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ALGORITHMS FOR MODELING PROCESS SPENDING AND REPLENISHMENT OF
RESOURCE GROUPING TECHNOLOGY

This article explores the basic initial steps for constructing an enlarged structural diagram of an
algorithm for modeling the processes of spending and replenishing resource of a grouping military objects
in normative planning mode.

The organizations responsible for operating the groupings have an important task of timely planning
for repair of weapons and military equipment (WME) and military equipment and supplies to the grouping
of new objects. Obviously, solution of such a problem is possible only on the basis of applying a mathemat-
ical model process of expenditure and replenishment of resource (PERR) of grouping objects, with which
you can predict the composition and resource of the grouping, and taking into account the forecast obtained,
find (calculate) optimal plans for replenishing its resource.

The article shows the results of studies various groups in terms of elucidating patterns of the occur-
rence of PERR in them. To do this, using the model, various grouping options can be generated with the
specified characteristics, as well as calculating the optimal plans for replenishing resource for a specific
group of military equipment (user groups), save these plans in a database, and then make refinement cal-
culations taking into account current changes in grouping.

It is assumed that by the time this algorithm is launched, all the necessary data structures have al-
ready been created in random access memory of the personal computer, user has already selected an imple-
mentation option for the grouping for which simulation is performed. Also, the number of implementations
of modeling process and coefficient specifying range of variation limit on the consumption of resource
objects (in percent) are given. In each iteration, process of PERR objects the i-th type is simulated at a given
forecast interval

Key words: complex objects of military equipment, process of expenditure and replenishment of re-
source, regime of normative planning.

Introduction and statement of problems. Complex objects of weapons and military equip-
ment (WME) are used for their intended purpose, usually as part of groups (military units, formations,
associations). Examples of such objects are radar stations, anti-aircraft missile systems, electronic
warfare stations, and others. Groups are created temporarily or on an ongoing basis to solve certain
problems in a certain territory. In order for the group to satisfy the requirements for its quantitative
and qualitative composition established for it. Quantitative composition (hereinafter simply compo-
sition). Groupings are determined by the number of objects various types that are available in the
group at a given time and are ready for immediate completion of tasks for their intended purpose. In
this case, the number of types objects and the distribution of the number objects by types must corre-
spond to specified grouping requirement. The qualitative composition of the group is determined by
residual resource of the objects available in the group. The larger average residual resource of group-
ing objects, more qualitative is its composition, the greater will be the duration of group's existence
in a state in which all tasks will be performed with required efficiency.

During operation of grouping, resource of individual objects is spent randomly, as a result of
this, qualitative composition of group deteriorates over time (“safety margin” of group decreases).
After exhaustion of resource by individual objects, their operation should be stopped, objects that
have exhausted the resource should be repaired, restoring resource, or decommissioned (irrevocably
removed from the group). To maintain required efficiency of functioning of the grouping, it is neces-
sary, instead of decommissioned objects, to put in the grouping new objects of corresponding types.

Thus, for higher bodies (headquarters) responsible for operation of group, an important task
arises of timely planning of repair military equipment and supplies to the group of new facilities.
Obviously, solution of such a problem is possible only on the basis of applying a mathematical model
process of expenditure and replenishment of resource (PERR) of grouping objects, with the help of
which it would be possible to predict composition and resource of the grouping, and taking into ac-
count forecast obtained, find (calculate) optimal plans for replenishing its resource.
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Therefore, an important problem is the modeling of processes for determining and replenishing
the technical resource of grouping objects. To do this, it is necessary to solve two problems.

1. To explore various groups in terms of elucidating the patterns of the occurrence of PERR in
them. To do this, using the model, various grouping options with specified characteristics can be
generated.

2. Calculate the optimal plans for replenishing resource for a specific group of OME objects
(user groupings), save these plans in database (DB), and then make refinement calculations taking
into account current changes in the grouping.

Analysis of recent research. Recently, research in Ukraine aimed at improving the processes
technical maintenance of military equipment, its restoration and modernization is being restored in
Ukraine [1-8]. So, in [1, 4, 5], models process of research and replenishment of resource objects of
complex radio engineering were investigated. In [2], new technologies for determining the reliability
of objects were proposed. In [3], optimal system of scheduled repairs for individual objects was pro-
posed. In [6], maintenance was offered “as-is” with an adaptive change in the frequency of control.

In [7-9], the authors have come close to studying the grouping of objects to optimize the num-
ber of repair bodies and evaluate effectiveness of maintenance military equipment. This is all the
basis for development of an algorithm for modeling PERR of grouping objects.

The basic results of research

The integrated structural diagram of modeling algorithm. In figure 1 shows an enlarged
structural diagram of the algorithm that explains structure of computation process that is implemented
when modeling PERR grouping. In fact, this is an algorithm that is implemented by operator 8 (“Mod-
eling”) of the algorithm circuit shown in [1].

It is assumed that by time this algorithm is launched, all the necessary data structures have
already been created in the PC’s RAM, the user has already selected implementation of GR grouping

for which simulation is performed. Also, the number implementations of modeling process N, and

coefficient KV, specifying range of variation limits on the expenditure of resource objects (in
percent) are given. In each iteration, process of PERR objects of i-th type is simulated at a given
forecast interval T . As a result of the simulation, functions T of average values R, (t), N, (t),

N, (), N
on PC screen in form of graphs. Corresponding averages are accumulated according to results of
implementation of the real-time simulation of real-time simulation. The operation of the algorithm
briefly consists in following.

Operator 1 sets the initial value of iter variable, which is used to count the number of completed
simulation implementations.

Operator 2 creates a copy of List_O list, which contains information about the objects of GR
grouping. Operator 3 increments value of iter variable by 1, thus forming the number of current iter-
ation. Operator 4 restores the initial state of List_O data from the copy. Operator 5 generates random
values of resource consumption limit by individual objects that are part of the grouping. This is done
by executing the following statement for each object:

0.Lim:=0.Lim0-(1- KV, /100/2) +R,

where O.Lim0O —is the initial value of the resource spending limit specified for object O (h/

year);

(t) and N__.(t) (VteT,) predicted on the interval are formed, which are displayed

cni

— user-specified value of the coefficient of variation of the limit of spending the re-source of
objects (in%);
R — is a random variable uniformly distributed in the interval .
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Figure 1 - An enlarged block diagram of modeling algorithm

Operator 6 (procedure Model PERR) imitates ERR process with objects of GR grouping. In-
side this procedure, information is accumulated necessary for constructing function schedules, and
regulatory plans for repairing, decommissioning and delivering new objects to the group are also
formed. An algorithm that implements this procedure is discussed in detail below.

Operator 7 checks the condition for a given number of iterations. If not all iterations have been
completed, control is transferred to operator 3 and the simulation process continues. If all iterations
are completed, the simulation process is interrupted, and operators 8 and 9 are executed. Operator 8
displays function graphs on PC screen, operator 9 saves the generated normative plans for repairs,
write-offs, and deliveries of new objects to database. This completes work of the algorithm.

The modeling algorithms implemented by the Model_PERR procedure are slightly different,
depending on program mode selected by the user. Let's consider these algorithms separately.

Regulatory planning mode. Consider structural diagram of the simulation model algorithm
(SM) of PERR (procedure Model_PERR) in the standard planning mode without delivery of new
objects. The block diagram of the algorithm in this mode is shown in Fig. 2.

The initial information for the algorithm is GR and TipO data structures created in the main

memory at time the algorithm started to execute. The output of the algorithm are functions R_, (t),

N}:i(t)’ Iqp}:i(t) and Nani
stored in the arrays of simulation results.

(t), as well as the standard repair IT}, and decommissioning II; plans
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dec (Ng,p); 0.7, =0.7,,—dt;
O-Roer = TipO‘RKpl; inc (NZKp);
0.s5:=0;
8 inc (Ng);
A
RE = RZ +0 'ROCT;
inc (Ng);
11
aBs =1; 0.5:=2;

0.P, =GR.DO,,+t"30;

0 T = TipO.zKp;
0.P,, =GR.DO,,+t30;
inc (Nyyo);

18

Figure 2 - Block diagram of the algorithm for modeling PERR in regulatory planning mode

Simulation parameters (in addition to the selected Reg_p forecasting mode) are:

- type of objects for which calculations are performed (data on the type are available through
TipO pointer);

- duration of operation period of the grouping DT_MOD,;

- date corresponding to the beginning of specified period of operation DO_MOD;
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- interval discreteness modeling RWR DT.

These parameters are entered by the user from PC screen immediately before starting simula-
tion.

The idea of the algorithm is very simple - it consists of two cycles: the external (by i), in which
the operation time intervals of group are sorted, and the internal (by j), in which the group objects of
a given type are sorted.

The external cycle is implemented by operators 1, 19, and 20. Operator 2 generates the current
model time tand initializes variables R, N, and N__ inwhich total resource, total number of work-
able objects in the group, and total number of objects that are currently under repair will be accumu-
lated.

The inner loop (operators 3, 16, and 17) is re-executed for each value of the model time t. In
this cycle, all elements of the GR.List_O list are enumerated - a list of pointers to objects that are part
of grouping. Operator 4 selects a pointer to the j-th object from this list.

Operator 5 checks the current state of object 0.s. If 0.s= 0, then the object is currently in a
healthy state and performs the task as part of grouping. Operator 6 simulates consumption of an ob-
ject’s resource over a period of timedt =[t - dt,t] by executing the following instructions:

O.R,=0.R , —dt-0.Lim0/12;
o.T,,=0.T_—dt,
rne O.R _ uO.T  —

where 0.R_, and O.T  —value of the residual resource and residual life of object at time t;

0.Lim0 —annual limit of the resource consumption of the object;
dt — is the value of the discrete interval (dt = DT).
Operator 7 checks condition of exhaustion resource of object at time t:

(O.R,<0)v(OT, <0).
If this condition is not met, then operator 8 is executed, in which the current total resource R

and number of objects in grouping are calculated N .

If the resource of the object is not exhausted, operators 9-11 are executed. The operator 9 checks
whether the set number of scheduled repairs has been completed. If “no” (remaining number of re-
pairs 0.N ., . > 0), then operator 10 is executed, which simulates the transfer of an object to a repair

state. In this case, following actions are performed:
0.s:=1; —sets a new value for the state variable of object;
0.7, =TipO z; — value of duration stay object in repair;

0.P, =GR.DO, +t-30; — planned (normative) time of sending the object for repair is

formed:
inc (Ng,,);— current number of objects under repair is calculated.

If all the set (normative) number of scheduled repairs the facility 0 (0.N =0) is com-

OCT Kp

pleted, then operator 11 is executed, which imitates conversion of the facility to a decommissioned
state. In this case, following actions are performed:
0.s :=2; — value of the state variable is set to the state "object decommissioned";

0.P,=GR.DO,, +t-30;—value of planned time to write off the object is formed.

If during execution of operator 12 it is discovered that the object is in a repair state (O.Ss=1),
then operators 13-15 are executed that simulate the object being in repair. The operator 13 checks

condition for completion of the repair. If the repair has not yet been completed (O .z, >0), then

operator 15 is executed, simulating the continuation of the repair:
0.7, =0.r, —dt; —residence time of the object in the repair is reduced by dt;
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inc (N, ,,); —current total number of objects under repair is calculated.

If the repair is completed (O .z, ) <0), then following actions are performed:

dec (N, ) — unitdecreases the residual number of scheduled repairs of the facility O;

0.R,, =TipO.R_,; —simulated replenishment resource of the object as a result of repairs;
0.s:=0; — simulates the restoration of operational state of the object;
inc (Ny); — total number of workable objects in the group is calculated.
Next, operator 16 counts the number of objects j for which simulated actions were taken to
expend and replenish the resource in current interval dt. If these actions (7 < ‘GR . Listd) have not

yet been performed for all objects, then operator 17 transfers control to operator 2 and then execution
of operators 2-17 is repeated as described above. The cyclic execution of operators 2-17 ends after

conditionismet j=|GR. Listct. InvariablesR,, N, and N, , values corresponding to the group-

ing state at the current time t will be generated.
The operator 18 displays obtained values on the PC screen R, N, and N, in the form of
points on the function graphs, and. Next, operator 19 provides a transition to next time section t (forms

the number i of the next point on the time axis). Operator 20 checks the condition for completing the
graphing. If all points of graphs (1 =n max) are formed and displayed, then operation of the algo-

rithm ends here.
As an example in fig.3 shows graphs of functions R (t), N (t) and N_,(t) obtained as
a result of execution of considered algorithm. The graphs are given for the case when the group con-

tains 10 objects of type Type-1 (Type-1 is the name of type objects in TipO structure). The maximum
number of repairs after which the object must be written off is set to 2.

In the upper graph in fig.3 shows function of total resource ﬁzi (t) (for objects of type Type-
1). The bold line shows the initial part of function, which displays the forecast for the case if no

planned repairs (PR) are carried out. With a thinner line, this same function represents the forecast,
provided that PR are carried out within the standard time frames established for this type of object.
The lower graph (in red) shows the graph of the function N . (t). Also, the bold line shows the initial
part of the graph for the case if PR had not been carried out, a thinner red line shows the continuation
of same function, provided that all PR are carried out within the established regulatory periods. The
lower graph in the same coordinates shows a graph of the function, which displays the number objects
that are in a state of repair at each moment of time (currently missing in the group).

In fig. 3a shows results for the case of performing 1 implementation of modeling process, in
fig. 3b - for 100 implementations. Comparing the graphs in these figures, we can see that with a large
number of implementations, average time for sending to the 2-nd repair and the time for writing off
objects become more “blurred”, stretched over time. This is consistent with the physical meaning of

average indicators (average number of objects under repair Nwi(t) and the average number of
objects remaining in the group N_, (t)).
The graphs (in the upper right corner) show the values of quality indicators Q,, and Q,, (Qg;

- in upper graph, Q,, - in lower).
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Figure 3 - Example of simulation results (Normative planning mode)

On the form of sim

R.,,. (duration of group

number of objects N.”

ulation results (to the right of graph NZ (1)), value of the grouping resource

ing with the required composition) is displayed. In this example, the required

=8. Under this condition, the group’s resource is 13 years 11 months. (one
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implementation) and 14 years 3 months. (according to the predicted average composition). The dis-
crepancy between corresponding values at 1 and at 100 implementations is quite understandable,
since the predicted functions are different.

The initial grouping resource Rr‘;ym is also displayed, defined as the grouping resource, pro-

vided that no repairs are made to restore the resource of the objects. The initial grouping resource in
this example is 1 year 3 months. (with 1 and with 100 implementations).
The graphs corresponding to the initial resource are shown in bold lines in figures.

Along with the functions Ry, (t), Ny, (t) and N__,(t) as a result of the simulation, a plan of
repair and decommissioning of grouping objects is also formed, corresponding to the specified inten-
sities (limit) of the resource consumption of objects O.Lim0O and the established standards for re-
plenishing the resource TipO Ry TipO T, and TipO N, -

The plan of repair and decommissioning of objects is displayed in a separate form when you

click the Plan of repair and decommissioning button (fig. 3). The form in which this plan is dis-
played is shown in fig 4.
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Figure 4 - PC screen view when displaying form of the repair plan and decommissioning of
grouping objects (Regulatory planning mode)

Planned dates for repair and decommissioning of objects are displayed in the three right col-
umns of the table. The minimum and maximum values of the planned repair and write-off period,
obtained as a result of forecast calculations, are displayed.

The table also displays additional information about the characteristics of facilities: location,
serial number, production date, etc. In the case of a virtual grouping, this information is automatically
generated when it is created. In the case of user grouping, all this information is set by the user.

Conclusions. This article explores the basic initial steps for constructing an enlarged struc-
tural diagram of an algorithm for modeling the processes of spending and replenishing the resource
of a grouping of military objects in normative planning mode.

In the future, a regulatory planning regime will be developed taking into account the supply
of new objects to the grouping.
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K.1ed.H., Ao1. Tosok I.B., k.T.H. JIeHKOB €C
AJITOPUTMHU MOJIEJTIOBAHHS ITPOLIECY BUTPAT I 3AIIOBHEHHS PECYPCHOI
I'PYIIOBOI TEXHOJIOT'II

B oanini cmammi 0ocnidiceno ocnoeni nouamkogi 0ii 3 nodyooeu yKpynHenoi cmpyKkmypHoi cxemu
anzopummy MoOenl06aHHA NPOUecie 6UMPAYAHHA MA NONOGHEHHA pPecypcy YZPYNOBAHHA 8IliCbKO8UX
00'eKkmie 6 pexrcumi HOpMAMUBCHO20 NIIAHYBAHHA.

B opeanizauiax, eionogioanvHux 3a eKkcnayamauilo yZpPyno6aHv, GUHUKAE 6aAj}CIUEe 3A60AHHA
CB0CUACHO20 NIIAHYEAHHA PEMOHMY 00'exmie 030poenns i siiicbkoeoi mexnixu (OBT) i nocmasok ¢ yzpy-
noeanHa Hoeux 00'ekmis. OuesuOHO, Ui0 PilleHHA MAKO020 3A60AHHA MOXCTIUGE IUlie HA OCHOGI 3aCMOCy-
6aHHA MameMamuyHoi mooeni npovyecy eumpadannus ma nonoguenns pecypcey (IIBBP) 06'ekmis yzpyno-
8aHH3, 30 O0NOMO2010 AKOT MONHCHA RPOZHO3YEAMU CKIAO i PecypcC YZPYNOBAHHS, i 3 yPAXYBAHHAM OMPUMA-
HO020 nPOzHO3Yy 3HAX00UmMU (PO3PAX0BY8AMU) ORMUMATIbHI NAAHU 3AN08HEHHA IT pecypcy.

Y cmammi nokazani pezynomamu 0ocniorcenv pizHux y2pynoeans 3 mouku 30py 3'acyeanns 3aKo-
Homipnocmei npomikannsa ¢ nux IIBBP. /[na yb020 3a 00nomoz2010 M0o0ei Moyicympy 2eHepyeamucs pizHi
eapianmu yzpynoeamns i3 3a0aHUMU XAPAKMEPUCMUKAMU, 4 MAKOXMC 30IHCHIONOMbCA PO3PAXYHKU ORMU-
MATbHUX NAHIE NONOBHEHHS PECYPCY 011 KOHKPEMHO20 YZPYNOGAHHA 00 €Kmie 8ilicbK080i mexHiKu (yzpy-
nOBaHHA Kopucmyeaua), 30epizamu yi naianu é 06a3i 0anux, a NOMIM RPOEOOUMU YHOUHIOIOU POIPAXYHKU
3 YPAxXyeaHHAM NOMOYHUX 3MIH 6 YZDYNOBAHHL.

Ilepeobauaemocs, uio 00 MOMEHMY 3ANYCKY UbO20 AIZOPUMMY 6 ONEPAMUBHIT naAM 'Ami nepcoHalb-
H020 Komn'romepa ejce CmEopeHo 6ci HeOOXIOHI cmpyKmypu Oanux, Kopucmyeauem eice o0Opanuil
eapianm peanizayii y2pynoeanns, 011 AKoi npoeooumuscsa mooentosanns. Taxooc 3a0ano yucno peanizauii
npoyecy mooenioeanna i Koeghiuiecnm, wio 3aoac 0ianazoH 6apit0GAHHA JIMIMYy GUMPAUAHHA pPecypcy
00'cxkmie (y éiocomkax). Y Koxcniit imepauii imimyemuocsa npoyec IIBBP 06'ckmie i-20 muny na 3adanomy
iHmepeani npozHo3yeanns

Kniouosi cnosa: cknaoui 06'ekmu 6ilicok060i mexuiku, npoyec sumpauanHHs ma NONOGHEHHA pe-
Cypcy, Pexcum HOPMamueHo20 NIAHYEAHHA.
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AJI'OPUTMBI MOJIEJINPOBAHUSA ITPOIECCA PACXOJA U 3AITIOJIHEHUSA PECYPCHOU
I'PYIIIOBOM TEXHOJIOI'U

B oannoit cmamove uccnedosansl 0CHOBHbIE HAYATbHBIE OCICHEUA NO NOCHPOEHUIO YKDYNHEHHOU
CMPYKIYPHOU CXeMbl AN2OPUMMA MOOETUPOCAHUA RPOUECCO8 PACX0008AHUA U B0CNOJIHEHUA pecypca
2PYRRUPOGKU B0CHHBIX 00BEKMO8 8 PedcUMe HOPMAMUBHO20 NIIAHUPOGAHUA.

B opzanuzayuax, omeemcmeenHbIX 3a IKCRIIYAMAyUI0 2PYRRUPOGOK, 603HUKAEM GaAJICHAA 3a0aud
C60EBPEMEHHO20 NIIAHUPOSAHUA PEMORMA 00bEKMO8 800pyHceHua u goennoii mexnuku (BBT) u nocma-
60K 6 ZDyNnRUpPOBKy HO8bIX 00bekmos. OuesuoHo, Ymo peuieHue MaKoli 3a0a4u 603IMOHCHO MOAbKO HA OC-
HO6e NPUMEHEHU MAMEMAMUYECKOU MOOeNU npoyecca pacxo0o8anus u eocnoanenus pecypca (IIPBP)
00beKmo8 ZPynnupoeKu, ¢ ROMOULLIO KOMOPOU MONHCHO NPOZHO3UPOBANIL COCHIAE U PECYPC CPYRRUPOEKU,
U C yuemom noJIyueHHO20 NPOZHO3A HAXO0OUMb (PACCUUMbIGAMb) ORMUMATIbHBIE NIIAHBL 60CHOTIHEHUA ee
pecypca.

B cmamue nokazanvi pe3ynsmamul ucciedo8anuil paziuyHplX ZPYRRUPOGOK ¢ MOYKU 3PEHUS BbLAC-
HeHus 3aKoHomepHocmeit npomexkanusa ¢ Hux IIPBP. /[na 3mozo ¢ nomowibio Mooeau mMozym 2eHepupo-
8amMbCA PA3IUYHbIE 6APUAHMBL ZPYRRUPOEOK C 3A0AHHBIMU XAPAKMEPUCMUKAMU, A MAKHCE NPOU3BO0AMCA
pacuemosl ONMUMATbHBIX NIIAHOE 80CNOJIHCHUA PECypPCa 011 KOHKPEMHOI ZPYNNUPOBKU 00bEeKM 08 60¢H-
HOIl MeXHUKU (SPYRRUPOSKU NOIb308aMeNs), COXPAHANDL IMU NIAHbL 8 0a3e OAHHbBIX, a 3amem HPOU360-
Oumb yMmouHAKUWUE PACYENbl C YHem oM MeKyWiux U3MeHeHUll 8 ZDYynnuposKe.

Ilpeononazaemcs, umo K MOMEHmMY 3anycKa IM020 A120PUMMA 6 ONEPAMUBHOL NAMAMU NePCo-
HAIbHO20 KOMRbIOMeEPA yiHce CO30anbl 6ce HeoOX00umble CIPYKNYPbl OAHHBIX, NOIb306AMENEM YIHCE Bbl-
Opan eapuanm peanuzayuu ZPYRRUPOEKU, 0711 KOMOPOU npou3eooumcsa mooeanuposanue. Takoce 3a0ano
YUC0 Peanu3ayuil nPOUecca Mooeauposanus u Koauuuenm, saoarouiuii Ouanazon 6apbuposanus jiu-
MUma pacxo0oeanusn pecypca 00vekmos (6 npouenmax). B kasxcooit umepayuu umumupyemca npoyecc
IIPBP 06vexkmog i-20 muna na 3a0aHHOM UHMEPBATLEe NPOZHO3UPOCAHUA

Knioueevle cnosa: cnoicnvie 00veKmuvl 60eHHOU MEXHUKU, HPOUECC PACX0006AHUSA U 80CNOIHEHUA
pecypca, pexcum HOPMAMUEHOZ0 NIAHUPOBAHUS.
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