Order acceptance and temperature-controlled vehicle routing and scheduling problem in pharma logistics
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& S5 Xt2F Compartment Az H & HtAl SrRStA
__ll_l?_ O .l L i
= rder c , . BiEvts2E Time Cl=2tel
Clo] T CIES ingl Multi : =% = TSP VRP VRSP
acceptance == H& Single uft 1 window =71 fE7]9) S S
Chen et al. Min fixed, travel, driving, and
(2019) '\/ '\/ '\/ '\/ waiting fuel-consumption cost
Liu et al. e
(2018) -\/ -\/ -\/ -\/ Min distribution and penalty cost
Wana et al Min fixed, transportation, damage,
(2817) ’ -\/ -\/ -\/ -\/ refrigeration, penalty, shortage,
and carbon emission cost
Yin et al. Min fixed, transportation, penalty,
(2017) '\/ '\/ '\/ '\/ and damage cost
Kanon and . .
Nara (2021) -\/ -\/ -\/ -\/ Min total distance
Chu et al. Min fixed, traveling, and cargo
(2019) '\/ '\/ '\/ '\/ damage cost
Deng et al Min fixed, transportation, damage,
(2%21) ) -\/ -\/ -\/ -\/ refrigeration, penalty, and shortage
cost
Min fixed, transportation, penalty
Khan et al. . .. ! !
(2020) -\/ -\/ -\/ -\/ monitoring, emission, and fuel

consumption cost

This y y v v v v v Max total profit

Profit = revenue - penalty cost
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03 Methodology

S8 "4 M3 AIEY (MILP: Mixed Integer Linear Programming)

= Set & Parameters = OAEEHE
I Set of customers z; 1, if medicine ordered by customer i € I is accepted; O, otherwise
InD  Set of nodes consisting of customers and depot , 1, if medicine ordered by customeri € [ is assigned in delivery group b € B;

Z: .
B Set of delivery groups b0, otherwise

BnD  Set of jobs consisting of delivery groups and depot 3 1, if delivery group b € B is assigned in temperature-controlled vehicle v € V;

. “bv 0 otherwise
|4 Set of temperature-controlled vehicles , , o , . , , ,
o 1, if node j € InD is immediately visited after node i € InD in delivery group b € B;
T;1pus Range of storage temperature of medicine ordered by Tpij otherwise

customeri €[ ; , , , ,
. . u;, Routing sequence of node i € InD in delivery group b € B
TT;; Delivery time betweennode i € InD and j € InD o o , o , .
1,if job j € BnD is immediately scheduled after job i € BnD in vehicle v € V;

R; Revenue of medicine ordered by customeri € I Svij 0, otherwise

D;  Due-date of customeri € uB  Scheduling sequence of job b € BnD in vehicle v € V;
W;  Expiration-date of medicine ordered by customeri € I ¢! Arrival time of customer i € I

C Capacity of the temperature-controlled vehicle sB  Starting time of delivery group b € B

M Large number B

c, Completion time of delivery group b € B

1, if Arrival time of customer i € I beyond Expiration-date of medicine ordered by
customeri € I; O, otherwise

e; Earliness in the delivery medicine ordered by customeri € I
t; Tardiness in the delivery medicine ordered by customeri € [
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=23t M4 Ml |21t (MILP: Mixed Integer Linear Progra
=29 B+ MY 7=l : Mixed Integer Linear Programming
e~
EX—I okt
/| 1 a1
Maximize E (xiR; —wW;R; —e; — t; )
LEI
] = A = 0 St A = = A = ol = o S A L EH
T MEintHES 05 3 AHEFe e A Qf S 5L Xt Z2A=! |2 X BE 35 2EA 1= Hef f&7I¢t X1t Z7|HE, B7|X|H Hat H[E H[<ef
(1) 75, =z} viel @) rpi; =0 vbeB,i€l (18) Spii =0 vveV,ieB (29) ¢ < 5P+ M1~ sy)) vveV,i,j EB:i #j
b €EB
(30) sP < cf +M(1=sy)) YvEV,i,j EB:i #j
(2) z <C vb € B (®) Z Thij < 1 vb €B,i€nD:i #j (19) Spij < 1 vveV,i€BnD:i #]
i€l j€mp j €Bnp (31) sE <0+ M(1 = 5y) YveV,ieB
(B) Tn-M1-23)<c,<Tp+M(1—-23) VbeB,i€el 9) Z mpji =1 vbeB,ienD:i #] (20) Z Spji £ 1 YVEV,i€BnD:i #j (32) 0<sP+M(1-s.) vveV,ieB
jemb j €BnD
3 2 5 (33) ¢ +TTj < ol + M(1 —1y5) VbEB, ijeli #j
) Zzbv Ezzib vb eB (10) Thoi +Z Toji = Zj, vbeB,iel:ii #j (1) Spoi T+ Z Spji = Zp, VvEV,i€EB:i #] . . . ‘ .
vev LEl JEel B (34) ¢ <c¢ +TTy; + M1 —1y5) vbeB,i,jel:ii #j
2 <Z 3 i )
(5) Zlb - vevzbv Vb E B;l EI (11) rbi(] +zrblj' Ssz Vb e B,l E I'l ¢j (22) Sviﬂ + Z ST)U S Zl‘f) V‘U E V,[ e BI :’tj (35) Sf +TT0L 5 Cii +M(1 _rboi) Vb E B,[ EI
jel j€B
©) Zzg <1 vbeB (36) P<sP+TTy + M(1=1y07) vbeB,iel
v = 2
12 Zi S?’b-+Zrb-- vbeB,iel:ii #j z), <s ‘-I-Zs-‘ e R =
= (12) ib 0i < ji i I (23) v v0i < vji vveV,ieB:i #j (37) ¢l + Ty < P + M(1 = ryio) vbeBicl
38 B <l + TTp + M(1 — 1y vbeB,iel
(13) z5, < Thio +Z?‘bg VvbeEB,i€l:i #j (24) Z3 < Spio +Z Svij YoEV,icBi %] (38) ¢ <cp i0 (1 = 7pi0) i
JEl jeB (39) I'< Mz} viel
(14) ug, =0 vb € B (25) ug, =0 Vv eV (40) cl—w; < Mw; viel
(41) Di—cl-M(1-2z) < ¢ Viel
(15) u;’b+rbU sujb+M(1—rbU) vbeB,ienD,jel:i #j (26) us + Syij Sujv-l-M(l—svt}-) vveV,ieBnD ,jeB:i #j
(42) ¢-Di-M(l-z})<t; Vi€l
(16) up < M Z Tbij vbeB,iel:i #j 27) up, < M Svij vveEV,i€Bii #]
j €D j €EBnD
(17) uj < Zzﬁ; vb € B,i € InD (28) uh, < Z z;, vv e V,i € BnD
jEl jEB
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S 2112|= (GA: Genetic Algorithm)

Solution representation

\ 4 v

GA with Acceptance and

, GA with Acceptance
Truck assignment GA A*
GA_AT* —
Routing and Scheduling rule Routing and Scheduling rule
GA_AT with first-fit routing rule GA_AT with insertion routing rule GA_A with first-fit routing rule GA_AT with insertion routing rule
GA_ATT GA_ATi GA_Af GA_Ai
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GA_AT*

Solution representation

>Encoded solution

1 2 1 2 2 1 2 2 2 1 1 0 0
0.15]10.04 064|088 |0.36 087|014 |0.70(0.4410.54|0.89(0.37]0.84
Decoded solution <
Acceptance & Truck assignment | 2 1 O 2|1 1 O 1] 2] 1
Sequence 1 12 10| 3 13| 6 1

Initialize population

Sized of encoded solution = 2 X |I]
1 48
28 = Random-key array, U(0, 1)

0%
Il

String array, {0, ...

Ot

Crossover One cut-point crossover for each row
Mutation Uniform mutation
Selection Roulette wheel method

NOVATIVE
PRODUCTION

2112|E (GA_AT*: Genetic Algorithm with Acceptance and Truck assignment)

10
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GA_ATfS| Decoding rule

Acceptance & Truckassignment| 2 |2 |12 1012|1120 [1T|2]1
Routingsequence | 2 | 7| 11511219 (103 |8 [13|6 | 4 |1| T X2 20H0|H =|Cf M ESH2 30|C}.

) Q /
@- Delivery 9@9}3\ / Ny Qe_"v_er_vﬁr_OHDN / - - @ Qe_“v_er_kupN
| ! |

1 I |O 1 1 I 0 1 1 I
/ \ I - I ¢<_ | I
Not acceptance: I;,, 113 I 1 |

|
Truck i Ly > Iig > Is > I > Iy jl> - :I|> od0o > - - Relivery Group 2_ BEEDJ.
=23

Truck 2: 1, D I, D Is D Ig > Iy > I, 2) I&J' (3) @J' (4)

|
|
|
k / (1) |—| é Delivery Group 1 H
. 2| 9
/ K Delivery Group 1 |—| / K Delivery Group 2 |—| /

Delivery Group 1 |—|

11
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GA_ATIiS| Decoding rule

Acceptance & Truck assignment

Routing sequence | 2

%

f Not acceptance: I;,, I13

Truck 2: L, > I, S I > lo > Ig > I,

\

13| 6

11| T, ArEh2 2000| 0 E|TH 7

I

-

Delivery Group 1 |—|

o

RIS

O O -

B
%

-

30|LCt.
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M ¢12|E (GA_A*: Genetic Algorithm with Acceptance)
GA_A*

Solution representation

1 1 1 1 1 1 1 1 1 1 1 0 0
0.04 1015|064 (0880370871036 |0.70{0.44(10.14 10.89|054|0.84
Decoded solution<
Acceptance | 1 1 1 1 1 0 1 0 1 1 1
Sequence | 1 10 | 2 W 9 [12 | 3 8 [ 13 | 6 4 | 11

)

Encoded solution

Sized of encoded solution = 2 x |I|

Initialize population 12 = Boolean array, {0, 1}
2 = Random-key array, U(0,1)
Crossover One cut-point crossover for each row
Mutation Uniform mutation
Selection Roulette wheel method

NOVATIVE
PRODUCTION

13
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GA_Af2| Decoding rule

Routingsequence | 1 |10 2 |7 |59 (12|13 |8 (13|64 |TN

Acceptance | 1T |1 |1 [ 1111101110111 T X2 2cH0|0 X[ XxHE22FS 30|C}.

a o- Deivery Growp1 "\ a - Detvery Growp 1\
1 I ‘0‘_ _ ,: 1 I
ao > oo
oooo oooo
23| o 233

O | | :’ Delivery Group 1 \‘,
1 ' i

i

: @, !

' 10 - i

Delivery Group 1 |—| ! gL i
K / K :\ Delivery Group 1 H /’: /

14
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8 212|E GA_Ai2| Decoding rule

Acceptance | 1T |1 |1 [ 1|11 1[0 1|10 1[1] 1] H X2 2CH0|H X|C XL 2F2 30|C}.
Routingsequence | 1 (10| 2 |7 |59 (123 |8 (13| 6| 4|1

/ ®- Qe_"v_ew@upN

oooo j1>

@J. (2)
/

O —

1

Delivery Group 1 |—|

o

15
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2% 7|2l (Design of Experiment)

« 7|2 moeto|E

- 2=QX| %]

- REXE ELKIZRO| 4 |V A2 37| A SIAA 379 A

- KjEFe| 2|Ch MM 82F C 1] {6,7,8} {20, 30, 40}

- WEAATT, V] 2,3) (4,5,6)

= HAlgt ZH|Qf <] Df2tO[E] ¢ 2,3} (5,6}

- O[OHE BRIHS2E T2 [Ty p, Tiys) My s w53

- 71 = UEL K&Vt A2t 7D, W] |Tirg, Tivgl {{U(5,15),U(5,15)]} {{U(4,16),U(4,16)],[U(8,12),U(8,12)]}
D; {U(3,12)} {U(1,30)}
W; {D; + 3} {D; + 3,D; + 6}

Optimal solution — GA solution . .
Best solution — GA solution

Optimal solution RPD (%) = . x 100
100 Best solution

APD(%) =

MILP= IBM ILOG CPLEX 12.8.0 Z=T171 AFE
A o GAL PYTHON T2 12 Al
MILP2t GA= 25 2.90GHz Intel Core i7-10700F CPU AFQF0{| A &1

16
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AlS1 A1} (Result of Experiment)

« T2 37| 2ROl st M8 2

- Time limit = 3600 sec = 60 min = 1 hour

CPLEX GA_ATfp GA_ATbp GA_Afp GA_Abp
Instance  Optimal CPU time APD CPU time APD CPU time APD CPU time APD CPU time
1 27 30.50 7.41 4.36 0.37 4.81 7.41 4.60 0.00 5.68
2 28 34.17 4.64 4.48 0.00 5.08 3.57 4.80 0.00 5.87
3 27 155.69 3.70 4.40 0.00 4.87 3.70 7.08 0.00 5.94
4 28 107.33 4.39 5.24 0.1 5.17 3.57 17.22 0.24 6.11
5 30 3255.49 11.44 13.98 1.00 15.24 13.33 16.41 0.00 20.49
6 32 855.34 8.02 22.09 0.83 8.39 6.25 6.25 0.00 14.07
7 N/A 3600++ - - - - - - - -
8 N/A 3600++ - - - - - - - -
9 N/A 3600++ - - - - - - - -
10 N/A 3600++ - - - - - - - -
11 N/A 3600++ - - - - - - - -
12 N/A 3600++ - - - - - - - -
Avg. 28.67 739.75 6.6 6.39 0.39 7.26 6.31 6.93 0.04 9.69

17
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04 Experiments

. BN 37| 2R oSt A A1} :

| I
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é 30 )
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40 (&) K 3
2
[ ) € 20
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9 2
S e g
= 30 [5] 10
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S €
> o &
o) .- e
(<b) 0
% 2 A7t U4, 16) U(8, 12) U@, 16) U(8, 12) U@, 16) U(8, 12) U@, 16) U(8, 12)
= GA GA_Af GA_AI GA_ATf GA_ATi o)
S 20 : A : AT 2E7t0f| cist Mean plot
o
(¢D)
o
L
(3 40 I
o 10 <
3
903 = 0 *
o
o ks 30 )
@ 2 .
e > .
8
0 g 20
GA_Af GA_Ai GA_ATf GA_ATi &
[<5)
=
GA s
& 10
=1
o &
RPDO]| CHS Mean plot . =
0
FE7I% EH71+3 ©7]+6 H71+3 ©7]+6 H71+3 ©7]+6 H71+3 ©7[+6
GA GA_Af GA_Ai GA_ATf GA_ATi o) o)
- A - AT F=7/cto]f| thet Mean plot
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