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Abstract. This research is devoted to the problem of 

information flows of logistic system of goods supplying. 

Information messages appear at moment of material flows 

which should be consider as discrete one. It gives an 

ability to research all changes that can occur to input 

material flow. Moreover, it makes a possibility to obtain 

analytic dependence of showers of effectively of system 

from parameter of information and material flows 

interaction. Logistic chain was first decomposed on four 

basic logistic operation such as distributing, unitizing, 

breaking up, speed up. Three parameters were used to 

characterize them. All that parameters depend of main 

flow of goods, packets, transport packets. The principle of 

solid material flows was applied. Then points of control 

were defined. It was researched two parts of main 

problem. First deals with a increasing material flows and 

consequences of logistic chain adopting after that. Second 

deals with an decreasing flow. Control of several ways of 

different changes of logistic schemas depends of existed 

information flows which may be sent at one of defined 

control point. The criteria of material and information 

flows interaction effectiveness is total time delay per unit. 

The principle of streamlining is just-in-time. Deviation of 

appointed moment of operation starting or finishing 

equals to additional costs. The result consists the 

dependence of total delay per unit from structure of 

information flows. It can be used as a condition of real 

logistic schema optimization. 

Key words: logistic chain, material flow, information 

flow, time delay. 

INTRODUCTION 

According to the development of telemetry and other 

information-analytical means of transport systems 

information of logistic events and of traffic and road 

conditions is becoming increasingly accessible [1]. There 

were conducted researches and developed implementation 

to improve the intensity of their use [2]. However the 

effectiveness of whole available information has not been 

evaluated at practice yet. Moreover there are short of 

samples of messages flows optimization. Especially, it 

relates to large transport and technological systems. No 

account of the amount of information that is in the real 

process of goods supplying has been taking before 

decision making. No estimation of it is not enough or 

surplus.  

It leads to excessive costs of transport process 

management and process production and delivery of 

products in general. Also, it was not taken into account 

that the material and information flow in logistics supply 

chains of production are interdependent [3]. Therefore a 

wealth of information nonlinearly depends on the total 

traffic [4]. 

It is also clear that the material flows can not be 

controlled apart from the energy and information flow as 

ordinal transport processes. For example, many decisions 

regarding the choice of modes and the interaction within 

participants of the delivery process are made without even 

taking the available information, therefore they are 

subjective often unjustified [5, 6]. This applies, above all, 

the criterion of delivery organization which is the speed 

of material flows. It costs a lot resources including energy 

and often becomes unjustified because violated the 

principle of "just in time". 

That is why this paper is devoted to research problem 

of supply system control which deals with material and 

information flows interaction.  

 

THE ANALYSIS OF RECENT RESEARCHES AND 

PUBLICATIONS 

 

Existed material flows of logistic systems are mostly 

designed after criterion of total costs per unit of cargo 

transported [7, 8]. They depend on useful loading of 

trucks, their average speed and technology level. 

Decisions are made considering the dependence of this 

parameters on set of routes regarding limitation of 

maximum speed and trucks loading capacity [7]. They 

provide expectations of transporters successfully, 

depending on the market situation. Therefore, they reflect 

mostly market conditions. To assess the global 

development of goods delivery system using them is 

inappropriate. This technique can be used for simple 

marketing networks and when changing the size of the 

group of goods in the logistics chain is not expected [9]. 

Other sources have been seen transport process as a 

discrete and cyclic [10, 11]. It leads to necessity to divide 

of general material flow to freight flows and traffic flows. 

It is clear that it will reach maximum efficiency when 

these flows will be justified. But this point of problem 

view does not deals with potential information 

effectiveness. The task can be solved step by step, using 

methods of dynamic programming. In some cases, getting 

optimal solution is not guaranteed [12].  
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The role of information technologies in the 

forwarding services has been specified in set of paper [3, 

6, 8]. The typical structure of the logistic sites providing 

the search of requests of freight owners and carriers has 

been described. The analysis of the software for 

transportation companies was conducted [13, 14]. The 

perspective directions of improvement of forwarding 

services process have been revealed [9]. But it was not 

improved forwarding service development and scientific 

substantiation of decision support systems in the 

organization and management of the transport process, as 

well as providing the flexibility of the developed systems, 

depending on the specialization and preferences as the 

customer software. So the urgent matter is to develop the 

methods of structure optimization of both material and 

information flows as interacting objects [15, 16].  

There is known methods of structural optimization of 

cycle processes which is defined as the time between 

movement of the subject of work for the next 

technological position [17]. It was established that their 

parameters depend on organizational efficiency of object 

of labor equipment and technology. That organizational 

efficiency parameter called tact is defined as the time 

between movement of the subject of work for the next 

technological position. Basic manufacturing operations 

are arranged relatively tact. Temporal and spatial 

interdependence is conditioned due to the properties of 

the material and technical basis  object of labor, 

equipment and technology. This technique is most 

effective when the subject of labor has a complex 

hierarchical structure which makes it possible to divide 

the manufacturing process on interdependent parts [18]. 

In the circumstances nonrandom variable traffic 

demand to meet the challenges of transport and 

justification parameters of technological schemes using 

methods of stochastic modeling the transport and 

accumulation system [19, 20]. However, these methods 

do not consider transportation process as a discrete 

material flow and, consequently, does not take into 

account objective performance trucks losses due to 

organizational and technological forced downtime, 

resulting disorder logistic operations. 

All amount of logistic operations has not been 

separated into elementary material transformation and 

events message generation up to now [21]. The analysis 

of approaches to formalize the cargo delivery process has 

been resulted at the paper [12]. There was made 

definitions of basic and complex handling operations. The 

flow sheet of packaged cargo delivery by motor transport 

has been defined as a set of basic and additional handling 

operations. But there were no difference between objects 

of process flow: no material unit nor message of it's 

change.  

The impact of variable demand on the efficiency of 

road transport was investigated before [16]. All the 

researchers tried to take into account the random nature of 

the transport process through removable cargo. However, 

they were not taken into account that some disturbance of 

the transport system leads to its qualitative changes which 

is not able to effectively ensure the delivery of goods at 

lower / higher flows. Not enough attention was paid to the 

interaction of material and information flows in the 

logistic system (LS). 

In recent works Shramenko N. Y. there was built 

strategies model of behavior of the terminal cargo 

delivery systems that allow to evaluate the optimal 

number of different resources on the basis of random 

demands on transport services [22]. Author also first 

developed the theory of creating an integrated information 

system to decide on the formation of transport 

technologies that make it possible to take into account the 

interests of all stakeholders and providing shipping 

maximize the desired effect. However his works do not 

take into account that the functioning of the LS, especially 

those that use road or rail, this is their cyclical adjustment 

to the conditions of material production and consumption 

that form discrete material flows. There it is on the basis 

of changes in the structure of the PTS. Thus the course of 

logistical operations is a source of information flow in the 

LS. 

OBJECTIVES 

Intention was to develop a methodology of ordering 

material and information flows in the logistics system 

delivery. It would help to increase the efficiency of goods 

delivery, on the one hand and reduce uncertainty in 

decision making and additional costs in order to obtain 

the necessary information. 

THE MAIN RESULTS OF THE RESEARCH 

The interaction of material and information flows 

reflected in the dynamic model of transport technological 

systems, such as graph, whose vertices are a fait 

accomplished events, called basic logistics operations, 

and relationships are parameters of interaction such as 

tact; size physically separated units of material flow, 

group transport packages; front of elementary operations 

as amount of material flow, both located between two 

adjacent peaks; unit capacity material flow during storage, 

loading, reloading etc. The sample of this model is shown 

on figure 1 [23]. 

Fig. 1. Example logistic schemes - b1, b2 − operations of 

breaking up flows; u − operation of uniting flows; d1…d3 

− operation of flows distribution; С1…С2 − customers; V − 

park of vehicles; i − takt; ki − number of units; f − front of 

operation. 

V 

b1 b2 
u С2 

С3 

С1 

1/k1 2/k2 

8/k3/f6 5/k8 

5/k7 

5/k6 

4/k3 
 

d4 

d3 

d2 

5/k4/f1 

5/k5/f2 

5/k8/f3 


7/k3

/f5 
6/k3/f4 



OPTIMIZATION OF INFORMATION FLOWS OF LOGISTIC SUPPLY CHAIN                         73 

The great diversity of logistics operations of 

conversion of material flow at practice can be reduced to 

four basic logistics operations (BLO) which form 

complex structures [24]. There are: 

 distributing BLO - which divide one into multiple 

discrete material unit, with slower dynamics, with the 

same size of the group of goods; 

 unitizing BLO - which have an inverse effect to the 

distribution; 

 breaking up BLO -  which slow the flows by 

enlarging the size of the cargo group; 

 speed up BLO (same - acceleration).   

Thus any of LS that can display a graph whose 

vertices are events - BLO and connectors a change of 

parameters: tact τ; size physically separated units of the 

material flow - k; group transport packages; Front BLO - f 

amount of material units (MU) located between two 

adjacent vertices; BLO of energy intensity - energy costs 

pursuant to move the unit of MU - group size along the 

trunk road, the storage, loading, reloading. The initial 

parameters of such a model are intensity of goods 

consumption (bringing them beyond the existing LS) - 

 , where N,1  − the number of ending BLO. In 

general the model can have multiple sources and multiple 

customers of MU. That is why we are talking about the 

existence of synchronous chains of same LS. Given the 

accepted idea of the perfect LS all of them need to be 

interrelated. Thus, each of the possible BLO can specify 

dependencies analytical parameters: 

distributing: 
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unitizing: 
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breaking up: i
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accelerating j
j

i
i

k

k
  ,                       (4) 

where: i, j − numbers, of input and output BLO of LC.  

The proposed approach to modeling discrete material 

flows has at least three advantages over continuous. First, 

it is able to display any LC as a graphical model. Second, 

it set deterministic relationships between any BLO 

researched schemes. Third, it started an opportunity to get 

solution of transport tasks such as optimization of cargo 

and traffics, to choice the amount of transport group, to 

choose packaging that previously dealt within stages. One 

can get the dependence the input flows parameters of 

output. For a sample it is possible to set the results of such 

a problems as: 

 to choice the useful loading and effective quantity of 

trucks to serve the defined LC (Fig. 2); 

 to determine the minimum duration of goods delivery 

after scheme given (fig. 3); 

 to determine the minimum costs of LC [24]; 

 to ground the structure of LC after criteria of 

minimum flows delays e. t. c. [25, 26]. 

But on the other hand this model represent stationary 

logistic processes that take place under the same tact. As 

matter of fact real goods delivery systems are stochastic. 

It mostly caused by outputs flows which parameters have 

a random nature because the same content of customer 

demand. To obtain necessity characteristic of each BLO 

behaving under random demand it has been used the same 

principle of continuity of flow. 

  
Let us consider simple logistic chain (Fig. 4). The 

operation of manufacturing of goods is providing first 

under parameter of output flow intensity which is equal to 

input one μm. Packing into consumer package is proving 

after tact that is determined: 

1
1

m

k



 ,                                     (1) 

where: k1 − size of packaging. 

The packing into the overpack has a similar 

transformation:  

2
2 1

1

k

k
  ,                                          (2) 

where: k2 − size of transport packaging. 
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Fig. 2. The dependence of effective quantity of 
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BLO of loading is unitizing one so both of goods 

flow and vehicles flow is synchronized after parameter τ3. 

Transportation is the output united flow with the same 

value of tact. But if it's duration ttr is bigger than τ3 the 

front of working vehicles will determine as: 

1

3

1trt
f



 
  
 

,                                   (3) 

where square brackets mean rounded fraction to the upper 

value. That discretely-event modeling of LC enables to 

form imagination about the ideal of a logistic system on 

condition of complete definiteness. If input or output 

parameter should change under influence of demand of 

customers it will cause a few changes of LC parameters. 

Let's consider the transition process of LC. The intensity 

of output flow may increase / decrease to μс±Δμ units per 

hour any time. But previous BLO are not debugged yet if 

there is no valuable information. So, point of needing 

information must be established to prevent material flows 

interruption. Otherwise the great costs of disordering LC 

will take place such as unusable assets, unsatisfied 

demand e. t. c.  

If we have decreasing flow μс−Δμ and appropriate 

information of it is available, the disorder will take place 

first on control point #1. The dependence of flows should 

have occurred there is: 

1 1

1 1

c m

k k
   

 
     ,               (4) 

where: Δτ1 − the difference between tact of incoming and 

outcome discrete flows at operation P1.  

Vector   directed toward opposite side of basic 

flow m . So the result flow at control point #2 should be: 

2 2 1 1

2 2 1 1

k k k k

   
   ,                      (5) 

where: k2 – size of group of goods in the overpack.  

Value Δτi means a delay of material flow in each 

BLOi. To provide all this technologically one need 

temporary storehouse which costs some value Cs,h, where 

h is number of point of control where information is 

available. 

If information of change of output flow intensity μc is 

not available at control point #1 manufacturer will not 

reduce the output flow with intensity μm−Δμ, so next 

packing BLO P1 will be executed with constant tact τ1. It 

will cause the situation which is similar to previous. But 

the difference is that the flow delay will equal to: 

1 2 2
2

1 2 2 1

Δ
k

k k

 


 

 


  
.                        (6) 

The value of Δτ2, calculated after expression (6) is 

smaller than this one calculated after expression (5). The 

difference we will express as: 

1
1,2

1 2

1k
d

 
  .                               (7) 

Hence, the δ1,2 is an additional costs 
sC  . It may be 

compared to a cost of additional information has been 

given to control point 1 instead of point 2: 1j j

inf infC C  , 

where: j  − number of control point. 

Total delay of material flows consists of elements: 

1 2 3 3 1Δ =Δ Δ +Δ Δh f      ,                  (8) 

where: h − number of operations in critical path of LC. 

Structure of expression (8) does not differ if whatever 

phase of LC will not supply with information of Δμ or 

not. The difference is about method of elements of (8) 

calculation. The information presence makes delay of 

flow bigger if following BLO adapts to changing wave by 

time reserving, and smaller if it adapts by units reserving. 

If we have increasing flow μс+Δμ and appropriate 

information of it the situation will be the similar. Let us 

consider it. Suppose that the manufacturer M (Fig. 4) was 

adopted about the need to increase the material flow in μ 

value up to time τ1. Without prejudice to the technology 

one can do it with the current production capacity by 

reduction cycle τ1. 

However, the next phase of LC is BLO packing P1. 

Material flow here is not ready to such momentum flux, 

so the goods remained in storage products exposed. This 

is shown in Fig. 4 of additional BLO W1 - storage. As we 

 

M P1 P2 L U 

τ1−Δτ1 τ2 τ3 

k1 k2 
k3 

k3 
f1+Δf

1 

W1 W2 

k2+k2.x k3+k3.x 

τ3−Δ τ3 

τ3 
τ2 

A 

μc+Δμ 

1 2 3 4 5 

5 

Fig. 4. Detail of the LC model with increasing material 

flows at Δμ. 

Fig. 3. Model of logistic chain (LC): M – manufacturing, P1 – packing into consumer package;                     

P2 – packing into the overpack, L – load on the car, U – unload; A – supply with vehicles; τ1 ... τ4 – tact 

BLO, k1 ... k3 – size of group of goods, f1 – front of vehicles on the route; μс – setting the intensity of 

consumption; Δμ – LC disturbance; 1 ... 6 – IF control points. 
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see, this input is accompanied by an additional delays of 

material flow in one clock cycle τ2. Next phase P2 is 

characterized by the impulse and the need for new storage 

W2 and new delay τ3. Reservation is not possible during 

the operation of transportation of goods, therefore, has to 

undergo subsequent to accelerate the flow of the value of 

τ3−Δτ3 by using the additional vehicle. The front of them 

grows to f1+Δf. If information of increasing material 

flows is available at control point 1 the additional costs of 

LC funding grows to value Cw.h.  

Therefore, in such a LС pulsation of material flows 

obtained by: (a) reserving production or transport; (b) 

raise additional funds. Case (a) is characterized by delays 

in the flow, case (b) means accelerations. Total delays 

attributable to the positive Δμ only of material flow: 

2 3 3 3k         ,                       (9) 

Therefore to assess the degree of adaptation to the 

new conditions LC is advisable to use specific delays in 

moving their products to the physical unit: 

3 3 32

2 3 3 3

h

x x xk k k k

  



    ,                 (10) 

where: k2.x, k3.x - additional reserved production on phase 

P1 and P2. 

Since we are able to calculate the total delay per unit 

depending of control points available the point of 

information given would be argument of discreet 

dependence (Fig. 5). 

 

 
As it shown about the decreasing material flow has 

more significant influence on supplying chain than 

increasing no matter of point of information presence. 

This difference caused by nature of adopting process. As 

Δμ is negative for at least one cycle period the majority of 

operations is transforming by creating reserve of objects 

of material flow for example goods, packets, transport 

package etc. Otherwise, if Δμ is positive, main type of 

transforming is capacity reserving for example by 

acceleration of packing, transporting, warehousing. But 

this advantage is not absolute. If input flow has changed 

under intensity μ+Δμ then next operation must be fulfilled 

in cycle tact τ1 −Δτ1. If duration of operation t1 can't be 

reduced and t1> τ1 − Δτ1 then reserving by capacity of 

BLO1 is not possible. 

Then next ways of problem solving would be: (a) 

additional means involvement such as packing machines, 

vehicles, warehouse etc.; (b) reserving by objects of 

operation k1+Δk, since:  

1

1

Δ

Δ
m

k k
 

 


 


,                       (11) 

where: Δk - additional objects of material flow. 

The way (a) is the most expensive one. There are no 

needs of valuable information to provide it. But this is 

may be the only mode of LC changing in right 

functioning. It is obviously that way (b) of increasing 

intensity by Δk has restriction because of k1 integer too.  

We can use such a methods of flows adjustment in 

case of positive Δμ. Taking into account all possible ways 

to achieve value of increased intensity of material flows 

in LC, according to formulas (11), we can express 

character of dependence shown by fig 5. Next expression 

will help us: 

  Δ

 + Δ

i
m

i

k k
 

 


  .                       (12) 

Here acceptable ways are: (a) decrease the size of 

goods packed as solid unit; (b) increase cycle tact. 

Method (a) leads to necessity of excluding the part of ki to 

store it up to the next appropriate situation. As a matter it 

needs additional warehouses and other means and may be 

limiting applied because integer value of ki. Method (b) 

deals with process capacity which must be decelerated. It 

is the most popular way to achieve the cheapest flows 

adjustment. But it needs a proper information flows. That 

is why the dependence of δh from control point (see fig. 5) 

is increasing in steps. The information is big assets at the 

beginning of supply chain. By contrast decreasing flows 

demand a proper information flows in the medium of LC.  

CONCLUSIONS 

1. Material flows of logistic chain of goods supply 

my be modeled as discreet system which consist four 

basic elementary operation which reflex all changing of 

production delivery. 

2. Proposed approach to modeling has few 

advantages over continuous. It is able to display any LC 

as a graphical model. It set deterministic relationships 

between any BLO researched schemes. It started an 

opportunity to get solution of transport tasks such as 

optimization of cargo and traffics, to choice the amount of 

transport group, to choose packaging that previously dealt 

within stages. The dependences of parameters of LC from 

cycle tact τ and size of group k prove this advantage since 

they determine the critical values of tact which respect 

best effectives of goods delivery. 

3. The model of constant input parameter tact is 

stationary. There are no information messages generated 

by it. But real logistic system work under influence of 

various condition. So, changes of material flows are 

accompanied with information flows which can be used to 

make the results of its influence more effective.
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Fig. 4. Dependence of specific material flows delays 

from available information at existence points of 

control. 
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4. All adopting changes of LC can be adjusted by 

three elementary methods: (a) additional means 

involvement; (b) change a cycle tact; (c) change a size of.  

5. Increasing material flows are sensitive to 

information serving. Their dependence of point of 

message supply is discrete increasing. They should mostly 

provide system adopting by acceleration of cycle. That is 

why the most appropriate information flow direction is 

first control point of chain. 

6. Decreasing material flows have an optimal control 

point after criteria of total delay located at medium BLO. 

Their results are less effective. 
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