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Algorithm 1: Branch-and-Bound(X. f)
1 Set L = {X} and initialize &
2 while L #0:
3 Select a subproblem S from L to explore
if a solution # € {x € 5| f(x) < f(&)} can be found: Set & = i’
if S cannot be pruned :
Partition S into S7,55. ..., S
Insert 57,55, ...,/ S into L
Remove S from L

~

© w 4 o

Return &

David R. Morrisona, 2016y ..l
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Procedure Branch and Cut

0. Define problem P'=pP\ {eqns. (6), (7) and (8)}, UP = (P’}. Set Count = 0 and Best = .
1.If UP = ¢ then END
Else choose and solve a P'e UP
2. If P infeasible then UP = UP\ {P'}; goto 1
Else
If Z > Best then UP = UP\ {P'}; goto 1
Else Run Separation
3. If Separation finds and adds violated cuts, then
perm+l = Pl {violated cuts}; UP = UP\ (P} u (PO * )},
Count = Count + 1; goto 1
Else
If one or more v} & Z then

Choose v; to branch on; P * = PU [y =0); P Y = Pl (v = 1)
UP = UP\ (P} U (P! p©™*2}. Count = Count + 2; goto 1

Else If 7 < Best then
Best=Z; UP=UP\ {P*1Z' > Best]; goto 1

(Obreque, Donoso, Gutiérrez, & Marianov, 2010y ..l
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Gl ods dazas - A1 33V A o) fime Bl ploiind B2 B2 By b b p ) BST
Bglite Shydy Cgeall o Wt S o Jgamll 03ll slale gty 1608 B e B i)
(N.Metropolis, .ol wyw s sy (dd 5 geeedl By

.3

M.N.Rosenbluth,, & H.A.Teller, 1953,
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)y

k) 38 Tows Ay ,b Ayl 1 14 SN

Algorithm 1 Simulated annealing algorithm

procedure SA(f, N, Q. x", T)

-

2 k+—0

3: Xmin < X*

4; Smin +— f(Xmin)

5: Ty <+ To

6: while stopping criterion is not satisfied do
7 z* « rand (N[.\‘k. T:))

8: _‘;"t —xt2F

9: if rand(0,1) < min{ 1, exp{( f(x*) — F(>*))/Ti}} then
10: xk+l gk

11: else

12 el o ok

13: if f(x* ') < finin then

14: A = Xkl

15; _f.m.in *— .f.(-rmin.}

I 6: k+—k+1

17: Ti4+1 +— temperature is updated

18: return Xmin

(2021 Gupta , L1 Gao L1 Wang) ..l
& Fy cadl mes Gus U R ga Bagdl e e Jgd (Sl e Jag il BST
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Setr =0

Generate an initial solulion x.

Initialize the tabu lists T <— ¥ and the stze of tabu list L.

Repeat: )
a. Setthe candidate set A{x,7) = {x" e AMx) '\ Tix, 1) VT {x, 1)}
b. Find the best x foom Afx, #): Setx’ = mﬂgmin_,,.[_rqlx_” Fivh
c. If £({x') is better than f(x), x «— x'.
d. Update the tabu lists and the aspiralion crilena.
e, If the tabu list T 1s full, then old features from T awe replaced.
{. Setr =1+ 1.
mntil termination crtenon is satisfied.

W R

(2016 Swamy) .2l

35



Ll Bby SlStdl Sl JSTiw Jom 2 voalin JoNI il

) Oyl gl 3231
J8 oo Bl Gl o LehelSS ¢ B L grdall sVl Bgll SUT ) Slnj Iyl o iz
J.H.Holland, 1975y.David Goldberg |~ w1 ¢ ¢ John Holland
hgl) wleg shadl Ak 3 dedsandl wlajall i AS Glad! s 3

S e e o BB Gl o el Sty ) A i sall e Besest il

B gl ek

Al 593 Ll 3 sl g ame G 8B o (Ol e Bogast fpggag S Y

Al Sl A g e Slegugeg SO e ST o dsly 13,80 V)

SV e degast aemd) V0

AT ) e e JEL e S e Boget e V)
QU gl e Bl ode frts on

o) Bl gl Ay b dsylys 16§

input : Problem F,
output: Solution Sfinu(F)
begin
level := 0;
while Not reached the desired number of levels do
-lDEe.m:E +1:—= Coarsen (‘P!f:mei ) :
level := level + 1;
end
/* Initial Solution is computed at the lowest level */;
S(Pever) =Initial Solution (Pieyer) ;
while (level > 0) do
Setart(Plevei—1): = Uncoarsen (Sinai(Pievel));
Sfiucd(ﬂcud—lj = Refine (Satc!!'t(Pﬂe‘ucf—l)):.
level := level - 1;
end
end
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Initialize colony parameters

for: =1 to ni do
for k = 1 to m do {TOUR CONSTRUCTION}

Initialize pheromone matrix 7 with 7,,,, for each pair of cities

Place ant;, on a randomly chosen city
while the n cities are not all visited do
| Move anty to next city according to state transition rule
Compute length L; of the tour T} produced by ani,
for k = 1 tom do {LOCAL SEARCH}
while T is improved do
foral0<a<nand0<b<nand0<c<ndo
Delete arcs (a,a + 1), (b,b+ 1), (c,c + 1)
Produce T’ by reconnecting partial tours with other arcs
Compute L'
if ' < L; then
| Update T with T"

fork=1tomdo

if L, < L; then
| Update T}, with T}
if L; < Ly then
| Update T with T;
Evaporate 7 and update 7 for each pair of cities of T} or Ty
Control Tpmin < T < Tmax and update 7 with trail smoothing mechanism

(2013 Krajecki , (Delisle (Delevacqy 2l

OV ST [ (PSP WER T
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33908 )il oy 23y cilgiin sy 290 uh Ll GBS §gast (Spuadll dandl ad £
342 g 1S cazan U gl wn Bt T de JA5 Lyl U LS st
Sy 290 e a5 Y alesel Bl (oLl 200 2L (3

29
30
31

parameter limit(i,J);
limit(i,3J) = 290;

S Oyl e ke SO A ST s —4
P Al (3 mge g LeSTESLEN (3 Bogomshl L) IS e a1 LSS i o

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

table cost(p,1i,3) 'unit cost'’
ZN1 ZN2 ZN3

Labtop.ORAN 250 200 300
Labtop.ALGR 950 750 350
Labtop.HMSD 1750 1550 1350

telphn.ORAN 150 100 200
telphn.ALGR 800 550 200
telphn.HMSD 1450 1250 1050

Tablet .ORAN 250 150 250
Tablet .ALGR 900 750 250
Tablet .HMSD 1600 1400 1100

ZN4
550
450
500

450
350
400

500
350
450

ZN5
1100
350
700

950
250
600

1150
350
650

ZN6
1300
500
700

1100
400
600

1250
500
650

ZN'7
1650
950
400

1300
700
300

1550
850
350

) ool el ile =5
fyest WY §udl oy U Adl o cCllly Al 558 CUbl Wl Ly ikl s

positive variable

x(i,3,p) 'shipments'
variable

z 'objective variable'
equations
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62 ob]

63 supplyc (i,p)

64 demandc (3, p)

65 limitc(i,73)

66

67

68 obj.. z =e= sum((i,J,p), cost(p,i,j)*x(i,3,pP));
69

70 supplyc(i,p).. sum(j, x(i,J,p)) =e= supply(p,1i);
71

72 demandc (j,p).. sum(i, x(i,3j,p)) =e= demand(p,]j):
73

74  limitc(i,j).. sum(p, x(i,j,p)) =1= limit(i,]);
75

76

77 model m/all/;
78 solve m minimizing z using lp;

79
80
(SR i Bl -6
Pk LS Al ol il Bl (3 Alemiadd jaadl L o Laday
81 K e e

85 positive variables xsub(i,Jj);
86 variables zsub;

87

88 parameters

89 s (1) 'supply’

90 d(j) 'demand'’

91 c(i,3) 'cost coefficients'

92 pil(i,3j) 'dual of limit'

93 Pi2 (p) 'dual of convexity constraint'

94 pi2p

95

96

97 equations

98 supply sub (i) 'supply equation for single product'
99 demand sub (J) 'demand equation for single product'
100 rcl sub 'phase 1 objective'
101 rc2 sub 'phase 2 objective'
102 ;
103
104 supply sub(i).. sum(j, xsub(i,j)) =e= s(i);
105 demand sub(j).. sum(i, xsub(i,J)) =e= d(3j);
106 rcl sub.. zsub =e= sum((i,Jj), -pil(i,J)*xsub(i,3))

pri2p;
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107 rc2 sub.. zsub =e= sum((i,Jj), (c(i,J)-
pil(i,3))*xsub(i,3)) - pi2p;

108

109

110 model subl 'phase 1 subproblem' /supply sub, demand sub,
rcl sub/;

111 model sub2 'phase 2 subproblem' /supply sub, demand sub,
rc2 sub/;

112

113

114

(il U Bl =T
iyl oda (3 "SI Wy IV e JH B85 1 oy Dantzig-Wolfe

P ) JSED e pedd) W Gl o 18180 ALt wid ) N et

119 set k 'proposal count' /proposall*proposall000/;
120 set pk(p,k):;
121 pk(p,k) = no;

123 parameter proposal (i,j,p,k);
124 parameter proposalcost (p,k);

125 proposal(i,j,p,k) = 0;

126 proposalcost(p,k) = 0;

127

128

129 positive variables

130 lambda (p, k)

131 excess 'artificial variable'

132

133 wvariable zmaster;

134

135 equations

136 objl master 'phase 1 objective'’

137 obj2 master 'phase 2 objective'

138 limit master(i,3J)

139 convex master

140

141

142 objl master.. zmaster =e= excess;

143 obj2 master.. =zmaster =e= sum(pk,
proposalcost (pk) *lambda (pk) ) ;

144

145 1limit master(i,j)..

146 sum (pk, proposal (i, Jj,pk) *lambda (pk)) =1= limit(i,]J) +
excess;

147
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148 convex master(p) .. sum(pk(p,k), lambda(p,k))
149
150 model masterl 'phase 1 master' /objl master,

convex master/;

e= 1;

limit master,

151 model master2 'phase 2 master' /obj2 master, limit master,
convex master/;
152
153
154
:gyLmaJ\Ci,A@‘J:J\‘k>bﬁ‘},naﬁ -8
Pl m iy JE e e 1 GUE I Ea i e s o JUI SR
155 *-—-mmmmm
156 * JxJl ol yxe Jodi5d ol Hj s
157 *—=-———— e
158
159 option limrow=0;
160 option limcol=0;
161
162 masterl.solprint = 2;
163 master2.solprint = 2;
164
165 subl.solprint = 2;
166 sub2.solprint = 2;
167
168 Fommm e
169 * dxdt dadaee aojwil) ol ylLus
170 *———————m - —
171
172 masterl.solvelink = 2;
173 master2.solvelink = 2;
174 subl.solvelink = 2;
175 sub2.solvelink = 2;
176
dwylgmdl (B ol oo o -9
177 @ Femm e o
178 % isjsdd Y1 ddsyall
179 = U A | B S AU W W [ S [ I ) I WP 3 R R B
180 * LY ol sl o de gaxee ¢ LiCS!
181 *—-—mmmmm e
182
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set kk (k) 'current proposal';
kk ('proposall') = yes;

Loop (p,

*
* xSl g dSUIIl g e il 2 el s
*
c(i,3J) = cost(p,1i,3);

s(1) = supply(p,1);
d(j) = demand(p,3J);

pil(i, ) = 0;

pi2p = 0;

solve sub2 using lp minimizing zsub;

abort$ (sub2.modelstat = 4) " :al> San ¥ el 2 gl
R N P TS w

202 abort$ (sub2.modelstat <> 1) " I Juay pd e aldl gdgaill
JoN T s
203
204 ~*
205 % il w) el
206 *
207 proposal(i,j,p,kk) = xsub.1l(i,3);
208 proposalcost (p,kk) = sum((i,j), c(i,j)*xsub.l(i,]));
209 pk(p,kk) = yes;
210 kk (k) = kk(k-1);
211
212 ) ;
213
214 option proposal:2:2:2;
215 display proposal;
216
RMP ol ) (JSadl) 23501 J= =10
RMP o & jop d il s (JS2ll) £350d) ot QU1 i)
21 e e
218 % paee¥! w3 Aoyl g5
219 * while (true) do
220 % KU U L | B I W [ Y O
221 * PO B L W N R €
222 % Olal S 58l da>y pde dole I
223 Femm
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224
225
226 set iter 'maximum iterations' /iterl*iterl5/;
227 scalar done /0/;
228 scalar count /0/;
229 scalar phase /1/;
230 scalar iteration;
231
232 loop (iter$ (not done),
233
234 iteration = ord(iter);
235 display "-—-—————————————— - m
236 iteration,
237 M
238
239
240 * v_;)LL_i\_H Cb},&_i_l‘ Lrl__c J guax 1] i I Cb},o_l_]l J>
241  *
242 if (phase=1,
243 solve masterl minimizing zmaster using lp;
244 abort$ (masterl.modelstat <> 1) " aJ w53Vl 25400l
JIdedt (A Jaas
Jhel "
245 if (excess.l < 0.0001,
246 display "2 sl 1 JLaosyi";
247 phase = 2;
248 excess.fx = 0;
249 )
250
251 ) ;
252
idee¥) Gudow AW Jod! Jo e 1S5 deyyls —11
JS U3 23gaill b Gae V) il 8Lk i 50 S 3y s e Z3gedl e o 02
IO e lpill ods Wy o RMP o (3 ad2el) bt o gisadly i lgih) o sglax
t QU SP e dll (JSeadl) el
253 if (phase=2,
254 solve master?2 minimizing zmaster using lp;
255 abort$ (master2.modelstat <> 1) " o w5yl 25400l
JU o dedl I Juas
Jiel
256 ) ;
257
258 pil(i,j) = limit master.m(i,J);
259 pi2(p) = convex master.m(p);
260
261 count = 0;
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262 loop (p$ (not done),
263
264 %
265 * iie s AShe JS Jo
266 %
267 c(i,j) = cost(p,1i,3):
268 s(i) = supply(p,1);
269 d(j) = demand(p,3J):
270 piZ2p = piZ2(p);
271
272 if (phase=1,
273 solve subl using lp minimizing zsub;
274 aborts$ (subl.modelstat = 4) " (S ¥ =]l 23 a0
Csj_o_)_ll T N
JJis Y
275 aborts$ (subl.modelstat <> 1) " aJ e 3! z3 g0l
Y1 dedt (I Juay
Jo";
276 else
2717 solve sub2 using lp minimizing zsub;
278 abort$ (sub2.modelstat = 4) " (S ¥ =] 23 4a5)]
[ S L I W
JJas v_l.wiﬁl";
279 aborts$ (sub2.modelstat <> 1) " aJ e il z3gai ]l
Yiododt I Jeas
280 ) i
281
282

idael) g e LBl by b ddow =12
T 0B (G @ Blase dmg Jl) Olpadll o ded Aogemg B3ud) USa 348 us >
oS g 3] aaastt ASCa ) a1 b ga adl) ) el WA a1 T OS] L i)
Dl gaie LE Sl e o s duesl C3) i (3 g AV 0B el a1 4
gamll) Wy Lot oy S U o) e )1 AISCEL L sl Al 20 ) ] (905
(L 5Ll alSand) Se gr J4 0713 L

283 %

284 * ols) yusl

285 *

286 if (zsub.l < -0.0001,

287 count = count + 1;

288 display "4ous 1 581", count,xsub.l;
289 proposal (i, j,p,kk) = xsub.l(i,3);
290 proposalcost (p,kk) = sum((i,7j),
c(i,J) *xsub.1(i,3));

291 pk(p, kk) = yes;
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292
293
294
295
296
297
298
299
300
301
302
303
304
305

kk (k) = kk(k-1);
) ;

) ;

bud> ols>l a8l usg oy Y
*

abort$ (count = 0 and phase = 1) "4d> oSan ¥ zdsai "y
done$ (count = 0 and phase = 2) = 1;
) ;

abort$ (not done) "Out of iterations";

306

:Jod) Gl bl =13

Jedl o Sy lis Lpdd Gy ) Sl e 1 18 s Lek> LU Al e
Sl slgly L Cubl Al e L Os ) T a0 Jae il dSal > b e by

cohlldl cabz & RN

parameter xsol (i,Jj,p);
xsol (i,J,p) = sum(pk(p,k), proposal (i, ]j,pk)*lambda.l (pk));
display xsol;

parameter totalcost;
totalcost = sum((i,3,p), cost(p,1i,7)*xsol(i,3,p));
display totalcost;

S il @ ol Slm e A3L0| dusyylg ks —14

W s B Sl Caniai (gl S Jo tmise 2 GAMS A ol 2 o lasls

Excel gaby thear Jyli> 3 ozl 5213

319
320
321
322
323
324

*=== Export to Excel using GDX utilities

*=== First unload to GDX file (occurs during execution phase)
execute unload "results.gdx" x.L x.M

*=== Now write to variable levels to Excel file from GDX
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325 *=== Since we do not specify a sheet, data is placed in first
sheet
326 execute 'gdxxrw.exe results.gdx o=results.xls var=x.L'
327
328 *=== Write marginals to a different sheet with a specific
range
329 execute 'gdxxrw.exe results.gdx o=results.xls var=x.M
rng=NewSheet ! f1:1i4"

iyl s Jow 4.4
G| 3t G L p3ledl oda Joo oo ol 3 1 Ble By ey 35S0 GAMS by ey

1 B 1 Jpoly gl s 3 iyl i Tyl duds

Joal) Jodl st Bkas IV sl Budls 27 Yy

mm 100 SCUVE ProCEss =

model juste finale ar (5) |

Use option 'names no' to turn use of names off -
Tried aggregator 1 time.

LP Presolve eliminated 3 rows and 2 columns.

Reduced LP has 22 rows, 35 columns, and 345 nonzeros.

Presolve time = 0.00 sec. (0.04 ticks)

Iteration Dual Cbjective In Variable Out Variable
1 =1 0.0000001ambda (telphn.proposal3limit master (CRAN slack
2 231814.2857141lambda (telphn.proposalllimit master (ALGR slack

3 460862.2465401ambda (Labtop.proposallconvex _master (tel artif
4 505533.6538461imit_master (ALGR slackconvex master (Lab artif
5 524268.8609471ambda (telphn.proposalllimit_master (HMSD slack
& 576235.6713971ambda (telphn.proposal2limit master (HMSD slack
7 640833.5767531ambda (Labtop.proposalllimit master (HMSD slack
8 640977.4174781lambda (telphn.proposal2limit_master (ORAN slack

9 1235624.5970211ambda (Tablet.proposal3convex master (Tab artif
10 1235967.6107481lambda (Labtop.proposal3limit master (ALGR slack
11 1253519.7382181ambda (Tablet.proposal3lambda (Labtop.proposall
12 1254062 .0406401ambda (Labtop.proposal2lambda (Tablet .proposal3
13 1262722.6739521ambda (Labtop.proposal2lambda (telphn.proposall
14 1268000.0000001ambda (telphn.proposal3lambda (Labtop.proposall
15 1268000.0000001ambda (telphn.proposal2lambda (Labtop.proposal3
16 1268000.0000001ambda (telphn.proposal2lambda (Labtop.proposal2
17 1268000.0000001ambda (Labtop.proposal2lambda (telphn.proposal2
ig 1268000.0000001ambda (Tablet .proposal3lambda (telphn.proposal3

LP status(l): optimal 4
Cplex Time: 0.09sec (det. 0.21 ticks)

Cptimal solution found.
Objective : 1268000.000000 -
4 i 3

Close Openlog | [T Summaryonly W Update
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:GAMS by gob oo Jod Bhes duis Jo1 0

ey Bl ds ds”

COMPILATION TIME = 0.000 SECONDS
3 MB 25.1.3 r4e34d435fbd WIN-VS8

GAMS 25.1.3 1r4e34d435fbd Released Oct 30, 2018 WIN-VS8 x86
32bit/MS Windows 10/14/21 22:42:21 Page 2
B aacy | NUSU )

Equation Listing SOLVE m Using LP From line 78
---— obj =E=
obj.. - 250*x(ORAN, ZN1, Labtop) - 150*x (ORAN, ZN1, telphn)

- 250*x (ORAN, ZN1, Tablet)
100*x (ORAN, ZN2, telphn)

200*x (ORAN, ZN2, Labtop) -

- 150*x (ORAN, ZN2, Tablet)
200*x (ORAN, ZN3, telphn)

300*x (ORAN, ZN3, Labtop) -

- 250*x (ORAN, ZN3, Tablet)
450*x (ORAN, ZN4, telphn)

550*x (ORAN, ZN4, Labtop) -

- 500*x (ORAN, ZN4, Tablet) - 1100*x (ORAN, ZN5, Labtop)
- 950*x (ORAN, ZN5, telphn) - 1150*x (ORAN, ZN5, Tablet)
- 1300*x (ORAN, ZN6, Labtop) - 1100*x (ORAN, ZN6, telphn)
- 1250*x (ORAN, ZN6, Tablet) - 1650*x (ORAN, ZN7, Labtop)
- 1300*x (ORAN, ZN7, telphn) - 1550*x (ORAN, ZN7, Tablet)

- 950*x (ALGR, ZN1, Labtop)
900*x (ALGR, ZN1, Tablet)

800*x (ALGR, ZN1, telphn) -

- 750*x (ALGR, ZN2, Labtop) - 550*x (ALGR, ZN2, telphn) -
750*x (ALGR, ZN2, Tablet)

- 350*x (ALGR, ZN3, Labtop)
250*x (ALGR, ZN3, Tablet)

200*x (ALGR, ZN3, telphn) -

- 450*x (ALGR, ZN4, Labtop)
350*x (ALGR, ZN4, Tablet)

350*x (ALGR, ZN4, telphn) -

- 350*x (ALGR, ZN5, Labtop)
350*x (ALGR, ZN5, Tablet)

250*x (ALGR, ZN5, telphn) -

- 500*x (ALGR, ZN6, Labtop) - 400*x (ALGR, ZN6, telphn) -
500*x (ALGR, ZN6, Tablet)

- 950*x (ALGR, ZN7, Labtop)
850*x (ALGR, ZN7, Tablet)

700*x (ALGR, ZN7, telphn) -
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- 1750*x (HMSD, ZN1, Labtop) - 1450*x (HMSD, ZN1, telphn)
- 1600*x (HMSD, zZN1, Tablet) - 1550*x (HMSD, ZN2, Labtop)
- 1250*x (HMSD, ZN2, telphn) - 1400*x (HMSD, ZN2, Tablet)
- 1350*x (HMSD, ZN3, Labtop) - 1050*x (HMSD, ZN3, telphn)

- 1100*x (HMSD, ZN3, Tablet)

500*x (HMSD, ZN4, Labtop)

- 400*x (HMSD, ZN4, telphn) - 450*x (HMSD, ZN4, Tablet)
700*x (HMSD, ZN5, Labtop)

- 600*x (HMSD, ZN5, telphn) - 650*x (HMSD, ZN5, Tablet)
700*x (HMSD, ZN6, Labtop)

- 600*x (HMSD, ZN6, telphn)
400*x (HMSD, ZN7, Labtop)

650*x (HMSD, ZN6, Tablet)

- 300*x (HMSD, ZN7, telphn) - 350*x (HMSD, ZN7, Tablet) + z =E= 0 ;
(LHS = 0)

(PN 253 Joads

--—-- supplyc =E=
supplyc (ORAN, Labtop) .. x(ORAN, ZN1,Labtop) + x(ORAN, ZN2, Labtop)

+ x (ORAN, ZN3, Labtop) + x(ORAN, ZN4,Labtop) +
x (ORAN, ZN5, Labtop)

+ x (ORAN, ZN6, Labtop) + x(ORAN,ZN7,Labtop) =E= 120 ;
(LHS = 0, INFES = 120 ***¥*)
supplyc (ORAN, telphn) .. x(ORAN,ZN1,telphn) + x(ORAN, ZN2, telphn)

+ x (ORAN, ZN3, telphn) + x(ORAN, ZN4,telphn) +
x (ORAN, ZN5, telphn)

+ x (ORAN, ZN6, telphn) + x(ORAN, ZN7,telphn) =E= 550 ;
(LHS = 0, INFES = 550 ***¥x)
supplyc (ORAN, Tablet) .. x(ORAN,ZN1,Tablet) + x(ORAN, ZN2,Tablet)

+ X (ORAN, ZN3, Tablet) + x(ORAN, ZN4, Tablet) +
x (ORAN, ZN5, Tablet)

+ x (ORAN, ZN6,Tablet) + x (ORAN, ZN7,Tablet) =E= 190 ;
(LHS = 0, INFES = 190 ***x)

REMAINING 6 ENTRIES SKIPPED
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k) 393 fonads
—-—-—-- demandc =E=
demandc (ZN1, Labtop) .. x(ORAN, ZN1,Labtop) + x(ALGR,ZN1l,Labtop)
+ x (HMSD, ZN1, Labtop) =E= 70 ; (LHS = 0, INFES = 70 ***x*)
demandc (ZN1, telphn) .. x(ORAN, ZN1l,telphn) + x(ALGR,ZN1,telphn)
+ x (HMSD, ZN1,telphn) =E= 250 ; (LHS = 0, INFES = 250 ***x¥)
demandc (ZN1, Tablet) .. x(ORAN, ZN1, Tablet) + x(ALGR,ZN1l,Tablet)

+ x (HMSD, ZN1,Tablet) =E= 100 ; (LHS

0, INFES = 100 ***x)

REMAINING 18 ENTRIES SKIPPED

:¢DbLou\Zaw 343 Y-

-——— limitc =L=

limitc (ORAN, ZN1) .. x(ORAN, ZN1l,Labtop) + x(ORAN, ZN1,telphn) +
x (ORAN, ZN1, Tablet)

=L= 290 ; (LHS = 0)
limitc (ORAN, ZN2) .. x (ORAN, ZN2, Labtop) + x (ORAN, ZN2,telphn) +

x (ORAN, ZN2, Tablet)
=L= 290 ; (LHS = 0)

limitc (ORAN, ZN3) .. x(ORAN,ZN3,Labtop) + x(ORAN,ZN3, telphn) +
x (ORAN, ZN3, Tablet)
=L= 290 ; (LHS = 0)

REMAINING 18 ENTRIES SKIPPED

GAMS 25.1.3 1rd4e34d435fbd Released Oct 30, 2018 WIN-VS8 x86
32bit/MS Windows 10/14/21 22:42:21 Page 3

BleeY !l A )es

Column Listing SOLVE m Using LP From line 78

---- x shipments

x (ORAN, ZN1, Labtop)
(.Lo0, .nL, .up, .M =0, 0, +INF, 0)

-250 obj
1 supplyc (ORAN, Labtop)
1 demandc (ZN1, Labtop)
1 limitc (ORAN, ZN1)
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x (ORAN, ZN1, telphn)
(.L0, .n, .up, .M =0, 0, +INF, 0)

-150 obj
1 supplyc (ORAN, telphn)
1 demandc (ZN1, telphn)
1 limitc (ORAN, ZN1)

x (ORAN, ZN1, Tablet)
(.Lo, .L, .UP, .M = 0, 0, +INF, 0)

-250 obj
1 supplyc (ORAN, Tablet)
1 demandc (ZN1, Tablet)
1 limitc (ORAN, ZN1)

REMAINING 60 ENTRIES SKIPPED

-—-—-— z objective variable

(.10, .L, .UP, .M = -INF, 0, +INF, 0)
1 obj

tlead) Clleall e asde
JH dhes IV Gl VLl sde Lty (e ULy S gelipd) gy Bsledl B Bles SO
2w bw 253 O s daguall b ) (a2 s 64 Lol Sl sae Ly Wslas 52
doegs LS el pld 2L 3 UST) S5 L L el LS i) Akend dafll S0 OF peali )

%;w\d§:m

GAMS 25.1.3 1r4e34d435fbd Released Oct 30, 2018 WIN-VS8 x86
32bit/MS Windows 10/14/21 22:42:21 Page 4

eyl Ay

Model Statistics SOLVE m Using LP From line 78

MODEL STATISTICS

BLOCKS OF EQUATIONS 4 SINGLE EQUATIONS 52
BLOCKS OF VARIABLES 2 SINGLE VARIABLES 64
NON ZERO ELEMENTS 253

GENERATION TIME = 0.000 SECONDS

4 MB 25.1.3 r4e34d435fbd WIN-VS8

EXECUTION TIME = 0.000 SECONDS
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4 MB 25.1.3 r4e34d435fbd WIN-VS8

o) B e

GAMS 25.1.3 1rd4e34d435fbd Released Oct 30, 2018 WIN-VS8 x86
32bit/MS Windows 10/14/21 22:42:21 Page 5
BaeeY ! Wles

Solution Report SOLVE m Using LP From line 78
S OLVE SUMMARY
MODEL m OBJECTIVE =z
TYPE LP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 78
**** SOLVER STATUS 1 Normal Completion
***x%* MODEL STATUS 1 Optimal
**x* OBJECTIVE VALUE 1268000.0000
RESOURCE USAGE, LIMIT 0.000 1000.000
ITERATION COUNT, LIMIT 42 2000000000

IBM ILOG CPLEX 25.1.3 r4e34d435fbd Released Oct 30, 2018 VS8 x86
32bit/MS Wi
Cplex 12.6.3.0

Space for names approximately 0.00 Mb

Use option 'names no' to turn use of names off
LP status(l): optimal

Cplex Time: 0.00sec (det. 0.17 ticks)

Optimal solution found.

Objective : 1268000.000000

LOWER LEVEL UPPER MARGINAL
--—- EQU obj . . . 1.000
-—-—-— EQU supplyc
LOWER LEVEL UPPER MARGINAL

ORAN.Labtop 120.000 120.000 120.000 450.000
ORAN. telphn 550.000 550.000 550.000 350.000
ORAN.Tablet 190.000 190.000 190.000 600.000
ALGR.Labtop 200.000 200.000 200.000 500.000
ALGR.telphn 650.000 650.000 650.000 350.000
ALGR.Tablet 230.000 230.000 230.000 600.000
HMSD.Labtop 180.000 180.000 180.000 850.000
HMSD.telphn 600.000 600.000 600.000 700.000
HMSD.Tablet 320.000 320.000 320.000 900.000

-—-—— EQU demandc
LOWER LEVEL UPPER MARGINAL

ZN1.Labtop 70.000 70.000 70.000 450.000
ZN1.telphn 250.000 250.000 250.000 450.000
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ZN1l.Tablet 100.000 100.000 100.000 300.000
ZN2 .Labtop 60.000 60.000 60.000 200.000
ZN2.telphn 180.000 180.000 180.000 200.000
ZN2 .Tablet 100.000 100.000 100.000 .

ZN3.Labtop 75.000 75.000 75.000 -150.000
ZN3.telphn 280.000 280.000 280.000 -150.000
ZN3.Tablet 40.000 40.000 40.000 -350.000
ZN4 .Labtop 75.000 75.000 75.000 -50.000
ZN4.telphn 220.000 220.000 220.000 .

ZN4 .Tablet 150.000 150.000 150.000 -250.000
ZN5.Labtop 50.000 50.000 50.000 -150.000
ZN5.telphn 270.000 270.000 270.000 -100.000
ZN5.Tablet 120.000 120.000 120.000 =-250.000

ZN6 . Labtop 70.000 70.000 70.000 .
ZN6.telphn 250.000 250.000 250.000 50.000
ZN6.Tablet 80.000 80.000 80.000 -100.000

ZN7.Labtop 100.000 100.000 100.000 900.000
ZN7.telphn 350.000 350.000 350.000 950.000
ZN7.Tablet 150.000 150.000 150.000 800.000

---- EQU limitc

LOWER LEVEL UPPER MARGINAL
ORAN. ZN1 —-INF 290.000 290.000 -650.000
ORAN. ZN2 —-INF 290.000 290.000 -450.000
ORAN. ZN3 —-INF 260.000 290.000
ORAN. ZN4 —INF . 290.000
ORAN. ZN5 —INF . 290.000
ORAN. ZN6 —INF . 290.000
ORAN. ZN7 —-INF 20.000 290.000
ALGR.ZN1 —-INF 130.000 290.000
ALGR.ZN2 —-INF 50.000 290.000
ALGR.ZN3 —-INF 135.000 290.000
ALGR.ZN4 —-INF 155.000 290.000
ALGR.ZN5 —-INF 210.000 290.000
ALGR.ZN6 —-INF 110.000 290.000 .
ALGR.ZN7 —-INF 290.000 290.000 -600.000
HMSD. ZN1 —INF . 290.000
HMSD. ZN2 —INF . 290.000
HMSD. ZN3 —INF . 290.000 .
HMSD.ZN4 —-INF 290.000 290.000 -300.000
HMSD. ZN5 —-INF 230.000 290.000 .
HMSD.ZN6 —-INF 290.000 290.000 -150.000
HMSD. ZN7 —-INF 290.000 290.000 -1350.000

-—-—— VAR x shipments

LOWER LEVEL UPPER MARGINAL
ORAN.ZN1.Labtop . . +INF EPS
ORAN.ZN1l.telphn . 200.000 +INF
ORAN.ZN1.Tablet . 90.000 +INF
ORAN.ZN2.Labtop . 60.000 +INF
ORAN.ZN2.telphn . 130.000 +INF
ORAN.ZNZ2.Tablet . 100.000 +INF
ORAN.ZN3.Labtop . 60.000 +INF
ORAN.ZN3.telphn . 200.000 +INF
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ORAN.ZN3.Tablet . . +INF EPS
ORAN.ZN4.Labtop . . +INF 150.000
ORAN.ZN4.telphn . . +INF 100.000
ORAN.ZN4.Tablet . . +INF 150.000
ORAN. ZN5.Labtop . . +INF 800.000
ORAN.ZN5.telphn . . +INF 700.000
ORAN.ZN5.Tablet . . +INF 800.000
ORAN. ZN6.Labtop . . +INF 850.000
ORAN.ZN6.telphn . . +INF 700.000
ORAN.ZN6.Tablet . . +INF 750.000
ORAN.ZN7.Labtop . . +INF 300.000
ORAN.ZN7.telphn . 20.000 +INF .
ORAN.ZN7.Tablet . . +INF 150.000
ALGR.ZN1.Labtop . 70.000 +INF
ALGR.ZN1.telphn . 50.000 +INF
ALGR.ZN1.Tablet . 10.000 +INF .
ALGR.ZN2.Labtop . . +INF 50.000
ALGR.ZN2.telphn . 50.000 +INF .
ALGR.ZN2.Tablet . . +INF 150.000
ALGR.ZN3.Labtop . 15.000 +INF
ALGR.ZN3.telphn . 80.000 +INF
ALGR.ZN3.Tablet . 40.000 +INF
ALGR.ZN4.Labtop . 5.000 +INF .
ALGR.ZN4.telphn . . +INF EPS
ALGR.ZN4 .Tablet . 150.000 +INF
ALGR.ZN5.Labtop . 40.000 +INF
ALGR.ZN5.telphn . 140.000 +INF
ALGR.ZN5.Tablet . 30.000 +INF
ALGR.ZN6.Labtop . 70.000 +INF
ALGR.ZN6.telphn . 40.000 +INF .
ALGR.ZN6.Tablet . . +INF EPS
ALGR.ZN7.Labtop . . +INF 150.000
ALGR.ZN7.telphn . 290.000 +INF .
ALGR.ZN7.Tablet . . +INF 50.000
HMSD.ZN1.Labtop . . +INF 450.000
HMSD.ZN1.telphn . . +INF 300.000
HMSD.ZN1.Tablet . . +INF 400.000
HMSD.ZN2.Labtop . . +INF 500.000
HMSD.ZN2.telphn . . +INF 350.000
HMSD.ZN2.Tablet . . +INF 500.000
HMSD.ZN3.Labtop . . +INF 650.000
HMSD.ZN3.telphn . . +INF 500.000
HMSD.ZN3.Tablet . . +INF 550.000
HMSD.ZN4 .Labtop . 70.000 +INF
HMSD.ZN4.telphn . 220.000 +INF .
HMSD.ZN4.Tablet . . +INF 100.000
HMSD.ZN5.Labtop . 10.000 +INF
HMSD.ZN5.telphn . 130.000 +INF
HMSD.ZN5.Tablet . 90.000 +INF .
HMSD.ZN6.Labtop . . +INF EPS
HMSD.ZN6.telphn . 210.000 +INF
HMSD.ZN6.Tablet . 80.000 +INF
HMSD.ZN7.Labtop . 100.000 +INF
HMSD.ZN7.telphn . 40.000 +INF
HMSD.ZN7.Tablet . 150.000 +INF

LOWER LEVEL UPPER MARGINAL
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--—-— VAR z -INF 1.2680E+6 +INF
z objective variable
**x% REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE
0 UNBOUNDED

(oSl Sl ol 181y AdsY) Al sl

-———= 215 PARAMETER proposal

Labtop telphn Tablet
proposall proposal?2 proposal3

ORAN. ZN1 70.00 250.00 100.00
ORAN. ZN2 50.00 180.00 90.00
ORAN. ZN3 120.00

ALGR. ZN2 10.00 10.00
ALGR.ZN3 75.00 160.00 40.00
ALGR.ZN5 50.00 270.00 120.00
ALGR. ZN6 65.00 220.00 60.00
HMSD. ZN4 75.00 220.00 150.00
HMSD. ZN6 5.00 30.00 20.00
HMSD. ZN7 100.00 350.00 150.00

Bes Yl Wy Stghs 1SS
il gt ) 3 gad) L1 a8LoY s 3508 () 218 Bgkas S8 e oSdodl b (3 LS
el boo gad g ol s ollad) IS o el gas Jnl) R OSTI3) Lo gasdll,

N CA g ER S (RSP
:18}@4\
-———= 235
__________ PARAMETER iteration = 1.000
s 288 s o1
PARAMETER count = 1.000
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288 VARIABLE xsub.L

ZN1 7ZN2 7ZN3 7ZN4 ZN5 ZN6
ORAN 20.000
ALGR 25.000 75.000 50.000 50.000
HMSD 70.000 60.000 50.000
+ ZN7
ORAN 100.000
-—=- 288 i gl 5B
PARAMETER count 2.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 200.000
ALGR 110.000 220.000 270.000 50.000
HMSD 250.000 180.000 170.000
+ ZN7
ORAN 350.000
- 288 4o ) a3
PARAMETER count 3.000
——— 288 VARIABLE xsub.L
ZN1 ZN2 7ZN3 7ZN4 7ZN5 ZN6
ORAN 40.000
ALGR 70.000 120.000 40.000
HMSD 100.000 100.000 40.000 80.000
+ ZN7
ORAN 150.000
:2 QﬁaﬁJ\
—_———— 235 ————mm e e
PARAMETER iteration = 2.000
-——— 288 4uds gl 4iB)
PARAMETER count = 1.000
-——- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 50.000
ALGR 25.000 75.000 70.000
HMSD 70.000 60.000 50.000
+ ZN7
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ORAN 70.000
ALGR 30.000
- 288 dguz gl 3B
PARAMETER count 2.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 270.000
ALGR 110.000 220.000 250.000
HMSD 250.000 180.000 170.000
+ ZN7
ORAN 280.000
ALGR 70.000
-—=- 288 i ) 5B
PARAMETER count 3.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 120.000
ALGR 70.000 80.000
HMSD 100.000 100.000 40.000 80.000
+ ZN7
ORAN 70.000
ALGR 80.000
-3 ajhﬁJ\
-—— 23 - - - -—-
PARAMETER iteration = 3.000
-———- 246 2 dd>jad) 1 JLESY
=== 288 Las ) 4Bl
PARAMETER count = 1.000
-——— 288 VARIABLE xsub.L
ZN1 ZN2 7ZN3 ZN4 ZN5 ZN6
ORAN 70.000 50.000
ALGR 10.000 75.000 75.000
HMSD 50.000 70.000
+ ZN7
ALGR 40.000
HMSD 60.000
-—=- 288 wods ) 5B
PARAMETER count 2.000

288 VARIABLE xsub.L
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ZN1 ZN2 7ZN3 ZN4 ZN5 ZN6
ORAN 250.000 180.000 120.000
ALGR 280.000 220.000
HMSD 150.000 250.000
+ ZN7
ALGR 150.000
HMSD 200.000
- 288 dguz gl pAB
PARAMETER count = 3.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 100.000 90.000
ALGR 10.000 40.000 150.000
HMSD 120.000 80.000
+ ZN7
ALGR 30.000
HMSD 120.000
-4 th."'r.‘\
-—— 23 - - - -—-
PARAMETER iteration = 4.000
=== 288 a2 4Bl
PARAMETER count = 1.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 45.000 75.000
ALGR 25.000 60.000 15.000
HMSD 75.000 35.000 70.000
+ ZN7
ALGR 100.000
—-——= 288 uud> o il
PARAMETER count = 2.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 250.000 20.000 280.000
ALGR 160.000 140.000
HMSD 220.000 130.000 250.000
+ ZN7
ALGR 350.000
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288 dus ) 43l

PARAMETER count = 3.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 100.000 90.000
ALGR 10.000 70.000
HMSD 40.000 150.000 50.000 80.000
+ ZN7
ALGR 150.000
5 §5E5J\
-—— 23 - ———————— e ———
PARAMETER iteration = 5.000
-———- 288 wWus ) bl
PARAMETER count = 1.000
-——— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 60.000 60.000
ALGR 70.000 15.000 50.000
HMSD 75.000 70.000
+ ZN7
ALGR 65.000
HMSD 35.000
- 288 4o ) )
PARAMETER count = 2.000
—-_———— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 180.000 280.000 90.000
ALGR 250.000 50.000
HMSD 130.000 220.000 250.000
+ ZN7
ALGR 350.000
-—=- 288 wods ) 5B
PARAMETER count = 3.000
- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 100.000 40.000 50.000
ALGR 100.000
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HMSD 100.000 120.000 80.000
+ ZN7
ALGR 130.000
HMSD 20.000
:6 QﬁaﬁJ\
—-———— 23 ————
PARAMETER iteration = 6.000
-———= 288 4ous gl sl
PARAMETER count = 1.000
-——— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 20.000
ALGR 70.000 40.000 75.000 15.000
HMSD 75.000 35.000 70.000
+ ZN7
ORAN 100.000
- 288 4o ) i3
PARAMETER count 2.000
—-_———— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 20.000 180.000
ALGR 230.000 280.000 140.000
HMSD 220.000 130.000 250.000
+ ZN7
ORAN 350.000
-—=- 288 wgd> ) 5B
PARAMETER count 3.000
- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 40.000
ALGR 100.000 60.000 40.000 30.000
HMSD 150.000 90.000 80.000
+ ZN7
ORAN 150.000
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PARAMETER iteration = 7.000
-———= 288 Lous ) a8l
PARAMETER count = 1.000
-——— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 60.000 60.000
ALGR 10.000 75.000 50.000
HMSD 75.000 70.000
+ ZN7
ALGR 65.000
HMSD 35.000
——— 288 uuu> ol i3l
PARAMETER count 2.000
- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 250.000 180.000 120.000
ALGR 160.000 140.000
HMSD 220.000 130.000 250.000
+ ZN7
ALGR 350.000
-—=- 288 i ) 5B
PARAMETER count 3.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 90.000 100.000
ALGR 10.000 40.000 30.000
HMSD 150.000 90.000 80.000
+ ZN7
ALGR 150.000
Z8 Qﬁaﬁd\
-——— 23—
PARAMETER iteration = 8.000
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-———= 288 Lous ) idl

PARAMETER count = 1.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 60.000 60.000
ALGR 70.000 15.000 65.000 50.000
HMSD 10.000 70.000
+ ZN7
HMSD 100.000
o 288 ajux ol i
PARAMETER count 2.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 180.000 280.000
ALGR 250.000 270.000
HMSD 220.000 250.000
+ ZN7
ORAN 90.000
ALGR 130.000
HMSD 130.000
-—=- 288 i ) 5B
PARAMETER count 3.000
- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 50.000 100.000 40.000
ALGR 50.000 60.000 120.000
HMSD 90.000 80.000
+ ZN7
HMSD 150.000
-9 ajhﬁJ\
-———- 23 - ——————— .- -k k- - - - - - -
PARAMETER iteration = 9.000
=== 288 wLoas ) 4 i8l
PARAMETER count = 1.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 60.000 60.000

203




) Jdfy aay Ll sk

eI ol

ALGR 70.000 15.000 45.000 70.000
HMSD 75.000 5.000
+ ZN7
HMSD 100.000
- 288 dguz ) A5
PARAMETER count = 2.000
-———= 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 180.000 280.000
ALGR 250.000 250.000
HMSD 220.000 270.000
+ ZN7
ORAN 90.000
ALGR 150.000
HMSD 110.000
e 288 uuar gl 00
PARAMETER count = 3.000
- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 50.000 100.000 40.000
ALGR 50.000 100.000 80.000
HMSD 50.000 120.000
+ ZN7
HMSD 150.000
1()§5h5J\
-——— 23 - ——————— - - -k - - - - - -
PARAMETER iteration = 10.000
=== 288 1Loas ) 48l
PARAMETER count = 1.000
—-———— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 90.000 180.000 280.000
ALGR 160.000 220.000 20.000 250.000
HMSD 250.000
+ ZN7
HMSD 350.000
- 288 1uds o) i3l
PARAMETER count = 2.000
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288 VARIABLE xsub.L

ZN1 ZN2 7ZN3 7ZN4 ZN5 ZN6
ORAN 50.000 100.000 40.000
ALGR 50.000 150.000 30.000
HMSD 120.000 50.000
+ ZN7
HMSD 150.000
11 3}‘9.‘*)\
—_——— 235 —————m e e
PARAMETER iteration = 11.000
-———- 288 wWus ! sl
PARAMETER count = 1.000
-——— 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 7ZN4 ZN5 ZN6
ORAN 60.000 60.000
ALGR 10.000 75.000 50.000 65.000
HMSD 75.000 5.000
+ ZN7
HMSD 100.000
- 288 1yis ) B
PARAMETER count = 2.000
-———- 288 VARIABLE xsub.L
ZN1 ZN2 ZN3 ZN4 ZN5 ZN6
ORAN 250.000 80.000
ALGR 100.000 280.000 270.000
HMSD 220.000 250.000
+ ZN7
ORAN 220.000
HMSD 130.000
-—=- 288 ugd> ) 5B
PARAMETER count = 3.000
-———- 288 VARIABLE xsub.L
ZN1 ZN2 7ZN3 7ZN4 ZN5 ZN6
ORAN 90.000 100.000
ALGR 10.000 40.000 150.000 30.000
HMSD 90.000 80.000
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+ ZN7

HMSD 150.000

112 3 gksd)
STty Img ¢ a1 1 Jag U e Jaasell 1 Lzl 1 (3 Al e =T 8 G5lad) Jii
Al bos gad

Labtop telphn Tablet
ORAN.ZN1 239.578 50.422
ORAN. ZN2 60.000 130.000 100.000
ORAN.ZN3 60.000 160.422 39.578
ORAN. ZN7 20.000
ALGR.ZN1 70.000 10.422 49.578
ALGR.ZN2 50.000
ALGR.ZN3 15.000 119.578 0.422
ALGR.ZN4 5.000 150.000
ALGR.ZN5 45.385 164.299 0.317
ALGR.ZN6 64.615 15.701 29.683
ALGR.ZN7 290.000
HMSD. zZN4 70.000 220.000
HMSD. ZN5 4.615 105.701 119.683
HMSD. ZN6 5.385 234.299 50.317
HMSD. ZN7 100.000 40.000 150.000
-———= 317 PARAMETER totalcost = 1268000.000
EXECUTION TIME = 14.976 SECONDS

3 MB 25.1.3 r4e34d435fbd WIN-VSS8

USER: GAMS Development Corporation, USA
G871201/0000CA-ANY
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7> 1268000.00 (sybes Ll 2alSAU Sudl as dad o LS Ja1 b mils IO s

SIS LY G b Lgd pisiias 4@ il oV S OF Hlzel Landss dguie pins gl

Al SISl 23U Baid) Sl ol plisiinl e BByl BN S Lo ST Aoy

tsb LS ol S0 2l ol o Sl o s Jae) b Of Lo

Shladt lasad Jall ) @it 18 gk

Ddvad) | adl | Jpeoel) Cgulodl | B Cislggll | g mSIY) Olgll | B ¢ gemes
ORAN |zt 240 50 290
ORAN | Z00 60 130 100 290
ORAN |20 60 160 40 260
ORAN |7ZN7 20 20
ALGR | ZN1 70 10 50 130
ALGR |ZN2 50 50
ALGR. | 2n3 15 120 135
ALGR | 7N4 5 150 155
ALGR | 2ns 45 164 209
ALGR. | 2N 65 16 30 111
ALGR |7N7 290 290
I . 70 220 290
HMSD | 2N 5 106 120 231
HMSD | 2N 5 234 50 289
HMSD |27 100 40 150 290

500 1800 740 £ goomall

GAMS by ol e 1, dall

3 Je) 4 (3 dm gl Sl SO0 i Jpid) Js o (eneb S1el 1 ol o 6
$3elly Ol ANy )l (ol )l Ol 3 Ml Ll el ccl.wJ\ adaze olidls Je

IV Bl Camd ks o Jge2 s 20 10 [0 s Camd 3305 e sclgl Lo
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Résumé :

L'é¢tude a abordé une problématique de résolution des modeles de réseau auxquels nous
sommes confrontés dans plusieurs domaines, une tentative est faite pour concevoir un
réseau de transport au niveau national avec trois produits, afin de réaliser des flux
multiples dans la plupart des chemins. Chaque produit a un cott de transport différent
pour chaque itinéraire. Chaque voie a une capacité de transport maximale, qui dépend de
la capacité de charge du véhicule de transport. L'étude vise a réduire les colts totaux de
transport, en déterminant les quantités et le type de produit a transporter dans chaque
itinéraire. Pour atteindre l'objectif souhaité, nous nous appuyons sur des méthodes
modernes de programmation linéaire, telle que la méthode génération de colonnes et la
décomposition de Dantzig-Wolfe a l'aide de 1'algorithme GAMS, ce qui a permis a I'étude
d'obtenir de meilleurs résultats en résolvant un probléme complexe, durant un court délai.

Mots-clés : Transport, Théorie des graphes, Flots multi-produits, Simplexe révisé,
Génération de colonnes, Décomposition de Dantzig-Wolfe.

Abstract:

The study addressed a problem of solving network models that we face in all fields;
therefore, an attempt was made to design a nationwide transmission network for three
commodities, for achieving multiple flows in most of the paths. Each commodity has a
different transportation cost for each path. Each path has a maximum transmission
capacity; this depends on the carrying capacity of the guiding transport vehicle in the
path. While the study aims to reduce the total costs of transportation, by specifying the
quantities and type of goods to be transported in each path. To achieve the desired
objective we depend on modern methods of operations research and linear programming,
relying on the method of column generation and Dantzig-Wolfe Decomposition using the
GAMS algorithm. The study enabled the achievement of good results by solving the
problem of complex models in a short time.

Keywords: Transport, Graph theory, Multi-commodity flow, Revised simplex, Column
generation, Dantzig-Wolfe Decomposition.

236



