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Summary

Introduction. During the last decade in theory of logistics and its applications
the great attention was paid to the problem of perishable products flows control that
was inspired by foods production/transportation growth. Due to importance of this
problem even special direction was formed in logistics, so called “cold logistics ” which
studies warehousing/transportation problems of perishable items taking into account
the special regimes of their storage. The aim of this paper is the further development
of approach pointed out above and development of dynamic optimization model for
the case of perishable material and finished perishable product coming through the
logistic chain taking into account the control of deterioration process at warehouses
and increasing the demand for finished product via additional costs for marketing
activity. Results. In the article, the dynamic optimization model for planning of raw
materials supply, production of perishable finished product and its transportation to
destinations is proposed. It is assumed that the additional investments intended for
decreasing of raw materials and finished perishable product’s deterioration during
its warehousing are provided. The above model is based on the Wagner-Whitin type
model in the inventory control theory and classical transportation problem. The
objective is to maximize the total profit of supply chain over the given planning
horizon. Two cases are considered in details: 1) demand at destinations is given and
fixed; 2) demand is controlled by additional investments. Conclusions. Our approach
allows to increasing the total profit of logistic system due to additional expenses
directed on reduction of deterioration of perishable goods. The calculated results may
be useful for logistics operators and other participants of logistic cold chain (e. g.
warehouses operators, transport companies). The proposed optimization models are
relatively simple and may be implemented in practice with the standard software. In
order to conduct calculations it is the necessary to collect the relevant data and to
create appropriate databases. The results obtained may be used as the basis for our
Sfurther investigation and research in the field of “cold logistics”.

Key words: supply, production, transportation, perishable finished product, planning,
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Anomauin

Bcemyn. [Ipomszom ocmannbozo decamunimms 6 meopii nozicmuku ma ii po3poook
6enUKa y8aza npuoiisanacs npooiemi KOHmMpoa0 NOMOKI6 WEUOKONCYEHUX NPOOYKIMIE,
AKa 0y1a GUKIUKAHA 3POCMAHHAM SUPOOHUYMEA/MPAHCNOPINYEAHHS XAPUOBUX NPO-
O0yKkmie. Bpaxogyouu 6axiciusicms yboeo NUMAaHHs, 8 102iCmuyi Hagims chopmyseascs
0COOUBUI HANPSAMOK, MAK 36AHA «XOJIOOHA NO2ICIMUKAY, KA BUBYAE NPOOTEMU CKAAOY-
BAHHS/MPAHCTIOPIY BAHHSL WBUOKONCYEHOT NPOOYKYIT 3 YPAXYBAHHAM OCOOIUBUX PEdHCU-
mig ix 36epicanns. Mema yiei cmammi — nooanbuwull po3GUMOK 3a3HAUEHO20 GULYe
nioxody ma po3pooxa mooeni OUHAMIYHOI ONMUMIZAYIT WEUOKONCYBHO20 Mamepiauy
ma 20mogo2o WEUOKONCYEHO20 NPOOYKMY, WO NOMPANIAEC 00 NOICMUYHO20 IAHYIOSY
3 YPaxy8auHam KOHMPOIIO NPoyecy NCy8auHs HA CKAA0Ax ma 30i1buenHs Nonumy Ha
20MOBULL NPOOYKM 34 PAXYHOK 000aMKOGUX MapKemuHeoeux eumpam. Pezynomamu.
Y emammi 3anpononosano mooens ounamiunoi onmumizayii niaHyeanHs NOCMAYaHHs.
CUPOBUHU, BUPOOHUYMBA 20MOBOI WUBUOKONCYBHOL NPOOYKYIl ma il mpaHcnopmyeaHHs
6 nyHKmu npusnadenis. Bona maxooic nepeddbavae 0o0amrogi ineecmuyii, cnpsamosa-
Hi HA 3MEHUeHHs 8UNAOKI@ NCYBAHHS CUPOGUHU MA 20MOB0I WUBUOKONCYEHOI NPOJYK-
yii' nio yac ii 30epicanna Ha ckraoax. Buweszasnauena mooenv 3acnosana na mooeii
Baenepa-Yimina ¢ meopii ynpasninnua sanacamu ma KiacuuHit mpaucnopmuiu 3a0a-
ui. 3a0aua — maxkcumizyeamu 3aeanvHull NPUOYMOK 1aHYi02a NOCMABOK 3ad 3a0aHUll
20PU3OHM NIAHYBAHHA. Aémopu demanvHo posenidaoms 06a Ketica: 1) nonum 3ada-
emucs [ ikcyemubest Yy nyHKmax npubymmsi;, 2) nonum KOHmMpOMOEMbCS 000AMKOBU-
mu ingecmuyismu. Bucnosku. Haw nioxio dozeonsic 30invuumu 3a2aivhutl npuOymox
JIOSICMUYHOT cUcmemu 3a paxyHox 000amKoGUX UMPAM, CHPAMOBAHUX HA 3MEHUICHHS
NCYBAHHS WBUOKONCYBHUX MOBapie. Pe3ynomamu po3paxyHKie Moxcyms Oymu KOpUCHuU-
MU 0151 IOCICIMUYHUX ONEPAmOopie ma IHUWUX YYACHUKIE T02ICMUYHO20 X010008020 NAH-
yioea (Hanpuxnad, onepamopié ckaadie, Mpancnopmuux KOMNAauil). 3anponorosami
ONMUMIZAYIUHI MOOENT 8IOHOCHO NPOCMI [ MOJNCYMb OYMU Peani308aHi Ha NPaKmuyi 3d
00NOMO20I0 CMAHOAPMHO20 NPOSPAMHO20 3a0e3neuents. /[l npoeedenHs po3paAxXyHKie
HeoOXiOHOo 3i0pamu 6i0nogioni 0ani ma cmeopumu 6azu oanux. Ompumani pe3ynrvma-
mu Modcyms Oymu NOKIA0EHi 8 0CHOBY HAWUX NOOAIbUUX PO3BIOOK Md 00CAIONCEHD )
cpepi «xon00HOi n02iCmMuUKU».

Knrouoei cnoea: nocmavanns, upooHuymeo, mpaHcnopmyeanHs, uweuoKoncys-
Ha 20Mo6a NPOOYKYis, NAAHYGAHHA, OUHAMIUHA ONMUMI3ayis, MapKemune, KOHMm-
PO NCYBAHHSL.
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Introduction. During the last decade in theory of logistics and its applications
the great attention was paid to the problem of perishable products flows control that was
inspired by foods production/transportation growth. Due to importance of this problem
even special direction was formed in logistics, so called “cold logistics” which studies
warehousing/transportation problems of perishable items taking into account the special
regimes of their storage [1-3]. Due to the report presented by the Food and Agriculture
Organization of the United Nations (FAQO) [4] roughly one third of the food produced
for human consumption in the world gets lost or wasted (approximately 1.3 billion tones
every year). These processes are observed throughout all stages of the supply chain, from
initial production up to final consumption. These losses are high both in industrialized
and developing countries. More than 40 % of the food losses take place at post harvest
and processing levels in developing countries. In industrialized countries, the majority
of food losses occur at retail and consumer levels (more than 40 % of overall losses).
It is well-known that inventory control theory plays an important role in logistical
applications. Indeed, integrated logistical management first of all is intended for
development of optimal supply plan, work-in-process and production plans, as well as
optimal transportation plans for perishable finished product delivery to destination. At
the same time the known models from inventory control theory cannot be applied in
the “cold logistics” practices immediately. In many real situations arising in logistical
management it is needed to adopt and generalize the classical models of inventory
control theory for the case of deterioration of perishable materials and finished
product under prolonged warehousing. Deterioration can deal with products spoilage,
physical depletion, gradual loss of qualitative properties of materials with the passage
of time and above all storage conditions changing [5; 6]. It is naturally to suppose that
the volume of perishable products deterioration depends: a) on technical characteristics
of refrigerating equipment and corresponding cost directed on supporting of special
warehousing regimes; b) on additional costs directed on increasing the demand via
additional costs for marketing activity of the plant.

In the articles [7-9] the simple models for optimal lot sizing of perishable product
based on generalization of the classical Wilson model were studied. However, in
the cited works the possibility of warehousing regime control was not considered. In
the studies [10; 11] the models were proposed for optimal planning of integrated logistic
chains functioning including supply of materials, manufacturing of perishable finished
product and its delivery at points of destination based on generalization of the Wagner-
Whitin model from inventory control theory.

The aim of this paper is the further development of approach pointed out above
and development of dynamic optimization model for the case of perishable material
and finished perishable product coming through the logistic chain taking into account
the control of deterioration process at warehouses and increasing the demand for finished
product via additional costs for marketing activity. This idea was firstly mentioned in
our previous works [12—14].

Main results of investigation. Our first target is construction the corresponding
mathematical model for solving the problem under consideration. Firstly, we consider
more simple case of fixed demand.

Let us consider a plant which produces the K types of perishable finished product
subjected to deterioration under storage at the plant’s warehouse. To manufacture these
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products the R kinds of material and complete set are used which are subjected to
deterioration during their storage, as well. It is assumed that the matrix

A=la |, k=1,2,..,Kr=12,..,R,
of technological coefficients is given, where a , is the amount of the r-th kind of material
needed for manufacturing of the k-th type of perishable finished product’s unit.

A plant purchases all kinds of materials at the R suppliers. The finished perishable
products must be shipped to the N destinations. The planning horizon is 7 (time is
measured in discrete units). The total demand for the 4-th type of perishable finished
product at the n-th destination over the period 7'is known and equals to &, > 0 (it may be
determined, for example, in result of market’s analysis). Taking into account the given
demand, plant purchases the materials and manufactures the products (See Figure).

In addition, we make the following assumptions:

* The market of materials is unlimited.

» All ordering of materials and delivering of finished perishable products occurs
at the start of each period. Inventories of materials are charged on the amount on hand
in the end of each period.

* The lead time is zero; that is, an order arrives as soon as it is placed.

* The time of transportation of any amount of perishable finished product to any
destination doesn’t depend on this amount.

* The production equipment is absolutely reliable.

* The capacities of production lines of plant are limited only by capacities
of warehouses’ for storage of materials and finished perishable products.

Supplier 1 Plant Jﬂ Recipient 1
Warehouse 1 Warehouse 2
Supplier 2 j 4 Produc- 4 Ktypesof [ Recipient 2
PP [T R kinds of tion finished - P
material —' —f product

7
/ 3 Deterioration : Q

Figure. The part of logistic chain of perishable product (Source: own research)

Supplier R Recipient N

Similarly as in the article [10] for better understanding, we introduce the following
designations:

¢ Letx, be the amount of the r~th kind of material ordered and purchased in period
t,fort=1,2,...,T.

* Lety, be the amount of the k-th type of perishable finished product which plant
plans for output in the end of period ¢, fort =1, 2, ..., T.

 Letz,  be the amount of the k-th type of perishable finished product planned for
delivery to the n-th destination in the end of period ¢, fort =1, 2, ..., T.

* Let s, be the sale unit price for the k-th type of perishable finished product
shipped to the n-th destination in period ¢, fort =1, 2, ..., T.

+ Let P be the per unit order cost and K be the fixed order cost for the »~th kind
of material ordered in period ¢, fort =1, 2, ..., T.
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* Let e, be the per unit production cost of the k-th type of perishable finished
product in period ¢, fort =1, 2, ..., T.

* Let ¢, be the cost of transportation of the unit of the k-th type of perishable
finished product from plant to the n-th destination in period ¢, fort =1, 2, ..., T.

+ Let &, (h,,) be the holding cost per unit of the -th kind of material (of the A-th
type of perishable finished product) in period ¢, fort =1, 2, ..., T.

* Let C, (C) be the warehouse’s capacity for storage of materials (perishable
finished products).

+ Let g, (q,) be the initial inventory level of the r-th kind of material (of the r-th
type of perishable finished product). It is assumed that

R K
;qlr <C, Elqzk <G,

+ Let/  (I,) be the inventory level of the r-th kind of material (of the k-th type
of perishable finished product) in the end of period ¢, forr =1, 2, ..., T.

¢ Letus 0<pg ,p, <1 are the coefficients describing the deterioration of the r-th
kind of material and the k-th kind of perishable finished product during their storage
at warehouses correspondingly.

e It is assumed that during the delivery of material to a plant and delivery
of perishable finished product at destinations there are not subject to any deterioration.

To avoid the trivial situations, we shall suppose that

Sd, >y k=12..K.
n=1
It is obvious that the following inventory-balanced equations are valid:

K
I, =0-p)1,,, +x, —glarkyk,, r=12,...,R, (1)

N
Ly =0 =By oy + Vi — Z:,]zk”j, k=12,..K; t=12,...,T, 2)

Where Ier = qlr’ L= qZk'

2k0
From (1), (2), it follows the relations

[lrt - (1 B ﬂlr)t[ql’ + i(xrj - ﬁ arkykj) / (1 - ﬁlr)tij]’
J=1 k=1

(3)
r=12,...,R,
t N .
Ly = (= Bl + 3 (v = £.24, )/ 0= ) )
Jj=1 n=l1 (4)
k=12,..K.
Since
R K
> Il <G, X1, <C, t=12,..,T,
r=1 t k=1
then from (3), (4), we obtain
R R t .
Z (] - ﬂlr)tq]r + z z (1 - ﬁlr)71x1j -
r=1 r=1j=1
t R K X (5)
_'21 Zlkzl A-B,)"a,yy <C,
j=lr=lk=
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( ﬁzk) 9 + Z Z(l ﬂzk)ijykj -

N Mk

(6)
—Z Z 2(1 By)”’ Zk,,J <C,.

k=1 n=1 j=1
On the other hand, in period ¢ it cannot be consumed the 7-th material and delivered
the k-th product in amounts more than inventory levels /, | and 7, correspondingly
in the end of period #-1, that is:

K
gl a Ve <1,,,, r=12,.. R,
N
21 Zow S Dy k=12,..,K
Therefore, from (5), (6) we get
K -1 K . t-1 .
kzl a,y, + Zl Y a,y,(1-B,) <q,0-p,)" + leﬂ.(l -B,Y, r=112,..,R, (1)
= Jj=lk=1 Jj=

-1

Z:: %, Ziy (1= By Y < gy (1-By) " +

MZ

I

-1

+3 vy (1 B ) k=12..K; t=12,..T.

3
I

®)

At last, the perishable finished product of the &-th kind must be delivered at the n-th
destination in amount d, over the planning horizon, that is

zz,m,= e n=12.,N; k=12,.,K. 9)

In the model described above the coefficients of materials and finished perishable
product deterioration 8, , 8, may be considered as control variables, as well. Indeed,
generally speaking, they may depend on power of refrigerating equipment of plant or, in
value expression, on this equipment price. Denote V| and V, the values of refrigerating
equipment at warehouses for material and finished product correspondingly. It is
naturally to suppose that g, (V)), B, (V,) are the non-increasing functions of their
variables satisfying the following conditions

By, () =0, B, (0) =0, B,(0)=1,5,(0) =1. (10)
The simplest dependencies of such kind, for example, are
B, B
ﬁlr(Vl)=—'a,ﬁzk(Vz)=+, (11)
(L+p, V)" (YAK

where i, , 1, a., 7, are the positive coefficients determining by methods of mathematical
statistics; f, , B,, are the deteriorating coefficients reflecting basic deterioration without
additional cost for its reduction.

Note that according to above designations the expressions p f, I, and s B, I,
have the meaning of economic losses caused by deterioration of the r-th kind
of materials and the 4-th kind of finished perishable product during their storage in
period ¢ correspondingly.

The demand d, in the right-hand side of relation (9) may also be considered as
control value. Let us suppose that d, is the a no decreasing function of values V.. The
possible dependence d, on V, may be, for example, as follows
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d (V)=d, 0+ V), s=0,
where d, is demand for the case V, = 0 (i. e. without additional cost for marketing).
Expression for total profit of all integrated logistical chain (i. e. objective function)
taking into account the cost for control of refrigerating regimes is
T (N K K
P = le {n:l gl Prnt % e _kz::l lew Vi + Moy + S B (L= Bo) Gy +
t . N _
+Z (l - ﬂZk)ijykr - z 2 (l_ﬂzk) /zknj)] -
Jj=1 n=1J=1 (12)
R .
—Zl [p,x,+K, 6(x, )+, +p,B)A-B,)"q, +

A=) )] |-V -,V

o
wherep, =s, t—c, ;0(x)=1,ifx>0,(0)=0.

The optimization problem may be now formulated by the following way: it is needed
to find outthe nonnegative values of variablesx ,y, .z, , V|, V,, V, satisfying the conditions
(5)—(9), (11) and maximizing the function (12). This optimization problem may be
solved by the method of dynamic programming [14]. The other method of its solving
is based on the method proposed in the work [15]. This method allows to eliminate
from consideration the non-differentiable term K d(x ) entering the function (12) by
introduction of additional variables.

Conclusions

In this paper, we proposed the approach to modeling and optimization of integrated
logistics system functioning for the case of perishable materials and finished perishable
goods which is based on inventory control theory application. The main idea of our
approach is coordination among supply firm, plant, and transport companies at the stage
of their joint plans development over the finite planning horizon. Our approach allows
to increasing the total profit of logistic system due to additional expenses directed on
reduction of deterioration of perishable goods. The calculated results may be useful
for logistics operators and other participants of logistic cold chain (e. g. warechouses
operators, transport companies). The proposed optimization models are relatively simple
and may be implemented in practice with the standard software. In order to conduct
calculations it is the necessary to collect the relevant data and to create appropriate
databases. The results obtained may be used as the basis for our further investigation
and research in the field of “cold logistics”.

K

£ (- B,) 7 x, -
Jj=1 k
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