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The presence of adequate models allows test-
ing hypotheses in the management of such complex
transport facilities as the subway. The development
of an automated system is associated with both the
verification of certain algorithms, the choice of ar-
chitectural solutions for a software product, and
the choice of a data structure that is used in the
implementation of the selected algorithm. To store
objects in RAM, standard data structures such as
arrays, lists, stack or queue are usually used [1]. To
implement specific tasks, the authors, each in the
development of their specific automated system,
faced the need to use the data structure of a binary
search tree [2] or its variation - a segment tree [3].

The binary search tree allows searching and
inserting elements with algorithmic complexity
O(log,(n)) if the tree is balanced, otherwise, the tree
may degenerate into a list, and the algorithmic com-
plexity of the above operations will increase to O(n).

Well-known self-balancing binary trees are the
AVL tree and the red-black tree. The AVL tree is
named after its creators, the Soviet mathematicians
G. M. Adelson-Velsky and E. M. Landis. Balancing the
AVL tree is achieved by single and double left and
right turns. In a red-black tree, node color and single
rotations are involved in balancing.

A segment tree (or interval tree) is a data struc-
ture that uses a balanced binary tree and stores in-
tervals as values [3].

Based on the foregoing, UML diagrams [4] of in-
terfaces and classes of the library were developed.

The hierarchy of library interfaces is shown be-
low (Figure 1).

To implement the binary tree library, the authors
developed a hierarchy of node base classes (Figure
2) and node implementation classes (Figure 3).

The hierarchy of base classes of the tree library
and their specific implementations are presented
below (Figure 4, Figure 5).

The hierarchy of base classes of the segment tree
library and their specific implementation are pre-
sented below (Figure 6, Figure 7).

Each tree class aggregates the class of its par-
ticular node. When implementing node classes, the
authors used the architectural solution Abstract
Factory [5]. The hierarchy of base classes and their
specific implementation are presented below (Fig-
ure 8, Figure 9).

The developed solution (solution) contains four
projects: Demo for demonstrating the work of the
library, Stage Library - a specific use of the library of
interval trees for working with speed limits on the
subway section, Trees - a library of binary trees and
Trees. Tests - a library of tests (Figure 10).
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Figure 10 - Developed solution with projects

Automated tests were written for the developed
classes [6]. All public methods are covered by tests
with various outcomes (working with primitive data
types or objects, whether the method throws an ex-
ception with incorrect input parameters, etc.).

A screenshot of the Test Inspector is shown be-
low (Figure 11). As can be seen from the figure, 87
tests were developed, and all of them passed.

As a result of the work done, the authors created
a library of binary search trees and their variety -
interval trees. This library is being introduced into
automated systems ASER (automated system for
selecting energy-optimal operating modes) and AS
GTO (automated system “Maintenance Schedule”).
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Figure 11 - Test Inspector
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opI/II‘I/IHaJ'll:HaH Hay4YHada CTaTbA

AHHOTanusa: ABTOpaMu paspaboTaHa OGuOJMOTEKAa GUHAPHBIX JepeBbeB NOUCKA. B craTtbe mpepcraBiaeHbl UML-auarpaMmbl
pa3paboTaHHbIX KJIACCOB. [Ipe/yioxKeHO apXUTEKTypHOe pelieHHe AGcTpakTHas $pabpuka Al BOSMOXXHOCTH HCIOJIb30BaHUS
HacJle/J0BaHUs KJIACCOB y3/10B GMHAPHBIX JlepeBbeB. Pa3paboTaHbl KJIaCChl TECTOB Ha OM6/1MOTEKY. [[puMeHeHHe pa3paboTaHHOH
O6UO6JIMOTEKH IPEJJIOKEHO IPU CO3/JaHUH aBTOMATU3WPOBAHHbBIX CUCTEM NOCTPOEHUS IPAPUKOB TEXHUYECKOTO 06CIYKUBAHUSA U
BbIOOpA SHEPTrOONTHMAIbHBIX TPAEKTOPUH ABHKEHHUS 10€3/10B METPOIIOJIUTEHA.

KirouyeBble cioBa: Z[peBOBI/IﬂHbIe CTPYKTYPBbI, IepEBO OTPE3KOB, MOAECJIMPOBAHHE TPAHCIIOPTHBIX CUCTEM.

Hannyue afieKkBaTHBIX MO/ieJiell MO3BOJISIET IPO-
BOJHWTB NIPOBEPKY FUIIOTE3 MIPH YNIPaBJeHUU TaKU-
MU CJOXHBIMU TPAHCIIOPTHBIMU OGBbEKTAaMH Kak
MeTponosiuTeH. PaspaboTka aBTOMaTU3UPOBAH-
HOW CUCTEeMBbI CBfI3aHAa KaK C NPOBEPKOU TeX WJH
MHBIX aJIOPUTMOB, Bbl6Opa apXUTEKTYPHBIX pe-
IIeHUH POrpaMMHOI0 NPOAYKTA TaK U C BbIGOPOM
CTPYKTYpPbl JAHHBIX, KOTOpasl UCIOJb3yeTCs MpHU
peasr3alMM BbIOPAaHHOTO ajaropurtma. /lis xpaHe-
HUS B ONlePAaTHBHOM MaMATH 06 beKTOB 0OBIYHO HC-
HOJIb3YIOT CTAaHAAPTHBIE CTPYKTYPhI JAHHBIX TAKUE
KaK MaCCHUBBI, CIIUCKH, CTeK WU odyepeb [1]. [asa
peasy3aliy KOHKPETHBIX 33/la4 aBTOPbI, KaXKAbIi
npy pa3paboTKe CBOel KOHKPETHOW aBTOMAaTH3U-
POBAaHHOW CUCTEMBI, CTOJIKHYJICA C HEOOGXOAMMOC-
ThI0 HCIOJIb30BAaHUS CTPYKTYpPhl JAHHBIX GUHAp-
HOe JilepeBo MoucKa [2] uau eé pa3HOBUAHOCTHIO
- lepeBOM OTpe3KoB [3].

JlBou4yHOe JlepeBo NoucKa N03BOJIsIET IPOU3BO-
JUTb MOWUCK U BCTAaBKY 3JIEMEHTOB C aJIOPUTMHU-
4ecKko# cnoxHocTbio O(log,(n)) B TOM ciy4ae, eciu
JlepeBo sABJgeTCs cbaJaHCUPOBAHHBIM, HHaye, Jie-
pPEBO MOXET BBIPOJAUTHCS B CIIMCOK, U aITOPUTMU-
yeckast CJOXXHOCTb BblllleyKa3aHHbIX Olepalnui
yBeJIUUUThCs 0 0(n).

[llupoko M3BECTHBIMH CaMObaTaHCUPYIOIIUMU-
cs1 GUHAPHBIMU JlepeBbsIMU ABJIAIOTCS ABJI-nepeBo
M KpacHo-4yepHoe nepeBo. ABJI-nepeBo Ha3BaHO B
4YeCTb ero co3jaTesield - COBETCKUX MaTeMaTUKOB .
M. ApenbcoHa-Beabckoro u E. M. Jlanauca. banan-
cupoBka ABJI-nepeBa pgocturaeTcd oAWHapHBIMU
Y JIBOMHBIMU JIEBBIMU U MPABbIMU MOBOPOTaAMHU. B
KpacHO-4YepHOM JiepeBe B 6aJIaHCUPOBKE Y4aCTBYeT
[|BET y3J/1a U OIUHOYHbIE TOBOPOTHI.

JlepeBo oTpe3koB (WU JlepeBO HUHTEPBAJIOB)
NpeACTaBAseT CO00M CTPYKTYpy JaHHBIX, HCIO-
JIb3YyIOLIyI0 cOba/laHCUPOBAaHHOE JBOMYHOE JilepeBO
Y XpaHsilllee UHTepBaJibl B KauecTBe 3HaYyeHuH [3].

Wcxons U3 BhILIEU3I0KEHHOTO OblIX pa3pabo-
TaHbl UML-AuarpamMmbl [4] uHTepdecoB U KJI1accoB
OUOJINOTEKH.

Hepapxus nHTeppeicoB OGUOJNOTEKH MpPe/ICTa-
BsieHa HWe (PucyHok 1).
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PucyHok 1 - Hepapxusi unmepgelicos 6ubauomexu

1 peanusanuy 6M6/1M0TeKH GUHAPHBIX JlepeBbeB aBTOPbI pa3paboTasiv HepapxHio 6a30BbIX KJIACCOB
y3J10B (PucyHnok 2) u kaccel peanusanuu y3/aoB (PucyHnoxk 3).
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PucyHok 3 - Kaaccbl peaausayuu y31a 6UHaApHo20 depeda noucka

Hepapxysa 6a30BbIX KJIaCCOB GHMOJMOTEKH JlepeBbeB U WX KOHKPETHBIX peasn3aliuil mpeJCcTaBaeHbl
Huxke (PucyHok 4, PucyHok 5).
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PucyHnok 4 - Hepapxusi 6a308bix Ka1acco8 6ubauomeku 6UHAPHLIX epedbesd NoUcKa
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PucyHok 5 - Kaaccel peaausayuu 08ou4HbIx 0epesbes nouckd

Wepapxusa 6a30BbIX KJIACCOB GMOIMOTEKH [lepeBbeB OTPE3KOB U UX KOHKpeTHas peajv3alys NpeJcTa-
BJIeHbI HKe (PucyHok 6, PucyHok 7).
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PucyHok 6 - Hepapxusi 6a308biX K/1acco8 depesbes UHMep8a/i08
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{ = BaseAviTreelodeFactony < Tinterval Thodes i

BaselntervalVolueTreeNodeFactony = TElement, Tint... = "
eneric Abstract Class
<+ BaselniervalTreeModeFaciony<Thement. Tinterval TH ..

PucyHok 8 - Hepapxusi 6a308biX KAacco8 abcmpakmHbiX abpuk y3/108 6UHAPHbBIX 0epesbes NoUucKa
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™,

rH‘IﬂIIfTIIlHHIFHHﬁHTHiMInH- A

Generic Sealed Class
+ BasebinanyTreshodefactony < TEemant. Treefode< TEieme

i
Inhmlllnle.ttnrf-cTEllm-u!:-

Genon Sealed Class
= EatelntersdlTreeModeFsciony < TEment. Irnbérval<TEme.

# bethocks 4 piethods
T CreateMode = Createbode

A r k.

g "| ' !
AiTreaMadeFactary <TEl&ment= # IntervalValueTreaNodeFactory «TintervalValua.... #
Generss Seated Class Generc Soaled Clazs
+ BasedyiTreehioderaciony < THament., AviTrestlode< Tlieme... =+ BaselntervaldahmeTieeh odeFacion < Tintervalale Inerva_
a bdethods 4 kdethods

T CreateMode 2 CreateMode

e ", N

PucyHok 9 - Hepapxusi KOHKpemHbIX peaaudayuil KAaccos abpuk y3108 6UHAPHLIX depedbes NoUcKd

Kax b1l ks1acc nepeBa arperupyeT KJiacc cBoe-
ro KOHKpeTHOro yssa. [Ipu peasusaunuu KJaccoB
y3JI0B aBTOPbl HCIIOJIb30BaJd apXUTEKTYpHOe
pemteHne AG6cTpakTHas ¢abpuka [5]. Hepapxus
6a30BbIX KJIACCOB M HMX KOHKpPETHas peaju3alus
npejacTaBJieHbl HKe (PucyHok 8, PucyHok 9).

PaspaboTaHHoe peleHue (solution) conep-
JKAT 4YeTblpe MpoeKkTa: Demo AJis JEMOHCTPAaLUU
paboThl 6UOJNOTEKH, StageLibrary — KOHKpPeT-
HOE€ HCII0JIb30BaHUe OUBJINOTEKH IepeBbEB UHTEP-
BaJIOB /iJ1s1 paGOThI C OrPAaHUYEHHUSIMU CKOPOCTH Ha
IleperoHe MeTpONOJIMTEHA, Trees - 6UGJIMOTEKA
JIBOUYHBIX lepeBbeB U Trees . Tests - 6UbGAUOTE-
ka TectoB (Pucynok 10).

Ha paspaboTaHHble K/acchbl HanMcaHbl aBTOMa-
THU3UPOBaHHbIE TECTHI [6]. Bce my6inuHbIe MEeTO/bI

& [ Solution “TresLibrary’ (4 of 4 projects)
b 2E5 Demo
b A Stagelibrary
& 0 Treed
BB Dependendes

boaml _El'_g.-IE-E-E-p
F a0 Factory
B AT Interfaces
B all intervals
B el Nodes
Fald Tree

4 &5 Trees.Tests
B @8 Dependencies
B agl stylecop
B & Modes
B oal’l Trees

PucyHok 10 - PazpabomaHHoe peuieHue ¢ npoekmamu

»P-Fo Ber|@s 0o B-0
T Duratian

@ Trees Tests (27) 42 ms

d . Math.Collections. Tests (12) 19 ms

P @ intensalTreanodeTects [5) T ms

b TreeModeTests (7) 12 ms

2 @ TreesTests (40) 17 ms

E @ AdTreeTess (409 17 ms

4 @ Trees Tests Trees (18) & ms

¢ @ inenalfreeTests [ 3 ms

F - IntercalvaluaTreeTests (9] I me

4 i@ Trees TreeTests (17) <1 ms

b @ BSTTests (17) < 1mse

B & -
Traits Group Summary
Trees.Tests

Tests in group: 87

(D) Total Duration: 42 ms

Outcomes
@ 87Passed

PucyHok 11 - HHcnekmop mecmos
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INOKPBITBl TeCTaMH C Pa3JHUYHBIMHA BapUaHTaMH
ucxoza (pabora c IpUMUTUBHBIMU TUIIAMHU JAHHBIX
WM 06beKTaMH, BbIGpacbIBaeT JIM METOJ, UCKJIIO-
YeHMe IIPU HellpaBUJIbHBIX BXOJHBIX IapaMeTpax U
T.JI.).

CHUMOK 3KpaHa, Ha KOTOpOM IpefcTaBJeH UH-
CIIEKTOP TECTOB MpeAcTaByeH Hke (PucyHok 11).
Kak BUHO U3 pUCYHKA, pa3paboTaHo 87 TECTOB, U
BCe OHM MPOILJIH.

B pesysbTaTe npojesaHHONW paboTbl aBTOpaMH
co3/laHa 6Ub6MOTEKA OUHAPHBIX JIepeBbEeB MOKUCKA
YU WX Pa3HOBUJHOCTbIO — JepeBbeB HWHTEPBAJIOB.
JaHHasa 6ubJsMOTeKa BHeJApsAeTCAd B aBTOMAaTHU3U-
poBaHHble cucTeMbl ACOP (aBTOMaTH3UpOBaHHasI
cUcTeMa BbIGOpa 3HEPTrOONTHUMAJbHBIX PEXUMOB
BefeHus) u AC I'TO (aBToMaTu3MpOBaHHAs CUCTe-
Ma «['paduk TeEXHUUYECKOTO 06CTyKUBAHUS»).
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