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Abstract. The task model has been formulated for users of freight flows at a distribution transport terminal, which enables
gauging vehicles possibilities (dimensions, carrying capacity), delivery time limitations, resources of vehicle time and

general costs.

The synthesis of the topological structure of the freight road transport regional system has been performed. It enables the
evaluation of an impact on the functioning of the system exercised by various structural system characteristics, thus
improving the quality of project solutions at the stage of synthesis of the system structure.
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1. Introduction

Goods from the transport terminal have to be dis-
tributed to different consumers by small consignments,
which cannot be disjointed, however, they can be trans-
ported together with other consignments. The goods from
the terminal have to be carried with the view of satisfy-
ing the consumer’s demands and efficient use of vehicles.

The improvement of long distance freight transport
and transportation of 20—40 t freight by vehicles has been
analysed [1-6]. However there is practically no research
into the transportation of 50—1500 kg freight in the trans-
port network spread in a small locality, such as, for ex-
ample, a town, where the network is clogged by vehicle
congestions and ecological restrictions are introduced.
Therefore, certain solutions will be proposed in this re-
search work.

2. Model of freight flows formation

Let M be a fixed number of vehicles used, N —a
fixed number of freight delivery points; Iy —
{1, 2,..., M} a set of indices of all transport facilities, with
the particular vehicles further indexed by | ; Iy —
{l, 2.0, N} a set of indices of freight delivery points,
with the particular points further indexed by j. Any
transport facility i (i 01y )is given: G() — carrying ca-
pacity; T(i)f time resource (planned period of transpor-
tation); Dy x)— size k of the cargo section of vehicle
(kOK_ ={1...,} ; here, L — a number of sections of
various carrying capacities.

It should also be noted that a consignment of goods
to be delivered to point j is characterized by the follow-
ing parameters: (j 01y ); g(j) —freight weight; d(j, k)
—freight size k; (K OK | ); T(j) —specified delivery time.
It is assumed that each consignment of goods should be
delivered to the particular point, while several consign-
ments to be delivered to the same point are combined
together, therefore, each point j may be associated with
the consignments of goods j .

It may be stated that the average speed of a vehicle
carrying goods between the points j; and j, depends
on the profile of the road as well as on vehicle index
i and weight of freight G. Then, the average speed of
transportation will depend on parameters ji, jo, i and
G and will be denoted further by U ( j1, j2, i, G).

A matrix of distances A between the points of each
pair ( j1, jo)isknown. Relying on the distance a(jl, jz)
between the points of the pair ( j;, o) and the average
speed of vehicle between the above points J(jl, j2.1, G) .
itis possible to determine the time of freight carriage from
point j; topoint j for any vehicle j :

t(is, i2,i,6)=a(i, i2)/U (i1, i2,1,6). (1)

Let us formalize a series of transportation routes
aimed to comprise all points or a set of cargoes to be
delivered. Let us also assume that transport facilities are
at the terminal, which will be assigned an index (N +1).
Then, let us denote by a(j, N +1) and a(j, N+1, j) the
distances from the point j to the point (N +1) and from
(N +1) to j, respectively.

A series of routes will be characterized by the vec-
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tors X, Y of integer numbers and the rearrangement
n=(1y, Ty, ..., iy ) of the elements of the set | (i.e.
the rearrangement of indices of the delivery points). Let
us assume that the vectors x belong to the sets X(m),
here, m—M is a size vector, with the components

and

X(m):{xEIEM\lsxisr’q,iDIrr}, Q)
here and further, E9 denotes a set of size vectors of all

numbers (.
The vectors Y belong to the sets qu

X= Y% and
iI]ZM an

YQx\):{yD E\X\ =y <Yy <..< Yix < N} )

Physical meaning of the vectors introduced is as
follows: the component X of the vector
X(i =12,...M ) denotes a number of hauls for the ve-
hicle i (while my is a prescribed estimate of the above
number); the component y; of y(l =1, 2,...,|X|X|) de-
notes the first position of the route | . More exactly, the
total of vectors x(J X(m), y DYQXD and rearrangements
Tt determine the routes [X|X, while each | from T is
expressed in the following way:

m=(N+1my, my .m0 N+1) (4

All the routes (u) are allotted to M groups by the
components of the vector X.

Each group of routes i refers to vehicle i, while
the numbers of routes of this group belong to the interval
()_(i , )_<i+1); here, the values X may be obtained via the
components of the vectors X in the following way:

), here,

X =1, X1 =%+X,i=12,..,M. %)
Let us denote each route | by (I =12,.., XD:
Vil Yi+q
G(M)="Yom) oM,a)=6(M)- Falm),
r=y, r=y
a=12 ... (Ys2 = ¥)-1. (©)

Let us set the constraints on a system of routes and
their allotment to the particular transport facilities. The
limitations are also distributed among the groups simi-
larly to route distribution among the vehicles. Let the
route | belong to group i, i.e. | 0[X,%y41), here
iOly -

First, the constraint on the total freight weight is
imposed on this route, implying that the above value can-
not exceed carrying capacity of the vehicle i :

G(n,)=<G). @)

Secondly, to the route | aconstraint is applied for
overal freight dimensions, which cannot exceed the di-
mensions of cargo section of the vehicle j :

D (M)< D(i,k), kOK . ®)

The notation Dy (I'I | )is similar to that introduced
to denote the first relationship in the expression (6).
Third, time limits are imposed on the route | :

t[N +1m,,i,G(M )]ST(T[r.) ,

t[N +1'T[I'| ’i’G(T[l )]+ %t[ﬂq,ﬂqﬂ,i,Gq(m)]sT(nq),
g=n+in +2,...,r|jll1.

)

Time limits are imposed on the total of the routes:

X“Zl_l {t[N +1, T, ,i,G(I‘Il)]+t[nr|+1_l, N +Li,d +

1%
X171
$ileraic@l=T0. 0

in expressions (9) and (10) the notation found in (1) and
(6) is used.

Thus, overall costs Z(x,y, ) depending on the
system of routes and their distribution among the par-
ticular facilities defined by the vectors x, Y and rear-
rangement 11 may be obtained as follows:

z(x,y,m)= %T%J{Z[N +1m,0,6(M )+
i=1 =X

z[nrm_l, N+:Li,0]+ }

X411
S Z[y, ges,i, Gq (M) ). (11)

|:r|

In the equation (11), the costs of carrying the freight
of the weight G from the point j; to the point j, by
vehicle i , are denoted by Z(jy, j2,i,G). Generally, the
costs may be expressed in terms of the distance a(jy, j,)
between the points j; and j, or by multiplying the above
distance by all carried goods. In other cases, the rela-
tionship between the costs considered and the parameters

i1, j2, i, and G may be more complicated, for ex-
ample, if the costs are determined in terms of the fuel
used.

In transportation various types of costs should be
taken into account. Therefore, the model considered is
aimed to embrace various costs, denoting them by the
index S and determining them as shown in the equation
(11). Thus, let us determine the costs (S+1) of the type:

ZO)(x, y, 1), here s=0,1,2,..., S,

Then, let Z ) (x, Y, T[) be overall costs to be mini-
mized, while other kinds of expenses may be at the high-
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est admissible level Z(s). Then one more group of limita-
tions referring to the overall costs will be added to the
previously formulated constraints:

z0(x y,m<2(s), s=1.2,...S, (12)

here Z(S)(x, y,m) is found based on the values
Z(S)(jl, jo.i,G) according to the formula (11), while
the values Z(jq, jo,i, G) are used to find overall costs
Z(X, Y, T[). Now, the problem associated with the flows
of consignments of goods between the terminal and
customers may be formulated:

to find

Sy S B

with the limitations (7)—(10), (12).

3. Synthesis of the topological structure of a road
freight transport regional system

In designing a logistics centre of transport distribu-
tion the topological structure of the area, which is serviced
by this centre, should be worked out. In the above struc-
ture a number of the local warehouses, their capacity and
location in the zone as well as the settlements (or the par-
ticular urban areas), which will be serviced by the particu-
lar warehouses, for instance, by those belonging to a com-
mercial enterprise “MAXIMA”, should be provided for.

For example, the network of the settlement (town)
roads for freight transportation is expressed by the ma-
trix D =| djj||, where djj are the shortest routes in the
road network between the i-th and the i’ -th points;

dii = dj;j . The amount of goods to be carried in the par-
ticular region serviced by the particular company is also
determined by the matrix AX =| aj|, where aj is the
flow of goods from the point i to the point i’ . The pur-
pose of the topological synthesis of a freight road trans-
port system comprising a set of commercial enterprises
in the region E", the route between the points D and the

flow of goods AK , 1s to divide the settlements of a region
into_ zones warehouses
E;HUE; =E", EJ.ﬂEj,:g)andtodeterminetheIo-
cation of warehouses within zones E;, minimizing the

costs of goods transportation in the region. This is ex-
pressed in the following way:

> > 2 CaddiirXij X +

o o

serviced by the

> > Colie Yig Yy Ty Y @irXi X +
i00 Ja k0 KT i

> YCdeYigt Y
i ki, i

J

Dzljaii’xijxi’j’ (14

here Xj =1 if the point i enters the zone j of the

warehouse; in the opposite case Xjj = 0; Yij = 1, if the
warehouse is located at the point #; for the opposite case
— Y¥j =0; — cost of goods transportation by low or
medium functional capacity vehicles; C, — cost of
transportation by high functional capacity lorries and
trailers; J — a set of warehouse indices; | j —aset of
indices of settlements in the j-th warehouse zone; N —a
set of indices of the region settlements where warehouses
may be located.

The first term in the formula (14) expresses the cost
of goods transportation within a zone, while the 2-nd term
denotes the cost of goods transportation from one ware-
house to another, and the 3-d — the cost of goods carriage
to and from the warehouse.

The synthesis of the topological structure of freight
road transport regional system (FRTRS - KKTRS) is
performed by solving two problems:

a) the distribution of a set of points supplying and
receiving goods according to zones serviced by the par-
ticular warehouses, minimizing the total freight flows
disbalance between the warehouses;

b) determining the location of the warehouse within
a zone, minimizing the total volume of work of deliver-
ing goods to a warehouse and taking them out of it. The
total disbalance of cross-hauls will be the optimisation
criterion of the problem a, because this is the main cause
why the functional capacity of vehicles and the hauls are
not used to the full advantage.

Let R =[Fj;j =12"Jbeafamily ofall Ej sub-
sets of a region set of points EP ={ZL A I r} .
Here, n is the number of points in the region. In order to
explain the k-th expansion of the set E", let us intro-
duce the set Jj which is such a set with the index E;
that U =EP, E;NE; =@, V;, |'0Jx. Then,
the k-th sxpansion of the set EP is such a subfamily

R (A OR) that R ={E; / j 0 Jy} , where J; meansa
subset E; of the expansion. The disbalance of cross-
flows of goods of the warehouse of the zone serviced by
the warehouse j will be as follows:

Gj:

> Z(aii’_ai’i), (15)
iI:IEj FE i
here a;r is the flow of goods from the point i to the
point .

The total disbalance among the warehouses in the
system for the k-th expansion is determined in the fol-
lowing way:

z= YO X;
2005 (16)
B if jOJy,
here X =]
B, if jOJy,
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here, J is a set of indices of the subset E j » the potential
zones serviced by warehouses.

Formalizing the problem of the system structure
synthesis, the requirements to structural and functional
parameters are stated by the constraints of two types:
1) the constants of structural parameters of the system
are commonly expressed by the analytical expression;
2) algorithmic expression is mostly used for functional
parameters requirements (the sophisticated relationships
of these parameters can not be expressed analytically).

The following analytically expressed constraints can
be suggested:

The requirements that the subsets do not cross each
other and cover the whole sets of the region points:

tjx; =1, i0EP
jod ?

if i DE;,

a17)

here tij:D .
g),n‘lDEj.

The number of the region warehouses serviced is:

t _ t
Qmin < z Xj < Qmax , (18)
jad
here QL Q;nax — permissible and maximum numbers
of warehouse zones in the system for the warehouse
number in each zone:

S bt 21 jOd
i0EP ’

(19)

here

H if awarehousemay beset upin point i,
b =0
EY

— for theoppositecase;

| | ;
Gmin< > 1ij <Gmax, 10J (20)
iOEP ’

I | _ . . . . .
here Gy, Gpax — Permissible minimum and maximum

numbers of points in a warehouse zone:
| . ;
dititiy <L, oii'OEP, 103, @21
for the length of the route between the warehouse j and
the points of its zone:

dip <Ly, Oi:by =1 jOJ, iDEP, (2

here LIT is the permissible length of the route between
the warehouse ; and the points of its zone; the total
volume of goods in a flow handled in the warehouse ;:

iljépmép (aii' +ay )tij (1—tij )s |5j, i DJ’ @)

here Pj —the capacity of the terminal j allowing to service/
handle goods in the period of time T, .

Algorithmic restrictions identified for
— the coefficient of carrying capacity

kk(H(, Na, A9, D, ijrm)> K 5 4)
— the coefficient of run exploitation

k(P N A9, D, NP>k 05)
— for the term of goods delivery

Tm(H<, Na, A9, D, ijrm)STn; (26)
— the time of goods stay in the warehouse
T (Pk, Na, A9, D, ij”“)s ™, OmOM ;. (27)
— average technical speed of road vehicles

Viewn (P Na, A%, D, NP™)<vin, . s)

here K, and K| — real and normative coefficients of
carrying capacity; K, and K;' — real and normative
coefficients of run exploitation; Ty, and Ty — real and
normative terms of delivery of goods; M — set of indices
of goods consignments; Vige, and Vigy, — real and
normative average technical speed of road vehicles; Tpy

— real time of the consignment m goods stay in the j
warehouse; T — normative time of stay of goods in the
warehouse; N 5 —set of vehicles characteristics (number
of vehicles, their owner dependence, etc.); a9 — the
matrix of freight flows of the region, A% =|a;|; D -
the matrix of distances between the points in the region,
D=|d;; N jprm — the number of handling places in
the warehouse J.

Thus the problem a — the distribution of points of
the regional set into the servicing zones of the warehouses
—is solved by the minimisation of the final function (16),
when there are constraints (17)—(28).

For the formalisation of the problem & the term
overall freight operation is introduced for the incoming
and outgoing goods into the zone of the warehouse j
established at the point i. It is defined as follows:

Bj= > > (aw +ae)dityll-ti),

i*0EP O EP

j0d, i:b =1. (29)
Theproblem b isformulated asfollows:

> > Bijyij - min,

j03,0°E;

1, if thewarehouse j isestablishedin thepointi;

Yi = E) for the opposite case;
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when there are constraints of:
— the number of warehouses in each zone

> Vi =1
ih=1
— permissible rout distance between the warehouses in
the region

Lmin < diir¥ij Vij' < Lmax. 10Ej, "OEj, |,

i'0Jy. G1)

As mentioned before, the model of the synthesis of
thetopological structure (16)—(28), besidesthe constraints
(17)—(23), (30)—31), which are the analytical functions
of the structural elements of the system, comprises also
the constraints (24)—(28), which are complex functions
of structural and functional characteristicsand are defined
in the algorithmic form. These constraints indicate
essential dynamic aspects of the projected systems and
its elements functioning and they can be defined by the
way of simulation modelling of discrete developments.

Table 1. Distribution laws of stochastic variable meanings

Thus the model of the analysed structure synthesis
will be as follows:

F()?)—» extr, X 0o,

here 0 =GN0, G, 0

— the set of structure variants allowed according to the
analytical and algorithmic constraints.

The optimisational simulation procedure was devel-
oped enabling the use of optimisation and simulation
models jointly for the search of analytical variants of the
structure.

Below certain data of modelling results are pre-
sented.

The results obtained by the way of modelling are
presented in Table 1 and Table 2 and in Figs 1, 2, 3, and
4. These data enable to gauge the impact of different struc-
tural characteristics of the system on its functioning thus
improving the quality of the project solutions at the stage
of the synthesis of the system structure.

The size of goods consignment is a random quan-

o Parameters of distribution law
Stochastic variable DIStfelll\);/mon A Least Highest Standard
verage meaning | meaning | digression
Type of goods Uniform 2,5 1,0 4,0 -
Size of goods consignment Puasson's 7,0 1,0 25,0 -
Time of delivery of goods consignment Puasson's 12,0 0 24,0 -
Duration of vehicle handling Normal 1,0 0,8 1,15 0,15
Vehicle traffic speed Normal 50,0 45,0 55,0 5,0
Number of goods consignment delivered to the warehouse No 1 Puasson's 80,0 40,0 200,0 -
Number of goods consignment delivered to the warehouse No 2 | Puasson's 60,0 30,0 140,0 -
Number of goods consignment delivered to the warehouse No 3 Puasson's 60,0 30,0 140,0 -
Number of goods consignment delivered to the warehouse No 4 | Puasson's 130,0 90,0 350,0 -
Table 2. Results obtained by modelling
Names of locations of warehouses
Variables .
Vilnius Kaunas Klaipéda Siauliai

Quantity of consigned goods, thousand t 62,4 40,0 52,7 56,2
Quantity of outgoing goods, thousand t 58,7 38,1 56,1 58,8
Amount of loaded vehicles 694 557 460 640
Amount of consigned vehicles without goods 71 118 120 54
Amount of unloaded vehicles 563 441 487 564
Average loading coefficient 0,64 0,54 0,72 0,65
Average time of goods stay in warehouse, h 64,2 458 448 109,2
Average time of vehicle queuing, h 0 0 0,53 0,09
Average number of queuing vehicles 0 0 0,42 0,04
Maximum number of queuing vehicles 0 0 3,0 1,0
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tity distributed according to the law with mathematic prob-
ability of 0,5t and with a standard digression of 0,1 t.
Average speed of the vehicle is a normal random quan-
tity with the mathematic probability of 50 km/h and with
a standard digression of 1,7 km/h.

The formulated problem model concerning the dis-
tribution of freight flows in the transport terminal to the
consumers enables gauging the vehicle possibilities (di-
mensions, carrying capacity), limitations of delivery time,
the time resources of a vehicle and general costs.

4. Conclusions

1. The synthesis of the topological structure of the
road freight transport regional (urban) system enables
the evaluation of impact on the functioning of the sys-
tem, which is exercised by various structural system char-
acteristics, thus improving the quality of project solu-
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tions at the stage of synthesis of the system structure.

2. Optimisation and simulation models included into
the simulation procedure of topological structure opti-
misation have other possibilities as well. For example, the
simulation model enables the solution of different prob-
lems related to the analysis of the system functioning, such
as the investigation of system stability under the changes
of its parametric meanings, also the comparative analysis
of efficiency of different types of ruling impacts, of car-
rying, loading, handling technologies, etc.

3. The algorithm has been developed for the optimal
definition by the carrying capacity of the structure of the
vehicle fleet which enables the carrier to find a required
average listing number of vehicles according to the car-
rying capacity.

4. The methods of the definition of an optimal size of
the consignment of goods and the selection of a trans-
portation type have been proposed, when the general
storage and transportation costs are selected as the opti-
mum criterion.

5. The algorithm has been developed for the opti-
misation of the local road network among the trade points.
Testing of the algorithm proved that in the case when the
density of the distribution of target functions meanings
in the extremum zone is sufficiently large, the indepen-
dent random search is sufficiently efficient even if com-
pared with regular methods. Firstly, the number of the
variants analysed is 200-500. Secondly, many variants
close to the global extremum are found, which in most
cases can be interpreted as an indeterminacy zone after
later evaluation of incomprehensive initial information.
Generally such a zone is found by the way of multi-criti-
cal optimisation with the application of regular methods.
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