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MATHEMATICAL TOOLS FOR SOLVING PRACTICAL PROBLEMS OF
CONSTRUCTION USING CONSTRUCTION LOGISTICS APPROACHES

The paper considers the advantages of using mathematical tools for solving practical prob-
lems of construction. Modern methods of optimizing logistics systems are analyzed. For the develop-
ment of the construction complex in modern conditions, a new approach is presented that allows or-
ganizing a set of problems (tasks) in the form of a system, taking into account numerous connections,
as well as determining the optimal solution. As a result of the study, an economic and mathematical
model was developed, taking into account the influence of intersystem relations of construction logis-
tics, presented in the form of a directed graph.

Keywords: economic-mathematical model, construction logistics, defect exclusion algorithm.

Y pobomi posensoaromuvcs nepesacu UKOPUCMAHHA MAMEMAMUYHO2O THCMPYMEHMApIo Ha
BUPIUEHHS NPAKMUYHUX 3a80aHb OyOisHuymea. Ilpoananizosano cyuachi memoou onmumizayii 102i-
cmuunux cucmem. s po3eumky 6y0igeibH020 KOMNIEKCY 6 CYYACHUX YMOBAX NPeOCmAageHUll HOBUL
nioxXio, KUl 0d€ MOMCIUBICIb OP2AHI308Y8AMU KOMNIAEKC Npobiem (3a80anb) y ueisdi cucmemu 3
VPaxy8auHaM YUCTICHHUX 36'S3Ki8, a AKOJIC 8U3HAYAMU ONMUMANbHe piuenHs. Sk pe3ynsmam 0ochi-
00iCeHHsl pO3POOIEeHA eKOHOMIKO-MAMEMAMUYHA MOOEb 3 YPAXYBAHHAM 6HAUBY MIdICCUCTEMHUX 38'53-
Kig 6y0i6eIbHOI 102ICMUKU, SIKA NPEeOCMABIeHA ) U0l OPIEHMOBAHO20 epagha.

Knwouoei cnosa: exonomiko-wamemamuuna mooenb, 6y0ieebHa 102iCMUKA, ANCOPUMM BUKTIO-
yeHHs Oeghexmy.

Problem’s Formulation

When performing construction processes, important conditions are the timely supply of ma-
terial resources (structures, parts) of the appropriate quality and in accordance with the construction
technology. Organizations, companies, enterprises that are part of the production base system of the
construction complex guarantee the fulfillment of these conditions. Failure to fulfill obligations on
material and technical support gives rise to a number of negative factors, such as disruption of the con-
struction schedule, loss of working time for employees, downtime of construction equipment, an in-
crease in construction costs, loss of the company's credibility [1,2].

Therefore, today it is important to introduce rational approaches to managing the activities of
the production base of the construction industry, which consists, first of all, in changing priorities be-
tween various types of economic activities of building systems in favor of increasing the importance
of flow management activities.

Lately, our country has been in need of ongoing reforms on programs to revitalize and develop
the construction industry. This applies to such tasks as reforming the production base of the construc-
tion industry, changing the sectoral structure of production as a result of its adaptation to the new de-
mand structure and the emergence of a mass of small enterprises, changing the conditions of foreign
economic activity, combined with a difficult investment climate and limited resources. [3,4].

Developed countries are using a new platform paradigm of the knowledge sub-sector of logis-
tics, which has a significant degree of efficiency in the organization, management, and planning of
construction production.

This positive phenomenon makes it possible to ensure targeted work related to the organiza-
tion and management of material flows that correspond to new technological and production
processes, improve regulatory and technical documentation aimed at creating competitive products
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through the formation of logistics information systems, and establish strict control over the conjunc-
ture of the needs of the consumer market.

The construction complex includes a production system in the form of links between its partic-
ipants (construction organizations — enterprises of the construction industry). For the effective repro-
duction of these systems, it is necessary to take into account the organization and management of ma-
terial and accompanying information flows.

Analysis of recent research and publications

Like any manufacturing industry, construction at the current active stage of development faces
a number of different problems. The main ways to overcome them, according to a wide range of scien-
tific researchers, include optimization of the organization of the production process, improvement of
logistics and management components, widespread introduction of information technology and others
[3]. It is not surprising that in this context, the study of logistics systems and methods for their optimi-
zation has become widespread in many works of modern scientists. In the course of the analysis of
scientific works related to the methodology of management and organization of construction based on
logistics, complex variants of traveling salesman problems and vehicle routing problems in the field of
production and service are considered [4,5,6,7]. The developed heuristics are evaluated using refer-
ence and derived datasets. Article [8] provides an extensive and up-to-date overview of the concepts
behind the advanced APS scheduling system. Particular attention is paid to supply chain modeling and
the successful implementation of APS in the industry.

The work [9] considers the range of problems that an enterprise faces in the process of supply
chain management and logistics, offers a wide range of resources on many aspects of supply chain
management, including modern application programs. In addition, general methods and specific ap-
proaches to a wide range of tasks and issues in this industry, the solution of which requires a modern
organization of production, are described in detail.

The work [10] is devoted to the study of the interaction of material and information flows in
the transport and logistics system. The paper substantiates the condition for providing reliable infor-
mation on transport logistics as one of the key factors in the competitiveness of the system of such
basic logistics operations as the delivery of goods according to the Just-in-time logistics concept.

The article [11] considers the issues of applying the development of a software implementa-
tion of a management decision support system for transport logistics tasks, in particular, choosing the
optimal option for delivering goods to a group of consumers. From the point of view of mathematics,
the so-called traveling salesman problem is considered, for the solution of which the algorithm of two-
phase optimization of the transport network is used. At the second stage, the resulting solution is addi-
tionally compared by the cost criterion with the options offered by alternative specialized enterprises.

When planning the business processes of an enterprise, it is especially important to create
tools for building models of multi-stage tasks of its production and transport logistics. The solution of
such tasks is problematic, since it leads to the need to develop interrelated models, methods and algo-
rithms. The authors of [12] propose a mathematical apparatus for the formal representation of multi-
stage problems by using families of unified models with the necessary free parameters that allow one
to construct models of multi-index problems.

Formulation of the study purpose

For the development of the construction complex in modern conditions, a new toolkit is re-
quired that allows organizing a set of problems (tasks) in the form of a system, taking into account
intersystem communications and finding the optimal solution for this system [5].

Presenting main material

Based on the term "Logistics", a new vision of the use of the concept of "Construction Logis-
tics" has been developed, which meets the scientific foundations for the development of the construc-
tion complex by optimizing resource supply flows.

Construction logistics is a separate transformational management system in construction, con-
sisting of complex organizational and structured production subsystems (elements of an integral sys-
tem), and allows you to effectively interconnect the essence of the production cluster of the construc-
tion complex, its analytical capabilities and information models in an unstable market due to a specia-
lized scientific-practical tools.
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The adaptability of a construction company to changes in the external environment is a multi-
faceted phenomenon. From the point of view of construction logistics, the adaptability of a construc-
tion company is manifested in the ability of decision makers to quickly adapt to the transformation of
market conditions and the nature of the main economic flows. Typically, the level of adaptability in-
creases as inventories and reserves increase. But, increasing adaptability by increasing stocks and re-
serves, it is always necessary to take into account the final effectiveness of logistics, which should en-
sure the achievement of company-wide goals at the lowest cost [2,3].

The reserves for solving most organizational and technological problems are located in the
complex of interconnections of the functional subsystems of construction logistics, and not only at the
junctions and no man's zones of individual subsystems. Violation of the system methodology (a sys-
tem of principles and methods for organizing and constructing theoretical and practical activities) led
to disunity of approaches in information and functional aspects, lack of unity of the modeling space
and end-to-end information support in solving a set of problems of organizational and technological
preparation, as well as compatibility and a common denominator.

The problem of planning and development of construction logistics requires its solution, tak-
ing into account intersystem links, which should reflect the whole range of problematic functional is-
sues and be embodied in the proposed economic and mathematical model [5,6].

Problematic issues arise when setting the task of determining the optimal variant of the distri-
bution of production volume. According to world standards, there is a typical project management me-
thodology in the approach to solving systemic problems, which includes seven stages. In addition to
setting the problem, it is necessary to make a description of it and develop a model, after which a solu-
tion method is proposed according to which an algorithm is compiled and programming issues are re-
solved, while the effect of introducing the proposed methodology is determined. The task model
should be of an integrated nature and minimize the disunity between the butt blocks (functional sub-
systems).

To solve the problem of planning production systems, taking into account intersystem links,
we use an enlarged algorithm in which the following decision-making conditions are specified: the
principle of modeling is the special states of the system; the intensity of the work — constant and con-
tinuous; there are severe resource constraints [5,6,7]. The DEA algorithm is a primal-double algo-
rithm, so the given initial solution may not satisfy the conditions of either the primal or dual problem.
Other algorithms do not have this flexibility [5,6].

Mathematical setting and solution processes:

L. Input of initial data — determination of the optimal amount of building resources (BR); ¢;

— the cost of transporting building resources; upper (U ) and lower (L) throughput — volumes of
building resources.

II. Definition of an arc with a defect.

During the operation of the DEA algorithm, the values of dual changes are determined (71',)

and flows of material resources, taking into account the optimality conditions ( f,)

With the defect elimination algorithm, arbitrary flows are set for arcs (fulfillment of the con-
servation condition), and arbitrary values are set for nodes ;.

To fulfill the optimality conditions, it is necessary to check the state of the arc using a proce-
dure that allows you to determine how to change the flows after all arcs and which path to choose.

II1. Labeling procedure.

1) In order for the arc i, to cease to be defective, the flow along it should be increased, then

it is in one of the states o, 3,5,. Assign to the node ; a flag /¢;,i" ], which means that the node ;
can receive ¢; additional flow units from the node 7. If the arc is in state «, 1, then set g, equal to
min[q;,L; - f; ] , and if in the state f; or &,, then g, determine equal to /q,,U; - f; ] .

2) If the flow along the arc (i, J ) should be reduced, then it is in one of the states «,, f3,, 6, .

Assign to the node i a mark /g;, j"/, which means that the flow leaving the node i and enters the



Poznin 2. MonentoBaHHs Ta ONTHMi3allisl B TEXHOJIOT1] KOHCTPYKIIHHUX MaTepiaiB 85

node j, can be reduced by the value g,. If the arc is in state o, or f,, then set ¢, equal to
min[q;, f; - L, ], and if in the state &, , then g, determine equal to min/q;, f;-U, ] .

3) If the arc (i, i ) is in one of the states ¢, [, 6, then it is not defective, and the flow along
it does not need to be changed.

The method for further solving the problem is as follows. A defective arc (7, /) is selected, the
flow along which should be changed so that it ceases to be defective. To fulfill the flow conservation
condition, an additional path from node i to node j (or from j to i) is determined, and then the
flows along the arcs of this path are changed in accordance with the last one with a mark ¢, (or g;). A

change in flow along the arc is not allowed if it will cause the defect-free arc to become defective or
the defect in the arc will increase. Therefore, a situation may arise that we will reach a certain node
from which further movement is impossible. In this case, it is impossible to build a path from j to i,

which means that the problem has no solution. In this case, it is useless to go to another defective arc
and start the process anew, since in order to find the optimal solution, it is necessary to choose the arc
indicated above. This situation is called non-breakthrough. When a non-break occurs, there is another
way to find the optimal flow.

Let's move on to the analysis of the methodology of the next block:

IV. The state of the arc is uniquely determined by the value 2;,— =7, + 7, and therefore it can
change due to changes in the values 7 . According to the definition of the dual problem, which was
given above, each node is associated with some variable 7 . Therefore, for the flow problem with »
nodes, there are exactly n dual variables 7 . When a non-break occurs, it is necessary to determine the
value of which variables 7 should be changed in order to build a path from node ; to node i (or
from ; to j, if the flow decreases). When a non-break occurs, there are two non-intersecting sets of
marked and unmarked nodes. Consider those numbers 7, that correspond to the arcs connecting the
marked nodes with the unmarked ones. Let us represent the set of all marked nodes by A4, and the set
of all unmarked nodes by 4 . Let us use the concept of forward and backward arcs. In the first case,
the flow can flow from 4 to 4 , in the second - from A to A.

Denote the set of all arcs that leave the nodes belonging to 4, and enter the nodes with 4 and

for which ¢ >0, and the flow that does not exceed the upper limit by B. The set of all arcs leaving

nodes and belonging to A4, and entering nodes A with and for which ¢ <0, and the flow is not less
than the lower bound, we denote by B . Since the value ¢ can be calculated for any arc from the sets
B and B, the calculation process should be continued as follows:

1) Casel: c>0.
Define & =min[c; ], when B=, and & = otherwise.

2) Casell: ¢<0.
Define &, =min[c; |, when B=0, and &, = otherwise.

3) Let E=min[{¢, ],
4) For each node k € 4, change the corresponding node number 7, by adding to it the value & .

5) Save all previous marks.
Then, returning to the procedure for placing marks, we continue to perform calculations.
V. Conclusion of the results.
As a result of solving the problem on a computer, the following is printed:
- movement of resources;
- data calculation table, which lists the numbers (in order) of all works, the need for resources,
the actual volumes of implementation of measures.
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But there are difficulties in solving problems of this nature.
Therefore, first of all, there is a discrepancy (mismatch) in the units of production and trans-
port of material flows, for example, the organization of the production of reinforced concrete products

to meet the needs of the region, the delivery of initial raw materials of concrete is carried out in m>,

transport in tones, production of products in m?, transportation of products in tones; and consumers

(reinforced concrete blocks) in m?. And the problem is considered single-product, hence its dimen-
sions must be compatible.

The next feature is the formulation of the problem. For this, a standard methodology is used,
taking into account the features of the second stage, which are characterized by well-known difficul-
ties. The structure of the development and placement model must be flexible in modeling actions and
reflect the diversity of relationships of all participants in the production process. A pure LP model
cannot reflect the linkage of the diverse participants in the process. Model construction covers the
number of variables that reflect the essence of the situation, and does not require much time to form
initial models.

Thus, the model should not be rigidly dependent on the influence of individual facts, it should
be universal. An economic-mathematical model may have the form of a matrix representation (for ex-
ample, the simplex method), the solution is not an insurmountable obstacle. The network representa-
tion of the situation has a linear nature, like the simplex method, but the latter option is associated with
difficulties in representing the problem to the canonical form, and as a rule, the variety of constraints
has a significant impact on the dimension of the problem, and often the initial transformation is re-
duced to solving the so-called M-problems LP. In addition to these difficulties, there is the impossi-
bility of a physical interpretation of the problem, and the network interpretation has advantages in this
respect.

Development of an economic-mathematical model, taking into account the influence of in-
tersystem relations of construction logistics

The model is a directed graph G(U, A) with limited capacity, i.e. there are always given upper
and lower boundaries of the material flow for all (7, j)€ A and this restriction should not be violated.
The boundaries of flow change can be equal to zero or infinity, i.e. f; —/0-o], f, — material (arc)

flow.
To formulate the problem, we use the following designations: f; — arc material flow, L, —

q
lower arc (i, j) throughput, F; — upper arc (i, j) throughput, C; ; — unit cost of the flow from i to
Jj the node.

The general problem can be formulated as a special programming problem.
Minimize objective function

L(f)=).C;f; —>min, (1)
with restrictions on the bandwidth of the arcs
f;,—F;,,(z,])eA, (2)
> L. i j)eA.
fl/ i’ (i.j)e (3)
Flow save condition
D fy=>. =0forallieU, i#;. 4)
Ji

The problem of determining the optimal flow corresponding to the minimum cost circulation
is presented as a special optimal programming problem (1—4).

This is the basic formulation for describing DEA(defect elimination algorithm).

The nature of the duality theory of linear programming assumes the presence of a dual prob-
lem and the equality of the objective functions of the direct and inverse problems.

Condition (1) is reformulated as follows:
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L(x)=Y ~C;f; - max (5)
A
under restrictions:
ny _Zf_/i =0, (6)
for all ieU (flow conservation condition) restriction on the flow from below and from above:
Ly < fy <Fys ¥
13 20. )]

To use the standard procedure of the defect elimination algorithm (DEA), the values (1) were
multiplied by -/ and this problem is considered as a direct one, according to the well-known result in
linear programming, we formulate the dual problem (5—S3).

Determine the objective function of the problem

Z(x)= ZF!/a!/ — ZL!/é}/ — max ©)
4 4

provided that
m—mitoa; —6;>-C;, for (i,j)e 4 (10)
7, has no sign restrictions for all i e U,
;20 (i,j)ed;
6;20 (i,j)eA.
Variables 7; (they are also called node numbers) are presented at the top of the event, corres-

pond to the constraints that describe the condition for maintaining the flow in the direct problem, and
acquire arbitrary values, since these constraints have the form of equality.

Variables @;, &, in the dual problem correspond to the upper and lower constraints on the

flows of operations (i, )e 4, and F; L,; — double variables.

Consideration of construction logistics allows us to conclude that construction should be attri-
buted to a system of interrelated and interdependent flows of information, material, technical, financial
and labor resources. In order to achieve results in reducing construction time, improving the quality of
construction products, minimizing costs, it is necessary to improve the methods of organizing and
managing the above resource flows through the introduction of logistics approaches.

Conclusions

Construction logistics is a specialized scientific and applied module of the modern develop-
ment of construction, which, unlike the existing ones, allows:

- change the idea of the terminological essence of the term "logistics" as a scientific theory, me-
thodology and practice in application to the needs of the construction industry in conditions of
uncertainty;

- consider "construction" as a dynamic, modular, mobile complex structured branch of the nation-
al economy;

- to model construction projects as specialized functional and logistical elements;

- to interconnect the essence of the production cluster of the construction complex, its analytical
capabilities and mathematical and logistical models in an unstable market.
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MATEMATUYHUIA ITHCTPYMEHTAPIN PO3B’SI3AHHSI HNPAKTHYHUX 3ATAY
BYJAIBHUILITBA BUKOPUCTOBYIOUYH NNIJAXOJAU BYAIBEJIBHOI JIOI'ICTUKHA
ApytionsiH €.E., ApyTionsH 1. A., Mixaiinyna O.M., Iloxkyes A.B.

VY craTTi po3rasHYTO IepeBaru BUKOPUCTAHHA MAaTEMaTUYHOTO anapaTy JUIsl BUPILICHHS PaK-
TUYHUX 3aBJaHb OyTiBHUITBA. AHATI3YIOThCA Cy4acHI METOIM ONTHMI3allil JJOTICTHYHUX CHCTEM. AK-
TyaJbHICTh 3aCTOCYBAaHHS palliOHAJIbBHUX ACHEKTiB YIpPaBIiHHs AiSIbHICTIO BUpOOHNYOI 0a3u OyxiBe-
JILHOT Tally31 CIIOHYKa€ 10 BUKOPHUCTaHHS MiIX0HAiB OyniBenbHOI JoricTukh. s po3BUTKY OyIiBelnb-
HOTI'0 KOMIUIEKCY B Cy4acHHUX yMOBax MPEACTAaBICHO HOBHM IHCTpYMEHTapil, SIKUil IO3BOJSE OpraHi-
3yBaTH KOMILIEKC MpolieM (3aBIaHb) y BUTJISAL CUCTEMH 3 ypaxyBaHHSAM 0araTbox 3B'SI3KiB, a TAKOK
BHU3HAYUTH ONTHMAJIbHE PILICHHS.

[IpoOnema mnaHyBaHHA Ta PO3BUTKY OyIiBENbHOI JIOTICTUKH MOTPEeOYyE TMOMIYKY PIilICHHS 3
ypaxyBaHHAM MDKCUCTEMHHX 3B'A3KiB. BOHM mpeacTaBiieHi B 3ampOMOHOBAaHIM EKOHOMIKO-
MaTeMaTHYHIM MOJENi Ta BigoOpakaloTh YBECh CIIEKTP MPOOJEeMHUX (YHKIiOHANBbHUX MUTaHb. s
BUpILIEHHS 3a7a4i TJIaHyBaHHS BUPOOHUYMX CHCTEM 3 ypaxyBaHHSIM MIKCHCTEMHHUX 3B'SI3KiB BUKOpU-
CTOBYETBCS YKPYIIHEHUH aNTOpUTM, B SIKOMY 33a€ThCsl HAOIp YMOB MPUNHSTTS PillleHb: PUHIIAIT MO-
JemoBaHHs (0COOJIMBI CTAHM CHCTEMH); IHTEHCUBHICTh BUKOHAHHS PoOOTH (mocTiiiHa Ta Oe3nepeps-
HAa); cepiio3Hi oOMexeHHs pecypciB. [HYUKICTh MPENCTaBICHOTrO AITOPUTMY IOJISITae y TOMY, IO 3a-
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JlaHa MOYaTKOBa YMOBA MOKE HE 33/I0BOJILHATH YMOBaM Hi mpsMoi, Hi ABoicTol 3a1adi. AHaII3ylOThCS
ICHYIOU1 TPyJHOIIl y BUPILICHH] 3aBAaHb TAKOTO XapaKTepy.

B pesynbraTi mocmipkeHHS po3poONIEHO E€KOHOMIKO-MaTeMaTHYHYy MOJENb, sIKa BPaxOBYE
BITMB MDKCHCTEMHHX 3B'SI3KiB OyIiBEIbHOI JIOTICTHKH, Ta MPEACTAaBICHA Y BUTJLAI Opi€HTOBAHOTO
rpacda. Po3rnsa OyaiBenbHOT TOTICTHKH 103BOJISIE 3pOOUTH BUCHOBOK PO T€, IO CHOTOAHI OYIiBHHII-
TBO CIIif] BIIHECTH IO CUCTEMHU B3a€MO3AJICKHUX Ta B3a€MO3aJIeKHUX MOTOKIB iH(QopMaliiiHuX, MaTe-
pianpHO-TEXHIYHMX, (PIHAHCOBUX Ta TPYAOBHX pecypciB. MeToan oprasizauii Ta yrpasiiHHs BHILE3a-
3HaYeHUMH MTOTOKAMHU PECYpciB MOTPEOYIOTh BAOCKOHAIEHHS 3811 JOCSITHEHHS 3HAYHUX PE3YNbTaTIB
Yy CKOpPOYEHHi TepMiHiB OyIiBHUIITBA, MiABUILEHHI IKOCTi OyaiBeNbHOI MPOAYKLii, MiHIMi3awii BUTpaT
3a paxyHOK BIIPOBaKEHHS JIOTICTUYHUX MiIXOIB.
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