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Appendix

Notations

Indices

g product group

n primary products

i final products

j factories

k market

t time period

s scenarios

l transfer price level

Sets
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Ḡi set of the product group that final product i belongs to

G j set of groups that can be processed at factories j

Īg set of products in group g

Ik set of final products that can be sold at market k

Ki set of market selling final product i

Parameters

ACapS
h total capacity of supplier h

ACapF
j total capacity of factory j

AD jk total demands of final product i at market k

CapS
h capacity of supplier h

CapF
j capacity of factory j

CCS
h unit capacity expansion cost at supplier h

CCF
j unit capacity expansion cost at factory j

cr f the factor of capital recovery

Dikts demand of final product i at market k during time period t under
scenario s

DCS
rh j unit primary product r’s duties between supplier h and factory j

DCP
i jk unit final product i’s duties between factory j and market k

FFCP
i j fixed final product i’s formulation cost i at factory j

FPCS
rh fixed primary product r’s production cost at supplier h

FTCS
rh j fixed primary product r’s transportation cost from supplier h to

factory j

FTCP
i jk fixed final product i’s transportation cost from factories j to

market k

ICPS
rh unit primary product r’s inventory cost at supplier h

ICPP
r j unit primary product r’s inventory cost at factory j

ICFP
i j unit final product i’s inventory cost at factory j

ICFM
ik unit final product i’s inventory cost at market k
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MaxAFS
rh j maximum primary product r’s flow from supplier h to factory j

MaxAFF
i jk maximum final product i’s flow from factory j to market k

MaxAPS
rh maximum primary product r’s production at supplier h

MaxAPF
i j maximum final product i’s production at factory j

MaxFS
rh j maximum primary product r’s flow from supplier h to factory j

MaxFF
i jk maximum final product i’s flow from factory j to market k

MaxIVPS
rh maximum primary product r’s inventory at supplier h

MaxIVPP
r j maximum primary product r’s inventory at factory j

MaxIVFP
i j maximum final product i’s inventory at factory j

MaxIVFM
ik maximum final product i’s inventory at market k

MaxPS
rh maximum primary product r’s production at supplier h

MaxPF
i j maximum final product i’s production at factory j

MaxPrm the supply chain member m’s maximum profit

MinAFS
rh j minimum total of primary product r flow from supplier h to

factory j

MinAFF
i jk minimum flow of final product i from factory j to market k

MinAPS
rh minimum product of primary product r at supplier h

MinAPF
i j minimum product of final product i at factory j

MinFS
rh j minimum product flow of primary product r from supplier h to

factory j

MinFF
i jk minimum flow of product i from factory j to market k

MinIVPS
rh minimum primary product r’s inventory at supplier h

MinIVPP
r j minimum primary product r’s inventory at factory j

MinIVFP
i j minimum final product i’s inventory at factory j

MinIVFM
ik minimum final product i’s inventory at market k

MinPS
rh minimum primary product r’s production at supplier h

MinPF
i j minimum final product i’s production at factory j

MinPrm minimum supply chain member m’s profit

MCS
rh unit primary product r’s material cost at supplier h
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MCP
i j unit final product i’s material cost at factory j

PCik final product i’s lost transaction penalty at market k

T PLS
rhl the level of transfer price of primary product r at supplier h

T PLP
i jl the level of transfer price of final product i at factory j

Vik final product i’s selling price at market k

VFCP
i j unit variable formulation cost of final product i at factory j

VPCS
rh unit cost of variable production of the primary product r at

supplier h

VTCS
rh j unit cost of variable transportation of the primary product r

from supplier h to factory j

VTCP
i jk unit unit cost of variable transportation of final product i from

factory j to market k

αm supply chain member m’s bargaining power

βi j unit product consumption of final product i in factory j

τ jk transportation time between factory j and market k

τ̄h j transportation time between supplier h and factory j

Continuous Variables

AFS
rh j primary product r’s total flow from supplier h to factory j

AFP
i jk final product i’s total flow from factory j to market k

ALS ik final product i’s total lost sales at market k

APS
rh primary product r’s total production at supplier h

APF
i j final product i’s total production at factory j

AS ik final product i’s total sales at market k

CICS
h cost of capital investment of supplier h

CICF
j cost of capital investment of factory j

DUCF
j duties of final product incurred by factory j

DUCM
k duties of final product incurred by market k

FS
rh jt flow of primary product r from supplier h to factory j in time

period t under scenario s
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F p
i jkts flow of final product i from factory j to market k in time period

t under scenario s

FOCF
j formulation cost of factory j

IVPS
rht inventory of the primary product r at supplier h in time period t

under scenario s

IVPP
r jts inventory of the primary product r at factory j in time period t

under scenario s

IVFP
i jts inventory of final product i at factory j in time period t under

scenario s

IVFM
ikts inventory of final product i at market k in time period t under

scenario s

IVCS
h supplier h’s inventory cost

IVCF
j factory j’s inventory cost

IVCM
k market k’s inventory cost

LS ikts final product i’s lost sales at market k in time period t under
scenario s

LS CM
k final product’s lost sales cost at market k

OAF
S
na jl auxiliary variable, ≡ OS

nal · AFS
na j

OAF
P
i jkl auxiliary variable, ≡ OP

i jl · AFP
i jk

OF
S
na jlt auxiliary variable, ≡ OS

nal · AFS
na jts

OAF
P
i jklts auxiliary variable, ≡ OP

i jl · F
P
i jkts

PS
rht production of the primary product r at supplier h in time period

t under scenario s

PP
i jts production of final product i at factory j in time period t under

scenario s

PCS
h production cost of supplier h

Prm supply chain member m’s profit

Prmq profit of supply chain member m in segment q

PrS
h supplier h’s profit

PrF
j factory j’s profit

PrM
k market k’s profit
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ReS
h supplier h’s revenue

ReF
j factory j’s revenue

ReM
k market k’s revenue

RMCS
h supplier h’s raw materials cost

RMCF
j factory j’s raw materials cost

S Aikts sales of final product i at market k in time period t under scenario
s

T PS
rh primary product r’s transfer price from supplier h

T Pp
i j final product i’s transfer price from factory j

T PCF
j factory j’s transfer payment cost

T PCM
k market k’s transfer payment cost

TRCF
j cost of transportation incurred by factory j

TRCM
k cost of transportation incurred by market k

TotPr the supply chain’s total profit

∆ACapS
h total capacity increment of supplier h

∆ACapF
j total capacity increment of factory j

∆CapS
h supplier h’s capacity increment

∆CapF
j factory j’s capacity increment

Binary Variables

ES
rh 1 if primary product r is produced at supplier h; 0 otherwise

EP
i j 1 if final product i is produced at factory j; 0 otherwise

OS
rhl 1 if level of transfer price l is chosen for primary product r at

supplier h; 0 otherwise

OP
i jl 1 if level of transfer price l is chosen for final product i at factory

j; 0 otherwise

WS
rhts 1 if primary product r is produced at supplier h in time period t

under scenario s; 0 otherwise

WP
i jts 1 if final product i is produced at factory j in time period t under

scenario s; 0 otherwise
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XS
rh j 1 if the primary product r is transported from supplier h to

factory j; 0 otherwise.

XP
i jk 1 if final product i is transported from factory j to market k; 0

otherwise

YS
rh jts 1 if primary product r is transported from supplier h to factory

j in time period t under scenario s; 0 otherwise

YP
i jkts 1 if final product i is transported from factory j to market k in

time period t under scenario s; 0 otherwise
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