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Appendix

Notations
Indices
g product group
n primary products
i final products

factories

k market
t time period
s scenarios
[ transfer price level

Sets
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Parameters
ACa pi
ACa pf
ADj;
Ca pfl
Ca pf
cc;
cC f
crf
D

pcs,

DCYy
FFC},
FPC3,

S
FTCS,,

FTC],

Icy;
PP
FP

Ict

icpM

set of the product group that final product i belongs to
set of groups that can be processed at factories j

set of products in group g

set of final products that can be sold at market k

set of market selling final product i

total capacity of supplier &

total capacity of factory j

total demands of final product i at market k
capacity of supplier &

capacity of factory j

unit capacity expansion cost at supplier &
unit capacity expansion cost at factory j
the factor of capital recovery

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

unit primary product r’s duties between supplier / and factory j
unit final product i’s duties between factory j and market k
fixed final product i’s formulation cost i at factory j

fixed primary product r’s production cost at supplier A

fixed primary product r’s transportation cost from supplier 4 to
factory j

fixed final product i’s transportation cost from factories j to
market k

unit primary product 7’s inventory cost at supplier &
unit primary product 7’s inventory cost at factory j
unit final product i’s inventory cost at factory j

unit final product i’s inventory cost at market k
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MaxAF? maximum primary product r’s flow from supplier 4 to factory j

rhj

MaxAF 5k maximum final product i’s flow from factory j to market k

MaxAPfh maximum primary product »’s production at supplier &

MaxAPfj maximum final product i’s production at factory j

MaxF fhj maximum primary product r’s flow from supplier % to factory j

MaxF Sk maximum final product i’s flow from factory j to market &

MaxIV*® maximum primary product r’s inventory at supplier &

MaxlI Vr';.P maximum primary product 7’s inventory at factory j

MaxlI V§P maximum final product i’s inventory at factory j

MaxIVEM maximum final product i’s inventory at market k

Mafo,1 maximum primary product r’s production at supplier &

MaxPZ. maximum final product i’s production at factory j

MaxPr,, the supply chain member m’s maximum profit

MinAF fhj minimum total of primary product r flow from supplier 4 to
factory j

MinAF S‘k minimum flow of final product i from factory j to market &

MinAPS, minimum product of primary product r at supplier &

M inAPl.Fj minimum product of final product i at factory j

MinF fhj minimum product flow of primary product r from supplier 4 to
factory j

MinF 5.,{ minimum flow of product i from factory j to market k

MinlV*® minimum primary product 7’s inventory at supplier /

MinIV]? minimum primary product 7’s inventory at factory j

MinIV[P minimum final product i’s inventory at factory j

MinlvVEM minimum final product i’s inventory at market k

M inPfh minimum primary product »’s production at supplier &

M inPZ. minimum final product i’s production at factory j

MinPr,, minimum supply chain member m’s profit

MC fh unit primary product r’s material cost at supplier &
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MC 5. unit final product i’s material cost at factory j

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

TPthl the level of transfer price of primary product r at supplier &

TPL, the level of transfer price of final product i at factory j

ij

Vik final product i’s selling price at market k

VFC 5‘ unit variable formulation cost of final product i at factory j

VPCS, unit cost of variable production of the primary product r at
supplier &

VTthJ. unit cost of variable transportation of the primary product r
from supplier 4 to factory j

VTCZ,( unit unit cost of variable transportation of final product i from
factory j to market k

ap supply chain member m’s bargaining power

Bij unit product consumption of final product i in factory j

Tk transportation time between factory j and market k

Thj transportation time between supplier # and factory j

Continuous Variables

AF fh]. primary product r’s total flow from supplier 4 to factory j
AF S‘k final product i’s total flow from factory j to market k
ALS i final product i’s total lost sales at market k

AP, primary product r’s total production at supplier A

API.F]. final product i’s total production at factory j

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

CIC} cost of capital investment of supplier &

cic f cost of capital investment of factory j

bUucC f duties of final product incurred by factory j

puc duties of final product incurred by market k

F fhjt flow of primary product r from supplier 4 to factory j in time

period ¢ under scenario s
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F? flow of final product i from factory j to market k in time period

ijkts

¢ under scenario s

F OCJF formulation cost of factory j

1 Vr’;lf inventory of the primary product r at supplier /4 in time period ¢
under scenario s

vy inventory of the primary product r at factory j in time period ¢
under scenario §

A inventory of final product i at factory j in time period ¢ under
scenario s

vin inventory of final product i at market & in time period ¢ under
scenario s

ve, supplier /’s inventory cost

1vc f factory j’s inventory cost

e market k’s inventory cost

LS jiss final product i’s lost sales at market k in time period ¢ under
scenario §

Lscy final product’s lost sales cost at market k

s o .
OAF,.; auxiliary variable, = O, - AF,,
P o .

OAF auxiliary variable, = O], - AF},

—s o .

OF ,.ju auxiliary variable, = O) , - AF, .

—FPF o .

OAF ;s auxiliary variable, = Of, - Fl,

Pfh , production of the primary product r at supplier /4 in time period
¢ under scenario s

Pf;.m production of final product 7 at factory j in time period 7 under
scenario s

PCi production cost of supplier &

Pr,, supply chain member m’s profit

Prg profit of supply chain member m in segment g

Pry supplier /’s profit

Prf factory j’s profit

Pr)! market k’s profit

Journal of Industrial and Management Optimization Volume 22, Issue 4, 1789-1823.



RéS supplier /’s revenue
h

Ref factory j’s revenue

Re}! market k’s revenue

RMC; supplier 4’s raw materials cost

RM Cf factory j’s raw materials cost

S Aiss sales of final product i at market k in time period ¢ under scenario
s

TP, primary product r’s transfer price from supplier &

TPfj final product i’s transfer price from factory j

TPC}F factory j’s transfer payment cost

TPC market £’s transfer payment cost

TRC f cost of transportation incurred by factory j

TRC) cost of transportation incurred by market k

TotPr the supply chain’s total profit

AACapf total capacity increment of supplier &

AACapf total capacity increment of factory j

ACapf supplier h’s capacity increment

ACapJF factory j’s capacity increment

Binary Variables

E3, 1 if primary product r is produced at supplier /; O otherwise

Ef.';. 1 if final product i is produced at factory j; O otherwise

th[ 1 if level of transfer price [ is chosen for primary product r at

supplier 4; O otherwise

Of;.l 1 if level of transfer price / is chosen for final product i at factory
J; 0 otherwise

WS 1 if primary product r is produced at supplier % in time period ¢
under scenario s; 0 otherwise

wk 1 if final product i is produced at factory j in time period ¢ under

scenario s; 0 otherwise
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thj 1 if the primary product r is transported from supplier 4 to
factory j; O otherwise.

Xl.’;.k 1 if final product i is transported from factory j to market k; 0
otherwise

Y fhjm 1 if primary product r is transported from supplier /4 to factory
Jj in time period ¢ under scenario s; O otherwise

Y i’;m 1 if final product i is transported from factory j to market k in

time period ¢ under scenario s; 0 otherwise
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