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Abstract: In this article, a queueing inventory system with finite sources of demands, retrial demands,
service time, lead time, (s, S) replenishment policy, and demands search from the orbit was studied. When
the lead time is exponentially distributed (resp. lead time is generally distributed), generalized stochastic
Petri net (GSPN) (resp. Markov regenerative stochastic Petri net [MRSPN]) is proposed for this inventory
system. The quantitative analysis of this stochastic Petri net model was obtained by continuous time
Markov chain for the GSPN model (resp. the supplementary variable method for the MRSPN model). The
probability distributions are obtained, witch allowed us to compute performance measures and the
expected cost rate of the studied system.
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1 Introduction

Stochastic management inventory systems have many practical applications and have been studied exten-
sively in the literature (see [1-4]). These systems play an important role in real-life situations (in manu-
facture, warehouse, supply chains, etc.). The complexity of stochastic inventory systems depends on
various characteristics:

e Single product inventory and multi-product inventory

¢ Sources (finite, infinite)

e Arrival demand (batch arrival, generally distributed, etc.)

e Service time and lead time (positive/instantaneous exponential/non-exponential, etc.)

¢ Ordering policies: (s, S), (s, Q), etc.

e Retrial, vacation, breakdown, etc.

The study of queueing inventory systems with retrial was initiated by Artalejo et al. [5]. The authors have
assumed Poisson demand, exponential retrial time, and exponential lead time. Retrial queueing inventory
models are characterized by the feature that a customer finding the level stock equal to zero is obliged to
join the orbit and to repeat his demand after some random periods of time [6]. In most of the works on retrial
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queueing systems, the authors assume that after completion of each service, the server will remain unoc-
cupied until the arrival of the next primary or secondary customer. In order to reduce the idle time of the
server, Neuts introduced the notion of search for customers, at a service completion epoch, in the queueing
systems [7]. Thus, the M /G/1 queue with retrials and search for orbital customers was introduced by
Artalejo [8]. Other works in this area of research have been done in addition to the work of Artalejo (the
readers can refer to [9] and references therein). Krishnamoorthy et al. have studied an infinite inventory
system with retrial and orbital search [10]. Recently, continuous review infinite queueing inventory system
with customer search from the orbit and registration has been investigated by Gui and Wang [11].

In most works on the inventory systems, the authors assume that the population of demands is very
large. However, in several practical situations, the number of demands who access the system is finite
[2,12-15]. Thus, when a source is free at time moment ¢, it may generate primary demands during interval
(t, t + h) with probability Ah + O(h). In [2], a continuous review (s, S) inventory system with retrial, service
facility, and finite sources of demands is analyzed.

Several research articles have dealt with the inventory systems with positive or zero service time/lead
time. Artalejo et al. studied the retrial inventory systems with immediate service [5]. The notion of inventory
model with positive service time was initiated by Sigman and Simchi-Levi [16]. Shajin and Krishnamoorthy
obtained the product-form solution for M /M/1 retrial queueing inventory system with positive service time
[17]. An extensive survey on inventory systems with positive service time could be found in [18].

The lead time may actually be uncertain in duration due to variability in shipping times, material
availability, and supplier processing times. The inventory systems with instantaneous lead time were studied
by Liu and Yang [19], Berman and Sapna [20], etc. The previous works have extended to include exponential
lead time (see [5,21,22]). The inventory models with positive lead time are complex to analyze. Still more
complex are the models in which the lead time has a general distribution [23-25], the reason for which is that
there have not been significant studies on retrial inventory systems with arbitrary distributed lead time.

The applicability of Petri nets for stochastic analysis of inventory queueing system has received few
attention [15,26]. In [15], the authors have analyzed priority multi-server retrial inventory queues with Mar-
kovian arrival process generated by single or dual sources and exponential service times where both queueing
and orbit spaces are assumed finite using the generalized stochastic Petri net (GSPN) formalism. In [26], Chen
et al. studied a finite source inventory system using the batch deterministic and stochastic Petri nets (SPNs).

The dynamic [27] evolution of inventory systems proceeds from one discrete state to another at arbitrary
moments in time. The steady-state of stochastic inventory systems can be obtained either by discrete event
simulation or by stochastic process theory. Most works on quantitative evaluation of these systems have
addressed models with exponentially distributed durations, which always satisfy the Markov property. In
this case, the underlying stochastic process of the model is a continuous time Markov chain (CTMC), and
standard numerical algorithms can be used to compute the state probabilities. From these systems, the
interesting performance measures of the system can then be derived. For multi-dimensional Markov chains
underlying to the inventory systems, an appropriate numbering of the states yields a repetitive structure
infinitesimal generator matrix, which can be formulated as birth-and-death process, quasi-birth-and-death
process [28,29], M /G/1-type, etc. This repetitive structure of the infinitesimal generator matrix allows the
calculation of the state probabilities by approaches known as the matrix-geometric method, matrix analytic
method [30], etc.

However, in several application contexts, the inventory systems are characterized by deterministic
timers or non-exponential durations (e.g., arrival pattern, the service pattern of servers, lead time, and
lifetime). In this case, the underlying stochastic process of these systems falls in more complex classes of
the so-called non-Markovian processes but solution may still be viable if the model satisfies the Markov
property at specific times (regeneration points). The traditional approaches to solve non-Markovian models
use phase-type expansions, apply the method of supplementary variables [31], or construct an embedded
Markov chain [32]. The supplementary variable method is known to be originated by Cox [33] and has
become one of the most frequently used approaches for both the continuous and discrete-time queuing
systems. The framework of this method in stochastic models leads to the notion of the partial differential
equations, ordinary differential equations, and integral equations [34]. The supplementary variable method
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is known as an efficient way of deriving the steady-state solution for the stochastic process underlying a
Markov regenerative stochastic Petri net (MRSPN) formalism [31].

This article is an extension of the work [35] presented in the conference “IEEE International Conference
on Recent Advances in Mathematics and Informatics (ICRAMI’2021),” where we have presented an
approach for modeling and analyzing the inventory system with finite sources of demands, retrial demands,
positive service time, exponential lead time, (s, S) replenishment policy, and demand search from the orbit.
Immediately after a service completion, the server with probability p makes an instantaneous search for an
orbital demand for the next service or remains idle with the complimentary probability (1 — p). The notion
of orbital search for inventory system was introduced with the hope that it would decrease the length of
server idle period and not neglected the unsatisfied (orbital) demands. We gave an extensive analysis of this
system using GSPN formalism. This high-level modeling formalism allows us to generate the underlying
diagram state and the CTMC of the studied system. However, the state space of CTMC underlying our GSPN
increases exponentially as a function of the source size, the maximum inventory level, and the inventory
level threshold. So, for real applications, the models may have a very large state space (state space explo-
sion). Hence, by exploiting the repetitive structure of the transition rate matrix of our GSPN, we develop a
recursive algorithm for automatically calculating the steady-state probability vector and the performance
indices, without generating the reachability graph or the CTMC.

In this extended work, we added some numerical results to original work [35] in order to highly illustrate the
influence of the system parameters on some performance characteristics. Numerically, we investigate the
sensitivity analysis of the search probability, the maximum inventory level, the inventory level thresholds,
and the number of sources over the total expected cost rate. Most of the aforementioned works assume that
the lead time is instantaneous or exponentially distributed. However, this basic lead time assumption is far from
the real situation. For this, we assume that the lead time is generally distributed. So the underlying process
to the inventory system considered is a Markov regenerative process. Under this assumption, we suggested to
use the MRSPN formalism in order to establish the appropriate model for our system. This formalism allows us
to capture easily the interaction between the components of this system, to better understand its behavior, to
generate its underlying diagram state, and to compute its performances. To obtain the quantitative analysis of
this MRSPN model, we used the supplementary variable method. In addition, we established an algorithm that
comprises steady-state solution and computes performance measures. The numerical results for performance
measures and the total expected cost rate are presented under the assumption that the lead time follows the
following family of distributions: exponential, Erlang, hypoexponential, and hyperexponential.

2 SPNs

SPNs are defined by associating a random variable called firing time for transitions [36]. A random firing
time elapses after a transition is enabled until it fires. Many stochastic variants of SPN have been proposed,
which can be used as high-modeling formalism for performances evaluation and reliability of systems, like
GSPN [37], deterministic and SPNs, MRSPN [38]. According to the type of distribution allowed for the firing
time, the SPN may correspond to a wide range of stochastic processes.

The GSPN class contains two types of transitions: immediate transitions and exponential transitions.
The marking process (M )0 generated by the GSPN class is a semi-Markovian process; this process
includes two types of markings: tangible markings and vanishing markings. The quantitative analysis of
the GSPN can be summarized as follows:
¢ Generating the reachability graph of the GSPN,
¢ Eliminating the vanishing markings in order to obtain the reduced reachability graph,
¢ Converting the reduced reachability graph to CTMC with state space H (set of tangible markings),
¢ Constructing the transition rate matrix A of the CTMC,

e Computing the steady-state probability vector v of the CTMC by solving the linear system of balance
equations:
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vA =0,

ve =1,
where e is a column vector of 1’s of appropriate dimension and 0 is a vector of zeros of appropriate
dimension.

¢ Computing the characteristics of the GSPN model (mean number of customers in places, throughput of
transitions, probability of event, etc.).

The MRSPN class is an extension of SPNs in which the transition firing time is immediate, exponentially
distributed, or generally distributed. This MRSPN class describes a stochastic process (M )0, and this
marking process cannot be mapped into a CTMC. Since the stochastic behavior of timed transitions with
non-exponentially distributed firing delay is not memoryless, the evolution of the underlying stochastic
process depends on the history. The inclusion of supplementary variable into the state description leads to a
continuous-state Markov process for which the Kolmogorov-state equations can be derived and be numeri-
cally solved. This variable represents the time elapsed since the GEN transition was enabled. The marking
process (M )0 is described by three matrices A, A, and A, where:
¢ The generator matrix A contains all exponentially distributed-state transitions that do not preempt a GEN
transition.
 The exponential-state transitions that preempt a GEN transition are denoted by the generator matrix A.
e The probability that the firing of a GEN transition leads to state “j,” given that the transition is fired in
state i, is represented by the matrix of branching probabilities A.

The steady-state solution based on the supplementary variable method of the MRSPN is obtained by the

following steps:
¢ Step 01. Obtain the two matrices Q and V:

Q= ZIGEN '[eAGENxdFGEN(X),
geG 0
¥ =) JGEN J A1 — FGEN(x)]dx,

geG 0

where FOEN(x) is the firing time distribution of the GEN transition g, G denotes the set of all GEN transitions
of the MRSPN, ASEN is the generator matrix of the subordinated CTMC of the GEN transition g, IV is the
diagonal matrix whose ith element is equal to one ifi € G and equal to zero otherwise.

e Step 02. Compute the vector x by solving the linear system:

xS=0,

xLe =1,
where, S = AFXP + QA + WA — JGEN j5 the generator matrix of a CTMC, we refer to it as the embedded CTMC,
L = IF¥P 1+ ¥ is the conversion matrix, IF*? is the diagonal matrix whose ith element is equal to one if the state

i is exponential and equal to zero otherwise and AFXP filtered matrix is defined by: AFXP = JEXPA |
¢ Step 03. Compute the steady-state probability distributions v of the MRSPN by the formula:

v =xL.

3 The proposed GSPN model

We consider a continuous review inventory system with finite sources of demands (2 < N < o0), retrial
demands, positive service time, positive lead time, (s, S) replenishment policy, and demand search from the
orbit. The following assumptions and notations are considered:
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e The arrival process of primary demands is quasi-random with parameter A(>0).

¢ The maximum inventory level is S units. The policy used is (s, S), in which an order is placed for a
quantity (“Q = S — s > s + 1”) units up to S whenever the inventory level falls to the threshold s or below.

e The lead time distribution is exponential with parameter a(>0).

e When the inventory level is zero or the server is occupied, any arriving primary demand joins a virtual
room called orbit. These orbiting demands compete for their demands according to an exponential
distribution with parameter y(>0). We consider the constant retrial policy (i.e., the retrial rate is inde-
pendent of the number of customers in the orbit).

¢ Immediately after a service completion, the server takes a demand from the orbit with probability p, when
there are demands in the orbit and the stock is not empty, and with probability (1 — p), the server
remains idle.

e We suppose that the service time following exponential distribution with rate u(>0) and the search time is
negligible.

The GSPN describing this system is given in Figure 1.

Our model contains six places p;, i = 1, 6 (noted by circles) and nine transitions t;, i = 1, 9. The white
rectangular boxes represent the exponential transitions (t, t;, t;, and ty), and the thin bars represent the
immediate transitions (&, ts, ts, ts, and tg). The interpretation of the places and transitions of our model is
explained in Table 1.

The markings (ordinary states) of our GSPN are given by:

M; = (#D1, #D2, #D3, #D4, #Ds, #Ds),

and its initial marking is My = (N, 0, O, S, 0, 0). According to the equation “#p; + #p3 + #pe = N,” we
deduce that the vectors (micro-states) M; = (#ps, #pPs, #bs) provide all information needed for states
description of this GSPN model. So, the state space of this GSPN is defined as:

H={0,0,k), k=0, ..,Ntu{Q,j,k), j=1,..,S, k=0,..,N-1}

ui{,j, k), j+Q,j=1,...,S k=0,..,N-1}u{0,Q,k), k=0, ..., N},

and the total number of its states is equal to “N(2S + 1) + 2.”

. Guards
5
P — i Hp, >0 && #p; =0
Orbit W= 1 P Ps
40._ tyi#py = 0 || #pg =0
2 ts: #pg > 0
)ty lg et pTiol o Ps s+ #Ps
wo=p|*t Search > te:#ip, >0
tz prioZ t3 Q t—,—
—— =G =]
t Sources 4 p2 Accessl P3 Service Ps s+1
Arrival Check server Stock Lead time
ty —

Figure 1: GSPN model of the inventory system with finite sources of demands, retrial demands, service time, lead time, and
demand search from the orbit.
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Table 1: Interpretation of the places and the transitions in the GSPN model

Py Contains the free sources

P, Contains the primary or repeated demands
ps Contains the demand in service

by Represents the level stock

Ps Represents the service completion

Pe Represents the orbit

t Represents the arrival of the primary demands
t Represents the access to the service

1) Represents the service of demand

t;, ts, and tg Represent the feedback to the sources

t Represents the lead time

ts Represents the access to the orbit

to Represents the repeated demands

The marking process (M )0 underlying the GSPN depicted in Figure 1 is isomorphic to a three-
dimensional CTMC that expresses server status (#ps; = O if the server is idle and #ps = 1 if the server is
busy), #p, the number of demands in the orbit, and #pe the inventory level. We arranged the state space of
this CTMC as:

{00,1j, 0j,j =1,..., S},

where 00 = <00k > , k=0,...,N, 1j=«ljk>,j=1,...,S, k=0,..., N-1, 0j = «0jk > ,j=1,...,S, k=
0,...,N-1,0Q = «0Qk > ,k=0,...,N.
The infinitesimal generator A can be expressed in the block form:
00 11 01 ... 1s O0s 1s+1 Os+1 ... 1Q 0Q 1Q+1 0Q+1 ... 1S 0S
00 Ao Co
11 By Ai C
01 D A, C
12 FE B

1s Al C
Os D A2 C
1s+1 E B A3
Os+1 D A4
A_ 1s+2 E B

1Q As

0Q Do Ag

1Q+1 E Bg Aj

0Q+1 D Ay
1Q+2 E B

1S A3
0S D A,

where
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el 4

-[N-KA+a], k=0, ...,N, l=k, w k=0, . N-1 1=k
Ao, =1 (N = IOA, k=0,...,N-1,1=k+1, Bognp= .
) 0, otherwise.
0, otherwise.
-[IN-k-DA+a+py], k=0,...,N-1, 1=k,
Mgy =9(N - k- DA, k=0,...,.N-2, l=k+1,
0, otherwise.
(N-KA, k=0,...,N-1, 1=k,
D(k,l):‘y, kZl,...,N—l,le—l,
0, otherwise.
-NA + a k=0,1=0
, k=1, .., N-1,1l=k-1, ’ ’ ’
E(k,l):‘py . Ay =1-IN-TOA+a+vy], k=1,...,N- =k,
0, otherwise. .
0, otherwise.
H, k=0,1=0, -((N-k-DA+p], k=0,...,N-1, 1=k,
Bapn=10-pPu, k=1, . N-1, I=k A p={(N-k-1DA, k=0,...N-2, l=k+1,
0, otherwise. O’ otherwise.
-NA, k=0, 1=0, (IN-KA, k=0,...,.N-1, 1=k,
Agn=-IN-IOA+yl, k=1,...,N-1, l=k, Doun=1Y, k=1,..,N, l=k-1,
o, otherwise. o, otherwise.
—-NA, k=0,l=0,
a, k=0, ...,N, l=k,
Co,h = 1 0. otherwise Ay ={-[IN-TA +y], k=1,..,N, l=k,
’ ) 0, otherwise.
M k=0,1=0, k=0, . ,N-1, 1=k
a =0,...,N- =k
B — ) _ _ _ — — ) ) ) ) )
arn=11-py, k=1, . W, N-1, 1=k, Cup {0, otherwise.
0, otherwise.

The dimensions of the entries (sub-matrices) of A are given in Table 2.

4 The steady-state solution

The GSPN model given in Figure 1is bounded and admits the initial marking M, as home state. Then, the steady-
state probability distribution v = v<¥k> of this GSPN exists and is unique. The elements v<">k> are given by:

vl = tlign (#p5(t) = i, #p4(t) = j, #P6(t) = kl#p3(0) = io, #P4(0) = ji, #P6(0) = ko).

Using the block-structured matrix A, the vector v can be represented by:
V=00, vl voi) j=1,..,85,
where
y00 _ (V<<00k>>), k=0, ..,N,
vi=(<v>)  j=1,..,8Sk=0,..,N-1,
VO = (v<Ok>) 2 Q,j=1,..,5,k=0,..,N-1,
vOQ = (y<0Qk>y " k=0, ..., N.

Table 2: Dimension of sub-matrices of A

Ao1,N+1) Bow,n+1) Aseu,ny Dow,wy Ev,m) Axn,ny
Az, vy A, vy Do+1,m) Cov+1,n+1) AQ(N+1,N+1) Bow,n+1)

B,
)
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The linear system vA = 0 yields the following global balance equations:

[ ]
V004, + v11B; = 0.
e Forj=1,...,s,

V4, + vOID + VvU*IE = 0,
voi4, + viitIB = 0.

eForj=s+1,..,Q-1,
{vli{l; + voip + VUHIE = 0, O
vOiA, + vI+IB = 0.
e Forj=Q,
V43 + vOiD,y + VIHIE = 0,
{VOOCQ + V94, + vi*1B, = 0.

eForj=Q+1,..,5-1,

vI-QC + vliA; + vOID + VUHIE = 0,
voi-QC 4+ y0i4, + VItIB = 0.

e Forj=3S,

vISC + v184; + v9SD = 0,
vOsC + v954, = 0.

The aforementioned global balance equations (except the first equation in (1) for j = s + 1) can be recur-
sively solved to obtain

v = v9894(0,j), j=0,..,5-1,

v =vOSH®, ), j=1,..,S,

where the matrices H(0, j) and H(1, j) are given by:
H(O, j)

-A4C(D - 4B'E)A;'((BA;'D - E)A;'15'BoAy',  j =0,

—A,CYD - ABE)AY[(BA;'D - E)A{YST-1BA;Y, j=1,..,s -1,

—A,CY, j=s,

I, j=s+1,

~[H(0, 0)CoAq'DoAs ' [(BA,'D - E)As']1%71 + H(1, Q + 1)(BA;' Do — E)A;'[(BA,'D
- E)A;NBAY, j=s+2,...,Q-1,

—[H(0, 0)CoAq" + H(1, Q + DBoAG'l, j=0;

= 3

S S
H(O,j -~ QCA;" + | X H(, 1~ QCA;'[(BA,'D -~ E)A']' T+ 3 H(O, 1~ Q)CA;'[(BA,'D

I=j+1 I=j+1

- E)A;'91 + DASY[(BA,'D - E)AS' 1S |BAL, j=Q+1, ..., -1

and
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~A,CYD - ABE)ATN(BA;'D - E)ATST, j=1, ...,
~ACABY, j=s+1,

H(0, 0)CoAq'DoAs [(BA;'D — E)A;']1%7 + H(1, Q + 1)(BoAy' Do — E)A;'[(BA,'D - E)A;'19, j

. =s+2,..Q0,

HLD =1 15 5-1

- Y H@, 1 - Q)CA;'[(BA;'D - E)A;']' + Y H(0,1 - Q)CA;'DA;'[(BA;'D - E)A;']'
I=j l=j

+ DA'[(BA;'D - E)AS' 15|, j=Q+1,..,S.

And I is an identity matrix.
The vector v can be obtained by solving the two equations:

VOS[H(1,s + DA; + D + H(1,s + 2)E] = 0,
s-1 s

VOS[ Y H(0,j) + Y H(,j) + Ile =1.
j=0 j=1

5 The proposed MRSPN model

In this section, we consider that the lead time is of general distribution with cumulative distribution
function FSEN(x). Thus, the suggested model is depicted in Figure 2. The black rectangular box represents
the general transition ¢; of lead time.

The matrix A is given by:

. Guards
5
p t,:#py, >0 && #p; =0
Orbit wo=1-71 P
‘C)Q— t‘:#pq_:O ” #p6=0
t t;:#pe >0
to t8 w—— pTiOl : 4 Ps S
wo=0p|4% Search > te:#p, >0
AN ty \ t; fi?‘ioz H t3 Q 7
(N )——-‘ > > ‘b{ —{( § : ;
4s 7 1 \> 2 +1 I
ources P2 Access1l D3 Service Ps g ,
Arrival  Check server HAEE ke sime
t, w——

Figure 2: MRSPN model of the inventory system with finite sources of demands, retrial demands, service time, lead time and
demand search from the orbit.
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00 11 01 ... 1s O0s 1s+1 O0s+1

00 Ag

11 By A

01 D A,
12 E B

1s A1

Os D A2

1s+1 E B A3

0s+1 D Ay
A— 1s+2 E B

1Q
0Q
1Q+1
0Q+1
1Q+2

1S
0S

where

[(N-¥Al, k=0, ..,N, =k,

DE GRUYTER
1Q 0Q 1Q+1 0Q+1 ... 1S 0S
As
Dq Aq
E By A

D Ay
E B
As
D Ay

AO(k,l)= (N—k)/\, k=0, ...,N—l, l=k+1,

o, otherwise.

[N = k - DA+ pl,

N -k - 1A,
A,y = ( )

0,

-NA, k=0,1=0,

k=0,...,N-1, I=k,
k=0,..,N-2, 1=k

+1,

otherwise.

Aygpn=-IIN-IOA+yl, k=1,..N-1, 1=k,

o, otherwise.

The other matrices: A3, A4, Ag, B, By, By, D, Dg, and E are the same to those obtained for the previous GSPN model.

The matrix of branching probabilities A is given by:
00 11 01 ... 1s Os 1s+1 O0s+1

00
11
01
12

1Q+1
0Q+1
1Q+2

18
0S

1Q 0Q 1Q+1 0Q+1 ... 1S 0S

Inyi1
In
In

In
In
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The matrix A is a zero matrix (i.e., there is not an exponential-state transition that preempts a GEN
transition &).

6 Performance indices

The performance measures of our inventory systems and the total expected cost rate in the steady-state can
be defined as follows:
e The mean inventory level, n,
S N-1
n = Qv<<OQN>> + Z] Z [v<<0jk>> + V<<ljk>>].
j=1 k=0

¢ The expected number of customers in the orbit, n,,

N N-1
j jk>
n, = Ny<OQN> Zkv<<00k>> + z Zk[v<<0]k>> + <l ]
k=1 j=1k=1
e The expected reorder level, n,,
N-1
1s+1k>
n= Y uv< .
k=0
e The probability that server is busy, ng,
S N-1
jk>
ng =y ) vk,
j=1k=0
¢ The effective search rate, ngs,
S N-1
Ngs = Z ZPHV<<1’k>>-
j=2k=1

e The expected number of successful retrials, ngsg,

NESR = y[v<<OQN>> + iNZ_I‘/«Ojk»]'
j=1k=1
e The probability that inventory level is zero, py,
N
Do = ZV«OOk»’
k=0

e The probability that inventory level is greater than s, p;,

S N-1
ps = y<OQN> | Z Z [v<<0jk>> + v<<1jk>>].
j=s+1k=0
e The mean generation of primary calls, A,
N-1 S N-1 S N-2
Ae — Z (N _ k)v<<00k>> + z Z (N _ k)v<<0]k>> + z Z (N — k- 1)V<<1]k>>.
k=0 j=1k=0 j=1k=0
¢ The mean waiting time, w,
n
w=-"2.
Ae

¢ The mean response time, @,
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_ Ny +ng
Ae

¢ The total expected cost rate TC in the steady-state is given by:

N-1 N-1 N
TC = Ch Qv<<OQN>> + z] Z [V<<0jk>> + V<<1jk>>]] + Cs( zyv<<1s+1k>>) + CW[NV<<OQN>> + zkv<<00k>>

j=1 k=0 k=0 k=1
S N-1
+ Z Z k[v<<0jk>> + v<<1jk>>]
’
j=1k=1

where G, C;, and C,, are, respectively, the inventory carrying cost per unit item per unit time, setup cost
per order, and the waiting cost for an orbiting demand per unit time.

7 Numerical application

We construct two programs based on the formulas obtained in previous sections in order to compute
numerically the probability distributions of the two models (GSPN and MRSPN). We show the influence
of the system parameters on the system performance measures and the total expected cost rate. The
numerical results for:

» the GSPN model are given in Tables 3-5 and illustrated in Figures 3-6.

» the MRSPN model is given in Table 6.

Table 3 presents the effect of search probability p on various performance measures for A = 0.8, u = 1,
y=025 a=06, N=10,5S=9,s=3,C, =1, Cs =5, and C,, = 3. Table 3 shows that an increase in the
search probability p makes an increase in measures such as expected reorder level n,, probability that
server is busy ny, effective search rate ngs, probability that inventory level is zero po, mean generation of
primary calls A.; however, mean inventory level n;, expected number of customer in the orbit n,, expected
number of successful retrial ngsg, probability that inventory level is greater than s, p;, mean waiting time w,
mean response time @, and total expected cost rate TC decrease. In Tables 4 and 5, the total expected cost
rate TC for various combinations of maximum inventory level S, level stock s, the search probability p, and
the number of sources N are given. In Table 4, the numerical values show that TC is a convex function in S
and s and the minimum occurs at (s, S) = (6, 22), which equals to 230.0767. We observe that TC is a
decreasing function on p.

From Table 5, we observe that TC is an increasing function on N. Also, it may be observed that TC is
more sensitive to changes in N than to changes in S and s. Figures 3 and 4 show the influence of arrival rate
A, retrial rate y, and the search probability p on the mean response time @. We note that the mean response
time w of the inventory system with orbital search mechanism is maximum. The location and the amplitude
of this maximum depend on the retrial rate y and the search probability p. For higher values of the search
probability p or lower values of retrial rate y, the maximum becomes less dominant. The arrival rate A has a
significant influence on the mean response time when the retrial rate and the search probability p are weak.
The effect of the generation of primary demands A and the retrial rate y on the total expected cost rate TC is
shown in Figure 5. It shows that TC increases when A increases and TC decreases when y increases. Figure 6
shows the influence of the lead time rate a and the service time rate u on the total expected cost rate TC. We
observe that TC decreases when the mean lead time rate a increases. Table 6 the numerical results obtained
by using the supplementary variables method to analyze the MRSPN that models the inventory system
considered are given. It presents numerical results when the lead time follows different distributions,
namely, exponential Exp(u), Erlang E,(u), Hypoexponential Hypo,(u;;i,), and hyperexponential

Hy(q; uy5 1), assuming that the expected lead time of these distributions has the same value % =2,5.

This table shows that there is a difference in the values of the performance indices between exponential
and non-exponential distributed cases. Note that Erlang distributed lead time gives the lowest TC (resp. n,),
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Table 3: Effect of search probability p on selected performance measures for GSPN that models our inventory system for
A=08,p=1y=0.250a=06,N=10,5=9,5=3,(,=1,C=5,and G, = 3

Measures p=0 102 0.2 0.5 0.7 0.9 1

n 5.6070 5.6017 5.4962 5.3145 5.1850 5.0507 4.9824
ny 8.8107 8.8040 8.6721 8.4471 8.2875 8.1220 8.0374
n 0.0881 0.0886 0.0984 0.1150 0.1269 0.1391 0.1454

ng 0.5286 0.5316 0.5902 0.6902 0.7611 0.8347 0.8723

Nes 0.0000 0.0052 0.1159 0.3361 0.5158 0.7228 0.8368
Ngsr 0.1151 0.1143 0.0981 0.0699 0.0496 0.0282 0.0171

Po 0.0110 0.0112 0.0174 0.0301 0.0405 0.0525 0.0592

Ps 0.8532 0.8523 0.8361 0.8083 0.7886 0.7681 0.7577

Ae 0.5286 0.5316 0.5902 0.6902 0.7611 0.8347 0.8723

W 16.6687 16.5628 14.6941 12.2391 10.8889 9.7305 9.2144

0] 17.6687 17.5628 15.6941 13.2391 11.8889 10.7305 10.2144
TC 32.4796 32.4567 32.0043 31.2309 30.6818 30.1122 29.8214

Table 4: Effect of maximum inventory level S, inventory level s, and search probability p on the total expected cost rate TC for
A=15p=5y=02a=2N=14C,=1,C =25, and G, = 20

p S/s 2 3 4 5 6 7 8

0.2 20 261.7116 261.4102 261.6048 262.0612 262.6660 263.3668 264.1426
21 262.0044 261.7159 261.9072 262.3490 262.9300 263.5980 264.3312
22 262.3169 262.0416 262.2313 262.6616 263.2234 263.8651 264.5642
23 262.6465 262.3844 262.5738 262.9949 263.5410 264.1613 264.8329
24 262.9910 262.7418 262.9319 263.3457 263.8789 264.4814 265.1304
25 263.3485 263.1119 263.3033 263.7114 264.2338 264.8215 265.4518

0.5 20 248.9849 247.7635 247.2975 247.3271 247.6887 248.2841 249.0591
21 249.0862 247.8965 247.4416 247.4638 247.8013 248.3563 249.0732
22 249.2240 248.0661 247.6239 247.6423 247.9617 248.4851 249.1565
23 249.3934 248.2670 247.8386 247.8559 248.1615 248.6599 249.2951
24 249.5905 248.4949 248.0808 248.0989 248.3943 248.8728 249.4787
25 249.8120 248.7463 248.3469 248.3672 248.6549 249.1173 249.6994

0.8 20 234.3789 232.2309 230.9601 230.3532 230.2514 230.5429 231.1547
21 234.2088 232.1021 230.8539 230.2486 230.1263 230.3738 230.9153
22 234.0975 232.0336 230.8107 230.2117 230.0767 230.2918 230.7797
23 234.0375 232.0170 230.8210 230.2319 230.0897 230.2809 230.7275
24 234.0225 232.0456 230.8772 230.3004 230.1552 230.3288 230.7432
25 234.0474 232.1136 230.9737 230.4103 230.2651 230.4259 230.8152

Table 5: Effect of the number of source N and maximum inventory level S on the total expected cost rate TC for A = 1.2, y = 4,
y=05a=18,p=0.8,5s=4,(,=05(=9,and C, =13

S/N 6 7 8 9 10 1 12

16 41.2537 53.4579 66.1565 79.0579 92.0295 105.0223 118.0206
17 41.1877 53.3705 66.0591 78.9565 91.9268 104.9192 117.9174
18 41.1654 53.3295 66.0093 78.9031 91.8723 104.8643 117.8624
19 41.1782 53.3260 65.9979 78.8886 91.8567 104.8484 117.8464
20 41.2198 53.3530 66.0180 78.9059 91.8730 104.8644 117.8624
21 41.2851 53.4054 66.0642 78.9496 91.9158 104.9070 117.9049

21 41.3704 53.4791 66.1323 79.0155 91.9809 104.9718 117.9696
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Figure 3: Effect of arrival rate A and the search probability p on the mean response timew; N = 12, S = 15,5 = 5,4 = 0.1,..., 1.5,
p=12,y=015a=1,andp=0,..,1.

Figure 4: Effect of arrival rate A and the retrial rate y on the mean response timew; N =16, S = 14,5 = 6, A = 0.15,..., 3, f = 2,
y=0.15,..,1.5,a =1, and p = 0.4.

whereas hyperexponential distribution gives the highest value. Thus, the hyperexponential distributed lead
time is the pessimistic since it overestimates the cost rate TC. In this case, the approximation of our MRSPN
model by the GSPN model one, it causes little loss in terms of cost. So, under this situation, the GSPN model
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Figure 5: Effect of arrival rate A and the retrial rate y on the total expected cost rate TC; N =20, S =25,s = 8,1 =1,..., 5,
p=35y=01.,2,a=2,p=03,(=28,(=10,and C, = 17.

Figure 6: Effect of the replenishment rate & and the service time rate 1 on the total expected costrate TC; N = 18, S = 25, s = 10,
A=15p=1,.,6,y=05a=0.5,..,4,p=0.6,0,=0.2,(=7,and C, = 16.

is valid to estimate the cost rate TC of our inventory system. Also, we observe that, with exponentially
distributed lead time, TC (resp. n,) lies in between that of Erlang and hyperexponential cases. In addition,
the mean waiting time w is low when the lead time follows the Erlang distribution and it is high when the
lead time follows the hyperexponential distribution.
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Table 6: Some performance measures for the MRSPN models of the inventory system with four types of lead time distributions
N=4,5=3,s=2,1=015py=12,y=0.2,p=0.6,C,=15,C=4,andC, = 2.5

Measures GSPN Exp(0.4) E>(0.4) Hypo,(0.5; 2) H,(0.25; 0.5; 0.375)
n 1.2837 1.2837 1.2669 1.2734 1.2841
Ny 1.8280 1.8280 1.7137 1.7510 1.8313
ny 0.0808 0.0808 0.0629 0.0690 0.0814
ng 0.2614 0.2614 0.2725 0.2690 0.2612
Ngs 0.0982 0.0982 0.0947 0.0964 0.0984
Ngsr 0.0762 0.0762 0.0800 0.0783 0.0760
P 0.2877 0.2877 0.2515 0.2647 0.2890
Ps 0.1537 0.1537 0.1223 0.1329 0.1547
Ae 0.2866 0.2866 0.3021 0.2970 0.2861
W 6.3785 6.3785 5.6733 5.8954 6.4008
0] 7.2908 7.2908 6.5753 6.8010 7.3133
TC 6.8187 6.8187 6.4361 6.5635 6.8301

8 Conclusion

In this article, the queueing inventory model with finite sources of demands, (s;S) replenishment policy,
service time, retrials demands, lead time, and demand search from the orbit has been studied by the SPNs
formalism. We analyze this inventory system for two different lead time scenarios: exponential and non-
exponential. On the one hand, when the lead time is exponentially distributed, the GSPN model is proposed
for this inventory system and the probability distribution obtained by using the CTMC. On the other hand,
when the lead time is generally distributed, the MRSPN model is proposed for this inventory system and the
probability distribution is obtained by the supplementary variable method. Both extensions GSPN and
MRSPN gave us a graphical representation, which allowed us to generate the diagram states and to
calculate the performance indices and the total expected cost rate of the inventory systems studied.
Furthermore, numerical results are established in order to see the influence of the system parameters on
some performance characteristics and to highlight the convexity of the total expected cost rate.

This work could be extended in different directions. One among these is the introduction of arbitrarily
distributed research time. It is also interesting to study this inventory system when the lead time distribu-
tion is unknown. The kernel method is used to estimate the distribution of the lead time from real data.

Author contributions: All authors have accepted the responsibility for the entire content of this manuscript
and approved its submission.

Conflict of interest: The authors state no conflict of interest.
Ethical approval: The conducted research is not related to either human or animal use.

Data availability statement: Data sharing is not applicable to this article as no data sets were generated or
analyzed during this study.

References

[1] K. Karthikeyan and R. Sudhesh, Recent review article on queueing inventory systems, Res. J. Pharmacy Technol. 9 (2016),
no. 11, 2056-2066, DOI: https://doi.org/10.5958/0974-360X.2016.00421.2.

[2] V.Yadavalli, K. Jeganathan, T. Venkatesan, S. Padmasekaran, and S. ). Kingsly, A retrial queueing-inventory system with j-
additional options for service and finite source, ORiON 33 (2017), no. 2, 105-135, DOI: https://doi.org/10.5784/33-2-566.


https://doi.org/10.5958/0974-360X.2016.00421.2
https://doi.org/10.5784/33-2-566

DE GRUYTER Analysis of an inventory system by stochastic Petri nets = 17

(4]

(5]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(20]

(21]

(22]

(24]

(25]

(26]

(27]

(28]

(29]

(30]
(31]

D. K. Pandey, An attempt to understand the queueing-inventory system and the consideration of M/M/V/1 queueing-
inventory model with retrial of unsatisfied customers, ). Adv. Scholarly Res. Allied Education 16 (2019), no. 5, 335-344,
http://ignited.in/l/a/89618.

P. S. Knopov and T. V. Pepelyaeva, Some multidimensional stochastic models of inventory control with a separable cost
function, Cybernet. Sys. Anal. 58 (2022), 523-529, DOI: https://doi.org/10.1007/s10559-022-00487-6.

J. R. Artalejo, A. Krishnamoorthy, and M. ). Lopez-Herrero, Numerical analysis of (s,S) inventory systems with repeated
attempts, Ann. Oper. Res. 141 (2006), 67-83, DOI: https://doi.org/10.1007/s10479-006-5294-8.

N. Anbazhagan, J. Wang, and D. Gomathi, Base stock policy with retrial demands, Appl. Math. Model. 37 (2013), no. 6,
4464-4473, DOI: https://doi.org/10.1016/j.apm.2012.09.005.

M. F. Neuts and M. F. Ramalhoto, A service model in which the server is required to search for customers, ). Appl. Probab.
21 (1984), 157-166, DOI: https://doi.org/10.2307/3213673.

J. R. Artalejo, V. C. Joshua, and A. Krishnamoorthy, An M/G/1 retrial queue with orbital search by the server, In: ). R. Artalejo
and A. Krishnamoorthy, eds., Notable Publications Inc., NJ, 2002, pp. 41-54.

L. Ikhlef, O. Lekadir, and D. Aissani, MRSPN analysis of semi-markovian finite source retrial queues, Ann. Oper. Res. 247
(2016), 141-167, DOI: https://doi.org/10.1007/s10479-015-1883-8.

A. Krishnamoorthy, S. S. Nair, and V. C. Narayanan, An inventory model with retrial and orbital search, In: S. R. S.
Varadhan, ed. Bulletin of Kerala Mathematics Association, Special Issue, 2009, pp. 47-65.

J. Cui and ). Wang, A queueing-inventory system with registration and orbital searching processes, In: Proceedings of 2nd
International Conference on Logistics, Informatics and Service Science, Z. Zhang et al, Eds., 2013, Springer-Verlag, Berlin
Heidelberg.

A. Shophia Lawrence, B. Sivakumar, and G. Arivarignan, A perishable inventory system with service facility and finite
source, Appl. Math. Model. 37 (2013), 4771-4786, DOI: https://doi.org/10.1016/j.apm.2012.09.018.

V. Yadavalli and K. Jeganathany, A finite source perishable inventory system with second optional service and server
interruptions, ORiON 32 (2016), 23-53, DOI: https://doi.org/10.5784/32-1-528.

M. Bhuvaneshwari, Finite source inventory system with negative customers, Int. J. Math. Trends Technol. 52 (2018), no. 6,
DOI: https://doi.org/10.14445/22315373/I)MTT-V56P556.

F. Wang, A. Bhagat, and T. Chang, Analysis of priority multi-server retrial queueing inventory systems with MAP arrivals
and exponential services, Opsearch 54 (2017), 44—66, DOI: https://doi.org/10.1007/s12597-016-0270-9.

K. Sigman and D. Simchi-Levi, Light traffic heuristic for an M/G/1 queue with limited inventory, Ann. Oper. Res. 40 (1992),
371-380, DOI: https://doi.org/10.1007/BF02060488.

D. Shajin and A. Krishnamoorthy, Stochastic decomposition in retrial queuing inventory system, RAIRO Oper. Res. 54
(2020), no. 1, 81-99, DOI: https://doi.org/10.1051/ro/2018118.

A. Krishnamoorthy, B. Lakshmy, and R. Manikandan, A survey on inventory models with positive service time, Opsearch.
48 (2011), no. 2, 153-169, DOI: https://doi.org/10.1007/s12597-010-0032-z.

L. Liu and T. Yang, An (s, S) random lifetime inventory model with a positive lead time, European 113 (1999), 52-63,
DOI: https://doi.org/10.1016/50377-2217(97)00426-8.

0. Berman and K. P. Sapna, Inventory management at service facilities for systems with arbitrarily distributed service
times, Stoch. Models, 16 (2000), 343-360, DOI: https://doi.org/10.1080/15326340008807592.

A. Krishnamoorthy and K. P. Jose, An (s, S) inventory system with positive lead-time, loss and retrial of customers,
Stochastic Modell. Appl. 8 (2005), no. 2, 56-71.

P. Manuel, B. Sivakumar, and G. Arivarignan, A perishable inventory system with service facilities and retrial customers,
Comput. Industr. Eng. 54 (2008), no. 3, 484-501, DOI: https://doi.org/10.1016/j.cie.2007.08.010.

W. K. Kruse, Waiting time in an (S - 1, S) inventory system with arbitrarily distributed lead times, Oper. Res. 28 (1980),
348-352, DOI: https://doi.org/10.1287/opre.28.2.348.

S. Kalpakam and K. P. Sapna, (S - 1, S) Perishable systems with stochastic leadtimes, Math. Comput. Modell. 21 (1995),
no. 6, 95-104, DOI: https://doi.org/10.1016/0895-7177(95)00026-X.

P. V. Ushakumari, On (s, S) inventory system with random lead time and repeated demands, ). Appl. Math. Stochastic
Anal. 1 (2006), 1-22, DOI: https://doi.org/10.1155/JAMSA/2006/81508.

H. Chen, L. Amodeo, F. Chu, and K. Labadi, Modeling and performance evaluation of supply chains using batch deter-
ministic and stochastic petri nets, |EEE Trans. Automat. Sci. Eng. 2 (2005), 132-144, DOI: https://doi.org/10.1109/TASE.
2005.844537.

S. Tian, Q. Liu, X. Dai, and ). Zhang, A PD-type iterative learning control algorithm for singular discrete systems, Adv.
Difference Equ. 2016 (2016), no. 1, 1-9, DOI: https://doi.org/10.1186/s13662-016-1047-4.

H. Baumann and W. Sandmann, Numerical solution of level dependent quasi-birth-and-death processes, Proc. Comput.
Sci. 1 (2010), 1561-1569, DOI: https://doi.org/10.1016/j.procs.2010.04.175.

Y. Zhang, D. Yue, L. Sun, and J. Zuo, Analysis of the queueing-inventory system with impatient customers and mixed sales,
Discrete Dyn. Nature Soc. 2022 (2022), 2333965, DOI: https://doi.org/10.1155/2022/2333965.

M. F. Neuts, Matrix-Geometric Solutions in Stochastic Models, Johns Hopkins University Press, Baltimore, 1981.

R. German, Markov regenerative stochastic Petri nets with general execution policies: supplementary variable analysis and
a prototype tool, Performance Evaluation 39 (2000), 165-188, DOI: https://doi.org/10.1016/50166-5316(99)00063-2.


http://ignited.in/I/a/89618
https://doi.org/10.1007/s10559-022-00487-6
https://doi.org/10.1007/s10479-006-5294-8
https://doi.org/10.1016/j.apm.2012.09.005
https://doi.org/10.2307/3213673
https://doi.org/10.1007/s10479-015-1883-8
https://doi.org/10.1016/j.apm.2012.09.018
https://doi.org/10.5784/32-1-528
https://doi.org/10.14445/22315373/IJMTT-V56P556
https://doi.org/10.1007/s12597-016-0270-9
https://doi.org/10.1007/BF02060488
https://doi.org/10.1051/ro/2018118
https://doi.org/10.1007/s12597-010-0032-z
https://doi.org/10.1016/S0377-2217(97)00426-8
https://doi.org/10.1080/15326340008807592
https://doi.org/10.1016/j.cie.2007.08.010
https://doi.org/10.1287/opre.28.2.348
https://doi.org/10.1016/0895-7177(95)00026-X
https://doi.org/10.1155/JAMSA/2006/81508
https://doi.org/10.1109/TASE.2005.844537
https://doi.org/10.1109/TASE.2005.844537
https://doi.org/10.1186/s13662-016-1047-4
https://doi.org/10.1016/j.procs.2010.04.175
https://doi.org/10.1155/2022/2333965
https://doi.org/10.1016/S0166-5316(99)00063-2

18 =— Lyes Ikhlef et al. DE GRUYTER

[32] E. Cinlar, Introduction to Stochastic Processes, Prentice-Hall, Englewood Cliffs, NJ, 1975.

[33] D. R. Cox, The analysis of non-Markovian stochastic processes by the inclusion of supplementary variables, Math. Proc.
Cambridge Philosoph. Soc. 51 (1955), no. 3, 433-441, DOI: https://doi.org/10.1017/50305004100030437.

[34] P. 0. Mohammed, ). A. T. Machado, J. L. G. Guirao, and R. P. Agarwal, Adomian decomposition and fractional power series
solution of a class of nonlinear fractional differential equations, Mathematics 9 (2021), no. 9, 1070, DOI: https://doi.org/
10.3390/math9091070.

[35] L. Ikhlef, S. Hakmi, O. Lekadir, and D. Aissani, Stochastic analysis of a queueing inventory system with customers search
from the orbit using Petri nets, in: Conference: IEEE International Conference on Recent Advances in Mathematics and
Informatics (ICRAMI’2021), 2021, DOI: https://doi.org/10.1109/ICRAMI52622.2021.9585961.

[36] M. K. Molloy, Performance analysis using stochastic petri nets, IEEE Trans. Comput. 31 (1982), 913-917, DOI: https://doi.
0rg/10.1109/TC.1982.1676110.

[37] M. A. Marsan, G. Conte, and G. Balbo, A class of generalized stochastic Petri nets for the performance evaluation of
multiprocessor systems, ACM Trans. Comput. Syst. 2 (1984), no. 2, 93-122, DOI: https://doi.org/10.1145/190.191.

[38] H. Choi, V. G. Kulkarni, and K. S. Trivedi, Markov regenerative stochastic petri nets, Performance Evaluation 20 (1994),
335-357, DOI: https://doi.org/10.1016/0166-5316(94)90021-3.


https://doi.org/10.1017/S0305004100030437
https://doi.org/10.3390/math9091070
https://doi.org/10.3390/math9091070
https://doi.org/10.1109/ICRAMI52622.2021.9585961
https://doi.org/10.1109/TC.1982.1676110
https://doi.org/10.1109/TC.1982.1676110
https://doi.org/10.1145/190.191
https://doi.org/10.1016/0166-5316(94)90021-3

	1 Introduction
	2 SPNs
	3 The proposed GSPN model
	4 The steady-state solution
	5 The proposed MRSPN model
	6 Performance indices
	7 Numerical application
	8 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


