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The Construction of Master Production Scheduling System

for Hot Rolling Process in the Steel Factory

Student : Chi-Hsien Lin Advisor : Dr. Shu-Hsing Chung

Dr. Ming-Hsien Yang
Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

For satisfying product specification, quantity and due date of each order,
steel factory need to decide steel ingot cutting plan and make production
schedule for hot rolling machine in-the hot rolling process. To solve the cutting
and scheduling problem, this thesis proposed a master production schedule
system regarding to hot.-rolling process with considerations of sequence
dependent setup time and order’s due date.

This system includes production scheduling module for hot rolling machine
and steel factory performance module. The production scheduling module sets
the length of a planning period as the interval between two consecutive due
days of orders, and then sum up the demand for each product so as to list all of
the feasible cutting schemes. Then the integer programming model is
developed to solve the optimal combination of feasible cutting schemes and to
plan hot rolling machine production schedule. Based on hot rolling schedule,
the steel factory performance module checked whether all of the demands
being satisfied. If it is, then the integer programming model is modified for
finding the minimal length of wasted material and of ending inventory counts
so as to save the cost for reworking the wasted material and for inventory.
Contrarily, we cut the planning horizon at the due date that has quantity
shortage for delivery, and replan for minimizing the tardy time or the shortage

amount so as to communication with consumers.



Experimental studies reveal that simultaneously solving the combination of
cutting schemes and the schedule make the demand of each planning period be
fulfilled with minimal wasted material and inventory cost. Consequently, the
system proposed in this thesis can provide steel factory planner to make cutting

plan and production schedule simultaneously to satisfy demands.

Keywords: Steel factory, Steel ingot cutting plan, Hot rolling machine, Flow

shop, material wasted, Inventory, tardy time
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400*300 = #F2 4k 5 b 0 HEF PR 40T £ 4-2 9757 o Bdep o
i % <1 400*400 & & & 2t =L <1 400%300 2 4k pPF o | AN SRR R
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fke > B RRI X3l o F)pt H A EERF S 1000 4 e

TR i

F 4-10 2 5p A4 22 R pFERY
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(4) |150x100| 2000 (14) |300x150| 2200 (24) | 450 x 300 | 3000
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8 o r 31 - - -- -

64




-l
4

4y

448 AST2 2 R | SWfAAST2 2 N fL R 4 | B A36 2 SR
H (%) 400*400 400*300 300*300
ERRAR | FREZ(R)| AARARAR | FREEQ) | RARRE | F REKE(R)
17 = = 27 16 = = 24 24 = = 33
16 = = 69 155 = = 12 23 = & 9
155 = = 30 15 = = 21 22 o % 18
18 12 = 71 14 = = 20 20 = = 7
11 2 20 10 2 & 55 19 2 = 29
10 = 22 9 == 34 18 = = 56
8 = 24 8 == 18 - --

i 4378 T VARG - R T ER T & 44 07T
A4 Rb- FRPR
To o |
From 400*400 400*300 300*300
vt 400*400 0% 1000 #) 1000 #)
,;j: 400*300 |- 12007 0.4 1000 #)
300*3007) ' <1200 #; 1200 7 0%

65




412~ 2 B RBIBEXK

EES SEN TN 3 -8
(1) 3105 A 2R3 Y
RLIER L - B o ERBEH R L L E LW B R
Q)%*ﬂﬁﬁiﬁy%ﬁ%ﬁﬁ?ﬁ’Mﬁﬁﬁaﬁ%@ﬁﬁ
(3) 4w rtrdtat ¥ o e RaE (T » 3oL R
1

rEEG 2

(4) *~ B2 A h 2 g

42 P 23 AR REI N2 #FiER

AE AL 2 kR TT LR DIREL M R o R N 55T
HApM Fm s WAz b T s Lafiee v 2R 0 2B T33L A LA
B RR T R 23324 7 2 F A gt L A é_a‘ﬁ%&*ﬁu%‘l%ﬁﬁw ]
AR 2 T Tk T2 AR A BT A ]
421~ RELRBPFIHZL ARG K

PRGTEZ G AR HRIY AL LT REAE > F N E AP RF
MERPEY > LRSS ERFRYHIRL U LRI P I IER
e N BIE IR Ao f 45 27 o 51 2 258 3-1 258 R R o
HHA] 2 2 Fp R RRRKDF Ritbe b e W2 432 FTH £ 5
TATHY o 50 AST2 2 2 fLC F 400%400 0 K B AL 17 2 ¢ 0F
FE L 024 5 P E iAot 4-1 1T o

5
Z d; j=A572,p=d00r00 k=17 = 28 T 0+ 12 +25+27=92 ;N 4-1

t=1

Bepbpfaj 2 SfLtp ERARBEKDORES S > F4cik 46 12

2 4 A7 7 o

2 450 2 RLIEH 2 HR Y
RHEY L RAPEY 2 | RFEP 3| RPaP 4| RPaP5
2 P (%)) 259200 518400 864000 1209600 1555200

66




%046 A AST2 2 LEFEAHR 2 R EEE
waa( S| AAEY EEHNERRRET KL a(R)
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1 28 13 8 33 16 16 6 32
2 - - - - 10 22 18 70
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4 25 - 34 26 8 28 30 31
5 27 - 69 30 71 20 22 24
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B3 Hp 5 o
Kj.p Kj,p Ki‘p Ki‘p
(t) édj,p,k,t O o > diore | o ;dj,p,k,t O o ;dj,p,k,t 3 p (S,)
1 152 1 0 0 36 1 101 1 3
2 120 1 143 1 0 0 0 0 2
3 137 1 123 1 0 0 160 1 3
4 127 1 0 0 50 1 117 1 3
5 143 1 135 1 0 0 150 1 3
Pj
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1 g Butdhfs AS72 2 2 4L % < 400%400 2
475 A36 2 2 4E < <t 400%300 F R DY, Lo
m=1

A F < 300%300 B G B4 DY L, gmie =264
m=1

128

SRk 2 pER S 258400 4 -

134

134

%B—}'—" ZYJ =1,p=1m;t=1

E1ad eI RSl

=514 ;

=14 % ; 48 A36 %
¥ RBIEH LT

AAREAHE 0L o h L RAEN T &
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* il B B (
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ip i

J
ZUDj,p,k,t: O) » 4 T é,_ ‘LEE‘,:FT&F\ AT S iﬁ Ml‘)i J'F{Jfé,

k=1 p=1 j=1

% 4-11 0 %k B
Intel(R) Core(TM)i7 CPU 920 @2.67GHz
12.0GB

L E
7 {84 (RAM)
IT; '.jlr_ /, é./u

Microsoft Windows Vista Business 64bit Service Packl

2412 gor B A Z P S AR ERPEE 2R 2 8%

FFEH L

HFEH 2

HH1EH 3

R 4

HFHFH 5

Alpha[2,3,1,1] =1

Alpha[1,1,0,2] =1

Alpha[1,2,0,3] =1

Alpha[1,1,04] =1

Alpha[2,3,0,5] =1

Alpha[2,2,2,1] =1

Alpha[1,1,1,2] =1

Alpha[1,2,1,3] =1

Alpha[1,1,1,4] = 1

Alpha[2,3,1,5] =1

Alpha[1,1,3,1] =1

Alpha[1,2,2,2] = 1

Alpha[2,3,2,3] = 1

Alpha[2,2,2,4] = 1

Alpha[1,2,2,5] = 1

Alpha[1,1,3.3] =1

Alpha[2,3,3,4] = 1

Alpha[1,1,3,5] =1
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% 4-13 Morr B E A Bl S

A PR AIS 2 Ah S

FREEy 1

AT 2

A3

A 4

HFFH S

Y[1,1,1,1] =17 Y[1,1,30,2] =2 Y[1,1,14,3] = 15 Y[1,1,1,4]1=9 Y[1,1,15] =24 Y[2,3,925] =5
Y[1,1,30,1] =8 Y[1,1,33,2] =1 Y[1,1,30,3] =17 Y[1,1,56,4] = 12 Y[1,1,13,5] = 2 Y[2,3,112,5] = 1
Y[1,1,56,1] = 3 Y[1,1,81,2] =1 Y[1,1,31,3] =1 Y[1,1,81,4] =9 Y[1,1,56,5] = 22 Y[2,3,128,5] = 10
Y[1,1,81,1] = 12 Y[1,1,120,2] =6 Y[1,1,56,3] = 19 Y[1,1,100,4] =3 Y[1,1,67,5] =1 -
Y[1,1,120,1] = 4 Y[1,1,130,2] = 4 Y[1,1,81,3] =3 Y[1,1,103,4] = 1 Y[1,1,81,5] =9 --

Y[1,1,130,1] =2

Y[1,1,134,2] = 11

Y[1,1,134,3] =7

Y[1,1,1204] =7

Y[1,1,1035] = 1

Y[1,1,134,1] =5 Y[1,2,1,2] = 26 Y[1,2,1,3] = 12 Y[1,1,130,4] = 15 Y[1,1,109,5] = 1 --
Y[2,2,1,1] =6 Y[1,2,34,2] =6 Y[1,2,30,3] = 1 Y[1,1,134,4] =3 Y[1,1,1205] =5 --
BT Y[2,2,116,1] = 3 Y[1,2,60,2] = 10 Y[1,2,50,3] = 1 Y[2,2,36,4] = 3 Y[1,1,134,5] =3 --
7 3] Y[2,2,129,1] = 2 Y[1,2,63,2] = 2 Y[1,2,86,3] = 7 Y[2,2,58,4] = 1 Y[1,2,1,5] =7 -
X% X Y[2,2,134,1] = 3 Y[1,2,81,2] =1 Y[1,2,112,3] = 2 Y[2,2,94.4] =1 Y[1,2,35] =2 --
# Y[2,3,11]=6 Y[1,2,82,2] =5 Y[1,2,117,3] = 15 Y[2,2,116,4] =5 Y[1,2,345] =3 --
Y[2,3,3.1] =1 Y[1,2,99.2] = 4 Y[2:3,37,3] =2 Y[2,2,129,4] = 2 Y[1,2,60,5] = 7 --
Y[2,3,57,1] = 2 Y[1,2,112,2] =7 Y[2,3,57,3] = 1 Y[2.3.14]1=7 Y[1,2,82,5] =7 --
Y[2,3,114,1] =5 Y[1,2,1132] =1 Y[2:3.92,3] = 1 Y[2.3,112,4] =5 Y[1,2,99,5] = 15 --
Y[2,3,1231] =7 Y[1,2,117,2] =6 Y[2,3,112,3] = 2 Y[2,3,123,4] = 14 Y[1,2,112,5] = 7 -
Y[2,3,128.1] =5 - Y[2,3,117,3]1= 4 Y[2,3,128.4] = 4 Y[1,2,117,5] =1 -
- - Y[2,3,122,3] =1 .- Y[2,3,15] =8 -
- - Y[2,3,123,3] = 6 -- Y[2,3,57,5] = 2 --
- - Y[2,3,128,3]= 6 -- Y[2,3,91,5] = 1 --

* /$ X Kip B J Kin B J ip B J Kip B J Kip B J
J,p,k,t:1:0 J,p,k,t:2:0 m,p,k,trszo m,p,k,tizo J,p,k,t:SZO

3 :gt( # ) k=1 p j=1 k=1 p j=1 k=1 p j=1 k=1 p j=1 k=1 p j=1

% pER

COMI[1] = 258400
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Y[1,1,43,1] = 16 Y[1,1,56,2] = 1 Y[1,1,61,3] =9 Y[1,1,56,4] = 13 Y[1,1565]=22 | Y[23,1235]=6
Y[1,1,72,1] = 10 Y[1,1,69,2] = 1 Y[1,1,109,3] = 1 Y[1,1,81,4] =9 Y[1,1,81,5]=10 | Y[23,1285] =11
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24220 Ai A LABBHGH IS REE 28 2
REEH 1 #R%J&;!p 2 238 3
Alpha[2,3,1,1]=1 | Alpha[1,1,02]=1 | Alpha[1,20,3]=1
i;ﬁ"_‘_ N f,‘:_%“_ Alpha[2,2,2,1] =1 Alpha[1,1,1,2] =1 Alpha[1,2,1,3] =1
Alpha[1,131]=1 | Alpha[12,22]=1 | Alpha[2,32,3]=1
- - Alpha[1,1,3,3] = 1

% 4-23 1 A3 ARRIBAEH B KT LRSS
REEH L | RAEH 2 | RGP 3

Y[1,1,43,1] = 21 Y[1,1,262] =1 Y[1,1,34,3] = 30
Y[1,1,72,1]=8 Y[1,1,56,2] = 4 Y[1,1,61,3] =2
Y[1,1,81,1] =3 Y[1,1,69.2] = 1 Y[1,1,134,.3] = 2
Y[1,1,100,1] = 6 Y[1,1,72,2] = 11 Y[1,213]=11
Y[2,2,1,1]=5 Y[1,1,100,2] = 2 Y[1,2,833] =1
Y[2,2,141] = 1 Y[1,1,134,2] = 14 Y[1,2,107,3] = 1
B 7 e Y[2,2171)= 1 Y[1,2,1,2] =22 Y[1,2,117,3] =13
3> %2 Y[2,2,22,1] = 2 Y[1,2,21,2] =13 Y[2,3,87,3] =5
= #ic Y[2,2/40,1] =3 Y[1,2:38,2] =8 Y[2,3,107,3] = 2
Y[23.1,1] =6 Y[1,2,60,2] = 1 Y[2,3,108,3] = 6
Y[2,3,56,1] = 3 Y[1,2,63,2] = 15 Y[2,3,109,3] = 1
Y[2,3,87,1]=5 Y[1,2,832]=7 Y[2,3,114,3] = 3
Y[2,3,89,1] = 2 Y[1,21032] =1 Y[2,3117,3] =1
Y[2,3,118,1] = 9 Y[1,2,117,2] = 7 -
Y[2,3,128,1] = 2 - -
{ /% ,i Kip B 3 Kip B 3 Kip B 3
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%1 pER
COMI1] = 216000 COM[2] = 515800 COMI[3] = 733400
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DA %8 =2,704 5 458 =3,639
; FfEpE R =720.02 ¥
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Alpha[2,2,1,1] = 1

Alpha[1,1,0,2] = 1

—

K
e

Alpha[2,3.2,1] =1

Alpha[1,1,1,2] = 1

Alpha[1,1,3,1] =1

Alpha[1,2,2,2] = 1

%4250 Ai 3 ARG H BT RE2 A8

FEEE 1
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37 1S
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Y[L,1,1,1]=1

Y[1,1,109,2] = 4

Y[1,1,13:1] = 10

Y[1,1,117,2] = 2

Y[1,1,19,1] =13

Y[1,1,124,2] = 11

Y[1,1,231] =3 Y[1,1,131,2] = 1
Y[1,1,341] =8 Y[1,1,1342] =5
Y[14,431] =5 Y[1,2,1,2] = 16
Y[1,1,109,1] =1 Y[1,2,22] =2

Y1.1134,4] = 1 Y[1,2,13.2] =5

Y[2,2,1,1] =2 Y[1,2,17,2] = 18
Y[2,2,211]=7 Y[1,2,21,2] =1
Y[2,2,117,1] = 3 Y[1,2,33,2] = 1

Y[2,3,1,1]=6 Y[1,2,38,2] = 4
Y[2,3,56,1] = 3 Y[1,2,47,2] =1
Y[2,3,90,1] =5 Y[1,2,632] =3
Y[2,3,1141] = 2 Y[1,2,67.2] =8
Y[2,3,1181] = 7 Y[1,2,682] =1

Y[2,3,1271]=1

Y[1,2,117,2] =1

EENES RO

time[1] = 4600

time[2] = -63100
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Alpha[2,2,1,1] = 1

Alpha[1,1,0,2] = 1

Alpha[1,2,0,3] =1

Alpha[1,1,0,4] = 1

Alpha[2,3,05] = 1

—\

Alpha[2,3.2,1] = 1

Alpha[1,1,1,2] = 1

Alpha[1,2,1,3] = 1

Alpha[1,1,1,4] = 1

Alpha[2,3,1,5] =1

S
e

Alpha[1,1,3,1] =1

Alpha[1,2,2,2] =1

Alpha[2,3,2,3] =1

Alpha[2,2,2,4] =1

Alpha[1,1,2,5] =1

Alpha[1,1,3,3] =1

Alpha[2,3,3,4] =1

Alpha[1,2,3,5] =1
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£04-27 0 A5 ERBBHEHZT RE LR LE()
PRSI J—g}]iﬁp 2| RAFH 3| REFH 4 REEH S
YL1L=1 | Y[LL1002]=1 | Y[L113]=3 | Y[L144]=1 | YL115]=1 | Y[23125]=1
Y[11,131]=10 | Y[1,1,1022]=1 | Y[1,183]=6 Y[1,1,134]=10 | Y[11,135]=15 | Y[23,575]=1
Y[1,1,191]=13 | Y[1,1,117,2]=3 | Y[1,1,30,3] = 4 Y[1,1,19,4] =5 Y[1,1,195]=10 | Y[23,905]=5
Y[1,1,23,1] =3 Y[11,1242]=11 | Y[1,1,343]=13 | Y[1,1,234]=8 Y[L1565]=16 | Y[23925]=1
VIL1341]=8 | Y[1,11342]=7 | Y[L1438]=17 | Y[L1564]=7 | Y[11675]=8 | Y[23945]=1
YI11434=5 | V[L2121=20 | V[11563]=15 | V[11594]=1 | V[11695]=9 | V[231075]=5
Y[1,11091]=1 | Y[1222]=1 YL2781=19 | Y11e641=1 | Y1L725]=4 | ¥[231095]=2
Y[11,1341]=1 | Y[1232]=1 Yi12833]1=2 | YL.1724]1=6 | Y[L,1,1005] =7 | Y[2.3.1115] =2
Y[22,1,1]= 4 Y[1,24.2]=2 v@2943=1 | vi1104]=4 | VILLIOLSI=1 | Y[231185]=2
V22490]=3 | YL21721=1 | YI12963]=12 | YIL1814]=1 | Y[L11095]=2 | Y[231235]=2
Y22501]=3 | Y[12202]=5 | Y[129083]=1 | VILLOL4=1 | V[1218]=7 | Y[231275)=1
B (7 ety 3 Y[221341]1=2 | Y[12212]=1 | Y[1,21033]=2 | Y[11964]=1 | Y[1225]=1 V1231285 =2
Sz g |PRMITE | YR2BAS1 | YOIEIFE, | YRS | VR27s-d -
Y[232,1]=1 Y[12242]=1 ¢ F¥[23693] =17} ¥[11,1304]=1 | Y[1,2345]=3 -
Y[235611=8 | Y[12382]27 © [-¥[28883)=2 | V[111344]=1 | Y[12455]=1 ”
Y[23570]=1 | Y[L2432}=1 | Y[28903] =37 | Y[22714]=3 | Y[L2595]=1 —
Y[2,3,115,1] =3 Y[12632]=11 | Y[231073]=10 | Y¥[221004]1=1 | Y[12625]=3 -
Y[231181]=7 | Y[12802]=7 | ¥[231088]=1 | Y[221074]=1 | Y[12675]=15 —
- Y[1,2,81,.2] =1 Y[231133]=1 |¥[221164]=3 | Y[12825]=1 -
- Y[1,2:832] =1 Y[231143]=2 | Y[221174]=2 | Y[1,2995] =4 -
. - Y[23,1233]=2 | Y[2314]=5 Y[1.2,100,5] = 6 -
B - Y[23,1253]1=1 | Y[2344]=1 Y[121035]=1 ”
- - - Y[2,3,56,4] = 4 Y[121075]=1 -
_ - -- Y[231154]=2 | Y[1,2,117,5]=1 -
B - - Y[23,1184]1=10 | Y[23,15]=8 --
Yk P R (f"}) Time[1] =0 Time[2] =-63100 | Time[3]=60300 | Time[4] =-97700 Time[5] = -105100
1 B> COM[1] = 220600 | COM[2] = 455300 | COM[3] = 794700 | COM[4] = 1025500 COM[5] = 1450100
()
Ffzid % | p 4% E=-205600
LR % #=5835; "T§|;8=4,554 ; Kjzpri=1380.54 F;
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HFFH 2

HFFH 3

FFxH 4

HF1FH 5

Alpha[2,2,1,1] =1

Alpha[1,1,0,2] =1

Alpha[1,2,0,3] =1

Alpha[1,1,0,4] =1

Alpha[2,3,0,5] =1

Alpha[2,3,2,1] =1

Alpha[1,1,1,2] =1

Alpha[1,2,1,3] =1

Alpha[1,1,1,4] = 1

Alpha[2,3,1,5] =1

Alpha[1,1,3,1] =1

Alpha[1,2,2,2] =1

Alpha[2,3,2,3] =1

Alpha[2,2,2,4] =1

Alpha[1,2,2,5] =1

Alpha[1,1,3,3] = 1

Alpha[2,3,3,4] = 1

Alpha[1,1,35] =1
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30420 Bob R B R G L HORBIBES 2 A1
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SRS

Y[1,1,11]=1 Y[1,1,19,2] = 12 Y[1,1,34,3] =31 Y[1,1,13,4] = 27 Y[1,1,19,5] = 19
Y[1,1,13,1] = 10 Y[1,1,45.2] =2 Y[1,1,433]=1 Y[1,1,234] =7 Y[1,1,56,5] = 23
Y[1,1,19,1] = 15 Y[1,1,49,2] = 9 Y[1,1,453] =1 Y[1,1,56,4] = 8 Y[1,1,100,5] = 13
Y[1,1,231]=1 Y[1,1,56,2] = 2 Y[1,1,56,3]=7 Y[1,1,72,4] = 10 Y[1,1,1345] =1
Y[1,1,341]1=6 Y[1,1,134,2] = 10 Y[1,1,109,3] = 1 Y[1,1,100,4] = 2 Y[1,2,1,5] =8
Y[1,1,431]=7 Y[1,2,1,2]1=19 Y[1,1,1343] =5 Y[1,1,130,4] = 7 Y[1,2,17,5] =2
Y[1,1,61,1]=1 Y[1,2,21,2] = 14 Y[1,2,1,3] =12 Y[1,1,134,4] = 4 Y[1,2,38,5] = 6
Y[1,1,130,1] = 1 Y[1,2,332] =8 Y[1,2,83,3] =2 Y[2,2,71,4] =3 Y[1,2,63,5] =9
Y[2.2,1,1]1=5 Y[1,2,38.2] =8 Y[1,2,94,3] =3 Y[2,2,105,4] = 1 Y[1,2,83,5] = 10
Y[2,2,50,1] = 1 Y[1,2,63,2] = 17 Y[1,2,117,3] = 13 Y[2,2,107,4] = 2 Y[1,2,99,5] =5
Y[2,2,53,1] = 1 Y[1,2,83,2] = 4 Y[2,3,223] =1 Y[2,2,116,4] = 4 Y[1,2,100,5] = 5
Y[2,2,116,1] = 2 Y[1,2,99,2] = 1 Y[2,3,90,3] = 4 Y[2,314]=7 Y[1,2,1175] =1
Y[2,2,134,1] = 3 -- Y[2,3,107,3] = 10 Y[2,3,90,4] = 3 Y[2,3,1,5]=8
Y[2,311]=4 7 Y[2,3:109.3] = 1 Y[2,3,107,4] = 2 Y[2,3,90,5] = 6
Y[2,321]=1 - Y[2,3,114,3] = 1 Y[2,3,114,4] = 1 Y[2,3,107,5] = 6
Y[2,371]=1 = Y[2,3,118,3] = 6 Y[2,3,118,4] = 10 Y[2,3,109,5] = 10
Y[23,56,1] =6 -- -- -- Y[2,3,115,5] =1
Y[2,3,90,1] = 2 - | _ - -

Y[2,3,115,1] = 3

Y[2,3,116,1] = 1

Y[2,3,118,1] =5

Y[2,3,123,1] = 1

COMI[1] = 220600

COM[2] = 518300

COMI[3] = 794700

COMI[4] = 1075900

COMI5] = 1444900
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k=1 p=l j=L
£iz% % |pEE =16109 ~

D % d =5,406 5 U415t =6,869 ; R japFA =1533.09 4/
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it B-1
ILOG 2k bl— 3t Téwoar 235 2 faris 54 F PR 38050

Z_ l‘? % o ﬁ;?] 4 % . & % 39: z. ¥ }:@ & UD[i’pak’t]: UDj,p,k,t
Y[i,p,m,t]:Yj’p,m’t N Alpha[i:p;tas]: aj,p's,t N BEta[i’p1j,’p,’S’t]: IBj,p,j',p',s,t
COM[t]= COM, » s+ #h T s £ 45 vk it & 0 2 ik

PR RS B =% ApAsg il R1PER

Y[1,1,1,1]1=17 | Y[1.2342]=6 | Y[23,112,3]=2 | Y[1,156,5] =22 | Alpha[2,31,1]=1 | Beta[2,2,2321]=1 | COM[1] = 258400
Y[1,1,301]1=8 | Y[1,2602]=10 | Y[23,117,3]=4 | Y[1,167,5]=1 | Alpha[2,2,2,1]=1 | Beta[1,1,2,231]=1 | COM[2] = 518000
Y[1,1,56,1]1=3 | Y[12632]=2 | Y[231223]=1 | Y[1,181,5]=9 | Alpha[1,1,31]=1 | Beta[1,1,1,1,12]=1 | COM[3] = 864000
Y[1,1,811]=12 | Y[12812]=1 | Y[231233]=6 | Y[1,1,1035]=1 | Alpha[1,1,02]=1 | Beta[1,2,1,122]=1 | COM[4] = 1149800
Y[1,1,1201]=4 | Y[1.2,822]=5 | Y[231283]=6 | Y[1,1,1095] =1 | Alpha[1,1,1,2]=1 | Beta[1,2,1,2,1,3]=1 | COM[5] = 1553300
Y[1,1,1301]1=2 | Y[12992]=4 | VY[1114]=9 | Y[1,1,1205]=5 | Alpha[1,2,22]=1 | Beta[2,3,1223]=1 --

Y[1,1,134,1] =5

Y[1,2112,2] =7

Y[1,1,56,4] = 12

Y[1,1,1345] =3

Alpha[1,2,0,3] = 1

Beta[1,1,2,33,3] = 1

Y[2,211]1=6 | Y[121132]=1 | Y[11814]=9 | Y[L215]=7 /| /Alpha[1,2,1,3]=1 | Beta[1,1,1,1,1,4]=1 -
Y[2,2,116,1]1=3 | Y[1,2117,2] =6 | Y[1,1,100,4] = 34| "Y[1,2,35]=2 | Alpha[23,23]=1 | Beta[2,2,1,1,24]=1 -
Y[2,2,1291]1=2 | Y[1.1,14,3] =15 | Y[1,1,1034]=1/| Y[L2,345]=3-| Alpha[1,1,33] =1 | Beta[2,32234]=1 -
Y[2,2,1341]1 =3 | Y[1,1,30,3] =17 | Y[1,1,120,4] = 7 |"Y[1,2,60,5] =7 | Alpha[1;1,04] =1 | Beta[2,3,2,315]=1 -

Y[23.11]=6 | Y[11313]=1 |Y[111304]=15| Y[1,2,825]=7 | Alpha[1,1,14]=1 | Beta[1,22325]=1 -

Y[2334]=1 | Y[L1563]=19 | Y[111344]=3"| Y[1,2,99,5] = 15 | ‘Alpha[2,2,24] =1 | Beta[1,1,1,2,3,5] =1 --
Y[2357.11=2 | Y[11813]=3 | Y[22364]=3| Y[121125]=7 | Alpha[2,3,34]=1 -- --
Y[2,3,1141]=5 | Y[1,11343]=7 | Y[22584]=1 | Y[1221175]=1 | Alpha[2,3,05] =1 -- --
Y[2,3,1231]1=7 | Y[1213]=12 | Y[22944]=1 | Y[23,15]=8 | Alpha[2,3,15] =1 -- --
Y[2,3,1281]1=5 | Y[12303]=1 | Y[221164]=5 | Y[2,3,575]=2 | Alpha[1,2,2,5]=1 - --

Y[1,1,302]1=2 | Y[12503]=1 | Y[2.21294]=2 | Y[23915]=1 | Alpha[1,1,3,5]=1 - --

Y[1,1,332]=1 | Y[12863]=7 | Y[23.14]=7 | Y[23925]=5 - - --

Y[1,1,8121=1 | Y[1,2112,3]=2 | Y[2.3,112,4] =5 | Y[2,31125] =1 .- .- -

Y[1,1,120,2] =6

Y[1,2,117,3] = 15

Y[2,3,123,4] = 14

Y[2,3,128,5] = 10

Y[1,1,130,2] =4 | Y[2337,3]=2 | Y[2,3,128,4] = 4 - - - --
Y[1,1,134,2] =11 | Y[2,357,3]=1 | Y[L1,15]=24 - - - ..
Y[1212]1=26 | Y[23923]1=1 | Y[1,1,135]=2 -- -- - --
3 77 4 ﬂ‘ fé‘ = O #
I FAC = (&)
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445 B-2
ILOG K f2k b]- D] it 7 Bl 2 05 R BARPIHG j 2 8% o

SR ERELHES CZIpM=Z,, ~ IVIRKTE V) 4,

Yh.pmt=Y; , ne ~ Alphafj,ptsl=a; ., ~ Beta[i,p,i’.p’.st1= B, i pss

COM[t]= COM, » s+ #h T s £ 45 vk it 2 0 2 ik

Lk B B A § =3 [paansi z1pwr

IV[1,1,15]=1 | Y[1,1131]=11 | Y[1,1,133]=6 |Y[23.1184]=14| Alpha[221,1]=1 | Beta[2,3,2,2,2,1]=1 | COMI[L] = 257500
IV[1,1,35]=1 | Y[1,1,19,1]=19 | Y[1,1,19.3]=2 | Y[1,1,135]=14 | Alpha[2321]=1 | Beta[1,1,2,3,3,1]=1 | COM[2] = 509300
IV[1,2,15]=2 | Y[11,231]=1 | Y[1,1,34,3] =42 | Y[1,1,195] =13 | Alpha[1,1,31]=1 | Beta[1,1,1,1,1,2]=1 | COM][3] = 864000
IV[1,265]=2 | Y[1,1,341]=14 | Y[1,1,433]=1 | Y[1,1565]=23 | Alpha[1,1,0,2]=1 | Beta[1,2,1,1,2,2]=1 | COM[4] = 1071500
IV[1,275]=1 | Y[1,1,130,1]=1 | Y[1,1,803]=1 | Y[11675]=1 | Alpha[1,1,1,2]=1 | Beta[1,2,1,2,1,3]=1 | COM[5] = 1447500
IV[2,345]=5 | Y[1,1,134,1]=3 | Y[1,1,100,3] =2 | Y[1,1,100,5] = 14| Alpha[1,2,2,2]=1 | Beta[1,1,1,2,2,3] =1 --
IV[2,3,151=2 | Y[2211]=5 | Y[1,1,134,3]1=5 | Y[11,1345]=1 | Alpha[1,2,0,3]=1 | Beta[2,3,1,1,3,3] =1 --
IV[2,3.651=1 | Y[2221,1]1=1 | Y[1,213]1=9 | Y[1215]=8 | Alpha[1,21,3]=1 | Beta[2,3,2,3,1,4] =1 --
Y[2,2,107,1]1=2 | Y[1,2.21,3] =13 | Y[1,2,38,5] =6 | Alpha[1,152,3]=1 | Beta[2,2,2,3,24] =1 -
Y[2,2,116,1]1=4 | Y[1.2,833]=2 | Y[1.2:62,5]=2 | Alpha[2,3,3,3}=1 | Beta[1,1,2,2,3,4] =1 -
Y[2,2,1341] =3 | Y[1299,3]=1 [VY[1,2:63,5]=7 | Alpha[2;3:04]=1 | Beta[1,1,1,1,1,5] =1 --

Y[2311]=7 | Y[1,2,1003]=2 | Y[1,2,835]=10 | Alpha[2,3,14]=1 | Beta[2,3,1,1,2,5] =1 --
Y[2,356,1]=1 |Y[12117,3] =14 Y[1299,5]=2 | Alpha[2,224)=1 | Beta[1,22,3,3,5] =1 --
Y[23901]1=6 | Y[2313]=1 { Y[1,2100,5]=6 | Alpha[1,1,3.4]=1 -- --
Y[2:3,107,1]=6 | Y[2,3,90,3]=7 | Y[12117,5]=1 | Alpha[1,1,05]=1 -- --

Y[2:31181] =7 |Y[2,3,107,3]=13| VY[23,15]=7 | Alpha[1,1,1,5]=1 -- --
Y[1,1232]=1 | Y[231183]=6 | Y[23905]=8 | Alpha[2,3,2,5]=1 -- --
Y[1,1,72,21=9 | Y[11,23,4]=26 | Y[23,107,5]=7 | Alpha[1,2,3,5]=1 -- --

Y[1,1,100,2] = 2

Y[1,1,56,4]=11

Y[2,3,109,5] =3

Y[1,1,124,2] =3

Y[1,1,804]=1

Y[2,3,114,5] =1

Y[1,1,130,2] =1

Y[1,1,100,4] =1

Y[1,1,134,2] = 10

Y[1,1,134,4] =5

Y[1,21,2]=25 | Y[2,2,71,4]=3 -- -- -- .-
Y[1,2,72]=1 | Y[2,2,1074]=1 -- -- -- .-
Y[12,38,2]=8 | Y[2,2,116,4]=1 -- -- -- .-

Y[1,2,63,2] = 18

Y[2,2,117,4] = 2

Y[1,2,83,2] =6

Y[2314]=7

Y[1,2,117,2] =6

Y[2,31144] =1

PP

-

Pk =114 =
D % # =5,406 5 *415¢ =6,869 5 FfEpFE =511.9 )
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B-3

ILOG #f%% i) =

BoR oo R R E R K HES
Yh.pmtl=Y; ,ne ~ Alphafjptsl=a; . ~ Betalj,p,i’.p"stl1= B, i st

Tawirr Bt d 2 fh a0 4 A R AR ALY ) 2
UD[j,p,kt]= UD

j.pkt

COMI[t]= COM, » st #h T o & R 3 Pt BcE 5 02 Fidk o
A% B4 K L LES B R ARESGAAY] RAER

UD[1,1,1,1]=22 | Y[1,1,13,1]=6 | Y[1,2,67,2]=1 | Y[2,2,129,4]=1 | Alpha[2,2,1,1]=1 | Beta[2,3,2,2,2,1]=1 COMI[1] = 213400
UD[1,1,4,1]=4 |Y[1,1431]=16] VY[1,2832]=7 Y[2,31,4]1=7 | Alpha[2,3,2,1]=1 | Beta[1,1,2,3,3,1] =1 COM[2] = 481100
UD[2,34,1]=4 |Y[1,1,72,1]1=10| Y[1,2,96,2]=13 | Y[2,3,112,4]=4 | Alpha[1,1,3,1]=1 | Beta[1,1,1,1,1,2]=1 COMI[3] = 733200
UD[1,2,1,1]1=2 | Y[1,1,991]=1| Y[1,1,34,3]1=30 | Y[2,3,123,4]=9 | Alpha[1,1,02]=1 | Beta[1,2,1,1,2,2]=1 COMI[4] = 998300
UD[2,2,1,1] =2 |VY[1,1,100,1]1=5| Y[1,1,61,3]1=9 | Y[23,128,4]=4 | Alpha[1,1,1,2]=1 | Beta[1,2,1,2,1,3] =1 COM[5] = 1555200
UD[1,221]=1 | Y[2211]=5 | Y[11,109,3]=1 | Y[1,1,1,5]=66 | Alpha[1,2,22]=1 | Beta[2,3,1,2,2,3] =1 --

UD[1,1,1,3] =11

Y[2,2,117,1] = 3

Y[1,1,134,3] = 2

Y[1,1,56,5] = 22

Alpha[1,2,0,3] = 1

Beta[1,1,2,33,3] = 1

UD[1,1,2,3] =11 |Y[2,2,1341]=4| Y[12,1,3]=11 | Y[1,1,81;5]=10 | ‘Alpha[1,2,1,3]=1 | Beta[1,1,1,1,1,4] =1 --
UD[23,63]=1 | Y[2311]=6 | VY[1,273]1=1 [|«Y[1,1,1205]=5 | Alpha[2,;3,2,3]=1 | Beta[2,2,1,1,2,4] =1 --
-- Y[2,3,56,1]1=3| Y[1,2,21,3] = 2= | Y[1,1,130,5] =5 |- Alpha[1,1,33]=1 | Beta[2,3,2,2,3,4] =1 --
-- Y[2,3,89,1]1=12| Y[1,2,99,3] =1 | Y[1,1,134,5]=3 | Alpha[1,1;0,4] =1 | Beta[2,3,2,3,1,5] =1 -
-- Y[2,3,1151]1 = 3| Y[1,2,117,3]=14 | Y[1,2,1,5]=8 | Alpha[1,1,1,4]=1 | Beta[1,1,2,3,25]=1 --
-- Y[2,3,117,1]1=1| Y[2,3,106,3] =9 | \Y[1,2,34,5]=3 |- Alpha[2,2,24]=1 | Beta[1,2,1,1,35]=1 --
.- Y[2,3,118,1]1=1| Y[2,3,107,3]=1 [<VY[12,455]=3 | Alpha[23,34]=1 -- --
-- Y[1,1,222]=1| Y[23,111,3]=1 | Y[1,2)60,5]=7 | Alpha[2,3,0,5] =1 -- --
-- Y[1,1562]=1| Y[2,31143]=2 | Y[1,2825]=6 | Alpha[2,3,1,5]=1 -- --
-- Y[1,1,6921=1| Y[23,117,3]=1 | Y[1,2,99,5]=14 | Alpha[1,1,2,5]=1 -- --
-- Y[1,1,80,21=4 | Y[2,3,121,3]=1 | Y[1,2,112,5]=7 | Alpha[1,2,3,5]=1 -- --
-- Y[1,1,100,2] =1| Y[2,3,123,3]=3 | Y[1,2,117,5]=3 - - - - - -
- - Y[1,1,109,2] =3| Y[2,3,125,3]=1 Y[2,3,1,5]=8 -- - - - -
- - Y[1,1,1242] =8| VY[1,1,1,4]=13 Y[2,3,57,5] =3 -- - - - -
- - Y[1,1,130,2] =1| Y[1,1,56,4] =13 Y[2,3,92,5] =5 -- - - - -
- - Y[1,1,134,2]=5| VY[1,1,81,4]=9 Y[2,3,112,5] =2 - - - - --
- - Y[1,21,2]=25| Y[1,1,1204]=7 | Y[2,3,123,5]=6 - - -- --
- - Y[1,2,33,2]=1| VY[1,1,130,4]=8 |Y[2,3,128,5] =11 - - - - --
-- Y[1,2,382]=7 | Y[1,1,1344]=4 - - -- -- -
-- Y[1,2592]=1| Y[2,2,294]=6 - - -- -- - -
-- Y[1,2,63,2] =16| Y[2,2,116,4]=8 - - - - -- - -
MESE pg@ =58(%): K Bk =4,113; *TH]58 =6,066 ; RjEpFR = 11458
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ILOG Hefzsk b= 20 T A4 2 LRFIBHIH I | 2 8% - %15: %
L SEA UD[jp.ktl= UD; o ~ YL.pMt= Y, 0
Alpha[j,ptsl=c; ., ~ Beta[j,p,j’p’.st]=B; ;. i * COM[t]= comt > bk

< 7 Z\,hgl«b I/JV-K%&/J_ ';

x13

SRS rH G Rk B~ ¥ | AP AR4m P25 T 1 pFRF

UD[1,1,1,1]=28 | Y[1,143,1]=21| Y[1,1,72,2] =11 | Y[2,3,87,3]=5 | Alpha[2,3,1,1]=1 Beta[2,2,2,3,2,1] = 1 COM[1] = 216000
UD[1,1,41]1=3 | Y[11,72,1]1=8 | Y[1,1,100,2] =2 | Y[2,3,107,3]=2 | Alpha[2,2,2,1]=1 Beta[1,1,2,2,3,1] = 1 COM[2] = 515800
UD[23,311=2 | Y[11,81,1]1=3 |Y[1,1,134,2] =14 Y[2,3,108,3] =6 | Alpha[1,1,3,1]=1 Beta[1,1,1,1,1,2] =1 COM][3] = 733400
UD[1,1,1,3] =11 | Y[1,1,100,1]=6 | Y[1,2,1,2]=22 | Y[2,3,109,3]=1 | Alpha[1,1,0,2]=1 Beta[1,2,1,1,2,2] = 1 --
UD[1,1,2,3]=6 Y[2,21,1]1=5 | Y[1,2,21,2] =13 | Y[2,3,114,3] =3 | Alpha[1,1,1,2] =1 Beta[1,2,1,2,1,3] =1 --
uD[1,2,1,3]=3 Y[2,2,141] =1 Y[1,2,38,21 =8 | Y[2,3,117,3] =1 | Alpha[1,2,2,2]=1 Beta[2,3,1,2,2,3] =1 --
UD[2,3,5,3]=2 Y[2,2,17,1]=1 Y[1,2,60,2] =1 - - Alpha[1,2,0,3] =1 Beta[1,1,2,3,3,3] =1 --
UD[2,3,6,3] =1 Y[2,2,22,11=2 | Y[1,2,63,2] =15 . Y Alpha[1,2,1,3] =1 -- - -

- Y[2,2,40,1] =3 Y[1,2,83,2] =7 -- Alpha[2,3,2,3] =1 -- - -

- Y[2,3,1,1]=6 Y[1,2,103,2] =1 == Alpha[1,1,3,3]} =1 -- - -

-- Y[2,3,56,11=3 | Y[1,2,117,2] =7 - > -- --

-- Y[2,3,87,11=5 | Y[1,1,34,3] =30 =5 - -- --

- - Y[2,3,89,1] =2 Y[1,1,61,3] =2 -- -~ - - - -

-- Y[2,3,118,1]=9 | Y[1,1,134,3]=2 - - - - -- --

-- Y[2,3,128,1]=2 | Y[1,2,1,3]=11 - - - - - -

- - Y[1,1,26,2] =1 Y[1,2,83,3]=1 - - - - - - -

-- Y[1,1,56,21=4 | Y[1,2,107,3] =1 -- - -- --

- - Y[1,1,69,2] =1 |Y[1,2,117,3] =13 - - - - - .

P PiRE =56 (%)
DA S =2,704 5 A4 =3,639 5 RKjEpEm =720.02 )

147




4% B-5

ILOG #f2% 0

8% B2 HE G
Beta[j,p,j".p",.t1= B, . j: prsx ~ COM[t]= COM, - Time[t]= Time, -

Ty FrhdiE 5 02 %

=3 T &

o A RCRFI AN AT
Y[i,p,m,t]= Y ,p.m,t

7' :J- _a: %l
Alpha[j,p,t,s]= A st

v

Jr 4L
IR =2

%

ool T ;IJ 3,

PR Y

= #c

Y

AP #R8 4 P2 5E )

31 pERE

Y[1,1,1,1]=1

Y[1,1,109,2] = 4

Alpha[2,2,1,1] =1

Beta[2,3,2,2,2,1] =1

COMI1] = 220600

time[1] = 4600

Y[1,1,131] = 10

Y[1,1,117,2] =2

Alpha[2,3,2,1] =1

Beta[1,1,2,3,3,1] =1

COMI[2] = 455300

time[2] = -63100

Y[1,1,19,1] = 13

Y[1,1,124,2] = 11

Alpha[1,1,3,1]=1

Beta[1,1,1,1,1,2] =1

Y[1,1,231]1=3 | Y[1,1,131,2]=1 |Alpha[1,1,02]=1| Beta[1,2,1,1,22] =1 -- --
Y[1,1,341]1=8 | Y[1,1,134,2]=5 |Alpha[1,1,1,2]=1 .- . ..
Y[1,1431]1=5 | Y[1,21,2]=16 |Alpha[1,2.22]=1 .- . ..
Y[1,1,1091]=1 | Y[1,2,22]=2 -- .- . ..
Y[1,1,1341]1=1 | Y[1,2132]=5 - .- - ..

Y[2214]=2 | Y[1,217,2]=18 D2 N ; ..
Y[22214]1=7 | Y[1,221,2]=1 - . ; ..
Y[2,2,117,1]1=3 | Y[1,2,33,2]=1 o Sz } ..

Y[23.11]=6 | Y[1,2382]=4 - .- } ..
Y[2,356,1]1=3 | Y[1,247,2]=1 3 - B } ..
Y[2,3,90,1]=5 | Y[12632]=3 '\ /. . ..
Y[23.1141]=2 | Y[1,267.2]=8 - A . ..
Y[2,3.1181]=7 | Y[1,2682]=1 - - . ..

Y[23127,1] =1

Y[1,2,117,2] =1

P {E i =-58500 £}

L% % 8=1,547 ;

4N =2332; RjEPEF=6.7 )
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s B-6
ILOG

A

Bop ik dE S 02 Rk -

S TAR G CARFWHA AT () 2 5% -
SR EFEZH LS DYIRMU=Y o ne > Alphafjpts]= &; .
Beta[j,p,j’.p’.S.t1= 5, , i psi ~ COM[t]= COM, ~ Time[t]= Time, > i+ ¢t T 7

+

~

S R

T

RPN ]

A

AP A4 P2

= 2= 3

Y[L,1,11]=1 | Y[1,2202]1=5 | Y[23.1133]=1 | Y[2,3.1184]=10| Y[23,90,5]=5 |Alpha[2,2,1,1]=1]| Beta[2,32221]=1 | COM[L] = 220600
Y[1,1,13,1]1=10| Y[1,2212]1=1 | Y[23.1143]=2 | Y[L115]=1 | Y[23925]=1 |Alpha[2,3,2,1]=1| Beta[1,1,233,1]=1 | COM[2] = 455300
Y[1,1,191]1=13| Y[1.2232]=1 | Y[231233]=2 | Y[1,1,135]=15 | Y[2,3,945]=1 |Alpha[1,1,3,1]=1| Beta[1,1111,2]=1 | COM[3] = 794700
Y[1,1,231]1=3 | Y[1,2242]1=1 | Y[231253]=1 | Y[1,1,19,5]=10 | Y[2,3,107,5] =5 | Alpha[1,1,0,2] =1 | Beta[1,2,1,1,2,2]=1 | COM[4] = 1025500
Y[1,1,341]1=8 | Y[1,2382]=7 | Y[1144]=1 | Y[11565]=16 | Y[23,109,5]=2 |Alpha[1,1,1,2]=1| Beta[1,2,1,21,3]=1 | COM[5] = 1450100
Y[1,1431]=5 | Y[1.2432]=1 | Y[11,134]=10 | Y[1,167,5]=8 | Y[23,111,5]=2 |Alpha[1,2,2,2]=1| Beta[2,3,1,2,2,3]=1 --
Y[1,1,09,4] = 1| Y[1,2,63,2] =11 | Y[1.1,194]=5 | Y[1169,5]=9 | Y[231185]=2 |Alpha[1,2,03]=1]| Beta[1,1,233,3]=1 --
Y[1,1,1341]=1| Y[1,2802]1=7 | Y[11234]=8 | Y[L1725]=4 | Y[23123,5]=2 |Alpha[1,2,1,3]=1| Beta[1,1,1,1,14]=1 --

Y[2.211]=4 | Y[1,2812]1=1 | Y[L1564]=7 | Y[11,100,5]=7 | Y[23127,5]= 1| Alpha[2,3,2,3] =1| Beta[2,2,1,1,2,4] =1 -
Y[2,2491]1=3 | Y[1.2832]=1 | Y[11594]=1 | Y[111015]=1 | Y[2,3/128/5] = 2 | Alpha[1,1,3,3] =1 | Beta[2,32,2,3.4] =1 -
Y[2,2501]1=3 | Y[1113]1=3 | Y[L1664]=1 | Y[11,109,5]=2 ) | Alpha[1,1,0,4]=1| Beta[2,3,2,3,1,5] = 1 --
Y[2,2,1341]1=2| Y[1,183]1=6 | Y[L1724]=6 | Y[1215]=7 b Alpha[1,1,1,4] =1 | Beta[1,1,2,3,2,5] =1 --

Y[23.110=4 | Y[1,1303]1=4 | Y[L1804]=4 | Y[1225]=1 - Alpha[2,2,2,4]=1| Beta[1,2,1,1,3,5] =1 --

Y[23.210=1 | Y[1,1,34,3]1=13 | Y[L1814]=1 | Y[1275]=1 uh Alpha[2,3,3,4] = 1 - -

Y[2,356,1]1=8 | Y[1,1433]1=17 | Y[1,1914]=1 | Y[1,2345]=3 > Alpha[2,3,05] =1 -- --

Y[2,35741=1 | Y[1,1,56,3]1=15 | Y[11964]=1 | Y[12455]=1 -- Alpha[2,3,1,5] = 1 -- --
Y[2,3,1151]=3| Y[1.27,3]=19 | Y[111014]=1 | Y[1,2,59,5]=1 -- Alpha[1,1,2,5] =1 -- --
Y[2,3,1181]=7| Y[1.2833]=2 | Y[11,1304]=1 | Y[12,62,5]=3 - Alpha[1,2,3,5] =1 -- --
Y[1,1,002]=1| Y[1,2943]=1 | Y[1,11344]=1 | Y[1267,5]=15 .- -- - i R pE R
Y[1,1,022] = 1| Y[1,2,96,3] =12 | Y[2.2714]=3 | Y[12825]=1 .- - - Time[1] =0
Y[1,1,117,2]=3| Y[1.2983]=1 | Y[22,1004]=1 | Y[12,99,5] =4 .- - - Time[2] = -63100

Y[1,1,124,2] = 11

Y[1,2,103,3] = 2

Y[2,2,107,4] = 1

Y[1,2,100,5] = 6

Time[3] = 60300

Y[1,1,134,2] =7

Y[1,2,117,3] = 3

Y[2,2,116,4] = 3

Y[1,2,103,5] = 1

Time[4] = -97700

Y[1212]=20 | Y[2,369,3]=1 | Y[221174]=2 | Y[1,2107,5]=1 -- -- -- Time[5] = -105100
Y[1222]1=1 | Y[23883]=2 | Y[2314]=5 | Y[121175]=1 -- -- -- -
Y[1232]1=1 | Y[23903]=3 | Y[2344]=1 | Y[2315]=8 -- -- -- -
Y[124.2]=2 |Y[231073]=10| Y[23564]=4 | Y[23,125]=1 -- -- -- -
Y[1,2,17,2]=1 | Y[2,3,108,3] =1 | Y[2:3,1154] =2 | Y[2,357,5]=1 -- -- -- ..

F 22 % |P #%E=-205600 F : & % #c=5,835; *T4|;4=4,554 ; FjzpsF=1380.54 §)
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45

UK

B-7
ILOG +fz

SRR SIS A
R B R WS ZOPM=Z,,, ~ IVIPKTIE IV,

)

IF

B SIS

EE

Y[i,pym’t]:Yj,p,m,t N Alpha[j!p’tls]: aj,p,S,t N Beta[i’p1j”p”s’t]: ﬁj,pyj'vp"svt
COMI[t]= COM,

Boh T AR ER R S 02 Hlic o
i

R R Bor =% [pasntedl] z1pr
IV[1115]=1 | Y[1111]=1 | Y[1221,2]=14 | Y[1,11344]=4 | Alpha[2,2,11]=1 | Beta[2,3222,1]=1 | COM[1] = 220600
IV[11,85]=1 | Y[1,1,131]=10 | Y[1233.2]1=8 | Y[22714]=3 | Alpha[2,3,21]=1 | Beta[1,1233,1]=1 | COM[2]=518300
IV[1215]=2 | Y[11191]=15 | Y[1,2382]=8 | Y[22,1054]=1 | Alpha[1,1,31]=1 | Beta[1,1,1,1,1,2]=1 | COM[3] = 794700
IV[12,65]=2 | Y[11,231]=1 | Y[1,2632]=17 | Y[2,2,107,4] =2 | Alpha[1,1,02]=1 | Beta[12,1,12,2]=1 | COM[4] = 1075900
IV[1275]=1 | Y[11341]=6 | Y[1,2832]=4 | Y[22,1164]1=4 | Alpha[1,1,1,2]=1 | Beta[1,2,1,2,1,3]=1 | COM[5] = 1444900
IV[2315]=1 | Y[11431]=7 | Y[1,299.21=1 | Y[2314]=7 | Alpha[1,2.22]=1 | Beta[2,31,223]=1
IV[2345]=1 | Y[11611]=1 | Y[1,1343]=31 | Y[23,904]=3 | Alpha[1,2,03]=1 | Beta[1,1,2,333]=1
IV[23,65]=1 | Y[11,1301]=1| Y[1,1433]=1 | Y[23,107,4]1=2 | Alpha[1,2,1,3]=1 | Beta[1,1,1,1,1,4] =1
7 Bkl | oY[211]=5 | Y[L1453]=1 | Y[2,31144]=1 [ Alpha[2,323] =1 | Beta[2,2,1,1,24] =1
Z[1,1,49]1=45 | Y[22501]1=1 | Y[1,1,563]=7 |Y[23,118,4]=10| Alpha[1,13,3]=1 | Beta[2,3223,4]=1
Z[1,111=2 | Y[22531]=1 | Y[11,109,3]=1 | Y[1,1,19,5] =19-| Alpha[1,1,0,4]=1 | Beta[2,3,2,3,1,5]=1
Z[1,145]1=15 | Y[2,2116,1]=2 | Y[1,1,134,3]=5 | Y[1,1,56,5] =23 | Alpha[11,14]=1 | Beta[1,22,3,2,5] =1
Z[23221=3 | Y[221341]=3 | Y[1,21,3] =42 |Y[11,100,5] = 13| Alpha[2,2,24]=1 | Beta[1,1,1,235]=1
Z[2371=2 | Y[23111=4 | Y[1,2:833]=2|Y[11/1345]=1 | Alpha[2,3.3.4] = 1
Z[232]=1 | Y[23211=1 | Y[1,2943]=3 | Y[1,2,1,5]=8-{Alpha[2,3,05] =1
Z[23116)=1 | Y[2371]=1 |Y[1,2117,3]=13| Y[1,217,5]=2 | Alpha[2,3,1,5]=1
2[23123]=1 | Y[23561]=6 | Y[23223]=1 | Y[1,2,385]=6 | Alpha[1,2,25]=1
Y[23,901]=2 | Y[2390,3]=4 | Y[1,2635]=9 | Alpha[1,1,35]=1
Y[2,3,115,1] = 3 | Y[2,3,107,3] = 10| Y[1,2,83,5] = 10
Y[23,1161]=1 | Y[2,3109,3]=1 | Y[1,299,5]=5
Y[23,1181]=5 | Y[2,3,114,3] =1 | Y[1,2,100,5] =5
Y[23123,1]=1 | Y[23,1183] =6 | Y[1,2117,5] =1
Y[1,1,19,2]=12 | Y[11,134]=27 | Y[2315]=8
Y[1,1,452]=2 | Y[11,234]1=7 | Y[23905]=6
Y[11492]=9 | Y[1,1564]=8 | Y[23,107,5]=6
Y[1,1,56,2]=2 | Y[1,1,72,4] =10 |Y[23,109,5] = 10
Y[1,1,134,2] = 10| Y[1,1,100,4] =2 | Y[2,3,1155] = 1
Y[121,2]1=19 | Y[1,1,130,4] =7

D % #k =5406 5 L4150 =6,869 ; 2R =1533.09 §)
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4% C-1
ILOG 5
int Q=...;
I %
int Steel Num=...;//J
int Nominal_Num-=...;//P
int Pattern_Num=...;//M
int Poistion_Num=...;//S
int Product. Num=...;//K
int Order_Num=...;//T
11 % ¥ B
range Steel 1..Steel_Num;//J
range Steel2 1..Steel_Num;//J
range Nominal  1..Nominal Num:;//P
range Nominal2 1..Nominal-Num; /P’
range Pattern 1..Pattern. Num;//M
range Poistion  0..Poistion_Num;//S
range Product  1..Product_ Num;/K
range Order 1..0rder_Num;//T
I - HErd
int+ XI[1..Steel_Num-1,Nominal,Pattern,Product]=...;// % ¢ & E37H *» 2] % &
int+ MI[Order]=...;// & % |3F g » = % B #c
int+ DI[1..Steel Num-1,Nominal,Order,Product]=...;//:7 ¥ § 4
int+ DDI[Order]=...;/[37 H % #p
int+ PI[Steel,Nominal]=...;//4c 1 P ¥
int+ SI[Nominal,Nominal2]=...;// & % P ¥
float+ WI[1..Steel Num-1,Nominal,Pattern]=...; //3% *» gL
74K % L
var intt+ UD[1..Steel _Num-1,Nominal,Product,Order] in 0..1000;// & ;% X_seh #ic
var int+ Y[1..Steel_Num-1,Nominal,Pattern,Order] in 0..1000;//*» 2] > % $¢ {7 =< #
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var int+ COM[Order] in 0..10000000;// = 1 p= /&

var int+ IV[1..Steel_Num-1,Nominal,Order,Product] in 0..100;// 7 f £ #&
var float+ Z[1..Steel Num-1,Nominal,Pattern]; /3" *» px L

11 i % #

var int+ Alpha[Steel,Nominal,Poistion,Order] in 0..1;//:% & & » iz ¥

var int+ Beta[Steel,Nominal,Steel2,Nominal2,Poistion,Order] in 0..1;//4p #%

minimize// p & ;%

sum(j in 1..Steel Num-1,p in Nominal,k in Product,t in Order)UD[j,p,k,t] //4%
R R R B o2 R PR ARG

//sum(j in 1..Steel_Num-1)sum(p in Nominal)sum(m in Pattern)Z[j,p,m]*1000+
/lsum(k in 1..2)IV[1,1,k,5]*100+1V[1,1,3,5]+1V[1,1,4,5]*100+1V[1,1,5,5]+
/lsum(k in 6..7)IV[1,1,k 5]*100+1\/[1;1,8,5]+

11V[1,2,1,5]+sum(k in 2..5)1V[1;2,k;5]*100+sum(k in 6..7)IV[1,2,k,5]+
111V[2,2,1,5]+sum(k in 2..3)IV[2,2,k,5]*100+sum(k in 4..6)I1V[2,2,k,5]+
11V[2,3,1,5]+sum(k in 2..3)IV[2,3,k;5]*100+sum(k-in 4..6)IV[2,3,k,5] //3 -]
ES LS S e

/lsum(tin 1..5)time[t] /& -] i 28 & 2R 550

subject to{

A4 233 £

forall(j in 1..Steel Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,1]+UD[j,p,1,k]>=DlI[j,p,1,k]

-sum(t2 in 0..0)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
forall(j in 1..Steel_Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,2]+UDIj,p,2,K]>=DlI[j,p,2,k]

-sum(t2 in 0..1)(sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,t2]-DI[j,p,t2,k]+UD[j,p,t2,k]);
forall(j in 1..Steel Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,3]+UD[j,p,3,k]>=DI{[j,p,3,k]

-sum(t2 in 0..2)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
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forall(j in 1..Steel_Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,4]+UD]Ij,p,4,K]>=DlI[j,p,4,K]
-sum(t2 in 0..3)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
forall(j in 1..Steel Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,5]+UD[j,p,5,k]>=DI[j,p,5,k]
-sum(t2 in 0..4)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
[IBiEfFE » =8

forall(j in 1..Steel_Num-1,p in Nominal,t in 1..Order_Num)

sum(m in Pattern)Y[j,p,m,t]<=sum(s in 1..MI[t])Alphalj,p,s,t]*Q;
forall(j in 1..Steel Num-1,p in Nominal,t in 1..0Order_Num)

sum(m in Pattern)Y[j,p,m,t]>=sum(s in 1..MI[t])Alpha[j,p,s,t];
forall(j in 1..Steel_Num-1,p in Nominal,t in 1..Order_Num)

sum(s in 1..MI[t])Alpha[j,p,s,t]<=1;

ICHE » % ik 2 558 4

forall(j in Steel,p in Nominal,tiin 1..Order_Num;s-in"1..MI[t])
Alpha[j,p,s-1,t]>=Alpha[3,p,s,];

forall(t in 1..Order_Num,s in 1..MI[t])

sum(p in Nominal)sum(j in Steel)Alphafj,p;s,t]=1;

[ID. "8 B 4R i 2_ FEAR P4 31

forall(j in Steel,p in Nomina)//IIHHHTTTHTTIII .48 1 3 2
Alpha[j,p,3,1]<=Alpha[j,p,0,2]*Q;

forall(j in Steel,p in Nominal)

Alphalj,p,3,1]>=Alphalj,p,0,2];

forall(j in Steel,p in Nominal)///IIHHTTTTTTTTII .31k 8 2 3 3
Alphalj,p,2,2]<=Alphalj,p,0,3]*Q;

forall(j in Steel,p in Nominal)

Alpha[j,p,2,2]>=Alpha][j,p,0,3];

forall(j in Steel,p in Nominal)///IIHHHHTTTTHTH 4.3k 8 3 & 4
Alpha[j,p,3,3]<=Alpha[j,p,0,4]*Q;

forall(j in Steel,p in Nominal)
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Alpha[j,p,3,3]>=Alphalj,p,0,4];

forall(j in Steel,p in Nominal)//IIIIHTHIIITTA.3) %8 4 2 5
Alpha[j,p,3,4]<=Alpha[j,p,0,5]*Q;

forall(j in Steel,p in Nominal)

Alphalj,p,3,4]>=Alphalj,p,0,5];

o3 5 2280 4= 4 I 25 3] cdh 2.7 F 4 1

forall(j in Steel,p in Nominal,t in 2..0Order_Num)

Alpha][j,p,0,t]<=Alphalj,p,1,t];

[IEAp AR i ¥

forall(j in Steel,j2 in Steel,p in Nominal,p2 in Nominal,t in 1..0Order_Num)
Beta[j,p,j2,p2,1,t]-Alpha]j,p,1,t]-Alpha[j2,p2,0,t]+1>=0;

forall(j in Steel,j2 in Steel,p in Nominal,p2 in Nominal,t in 1..0Order_Num)
2*Beta[j,p,j2,p2,1,t]<=Alpha[j,p,1,t]+Alphafj2,p2,0,t];

forall(j in Steel,j2 in Steel,p.in Nominal,p2 in Nominal:p<>p2,t in 1..0Order_Num,s in
2..MI[t])

Beta[j,p,j2,p2,s,t]-Alphalj,p,s,t]-Alpha[j2,p2,s-1,t] +1>=0;

forall(j in Steel,j2 in Steel,p_in Nominal,p2in Nominal:p<>p2,t in 1..Order_Num,s in
2..MI[t])

2*Beta[j,p,j2,p2,s,t]<=Alpha[j,p,s,t]+Alphal[j2,p2,s-1,];

IIF.% 1 PR

forall(tin 1..1)

sum(p in Nominal,j in 1..Steel Num-1,m in Pattern)Y[j,p,m,t]*PI[j,p]

+(sum(j in Steel,j2 in Steel,p in Nominal,p2 in Nominal, s in 1..MI[t]) Beta[j,p,j2,p2,s,]
*S1[p,p2])=COMIt];

forall(t in 2..0rder_Num)

COM[t-1]+sum(p in Nominal,j in 1..Steel_Num-1,m in Pattern)Y[j,p,m,t]*PI[j,p]
+(sum(j in Steel,j2 in Steel,p in Nominal,p2 in Nominal,s in 1..MI[t])Beta[j,p,j2,p2,5,1]
*SI[p,p2])=COMIt];

forall(t in 1..Order_Num)

COM[t]<=DDI[t];
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forall(j in 1..Steel_Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,1]>=DlI|[j,p,1,k]

-sum(t2 in 0..0)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
forall(j in 1..Steel Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,2] >=DlI[j,p,2,K]

-sum(t2 in 0..1)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DI[j,p,t2,k]+UD[j,p,t2,k]);
forall(j in 1..Steel_Num-1,p in Nominal,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,3] >=DlI[j,p,3,K]

-sum(t2 in 0..2)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
forall(j in 1..Steel_Num-1,p in Nominal ,k in Product)

sum(m in Pattern)XI[j,p,m,k]*Y[j,p,m,4]>=DI[j,p,4,k]

-sum(t2 in 0..3)(sum(m in Pattern)Xi[j,p,m.K]*Y{j;p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
forall(j in 1..Steel_Num-1,p in-Nominal,k in'Product)

sum(m in Pattern)XI[j,p,m;k]*Y[j,p,m,5] >=DI[j,p,5,k]

-sum(t2 in 0..4)(sum(m in Pattern)XI{[j,p,m.K]*Y{j,p,m,t2]-DlI[j,p,t2,k]+UDIj,p,t2,k]);
[IB.7 {757 2] 5 & chdl 27 gl

forall(j in 1..Steel_Num-1,p in Nominal,m in Pattern)

sum(t in 1..0rder_Num)YTj,p,m,t]*WI[j,p,m]=Z[j,p,m];

IIC.ARFIE R P 5 b L ik

forall(j in 1..Steel Num-1,p in Nominal,k in Product)

sum(t2 in 1..5)(sum(m in Pattern)XI[j,p,m,K]*Y[j,p,m,t2]-DI[j,p,t2,k])=IV]j,p.k,5];
T B ) 7Y 2 32 B R S0 3% RT3 00 s8I
forall(t in 1..5)

COM([t]-DDI[t]=time[t];
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g C-2

em-plant Ff2 575 ¥ (7 & % & %ib

local tab : table;
I,j:integer;
do

count[1,1]:=information[2,1];

count[3,1]:=0;

information[4,1]:=1;

information[5,1]:=1;

information[7,1]:=0;

while information[5,1] /= 0 loop

for i:=count[3,1]+1 to information|3,1] loop
pattern[i,1]:=0;

next;

for i:=count[3,1]+1 to information[3;1] loop
while information[1,i] <= count[1,1] loop
count[1,1]:=count[1,1]-information[1,i];

pattern[i,1]:=pattern[i,1]+1;

for i:=1 to information[3,1] loop
final[i,information[4,1]]:=pattern[i,1];

next;

information[5,1]:=0;

from i:=information[3,1]
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untili<1
loop
if pattern[i,1] /= 0 and i /= information[3,1] then
count[3,1]:=i;
pattern[i,1]:=pattern[i,1]-1;
count[1,1]:=count[1,1]+information[1,i];
information[5,1]:=1;
= 1
else
count[1,1]:=count[1,1]+(pattern[i,1]*information[1,i]);
end;
i:=i-1;
end;
information[4,1]:=information[4,1]+1;
end;

information[4,1]:=information[4,1]-1;

for j:=1 to information[4,1] loop
count[4,1]:=information[2,1];
for i:=1 to information[3,1] loop
count[4,1]:=count[4,1]-final[i,j]*information[1,i];
final[information[3,1]+1,j]:=count[4,1];
next;
next;;
for j:=1 to information[4,1] loop
if  final[information[3,1]+1,j] <= information[6,1] then
final.copyRangeTo('[1,j].. [*.j], final2 ,1,1);

information[7,1]:=information[7,1]+1,
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for i:=1 to information[3,1] loop
solution[i+1,information[7,1]]:=final2[i,1];
next;
end;
next;
information[8,1]:=solution.ydim;
solution.setDataType('[1,1].. [1,*],"string");
solution.setDataType( [information[3,1]+2,1].. [information[3,1]+2,*],"string");
solution.setDataType( [information[3,1]+3,1].. [information[3,1]+3,*],"string");
for j:=1 to information[8,1] loop
solution[1,j]:="T";
solution[information[3,1]+2,j]:="1";
solution[information[3,1]+3,j}:=","
next;

end;
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