,I,I)RELOCATEJ 0(K,R,S,Z,I,J)
* S o f f le x t

* H E A T  B A L A N C E  O N  H E A T I N G  U T IL IT IE S
H B H U (S ,I ,M )$ (H O T (S ,I ,M )= 1  a n d  H U (I )  a n d  F R E E H (I)  a n d  O R D (M ) l e  N IN T )..  
F H U (I ) * (T U (S ,M ) -T L (S ,M ) )  = E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T U (S ,M )  
A N D  C O L D ( S ,J ,N ) = l

A N D  A L L O W  H (S ,Z ,I ,M ,J )=  1 A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  F R E E C (J )) ,Q (S ,Z ,I ,M ,J ,N )) ;

*£Q

H B C U ( S ,J ,N ) $ ( C O L D ( S ,J ,N ) = l  a n d  C U (J )  a n d  F R E E C (I )  A N D  O R D (N )  L E  N IN T )..  
F C U (J ) * (T U (S ,N ) -T L (S ,N ) )  = E =  S U M ((Z ,M ,I )S (D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T U (S ,M )  
A N D  H O T ( S , l ,M ) = l

A N D  A L L O W  H (S ,Z ,I ,M ,I )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  F R L E H (I )) ,Q (S ,Z J ,M .J ,N ) );

H B H S (S ,I ,M ) S ( H O T ( S ,I ,M ) = l  A N D  N O T  H U (I )  A N D  F R E E H (I)  A N D  N I H ( I ) = 0  A N D  O R D (M )  L E  N I N T ).  
D H H (S .L M )= E = S U M ( ( Z ,N ,J )$ ( D ( S ,Z ,M ,N ) = I  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  C O L D ( S ,I ,N ) = l  

A N D  A L L O W _ H ( ร ,Z ,L M ,J )= ]  A N D  A L L O W _ C ( S ,Z J ,N ,I ) = ] ) ,Q ( S ,Z ,I ,M ,J ,N ) ) ;

H B C S (S , J ,N )S (C O L D (S ,J ,N )=  1 A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N I C (J )= 0  A N D  O R D (N )  L E  N I N T )  
D H C (S  J ,N ) - E = S U M ( ( Z .M ,I ) $ ( D ( S ,Z ,M ,N ) = I  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I .M )= l  

A N D  A L L O W  J I ( S ,Z ,L M ,I ) = 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,1 ,M ,J ,N )) ;

T R A N S F O R _ M ( ร ,Z ,I ,J ,M )S (H O T (S ,I ,M )= l A N D  A L L O W _ H (S ,Z ,1 ,M ,J )=  1 
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .

Q N E W _ M ( ร ,z j , J , M )  = E =  S U M ( N $ ( D ( S ^ ,M ,N ) = I  A N D  T L (S ,N )  L T  T U ( S ,M )
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A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,] ,M ,J ,N )) ;

T R A N S F O R _ N (S ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  F R E E H (l)  A N D  F R E E C (J) A N D  O R D (N )  L E  N I N T ).r
Q N E W _ N (S ,Z ,1 ,J  N )= E = S U M (M $ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M )= l  

A N D  A L L O W _ H ( ร ,Z ,I ,M  j ) = lX Q ( S ,Z , l ,M ,J ,N ) ) ;

H B H S _ N I ( ร , : ,M ) $ ( H O T ( S ,l ,M ) = l  A N D  N O T  H U (I )  A N D  F R E E H (l)  A N D  N IH (1 )= 1  
A N D  Ô R D (M )  l e  N IN T )..
D H H (S ,1 ,M )= E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S ,M )
A N D  C O L D (S , J ,N )=  1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,

+ S U M ( ( Z ,N ) $ (D ( S ,Z ,M ,N ) = ]  A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  G T  O R D (M )) ,Q H (S ,Z ,I ,N ,M ))  
- S U M ( ( Z .N ) $ ( D ( S ,Z ,M ,N ) = I  A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T 0 R D ( M ) ) ,Q H ( S ,Z ,I ,M ,N ) ) ;

H B C S _ N I (S ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N 1 C (J )= 1 ) .. 
D H C ( S ,J ,N ) = E -  S U M ((Z .M ,1 )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,] ,M ) = l  

A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l ) ,Q (S ,Z ,I ,M ,J ,N ))  
+ S U M ((Z ,M )S > (D (S ,Z ,M ,N )= I  A N D  C O L D (S J ,M )= 1  A N D  O R D (M )  L T  O R D (N )) ,Q C (S ,Z ,J ,M ,N > )  

-S D M ((Z ,M )S (D (S ,Z ,M ,N )= 1  A N D  C O L D (S ,J ,M )= ]  A N D  O R D (M )  G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M )) ;

N 0 1 S O H ( S , l ,M ) $ (H O T ( S ,] ,M )= l  A N D  N O T  H U (I )  A N D  F R E E H (I)  A N D  N IH (I )= 1  A N D  O R D (M )  L E  N I N T ) . .  
S U M (( Z ,N )$ ( D ( S ,Z ,M ,N )= 1  A N D  H 0 T ( S ,I ,N ) = 1  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,I ,M ,N ) )  
= L = S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  C 0 L D ( S ,J ,N ) = 1  
A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W j C ( S ,Z ,J ,N ,I )= l ) ,Q ( S ,Z ,I ,M ,J ,N ) ) ;

* E Q  (1 0 )
N 0 1 S O C ( S ,J ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  N O T  C IJ(J) A N D  F R E E C (J ) A N D  N IC (J )= 1  

A N D  O R D (N )  L E  N I N T ) . .
S U M (( Z ,M )$ ( D ( S ,Z > 1 ,N ) = 1  A N D  C O L D (S ,J ,M )= l  A N D  O R D (M )  G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M ))  
= L =  S U M ((Z ,M ,I )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S  I ,M )= 1  
A N D  A L L O W _ H (S ,Z ,I  M  J )=  I A N D  A L L O W _ C ( S ,Z J ,N ,I ) ^ l) ,Q ( S ,Z ,I ,M ,J ,N ) ) ;

* E Q  ( 11 a and  1 3 a )  C a se  o f  B 1 F (I,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B .

B I N A R Y _ M 1 ( ร ,Z ,l ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W  ! I (S ,Z ,L M J ) =  1 A N D  B 1F (Z ,1 ,J ) = 0  
A N D  F R E E H (l)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ) . .  

Q N E W _ M (S ,Z ,I ,J ,M )-Y _ M (S ,Z ,I ,J ,M )* * D F I H (S ,I ,M )$ (N O T H U (I ) )
- Y _ M ( S ,Z ,บ ิ, M )* F M A X _ H U (I )* D T H U (I )$ (H U (1 ) )= L = 0 ;

* E Q  (1 l b  a n d  1 3b ) C a s e  o f  B IF (1 ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B
* * * * ^ *  * * * * * * * * *  M I N I M U M  V A L U E O F Q N E W _ M = 0 .0 1 ! ! ! ! ! ! ! ! ! !
B I N A R Y _ M 2 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W J I ( S ,Z ,I ,M ,J )=  1 A N D  B IF (Z  I J ) = 0  A N D

F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). . Q N E W  M (S ,Z ,บ , M )-Y  M ( S ,Z ,U ,M )* Q L H M I N = G = 0 ;

*___________________________________
* E Q ( l l a a n d  1 3 a )  C a s e  o f  B IF (I ,J )= 1  ( i j )  b e lo n g in g  to  s e t  B
B I N A R Y  M I  _ B (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1  A N D  B IF (Z ,บ )  =1  

A N D  F R E E H (I) A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
Q N E W _ M ( ร ,z , บ , M )-Y J V I J B (S ,Z ,บ , M )* D H H (S ,I ,M )$ (N O T  H U (I ))

-Y  M _ B (S Z ,I ,J ,M ) * F M A X _ H U ( I )* D T H U ( I ) $ ( H U ( ] ) )= L = 0 ;

* E Q  (I l b  a n d  1 3b ) C a s e  o f  B IF (I ,J )= 1  ( i j )  b e lo n g in g  to  s e t  B
B I N A R Y  M 2 _ B ( S ^ ,I ,J ,M ) $ ( F Î O T (S ,I ,M ) = l  A N D  A  LI . o  พ  11 (S ,Z ,1 ,M ,J )=  1 A N D  B IF (Z ,I ,J )  =1
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  Q N E W _ M (S ,Z ,1 ,J ,M )-Y  M _ B (S ,Z ,I ,J ,M )* Q L H M I N  = G =  0;

* E Q  ( 12 a  and  1 4 a )  C a s e  o f  B IF (1 ,J )= 0  ( i  j )  n o t  b e lo n g in g  to  s e t  B

B I N A R Y _ N 1  ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  A l .L O W _ C ( S ,Z ,J ,N ,l ) - l  A N D  B IF (Z ,I ,J )  = 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  Ô R D (N )  L E  N I N T ) . .

Q N L W  N ( S ,Z ,บ , N ) - Y _ N ( ร ,Z ,l ,J ,N )* D H C (S ,J ,N )$ (N O T  C U (J ))
- Y _ N ( ร ,z , บ ิ, N )* F M A X  C U ( J )* D T C U (J )S (C U (J ) )= L -0 ;

* E Q  (1 2 b  a n d  1 4b ) C a s e  o f  B IF (] ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B
B I N A R Y  N 2 ( S ,Z ,L J ,N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W __C ( ร ,Z ,J ,N  I )= l  A N D  B I F (Z ,บ )  = 0  
A N D  F R E E H (I)  A N D  F R E E C (J )) .. Q N E W _ N (S ,Z ,I ,J ,N )“ y _ N (S ,Z ,I ,J ,N )* Q L C M I N = G = 0 ;



131

*___________________________
* E Q  ( 1 2 a  and  1 4 a ) C a s e  o f  B 1F (I,J )= I ( i j )  b e lo n g in g  to  set B
B I N A R Y  N 1 _ B (S ,Z ,I ,J ,N ) S ( C 0 L D ( S ,J ,N } = 1  A N D  A L L O W J c (S ,Z ,J ,N .I )=  1 A N D  B IF (Z ,บ )  =1  
A N D  F R E E H ©  A N D  F R E E C (J )  A N D  O R D (N )  L E  N IN T )..~

Q N E W _ N ( ร ์,Z,1 J .N ) - Y _ N _ B ( ร ,Z ,U .N ) * D H C (S ,J ,N ) $ (N O T  C U (J ))
- y V b ( S ,Z ,I J ,N )* F M A X _ C D (J )* D T C U (J )$ (C U (J ) )= L -0 ;

* E Q  ( 1 2 b  an d  14 b )  C a s e  o f  B IF (1 ,J )=  I (i j )  b e lo n g in g  to  set B
B I N A R Y _ N 2 _ B ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  a n d  B IF (Z ,I ,J )  =1
A N D  F R E E H ©  A N D  F R E E C (J )  A N D  O R D (N )  L E  N  I N T ) .. Q N E W _ N ( ร ,Z .I ,J ,N )-Y _ n 3 ( ร ,Z ,1 ,J ,N )* Q L C M I N = G = 0 ;

* E Q  ( 1 5 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  ( 1 8 )

B 1 N A R Y _ M 5 ( ร ,Z .I ,J ,M )S (H O T (S ,I ,M )= I  A N D  H O T (S ,I ,M - l)  A N D  A L L O W _ H ( ร ,Z ,I .M ,J )= 1  
A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J )  A N D  B IF (Z ,1 ,J ) = 0  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T )  

N H E _ M 0 ( ร ,Z ,I ,J ,M )= L = 2 -Y _ M (S ,Z ,] ,J ,M )-Y _ M (S ,Z ,I ,J ,M -1 ) ;

* E Q  ( 1 7 )  IS  IN  R E A L I T Y  N O T  N E E D E D , B U T  W A S  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T (S ,I ,M - l )  A N D  A L L O W _ H ( ร ,Z .I ,M -1 ,J )A N D  A L L O W _ I l(S ,Z ,I ,M ,I )= l
* A N D  A L L O W _ H (S ,Z ,J ,M ,J )= I

B I N A R Y _ M 5 b (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )  = 0  
A N D  F R E E H (I)  A N D  F R E E C ( i)  A N D  O R D (M )  L E  N IN T ).. N H E M 0 ( S ,Z ,I .J ,M )  = L =  Y _ M ( ร ,Z ,1 ,J ,M );

* IT  T U R N S  O U T  T H A T  T H IS  E Q U A T IO N  O N L Y  F O R C E S  T H E  V A L U E S  O F  K T O  B E  Z E R O
* W H E N  Y - 0 ,  W H IC H  H A P P E N S  N A T U R A L L Y  IF O N E  IS  M IN IM IZ IN G  T H E  N U M B E R  O F
* E X C H A N G E R S  O R  B E C A U S E  T H E  F IX E D  C O S T S  A R E  B E I N G  M IN IM IZ E D .
* E V E N  IF N O T  D R I V E N  T O  Z E R O  B Y  T H E  O B J E C T IV E  F U N C T I O N  IT  IS  H A R M E L E S S .
* H O W E V E R , IT  T U R N S  O U T  T H A T  IT C O U L D  M A K E  E X T E N S I O N S  O F  T H E  M O D E L  H A V E
* P R O B L E M S . S O , A L T H O U G H  T H E  E Q U A T I O N  IS N O T  N E E D E D , IT  G IV E S  S O M E  E X T R A  V A L U E S
* O F  K  W H E N  T H E Y  D O  N O T  R E A L L Y  M A T T E R .* _________________________________
* E Q  ( 1 8 )
B I N A R Y _ M 3 ( ร ,Z ,l ,J .M )$ ( H O T (S ,I ,M ) = l  A N D  A L L O W J I (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z .L J ) = 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N IN T )..

N H E _ M 0 (S ,Z ,I ,J ,M )  = G =  Y _ M (S ,Z ,I ,J ,M )-Y _ M (S ,Z ,I ,J ,M -I )$ (H O T (S ,I ,M -l)
A N D  A L L O W j H ( S ,Z ,l ,M - l ,J ) )  :*___________________________________

* E Q ( 1 9 )
B I N A R Y _ M 4 ( ร ,Z ,I ,J ,M )S (H O T (S ,I ,M )= l A N D  H O T (S ,I ,M - l)  A N D  A L L O W _ H ( ร ,Z ,L M  J )= l
A N D  A L L O W _ H ( S ,Z ,] ,M - l  J )  A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .

N H E _ M 0 (S ,Z ,I ,J ,M )= G = 0 ;*_______________________ _____ ______
* E Q  ( 2 0 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  ( 1 8)+___________________________________
B I N A R Y _ M 8 ( ร ,Z ,I ,J ,M ) î( H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M + l)  A N D  A L L O W _ H ( ร  Z ,I ,M  J )= l  
A N D  A L L O W _ H ( S ,Z ,I ,M + l ,J )  A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H ©  A N D  F R Ë E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

N H E _ M  1 ( ร ,Z ,I ,J ,M )= L = 2 -Y _ M ( ร ,Z ,I ,J ,M )-Y _ M ( ร ,Z ,I ,J ,M + 1 );

* E Q  ( 2 2 )  . O R I G I N A L L Y  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T (S ,L M -i )  A N D  A L L O W _ H ( ร ,Z ,I ,M - 1 ,J)
B I N A R Y _ M 9 ( S ,Z ,L J ,M ) $ ( H 0 T ( S ,I ,M ) = I A N D  a L L O W H ( s , z . I, M .j )=  1 a n D  B IF (Z ,I ,J )  = 0  

A N D  F R E E H (I )A N D  FRJEEC(J) A N D  O R D (M ) L E  N I N T ). .
N H E  M 1 (S ,Z ,I ,J ,M ) = L =  Y  M (S .Z ,I ,J .M ) ;

* S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

B I N A R Y _ M 6 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= I  A N D  A L L O W  H (S ,Z ,L M ,J )= I  A N D  B IF (Z ,1 ,J ) = 0
A N D  F R E E H ©  A N D  F R E E C (J )  A N D  O R D (M ) L E  N IN T ).. N H E _ M  1 ( ร ,Z ,1 ,J ,M )= G = Y _ M ( ร ,z , บ , M ) - Y _ M ( ร ,Z ,L J ,M + I )  

$ ( H O T ( S ,I ,M + l)  A N D  A L L O W  l l ( S .Z .I .M + l  J ) )  ;

B I N A R Y _ M 7 ( ร ,Z ,l ,J ,M )$ (H O T (S ,I ,M )= l  A N D  H O T (S ,l ,M + l  )  A N D  A L L O W J -I ( ร ,Z ,1 ,M ,J )= 1
A N D  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J )  A N D  B IF (Z ,I ,J )  = 0  A N D  F R E E H ©  A N D  F R Ë E C (J ) A N D  O R D (M )  L E  N I N T ) . .
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N H E M I  (S ,Z .1 ,J ,M )= G = 0 ;

B I N A R Y  M 3 _ B (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= T  A N D  A L L O W _ H (S ,Z ,L M ,J )= l A N D  B IF (Z ,บ )  =1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M ) L E  N IN T )..
Y _ M  B (S ,Z ,I  j , M )  = E =  S U M ( 0 $ ( H 0 T ( S ,] ,0 ) = T  A N D  O R D (O ) LE  O R D (M )

A N D  A L L O W _ H ( S ,Z ,I ,0 ,J ) =  1 ) ,N H E _ M O _ B ( ร ,Z ,] ,J ,0 ) )
- S U M ( 0 $ ( H 0 f ( ร ,! ,0 ) = 1  A N D  O R D ( 0 )  L E  [ O R D ( M )- l ]

A N D  A L L 0 W _ H ( S ,Z ,I ,0 ,J ) = 1 ) ,N H E _ M I _ B ( S ,Z ,I ,J ,0 ) ) ;

* E Q  ( 2 6 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  (1 8 )

B I N A R Y _ N 5 ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= ]  A N D  C O L D ( S ,J ,N - l)  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  A L X O W  C (S ,Z ,J  N - 1,1) A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (I) A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) . .  

N H E _ N 0 ( ร ,Z ,I ,J ,N )= L = 2 -Y _ N ( ร ,z , บ , N ) - Y _ N ( S ,Z ,บ , N - l ) ;

* E Q  ( 2 8 )  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ C ( ร ,Z ,J ,N  1,1)
B I N A R Y _ N 5 b ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ )  = 0  

A N D  F R E E H (l)  A N D  F R E E C (J ))..
N H E _ N 0 ( ร ,z , บ , N )  = L =  Y _ N (S .Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

B I N A R Y _ N 3 ( ร ,Z ,I ,J ,N )S (C O L D (S ,J ,N )= l  A N D  A L L O W _ C (ร ,Z ,J ,N ,1 )= 1  A N D  B IF (Z ,1 ,J ) = 0  
A N D  F R Ë E H (I )  A N D  F R E E C (J) A N D  O R D (N )  L E  N IN T )  .
N H E _ N 0 ( ร ,Z ,I ,J ,N )  = G =  Y _ N (S ,Z ,I ,J ,N ) -Y _ N (S ,Z ,I ,J ,N -1 )

$ (C O L D (S ,J ,N - 1 )  A N D  A L L O W _ C ( ร ,Z ,J ,N -I ,1 ));

B I N A R Y _ N 4 (S ,Z ,l ,J ,N ) $ (C O L D ( S ,J ,N ) = I  A N D  C O L D (S ,J ,N -I )  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 .1) A N D  B 1 F (Z ,บ )  = 0  A N D  F R E E H (I) A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) . .

N H E _ N 0 ( ร ,z . บ , N )= G = 0 ;

* E Q  ( 3 1 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  (1 8 )

B I N A R Y _ N 8 ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  C (S ,Z  J N  I)= J  
A N D  A L L O W _ C (S ,Z ,J ,N + 1 ,1) A N D  B IF (Z ,บ )  = 0  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ) .  

N H E _ N  1 ( ร ,Z ,I ,J ,N )= L = 2 -Y _ N (S ,Z ,I ,J ,N ) -Y _ N ( ร ,Z ,บ , N + 1 );

* E Q  ( 3 3 )  N O T  N E E D E D  B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - I )  A N D  A L L O W _ C (S ,Z ,J ,N -1,1)
B I N A R Y _ N 9 ( s 7z ,บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= I A N D  B IF (Z ,I ,J )  = 0  

A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (N )  L E  N I N T ) . .
N H E _ N 1  ( ร ,Z ,I ,J ,N )  = L =  Y _ N (ร ,Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

B I N A R Y _ N 6 ( ร ,z , บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ )  = 0  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (N )  L E  N IN T )..
N H E N I  ( ร ,Z ,I ,J ,N ) = G = Y _ N ( ร ,Z ,I ,J ,N ) -Y _ N ( ร ,Z ,I ,J ,N + 1  )

$ (C O L D (S ,J ,N + 1 )  A N D  A I .L O W _ C (S ,Z J .N + 1,1));

B lN A R Y _ N 7 ( S ,Z ,I ,J ,N ) $ ( C O L D ( S J ,N ) = l  A N D  C O L D (S .J ,N + 1 ) A N D  A L I .O W  ( : (S .Z .J ,N .I )= ]
A N D  A L L O W _ C ( S ,Z ,J ,N + l , l )  A N D  B IF (Z ,] ,J )  = 0  A N D  F R E E H (I) A N D  F R E E C (J )  A N D  O R D (N )  L E  N I N T ) . .

N H E N  I ( ร ,Z ,I ,J ,N )= G = 0 ;

B I N A R Y _ N 3 _ B ( S ,Z ,I J ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C ( S ,Z J ,N ,l ) = l  A N D  B IF (Z ,I ,J )  = 1  
A N D  F R E E H (I )A N D  F R E E C (J ) A N D  O R D (N )  L E  N IN T )..
Y _ N  B ( S ,Z ,I ,J ,N ) = E = S U M ( 0 $ ( C O L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )
A N D  A L L O W _ C ( ร ,Z ,J ,O ,I ) ) ,N H E _ N 0 _ B ( ร ,Z ,I ,J .O ))  -  S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  O R D (O )  L E  

O R J D (N )-l A N D  A lJ L O W _ C ( ร ,Z ,i ,0 ,I ) ) ,N H E _ N l_ B ( S ,Z ,I ,J ,0 ) ) ;



H E  C O U N T _ M O (S ,Z ,L I )$ (A L L 0 W (S ,Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (I)) ..
N H E (S ,Z  น ) = E = S U M ( M $ ( H 0 T (S ,L M )= 1  A N D  A L L 0 W _ H (S ,Z ,I ,M ,I )= 1  A N D  B IF (Z ,น )  = 1 ) ,  
N H E _ M O _ B (S ,Z ,น , M ))  +  ร บ M (M $ (H O T (S ,I ,M )= l A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  
A N D  B IF (Z  I ,j )  = 0 ) ,  N H E _ M 0 (S ,Z ,น , M ));

* E Q  (3 8 )
H E _ C O U N T _ N O ( ร ,Z ,น ) $ ( A L L O W ( S ,Z ,I ,J H  A N D  F R E E H (I)  A N D  F R E E C (J )).. 

N H E " (S ,Z ,l ,I )= E = S U M < N $ (C O L D (S ,I ,N )= l  A N D A L L O W _ C ( S ,Z ,I ,N , l ) = l  A N D B 1 F ( Z ,น )  = 1 ) ,

+  S D M (N S ( C O L D ( S J ,N ) = 1  A N D  A L L O W _ C ( S ,Z ,I ,N ,] )= l  A N D  B IF (Z ,น )  = 0 ) .
N H E _ N 0 (ร  z , น , N )) ;

H E _ C 0 U N T J V 1 1 ( ร ,Z ,I ,I )$ (A L L O W (S ,Z ,I ,J )=  1 A N D  F R E E H (I)  A N D  F R E E C (J )).. 
N H E (S ,Z ,I , iy = E = S U M (M $ ( H O T ( S ,I ,M ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,I )= 1  A N D  B !F ( Z ,น )  = 1 ) ,  
N H E _ M  1 B ( S ,Z ,น , M ))  +  ร บ M (M $ (H O T (S ,L M )= ]  A N D  A L L O W _ H (S ,Z ,I ,M ,I )= 1  
A N D  B IF (Z .L J )  = 0 ) ,  N H E M  1 ( S , z ,น , M ));

H E  C OLTNT N 1 ( S ,Z ,I ,J )$ (A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J )).. 
N H E (S ,Z ,I ,J ) = E = S U M ( N $ ( C O L D ( S ,J ,N ) = ]  A N D  A L L O W _ C (ร  1Z J ,N ,I )= 1  A N D  B IF (Z ,1 ,J ) = 1 ) ,  
N ! I E _ N 1 _ B ( ร ,Z ,I ,I ,N ) )  +  S U M (N $ (C O L D (S ,J .N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )=  1 
A N D  B IF (Z , น )  = 0 ) ,  N H E _ N  1 ( ร ,Z , น , N )) ;

* E Q  ( 4 1 )
N E X C H (S ,Z ,I ,J )$ (A L L O W (S >Z ,l ,J ) = l  A N D  B IF (Z ,I ,J ) = 0  A N D  F R E E H (i)  
A N D  F R E L C (J ))  .N H E (S ,Z ,1 ,J )= L -1  ;

N E X C H _ B ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,น ) = 1  A N D  B IF (Z ,I ,J )  =1 A N D  F R E E H (I)  
A N D  F R H E C (J )) ' .N H E (S ,Z ,I ,J )= L -K .M A X (Z ,น )  ;

B IF  1 (S .Z ,น , M ,N )$ (D (S .Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S .M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D

A L L O W  ! i ( S ,Z ,I ,M ,J ) = l  A N D  A L L O W  C (S  Z ,]  N ,I )= 1  A N D  B IF (Z ,น )  =1 A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T  A N D  O R D (N )  L E  S I N T )
S U M (L $ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  L E  O R D (M ) A N D  H O T (S .] ,L )= l  
A N D A L L O W J H I  ( ร ,  Z ,L L ,J )= 1 ) ,

Q N E W _ M (S ,Z ,I ,J ,L ) )  - Q N E W 2 J V 1 (S ,Z ,L J ,M ) = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  O R D ( 0 ) L E  O R D (N )  A N D  C O L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z J , 0 , I ) ) ,  

Q N E W _ N ( ร ,Z ,I ,J ,0 ) )  -  Q N E W 2 _ N ( ร ,Z ,I ,J ,N )
+  B 1 ( ร ,z X m ,J ,N )  * 4 *  m a x (S U M (L $ (D (S ,Z ,L ,N )= ]  A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,I ,L ) = l  A N D  A L L O W _ H (S ,Z ,I  L  J )= 1 ) ,D H H (S ,I ,L ) ) ,

S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  O R D (O )  LH O R D (N )
A N D  C 0 L D ( S ,J ,0 )  A N D  A I .L O W _ C (S ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

* E Q  (4 4 )
B I F _ 2 ( ร ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T H (S ,M )  A N D  H O T (S ,L M )- l  

A N D  C O L D ( S ,J ,N ) = ]  A N D
A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  C (S .Z ,J ,N ,I )= 1  A N D  B IF (Z ,1 ,J ) = 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T  A N D  O R D (N )  L E  N IN T )..
S U M (L $ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  L E  O R D (M ) A N D  H O T (S .I ,L )= l  

A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )=  1 ),
Q N E W _ M ( ร ,z 7 l ,J ,L ) )  -  Q N E W 2 _ M ( ร ,Z .I ,J ,M ) = G =

S U M ( 0 $ ( D ( S ,Z ,M ,0 > = 1  A N D  O R D ( 0 ) L E  O R D (N )  A N D  C O L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,  
Q N E W _ N ( S ,Z ,1 ,1 ,0 ) )  -  Q N E W 2 _ N ( S ,Z ,น , N )

-B  1 ( ร ,Z ,I ,M ,I ,N )  * 4 *  m a x (S U M (L $ (D (S ,Z ,L ,N )=  1 A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,I ,L )=  1 A N D  A L L O W _ H ( S ,Z ,L L ,I M  ) ,D H H (S  I ,L )),
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  O R D ( 0 )  L E  O R D (N )  A N D  C O L D ( S ,J ,0 )

A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

B I ^ 3 ( s |z , I ,J ,M ,N ) $ ( D ( S ,Z ,M ,N ) = l  A N D  T L (S .N )  L T  T U ( S ,M )  A N D  H O T (S  1 ,M )= 1  
A N D  C O L D ( S ,i ,N ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  C (S  Z  I ,N ,I )= 1  
A N D  B 1 F (Z ,I ,J )  = 1  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R IW M ) L E _ N I N p  
B I ( ร ,Z ,1 ,M ,I ,N )  = E =  2 -  0 .2 5 *  S U M (L $ (D (S ,Z .L ,N )= 1  A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,] ,L )= T  A N D  A L L O W J I ( S ,Z ,L L .J ) = l) ,N H E _ M l^ B ( S ,Z ,I ,J ,L ) )



+  0 .2 5  * * S U M ( 0 $ ( D ( S ,Z ,M  0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  
A N D  A L L O W  C (S ,Z ,J ,0 , ] ) ) ,N H E _ N I _ B ( S ,Z ,I , .1 ,0 ) )

- N H E _ M 1 B ( S .Z . I .E M ) - N H E N I _ B ( S ,Z . I J .N ) ;

B Ï F _ 4 (S ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (SJV I) A N D  T L (S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M ) = i  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J ) - I
A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )  =1 A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T  

A N D  O R D (N )) . .
S U M (L $ ( H O T ( S ,I ,L ) = l  A N D  O R D (L )  L E  O R D (M ) A N D  
A L L O W J H ( S ,Z ,I ,L ,J )= l ) ,N H E _ M l_ B ( S ,Z ,I ,J L ) )
- S U M ( 0 $ ( C 0 L D ( S , J , 0 )  a n d  5 r D ( 0 ) L E  O R D (N )  A N D  A L L O W _ C (S ,Z ,J ,O .I )) ,

N H E  N  ] B (S .Z ,บ , O ))= G = 0 ;

B I F J  1 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W  H (S .Z ,I ,M ,J )= 1  A N D  B IF (Z ,บ )  =1  
A N D  F R E E H (I)  a n d  F R E E C (J )  A N D  O R D (M )  L E  N IN T )..

S U M ( 0 $ ( H 0 T ( S ,I , 0 ) = 1  A N D  O R D (O )  L E  O R D (M ) A N D  A L L O W _ H (S ,Z ,I ,O .J )= l) ,  
N H E  M 0 _ B ( ร ,z , บ , 0 ) - N H E _ M  1 J B ( S ,Z ,I ,J ,0 ) ) = L =  1 ;

B 1 F _ 1 2 ( ร ,Z ,I J ,N ) $ ( C O L D ( S ,J ,N ) =  I A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  B IF (Z .L J ) =1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  O R D (N )  L E  N IN T )..

S U M ( O S ( C O L D ( S J ,0 )  A N D  O R D (O )  L E  O R D (N )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,] ) ) ,  
N H E _ N 0 _ B ( ร ,Z ,I ,J ,0 ) -N H E _ N 1 _ B ( S ,Z ,I ,J ,0 ) ) = L =  1 ;

* E Q  ( 4 9 )
B I F _ 6 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= I  A N D  B IF (Z ,1 ,J ) = 1  

A N D  F R E E H  (I) A N D  F R E E C (J )  A N D  O R D (M )  L E  N IN T )..
Q N E W 2 _ M ( ร ,z , บ , M ) = L =  Q N E W M ( S .Z .U .M ) ;

B I F _ 9 (ร !Z ,I ,J ,M )$ (H O T (S ,I ,M )= 1  A N D  A L L 0 W _ H ( S ,Z J ,M ,J ) - I  A N D  B )F (Z ,บ )  =1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  O R D (M )  LE  N IN T )..

Q N E W 2 _ M  ( ร ,  Z ,I ,J ,M ) = L =  N H E _ M 0 _ B  ( ร ,  z , บ , M )* D H H (S ,] ,M );

B 1 F ^ 5 (ร !Z ,l ,J ,M )$ ( H O T (S ,l ,M ) = l  A N D  A L L 0 W ^ H (S ,Z ,I ,M .J )= 1 A N D  B IF (Z ,บ )  =1  
A N D  F R E E H (I )A N D  FKJEEC(J) A N D  O R D (M )  L E  N IN T )

Q N E W 2 J V 1  ( ร ,Z ,I J ,M )  = L = N H E _ M 1 _ B (S ,Z ,I ,J ,M )* D H H (S ,1 ,M );

* E Q  ( 5 2 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

B I F _ 8 ( ร ,Z ,I ,J ,N )S (C O L D (S ,J ,N )= I  A N D  A L L O W  C (S ,Z ,I ,N ,I ) - 1  A N D  B IF (Z ,I ,J )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L E  N IN T )..

Q N E W 2 _ N  ( ร ,  Z ,I ,J ,N )  = L =  Q N E W N (S ,Z ,I ,J ,N ) ;

B I F _  1 0 (S ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= 1  A N D  A L L O W _ C (ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (N )  L Ë N I N T ) ..

Q N E W 2 _ N ( ร ,Z ,I ,J ,N )  = L =  N H E _ N O _ B (S ,Z ,I ,J ,N )* D H C (S ,J ,N );

B I F _ 7 ( S ,Z ,I ,J ,N ) $ (C O L D (S ,J ,N ) = I  A N  D  A I . L O  พ  c  ( ร .z. J .N . 1 ) 1  A N D  B IF (Z ,I ,J )  =1  
A N D  F R E E H ( l)  A N D  F R E E C (J )  A N D  O R D (N )  L Ë  N IN T )..

Q N E W 2 1 n (S ,Z ,บ , N )  —L— N H E _ N I _ B  ( ร ,  Z ,บ , N )* D H C (S ,J ,N ) ;

* E Q  ( 5 6 )  N O T  N E E D E D . T H E  V A R I A B L E  IS D E C L A R E D  P O S I T I V E*_______________ _____ ____ ___________
F E A S J V I _ 0 1  ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S ,I ,M )= I  A N D  A L L O W  H (S  Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M  1 ,J ) A N D  B IF (Z ,I ,J )  = 0  A N D  S P H (])= ]  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ). .

A L F A _ M (ร , Z ,I ,J ,M )= L = 1 -N H E _ M 0  ( ร ,  Z ,1 J ,M -1 )-N H E _ M 0 (S ,Z .I ,J ,M );

F E A S _ M _ 0 1 _ B ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z  I M  ])= 1  
A N D  A L L O W !  1 (S ,7  I M --1 ,J ) A N D  B I F (Z T J )  =1 A N D  F R E E H (I) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

A L F A _ M ( ร ,Z ,1 ,J .M ) = L = ] - N H E _ m 6 _ B ( ร ,Z ,I ,J ,M -1 ) -N H E _ M 0 _ B (S ,Z ,1 ,J ,M );



F E A S  M _ 0 2 ( ร  Z ,I  J M ) $ ( H 0 T ( S ,J ,M - 1 )  A N D  H 0 T (S ,I ,M )= 1  A N D  A L L O W _ H ( ร , / .  I ,M ,J )= 1  
A N D  A L L O  W _ H (S ,Z ,I ,M - 1,J) A N D  B IF (Z ,1 ,J ) = 0  A N D  S P H { I > -1 A N D  F R E E H (l)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .

A L F A _ M (S ,Z ,I  J ,M )= L =  1 - N H E M  1 (ร ,Z ,] ,J ,M - 1 )-N H E JV 1  ] ( ร ,z ,  บ , M );
F E A S _ M  0 2  B ( s 7 z ,บ , M ) $ ( H O T ( S ,I ,M - l ) À N D  H O T (S ,I ,M )= l A N D  A L L O  W _ H (S ,Z  J ,M ,J )=  1 
A N D  A L L O W _ H (S ,Z  I ,M -1 ,J )  A N D  B I F (Z ,บ )  = 1  A N D  F R E E H (l)  A N D  F R IH C 'G »  

A L F a 7 m (S ,Z ,1 ,J ,M )= L = 1 -N H E J V 1 1 _ B (S ,Z ,บ,M - 1 ) -N H E _ M 1 _ B  (ร, z,บ,M );

F E A S _ M _ 0 3 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,] ,M ) = l  A N D  A L L O W H ( S ,Z . l ,M J ) = )  
A N D  A L L O W _ H ( ร ,Z ,I ,M -1  ,J) A N D  B IF (Z ,บ )  = 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .

A L F A _ M ( S ,Z ,บ , M )= G = Y J V I (S ,Z ,บ , ] V I)-N H E J V I0 (S ,Z ,บ , M - I ) -N H E _ M 0 ( S .Z ,] ,J ,M ) -

A N D  A L L O W _ H ( S ,Z ,l ,M - l  ,J) A N D  B I F (Z ,บ )  = 1  A N D  F R E E H (I) A N D  F R E Ë C (J )).. 
A L F A _ M  ( ร ,  Z , บ ิ,  M ) = G = Y _ M _ B (S ^ ,I ,J ,M ) -N H E _ M O _ B ( ร ,Z ,I J ,M - I ) -N H E _ M oJ b (S ^ ; ,I ,J ,M )  

“ N H E  M I  B (S ,Z ,I ,J ,M - 1 ) -N H E  N il  B (S ,Z ,I ,J ,N l)j

F E A S _ M _ 0 4 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  
A  F L O W  J  [ (ร , / , ,  I ,M -1 ,J )  A N D  (B I F (Z ,บ )  = 1  O R  S P H (I )= 1 )A N D  F R E E H (I)

A N D  F R E E C (J )  A N D  O R D (M ) L E  N IN T )..
A L F A _ M (S ,Z ,I ,J ,M )= G = 0 ;

F E A S M  _ 2 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M - 1 )  A N D  H O T (S ,I ,M )= ]  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W J I ( S ,Z ,1 ,M -1 ,J )  A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E E C (j)

A N D  O R D (M )  L E  N I N T ). .
Q N E W _ M ( ร ,z , บ , M ) /( C P H ( S ,I ,M ) * ( T U ( S ,M ) - T L ( S ,M ) ) ) = L =  
Q N E w I m ( S ,Z >i 'j ,M -1 ) / ( C P H ( S ,I ,M -1 ) * (T U ( S ,M -I ) - T L ( S ,M - 1 ) ) )  
+ (1 - A L F A _ M ( S ,Z ,I ,J ,M )) * D H H ( S ,I ,M ) /  (C P H (S ,I ,M )* (T U (S .M )-T L (S ,M ))) ;

F E A S M  1 ( ร ,z , บ , M ) $ ( H O T ( S ,l ,M - l)  A N D  H O T (S ,l ,M )= ]  A N D  A L L O W _ H (S ,Z ,l ,M .J )= !  
A N D  A L L O W  H (S ,Z ,I ,M - l  ,J ) A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E Ë C (J ))..
Q N E W  M ( S ,Z ,บ , M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )  
+ ( 1 -A L F a 2 m ( S ,Z ,I ,J ,M ))* D H H (S T ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )

= G =  Q N E W _ M ( ร ,z , บ , M - l ) / (C P H ( S ,I ,M - l ) * ( T L I ( S ,M - i ) - T L ( S ,M - I ) ) ) ;

F E A S J V L 3 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M - l ) A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z  I ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M - 1 ,J ) A N D  B I F (Z ,บ )  = 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ).
-  Q N E W _ M ( S ,Z ,I ,J ,M - 1 ) / (C P H ( S ,I ,M - 1 )* (T U (S ,M -1  ) -T L ( S ,M - 1 ) ) )
+  Q N E W ^ M (S ,Z ,I ,J ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+ ( 1 +  N H Ë  M 1 ( ร ,Z ,I ,J ,M -1 )  +  N H E _ M 1 (S ,Z ,I ,J ,M )  - N I I E _ M 0 ( S , / . ,บ , M - l ) )  

* D H H ( S j 7m ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))* L O O O o T  = G =  0;

* E Q  (6 4 )
F E A S _ M j 4 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z  I ,M ,J )= 1  
A N D  AJj Lo \V _ H ( ร ,Z .L M -l  ,J ) A N D  B I F (Z ,บ )  = 0  A N D  S P H (I )= ]  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
- Q N E W _ M (S ,Z ,1 ,J .M )/(C P H (S :L M )* (T U (S ,M )-T L (S ,M )) )
+  Q N E W ~  M ( ร ,z , บ , M -  1 ) / (C P H ( S ,I ,M - 1 ) * (T U (S ,M -1  ) -T L ( S ,M - 1 ) ) )
+ (1  +  N H E _ M 0 ( S i I ,J .M - 1  )+ N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ M  1 ( ร ,Z ,1 ,J ,M ))  
* D H H (S T 7 m ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )*  1 .0 0 0 0 1  = G =  0;

F E A S _ M _ 3 _ B _ 2 ( ร ,z , บ , M ) $ ( H O T ( S ,I ,M -[ )  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D A L L 0 w 1 h ( S ,Z ,1 ,M - 1 J ) A N D B I F ( Z ,I ,J )  =1 A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .
Q N E W  M ( S ,Z ,บ , M - 1 ) /( C P H ( S ,] ,M - 1 )* ( T U ( S ,M - 1 ) -T L (S ,M - 1 ) ) ) = L =  
Q N E w I m (S ,Z ,I ,J ,M ) /(C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M )) )
+ ( 1 + N H E _ M 1 _ B ( S ,Z ,บ . M -1 )+ N H E J V 1 i J b (S .Z ,บ , M )-N H E _ M 0  B (S ,Z ,I .J ,M -1 ))  

* D H H (S J ,M )/(C 1 P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )));

F E A S _ M _ 3 _ B J ( S ,Z , l ,J .M ) $ ( H O T ( S , l ,M - l )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W ! [ ( ร , / . , l.iM ,J )= l



A N D  A L L 0 W _ H (S ,Z ,1 ,M -1 ,J )  A N D  B IF (Z ,1 ,J ) = 1  A N D S P H (I )= 1  A N D  F R E E H (I)  
A N D  F R E E C (J ) A N D  O R D (M )  L E  N T N T )..
Q N E W 2  M (S  z I J M - ]  ) / (C P H ( S ,I ,M - 1 ) * * (T U (S ,M - 1 ) -T L (S .M -1 ) ) )  = L =
Q N E W  M (S  Z ,I ,J ,M )/(C P H (S >1 ,M )* (T U (S ,M )-T L (S ,M )) )+  (2  +  N H E _ M 1 _ B (S ,Z ,1 .J .M )  
-N  I I E M 0  B (S ,Z ,I ,J .M -1 ) -Y  M  B  ( ร ,z ,  บ ,  M - 1 ))

* D H H ( S X M ÿ (C P H ( S ,I IM )* (T U (S ,M )-T L (S ,M )) ) ;

F E A S _ M _ 4  B (S ,Z  บ , M ) $ ( H O T ( S ,I ,M - 1 )  A N D  H O T (S ,l ,M ) = l  A N D  A L L O W H ( S ,Z ,l ,M ,J ) = l  
A N D  A L L O W  H (S ,Z ,I ,M -J ,J )  A N D  B IF (Z ,I ,J )= 1  A N D S P H (I ) = 1  A N D  F R E E H (I)
A N D  F R E E C (j)  A N D  O R D (M )  L E  N I N T ) . .
(Q N E W _ M (S .Z ,I ,J ,M )-Q N E W 2 _ M (S ,Z ,L J ,M ))/(C P H (S ,1 ,M )* (T L I (S ,M )-T L (S .M )))  = L =  
Q N E W _ M ( S ,Z ,I J ,M - I ) /( C P H ( S 7 L M - I )* ( T U ( S ,M - 1 ) -T L (S ,M - ] ) ) )

+ ( 2  +  N H E _ M 0 _ B ( S jZ ,I ,J ,M -1 ) -N H E J V I 1 _ B (S ,Z ,I ,J ,M )-Y _ M _ B (S >Z ,I ,J ,M ))  
* D H H (S ,I ,M ) /(C P H (S ,L M )* (T U (S ,M )-T L (S ,M )) ) ;

F E A S _ M _ 1 _ S P ( ร ,z,บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l A N D  H O T ( S , l ,M + l)
A N D  A L L Ô W J H ( ร ,Z ,I ,M J )= 1
A N D  A L L O W J I ( s ’z ’l ,M -L J )  A N D  A L L O W  H (S ,Z ,I ,M + 1 ,J) A N D  B !F (Z ;I,J) = 0  A N D  S P H (I )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T )  Q N E W _ M (S ,Z ,I ,J ,M )= G = (Y  M ( S ,Z ,บ , M )-  

N H E _ M 0 (S ,Z ,บ , M ) +  N F I E M 1  ( ร ,z , บ , M ))* D H H (S ,1 ,M );
F E A S _ M J _ S P _ _ B ( ร ,z 7 บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= l A N D  H O T (S .I .M + l)
A N D  A L L 0 w 7 h (S ,Z ,I ,M ,J )= 1
A N D  A L L O w 7 h ( S ,Z ,I ,M -1 ,J )  a n d  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J) a n d  B )F (Z ,บ )  = ]  A N D  S P H (I )= 0  
A N D  F R E E H ©  A N D  F R E E C (J )) .. Q N E W __m 7 s ,Z ,U M )= G = (Y _ M _ _ B (S ,Z ,I ,J ,M )-  

N H E _ M 0 _ B ( ร ,Z ,I ,J ,M )+ N H e 7 m 0 B ( S , Z , บ , M ))* D H H (S .] ,M );

F E A S _ N _ 0 1 ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N -1 )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= ]  
A N D  A L L O w 7 c ( ร ,Z ,J ,N -L I )  A N D  B I F (Z ,บ )  = 0  A N D  S P C (J )= 1  A N D  F R E Ë H (l)
A N D  F R E E C (J )).

A L F A __N ( ร ,Z ,I ,J ,N )  = L =  ] - N H E _ N 0 ( ร ,z , บ , N ) - N H E _ N 0 ( ร ,Z ,1 ,J ,N -1 );  
F E A S _ N _ O i 7 b ( s7z ,I ,J ,N )$ (C O L D (S ,J ,N -1 )  a n d  C O L D ( S ,J ,N ) - l  a n d  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
a n d  A L L 0 w 7 c (S ,Z ,J ,N - L I )  a n d  B I F (Z ,บ )  = 1  A N D  F R E E H (I)  A N D  F R E E C (j) ) ..  

A L F a 7 n ( S ,Z ,บ , N ) = L = 1 - N H E _ N o7 b (S ,Z ,] ,J ,N )-N H E _ N O _ B ( ร ,Z ,I ,J ,N -1 );

F E A S _ N _ 0 2 ( S ,Z ,บ , N )$ ( C O L D ( S , J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N d 7 a.L L O W _ C (S ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )  = 0  A N D  S P C (J )= 1  A N D  F R E E H (l)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,I ,J ,N )= L = 1 -N H E _ N 1 (S ,Z ,L J ,N ) -N H E _ N 1 (S ,Z ,1 ,J ,N -1 ) ;  
F E A S _ N _ 0 2 7 b ( S ,Z ,บ , N ) S ( C O L D ( S ,J ,N - i 7 a N D  C O L D (S ,J ,N )= l  a n d  A L L O W _ C (S .Z ,J ,N ,I )= l  
A N D  A L L O W _ C ( S ^ ,J ,N - l , I )  A N D  B I F (Z ,บ )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

A L F Â 7 n (S ,Z ,1 ,J ,N )= L = 1 - N H e 7 n  1 _ B (S ,Z ,I ,J ,N )-N H E _ N  l_ B ( S ,Z ,] ,J ,N - i  );

F E A S _ N _ 0 3 ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N -1  )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L 0 w 7 c ( S ,Z ,7 n - 1 ,I) A N D  B I F (Z ,บ )  = 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ N ( ร ,z , บ , N ) = G = Y _ N ( ร ,z , บ , N ) - N H E _ N 0 ( ร ,z , บ , N ) - N H E _ N 0 ( S ,Z ,บ , N - l )
-  N H Ë N 1 ( ร ,Z ,I ,J ,N ) -N H E _ N  1 ( ร ,Z , I , i ,N - 1 );

L E A S  N _ 0 3 _ B ( ร ,Z ,i ,J ,N ) $ ( C O L D ( S ,j ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N - l  ,1) A N D  B I F (Z ,บ )  = 1  A N D  F R E E H (I) A N D  F R E E C jj) ) .. 
A L F A _ N (S ,Z ,T ,J ,N )= G = Y _ N _ B (S ,Z ,I ,J ,N ) -N H E _ N 0 _ B (S ,Z ,1 ,J ,N ) -N H E _ N 0 _ B (S ,Z ,I ,J ,N -1 )  

- N H Ë N  1 7 b ( S ,Z ,I ,J ,N )-N H E _ N  i 7 b (S ,Z ,] ,J ,N -  1 );

F E A S _ N _ 0 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N -1 ,1) A N D  (B I F (Z ,] ,J )  =1 O R  S P C (J )= 1 )  A N D  F R E E H (i)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,I ,J ,N )= G = 0 ;*_____________________________ ____ ___
F E A S _ N _ 2 ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - i )  A N D  C O L D (S ,J ,N )= l  A N D  A I J L O W _ C (S ,Z J .N ,I )= l  
A N D  A บิX ) พ 7c( ร ,z, j , N -1,1) A N D  S P C (J )= 1  A N D  F R E E H (l)  A N D  F R E E C (J ))7  
Q N E W _ N  (ร , z7 i ,J ,N ) / (C P C (S ,J ,N )* (T O (S ,N ) -T L (S ,N ) ) )= L = Q N E W _ N  (ร , z,บ , N - 1 )
/ (C P C (S ,J ,N -1 )
* ( T U ( S .N - l ) - T L ( S ,N - ) ) ) ) + ( I - A L F A _ N ( S ,Z ,I ,L N ) ) * D H C ( S ,J ,N ) /

( C P C ( S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) ) ;*_______________ ___ ______ _____ _____
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F E A S  N J ( ร ,Z , บ , N ) $ ( C 0 L D ( S ,J ,N - 1 )  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L 0 W _ C (S ,Z .J ,N ,] )= 1  
A N D  ALLOW_C(ร,Z ,J ,N - l , l )  A N D  S P C (J)= 1  A N D  FREEH(I) A N D  FREEC(J)).. QNEW_N(S,z7u,N)/(CPC(S,J,N)*(TU(S,N)-TL(S,N))) 

+ ( 1 - A L F A _ N (S ,Z ,L J ,N ) )* D H C (S .J ,N )
/ ( C P C (S ,J ,N ÿ * (T U (S ,N )-T L (S ,N ) ) )= G = Q N E W _ N ( ร ,z , บ , N - l ) /

( C P C ( S ,J ,N - 1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ));

F E A S  N  3 (S ,Z ,I  J ,N )$ ( C O L D ( S ,J ,N - l )  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( S ,Z , j ,N - 1,1) A N D B I F ( Z ,บ )  = 0  A N D  S P C (J )=  1 A N D F R E E H ( l )
A N D  F R E E C ( J ) ) .
-Q N E W _ N ( ร ,Z ,I ,J ,N - 1 ) / ( C P C ( S ,J ,N -1 ) * (T U (S ,N - 1 ) - T L ( S ,N -I ) ) )
+ Q N E W ~  N (S ,Z ,I ,J ,N ) / ( C P C ( S ,J ,N )* ( T U ( S ,N ) - T L ( S ,N )) ) + (  1+ N H E N 1 ( ร ,z , บ , N - 1 ) 

+ N H E N 1  ( ร ,z , บ , N )
-N H E _ N 0 ( S ,Z ,I ,J ,N - 1 ) ) * D H C ( S ,J ,N ) /( C P C ( S ,J ,N ) * ( T U ( S ,N ) - T L ( S ,N ) ) ) * I  .0 0 0 0 1  = G = 0 ;

F E A S _ N _ 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z .J ,N ,I )= 1  
A N D  Al Lo W_C(S,Z,J,N-1,I) A N D  B IF (Z ,] ,J )  = 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (f) ) . .
- Q N E W _ N ( S ,Z ,บ , N ) /( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )
+ Q N E \ \ บ ิN ( S ,Z ,บ , N - l  ) / (C P C ( S ,J ,N - 1 )* (T U (S ,N -1  ) -T L ( S ,N - l  ) ) )
+ (  1 + N H E N 0 ( S ,Z ,  บ , N - l )
+  N H E _ N 0 (S ,Z ,I ,J ,N ) - N H E _ N 1 ( ร ,Z ,I ,J ,N ))* D H C (S ,J ,N ) /

( C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) )*  1 .0 0 0 0 1  = G = 0 ;

F E  A S _ N _ 3 _ B _ 2 ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D ( S ,J ,N H  
A N D  A  1 .1 .0 W _ C (S ,Z ,J ,N ,I )=  1
A N D  A L L O W lC ( S ,Z ,J ,N - l  ,I )  A N D  B IF (Z ,บ )  = 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (jj ) . .
- Q N E W _ N ( ร ,z , บ , N - ] ) / ( C P C ( S ,J ,N - l  )* (T U (S ,N -1  ) - T L ( S ,N - 1 ) ) )  
+ Q N E w 1 n ( S ,Z ,I ,J ,N ) / (C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )
+ ( I  +  N H E _ N 1 _ B ( S ,Z ,บ , N - ] ) +  N H E J 4 1 _ B ( S ,Z ,บ , N )-N F 1 E _ N 0 _ B ( ร ,Z ,1 ,J .N -1 ))  
* D H C (S ,J ,N ) /(C P C (S ,J ,N )* (T U (S ,N )~ T L (S ,N )) )= G = 0 ;

F E A S _ N _ 3 _ B _ ]  ( ร ,Z ,] ,J ,N )$ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  
A N D  A L l 6 w _ C (S ,Z ,J ,N ,1 )= 1
A N D  A L L 0 w I C ( S ,Z ,J ,N - 1 ,1 )  a n d  B 1F (Z ,I,J ) = 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (jj ) . .
- Q N E W 2 _ N ( S ,Z ,บ , N -1 ) / (C P C ( S ,J ,N -1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - ] ) ) )
+ Q N E W „ N ( ร ,Z ,I ,J ,N ) /( C P C ( S ,J ,N ) * (T U (S ,N ) - T L ( S ,N ) ) ) + ( 2  +  N H E _ N  1 J B (S ,Z ,1 ,J ,N )  
- N H E ^ N O J R S .Z ,บ , N - l  ) - Y _ N _ B ( S ,Z ,  บ , N - 1 ) )

* D H C (S ,7 ,N ) /(C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )= G = 0 ;

* E Q  ( 7 9 )
F E A S _ N _ 4 _ B ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D _A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  B IF (Z ,บ )  = 1  A N D  S P C (J )= 1  A N D F R E E H (I )
A N D  F R E E C (J )) ..
- (Q N E W _ N  ( ร ,  z , บ , N ) - Q N E W 2 _ N  ( ร , z ,  บ ,  N )) / ( C P C ( S ,J ,N ) * ( T U ( S ,N )- T L ( S ,N ) ) )
+  Q N E W _ N ( ร ,z , บ ,:N - 1 ) / (C P C ( S ,J ,N -1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ) )  _
+ ( 2  +  N H E  NO  B (S ,Z ,บ , N - 1 )  -N H E  N 1 J B ( S ,Z ,บ , N ) - Y _ N J B ( S ,Z ,บ , N ) )

~  * D H C ( S ,J ,N ) /( C P C ( S ,j7 N )* C n J ( S ,N ) - f L (S ,N ) ) ) = G = 0 ;

F E A S N  1 _ S P (S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D (S  J ,N + 1 ) A N D  
A L L 0 W 7 C ( S ,Z ,J ,N ,I ) = I  a n d  A L L O W _ C ( ร ,Z ,J ,N -1 ,1 )  a n d  a l l o w  C (S ,Z ,J ,N + 1 ,I )
A N D  B I F (Z ,บ )  = 0
A N D  S P C (J )= 0  A N D  F R E E H (I )  A N D  F R E E C (J )) .. Q N E W _ N ( ร ,Z ,I,J  N )  = G =  

( Y _ N (s i , l ,J ,N ) N H E _ N 0 ( S ,Z ,I ,J ,N ) - N H E _ N l ( S ,Z ,I ,J ,N ) j * E ) H C ( S ,J ,N ) ;

F E A S _ N _ l_ S P _ B ( S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S  J ,N )= 1  A N D  C O L D (S ,J  N + l  ) 
A N D  A L L O W j : ( S ,Z ,J ,N , l ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N - l , i )  A N D  A L L O W _ C ( ร ,Z ,J ,N + L I )

A N D  SPC ((J)= 0 ) A N D  F R E E H (I )  A N D  F R E E C (J )) ..  Q N E W _ N (S  z  บ , N )  = G =
( Y _ N _ B ( ร ,Z ,I ,J ,N ) -N H E _ N O _ B ( ร ,z , บ , N ) - N H E _ N 1 _ B ( s7z ,1 ,J ,N ) )* D H C (S J ,N ) ;

F E A S  B E G  S P ( S ,Z ,I ,J ,M ,N )$ ( T L ( S ,N )  L E  T U ( S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )



A N D  H 0 T ( S ,I ,M ) = 1  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W !  I (S .Z ,L M ,1 )-1  
A N D  A L L O W  C (S ,Z ,J ,N ,] )=  ] A N D  B IF (Z .1 ,J ) = 0
A N D  S P I I ( l )  0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  LE  N I N T ). .  

T L (S ,M ) -  T L (S ,N )  -  Q N E W _ N ( ร ,z , บ , N ) / (F C (S ,J )* * C P C (S ,J ,N ))
+  Q N E W _ M (S ,Z ,I ,J ,M )/(F H (S ,I )* C P H (S ,I ,M ))
+  (2 -N H E ~  M 0 (S ,Z ,I ,J ,M )-N H E _ N 0  ( ร , Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

F E A S _ B E G _ B _ S P (S ,Z ,บ , M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (S ,L M )= !  A N D  C O L D (S ,J ,N )= ]  A N D  A L L O W  H (S ,Z ,I ,M ,J ) -1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )  =1
A N D  S P H (I )= c r A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

T L (S ,M )  -  T L (S ,N )  -Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ) )
+  Q N E W _ M (S ,Z ,บ , M )/(F H (S .I )* C P H (S ,I ,M ))
+  (2 -N H Ë ^ M 0 _ B ( ร ,Z ,I ,J ,M )-N F I E _ N 0 _ B ( ร ,Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

* E Q  (8 2 )
F E A S _ E N D _ S P ( ร ,Z ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ )  = 0
A N D  S P H (I )= Ô A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )
A N D  O R D (M )  L E  N I N T ) . .  T U ( S ,M ) - T U ( S ,N )
-Q N E W J V l(S ,Z ,l ,J ,M )/(F H (S ,I )* C P H (S ,I ,I V I ))  + Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ) )  

+ (2 -N H E _ M  1 (S ,Z ,L J ,M )-N F IE _ N  1 ( ร ,Z ,T ,J ,N ))* T U (S ,N )= G = 0 ;  
F E A S _ E N D _ B _ S P (S ,Z ,I ,J ,M ,N )S (T L (S ,N )  L E  T U (S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T ( S ,I ,M ) - l  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= ]
A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  B IF (Z ,I ,J )  =1
A N D  S P H (I )= 0  A N D  S P C (J )= 0  A N D  F R E E H (l)  A N D  F R E E C (I ) ) ..  T U ( S ,M ) - T U ( S ,N )  

- Q N E W M ( S ,Z ,I ,J ,M ) /( F H ( S ,I ) * C P H ( S ,I ,M ) )  +  Q N E W N ( S ,Z ,I ,J ,N ) / ( F C ( S J ) * C P C ( S ,L N ) )  
+ ( 2 - N H E _ M l_ B ( S ,Z ,I ,J ,M ) - N H E J 4 I J B ( S ,Z ,บ , N ) ) * T U ( S ,N ) = G = 0 ;

* E Q  (8 3 )
F E A S _ B E G 3 ( S ,Z ,บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T ( S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z .I ,M ,J )= l
A N D  A L L O W l H ( s ’z ,L M + I ,J )  a n d  A L L O W _ C (S ,Z ,J ,N ,I )= l  a n d  A L L O W  C (S  Z ,J ,N + 1,1) 
A N D  B IF (Z ,I ,J )  = 0  A N D  (S P H (I )= I  O R  S P C (J )= 1 )  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  O R D (M )  L E  N IN T )..

N H E _ N ](S ,Z .L J ,N )= L = (2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I .J ,N ) ) ;

* E Q  ( 8 4 )
F E A S _ B E G (S ,Z ,I ,J ,M ,N )$ (D T V I O (1 ,3 )=  1 A N D  D (S ,Z ,M ,N )= 1  A N D  D (S ,Z ,M ,N )= ]

A N D  T U ( S ,N )  G T  T L (S .M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  
A N D  C 0 L D ( S ,J ,N + 1 )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= ]  A N D  A L L O W _ H ( ร ,Z ,I  M + L J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1) A N D  Ë IF (Z ^ ,J )  = 0  
A N D  (S P H (I )= 1  O R  S P C ( J ) = I )  A N D  F R E E H O ) A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  
Q N E W _ N (S ,Z ,I ,J ,N ) /(T I J (S ,M )-T I  (S  N ))= L = Q N E W  N ( S ,Z ,บ , พ  1 )
/ (T U (S ,N + 1  ) - T L ( S ,N + 1 ) )*  C P C (S ,J ,N ) /C P C (S ,J ,N + 1 )

+ ( 2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I ,J ,N ))* D H C (S ,J ,N ) /(T lJ (S ,M )-T L (S ,N ) ) ;

* E Q  (8 5 )
F E A S _ B E G 2 (S ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  TTJ(S M )  

A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,] ,M ) = l  A N D  H O T (S ,L M + l)  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + I )
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  I A N D  A L L O W _ H ( ร ,Z ,1 ,M + 1 ,J )  A N D  A L L O W  C (S ,Z .J ,N ,I )= 1  
A N D  A L L O W ~ C (S ,Z ,J ,N + 1 ,1) A N D  B IF (Z ,บ ) - 4  A N D  (S P H (I )= 1  O R  S P C (J )= 1 )
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  
Q N E W _ M (S ,Z ,1 ,J ,M )/(M I N (T U (S ,M ) ,T U (S ,N )) -T L (S ,M ))= G =

Q N E W _ M ( ร ,Z ,I ,J ,M + 1 ) / (T U (S ,M + 1 )-T L (S ,M + 1 ) )  
* C P H (S 7 i ,M ) /C P H (S ,1 ,M + 1 ) - (2 -N H e 1 m 0 (S ,Z ,บ , M )-N H E ^ N 0 (S ,Z ,1 ,J ,N ))
* D H H (S ,I ,M + 1  ) / ( T D ( S ,M + 1 ) - T L ( S ,M + 1 ));

F E A S J E N D 3 (S ,Z ,I ,J ,M ,N ) $ (D T V I O ( I ,J ) = l  A N D  D (S .Z ,M ,N )= 1  A N D  T L ( S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T ( S , l ,M ) = l  A N D  H O T ( S ,I ,M - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N - l )
A N D  A L L O W  ) I ( S ,Z , I , M J H
A N D  A L L O W J - I ( S 'z ,I ,M - ] ,J ) A N D  A L L O W  J 2 ( S ,Z ,J ,N ,I ) = 1  A N D  A L L O W _ C (S ,Z  J .N - บ )  
A N D  B I F (Z ,บ )  = 0  A N D  (S P H (I )= 1  O R  S P C (.1 )= 1 ) A N D  F R E E H (I)  A N D  F R E E C (J )
A N D  O R D (M )  L E  N I N T ). .



NHE_MO(ร,Z,I,J,M)=L=(2-NHE_MI(S,Z,IJ,M)-NHE_N1(S,Z,I,J,N));
* E Q  ( 8 7 )
F E A S J E N D ( S  z , บ , M ,N ) $ (D T V I 0 (I ,J ) = 1  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  

A N D  T U ( S ,N )  G T T L ( S ,M )  A N I )  H O T (S ,I ,M )  1 A N D  H O T (S ,I ,M -I )  A N D C 0 L D ( S ,J ,N ) = 1  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O \V  I I ( S ,Z J .M J ) = l  A N D  A L L 0 W _ H ( S ,Z ,] ,M -1 ,J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C (S ,Z ,J ,N - 1,1) A N D  B I F (Z ,บ )  = 0  
A N D  (S P H (])= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

Q N E W  M (S  z  I J ,M ) /(T U (S ,M )-T L (S ,N ) )= L = Q N E W _ M (S ,Z ,L J ,M -1 ) / (T U (S ,M -1 ) -T L (S ,M -1 ))  
* C P H (S ,I ,M ) /C P H (S ,I ,M -1 ) + (2 -N H E _ M  1 ( ร ,z , บ , M )-N H E _ N 1  ( ร ,Z ,I ,J ,N ))  
* D H H (S ,1 ,M )/(T U (S ,M )-T L (S ,N )) ;

F E A S _ E N D 2 (S ,Z ,บ , M ,N ) $ (D T V 1 0 () ,J ) = 1  A N D  D (S ,Z ,M ,N )= 1  A N D  Ï L ( S ,N )  L T  T U ( S ,M )  
A N D T U ( S ,N ) G T T L ( S ,M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M - l )  A N D  C 0 L D ( S ,J ,N ) = ]  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L 0 W _ H (S ,Z ,L M ,J )= 1  A N D  A L L O W _ H ( ร ,Z ,I ,M -1  ,J)
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  B IF (Z ,I ,J )  = 0
A N D  (S P H (] )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  O R D (M ) L E  N I N T ) . .
Q N E W _ N ( ร ,Z ,1 ,J ,N ) / (T U (S ,N )-M A X (T L (S ,M ) ,T L (S ,N )) )= G = Q N E W _ N (S ,Z ,I ,J ,N -1 ) /

* C P C ( S ,j ,N ) /C P C ( S ,J ,N - 1 ) - (2 -N H E _ M  1 ( ร ,  Z ,บ , M )-N H E _ N  1 ( ร ,  z , บ , N ) )
* D H C ( S , i ,N - l  ) / ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ));

F E A S  B E G 4  B (S ,Z ,1 ,J ,M ,N )$ (D T V 1 0 (I ,J )= 1  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S , i ,M ) = l  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) - l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H ( S ,Z ,I ,M ,J H
A N D  A L 1 .0 W J l ( S , z ' l ,M H , J ) A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1)
A N D  B 1 F (Z ,บ ' )  =1 A N D  (S P H (I )= 1  O R  S P C (1 )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  O R D (M )  L E  N I N T ) . .

0 + Y j V b ( S ,Z ,บ ิ, N ) - N H E _ M 0 _ B ( S ,Z ,บ , M ) - N H E N 0 _ B ( S ,Z ,บ , N )) ;

* E Q  ( 9 0 )
F E A S _ B E G 2 _ B (S ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= l  A N D  D (S ,Z ,M .N ) - 1  A N D  T L (S ,N )  L T  T U ( S ,M )  

A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H 0 T ( S ,I ,M ) = 1  A N D  H O T ( S ,I ,M + l)  A N D  C O L D (S ,J ,N )= ]  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  A L L 0 W _ H ( S ,Z ,I ,M + 1 J )
A N D  A L L O W _ C ( ร ,Z J ,N , ] ) = 1  A N D  A L L O w i c ( S ,Z ,J ,N + l , I )  A N D  B IF (Z ,1 ,J ) =1
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .
Q N E W _ N  ( ร ,  z,บ , N ) / ( T U ( S ,M ) - T L ( S  ,N ) )= L =
Q N E W lN ( S ,Z ,I ,J ,N + 1 ) / ( T U ( S ,N + 1 ) - T L ( S ,N + 1))

* C P C ( s 7j ,N ) /C P C (S ,J ,N + 1 )+
( l+ Y _ N _ B ( S ,Z ,I ,i ,N ) -N H E _ M O _ B ( S ,Z ,I ,J ,M )- N H E _ N O _ B ( ร ,Z ,1 ,J ,N ))  

* D H C (S ,J ,N ) /(T U (S ,M )-T L (S ,N ) ) ;

F E A S _ B E G l_ B ( S ,Z ,I ,J ,M ,N )$ ( D T V 1 0 ( I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S  M )  
A N D " t U ( S ,N )  G T T L ( S ,M )  a n d  H 0 T ( S ,I ,M ) = 1  A N D  H O T ( S , ! ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H (S ,Z J  M + 1 ,J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C ( S ,Z ,J ,N + l ,I )  A N D  B IF (Z ,I ,J )  = 1  
A N D  (S P H (T )= I  O R  S P C (J )= 1 )  A N D  F R E E IK I) A N D  F R E E C (J )  A N D  O R D (M )  L E  N I N T ) . .  

Q N E W 2 _ N ( S ,Z ,I ,J ,N ) / ( T U ( S ,M ) - T L ( S ,N )) = L = Q N E W _ N ( ร ,Z ,1 ,J ,N + 1 ) /
( T U ( S ,N + 1 )-T L (S ,N + 1  ) )
* C P C (S ,J ,N ) /C P C (S ,J ,N + l)+ (2 -N H E _ M O _ B (S ,Z ,I ,J ,M )-N H E _ N O _ B (S ,Z ,I ,J ,N ))
* D H C (S ,i ,N ) /(T X J (S ,M )-T L (S ,N )) ;

T E A S  B E G 3 _ B ( ร ,z , บ , M , N ) $ ( D T V I O ( U ) - 1 A N D  D (S ,Z  M  N ) = ]  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S  M )  A N D  H 0 T ( S ,I ,M ) = 1  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M + l ,J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z  บ )  =1  
A N D  (S P H (])= T  o r  S P C (J )= 1 )  a n d  F R E E H (I)  a n d  F R E E C (J )  A N D  O R l) (M )  L E  N I N T ) . .  
Q N E W J V I ( ร , Z ,I ,J ,M )/(M I N (T U (S ,M ) ,T U (S ,N )) -T L (S .M ))= G = Q N E W  _ M ( S ,Z ,บ , M + l ) /  
(T U (S ,M + 1  ) -T L ( S ,M + 1 ))

* C P H ( S ,I ,M ) /C P H ( S ,l ,M + l) - ( 2 -N H E _ M 0 _ B ( S ,Z ,บ , M )-N H E  N 0 _ B (S ,Z ,1 ,J ,N ) )
* D1 I H (S ,1 ,M + 1 ) /(T U  ( ร ,M + 1 ) -T L ( S ,M + 1 พ ิ;

F E A S _ E N D 3 _ B ( ร ,z , บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D  T U ( S ,N )  G T  T l ( S .M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M -I )  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N - l )
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A N D  A L L O W _ F I ( ร ,Z ,] ,M ,J )= ]
A N D  A L L O W 7 h ( S ,Z ,1 ,M -1 ,J )A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )  A N D  A L L O  W _ C (S ,Z ,J ,N - 1,1) 
A N D  B IF (X .l .J )  =1 A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I) A N D  F R E E C (J )  
A N D  O R D (M )  L E  N IN T )..

Ô+Y_M_B(S,Z,บ,M)-NHE_M1_B (ร, Z,I,J,M)-NHE_N1_B (ร, z,บ,N));
* E Q  (9 4 )
F E A S _ E N D _ B ( S ,Z ,บ , M ,N )$ (D T V 1 0 (I ,J )= 1  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S ,M )  

A N D T U ( s 7n )  G T  T L (S ,M ) a n d  H O T (S ,l ,M )= I  a n d  H O T (S ,I ,M - l)  a n d  C O L D ( S ,L N ) = l  
A N D  C O L D ( S ,J ,N - I )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W  H (S ,Z ,I ,M -) ,J )
A N D  A L L O w l c ( S ,Z ,J ,N ,I ) = l  A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  B IF (Z ,บ )  =1 
A N D  ( S P H (] )= 1  O R  S P C ( J H )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ). .  

(Q N E w 7 m (S ,Z ,I ,J ,M )-Q N E W 2 _ M ( ร ,Z J ,J ,M )) /(T U (S ,M )-T L (S ,N ) )= L =  
Q N E w 7 m (S ,Z ,I ,J ,M -1 ) /
( T U (S ,M -1 )-T L (S ,M -1 ) )* C P H (S ,I ,M ) /C P H (S ,I ,M -1 )+
( 2 - N H E _ M l_ B  (ร , Z ,บ , M )- N H E _ N 1 _ B  ( ร ,  Z ,1 ,J ,N ))* D H H (S ,I ,M )/(T U (S ,M )-T L (S ,N ));

F E A S _ E N D 2 _ B ( ร ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )= !  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N I T t U ( S ,N )  G T  T L (S ,M ) A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M -I )  A N D  C O L D ( S ,J ,N ) = l  
A N D C O L D ( S ,J ,N - I )  A N D  A L L O W _ H ( S ,Z ,I .M ,J ) - l  A N D  A L L O W _ H (S ,Z ,l ,M - l ,J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A I .I . .0 w  C ( s . z ,J ,N - 1 ,1) A N D  B ÏF (Z ,L J ) =1  
A N D  (S P H (] )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (7 ) A N D  F R E E C (J ) A N D  O R D (M )  L E  N I N T ) . .  

(Q N E W _ _ N (S ,Z ,I ,J ,N ) -Q N E W 2 _ N (S ,Z ,I ,J ,N )) /(T U (S ,N ) -M A X (T L (S ,M ),T L (S ,N ) ) )= G =  
Q N E W _ N ( ร ,Z ,I ,J ,N -1  ) / (T U (S ,N ~ I  ) - T L ( S ,N - 1 ) )* C P C (S  j ,N ) /C P C ( S ,J ,N - I  )
- ( 2 - N H E ^ M l_ B ( ร ,Z ,I ,J ,M )-N H E _ N 1 _ B (S ,Z ,L J ,N ) )4 D H C (S ,J ,N -1 ) /

(T U  ( ร ,N - 1 ) -T L (S ,N  -1 ) )  ;

P A R E Q (S ,Z ,I ,J )$ (A L L O w (S ^ Z ,I ,J )=  1 A N D  F R E E H (I) A N D  F R E E C (J )).. 
P A R (Z ,I ,J )= E = S U M ((M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) - I
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= l ) ,

Q (S ,Z ,1 ,M ,J ,N )* (1 /H J (S ,I ,M > + 1 /H _ J (S ,J ,N ) ) /L M T D (S ,M ,N ) ) ;

B 1 F 1 3  2 (S ,K ,Z ,I ,J ,M )$ (O R D (K )  L T  K M A X (Z ,I ,J )  A N D  H O T (S ,I ,M )= l  
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  B I F ( Z ,บ )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  O R D (M ) L E  N I N T ). .  
P A R _ B ( k 7z , บ ) = L =  S U M (( L ,N )$ ( D ( S ,Z ,L .N ) = 1  A N D  O R D (L )  L E  O R D (M )  
A N D _ T L ( S ,N )  L T  T U (S ,L )
A N D  H O T (S ,I ,L )= I  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )= 1  
A N D  A L L O w l c ( S ,Z ,J ,N ,I ) = l ) ,
( Q ( S ,Z ,I ,L ,J ,N ) 'Q 2 ( S ,Z ,1 ,L ,J ,N ) ) * (1 /H J ( S ,I ,L ) + 1 /H J ( S ,J ,N ) ) /L M T D ( S ,L ,N ) )  

+ A M A X * ( 2 -N H E _ M 1 _ B ( S ,Z ,I ,J ,M )- X 1 _ B ( S ,Z  I ,J ,M )- 
S U M (K K $ (O R D (K K )  G T  1 A N D  O R D (K K ) L T  O R D (K )) ,P A R _ B (K K ,Z ,I ,J ) ) ) ;  

♦ Com m ent: In  th e  p ap er  X 1 _ B  d o e s  n o t  s h o w . O n ly  o n e  v a r ia b le , X _ B  is  u se d
♦  to  m a k e  s u m m a tio n s  fr o m  1 t o  k m a x -1 . F lere w e  u s e  X 1 _ B  and th en  a
* s u m m a tio n  fro m  2  to  k m a x -1 . S e e  e q u a t io n  (1 0 0 )  a s  w e l l .

B IF  l 3 J ( ร ,K ,Z ,I ,J ,M )$ (O R D (K )  L T  K M A X ( Z ,U )  A N D  H O T (S ,I ,M )= l  
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  B IF (Z ,I ,J )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M ) L E  N I N T ). .
P A R  B (K ,Z ,I ,J )= G =  S U M (( L ,N )$ ( D ( S ,Z ,L ,N ) = 1  A N D  O R D (L )  L E  O R D (M )
A N D  T L ( s 7n )  L T  T U ( ร ,L )
A N D  H O T (S ,I ,L ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,1 ,L ,J)= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= l ) ,
( 0 ( S ,Z ,I ,L ,J ,N ) - Q 2 ( s j z ,I ,L ,J ,N ) ) * ( l /H I ( S , l ,L ) + l /F l_ J ( S ,J ,N ) ) /L M T D ( S ,L .N ) )  

- A M A X * ( 2 - N H E _ M i7 b (S ,Z , บ , 'M )-X 1 _ B  ( ร ,  Z ,I ,J ,M )-  
S U M (K K $ (O R D (K K )  G T  1 A N D  O R JD (K K ) L T  O R D (k ) ) ,P A R _ B ( K K ,Z ,บ ) ) ) ;

B IF  l  4 (S ,K ,Z ,I ,J )$ (O R D (K )  E Q  K M A X (Z .L J )  A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I)  
A N D  F R E E C (J )  A N D  B IF (Z ,บ )  = 1 ) . .

P A R  B (K ,Z ,I ,J )= G = P A R (Z ,L J ) -S U M (K K $ (O R D (K K )  L T  O R D (K )) ,P A R _ B (K K ,Z ,I ,J ) ) ;

B I F J 5 ( S , Z , บ , M )$ (H O T (S ,IJ V I)= l A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= ]  A N D  B IF (Z ,] ,J )  =1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  O R D (M )  L Ë  N I N T ) . .
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X I  B (S ,Z ,บ ุ M )+ S L J M (K $ (O R D (K ) G T  1 A N D  O R D (K )  L E  K M A X (Z ,บ )  X 
OR1d ( K ) * X _ B (S ,K ,Z  LJ M ))= E =  S lJ M (L $ (H O T (S ,] ,L )= l  A N D  O R D (L )  L E  O R D (M )  A N D  
A L L O W _ H ( ร ,Z ,I ,L ,J ) = ] ) ,N H E _ M 0 _ B ( S À I ,J ,L ) ) + 1 - Y _ M _ B ( S ,Z ,I ,J ,M );

♦ Com m ent: In th e  p ap er  X  t B  doesT not s h o w . O n ly  o n e  v a r ia b le , X  B  is u sed
* to  m a k e  su m m a tio n s  fro m  ] to  k m a x -1 . H ere  w e  u s e  X 1 _ B  and th en  a
* su m m a tio n  fro m  2  to  k m a x -I .* ____________ ___ __________________
B 1 F J 7 ( s !z ,บ , M ) $ ( H O T ( S ,I ,M H  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B I F (Z ,I J )  =1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  O R D (M ) L E  N I N T ). .
S U M (N $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  'เ ข ( ร ,M ) A N D  H O T (S ,I ,M )= l  A N D  C O L D ( S ,J ,N ) = l  
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  c ( ร ,Z ,J ,N ,I )= 1 ) ,Q 2 (S ,Z ,] ,M ,J ,N ) )= E =

Q N E W 2  M (S ,Z ,บ  M );

B 1 F J 8 ( S ,Z ,บ , M ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= )  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  B 1 F (Z ,บ )  = 1  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  O R D (M )  L E  N IN T )..

Q 2 (S ,Z ,I ,M ,J ,N > = L = Q (S ,Z ,I ,M ,J ,N );

S H E L L (Z J ,J )$ (S U M [S ,A L L O W (S ,Z ,L J ) ]> =  1 A N D  F R E E H (I)  A N D  F R E E C (J )  

P A R (Z ,1 ,J ) -L = A S H E L L M A X * U S H E L L (Z ,I ,J ) ;

* E Q  (1 0 4 )
S H E L L _ B (K ,Z ,I ,J )S (ร ฃ M [ ร ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (l)  A N D  F R E E C (J)  

P A R _ B (K ,Z ,l ’,J )= L = A S H E L L M A X * U S H E L L _ B (K ,Z ,l ,J ) ;

♦ EQ ( 1 0 5 )

T O T A L C O S T .. T C O S T  = E =  S U M (I $ (H U (1 )  A N D  F R E E H (I )) ,C H U (1 )* F H U (I )* D T H U (I) )
+  S U M (J Î ( C t ) (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (j)* D T C U (J ))

S o n te x t
+  ร ฆ M ((Z ,I ,J )$ (O P T = 0  A N D  S U M |S ,A I .L O W (S ,Z ,บ ) ] > -  1 A N D  F R E E H (I)

A N D  F R E E C (J )A N D  B IF (Z ,] ,J )= 0 ) , C F H J S H E L L (Z ,บ ) )

+  ร บ M ((K ,Z ,1 ,J )$ (O P T = 0  A N D  S U M [ร ,A L L O W (S ,Z ,l,J ) ]> =  1 A N D  F R E E H (l)  A N D  F R E E C (J )
A N D  B I F (Z ,I ,J )-1  ) 1 C F * U S H E L L _ B (K ,Z ,บ ) )
+  S U M ((Z ,1 ,J )$ (O P T = 0  A N D  SUM _[S ,A L L O W (S ,Z ,L J )]> =  1 A N D  F R E E F I(I) A N D  F R E E C (J )) ,
C A E * P A R (Z ,บ ) )

S o f f t e x t
S o n te x t

+ S U M ((S ,Z ,I ,J )$ (O P T = I  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J ))
,C F * (N H E (S ,Z ,I ,J )+ N H E _ ร ( ร ,z , บ ) $ (N H E 0 (S ,Z ,I ,J )= 1 )-N H E 0 (S ,Z ,I ,J ) ) )
+ S U M ( ( S ,Z ,y ) $ ( O P T = l  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B ]F (Z ,L J )= 0 ) ,C A E * D P A R _ E (Z ,I ,J )+ C A N * P A R _ N (S ,Z ,I ,J ) )
+ S U M ( ( S ,K ,Z ,I ,J )$ ( O P T = l  A N D - O R D (K )  L E  K M A X (Z ,I ,J )  A N D  A I .I ,O W ( S ,Z ,[ ,J ) - l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B IF (Z ,I ,J )= 1 )
, C A E * D P A R E B ( K ,Z ,  บ ) + C A N + P A R N B ( K , Z , I , J ) )

S o f f t e x t
♦ Sontext

+ S U M ((S .Z ,I ,J )$ (O P T = 2  A N D  A L L O W ( S .Z J ,J ) - l  A N D  F R E E H (I)  A N D  F R E E C (J )
A N D  B I F (Z ,บ ) = 0 )

,( C F * ( N H E ( S ,Z ,บ ) + N H E _ ร ( ร ,z , บ ) ร (N H E O (S ,Z ,I ,J )= 1 )- (N H E O (S ,Z ,I ,J )* (S U M (R $ (O R D (R )  L E  K E T ) ,  
P h i ( Z J ,J ,R ) ) ) ) ) ) + ( C A E * D P A R E ( Z ,l ,J ) ) iC A N * P A R _ N ( S ,Z J ,J ) )

+ ร บ M ( ( ร ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,] ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )
A N D  B IF (Z ,I ,J )= 1 )
,( C F * ( N H E ( S ,Z ,บ ) + N H E _ ร ( ร ,Z ,L J )$ (N F IE O (S ,Z ,1 ,J )= 1 )-S U M ((R R .R ,K )S (O P T = 2  A N D  O R D (R )  L E  K E T  A N D  

O R D (K )L E  K M A X (Z ,L J ))T )E L T A (Z  บ , R R ,R ,K ))) ) )
+ S U M ( ( S ,Z , l ,J ,K ,R ) $ ( O P T = 2  A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J )

A N D  B I F (Z ,บ ) =  I A N D  O R D (K )L E  K M A X (Z ,บ ) )
♦  + S U M  (K S (O R D (K )L E  K M A X (Z ,I ,J )  )
1( C A E * D P A R _ E _ B ( K ,R ,Z ,I ,J )+ C A N * P A R _ N _ B ( K ,R ,Z ,บ ) ) )
♦ may b e  w r o n g e  e q u a t io n  (b y  w a r a p o n )
♦  + S U M ( K $ ( O P T = l  A N D  O R D (K )  L E  N H F 0 ( S ,Z ,บ ) ) , (C A L *  D P A R  E  B (K .Z .l .J ) )
♦  + ( C A N * P A R  N _ B ( K  Z ,1 .J ))));

■ TO TA L C O ST .. T C O S T  = E =  S U M (1 $ (} I U (I )  A N D  F R E E H (I )) ,C H U (1 )* F H U (])* D T H U (T ))  
+  ร ฆ M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))



* +  S U M ((Z ,1 ,J )$ (S U M  [ ร ,A L L O W  ( ร ,Z ,บ ) ] > =  I A N D  F R E E H (I) A N D  F R E E C (J )
* A N D  B I F = 0 ) ,  C F * * U S H E L L (Z ,บ ) )
* +  S U M ((K  z , บ ) $ (S U M [ S ,A L L O W ( S ,Z ,บ ) ] > =  1 A N D  F R E E H (I) A N D  F R E E C (J)
* A N D  B 1 F = 1 ) , C F * U S H E L L _ B (K ,Z ,บ ) )
* +  S U M ( ( Z ,บ ) $ (S U M  [ ร ,A L L 0 W ( S ,Z ,I ,J ) ] > =  1 A N D  F R E E H (I) A N D  F R E E C (J ) ),
* C A * P A R ( Z ,บ ) )
* $ O F F T E X T

‘ D e p e n d in g  o n  th e  o p tio n  s e le c te d  b y  th e  u ser  d ife r e n t  su m s  c o m e  in to  a c tio n .
* H ere  w e  h a v e  an e q u a tio n  th at is  m a d e  s im p ler  th an  in  th e  paper. W e  a c c o u n t
* fo r  th e  to ta l area  o f  th e  e x c h a n g e r s  (u s e  P A R  and  n o t  P A R _ B ) .
* T h e  r e s u lt  is th e  sa m e .* _________________________________*___________________________________
* E Q  ( 1 0 6 )  C O N S I S T E N C Y : N u m b e r  o f  e x c h a n g e r s  sm a lle r  than th e  n u m b er  o f  s h e l ls  
* N e e d e d  b e c a u s e  th e  e x c h a n g e r s  are re la ted  to  th e  v a lu e s  o f  K .

K M  A X  1 ( ร ,Z ,l ,J )$ (A L L O W (S ,Z ,l ,J )=  1 A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  B 1F (Z ,I,J ) = 0 ) . .  
N H E (S ,Z ,บ )  - L -  U S H E L L (Z ,บ )  ;

K M A X 2 (S ,Z ,I ,J )$ (A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  B 1F (Z ,1 ,J) = 1 ) . .  
N H E (S ,Z ,1 ,J )  - L -  S U M (K ,U S H E L L _ B (K ,Z ,บ ) )  ;

* E X T R A  E Q U A T I O N S  N O T  IN  P A P E R  B U T  N E E D E D

* E Q  ( 1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H M A X ( S ) . .  S U M ((Z ,I ,J )$ (A L L O W (S ,Z ,] ,J )=  1 A N D  F R E E H (I)  A N D  F R E E C (J )) ,  

N H E ( S ,Z ,บ ) ) = L = T O T N E X C H M A X ;

* E Q  ( 1 0 9 )  M IN I M U M  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H  M I N (S ) . .  S U M ((Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C ( l) ) ,  
N H E (S ,Z ,I ,l)j" = G = T O T N E X C H M I N ;

S o n te x t
* * * * * *  * * * * * * * * * * * * * * * * * * * * g q u a (jo n  f or R e tr o f it* *  * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * *

A R E A  R E S T 1  ( ร ,Z ,l ,J ) $ ( O P T = l  A N D  A L L O W (S ,Z ,I ,J )= I  A N D  F R E E H (I) A N D  F R E E C (J )  
A N D  B IF (Z ,I ,J )= 0 ). .

P A R (Z ,1 ,J )= L = A E X (Z ,I ,J )+ D P A R „ E (Z ,I ,J )+ P A R _ N  ( ร ,  Z ,I,J);

A R E A _ R E S T 2 (S ,Z ,I ,J )$ (O P T =  1 A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J )  
A N D  B I F (Z ,I ,J )= 0 )„

D P A R _ E (Z ,บ ) = L = A E X _ บ ( Z ,บ ) - A E X (Z ,I ,J );

A R E A _ R E S T 3 (S ,Z ,I ,J )$ (O P T = l  A N D  A L L O W (S ,Z ,I ,J )= I  A N D  F R E E H (I)  A N D  F R E E C (J )

P A R _ N (S ,Z ,I ,J )= L = A S H E L L M A X * (N H E (S ,Z ,I ,J )+ N H E  S (S ,Z ,I ,J )
ร  (N H E 0 (S ,Z ,] ,J )= 1 ) -N H E 0 (S ,Z ,I ,J ) ) ;

A R E A  R E S T l_ B ( S ,K ,Z ,I ,J ) $ ( O P T = l  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W ( S ,Z ,l ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  l i l l ' ( / . . I J )  I)  

P A R _ B (K ,Z ,I ,J )= L = S U M (K K $ (O R D (K K )  L E  N H E 0 (S ,Z ,I ,] ) ) ,A E X _ B (K K ,Z ,I ,J )
* D E L T A (K K ,K ))+ D P A R _ E _ B (K ,Z ,I ,J )+ P A R _ N _ B (K ,Z ,I ,J ) ;

A R E A _ R E S T 2 _ B (S ,K ,Z ,I ,J ) $ (O P T = l  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,l,J )= I  
A N D  F R E E H (I)  A N D  F R E E C (J) A N D  B IF (Z ,I ,J )= 1 ). .

D P A R _ E _ B ( K ,Z ,น ) = L = S U M ( K K $ ( O R D ( k k )  L E  N H E 0 ( S ,Z ,บ ) ) , (A E X _ U _ B (K K ,Z ,I ,J )  
- A E X _ B ( K K ,Z ,บ ) ) * D E L T A ( k K ,k ) ) ;

A R E A _ R E S T 3 _ B (S ,K ,Z ,I ,J )$ (O P T = I  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l



A N D  F R E E H (I) A N D  F R E E C (J ) A N D  B IF (Z ,บ ) = 1 ) ..  
P A R _ N _ B (K ,Z ,I ,J )= L = A S H E L L M A X *  **( l -S U M ( K K $ (O R D ( K K )  L E  N H E O (S .Z , บ ) ) ,  D E L T A (K K ,K ))) ;

* e"q (" |1 6 ) '~
A R E A _ R E S T 4 _ B (S ,K ,Z  ,I ,J )$ (0 P T = 1  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l  

A N D  F R E E H ®  A N D  F R E E C (J ) A N D  B IF (Z ,I .J )= 1 )
S U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,บ ) ) , D E L T A (K K ,K ))= L = 1 ;

* E Q ( 1 1 7)
A R E A  R E S T 5 J 3 ( ร ,K ,z ,บ ) $ (O P T = l  A N D  O R D (K )  L E  N H E 0 (S ,Z ,I ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  

A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  B IF (Z ,I ,J )= 1 ). .
S U M (K K $ (O R D (K K )  L E  ผ ฬ  A X ( Z , บ ) ) , D E L T A ® ,K K ) ) = L -  1 ;

* E Q ( 1 1 8)
A R E A _ R E S T 6 _ B ( ร ,Z ,I ,J )$ (O P T = l A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H ®

A N D  F R E E C (J ) A N D  B I F (Z ,บ ) - 1)..
S U M ((K ,K K )$ (O R D (K )  L E  K M A X (Z ,1 ,J )  A N D  O R D (K K ) L E  N H E 0 (S ,Z ,บ ) ) , D E L T A (K K ,K ))  

- E -  N H E 0 ( S ,Z ,บ ) ;

* E Q ( 1 1 9)
A D D R E S T - .
S U M ((S ,Z ,I ,J )$ (O P T = l  A N D  A L L O W ( S ,Z ,บ ) - 1 

A N D  F R E E H ®  A N D  F R E E C (J )) ,N H E (S ,Z ,] ,J )  
-N H E 0 (S ,Z ,I ,J ) )= L = 2 ;

* E Q (1 2 0 )
A D D _ R £ S T 2 (S , l ,J )S ( O P T = l  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

S U M (Z $ ( A L L O W ( S ,Z ,I ,J ) = l) ,N H E ( S ,Z ,บ ) - N H E 0 ( S ,Z ,บ ) ) = G = 0 ;  
S o f f t e x t  
* $ o n te x t

* * * , * 4,* * * * * * * * » * » * * * * * * .* » » E q 113tjo n  fo r  R e tr o fit  R e lo c 3110ท * * * * * * * * * * * * * * * * * * * * * *

* E Q (R e tr o f it  1 6)
R E L O C A T E J  ( ร ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,l,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J)

P A R (Z ,บ ) = L = A E X (Z ,’บ ) + D P A R _ E (Z ,I ,J )+ P A R _ N (S ,Z ,] ,J ) ;

* E Q (R e tr o f it  1 7 )
R E L O C A T E _ 2 ( ร ,Z ,l ,] ) $ ( O P T = 2  A N D  A L L O W (S ,Z ,l,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

A N D  B 1 F (Z ,I ,J )= 0  ) . .
A E X (Z ,I ,J )  = E =  S U M (R $ (O R D (R )  L E  K E T ) ,(A E X _ R (R )* P h i(Z ,L J ,R )) ) ;

* E Q (R e tr o f it  1 8 )
R E L O C A T E 3 ( S ,Z ,I ,J ) $ (O P T = 2  A N D  A L L 0 W (S ,Z ,I ,J )= 1  A N D  F R E E H (l)  A N D  F R E E C (J)

D P A R _ E (Z ,บ )  = L =  S U M (R $ (O R D (R )  L E  K E T ) ,(A E X _ U  J  (R )-A E X _ R (R ) )
* P h i(Z ,บ , R ));

* E Q (R e tr o f it  1 9 )
R E L O C A T E _ 4 ( ร ,Z ,I ,J )S (O P T = 2  A N D  A L L 0 W (S ,Z ,I ,J )= 1  A N D  F R E E H ®  A N D  F R E E C (J)

A N D  B 1 F (Z ,I ,J )= 0  ) . .
P A R _ N ( ร ,z , บ )  = L -  A J 4 E W _ M A X ( Z ,บ )  * (N H E (S  Z ,I ,J )+ N H E _ ร ( ร ,z , บ ) $ (N H E 0 ( S ,Z ,บ ) = 1  ) - (N H E 0 (S ,Z ,I ,J )*  

S U M (R $ (Ô R D (R )~ L E  K E T ) ,P h i(Z ,บ , R ))  ));

* E Q (R e tr o f it  2 0 )
R E L O C A T E  5J  ( ร ,Z ,บ ) $ (O P T = 2  A N D  A L L O W (S ,Z ,L J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

A N D  B I F (Z ,บ ) = 0 ) . .  N H E (S ,Z ,1 ,J )  = L =  T O T N E X C H M A X  ;

R E L O C A T E  S _ 2 (S ,Z ,I ,J )$ (O P T = 2  A N D  F R E E H ®  A N D  F R E E C (J)
A N D  B I F (Z ,บ ) = 0 ) . .  S D M (( R )$ ( O R D (R )  L E  K E T ) ,P h i(Z ,บ , R ))  = L =  1 ;

* E x tra  E q. L im its  n u m b er  o f  p h i m a tc h e s
R E L O C A T E 5  _ 3 ( Z ,R )$ ( O P T = 2 ) ..  S U M (( i ,j ) ,  P h i(Z ,I ,J ,R ))  = L =  1 ;

* $ O N T E X T
* * E Q (R e tr o f it  2 1 )
R E L O C A T E  6 (K ,R ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,บ ) =1  
A N D  F R E E H ®  A N D  F R E E C (J ) A N D  B IF (Z ,L J )= 1 ) ..

P A R  B  R ( k ,R ,Z ,บ ) = L = A E X _ B (K .,R ,Z ,] ,J )+ D P A R _ E _ B (K ,R ,Z ,1 ,J )+ P A R _ N _ B (K ,R ,Z ,1 ,J );
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* E Q (R e tr o f it  2 2 )
R E L O C A T E  7 (K ,R ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z J .J )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B IF (Z ,บ ) - ฯ ) . .

A E X _ B ( K ,R ,Z ,บ ) = E = S U M (R R $ (O R D (R R )  L E  K E T ) ,(A E X _ B _ R (R R )* * D E L T A (Z ,] ,J ,R R ,R ,K )) ) ;

* E Q (R e tr ô f ît  2 3 )
R E L O C A T E _ 8 (K ,R ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (R )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B I F (Z ,บ ) = 1 ) . .

D P A R _ E _ B ( K ,R ,Z ,บ ) = L =  S U M (R R S (O R D (R R )  LE  K E T ) ,(A E X _ U _ B _ R (R R )-A E X _ B _ R (R R ))  
* D E L T A (Z ,บ , R R ,R ,K ));

* E Q (R e tr o f it  2 4 )
R E L O C A T E _ 9 (K ,R ,ร ,Z ,] ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B I F (Z ,บ ) บ ) . .

P A R _ N _ B ( K ,R ,Z ,บ )  = L =  A _ N E W _ M A X (Z ,] ,J )  * ( l -S U M (R R S (O R D (R R )  L E  K E T )  
,D E L T A (Z ,บ , R R ,R ,K ))) ;

* E Q (  R e tr o f it  2 5 )
R E L O C A T E  l 0 ( K ,R ,ร ,Z ,] ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,l,J )= ]  
A N D  F R E E H (I )  A N D  F R E E C (J ) A N D  B IF (Z ,บ ) - ! ) . .

S U M (R R $ ( O R D (R R )  L E  K E T ) ,D E L T A (Z ,บ , R R .R .K ))  = L =  1 ;

* $ O F F T E X T

H O T I d T ] L I T Y _ C O S T = E =  S U M (I S (H U (I )  a n d  F R E E H (I )) ,C H U (I )* F H U (])* D T H U (I) ) ;

C o ld I U T I L I T Y _ C O S T  = E =  S U M (J S (C U (J )  A N D  F R E E C (J )) ,C C D (J )* F C U (J )* D T C U (J )) ;

A r e a C . .
A r e a _ C o s t= E =

+ S U M ( ( S ,Z ,บ ) $ (O P T = 2  A N D  A ! . ! ,O W ( S .Z ,l ,J ) - l  A N D  F R E E H (I) A N D  F R E E C (J )

,(C F * (N H E (S ,'z ,บ ิ) + N H E _ ร ( ร ,Z ,I ,J )$ (N H E O (S ,Z ,I ,J )= 1 ) -(N H E O (S ,Z ,] ,J )* (S U M (R $ (O R D (R )  L E  K E T ),  
P h i(Z ,บ , R )) ) ) ) )+ (C A E * I )P A R ._ E (Z ,บ ) ) + C A N * P A R _ N ( ร ,z , บ ) ) ;

S O N T E X T
S U M (( S ,Z ,I ,J ) $ (O P T = 2  A N D  A L L O W ( S ,Z ,l ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

A N D  B 1 F (Z ,I ,J )= 0 )
1( C A E * D P A R _ E (Z T ,J ) )+ C A N * P A R _ N ( ร ,Z ,I ,J ))

+ S U M ((S ,Z ,I ,J ,K ,R )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B IF (Z ,I ,J )= 1  A N D  O R D (K )L E  K M A X (Z ,I ,J ))

* + S U M  (K $ (O R J D (K )L E  K M A X (Z ,I ,J )  )
,(C A E * D P A R _ E _ B ( K ,R ^ ; ,I ,J )+ C A N * P A R _ N _ B ( K ,R ,Z ,บ ) ) ) ;
S O F F T E X T

F I x l c O S T  = E =  S U M ((S ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )
A N D  B I F (Z ,I ,J )= 1 )
, ( C F * (N H E (S ,Z ,I ,J )+ N H E _ ร ( ร ,Z ,I ,J )$ (N H E O (S ,Z ,I ,J )= I ) -S D M ((R R ,R ,K )$ (O P T = 2  A N D  O R D (R )  L E  K E T  A N D  

O R D ( K ) L E K M A X ( Z ,บ ) ) X )E L T A (Z ,I ,J ,R R ,R ,K )) ) ) )
+ S U M ( ( S ,Z ,I ,J ,K ,R ) $ ( O P T = 2  A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J )

A N D  B IF (Z ,1 ,J )= 1  A N D  O R D (K )L E  K M A X ( Z ,บ ) )
* + S U M  (K S (O R D (K )L E  K M A X ( Z ,บ )  )
, ( C A E * D P A R _ E _ B ( K ,R ,Z ,I ,J ) + C A N » P A R _ N _ B (K ,R rZ ,I ,J )))

Î O N T E X T
S U M ((S ,Z ,I ,J )$ (O P T = 2  A N D  A L L O \V (S .Z ,I .J ) - - l  A N D  F R E E H (I)  A N D  F R E E C (J )

,( C F * ( N H E ( S ,Z ,บ ิ) + N H E _ ร ( ร ,Z ,I ,J )$ (N H E O (S ,Z ,] ,J )= 1 ) - (N H E O (S ,Z ,1 J )* (S U M (R S (O R D (R )L E K E T ) ,

* + S U M ((S ,Z ,I ,J )S (O P T = 2  A N D  A L .L O W (S .Z .บ ) - 1 A N D  F R E E H (I) A N D  F R E E C (J )
* A N D  B I F ( Z ,I ,J ) - 1 )

+ ( C F * ( N H E (S ,Z ,I ,J ) + N H E _ ร ( ร ,Z ,] ,J )$ (N H E O (S .Z ,I ,J )= 1 )-S U !V I((R R ,R ,K )$ (O P T = 2  A N D  O R D (R )  L E  K E T  A N D



ORD(K)LE KMAX(Z, บ)),DELTA(Z,I,I,RR,R,K)))))
S O F F T E X T+______

M O D E L  M P E R I O D  /  A L L /;

O P T IO N  L IM R O W  = 5 0 0 0 ;  
O P T IO N  L IM C O L  = 5 0 0 0 ;  
O P T IO N  S O L P R I N T =  O FF ; 
O P T IO N  O P T C R = 0  ; 
O P T IO N  O P T C A = 0  ; 
O P T IO N  r e s lim  =  1 3 5 8 0 0 ;

S O L V E  M P E R I O D  U S I N G  M IP  M I N IM IZ IN G  T C O S T ;

P A R A M E T E R  Q M A T C H (S ,Z ,I ,J ) ;
Q M A T C H ( S ,Z ,I ,J ) = S U M ( (M ,N )$ ( D ( S ,Z ,M ,N )= 1  A N D T L ( S ,N )  L T T U ( S ,M )  a n d  D (S ,Z ,M ,N )= ]  
A N D  C O L D ( S .L N )  A N D  A L L O W _ H (S ,Z ,I ,M ,I )= l  A N D  A L L O W j : ( S ,Z ,J ,N ,I ) = l ) ,

Q .L (S ,Z ,I ,M ,J ,N ));

P A R A M E T E R  F H _ H (S ,Z ,บ , M ) F lo w r a te  o f  h o t s trea m  p er  H E x ;
F H _ H (S ,Z ,I ,J ,M )$ [H O T (S ,] ,M ))= Q N E W _ M .L (S ,Z ,I ,I ,M ) /[ ( 'r U (S ,M )-T L (S ,M ))* C P H (S ,l ,M )]  

P A R A M E T E R  F C _ C ( ร ,Z ,J ,I ,M ) F lo w r a te  o f  c o ld  stream  p er  H E x ;
F C _ C (S ,Z ,J ,I ,M )S [C O L D (S ,J ,M )]= Q N E W  N .L (S ,Z ,I ,J ,M ) /[ (T U (S ,M )-T L (S ,M ))* C P C (S ,J ,M )j

P A R A M E T E R  N H E 2 (S ,Z ,J ,I ) ;
N H E 2 (S ,Z ,J ,I )=  N H E .L (S ,Z ,บ ) ;

o p t io n  N H E :3 : 0 : 1 ; d isp la y  N H E .L ;  
o p t io n  N H E  S : 3 : 0 : l ;  d isp la y  N H E _ S .L ;
O P T IO N  C o T d _ U T lL I T Y _ C O S T :3 7 0 : l;  D IS P L A Y  C o ld U T I L I T Y C O S T .L ;  
O P T IO N  H O T J J T 1 L I T Y ~ C O S T :3 :0 :1 ;  D IS P L A Y  H O T Ï U T I L IT Y J T O S T .L ;  
O P T I O N  A r e a j C o s t  3 :0 : L  D I S P L A Y  A r e a  C o st .L ;
O P T I O N  F I X j C O S T : 3 :0 : l  ; D IS P L A Y  F IX ^ C O S T  L;

o p t io n  Q :3 :0 :1 ;  d isp la y  Q .L ;  
o p t io n  F H U :3 :0 :1 ;  d isp la y  F H U .L ;  
o p t io n  F C U :3 :0 :1 ;  d isp la y  F C U .L ;

* O P T IO N  D P A R J E :3 : 0 : 1 ; D I S P L A Y  D P A R  E .L ;
* O P T IO N  P A R _ N :3 :0 :1 ;  D I S P L A Y  P A R  N .L ;

O P T I O N  P A R :4 :0 :1 ;  D I S P L A Y  P A R .L ;
O P T I O N  Q M A T C H :4 :0 :1 ;  D I S P L A Y  Q M A T C H ;
O P T IO N  FI I 11:3:0:1; D I S P L A Y  F H _ H ;
O P T I O N  F C ~ C :3 :0 :1 ; D I S P L A Y  F c j c ;
O P T IO N  P A R _ N :3 :0 :1 ;  D I S P L A Y  P A R  N .L ;
O P T IO N  D P A R  E :3 :0 : l ; D I S P L A Y  D P A R  E .L ;
O P T IO N  P H I:3 :0 :1 ;  D IS P L A Y  P H I L;
O P T IO N  A E X :3 :0 :1  ; D I S P L A Y  A F X  L,

S O N T E X T  
D I S P L A Y  D T V I O ;
D I S P L A Y  A E X ;
D I S P L A Y  C P H ,  
n i e p i  AY O PP- 
D I S P L A Y  P H I.L ;

E X E C U T E  U N L O A D  '’is a b e lo u t .g d x " ,P A R , Q M A T C H , F H _ H , F C _ C , A E X ;  
E X E C U T E t G D X X R W .E X E  is a b e lo u t .g d x  p a r - Q M A f C I  I r n g = a l';  
E X E C U T E  'G D X X R W .E X E  is a b e lo u t  g d x  v a r = P A R  r n g = r l';
E X E C U T E  'G D X X R W .E X E  i s a b e lo u t g d x  P A R = A E X  r n g = a f l ':
E X E C U T E  'G D X X R W .E X E  is a b e lo u t .g d x  p a r = F H _ H  r n g = a 2 0 ’;
E X E C U T E  'G D X X R W .E X E  i s a b e lo u t g d x  p a r = F c ! c  m g = a 4 0 ':
E X E C U T E  'G D X X R W .E X E  is a b e lo u t .g d x  p a r = P H lr n g = a 6 0 ';
E X E C U T E  'G D X X R W .E X E  is a b e lo u t .g d x  v A R = D P A R  rn g = R 6 0 ';  
S O F F T E X T
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Appendix c Programming Model for Retrofit without Relocation Apply for 
Crude Fractionation Unite

S T IT L E  H E N  d e s ig n -  A u to m a t ic  p ara m eter  c a lc u la t io n -  K IT IS A K -1  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* E q u a tio n s  that are d iffe r e n t  than  in th e  p ap er  +errata .*(100)
* (1 0 5 )

* E q u a tio n s  that are a d d e d  to  th o s e  th at are  in th e  paper  
* (1 0 6 )  a n d  (1 0 7 )
* C O N S I S T E N C Y  : N u m b e r  o f  e x c h a n g e r s  sm a lle r  th an  th e  n u m b er  o f  s h e lls
* N e e d e d  b e c a u s e  th e  e x c h a n g e r s  are r e la te d  to  th e  v a lu e s  o f  K .
* (1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
* (1 0 9 )  M I N I M U M  N U M B E R  O F  E X C H A N G E R S  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Î O F F U P P E R

S O N T E X T
♦ NM -4S 1-F I N A L -6 -F L E X I B I L I T Y -S 1 .g m s:  A u g u st  9 ,2 0 0 4  
-  o n e  s c e n a r io , th e  o r ig in a l v a lu e s  o f  4 s l .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S O F F T E X T
S E T S

z  tran sfer  z o n e  / Z l /*
* A L W A Y S  D E F I N E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  

I H o t s tr e a m s  /I I  * 19 /
J c o ld  s tr e a m s  /J 1 * J 3 /

♦ A L W A Y S D E F I N E  T H E  U T IL IT IE S  W IT H  T H E  H IG H E S T  IN D E X  
H U (I)  H e a t in g  u t il i t ie s  /I 9 /
C U (J )  C o o l in g  u t il i t ie s  /J 3 /

M  tem p er a tu r e  in te r v a ls  /M l  *M  1 1 1 /  
ร  S C E N A R IO  / S I /
K tem p er a tu r e  in te r v a ls  /K I  * K 1 /

♦ NEW S E T  F O R  P U M P -A R O U N D .  
P A (I ) P u m p -a r o u n d  s tr e a m s  /I 2 ,I 4 ,I 6 /*
A L I A S  ( M ,N ,L ,0 )
A L I A S  (1,11)
A L I A S  (J,JJ)
A L I A S  (K ,K K )
A L I A S  (Z ,Z Z )

♦ P A R A M E T E R  F O R  P U M P - A R O U N D  C A S E

P A R A M E T E R  F P R (1 ,R ) C a n d id a te  v a lu e s  fo r  p u m p -a r o u n d  flo w r a te  i
/
I2 .R 1 7 0 1 .4 7 8 0
I2 .R 2 6 4 7 .5 1 8 1
I2 .R 3 5 3 9 .5 9 8 4
1 2 .R 4 4 8 5 .6 3 8 6

1 4 .R l 7 8 .2 8 0 3 4
I 4 .R 2 1 1 5 .4 6 3 5
I4 .R 3 1 5 6 .5 6 0 7
I 4 .R 4 1 7 6 .1 3 0 8

1 6 .R l 3 7 .5 9 5 7 5
I6 .R 2 3 9 .9 4 5 4 9
I6 .R 3 8 4 .5 9 0 4 4
I6 .R 4 1 0 8 .0 8 7 8
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P A R A M E T E R  T O T A L Q P A  T o ta l P A  lo a d  ; 
T O T A L Q P A  = 1 5 8 0 0 0 7

‘ lin e a r  fu n c t io n  fo r  C p  fo r  h o t stre a m s

11 0 .0 0 3 5
12 0 .0 0 4 0
13 0 .0 0 4 0
14 0 .0 0 5 5
15 0 .0 0 3 9
16 0 .0 0 5 2
17 0 .0 0 3 8
18 0 .0 0 3 1
19 0

P A R A M E T E R  B  c p  H ( l )  In te r ce p t fo r  C p

11 1 .9 0 9 8
12 1 .7 9 7 9
13 1 .7 4 8 3
14 1 .4 6 8 2
15 1 .7 0 4 4
16 1 .3 8 3 4
17 1 .6 7 5 6
18 1 .8 2 0 1
19 4 .1 8/
‘ l in e a r  fu n c t io n  fo r  C p  fo r  c o ld  s tre a m s

P A R A M E T E R  A _ c p _ C (J )  C o e f f ic ie n t s  fo r  C p

J1 0 .0 0 3 7  
J2 0 .0 0 3 5  
J3 0

P A R A M E T E R  B ^ c p _ C (J )  C o e f f ic ie n t s  fo r  C p

J1 1 .9 9 6 6  
J2 1 .8 1 4 3  
J3 4 .1 8/
* y  =  a * P A ( l ) + b * P A ( 2 ) + c * P A ( 2 ) + d  fr o m  u s ig  r e g r e ss io n .

P A R A M E T E R  A  l (I) C o e f f ic ie n t s  fo r  P A (1 )

12 2 .8 2 E - 0 5
14 - 6 .3 E - 0 5
16 -2 .7 E - 0 5

P A R A M E T E R  B  J  (I) C o e f f ic ie n t s  fo r  P A (2 )

12 4 .5 6 E - 0 5
14 -5 .4 E - 0 5
16 - 2 .8 E - 0 5

P A R A M E T E R  c J  (1) C o e f f ic ie n t s  fo r  P A (3 )

12 5 .9 1 E - 0 5
14 - 2 .4 E - 0 5
16 - 2 .3 E - 0 5

P A R A M E T E R  D J J  (1) In te r ce p t

12 -3 .8 1 2 3 2
14 1 1 .1 4 2 1 2
16 6 .4 9 1 4 4 9
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/*1

P A R A M E T E R  ไ  ( ร ,Z ,] ,M ,J ,N )  U p p e r  b ou n d

s  1 .Z  1 .1 2 .(M 3 * M  10 ).J  1 , ( M 8 4 * M 9 4 )  1 0 0 0 0  
ร ]  Z I  ,I 2 .(M 3 * M  10 ) .J 2 . (M 9 5 * M 1 0 9 )  1 0 0 0 0  
ร  1 .Z I  ,1 2 .(M 3 * M  10 ).J 3 .(M  1 1 0 * M  111 )  1 0 0 0 0

ร  I z  1 .I 4 .(M 2 6 * M 3 5 ) .J  1 ,(M 8 4 * M 9 4 )  1 0 0 0 0  
ร ] . Z 1 . I 4 . (M 2 6 * M 3 5 ) .J 2 . (M 9 5 * M 1 0 9 )  1 0 0 0 0  
ร  1 ,Z 1 .I 4 .(M 2 6 * M 3 5 ) .J 3 .(M  1 1 0 * M 1 1 1 ) 1 0 0 0 0

ร  1 ,Z 1 .I 6 .( M 5 1 * M 5 7 ).J  I , ( M 8 4 * M 9 4 )  1 0 0 0 0  
ร  1 Z 1, I 6 . ( M 5 1 * M 5 7 ) .J 2 .(M 9 5 * M  1 0 9 )  1 0 0 0 0  
S L Z 1 .1 6 .( M 5 1 * M 5 7 ) .J 3 .( M I  1 0 * M 1 11) 1 0 0 0 0/
P A R A M E T E R  T E (S ,Z ,I ,M ,J ,N )  U p p e r  b o u n d

ร  1 Z 1 ,I 2 .(M 3 * M  10).J1 , ( M 8 4 * M 9 4 )  1 0 0 0 0  
S 1 .Z 1  I 2 .( M 3 * M 1 0 ) .J 2 .( M 9 5 * M 1 0 9 )  1 0 0 0 0  
S I  ,Z 1 .I 2 .( M 3 * M 1 0 ) .J 3 .( M 1 1 0 * M 1 1 1) 1 ๓ 0 0

S 1 .Z 1 .I 4 .( M 2 6 * M 3 5 ) .J 1 .( M 8 4 * M 9 4 )  1 0 0 0 0  
ร  1 Z 1,1 4 .(M 2 6 * M 3 5 ) .J 2 .(M 9 5 * M  1 0 9 )  1 ๓ 0 0  
ร  1 ,Z 1 ,1 4 .(M 2 6 * M 3 5 ) .J 3 .(M  1 1 0 * M  1 1 1) 1 0 0 0 0

ร  1 Z1 1 6 . ( M 5 1 * M 5 7 ).J  1 , ( M 8 4 * M 9 4 )  1 0 0 0 0  
ร ]  Z 1 .1 6 .( M 5 1 * M 5 7 ) .J 2 .(M 9 5 * M  1 0 9 )  1 ๓ 0 0  
S I  Z 1 .1 6 .( M 5 1 * M 5 7 ) .J 3 .( M 1 1 0 * M 1 1 1) 1 0 0 ๓

P A R A M E T E R  O M E G A (S ,Z , l .M J ,N )  U p p e r  b o u n d

ร  1 Z l  1 2 .(M 3 * M  10).J1 , ( M 8 4 * M 9 4 )  1 0 0 0 0  
ร  1 .Z  1 .1 2 .(M 3 * M  10 ) .J 2 .(M 9 5 * M  1 0 9 )  1 0 0 0 0  
S I ,Z  1 .1 2 .(M 3 * M  1 0 ) .J3 . ( M 1 1 0 * M 111 )  1 ๓ 0 0

ร  I Z 1,1 4 .(M 2 6 * M 3 5 ) .J  1 , ( M 8 4 ‘ M 9 4 )  1 0 0 0 0  
S 1 ,Z 1 ,1 4 .(M 2 6 * M 3 5 ) .J 2 .(M 9 5 * M  1 0 9 )  1 0 0 0 0  
S I  .Z T 1 4 .( M 2 6 * M 3 5 ) .J 3 .( M 1 1 0 * M 1 1 1) 1 0 0 0 0

S 1 .Z 1 .16 .(M 5I*T V 157).J1  , ( M 8 4 * M 9 4 )  1 0 0 0 0  
S 1 .Z 1 .1 6 .( M 5 1 * M 5 7 ) .J 2 .( M 9 5 * M 1 0 9 )  1 ๓ 0 0  
S I  .Z 1 .1 6 .(M 5 1  * M 5 7 ) .J 3 .( M 1 1 0 * M 1 1 1) 1 0 0 0 0/
P A R A M E T E R  N IZ (S ,Z ,1 )  #  O F  I N T E R V A L S  D E S I R E D  F O R  H O T  S T R E A M S

S 1 .Z 1 .1 1  2  
S 1 .Z 1 .I 2  8 
S 1 .Z 1 .1 3  15  
S 1 .Z 1 .1 4  10  
S I .Z 1 .1 5  15  
S 1 .Z 1 .1 6 7  
S 1 .Z 1 .1 7  15  
S 1 .Z 1 .1 8  8  
S 1 .Z 1 .1 9  3

P A R A M E T E R  N J Z (S ,Z ,J )  n  O F  I N T E R V A L S  D E S I R E D  F O R  C O L D  S T R E A M S

S 1 .Z L J 1  11 
S I .Z 1 .J 2  15  
S 1 .Z 1 .J 3  2/
* U se d  O v e r  a ll h ea t tra n sfe r  C o e f f  in ste a t o f  h o t  and  c o ld  h ea t tra n sfer  C o e f f .
* T h is  v a lu e s  c o m e  fro m  te x t  b o o k .
P A R A M E T E R  บ ( ร , I,J) O V E R  A L L  H E A T  T R A N S F E R  C O E F F IC IE N T

ร  1.(11 * 1 3 ,1 7 ,1 9 ) .(J 1 * J 2 )  0 .7 1 5
ร  1 .(1 4 ,1 6 ) .(J 1 * J 2 )  0 .7 1 5
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S 1 .1 5 ,(J 1 * J 2 )  
S 1 .1 8 .(J 1 * J 2 )  
ร  1 .(11,12 ). J3  s 1 .(13,17 ) J 3  
ร ] . (14 ,16 ) J 3  
ร ] .  (15 ). J3  
ร ] . (I8 ).J 3

0 .3 0 6
0 .4 7 0

1 .4 0 01.020
0 .5 1 1

0 .7 6 5
0 .7 6 5
5 .1 1 0S 1 .(1 9 ) .J 3

P A R A M E T E R S
T 1H (S ,1 ) T  IN  F O R  H O T  S T R E A M S

5 1 .11 4 8 .3 0 0 0 0
5 1 .12 1 8 2 .5 7 2 0
5 1 .13 2 2 4 .6 8 5 0  
ร  1.14 2 6 8 .7 8 8 0
5 1 .15 2 7 5 .6 5 7 0
5 1 .16 3 0 8 .5 1 0 0
5 1 .17 3 2 3 .5 1 2 0
5 1 .18 3 4 7 .1 8 1 0  
ร  1.19 4 0 0 .0 0 0 0

T O H (S , l)  T  O U T  F O R  H O T  S T R E A M S

51.11  2 6 .1 1 0 0 0
5 1 .12 1 0 4 .4 4 0 0  
ร  1.13 2 6 .1 1 0 0 0  
ร ] . 14 1 7 3 .6 2 7 0  
S  1.15 2 6 .1 1 0 0 0  
ร ] . 16 2 3 2 .2 2 2 0  
ร 1.17 2 6 .1 1 0 0 0  
ร 1.18 2 6 0 .0 0 0 0  
ร ] . 19 3 9 9 .0 0 0 0

T 1 C (S ,J ) T  IN  F O R  C O L D  S T R E A M S

S 1.J1  1 6 .1 1 0 0 0  
S 1 .J 2  1 3 2 .7 8 0 0  
S 1 .J 3  2 0 .0 0

T O C (S ,J )  T  O U T  F O R  C O L D  S T R E A M S

S 1.J1  1 3 2 .7 8 0  
ร ] . 12 3 6 0  
S 1 .J 3  3 0 .0 0 0 0 0

P A R A M E T E R S
T 1 H Z (S ,Z ,I )  T  IN  F O R  H O T  S T R E A M S  

S 1 .Z 1 .I1  4 8 .3 0 0 0 0
CÎ 7] TO 1 O') Ç770s m n  ร
S 1 .Z 1 .I4  2 6 8 .7 8 8 0  
S 1 .Z 1 .1 5  2 7 5 .6 5 7 0  
S 1 .Z 1 .I 6  3 0 8 .5 1 0 0  
S 1 .Z 1 .1 7  3 2 3 .5 1 2 0  
S 1 .Z 1 .I 8  3 4 7 .1 8 1 0  
S 1 .Z 1 .1 9  4 0 0 .0 0 0 0

T O H Z ( S ,Z ,l )  T  O U T  F O R  H O T  S T R E A M S

S 1 .Z 1 .I1  2 6 .1 1 0 0 0  
S 1 .Z 1 .I 2  1 0 4 .4 4 0 0  
S 1 .Z I .1 3  2 6 .1 1 0 0 0  
S 1 .Z 1 .1 4  1 7 3 .6 2 7 0  
S 1 .Z I .I 5  2 6 .1 1 0 0 0  
S 1 .Z 1 .I 6  2 3 2 .2 2 2 0  
S 1 .Z 1 .I 7  2 6 .1 1 0 0 0  
S 1 .Z 1 .I 8  2 6 0 .0 0 0 0  
S 1 .Z 1 .I 9  3 9 9 .0 0 0 0  
/



T IC Z (S ,Z ,J )  T  IN  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  1 6 .1 1 0 0 0  
S I .Z 1 .J 2  1 3 2 .7 8 0 0  
S 1 .Z 1 .J 3  2 0 .0 0

T O C Z (S ,Z ,J )  T  O U T  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J I  1 3 2 .7 7 8 0

S L Z L J 3  3 0 .0 0 0 0 0

*__________________
♦ IN T R O D U C E  T H E  F C p :
F H (S ,I )  F O R  H O T  S T R E A M S

S I . 11 1 7 7 .8 2 6
S I . 13 1 2 0 .1 5 8
S I . 15 5 9 .1 9 9 0
S I  .17 1 0 2 .4 1 7
S I . 18 2 1 1 .7 0 5

F C (S ,J )  F O R  C O L D  S T R E A M S

S 1.J1  7 5 2 .5 9 4
S 1 .J 2  6 7 3 .4 2 2

♦ USE T H E  M A X  F C p  F O R  T H E  U T IL IT IE S  
+ ______________________ ________________
S E T S  F R E E H (I)

11*19

F R E E C (J )/
J1.12
J3

P A R A M E T E R  B IF (Z .I .J )

Z I .I 1 .J 1  0

♦ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B IF = 1  ; 
♦ M A X N E X C H P E R M A T C H  =  2

P A R A M E T E R  S P H (l)

(11 ,13 ,15 ,17 ,18 ,19 ) 1 
(12 ,14 ,1 6 ) 0

P A R A M E T E R  S P C (J )

i, ,
J 2  1
J3 1

P A R A M E T E R  N I H ( l)

M „

P A R A M E T E R  N 1C (J)

J1 0

P A R A M E T E R  D T V 1 0 (I

(1 1 * I 9 ) .(J 1 * J 3 )  I/

S H  in  paper

S C  in  paper

N o n  iso th e rm al

N o n  iso th erm al

J)

s p lit t in g  fo r  h o t  s tre a m s in  pap er

s p lit t in g  fo r  c o ld  s tre a m s in paper
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P A R A M E T E R  K M A X ( Z T J )

Z I .I 1 .J ]  !/
P A R A M E T E R  D T H U (I )

f  '
P A R A M E T E R  D T C U (J )

J3 10

P A R A M E T E R  F M A X H U ( I )

19 1 0 0 0 0 0

P A R A M E T E R  F M A X C U ( J )

J3 1 0 0 0 0 0  

P A R A M E T E R  C H U (l)

19 1 9 .7 5 0

P A R A M E T E R  C C U (J )

J3 1 .8 6 1/
P A R A M E T E R  C S S ( l )  C o s t  o f  s id e  s tr ip p in g

12 2 0 .3 3
14 2 0 .3 3
16 2 0 .3 3

P A R A M E T E R  C F;

P A R A M E T E R  C A N ;
C A N  =  1 7 1 .4 ;
P A R A M E T E R  C A E ;
C A E  =  1 7 1 .4 ;

**  R e tr o fit
P A R A M E T E R  A E X (Z ,บ )

Z 1 .I 1 .J 3  5 1 5 .6 8 5  
Z 1.12 .J 1  2 2 3 9 .9 2 9  
Z 1 .I3 .J 1  1 0 0 0 .0 0 0  
Z 1 .1 3 .J 2  2 0 4 .2 0 0  
Z 1 .I 3 .J 3  6 1 7 .7 9 7  
Z 1 .I4 .J 1  5 7 2 .0 9 6  
Z 1 .I 4 .J 2  1 7 9 .4 2 8  
Z 1 .I5 .J 1  1 3 3 .6 2 5
71 K T9 ^90 809
n  i  n  5 4 6 ^ 8 22  
Z 1 .I 6 .J 3  1 8 4 .5  
Z 1.17 .J1  6 0 8 .8 5 8  
Z 1 .I 7 .J 2  7 9 8 .9 6 5  
Z 1.17 .J 3  4 2 5 .3 9 7  
Z 1 .1 8 .J 3  2 4 0 .7  
Z 1 .1 9 .J 2  4 4 8 9 .5  
/
P A R A M E T E R  A E X _ B (K ,Z ,1 ,J )

K 1 .Z 1 .1 1 .J 3  5 1 5 .6 8 5

P A R A M E T E R  N H E 0 (S .Z ,1 ,J )

S 1 .Z 1 .I 1 .J 3  1 
S 1 .Z 1 .1 2 .J 1  1 
S 1 .Z 1 .I3 .J 1  1
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S I .Z 1 .1 3 .J 2  1 
S 1 .Z 1 .1 3 .J 3  1 
S 1 .Z J .1 4 .J 1  1 
S 1 .Z 1 .I 4 .J 2  1 
S I .Z 1 .1 5 .J 1  1 
S 1 .Z 1 .I 5 .J 2  1 
S 1 .Z 1 .1 5 .J 3  1 
S 1 .Z 1 .1 6 .J 3  1 
S 1 .Z 1 .1 7 .J 1  1 
S 1 .Z 1 .1 7 .J 2  1 
ร ] . Z 1 .I 7 .J 3  1 
S 1 .Z 1 .1 8 .J 3  1 
S 1 .Z 1 .1 9 .J 2  1

P A R A M E T E R  A E X  บ ( Z ,บ )

Z 1 .1 1 .J 3  3 0 0 0  
Z 1 .I2 .J 1  3 0 0 0  
Z 1 .I3 .J 1  3 0 0 0  
Z 1 .1 3 .J 2  3 0 0 0  
Z 1 .1 3 .J 3  3 0 0 0  
Z 1 .I4 .J 1  3 0 0 0  
Z 1 .1 4 .J 2  3 0 0 0  
Z  1.15. J 1 3 0 0 0  
Z 1 .1 5 .J 2  3 0 0 0  
Z 1 .1 5 .J 3  3 0 0 0  
Z 1 .I 6 .J 3  3 0 0 0  
Z I .I 7 .J 1  3 0 0 0  
Z 1 .I 7 .J 2  3 0 0 0  
Z 1 .1 7 .J 3  3 0 0 0  
Z 1 .I 8 .J 3  3 0 0 0  
Z 1 .1 9 .J 2  5 0 0 0

P A R A M E T E R  A E X _ U _ B ( K ,Z ,บ )

K l  .Z I .11 J1 3 0 0 0 .0 0 0  

P A R A M E T E R  A _ N E W _ M A X ( Z ,บ )

Z I ( I l  * 1 4 ) .(J 1 * J 3 )  5 0 0 0 .0 0 0  

P A R A M E T E R  M A X N E W H E X
* M a x im u m  N u m b e r  o f  n e w  e x c h a n g e r s  ■ ■
/ 5 0 /;* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  Q L H M IN
* M in im u m  h e a t  that c a n  b e  tran sferred  w ith in  an in te r v a l.H o t  stream s  

P A R A M E T E R  Q L C M IN
* M in im u m  h e a t  th a t can  b e  tra n sferred  w ith in  an  in te r v a l.C o ld  stream s

P A R A M E T E R  A M A X
* M a x im u m  area  per e x c h a n g e r  /20000/;
P A R A M E T E R  A S H E L L M A X
* M a x im u m  sh e ll  area
/ 5 0 0 0 /;
P A R A M E T E R  T O T N E X C H M A X
* M a x im u m  N U M B E R  O F  E X C H A N G E R S
/ 9 0 0 /:
P A R A M E T E R  T O T N E X C H M I N
* M in im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  D T m in
* M in im u m  D E L T A  T/o/;
* E N D  O F  I N P U T  P A R A M E T E R S* ___________________________
S C A L A R S  S i, Z i ,  M i, Ic , Ji
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P A R A M E T E R S  IH m in Z (S ,Z ,I ) ,I H m a x Z (S ,Z ,]) ,I H m a x (S ,I ) ,I H m in (S ,I ) ,H O T (S ,I ,M ) ,
H 0 T 2 ( S  M )  H O T Z (S ,Z ,I ,M ) , I C m in Z (S ,Z >J ) J C m a ^ ( S ,Z ,J ) j c m in ( S ,J ) ,  

I C m a x ( S ,J ) ,C 0 L D ( S ,J ,M ) ,C 0 L D 2 ( S ,M ) ,  C O L D Z (S ,Z ,J ,M ) , H _ I( ร ,I ,M ), H _ J ( ร ,J ,M )

F O R (S i= l  T O  C A R D (S ) ,
F O R (Z i= I  T O  C A R D (Z ),

F O R (I c = ]  T O  C A R D (I ) ,
]H m in Z (S ,Z ,I )$ [O R D (S )= S i  A N D  O R D (I ) = l

A N D  O R D (Z ) = l  ] =  0 +  ] $ [N 1 Z (S ,Z ,I )> =  1 ]; 
I H m in Z (S ,Z ,I )S [O R D (S )= S i A N D  O R D (I ) > l  

A N D  O R D ( Z ) = l ] =  0 +
{ ร บ M ((Z Z ,I I )$ [O R D (I I )< O R D (l)] .N I Z (S ,Z Z ,H ))+ I  } $ [ N I Z ( S ,Z ,] ) > = ] ] ;  

I F I m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D ( Z ) > l ] =  0 +
{S U M ((Z Z ,I I )$ [O R D (I I )< O R D (I ) ] ,N lZ (S ,Z Z ,I I ) )

+ S U M (Z Z S [O R D (Z Z )<  Z i] ,N lZ (S ,Z Z ,l ) } + l  }$ [N I Z (S ,Z ,I )> = 1 ] ;  
I H m a x Z (S ,Z ,I )S [O R D (S )= S i A N D  O R D (I )= ]c  A N D  O R D (Z )= Z i]=  0 +  

{ I H m in Z (S ,Z ,I )+ N I Z (S ,Z ,I ) - l  }$ [N I Z (S ,Z ,I )> =  1 ]; 
] H m in ( S ,] ) $ [ O R D ( S ) = S i  A N D  O R D (I )= I c ]=

S U M [Z $ { S U M (Z Z $ [O R D (Z Z )< = O R D (Z )- I ] ,N lZ (S ,Z Z ,I ) )= 0 } ,I H m in Z (S ,Z ,) ) ] ;  
lH m a x ( S ,I ) $ [ O R D ( S ) = S i  A N D  O R D (I )= I c ]=  

S U M [Z $ { S U M (Z Z $ [O R D (Z Z )> = O R D (Z )+ l] ,N I Z (S ,Z Z ,I ) )= 0 } ,)H m a x Z (S ,Z ,I ) ] ;

F O R (M i= l  T O  C A R D (M ) ,
H O T (S ,] ,M )$ [O R D (S )= S i  A N D  O R D (I ) = lc  A N D  O R D (M )= M i]=  0 +

1 $ [O R D ( M ) > =  I H m in (S ,I )  A N D  O R D (M )< = I H m a x (S ,I ) ] ;  
H O T 2 ( S ,M )$ [ O R D (S ) = S i  A N D  O R D (M )= M i]=  0 +  I $ [O R D (M )< =  

S U M (l$ (O R D (I )= C A R D (I ) ) ,I H m a x (S >I)));  
H O T Z (S ,Z ,I ,M )$ [O R D (S )= S i A N D  O R D (I )= ic  A N D  O R D (M )= M i  

A N D  O R D (Z ) = Z i]=  0 +  ]$ [O R X > (M )> =  IH m in Z (S ,Z ,I )  A N D  O R D (M )< = I H m a x Z (S ,Z ,I ) ] ;

F O R (J i= l  T O  C A R D (J ) ,
]C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D (J ) = l  A N D  O R D ( Z ) = l ] =  0 +

{ ร L IM (]$ [O R D (I )= C A R D (I ) ] ,I F lm a x (S ,I ))+ I  }$ [N J Z (S ,Z ,J )> = 1 ];  
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D (J )> I  A N D  O R D ( Z ) = ] ] =  0 +

{ ร บ M { I $ [ O R D (] ) = C A R D (I ) ] >I H m a x ( S I ) }
+ S U M ((Z Z J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z J J ) )+ l  )$ [N J Z (S ,Z ,J )> = 1 ];  

)C m in Z (S ,Z  J )$ [O R D (S )= S i  A N D  O R D ( Z ) > l ] =  0 +  
{ S U M { l$ [O R D (I )= C A R D (I ) ] ,I H m a x (S ,I )}  

- iS U M ((Z Z ,J J )$ [O R D (J J )< O R D (J ) l,N J Z (S ,Z Z ,J J ) )
+ S U M (Z Z S [O R D (Z Z )<  Z i] ,N J Z (S ,Z Z ,J ))+ l  }S [N J Z (S ,Z  J )> = 1 ];

]C m a x Z (S  Z ,J )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +  
{ I C m in Z (S ,Z ,J )+ N J Z (S ,Z ,J )- l  } $ [N J Z (S ,Z ,J )> = I ] ;

IC m in (S ,J )  $ [O R D ( S )= S i  A N D  O R D (J ) = i i ] =
S U M  [Z $  { S U M (Z Z S [O R D (Z Z )< = O R D (Z )-1 ] ,N J Z (S ,Z Z ,J ) )= 0 }  ,IC m  in Z (S ,Z ,J )]  ; 

K 'm a x ( S J )  $ [O R D ( S )= S i  A N D  O R D (J )= J i]=  
S U M |Z $ { S U M ( Z Z $ [ O R D ( Z Z ) > - O R D ( Z ) + l j ,N J Z ( S ,Z Z ,J ) H } ,I C m a x Z ( S ,Z ,J ) ] ;

F O R (M i= l  T O  C A R D (M ) ,
C O L D (S ,J ,M )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (M )= M i]=  0 +

1 $ [O R D ( M ) > =  IC m in (S ,J )  A N D  O R D (M )< = I C m a x (S ,J ) ] ;  
C O L D 2 ( S ,M ) $ [O R D ( S )= S i  A N D  O R D (M )= M i]=  0 +

l$ [O R D ( M ) > S U M ( ]$ ( O R D (I ) = C A R D ( I ) ) >I H m a x (S ,] ) )
A N D  O R D ( M ) < -  S U M (J $ (O R D (J )= C A R D (J )) ,I C m a x (S  J ))];  

C O L D Z (S ,Z ,J ,M )$ [O R D (S )= S i  A N D  O R D (J )= J i A N D  O R D (M ) M i 
A N D  O R D (Z )= Z i]=  0 +  lS [O R D ( M ) > =  IC m in Z (S ,Z ,J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ];

))));
P A R A M E T E R S  D T ( S ,M ) ,T U (S ,M ) , T L (S ,M ) ,C P H (S ,] ,M ) ,C P C (S ,3 ,M ) ,D H H (S ,I ,M ) ,D H C (S ,J ,M )  

C P H _ U (S ,I ,M ) ,C P C _ U (S ,J ,M ),C P H _ L (S ,I ,M ) ,C P C _ L (S ,J ,M );

D T ( S .M )  =  ร บ M ( ( Z ,I )$ [ H O T Z ( S ,Z ,I .M )= l] ,{ [ T I H Z (S ,Z I ) -T O H Z (S ,Z ,I ) ] /  
[ I H m a x Z ( S ^ ,I ) - I H m in Z ( S .Z l ) + l ] } ) $ [ H O T 2 ( S ,M ) = l ] +  

ร บ  M (( Z J ) $ [C O L D Z ( S ,Z ,J ,M )= l] .{ [ T O C Z ( S ,Z ,J ) -T I C Z ( S ,Z ,J ) ] /
[ I C m a x Z (S ,Z ,J ) -I C m in Z (S ,Z ,J )+ 1 ] } ) $ [C O L D 2 ( S ,M )= l  ];

F O R (S i=  1 T O  C A R D (S ) ,
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F O R  ( M i = l  T O  C A R D (M ) ,
T U ( S .M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=  {S U M ((Z ,I )$ [H O T Z (S ,Z J ,M )=  I 

A N D  O R D (M )= I H m in Z (S ,Z ,i) ] ,T I H Z (S ,Z ,I )$ [O R D (M )= I H r n in Z (S ,Z ,I )] )  
+  S U M ( ( Z ,I ) $ [ H O T Z (S ,Z ,I ,M ) - 1 A N D  O R D (M )> I H m in Z (S ,Z ,I )A N D  

O R D (M )< = I H m a x Z (S ,Z ,I ) ] ,
[T IH Z (S  Z ,I ) - (O R D (M )-I H m in Z (S ,Z ,I ) )* D T (S ,M )]$ [O R D (M )>  

I H m in Z (S ,Z ,I )A N D  O R X )(M )< = I H m a x Z (S ,Z ,I )] ) }$ [H O T 2 (S ,M )= )  ]
+  { S U M (( Z ,J ) $ ic O L D Z ( S ,Z ,J ,M )=  1 A N D  O R D (M )= iC m in Z (S  ,Z ,J )]: 

T O C Z (S ,Z ,J )$ [O R D (M )= I C m in Z (S ,Z J )] )
+  S U M ((Z J )$ [C O L D Z (S ,Z ,J ,M )= I  A N D  O R D (M )> I C m in Z (S ,Z J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ] ,  
[T O C Z (S ,Z ,J )- (O R D (M )-I C m in Z (S ,Z ,J ) )* D T (S .M )]$ [O R D (M )>  

I C m in Z (S ,Z ,J )A N D  O R D (M )< = ]C m a x Z (S ,Z ,J ) ] ) ) ร [C O L D 2 (S ,M )=  1 ];
T L ( S .M )$ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=

{ S U M ((Z ,] )$ [H O T Z (S ,Z ,I ,M )= ]  A N D  O R D (M H H m a x Z ( S ,Z ,] ) ] ,  
T O H Z (S ,Z ,l)$ [O R D (M )= I H m a x Z (S ,Z ,I ) ] )

+  S U M  ( (Z , ] ) $  [ H O T Z (S  ,Z ,I ,M )=  1 A N D  O R D (M )< I H m a x Z (S ,Z ,I )
A N D  O R D (M )> = I H m in Z (S ,Z .I ) ] ,  

[T O H Z (S ,Z ,I )+ ( I H m a x Z (S ,Z ,] ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<
II lm a x Z (S .Z ,I )A N D  O R D (M )> = I H m in Z (S ,Z ,I ) ] ) } $ [H O T 2 (S ,M )= l]

+  { S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )=  1 A N D  O R D (M )= I C m a x Z (S ,Z J ) ] ,  
T lC Z (S ,Z J )S [O F L D (M )= IC m a x Z (S ,Z ,J )])

+  S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )= l  A N D  O R D (M )< ]C m a x Z (S ,Z ,J )
A N D  O R D (M )> = IC r n in Z (S ,Z ,J )] . 

[T lC Z (S >Z ,J )+ ( I C m a x Z (S ,Z ,] ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<  
]C m a x Z (S ,Z ,J )A N D  O R D (M ) > - I C m in Z (S :Z J ) | ) )  $ [C O L D 2 (S ,M )=  I ];

C P H _ U ( S ,] ,M ) $ [ H O T ( S ,I ,M )=  I ]  =  A _ c p _ H ( l )* T U ( S ,M ) + B _ c p _ H (I )  ; 
C P C ~ U (S ,J ,M )$ [C O L D (S ,J ,M )= I  ] =  A _ c p _ C (J )* T U (S ,M )+  B _ c p _ C (J )  ; 
C P h I l ( S '] ,M ) S [ H 0 T ( S ,I ,M ) = 1 ]  =  A _ c p _ H (I )* T L (S  M )+  B  c p _ H (l)  ; 
C P C I l ( S A .M ) $ [ C 0 L D ( S ,J ,M ) = 1 ]  =  A _ c p _ C (J )* T L (S ,M )+  B _ c p  C (J ) ; 
C P H (S ,]JM ) $ [ H O T ( S >I ,M )=  1 ]  =  ( C P H _ U ( ร ,1,M )+ C P H _ L ( s T  M )) /2  ; 
C P C (S ,J ,M ) $ [ C O L D ( S ,J ,M ) - ]  ] =  (C P C _ U ( ร ,J ,M )+ C P C _ L ( ร ,J ,M ))/2  ;

F O R ( lc = )  T O  C A R D (I ) ,
D H H (S ,I ,M ) $ [O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (I )= Ic

A N D  H O T ( S , i ,M ) = l ] =  F H (S ,I )* C P H (S ,I ,M )* [T U (S ,M )-T L (S ,M )]  ;

F O R (J i= l  T O  C A R D (J ) ,
D H C (S ,J ,M ) $ [ O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (J )= J i

A N D  C O L D ( S ,J ,M )= l ] =  F C ( S J ) * C P C (S J ,M ) * [ T l] ( S .M ) - T F ( S .M ) ]  ;

)));
P A R A M E T E R  H H E A D (S ,M ,N ) , C H E A D (S ,M ,N ) , L M T D (S ,M ,N ) , D (S ,Z ,M ,N )
♦ M ATCH  A L L O W E D  B A S E D  O N  L M T D

A L L O W (S ,Z ,I  ,J ), A L L O W _ H (S ,Z ,I ,M ,J ) , A L L O W C ( S ,Z ,J ,M ,I ) ,  A L L O W _ 2 (Z ,I ,J )  ;

H H E A D ( S ,M ,N )  =  { T U (S ,M ) -T U (S ,N )  +  D T m in } $ [H O T 2 (S ,M )  A N D  C O L D 2 (S  N ) ] ;  
C H E A D ( S ,M ,N )  =  { T L (S ,M )-T L (S ,N )  +  D T m in } $ [H O T 2 (S ,M )  A N D  C O L D 2 (S ,N ) j  ;

L M T D ( S ,M ,N ) =  { [ H H E A D (S ,M ,N )-C H E A D (S ,M ,N ) ]
/L O G [H H E A D ( S ,M ,N ) /C H E A D (S ,M ,N ) ]} $ [ H H E A D ( S ,M ,N ) >  0

A N D  C H E A D ( S ,M ,N ) > 0  A N D  H H E A D (S ,M ,N )>  C H E A D (S ,M ,N ) ]
+  j [H H E A D ( S ,M ,N ) + C H E A D ( S ,M ,N ) ] /2 } $ [ H H E A D ( S ,M ,N )> 0  A N D  C H E A D (S  M  N ) > 0  

A N D  (H H E A D (S ,M ,N )<  C H E A D (S ,M ,N )O R  H H E A D (S ,M ,N )=  C H E A D ( S ,M ,N ) ) i ;

D ( S ,Z ,M .N ) =  1 $ [ { H 0 T 2 ( S ,M ) = 1  A N D  I I O T 2 ( ร ,N ) = l  A N D  S U M [I $ (H O T (S  I,M )= 1  
A N D  H O T (S ,I ,N ) = l) ,H O T Z ( S ,Z ,I ,M ) ] = I  A N D  S U M [I $ (H O T (S ,I ,N )= I  
A N D  H O T (S ,I ,M )= l  )  H 0 T Z ( S ,Z ,I ,N ) ] = 1 }

O R  { C O L D 2 (S  M ) =  I A N D  C O L D 2 ( S ,N ) = l  A N D  S U M [J $ (C O L D (S ,J ,M )= l  
A N D  C O L D (S ,J ,N )=  1 ) ,C O L D Z (S ,Z ,J ,M )]=  1 A N D  S U M [J $ (C O L D (S ,J ,N )= I  
A N D  C O L D (S ,J ,M )=  1 ) ,C O L D Z ( S ,Z ,J ,N ) H }

O R  { ( H H E A D ( S ,M ,N ) > - 0 .0 0 0 0 1  A N D  C H E A D (S ,M ,N )> = 0 .0 0 0 0 1  ) 
A N D S U M [ I $ ( H O T ( S !I ,M ) = l ) ,H O T Z ( S ,Z L M ) ] = l

A N D  S U M [ J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z J ,N ) ] = l}];

O R  { L M T D ( S ,M ,N ) > 0  A N D  S U M [I $ (H O T (S  I ,M > = l) ,H O T Z (S ,Z ,I  M ) H  
A N D  S U M [ J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z ,J ,N ) ]= l}];



F O R (S i=  1 T O  C A R D (S ) ,
F O R (Z i= !  T O C A R D ( Z ) ,

F O R (I c = ]  T O  C A R D (I ) ,
F O R (J i= l  T O  C A R D (J ) .

A L L O W (S ,Z .I ,J )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D (I )= I c  
A N D  O R D (J )= J i]=  0 +  1 $ { S U M [(M ,N )$ [H 0 T (S .1 ,M )= 1  

A N D  C O L D ( S ,J ,N H ] ,D ( S ,Z ,M ,N ) ]  > 0  
A N D  N O T [H U (I ) A N D  C U ( J ) ] } ;

F O R  ( M i= l  T O  C A R D (M ),
A L L O W _ H (S ,Z ,l ,M ,J )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D (I )= Ic  

A N D  O R D (J )= J i A N D  O R D (M )= M i  
A N D  H O T ( S ,I ,M ) = l ] =  0 +

I ร { ร บ M  [N $ [C O L D (S  ,J ,N )=  1 ] ,D (S ,Z ,M ,N ) ]  > 0 A N D  N O T [H U (I )A N D  C U (J )]} ;  
A L L O W _ C ( S ,Z ,J ,M ,] ) $ [ O R D ( S ) -S i  A N D  O R D (Z )= Z i A N D  O RJD(I)=Ic  

A N D  O R D (J )“ Ji A N D  O R D (M )= M i A N D  C O L D (S ,J ,M )= I ]=  0+  
]$ { S U M [N $ [F I O T ( S >I .N ) = l ] ,D ( S ,Z ,N 1M )]  > 0 A N D  N O T [H U (I )A N D  C U (J )] )  ;

F O R (Z i= l  T O  C A R D (Z ) ,
F O R (I c = l  T O  C A R D (I ) ,

F O R (J i= ]  T O  C A R D (J ) ,
A L L O W _ 2 (Z ,I ,J )$ [O R D (Z )= Z i A N D  O R D (I )= I c  A N D  O R D ( J ) - J i ] -  ()1

ไ ร { ร U M [ ร ,A L L O W ( S ,Z .U ) ]  > 0 A N D  N O T [H U (I )A N D  C D (J )]} ;)));
V A R I A B L E S

T C O S T
P A R (Z ,I ,J )
Q (S ,Z ,I ,M ,J ,N )  h e a t  lo a d  fo r  p r o c e s s -p r o c e s s  m a tch  
Q N E W _ M ( ร ,Z ,I ,J ,M )
Q N E w I n (S ,Z ,I ,J ,N )
Q N E W 2 _ M  ( ร , z , น , M )
Q N E W 2 ~ N (S ,Z ,I ,J ,N )
Y _ M ( ร ,z , น , M )  
y I n (S ,Z ,1 ,J ,N )  
y I m _ B (S ,Z ,I ,J ,M )
Y _ N J B (S ,Z ,I ,J ,N )
N H E ~ M 0 ( S ,Z ,น , M )
N H E j v i i ( s ' z , U M )
n h e ! n o ( s ,z ,i ,j ,n )
N H E ~ N  1 ( s ' z  J ,J ,N )  
n h e ! m o _ b (s ,z , i ,j ,m )
N F I E ~ M l~ B ( S ,z j l j j M )
N  H  E N  o J b (  s  , z ,  I , J ,N )
N H E ~ N  i ” B (S ,Z ,I ,L N )
N H E (S ,Z ,1 ,J )
A L F A _ M (S ,Z ,I ,J ,M )
AT F A  NTS / 1 I NT
F H U (I )  ’ ’ ïs F C P  H U  (M J _ h _ C )
F C U (J )  is  F C P  C U (M j3 j C )
B I (S ,Z ,I ,M ,J ,N )  X (im jn )  in  th e  p a p e r  
Q H (S ,Z ,I ,M ,N )
Q C (S ,Z ,J ,M ,N )
Q 2 (S ,Z ,I ,M ,J ,N )
X l_ B ( S ,Z , l ' j ,M )
X B ( S , K , Z , น , M )
P A R  B (K ,Z ,น )
U S H E L L (Z ,i,J )
ข  S H E  น ,  B tK .Z ,น )  *

* A D D  F O R  R E T R O F IT  
P A R J M  ( ร ,  Z ,I ,J )
PA R _ N  B (K  ,Z ,I , J)
D P A R I T Z ,น )
D P A R 3 _ B ( K ,Z ,I .J )
N H E  ร ิ( ร ร ิ/ , ,น )
D E L T A (K ,K )

* A D D  F O R  P U M P -A R O U N D  C A S E  

F P Y (S ,Z .I J ,M )  C a s e  o f  B 1 F = 0
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F P Y _ B ( ร ,Z .I J .M )  C a s e  o f  B IF = I
F P A (S ,Z ,I ,J ,M )
F P K _ H _ 0 ( S ,Z ,I J ,M )
F P K j f o _ B ( ร ,Z ,I ,J ,M )  
F P K “ c j ) ( S ,Z , l , J ,N )
F P K j f l  ( ร ,Z ,1 ,J ,M )
F P K J I J _ B ( ร ,Z ,I ,J ,M )
F P K ~ C ~ 1  ( ร ิ,Z ,1 ,J ,N )  
X M ( S ,Z ,I ,M J ,N )
F P Q (S ,Z ,I ,J ,M )
พ (I ,R )
Y W (S ,Z ,I ,J ,M )
K พ _ 0  ( ร ,Z ,I , J JVL R )
K W  I ( ร . / . . บ . M R )  
W A (S ,Z ,I ,J ,M ,R )
X W (S ,Z ,L M ,J ,N ,R )
W Q ( S ,Z ,I J ,M ,R )
Q P A (I )
T O T A L  Q P  A  M  IN
t o t a l I q p a I m a x
C o s t_ s id e _ s tr ip p in g _ s te a m
S S T (1 )
S S T J ( l )
S S T ~ 2 (I )
S S T  "UB

V ®

I L ,

POSITIVE VARIABLE Q.QNEW2 M,QNEW2_N,QC,QH,Q2,DPAR_E,DPAR_E_B,PAR_N
,p a r _ n _ b ,p a r ,q n e w I m ,q n e w _ n ,y w ,k w _ o ,k w j ,w a ,x w ,q p a , f p  BINARY VARIABLE N H E _ M O _ b J i H E _ M 1 _ B .N H E _ N 0 3 ,N H C .N L B .Y _ M ,Y _ N )X 1 _ B >X _ B .N H E _ร 

,d e l t a , y _ m _ b | y 1 n  b j <h e J v io ,n h e j v i  1 ,NHE_NO,NHEjNi ,A L F A ~ M ,A L F A _ N

integer variable บSHELL,USHELL B
E Q U A T I O N S

H B H U ( S ,I ,M )
H B C U ( S ,J ,N )
H B H S (S ,I ,M )
H  B  c ร  ( ร ,  J ,NJ
T R A N k F O R _ M ( S ,Z ,l ,J ,M )  
T R A N S F O R M S ,Z ,I ,J ,N )  
H B H S _ N I (ร ,ไ ,M )
H B C S ^ N I ( ร ,J ,N )
N O IS O H C ร ิ, I, M )
N O I S O C ( S ,J ,N )
B IN A R Y J V I 1  ( ร ิ,Z ,] ,J ,M )
B I N A R Y J v 1 2 (S ,Z ,I ,J ,M )
B I N A R y I m ] _ B ( S ,Z ,I ,J ,M )
B I N A R Y J vI 2 J B ( S ,Z ,U ,M )
b i n a r y I n i ( S ,z , i ,j ,n )
b i n a r y ! n 2 ( s ,z ,i ,j ,n )
B  IN  A R Y J 4  I J 3 ( S ,Z ,I ,J ,N )  
B I N A R Y ~ N 2 B ( S .Z ,1 .L N )  
B I N A R Y _ M 5 ( S ,Z ,I , i ,M )  
B I N A R Y ^ M 5 b ( ร ิ,Z ,1 ,J ,M )  
B I N A R Y lM 3 ( ร ิ,Z ,I ,J ,M )  
B I N A R y I m 4 (S ,Z ,I ,J ,M )
B I N A R Y J vI 8 (S ,Z ,I .L M )  
b i n a r y " M 9 (S ,Z ,L L M )  
B I N A R Y I m 6 (S ,Z ,I ,j 'm )  
b i n a r y  J V I 7 (S ,Z ,] , .) ,M )  
B I N A R Y  J V I 3 _ B (S ,Z ,I ,L M )  
B )N A R Y _ N 5 ( S ,Z ,บ , N )  
B I N A R Y lN 5 b ( ร ิ,Z ,I ,J ,N )
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F E A S  E N D 3  B (S ,Z ,I ,J .M ,N )  
F F A S E N D B ( S . Z ,  ม , M ,N )  
F E A S lE N D 2 _ B ( S Jz j , J , M , N )  
P A R E Q (S ,Z ,บ ิ)
B I F J 3 J 2 ( S , K , Z ,บ , M )
B I F J 3 J  ( ร ,  k 'z ,U ,M )
B I F J 4 ( S , k 'z ,I,J)
B I F J 5 ( S , Z , บ , M )
* B f F i  6 ( S ,Z ,บ , M )
B I F J 7 ( S ,Z ,บ ิ, M )
B I F J 8 ( S ,Z ,I ,J ,M ,N )
S H E L L (Z ,บ ิ)
S H E L L _ B (K ,Z ,I ,J )
KMAxT(S,Z,บ )
K M A X 2 (S ,Z ,I J )
T O T A L C O S T
* E X T R A  E Q U A T I O N S  N O T  IN  P A P E R  
T O T N E X C H J V 1 A X  
T O T N E X C H J V I I N* ____________________
* A D D  F O R  R E T R O F IT  
A R E A R E S T 1  ( ร ,z , บ )  
A R E A ~ R E S T 2 (S ,Z ,I ,J )  
A R E a I r E S T 3 (S ,Z ,I ,J )  
A R E A J U E S T 4 ( S ,z 'บ )

A R E A _ R E S T 5 ( S ,Z ,บ )  
* A R E A _ R E S T 6 ( S ,Z ,บ )  
A R E A _ R E S T 7 ( S ,Z ,บ )

A R E A  R E S T I  B (S ,K ,Z ,I ,J )  
A R E A J l£ S T 2 J B ( S ,] C Z , l ,J )  
A R E a I r E S T 3 J B (S ,1 Q Z ,I ,J )  
A R E a I r E S T 4 J B ( S ,K ,Z ,U )  
A R E A J R E S T 5 J B ( S ,K ,Z ,U )  
a r e a I r e s t 6 I b ( s ’z , ] .j )

L IM  H E X (S ,M )

’ E q u a tio n  fo r  P u m p -a r o u n d  
P A J  ( ร , I ,M )
P A ~ 2 (S ,I ,M )
P A ~ 3 (S ,Z ,I ,J ,M )
P A ~ 4 (S ,Z ,I ,J ,M )
P A ~ 3 _ B ( ร ,Z ,I ,J ,M )
P A ~ 4 ~ B (S ,Z ,I ,J ,M )
P A ^ 5 (S ,Z ,I ,J ,M )
P A ~ 6 (S ,Z ,] ,J ,M )
P A ~ 7 (S ,Z ,1 ,J ,M )
P A ~ 8 (S ,Z ,I ,J > M ,R )
P A ~ 9 (S ,Z ,I ,J ,M ,R )
P A J O ( S ,Z ,I ,J ,M ,N )
P A ~ 1 1 (S ,Z ,1 ,J ,M ,N )  
P A J 2 ( S ,Z ,I , J ,M ,N )  
P A J 3 ( S ,Z ,I , J ,M ,N )
P A ~ ]  4 (S ,Z ,I ,J ,M ,N )  
P A J 5 ( S ,Z ,I ,J ,M ,N ,R )
P A  16 (S ,Z  J ,J ,M ,N ,R )PA_17(S,z'lJ,M,N,R)PAJ8(S,z'l,J,M,N)
P A J 9 ( S , Z , i ’j ’m )
P A ~ 2 0 (S ,z j ] 'j ,M )
P A ~ 2 1  ( S ,Z ,I ,J ,M ,R )
P A ~ 2 2 (S ,Z ,I ,J ,M ,R )
P A ~ 2 3 ( s j z ,] ,J ,M ,R )
P A ~ 2 4 (S ,Z ,I ,J ,M )
P A ~ 2 5 (S ,Z ,I ,J ,M )
P A l2 6 ( S ~ Z ' บ , M ,R )
P A ~ 2 7 (s j z ,I ,J ,M ,R )
P A ~ 2 8 (S ,z j ] ,J ,M ,R )

. P A ~ 2 9 (S ,Z ,I ,J ,M )
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P A _ 3 0 (S ,Z ,I ,J ,M )
P A ~ 3 1  (S ,Z ,I ,J ,M ,R )
P A ~ 3 2 (S ,Z ,I ,J ,M ,R )
P A ~ 3 3 (S ,Z ,I ,J ,M ,R )
P A ~ 3 4 (S ,Z ,I ,J ,M )
P A ~ 3 5 (S ,Z ,] ,J ,M )PA~36(sjz,I,J,M)
P A ~ 3 7 (S ,Z ,1 ,J ,M )
P A 3 8 ( S ,Z ,I ,J ,M )
P A ~ 3 9 (S ,z ' i'j ,M )
P A ~ 4 0 (S ,Z ,1 ,J ,M )
P A ~ 4 1 (S ,Z ,1 ,J ,M )
P A ~ 4 2 (S ,Z ,I ,J ,M ,N )
P A ~ 4 3 (S ,Z ,I ,J ,M ,N )
P A ~ 4 4 (S ,Z J ,J ,M ,N )
P A ~ 4 5 (S ,Z ,] ,L M ,N ,R )
P A ~ 4 6 (S ,Z ,I ,J  M ,N ,R )
P A ~ 4 7 (S ,Z ,] ,J ,M ,N ,R )
P A ~ 4 8 (S ~ Z ,] ,J ,M ,N )
P A ~ 4 9 (S ,Z ,I ,J ,M ,N )PA~50(S,z'i,J,M,N)
P A ~ 5 1 ( S ,Z ,I ,J ,M ,N )
P A ~ 5 2 (S ,Z ,I ,J ,M ,N )
P A ~ 5 3 (S ,Z ,I ,L M ,N )
P A ~ 5 4 (S ,Z ,1 ,J ,M )
P a I 5 5 ( S , z ’i ,j 'm )
P A ~ 5 6 (S ,Z ,I ,J )*PA_57
P A 5 8
P A ~ 5 9

P A ~ 6 1  ( ร ,Z .I ,J ,M )

t
H B H U ( S ,] ,M )$ ( H O T (S ,I ,M ) = l  A N D  H U (I )  A N D  F R E E H (I)) ..
F H U (I ) * (T U (S ,M ) -T L (S ,M ) )  = E =  S D M (( Z ,N ,J ) $ ( D (S ,Z ,M ,N )= ]  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  C O L D (S ,J ,N )=  1

A N D  A L L 0 W J H ( S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )=  1 A N D  F R E E C (J )) ,Q (S ,Z ,I ,M ,J ,N )) ;  

H B C U ( S ,J ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  C U (J )  A N D  F R E E C (J )) ..
F C U (J ) * (T U (S ,N ) -T L (S ,N ) )  = E =  S U M ((Z ,M ,I )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D  H O T (S ,I ,M )=  ]

A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  A N D  F R E E H (I )) ,Q (S ,Z ,] ,M ,J ,N )) ;

H B H S (S ,I ,M ) $ ( H 0 T ( S ,I ,M ) = 1  A N D  N O T  H U (I )  A N D  
F R E E H (I )  A N D  N I H ( I ) = 0  A N D  N O T  P A (I )) . .
D H H (S ,L M )= E = S L )M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D ( S ,J ,N ) = l  

A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,I ,M ,J ,N ) ) ;

H B C S (S ,J .N )$ (C O L D (S ,J ,N )= T  A N D  N O T  C U (J )  A N D  F R E E C (J )  A N D  N I C (J )= 0 ) . .  
D H C ( S J ,N ) - E = S U M ( ( Z ,M ,] ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= I  

A N D  A L L O W _ H ( ร ,Z ,L M ,J )=  1 A N D  A L L O W C ( S ,Z ,J ,N ,I ) = l ) ,Q (S ,Z ,I .M ,J ,N ) ) ;

T R X N S F O R _ M (S ,Z ,l  ,J ,M ) $ ( H O T ( S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )) ..

Q N E W _ M (S ,Z .i ,J ,M )  = E =  S U M (N $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C ( S ,Z ,J ,N J ) = l) ,Q ( S ,Z ,I ,M ,J ,N ) ) ;*___________________________________



1 6 0

TRANSFORJ4(ร,z,บ,N)$(COLD(S,J,N)=] AND ALLOW_C(S,Z.J.N,I)=l AND FREEH(I) AND FREEC(J))..
Q N E W _ N ( S ,Z ,บ , N )= E = S U M ( M $ ( D (S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S , l ,M ) = l  

A N D  A L L O W J f ( S ,Z ,I ,M ,J ) = l  ) ,Q (S ,Z ,I ,M ,J .N )) ;

H B H S  N I ( S ,] ,M )$ ( H O T (S ,I ,M ) = l  A N D  N O T  H U (I )
A N D  F R E E H ( l)  A N D  N I H (] )= 1  A N D  N O T  P A (I )) . .
D F I H ( S ,I ,M ) -E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W J T (S ,Z ,L M ,J )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,] )= 1 ) ,

+ S U M ( ( Z ,N ) $ (D ( S ,Z ,M ,N ) = 1  a n d  H O T (S ,] ,N )= I  a n d  O R D (N )  G T  O R D (M )) ,Q H (S ,Z ,I ,N ,M ))  
- S U M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,L N )= l A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,l ,M ,N ) ) ;

H B C S _ N ] ( ร ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  N O T  C U (J )  A N D  F R E E C (J) A N D  N IC (J )= 1 ) . 
D H C (S .J ,N ) = E =  S U M ((Z ,M ,1 )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S M )  A N D  H O T (S ,I ,M )= l  

A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( S ,Z ,J ,N .I )= l ) ,Q ( S ,Z ,I ,M J ,N ) )  
+ S U M ( ( Z ,M ) $ ( D ( S ,Z ,M ,N ) - 1  A N D  C O L D (S ,J ,M )= l  A N D  O R D (M ) L T  O R D (N )) ,Q C (S ,Z ,J ,M ,N ) )  

- S U M ( ( Z ,M ) S ( D ( S ,Z ,M ,N ) = 1  A N D  C O L D (S ,J ,M )= l  A N D  O R D (M ) G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M )) ;

N O I S O H ( S ,I ,M ) $ (H O T ( S ,I ,M )= l  A N D  N O T  H U (I )  A N D  F R E E H (I) A N D  N I H (I )= 1 ) ..
ร บ M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) =  1 A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,I ,M ,N ) )  
= L = S U M ( ( Z ,N ,J ) $ ( D ( ร ,Z ,M ,N ) = )  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D (S ,J ,N )= l  
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 A N D  A L L O W J C (S ,Z ,J ,N ,I )= ] ) ,Q (S ,Z ,1 ,M ,J ,N )) ;

N O I S O C ( S ,J ,N ) $ (C O L D (S ,J ,N ) = ]  A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N JC (J )=  1 ) .. 
S U M ( ( Z ,M )$ ( D ( S ,Z ,M ,N ) = 1  A N D  C O L D (S ,J ,M )=  1 A N D  O R D (M ) G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M ))  
= L =  S U M (( Z ,M ,I )$ ( D ( S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S  I M ) = l  
A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  A N D  A L L O w ic ( S ,Z ,J ,N ,I ) = ] ) ,Q ( S ,Z , ] ,M ,J ,N ) ) ;

* E Q  (I l a  and  1 3a ) C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  set B .

B IN A R Y _ M l(S ,Z ,] ,J ,M )S > (H O T (S ,] ,M )= l A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  A N D  B 1 F (Z ,I ,J )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )A N D  N O T  P A ( D ) ..

Q N E W _ M ( ร ,Z ,] ,J ,M )- Y _ M ( ร ,Z ,I ,J ,M )* * D H H (S ,I ,M )$ (N O T  H U (1 ))
-Y _ M  ( ร ,  z ,  บ ิ,  M )* F M A X _ H U (I )* D T H U (I )$ (H U (I ) )= L = 0 ;

* E Q  ( l i b  a n d  1 3b ) C a s e  o f  B 1 F (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  se t  B
* * * * * *  * * * * * * * * *  M IN IM U M  V A L U E  O F  Q N E W _ M = 0 .0 1 ! ! ! ! ! ! ! ! ! !
B I N A R Y _ M 2 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,1 ,J )= 0  A N D  

F R E E H (I )  A N D  F R E E C (J )  A N D  N O T  P A ( l) ) . .
Q N E W  J m (S ,Z ,I ,J ,M )-Y _ M (S ,Z ,] ,J ,M )* Q L H M I N = G = 0 ;

* E Q  (1 1  a and  1 3 a ) C a s e  o f  B I F ( y ) = l  (i j )  b e lo n g in g  to  s e t  B
B I N A R Y _ M 1 _ B ( ร ,Z ,1 ,J ,M )$ (H 0 T (S ,I ,M )= 1  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= I  a n d  B IF (Z ,I ,J )= 1  

A N D  F R E E H (I)  A N D  F R E E C (J )  a n d  N O T  P A (I )) . .
Q N E W _ M ( ร ,Z ,I ,J ,M )- Y _ M _ B ( S ,Z ,I ,J ,M )* D H H (S ,I ,M ) $ (N O T H U ( i) )  

- Y _ m J b (S ,Z ,I ,J ,M )* F M A X _ H U (I )* D T H U (! )S (H U (I ) )= L = 0 ;

* E Q  (1 l b  a n d  1 3 b )  C a s e  o f  B IF (1 ,J )= 1  ( i j )  b e lo n g in g  to  set B
B I N A R Y _ M 2 _ B ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  a n d  A L L O W _ H (S .Z ,] ,M ,J )= l  a n d  B IF (Z ,1 ,J )= 1  
a n d  F R E E H ®  A N D  F R E E C (J )  A N D  N O T  P A (I )) . .

Q N H W _ M ( S ,Z ,i ,L M ) - Y  M  B (S ,Z ,L L M )* Q L H M I N  - G -  0;

* E Q  ( 1 2 a  and  1 4 a ) C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t b e lo n g in g  to  s e t  B

B I N A R Y J 4 1  ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W J 3 ( S ,Z ,J .N ,I ) = ]  A N D  B I F (Z ,] ,J )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )) ..

Q N E W _ N ( ร ,Z ,1 ,J ,N )-Y _ N ( ร ,Z ,I ,J ,N )* D H C (S ,J ,N )$ (N O T  C U (J ))
— - Y _ N ( ร ,Z ,I ,J ,N )* F M A X  C U (J )* D T C U (J )$ (C U (J ))= L = = 0 ;

* E Q ( 1 2 b a n d  1 4b ) C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  se t  B
B 1 N A R Y _ N 2 ( ร ,Z , l ,J ,N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  A N D  B 1F (Z ,1  J )= 0  
A N D  F R E E H ( l)  A N D  F R E E C (J )) ..  Q N E W _ N ( ร ,z , บ , N )~ Y _ N (S ,Z ,I ,J ,N )* Q L C M I N = G = 0 ;

EQ (12a and 14a) Case of B1F(I,J)=1 (i,j) belonging to set B



B I N A R Y _ N 1 _ B ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L 0 W _ C (S ,Z ,J .N ,I )= 1  A N D  B IF (Z .l J )= l  
A N D  F R E E II(I )  A N D  F R E E C (J ) ) ..

Q N E W _ N ( S ,Z ,บ , N ) - Y _ N _ B ( S ,Z ,บ , N ) * * D H C (S ,J ,N )$ (N O T  C U (J ))
- y V b ( ร ,Z ,I ,J ,N ) * F M A X _ C U ( J )» D T C U ( J ) $ ( a j ( J ) )= L = 0 ;

* E Q ( 1 2 b a n d  1 4 b )  C a s e  o f  B I F (] ,J )= !  ( i j )  b e lo n g in g  to  se t  B
B I N A R Y _ N 2 _ B ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W _ C (S ,Z J ,N ,I )= 1  A N D  B 1F (Z ,I,J )= 1  
A N D  F R £ E H (I )  A N D  F R E E C (J )) .. Q N E W _ N (S ,Z ,บ , N ) - Ÿ _ N _ B ( S .Z ,บ , N )* Q L C M I N = G = 0 ;

* E Q  ( 1 5 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A  T IC A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  ( 1 8)

B I N A R Y _ M 5 ( ร ,Z ,บ , M ) $ ( H O T ( S ,] ,M )= l  A N D  H O T (S .L M -l)  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A l1 o W _ H (S ,Z ,1 ,M -I ,J )  A N D  B )F (Z ,1 ,J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

N H E _ M 0 (S ,Z ,บ , M ) = L = 2 -y 1 m (S ,Z ,บ , M )-Y _ M (S ,Z .1 ,J .M -1 ):

* E Q  (1 7 )  IS  IN  R E A L I T Y  N O T  N E E D E D , B U T  W A S  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T ( S ,I ,M - l )  A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J ) A N D  A L L O W . H (S ,/ . ,I ,M .J ) - 1
* A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1

B I N A R Y _ M 5 b ( S ,Z ,I ,J ,M )$ ( H 0 T ( S ,I ,M ) = l  A N D  A L L 0 W _ H ( S ,Z ,I ,M ,J )= 1 A N D  B I F (Z ,บ ) = 0  
A N D  F R E E H (I )  A N D  F R E E C (J )) ..  N H E _ M 0 (S ,Z ,บ , M ) = L =  Y _ M ( ร ,Z ,I ,J ,M );

* IT  T U R N S  O U T  T H A T  T H IS  E Q U A T I O N  O N L Y  F O R C E S  T H E  V A L U E S  O F  K T O  B E  Z E R O
* W H E N  Y = 0 ,  W H IC H  H A P P E N S  N A T U R A L L Y  IF  O N E  IS M IN IM IZ IN G  T H E  N U M B E R  O F
* E X C H A N G E R S  O R  B E C A U S E  T H E  F IX E D  C O S T S  A R E  B E IN G  M IN  IM 1 Z E D .
* E V E N  IF  N O T  D R I V E N  T O  Z E R O  B Y  T H E  O B J E C T IV E  F U N C T IO N  IT  IS  H A R M E L E S S .
* H O W E V E R , IT  T U R N S  O U T  T H A T  IT  C O U L D  M A K E  E X T E N S I O N S  O F  T H E  M O D E L  H A V E
* P R O B L E M S . S O , A L T H O U G H  T H E  E Q U A T I O N  IS  N O T  N E E D E D , IT  G IV E S  S O M E  E X T R A  V A L U E S
* O F  K  W H E N  T H E Y  D O  N O T  R E A L L Y  M A T T E R .* ___________________________ ______
B I N A R Y _ M 3 ( ร ,Z ,I ,J ,M )$ ( H O T (S ,l ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= ]  A N D  B 1 F (Z .] ,J )= 0  
A N D  F R E E H (I )  A N D  F R E E C ( i) ) . .

N H E _ M 0  ( ร ,  Z ,I ,J ,M )  = G =  Y _ M  ( ร ,  Z ,I ,J ,M )-Y _ M  ( ร ,  Z ,I ,J ,M -1 ) ร ( H O T (S ,I ,M -1 )
A N D  A L L O W ~ H (S ,Z ,I ,M -1 ,J )) ;*___________________________________

B I N A R Y _ M 4 ( S ,Z ,l ,J ,M ) $ ( H O T ( S ,I ,M ) = l  A N D  H O T ( S , l ,M - l )  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O w  H (S ,Z ,1 ,M -1 ,J ) A N D  B IF (Z ,1 ,J )= 0  A N D  F R E E H (I) A N D  F R E E C (J )) ..

N H E _ M 0 (S ,Z ,1 ,J ,M )= G = 0 ;*_______________________ _____ ______
* E Q  (2 0 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  (1 8 )* __________________________________
* E Q  (2 1 )
B I N A R Y _ M 8 ( ร ,Z ,I ,J ,M )S (H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + l)  A N D  A L L O W  H ( S ^ ,] ,M ,J ) = 1  
A N D  A L L O W _ H (S .Z ,I ,M + 1  ,J ) A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

N H E _ M  1 ( ร ,Z ,I ,J ,M )= L = 2 -Y _ M ( ร ,Z ,I ,J ,M )-Y _ M  ( ร ,Z ,I ,J ,M + 1 );

* E Q  (2 2 )  : O R I G I N A L L Y  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T ( S T M - l )  A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J )
B I N A R Y _ M 9 ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M ) = lÂ N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= I  A N D  B IF (Z ,I ,J )= 0  

A N D  F R E E H (I )A N D  F R E E C (J )) ..
N H E  M  1 (S ,Z ,I ,J ,M ) = L =  Y _ M ( ร ,Z ,I ,J .M ) ;

* S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

B I N A R Y _ M 6 ( ร ,Z ,I ,J ,M )$ (H O T (S ,l ,M )= I  A N D  A L L O W  H (S ,Z ,1 ,M  J )= l  A N D  B IF (Z  I J )= 0  
A N D  F R E E H (I )  A N D  F R E E C (J )) .. N H E  M I ( ร ,Z ,I ,J ,M )= G = Y _ M ( ร ,Z ,I ,J ,M )-Y _ M ( ร ,Z ,I ,J ,M + 1 )  

$ ( H O T ( S ,l ,M + 1 )  A N D  A L L O W _ H (S ,Z ,I ,M + l ,J ) )  ;

B I N A R Y _ M 7 ( ร ,Z ,I ,J ,M )S (H O T (S ,I ,M )= l A N D  H O T (S ,I ,M + l)  A N D  A L L O W  H (S  Z .L M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M + 1 ,J ) A N D  1B IF (Z ,I,J)= 0  A N D  F R E E H (I) A N D  F R E Ë C (J )) ..

N H E JV 11  ( S .Z ,บ , M )= G = 0 ;
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B I N A R Y _ M 3 _ B ( S ,Z ,I ,J ,M ) $ (H 0 T ( S ,I ,M ) = 1  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= ]  
A N D  F R E E H (I)  A N D  F R E E C (J )) ..
Y _ M _ B ( S ,Z ,บ , M ) = E =  S U M ( 0 $ ( H 0 T ( S ,1 ,0 ) = ]  A N D  O R D (O )  L E  O R D (M )

A N D  A L L O W _ H (S ,Z ,L O ,J )= l) ,N H E  M 0 J B ( S ,Z ,บ , O ))
- S U M ( 0 $ ( H 0 T ( S ,I ,0 ) = ]  A N D  0 R D ( 0 )  L E  [ O R D ( M )- l ]

A N D  A L L 0 W _ H ( S ,Z ,I ,0 ,J ) - ] ) ,N H E  M i_ B ( S ,Z ,] ,J ,0 ) ) ;

* E Q  (2 6 )  N O T  N E E D E D
* G A M S  W R I T E S  IT  A U T O M A T I C A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  ( 1 8 )

* E Q  (2 7 )
B I N A R Y  N 5 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  C O L D (S ,J ,N -1 ) A N D  A L L O W  C (S .Z ,J ,N ,I )= ]  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,] ,J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

N H E _ N 0  ( ร ,  z ,บ , N )= L = 2 -Y _ N  ( ร ,  Z ,1 ,J ,N )-Y _ N  (ร , z ,บ , N - l ) ;

* E Q  (2 8 )  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ C (S ,Z ,J ,N  1,1)
B I N A R Y _ N 5 b ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,1 )= I  A N D  B IF (Z ,I ,J )= 0  

A N D  F R E E H (I)  A N D  F R E E C (J )) ..
N H E _ N 0 ( ร ,z , บ , N )  - L =  Y _ N (S .Z ,I ,J .N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )

B I N A R Y _ N 3 ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 0  
A N D  F R E E ! 1(1) A N D  F R E E C (J )) ..
N H E _ N 0 ( ร ,Z ,I ,J ,N )  = G =  Y _ N ( ร ,z , บ , N ) - Y _ N ( ร ,Z ,I ,J ,N -1 )

$ ( C O L D ( S j j ,N - l )  A N D  A L L O W __C ( ร ,Z ,J ,N -1 ,I )) ;

B I N A R Y _ N 4 (S ,Z ,I ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B 1 F (Z ,I ,J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )) .'

N H E _ N 0 ( ร ,z , บ , N )= G = 0 ;

* E Q  ( 3 1) N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  ( 1 8 )

* E Q  (3 2 )
B I N A R Y _ N 8 ( ร ,Z ,I ,] ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W j 5 (S ,Z ,J ,N +  1,1) A N D  B I F (Z ,บ ) = 0  A N D  F R E E H (I)  A N D  F R E E C Q )) ..NHÉInI (ร, z, บ, N)=L=2-Y_N(S,Z,I,J,N)-Y_N(ร,Z,I,J,N+1);

* E Q  ( 3 3 )  N O T  N E E D E D  B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W „ C ( ร ,Z ,J ,N -1 ,I )
B I N A R Y _ N 9 ( s 7z , บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 0  

A N D  F R E E H (I )  a n d  FR JE E C (J))..
N H E N 1  ( ร ,Z ,I ,J ,N )  = L =  Y _ N ( ร ,Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )

* E Q  (3 4 )
B I N A R Y  N 6 ( S ,Z ,บ , N )S ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B 1 F (Z ,บ ) = 0  
A N D  F R Ë E H (I )  A N D  F R IE E C (J)).. N H E  N 1  ( ร ,z , บ , N )= G = Y _ N (S ,Z ,I  J ,N ) - Y _ N ( S ,Z ,บ , N + l )  

$ (C O L D (S ,J ,N + 1 )  A N D  A L L O W  C (S ,Z ,J ,N + 1,1));

* E Q  ( 3 5 )
B I N A R Y _ N 7 (S ,Z ,I ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N + l ,I )  A N D  B I F (Z ,I ,J )= 0  A N D  F R E E H (I )  A N D  F R E E C (J )) ..

N H E N 1 (S Z ;.1 ,J ,N )= G = 0 ;

B I N A R Y _ N 3 _ B ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N )= l  A N D  A l i . o w  C (S .Z .L N .I)--U  A N D  B 1F (Z ,1 ,J)= 1  
A N D  F R É E H (I )A N D  F R E E C (J )) ..
Y _ N _ B ( ร ,Z ,I ,J ,N ) = E = S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )
A N D  A L L O W _ C ( ร ,Z ,J ,O ,I ) ) ,N H E _ N 0  B ( S ,Z ,I ,J ,0 ) )  -  S U M ( 0 $ ( C O L D ( S ,J ,0 )  A N D  O R D (O )  LE  

Ô R D ( N ) - 1 A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,N H E _ N  1 _ B  (ร , z ,บ , O ));

H E ^ C O U N T _ M O ( ร ,Z ,l ,J )$ (A L L O W (S ,Z ,I ,J )= I  A N D  F R E E H (I)  A N D  F R E E C (J ))
N H E (S ,Z ,บ ) = E = S U M ( M $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]  A N D  B 1 F (Z ,L J )= 1 ) ,



N H E M O B ( S .Z .U ,M ) )  +  S U M (M $ (H O T ( S ,] ,M ) = l  A N D  A L L O W _ H (S ,Z ,l ,M ,J )= l  
A N D  B I F (Z ,บ ) = 0 )  N H E  M 0 ( S .Z ,บ , M ));

* E Q  (3 8 )
H È J c Ô U N T  N 0 ( S ,Z  I J )$ ( A L L O W ( S ,Z ,I ,J ) = l  A N D  F R E E H (l)  A N D  F R E E C (J )).. 

N ll E ( S ,Z ;I J H - ; = S U M ( N $ ( C O L D ( S ,J ,N ) = ]  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )= 1 ),

+  S U M ( N ^ C o i S ( S , J , N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B I F (Z ,I ,J )= 0 ) ,
N H E _ N 0  ( ร ,  z ,บ , N )) ;

H E  C O U N T J V H ( ร ,z , บ ) ร ( A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J )) .. 
N H E (S ,Z ,I , j j= E = S U M ( M $ ( H O T ( S ,] ,M ) = i  A N D  A L L O W _ H (S ,Z ,l ,M ,J )= l  A N D  B IF (Z ,1 ,J )= 1 ) , 
N H E _ M 1 _ B ( S ,Z ,บ , M ))  +  ร บ M ( M $ ( H O T (S , l ,M ) = l  A N D  A L L O W _ H ( S ,Z J ,M J )= l  
A N D  B I F (Z ,บ ) = 0 ) ,  N H E J V H  ( ร ,z , บ , M ));

H E  C O U N T  N 1 ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,l ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )) ..
N f Te ( S ,Z ,บ บ ิE = S U M ( N $ ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B I F (Z ,) ,J )= 1 ) ,  
N H E  N  1 _ B ( ร ,Z ,I ,J ,N ))  +  S U M (N $ (C O L D (S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  B I F ( Z ,บ ) = 0 ) ,  N H E _ N ]  ( ร ,z , บ , N ) ) ;

N E X C H (S ,Z ,I ,J )$ (A L L O  พ ( ร , Z ,I ,J )=  1 A N D  B IF (Z ,บ ) = 0  A N D  F R E E H (I)  
A N D  F R E E C (J ) ) ..N H E (S ,Z ,บ ) = L - 1  ;

N E X C H _ B (S ,z,บ ) ร ( A L L O W (S ,Z ,I ,J ) = l  A N D  B IF (Z .] ,J )= 1  A N D  F R E E H (I)  
A N D F R E E C (J ) ) 1 n H E (S ,Z ,บ K l = K M A X ( Z ,บ ) ;

B I F J ( ร ,Z ,I , J ,M ,N ) J ( D ( S Z M ,N h l  A N D  T t ( S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) - l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B I F ( / . I J )  1 A N D  F R E E H (I)  A N D  F R E E C (j)  A N D  N O T  P A (] ) j . .
ร บ M ( L $ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  L E  O R D (M )  A N D  H O T (S ,I ,L )= l  
A N D  A L L O W  H (S ,Z ,1 ,L ,J )= 1 ) ,

Q N E W _ M (S ,Z ,I ,J ,L ))  - Q N E W 2 _ M ( ร ,z , บ , M ) = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = I  A N D  O R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,] ,0 ,I ) ) ,  

Q N E W _ N ( S ,Z ,I ,J ,0 ) )  -  Q N E W 2 _ N ( S ,Z ,บ , N )
+  B  I ( S ,Z ,I ,M ,j 'n ) * 4 *  m a x ( S U M ( L $ ( D (S ,Z ,L ,N ) = l  A N D  O R D (L ) L E  O R D (M )
A N D  H O T (S ,I ,L )=  1 A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )=  1 ) ,D H H (S ,I ,L ) ) ,

ร บ M ( 0 $ ( D ( S ,Z ,M ,( j ) = l  A N D  O R D (O )  L E  O R D (N )
A N D  C O L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

* E Q  ( 4 4 )
B I F _ 2 ( ร ,z , บ , M ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M )= l  

A N D  C O L D ( S ,J ,N ) ~ 1 A N D
A L L O W _ H (S ,Z ,l ,M ,J )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  N O T  P A ( I ) ) . .
S U M (L $ (D (S ,Z ,L ,N )= 1  A N D  OFUD(L) L E  O R D (M )  A N D  H O T (S ,I ,L )= l  

A N D  A L L O W _ H ( ร ,Z ,1 ,L ,J )=  1 ),
Q N E W _ M ( S ,Z j y  ,L ) )  -  Q N E W 2 _ M ( S ,Z ,บ , M ) = G =

ร บ M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,  
Q N E W _ N ( S ,Z ,บ , O ))  - Q N E W 2 _ N ( ร ,Z ,I ,J ,N )

- B 1 ( S ,Z ,I ,M ,J ,N )  * 4 *  m a x ( S U M ( L $ ( D (S ,Z ,L ,N ) = I  A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,I ,L )=  1 A N D  A L L O W _ H (S ,Z ,I ,L ,J )= ]  ) ,D H H (S  I,L)_),
ร บ M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 )  L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )

A N D  A L L 0 W _ C ( S ,Z ,J ,0 ,I ) ) ,D H C ( S ,J ,0 ) ) ) ;

B 1 F _ 3 (S ,Z ,I ,J ,M ,N )$ (D ( ร ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T O ( ร ,M ) A N D  H O T (S ,] ,M ) = l  
A N D  C O L D ( S , i ,N ) - 1  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  
A N D  B I F ( Z ,บ ) ” ! A N D  F R E E H (I)  A N D  F R E E C (i)) .-
B 1 ( S ,Z ,I ,M ,J ,N )  = E =  2 -  0 .2 5 *  S U M (L $ (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )  
A N D  H O T ( S , ] ,L ) - l  A N D  A L L O W _ H ( S ,Z ,I ,L ,J )= l) ,N H E J V I l_ B ( S ,Z .l ,J ,L ) )
+  0 .2 5  * ร บ M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C O L D ( S ,J ,0 )  

A N D  A L L O W _ C (S ,Z ,J .O ,] ) ) ,N H E _ N  1 _ B ( ร ,z ,บ , O ))
- N H E _ M l_ B ( s 7 z ,I ,J ,M ) - N H E  N 1 _ B ( ร ,Z .] ,J ,N );
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B 1 F _ 4 (S  Z ,I ,J ,M ,N )$ (D (S ,Z .M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  T L (S ,N )  G E  T L (S ,M )  
A N D  H O T (S , l ,M ) = ]  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J ) -1  
A N D  A L L O W  C (S ,Z ,J ,N ,1 )= 1  A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 
S U M (L $ (H O T (S ,I ,L )= I  A N D  O R D (L )  L E  O R D (M ) A N D  
A L L O W _ H ( ร ,Z ,1 ,L ,J )=  1 ) ,N H E _ M  1 _ B ( ร ,Z ,บ , บ )
- S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  Ô R D ( 0 ) L E  O R D (N )  A N D  A L L O W _ C (S ,Z ,J ,0 ,I ) ) ,

N H E N 1 _ B ( S ,Z ,บ , O ) ) - G = 0 ;

B I F _ ] 1 (S ,z,บ , ] V l)$ (H O T (S ,I ,M )= l A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J ))..

S U M ( 0 $ ( H 0 T ( S ,I , 0 ) = I  A N D  O R D (O )  L E  O R D (M )  A N D  A L L O W _ H (S ,Z ,I .O ,J )= l) ,  
N H E _ M 0 _ B ( S ,Z ,บ , 0 ) - N H E _ M ] _ B ( S ,Z ,บ , 0 ) ) = L = 1  f

B IF  12 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )A N D  F R E E C (J ))..

S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )  A N D  A L L 0 W J 2 ( S ,Z ,J ,0 ,I ) ) ,  
N H E _ N 0 _ B ( S ,Z ,บ , 0 ) - N H E _ N l  B (S ,Z ,บ , 0 ) ) = L = 1  ;

B 1 F _ 6 ( ร ,z , บ , M ) $ ( H O T ( S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ))..

Q N E W 2 _ M ( ร ,Z .L J .M ) = L =  Q N E W  M (S ,Z ,บ , M );

B I ?  9 ( s !z ,I ,J ,M ) $ ( H O T ( S ,] ,M ) = 1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )A N D  F R E E C (J ) A N D  N O T  P A ( l j ) .

Q N E W 2  M ( S ,Z ,บ , M )  = L =  N H E _ M 0 _ B ( S ,Z ,บ , M )* D H H (S ,I ,M );

B 1 F _ 5 (ร !z , บ , M ) $ ( H 0 T ( S ,I ,M ) = 1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )=  1 A N D  B IF (Z ,I ,J )=  1 
A N D  F R E E H (I )A N D  F R E E C (J ) A N D  N O T  P A (I )) . .

Q N E W 2 _ M ( ร ,Z .I .L M ) = L =  N H E J V I 1 _ B (S .Z ,บ , M )* D H H (S ,I ,M );

* E Q  ( 5 2 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

B I F _ 8 ( ร ,Z ,บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= !  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )) ..

Q N E W 2 _ N ( ร ,z , บ , N )  = L =  Q N E W _ N (S ,Z ,บ , N );

B I F _ 1 0 ( S ,Z ,บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,J ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J )) ..

Q N E W 2  N ( S ,Z ,บ , N )  = L =  N H E  N 0 _ B ( S ,Z ,บ , N )* D H C (S ,J ,N ) ;

B I F _ 7 ( ร ,z , บ , N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I ) -1  A N D  B IF (Z ,บ ) - 1 
A N D  F R E E H (I )  A N D  I R F E C (J )) . .

Q N E W 2 _ N ( ร ,z , บ , N )  = L =  N H E _ N 1 _ B ( S ,Z ,บ , N )* D H C (S ,J ,N ) ;

* E Q  ( 5 6 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

F E A S _ M _ 0 1  ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M -I )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M - 1 ,J) A N D  B 1 F (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (jj )

A L F A _ M ( ร ,Z ,I ,] ,M )= L = I -N H E _ M 0 (S ,Z ,I ,J ,M -1 ) -N H E _ M 0 (S ,Z ,I ,J ,M );

F E A S  M  0 1 _ B ( ร ,Z ,I ,J ,M )S (H O T (S ,I ,M -I )  A N D  H O T (S  I M ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J )=  I 
A N D  A L L O W _ H ( ร ,z  L M - 1 ,J ) A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

A L F A _ M ( S ,Z  1 ,J ,M )- L = 1 - N H E _ M 0 _ B ( S ^ ,I ,J ,M - I ) - N H E _ M 0 _ B (S ,Z ,I ,J ,M ) ;

F E A S  M _ 0 2 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M -1 )  A N D  H O T (S ,I ,M )= I  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W  H (S  Z .I ,M -1 ,J )  A N D  B IF (Z .I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..



A L F A _ M (S ,Z ,บ , M )= L = 1 -N H E _ M 1  ( ร ,Z ,น , M -1 )-N H E _ M 1  (ร ,Z ,บ , M );
F E A S _ M  0 2  B ( s ! z ,บ  ,M ) $ ( H O T ( S ,I ,M - l ) Â N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W  H ( S ,Z ,i ,M - l ,J )  A N D  B 1 F (Z ,I,J )= 1  A N D  F R E E H (I) A N D  FRJEEC (J)).. 

A L F a ! m ( S ,Z ,บ , M )= L O T -N H e ! m i J b ( S ,Z ,บ , M  1)7n H E _ M 1 _B (S ,Z ;,บ , M );

F E A S  M  0 3 ( S Z ,บ , M ) $ ( H O T ( S ,] ,M - l )  A N D  H O T (S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l  
A N D  A L L o W _ H (S ,Z ,I ,M -I ,J )  a n d  B IF (Z ,I ,J )= 0  A N D  S P H (1)= 1  A N D  F R E E H (I)
A N D  F R E E C (j) ) ..

A L F A _ M ( S ,Z ,บ , M )= G = Y _ M ( S ,Z ,บ , M )-N H E _ M 0 (S ,Z ,บ , M -1 ) -N H E _ M 0 ( S ,Z ,บ , M ) -

A N D  A L L O W J h ( S ,Z ,1 ,M - l ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I) A N D  F R E E C (J ))  
A L F A J V l(S ,Z ,บ ิ, M ^ G = Y _ M J B ( S ,Z ,บ , M ) - N H E _ M 0 _ B ( ร ,z , บ , M -1 )-N H E J V 1 0 _ B (S ,Z ,I ,J ,M )  

- N H e 1 m 1 _ B ( S ,Z ,I ,J .M -1 ) -N H E M 1 _ B (S ,Z ,บ , M );

F E A S _ M _ 0 4 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  a n d  H O T (S ,I ,M )= l a n d  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1  a n d  
A L L 0 w ! h (S ,Z ,1 ,M -1 ,J )  a n d  (B IF (Z ,] ,J )= 1  o r  S P H ( I H ) A N D  F R E E H (l)  a n d  F R E E C (J )) ..

A L F A _ M ( S ,Z ,บ , M ) - G - 0 ;

F E A S _ M _ 2 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T ( ร , A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W  H (S ,Z ,1 ,M - l , j )  A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R L L C (J )A N D  N O T  P A (I )) .  
Q N E W _ M  ( ร ,  z7 i ,J ,M ) /(C P H (S ,I ,M )* * (T U (S ,M )-T L (S ,M )))  = L =

Q N E W _ M ( ร ,Z ,I ,J ,M -1 ) / ( C P H ( S ,I ,M - l ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )
+ ( 1 - A L F A  M ( S ^ ,1 ,J ,M ))* D F ]H (S ,I ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ))) ;

* E Q  ( 6 2 )
F E A S _ M _ 1  ( ร ,z , บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,] ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D ~ A L L O W _ H ( ร ,Z ,I ,M -1  ,J ) A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R E E C (J )A N D  N O T  P A (I )) .  
Q N E w ! m (S ,บ ิบ ิM ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )
+ ( 1 - A L F A _ M ( ร ,Z ,I ,J ,M ))* D H H (S ,I ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))

= G = Q N E W _ M (S ,Z ,I ,J ,M -1 ) / (C P H (S ,I ,M -1 )* (T U (S ,M -1 )-T L (S ,M -1 ) ) ) ;

F E A S _ M _ 3 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,L M )= l A N D  A L L O W  H (S ,Z ,1 ,M ,J )= I  
A M )  A l L O W  II (S .Z  I.M  บ )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  N O T  P A (I )) . .
- Q N E W _ M  (ร , z , บ , M - 1 ) / (C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 ) ) )
+  Q N E W "1m (S ,Z ,บ , M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )
+ ( 1 +  N H E _ M 1  ( ร ,z , บ , M - l )  +  N H E _ M  1 ( ร ,Z ,I ,J ,M ) -  N H E _ M 0 (S ,Z ,บ , M - l ) )  
* D H H ( S j ! m ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )*  1 . o o o o l  = G =  0 ;

F E A S _ M _ 4 ( S ,Z ,บ , M ) $ ( H O T ( S ,I ,M - ] )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,1 ,M -1 ,J )  A N D  B 1 F (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  N O T  P A (I )) . .
-  Q N E W  M (S ,Z ,บ , M ) /(C P H (S ,L M )* (T (J (S ,M )-T L (S ,M )))
+  Q N E W lM ( S ,Z ,I ,J ,M - 1 ) / (C P H ( S ,l ,M - l  ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )
+ (  1 +  N H E _ M 0 ( ร ,z , บ , M - 1 )+ N H E M O ( S ,Z ,I ,J ,M ) - N H E _ M  1 ( ร ,Z ,I , j ,M ) )  
* D H H ( s X m ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )*  1 .0 0 0 0 1  = G =  0;

F E A S  M  3 _ B _ 2 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M - l)  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  
A N D  A L L O W J 4 ( sTz ,I ,M -1 ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  S P H (I)= 1  A N D  F R E E H (1)
A N D  F R E E C (J )  A N D  N O T  P A (1 )) ..
Q N E W J V 1 (S ,Z ,บ , M -1 ) /(C P H (S ,I ,M -1 )* (T I J (S ,M -1 ) -T L (S ,M -1 ) ) )= L =  
Q N E W ! m (S ,Z ,] 'j ,M ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+ ( 1 + N H E _ m V b ( S ,Z ,I ,J ,M -1 )+ N H e 1 m 1 _ B ( ร ,Z ,I ,J ,M )-N H E „ M 0 _ B (S ,Z ,1 ,J ,M -1 ) )
* D H H ( S J ,M ) /( C P H ( S T ,M ) * (T U (S ,M ) -T L (S ,M ) )) ;

F E A S _ M _ 3 J B _ 1  ( ร ,Z ,I ,J .M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,1 ,M J )= !  
A N D  A L L O W " !H (S ,Z .I ,M -1 ,J )  A N D  B 1 F (Z ,I ,J )= I  A N D  S P H (I)= I  A N D  F R E E H (1)
A N D  F R E E C (f)  A N D  N O T  P A (I )) . .
Q N E W 2 _ M ( S ,Z . l ,L M - l ) / ( C P H ( S ,I ,M - l ) * ( T U ( S ,M - ] ) - T L ( S ,M - l ) ) )  = L =
Q N E W J M  (ร , z , บ , M ) /(C P H ( S ,I ,M ) * ( T U ( S ,M ) - T L ( S ,M ) ) ) +  (2  +  N H E _ M 1 _ B (S ,Z ,1 ,J ,M )  
- N H e J m o ! b (S ,Z ,บ  M - 1 ) - y ! m _ B ( ร ,Z ,บ , M - l ) )

■ * D H H (S ,โ M ) / ( C P H ( S ,I ,M ) * e n j ( S ,M )- T L ( S ,M )) ) ;
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* E Q  (6 7 )
F E A S _ M _ 4  B (S ,Z ,I ,J ,M ) $ (H O T ( S ,I ,M - l)  A N D  H 0 T ( S ,] ,M ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M .J )= ]  
A N D  À L L Ô W _ H (S ,Z ,I ,M -1 ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  N O T  P A (I )) . .
(Q N E W _ M (S  Z ,I  J ,M )-Q N E W 2 _ M  (ร , z ,  บ ,  M ) ) / (C P H (S ,] ,M )* (T U (S ,M )-T L (S ,M )) )  = L =  
0 N E W M ( S ,Z J J ,M - 1 ) / ( C P H ( S 7 i ,M N ) * (T U (S ,M - 1 ) - T L ( S ,M - 1 ) ) )

+ ( 2  +  N H E _ M 0 _ B ( S ,Z ,บ , M - l  ) -N H E _ M  1 _ B  ( ร ,z ,:บ , M )-Y  _ M _ B  ( ร ,z ,  บ ,  M ))  
* D H H (S ,I ,M )/(C P H (S ,ไ , M )* (T U (S ,M )-T L (S ,M )) ) ;

* E Q  (6 8 )
F E A S  M  1 S P (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M - l)  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + I )
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1
A N D  A L L O W J H ( S ,Z ,I ,M - l ,J )  A N D  A L L O W _ H (S .Z ,I ,M + l ,J )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H ( I ) = 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  N O T  P A (I )) . .

Q N E W J V I ( ร , Z ,1 ,J ,M )= G = (Y _ M (S ,Z ,I ,J ,M )-  
N H E _ M 0 (S ,Z ,บ , M ) +  N t r è j M l ( i z , U M ) ) » D H H ( S J , M ) :

F E A S _ M _ 1 _ S P _ B ( ร ,Z ,I ,J ,M )$ ( H O T (S ,l ,M - l)  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + l)
A N D  A L L O W  J 3 ( S ,Z ,I ,M ,J ) = 1
A N D  A L L O W lH ( S ,Z , l ,M - l ,J )  A N D  A L L O W  H (S ,Z ,] ,M + 1 ,J )  A N D  B 1F (Z ,I,J )= 1  A N D  S P H ( I ) = 0  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  N O T  P A ( i) )

Q N E W _ M ( S ,Z ,บ , M ^ G K Y l M J B f S ^ I .L lV O -
N H H  M 0 B ( S ,Z ,U .M ) + N H E _ M 0 _ B ( S ,Z ,  บ , M ))* D H H  (ร , L M );

F E A S  N  01 ( ร ,z , บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) - l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  A L L O W  c  ( ร ,Z .J N - 1 ,1) A N D  B IF (Z ,บ ) = 0  A N D  S P C (J )= 1  A N D  F R E E H (l)
A N D  F R E E C (J )) ..

A L F A _ N ( ร ,Z .L J .N ) = L =  I - N H E J N 0 ( S ,Z ,I ,J N )- N H E _ N 0 (S ,Z ,I ,J ,N - 1 ) ;
F E A S  N  O1 B ( s 7 z ,บ , N )$ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D ( S ,J ,N ) -1  A N D  A L L O W _ C (S ,Z ,J .N ,I )= l  
A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (l)  A N D  F R E E C (jj ) .. 

A L F a 7 n ( S ,Z ,U ,N ) = L = 1 - N H E _ N 0 _ B ( S ,Z ,I ,J ,N ) - N H E _ N 0 _ B ( S Z ,L J ,N - 1 ) ;

F E A S _ N J ) 2 ( S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B I F ( Z ,I J ) = 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,1 ,J ,N )= L = 1 -N H E _ N 1 ( ร ,Z ,บ , N )-N H E _ N 1  ( ร ,Z ,I ,J N - 1 ) ;  
I E A S _ N _ 0 2 _ B ( S ,Z .I ,J ,N ) $ ( C O L D ( S ,J ,N - iy A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N - i , I )  A N D  B IF (Z ,1 ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C ÿ ) ) . .  

A L F A _ N (S ,Z ,I ,J ,N ) = L = ] - N H E _ N ] _ B  ( ร ,  Z ,I ,J ,N ) -N H E _ N 1 _ B  (ร , Z ,บ , N -1 ) ;

F E A S _ N _ 0 3 ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N -1 )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N - l .I )  A N D  B IF (Z ,I ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C ( i) ) . .

A L F A _ N ( ร ,Z ,บ , N ) = G = Y _ N ( ร ,Z ,I ,J ,N )-N H E _ N O ( ร ,Z ,I ,J ,N ) -N H E _ N 0 (S ,Z ,บ , N -1 )
-  N H E _ N  1 ( ร ,Z ,] ,J ,N )-N H E _ N  1 ( ร ,Z ,I ,J ,N - 1 ) ;“

F E A S _ N _ 0 3 _ B ( S ,Z ,บ , N ) $ ( C 0 L D ( S ,J ,N - 1 )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (jj ) ..  
A L F a 1 n (S ,Z ,7 ,J ,N )= ( j = Y _ N _ B ( ร ,Z ,I ,J ,N ) -N H E _ N 0 _ B ( ร ,Z ,I ,J ,N ) -N H E _ N 0 _ B ( ร ^ , I ,J ,N -1 )  

- N H Ë _ N l _ B ( s i , I , J ,N ) - N H Ë _ N l _ B ( S ,Z ,I ,J ,N - l ) ;

F E A S _ N _ 0 4 ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N -1 )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  (B I F (Z ,บ ) = 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ N (S ,Z ,บ , N )= G = 0 ;+_____________________________ _______
F E A S _ N _ 2 ( S ,Z ,l ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1 )  A N D  S P C (J )= 1  A N D  F R E E H (l)  A N D  F R E E Q J )) .  
Q N E w 1 n ( S ,zT l J ,N ) / ( C P C (S ,J ,N ) * (T U (S ,N ) -T L (S ,N ) ) )= L = Q N E W _ N ( ร ,Z ,I ,J ,N -1 )
/ ( C P C (S ,J ,N -1 )
* (T U ( S .N - 1 ) - T L ( S .N - 1 ) ) ) + ( 1 - A L F A _ N ( ร ,Z ,I ,J ,N ) )* D H C (S ,J ,N ) /  

(C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) ) ;*_______________ ___ ___ _____ „_________
F E A S N l  ( ร ,Z ,l ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z J ,N ,] )= 1  
A N D  A L L O W _ C ( S ,Z ,j ,N - l ,I )  A N D  S P C (J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )) ..
Q N E W  N ( S , / โ ,U ,N y ( C P C ( S .J ,N ) * ( T U ( S ,N ) - T L ( S ,N )))

+ ( ] -A L F A _ N (S ,Z ,1 ,J ,N ) )* D H C (S ,J ,N )



/  ( C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) )= G = Q N E W _ N  (ร , Z ,] ,J ,N -1 ) /  
( C P C ( S ,J ,N - 1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 )));

I'l A S J s 1 3 ( ร Z ,น,:,N ) $ ( C 0 L D ( S ,J ,N - 1 )  A N D  C 0 L D (S ,J ,N )= 1  A N D  A L L O W  j : (ร ,,Z ,J ,N ,I)= 1  
A N D  A L L O W _ C (S ,Z ,J ,N -  ! ,1 ) A N D  B IF (Z ,] .J )= 0  A N D  S P C (J )= 1  A N D  F R E Ê H (l)
A N D  F R E E C (J )) ..
- Q N E W _ N ( ร ,z , น , N - ] ) / ( C P C ( S ,J ,N - l ) * ( T U ( S ,N - l ) - T L ( S ,N - l ) ) )  
+ Q N E w 1 n (S ,Z jI ,J ,N ) /(C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )+ (1 + N H E _ N 1 (S ,Z ,1 ,J ,N -1 )

+ N H E N 1 ( ร ,z , น , N )
-N H E J N O  ( ร ,z ,  น ,  N -1 ) ) * D H C ( S ,J ,N ) / ( C P C ( S ,J ,N ) * ( T U ( S ,N ) - T L ( S ,N ) ) ) * L 0 0 0 0 1  = G =  0;

* E Q  (7 6 )
F E A S _ N _ 4 ( S ,Z ,น , N )$ ( C O L D ( S ,J ,N - l  )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l  
A N D  A L L O W  C ( S ,Z ,j ,N - 1,1) A N D  B IF (Z ,1 ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..
-Q N E W _ N  ( ร ,z , น , N )/ ( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )
+ Q N E W "  N (S ,Z ,I ,J ,N -1  ) / (C P C ( S ,J ,N - l  )* (T U (S ,N -1  ) - T L ( S ,N - 1 ) ) )
+ (  I + N H E _ N 0 ( S ,Z ,i ,J ,N - 1 )
+  N H E _ N (j  ( ร ,  z j , J ,N ) - N H E _ N  1 ( ร ,z , น , N ) )* D H C (S ,J ,N ) /

( C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) )*  1 .0 0 0 0 1 = G = 0 ;

* E Q  (7 7 )
F E A S _ N _ 3 _ B _ 2 ( S ,Z ,น , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  
A N D  A L l 5 w _ C (S ,Z ,J ,N ,I )=  1
A N D  a l l o w " C (S ,Z ,J ,N - 1,1) A N D  B 1F (Z ,I,J )= 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (J )) ..
- Q N E W _ N (S ,Z ,น , N - 1 ) / (C P C ( S , J ,N -1  )*  ( T U (ร , N - 1 > -T L (S ,N -1 ) ))
+ Q N E W lN ( S ,Z ,น , N ) / ( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )
+ (1  +  N H E _ N  1 _ B ( ร ,z , น , N - 1 ) +  N H E _ N 1 _ B ( ร ,z , น , N ) - N H E _ N 0 _ B ( ร ,z , น , N - l ) )  
* D H C (S ,J ,N ) /(C P C (S ,J ,N )* (T U (S ,N )~ T L (S ,N )) )= G = 0 ,

* E Q  (7 8 )
F E A S _ N _ 3 _ B _ 1  ( ร ,Z ,] ,J ,N )$ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  
A N D  A L L O W _ C ( ร ,Z ,J ,N , I H
A N D  A L L O w I c ( S ,z ’j ,N - 1,1) A N D  B I F (Z ,น ) =1 A N D  S P C (J )= ]  A N D  F R E E H (l)  
A N D  F R E E C (J )) ..
- Q N E W 2 _ N ( ร ,Z ,1 ,J ,N -1  ) / (C P C ( S ,J ,N - 1 )*  ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ) )
+ Q N E W _ N ( S ,Z , น ,  N ) /( C P C (S ,J ,N ) * (T O ( S ,N ) -T L (S ,N ) ) )+ (2  +  N H E _ N  1 _ B ( ร ,Z ,I ,J ,N )  
-N H E  N 0 _ B ( ร ,z , น , N - 1 ) - Y _ N _ B ( S ,Z , I , i ,N - 1 ) )

* D H C (S ,J ,N ) /(C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )= G = 0 ;

F E A S _ N _ 4 _ B ( ร ,z , น , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= ]  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  B IF (Z ,1 ,J )= 1  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (jj ) . .
- (Q N E W _ N ( S ,Z ,น , N ) - Q N E W 2 _ N ( ร ,z , น , N )) / ( C P C ( S ,J ,N ) * ( T U ( S ,N )- T L ( S ,N ) ) )
+  Q N F;w 1 n (S \z ,I ,J ,N -  1 ) / (C P C ( S ,J ,N - 1 ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ) )  _
+ ( 2  +  N H E N 0 B ( S , Z , I , J , N - 1 )  - N H n _ N l _ B ( S ,Z , l J tN ) - Y N _ B ( S ,Z J ,J ,N ) )  

* D H C (S ,J ,N ) /(C P C (S ,j7n ) * ( T U ( S ,N ) - T L ( S ,N ) ) ) A > 0 ;

F E A S N l  _ S P ( S ,Z ,น , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l ) A N D  
A L L O W lC ( S ,Z ,J ,N ,l ) = l  A N D  A L L O W _ C ( S ,Z ,J ,N - l ,I )  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1)

A N D  SPC (( J )= 0  A N D  F R E E H (I )  A N D  F R E E C (J )) .. Q N E W _ N ( ร ,z , น , N )  = G =  
( Y _ N (S ,Z ,I ,J ,N ) - N H E _ N 0 ( ร ,z , น , N ) - N H E _ N 1 (ร ,Z ,I ,J ,N ))* D H C (S ,J ,N );

F E A S  N _ 1 _ S P _ B ( ร ,z , น , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,] ,N + l )  
A N D  A L L O W J C (S ,Z ,J ,N ,I )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1)

A N D  S P C ( J ) - 0 A N D  F R E E H ( l)  A N D  F R E E C (J )) .. Q N E W _ N  ( ร , z,น , N )  = G =
(Y  N  B (S ,Z ,I ,J ,N ) -N H E  N O  B ( S ,Z ,น , N )-N H E  N 1  B ( S ,Z ,น . N ))* D H C (S ,J ,N ) ;

F E A S _ B E G _ S P ( ร ,z , น , M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )  
A N D  H O T (S ,I ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N , l )= l  A N D  B IF (Z .1 ,J )= 0
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  N O T  P A (I )) . . 

T L (S .M )  -  T L (S ,N )  -  Q N E W _ N ( S ,Z ,น , N ) /(F C (S ,J )* C P C (S ,J ,N ) )
+  Q N E W _ M ( S ,Z ,น , M ) /(F H (S ,I )* C P H (S ,I ,M ))



F E A S  B E G  B  S P (S ,Z ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )  
A N D  HOT(S,i7m )=1 A N D C O L D ( S ,J ,N ) = l  a n d  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  
A N D  A L L 0 W C ( S ,Z ,J ,N ,I ) = 1  A N D  B IF (Z ,บ ) - 1
A N D  S P H (I )= Ô A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (] ) ) . .  

T L (S ,M )  -  T L (S ,N )  - Q N E W J ^ ( ร ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ))
+  Q N E W _ M ( ร ,Z ,I ,J ,M )  / (F H (S ,I )* C P H (S ,I ,M ))
+  ( 2 - N H Ë 1  M 0 _ B ( ร ,  Z ,I ,J ,M )-N H E _ N 0 _ B (S ,Z ,I ,J ,N ) )* T U (S .N )= G = 0 ;

+ (2-NHE_M0(S,Z,I,J,M)-NHE_N0(S,Z,I,J,N))*TU(S,N)=G=0;

* E Q  ( 8 2 )
F E A S  E N D  S P (S ,Z ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U (S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J H  
A N D  A L L O W _ C ( S ,Z ,J ,N , l )= l  A N D  B IF (Z ,I ,J )= 0
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (l)  A N D  F R E E C (J) A N D  N O T  P A (I )) . .  

T U ( S ,M ) - T U ( S ,N )
- Q N E W _ M ( ร ,Z ,1 ,J ,M )/(F H (S ,I )* C P H (S ,I ,M ))  + Q N E W _ N ( ร ,Z ,1 ,J ,N )/(F C (S ,J )* C P C (S ,J ,N ))  

+ ( 2 - N H E _ M l( S ,Z ,] ,J ,M )- N H E _ N l  ( ร ,Z ,T ,J ,N ))* T U (S ,N )= G = = 0 , 
F E A S E N D B  S P (S ,Z ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U (S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T ( S ,I ,M ) - l  A N D  C O L D ( S ,i ,N ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B 1F (Z ,I,J )= 1
A N D  S P H (I )= 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  N O T  P A (] ) )„  

T U ( S ,M ) - T U ( S ,N )
- Q N E W _ M (S ,Z ,I ,J ,M ) /(F H (S ,I )* C P H (S ,I ,M ))  +  Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J ) ’* C P C (S ,J ,N ))  

+ ( 2 - N H E _ M l_ B (S ,Z ,I ,J ,M )-N H E _ N l_ B (S ^ Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

F E A S _ B E G 3 (S ,Z ,I ,J ,M ,N )$ (D T V I O ( l ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M + 1 )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A L L O W J H ( S ,Z ,I ,M + l ,J )  A N D  A L L O W J 2 ( S ,Z ,J ,N ,I ) = l  A N D  A L L O W _ C (S  Z ,J ,N + 1 ,I )  
A N D  B IF (Z ,I ,J )= 0  A N D  (S P H (I )= 1  O R  S P C ( J ) - l )  A N D  F R E E H (I) A N D  F R E E C (J )) .. 

N H E _ N ](S ,Z ,1 ,J ,N )= L = (2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I J ,N ) ) ;

* E Q  ( 8 4 )
F E A S _ B E G (S ,Z ,I ,J ,M ,N )$ (D T V 1 0 (I ,J )= 1  A N D  D (S ,Z ,M ,N )= 1  A N D  D (S ,Z ,M ,N )= 1

A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I .M + l)  A N D  C O L D (S ,J ,N )= 1  
A N D  C O L D ( S ,J ,N + 1 )  A N D  A L L O W J 3 (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H (S ,Z  I ,M + 1 ,J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1) A N D  B ÏF (Z ,I ,J )= 0  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H ®  A N D  F R E E C (J )).. 
Q N E W _ N (S ,Z ,I ,J ,N ) / (T U (S ,M )-T L (S ,N ) )= L = Q N E W  N (S ,Z ,I ,J ,N + 1 )
/ ( T U ( S ,N + 1 ) - T L ( S ,N + 1 ))*  C P C (S ,J ,N ) /C P C (S ,J ,N + 1 j

+ (2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I ,i ,N ))* D H C (S ,J ,N ) /(T U (S ,M )-T L (S ,N ) ) ;

F E A S _ B E G 2 (S ,Z ,1 ,J ,M ,N )$ (D T V 1 0 (1 ,J )= 1  A N D  D (S ,Z ,M ,N )= 1  A N D  T L ( S N )  L T  T U (S  M )  
A N D T U ( S , N ) G T T L ( S ,M ) A N D H O T ( S , l ,M ) = l  A N D H O T ( S ,I ,M + l )  A N D C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )
A N D  A L L O w 1 h ( S ,Z ,1 ,M ,J )= 1  A N D  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J ) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N + 1 ,I )  A N D  B IF (Z ,1 ,J )= 0  A N D  (S P H (I )= 1  O R  S P C ( J ) - I )
A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .  
Q N E w 1 m ( S ,Z ,I ,J ,M ) /(M I N (T U (S ,M ),T U (S ,N ) ) -T L (S ,M ))= G =

Q N E W _ M ( ร ,z j , J ,M + l ) / ( T U ( S ,M + l ) - T L ( S ,M + l ) )
* C P H ( s 7 ,M ) /C P H (S ,1 ,M + 1 ) - (2 - N H E _ M 0  ( ร , z , น , M ) - N H E _ N 0 ( ร ,Z ,1 ,J ,N ))
* D H H ( S ,I ,M + 1 ) / ( T U ( S ,M + i  ) -T L (S ,M + 1  ));

* E Q  ( 8 6 )
F E A S J E N D 3 (S ,Z ,I ,J ,M ,N ) $ (D T V I O ( I ,J ) = l  A N D  D (S ,Z ,M ,N )= ]  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,] ,M ) = l  A N D  H O T ( S , l ,M - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N - l)
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1
A N D  A L L O W !  K s ' z j . M - l  ,J )A N I )  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  A L L O W  C (S ,Z ,J ,N -1 ,I )  
A N D  B 1 F (Z ,I ,J )= 0  A N D  (S P H (I )-T  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 
N H e 7 m O (S ,Z ,I ,J ,M )= L = (2 -N H E _ M 1  ( ร ,Z ,I ,J ,M )-N H E _ N 1 (S ,Z ,น , N )) ;

F E A S _ E N D ( S ,Z ,L J ,M ,N ) $ ( D T V I O ( U ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S Jvf) L T  T U (S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D H O T ( S ,I ,M ) = l  A N D  H O T (S ,L M -l)  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  F I(S ,Z ,I ,M ,J )= I  A N D  A L L O W _ H (ร ,Z .L M - l  ,J)
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A N D  A L L O W _ C ( S ,Z ,J ,N ,] )= l  A N D  A L L O W _ C (S ,Z ,J ,N - l ,I )  A N D  B IF (Z ,บ ) = 0  
A N D  (S P H (1 )= 1  O R  S P C ( J ) = i)  A N D  F R E E H (i)  A N D  F R E E C (J ) A N D  N O T  P A (I ) ) . .

Q N E W  M ( ร ,Z ,] ,J ,M )/(T U (S ,M )-T L (S ,N ) )= L = Q N E W _ M ( ร ,Z ,I ,J ,M -1 ) / (T U (S ,M -1 ) -T L (S ,M -1 ) )  
i C P H (S ,I ,M ) /C P H ( S ,I ,M - l) + (2 - N H E _ M I  ( ร ,  z , บ ,  M )-N H E _ N 1  ( ร ,z , บ , N ))
* D H H (S ,I ,M ) /(T U  ( ร ,M )-T L (S .N )) ;

* E Q  ( 8 8 )
F E A S _ E N D 2 (S ,Z ,บ , M ,N ) $ (D T V I O ( l ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  

A N D ~ T U (S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M - l )  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]  A N D  A L L O W _ H ( ร ,Z ,I ,M -1  ,J)
A N D  A L L O W  C (S ,Z ,J ,N ,I )= ]  A N D  A L L O W _ C (S ,Z ,J ,N -1 ,I )  A N D  B ]F (Z ,บ ) = 0  
A N D  (S P H (I )= 1  O R  S P C ( J ) - l )  A N D  F R E E H (T ) A N D  F R E E C (J )).. 
Q N E W _ N ( s i ,I ,J ,N ) / ( T U ( S ,N ) -M A X ( T L ( S ,M ) ,T L ( S ,N ) ) ) = G = Q N E W _ N  (ร , z , บ , N - l ) /  
( T U ( S ,N - 1 ) -T L (S ,N -1  ) )
* C P C (S ,J ,N ) /C P C (S ,J ,N -1  ) - (2 -N H E _ M  1 ( ร ,z,บ , M )-N H E _ N  I ( ร ,  z,น , N ))
* D H C ( S ,J ,N - 1 ) / (T U  ( ร ,N - l  ) -T L ( S ,N - l  )); *

* E Q  ( 8 9 )
F E A S _ B E G 4 _ B ( ร ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= I  A N D  D (S ,Z ,M ,N )= I  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A L L O w lH ( S ,Z ,I ,M + l  ,J )A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  a n d  A L L O W ^ C ( ร ,Z ,J ,N + 1,1) 
A N D  B IF (Z ,บ ) = 1  A N D  (S P H (I )= 1  O R  S P C (J> = 1 ) A N D  F R E E H (I)  A N D  F R Ê É C (J )) ..

(1 + Y ^ N ^ B (S ,Z ,I ,J ,N ) -N H E  _ M 0 _ B (S ,Z ,1 ,J ,M )-N H E _ N 0 _ B (S ,Z ,1 ,J ,N )) ;

F E A S _ B E G 2 _ B ( S ,Z ,I ,J ,M ,N )$ ( D T V 1 0 ( I ,J ) = 1  A N D  ว ( ร ^ , M ,N ) = ]  A N D  T L (S ,N )  L T T U ( S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  A L I .O W  I ] (S ,Z ,I .M M  J )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  A N D  A L L 0 W _ C ( S ,Z ,J ,N + 1 ,I )  A N D  B ÎF (Z ,I ,J )= 1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )).. 
Q N E W _ N ( S ,Z ,I ,J ,N ) / (T U (S ,M ) -T L (S ,N ) )= L =
Q N E W lN ( S ,Z ,บ , N + 1 ) /(T U  ( ร ,N + 1 ) - T L ( S ,N + 1))

* C P C ( S J ,N ) /C P C ( S ,J ,N + 1 )+
( ] + Y _ N _ B ( S ,Z ,บ , N ) - N H E _ M 0 _ B ( ร ,Z ,I ,J .M )-N H E _ N O _ B ( ร ,z , บ , N ) )  

* D H C (S ,J ,N ) /(T U (S ,M )-T L (S ,N ) j ;

F E A S _ B E G 1 _ B ( ร ,z , บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S  M )  
A N D  T U (S  N )  G T  T L (S ,M )  A N D  H 0 T ( S ,I ,M ) = 1  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  H (S ,Z ,I ,M + 1 ,J )
A N D  A L L O W  C (S ,Z ,J ,N ,I ) - 1  A N D  A L L O W _ C (S ,Z ,J ,N + l ,1) A N D  B IF (Z ,I ,J )= 1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R F F H (I )  A N D  F R E E C (J ))..

Q N E W 2 _ N  ( ร ,  Z ,I ,J ,N ) /(T U (S ,M )-T L (S ,N ))= L = Q N E W _ N ( ร ,Z ,I ,J ,N + 1 ) /
(T U  (ร ,N + 1  ) - T L ( S ,N + 1 ) )
* C P C ( S ,J ,N ) /C P C ( S ,J ,N + l ) + ( 2 - N H E _ M 0 _ B ( S ,Z ,l ,J ,M ) - N H E N 0 B ( S ,Z ,I ,J ,N ) )
* D H C ( S ,i ,N ) / (T U ( S ,M )- T L (S ,N ) ) ;

F E A S _ _ B E G 3 _ B ( ร ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )= ]  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H 0 T ( S ,I ,M ) = 1  A N D H O T  ( ร , ] ,M + l )  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N + 1 )  A N D  A L L O W _ H ( ร ,Z,I,M,J)=1 A N D  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J)
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= I  A N D  Â L L O W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,บ ) =1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  N O T  P A (I ) ) . .  
Q N E W _ M  ( ร ,  Z ,I ,J ,M )/(M I N (T U (S ,M ) ,T U (S ,N )) -T L (S ,M ))= G = Q N E W _ M ( ร ,z , บ , M + l ) /
(T U  ( ร ,M + 1 ) -T L (S ,M + 1  ) )

* C P H ( S ,] ,M ) /C P H ( S ,I ,M + ] ) - ( 2 -N H E  M 0 _ B ( S ^ : ,I ,] ,M ) - N H E _ N 0 _ B ( ร ,Z ,I ,J ,N ))
* D H H (S ,I ,M + 1 ) / ( T U ( S ,M + 1 ) -T L (S ,M +  ] ) );

F E A S _ E N D 3 _ B ( S ,Z ,I ,J ,M ,N ) $ ( D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S .M )  
A N D  T U ( S ,N )  G T  l l . ( S .M )
A N D  H O T (S ,I ,M )= I  A N D  H O T (S ,I ,M - l )  A N D  C O L D (S ,J ,N )= ]  A N D  C O L D ( S ,J ,N - l)
A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )= 1
A N D  A L L O w I h ( S ,Z .L M -1 ,J )A N D  A L L O W _ C (S ,Z ,J ,N ,I )  a n d  A L L O W _ C ( ร ,Z ,J ,N -1 ,])  
A N D  B lF ( Z ,I , i ) = l  A N D  (S P H (I )= 1  O R  S P C ( f ) = i )  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

(1 + Ÿ _ M _ B  ( ร ^ , บ ิ, M ) -N H E _ M  I _ B  (ร , Z , บ ,  M )-N H E _ N  บ  B (S ,Z ,บ , N )) ;



F E A S _ E N D _ B (S ,Z ,1 ,J ,M ,N )$ (D T V I 0 (I ,J )= 1  A N D  D (S ,Z ,M ,N )= ]  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U ( s7n )  G T  T L (S ,M )  a n d  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M -1 ) A N D  C O L D (S , j ,N ) =  1 
A N D C O L D ( S  J N - I )  A N D A L L O W _ H (S ,Z ,I ,M ,J ) = l  A N D  A L L 0 W _ H (S ,Z ,I ,1 V I -U )
AND A L L O w  c (ร,z  ,J ,N ,I )=  1 A N D  A L L O W _ C (ร,Z ,J ,N -1 ,I )  A N D  B 1F (Z ,I,J )= 1  
A N D  ( S P I I ( l ) - i  O R  S P C ( j j = l )  A N D  FRJEEH(T) A N D  F R E E C (J )  A N D  N O T  P A (I )) . .  

( Q N E W _ M ( S ,Z ,บ , M )-Q N E W 2 _ M ( ร ,z , บ , M )) / (T U (S ,M )-T L (S ,N ) )= L =  
Q N E W _ M (S ,Z ,I ,J ,M -1  ) /
( T U ( S ,M -1 )-T L (S ,M -1 ) )* C P H (S ,I ,M ) /C P H (S ,I ,M -I )+
( 2 - N H E M l_ B ( S ,Z ,U ,M ) - N H E _ N I _ B ( S ,Z ,I ,J ,N ) ) * D I  111 ( ร ,  l ,M )/(T (J (S ,M )-T L (S ,N )) ;

* E Q  (9 5 )
F E A S _ E N D 2 _ B ( S ,Z ,บ , M ,N )$ (D T V I O (] ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S ,M )  

A N D  T D ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,] ,M - l )  A N D  C 0 L D ( S ,J ,N ) = 1  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W  H (S ,Z ,I ,M  1,J)
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= I  A N D  A L L O W _ C (S ,Z ,J ,N -1,1) A N D  B IF (Z ,1 ,J )-1  
A N D  (S P H (I )= I  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J )) ..

( Q N E W _ N ( ร ,Z ,I ,J ,N ) -Q N E W 2 _ N ( ร ,Z ,I ,J ,N ) ) / (T U (S ,N ) -M A X (T L (S ,M ),T L (S ,N ) ) )= G =  
Q N E W _ N ( S ,Z ,I ,J ,N - ] ) / (T U (S ,N ~ l ) - T L ( S ,N - 1 ) )* C P C (S ,J ,N ) /C P C (S ,J ,N -1 )
- ( 2 - N H E _ M l_ B ( ร ,z , บ , M ) - N H E _ N 1 _ B ( S ,Z ,บ , N ) ) * D H C ( S ,J ,N - 1 ) /

( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) );

P A R E Q ( S ,Z ,I ,J )$ ( A L L O W (S ,Z ,U ) = l  A N D  F R E E H (I)  A N D  F R E E C (J ))..
P A R (Z ,I ,J )= E = ร U M ((M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T D (S ,M ) A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,  

Q_(S ,Z ,I ,M ,J ,N ) /(U (S ,I ,J )* L M T D (S ,M ,N ) ) ) ;

* E Q  (9 7 )
B IF  13 _ 2 (S ,K ,Z ,I ,J ,M )$ (O R D (K )  L T  K M A X (Z ,I ,J )  A N D  H O T (S ,I ,M )= ]
A N D  A L L O W _ H ( S ,Z ,] ,M ,J ) = l  
A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 
p A R  B (K ,Z ,I ,J )= L =  S U M ((L ,N )$ (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )

A N D  H O T (S ,I ,L ) = l  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W  H ( ร ,Z ,I,L ,J )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= l ),
( Q (S ,Z ,I ,L J ,N )“ Q 2 ( S ,Z ,] ,L ,J ,N ) ) / ( U ( S ,I ,J ) * L M T D ( S L N ))

t A M a 'x * (2 -N !  1 E _ M 1 _ B ( ร ,Z ,I J .M ) - X  I B (S ,Z ,I ,J ,M )-  
S U M (K K $ (O R D (K K )  G T  1 A N D  O R D (K K ) L T  O R D (K ) ) ,X _ B ( ร ,K K ,Z ,น , M )) ) ) ,  

♦ Com m ent: In th e  p a p e r  X I _ B  d o e s  n o t  sh o w . O n ly  o n e  v a r ia b le , X _ b 1 s u sed
♦  to  m a k e  s u m m a tio n s  fro m  1 to  k m a x -1 . F lere w e  u s e  X 1 _ B  and then a
* s u m m a tio n  fr o m  2  to  k m a x -1 . S e e  e q u a tio n  (1 0 0 )  a s  w e l l .

* E Q  (9 8 )
B IF _ 1 3 _ 1  ( ร ,K ,Z ,I ,J ,M )$ (O R D (K )  L T  K M A X (Z ,บ )  A N D  H O T (S ,l ,M )= l
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1
A N D  B 1 F (Z ,บ ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J )) ..
P A R  B (K ,Z ,I ,J )= G =  S U M (( L ,N )$ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  L E  O R D (M )  
A N D ” t L (S ,N )  L T  T U (S ,L )
A N D  H O T (S ,I ,L ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )=  1 ) ,  
(Q (S ,Z ,I ,L ,J ,n 7 -Q 2 (S ,Z ,I ,L ,J ,N ) ) / (U ( S ,1 ,J )* L M T D ( S ,L N ) )

- A M A X * ( 2 - N H E _ M 1 _ B (S .Z » U ,M ) - X 1 _ B ( ร ,Z  I J M )-  
S D M (K K S (O R D (K K )  G T  1 A N D  O R D (K K )  L T  O R D (K )) ,X _ B (S ,K K ,Z ,I ,J ,M )) ) ) ;

♦ EQ (99)
B 1 F _ 1 4 ( ร ,K ,Z ,I ,J )$ (O R D (K )  E Q  K M A X (Z ,1 ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  
A n 5  F R E E C (J )  a n d  B IF (Z ,บ ) = 1 ) . .

P A R _ B (K ,Z ,I ,J )= E = P A R (Z ,l , i ) -S L I M (K K $ (O R D (K K )  L T  O R D (K )) ,P A R _ B (K K ,Z ,L J )) ;

B 1 F J 5 ( ร ,Z ,l ,J ,M )S ( H O T (S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J ))..

X 1 _ B ( ร ,Z ,บ , M )+ S U M (K S (O R D (K )  G T  1 A N D  O R D (K )  L E  K M A X (Z  I ,J ))  
O R D (K ) * X J B ( S ,K ,Z ,บ , M )) = E =  S U M (L $ ( H O T ( S ,l ,L ) = l  A N D  O R D (L ) L E  O R D (M ) A N D  
A L L O W  F l( S ,Z ,I ,L ,J ) = l) ,N H E _ M 0  B (S ,Z ,I ,J ,L ) ) + 1 - Y _ M  B ( ร ,Z ,1 ,J ,M ) ;

♦ Com m ent: In th e  p ap er  X 1 _ B  d o e r n o t l h o w .  O n ly  o n e  v a r ia b le , X _ B  is  u sed
♦  to  m a k e  s u m m a tio n s  fro m  1 to  k m a x -1 . F lere w e  u s e  X  1 _ B  and  then a
♦  s u m m a tio n  fro m  2  to  k m a x -1 .♦  ______________________________



B I F J 7 ( ร ,Z ,บ , M ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I .M ,J )= 1  A N D B I F (Z ,I ,J )= 1  
A N D  F R E E H ( l)  A N D  F R E E C (J ))
S U M (N $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M ) A N D  H 0 T (S ,1 ,M )= 1  A N D  C 0 L D ( S ,J ,N ) = 1  
A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L 0 W _ C (S Z J ,N ,I )= 1 ) ,Q 2 (S .Z .J .M ,J ,N ))= E =

QNEW 2_M (sijj,M );

* E Q  ( 1 0 2 )
B 1 F J  8 (S ,Z ,] , .) ,M ,N )$ (D (S ,Z ,M ,N )= 1  a n d  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ^ , l j ^ J ) = l  A N D  A L L O W  C (S ,Z ,J .N ,])= 1  
A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (l)  A N D  F R E E C (J))..

Q 2 (S ^ Z ,1 ,M ,J ,N )= L = Q (S ,Z ,1 ,M .J .N );

* E Q  ( 1 0 3 )
S H E L L (Z ,บ ) $ (S U M  [ ร ,A L L O W (S ,Z ,บ ) ) > =  1 A N D  F R E E H (!)  A N D  F R E E C (J)
A N D  B 1 F (Z ,บ ) = 0 ) . .
P A R (Z ,บ ) = L = A S H E L L M A X » U S H E L L (Z ,บ ) ;

S H E L L _ B (K ,Z ,I ,.I )$ (S U M [S ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (l)  A N D  F R E E C (l)

P A R _ _ B (K ,Z ,] ,J )= L = A S H E L L M A X n J S H E L L  B (K ,Z ,บ ) ,

* E Q  ( 1 0 5 )
♦ T O T A L C O S T .. T C O S T  = E =  S U M (1 $ (H U (1 ) A N D  F R £ E H (] )) ,C H U (] )* * F H U (])* D T H U (1 ))
* +  S U M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )’ D T C U (J ))
* +  ร บ M ((Z ,I ,J )$ (S U M [S ,A L L O W (S ,Z ,บ ) ] ร - -  1 A N D  F R E E H (l)  A N D  F R E E C (J )
* A N D  B I F ( Z ,I ,] )= 0 ) ,  C F * U S H E L L (Z ,I ,J ))
* +  S U M ((K .,Z ,] , i)$ (S U M [S ,A L L O W (S ,Z ,บ ) ) > =  1 A N D  F R E E H (I) A N D  F R E E C (J)
* A N D  B 1 F (Z ,บ ) บ ั) ,  C F ’ U S H E I ,1 B ( K ,Z ,บ ) )
* +  S U M ( ( Z ,บ ) $ (S U M [S ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (l)  A N D  F R E E C (J ) ),
* C A * P A R ( Z ,บ ) )
* +  C o s t  s id e  s tr ip p in g  s tea m  ;

T O T A L C O S T .. T C O S T = E = S U M (l$ (H U ( l)  A N D  F R E E H (]) ) ,C H U (I )* F H U (1 )* D T H U (]) )  
+ S U M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))  _  
+ S U M ((S ,Z ,I ,J )$ (A L L O W (S .Z ,I , i)= I  A N D  F R E E H (l)  A N D  F R E E C (J ))  
,C F * (N H E (S ,Z ,I ,J )+ N H E _ S ( ร ,Z J J ) $ (N H E 0 (S ,Z ,I ,J ) = 1 ) - N H E .0 (S ^ I J ) ) )  
+ S U M ((S .Z ,l ,J )$ (A L L O W  ( ร ,Z ,I ,J ) -1  A N D  F R E E H (l)  A N D  F R E E C (J)
A N D  B 1 F (Z ,I ,J )-0 ) ,C A E * D P A R _ E (Z ,1 ,J )+ C A N * P A R _ N (S ,Z ,1 J ) )  
+ S U M ( ( S ,k 2 ,1 ,J ) S ( O R D ( K )  l e  K M A X (Z ,) ,J )  a n d  A L L O W (S 'z ,],J)=1  
a n d  F R E E H ( l)  A N D  F R E E C (J) A N D  B 1F (Z  j ,J ) =  1 )
C A E ’ D P A R  E _ B (K ,Z ,I ,J )+ C A N * P A R _ N  B (K ,Z ,l ,J ) )+ C o s t_ s id e _ s tr ip p in g _ s te a m ;

* F lere w e  h a v e  an e q u a tio n  th a t is  m ad e s im p le r  th an  in th e  pap er . W e  a c c o u n t
* fo r  th e  to ta l  a rea  o f  th e  e x c h a n g e r s  (u se  P A R  and  n o t  P A R  B )
* T h e  r e s u lt  i s  th e  sa m e .

* E Q  ( 1 0 6 )  C O N S I S T E N C Y :  N u m b e r  o f  e x c h a n g e r s  sm a lle r  than  th e  n u m b er  o f  s h e lls  
* N e e d e d  b e c a u s e  th e  e x c h a n g e r s  are re la ted  to  th e  v a lu e s  o f  K .

K M A X l( S ,Z , l ,J )S ( A L L O W (S ,Z ,I ,J ) = l  A N D  F R E E H (I) A N D  F R E E C (J) A N D  B ]F (Z ,1 ,J )= 0 ) .. 
N H E (S ,Z ,I ,J )  - L -  U S H E L L (Z ,บ )  ;

K M A X 2 ( S ,Z , ] ,J ) $ ( A L L O W ( S ,Z ,l ,J H  A N D  F R E E H (I) A N D  F R E E C (J) A N D  B 1F (Z .1 ,J )= 1 ).. 
N H E (S ,Z ,1 ,J )  - L =  S U M (K ,U S F I E L L _ B (K ,Z ,บ ) )  ;

* E X T R A  E Q U A T I O N S  N O T  IN  P A P E R  B U T  N E E D E D

* E Q  ( 1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H M A X ( S ) . .  S U M (( Z ,I J )$ ( A L L O W (S ,Z ,l ,J ) =  1 A N D  F R E E H (I) A N D  F R E E C (J )) ,  

N H E (S ,Z ,L J ) )= L = T O T N E X C H M A X ;

* E Q  ( 1 0 9 )  M I N I M U M  N U M B E R  O F  E X C H A N G E R S
T O T N E X C H M I N ( S ) . .  S U M ((Z ,I ,J )$ (A L L O W (S ,Z ,I ,I )= l  A N D  F R E E H (l)  A N D  F R E E C (J )) ,  
N H E (S Z ,l ,J ) ) = G = T O T N E X C H M I N ,



Equation for Retrofit
* E Q (R e tr o f it  1)
A R E A R E S T l  ( ร ,Z ,น ) $ (A L L O W (S ,Z ,l ,J )= ]  A N D  F R E E H (I) A N D  F R E E C (J)  

P A R (Z ,I ,J ) = L = A E X ( z j ,J )+ D P A R _ E ( Z ,น ) + P A R _ N (S ,Z ,I ,J ) ;

*EQ (R etrofi't"  2 ) ~
A R E A _ R E S T 2 (S ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J)  

A N D  B IF (Z ,บ ) = 0  ) ..
D P A R _ E (Z ,น ) = L - A E X _ บ ( Z ,น ) - A E X (Z ,น ) ;

* E Q (R e tr o f it  3 )
A R E A _ R E S T 3 (S ,Z ,I ,J )$ (A L L O W  ( ร ,Z ,I,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J)

P A R _ N ( S ,Z ,น ) = L = A J 4 E W _ M A X ( Z ,น ) * * (N H E (S ,Z ,น ) - N H E 0 ( S ,Z ,น ) ) ;*_____ _______________ ________ _______
* E Q (R e tr o f it  4 )

A R E A _ R E S T 4 (S ,Z ,I ,J )$ (A L L O W (S ,Z ,น ) = 1  A N D  F R E E H (I) A N D  F R E E C (J)  
A N D  B I F (Z ,น ) = 0  )..

( N H E (S ,Z ,] ,J ) )  = L =  T O T N E X C H M A X  ;

* E Q (R e tr o f it  ร ิ)
A R E A _ R E S T 5 (S ,Z ,l ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J)  

A N D  B I F (Z ,น ) = 0  A N D  N H E 0 (S ,Z ,1 ,J )=  0 )..

P A R _ N ( ร ,z , น )  = L =  A _ N E W _ _ M A X (Z ,น ) *  ( N H E ( S ,Z ,น ) ) ;

* E Q (R e tr o f it  6 )
* E q  r e tro fit 6  is  sa m e  a s  E q  retrofit 5

* E Q (R e tr o f it  7 )
A R E A _ R E S T 7 (S ,Z ,I ,J )$ (A L L O W (S ,Z ,l ,J )= l  A N D  F R E E F I(I) A N D  F R E E C (J)  

A N D  B IF (Z ,] ,J )= 0  A N D  N H E 0 (S ,Z ,] ,J )=  0 ). .
( N H E ( S ,Z ,น ) )  = L =  T O T N E X C H M A X  ;

* E Q (R e tr o f it  8 )
A R E A  R E S T !_ B (S ,K ,Z ,T J )$ (O R D (K )  L E  K M A X (Z ,น )  A N D  A L L O W ( S ,Z ,] ,J H  

A N D  F R E E I I (I )  A N D  F R E E C (J )  A N D  B IF (Z ,น ) = 1 )
P A R J B ( K ,Z ,น ) = L = S U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,น ) ) , A E X _ B (K K ,Z ,น )  

* D E L T A (K K ,K ))+ D P A R _ E _ B (K ,Z ,I ,J )+ P A R  N J B (K ,Z ,I ,J ) ,

* E Q (R e tr o f it  9 )
A R E A _ R E S T 2 _ B (ร,K ,z,น ) $ (O R D (K )  L E  K M A X (Z ,1 ,J ) A N D  A L L O W (S ,Z ,I ,J )= ]

A N D  F R E E H (I )  A N D  F R E E C (J ) A N D  B IF (Z ,น ) = 1 ) . .
D P A R _ E _ B ( K ,Z ,น ) = L = S U M (K K $ (O R D (K K )  L E  N H E 0 ( S ,Z ,น ) ) , (A E X _ U _ B (K .K ,Z ,น )  

~AF.X  B(ICK l̂ , I ,J ) )  D E L T A (K K ,IC )),

* E Q (R e tr o f it  1 0)
A R E A _ R E S T 3 _ B ( ร ,K , z , น ) $ (O R D (K )  L E  K M A X (Z ,1 ,J )  A N D  A L L O W (S ,Z ,l,J )= l  

A N D  F R E E H ( l)  A N D  F R E E C (J ) A N D  B IF (Z ,1 ,J )= 1 ) ..
P A R _ N _ B ( K  z , น ) = L = A _ N E W _ M A X (Z ,น )

* ( l - S U M (K K $ ( O R D (K K )  L E  N H E 0 (S ,Z ,1 ,J ) ) ,D E L T A (K K ,K )) ) ;

* E Q (R e tr o f it  1 1)
A R E A _ R E S T 4 _ B ( ร ,K ,Z ,I ,J )$ (O R D (K )  L E  K M A X (Z ,1 ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  

A N D  F R E E H ( l)  A N D  F R E E C (J ) A N D  B IF (Z  บ ) = 1 )--  
S U M (K K $ (O R D (K K )  L E  N H E 0 (S ,Z ,I ,J ) ) ,D E L T A (K K ,K ))= L = 1  ;

* E Q (R e tr o f it  1 2)
A R E A _ R E S T 5 _ B (S ,K ,Z ,l ,J )$ (O R D (K )  L E  N H E 0 (S ,Z ,I ,J )  A N D  A L L O W ( ร ,Z ,1 ,J)=1  

A N D  F R E E H (I )  A N D  F R E E C (J ) A N D  B I F (Z ,! ,J )= 1 ) . .
S U M (K K $ (O R D (K K )  L E  IC M A X (Z ,1 ,J )) ,D E L T A (K ,K K ))= L = 1  ;

* E Q (R e tr o f it  13)
A R E A _ R E S T 6 _ B (S ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)

A N D  IFR E E C (J) A N D  B 1 F (Z ,L J )= 1 ) ..

S U M ((K ,K K )$ (O R D (K )  L E  K M A X (Z ,] ,J )  A N D  O R D (K K ) L E  N H E 0 ( S ,Z ,น ) ) , D E L T A (K K ,K ))  
. - E =  N H E 0 ( S ,Z ,น ) ;



* E Q (R e tr o f it  1 4)
L IM  H E X (S ,M ) ..

S U M ((Z ,I ,J )$ (H 0 T (S ,I ,M )= 1  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  ) ,(N I I E (S ,Z ,I ,J )) -N H E O (S ,Z ,บ ) )  
= L =  M A X _ N E W _ H E X  ;

* A d d  E q  fo r  P A

P A _ 1  ( ร , I ,M )$ ( H O T ( S ,i ,M ) = l  A N D  N O T  H U (I )  A N D  
F R E E H (I)  A N D  N I H (I )= 0  A N D  P A (I )) . .
F P (I )* * C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ))  = E = S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  
A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D ( S J ,N ) = l
A N D  A L L O W  F I(S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (ร ,Z ,J ,N ,I )= 1 ) ,Q (S ,Z ,1 ,M ,L N )) ;

P A _ 2 ( ร , ] ,M ) $ ( H O T ( S ,I ,M )= l  A N D  N O T  F IU (l)
A N D  F R E E H (I)  A N D  N IH (I )= 1  A N D  P A (I )) . .
F P ( I )* C P H (S ,i ,M )* (T U (S ,M )-T L (S ,M ))  = E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  
A N D  T L (S ,N )  L T  T U  ( ร ,M ) A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W C ( S ,Z ,J ,N ,I ) = l ) ,Q ( S ,Z , l ,M J ,N ) )
+ S U M ( ( Z ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,] ,N ) = l  A N D  O R D (N )  G T  O R D (M )) ,Q H (S ,Z ,I ,N ,M ))  
- S U M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) =  1 A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z ,] ,M ,N ) ) ;

* E Q l l _ b  C a s e  o f  B IF (] ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B .
P A _ 3 ( s 7z ,I ,J ,M )$ (H O T (S ,I ,M )= 1  a n d  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  a n d  B IF (Z ,I ,J )= 0  

A N D  F R E E H (l)  A N D  F R E E C (J )A N D  P A ( I ) ) ..
Q N E W _ M ( ร ,Z ,I ,J ,M ) F P Y (S ,Z ,I ,J ,M )* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ))$ (N O T H D (I ) )= L = 0 ;

* E Q  l l _ b  C a s e  o f  B IF (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B  
* * * * * * *  * * * * * * * * *  m i n i m u m  V A L U E  O F  Q N E W _ M = 0 .0 1  ! !! ! ! !! ! ! !
P A _ 4 (S ,Z ,I ,J ,M ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W  I I (S ,Z ,I ,M  j ) =  1 A N D  B IF (Z ,I ,J )= 0  A N D  

FRJEEH (I) A N D  F R E E C (J ) A N D  P A (I ) ) . .
Q N E W _ M ( ร ,Z ,I ,J ,M )-Y _ M ( ร ,Z ,I ,J ,M )* Q L H M I N = G = 0 ;

* E Q  I l _ b  C a s e  o f  B IF (I ,J )= 1  (i j )  b e lo n g in g  to  s e t  B
P A  3 _ B ( ร , / , , บ , M ) $ ( U O T ( S J ,M ) - l  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  B 1F (Z ,I,J )= 1  

A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A ( l) ) .
Q N E W _ M (S ,Z ,I ,J ,M )-F P Y _ B (S ,Z ,I ,J ,M )* C P F l(S , i ,M )* (T U (S ,M )-T L (S ,M ))$ (N O T  H U (I ))= L = 0 ;  

* E Q  1 1 _b  C a s e  o f  B IF (I ,J )= 1  (i j )  b e lo n g in g  to  se t  B
P A _ 4 _ B ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D F R E E H ( I )  A N D  F R E E C (J )  A N D  P A (I )) . .

Q N E W _ M  ( ร ,  Z ,1 ,J ,M )-Y _ M _ B (S ,Z ,I ,J ,M )* Q L H M I N  = G =  0;

P A J (S ^ Z ,Ë J ,M )$ (H O T (S ,I ,M > = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= I  A N D  B IF (Z ,I ,J )= 0  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  P A (D ).

F P Y  ( ร ,Z ,I ,J ,M )  - E =  S U M (R ,(F P R (I ,R )* Y W (S ,Z ,I ,J ,M )) );

PA Q 6(S7 z ,Ë J ,M )S (H O T (S ,I ,M )= 1  a n d  A L L O W  ! [ (ร ,Z ,1 ,M ,J )= 1  a n d  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

F P Y _ B ( ร ^ : ,I ,J ,M ) = E =  S U M (R ,(F P R (I ,R )* Y W (S ,Z ,I ,J ,M )) );

P A _ 7 (S 7 z ,U ,M ) $ (1 1 0 ' l  ( ร , ! ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  P A (I )) . .

Y W ( S ,Z ,I ,J ,M )-Y _ M ( ร ^ , I ,J ,M ) - L =  0;

P A J ! (S 7 z ,L J ,M ,R )$ (L I O T (S ,1 ,M )1  a n d  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  a n d  B 1F (Z ,I,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (1 )) ..

Y W ( S ,Z ,U ,M )  = L =  พ (I ,R );*___________ ________________________
PAQ 9 ( s 7 z ,I ,J ,M ,R ) î ( H O T ( S ,I ,M ) = l  A N D  A L L O W  H ( S .Z T ,M J ) = l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H ( l)  A N D  FRJEEC (J) A N D  P A (I )) . .

Y W ( ร ,Z ,1 ,J ,M ) ~ G =  Y _ M (S ,Z ,I ,J ,M )+ W (I ,R ) -1  ;



P A  1 0 (S  Z ,1 ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H 0 T (S ,I ,M )= 1  
A N D  C O L D (S ,J ,N )=  1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O w j c ( S ,Z , j ,N ,I ) = l  
A N D  B I F ( Z ,i ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A ® ) . .
S I J M (I ,$ (D (S ,Z ,L ,N )= I  A N D  O R D (L )  L E  O R D (M )  A N D  H O T (S ,l ,L ) = l  
A N D  A L L O W  H (S ,Z ,I ,L ,J )= 1  ),

Q N E W _ M (ร 7 z ,บ , L )) -  Q N E W 2 _ M (S ,Z ,1 ,J ,M )  = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C O L D (S ,J .O ) A N D  A L L O W  _C (S ,Z ,J ,0 ,1 ) ) ,  

Q N E W _ N ( s ' z , I ,J ,0 ) )  -  Q N E W 2  N ( S ,Z ,บ , N )+  4 * X M (S ,Z ,I ,M ,j ,N ) ;

P A _ 1 1 ( ร ,Z ,I ,J ,M ,N )$ ( D ( S ,Z ,M ,N ) - 1  A N D  T L (S ,N )  L T T U ( S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C ( s i ,J ,N ,I ) = l  
A N D  B I F (Z ,i ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A ® ) . .

X M (S ,Z ,I ,M ,J ,N ) - (T E (S ,Z ,I ,M ,.L N )* O M E G A (S ,Z ,I ,M ,J ,N ))= L = S U M (R ,(X W (S ,Z ,I .M J .N ,R )*  
F P R (L R )* S D M (L S (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )
A N D  H O T ( S ,I X ) = l  A N D  A L L 0 W _ H (S ,Z ,I ,L ,J )= 1 ) ,(C P H (S ,I ,L )* (T U (S ,L ) -T L (S ,L ) ) ) ) ) ) ;

P A _  12 (S ,Z ,I ,J ,M ,N ) $ (D ( S ,Z ,M ,N ) =  1 A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,] ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= I  
A N D  B I F ( Z , i ,J ) - l  A N D  F R E E H ®  A N D  F R E E C (J )  A N D  P A (I )) ..

X M (S ,Z ,l ,M ,J ,N ) - (T E (S ,Z ,I ,M ,J ,N )* O M E G A (S ,Z ,I ,M ,J ,N ))= G = S U M (R ,(X W (S >Z ,I ,M ,J ,N ,R )*  
F P R ( i ’r ) * S U M ( L $ ( D (S ,Z ,L ,N ) = 1  a n d  O R D (L )  l e  O R D (M )

A N D  F I O T (S ,I ,L ) - l  A N D  A L L O W _ H (S ,Z ,l ,L ,J )= l) ,(C P H (S ,I ,L )* (T U (S ,L ) -T L (S ,L ) ) ) ) ) ) ;

P A _ I 3 ( ร ิ,Z J ,J ,M ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T T U ( S ,M )  A N D  H O T (S ,I ,M )= 1  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= !  
A N D  B I F ( z j , J ) = l  A N D  F R E E H ®  A N D  F R E E C (J ) A N D  P A (I )) ..

X M (S ,Z ,I ,M ,J ,N ) - ( ( l - T E ( S ,Z ,I ,M ,J ,N ) ) * O M E G A ( S ,Z ,I ,M ,J ,N ) )= L = B l( S ,Z ,I ,M J ,N ) *
ร บ M (L S (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (N )
A N D  C O L D (S  j , L ) - l  A N D  A L L O W _ C (S ,Z ,J ,L ,] )= l ) ,D H C (S ,J ,L ) ) ;

* ___________________ ________________________________ ___________ ____ _______

PA Q 1 4 ( ร ิ,Z ,1 ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T IJ (S .M ) A N D  H O T (S  1 M ) = ]
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W „ C (ร ,Z ,J ,N ,!)= 1  
A N D  B IF (Z ,น ุ) = 1  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) ..

X M (S ,Z ,I .M ,J ,N )  = G =  B 1 ( ร ,Z ,I ,M ,J ,N )*  S U M (L S (D (S ,Z ,L ,N )=  1 A N D  O R D (L ) L E  O R D (N )  
A N D  C O L D ( S ,J ,L ) - l  A N D  A L L O W _ C (S ,Z ,J ,L ,I )=  1 ) ,D H C (S ,J ,L ));

P A _ 1 5 ( S ,Z ,I ,J ,M ,N ,R )$ ( D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S  I ,M )= 1  
A N D  C O L D (S ,J , N ) - 1 A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L IJO W  C (S X ,J ,N ,I )= I  
A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H ®  A N D  F R E E C (J )  A N D  P A ® ) . .

X W ( S ,Z ,] ,M ,J ,N ,R ) - (T (S ,Z ,I ,M ,J ,N )* W (I ,R ))  = L =  0  ;

P A _ 1 6 ( ร ิ,Z ,I ,J ,M ,N ,R )S (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S  I ,M )= 1  
A N D  C O L D ( S , i ,N ) - 1 A N D  A L L O W _ H ( S ,Z ,I ,M ,J ) - l  A N D  A L L O W ^ C ( ร ,Z ,J ,N ,i ) = l  
A N D  B IF (Z ,] ,J )= 1  A N D  F R E E H ®  A N D  F R E E C (J ) A N D  P A (I )) ..

(B I ( S ,Z ,I ,M ,J ,N ) -  X W (S ,Z ,I ,M ,J ,N ,R ) ) - (1 -W (I ,R ) )* T (S ,Z ,I ,M ,J ,N )  = L =  0  ;

P A _ ] 7 ( S ,Z ,I ,J .M .N ,R ) $ ( D ( S ,Z ,M ,N ) - ]  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,i ,N ) =  1 A N D  A L L O W _ H ( S ,Z ,I ,M ,J ) - l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= )  
A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H ®  A N D  F R E E C (J ) A N D  P A (I )) . .

( B I  ( ร ,Z ,1 ,M ,J ,N )-  X W (S ,Z ,I .M ,J ,N ,R ) )  = G =  0  ;

P A J 8 ( S 7 z , l ,J ,M ,N ) $ ( D ( S ,Z ,M ,N ) = l  a n d  T L (S ,N )  L T  T U (S ,M )  A N D  H 0 T (S ,] ,M > = 1  
A N D  C O L D ( S ,J ,N ) = l  A N D  .



A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= lA N D  B 1F (Z ,I,J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J ) A N D  P A (I )) . .
S U M (L S (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )  A N D  H O T (S ,I ,L )= l  

A N D  A L L O W  H (S ,Z ,I ,L ,J )=  1 ),
Q N E W _ M ( ร  zT Ù L ) )  - Q N E W 2 _ M ( S ,Z ,บ , M )  = G =

S L ) M ( 0 $ ( D ( S ,Z ,M ,O H  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W  C (S ,Z ,J ,O J )) .
Q N E W _ N ( S ,Z ,บ , O ))  - Q N E W 2 _ N (ร ,Z ,I ,J ,N )

-4 * X M (S ,Z ,I ,M ,J ,N ) ;

* E Q ( 5 0 ' b )  "
P A J  9 (S ,Z ,] ,J ,M ) $ (H O T ( S ,l ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,1 ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (] )) ..

Q N E W 2 _ M ( S ,Z ,I ,J ,M ) = L = F P k 1 h _ 0 ( ร ,Z ,I ,J ,M )* C P H (S .I ,M )* (T U (S ,M )-T L (S ,M ));

PA Q 2 0 ( ร ^ , l ,J ,M )$ ( H O T (S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= I  A N D  B IF (Z ,L J)= 1  
A N D  F R E E H (I)  a n d  F R E E C (J )  a n d  P A (I )) ..

F P K _ H _ 0 ( S ,Z ,บ , M ) = E =  S U M (R ,(F P R (I ,R )* K W _ 0 (S ,Z ,บ , M ,R )));

P A ^ 2 1 ( ร ิ,Z ,บ , M ,R ) $ (H O T ( S ,l ,M )=  1 A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) ..

K W _ 0 ( ร ,Z ,] ,J ,M ,R ) -  N H E _ M 0 _ B ( ร ,Z ,I ,J ,M ) = L =  0;

PA Q 2 2 ( ร ,Z ,] ,J ,M ,R )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H (ร ,Z ,I ,M ,J H  A N D  B IF (Z ,น ) - 1 
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

K W _ 0 ( ร ,Z ,I ,J .M ,R )  = L =  พ (I ,R );

P A J 3 ( ร ,Z ,I ,J ,M ,R )$ (H O T (S ,I ,M )= l A N D  A L L O W J H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

K W _ 0 ( ร ,Z ,1 ,J ,M ,R ) = G =  N H E _ M 0 _ B ( ร ,Z ,I ,J ,M ) +  พ (I ,R ) - 1 ;

P A J 2 4  (  R Z  J ,  J .M  )$ (  I J O T (S ,] ,M )=  I A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1 A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  P A (I )) . .

Q N E W 2 _ M (S ,Z ,I ,J ,M )  = L -  F P K H 1  ( ร ิ,Z ,] ,J ,M )* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ));

P A J 2 5 ( ร ^ , ] , J ,M )S (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B 1F (Z ,I,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  P A (I )) . .

F P K  H _ 1  ( ร ,z , บ , M )  = E =  S H M (R ,(F P R (I ,R )* K W _ 1  ( ร ,z , บ , M ,R )));

P A Q 2 6 ( ร ิ^ , I ,J ,M ,R )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( S ,Z ,I ,M ,J H  A N D  B IF (Z ,I ,J )= ]  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

K W _ 1  ( ร ,Z ,บ , M ,R ) -  N H E _ M 1 _ B ( S ,Z ,บ , M ) = L =  0 ;

P A Q 2 7 ( ร ,Z ,I ,J ,M ,R )$ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

K W _ 1  ( ร ,Z ,I ,J .M ,R )  = L =  พ  (I, R );

P A Q 2 8 ( ร ,Z ,] ,J ,M ,R ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

K W _ 1  ( ร ,z , บ , M ,R )  = G =  N H E M 1 _ B ( S ,Z ,บ , M ) +  พ  (I ,R )-  1 ;

P A Q 2 9 ( S T z ! u ,M ) $ ( H O T ( S ,I ,M - I )  a n d  H O T (S ,I ,M ) = l  a n d  A L L O W  H (S ,Z ,L M ,J )= 1  
A N D  A L L O W  H (S ,Z ,] ,M -1 ,J )  A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R E E C (J) A N D  P A (I )) . .



Q N E W _ M (S ,Z ,] ,.) ,M )/(C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M )))  = L =  
Q N E W _ M ( ร ^ ! , )  ,M - 1 ) / (C P H ( S ,l ,M - ]  )* (T U (S ,M -1 )-T L (S ,M -1  )))  
+ ( F P ( iy F P A ( S ,Z ,บ , M ));

P A J O (S ,Z ,I ,J ,M )$ (H O T (S ,1 ,M -1 )  a n d  H 0 T (S ,I ,M )= 1  A N D  A L L O W H ( S ,Z ,L M ,J ) =  1 
A N D  A L L O W _ H ( ร ,Z ,I ,M -1 ,J )  A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (1 )) ..

F P A (S ,Z ,J ,J ,M )  = E =  S U M (R ,(F P R (] ,R )* W A (S ,Z ,I ,J ,M ,R ))) ;

P A  3 ] (ร ,Z ,1 ,J ,M ,R )$ (F 1 0 T (S ,] ,M -1 )  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,J ,M ,J )=  1 
A N D  A L L O W _ H ( ร ,Z ,J ,M -1 ,J )  A N D  S P H (1)= 1  A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I )) . .

W A (S ,Z .1 ,J J V L R )-A L F A _ M (S ,Z ,บ , M )  = L =  0;

P A J 2 ( S , Z , บ , M ,R ) $ (H O T ( S ,] ,M - l )  A N D  H O T (S ,l ,M )= ]  A N D  A L L O W _ H (S ,Z ,l ,M ,J )=  1 
A N D  A L L O W _ H ( S ,Z ,l ,M - l ,J )  A N D  S P H (I )= ]  A N D  F R E E H (I)  A N D  F R Ë E C (J )  A N D  P A (] )) ..

W A ( S ,Z ,บ , M ,R )  = L =  พ (I ,R );

P A J 3 ( S ,Z ,I ,J ,M ,R ) $ ( H O T ( S ,I ,M - l )  a n d  H O T (S ,I ,M )= 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W _ H (S  Z ,1 ,M -1  ,J )  A N D  S P H (1)= 1  A N D  F R E E H (l)  A N D  F R Ë E C (J )  A N D  P A (I )) . .

W A ( S ,Z ,บ , M ,R )  = G =  A L F A _ M (S ,Z ,บ , M )+ W (I ,R )-1  ;

P A J 4 ( sTz ! u ,M )$ (H O T (S ,I ,M -1 )  a n d  1 1 0 T ( S ,L M )- )  a n d  A L L O W _ H (S ,Z ,] ,M ,J )= )
A N D  A L L O W _ H (S ,Z ,I ,M -1 ,J ) A N D  S P H (I )= ]  A N D  F R E E H (l)  A N D  F R E E C (J )  A N D  P A (1 )) ..

Q N E W _ M  ( ร ,  Z ,บ , M ) /(C P H (S ,I ,M )* (T D (S ,M )-T L (S ,M )) )
I (F P (])-3 P P A (S ,Z ,บ , M ))

= G -  Q N E W  M ( S ,Z , l ,J ,M - iy ( C P H ( S J ,M - l ) * ( T U ( S ,M - l) - T L ( S ,M - l ) ) ) ;

* E Q  (6 3  b)
P A J 5 ( S ~ Z ,บ , M ) $ ( H O T ( S ,] ,M - l )  A N D  H O T (S ,I ,M )= l A N D  A L L O W _ H ( ร ^  ] M  J )= l  
A N D  A L L O W _ H ( ร ,Z , ] ,M - U )  A N D  B 1 F (Z ,บ ) = 0  A N D  S P H (I )= )  A N D  F R E E H (I )  
A N D  F R E E C (J )  A N D  P A (1 )) ..
-  Q N E W _ M (S ,Z ,บ , M - 1 ) / (C P H ( S ,I ,M - 1 ) * ( T U ( S ,M - 1 )-T L (S ,M -1  )) )
+  Q N E w 1 m ( S ,Z ,บ , M )/(C P H (S ,L M )* (T U (S ,M )-T L (S ,M )))
+ (F P (])+ F P K _ H _ 1  (S .Z ,บ ,  M - l  ) + F P K _ H _ l  ( ร ,  z , y , ^ F P K _ H _ 0 ( ร ,Z -บ , M - 1 ) )  = G =  0;

P A _ 3 6 (S T z ,บ , M ) $ ( H O T ( S ,l ,M - l)  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H jS  Z  I M  J y i  
A N D  A L L O W _ H ( S ,Z ,I ,M - U )  A N D  B IF (Z ,บ ) = 0  A N D  S P H (1)= 1  A N D  F R E E H (J )  
A N D  F R E E C ( j)  A N D  P A (1 )) ..
- Q N E W J V l ( i z M M ) / ( C P H ( S ,I ,M ) * ( T I J ( S ,M ) - T L ( S ,M ) ) )
+  Q N E W I m ( ร ,Z , i , j ,M - 1 ) / (C P F I ( S , l ,M - l ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )
+ (F P (J )+ F P K _ H _ 0 ( ร ^ , บ , M - 1 ) + F P K _ H _ 0 ( S À I ,J ,M ) - F P K _ H _ น ร ^ , บ , พ ) )  = G = 0 ;

* E Q  (6 5  b )
P A J 7 ( s X u M ) $ ( H O T ( S , l , M - l )  A N D  H O T (S ,l ,M )= ]  A N D  A L L O W  H ( S ,Z 1 M  J )= )  
A N D  A L L O W  J l ( S ,Z , I , M - l , J )  A N D  B IF (Z ,บ ) = 1  A N D  S P H (1 )= 1  A N D  F R E E H (I)  
A N D  F R E E C (J )  A N D  P A (] ) ) . .
Q N E W _ M ( S ,Z ,บ , M - l ) / ( C P H ( S , l ,M - ] ) ’t (T T J (S ,M - l) -T L (S ,M -l) ) )= L =
Q N E w I m (S ,Z ,1 ,J ,M ) /(C P H (S ,] ,M )* (T U (S ,M )-T L (S ,M )) )
t (F P (I)+ F P K  11 1( ร ,z , บ , M - 1 )W p K H J  ( ร , / , ! ,  J .M )-F P K _ H _ 0 (S ,Z , 1J.M-1 ));

* E Q  (6 6 _ b )
P A _ 3 8 ( s i , บ , M ) $ ( H O T ( S , l ,M - l )  A N D  H O T (S , l ,M ) = l  A N D  A L L O W  H (S ,Z ,L M  J )=  1 
A N D  A L L O W  H (S ,Z ,1 ,M - l ,J )  A N D  B IF (Z ,I ,J )  1 A N D S P L 1 ( ] ) - I  A N D  F R E E H (I)  
A N D  F R E E C (j)  A N D  P A (I )) . .
Q N E W 2 _ M ( S ,Z ,บ , M - 1 ) / (C P H ( S ,I ,M - 1 y  ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )  = L =
Q N E W _ M ( ร ,z , บ , M ) /( C P H ( S ,l ,M ) * ( T U ( S ,M ) - T L ( s j v ! ) ) )
+ ( (2 * F P (I ) )+ F P K  H _1 ( ร ,Z ,1 ,J ,M )-F P K  > V o (S ,Z ,บ , M -1 )-F P Y (S ,Z ,L .I ,M -) ) ) ;

P A  J > 9 ( S ~ Z J J ,M ) S (H O T ( S ,l ,M - l )  A N D  H O T (S , l ,M ) = l  A N D  A L L O W _ H (S ,Z ,1 ,M  J ) =  1 
A N D  A L L O W _ H ( S ,Z ,I ,M - l ,J )  A N D  B IF (Z ,1 ,J )= 1  A N D  S P H (I)= 1  A N D  F R E E H (I )



A N D  F R E E C (J ) A N D  P A (I )) . .
(Q N E W _ M (S ,Z ,บ , M )-Q N E W 2 _ M (S ,Z ,บ , M ) ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )  = L =  
Q N E W _ M ( ร ิ,Z ,บ , M - 1 ) / (C P H ( s7 i ,M -1  ) * ( T U ( S ,M - 1 )-T L (S ,M -1  ) ))  

K (2 * F P (I ) )+ F P K _ H _ 0 (S ,Z ,I ,J ,M -I ) -F P K ._ H _ 1 (S ,Z ,I ,J ,M )-F P Y (S ,Z ,] ,J ,M -1 )) ;

* E Q  (6 8 _ b )
P A  V o ( S > , บ , M ) $ ( H 0 T ( S ,I ,M - 1 )  A N D  H 0 T ( S ,I ,M ) = 1  A N D  H O T (S ,I ,M + l)
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1
A N D  A L L 0 w I h (S ,Z ,I ,M -1 ,J )  a n d  A L L 0 W _ H (S ,Z ,I ,M + 1 ,J )  a n d  B 1 F (Z ,I ,J )= 0  a n d  S P H (I )= 0  
a n d  F R E E H (i)  A N D  F R E E C (J )  A N D  P A ( I ) ) 7  

Q N E W _ M (S ,Z ,I ,J ,M )= G = (F P Y (S ,Z ,I ,J ,M )-F P K _ H _ 0 (S ,Z ,I ,J ,M )-F P K  FI 1 ( ร ,Z ,1 ,J ,M ))  
* (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

P A _ 4 1  ( ร ,z , บ , M ) $ ( H 0 T ( S ,I ,M - 1 )  A N D  H O T (S ,I ,M )= ]  A N D  H 0 T ( S ,I ,M + 1 )
A N D  A L L 0 W _ H ( S ,Z ,I ,M J ) = 1
A N D  A L L 0 \ v 7 h (S ,Z ,I ,M - ] ,J )  a n d  A L L O W _ H (S ,Z ,I ,M + l ,J )  a n d  B IF (Z ,I ,J )= 1  a n d  S P H (I )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (I)).T

QNEW_M(ริ,z ,บ ,M)=G=(FPY_B(S,Z,บ ,M)-FPKJH_0_B(S,Z,I,J,M) 
-F P K _ H _ 1 _ B (S ,Z ,] ,J ,M ))* (C P H (S ,I ,M )* (T U (S ,M )“t L ( s7 m ) ));

* E Q  (81  _ b )
P A _ 4 2 ( s7 z ,I ,J ,M ,N )$ (T L (S ,N )  l e  T U ( S ,M )  a n d  T U ( S ,N )  G E  T L (S ,M )
A N D  H 0 T ( S ,I ,M ) = 1  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  ! I (S ,Z ,I ,M ,J ) = 1 
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )= 0
A N D  S P H ( I > = 0 A N D  S P C (J )= 0  A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  P A (I )) . .

I I ( ร ,M ) -  T L (S ,N )  -  Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ))
+  (F P Q (S ,Z ,] ,J ,M )/C P H (S ,I ,M ))
+  ( 2 -N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

P A _ 4 3 ( ร ^ : ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M )=  I A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= I  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= I  A N D  B IF (Z ,I ,J )= 1
A N D  S P H ( I ) - 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .  

T L (S ,M )  -  T L (S ,N )  - Q N E W _ N ( ร ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ))
+  (F P Q ( s 7z ,I ,J ,M )/C P H (S ,I ,M ))
-I ( 2 -N H E  MO B ( S ,Z ,I J :M )-N H E  NO  B ( S ,Z ,U ,N ) )* T U ( S ,N ) = G = 0 :

P A _ 4 4 ( S ,Z ,บ , M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O w 7 c (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 1
A N D  S P H (I )= 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .  

F P Q (S ,Z ,I ,J ,M )  = E =  S U M (R ,W Q ( S ,Z ,บ , M ,R ) /F P R (I ,R ))  ;

P A _ 4 5 ( ร ,z , บ , M ,N ,R ) $ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S  M )  
A N D  H O T (S ,I ,M )=  1 A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O w 7 h ( S ,Z ,I ,M ,J ) = 1 
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B II '(Z ,บ  > 1
A N D  S P H (I)= (T a N D  S P C ( J H )  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .

W Q (S ,Z ,I ,J ,M ,R ) - (T (S ,Z ,I ,M ,J ,N )* W (I ,R ) )  = L =  0  ;

P A _ 4 6 ( S ,Z ,บ , M ,N ,R ) $ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S  N )  G E  T L (S  M )  
A N D  H O T (S ,I ,M ) = l  A N D  C O L D (S ,J ,N )= I  A N D  A L L O w 7 h (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ C (S ,z,J,N ,I )=  1 A N D  B IF (Z ,บ ) = 1
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .  

(Q N E W _ M (S ,Z ,I ,J ,M )-  W Q (S ,Z ,I ,J ,M ,R )) - (I  -W (I ,R ))* T (S ,Z ,I ,M ,J ,N )  = L =  0  ;

P A _ 4 7 ( ร ิ,z , บ , M ,N ,R ) $ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M )= )  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J ) -1  
A N D  A L L O W _ C (S  Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= I
A N D  S P H ( 1 ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .  

Q N E W _ M (S ,Z , บ ,  M )-W Q (S ,Z ,I ,J ,M ,R )  = G =  0;

P A ^ t8 (S ^ Z J ,J ,M ,N )$ (T L (S ,N )  L E  T D ( S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
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A N D  H O T (S ,] ,M ) = i  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]
A N D  A L L 0 W _ C ( S ,Z ,J ,N ,I ) = 1  A N D  B IF (Z ,] ,J )= 0
A N D  S P H ( I ) = O A N D  S P C (J )= 0  A N D  F R E E H (I) A N D  F R E E C (J) A N D  P A (I )) . .  

T U ( S ,M ) - T U ( S ,N )
-(F P Q (S ,Z ,I ,J ,]V 1 )/C P H (S ,] ,M )) + Q N E W _ N (S ,Z ,] ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ) )  

+ ( 2 - N H E _ M l ( ร ,Z ,I ,J ,M ) - N H E _ N l ( s ' z ,I tJ ,N ))* T U (S )N )= G = 0 ;  
P A _ 4 9 ( ร ,z , l ,J ,M ,N ) $ ( T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T ( S , ] ,M ) - l  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 
A N D  A L L O W  C (S ,Z ,J ,N ,I )=  1 A N D  B IF (Z ,] ,J )= 1
A N D  S P H (I )= cT A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .  

T U ( S ,M ) - T U ( S ,N )
- (F P Q (s X i ,J ,M ) /C P H (S ,I ,M ))  +  Q N E W _ N ( ร ,Z ,] ,J ,N )/(F C (S ,J )* C P C (S ,J ,N ))

+ ( 2 - N H E _ M 1 _ B (S ,Z ,I ,J ,m 7 -N H E _ N 1 _ B (S ,Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

PA_50(s7z,I,J,M,N)$(DTV1O(I,J)=1 and D(S,Z,M,N)=1 and TL(S,N) lt TU(S,M)
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M )=  1 A N D  H O T (S ,I .M + 1 ) A N D  C O L D (S ,J ,N )=  1 
A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H (S ,Z ,I ,M + 1 ,J) A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W ~ C (S ,Z ,J ,N + l  ,I )  A N D  B IF (Z ,I ,J )= 0  A N D  (S P H (I)= 1  O R  S P C (J )= 1 )AND FREEH(I) and FREEC(J) and PA(i))..QNEW_M(ร,Z,I,J,M)/(MIN(TU(S,M),TD(S,N))-TL(S,M))=G=QNEW_M(ร,Z,1,J,M+1 )/(TU(S,M+1 )-TL(S,M+1 ))*CPH(s7i,M)/CPH(S,I,M+1)-((2*FP(I))-FPK_H_0(S,Z, บ, M)-FPK_C_0 (ร, Z,I,J,N)) *CPH(S,I,M+1 )*(TU(S,M+1 )-TL(S,M+1 ))/(fU(S,M+1 )-TL(S,M+1 ));

P A _ 5 1 ( ร ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )=  1 A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  T U ( S ,N )  G T  T L (S ,M ) A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M -I )  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M - l , i )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,] )  A N D  B 1 F (Z ,I ,J )= 0  
A N D  (S P H (I )= 1  O R  S P C (J )= 1  )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  P A (I ) ) . .  

Q N E W _ M (S ,Z ,I ,J ,M )/(T U (S ,M )-T L (S ,N ))= L = Q N E W _ M (S ,Z ,I ,J ,M -1 ) /(T U (S ,M -1 ) -T L (S ,M -1 »  
* C P H ( S ,I ,M y C P H ( S ,I ,M - l ) + ( ( 2 * F P ( I ) ) - F P K _ H _ l ( S ,Z , l ,J ,M ) - F P K _ C J ( ร ,Z ,I ,J ,N ))  
* C P H ( S ,I ,M V ( T U ( S ,M ) - l i ( S ,M ) ) / ( T U ( S ,M ) - T l ( S ,M ) ) ;

P A _ 5 2 (S 7 z ,I ,J ,M ,N )S (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )
A N D  T U ( S ,N )  G T  T L (S .M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + I )  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )= 1  A N D  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J)
A N D  A L L O w _ c ( ร ,Z ,J ,N ,I )=  1 A N D  À L L O W _ C ( ร ,Z ,J ,N + 1 ,I )  A N D  B IF (Z ,I ,J )= 1  
A N D  (S P H (I )= 1  O R  S P C ( J H )  A N D  F R E E I 1(1) A N D  F R E E C (J ) A N D  P A (I )) .
Q N E W _ M ( ร ,Z ,I ,J ,M )/(M I N (T U (S ,M ) ,T U (S ,N )) -T L (S ,M ))= G = Q N E W _ M (S ,Z ,I ,J ,M + 1 ) /

* C P H (S ,I ,M ) /C P H (S ,] ,M + 1 )- ( (2 * F P (1 )) -F P K _ H _ 0 (S ,Z ,I ,J ,M )-F P K _ C _ 0 (S ,Z ,I ,J ,N ) )  
* C P H ( S ,I ,M + 1 ) <(T I J (S ,M + 1 ) - T L ( S ,M + 1 ) ) / ( T U ( S ,M + I  ) -T L ( S ,M + l  ) )7

* E Q  (9 4 _ b )
P A _ 5 3 ( s7 z ,I ,J ,M ,N )$ (D T V 1 0 (I ,J )= 1  a n d  D (S ,Z ,M ,N )= 1  a n d  T L (S ,N )  L T  T U ( S  M )  

a n d  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,] ,M ) = l  A N D  H O T (S ,I ,M - l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H (S ,Z ,I ,M - l ,J )
A N D  A L L O W _ C ( S ,Z ,J ,N , l )= l  A N D A L L O W _ C ( S ,Z ,J ,N - ] ,I )  A N D  B IF (Z ,I J )= 1  
A N D  ( S P H ( I H  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  P A (I )) . .

(Q N E W _ M ( ร ,Z ,I ,J ,M )-Q N E W 2 _ M ( ร ,Z ,I ,J ,M )) /(T U (S ,M )-T L (S ,N ) )= L =  
Q N E W _ M ( S ,Z ,i , i ,M - l ) / ( T U ( S ,M - l ) - T L ( S ,M - l) ) * C P H ( S ,I ,M ) /C P H ( S ,I ,M - l )  
+ ( ( 2 * F P (I ) ) F P K _ H _ 1  ( ร ,Z ,I ,J ,M )-F P K _ C _ 1  ( ร ,Z ,I ,J ,N ))* C P H (S ,I ,M )  
* (T U (S ,M ) -T L ( s7m 7 ) / (T U (S ,M )-T L (S ,M )) ;

* E Q  ( X X  J )
P A _ 5 4 ( S ,Z ,I ,J ,M )$ ( H O T (S , l ,M ) = l  A N D  N O T  S P H (I)  A N D  
F R Ë E H (I)  A N D  P A (I )) . .

F P (I )  = E =  S U M (R ,F P R (I ,R )*  พ ( เ , R ));

P A _ 5 5 ( ร ,Z ,] ,J ,M )$ (H O T ( ร ,Ï ,M )=  1 A N D  N O T  S P H ( l)  A N D  
F R Ë E H (l)  A N D  P A ( I ) ) .

S l ) M ( R ,พ (I ,R ) )  = E =  1 ;



* E Q  ( X X  3 )
P A _ 5 6  (ร,'Z ,] ,J )$ (N O T  S P H (I )  A N D  
F R Ë E H (I)  A N D  P A (I )) . .

Q P A (I )  = E =  S U M (M ,F P (I )* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

* T h e  su m a tio n  o f  e a c h  p u m p  arou n d  d u ty  is n o t  e x a c t ly  e q u a l T ota l Q P A  b u t  It is  
* n e a r ly  e q u a l, s o  T h e  e q  6 3 a n d  6 6  are a d d ed  
*
* E Q  ( X X _ 4 )
* P A  5 7  ..

* S U M (I ,Q P A (I )$ P A (] ) )  = E =  T O T A L _ Q P A ;

p a !  = E =  S U M (I ,Q P A (I )$ (O R D (I )= 2 ) ) ;  

P A 2  = E =  S U M (I ,Q P A (I )$ (O R D (I )= 4 ) ) ;  

P A 3  = E =  ร 1บ M (I ,Q P A (I )$ (O R D ( l)= 6 ) ) ;

* F in d  th e  r e la t io n  b e tw e e n  s id e  s tr ip p in g  s te a m  and  P u m p  a ro u n d  d u ty  b y  u s in g
* th e  m o d e l  fr o m  r eg r e ss io n .
P A _ 6 1  ( ร ,Z ,l ,J ,M )$ (H O T (S ,I ,M )= l  A N D  N O T  S P H (I)  A N D  F R E E H (I)) ..
S S T (1 ) —E — (A  J  ( I )* P A  1 ) + (B _1 (1 )* P A 2 ) + ( C _  1 ( I )* P A 3 )+ D _ I _ 1  (I);

C o s t_ s id e _ s tr ip p in g _ s te a m  = E =  S U M (1 ,(C S S (I )* S S T (I ) ) ) ;

T O T A L  Q  = G =  T O T A L  Q P A _ M IN ;

T O T A L ^ Q  = L =  T O T A L  Q P A  M A X ;*___________________________________
T O T  A L  Q P A M I N  = E =  T O T A L _ Q P A -(T O T A L _ Q P A * 0 .0 0 1 ) ;  

T O T  A L  Q P  A M  A X  = E =  T O T A L _ Q P A + (T O T A L _ Q P A * 0 .0 0 1  );

S U M (I ,Q P A (I )$ P A (I ) )  = E =  T O T A L  Q ;

P A _ 6 8 ( S ,Z ,I ,J ) $ ( N O T  S P H (I )  A N D  
F R E E H (I )  A N D  P A (I )) . .

C p _ D t(I )  = E =  S U M (M ,C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M ))) ;

M O D E L  M P E R J O D  / A L U  ;

O P T IO N  L IM R O W  = 0 ;
O P T IO N  L IM C O L  = 0 ;
O P T IO N  S O L P R I N T =  O F F ;
O P T I O N  O P T C R = 0  ;
O P T IO N  O P T C A = 0  ;
O P T I O N  IT E R L IM  =  1 0 0 0 0 0 0 0 0 0 ;
O P T I O N  R E S L IM  =  1 0 0 0 0 0 0 ;
M P E R I O D .O P T F I L E  =  1 ;

S O L V E  M P E R I O D  U S I N G  M IP  M IN I M I Z I N G  T C O S T  ;

P A R A M E T E R  Q M A T C H (S ,Z ,] ,J );
Q M A T C I1  ( ร ,Z ,I J ) :- S U M ( ( M ,N ) $ ( I ) ( S ,Z ,M ,N ) - 1  A N D  T L ( S ,N )  L T  T U ( S ,M )  A N D  D (S ,Z ,M ,N )= 1  
A N D  C O L D (S ,J ,N )  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= ]  A N D  A L L O W  C ( S ,Z J ,N , I ) - l ) ,

Q .L (S  Z ,L M ,J ,N ));

P A R A M E T E R  I FI H (S ,Z  J ,J ,M )  F lo w r a te  o f  h o t  s trea m  p er  H E x ;
F H _ H (S ,Z !U M ) $ [ H O T ( S ,L M ) ] = Q N E W _ M .L ( S ,Z ,บ , M ) /[ (T U (S ,M )-T L (S ,M ))* C P H (S ,I ,M )] ;  .
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O P T I O N  A L F A _ N :3 :0 :1 ;  D I S P L A Y  A L F A N .L ;  
O P T I O N  N H E :3 ~ 0 :1 ; D I S P L A Y  N H E .L ;  
O P T I O N  Q H :3 :0 :1 ;  D IS P L A Y  Q H .L ;
O P T I O N  Q C :3 :0 : I ;  D IS P L A Y  Q C .L ;
O P T IO N  X I  B  3 :0 :1 ; D I S P L A Y  X I B . L ;  
O P T IO N  X _ B ะ3 :0 :1 ;  D IS P L A Y  X B X ;
O P T IO N  Q 2 :3 :0 :1 ;  D IS P L A Y  Q 2 .L ;
O P T I O N  N H E 2 .3 :0 :1 ;  D IS P L A Y  N H E 2 ;  
O P T I O N  P A R _ B : 3 : 0 : 1 ; D I S P L A Y  P A R  B .L ;  
O P T I O N  I II 11:3:0:1; D I S P L A Y  I II II; 
O P T I O N  F C ” C :3 :0 :1 ;  D IS P L A Y  F c j c ;  
O P T I O N  L M T D :3 :0 :1 ;  D I S P L A Y  L M T D ;
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Appendix D Programming Model for Retrofit with Relocation Apply for Crude 
Fractionation Unite

S T IT L E  H E N  d e s ig n -  A u to m a t ic  p ar a m e ter  c a lc u la t io n -  K 1T IS A K -1  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* E q u a tio n s  th at are d iffe r e n t  th a n  in  th e  p ap er  + errata .*(100)
* ( 1 0 5 )

* E q u a tio n s  th at are  a d d e d  to  th o s e  th a t  are in  th e  pap er  
* ( 1 0 6 )  an d  (1 0 7 )
*  C O N S I S T E N C Y  : N u m b e r  o f  e x c h a n g e r s  s m a lle r  th an  the n u m b er  o f  s h e lls
*  N e e d e d  b e c a u se  th e  e x c h a n g e r s  are r e la ted  to  th e  v a lu e s  o f  K .
* ( 1 0 8 )  L IM IT  T H E  N U M B E R  O F  E X C H A N G E R S  
* ( 1 0 9 )  M I N I M U M  N U M B E R  O F  E X C H A N G E R S  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Î O F F U P P E R

S O N T E X T
♦ N M -4S 1 -F IN A L -6 -F L E X I B I L 1 T Y -S  1 .g m s:  A u g u s t  9 ,2 0 0 4  
-  o n e  s c e n a r io , th e  o r ig in a l v a lu e s  o f  4 s  1.********************************************************************************
S O F F T E X T
S E T Sz  tra n sfer  z o n e  / Z l /

* A L W A Y S  D E F I N E  T H E  H O T  S T R E A M S  F IR S T , A N D  T H E N  T H E  C O L D  S T R E A M S  
I H o t  s tre a m s /I I  *19 /
J c o ld  stre a m s /J 1 * J3 /
R  /R 1 * R 4 /

♦ A L W A Y S  D E F I N E  T H E  U T IL IT IE S  W IT H  T H E  H IG H E S T  IN D E X  
H U (I )  H e a t in g  u t il i t ie s  /I 9 /
C U (J )  C o o l in g  u t il it ie s  /J 3 /

M  tem p era tu re  in te r v a ls  /M l  * M 6 8 /
ร  S C E N A R IO  / S I /
K. tem p er a tu r e  in te r v a ls  /K.1 * K 1 /

♦ FOR R E L O C A T I O N  C H A N G I N G  R  IN  R E L O C A T O N 'S  E Q  T O  E  
E  e x c h a n g e r s  /E 1 * E 1 6 /

♦ NEW S E T  F O R  P U M P -A R O U N D .  
P A (1 ) P u m p -a r o u n d  stre a m s 712,14,16/

A L I A S  ( M ,N ,L ,0 )
A L I A S  (I ,I I )
A L I A S  (J,JJ)
A L I A S  (K ,K K )
A L I A S  (Z ,Z Z )
A L I A S  (e 'e E )

♦ P A R A M E T E R  F O R  P U M P - A R O U N D  C A S E

P A R A M E T E R  F P R (I ,R )  C a n d id a te  v ฟ u e s  fo r  p u m p -a r o u n d  f lo w r a te  i
/
I2 .R 1 7 0 1 .4 7 8 0
I 2 .R 2 6 4 7 .5 1 8 1
I 2 .R 3 5 3 9 .5 9 8 4
I 2 .R 4 4 8 5 .6 3 8 6

1 4 .R1 7 8 .2 8 0 3 4
I 4 .R 2 1 1 5 .4 6 3 5
I 4 .R 3 1 5 6 .5 6 0 7
I 4 .R 4 1 7 6 .1 3 0 8



16.R 1 3 7 .5 9 5 7 5
I 6 .R 2 3 9 .9 4 5 4 9
1 6 .R 3 8 4 .5 9 0 4 4
I 6 .R 4 1 0 8 .0 8 7 8

/
P A R A M E T E R  T O T A L Q P A  T o ta l P A  lo a d  ; 
T O T A L Q P A  = 1 5 8 0 0 0 7

* 1 in ear  fu n c t io n  fo r  C p  fo r  h o t  s tre a m s  
* C p  =  A _ c p _ H * T  +  B _ c p _ H  
P A R A M E T E R  A  c p _ H (I )  C o e f f ic ie n t s  fo r  C p

11 0 .0 0 3 5
12 0 .0 0 4 0
13 0 .0 0 4 0
14 0 .0 0 5 5
15 0 .0 0 3 9
16 0 .0 0 5 2
17 0 .0 0 3 8
18 0 .0 0 3 1
19 0  
/
P A R A M E T E R  B _ c p _ H (I )  In te r c e p t  fo r  C p

11 1 .9 0 9 8
12 1 .7 9 7 9
13 1 .7 4 8 3
14 1 .4 6 8 2
15 1 .7 0 4 4
16 1 .3 8 3 4
17 1 .6 7 5 6
18 1 .8 2 0 1
19 4 .1 8/
♦ linear fu n c t io n  fo r  C p  fo r  c o ld  stre a m s

P a W iË T Ë R  A _ c p _ C (J )  C o e f f i c ie n t s  fo r  C p

J1 0 .0 0 3 7  
J2  0 .0 0 3 5  
J3 0

P A R A M E T E R  B _ c p _ C (J )  C o e f f ic ie n t s  fo r  C p

J1 1 .9 9 6 6  
J2  1 .8 1 4 3  
J3 4 .1 8  
/

: y  =  a * P A ( l ) + b * P A ( 2 ) + c * P A ( 2 ) + d  fro m  u s ig  r e g r e s s io n .

P A R A M E T E R  A  J  (I) C o e f f ic ie n t s  fo r  P A (1 )

12 2 .8 2 E - 0 5
14 - 6 .3 E - 0 5
16 -2 .7 E - 0 5

P A R A M E T E R  B  J  (I) C o e f f ic ie n t s  fo r  P A (2 )

12 4 .5 6 E - 0 5
14 -5 .4 E - 0 5
16 - 2 .8 E - 0 5

P A R A M E T E R  C  l  (I) C o e f f ic ie n t s  fo r  P A (3 )

12 5 .9 1  E -0 5
-2 .4 E - 0 5  
- 2 .3 E - 0 5

14 
16

P A R A M E T E R  D 1 (I) In te r ce p t



12 - 3 .8 1 2 3 2
14 1 1 .1 4 2 1 2
16 6 .4 9 1 4 4 9/
P A R A M E T E R  T (S ,Z ,I ,M ,J ,N )  U p p e r  b o u n d

S I  ,Z 1 ,1 2 .(M 3 * M 8 ).J 1  .(M 5 8 * M 6 3 )  1 0 0 0 0  
S 1 .Z 1 .I 2 .( M 3 * M 8 ) .J 2 .( M 6 4 * M 6 6 )  1 0 0 0 0  
ร  1 ,Z 1 .I 2 .(M 3 * M 8 ) .J 3 .(M 6 7 * M 6 8 )  1 0 0 0 0

ร  1 Z1 1 4 .(M 1 6 * M 2 1 ).J  1 ,(M 5 8 * M 6 3 )  1 0 0 0 0  
ร ] . Z 1 .I 4 .(M 1 6 * M 2 1 ) .J 2 .(M 6 4 * M 6 6 )  1 0 0 0 0  
ร  1 ,Z  1 ,I4 .(M  16 * M 2 1 ) .J 3  ,(M 6 7 * M 6 8 )  1 0 0 0 0

ร  1 Z 1 ,I 6 . (M 3 3 * M 3 8 ) .J 1 .(M 5 8 * M 6 3 )  1 0 0 0 0  
ร  1 Z 1 ,I 6 .( M 3 3 * M 3 8 ) .J 2 .( M 6 4 * M 6 6 )  1 0 0 0 0  
S 1 .Z 1 ,I 6 .( M 3 3 * M 3 8 ) .J 3 .( M 6 7 * M 6 8 )  1 0 0 0 0  
/

P A R A M E T E R  T E (S ,Z ,I ,M ,J ,N )  U p p e r  b o u n d

S I  .Z 1 ,1 2 .(M 3 * M 8 ).J 1  ,( M 5 8 * M 6 3 )  1 0 0 0 0  
ร 1 ,z 1 ,1 2 .(M 3 * M 8 ) .J 2 .(M 6 4 * M 6 6 )  1 0 0 0 0  
ร  1 ,Z 1 ,1 2 .(M 3 * M 8 ) .J 3 .(M 6 7 * M 6 8 )  1 0 0 0 0

S 1 .Z 1 .1 4 .(M 1 6 * M 2 1 ) .J  1 ,(M 5 8 * M 6 3 )  1 0 0 0 0  
ร  1 ,Z 1 ,1 4 .(M  16 * M 2 1 ) .J 2 .( M 6 4 * M 6 6 )  10 0 0 0  
ร  1 ,Z 1 .14.( M 16 * M 2 1 ) .J 3 .( M 6 7 * M 6 8 )  1 0 0 0 0

S I  ,Z 1 ,1 6 .(M 3 3 * M 3 8 ) .J  1 ,(M 5 8 * M 6 3 )  1 0 0 0 0  
S I  ,Z 1 ,1 6 .(M 3 3 * M 3 8 ) .J 2 .(M 6 4 * M 6 6 )  1 0 0 0 0  
ร  1 Z 1 ,1 6 .(M 3 3 * M 3 8 ) .J 3  ,(M 6 7 * M 6 8 )  1 0 0 0 0

P A R A M E T E R  O M E G A (S ,Z ,f ,M ,i ,N )  U p p e r  b o u n d

S 1 .Z 1 .I 2 .( M 3 * M 8 ) .J 1 .( M 5 8 * M 6 3 )  1 0 0 0 0  
S 1 .Z 1 .I 2 .( M 3 * M 8 ) .J 2 .( M 6 4 * M 6 6 )  1 0 0 0 0  
S I  ,Z 1 .I 2 .(M 3 * M 8 ) .J 3 .(M 6 7 * M 6 8 )  1 0 0 0 0

ร  1 ,Z1 I 4 .(M 1 6 * M 2 1 )  J 1 ,(M 5 8 * M 6 3 )  1 0 0 0 0  
ร  1 Z 1 ,14 .(M  16 * M 2 1 ) .J 2 .( M 6 4 * M 6 6 )  1 0 0 0 0  
ร  1 ,Z 1 .1 4 .0 ^ 1 6 * M 2 1 ) .J 3 .( M 6 7 * M 6 8 )  1 0 0 0 0

S 1 .Z 1 .1 6 .( M 3 3 * M 3 8 ) .J 1 .( M 5 8 * M 6 3 )  1 0 0 0 0  
ร  1 ,Z 1 ,1 6 .(M 3 3 * M 3 8 ) .J 2 .(M 6 4 * M 6 6 )  1 0 0 0 0  
S I  Z 1 .1 6 .( M 3 3 * M 3 8 ) .J 3 .( M 6 7 * M 6 8 )  1 0 0 0 0/
P A R A M E T E R  N I Z (S ,Z ,I )  #  O F  I N T E R V A L S  D E S I R E D  F O R  H O T  S T R E A M S

S 1 .Z 1 .I1  2  
S 1 .Z 1 .I 2  6  
S 1 .Z 1 .I 3  7 
S 1 .Z 1 . I 4 6  
S 1 .Z 1 .1 5  11 
S 1 .Z 1 . I 6 6  
S 1 .Z 1 .I 7  11 
S 1 .Z 1 .1 8  5 
S 1 .Z 1 .1 9  3

P A R A M E T E R  N J Z (S ,Z ,J )  #  O F  I N T E R V A L S  D E S I R E D  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  6  
S 1 .Z 1 .J 2  3  
S 1 .Z 1 .J 3  2/
* U se d  O v e r  a ll h ea t tra n sfe r  C o e f f  in ste a t  o f  h o t  an d  c o ld  h ea t tra n sfe r  C o e f f .
* T h is  v a lu e s  c o m e  fro m  te x t  b o o k .
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P A R A M E T E R  ซ ( ร , ! ,J ) O V E R  A L L  H E A T  T R A N S F E R  C O E F F IC IE N T

S I  .(11 *13 ,17 .1 9 ).( บ * J 2) 0 .7 1 5
S I  ( I 4 ,I6 ) .(J 1 * J 2 ) 0 .7 1 5
S I . 15.( บ  * 12 ) 0 .3 0 6
S 1 .I 8 .(J 1 * J 2 ) 0 .4 7 0
s  1 .(11,12). J3 1 .4 0 0
ร  1 .(13 ,17) J 3 1 .0 2 0
S 1 .(I4 ,1 6 ) .J 3 0 ,5 1 ]
S 1 .(1 5 ).J 3 0 .7 6 5
ร ) .  (18). J3 0 .7 6 5
S 1 .(1 9 )J 3

P A R A M E T E R S

5 .1 1 0

T IH (S ,I )  T  IN  F O R H O T  S T R E A M S

ร ]  11 4 8 .3 0 0 0 0  
ร ] . ] 2 1 8 2 .5 7 2 0  
S  1.13 2 2 4 .6 8 5 0  
S 1.14 2 6 8 .7 8 8 0  
S  1.15 2 7 5 .6 5 7 0  
S I  16 3 0 8 .5 1 0 0  
ร ] . 17 3 2 3 .5 1 2 0  
S 1.18 3 4 7 .1 8 1 0  
ร ) . 19 4 0 0 .0 0 0 0

T O H (S ,l)  T  O U T  F O R  H O T  S T R E A M S

S i  l l  2 6 .1 1 0 0 0  
S  1.12 1 0 4 .4 4 0 0  
ร  1.13 2 6 .1 1 0 0 0  
ร ] . 14 1 7 3 .6 2 7 0  
S  1.15 2 6 .1 1 0 0 0  
S  1.16 2 3 2 .2 2 2 0  
ร  1.17 2 6 .1 1 0 0 0  
ร ] . 18 2 6 0 .0 0 0 0  
S  1.19 3 9 9 .0 0 0 0

T IC (S .J )  T  IN  F O R  C O L D  S T R E A M S

S i l l  1 6 .1 1 0 0 0  
S 1 .J 2  1 3 2 .7 8 0 0  
ร ] , J3 2 0 .0 0

T O C (S ,J )  T  O U T  F O R  C O L D  S T R E A M S

S 1.J1  1 3 2 .7 8 0  
S 1 .J 2  3 6 0  
S I .J 3  3 0 .0 0 0 0 0

P A R A M E T E R S
T 1 H Z (S ,Z ,I )  T  IN  F O R  H O T  S T R E A M S

S 1 .Z 1 .I1  4 8 .3 0 0 0 0  
S 1 .Z L I 2  1 8 2 .5 7 2 0  
S 1 .Z 1 .1 3  2 2 4 .6 8 5 0  
S I .Z 1 .I 4  2 6 8 .7 8 8 0  
S 1 .Z 1 .1 5  2 7 5 .6 5 7 0  
S 1 .Z 1 .I 6  3 0 8 . 5 1 ๓  
S 1 .Z 1 .1 7  3 2 3 .5 1 2 0  
S 1 .Z 1 .I 8  3 4 7 .1 8 1 0  
S 1 .Z 1 .I 9  4 0 0 .0 0 0 0

T O H Z (S ,Z ,I )  T  O U T  F O R  H O T  S T R E A M S

S 1 .Z 1 .11  2 6 .1 1 0 0 0  
S 1 .Z 1 .1 2  1 0 4 .4 4 0 0  
S 1 .Z 1 .1 3  2 6 .1 1 0 0 0  
S 1 .Z 1 .I 4  1 7 3 .6 2 7 0  
S 1 .Z 1 .I 5  2 6 .1 1 0 0 0  
S 1 .Z 1 .1 6  2 3 2 .2 2 2 0



1 8 6

S I .Z I . I 7  2 6 .1 1 0 0 0  
S 1 .Z 1 .1 8  2 6 0 .0 0 0 0  
S 1 .Z 1 .I 9  3 9 9 .0 0 0 0

T IC Z (S .Z ,J )  T  IN  F O R  C O L D  S T R E A M S

S 1 .Z 1 .J 1  1 6 .1 1 0 0 0  
S 1 .Z 1 .J 2  1 3 2 .7 8 0 0  
S 1 .Z 1 .J 3  2 0 .0 0

T O C Z (S ,Z ,J )  T  O U T  F O R  C O L D  S T R E A M S  

S 1 .Z 1 .J 1  1 3 2 .7 7 8 0  

S L Z L J 3  3 0 .0 0 0 0 0  * *

♦ IN T R O D U C E  T H E  F C p :
F H (S ,1 ) F O R  H O T  S T R E A M S

S I . 11 1 7 7 .8 2 6
S I . 13 1 2 0 .1 5 8
S I . 15 5 9 .1 9 9 0
5 1 . 17 1 0 2 .4 1 7
5 1 .18 2 1 1 .7 0 5

F C (S ,J )  F O R  C O L D  S T R E A M S

S1.J1  7 5 2 .5 9 4
S 1 .J 2  6 7 3 .4 2 2

‘ U S E  T H E  M A X  F C p  F O R  T H E  U T IL IT IE S*__________________
S E T S  F R E E H (l)

11 ‘ 19

F R E E C (J)/.11.12
J3

P A R A M E T E R  B IF (Z ,I ,J )

Z 1 .I1 .J 1  0

♦ P A R A M E T E R  M A X N E X C H P E R M A T C H  M A X I M U M  N U M B E R  O F  M A T C H E S  W H E N  B IF = 1 ;  
♦  M A X N E X C H P E R M  A T C H  =  2

P A R A M E T E R  S P H (I) S H  in paper/
( I I . 13,15.17.18.19) 1 
(12 ,14 ,16) 0

P A R A M E T E R  S P C (J )

J2  1 
J3  1

P A R A M E T E R  N IH (I)

แ „
P A R A M E T E R  N IC (J )

i, »
P A R A M E T E R  D T V I O (] ,J )

S C  in  paper

N o n  iso th e rm al

N o n  iso th erm al

s p lit t in g  fo r  h o t  s tr e a m s  in  p ap er

s p lit t in g  fo r  c o ld  stre a m s in pap er
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( I 1 * I 9 ) .(J 1 * J 3 )  I/
P A R A M E T E R  K M A X (Z J .J )

Z 1 .11 .J 1 I/
P A R A M E T E R  D T H U (I )

\  1
P A R A M E T E R  D T C U (J )

J3 10

P A R A M E T E R  E M A X H U ( l )

19 1 0 0 ๓ 0

P A R A M E T E R  F M A X _ C U (J )

J3 1 0 0 0 0 0  

P A R A M E T E R  C H U (I )

19 1 9 .7 5 0

P A R A M E T E R  C C U (J )

J3 1 .8 6 1/
P A R A M E T E R  C S S (I )  C o s t  o f  s id e  s tr ip p in g

12 2 0 .3 3
14 2 0 .3 3
16 2 0 .3 3/
P A R A M E T E R  C F;

<*1;
C A N  =  1 7 1 .4 ;
P A R A M E T E R  C A E ;
C A E  =  1 7 1 .4 ;

S o n te x t  
**  R etr o fit
P A R A M E T E R  A E X (Z ,I ,J )

Z 1 .I2 .J 1  1 2 6 7 .9 5 4  
Z 1 .I4 .J 1  4 7 0 .4 2 3 9  
Z 1 .I9 .J 1  1 3 0 0 .5 4 6  
Z I 18 .J2  1 8 8 .1 1 8 3  
Z I .1 7 .J 3  9 4 1 .5 5 5 4  
Z 1 .1 8 .J 3  1 6 7 .4 5 4 1  
Z 1 .I 1 .J 3  5 1 8 .2 4 0 2  
Z 1 .I 3 .J 3  9 6 6 .0 8 0 0  
Z 1 .I 5 .J 3  6 8 2 .7 9 2 7  
Z 1 .I 6 .J 3  1 8 4 .5 6 7 8

P A R A M E T E R  A E X J B ( K ,Z ,น )

K 1 .Z 1 .I1  J1 1 2 6 7 .9 5 4

P A R A M E T E R  N H E 0 ( S ,Z J J )

S 1 .Z 1 .1 2 .J 1  1 
S 1 .Z 1 .1 4 .J 1  1 
S 1 .Z 1 .I 9 J 1  1 
S I .Z 1 .I 8 .J 2  1



S I .Z I .1 7 .J 3  1 
ร ! . Z i.1 8 .J 3  1 
S l . Z I . i l . J 3  1 
S I .Z I .I 3 .J 3  1 
S I .Z 1 .1 5 .J 3  1 
S I .Z 1 .I 6 .J 3  I

P A R A M E T E R  A E X _  บ  (Z ,บ )

Z I.1 2 .J 1  2 0 0 0 .0 0 0  
Z I.1 4 .J 1  7 0 0 .0 0 0 0  
Z I.1 9 .J 1  1 7 0 0 .0 0 0  
Z 1 .I 8 .J 2  2 5 0 .0 0 0 0  
Z I .I 7 .J 3  1 6 0 0 .0 0 0  
Z 1.18 .J3  4 0 0 .0 0 0 0  
Z 1 .I 1 .J 3  6 5 0 .0 0 0 0  
Z I .1 3 .J 3  1 2 0 0 .0 0 0  
Z 1 .I 5 .J 3  7 5 0 .0 0 0 0  
Z 1 .16.J3  3 5 0 .0 0 0 0

P A R A M E T E R  A E X _ U _ B ( K ,Z ,น )

K 1 .Z 1 .1 1 .J 1  2 0 0 0 .0 0 0

î o f f t e x t
* _______________________________________
* F O R  ^ L O C A T I O N*__________________
P A R A M E T E R  n ÊÏËo ( S ,Z ,น )

S 1 .Z 1 .1 1 .J 3  1 
S 1 .Z 1 .1 2 .J 1  1 
S 1 .Z 1 .I3 .J 1  1 
S 1 .Z 1 .I 3 .J 2  !
S 1 .Z I .1 3 .J 3  1 
S 1 .Z 1 .I4 .J 1  1 
ร ] . Z 1 .1 4 .J 2  1 
S 1 .Z 1 .1 5 .J 1  1 
S 1 .Z I .I 5 .J 2  1 
S I  Z 1 .15 .J 3  1 
S I .Z 1 .1 6 .J 3  1 
S 1 .Z 1 .1 7 .J 1  1 
S 1 .Z 1 .I 7 .J 2  1 
S 1 .Z 1 .1 7 .J 3  1 
S 1 .Z 1 .1 8 .J 3  1 
S 1 .Z 1 .I 9 .J 2  1

P A R A M E T E R  A E X _ R (E )/
E l  5 1 5 .6 8 5
E 2  2 2 3 9 .9 2 9
E 3  1 0 0 0 .0 0 0
E 4  2 0 4 .2 0 0
E 5  6 1 7 .7 9 7
E 6  5 7 2 .0 9 6
E 7  1 7 9 .4 2 8
E 8  1 3 3 .6 2 5
E 9  5 2 9 .8 9 2
E 1 0  5 4 6 .8 2 2
E l l  1 8 4 .5
E 1 2  6 0 8 .8 5 8
E l  3 7 9 8 .9 6 5
E 1 4  4 2 5 .3 9 7
E l  5 2 4 0 .7
E l  6  4 4 8 9 .5

P A R A M E T E R  A E X _ B _ ] ( E )

E l  5 1 5 .6 8 5
E 2  2 2 3 9 .9 2 9



E 3  1 0 0 0 .0 0 0  
E 4  2 0 4 .2 0 0  
E 5  6 1 7 .7 9 7  
E 6  5 7 2 .0 9 6  
E 7  1 7 9 .4 2 8  
E 8  1 3 3 .6 2 5  
E 9  5 2 9 .8 9 2  
E 1 0  5 4 6 .8 2 2
E l l  1 8 4 .5  
E 1 2  6 0 8 .8 5 8
E 1 3  7 9 8 .9 6 5
E 1 4  4 2 5 .3 9 7
E l  5 2 4 0 .7
E 1 6  4 4 8 9 .5

P A R A M E T E R  A E X J J J ( E )

E l  3 0 0 0  
E 2  3 0 0 0  
E 3  3 0 0 0  
E 4  3 0 0 0  
E 5  3 0 0 0  
E 6  3 0 0 0  
E 7  3 0 0 0  
E 8  3 0 0 0  
E 9  3 0 0 0  
E 1 0  3 0 0 0
E l l  3 0 0 0  
E 1 2  3 0 0 0
E 1 3  3 0 0 0
E 1 4  3 0 0 0
E l  5 3 0 0 0
E 1 6  5 0 0 0

P A R A M E T E R  A E X  B  R  (E )

E l  5 1 5 .6 8 5
E 2  2 2 3 9 .9 2 9
E 3  1 0 0 0 .0 0 0
E 4  2 0 4 .2 0 0
E 5  6 1 7 .7 9 7
E 6  5 7 2 .0 9 6
E 7  1 7 9 .4 2 8
E 8  1 3 3 .6 2 5
E 9  5 2 9 .8 9 2
E 1 0  5 4 6 .8 2 2
E l l  1 8 4 .5  
E 1 2  6 0 8 .8 5 8
E l  3  7 9 8 .9 6 5
E 1 4  4 2 5 .3 9 7
E l  5 2 4 0 .7
E 1 6  4 4 8 9 .5

P A R A M E T E R  A E X _ U _ B _ R (E E )

E l  3 0 0 0  
E 2  3 0 0 0  
E 3  3 0 ๓  
E 4  3 0 ๓  
E 5  3 0 0 0  
E 6  3 0 0 0  
E 7  3 0 0 0  
E 8  3 0 0 0  
E 9  3 0 0 0  
E 1 0  3 0 0 0
E l l  3 0 0 0  
E 1 2  3 0 0 0
E 1 3  3 0 0 0
E 1 4  3 0 0 0
E l  5 3 0 0 0



1 9 0

E I 6  5 0 0 0  

/

P A R A M E T E R  A E X U B l ( E )

E l  3 0 0 0  
E 2  3 0 0 0  
E 3 3 0 0 0  
E 4  3 0 0 0  
E 5  3 0 0 0  
E 6  3 0 0 0  
E 7  3 0 0 0  
E 8 3 0 0 0  
E 9  3 0 0 0  
E I 0  3 0 0 0  
E l l  3 0 0 0  
E l  2  3 0 0 0
E l  3  3 0 0 0
E 1 4  3 0 0 0
E l  5 3 0 0 0
E l  6  5 0 0 0/
P A R A M E T E R  R  A L L
* M in im u m  D E L T A  Tท 6/;
P A R A M E T E R  K.ET  

P A R A M E T E R  A _ N E W _ M A X (Z ,I ,J )

Z 1 . ( I I * I 4 ) .( บ  * J 3 ) 5 0 0 0 .0 0 0

P A R A M E T E R  M A X  N E W  H E X
* M a x im u m  N u m b e r  o f  n e w  e x c h a n g e r s
/ 5 0 /;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P A R A M E T E R  Q L H M 1N
* M in im u m  h ea t that c a n  b e  tra n sferred  w ith in  an in tc r v a l.H o t  strea m s  

P A R A M E T E R  Q L C M 1 N
* M in im u m  h ea t that can  b e  tran sferred  w ith in  an in te r v a l.C o ld  s trea m s

P A R A M E T E R  A M A X
* M a x im u m  area p er  e x c h a n g e r/20000/;
P A R A M E T E R  A S H E L L M A X
* M a x im u m  sh e ll  area  
/ 5 0 0 0 /;
P A R A M E T E R  T O T N E X C H M A X
* M a x im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  T O T N E X C H M IN
* M in im u m  N U M B E R  O F  E X C H A N G E R S

P A R A M E T E R  D T m in
* M in im u m  D E L T A  T/o/;
p ara m eter  N I N T
/ 2 6 3 /;
p a r a m e ter  O P Tท/;
* E N D  O F  IN  P U T  P A R A M E T E R S* _______________________
S C A L A R S  S i .  Z i, M i, Ic, Ji

P A R A M E T E R S  I H m in Z (S ,Z ,I ) ,I H m a x Z (S ,Z ,I ) ,I H m a x (S ,l) ,I H m in (S ,I ) ,H O T (S ,I ,M ) ,  
H O T 2 (S ,M ), H O T Z (S ,Z ,L M ), I C m in Z ( S ,Z J ) ,lC m a x Z ( S ,Z ,J ) ,] C m in ( S J ) ,



F O R (S i= l  T O  C A R D (S ) ,
F O R (Z i= l  T O  C A R D (Z ),

F O R (I c = l  T O  C A R D (I ) ,
I H m in Z (S ,Z ,I )$ [O R D (S )= S i A N D  O R D (I )= l

A N D  O R D (Z )=  1 ] -  0 +  1 $ [N I Z (S ,Z ,I )> = 1 ];  
I H m in Z (S ,Z ,I )S [O R D (S )= S i A N D  O R D (I )> ]

A N D  O R D (Z )=  1 ] -  0 +
{S U M ((Z Z  I I )$ [O R D (I I )< O R D (I )J ,N I Z (S ,Z Z ,I l) )+ l  }$ [N I Z (S ,Z ,I )> = 1 ] ;  

I F I m in Z (S ,Z ,I )$ [O R D (S )-S i  A N D  O R D ( Z ) > l ] =  0 +
{S U M ((Z Z ,I I )$ [O R D (lI )< O R D (I ) ] ,N I Z (S ,Z Z ,lI ) )

+ S U M (Z Z $ [O R D (Z Z )<  Z i] ,N I Z (S ,Z Z ,I ) )+ l  } $ [N I Z (S ,Z ,I )> = 1 ] ;  
I H m a x Z (S ,Z ,])S [O R D (S )= S i A N D  O R D (] ) = lc  A N D  O R D ( Z ) - Z i ] =  0 +  

{ )H m in Z (S ,Z ,I )+ N I Z (S ,Z  1)-I } $ [ N I Z ( S ,Z ,1 ) > - I ] ;  
I F I m in (S ,l)$ [O R D (S )= S i A N D  O R D (I ) = lc ] =

S U M [Z $  { ร บ M (Z Z $ [O R D (Z Z )< = O R D (Z ) - ] ] ,N I Z (S ,Z Z ,I ) )= 0 } .I H m in Z (S ,Z ,I ) ] ;  
I H m a x ( S .I ) $ [ O R D ( S ) - S i  A N D  O R D (I ) = ic ] =  

S U M [Z $ { S U M (Z Z $ [O R D (Z Z )> = O R D (Z )+ I ] ,N lZ (S ,Z Z ,I ) )= 0 } ,I H m a x Z (S ,Z ,I ) ] ;

F O R (M i= l  T O  C A R D (M ) ,
H O T (S ,I ,M ) $ [O R D ( S ) - S i  A N D  O R D (I )= lc  A N D  O R D (M ) = M i] =  0 +  

l $ [ O R D ( M ) > =  I H m in (S ,I )  A N D  O R D (M )< = I H m a x (S ,I ) ] ;  
H O T 2 (S ,M )$ [O R D (S )= S i  A N D  O R D (M )= M i]=  0 +  l$ [O R D ( M ) < =  

S U M ()$ (O R D (] )= C A R D (I ) ) , lH m a x (S ,I ) ) ] ;  
H O T Z (S ,Z ,I ,M )$ [O R D (S )= S i A N D  O R D (I )= I c  A N D  O R D (M )= M i  

A N D  O R D (Z )= Z i]=  0 +  l$ [O R D ( M ) > =  lH m in Z (S ,Z ,l )  A N D  O R D (M )< = I H m a x Z (S ,Z ,I ) ] ;

F O R (J i= l  T O  C A R D (J ) ,
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D (J)---] A N D  O R D ( Z ) = l ] =  0 +

{ S U M ( ] $ [ O R D (I ) = C A R D ( l ) ] ,I H m a x ( S ,I ) )+ l } $ [ N J Z ( S ,Z ,J ) > = l ] ;  
I C m in Z (S ,Z ,J )$ [O R D (S )= S i A N D  O R D ( J ) > lA N D  O R D ( Z ) = l ] =  0 +

{ S U M  { I $ [O R D (I )= C A R D (I ) ] .I I  I m a x (S ,I ))
+ S U M ((Z Z ,J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z ,.ช ))+  I } $ [N J Z (S ,Z ,J )> = 1 ] ;  

I C m in Z ( S ,Z J ) $ [O R D ( S )= S i  A N D  O R J D (Z )> l]=  0 +
{ S U M  { l$ [O R D (I )= C A R D (I ) ]J H m a x (S ,I )}  

+ S U M ((Z Z .J J )$ [O R D (J J )< O R D (J )] ,N J Z (S ,Z Z J J ))
+ S U M  (Z Z $ [O R D (Z Z )<  Z i] ,N J Z (S .Z Z ,J ))+ l  } $ [N J Z (S ,Z ,J )> = 1 ];  

I C m a x Z (S ,Z .J )$ [O R D (S )= S i A N D  O R D (J )= J i A N D  O R D (Z )= Z i]=  0 +  
{IC m in Z (S ,Z ,J )+ N J Z (S ,Z ,J )-I  } $ [ N J Z ( S ,Z J ) > = 1 ] ;  

lC m in (S ,J )  $ [O R D ( S )= S i  A N D  O R D (J ) = i i ] =  
S U M [Z $ { S U M (Z Z $ [O R D (Z Z )< = O R D (Z )- l ] ,N J Z (S ,Z Z ,J ) )= 0 } .I C m in Z (S ,Z .J ) ] ;  

I C m a x (S J )  $ [ O R D ( S ) - S i  A N D  O R D (J )= J i]=
S U M [Z $ {  S U M (Z Z Î [O R D (Z Z )> = O R D (Z )+ l] ,N J Z (S ,Z Z ,J ) )= 0 } .I C m a x Z (S ,Z ,J ) ] ;

F O R (M i= l  T O  C A R D (M ) ,
C O I .D (S ,J ,M )$ [O R J ) (S )= S i A N D  O R D (J )= J i A N D  O R D (M )= M i]=  0 +  

l$ [ O R D ( M ) > =  IC m in (S ,J )  A N D  O R D (M )< = lC m a x (S ,J ) ] ;  
C O L D 2 ( S ,M ) $ [O R D ( S )= S i  A N D  O R D (M )= M i]=  0 +

l$ [O R D (M )> S U M (l$ (O R D (I )= C A R D (I ) ) ,I F I r n a x (S ,] ) )
A N D  O R D (M )< =  S U M (J $ (O R D (J )= C A R D (J )) ,I C m a x (S ,J ) ) ] ;  

C O L D Z (S ,Z ,J ,M )$ [O R D (S )= S i A N D  O R D (i)= J i  A N D  O R D (M )= M i  
A N D  O R D (Z )= Z i]=  0 +  lS [O R D ( M ) > =  IC m in Z (S ,Z ,J )

A N D  O R D (M )< = I C m a x Z (S ,Z ,J ) ];

ICmax(SJ),COLD(S,J,M),COLD2(S,M), COFDZ(S.Z.J.M), H I(S,I,M), H J(S,],M)

พ));
P A R A M E T E R S  D T ( S ,M ) ,T U (S ,M ) , T L (S ,M ) ,C P H (S ,] ,M ) ,C P C (S J ,M ) ,D H H (S ,I ,M ) ,D H C (S ,J ,M )  

C P H _ บ ( ร ,I ,M ),C P C _ U (S ,J ,M ) ,C P p i_ L (S ,I ,M ) ,C P C _ L (S ,.i ,M );

D T ( S ,M )  =  S U M (( Z ,I ) $ [ H O T Z (S ,Z ,] ,M ) = l ] ,{ [ T lH Z ( S  Z  พ -T O F I Z (S ,Z ,l) ] /  
[ I H m a x Z (S ,Z ,l) - I U m in Z (S ,Z ,I )+ 1  J } )$ [H O T 2 (S ,M )=  I ]+  

S U M ((Z ,J )$ [C O L D Z (S ,Z ,J ,M )=  1 ] , { [T O C Z (S ,Z J ) -T I C Z (S  Z  J )] /
[ lC m a x Z (S ,Z ,J ) - I C m in Z (S .Z ,J )+ 1 ] }  ) $ [C O L D 2 (S .M )=  1 ];

F O R (S i=  1 T O  C A R D (S ) ,
F O R  ( M i= l  T O  C A R D (M ) ,

T U ( S ,M ) $ [ O R D ( S ) - S i  A N D  O R D (M ) = M i] =  { ร บ M ((Z ,I )$ [H O T Z (S ,Z  I M ) = l  
A N D  O R D (M )= I F I m in Z (S ,Z ,i) ] ,T lF I Z (S ,Z ,I )$ [O R D (M )= lH m in Z (S ,Z ,I ) ] )



1 9 2

+  S U M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )=  I A N D  O R D (M )> I F lm in Z (S ,Z ,I )A N D  
O R D (M )< = lF )m a x Z (S ,Z ,l) ] ,

[T IH Z (S  z ] ) - (O R D (M )-I H m in Z (S ,Z ,I ) )* D T (S ,M )]$ [O R D (M )>  
IH m in Z (S  Z  J )A N D  0 R D ( M ) < M H m a x Z ( S ,Z ,[ ) ] ) } $ [ H 0 T 2 ( S ,M ) = l ]

+  { ร บ M ( ( Z ,J ) $ [ 0 0 L p Z ( S ,Z ,J M ) = l  A N D  O R D (M )= lC m in Z (S ,Z ,J )] ,  
T O C Z (S ,Z ,J )$ [O R D (M )= I C m in Z (S ,Z ,J )] )

+  S U M ((Z ,J )$ [C O L D Z (S ,Z ,j ,M )= l  A N D  O R D (M )> lC m in Z (S ,Z ,J )
A N D  O R D (M )< = I C m a x Z (S ,Z  J)], 

[T O C Z (S ,Z ,J )- (O R D (M )-I C m in Z (S ,Z ,J ) )* D T (S ,M )]$ [O R D (M )>  
IC m in Z .(S ,Z ,J )A N D  O R D (M ) < = I C m a x Z ( S ,Z J ) ] ) } $ [ C O L D 2 (S ,M ) = l] ;

T L ( S ,M )$ [ O R D ( S ) = S i  A N D  O R D (M )= M i]=
{ ร บ M ((Z ,I )$ [H O T Z (S ,Z ,I ,M )= l  A N D  O R D (M )= I H m a x Z (S ,Z ,I ) ] ,  

T O H Z (S ,Z ,I )$ [O R D (M )= I H m a x Z (S ,Z ,I )] )
+  S U M ((Z ,I )$ [H 0 T Z (S ,Z ,I ,M )= 1  A N D  O R D (M )< lH m a x Z (S ,Z ,I )

A N D  O R D (M )> = lH m in Z (S ,Z ,] ) ] ,  
[T O H Z (S ,Z ,I )+ ( I F lm a x Z (S ,Z ,I ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<  
lH m a x Z (S  Z ,1 )A N D  0 R D ( M ) > = I H m in Z ( S ,Z ,l ) ] ) } $ [ H 0 T 2 ( S ,M ) = l ]  

+  { S U M ((Z ,J )$ [C O L D Z (S ,Z  J ,M )= 1  A N D  O R D (M )= I C m a x Z (S ,Z ,J ) ] ,  
T I C Z (S ,Z ,J )$ [O R D (M )= lC m a x Z (S ,Z ,J ) ])

+  S U M ((Z ,J )$ [C 0 L D Z (S ,Z ,J ,M )= 1  A N D  O R D (M )< I C m a x Z (S ,Z ,J )
A N D  O R D (M )> = I C m in Z (S ,Z ,J ) ] ,  

[T I C Z (S ,Z ,J )+ ( I C m a x Z (S ,Z ,J ) -O R D (M ))* D T (S ,M )]$ [O R D (M )<  
I C m a x Z (S ,Z ,J )A N D  0 R D ( M ) > = lC m in Z ( S .Z ,J ) ] ) } $ [ C 0 L D 2 ( S ,M ) = l ) ;

C P H _ บ ( ร , ] ,M ) $ [ H O T ( S ,l ,M ) = l ]  =  A _ c p _ H ( l)* T U ( S ,M ) +  B  c p  H (I) ;
C P C ^ บ ( ร ไ , M ) $ [ C 0 L D ( S ,J ,M ) = 1 ]  =  À _ c p _ C ( J ) * T l) ( S ,M ) +  B _ c p _ C (J )  ; 
C P h I l ( S ,I ,M ) $ [ H 0 T ( S ,I ,M ) = 1 ]  -  A _ c p _ H (l)* T L (S ,M > +  B _ c p _ H ( l)  ; 
C P C _ L (S ,J ,M )S [C 0 L D (S ,J ,M )= 1  ] =  A _ c p _ C (J )* T L (S ,M )+  B _ c p _ C (J )  ;
C P H (S  j ,M ) $ [ H O T ( S ,l ,M ) =  1 ] =  (C P H _ บ ิ( ร , I ,M )+ C P H _ L (ร ,ไ ,M )) /2  ; 
C P C (S ,J ,M )$ [C 0 L D (S ,J ,M )= 1  ] =  (C P C _ U ( ร ,J ,M )+ C P C _ L ( ร ,J ,M )) /2  ;

F O R (I c = l  T O  C A R D ( l) ,
D H H (S ,I ,M ) $ [O R D ( S ) = S i  A N D  O R D (M )= M i A N D  O R D (I )= I c

A N D  H O T ( S , l ,M ) = ] ] =  F F ! (S ,I )* C P H (S ,I ,M )* [T U (S .M )-T L (S .M )]  ;

F O R (J i= l  T O  C A R D (J ) ,
D H C (S ,J ,M )S [O R D (S )= S i  A N D  O R D (M )= M i A N D  O R D (J )= J i

A N D  C O L D ( S ,J ,M )= l ]=  F C ( S J ) * C P C ( S ,L M ) * n i] ( S ,M ) - T L ( S ,M ) ]  ;

)));
P A R A M E T E R  H H E A D (S ,M ,N ) , C H E A D (S ,M ,N ) , L M T D (S ,M .N ) , D (S ,Z ,M ,N )
* M A T C H  A L L O W E D  B A S E D  O N  L M T D

A L L O W (S ,Z ,บ ) ,  A L L O W _ H ( ร ,Z ,I ,M ,J ), A L L O W _ C (S ,Z ,J ,M ,I ) , A L L O W _ 2 (Z ,บ )  ;

H H E A D ( S ,M ,N )  =  { T U (S ,M ) -T U (S ,N )  +  D T m in } $ [ H O T 2 (S ,M )  A N D  C O L D 2 (S  N )] ;  
C H E A D ( S ,M ,N )  =  { T L (S ,M )-T L (S ,N )  +  D T m in )  ร [H O T 2 (S ,M )  A N D  C O L D 2 (S ,N ) ]  ;

L M T D ( S ,M ,N ) =  { [ H H E A D ( S ,M ,N ) - C H E A D ( S ,M ,N )]
/L O G [H H E A D ( S ,M ,N ) /C H E A D (S ,M ,N ) ]} S [H H E A D ( S ,M  N ) >  0

A N D  C H E A D ( S ,M ,N ) > 0  A N D  H H E A D (S ,M ,N )>  C H E A D (S ,M ,N ) ]
+  { [H H E A D ( S ,M ,N ) + C H E A D ( S ,M ,N ) ] /2 ) S [ H H E A D ( S ,M ,N )> 0  A N D  C H E A D (S  M ,N ) > 0  

A N D  (H H E A D (S ,M ,N )<  C H E A D (S .M ,N )O R  H H E A D ( S ,M ,N ) =  C H E A D ( S ,M ,N ) ) i ;

D ( S ,Z ,M ,N ) =  1 $ [ { H 0 T 2 ( S ,M ) = 1  A N D  H O T 2 ( S ,N ) = l  A N D  S U M []$ (H O T (S  I ,M )= 1  
A N D  H O T (S ,I ,N )=  1 ) ,H O T Z (S ,Z ,I ,M )]=  1 A N D  ร บ M [ I $ (H O T ( S ,] ,N )= l  
A N D  H O T (ร ไ , M ) = 1 ) ,H 0 T Z ( S ,Z ,I ,N ) ] = 1 }

O R  { C O L D 2  ( ร ,M )=  I A N D  C O L D 2  ( ร ,N ) =  1 A N D  S U M [J $ ( C O L D ( S J ,M ) = l  
A N D  C 0 L D ( S ,J N ) =  1 ) ,C O L D Z (S ,Z ,J ,M )]=  1 A N D  S U M [J $ (C O L D (S ,J ,N )= l  
A N D  C 0 L D ( S ,J ,M ) =  1 ) ,C 0 L D Z ( S ,Z ,J ,N ) ] =  1 )

O R  { ( H H E A D ( S ,M ,N ) > = 0 .0 0 0 0 1  A N D  C H E A D ( S ,M ,N ) > = 0 .0 0 0 0 1 )
A .N D  S U M [l$ ( H O T ( S ,I ,M ) = l  ) ,H O T Z (S ,Z ,I ,M )]= l

A N D  S U M [J $ ( C O L D ( S ,J ,N ) = l) ,C O L D Z ( S ,Z .J ,N ) ]= l  ) ];

* O R  { L M T D (S ,M ,N ) X )  A N D  S U M [I $ (H O T (S ,L M )= l) ,H O T Z (S ,Z .I  M ) ] = l
* A N D  S U M [ J $ ( C 0 L D ( S J ,N ) = 1 ) ,C 0 L D Z ( S ,Z ,J ,N ) M  }];

F O R (S i=  1 T O  C A R D (S )
F O R (Z i= l  T O  C A R D (Z ),



F O R ( lc = l  T O  C A R D (I ) ,
F O R (J i= l  T O  C A R D (J ),

A L L O W (S  Z ,] ,J )$ [O R D (S )= S i  A N D  O R D (Z )= Z i A N D  O R D (l)= I c  
A N D  O R D (J )= J i]=  0 +  1 $ { S U M [ (M ,N )$ [ H O T (S ,l ,M ) = ]

A N D  C O L D (S ,J ,N )= l  ] ,D ( ร ,Z ,M ,N ) ]  > 0  
A N D  N O T [H U (I ) A N D  C U (J )]  ) ;

F O R  ( M i= l  T O  C A R D (M ),
A L L O W  H (S ,Z ,I ,M ,J )$ [O R D (S )= S i A N D  O R D (Z )= Z i A N D  O R D (])= I c  

A N D  O R D (J )= J i A N D  O R D (M ) -M i

1 $ { S U M [ N $ [ C 0 L D ( S ,J ,N H L D ( S ,Z ,M ,N ) ]  > 0 A N D  N O T [H U (I )A N D  C U ( J )] ) ;  
A L L O W _ C (S ,Z .J ,M ,l)$ [O R D (S )= S i A N D  O R D (Z )= Z i A N D  O R JD (I)=)c  

A N D  O R D (J )= J i A N D  O R D (M )= M i A N D  C O L D ( S ,J ,M )= l]=  0 +  
I Î { S U M |N $ [ H O T ( S ,I ,N ) = l ] ,D ( S ,Z ,N ,M ) ]  > 0 A N D  N O T [H U (I )A N D  C U (J )]} ;

F O R (Z i= l  T O  C A R D (Z ),
F O R (I c = l  T O  C A R D ( l) ,

F O R (J i= ]  T O  C A R D (J ),
A L L O W _ 2 (Z ,l ,J )$ [O R D (Z )= Z i A N D  O R D (I ) = lc  A N D  O R D (J )= J i]=  0 +

1 ร {S U M  [ร , A L L O W ( ร ,Z ,] ,J )]  > O A N D N O T [H U (I )A N D  C U (J )] ) ;

V A R I A B L E S  
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H B H U ( S ,1 ,M )$ ( H 0 T (S ,I ,M ) = I  A N D  H U (I )  A N D  F R E E H (I)) ..
F H U (I )* * (T U (S ,M )-T L ( s ’ m ) )  = E =  S U M (( Z ,N ,J ) $ ( D (S ,Z ,M IN ) =  1 A N D  T L (S .N )  L T  T U (S .M )  
A N D  C 0 L D ( S ,J ,N ) = 1

A N D  A L L 0 w 7 h (S ,Z ,I ,M ,J )= 1 A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  F R E E C (J )) ,Q (S ,Z ,I ,M ,J ,N ));

H B C I J (S ,J ,N )S (C 0 L D (S .J .N )= 1  A N D  C U (J )  A N D  F R E E C (J )) ..
F C U (J )* (T U (S ,N ) -T L (S  N ) )  = E =  S U M ((Z ,M ,I )S (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  H O T (S ,I ,M )= l

A N D  A L L O W  H (S ,Z .] ,M ,J )=  I A N D  A L L O W _ C (S ,Z ,J ,N ,I )=  1 A N D  F R E E H (I )) ,Q (S .Z ,L M ,J ,N )):

H B H S (S ,L M ) $ ( H O T ( S .l ,M ) = ]  A N D  N O T  H U (I )  A N D  
F R E E H ( i)  A N D  N I H ( ] ) = 0  A N D  N O T  P A (I )) . .
D F 1 H (S ,L M )= E = S U M ((Z ,N ,J )$ (D (S JZ ,M ,N ) - 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D (S ,J ,N )= ]  

A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l) ,Q (S ,Z ,L M ,J ,N ) ) ;

H B C S ( S ,J ,N ) $ ( C O L D ( S J ,N )= l  A N D  N O T  O J ( J )  A N D  F R E E C (J ) A N D  N I C (J )= 0 ) . .  
D H C (S ,J ,N )= E = S U M ((Z ,M ,I )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M ) A N D  H O T (S ,l ,M )= ]  

A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,] )= i ) ,Q ( S ,Z ,] ,M ,J ,N )) ;

T R A N S F O R  M ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W J f ( S ,Z ,l ,M ,J )= I  
A N D  F R E E H (I)  A N D  F R £ E C (J )) ..

Q N E W _ M ( ร ,Z ,1 ,J ,M ) = E =  S U M (N $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1 ),Q (S ,Z ,I ,M ,J ,N )) ;

T R A N S F O R _ N (S ,Z ,I ,] ,N )$ (C O L D (S ,J ,N )= 1  A N D  A L L O W _ C ( ร ,Z ,] ,N ,I )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ))  .
Q N E W _ N ( ร ,Z ,I ,J ,N )= E = ร บ M (IV 1 $ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,L M )= l  

A N D A L L O W _ H ( ร ,Z ,I ,M ,J )= 1 ) ,Q (S ,Z ,I ,M ,J ,N )) ;

H B H S  ไ ง ! ( ร , l ,M )$ ( H O T (S ,I ,M ) = l  A N D  N O T  H U (I )
A N D  F R E E H (I)  A N D  N I H ( i) = l  A N D  N O T  P A (I )) . .
D H H ( S ,I ,M ) - E =  ร บ M ( ( Z ,N ,J ) $ ( D ( S ,Z ,M ,N ) = ]  A N D  T L (S ,N )  L T  T U (S  M )
A N D  C O L D ( S ,J .N ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  ) .

+ S U M ( ( Z ,N ) $ (D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,) ,N ) = l  A N D  O R D (N )  G T  O R D (M )) ,Q H (S  Z  1 I N  M ))  
-S U M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S ,Z .L M ,N )) ;*___ 1 . 1, . , . ______________ __________ _

H B C S _ N 1 ( ร ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N IC (J )= 1 ) .  
D H C (S ,J ,N ) = E =  ร บ M ( ( Z ,M ,I ) $ ( D ( S ,Z ,M ,N ) =  1 A N D  T L (S ,N )  L T  T L '(S .M ) A N D  H O T (S .I .M )  1 

A N D  A L L O W J I ( S ,Z ,L M ,J H  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1 ) ,Q (S ,Z ,] ,M ,J  N ))  
+ S U M ( ( Z ,M ) S (D ( S ,Z ,M ,N ) = 1  A N D  C O L D (S ,J ,M )= l  A N D  O R D (M ) L T  O R D fN ) )  Q c ( s  Z  J ,M  N ) )  

- S U M ( ( z 7m )$ (D (S ,Z ,M ,N )= T  a n d  C O L D (S ,J ,M )= l  a n d  O R D (M )  G T  O R D (N )) ,Q C (S ,Z ,J ,N ,M )) ;

N O I S O H ( S ,I ,M ) $ (H O T ( S ,I ,M )= l  A N D  N O T  H U (I )  A N D  F R E E H (I)  A N D  N I H ( I ) = 1 )
ร บ M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  H O T (S ,I ,N ) = l  A N D  O R D (N )  L T  O R D (M )) ,Q H (S  Z ,I ,M ,N ))  
= L = ร บ M ( (Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  C O L D (S  ,J ,N )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,J ,N T )= l) ,Q (S ,Z ,I ,M ,J ,N ) ) ;

N O ^ S O C ( S ,J ,N ) $ ( C O L D ( S J ,N ) = l  A N D  N O T  C U (J )  A N D  F R E E C (J ) A N D  N I C ( J H )  
S i : .M ( ( / .M ) S ( D ( S .Z ,M .N )  I A N D  C O L D ( S ,J ,M )= l  A N D  O R D (M )  G T  O R D (N )) ,Q C (S ,Z ,J ,N .M ))  
= L =  S U M ((Z ,M ,1 )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,] ,M )= 1  
A N D  A L L O w 7 h (S ,Z ,I ,M J )= 1  a n d  A L L O w lc ( S ,Z , ] ,N ,I ) = l ) ,Q ( S ,Z , ] ,M ,j ,N ) ) ;

* E Q  ( ]  l a  and 1 3 a )  C a s e  o f  B ]F (1 ,J )= 0  ( i .j )  n o t b e lo n g in g  to  se t  B .

B  IN A R Y j v n  ( ร ,Z ,] ,J .M )$ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H (S  Z ,I ,M ,J )= 1  A N D  B IF (Z .I ,J )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )A N D  N O T  P A (] ))

Q N E W _ M ( ร ,Z ,I ,J ,M )-Y _ M ( ร ,Z ,I ,J ,M )* D H H (S ,I ,M )$ (N O T H L )(I ) )
- Y M ( S ,7 ,U ,M ) * F M A X J H J ( I ) * D T H l J ( I ) $ ( I I I J ( l ) ) - L - 0 ;



1 9 9

*___________________________________
* E Q  (1 lb  a n d  1 3 b )  C a s e  o f  B IF (1 ,J )= 0  ( i j )  n o t  b e lo n g in g  to  se t  B
* * * * * *  * * * * * * * * *  M IN I M U M  V A L U E  O F  Q N E W _ M = 0 .0 1 ! ! ! ! ! m i !
B I N A R Y _ M 2 ( S ,Z ,บ , M )$ (H O T (S ,I ,M )= I  A N D  A L L 0 W _ H (S ,Z ,L M ,J )= 1  A N D  B IF (Z ,บ ) = 0  A N D  

F R E E H (I) A N D  F R E E C (J) A N D  N O T  P A (I )) . .
Q N E W _ M  ( ร ,z , บ ,  M ) - Y _ M (S ,Z ,บ , M ) * * Q L H M I N = G = 0 ;

* E Q  (1 l a  and 1 3 a )  C a se  o f  B IF (I ,J )= 1  ( i j )  b e lo n g in g  to  s e t  B
B lN A R Y _ M l_ B ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,I ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,] ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  

A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  N O T  P A (I )) . .
Q N E W _ M ( S ,Z ,บ , M ) - Y _ M _ B ( S ,Z ,บ , M ) * D H H ( S ,I ,M ) $ ( N O T  H U (I ))

-Y  M _ B (S ,Z ,I ,J ,M )* F M A X  H U ( I )* D T H U ( I ) $ ( U U ( I ) )= L - 0 ;

* E Q  ( l i b  and  13 b )  C a s e  o f  B IF (I ,J )=  1 (i j )  b e lo n g in g  to  se t  B
B I N A R Y _ M 2 _ B ( ร ,z , บ , M )$ (F I O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z .l ,M ,J )= i  A N D  B IF (Z ,I ,J )= ]  
A N D  F R Ë E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .

Q N E W _ M ( S ,Z ,บ , M ) - Y _ M _ B ( S ,Z ,บ , M )* Q L H M I N  = G =  0;

* E Q ( ! 2 a a n d  1 4 a ) C a se  o f  B IF (I ,J )= 0  ( i j )  n o t  b e lo n g in g  to  s e t  B

B I N A R Y  N 1 ( ร ,z , บ , N )$ (C O L D (S ,J ,N )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 0  
A N D  F R E E H (I)  A N D  F R E E C (J )) ..

Q N E W _ N ( S ,Z ,I ,J ,N ) - Y _ N ( ร ,Z ,1 ,J ,N )* D H C ( S ,J ,N ) $ (N 0 T  C U (J ))
- Y _ N ( ร ,z , บ , N )* F M A X _ C U ( J ) * D T C U ( J )$ ( C U ( J ) ) = L - 0 ;

* E Q  ( 12 b  and  14 b )  C a se  o f  B IF (I ,J )= 0  (i j )  n o t  b e lo n g in g  to  s e t  B
B 1 N A R Y _ N 2 ( ร ,z , บ , N ) $ ( C O L D ( S ,J ,N ) - l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B I F (Z ,บ ) = 0  
A N D  F R Ë E H (I)  A N D  F R E E C (J )) .. Q N E W _ N (S ,Z ,l ,J ,N )~ Y _ N (S ,Z ,i ,J ,N )* Q L C M I N = G = 0 ;

* E Q  (1 2 a  and 1 4 a )  C a s e  o f  B IF (I ,J )= 1  ( i j )  b e lo n g in g  to  s e t  B
B IN  A R Y N  l_ B ( S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N ) =  1 A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E L I R l)  A N D  F R E E C (J ) )..

Q N E W _ N ( ร ,Z ,I ,J ,N ) -Y _ N _ B ( S ^ ,I ,J ,N ) * D H C ( S ,J ,N )S ( N O T C U (J ) )  
-YJ4_B(si,I,J,N)*FMAX_CU(J)*DTCU(J)S(CU(J))=L=0;

* E Q  (1 2 b  and  1 4 b )  C a s e  o f  B IF (1,J )= 1  ( i j )  b e lo n g in g  to  se t  B
B I N A R Y _ N 2 _ B ( S ,Z ,บ , N )$ (C O L D (S ,J ,N )= I  A N D  A L L O W _ C ( ร ,Z ,J ,N  I )=  1 A N D  B 1F (Z ,I J )= 1  
A N D  F R E E H (I)  A N D  F R E E C ( i) ) ..  Q N E W _ N ( ร ,Z ,L J ,N )-Y _ J N _ B ( ร ,Z .L J ,N )* Q L C M I N = G = 0 :

* E Q  (1 5 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  (1 8 )* ______________________________
B 1 N A R Y _ M 5 ( ร ,z , บ , M )$ (H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M - l )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 
A N D  A L L O W _ H (S ,Z ,] ,M - 1 ,J ) A N D  B IF (Z ,1 ,J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

N H E _ M 0 ( ร ,Z ,I ,J ,M )= L = 2 -Y  M (S ,Z ,I ,J ,M )-Y _ M (S ,Z ,I ,J ,M -1 ) ;

* E Q  ( 1 7 )  IS  IN  R E ^ I T W  N O T  N E E D E D , B U T  W A S  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T ( S ,I ,M - l )  A N D  A L L O W _ H ( S ,Z ,l ,M - 1 ,J )A N D  A L L O W _ H (S ,Z ,I ,M ,J )=  1
* A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1

B I N A R Y _ M 5 b ( S ,Z ,บ , M )$ (H O T (S ,I ,M )= l  A N D  A L L 0 W _ H ( S ,Z ,I ,M ,J )= 1 A N D  B IF (Z ,I ,J )= 0  
A N D  F R E E H (I )  A N D  F R E E C (j) ) ..  N H E _ M 0 ( ร ,Z ,I ,J ,M )" = L =  Y _ M ( ร ,z , บ , M );

* IT  T U R N S  O U T  T H A T  T H IS  E Q U A T I O N  O N L Y  F O R C E S  T H E  V A L U E S  O F  K  T O  B E  Z E R O
* W H E N  Y = 0 , W H IC H  H A P P E N S  N A T U R A L L Y  IF  O N E  IS  M IN IM IZ IN G  T H E  N U M B E R  O F
* E X C H A N G E R S  O R  B E C A U S E  T H E  F I X E D  C O S T S  A R E  B E IN G  M IN IM IZ E D .
* E V E N  IF  N O T  D R I V E N  T O  Z E R O  B Y  T H E  O B J E C T IV E  F U N C T I O N  IT IS  H A R M E L E S S
* H O W E V E R , IT  T U R N S  O U T  T H A T  IT  C O U L D  M A K E  E X T E N S I O N S  O F  T H E  M O D E L  H A V E
* P R O B L E M S . S O , A L T H O U G H  T H E  E Q U A T I O N  IS N O T  N E E D E D , IT  G IV E S  S O M E  E X T R A  V A L U E S
* O F  K W H E N  T H E Y  D O  N O T  R E A L L Y  M A T T E R .+___________________________________
B I N A R Y  M 3 ( S ,Z ,บ , M ) $ ( H O T ( S ,l .M ) = ]  A N D  A L L O W _ H ( ร ,Z ,I ,M .J )=  1 A N D  B 1 F (Z .I ,J )= 0  
A N D  F R E E H (I)  A N D  F R E E C ( i) ) . .

N H E  M 0 ( S ,Z j ,J ,M )  = G =  Y _ M (S ,Z ,บ , M ) - Y _ M ( ร ,Z ,บ , M T ) $ ( H O T ( S ,I ,M - l )
A N D  A L L O W ~ H (S ,Z ,I ,M -1 J ) )  ;* ______________________________

B I N A R Y _ M 4 ( ร ,z , บ . M ) $ ( H O T ( S ,l ,M ) = l  A N D  H O T (S ,I ,M - l )  A N D  A L L O W  H (S ,Z ,I .M ,J )= 1



AND ALLOW_H(S,Z,I,M-1 ,J) AND BIF(Z,],J)=0 AND FREEH(I) AND FREEC(J))
NHE_M0(S,Z,I,J,M)=G=0;

* E Q  ( 2 0 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T IO N  (1 8 )

B I N A R Y _ M 8 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,l ,M ) = l  A N D  H O T (S ,I ,M + l)  A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l  
A N D  A L L O W _ H (S ,Z ,i ' m + 1 ,J )  a n d  B IF (Z ,] ,J )= 0  a n d  F R E E H (I) a n d  F R E E C (J )) .. 

N H E _ M  1 ( ร ,Z ,I ,J ,M )= L = 2 -Y  M ( S ,Z ,I ,.I ,M )-Y _ M (S ,Z ,] ,J ,M + 1 );

* E Q  ( 2 2 )  : O R IG IN A L L Y  N O T  N E E D E D . B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0
* A N D  H O T (S ,I ,M - i  )  A N D  A L L O W  J I ( S ,Z ,I ,M  I ,J)
B 1 N A R Y _ M 9 (S ,Z ,I ,J ,M )$ (H 0 T (S ,I ,M )= 1  A N D  A L L O W !  I (S ,Z ,I ,M ,J )= 1  A N D  B !F (Z ,I ,J )= 0  

A N D  F R E E H (I )A N D  F R E E C (J ))..
N l l H M l  ( ร , / , I .J .M ) = L =  Y _ M (S ,Z ,I ,J ,M )  ;

*  S E E  C O M M E N T S  O N  E Q U A T I O N  (1 7 )

B T N A R Y _ M 6 (S ,Z ,I ,J .M )$ (H O T (S ,I ,M )= l A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,1 ,J )= 0  
A N D  F R Ë E H (I)  A N D  F R E E C (J )) .. N H E _ M I (S ,Z ,I ,J ,M ) = G = Y _ M ( S ,z j ,J ,M ) -Y _ M ( S ,Z ,I ,j ,M + l)  

ร ( H O T ( S ,] ,M + I ) A N D  A L L O W _ H ( ร ,Z J .M + l ,J ) )  ;

B I N A R Y _ M 7 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l A N D  H O T (S ,I ,M + l)  A N D  A L L O W  H (S ,Z ,] ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M + 1  ,J ) A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I) A N D  F R E Ë C (J ))..

N H E M 1 ( ร ,  z , บ , M )= G = 0 ;

B I N A R Y  M 3 _ B (S ,Z ,l ,J ,M )$ (H O T (S ,I ,M )= I  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,1 ,J )= 1  
A N D  F R L L I l(I )  A N D  F R E E C (J )) ..
Y _ M _ B ( S ,Z ,น M ) = E =  S U M ( 0 $ ( H 0 T ( S ,I , 0 ) = 1  A N D  O R D (O )  L E  O R D (M )

A N D  A L L O W _ H ( S ,Z ,I ,O ,J ) - I ) ,N H E _ M 0 _ B ( S ,Z  1 ,J ,0 ) )
S U M ( 0 $ ( H 0 f ( ร ,! ,0 ) = 1  A N D  0 R D ( 0 )  L E  [ O R D ( M ) - l ]

A N D  A L L 0 W _ H ( S ,Z ,I .0 J ) - 1 ) ,N H E _ M I _ B ( S ,Z ,I ,J ,0 ) ) ;

* E Q  ( 2 6 )  N O T  N E E D E D
* G A M S  W R IT E S  IT  A U T O M A T I C A L L Y  W H E N  IT  W R IT E S  E Q U A T I O N  (1 8 )

B I N A R Y _ N 5 ( ร ,Z ,I ,J ,N )S (C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N - l)  A N D  A L L O W  C (S ,Z ,J ,N ,1 )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I) A N D  F R E E C (J )).. 

N H E _ N 0 (S ,Z ,I ,L N ) = L = 2 - Y _ N ( ร ,Z ,I ,J ,N ) -Y _ N ( ร ,Z ,I ,J ,N -1 ) ;

* E Q  ( 2 8 )  N O T  N E E D E D , B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - 1 )  A N D  A L L O w _ _ c ( ร ^ : ,J ,N -1 ,1)
B IN  A R Y  N  5 b (S ,Z ,L  j ,N )$ ( C O L D ( S ,J ,N )=  I A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,1 )= 0  

A N D  F R E E H (I )  A N D  F R E E C (J )) ..
N H E _ N 0 (S ,Z ,I ,J ,N )  - L =  Y _ N ( ร ,Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )  *

* E Q  ( 2 9 )
B I N A R Y _ N 3 (S ,Z ,I J ,N ) $ ( C O L D ( S ,J ,N ) = I  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= I  A N D  B IF (Z ,1 ,J )= 0  
A N D  F R E E H (I )  A N D  F R E E C (J )) ..
N H E _ N 0 ( ร ,Z ,I ,J ,N )  = G =  Y _ N ( ร ,Z ,I ,J .N ) -Y N ( S ,Z ,I , , I ,N - 1 )

$ ( C O L D ( S ,J ,N - l )  A N D  A L L O W _ C (S ,Z ,J ,N - 1,1));

B I N A R Y _ N 4 (S ,Z ,I ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A !  L O W  ( ' ( ร . / . . J .N - I . l i  A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I) A N D  F R E E C (J ))..

N H E _ N 0 (S ,Z ,I ,L N )= G = 0 ;

* E Q  ( 3 1 )  N O T  N E E D E D
* G A M S  W R I T E S  IT  A U T O M A T I C A L L Y  W H E N  IT W R IT E S  E Q U A T I O N  ( 1 8 )

B I N A R Y _ N 8 ( ร ,z ,I ,J ,N ) $ ( C O L D ( S ,J ,N ) = l  A N D  C O L D ( S .J ,N + l )  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1



AND ALLOW_C(S,Z,J,N+1,1) AND BIF(Z,น)=0 AND FREEH(I) AND FREEC(J))..
NHF N 1 (ร,ZJJ,N)=L=2-Y_N(SiI,J.N)-Y N(SZI,],N+1 );

* E Q  ( 3 3 )  N O T  N E E D E D  B U T  A D D E D  T O  E N F O R C E  K = 0  W H E N  Y = 0  
* A N D  C O L D ( S ,J ,N - l ) A N D  A L L 0 W _ C ( S ,Z ,J ,N -1 ,I )
B I N A R Y _ N 9 (S ,Z ,I ,j 'n )$ (C O L D (S ,J ,N )= 1  a n d  A L L O W _ C (S ,Z ,J ,N ,I )= ]  a n d  B IF (Z ,1 ,J )= 0  

a n d  F R E E H (I)  A N D  F R E E C (J )) ..
N H E N 1 ( ร ,Z ,I ,J ,N )  = L =  Y  N (S ,Z ,I ,J ,N );

* S E E  C O M M E N T S  O N  E Q U A T I O N  ( 1 7 )

* E Q  ( 3 4 )
B I N A R Y _ N 6 (S ,Z ,I ,J ,N ) $ (C O L D (S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J .N ,I )= I  A N D  B IF (Z ,1 ,J )= 0  
A N D  F R Ë E H (l)  A N D  F R E E C (J )) .. N H E N I  ( ร ,Z ,I ,J ,N )= & = Y _ N (S ,Z ,I ,J ,N ) -Y _ N ( ร ,Z ,) ,J ,N + 1 ) 

$ ( C 0 L D ( S ,J ,N + 1 )  A N D  A L L O W  J 3 ( S ,Z ,L N + 1 ,]) ) ;

B I N A R Y _ N 7 ( ร ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  C O L D (S ,J ,N + I )  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N + I ,I )  A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I) A N D  F R E E C (J )) ..

N H E N  1 ( ร ,Z ,I ,J ,N )= G = 0 ;

* E Q  ( 3 6 )
B I N A R Y _ N 3 _ B ( S ,Z ,I ,J ,N )$ ( C O L D ( S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )A N D  F R E E C (J )) ..
Y _ N _ B ( S ,Z ,I ,J ,N ) = E = S U M ( 0 $ ( C 0 L D ( S ,J ,0 )  A N D  O R D (O )  L E  O R D (N )
A N E T a L L O W  C (S ,Z ,J ,O ,I ) ) ,N H E _ N 0 _ B (S ,Z ,I ,J ,O ))  - S U M (O S (C O L D (S ,J .O )  A N D  O R D (O )  L E  

O R D ( N ) - l  A N D  A I 3  .O W  C (S ,Z ,J ,0 ,I ) ) ,N I  li:  N  1 _ B (S ,Z ,I ,J .O ));

* E Q  ( 3 7 )
H E _ C O U N T _ M O ( ร ,z , บ ) ร (A L L O W (S ,Z ,I ,J )= I  A N D  F R E E H (l)  A N D  F R E E C (J )) .. 
N H E (S ,Z ,I ,J ) = E = S U M ( M $ ( H 0 T ( S ,I ,M ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]  A N D  B IF (Z ,I ,J )= 1 ) ,  
N H E _ M O _ B (S .Z ,I ,J ,M ))  +  S U M (M $ (H O T (S ,I ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= I  
A N D  B iF ( Z ,L J ) - 0 ) ,  N H E _ M 0 (S ,Z ,I ,J ,M )) ;

H E ^ C O U N T _ N O (S ,Z ,บ ) $ (A L L O W ( ร ,Z ,I ,J )= 1  A N D  F R E E H (l)  A N D  F R E E C (J ))
N H E (S ,Z ,บ ) = E = S U M ( N Î ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B I F (Z ,I ,J )= I ) ,

+  S U M ( N $ ( C O L D ( S J ,N ) =  1 A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  B IF (Z ,I ,J )= 0 ) ,
N H E N b ( S ,Z ,I ,J ,N ) ) ;

* E Q  ( 3 9 )
H E _ C O U N T _ M  1 ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )=  1 A N D  F R E E H (I)  A N D  F R E E C (J ))  
N H E (S ,Z ,I ,J ) = E = S U M ( M $ ( H O r ( S ,I ,M ) = I  A N D  A L L O W _ H ( ร ^ , ] , M ,J )= 1  A N D  B IF (Z ,I ,J )= 1 ) ,  
N H E  M  1 B ( S ,Z ,I ,J ,M ) )  +  S U M (M S (H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N  D B I F ( Z ,  I ,J )= 0 ) , N H E M  1 ( ร ,Z ,I ,J ,M )) ;

* E Q  ( 4 0 )
H E _ C O U N T _ N  1 ( ร ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )) .. 
N H E (S ^ ,l ,J ^ = E = S U M ( N $ ( C O L D ( S ,J ,N ) = l  A N D  A L L O W _ C (S ,Z ,J ,N  I ) = l  A N D  B IF (Z ,1 ,J )= 1 ) , 
N H E  N I  J i ( S ,Z ,I , I ,N ) )  +  S U M (N $ (C O L D (S ,J ,N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B IF (Z ,I ,J )= 0 ) , N H E  N I ( ร ,Z ,i ,J ,N ) ) ;

N E X C H ( S ^ . l ,J ) $ ( A L L O W ( S ,Z ,I ,J ) = l  A N D  B IF (Z ,I ,J )= 0  A N D  F R E E H (I)  
A N D  F R £ E C (J ) ) . .N H E (S ,Z ,I ,J )= L -1  ; *

* E Q  ( 4 2 )
N E X C H  B (S .Z ,บ ) $ (A L L O W ( S ,Z ,l ,J ) = l  A N D  B IF (Z ,บ ) = 1  A N D  F R E E H (I)  
A N D  F R Æ E C (J)). N H E (S ,Z J ,J )= L = K M A X (Z ,L J ) ;

B 1 F 1  ( ร ,Z ,L 3 ,M ,N )$ (D (S J Z .M ,N )= 1  A N D  T L (S ,N )  L T  T U ( S .M )  A N D  H O T (S ,I ,M ) = l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  I A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B IF (Z ,i ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (j)  A N D  N O T  P A ( lj ) . .
S U M (L $ (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M ) A N D  H O T (S ,I ,L )= l  
A N D  A L L O W  H (S ,Z ,I ,L ,J )=  1 ) ,

Q N E W  M ( s 7 z ,บ  L ))  -  Q N E W 2 _ M (S ,Z ,I ,J ,M )  = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = i  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C O L D (S .J .O )  A N D  A L L O W _ C ( ร ,z , j , 0 , l ) ) ,



QNEWN(S,Z,บ,O)) - QNEW2_N(ร,z,บ,N)+ BI(S,Z,LM,LN) *4* max(SUM(L$(D(sjz,L,N)=l AND ORD(L) LE ORD(M) AND HOT(S I,L)=I AND ALLOW_H(S,Z,I,L,J)=)),DHH(S,I,L)), SUM(0$(D(S,Z,M,0)=] AND ORD(O) LE ORD(N)AND C0LD(S,J,0) AND ALLOW_C(ร,Z,J AI)),DHC(S,J,0)));
BIF_2(ร,z,น,M,N)$(D(S,Z,M,N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=l AND COLD(S,J,N)-l ANDALLOW_H(S,Z,I,M,J)= 1 AND ALLOW_C(S,Z,J,N,])=l AND BIF(Z,1,J)=1 AND FREEH(I)AND FREEC(J) AND NOT PA(I))..SUM(L$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M) AND HOT(S,],L)=l AND ALLOW H(S,Z,I,L,J)= 1 ),QNEW_M(S,z7l,J,L)) - QNEW2_M(ร,z,บ,M) =G=SUM(0$(D(S,Z,M,0H AND ORD(C))LE ORD(N) AND C0LD(S,J,0) AND ALLOW_C(S,Z,J,0,I)), QNEW_N(ร,Z,I,J,0)) - QNEW2_N(ร,z,บ,N)-B 1 (ร,Z,I,M,J,N) *4* max(SUM(L$(D(S,Z,L,N)=l AND ORD(L) LE ORD(M)AND nOT(S,I,L)-l AND ALLOW_H(S,Z,I,L,J)=l),DHH(S,I,L)),SUM(0S(D(S,Z,M,0)=1 AND 0RD(0) LE ORD(N) AND C0LD(S,J,O)AND ALLOW_C(ร,Z,J,0,I)),DHC(S,J,0)));
BIF_3(S,Z,1,J,M,N)$(D(S,Z,M,N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I,M)=l AND COLD(S,J,N)=l AND ALLOW H(S,Z,I,M,J)=] AND ALLOW_C(ร,Z,J,N,I)=1 AND BIF(Z,i,J)-l AND FREEH(l) AND FREEC(J))..B1(S,Z,I,MJ,N) =E= 2- 0.25* SUM(L$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M) AND HOT(S,l,L)=l AND ALLOW I I(S,Z,I,l',J)-l),NHE_M 1_B(S,Z,I,J,L))+ 0.25 *SUM(0$(D(S,Z,M,0)= 1 AND 0RD(0)LE ORD(N) AND C0LD(S,J,0) AND ALLOW_C(ร,Z,J,0,I)),NHE N1 _B(ร,Z,I,J,0))-NHe7m1_B(ร,z,บิ,M)-NHE N1_B(S,Z,I,J,N);
B1F_4(ร,Z,],J,M,N)S(D(S j;,M,N)=l AND TL(S,N) LT TU(S,M) AND TL(S,N) GE TL(S,M) AND HOT(S,l,M)=) AND COLD(S,J,N)=] AND ALLOW_H(ร,Z,I,M,J)=1 AND ALL0W_C(SZ,J,N,I)=1 AND BIF(Z,I,J)=) AND FREEH(I) AND FREEC(J)).. SUM(L$(HOT(S,I,L)=l AND ORD(L) LE ORD(M) AND ALLOW_H(S,Z,I,L,J)=l ),NHE_M 1 _B(ร,Z,I,J,L))-SUM(OS(COLD(SJ,0) AND 0RD(0)LE ORD(N) and ALL0W_C(S,Z,J,0,1)),N HE N1 _B(S,Z,LJ,O))=G=0;

B IF  l 1 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ))..

S U M ( 0 $ ( H 0 T ( S ,I , 0 ) = 1  A N D  O R D (O )  L E  O R D (M ) A N D  A L L O W  H (S ,Z ,1 ,0 ,J )=  1 ), 
N H E _ M 0 _ B ( ร ,Z ,I ,J ,0 ) -N H E _ M 1 _ B ( S ,Z ,I ,J ,0 ) ) = L = ]  ;

B I ?  1 2 (S ,Z ,I ,J ,N )$ (C O L D (S ,J ,N )= l  A N D  A L L 0 W _ C ( ร ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,น ) - 1 
A N D  F R E E H (I )A N D  F R E E C (J )) ..

ร บ M ( 0 $ ( C 0 L D ( S , J , 0 )  A N D  O R D (O )  L E  0 R D ( N )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,  
N 1 I E N O _ B ( S ,Z ,I ,J ,0 ) - N H E _ N I B ( S >Z ,I ,J ,0 ) ) = L - 1 ;

B I ? 6 ( s !z ,I ,J ,M )$ (H O T (S ,I ,M )= 1  a n d  a l l o w  H (S ,Z ,I ,M ,J )= 1  a n d  B IF (Z ,I ,J )= ]  
a n d  F R E E H (I)  A N D  FRJEEC (J)).

Q N E W 2 _ M ( ร ,z , บ ิ, M )  = L =  Q N E W _ M ( ร ,Z ,บ , M );

* E Q  ( 5 0 )
B I F _ 9 ( ร ,Z ,] ,J ,M )$ (H O T ( ร ,] ,M )=  1 A N D  A L L 0 W _ H ( ร ,Z ,] ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )A N D  F R E E C (J )  A N D  N O T  P A ( i) ) „

Q N E W 2  M (S ,Z ,] ,J ,M )  = L =  N H E _ M 0 _ B i(ร ,Z ,1 ,J ,M )* D H H (S ,1 ,M );*____ ______  ___________ ____ 1__
B I F _ 5 ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M ) = lA N D A L L O W _ _ H ( S ,Z ,l ,M ,J ) = lA N D B lF (Z ,I ,J ) = l  
A N D  F R L L I K D A N D  F R E E C (J )  A N D  N O T  P A (I )) . .

Q N E W 2  M (S ,Z ,] ,J ,M )  = L =  N H E J V 1 1 _ B (S ,Z ,] ,J ,M )* D H H (S ,I ,M );

*EQ (52) NOT NEEDED. THE VARIABLE IS DECLARED POSITIVE * ____ _______________________________



B IF  8 (S ,Z ,I ,J  N )$ (C O L D (S ,J ,N )= I  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= 1  A N D  B 1F (Z .I,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ))..

Q N E W 2 _ N (S ,Z ,I ,J ,N )  = L =  Q N E W _ N ( ร ,Z ,I ,J ,N );

* E Q  (5 4 )
B I F _ 1 0 ( ร ,Z ,I J ,N ) $ ( C 0 L D ( S ,J ,N )= 1  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,1 ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ))..

Q N E W 2 _ N (S ,Z ,I ,J ,N )  = L =  N H E _ N O _ B (S ,Z ,I ,J ,N )* D H C (S ,J ,N );

B I ?  7 ( s !z , 1 ,J ,N )$ (C O L D (S ,J ,N )= 1  A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,บ ) =1  
A N D  F R E E H (I)  A N D  F R E E C (J ))..

Q N E W 2 _ N ( ร ,Z ,1 ,J ,N ) = L =  N H E _ N  ] _ B (S ,Z ,I ,J ,N )* D H C (S  J ,N ) ;

* E Q  ( 5 6 )  N O T  N E E D E D . T H E  V A R I A B L E  IS  D E C L A R E D  P O S IT IV E

F E A S  M  01 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,] ,M ) = l  A N D  A L L O W J 4 ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M -1  ,J) A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A  M (S ,Z ,L J ,M )= L = ]-N H E  M 0 (S ,Z ,] ,J ,M -1 ) -N H E _ M 0 (S ,Z ,I ,J ,M );

F E A S _ M _ 0 1 _ B (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H (S .Z ,I ,M ,J )= l  
A N D  A L L O W _ H (S ,Z ,I ,M -I ,J )  A N D  B IF (Z ,I ,] )= 1  A N D  F R E E H (I) A N D  F R E E C (J )) .. 

A L F Â L m (S ,Z ,I ,J ,M )= L = 1 -N H E _ M 0 _ B (S ,Z ,I ,] ,M -1 ) -N H E _ M 0 _ _ B (S ,Z ,I ,J ,M );

F E A S J vI 0 2 (S ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W  H (S ,Z ,I ,M -1 ,J )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (l)
A N D  F R E E C (jj )

A L F A _ M  ( ร ,  Z ,I ,J ,M )= L = 1 -N H E _ M 1 (ร ,Z ,I ,J ,M -1 ) -N H E _ M 1 (S Z ,1 J ,M );  
F E A S J V I _ 0 2 _ B (S ,Z ,1 ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H ( S ,Z ,I ,M ,J H  
A N D  A L L O W _ H ( ร ,Z ,I ,M - 1 ,J) A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

A L F A ~ M (S ,Z ,I ,J ,M )= L = 1 -N H E _ M 1 _ B (S ,Z ,I ,J ,M -1 ) -N H E  M 1 _ B ( ร ,Z ,I ,J ,M );

* E Q  ( 5 9 )
F E A S _ M _ 0 3 (S ,Z ,1 ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= I  A N D  A L L O W J 4 ( S ,Z , l .M J ) = l  
a n d " A L L O W  11 (S .Z ,I,M -1  ,J) A N D  B I F (Z ,) ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ M (S ,Z ,I ,J ,M )= G = Y _ M (S Z ,L J ,M )-N H E _ M O (S ,Z ,] ,J ,M -I ) -N H E _ M O (S ,Z ,U ,M )-

F E A S _ M _ 0 3 ^ B ( ^ Z T } ZM ) $ a K ) T ( S \ ! 1M G | (A N D H O T ( S , I M ) ^ A N D A L L O W J I ( S , Z , L M , . ) ) - l  
A N D  A L L O W  H (S ,Z ,I ,M -1 ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J ))  
A L F A _ M (S ,Z ,น ิ, M ) = G = Y _ m 1 b (S ,Z ,I ,J ,M )-N H E _ M 0 _ B ( ร ,Z ,I ,J ,M -1 ) -N H E _ M 0  B (S ,Z ,บ , M )

- N H E ~ m 1 _ B ( ร ,  Z ,I ,J ,M -1 )-N H E _ IV I1 _ B ( ร ,Z ,1 ,J ,M );

F E A S _ M _ 0 4 ( S ,Z ,I ,J ,M ) $ (H O T ( S ,I ,M - 1 )  A N D  H O T (S ,I ,M ) = l  A N D  A L L O W  H (S ,Z  I ,M ,J )= 1  A N D  
A L L 0 w I h (S ,Z ,I ,M  1,J) A N D  (B I F (Z ,บ ) = 1  O R  S P H (I )= 1 )A N D  F R E E H ®  A N D  F R E E C (J )) ..

A L F A  M (S ,Z ,I ,J ,M )= G = 0 ;

* E Q  ( 6 1 )
F E A S _ M _ 2 ( S ,Z ,I ,J ,M )$ ( H O T ( S ,I ,M - l)  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z  I M ,J)= 1  
A N D  A L L O W _ F I( ร ,Z ,I ,M -1  ,J ) A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E E C (J )A N D  N O T  P A (] ) ) .  
Q N E W _ M ( S ,z 7 U ,M ) / ( C P H ( S ,I ,M ) * (T U (S ,M ) -T L (S ,M ) ) ) = L =  

Q N E W _ M (S ,Z ,I ,J ,M -1 ) / (C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 )) )
+ (  1 - A L F A _ M ( ร ,Z ,U ,M ) ) * D H H ( S ,I ,M ) /  (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

F E A S _ M  1 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I  M ,J )= 1  
A N D  A L L O W _ H ( S ,Z ,I ,M - l , i )  A N D  S P H (I)= 1  A N D  F R E E H (I)  A N D  F R E E C (J )A N D  N O T  P A (I )) .  
Q N E W J V l(S ,Z ,I ,j ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+ (  I -A L F A  M ( S ,Z ,บ , M ))* D H H (S ,J ,M )  / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )

= G - Q N E W _ M ( S ,Z ,I ,L M - 1 ) / ( C P H ( S , i 'm -1 ) * ( T U ( S ,M - 1 )- T L ( S ,M -1 ) ) ) ;

F E A S  M _ 3 ( S .Z ,L J ,M ) $ ( H O T (S ,I ,M - l)  A N D  H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M .J )= l  
A N D ^ L L O W _ H ( S ,Z ,I ,M - l  ,J) A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (j)  A N D  N O T  P A (I )) . .
-  Q N E W _ M (S ,Z ,I ,J ,M -1  ) / (C P H ( S ,I ,M - 1 ) * ( T U ( S ,M - 1 ) -T L (S ,M -I  ) ) )



+  Q N E W  M ( S ,Z ,I ,J ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+ ( 1 +  N H Ë _ M 1 ( ร ,z i , J , M - l )  +  N H E _ M  1 ( ร ,Z ,I ,J ,M ) -N H E _ M 0 ( S ,Z ,] ,J ,M -1 ) )  
* D H H ( S ,i7m ) / (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))* ) .O 0 O O T = G = O ;

F E A S  M  4 (S ,Z ,I ,J ,M ) $ (H O T ( S ,] ,M - l)  A N D  H O T (S ,I ,M )= ]  A N D  A L I .O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W _ H ( ร ,Z ,I ,M - l , i )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J) A N D  N O T  P A (I )) . .  
-Q N E W J V I (S ,Z ,I ,J ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )
+  Q N E W J v i(S ,Z ,) ,J ,M -  1 ) / (C P H ( S ,I ,M - 1 )* (T U (S ,M -1  ) -T L ( S ,M - 1 ) ) )
+ ( 1 +  N F fE _ M 0 (S ,Z ,I ,J ,M - l)+ N H E _ M 0 (S ,Z ,I ,J ,M )-N H E _ M l(S ,Z ,] ,J ,M ))  
* D H H ( S ,i7m ) / (C P H ( S ,I ,M ) * ( T L J (S > ) - T L ( S ,M )) ) *  1 .0 0 0 0 1  - G -  0 ;

F E A S _ M _ 3 _ B _ 2 ( S ,Z ,I ,J ,M ) $ ( H O T ( S ,l ,M - l  )  A N D  H O T (S ,I ,M )= !  A N D  A L L O W  H (S ,Z ,I ,M ,J )= ]  
A N D  A L L 0 w 1 h (S ,Z ,1 ,M -1 ,J )  a n d  B IF (Z ,I ,J )= 1  a n d  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J) A N D  N O T  P A (1 )) ..
Q N E W _ M (S ,Z ,1 ,J ,M -1 ) / (C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 )) )= L =
Q N E W 7 m (S ,Z ,1 ,J ,M )/(C P H (S ,1 ,M )* (T T J (S ,M )-T L (S ,M )))
+ ( I + N H E  M 1 _ B ( S .Z ,I ,J ,M - 1 ) + N H E _ M  1 _ B (S ,Z ,] ,J ,M )-N H E  M 0 _ B (S ,Z ,I ,J .M -1  ) )  
* D H H (S ,T ,M )/(C P H (S T ,M )* (T D (S ,M )-T L (S ,M )));

F E A S  M  3 _ B _ l ( S ^ ,I , J ,M ) $ ( H O T ( S , l ,M - l )  A N D  H O T (S ,I ,M )= l A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O w 7 _ H (S ,Z ,! ,M -l ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  S P H (1)= 1  A N D  F R E E H (ไ)
A N D  F R E E C (J) A N D  N O T  P A (1 ))„
Q N E W 2  M ( S ,Z ,1 ,J ,M -1 ) /(C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 )) )  = L =  
Q N E W _ M (S ,Z T ,J ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )+  (2  +  N H E _ M 1 _ B (S ,Z ,1 ,J .M )
-N H E  _ M 0 _ B (S ,Z ,I ,J ,M  1 ) - Y _ M _ B ( ร ,Z ,I ,J ,M -1 ))

* D H H ( S j ,M ) /( C P H ( S ,I ,M ) * ( T U ( S ,M ) - T L ( S ,M ) ) ) ;

F E A S  M  4 _ B ( S ,Z ,l ,J ,M ) $ ( H O T ( S ,l ,M - l )  A N D  H O T (S ,I ,M )= l A N D  A L L O W _ H ( ร ,Z ,1 .M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M -1 ,J )  A N D  B 1 F (Z ,I,J )= 1  A N D  S P H (1)= 1  A N D  F R E E H (I)
A N D  F R E E C (f)  A N D  N O T  P A ( l ) ) . .
(Q N E W J V I (S ,Z ,I ,J ,M )-Q N E W 2 _ M (S ,Z ,1 ,J ,M )) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S .M )) )  = L =  
0 N F w 7 m (S ,Z ,1 ,J ,M - 1 ) /(C P H (S 7 i ,M - 1 ) * ( T U ( S ,M - 1 ) -T L (S ,M -1 ) ) )

+ ( 2  +  N H E _ M 0 _ B (S ,Z ,I ,J ,M -1 ) -N H E _ M 1 _ B (S ,Z ,1 ,J ,M )-Y _ M _ B (S ,Z ,1 ,J ,M ))  
* D H H (S ,L M )/(C P H (S ,ไ , M ) * (T U (S ,M )-T l 7s .M )));

F E A S  M  1 _ S P ( ร ,Z ,I ,J ,M )S (H O T (S ,l ,M -I )  A N D  H O T (S ,I ,M )= l A N D  H O T (S .I .M + l)
A N D  A L L Ô W _ H ( ร ,Z ,1 ,M ,J )=  1
A N D  A L L O W 7 h (S ,Z ,1 ,M -1 ,J )  a n d  A L L O W _ H ( ร ,Z ,I ,M + 1 ,J )  A N D  B 1 F (Z .1 .J )= 0  A N D  S P H ( ]) = 0  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .

Q N E W M ( S ,Z ,1 ,J ,M ) = G = ( Y _ M ( S ,Z ,1 ,J ,M ) -
N H E _ M 0  ( ร ,  Z ,บ , M )  +  N H E T m I ( ร ,Z ,i ,J ,M ))* D H H (S ,I ,M );

F E A S _ M _ 1 _ S P _ B ( ร ,Z ,I ,J ,M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S ,ไ ,M ) = l  A N D  H O T (S ,I ,M + l)
A N D  A L L 0 w 7 h (S ,Z ,I ,M ,J )= 1
A N D  A L L O W 7 h (S ,Z ,1 ,M -1 ,J )  a n d  A L L O W _ H ( S ,Z ,] ,M + l ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  S P H (I )= 0  
A N D  F R E E H (i)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .  

Q N E W M ( S ,Z ,I ,J ,M ) = G = ( Y _ M _ B ( S ,Z ,1 ,J ,M ) -  
N H E _ M 0 _ B  ( ร ,z , บ , M ) + N H É _ M o7 b (S ,Z ,I ,J ,M ))* D H H (S ,I ,M );

F E A S  N  0 1 ( ร ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= ]  A N D  A L L O W _ C (S .Z ,J .N ,l )= l  
A N D  A i7l O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B 1 F (Z ,I ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A N  ( ร ,  Z ,1 ,J ,N )  = L =  l -N H E _ N O (S ,Z ,l ,J ,N ) -N H E _ N 0 (S ,Z ,I ,J ,N - l ) ;
F F A S  N  0 1 _ B ( S 7 z , i ,J ,N ) $ ( C O L D ( S J ,N - I )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C (s 7 z ,ไ ,N -1 ,1 )  A N D  B I F ( Z ,U ) = 1  A N D  F R E E H (I)  A N D  F R JE E C (i)).. 

A L F A 7 .N (S ,Z ,I ,J ,N )= L =  1 -N H e 7 n 0 _ B ( ร ,Z J  ,J , N ) - N H E _ N 0 _ B  (ร , z ,  บ ,  N - 1 );

F E A S _ N _ 0 2 (S ,Z ,1 ,J ,N )$ (C O L D (S ,J ,N -1 )  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W  C (S ,Z ,J .N ,I )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N -1 ,1 )  A N D  B 1 F (Z ,I ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (l)
A N D  F R E E C (J ))

A L F A _ N (S ,Z ,I ,J ,N )= L = 1 -N H E  N 1  ( ร ,Z ,I ,J ,N )-N H E  N 1 ( S  Z ,1 ,J ,N -1 );
L E A S  N _ 0 2 _ B ( ร , / , , บ , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W _ C (S .Z ,J ,N ,I )= l  
A N D  A L L O W _ C (S ,Z ,J ,N -1 ,1 )  A N D  B 1 F (Z ,],J )= 1  A N D  F R E E H (I)  A N D  F R E E C (J )) ..

A L F Â "_N (ร ,Z ,L J ,N )= L = 1 -N H E _ N 1 _ B (S ,Z ,1 ,J ,N )-N H E _ N 1 _ B (S ,Z ,1 ,J ,N -1 ) ;



F E À S  N  0 3 ( S ,Z ,บ , N ) $ ( C 0 L D ( S ,J ,N - 1 )  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L 0 W _ C ( S ,Z ,J ,N ,] ) = 1  
A N D  A L L O W  C (S ,Z ,J ,N - 1,1) A N D  B IF (Z ,1 ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J )) ..

A L F A _ N ( ร ,Z ,I ,J ,N )= G = Y _ N (S ,Z ,I ,J ,N ) -N H E _ N 0 (S ,Z ,] ,J ,N ) -N H E _ N 0 (S ,Z .1 ,J ,N -1 )
- N H Ë N 1  ( ร ,z ' บ , N ) - N H E _ N  1 ( ร ,Z , I , i ,N - 1 ) f

F E A S _ N _ 0 3 _ B ( S ,Z ,บ , N )$ (C C )L D (S ,J ,N -1 )  A N D  C O L D (S ,J ,N )=  1 A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l  
A N D ^ L L O W _ C ( ร ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )= 1  A N D  F R E E H (I) A N D  F R E E C (J ))..
A L F A J N  ( ร ,  Z ,ï ,J ,N )= G = Y _ N _ B (S ,Z ,] ,J ,N ) -N H E _ N O _ B ( ร ,Z ,] ,J ,N )-N H E _ N O _ B (ร ,Z ,I ,J ,N -1 )  

- N H Ë N 1 _ B (ร ,z , บ , N )-N H E _ N 1  B (S ,Z ,1 ,J ,N -1  );

F E A S _ N _ 0 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  
A N D  A L L O W _ C ( S ,Z ,J ,N - l , l )  A N D  (B IF (Z ,I ,J )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)
A N D  F R E E C (J ))

A L F A _ N (S ,Z ,บ , N )= G = 0 ;

F E A S _ N _ 2 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W _ C (S ,Z ,J .N ,l )= l  
A N D  A L L O W _ C ( S ,Z ,J ,N - l  ,1) A N D  S P C ( J ) - ]  A N D  F R E E H (I) A N D  F R E E C (J )).. 
Q N E w I n ( S ,Z E J ,N ) /( C P C ( S ,J ,N ) * * (T U (S ,N ) -T L (S ,N ) ) )= L = Q N E W _ N  (ร , z , บ , N - l )
/ (C P C (S ,J ,N -1 )
* (T U (S ,N - 1 ) - T L ( S ,N -1 ) ) )+ ( 1 - A L F A _ N (S ,Z ,I ,J ,N ) ) * D H C ( S ,J ,N ) /

(C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) ) ;

F E A S _ N _ I ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D ( S ,] ,N ) = l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  S P C (J )= 1  A N D  F R E E H (I) A N D  F R E E C (J )).. 
Q N E w I n (S ,Z E J ,N ) /( C P C ( S ,J ,N ) * (T U (S ,N ) - T L ( S ,N ) ) )

+ ( 1 - A L F A _ N ( ร ,Z ,I ,J ,N ) )* D H C (S ,J N )
/  (C P C ( S J ,N Ë * ( T U ( S ,N ) - T L ( S ^ ) ) ) = G = Q N E W ^ N (S ,Z ,I ,J ,N - 1 ) /

( C P C (S ,J ,N -1 )* (T U (S ,N -I  ) - T L ( S ,N - 1 ) ));

F E A S _ N _ 3 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,1 )= 1  
A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  B IF (Z ,I ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (I)
A N D  F R E E C (J j) ..
- Q N E W _ N ( S .Z ,I ,J ,N - 1 ) / (C P C ( S ,J ,N - l  ) * ( T U ( S ,N - 1 ) - T L ( S ,N - 1 ) ))  
+ Q N E W 1 n ( S ,Z ,I ,J ,N ) / (C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )+ (  1+ N H E N 1 ( ร ,  Z ,I ,J ,N - 1 )

+ N H E _ N  1 ( ร ,z , บ , N )
- N H E _ N 0 ( ร ,Z ,I ,J ,N - 1 ) ) * D H C ( S ,J ,N ) / ( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )* L 0 0 0 0 1  = G =  0;

F E A S _ N _ 4 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  
A N D  A L L O W  C (S ,Z ,J ,N - 1,1) A N D  B IF (Z ,I ,J )= 0  A N D  S P C (J )= 1  A N D  F R E E H (l)
A N D  F R E E C (J )) ..
- Q N E W _ N ( S ,Z ,บ , N ) / ( C P C (S ,J ,N ) * (T U ( S ,N ) -T L (S ,N ) ) )  
+ Q N E w 1 n ( S ,Z ,I ,J ,N -1 ) / (C P C ( S ,J ,N -1 ) * (T U ( S ,N - 1 ) - T L ( S ,N -1 ) ) )
+ (1  + N H E _ N 0 ( S ,Z ,I ,J ,N - 1)
+  N H E _ N Ô ( ร ,Z ,I ,J ,N ) -N H E _ N  1 ( ร ,z , บ , N ) ) * D H C ( S ,J ,N ) /

(C P C Ë S ,J ,N )* C r U (S ,N )-T L (S ,N )) )*  1 .0 0 0 0 1  = G = 0 ;

* E Q  (7 7 )
F E A S _ N _ 3 _ B 2 ( S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - 1 )  A N D  C O L D (S ,J ,N )= l  
A N D  A L L Ô W _ C (S  ,z, J ,N , I ) - 1
A N D  A L L O W ~ C (S ,Z ,J ,N - l  ,1) A N D  B IF (Z ,I ,J )= 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (J )) ..
- Q N E W _ N ( ร ,Z ,I ,J ,N - 1 ) / ( C P C ( S ,J ,N -1 ) * (T U (S ,N - 1 ) - T L ( S ,N - ] ) ) )  
+ Q N E W 1 n ( S ,Z ,I ,J ,N ) / (C P C (S ,J ,N )* (T U (S ,N ) -T L (S ,N ) ) )
+ (1  +  N H e J n 1 _ B ( ร ,Z ,1 ,J ,N -1 )+  N H E N 1 _ B ( S ,Z ,บ , N )-N H E  N 0 _ B ( S ,Z ,บ , N - 1 ))  

* D I I C ( S ,J ,N ) / ( C P C ( S ,L N ) * ( T U ( S ,N ) - T L ( S ,N ) ) ) K > 0 ;

* E Q  ( 7 8 )
F E A S _ N  3 _ B J ( S ,Z ,I ,J ,N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J .N )= l  
A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 ) -1
A N D  A L L O  W j : ( S X J , N - 1,1) A N D  B IF (Z ,1 ,J )= 1  A N D  S P C (J )= 1  A N D  F R E E H (l)  
A N D  F R E E C (J )) ..
- Q N E W 2 _ N  ( ร ,  z , บ , N - 1 ) /(C P C (S ,J ,N -1  ) * (T U (S ,N -1  ) - T L ( S ,N - 1 ) ))  
+ Q N E w J n ( S ,Z ,I ,J ,N ) / ( C P C (S ,J ,N ) * (T U (S ,N ) -T L (S ,N ) ) )+ ( 2  +  N H E J N 1 _ B ( ร ,Z ,1 ,J ,N )  
- N H E _ N 0 _ B ( S ,Z ,1 ,J ,N - 1 ) - Y _ n J b (S ,Z ,บ , N - l ) )



*DHC(S,J,N)/(CPC(S,J,N)*(TLI(S,N)-TL(S,N)))=G=0;
* E Q  (7 9 )
F F A S  N  4  B (S ,Z  บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= I  A N D  A L L O W C ( ร ,Z ,J ,N ,I )= 1  
A N D  A L L 0 W _ C ( S ,Z ,J ,N -1  ,1) A N D  B IF (Z ,I ,J )= I  A N D  S P C ( j ) = l  A N D  F R E E H (ไ)
A N D  F R E E C (J )) ..
- (Q N E W J > 1 (S ,Z ,บ,N ) - Q N E W 2 _ N ( S ,Z ,บ,N )) / (C P C (S ,J ,N )* (T U (S ,N )-T L (S ,N ) ) )
+  Q N E W ~ N (S ,Z ,I ,J ,N -1 ) /(C P C (S ,J ,N -1 )* (T U (S ,N -1 ) -T L (S ,N -1 ) ) )
+ ( 2  +  N H E  N 0 _ B ( ร ,z , บ , N - l )  4 4 H E _ N 1 _ B ( S ,Z ,บ , N )-Y  N J ? ( S , Z ,บ , N ))  

* D H C (S ,J ,N ) /(C P C (S ,j7n )* (T U (S ,N ) -T L (S ,N ) ) )= G = 0 ;

* E Q  (8 0 )
F E A S N  1 S P (S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l ) A N D  
A L L O w 7 c ( S ,Z ,J ,N ,I ) = l  A N D  A L L O W _ C ( S ,Z ,J ,N - l , l )  A N D  A L L O W _ C ( ร ,Z ,J ,N + ] ,1 )

A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J )).. Q N E W _ N (S .Z ,1 ,J .N )  = G =
( Y _ N ( ร ,Z ,I ,J ,N ) -N H E _ N 0 (S ,Z ,I ,J ,N )-N H E _ N 1 (S ,Z ,] ,J ,N )7 * D H C (S ,J ,N );

F E A S  N J  S P  B (S ,Z ,บ , N ) $ ( C O L D ( S ,J ,N - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S ,J ,N + l )  
A N D  Â L L Ô W _ C (S ,Z ,J ,N ,I )= I  A N D  A L L O W _ C (S ,Z ,J ,N -I ,I )  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1)

A N D  S P C (J )= 0  A N D  F R E E H (l)  A N D  F R E E C (J )) .. Q N E W _ N ( ร ,Z ,I ,J ,N )  = G =  
( Y _ N _ B ( S ,Z ,1 ,J ,N ) - N H E _ N 0 _ B ( ร ,Z ,I ,J ,N ) -N H E _ N l_ B ( s 7 z ,I ,J ,N )) * D H C ( S ,J ,N ) ;

F E A S  b e g  S P ( S ,Z ,บ , พ , N )$ ( T L ( S ,N )  L E  T U ( S ,M )  A N D  T H (S ,N )  G E  T L (S ,M )  
A N D  H O T (S , l ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,l )=  1 A N D  B IF (Z ,I ,J )= 0
A N D  S P H ( I ) = 0 A N D  S P C ( J ) - 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (1 )) .. 

T L (S ,M ) -  T L (S ,N )  -  Q N E W J N ( ร ,z , บ , N )/(F C (S ,J )* C P C (S ,J .N ) )
+  Q N E W  M ( ร ,z , บ , M )/(F H (S ,I )* C P H (S ,I ,M ))
+  (2 - N H Ë 7 m 0 (S ,Z ,1 ,J ,M )-N H E _ N 0 (S ,Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

F E A S _ B E G J B _ S P ( ร ,z , บ , M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )  
A N D  H O T (S ,L M )= l  A N D  C O L D (S ,J ,N )= 1  A N D  A L L O W  H (S ,Z .I ,M ,J )= 1  
A N D  A L L O w 7 c ( S ,Z ,J ,N , l ) = l  a n d  B 1F (Z ,I,J )= 1
A N D  S P H ( I ) = Ô A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .  

T L (S ,M )  -  T L (S ,N )  -Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J .N ) )
+  Q N E W _ M (S ,Z ,I ,J ,M )  / (F H (S ,I )* C P H (S ,I ,M ))
+  (2 - N H Ë 7 m O _ B (S ,Z ,I J ,M )-N H E _ N O  B (S ,Z ,I ,J ,N ) )* T U (S ,N )= G = 0 ;

F E A S _ E N D _ S P ( ร ,z , บ , M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M )=  1 A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O w l c ( S ,Z ,J ,N , l ) = l  a n d  B 1 F (Z ,] ,J )= 0
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . .  

T U ( S ,M ) - T U ( S ,N )
- Q N E W M ( S ,Z ,บ , M ) /(F H (S ,I )* C P H (S ,I ,M ))  + Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ) )  

+ (2 - N H E  M 1 (S ,Z ,I ,J ,M )-N F 1 E _ N  1 ( ร ,Z ,L J ,N ) )* T U (S ,N )= G = 0 ;  
F E A S _ E N D _ B _ S P ( S ,Z ,บ ิ, M ,N ) $ (T L ( S ,N )  L E  T U (S ,M )  A N D  T U ( S ,N )  G E  T L (S ,M )
A N D  H O T ( S , l ,M ) - l  A N D  C O L D ( S ,j ,N ) = l  A N D  A L L O W  J 4 ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= ]  A N D  B 1F (Z ,I,J )= 1
A N D  S P H (1 )= 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  N O T  P A (I )) . . 

T U ( S ,M ) - T U ( S ,N )
- Q N E w 1 m ( S ,Z ,บ , M ) /(F H (S ,I )* C P H (S ,I ,M ))  +  Q N E W J 4 (S ,Z ,I ,J ,N ) / (F C (S ,J )* C P C (S ,J ,N ) )  

+ ( 2 -N H e 7 m 1 _ B (S ,Z ,I ,J ,M )-N H E _ N 1 _ B (S ,Z ,I ,J ,N ))* T U (S ,N )= G = 0 ;

F E A S  B E G 3 (S ,Z ,บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M ) = l  A N D  H O T ( S , l ,M + l)  A N D  C O L D (S ,J .N )= l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O w 7 h (S ,Z ,I ,M ,J )= 1
A N D  A L L O w 7 f 1 (S ,Z ,I ,M + 1 ,J )  a n d  A L L O W  C (S ,Z ,J ,N ,I )= l  a n d  A L L O W _ C (S ,Z .J ,N + ]  ,1) 
A N D  B I F (Z ,บ ) = 0  A N D  ( S P H ( I ) - l  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )) .. 

N H E N 1  ( ร ,Z ,I ,J ,N )= L = (2 -N H E _ M O (S ,Z ,1 ,J ,M )-N H e 7 n O (S .Z ,1 ,J .N ));

F E A S _ B E G ( S ,Z ,บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M .N )= 1  A N D  D (S ,Z ,M .N )= 1

A N D  T U ( ร ,N )  G T  T L (S ,M ) A N D  H O T ( S , l ,M ) = l  A N D  H O T ( S . l ,M + l)  A N D  C O L D (S ,J ,N )= I  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  J 1 ( S .Z ,I ,M J ) = 1  A N D  A L L O W  H (S ,Z ,I ,M + l  J )
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A N D  A L L O W _ C (S ,Z ,J ,N ,I )= I  A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,I ,J )= 0  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J ))..
Q N E W _ N ( ร ,z , บ , N ) / ( T U ( S ,M ) - T L ( S ,N ) ) = L = Q N E W _ N ( î7 z ,บ , N + 1 )
/ (T U (S ,N + 1  ) -T L (S ,N +  ) ) )*  C P C (S ,J ,N ) /C P C (S ,J ,N + 1 j

+ ( 2 - N H E _ M 0 ( ร ,Z ,] ,] ,M ) - N H E _ N 0 ( ร ,Z ,I ,J ,N ) )* D H C (S ,J ,N ) /(T U (S ,M )-T L (S ,N ) ) ;

F E A S _ B E G 2 (S ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= I  A N D  T L (S ,N )  L T  T U ( S ,M )  
A N D ~ ~ T U (S ,N ) G T  T L (S ,M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,] ,M + l)  A N D  C O L D (S ,J ,N )=  1 
A N D  C O L D ( S ,J ,N + l)
A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H (S ,Z ,I ,M + I ,J )  A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l  
A N D  A L L 0 W ” C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,I ,J )= 0  A N D  (S P H (I )= ]  O R  S P C (J )= 1 )
A N D  F R E E H (i)  A N D  F R E E C (J )  A N D  N O T  P A (1 )) ..
Q N E W _ M (S ,Z ,บ , M ) /(M I N ( T U ( S ,M ),T U ( S ,N ) ) - T L ( S ,M ) ) = G =

Q N E W _ M ( ร ,Z ,I ,J ,M + I  ) / (T U (S ,M +  1 ) - T L ( S ,M + 1)) 
* C P H (S 7 i ,M ) /C P H ( S ,I ,M + 1 H 2 - N H e 1 m 0 (S ,Z ,I ,J ,M )-N H E _ N 0 (S ,Z ,I ,J ,N ) )
* D H H ( S ,I ,M + i  ) / (T U (S ,M + 1  ) -T L (S ,M + 1  ));

F E A S _ E N D 3 (S ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= l  a n d  D (S ,Z ,M ,N )= I  a n d  T L (S ,N )  L T  T U ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,] ,M )= ]  A N D  H O T (S ,I ,M - l)  A N D  C O L D ( S ,J ,N ) - l  A N D  C O L D ( S ,J ,N - l)
A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1
A N D  A L L O w I h ( S ,Z ,] ,M - 1 ,J )A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  a n d  A L L O W  C (S ,Z ,J ,N - ! ,I )  
A N D  B IF (Z ,I ,J )= 0  A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I)  A N D  F R E E C (J )).. 
N H E _ M 0 ( s i , I ,J ,M ) = L = ( 2 - N H E _ M l  ( ร ,Z ,] ,J ,M )-N H E _ N  1 ( ร ,Z ,] ,] ,N )) ;

F E A S _ E N D ( S ^ ,I ,J ,M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S  N )  L T  TTJ(S M )  
A N D  T U ( S .N )  G T  T L ( S ,M )  A N D  H O T (S ,I ,M ) = l  A N D  H O T (S ,I ,M - l )  A N D  C O L D (S ,J ,N )=  1 
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  A L L O W _ F l(S ,Z ,l l ,M -l ,j )
A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )=  1 A N D  A L L O W _ C (S ,Z ,J ,N -1 ,1) A N D  B IF (Z ,I ,J )= 0  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  N O T  P A fl))^  

Q N E W _ M (S ,Z ,I ,J JM ) /( 'n J ( S ,M ) - T L ( S ,N ) ) = L = Q N E W _ M (S ,Z ,) ,J ,M - l ) / ( T U ( S ,M - l ) - T L ( S ,M - l ) )  
* C P H (S ,I ,M ) /C P H (S ,] ,M -1 )+ (2 -N H e 7 m 1 ( S ,Z ,I ,J ,M ) - N H E _ N ! ( ร ,Z ,1 ,J ,N ))  
* D H H (S ,I ,M ) /(T U (S ,M )-T L (S ,N )) ;

F E A S _ E N D 2 (S ,Z ,I ,J ,M ,N )S (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M -I )  A N D  C O L D ( S J ,N ) = l  
A N D  C O L D ( S ,J ,N - l)  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H (S ,Z ,I ,M - l ,J )
A N D  A L L O W _ C (S  Z ,J ,N ,I )=  1 A N D  A L L O W _ C (S ,Z ,J ,N - 1,1) A N D  B ÏF (Z T ,J )= 0  
A N D  ( S P H (] ) = Î  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ))
Q N E W _ N ( ร ,Z ,I ,J ,N ) /(T U (S ,N )-M A X (T L (S ,M ) ,T L (S ,N )) )= G = Q N E W _ N (S ,Z ,I ,J ,N -1 ) /

* C P C ( S ,j ,N ) /C P C ( S ,J ,N - l ) - ( 2 - N H E _ M l( ร ,z , บ , M ) - N H E _ N 1 ( ร ,z , บ , N ) )
* D H C ( S ,J ,N - 1 ) / (T U (S ,N  - 1 ) - T L ( S ,N - 1 ));

F E A S _ B E G 4 _ B (ร ,z , บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T D ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M )= l  A N D  H O T (S ,I ,M + l)  A N D  C O L D ( S ,J ,N ) = l  A N D  C O L D ( S ,J ,N + l )
A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l
A N D  A L L O W J H (S ,Z ,I ,M + 1 ,J )A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  a n d  A L L O W _ C ( S ,Z J ,N + L l)  
A N D  B IF (Z ,บ ) =1 A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (I) A N D  F R E E C (J ))..

Ô + Y _ N J B ( S ,Z ,บ , N )-N H E _ _ M O _ B (S ,Z ,บ , M ) - N H E _ N 0 _ B ( S ,Z ,บ , N )) ;

F E A S _ B E G 2 _ B ( S ,Z ,] ,J ,M ,N ) $ ( D T V I O ( l ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T T U ( S  M )  
A N D " t D ( S ,N )  G T  T L (S ,M )  A N D  H O T (S , l .M ) = l  A N D  M O T (S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W J H ( ร ,Z,1 M + 1 J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C (S ,Z ,J ,N + 1,1) A N D  B 1F (Z ,1,J)= 1  
A N D  (S P H (I )= I  O R  S P C (J )= 1 )  A N D  F R E E H O ) A N D  F R E E C (J )) ..
Q N E W _ N ( ร ,Z ,1 ,J ,N ) / ( T U ( S ,M ) - T L ( S ,N ) ) - L =
Q N E W 7 n (S ,Z ,I ,J ,N +  1 ) / ( T U ( S ,N + 1 ) - T L ( S .N + 1 ))

* C P C (S 7 J ,N ) /C P C (S ,J ,N + 1 )+
( I + y 7 n _ B (S ,Z ,1 ,J ,N )-N F 1 E _ M 0 _ B (S ,Z ,1 ,J ,M )-N H E _ N 0  B (S .Z ,I ,J ,N ))  

* D H C ( s X n ) / (T U (S ,M )-T L (S ,N ) ) ;

E Q  ( 9 1 )
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F E A S _ B E G ) _ B ( S ,Z ,บ , M ,N )$ (D T V I O (I ,J )= I  A N D  D (S ,Z ,M ,N )= I  A N D  T L (S ,N )  L T T U ( S ,M )  
A N D T U ( S ,N )  G T T L ( S ,M )  A N D  I I O T (S ,I .M )= l  A N D  H O T (S ,! ,M + I )  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W  H (S ,Z ,] ,M ,J )= 1  A N D  A L L O W J I ( S ,Z ,I ,M + 1  ,J)
A N D  A L L O W _ C (S ,Z ,.J ,N ,I )= l A N D  A L L O  W _ C (S ,Z ,J ,N + 1,1) A N D  B IF (Z ,] ,} )= ]
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ))..

Q N E W 2 J N ^ ,Z ,บ , N ) / ( T U ( S ,M ) - T L ( S ,N ) ) = L - Q N E W _ N ( S ,Z ,บ , N + l ) /
(T U  ( ร ,N + 1 ) -T L ( S ,N + 1 ) )
* C P C ( S ,J ,N ) /C P C ( S ,J ,N + l) + ( 2 -N F lE _ M 0 _ B ( ร ,z , บ , M )-N F 1 E _ N 0 _ B (S ,Z ,บ , N ) )  
* D H C ( S J ,N ) / ( T U ( S ,M ) - T L ( S ,N ) ) ;

* E Q  ( 9 2 )
F E A S  B E G 3  B (S ,Z ,I ,J ,M ,N )$ (D T V I O (] ,J )= I  A N D  D (S ,Z ,M ,N )= I  A N D  T L (S ,N )  L T  T U ( S ,M )  

A N e Tt U ( S .N )  G T  T L (S ,M )  a n d  H 0 T ( S ,I ,M ) = 1  A N D  H O T (S ,I ,M + l)  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N + I )  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1  A N D  A L L O W _ H (S ,Z ,I ,M + l,J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  Â L L O W _ C (S ,Z ,J ,N + 1,1) A N D  B I F (Z .น ) =1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  N O T  P A (I )) . .  
Q N E W _ M (S ,Z ,L J ,M ) /(M I N (T U (S ,M ) ,T U (S ,N ) ) -T L (S J V I ) )= G -Q N E W _ M ( ร ,Z ,I , i ,M + l ) /

* C P H (S ,]> I ) /C P H (S ,I ,M + l) - (2 -N H E _ M O _ B (S ,Z ,I ,J ,M )-N H E _ N O _ B (S ,Z ,I ,J ,N ) )  
* D H H (S ,1 ,M +  1 ) / ( T U ( S ,M + 1 ) - T L ( S ,M + 1 ));

* E Q  ( 9 3 )
F E A S _ E N D 3 _ B ( S ,Z ,บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T D ( S ,M )  
A N D  T U ( S ,N )  G T  T L (S ,M )
A N D  H O T (S ,I ,M )= l  A N D  H O T ( S ,I ,M - l )  A N D  C O L D (S ,J ,N )= l  A N D  C O L D ( S J ,N - l )
A N D  A L L O W  ! I (S ,Z ,I .M .J )=  I
A N D  A L L O w I h ( S ,Z ,1,M  1 ,J )A N D  A L L O W _ C (S ,Z ,J ,N ,l)  A N D  A L L O  W _ C (S ,Z ,J ,N - 1,1) 
A N D  B IF (Z ,บ") = 1 A N D  (S P H (I )= 1  O R  SPC (jj= l) A N D  F R E E H (l)  A N D  F R E E C (J ))..

0 + Y M B ( ร บ ิ, บ ิ, M ) - N I I E M 1 _ B ( S ,Z .I ,J ,M )- N H E _ N 1 _ B ( S ,Z ,  บ , N )) ;

F E A S _ E N D „ B ( ร ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )= l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T O ( ร ,M )  
A N D  TU(ST n )  G T  T L (S ,M )  a n d  H O T (S , l ,M ) = l  a n d  H O T ( S , l ,M - l )  a n d  C O L D (S ,J ,N )= l  
A N D  C O L D ( S ,J ,N - l )  A N D  A L L O W J 3 ( S ,Z ,I ,M ,J )= l  A N D  A L L O W _ H (S ,Z ,I  M -1 ,J )
A N D  A L L O W _ C ( s i j , N , l ) = l  A N D  A L L O W _ C ( S ,Z J ,N - 1 ,1) A N D  B ÏF (Z ,I ,J )= I  
A N D  ( S P H ( I ) - l  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  N O T  P A (I )) .. 

(Q N E W _ M (S ^ ,I J .1 V 1 )-Q N E W 2 _ M ( ร ,Z ,] ,J ,M )) / (T U (S ,M )-T L (S .N ) )= L =
Q N E W _ M (S ,Z ,I  J ,M -1  ) /
(T U (S ,M -1 )-T L (S ,M -1 ) )* C P H (S ,1 ,M ) /C P H (S .1 ,M -1 )+
( 2 - N H E _ M L B ( S ,Z ,บ , M ) - N H E _ N r B ( S ,Z ,I ,J ,N ) )* D H H (S ,I ,M ) / (T U (S ,M ) -T L (S ,N ) ) ;

F E A S J E N D 2 _ B ( S ,Z ,บ , M ,N ) $ (D T V I O (I ,J ) = l  A N D  D (S ,Z ,M ,N )= 1  A N D  T L (S  N )  L T T U ( S  M )  
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S ,] ,M ) = l  A N D  H O T (S ,I ,M - l)  A N D  C O L D ( S ,J ,N ) = l  
A N D  C O L D ( S ,J ,N - l)  A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l  A N D  A L L O W _ H (S ,Z ,I  M -L J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N -1 ,I )  A N D  B ÎF (Z ,I ,J )= 1  
A N D  (S P H (I )= I  O R  S P C (J )= 1 )  A N D  F R E E H fl)  A N D  F R E E C (J ))..

( Q N E W _ N (ร ,z , บ , N ) - Q N E W 2 _ N ( ร ,z , บ , N ) ) / ( T U ( S ,N ) - M A X ( T L ( S ,M ) ,T L ( S ,N ) ) ) = G =  
Q N E W _ N ( ร ,Z ,I ,J ,N - 1 ) / ( T U (S ,N G )- T L ( S ,N - 1 ) ) * C P C ( S ,J N ) /C P C (S ,J ,N - 1 )
- ( 2 - N H Ë M 1  B (S  Z ,1 ,J ,M )-N H E _ N 1 _ B (S ,Z ,I ,J ,N ))* D H C (S ,J ,N -1 ) /

( T U ( S ,N - 1 ) - T L ( S ,N - 1 ));

P A R E Q (S ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )).. 
P A R ( Z ,I ,J ) - E - S U M ( ( M ,N ) $ ( D ( S ,Z ,M ,N ) = ]  A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S ,I ,M )= l  
A N D  C O L D (S ,J ,N )= I
A N D  A L L O W _ H (S ,Z ,] ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1 ) ,

Q_( S ,Z ,L M ,J ,N ) /( U (S ,บ ) * L M T D (S ,M ,N ) ) ) ;

B I F _ 1 3 _ 2 ( ร ,K ,z ,บ , M ) $ ( O R D ( K )  L T  K M A X (Z ,I ,J )  A N D  H O T (S ,I ,M )= l
A N D  A L L O w  H (S ,Z ,1  ,M ,J )=  1
A N D  B I F ( Z ,I ,j )= l  A N D  F R E E H (I)  A N D  F R E E C (J ))..
P A R  B (K ,Z  บ ) = L =  S U M (( L ,N )$ ( D ( S ,Z ,L ,N ) = 1  A N D  O R D (L ) L E  O R D (M )  
A N D T L ( S .N )  L T T U ( S ,L )
A N D  H O T (S ,I ,L )= ]  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,I ,L ,J )= ]
A N D  A L L O W  C (S J Z ,J ,N ,1 )=  1 ) ,
( Q ( S ,Z .I ,L J ,N ) - Q 2 ( S ^ ,I ,L ,J ,N ) ) / ( U ( S ,I ,J ) * L M T D ( S ,L ,N ) )

+ A M A X * (2 -N F IE _ ]V 1 1  B ( S ,Z ,บ , M )-X  บ ่B ( ร ,z , บ , M )-  
S U M (K K $ (O R D (K K )  G f  1 A N D  O R D (K K ) L T  O R D (K ) ) ,X _ B ( ร ,K K ,Z .I ,J ,M )))) ;
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" C o m m en t: In th e  p a p e r  X 1 _ B  d o e s  n o t  s h o w . O n ly  o n e  v a r ia b le , X _ B  is  u sed
* to  m a k e  s u m m a tio n s  fro m  1 to  k m a x -1 . H ere w e  u s e  X I  B  and  th en  a
* su m m a tio n  fr o m  2  to  k m a x -1 . S e e  e q u a tio n  (1 0 0 )  a s  w e l l

" E Q  ( 9 8 )
B 1 F J 3 J  ( ร ,K ,z ,น , M ) ร (O R D (K )  L T  K M A X (Z ,] ,J )  A N D  H O T (S ,I ,M )= l
A N D  A L L O W H ( S ,Z ,I ,M ,J ) = l
A N D  B JF (Z ,I ,J )= I  A N D  F R E E H (I) A N D  F R E E C (J ))..
P A R _ B (K ,Z ,1 ,J )= G =  ร บ  M (( L ,N ) $ ( D ( ร . / . ,  L ,N )= 1  A N D  O R D (L )  L E  O R D (M )
A N D  T L (S ,N )  L T  T U (S ,L )
A N D  H O T (S ,I ,L )= I  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,1 ,L ,J )= I  
A N D  A L L O W _ C ( S ,Z ,J ,N ,I )= l ) ,  
(Q (S .Z ,I .L J ,N )-Q 2 (S J Z ,I ,L ,J ,N ) ) /(U (S ,] ,J )* * L M T D (S ,L ,N ))

- A M A X * ( 2 - N H E _ M 1 B ( S . / , ,U ,M ) - X  ] _ B ( ร , / , , บ , M )-  
ร บ M (K K $ (O R D (K K ) G T  I A N D  O R D (K K ) L T  O R D (K ) ) ,X _ B ( ร ,K K ,Z ,บ , M ))) );

" E Q  ( 9 9 )
B lF _ 1 4 (S ,K ,Z ,I ,J )$ (O R D (K )  E Q  K M A X (Z ,I ,J )  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  
A n 5  F R E E C (J ) a n d  B I F (Z ,บ ) = ! ) . .

P A R _ B (K .Z ,บ ) = E = P A R ( Z ,บ ) - ร บ M (K K $ (O R D (K K ) L T  O R D (K )) ,P A R _ B (K K ,Z ,บ ) ) ;

B IF  l 5 (S ,Z ,l ,J ,M )$ (H O T (S ,l ,M )=  I A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,1 ,J )= 1  
A N 5  F R E E H (I)  a n d  F R E E C (J )) ..

X  ! _ B ( ร ,z , บ , M )+ S U M (K $ (O R D (K )  G T  1 A N D  O R D (K )  L E  K M A X (Z ,บ ) ) ,  
O R D (K )* X _ B (S ,K ,Z ,I ,J ,M ))= E =  S U M (L $ (H O T (S ,I ,L )= l  A N D  O R D (L )  L E  O R D (M )  A N D  
A L L O W  H (S ,Z ,I ,L ,J )= 1 ) ,N H E _ M 0 _ B ( ร ,Z ,] ,J ,L ) )+ 1 -Y _ M _ B (S ,Z ,I ,J ,M );

" C o m m e n t:  In th e  p ap er  X 1 _ B  does^ not s h o w . O n ly  o n e  v a r ia b le , X _ B  is u sed
* to  m a k e  s u m m a tio n s  fro m  1 to  k m a x -1 . H ere  w e  u s e  X 1 _ B  and th en  a
* su m m a tio n  fro m  2  to  k m a x -1 .

" E Q  ( 1 0 1 )
B I F _ 1 7 ( ร ,z , บ , M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B IF (Z ,] ,J )= 1  
A N D  F R E E H (I) A N D  F R E E C (J ))..
S U M (N $ (D ( S ,Z ,M ,N ) = 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,I ,M )= l  A N D  C O L D ( S J ,N ) = l  
A N D  A L L O W _ H ( S ,Z ,I .M J ) = l  A N D  A L L 0 W _ C (S ,Z ,J ,N ,1 )= I ) ,Q 2 (S ,Z ,1 ,M ,J ,N ) )= E =

Q N E W 2 _ M (S ,Z ,1 ,J ,M ):

B 1 F _  18 (S ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )=  1 A N D  T L (S ,N )  L T  T U ( S ,M )  A N D  H O T (S , l ,M ) = l  
A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )=  1 A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B I F (Z ,บ ) - !  A N D  F R E E H (I) A N D  F R E E C (J ))..

Q 2 (S ,Z ,1 ,M ,J ,N )= L = Q (S ,Z ,1 ,M ,J ,N );

" E Q  ( 1 0 3 )
S H E L L (Z ,I ,J )$ (S U M [S ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I)  A N D  F R E E C (J)  

P A R (Z ,I ,J )= L = A S H E L L M A X " U S H E L L (Z ,I ,J ) ;

" E Q  ( 1 0 4 )
S H E L L _ B (K ,Z ,I ,J )$ (S U !V l[ ร ,A L L O W ( ร ,Z ,บ ) ] > =  1 A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B 1 F (Z ,บ ) = 1 ) . .
P A R _ B (K ,Z ,1 ,J )= D = A S H E L L M A X * U S H E L L _ B (K ,Z ,I ,J ) ;

" E Q  ( 1 0 5 )
" T O T A L C O S T .. T C O S T = E =  ร บ M (I$ (H U (1 )  A N D  F R E E H (I )) ,C H U (I )* F H U (I )* D T H U (I ))
* +  S D M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )" F C U (J )* D T C U (J ))
" +  S U M ((Z ,1 ,J )$ ( ร บ ! VI[ร ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (l)  A N D  F R E E C (J)
" A N D  B 1F (Z ,บ ) = 0 ) ,  C F * U S H E L L (Z ,I ,J ) )
* +  ร บ M ((K ,Z ,บ ) ร ์( ร บ M [ ร ,A L L O W (S ,Z ,I ,J ) ]> =  1 A N D  F R E E H (I)  A N D  F R E E C (J )
* A N D B I F ( Z ,บ ) = 1 ) ,  C F * U S H E L L _ B (K ,Z ,L J ))
* +  S U M (( Z ,บ ) ร ( ร บ M [ ร ,A L L O W (S ,Z ,บ ) ] > =  1 A N D  F R E E H (I)  A N D  F R E E C (J ) ),
* C A * P A R (Z ,บ ) )
* +  C o s t_ s id e _ s tr ip p in g _ s te a m  ;
S O N T E X T
T O T A L C O S T .. T C O S T = E = S U M (I S (H U (I )  A N D  F R E E H (1 )) ,C H U (I )" F H U (I )* D T H U (1 ))  

+ S U M (J $ (C IJ (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))  
-" S I J M ((S ,Z .I .J )$ (A L I ,O W (S ,Z ,I ,J )= l A N D  F R E E H (I)  A N D  F R E E C (J ))  
,C F * (N I I H (S ,Z ,L J )+ N H E S (S ,Z ,I ,J )$ (N H E 0 (S ,Z ,I ,J )= 1 ) -N H E 0 (S ,Z ,I ,J ) ) )  
+ S U M ((S ,Z ,l ,J )S (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B IF (Z ,I ,J )= 0 ) ,C A E * D P A R _ E (Z ,บ ) + C A N * P A R  N ( S ,Z ,บ ) )
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+ S U M ((S  K  Z ,บ ) ร (O R D (K )  L E  K M A X (Z J .J )  A N D  A L L O W (S .Z .I .J )= l  
A N D  F R E E H (l)  A N D  F R E E C (J) A N D  B IF (Z ,บ ) = 1 )
,C A E * * D P A R _ E J 3 (K ,Z ,บ ) 4 C A N * P A R  _n  ' b (K ,Z ,บ ) )

S O F F T E X T
น )  I A I .C O S T  T C O S T  = E =  S U M (I $ (H U (I )  A N D  F R E E H (I )) ,C H U (I )* F H U (I )* D T H U (I ))

+  S U M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U (J )* D T C U (J ))

+ S U M ((S ,Z ,l ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,] ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B I F (Z ,บ ) = 0 )

,(C F * (N H E (S ,Z ,I ,J )+ N F I E _ S (S ,Z ,I ,J )$ (N F I E O (S ,Z ,I ,J )= 1 )-(N F I E O (S ,Z ,I ,J )* (S U M (E $ (O R D (E ) L E  K E T ),
P h i(Z  I,J E )) ) ) ) )+ (C A E * D P À R _ E (Z ,บ ) ) + C A N * P A R _ N (S ,Z ,J ,J ) )

+ S U M ( ( S ,Z ,บ ) $ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B IF (Z ,บ ) = 1 )
(C F * (N H E ( S Z ,I , .) ) + N H E _ ร ( ร ,Z ,I ,J )$ (N F IE O (S ,Z ,I ,J )= 1 )-S U M ((E E ,E ,K )$ (O P T = 2  A N D  O R D (E )  L E  K E T  A N D  

O R D (K )L E  K M A X (Z ,บ ) ) , D E L T A (Z ,บ , E E ,E ,K )) )) )
+ S U M ((S ,Z ,l ,J ,K ,E )$ (O P T = 2  A N D  A L L O  W (S ,Z , บ ) - 1 A N D  F R E E H (I)  A N D  F R E E C (J )

A N D  B 1 F (Z ,I J )= I  A N D  O R D (K )L E  K M A X ( Z ,บ ) )
* + S U M  (K S (O R D (K )L E  K M A X (Z ,บ )  )
,( C A E * D P A R _ E _ B (K ,E .Z ,I ,J )+ C A N * P A R _ N _ B (K ,E ,Z ,I ,J ) ) )

+ C o st_ s id e _ s tr ip p in g _ s te a m ;

* F lere  vve h a v e  an  e q u a tio n  th a t is  m a d e  s im p le r  th an  in  th e  paper. W e  a c c o u n t
* fo r  th e  to ta l area o f  th e  e x c h a n g e r s  (u s e  P A R  a n d  n o t  P A R  B )
* T h e  r e su lt  is  th e  sa m e .

* E Q  ( 1 0 6 )  C O N S I S T E N C Y : N u m b e r  o f  e x c h a n g e r s  sm a lle r  than  th e  n u m b er  o f  s h e l ls  
* N e e d e d  b e c a u s e  th e  e x c h a n g e r s  are re la ted  to  th e  v a lu e s  o f  K .

K M  A X  1 ( ร ,Z ,l ,J )$ (A L L O W (S ,Z ,I ,J )=  1 A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  B I F ( Z ,I ,J )= 0 ) .  
N H E (S ,Z ,I ,J )  - L -  U S H E L L (Z ,บ )  ;

K M A X 2 (S ,Z ,บ ) ร ( A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  B IF (Z .1 ,J )= 1 ) .. 
N H E (S ,Z ,1 ,] )  - L -  S U M (K ,U S H E L L _ B (K ,Z ,บ ) )  ;

* E X T R A  E Q U A T I O N S  N O T  IN  P A P E R  B U T  N E E D E D  

* E Q ( 1 0 8 )  L IM I T T H E  N U M B E R  O F  E X C H A N G E R S
T O T N E X C F I_ M A X (S ) .. S U M ((Z ,I ,J )S (A L L O W (S ,Z ,I ,J )=  1 A N D  F R E E H (I) A N D  F R E E C (J )) ,  

N H E (S ,Z ,I , i ) )= L = T O T N E X C I T M A X , -

* E Q  ( 1 0 9 )  M IN IM U M  N U M B E R  O F  E X C F IA N G E R S
T O T N E X C H  M I N (S ) .. S U M ((Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J )) , 
N H E (S ,Z  บ ) ) = G = T O T N E X C H M I N ;

s o n t e x t '
* E q u a t io n  fo r  R etr o fit
■ 1__________________________________________________________________________
’fE Q (R e tr o f it  1)
A R E A _ R E S T 1 ( S .Z ,บ ) $ (A L L O W  ( ร ,Z ,1 ,J )= I A N D  F R E E H (I) A N D  F R E E C (J)

P A R (Z ,I ,J )= L = A E X (z j ,J )+ D P A R _ _ E (Z ,บ ) + P A R _ N ( S ,Z ,บ ) ;* _________________________________ ______
* E Q (R e tr o f it  2 )
A R E A _ R E S T 2 ( S ,Z ,I ,J ) $ ( A L L O W ( S ,Z ,I ,J H  A N D  F R E E H (I) A N D  F R E E C (J)

* E Q (R e tr o f it  3 )
A R E A  R E S T 3 (S ,Z ,I ,J )$ (A L L O W ( ร ,Z ,I ,J )=  I A N D  F R E E H (I) A N D  F R E E C (J )

P A R _ N ( ร ,z , บ ) = L = A J 4 E W _ M A X (Z ,บ )  * (N H E ( S ,Z ,บ ) -  N H E 0 ( S ,Z ,บ ) ) ;*_____ _______________ ____ ___ _______
* E Q (R e tr o f it  4 )

A R E A  R E S T 4 (S ,Z ,บ ) $ (A L L O W ( ร ,Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J )
A N D  B IF (Z ,บ ) = 0  ) ..

( N H E ( S ,Z ,บ ) )  = L =  T O T N E X C H M A X  ;



*_________________________________ •__
* E Q (R e tr o f it  5 )

A R E A _ R E S T 5 (S ,Z ,L J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J)  
A N D  B IF (Z ,บ ) = 0  A N D  N H E O (S ,Z ,บ ) =  0 ). .

P A R  N (S ,Z ,บ )  L -  A _ N E W _ M A X (Z , บ ) * * (N H E (S ,Z ,บ ) ) ;

* E Q (R e tr o f it  6 ) .
* E q  retrofit 6  is  s a m e  as  E q retrofit 5

* E Q (R e tr o f it  7 )
A R E A _ R E S T 7 (S ,Z ,J J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J)  

A N D  B IF (Z .1 ,J ) 0  A N D  N H E 0 (S ,Z ,บ ) =  0 )..
( N H E ( S ,Z ,บ ) )  = L =  T O T N E X C H M A X  ;

* E Q (R e tr o f it  8 )
A R E A _ R E S T 1 _ B ( ร ,K ,z ,บ ) $ (O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,l,J )= l  

A N D  F R E E H (I) A N D  F R E E C (J) A N D  B I F (Z ,บ ) = 1 ) . .  
P A R _ B (K ,Z ,I ,J )= L = S l)M (K K $ (O R D (K K )  L E N H E 0 ( S ,Z ,บ ) ) ,  A E X _ B (K K ,Z ,บ )  

* D E L T A ( K K ,K ) ) + D P A R F .B ( K ,Z ,บ ) + P A R _ N R ( K .Z J J ) ;

* E Q (R e tr o f it  9 )
A R E A _ R E S T 2 J B ( ร ,K ,Z ,บ ) ร (O R D (K )  L E  K M A X (Z .I .J )  A N D  A L L O W (S ,Z ,] ,J )= l  

A N D  F R E E H (I) A N D  F R E E C (J) A N D  B 1 F (Z ,] ,J )=  1 ). 
D P A R _ E _ B (K ,Z ,I ,J )= L = S U M (K K $ (O R D (K K ) L E  N H E 0 ( S ,Z ,บ ) ) , (A E X _ D _ B (K K ,Z ,1 ,J )  

-A E X  B (K K ,Z ,บ ) ) * D E L T A (K K ,K ));

* E Q (R e tr o f it  1 0 )
A R E A _ R E S T 3 _ B (S ,K ,Z ,] ,J )$ (O R D (K )  LE  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,L J )= l  

A N D  F R E E H (I) A N D  F R E E C (J) A N D  B I F (Z ,บ ) =  1 ) ..
P A R  N  B (K ,Z ,บ ) = L = A _ N E W _ M A X (Z ,บ )

* ( 1 ร ข M (K K $ (O R D (K K ) L E N H E 0 (S ,Z ,บ ) ) , D E L T A (K K ,K ))) ;

* E Q (R e tr o f it  1 1 )
A R E A _ R E S T 4 _ B ( ร ,K .Z ,บ ) $ (O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,บ ) =1  

A N D  F R E E H (I) A N D  F R E E C (J) A N D  B I F (Z ,] ,J )=  1 ) .. 
S U M (K K $ (O R D (K K )  L E  N H E O (S ,Z ,I J ) ) ,D E L T A (K K ,K ))= L = ]  ;

* E Q (R e tr o f it  1 2)
A R E A  R E .S T 5 B ( S ,K ,Z ,l ,J ) $ ( O R D ( K )  L E  N H E 0 (S ,Z ,1 ,J )  A N D  A L L O W (S .Z ,l .J )= l  

A N D  F R E E H (i)  A N D  F R E E C (J) A N D  B 1 F (Z ,บ ) = 1 ) . .
ร บ M (K K $ (O R D (K K ) L E  K M A X (Z ,I ,J )) ,D E L T A (K ,K K ))= L = 1  ;

* E Q (R e tr o f it  1 3 )
A R E A J L E S T 6 J B (S ,Z ,บ ) ร (A L L O W (S ,Z ,I ,J )= i  A N D  F R E E H (I)

A N D  F R E E C (J ) A N D  B IF (Z ,L J )= 1 )..

S U M ((K ,K K )$ (O R D (K )  L E  K M A X (Z ,I ,J )  A N D  O R D (K K ) L E  N H E 0 (S ,Z ,1 ,J ) ) ,D E L T A (K K ,K ))  
—E =  N H E 0 (S ,Z ,บ ) ;

* E Q (R e tr o f it  1 4 )  
L IM _ H E X (S ,M ). .

S U M (( Z ,l ,J ) S (H O T ( S ,l ,M )= l  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1 ) , (N H E ( S ,z ,บ ) ) - N H E 0 ( S ,Z ,บ ) )  
= L =  M A X _ N E W _ H E X  ,

S O F F T E X T

*___________________________________
* * * * * * * * * * * * * 4.» * * * » * * * * * * * E q u a tj0 ท for R etr o fit  R e lo c a t io n * * * * * * * * * * * * * * * * * * * * * **___________________________________
* E Q (R e tr o f it  1 6 )
R E L O C A T E ]  ( S . z ,  บ ) $ (O P T = 2  A N D  A L L O W (S ,Z ,l ,J )= L A N D  F R E E H ®  A N D  F R E E C (J )

P A R (Z ,] ,J )= L = A E X (Z ,บ ) + D P A R _ E (Z ,1 ,J )+ P A R _ N (S ,Z ,บ ) ;*___________________________________
* E Q (R e tr o f it  1 7 )
R E L O C A T E  2 (S ,Z ,I ,J )$ (O P T = 2  A N D  A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (l)  A N D  F R E E C (J )  

A E X (Z .L J )  = E =  S U M (E $ (O R D (E )  L E  K E T ) ,(A E X _ R (E )* P h i(Z ,] ,J ,E )) );



* E Q (R e tr o f it  1 8)
R E L O C A T E _ 3 (ร ,Z J J ) $ ( 0 P T = 2  A N D  A L L 0 W (S ,Z ,I ,J )= 1  A N D  F R E E H (l)  A N D  F R E E C (J )  

A N D  B IF (Z ,I ,J )= 0  ) ..
D P A R _ E (Z ,] ,J )  = L =  ร บ M (E $ (O R D (E )  LE  K E T ) ,(A E X _ U  J  (E )-A E X _ R (E ))

* P h i(Z ,น , E ));

* E Q (R e tr o f it  19)
R E L 0 C A T E _ 4 ( S ,Z ,น ) $ (O P T = 2  A N D  A L L O W (S ,Z ,] ,J )= l  A N D  F R E E H (I) A N D  F R E E C (J )

P A R  N ( ร ,z , น )  = L = A J 4 E W J V 1 A X (Z ,I ,J )  * (N H E (S ,Z ,น ) + N H E _ S (S ,Z ,] ,J ) $ ( N H E 0 ( S ,Z ,I ,J )= 1 ) - ( N H E 0 ( S ,Z ,บ ) *  
S U M (E $ ((5 r D (E )  l e  K £ T ) ,P h i(Z ,บ , È ))  ));

* E Q (R e tr o f it  2 0 )
R E L O C A T E _ 5  J  (ร ,z , บ ) ร (O P T = 2  A N D  A L L O W (S .Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J )  

A N D  B IF (Z ,น ) = 0 ) . .  N H E (S ,Z ,1 ,J ) = L =  T O T N E X C F IM A X  ;

R E L O C A T E _ 5 _ 2 (S ,Z ,I ,J )$ (O P T = 2  A N D  F R E E H (l)  A N D  F R E E C (J )
A N D  B lF ( z j , J ) = 0 ) , .  S U M ((E )$ (O R D (E )  L E  K E T ) ,P h i(Z ,บ , E ))  = L =  1 ;

♦ Extra E q . L im its  n u m b er  o f  p h i m a tc h e s
R E L O C A T E  5 _ 3 ( Z ^ ) $ ( O P T = 2 ) . .  ร ฆ M ( ( i j ) ,  P h i(Z ,I ,J ,E ))  = L =  1 ;

♦ ÎO N T E X T  
* * E Q (R e tr o f it  2 1 )
R E L O C A T E _ 6 (K ,E ,S ,Z ,] ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,I ,J )  A N D  A L L O W (S ,Z ,] ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B IF (Z ,บ ) - ! ) .

P A R _ B _ R (k ,E ,Z ,l ,J )= L = A E X _ B (K ,E ,Z ,l ,J )+ D P A R _ E _ B (K .E ,Z ,l ,J )+ P A R _ N _ B (K ,E ,Z ,l ,J ) ;

* E Q (R e tr o f it  2 2 )
R E L O C A T E _ 7 (K .,E ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B I F ( Z J J ) - I ) .

A E X _ B ( K ,E ,Z ,บ ) = E = S U M ( E E $ ( O R D ( E E ) L E K E T ) ,( A E X _ B _ R ( E E ) * D E L T A ( Z ,น , E E ,E ,K )) );

* E Q (R e tr o f it  2 3 )
R E L O C A T E _ 8 (K ,E ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (E )  L E  K M A X (Z ,I .J )  A N D  A L L O W (S ,Z ,บ ) = 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B I F (Z ,บ ) =  I ) ..

D P A R J E _ B (K ,E ,Z ,I J )= L =  S U M (E E $ (O R D (E E )  L E  K E T ) ,(A E X J U  J 3 _ R (E E )- A E X _ B _ R (E E ))  
* D E L T A (Z ,] ,J ,E E ,E ,K ));

* E Q (R e tr o f it  2 4 )
R E L O C A T E _ 9 (K ,E y S ,Z ,l ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X (Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  B 1 F (Z ,บ ) = 1  )..

P A R  N  B ( k , E , Z , y )  = L =  A _ N E W „ M A X (Z ,I ,J )  * ( l - S U M (E E S (O R D ( E E )  L E  K.ET) 
,D E L T A (Z ,บ , E E ,E ,K )));* *_______1________ ___________________

* E Q (R e tr o f it  2 5 )
R E L O C A T E  ! 0 (K ,E ,ร ,Z ,I ,J )$ (O P T = 2  A N D  O R D (K )  L E  K M A X ( Z ,บ )  A N D  A L L O W (S ,Z ,I ,J )= l  
A N D  F R E E H fl)  A N D F R E E C (J )  A N D  B I F (Z ,บ ) บ ) . .

S U M (E E $ (O R D (E E )  L E  K E T ) ,D E L T A (Z ,บ , E E ,E ,K ))  = L =  1 ;

♦ Add E q  fo r  P A

P A  1 ( ร , l ,M )S ( H O T (S ,l ,M ) = l  A N D  N O T  H U (I )  A N D  
F R E E H (l)  A N D  N 1H (1 )= 0  A N D  P A (I )) . .
F P ( ] )* C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M ))= E = S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  
A N D  T L (S ,N )  L T  T U (S ,M )  A N D  C O L D (S ,J ,N )= l
A N D  A L L O W  H (ร ,z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z J ,N ,I )= 1  ) .Q ( ร ,Z ,] ,M ,J .N )) ;

P A _ 2 ( S X M ) $ ( H O T ( S , l ,M ) = l  A N D  N O T  H U (I )
A N D  F R E E H (l)  A N D  N 1H (1)= 1  A N D  P A (] )) ..
F P (I )* C P H (S ,I ,M )* (T O ( ร ,M > T L ( S ,M ) )  = E =  S U M ((Z ,N ,J )$ (D (S ,Z ,M ,N )= 1  
A N D  T L (S ,N )  L T T U ( S ,M ) A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W J T (S ,Z ,I ,M ,J )= l  
A N D  A L L O W  C ( S ,Z J ,N , l ) = l  ) ,Q (S ,Z ,T M ,j .N ))
+ S D M ( ( Z ,N ) $ (D ( S ,Z ,M ,N ) = ]  A N D  H O T (S , l ,N ) = l  A N D  O R D (N )  G T  O R D (M ) ) ,Q H (S ,Z ,l ,N ,M ) )  
-S U M ( ( Z ,N ) $ ( D ( S ,Z ,M ,N ) = 1  A N D  H O T (S , l ,N ) = l  A N D  O R D (N )  L T  O R D (M ) ) ,Q H (S ,Z ,] ,M ,N ) ) ,



* E Q  1 l _ b  C a s e  o f  B IF (I ,J )= 0  (i j )  n o t  b e lo n g in g  to  se t  B .
P A _ 3 ( s 7z , ] >J ,M )$ (H O T (S ;I ,M )= 1  a n d  A L L O W _ H (S ,Z ,I ,M ,J )= I  a n d  B IF (Z ,I ,J )= 0  

A N D  F R E E F I(I) A N D  F R E E C (J )A N D  P A ( ) ) j ..
Q N E W _ M ( S ,Z ,บ , M )-F P Y  ( ร ,z , บ , M )* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M ))$ (N O T  H U (I ))= L = 0 ;

* E Q I l _ b  C a s e  o f  B IF (1 ,J )= 0  ( i j )  n o t  b e lo n g in g  to  se t  B  
* * * * * * ~  * * * * * * * * *  m i n i m u m  v a l u e  o f  Q N E W _ M = 0 .0 1 ! ! ! !!!!!!!
P A _ 4 (S ,Z ,บ , M )$ (H O T (S ,J ,M )= ]  A N D  A l  l o w  H l S . / . I A l j )  I A N D  I i l l  (Z .I .J )  0  A N D  

F R E E H (I)  A N D  FRJEEC(J) A N D  P A (I )) . .
Q N E W _ M ( S ,Z ,บ , M ) - Y _ M (S ,Z ,บ , M )* Q L F IM IN = G = 0 ;

* E Q  1 l b C a s e  o f  B IF (],J )= 1  ( i j )  b e lo n g in g  to  s e t  B
P A _ 3 _ B ( S ; Z ,] ,I ,M ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  A N D  B I F (Z ,บ ) =1  

A N D  F R E E H (I)  A N D  F R E E C (J) A N D  P A (I ))7
Q N E W _ M (S ,Z ,! ,L M )-F P Y _ B (S ,Z ,I ,J ,M )* C P H (S ,I ,M )* (T U (S .M )-T L (S ,M ))$ (N O T  H U (I ))= L = 0 ;

* E Q  I l b C a s e  o f  B 1F (I,J)= 1 ( i  j )  b e lo n g in g  to  set B
P A _ 4 _ B ( ร ,z , บ , M ) $ (H 0 T (S ,I ,M )= 1  A N D  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J )  A N D  P A (1 )) .. 

Q N E W _ M (S ,Z ,I ,J ,M )-Y _ M _ B (S ,Z .] ,J ,M )* Q L H M 1 N  = G =  0:

P A _ 5 (s 7 z ,บ ิ, M )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S .Z ,I ,M ,J )= l  A N D  B IF (Z ,I ,J )= 0  
A N D  I R i l l 1(1) A N D  F R E E C (J ) A N D  P A (I )) . .

F P Y (S  Z ,1 ,J ,M ) - E =  S U M f R j F P R f F ^ ’ Y W ^ Z , บ , M )));

P A _ 6 (s 7 z ,บ ิ, M ) $ ( H O T ( S ,l ,M ) = l  A N D  A L L O W _ H ( ร ,Z ,1 ,M .J )=  I A N D  B IF (Z ,I ,J )= ]  
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  P A (I )) . .

F P Y _ B (S ,Z ,1 ,J ,M )  = E =  S U M (R ,(F P R (I ,R )* Y W (S ,Z ,1 ,J ,M )) );

PA Q 7(S7z , I ,J ,M )S (H O T (S J ,M )= 1 A N D  A L L O W _ H ( ร ,Z ,I .M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (1 ))..

Y W (S ,Z ,I ,J .M )-Y _ M  ( ร ,  z . บ , M )  = L =  0;*_______________ ___________________
PA Q 8 ( s 7 z ,บ , M ,R )$ (H O T (S ,I ,M )= l  A N D  A L L O W _ H (S .Z ,I ,M J )= l  A N D  B IF (Z .I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) , .

Y W ( S ,Z ,บ , M ) - L =  พ (I ,R );

PA Q9(S7 z ,I ,J ,M ,R )$ (H O T (S ,I ,M )= 1  a n d  A L L O W _ H ( ร ,Z .1 .M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I )  A N D  F R E E C (J ) A N D  P A (I )) . .

Y W (S ,Z ,I ,J ,M )  - G =  Y _ M (S Z ; ,I ,J ,M )+ W (] ,R )-1  ;

P A J 0 ( s 7 z j , J ,M ,N ) $ ( D ( S ,Z ,M ,N ) = l  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S  I ,M )= 1  
A N D  C O L D ( S ,j ,N ) - l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  
A N D  B I F (Z ,I ,J ) -1  A N D  F R E E H (I)  A N D  F R E E C (i)  A N D  P A (I ))
S U M (L $ (D (S ,Z ,L ,N )= 1  A N D  O RJD(L) L E  O R D (M ) A N D  H O T (S ,I ,L )= l  
A N D  A L L O W _ H ( S ,Z ,I ,L ,J )= l),

Q N E W _ M (S ,Z ,] ,J ,L ))  -  Q N E W 2 _ M (S .Z ,I ,J ,M )  = L =
S U M ( 0 $ ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W _ C ( ร ,Z ,J ,0 ,I ) ) ,  

Q N E W _ N ( ร บ ิ! 1] , 0 ) )  -  Q N E W 2 _ N (S ,Z .I ,J ,N )+  4 * X M (S ,Z ,I ,M ,J ,N ),

P A J  1 ( ร ,Z ,I ,J ,M ,N )$ ( D ( S Z i ,M ,N ) = l  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  H O T (S ,L M )= l  
A N D  C O L D ( S ,j ,N ) = I  A N D  A L L O W „ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C (S ,Z ,L N .I )= l  
A N D  B I F ( Z , I ,J H  A N D  F R E E H (I)  A N D  F R E E C (j)  A N D  P A (1 ))..

X M ( S ,Z ,I ,M ,3 ,N ) - (T E (S ^ ,I ,M ,J ,N )* O M E G A (S ,Z ,] ,M ,J ,N ))= L = S U M (R ,(X W (S .Z ,l ,M ,J ,N ,R )*  
F P R (I ,R )* S U M (L $ (D (S ,Z ,L ,N )= 1  A N D  O R D (L )  L E  O R D (M )
A N D  H O T (S ,L L )= l  A N D  A L L O W _ H (S ,Z ,I .L .J )= l) ,(C P H (S ,I .L )* (T U (S ,L ) -T L (S ,L ) ) ) ) ) ) ;

P A _ 1 2 (S ,Z ,I J ,M ,N )$ (D (S _ Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )  A N D  I K U  (S .I .M )  I 
A N D  C O L D ( S ,J ,N ) - l  A N D  A L L O W _ U (S .Z ,I ,M ,J )= l  A N D  A L L O W „ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B 1 F (Z ,บ ) - 1 A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (1 ))..



2 1 4

X M (S .Z ,I ,M ,J .N M T E (S ,Z ,L M ,J ,N )* 0 M E G A (S ,Z ,I ,M ,J ,N ) )= G = S U M (R ,(X W (S ,Z ,1 ,M ,J ,N ,R )*  
FPR (J R )* S U M (L $ (D (S  z  L ,N )= 1  A N D  O R D (L )  L E  O R D (M )

A N D  H O T (S ,L L )= l A N D  A L L O W _ H ( ร ,Z ,I ,L ,J )= I ) ,(C P H (S ,I ,L )* (T U (S ,L ) -T L (S ,L )) ) ) ) ) ;

P A _ 1 3 (S ,Z ,I ,J ,M ,N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M ) A N D  H O T (S ,I ,M )= l  
A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,1 .M .J )“ 1 A N D  A L L O W _ C (S ,Z ,J ,N ,] )= l  
A N D  B I F (Z ,I J )= 1  A N D  F R E E H (l)  A N D  F R E E C (i)  A N D  P A (])) ..

X M (S ,Z ,] ,M ,J ,N ) - ( (1 -T E (S ,Z ,I ,M ,J ,N ) )* 0 M E G A (S ,Z ,I ,M ,J ,N ) )= L = B 1 (S ,Z ,I ,M ,J ,N )*  
S U M (L $ (D (S ,Z ,L ,N )=  1 A N D  O R D (L )  L E  O R D (N )
A N D  C O L D (S ,J ,L )= I  A N D  A L L O W _ C ( ร ,Z ,J ,L ,I )= 1 ) ,D H C (S ,J ,L ));

P A ^ 1 4 (S ,Z ,L J ,M .N )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M ) A N D  H O T (S ,I ,M )= ]
A N D  C O L D ( S ,J ,N ) - 1 A N D  A L L O W  H (S .Z ,I ,M ,J )= 1  A N D  A L L O W  C (S .Z ,J ,N J )= 1  
A N D  B I F ( Z ,i ,J )= l  a n d  F R E E H (I) a n d  F R E E C (J) a n d  P A (I )) ..

X M (S ,Z ,I ,M ,J ,N )  = G =  B 1 (S ,Z ,I ,M ,J ,N )* S U M (L $ (D (S ,Z ,L ,N )= 1  a n d  O R D (L )  l e  O R D (N )  
A N D  C O L D (S ,J .L )= l  A N D  A L L O W _ C ( ร ,Z ,J ,L J )= 1 ) .D H C (S ,J ,L )) ;

P A _ 1 5 (S ,Z ,I ,J ,M ,N ,R )$ (D (S ,Z ,M ,N )= T  A N D  T L (S ,N )  L T  T U (S ,M ) A N D  H O T (S , l ,M ) = l  
A N D  C O L D ( S ,i ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,1 )= 1  
A N D  B IF (Z ,] ,J )= I  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A (1 ))..

X W (S .Z ,I ,M ,J ,N ,R ) - (T (S ,Z ,I ,M ,J ,N )* W (I ,R ) )  = L =  0  ;

P A _ 1 6 (S ,Z ,I ,J ,M ,N ,R )$ (D (S ,Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S .M )  A N D  H O T (S  1 M )= 1  
A N D  C O L D ( S J ,N ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J ) -1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= 1  
A N D  B I F ( z j , J ) = l  A N D  F R E E H (I) A N D  F R E E C (i)  A N D  P A (I )) ..

(B 1 (S ,Z ,I ,M ,J ,N ) -  X W (S ,Z ,L M ,J .N ,R )) - ( i -W (I ,R ) )* T (S ,Z ,l ,M ,J ,N )  = L =  0  ;

P A  1 7 (S ,Z ,L J ,M ,N ,R )$ (D (S ,Z ,M ,N )=  I A N D  T L (S ,N )  L T T U ( S ,M )  A N D  H O T (S ,L M )= ]
A N D  C O L D (S  J . N ) - 1 A N D  A L L O W _ H (S .Z ,I ,M ,J )= l  A N D  A L L O W _ C ( ร ,Z ,J ,N ,I )= I  
A N D  B I I '(Z .I J )  I A N D  F R E E H (I) A N D  F R E E C (J) A N D  P A (1 ))..

( B 1 ( S ,Z ,I ,M ,J ,N ) -  X W (S .Z ,I ,M .J .N ,R ))  = G =  0  ;

PAQ ] 8 ( S 2 z j ,J ,M ,N ) $ ( D ( S ,Z ,M ,N ) = l  a n d  T L (S .N )  L T  T U (S ,M ) A N D  H O T (S , l ,M ) = l  
A N D  C O L D (S ,J ,N )=  l A N D

A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  A N D  A L L O W _ C ( ร ,Z ,J ,N ,] )= 1 A N D  B IF (Z ,บ ) = 1  A N D  F R E E H (I)
A N D  F R ]E E C (J) a n d  P A (I )) ..
S U M (L $ ( D ( S ,Z ,L ,N ) =  1 A N D  O R D (L )  LE  O R D (M ) A N D  H O T (S ,J ,L )= ]

A N D  A L L O W  H (S ,Z ,L L ,J ) - I ) ,
Q N  E \V _ M (S ,Z ,L J -L ))  -  Q N E W 2 _ M (S ,Z ,I ,J ,M )  = G =

S U M ( 0 S ( D ( S ,Z ,M ,0 ) = 1  A N D  0 R D ( 0 ) L E  O R D (N )  A N D  C 0 L D ( S ,J ,0 )  A N D  A L L O W J 3 ( S ,Z ,J ,0 ,1 ) ) ,  
Q N E W _ N ( ร ,Z ,I ,J ,0 ) )  -  Q N E W 2 _ N (S .Z ,I ,J ,N )

-4 * X M (S ,Z ,I ,M ,J ,N ) ;

P A _ 1 9 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l A N D  A L L O W  H ( ร ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= I  
A N D  F R E E H (I )  A N D  F R E E C (J) A N D  P A () )) ..

Q N E W 2  M (S ,Z ,I ,J ,M )  - L -  F P K  II O (S .Z ,U ,M )* C I> I  { ( ร ,I ,M )* (■ [ น ( ร ,M )-T L (S .M ));  
* ___________________________________________ __________________ _______ _

PA Q2 0 (S ,Z ,I ,J ,M )S (H O T (S ,] ,M )= 1  a n d  a l l o w  H (S ,Z ,I ,M ,J )= 1  a n d  B 1 F (Z ,I ,J )= ]  
A N D  I R H  11(1) A N D  F R E E C (J) A N D  P A (] )) ..

F P K  H _ 0 ( S ,Z ,บ , M ) = E =  S U M (R ,(F P R (L R )* K W _ 0 (S ,Z ,I ,J .M ,R ))) ;

PAQ 2 1 (S ,Z ,I ,J ,M ,R )S (H 0 T (S ,] ,M )= 1  A N D  A L L O W J J ( ร ,Z ,] ,M ,J )= 1  A N D  B IF (Z ,J ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .

K W _ 0 (S ,Z ,I ,J ,M ,R )-  N H E _ M O _ B (S ,Z ,] ,J ,M )  = L =  0;



P A J 2 2 ( S ,Z ,I ,J ,M ,R )$ ( H O T (S ,l ,M ) = l  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= ]  A N D  B 1 F (Z ,I ,J )= ]  
A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  P A (])) ..

K W _ 0 (S ,Z ,I ,J ,M ,R )  = L =  พ (1,R );

P A ^ 2 3  ( ร ิ,Z ,I ,J ,M ,R )$ (I  IO T (S ,I ,M )=  I A N D  A L L O W _ H (S .Z ,] ,M ,J )= l  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A (I )) ..

K W _ 0 ( S ,Z ,บ , M ,R )  = G =  N H E _ M 0 _ B ( S ,Z ,บ , M ) +  พ ( 1 ,R ) - 1 ;

P A _ 2 4 ( S .Z J  J .M ) î( M O T ( S .I ,M ) =  1 A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )=  1 A N D  B IF (Z ,I  ,J )=  1 
A N D  F R E E H (I )A N D  F F Œ E C (J) A N D  P A ())) ..

Q N E W 2 _ M  ( ร ,  z ,  บ ,  M ) = L =  F P K _ H _ I (S ,Z ,I ,J ,M )* C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M ));

PA Q 2 5 ( ร ^ ; ,I J ,M )S (H O T (S ,I ,M )= t  A N D  A L L O W  H (S ,Z ,1 ,M ,J )= I  A N D  B IF (Z ,น ) - 1 
A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  P A (I )) ..

F P K H 1  ( ร ,z , บ , M ) = E =  S U M (R ,(F P R (I .R )* K W _ 1  ( ร , z , บ , M ,R )));

P A ^ 2 6 ( S ,Z ,l ,J ,M ,R ) $ ( H O T ( S ,] ,M ) = l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (1 ))..

K W _ 1  ( ร ,z , บ , M ,R ) -  N H E M 1 _ B (S ,Z ,1 ,J ,M ) = L =  0;

PA Q 2 7 ( ร ,Z ,l ,J ,M ,R )S (H O T (S ,I ,M )= l  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (I )) . .

K W _ 1  ( ร ,Z .I ,J ,M ,R ) = L =  พ (I ,R );

P A J 2 8 (S ,Z ,I ,J .M ,R )$ (H O T (S ,I ,M )= I  A N D  A L L O W _ H (ร ,Z ,I ,M .J )=  I A N D  B IF (Z ,I ,J )= 1  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (1 ))..

K W J  ( ร ,Z ,] ,J ,M .R )  = G =  N H E _ M  1 B (S ,Z ,I ,J ,M ) +  พ  (I ,R )-  1;

P A Q 2 9 (รT z ! l ,J ,M )$ ( H O T (S ,I ,M - l)  A N D  H O T (S ,l,M )= 1  A N D  A L L O W _ H (S  Z ,1 M ,J )= 1  
A N D  A L L O W _ H (S ,Z ,J ,M - l ,J )  A N D  S P H (I )= ]  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A (I )) . .

Q N E W _ M (S ,Z ,] ,J ,M )/(C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M )) )= L =
Q N L W _ M (S ,Z ,บ , M - l ) / ( C P H ( S ,I ,M - i ) * ( T U ( S ,M - l ) - T L ( 8 ,M - l ) ) )
+ (F P (Ô -F P A (S ,Z ,I ,J ,M )) ;

P A Q 3 0 ( ร ิ,Z ,I ,J ,M )$ (H O T (S ,L M -l)  A N D  H O T (S ,I ,M )= l  A N D  A L L O W  I I (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( S ,Z ,I ,M - ! ,J ) A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A (I )) . .

F P A (S ,Z ,] ,J ,M )  = E =  S U M (R ,(F P R (I ,R )* W A (S ,Z ,I ,J ,M ,R )) );

P A ^ ] ( ร ิ,Z ,I ,J ,M ,R )S (H O T (S ,I ,M - l)  A N D  1 I 0 T ( S ,I ,M ) - 1  A N D  A L L O W _ H ( ร ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,I ,M -] ,J )  A N D  S P H (I)= 1  A N D  F R E E H (I) A N D  F R E L C (J ) A N D  P A (] )) ..

W A (S ,Z ,I ,J ,M ,R ) -A L F A _ M (S ,Z ,I ,J ,M )  = L =  0;

P A ^ 3 2 ( S ,Z ,I ,J ,M ,R ) $ ( H O T ( S ,I .M - l)  A N D  H O T (S ,I ,M )= l A N D  A L L O W  M (S ,Z ,I ,M ,J )= I  
A N D  A L L O W _ H ( S ,Z ,l .M - l ,J )  A N D  S P H (I)= I  A N D  F R E E H (I) A N D  F R £ E C (J )  A N D  P A (1 )) ..

W A ( S ,Z ,บ , M ,R ) = L =  พ (L R ):

P A J ? 3 (S ,Z ,] ,J ,M ,R )$ (H O T (S ,J ,M -I )  A N D  H O T (S ,I ,M )= l A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z ,L M - 1 J )  A N D  S P H (I)= 1  A N D  F R E E M (l) A N D  F R 1;L C (J) A N D  P A (I )) . .



PA Q 34(ST z X J ,M )S (H O T (S ,I ,M -I )  a n d  H 0 T (S ,I ,M )= 1  a n d  A L L 0 W _ H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H ( ร ,Z .I .M -L J )  A N D  S P H (I)= 1  A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  P A (] )) ..

Q N E W _ M ( ร ,Z ,I ,J ,M )/(C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M )))
+ (F P (I)~ F P A (S ,Z ,I ,J ,M ))

= G =  Q N E W _ M ( ร ,z , บ , M -1 ) /(C P H (S ,I ,M -1 )* (T U (S ,M -1 ) -T L (S ,M -1 ) ) ) ;

WA(S.Z.l.J.M.R) =G= ALFA_M(S,Z,1,J,M)+W(),R)-1;

P A _ 3 5 ( ร ,Z ,] ,J ,M )$ (H O T (S ,I ,M -1 )  A N D  H 0 T ( S ,1 ,M ) = ]  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= l  
A N D  A L L O W  H (S ,Z ,1 ,M -1 ,J )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (l)  
A N D  F R E E C ( i)  A N D  P A (I )) ..
- Q N E W  _ M ( S ,Z ,บ , M - 1 ) / (C P H ( S ,] ,M - ] ) * ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )
+  Q N E W ” M ( S ,Z ,I ,J ,M ) /(C P H (S ,I ,M )* (T U (S ,M )-T L (S  M )))
+ ( F P ( I ) + F P K _ H J ( S ,Z ,I ,J ,M - i) + F P K _ H _ l ( S ,Z ,U ,M ) - F P K _ H _ 0 ( S ,Z ,I ,J ,M - l ) ) = G = 0 ;

P A _ 3 6 ( sTz ,I ,J ,M )S (H O T (S ,I ,M -1 ) A N D  F IO T (S ,l ,M )= ]  A N D  A L L O W _ H (S ,Z ,I ,M J )= 1  
A N D  A L L O W  H (S ,Z ,L M -] ,J )  A N D  B IF (Z ,I ,J )= 0  A N D  S P H (I)= 1  A N D  F R E E H (I)  
A N D  F R E E C (J ) A N D  P A I D ) .
- Q N E W _ M  ( ร , z , บ , M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) )
+  Q N E W ^ M ( S ,Z ,I ,j ,M - i) / ( C P H ( S ,I ,M - l) * ( T U ( S ,M - ] ) - T L ( S ,M - l ) ) )
+ (F P (1 )+ F P k 1 h _ 0 ( ร ,Z ,l ,J ,M -] ) + F P K _ H _ 0 (S ,Z ,]J ,M ) -F P K _ H _ ]  ( S , z , บ , M ))  = G =  0;

P A _ 3 7 ( s X บ , M ) $ ( H O T ( S ,L M - l )  A N D  H O T (S ,I ,M )= l A N D  A L L O W  J 4 ( S £ I , M J ) = 1  
A N D  A L L O W _ H ( ร ,Z , I ,M - U )  A N D  B IF (Z ,บ ) = 1  A N D  S P H (I)= 1  A N D  F R E E H (I)  
A N D  F R E E C (J )  A N D  P A (D )
Q N E W __M ( ร ,Z ,1 ,J ,M -1 ) /(C P H (S ,1 ,M -1 ) ’* (T U (S ,M -1 )-T L (S ,M -1 )))= L =  
Q N E w I m (S ,Z J ,J ,M ) /(C P H (S ,I ,M )* (7 X ) (S ,M )-T L (S ,M )))
+ ( F P ( 1 ) + F P K > I J ( S ,Z ,U .M - I ) + F P K _ H J ( ร ,Z ,L J ,M )-F P K _ H _ 0 (S ,Z ,I ,J ,M -] ) ) :

P A _ 3 8 ( sTz ,บ , M ) $ ( H O T ( S .L M - l)  A N D  H O T (S .L M )= l A N D  A L L O W  J ! ( ร ,! 1][ Mบ ) =1  
A N D  A L L O W !  I (S Z ,I ,M -1 ,J )  A N D  B 1 F (Z ,บ ) = 1  A N D  S P H (I)= I  A N D  F R E E H (l)  
A N D  F R E E C (J )  A N D  P A (I )) ..
Q N E W 2  M (S ,Z ,I ,J ,M -1 ) / (C P H (S ,L M -1 )* (T U (S ,M -1 ) -T L (S ,M -I ) ) )  = L =  
Q N E W _ M (S ,Z ,I ,J ,M )/(C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )))
+ ( ( 2 * F P (I ) ) + F P K _ H _ 1 ( ร ,Z ,1 ,J ,M )-F P K _ H _ 0 (S ,Z ,I J ,M -1 ) -F P Y (S ,Z ,1 ,J ,M -1 ) ) ;

P A _ 3 9 ( S i , I ,J ,M ) $ ( H O T ( S ,I ,M - l )  A N D  H O T (S ,I ,M )= !  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W _ H (S ,Z ,I ,M - l  ,J ) A N D  B IF (Z ,I ,J )= 1  A N D  S P H (I)= 1  A N D  F R E E H (I)
A N D  F R E E C (J )  A N D  P A (I ))
(Q N E W  M ( S ,Z ,บ , M )- Q N E W 2 _ M ( S ,Z ,บ , M )) /(C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M )) )  = L =  
Q N E  w  j M ( S ,Z ,I ,J ,M - 1 ) /(C P H (S J I ,M -1 )*  ( T U ( S ,M - 1 ) -T L ( S ,M - 1 ) ) )  

+ ( (2 * F P (I ) )+ F P K _ H _ 0 (S J Z ,I ,J ,M -1 )-F P K _ H _ I (S ,Z ,I ,J ,M )-F P Y (S ,Z ,I ,J ,M -1 ) ) ;

P A _ 4 0 ( s T z ,I ,J ,M ) $ (H O T ( S ,I ,M - l)  a n d  H O T (S ,I ,M )= l A N D  H O T (S ,I ,M + l)
A N D  A L L O W _ H (S ,Z ,] ,M ,J )= 1
A N D  A L L O W J I ( S ,z ' l ,M - l ,J )  A N D  A L L O W _ H (S ,Z ,I ,M + l,J )  A N D  B IF (Z ,1 ,J )= 0  A N D  S P H ( I H )  
A N D  F R E E H ( l)  A N D  F R E E C (J ) A N D  P A (I ))T  

Q N E W _ M ( ร ,Z ,) ,J .M )= G = (F P Y (S ,Z ,บ , M )-F P K _ H _ 0 (S ,Z ,บ , M )-F P K _ H _ 1 (S Z ;,L J ,M ))  
* (C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

P A _ 4 1 ( ร ,z , บ , M ) $ ( H O T ( S ,I ,M -l  )  A N D  H O T (S ,I ,M )=  I A N D  H O T (S ,] ,M + 1 )
A N D  A L L O W  H (S ,Z ,1 ,M ,J )= 1
A N D  A L L O W lH ( S ,Z ,I ,M - l ,J )  A N D  A L L O W  H (S ,Z ,1 ,M + 1 ,J )  A N D  B IF (Z ,I ,J )= 1  A N D  S P H ( ] ) = 0  
A N D  F R E E H (I)  A N D  F R E E C (J ) A N D  P A (])) .~

Q N E W  M ( S ,Z ,บ , M )= G = (F P Y  B (S ,Z ,I ,j ,M ) -F P K _ H _ 0 _ B (S ,Z ,I ,J ,M )
- F P K _ H 1 _ B ( ร ,Z ,]J .M ) ) * ( C P H ( S ,I ,M ) * (T U (S ,M ) “t L(STm )));

P A _ 4 2 ( sTz ,I ,J ,M ,N )S (T L (S ,N )  L E  T U ( S ,M )  A N D  T D ( S ,N )  G E  T L (S ,M )
A N D  H O T ( S , l ,M ) - l  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H ( ร ,Z ,1 ,M ,J )= ]  
A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 0
A N D  S P H (I )=  ( โ A N D  S P C (J )= 0  A N D  F R E E H (I) A N D  F R E E C (J ) A N D  P A (] )) ..



T L (S .M )  -  T L (S ,N )  - Q N E W  N (S ,Z ,U ,N ) /( F C ( S ,J ) * C P C ( S ,J .N ))
+  (F P Q (ร ิ.Z ,L L M )/C P H (S .I ,M ))
+  (2 -N H E _ M 0 ( S ,Z ,lJ .M ) -N H E _ N 0 ( S ,Z ,l ,J ,N ) )* T U ( S ,N )= G = 0 ;

P A _ 4 3 (S ,Z ,I ,J ,M ,N )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (ร ิ, I ,M ) - 1  A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W _ H (S ,Z ,I ,M ,J )= ]  
A N D  A L L 0 W _ C (S ,Z ,J ,N ,I )= 1  A N D  B IF (Z ,I ,J )= 1
A N D  S P H ( I H A N D  S P C (J )= 0  A N D  F R E E H (I) A N D  F R E E C (J) A N D  P A (I)) . 

T L ( S ,M )  -  T L (S ,N )  -Q N E W _ N (S ,Z ,I ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ))
+  (F P Q (S ,Z ,บ , M ) /C P H (S ,] ,M ))
+  ( 2 - N H E _ M 0 J B ( S ,Z ,I ,J ,M )- N H E _ N 0 _ B ( S ,Z ,บ , N ))* T U (S ,N )= G = 0 ;

P A _ 4 4 ( ร ิ,Z ,บ , M ,N ) $ (T L ( S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S .M )
A N D  H 0 T ( S ,I ,M ) “ 1 A N D  C 0 L D ( S ,J ,N ) = 1  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  
A N D  A L L O W  C (S ,Z ,J ,N ,1 )= 1  A N D  B IF (Z ,I ,J )= I
A N D  S P H (I)= (โ A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  P A (I )) . .

F P Q (S ,Z ,I ,J ,M )  = E =  S U M (R ,W Q (S ,Z ,] ,J ,M ,R )/F P R (I ,R ))  ;

P A _ 4 5 ( ร ,z , บ , M ,N ,R )$ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )  
A N D  H O T (S , l ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S .Z ,L M ,J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )=  I A N D  B IF (Z '. ]บ ) = ]
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  P A (1 )).. 

W Q (S ,Z ,I ,J ,M ,R ) - (T (S ,Z ,I ,M ,J ,N )* W (I ,R ) )  = L =  0  ;

P A _ 4 6 ( ร ิ,z , บ , M ,N ,R ) $ (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )  
A N D  H 0 T ( S ,I ,M ) = 1  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W  H (S ,Z ,] ,M ,J )= 1  
A N D  A L L O w  c ( ร ,Z ,J ,N , I )=  1 A N D  B IF (Z ,I ,J )= I
A N D  S P H (I )= Ô A N D  S P C (J )= 0  A N D  F R E E H (l)  A N D  F R E E C (J) A N D  P A (I)) ..

( Q N E W _ M (ร ,Z ,I ,J ,M )-  W Q (S ,Z ,1 ,J .M ,R )) -(1 -W (1 .R ))* T (S ,Z .L M J ,N )  = L =  0  ;

P A _ 4 7 ( ร ,Z ,I ,J ,M ,N ,R )$ (T L (S ,N )  L E  T U ( S .M )  A N D  T U (S .N )  G E  T L (S .M )  
A N D  H O T (S ,] ,M ) = l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,1 ,M ,J )= ]  
A N D  A L L O W  _ C ( S ,Z ,J ,N .I ) - l  A N D  B IF (Z ,L J )= 1
A N D  S P H (I )= 0  A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  P A (I )) .. 

Q N E W _ M (ร ,Z ,1 ,J A 4 )-W Q (S ,Z ,I ,J ,M ,R )  = G =  0;

P A _ 4 8 (S ,Z ,I ,J ,M ,N )S (T L (S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (S ,I ,M )= l  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H ( ร ,Z ,] ,M .J )= 1  
A N D  A L L O W _ C (S ,Z ,J ,N ,I )=  1 A N D  B IF (Z ,I ,J )= 0
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  A N D  F R E E H (I)  A N D  F R E E C (J) A N D  P A (I )) .. 

T U ( S ,M ) - T U ( S ,N )
- (F P Q (S ,Z ,I ,i ,M ) /C P H (S ,I ,M ))+ Q N E W _ N (S ,Z ,I ,J ,N ) / (F C (S ,J )* C P C (S ,J ,N ) )  

+ ( 2 - N H E _ M  1 ( ร ,Z ,I ,J ,M )~ N H E _ N  ] ( S ,Z ,I ,J ,N ))* T U (S ,N )= G = 0 ;  
P A _ 4 9 ( S ,Z ,I ,J ,M ,N )S ( T L ( S ,N )  L E  T U ( S ,M )  A N D  T U (S ,N )  G E  T L (S ,M )
A N D  H O T (ร ิ,1 ,M )-1  A N D  C O L D ( S ,J ,N ) = l  A N D  A L L O W _ H (S ,Z ,L M ,J )=  1 
A N D  A L L O W  C (S ,Z ,J ,N ,I )=  1 A N D  B IF (Z ,1 ,J )= 1
A N D  S P H ( I ) = 0 A N D  S P C (J )= 0  a n d  F R E E H (I) A N D  F R E E C (J) A N D  P A (] )) ..  

T U ( S ,M ) - T U ( S ,N )
- (F P Q (S ,Z ,] ,J ,M )/C P H (S ,I ,M ))  +  Q N E W _ N (S ,Z ,] ,J ,N ) /(F C (S ,J )* C P C (S ,J ,N ))

+ ( 2 - N H E _ M l B (S ,Z ,I ,J ,M > -N H E _ N 1 _ B (ร ^ ; ,1 ,J ,N ))* T IJ (ร ิ,N )= G = 0 ;

P A _ 5 0 ( s T z ,I ,J ,M ,N ) $ ( D T V I O ( U )= l  a n d  D (S ,Z ,M ,N )= 1  a n d  T L (S ,N )  L T  T U ( S ,M )
A N D  T U ( S .N )  G T  T L (S ,M )  A N D  H O T (S ,] ,M ) = I  A N D  H O T (S ,I .M + l)  A N D  C O L D (S ,J ,N )= l  
A N D  C O L D (ร ิ,  J ,N +  ) )
A N D  A L L O W  H (S ,Z ,] ,M ,J )= 1  A N D  A L L O W _ H (S ,Z .] ,M + l ,J )  A N D  A L L O W _ C ( S .Z J ,N .I ) = ]  
A N D  A L L O w I C ( S ,Z J ,N + 1,1) A N D  B IF (Z ,I ,J )= 0  A N D (S P H ( I ) = 1  O R S P C ( J ) = l )
A N D  F R E E H (l)  A N D  F R E E C (J ) A N D  P A (1 )) ..
Q N E W _ M  (ร , Z ,1 ,J ,M )/(M I N (T U (S ,M ) ,T U (ร ิ,N )) -T L (S ,M ))= G =

Q N E W  M (S ,Z ,1  J ,M + 1 ) / ( T U ( S ,M + 1 ) -T L ( S ,M + 1 ))
’* C P H (s 7i ,M ) /C P H ( S ,L M + 1 )- ( (2 * F P (I ) ) -F P K _ H _ 0 ( ร ,Z ,]J ,M )-F P K _ C  0 (S ,Z ,I ,J ,N ))

. *CPH(SJ,M+1 )*(TU(S,M+1 )-TL(S,M +1 ))/(fU(S,M+1 )-TL(,S,M+ โ))โ



* E Q  (8 7 _ b )
P A _ 5 1  ( ร ,Z ,I ,J ,M ,N )$ (D T V I O (I ,J )= l  A N D  D (S .Z ,M ,N )= 1  A N D  T L (S ,N )  L T  T U (S ,M )

A N D  T U ( s 'n )  G T  T L (S ,M )  a n d  H 0 T ( S ,I ,M ) = 1  A N D  H 0 T ( S ,I ,M - 1 )  A N D  C 0 L D ( S ,J ,N ) = 1  
A N D  C 0 L D ( S ,J ,N - 1 )  A N D  A L L O W  H (S ,Z ,I ,M ,J )= 1  A N D  A L L O W _ H ( S ,Z ,I ,M - l ,j )
A N D  A L L O W  C (S ,Z ,J ,N ,I )= 1  A N D  A L L O W  C (S ,Z ,J ,N - 1,1) A N D  B IF (Z .I ,J )= 0  
A N D  ( S P H ( I ) = i  O R  S P C (J )= 1 )  A N D  F R E L H (I)  A N D  F R E E C (J) A N D  P A (I )) .. 

Q N E W _ M (S ,Z ,I ,J ,M )/(T U (S ,M )-T L (S ,N ))= L = Q N E W _ M (S ,Z ,1 ,J .M -1 ) / (T U (S ,M - l  ) -T L ( S .M - 1 ))  
* C P H (S JI ,M )/C P H (S ,I ,M -1 )+ ( (2 * * F P ( ] ) ) -F P K _ H _ 1 ( ร ,Z ,I , i ,M )-F P K _ C _ ]  ( ร ,Z ,1 ,J ,N ))  
* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) / (T U (S ,M )-T L (S ,M ));

P A _ 5 2 ( s X l J ,M ,N ) $ ( D T V I O ( I ,J ) = ]  A N D  D (S ,Z ,M .N )= 1  A N D  T L (S .N )  L T T U ( S ,M )
A N D  T U ( ร ,N )  G T  T L (S ,M ) A N D  H O T (S ,] ,M ) = l  A N D  H O T (S .L M + l)  A N D  C O L D (S .J ,N )= ]  
A N D  C O L D ( S ,J ,N + l )  A N D  A L L O W _ H (S ,Z ,l ,M ,J )= l  A N D  A L L O W  H (S ,Z .I ,M + ] ,J )
A N D  A L L O W _ C (S ,Z ,J ,N ,I )=  1 A N D  A L L O W „ C ( ร ,Z ,J ,N + 1 ,I )  A N D  B 1 F (Z ,!J )= 1  
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (1) A N D  F R E E C (J) A N D  P A (I )) . .
Q N E W _ M  (ร , z ,  บ ,  M ) / ( M I N (T U (S ,M ),T O (S ,N ) ) -T L (S ,M ))= G = Q N E W „ M (S ,Z ,] ,J .M + ! ) /

* C P H (S ,] ,M ) /C P H (S ,I ,M + 1 )- ( (2 * F P (I )) -F P K _ H _ 0 (S ,Z ,] ,J ,M )-F P K _ C _ 0 (S ,Z ,1 ,J ,N ) )
* C P H (S ,I ,M + 1 )*  ('[’น ( ร ,M + l  ) -T L ( S ,M + l  ) ) /(T L K S ,M + l ) -T L (S ,M + T ))7

P A _ 5 3 ( s X i ,J ,M ,N )$ (D T V IO (I ,J )= 1  a n d  D (S ,Z ,M ,N )= 1  a n d  T L (S ,N )  L T  T U (S .M )
A N D  T U ( S ,N )  G T  T L (S ,M )  A N D  H O T (S , l ,M ) = l  A N D  H O T (S ,] .M - l )  A N D  C O L D (S ,J .N )= l  
A N D  C O L D (S ,J ,N -1 ) A N D  A L L O W _ H (S ,Z ,I ,M ,J )= !  A N D  A L L O W '_ H (S ,Z ,I  M - l  ,J)
A N D  A L L O W _ C (S ,Z ,J ,N ,I )= l  A N D  A L L O W _ C ( S ,Z ,J ,N - l .I )  A N D  B IF (Z ,1 ,J )= ]
A N D  (S P H (I )= 1  O R  S P C (J )= 1 )  A N D  F R E E H (T ) A N D  F R E E C (J ) A N D  P A (] ) ) . .

( Q N E W _ M ( ร ,Z ,I ,J ,M )-Q N E W 2 _ M ( ร ,Z ,I ,J ,M )) /(T U (S ,M )-T L (S ,N ) )= L =  
Q N E W _ M ( S ,Z ,l ,J ,M - l ) / ( T U ( S ,M - l ) - T L ( S ,M - l ) ) * C P F i( S ,] ,M ) /C P H (S ,L M -l )  
+ ( ( 2 * F P ( I ) ) F P K J I J ( s i , I ,J ,M ) - F P K _ C J ( S ,Z , ] ,J ,N ) ) * C P M ( S .L M )  
* (T T J (S ,M )-T L (s T M )) /(T U (S ,M )-T L (S ,M )j;

* E Q  ( X X  J )
P A _ 5 4 ( ร ,Z ,I ,J ,M )$ (H O T (S ,I ,M )= l  A N D  N O T  S P H ( l)  A N D  
F R E E H (I )  A N D  P A (] )) ..

F P (1 ) = E =  S U M (R ,F P R (1 ,R )*  พ  (I, R ));

P A Q 5 5 ( ร ,Z ,I ,J ,M )$ ( H O T (S ,] ,M ) = l  A N D  N O T  S P H (I)  A N D  
F R E E H (I )  A N D  P A (] )) ..

S U M (R ,W (] ,R ) )  = E =  1 ;

* E Q  ( X X _ 3 )
P A _ 5 6 ( ร ,Z ,I ,J )$ (N O T  S P H (I )  A N D  
F R Ë E H (I)  A N D  P A (] )) ..

Q P A (I )  = E =  S U M (M ,F P (I )* C P H (S ,I ,M )* (T U (S ,M )-T L (S ,M )) ) ;

* T h e  s u m a tio n  o f  ea c h  p u m p  a ro u n d  d u ty  is  n o t  e x a c t ly  eq u a l T ota l Q P A  but It is  
* n e a r ly  e q u a l , s o  T h e  e q  6 3 a n d  6 6  are ad d ed  
*
* E Q  ( X X _ 4 )*PA_57 .โ
* S U M (I ,Q P A (I )$ P A (I ) )  = E =  T O T A L Q P A ;

P A Ï  = E =  S U M (I ,Q P A (I )$ (O R D (I )= 2 ) ) ;  

P A 2  = E =  S U M (I ,Q P A (I )$ (O R D (I )= 4 ) ) ;  

P A 3  = E =  S U M (I ,Q P A (I )$ (O R D (I )= 6 ) ) ;

* F in d  th e  r e la t io n  b e tw e e n  s id e  s tr ip p in g  s te a m  an d  P u m p  a rou n d  d u ty  b y  u s in g
* th e  m o d e l  fr o m  r eg r e ss io n .
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P A _ 6 1 ( ร ,z , บ , M ) $ ( H 0 T ( S ,I ,M ) = 1  A N D  N O T  S P H (I) A N D  F R E E H (I)) . 
s s f ( l )  = E =  ( A J ( I ) * * P A ] ) + ( B J ( I ) * P A 2 ) + ( C J ( I ) * P A 3 ) + D _ 1 J ( J ) ;

C o s t s i d e s t r i p p i n g s t e a m  = E =  S U M (I ,(C S S (I )* S S T (I ) ) ) ;

T O T A L  Q  = G =  T O T A L  Q P A  M IN ;

T O T A L Q  = L =  T O T A L Q P A M A X ;

T O T A L ^ Q P A M I N  = E =  T O T A L _ Q P A -(T O T A L _ Q P A * O .O O I);

T O T A L _ Q P A _ M A X  = E =  T O T A L _ Q P A + (T O T A L  Q P A * 0 .0 0 1 ) ;

S U M (I ,Q P A ( I ) $ P A ( I ) )  = E =  T O T A L Q ;

P A _ 6 8 ( S ,Z ,I ,J ) $ ( N O T  S P H (I )  A N D  
F R E E H (I )  A N D  P A (I )) . .

C p _ D t(I )  = E =  S U M (M ,C P H (S ,1 ,M )* (T U (S ,M )-T L (S ,M ))) ;

♦ C H E C K IN G  C O S T

H O t I u T I L I T Y _ C O S T = E =  S U M (I $ (H U (I )  A N D  F R E E H (I )) ,C H U (1 )* F H U (1 )* D T H U (I));

C o ld ~ U T I L I T Y _ C O S T  = E =  S U M (J $ (C U (J )  A N D  F R E E C (J )) .C C U (J )* F C U (J )* D T C U (J ));

A r e a _ C ..
A r e a _ C o s t= E =

+ S U M ( ( S ,Z ,บ ) $ (O P T = 2  A N D  A L L O W (S ,Z .I .J )= ]  A N D  F R E E H (I)  A N D  F R E E C (J)

,( C F * ( N H E ( S ,Z ,บ ิ) - + N H E _ ร ( ร ,Z ,I ,J )$ (N H E O (S ,Z ,I ,J )= 1 M N H E O (S ,Z ,1 J )* (S U M (E $ (O R D (E )  L E  K E T ), 
P h i(Z ,บ , E ) ) ) ) ) ) + (C A E * D P A R _ E ( Z ,บ ) ) + C A N * P A R  N ( S ,Z ,บ ) ) :

F IX ^ C O S T  = E =  S U M (( S ,Z ,บ ) $ (O P T = 2  A N D  A L L O W (S .Z .น)----1 A N D  F R E E H (I)  A N D  F R E E C (J )

,( C F * ( N H E ( S ,Z J ,J )+ N H E _ ร ( ร ,Z ,] ,J )$ (N H E O (S ,Z ,I ,J )= 1 ) -S U M ((E E ,E ,K )$ (O P T = 2  A N D  O R D (E )  L E  K E T  A N D  
O R D (K )L E  K M A X (Z ,I ,J )) ,D E L T A (Z ,1 ,J ,E E ,E ,K )) ) ) )

+ S U M ((S ,Z ,I ,J ,K ,E )$ (O P T = 2  A N D  A L L O W (S ,Z ,บ ) = 1  A N D  F R E E H (I) A N D  F R E E C (J)
A N D  B I F ( Z ,I ,J ) - 1  A N D  O R D (K )L E  K M A X (Z ,I ,J ))

*  + S U M  (K $ (O R D (K )L E  K M A X ( Z ,บ )  )
, ( C A E * D P A R  E  B (K ,E ,Z ,บ ) + C A N * P A R _ N _ B ( K ,E ,Z ,บ ) ) )

M O D E L  M P E R I O D  /A L L / ;

O P T IO N  L IM R O W  = 0 ;
O P T IO N  L IM C O L  = 0 ;
O P T IO N  S O L P R I N T  =  O F F ;
O P T IO N  O P T C R = 0  ;
O P T IO N  O P T C A = 0  ;
O P T IO N  IT E R L IM  =  1 0 0 0 0 0 0 0 0 0 ;
O P T IO N  R E S L IM  =  1 0 0 0 0 0 0 ;
M P E R I O D .O P T F I L E  =  1 ;

S O L V E  M P E R I O D  U S I N G  M 1P  M I N IM IZ IN G  T C O S T  ;

P A R A M E T E R  Q M A T C H (S ,Z ,บ ) ;
Q M A T C H ( S ,Z ,บ ) = S U M ( ( M ,N ) $ ( D (S .Z .M ,N ) = 1  A N D  T L ( S ,N )  L T  T U (S ,M )  A N D  D (S ,Z ,M ,N )= 1  
A N D  C O L D (S ,J ,N )  A N D  A L L O W J I ( S ,Z ,I .M J ) - l  A N D  A L L O W „ C ( ร ,Z ,J ,N ,] )= I ) ,

Q .L (S ,Z ,] ,M .J ,N )):



P A R A M E T E R  F H _ H (S ,Z ,I ,J ,M )  F lo w r a te  o f  h o t s trea m  per FIEx; 
F H J f (S ,Z ,l ,J ,M )$ [H O T (S ,I ,M )]= Q N E W _ M .L (S ,Z ,I ,J ,M ) /[ (T U (S ,M )-T L (S ,M ))* C P H (S ,I ,M )] ;

P A R A M E T E R  F C _ C ( S ,Z J ,I ,M )  F lo w r a te  o f  h o t s trea m  p er  FIEx;
F C C ( S ,Z ,J , I JM ) $ [ C O F D ( S ,J ,M ) ] -Q N F W _ N .L (S ,Z ,F J ,M ) /[ ( T U ( ร ,M )-T L (S ,M ))* C P C (S ,J ,M )]

P A R A M E T E R  N H E 2 (S ,Z ,J ,I ) ;
N H E 2 (S ,Z ,J ,I )=  N H E .L (S ,Z ,I ,J ) ;

S O N T E X T
P A R A M E T E R  A R E A  C O S T :
A R E A _ C O S T  =  S U M ( ( S X l ' j ) $ ( A L I O W ( S ,Z ,บ ) - !  A N D  F R E E H (I)  A N D  F R E E C (J ))  

,C F * (N H E .L (S ,Z ,น ) + N H F .S .L (S ,Z ,I ,J )$ (N H F O (S ,Z ,I J )= 1 ) -N H E O (S ,Z ,I J ) ) )  
+ S U M ((S ,Z ,I ,J )$ (A L L O W (S ,Z ,I ,J )= l  A N D  F R E E H (I)  A N D  F R E E C (J)  

A N D B I F (Z ,I ,J )= 0 ) ,C A E * D P A R _ E .L (Z ,1 ,J )+ C A N * P A R  N .L (S ,Z ,] ,J ) )
+ S U M ( ( S ,K ,Z ,น ) $ (O R D (K )  L E  K M A X ( Z J J )  A N D  A L L O W (S ,Z ,I ,J )= ]
A N D  F R E E H (I )  A N D  F R E E C (J )  A N D  B IF (Z ,น H )  
,C A E * D P A R ^ É _ B .L ( K ,Z ,I J ) + C A N t P A R  N  B .L (K ,Z ,I ,J )) ;

P A R A M E T E R  U T I L IT Y _ C O S T ;
U T I L I T Y C O S T  =  S U M (Ï Î ( H U ( I )  A N D  F R E E H (I )) ,C H U (I )* F H U .L (I )* D T H U (]) )  

+ S U M (J $ (C U (J )  A N D  F R E E C (J )) ,C C U (J )* F C U .L (J )* D T C U (J ))  ;
S O F F T E X T

O P T IO N  C o ld _ U T I L I T Y _ C O S T :3 :0 :1 ; D IS P L A Y  C o ld  U T IL IT Y  C O S T .L ;
O P T IO N  H O T  U T I L IT Y _ C O S T :3 :0 :1 ;  D IS P L A Y  H O T  U T IL IT Y  C O S T .L ;
O P T IO N  A re a  C o s t : 3 :0 :1 ; D IS P I A Y  A r e a  C o st.L ;
O P T IO N  F IX  C O S T :3 :0 :1 ;  D I S P L A Y  F IX ~ C O S T .L ;

o p tio n  Q :3 :0 : l  ; d isp la y  Q .L ;  
o p t io n  F H U :3 :0 :1 ;  d is p la y  F H U .L ;  
o p t io n  F C U :3 :0 :1 ;  d isp la y  F C U .L ;

* O P T IO N  D P A R _ E :3 :0 :1 ;  D I S P L A Y  D P A R  E .L ;
* O P T IO N  P A R _ N :3 :0 :1 ;  D I S P L A Y  P A R  N T ;

O P T IO N  P A R :4 : 0 : 1 ; D IS P L A Y  P A R .L ;  -  
O P T IO N  O M A  K  1 1 : 1 0 : 1 ;  D I S P L A Y  Q M A T C H ;
O P T IO N  P A R  N : 3 : 0 : l ;  D IS P L A Y  P A R  N .L ;
O P T IO N  D P A R  F 3:0:1  ; D I S P L A Y  D P A R  E.L ;
O P T IO N  P H 1 :3 :0 :1 : D IS P L A Y  P H I L;

O P T IO N  A E X :3 :0 :1 ;  D I S P L A Y  A E X .L ;
O P T IO N  F H _ H :3 :0 :1 ;  D IS P L A Y  F H  H ;
O P T IO N  F C ~ C :3 :0 :1  ; D IS P L A Y  I C  C.’;

* O P T IO N  (J T I I J T Y  C O S T  3 :0 :1 :  D I S P L A Y  U T IL IT Y  C O S T ;
O P T IO N  A R E A  C O S T  3 :0 .1  ; D I S P L A Y  A R E A  C O S T  L;
O P T IO N  D P A R  i:  3 :0 :1  ; D I S P L A Y  D P A R  E .L ;
O P T IO N  P A R _ N :3 :0 :1 ;  D I S P L A Y  P A R  N .L ,
O P T IO N  P A R I B : 3 :0 : 1 ;  D I S P L A Y  P A R  B .L ;
O P T IO N  D P A R  i: B :3 : 0 : 1 ; D I S P L A Y  D P A R  F  B  I.;
O P T IO N  P A R _ N _ B :3 :0 :1 ;  D I S P L A Y  P A R  N  B .L ;
O P T IO N  T U : 3 :0 : 1 , D I S P L A Y  T U ;
O P T IO N  I I :.i 0 :1 ;  D I S P L A Y  T L ;
O P T IO N  C p  D t : 3 : 0 : l ;  D I S P L A Y  C p  D t.L ;
O P T IO N  T O T A L _ Q :3 :0 :1 ;  D I S P L A Y  T O T A L  Q .L ;
O P T IO N  P A  1 .3 :0 :1 :  D I S P L A Y  P A 1 .L ;
O P T IO N  P A 2 :3 :0 :1 ;  D I S P L A Y  P A 2 .L ,
O P T IO N  P A 3 :3 :0 :1 ;  D I S P L A Y  P A 3 .L ;
O P T IO N  C o s t  s id e  s tr ip p in g  s te a m  :3 :0 :I ;  D IS P L A Y  C o s t  s id e  s tr ip p in g  s tea m .L ;  
O P T IO N  S S T 0 : 0 : 1 7 D I S P L A Y  S S T .L ;
O P T IO N  Q P A :3 :0 :1 ;  D I S P L A Y  Q P A .L ;
O P T IO N  พ : 3 :0 :1 ;  D I S P L A Y  W .L ;
O P T IO N  F P R  3 0 :1 : D IS P L A Y  I P R :
O P T IO N  I P  3 .0 :1 :  D IS P L A Y  F P  L;
O P T IO N  D H H :3 :0 :1 ;  D I S P L A Y  D H H ;
O P T IO N  D H C :3 :0 :1 ;  D I S P L A Y  I )!!(■ ;
O P T IO N  H H E A D :3 :2 :1 ;  D I S P L A Y  H H E A D :
O P T IO N  C H E A D :3 :2 :1 ;  D I S P L A Y  C H E A D ;
O P T IO N  A L L O W : 3 : 0 : 1 ; D I S P L A Y  A L L O W ;
O P T IO N  A L L O W _ H :3 :0 :1 ;  D I S P L A Y  A L L O W  !!:
O P T IO N  A L L O W  C 3 : 0 . 1 ; D I S P L A Y  A L L O W ^ C ;
O P T IO N  A L L O W l2 : 2 : 0 : 1 :  D I S P L A Y  A L L O W  2 ;
O P T IO N  Q :3 : 0 : l ;  D I S P L A Y  Q .L ;



O P T I O N  Q N E W _ M :3 :0 :1 ;  D I S P L A Y  Q N E W M .L ;  
O P T IO N  Q N E W J M :3 :0 :1 ;  d i s p l a y  Q N E W J M .L ;  
O P T I O N  Q N E W 2 _ M :3 :0 :1  ; D I S P L A Y  Q N E W 2 M .L ;  
O P T IO N  Q N E W 2 ~ N :3 :0 :1 ;  D I S P L A Y  Q N E W 2 J T L ;  
O P T I O N  Y _ M : 3 : 0 : 1 ; D I S P L A Y  Y  M  L;
O P T I O N  Y J J : 3 : 0 : 1 ;  D I S P L A Y  Y J S .L ;
O P T I O N  N H E _ M 0 :3 :0 :1  ; D I S P L A Y  N H E  M O.L; 
O P T I O N  N H e I m  1 : 3 :0 :1 ; D I S P L A Y  N H E ~ M 1 .L ,  
O P T I O N  N H E ~ N 0 :3 :0 :1 ;  D I S P L A Y  N H E JM O .L ;  
O P T IO N  N H E l N l : 3 : 0 : l ;  D I S P L A Y  N H E > I I .L ;  
O P T I O N  Y _ M J B :3 :0 :1  ; D I S P L A Y  Y  M  B .L ;
O P T IO N  Y  N  B  3 0 :1 .  D I S P L A Y  Y J N B - L ;
O P T IO N  N I1E  MO 15:3 :0:1 ; D I S P L A Y  N H E  M O B .L ;  
O P T IO N  N U I . \ 1 (  ! ! : ! ' ( ! : I ; D I S P L A Y N H e I m i I b  L; 
O P T IO N  NUI-: NO B :3 : 0 : 1 ; D I S P L A Y  N H E JM O  B .L ;  
O P T IO N  M II-: N I  B  3 :0  1 ; D I S P L A Y  N H E ~ N I ~ B .L ;  
O P T IO N  A l  I A  M  3 11:1; D IS P L A Y  A L F A  M .l”  
O P T IO N  A  IJ -A  N : 3 : 0 : l .  D I S P L A Y  A L F A ~ N .L ;  
O P T I O N  N H E :3 :0 :1 ;  D I S P L A Y  N H E .L ;
O P T I O N  Q I 1:3:0; 1 ; D I S P L A Y  O U  I ;
O P T I O N  Q C :3 :0 :1 ; D I S P L A Y  Q C .L ;
O P T I O N  X I _ B : 3 : 0 : 1 ; D I S P L A Y  X l^ B .L ;
O P T I O N  X _ B :3 :0 :1 ;  D I S P L A Y  X _ b TL;
O P T I O N  0 2 : 3 : 0 : 1 :  D I S P L A Y  Q 2 .L ;
O P T IO N  F H U :3 :0 :I ;  D I S P L A Y  F H U .L ;
O P T I O N  F C U :3 :0 :1 ;  D I S P L A Y  F C U .L ;
O P T I O N  N IIL 2  3:0 :1  ; D I S P L A Y  N H E 2 ;
O P T I O N  P A R .3 :0 :1 : D I S P L A Y  P A R .L ;
O P T I O N  P A R _ B :3 :0 :1 ;  D I S P L A Y  P A R  B .L ;
O P T I O N  ( 1)M A  ITT 1:3 .0:1  ; D I S P L A Y  Q M A T C H ;  
O P T I O N  F H _ H :3 :0 :1 ;  D I S P L A Y  F H  H;
O P T I O N  FC  c  3  0 .1 :  D I S P L A Y  F c j c ;
O P T I O N  L M T D :3 :0 :1 ;  D I S P L A Y  L M T D ;
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