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Genetic Algorithms for a Multi-product Dynamic Lot-Sizing and
Dispatching Problem with Delivery Time Windows and
Multi-vehicle Types

Syeng-Kvu Chae

Department of Systems Management & Engineering

Pukyoung National University

Abstract

This thesis analyzes a multi-product inbound lot-sizing and outbound dispatching
problem with multi-vehicle types in a third-party logistics distribution center. The product
must be delivered to the customers within the delivery time-window and backlogging is not
allowed. Replenishing orders are shipped by several types of vehicles. The objective of this
study is to determine the lot-size and dispatching schedules to‘minimize the total cost with the
sum of inbound  ordering and shipping, outbound:dispatching costs over the entire time
horizon. In this study, we present a mixed-integer programming model to find the optimal
solution and propose a local jsearch heuristic algorithm with a genetic algorithm (GA1l) to
solve large-scale problems. In addition, we suggest a new genetic algorithm(GA-2) with an
adjusting algorithm to ‘improve the performance of GAl. The basic mechanism of the
algorithm is to provide an unidirectional partial move of products to available vehicles in the
previous period. Finally, we analyze the results of GA1 and GA2 by evaluating the relative

performance using the gap between the objective values:of CPLEX and each algorithm.

Keywords: Delivery time windows; Dynamic lot-sizing; Multi-product; Multi-vehicle;
Dispatching; Genetic algorithm; Local search heuristic
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TR X O UMD Fdye 0l A48 7 e Hold gk, 5 Aok
= fiirets al7F EAlske Aol dist Ak HrbE AAlska, Aleks U
= @llell dialA= gkell whelk 3 3ke] Fitness Valued AlAbsttt. ok
Al e wbE mapylo] BlE 3 Edwo] Bl & wel wak Wolsl =AW
ol FAIH U= Ad & Hde EF AAD wd7bA olF RbE £

S Aol AT £e] W ool thd g T FA

fn

T

2

4.1 92 H-]ZF (dy) I T2 F (x) ol tlsk Chromosome

®3

(1) YR P = (die)

iul
[
H
o,
ot
=
2
ol
G
jmy
=
(@)
=
(@)
w
©
=
D
=3
ek
flo
w
R
o,
i
1 d ‘h‘
b,
g
o
>
>
ofo
<
v

A ¢+ %7] Chromosomes A 4+ 3l

Z dikt = TDik' k = 1,--., M“ i= 1,-.., L,

t=Ej
dye =0, k=1,M; i=1,L; t= Ey, Ly,
dixe =0, k=1,M; i=1-L t=1-E;—1,
dixe = 0, k=1,M; i=1-L t= Ly+1-T,

9 Aeke HMolubA] o= A AL 7] Chromosome A W&

Step 1. AF i¢ kol sl Ex ot LgEs Hodus A1E t9 di: 8
e 0o0x dAsirt.
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Step 2. AFE % 7o kol viell Ey ok Ly BloluA o= AA 9
die & 3 5 7F8 A A AA Eg ol disl 0 FE TDy
Abol €] Fh& ot

Step 3. (Eyp + DFE (Ly — 1) Al Apo]o] ke dAA o=
Ads TPt s wW 0 FH o Aol dESE I
QA @k ¢ o g o 2ok

TP
@ = TDy — Z dike

rlr

t=Ei
Step 4. A3 Ly @2 o= 2t
Lig-1
TDy — Z dike
t=Eig

(2) T2
Tl dgk Chromosome &> 0-14kS 714 22919 o]z wl
AE AHEETh A FHE LH T Xy #8 Chromosome 7] ofd

Kol U8 RS qelsholat FeH 2.

D HAMEE dydF Bo] 379 A A AL g el EdE Y]
ol FEe] ek B o] EATA Qe ol A s
g S7h e WA Ha oolE dE e RS vasHow U

2) FEFL 2FH) AT AFIUE WS BAL vuA 9w
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Z mt+ Ilt 1~ Z dlkt = Ilt! i = 1,...,L; t = 1,...,T,

keM;
xintZO,IitZO k:1,...,Mi; l:1,,L, t = Lik+1r'"rT7

9] AekS "lojubx] k= FEE %7] Chromosome A e o}

&3 et

Step 1. 7} A& i 2 A A to] gt 2 Chromosome®] 0 E+ 19
® 5 dHHA sl ghe dEIh

Step 2. 7} Al iol Wal]l HARFZo] HEx= ga 7= 54 AlA
p olde] olgyl FE=9 Chromosomeo] 25 0ol p

Al A o] FE=F ChromosomeS 19 ko & <A 3sic},

olglA JHHE FE2O] Chromosomedte thgol AN F4a3
s st AY g G357 Fitness Values 7AlAbetr] $1s8 4
M Zho % Decoding #4e]l 278tk Decodinge $13 W42 o

4w

Ao A4 ALE W FOFS WEFE by 4L

[011001]
[100110]

[L00001]

[010010]

<33 4-2>x,,°| Chromosome HE§
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E9)
ofr

42 2EAF TIL A Add G FuYF

=

1% JHE s e FEY x o gol dAnons A% 3
F oxme o B ARNE] flel v 22 dugEs At

2381}, FEF x, 0 R Ze g 5SS 7 22
ANE 2] eETYY En]Le UC, o e AXEtL FEE x, 9

g 2 AP FESFS P AP FE nol A UGS 4 9

Step 1 :if (x;; = W,) {
A EEAT UL UCy = Ane/Whpe

} else {UC;; = BigM}

ARR UG A BT MRS g AP FHD
UGy 9 & 7R A W7k 27 olgeleka el £ Abse %
o ol 71 A4S AF FElE A=k I F A9 FF o) g 3

—d

4
+% P8 5 oAdgn Agor 58 o

.

+5 T8 A FEFNA Axtetn o5
Qo|Edth, JElolE x5 0) gto] BE A% F8 T 2L 5%
FS A= 28 e Aol Step 302 ok b’ Step 12 7HA

Al WEE g,

Step 2 : Lowest (UC,)Q) 21 S| pE A€

if (x;e = W,) {

At o, A 7D p olE T oy, v U 22U
tp = [%ie/ W
update x; < xir — (Vep X W)
if (x;; = Lowest(W,))) {
go to step 1
} else { go to step 3)

} else { go to step 3)

- 19 -
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Step 3 o 4% =7 F
u o Akl ofnl 2 F e AR E Abehs deitt
A UGy, #tel obd A= shute] ol 8 7hAo] 7bd 22 A GHE A
gekal AeE AR FEjrE ol AdEE Hol glvhu AlMtE AR

& 7ol 12 Usta ohlehd @A A e £AE 1= Fok

Step3 : Lowest(4,) % & Fej z & A g
if (p=k) {
Yep T [xie /W]

telse { yi = [xie /W, 1}

o] w3 whgromn Aatel o) AEe golshu Azlasl vwal
of B u) 3] Aok BE ATH & Ak wheb S5 HE BEA

WA G Ripe & = TR
for (i=1,i<L i+ 1){
for (t=1,¢t<T, t+ DA
for (n=1,n<N,n+ 1){
Rint = Xing mod W,

Eine = Wy — Rint}}}
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Step 2: 57 ANA kol A&l a3 £ HH= T
for(t=k-1,t>0,t- DA
for(n=1,n<N,n+ 1){
f(Ripge > Eine) {
if Max (1)) {
Xint T Rink
Xink — Rink
for(t = Max(t), t >k, t + 1){
lic + Rink
for(t =k, t> T, t+ 1){
Le BV
b}
Xint = Xint
Iy = 1%
;)

Step 3 if, (A [Zhy e IWi] + hili > Ap|Zh s xie /Wo| + hueli){
for(t=k=1,t>0, t— 1){
for( =1, n<N, n+ 1){

Xint = Xint
Ly = I,
br

else {

Xint = Xint
Ly = Iy
}
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4.4 1w xFHol (Crossover)

(1) YW B % (dye)
AL DA dy = (df). do = (dFie)E A3 et ol wH
Wolg

Step 1: 7 Mo AANBE P= (i) , Q= (qu) = A -
Pice = |(diie + df)/2] and e = (dipe + dfr)mod 2.
Step2: &4 Q& F /MY ¥4 @, , 0, & =&
Q= Q1 + Q2
where, qukt qukt for Vi
Step 3 Th=3 7‘01 7H«1 AAEdidy = A
di = Ppiet Q1 and d5 = pye + Q2

wzakio]l & Zk Aol s gAamd gl HE2E S A 54
A p oldel dHE FE%e Chromosome©] 55 0°lgtd p Al A9
TF% % Chromosome 19 #Ho= FASL. ol FAHSHA &S H-+

AFS Holha Aast L4 M A7 WS Ak

=22 -



x; = [01/1001] x, = [01)0100]

[10[0110] [110100]
[10/000 1] [010101]
[01joo10] [1141001]
il
x*; =[010100] x*, =[011001]
[100100] [110110]
[100101] [010001]
[011001] [110010]

<18 4-3> x;, 2] Aol W

4.5 = Aol (Mutation)
(1) Y23 2 (dige)

Yo Y &l gt o] 39 o= <1 4-4>9 gt

P &\ F >

o TR e [ o> 0 15| §[s {0 o folofof2]ofo]

o|loflo]3]o [ J\

10/030|0|o0]fo0 A% \\

olo|2s]|0|o0]o o|o|o[_30_|o|o||/|0|0|0|3o|o|o|

o|lo|lo]2]5 |20

o|lof3s]|o]ofo &F =~ —L/
\|o|o|35|o|o|o| l[o[o]o]o]o]ss]

<18 4-4> d;, o axpAo] W

il

R EIOE EINEIFE RS SSsE E AR
0 el BE Ao wus Wyl

(2) T2 ()
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=dwo] FEo mEt Aol Genes AB 3] Genell kol Oolztd
12, 1o1thd 09 #es st mapoleh mzt7iAZ 72 AlF o
sl sy de]l Hx2 ga 7= 54 AlA p oldd ige F&
&9 Chromosome©°] EF 0¢]gtd p A|FY F#% Chromosome< 1

o] gto 7 FA 3}
4.6 Ranking A 8¥-& &3t Selection

71E Mgt wxb¥o], =dAwoe]l gEe] wet AAPE 2 Al
Fitness Value#tS @2 =AU Z <=9 = wAA Population® <HF th
= At FRE|7t fo,

- 24 -
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rO
i,
Jo
2
e
&
iv)
AN
2
)
=
oX
olr
B
1%
o
S
%
vl
o
B
iy
rlo
>
fuieu)
EN

N

(D) A7 (DS 12, 15, 1859 37HA = Ftoh,

(2) AFEF )= 3,5, 75937HA= g},

(3) A= (N = 3,5, 759 37HA = Fh}

(4) FFAZE (Window) > 3, 4, 559 37HA =2 3},

(5) ZF AE, NE Fodd et FFF(TDy)E 3,5,7,9, 1159 5714
2 3L, Ny o) e WEth
D B pys 75 EE U000, 250) S w24,
2) 2FAA ofE 50%° FEZ uy St wy /55 Gk

3) AB7gtel12¢ WE FQE 3150 = alel skl Al ¥ 7] 7o]

1
W35, 7, 9% adskn AL7e] 182w 3,57, 9, 1%
selste] A37|gke] Aol = £ A5 wdk FrEF @
o},
6) 2t AE, A A G2 A LG AN S (he) S 1,09 gHow Tt
i,
(7) 2+ AF, 2 AR BE I H (K F AR F g (5,) ]

=
# o 2
D Ky = TW§ X /2
2) Sy = TW X py./3
AZIA TWys BFEAIPES 2]t
8) Z+ AFE, 2+ Aol wE Fmiul 8 (P) oF A3 ¥ 8 () o 32
3

Kit
100

1) Pit =
Si
2) Cit — ﬁ

(9) A AA G W) A = Nl wheh the ) o] et
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1) N = 3: 150, 250, 350
2) N = 5: 150, 250, 350, 450, 550
3) N = 7: 150, 250, 350, 450, 550, 650, 750
(10) 59Uy AAEF W)l wet vhe3 o] 2714 392 gt
1) A A= vld (W, x2) — Uniform:
300, 500, 700, 900, 1100, 1300, 1500
2) A A&k vldste] AW, x 2 x (W, —W, x0.1) — Decreasing:
300, 450, 630, 810, 990, 1170, 1350
A gl vlaEste] F7kske A9 =FHlol skl thE Aok
F7HE A e ol M AL AAEHe THA= Aol 7MY W
#e +FHE AARE BE FES 7MY A AAEEFS A=
RS o] A FS A #rh o A ugd A% FHE
7= EAE ddsterdm7t AR ERE kA o=t
(11) 71 713 Adxde] disf 3 742 Az 25 A7 Hs
A4S f18 A5 3 7He AHFE L tist BwoE EAES

(12) & A=Edelds AsthAbgs AFE L A g

CPU: intel® core™ i5 — 3570

RAM: 8192MB

Virtual Memory: 1028 MB

A718 e A¥xAS ntg o R ARjbe Fyay daudEe] a8

= ASSH $] 5o A P T EEL  OPL (Optimization
Programming Language) < ©¢]&3slo] 2El® 31321, Solver Engine<
ILOGAFS] CPLEX 1255 ©]&33ith vst tAsS tde= ¢ 49
oA, A3 AtEH HAFHY AIYO=E o]de AFEHT= Hoh & 4f
mo FAES dE e T Ao T = 1801 L = 7ol A
g HAe o] AE2 A HFEH AMAIEY ARl e RAMEF
872 =7Fsstlth. CPLEX3 7] Aol = 2 =M thaat ab=

b

.

lm

-
3_
%

1o

- 26 -



Fe o] =FdHTAZEAE Branch & Bound WS o] &3t HA &
9lo], o] AL o]gslo] B w45 500,0000.% A|FHA7] 1

w742 2] A (Best Solution) & 2kl whebd, F4d a8 F9

e ATshl fs w1 dudse] siet A pel HAd (Best

Solution) & HFgFgke] v, 1ea 3 darelFel sjek £A P
Tk s okl VIEE ol

Ayae) ARNLE Musgch %9 F

gobel vt

Gap 1= (Zga 1~ ZcpLEX) % 100

ZCPLEX

Gap 2= (Zga 2~ ZcpLEX) % 100

ZCPLEX

0%7]}‘1, ZGA_1 = }—78] 1

Zoap = A% S ¥ 24 <&
= el S =Eot <~ 18
Zcprex = Branch & Bound =55 500,000 2 A|gtste] Al=

= H A3 (Best Solution) 2] &7 g-4=4k
sl ASRAL gsk Hlaw oA CT(Sec)® GT(Sec)= oS3}
2ol Aeojsty AAF A 7Fe] w2+ Z(Second) ot}
CT(Sec) = CPLEXE o|&sto] Alabst 4] Pol HAds) el At
Al ZF

GT_1(Sec) = =4 ¢

GT_2(Sec) = =74 <1z

Jo
M
o
|
A
1o
D
@
=S
@
=
&
o
=]
Mol
Ty
rlr
Jo
’



=

S AR HAAE e ghe Blaske]
HA < Generation3 % votdtth <& 5-1>0)A4 9 o]l 5000W ¥}
7,500 9] Generationg &% A4k vl 4 F AlAE AIBE ZEA A RE
CPLEX9] Solution #¥+= =ko]7F AT 12,500 Generations &3
A T 7FA S dlolE oA 10,0009 9] Generation® U= F2 ks
ok o Lt ARk QL ALAIZEE] FrbR vlaaAolet kst {4 ooy

Z9] Generation 34 10,0000 07 A% 33t}

S %3 Generation3lg o

<® 5-1> Generation 30| & FH Z1n2|F9 A4AIZtD M8 H

Generation | Products | Periods | ShipMode| Vtypes | Demand | Window | CT(Sec) | Gap 1
3 155 | 540%

3 18 Uniform 3 3 4 183 | 6.85%

5 155 | 7.39%

3 105 | 2.24%

5,000 B 15 Decreasing 5 3 4 24.1 143%
5 262 | 1.95%

3 266 ] 0.33%

7 12 Uniform 3 3 4 358 [.5.69%

5 292 | 2.12%

Generation | Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | Gap 1
3 232 | 470%

3 18 Uniform 3 3 4 275 | 6.26%

5 233 | 643%

3 157 ['1.13%

7,500 5 15 Decreasing 5 3] 4 36.1 0.39%
5 393 | 0.87%

3 399 [ 0.30%

7 12 Uniform 3 3 4 53.7 | 520%

5 438 | 1.96%

Generation | Products | Periods |"ShipMode | Vtypes | Demand| Window| CT(Sec) | Gap 1
3 31 4.70%

3 18 Uniform 3 3 4 36.7 | 5.96%

5 311 | 643%

3 21 1.08%

10,000 5 15 Decreasing 5 3 4 48.2 0.37%
5 525 [-0.83%

3 532 | 0.29%

7 12 Uniform 3 3 4 716 | 4.95%

5 584 | 1.87%

Generation | Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | Gap 1
3 387 | 470%

3 18 Uniform 3 3 4 459 | 5.66%

5 388 | 443%

3 26.2 | 1.08%

12,500 5 15 |Decreasing 5 3 4 60.2 | 0.37%
5 656 |-0.83%

3 66.5 | 0.29%

7 12 Uniform 3 3 4 89.5 | 4.95%

5 730 | 1.87%
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<# 5-2> L =3,T=12 Mode = Uniform & Ij, CPLEXQ} §H ¢1n2|Z9| Hu

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 147 173 211% 1945 0.00% -211%
3 4 131 19.3 3.55% 21.08 145% -207%
5 182 173 4.09% 19.15 2.99% -1.07%
3 125 16.8 0.83% 18.85 0.00% -0.83%
3 5 4 113 16.2 4.81% 1811 3.01% -175%
5 127 213 4.99% 23.20 0.89% -4.06%
3 90.5 213 6.34% 2327 5.94% -0.38%
7 4 154 192 3.33% 2134 1.53% -177%
5 133 2238 3.96% 24.89 2.76% -117%
3 138 314 6.33% 3446 0.00% -6.33%
3 4 46.1 343 371% 3747 361% -0.10%
5 215 30.0 1.87% 3299 167% -0.20%
3 521 419 024% | 4484 0.00% -0.24%
3 12 Uniform 5 5 4 679 29.5 4.08% 3293 1.88% -2.16%
5 323 26.6 6.38% 29.96 1.78% -4.52%
3 12.0 320 1.65% 35.07 1.35% -0.30%
7 4 109 328 247% 36.30 2.27% -0.20%
5 110 324 6.44% 35.80 6.34% -0.09%
3 138 436 112% | 4779 0.72% -040%
3 4 20.2 45.9 443% 50.63 1.23% -3.16%
5 387 325 4.57% 36.75 297% -1.55%
3 518 534 142% 57.59 142% 0.00%
7 5 4 86.1 48.6 179% 53.53 0.89% -0.89%
5 376 29.7 5.80% 3410 3.60% -212%
3 189 56.6 3.02% 60.75 0.52% -249%
7 4 169 36.0 132% | . 40.69 0.00% -132%
5 204 387 091% | 4281 0.00% -091%
Average 29 314 3.39% 346 181% -1.56%

o}, 3EelA Solution Gapf] gko] 581 A= Ajtd Fd &g
AbEE 7 =R <)
Solution) 9] #HETH £ ZFfolt} Hithz kel A9+ Aoty HAs
Solution Gap®e] 3
2 =509 #ho] Uniform¥d @, GAlo] 3.39%°]1 GA27} 1.81%°]
o 24 dugEE AEToE A oF 1.56%FE £ ME GAZ2VL
zrolz=t}. Decreasing?d W&, GAlol 3.70%°11L GA27F 2.10%°]t}.
GA19} GA29] #poli= —1.58%°lth. CT# GT_1, GT_2 = i 1
T uwte g Axke] A8 EE= Algbo]l 2 Holvh EIE wAlS RV

g 22 ZAME CT fEY GT_1#8 Fo] 2xelM 7T24%

i
o
o
o
o
S
S
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H 29 E ZS B $ 9 GT_29 A% =4 dugFel Aitel ¢
AQEERE 3oA 9% & ¢ A¥rh

<¥E 5-3>L=3,T =12 Mode = Decreasing ¥ [}, CPLEX 2} §F ¥ 1Z|EF2| H|u
Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl

3 10.0 17.2 371% 192 321% -0.48%

3 4 110 193 1.50% 213 0.90% -0.59%

5 124 17.0 1.05% 19.0 0.55% -0.50%

3 8.6 16.8 211% 188 0.00% -211%

3 5 4 10.1 16.1 440% 181 3.90% -0.48%

5 8.6 213 5.35% 233 3.05% -2.23%

3 70.7 21.7 4.02% 235 342% -0.58%

7 4 14.0 19.2 5.92% 211 0.62% -5.27%

5 114 22.9 2.15% 25.1 175% -0.39%

3 9.3 30.8 6.40% 343 4.50% -1.82%

3 4 327 339 1.00% 36.8 0.90% -0.10%

5 17.0 29.6 1.88% 327 178% -0.10%

3 43.8 41.9 4.96% 449 246% -2.44%

3 12 Decreasing 5 5 4 58.5 29.9 6.25% 327 5.65% -0.57%

5 30.7 26.8 5.27% 302 237% -2.83%

3 10.1 32.0 2.24% 356 1.24% -0.99%

7 4 10.8 321 191% 353 1.01% -0.89%

5 10.2 321 6.25% 356 3.05% -3.11%

8 116 44.0 249% 483 2.09% -0.39%

3 4 135 46.2 4.94% 50.7 0.00% -4.94%

5 273 321 2.15% 36.5 0.00% -2.15%

3 45.5 54.0 3.09% 58.6 149% -1.58%

7 5 4 79.0 48.2 6.28% 532 4.28% -1.92%

5 336 29.8 6.13% 34.0 3.23% -2.81%

3 14.2 56.8 2.65% 61.5 0.00% -2.65%

7 4 144 364 1.50% 40.5 110% -0.40%

5 17.1 382 436% 432 4.06% -0.29%

Average 24 313 3.70% 346 2.10% -1.58%
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<# 5-4> L =3, T=15 Mode = Uniform & Ij, CPLEXQ} §H ¢1n2|Z9| H|u

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 107 225 0.86% 247 0.56% -0.30%
3 4 53.3 309 2.73% 331 1.53% -1.18%
5 126 338 3.81% 36.5 2.81% -097%
3 40.0 321 0.79% 346 0.69% -0.10%
5 4 43.0 309 0.02% 331 0.00% -0.02%
3 5 19.8 2238 4.34% 249 0.74% -3.57%
3 26.8 241 0.54% 26.6 0.00% -0.54%
7 4 243 29.1 6.19% 313 1.19% -4.94%
5 125 305 0.83% 328 0.00% -0.83%
3 322 26.1 2.60% 286 130% -1.28%
9 4 49.2 315 1.60% 340 0.00% -1.60%
5 55.0 331 2.60% 355 130% -1.28%
3 259 307 4.94% 347 414% -0.77%
3 4 232 311 0.39% 352 0.00% -039%
5 534 48.3 6.21% 52.8 161% -4.53%
3 139 355 2.69% 394 1.59% -1.08%
5 4 293 33.0 3.09% 371 1.09% -1.98%
3 15 Uniform 5 5 89 284 5.76% 323 446% -124%
3 1587 522 3.55% 56.5 1.85% -167%
7 4 243 273 3.04% 312 144% -1.58%
5 273 276 2.09% 320 0.00% -2.09%
3 904 56.7 0.60% 610 0.60% 0.00%
9 4 59.2 296 1.90% 333 1.60% -030%
5 627 30.0 1.80% 34.0 0.60% -1.19%
3 239 251 1.95% 305 1.65% -0.30%
3 4 183 36.9 6.29% 425 2.19% -401%
5 41.2 339 4.93% 394 373% -1.16%
3 63.6 464 0.74% 525 0.54% -0.20%
5 4 532 46.6 0.55% 518 0.55% 0.00%
7 5 386 394 3.97% 454 0.00% -397%
3 26.1 206 2.73% 258 2.33% -0.39%
7 4 26.6 30.0 0.21% 355 0.00% -021%
5 199 385 0.83% 44.8 0.73% -0.10%
3 313 24 1.60% 277 0.00% -1.60%
9 4 320 325 5.00% 386 3.70% -1.25%
5 639 41.8 2.90% 47.2 0.00% -2.90%
Average 39.6 331 2.63% 371 1.24% -138%

<E 5—4>3 <3 5-5>+ Awe F7 L) 7F 37k 0laL, & ALV
o] 152 A9 AlE#HlA Aot Solution Gap®l it %19
%ol Uniform® wl GAlo]l 2.63%°]1, GA27} 1.24%°] xtol5 7FXIth
Decreasing® w, GA1S 2.71%2 GA2: 2.10% %2 7}7t}. Solution
Gapel 0%<! 7%, CPLEXelA AAte #e} #d duglEs S Aitd
7t 25 HAdE gt wad & olrh Ao o GA1S AlXkA
Il Al Solution Gap©] 0% A+ “&7 WA GA2S, =4 &
TYES AE3 3o HAME =EL Solution Gapo] 0% A7F A+ B
otk Atel] 2QEE AZFS T = 129 wjrrt =3 Z7tak &gt
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it 13 vlgte] Aatke]l #Hoh vz =, A2 527 vl
22 CT#¥ GT_1, GT_2¢ gto] & #fol= Qivta st
s TAS] R 228 TS wl, AARAZEe] Wyt 248

A97F 15 wFA,

rir

<¥ 5-5> L =3, T =15 Mode = Decreasing & [}, CPLEX 2} §F ¥1Z|E2| Hlu

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 354 222 5.91% 24.9 231% -3.52%

3 4 426 311 6.17% 337 157% -4.53%

5 28.8 337 4.44% 36.0 0.00% -4.44%

3 27.2 320 431% 343 251% -1.76%

5 4 336 30.7 4.04% 332 0.00% -4.04%

3 5 192 22.7 0.16% 253 0.00% -0.16%
3 20.5 24.5 1.72% 26.6 142% -0.30%

7 4 186 29.5 0.83% 322 0.00% -0.83%

B 93 30.7 0.46% 33.0 0.00% -0.46%

3 A 260 1.64% 28.7 0.84% -0.79%

) 4 393 318 4.09% 339 0.00% -4.09%

5 44.0 331 442% 35.8 0.00% -4.42%

3 192 306 1.01% 34.7 091% -0.10%

3 4 1955 304 1.10% 34.1 0.00% -1.10%

5 407 481 4.80% 52.6 0.00% -4.80%

3 129 354 1.14% 39.6 0.94% -0.20%

5 4 28.38 335 3.99% 373 259% -1.36%

! 5 71 284 4.61% 323 201% -2.55%

3 15 Decreasing 5

3 1102 515 2.54% 55.6 1.24% -1.28%

7 4 169 273 1.52% 311 0.00% -1.52%

5 235 279 1.15% 319 0.55% -0.60%

3 723 25.0 2.34% 29.4 1.24% -1.09%

9 4 474 294 2.00% 33.0 1.80% -0.20%

5 50.2 293 0.40% 333 0.00% -0.40%

3 211 253 261% 309 091% -1.68%

S 4 14.8 373 330% 432 2.90% -0.39%

5 280 335 219% 39.2 0.59% -1.59%

3 55.8 469 2.79% 53.0 0.00% -2.79%

5 4 386 457 6.35% 52.0 435% -1.92%

7 5 322 385 0.76% 44.2 0.00% -0.76%
3 176 203 3.38% 25.6 0.78% -2.58%

7 4 249 29.5 042% 355 0.00% -0.42%

5 16.0 383 3.60% 44.3 3.10% -0.48%

3 25.0 269 0.44% 324 0.00% -0.44%

9 4 456 306 3.33% 364 243% -0.88%

5 511 40.8 342% 46.5 142% -1.97%

Average 323 322 271% 363 101% -1.68%
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<H 5-6> L =3, T = 18, Mode = Uniform & Ijj, CPLEXQ} §F ¥¢1n2|ZFo| Hlm
Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl

3 283 310 4.70% 340 240% -2.25%

3 4 20.6 36.7 5.96% 39.3 1.56% -433%

5 251 311 6.43% 342 3.33% -3.00%

3 2238 19.3 0.67% 225 0.00% -0.67%

5 4 1333 364 043% 391 0.00% -043%

5 113 29.7 4.20% 326 2.40% -176%

3 764 389 5.72% 420 5.52% -0.19%

3 7 4 232 30.1 0.63% 329 0.00% -0.63%

5 76.8 345 3.43% 377 2.03% -137%

3 417 422 2.70% 454 2.60% -0.10%

9 4 279 326 3.20% 354 1.90% -1.28%

5 92.1 374 6.40% 40.0 4.00% -231%

3 50.0 45.7 3.70% 49.0 2.70% -097%

11 4 335 354 1.60% 385 0.00% -1.60%

5 1106 40.6 2.30% 43.6 1.60% -0.69%

3 245 294 3.26% 347 2.16% -1.08%

3 4 107 304 2.29% 353 0.69% -159%

5 166 343 4.86% 396 1.96% -2.84%

3 182 29.0 6.41% 339 0.51% -5.87%

5 4 427 35.0 0.85% 399 0.00% -0.85%

5 86.8 50.5 0.18% 55.7 0.00% -0.18%

3 332 327 1.04% 380 0.00% -1.04%

3 18 Uniform 5 7 4 56.2 55.9 0.76% 60.3 0.66% -0.10%

5 342 40.9 5.98% 45.6 0.98% -495%

3 39.8 354 0.10% 39.8 0.00% -0.10%

9 4 675 60.7 4.80% 65.2 2.20% -2.54%

5 1411 443 5.80% 48.6 5.50% -0.28%

3 87.8 385 6.00% 43.0 240% -3.52%

11 4 81.0 65.8 1.60% 70.6 0.00% -1.60%

5 169.3 48.1 0.30% 532 0.00% -0.30%

3 237 3138 4.88% 321.2 1.58% -3.25%

3 4 874 63.2 2.90% 69.6 1.80% -1.08%

5 349 385 5.94% 447 1.84% -4.03%

3 48.7 40.2 0.07% 475 0.00% -0.07%

5 4 309 249 1.26% 311 0.66% -0.60%

5 91.2 304 3.20% 376 0.90% -2.28%

3 96.5 49.6 3.58% 56.0 1.68% -1.87%

7 7 4 45.6 436 033% 49.8 0.00% -033%

5 1533 602 1.92% 66.2 1.92% 0.00%

3 1158 53.8 3.70% 60.0 0.00% -3.70%

9 4 547 473 2.19% 54.1 0.79% -139%

5 84.0 65.3 2.69% 721 0.79% -1.89%

3 - 584 - 65.2 - -0.03%

11 4 85.7 514 0.27% 579 0.00% -027%

5 100.7 70.8 6.20% 78.1 6.10% -0.09%

Average 622 48.1 3.08% 529 148% -1.54%

<E 5-6>3 <& 5-7>2 AFe F7F L) 7F 37401, & AF7IH(T)
o] 189l %2 AlEHo]A AFo|t}. Solution Gapd 3
kol Uniform¥ w GAle] 3.03%°]1, GA27} 1.48%°]t}. Decreasing
A o, GA1Z 2.86%, GA2¢ 1.31%°] #& 71Xttt Hd o=z %)

9] %ol Decreasing®d W, 4 &daglFo=z 3k &9 gto]l ¥ =2 4
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HE JHAh olEet B Kotk F RS A E Fstth AAtel
2QFE A T = 159 wixth 1094 209 2 d= Stk o
o] [3] 9@l A7lo] A QA= okt A2 71kl (Tl 181 A%
CPLEX® @Rt GALl, GA29 ko]l £& A¢7F TF Hd=T 2004
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¢

<¥ 5-7> L =3, T =18, Mode = Decreasing & [}, CPLEX 2} §F ¥1Z|E52| H|u

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 194 307 0.31% 33.8 0.00% -0.31%

3 4 143 369 2.76% 39.6 0.00% -2.76%
5 195 308 5.52% 334 242% -3.03%

3 171 196 411% 224 391% -0.19%

5 4 6812 36.8 -0.05% 39.6 -1.55% -1.52%
5 9.0 29.9 3.09% 329 139% -1.68%

3 65.9 388 1.51% 42.0 0.81% -0.69%

3 7 4 iy | 29.5 5.69% 328 3.59% -2.03%
5 64.5 346 141% 376 121% -0.20%

3 333 417 0.88% 44.4 0.88% 0.00%

9 4 223 313 0.38% 341 0.00% -0.38%
5 737 B5.5 0.99% 381 0.00% -0.99%

3 40.0 433 040% 45.9 0.00% -0.40%

i 4 46.8 325 431% 355 0.61% -3.68%
5 88.5 46.8 1.12% 494 0.72% -0.40%

3 186 29.8 1.68% 34.2 1.58% -0.10%

3 4 93 309 132% 353 0.82% -0.50%
5 126 345 0.80% 39.2 0.00% -0.80%

3 164 293 0.51% 337 0.00% -0.51%

5 4 29.7 347 4.12% 39.6 172% -2.36%
5 754 496 0.58% 55.0 0.00% -0.58%

3 274 320 4.54% 36.8 0.84% -3.67%

3 18 Decreasing 5 7 4 473 56.0 2.92% 612 192% -0.98%
5 339 402 2.54% 44.6 2.34% -0.20%

3 319 3238 452% 375 332% -116%

9 4 54.0 503 4.13% 55.2 0.00% -4.13%
5 11238 424 3.23% 46.9 2.83% -0.39%

3 70.2 344 4.53% 393 243% -2.05%

11 4 64.8 529 2.23% 57.8 193% -0.29%
5 554 496 4.98% 539 0.88% -4.06%

3 1169 3169 6.49% 3231 4.69% -1.72%

3 4 76.0 64.1 1.15% 70.8 0.00% -1.15%
5 25.5 380 3.39% 45.0 2.89% -0.49%

3 36.6 402 1.64% 47.6 0.00% -1.64%

5 4 22.7 25.0 6.09% 321 4.69% -1.34%
5 276 304 3.04% 376 174% -1.28%

3 911 50.2 5.03% 564 2.83% -2.14%

7 7 4 30.8 439 5.80% 50.2 0.80% -4.96%
5 370 60.7 1.13% 67.7 0.53% -0.60%

3 92.7 526 4.03% 59.0 0.00% -4.03%

9 4 438 46.0 0.21% 529 0.00% -0.21%
5 1672 531 4.86% 60.0 3.76% -1.06%

3 80.6 54.8 3.33% 617 1.03% -2.28%

11 4 168.5 494 291% 554 0.91% -1.98%
5 2043 56.7 2.64% 63.0 0.54% -2.09%

Average 68.7 46.7 2.82% 514 131% -1.49%
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<# 5-8>L =5T=12 Mode = Uniform & Ij, CPLEXQ} §H ¢1n2|Z9| H|u

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 15.1 239 1.96% 26.8 146% -049%
3 4 25.8 189 0.58% 22.5 0.00% -0.58%
5 264 179 3.76% 215 1.86% -1.87%
3 204 233 1.35% 264 1.15% -0.20%
3 5 4 352 174 0.68% 20.8 0.00% -0.68%
5 412 359 6.08% 39.0 0.68% -5.36%
3 21.8 232 5.75% 26.6 215% -3.52%
7 4 483 204 1.57% 235 0.97% -0.59%
5 475 209 342% 244 1.92% -147%
3 1469 220 4.35% 273 4.15% -0.19%
3 4 1408 539 0.66% 59.8 0.00% -0.66%
5 3592 213 2.89% 273 2.19% -0.68%
3 494 241 3.99% 30.0 0.00% -3.99%
5 12 Uniform 5 5 4 1213 318 1.63% 373 0.00% -1.63%
5 12525 442 -4.00% 494 -5.92% -2.04%
3 1240 326 3.88% 375 2.68% -117%
7 4 80.7 358 1.28% 412 0.00% -1.28%
5 64.5 187 2.24% 23.6 0.00% -2.24%
3 309.6 58.6 3.52% 65.3 2.62% -0.88%
3 4 8564 394 -348% 474 -4.64% -1.21%
5 8635 504 -2.34% 58.5 -4.00% -1.73%
3 802.9 359 -1.16% 433 -2.94% -1.83%
7 5 4 5747 60.2 -342% 68.3 -5.26% -1.94%
5 1136.5 456 -1.37% 532 -167% -0.30%
3 - 59.0 - 66.1 - -0.18%
7/ 4 4212 837 3.65% 904 2.55% -1.07%
5 766.7 49.6 -5.35% 573 -6.96% -1.73%
Average 321 359 1.24% 413 -0.27% -146%

58> <X 5-9>2 AlFEY FH@)7F 5 7HAClL,/F A"
(T)o] 124 54 AlEgdeld dxeltt. Solution Gap & 2 54|
°] ol Uniform. @ w~GAl o] 1.24%c°lal. GAZ 7} -0.24%,
Decreasing @ w, GA1 21.14%, GA2 7} 0.84% S 717t} Alate] &
Q5= AR CPLEX & AAMAZES Rla s Fds] S7He s Hols
ok AA AFS] FROL) 7 HEkshe] whel AAE Algbel] et dFs F
the Z21& o0& dlolE gelA e Febd 5= Sl uigolvh. ey GT I,
GT_2 & #2 AlEe] F7 @) 7F 3 7FAo] 1L

mo EAl} ARAIZEE HlwE] Hoks w F7tst &
o = Qrh 3 go7 HoAE FAFEHE 2Eo F$E Astaus
GT 9 gto] whE AR 7HAW 245k Feprt 7 3
FEAIZE ] 39 7]7S 7FA w) CPEX & Aol Fo3d Wrgo B
o7 5 A Esh= BEES B T AT <F 5-8>3 <FE 5-9>0lA



'—y i CPLEX = HAal5 24 2& 45 oriar] B HelA &
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<HE 5-9>L=5,T=28 Mode = Decreasing & [}, CPLEX 2} §H ¥ 12|E529| Hlu

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 131 239 0.06% 27.0 0.00% -0.06%

3 4 232 187 0.15% 219 0.00% -0.15%

5 204 182 132% 211 0.62% -0.70%

3 16.5 23.5 0.95% 26.7 0.75% -0.20%

3 5 4 281 175 5.02% 21.0 3.82% -1.16%
5 385 363 6.04% 394 2.94% -3.01%

3 198 233 367% 26.3 247% -117%

7 4 36.1 20.1 265% 232 1.95% -0.69%

5 328 212 213% 24.5 1.93% -0.20%

3 411 21.6 527% 27.6 137% -3.85%

3 4 1257 527 4.00% 58.6 2.10% -1.86%

5 426 213 6.04% 26.5 3.94% -2.02%

3 49.0 239 332% 29.0 2.82% -0.49%

5 12 Decreasing > 5 4 912 317 6.06% 36.5 4.36% -1.63%
5 1562.0 44.8 -1.88% 50.5 -217% -0.30%

3 96.1 319 1.88% 378 0.00% -1.88%

7 4 279.2 352 111% 409 0.81% -0.30%

D 1436 19.0 3.60% 24.6 3.50% -0.10%

3 2243 573 537% 64.0 0.00% -5.37%

2 4 793.0 386 -4.61% 45.8 -4.61% 0.00%

5 6124 511 -2.01% 583 -2.60% -0.60%

3 2428 36.1 3.85% 444 0.00% -3.85%

7 5 4 419.5 599 4.61% 67.8 3.81% -0.77%
5 7893 455 -4.82% 537 -5.87% -111%

3 - 58.1 - 65.5 - -0.01%

7 4 3397 82.6 3.65% 90.5 3.35% -0.29%

5 6725 493 -2.70% 57.0 -348% -0.81%

Average 260 357 211% 411 0.84% -1.21%
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<®E 5-10> L =5, T =15 Mode = Uniform & Ij, CPLEXQ} &M ¥¢1n2|&2| H|u

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 2416 209 0.77% 25.1 0.67% -0.10%
3 4 407 272 4.91% 310 271% -2.14%
5 36.6 235 2.15% 27.2 0.00% -2.15%
3 3819 447 247% 49.0 0.00% -247%
5 4 263.2 349 2.19% 39.1 1.89% -0.29%
3 5 6416 241 -2.55% 284 -3.82% -1.32%
3 104.6 377 6.14% 418 4.94% -1.14%
7 4 519 275 5.27% 318 3.17% -2.04%
5 1035 444 2.95% 48.0 0.00% -2.95%
3 55.5 409 3.90% 452 3.80% -0.10%
9 4 623 29.8 5.20% 343 2.50% -2.63%
5 1242 481 2.70% 525 0.80% -1.88%
3 6654 321 -211% 39.0 -2.99% -091%
3 4 599 243 3.89% 315 0.00% -3.89%
5 18514 419 -0.39% 485 -139% -1.01%
3 83.7 30.0 5.23% 36.0 3.83% -1.35%
5 4 711 218 0.86% 293 0.00% -0.86%
. 5 629.8 299 -042% 371 -191% -1.52%
5 15 Uniform 5
3 1044 346 3.06% 40.8 1.46% -1.58%
7 4 3776 322 5.25% 385 3.05% -2.13%
5 2535 358 3.70% 418 1.10% -2.57%
3 1253 376 3.20% 44.6 0.00% -3.20%
9 4 4531 349 2.40% 420 1.70% -0.69%
5 3042 389 6.50% 459 4.30% -211%
3 1456 46.8 2.75% 56.9 2.55% -0.20%
3 4 1667.0 86.0 -2.16% 95.7 -3.73% -1.63%
5 4711 87.0 1.44% 95.6 0.00% -144%
3 7909 816 -041% 90.6 -1.90% -1.52%
5 4 879.9 47.0 -5.69% 573 -7.10% -1.52%
7 5 7247 781 -3.93% 88.2 -3.93% 0.00%
3 12633 731 -4.84% 82.1 -5.13% -0.30%
7 4 1489.1 56.3 -1.37% 664 -1.86% -0.50%
5 - 459 - 543 - -0.66%
3 15159 793 -5.89% 883 -7.49% -1.73%
9 4 1786.9 61.1 3.80% 70.0 0.00% -3.80%
5 - 49.8 o 60.1 - -0.88%
Average 5242 44.2 1.50% 509 -0.08% -1.53%

<E 5-10>3 <% 5-11> AFY F=7F ML) 7F 57HAola, AE7|3F
(T)o] 152 A2 AlEdo]Ad Axjolt}. Solution Gap? HS 44|
o] Zko] Uniform¥ W GAlo] 1.50%°]1 GA27} —0.08%, Decreasing

o W, GA1&1.30%, GA27} —0.14% kS 7FAth AAbe] A2Q5= A

_

)
)
Zobeglon CTR3 GT_1, GT_27k8 37 Z& Fdah 2ol7t

72 kA FAE At v)sest Aoz V)to] FkE| kel AAEA]
7=

S ¢ 5 9tk AWEA © 2 ShipModeZ} Uniform¢l 79 AAke] 422
He A
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ShipMode”} Uniform, 25 JE|7} 7&7, 271 77HA], &A1) 5

9] 717+v& 7}A ] CPEX7) & 2HA] &3k 2458 E2 5 9ot}

<R 5-11> L =5, T = 15, Mode = Decreasing & Uj, CPLEXQ} §H ¥1zZ|F2| H1

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 2323 20.6 173% 249 0.93% -0.79%

3 4 281 26.7 4.94% 304 2.24% -2.64%

5 26.2 23.8 330% 27.8 0.90% -2.38%

3 869.0 439 -2.12% 477 -2.81% -0.70%

5 4 559 349 6.07% 394 1.97% -4.02%

3 5 304 243 5.79% 28.5 0.79% -4.96%
3 91.0 382 0.13% 418 0.00% -0.13%

7 4 374 27.7 546% 313 4.36% -1.05%

5 100.5 445 0.53% 48.5 0.00% -0.53%

3 444 40.1 3.38% 446 2.78% -0.58%

9 4 499 384 179% 423 1.69% -0.10%

5 994 45.8 349% 497 0.99% -2.48%

3 1023 318 379% 385 1.89% -1.86%

3 4 4587 245 312% 315 3.02% -0.10%

5 1183.3 422 -540% 483 -6.44% -111%

3 741 29.6 419% 35.8 2.29% -1.86%

5 4 56.0 22.0 547% 284 1.47% -3.94%

. 5 2109 294 391% 36.1 0.00% -3.91%

5 15 Decreasing 5

3 924 349 0.07% 415 0.00% -0.07%

7/ 4 2534 321 047% 396 0.00% -0.47%

5 239.1 352 497% 418 4.07% -0.86%

3 1003 36.7 -2.87% 439 -413% -1.32%

9 4 3625 333 172% 394 0.00% -1.72%

5 2433 373 0.52% 436 0.52% 0.00%

3 659.9 46.6 -0.96% 554 -2.35% -142%

3 4 14884 85.2 -0.05% 94.0 -1.85% -1.83%

5 945.6 87.1 -4.27% 96.5 -5.71% -1.52%

8 4380 829 0.95% 92.7 0.00% -0.95%

5 4 814.7 472 -3.69% 572 -4.65% -1.01%

7 5 895.1 76.6 -0.15% 87.1 -2.05% -1.94%
3 11381 72.8 -0.70% 81.8 -1.89% -1.21%

7 4 1086.9 56.6 -0.07% 66.3 -137% -1.32%

5 945.0 455 -2.98% 554 -2.98% 0.00%

3 12127 56.0 1.95% 64.8 0.55% -139%

9 4 1429.5 59.1 0.68% 679 0.00% -0.68%

5 1800.6 484 162% 56.8 0.82% -0.79%

Average 4971 434 130% 50.0 -0.14% -1.44%
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<®E 5-12> L =5T =18 Mode = Uniform & Ij, CPLEXQ} §H ¥¢1n2|&2| H|u

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Sec) | Gap 2 | Gap2-Gapl
3 5644 318 -3.33% 36.5 -5.07% -1.83%
3 4 366.0 169.1 5.18% 1736 3.58% -1.54%
5 3941 354 1.28% 40.7 0.00% -1.28%
3 4864 30.6 0.72% 357 0.72% 0.00%
5 4 - 198 - 243 - -0.74%
5 19238 417 5.23% 47.0 5.23% 0.00%
3 1439 22.8 1.02% 27.5 0.00% -1.02%
3 7 4 744 299 0.82% 349 0.00% -0.82%
5 2415 462 1.91% 511 0.00% -191%
3 426 24.7 5.60% 29.2 2.70% -2.82%
9 4 89.3 325 2.00% 377 0.00% -2.00%
5 89.8 50.1 0.80% 54.6 0.00% -0.80%
3 511 26.8 6.00% 316 4.30% -1.63%
11 4 1072 352 1.90% 39.8 1.60% -0.30%
5 97.8 543 5.40% 59.2 0.00% -540%
3 75.7 210 5.59% 29.7 4.99% -0.57%
3 4 3517 481 1.61% 55.5 131% -0.30%
5 1216.0 537 -0.60% 62.5 -2.59% -2.04%
3 2793 56.5 0.97% 64.7 0.77% -0.20%
3 4 - 793 = 874 - -0.09%
5 3430 364 4.74% 438 2.24% -245%
3 7518 65.9 -3.25% 74.0 -5.09% -1.94%
5 18 Uniform 5 7 4 1617.3 348 -4.30% 42.5 -5.26% -1.01%
5 5 421 - 504 - -0.83%
3 902.2 715 0.80% 80.3 0.70% -0.10%
9 4 19408 37.7 4.00% 46.3 0.00% -4.00%
5 26402 457 0.16% 531 0.00% -0.16%
3 1082.7. 776 5.10% 85.5 3.30% -1.74%
11 4 23289 409 1.60% 49.5 1.10% -049%
5 - 496 - 58.0 - 0.00%
3 17499 76.2 -1.26% 87.3 -2.94% -1.73%
3 4 14616 407 -2.14% 515 -3.22% -1.11%
5 10421 823 -545% 92.8 -6.77% -142%
3 - 746 - 84.6 - -0.62%
5 4 - 799 < 90.0 - -0.83%
5 929.9 129.9 -4:38% 1417 -6.20% -1.94%
3 1705.6 115.6 -367% 127.0 -3.96% -0.30%
7 7 4 19435 163.5 -2.88% 1756 -2.88% 0.00%
5 - 1531 - 165.7 - 0.22%
3 2046.7 1254 3.10% 1378 140% -1.68%
9 4 23322 1774 0.50% 1874 0.00% -0.50%
5 2042.1 166.1 0.23% 177.0 0.00% -0.23%
3 2456.1 136.1 -747% 1482 -8.58% -1.21%
11 4 - 1924 - 204.0 - -0.56%
5 27506 180.2 -4.14% 1921 -5.20% -1.11%
Average 998.1 734 0.63% 815 -0.64% -1.13%

~—
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(Best Solution) & A#gtoe =z =58 A¢7F ol 74 daugsng £

A R g AESE A9etn B,

- 40 -



<® 5-13>L=5T =18, Mode = Decreasing ¥ Ij, CPLEX2} §F ¥1nz|F2| Hl

Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Seq) | Gap 2 | GA_1 - GA 2
3 3412 322 242% 373 0.00% -2.42%
3 4 275.2 1717 230% | 1762 2.00% -0.29%
5 1718 34.6 5.15% 39.0 1.05% -4.06%
3 68.0 30.8 3.65% 35.2 2.55% -1.07%
5 4 323 19.6 3.88% 249 1.18% -2.67%
5 1320 40.9 3.18% 46.0 2.08% -1.08%
3 39.9 228 3.02% 28.2 0.00% -3.02%
3 7 4 53.9 30.0 2.13% 347 1.53% -0.59%
5 225.7 453 3.50% 50.1 2.70% -0.78%
3 341 283 0.29% 33.6 0.00% -0.29%
9 4 714 320 0.94% 37.0 0.00% -0.94%
5 718 464 3.02% 513 2.92% -0.10%
3 409 35.7 0.51% 40.2 0.00% -0.51%
11 4 85.7 332 0.60% 37.8 0.00% -0.60%
5 78.2 50.1 -0.72% 55.0 -1.71% -1.01%
3 58.7 210 1.08% 300 1.08% 0.00%
3 4 270.5 48.2 037% 55.6 0.00% -0.37%
5 786.2 52.5 -0.83% 60.2 -0.83% 0.00%
3 2472 57.0 2.61% 65.1 221% -0.39%
5 4 82.5 775 2.67% 85.2 247% -0.20%
5 410.0 36.1 442% 44.0 0.92% -3.47%
3 10432 65.1 -5.52% 737 -6.28% -0.81%
5 18 Decreasing 5 ¥ 4 108.6 34.5 5.54% 42.0 5.24% -0.29%
5 489.0 42.8 175% 50.5 145% -0.30%
3 721.8 674 1.25% B2 0.95% -0.30%
9 4 15526 56.1 3.88% 64.6 3.08% -0.78%
5 - 54.3 - 62.8 - -0.12%
3 866.1 42.8 1.01% 515 0.81% -0.20%
11 4 1863.1 58.2 0.81% 66.9 0.00% -0.81%
5 - 564 - 64.5 - 0.00%
3 11904 75.1 -4.73% 874 -4.73% 0.00%
3 4 987.6 40.1 -211% 517 -3.28% -121%
5 1031.8 81.0 -161% 929 -3.58% -2.04%
3 - 74.2 - 84.8 - -0.01%
5 4 1099.3 91.0 -493% | 1026 -6.07% -121%
5 1390.1 74.2 -5.57% 86.5 -7.18% -1.73%
3 - 83.5 - 95.9 - -0.07%
7 7 4 - 954 - 107.8 - -143%
5 10722 85.6 -061% 96.5 -2.30% -1.73%
3 16374 87.5 -0.16% 994 -0.46% -0.30%
9. 4 1865.7 913 -3.22% | 1019 -3.99% -0.81%
5 16337 88.5 136% 98.6 136% 0.00%
3 1964.9 932 043% | 105.8 0.00% -0.43%
11 4 22004 104.5 164% | 1153 0.84% -0.79%
5 - 90.8 - 1029 - -0.19%
Average 674.2 59.5 0.86% 67.7 -0.10% -0.88%
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<HE 5-14>L =7, T = 12, Mode = Uniform ¥ Ij, CPLEX 9} & 2 12|Z9| Hlm

Products | Periods | ShipMode | Vtypes | Demand [ Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT 2(Sec) | Gap2 | GA1l-GA2
3 91.7 53.2 0.29% 839 0.00% -0.29%
3 4 80.7 71.6 4.95% 843 1.15% -3.80%
5 199.9 584 1.87% 82.8 0.00% -1.87%
3 85.0 79.1 0.32% 74.0 0.00% -0.32%
3 5 4 179.0 85.6 2.05% 780 0.75% -1.30%
5 805.7 61.0 -131% 784 -279% -148%
3 9174 67.7 -641% 76.8 -744% -1.03%
7 4 1894 64.1 0.82% 941 0.00% -0.82%
5 1644.5 834 -2.87% 832 -3.26% -0.39%
3 1269.5 69.0 -3.74% 1417 -4.22% -048%
3 4 41436 77.0 -6.08% 1743 -7.77% -1.69%
5 - 102.3 - 1500 - 0.00%
3 1146.0 78.3 -0.25% 1541 -0.75% -0.50%
7 12 Uniform 5 5 4 9467 85.5 -2.73% 162.0 -2.73% 0.00%
5 24516 92.7 -175% 1445 -2.83% -1.08%
3 - 85.1 - 1559 - 0.00%
7 4 11471 80.6 -4.87% 1456 -573% -0.86%
5 1947.2 78.1 -5.08% 1718 -6.22% -114%
3 764.9 116.5 -3.04% 2776 -3.62% -0.58%
3 4 2060.8 1702 -6.39% 2388 -7.14% -0.75%
5 - 1515 - 251.0 - 0.00%
3 25814 155.0 -1.28% 2404 -177% -049%
7 5 4 17953 1431 -5.29% 287.2 -7.09% -1.80%
5 1206.6 94.5 -5.25% 2536 -6.67% -142%
3 21487 1173 -5.85% 2313 -5.94% -0.09%
7 4 3660.0 1296 -233% 2611 -331% -0.98%
5 37331 179.0 -438% 2445 -4.38% 0.00%
Average 1466 974 -244% 1637 -341% -0.86%
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<® 5-15>L=7T =12 Mode = Decreasing & Ij, CPLEX2} §F ¥1nz|F2| Hl
Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT.2(Seq) | Gap 2 | GA_1-GA2

3 3776 52.9 3.31% 57.8 0.81% -248%

3 4 1391 87.0 2.04% 91.1 0.84% -1.19%

5 99.9 57.7 2.16% 62.6 0.00% -2.16%

3 2916 99.1 2.42% 1034 2.12% -0.29%

3 5 4 91.2 95.6 1.26% 99.7 0.00% -1.26%

5 130.1 61.0 0.64% 654 0.00% -0.64%

3 453.5 67.7 1.74% 724 1.04% -0.69%

7 4 1238 51.6 5.29% 56.2 4.09% -115%

5 2113 834 0.52% 87.6 0.00% -0.52%

3 - 64.4 - 723 - -0.09%

3 4 430.7 82.8 4.50% 91.2 4.10% -0.38%

5 829.1 105.5 -461% | 1125 -6.23% -173%

3 460.5 84.2 3.96% 91.1 1.66% -2.26%

7 12 Decreasing 5 5 4 473.8 84.6 0.80% 92.0 0.00% -0.80%

5 501.5 87.5 -4.87% 94.7 -6.39% -1.63%

3 1417.0 91.5 -0.62% 99.9 -142% -0.81%

7 4 509.2 84.9 -1.01% 93.1 -1.01% 0.00%

5 5209 84.9 -0.80% 92.8 -2.29% -1.52%

3 637.5 107.9 -5.92% | 1185 -6.67% -0.81%

3 4 17173 156.1 -083% | 1669 -1.03% -0.20%

5 887.1 145.6 -167% |- 1574 -2.16% -0.50%

3 21512 158.2 -116% | 1676 -1.85% -0.70%

y/ 5 4 1496.1 130.1 -521% | 1419 -6.35% -121%

5 1005.5 100.5 -011% | 1102 -0.51% -040%

3 1790.5 126.1 -5.03% | 1374 -6.36% -142%

7/ 4 3050.0 1271 -3.72% | 1381 -5.36% -173%

5 31109 170.5 -3.78% | 1810 -5.51% -1.83%

Average 881 98.1 -041% | 105.7 -148% -1.05%
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<®E 5-16> L =7, T =15, Mode = Uniform & I, CPLEXQ} §H ¥¢12|Z9| H|n

Products | Periods | ShipMode | Vtypes | Demand [ Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT 2(Sec) | Gap2 | GA.1-GA2
3 299.2 1226 2.52% 79.8 0.62% -190%
3 4 - 108.3 - 93,5 - 0.00%
5 9483 85.6 -111% 90.1 -240% -129%
3 2674 88.9 4.16% 924 3.56% -0.60%
5 4 2573 83.0 3.34% 831 2.84% -0.50%
3 5 7954 55.0 -190% 777 -2.00% -0.10%
3 481.5 97.0 6.50% 83.8 2.90% -3.60%
7 4 1513 873 4.22% 84.2 0.52% -3.70%
5 578.0 1334 -3.14% 80.6 -4.88% -174%
3 577.8 105.3 -340% 79.0 -4.08% -0.68%
9 4 1815 94.7 2.70% 932 1.20% -1.50%
5 693.6 144.8 0.40% 99.6 0.00% -040%
3 418.7 1003 2.86% 1761 2.56% -0.30%
3 4 1031.0 106.3 -645% 1768 -7.20% -0.75%
5 698.5 116.5 -3.54% 1479 -4.02% -048%
3 2437.0 78.0 -441% 1484 -5.94% -153%
5 4 19213 98.9 -446% 1788 -5.22% -0.76%
7 15 Uniform 5 5 8216 85.3 -248% 1570 -3.94% -146%
3 7923 71.8 -0.87% 1576 -2.56% -169%
F 4 23246 106.5 -168% 1507 -1.97% -0.29%
5 - 84.0 - 1739 - 0.00%
3 950.7 779 2.70% 1556 1.20% -1.50%
9 4 2789.5 1156 0.80% 1562 0.00% -0.80%
5 31929 91.2 -0.80% 1759 -219% -139%
3 1064:5 1017 -6.00% 2337 -7.03% -1.03%
3 4 12832 86.4 -3.96% 2755 -4.06% -0.10%
5 2099.2 86.5 -344% 294.1 -5.37% -193%
3 1585.5 1225 -511% 2773 -5,58% -047%
b 4 - 1135 - 296.0 L 0.00%
7 5 1220.3 96.8 -540% 2732 -7.20% -1.80%
3 853.8 95.9 -4.86% 256.2 -5.62% -0.76%
7 4 2160.8 166.5 -042% 245.1 -0.82% -040%
5 10185 1354 -2.58% 2519 -3.36% -0.78%
3 1024.6 104.0 2.30% 276.8 0.80% -1.50%
9 4 - 180.7 - 2717 - 0.00%
5 - 146.9 - 2726 - 0.00%
Average 11264 104.9 -1.08% 1727 -2.23% -0.99%
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<R 5-17> L =7,T =15, Mode = Decreasing & Ij, CPLEX2} §F ¥1nz|F2| Hl
Products | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT_2(Seq) | Gap 2 | GA_.1-GA2

3 460.2 122.6 0.70% 1276 0.00% -0.70%

3 4 - 108.3 - 1136 - -0.03%

5 251.0 85.6 6.04% 916 5.04% -0.95%

3 119.2 88.9 4.63% 949 413% -048%

5 4 105.7 83.0 6.41% 88.2 0.00% -641%

3 5 1834 55.0 2.76% 611 2.46% -0.29%

3 163.1 97.0 6.28% 103.0 1.08% -5.14%

7 4 3142 873 3.11% 936 0.71% -2.38%

5 12449 1334 -337% | 1387 -4.82% -152%

3 4623 99.9 -0.55% | 105.0 -244% -1.94%

9 4 2452 92.2 -2.82% 98.2 -3.60% -0.81%

5 554.8 138.2 2.77% 1444 2.57% -0.19%

3 - 99.3 - 109.2 - -1.24%

3 4 859.2 1074 -321% | 1171 -5.15% -2.04%

5 582.1 106.9 -1.38% | 1155 -1.68% -0.30%

3 2030.8 81.2 -3.58% 915 -3.77% -0.20%

5 4 1601.1 94.2 -4.74% | 1032 -541% -0.70%

. 5 684.7 79.0 -1.74% 89.1 -2.03% -0.30%

7 15 Decreasing 5

3 660.2 74.7 -5.98% 84.0 -748% -163%

7 4 19371 107.6 -258% | 1175 -4.53% -2.04%

5 8464 923 -349% |-.101.2 -4.55% -111%

3 760.6 80.6 2.13% 89.0 0.83% -129%

9 4 19316 112.0 3.70% 122.1 1.50% -217%

5 2554.3 96.4 -2.87% | 1063 -345% -0.60%

3 - 98.7 - 112.8 - -013%

3 4 10694 85.5 -6.30% 99.7 -6.67% -040%

5 17493 92.1 -2.02% | 105.9 -2.22% -0.20%

3 13212 120.1 -0.25% | 1330 -1.65% -142%

5 4 - 1124 - 1253 - -134%

7 5 10169 103.0 -6.34% | 1159 -7.84% -163%

3 7115 97.8 -126% | 1119 -1.85% -0.60%

7 4 1800.6 155.6 -6.04% | 168.8 -642% -040%

5 848.8 124.2 -0.96% | 136.0 -2.35% -142%

3 819.7 103.3 1.91% 1154 0.71% -119%

9 4 19649 1135 -257% | 1282 -4.13% -1.63%

5 22004 1274 1.64% 140.1 0.84% -0.79%

Average 1001.7 101.6 -062% | 1111 -1.94% -1.27%
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<¥ 5-18> L =7,T =18, Mode = Uniform @ Oj, CPLEXQ} & YnE|=9| H|n
Products | Periods | ShipMode | Vtypes | Demand [ Window | CT(Sec) | GT_1(Sec) | Gap 1 | GT 2(Sec) | Gap2 | GA1l-GA2

3 962.8 86.2 -31.44% 94.0 -31.86% -041%

3 4 486.0 99.6 2.91% 904 0.00% -2.91%

5 4260.7 85.0 -4.52% 1009 -6.33% -1.81%

3 1160.3 92.5 -041% 97.2 -2.10% -1.69%

5 4 1479 85.3 4.58% 99.6 1.08% -3.50%

5 = 85.1 = 85.8 = 0.00%

3 2794 167.6 2.95% 841 2.85% -0.10%

3 7 4 1216.3 133.5 -0.67% 844 -2.36% -1.69%

5 154.0 844 5.10% 86.8 2.30% -2.80%

3 335.2 1819 6.00% 99.6 0.00% -6.00%

9 4 759.6 1449 -1.00% 100.0 -1.30% -0.30%

5 984.8 91.6 -6.00% 1004 -7.03% -1.03%

3 14023 1973 1.40% 105.0 1.30% -0.10%

11 4 9115 157.2 -4.10% 88.6 -5.63% -1.53%

5 11817 99.3 2.20% 847 0.00% -2.20%

3 1015.7 1054 -043% 1803 -0.83% -040%

3 4 1552.0 1112 -0.22% 1925 -0.32% -0.10%

5 - 95.2 - 1662 - 0.00%

3 21161 1112 -5.63% 190.1 -6.20% -0.57%

5 4 3001.8 130.1 -0.19% 1557 -0.69% -0.50%

5 5800.8 172.8 -183% 160.2 -340% -157%

3 3546.9 944 -4.27% 1647 -4.65% -0.38%

7 18 Uniform 5 7 4 936.5 80.3 -0.86% 196.7 -205% -1.19%

5 1286.8 100.5 -0.76% 1975 -0.86% -0.10%

3 - 1024 - 1704 - 0.00%

9 4 11237 87.1 6.50% 1869 3.00% -3.50%

5 1544.1 109.1 -3.70% 1597 -5.05% -135%

3 9324 1111 -5.60% 200.2 -7.30% -170%

11 4 13485 94.5 -6.10% 2009 -6.10% 0.00%

5 1853.0 1183 4.10% 1694 0.60% -3.50%

3 42342 2437 -3.78% 2674 -5.22% -144%

3 4 6440.7 1455 -3.23% 250.0 -3.52% -0.29%

5 4392.0 1889 -531% 299.7 -5.69% -0.38%

3 1087.9 1213 -146% 2700 -2.94% -148%

5 4 - 1909 - 246.2 - 0.00%

5 - 198.6 5 308.8 - 0.00%

3 2079.7 178.0 -291% 2973 -3.59% -0.68%

4 7 4 25784 2279 -044% 2796 -0.84% -040%

b - 262.7 - 2494 - 0.00%

3 2495.6 193.1 2.30% 2564 1.40% -0.90%

9 4 3094.1 2473 4.60% 269.7 4.20% -040%

5 - 285.0 - 2769 - 0.00%

3 32149 209.5 2.50% 2903 1.60% -0.90%

11 4 - 2683 - 2659 - 0.00%

5 - 309.3 - 2604 - 0.00%

Average 19422 1486 -138% 1818 -271% -1.06%
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<k 5-19> L =7T =18, Mode = Decreasing & Ij, CPLEXQ} §H ¥1zZ|Z2| H1
Items | Periods | ShipMode | Vtypes | Demand | Window | CT(Sec) | GT(Sec) [ SolutionGap | GT_2(Sec) | SolutionGap | GT_1 - GT 2

3 140.0 86.2 5.09% 93.0 0.00% -5.09%

3 4 1984 99.6 6.30% 105.9 3.30% -2.90%

5 144.7 85.0 1.80% 91.8 1.10% -0.69%

3 394.5 925 0.14% 100.0 0.00% -0.14%

5 4 3754 85.3 2.10% 91.8 1.30% -0.79%

5 85.1 923 -0.04%

3 7521 161.2 -2.28% 168.7 -2.57% -0.30%

3 7 4 599.0 124.8 -3.86% 132.2 -3.96% -0.10%

5 438.2 88.8 101% 95.0 0.00% -1.01%

3 268.2 166.0 -0.89% 173.6 -2.38% -1.52%

9 4 607.6 1309 2.35% 1382 215% -0.20%

5 1313 1387 0.00%

3 11218 106.3 -0.62% 1125 -142% -0.81%

11 4 729.2 140.1 -2.59% 146.9 -347% -0.91%

5 9454 1414 349% 1485 149% -1.97%

3 96.7 107.6 0.00%

3 4 12933 113.5 -4.57% 124.5 -5.91% -142%

5 105.7 1161 -0.98%

3 17634 119.6 -248% 130.1 -3.46% -1.01%

5 4 25015 1251 -1.14% 137.7 -1.14% 0.00%

5 4834.0 158.5 -0.89% 169.6 -2.38% -1.52%

3 2955.8 953 -6.15% 106.2 -7.56% -1.52%

7 18 Decreasing 5 7 4 7804 743 -5.01% 85.7 -548% -0.50%

5 10723 100.5 -2.89% 1124 -3.28% -040%

3 624.3 100.8 017% 1134 0.00% -0.17%

9 4 899.0 789 0.85% 913 0.00% -0.85%

5 12353 103.7 144% 1141 0.00% -144%

3 7459 106.3 1.26% 117.2 0.00% -1.26%

11 4 1078.8 111.8 -1.25% 1241 -3.13% -1.94%

5 14824 108.1 1.98% 119.2 0.68% -1.29%

3 2343 250.9 -0.12%

3 4 5367.3 151.6 -4.18% 167.8 -4.85% -0.70%

5 203.1 220.8 -0.01%

3 906.6 1124 -1.18% 127.9 -2.66% -1.52%

5 4 2148.7 173.6 -3.22% 189.1 -4.48% -1.32%

5 3660.0 2136 -1.01% 2294 -1.11% -0.10%

3 1733.1 183.5 -548% 1994 -6.14% -0.70%

7 7 4 0.0 2234 240.0 -1.63%

5 0.0 276.5 0.0

3 1996.5 2097 1.03% 224.5 0.73% -0.30%

9 4 24753 236.2 140% 2513 1.10% -0.30%

5 2931 3083 -0.13%

3 25719 226.1 -1.83% 2434 -3.60% -1.83%

11 4 245.6 2611 0.00%

5 302.2 316.7 -0.61%

Average 1356.7 146.9 -0.62% 151.8 -1.68% -0.91%
AFS F, 71, AFFU $7F AR Add Fd L
deol HdHor CPLEX o 9% A7t iy ¢34 5 A
T3 GAZ 7F EAS FEe] wEt 1%elM 5%7HA GAL ©ll ¥ls] o
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