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SC Network Model

Suppliers Factories Sales

FIAFI—UrrI—oRERIE [

Simple SCND problem

_ ,m ./,;E v’ Linear cost basis
%= v Simple MIP
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Production-Distribution Network

Plant i DC | Customer k

:Facilities D:Customer sites (Markets)

[Objective function]

Supply chain cost = Operation cost + Transportation cost
+ Stock-holding cost + Fixed cost

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem PO
[Notation]
Parameters
PC, Production cost per unit of product P at plant i
TC,, Transportation cost per unit of product P from planti to distribution center |
HC, Handling cost per unit of product P at distribution center |
DC Delivery cost per unit of product P from distribution center i to customer k
PF, Fixed cost for planning horizon at plant i
DF, Fixed cost for planning horizon at distribution center |
Do Quantity of demand of product P from customer k
R, Capacity requirements per unit of product P
CAR Capacity of plant i
M A large constant number
Decision variables h
Xpi Quantity of product P shipped from plant i to distribution center ]
Y pik Quantity of product P delivered from distribution center | to customer k
Z, Quantity of product P produced at plant i
8, Binary variable, which is 1 if plant i is open and O otherwise
L b, Binary variable, which is 1 if distribution center j is open and 0 otherwise )

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem PO
minC, =Y > PC,z,+Y. > > TC, X, +ZZ;(HCpj +DC, )Y,k
Proz:elssing cost — Transpgrt;tion costs
+Y PFa +> DFb,
I Fixed ccj)sts
subject to ZJ: Yo = Do, VP, K Demand constraint
j
K I .
Zk: Yok = Z,: Xy VP ) } Quantity conservation constraint
ZJ:Xpij <z,,vp, between facilities
J
ZP: R,z <CARa,,Vi Capacity constraint
Y
P K
D> Yo <M b,V Logical constraint
alfi),bkj e {04}, Vi, j Binary constraint

Copyright © Hitachi,Ltd. 2012 All rights reserved
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-
%Pipeline stock % Cycle stock % Safety stock i3 Pre-build stock

Stocks in transit or Stocks due to cycle | | Stocks held as Stocks prepared for
in process time gap buffers for uncertainty d:mand Increase in
O 1 o Safet advance
‘.<Q = § A Safety$,/ p?oi_y O
=, I\]\ S | stock yp < | Production / \Pemand
S 0?7, 2 > %’ ‘Avg. S,
@© fPipeline stock’ I iCycle stock ® N - R
;@; — 3 Demand dist. 7 Time
Transittime _Cycle time Time ReplenishmentLT Pre-build stock
C__Resultant > Intentional >
4 _ 4 _ 4 )
Suppliers Factories Sales

7 Japan %
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SC Network Model

Simple SCND problem

Suppliers Factories Sales

- ./,;S v’ Linear cost basis
%= v Simple MIP

Stock Models
/(D Pipeline stock (@ cycle stock

Q Q

< < ’\’\

SV 7

@ [Pipeline stock’ ! iCycle stock
<>

\_ Transit time \___ Cycletime Time

T
S

v’ Linear stock qty.

L.  Calculation (pipe-
v line & cycle stock)

@ % v MIP basis
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Problem P1 (w/ Pipeline & Cycle Stock)
[Notation (additional)]

Parameters

VW, Value of work in process per unit of product P at plant i
( W, should be selected to fit average value of WIP, normally half of sum of values
at input and output of the process.)

VP, Value per unit of product P at plant i

PT, Average lead-time for production of product P at plant i

T, Average transit time of product P from plant i to distribution center I

RF; Replenishment times during the planning horizon of product P from plant i
to distribution center |

r Inventory holding cost rate for the planning horizon

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem P1 (w/ Pipeline & Cycle Stock)

mInC ZZPCpIZpI +ZZZTCDIJ pij +ZZ;(HCI@J t Dijk)ypjk
P

Processmg cost Transportation costs
T T WPz, + DY SR, T, + Y Y Y
Pipeline stock In- tranS|t stock p Cyc;e stockIJ
holding cost holding cost holding cost
+Y PFa +) DFb
I Fixed ccj)sts

Constraints are same as in Problem PO.

Copyright © Hitachi,Ltd. 2012 All rights reserved



AR B SAFI—o b TI—o%HERE B
4 B_ n% 31"~“J|*'7—7t7:E Eiﬁﬂﬁ@%ﬁéﬁn

Simple SCND problem

SC Network Model

Suppliers Factories Sales

’“m"// "> Linear cost basis
==a A v' Simple MIP

%».-Tiﬁr

SCND with resultant stock

Wf P,,:gﬁ v’ Linear stock qty.
NG Gy calculation (pipe-

g Stock Models =us .- line & cycle stock)
() Pipeline stock) (@) Cycle stock | %(D i MIP basis

g 2
5% “\NM SCND with intentionally holding stock
@ pPipeline stock’ i 1Cycle stock

\_ Transittime ) \ Cycil<;>ti!me Time ';}.‘@ s A
‘- N ; ~ — :
@ Safety stock | [(@)Pre-build stock PT_ Wm'” .3 All the four inventory
< Safety o W _"'“”'" I
2 = "Avg. ' o AR ' s pHt n@
3 N - .
8 Demand dist. A Time . _
\ Revemsmonir ) \_ Presbuildstock v’ Strategic stock placement decision

v NOn“near and &pynlg@ l—htaaét%gzﬁg lI?rlg ts reserved
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Inventory class involved

Model type & solution

service model

Authors method
Pipeline Cycle Pre-build Safety
Arntzen, B. et al. v v MIP,
(1995) _ _ Specific method with
Multiple time elastic constraints,
phasing etc.
Dogan, K. et al. v v v MIP,
(1996, 1999) _ _ _ _ Benders
Fixed replenish- Multlple_ time decomposition
ment cycle phasing
Jayaraman, V. v v MIP,
(1998) _ _ Not specified
Fixed replenish-
ment cycle
Bhutta, K. S. et al. v MIP,
(2003) _ _ Not specified
Multiple time
phasing
Miranda, P. A. et al. v v Nonlinear MIP,
(2004) _ Lagrangian relaxation
EOQ model Single echelon
Croxton, K. L. et al. v MIP,
(2005) CPLEX
Square root law
model
Graves, S. C. et al. v v Nonlinear MIP,
(2005) Dynamic
Guaranteed-

programming

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem P2 (w/ Pipeline, Cycle & Pre-build Stock)
[Notation (additional)]

Parameters
VG, Value per unit of product P as goods in time t
IP; Initial stock quantity of product P held at plant i at the beginning of the planning horizon
1D, Initial stock quantity of product P held at distribution center i at the beginning of

the planning horizon

Dependent variables

PS,, Stock quantity of product P held at plant i at the end of time t

DS, Stock quantity of product P held at distribution center ] at the end of time t

Other parameters and variables are additionally suffixed by time index t .

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem P2 (w/ Pipeline, Cycle & Pre-build Stock)

minC, ZZZ PC,; Z, +2222Tctpij Xipij "‘XXXX(HQM T DCthk)ytpjk
t p i t p |

Processmg cost Transportation costs
r.VR Ixt ,
+Zzzr tpi tplztpl +zzzzrvtpl tpijxtplj +zzzz 2
tlj
Plpellne stock In- tran5|t stock Cycle stock
holding cost holding cost holding cost

r.VP

-I—ZZZ tpl( (t21)pI+PStpl) ZZZrVG( (t21)IOJ+DSt|OJ)

Pre-build stock holdlng COSts

+ZZ PF, a +ZZD i,

Fixed costs

v'Simple linear but often huge problem due to time-phasing index t

Copyright © Hitachi,Ltd. 2012 All rights reserved
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Problem P2 (w/ Pipeline, Cycle & Pre-build Stock)

subject to (in terms of pre-build stock calculation)

K I
Z Yok < DSi gy +Z Xaij » VP, | Quantity shippable from DC
k [

| K
DS, 1y + 2 Xei = DSy + > ViVt P, j Inventory offsetting at DC
[ k

DS, =1D, 20,Vp, ] Initial inventory quantity at DC
ijx’(pij < PSSy + Zp» VL P Quantity shippable from plant to DC
PSi s +2Zs =PS, + ZJ: Xeij » VT, P, Inventory offsetting at plant

j
PS,, =R, =20,Vp,i Initial inventory quantity at plant

Copyright © Hitachi,Ltd. 2012 All rights reserved
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) Multi-echelon Safety Stock (B & EEERE) D X I

BT
PRTEALOMABEETRE |\ HATECORREEEETREER
FAIENOEEEEHD B SH0NTEE A HEC

WF7 DHERIBE 1F 5%
[FEEDERT*]
| pEE I AR FEICMN R PFEHEELHD

- MBIZ R R —CHEMETE 5E (CAEE) [SRIE TSR

*Graves, S. C. et.al., Optimizing the supply chain configuration for

new product, Management Science, Vol 5, Wim%gthgd_lgé-1&%&@&9@1



Multi-echelon Safety Stock Bl E[GeE B
I ERE TR EELEDHEEAEE

Safety
prob.

g %7 "AvQ.
/ )
Demand dist.
Replenishment LT
_ A
Replenishment LT
(depends on upstream Demand from

4 Safety A\

Ab annejnwn)

inventory position) downstream stages
< > <
Upstream ———>»| » E» Downstream
/ Stock point

A stage within supply chain
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» Guaranteed-service Model (@& 4—EzxE571) 7 JHO—F

Cancel stochastic effects from upstream stages by defining
100% guaranteed replenishment time; service time

9)

= Safet ~ N
g 4 SafeLy 2 prOby I e = TGZ
C | stoc '
AA A7 . B Safety stock qty.

2 P B | LSaesoday
D N\ 52: Demand variance
3 Demarld dist. N T:Replenishment LT/
€ >
Replenishment LT Eji?:ltjigido:‘OT

_ A

100% .
guaranteed Replenishment LT
(depends on upstream Demand from
inventory position) downstream stages
< > <€
Upstream ———> » E» Downstream
/ Stock point

A stage within supply chain
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» Guaranteed-service Model(gER4—£2E57L) T T A—F

Single stage placement

—1

‘A1b 0015

—Replenishment LT—>

Suppller Sub-assy Fin.-assy Sales

-

Two stage placement

4 )
\ Safety stock | |2 = g+/T o2

level reqwred
at the stage

HITACHI

Inspire the Next

F2: Safety stock qty.
o : Safety factor
d?: Demand variance
N T:Replenishment LT y

%

@)

O

Q

%|/ 1
>i

LT to sub- assy LT to sales

Multi-echelon placement

LT Allocation to Stages

]
e l

b O R0 % L0l =1

_>---I_>---._> qp S

Suppller Sub-assy Fin.-assy Sales
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» Guaranteed-service Model ({gE#+4—E XEF)L)

t [ t [ t [
. SaES S =Sw1 | Syt = Shez
; <> : : i <>
Tn—2,n—1 \i/ Pn_l : '/ Tn—l,n \L ! '/ % : Tn+1,n+2
— 1 Nf— >
—» :Supply :Processing/tage  \/:Safety stock point

Standard description
| nSa = 0[\/(5:1 +Tn—1,n + I:)n o Sr?Ut)Gz
. J

Service time : Replenishment time committed to its immediate downstream stage

InSa . Safety stock level at stage n @ : Service level parameter
S, : Incoming service time to stage n P : Processing (lead) time at stage n

Si" : Outgoing service time from stage N T, Transit time from stage N to stage M

2 )
O : Variance of demand

Copyright © Hitachi,Ltd. 2012 All rights reserved
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» Guaranteed-service Model(gE#4+—EXETIL)

out in out in out in
I Sn—l .: Sn | Sn .: Sn+1 | Sn+1 .: Sn+2
i <> I <—> I <—>
& Tn—2,n—1 \i/ Pn_l \: I/ Tn_l’n \E/ Pn \: {/ Tn’n+1 \E/ Pn+1 \: : Tn+1’n+2
— 1 Ne— n NSA— a1 NfF——
Demand >< Probability distribution
. N N > N A./(;of demand
i —P \AM
5 E /. ! Demand curve
. i i i i >
!E out ;:i ' ! ' Time
| . : :
o in 7 : :
Sn+1 + Tn,n+1 + I:)n+1 i I
« i g Stock placement problem
I out 7, i . .
S K Is reduced to allocation
S s"4T . +P of each stage to time axis
"¢ : I
1 out 1
L Sn

Copyright © Hitachi,Ltd. 2012 All rights reserved
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oy —% LSafety Stock EZE D& ERET

- EE R TR OIS MZE X RIZIEIEGuaranteed-service
model IC&AmE{ELETILIEE
-DUTIWIEREREBIZKY . FERIEREFZE< BT ILTVX L

- B ITSAF— IR MR RER (FHTOHE)

Iy \ =

) Pre-build Stock® #H 1A #+**

-4DMNTE

T8 ST NTH/\—

- GAIZ k% Safety Stock BLEEZHFEREMER 2L —230(T8D

Pre-build Stock EEtE D& IE
1EF B N Cax @ AL E5% N D R IFER

- EREER

[ZXfL . 3£

CEPARR

*Funaki, K., Strategic safety stock placement in supply chain design with due-date based demand,
Int. J. Prod. Econ., Vol.135, No.1, pp.4-13 (2012)

**Hosoda, J. et.al., Multi-echelon stock placement problem with production capacity constraints
(in Japanese), Proceedings of Japan Industrial Management Assaociation Conference, Fall 2011
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) {& 1E Guaranteed-service Model
(Merging process, Multiple parts consumption & Nonstationary demand)

out out _ in out __ Ain
1 Sn—1| 1 Sh |_ Sn+1 1 Sh+l |_ Sn+2
i <—> I <—> i <>
P Tn—3,n—1 I:)n—l ' '/ Tn—l,n \L P - '/ Tn,n+1 \i/ I:)n+1 \! : Tn+1,n+2
n+l1 \f—»
—» . Supply

:Processing stage
\/ :Safety stock point

(Modified description )
t+LT, +s" +Tan+Py _ ,
S 2 in __ ou
S=a| Y pol. S=max () 1T Y(T,.,+R)
k r=t+LT, +s0" +1 meIndex(NS") )
Insta: Safety stock level at stage N at { B, : Number of parts consumed per product
Gtz : Variance of demand at t A : Set of links in the graph

NS": Set of nodes in stream from stage immediately downward from stage N to end stage
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[Stepl] ¢4 v
Enumerate all the supply chain network 7 -
patterns and calculate threshold value* -y T /_._/z(
for each network pattern. Total cost \

[Step2] ./././'\Threshold
Find optimal safety stock placement** and = 0« function >
calculate corresponding total cost for each  \w ..~‘|§|\}\',x: NW O ONWONWL
network in ascending order of its threshold 1 %2, 3 12 13
value until the threshold value exceeds the Network patterns in
minimum total cost already calculated. ascending order of

[Step3] threshold value

The network which gives the minimum total cost in the
step2 is the optimal solution.

*The threshold value is set as lower bound of total cost for networks whose optimal
safety stock placement have not been examined.

**Qptimal safety stock placement for a network is found by specific dynamic
programming algorithms. Copyright © Hitachi,Ltd. 2012 Al rights reserved



BEDE A2 DHEME D!

vk —% ESafety Stock BB D& ERET

- EE B TR OB MZE X RIZIEIEGuaranteed-service
model IC&AmELETILIEE
- VUTNWERERBICKY. FELGEREEEGEELTILTVR L

- B ITSAF— IR MR RER (FHTOHE)

Iy \ =

) Pre-build Stock® #H1A #+**

-4DMNTE

T8 HZT I N TH/\—

- GAIZ k% Safety Stock BLEEZFRREMER 2L —2 3028

Pre-build Stock EEtE D& IE
1B AN Cax @ AF L E5% N D R IFER

- EREER

[ZXFL . 3£

L =
RE NZ=HERR
*Funaki, K., Strategic safety stock placement in supply chain design with due-date based demand,
Int. J. Prod. Econ., Vol.135, No.1, pp.4-13 (2012)

**Hosoda, J. et.al., Multi-echelon stock placement problem with production capacity constraints
(in Japanese), Proceedings of Japan Industrial Management Assaociation Conference, Fall 2011
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v" All the four inventory classes covered
v" GA based algorithm with stochastic simulation of pre-build

stock quantity
GA based algorithm with simulation
(1)Combination of safety stock (2)Simulation of demand,
locations and positions production and distribution
Safety stock 2 . Pipelin stock Pre-build stock
ol & i Gl e
= =
- | it L
Suppliers Factories Sales Suppliers Factories Sales

-
GAbased searchsags{yl-1IR=1aleI8 o]} Total cost

evaluation
g
Stock placement solution
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) GA ZEf8 T Safety StockBERE D F IR

Safety stock coverage period Genes
M(B) coverage period:12

Value range

< M(A) coverc.':lge period:10 i M(B)| 12| {12}
P(A)éoverage period:10=max{8,10} | »

M(A)[ 10 | {max{P(A),10}}

S(A) coverzige period:5
, | = P(A)| 10| {max{S(A),10},12}
- Su- 3—> =_: (5” i
M(A) y Py ‘52 S(A)| 5 | {512}
5 5 el L ™
2 = 7 N e A R
Ao — ‘i:tff%<6\ ‘: Set of genes for demand from
M(B) P(B) L %% h K f
Material Product S(C) the market o S(A)
warehouse warehouse Sales site
Chromosome

For S(A) demand For S(B) demand For S(C) demand
S(A) P(A)MA) M(B)  S(B) P(B)M(A) M(B)  S(C) P(B) M(A) M(B)

9 |10[10]12 419 1110 6 |11[13]12

\/U'JyIIHIIL

rights reserved
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Y :/E:L D—:/E.VMEi g]irodgt_iyj\zemand

(1)Generate Production Schedule

Time
v'Backward scheduling according to Backward scheduling pemand
demand and safety stock setting . 1
v'Leveling production under capacity = 'I%"Wirf‘;“%
constraints I%/‘ﬂ‘ -
— S -

Suppliers Factories Sales

(2)Production and transportation simulation

v'Generate orders (stochastic) Production Orders
& transportation received
vIf orders exceeds scheduled > i
- [ ] -

production volume, orders are = o gy b o
satisfied by safety stock and / i 8 =
replenishment orders are released o Fl pam
N -
10 upstream stage. Suppliers Factories Sales -

Copyright © Hitachi,Ltd. 2012 All rights reserved
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7 material
7 suppliers warehouse

i —— S

4 to 7 product
warehouse

S D
e D

Markets

Factory

|/ " "
0poo  oood - aooog

LT=5t0 7 LT

I
AN

LT=0
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v'Hardware: Dual-Core AMD Opteron 2.8GHz with 32GB RAM
v'Time to reach 5%-near optimal solution
v Average of 1000 simulation samples

. . . @) Limit time for .
A
Table. Computing time (min.) 5104__ application R Enumeration
Problem size* | Enumeration| GA based %.103__ (1 hour) K
«©
3 —_ /
10 3 3l = | / R
0] /
104 120 41 5 /
105 6.740 53| 510- & GA based
108 86,640 56] 1 b b b a1
’ 10 102103 10* 105 10°

Problem size

*Problem size is number of safety stock placement patterns, i.e. number of combinations of
safety stock locations and quantity.
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