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TEMPORAL PROCESSES ALIGNMENT METHOD FOR COMPLICATED SYSTEMS

Abstract. The presented work researches a possibility to compose temporal processes to reduce
complicated system operation expenditures. It is established, that temporal processes are classified into
three categories in view of their influence on a system’s functional state. They are single (1), repeating (2)
and cyclic (3). It is also established, that presence of large number of temporal processes within a system
requires an individual approach to their control. Temporal processes alignment method is developed
consisting of six fundamental provisions: 1) with none additional restrictions the attraction point falls
within the time interval of either of temporal processes; 2) temporal processes’ shifting does not involve
additional expenditures if it does not generate extra temporal process within the time interval under review;
3) with increased system’s stoppage costs the attraction points tend to areas of the system’s forced stoppage
and increase noticeably their attracting features; 4) attraction area is determined by an area where all the
not repeating temporal processes are located; 5) in the course of alignment of temporal processes involving
reduction of the number of system’s stoppages there is always a limit expenditures value justifying such an
alignment; 6) alignment of temporal processes running within relative attraction zone may be implemented
providing meeting the conditions. These provisions construe a basis to take a decision about possibility
and feasibility of their alignment. It is identified, that one of essential parameters of the processes’
alignment is a choice of a proper time for their alignment. An algorithm is offered based on the developed
method enabling to implement temporal processes alignment procedure depending on data processing
systems’ resources to reduce substantially chance of error in adopting a decision in complicated systems’
management.
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Introduction

Development of newer technologies in data
processing enables to invent newer methods of
objectives’ optimization in complicated systems’
lifecycle. Optimum temporal processes alignment in
complicated systems construes one of such objectives.

A complicated system includes multiple temporal
processes throughout its lifecycle and may take two
opposite states in relation to them being standard state
and out of standard state. The known state encompasses
total number of states, in which a system fulfils its
functions, as intended. The out of standard state, on the
contrary, features such a state in which the system is
unable to function properly, totally or partially, as it may
be intended.

This research encompasses a review of temporal
processes purposed to return a system from out of
standard state into its standard state.

As a rule, when complicated systems are explored,
a problem rises consisting in an uncertainty of a number
of its states. Uncertainty term describes a system’s state
relatively to ideal conditions of its functioning. Research
carried on by Ye. A. Kuzmin [1] systematizes uncertainty

aspects referring to complicated systems in which a key
part is played by data component.

Therefore uncertainty measure plays a key part in a
system’s states simulation results.

The objective of research consists in saving costs
for complicated systems’ functioning restoration
applying temporal processes alignment technique.

Research tasks are, as follows:

1. to classify temporal processes referring to their
influence upon a system’s functional state and restoration
expenditures of the latter.

2. to identify parameters affecting temporal
processes’ alignment.

3. to develop method for temporal processes’
alignment.

4. to develop an algorithm for temporal processes’
alignment.

Publications review

Temporal processes reviewed by a number of
authors are represented with a sequence of events
planned at a certain level of a system’s management and
described by a number of parameters, such as
structuredness, duration, velocity. Insufficiently controlled
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temporal processes may generate newer processes, which
may demand a separate management in future.

Depending on emergence in a system’s lifecycle,
the temporal processes may be classified into three
categories: single, repeating and cyclic.

Single processes are normally performed once
within a system’s lifecycle. They are well-structured,
may have various duration, and, as practice shows, run at
a medium velocity.

Repeating temporal processes don’t feature a rigid
regularity. They depend of environment in which the
system operates. They run at a high velocity.

Cyclic temporal processes feature a cyclic nature of
running, are rather well-structured, their velocity varies
from low to medium.

Great quantity of temporal processes running within
a system may demand an individual approach to their
management [2]. Processes alignment represents one of
such approaches. Alignment approach is very
complicated and requires taking into consideration
multiple quantities of parameters. Choice of time for
alignment is one of essential parameters.

Generally, following considerations are taken into
account when choosing time for processes alignment [3]:
firstly, these processes are scheduled, i.e. the process
should be started after a certain delay independently of a
system’s state in a preceding period of time; secondly, in
case of change in a system’s condition affecting its
performance or failure to perform certain functions yet
being still operable, i.e. capable to function; and, thirdly,
when the system is in inoperable state, i.e. when sudden
failure of the system’s functions occurred, preventing the
system’s operation.

Formalization of the problem in question supposes,
in general, description of all the essential factors
affecting the achievement of desirable system’s state and
their interaction, taking into account restricting
conditions and process alignment quality criterion [4].

Thus, the purpose of the optimization problem of
both theoretical and practical nature consists in choosing
«the best» (permissible or optimum) configuration of
multiple alternatives to achieve a certain solution [5].

Neither of enlisted reasons reflects economic aspect
as an optimum choice of time to run a temporal process.
Placing temporal processes in a certain sequence in time
rather substantial cost-saving effect may be achieved in
running the system [6].

A great variety of problems is associated with
complicated system’s operation with each of them solved
separately does not always provide an optimum solution
in total. For example, methodology developed by Donald
V. Steward [7], are efficient at the processes planning
stage but actually unacceptable at further stages of
complicated systems’ lifecycle.

Work [8] illustrated another side of the process in
question. Time forecasting of temporal processes’ start

plays an important part in the matter of their efficient
alignment. This work represents an efficient technique of
temporal processes’ forecasting.

Social effect is another aspect capable to emerge
within complicated systems’ lifecycle. This effect may
indirectly influence a time of staring of either of temporal
processes. Work [9] represents a technique enabling to
evaluate social effect quantitatively and to forecast its
effect on temporal processes within a system.

Method of choosing a technical system described in
work [10] represents a great scientific interest. It is a
technical system as a complicated system that affects
time forecast of temporal processes location.

Certain particular cases require paying attention to
complicated system behavior. If the system features a
nonlinear behavior and includes casual processes a
unique methodology described in [12] may appear to be
applicable, to the author’s opinion.

Scientific work [13] deals with analysis and
development of a special class of complicated
management systems. In the case in question it may be
helpful in complicated systems’ identification and fuzzy
simulation.

The research showed that problem of optimum
technical object repair works placement in time remains
still unsolved.

Work [11] offers a solution technique for this type
of problems known as “magnets method”. In view of high
degree of theoretical component its practical component
improvement may be recommended.

Temporal processes composition method

The problem, as below is offered to be reviewed.
Supposing, there is a certain complicated system. It
consists of components. Each of them is represented by a
group of parameters. One of fundamental system’s
characteristics is a necessity for it to perform a number of
functions, which, in its turn, leads to alterations in
functional state of the system in general depending on
changes in state of each of its components. Actually, each
of the system’s functions is assigned with a system’s
component. In this view, the system’s component
restoration implicitly means system’s functional state
restoration. The functional state means a measure of the
system’s capability to perform its intended functions.

Normal system’s functioning requires each its
element functional state to exceed permissible minimum.
Once a system’s component state dropped to restricting
limit, depending on component’s type, appropriate
measures should be taken, which involve certain
expenditures, and, on the other side, determine the
possibility of further system’s performance. Since it is
supposed, that system’s performance is required and
determined by a certain efficiency index (relative income
value for a certain time unit), whereas, change in limiting
system’s component state towards greater side (this
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process may be called restoration) requires putting the
system out of operation, involving decrease of the index,
it may be supposed, that there exists a way to arrange
temporal processes of the system’s functions restoration
where the restoration expenditures will be minimal with
maximum efficiency of the system’s functioning.

Referring to the above a problem may be stated and
optimized applying temporal processes alignment
techniques.

Suppose, there is a system, which is described with
parameters, as outlined below, T — Functioning period
being under review; n — System’s components number;
ti — ith component service time (i = 1, 2,..., n); nr —
System stoppages total number within the T interval;
gi — ith component value (i = 1, 2,..., n); gri — ith
element’s restoration cost (i =1, 2,..., n); relative losses
from the system’s stoppage due to either of components
running to restricting state, or due to other causes;
relative income from system’s operation per a certain
time unit.

Placing certain restrictions to improve apparency
and accessibility of essential provisions will not affect
forthcoming summarization. Suppose, that system
components’ number, individual component’s service
time until achieving a restricting state, total number of
the system’s stoppages, cost of a particular component
and costs of its restoration are constant values for entire
service time. So, the system consisting of three
components may take a following view (Fig. 1).

Core value identification mechanism

Core value definition is only associated with stable
conditions of sociotechnical systems. In this view, it is
supposed that system’s initial and final conditions are
identical at the moment of the system’s condition
fixation. However, processes, which transfer the system
from one condition into another, and, consequently,
intermediate conditions may be other than stable.

Suppose, a core value of sociotechnical system is
represented by a condition function. Increment of such
function in any process occurring in the system in
enclosed environment is equal to a sum of effects
produced upon the system by means of resources causing
transition from an initial condition to a final condition.

Possibility to apply such a condition function bases
on a provision, that effect produced upon a system in
enclosed environment depends only on initial and final
conditions of the system and does not depend on a
manner, in which the transition occurs. In other words,
once it is possible to imagine a system’s condition after
wrapping its parameters number to two (K; and K3), the
transition from conditions Si, Sj,.., Sna, to the S,
condition, if ever possible, will be uniquely determinable
(Fig. 1).

System’s state graph represented in Fig. 1 is built in
coordinates with Q-axis representing the system’s value

and t-axis — service time. The curve illustrates changes in
the system’s value depending on temporal processes
aimed to restore the system’s functionality. Each
restoration is accompanied with expenditures, from the
one side, and with increase of the system’s value, from
another side.

() — ComponentNo. 1
A — Component No. 2
01— ComponentNo. 3

Figure 1 — Lifecycle scheme for a system’s three components

Suppose, that the system’s performance is subject
to following rules and restrictions,

1) Placement of essential components starts from
zero-point (0);

2) Distance between adjacent elements within the
same i group may be less or equal to t;, but greater than O;

3) Time characteristic is determined by discreet
behavior, which means one action performed per time unit;

4) Duration of restoration process for an individual
component is expressed in time units, whatever might be
conditions of its performance.

Optimization consists in minimizing costs of the
system’s functions restoration and improvement of
efficiency index as a result of temporal processes
composition.

Factor affecting the demand for finding a solution is
represented with relative cost of the system’s stoppage to
relative effect of the system’s performance per time unit.
For convenience it is called optimum solution demand
factor:

z
k ==, 1
T (1)

with z — relative costs of the system’s stoppage;
d — System’s relative efficiency.

Obviously, if relative system’s stoppage costs tend
to zero with constant relative efficiency temporal
processes don’t require alignment and search for
optimum solution is unnecessary. Opposite judgment
makes sense as well — the more are relative expenditures
the higher is the demand for applying optimization.

Two cases determining the direction of solution
search are reviewed below.

1. Temporal processes lie in close proximity to
each other and their alignment does not involve further
necessity in additional costs to restore system’s
functionality. These temporal processes are aligned
towards those located closer in time. Such an alignment
zone may be called absolute attraction zone.
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2. Temporal processes lie in close proximity to
each other. However, their alignment requires additional
costs. Their alignment will depend on a number of factors
and conditions which should be reviewed more
thoroughly. Such an alignment area may be called
relative attraction zone.

Identification of conditions where temporal
processes running within relative attraction zone are
aligned is the key to solve the problem applying temporal
processes alignment technique.

Essential provisions of temporal processes
alignment technique for complicated systems

1. With none additional restrictions the attraction
point falls within the time interval of either of temporal
Processes.

In cases when the commencement time of a

temporal process is not essential and with d = const, the
attraction point shifting relatively to temporal process
always involves extra expenditures amounting to the cost
of unused resource of restorable system’s function
(Figs. 2 & 3).

Q A

Figure 2 — Attraction point is located within either of
temporal processes; O — Temporal process point;
@ — Attraction point

2. Temporal processes’ shifting does not involve
additional expenditures if it does not generate extra
temporal process within the time interval under review
(Figs. 3 & 7).

3. With increased system’s stoppage costs the
attraction points tend to areas of the system’s forced
stoppage and increase noticeably their attracting features.

4. Attraction area is determined by an area where
all the not repeating temporal processes are located.

5. Inthe course of alignment of temporal processes
involving reduction of the number of system’s stoppages
there is always a limit expenditures value justifying such
an alignment (Fig. 5).

6. Alignment of temporal processes running within
relative attraction zone may be implemented providing
only meeting the conditions, as follows,

7. The temporal process is not rigidly located and
may be subject to composition;

8. If the composition involves additional costs but
does not lead to emergency of extra temporal process
with additional expenditures don’t, at least, exceed the
system’s stoppage costs

>34, @

with Zq — value of temporal processes occurred as
a result of composition.
Q r Y

g

Figure 3 — Attraction point is shifted from either of temporal
processes; O — Temporal process point; @ — Attraction point

Attraction Zone

Figure 4 — Scheme of temporal processes alignment caused
by restoration of Component 2;© — Component 1;
A — Component 2;00 — Component 3

{_} temparal
A

.
>

Q system's stoppage

Figure 5 — Relation between costs of temporal process
launching and system’s stoppage costs: — — — minimum
temporal processes; —— — maximum resources used

« If the alignment demands additional costs to
launch temporal processes causing an additional system’s
stoppage, but includes one or more adjacent temporal
processes, not being a local attraction point. A local
attraction point is defined as a point keeping within its
zone processes, neither of which may be aligned subject
to valid restrictions.

« If the alignment demands additional costs and is
associated with generation of additional temporal
processes, the alignment may be done provided the
following condition is met (3), Fig. 6.

The above provisions indicate that the precision of
results obtained by means of applying this technique
directly depends on forecast precision for such

components, as: the system’s relative income d (t) within
the reviewed period; system’s stoppage costs 2(t);

temporal processes implementation costs q.
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Figure 6 — Temporal processes alignment scheme

Ad =d(t)—-d(t)-d(t,);
Az=7(t)+2()-2(t,); Ad-Az>0,

with d(t;) — system’s income within t; period, in which

temporal process will be arranged; d(t.) — system’s
income within te-period of launching newborn temporal
process; d(t;) — system’s income within tj, within which
temporal process is intended to cease; z(t), z(t,), 2(t,)

— temporal process implementation costs within each of
the periods.

In view of the above an algorithm may be processed
for temporal processes alignment optimization applying
minimum implementation costs as a criterion of
optimization:

1) The system components should be specified
each being in charge of a particular system’s function;

2) The first temporal process should be marked
from the starting point of reviewed period along the time
axis as an attraction point marking the time given as P;
(Pxin general form);

3) Identify alignment area restricted by an interval,
within which temporal processes P through P+ t don’t
repeat;

4) Forthcoming temporal processes specified at
stage 1 are reviewed. Should neither new expenditures
occur in the course of temporal processes alignment, it
means that they had been located in absolute attraction
zone and may be aligned without additional clauses. Step
4 may be repeated, otherwise, Step 5 should be applied;

5) If the alignment process involves additional
expenditures or generation of new temporal processes,
the feasibility of such alignment should be rechecked
subject to the sixth provision of proposed technique.
Once satisfactory solution is obtained for inequation (3),
temporal processes should be transferred to the attraction
point and step 4 performed again, otherwise step 6 should
be taken;

6) Temporal processes mismatching term (3)
become the next attraction point Py.1;

7) If there are any temporal processes after newly
assigned pole, Step 3, otherwise the algorithm is
completed.

Returning to the system with lifecycle represented
in Fig. 1. The «Temporal processes composition method»
produces results, as follows,

1) Component 1 with time t; becomes a pole P;.
Component 2 is located in absolute attraction zone and
tends to pole P;. Component 3 is located in relative
attraction zone and therefore its alignment is under
question. Supposing that all the components meet
conditions imposed in the sixth provision, Component 3
may be also aligned to the P; pole. The result is
represented in Fig. 7);

2) Choosing the second pole Component 1 is taken
again with repair time 2t;. Components 2 and 3 are
located within absolute attraction zone and tend to the P
pole;

Choosing the third pole subject to certain chance the
choice again stops on Component 1 with term of repair
3ts1. This pole does not attract components since from P
to the end of reviewed period no repairs are scheduled
(Figs. 7).

T

Figure 7 — Temporal processes’ alignment
technique demonstration

Results review

Thus the research resulted into conclusions, as below:

1. Temporal processes have been classified
referring to their influence upon a system’s functional
state. Three types for processes’ classification are
proposed, single, repeating and cyclic. They are
described as well as their displayed characteristics.

2. Parameters are identified affecting the alignment
of temporal processes including inter alia, income and
expenditures in time, temporal process implementation
cost, system’s functions restoration costs.

3. Temporal processes alignment  method
including three essential provisions is developed. These
provisions form a basis to make a decision of possibility
and feasibility of temporal processes alignment.

4. Temporal processes alignment algorithm is
developed enabling to identify possibility and feasibility
of temporal processes alignment on a step by step basis.

Conclusions

The research shows that the temporal processes
alignment problem is challenging and has no common
solution in essence. Such a situation provokes to start a
search in optimizing and summarizing a number of
separate problems.

The obtained results enable to implement the
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temporal process alignment procedure applying the data  complicated systems. Further research may be directed
processing system aids, which may reduce considerably  towards the method’s modification to encompass greater
errors in the course of making decision in running quantity of solvable optimization problems.
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Hynaiicokuii incmumym Hayionanenoeo ynieepcumemy "Ooecvoka mopcvka akademis”, m. I3main, Odecvra obnacme

METO/J OB'€JHAHHA TUMYACOBHUX ITPOLECIB Y CKIIAJJHUX CUCTEMAX

Anomauis. Jlocniodceno modciusicms 06'cOHanHA MUMUACOBUX NPOYECIB 3 MEMOIO SHUNCEHHS BUMPAM HA (YYHKYIOHY8ANHSL
CKIaOHOI cucmemu. Becmarnosneno, wo mumuacogi npoyecu, a omoice, 8iONOGIOHO O3HAKU IX 6NAUEY HA (YHKYIOHANbHUL CIMaH
cucmemu, OLIAMbCSL HA MPU KIACU: NOOOUHOKI, NOBMOpPIogaHi i yukniuni. Pozpobieno memoo ob'conanns mumuacosux npoyecie,
SAKULL 8KIIOYAE 8 cebe wlicmb OCHOBHUX NOA0dCeHb: 1) 3a 6i0cymHoOCmi 000amKOBUX 0OMEdNCEeHb MOYKA MANCIHHA 0008 '513K060
36i2a€MbCs 3 HACOM 0OHO20 3 MUMHUACOBUX NPOYECI8; 2) 3MIWeHHA Yaco8UX NPoYyecie He macHe 3a c00010 00AMKOBUX SUMPAm,
AKWO 6IH He msAcHe 3a CODO0I0 NOASY 000AMKOB020 MUMUYACO8020 NPOYECY 6 MEHCAX NPOSHO308AHO20 MUMYACOBO20 GIOPI3KA,
3) npu 36invuienni 6UMpam Ha 3YRUHKY CUCIEMU MOYKU MAICIHHS NPASHYMb 68 001aCmi 6UMYUWEHOT 3YRUHKU cucmemu i ROMImHO
30ibULYIOmMb €801 npumsazysanvhi eracmueocmi; 4) obracmv MANCIHHA 00YMOBIIOEMbCS 00Nacmio, 6 sKill nepebysaioms 6ci
HEeNnosMOoPIoSabHI MUM4acosi npoyecu, 5) npu 00'€OHAHHI MUMYACO8UX NpOYecis, 6 pasi, KOU Ye CNPUYUHULO 3ad COOO0I0
3MEHUEHHs KIIbKOCII 3YyNUHOK CUCTeMU, 3a8xcou Oyoe iCHY8amu mexca sumpam, 3a AKoi maxe noeOHauHs 6yode sunpagoano, 6)
00'€0Hanns mumyacosux npoyecie, sKi nepedyeaomv 6 001ACmi BIOHOCHO20 MSJICIHHS, MOJNCHA 30ilICHUMU MITbKU NpU
dompumanni ymos. Ha ocnosi yux nonodicenv npuiMacmocst piuleHHst PO MONCIUGICMb | OOYINbHICMb 00'€OHANHS MUMYACOBUX
npoyecis. Ha ocnosi po3pobnenozo memooy 3anponoHo8ano anzopumm, AKuil 0ae 3Mo2y 3a OONOMOZ0I0 IHPOPMAayitiHux cucmem
peanizysamu npoyeoypy 00'cOHaHHA MUMYACOBUX NPOYECis, 3 MemoI CYMMEBO20 3HUNMCEHHS UMOBIPHOCHI NOMUIKU NpU
npUutiHAMmi pitiens 8 YAPagiiHHi CKIAOHUMU CUCTEMAMU.

Knrwuosi cnosa: mumuacosi npouecu; CK1aoHa cucmema; HCUmMmeeuil YUK, 6Uumpamu, OnNmumizayis; 6iOH06/1eHHA,
npozno3; uacosuii 6iopizox
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