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ABSTRACT

The purpose of Supply Chain Management (SCM) is to improve collabora-
tive efforts among various business partners. Collaborative Transportation
Management (CTM) is based on sharing of information and collaboration be-
tween trading partners and carriers on the supply chain, in order to avoid the
inefficiency of physical distribution and accomplish the objective of improving
the efficiency of supply chain management. Past studies in supply chain col-
laboration mostly focused on the parties of supply chains. Little attention, how-
ever, has been paid to the impact of transportation management on SCM per-
formance. We propose a concept of CTM and the application of a System Dy-
namics approach to develop a supply chain simulation model using CTM to ex-
plore its impacts on the structure of supply chains. Three different scenarios are
simulated: (1) unconstrained transportation capacity without CTM; (2) con-
strained transportation capacity without CTM; and (3) constrained transporta-
tion capacity with CTM. The manufacturers, distributors and carriers are con-
sidered to be the partners of CTM. Results of the simulation demonstrate that the
potential supply chain cost savings and the bullwhip effect of supply chains as
well as the overall transportation capacity utilization are improved. This study
found that cost improvement has a time delay from upstream to downstream and
is varied with time. The impacts on the downstream are not immediate, and are
limited by the structure of the supply chain. Supply chain costs are affected by
the maximum available transportation capacity and are unrelated to the mini-
mum available transportation capacity. The effects of CTM become significant
with the increase of unit inventory cost. Supply chain cost is diminishing with
order delay reduction.

Key Words. Collaborative transportation management; Supply chain; Bull-
whip effect; System dynamics
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B(t) = [, AB(t) x dt

Ab(t) = O(t) - §(t)
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I0(t) : tHA¥E/RETHEE (indicated order) ;
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Bff g% —
HEESR RSN RBR
(0OH A =0.25 Forecasting parameter i 22284
(02) B =0.33 Forecasting parameter i 22284
(03) Backlog = INTEG (bFlow , 0) Backlog at retailer ZBERFEIIRNEE
(04) Backlog 0 =INTEG (bFlow 0, 0) Backlog at wholesaler it # g Z it R B &
(05) Backlog 1 =INTEG (bFlow 1, 0) Backlog at distributor fitfspg Zit /R E &
(06) Backlog 2 =INTEG (bFlow 2, 0) Backlog at factory #E g £/ =
(07) bFlow = ORDer - sold Accumulation of backlog at retailer Z£
/= ORDer {12 #7ok it —old
ZEMHER
(08) bFlow 0 = ordered — sold O Accumulation of backlog at wholesaler
PRGN G &= ordered JHEFHTRKE —
sold #t#EraiHEE
(09) bFlow 1 =ordered 0—sold 1 Accumulation of backlog at distributor il
R EE
(10) bFlow 2 = ordered 1 — sold 2 Accumulation of backlog at factory #ly&
PEREE
(11) coming = ordered M Materiasin transit to factory — #IEERGY)
(12) Cost = INTEG (cost increase, 0) Total supply chain cost It Hl 2L 21k
ZIN
(13) costincrease | =1* (Backlog R + Backlog W + Weekly supply chain cost {it &7 E R
Backlog D + BacklogM) +0.5x | &K
(Inventory + Inventory O + Inven-
tory 1 + Inventory 2)
(14 Eff InvR = Inventory R- Backlog R Effective Inventory at retailer ZERGH R
Wt
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=8 REATSFRLA

(15) Eff Inv W

= Inventory W — Backlog W

Effective Inventory at wholesaler #{t2p4
BHREFE

(16) Eff Inv D

= Inventory D — Backlog D

Effective Inventory at distributor g8 H
S

(A7) Eff Inv M

= Inventory M — Backlog M

Effective Inventory at factory HIERGH %L
B

(18) FINAL TIME

=36

Thefinal time for the simulation

(19)inR = DELAY FIXED(soldR, 2, 4) Incoming orders at retailer EEPHEIE R

(20) inW = DELAY FIXED(soldD, 2, 4) Incoming orders at wholesaler it &5 % &
=R

(21) inD = DELAY FIXED(soldM , 2, 4) Incoming orders at distributor  Frl g5 £

(22)inM = DELAY FIXED( coming, 2, 4) Incoming orders at factory HLERGEI & &

(23) INITIAL TIME

=0 Theinitia time for the simulation.

(24) Inventory R

=INTEG(inR-s0ldR, 12)

Physical inventory at retailer

=

==X

FERELT

(25) Inventory W

= INTEG(inW - sold W, 12)

Physical inventory at wholesaler  #{t2$p%
=

(26) Inventory D

= INTEG(inD -sold D, 12)

Physical inventory at distributor  Ft #5785

iR

(27) Inventory M

= INTEG(inM - sold M , 12)

Physical inventory at factory HUE 7

=

==X

(28) ORDer =4+ STEP(4,5) Weekly customer orders JHE & EEEE
KE

(29) ordered R = DELAY FIXED( placedR, 1, 4) Intransit ordersby retailer ZERHEHER
A E

(30) ordered W = DELAY FIXED( placed W, 1, 4) In transit orders by wholesaler #1355 L fE

u/u uTﬁﬁi

(31) ordered D

= DELAY FIXED(placed D , 1, 4)

In transit orders by distributor it £ rE U
won ] e

(32) ordered M = DELAY FIXED(placedM , 1,4) |Intransit orders by factory #5&pa T HEsT
AIEE

(33) placed R =MAX (0, SMOOTH ( ORDer , Orders placed by retailer ZERGETIEE
SMOOTHTIME ) +A x (12—
( Inventory R— Backlog R) — B x
SupplyL R))

(34) placed W =MAX (0, SMOOTH (ordered R, | Orders placed by wholesaler it #&p55 i
SMOOTHTIME ) +A* (12— (In- | &
ventory W —BacklogW ) - B *
SupplyL W))

(35) placed D =MAX (0, SMOOTH ( ordered W, | Orders placed by distributor i $5p% 5 T i
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SMOOTHTIME ) +A x (12— (In- | &
ventory D — Backlog D ) — B x
SupplyL D) )
(36) placed M =MAX (0, SMOOTH (ordered D, |Ordersplaced by factory #LipgsEE
SMOOTHTIME ) + A x (12— (In-
ventory M — Backlog M ) — B x
SupplyL M))
(37) SAVEPER =TIME STEP Frequency at which output is stored.
(38) sFlow R = placed R—inR =BEGCITRSE = BEEITIERE-
FEF|EE Supply line accumulation —
retailer
(39) sFlow W =placed W —in W =T s AT E - = HEREETEE-
Ht2Epg 2] & & Supply line accumulation —
wholesaler
(40) sFlow D =placed D —inD =FesH(Mm) s ER IREE - = BofrEsR]
S -ficsHpg £ & Supply line accumu-
lation — distributor
(41) sFlow M = placed M —inM =BLER R I ARTIE - =RUhpE R
&) & & Supply line accumulation —
factory
(42) =1 Forecasting parameter
SMOOTHTIME
(43) sold R = MIN ( Inventory R+ in R, ORDer +| Crates sold by retailer ZH&EpGH &= -
BacklogR) =R-out

(44) sold W = MIN (Inventory W +in W, ordered Crates sold by wholesaler fit#pgH & =
R+ Backlog W) =W-out

(45) sold D =MIN (Inventory D +in D, ordered | Crates sold by distributor g §5p5 H & &
D +BacklogD) =D-out

(46) sold M = MIN ( Inventory M +in M , ordered| Crates sold by factory &L H &&=

D + Backlog M )

=F-out

(47) SupplyL R

= INTEG( sFlow R, 0)

T R FTLE] RE] & Supply linefor
retailer

(48) SupplyL W

= INTEG( sFlow W , 0)

MR TETAZIE Supply line for
wholesaler

(49) SupplyL D

= INTEG( sFlow D , 0)

BosE (Wit) rERETTRTAREIE Supply
line for distributor

(50) SupplyL M

= INTEG( sFlow M , 0)

HLERGREITETARZE Supply linefor
factory

(51) TIME STEP

The time step for the simulation
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