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Procurement decisions in multi-period supply
chain

Izabela Nielsenl[0000—0002—3506—2741] and Subrata Saha2 [0000—0002—5118—1548]

! Department of Materials and Production, Aalborg University, DK 9220 Aalborg,
Denmark izabela@mp.aau.dk
2 subrata.scm@gmail.com

Abstract. Pricing and ordering decision in multi-period supply chain
environments is not explored comprehensively. We consider three prag-
matic procurement scenarios where the retailer can procure products
(i) by maintaining strategic inventory, (ii) in bulk in first-period and dis-
tribute them in forthcoming selling period, and (iii) without maintaining
any inventory. The results suggest that conventional single period plan-
ning exhibit sub-optimal characteristics. Build-up strategic inventory is
not always profitable for the retailer. The retailer can also earn more
profits by employing a bulk procurement strategy.

Keywords: Multi-period supply chain - Inventory - Game theory.

1. Introduction ) ) i . .
Efficient inventory management is one of the key issues in retailing. Retailers

maintain inventory to reduce transportation cost, take advantage of quantity
discounts, ensure continuity of selling activities, evade variations in wholesale
price and demand etc. ( [4], [8], [9]). However, Anand et al. [1] reported that re-
tailer’s decision to maintain inventory in multi-period supply chain interactions
under manufacturer-stackelberg game can reduce the degree of double marginal-
ization. They found that the retailer can force the manufacturer to reduce the
wholesale price of forthcoming periods by maintaining surplus order quantities
as strategic inventory. Arya and Mittendorf [3] proved that the manufacturer
can curtail advantage of the retailer in building strategic inventory by introduc-
ing consumer rebate. Consumer rebate prevents the retailer to maintain high
amounts of SI. Arya et al. [2] extended this enticing stream of research and
compare the effect of SI in the presence of multiple retail outlets. Hartwig et
al. [5] conducted empirical investment to explore the effect of ST and found that
the retailer can immensely induce differentiated wholesale pricing behaviour by
building up SI. Mantin and Jiang [6] explored the impact of the product quality
deterioration in the presence of SI. Moon et al. [7] analyzed the impact of SI in
perspective of supply chain coordination. They found that the optimal supply
chain profit cannot be achieved by implementing quadratic quantity discount
contract mechanism. All the above cited contributions consider multi-period in-
teraction among supply chain member to explore the consequences of SI.

In the existing literature on supply chain models, it is assumed that the re-
tailer procures products to satisfy demand in each selling period. However, in
practice, the retailer maintains SI to satisfy future demand. But, to the best
of the authors’ knowledge, the advantage of SI is not fully explored in current
state. We consider three procurement decision for the retailer and explore the



2 Nielsen and Saha

pricing and ordering behaviour under five consecutive selling period. It is found
that the pricing behaviour is correlated with procurement decision. The single-
period procurement decision always leads to suboptimal solution. The supply
chain members can receive higher profit if the retailer maintains SI or procures
in bulk.

2. Problem description
We explore the interaction in a serial supply chain with one retailer and one
supplier under price-sensitive demand in a fifth-period game. The retailer in the
supply chain has a downstream retail monopoly and rely solely on the upstream
supplier for the retailed good. Three procurement strategies are considered. In
first procurement strategy (WSI), the retailer may maintain SI in between two-
consecutive selling period. In Second procurement strategy (BP), the retailer
procures in bulk for the first selling period and distribute those in forthcoming
periods. Third procurement strategy (BM) is similar to the conventional litera-
ture, where the retailer procures products to satisfy demand for each period. We
consider linear price sensitive demand and derive optimal solution. For feasibility
of the optimal solution, it is assumed that the retail (p;) and wholesale prices
(w;) at each period satisfy the following relations p; > w; > 0, Vt = 1,....,5.
The unit holding cost for the retailer is h. All the parameters related to market
demand are common knowledge between supply chain members [5].
2.1 Optimal decision in the presence of SI
At the beginning of each period (¢t = 1,---,5), the supplier determines a whole-
sale price (w®*?). The retailer then procures ( “’S’) amounts of product and sets
retail price (p’*?) to satisfy market demand (¢¥** = a — bp**?). If the procured
quantity at each period is larger than the quantlty sold in the that period (i.e.,
if Q5" > gs%), then the retailer builds up SI (I** = QW** — ¢i**) to be sold
in the immediate period and invests hI*** as holding cost. The profit functions
for the supplier and retailer are obtained as follows: ‘

ws% _ pwsz( bpwsz) w%usz( bpwsz _ Iiusz)

7.[.%557, — wg]sl( bpwsz stz)
7Tu;sz — pwaz( bpwsz) _ wiusz( bpwsz stz ]wsi) hliusz + ﬂ.;%si
. ,7.‘.7_1}2‘:1, — w}f}@l( bp’ZLlUS'L + I’MJQ’L stz) + ,R.'UJS’L .
7.l.;ig)’sz — péusz (ll _ bpwsz) w&vsz( bpwsz Iu)sz stz) h[wsz uif%

7.(.11)81 — wwsz (a _ bpwsz + IU)S’L IQ’LUSZ) + ,n.wsz
wsz _ pwsz(a _3bpwsz:))) wéusz( bpwsz Iiv‘% stz) wsz _ hIéuSi
ﬂ_wu — ,wwsz bpwél I’LUSl _"_ I’LU&’L + ,R.UJS’L
wszm2 —b '%usz( wst _ b WSt st)i _ lesi wsh
(a —bp?"™") — wi"**(a — bpy** + ) 1 T
71.71‘1’)1512 —_ wi]JS’L( bp’lUSl _|_ IiLUSl) + ,n.UJS'L
The optimal solution for the retailer fifth- perlod optlmlzatlon problem presented

U}‘?Z

T = DP1

in the first equation is obtained by solvmg i s = 0. On simplification, we have
pYst = a+b21’;ym . The optimal solution for the supplier fifth-period optimization
problem presented in the second equation is obtained by solving aﬂgﬂ = 0.
On simplification, one can obtain w¥s* = “= 2224 " The profit function for the
retailer and supplier in fifth-period is concave because Zz 1[8512‘ = —2b < 0 and
% = —b < 0, respectively.

Substltutlng the optimal response obtained in fifth-period, profit function for
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the retailer in fourth—period is obtained as follows:

2 wsi wsi2
wsi a“+12al, —121 wsi WSt w51 wsi wsi wsi
i = o pi*(a = bpi™) — (a - = bpi*)wi** — hlj

ws7

The optimal solution for the above problem is obtained by solvmg ops e = 0
and ngsz = 0. On simplification, py¥s* = % and It = M.

Substituting optimal response the profit function for the supplier is obtained as

i . i b(4h% —4hwy s —1TwyPs? . o
wst = (a—I¥S")wys + ( R )| After solving first order condition,

: PN . i 9a—2bh—9I*!

the wholesale prlce for the fourth period is obtained as wy's! = =25 T

s » ) ) 2
82 u 827{_:/@1 B‘Zﬂ,:‘ﬂs?, 6271,:‘1751,
Because op 11/::2 = _2b < O a‘nd p 1115‘:2 8111:;2 - 81“"“‘8‘;“’” = 3 > Oa a‘nd

Yy

Pt 17b

wpsiz
Similarly, the profit function for the retailer in third-period is obtained as fol-
lows:

< 0, the profit function of the retailer and supplier are concave.

qwsi _ 155a 2 _118abh+304bh2+846a 1% —460bhIY " —423T"°

r3g — 11560
+pwsz( bpwsz) (a _ stz stz bpwsz) wsi hstz
Corresponding optimal retail price and SI are p¥s’ = % and I¥% =

423a— 2b(404h+289w;““)

, respectively. Substituting optimal response for the retailer,

profit funct1on for the supplier in third-period is obtained as follows:
wsi _ 3awSt 2Ll ws n b(38824h2 —27400hw¥** —54561wy**?)

m3 2 39762

. Lo i 59643a—27400bh—3976213%"
and corresponding wholesale price is w§** = 4 1001235 2. Note the

the third—period optimization problem for the retailer and supplier are concave

H2pwsi §2pwsi g2 pwsi 52 pwsi 2
because 27w — —9h < 0 and T 9T 5 T3 ) = 428 5 (. and

T,

‘ op wsz2 - 81)%‘““2 81;’”5"2 ]éuszapswsz 289
Omuy — _I818Tb () T d-period profit function for the retailer is ob
Dyl ceor < 0. e second-period profit function for the retailer is ob-

talned as follows: A
’LUSZ J— ws1 wst wst wst wst wst wSst
=py*(a—bpy*") — (a — I} + 13" — bpy*")wy'™ — hI* '+
0. 208932a —0.335467abh+1.1773162h%40.721424a T > —0. 776356bh[§“”702404751;““2
b
Corresponding optimal retail price and SI are p¥st =

: 2b -
3711 _ 2b(5288037907h+2976902721 w5’ **)
8G348031T , respectively. Substituting optimal response,

the profit function for the supplier in second-period i 1s obtained as 7% = 2awy*—

IP¥iwys + b(2.62087h% — 1.41726hwy™ — 1.79158wy*'”), and corresponding whole-
0.558166a—0.395535bh—0. 279083[{”57

atbwy® and sti _

sale price is wy*t = > . Note the the second-period
. . . . . 82 Qf{si
optimization problem for the retailer and supplier are concave because a e

. . » 2
6 gwst 827_(11}51 027_(11}.51, ‘LUL
—2b < 0 and SEE TR — (GEE) = 0.961899 > 0 and SR —

—3.58316b < 0, respectlvely Finally, the first-period profit function for the re-

tailer is obtamed as follows:
wsSst

et = l[0.28544511 — bIs(2. 1416h + W) + ab(p?st — w¥st — 0.716806h)
+0.714555a 1% — 0. 178639[”“ + b?(3.19862h2 — pivst (p“’SZ — wish)))
Correspondingly optimal retail price and SI are py*t = %ﬁl“ and %" =

2a — 5.99421bh — 2.79895bw’*’. Substituting the optimal response for the re-
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tailer, the profit function for the supplier in first-period is obtained as follows:
725 = 25w + b(5.54404h% — 2.41898hw*’ — 2.20576w*"”)
and corresponding wholesale price is w{'s? = & 566697a—0.548333bh ' Note that the

b
first-period optimization problem for the retailer and supplier are concave as
827{_:;131 N 8271':)1“' 8271';“181 6271,:7151 N .
oppT = 2b < 0 and ppeiT oI oTpeibpe ) = 0.714555 > 0; and
82 wsi

aww";lz = —4.41153b < 0, respectively. By using back substitution, one can ob-
tain the following optimal solutions:

wiusz __ 0.783349a—0.274166bh wg}si __ 0.442669a+-0.849025bh wéﬂsi 0.335378a+-1.73797bh
- b - b
w}f” __ 0.242614a+4-2.15087bh w%USi __ 0.161743a+4-2.10058bh
- b N b
pwsi __ 0.783349a—0.274166bh pwsz’ __ 0.721334a+-0.424512bh pwsi __ 0.667689a+-0.868984bh
1 2

b b 3
wsi _ 0.621307a+1.07544bh wsi __ 0.580871a+1.05020bk
Py b5 = b

TP = 0.413846a — 4 45946bh I3** = 0.579595a — 5.45874bh
I¥®" = 0.541729a — 4.28498bh I}'*" = 0.338257a — 2.10058bh

st 0.230379a” —0.509631abh—3.30933b%h> qwst 2.20622(0.0769991a+bh)?
r5 T b2 mb — b2
wsi _ 0.423153a%—1.75473abh—4.75054bh> _wsi _ 0.0555915a%+0.985682abh+4.59145bh?
7T’I”4 = b2 7T’ITL4 - b2
wsi __ 0.546283a*—3.20185abh—1.7504b%h? __wsi _ 0.154342a°41.59964abh+5.12115b%h>
Tp3 = ] b2 Tm3 = ] b2 ]
wsi __ 0.550566a>—3.71641abh+4.73697b%h> _wsi __ 0.35107a>+1.34668abh+3.91231b>h>
Tr2 = b2 Tma = b2
wsi __ 0.362978a%—1.25738abh+6.82633b%h> _wsi __ 0.708371a%—1.37083abh+6.20725b>h>
ﬂ-?"l - b2 ﬂ-ml - b2 .

2.2 Optimal decisions in Scenario BP

At the beginning of first period, the supplier determines a wholesale price (w'?)
and then the retailer procures a — bpll’p + 2?21 If P unit of products and sets the
retail price (p[{p ). In next four selling period, the supplier determines wholesale
price (w!?) and then the retailer procures (¢ = a — bp? — I® )(t = 2,---,5)

units of product and sets retail price (p(t’p ) to satisfy market demand. The profit

functions of the supplier and retailer for five consecutive selling periods are ob-
tained as follows:

b b b b b
ﬂ-rg = p5 P(a—bp p) - w5p(a - bp5p - L")

, 7pr5 — wgp(a — bp5b — IZ:) )
=D} (a — by ) wi (a — bp pb IBP)I,_ hI?
4—w4 (a—bp L")+ %

8 = (o= bpl?) — Pl — b? — 17) I+ 1) + 2
\ ’7pr3 — wgp(a — bpg’; — ISI;) + 7'('?54 L )
b = py’(a — bpi’) — (a—pr—Ilp)_hzt:211p+ﬂT§
Wbp2 = wj (a — bph? — IP) + 722,

b b 4" 1b 4 b b
mh =py(a— l;p ) - wl”(a - bpl” + ;tzlbllp) —bztzl P+
T fwl (afbp + > IP) + )k,
The optimal solution for the retailer fifth-period optimization problem is ob-
a+bw

tained by solvmg T” = 0. On simplification, we have pbp . The optimal

solution for the suppher fifth-period optimization problem is obtalned by solving

Zﬁfgg = 0. On simplification, one can obtain wgp == 21 . The profit function
5
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2

for the retailer and supplier in fifth-period are concave because Z ZZ;’ =-2b<0
Ps
2 __bp
and % = —b < 0, respectively. Similar to previous subsection, the profit

5
function for the retailer in first-period is obtained as follows:
. az73151;2+3a(1i)p+lgp+1§p+lip),4bZzEIé’P+ZI§P+SIi’P)73(I§p2+I§P2+IZP2)
T
bp b b b b b bpy, b b b b b
+(p” —wi")(a = bp") = (1" + L' + 1" + IP)wy’ = h(L” + 1" + I + 1,")
Optimal solution for the retailer ﬁrst period optimization problem is obtained
ort? on, p
=0and 2

rl
; arke ; al’"’

bp _

rli

by solvmg = 0, simultaneously.

I”p

b 3a—4b(h+w??
After solvmg, following solut1on is obtained: p% = a+2;;01 ;1P = %‘le);
P — 3a—4b(2h4wi?) . P — 3a—4b(3h+w??) | P — 3a—4b(4h+wl?)

2 =6 sy =6 il =%

6
We compute the following Hessian matrix to check concavity:

2 bp 2P 2_bp 2 _bp 2 _bp
o7 r1bp o7 o7 o7 m
apl;PQ opPo1PP optPorl? op prI optPorlP
52 0P 52 0P 02 bp 02 bp 82 bp
r1 r] rl Tl Tl
aptPort? ali’i’z a1ParlP mbpal o1%Po1%P -2 0 0 0 0
5207 52n0P 82 bp @2 bp 92.:0P 0 =35 0 0 0
P — rl r1 rl 1 rl — 0 0 _éib 0 0
bp 5bp bp 1bp bp 5, bp bp , bp 3
op} BbI o1? 6b12 a1 2 o1? abla o1? 6bI4 o 0 o —F o
2_bp 2_bp 2" bp 2 _bp 2, bp o o o 0 -3
o7 o7 m e o7 o"m 2b
pYPorlP a1Por1l? arlPorlP a[é’PQ or1bPorl?
82 bp 52 0P 82 ,0P 52 0P 32 bp
7‘1 - - - rl
bp bp 5, bp bp ,,bp bp 5,bp bp2
aptParb? artPort? o1bPorl? oarlPorl ort

The values of principal minors are A1 = =20 < 0; Ay =3 > 0; A3 = —5; < 0;
Ay = % >0 and A5 = —% < 0, i.e. profit function for the retailer is concave.
Substituting the optimal response for the retailer, the profit function for the sup-

b 45awPP +-b(120h% —40hw"P —41wP>
o= b T ) and the

. By using back substitution,

plier in first-period is obtained as 7

corresponding wholesale price is wll’p w

one can obtain the following optimal solutions:

wbP — 15atld4bh  bp _ 45a+124bh bp 45ab-+206bh , bp _ 3(5a+32bh)
2 = 41b 3 123b 5 1b
bp _ 127a—40bh , bp __ T7(4a+bh) 2(42a+31bh) bp __ 84a+103bh _ 4(Ta+12bh)
v = THem 2 = T 3 123 4 = = 123 ps = 210
Ibp 11a—28bh Ibp 33a—248bh I __ 33a—412bh Ibp 11a—192bh
1 82b 246 246 82
7Tbp __ 503a®—4320abh— 13824b2h2 bp _ 2(6a+29bh)2
r5 — 33620 Tons = 10890
7P — 3018a°—23583abh—39074b>h> 0P 5(405a°+4446abh+12538b%h?)
rd — 100865 md — 151296
pr __ 452742 —31869abh—6254bh> 7Tbp __ 6075a2455620abh+140756b%h>
r3 — 10086b m3 — 30258b
bp __ 3018a*—18909abh+21770b%h> __bp 10(405a24-2970abh+7126b%h?)
Tr2 = 5043b Tm2 = 151200
bp _ 5(5727a®>—15648abh+114976b%R%) bp _  5(405a*—720abh+4256b>h%)
Tl = 806880 Tm1 = 2952

2.3 Benchmark model

In Scenario BM, the retailer does not maintain SI or procure products in bulk.
The profit functions for the retailer and supplier in each selling period are
7o = (pP™ — wb™)(a — bp®™) and 7O = wb™(a — bp®™), respectively. One
may obtain the optimal response function of the retailer by solving first order

m) _ atbw®™
- 2

condition of optimization as p(w® . Substituting optimal response,
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bm bm
the supplier’s profit function is obtained as follows, m,, = “@=*") 4nd the

corresponding optimal wholesale price is w’™ = 55~ Based on the optimal de-

cisions, the closed form profit functions can be obtained as, 0™ = f—; and
Tom = g—z. Note that in absence of additional inventory, wholesale and retail

prices remain uniform in each period.

3 Managerial Implications

Proposition 1. In procurement scenario BP,

(i) the retailer and supplier sets maximum retail and wholesale price in first
selling period, respectively.

(ii) the retail and wholesale prices increases from the second selling period.

(iii) the amount of products distributed by the retailer decreases as the selling
period progress.

proof. The retail and wholesale prices, and SI in Scenario BP satisfy the follow-
ing relations:

bp bp __ 15a—68bh bp bp _  bp bp _ bp bk
pi —p = g >0 and py —py” =p” —p =p —pf =3 <0
b 4 - b b b b b b
wlp—w2p=%>0and w2p—w2p:w3p—w4p:w4p—w5p:_%<0

IP - I =IP — P = 20 >
The above inequalities ensures proof.
Proposition 2. In procurement scenario WSI,
(i) the retailer and supplier sets maximum retail and wholesale price in first
selling period, respectively.
(ii) the retail and wholesale prices decreases from the second selling period.

proof. The retail and wholesale prices, and SI in Scenario WSI:

wsi _ wsi _ 0.0620142a—0.6986787bh wsi _ ,wsi _ 0.053645a—0.444472bh
Py —pT = 5 >0, py*" —pg* = >0,
wsi o wsi _ 0.046382a—0.206451bh

w1t wsi _ 0.04044a4-0.02515h
p3™ —py = D >0, pi* —pg®t = T >0
wilﬂsz _ quusz — 0.12402847&;1.397357bh > 0’ w%ﬂsz _ wg}sz — 0.1072902a;0.888943bh >0
wéusz _ w}f” _ 0.092764a;0.41290bh > 07 ,wzlusz _ wg}sz — 0.080871a-l‘;-0.05029bh >0

The above inequalities ensures proof.

Proposition 3.

(i) The retailer decision to maintain SI always outperforms the single period
procurement decision if h € [0‘0595229“, 0‘12?)072“]

(ii) Supply chain member receives higher profits in procurement scenarios under
BP compared to BM.

proof. The following relations ensure that the average profits of the supplier

always greater compere to the profit earns by the supplier in Scenario BM:
wsi/5 __bm _ 0.016674272a>—0.27416633ahb+1.2414495b%h* 0
T = >

7Tml b
bp __bm _ 9a>—180ahb+1064b>h> __ 9(a—10bh)>+164b>h>
Tt /5 — Tt = 738b = 738b >0

Similarly, the difference of average profits obtain under different scenarios with

profits obtain in Scenario BM are

. 2 2;2
7_‘.::0151/5 _ ﬂ-f-m _ 0.0100956a~—0.251475abh+1.36527b"h if he [0‘0591}22911’ 0.1251307211]

b
bp bm _ 171a%2—3912abh+428744b>h?
mh/5—m, T . 20172b >0
The above inequalities ensures proof.
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The graphical representation of the profit functions of the retailer and supplier
are shown in Figures la and 1b.
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Fig la. Average profits of the retailer Fig 1b. Average profits of the manufacturer
2=200, b=0.2, and h=50 Scenario BP (green), WSI (brown), and BM (blue)

Figures 1la and 1b demonstrate the profits of the supply chain members if the
retailer makes procurement planning for five consecutive cycle. It is found that
Scenario BM is always outperformed by both scenarios BP and SI. It is found
that the profit functions of the retailer does not demonstrate a cumulatively
pattern. Due to additional procurement in the first selling period, the profit
functions demonstrate that nature. However, one can not conclude with regards
to the optimality of the procurement planning of the retailer.
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Fig 2a. Aw;erage 'proﬁls_ of the retailer Fig 2b. Average profits of the manufacturer

a=200. b=0.6. and h=10 Scenario BP (green). WSI (Brown), and BM (blue)

A

@ - . e e
= 7 B "/L
:m';__'— _—

Fig 3a. Average profits of the retailer Fig 3b. Average profits of the manufacturer

=200, b=0.8. and h=5 Scenario BP (green), WSI (Brown), and BM (blue)

Price elasticity and product holding cost are two extremely important factors af-
fecting procurement decision and overall profitability. Price-elasticity is a critical
factor ([10], [11]) influencing the demand. Therefore, more analytical investiga-
tions are required to obtain concrete conclusion.

3 Conclusion

The pricing and procurement decisions in a supplier-retailer five-period supply
chain is explored in this study. Under price sensitive demand, impact of three
procurement decisions are analyzed and corresponding Stackelberg equilibriums
are compared. The comparison among equilibrium outcomes in perspective of
profits of each supply chain members demonstrate how the procurement decision
is influencing the overall preference of the supply chain members. In contrast to
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Anand et al. [1], it is found that the build-up SI is not always profitable for the
retailer, and manufacturer also. Price-elasticity and holding cost of the retailer
are critical factors effecting procurement decision.

The present analysis can be extended to include several important features. For
the analytical tractability, we consider five consecutive selling period. In future,
one can extend the generalized version of the proposed model. One can also
consider the effect of product deterioration or imperfect quality item.
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