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¥ % AMPL/CPLEX & + %343 £ 52 8P

2.1 %34y 4

var RSN LS S
+ox ) SRR RIEE S o
><=<K=>= WCRGE B 3 o
maximize B L A
minimize X T VRRE
subject to B & AEE 1 A
param B S

2.2 YodiE ik

var x >=0; AR BX R FEAEN 0 RBEAET ) FEA -

(LRFERETER  BE)

x11+x12<=0; 2B AR c REHK T P ERT -

(LRFERETER  BE)

minimize Z: 7 A REEEC C R R o NELT LR (TR o

(LRFERETER  BE)

subject toA: REEL A Z RN RNEET R (TR o

(LRFERETER  BE)
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23AMPL #2545 4

model B Echh 3 4p 4

data BT R Edp 4

solve Fofzdp 4

display B AR 1S e e gy £

2.4 %= > mod 4 > YN B

MR- BrAXL 2 2 > #p BN TR N R Xt 2 2T o BT Xt A2 *.mod

WAk o 1 @ AMPL g B o

Bl 13 : mod #%
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d 3 AMPL Ri2 51  THROSH oIt 2 ¢ L BB P T S 9@
*ER G RET A XA Bl o B AMPL ¥ chfp £ 3 (7 (TR BN 1

TR SRR AL

Current complement integer solve _result_num
IN contains less suffix
INOUT default logica sum
Infinity dimen max symbolic
Initial div min table
LOCAL else option then
ouT environ setoff union

al exists shell_exitcode while
binary forall solve _exitcode within
by if solve_message

check in solve result
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31 % Abo) ERRE

b 4L -
Bk G = RO R A B4 AP R ELTRIADIEFEI R -T2 L4272 R
A EAZHC T RAIREIREZTRE 2 H fi&E%ﬁtﬁﬁi%J;V * > F g CPLX &

CARY Gary, Indiana 1400
CLEV Cleveland, Ohio 2600
PITT Pittsburgh, Pennsylvania 2900

FRA Framingham, Massachusetts 900
DET Detroit, Michigan 1200
LAN Lansing, Michigan 600
WIN Windsor, Ontario 400
STL St. Louis, Missouri 1700
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FRE Fremont, California 1100
LAF Lafayette, Indiana 1000

% 3-H f:ﬁ&;ﬂﬁ@ﬁﬁlzx *

To From | CARY CLEV PITT
FRA 39 27 24
DET 14 9 14
LAN 11 12 17
WIN 14 9 13
STL 16 26 28
FRE 82 95 99
LAF 6 17 20
R TREK

i =¥ o EX Xij a2 = LW AB R feiE B 7 RE g hd kg 0 15153 1£j§7; ]

4 X11 Z CARY i# A FRA 0 i~ #ic g > 14t 55 de X37 4 PITT feiz ¥ LAF 08 =8 g o
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LPModel 245 3 p &3¢

Minimize Cost:

39X, +14 X, +11 X, +14 X, +16 X +82 X+ 8 X,

+27 X 5+ 9 X 5, 12 X 53 +9 X, +26 X, +95 X, +17 X,

+24 X 5, +14 X, +17 X 5, +13 X 5, +28 X o +99 X +20 X,

Subject to:

39X, +14 X, +11 X, +14 X ,+16 X +82 X + 8 X, =1400

27 X, +9X,,+12 X ,+9 X, +26 X . +95 X, +17 X, = 2600

24 X, +14 X, +17 X4, +13 X, +28 X ;. +99 X, +20 X, = 2900

Xu+tXuy+ Xy =900

Xy, + X+ X5 = 1200

X+ X3+ X, =600

Xt Xt Xy =400

X,s+ X+ Xge = 1700

Xyot Xpet X5 = 1100

X+ X+ Xo; = 1000

All X, >0
15
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Yo F A2 A5

e

var x11 >= 0; var x21 >= 0; var x31>=0; # BT

N

var Xx12 >= 0; var x22 >= 0; var x32 >=0;

var x13 >= 0; var x23 >= 0; var x33>=0;

var Xx14 >= 0; var x24 >= 0; var x34 >=0;

var Xx15 >= 0; var x25 >= 0; var x35>=0;

var Xx16 >= 0; var x26 >= 0; var x36 >=0;

var x17 >= 0; var x27 >= 0; var x37 >=0;

minimize cost: #opEN

39*x11 + 14*x12 + 11*x13 + 14*x14 + 16*x15 + 82*x16 + 8*x17

+27*x21 + 9*x22 + 12*x23 + 9*x24 + 26*x25 + 95*x26 + 17*x27

+24*x31 + 14*x32 + 17*X33 + 13*x34 + 28*x35 + 99*x36 + 20* x37,

# PR AR5t

subject toA: # HVA

x11 + x12 + x13 + x14 + x15 + x16 + x17 = 1400;  # "TL4|;% A = 4258

subject to B: # 4B

X21 + X22 + X23 + X24 + x25 + x26 + x27 = 2600;
16
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subject to C: # 40 C

X31 + X32 + X33 + x34 + x35 + x36 + x37 = 2900;

subject to D: # A48 D

Xx11 +x21+x31= 900;

subject to E: # FIVE

x12 + x22 + x32 = 1200;

subject to F: # IFINF

Xx13 +x23 +x33= 600;

subject to G: # 4N G

X14 + x24 + x34 = 400;

subject to H: # A4V H

x15 + x25 + x35 = 1700;

subject to I: # 450

X16 + x26 + x36 = 1100;

subject to J: # L4 0J

X17 + x27 + x37 = 1000;

17
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Hi7TEE
ﬁig?l »~7model Ip.mod;”> -+ # ENTER (lp.mod 3 p 7 342 4% 2)

ﬁq?] »7solve;” » 4 ENTER

ampl
AMPL VUersion 20021038 (xB6_win32>

ampl: model lp.mod;

ampl: zolve;

CPLEX 7.1.8:

CPLEd Y.1.H: optimal solution; obhjective 176208
8 zimplex iterations (4 in phase I>

ampl:

141 % A do| (B8 B AT 7 5 %

18
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ﬁig?l » 7display x11,x12,x13,x14,x15,x16,X17;” » # ENTER (2 {4 % #c 2 L 55 da)

ok B& - w2 RREE 0 R datagp i e FRAY S A

ampl
AMPL VUerzion 20021038 (xB86_wind2)
ampl: model lp.mod;
ampl: solve;
CPLER 7.1.8:
CPLEX 7.1-57 optimal solution;: obhjeciiwe 1762008
B sipplex iterations <4 in phase 12>
L odizplay »x11,.x12, »x13 . x14,. 15, x16,.x17;

1168
Jaa

: display =21 %22 %23, x24, x25 _ x26 . x27;
A
128k
(Y515

L dizplay »x31,.x32,. %33, 234, %35, x36,.x37;
yaa

CRCEECES ORI Fo L S F 31
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3.2 1* AMPL #c& it K3 Rz e p 42

R RS FIEE SR S A AR L E T T R S

L P g e il AMPL $ 57 00 % B st kR A0 B OB R SolciCd) A dp

R

B FORAL B WS 0 A P E MALE & B pE > BB sk d Bohal & ALY o

EC A ;I,}-U? MHERBRIERAE - 2 G AW IE ST R - BREFKRE o

T Ao B S h S i T s o
Bl i
set ORIG;
set DEST,
param supply { ORIG} >=0;
param demand { DEST} >=(;
check: sum {I in ORIG} supply[i] = sum{j in DEST} demand[j];
param cost { ORIGDEST} >=0;
var Trans { ORIGDEST} >=0;
minimize Total_Cost:
sum{i in ORIG, j in DEST} cost[i,j] * Trandi,j];
subject to Supply {i in ORIG}:

sum {j in DEST} Trand[i,j] = supply[i];
20
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subject to Demand {j in DEST}:
sum {i in ORIG} Trang[i,j] = demand[j];
FEEPERND2BEE o ACBBIZE o
set ORIG;
set DEST,

FORATEEG BB B KB B F AR AR o AMPL ¥ 2L Huinie
s paramip 4 - { ORIG} £ #ORIG # & # ~% g+ supply = ™ - {7 # & check: & & ¥t
FX#_I:‘ % 58 BT 3 0 AR R4 4}3 R N ng—#F £ fg,—l,’gﬁ,:}:i:‘ * i E ,;Iﬁ,giﬁ '

#1
param supply { ORIG} >=0;
param demand { DEST} >=0;

check: sum {i in ORIG} supply[i] =sum {j in DEST} demand([j];

param cost { ORIGDEST} >=0;
var Trans { ORIGDEST} >=0;

Trandli j]  #i 51 j 2 @ @ #3 8 = > costfij] o AL 5] 2 B el e d o AR AR A

SRR
cost[i,j] * Trandi,j]

21
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P RN 4eT 2977 0o @ sum{i inORIG, j inDEST} &_% & #73 | 5428 973 ] 5 i

2 o
minimize Total_Cost:

sum{i in ORIG, j in DEST} cost[i,j] * Trandi,j];
SO S
sum{ j in DEST, i in ORIG } cost[i,j] * Trandi,j];
subject to Supply {i in ORIG}:
subject to Demand {j in DEST}:

Supply i? Demand £ 2 L[N e LA R e BEE® A B £ & %566 ¢ TR

#c supply ¥ demand) -

fo 2% Supply FTHIFE P 0 APFR AN ALT N4 PER BN ELRENLE

Demand *T+4(5% P & § - & o = e 4|8 4o o

subject to Supply {i in ORIG}:

sum {j in DEST} Trand[i,j] = supply]i];

subject to Demand {j in DEST}:

sum {i in ORIG} Trang[i,j] = demand[j];

22
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# 2 mod B 0 R AN B

BEc— Braxt = 245 0 #-p N B3V it 2 %G 0 BB ARt £ 2 *.mod

T o 4w @ AMPL #88 3 B o

Fr3 N p N mod fESiER 1 0 BT %ifa{*.daﬁ ORGSR
NTE R FETERE

param: ORIG: supply :=

GARY 1400
CLEV 2600
PITT 2900;

param: DEST: demand :=

FRA 900
DET 1200
LAN 600
WIN 400

23



W faeli- g SEFL Y BE S k4 200881

STL 1700

FRE 1100

LAF 1000;
param cost:

FRA DET LAN WIN STL FRE LAF:=
GARY 39 14 1 14 16 82 8
CLEV 27 9 12 9 26 95 17

PITT 24 14 17 13 28 99 20;

T % AMPL G #hPF 38 26 ¢ Fendcdd iv- BE R > #1008 F A9
FAEEEKE > TV S0 IR o dok s o T U Excel il o ddiclE Sk

AR DA, R E A S T dat e

24



ﬁie?l »”model Ip_2.mod;” - 3 ENTER
##j » "datalp_2.dat;” - #% ENTER

ﬁie?l »’solve” > # ENTER

Verzion 20021038 (x3&_wind2?

: model lp_2_mod;

: data 1p_2._dat;

: zolve;

W ?-1.8:
CPLEY 7.1.8-wpivimndal solution; ohjectivz 196208
B simplex iterations <4 in phase [
ampl: _

160 i it & ko] BB R AT 7 %

25

BE S k4 200881




B faeli- flfi g L3 BE S k4 200881

#i »~ “display Trans” » 4% ENTER (Trans & -t @ #f T & sh% #c i 5L)

Bom P e PR E G A R 0 F1E AMPL B3 2 OER £ ATEA o

%% | ampl

b=
oy

W

& &
B & & &8 &8 &5 &
L
B & & & & & &

Iy
& &

B &8 & & & &5 &
=

By
=

BL7: Hom i & A do] (SRR AL & R

26
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R end hhol RALY RS RE - RS AT BAS S RILNILT o 0 LT i o T i

Br o WOUfRA G A SR o

b
N
B
L.
W
T
=
T
£
~a&
bt
W
=
L0
ER]
7—‘-
e

FRA  |DET |LAN |WIN |STL |FRE |LAF

bands | 300 300 100 75 650 225 250

coils 500 750 400 250 950 850 500

plate 100 100 0 50 200 100 250

RAGAERS G-t LSRR ARG S 2 S A RS A dod

GARY | CLEV | PITT

bands | 400 700 800

coils | 800 1600 | 1800

plate | 200 300 300

27
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2065 AAAF TS A

(Bands) | FRA |DET |LAN |WIN |STL |FRE |LAF
GARY |30 10 8 10 11 71 6
CLEV |22 7 10 7 21 82 13
PITT |19 11 12 10 25 83 15
(Coilsy |FRA |DET |LAN |WIN |STL |FRE |LAF
GARY |39 14 11 14 16 82 8
CLEV |27 9 12 9 26 9%5 17
PITT |24 14 17 13 28 99 20
(Plate) | FRA |DET |LAN |WIN |[STL |FRE |LAF
GARY |41 15 12 16 17 86 8
CLEV |29 9 13 9 28 99 18
PITT |26 14 17 13 31 104 |20
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set ORIG;

set DEST;

set PROD;

param supply { ORIG, PROD } >=0;

param demand { DEST, PROD } >=0;

ARG G 0 X S BT A B OR AL > 92 & 4e » PROD %k o
BB R 0 i LS BAS TR AT T AFinin g SR LE A

check { p in PROD}:

sum {i in ORIG} supply[i,p] = sum{j in DEST} demand[j,p];

s
B ©

pr
=
B
|l
7
=
o
FIIS
=

param limit { ORIGDEST} >=0;

A

\\\Xr

g’r‘/{ > ,g\ﬂ\bt’ 1;&{"—'?&'»;?; I'EIJ___O

param cost { ORIGDEST,PROD} >=0;

var Trans { ORIGDEST,PROD } >=0;

29
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minimize Total _cost:

sum{i in ORIG, j in DEST, p in PROD} cost[i,j,p] * Trandi,j,pl;

KQ«;PJ;\‘% W —l{r'}?'_l' ’ §4E »r = iﬁé_r‘{"ﬁjlaﬁ"—lj °

subject to Supply {i in ORIG, pin PROD }:

sum {j in DEST} Trand[i,j,p] = supply[i,p];

subject to Demand {j in DEST, pin PROD }:

sum {i in ORIG} Trandi,j,p] = demand[j,p];

subject to Multi {i in ORIG, j in DEST }:

sum {p in PROD} Trand[i,j,p] <= limit[i,j];

set ORIG := GARY CLEV PITT;

set DEST := FRA DET LAN WIN STL FRE LAF,;

set PROD := bands coils plate;

param supply (tr): GARY CLEV PITT :=

bands 400 700 800

coils 800 1600 1800

plate 200 300 300;
30
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param demand (tr): FRA DET LAN WIN STL FRE LAF.=

bands 300 300 100 75 650 225 250

coils 500 750 400 250 950 850 500

plate 100 100 0 50 200 100 250;

param limit default 625; #H - gos b 7 a8 i & &

param cost :=

[*,*,bands]: FRA DET LAN WIN STL FRE LAF :=

GARY 30 10 8 10 11 71 6

CLev 22 7 10 7 21 82 13

PITT 19 11 12 10 25 83 15

[*,*,coils]: FRA DET LAN WIN STL FRE LAF :=

GARY 39 14 11 14 16 82 8

CLEV 27 9 12 9 26 9 17

PITT 24 14 17 13 28 99 20

* * plate]: FRA DET LAN WIN STL FRE LAF :=

GARY 41 15 12 16 17 86 8

CLEv 29 9 13 9 28 99 18

PITT 26 14 17 13 31 104 20;
31
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By~ B AT

AMPL Uerzion 280210838 (xB6_win32)

ampl: model examplestransp2.mod;
data example~stransp?.dat:;
solve;

7.1.8:

7.1.8: optimal solution; objective 199568
32 simplex iterations {15 in phase 1>

ampl:

B 18:

5 A SRR AT %

a4 ffa# 2008/8/1
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d TRE =R e Wd GARY ~ CLEV ~ PITT » i /2 FRA ~ DET ~ LAN ~ WIN -~

STL FRE ~ LAF é0¥ = #c & o

model examplestransp2.mod;
data examplestranspZ.dat;
solves;
?.1i.8:
7.1.8: optimal solution; objective 1995688
32 simplex iterations €15 in phase 1>
ampl: display {p in PROD}: {i in ORIG.3j in DEST> Transli.j.pl;
Trans[i.j."bands’ 1 [*.%] (tprd>
GCLEU GARY PITT i=
a 306
75
225
25
10868
a
75

a
a
a
a
5}
a

Tranz[i,.j-"coils’ 1 [, =1 (trd
CLEU GARY PITT =
525 a 225
a a L1515 ]
125 625 188
a 158 358
408 a a
e 515 25 625
258 a a

Trans[i.j. 'plate’ ] [=.=]1 {(tprd>
CLEV GARY PITT ==
1868 A A
a8 e
a a
A 256
a a
[} a
a a

B 19: %

[0
1

@ﬁ%l Fvs ﬁ%ﬂzﬁx I_E_f_
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B 20 ¢ o] B e i 4 B )

JREA A - RAEFERETHASLIN ARG E RRREA, O NE S M P fRiEY w0 SE
i@ e o FptAeiE 450 B ¥ A 537 B AR 0 5 BOS~EWR -~ BWI -~ ATL ~
MCO » 4 &% £ 90~120~120~70~50 ¥ i+ » & iffei¥ B4+ A 5§ ¥ (=R & & 59
Feif B et U4 o AR RERAEY P OAP N A MORESARRATI DL L AR
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|

GAERALY o 5 BEEEPIBARAL c AP AGTES BRE LS AN 5B BEAM

T

FOERAR TR G R - BT - BROREAE 0 T RS DRAE T B AT ST e
set CITIES;

set LINKS within (CITIES cross CITIES);

P RRERLRT RE 2R o TG T
param supply {CITIES} >=0

param demand { CITIES} >=0

l—-g]— v ’Ap &xﬁF;EKJP El“'l;\:ﬂ\bt’ " KQ;‘E. ”"TI/ ’.i__\E,j\a”’a_g;}‘F]/v\A |,+ﬁ$ 41— ]B;E

TR AEFARTE o
param cost { LINKS} >=0;

param capacity { LINKS} >=0;

F_k

[E3 ﬁ«ézgﬂl 7”Lrﬁc,x$m§‘r‘::'r,? ‘E"\*??E/J‘*?F‘QZ‘E‘O

var Ship{ (i,j)InLINKS} >=0,<= capacity[i,]];
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BN ATAT
minimize Total_Cost:

sum{ (i,])inLINKS} cost[i,j] * Ship[i,j];

BIUFIFN Y S F AR TR T £ AT AT

subject to Balance {k in CITIES}:

supply[K] + sum {(i,k) in LINKS} Ship[i,k] = demand[k] + sum {(k,j) in LINKS}

Shipfk,j];

%I kG Ho T BT

set CITIES;

set LINKS within (CITIES cross CITIES);

param supply { CITIES} >=0;

param demand { CITIES} >=0;

check: sum {i in CITIES} supply[i] =sum{j in CITIES} demand[j];
param cost { LINKS} >=0;

param capacity { LINKS} >=0;

var Ship{(i,j)) inLINKS} >=0, <= capacity[i,j];

minimize Total_Cost:
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sum{(i,j) in LINKS} cost[i,j] * Ship[i,j];

subject to Balance {k in CITIES}:

BE S k4 200881

supply[K] + sum {(i,k) in LINKS} Ship[i,k] = demand[Kk] + sum {(k,j) in LINKS} Ship[k,j];

37
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%A TR LT 7

set CITIES:=PITT NE SE BOS EWR BWI ATL MCO;

set LINKS := (PITT,NE) (PITT,SE)

(NE,BOS) (NE,EWR) (NE,BWI)

(SE,EWR) (SE,BWI) (SE,ATL) (SE,MCO);

param supply default 0 = PITT 450;

param demand default 0 :=

BOS 90, EWR 120, BWI 120, ATL 70, MCO 50;

param: cost capacity :=

PITTNE 25 250

PITT SE 35 250

NE BOS 1.7 100

NE EWR 0.7 100

NE BWI 13 100

SE EWR 1.3 100

SE BWI 0.8 100

SEATL 0.2 100

SE MCO 2.1 100;
38
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AMPL Uersion 20021038 <(xB6_win3Z>
ampl: model example-netl.mod;
data examplesnetl.dat;
: solves;

CPLEX 7.1.8: optimal solution; object/ive 1819
2 simplex itewvations {1 in phase I>

ampl: _

B 21: &'J'ﬁﬁi&]z‘ AEHENGTEE

39



=
|4
<
N1
el
\P
JENTY
=
=
-
%
(i}
s
w
v

a4 ffa# 2008/8/1

model examplesnetl.mod;

data examnplesnetl_dat;

soluve;

7.1.8:

?.1.8: optimal solution; obhjective 1819
2 simplex iterations {1 in phase I>
ampl: di=zplay Ship:
Ship ==

BOE 28

BUWI 315}

EWR 188

NE 258

SE 288

ATL 78

BUWI 315}

EWR 28

MCO 5a

B 22: ﬁl']-@ﬁi&]%‘ ENORTE S & N
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Eﬂﬁ%ﬁﬁﬁ%ﬁ’?@QﬁﬁJ**%P&Q‘@ﬁiﬁﬁﬁﬁ‘%MW%\&*
MERE R ERAFE B EFEPE - F PSR SRR ERE 2 RREESR
Mo I RHE N TR E RATLE FRNE R TR ERE RS L FMRNY
R AR AR BN TR 6 AR ey R AT R B g

o Tl AMPL i 2 R B R ad gk xing o

OPCEERTE ¥ R
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DR R S B R REE R FARRAEBE L

set INTER,;

param entr symbolic in INTER;

param exit symbolic in INTER, < > entr ;

FTREABRRE L AEE WY AT REETFRAT ERFL 0 X £ 0

set ROADS within ( INTER diff {exit}) cross ( INTER diff {entr});

F_k

BRI BRI LT
param cap { ROADS} >= 0;

var Traff {(i,)) inROADS} >= 0, <= cap[i,j];

BRSO T RAT

maximize Entering_Traff: sum { (entr,j) in ROADS} Traff[entr,j];

BRI 0 R T IR E T AT AT
subject to Balance {k in INTER diff { entr,exit}}:

sum {(i,k) in ROADS} Traff[i,k] = sum{(k,)in ROADS} Traff[kj];
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% A

set INTER,;

param entr symbolic in INTER;

param exit symbolic in INTER, <> entr ;

set ROADS within (INTER diff {exit}) cross (INTER diff { entr});

param cap { ROADS} >=0;

var Traff {(i,)) inROADS} >= 0, <= cap][i,j];

maximize Entering_Traff: sum { (entr,j) in ROADS} Traff[entr,j];

subject to Balance {k in INTER diff { entr,exit}}:

sum{(i k) in ROADS} Traff[ik] = sum{(k,)in ROADS} Traff[k,]:

43
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set INTER:=abcdefg;

param entr := &;

param exit :=g;

param: ROADS. cap:=

ad 50, ac 100

bd 40, be 20

cd 60, cf 20

de 50, df 60

eg 70, fg 70;



By~ B AT

model examplesnetZ_mod;
data examplesnet2.dat;
solves;
7.1.8:
7.1.8: optimal solution; ohjedtive 138
% simplex iterationz <@ in phase I>
ampl: _

W 24 B i

BB AT 7 %
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CENS SR S N ERATTE R

model examplesnet2_.mod;
data examplesnet2._dat;
solves;
?.1.8:
7.1.8: optimal solution; obhjective 138
5% simplex iterations (B in phasze 1>
ampl: display Traff;
Traff =
b ca
8@
38
28
68
28
58
48
78
68

c
d
e
d
f
e
f
q
9

1]
El
b=
=

125 ik REW B AR ek
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43 BEREF I

dON A ER AT E R A E L FF 2 FENF TN BET o R
(Shortest Path) s af? JERERF 487 i § F 7 KA 2 - BBREL AR PRIEY  PHEFY
BEMEE® ~ N F AT R N AR R o ARG  UR D G 6] F AR T

Rk {BADER > FERD aF| QBB ERIT » F 9 §d FRERE B o

B 26: &® ;Ji@ﬁe?]-f‘#ﬁ%«i?]

RS E R Y 0 R R ERCERERNAL TR Rk R RS S A T

Voo BArB AR P RN AE MK GRS > T B R T2 B S8k o

param distance { ROADS} >= 0;
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var use{(i,j) inROADS} >= 0;

BRI G TR AT

minimize Total _distance: sum {(i,j) in ROADS} distance]i,j] * usH]i,j];

é_laﬁ&l];\:—% B O RT RN T

subject to Start: sum{ (entr,j) in ROADS} use[entr,j]=1;

e

set INTER,;

param entr symbolic in INTER,;

param exit symbolicin INTER, <> entr ;

set ROADS within (INTER diff {exit}) cross (INTER diff { entr});

param cap { ROADS} >=0;

var Traff {(i,j) in ROADS} >=0, <= cap[i,j];

param distance { ROADS} >= 0;

var use{(i,j) iInROADS} >= O0;

minimize Total _distance: sum {(i,j) in ROADS} distance]i,j] * use]i,j];

subject to Start: sum{ (entr,j) in ROADS} use|entr,j]=1;

subject to Balance {k in INTER diff { entr,exit}}:

sum {(i,k) in ROADS} usefi,k] = sum{(k,)in ROADS} use[k,j];
48



set INTER:=abcdefg;

param entr := a;

param exit := g;

param: ROADS. distance:=

ad 50, ac

bd 40, be
cd 60, cf
de 50, df
eg 70, fg

100

20

20

60

70;
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AMPL Version 28021038 (xB6_wind2)
ampl: model example-netd.mod;
ampl: data examplesnet3.dat;
ampl: solue;

CPLEX 7.1.8:

CPLEX 7.1.8: optimal solution; objertive 148

A simplex iterations (B in phasze I

ampl:

50
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ampl: option omit_zero rows 1, #4& i7
ampl: display use; #Eg T BB

&d AMPLEE 4@ B L abegr & 5 140

: model example net3.mod;

: data examplesnet3.dat;
: solve;

Brecptinalosnlution; objective 148
d simplex iterations (@ in phas= 1>

ampl: option omit_zero_rows 1;
ampl: dizplay use;

Bl 28 1 i i ) R ol
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fokdten s Rt A SRR ALY o L AR AT o ST B 1§ ek

Mo R RATH R H MR AT A S g o L PR Bk (50 & 5 A HCR A

d 035 ASERPALY 0 50 R RADRALE S FRRFIN AL i~ T AT

[
Hho A RRADER S A B FAFE 0 LB § R Rl

FRA |DET |LAN |WIN |STL FRE | LAF

bands 300 300 100 75 650 225 250

coils 500 750 400 250 950 850 500

plate 100 100 0 50 200 100 250

(Bands) | FRA | DET |LAN |WIN |STL FRE | LAF

GARY |30 10 8 10 11 71 6

CLEV 22 7 10 7 21 82 13

PITT 19 11 12 10 25 83 15
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(Coils) |FRA |DET |[LAN |WIN |[STL |FRE |LAF
GARY |39 14 11 14 16 82 8
CLEV |27 9 12 9 26 95 17
PITT |24 14 17 13 28 99 20
(Plate) |FRA |DET |[LAN |WIN |[STL |FRE |LAF
GARY |41 15 12 16 17 86 8
CLEV |29 9 13 9 28 99 18
PITT |26 14 17 13 31 104 |20

49  Hr A A

FRA |DET |LAN |WIN |STL |FRE |LAF

GARY |3000 |1200 [1200 |1200 |[2500 |3500 | 2500
CLEV |2000 [1000 |1500 |1200 |2500 |3000 |2200
PITT | 2000 |1200 |1500 |1500 |2500 |3500 | 2200

53



Midd- fasf SEER)

SoFBH HE G LT B

set ORIG;

set DEST;

set PROD;

param supply { ORIG, PROD } >=0;

param demand { DEST, PROD } >=0;

check { p in PROD}:

sum {i in ORIG} supply[i,p] =sum{j in DEST} demand[j,p];

param limit { ORIGDEST} >=0;

RS S S SIS BN R O EEE S O B A

param vcost { ORIGDEST,PROD} >=0;

var Trans { ORIGDEST,PROD } >=0;

veost i & #d = A o 223F 3% E (Trans) 3w

param fcost { ORIGDEST} >= 0;

var use {ORIGDEST} binary;

fecost A A FH T AR LI B oM

F_k

minimize Total _cost:

P o > B (RP A FEE)+ (AL A RALT

xS ks 2008/8/1

jFEE 0O AT -
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sum{i in ORIG, j in DEST, p in PROD} vcost[i,j,p] * Trand[i,j,p]

+sum{i in ORIG, j in DEST} feost[i,j] * useli,j];

RAS TR RN e

subject to Supply {i in ORIG, pin PROD }:

sum {j in DEST} Trand[i,j,p] = supply[i,p];

subject to Demand {j in DEST, pin PROD }:

sum {i in ORIG} Trand[i,j,p] = demand[j,p];

subject to Multi {i in ORIG, j in DEST }:

sum {p in PROD} Trang[i,j,p] <= limit[i,j] * us€]i,j];

55
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set ORIG := GARY CLEV PITT;

set DEST := FRA DET LAN WIN STL FRE LAF,;

set PROD := bands coils plate;

param supply (tr): GARY CLEV PITT :=

bands 400700 800

coils 800 1600 1800

plate 200300 300;

param demand (tr): FRA DET LAN WIN STL FRE LAF.=

bands 300 300 100 75 650 225 250

coils500 750 400 250 950 850 500

plate 100 100 0 50 200 100 250;

param limit default 625;

param vcost :=

[*,*,bands]: FRA DET LAN WIN STL FRE LAF :=

GARY 30 10 8 10 11 71 6

CLeEv 22 7 10 7 21 82 13

PITT 19 11 12 10 25 83 15
56
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[*,*,coils]: FRA DET LAN WIN STL FRE LAF :=

GARY 39 14 11 14 16 82 8

CLEVv 27 9 12 9 26 9 17

PITT 24 14 17 13 28 99 20

* * plate]: FRA DET LAN WIN STL FRE LAF :=

GARY 41 15 12 16 17 86 8

CLEv 29 9 13 9 28 99 18

PITT 26 14 17 13 31 104 20;

param fcost: FRA DET LAN WIN STL FRE LAF :=

GARY 3000 1200 1200 1200 2500 3500

CLEV 2000 1000 1500 1200 2500 3000

PITT 2000 1200 1500 1500 2500 3500

57
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model example-B1 .mod;
: data example~81.dat:

solves;

7.1.8:

7.1.8: optimal integer solution: objective 227850

298 MIP simplex iterations
22 branch—and-bound nodes

B simplex iterations <@ in phase I

ampl:

Bl 201 REBCRA] R AT 7 %
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d AR Y > Rand O 1o fav i » B A AR- ¢ BRARE* T2 LK &
¥ & var use {ORIGDEST} <=1, >=0; » iz %/ ¢ ¥ X+ va use {ORIGDEST}

binary; -

binary ¥ i f A chlicE R S R £ 0 R 1o 0d Sfhdid > T A FUER AL R

i F 5 Al T e

: model examplesA1.mod;

data example-B1.dat;

solve;

PN H

7.1.8: optimal solution; objective 223584
56 simplow-iteratdens (40 in phase I
s2mpl: display uses;
use [#*.%]1 (trd
: CLEU GARY
DET 1
FRA a.44
FRE a.52
LAF A.36
LAMN .64
STL a8.88

Ba.32

30 A BT %
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model example~B1 .mod;

data example~@1 .dat;

solves;

7.1.8:

7.1.8: optimal integer solution; ohjective 229858
298 MIF =zimplex iterations
22 branch-and-bound nodes
B simplex iterationz ¢HW in phase 1>
ampl=—dizplay use;
dse [*.%] (tpr>
H CLEU GARY PITT

DET
FRA
FRE
LAF
LAN

Bl 31 Efcnd] T i
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