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T A B L E  A -l

PROGRAM LISTING FOR TESTING THE MODEL WITHOUT SPACE
FACTOR

MODEL

MAI  d4 ! xax f in a l  output

d3—d2<0 d 2-d l< 0

d l—8992*1 = 0 d2—6337*2=0 d3—2078*3=0 d4-1947*4=0
* l-x l< 0  *2-x2<0  *3—3x3<0 *4—x4< 0
xl<  7 x2<4 x3<7 x4<7
x l> l  x2> l x3> l x4 >1
*1<5 *2 <5 *3< 6 *4<7
end g in  d l  g in  d2 g in  d3 g in  d4 g in  x l  g in  x2 g in  x3 g in  x4 g in  *1 g in  *2 g in  *3 g in  *4

REPORT SOIÜTIOH

LP OPTIMUM FOUND AT STEP 13 
OBJECTIVE VALUE = 12468.0000

SET M3 TO < = 6 AT 1, BND» 0 . 1168E+05 TUIN=-0. 1000E+31 28
SET Ml TO > = 2 AT 2, BND= 0 . 1168E+05 TWIN= 8992. 34
SET M2 TO <» 2 AT 3 BND= 0 . 1168E+05 TUIN= 0 . 1163E+05 41
SET M3 TO > = 6 AT 4, BND= 0 . 1168E+05 TUIN= 0 . 1039E+05 43
SET M2 TO > = 2 AT 5. BND= 0 . 1168E+05 TVIN=-0. 1000E+31 44
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NEW INTEGER SOLUTION OF 11682.0000 AT BRANCH 5 PIVOT 44
BOUND ON OPTIMUM: 11682.00
DELETE M2 AT LEVEL 5
DELETE M3 AT LEVEL 4
DELETE M2 AT LEVEL 3
DELETE Ml AT LEVEL 2
DELETE M3 AT LEVEL 1
ENUMERATION COMPLETE. BRANCHES= 5 PIVOTS' 44

LAST INTEGER SOLUTION IS THE BEST FOUND 
RE-INSTALLING BEST SOLUTION...

OBJECTIVE FUNCTION VALUE

1) 11682.00

VARIABLE VALUE REDUCED COST
D4 11682.000000 -1 .000000
D3 12468.000000 0.000000
D2 12674.000000 0.000000
D1 17984.000000 0.000000
Ml 2.000000 0.000000
M2 2.000000 0.000000
M3 6.000000 0.000000
M4 6.000000 0.000000
XI 2.000000 0.000000
X2 2.000000 0.000000
X3 2.000000 0.000000
X4 6.000000 0.000000

ROW SLACK OR SURPLUS DUAL PRICES
2) 786.000000 0.000000
3) 206.000000 0.000000
4) 5310.000000 0.000000
5) 0.000000 0.000000
6) 0.000000 0.000000
7) 0.000000 0.000000
8) 0.000000 0.000000
9) 5.000000 0.000000

10) 0.000000 0.000000
11) 0.000000 0.000000
12) 0.000000 0.000000
13) 0.000000 0.000000
14) 2.000000 0.000000
15) 5.000000 0.000000
16) 1.000000 0.000000
17) 6.000000 0.000000
18) 1.000000 0.000000



19) 1.000000 0.000000
20) 5.000000 0.000000
21) 3.000000 0.000000
22) 3.000000 0.000000
23) 0.000000 0.000000
24) 1.000000 0.000000

NO. ITERATIONS» 45 
BRANCHES» 5 DETERM.= 1.000E 0
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T A B L E  A-2

PROGRAM LISTING FOR TEST MODEL WITH SPACE FACTOR 

MODEL
MÀX d4 ! max f in a l  output 
ST
d2—dl<0  
d3-d2<0  
d4-d3<0

dl-8992m l=0
d2-6337*2»0
d3-2078m3=0
d 4-1947*4-0

m l-x l< 0  
ท2-x2<0  
m3-3x3<0 
»4-x4< 0

x l<  7 
x2<4 
x3<7 
x4<7

x l> l  
x2> l 
x3> l 
x4 >1

ml<5 
m2< 5 
m3< 6 
*4<7

s i —0.5x1>0  
s l-m l> 0  
s 2 - 0 .5x2 >0 
s 2 - 0 . 5m2 >0 
s 3 - 0 .5x3 >0 
ร 3 - 0 . 2m3>0 
s 4 - 0 .5x4>0  
ร4-m4 >0

sl+ s2 + s3 + s4 < 1 0
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end  
g in  d l  
g in  d2 
g in  d3 
g in  d4 
g in  x l  
g in  x2 
g in  x3 
g in  x4 
g in  ml 
g in  m2 
g in  m3 
g in  m4

REPORT SOLUTION

IP OPTIMUM FOUND AT STEP 13 
OBJECTIVE VALUE - 12468.0000

SET XI TO < = 1 AT 1, BND- 8992. TWIN- 0 . 1162E+05 26
SET M2 TO < = 1 AT 2. BND- 6337. TWIN--0. 1000E+31 28
SET X4 TO <- 3 AT 3, BND- 5841. TWIN— 0 . 1000E+31 30

NEW INTEGER SOLUTION OF 5841.00000 AT BRANCH 3 PIVOT 30
BOUND ON OPTIMUM: 11615.10
DELETE X4 AT LEVEL 3
DELETE M2 AT LEVEL 2
FLIP XI TO > = 2 AT 1 WITH BND- 11615.098
SET M2 TO >- 2 AT 2. BND- 0 .1148E+05 TWIN- 6337. 32
SET M3 TO >» 6 AT 3, BND- 0 .1129E+05 TWIN- 0 . 1039E+05 34
SET M4 TO < = 5 AT 4. BND- 9735. TWIN— 0 . 1000E+31 36

NEW INTEGER SOLUTION OF 9735.00000 AT BRANCH 6 PIVOT 36
BOUND ON OPTIMUM: 10390.00
DELETE M4 AT LEVEL 4
DELETE M3 AT LEVEL 3
DELETE M2 AT LEVEL 2
DELETE XI AT LEVEL 1
ENUMERATION COMPLETE. BRANCHES- 6 PIVOTS- 36

LAST INTEGER SOLUTION IS THE BEST FOUND 
RE-INSTALLING BEST SOLUTION...

OBJECTIVE FUNCTION VALUE

1) 9735.000

VARIABLE
Dl
D2

VALUE
17984.000000
12674.000000

REDUCED COST
0.000000
0.000000



D3 12468.000000 0.000000
D4 9735.000000 -1 .000000
I I 2.000000 0.000000
X2 2.000000 0.000000
X3 2.000000 0. 000000
X4 5.000000 0.000000
Ml 2.000000 0.000000
M2 2.000000 0.000000
M3 6.000000 0.000000
M4 5.000000 0.000000
SI 2.800000 0.000000
S2 1.000000 0.000000
S3 1.200000 0.000000
S4 5.000000 0.000000

ROW SLACK OR SURPLUS DUAL PRICES
2) 5310.000000 0. 000000
3) 206.000000 0.000000
4) 2733.000000 0.000000
5) 0.000000 0. 000000
6) 0. 000000 0. 000000
7) 0.000000 0. 000000
8) 0. 000000 0.000000
9) 0. 000000 0.000000

10) 0. 000000 0. 000000
11) 0. 000000 0. 000000
12) 0. 000000 0. 000000
13) 5.000000 0. 000000
14) 2.000000 0. 000000
15) 5.000000 0. 000000
16) 2.000000 0. 000000
17) 1.000000 0. 000000
18) 1.000000 0. 000000
19) 1. 000000 0. 000000
20) 4.000000 0. 000000
21) 3.000000 0. 000000
22) 3.000000 0. 000000
23) 0. 000000 0. 000000
24) 2.000000 0. 000000
25) 1.800000 0. 000000
26) 0.800000 0. 000000
27) 0.000000 0.000000
28) 0.000000 0.000000
29) 0.200000 0. 000000
30) 0. 000000 0. 000000
31) 2.500000 0. 000000
32) 0. 000000 0. 000000
33) 0. 000000 0. 000000
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REAL DATA FOR TESTING THE APPLICATION OF THE MODEL

T A B L E  B -l

O P ER ATIO N A V G CUM % % S P A C E O p e ra to r T o o lin g

i Y LD Y LD EFFN SAM F A C T O R a v a ila b le a v a ila b le

P R E -T R IM 100% 75.24% 95% 100% 1.0 < 3 5 < 15

P R E -C L E A N 100% 75.24% 95% 100% 1.0 < 30 <  10

L O A D  H E A D 100% 75.24% 95% 100% 1.0 < 3 0 <  10

G IM B A L  B O N D 100% 75.24% 95% 100% 1.0 < 3 0 <  10

F L EX  B O N D 100% 75.24% 95% 100% 1.0 < 30 <  10

L E A D  B O N D 100% 75.24% 95% 100% 1.0 < 3 0 <  10

C A O T L E A D 100% 75.24% 95% 100% 1.0 < 3 0 <  10

T A C K  TAIL 100% 75.24% 95% 1 ๓ % 1.0 <  30 <  10

O V E N
sm pgrag l? -f.-j 
V ? 'รั& & ''- './é

MV. ■■
เ ^ พ *''. 6 0

U N L O A D  JIT  T O O L 100% 75.24% 95% 1 ๓ % 1.0 < 3 5 < 2 0

L O A D  IAT A R M 100% 75.24% 95% 1 ๓ % 1.0 < 3 0 <  10

P U S H  FLEX & S P O T  C L A E N 100% 75.24% 95% 40% 1.0 < 3 0 <  10

H E A D  S E T 100% 75.24% 95% 1 ๓ % 1.0 < 3 0 <  10

A U T O G R A M 100% 75.24% 95% 1 ๓ % 1.5 <  1 8 < 5

SA A M 100% 75.24% 95% 1 ๓ % 1.5 <  1 7 < 7

C U T  FLEX 100% 75.24% 95% 1๓ % 1.0 < 3 0 <  10

M R E  & R E M O V E  P R E  S H U T 100% 99.00% 90% 1 ๓ % 1.5 <  1 8 < 5

F L EX  S H U N T IN G 100% 99.00% 90% 1 ๓ % 1.0 < 3 0 <  10

U N L O A D  IAT A R M  & F O L D  F L A P P E R 100% 99.00% 90% 1 ๓ % 1.0 < 4 5 <  15
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T A B L E  B-2

PROGRAM LISTING FOR TESTING THE APPLICATION OF THE MODEL

MODEL
max d l8  lo b j .  fu n c . max dn
11. d ( i+ l)< = d i i  = l ........... n-1
d l8 -d l7 < 0d l7 -d l6 < 0d l6 -d l5 < 0d l5 -d l4 < 0d l4 —dl3<0d l3 -d l2 < 0d l2 -d ll< 0d l l-d l0 < 0d l0-d 9< 0d9—d8<0d8-d7<0d7-d6<0d6-d5<0d5-d4<0d4-d3<0d3—d2<0d 2 -d l< 0
12. case3  o p e ra to r  w orking w ith  to o l in g  dl-9937m l<0d2-6605m2<0d3—5104m3< 0d4-3768m4<0d5—3482m5<0d6—3542m6<0d7-S584m7<0dè-5479mà<0d9-5734m9<0dl0-5584m l0<0d l l —6004m ll<0dl2-10958*12< 0d l3 —5576ml3<0dl4-2867m l4<0dl5-13059m l5<0d l6 —5538ml6< 0dl7-10349m l7<0dl8-6537m l8<0

m l-x l-0m2-x2»0ท3 -x 3 “0m4-x4=0* 5 -x 5 -0m6—x6*0i7-Ji7=0m8-x8»0m9-x9»QmlO—xl0=0m il—x ll 'Om l2-x l2= 0m l3 -x l3 ”0ml4—xl4=*0m l5 -x l5 “0m l6-x l6»0ml7—x l7 “0ml8-xl8=*0

! 3 . sp ace  s i  >= s i ( o p e r a t o r )  m u lt ip ly  Xi
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ร 1-แ > 0ร 2-12>0s3-X3>0  ร 4-X4>0s5-X5>0ร 6-16>0ร ิ?—X7>0 ร ร - ผ ิ>0 ร ริ ิ- ผ ิ>0 sl0-X 10>0  s l l —111>0 s i 2-112>0 S l3 -1 .5 ï l3 > 0  sl4 -1 .5X 14> 0  ร ิ! ร ิ- ผ ิริ >0 sl6-lT 5X 16>0  ร ิ17-X17>0 Sl8-X18>0
s l+ s 2 + s 3 + s 4 + s 5 + s 6 + s 7 + s 8 + s 9 + s lo + s l1 + s l2 + s l3 + s l4 + s l5 + s l6 + s l7 + s l8< 48
! bound ๐ท o p e r a to r (x i)  x l<  35 x2< 3Q ร ิ3<30 x4<30 x5< 30 x6< 30 x7<âo x8< 30 ร ิ9<3ริ xl0< 30  x ll< 3 0  x l2< 30  xl3< 18  xl4< 17  xl5<30  ร ิ!ร ิ<18 ร ิ! 7<30 ร ิ! 8<45
x l+ x2+ x3+ x4+ x5+ x6+ x7+ x8+ x9+ xl0+ xll+ x l2+ xl3+ xl4+ xl5+ xl6+ xl7+ xl8<  37
! bounded on m a ch in e(n i)  ml<15 ริ 2<10 ท 3<10 ริ 4<10 ร ิร ิ< 10 ร ิ§<10 ท? <10 ร ิ8<10 ท9<20 ร ิ10<10 ร ิ! ! <10 ร ิ! 2<10 ริ 13<5 ร ิ! 4<7 ร ิ! ริ<10 ร ิ!ร ิ<ริ ท! 7<10 ร ิ ! 8<1ริ

fINTEGER PROGRAMINGGIN DIGIN ว ิ2GIN ว ิ3GIN ว ิ4GIN อิริGIN วิริGIN วิ?GIN ว ิ8 GIN วิร่ GIN ว ิ! 0
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GIN Dll 
GIN D12 
GIN D13 
GIN D14 
GIN D15 
GIN D16 
GIN D17 
GIN D18
GIN XI GIN X2 GIN X3 GIN X4 GIN X5 GIN X6 GIN X7 GIN X8 GIN X9 GIN X10 GIN X ll  GIN X12 GIN XI3 GIN XI4 GIN XI5 GIN XI6 GIN X17 GIN X18
GIN HI GIN M2 GIN M3 GIN M4 GIN M5 GIN M6 GIN M7 GIN H8 GIN M9 GIN HIO GIN Mil GIN M12 GIN Ml3 GIN M14 GIN MIS GIN Ml6 GIN M17 GIN Ml8

BEEQRT SOLUTION

IP OPTIMUM FOUND AT STEP 59 OBJECTIVE VALUE - 11243.9854
SET M12 TO < = 1 AT 1. BND» 0 . 1096E+05 TWIN* 0 . 1094E+05 75SET D4 TO < = 11475 AT 2. BND* 0. 1096E+05 TWIN* 0 . 1096E+05 78SET X2 TO >» 2 AT 3, BND- 0 . 1096E+05 TWIN- 6605. 80SET XI8 TO > = 2 AT 4. BND» 0 .1096E+Q5 TWIN» 6537. 82SET- X15 TO > = 1 AT 5. END* 0 !1096E+05 TWIN- 0 . 0000E+00 85SET Mil TO >* 2 AT 6, BND» 0 . 1094E+05 TWIN* 6004. 88SET- M12 TO >» 1 AT 7, BND- 0 .1094E+05 TWIN- o! ooooe+oo 100SET Ml TO <* 1 AT 8, BND» 9937. TWIN* 0 . 1058E+05 104SET- XI4 TO > = 4 AT 9, BND- 3 3 3 7 . TWIN- 8601. 110SET M9 TO > = 2 AT 10, BND- 3 3 3 7 . TWIN* 5734 . 112SET X4 TO < = 4 AT 11, BND- 3 3 3 7 . TWIN- 9660 . 124SET X7 TO < = 3 AT 12, BND* 9937. TWIN* 9746. 131SET- X4 TO > = 3 AT 13, BND* 3 3 3 7 . TWIN- 7536. 139SET M10 TO < = 3 AT 14. BND* 9937. TWIN* 9500. 152SET Ml 3 TO < = 3 AT 15. BND* 9937. TWIN- 9 5 0 1 : 165SET- X8 TO < = 3 AT 16. BND* 9 9 3 7 ! TWIN* 9519. 178SET M9 TO < = 3 AT 17, BND* 9937. TWIN- 9660. 182SET- X7 TO > = 2 AT 18. BND* 9 9 3 7 : TWIN- 5584. 191SET XI6 TO >- 2 AT 19, BND* 9937. TWIN- 5538. 197SET M10 TO > = 2 AT 20. BND* 9937. TWIN- 5584. 207
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SET M13 TO >- 3 AT 21. BND- 9605. TWIN- 9937. 209SET Ml TO <- 0 AT 22. BND- 0 .0000E+Q0 TWIN- 9573. 221
NE? INTEGER SOLUTION OF 0. 000000000E+00 AT BRANCH 22 PIVOT 221BOUND ON OPTIMUM: 10958. 00FLIP Ml TO >«: 1 AT 22 WITH BND- 9573.1787SET M8 TO >- 2 AT 23. BND- 9280. TWIN- 5479. 229SET M3 TO >3 2 AT 24. BND- 9007. TWIN- 5104. 231SET M6 TO < = 2 AT 25. BND- 7084 ! TWIN- 7816. 241SET XI7 TO < = 1 AT 26. BND- 7084: TWIN- 7023. 246SET XI7 TO >» 1 AT 27. BND- 7084. TWIN- 0 . 0000E+00 249SET X2 TO <- 2 AT 28. BND- 7084: TWIN- 7023. 251SET XI4 TO < = 4 AT 29, BND- 7084. TWIN- 7023. 254SET M8 TO < = 2 AT 30. BND- 7084 TWIN- 7023. 258SET Mil TO < = 2 AT 31. BND- 7084. TWIN- 7023. 261SET X4 TO < = 3 AT 32. BND- 7084. TWIN- 7023. 264SET X7 TO < 3 2 AT 33. BND- 7084. TWIN- 7023. 267SET XI6 TO <- 2 AT 34. BND- 7084. TWIN- 7023. 270SET M10 TO < = 2 AT 35. BND- 7084. TWIN- 7023: 273SET X5 TO > = 3 AT 36. BND- 7084. TWIN- 6964. 278
NE? INTEGER SOLUTION OF 7084.00000 AT BRANCH 36 PIVOT 278BOUND ON OPTIMUM: 10958 .00DELETE X5 AT LEVEL 36DELETE M10 ÀT LEVEL 35DELETE X16 AT LEVEL 34DELETE X7 ÀT LEVEL 33DELETE X4 AT LEVEL 32DELETE Mil AT LEVEL 31DELETE M8 AT LEVEL 30DELETE XI4 AT LEVEL 29DELETE X2 AT LEVEL 28DELETE XI7 AT LEVEL 27DELETE XI7 AT LEVEL 26FLIP M6 TO >=ะ 3 AT 25 1?ITH BND- 7816.1851SET X2 TO < = 2 AT 26, BND- 7816. TWIN--0. 10Û0E+31 282SET X4 TO < = 3 AT 27. BND- 7816: TWIN—0.1000E+31 282SET X7 TO < = 2 AT 28. BND- 7816: TWIN—0.1000E+31 282SET XI4 TO <» 4 AT 29, BND- 7816: TWIN—0.1000E+31 282SET XI5 TO <- 1 AT 30. BND- 7816: TWIN— 0.1000E+31 282SET XI6 TO <“ 2 AT 31, BND- 7816: TWIN— 0.1000E+31 282SET XI8 TO <* 2 AT 32, BND- 7816: TWIN—0.1000E+31 282SET M3 TO < = 2 AT 33. BND- 7816: TWIN— 0.1000E+31 282SET M6 TO <» 3 AT 34, BND- 7816: TWIN— 0.1000E+31 282SET M8 TO <» 2 AT 35, BND- 7816: TWIN— 0.1000E+31 282SET M9 TO < = 2 AT 36, BND- 7816: TWIN— 0.1000E+31 282SET M10 TO < = 2 AT 37, BND- 7816: TWIN— 0.1000E+31 282SET Mil TO < = 2 AT 38. BND- 7816: TWIN— 0.1000E+31 282SET M5 TO <» 2 AT 39. BND- 6964: TWIN- 0 . 0000E+00 288DELETE M5 AT LEVEL 39DELETE Mil AT LEVEL 38DELETE M10 AT LEVEL 37DELETE M9 AT LEVEL 36DELETE M8 AT LEVEL 35DELETE M6 AT LEVEL 34DELETE M3 AT LEVEL 33DELETE XI8 AT LEVEL 32DELETE XI6 AT LEVEL 31DELETE XI5 AT LEVEL 30DELETE XI4 AT LEVEL 29DELETE X7 AT LEVEL 28DELETE X4 AT LEVEL 27DELETE X2 AT LEVEL 26DELETE M6 AT LEVEL 25DELETE M3 AT LEVEL 24DELETE M8 AT LEVEL 23DELETE Ml AT LEVEL 22FLIP M13 TO <=t 2 AT 21 1WITH BND- 9937.0000SET Ml TO > = 1 AT 22, BND- 9937. TWIN— o: 1000E+31 296SET Ml3 TO > = 2 AT 23. BND- 9937: TWIN- 5576. 300SET XI7 TO < = 1 AT 24. BND- 9937: TWIN- 9494. 305SET XI7 TO > = 1 AT 25. BND- 9937: TWIN- 0 :0000E+00 308SET X2 TO < = 2 AT 26, BND- 9937. TWIN- 9494. 310SET XI4 TO < = 4 AT 27. BND- 9937: TWIN- 9494. 312SET Mil TO <« 2 AT 28. BND- 993?: TWIN- 9494: 314
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SET X3 TO <- 2 AT 29. BND- 9937. TWIN- 9308. 323SET M9 TO >- 3 AT 30. BND- 9494 ! TWIN- 9 9 3 7 ; 325SET M8 TO >" 2 AT 3 l! BND- 9145. TWIN- 5479. 333SET M3 TO >- 2 AT 32. BND- 8779 ! TWIN- 5104. 343SET X4 TO <- 3 AT 33. BND* 8779. TWIN— 0.1000E+31 343SET in  TO < - 2 AT 34. BND- 8779. TWIN— 0 . 1000E+31 343SET- XI5 TO <- 1 AT 35, ffilD- 8779. TWIN—0 . 1000E+31 343SET XI6 TO < - 2 AT 36. BND- 8779. TWIN—0 . 1000E+31 343SET- XI8 TO <- 2 AT 37. BND= 8779 ! TWIN— 0.1000E+31 343SET M3 TO <- 2 AT 38. BND- 8779. TWIN—0 . 1000E+31 343SET- M8 TO <- 2 AT 39. BND- 8779 ! TWIN— 0 . 1000E+31 343SET M10 TO <- 2 AT 40, BND= 8779 ! TWIN—0.1000E+31 343SET- M6 TO <- 2 AT 41. BND» 7084. TWIN- 6964. 347DELETE MS ÀT LEVEL 41DELETE M10 AT LEVEL 40DELETE H8 AT LEVEL 39DELETE M3 AT LEVEL 38DELETE XI8 AT LEVEL 37DELETE XI ริ AT LEVEL 36DELETE X15 AT LEVEL 35DELETE 17 AT LEVEL 34DELETE X4 AT LEVEL 33DELETE M3 AT LEVEL 32DELETE M8 AT LEVEL 31FLIP M9 TO <■ 2 AT 30 WITH BND- 9937.0000SET X5 TO <- 3 AT 31. BND= 9937. TWIN- 9080. 383SET- X4 TO < = 3 AT 32. BND= 9937 . TWIN- 9 4 9 4 : 385SET X6 TO < = 3 AT 33. BND=* 9937. TWIN- 9014. 414SET XI6 TO < - 2 AT 34, BND= 9 9 3 7 ; TWIN- 9494. 417SET X7 TO < = 2 AT 35. BND= 9937. TWIN- 9494. 419SET M10 TO < = 2 AT 36, BND= 3 3 3 7 . TWIN- 9494. 422SET M8 TO < - 2 AT 37, BND- 9937. TWIN- 9145. 443SET M8 TO >- 2 AT 38, BND- 9937. TWIN- 5479. 445SET M6 TO >- 3 AT 39. BND- 9 9 3 7 ; TWIN- 7084. 447SET X5 TO >- 3 AT 40, BND“ 9 9 3 7 : TWIN- 6964 ! 449SET X3 TO >» 2 AT 41. BND= 9937. TWIN- 5104. 451
NEW INTEGER SOLUTION OF 9937.00000 AT BRANCH 59 PIVOT 451BOUND ON OPTIMUM: 10958 00DELETE X3 AT LEVEL 41DELETE X5 AT LEVEL 40DELETE MS AT LEVEL 39DELETE M8 AT LEVEL 38DELETE M8 AT LEVEL 37DELETE M10 AT LEVEL 36DELETE in AT LEVEL 35DELETE XI6 AT LEVEL 34DELETE X6 AT LEVEL 33DELETE X4 AT LEVEL 32DELETE X5 AT LEVEL 31DELETE M9 AT LEVEL 30DELETE X3 AT LEVEL 29DELETE Mil AT LEVEL 28DELETE XI4 AT LEVEL 27DELETE X2 AT LEVEL 26DELETE XI7 AT LEVEL 25DELETE XI7 AT LEVEL 24DELETE Ml 3 AT LEVEL 23DELETE Ml AT LEVEL 22DELETE Ml 3 AT LEVEL 21DELETE M10 AT LEVEL 20DELETE XI6 AT LEVEL 19DELETE 17 AT LEVEL 18DELETE M9 AT LEVEL 17DELETE X8 AT LEVEL 16DELETE Ml 3 AT LEVEL 15DELETE M10 AT LEVEL 14DELETE X4 AT LEVEL 13DELETE X7 AT LEVEL 12DELETE X4 AT LEVEL 11DELETE M9 AT LEVEL 10DELETE XI4 AT LEVEL 9FLIP Ml TO >» 2 AT 8 WITH BND- 10583.049SET M9 TO >- 2 AT 9, BND= 0 . 1052E+05 TWIN- 5734. 478SET M10 TO >» 2 AT 10. BND= 0 . 1047E+05 TWIN- 5584. 483
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SET M7 TO >- 2 AT 11. BHD- 0 .1040E+05 TWIN- 5584. 496SET X2 TO <- 2 AT 12. BND- 0 !1040E+05 TWIH--0. 1000E+31 496SET X1S TO <- 1 AT 13. KID- 0 .1040E+05 TWIN— o;ïoÔOE+31 496SET XI8 TO <- 2 AT 14. BND- 0 .1040E+05 TWIN— 0.1000E+31 496SET Ml TO <- 2 AT 15. BHD- 0 !1040E+05 TWIN— 0.1000E+31 496SET M7 TO <- 2 AT 16. BHD- 0 . 1040E+05 TWIN— 0.1000E+31 496SET M9 TO <■ 2 AT 17. BND- 0 . 1040E+05 TWIN— 0.100 OE+31 496SET M1Û TO <- 2 AT 18. BND- 0 1040E+05 TWIN— 0.1000E+31 496SET Mil TO <- 2 AT 19, BND- 0 ! 1040E+05 TWIN— 0.1000E+31 496SET Ml 3 TO >» 2 AT 20. BND- 0 1033E+05 TWIN- 5576. 501SET Ml 3 TO <- 2 AT 21. KID- 0 .1033E+05 TWIN—0.1000E+31 501SET M8 TO >= 2 AT 22. BND- 0 1026E+05 TWIN- 5479. 506SET M8 TO <- 2 AT 23, BND- 0 . 1026E+05 TWIN— 0.1000E+31 506SET M3 TO <- 2 AT 24, BND- 0 . 1021E+05 TWIN- 9583. 521SET M3 TO >» 2 AT 25, BND- 0 !1021E+05 TWIN— 0.1000E+31 521SET XI4 TO >» 4 AT 26. BND- 9 8 91T TWIN- 8601. 524DELETE XI4 AT LEVEL 26DELETE M3 AT LEVEL 25DELETE M3 AT LEVEL 24DELETE M8 AT LEVEL 23DELETE M8 AT LEVEL 22DELETE Ml 3 AT LEVEL 21DELETE Ml 3 AT LEVEL 20DELETE Mil AT LEVEL 19DELETE M10 AT LEVEL 18DELETE M9 AT LEVEL 17DELETE M7 AT LEVEL 16DELETE Ml AT LEVEL 15DELETE XI8 AT LEVEL 14DELETE XI5 AT LEVEL 13DELETE X2 AT LEVEL 12DELETE M7 AT LEVEL 11DELETE M10 AT LEVEL 10DELETE M9 AT LEVEL 9DELETE Ml AT LEVEL 8DELETE Ml 2 AT LEVEL 7DELETE Mil AT LEVEL 6DELETE X15 AT LEVEL 5DELETE XI8 AT LEVEL 4DELETE X2 AT LEVEL 3FLIP D4 TO >■ 11476 AT 2 WITH BND- 10958.000SET Ml 2 TO >= 1 AT 3, BND- 0 . 1096E+05 TWIN— 0.1000E+31 539SET M10 TO <* 2 AT 4. BND- 0 . 1096E+05 TWIN- 0 . 1076E+05 547SET XI8 TO >» 2 AT 5. KID- 0 !1096E+05 TWIN- 6537. 553SET M2 TO >» 2 AT 6. BND- 0 1095E+05 TWIN— 0.1000E+31 556SET Ml TO >- 2 AT วิ. KID- 0 .1059E+05 TWIN— 0.1000E+31 562SET M i  l  TO >» 2 AT 8. BND- 0 1048E+05 TWIN- 6004. 567SET M9 TO >» 2 AT 9. BND- 0 .1039E+05 TWIN- 5734. 585SET XI8 TO <- 2 AT 10, BND- 0 . 1039E+05 TWIN— 0 . 1000E+31 585SET Ml TO <- 2 AT 11. BND- 0 !1039E+05 TWIN—0.1000E+31 585SET M2 TO <- 2 AT 12. BND- 0 1039E+05 TWIN— 0.1000E+31 585SET M9 TO <- 2 AT 13. BND- 0 1039E+05 TWIN— 0.1000E+31 585SET Mil TO <- 2 AT 14. BND- 0 . 1039E+05 TWIN— 0.1000E+31 585SET M7 TO >- 2 AT 15. BND- 0 . 1032E+05 TWIN- 5584. 589SET M7 TO < - 2 AT 16. BND- 0 1032E+05 TWIN— 0.1000E+31 589SET M10 TO >- 2 AT 17. BND- 0 . 1022E+05 TWIN- 5584. 600SET Ml 3 TO >» 2 AT 18. BND- 0 1011E+05 TWIN- 5576. 604SET Ml 3 TO <=* 2 AT 19, KID- 0 !1011E+05 TWIN— 0.1000E+31 604SET M8 TO > = 2 AT 20, BND- 99887 TWIN- 5479. 616SET M8 TO <» 2 AT 21, BND- 9988. TWIN— 0.1000E+31 616SET M3 TO > = 3 AT 22. BND- 9 3 9 7 ; TWIN— 0.1000E+31 622DELETE M3 AT LEVEL 22DELETE M8 AT LEVEL 21DELETE M8 AT LEVEL 20DELETE Ml 3 AT LEVEL 19DELETE Ml 3 AT LEVEL 18DELETE M10 AT LEVEL 17DELETE M7 AT LEVEL 16DELETE M7 AT LEVEL 15DELETE Mil AT LEVEL 14DELETE M9 AT LEVEL 13DELETE M2 AT LEVEL 12DELETE Ml AT LEVEL 11DELETE XI8 AT LEVEL 10DELETE M9 AT LEVEL 9
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DELETE Mil AT LEVEL 8DELETE Ml AT LEVEL 7DELETE M2 AT LEVEL 6DELETE XI8 AT LEVEL 5FLIP M10 TO >■ 3 AT 4 WITH BHD- 10755.981SET Ml TO >- 2 AT 5. BHD- 0 . 1039E+05 TWIH--0. 1000E+31 645SET M2 TO >- 2 AT ริ. BHD- 0 !1028E+05 TWIH--0!1000E+31 646SET Ml TO <» 2 AT 7. BHD- 0 . 1028E+05 TWIH--0. 1000E+31 646SET M2 TO <- 2 AT a. BHD- 0 !1028E+05 TWIH--0. 1000ÏË+31 646SET M10 TO <“ 3 AT 9. BHD- 0 .1028E+05 TWIH--0. 1000E+31 646SET Mil TO >= 2 AT 10, BHD- 0 . 1014E+05 TWIH- 6004. 653SET X4 TO >- 4 AT 13, BHD- 0 1014E+05 TWIH--0. 1000E+31 653SET M3 TO >» 3 AT 13, BHD- 0 .1014E+05 TWIH— ô:i000E+31 653SET M4 TO >- 4 AT 13, BHD- 0 . 1014E+05 TWIH— 0.1000E+31 653SET D4 TO <- 11476 AT 14. BHD- 9344. TWIH--0. 1000E+31 674SET M3 TO < = 3 AT 15, BHD- 9344 ; TWIH— 0.1000E+31 674SET M4 TO <- 4 AT 16, BHD- 9344. TWIH— 0.1000ÏE+31 674SET Mil TO <* 2 AT 17, BHD- 9344. TWIH--0. 1000E+31 674SET M9 TO >- 2 AT 18, BHD- 9156. TWIH- 5734. 684DELETE M9 AT LEVEL 18DELETE Mil AT LEVEL 17DELETE M4 AT LEVEL 16DELETE M3 AT LEVEL 15DELETE D4 AT LEVEL 14DELETE M4 AT LEVEL 13DELETE M3 AT LEVEL 12DELETE X4 AT LEVEL 11DELETE Mil AT LEVEL 10DELETE M10 AT LEVEL 9DELETE M2 AT LEVEL 8DELETE Ml AT LEVEL 7DELETE M2 AT LEVEL 6DELETE Ml AT LEVEL 5DELETE M10 AT LEVEL 4DELETE Ml 2 AT LEVEL 3DELETE D4 AT LEVEL 2FLIP Ml2 TO >■ 2 AT 1 WITH BHD- 10939.583SET Ml TO >- 2 AT 2, BHD- 0 . 1065E+05 TWIH- 9937. 708SET M2 TO >» 2 AT 3. BHD- 0 .1052E+05 TWIH- 6605. 713SET Mi l  TO > = 2 AT 4. BHD- 0 . 1043E+05 TWIH- 6004. 717SET M9 TO >- 2 AT 5. BHD- 0 !1036E+05 TWIH- 5734. 723SET M7 TO >- 2 AT ริ. BHD- 0 . 1030E+05 TWIH- 5584. 727SET Ml TO <- 2 AT 7, BHD- 0 . 1030E+05 TWIH— 0.1000E+31 727SET M2 TO < = 2 AT 8, BHD- 0 . 1030E+05 TWIH— 0.1000E+31 727SET M7 TO < = 2 AT 9, BHD- 0 . 1030E+05 TWIH— 0.1000E+31 727SET M9 TO < » 2 AT 10. BHD- 0 !1030E+05 TWIH— 0.1000E+31 727SET M il TO <» 2 AT 11. BHD- 0 !1030E+05 TWIH— 0.1000E+31 727SET Ml2 TO <- 2 AT 12. BHD- 0 !1030E+05 TWIH— 0.1000E+31 727SET M10 TO >- 2 AT 13, BHD- 0 1023E+05 TWIH- 5584. 732SET M10 TO <- 2 AT 14. BHD- 0 . 1023E+05 TWIH— 0.1000E+31 732SET Ml 3 TO >- 2 AT 15, BHD- 0 . 1015E+05 TWIH- 5576. 736SET M13 TO <- 2 AT 16, BHD- 0 . 1015E+05 TWIH— 0.1000E+31 736SET M8 TO >- 2 AT 17. BHD- 0 . 1007E+05 TWIH- 5479. 751SET M8 TO <» 2 AT 18. BHD- 0 !1007E+05 TWIH— 0.1000E+31 751SET M3 TO >- 2 AT 19, BHD- 0 1006E+05 TWIH- 5104. 753SET M3 TO <- 2 AT 20, BHD- 0 . 1006Ë+05 TWIH— 0.1000E+31 753SET M4 TO >- 3 AT 21, BHD- 9824. TWIH- 7536. 755DELETE M4 AT LEVEL 21DELETE M3 AT LEVEL 20DELETE M3 AT LEVEL 19DELETE M8 AT LEVEL 18DELETE M8 AT LEVEL 17DELETE Ml 3 AT LEVEL 16DELETE Ml 3 AT LEVEL 15DELETE M10 AT LEVEL 14DELETE M10 AT LEVEL 13DELETE Ml 2 AT LEVEL 12DELETE Mil AT LEVEL 11DELETE M9 AT LEVEL 10DELETE M7 AT LEVEL 9DELETE M2 AT LEVEL 8DELETE Ml AT LEVEL 7DELETE M7 AT LEVEL 6DELETE M9 AT LEVEL 5DELETE Mil AT LEVEL 4
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DELETE M2 AT LEVEL 3DELETE Ml AT LEVEL 2DELETE H12 AT LEVEL 1ENUMERATION COMPLETE. BRANCHES* 91 PIVOTS*
LAST INTEGER SOLUTION IS THE BEST FOUND RE-INSTALLING BEST SOLUTION..7

OBJECTIVE FUNCTION VALUE
1) 9937.000

VARIABLE VALUE REDUCED COSTD1 9 9 3 7 T 0 0 0 0 0 0 o T o o o o o oD2 9937 ! 000000 0 : 0 0 0 0 0 0D3 9937.000000 0.000000D4 9 9 3 7 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0D5 9937.000000 0.000000D6 9937.000000 0 : 0 0 0 0 0 0D7 9937.000000 0.000000D8 9937.000000 0 : 0 0 0 0 0 0D9 9937.000000 0.000000DIO 9937.000000 0 000000D ll 9937.000000 0.000000D12 9 9 3 7 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0D13 9937.000000 0.000000D14 9937 000000 0 : 0 0 0 0 0 0D15 9937.000000 0.000000D16 9 9 3 7 : 0 0 0 0 0 0 0.000000D17 9937.000000 0.000000D18 9 9 3 7 : 0 0 0 0 0 0 - 1 : 0 0 0 0 0 0XI 1.000000 0 : 0 0 0 0 0 0X2 2.000000 0 :000000X3 2.000000 0.000000X4 3 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X5 3.000000 0.000000
x s 3 : 0 0 0 0 0 0 0 :000000X7 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X8 2.000000 0 : 0 0 0 0 0 0X9 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0XI0 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X ll 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X12 i : 000000 0 : 0 0 0 0 0 0X13 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X14 4.000000 0.000000XI5 1 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0X16 2.000000 0 : 0 0 0 0 0 0X17 i : 000000 0 : 0 0 0 0 0 0XI8 2 : 0 0 0 0 0 0 0.000000Ml i : 000000 0 : 0 0 0 0 0 0M2 2.000000 0.000000M3 2.000000 0 : 0 0 0 0 0 0M4 3 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0M5 3 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0M6 3.000000 0.000000M7 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0M8 2 : 0 0 0 0 0 0 0.000000M9 2 : 0 0 0 0 0 0 0 : 6 0 0 0 0 0M10 2.000000 0.000000Mil 2 : 0 0 0 0 0 0 6 : 6 6 6 6 6 6M12 1.000000 0.000000Ml 3 2 : 0 0 0 0 0 0 0 : 6 6 6 6 6 6Ml 4 4.000000 0 0 0 6 0 6 6Ml 5 i . 000000 6 : 6 6 6 6 6 6M16 2.000000 0.000000Ml 7 i : 000000 0 : 6 0 6 6 6 6M18 2.000000 0.000000s i i . 000000 0.000000S2 2 : 0 0 0 0 0 0 0 : 0 0 0 0 0 0S3 2.000000 6 : 6 6 6 6 6 6S4 3.000000 0 . 0 0 0 0 0 0S5 3 : 0 0 0 0 0 0 6 : 6 6 6 6 6 6S6 3.000000 0 . 0 0 0 0 0 0S7 2 : 0 0 0 0 0 0 0 : 0 6 6 6 6 6S8 2.000000 0 : 0 0 0 0 0 0
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TABLE B-3
PROGRAM LISTING FOR TESTING THE APPLICATION OF THE MODEL 

WHEN REMOVE THE CONSTRAINT OF TOTAL NUMBERS OF OPERATOR

MODEL
max d l8  !o b j . fu n c . max dn
11. d ( i+ l)< = d i i ”l ..........n -1
d l8 -d l7 < 0  d l7 -d l6 < 0  d l6 -d l5 < 0  d l5 -d l4 < 0  d l4 —dl3< 0 d l3 -d l2 <  0 d l2 -d l l< 0  d l l —dlO< 0 d l0-d 9< 0  d9-d8< 0 d8-d7<0  d7-d6< 0 d6-d5< 0 d5-d4< 0 d4-d3<0  d3-d2<0  d 2-d l< 0
12. c a se3  o p era to r  w orking w ith  t o o l in g  dl-9937m l<0d2-6605m2<0d3-5104m3<0d4-3768m4<0dS-3482m5<0d6-3542m6<0d7-5584m7<0d8-5479m8<0d9-5734m9<0dl0-S584m l0<0d l l —6004m ll<0dl2-10958m l2<0dl3-5576m l3<0dl4-2867m l4<0d l5 —13059ml5<0dl6-5538m l6<0dl7-10349m l7<0d l8 —6537ml8< 0

m l-x l= 0m2-x2=0m3-x3=0m 4-x4“0m 5-x5“0m 6-x6“0m7-x7=0m8-x8=0m9-x9=0mio-xio-om il—x ll= 0m l2 -x l2 -0m l3 -x l3 “0m l4-x l4= 0m lS-xl5=0m l6-x l6= 0m l7-x l7= 0m l8-xl8=0
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1 3 .sp ace  s i  >■  s i ( o p e r a t o r )  m u lt ip ly  Xis i —X1>0ร ิ2-X2>0ร 3-X3>0ร ิ4-X4>0s5-X 5 >0ร ิ6-X6>0ร ? -X7>0
ริร ่—X8>0s9-X9>0
ร ิi o - x i o > os l l —X11>0 ร ิÏ2-XÏ2>0 s l 3 —1 . 5X13>0 ร ิi 4 - i .5X14 >0 sÏ5-X15>0  sÏ6-lT 5X i6> 0  sl7-X 17>0  s l 8 —X18>0
s l+ s2 + s3 + s4 + s 5 + s6 + s7 + s8 + s 9 + s l0 + s ll+ s l2 + s l3 + s l4 + s l5 + s l6 + s l7 + s l8 <  48
! bound on operator(xi)xi< 35x2<ริอุ่x3<30x4< 30x5<30x6< 30x7< 30x8<30x9<35
Xl0<30x ll< 3 0xl2<30
xl3<18x i4 < i7xl5<30
Xl6<18x l7< 30xl8< 45
1 bounded on machine(mi)ml< 15
m2<10m3< 10m4< 10m5<10m6< 10m7<iom8< 10m9< 20ml0<10m ii< iom l2 < ioml3< 5ml4<7ml5<10ml6<5m Ï7<ioml8<15END
! INTEGER PROGRAMMINGGIN D1GIN D2GIN D3GIN จ ิ4GIN จ ิ5GIN จิธัGIN จิ?GIN จิร GIN จ ิ9 GIN จ ิ! 0 GIN จ ิน
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G IN  D 12  
G IN  M 3  
G IN  D 14  
G IN  D 15  
G IN D 16  
G IN  D 17  
G IN D 18
GIN XI GIN X2 GIN X3 GIN X4 GIN X5 GIN X6 GIN X7 GIN 18 GIN X9 GIN X10 GIN X ll  GIN X12 GIN X13 GIN X14 GIN X15 GIN X16 GIN X17 GIN XI8
GIN Ml GIN M2 GIN M3 GIN M4 GIN M5 GIN M6 GIN M7 GIN M8 GIN M9 GIN M10 GIN Mil GIN M12 GIN M13 GIN Ml4 GIN M15 GIN Ml6 GIN Ml7 GIN M18

REPORT 50LÜTIQN

LAST INTEGER SOLUTION IS THE BEST FOUND RE-INSTALLING BEST SOLUTION.77
OBJECTIVE FUNCTION VALUE
1) 11077.00

VARIABLE VALUE REDUCED COSTD1 19874.000000 0.000000D2 13209.000000 Ô OOOOOOD3 13209.000000 ' 0.000000D4 11303 ! 000000 0.000000D5 11303.000000 0.000000D6 11303.000000 0.000000D7 11168.000000 0.000000D8 11152.000000 0.000000D9 11152.000000 0 000000DIO 11152.000000 o ^ o o o o o oD ll 11152.000000 0.000000D12 11152 ! 000000 o ^ o o o o o oD13 11152.000000 0.000000D14 11152.000000 ChOOOOOOD15 11152.000000 0.000000D16 11077 ! 000000 0.000000D17 11077.000000 0.000000
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