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The division of labor for the in-line production of garment at the modern level is
developed in an automated production control systems. For example, in Russia au-
tomated production control systems such as “Stylon”, “Julivi” are widely used. The
division of labor scheme is formed in the system module of the same name by com-
bining technologically indivisible operations into organizational ones that meet the
set of requirements. Following a given route, one single solution is obtained for each
production operation, without other options, and with characteristics predetermined
by the technologist intuitively. The purpose of this publication is to identify scientific
methods the most suitable for the development of an improved search algorithm of
production operation characterized by optimum parameters. By presenting of the
essence of integer programming methods and heuristics methods reveals the possi-
bility of their application in the applied aspect, namely, for the development of the
division of labor in the production line for the manufacture of garment model. The
author has proposed an algorithm for finding the optimal structure of a production
operation, which includes two stages of solving the problem. At the first stage, based
on a combinatorial approach, the software application generates many variants of
solutions for a production operation, acceptable in terms of the value of the quanti-
tative attribute of time consumption. At the second stage, the user selects and makes
the optimal decision of a production operation based on a set of qualitative indica-
tors of an attributive nature with distributed priorities: connectivity of technological
operations, specialty and complexity of execution.

Cxemy pazoenenus mpyoa 011 HOMOKA RO U320 06IEHUIO MOOeTU 00eHCObl Ha
COBPEMEHHOM YPOBHE PA3Padamvléarom 6 AemMoMamu3upoBanHoil cucmeme ynpae-
nenus npouzsoocmeom. Hanpumep, ¢ Poccuu npumensrom ACYII «Juliviy, «Cmu-
a0n» u opyeue. Cxemy pazoenenus mpyoa popmupyrom 6 00HOUMEHHOM MOOYJle CU-
cmembl KOMNIEKMO8AHUEM MEXHOI02UYECKU HeOeITUMbIX ORePpayull 8 Op2aHu3ayu-
OHHble, omeeyaouiue KOMnieKcy npeovasisiemolx mpeoosanuil. Cneoya no 3a0an-
HOMY Mapwipymy, 011 Kax#cooil npou3e00CMEEeHHOIl Onepayuu noayyaom 00HO
€OUHCMBEHHOE peuieHue 0e3 UHBIX 6APUAHMO08, NPUYEM C XAPAKMEPUCMUKAMU,
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npeoonpeoeniemviMu mexHoa020M UHmyumusHoim oopazom. ILlenvio nacmosawei
nyOnUKAUUU A61A€MCA 6bIAGIEHUE HAYYHBIX MEM 0008, HAUbOIee NPUEMIEMBIX 014
Pa3padomiu ycoeepuieHCm 606aHHO20 ANZ0OPUMMA ROUCKA OP2AHU3AYUOHHOIL Onepa-
Uuu, XapaKmepuzyemoii OnmumMaibHolmu napamempamu. Hznoscenuem cywjpocmu
Memo008 Yea0uUCIeHHO20 NPOZPAMMUPOBCAHUA U MEM 0008 IBPUCHUKU PACKPbIMA
603MOMCHOCH b UX NPUMEHEHUS 8 NPUKIAOHOM ACheKme, A UMEHHO 0715 Pa3padomKu
cxXemul pazoeneHuss mpyoa 6 nOMmoKe U320MO6JeHUA MOOeU 00excobl. Aemopom
npPeonoHceH aneopumm ROUCKA OP2AHU3AUUOHHOTL ONEPaAyUN ONMUMATIbLHOU CHIPYK-
mypul, KOmopulil K1I04aem ¢ ceda 06a Imana peuwienus 3aoauu. Ha nepeom smane
HA 0CHOBE KOMOUHAM OPHO20 NOOX00a NPOZPAMMHOE RPUTIOHCEHUE 2EHEPUPYEHt MHO-
JHCECM 60 8APUAHM 06 PeuleHUIl RPOU3E00CHI 6EHHOU Onepayun, OOnyCmuUMbIX no ge-
JIUYUHE KOIUYeCmEeHH020 npusnaxka 3ampamul épemenu. Ha emopom smane nono-
306amens GblOUpaem u NPUHUMAEM ONMUMAILHOE PeuleHue NPOou3600CHEeHHOT
onepayuu no CO60KYRHOCMU NOKa3ameneil, U3MEPEHHbIX N0 AmpudymueHvlM npu-
3HAKAM C PACnPeOeeHHbIMU NPUOPUM EMAMU: C6A3ZHOCIb MEXHO102UYeCKUX One-
payuiil, CHeyuanIbHOCMy U CJI0HCHOCH b UCHOTTHEHUS.

KiarwoueBble ciaoBa: O€CKAa, NMOTOYHOEC IPOU3BOACTBO, CX€Ma pa3acjJeHUAd
TPpyAa, TEXHOJOIHYECKas onepanus, Ipou3BoACTBEHHas oniepanus, METO/I, LH€J10-

YUCJIECHHOC NTPOrpaMMHUpPOBAHUE, IBPUCTHKA.

Keywords: garment, in-line production, division of labor, technological oper-

ation, production operation, method, integer programming, heuristics.

Introduction

The problems of completing operations,
solved for the division of labor in the in-line
production of garments, contains a complex
apparatus of search and decision-making.

Production operations are completed from
technological operations for the manufacture
of garment models. The number of variants of
the formed production operation is very large.
A technologist's decision on the composition
of a production operation is associated with the
choice of a particular combination of techno-
logical operations, satisfying a set of presented
requirements. The division of labor is a more
complex combination of technological opera-
tions grouped into production operations.

In this regard, the final result should be ob-
tained by methods that consist in the use of
search procedures in the space of all possible
solutions of problems. Search procedures are
implemented based on the application of both
methods of applied mathematics and methods
of heuristics.

Literature review

At enterprises, the in-line production of gar-
ments is organized on the principles of continu-

ity, straightness, proportionality, parallelism,
rhythmicity and synchronicity [1].

The functional model of the in-line produc-
tion of garment is shown by the division of la-
bor. This document is presented in the form of
a table or graph. The division of labor is cre-
ated by completing technological operations
for the manufacture of garment model in the
production operations of the production line.

When completing, a set of requirements is
imposed for the construction of the production
line as a whole, including the compatibility of
technological operations in the structure of
each production operation [2]. The essence of
the formulated requirements is as follows.

1. In the division of labor, consistency is
achieved in worker’s actions according to the
principles of proportionality, rhythmicity and
synchronicity of the functioning of the produc-
tion line

Currently, several approaches to the design
processes of the in-line production of garments
have been formed in Russia, characterized by
the way of synchronizing the work: according
to the production time, according to the produc-
tion per worker and balancing of operations [3].
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When designing production lines in which
the execution of work is synchronized accord-
ing to the production time, two fundamentally
different representations are used:

— Professor V. E. Murygin substantiated
the formation of the structure of the production
line based on the commonality of design fea-
tures in the models of one type of garments [4].
This view of the manufacture of a product im-
plies a detailed specialization for groups of
workers involved in the production line.

— Inthe view of Professor P. P. Koketkin,
the structure of the manufacture of garmentsin
the production line is formed on the basis of
the generality of joining technology, used
equipment and technological tooling [5]. This
representation assumes operational specializa-
tion for workers othe production line.

Doctor of Economics N. V. Sokolov pro-
posed to form the structure of the production
line based on the allocation of the budget of the
working shift time. Each employee is assigned
to perform work of trivial composition, which
minimizes internal connections in the produc-
tion line. The production problem for the
worker is formed as a priority from one tech-
nological operation repeated many times dur-
ing the shift; further - from two or more com-
patible technological operations. The repeata-
bility of each technological operation is deter-
mined by the calculated number of products,
limited to the output per shift [6]. In this way,
the output of workers for a production shift is
equalized, which ensures the rhythmicity of
output.

In the situation of manufacturing products
in small series, they design flexible production
lines for the making of different models from
the assortment group of garments. Professor
N. S. Mokeeva proposed to concentrate the
equipment in the working areas, which pro-
vides flexibility in the functioning of the pro-
duction line. Each worker is assigned up to
three pieces of equipment for various purposes,
which are included in the flexible production
module. When changing the manufactured
models, the compositions of the modules re-
main stable. The synchronized functioning of
the production line is ensured by balancing op-
erations taking into account the individual la-
bor productivity of each performer [3].

2. Manufacture of the product in the ex-
pedient order of technological operations for
the processing of parts with subsequent assem-
bly into the finished product and its finishing.
This requirement is based on the principles of
continuity, straightness and parallelism of the
organization of in-line production.

3. Minimization of internal connections
in the production line. The fulfillment of this
requirement contributes to the reduction of
time spent on service actions and operations
for moving labor items.

4. Compliance with the specialization of
work (detailed, subject or operational) per-
formed by both individuals and groups of per-
formers.

5. Compliance of the worker's qualifica-
tions with the complexity of the work per-
formed by him.

6. Minimization of the multiplicity of pro-
duction operations, characterized by the num-
ber of performers [2].

Compliance with the listed requirements
allows to reduce losses during the organization
and functioning of in-line production and, as a
result, to increase its efficiency.

When completing in a module the subsys-
tems every time receive one single solution to
a production operation. However, many other
solutions, among which there may be the best,
remain outside the operational field of atten-
tion of the technologist. At the same time, the
priority ratio for the complex of characteristics
of the formed production operation is not es-
tablished in advance. In addition, the set of re-
strictions imposed on the initial set of techno-
logical operations significantly narrows the
search area. As a result, the desired solution to
the production operation with the specified
characteristics is often not found. Then the
search for a different solution to the production
operation begins after the initial set of techno-
logical operations has been transformed.

Thus, the mentioned systems [7, 8] model
the procedures for completing operations im-
plemented in the traditional way.

Methodological framework

INTEGER PROGRAMMING METHODS

Mathematical programming is an area of
applied mathematics, in which they study
problems of finding the extremum of an objec-
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tive function on a set with constraints, and de-
velop methods for solving them. Problems
with a conditional requirement for the integer
value of variables are allocated to the section
of integer programming.

Integer programming methods are used to
develop the division of labor in the in-line pro-
duction of garments. Scientists O. V. Apyk-
htin, V. A. Afanasyev in the book [9] presented
the characteristics of two applied methods:
random-walk search and directed search.

Area of applied
mathematics

| Mathematical programming ‘

Divisions

I Linear programming H Nonlinear programming H Parametric programming ‘

| Integer programming H Dynamic programming H Stochastic programming ‘

‘ Problems of integer programming ‘

Problems with Problems on
indivisibles non-classical areas

Problem classes

Problems with an Extreme
inhomogeneous combinatorial
discontinuous linear form problems

[ J

‘ Integer programming methods

[

[ [

The problem of completing can be formu-
lated as partitioning the set of technological
operations that make up the process of manu-
facturing a product model into disjoint subsets
that are consistent in duration with the produc-
tion time. The essence of the source problem is
the sequential formation of production opera-
tions. Thus, the problem is reduced to solving
simpler subproblems in terms of content, inter-
related based on the initial data.

The characteristics of technological opera-
tions form a finite countable set of variables.
First of all, these are the cost of time. The ob-
jective function of each subproblem is to
achieve the minimum deviation of the time
spent on the production operation from the pro-
duction time. The requirements for the compat-
ibility of technological operations as part of a
production operation set limitations in the sub-
problem under consideration.

Then the posed problem has signs of be-
longing to one of the class’s characteristic of
integer programming - to the problems with in-
divisibles. The mentioned property points to
the nature of the initial data represented as
physically indivisible quantities.
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Random-walk methods, which include the
brute force method, are approximate. They are
aimed at solving problems of integer program-
ming of high dimension, because exact meth-
ods are inefficient.

The brute force method in the state space
consists in finding a solution that corresponds
to the objective function. The term "state™ in-
dicates a certain moment of solving the prob-
lem. Depending on the structural level of the
formed information, this term means either a
completed production operation, or a more
complex combinatorial object - the division of
labor in the designed production line.

The essence of this method is described on
the basis of graph theory.

The initial vertex in a graph corresponds to
the initial state. From a certain vertex, called
the parent vertex, one or more child vertices
are spawned. This action is called vertex dis-
closure, which is performed by the operator as
a state transformation function. With each dis-
closure vertex, a new state is obtained. On the
graph, the parent vertex is connected to the
child vertices by arcs, which are pointers of the
traversed path.
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The vertices of the graph are disclosed in a
given order. With the disclosure of child verti-
ces, they are checked for their compliance with
the objective function. If none of the child ver-
tices satisfies the objective function, then the
subsequent vertices continue to disclose. Hav-
ing found the objective vertex, the solution
path is revealed by the pointers in the opposite
direction, from the objective to the beginning
of the graph [10].

When solving the set problem, the state
transformation function means the action of
completing technological operations.

It is obvious that the graph of states, show-
ing the completeness of a production opera-
tion, is finite. Thus, the position of the objec-
tive vertex will certainly be found on the graph,
if it exists.

Random walk algorithms are distinguished
by the completeness of the search in the state
space. A brute-force search is exhaustive for
finding a solution to a problem. In case of in-
complete search, carried out in order to reduce
the search time, they operate in a limited state
space. However, an incomplete search can lead
to a situation when the desired solution will not
found, because initially the position of the ob-
jective vertex in the graph is unknown.

The number of vertices that can be disclo-
sure on the graph of states in a brute-force
search has an exponential dependence on the
values of initial data. For high-dimensional
problems, the implementation of computational
procedures by combinatorial methods gives

very low efficiency in finding a solution. Com-
pleting of operations in the development of di-
vision of labor for the in-line production of
clothing model refers to this type of problems.

Another class is formed by problems on
non-classical areas. The search area for extre-
mum of linear function is defined, as usual, by
linear inequalities, but it is supplemented by
logical conditions "either/or". By additional
conditions, the area of feasible solutions is
transformed into a non-convex or disconnected
one, which are called non-classical areas.

If a priori the areas in which the desired re-
sult does not exist are known, then the speci-
fied areas are ignored during the search. On the
graph of states a certain subgraph is chosen ac-
cording to the given constraints, on which the
search procedures are implemented. Such
methods of problem solving refer to directed
search methods. In this group, the most signif-
icant are the cutting-plane method, the branch-
and-bound method [11].

The next class unite combinatorial extremum
problems. From the elements of a finite set, a
combinatorial configuration is built, on which,
in addition to the extremum of an integer linear
function, a subset of elements corresponding to
the found extremum is also found.

At certain stages of obtaining the division
of labor, it is possible to use linear program-
ming methods when the formulation of the ob-
jective function corresponds to the formulation
of an extreme combinatorial problem.

Number | Technological operation | Specialty

Level of work

Time, s | Equipment, tools, fixtures

For example, at the input, the manufactur-
ing technology is set, described by the se-
quence of operations according to the product
model, and the power of the production line ex-
pressed by the output per shift. It is required to
find such a partition of the partially ordered set
of technological operations into groups, ac-
cording to which the minimum number of
workers will be involved in the production line
[10]. At the output, it is assumed to get a solu-
tion for organizing work with the highest labor
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Fig. 2

productivity achieved by the conditioned tech-
nology of manufacturing products.

In a linear programming problem, it is re-
quired to find the optimum of an objective
function with constraints imposed on the area
of variable variation. The model of the prob-
lem is presented in general form:
by the objective function

1)

f(x) = Xj=1 ¢jxj » max(min),
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— by a system of inequalities and equa-
tions limiting the solution

Z?:l Clijx]' {S, = 2} bi' i = 1, 2,...,7’77.1 (2)

— by the requirement of non-negativity of
the variables

x;=20, j=1,2,..,7, (3)

where a;;, b;, ¢; are notations of numbers.

Dependencies are expressed linearly with
respect to the set of variables {x, x5, ..., x,}
used as arguments of functions. For integer lin-
ear programming problems, in addition, a re-
quirement is introduced for the integer value of
n, variables on the entire set (n, = n) oron its
part (n; < n),

x;€Z by j=12,..,n; ny<n_ (4

In most real problems the number of sub-
sets of elements forming the search area of the
optimum is very large. Then the construction
of a combinatorial configuration by iterating
over elements is associated with insurmounta-
ble difficulties. But still, methods of integer
linear programming are applicable to solving
some problems, for example, in tasks to deter-
mine the optimal characteristics of production
operations. In particular, an example is the so-
lution of tasks to determine the minimum and
maximum capacity of a production operation,
considered as a subset of technological opera-
tions, when synchronizing work according to
the production time.

Heuristic methods

The purpose of heuristics is to establish
general patterns in human behavior when solv-
ing various kinds of problems, regardless of
their content. The value is represented by those
human thought operations that prove useful in
the process of solving a problem [12].

Heuristic methods solve the problems of
balancing work in production lines.

According to the method of ranked posi-
tional weights (authors W. Helgeson and D.
Birnie) [13], a precedence matrix is preliminar-
ily constructed. The order of the matrix ||p,, ||,

which is square, is set by the number of n tech-
nological operations (x,y =1,2,...,n) with
which the garment model is made. Row in-
dexes, as well as column indexes, correspond
to the ordinal numbers of technological opera-
tions from the sequence of manufacture of the
product.

The precedence matrix is filled in the form
of a triangle by elements located not below the
main diagonal. Each of these elements carries
one bit of information. The values of the alter-
natives are indicated depending on the loca-
tions and relationships of operations on the
graph of the technological process for manu-
facturing the product model. In particular, the
presence or absence of a connection between
operations is established based on the defini-
tion of the term “simple chain” in graph theory.
A chain represents a route composed of distin-
guishable edges. In a simple chain, there are no
identical vertices on the graph [14].
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Any (x-th) technological operation from
the sequence has a certain positional weight.
This fact is noted by the unit value of the ele-
ment located on the main diagonal of the ma-
trix. Each element p,,, located in the matrix to
the right (x < y) is assigned one if the x-th
technological operation precedes the y-th op-
eration on the path in the process graph. This
unit value records the fact of increasing the po-
sitional weight of the x-th operation. Other-
wise, as in the absence of a connection between
a pair of operations, zero is shown in the cur-
rent element of the matrix.

1;
1,

o

@.

Then, following the rows of the precedence
matrix, the positional weight of each techno-

(y =X = Dxy
ifx - y;
in other cases;

{y>x > Pay (5)

b’<x — DPxy

b)

Another, although close in essence, is the
heuristic method, which is implemented by the
largest candidate rule (authors C. Moody and H.
Young) [15]. Preliminarily, the operations that
make up the technological sequence are listed in
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logical operation is calculated using the for-
mula

Wy = Xy=x Payty, (6)
where t,, is the cost of time on performing the
technological operation, which is identified by
the index y by the number from the sequence.

According to the results of calculations,
technological operations are ranked in the
non-increasing order of positional weights
[Figure 4, a)/.

The process elements are completed in the
direction of increasing the rank on the condi-
tion that the duration of the production opera-
tion does not exceed the production time. It is
possible to obtain an alternative option of com-
pleting when using inversion weights of tech-
nological operations.

Operation
number

Immediate
predecessors

Positional

= Time, sec.
weight, sec.

el -
RRhwvh oNvwwowanwwe

330

300 70 1
267 40 -
197 10 1,2
187 60 3,4
130 30 2
121 32 3
100 1 3
100 38 5,8
89 27 6,7,8

62
12

1234567 8 9101112
11330 1101111111
2 10110011111
3 a0 0 1111111
4 30 0011111
5 10000111
6 1001011
=3
7 30 1011
8 a1 111
9 a0 11
10 11
1 i 1
12 1
Operation Time, sec. Immediate
number, sec. predecessors

3 70 1

8 60 3,4

11 50 9,10 g

2 a0 : $

10 38 5,8 3

7 32 3 =

5 30 2

9 27 6,7,8

1 20 -

12 12 11

6 1 3

4 10 1,2

1 1l
Priority level

v

¢

a list in the direction of decreasing parameters
of the time cost. For each operation, with the ex-
ception of the initial ones, the immediate prede-
cessors are additionally indicated /Figure 4, b)/.
Then, from the most time-consuming elements
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in the ordered list, an operation is selected that
is acceptable for combining according to the
priority of execution in the technological pro-
cess. When selecting a candidate for inclusion
in a production operation, the following re-
striction is also observed. The sum of time cost
T ;0n operations assigned to the i-th workstation
should not exceed the value 7 of the production
time. The production operation is considered
completed according to the condition (7 —
;) = min.

However, in some situations, the appoint-
ment of a specific candidate seems to be a dif-
ficult decision. Difficulties arise when the most
time-consuming operation, considered as the
largest candidate at the current stage, by the
logic of the flow of the technological process
should be performed much later. In such situa-
tions, selection and decision making may con-
tradict the fundamental rule of the method.

The heuristic method of M. Kilbridge and
L. Wester [16] does not cause such difficulties
in solving the problem. According to the infor-
mation from the graph of the technological
process of manufacturing the product model, a
priority diagram is constructed. Each column,
as an element of a diagram with accumulated
data, displays the amount of time spent on
technological operations located in the graph at
the same level of the hierarchy. The alternation
of columns is set strictly according to the pri-
ority of performing operations in the techno-
logical process /Figure 4, c)/.

The completing of operations is carried out
sequentially, according to the priority diagram.
At each level, starting from the first, the ratio
of the amount of time spent (by column) with
the production time is considered. When com-
paring, the goal is to combine this group of
technological operations, in full or in part, into
one production operation. By moving of one or
more process operations, which, according to
the process graph, can be performed on two or
more levels of the hierarchy, it is possible to
redistribute the data between the correspond-
ing columns of the diagram. For example, the
5-th operation can be performed at both the 11
and Il levels /see Figures 3 and 4, d)/. Simi-
larly to the previous heuristic methods, the
time spent on performing a production opera-

tion is brought closer to the production time,
but without exceeding its value.

Heuristic methods are often considered in
opposition to formal methods of solving prob-
lems. Unlike algorithmic prescriptions, heuris-
tic prescriptions form the strategy and tactics
of finding a solution. In a situation of uncer-
tainty, unclear, randomness, ambiguity of the
phenomenon, researchers bring new infor-
mation to the search for a solution to the prob-
lem. Thus, heuristic methods purposefully
limit the range of solutions to the problem.

Main results

To improve the mathematical, methodolog-
ical and software subsystem in the develop-
ment of the division of labor, the author pro-
posed a different, two-stage algorithm for the
formation of production operations of the pro-
duction line.

The completion of operations should be
carried out in separate parts of the technologi-
cal process, each of which is aimed at manu-
facturing a certain section of the product de-
sign (the requirement of item 2 in section 2).
The partition of the technological process into
parts ensures the continuity of the production
line structure when changing of the manufac-
turing object. As a consequence, this action
contributes to the stability of the detailed spe-
cialization for groups of performers [17]. Par-
titioning also leads to a very significant reduc-
tion in the dimension of the combinatorial
problem being solved.

At the first stage, according to the selected
part of the technological process, the computer
will automatically generate a subset of ac-
ceptable solutions for the production opera-
tion. The subset is formed by combinatorial
objects are combinations of technological op-
erations, initially partially ordered by the indi-
cator of time spent. The acceptability of the ob-
tained solutions is justified by quantitative in-
dicators: consistency of time spent with the
production time of the production line, as well
as compliance with the criterion of minimizing
the multiplicity of execution (according to the
requirements outlined in items 1, 6). Based on
the dichotomy method using the cut-plane
method [11], the search for acceptable solu-
tions is carried out here on the set of all com-
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binations of technological operations in the se-
lected part of the process.

The algorithm for solving the search prob-
lem is described in the article [18], and the pos-
sibility of processing information by means of
a personal computer is confirmed by the certif-
icate [19].

Acceptable solutions are displayed in lists
consisting of records of combined technologi-
cal operations. It is recommended to split a
subset of acceptable solutions into blocks of up
to six (or up to eight) combinations for sym-
metrical arrangement of information on the
user interface. The specified number corre-
sponds to the "magic number seven plus or mi-
nus two" [20].

Thus, the technologist has an opportunity
to choose the production operation of the opti-
mal structure.

At the second stage of solving the problem,
it is proposed to use an analytic hierarchy pro-
cess [21] on the decision-making theory. Qual-
itative indicators for attributive features are
subject to consideration: the connectivity of
technological operations in combination [22],
specialty and complexity of execution (re-
quirements of items 3-5), between which pri-
ority relations are established. The selection is
carried out sequentially according to a hierar-
chical scheme. In each block, the best solution
is selected by paired comparisons of accepta-
ble solutions of the production operation, send-
ing it to the next level of the hierarchy. At the
last level of the hierarchy of the selection pro-
cedure, the optimal solution of the production
operation being formed will be located. The
quality of the decision being made at the same
time increases explicitly.

Conclusion

A finite countable set of technological op-
erations forms the process of manufacturing of
a garment model. The implementation of the
procedure of completing technological opera-
tions is presented as solving the problem of
searching for a production operation that meets
the specified requirements.

By revealing the essence of various integer
programming methods and heuristics methods,
the possibility of their application in the ap-
plied aspect is set forth, namely, in the deve-

lopment of the division of labor for the in-line
production of garments.

Based on the presented material, an algo-
rithm for searching a production operation of
the optimal structure is proposed. The two-
stage implementation of the search algorithm
consists in the application of a combinatorial
approach from the area of applied mathematics
and decision-making theory.
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