58

npoekT Gaitkan 4(86) project baikal

UHTEeNneKT

MopgenupoBaHue ropofoB CTaHOBUTCA BCe 6onee akTyanbHou 3apayei. lMpeobna-
AAIOWMM HanpaBNeHMeM CEroAHA ABNAETCA NOCTPOEHUE MHOro(aKTOPHbIX Mopenen,
MUCNonb3yIoLWMX BO3MOXKHOCTU MalMHHOW 06paboTku 6onblumx aaHHbIX. HauGonee
NepcneKTUBHbIM BbIFAAUT MOAENUPOBAHUE C NOMOLLbLIO IBPUCTUYECKUX aIFOPUTMOB,
KOTOpble ONMPAIOTCA HAa AUANIOT YeJIOBEK — MalMHA. B cTaTbe u3noxeHbl pe3ynbrarhbl
3KCNEepUMEHTa N0 NPUMEHEeHUI0 3BPUCTUKM «CTpouTenbcTBO Benunkoii Kutaickoi
cteHbl» (CBKC) Ana opHOBpeMeHHOro yyeTa npefieNibHO Pa3sHOPOAHbIX NapamMeTpoB —
3Hepro3(heKTUBHOCTM 34aHMIA U UX KYNBTYPHO-MCTOPUYECKON LieHHOCTH. lMokasaHo,
4TO0 Ucnonb3oBaHue 3BpucTUkN CBKC 3HauMTeNbHO NOBBIWAET KAYECTBO MOAENH.

KnioueBble cnoBa: MmogenvupoBaHue ropoaos; 3Bpuctuku; anroputm CBKC; aneproac-

(heKTUBHOCTb; KyNbTypHOE Hacneaue. /

KynbTypHOE Hacneane B NPOEKTUPOBAHUM YCTOMYMBLIX TOPOa0B /

Modeling cities is becoming an increasingly urgent task. The prevailing trend
today is the construction of multifactor models using the capabilities of machine
processing of big data. Modeling using heuristic algorithms that rely on a hu-
man-machine dialogue looks the most promising. The article presents the results
of an experiment on the application of the “Great Wall Construction Algorithm”
(GWCA) heuristic to simultaneously take into account extremely heterogeneous
parameters - energy efficiency of buildings and their cultural and historical value.
It is shown that the use of the GWCA heuristic significantly improves the quality of

the model.

Keywords: modeling of cities; heuristic; Great Wall Construction Algorithm; energy

efficiency; cultural heritage.

Cultural heritage in the design of sustainable cities

TeKCT
Medek Anb-Xappan

YHuBepcuTeT NpuknafHbix Hayk Anb-banka
(Anb-Cant, Moppaxus)

text

Mwfeq Al Haddad

Al-Balga Applied University (Al-Salt,
Jordan)

BeepeHue

OAHMM U3 rNaBHbIX (@ BO3MOX-

HO, M CaMbIM [NaBHbIM) MPUEMOM
MO3HaHWA OKpYXalolero Hac M1pa
ABNAETCA MOAenupoBaHue. Mogens,
TO eCTb yNpoLeHHoe Nofobue
peanbHoro o6bekTa unu npouec-
Ca, Mbl CTPOMM, KOT[}a peanbHblii
00beKT (MPOLECC) CNUWKOM CNOKEH
AnA BOCNpUATUA. A Takoe ciydaetcs
noytn scerpa. 06bIYHbIA KMpNINY,
€C/M Mbl MOMbITAEMCS ONUCaATh BCE
€ro xapakTepucTuku 6e3 uckio-
YeHMs, NPeACTaHeT HeOOBATHbIM,
Kak BceneHHas. BHewHsas opma,
BKJIlOYas MUKpopenbed B pasHbIX
MaclwTabax, XMMUYeCKUii cocTaB
BCEX KOMMOHEHTOB, UX KpUCTa-
JMyecKas CTpyKTypa, pusnyeckue
CBOWMCTBA, BKAIOYAA MexaHUYecKue,
Tennodunyeckue, NeKTpuIecKue,
onTuyeckue... CywecTBytoT TaKxe
UCTOPUA KNPNNYA, ero IKOHOMUKA,
COLMONOTHs, 3CTETUKA, NCUXONOTUA
W AaXe CeMaHTUKa, B KOTOPOii KMpnny
BbIFIAAUT KaK CUMBOJI, MEHSIOWMUI
CBOE 3HayeHue B 3aBUCUMOCTH

OT KOHTEeKCTa.

HeT Takoro o6bekTa B peabHOM
MUpe, KOTOPbIA Mbl MOF/IM Bbl ONKCATb
ucyepnbiBatowmum obpasom. UmenHo
MO3TOMY Mbl CO3/laEM MOfeNH, BbIOU-
pas U3 HeUCUMCIIMMOTO MHOXeCTBa
napameTpoB peanbHOCTM Te XapaK-
TEPUCTUKM, KOTOPbIE HaM KaxyTcs
Hanbonee 3HaYMMbIMU 1 HEOOXOAM-
MbIMU OTHOCUTESIBHO HALIUX TEKYLMX
HaCyLHbIX nOTpebHOCTEN.

1. MopgenupoBaHue ropoaos
Fopoa sABNAeTCs 06beKTOM Hecpas-
HEHHO G0JIee CNOXHBIM, YEM KMPNUY.
MoaTomy MopenvupoBaHue roposoB

npuBneKaeT BHUMaHWe ypOGaHUCTOB
KaK NpefenbHo akTyanbHas W BaxHas
3apaya. Ha npotaxeHuu Toicauene-
TWit GUNOCOMbI NbITAANCH BEIJEANTD
Te XapaKTepUCTUKMN ropofaa, KOTopble
CnocobHbI 0TPa3nTb Camble Hacyly-
Hble NOTPeGHOCTM ropoxaH: gopmy
ropofa, ero pa3mepsbl 1 BHYTPEHHI0IO
CTPYKTYPY, KOANYECTBO XuTeneil

1 Tak fanee. Kak 1 BO MHOMMX Apyrux
06nacTax Hayku, 0coBeHHO BbICTPbIN
POCT YMCNa 1 CNOXKHOCTU MOAeneit
ropoAoB HabnfaeTcs ¢ Havana

XX Beka.

MepBble Mogenu ropoAos 6biau
CTaTUYHbIMU. PaHHAA YnKarckas
wkona ypbanucTukm, GuHaHcupyemas
Pokdennepom-crapwmm, cobpa-

Na OrPOMHBIA COLIMONOTNYECKNIA
maTtepuan u nocTpomna KOHLeHTpuye-
CKylo mofenb Yukaro. B ueHTpe 3T0i
MOJieNn pacnonarancs paioH, 3ace-
NIEHHbIN «LBETHON» GEAHOTON, TaM Xe
pacnonaranuchb camble rpasHble

¥ TPYAOEMKME MPOMbILLNEHHbIE 06b-
exTbl. [lo Mepe yaanenus ot LeHTpa
pasmellanuchb KNoscay, HaceneHHble
BCe 6osiee COCTOATENbHBIMU «GeNbIMU
BOPOTHUYKAMUY» U GU3HECMEHAMMY,

a BHEeWHWi1 nosic 06pazoBbiBanu
NpUropoAHsle 0co6HsAKM 6enoi npo-
TECTaHTCKOM 3nuTbl. TakUM 06pa3om,
B OCHOBY MOZieJIN OblAN MONOXKEHbI
couuanbHble napameTpbl FopoXaH.

Kak 06bI4HO NPUHATO B amepu-
KaHCKoM Hayke, mofens P. Mapka
1 J. beppxeca aHOHCUpPOBaHa
KaK YHWBepCcanbHas, 1 yCTPOMCTBO
Yukaro ABagLaThiX ro4os ApajLa-
TOro Beka Obina 0bbsABNEHa nae-
anbHOI1 CTPYKTYpPOIt Nto6oro ropoaa
B Mupe [1].

Tem He meHee yxe B 1930-e roapl
NosBMNACH aNbTepHATUBHAS MOJEb,
BK/IK0YAIOLAs NapaMeTpbl OCHOBHbIX
TPAHCMOPTHBIX apTepuii ropoaa.
CekTopanbHas mogens [oBapaa XoiTa
TaKXe yunTbiBana cerperawuio ame-
PUKaHCKMUX rOPOJ0B NO UMYLLECTBEH-
HOMY M 3THMYECKOMY NpU3HAKaM,

HO B KayecTBe 6a30BOro0 31EMEHTa
“cnonb3oBanach Takxe rpynna
napameTpoB, CBA3aHHbIX C NPO-
Leccamm cHabxeHus ropofa BCeM
Heo6xoanMbIM [2]. Takum obpasom,

B OCHOBE CeKTOpaNbHOI Mojeny
Nlexart IKOHOMUYeCcKne napameTpbl,

B OCHOBHOM TPaeKTOpUM TOBapHO-Ae-
HEXHbIX NOTOKOB.

Mepenen mupa B cepeanHe
XX BeKa, BKN0Yan CTPEMUTENbHbI
pocT ypbaHu3aumm, cTumynuposan
nosBeHue Bce Gonee CAOXKHbIX
mopenei ropoaa. Mogensb «LeHTpanb-
Hbix MecT» Y. Xappuca u 3. ¥nbmaHa
BK/IKOYAET He TONIbKO 3KOHOMUKO-CO-
LMOIOrNYEeCKME XapaKTePUCTUKU
1 TPAHCMOPTHYIO CTPYKTYPY, HO TaKxe
HEKOTOpble 31eMeHTbl KynbTypbl. Ponb
ropofa B KauecTse LieHTpa 0bLeHNs
(Hanpumep, penUrMoO3HOro) TaKxe
Obina BKAKOYEHA B MOAEND.

Bo BTOpOI nonosuHe XX Beka
MOXHO HabntoaTb napannebHble
npouecchl pa3BUTUA Mofeneil ropo-
pa. Kaxablit n3 paHee BO3HUKLWNX
NOAXOA0B Pa3BMBAETCA CAMOCTORA-
TenbHO. Hanpumep, Moaenb pbiHKa
ropoackux 3emens A. AnoHco cnegyet
3KOHOMUYECKOMY NOAXOAY B UCCne-
[oBaHuUK ropogos [3], a ee panbHei-
WM NPOLOMKEHNEM MOXKHO CYUTATb
Teopuio HobeneBcKoro naypeata
no 3KoHoMuKe 3a 2008 roa Mona
KpyrmaHa v coastopoB [4].



Introduction

One of the main (and perhaps the most im-
portant) methods of cognition of the world
around us is modeling. We build a model,
that is, a simplified likeness of a real object
or process, when the real object (process) is
too complex to perceive. And this happens
almost always. An ordinary brick, if we try to
describe all its characteristics without excep-
tion, will appear as vast as the universe.

The external shape, including microrelief at
different scales, the chemical composition of
all components, their crystal structure, and
physical properties, including mechanical,
thermophysical, electrical, and optical...
There is also the history of brick, its econom-
ics, sociology, aesthetics, psychology, and
even semantics, in which brick looks like a
symbol that changes its meaning depending
on the context.

There is no such object in the real world
that we can describe exhaustively. That is
why we create models, choosing from an
innumerable set of reality parameters those

B TeopeTuyeckux paborax
I'. BniomeHdenspa n A. NyTHoBa
rOpOA paccMaTpyUBaeTcs C TOYKM
3peHNs KOMMYHUKaLUIN MEXAY KU-
Tenamu. fopog B KOMMYHWUKATUBHOM
MOJeNu — 3T0 CTPYKTYpPa, obecneyu-
BawOLas KMUHUMYM HEOOXOLUMbIX
1 MaKCMMYM BO3MOXHbIX NEPefBUXKE-
Huity [5, 6]. lanbHeiiwee pa3sutue
KOMMYHWUKATUBHON MOAENN MOXHO
npocneauTb yxe B HalWeM CTONETUM
B TEOPUM KNATHAZLATUMUHYTHBIX
ropopos» Kapnoca MopeHo [7].
Kaxablit 13 nogxofos no3sonser
paccmMaTpuBaTh rOpoOA C Kakon-n16o
BbIOPAHHOI TOYKM 3PEHUA U B 3TOM
CMbIC/Ie NPUHOCHUT NPAKTUYECKYIO
nonb3y AN TeX UMW UHbIX aCNEKTOB
XU3HU ropoaa. OLHOBpPEMeHHO
KaXAblii U3 TaKUX «napuuanbHbIX»
NOAX0A0B NOJBEPraeTCs OXeCTOYEH-
HOI KPUTHKe 3a TO, Y4TO NpeHebperaeT
MHOXeCTBOM ApYrux napameTpos,
KOTOpble NpUOBpeTaloT nepBocTeneH-
HOe 3HayeHue B Apyrux Bonpocax.

AnbTepHaTUBHbLIM HanpasjeHueM
B MOJ\€/IMPOBAHUN FOPOAOB ABNSA-
eTca co3faHue Bce 6onee CNOXKHbIX
1 MHOrohaKTOpHbIX MOAenen. 3ToT
NOAXOA NONYYUN MOLLHBIA UMNYNbC
B CBA3M C BbICTPLIM Pa3BUTUEM
KOMMbIOTEPHbLIX METOL0B MaTeMaTuye-
cKkoro MmopenupoBanus. KomnbloTep,
a TeM bonee KOMNblOTEPHAs CeTb
B NpUHLUMNE cNocoGHbl paboTaTh
C MOAENAMU, BKIOYAIOWMUMM Heorpa-
HUYEHHOE KONIMYeCTBO NapaMeTpoB.
CoBpeMeHHbIN BbIYUCTUTENbHbIN
KOMMJIEKC CNOCO6eH y4uThIBaTL
MUJIINOHBI HE3ABUCUMbIX XapaKTe-
PUCTUK MOZENMpPYeMOro obbekTa
(HanpuMmep, ropoaa), M MOLHOCTb
TaKWUX KOMMIEKCOB ObICTPO pacTeT.

characteristics that seem to us the most sig-
nificant and necessary relative to our current
urgent needs.

1. Modeling of cities

The city is an object incomparably more
complex than a brick. Therefore, urban
modeling attracts the attention of urbanists
as an extremely relevant and important

task. For thousands of years, philosophers
have tried to identify those characteristics
of a city that can reflect the most pressing
needs of citizens - the shape of the city,

its size and internal structure, the number

of inhabitants, and so on. As in many other
fields of science, a particularly rapid increase
in the number and complexity of city models
has been observed since the beginning of the
twentieth century.

The first models of cities were static. The
early Chicago School of Urban Studies funded
by Rockefeller Sr. gathered a huge amount of
sociological material and built a concentric
model of Chicago. In the center of this model
was an area populated by the “colored” poor,

HeyanBuTENbHO, YTO KOMMbIOTEPHbIE
MeTOZbl NPOEKTUPOBAHMA U YNpaB-
JIEHUs Pa3BUTUEM FOPOJOB 3a4aCTYI0
BOCMPUHUMAIOTCS CEroAHsA KaK Hekas
naHaves, cnocoGHas NepenoxuTs Bce
npo6nembl ropofia Ha MOry4une nieyu
MalMWHHOTO UHTennekTa [8].
06wWwupHbIA GU6GNMOMETPUYE-
CKMit 0630p 3a BTOPYIO NONOBUHY
XX — Hauyano XXI Beka, npoBefeHHbIN
UCCNefoBaTeNAMU U3 YHUBEPCUTETA
Haros, o6Hapyxun 6onee 100 Tbicay
ny6AnKaumui Ha TeMmbl, CBA3aHHble
C ynpaBfeHuem pasBuUTUs ropoaos.
OpHUM 13 pe3ynbTaToB UCCNef0BAHMUA
CTaj BbIBOA O TOM, YTO HAanpaB/ieHus,
COCPeAoTOYeHHbIe Ha COLMaNbHOM
1 3KOHOMMWYECKOIN CTOPOHAX KU3HU
ropoaoe, npogomkanu npeobnagarts
BO BTOPOi NOIOBMHE NPOLLIOFO BEKa.
OpHaKo B nocnegHue aecaTuneTus
NPUOPUTET NepeLen Ko Bce Gonee
CNOXHbIM KOMNJIEKCHBIM MOLENSAM,
VYUTHIBAIOLLMM 3KONOTUYECKHUE
(haKTopbl, @ TAKKE NOAUTUYECKME
W ynpaeneHYecKue acnexTol, Ncu-
XONOTUI0 BOCNPUATUSA TOPOLCKOTO
NPOCTPaHCTBA, BONPOCH! KYJbTYPHOrO
Hacnepusa u Tak panee [9].

Mo mepe ycnoxHeHua mopenei
ropoga v BOBIeYEHUs B MOJENU-
pOBaHUE KOMMNbIOTEPHbIX METOAOB
CTaHoBUNach Bce 6onee 3aMeTHOI
0CHOBHas npobnema B3auMofencTBUs
YenoBeKa C MaWMWHOI — npobnema
YeTKoil GOopMYIMPOBKM 3aa4u 1 CO-
6nt0aeHna HeobXo4MMOro KayecTsa
ucxopHoi uHdopmauuu. Mpobnema
CneayeT U3 NpUHLUMNMANLHOTO OTAU-
YMs YENOBEYECKOrO MbllWNEHUs OT pa-
60Tbl KOoMNbloTepa. Ecnu yenosek
JIerKo onepupyet MeTacopuyeckumi,
Pa3MbITbIMU U MHOTO3HAYHbLIMU NOHA-

and the dirtiest and most labor-intensive
industrial facilities were located there.
Further from the center, “belts” populated by
wealthier “white collars” and businessmen
were located, and the outer belt was formed
by suburban mansions of the white Protes-
tant elite. Thus, the model was based on the
social parameters of the townspeople.

As is usually accepted in American sci-
ence, the model of R. Park and E. Burgess was
announced as universal, and the structure
of Chicago in the twenties of the twentieth
century was declared the ideal structure of
any city in the world (Burgess, 1924).

Nevertheless, already in the 1930s, an
alternative model appeared, including the
parameters of the main transport arteries of
the city. Howard Hoyt's sectoral model also
took into account the segregation of Amer-
ican cities by property and ethnicity, but
also used a group of parameters related to
the processes of supplying the city with ev-
erything necessary as a basic element (Hoyt,
1939). Thus, the sectoral model is based on

TMAMM U 06Pazamu, TO KOMMbIOTEPHbIE
aNropuTMbl M3HAYaNbHO COAEPKAT
Tpe6oBaHMe OAHO3HAYHOCTH U HEU3-
MEHHOCTU MH(OPMaALUK, C KOTOPOH
paboTaer MawuHa. Y komnbloTepa
HET UHTYWULMHU, HET IMOLMOHANbHON
cepbl U HET COBCTBEHHbIX Lieneil.
KomnbloTep moxeT HaiiTh onTu-
ManbHblil PeXUM NPOEKTUPOBAHUSA

W yNpaBJieHus pasBUTUEM ropoaa
TO/LKO B TOM C/ly4ae, eCiv NoHATHE
onTuMyMa GYAEeT 3aflaHO B YETKMX,
U3MEPUMbIX U HEU3MEHHbIX Habopax
napametpos. W 3To MoxeT cienatb
TOJIbKO YENOBEK.

K coxaneHuto, acnekTbl Xn3HU
ropoaa, HeobxofuMble Ans agex-
BAaTHOrO MOAENUPOBAHUS, CUNbHO
pasnuUyaTCca No KayecTBy UCXOLHOM
uHcdopmauuu. Ecnu skoHomuka
WM COLMONOrnA ONepupyioT AoCTa-
TOYHO DOPMANU30BaAHHLIMU LAHHBIMY,
TO 3KONOTUs, a Tem 6onee NOAUTUKA
1 KyNbTypa UCMONb3YIT KpanHe
pasmbiTble NoHATUA. [laxe camble
OCHOBHble, 6a30Bble AeduHULUN
B 3TUX chepax HocAT MeTacopuye-
CKMIt 1 MHOFO3HAYHbIN XapakKTep,

a 60/bWMHCTBO NapaMeTpoB An6o
BOBCE HE N0AJaloTCsA U3MEPEHUIO,
nM60 3TV U3MEepeHUs CyGbEKTUBHBI,
3aBUCAT OT IMYHBIX B3rNALOB Pa3HbIX
uccnefosateneil U B pesynbTate

He MOryT 6bITb CONOCTaBAEHbI ApYr

¢ fpyrom. Kak 06bACHUTb KOMMblOTe-
py, YTO TaKoe «3eNeHas NoBecTKay,
«CnpaBefnBoe pacnpegeneHue
npaBa Ha rOPOA» UMY «KYNbTYpHOE
Hacneaue», eciu faxe camu uccne-
J0BaTeNn B 3TUX Chepax He MoryT
LOrOBOPUTLCA MEXAY CO60i?

economic parameters, mainly on the trajecto-
ries of commodity and cash flows.

The redivision of the world in the middle
of the twentieth century, including the rapid
growth of urbanization, stimulated the emer-
gence of increasingly complex city models.
The model of “central places” by Charles
Harris and E. Ullman includes not only eco-
nomic and sociological characteristics and
transport structure, but also some elements
of culture. The role of the city as a center of
communication (for example, religious) was
also included in the model.

In the second half of the twentieth
century, parallel processes of development
of city models can be observed. Each of the
previously developed approaches develops
independently - for example, the urban land
market model by A. Alonso follows an eco-
nomic approach in urban research (Alonso,
1965), and its further continuation can be
considered the theory of the 2008 Nobel
Laureate in Economics Paul Krugman and
co-authors (Fujita et al., 1999).

2. IBpUCTUYECKNE ANTOPUTMbI
1 Benukas KutaiicKas cTeHa
BbIx0f0M M3 CcO3faBlUIErocs NpoTUBO-
peuuns cTano MCnonb3oBaHue 3BpU-
CTUYECKMX aNIrOPUTMOB (3BPUCTHK).
IBPUCTUKM B LAHHOM CJTy4ae MOXHO
0003HaYUTb KaK 3NEMEHThI YenoBe-
YeCKOro MblWUNEHNS, BHEPEHHbIE
B NPOLIECC KOMMbIOTEPHOTO MOJENM-
poBaHus. MiHaue rosops, YacTb 3agay
BHYTPY NpoLiecca MOAeNNpoBaHus
pelwaeTcs CTPOrMMIU MaTeMaTUyecKu-
MU METOJlaMM Ha OCHoBe (hopMann3o-
BaHHbIX laHHBIX, @ 4aCTb NoA3aAay —
NPy NOMOLLU UHTYUTUBHBIX U BOJIEBbIX
pelleHnit Yenoseka, COTpyAHMYaloLLe-
ro C KOMMbIOTEPOM.

MepBbiM 1 HanGonee N3BECTHLIM
13 Takux cnoco6os ctano «flepeso
ueneit» ([IL). 3ta aBpucTuka 3aknto-
yaeTcs B NO3TaNHOM A€KOMMNO3MpOBa-
HWUWM NepBOHaYanbHOM Lienu Ha vacT-
Hble 3afaun. Ha kaxaom 3atane yncno
3a/iay yBeNNYMNBAETCA, 3aTO Kaxaas
3ajjaua cTaHoBUTCs BCe Gonee
npocToii 1 y3koM. lpouecc ocTaHaBs-
JIMBaeTCS, KOrAa 3aauu CTaHoBATCA
AOCTaTOYHO NPOCTLIMMU NS aBTO-
MaTUYeCKOro NOMCKa UX PeLleHNit.
OyeBUAHO, NpoLecC AEKOMNO3NPO-
BaHMWA LeSN HECET CyLeCTBEHHbI
TBOPYECKUW U UHTYUTUBHBIN INEMEHT,
TO eCTb JOCTYNEH TOJIbKO YEI0BEKY.

Lupokyio u3BecTHocTs NpuoGpen
MeTof MCKYCCTBEHHBIX HEMPOHHbIX
ceteit (MHC). Ero cyTb 3akntovaetca
B TOM, YTO HEKOTOPbI 06bEM AaHHbIX
3arpyxaeTcs B NaMaTb KOMMbIOTEPa,
NoC/Ie Yero anropuT™M BbIYMCNAET CeTb
CTaTUCTUYECKM JOCTOBEPHbIX CBA3E!
MeX[y napameTpamu. IBpUCTUYECKUI
3/1eMEHT B AaHHOM Clyyae nosB-
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UHTEeNneKT

The theoretical works of G. Blumenfeld
and A. Gutnov consider the city from the
point of view of communications between
residents. In the communicative model, a
city is a structure that provides “the mini-
mum necessary and maximum possible move-
ment” (Blumenfeld, 1949; Gutnov, 1985). The
further development of the communicative
model can be traced back to our century
in the theory of “fifteen-minute cities” by
Carlos Moreno (Moreno, 2024). Each of the
approaches allows you to view the city from
any chosen point of view, and in this sense
brings practical benefits in various aspects
of city life. At the same time, each of these
“partial” approaches is fiercely criticized for
neglecting many other parameters that are of
paramount importance in other issues.

An alternative direction in urban model-
ing is the creation of increasingly complex

v Puc. 1. 06was MeToA0N0rUA CO3[aHUA U
npoBsepku mogenu /
Fig. 1. Methodology Flowchart

and multifactorial models. This approach
has received a powerful impetus due to the
rapid development of computer methods
of mathematical modeling. A computer
(and even more so, a computer network)
is, in principle, capable of operating with
models that include an unlimited number of
parameters. A modern computing complex
is capable of taking into account millions of
independent characteristics of a simulated
object (for example, a city), and the capacity
of such complexes is growing rapidly. It is
not surprising that computer methods of
designing and managing urban develop-
ment are often perceived today as a kind of
panacea capable of shifting all the problems
of the city onto the powerful shoulders of
machine intelligence (Batty, 2024).

An extensive bibliometric review for the
second half of the twentieth and the begin-

NAeTCA Ha 3Tane NoAdopa AaHHbIX
ANA 06yYeHus HelipoHHOM ceTu.

Cnepytowmm warom nocne noss-
JIEHNA HECKONIbKNX 3BPUCTUYECKNX
aNnropuTMOB CTano UCMonb3oBaHue
MeTasBPUCTUK: Habopa IBPUCTHK,
chopMUPOBAHHOTO TaKXKe NO IBPU-
CTMYeCcKoMy npuHuuny. Hanpumep,
meTog «CnyyaiiHbix necos» (JI1C)
3aKN04aeTca B TOM, 4To hopmupyert-
CA He OJHO AlepeBo Lienen, a MHoXe-
CTBO TaKuX flepeBbeB (Lenblit «nec»).
Kaxpoe «epeBo» 3T0ro «necax»
OT/NYaeTCs Apyroii GopMyanpoBKOM
Lenu 1 Apyrum cnocobom feKomMno-
3npoBaHua. llocne «BbipalmBaHus
neca» anropuTM UILET 3aKOHOMepHO-
CTW B pacnpefefeHnn KayecTs Moe-
JIN: B KAKOM y4yacTKe «eca» Mofesib
AaeT Haubonee TOYHbIE U MONHbIE
NPOrHO3bl.

0AHWM n3 Haubonee nepcnek-
TUBHbBIX 3BPUCTUYECKNX aNTOPUTMOB
CYMTAETCA CErofiHA «anroputm
cTpouTenbcTBa Bennkoi kutaiickoi
CTeHbl». ANITOPUTM CTPOUTENBLCTBA

Komnunauus HaBopa gaHHex

Chop faHHex { Onucanue dyHkLMn
MNposepka KANECTEA QAHHLIX

O6pabotka

/ AHHBIX

MeTtogonorua
ropoAcCKOro NNaHWpOBaHWA

BoccraHoBnexne N
OTCYTCBYHILNX JHEUEHHA
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ning of the twenty-first century, conducted
by researchers from Nagoya University, found
more than 100,000 publications on topics
related to urban development management.
One of the results of the study was the con-
clusion that trends focused on the social and
economic aspects of urban life continued to
prevail in the second half of the last century.
However, in recent decades, priority has
shifted to increasingly complex integrated
models that take into account environmental
factors, as well as political and managerial
aspects, the psychology of perception of
urban space, cultural heritage issues, and so
on (Sharifi et al., 2023).

As the city models became more complex
and computer methods were involved in
modeling, the main problem of human-ma-
chine interaction became more and more
noticeable —the problem of clearly formulat-

Benukoit cteHsl (GWCA) npepacTasns-
eT co60ii CNOXKHYI0 METalBPUCTHYE-

CKYI0 ONTUMU3ALMOHHYIO CTPYKTYPY,

npeacTtaBneHHyto Li3biton Nyanem

u ap. [10].

Benukas cteHa, camoe gnnHHoOe
COOpYXKeHWe B UCTOPUM YenoBse-
yecTBa, cTpounach fonro. Camele
ApeBHMe GparMeHTbl CTEHbl OTHOCAT-
CS KO BTOPOMY ThICAYENETUIO [0 H.
3.; OHU CNYXWUNU PA3AeNUTENbHbIMMU
pybexamn Mexay MHOrOYMCNEHHbIMU
KUTanckumu Lapcreamu. Hanpumep,
rocyaapcteo Yy (1115-223 o H. 3.)
NOCTPOMIO Pa3LeNUTENbHYIO TUHUIO
BJ0JIb MOrPaHUYHON IMHUM C TOCY-
papcteom Ln (1122-221 po H. 3.)

C LLeNblo 3aWWMTbl OT BTOPIKEHMIA
CO CTOPOHBI cocepa.

«XenTblit umnepatop» LinHb
LUuxyaH (221-207 go H. 3.) 06be-
IVHWUN pa3po3HeHHble roCyfapcTBa
B e[IMHYI0 UMNEPUIO M NpUKaszan
NOCTPOUTbL CTEHY BAONb NOTPAHNY-
HOWt NMHKUKM Mexpy LleHTpanbHoM
PaBHUHOM U 3eMAAMU KOYEBHUKOB.

K aTomy MmomeHTy dparmeHTsl Gyay-
wen Benukoit cTeHbl pacnonaranucb
Xa0TUYHO U HAaNOMUHANK Y30pbl,
npojenaHHole ApeBoToyLamu. HYactb
13 HUX BOLWA B cocTaB Benukoii cTe-
Hbl, @ HeKOTOpbIe 6bIAN 3a6poLLeHbI

1 NocTeneHHo cpbiThl. Bennkyto ctery
CTPOUNYW OHOBPEMEHHO BO MHO-
KeCTBe MecT, NpUYeM u Matepuansl,

1 TEXHONIOTUU CTPOUTENBCTBA, U ero
OpraHu3aums c onopoii Ha 0COGeHHO-
CTU MECTHOTO laHawadTa — BCe 3T0
He 6blN0 NPUBEAEHO K KAKOMY-NNGO
enuHoo6pasunio. OrpoMHelit npo-

eKT Bbln pa3geneH Ha ABeHapuaTh
NPOBUHLMIA, KOTOPbIE KYyPUPOBANUCh
pasHbIMM YUHOBHMKaMU. B nocnepyto-

ing the task and maintaining the necessary
quality of the source information. The
problem follows from the fundamental differ-
ence between human thinking and computer
operation. Whereas a person easily operates
with metaphorical, vague and ambiguous
concepts and images, computer algorithms
initially contain the requirement of unam-
biguity and immutability of the information
with which the machine works. The computer
has no intuition, no emotional sphere, and
no goals of its own. A computer can find the
optimal mode of designing and managing the
development of a city only if the concept of
optimum is defined in clear, measurable and
unchangeable sets of parameters — and this
can only be done by humans.

Unfortunately, the aspects of city life
necessary for adequate modeling vary greatly
in the quality of the initial information.

1e CToNeTUs afMMHUCTPaLMN TaKxe
NPOLOMKANU UCMONb30BATL NOA06-
Hblii NOAXO[, ANA 3aBePLIEHNS BCEro
npeanpuatus. Buibop cnocobos
CTpOUTENbCTBA (BKAIOYAA OPraHu-
3aumio paboT) ocTaBancs 3a MecT-
HbIMWU YMHOBHMKAMU, XOTA UHOTAA
cTpouTenscTBOM CTeHbI 3aHUMANMUCh
roCyAapCTBEHHbIE AeATENU BbICLIETO
paHra. Tak, u3BecTtHblin reHepan Lu
LiauryaH u3 gpuHactum Mun (1368-
1644) korga-To oTBeYan 3a paboTbl
Mo CTPOMTENLCTBY hparmeHTa CTEHbI
B013u MeknHa.

Pe3ynbTaTom 31O MHOrOBEKOBOW
CTPOWKM cTan 06beKT 06Leit NpoTa-
XEHHOCTBIO TO N 8, TO 1 21 ThIC. KK-
nomeTpoB. Pa3Ho60il B oLeHKax
BbI3BaH KaK pa3 TeM, 4To CTeHa
He npepcTaBnseT coboil euHbIi
006bEKT, 3, CKOpee, BbIMAANT Kak co-
GpaHue pasHOPOaHbIX hparMeHToB.
HekoTopble parMeHThl BEIFNAAAT
BMOJIHE 3KOHOMHO W ONpaBAaHHO,
0COBGEHHO T€, FAe CTEHA TOJLKO
VYCUNMBAET NPUPOAHbIE NPENATCTBUSA
BNA ABUKEHWA BOWCK NPOTUBHMKA,
MCMOAb3yA CKNAAKU MECTHOCTH
¥ ropHble 06pbIBbl. Ho ecTb 1 Takue
yuacTku CTeHbl, KOTOpbIE NopaxaT
CBOEIH N3GbITOYHON MOHYMEHTANBHO-
CTbi0 U PacTOuUTENbHOCTBIO. 10 CUx
nop NPOAOJIKAKTCA CNOPbI O TOM,
6bl/10 M ONPaBAAHO CTPOUTENLCTBO
Bennkoi cTeHbl C 3KOHOMUYECKOIA,
NONINTUYECKON U BOEHHOMN TOYEK
3peHus [11].

Anroputm «CTpouTenbcrtaa
Bennkoi KUTanCKOM CTEHbI» CErofHs
BbIFAANT KaK 3JIEMEHT Ky/IbTYPHOro
Hacneans KUTamCKom LumBmuan3aLmum,
napagoKcanbHbIM 06pa3oM BNMCaH-
Hblii B HOBElWME MeTofbl Nporpam-



Whereas economics or sociology use fairly
formalized data, ecology, and even more so
politics and culture, use extremely vague
concepts. Even the most basic definitions in
these fields are metaphorical and ambiguous,
and most of the parameters either cannot

be measured at all, or these measurements
are subjective, depend on the personal views
of different researchers, and as a result
cannot be compared with each other. How
can you explain to a computer what a “green
agenda”, “fair distribution of the right to

a city” or “cultural heritage” is, if even re-
searchers in these fields cannot agree among
themselves?

2. Heuristic algorithms and the Great Wall
of China

The way out of this contradiction was the use
of heuristic algorithms (heuristics). In this
case, heuristics can be described as elements
of human thinking embedded in the process
of computer modeling. In other words, some
of the tasks within the modeling process are
solved using rigorous mathematical methods

MWPOBAHUA Ha OCHOBE AKnanora
4yenoBeKa U MallUHbI.

3. MopenuposaHue ¢ npuHLUNU-
anbHO pa3HOPOAHLIMK NapameTpa-
MU: cyyain AMMaHa

B Hawem 3KkcnepumeHTe Mbl pas-
paboTanu Moaenb, BKIOYAIOLYIO
npefenbHO pasHOPOAHbIE NapameTpbl
ropofia, @ UMeHHO — IHeproadaek-
TUBHOCTb (yaoenbHoe notpebnexune
3Hepruu Ans perynupoBaHus Temne-
paTypbl BHYTPU 30aHMI1) U LLEHHOCTb
3TUX 3[aHNII B KauyecTBe 06bEKTOB
KYNbTYPHO-UCTOPUYECKOTO Hacne-
avsa. Ecnu nsmepenue aHeproad-
(eKTUBHOCTW HOCUT annapaTHblif
(06BEKTUBHbIN) U TOUHbIN XapaKTep,
TO NapameTp KyJbTypHO-UCTOpUYe-
CKOW LEeHHOCTW MONHOCTbIO ONUpaeT-
Csl Ha MHEHWe 3KCNepToB U He UMeeT
00LWenpuHATOI WKanbl U3MEPeHUs.

Ha puc. 1 nokasaHa obwas cxema
CO3[aHNA U NPOBEPKM af,eKBATHOCTY
mofenu.

MepBbiM Warom sasnsetcs cbop
Heo6XOANMBIX JAHHbIX B MaKCUManb-
HO 06WMpHOM KonnyecTBe. B kaye-
CTBE UCTOYHMKA NEPBUYHBIX JAHHbIX
Mbl MCNONb30BaNU oduLnabHbIE
AOKYMEHTbI afAMUHUCTPaLUK ropoaa,
a TaKxe pe3ynbTaThl 0Npoca rpynmbl
3KCNEepToB B chepe KyNbTypHO-H-
CTOPWYECKOro Hacneaus. 3atem
cobpaHHble JaHHbIe BbLIN CKOM-
MUAUPOBaHbI, TO €CTb 06bEAUHEHI
B FPYNMbI MO CMbICAY; UX KAYeCTBO
6bl7I0 NPOBEPEHO NPU NOMOLLYW Nepe-
KPEecTHOro conocTaBneHus (AaHHble,
npoTMBOpeYaLLne Apyr Apyry, 6biiu
UcKoyeHsbl). Takxe Ha nepsom
3Tane 6blna HameyeHa obwas dhopma

based on formalized data, and some of the
subtasks are solved using intuitive and
volitional decisions of a person working with
a computer.

The first and most famous of these meth-
ods was the “Goal Tree” (DC). This heuristic
consists in step-by-step decomposition of
the initial goal into particular tasks. At each
stage, the number of tasks increases, but
each task becomes simpler and narrower. The
process stops when the tasks become simple
enough to automatically find their solutions.
Obviously, the process of goal decomposition
has a significant creative and intuitive ele-
ment, that is, it is accessible only to humans.

The method of Artificial Neural Networks
(ANN) has become widely known. Its essence
lies in the fact that a certain amount of data
is loaded into the computer’s memory, after
which the algorithm calculates a network of
statistically reliable relationships between
the parameters. In this case, the heuristic
element appears at the stage of selecting
data for training a neural network.

Gynyieit GyHKLMOHANBbHOW OCHOBSI
mogenu.

Bropbim warom ctana obpaboTka
AaHHbIX. HepocTawowmue gaHHble
6bIIN BLIYUCTIEHBI METOAOM UMMNYTa-
UMK, 3aTeM BCe [aHHbIE NPUBEAEHbI
K e4MHOMY BMZY NyTeM nepeBofa
WX U3MEPEHUSA B YCIOBHbIE 6annbl.
[lns 3TOro MakcUManbHOMY 3HaYEHUIO
KaX[oro napameTpa npuceauBaercs
3HaueHue 100 ycnoBHbIx 6annos,

a MUHUManbHOMY — 0 YCNIOBHBIX
6annos, Nocse Yero Bce NapameTpbl
NepecyYnTHIBAITCA B HOPMUPOBAHHbIT
Bug. Mepexoa k 6UHapHOMY Koaupo-
BaHMIO JaHHbIX NOMOraeT ux obpa-
60TKE KOMMbIOTEPHLIMU METOLAMM.
KopumposaHue One-hot BbinonHsetcs
ANA TOTO, YTOObI KaTeropuanbHble
nepemMeHHbIe MOXHO 6bII0 Nerko
UCNo/b30BaTh B MOAENAX MALUMHHOTO
06yyeHus, rae MOXHO [OCTUYb UC-
TUHHOTO M CNPaBeAsMBOro NpeAcTaB-
neHus. Hanuuume xopowo cTpyKTypu-
pOBaHHOro 1 0bpaboTaHHOro Habopa
AaHHbIX UMEET KJI0YEBOE 3HaYeHNe

B MOCTPOEHUN HAEXKHbIX MPOTHOCTU-
yeckux mofenei ois yctonynBoro
rOpoACKOro NaaHUpoBaHUs.

PaMku faHHOM CTaTby He No-
3BOJIAIOT HaM NOAPOGHO U3N0KUT
Kaablii War B NOCTPOEHUU MOfe-
1. YNoMsiHEM TONIbKO, YTO B X0f€e
3KCNepuUMeHTa Mbl anpobupoBanu
TPW PacnpoCTpaHeHHbIX anropuTMa
mopenuposaHus. Beibop mogenu
nof4YepK1Ban UHTEPNPETUPYEMOCTb
¥ TOYHOCTb MPOFHO3MPOBAHMA,
thokycupyscb Ha anroputmax [lepesa
peweHwuit (AP), CnyyaitHbix necax
(J1C) n UckyccTBEHHBIX HEPOHHbIX
cetax (MHC):

The next step after the appearance of
several heuristic algorithms was the use of
metaheuristics - that is, a set of heuristics
formed also according to the heuristic prin-
ciple. For example, the method of “Random
Forests” (BOS) consists in the formation of
not one goal tree, but many such trees (a
whole “forest”). Each “tree” of this “forest”
differs in a different formulation of the goal
and a different way of decomposition. After
“growing the forest”, the algorithm looks for
patterns in the distribution of the model's
qualities — in which area of the “forest” the
model gives the most accurate and complete
forecasts.

One of the most promising heuristic algo-
rithms today is considered to be the “Great
Wall Construction Algorithm”. The Great Wall
Construction Algorithm (GWCA) is a complex
metaheuristic optimization structure pre-
sented by Ziyu Guan et al. (2023).

The Great Wall, the longest structure in
the history of mankind, took a long time to
build. The oldest fragments of the wall date

1. llepesbs pewennii (IP) obe-
CMeYuBaloT MHTEPNPETUPYEMOCTb NO-
CPEeACTBOM PEKYPCUBHbIX BUHAPHBIX
pasfeneHunit, UCNonb3ys Takue MeTpU-
KM, Kak nHpekc [DKUHU uam npupoct
UHbOpMaLUK ANs SOCTUKEHNA
OHOPOAHbIX rPYNMNPOBOK.

2. CnyyaiiHble neca (C) ucnons-
3yI0T aHcaMbeBbIi NOAXoA Ans 06-
paboTKM MHOTOMEPHBIX JaHHBIX,
00beANHAN HECKOJIbKO lepeBbeB
IS NOBbIWEHUA TOYHOCTU U CMATYE-
HUA NepeobyyeHns.

3. WckyccTBeHHblE HEipOHHbIe
cetn (MHC) npeycnesaloT B Mopfie-
JINPOBAHUM CNOXKHBIX HENMHENHbIX
OTHOLIEHUIA C MOMOLLbIO MHOFOCNOIA-
HbIX aPXMTEKTYP C HENMHENHbIMMU
(YHKUMAMYM aKTUBaALMM (Hanpumep,
ReLU, curmomnpa).

[lnf noBbIWEHNA KayecTBa NPOrHo-
CTUYECKOrO MOAENM B KaX[JOM U3 Ba-
PUAHTOB Mbl UCMOJIb30BANM ANTOPUTM
Crpoutenscta Benukoit kutacko
cteHbl (CBKC). KayectBa mopeneit
OMpefensnuch no ABYM napameTpam:

back to the second millennium BC and served
as dividing lines between numerous Chinese
kingdoms. For example, the state of Chu
(1115-223 BC) built a dividing line along the
border line with the state of Qi (1122-221
BC) in order to protect against invasions
from its neighbor.

The “Yellow Emperor” Qin Shihuang (221-
207 BC) united the disparate states into a
single empire and ordered the construction
of a wall along the border line between the
Central Plain and the lands of the nomads. By
this point, the fragments of the future Great
Wall were arranged randomly and resembled
patterns made by woodworms. Some of them
became part of the Great Wall, and some
were abandoned and gradually demolished.
The Great Wall was built simultaneously in
many places, and the materials, construction
technologies, and organization based on
the features of the local landscape were
not brought to any uniformity. The huge
project was divided into twelve provinces,
which were supervised by different officials.

v Puc. 2. ConoctaBneHue napameTpos,
npefcKa3aHHbIX MOAENbIO, C peanbHbIMU /
Fig. 2. Comparison of the parameters
predicted by the model with the real ones
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UHTEeNNneKT

In the following centuries, administrations
also continued to use a similar approach to
complete the entire enterprise. The choice
of construction methods (including the
organization of work) remained with local
officials, although sometimes government
officials of the highest rank were involved
in the construction of the Wall. For example,
the famous general Qi Jiguang from the Ming
Dynasty (1368-1644 AD) was once respon-
sible for the construction of a wall fragment
near Beijing.

The result of this centuries-old con-
struction was an object with a total length
of either 8 or 21 thousand kilometers. The
discrepancy in estimates is caused precisely
by the fact that the wall does not represent
a single object, but rather looks like a
collection of heterogeneous fragments.
Some fragments look quite economical and

Wang, 2023

Alietal, 2023

Hawe uccnenosakve,
anroputm UHC

Hawe nccnegosaHue,
anroputm CN

Anroputmel MHC + CBKC

Anroputme: Cf + CBKC

justified, especially those where the wall only
reinforces natural obstacles to the movement
of enemy troops, using terrain folds and
mountain cliffs. But there are also sections
of the Wall that are striking in their excessive
monumentality and wastefulness. There is
still debate about whether the construction
of the Great Wall was justified from an
economic, political and military point of view
(Man, 2008).

The algorithm of the “Construction of
the Great Wall of China” today looks like an
element of the cultural heritage of Chinese
civilization paradoxically inscribed in the
latest programming methods based on the
dialogue between man and machine.

3. Modeling with fundamentally heteroge-
neous parameters - the Amman case

In our experiment, we developed a model
that includes extremely heterogeneous

-] %0 95 100
TouoCTe Mogenw, %

A Puc. 3. CpaBHeHMe KayecTBa MOAENM B HECKOIbKUX BAPUAHTAX KaK M3 IUTEPATYPHbIX
AaHHbIX [12, 13], Tak 1 aBTOPCKOIt MOAENM € Ucnonb3oBaHuem anroputma CBKC u 6e3
Hero / Fig. 3. Comparison of the quality of the model in several variants, both from the
literature data (Wang, 2023; Ali et al., 2023), and the author’s model using the GWCA

algorithm and without it
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A Puc. 4. CpaBHeHuMe napameTpoB 3HeproadeKTUBHOCTU ANA ABYX TUNOB 3AaHNI /
Fig. 4. Comparison of energy efficiency parameters for two types of buildings

parameters of the city, namely energy
efficiency (specific energy consumption for
regulating the temperature inside buildings)
and the value of these buildings as objects of
cultural and historical heritage. Whereas the
energy efficiency measurement is hardware
(objective) and accurate, the cultural and
historical value parameter is fully based on
expert opinion and does not have a generally
accepted measurement scale.

Fig. 1 shows a general scheme for creat-
ing and verifying the adequacy of the model.

The first step is to collect the necessary
data as much as possible. As a source of
primary data, we used official documents
of the city administration, as well as the
results of a survey conducted by a group of
experts in the field of cultural and historical
heritage. Then the collected data was com-
piled, that is, grouped into groups according

TOYHOCTb W NoMHOTa. TOYHOCTD

¥ NONHOTa — 3TO TO, YTO Onpeaenser
NpOU3BOAUTENLHOCTb MOLENM MO OT-
HOLWEHWIO K ONPEeAeNeHHbIM Knaccam,
0c06€eHHO ans HecbanaHCMpPoBaHHbIX
HabopoB AaHHbIX. TOYHOCTb — 3TO
OTHOLWEHWUE UCTUHHO MONOKUTENbHBIX
pe3ynbTaToB KO BCEM NMPeACcKasaH-
HbIM MOJIOXMUTENbHbIM pe3yibTaTaM;
NONHOTA — 3TO OTHOLEHNE UCTUH-

HO MOJIOXKUTENbHBIX Pe3yNbTaToB

KO BCEM NMONOXUTENIbHBIM pe3ynbTa-
TaM B peanbHOCTH.

Pe3synbtaThl conoctaBneHuns
CBOMCTB MOAYYEHHBIX MOAenei
nokasaHbl Ha puc. 2, 3. Kak BugHo
13 pUC. 3, MCNoNb30BaHME anropuTMa
CBKC 3HauuMo noBebllwaeT KayecTsa
MeTa3BpUCTUYECKO MOLEeNH.

0nMH U3 Haubonee HEOXKMAAHHBIX
pe3ynbTaToB HALIEro 3KCNepuMeHTa
GblN NONYYEH COMOCTABNEHUEM IHEP-
ro3¢deKTUBHOCTU 3AaHNI C UX KyNb-
TYPHO-UCTOPUYECKON LIeHHOCTbIO
(puc. 4). 06wuM MecToM cTano
VTBEPXKAEHUE, YTO TPALULUOHHbIE
MeTOAbl foMmocTpoeHus B NopaaHum
BK/10YaIOT BeCbMa I heKTUBHbIE
npuembl NAaCCMBHOTO PeryMpoBaHus
BHYTpEHHeli Temnepatypbl. Takue
YCTPOIACTBA, Kak NepdopMpOBaHHbIi
thacag «mawpabusa» unm seTposas
GalHn «6agrMp» WHUPOKO U3BECTHBI
U uccnefoBaHbl [14]. Tem He MeHee
Hala MoAeNnb OfHO3HAYHO NoKasana
NOHUXEHHYIO 3HeproaddeKTUBHOCTL
3AaHWI, OTHOCALWMXCA K HACNeAuto.
Bo3moxHO, faHHbIN 3theKT BbI3BaH
MNOXUM COCTOAHUEM KYJIbTYPHO-U-
CTOpUYeCcKoro Hacneaus. BoamoxHo
TaKXe, 4To B CNUCKax Hacneaus
B AMMaHe 0Ka3anoch CAULWKOM
60/blLIOE KONMYECTBO 0OBEKTOB,

to meaning, their quality was checked by
cross-matching (data that contradict each
other were excluded). Also, at the first stage,
the general form of the future functional
basis of the model was outlined.

The second step was data processing.
The missing data was calculated by the
imputation method. Then all the data was
brought into a single form by converting
their measurements into conditional
scores. To do this, the maximum value
of each parameter is assigned a value of
100 conditional points, and the minimum
value is 0 conditional points, after which all
parameters are recalculated to a normalized
form. The transition to binary encoding of
data helps to process them using computer
methods. One-hot encoding is performed so
that categorical variables can be easily used
in machine learning models where a true and

OTHOCSLUYMXCA K KONOHUANbHBIM Nepu-
0[1aM UCTOPUM CTpaHbl (OCMAHCKOMY
1 GpUTaHCKOMY), KOra apxuUTEKTYpa
UCMbITbIBaNA CUIbHOE BHELIHEee BAUS-
Hue. Bo BCsKOM cnyyae, nosyueHHbli
pesynbTaT CTUMYNUPYET AanbHeline
uccnefoBaHus B JaHHoi obnactu.

3aknioueHue
Ncnosb3oBaHue 3BpUCTUYECKNX
1 MeTa3BPUCTUYECKMX ANrOPUTMOB
AN MOLLENNPOBAHUS TOPOLOB — 3TO
HoBas 1 GypHO pa3suBalowascs
061acTb NPUKNAZHOI MaTEMATUKM.
OHa No3BONUT 0ObEANHNTE OTPOMHbIE
MaccuBbl JaHHbIX — OT KOCMUYe-
CKMX CHUMKOB NOBEPXHOCTU 3emnu
B Pa3HbIX CMIEKTPaNbHbIX AUanNa3oHax
[0 pe3yNbTaToB UCTOPUYECKMX, CO-
LMONOTUYECKMX U NCUXONOTUYECKUX
nccnefoBaHuit. UMeHHo Ha 3Tom
HanpaBJieHUU Mbl BUOUM peasibHYIO0
nepcneKTUBY NOCTPOEHUS TaKUX
MOfiefIeil, KOTOPbIE CMOTYT CTaTh MOLY-
HbIM MHCTPYMEHTOM NNAHUPOBAHUSA
W ynpaBfieHUs Pa3BUTUEM FOPOJAOB.
MpeackasaTenbHble cnoco6HOCTH
TaKux Mofeneit No3BONSAT «C OTKPbI-
TbIMU TNa3zaMmm» UCKaTb ONTUMaAllbHbIE
peleHus B NoMCKax paBHOBECUS
Mexpay TpeboBaHUAMU KOMPOPTHO-
CTU FOPOACKOIA CPefibl, IKOHOMHOTO
OTHOLUEHUA K Pecypcam 1 GepexHoro
COXPaHEHUA KyNbTYPHOTO HacNefus.
Brnpouem, kak nokasbiBaeT npumep
anroputma Ctpoutenbcrea Benukoi
CTEHbl, UCTOPUKO-KYNbTYPHOE Hacne-
AM1e caMmo o cebe MOXKET NPUHATD
HEOXWAAHHOE U BeCbMa pPe3y/bTaTuB-
HOE y4acTue B NpoLeccax co3aaHus
1 COBEpLIEHCTBOBAHUA MOAESeil
YMHBIX, YCTONUYMBBIX U YCMELWHbIX
ropofos Gyayuiero.



fair representation can be achieved. Having
a well-structured and processed dataset is
key to building reliable predictive models for
sustainable urban planning.

The scope of this article does not allow us
to describe in detail every step in building a
model. Let’s just mention that during the ex-
periment we tested three common modeling
algorithms. The choice of model emphasized
interpretability and accuracy of forecasting,
focusing on Decision Tree algorithms (DT),
Random Forests (RF), and Artificial Neural
Networks (ANN):

1. Decision trees (DT) provide interpret-
ability through recursive binary separations,
using metrics such as the Gini index or
information gain to achieve homogeneous
groupings.

2. Random Forests (RF): Use an ensemble
approach to process multidimensional data,
combining multiple trees to increase accura-
cy and mitigate overfitting.

3. Artificial Neural Networks (ANN) excel
at modeling complex nonlinear relationships
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and historical value (Fig. 4). A common
statement has become that the traditional
methods of housebuilding in Jordan include
very effective methods of passive regulation
of internal temperature. Devices such as the
perforated Mashrabiya facade or the Badgir
wind tower are widely known and researched
(Al-Ruwaishedi et al., 2024). Nevertheless,
our model clearly showed the reduced energy
efficiency of heritage buildings. Perhaps this
effect is caused by the poor state of cultural
and historical heritage. It is also possible
that the heritage lists in Amman contain too
many objects dating back to the colonial
periods of the country’s history (Ottoman
and British), when architecture was strongly
influenced by outside influences. In any
case, the obtained result stimulates further
research in this field.

Conclusion

The use of heuristic and metaheuristic algo-
rithms for modeling cities is a new and rap-
idly developing field of applied mathematics.
It will allow combining huge amounts of
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data, from satellite images of the Earth’s
surface in different spectral ranges to the
results of historical, sociological and psycho-
logical research. It is in this area that we see
a real prospect of building such models that
can become a powerful tool for planning and
managing urban development. The predictive
abilities of such models will allow us to look
for optimal solutions “with our eyes open” in
search of a balance between the require-
ments of a comfortable urban environment,
economical use of resources and careful
preservation of cultural heritage.

However, as the example of the Great Wall
Construction algorithm shows, the historical
and cultural heritage itself can take an
unexpected and very effective part in the
processes of creating and improving models
of smart, sustainable and successful cities of
the future.
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