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Abstract

Due to the shortage of truck drivers, the challenge of improving transportation efficiency through collaboration has been
receiving increased attention by both government and private sector. We propose a new methodology to introduce a two-stage
stochastic program and cooperative game theory to design a transport network that incorporates truck sharing and Less-Than-
Truckload (LTL) shipping under demand uncertainty. The method is focused on the number of suppliers’ own trucks in the first
stage, and the flow of parts and trucks from suppliers to manufacturers and in the second stage. We analyze the value of
collaboration on three different sets of demand scenarios with two manufacturers and four collaborating suppliers. Our analysis
suggests that LTL shipping can reduce the number of trucks more than FTL (Full TruckLoad) shipping when the demand is
expected to increase. It is also observed that LTL shipping can be more beneficial than 3PL even for long-distance transportation
and reduces the total cost about twice as much as FTL shipping does, which is more than 5% of that of the non-collaborative
scenario. Further, LTL shipping cost is allocated to each supplier according to the Shapley value. The results show that LTL
shipping is a more cost-effective transportation mode for suppliers with high freight volumes and trucks, and all suppliers
acquire cost reduction at almost the same rate.

Keywords :  Logistics network, Resource sharing, Two-stage stochastic program, Collaborative logistics

1. #

IR, T AN OELCEIR « BRERE~OE#ROEEVICX Y, BECLEL - LLFAKIZE S Hi=/
EVRAETIN (=T VT ma ) I —) PEkE RGBT CIRNY & RAT% (Castillo et al., 2018). & D T
WS TIE, T v IR RIANRNDORE, kX O LR Lo -2 RE A RIS, ka1
HI2ODFEDO—2L LTy =T U IR TEONS. EE, ENO—EHORMA =LA A =T
HFEEENEE Y, RERONT v 7 OB LEY REFREEEZMNT DT v 7 =T Vo 7 —E AL L
TW5.

NF w727 VU ZIZBT AR DOLIL, HFOEH EOREIZESREZ S TTWS. Bergmann 5%, £
& ik % [F]—H[0 TYT O 7o O D/b— Mgt 7 v T ) XA L% #842 L72 (Bergmannetal., 2020). Wang 51, D
Bttt v # —OAfER L Z — B OHEE T E & O Tk 3 5 72D OlE/L— b & FEIRE Ok 7 v X A
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ZHER L7 (Wangetal.,2021). ZiLHOMF%EIE, RERTTIRALTWD M7 v 7 Z7EH L TR/MED 2 2 |
TEWEEET DI OO E R D AREENH DD, 5RO DIiL, PR N7 v 7
DEFNERE DBFTE BT DS bIRGTOR5 & 3 X& Th 5 (Schneider and Drexl, 2017).

FIZTHIRTIE, " T v v =T7 Vo7 BMABAATIREER Y hT =218 5 T v T DR EEED
BRIRNEEBOEET 2 72D ORERFHETT V28 Uiz (P, 2023). 55 1 B it mEm o REdittse s
BLTHRT v 7 OBRBMNIESH, &2 BECIIE®EE— MEOEYOREEENESINSD. U Y —AOF M E
EEO TEELMEO R ZMETE L VI =T ) v Oart 7 M EREET L, EREZEE L TEE
DOEENMESC BRIV« TIRIO U 27, HEOFE LA NN T v 7 OBBRICED L S eB% 5.2 50
ML=, 72720, BB L LT N T v 7y =7 U U ZI3HE 1| BIZoX 1 1O EYO A% #3553 (FTL: Full
TruckLoad) TH YV, HEOW EDEW % £ & D THik7 557 (LTL: Less Than Truckload) 1B E SN TE 5T,
BEORPUZHARZ DORIGRRER Th o 7. LTLITEEOERNC L W R A M5 Z &L 2N E LTNDD,
MEICE S TEOMRIILEDVES. T2, BT 7T ORI FFTERTOWTIEa A hOHEINCER S -0
BJBoNDAY v NORESIIMFECEIY BADAEEMERHD.

L= TRITIE, HEEE, WiAiTh—be A BPL) BXOLIL MOy =7 ) o 7 — b Z05F H Al g
REEER Y N U — 7 % 2 BRBEREREHIE TERYIL L, LTL 23 & D X 9 Ik O RIVICEF 54 5 0 O ER
BCHGEET 5. 2L, f/e M7 v 7 OBBORESE, 2 A M FILROY =7V 7 — X E2FHT %
Bt Ll 5 2 LT, LTL OB L LR 2 60T 5. £z, LTL FefA Ot & L THEE O 3=
WL D3R NOBEMGERSDH. LTL 22 N 17— L0—Fl L2, ¥ X —7 LA fEEAWTEAEDOAM
HAEH T2 HEEREL, MEESHEEEEN Y =7 V) v 7 —E 2 ZRHTD A Y v M EORLEREL b
R HIE BTN AT .

2. MIRERE

2-1 Y754 Fz—>

YFIZAXIET BTV A= (BT, A—0) KL EZEL TS, HEOZERIEA — B 03 k5E
THRBOTEIIE U TEHTH. 774 itk X NEx o oOBSEAEROT L, Irad5 87
v 7 T a A K (LLF, Taag X)) BNERTH3PLEBLI N T v v =T U 7Y —E R EFIA LT
mEITH . FEOME OO, WL XU OERIIBRE L2V, STz ofEE ch iY77 14 Yol
RIZHY, EAIIFILETITOoNS. E 160 N7y IR 2ELE, 7534 EA—DEFEET DL L1TR
<, BEDOA—T%&KE LT 252 & b0,

2-2 EEE—F

HmOEEICH -0, BEEE, SPLBIXON T v v 2T VIO 3FEOA T a U EBET D, HEE
& 3PLIZHOWTIRIROERICL A D & L (B, 2023), AHiTIE2 2D N7 v 7> =7 Vo 7DHAIC
DWNWTHRARD, ke — R ax NEHOBHRIZE 1 ITRT B0 THY, N Ty s =TV 7DaX Mk
Rk e FHmETH D,

WD Iy =TV ZOFRIE FILROL =7V o7 EFRL, MoV 7 T4 ¥ E7-13 7 131 20
FiET5 877 % 14 CELYIY, Wihzimtd 25 ATH5H. FIL OV = 713k a A S OIS b7 »
7 OBBROM EIZF 5T 250, 1 #OEYOHRT T v 7 2T 20138 L <, %79 L bR N RN
LIFRBZ2W. 22T, R v 70Xy T T 0 (fR) ZEEOMETHAL, BEhELmvs L2 iR
LCWDONRE_OFHA ILTL RO =7V 7 Thbd., AROIREIZZ D2 FELE L, Fv/"vT 4D
HOMEZ T2 Z & 18dhb.

T VT ERRLEES, Ty ZI3FAEOL &R HREE, EROTD 1 DL EOY T T A Y ERBL
TR, MSBIIFTAE DS LIRS T 5. LTL BT, SRS TEMEZT 5 L BTN EL 220,
WIRAEEDOEE S 2L 725, =7 V7 Oa A MIEITHER S FARRICHEIT 5729, LTL TE b7 v 70
HLFREEY T, HEELST TR, BBETIV T I7A4 YOIEL 2 X NEEZ TRETILERHD. 12721,
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AP A MR L C FTL A & [AIRRIC 1 DS LA L 722V IR b e Z 155, FIL Aoy =7 Y v 7
—EREFIH LRIV 2k, —EAFEEB I N~ L—C% T v I OFTEE & T a s T
IMEENH BN, LILOBEIIE T v 7 Z248FFRHA LT X TCofmETInb2AaHET 5.

Table 1 Costs of transportation modes.

Item Self-transportation 3PL Truck sharing

Fixed cost Depreciation X

3PL base fee X

Rental rate X

Service fee X
Variable cost Labor cost X X

Fuel cost X X

Freight charge X

Mileage X

3. ®EHiE

F v VT 4 OIFIZL D A MERBZNRZWGET 5720, 3FEOMER Y hU—7 (3%2) &y 5. #/i
WL, BEfEEE 3PL ZRARESRR Ry hU—2 &, ZHBIIMATFIL RO Y =7 U > 7 — 2 & F ]
BTy NI =7 2OV TERILEZIT- 7= (BHRUH, 2023). A CIIRTE 2 EWTA R » N U—7, %5 &R
IRy hU—7 EFRL, LTLROY =7V o 7 — R EFHFER %y NI —2 2 W3ixy hU—27 & L
THTCEREZIT S . Zods, LTL BUE 1 AL E 2380 %2 1 50 b7 v 7 Tligik 3% s C FTL A & 3k
B18, F£2IZBWTHHAA R Y hU—2 X FTL HFHAMREE LTV 5.

Table 2 Logistics networks and transportation modes.

. Network type
Transportation mode - - - -
Non-collaborative | Semi-collaborative Collaborative

Self-transportation X X X
3PL X X X

FTL X X
Truck sharing

LTL X

ETFTNAHTHERHINDGES, NTA—FBIORELEEZEI D SITRT. AR TILLTL ([ZBT DR EZEEL
EHTIER L, TOMOWRELRIE L T A—FZ TR (FHAh, 2023) & [A b DAL+, BRRERE 7
TAXITN—T2EOax s, FThbb N7 v 7 OFMMERNE, o2 2 M L OSBRI OHIRHED
& LT 2 BRI A S X BRI TS, FLEETIIY 774 YRFAET D N7 v 7 ORFNL ZIREL,
552 BEMECIINS & FBEL, DERMO T THMB L NN T v 7 070 —%RET 5. FILEO Y =7 Y > 7 TlEf
HAFIX LIRSS 720, bT v 7 OFAER LU Fe 6 NSRBI/ S < Edn ok & & FIIHH50%
F2EREEE LT HZ LT, Wik Ny 7 OBEEECE 5. —HF LTL oy =7 U 7 Tl HE T
OBFENRHY, T v 7 ON— MI—EIZREL RV, BEHREE OO TRk T 2 720 Bl 2355 L 7= £,
FEHR L CWDEE DY 7T A v &, XEEOBEIO AL K35 2 BREAHEE W5,
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Table 3  Sets.

Sets Description
iellje] Suppliers
meM Manufacturers
wew Scenarios
vevys Trucks of suppliers’ own
veys Trucks of 3PL’ own
Table 4 Parameters.
Parameters Description
T Distance between supplier i and supplier j
oM Distance between supplier i and manufacturer m
T3S Distance between 3PL provider and supplier i
M Distance between 3PL provider and manufacturer m
Bmw Manufacturer m’s product demand in scenario w
Ty, Probability of scenario w
Di Parts sales price
o Maximum capacity of trucks
O; Number of supplier i’s parts required per a product
K3 3PL base fee
K3 Freight charge per distance
KSF Rental rate per hour
KSY Mileage
K9 Depreciation
0 Service fee rate
et Labor cost per hour
ef Fuel cost per distance
A Loading time
y Truck speed
Table 5 Decision variables.
Variables Description
NP Number of trucks owned by supplier i
Self-transportation
N3 Number of supplier i’s trucks that move to manufacturer m in scenario w.
X5 Number of supplier i’s parts transported to manufacturer m in scenario w
3PL
NE., Number gf provider’s trucks that move from supplier i to manufacturer m
in scenario w.
X2 ow Number of supplier i’s parts transported to manufacturer m in scenario w
FTL
Ugjmw Number gf supplier j’s trucks that move from supplier i to manufacturer m
in scenario w
v Number of provider’s trucks that move from supplier i to manufacturer m

in scenario w

[DOI: 10.1299/transjsme.23-00221]
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ys Number of supplier i’s parts transported to manufacturer m by supplier j’s
fjmw truck in scenario w
y3 Numbpr of supplier i’s parts transported to manufacturer m by provider’s
tmw truck in scenario w
LTL
75 Number of supplier i’s parts transported to manufacturer m by supplier’s
tmyw truck v in scenario w
73 Number of supplier i’s parts transported to manufacturer m by provider’s
tmyw truck v in scenario w
RS Binary variable to indicate if supplier’s truck v moves from
bjow supplier i to supplier j in scenario w.
R3. Binary variable to indicate if provider’s truck v moves from supplier i
How to supplier j in scenario w.
RSM Binary variable to indicate if supplier’s @ck v moves from
tmow supplier i to manufacturer m in scenario w.
R3M Binary variable to in(_iicate if provider’s truck v moves from supplier i
tmvw to manufacturer m in scenario w.
48 Binary variable to indicate if supplier’s truck v moves from manufacturer m
imow to supplier i in scenario w.
43 Binary variable to indicate if provider’s truck v moves from provider
ww to supplier i in scenario w.

) W xy hT—2

IR CIXE HlEE, 3PLBIOLIL MO =7 U o 7V 2FIHARETH 5. BRI OS 1 HIZFA 45 ~ o
v 7 OFERE TH Y 5§ 1 BFFE RN T 5. BOILXY Y —2BHTH Y, IHIC B #Higko = A |, 3PL
Daxr, Y FIAYDLT I BRI L 2T ) OaRrs, TaxtEZO N7y 7 EFIALEZY=T Y
YDA, BEBKTHD. ZZTwidv T VA ERL, £V ) AOERMRIIT, THD.

Min Z ON-O+Z7T {CSelf+C3PL+CSharel +C5hare2 +CLoss} (1)
w
2T
cself—zz N 2T530e" + (T + ety @
coF = Z Z N (3 + T5K) ©)
i m

T VORI (B0 F) ITFERE TS 2, LU ZVEID SRR R ER W R ~ A L—
V%ﬁﬁ%(@t?) ZXAL Y MER DD, VT TA YD T v 7 20 5E, B0 FLELTEL T4 Y
ThoHIZD, K @) mf#774%7wa7£¢®:xbtbfﬁiié@iﬁﬂ%k%ﬁﬂ N2 D F.
Lo TND. 7DA4&@h7/7%#@tﬁn, C(5) TEENDELICV =TV AR BETRTHa R
R EEND.

CSharel — pS oF | { + 1 Z (Z Z RS + Z Z R3M )}(OkST + 1) 4)

vevSs i

CSharez = D3 (sF 4 1cSV) + { v L2 Z O Z R+ D O Rity + A DI + ) )

vev3 i

ZIZTDSEDEE, =T VIR ENTEY T IA Y ET A XD NT v 7 ORETHERECH Y, X (6)
BIO (7) cERIND. ETHEEEEFARKRL KEEO N7 v 7 OBBOREEZ R T AL > TRO 5
no.

DS = Z Z {Z Rl]IIW ij S+ Z(Rfr%;w + Afmvw)‘[isrfld (6)

i vevs
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=0 ) 0 Rl + Z(R%w +R3

i vey3d j

Choss = z Z Pi Brnw @i — me
i m

veyS

lmVW

) + Al'l]W 35}

IRFT LMD R RGP ERDHILS.

me Z ZlmVW Z ZlmVW

vey3

(7)

(8)

filFIZIEZ A TR RO ITAFEREL LY =7V I TCRA LY I A YFAD b7 v 7 OEED,

%ﬁAﬁ%tzfi&Eﬁw LaRFET. X (10) ITHRE A — D OVER B2 I b2 L 2FHET.
A (1) [FHFEIB L O3PL Tk SV, SR LZ T v 7 ORKE#EZ B2 U bRnWl L a2%
. X (12) 6 Q1) Fv =T VT OETV— MIETHITH L. V7T A4 v EITT A X5
L2 T v 20E, 1 EDOHTIF 4% L 1 DA =B E-> THEMICES. B UBATCERENLH %5
ZEERW. =T VIR ENTES Ty Z21IonT, & Q2) IR ENRAEREAB AN L h,
X (23) XL FHSTH T T A YOI LIEI X722 &2 FRT.
Z(Nlmw + z Almvw) < Nio (9)
vevs
Ximw + Xiw + Zimow Zinow < Brmw®i (10)
v;S UEZV3
1+a(NS,, —1) < X%, <oNS,, §&6=53 (11)
Z Almvw Z Rl}vw Z levw Z jivw (12)
A?vw Z szvw + Z R?‘r%zw z jivw (13)
ZR;SJ.WJ,ZR%WQ 5=5,3 (14)
j m
ZR]?‘L-VWS1 §=5,3 (15)
Jj
Z T — Z Rimow (16)
> A=) > R, an
DD A = > R, <1 (18)
ZA?‘UW = Z Z R?r%zw <1 (19)
Z stivw - Z ng‘rfl/lvw =0 (20)
j m
ZZ(R;SJ.,,W+R;§,,W)S IG|-1 Gel,6§=S53 1)
i€G jEG
:E:Zgggw < U:E:Efmgw 6 _'5'3 (22)
Z 2 < "(Z R + Z RM) 5=53 23)

Q) Ry hT—2
IR R » b U —21350 (24) 25 (G
v T Y T AR

ZH=b
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i, BRBEERAMKRT 22X oW, N7y 7 ORIMERE (G5 13H), BHEHtoaX b GE2H) BLW
3PLOa AL (B3I IRl ETchHD. =TV RS a R MI 25) BXOY 26) (T LD
CEEOLTEREND. #HFIR 28) & 9) Ao 9) & 10) ITERFEISLTVWS. EfTL— |k
ER T v 7 DELFLEY FICL o CT—BICREDD, =T U BT 2H#0E 30) LY B1) 12
RT KD ITEEE & BEOBMRIZ OV TOARINS.

Min Z KONl-O + Z T, {CSelf + C3PL + CSharel’ + CShareZ’ + CLoss} (24)
i w
SS SM SM
I} 0 + T, + 7T
CSharel — ZZZ lmw{(TSS + TSM + ‘L'SM)g + ( Ji im jm + 2/1)(9KSF + gL)} (25)
i m j 14
35 +TSM + T3M

CShareZ Z Z Vlmw{(TBS + ‘I,'SM + T3M)(KSV + EF) + (

14
Closs — Z Z pi(ﬁmw(pi me lmw z ijmw — mw) (27)
i m

T+ 2) (5 + 1)} (26)

st. (1)

Z( S + Z Uygmar) < N 8)
zmw + X13mw + Z ijmw T Ylfnw < BmwPi (29)
1+awmm—4)sn%wsGmmw (30)

(3) WAy NT—2

FEWFR R Y F U =213 (32) B (34) ITL > TERILTE 5 (BHHMN, 2023). HIIBE 2T 52 A |
OW, b7 w7 ORMERNE G5 11H), BEfEEOa AN (F2H) BXOWIPL O A b (63 H) (X5
EHEBETHD. #iHOX 33) & G4) FHIAEROX 9) & (10) IZFERERREL TN D.

Min Z ONO + Z Ty {Cself + C3PL 4+ Z Z Pi BrmwPi — me me)} (32)

s.t. (11)

Z S < NP (33)

X;inw + X < Brw @i (34)
4, HERER

LTL B> =7V 7 %R 5 2 & THrABERRE S E, OWTiImiia A bR ED L S IBLT 200
WBRET 2720, EETIHBELLOY T I F=2—0 DF —Z Z W THEERZITH. EbIL, ¥Yvy—7L
AMEERNTY T T4 YEOAIELZ RO, ks OBMRICONWTELET S, £/, ZNUHEZFIL RO =T
Vo7 %MATHHEAE LKL, Nyl DX Y "\ T 42 AT LAY v NEEENICIHMET 5. 7 VX
Gurobi Optimizer V.9.5 T54E L, Intel XeonW-1290 CPU (A £V 32.0GB) & HW\TIAT L.

4-1 EEBEH

JRBSRPICALE T 29 7T A ¥ 4 0 SRR L OBER OSSR T E &2 i LT\ 5. B2Em o ik
ERK6DLEBYTHY, b7 v ZITPIEEHGEICER SN2 EDZ 4 b RETD. b T v 7 1 BOKK
oL 64 M & L, EBLOIRTEHI & B 1 HH7- 0 OMBERIIFERHBEE LA EICRE L (7).
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B (y) [ ISEBHE DT —2 025 60 km/h &35 ([ELAGEA, 2015). T A RRXT A—X (F£8) LFHEHEITY
AL, AR FEERE R (G, 2023) & i35 Z L A FREE T AT 0EA CTRILEZ AW 5. BARNIZIEA—D
1 &A= 2 ORGLOFEIL I 100 #/H & 400 8/ H & L, WAEZFED 30%, EEA-0.8,0,0.8 [THRE L.

EEENN-0.8 DRFIFEFEN EIRN L7 <, 0.8 DRFIZ TR LTV (K1), 10, RABIUEEICL-
TRHEATT DB AT, BRI LU 20 HOIKE (0~ 5, o~ oy, 22~1) OFE4 1 EOfE%

7V MRS, R LT 20 OMIREEOLIUEOEA TS Y, EEHERITOPROMbSE T, ZLT
2 WROFIUEDOT S TOMEE Buy, o) YT VADEEWEL, Thi 1 DDA VRSV AT S, %

>F U Awe W@%ﬁﬁ%%nﬂi&f‘%é.

Table 6 Distance between manufacturers, suppliers and a provider.

Supplierl | Supplier2 | Supplier3 | Supplier4 | Provider | Manufacturerl | Manufacturer2
Supplierl - 8.2 2.5 8.2 144 27 145
Supplier2 - - 6.2 132 16.1 31 149
Supplier3 - - - 9.5 13 28 146
Supplier4 - - - 9.8 25 143
Provider - - - - - 11.5 132
Table 7 Parts sales price and required number per product.
Supplierl Supplier2 Supplier3 Supplier4
Sales price (JPY) 10000 10000 12000 12000
Required number per a product (pcs) 1 1 2 2
Table 8 Cost parameters.
Parameter Value
3PL base fee (3F) ¥14591 per truck
Freight charge per distance (x3") ¥196 per km
Rental rate per hour («5F) ¥4000 per hour
Mileage (15V) ¥9 per km
Depreciation (x°) ¥11030 per day
Service fee rate (8) 20% of rental rate
Labor cost per hour (%) ¥2000 per hour
Fuel cost per distance (£F) ¥21 per km
0.25 0.25 0.25
0.2 0.2 0.2
> > >
2015 2015 2015
§'> 0.1 ? 0.1 ;‘: 0.1
o 0 s
0.05 0.05 0.05

0‘
0 200 400 600 800
Demand

(c) Skewness 0.8

0
0 200 400 600 800
Demand

(b) Skewness 0
Frequency of daily demand with average of 400 and deviation of 120.

0 |
0 200 400 600 800
Demand

(a) Skewness -0.8
Fig. 1
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4.2 xT7)ITDMRDEE

BEDORIND 3 LMOFE TV A 2ET MIE %, LTL O3 A2 MERGIREZHRGET 5. 7 ) AcxiEs-o
ERHEDT0, FRIFZOZ DA ALK A% W Thiifi & folfa 2 5 L, 2 OB FES 0 TR
ZATH. 7eb, BHERFRIX I AV AZ RO I A2 E LT,

BOERFTABRENS 2 9 1R, 3HHEOR y NU—27 12388 T 2 E LT, BENNIWIEE 4 1045
BENZNZ ERETONS. ZhUL, TBEO ERAWPIAEND O, LVEDNT v 7 EFATRETH
HZEEEWHRLTWD. Wil oOEEHEENE, FEHMAUTK L TEREDN-0.8 DEE3 5472 <, EEEN 0.8 DRFE 1
B ot FIRERTAARNCR U CIIEREDS-0.8 DT 1 B0, TS 0 £721% 0.8 DERIIFIFE L
<, b7 v OBREEHOBELE L TILIL b FIL LRI%TH 5.

Table 9 Optimal number of supplier’s own trucks. The total number of trucks of the collaborative model is one to three fewer than
that of the non-collaborative model, while it is one less or almost equal to that of the semi-collaborative model. The effect

of reducing the number of trucks is almost the same for FTL and LTL.

Skewness Network Supplierl | Supplier2 | Supplier3 | Supplier4 Total
Non-collaborative 8.9 9.0 16.7 16.4 51.0

-0.8 Semi-collaborative 8.0 9.0 16.0 16.0 49.0
Collaborative 8.0 8.0 16.0 159 479
Non-collaborative 8.1 8.1 16.0 16.0 48.1

0 Semi-collaborative 8.0 8.0 15.1 15.0 46.1
Collaborative 8.0 8.0 15.0 15.0 46.0
Non-collaborative 8.0 8.0 15.5 154 46.9

0.8 Semi-collaborative 8.0 8.0 15.0 15.0 46.0
Collaborative 8.0 8.0 15.0 14.9 45.9

ReififE & U b E e — MEOREENTFEIC SO 2EEGEFE L, 400 > U ATEY LR ER
10 129, A—H 1 ~FFIEHHRTLT 60%LA LA HHEIZ LY, 0 %2 3PLIC X Vs LT\ 5. il 51E FTL
% 3PL X0 b2tz iz, YEFIR Gl E Bk OEA 1 55~60%2) L, 7V % FTL Tt LT\ 5.
AR L YER IR O T B R OETEN 1 B THHITHL b 5T, il ¢l B HEigkOBEIA 1 50~56% F T
YFDH. ZHUL, A MIRORIDXICEVEZL OFF#ENAY =T Y 7 (LTL) ISR ENL720THD. —
¥, A—T 2 ~NFUHEHFHTHHEL 3PL DA THELTEY, =7V 7 (FTL) 1SR, &
ITREBEC AT TR L] L TR BRI 72 5 7280, RHREEOREIZB WL 3PL L0 b a3 A MHIZAF 2728
ThH2. LoLBiRTIEY =TV 7R 3% ULEEEDTEY, N7 v 70X x /U7 ¢ 253 hidimskiE
BENES CHy =T V7Y —EREHHATHAY v ERHDLZEEZERL TS, £, =7 U U ZICFIH
SN b T v ZIZOWTHEROFEHELZRD D &, £1IORTEEY FTL X0 b LTL O 53K 14%E< 78 -
7.

7 12 (2 HRUBE O & FEm AL & FEHE & U722 m T, FTL Moy =7 U o 72 X % 2 2 MEREEhREN
25%FRETHDHDIZK L, LTL DY =7 U 2 71 L DFIEE D 2 5L B & 725 T 5. FRICTEEE23-0.8 DI,
ik B — A T 3PL ORI D722 <, LTL OFANREL 720, a2 X FOEEERITR bEL< 5.

FEREEN0.8 D —AZONT, BIIEEOMEONRZZ 13 187, Wil ORI ERNE I ERHE LD b 1A

0, BFIZLT I THOERDHS. 10 L0, WO B X 2k XERHRELD 87% (A —H
1D L9%6% (A—H2) L->TEY, ZIITER L TZOMo B Hlasd s 42 THED 5. Bififilo 3PL I
X Bk I IR 0K 6 HITH Y, 3PL O A M HERE LT 13 TSI 5. =7 U 7L Ak
BT O TN %L, R HIIAET D A —H 2 ~OEEIZ BRI L TWA T2, o MIHEHTR DK 1.4
EITHINT 5. BEESHERIZOWTHENRZEZTH 50, WO bl lieolz. BFRELTE N T vy 70X
¥ XUT 4 OIFIZE ST, 43 FTHO = A MEED K-,
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Table 10 Percentage of transport volume in each mode. The transport volume of self-transportation is lower in the collaborative

model than in the semi-collaborative model. It is suggested that more owned trucks are used for LTL than for FTL due to

its cost-effectiveness. LTL is also used for transportation to Manufacturer 2, and there are advantages to using the service

even if the transportation distance is long.

Manufacturerl Manufacturer2
Skewness Network Self- 3PL Truck Self- 3PL Truck
transport sharing transport sharing
Non-collaborative 64.9% 35.1% 0.0% 99.6% 0.4% 0.0%
-0.8 Semi-collaborative 58.0% 0.0% 41.9% 99.1% 0.9% 0.0%
Collaborative 50.3% 0.0% 49.7% 95.7% 0.6% 3.7%
Non-collaborative 60.6% 39.4% 0.0% 97.9% 2.1% 0.0%
0 Semi-collaborative 55.4% 0.0% 44.6% 97.4% 2.6% 0.0%
Collaborative 52.4% 0.0% 47.6% 94.4% 2.0% 3.6%
Non-collaborative 60.8% 39.2% 0.0% 96.6% 3.4% 0.0%
0.8 Semi-collaborative 60.0% 0.0% 40.0% 96.7% 3.3% 0.0%
Collaborative 56.2% 0.0% 43.8% 93.7% 2.8% 3.5%
Table 11  Average load factors. The average load factor of trucks used for LTL improves by about 14% from that for FTL by

combining several suppliers’ loads.

Skewness | FTL in semi-collaborative model LTL in collaborative model
-0.8 80.5% 94.8%
0 81.5% 95.1%
0.8 80.6% 94.7%

(kJPY)

Table 12 Objective value and reduction rate. Using LTL reduces the total cost more than twice as much as using FTL, which is
equivalent to more than 5% of the total cost when the sharing service is not used.
Skewness Non-collaborative Semi-collaborative Collaborative
-0.8 13453 (-) 1309.5 (-2.7%) 1266.6 (-5.9%)
0 13429 () 1306.7 (-2.7%) 1267.6  (-5.6%)
0.8 1351.0 () 1316.6 (-2.5%) 1278.8 (-5.3%)

Table 13

Cost breakdown comparison at skewness of -0.8. The depreciation of the collaborative model is one truck less than that

of the semi-collaborative model. Self-transportation and 3PL costs decrease in proportion to the transportation volume.

The sharing cost of the collaborative model is about 1.4 times as much as that of semi-collaborative model, the total cost

is 43kJPY lower in the collaborative model.

Item Semi-collaborative Collaborative

Self-transportation cost 1214.6 1161.2

Depreciation 539.9 528.9

Other 674.7 632.3
3PL cost 28.9 15.8
Sharing cost 64.2 89.3
Lost sales 1.8 0.2
Total (Objective value) 1309.5 1266.6 (kIPY)
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4:3 r—TFLAEICKBERAR

A CIE LTL Bov =7V v 72FHT5 28 TH T 74 F o= BEOa R M EHTE 5 2 EVREN
Too ZHUEHSI T — L 2D LM TEDRD, VXY —TLAEEZHWTEY 7T 4 vYDax NoAHEEZ K
5. =T UVAMETEREICT 5 7 LA Y OFEBEIDS U TESEE ST 2 HETHY, X (35) TEE
Z45 (Shapley, 1953). RIS TIEH D &, NIZTXTOYT'T A Y, SITZOHHGHES T LIL (2SI ($245)
5T T4 Y, FrERIBw (S IFIREEIC K - TR ESNERN TE 285N 5. P ov(S U {i}) — v(s)
YT T A ViOSITRT 2EHBE TH S (Nakayama, 2012).

sl(n—s—1)!

¢ (v) = E:———;r——@ﬁuﬁb—vﬁn (35)
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Fig. 2 Characteristic function. The more the suppliers participate in sharing, the more costs are saved.

EHEEM-0.8 O, W r Yy FU—27 THMAN T =TV 7 %FH LTt Lmink ey =7 UV o 7 Dax
&2 14 18T, B 1 ES 720 ok 245 &, LTL S E LA a8 L2077 473 L 412
LoTaRAMIENIYBEVEEE—RNEE 2D, £72, VW TI7A4 V2K 837734V 10OFR, 774 F
3KV HHTTA Y ADFNDIRVEEE TELL OFHMERHEL TNDHZ b, Y FITAYRLTLOAY v |k
B POREESZTEX NI v ZOMMEE COBRBEC LIKET 5 Z ERbnb.

Table 14 LTL shipments and shipping cost. How much a supplier can benefit from LTL depends on the distance from the supplier
to the provider or manufacturer, the number of own trucks, and the freight volume. LTL is a cost-effective service,

especially for suppliers with many trucks and high freight volumes.

Supplierl Supplier2 Supplier3 Supplier4

Number of parts shipped by using LTL 71 62 110 116
Shipping cost (kJPY) 19.4 19.7 26.5 23.8
Shipping cost per part (JPY) 273 318 241 205
Distance (km)

Provider 14.4 16.1 13 9.8

Manufacturer! 27 31 28 25

Manufacturer2 145 149 146 143

3TEDOFR Y NU—ZIZONWTEY T I 4 YOI A MR LR AK 3 18T, B, 4 fto&EH4%H
TEHMBEEOEIC—ET 5. YT T4 Y1 &2, VT4 %3 &4 THEEEN2HEERDTZD, TNETNUNA
HIBaxbbBEZF2MHER-TVD. EHFMOa R F2FEHEL 2L, FILBMOY =7 ) 712 KK
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Fig. 3 Comparison of supplier costs in three types of transportation networks. FTL reduces each supplier’s cost by about 3%, while
LTL reduces by 5-6%.
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