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The analysis of individual mass-service systems is the subject of articles by N.
P. Buslenko (1), G. P. Klimov and G. A. Aliev (?3). In these works algorithms
are constructed that well reflect the specific features of concrete production
processes.

In the present note another method is proposed for formalizing production pro-
cesses, one which, in our view, is more universal.

The operation of a mechanized section (Fig. 1) is modeled by simultaneously
scanning all units at certain sufficiently small intervals of time At. This facili-
tates the formalization of the process, since its unfolding in time when modeled
on an electronic computer corresponds to the real functioning of the system.

Fig. 1

Along conveyor I, parts of one type are transported successively to bins j (j =
1,...,m). The parts that have entered bin j may be processed by any of the m
identical machines 4,j (i = 1,...,m), each of which simultaneously processes ¢
parts, after which they enter bins n+j (j = 1,...,n). As conveyor I moves at
certain intervals of time, parts from bins n + j may simultaneously enter it and
be delivered to bin 2n + 1.

Each machine and conveyor may fail. The time of trouble-free operation of a
machine or conveyor, as well as the time required for their repair, are random
variables distributed according to prescribed laws.

Below is given the logical scheme of an algorithm modeling the operation of
the described section. In addition to generally accepted notation (see (%)), the
following designations are used: t7},t’; are the times at which conveyor stoppages
end; M is the random time of trouble-free operation of a machine or of conveyor
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motion; N; is the number of parts in bin j at the given moment ¢; N jO is the
capacity of bin j; ¢7 ; is the time at which machine

i,j for processing the next batch; 7, ; = 1, a sign that machine i, j at time ¢} ;

finishes processing the batch; u* is the k-th group of s digits of logical scale I;
v! is the [-th digit of logical scale II.

L HoP(t7 <t) T Py(Mp=0) 1 As(t;, My) 1; L Az(Mp) | [uF —u*H (k> 1),
58 6 4 502 3
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9 15 12 13 22
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Pyy(m; ;=1) 2T1 Pig(N,,,; < NSH‘ —q+1) 2To A19(Nypyj) 2T1 ; 1\L8 Ago(t] ;) » 1¢7 .
Fyy (i) Pyy(i =m +1) 11; 023(i)P24(Nj >q) 3T2 zig P25(mint;j <t) JQ Axg(ip)

i9,:J?

P27(Mi0,j =0) STO Ao (t] Mio,j)[o - 7%,;‘]29 2Ts ; QJ% Aso(tzro,jaMio,jaNﬂ[l -
= olst 1 3320 Fys(i) Pay(j=n+1) 1 O35(7) P (vh, 1y = 0) T Pay(ty; <t) 71
24,25 7 53 56
Pag (M =0) 4T0 Agg(t7r, My) 4T1 ; 3i8 Ago(Mip) 3% [f =12 1), 0= 0"y

Ap(T)Pg(t=v) T [0 = 7]yu{l = j}us 5¢0 Pyg(Nyyj > 1) jg A47(Nn+j)[1 — vl

52
b Fy(j)Pso(j=n+1) T Os5(j) | P52(”l2n+1 =1) 1 | Ps3(Ny,iy < NgnJrl) T
46 46 43 56 36 56
Asy(Nop )0 = vh 1]ss L HygAsr(8)Pag(t > T) T Ysg.
37,52,53 0

We now turn to the description of the logical scheme of the algorithm given
above. By operator H,, parts numbered from 1 to n are fed onto conveyor
I at random times t. Operator P; checks the serviceability of conveyor I in
the time interval [t — At,t). If the conveyor is serviceable, the possibility of
its failure at the given moment ¢ is analyzed (operator P,). If a breakdown of
conveyor I has occurred, then operator A; determines the random time ¢} at
which it will be ready, and a new value M; is generated for the time of trouble-
free operation of conveyor I until the next breakdown. If at time ¢ conveyor
I is serviceable, then operator A, decreases the value M; by At and transfers
control to operator 5. The operation of the conveyor is imitated by means of
logical scale I, each s (2° > n) digits of which correspond to definite positions
on the conveyor, and its motion (operator 5) is effected by shifting this scale.
Each group of s digits may contain the number of the bin into which the given
part is to be loaded. Operator 3. enters, in the standard cells, information
on bins j, n + j and machines i,j (i = 1,...,m). If a part is on conveyor I
opposite bin j (this position corresponds to the k;-th group of digits of logical
scale I), then, if there is room in it (operator Py), the part is loaded into the
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bin (operators A;, and 11). If bin j is full, then the part is assigned for loading
into bin j+ 1 (operator 13). Operator A;, determines losses whose cause is the
absence of a free place in bin n when a part approaches it. If, at the moment ¢
under consideration, machine 4, j finishes processing parts (P4 and P;;), then
the possibility of loading them into bin n + j is checked (operator Pg); this
loading is carried out by operator A,q. If in bin n + j there is no room for ¢
parts, then machine 4, j is forced to stand idle, and operator A,, increases the
value of ¢] ; by At. If there are ¢ parts in bin j (operator P,,) and at least one
free machine i,j (i = 1,...,m) (operator P,s),

the number 4y, of the machine with the minimum readiness time (Ayg) is
determined. Operator P,; checks whether a breakdown of machine i, j occurs
at time ¢, and, in the event of a breakdown, the random time tfmj at which
the repair ends is determined, as well as the random time M; ; of trouble-free
operation of the machine until the next breakdown (A,g). If no breakdown
occurs at time ¢, then operator Ag, loads the machine: the time #; . at which
machine %, j is freed from processing parts is determined, the quantity M; ;
is decreased by the processing time of the batch, and the current capacity of
hopper N; is decreased by q. Operator 33, performs a return from the standard
cells of the information entered earlier by operator 3.

The presence of parts in front of hopper 2n + 1 indicates that at the moment
t — At this part had not been loaded into the hopper and that in the interval
[t — At,t) conveyor IT was idle. In this case operator Py transfers control to
operator Pss. Simultaneously with the motion of conveyor IT (operator 41),
the time 7 is counted off (operator A,,), and every v seconds (operator Pjs)
parts from all hoppers n+ ¢ (i = 1,...,n) are fed onto conveyor II (operators
Py, Ay7,48). If a part has approached hopper 2n + 1 (operator Ps,), then, if
there is free space in it (Ps3), the part is transferred from conveyor IT (operator
55) into the hopper (operator As,). Further, hopper 2n + 1 may be unloaded
(operator Hgg), and a new value of ¢ is generated (operator A;.,).

Satisfaction of the inequality ¢ > T}, is the sign that the work has ended.

The algorithm considered, which simulates the operation of a mechanized section
(Fig. 1), makes it possible to carry out a broad analysis of the given technological
process and to solve the following problems:

1. To evaluate the structure of the system under study and choose the optimal
composition of the equipment.

2. To determine the optimal operating modes of the equipment on the basis
of an analysis of the system’ s productivity, the product-quality indicator,
the reliability of the equipment, and other characteristics.

3. For given values of the system parameters, to calculate its production
capabilities taking random factors into account.

4. To evaluate the influence of deviations of the system parameters on its
functioning.
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Solving the indicated problems on an electronic computer by the Monte Carlo
method will make it possible to determine the technical-economic level of the
section under study according to the main criterion: the cost of the technological
operation.

The authors express their deep gratitude to the head of the seminar on pro-
duction cybernetics of Moscow State University, Corresponding Member of the
Academy of Sciences of the USSR L. A. Lyusternik, for valuable advice in car-
rying out this work.
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