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FORMATION OF REPRESENTATIONS OF ALGORITHMS FOR 
SOFTWARE SYSTEMS BASED ON CONCEPT OF 

ANT 

V. N. Aleeva, Sokolov 
South Ural State University (National Research University), 

454080, Russia 

DOI: 10.24412/ 2073-0667-2026-1-5-23 
EDN: EZZXDL 

The cont inues the based the of· t l1e ,vhich is the 
to of· the of· t he 

concept used 
has the F (N,B ), N = {ni , ... ,nk} is the set 

of· the algorithmic N is the empty set , is tl1e set of· dat a, ... 
is t he set of· output data. ni ( i { 1, ... ,k}) is any positive N = { n1, ... ,n k}, then 
N = ... ,nk} we set of· k positive integers, where ni is some value of· the 
ni eacl1 i {1, ... ,k} . 'Ne the set ot· all k-tuples N {N}. An 
an is and the set of· used is 
Q. 

Q is the sense of mathematical logic. of· 
is the of· some associative Q to N = 0 , 

w Q is N i- 0 V is the set of· all 
over and Q, mapping w : { N} --+ V U 0 is also called w(N ) = 0 

that the value of· w(N) is N = 0 the w Q has value 
of· logical type of· the we call the w 

logical Let N i- 0 w Suppose also that 
the w(N) each N { N} has value of· logical type of· the 

this case, ,ve call the w logical Suppose 
that ... ,ut logical w1, ... ,wl Q-terms. the set 
l of" (u,w) = { (ui,Wi) }iE{l , ... ,l} is Q-term of" l. Let (u,w) = { (Ui ,Wi)}i=l ,2, ... 

set of· pairs ot· Suppose that { ( Ui,Wi) }iE{l , ... ,l} is 
of' l f'or l < we call (u,w) Q-terms 

calculated . 
Suppose that algor·ithm foI each i {1, ... ,m} the value Yi the 

value of' the k the set of· {fi I i {1, ... ,m}} ,ve call the of· the 
algorithm we call the system of· {Yi = f i I i {1, ... ,m}} of· 
the thm in the of· 

the of· tl1e "''as applied to the of· parallel 
t he parallelism resources of this 

sof"t,vare Q-system for of· algorithms method 
the effective of have developed. The Q-system method 

used any algorithms, including those 

@ V . N. Aleeva, Sokolov, 2026 
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The method was applied to multiplication, systems of' linear· 
finding the of· 

alg0Iit l1m, and 
The method of' the of' is veiy 

usef'ul , but its the of' is question 
about possibili ty of' sof'twaie system that develops and executes eff'ective using 

accepted of' vvithout the use of' tl1is 
papers have the possibllity of' sof'twar-e system the 

automated design of· the implementation of· numerical algorithms. 
These papers describe to such systems and 

The of' the developed systems was 
with small values of· the of· the algorithmic lt is to 

to 
systems the automated of· programs the 

implementation of' use of· algoiithms in the f'oim of' Q-
to These subsystem of· the Q-

system the of· The same of· 
the of' also used the subsystem tl1e of' the 

of' the Q-system. ln this t he of' of' in 
the of' is task the use of· sof'twaie systems based the 
of' 

The of' the Ieach laige values 
The of· iterative also As 

the that make up the of· algoiithms the 
files tl1e algorithm the of· laige. 

when the of· 
this case, we will to as large, the as of· 

of' is the 
of· sof'tware systems based the 

ln this papeI , the of· laige solved. the 
that aiise the use of· of' algoiithms tl1e f'orm of' Q-

solved. the results of' studies 
the validity of' the pioposed aie The solut ions pioposed the the 

of' of' the of' values of' the 
algorithmic large of' of· algoritl11ns. 

these the size of' files of' algoiithms the 
f'orm of' 

The of· 1 the of· the 
used this 2 the of· of· 

algorithms in the f'oim of· flovvcharts. 3 the 
of· to them. The the results of· the 
study the of· Iesear-ch. 

words: of' algorithm, of· algorithm of· 
Q-eff·ective of' resource of· algorithm, Q-effective 

of' eff·ective programs. 
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[6 8]. 
[6 7] [8] 

[2]. 
Q-

1) 

2) 

1 
2 

3 

1. Q-
[2]. 

F(N,B ), N = ... ,nk } 
N 

... m 
N 
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LfTO N =J. 125. ni (i {1, ... ,k}) 
N = ... ,nk }, N = ... ,nk} k 

n i ni i {1, .. . ,k }. 
{ N } N. 

Q 
1. Q 

[9]. 
2. 

Q 
3. N = 125 , w Q 

N =J. 125 V Q . 
w : { N} -+ V U 125 

4. N = 125 w 
w Q 

w N =J. 125 
w w(N) N {N } 

w 

5. ... w 1 , ... ,w1 
l 

(u,w) = ... ,1} 

l. 
6. (u,w) = { ( }i=l ,2,... Q-

... ,1} l < 
(u,w) 

w 
N = 125 , w 

w N =J. 125 w( N ) =J. 125, 
w ( N ) Q. w( N ) 

w ( N) = 125 . 
w 

(u,w) 
N = 125 . u i ,Wi i { i = 1, ... ,l}. 

Ui0 ,Wio Uio 
true. Wio· LITO (u,w) 

Wio · (u,w) 
N =J. 125 N {N }. 

i {i = 1, ... ,l}. 
ui0 (N) true. w i 0 (N) . 

LfTO (u,w) Wio(N). 
(u,w) N 

7. = {1 , ... ,m }. 
i Yi f i-
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{fi I i 
{Yi = f i I i 

8. {fi I i 

I = {1 , . . . ,m} 
U U J = n = n J = n J = 0 ; 

I 
I {fi I i 

1) i f i , 
f i = w\ 2) i f i , 

f i = { (u; ,w; )}j E{l, ... ,l(i)} , l(i ) 
N , N # 0 ; 3) i J f i , 

f i = { ( }jE{l,2, ... }· 
9. 

N 

W = { wi(i u; ,w}(i C,j {1, . . . ,l(i)} ); u; ,w} (i J , j {1 ,2, ... })} 

W 

+ 
= + = + = + i U J 

j {1,2, . . . } false, w; 
i CU J j {1,2, ... } (u; ,w; ) 

i U J (u;
0
,w;

0
) 

true, j # j 0 . 

N # N 

W (N) = { wi(N )(i C,j {1, . . . ,l (i) } ); 
I , j {1,2, . . . })}. 

W (N) W. 

[2, 10 12]. [2, 10, 12] 

10. 
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[10]. 
2. 

Q-
[12]. 

true, f'alse. 

N = ... ,nk}, N =J=. !25 . 

i wi, N = !25, wi(N), N =J=. !25, 
fi -

fi i 

i 
j {1, ... ,l(i)} (uj ,wj), N = 

(uj(N),w;(N)), N =J=. !25 . N = uj(N), N =J=. 
w;, 

N = w;(N), N =J=. 

i j {1, ... ,l(i)} 
(uj,w;), N = (uj(N) ,w;(N)), N =J=. 

k 

Q-

L 
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L L. L fi i J. 
Q-

Q-
N 

L. 
i fi l(i) l(i) 

N = 0 (u;(N),w;(N)), N -=f. 0 j {1, . . . ,l(i)}. 
j {1, . .. ,l(i)} _ Q-
w; N = 0, (u;(N),w; (N)), 

N -=f. 0 , JSON 

L. 
i fi 

JSON. 

JSON 
od fO 

s0 { } 

= = = 
= 1 

3. 
3.1 



X( l ) ={"op": "! =", "fO": "A(l , 1 ) ", "sO" : "0"}; 
" - " , "fO": "/" , "fO" : 

"sO":"A( l ,1)"}, 
" sO": "*", "fO" "/" , "fO" "-", "fO": 

"sO": "*" , "fO": "/", "fO": "A(l, 3)", 
"sO":"A(l,1) " }, 

"sO": 1) "}}, 
"sO" " -", "fO": 

"sO": "*" , "fO": "/", "f O": "A( l,2)" , 
"sO":"A(l, 1)"}, 

"sO":"A(2,1)"}}}, 
"sO" : "/ " , "fO": "A(l, 2) " , 

! =" , "f O" : "A(l , 1 )" , "sO": "0"}; 
"/ ", "fO": " - ", "fO" : 

"sO": "A(l , 1) "}}} 

"sO" : "*" , "fO": "/" , "fO" : 
"sO": "A(l , 1)"}, 

"sO" : "A(2, 1) "} }, 
"sO": "-", "fO": 

"sO": "*" , "fO": "/", "fO": "A(l,2)" , 
"sO": "A(l , 1 )"}, 

"sO": 1 ) "}}} 
X( l )={"op" : "==", "f O": "A(l, 1 ) ", "sO": "0" }; 

"/ " , "fO": "-" , "fO": 
"sO" "*" , "fO": "/", "fO": 

"sO": "A(l , 2)"}, 
"sO": 2) "}}, 

" sO": "-" , "fO": 
"sO" : "*" , "fO": "/ ", "fO": "A(l , 1 )" , 

"sO" : "A(l , 2)"}, 
"sO": 2) "}}} 

"==", "f O": "A(l, 1 ) ", "sO" : "0" }; 
"-" , "fO" : " /" , "fO" : "A( l ,3)" , 

"sO":"A( l , 2)"}, 
"sO": "*" , "fO" "/" , "fO" "-" , "fO": 

"sO": "*" , "fO": "/", "fO": "A(l, 3)", 
"sO":"A( l , 2)"}, 

"sO" : "A(2, 2)"}}, 
"sO": "-", "fO": 

"sO": "*", "fO": "/ ", "fO": "A(l, 1 )" , 
"sO":"A( l , 2)"}, 

" sO" : "A(2,2)"}}}, 
"sO" : "/ " , "fO": "A( l , 1) ", 

"sO": "A(l,2)"}}} 

1. 

15 

10 2, 20 

[13] 

>> [14]. 
3.2. 

Q-
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l 

150 
160 
170 
180 
190 
200 

209 
254 
306 
364 
429 
502 

[15j, 

2). 
MPI, 

MPI 

Q-

1. 2 

3 
4 

Q-



2 

24 
25 
26 
27 
28 
29 
30 

10784 
22528 
46972 
97779 
203227 
421789 
874250 

3 

3 19 2483 
4 13 6093 
5 11 17487 
6 9 9501 
7 8 9674 
8 6 801 
8 7 5608 
9 6 2096 
9 7 16772 

17 

3.3. Q-

2 
i j {1 , . . . ,l(i)} N = !25 

N -=f. !25 fi -
j 

1 
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4 

3 10 3854 
4 6 3904 
10 2 6554 
20 1 25200 

Q-

k _ w, k 

k _ uw, k 

l_u l , 2_ wl , 3_ u2,4_ w2,5_ u3, 6_ w3, ... , - l )_ uM, wM , 

m, 

k _ um, k 
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(k + 1) _ wm , 

k wm 

k _ wm , k _ wmpl , k _ wmp2, k _ wmp3, .... 

(Tensor Train) 
[16 17]. 

( Q-determinant 
Train). 

30. 

2 (1- 1) , l 

5. 

2. 2. 

2, 256. 

30. 229 = 536870912. 
2 12 = 4096 

2 17 = 131072 
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5 

24 10784 102,48 
25 22528 213,92 
26 46972 445,76 
27 97779 927,36 
28 203227 1926,40 
29 421789 3996,16 
30 874250 8279,04 
31 17131 ,52 
32 35409,92 
33 73113,60 
34 150814,70 
35 310804,50 

6 

3 
4 
5 

687581 
2761375 
11009442 

4,6 
14,9 
51,6 

Q-
<< max>>, 

99 %. 
6 

100 100, 
Q-

99,99 %. 

4 5. 6 
4 5 
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3000 143 4800 
3500 228 7200 
4000 340 8400 
4500 485 10800 
5000 664 12600 
5500 886 15600 
6000 1149 18000 
6500 1463 21150 

21 

4 5 

3500 

7. 

Q-
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models is f"ormalism k11owledge about 
set of· set of" that 

com1ect the The choice of" subsets V W ( 
the of" tl1e the the of· that allo,vs to 
"compute" W V is called (V, Vnth of 

automated based CMs becomes as 
of· the is complex task that skills 

It is to as with of· t,vo types: 
Some values as that will 

systems CMs (LuNA, Cloud, 
ViLa, Tools, etc.) These systems have the 

the system. example, the Cloud, place 
to values the web them with 

the LuNA system, the the la11guage of" the same to 

such systems, tl1e make of· mistakes, both 
As the to the may exist at all, 

they may the choice of· the (V, 
The types of· that should 
1) T he l1as the is large (several 

,vi th this may difficult to detect visuaily. The 
of· may that the modeled subject sl10uld divided 
several 

2) The to calculate others. fields of· physics, mathematics, 
all values are it is always to calculate 

value this case, the of· that is the of" is 
Although may subject ,vhich some ar·e always 

calculated 

This work was llllder state ,vith ICMMG SB RAS FvVNM-2025-0005. 

© Vlasenko, Gorodnichev, Kurbatov, 2026 
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3) of' (V, the This may 
the same solved methods, but it may also 

that mistakenly into the 
4) The computational model design system chooses (V, W)-plan to some 

For· example, it vvas taken that the system vvl1ich the task vvill 
has method f'or· vvas example, 

the method was of' an method solving system of' 
etc. 

5) the the limitations of· the 
example, that value that tl1e values each etc.) 

it is to develop system that of' checks 
the an autornated rnode and is of' analyzing the (V, Tl1is is devoted 
to the of' such systern. 

The systern the of' JSON file vvith in 
specific (this is the At the the is it 
the file system. the vvill design systerns. do 
this, it is to develop the of' each ot· these systerns. 

import, tl1e is displayed the system's web The user has the 
to set (V, the of' the sets V W. this case, all (V, W)-

this will displayed the to the this 
this will to the The systern also detects tl1e of' 

of' the 
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[2]: 
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[8], [9], 
ADAPT [10] , 

1. 

JSON 
XML. [11]. 

(id), (title) (node _ type) 
(operation) (nodes) 

(target) (edges). 

1. 

{ 
"nodes ": [ 

{ 
"id": 
"node _type ": "VARIABLE", 
"title": "VARIABLE 2" 

' 
}, 
{ 

"id": 1, 
"node _type ": "OPERATION", 
"title ": 

' 
}, 
{ 

"id": 2, 
"node _type ": "VARIABLE", 
"title ": "VARIABLE 2" 

' 
} 

] ' 
"edges": [ 

{ "source": "target": 1 }, 
{ "source": 1, "target": 2 } 

] 
} 
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deg( v )) ), 

G(deg(v)) G(IE I) G(IE I) G(IV I + IE I) 
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G(deg(v)) G(IE I) G(IE I) G(IV I + IE I) 
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(edges) , 
( nodes). 
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2) IVI 
3) IEI 
4) deg(u) u. 
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Frontend Backend Filesystem 

,----) [~-G-ET_ /_gr-ap_h_/:g- ra_p_h~ r •n~ 

GET 

3anpoc /graph/components/:graph 

get_graph_from_file 

get_components 

graph.json 

MongoDB 

) [ POST /graph/terms get_terms L : re~s 

3. 

3) 

3 "Filesystem"), MongoDB. 
3.2. 

Rust, Axum. 
Vue.js TypeScript Vite. 

Pinia, 
Vis.js (vis-network vis-data). 

3.3. 
1) 

1. 
Vis.js, 

1). 

2) 110 

3) V W>> 
(V) (W) (V, 
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4.2. 
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3.4. MongoDB, 

id = 6. 

{ 

} 

2. 

11 id 11
: 

11 681f93884fef4f937f95ac29 11
, 

11graph_id 11
: 

11 big11
, 

11 terms 11
: [ 

] ' 

{ 

}, 
{ 

} 

11 operations 11
: [4], 

11
: [5, , 

11 result_var 11
: 6 

11 operations 11
: [1], 

11
: 2] , 

11 result_var 11
: 6 

11result var 11
: 6, 

11 created_at 11
: 57: 28. 777Z 11 

2: 
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1) id MongoDB. 
2) graph_id 
3) terms id id 

4) result_ var id 
5) created_ at 
3.5. 

RESTf'ul [12] 

4. 

4.1. 

[13]: 
1) 

2) 

a(V)), 
V [14]. 

4.2. 

2) . V W 
visited 

vv W, V 
F . w W build_ term 3) . 
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fn build_term(graph, w, V, visited) -> Term[]: 
terms = [] 

1: visited w, 
terms. 

2: w visited. 
3: w, 

w V, 
(terms). 

w V, 
- w. 

4: w: 
4.1: (build_term) 
4.2: 

w) terms 
5: terms 

37 

MongoDB 

4.3. 

1) 
2) 

( (V, 
3) 

(V, 

(V, 

(V, 

(V, 



38 

(V, 

(V, 

1. 
1988. 129 

2. 
2006. 296 

3. 1984. 256 
4. Gor-odnichev Lebedev, D. Sernantic tools for- developrnent of' high-level interactive 

applications for supercornputer-s // J. 2021. 11866 11880. DOI: https://doi.org/ 
10.1007/s11227- 021- 03731 - 6. 

5. Malyshkin V. , Akhrned-Zaki D. , Per-epelkin V. prograrns execution optirnization using 
behavior- coritr-ol in LuNA systern // J. Super-cornput. 2021. 9771 9779. DOI: 10.1007 / s11227-021-
03654-2. 

6. Kotkas V., Ojarnaa Gr-igorenko Maigre R. , Harf Tyugu CoCoViLa as 
sirnulation // SIMUTOOLS 2011 4tl1 ICST on 

Tools Techniques: Mar-c\1 21 25. Bar·celona, Spain: Br-ussels: ICST, 2011. 1 8. 
7. 

/ / 2023. 28. 6. 151 164. 
8. 

2024. 158 159. 
9. \ 1., Vlasenko Michurov Autorna ted Debugging of· in 

LuNA Systern // D. Balandin et (Eds.): 22nd Confer-ence, MMST 2022, Nizhny 
Novgorod, Russia, Novernber- 14 17, 2022. CCIS 1750. 266 280. DOI: 10.1007 / 978-3-031-24145-
1 22. 

10. 
/ / 

2024. 22. 1. 5 20. DOI: 10.25205/ 1818-7900-2024-22-1-5-20. 
11. Nalepova D. , Mer·kulova Rudych D. , N. 

Autornation of' EEG Dat a ,vith Cornrnunity Cloud // IEEE 24th 
Conf'erence of· Young Pr-ofessionals in Electr-on Devices and Mater-ials (EDM), Russian 

2023. 1320 1323. DOI: 10.1109/ EDM58354.2023.10225226. 
12. Fielding R. REST: Styles and the Design of· Networ-k-Based Sof"t,vare 

Architectures. Doctoral Dissertation , University of 2000. 
13. 

2003. 189 197. 
14. 1. 2006. 175. 



39 

E-rnail: maxim@ssd. 
sscc. ru. 

30 
E-rnail: vlasenko@g. nsu. ru. 

Maksim Gorodnichev 
at the Institute ot· 

Cornputational Mathernatics 
and Mathernatical Geophysics 
SB RAS. at 

State 
State 

Andrey Vlasenko candidate ot· autornation ot· 
solving on 
systerns, scientific E-rnail: 

Sciences, associate at the 
oH CMMG 

SB RAS, associate of' tl1e 
ot· St ate 

associate ot· the 
of' 

State 
cornputing suppor·t systerns, 

autornated of' 
of' 30 

E-rnail: vlasenko@g. nsu. ru. 

maxim@ssd.sscc.ru. 

2 

E-rnail: m. kurbatov@g. nsu. ru. 
Maksim Kurbatov 2nd year· 

of' tl1e 
Faculty of' NSU. 

systerns. E-rnail:m.kurbatov@g.nsu.ru. 

18.02.2026 



of 2026 . 1 

OPTIMIZATION OF k-SHORTEST PATHS ALGORITHM 

R. Gerb , Deviatykh, G. Omarova 

Institute of" Computational Mathematics and Mathematical Geophysics SB RAS, 
630090, Russia 

State University 
630090, Russia 

DOI: 10.24412/ 2073-0667-2026-1-40-49 
EDN: RGXRWO 

This papeI for· k-shor·test paths. algor·ithrn for· 
k-shor·test sirnple (loop-fiee) paths is The algor·ithrn is based 
the ideas ot· the classical ot· Yen's the tiee Both 

have cornplexity O(kn(m + n logn) ). 
words: giaph, path, sirnple path, k shOitest sirnple paths, space-tirne 

References 

1. Egli W., Kiaus paths chernical // Phys. Phys. 
2003. Vol. 5. 3916 3920. 

2. the loopless paths // Manag. Sci. 1971. Vol. 17. 
712 716. 
3. R. , Pavley R. rnethod the of the best path // J. ot· the 

1959. Vol. 6, N 4. 506 515. 
4. R. , Kalaba R. kth best policies // J. ot· SIAM. 1960. Vol. 8, N 4. 582 588. 
6. Bock F ., J. An algorithrn ( the Ih best path 

paths // Research Report, Research Chicago, Illinois, 
1957. 

7. Clarke S., Rausan J. the best loopless paths in // J. ot· 
SIAM. 1963. \ !ol. 11 , N 4. 1096 1102. 

9. Dijkstia \11/ . note tvvo in with giaphs // 
1959. Vol. 1. 269 271. 

8. Pollack The kth best Ioute thiough // 1961. Vol. 9, N 4. 
578. 

5. Sakaiovitch T he k and the k in / / 
N 66 32. ot· 1966. 

10. Coudeit D. , Nisse N. Space tirne for· t he k sirnple paths 
space tirne foI the k sirnple paths / / 18th 

Syrnposiurn (SEA 2020). Ait. N 18. 18:1 18:13. 

This work was llllder state ,vith ICMMG SB RAS FvVNM-2025-0001. 

© R. Gerb, Deviatykh, G. Omarova, 2026 



41 

11. D. , Mutzel sidetrack-based algorithm the k shortest simple paths 
/ / ln Symp. Algorithms (ISAAC), Schloss Dagstuhl, 2016. 

Vol. 64 of" LIPics. 49:1 49:13. 
12. D., U. Fully dynamic algorithms f"or-

paths // J. of" Algor·ithms. 2000. Vol. 34, N 2. 251 281. 
13. Res.]: https: //www .diag. uniroma1. it/ challenge9/download. html. 
14. Res.]: https: //snap. stanford . edu/data/ ca- AstroPh. html. 
15. Res.]: https: //snap. stanford. edu/data/ ca- CondMat. html. 
16. Res.]: https: //snap. stanford. edu/data/ ca- GrQc . html. 
17. Res.]: https://snap.stanford.edu/data/ca- HepTh.html. 



2026. 1 

k 

630090, 

630090, 

519.17+51-7 
DOI: 10.24412/ 2073-0667-2026-1-40-49 
EDN: RGXRWO 

k 
k 

kn( + log 

k 

G 
k s t k 

s t k 

k 

FW. 

@ 2026 



43 

1-10 

k 
2003 [1]. 

[2], 

O(kn(m + n logn)), 

k 

1. k 
k k 

1959 [3]. 
k 1 

k 
s t , 

[3, 4, 5]. 
k s t, 

[6, 7, 8, 5]. 
[6] k 

s t , k 

k k, 
k , 



44 

[8] k-ro k - 1 
... , (k- 1)-ro 

k , k 
[8] 

[7] k 
k 

k 

[5] k 

> k [3]. 
k 

[5] 
k 

1.1. G = (V , 
V = IVI m = IEI 

G. 
G(V,E ) Vv v V 

Ve 
= v ), head(e) v 

tai l(e) = 
WG : G. 

v V , v G 
= P;fv = (v0 = u ,v1, ... ,Vr = v ), 

Vi : i < r . v . 
Vi -=f. Vj Vi, j : i < j r . 

w a 
r- 1 

wa (P ) = L 
i=O 

v1 -+ W p (v1 , ... , Vr , Q) 
(v1, ... , Vr) Q = (w1, ... , Wp ) , (vr, w1) 

-+ v , -+ v G 
dc (u,v) . 

t V, t 
G, 1) \ {t} 

t 2) 
dc(u , t) , 



45 

s, t V, S k 
wa(P1) wa(P2), S (/:. S . 

1.2. k k 
k 

[2]. 

k' = 1. = (v0 = s, v1, . . . , Vr = t) 
s t [9] 

Vi 

1) Vi, i = r - 1 Gi(P0 ) G 
v0 , ... ,Vi- l, 

(vi, 
2) Vi, i = r - 1 Qi Vi t Gi(Po) 

i 
3. 
~--

3) Vi, i = r - 1 (v0 , .. . ,vi, Qi) 
i 

(vo, ... , Vi, Qi) 

k' < k . k ' 
S s --+ t, 

Q S U Q k' + 1 

k' --+ k' + 1. Q = (v0 = s, . . . ,Vr = t) j(O j < r) 
Q 

S. 

1) Vj, j i < r Gi(Q ) G 
v0 , . . . , Vi-l (vi ,w), 

(vo, . . . ,vi,w) . 
2) Vi, j i < r Qi t Gi(Q) . 

i 3. 
3) Vj, j i < r (v0 , . . . ,vi,Qi) Q 

i . 
(k' + 2) 

1.3. 
[10] , k 

[11]. 



46 

Csimple 
k 

. .. ,Th , eh, Th+1), lb), ei 
lb G . Th+l cache, 

Vi, i = h 
cache· 

s tail (e0 ) 

tail (e1) 
t Th+l · 

Cnot- simple 
lb. 

s -+ t, 
Csimple· k 

C simple Cnot- simple· 
S k 

( Csimple, lb 
C simple, . .. , Th , eh = 

(uh , vh), lb), Th+l 
Tcache, 

S . 

1) = v) v i {s , ... , vh, ... , 
s v h, PJ',.";J:1

, 

P'!:th+i 
2) Csimple ... , Th , eh, 

Th+l , Th+1 ), lbe), lbe 
3) = 

{fi, ... Jr}, i, j , l : 1 ::(; i < j < l ::(; r tail (f j ) ( 
tai l(fi) tail(f1 ) 

4) =/=- 0 , 
Cnot- simple · 

f i = (ui , vi ), lbi = lb1i = wa (P1) +wa (PJ;.h,;I;1 )+wa(fi ) +wa (P:~+i ), 
lb = min lbi, s vh 

l ~i~r 
Cnot- simple, 

... , Th , eh, Th+1 , Th+1 ), lb), eh = (uh,vh) = (s = . .. ,xh = vh) 
P~~+i = (vh, vh+1 , . .. ,v~ = t ), Vj fj = (v;j,vj) , :3i* : 1 ::(; 

i* ::(; r , lb = lbi* , 
fr , fr-1 , · · · ,Ji* · 

1) Gr = G - { ... , x h = 
vh, . . . , v:J Csimple 



47 

... , Th, eh, Th+l , fr , wa(Qr)), Qr = PiP~h·4;1 s 
vh v i r r 

t . cache, 
2) j r - 1 i* Gr = 

- ... , x h = v~, ... , v:J 
[12]. Csimple 

... , Th , eh, Th+1, fj, wa(Qj)), Qj = P1P~h~i 
v h vij J 

. .. , Th ,eh, Th+1 , X',Th+1) ,
1
~~~.lbj), 

= {fi , ... Ji• -1} Cnot- simple · 

O(kn(m + n logn)) . 
2. 
2.1. 

[13 15] . 
NW (USA-road-d/ USA-road-t) . 

1 207945 2 840 208 [1 3]. 
FLA (USA-road-d/ USA-road-t) . 

1 070 376 2 712 798 [13]. 
Rome99. 

3 353 8 870 [1 3]. 
14 (SNAP) . A stro Physics arXiv: 

18 772 
198 110 [14]. 

15 (SNAP) . Condensed Matter (arXiv), 
23 133 93 497 [15]. 

16 (SNAP). General R elati11ity and Quantum Cosmology 
(arXiv), 5 242 14 496 [16]. 

17 (SNAP) . High Energy Physics Theory (arXiv), 
9 877 25 998 [17]. 

2.2. 

1, 2 
k 1000 

k . 
1 

2 

ca-AstroPh ca-CondMat 1 
k 

k 

k 



48 

l 

k= 2 k= 3 k=4 k= 5 k= l0 

148 45227 208 48119 234 49409 314 53414 556 65846 
FLA 127 41065 172 43385 227 45095 304 48684 595 60721 
Rome99 0,01 1813 0,03 1836 0,1 1857 0,19 1888 0,77 2019 

3,6 2683 3,3 2706 3,6 2726 3,5 2750 3,9 2859 
ca-CondMat 2,6 2792 2,6 2792 4 2746 4,6 2759 3,6 2799 

0,002 1821 0,002 1827 0,001 1831 0,003 1810 0,015 1817 
ca-HepTh 0,71 2091 0,67 2098 0,69 2113 0,67 2114 0,7 2127 

2 

k= 2 k= 3 k=4 k= 5 k= l0 
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ca-HepTh 2,3 1991 2,4 1994 2,5 2001 2,4 2005 2,4 2009 
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k 2 
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Introduction. In modern inf"ormation and communication systems, t he rapid increase in 
the number ot· users, t he growing complexity of" computational processes, and the operation ot· 
services in real-time mode have led to significant rise in the volume ot· requests directed to 
servers. Under the constraints ot· limited computational resources, t his situation has made it 
increasingly cha.llenging to ensure cont inuous system operation, maintain response speed, and 
preserve the qua.lity ot· service. Consequently, t he issue ot· achieving efl"ective load ba.lancing has 
become critica.l in contemporary distributed computing environments [1 3]. 

According to statistical data, t he volume ot· globa.l Internet t raffic is projected to reach 175 
zet,tabytes per year 2025 [4]. At t he same time, Gartner analytics reports indicate t hat poorly 
balanced server inf"rastructures cause companies to experience an average economic loss 
of· approximately 2.5 million USD [5 7]. 

In most cases, inf"ormation systems deliver services through mult iple servers or computing 
nodes. In such environments, the of' uneven resource ut ilization where 
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certain servers become overloaded while others underut ilized. Since servers diff"er 
in computational power , memory capacity, and net,,vork latency, achieving optimal load 
distribution becomes complex [8]. This challenge becomes even more 
pronounced in systems based on microservice architectures, where significant variations in 
request flow direction, intensity, and priority are observed. As result, dynamic load balancing 
strategies are required to ensure efficient and system perf"ormance [9 11]. 

According to Forrester Research analytics, between 2020 and 2023, the average number 
ot· user recorded online stores increased more than 300 % [1 2]. T his t rend 

the gro,,ving necessity ot· implementing efl"ecti,,e load balancing mechanisms that 
ensure the continuous, and well-balanced operation of· not only int·rastructures 
but also server resources (Fig. 1). Consequently, in the process ot· optimizing server request 
flows, researchers have increasingly moved beyond tradit ional deterministic approaches, 
adopting artificial intelligence based methods, particularly f"uzzy logic models, ,,vhich 
the assessment ot· uncertainty and enhance in decision-making. 

In inf"ormation systems, the volume of· load directed to servers continuously fluctuates over 
time. T his is ref"erred to as the dynamic load imba.lance which diiectly 
aff"ects t he overall system perf"ormance, including request processing speed, latency level, and 
the efficiency ot· Iesource ut ilization [13]. One of' the key f'or evaluating system 

is the degiee ot· load distiibution among sei veis . T his is typically 
measured variance, which Ieflects the extent to which individual seiveI loads deviate 
from the aveiage load value. 

T he vaiiance of' load imbalance is expiessed the f'ollo"ving 
N 

2 1"' 2 = N ( Li - µ) , 
i=l 

wheie the vaiiance of' load imbalance in the system; Li 
i-th seiveI ; µ the aveiage load acioss all defined as: 

1 N 

µ = N L Li, 
i=l 

,~1here N the total number of' servers in the network. 

(1) 

t he current load value of' the 

(2) 



54 

Prior·ity levels r-equest types 

Request type 
medical aler-t 

Video upload 
Statistical 

t ime 
< 100 ms 
< 200 ms 
< 500 ms 
< 2000 ms 

Request 

Weighted Round 
Robln 

IP Hash 

Fig. 2. Static load distribution 

l 

System 
Yuqor-i (l1ayotiy) 

( moliyaviy) 
O'rta 
Past 

Geographic 
Distribution 

T he smaller the variance value, the more balanced the load distribution within the system. 
Conversely, an increase in variance indicates greater disproportionality in resource ut ilization 
and of' load imbalance. 

T he system response time and the semantic significance of· 
vary across contexts. instance, real-time such as 
those in medical or financial demand high speed and minimal latency from 
the system, informational analytical requests impose less timing 
requirements. T hese distinctions are in 1. 

T he of· efficiently ftows in inf"ormation systems is addressed 
of' approaches. These classified into 

static and dynamic types, depending on their operational principles and to 
system conditions. T his classification, on the one hand, defines h°',v an algorithm reacts to 
changes within the system, and on the other hand, determines the nature of' the it 
relies on during the decision-making 

Static ftow algorithms are typically designed based on 
conditions before the system begins and on inf'ormation 
about the such as computational capacity or number of' connections (Fig. 2). 
These operate according to fixed rules and do not account for variat ions in system 
load; therefore, they yield eff"ective results only under stable load condit ions. 

One of· t he most ~ridely used classical approaches to request distribution is t he Round 
algorithm (Fig. 3) . 

In this method, incoming requests distributed sequentially and cyclically among the 
servers. T he RR algorithm was origina.lly developed in the 1960s for multi-user systems 

and continues to extensively applied in load balancers and operating systems today. 
According to Cisco (2023), more than 75 % ot· modern load balancing systems are based on RR 

its modified versions. 



55 

1 -----------------------. 
: Request flow : ----- -- -- -- -- -- ------

Round Robin balancer 

Server 2 Server 3 

Response 

User/Client 

Fig. 3. of the 

enhance the efficiency of· request ftow management and distribution in inf'ormation 
systems, it is essent ial to conduct an in-depth analysis of system parameters, identify 
interdependencies, and employ intelligent approaches that account for uncertainty. T his 

fuzzy logic based mechanism for managing request ftows through the 
linguistic modeling of server parameters. In the proposed model, t he principle of sensitivity 
quantification is applied the f'uzzification stage to select 
functions corresponding to server characteristics, t hereby the optimization of· overall 
system sensit ivity. As result, t he system can evaluate its state in an imprecise yet semantically 
consistent manner, improving the eff'ectiveness of· decision-making and request distribution 
under uncertain conditions. 

1. Methodology. Inf'ormation theory provides scientific foundation for the use of' 
mathematical modeling in evaluating system quantitatively analyzing risk levels, 
and monitoring sensitivity. This approach the optimization of' system perf'ormance 

mathematically expressing and risk management mechanisms. In particular, t he 
principles of· Information Theory proposed Claude Shannon (1948) and Warren Weaver 
remains fundamental framework analyzing system and efficiency [14]. Their 
methodology allows for the st,atistical evaluation of· key parameters, such as 
coefficients indicators) and the system's speed to ( g., recO\rery 
times), providing quantitative basis assessing the robustness and of· complex 
informat,ion systems. 

In the process of· requests across using fuzzy logic based systems, the 
fuzzification and aggregation of· membership f'unctions play crucial role. such systems 
to operate efficient ly, it is essential to select appropriate membership functions corresponding 
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to low, medium, and high states. In f'uzzy logic systems, evaluating t he sensitivity ot· input 
parameters is vital to ensure optimal system performance. During the sensitiYity assessment 
process, even small variat ions in the parameters ot· membership f'unctions can significant ly aff'ect 
the system's output results. T hus, addressing this issue remains key f'actor in enhancing t he 
eff'ectiveness of· fuzzy logic systems. 

T he sensit ivity ot· membership f'unctions has also been evaluated using the nonlinear 
regression method [15]. T he authors emphasized the high efficiency ot· this approach in analyzing 
sensitiYity ~,ithin f'uzzy logic systems. T he nonlinear regression technique was applied to 
determine the activation levels ot· membership f'unctions within the FLS stIUcture and to 
assess their sensitiYity indicator-s, thereby contributing to an improvement in the accuracy 
and of' the oYer-all model. 

Furthermore, studies conducted on AdaptiYe Neuro-Fuzzy Inf"er-ence Systems (ANFIS) haYe 
analyzed the sensitiYity and of' such systems [16 17]. deYeloped methods 
to ensure optimal system examining the sensitivity leYels ot· input parameter-s. 
As r-esult of' this appr-oach, the of' the model incr-eased, and the accuracy of' output 
results was significantly impl'Oved. 

T he process of' selecting member-ship f'unctions has dir-ect impact on t he dynamic 
characteristics ot· f"t1zzy logic system. This selection serves as critical f'actor determining 
the system's oYerall efficiency, and decision-making accuracy. If" membership f'unctions 
are chosen incorrectly or do not correspond to the inherent character-istics ot· the system, it may 
lead to uncertainty, misclassification, and prediction errors during t he decision-making process. 
Consequently, t he system's perf'ormance efficiency decreases, and t he ot· output results 
deteriorates . Theref'ore, it is essential to consider the parametric sensit iYity ot· the system and 
optimally adapt t he membership f'unctions to ensure and precise operation. 

In t his study, t he proposed approach which involves applying triangular, 
tr-apezoidal, and Gaussian member-ship f'unctions accor-ding to the oper-ational state of' each 
ser-Yer- is a imed at ensuring t he optimal sensitiYity level of· t he system. Specifically, under- lovv-
load conditions, the member-ship f"unction is ut ilized due to its simplicity and r-apid 
r-esponsiveness. FOI medium-load conditions, the tr-apezoidal member-ship f'unction is employed , 
as it smooth tr-ansitions bet~reen oper-ating states while maintaining the of'the 
system. In contr-ast, under- high-load condit ions, the Gaussian member-ship f'unction is adopted 
because it pr-ovides high accuracy and sensitivity, ther-eby r-educing uncer-tainties within t he 
system. Consequently, this selection str-ategy enhances the over-all 
r-obustness, and pr-ecision of' t he f'uzzy inf'er-ence pr-ocess. 

Each member-ship f'unction pr-ovides the most appr-opr-iate r-esponse to t he corresponding 
oper-ational state ot· t he system thr-ough its mathematical f'Oim and sensit iYity par-ameter-s. In 
this way, t he appr-oach balanced and adaptiYe management of' t he r-equest 
fto,"' consider-ing such par-ameter-s as ser-Yer- load leYel, r-esponse time, r-esource utilization 
coefficient, and oper-ational efficiency. 

T he analytical stages ot· t his appr-oach ar-e illustr-ated in Fig. 4. In t he figure, 
the sensitiYity leYels f'OI t he tr-iangular-, tr-apezoidal, and Gaussian f'unctions ar-e explicit ly 
defined, demonstr-ating how each f'unction operates to ensure system efficiency under difl"erent 
conditions. This diagr-am proYides clear conceptual understanding of· how to apply the 
appropriate method f'or selecting the optimal sensitiYity leYel corresponding to each system 
state. 
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During the evaluation process ot· t he approach, various of' 
membership f'unctions are analyzed with the aim of' enhancing the overall sensitivity of' 
the system, and the most efficient configurat ion is subsequently selected. Each f'unction 
triangular, trapezoidal, and Gaussian distinct influence on the sensitivity level 
based on its mathemat ical characteristics. Theref'ore, to ensure the system operates with optimal 
sensitivity, it becomes essential to perform both normalization ot· sensit ivity indicators and an 
optimization procedure to achieve the most eff'ective balance among these f'unctions. 

T he normalized sensit ivity index is one ot· t he key indicators used to evaluate t he overa.11 
sensitivity ot· system. T his index all°',vs f'or comparative assessment ot· sensitivity levels 
across diff'erent system states and determines the range of· their variation. For each state, both 
the maximum and minimum sensitivity values are considered , which together serve as t he basis 
for assessing the system's overall and 

T he mathematical representation of' the normalized sensitivity index is as f'ollows: 

3 s - ! si - Smin,k 
norm - 3 L.,, S - S . , 

k=l max,k min,k 
(3) 

where Sk sensitivity level f'or each state; Smax,k maximum sensitivity for each state; Smin,k 
minimum sensit ivity f'or each state; Snorm normalized sensitivity index. 

T his f'ormulation implies t hat t he normalized sensitivity index accounts f'or t he quantitative 
differences among the sensitivity values corresponding to each operational state of' the system 
and evaluates their relative proportions in normalized manner. Such an analytical approach 

comprehensive assessment of' the system's overall sensitivity level and provides 
foundation f'or its mathematical optimization. 

As result, the comparative evaluation of' maximum and minimum sensitivity values 
cont ributes to reducing systemic uncertainty, achieving balanced sensit ivity distribution, and 
enhancing t he overall efficiency of· adaptive control mechanisms. Hence, t he Snorm index serves 
as f'undamental quantitative criterion f'or the integrated evaluation of· the syst,em's sensitivity 
state, ensuring the robustness, and ot· its f'unctional performance. 

Applying t,he approach in analyzing t he sensit ivity level ot· each membership 
f'unction the identificat,ion ot· the most efl'ective f'unct,ion f'or achieving optimal 
perf'ormance. T his approach contributes to t he normalization ot· t he system's overa.11 sensitivity, 
allowing the optimization ot· sensitivity in each operational state. Furthermore, within the 
decision-making process, it becomes essential to monitor t he system's sensitivity parameters 



58 

2 
levels 

Low Medium High Snorm 
0.92 0.65 0.58 0.717 
0.61 0.72 0.91 0.747 
0.95 0.88 0.93 0.920 

and select appropriately f'unctions that ensure maxima.l perf"ormance and adaptive 
response. 

T he evaluation ot· the approach f'acilitates smooth system operation, 
minimizes uncertainty, and enhances overa.ll sensit ivity. As result, t he system maintains 
efficient perf"ormance under varying conditions, improves predictive accuracy, and reduces 
response time, t hereby achieving higher ot· and 

T he results ot· the calculations based on different membership f'unctions' sensitivity levels 
and the Snorm expression used to evaluate the overall system sensitivity in 
2. T his demonstrates ho,;,,, the Snorm value reflects both the system's general sensitivity 
and its optimal operational higher Snorm index indicates an in 
the system's sensitivity optimization, enhances the effectiveness ot· the decision-making process, 
and to management ot· flo,;,,,s within the system. 

Evaluating the ot· t he proposed approach plays crucial role in 
ensuring the optimal and operation ot· t he system. In inf'ormation systems, 
refers to the system's to maintain continuous operation under the influence of' various 
internal and external factors . T heref'ore, is regarded as one ot· the key indicators f'or 
assessing and predicting t he perf'ormance efficiency ot· complex systems. 

T he primary objective ot· system evaluation is to how consistently the 
system perf'orms under difierent load condit ions, as well as to identif'y potential risk scenarios 
and assess t he system's to manage them. In this process, it becomes essential to 
mathematically model the interdependence between the system's coefficient k and the 
sensitivity parameter (3 . 

Within this f'ramework, the overall system is expressed through the f'ollo,;,,,ing 
general mathematical relationship: 

3 

Rsystem = (1 - ak . e - f3Sk ) , 

k=1 

where ak t he weighting coefficient of' the k-th component; (3 
parameter; Sk the load f'actor afiecting the k-th component; e - f3Sk 

of' component f'ailure under the given load. 

(4) 

the system's criticality 
represents the conditional 

T he study examined the ot· evaluating the ot· systems and 
optimizing t,heir sensit ivity levels. In the proposed model, the interrelat ionship between external 
load afiecting the the ot· its components, and sensit ivity indicators was 

analyzed. These parameters play role in ensuring the ot· 
the system and efiectively managing potential risk f'actors. 

Shannon's inf'ormat ion ,;,,,hich f'ocuses on assessing the interaction between signal and 
noise within system, primarily addresses issues related to entropy and inf'ormation loss during 
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data transmission. However, t his appioach cannot directly capture t he sensitivity, 
and ot· server systems operating undeI risk condit ions. The Shannon model does not 
account for the system's dynamic response to stress factors such as load intensity, Iesource 
consti aints, or latency. Consequent ly, it is not fully to complex technical systems 
where sensit ivity optimization, maintenance, and risk management are ot· fundamental 
impOitance. 

In the present study, model aimed at evaluating the system's level, sensit ivity 
coefficient, and response to risk impact was employed. As result, the system's sensitivity level 
under risk conditions and its parameters are assessed in an optimized manner. The 
overall level ot· the system is determined using t he f"ollowing equation: 

_ - akt - ~ 
( 

(t - µ)2 ) 
Rsystem - • 1 - , (5) 

where ak denotes the failure rate of' the k-th component, i. t he of' component 
f'ailure per unit of' t ime; t represents the operational t ime or the duration ot· t he system's 
activity; /3 maximum amplit ude of' risk, indicating t he highest intensity of' potent ial risk 
over time; µ corresponds to the mean time of' risk occurrence, represent ing the t ime interval 
during ,;,,,hich the of' system malfunction is the highest; CJ denotes the dispersion 
coefficient of' the risk parameter , reflecting how widely the risk is distributed over time. 

T he variation dynamics of' the system f'unction Rsystem with respect to the t ime 
f'actor are illustrated in Fig. 5. 

Init ially, t he system operates with high level ot· however, over t ime, the 
level gradually decreases due to f'actOis such as component aging or increased load. During the 
average load period (t µt), the system's indicator undergoes the most significant 
change. This situation clearly demonstrates the interrelation between the system's sensitivity 
parameters and Iisk coefficients, reflecting how variations in risk exposure directly afl'ect t he 
overall behavior ot· t he system. 

2. R esults. In t he process ot· managing the query flow based on fuzzy logic, series ot· 
systematic tests weie conducted to evaluate system adapting server parameters 



60 

1.0 - cliabllity 

+-

20 Time (h) 80 100 

Fig. 6. for the triangular function 

0.8 
- R.ctiabllity 

20 40 Time (h) 60 80 100 

Fig. 7. for the trapezoidal 

LO -

+-

+ 

,.__~------~-----~------~-----~------~--' 
20 40 Time (h) 60 80 100 

Fig. 8. for the 

to the corresponding linguistic The outcomes ot· these test s were recorded separately 
for each membership f'unct ion. Initially, the system was t ested using the triangular membership 
function, and the corresponding results are illustrated in Fig. 6. 

For operating conditions, the tests ,,vere perf'ormed with the t,rapezoidal membership 
function, and the results are presented in Fig. 7. 

For high-load conditions, the tests ~rere carried out using the Gaussian membership f'unction, 
and the results are shown in Fig. 8. These findings are particularly important f'or assessing t he 
system's sensitivity in managing the query ftow under conditions ot· uncertainty and heavy 
,~,or kload. 
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3 
Reliabllity 

f3 Sk R system 
[0.2, 0.3, 0.5] 0.1 [0.92, 0.88, 0.93] 0.587 

0.35, 0.45] 0.1 [0.90, 0.85, 0.91] 0.587 
0.25, 0.35] 0.1 [0.95 , 0.92, 0.94] 0.587 

[0. 18, 0.28, 0.38] 0.1 [0.93, 0.89, 0.92] 0.587 

Additionally, under increased load conditions, f"urther evaluations "vith the Gaussian-type 
membership f'unction were conducted, the results of" ,1/hich are presented in Fig. 9. T hese 
emphasize the significance of' analyzing the system's adaptive response and robustness when 

under environments, proYiding insights into the f'uzzy-
based mechanism. 

T he results calculated f'or each membership f'unction are in 3. T his 
the basis analyzing the system's levels diff'erent 

conditions, as ~1ell as f'or- ident if':ying the influence of· and sensit iYity on the 
system's T he obtained results as significant scientific f'oundation 
for t he optimization ot· the system and ensuring its and 

In t his study, attent ion was devoted to evaluating the sensit ivity ot· 
f'unctions during t he f'uzzification stage and to optimizing their aggregation states. The 

selection ot· membership f'unctions low, medium, and high conditions plays 
crucial in ensuring t he system's efficient the chosen 

allowed achieving optimal sensit ivity for each linguistic state ot· the system, which in 
turn enhanced both its and eff'ectiYeness. 

T he sensitivity ot· membership f'unct ions is f'undamental f'actor in managing uncertainties 
within the system, as even minor variations in paramet,ers can have significant impact on 
the output results. Through the implementation of' an optimal strategy, the 
uncertaint ies arising in the decision-making process are minimized, thereby the 
system's overall operational efficiency and robustness. 

Conclution. The study demonstrated that applying single type ot· membership f'unction 
to all input reduces the system's sensitivity and limits decision accuracy. T heref'ore, 
an approach t riangular, trapezoidal, and Gaussian f'unctions selected according 
to the semantic ot· the was developed. T his approach ensured 
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higher sensit ivity and discriminative in f"uzzy systems, minimized uncertainty in the 
decision-making process, and enhanced overall system Experimental results confirmed 
that the approach outperf"orms t raditional methods reducing response t ime, 
balancing load, and increasing decision accuracy. Consequently, selecting membership 
functions based on semantic relevance significantly improves system efficiency. 
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The of automatic construction relevant in the context of· continuously 
of· of· society. Despite acllievements in 

tools such as compilers, integrated development ar-tificial 
intelligence methods, lar-gely 1·emains task that is difficult to automate. 
Universal to automatic that vvould sufficiently 

use timefi·ames ar-e algorithmically complex have 
it is to develop to automatic 

methodologies for it is 
to utilize the of· development subject 

tools based this 
This paper the active as such appmach hovv it 

to vvith methods. The active is 
metl10dology f"or· automatic in specific subject lt is based the 
of" of· programs systems models [1]. The methodology 
automatic of· solving of· class 

subject is the of· 
to that such as t ime, load, etc. 

The of· tl1e active axiomatic 
as par-tial of· the subject use of· computational models, multi-

level of· static aspects, to vvell-developed subject 
of· good approach to program 

of· active support systems like 
LuNA Numerical Algorithms) . The LuNA system, developed at the 

of· Mathematics Mathematical Geophysics SB RAS, 
f"or active bases system automatic of· parallel 

methods, those based lar-ge models, off"er 
tasks. vvidely used is the 

This research ,vas carried 011t the state contract ,vith ICM&MG SB RAS FvV. 

@ V. Perepelkin, S. Arykov, 2026 
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of· AI digital of· but also 
AI 

help with code quality 
tasks. Codex, GitHub Copilot, Code Assist, 

like Code GigaCode. 
This explor-es tl1e the active kr10"vledge 

these (1) 
AI f'or support of" LuNA user-s, to 

the (2) AI active bases, as 
guiding through key stages; (3) of· active bases 

texts using ( 4) AI to 
specifications; (5) of· active bases 

using 
The of· AI f'or- the LuNA (LuNA 

AI), f'ocused tasks to help the 
the active LuNA AI is that accepts the 

(files, this with the base ( 
calls displays the LLM's 

to the 
The utilizes Yandex AI API, which the large 

with RAG f'or 
bases. T l1e built with 

Vue Nuxt UI developed "vith FastAPI. The user's is 
vectorized with the the kriowledge base, is f'ed to the LLM. 

of· the base, the of· is at the UI 
level set of· files base, with support f'or- projects to 

of· the LuN 
The of' the AI solves part of· the 

tasks: about the LuNA the AI builds 
RAG. Although the quality of' 

the base quality, this the 
help to tl1ose "vith the LuN 

The that the active have 
use. Active bases, based serve as 
apparatus of' kr10,.,vledge 

that with the of' 
this apparatus, as 

"vell as as to the 
work the quality of the kriowledge base, the AI 

like VS Code, its with 
such as code the LuNA 

words: active LuNA LLM, deep AI 
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i • l . . x(j] { J• •/ } 
Onepatop while 

nop. 

2. LuNA AI 

till luNA 
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IDE Cursor), (GitHub Copilot 
Gemini Code Assist), (GPT-5.1 , 
Gemini 3 Pro (DeepSeek 
Coder, Qwen3-Coder 

IDE. 
LuNA AI 

LuNA, 
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LuNA Yandex Cloud 

API. 
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Python FastAPI. 

LLM. 
LuNA AI 2. 

LuNA, 
UI 

LuNA, 



77 

LuNA. 

LuNA. 

VS Code, 

1. 
/ 

1988. 126 
2. Malyshkin V. Active LuNA and Literacy f"or // LNCS, Vol. 

9465. 2015. 292 303. DOI: 10 .1007 / 978-3-319-25527-9 _ 19. 
3. V. \ 1. LuNA Fragmented System, 

of· Time Subsystem / / of· the 11th Parallel 
LNCS, 6873, 2011 , 53 61. DOI: 10.1007 / 978-3-642-23178-

5. 
4. Arykov, S. of' Aspect // LNCS. 2017. Vol. 

1042 1. 255 261. ISBN 978-3-319-62932-2. DOI: 10.1007 / 978-3-319-62932-2_25. 
5. Weisz et al. the Use lmpact of· AI Code 

the / / of' the of' the CHI '25 
Systems. No. 673. 1 13. ISBN: 9798400713958. 

DOI: 10.1145/ 3706599.3706670. 
6. et al. Assist // CoRR. Vol. 

abs/ 2410.07002. 2024. ISSN 2331 8422. DOI: 10.48550/ arXiv.2410.07002. 
7. Mark et al. Models Code // CoRR. Vol. 

abs/ 2107.03374. 2021. ISSN 2331 8422. DOI: 10.48550/ arXiv.2107.03374. 
8. et al. the of· 

GitHub Copilot // CoRR. Vol. abs/ 2406.17910. 2024. ISSN 2331 8422. DOI: 
10.48550/ arXiv.2406.17910. 

9. Code Assist I AI https: //developers. 
google. com/gemini- code - assist/docs/overview 24.11.2025) . 

10. Code Fast 1 Model https://data.x.ai /2025-08-26-
grok-code-fast - 1- model-card. pdf 03.02.2025). 

11. Code Assistant. https: / / source craft. dev / portal/ 
code - assistant/ 22.11.2025). 

12. GigaCode. https: //gigacode .ru/ 22.11.2025) . 
13. Tal Kadosh et al. Automatic with 

// CoRR. Vol. abs-2409-14771. 2024. ISSN 2331-8422. DOI: 
14. Mahmud et al. GNN-Guided Automatic Code 

Large Models // CoRR. Vol. abs/ 2310.04047. 2023. ISSN 2331 8422. DOI: 
10.48550 / 7. 

15. Nichols et al. Programs Models // 
ISC High 2024 (39th 

2024. 1 12. DOI: 10.23919/ ISC.2024.10528929. 



78 

16. Yandex AI Assistant API. https: / /yandex. cloud/ru/docs/ai-
studio/concepts/assistant/ 24.11.2025). 

17. Oche et Systematic Revie,v ot· (RAG) Systems: 
Gaps, // CoRR. Vol. abs/ 2507.18910. 2025. ISSN 2331 8422. DOI: 

10.48550 / .18910. 

(383) 330-89-94, e-mail: perepelkin@ssd. sscc. 
ru. 2008 

2023 
20 

LuNA Language 

P erepelkin Vladislav Aleksandrovich 
P l1D 

State 2008 with tl1e 
technology 

his P hD thesis 
2023. Nowadays has the posi 
at the Institute ot· Mathematics 

Mathematical Geophysics ot· the 
of" Academy ot· also 

has time associated position the 
State is an ot· 

20 of· 
is of· 

of· system LuNA (Language 
Numerical automatic 
of' 

ot· 
systems ot· parallel 

high 

mail: 
arykov@sscc.ru. 

20 

Sergey Arykov PhD in 
at tl1e ot· 

Matl1ematics Mathematical 
Geophysics of· tl1e of· the 
Academy ot· is also associated 

at the of· Parallel 
Faculty of' Applied Mathematics 

State 
E-mail: arykov@sscc .ru. 

State The ot· 
20 

the ot· 

systems ar·tificial 

04.02.2026 



( PDF, 

ZIP / 7Z RAR; 

-

-
300 dpi. 

-
-
-
-
-
-

1000 4000 8000 
Scopus. 

-
- 7.0.5- 2008 

7.0.34-2014) -
-

-
-

1. 
1.1. 
1.2. 
1.3. 

1.4. 
1.5. 
1.6. 
1.7. 
1.8. 
1.9. 
1.10. 
1.11. 



1.12. 8); 
1.13. 
1.14. 
1.15. 

-
-

2. 
-
3. 
-

MS Excel eps, pdf, png, tiff, jpeg 

-
-
- 300 dpi. 
4. 
-

-
-
-

-

-

-
-

https: / / 
elibrary.ru/title_about . asp?id=30275 

http: / inf sscc . ru. 


	PBI_Cover_n70-1-CR
	N70-OCR.pdf

