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Abstract:

This paper presents the problem of the assessment of the supply chains in the context of their effectiveness. In this paper
the concepts of a supply chain and effectiveness were characterized. The supply chain is a structure of entities which are
connected with each other by the use of material and financial flows and functional, structural, technological, economic
and information dependencies. Entities such as: suppliers, final recipients, entrepreneurs, warehouse facilities, supply
centers, logistics operators, carriers, etc. perform material flows from suppliers to recipients. The concept of efficiency, in
general terms, refers to economic rationality and means the relationship between the achieved or expected effects and the
expenditures incurred. Additionally, indicators of measuring the effectiveness of the supply chain were described. In order
to assess the effectiveness of the supply chain the decision model was developed.

Optimization is crucial in decision support systems. The development of an appropriate model for mapping the behavior
of a real object or system and formulating an optimization task is a necessary activity in effective management. This is
even more important if we want to be competitive. Along with the development of decision support systems, as well as the
development of systems for data acquisition on the system functioning, which feed optimization models in ever more
detailed form, complex decision models are created that take into account many optimization criteria and require a large
amount of data. It allows, however, to ensure the sustainable development of the system and simultaneous implementation
of its basic tasks.

The main aim of this paper is to present the stages and assumptions of the model for assessing the effectiveness of the
supply chain. The main data input, constraints of the model, the criteria functions were determined.
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1. Introduction

The supply chain can be defined as a group of com-
panies such as production or distribution companies,
etc., which carry out activities necessary to satisfy
the demand for specific products in a relationship
between the supplier — the producer or the producer
- the recipient (Daganzo, 1996; Jacyna-Gotda, 2012,
2015;Szczepasnki et al., 2017). The supply chain is
a structure of entities which are connected with each
other by the use of material and financial flows and
functional, structural, technological, economic and
information dependencies. Entities such as: suppli-
ers, final recipients, entrepreneurs, warehouse facil-
ities, supply centers, logistics operators, carriers, etc.
perform material flows from suppliers to recipients
(Wasiak & Jacyna-Gotda, 2016; Ktodawski et al.,
2017). Entities operating in the supply chain through
links with suppliers and the recipients are involved
in various processes and activities that create value
in the form of products and services delivered to fi-
nal consumers. Each of the companies integrated in
the supply chain is responsible for a part of the real-
ized flows between entities (Brzezinski, 2006; Ce-
cere, 2012; Witkowski, 2002). All participants in the
supply chain are connected with each other by the
flows of products, information, money, etc.

The flow of information takes place in both direc-
tions, the direction of product flow is the direction
from the source of raw materials, by the producer of
products, to the final recipient - the consumer, while
the financial flows are carried out in the opposite di-
rection to the flow of products (Coyle et al., 2002;
Izdebski et al., 2017).

The supply chain can be treated as an existing object
through synergic cooperation of individual ele-
ments, hence it can be written as an ordered three
(Cempel, 2008):

delivery
cycles

resources

demand for transport
and logistics services
s
participating entities
technical resources

Input data
. IT resources

s

threats and
disturbances

supply chain objects

LDS = S(A, E, R) 1)

where: LDS — systemic approach to the supply
chain, A — a set of supply chain elements (entities
operating in the supply chain), A = {A1, A2, ... Am},
E — set of attributes (properties) of the supply chain
elements (characteristics, properties of individual
entities), E = {Ey, Eo, ...., En}, R —a set of relations
between elements and attributes of the supply chain
R={Ry, Ry, ..., R}

The wide spectrum of interrelated relations between
entities make that supply chains more and more
complex, and thus more sensitive to various types of
disturbances and threats from outside. The function-
ing of the supply chain takes place in a certain envi-
ronment. The supply chain draws from it, on the one
hand, various types of resources, applications for the
provision of services, etc., and on the other hand, the
environment assesses the supply chain due to the ef-
fectiveness of the services provided.

Schematically functioning of the supply chain in an
environment in which disturbances and threats occur
are presented on Fig. 1.

The purpose of the supply chain is to implement lo-
gistic tasks, which include: transport services and
other logistics services in a different perspective. A
transport service that is a production effect of
transport is determined as the performance of any
transport activity for the client (Wasiak & Jacyna-
Gotda, 2016). In order to realize the reported de-
mand for services in the supply chain at the required
level, the processes performed in the supply chain
must be effective. The concept of efficiency, in gen-
eral terms, refers to economic rationality and means
the relationship between the achieved or expected
effects and the expenditures incurred (Powierza,
1997; Sienkiewicz, 1987, 1994).

casts tasks and goals of
shaping the supply
chain

effects of logistics
services in the supply
chain

implemented services
financial resource efficiency evaluation

Human resource >

boundary conditions

Fig. 1 The impact of the environment on the supply chain [11]
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In order to achieve greater efficiency of a given sys-
tem, one should firstly increase the effects for fixed
expenses (the so-called cost principle of rational
management), or while maintaining a given perfor-
mance, one should increase savings in the system,
e.g. by minimizing the use of resources (the so-
called efficiency principle). The term of efficiency
is characterized by the use of resources to realize a
set number of tasks by users of the tested system.
Efficiency is treated as a rational management of
technical, financial, information and human re-
sources in pursuit of the assumed goal, i.e. the im-
plementation of logistic tasks at an acceptable level
of quality. As a result, the assessment of the effi-
ciency of the supply chain operation comes down to
the assessment of parameters defining the level or
scope of the chain operation (Jacyna-Gotda et al.,
2017b; Wasiak et al., 2017).

Processes implemented in supply chains are con-
nected with the implementation of a specific logistic
task. Logistic tasks are understood as all transport
services and other logistic services performed while
moving material goods from suppliers to recipients
and their storage processes. The transport and stor-
age of material goods and thus the implementation
of services in the supply chain, includes many activ-
ities that are often identified with transport and lo-
gistics processes.

The main aim of this paper is to present the problem
of the assessment of the supply chains in the context
of their effectiveness. Additionally, indicators of
measuring the effectiveness of the supply chain were
described.

2.  Effectiveness of functioning the supply chain
Supply chain efficiency expresses an evaluation of
its performance, and thus is a measure of the efficacy
of its specific action. Assuming that a set of LD
numbers for supply chains is defined as:

LD={ld:ld=1,2,...., LD} 2
where:

Id — supply chain number,

LD — number of analyzed supply chains,

The efficiency of the supply chain operation in the
period T can be written as a quotient of useful effects
Z(z,1d) and directly incurred during this period of

expenditures N(z,Id), i.e.:
Vide LD Z(z,Id)=Z(z,Id)/N(z,Id) 3)

where:

Z(r,Id) — the value of the effects obtained up to =
for the Id-th supply chain from the beginning of its
operation,

N(z,Id) —the value of expenditure incurred up to =

for the Id-th supply chain from the beginning of its
operation.

In the time interval (0,7) the function N(z,Id) is

an increasing function of time. Assuming that ex-
penditures are a part of the resource used for the
functioning of the supply chain, it is assumed that in
each of the elementary time intervals AT, At—0
their value is not less than zero. The value of the
function N(z,Id) atthe moment z(N(z’,Id) depend-

ing on whether the function #(zld) is continuous or
discrete, can be determined as:

Ve'eT VidelD N(7\ld)= [n(z,ld)dr  (4)
0

Vz'eT Vlde LD N(T',Id):in(rk,ld) (5)

where n(=x, 1d) means the value of expenditures in-
curred for the 1d-th supply chain in the time interval
w«, Where the interval with the number zr ends at the
moment 7’.

However, the function Z(z,Id) of obtained effects,
in the analyzed time interval, can take both positive
and negative values. Similarly to the expenditure
function, the value of the function Z(z,Id) at the

moment 7’ can be determined on the basis of the val-
ues of elementary functions £(z,1d) depending on

whether they are continuous or discrete functions:

Vz'eT VldelLD Z(r',ld):J',u(z',ld)dr (6)
0

T
V7'eT Vide LD Z(T',Id)zZy(rk,ld) )]
=)

To assess the quality and efficiency of the supply

chain the following indicators can distinguish:

- technical indicators, e.g.: the degree of effective
operation of a given device, means of transport,
etc., the degree of using the load capacity of means
of transport, the share of a given means of
transport (equipment) in the performed transport
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work, the degree of use of internal transport de-
vices, e.g. in storage facilities, number of means of
transport, number of working hours of means of
transport, mileage of vehicles, daily work time of
storage facilities, efficiency of the reloading sys-
tems, maximizing the use of vehicles,

- economic indicators, e.g.: the cost of the service
provided, annual operating costs, transport costs,
depreciation costs of means of transport, personnel
costs of the transport department, the cost of stor-
age,

- qualitative indicators, e.g.: loss of delivery time,
time of logistics tasks, reliability of logistics tasks,
the risk of not realizing deliveries, number of
transport equipment failures,

- environmental indicators , e.g.: minimizing the
emission of harmful exhaust gases, minimizing
congestion in the supply chain.

The following criteria can be used as criteria for as-
sessing the efficiency and effectiveness of logistic
processes: the criterion of time of material and infor-
mation flow, the criterion of the level of service
quality, the criterion of costs and the criterion of op-
erational efficiency.

Striving to improve the efficiency of supply chains

requires the use of optimization methods based on

mathematical models. The use of mathematical
methods when looking for optimal solutions usually
allows for significant savings, i.e. increased effi-
ciency of the tested system. Finding the best solution
to a given problem is possible using optimization
methods in an algorithmic way, analytically or nu-
merically, they allow you to search for optimal solu-
tions without having to analyze all possible variants.

3. The decision model for assessing the effec-

tiveness of the supply chain

3.1. The main assumption

The process of constructing mathematical models,

including the decision supply chain model, is the se-

lection of an acceptable substitute, taking into ac-
count the mathematical-logical relations that will en-
able experimenting with them taking into account
different boundary conditions. The stages of build-
ing the decision model for assessing the effective-

ness of the supply chain, Fig. 2.:

1) Identification - it consists in in generating from
the existing fragment of reality all of its elements
that are necessary to build a model. This stage
concerns the development of assumptions and de-
termining the elements of the model.

2) Development of the conceptual model - it consists
in the transformation of a set of assumptions, ob-
tained as a result of identification, into the form of
a conceptual model. This stage is aimed at estab-
lishing the relationship between the identified el-
ements and establishing a system of features nec-
essary for its description.

3) Formalization of the model - involves the con-
struction of analytical structures. This stage basi-
cally boils down to the construction of a mathe-
matical model, which allows the formulation of
optimization tasks, and then through the use of ap-
propriate algorithms, the creation of computer ap-
plications as a tool to support decision making.

4) Algorithm - it consists in actions aimed at trans-
forming the formal model into the structure of the
so-called object condition generator.

5) Computer implementation - it is based on convert-
ing the algorithmic model into an IT form. The
procedure and the final form of the model depend
on the class of the object, the system, the purpose
of modeling, existing possibilities in the scope of
access to software and hardware IT resources.

6) Model verification - it involves assessing the
model's adaptation to the solved problem.

7) Adaptation- implementation of the model consists
in carrying out suitably programmed experiments
for different decision situations, including various
functional and system configurations as well as
various technological parameters, etc. Adaptation
allows to determine the scope, conditions of ap-
plicability and the possibility of using the model.

A comprehensive analysis of the supply chain as-

sessment should therefore cover both technical as-

pects (inter alia, line transport infrastructure and
point, availability of transport), economic, organiza-
tional or quality but also aspects of security, reliabil-
ity of supply, environmental and social (Wasiak &

Jacyna-Gotda, 2016; Jacyna et al., 2017; Jacyna-

Gotda & Lewczuk, 2017). In each from these areas,

there are decision problems covering a wide range

of factors that should be considered when choosing
how to implement logistics processes in the supply
chain. The basic decisions regarding the assessment
of the efficiency of the supply chain operation are

mainly related to Michlowicz, 2015):

- efficient use of supply chain resources in both cost
and technical,

- minimizing the total cost of material flow while
maintaining the required level of service,
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Fig. 2. The stages of building the decision model for assessing the effectiveness of the supply chain

- minimizing the time of order fulfillment at the as-

sumed flow costs level,

- efficient use of the load capacity of means of

transport while minimizing time
and delivery costs,

- analysis and evaluation of the effectiveness of al-

ternative solutions for technical and organiza-
tional equipment of the supply chain (potential)
and its individual links,

- effective selection of supply chain potential for

submitted tasks (eg means of transport in the
sphere of supply and distribution),

- ensuring the highest possible reliability, fre-

quency and flexibility of deliveries with the as-
sumed level of flow costs,

- effective planning of changes in the configuration

of the supply chain (searching for locations for
warehouse facilities, logistics centers, etc.),
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- optimization of stock levels along the supply
chain with flexible adaptation to the preferences
of individual market segments in the scope of de-
livery service.

Various tools are used to analyze decision processes

in supply chains, e.g. optimization methods, mathe-

matical programming, simulation methods, stochas-
tic methods, dynamic programming or mass service
theory. In real decision-making problems, the deci-
sion maker often has to evaluate variant solutions
not because of one but from the point of view of dif-
ferent criteria (Roy, 1990; Jacyna-Gotda et al.,
2017a; Jacyna et al., 2014).

3.2. . The data input

For physical implementation of logistics processes
in the supply chain, such elements are necessary as:
- users, i.e. clients (sender, recipients, enterprises,
logistic facilities) and logistics operators,
transport infrastructure, including road, railway,
water and cargo handling points, along with spe-
cific characteristics,

external transport means and handling devices as
well as storage devices with their characteristics,
human resources and their characteristics,
organizational system ensuring proper use of sup-
ply chain equipment,

available technologies for the implementation of
logistics tasks

information system.

The aim of the supply chain is optimal - in the sense
of the adopted criteria - to provide logistic services,
reported by enterprises or other serviced entities.
Therefore, for their implementation it is necessary
that a given supply chain possesses a defined struc-
ture, determined parameters of particular elements
of the structure, a set volume of logistic services
(tasks), fixed equipment, organization and specific
performance indicators to assess the correct func-
tioning of the supply chain.

Assuming that the mapping of the structure of the
determined (ld-th) supply chain is marked with the
symbol G (Id), the set of transport and storage used
in this supply chain - the symbol ST (Id), the set of
human resources used in it - the symbol KL (Id) , a
set of characteristics defined on the elements of the
structure of this supply chain and on transport and
human resources involved in it - F (Id) symbol, vol-
ume of logistics services demand - ULD symbol,

supply chain organization - O (Id) symbol, set of in-
dicators of effectiveness measurement operation of
supply chains - WLD symbol, the model of supply
chain efficiency assessment (MOELD) can be writ-
ten as an ordered structure, the form:

MOELD = (G(Id), ST(Id), KL(ld), F(Id), ULD,
O(ld), WLD: Id LD}

The analysis of the functioning of the actual supply
chains shows that the individual links of the ld-th
supply chain can perform various functions, e.g.
they can be manufacturing companies reporting the
demand for logistics services in the scope of produc-
tion services (e.g. supply, distribution), logistic ob-
jects (e.g. warehouses , logistics or distribution cen-
ters) processing of loads, raw materials, etc., suppli-
ers of raw materials for production, operators servic-
ing enterprises (implementing logistic services). In
order to define the decision model for assessing the
effectiveness of the supply chain the following point
elements must be determined:

- set of company numbers requesting logistics ser-
vices,

set of numbers of operators performing logistic
services in supply chains,

set of logistic object numbers (warehouses, logis-
tics centers, distribution centers, etc.) which con-
stitute cargo processing areas in supply chains,
set of the numbers of suppliers or recipients con-
stituting place of sending raw materials in the
sphere of supply or the place of collection of fin-
ished products in the sphere of distribution.
Additionally, in order to define the decision model
for assessing the effectiveness of the supply chain,
the following elements must be determined:

a set of types of transport means and storage de-
vices that can be used to perform logistic tasks in
the logistics network,

the set of all types of human work categories nec-
essary to perform tasks in the logistics network,
the length of the link between point elements,

- aset of types of material goods serviced in the Id-
th supply chain,

permissible time of logistic implementation in
connection with the displacement of material
goods in the ld-th chain,

the number of vehicles of each type,

operating costs of external transport means,
capacity of the external transport means.
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1.2 Decision variables, constraints

The decision types of seven types need to be de-

fined:

- variables regarding the selection of the supply
chain: for the purpose of defining a variable con-
cerning the selection of the supply chain to realize
the assumed flows of material goods, it was as-
sumed that on the LD set of supply chain numbers,
X is mapped carrying out elements of this set into
elements of the set {0, 1}, i.e.:

x:LD—— {0, 1}

however, if x (Id) = 1, the Id-th supply chain was se-

lected to realize the flow of cargo, otherwise x (Id) =

0.

- variables related to the selection of technological
routes for individual relations of moving goods
distinguished in a given supply chain: it was as-
sumed that on the Cartesian product of set: {Id}, A
(Id) source numbers, B (Id) exit numbers,
E(ld,a,b) route numbers and H(ld) numbers of

types of material goods serviced supply chains, x1
carries elements of these products into elements of
the set {0, 1}, i.e.:

v IdeLD v acA(ld) ¥ beB(ld) x1(Id,a,b):
E(ld,a,b)x H(Id) —— {0, 1},

however, if x1(ld, a, b, e, h) = 1 then the e-th route
was chosen for the realization of flows of material
goods of the h-th type in the Id -th supply chain in
relation (a, b), otherwise x1(ld, a, b, e, h) = 0.
-variables regarding the time of engagement of tech-
nical means and human resources were defined by
introducing mapping y1, y2, y3, y4 and y5, which
carry elements of Cartesian products of the sets into
elements of a set of non-negative real numbers, as
follows (, V(Id) - a set of link numbers appearing in
the Id-th supply chain, L(Id) - a set of all relations
occurring between the links of the ld-th supply
chain, STZ(ld) - a set of types of transport used in
the Id-th supply chain, STW(Id) - a set of types of
internal transport used in the Id-th supply chain,):

v ldeLD v acA(ld) v beB(ld)
yL: STZ(Id)x L(1d)xV (Id)x E(Id,a,b)x H(Id)

W u{o},

yi(ld, st, (v, v’),v’,a,b,e,h) eR"U{0} has an
interpretation of the time of involvement of the ex-
ternal transport means of st-th type that are at the
disposal of v’’- th element of the supply chain, in the
implementation of transport tasks in the Id-th supply
chain on the connection (v, v ") for transport of ma-
terial goods of the h-th type according to the e- th
route in the relation (a, b).

v IdeLD y2: {Id}x STW (Id)xV (Id)x H (Id )
— R U{0},

y2(ld, st, v, h) e R U{0} has an interpretation of
the time of involvement of the internal transport type
of st-th type in the implementation of logistic tasks
in the v-th link Id-th supply chain.

VIdeLD y3: {Id}x STW (Id)xV (Id)x H(Id )

— R U{0},

y3(ld, st, v, h) € R"U{0} has an interpretation of
the time of engaging storage devices of st-th type in
the implementation of logistic tasks related to the
handling of material goods of the h-th type in the v-
th link of the Id-th supply chain.

V ldeLD y4:
{ld} x KL(1d)x STZ (Id ) x L(1d )<V (Id ) x H (Id)

— R U{0},

ya(ld, Kk, st, (v, v’), v, h) e R" U{0} has an inter-
pretation of the total working time of employees of
the kl-th category of human work who are at the dis-
posal of v " - this element of the supply chain in con-
nection with the performance of transport tasks in
the 1d-th supply chain on the connection (v, v ') with
a st-type vehicle for transport of material goods of
h-th type.
Vv IdeLD y5:
{ld} x KL(Id)x STW (Id)xV (Id)x H (Id)

— R U{0},

y5(ld, kI, st, v, h) e R" U{0} has an interpretation
of the total working time of employees of the kl-this
category of human work in connection with the im-
plementation of logistic tasks related to the handling
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of material goods of h -th type in the v- th link of the
Id-th supply chain by the internal transport means of
st-th type.

In addition, due to the need to consider the entire
transport cycles, the model also includes decision
variables regarding the number of courses without
the cargo. On the Cartesian products of sets: {ld},
STZ (Id), V (Id), L (Id), the mapping zpl was ap-
plied, which carry elements of these products into
elements of a set of natural numbers, i.e.:

v IdeLD zpl: {Id}xSTZ (Id)x L(Id)xV (Id)

— N,
zpl(ld, st,(v,v),v") e & has an interpretation of the
number of courses of the st-th means that are at the
disposal of v " - th element of the supply chain in the
connection (v, v ") of the ld-th supply chain without
cargo.

One of the main limitations is the limit that guaran-
tee the realization of logistics tasks in the selected
supply chain. It means that from among the supply
chains defined in a given logistics network, exactly
one must be chosen for the implementation of the set
tasks. The next limitation is the allocation of tech-
nical and human resources for the implementation of
logistic tasks according to established technologies
and for the selected structure of the supply chain.
An important problem due to the efficiency of using
resources to implement logistics tasks in the supply
chain is to plan transport cycles. These cycles must
start and end in the links that are the holders of indi-
vidual means of transport, and individual sections of
a given transport cycle must start and end in the
same elements of the supply chain. Further re-
strictions apply to the transport and storage potential
of supply chains.

The total working time of the vehicle, load devices,
or employees, cannot be greater than their available
working time, which results from the number of
these technical means or the number of employees
employed and their long-term working time indica-
tors (it results from service and repairs, downtime or
in the case of employees - holidays and sick leaves).
The last limit concerns ensuring that the time of lo-
gistics services will be accepted by the participants
of the supply chain. It means that for each relation a
suitable technological route must be selected and
technical means must be selected that will ensure

that the logistic service will be implemented within
this relationship within no longer than expected by
the participants in the supply chain.

3.5. Indicators and criteria for assessing the effec-
tiveness of supply chain

Tasks implemented by the supply chain are logistics
services including, among others: transport of raw
materials, materials, semi-finished products, fin-
ished products, etc., storage, distribution and com-
pletion. The problem is to provide such service to
enterprises in the sphere of supply as well as produc-
tion in order to achieve the highest possible effi-
ciency of the supply chain. Efficiency applies not
only to minimizing the cost or time of logistics pro-
cesses, but also to maximizing the use of means of
transport or minimizing risk when servicing enter-
prises. In the present model the technical, economi-
cal and qualitative criteria were defined.

Among the technical criteria for assessing the effec-
tiveness of the supply chain operation, one can dis-
tinguish criteria regarding the assessment of the de-
gree of use of system resources for the provision of
logistic services, including transport services.

One of the basic technical criteria is the use of time
available for technical resources to implement lo-
gistic tasks. This indicator is the quotient of working
time and total available time. In order to optimize
the technical potential of the supply chain, this indi-
cator can be determined for particular types of
means, as well as for individual elements of the lo-
gistics chain, which have these means at their dis-
posal. The utilization rates of the time of possession
of technical resources, i.e. means of transport
WTP(Id,v,st), WTW(Id,v,st) loading equipment

and WTW(Id,v,st) storage facilities, are presented
as follows:

VideLD, VveV(ld), Vste STZV (v,Id)

WTP(Id,v,st) =
| - 11(1d, st,(v",v"),v)+
(1d (v )'[ zpl(1d, st,(v",v" 'V)]
VS(St,Idn( ) m))

TDsp(ld,v,st)- Nsp(ld,v,st)

(el (id)

where: STZV(v,Id) - a set of types of means of
transport used in the Id-th supply chain by the v-th
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element of this chain ¢(Id,(v,v)) - length of con-

nection between cells (v, v ') of the ld-th supply
chain, zI1(ld,st,(v,v*),v’’) - the number of journeys of
loaded means of transport of the st-th type, which
are at the disposal of v " - this element of the supply
chain after the connection (v, v ") of the Id-th supply
chain, vs(st,Id,(v,v’)) - the speed of the external
transport mode of this type between the links (v, v ")
of the Id-th supply chain, TDsp(ld,v,st) - average
holding time in the records of the external transport
of this type by the v-th element of the ld-th supply
chain, Nsp(ld,v,st) - the number of external transport
vehicles of the st-th type available in v- th link of the
Id-th supply chain.

YideLD VveVv(d) VsteSTWV(v,Id)
> y2(ld,st,v,h)
heH(ld)

WTW (Id,v,st) =
TDsl(ld,v,st) - Nsl(ld,v, st)

where

STWV(v,Id) - a set of types of internal transport used
in the Id-th supply chain by the v-th element of this
chain, y2(ld,st,v,h) - time of engagement of means of
internal transport of this type in the implementation
of logistic tasks in the v-th link of the Id-th supply
chain, TDsl(ld,v,st) - average holding time in the rec-
ords of the internal transport type of this type by the
v-th element of the Id-th supply chain, Nsl(ld,v,st) -
number of means of internal transport of the type
available for v-th link of the ld-th supply chain.

VideLD VveVv(d) VsteSTMV(v,Id)
> y3(id,st,v,h)

heH(Id)

TDsm(ld,v, st) - Nsm(ld, v, st)

WTM (Id,v,st) =

where

y3(ld,st,v,h) - time of engaging st-th storage facilities
in the implementation of logistic tasks related to the
handling of material goods in the v-th link of the Id-
th supply chain, TDsm(ld,v,st) - the average time to
hold in the record of st-th storage equipment by the
v-th element of the Id-th supply chain, Nsm(ld,v,st) -
the number of st-th storage devices that are at the
disposal of the v-th links of the - Id th supply chain.
Among the economic criteria, one can distinguish
criteria that are used to determine the value of
transport performance determining the productivity
of means of transport and other resources, or the

configuration of the supply chain. The indicator of
the total cost of logistics tasks implementation can
be used to assess effectiveness. An efficient supply
chain is one that provides the same results, i.e. the
implementation of established logistics tasks at a
lower cost. Thus, the total cost index should be min-
imized.

All elements of the supply chain must meet their
separate performance expectations. This means that
elements in the chain can be treated as a reliability
system of the entire series. The unreliability of one
or more elements translates into unreliability of the
entire supply chain. Among the qualitative criteria
one can distinguish the supply chain reliability indi-
cator. Reliability of the supply chain can also be con-
sidered from the point of view of transport tasks be-
ing performed. In this aspect, the reliability indica-
tors of means of transport and loading devices and
the category of human work must be additionally
taken into account. Thanks to this, by assigning the
resources of the highest reliability to the implemen-
tation of appropriate, in terms of reliability, techno-
logical lines, a guarantee of effective implementa-
tion of logistic tasks in the supply chain is obtained.
One of the most important indicators to assess the
implementation of logistic tasks in supply chains
from the point of view of reliability are weighted
losses of working time of vehicles on connections.
These losses arise as a result of conflict situations
occurring during transport.

4. Conclusion

The variety of services and the specificity of supply
chains have meant that individual participants of
these chains, especially decision makers, organizers
and logistic operators have started to look for tools
to optimize and test the effectiveness of imple-
mented solutions. Due to market needs, these tools
must take into account technical, economic (finan-
cial), quality as well as environmental (social) as-
pects. The implemented solutions should be evalu-
ated due to their effectiveness and in terms of intro-
ducing changes based on best practices, i.e. systems
with the highest efficiency ratios. In order to assess
the effectiveness of supply chains, the model for as-
sessing the effectiveness of the supply chain was
presented. The efficiency of supply chains is as-
sessed using the adopted indicators.
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