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Facilities and Operational Planning for Multi-Temperature Joint
Distribution System
Student: Kang-Po Liu Advisor: Prof. Chaug-Ing Hsu
Department of Transportation Technology and Management
National Chiao Tung Uuiversity
Abstract

The continued growth of demand on multi-temperature products and wide spread of
timely customer demand has greatly contributed to the challenge of logistics carriers.
Under the MTJD system and various deterioration of products, how to design a service
strategy to serve consumers with distinct demand has become an important issue for a
MTJD carrier to achieve cost effective while maintain the maximized customer
satisfaction. In practice, the categories of the multi-temperature distribution system
include single-temperature distribution and MTJD. _Some studies have analyzed the
problems on distributing regular and/or specific-temperature products but few of them
focused on multi-temperature products. . Past studies have largely discussed the
development of techniques applied in the MTJD system. Moreover, in the field of
physical distribution problems, the MTJD problem combined with techniques employed
are seldom discussed. Furthermore, storage assignment could be considered as one of
the most prominent factors in improving short-term operational efficiency of the
distribution center, but storage assignment is often neglected in the short-term
operational efficiency planning.

This study attempts to solve the issues related to multi-temperature distribution on
land and is separated into.two.sections: mid-term facilities planning, and short-term
operational planning. Assuming that terminal locations and demands are known,
mid-term facilities planning aims to minimize the total delivery cost, tries to find the
most suitable multi-temperature joint distribution system techniques, product handling
quantity, vehicle type, vehicle size, vehicle route, and delivery frequency, and at the
same time without sacrificing customer satisfaction. Distribution cost includes
product handling and transportation costs. Transportation cost, included in the fixed and
variable costs during the initial investment process can further break down into vehicle
cost and terminal cost.

Under the automated storage and retrieval system and with the condition that
terminals use traditional single-temperature distribution, short-term operational
planning constructs two stages of dynamic storage assignment methods for refrigerated
food. The first stage assignment assigns storage food to retailers and takes the
overdue food out by analyzing the perishable properties of food according to its
expiration time. The layout of occupied and vacant space will be obtained by this
assignment. The second stage assignment combines the demand forecast results of
various refrigerated items using dynamic grey predictions and the results of the first
stage assignment. And continuously assigns. different food items to empty space
according to their forecasted demands efficiently.

Lastly, this study conducts analysis on series of cases studies and finds that in
mid-term facilities planning, results indicate the model is feasible for facilities
planning for MTJD. The replaceable cold accumulation and insulation box MTJD
technique is suitable for operation networks with densely distributed terminals and
uneven temporal and/or spatial demand distribution. For short-term operational
planning, a simulated case study about practical automated storage and retrieval system
is provided to demonstrate the feasibility and the results of applying the proposed
model. The results show that the model developed in this study can result in higher
space utilization as compared with those conventional models.

Keywords: Multi-Temperature Joint Distribution (MTJD); Mid-Term Facilities
Planning; Short-Term Operational Planning; Dynamic Storage Assignment
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T B UrhE 2 R w2 ? §sk SR A > Stewart et al.[57]¢ Bertsimas
[58] AL 7 K2 B dmEL MR 42 0 Haughton [59]R] 2 2 % > B 2 i
M2 R TAEEREPET RT LRI A TRFERRET LR
% o Crevieretal [60] F & & S 4> &4 5 S 2 fpi 2
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223 mipie XRG40 M 3

MR c BB > NEEERRNE I RTE L - B3
B R i, ¢ g8 A ARG aaF BB TR E
f s 5 = = 4p i% K¢ 4Z (quadratic assignment problem, QAP) » - =t 35 i%
P42 5 % 2 d (Koopmans & Beckmann[66])#ﬁ LR AN VAR A LIRS
f 5 A3t QAP iR 5 LA G Bt o B dfE o ROA wa %]
B2 e MY P FEMNF L G RS kg R L KR
w4 e R 3 (Armour & Buffa,[67]; Hillier & Connors[68]) 5 @ & iﬁ
e fFOfE - 3% 1976 & A& E P 5 NP-Complete ¢ B A% (Sahni &
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H g4 ¢ 35 (Sadiq et al.[72])#-3 & » {7 ;2 (Cluster analysis,
CAE* * i dg ik AL » 2 2 2 %3 b h S RAM > 5 - AN R
o BEEER T RBERPERE D NP EREE ] DR ERE
e R R o 3 ZFRET - AV URRS SN EER ERE
R T R LN A - Sdpikenak 2 5 (4 R[73] § 27 2
=P [74] 5 2 R FF[75])41 * = H - % -# £ (Entry-ltem-Quantity, EIQ)
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FRHEE P SAG - THEKE = ﬂ BFenhg iz I m%:@;ﬁi
Fenbd ey R FIRF > VR BEFERP Y o hiT L e F o K%
CEALENTHEOREREFRR O RPLEHEFT &F RLEL R2EFR
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P B AGE R G e g RS i £ R AR S G g
P i b ’»&r(Hausman et al.[76])Aa\ | L jn— NN A R A
P L 14\#»;?,**;(1;)3?;«&:@: A T o do#-tE A Al M A &

TR AW H A 5 R B Ap) 2.5 18 6 k(= - '@‘#”rr'?ﬁt&‘ﬂ IR E R
Z B FBER) 3 =2 REE I LR E(F - BA S DR R
R R H A SRR g K)o @ AR R B gy R ey R
PERFREIREZAESRIRF IO /XD (R R) 55
R AYp A S E R T R (R R ) DA K T MR W EE
o 2o R > kA SR TRy 2 dp iR K g ek oot %
B 5 ¥ (Linn & Wysk[77]) %55 & 4p /il vg & e 8 0 LUAE 8 i <
2.5 M AR A Bk ) EERT BAE R 4% 20 RS
EomzfAadgRi i ARl X RSF AN A S EET o H RPN
AF i AR B 3 & 4 g i O o e s R
iy A &SR ARE 10 pF o B2 4 g i iivs ¢ | id ;5 (Thonemann &
Brandeau[78]) 2 (Hausman et al.[76])# 3 5 A @ > 1 * #& 5 & # > ;X
CEREL I ﬁiﬁﬁf*ﬁT’Uﬁ%ﬁﬁ$ﬁéﬁ%%&%§%ﬁ’
PR R EE L I ERR LR 2 REE Sl LR
(F - BASF DGR FHLEARHEEHG R)2 ek
woRR AL f @ YRy xR A Fly (Eynan &
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(Egbelu[79]; Hwang[80]; etc.) ~ 4# p & i< K* 4% (Graves et al.[81]; Han et
al.[82]; etc.) ~ ¥ # A& S P % » p & £ & I 4 (Hackman &
Rosenblatt[83]; etc.) % 4p B k38 - %’ﬁé rdamE Y AT FR o p
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;R Em@:(non-convexity) e T LR Ty
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-

Current[106][107] 3% &1 & & ;% % B 3K 3+ B 3% (hierarchical network
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124 ey Eer (1=12) B REH Y EFL A
LA -1
L 4,000 8,000 12,000 16,000 | 20,000
(%% n) (n=1) (n=2) (n=3) (n=4) (n=5)
i 1,000 2,000 3,000 4,000 5,000
& & A A
] 92,500 | 158,750 | 208,750 | 251,250 | 291,250
agd A’ | 2500 4,750 6,750 8,250 9,250
(b/d) (0.071) | (0.080) | (0.093) | (0.099) | (0.095)
YiEg 55,000 | 95,000 | 130,000 | 160,000 | 185,000
(c/a) (0.611) | (0.617) | (0.644) | (0.658) | (0.656)
% s 44| 35000 | 59,000 | 72,000 | 83,000 | 97,000
£ BEERE (e 1) '
oy ><365><W:1839.136=.1850
%) (6 £,6%)
$A 37 | 6,475 % | 10,915 § | 13,320 & | 15,355 ¥ | 17,945 ¥
¥ F T
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Small (3.5 =) | Medium (10 #g) | Large (25 =)
2wl 5 "
T
96 § ~ 280 § ~ 450 g ~
LR B 5 &
(5~/a2) (125 ~/=>2) (20 ~ /2> 2)
(i H =4 &)
¥R e 60 7 ~ 160 § ~ 350 § =
7
(Y EH == &) (4 ~l=2) (10 =~ /2 2) (16 ~/= 2)
- 88 3 ~ 245 § ~ 420 3 =~
5 &
(yEFmE2) | (BR[22) (125 =~/ 2) (20 ~/2> 2)
ENE S § - WS 85
H—S2—
P AEE | H>S1—>82 H—S1 H—>S2
S1
R £ A # % 40 kph
AL T 25 km 35 km 15 km 25 km
a P i 90 kph
B~ % 30 km 32 km 18 km 20 km
Cr % 27 km 33 km 12 km 18 km
iMBEE A—»B—->C | A>C—>B | B>A->C A—B A—C B—C
BRE4 420 km 580 km 560 km 200 km | 360 km | 220 km
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7997.27 | 1020.08 0 0 3709.20 0
A 0 0
(0.887) | (0.113) (0.000) (0.000) | (1.000) (0.000)
(1.000) (1.000)
B S1 S2
=18 t=3
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2016 3 4l g
T ETE 0.25 05 0.75 1 1.25 15 1.75 2
1o 0 38802 | 6827.4 | 7997.3 11379 136406 15382.6 18206
;s ! (0.00) (0.85) (1.00) (0.89) (1.00) (0.99) (0.97) (1.00)
3 2713 671.4 0 1020 0 14.2 546.1 0
2% A (1.00) (0.15)
1 0 1183.2
e ! (0.00) (0.64)
¥R =3 927.3 671.4
= (1.00) (0.36)
=1 3 0 10902 | 29853 | 3903.7 | 69755 7970.6 11681.5 13396
. ! (0.00) (0.59) (0.59) (0.58) (0.83) (0.79) (0.99) (1.00)
— 1674.6 1359 20385 | 27947 | 13975 2077 40.7 0
o3 B (1.00) (0.41) (0.41) (0.42) (0.17) (0.21) 0.01 0.00
=1 2 0 0 0 0 2000 2000
¥ E i 8 ! (0.00) (0.00) (0.00) (0.00) (0.59) (0.49)
gl I 679.5 1359 2038.5 2718 1397.5 2077
(1.00) (1.00) (1.00) (1.00) (0.41) (0.51)
1o 0 2886 7295.4 8000 11045 14399 8 16000 19454
. ! (0.00) (0.59) (1.00) (0.83) (0.91) (0.99) (0.97) (1.00)
=2 2360.4 | 19776 0 1641.4 1114 106 1020.7 0
T C (1.00) (0.41)
t=1, 2 4 Y
§ £ o (0.00) | (0:00)
AR 988.8 1977.6
= (1.00) (1.00)
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1,890,750
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B - o A
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217 #* SR EFed kGl B o e R P et =32 R

A A 0.25 0.5 0.75 1 1.25 1.5 1.75 2
SRR
4/8 6/9 9/14 8/16 10/18 10/18 8/21 3/20
LF -
3T (50%) (67%) (64.%) (50%) 55 % 55 9% (38%) (15%)
(%)
#
i t=3
8853 8016 7066 8758 14376 14778 3023 0
¥R
0 . O
4/8 6/9 6/13 7/15 8/17 6/18 8/21 3/20
Y LR 1Y
(50%) (67%) (46 %) (46%) (47%) (33%) (38%)) (15%)
Chd (%)
» fI* t=3
8853 8016 4077 8719 5023 4575 3023 0
PR
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4.2 MRS P B H R AE G R RS

RERBEAFIHEN VAR AP NERLRLFLFF A
PZMERRY i B g SR A E 2RI ML Ry o
Bﬁﬁﬁﬁﬁéﬁyaﬁﬁ&«i@ﬁé; CR RS :
FrP BB LR Y PR ABE N T R E YL R L FR>T T
NP2 MEF Y g B AR AN A e TES Nl

E RS BRIy L
Fh B AR A B2 A AR RS ho ) 18 s

(1) 7+ 25 (Storage/Retrieval Machine, S/R Machine or Crane) : %
i BEF 5 SHP k- SHR TR S GRS
ot s ESESLERGR G i S O N A e
U Ee s R R 12 BeE SR R o

2) = % ¢t (Rack) : £ 3 10 7 53 %. - 7| H% %. "%}
12 iz ’Fir 38 i f = R 2B G 0 TILE A BL
M Bk 3 9120 fﬁféﬁl“” ERE G °ﬂ§€%,]‘af»ﬁ1,‘;~%\#
R 2 BEEE REFFEBFNP RS S wFR A

-

%”W%%ﬁﬂ’ﬂiﬁwﬁﬁ%9’1ﬁ%mw%&%m
B S R PR H G NIGE S BT R T
P ARG R S R 8 B MR B B a5

g

TR E SRR SRR SR A 0 e 2]
LR S VR R S B
B F R EIFERTT L B P i e d s

RN fo R
o=

e
=3

(3) 4if (Aisle): zLiﬁ i (Rail)en= Bt & - g b B % L
cEB o BHBE 38 BRE o
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(4) % ¥ zk (Pickup/Deposit Station, P/D Station or Input/Output
Station, I/O Station) : #* 3 T B8 5/ ar 2+ B> 2% kx5 10
BElFrmg, P 5 RZEFPE TP L2428 57 5B
SEHEPE GRS 2 % F 1 (7 2k (Work Station) T i 35 B
Wh L2 G4 Bl ed Kl g 15 &5
Bl i w Ak o g 58 T 2 % (Conveyor) t o
@EET$€1lﬁ%’%%%@ﬁé%ﬁﬁﬁiéﬁﬁl
Fomp1irabTEFH2H4 R UE»3Vi(7d 1 0F
i&ﬁé%ﬁiﬂ%%&ﬁi@?}%i%i 3 dp T2 K BT B
WK B g TR BB BT EFT - I m 4 oo

(5) #ji# ¥ (Conveyor) : § F 3 feshse K=t 2 B 5 5 b1
R i Y G RIS SR R A

(6) = iT=k(Work Station) : 3% s £ ¢ 5 #cip 1 iFxk» ¥ o BFET 3 353
[3~2 45 4 > FBEf pEE BT Rie ok I (FIFO)2 ARl 7
bR R B TR R R L g RS SN GR §F n io d R R e Rk
M%’%”%EL°

1§ rL 8 Jn 4 (Single-Command) » %% =idy 4 R §i& 7 - B %
2 Pechde 17 5 002 B VR (Unit-Load) > T — =t e Bede 1F 2 G - B
B mhp #0055 5 B gt Al $5 6l T RE2 2450 &
LINGO 8.0 # {738 & o
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% 18 B il A v Kk pRaE e A
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
0.5 1.0 1.2 1.5 1.7 1.9 2.0 2.2 2.4 2.5 2.7 2.9 3.0 3.2 3.4
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
3.5 3.7 3.9 4.0 4.2 4.4 4.5 4.7 4.9 5.0 5.2 5.4 5.5 5.7 5.9
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
6.0 6.2 6.4 6.5 6.7 6.9 7.0 7.2 7.4 7.5 7.7 7.9 8.0 8.2 8.4
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
8.5 8.7 8.9 9.0 9.2 9.4 9.5 9.7 9.9 10 10.2 10.4 10.7 10.9 11.4
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T+1
219 T EIR ¥ 88 = g2 D7

DT+1
A
=-3 T=-2 =B T=0 I=1|T=2 | T=3| T=4 | T=5 ] T=6 T=17 T=28 T=9
r=1 11 10 8 8 7 7 6 5 5 4 3 3
y=2 8 8 9 8 8 9 9 8 8 9 9 8
7=3 2 2 3 2 2 3 3 2 2 3 3 2
y=4 1 2 4 4 5 5 6 6 7 7 8 8
y=5 7 7 6 7 2 2 1 1 2 2 1 1
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2 20 R TR ¥ 3G 2 dpinz g7

g2
- T=1 5 T=3 T=4 T=5 T=6 T=7 T=8 T=9
y=1 8 8 5 7 4 3 5 2 1 3
y=2 9 6 8 11 9 6 8 11 9 6
y=3 3 0 2 5 3 0 2 5 3 0
y=4 4 4 7 5 8 6 9 7 10 8
y=5 6 9 0 0 2 1 4 2 0 0
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(W)

6;+4
T=0 T=1 T=2 T=3 T=4 T=5 T=6 T=7 T=8 T=9
r=1 6.419 6.925 6.321 5.937 5.342 3.604 3.975 3.409 1.852 2.057
r=2 10.257 7.304 6.925 9.996 10.257 7.304 6.925 9.996 10.257 7.304
y=3 4.466 1.556 1.146 4.523 4.466 1.556 1.146 4.523 4.466 1.556
r=4 7.700 5.382 6.167 6.335 7.098 7.305 8.052 8.284 9.020 9.268
7=5 4.953 8.052 1.819 0.239 0.723 0.351 4.232 3.659 0.723 0.351
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% 22 ik

ot T+ P2 {7 &

i=1~12 | i=13~24 | i=25~36 | i=37~48 | i=49~60 LTiIjE
T=0 | 100.00% | 100.00% 100.00% 100.00% 100.00% | 100.00%
T=1 | 100.00% | 100.00% 100.00% 100.00% 83.33% 96.67%
T=2 1] 100.00% 100.00% 100.00% 100.00% 66.67% 93.33%
T=3| 100.00% | 100.00% 100.00% 100.00% 83.33% 96.67%
T=41] 100.00% | 100.00% 100.00% 100.00% 83.33% 96.67%
T=5 1] 100.00% 100.00% 75.00% 33.33% 58.33% 73.33%
T=61] 100.00% 100.00% 100.00% 83.33% 16.67% 80.00%
T=7 | 100.00% | 100.00% 100.00% 100.00% 16.67% 83.33%
T =8| 100.00% 100.00% 100.00% 91.67% 16.67% 81.67%
T=9 | 100.00% 100.00% 100.00% 50.00% 16.67% 73.33%
gy

100.00% | 100.00% 97.50% 85.83% 54.17% 87.50%

#
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423 g T+ PRz s F

i=1~12 | i=13~24 | i=25~36 | i=37~48 | i=49~60 | TA&E
T=0| 41.67% 66.67% 66.67% 50.00% 25.00% | 50.00%
T=1] 66.67% 33.33% 25.00% 41.67% 66.67% | 46.67%
T=2] 33.33% 66.67% 66.67% 16.67% 8.33% | 38.33%
T=3] 833% 25.00% 50.00% 83.33% 58.33% | 45.00%
T=4 | 41.67% 75.00% 41.67% 25.00% 33.33% | 43.33%
¥
38.33% 53.33% 50.00% 43.33% 38.33% | 44.67%
#
T=5| 5833% | 41.67% 45.83% 33.33% 12.50% | 38.33%
T=6] 50.00% | 41.67% 62.50% 41.67% 20.83% | 43.33%
T=7] 66.67% 66.67% 33.33% 33.33% 16.67% | 43.33%
T=8| 50.00% | 41.67% 83.33% 20.83% 0.00% | 39.17%
T=9 | 50.00% 66.67% 16.67% 29.17% 0.00% | 32.50%
g
55.00% 51.67% 48.33% 31.67% 10.00% | 39.33%
#
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