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APPENDICES

Appendix A Programming Model for Grass-Roots Design

STITLE HEN design- Automatic parameter calculation
[OFFUPPER
SONTEXT

SOFFTEXT

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkk
*

INPUT SETS
******************‘ **********+**************************************************

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

SETS
Z transfer zones  [21*Z2/

{ ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
[ Hot streams /11 *13/
Jcold streams ~ [J1*J3/
{ ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX
HU(I) Heating utilities /13/
CU(Q) Cooling utilities 33/

M temperature intervals /M1*M 112/
SCENARIO ISI/
K exchangers per pair of stremas in each zone /K1*K1/
FREEH(I) HOT STREAMS INCLUDED IN THIS RUN /11,1213
FREEC(J) COLD STREAMS INCLUDED IN THIS RUN /J1,02,J3/

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

* INPUT PARAMETERS

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk



PARAMETERS
NIZ(S,Z,]) NUMBER OF INTERVALS DESIRED FOR HOT STREAMS IN EACH ZONE
/
SLZLII 32
SIZ112 16
SLZ1136
/
NJZ(S,Z,J) NUMBER OF INTERVALS DESIRED FOR COLD STREAMS IN EACH ZONE
/
S1Z1I 32
SLZLR 20
S17133 6
/
HI(S,I) HEAT TRANSFER COEFFICIENT FOR HOT STREAMS
/
SLIT02
S11202
11302
/
| (,;) HEAT TRANSFER COEFFICIENT FOR COLD STREAMS
/
S1)102
13202
13302
I
TIH(S.I) SUPPLY (INLET) TEMPERATURE FOR HOT STREAMS
/
SLII' 175.0000
112 125.0000
113 180.0000

/

TOH(S,I) TARGET (FINAL) TEMPERATURE FOR HOT STREAMS



I
s 111 45.0000
112 65.0000
113 179.0000
/
TIC(S.J) SUPPLY (INLET) TEMPERATURE FOR COLD STREAMS
/
S1.J1 200000
2 40.0000
3 15.0000
/
TOC(S.J) TARGET (FINAL) TEMPERATURE FOR COLD STREAMS
/
S1J1 155.0000
2 112.00
3 25,0000
/
TIHZ(S,Z,1) SUPPLY (INLET) TEMPERATURE FOR HOT STREAMS IN EACH ZONE
/
SLZLIT 175.00
S1.Z112 125.00
S1.Z1.13 180.00
/
TOHZ(S,Z,]) TARGET (FINAL) TEMPERATURE FOR HOT STREAMS IN EACH ZONE
/
SLZ11145.00
S1.Z1.1265.00
SI'Z113 179.0000
/
TICZ(S,Z,J) SUPPLY (INLET) TEMPERATURE FOR COLD STREAMS IN EACH ZONE
/
S1.Z1.1 20.0000
$1.71.32 40.0000
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$1.71.33 150000
/

TOCZ(S.2.J) TARGET (FINAL) TEMPERATURE FOR COLD STREAMS IN EACH ZONE
/

S1.Z1J1 1550000

S1.Z1J2 1120000

SLZL13 25.00

/

FH(S/) FCp (FLOW*Cp) FOR HOT STREAMS.

 USE THE MAXIMUM FCp FOR THE UTILITIES

/

sLIl 10

SL2 40

13 605

/

FC(SJ)  FCp (FLOW’ Cp) FOR COLD STREAMS

+ USE THE MAXIMUM FCp FOR THE UTILITIES

/

SLit 20
Lz B
SLI3 825

/

BIF(Z, ) ALLOW MORE THAN ONE EXCHANGER IN EACH ZONE
/

ZLILL 0

/

SPH(1) ALLOW SPLITTING FOR HOT STREAMS (SH in paper)

—_

BB =

/
SPC(J) ALLOW SPLITTING FOR COLD STREAMS (SC in paper)
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I

2 1

B

/

NIH(I) NON ISOTHERMAL MIXING FOR HOT STREAMS
/

1 0

/

NIC(J) NON ISOTHERMAL MIXING FOR COLD STREAMS
/

I o

/

DTVIO(1J) SET TO ZERO IF TEMPERATURE FEASIBILITY CHECKING ISNOT NEEDED
*THAT IS, WHEN STREAM TEMPERATURES DO NOT OVERLAP.
/

11 |

nw e 1

IL3 1

VAL

232 1

2B 1

BJL 1

B 21

/

KMAX(Z, ) MAXIMUM NUMBER OF EXCHANGERS PER MATCH WHEN ALLOWED (BIF=1)
I

211101 1

/

DTHU(I) TEMPERATURE CHANGE OF HOT UTILITY

/

B 1

/



DTCU(J) TEMPERATURE CHANGE OF COLD UTILITY
,

B

|

FMAX_ (1) MAXIMUM FLOW OF HOT UTILITY
/

B 605

|

FMAXCU(J) MAXIMUM FLOW OF COLD UTILITY
|

13 525

/

CHU(I) COST OF HOT UTILITY (PER UNIT FLOW)
/

B 19750

/

CCU()) COST OF COLD UTILITY (PER UNIT FLOW)
/

B 181

/

CF FIXED COST PER SHELL

52919/

CA COST PER UNIT AREA

177,788/

QLHMIN MINIMUM HEAT THAT CAN BE TRANSFERRED IN EACH HOT STREAM INTERVAL

food

QLCMIN MINIMUM HEAT THAT CAN BE TRANSFERRED IN EACH COLD STREAM INTERVAL

focd

AMAX MAXIMUM AREA PER EXCHANGER
120000/

ASHELLMAX MAXIMUM AREA PER SHELL
15000/

TOTNEXCHMAX MAXIMUM NUMBER OF EXCHANGERS IN THE NETWORK (ALL ZONES)
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1900/

TOTNEXCHMIN MINIMUM NUMBER OF EXCHANGERS IN THE NETWORK (ALL ZONES)
n

DTMIN MINUMUM APPROACH TEMPERATURE IN ALL MATCHES (HRAT)

nor,

* END OF INPUT PARAMETERS
* START OF AUTOMATIC CALCULATION OF PARAMETERS

ALIAS (
ALIAS (11
ALIAS (139

ALIAS (KKK)
ALIAS (Z,Z2);

MN.L,0)
i)

SCALARS Si, Zi, Mi, Ic, Ji

PARAMETERS IHMInZ(S,Z,I) IHMaxZ(S,Z 1), Hmax(S, 1), IHmin(S,1),
HOT(S,I,M). HOT2(S,M), HOTZ(S,Z, | M), ICminZ(S.Z,J),|CmaxZ(S.Z.J),
ICmin(S,J),/Cmax(S,J),COLD(S,3;M),COLD2(S,M), COLDZ(S.Z,J M),
H ISIM), H_JSIM)
* WE FIRST CALCULATE THE STARTING INTERVALS FOR EACH STREAM FOR EACH
* SCENARIO IN EACH ZONE: HminZ(S.2,)

FOR(Si=l TO CARD(S),
FOR(Zi=! TO CARD(2),
FOR(Ic=I TO CARD(l),
IHminZ(S,Z,))$[ORD(S)=Si AND ORD(1)=I AND ORD(Z)=I]=
0+ 1§NIZ(S.Z)>=1];
IHminZ(S.Z,))S[ORD(S)=Si AND ORD(1}>1 AND ORD(Z)=I]=
0+ {SUM((ZZ,INS[ORD(II)<ORD(INIZ(S,ZZ 1)+ SNIZ(SZ 1)>=1];
IHminZ(S,Z.)$(ORD(S)=Si AND ORD(Z)>1]=
0+ {SUM((ZZ,II)$(ORD(IN<ORD()NIZ(S.ZZI))+



SUM(ZZ$[ORD(ZZ)< Zi] NIZ(S,ZZ, )+ 1$IN1Z(S.Z)>=1];
IHmMaxZ(S.Z.I)S[ORD(S)=Si AND ORD(1)=lc AND ORD(Z)=Zi=
0+ )IHmInZ(S,Z,[#NIZ(S.Z, ) )$NIZ(S.Z,)>=1];
IHinin(S.))$[ORD(S)=Si AND ORD(l)=Ic]=
SUM[ZS{SUM(ZZS[ORD(ZZ)<=0RD(Z)- [ NIZ(S,ZZ,1)=0}. HminZ(S, 2,1
IHmax(S.1)J(URD( )=M AND GRD(1)=Ic]=
SUM[Z${ M(ZZ$[ORD(ZZ)>=ORD(ZH]NIZ(S.2Z,1))=0}ImaxZ(S.Z,)]:

FOR(Mi=I TO CARD(M),
HOT(S.I,M)${ORD(S)=Si AND ORD(I)=Ic AND ORD(M)=Mi]=
0+ 1$[ORD(M)>= IHmin(S.I) AND ORD(M)<=IHmax(S,!)];
HOT2(S,M)$[ORD(S)=Si AND ORD(M)=Mi]=
0+ I$[ORD(M)<= SUM(IS(ORD(I)=CARD(l)),IHmax(S,1))1;
HOTZ(S,Z,. M)$[ORD(S)=Si AND ORD()=Ic AND ORD(M)=Mi
AND ORD(2)=Zi]=
04 IS[ORD(M)>= IHminZ(S,Z,1) AND ORD(M)<=IHmaxZ(S,Z,1)];
H_I(S,I,M)$[ORD(S)=Si AND ORD()=Ic AND ORD(M)=Mi
AND HOT(S,IM)=l] = HI(S ) ;
)

FOR(Ji=l TO CARD(),
ICminZ(S,Z,J)S{ORD(S)=Si AND ORD(J)=LAND ORD(Z)=I]=
0+ {SUM(IS[ORD(1)=CARD(I)], Hmax(S, )} +LISINIZ(S.Z)>=1 ]
ICminZ(S,Z,)S[ORD(S)=Si AND ORD(J)>1AND ORD(Z)=I]=
0+ {SUM{IS[ORD(1)=CARD(1] IHmax(s,1)]
+SUM(ZZ Jn[ORD(IORDIINIZ(S ZZ I+ HSINIZS =]
ICminZ(S,Z,)${ORD(S)=Si AND ORD(Z)>I]=
0+ {SUM{IS{ORD(1)=CARD(1)]IHmax(S,])!
+ SUM((ZZ J)S[ORD(1)<ORDU)INIZ(S.2Z.1)
+ SUM(ZZS[ORD(ZZ)< Zi,NIZ(S,ZZ,d)+LI8INIZ(S.Z,)>=1];
ICmaxZ(S,Z,J)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(Z)=Zil=
O+ {IOminZ(SZNIZS Z,)-DSNZIS Z =],
ICmin(S,J)S[ORD(S)=Si AND ORD(J)=Ji]=
SUM[Z${SUM(ZZ$(ORD(ZZ)<=0RD(2)-,NIZ(S.2Z,))=0}ICminZ(S,Z, )]



ICmax(S,J)i[ORD(S)=Si AND ORD(J)=Ji]=
SUM[Z${SUM(ZZ$[ORD(ZZ)>=ORD(Z)+I]NJZ(S,2Z,))=0},ICmaxZ(S,Z,J)];

FOR(Mi=l TOCARD(M).
COLD(S.J.M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mil=
0+ ISLORD(M)>= ICrmin(S.J) AND ORD(M)<=ICmax(S.J)];

COLD2(S.M)S[ORD(S)=Si AND ORD(M)=Mil=
0+ 13[ORD(M)>SUM(I$(ORD(I)=CARD(1)),IHmax(s, )
AND ORD(M)<=SUM(J$(ORD(J)=CARD(J)),ICmax(S.J));
COLDZ(S.Z,;M)$[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND ORD(2)=Zi= 0+ IS[ORD(M)>= ICminZ(S,ZJ)
AND ORD(M)<=ICmaxZ(S.Z,)]:
H_J(S,J M)S[ORD(S)=Si AND ORD(J)=Ji AND ORD(M)=Mi
AND COLD(S,JM)=l] = HI(S);

)

PARAMETERS DT(S,M), TU(S.M),TL(S,M),CPH(S, ,M),CPC(S,,M),DHH(S,, M) DHC(S,J M)
“WE ALWAYS DEFINE Cp AS L USER IS TOLD TO ENTER F*Cp

CPH(S,LM)$[HOT(S, I M)=1]= &
CPC(S,IM)S[COLD(S,M)=]] = &

DT(SM) = SUM((Z)S[HOTZ(S ZI M)=1 ],
{TIHZ(SZ,1)-TOUZ(S,Z,)J/[IHMaxZ(S Z,I)- HminZ(S,Z,I)+1[})
SIHOT2(S M)=1]+
SUM((ZJ)$[COLDZ(SZIM)=1,
{[TOCZ(S,Z,3)-TICZ(S,Z)[ICmaxZ(S,Z,))-ICminZ(S,Z.)}+1]})
$[COLD2(SM)=1];

FOR(Si= 1T0 CARD(S),
FOR (Mi=I TOCARD(M),
TU(S M)$[ORD(S)=Si AND ORD(M)=Mil=



{ M(ZDS[HOTZ(SZ 1 M)=I ANDORD(M)=
IHminZ(S,Z 1, TIHZ(S,Z.NS[ORD(M)=IHminZ(S,Z,))
+ SUM((Z.))$[HOTZ(SZ,|.M)=! AND ORD(M)>IHminZ(S,Z.)
AND ORD(M)<=IHmaxZ(S.2,1).
[TIHZ(S,Z,])-(ORD(M)-IHminZ(S,Z,)*DT(SM)]
S{ORD(M)>IHiuiiiZiS,Z,j) AND ORD(M)<=
IHmaxZ(S.Z.1)) (S[1LT2S M)=1]
+{ M((ZJ)S[COLDZ(S,ZJM)=I AND ORD(M)=ICminZ(S.Z,)].
TOCZ(S,Z,J)$[ORD(M)=ICminZ(S,.2.))
+ SUM((Z.J)$[COLDZ(S,Z,JM)=L AND ORD(M)>ICminZ(S.2,))
AND ORD(M)<=ICmaxZ(S.2J).
[TOCZ(S,Z,J)-ORD(M)-ICminZ(S.Z,))}*DT(S,M)]
$[ORD(M)>ICminZ(S,Z,J) AND ORD(M)<=
ICmaxZ(S,Z,J)])}$[COLD2(S M)=1];
TL(S,M)S[ORD(S)=Si AND ORD(M)=MiJ=
{SUM((Z,)$[HOTZ(S.Z,|M)=1 AND ORD(M)=
IHmMaxZ(S,Z,)], TOHZ(S.Z,)S[ORD(M)=IHmaxZ(S.Z, 1]
+ M((Z)$[HOTZ(SZI,M)=! AND ORD(M)<IHmaxZ(S,Z,)
AND ORD(M)>=IHmir Z(SZ )]
[TOHZ(S.Z,|}#(IHmaxZ(SZ,1)-ORD(M)*DT(S M)]
S[ORD(M)<IHMA\Z(S,Z,[)AND ORD(M)>=
IHmMInZ(S.Z,1)])}$HOT2(S M)=]
+{SUM((Z,))$[COLDZ(S,Z,JM)=| ANDORD(M)=ICmaxZ(S,Z,)]
TICZ(S.Z,)$[ORD(M)=ICmaxZ(S.Z.J))
+ SUM((Z,))$[COI DZ(S,ZJM)=I AND ORD(M)<ICmaxZ(S.Z,)
AND ORD(M)>=ICminZ(SZ,)].
[TICZ(S,Z}+(ICmaxZ(S,Z,))-ORD(M)*DT(S M)
$[ORD(M)<ICmaxZ(S,Z,))ANDORD(M)>=
ICminZ(S,2,)])}$[COLD2(S M)=1];
FOR(Ic=I TO CARD(),
DHH(S,I,M)$[ORD(S)=Si AND ORD(M)=Mi AND ORD(l)=Ic
AND HOT(S. | M)=I]=
FH(S,I}*CPH(S, L, MJ[TU(SM)-TLSM)]



FOR(Ji=l TO CARD(),
DHC(S.J,M)S[ORD(S)=Si AND ORD(M)=Mi AND ORD(J)=li
AND COLD(S.JM)=I]=
FC(SJ)*CPC(SJMMTUS M)-TL(SM)]

PARAMETER HHHAD(SM,N),CHEAD(S,M,N) LMTD(S MN),D(S.ZMN),
ALLOW(S.Z.1J). ALLOW_H(S.ZLM.J)ALLOW_C(S.ZJ M), ALLOW 2(Z, );

*D(SZMN)=1 MATCH BETWEEN INTERVALS M AND N ALLOWED BASED ON LMTD

*HHEAD(SMN) = {TU(S,M)-TU(SN) + DTmin)$[HOT2(S,M) AND COLD2(SN)];
*CHEAD(SMN) = {TL(S,M)-TL(SN) + DTmin}$[HOT2(SM) AND COLD2(SN)]
HHEAD(S,MN) = {TU(S,M)-TU(S,NI } [HOT2(S,M) AND COLD2(S )]
CHEAD(SM,N) = (TL(SM)-TL(S,N) J$[HOT2(SM) AND COLD2(SN)]

*LMTD(S,M,N)= {[HHEAD(S M,N)-CHEAD(S.M.NJJ/LOGHHEAD(S,M,N)/CHEAD(S MN)])
% $§[HHEAD(SMN)> 0 AND CHEAD(SM,N)>0 AND HHEAD(SMN)> CHEAD(SMN)]
%+ {[HHEAD(S,MN)*CHEAD(S,MN)]/2}$[HHEAD(S M,N)>0 AND CHEAD(S M,N)>0
* AND (HHEAD(S,M,N)< CHEAD(SM,N)OR HHEAD(S,M,N)= CHEAD(S MN))]
LMTD(S.MN)= {[HHEAD(S,MN)-CHEAD(S,M,N)J/LOG[HHEAD(S,M,N)/CHEAD(S, MN)[}
§[HHEAD(S,MN)> 0 AND CHEAD(SMN)>0
AND ( HHEAD(S M,N)> CHEAD(S,MN)+0.0001
OR HHEAD(S,M,N)< CHEAD(S,MN)-0.0001 )]
+ {[HHEAD(S,MN)+CHEAD(S,MN)J/2!$[HHEAD(S,MN)>0 AND CHEAD(S,M,N)>0
AND HHEAD(SM,N)< CHEAD(S,M,N)+0.000L AND HHEAD(S,M,N}> CHEAD(S,M,N)-0.0001];

D(S.ZMN)= 18] {HOT2(SM)=I AND HOT2(S,N)=I AND SUM[IS(HOT(S,I M)=!
AND HOT(S,I,N)=I) HOTZ(S,Z,,M)]=I AND SUM[IS(HOT(S I N)=!
AND HOT(S,| )= \HOTZ(S.Z,IN)J= L.
OR {COLD2(S;M)=! AND COLD2(S,N)=I AND SUM[J$(COLD(S,}M)=I
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AND COLD(S.JN)=1),COLDZ(S,Z.J;M)|=L AND SUM[I$(COLD(SJN)=
AND COLD(S M)=1)COLDZ(S,ZJN)J=I}
OR {(HHEAD(S.M,N)>=0.0001 AND CHEAD(SM,N)>=0.0001)
% OR {(HHEAD(SMN)>=(-0.0001+DTMIN) AND CHEAD(S.M.N)>=(-0.000+DTMIN))
AND SUM[I$(HOT(S | M)=1)HOTZ(S.Z | M)}
AND SLM[I$(COLD(S.N)=1).COLDZ(SZIN)J=1)]

FOR(Si= 170 CARD(S).
FOR(Zi=! TO CARD(2),
FOR(Ic=I TO CARD(l),
FOR(Ji=l TO CARD()),
ALLOW(S.Z, )$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=lc
AND ORD(J)=JiJ= 0+ IS{SUM[(MN)S[HOT(S.LM)=!
AND COLD(SIN)=1] D(S ZMN)] >0
AND NOT[HU(I) AND CU()]|
FOR (Mi=! TO CARD(M),
ALLOW H(S,Z,MJ)$[ORD(S)=Si AND ORD(Z)=Zi AND ORD(l)=Ic
AND ORD(J)=Ji AND ORD(M)=Mi
AND HOT(S | M)=I]=
0+ 18{SUMINS[COLD(SJN)=1] D(S.Z MN)) >0
AND NOT[HU(I)AND CU()]);
ALLOW_C(S.Z,J,M.)$[ORD(S)~Si AND ORD(Z)=Zi AND ORD(l)=lc
AND ORD(J)=Ji AND ORD(M)=Mi
AND CGLD(S IM)=1]=
0+ 18{SUM[NS[HOT(S,N)=1] D(S.Z,N,M)] >0
AND NOT[HU(I)AND CUQ)]):
)i

FOR(Zi=l TO CARD(2),
FOR(Ic=I TO CARD(),
FOR(Ji=l TO CARD()),
ALLOW 2(Z,,)$[ORD(Z)=Zi AND ORD(l)=Ic AND ORD(J)=Jil=
0+ IS(SDM[S,ALLOW(S.Z, )] >0 AND NOT[HU(I)AND CU([};

)
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VARIABLES
TCOST
PAR(Z, ) AREA
QS.ZIMJIN)  HEAT LOAD FOR PROCESS-PROCESS MATCH
QNEWM(S.Z.1JM)
QNEW_N(S,ZIJN)
QNEW2_M(S.Z.1IM)
QNEW2_N(S.ZIJIN)
Y M(z, M
Y N(SZIIN)
Y_M_B(S,Z.1JM)
YNB(z, N
NHE M0(S.Z, M)
NHEM!( ,ZIJM)
NHE_NO(S,Z.LJ.N)
NHE NL( ,ZIJN)
NHE_MO B( .ZIJM)
NHE_M1 B(S,Z1J.M)
NHE_NO_B(S,Z.IJN)
NHE N1 B( ,ZIJN)
NHE(S.Z1J)
ALFA M(S.Z1.IM)
ALFAN( z, N)
FHU(I) HOT UTILITY USAGE FCP (MJ_h C)
FCU() COLD UTILITY FCP (MJ_h C)
BL(S,Z,I,MJN)  X(imjn) in the paper
QH(S.ZIMN)
QC(SZJMN)
Q2(S.ZIMJN)
XL B( ZIJM)
X B(SK.ZIJM)
PAR B(K.Z,I,J)



USHELLEZ,L,)
USHELL,B(K.Z.1,)

POSITIVE VARIABLE Q,QNEW2_M,QNEW2_N,QC,QH,Q2,PARLPAR?
BINARY VARIABLE NHE_M0 BNHE_MI BNIIE_NO BNHE N1 B.Y M.Y N.X1 BX B
INTEGER VARIABLE USHELL.USHELL B

EQUATIONS
IIBHU(S.IM)
HBCU(S,JN)
HBHS(S.LM)
HBCS(SJN)
TRANSFOR_M( ,Z1IM)
TRANSFOR_N( ZIJN)
HBHS_NI( ,IM)
HBCS_NI(S,JN)
NOISOH(S, M)
NOISOC(SJN)

BINARY M1(SZ,1JM)
BINARY M2(SZ,1.JM)
BINARY_MI_B(S.Z,I,JM)
BINARY M2 B(SZ, M)
BINARYNI( ZIJN)
BINARY N2(SZIIN)
BINARYN [ B(SZ/JN)
BINARY N2 B( ZIJN)
BINARY M5( z, M)
BINARY MSb(S,Z LI M)
BINARY M3(S.ZJJM)
BINARY MA4(SZ,1JM)
BINARY M8(SZ, M)



BINARY_M9( ZLIM)
BINARY M6(S,Z,1], M)
BINARY M7( ZLIM)
BINARY M3 B(S.Z1JM)
BINARY_N5(S.ZLIN)
BINARY_N5b( ZIIN)
BINARY N3(S.ZLIN)
BINARY N4(S.ZLIN)
BINARY N§( ZIIN)
BINARY _N9(S.ZLIN)
BINARY N6(S.ZLIN)
BINARY N7(SZLIN)
BINARY N3 B(SZIIN)
HE_COUNT MO(SZ,)
HE_COUNT NO( ,ZJ)
HE_COUNT M1(S.Z,1,)
HE_COUNT NIS.Z, )
NEXCH(S,Z.1.)
NEXCH_B( ,ZI)
BIF_1( ZIIMN)
BIF_2(S.ZJMN)
BIF_3(S.Z1IMN)
BIF_4(S,Z1IMN)
BIFI 1(SZ1IM)

8IF 12(S,Z1IN)

BIF 6(S.1JM)
BIF_9(S,Z 1IM)

BIF 5(S.Z1IM)

BIF_8( ,z, ,N)
BIF_10(S.ZLIN)

BIF 7(S.ZLIN)
FEASMOXS.ZIIM)
FEAS M _OI B(S.Z, 1JM)



FEAS M 03(SZ, M)
FEAS M_03 B(S.Z.1JM)
FEAS M_04(S.Z,1,M)
FEAS M 2(S.Z, M)
FEAS M_L( 2, M)
FEAS_ M 3(S.Z,1IM)
FEAS_M_4(S,Z,1IM)
FEAS M 3 B_2(SZ1IM)
FEASM 3B 1(z M)
FEAS_ M 4 B(SZIJM)
FEAS_M_1 SP(S,Z,IIM)
FEAS M_1 SP B(S.ZIJM)
FEASNOY( ZIJN)
FEAS_N_01 BSZIIN)
FEAS N 02(5Z, N)
FEAS N_02 B(S.Z, .N)
FEAS N 0352, N)
FEAS N 03 B( z, N)
FEAS N 04( 2, N)
FEAS N 252, N)
FEASNI Sz, N)
FEAS N 352, N)
FEAS N 452, N)
FEAS N 3 B_2(SZIN)
FEAS N3 B 1( ZLIN)
FEAS.N 4 B(SZ, N)
FEAS N 1.SP( z, )
FEAS_N_1 SP B(S"1IN)
FEAS BEG SP( z, MN)
FEAS BEG B SPSZIJMN)
FEAS_ END SPSZ, MN)



FEAS BEG3(SZ, ,MN)
EEAS_BEG(S,ZUMN)
FEAS BEG2(S.Z/|JMN)
FEAS END3S,Z, ,MN)
FEAS END(SZ, .MN)
FEAS_END2(SZ1JMN)
FEAS BEGA B( ZLIMN)
FEAS BEG2 B(S.ZIJMN)
FEASBEGLB( ,ZUMN)
FEAS BEG3 B(S.ZIIMN)
FEAS_END3 B( Z|JMN)
FEAS_END B( ,ZIJMN)
FEAS_END2 B(S.Z,I,JMN)
PAREQ(S.Z)

BIF 13 2( KZ, M)

BIF 13.1( Kz, M)
BIF_14( Kz, )
BIF 15( z, M)
BIF_16( .ZLIM)

BIF 17( 2, M)

BIF 1852, ,MN)

SHELL(Z, )

SHELL B(K.Z, )

RMAXL( Z1J)

KMAX2(SM,)

TOTALCOST

* EXTRA EQUATIONS NOT IN PAPER
*FCU_MAX

TOTNEXCHMAX

TOTNEXCH MIN
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Q)
HBHU(S,, M)$(HOT(S, )=l AND HU(1) AND FREEH()).
FHU(I)*(TU(S,M)-TL(S,M)) =E=
SUM((Z,N.J)$(D(S.ZMN)=I AND TL(SN) LT TU(S.M) AND COLD(S JN)=1
AND ALLOW H(SZIMJ)=L AND ALLOW C(SZIN)=!
AND FREEC(),QS.ZIMIN));

*EQ(2)
HBCU(S,JN)$(COLD(S,,N)=LAND CU(J) AND FREEC()).
FCU(I)*(TU(S,N)-TL(SN)) =E=
SUM((ZM,)S(D(S.ZMN)=1 AND TL(S.N) LTTU(S.M) AND HOT(S.LM)=!
AND ALLOW H(SZ,IMJ)=1 AND ALLOW.C(  ZJIN)=L
AND FREEH(1)),Q(S.ZLMIN));

*EQ3)

HBHS(S,|, M)$(HOT(S,,M)=I AND NOT HU(1) AND FREEH(1) AND NIH(1)=0).

DHH(S, |, M)=E=SUM((Z,N.)$(D(S,ZMN)=L AND TL(SN) LT TU(S,M) AND COLD(S JN)=!
AND ALLOW H(SZIMJ)=L AND ALLOW C( ZJN=D.QS.ZIMIN));

*EQ(4)

HBCS(S,J,N)$(COLD(S,JN)=I AND NOT CU(J) AND FREEC(J) AND NIC(J)=0)..

DHC(SJN)=E=SUM((ZM,)$(D(S,ZMN)=L AND TL(S,N) LT TU(S,M) AND HOT(S,| M)=!
AND ALLOW H(SZIMJ)=L AND ALLOW C(S.ZJIN)=),Q(S.ZI MJN));

*EQ (9)
TRANSFOR_M( ,Z,1JM)$(HOT(S,,M)=! AND ALLOW_H(S,Z,MJ)=I AND FREEH()
AND FREEC()).
QNEW_M( 2,1, M) =E=
SUM(NS(D(S,ZMN)=1 AND TL(SN) LT TU(S,M) AND COLD(S JN)=!
AND ALLOW_C( .ZJIN.D)=0.0(S.Z | MIN)):

*EQ (6)
TRANSFOR_N( ,Z,1JNJ$(COLD(S,JN)=I AND ALLOW _C( ,Z,JN,[)=L AND FREEH()



AND FREEC(J)).
QNEW N(S.Z, ,N)=E=SUM(MS$(D(S,ZM,N)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,| M)=!
ANDALLO _H( ZIMI=0.06.ZIMIN)):

“EQ(7)
HBHS_NI( L M)S(HOT(S M)=I ANDNOT () AND FREEH(1) AND NIH(1)=1).

DHH(S, . M)=E=
SUMI(ZN,J)$(D(S.ZM,N)=1 AND TL(S,N) LT TU(S,M) AND COLD(SJN)=!I
AND ALLOW_H( ,ZMJ)=L AND ALLOW. C(S.ZIN.)=i) Q(S.ZIMIN))
+ SUM(ZN)$(D(S.ZMN)=L AND HOT(S.I,N)=I AND ORD(N) GT ORD(M)).
QH(SZIN M)
- SUM(ZN)$(D(S.ZMN)=1 AND HOT(S,,N)=! AND ORD(N) LT ORD(M)),
QHS.ZIMN);

Q)
HBCS_NI(S,J,N)$(COLD(S,JN)=i AND NOT CU(J) AND FREEC(J) AND NIC(J)=1).
DHC(S,JN)=E=
SUM((ZM.)$(D(S.ZMN)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,|M)=!
AND ALLOW_H( ,Z,I M 3)-LAND ALLOW C( ,ZJN,)=0),Q(S.ZIMIN))
+ SUM(ZM)$(D(S.ZMN)=L AND COLD(S,J;M)=! AND ORD(M) LT ORD(N)),
QC(SZIMN))
- SUM(ZM)S(D(S,ZMN)=1 AND COLD(S,JM)=I AND ORD(M) GT ORD(N)),
QC(SZINM);

Q9
NOISOH(S,| M)S(HOT(S.,M)=LANDNOT (1) AND FREEH(1) AND NIH(I)=1)..
SUM((ZN)$(D(S,Z,MN)=1AND HOT(S,N)=I AND ORD(N) LT ORD(M)),QH(S.Z LM,N))=L=
SUM((ZNJ)S(D(S.ZMN)=L AND TL(S,N) LT TU(S,M) AND COLD(S JN)=!

AND ALLOW H( ZIM,))=1AND ALLOW_C( ZJN,)=D,QS.ZIMJN))

b EQUO)
NOISOC(S J,N)S(COLD(S,JN)=I AND NOT CU(J) AND FREEC()) AND NIC(J)=1).



M(ZM)S(D(S,ZMN)=I AND COLD(S.JM)=I AND ORD(M)GT ORD(N)),QC(S,Z.J,N.M))=L=
SUM((Z.M.)$(D(S,Z,M,N)= LAND TL(S.N) LT TU(S,M) AND HOT(S,| M)=1
AND ALLOW_H( ZLM.J)=1AND ALLOW C(S.ZJN,)=1),Q(S ZIMJN))

*EQ (11a and 13a) Case of BIF(I,J)=0 (ij) not belonging to set B.

BINARY_MI(S,Z,1JM)$(HOT(S,|.M)=I AND ALLOW H(S.Z|M,))=1 AND BIF(Z,1,}}=0
AND FREEH(I) AND FREEC(]).

QNEW_M(S.Z,1,JM)-Y_M(S.Z,1,J M)»»DHH(S,.MS(NOTHU(1)
Y_M(SZ,1LJMJ*FMAX_HU(I*DTHU()S(HU())=L=0:

*EQ(I'lband 13b)  Case of BIF(I,J)=0 (ij) not belonging to set B
BINARY M2(S,Z, ,M)$(HOT(S,I,M)=I' AND ALLOW H(S,Z,I.M,J)=I AND B1F(Z,1J)=0
AND FREEH(I) AND FREEC(J)).. QNEW_M( ,ZLIM)-Y_M( .z, ,M)*QLHMIN=G=0;

*EQ (L1a and 13a) Case of BIF(1J)=L (i) belonging to set B
BINARY M1 B( ,z, ,M)$(HOT(S,I,M)=I AND ALLOW H( ,Z,MJ)=1 AND BIF(Z,l,J)=1
AND FREEH(I) AND FREEC(J) ).
QNEW_M( ,z, ,M)-Y_M_B(S,Z,J, M)*DHH(S,|,M)$(NOTHU(I))
-Y_M_B( ,ZLIM*FMAX_H (I)*DTHU(I)$(HU(I))=L=0;

*EQ (L1b and 13b) Case of BIF(J)=L (ij) belonging to set B
BINARY_M2 B( ,z, ,M)$(HOT(S,I,M)=I AND ALLOW H( ,Z,MJ)=1 AND BIF(Z,1J)=1
AND FREEH(I) AND FREEC(J)).. QNEW_M( ,z, ,M)-Y_M_B(S,Z,|.J,M)*QLHMIN =G=0;

*EQ(12aand 14a) Case of B1F(1,J)=0 (ij) not belonging to set B

BINARY N1( ,Z1JN)$(COLD(S,JN)=LAND ALLOW C(S.ZJN.l)=I AND BIF(Z,1,))=0
AND FREEH(1) AND FREEC(]).
QNEW N(S.Z, N)}-Y_N( ,ZJNJ*DHC(S,IN)S(NOTCU()
Y N(S.ZLINJFMAX_CU()*DTCU(S(CU()=L=0;



{ EQ(12band 14b) Case of BLF(LJ)=0 (ij) not helonging to set B
BINARY_N2(S,Z,LJ.N)$(COLD(S,J,N)=I AND ALLOW_C( ,ZJ,N,I)=1 AND BIF(Z, )=0
AND FREEH(I) AND FREEC(J))..  QNEW_N( ,Z,I,J,N)-Y_N( ,Z1JNJ*QLCMIN=G=0;

*

{ EQ(12aand 14a) Case of BIF(,J)=1 (ij) belonging to set B
BINARY NI_B(S,Z.1J.N)$(COLD(SJ.N)=LAND ALLOW_C(S.ZJ,N,I)=I AND BIF(Z,I,J)I
AND FREEH(I) AND FREEC(J) ).
QNEW_N(S,ZLIN)-Y_N_B(S,Z,LJN)*DHC(SJ,N)§(NOT CU()))
-Y_N_B(S,ZLINJ*FMAX_CU(J)*DTCU(J)$(CU(J))=L=0;

{ EQ(12band 14b) Case of BIF(1,J)=1 (ij) belonging to set B
BINARY_N2 B( ,Z.J,N)§(COLD(S,J,N)=I AND ALLOW_C(S,ZJN,I)=I AND BIF(Z,1,J)=1
AND FREEH(I) AND FREEC(J)).. QNEW_N(S,ZIJN)-Y_N B(S,Z, ,NJ*QLCMIN=G=0;

*EQ (15) NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

t H(16)

BINARY_MS(S,Z,I,LM)$(HOT(S,I;M)=I AND HOT(S.IM-) AND ALLOW_H( Z,|M,J)=!

AND ALLOW_H(SZ,I,M-1,J) AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(])..
NHE_MO( ZIJM)=L=2-Y M( ZJIM)}YM( 2, M-I)

*EQ (17) ISIN REALITY NOT NEEDED, BUT WAS ADDED TO ENFORCE K=0 WHEN Y=0

¢ ANDHOT(S,|,M-1) AND ALLOW H( ,Z,I,M-LJ) AND ALLOW _H(SZ | M,J)=!
¢ ANDALLOW H(S.Z|MJ)=! 1

BINARY M5b(SZ, ,M)S(HOT(S,,M)=I AND ALLOW_H(S,Z,|MJ)=I AND BIF(Z,1,)}=0
AND FREEH(1) AND FREEC(J)).
NHE_MO( z, ,M)=L=Y_M( ZIJM)

* ITTURNS OUT THAT THIS EQUATION ONLY FORCES THE VALUES OF KTO BE ZERO
* WHEN Y=0, WHICH HAPPENS NATURALLY IF ONE IS MINIMIZING THE NUMBER OF

*  EXCHANGERS OR BECAUSE THE FIXED COSTS ARE BEING MINIMIZED.
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EVEN IFNO T DRIVEN TO ZERO BY THE OBJECTIVE FUNCTION IT IS HARMELESS.
* HOWEVER. IT TURNS OUT THAT IT COULD MAKE EXTENSIONS OF THE MODEL HAVE
*PROBLEMS. SO. ALTHOUGH THE EQUATION ISNOT NEEDED. IT GIVES SOME EXTRA VALUES
*OF K WHEN THEY DO NOT REALLY MATTER.

*EQ (18)
BINARY M3(S,Z,1JM)$(HOT(S,.M)=| AND ALLOW H(S.Z.IMJ)=I AND BIF(Z, )=0
AND FREEH(1) AND FREEC(])
NHEMO(SZ.LIM) ==Y M(SZIIM)}Y M(SZ, M-)$(HOT(S,| M)
AND ALLOW_H( ZIM-1)) ;

*EQ (19)

BINARY M4(S,Z, ,M)S(HOT(S,,M)=l AND HOT(S,,M-I) AND ALLOW_H( ZJIM,J)=1

AND ALLOW_H( ,Z.I.M-LJ) AND BIF(Z,1,J)=0 AND FREEH(1) AND FREEC(j).
NHE_MO( ,Z,1,JM)=G=0;

*EQ (20) NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

 EQ(20)

BINARY_M§( z, ,M)S(HOT(S,I,M)=I AND HOT(S,.M+I) AND ALLOW H( ZIMJ)=1

AND ALLOW H( ,Z,l.M+1J) AND BIF(Z, )=0 AND FREEH(I) AND FREEC().
NHE_MI( ZIIM)=L=2-Y M( z, M)-Y_M( ZIJM+1)*

*EQ (22) : ORIGINALLY NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
% AND HOT(S,|M-) AND ALLOW H( ZM-L))
BINARY_M9(S,Z,1,JM)$(HOT(S,|M)=I AND ALLOW_H(S.Z,|MJ)=I AND BIF(Z,1,)}=0
AND FREEH(1)AND FREEC(J)).
NHE_ML( ZIIM)=L=Y M( ZIIM);

* SEE COMMENTS ON EQUATION (17)
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R

BINARY M6( ,Z,IJM)$(HOT(S.,M)=1 AND ALLOW_H(S.Z,IMJ)=I AND BIF(Z,1J)=0

AND FREEH(I) AND FREEC(])).. NHE_M1( .Z,J,JM)=G=Y M(SZ1IM)-Y M(SZ1IM+)
(HOT(S,|,M+1) AND ALLOW_H(S,Z.!M+U))

*E0 (24)

BINARY M7(S.Z,1,JM)$(HOT(S,,M)=I AND HOT(S,I,M+]) AND ALLOW H( Z,IM,)=!

AND ALLOW H(S,Z,/M+1,J) AND BIF(Z, )=0 AND FREEH(I) AND FREEC(]).
NHEM1( Z,|JM)=G=0;

*EQ (25)
BINARY M3_B(S.Z |3, M)$(HOT(S,| M)=l AND ALLOW H(S.Z,|M,J)=1AND BIF(Z, )<L
AND FREEH(1) AND FREEC(J)).
Y_M_B(S.Z,1,J,M) =E= SUM(0$(HOT(S,1,0)=1 AND ORD(0) LE ORD(M)
AND ALLOW_H( ,Z,1,0,))=)NHE_M0_B(S.Z,1,J0))
-SUM(0$(HOT(S,1,0)=! AND ORD(O) LE [ORD(M)-I]
AND ALLOW H( Z,1.0J)=ONHE MLB( z, ,0)

*EQ (26) NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (27)

BINARY_N5( ,Z,1,JN)$(COLD(S,JN)=I AND COLD(S,JN-I) AND ALLOW C( ZJN, )<L

AND ALLOW_C(S,Z,JN-11) AND BIF(Z, )=0 AND FREEH(1) AND FREEC()).
NHE_NO( ZIJNJ=L=2-Y N( *, N}-Y NGSZ, N-D);

*EQ (28) NOT NEEDED, BUT ADDED TO ENFORCE K=0 WHEN Y=0
% AND COLD(S,JN-)) AND ALLOW C( ZJN-L)
BINARY N5b(S.Z, ,N)$(COLD(SJN)=I AND ALLOW C( ,ZJN.)=1 AND BIF(Z,1,)}=0
AND FREEH(1) AND FREEC(J)).
NHE_NO( ZIJN) =L= Y NSZIIN);

SEE COMMENTS ON EQUATION (17)
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*EQ (29)
BINARY_N3(S,Z1,JN)$(COLD(S.JN)=I AND ALLOW C(S.ZIN.)=I AND BIF(Z,1,J}=0
AND FREEH(1) AND FREEC(J)..
NHE_NO(S.Z,LJN) =6= Y NSZLIN)-Y N( ZIIN-)
$(COLD(SJ.N-1) AND ALLOW_C(S,ZJN-LD):

*EQ (30)

BINARY N4( ,Z,I,JN)$(COLD(SJN)=1 AND COLD(S,J,N-l) AND ALLOW C( ZJN,)=L

AND ALLOW C( ZJN-LI) AND BIF(Z,1)=0 AND FREEH(I) AND FREEC(J)).
NHE_NO(S Z1LIN)=G=0;

*EQ (31) NOT NEEDED
* GAMS WRITES IT AUTOMATICALLY WHEN IT WRITES EQUATION (18)

*EQ (32)
BINARY N8( z, ,N)$(COLD(S,JN)=I AND COLD(S,J;N+l) AND ALLOW C( ,ZIN/)=L
AND ALLOW_c( Z,JN+12) AND BIF(Z,1J)=0 AND FREEH(1) AND FREEC(J)).

NHENL( ZIIN)L=2-Y N( ZIIN)-Y N( Z 1IN+

*EQ (33) NOT NEEDED BUT ADDED TO ENFORCE K=0 WHEN Y=0
% ANDCOLD(SJN-)) AND ALLOW C( ZJN-1)
BINARY_N9( ,ZJ,JN)$(COLD(S,J;N)=I AND ALLOW_C( ,ZJN,[)=L AND BIF(Z,1,J}=0
AND FREEH(1) AND FREEC()).
NHE_N1(SZLIN)=L= Y _N( ZLIN)

* SEE COMMENTS ON EQUATION (17)

*EQ (34)
BINARY N6(S,Z,1,JN)$(COLD(S,JN)=I AND ALLOW_C(S,Z,JN.I)=I AND BIF(Z,1,))=0
AND FREEH(1) AND FREEC(])..
NHEN I ZIIN)=G=Y N( ZIIN-Y N( ZLIN+)
(COLD(S,JN+) AND ALLOW _C(SZIN+L1);
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*EQ (3)

BINARY_N7(S,Z LIN)$(COLD(S,JN)= LAND COLD(S,J;N+1) AND ALLOW_C(S,Z.JN,l)=!

AND ALLOW_C(S.ZJN+.I) AND BIF(Z,U)=0 AND FREEH(I) AND FREEC(]).
NHENL( ,Z, ,N)=G=0:

*EQ (360)

BINARY N3 B(S.Z,1,J,N)$(COLD(S,JN)=1 AND ALLOW_C( ZJN,[)=1 AND BIF(Z,U)=1
AND FREEH(I)AND FREEC()).

Y NB(SZ. ,N)=E=SUM(0$(COLD(S,J,0) AND ORD(0) LE ORD(N)

AND ALLOW C(SZJ,0.))NHE_NO B(SZ, ,0)) - SUM(0$(COLD(S,J,0) AND ORD(0) LE
ORD(N)-| AND ALLOW_C(S,ZJ,0,))) NHE_N1_B(S.Z,.30));

*EQ (37)

HE_COUNT MO(S.Z/|J$(ALLO ( ,Z,1,)=L AND FREEH(1) AND FREEC().

NHE(S,Z,1.J)=E=SUM(MS(HOT(S,I,M)=I AND ALLOW_H( Z|M,J)=L AND BIF(Z,1,))=1),
NHE_M0_B(S.Z, M)

+ SUM(MS(HOT(SM)=| AND ALLOW_H( ZIMJ=L AND BIFZLJ=0)
NHE_MO( ,Z,1IM));

b EQ(38)

HE_COUNT NO( ,Z|JS(ALLO ( Z,1,))=1 AND FREEH(l) AND FREEC(]).

NHE(SZ, )=E=SUM(N$(COLD(S,JN)=I AND ALLOW C( ,ZJN,)=L AND BIF(Z,1,))=1),

NHE_NO_B( z, ,N))+ SUM(N$(COLD(SJN)=I AND ALLOW_C( ,ZJN,J)=1 AND BIF(Z,1,}}=0),
NHE NO( z, N)*

*EQ (39)
HE_COUNT MI(S,Z,| J)S(ALLOW(S,Z,|J)=I AND FREEH(I) AND FREEC(J)..
NHE(SZ, )=E=SUM(MS$(HOT(S,,M)=I AND ALLOW H( Z|MJ)=L AND BIF(Z,J)=0),

NHE_MI_B(S,Z,1,J,M) + SUM(M$(HOT(S.,M)=I AND ALLOW_H( Z,lM,J)=L AND BIF(Z,1,J)=0),
NHE_M1(S.Z,|JM)):



*EQ (40)
HE_COUNT NI( z, )$(ALLOW(S,Z, )=L AND FREEH(I) AND FREEC(]).
NHE(S.Z.1,J)=E=SUM(N$(COLD(S J.N)=I AND ALLOW_C(SZJN,I)=l AND BIF(Z.1,))I).
NHE_N1_B(SZ1,JN) + SUM(NS(COLD(SIN)=! AND ALLOW_C(S,ZJ.N.I)z!
AND BIF(Z,1,))=0).
NHENL( z, N)

*EQ (41)
NEXCH(S,Z, )$(ALLOW(S.Z,1,))=! AND BIF(Z,1,J)=0 AND FREEH()
AND FREEC()).NHE(SZ, )=L=L;

*EQ (42)
NEXCH_B(S.Z,I,)S(ALLOW(S,Z,| )= AND BIF(Z, )=1 AND FREEH(I)
AND FREEC(])).NHE(S.Z | )=L=KMAX(Z, ):

*EQ (43)
BIF_1(S,Z,|IMN)SD(SZMN)=L AND TL(SN) LT TU(S.M) AND HOT(S, | M)=!
AND COLD(S,N)=l AND ALLOW_H( ZIMJ)=L AND ALLOW_C(S.ZJN,D)=!
AND BIF(Z, )=1 AND FREEH(1) AND FREEC(J).
SUM(L$(D(S.Z.LN)=L AND ORD(L) LE ORD(M) AND HOT(S,  L)=!
AND ALLOW_H(S.ZI.LJ)=1)
QNEW M( 2, ,L))-QNEW2_M( ZIJM)=L=
SUM(0$(D(S,ZM,0)=1 AND ORD(0) LE ORD(N) AND COLD(S,3,0)
AND ALLOW C(S,Z,J0)),
QNEW N( z, ,0))- QNEW2 N( ZIIN)
+BL( 2| MJIN) »4* ma\(SUM(LS(D(S ZLN)=1 AND ORD(L) LE ORD(M)
AND HOT(S,I,L)=I AND ALLOW_H( .Z.L,))<1),
DHH(S,,L)) SUM(0$(D(S,Z,M,0)=1 AND ORD(O) LE ORD(N)
AND COLD(S,J,0) AND ALLOW._C(S,Z,J,0,1)),DHC(S.J,0)));*

*EQ (44)
BIF 2( z, ,MNJ$(D(S.ZMN)=1 AND TL(S,N) LT TU(S,M) AND HOT(S,I M)=I



AND COLD(S.JN)=I AND ALLOW_H(S,Z/|MJ)= 1AND ALLOW C( ZJN,l)=L
AND BIF(Z, )=1 AND FREEH(1)AND FREEC(J)..
SUM(L$(D(S,Z,L,N)=1 AND ORD(L) LE ORD(M) AND HOT(S,I,L)=I
AND ALLOW H(SZ/LJ)=),
QNEW_M(S.ZLJL)) - QNEW2 M(S.Z, M)=G=
SUM(0S(D(S,Z,M.0)=! AND ORD(0) LE ORD(N) AND COLD(S.J.0)
AND ALLOW C(SZJ0,0)
QNEW_N( ,Z,1.0)) - QNEW2N( ZIJN)
BUS.ZLMIN) *4* max(SUM(LS(D(S,ZL,N)=! AND ORD(L) LE ORD(M)
AND HOT(S,I,L)=I AND ALLOW_H( Z,|,LJ)=1).
DHH(S,1,L)),SUM(0$(D(S,Z,M,0)=1 AND ORD(0) LE ORD(N)
AND COLD(S,J,0) AND ALLOW C(S.2,3,0,1)) DHC(S .0))):

EQ (4)

BIF_3(S.Z,|JMN)S(D(S.ZMN)=1 AND TL(SN) LTTU(S,M) AND HOT(S, I M)=I
AND COLD(SJ,N)=L AND ALLOWJL(S,Z,| M J)=L AND ALLOW_C( ZJN,l)=L
AND BIF(Z, )=L AND FREEH(1) AND FREEC()).

B1(S,Z,|MJN) =E= 2- 0.25* SUM(L$(D(SZLN)=1 AND ORD(L) LE ORD(M)

AND HOT(S,I,L)=I AND ALLOW H( Z/\L)=),
NHE_M1 B(S.ZJL))
+0.25 *SUM(0S(D(S,Z,M,0)=L AND ORD(O) LE ORD(N) AND COLD(S,1.0)
AND ALLOW._C( ,ZJO.D)NHE_N1_B( Z,13,0))
NHE_M1B( ZIJM)-NHE NLB( Z, N);

b EQ(46)
BIF 4(SZ, MN)S(D(S.ZMN)=1 AND TL(SN) LT TU(S,M) AND TL(S,N) GE TL(S.M)
AND HOT(S, | M)=I AND COLD(SJ,N)=I AND ALLOW_H( ,ZIMJ)=L
AND ALLOW _c( ,Z,JN,I)=LAND BIF(Z,I,))=1 AND FREEH()) AND FREEC())..
SUM(LS(HOT(S,I,L)=! AND ORDI(L) LE ORD(M) AND ALLOW_H( ,Z.L,))=),
NHE M1 B(SZ, ,L))-SUM(0$(COLD(S,J,0) AND ORD(O) LE ORD(N)
AND ALLOW_C( ,Z,J0,)NHE_NI_B(S,Z,1J,0))=G=0;



*isq (47)
BIFJI(Z, M)S(HOT(S,M)=L AND ALLOW H( ZMJ)=I AND BIF(Z, )<L
AND FREEH(1) AND FREEC(J).
SUM(0S(HOT(S.1,0)=1 AND ORD(0) LE ORD(M) AND ALLOW_H(S.Z/|0.J)=1)
NHE_MO0_B(S,Z.1.J,0)-NHE_MI B(SZU0))=L=! :

*EQ (48)
BIFJ2(,ZlJN)S(COLD(S,JN)=I AND ALLOW C( ZJN)=1 AND BIF(Z,I, )]
AND FREEH(1) AND FREEC(]).
SUM(0$(COLD(S,J,0) AND ORD(0) LE ORD(N) AND ALLOW C( ,Z0.1),
NHE_NO_B(S.Z1J.0)-NHE_NI B(S,Z1J0))=L=!

*EQ (49)
BIF 6( ,Z,L.M)S(HOT(S,,M)=I AND ALLOW H( ZMJ)=L AND BIF(Z, )=l
AND FREEH(1) AND FREEC(]).

QNEW2_M(S.Z,1,JM) =L= QNEW_M(S.Z 1JM)

*EQ (30)
BIF_9(S,Z,|,JM)$(HOT(S,| M)=I AND ALLOW_H(S.Z|MJ)=| AND BIF(Z, )=
AND FREEH(1) AND FREEC(J)..

QNEW2_M( Z,|JM) =L= NHE_MO_B( Z,1.JMJ*DHH(S,.M);

*EQ(51)
BIF_5(S,Z,JM)$(HOT(S,|M)=I AND ALLOW_H(S.Z,,M.J)=LAND BIF(Z,|J)=1
AND FREEH(I)AND FREEC(]). ,

QNEW2_M( Z,1JM) =L= NHE_ML_B(S,Z,1J M)*DHH(S, | M):

*EQ(52)  NOT NEEDED. THE VARIABLE IS DECLARED POSITIVE

*EQ(53)
BIF 8( Z,I,JN)$(COLD(S,JN)=LAND ALLOW C(S.ZJNi1)=I AND BIF(Z, )=L
AND FREEH(1) AND FREEC(]).

QNEW2_N(S.ZI,JN) =L= QNEW N(SZIIN);



*EQ ()
BIF_10(SZ,| IN)S(COLD(S.JN)=L AND ALLOW C(SZJN.I)=L AND BIF(Z, )=l
AND FREEH(1) AND FREEC(]).

QNEW2_N(S.Z|JN) =L= NHE_NO B( .z, ,N)*DHC(S,JN)

*EQ (55)
BIF_7(S,2.1IN)$(COLD(S,JN)=I AND ALLOW_C(S,Z,JN.I)=i AND BIF(Z, )=l
AND FREEH(1) AND FREEC(]).

QNEW2_N(S.ZI,IN) =L= NHE_NL_B(S,Z/|JN)*DHC(S IN);

t BJ(56)  NOT NEEDED. THE VARIABLE IS DECLARED POSITIVE

+ (1)
FEASMOL( .z, ,M)$(HOT(S,|M-1) AND HOT(S,|M)=I AND ALLOW_H( ,Z|M,))=L
AND ALLOW_H( ,Z,1,M-L,J) AND BIF(Z,|J)=0 AND SPH(1)=1 AND FREEH()
AND FREEC(]).
ALFAM( 2, ,M)=L=1NHE MO( 2, ,M-D-NHE_MO( ZIIM);

FEASMO1B(SZ, ,M)$(HOT(SM-1) AND HOT(S, | M)=l AND ALLOW H(S.Z,|M,J)=!
AND ALLOW H(S.Z,I,M-1,) AND BIF(Z,))=1 AND FREEH(1) AND FREEC(J)).
ALFA_M(S.Z,| JM)=L=1-NHE_MO_B(S,Z,1,JM-1)-NHE_M0_B(SZ,|JM);

*EQ (59)

FEAS_M_02(S™.1JM)$(HOT(S,|,M-1) AND HOT(S,|,M)=! AND ALLOW_H(S.Z,I M)z
AND ALLOW_H( ,Z,,M-1,J) AND BIF(Z,1,J)=0 AND SPH(1)=L AND FREEH()

AND FREEC())

ALFA MS,ZIIM)-L=1NHEMY( 2, M-J-NHE_ MI( ZIM)
FEAS_M_02_B(S,Z.1,J M)$(HOT(S, ,M-1) AND HOT(S, )=l AND ALLOW_H( ZIMJ)=L
AND ALLOW_H( ,Z,| M-LJ) AND BIF(Z,,J)=L AND FREEH(l) AND FREEC()).

ALFAM( 2z, M)=L=I-NHE_M1B( 2, ,M-1-NHE MLB( z, M)

EQ (59)
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FEAS_M_03(S.Z, M)S(HOT(S,| M-1) AND HOT(S,\M)=I AND ALLOW_H(SZ,IM,)=1
AND ALLOW H(S,Z,I,M-1,J) AND BIF(Z,1,J)=0 AND SPII{1)=l AND FREEH(I)
AND FREEC().

ALFA_M(SZ1IM)=G=Y_M(S.Z/1JM)}-NHE_MO(SZIIM-)-NHE MO(S.Z.1IM):
NHEM I(S.Z, ,M-1)-NHE_ML(S,Z,1,JM)
FEAS_M_03_B(S,Z,1,J,M)$(HOT(S,,M-1) AND HOT(S,| )=l AND ALLOW_H(S,Z.|MJ)=!

AND ALLOW_H( ,Z.I.M-U) AND BIF(Z, )=1 AND FREEH(I) AND FREEC(]) .
ALFA_M(SZ|IM)=G=Y M_B(S.ZLJM)-NHE_MO B( z, ,M-I}-NHE_MO B(SZIJM)
-NHEM |_B(S.2.1J,M-0-NHE_M L B(SZ,IJM);

*EQ (60)

FEAS M_04(S.Z,  M)S(HOT(S.| M-1) AND HOT(S,| )= AND ALLOW H( ,Z,|MJ)=1 AND

ALLOW H(S,Z,|M-13) AND (BIF(Z, )=L OR SPH(l)=1) AND FREEH(1) AND FREEC(J)).
ALFA M( Z, M)=G=0:

*EQ (62)
FEAS_M_2(S.Z,1J M)$(HOT(S,,M-)) AND HOT(S,|M)=l AND ALLOW_H(S,Z,|M,J)=!
AND ALLOW_H( ,Z,I,M-1J) AND SPH(1)=1 AND FREEH(I) AND FREEC(J)..
QNEW M( z, M)(TUSM)-TLSM) =L= QNEW.M( z, M-1)(CPH(S,|M-1)
*TUSM-D-TL(S M-D)
+{1-ALFA_M(S,Z,1,J M) *DHH(S, L M)/(CPH(S,| M(TUS M)-TL(S M)

*EQ (62)
FEAS M 1(,Z,1,J,M)$(HOT(S,|,M-1) AND HOT(S,| )=l AND ALLOW_H( ,Z,|M,))=1
AND ALLOW._H(S,Z,l,M-1,J) AND SPH(1)=1 AND FREEH() AND FREEC(J)),
QNEW_M(S.Z,1 I M)/(CPH(S,| M*(TU(S,M)-TL(S M)
+{1-ALFA_M(S,Z,1,JM))*DHH(S,I MJ(CPH(S, L MJ*(TU(S, M)-TL(S,M)))

=G=QNEW M(SZ, ,M-D/(CPH(S, M-I *(TU(S M-1)-TL(S M-1);

+EQ(63)

FEAS M_3(S,Z, ,M)$(HOT(S,,M-l) AND HOT(S,| M)=I AND ALLOW_H(S.Z | M,)=!
AND ALLOW_H(S.Z,|M-1J) AND BIF(Z,1,J)=0 AND SPH(1)=1 AND FREEH()

AND FREEC(J)).
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- QNEW_M(S.Z,1,JM-L)/(CPH(S, | M-L)*(TU(S, M-1)-TL(S,M-1)

+ QNEW_M( ,Z.LIMYI(CPH(S, | MJ*(TU(S M)-TL(S, M)

+(1+ NHEM 4(5,Z,U,M-1) + NHE_M 1(5,Z,UM) - NHE_MO(SZ | JM-1)
*DHH(S, 1 MY(CPFL(S, | M*(TU(S,M)-TL(S.M)))* 00001 =G=0;

*EQ (64)

PEASM_4(S,Z, M) (HOT(S,M-]) AND HOT(S,I )=l AND ALLOW H( ZIM,J)=L
AND ALLOW_H( ,Z M-1,J) AND BIF(Z, )=0 AND SPH(l)=L AND FREEH(l)

AND FREEC(]).

- QNEW_M(S,Z1 I M)/(CPH(S., M*(TU(S, M)-TL(S, M)

FONEM(SZ,LIM-1)I(CPH(S, L M-)*(TUSM-)-TL(S.M-D)

HI4NHE_MO( Z. M-1)*NHE_MO( ZLIM)}NHE_ML( .Z, M)

*DHH(S, | M)I(CPH(S, 1 M)(TU(S M)-TL(S,M)))* L000OL =G= 0

*EQ (69)

FEAS M 3 B.2(SZ, ,M)S(HOT(S,|,M-I) AND HOT(S,|M)=l AND ALLOW_H(S.Z M)
AND ALLOW _H(S,Z,l,M-1,J) AND BIF(Z,1,J)=1 AND SPH(I)=L AND FREEH()

AND FREEC(]).

ONE M(,Z, ,M-DI(CPH(S.|,M-)*TU(S M-I-TL(S M-1))=L=

QNEW_M( Z, M)I(CPH(S,| MJ*(TU(S,M)-TL(S,M))

HENHEMLB( Z, JM-DNHE_ ML B( Z1JM)-NHE_MO_B( ,Z,|IM-1)

*DHH(S, M)/(CPH(S. |, M*(TUS M)-TL(S,M)));

*EQ (66)
FEAS M3 B_1( Z, ,M)$(HOT(S,,M-1) AND HOT(S,|M)=l AND ALLOW_H(S.Z M)
AND ALLOW_H(S,Z,I,M-1,J) AND BIF(Z,|J)=L AND SPH(I)=1 AND FREEH()
AND FREEC(]).
QNEW2_M(S.Z,1,JM-DI(CPH(S,| M-D*(TU(S M-D-TL(S,M-1))) =L=
QNEW_M( ,Z, ,M)I(CPH(S,|M)*(TU[SM)-TL(S, M)+ (2 + NHE_ML B( .Z, M)
+NAEM 1B(S,Z,1JM)-NHE_MO_B(S,ZJM-D-Y_M_B(S.Z,iM-D)
*DHH(S, | M(CPH(S, 1 M)*(TU(S M)-TL(S M);

EQ (67)
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FEAS M 4 B(SZ, ,M)$(HOT(S.|,M-) AND HOT(S.| M)=1 AND ALLOW_H( Z,|M)=!

AND ALLOW H(S,Z,.M-1J) AND BIF(Z, )=1 AND SPH(l)=1 AND FREEH()

AND FREEC().

(QNEW M(S,Z,1,J.M)-QNEW2_M(S,Z,1,JM))/(CPH(S, L M*(TU(S M)-TL(S.M))) =L=
QNEW_M(S,Z,1,M-L)(CPH(S 1 M-L)*(TU(S,M-1)-TL(S,M-1))

+2 + NHE_MO_B(SZ/|JM-)

+NHE_MO B(SZ, ,M}:NHE_MLB(SZLIM)-Y M_B(SZ M)

*DHH(S, | M)/(CPH(S, | M*(TU(S M)-TL(S M));

*EQ (68)
FEAS_M_I SP(S.Z, ,M)$(HOT(S.LM-I) AND HOT(S,IM)=1 AND HOT(S.I M+
AND ALLOW _H(S,Z.|M,J)=1 AND ALLOW._H(S.Z,I,M-L,J) AND ALLOW_H(S,Z,| M+1,)
AND BIF(Z,1,J)=0 AND SPH(I)=0 AND FREEH(1) AND FREEC(J)).
QNEW M(SZ1IM)=G=(Y_M(S.Z|JM)-
NHE_MO( Z,IJM) + NHE_ML( ,Z1JM))*DHH(S,| M)
FEAS M_1.SP B( z, ,M)$(HOT(S,|M-1) AND HOT(S,M)=I AND HOT(S,| M+1)
AND ALLOW_H(S.ZIM,))=1
AND ALLOW H(S,Z,I,M-LJ) AND ALLOW H( Z,|M+LJ) AND BIF(Z,.J)=1 AND SPH(l)=0
AND FREEH(1) AND FREEC(])).. QNEW_M(SZIIM)=G=(Y_M_B(S ZJM)-
NHE_MO_B( ,Z,JM)*NHE_MO B( z, ,M)J*DHH(S.| M)

*EQ (69)

FEAS_N_0( ,Z,1JN)$(COLD(S,J,N-1) AND COLD(SJN)=I AND ALLOW C( ,ZJN,l)=L

AND ALLOW C( ,Z,JN-L1) AND BIF(Z,1,))=0 AND SPC(J)=1 AND FREEH(l)

AND FREEC(J)). ,
ALFA_N( ZLIN) =L= 1-NHE_NO(S,Z,1,JN)-NHE_NO(S.Z,JN-1):

FEAS_N_0L_B(S,Z,JN)$(COLD(S,JN-1) AND COLD(S,JN)=I AND ALLOW C( ZJN,)=L

AND ALLOW_C(S,Z,J,N-1i) AND BIF(Z,1,))=1 AND FREEH(1) AND FREEC(J))..
ALFA_N(SZ,1LJN)=L=1-NHE_NO_B(S,Z,I,JN)-NHE_NO_B(S,Z/|JN-1)

1 EQ(70)
FEAS_N_02(S.Z,JN)$(COLD(S,J,N-1) AND COLD(S,JN)=I AND ALLOW C(S.ZIN,I)=!
AND ALLOW_C( ,ZJN-1,1) AND BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH()



AND FREEC()

ALFAN( ZUN)=L=ENHE N1 ZIINJ-NHE N1 ,Z,1IN-1)
FEAS_N_02_B(S.21,JN)$(COLD(S,JN-1) AND COLD(S,JN)=I AND ALLOW_C(S.ZIN,l)=L
AND ALLOW_C(S.Z.J.N-L1) AND BIF(Z.EJ)=l AND FREEH(I) AND FREEC(J)) .

ALFA_N(SZEIN)=L=I-NHE_NL_B(S.Z,I,JN)-NHE_N1_B(SZLIN-1);

*EQ (71)
FEAS_N_03(S,Z,EJ.N)$(COLD(S,J.N-l) AND COLD(S,JN)=I AND ALLOW C( ZJN.I)=L
AND ALLOW_C(S.Z,JN-LI) AND BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH()
AND FREEC()).
ALFAN( ZUN)=0=Y N(z, ,N)}-NHENO(SZIIN}-NHE.NO( ,z, N-I)
-NHE_NY( ZIIN)-NHE N1 Z,1IN-)
FEAS_N_03 B(S.Z/|IN)$(COLD(S,JN-1) AND COLD(S,;N)=1 AND ALLOW C( ZJN,l)=L
AND ALLOW_C(S.Z,JN-L,1) AND BIF(Z,,J)=1 AND FREEH(I) AND FREEC(J)..
ALFAN( 2, \NJ=G=Y_N_B(S.ZJN)}-NHE_NO_B( Z,lJN}-NHE_NO_B( ,Z.EJN-]
‘NHE_N1_B(S,Z,|J;N)}-NHE_NL_B(S.Z,I,JN-1);

*EQ(12)
FEAS_N_04(S,Z,E.N)$(COLD(S,J,N-1) AND COLD(S,JN)=L AND ALLOW C( ZJN,)=L
AND ALLOW C(SiZ,J N-i,l) AND (BIF(Z, )=1 OR SPC(J)=1)
AND FREEH(1) AND FREEC(J)..
ALFAN( z, N)=G=0;

*EQ (73)
FEAS_N_2(S,Z,1 JNJ$(COLD(S,JN-1) AND COLD(S J,N)=l AND ALLOW_C( ZJN,I)=L
AND ALLOW C( ,Z,JN-L1) AND SPC(J)=1 AND FREEH(1) AND FREEC(J)).
QNEW N( z, ,N)J(CPC(SJ.NJHTUSN)-TLSN)))=L=
QNEW_N(S,Z,13,N-D/(CPC(S,JN-D»(TU(S N-0)-TL(S,N-1)
HL-ALFAN( z, N)*DHC(SINJI(CPC(SIN)*(TUSN)-TL(SN))):

*EQ (T4)
FEASN_1(,Z,I,JN)$(COLD(S JN-1) AND COLD(S JN)=l AND ALLOW_C(  ZIN.D)=I
AND ALLOW _C(S.Z,JN-L1) AND SPC(J)=1 AND FREEH(1) AND FREEC(J)).



QNEW_N( Z.UN)I(CPC(SINJTU(S,N)-TL(SN)))
HL-ALFA_N(SZLIN)*DHC(S.JN)/(CPC(S N (TUSN)-TL(S N)))=G=
QNEW_N(S.Z,| IN-1)/(CPC(SIN-D*(TUS N-D-TL(SN-L):

*EQ(T5)

FEAS_N_3(S,Z,1JN)$(COLD(S JN-1) AND COLD(S.JN)=l AND ALLOW C(SZJN,l)=!

AND ALLOW _C(S.Z,JN-1.1) AND BIF(Z.U)=0 AND SPC(J)=L AND FREEH()

AND FREEC(]).

QNEW N( z, ,N-DI(CPC(SIN-D¥TU(SN-)-TL(S,N-1)

HQNEW N( Z,  N)I(CPC(SIN*(TUSN)-TLSN))
H(INHE_NI(S,Z,LIN-0+NHE N1 ZILIN)

NHE_NO( ,Z,1,JN-L)*DHC(S JNJ*CPC(S INJ*(TU(S,N)-TL(S,N)))* 100001 = 0 0

*EQ (76)

FEAS_N_4( ,Z,lJN)$(COLD(S JN-1) AND COLD(SJN)=I AND ALLOW C(SZIN,D)=I
AND ALLOW_C(S,Z,JN-L)) AND BIF(Z, )=0 AND SPC(J)=L AND FREEH(l)

AND FREEC(J).

QNEW_N(S.Z1INJ(CPC(S,IN)*(TU(SN)-TLSN))

FONEW_N( ,Z,1IN-DI(CPC(SIN-DXTUSN-)-TL(SN-D)

HLANHE NO( 2, N-I) +NHENO( ZIN)

-NHEN 1(S,Z,1,J,N))*DHC(S,N)/(CPC(S,J.N)*(TU(S N)-TL(S,N)))* 1.00001=0=0;

EQ(17)

FEAS_N_3 B 2(S.2,1,4N)$(COLD(S,JN-1) AND COLD(SJN)=I

AND ALLOW_C(S.Z,JN,l)=I AND ALLOW_C( ZJN-1,1) AND BIF(Z,|)=L AND SPC())=1
AND FREEH(l) AND FREEC(]).

QNEW_N( ,Z,1,J,N-DJ(CPC(SIN-D*(TU(S N-1)- TL(S N-1)

FONEW_N( ZLINJ(CPCSINTUSN)-TLSN))

HL+NHE_N1B( z, ,N-+ NHE_NLB( z, N)-NHENOB( z, ,N-))

*DHC(S JNJ(CPC(SJN)*(TU(S,N)-TL(S N))=G=0:

*EQ (79)
FEAS N 3 B 1( ,Z,I,J,N)$(COLD(S J,N-1) AND COLD(SJN)=I



AND ALLOW_C(S,Z,JN,l)=1 AND ALLOW_QS,Z,J,N-1,)) AND BIF(Z,IJ)=L AND SPC())=I
AND FREEH(I) AND FREEC(J)).

QNE 2 N( ,Z.LIN-DI(CPC(SIN-DHTUSN-L)-TLSN-1)
$QNEW_N(S,ZLINJ(CPC(SINJHTU(SN)-TL(S.N))+(2 + NHE_N_ B(S.ZLIN)
+NHE_N1_B( ,Z,| JN-0-NHE_NO B(SZ | JN-1)-Y N_B(S.Z, ,N-1)
*DHC(S,JN)/(CPC(SIN)*(TU(S,N)-TL(S.N)))=G=0;

EQ(79)

FEAS_N_4 B( Z,1,JN)$(COLD(SJN-]) AND COLD(S,JN)=I AND ALLOW C(SZ N,
AND ALLOW._C(S.Z,JN-L]) AND BIF(Z,|J)=1 AND SPC(=L AND FREEH()

AND FREEC())

(QNEW_N( ,Z,|IN)-QNEW2_N( /1 IN)ICPC(SINHTUSN)-TL(S N))
FONEW N( Z,  N-DI(CPC(S,JN-DXTUSN-D)-TLSN-1)

H2+NHE N0 B( 2, N

+ NHE_NO_B( ,Z|JN) -NHE N1 B(SZ, \N}-Y N B(SZIIN)
*DHC(SJNJ(CPC(SIN)(TU(SN)-TL(S N))=G=0;

*EQ (80)
FEAS N 1_SP(S,Z,1,J,N)$(COLD(S,J,N-1) AND COLD(S.J,N)=I AND COLD(S,JN+)AND
ALLOW C(SZIN/)=l AND ALLOW C( ,ZJN-1I) AND ALLOW C(S,ZJN+])
AND BIF(Z, )=0 AND SPC()=0 AND FREEH(1) AND FREEC(J)).
QNEW N( 2, N)=G=
(YN z, ,N)-NHE NO( ZIIN-NHE NL( .z, N)*DHC(SIN)

FEAS N1 SP C( z, ,N)$(COLD(SJ\-I) AND COLD(SJN)=l AND COLD(S,JN+])
AND ALLOW_C( ,ZJN)=L AND ALLOW_C( ,ZJN-1,1) AND ALLOW_C( ZJN+L,)
AND BIF(Z, )=1 AND SPC(J)=0 AND FREEH(I) AND FREEC(J)).

QNEW_N( ,Z,|IN) =G=

(Y_N_B(S.ZJN)-NHE_NO_B( Z,LJN)}-NHE_NL B(S.Z,LJN)*DHC(SIN):

*EQ (81)
FEAS_BEG_SP( ,Z,| JMNJS(TL(S,N) LE TU(S,M) AND TU(SN) GE TL(S,M)
AND HOT(S,,M)=I AND COLD(S,JN)=I AND ALLOW_H( ,Z|M,)=1



AND ALLOW _C(S.ZJN,i)=1 AND BIF(Z,U)=0 AND SPH(1)=0 AND SPC(J)=0
AND FREEH(1) AND FREEC(]).
TL(SM) - TL(SN) - QNEW. N( .z, N)I(FC(SJ*CPC(SIN))
+ QNEW_M(SZLIM)I(FH(S I)*CPH(S, M)
+ (2-NHE_MO(S.ZlJM)-NHE_NO(S.Z,|IN)*TUS N)=G=0;

FEAS BEG B SP( 2. MNJS(TL(SN) LE TU(S,M) AND TU(S,N) GE TL(SM)
AND HOT(S,M)=I AND COLD(S,JN)=I AND ALLOW_H(S,Z.|MJ)=I

AND ALLOW_C(S.ZJN,I)=| AND BIF(Z, )=1 AND SPH(1)=0 AND SPC(J)=0
AND FREEH(1) AND FREEC(]).

TL(S.M) - TL(SN) -QNEW_N( ,ZLIN)(FC(SJ)*CPC(S,JN))
FQNEW_M(S.Z,  M)I(FH(SIJ*CPHIS, M)
+ (2-NHE_MO_B(SZ,JM)-NHE_N0_B(SZ,  N)TU(SN)=G=0:

EQ (82)
FEAS_END_SP( ,Z,I,| MN)S(TL(SN) LE TU(S,M) AND TU(S,N) GE TL(SM)
AND HOT(S,,M)=I AND COLD(S,JN)=I AND ALLOW_H(S,Z,| MJ)=!
AND ALLOW_C( ,ZJN,[)=1 AND BIF(Z,1J)=0 AND SPH(1)=0 AND SPC())=0
AND FREEH(1) AND FREEC(J)..
TUSM)-TUSN)
QNEW_M(S.Z,1JM)I(FH(S,))*CPH(S, ! M)) +ONEW.N(SZ, ,NJ(FC(SIFCPC(SIN))
+H2-NHE_MI( ZLJM}-NHE_NL( ,Z | JN)¥TU(S,N)=G=0;
FEAS_END B_SP( ZIJMN)S(TL(SN) LEL (, ) AND TU(SN) GE TL(SM)
AND HOT(S,| )=l AND COLD(S )=l AND ALLOW_H( ,Z/M,)=1
AND ALLOW C(S,ZJN,I)=I AND BIF(Z,1,J)=1 AND SPH()=0 AND SPC(J)=0
AND FREEH(1) AND FREEC(J)..
TUSM)-TUSN)
QNEW_M(S.Z,1IM)I(FH(S,)*CPH(S, | M)) + QNEW N( ZJIJN)I(FC(3J)*CPC(S,JN))
+(2-NHE_MI_B(S.Z,1,JM)-NHE_NI_B(S,Z | IN)}TU(S N)=G=0;

*EQ (83)
FEAS_BEG3(S,Z/|JMN)S(DTVIO(I))=l AND D(SZMN)=1 AND TL(SN) LT TU(SM)
AND TU(SN) GT TL(S,M) AND HOT(S,|,M)=I AND HOT(SI,M+]) AND COLD(S JN)=!
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AND COLD(S.JN+) AND ALLOW H( ,Z|M,J)=1 AND ALLOWJI( ,Z,1M+U)
AND ALLOW C(SZJN.I)=I AND ALLOW C(SZJN+LI) AND BIF(Z, )=0
AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).

NHE_NI(S.Z,1,JN)=L=(2-NHE_MO(S.Z,1,,M)-NHE_NO(S.Z | JN)):

*EQ (84)
FEAS BEG(S,Z,| LMN)$(DTVIO(LJ)= AND D(SZMN)=1 AND D(SZMN)=I
AND TL(SN) LTTU(S.M) AND TU(S,N) GTTL(S,M) AND HOT(S,,M)=I AND HOT(S, |, M+)
AND COLD(S,J,N)=I AND COLD(S,J,N+l) AND ALLOW H(SZ|MJ)=L
AND ALLOW_H(S,Z,| M+LJ) AND ALLOW.C( ZJN,)=1 ANDALLO _C(S.Z,JN+1)
AND BIF(Z.1.J)=0 AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(I) AND FREEC(])..
QNEW N( z,  N)I(TU(SM)-TL(SN))=L=
QNEW_N(S,Z I IN+DITU( N+D)-TL(SN#1)* CPC(SIN)ICPC(SIN+])
H2-NHE_MO(S.Z,I,JM)-NHE_NO( 2, N)J*DHC(SJN)(TUSM)-TLEN)):

*EQ (89)

FEAS BEG2(SZ, ,MN)S(DTVIO(IJ)=! AND D(SZMN)=L AND TL(SN) LT TUS M)
AND TU(S,N) GT TL(SM) AND HOT(S,I;M)=I AND HOT(S,I,M+I) AND COLD(S,JN)=!
AND COLD(S,JN+)) AND ALLOW_H(S.Z,,M,J)=I AND ALLOW H( Z,}M+1.)

AND ALLOW C( ,ZJN,)=L AND ALLOW C( ZJN¥L) AND BIF(Z, )=0
AND (SPH(1)=L OR SPC(J)=1) AND FREEH(1) AND FREEC(]).

QNEW_M(S,Z,| IM)/(MIN(TUS M) TU(SN))-TL(S,M))=G=

QNEW_M( Z,1,J M+ DI(TU(S M+1)-TL(S M+1)
*CPH(S,| M)ICPH(S,| M+)-(2-NHE_MO( ,Z1JM)-NHE_NO( z, )

+ DHH(S, |, M+ D)/(TU(S,M#D)-TL(S M#)));

*EQ (86)
FEAS END3(S.Z, ,MN)$(DTVIO(I,))=I AND D(SZMN)=1 AND TL(S,N) LT TU(SM)
AND TU(S,N) GT TL(S,M) AND HOT(S,|M)=I AND HOT(S,I,M-]) AND COLD(SJN)=!
AND COLD(S,JN-I) AND ALLOW_H(S.Z,I M)zl AND ALLOW_H(S.Z,|M-.)
AND ALLOW C(SZJN.I)=| AND ALLOW_C(S,Z,JN-L1) AND BIF(Z,1,)}=0
AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)..

NHE_MO( z, M)=L=(2-NHE_ML( ZIJM)}-NHENI( z, N)



50 (87)

FEAS_END(S,Z.1IMNJ$(DTVIO(,0=1 AND D(SZMN)=L AND TL(SN) LT TU[SM)
AND TU(S.N) GT TL(S.M) AND HOT(S,.M)=I AND HOT(S.I.M-I) AND COLD(SIN)=!
AND COLD(SJN-1) AND ALLOWJ ~Z,1.M,0=1 AND ALLOW H(SZM-L,)

AND ALLOW C(SZJN,I)=LAND ALLOW_C(S,Z,JN-Ll) AND BIF(Z,U)=0
AND (SPH(1)=L OR SPC(J)=1) AND FREEH(1) AND FREEC(0) 1
QNEW M(SZ, .M)(TUSM)-TLSN))=L=
QNEW_M(S,Z,1IM-D/(TU(S M-0)-TL(S,M-1)
*CPL [ M)/CPH(S,| M1 J#(2-NHE_ M1( ZIJMM-NHE Nz, N)
*DHH(S,| MY(TUSM)-TLSN))

*EQ (89)

FEAS_END2(S,Z, ,MNJ$(DTVIO(I,))=l AND D(SZMN)=L AND TL(SN) LT TU(SM)
AND TU(S,N) GT TL(S,M) AND HOT(S,|,M)=I AND HOT(S,,M-I) AND COLD(SJN)=!
AND COLD(S,JN-l) AND ALLOW H(SZ,|,M.J)=I AND ALLOW_H(S,Z | M-1)

AND ALLOW_C( ZJN,[)=1 AND ALLOW._C( ZJN-L1) AND BIF(Z, )=0
AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(0)
QNEW_N(S.Z,|LJNY(TU(S,N)-MAX(TL(S M), TL(S N)))=6=
QNEW_N(S,ZLIN-DITU(SN--TL(S N-D)
*CPC(S IN)/CPC(SIN-L)-2-NHE_MY( Z,1IM)-NHE_N1( Z1IN)
*DHC(S,JN-DI(TUSN-1 )-TL(SN-D)*

*EQ (89)
FEAS_BEGA_B(S,ZJMNJS(DTVIO(,J)=| AND D(S,ZMN)=1 AND TL(S,N) LTTU(SM)
AND TU(S,N) GT TL(S,M) AND HOT(S,,M)=I AND HOT(S,,M+!) AND COLD(S JN)=!
AND COLD(S,JN+]) AND ALLOW_H( Z,|M,J)=1AND ALLOW_H( Z,|M+LJ)
AND ALLOW_C(S.2,JN,0=1 AND ALLOW C(S,Z,;N+1,0 AND BIF(Z,10=1
AND (SPH(1)=L OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).
NHE_N1_B(SZ|JN) =L=
(14 N B(SZ, N)}NHE_MOB( z, ,M)-NHE.NOB( z, N))

EQ (%0)
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FEAS_BEG2_B( ,ZIIMN)$(DTVIO(1J)=1 AND D(S,ZMN)=I AND TL(SN) LT TU(S.M)
AND TU(SN) GT TL(S,M) AND HOT(S,,M)=L AND HOT(S,},M+1) AND COLD(S,JN)=1
AND COLD(S,J,N+l) AND ALLOW H(SZ,|M,J)=| AND ALLOW H(S,Z,|M+1)

AND ALLOW_C(S.ZJN.I)=l AND ALLOW_C(S.Z,J.N+LI) AND BIF(Z,))=!
AND (SPH(D=L OR SPC(J)=I ) AND FREEH(1) AND FREEC(J))..
QNEW N(SZ,  N)(TUSM)-TL(SN))=L=
QNEW N( ZLIN#1)(TU(SN+D-TLS N+D)
*CPC(S,JN)ICPC(S IN+L(1+Y N BSZIIN)
NME_M0_B( ,Z,JM)-NHE_NO_B( ,Z,,JN)}*DHC(S JN)/(TU(S M)-TL(S N));

*EQ (91)

FEAS_BEGL B( ZLJMN)$(DTVIO(1J)=l AND D(S,ZMN)=L AND TL(SN) LTTU(S.M)
AND TU(S,N) GT TL(S,M) AND HOT(S, )=l AND HOT(S,I, M+l) AND COLD(S JN)=!
ANDCOLD(S,J,N+I) AND ALLOW H(S,Z/|MJ)=1 AND ALLOW H(SZ,|M#1,)

AND ALLOW C( ,Z,JN,)=L AND ALLOW_C(SZJN+L1) AND BIF(Z,1J)=1

AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).

QNEW2_N( ,Z 1 INJ(TUSM)-TL(S N))=L=

ONEW.N( z, N+DITUSN+D-TLSN+D)
*CPC(S,JN)ICPC(S INH)+(2-NHE_MO B(S,Z, ,M)}-NHE NO BSZ N))
*DHC(S JNJ(TUSM)-TLSN))

*EQ (9%2)

FEAS BEG3 B( z, ,MN)$(DTVIO(1,J)=) AND D(SZMN)=1 AND TL(S,N) LT TUSM)
AND TU(S,N) GT TL(S,M) AND HOT(S,,M)=l AND HOT(S,I,M+1) AND COLD(SJN)=
AND COLD(S,JN+)) AND ALLOW_H(SZ,I,M,J)=l AND ARLOW_H(S.Z,|M+1J)

AND ALLOW C( ,ZJN)=L AND ALLOW C( ,ZJN+L1) AND BIF(Z, )1
AND (SPH(1)=L OR SPC(J)=1) AND FREEH(I) AND FREEC(]).

QNEW_M( ,1LIMY(MIN(TU(S,M),TU(S,N))-TL(S,M))=G=

ONEW M( z, ,M+DI(TUSM+)-TL(SM+1)

*CPH(S, |, M)ICPH(S, | M+)-(:NHE_M0 B( z, ,M)-NHE_NO B( z, N))
*DHH(S, |, M+D/(TU(S M+1)-TL(S M+1)

EQ (%)



FEAS_END3_B( ,ZLIMN)$(DTVIO(LJ)=1 AND D(S.ZMN)=L AND TL(SN) LTTU(S M)
AND TU(SN) GT TL(S,M) AND HOT(S| )=l AND HOT(S.I.M-1) AND COLD(SJN)=1
AND COLD(S,J,N-1) AND ALLOW H(S,ZLM,))=1 AND ALLOW_H(S,Z | M-1)
AND ALLOW_C(S.ZJ.NI) AND ALLOW_C( ,ZJ.N-LI) AND BIF(Z,,J)=1
AND (SPH(1)=! OR SPC(J)=I ) AND FREEH(I) AND FREEC(J)).
NHE MO B(S,Z,UM)=L=
(HY_M_B(SZUM)}NHE M1B(SZ ,M-NHENLB( z, N);

*EQ (94)

FEAS_END B(S,Z, .MN)$(DTV10(1)=l AND D(SZMN)=I AND TL(S.N) LT TU(SM)
AND TU(S.N) GT TL(S,M) AND HOT(S.IM)=! AND HOT(S,I,M-)) AND COLD(S.IN)=!
AND COLD(S,J,N-1) AND ALLOW_H( ,ZIMJ)=1 AND ALLOW_H(S.Z,I M-1))

AND ALLOW_C(S,ZIN.)=1AND ALLOW C(  ZJN-L) AND BIF(Z, )=1
AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).
(QNEW_M( ,Z,LJM)-QNEW2_M( 2, M)(TUSM)-TL(SN))=L=
QNEW_M( ,Z,J.M-1)/(TU(SM-1)-TL(S,M-1)}*CPH(S, | M)/CPH(S | M-1)+
(2NHE_MI_B(S.Z.1JM)-NHE_NI_B( .Z,I.JN))*DHH(SLM)(TU(S M)-TLS.N));

*EQ (%)

FEAS_END2 B(S,Z, ,M,N)$(DTVIO(1))=l AND D(SZMN)=1 AND TL(S,N) LTTU(S,M)
AND TU(SN) GT TL(S,M) AND HOT(S,,M)=I AND HOT(S,,M-I) AND COLD(SJN)=I
AND COLD(S,J,N-) AND ALLOW_H(S,Z/|MJ)=l AND ALLOW H(S.Z,M-)

AND ALLOW_C(S,ZJN.1)=I AND ALLOW_C(S.ZJN-1,)) AND BIF(Z 1 J)=1
AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).

(QNEW N( ,Z,LIN)-QNEW2_N( 2, ,N)J{(TU(SN)-MAX(TL(SM),TL(S,N)))=G=
QNEW_N( ,Z 1 JN-D/(TU(S,N-D)-TL(SN-D)J*CPC(SIN)ICPC(SIN-1)

-(2-NHEML B(S.2,1,JM)-NHE_N1_B(S,Z,| JN)J*DHC(S IN-D)/(TU(S N-D)-TL(S N-D):

*EQ (%)

PAREQ(S.Z,)$(ALLOW(S,Z, )=1 AND FREEH(1) AND FREEC()).

PAR(Z,|J)=E=SUM((M,N)$(D(S.ZM,N)=L AND TL(S,N) LT TU(S,M) AND HOT(S,| M)=!

AND COLD(S,JN)=I AND ALLOW_H(S,Z,I,M,})=| AND ALLOW C(S.ZJN,I)=l),
Q(S.ZIMINJUH_IS LMy UH_J(S,JN)ILMTD(S M)
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*EQ (97)
BIF_13 2( K.Z|JM)$(ORD(K) LT KMAX(Z, ) AND HOT(S,| M)=!
AND ALLOW H(S,Z.,M,J)=1 AND BIF(Z1)=L AND FREEH(I) AND FREEC(J)).
DAR B(Kz, )=L=
SUM((LN)$(D(S.Z,L,N)=L AND ORD(L) LE ORD(M) AND TL(SN) LT TU(S.L)
AND HOT(S,I,L)=I AND COLD(SJN)=l ANDALLO _H( ZI,LJ)=1
AND ALLOW C(S.ZJN,)=1),
(QS.ZILIN-Q2(S,ZLLIN)HUH_ISLLI+UH JSIN)LMTDES,LN))
+AMAX*(2-NHE_MZL_B(S,Z 1., M)-XL_B(S.Z,I.JM)-
SUM(KK$(ORD(KK) GT 1AND ORD(KK) LT ORD(K)).X_B( KK.Z, M)));

*EQ (%)
BIF_13_I(SK.Z,1,JM)$(ORD(K) LT KMAX(Z,1J) AND HOT(S, | M)=!
AND ALLOW_H( ZMJJ)=1 AND BIF(Z,1,J)=L AND FREEH(I) AND FREEC(J)..
PAR B(K,Z, )=G=
SUM((L,NJ$(D(S,Z,L N)=LAND ORD(L) LE ORD(M) AND TL(SN) LT TU(SL)
AND HOT(S,I,L)=I AND COLD(S,JN)=! AND ALLOW._H(S.Z,I.L )}
AND ALLOW_C(S.ZJN,1)=)
(QSZLLIN-Q2(S.ZLLIN)H(UH_ IS LU UH IS IN)LMTD(S LN))
AMAX*(2-NHE MLB( z, \M)}XLB( .z, M)
SUM(KKS(ORD(KK) GT L AND ORD(KK) LT ORD(K)).X_B( KK.Z, M);

*EQ (%9)
BIF_14(S,K.Z,,)$(ORD(K) EQ KMAX(Z, ) AND ALLOW(SZ,I,))=1 AND FREE(l)
AND FREEC(J) AND BIF(Z,))=1)..

PAR B(KZJ)=E=PAR(Z, )- M(KKS(ORD(KK) LT ORD(K))PAR_B(KKZ )

*EQ(100)
BIF_15(S,, ,M)$(HOT(S,, M)l AND ALLOW H(S.Z,|M,J)=| AND BIF(Z, )=l
AND FREEH(1) AND FREEC(])).
X1 B(S,Z,1,JM)+SUM(KS(ORD(K) GT LAND ORD(K) LE KMAX(Z, ))
ORD(K)*X_B( ,K,Z,I,JM))=E= SUM(LS(HOT(S, L)< AND ORD(L) LE ORD(M) AND



ALLOW H(SZI,Lj)=)NHE_ MO B(SZU,L)+1Y M B(SZIIM):

*EQ (101)
BIF_17(5,2, ,M)S(HOT(S,, M)zl AND ALLOW_H(S.Z\M.J)=I AND BIF(Z,IJ)=L
AND FREEH(1) AND FREEC()).
M(N$(D(S,Z,MN)=L AND TL(S.N) LT TU(S,M) AND HOT(S,,M)=! AND COLD(S.JN)=!
AND ALLOW_H(S.Z,M,J)=! AND ALLOW_C(S,Z,JN)=l).
Q2(S,2, MJN)=E=QNEW2_M( Z1IM);

*EQ (102)
BIF_16( ,Z,lM)$(HOT(S,| M)zl AND ALLOW_H(SZ,|,M,J)=! AND BIF(Z,|J)=L
AND FREEH(1) AND FREEC(J)).
X1B(SZ M)zL=1

*EQ (103)
BIF_18(S,2,1JMN)$(D(S.ZM,N)= LAND TL(S,N) LT TU(S,M) AND HOT(S, | M)=I
AND COLD(S,JN)=I AND ALLOW_H(S,Z,I;M,))=l AND ALLOW_C( ZJN.)=L
AND BIF(Z,1,))=1 AND FREEH(I) AND FREEC(J))..

02(S.2I MIN)=L=Q(S,Z,| MIN):

*EQ (104)
SHELL(Z,1,))$(SUM(S,ALLOW(S.Z, )]>= LAND FREEH(I) AND FREEC(J) AND
BIF(Z,1,))=0)..

PAR(Z, )=L=ASHELLMAX*USHELL(Z,I,))

*EQ (105)
SHELL_B(K.Z,|,J)$(SUM[S ALLOW(S.Z,1,)]>= LAND FREEH(1) AND FREEC()
AND BIF(Z,1,))=1)..

PAR B(K.Z, )=L=ASHELLMAX*USHELL B(KZ,l);

*EQ (106)
TOTALCOST.. TCOST=E= SUM(IS(HU(1) AND FREEH(1)),CHU(I/*EHU(1)*DTHU(1)
+ SUM(IS(CU(J) AND FREEC() CCU*FCU(I)*DTCU))



+ SUM((Z,U)$(SUMS,ALLOW(S,Z,}J)]>= L AND FREEH(1) AND FREEC()
AND BIF(Z, )=0), CF*USHELL(Z,1,)

+ SUM((K,Z.1)$(SUM[S ALLOW(S,Z, )]>= 1AND FREEH(1) AND FREEC()
AND BIF(Z, )=1), CF*USHELL B(K.Z, ))

+SUM((Z, ) ( M[ ALLOW(SZ, )]>= LAND FREEH(!) AND FREEC()) ),
CA*PAR(Z,))

*EQ (107) CONSISTENCY: Number of exchangers smaller than the number of shells
* Needed because the exchangers are related to the values of K

KMAX1(S.2, )$(ALLOW(S,Z,J)=| AND FREEH(I) AND FREEC(J) AND BIF(Z,1,))=0)..
NHE(S.Z, ) =L= USHELL(Z, ) ;

KMAX2(S,Z,1,)$(ALLOW(S,Z,I,J)=! AND FREEH(1) AND FREEC(J) AND BIF(Z,1,))=1)..
NHE(SZ, ) =L= SUM(KUSHELL B(KZ, )) ;

* EXTRA EQUATIONS NOT IN PAPER BUT NEEDED

*EQ (extra 1) LIMIT THE NUMBER OF EXCHANGERS
TOTNEXCH MAX(S).. SUM(Z,I,)S(ALLOW(S,Z,1J)= LAND FREEH(l) AND FREEC(J))
NHE(SZ, ))=L=TOTNEXCHMAX;

*EQ (extra2)  MINIMUM NUMBER OF EXCHANGERS
TOTNEXCH MIN(S). SUM(Z, ) (ALLOW(S,Z, )=1 AND FREEH(1) AND FREEC(J),
NHE(SZ,1,)))=G=TOTNEXCHMIN;

MODEL MPERIOD /ALL/;

OPTION LIMROW =5000;

OPTION LIMCOL =5000;
OPTION SOLPRINT = OFF;



OPTION OPTCR=0

OPTION OPTCA=0 ;

OPTION RESLIM = 1000;
OPTION ITERLIM = 10000000;
* PMATCHPRIOR(Z, ) =05,

* HUMATCHPRIOR(Z, J)=0.75;
* CUMATCHPRIOR(Z | W)=0.75;

SOLVE MPERIOD USING MIP MINIMIZING TCOST ;

PARAMETER QMATCH(S.Z,1,)

QMATCH(S.Z, )=SUM((MN)$(D(S,ZMN)=L AND TL(S,N) LT TU(S,M) AND D(S.ZMN)=1

AND COLD(S,JN) AND ALLOW_H(S,Z,| M)zl AND ALLOW_C(SZIN,1)=)
QLSZIMIN)):

PARAMETER FH_H( ,Z, ,M) Flowrate of hot stream per FIEX;
FH_H( ,Z|JM)$[HOT(S,.M)]=QNEW M.L(SZ, ,M)/[(TU(S,M)-TL(S,M)*CPH(S,|M)]

PARAMETER FC_C( ,Z,J,,M) Flowrate of hot stream per HEX;
FC_C( ,ZJ.,M)$[COLD(S,JM)]=QNEW N.L(S.Z, ,M)[(TU(S,M)-TL(S,M))*CPC(S,J,M)]

PARAMETER NHE2(S.Z,J,);
NHE2(S.ZJ)=NHE.L(S.Z, );

*SONTEXT

OPTION DHH:3:0t|: DISPLAY DHH;

OPTION DHC:3:0:1; DISPLAY DHC;

OPTION HHEAD:3:2:1; DISPLAY HHEAD;

OPTION CHEAD:3:2:L; DISPLAY CHEAD;

OPTION ALLOW:3:0:1; DISPLAY ALLOW;

OPTION ALLOW_H:3:0:L; DISPLAY ALLOW H;

OPTION ALLOW_C:3:0:1; DISPLAY ALLOW C;

OPTION ALLOW 2:2:0:1; DISPLAY ALLOW 2



OPTION Q:3:0:1; DISPLAY QLL;

OPTION QNEW_M:3:0:1; DISPLAY QNEWM.L;
OPTION QNEW_N:3:0:1; DISPLAY QNEW N.L;
OPTION QNEW2_M:3:0:1; DISPLAY QNEW2 M.L;
OPTION QNEW2_N:3.0:1; display QNEW2_N.L;
OPTION Y_M:3:0:1; DISPLAY Y_M.L;

OPTION Y_N:3.0:1; DISPLAY Y N.L;

OPTION NHE_M0:3:0:1; DISPLAY NHEMO.L;
OPTION NHEM 1:3:0:1; DISPLAY NHEM 1L
OPTION NHE_N0:3:0:1; DISPLAY NHENO.L;
OPTION NHE_N1:3:0:1; DISPLAY NHE NLL;
OPTION Y_M_B:3:0:1; DISPLAY Y M BL;
OPTION Y_N_B:3:0:I; DISPLAY Y N BL;
OPTION NHE_MO_B:3:0:1; DISPLAY NHE MO BL;
OPTION NHE_M1_B:3:0:1; DISPLAY NHE M1B.L;
OPTION NHE_NO_B:3:0:1; DISPLAY NHE NO BLL;
OPTION NHE_N1_B:3:0:1; DISPLAY NHE N1B.L;
OPTION ALFA_M:3:0:1; DISPLAY ALFA M.L;
OPTION ALFA_N:3.0:1; DISPLAY ALFA N.L;
OPTION NHE:3:0:1; DISPLAY NHE.L;

OPTION QH:3:0:1; DISPLAY QH.L;

OPTION QC:3:0:1; DISPLAY QC.L;

OPTION X1_B:3:0:1; DISPLAY X1B.L;

OPTION X_B:3:0:1; DISPLAY X_BL.L;

OPTION Q2:3:0:1; DISPLAY Q2.L;

OPTION FHU:3:0:1; DISPLAY FHULL;

OPTION FCU:3:0:1; DISPLAY FCU.L;
* OPTION PARI:3:0:1; DISPLAY PARL.L;
* OPTION PAR2:3:0:1; DISPLAY PARZ.L;

OPTION NHE2:3:0:1; DISPLAY NHEZ2;

OPTION PAR:3:.0:1; DISPLAY PAR.L;

OPTION PAR_B:3:0:1; DISPLAY PAR BLL;
OPTION QMATCH:3:0:1; DISPLAY QMATCH;



OPTION FH_H:3:0:1; DISPLAY FH_H;
OPTION FC_C:3:0:1; DISPLAY FCC;
OPTION LMTD:3:0:1; DISPLAY LMTD;
OPTION D:3:0:1; DISPLAY D;
OPTION I)T 3:0:1. DISPLAY DT;
OPTION  :3:0.L: DISPLAY TU;
OPTION TL:3:0:1; DISPLAY TL;
OPTION CPH:3:0:1; DISPLAY CPH;
OPTION CPC:3:0:1; DISPLAY CPC;
OPTION FREEC:3:0:1; DISPLAY FREEC;
OPTION COLD:3 0:1; DISPLAY COLD;
OPTION HOT.3:(): I. DISPLAY HOT;
OPTION CU:3:0:1; DISPLAY CU;
OPTION NIC:3:0:1 DISPLAY NIC;
OPTION IHminZ:3:0:I; DISPLAY IHminZ;
OPTION IHmaxZ:3:0:1; DISPLAY [HmaxZ;
OPTION IHmax:3:0:1; DISPLAY IHmax;
OPTION [Hmin:3:0:1; DISPLAY IHmin;
OPTION ICminZ:3:0:1; DISPLAY ICminZ;
OPTION ICmaxZ:3:0:1; DISPLAY ICmaxz;
OPTION TIHZ:3:0:1; DISPLAY TIHZ;
OPTION TOCZ:3:0:1; DISPLAY TOCZ;
OPTION TOHZ:3:0:1; DISPLAY TOHZ;
OP1ION TICZ:3:0:1; DISPLAY TICZ;
OPTION HOTZ:3:.0:1; DISPLAY HOTZ:
OPTION HOT2:3:0:1; DISPLAY HOTZ;
OPTION COI.DZ 3:0:1: DISPLAY COLDZ;
OPTION 001.1)2:3 0:1; DISPLAY COLD2;

SofTtext



Appendix B Programming Model for Retrofit Heat Exchanger Network

ITITLE HEN retrofit- Automatic parameter calculation
SOFFUPPER

# INPUT SETS

khkkkkkkkhhkkkkhhhhkkkhhhhkkkhhhhkkkhhhkkkkhhhhkkkkhhhkkkhhhhkkkkkhhhkkkkhhhkkkkkhkk

SETS
Z transfer zones 121

t ALWAYS DEFINE THE HOT STREAMS FIRST, AND THEN THE COLD STREAMS
|Hotstreams — /11*14/
Jeold streams — [JI*J3/
t ALWAYS DEFINE THE UTILITIES WITH THE HIGHEST INDEX
HU() Heating utilities /14/
CU(J) Cooling utilities 33/

M temperature intervals IM1*M171/

K exchangers per pair of stremas in each zone /KI/
FREEH(I) HOT STREAMS INCLUDED IN THIS RUN/IN, 121314/
FREEC(J) COLD STREAMS INCLUDED IN THIS RUN /31,2,33/

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

* INPUT PARAMETERS

*********************************+**************************‘ ***********+++*~k' *%

PARAMETERS
NIZ(Z.I) NUMBER OF INTERVALS DESIRED FOR HOT STREAMS IN EACH ZONE
/

153



ZI N3

Z1.221

ZI1324

Z11419

I

NJZ(Z.J) NUMBER OF INTERVALS DESIRED FOR COLD STREAMS IN EACH ZONE
I

711 28

21223

713 18

'H(I) SUPPLY (INLET) TEMPERATURE FOR HOT STREAMS

I

Il 432

12 540

13 616

u

/

TOH(I) TARGET (FINAL) TEMPERATURE FOR HOT STREAMS
/

1350

12 361

13 363

umn

/

TIC(J) SUPPLY (INLET) TEMPERATURE FOR COLD STREAMS
/

129

230

3 293

/

TOC(J) TARGET (FINAL) TEMPERATURE FOR COLD STREAMS

154



155

/

1400

12 538

13313

/

TIHZ(Z.1) SUPPLY (INLET) TEMPERATURE FOR HOT STREAMS IN EACH ZONE
/

7111 432

7112 540

7113 616

7114 13

/

TOHZ(Z.l) TARGET (FINAL) TEMPERATURE FOR HOT STREAMS IN EACH ZONE
/

7111 350

710 %!

7113 363

7114 112

/

TICZ(Z,)) SUPPLY (INLET) TEMPERATURE FOR COLD STREAMS IN EACH ZONE
/

7191 299

7182 31

7153 293

/

TOCZ(ZJ) TARGET (FINAL) TEMPERATURE FOR COLD STREAMS IN EACH ZONE
/

2131 400

2102 53

7133 313

I

PARAMETER FH()

/



I 2285
2 204
B 538

PARAMETER FC())
|

1 933

2 1%1

/

PARAMETER H1()
/
1 04

03
B 0%
053

PARAMETER HI()
/

105
no05

B 08

/

BIF(Z, ) ALLOW MORE THAN ONE EXCHANGER IN EACH ZONE

/
21111 0
/

SPH(1) ALLOW SPLITTING FOR HOT STREAMS (SH in paper)

/
im0

156



SPC(J) ALLOW SPLITTING FOR COLD STREAMS (SC in paper)
/

[
R o1
B
/

NIH(I) NON ISOTHERMAL MIXING FOR HOT STREAMS

NIC{J) NON ISOTHERMAL MIXING FOR COLD STREAMS

/

I 0

/

DTVIO(U) SET TO ZERO IF TEMPERATURE FEASIBILITY CHECKING ISNOT NEEDED
*THAT IS, WHEN STREAM TEMPERATURES DO NOT OVERLAP.
I

a1

1132 1

B 1

2n |

202 1

231

B

132 1

BB 1

“ 1 |

14.32



UB |
[

RMAX(Z.1.J) MAXIMUM NUMBER OF EXCHANGERS PER MATCH WHEN ALLOWED (B1F=)
/

UL 1

/

PARAMETER AEX(Z.U)

|

ZLILJ1 100134

ZLI133 104828

211202 12153

711233 13356

Z113.J1 58415

711332 60371

711412 24681

/

PARAMETER AEX_B(KZ.1)

/

K1ZLILIL 100134

/

PARAMETER NHEO(Z L))
/

ZI11J1 1

Z11133 |

11272 1

71123 1

Z113J1 1

11332 1

71142 1

/



PARAMETER AEX_ (Z.1))
I

211101 150201

Z1113 157242

2112.32 18229

Z1.12.J3 200.34

Z113.J1 876.225

Z1.13.J2 905.565

Z1.14.32 370.215

/

PARAMETER AEX_U B(K.Z, )
/

K1Z1 1101 150201

/

DTHU() TEMPERATURE CHANGE OF HOT UTILITY
/

U1

/

DTCU(J) TEMPERATURE CHANGE OF COLD UTILITY
/

BN

/

FMAXHU(I) MAXIMUM FLOW OF HOT UTILITY

/

410000

/

FMAX CU(J) MAXIMUM FLOW OF COLD UTILITY

/

B 100

/

CHU(I) COST OF HOT UTILITY (PER UNIT FLOW)



/

U 9504

/

CCU(II COST OF COLD UTILITY (PER UNIT FLOW)
!

J3 20

/

CF FIXED COST PER SHELL
13460/

CAN COST PER UNIT AREA
Nn714

CAE

[171.4]

QLHMIN  MINIMUM HEAT THAT CAN BE TRANSFERRED IN EACH HOT STREAM INTERVAL

/o.00/

QLCMIN MINIMUM HEAT THAT CAN BE TRANSFERRED IN EACH COLD STREAM INTERVAL
AMAX MAXIMUM AREA PER EXCHANGER

120000/
ASHELLMAX MAXIMUM AREA PER SHELL

15000/
TOTNEXCHMAX MAXIMUM NUMBER OF EXCHANGERS IN THE NETWORK (ALL ZONES)

1900/
TOTNEXCHMIN MINIMUM NUMBER OF EXCHANGERS IN THE NETWORK (ALL ZONES)

lo/

* END OF INPUT PARAMETERS
* START OF AUTOMATIC CALCULATION OF PARAMETERS

ALIAS (MN.L,0)

160



161

ALIAS ( 1)
ALIAS (10)
ALIAS (K.KK)
ALIAS (222);

SCALARS Zi. Mi, Ic, Ji

PARAMETERS IHminZ(Z,),IHmaxZ(Z,I).IHmax(1), Hmin(l).
HOT(1.M), HOT2(M), HOTZ(Z.IM),ICminZ(Z,J),|CmaxZ(Z.)),
ICmin(J),ICmax(J),COLD(IM).COLD2(M), COLDZ(Z,JM)
HI(LM), H_JOM)
* WE FIRST CALCULATE THE STARTING INTERVALS FOR EACH STREAM FOR EACH
* SCENARIO IN EACH ZONE: HminZ(SZ,)

FOR(Zi=! TO CARD(2),
FOR(Ic=I TO CARD(l),
IHminZ(Z,)$[ORD(1)=l ANDORD(Z)=I]=
0+ IS[NIZ(Z )>=1];

IHminZ(Z,1)$[ORD(1)>! AND ORD(Z)=l]=

0+ )SUM(ZZ,II/$[ORD(I1)<ORD(] NIZ(ZZ, IN)H 1$[NIZ(Z,1)>=1];
IHminZ(Z,1)S[ORD(Z)> 1J=

0+ {SUM((ZZ,II'$[ORD(II)<ORD(I,NIZ(ZZ, 1))+

SUM(ZZ$[ORD(ZZ)< Zi] NIZ(ZZ 1))+ S[NIZ(Z,I)>=1];

IHmaxZ(Z,${ORD(1)=Ic AND ORD(Z)=Zi]=

0+ (IHMinZ(Z, NIZEZ,1)-) )SINIZ(Z )>=1];
[Hmin(1)$[ORD(1)=Ic]=

SUM[Z${SUM(ZZ$[ORD(ZZ)<=ORD(2)-| INIZ(ZZ,1))=0),IHminZ(Z, )]
IHma\()$[ORD(I)=Icl=

SUMI[Z${SUM(ZZ$[ORD(ZZ)>=0RD(Z)+],N1Z(ZZ,1))=0),IHmaxZ(Z,I)];

FOR(Mi=! TO CARD(M),
HOT(I, M)S[ORD(1)=lc AND ORD(M)=Mi]=



0+ IS[ORD(M)>= IHmin(1) AND ORD(M)<=IHmax(1)];
HOT2(M)$[ORD(M)=Mi]=
0+ IS[ORD(M)<= SUM(I$(ORD(I)=CARD(1)),IHmax(I))];
HOTZ(Z.I M)S[ORD(!)=Ic AND ORD(M)=Mi
AND ORD(2)=Zil=
0+ IS[ORD(M)>= IHminZ(Z.I) AND ORD(M)<=IHmaxZ(Z.I)J
H_I(.M)$[ORD(1)=Ic AND ORD(M)=Mi
AND HOT(1,M)=I] = HI(l)
;
FOR(Ji=I TO CARD(J),
ICminZ(Z,J)$[ORD(J)=I AND ORD(Z)=I]=
0+ { M(I$[ORD(I)=CARD(I)],IHmax(I))+I }$[NJZ(Z,J)>=I);
ICminZ(Z,J)$[ORD(J)> IAND ORD(Z)=1J=
0+ {SUM{IS[ORD(I)=CARD(I)],IHmax(I)}
+SUM((ZZ J))S[ORD(J)<ORD(I)] NIZ(ZZ,J9)+I}$INIZ(Z )>=1];
ICminZ(Z,J)$[ORD(2)> 1]
0+ {SUM{IS[ORD(I)=CARD()],IHmax(1)}
+ SUM((ZZ.JIS[ORD(I)<ORD(I)] NJZ(ZZ, )
+ SUM(ZZS[ORD(ZZ)< Zi] NIZ(ZZ )1 1SINIZ(Z,)>=1],
ICmaxZ(Z,J)$[ORD(J)=Ji AND ORD(Z)=Zi=
0+ {ICminZ(Z,J)+NJZ(Z J)-1 }$[NIZ(Z,3)>=1];
ICmin(J)$[ ORD())=Ji]=
SUMIZ${SUM(ZZ$[ORD(ZZ)<=0RD(Z)-],NJZ(ZZ,3))=0| ICminZ(Z,J)3;
ICmax(J)S[ORD(J)=Ji=
SUM[Z${SUM(ZZS[ORD(ZZ)>=ORD(Z)+], NJZ(2Z,J))=0} ICmaxZ(Z,J)]

FOR(Mi=| TO CARD(M),
COLD(J,M)S[ORD(J)=Ji AND ORD(M)=Mi]=
0+ IS[ORD(M)>= ICmin(J) AND ORD(M)<=ICmax(J)];
COLD2(M)$[ORD(M)=Mi]=
0+ IS[ORD(M)>SUM(I$(ORD(I)=CARD(1)),IHmax(1))
AND ORD(M)<= SUM(J$(ORD(3)=CARD(J)),ICmax(3)];
COLDZ(Z,J M)$[ORD(J)=Ji AND ORD(M)=Mi



AND ORD(Z)=Zil- 0+ IS{ORD(M)>= ICminZ(Z.J)
AND ORD(M)<=ICmaxZ(Z,J)];
H_J(3,M)$[ ORD(J)=Ji AND ORD(M)=Mi
AND COLD(IM)=1] = HI() :

)

PARAMETERS DT(M).TU(M).CPH(L.M) CPC(JM).TL(M).DHH(1.M).DHC(I.M)
“WE ALWAYS DEFINE Cp AS L USER IS TOLD TO ENTER F¥Cp

CPH(LM)SIHOT(IM)=1] = L
CPC(IM)S[COLD(IM)=1] = I;

DT(M) = SUM((Z,)S[HOTZ(Z,|M)=1].
\[TIHZ(Z,])-TOHZ(Z N [IHmaxZ(Z, - HminZ(Z, ) +1T})
S[HOT2(M)=I]+
SUM((ZJ)$[COLDZ(ZIM)=1]
i[TOCZ(Z,J)-TICZZ )J[ICMaxZ(Z,)-1CminZ(Z J)+1]})
$[COLD2(M)=I];

FOR (Mi=! TO CARD(M),
TU(M)S[ORD(M)=Mi]=
(SUM(Z,)$[HOTZ(Z,,M)=I AND ORD(M)=
IHminZ(Z,)], TIHZ(Z,)S[ORD(M)=IHminZ(Z 1))
+ SUM((Z,)S[HOTZ(Z,I, M)zl AND ORD(M)>IHminZ(Z,)
AND ORD(M)<=IHmaxZ(Z)]
[TIHZ(Z,1)-(ORD(M)-'HminZ(Z,)}*DT(M)]
S[ORD(M)>IHminZ(Z,I) AND ORD(M)<=
IHmaxZ(Z,1)])}$HOT2(M)=1]
+{SUM((Z,)$[COLDZ(Z,JM)=I AND ORD(M)=ICminZ(Z,J)],
TOCZ(Z,)$[ORD(M)=ICminZ(Z,)])
+ SUM((ZJ)$[COLDZ(Z, M)=I AND ORD(M)>ICminZ(Z))



AND ORD(M)<=ICmaxZ(Z.J)],
(TOCZ(Z,J)-(ORD(M)-ICminZ(Z.3))*DT(M)]
${ORD(M)>ICmiiiZ(Z,J) AND ORD(M)<=
[CmaxZ(Z J)])}$[COLD2(MI=I];
TL(M)$[ORD(M)=Mi]=
Is UM((Z.1)$[HOTZ(Z.1.M)=1 AND ORD(M)=
IHmaxZ(Z.1)]. TOHZ(Z,1)$[ORD(M)=IHma\Z(Z.1)]
+ SUM((Z.)S[HOTZ(Z.1.M)=I AND ORD(M)<IHma\Z(Z,1)
AND ORD(M)>=IHminZ(Z, 1),
[TOHZ(Z,1)+(IHma\Z(Z,1)-ORD(M))*DT(M)]
$[ORD(M)<IHmaxZ(Z,I)AND ORD(M)>=
IHMInZ(Z,)])}$[HOT2(M)=1]
+ISUM((Z,J)S[COLDZ(Z,JM)=1 AND ORD(M)=ICma\z(Z,J)],
TICZ(Z,J)S[ORD(M)=ICmaxZ(Z,J)])
+ SUM((Z J)S[COLDZ(Z,J,M)=I AND ORD(M)<ICma\Z(Z,J)
AND ORD(M)>=ICminZ(Z,)]
[TICZ(Z,J)+(1CmaxZ(Z,J)-ORD(M))*DT(M)]
S[ORD(M)<ICmaxZ(Z,J)AND ORD(M)>=
ICminZ(Z J)}$[COLD2(M)=1];
FOR(Ic=l TO CARD(l),
DHH(I,M)$[ORD(M)=Mi AND ORD(l)=I¢
AND HOT(I,M)=l]=
FH(I)*CPH(I,M)*[TUM)-TL(M)] ;
FO)R(Ji:I TO CARD(J),
DHC(J,M)$[ORD(M)=Mi AND ORD(J)=Ji
AND COLD(J,M)=1]=
FC()*CPC(IMP[TUM)-TL(M)] ;

PARAMETER HHEAD(M,N),CHEAD(M,N),LMTD(M N),D(Z,M N),

ALLOW(Z,1,J), ALLOW_H(Z,|M,J)ALLOW C(ZJM,I), ALLOW 2(Z, );

164



*D(S,ZMN)=I MATCH BETWEEN INTERVALS M AND N ALLOWED BASED ON LMTD

- HHEAD(SMN) = {TU(S.M)-TU(S.N) + DTmin}${HOT2(S,M) AND COLD2(SN)];
*CHEAD(SMN) = (TL(S.M)-TL(S.N) + DTmin}$[HOT2(SM) AND COLD2(SN)]
HHEAD(M.N)= (TU(M)-rU(N) J${HOT2(M) AND COLD2(N)]

CHEAD(MN) = (TL(M)-TL(N) }$[HOT2(M) AND COLD2(N)] ;

*LMTD(S,M.N)= {[HHEAD(S,M,N)-CHEAD(S,M,N)J/LOG[HHEAD(S M,N)/CHEAD(S MN)] T
% $[HHEAD(S.M,N)> 0 AND CHEAD(S.MN)>0 AND HHEAD(S,M,N)> CHEAD(S MN)]
* 4 I[HHEAD(S.MN)+CHEAD(S.MN)J/2}${HHEAD(S.M.N)>0 AND CHEAD(S.MN)>0
* AND (HHEAD(S.M.N)< CHEAD(SM,N)OR HHEAD(S,M,N)= CHEAD(SM.N))J;
LMTD(M.N)= {[HHEAD(M,N)-CHEAD(MN)J/LOG[HHEAD(MN)/CHEAD(M.N)]}
S[HHEAD(M,N)> 0 AND CHEAD(M,N)>0
AND ( HHEAD(MN)> CHEAD(M,N)+0.0001
OR HHEAD(M N)< CHEAD(MN)-0.0001 )]
+ {[HHEAD(MN)+CHEAD(M,N)]/2 }$[HHEAD(M,N)>0 AND CHEAD(M,N)>0
AND HHEAD(M,N)< CHEAD(M.N)+0.0001 AND HHEAD(M,N)> CHEAD(MN)-0.0001];

DEZMN)= 15[ {HOT2(M)=I ANDHOT2(N)=I AND SUM[IS(HOT(I M)zl
AND HOT(I,N)=1),HOTZ(Z,| M)]=I AND SUMIS(HOT(I,N)=!
AND HOT(IM)=) HOTZ(Z,IN)J=
OR <COLD2(M)=I AND COLD2(N)=I AND SUM[J$(COLD(M)=!
AND COLD(JN)=1),COLDZ(Z,JM)]=LAND SUM[I$(COLD(N)=!
AND COLD(JM)=1),COLDZ(ZIN)J=2}
OR {(HHEAD(M,N)>=0.0001AND CHEAD(M,N)>=0.0001)
% OR {(HHEAD(S,M,N)>=(-0.0001DTMIN) AND CHEAD(SM,N)>=(-0.0001+DTMIN))
AND SUM[IS(HOT(I,M)=D).HOTZ(Z,| M)}z
AND SUM[J$(COLD(IN)=1) COLDZ(ZJ N)J=1}

FOR(Zi=I TOCARD(2),
FOR(lc=I TO CARD(l),



rOR(Ji=l TO CARD(J),
ALLOW(Z, )ORD(Z)=Zi AND ORD(l)=lc
AND ORD(J)=li]= 0+ I${SUM[(M,N)$[HOT(I.M)=I
AND COLD(IN)=1]DZMN)] >0
AND NOT[HU(I) AND CU()] !
FOR(Mi=i ToCAKD (i),
ALLOW _H(Z,IM,J)S[ORD(Z)=Zi AND ORD(I)=Ic
AND ORD(J)=Ji AND ORD(M)=Mi
AND HOT(IM)=1]=
0+ 1S{SUMINS$[COLD(JN)=1],DZM,N)] >0
AND NOT[HU()AND CU(I)] )
ALLOW C(Z,JM)$[ORD(Z)=Zi AND ORD(l)=Ic
AND ORD(J)=Ji AND ORD(M)=Mi
AND COLD(JM)=I]=
0+ 1 {SUM[NS[HOT(I,N)=1],DZN,M)] >0
AND NOT[HU()AND CUQ)]T;
)
FOR(Zi=| TO CARD(2),
FOR(Ic=I TO CARD(l),
FOR(Ji=I TO CARD()),
ALLOW 2(Z, )$[ORD(2)=Zi AND ORD(I)=Ic AND ORD(J)=Ji]
0+ ISALLOW(Z.1,J) >0 AND NOT[HU(I)AND CU()]}:

)

VARIABLES
TCOST
PAR(Z,)
QZIMIN)
QNEW M@Z, M)
ONEW N(Z, N)
QNEW2 M(Z1JM)



QNEW2 N(ZIIN)
Y MEZILIM)

Y NEZIIN)

Y M_B(ZIJM)
YNBEZ N
NHE_MO(Z,I,JM)
NHE_M1(Z, M)
NHE_NO(Z,I,JN)
NHE_N1(Z,|JN)
NHE_MO_B(ZLIM)
NHE_MLB(Z, M)
NHE_NO B(Z, |N)
NHE_N1B(Z/1JN)
NHE(Z,,)

ALFA M(Z, M)
ALFA NZIIN)
FHU(1)

FCU(Q)
BI(Z I MJN)
QHEZIMN)
QCZIMN)
Q2ZIMIN)

X1 B(Z,1JM)
X_B(K.ZIJM)
DPAR E(Z, )
PAR N(ZJ)
PAR B(K.Z, )
DPAR EB(K.Z,I,)
PAR N B(K.Z, )
NHE_S(Z, )
DELTA(KK)



POSITIVE VARIABLE Q.QNEW2_M,QNEW2_N,QC,QH,Q2,X1 B,DPAR E,DPAR E BPAR NPAR N B
BINARY VARIABLE NHE_M0_B.NHE_M1_B,NHE_NO B.NHE_N1 B,Y M,Y N.X_BNHE_S.DELTA

EQUATIONS
HBHS(1.M)
HBCS(IN)
HBHS_NI(I,M)
HBCS_NI(IN)
NOISOH(I,M)
NOISOC(IN)
HBHU(IM)
HBCU(IN)
PAREQ(Z, )
TRANSFOR M(Z, M)
BINARYMIZ, M)
BINARY_M2(Z,IJM)
BINARY_M3(Z, M)
BINARY_M4(Z, M)
BINARY_M5(Z, M)
BINARY_M6(Z, M)
BINARY_M7(Z, M)
BINARY_MS8(Z,I.JM)
BINARY M1 B(Z,JM)
BINARY_M2_B(Z,1JM)
BINARY M3 B(Z, M)
HE_COUNT MO(Z, )
HE_COUNT M1(Z,)
TRANSFOR N(Z, N)
BINARYNLZIIN)



bnary n2(z.u .n)
BINARY N3(Z.UN)
BINARY_N4(Z, ,N)
BINARY_N5(Z.IJN)
BINARY_N6(Z, ,N)
BINARY_N7(ZIJN)
BINARY_N8(Z,1JN)
BINARY N1 B(Z.IJN)
BINARY_N2_B(Z,lJN)
BINARY_N3 B(Z,|J.N)
HE_COUNT_NO(Z, )
HE_COUNT_N1(Z, )
FEAS_M_01Z, M)
FEAS_M_02(,13,M)
FEAS M_03(z, M)
FEASMO 1 B(Z, M)
FEAS_M_02 B(Z,,JM)
FEAS_M_03 B(Z1,JM)
FEAS_M_04(Z, M)
FEAS M_1Z, M)
FEAS M_2(Z, M)
FEAS_M_3(Z1J M)
FEAS_M_4(Z1JM)
FEAS_M_3 B 1ZIJM)
FEAS_M_3 B 2(Z,|J,M)
FEAS_M_4 B(Z|JM)
FEAS_M_1 SP(Z,|JM)
FEAS M_1.SP B(Z, M)
FEAS_M_2_SP B(ZJM)
FEAS_N_01(Z,1,JN)
FEAS_N_02(Z,1,JN)
FEAS_N_03(Z,1,JN)



FEAS N 03 B(ZIIN)
FEAS N 04(Z, N)

FEAS N_1ZLIN)
FEAS N 2(Z1IN)
FEAS N 3(ZLIN)
FEAS N 4z, N

FEAS N 3 B_1ZLIN)
FEAS N 3B 2Z N
FEAS N 4 B(ZLIN)
FEASN.1 PZ N)
FEAS N_1SP BZ, N)
FEAS N 2 SP B(Z, N
FEAS BEG_SP(Z | JMN)
FEAS BEG B SPZIJMN)
FEAS_END_SP(ZyM.N)
FEAS END B SP(Z, \M\N)
FEAS BEG(ZJMN)
FEAS BEG2(Z|JMN)
FEAS BEG3(Z, MN)
FEAS BEG4(Z,|JMN,J))
FEAS_BEGS(Z,1,JMNJ)
FEAS BEGL B(Z, ,MN)
FEAS BEG2 B(Z, ,MN)
FEAS BEG3 B(Z, MN)
FEAS BEG4 B(Z, ,MN)
FEAS BEGS5 B(Z, MN.J)
FEAS_BEG6_B(Z,lJMN.J)
FEAS_ END(ZIJMN)
FEAS_END2(Z,I,JMN)
FEAS_END3(Z,IJMN)
FEAS END4(Z, MN/II)
FEAS END5(Z, MN,I)



FEAS_ENDS(Z,| JMN, I
FEAS_END B(Z, ,MN)
FEAS_END2 B(Z, MN)
FEAS_END3 B(ZLJMN)
FEAS_END4 B(Z,JMNII)
FEAS END5 B(Z | JMNI)
FEAS ENDS B(ZIIMN,II)
BIFIZ, ,MN)

BIF 2(Z, MN)
BIF_3(Z1IMN)
BIF_4(Z1JMN)

BIF 5(Z, M)

BIF 6(Z, M)

BIF.7(Z, N

BIF 8(Z, N
BIF_9(Z,1JM)
BIF_10ZJN)

BIFI 1(Z1IM)

BIF 122, N)

BIF 13 1(K.Z, M)
BIF 13 2(K", M)
BIF_14(K.Z, )
BIF_I5(Z,1,JM)
BIF_16(Z, M)
BIF_17(Z,JM)

BIF 18Z, ,MN)
NEXCH(Z, )
NEXCH_B(Z,1,)
AREAREST1Z1))
AREA REST2(Z)
AREA REST3(Z, )
AREAREST 1 B(K.Z,)
AREA REST2 BRZ,)



AREA REST3 B
AREA REST4 B
AREA_REST5 B(
AREA_REST6 B(Z
ADDREST
ADD REST2(1.)
TOTNEXCHMAX
TOTNEXCHMIN

* SPLIT_LIMIT M(ZIM)
* - SPLIT_LIMIT M2ZIM)
* SPLIT_LIMIT NZJIN)
* SPLIT_LIMIT N2ZIN)
TOTALCOST:;

KZ, )
KZ, )
KZ )
1)

(
(

HBHU(I.M)$(HOT(1,M) AND HU(l) AND FREEH()..

FHU()*(TU(M)-TL(M))=E=SUM(ZN.JSDZMN) AND TL(N) LT TUM) AND COLD{IN) AND
ALLOW H(Z,.M.J) AND ALLOW_C(ZJN.J) AND FREEC(1)).QZ I MJN)):

HBCU(N)$(COLD(IN) AND CU(J) AND FREEC(J)).

FCU(I)*(TU(N)-TL(N))=E=SUM((Z,M,)$(D(Z,M,N) AND TL(N) LT TU(M) AND HOT(I,M) AND ALLOW H(Z,IM.)
AND ALLOW_C(ZJN,I) AND FREEH()}QEZ I MIN));

HBHS(1,M)$(HOT(1, M) AND NOT HU(1) AND FREEH(1) AND NIH()=0)..

DHH(I,M)=E=SUM((ZN.)S(D(ZMN) AND TL(N) LT TU(M) AND COLD(IN) AND ALLOW_H(Z,.MJ) AND
ALLOW_C(ZIND),QZIMIN)):

HBCS(J,N)$(COLt (J,N) AND NOT CU(J) AND FREEC(J) AND NIC(j)=0)..

DHC(IN)=E=SUM((Z.M,)S(D(ZMN) AND TL(N) LT TU(M) AND HOT(IM) AND ALLOW_H(Z,MJ) AND
ALLOW_C(ZIN),QZIMIN)):

HBHS_NI(1 M)$(HOT(1, M) AND NOT HU(1) AND FREEH(1) AND NIH()=1)..

DHH(I,M)=E= SUM(ZN,)$(DZMN) AND TL(N) LT TU(M) AND COLD(JN) AND ALLOW_H(Z.L.M,J) AND
ALLOW_C(ZJN.D)QZMIN)

+SUM(ZN)S(D(Z,MN) AND HOT(I.N) AND ORD(N) GT ORD(M)),QH(Z,I N, M))
-SUM((Z,N)S(D(Z,M,N) AND HOT(IN) AND ORD(N) LT ORD(M)),QH(Z | MN));
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HBCS_NI(JN)$(COLD(J,N) AND NOT CU(J) AND FREEC(J) AND NIC(J)=1)..

DHC(IN)=E= SUM(ZM,)$(DZMN) AND TL(N) LT TU(M) AND HOT(LM) AND ALLOW H(ZIM.J) AND
ALLOW_C(ZJN,D),QZ I MIN))

+SUM((Z.M)$(D(Z.M.N) AND COLD(J.M) AND ORD(M) LT ORD(N)).QC(Z.JM.N))
-SUM((Z.M)$(D(Z,M.N) AND COLD(J.M) AND ORD(M) GT ORD(N)),0C(Z.J.N,M)):

NOISOH(1, M)$(HOT(I,M) AND NOT HU(1) AND FREEH(1) AND NIH(I)=1)..

SUM((Z,N)$(D(ZM,N) AND HOT(IN) AND ORD(N) LT ORD(M)).QH(Z,,M.N))=L=SUM(ZN.J)$(D(ZMN) AND
TL(N) LT TU(M) AND COLD(J.N) AND ALLOW_H(Z.IMJ) AND ALLOW_C(ZJN,),Q(Z|MIN);

NOISOC(J,N)$(COLD(J,N) AND NOT CU(J) AND FREEC(J) AND NIC())=1)..

SUM((Z,M)$(D(Z,M,N) AND COLD(J.M) AND ORD(M) GT ORD(N)),QC(Z,JN.M))=L=SUM((ZM,)$(D(Z,M,N) AND
TL(N) LT TU(M) AND HOT(1.M) AND ALLOW H(Z,!.MJ) AND ALLOW C(Z,JN.1)).QZ,LMIN)):

PAREQ(Z, )S(ALLOW(Z,1))=! AND FREEH(I) AND FREEC()..

PAR(ZJ)=E=SUM(MN)S(DZMN) AND TL(N) LT TU(M) AND HOT(IM) AND COLD(IN) AND
ALLOW H(Z,IM,J) AND ALLOW_C(Z,JN.1))Q(ZIMJN)*(IH_I(LM)+IH_JIN)/LMTD(MN)):

TRANSFOR_M(Z,1JM)$(HOT(I,M) AND ALLOW_H(Z,I,M.J) AND FREEH(1) AND FREEC(J).

QNEW M(ZIJM)=E=SUMNSD@MN) ~ AND  TL(N) LT TUM) AND  COLDUN) AND
ALLOW_C(ZIN),QZIMIN));

BINARY M1(Z,I,JM)$(HOT(I,M) AND ALLOW_H(Z,| M) AND BIF(Z, )=0 AND FREEH(I) AND FREEC()).
QNEW M(Z, M)}-Y_M(Z, ,M)*DHH(LM)S(NOT HU(1))-Y_M(Z,I, L MPFMAX_HU(*DTHU(S(HU(1))=L=0;

BINARY_M2(Z,1,JM)S(HOT(I,M) AND ALLOW_H(Z,IM,J) AND BIF(Z, )=0 AND FREEH(I) AND FREEC(J))..
QNEW_M(ZLIM)-Y_M(Z,1,J M)*0.01=G=0;

BINARY_M3(Z, .M)S(HOT(I,M) AND ALLOW_H(Z,|M,J) AND BIF(Z,1,J)=0 AND FREEH(I) AND FREEC(J)..
NHE_MO(Z1JM)=6=Y_M(ZLIM)-Y_MZLIM-)$(HOT(IM-1) AND ALLOW H(ZIM-LJ)) ;

BINARY_M4(Z,I,JM)S(HOT(IM) AND HOT(LM-) AND ALLOW H(ZMJ) AND ALLOW H(Z,IM-J) AND
BIF(Z,1,J)=0 AND FREEH(1) AND FREEC(J)..

NHE_MO(Z1,) M)=G=0;
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BINARY MS5(Z,l,JM)S(HOT(IM) AND 1IOT(LM-) AND ALLOW H(Z,MJ) AND ALLOW H(ZIM-.) AND
BIF(Z.[J)=0 AND FREEH(1) AND FREEC().

NHE_MOZ | IM)=L=2-Y M(Z, M)-Y_MZ, .M-I);

BINARY_MB(Z,1.JM)$(HOT(1, M) AND ALLOW_H(Z,I.M.}) AND BIF(Z,1.J)=0 AND FREEH(I) AND FREEC())
NHE_ML(ZIJM)=G=Y M(Z, M)-Y M(Z M+)S(HOT(ILM+) AND ALLOW_H(Z,|M+L) ;

BINARY M7(Z, M)$(HOT(IM) AND HOT(IM+1) AND ALLOW H(Z,MJ) AND ALLOW H(ZIM+.]) AND
BIF(Z, )=0 AND FREEH(1) AND FREEC(J)).

NHE_M1(Z,1,JM)=G=0;

BINARY_M8(Z,I,,M)S(HOT(IM) AND HOT(,M#l) AND ALLOW_H(ZM.J) AND ALLOW_ H(Z,M#.J) AND
BIF(Z,1,J)=0 AND FREEH(1) AND FREEC()).

NHE_ML(Z, ,M)=L=2-Y_M(Z,|IM)-Y_M(Z1IM+D);

BINARY_MI_B(Z,I,J.M)S(HOT(I,M) AND ALLOW_H(Z,I,MJ) AND BIF(Z,lJ)=L AND FREF H(l) AND FREEC(J)).
QNEW M(ZIIM)-Y_M_B(Z, ,MJ*DHH(M)$(NOT HU())-Y_M_B(Z, MPFMAX_HU(I}*DTHU()$(HU()=L=0;

BINARY_M2_B(Z,1,JM)$(HOT(1,M) AND ALLOW_H(Z,|M,J) AND BIF(Z,|))=L AND FREEH(I) AND FREEC()..
QNEW_M(ZLIM)-Y_M B(Z, ,M)*0.01=6=0;

BINARY_M3 B(Z,1,J M)$(HOT(1, M) AND ALLOW_H(Z,|M,)) AND BIF(Z, )=1 AND FREEH(1) AND FREEC()..
Y_M_B(Z,1,JM)=E=SUM(OS(HOT(1,0) AND ORD(O) LE ORD(M) AND ALLOW_H(Z,1,0,J))NHE_M0 B(Z,1,3,0))
-SUM(0$(HOT(1,0) AND ORD(O) LE ORD(M)-I AND ALLOW_H(Z,1,0,3)),NHE_MI_B(Z,I},0) :

HE_COUNT MO(Z, ) (ALLOW(Z,1J)=I AND FREEH(I) AND FREEC(J)).
NHE(Z,1,J)=E=SUM(MS(HOT(I,M) AND ALLOW_H(Z,I,MJ) AND BIF(Z,|,)=1),NHE_MO_B(Z,I,J M)+
SUM(MS$(HOT(I,M) AND ALLOW_H(Z,|M.J) AND BIF(Z, )=0)NHE_MO(Z, M) ;
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IIE COUNT MI(Z.U)$(ALLOW(Z,1J)=1 AND FREEH(1) AND FREEC(J)..
NHE(Z,1,))=E=SUM(MS$(HOT(I,M) AND ALLOW_H(Z.,M,J) AND BIF(Z,1))=1) NHE_M1_B(Z,IJ,M))+
SUM(M$<HOT(1,M) AND ALLOW_H(Z,,M,J) AND BIF(Z,LJ)=0) NHE_M1(Z,LIM)) ;

TRANSFOR_N(Z,IJN)$(COLD(J,N) AND ALLOW._C(Z,JN,l) AND FREEH(1) AND FREEC(J)).

QNEW N@Z, N)=E=SUMMSD@EZMN) AND  TL(N) LT TUM) AND  HOT(IM)  AND
ALLOW_H(ZIMJ).QZ I MIN)):

BINARYNI(Z,I,JN)$(COLD(N) AND ALLOWC(Z.LN.I) AND BIF(Z, )=0 AND FREEH(1) AND FREEC(J).
QNEW_ NZIIN)-Y_N(Z, N*DHCUNJS(NOT CUD)-Y_N@Z, NJ*EMAX_CU(IPDTCU()S(CU()=L=0;

BINARY_N2(Z,|JN)S(COLD(J,N) AND ALLOW_C(ZN.1) AND BIF(Z,1,J)=0 AND FREEH(1) AND FREEC(J)..
QNEW N@Z, N)}-Y NZ, N)*0.01=G=0;

BINARY N3(Z, ,N)$(COLD(JN) AND ALLOW_C(ZJN.I) AND BIF(Z,I,)=0 AND FREEH(1) AND FREEC(J)).
NHE_NO(ZLIN)=G=Y_NEZIIN)-Y_N(ZIIN-DS(COLD{IN-1) AND ALLOW _C(ZJN-LY)

BINARY NA(ZJW)S(COLDUN) AND COLD{IN-l) AND ALLOW C(ZJN,)) AND ALLOW C(ZJN-LI) AND
BLF(Z,1)=0 AND FREEH() AND FREEC()).

NHE_NOZ, N)=G=0;

BINARY_N5(Z,1,))$(COLD(IN) AND COLD(IN-) AND ALLOW C(ZJN,) AND ALIOW C(ZJN-L) and
BIF(Z,1,J)=0 AND FREEH(l) AND FREEC()).

NHE_NOZ,IJN)=L=2-Y_NZ LIN)-Y N@Z, N-D);

BINARY_N6(Z,J,NIS(COLD(N) AND ALLOW._C(Z,J\,J) AND BIF(Z,1,J)=0 AND FREEH(l) AND FREEC(J))..
NHE NZ1IN)=G=Y NZIIN)-Y_NEZI,IN+)S(COLD(N+ ) AND ALLOW C(ZIN+L):

BINARY_N7(Z,lJN)$(COLD(IN) AND COLD(JN+)) AND ALLOW C(ZJN,) AND ALLOW C(ZJN+L1) AND
BIF(Z,1,J)=0 AND FREEH(I) AND FREEC()).

NHENZ, N)=6=;

BINARY N8(Z, ,N)$(COLD(JN) AND COLD(IN+) AND ALLOW C(ZJN,) AND ALLOW C(ZJN+.I) AND
BIF(Z,1,J)=0 AND FREEH(I) AND FREEC()..

NHE_NL(ZIJIN)=L=2-Y NZLIN)-Y NZIIN+);
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BINARYN |_B(Z, ,N)$(COLD(IN) AND ALLOW_C(ZJN,I) AND BIF(Z,I,))=1 AND FREEH(I) AND FREEC(])..
QNEW_N(ZLJIN)-Y_N_B(Z.LINJ*DHCUN)S(NOT CU()-Y_N_B(ZLIN)*FMAX_CU()*DTCU()$(CUQ))=L=0;

BINARY_N2_B(Z,JN)$(COLD(JN) AND ALLOW_C(Z.JN.I) AND BIF(Z,I,))=1 AND FREEH(I) AND FREEC())
QNEW_N(ZLIN)-Y_N_B(Z,LJN)*0.01=6=0;

BINARY N3 B(Z,I,JN)$(COLD(JN) AND ALLOW_C(ZJN.L) AND BIF(Z,1,))=1 AND FREEH(I) AND FREEC())..
Y N_B(Z, ,N)=E=SUM(0$(COLD(J,0) AND ORD(O) LE ORD(N) AND ALLOW_C(ZJ,0.))NHE_NO B(Z, ,0))
-SUM(0$(COLD(J,0) AND ORD(O) LE ORD(N)-| AND ALLOW_C(Z,.0,1)) NHE_NI B(Z,1,}0);

HE_COUNT NO(Z, )$(ALLOW(Z, )=L AND FREEH(1) AND FREEC(J)..
NHE(Z.1.J)=E=SUM(N$(COLD(J,N) AND ALLOW. C(Z,J\,l) AND BIF(Z,1,})=1).NHE_NOJB(Z,I JN))+
SUM(NS(COLD(JN) AND ALLOW. C(ZJN.I) AND BIF(Z,1,})=0)NHE_NOZIIN)) ;

HE COUNT N(Z,|J)$(ALLOW(Z1,))=I AND FREEH(1) AND FREEC())..
NHE(Z,1,J)=E=SUM(NS(COLD(J,N) AND ALLOW._C(Z,JN,l) AND BIF(Z,I,)=1)NHE_N1 B(Z, N))+

SUM(NS(COLD(J,N) AND ALLOW _C(Z,JN,l) AND BIF(Z,|J)=0) NHE_N1(Z, N)) :

FEAS_M_01(Z|JM)$(HOT(IM-1) AND HOT(IM) AND ALLOW H(ZIMJ) AND ALLOW H(ZIM-.) AND
BIF(Z, )=0 AND SPH(1)=L AND FREEH(1) AND FREEC())..

ALFA M(Z|JM)=L=1-NHE_MO(Z, ,M-1)-NHE_MO(Z, ,M);

FEAS_M_02(Z | JM)S(HOT(IM-)) AND HOT(LM) AND ALLOW H(ZIM,) AND ALLOW H(ZIM-.) AND
BIF(Z, )=0 AND SPH(1)=L AND FREEH(1) AND FREEC(J)).

ALFA M(ZIJMz=L=ENHE MAZ, M-1-NHE_M1Z, M)

FEAS M 03(Z, M)$(HOT(IM-1) AND HOT(IM) AND ALLOW II(7,lMJ) AND ALLOW H(ZIM-, AND
BIF(Z,)=0 AND SPH(1)=L AND FREEH(I) AND FREEC(J)).

ALFA M(Z, M)=G=Y_M(Z, ,M)-NHE_MO(Z,|JM-1-NHE_MO(Z,1,J M)-NHE_M1(Z,1 M-)-NHE_M 1Z, M)

FEAS M Ol B(Z,I,JM)$(HOT(I,M-) AND HOT(LM) AND ALLOW H(ZIM,) AND ALLOW H(ZIM-.) AND
BIF(Z,1,))=1 AND FREEH(1) AND FREEC())..

ALFA M(Z, M)=L=L-NHE_M0 B(Z, M-1)-NHE_MO B(ZIIM)
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FEAS_M_02_B(Z, .M)$(HOT(IM-1) AND HOT(LM) AND ALLOW_H(ZM,) AND ALLOW H(ZIM-.)) AND
BIF(Z,I,J)=1 AND FREEH(I) AND FREEC(J)).

ALFA_M(Z.UM)=L=1-NHE_ML_B(Z,IJM-1)-NHE_M1_B(Z.U.M)

FEAS M_03_B(Z,|JM)$(HOT(IM-1) AND HCT(!M) AND AILOW H(ZIM,J) AND ALLOW H(ZIM-.) AND

BIF(Z.LJ)=1 AND FREEH() AND FREEC(J)).

ALFA M(Z, M)=G=Y M_B(Z, VL)}-NHE_MO B(Z,l,)M-1)-NHE_MO_B(Z|JM)-NHE_MI B(Z, M-I)-
NHEM L B(Z1,JM)

FEAS M 04(Z, M)S(HOT(LM-) AND HOT(IM) AND ALLOW H(ZI!MJ) AND ALLOW H(ZIM-,)) AND
(BIF(Z,I,))=1 OR SPH(1)=L) AND FREEH(1) AND FREEC()

ALFA_M(Z,|IM)=G=0:

FEAS_M_I(Z,1,J M)$(HOT(I,M-l) AND HOT( M) AND ALLOW _H(Z,,M,J) AND ALLOW_H(Z,I,M-1,J) AND SPH(1)=1
AND FREEH(1) AND FREEC()).

QNEW_M(Z,1JM)(CPH(I,M)*(TU(M)-TL(M))+(I-ALFA_M(Z, , M))*DHH(I,M)/(CPH(,M)*(TU(M)-
TL(M)))=G=QNEW_M(Z,1,J.M-1)/(CPH(IM-L)*(TU(M-1)-TL(M-1)));

FEAS_M_2(Z, M)$(HOT(I,M-1) AND HOT(IM) AND ALLOW H(Z,|M,J) AND ALLOW_H(Z,I,M-1,J) AND SPH(l)=1
AND FREEH(I) AND FREEC()).

QNEW_M(Z, ,M)(TU(M)-TL(M))=L=ONEW_M(Z, ,M-1)/(CPH(I,M-0*(TUM-D-TL(M-0))#(1-
ALFA M(Z, ,M))*DHH(I,M)/(CPH(,M)*TUM)-TL(M);

FEAS M 3(Z, M)S(HOT(IM-) AND HOT(IM) AND ALLOW H(ZIMJ) AND ALLOW H(ZIM-.) AND
BIF(Z, )=0 AND SPH(1)=L AND FREEH(1) AND FREEC()).

QNEW_M(Z, ,M-D)/(CPH(IM-D*(TU(M-1)-TL(M-D)}+QNEW_M(Z, ,M)I(CPH(I,M)*(TU(M)-TL(M))

HINHEMIZIJM-DNHE M1Z, ,M)<NHE_MO(Z, , M-D)*DHH(,M)(CPH(I,M)*(TU(M)-
TL(M)))*1.00000=G=0;

FEAS M 4(Z, M)$(HOT(IM-) AND HOT(IM) AND ALLOW H(Z,MJ) AND ALLOW H(ZIM-) AND
BIF(Z, )=0 AND SPH(1)=L AND FREEH(1) AND FREEC()).

QNEW_M(Z, I M)I(CPH(IMY*(TU(M)-TL(M)))*QNEW_M(Z, M-L)/(CPH(LM-L*(TU(M-1)-TL(M-D)

H1+NHE_MO(Z,|,JM-1)+NHE_MO(Z,1,JM)-NHE_ML(Z, .3 M)}*DHH(I M)/(CPH(I M)*(TU(M)-
TL(M)))* 100000=G=0;
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FEAS M_3 B 1(Z]JM)$(HOT(.M-1) AND 110T(LM) AND ALLOW H(Z.LM.J) AND ALLOW H(Z.LM-L) AND

BIF(Z,1,))=L AND SPH(L)=| AND FREEH(I) AND FREEC(J)..
QNEW2 M(Z.LIM-1)/(CPH(M-D(TU(M-L)-TL(M-1)))=L= ONEW_M(Z,UM)I(CPH(IM*(TUM)-TE(M)))

H2+NHE_MI_B(ZIJM-1NHEM 1B(Z, M)-NHE_MO B(Z, M-1)-
Y M B(Z,LLM-D)*DHH(,M)(CPH(LM)*(TU(M)-TL(M));

FEAS_M_3 B 2(ZLJM)$(HOT(,M-1) AND HOT(IM) AND ALLOW_H(Z.M,}) AND ALLOWJ3(Z,IM-LJ) AND

BIF(Z, )=1 AND SPH(l)=1 AND FREEH(I) AND FREEC(J)..
QNEW_M(Z, M-1),(CPH(LM-L)*(TU(M-1)-TL(M-1)))=L= QNEW_M(Z,LIM)I(CPH(M*(TUM)-TL(M)))

H{(+NHE_M1_B(Z,1JM-L)+NHE_MI_B(Z,I,.LM)-NHE_M0_B(Z,|.]M-
1)*DHH(L.M)/(CPH(LM )*(TU(M)-TL(M)));

FEAS M 4 B(Z, ,M)S(HOT(LM-) AND HOT(IM) AND ALLOW H(Z,MJ) AND ALLOW_H(ZIM-1J) AND
BIF(Z,L))=1 AND SPH(l)=1 AND FREEH(I) AND FREEC(J)).

(QNEW_M(Z,1,J,M)-QNEW2_M(Z1 I M)/(CPH(IM*(TU(M)-TL(M))=L= QNEW_M(Z3 JM-L){(CPH(I,M-L)*(TU(M-
1)-TL(M-D)
+24NHE_MO_B(Z,LM-I}+NHE_M0_B(Z,1JM)-NHE_MI B(Z,I JM)-
Y_M_B(Z,LJ,M)*DHH(1,M)/(CPH(L MY*(TU(M)-TL(M);

FEAS M_I SPZ,|JM)$(HOT(IM-) AND HOT(IM) AND HOT(IM+)) AND ALLOW H(ZIM,) AND
ALLOW_H(Z,|M-1,J) AND ALLOW_H(Z,I,M+1,J) AND BIF(Z, )=0 AND SPH(1)=0 AND FREEH(I) AND FREEC()).

QNEW_M(Z|IM)=G=(Y_M(Z, M-)#Y_MEZLIM}+Y_M(Z,|,LM+L)-2)*DHH(I, M)

FEAS_M_I_SP_B(Z,IJM)$(HOT(I,M-I) AND HOT(L,M) AND ALLOW H(Z,| M) AND ALLOW H(ZI,M-,J) AND
BIF(Z, )=L AND SPH(I)=0 AND FREEH(l) AND FREEC(J)).

QNEW M(Z, ,M)=G=ALFA M(Z, ,M)*DHH(IM)

FEAS_M_2 SP_B(Z,|JM)$(HOT(I,M-) AND HOT(I,M) AND ALLOW_H(Z,|MJ) AND ALLOW_H(Z,! M) AND
BIF(Z,LJ)=L AND SPH(1)=0 AND FREEH(1) AND FREEC(J)).

QNEW_M(Z, M-)=0ALFA_M(Z, ,M)*DHH(IM-1);

FEAS N OLZ,JN)$(COLD(IN-I) AND COLD(IN) AND ALLOW C(ZJNJ) AND ALLOW C(ZJN-L1) AND
BIF(Z, )=0 AND SPC(J)=1 AND FREEH(I) AND FREEC(J)).

ALFA_N(Z1,JN)=L=L-NHE_NO(Z,IJN)-NHE_NO(Z,IJN-1);

FEAS_N_02(Z,|JN)$(COLD(IN-I) AND COLD(IN) AND ALLOW C(ZJNI) AND ALLOW C(ZJN-L) AND
BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH(I) AND FREEC(J)).
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ALFA_N(Z,IJN)=L=1-NHE_N1(Z.1JN)-NHE_NL(Z,IJN-1),

FEAS_N_03(Z, ,N)$(COLD(IN-]) AND COLD(IN) AND ALLOW C(ZJN,) AND ALLOW_ C(ZJN-LI) AND
BIF(Z, )=0 AND SPC(J)=1 AND FREEH() AND FREEC(J)).

ALFA_N(Z1IN)=G=Y_N(Z.1JN)-NHE_NO(Z.1.JN)-NHE_NO(Z, LJN-L)-NHE_NI(Z,LIN)-NHE_NL(ZFIN-1);

FEASNO | B(Z,1 JN)$(COLD(IN-) AND COLD(IN) AND ALLOW_ C(ZJN,I) AND ALLOW_C(ZJN-LI) AND
BIF(Z.1.))=L AND FREEH(I) AND FREEC(J)).

ALFA_N(Z,| IN)=L=1-NHE_NO_B(Z,|JN)-NHE_NO_B(Z I N-1):

FEAS N 02 B(Z, ,N)$(COLD(IN-I) AND COLD(IN) AND ALLOW C(ZJN,l) AND ALLOW C(ZJN-1I) AND

BIF(Z,L.J)=1 AND FREEH(1) AND FREEC().
ALFAN(Z, N)=L=1-NHE_N1B(Z, N)-NHE_NLB(Z, N-I);

FEAS_N_03 B(Z,|JN)$(COLD(IN-1) AND COLD(IN) AND ALLOW C(ZJN.I) AND ALLOW C(ZJN-LI) AND

BIF(Z,L,))=1 AND FREEH(I) AND FREEC()).

ALFAN(Z, N)=G=Y N B(Z, ,N)}-NHE N0 B(Z N):NHE NO B(Z,|JN-1)-NHE_NL B(Z,IN)-
NHEN 1 B(Z,JN-1)

FEAS N 04(Z, ,N)$(COLD(IN-I) AND COLD(N) AND ALLOW C(ZJN,)) AND ALLOW C(ZJN-LI) AND
(BIF(Z,1,))=1 OR SPC(J)=1) AND FREEH(l) AND FREEC())

ALFA_N(ZI,IN)=G=0;

FEAS N_1Z, N)S(COLDN-)) AND COLD(N) AND ALLOW C(ZJNI) AND ALLOW C(ZJN-L) AND
SPC(J)=L AND FREEH(1) AND FREEC(J)).

QNEW_N(Z L IN)/(CPC{N)*(TU(N)-TL(N)))#(1-ALFA_N(Z,L I N)*DHC{NYI(CPCIN*(TU(N)-
TL(N)))=G=QNEW_N(Z,1JN-D/(CPCIN-D¥(TU(N-D)-TL(N-1));

FEAS N 2(Z, N)$(COLD(N-) AND COLD(IN) AND ALLOW CZJN,) AND ALLOW C(ZJN-LD) AND
SPC(J)=L AND FREEH(!) AND FREEC(J)).

QNEW_N(Z,1INJ(CPC(IN)*TUN)-TL(N))=L=QNEW N(Z,1JN-LJ(CPC(IN-L*(TTIN-1)- TL(N-L)(1-
ALFA_N(Z,1,JN)*DHCN)I(CPCUNJ*(TUN)-TL(N)))

FEAS_N_3(ZJN)S(CCOLD(IN-1) AND COLD(IN) AND ALLOW C(ZJN,) AND ALLOW C(ZJN-L) AND
BIF(Z,1,J)=0 AND SPC(J)=1 AND FREEH(1) AND FREEC().

QNEW_N(Z,LIN-D)/(CPCIN-L)*(TU(N-1)-TL(N-1))+QNEW_N(Z LINJ(CPCUN)(TTIN)-TL(N))
H1+NHE_N1(ZLIN-L)+NHE_NL(Z,1,J N)-NHE_NO(Z,,JN-1)*DHC(IN){(CPC(I,N)*(TU(N)-TL(N)))*1.00000=G=0;
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FEAS_N_4(Z1IN)S(COLD{IN-) AND COLD(N) AND ALLOW C(ZJN,) AND ALLOW C(ZJN-1) AND
BLF(Z,1,J)=0 AND SPC(J)=L AND FREEH(1) AND FREEC(J)).

-QNEW_N(Z.LIN)/(CPC(I,N)*(TLI(N)-TL(N))}*QNEW_N(ZUN-D)/(CPCUN-I*TU(N-1)-TL(N-1)))
H{1+NHE_NO(Z | N-L#NHE_NO(Z,1,J;N)-NHE_NL(Z,.LN)*DHC(I,N)I(CPC(J,N)*(TU(N)-TL(N)))*L00000=G=0;

FEAS_N_3 B_I(Z.IIN)$(COLD(IN-I) AND COLD(IN) AND ALLOW C(ZJNJ) AND ALLOW_C(ZJN-LI) AND

BIF(Z.U)=I AND SPC(J)=I AND FREEH(1) AND FREEC(J)..
-QNEW2_N(Z,LIN-D/(CPCIN-I(TU(N-1)-TL(N-L))}+QNEW_N(Z,IN)I(CPCUNHTUN)-TL(N)))
H2+NHE_N1_B(Z,I,JN-D#NHE_N1_B(ZJN)-NHE_NO B(ZIJN-0-Y N B(Z, -

1))¥DHC(NY(CPC(INJTU(N)-TL(N)))=G=0;

FEAS.N 3 B 2(Z, ,N)S(COLD(IN-1) AND COLD(IN) AND ALLOW C(ZJN,l) AND ALLOW_C(Z,JN-11) AND
BIF(Z,I,))=1 AND SPC(J)=l AND FREEH(1) AND FREEC())).

-QNEW_N(Z.IIN-D/<CPCHIN-DHTU(N-D-TL(N-D)+QNEW_N(Z, NJ(CPCIN)*(TUN)-TL(N)))
HI+NHE_N1B(Z, N-DNHE_NL B(Z, ,N)-NHE_NOJ3(Z, N-L)*DHC{IN)/(CPCUN)*(TU(N)-TL(N)))=G=0;

FEAS N 4 B(Z, ,N)S(COLD(IN-I) AND COLD(IN) AND ALLOW_C(ZJN,)) AND ALLOW C(ZJN-11) AND
BIF(Z, )=1 AND SPC(J)=1 AND FREEH(l) AND FREEC(J)).

{(QNEW_N(ZLIN)-QNEW2_N(Z,I,JN))/(CPC(IN)*(TU(N)-TLN)))*QNEW-N(Z, ,N-L/(CPCIN-L*(TU(N-1)-
TL(N-1)

+24NHE_NO_B(Z|JN-I*NHE_NO B(Z, N)-NHE_NL B(ZI,J;N)-Y_N_B(ZI,JN))*DHC(IN)I(CPC(IN)*(TU(N)-
TL(N)))=G=0;

FEAS N 1 SP(Z, N)S(COLD(JN-) AND COLD(N) AND COLD(N+) AND ALLOW C(ZJN,) AND
ALLO _C(ZJN-L1) AND ALLOW C(ZJN+L1) AND BIF(Z,1,J)=0 AND SPC(J)=0 AND FREEH(1) AND FREEC(J)).

QNEW N@Z, N)=G=(Y_N@Z, N-D+Y NZ, N#Y N@Z N+1)-2*DHCEN);

FEAS_N_|_SP_B(ZlJN)S(COLD(J,N-I) AND COLD(IN) AND ALLOW_C(ZJN,)) AND ALLOW_C(Z,JN-L1) AND
BIF(Z,1,))=1 AND SPC()=0 AND FREEH(l) AND FREEC(J)).

QNEW_N(Z, N)=G=ALFA_N(Z 1JN)*DHCIN);

FEAS_N_2_SP_B(Z LIN)$(COLD(IN-I) AND COLD(JN) AND ALLOW_C(ZJN,I) AND ALLOW_C(Z,JN-L)) AND
BIF(Z, )=1 AND SPC(J)=0 AND FREEH(1) AND FREEC(J)).

QNEW_N(Z1IN-1)=G=ALFA_N(Z,| JN)*DHC(IN-L);



FEAS BEG_SP(ZIJMN)S(TL(N) LE TU(M) AND TU(N) GE TL(M) AND HOT(LM) AND COLD(IN) AND
ALLOW M(ZIM.J) AND ALLOW_C(ZJN.I) AND BIF(Z, )=0 AND SPH(1)=0 AND SPC(J)=0 AND FREEH() AND
FREEC(J)).

TL(M)-TL(N)-(QNEW | (z |IN)(FCQ)*CPC(IN)-QNEW_M(Z L3 MY(FH()*CPH(M))+(2-NHE_MOZ 1)
NHE_NO(Z, ,N))*TU(N)=G=0

FEAS BEG_B SP(Z| JMN)$(TL(N) LE TU(M) AND TU(N) GE TL(M) AND HOT(LM) AND COLD(IN) AND
ALLOW H(ZIM,)) AND ALLOW_C(ZJN.I) AND BIF(ZIJ)=I AND SPH()=0 AND SPC(J)=0 AND FREEH(I) AND
FREEC())

TL(M)-TL(N)-(QNEW_N(Z,LIN)(FC(3)*CPC(J,N))-ONEW_M(Z1,J,M)/(FH(I}*CPH(LM))+(2-NHE_M0_B(Z.LIM)-
NHE_NO_B(Z,IJN)}*TU(N)=G=0

FEAS_END_SP(Z, MN)S(TL(N) LE TU(M) AND TU(N) GE TL(M) AND HOT(,M) AND COLD(N) AND
ALLOW H(ZIM,J) AND ALLOW C(ZJN.I) AND BIF(Z, )=0 AND SPH(1)=0 AND SPC(J)=0 AND FREEH(l) AND
FREEC()).

TUM)-TUN)-QNEW_MZ,  M)I(FH(I*CPH(LM))-QNEW N(Z, NJ(FC(3)*CPC(IN)))#(2-NHE_MI(Z1JM)-
NHE_N(Z, ,N)¥TU(N)=G=0;

FEAS_END B SP(Z, ,MN)S(TL(N) LE TU(M) AND TU(N) GE TL(M) AND HOT(IM) AND COLD(JN) AND
ALLOW_H(Z|M,)) AND ALLOW_C(Z,JN\,l) AND BIF(Z,1,))=1 AND SPH()=0 AND SPC()=0 AND FREEH(l) AND
FREEC()..

TU(M)-TU(N)-(QNEW_M(Z,1, 3 M(FH()*CPH(I,M))-QNEW_N(Z, - N)J((FC(I)*CPC(IN)))+(-NHE_MI B(Z, M)-
NHEN L B(Z, ,N)*TU(N)=G=0;

FEAS BEG(Z, ,M,N)$(DTVIO(1,J)=I AND D(ZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(M)
AND HOT(I,M+)) AND COLD(JN) AND COLD(N+]) AND ALLOW H(Z,|MJ) AND ALLOW_H(ZIM+.]) AND
ALLOW_C(ZJN,I) AND ALLOW C(Z,JN+11) AND BIF(Z,1,))=0 AND (SPH(1)=1 OR SPC(J)=1) AND FREEH(1) AND
FREEC()..

QNEW_NEZ L IN)(TU(M)-TL(N))=L=QNEW N(Z,I,JN+D/(TUN+D-TL(N+D)*CPC(IN)ICPC(I N+1+(2-
NHE_MO(Z, ,M)-NHE_NO(Z,1,J;N))*DHC(I,N)/(TU(M)-TL(N)) »

FEAS_BEG2(Z,JMN)S(DTVIO(1J)=! AND D(Z,M,N) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(IM)
AND HOT(I,M+) AND COLD(N) AND COLD(IN+]) AND ALLOW H(Z M) AND ALLOW H(ZIM+1,J) AND
ALLOW C(ZJN,) AND ALLO _C(Z,JN+L1) AND BIF(Z1J)=0 AND (SPH(1)=L OR SPC(J)=L) AND FREEH(l) AND
FREEC())..

QNEW_M(Z,|,IM)/(MIN(TU(M), TU(N))-TL(M))=G=QNEW_M(Z I M+L)(TU(M+1)-
TL(M+]))*CPH(I,M)ICPH(IM+1)-(2-NHE_MO(Z,1,JM)-NHE_NO(Z,1,J,N)}*DHH(LM+)/(TUM#])-TL(M+]);

FEAS_BEG3(Z,JMN)S(DTVIO(1J)=! AND D(Z,M,N) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(|M)
AND HOT(I,M+)) AND COLD(JN) AND COLD(JN+]) AND ALLOW H(Z M) AND ALLOW H(Z[M+1,)) AND
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ALLOW_C(Z.JN,I) AND ALLOW C(ZJN+LI) AND BIF(ZIJ)=0 AND (SPH(0=I OR SPC(J)=L) AND FREEH(I) AND
FREEC()..

NHENZ (Z1IN)=L=(2-NHE_MO(Z, ,M)-NHE_NOEZ,IIN)):

* FEAS BEGA(ZLIMNJI)$(D(ZMN) AND ORD(}) NE ORD(J) AND ALLOW_H(Z,|,M,JJ) AND ALLOW H(Z,| M-
LJJ) AND BIF(UJ)=0 AND DTVIO(U)=I AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(LM) AND
HOT(IM+l) AND COLD(IN) AND COLD(JN+) AND ALLOW H(ZIMJ) AND ALLOW H(Z.IM+LJ) AND
ALLOW_C(Z,JN,I) AND ALLOW_C(Z.JN+L1) AND BIF(ZJ)=0 AND (SPH(I)=1 OR SPC(})=1) AND FREEH(l) AND

FREEC())..

* QNEW_M(Z,1 J3M)=L=QNEW  M(Z,13J M-Iy*(TU(M)-M[N(TU(M), TU(N)))/(TU(M-1)-TL(M-D)(3-
NHE_MO(Z, ,M)-NFIE_NOZ,LJN)-NHE_ML(Z 1, 13 M)}*DHH(I, M);

* FEAS_BEG5(Z,1,JMNJ)$(D(ZM,N) AND ORD(})) NE ORD(J) AND ALLOW_H(Z,|M.JJ) AND ALLOW_H(Z|M-
1) AND BIF(UJ)=1 AND DTVIO(U)=L AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(LM) AND
HOT(I,M+l) AND COLD(N) AND COLD(IN+1) AND ALLOW H(Z|MJ) AND ALLOW H(ZIM+,)) AND
ALLOW C(Z,JN,l) AND ALLOW_C(Z JN+U) AND BIF(Z, )=0 AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(l) AND
FREEC(J).

% QNEW_M(Z,1,33,M)-QNEW2_M(Z,1.J3 M)=L=QNEW_M(Z, 1,33 M-L)*(TUM)-MIN(TU(M), TUN))TU(M-D)-TL(M-
1))#+(3-NHE_MO(Z, ,M)-NHE_NO(Z,|,JN)-NHE_M1_B(Z, | JJM))*DHH(I,M):

FEASBEG L B(ZJMN)S(DTV10(I,)=1 AND DEZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(1,M) AND HOT(I,M+l) AND COLD(IN) AND COLD(IN+1) AND ALLOW._ H(Z,I,MJ) AND ALLOW_H(Z,I,M+1,)
AND ALLOW C(ZJN.J) AND ALLO _C(Z,J;N+11) AND BIF(ZJ)=L AND (SPH()=L OR SPC(J)=1) AND FREEH()
AND FREEC(J).

QNE 2 N(Z,I,JN)/(TUM)-TL(N))=L=QNEW N(Z,|IN+D/(TU(N+1)-TL(N+D)*CPC(I,N)ICPCIN+D)+(2-
NFIE_M0 B(Z, ,M)-NHE_NO_B(Z,I,J;N)}*DHC(IN)I(TU(M)-TL(N))-

FEAS BEG2 B(Z, ,MN)S(DTVIO(IJ)=l AND D(ZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(1,M) AND HOT(I,M+]) AND COLD(J,N) AND COLD(JN+l) AND ALLOW_H(Z,IM,J) AND ALLOW_H(Z,I,M+.,)
AND ALLO _C(ZJNI) AND ALLOW_C(ZJN+11) AND BIF(Z, )=L AND (SPH(1)=L OR SPC{J)=1) AND FREEH()

AND FREEC(J).

QNEW_N(Z,LJN)/(TUM)-TL(N))=L=QNEW_N(ZLIN+DITU(N+1)
TL(N+1))*CPC(IN)ICPCUIN+L)+(I+Y_N_B(ZIJN)}-NHE_MO_B(Z, ,M)-NHE_NO_B(Z,1,JN))*DHC{IN)I(TU(M)-
TLN));

FEAS_BEG3 B(Z, ,MN)$(DTVIO(I)=] AND D(ZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(1,M) AND HOT(I,M+]) AND COLD(IN) AND COLD(JN+]) AND ALLOW_H(Z,I,M,J) AND ALLOW_H(Z,|M+.,)
AND ALLOW_C(ZJN,I) AND ALLO _C(Z,J,N+11) AND BIF(Z,J)=L AND (SPH(=L OR SPC(J)=1) AND FREEH()
AND FREEC(J).



QNEW_M(Z, ,M)/(MIN(TU(M).TU(N))-T1(M))=G=QNEW_M(Z, ,M+1)/(TU(M+I)-
TL(M+D)*CPH(I M)/CPH(I,M+1-(2-NHE_MO_B(Z,1.JM)-NHE_NO_B(Z,,JN)}*DHH(I M+1)/(TUM+D-TL(M+]);

FEAS BEG4 B(Z,|JMN)S(DTVIO(L))=l AND DEZMN) AND TL(N) LI (M) AND TU(N) GT TL(M) AND
HOT(1.M) AND HOT(1,M+]) AND COLD(JN) AND COLD(JN+/) AND ALLOW_H(Z.,M,J) AND ALLOW H(ZLM+L))
AND ALLOW C(Z.JNl) AND ALLOW_C(ZJN+1) AND BIF(Z,))=1 AND (SPH()=1 OR SPC()=1) AND FREEH()
AND FREEC(]))..

NHE_N1 B(Z, ,N)=L=(1+Y_N_B(Z.JN)-NHE_MO_B(Z.1JM)-NHE_NO_B(Z,|JN));

* FEAS BEGS B(ZIJMNJ)$(ORD(J) NE ORD(J) AND ALLOW H(Z,MJJ) AND ALLOW H(Z,I,M-UJ) AND
BIF(11))=0 AND DTVIO(1J)=I AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(I,M) AND H(T(|,M+1) AND
COLD(IN) AND COLD(JN+1) AND ALLOW_H(Z,|MJ) AND ALLOW_H(Z,,M+1J) AND ALLOW_C(Z,JN,l) AND
ALLOW_C(Z,JN+1,[) AND BIF(Z, )=L AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(l) AND FREEC(J)).

* QNEW_M(Z, JM)=L=QNEW_M(Z,!,J3,M-)*(TU(M)-MIN(TU(M), TDN))TU(M-1)-TL(M-1))-+-(3-
NFIE_MO_B(Z, ,M)-NFLE_NO_B(Z,|JN)-NHE_ML(Z,|.}JM)*DHH(,M);

* FEAS BEG6 B(Z,JMN,J)$(ORD(J) NE ORD(}) AND ALLOW_H(ZM,JJ) AND ALLOW H(Z,IM-13J) AND
BIF(15)=L AND DTVIO(1J)=I AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(I,M) AND HOT(I,M+1) AND
COLD(JN) AND COLD(JN+1) AND ALLOW. H(Z MJ) AND ALLOW H(ZI,M+1J) AND ALLOW_C(ZJN,l) AND
ALLOW C(ZJN+L1) AND BIF(Z1,J)=1 AND (SPH{I)=1 OR SPC(J)=1) AND FREEH(1) AND FREEC(J)).

% QNEW_M(Z,LJJM)-QNEW2_M(Z,1,J3.M)=L=QNEW_M(Z 1,31 M-1)*(TU(M)-MIN(TU(M), TUN)))(TU(M-1)-TL(M-
1))+(3-NHE_MO_B(Z,|JM)-NHE_NO_B(Z, ,N)-NHE_M1_B(Z,1,J4M)}*DHH(IM);

FEAS_END(Z, ,MN)$(DTVIO(1,J)=L AND D(Z,MN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(,M)
AND HOT(I,M-)) AND COLD(IN) AND COLD(IN-)) AND ALLOW H(Z,!MJ) AND ALLOW_H(Z,M-.J) AND
ALLOW C(Z,JN,) AND ALLOW C(Z,JN-1) AND BIF(Z,1,)=0 AND (SPH(1)=L OR SPC()=1) AND FREEH(1) AND
FREEC()..

QNEW_M(Z,1,J M)/(TU(M)-TL(N))=L=QNEW_M(Z,1, 3, M-D/(TU(M-1)-TL(M-1)}*CPH(1, M)/CPH(1, M-D)+(2-
NHE_M1(Z,1JM)-NHE_NL(Z,1JN)}*DHH(I M)/(TD(M)-TL(N));

FEAS_END2(Z, ,MN)$(DTVIO(1,J)=! AND D(ZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(|M)
AND HOT(LM-)) AND COLD(IN) AND COLD(IN-)) AND ALLOW H(Z,|M) AND ALLOW_H(Z,,M-.J) AND
ALLOW_C(Z,JN,I) AND ALLOW C(Z,J,N-i.l) AND BIF(Z,1,)=0 AND (SPH(I)=1 OR SPC(J)=1) AND FREEH(1) AND
FREEC(])..

QNEW_N(Z,LIN)(TU(N)-MAX(TL(M), TL(N)))=G=QNEW_N(Z,1,J,N-L)/(TU(N-L)-TL(N-L)}*CPC(IN)ICPC({IN-1)-
(2-NHEM(Z,1JM)-NHE_N1(Z,1JN))*DHCIN-D/(TU(N-L)-TL(N-D)

FEAS_END3(Z,1,JMN)$(DTVIO([,J)=| AND D(ZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND HOT(I,M)
AND HOT(LM-)) AND COLD(IN) AND COLD(IN-)) AND ALLOW H(Z,|M,)) AND ALLOW H(Z,M-.J) AND



ALLOW C(7 JN.I) AND ALLOW C(ZJ.N-LI) AND BIF(Z.U)=0 AND (SPH(1)=! OR SPC(J)=L) AND FREEH(l) AND
FREEC()..

NHE_MO(Z,1,J.M)=L=(2-NHE_M I(Z.1.J.M)-NHEN 4Z.1 I N));

% FEAS ENDAZ MNI)SDZMN) AND ORD() NE ORD() AND ALLOW C(ZJNI) AND
ALLOW_C(ZJN+L11) AND BIF(IIJ)=0 AND DTVIO(I,))=l AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(LM) AND HOT(1.M-]) AND COLD(IN) AND COLD(JN-I) AND ALLOW_H(Z,M.J) AND ALLOW _H(Z|M-1)
AND ALLOW C(ZJN.I) AND ALLOW_C(ZJN-1I) AND BIF(Z,1,J)=0 AND (SPH(l)=1 OR SPC(J)=1) AND FREEH(l)
AND FREEC().

* QNEW_N(Z,IUN)=L=QNEW_N(Z,IU N+*(MAX(TL(M),TL(N))-TL(N))/(TUN+D-TL(N+1)H3-
NHE_ML(Z, ,M)-NHE_N1(Z, ,N}-NFLE_NO(Z,I1,JN))*DHC(IN);

*  FEAS ENDS(ZLIMNSDEZMN) AND ORD(I) NE ORD() AND ALLOW CZJN,) AND
ALLOW_C(ZJN+LI1) AND BIF(IIJ)=L AND DTVIO(I, )=l AND TL(N) LT TU(M) AND nj(N) GT TL(M) AND
HOT(LM) AND HOT(LM-) AND COLD(JN) AND COLD(JN-I) AND ALLOW_H(Z,|,MJ) AND ALLOW H(ZI,M-.))
AND ALLOW C(Z,JN.I) AND ALLOW C(ZJN-11) AND BIF(Z,1,J)=0 AND (SPH(l)=1 OR SPC(J)=1) AND FREEH()
AND FREEC(J)).

* QNEW_N(Z,I1JN)=L=QNEW_ N(Z,ILIN+D*MAX(TL(M). TL(N))-TL(N))/(TU(N+1)-TL(N+H 3-
NHEMLZ, ,M)-NHE_N4(Z,1JN) NHE_NO_B(Z,I1JN))* DHC(IN)

% FEAS ENDGZEIMNI)SDZMN) AND ORD(Il) NE ORD() AND ALLOW CZJN,) AND
ALLO _C(ZJN+111) AND BIF(IIJ)=L AND DTVIO(I,J)=| AND TL(N) LT TU(M) AND TUN) GT TL(M) AND
HOT(1.M) AND HOT(1.M-I) AND COLD(JN) AND COLD{JN-1) AND ALLOW_H(Z,|MJ) AND ALLOW H(ZI,M-.))
AND ALLOW_C(ZJN,[) AND ALLOW_C(ZJN-L1) AND BIF(Z, )=0 AND (SPH(1)=L OR SPC({J)=1) AND FREEH()
AND FREEC(J).

* QNEW2_N(Z,I1IN)=L=QNEW_N(Z,i,J,N#1)*(MAX(TL(M), TL(N))-TLON)(TU(N+)-TL(N+)) +(4-
NHE_ML(Z, ,M)-NHE_N1(Z, ,N}-NHE_NO_B(Z,ILJ;N)-NHE_N1_B(Z,I1,J,N)}*DHC(IN):

FEAS_END B(Z | JMN)$(DTV10(1)=1 AND D(ZMN) AND TL(N) LT TUM) AND TU(N) GT TL(M) AND
HOT(, M) AND HOT(I,M-]) AND COLD(JN) AND COLD(JN-l) AND ALLOW_H(Z,|M.J) AND ALLOW H(ZI,M-.))
AND ALLOW_C(Z,JN)) AND ALLOW_C(ZJN-L1) AND BIF(Z1J)=1 AND (SPH(1)=L OR SPC(J)=1) AND FREEH()
AND FREEC(J).

(QNEW_M(Z,1,JM)-QNEW2_M(Z,1,J.M))/(TU(M)-TL(N))=L=QNEW_M(Z,1IM-D/(TU(M-1)-TL(M-
1)/CPH(1,M)[CPH(|,M-1)+{2-NHE_M1_B(Z,1JM)-NHE_N 1 B(Z,LJN))*DHH(I, M)/(TU(M)-TL(N)):

FEAS_END2_B(ZLJMN)S(DTVIO(I)=l AND DZMN) AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(I,M) AND HOT(LM-I) AND COLD(JN) AND COLD(J.N-) AND ALLOW_H(Z,|M.J) AND ALLOW_H(Z,|M-.,)
AND ALLOW C(Z,JN,l) AND ALLOW C(ZJN-12) AND BIF(ZIJ)=L AND (SPH(I)=1 OR SPC(J)=1) AND FREEH()
AND FREEC(J).

(QNEW_N(Z,1JN)-QNEW2_N(Z,1,J,N))/(TU(N)-MAX(TL(M), TL(N)))=G=QNEW_N(Z,I,J,N-L)/(TU(N-1)-TL(N-
1)*CPC(IN)ICPC(IN-1)-(2-NHE_MI_B(Z,1,JM)-NHE_NI_B(Z, IN))*DHC(IN-DI(TU(N-I)- TL(N-1):



FEAS_END3_B(Z M N)S(DTVIO(LJ)=l AND DZMN) AND TL(N) LT TUM) AND TU(N) GT TL(M) AND
HOT(1.M) AND HOT(L.M-I) AND COLD(JN) AND COLD(JN-l) AND ALLOW_H(ZI,M,J) AND ALLOW_H(Z,|M-L))
AND ALLOW_C(ZJN,I) AND ALLOW C(ZJN-LI) AND BIF(ZIJ)=L AND (SPH(I)=L OR SPC(3)=1) AND FREEH(I)
AND FREEC()).

NHE_MO_B(Z, ,M)=L=(1+Y_M_B(Z|JM)-NHE_ML_B(ZlJM)-NHE_NL B(Z, ,N)):

* FEAS END4 BZIJMN,IDSD@ZMN) AND ORD(I) NE ORD() AND ALLOW CZJN|)) AND
ALLOW C(ZJN+L11) AND BIF(IL)=0 AND DTVIO(J)=l AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(I,M) AND HOT(LM-I) AND COLD(JN) AND COLD(JN-)) AND ALLOW_H(Z,|M,J) AND ALLOW_H(Z,IM-U)
AND ALLOW_C(ZJN,I) AND ALLOW C(Z,JN-L]) AND BIF(Z, )=1 AND (SPH(l)=1 OR SPC(J)=L) AND FREEH()
AND FREEC(J).

* QNEW_N(Z,ILJN)=L=ONEW_N(Z 1IN+ (MAX(TL(M).TL(N))-TL(N)J(TU(N+H)- TL(N+)+(3-
NHE_M 1JB(Z,1,JM)-NHE_NL_B(Z,1,J,N)-NHE_NO(Z I1JN)}*DHC(IN):

% FEASEND5 B(Z, MN,DS(DZMN) AND ORD(I) NE ORD() AND ALLOW C(ZINI) AND
ALLOW C(ZJN+L11) AND BIF(IIJ)=L AND DTVIO(IJ)=l AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(1.M) AND HOT(1,M-I) AND COLD(JN) AND COLD({JN-)) AND ALLOW_H(Z,|,M,J) AND ALLOW_H(ZM-1,)
AND ALLOW_C(ZJN,J) AND ALLO _C(ZJN-L) AND BIF(ZJ)=L AND (SPH(I)=1 OR SPC(J)=L) AND FREEH()
AND FREEC(J).

* QNEW _NEZLLINJ=L=QNE  NEZ 11 N+D*(MAX(TL(M). TL(N))-TL(N))(TUN+D)- TL(N+D)+(3-
NHE_MZ1_B(Z, ,M)-NHE_N1_B(Z, ,N)-NHE_NO_B(ZILIN)J*DFIC(IN);

* FEAS ENDG B(ZIJMN,)SDZMN) AND ORD(I) NE ORD() AND ALLOW C(ZJNJ) AND
ALLOW_C(ZJN+LIT) AND BIF(Il)=L AND DTVIO(,)=| AND TL(N) LT TU(M) AND TU(N) GT TL(M) AND
HOT(.M) AND HOT(LM-I) AND COLD(JN) AND COLD(JN-l) AND ALLOW_H(Z,|,M,J) AND ALLOW_H(Z,I M-1,)
AND ALLOW_C(ZJN,I) AND ALLOW C(Z,JN-LI) AND BIF(ZJ)=L AND (SPH(I)=L OR SPC(J)=1) AND FREEH()
AND FREEC(J)).

* QNEW2_N(Z,I1,J,N)=L=QNEW_N(Z,I1,J N+)*(MAX(TL (M), TL(N))- TL(N))/(TU(N+)- TL(N+)>-+(4-
NHE_ML_B(Z,|JM)-NHE_N1_ B(Z,|JN}-NHE_NO_B(Z,I1,J,N)-NHE_NL_B(Z,ILIN)*DHC(IN):

BIF_1(Z, ,MN)$(D(Z,M,N) AND TL(N) LT TU(M) AND HOT(I,M) AND COLD(JN) AND ALLOW_H(Z/\M.J) AND
ALLOW_C(ZJN,I) AND BIF(Z, )=1 AND FREEH() AND FREEC(J)).

SUM(LSDZLN) AND ORD(L) LE ORD(M) AND HOT(IL) AND ALLOW H(Z,LJ).QNEW MZ/!JL)-
QNEW2_ M(Z,1 I M)=L=

SUM(OS(D(Z,M,0) AND ORD(O) LE ORD(N) AND COLD(J0) AND ALLOW C(ZJ0.1)),QNEW_N(Z,I,J0))-
QNEW2N(Z LIN)

+BUZI MIN*4*maxSUM(LS(D(ZLN)  AND  ORD(L) LE ORD(M) AND HOT(L) AND
ALLOW_H(Z,l,L.J)),DHH(I L)),

SUM(OS(D(Z,M,0) AND ORD(0) LE ORD(N) AND COLD(J.0) AND ALLOW_C(Z,J,0,1))DHC(0));



BIF_2(Z,LM,N)$(D(Z,M,N) AND TL(N) LT TU(M) AND HOT(1.M) AND COLD(JN) AND ALLOW _H(Z,.M,)) AND
ALLOW_C(ZJN,I) AND BIF(Z.1J)=I AND FREEH(1) AND FREEC()..

SUM(LS(D(ZLN) AND ORD(L) LE ORD(M) AND HOT(LL) AND ALLOW H(Z.LJ),QNEW M(ZIJL)-
QNEW2_M(Z,UM)=G=

SUM(0$(D(Z,M.0) AND ORD(0) LE ORD(N) AND COLD(0) AND ALLOW C(ZJ,0.1),QNEW N(Z,1,J0))-
QNEW2 N(Z, N

BIZIMIN *max(SUMLS(DEZLN) AND ORD(L) LE ORD(M) AND HOT(LL) AND
ALLOW _H(Z.ILJ)),DHH(LL)),

SUM(0S(D(Z,M.0) AND ORD(0) LE ORD(N) AND COLD(J,0) AND ALLOW _C(Z,J,0,1)),DHC(.0)));

BIF_3(Z.1,.MN)$(D(Z.M,N) AND TL(N) LT TU(M) AND HOT(I,M) AND COLD(IN) AND ALLOW H(Z.IM,) AND
ALLOW_C(ZJN,I) AND BIF(Z,1,))=1 AND FREEH(I) AND FREEC(J)).

B1(Z,|MJN)=E=2-0.25*SUM(LS(DZLN) AND ORD(L) LE ORD(M) AND HOT(L) AND
ALLOW_H(Z,I,LJ))NHE_MI_B(Z, ,L))

10.25*SUM(0$(DZM,0)  AND = ORD(O) LE  ORD(N) AND  COLD(0) AND
ALLOW_C(Z,J,0,1)) NF1E_NI_B(Z,1,J,0))

NHE_MLB(Z, ,M)-NHE NLB(Z N

BIF 4(Z, ,MN)$(D@ZMN) AND TL(N) LT TU(M) AND TL(N) GE TL(M) AND HOT(I,M) AND COLD(IN) AND
ALLOW_H(Z,M,)) AND ALLOW_C(ZJN,I) AND BIF(Z, )=1 AND FREEH(l) AND FREEC()..

SUM(L$(HOT(1,L) AND ORD(L) LE ORD(M) AND ALLOW_H(Z,| LJ)NHE_MI B(Z, L)
-SUM(0$(COLD(J,0) AND ORD(0) LE ORD(N) AND ALLOW_C(Z,J,0,1)),NHE_NI_B(21,J,0))=6=0;

BIF 5(Z, ,M)$(HOT(I,M) AND ALLOW_H(Z,,M.J) AND BIF(Z,1,))=1 AND FREEH(1) AND FREEC(J)).
QNEW2 M(Z, ,M)=L=NHE_ML_B(Z,I,,MJ*DHH(IM) :

BIF_6(z1,.M)$(HOT(1,M) AND ALLOW_H(Z,|M,J) AND BIF(Z.1,))=1 AND FREEH(1) AND FREEC(J)).
QNEW2_M(Z,1JM)=L=QNEW_M(Z,1,JM);

BIF 7(Z, N)$(COLD(J,N) AND ALLOW C(ZJN,I) AND BIF(Z, )=1 AND FREEH(1) AND FREEC(J).
QNEW2_N(Z,JN)=L=NHE_NI_B(Z,| JNJ*DHC(IN) ;

BIF 8(Z, N)$(COLD(JN) AND ALLOW_C(ZJN,I) AND BIF(Z,1,))=1 AND FREEH(1) AND FREEC(J)).
QNEW2_N(Z1JN)=L=QNEW _N(Z,|IN):



BIF_9(Z,,JM)$(HOT(I,M) AND ALLOW_H(Z,IM.J) AND BIF(Z,,J)=1 AND FREEH(1) AND FREEC(J).
QNEW2_M(Z,UM)=L=NHE_M0_B(Z,U,M)*DHH(I.M)

BIF_10(Z,1,J.N)$(COLD(J,N) AND ALLOW_C(ZJN,I) AND BIF(Z,1,J)=1 AND FREEH(I) AND FREEC()..
QNEW2_N(Z1JN)=L=NHE_NO_B(Z, ,NJ*DHC(IN) ;

BIFI I(Z,1,JM)S(HOT(I,M) AND ALLOW_H(Z,,M,J) AND BIF(Z,1,J)=I AND FREEH(1) AND FREEC(J)).

SUM(OS(HOT(10) AND ORD(O) LE ORDM) AND  ALLOW H(Z,0J)NHE_MO B(ZI1J0)-
NHE_M1 B(Z,I,J0)=L=1 ;

BIF_12(Z,1,JN)$(COLD(J,N) AND ALLOW._C(Z,J\,[) AND BIF(Z,1,))=1 AND FREEH(I) AND FREEC()..

SUM(0S(COLD(J,0) AND ORD(O) LE ~ ORD(N) AND  ALLOW_ C(ZJO,)NHE_NO B(ZIJ,0)-
NHE_N1 B(Z,|0))=L=L;

BIF I3 I(K,Z,I,M)S(ORD(K) LT KMAX(Z,J) AND HOT(IM) AND ALLOW H(Z,|M) AND BIF(ZIJ)=L AND
FREEH(I) AND FREEC()..

PAR B(K,Z1J)=G= SUM((LN)$(D(ZL,N) AND ORD(L) LE ORD(M) AND TL(N) LT TU(L) AND HOT(I,L) AND
COLD(N) AND ALLOW_H(ZI.LJ) AND ALLOW_C(ZIND)(QZ/|LIN)
Q2ZILLIN)*(UH_I(LLILH_JGN)ILMTD(LN))

10000%(2-NHE_M1_B(Z,LJM)-XL B(Z JM)}-SUM(KKS(ORD(KK) GT 1 AND ORD(KK) LT

ORD(K)),X_B(KK.Z, ,M));

BIF 13 2(K.Z,|JM)$(ORD(K) LT KMAX(Z/J) AND HOT(IM) AND ALLOW H(Z,|M,) AND BIF(ZJ)=1 AND
FREEH(I) AND FREEC()..

PAR B(K"Z,J)=L= SUM((LN)$(D(Z,LN) AND ORD(L) LE ORD(M) AND TL(N) LT TU(L) AND HOT(IL) AND
COLD(N) AND ALLOW H(ZILJ) AND ALLOW_C(ZIND)(Q(Z | LIN)
Q2ZILIN)H(UH_I(LL)+LH_JON)YLMTD(LN))

+10000%(2-NHE_M1_B(ZLJM)-XLB(Z, ,M)-SUM(KK$(ORDKKK) GT 1 AND ORD(KK) LT
ORD(K)) X_B(KKZ, ,M)));

BIF_I4(K,Z, )$(ORD(K) EQ KMAX(Z, ) AND ALLOW(Z, )=1 AND FREEH(I) AND FREEC()) AND BIF(Z,1,))=0).
PAR B(K,Z,|J)=E=PAR(Z,)}-SDM(KK$(ORD(KR) LT ORD(K)),PAR B(KK.Z,1,)):

BIF 15(Z,1,JM)$(HOT(1,M) AND ALLOW_H(Z,IM,)) AND BIF(Z, )=1 AND FREEH(1) AND FREEC(J)).

X B(Z|JM)*SUM(KSORD(K) GT 1 AND ORD(K) LE KMAX(Z )),ORD(K/*X B(KZ,IJM))=E=
SUM(LS(HOT(1,L) AND ORD(L) LE ORD(M) AND ALLOW_H(Z,I,LJ))]NHE_MO_B(Z,1J,L)

+1-Y M Bz, M);
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BIF_16(Z.lJM)$(HOT(I,M) AND ALLOW_H(Z,|,M,J) AND BIF(Z, )=1 AND FREEH(I) AND FREEC())..
X1 B(ZUM)=L=L;

BIF_17(Z,1,JM)S(HOT(I,M) AND ALLOW_H(Z,.M,J) AND BIF(Z.|J)=L AND FREEH(I) AND FREEC())..

SUM(NS(D(ZMN) AND TL(N) LT TUMM) AND HOT(LM) AND COLD(IN) AND ALLOW H(Z\MJ) AND
ALLOW_C(ZJN.1)),Q2(Z,I,M.JN))=E=QNEW2_M(Z,1,J M);

BIF_18(Z,LJM,N)$(D(ZM,N) AND TL(N) LT TU(M) AND HOT(|,M) AND COLD(JN) AND ALLOW_H(Z,|,M.J) AND
ALLOW_C(ZJN,I) AND BIF(Z,J)=L AND FREEH(1) AND FREEC()).

Q2ZIMJIN)=L=QZI MJN);
NEXCH(Z,,)$(ALLOW(Z,J)=l AND BIF(Z,1J)=0 AND FREEH(I) AND FREEC(J)).NHE(Z,I,)=L=L:
NEXCH_B(Z,I,)$(ALLOW(Z, )=L AND BIF(Z,1,))=1 AND FREEH(l) AND FREEC(J)).NHE(Z, )=L=2;

TOTNEXCHMAX.. SUM(Z, )S(ALLOW(Z, )=t AND FREEH() AND
FREEC()))NHE(Z, ))=L=SUM((Z, )$(FREEH(1) AND FREEC(J))NHEO(Z,L))+2;

TOTNEXCHMIN. SUM((Z,1,)S(ALLOW(Z, )=t AND FREEH() AND
FREEC()))NHE(Z, ))=G=SUM((Z, )$(FREEH(1) AND FREEC())) NHEO(Z,L.))

* SPLIT_LIMIT_M(Z,|,M)S(D(Z,M,M) AND HOT(I,M) AND NOT HU(l) AND ALLOW_(1J)=I)..
% SUMUIS(EX_COLD(MJ).Y MZ, ,M))=L=I+SUM(US(EX_COLD(MJ),NHE_MOEZ, M)

* SPLIT_LIMIT_M2(Z,.M)S(D(Z,M,M) AND HOT(1,M) AND NOT HU(1) AND ALLOW (1,))]).
% SUM(IS(EX_COLD(M,)))NHE_MO(Z,| JM))=L=;

* SPLIT_LIMIT_N(ZJN)$(D(Z,N,N) AND COLD(JN) AND NOT CU(J) AND ALLOW_(1J)=1)..
* - SUM(IS(EX_HOT(N,1)).Y_N(Z,I,JN))=L=L+SUM(ITEX_HOT(N,1)) NHE_NO(Z,IJN)):*

* SPLIT_LIMIT_N2(Z,JN)$(D(Z,N,N) AND COLD(JN) AND NOT CU(J) AND ALLOW. (1,J)=1).,
SUM(IS(EX_HOT(N,I)) NHE_NO(Z | IN))=L=L;
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AREA RESTL(Z, )$(ALLOW(Z, )=1 AND FREEH(I) AND FREEC(J) AND BIF(Z, )=0).
PAR(Z, )=L=AEX(Z, )+DPAR E(Z, }+PARNEZ, ):

AREA_REST2(Z, )$(ALLOW(ZJ)=I AND FREEH(1) AND FREEC(J) AND BIF(Z,1.))=0).
DPAR E(Z, )=L=AEX_U(Z,1J)-AEX(Z,L));

AREA REST3(Z, )$(ALLOW(Z, )=L AND FREEH(l) AND FREEC(J) AND BIF(Z,1,))=0).
PAR_N(Z,1J)=L=5000%(NHE(Z, )*NHE_ (Z.l)$(NHEO(Z,,J)=1)-NHEO(Z, )):

AREA RESTL B(K.Z, )$(ORD(K) LE KMAX(Z ) AND ALLOW(Z, )=L AND FREEH() AND FREEC()) AND
BIF(Z, )=1).

PAR B(K.Z, )=L=SUM(K K$(ORD(KK) LE
NHEO(Z, )),AEX_B(KK.Z | J»DELTA(KK K))+DPAR E B(K.Zl,J}*PAR N B(K.Z,l,):

AREA REST2 B(K.Z,I,)$(ORD(K) LE KMAX(Z, ) AND ALLOW(ZJ)=! AND FREEH(I) AND FREEC()) AND
BIF(Z,1)=l).

DPAR_E_B(K.Z, )=L=SUM(KK$(ORD(KK) LE NHEO(Z, )),(AEX_D_B(KK", )-
AEX_B(KK Z,1)) "DELTAKK K));

AREA REST3 B(K.Z,| JS(ORD(K) LE KMAX(Z ) AND ALLOW(Z]J)=| AND FREEH() AND FREEC()) AND
BIF(Z1))=0).

PAR N B(K.Z, )=L=5000%(+-SUM(KRS(ORD(KK.) LE NHEO(Z,l,J)) DELTA(KK,K))

AREA REST4 B(K.Z|)$(ORD(K/ LE KMAX(Z,)) AND ALLOW(Z,IJ)=| AND FREEH() AND FREEC() AND
BIF(Z,))=1).

SUM(KICS(ORD(KK) LE NHEO(Z, )),DELTA(KK K))=L=I;
t
AREA REST5 B(K.Z,L)S(ORD(K) LE NHEO(ZIJ) AND ALLOW(ZI))=l AND FREEH(I) AND FREEC()) AND
BIF(Z, )=1).
SUM(KKS(ORD(K.K) LE KMAX(Z, )),DELTAKKKIC))=L=L;

AREA_REST6 B(Z, )$(ALLOW(Z, )=1 AND FREEH(1) AND FREEC()) AND BIF(Z,|,J)=1).
SUM((K,KK)$(ORD(K) LE KMAX(Z,1,J) AND ORD(KK) LE NHEQ(Z, )), DF.LTA(KK,K))=E= NHEO(Z,L));
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ADDREST.
M((Z,|)$(ALLOW(Z.I,)=| AND FREEH(1) AND FREEC())) NHE(Z,I)-NHEOZ, ))=L=2;

ADD_REST2(1,))$(FREEH(1) AND FREEC(J)..
SUM(ZS(ALLOW(Z,L))=) NHE(Z, )-NHEO(Z, ))=G=0;

TOTALCOST.  TCOST=E=SUM(IS(HU() AND  FREEH(1)),CHU(I*FHU(I*DTHU()+SUM(I$S(CU()  AND
FREEC(J)),CCU(*FCU*DTCU()

+SUM((Z, )S(ALLOW(Z, )=L AND FREEH(1) AND
FREEC(J)),CF(NHE(Z, )*NHE_ (Z1)$(NHEO(Z 1J)=1)}-NHEO(Z, )))
+SUM((Z L )S(ALLOW(Z 1) AND FREEH()  AND FREEC()  AND

BIF(ZJ)=0),CAE*DPAR_E(Z,|)+CAN*PAR N(Z, )

+SUM((K.,Z | )$(ORD(K) LE KMAX(ZJJ) AND ALLOW(Z, )=L AND FREEH() AND FREEC()) AND
BIF(Z,1,J)=L),CAE*DPAR_E_B(K.Z | J)*CAN*PAR N B(K.Z,LJ));

MODEL MPERIOD /ALL/;

OPTION LIMROW = (:
OPTION LIMCOL=0;
OPTION SOLPRINT = OFF;
OPTION OPTCR = 0.00;
OPTION OPTCA = 0.00;
OPTION ITERLIM = 1000000000;
OPTION RESLIM = 1000000;
MPERIOD.OPTFILE = £

* MPERIOD.PRIOROPT= [

* PMATCH.PRIOR(Z, ) = 05;
* HUMATCHPRIOR(Z, J)=0.75;
* CUMATCHPRIOR(Z,I, )=0.75;

SOLVE MPERIOD USING MIP MINIMIZING TCOST ;

PARAMETER QMATCH(Z, );
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QMATCIl(Z.U)=SUM((MN)SD@ZMN) AND TL(N) LT TJ(M) AND HOT(LM) AND COLDUN) AND
ALLOW H(Z.IM,J| AND ALLOW_C(ZJN.).QLZIMJN))

PARAMETER FH_H(Z, ,M) Flowrate of hot stream per HEX;
FH_H(Z,LJM)$[HOT(I,M)] = QNEWIVLL(Z,|LJ,M)/[(TU(M)-TL(M))*CPH(L.M)]

PARAMETER FC_C(Z,J,,M) Flowrate of hot stream per HEX;
FC_C(Z,J,M)$[COLD(I,M)] = QNEW_N.L(ZLJM)/[(TU(M)-TL(M))*CPC(J,M)]

OPTION Q:3:0:1; DISPLAY Q.L;

OPTION QNEW_M:3:0:1; DISPLAY QNEW M.L;
OPTION QNEW _N:3:0:1; DISPLAY QNEW N.L;
OPTION QNEW2_M:3:0:1; DISPLAY QNEW2 ML;
OPTION QNEW2_N:3:0: DISPLAY QNEW2 N.L;
OPTION Y_M:3:0:1; DISPLAY Y _M.L;

OPTION Y_N:3:0:1 DISPLAY Y NL;

OPTION NHE_MO0:3:0:1; DISPLAY NHE MOL;
OPTION NHE M1:3:0 I. DISPLAYNHE M 1L;
OPTION NHE_N0:3:0:1; DISPLAY NHE NOL;
OPTION NHE NI 3:0:1; DISPLAY NHE NL.L;
OPTION Y_M_B:3:0:1; DISPLAY'Y M BL;
OPTION Y_N B:3:0:1; DISPLAY Y N BL;
OPTION NHE_MO0 _B:3:0:L; DISPLAY NHE MO BLL;
OPTION NHE_M1 B:3:0:1; DISPLAY NHE M1B.L;
OPTION NHE_NO B:3:0:1; DISPLAY NHE NO BL;
OPTION NHE_NI_B:3:0:1; DISPLAY NHE N1B.L;
OPTION ALFA_M:3:.0:1; DISPLAY ALFA ML;
OPTION ALFA N:3:0:1; DISPLAY ALFA N.L;
OPTION PAR:3:0:1; DISPLAY PARL;

OPTION NHE:3:0:1, DISPLAY NHE.L;

OPTION QMATCH:3:0:1; DISPLAY QMATCH:;
OPTION X1 B:3.0:1; DISPLAY X1 BLL;



OPTION X_B:3:0:1; DISPLAY XB.L;

OPTION DPAR_E:3:0:1; DISPLAY DPARE.L;
OPTION PAR N 3:0:1. DISPLAY PAR N.L;
OPTION PAR_B:3:0:1; DISPLAY PAR BLL,
OPTION DPAR_E_B:3:0:I; DISPLAY DPAR E BL;
OPTION PAR_N_B:3:0:1; DISPLAY PAR N BL;
OPTION NUI-..  3:0:1; DISPLAY NHE SL;
OPTION DELTA:3:0:1; DISPLAY DELTAL;
OPTION TCOST:3:0:1; DISPLAY TCOST.L;
OPTION FH_H:3:0:1; DISPLAY FH_H;

OPTION FC_C:3:0:I; DISPLAY FC C;

OPTION TU:3:0:1; DISPLAY TU;

OPTION TL:3:0:1 DISPLAY TL;

OPTION CPH:3:0:1; DISPLAY CPH;

OPTION CPC:3;0:1; DISPLAY CPC;

OPTION DHH:3:0:1; DISPLAY DHH;

OPTION DHC:3:0:1; DISPLAY DHC;

OPTION LMTD:3:0:1; DISPLAY LMTD;
OPTION ALLOW:3:0:1; DISPLAY ALLOW;
OPTION ALLOW_H:3:0:1; DISPLAY ALLOW_H;
OPTION ALLOW_C:3:0:1; DISPLAY ALLOW_C;
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