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Rezume

A qualitatively new level of automation of architectural and
construction design is provided by information modeling technology,
which assumes the creation, use and development of a single
information model of construction objects at different stages of design,
both during construction and during operation.

An important part of architectural and construction design is
construction planning, which is the main part of the diploma work. The
calendar plan plays a leading role in the design. The definition of the
best combination of construction methods is a complex task. The choice
of methods of production of construction works and the definition of
resources is an important part of planning and significantly affects the
choice of a calendar-planning decision. The planned work has an
alternative way of implementation.



A calendar-planned study for the design of a building
organization is provided by software. That requires the creation of a
method of integration of the information model of the building with the
use of developed algorithms and taking into account working spaces for
the project of production of works.

The quality and efficiency of the project in the process of
designing the organization of construction and production of works has
a decisive influence on the entire process of project implementation.
One of the main stages of the organizational and technological design of
construction and production works is the development of a calendar
plan for construction production. CocTaBieHue KajleHJapHOTO IIaHa
includes selection of construction technologies, determination of works,
estimation of necessary resources, calculation of duration of works and
determination of the sequence of these works.

The process of automation of the design allows us to speed up
decision-making, reduce the amount of input data and avoid errors
related to the human factor. There are many modern methods and
means of calendar planning that can be found when solving complex
project tasks, but construction planning is still a laborious process that
takes a lot of time. One of the sides of the automation of design is the
selection and processing of effective algorithms and software solutions
for applied tasks.

Thanks to technical progress and the widespread technology of
information modeling of buildings, new opportunities appear to
improve BIM design processes, for example, 4D BIM technology is a 3D
model + "time”, which allows you to connect building components with
a calendar construction plan and visualize the construction process.
Further progress in the development of automation algorithms will
allow us to reduce time, improve the quality of the process of creating a
project calendar plan.

Project efficiency criteria «time» and «cost» constitute the main
goal of project optimization. Considering that each work in the project
can be performed not only with the use of a certain amount of resources,
but also by choosing different types of resources, including workers,
machines, methods and technology of construction production.

There is a need to create a flexible optimization model that takes
into account different types of work sequences, limits the duration of
work, minimizes the total cost of the project and the time to complete
the entire project. It is necessary to formalize decision-making
scenarios when optimizing the time and cost of project implementation.

To determine the optimal strategy for construction work, it is
necessary to consider several possible alternatives. Evolutionary
algorithms EA, especially genetic algorithms I'A, have great possibilities
in solving tasks of optimization of calendar planning during automation
of design and construction.



The new method, developed on the basis of the genetic algorithm,
compares the required values of the term and cost of the project with
contacts, contracts, etc. can provide compliance. On the basis of genetic
algorithms, the analysis of alternative strategies for the implementation
of the project and optimization of the project plan are proposed.
Proposed methods of reducing the duration of work when optimizing
the duration of the project. Based on information modeling of buildings
BIM and genetic algorithm GA, a calendar construction plan and a
complex automated optimization method were developed.

The possibility of complex automation of the development of a
calendar plan based on the integration of software tools is revealed. The
use of accurate information stored in BIM about construction
components will allow us to more effectively determine the types of
project work, calculate their duration, use the rule of order and, finally,
plan.

On the basis of the information model of the building, a
three-dimensional visual mode and a time reflection model of working
spaces are offered for determining any conflict of working spaces. The
proposed optimization methodology demonstrated the ability of the
algorithm to solve tasks with various types of logical connections and
taking into account breaks between tasks. The developed software can
represent various scenarios for calculating the duration of the project
along with the corresponding costs to help in making a decision to
optimize the construction schedule.

The program demonstrated its ability to solve the tasks of flexible
use of real projects and optimization scenarios depending on various
criteria. The combination of various possible ways of performing work
generates multiple alternative project plans with their duration and cost,
but the software implementation of the proposed algorithm gives us the
result in a very short time. Corrected and completed 3D BIM allows us to
fully or partially automate reports and operations that were previously
performed manually.

The proposed 4D-model allows us to visualize the construction
process, which gives us visual, easy-to-understand information for
presenting and understanding the entire process. Early detection of
problems related to the organization of workplaces reduces the time of
fulfillment of orders, increases the quality of work, and also reduces
deviations from the project implementation plan. When viewing the
complex 4D-visualization of the building components and working
spaces of each construction schedule, which we obtain with the help of
the proposed genetic algorithm, it is possible to calculate the existing
conflicts and determine the schedule with the minimum number of
conflicts.
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m

n i n mi
3060308300 ¥ X C_ *K +I1*D+P* Y ¥ C *K. . (2.2)
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M09, Lbgoa goMoe Kij M0 0;

/ — 360994ty emmols gHmgedo ofodo bafxgde;
£ - 36mgdeols gliemmgdols @Hm;
T - 36mggologols Lsgodm o
P —boxgools ofodo 3Hm(39660.

LogMom @omMgdgemgdols dobododsigoolsls, mommgye Lodndomls wobodbymo
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seligomdls 3 wowogo (Least cost, Target time, Least time). moomggwo
20530l ©9b0db7emg0ss sbgomodols aobliodmgtgmo semammomdols Hgoemodsoos.

¢ 3060350 RoMgdymgds (Least cost)
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sS@amMomdo  adblvdrgmogl mommgymo  Lodydomls  bobamdmogmosls o
Lodgdomms  bobamdmogmools  m3godocym  dgbodqosls, MHmIgelivg  dogysgomo
3Omgdgols Jobodocydo LogMmm @oMgdagmgdols s dolio dglivsdsdolo Jobodowryto
bobamdemogmools aswsfygggolimab.

Lodom bsbamdmogmds (Target time)

sSmamMomdo  moomgyo  Ladgdomls  bosbamdmogmdols o Lsdgdsmms
bobaMdmogmdols  m3godocy  dgbodgdols  LodwgmMogl, ®mdgembsg dogysgomo
IOmgdgols  Lodomm  bobaMdwmogmools @ oo  dobodocryMo  @ofMgdgegdols
3oR9y398oL00b.

8060350 bsbaMdmogmds (Least time)

smammomdo  asblodrgMogl  mommggmo  Lodydomls  ©o  Ladydomms
mdgodocrgmo  dgbsdgools  bobagmdemogmdsls, Mmdgenlog dogysgemo  IMmgdgols
90b0dowyo  bobgmdemogmdols ©@d  dolo  Jobodoscrnmo  LogMHomm  @oMgdgegdols
393V 596L0b.

a00basM0d9o0ls  Jgegagdols  adsdmygobols  ©o  ©edydoggools I3
B9lodmgdgmos Imddgegdols 4 gsmosbgo: Export to MS Project, Export to MS
Excel, Compare results, Return to input Data (6sb. 3.4.). 8m(3997mo
dmba39990L Fggagdols 9du3mmego Microsoft Project-do asdmoygbgds 0doliomgols,
Omd  4odmgoygbmo Jorgdymo dgegagoo Ledydsmms  godmomodsiooliols emols
Lgomady,  asdmygbgogmo  Mgligdlgools  dolgmamadols  Mg39680m900lsls,
Lbgowslibgoagomo godols 3Mmgdegdols sbasmodgools dgddbolsls, 3Mmgdgols Logomm
Igengemmdadg Mgligmligdols dolgemdmmdols asgemgbols asdmogmoliols s 6.9.
Microsoft Excel-80 3m933wo 3998900l 9dudmmgo asdmoygbgds dmbaoisgdms
399amdo  0d3megolsmgols  Autodesk Navisworks-do ws 3Gmgdgols 4D
3980305l 3D Imegmmsb  dg9mmgdolimgols.  Igliadengdgamos  as9bgstodgools
d9ga 900l 3oM0sbggdols FoMmdmeaqgbs aowsofygggols Igeemgools ws domgoolismgols.
aomgoeolifobgdgemos  Lofiyobo  dmbo399gdols  Mgeodgomgdolimsb  ©sdm3bgos
BmMdoMmdoMgosls  ©o  addggdolimgols  Lofiyolo  3oMsdggdgools Lbgs gomosbgols

8096200079058,
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BResults Summary
Project Name Export to Ms Project
Start Date

Optimization Goal

T ey o,
lutezeonoen,

Compare Results
Original Value
Eest¥afos: Retumn to Input Data }
| Activity Selected
1 rs Activity D ipti Pred: Option

|
TR
R T s T Y S

‘ J
et oo G o R G .

BRI

b e s
5

ls;ylﬁ.']. d9gagools 35mesbs

bsB35m bogmggdols go@dolss s 8mdgdols 9946l @s Lsdgdsm ogMagdols
s©a0edgdMmgmdols  asblsdugmols 3Mmglols dggmdsgodssoolmgols Autodesk
Revit sm9do 99373039090 0695 956960l dsgmmdomgdgmo ambdsos (3wsgobo),
Bmbgsgd0r Fggsbobgols (. 8.).

= MI
ID component ] Form 1 [ Form 2
- x X
Y e o L T
X S | v |
Y
Workspaces
pa X Y
Lo ——
Suppond
- —_—

bgﬁ.& Losdydom bogiggdols 9560

Lodgdom Logmsggools dgliobgd s7egdgemo dmbosgdgdo dmoiagls dgdwegals:
ID JM33mbgbgo,
Lodgdom Logmsols Form 1 s6 Form 2;

LsFdomms  LogMzggoels mommggwo bododm godobmgols X, Y 8mdgdo: Labor,
Equipment, Suported, Proteqted.
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3.2. 333(00)036836*3@0 3;]me03015 Qégbb@”&ﬁ)abb

Mgocg®  IMmgdgdo  3Mmamodols  asdmygbgools Fob  hogomgdnmo  oym
Lodydomls semammomdols Lodglgols Iggoligds s Igrgagdols Lolfmmy. mgmmoyemo
Ixgemdols @d IMMaModyemo @sbsmmols cmaojols @sliswoligMgdmor Bogomws
dmegmols  fobolilfomo  d9dmfdgos  Lbgowslbgs  dsasmomgools  Logndggumdy
@0 IMdgYMo@sb.

396053039300l gls 989300 doedg 3bodgbgenmgabos, Mowasbss ols 4g9bdomgos
a9goLfmMmm Jgemdgoo s gsbgledagmmo IMmmdmgdymo 1dbgdo IMmamodols
©dlsodgliggdmom.  9dagoMor, Imigdgmo  asbymaomgds  Imoidgls  ©dm3ebgdols
5396039 aswsfyggeol m3gododsiools d9dmmogedgdmo Imegmols @sbdomgoom
s 3o dgeomqgosls  [obsdmmdgeo  Imegmol  ©obIomgdom  Jowgden
392{43989009b.

3sg0momo N21. dm(5937mo dogsmomo dmygoboco ogm [77] Lsdydemdo.
3589000 83mbbomos  Fsmgdogogo  dmegamols  godmygbgoom 8 Loadndomdy
@34Mbmdom. Jsasmomols dmbs;;99990 dm9dnmos sbGowmo 12.-do. 53 83m(;96do
3Omgdeols @alimmmgdols beoddscydo eMm ogm eMmols 38 gMHognmo, b oModo
@3bsbatixgdo Mol gHmgymdo @oMgogegdols 70 gdmgamo, 3Mmgdgols LogHom
Q09079003 Jgoea0bs 3790 womgdgmgdols gHmgnwo.

sm9dog039M0  Imegmols  asdmygbgdols  Fgegagoo  grIMgdmes 2
Lggbomolimgols  sengmomdols bgemoo  d9dmfdgools Igegagol. Jomgge lysgbsmls
M3§oddeMo  QoMgd7egdols dg0bs FomImoeaqgbl. Jgegasw, @omgdnmads 3760
399@aqbl, bmwmm  IOmgdgols  Igledsdolo  bobaMdmogmds  35-ol  gmeoe.
a00basmodgdols  gmeg  Lggbodls  IMmgdgols  Lodomm  babamdmogmdols
1867639ymas Fomdmaragbl @s 36-0ls gmmos. bgmom assbast0dgd0m domgdmemo
Jgegagdo mmogy Lgbomolimgols 37ligoe gdmbgggs 39dmmagodgdmmo Igmmeo jom
038Md0g0doMgdmo  assbasmodgdols  Jgegagol. gl agobggbgol,  Mm3
d93m053989079e0  Igommeo s dgdomols dgligoe o gbosto dglfggls aswomobmls
yggeo dglvdeam Logmoies 393ddgels 3Mmiglido.

bowo 12.

117



I dsg sevomols Imbs;99960

bobaMdeogmos JoMsdoMo batxqdo
bodgdom | fobodmmdyeo BmﬁaoQﬂ;O T gn‘maaj]Qn Bmﬁaojﬂﬁm Bn'ggaﬂQn
A - 12 10 200 360
B - 12 10 100 340
C B 10 9 200 250
D A 13 10 240 600
E CD 7 7 o o
F E 6 3 120 300
G B 14 12 140 250
H G 8 5 140 350

dsgademomo NOo2. ;393700 dogdmomo dmygobowo ogm [117] Lsdgdomdo.
doa00mo  8Imbbowods  F9mgdogogado  Imegmols  Lodyomgdom.  dogdsomols
dmbo(399900 dmygobowos Moo 13.-30. &9 59m(30b0do 3Mmgdgols @slitigegdols
ber®doen o edHm — e®mols 20 909305, bmwmm oModo sbsbatxgdols — 25000
@oM90gools gMomggmo  eMmols gohoggmdo, IOmgdgols LogHom ©oMgdgegds
2044000 @oM907mgo0ls gHmge09d.

sbowo 14.-90 dmygobowos  d93mmogedgdymo  Igmmeo ols GA
a0dmygbgdom dowgdgmo dgegagools dgwsmgos [117] Lodgdomdo  omImwagboc
J90989005b.

393m053098907e00 dgomeozols a53mygbgoom dowqgdmds dgwgagods 139mglso
ao©dy3gee  Imagpe  30mgdsgogno  Imegmols  asdmygbgools  dgegagomsb
J9oMgd00.  8dolimobogg  abos  d@gbodbmm, M3  FomgdsgogMo  Imwgemgdo

8399093l 635 3359ma0mgoge aswsfygzgeols dotmg 8mdols 3Mmgdggdols @oggadgols
™3§0d085300s 8Im(39bolimgols. olsobo dM8g39dE09bo brgdosh, Mmamm 3o sdmsebols

8m3ds 0dM©gdo.
(sbGowo 13.
33-2 dsgsemomols Imbys93960
bobamdenogmds JoMwadoMo boMxqoo
bodgdom | YebsdmBogegdo 6o ®o | 39313970 | beov®Hdsero | 9937337
A - 15 13 225000 265000
B A 2 1 26000 28000
C - 14 10 210000 290000
D C 2 1 26000 28000
E - 2 1 30000 50000
F E 2 1 16000 17000
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G F 4 3 52000 54000
H - 3 1 45000 85000

I H 2 1 16000 17000

)] I 5 3 65000 69000

K - 3 2 45000 65000

L K 4 2 32000 34000

M L 3 1 39000 43000
N - 5 2 75000 135000

0 N 6 4 78000 82000

P - 5 3 75000 105000

Q P 7 5 91000 95000

R - 2 1 20000 35000

S - 5 3 50000 80000

T - 3 1 24000 26000

U T 2 1 20000 35000

\Y - 12 9 180000 240000

W \Y 8 6 104000 108000
bGoeo 14.
892 sg senocmols Igcegagdo
350199580 3900 Imegeo [117] GA*

2036 O 0090790 MM 0090909
90603secnnto 16 1990000 16 1990000
@0M907egdd
30bodscoyto 15 2361000 15 2007000

MM

dsasemomo No3. (3930 ddasmomo  dmygobowo  oym [95, 122]

Lodydomdo. ogowomo oambﬁoQoo 6363@03360 OQEBmﬁmmaoh 608(*)3863636000.

dmbo(399900 gosbasModgdolimgols Im(39daeos Moo 15.-90.

(bowo 15.
39-3 3sa5cnomols Imbs;98960
L5637 dom §0b53mmd 9900 g 9Mbsgoggdo bobademogmos 3oMHesdoMo
Bax 900
1 14 23000
1 — 2 20 18000
3 24 12000
1 15 3000
2 18 2400
2 1 3 20 1800
4 23 1500
5 25 1000
1 15 4500
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3 1 2 22 4000
3 33 3200

1 12 45000

4 1 2 16 35000
3 20 30000

1 22 20000

5 2 24 17500
23 3 28 15000

1 14 40000

6 4 2 18 32000
3 24 18000

1 9 30000

7 5,6 2 15 24000
3 18 22000

sbowo 16.-90 39@oM9d7@os  J9dmmagadgogmo  dgomeozomn GA  w©o
Lod9domgddo [95,122] GA a0dmygbgdom Jowgdieo dgegagdo.

(sbGowo 16.
393 Bsgscromols Iggagdo
GA [122] GA [95] GA*
ddmy(30bo
©Om | 0009071900 | O | 00090700 | oo | momqdmemgds

d0bodocryMo 67 225300 68 220500 68 220500
@0M907egdd
30bodscyto - - 60 233500 60 233500
MM
Lodom ©Mm 63 225500 63 225500 63 225500

66 236500 66 227500

67 224000 67 224000

bsdo a0s6as@m0dgdols dgegagdols dgesmgdom dgodaads sagbodbmm, Ml
B0Bodomyfo mofgdamgds, Jomgdgemo MBmasssBydgme Sgmmeogols 4odmygbadeo
13999605, 30069 [122] Lsd1dsmls Igegan. 393mmsgedadrwo Igmmeo jom dorgd7eo
Bobodscryfo @molss s dobodscro cofgdcgdols dgdbols Jggagdo oligmoggs,
Geagentiyy [95] Lsdgdommo doggdryco.

53599 ©Gmb, doggdimo  eBmobsomgol  gofgdnegdols  o6lsdagols
sdmobolimgols aswsfysged, 399mmsgodgdgme swammondols dobgrgom (66 wwmy
227500 cotgdgeagdols emols), 559,905, goemg semg [95] ksdgdsmdo doagdgeo
(66 @ag 236500 gomgdcgdols emols).
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Joegsg  gomo  3bodgbgemmgebo  d9eaMgds  Joginmgbgds  agbgeognto
s m0mdgools 356899eMg0L. [95] Lsdndomdo Im3nmsgools Gomrgbmds 200
3900896l bomm  memdsms Homrgbmds gmmos 1000-ok. [122] 6536mddo
3mdgesools Homegbmds 500 dqeeaqgbls, bmamm momdsms Goibgo 100. dm(;9d1wm
653Mm3do ImIgesools Hogbgos 100-0s, bmemm msmdsms — 50. Lbgs Logyggdom
339300l @S MOMOsMmS Mo;sbgo dgdmmogsadgdge dgmmeozodo bogwmgons, gowy
Lbgs Bmegeogddo, gl jo 0ol Bodbagl, Hmd Bgdmosgedadgmds ©oBdoMmgdeo
8969803360 sammomdols 3gmmwmo 363 dg0dwgds aosbasModgools emMm dgodisommls.

dsaocmomo N2%4&. 3mmgdego 18 Lodndomliash 3geagds @ Lsdsdm dsasemomls
Fomdmowagbl, Gmdegdoy ®odwegbody Fobsdugd ggeggados  msdmygbgdreo.
Jotggese ol oym asdmmgmomo [59] 6dEmddo, bmwm d9dwgs asdmygbdyeo
Lbgs Gog 332939090 [53, 65, 120, 121]. $3a59000, 3Hmgdeo dolsmgdo dogswmomos
o393 20 3329zl dgloamgodar sbacmangMo 35egggoels grgagomab.

36mgdeol Lafgolo mbaggdgdo Bobggbgdos (bMomo 17-o. Bsgscoco
3dmbliboeos gg3mery3079Mo seammomndols g5dmygbgoom.

(bGowo 3.6.
39-4 8sg seromols dmbo;gdgoo
33 9Mbsg0g900 = 3d9b9dcmdols Jgmme9do
Lodndom | Fobsdmmdg d9omwo 1 dqgomwo 2 3qgomwo 3 3gomeo &4 | Iqomeo5
©9%0 D C D C D C D C D C
1 — 24 1200 | 21 | 1500 | 16 | 1900 | 15 | 2150 | 14 | 2400
2 — 25 1000 | 23 | 1500 | 20 | 1800 | 18 | 2400 [ 15 | 300
0
3 — 33 3200 | 22 | 400 | 15 | 4500 | — — —
0
4 — 20 300 16 | 3500 | 12 | 4500 | — — —
00 0 0
5 1 30 1000 | 28 [ 1500 | 24 | 1750 | 2 | 2000 | — —
0 0 0 2 0
6 1 24 1800 | 18 [ 3200 | 14 | 4000 | — - — —
0 0 0
7 5 18 2200 | 15 | 2400 | 9 | 3000 | — — —
0 0 0
8 6 24 120 21 | 208 |16 | 200 |15 | 215 |14 | 220
9 6 25 100 23 150 | 20| 180 (18 | 240 | 15| 300
10 2,6 33 320 | 22 | 400 | 15 | 450 | — — — —
11 78 20 300 16 350 | 12 | 450 | — — — —
12 59,10 30 1000 | 28 | 1500 | 24 | 1750 | 2 | 2000 | — —
2
13 3 24 1800 | 18 | 3200 | 14 | 4000 | — — — —
14 4, 10 18 2200 | 15 | 2400 | 9 | 3000 | — — —
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15 12 16 3500 [ 12 | 4500 —m | — | —

16 13, 14 30 1000 | 28 | 1500 | 24 | 1750 | 2 | 2000 | 2 | 300
2 0 0

17 11, 14,15 24 1800 | 18 | 3200 | 14 | 4000 | — — | —

18 16, 17 18 2200 | 15 [ 2400 ] 9 | 3000 — 1 —

35mdgd0  [59, 65]-30 Bomgdnm  Fgrgagomeb  Fgmemgdols  adoom
Lodgdomdolimgols JoMggmee wosragbomo ogm domo  IgoMglo  @oMgdyegdols
39M05bgo. 3Mmgdgols LogHmm JoMesdoMo @oMgongmgos o3 dgdmbgggedo gmeos
99740 S, bowm 3IHmgdeols  boba@mdmogmds 169 wmgls  Igoagbl. o
4mzg@eeomee  asg0mgowoliffobgdm 0fMod @oMgogmgdgdls @oMgogamgdols 200
90 Imee edmls gHmgredo, 3306 3Hmadeols LogHom womgdmemgds 133540 S
0g6909. 8056g5M0d900ls JoBsbo 03530 IeamIsMgmows, MmI Imaggdgdbs dHmgdgols
M99eods300ls dmenm gorolimgols — 110 eey 3060dscnyto @oMgdgmgds. dm(;9dywo
9900m@0 300 a55baomModgdols Igmmeo3sd shggbs, M3 dobodosecryMo @oMgdyemgds,
oliggg Bmamm Fobsdmmdge Lodndemgddo, gmemos 128270 S. 399mmogedgdgmo
SamM0mIom 4o9basM0dgosdo dgegan Jo@gomemo ogm 9g6m LMsgswe, gowtmyg lbgs
33939090, MHMI@go0; dmIgesgools Mogbgls 100-0l gmmor @ Mmomdsms Goibgls
1000-0l gmmsw.

Lows D= Lod5domls babgmdmogmde,

C - 30m@s300 Ladgdomls @ofgoengds.

659mm3o [53]-3o FoMImmagbomos 4 ggmem 0760 SmamMomndo, HmIemado(;
89639036000 assfyzgeols m3gododsiooliomgols:
sammondo (PSO);
swammondo (ACO);
senammomndo (SFL)

849696034760 seoammondo GA,

0Godo  batxgdo  woragbomos 500 $-ols 360dghgeamdady. 89 mmbo
seoamBomdols a5dmygbgdols @ Jgdmmegedadgmo semam@omdols GA™ Jgwgagdols
390090 dm(3937mo0s (sbBoemo 18.~To.
(bowo 18.

33-4 dsgsecmomols d9ga 900
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30603y a0dmd7dogy
SEamMo ::)BOSOQU boﬂﬁ?ofm 0 tzgnéﬁm Fomdogg dols @M,
0 QoMo g SMIR0g o
®do RN RS bobig’ﬁdQOS 3 dols % {0
™
PSO 161270 161940 110 112 60 15
ACO 161270 166675 110 122 20 10
SFL 161270 161270 110 110 100 8
GA 162270 164772 113 120 0 16
G A* 161270 161619 110 111 80 5

000Mg@0 dSeamMomndols asdmygbgdom 308cobsmgmdws 20-20 gsdm(swe.
Fomdoggdols 3Mmisgbgo FomImoraqgbls asdmieols gomemosls do8bmomogo dowfggols
9b09d3bgemdolimsb 110 ey aodmpeols  Loghom  Momegbmdslimsb. Mmamty;

oo  18.-3os  bsBggbgdo, F9PMMS3989d7@BS  SeaMP0M3DS GA Lbgs
70M0geglimds d@ammMomdgols sxmds SFL-ols aotws. Lafyolio GA (%) Fomdsggools

Imabecmeb dgesMdoo Jgdmmegedgdawe GA -l Famdaggdols Immigbeo 80%
Bgowagbl. IHmadeols comgdnegded dols dobodscrn® 161,270 $ 860dgbgeomdsls
dooefos. ©331dog900ls Ladnsemm eMmd 5 Fodo Igorgobs, Mo d0Mgs, gormg bbgs
swamMomdgddo. 00 @Omb, OmEs  d@ammondgbds PSO ©s ACO  39dmgls
Fomdagqools Boefggs 60% ws 20% sedsmmdom, Lsdysamm LagHmm @oMgdmegds
(3039 a53mologols Bggo 0gm, goey Jgdmmaegadgdgwo swammomdols.

Lsdndsm  [120]-3o0  m™3goBodsools  SBmobols  asmsfyggeologols
35dm0ygbgdmes  Seam®omdo oModo baMxgdo ©seagboco ogm 15008 w@mbgdy.
(bGoo 19. 430h39690L [121] Ledydemdo agbagog®o seammondols 8sdmygbydoo
Bocgdgmo  Fgegandol  Bgwadgdel  gdmmegsdgham  swamGomdols GA  wo
seogmmondols ACS. Bywegagdmsb, Gmdgeoq 6536md [120]-0 8s9moygbdmaes.

sbowo 19.
33—4 3.)30@007015 33Q33360

oo dmdgesigools DOMOSMS bobatd 5 oo 3
Senam®omdo Gobao Goybao obaMdmogmdo Q0909090
100 287720
GA 50 500 101 284020
104 280020
110 273720
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100 283320
ACS 10 200 101 279820
104 276320
110 271320
100 283320
GA* 100 50 101 279820
104 276320
110 271270

Mmamo; Moo 19-3o 6396900, 390mmagaedgdnmo seamMomdo GA s ACS

80©d5d98d GA. 930539890700 GA* S aMM0mdon Jogdmo aowslygges — 110
g ©s 271270 $, ACS-ols 893dmygbgoom Jogdgmo aowsfygggols ©osdsdmbols

admgmss @ ols 939m9b0s g0y 110 ©wg o 2713208, s90ls gates, GA' dmegeols
MOMIdNS MOMEIbMS b5 3909, goetg GA dmegmols s ACS dmegmols msmdsms
omEgbmos.

Bogomomo NO5. dmggiymo dogocomo Fomdmeagbowo ogm Badmmdo
[44]-30. Bspomomo  Smblbomos  Gogo  ggme@yonto  S@ammondgdols
89dmygbgoom:

EMS segmmomndqdo - Electromagnetic Scatter Search;

GMASA scngmtomdgdo - Genetic Memetic Algorithm with Simulated Annealing;
GASAVNS  samgmmomdgoo - Genetic algorithm with simulated annealing and
variable neighborhood search;

GASA sepgmmomdgdo - Genetic Algorithm with Simulated Annealing;

HGAQSA segmtomndqdo - Hybrid Genetic Algorithm with Quantum Simulated
Annealing.

Bogcomoliogols mbagzgdgdo dmygsbomos Moo 20.-30 3Gmadgols ofodo
boixo 1200 S/ewgdo.  Jomesdodo  botixgde  Fomdmmagbowos  smoligw

IONgI)0do.
sbFoeo 20.
39-5 8sa5cmomols mbs;989d0
seg@bogogqdo (33abgdermdols dgmmeado)
L35 | Fobsdemmdgegdo Da OEFRO lc [? JPERO ZC Da OO0 3(:
1 — 15 60 12 C D C
2 1SS+5, IFF 25 30 20 68 — —
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3 1SS+10, 1FF+3, 25 50 20 38 15 L4
2SS+10, 2FF+3
4 3FS 12 17 9 54 15 60
5 4FS 6 3 — 21 — —
6 1ES 12 27 9 — — —
7 6SS, 6FF 6 8 — 32 — —
8 7FS 20 L4 15 — — —
9 4FS 8FS 12 15 9 48 12 54
10 5FS, 9FS 6 3 — 22 — -——
11 5FS, 10FS 1 0.5 — — — —
12 12PS 25 95 20 — — —
13 12SS+6 15 34 12 105 15 109
14 12FF+8, 13FF+8 12 9 9 41 9 51
15 12SS+6, 12FF 25 30 15 13 — —
14FS-6,
14FF+10
16 15SS+10, 15FF 40 78 35 38 12 4)
17 15PS-10, 15FF 25 23 20 85 30 90
18 15PS 20 14 15 26 12 35
19 15FS+12 25 14 20 18 12 24
20 17SS+10, 20 38 15 19 15 24
17FF+5
21 16FS-10, 16FF, 40 42 35 42 — —
20SS+12,
20FF+2
22 21SS+15, 40 36 30 50 30 58
21FF+2
23 22PS-15, 22FF 40 65 35 48 25 56
24 23SS+15, 9 7 — T4 25 79
23FF+5
25 23PS-10, 23FF 25 45 20 — — —
26 25PS-10, 25FF 25 50 20 51 15 59
27 26PS-10, 26FF 30 60 25 58 15 64
28 27PS-10, 27FF 12 9 9 72 20 78
29 18PS, 19PS, 1 0.5 — 13 7 18
24PS, 28PS

Lowsg D - Ladgdaml babamdenogmdss,

C - Lod7domls JomwsdoMo Qomgdnegds ($/1000);
SS- walisfyolio-wslisfyolo;

FF - csbolimmmo-wsbslitwmo;

ES - eololitgmo-wsbsfyolo.

3Omgdgols 29 Lod7dombingols dsgomomo dmogogls maosgMo gomwemools

Bmaogmo  godl ©d dgogogl @oals BmaogMo 99 ©OIMowgdgmgdsdo,
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g gadomgools IOmamsdols d9lsodengdemdgools ©9dmbligMaogooliomgols
8608363Qm30500. {]SmQUBoUﬁm ongﬁmmaaboh Hagaaabnh obswodo 6033353600

BHowo 21.-9o.

(boeo 21.
39-5 sascnocmols dggagdo
Sam®o0 | J0bod.coMgogmgd [ Lodyocmm dobod. Lod7ocm {omdogqo
do S @0M907@gd | babamdemogm | bobamdemogm ols %
S b )

EMDbB 1237000 1243100 255 242 0
GA 1226200 1228600 251 256 0
ACO 1226200 1228200 251 253, 0
PSO 1226200 1226880 236 245 10
GMASA 1226200 1226200 236 242 20
GASAVNS 1226200 1227360 236 245 10
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