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Abstract: The paper presents the results in optimization of the Average Arrival Rate and Average Service Time
factors in investigation of the teletraffic system M/M/1/k. The optimization processes with respect to models of predictable
variations in Arrival and Exit times for processed system calls are realized. The polynomial predictive models on the
basis of design of experiment and regression diagnostics of the data were obtained. Interior-point and Genetic algorithms
about the target functions in defined functional limitations by graphical user interface Optimtool in MATLAB are applied.
Based on the nonlinear functional minimization performance, the optimums about the considered factors correspond to
the minimums of the desired parameters of the incoming and outgoing traffics have been reached. The optimization
procedures are illustrated by graphical diagrams, source code of the applications and sets of generated variables
according to the target functions.
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BBBEJIEHUE

PemaBanero Ha mpoOiieMH MpH ONTUMHU3AIMS HA MapKOBCKM MOJIEIH KaTro CPEICTBO 3a
HMUTHUPAHE HA MPOLECCH B pa3INdIHU cq)epn Ha TEXHHUKATa € Ba)XKHa 3ajjada NpCABU IINPOKaTa UM
npunoxumoct. Criopen (Blanchet, J., Gallego, G., & Goyal, V., 2016) HekopeKTHHUAT U300p Ha
MO MOXKE Ja Ob/le MpPUYMHA 3a KPalHO HEONMTHUMAaTHH perieHus. [lpu onTUMU3aMOHHH
npoOsieMd TpH Bepurd Ha MapKOB MPEAMMHO CE U3MOJI3BAT TPAJAUCHTHH CTATHYCCKU OLCHKU Ha
ocHoBata Ha Kiefer Wolfowitz axroputsm, Simultaneous Perturbation Stochastic Approximation
(Krishnamurthy, V., 2015, Ermon, S., Gomes, C., Sabharwal, A., & Selman, B., 2014), Cutting Plane
meton (Buist, E., 2008).

! IloxnagsT e mpejicTaBeH C OPUTMHAJIHO 3ariaBue Ha Owbirapcku esux: OINITUMU3UPAHE HA MOJEJIU 3A
[MPOTHO3UPAHE HA TPA®UKA ITPU BEPUTY1 HA MAPKOB
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ChIecTByBaT IPOYUYBAaHHS, B KOUTO C€ U3BBPIIBA OOPATHUSAT MPOIiEC, a MIMEHHO BEPUTUTE HA
MapkoB ce H3MoJI3BaT KaTo MHCTpYMeHT 3a ontumuzanus. B (Nazemi E.,2018) ca mpencraBenu
npouecu npu (opMHpaHe Ha KOHTPOJHH BPEMEBHM HMHTEpPBAJIM 4Ype3 H3IOJI3BAaHE HA E€IHAKBU
MapkoBCKM MoJienu mpu 00paboTKa Ha MOCThIBaIa WHGOpMAIMs B CUCTEMH 32 HaMUpaHE Ha
BB3MOXKHU JIe(EKTH IPH MOJAPHKKA HAa 000py/IBaHE.

BakeH acnekT B KOMyHHKAllMOHHUTE CUCTEMH CE CBBbP3Ba C Bb3MOXKHOCTTA 338 ONTUMHU3HPAHE
Ha TpaduKa W MOCTHTaHe I0-J00pO KadecTBO Ha oOcimyxkBaHe. B mokmama ce pasriexnaa
npuiokeHueTo Ha Interior-point u Genetic anropuT™u npu onTHMHU3AIMS Ha (AaKTOPH, y4acTBAIH B
PErpEeCHOHHN MOJIEITH 32 IPOTHO3UPAHE Ha BXOIAIIHN U U3XOIAIIHN TpahUuHH, TpH Bepura Ha Mapkos
M/M/1/k. U3cnensanusta ca mposeaenu B cpena MATLAB, usnomssaiiku GUI Optimtool.

N3JI0KEHUE

PerpecnonHu Moj1e/id 32 MPOrHO3HPAHEe HA BXOASINHUS H U3XOASIINS TPA(UK NPH BepHra
Ha MapkoB M/M/1/K n nedpunupane Ha uesreBuTEe PYHKIMH 32 ONTHMHU3ALUS

M3BbpIICHN Ca IpEeBAPUTEIHH MPOLEIYPH IO HMHUTAIMOHHO MOJEINpaHe Ha TeiaeTpaduyuHa
cuctema M/M/1/K nocpencsom npoaykra Java Modeling Tool. Bepurara e usciensana Ha ocHOBarta
Ha IJTaHUPaHe Ha eKCIIEPHMEHTA MIPU YIPaBIsieMH (HakTopu:

® X1 — CpeaHa CKOPOCT Ha MOCTHIIBaHE HAa MOTPEOUTEIICKH 3asiBKH [CUSL./S];
® Xy — CpeIHO BpeMe Ha 00CITy>KBaHE HA MMOBUKBAHUS [S];
e X3 — MECTa 3a YakaHe B omairHaTa [Cust.];

U OTKJIMIM Ha 0OEKTa Ha U3CIIeBaHE:

e y1— BpeMe Ha OCThIIBAaHE HAa MOBUKBaHMs B cHCTeMaTa [S],

e y>— BpeMme Ha 0CBOOOXK/1aBaHe Ha 0OCIYKEHHU MMOBHUKBaHUA [S],

ExcriepuMeHTHTE Cca MPOBEJICHHU NIPU HUBA HA BAPHPAHE HA yMPaBIsieMUTE (HaKTOPH, KbIACTO
KOJMPAIIU CTOWHOCTH - ,,-1° chOTBETCTBAT Ha HaTypaitHu ctoiHocTH 0.25 [cust./s], 0.5 [s] u 7 [cust.]

Ha X1, X2 ¥ X3; ,,0° 3amenst 0.5 [cust./s], 1.0 [s] u 17 [cust.] mpu X1, X2 1 X3; ,,+1° ce MpUCBOsABAT Ha
0.75 [cust./s], 1.5 [s] u 27 [cust.] 3a X1, X2 U Xa.

HanpaBena e nuarHocTuka Ha pe3yiTaTUTE C MOMOINTAa HA PErpecHOHEH aHajdu3 Karo
CbOOpa3HO HHUBaTa Ha KOE(PUIIMEHTUTE Ha OMPENETCHOCT M 3HAYMMOCTTA Ha TE3W Ha perpecus e
ceniektTupad CHMeTpHuYeH KOMIIO3MIIMOHEH IUIaH Ha ekcrnepuemeHTa. [lomydenu ca moxpenu 3a
MIPOTHO3MPAHE HA MOTEHIIMAIIHUTE U3MEHEHHS HAa ThPCEHUTE BpeMeHa. DakToOpbT X3 € OLIEHEH KaTo
HE3HAYMM M U3KJIFOUCH MPU ChCTABSHE HA YPAaBHEHUSTA 32 TEIETPAPUIHO TPOTHOZUPAHE.

B Editor - C:\Users\va\Documents\MATLAB\markovl.m

markovl.m markowvl.m ogran.m +

1 function f = markovl (x)
2 - £ = 199.554 - (134.007#x(1)) - (9.733#%x(2)) + (14.552%x(1)*x(2)) + (65.441%x(1)"2);

a)

B Editor - C\Users\Iva\Documents\MATLAB\markov2.m

markovl.m markov2.m ogranichenig.m gacode_markovlm +

1 function £ = markov2 (x)
2 - £ = 200.366 - (134.117#*x(1)) - (9.433*x(2)) + (14.383*x(1)*x(2)) + (65.599*x(1]“2]4

6)

@ur. 1. lleneBu pyHKIMK 32 MUHUMHU3AIUS OTHOCHO BpeMeHarTa Ha
a) MocThlBaHe U 0) 0OCBOOOKJaBaHE Ha 0OCITY>KEHU 3a8BKHU B M OT cHCTeMaTa
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a\Documents\MATLAB\ogranichenig.m

| markovlm | markovZ.m | ogranichenig.m
1 function [c,ceq] = ogranichenig(x)
- c=x(1)"2 + x(2)"°2 - 1:
3 - ceq = [ 17

@ur. 2. OyHKUMS ¢ OTPAaHUYEHUS IIPU HEIMHEWHA ONITHUMHU3ALINS

Mopenure ca BbBezieHn kato M-file ckpunrosu neneBn GyHkmu 32 MUHIMa3alus Ha ¢ur. 1.
Cpio Taka e 3aga/1eH (yHKIMOHATHE OTPaHHYCHNUS, HEMO3BOJISBAILY HA (PAKTOPHUTE J1a TOCTUTHAT
MaKCHMaJTHU CTOMHOCTH B XOJ]a Ha ONTHMH3AIIMOHHUTE TIporienypu (¢ur. 2).

MuHuMH3aIKMs HA MO/IeJ1a 32 IPOrHO3UPaHe HA TeJleTPa(pUYHOTO BpeMe Ha MOCThIIBaHe
Ha MOBUKBaHus nocpeactBom Interior-point u Genetic aaropurvmu

CrIiecTByBAT J1Ba HAUYMHA 32 AITOPUTMUYHO H3TBITHEHUE, CHOTBETHO OT KOMAHTHUS MPO30PEI]
Ha MATLAB u upe3 rpaduuen norpedurencku uarepdeiic Optimtool. Konkperno 3a peniaBane Ha
3a/layara € M3MOJI3BaH BTOPUST MOAXOA. M3rien Ha MHCTPYMEHTa MpPU ThPCCHE HA MUHUMYM Ha
BBbBEJICHATA IesieBa (YHKIIMS € TIOKa3aH Ha dwur. 3.

\ Optimization Toal Em |
I File Help
Problem Setup and Results Options Quick Reference <
r - - - - 1 || Preconditioned conjugate gradient: - -
Sobver:  fmincon - Constrained nonlinear minimization ......... ¥ Maximum iterations: @ Use default: maxf1, floor{numberOfVariables/2]) .
Algarithm:  Interior paint - o fmincon Solver
pecify:
Problem Find a minimum of a constrained nonling
Objective function: @markovl - Tolerance: @ Use default: 0.1 multivariable function using the interiar-p
algorithm.
Derivatives: Approximated by solver - Specify:
Click to expand the section below cores
Start point: a1 _
art o (1 SQP maximum iterations: @ Use default: 10"max(numberOfVariables, .. ourtask.
Constraints: numberOflnequalities+ numberOfBounds) Problem Setup and Results
Linear inequalities: A b: Specify: Solver and Algorthm
Linear equalities: Aeg beq: Projected conjugate iteration Problem
Bounds: Lower: Upper: Maximum iterations: @ Use default: 2*(numberOfVariables-... Constraints

numberOfEqualities) alvi dviay
Nenlinear constraint function: @egran 5 Run solver and view results

r " @ Specify: N =
Derivatives:  Approximated by solver o Options T
Relative tolerance: @ Use default: 1e-2 Stopping criteria
Run solver and view results
) Specify: Function value check
Start Pause Stop _ i ivativ
= Lo Absolute tolerance: @ Use default: 1e-10 User-supplied derivatives

Current iterstion: 10 Clear Results ) Approtimatad d
= ©) Specify: Approximated de

Optimization running.
Objective function value: 130.0260233542903 [ = Plot functions
Local minimum found that satisfies the constraints.

atives

Hessian

Algorithm settings

Current point Function count Function value
Optimization completed because the objective function is non-decreasing in Inneriteration stopping criteria
feasible directions, to within the default value of the function tolerance, Max constraint Current step First order optimality
and constraints are satisfied to within the default value of the constraint Plotfunctions
tolerance. Custom function:

Qutput function

[ [=] Qutput function Display to command window

m

av [Z] Custom function: Suggested Next Steps
Il [ = Display to command window P Ovenview of Next Steps
L 2 Level of display: | iterative - | [ Vihen the Solver Fails
0,955] -0,297 ) F When the Solver Might Have Succeede
2 s Show diagnostics ~|k Whenthe Solver Succeeds -
4 LU L3 AT ]

@ur. 3. U3rnexn Ha rpaduueH notpedbutencku narepderic Optimtool mpu MunuMm3aIws
¢ Interior-point anropuTsM OTHOCHO BPEMETO Ha MOCTHIIBAHE HA 3asIBKH B CHCTEMAaTa

durypa 4 npeacTaBs pe3yNTaTUTE OT MPOBEJeHATa ONTHMH3AIIUS, JaBallld BH3MOXKHOCT 3a
WUTEPAaTUBHO TpOCIEsiBaHe Ha mpoieca. B Xoga Ha onTuUMH3aIMs 3a M3BLPIICHH 37 OLIEHKH Ha
neneBara QyHkius 3a nepuoa ot 10 ureparuu. JlocTurHaT € MUHIMYM Ha TeleTpaduyHO Bpeme
130.0260 [s], mpu KOWTO € HaJHIle HYJEBO MAKCUMAIHO KOHCTAHTHO OTKJIOHEHHWE (MHAMKALUS Ha
KOPEKTHOCT Ha MHHHMH3AIIHS ).
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%]
Current Point 5 Total Function Evaluations: 37
g 1 E 10
g i ] 3
= 0 >3
=4 [}
2 S LK 2K 2K 2R KK 2K 2R 4
34 3 o
1 2 5 0 5 10
Number of variables: 2 * Iteration
° Current Function Value: 130.026 § Maximum Constraint Violation: 0
= 500 B 2r ¢
© o
> S
c = 1 ¢
2 ¢ e
‘g L 2K K K 3R BRI AR 8 ¢
2 0 20
w
0 5 0w g o 5 10
Iteration Iteration
Step Size: 6.30765e-07 % First-order Optimality: 1.41874e-06
© 2 £ 200
N ¢ = ®
21 ¢ 2 100
Q * ]
» ¢ 5
0 2 0
0 5 10 @ 0 5 10
Iteration w Iteration

@ur. 4. 'paduunm pe3ynraTd OT MUHUMH3ALUS Ha QYHKIHS ,,BpEMe
Ha MOCTHIIBAHE Ha 3asBKU B cuctemara‘“ ¢ Interior-point aaropursm

B Editor - C:\Users\lva\Documents\MATLAB'code_markovl.m

rmarkovl.m rmarkovl.m ogran.m code_markovlm +

@ This file can be published to a formatted document. For more information, see the publishing video or help,

1 function [x,fval,exitflag,output,lambda,grad,hessian] = code markovl (x0)
2 %% This i= an amto generated MATLAB file from Optimization Tool.

&

4 %% Start with the defaunlt options

= options = optimoptions ('fmincon'):

a %% Modify options setting

T = options = optimoptions (options, 'Display', 'iter'}:

8 - options = optimoptions (options, 'PlotFens', { @optimplotx @optimplotfunceount @optimplotfval
z)[= options = optimoptions (options, 'Diagnostics"', 'on'):

10 — [x,fval,exitflag, output, lambda, grad,hessian] = ...

11 fmincon (émarkovl,x0, [1, [1,01.01.[]1.1],8ogran,options);

4 T

@ur. 5. [Iporpamen koj npu npuiioxkenue Ha Interior-point anropursm
NPy MUHUMU3AIMs Ha QYHKIHUS ,,BpeMe Ha MIOCThIIBaHE Ha 3asBKH B cHcTeMara“

Copc ko/a Ha alrOpUTMHUYHO MPHIIOKEHHE € fajieH Ha ¢ur. 5. [ToaydyeHu ca mpoOMEHIUBYU OT
VM3MBJIHEHUE Ha ONTHUMHU3alMOHHUTE mpoueaypu (¢ur. 6). [lpomennuBara “X” mpencrabiisBa
JOCTUTHATHsI ONTHUMYM CbhC CTOMHOCTH Ha (axtopute X1 = 0.9548 u X2 = -0.2972, npu xouto ce
nojy4yaBa MuUHMMYM Ha ueneBara Qynkius fval = 130.0260. ITomoxkutenHaTa CTOHMHOCT Ha
aprymenta exitflag = 1 moTBbpikaaBa KOPEeKTHOCTTA Ha HalpaBeHAaTa HEIMHEHHA MHHUMH3AIIUS.
Crpykrypute output u lambda cwabprkar o6ma uHGOpMAIKS 3a ONTUMHU3AIUATA ¥ TEHEPUPAHUS
Habop oT MHOXKUTeNH Ha Jlarpamxk. Matpuiure grad u hessian npecTaBisiBaT HAMEPEHHUTE TPAJUCHT

1 XecuaH Ha 1ieneBara QyHKIUS, YUUTO JOCTUTHAT €KCTpEMajeH MUHUMYM € TIOKa3aH Ha ur. 7.

optimresults_markovl

|-E| 1:d struct with 7 fields

Field Value Min Max
x [0.9548 -0.2972] -0.2972 0.9548
fual 130.0260 130.02... 130.02...
exitflag 1 1 1

£| output 1xl struct

£| lambda 1xl struct
grad [-13.3664;4.1612] -13.36... 41612
hessian [136.8306 15.5390;15.5390 15.5360]  15.5360 136.83..

@ur. 6. [IpomeHIMBH OT X0/]a HA ONITUMH3ALIUS [IPU TPHIIOKEeHUe Ha Interior-point
aITOPUTHM OTHOCHO BPEMETO Ha MOCTHIIBAHE HA 3asBKU B cUCTEMaTa
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y=199.554 - (134.007*x1) - (9.733*x2) + (14.552*x1*x2) + (65.441*x1%)

500 -,
400

300 -

Y (x1,x2)

®ur. 7. MuHuMu3HupaHa 1eneBa GpyHKIuUS ,,BpeMe Ha IOCThIIBAHE
Ha 3asBKH B cucteMara“ ¢ Interior-point aaropurbm

W3zcnensana e eekTuBHOCTTA HAa ['€HETHYHUS AITOPUTHM IPU MPOBEXKIAHE Ha KOHCTAaHTHA
HEJIMHEWHA ONTUMHU3ALMs.

Optimization Too

I File Help
Problem Setup and Results Options Quick Reference <
[ [=] Population ] o e
Solver: ga - Genetic Algorithm ) - T M
Problem Population type:  Double vector - Genetic Algorithm Solver
Fitness functicn: @markovl Population size: @) Use default: 50 for five or fewer variables, otherwise 200 IThis tool cormesponds to the ga function
Number of variables: |2 ©) Specify: Click to expand the section below corres
et Creation function: | Constraint dependent ~ME ourtask.
} . y Problem Setup and Results
Linear inequalities: A b:
Prablem
Linear equalities: Aeq: beq: Initial population: @ Use default: []
Constraints
Bounds: Lower: Upper: ©) Specify:
: Run solver and view results
Nonlinear constraint function: | @ogranicheniq e © Use default []
. ; ) Options
Integer variable indices: _
© Specify: Specify options for the Genstic Algorithm
R Initial range: ® Use default: [-10:10] Population
[T] Use random states from previous run B =
©) Specify: Fitness scaling 3

Start Paus Stop g
- S (= Fitness scaling ] slection
Current iteration: E Clear Results Scaling function: |Rank - Reproduction

Optimization running. futation
Objective function value: 130.2242963510397
Optimization terminated: average change in the fitness value less than Crossover
options. TolFun
and constraint violation is less than options. TolCon. Iigration
[ [=] Selection ] .
. Constraint parameters
Selection function: | Stochastic uniform - .
Hybrid function
Stopping criteria
Plot Functions
=] Reproduction ] Qutput function
Elite count: @) Use default: 0.05*PopulationSize Display to command window
— ©) Specify: Userfunction evaluation
Final point: Crossover fraction: ® Use default: 0.8 More Information
B |lear nida S
L 2 @ Specify: [I MIEH [ v

@ur. 8. M3rnexn Ha rpaduuen notpedutencku narepderic Optimtool mpu MunuMM3aIws
¢ 'eHeTH4eH alrOpUTHM OTHOCHO BPEMETO Ha MOCTHIIBAHE HA 3asIBKU B CHCTEMaTa

AJropuTMHTE OT TO3U BHJ] c€ Oa3upaT Ha ClIeAHATA [10CIE0BAaTETHOCT HAa U3ITbJIHEHHE:
v Cb31aBa ce criyyaiina HavyallHa oIy JIalus;
v" T'eHepHpar ce MOCIEeI0BATEIIHO TIOPEIUIA OT HOBH IOITYJIAIiH, KaTO OT BCSAKA TEKYIIa Ce
Ch3/laBa clie/iBalllaTa Ha 0a3aTa Ha mpu OCHOGHU NPAGUIA.
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Cenexyus — n300p Ha ornpeneneH Opoil HHIMBUIU C HAM-TOOPHU OLIGHKH 32 pooumeint,
T.€. n300p Ha MHOKECTBO TOYKHU C HAali-MaJIKU CTOMHOCTH Ha 1eneBara QpyHkius. Yact
OT TSIX C Hal-BHCOKH OIIGHKH C€ HApUYaT eJumHu U Ce KIacupar JUPEKTHO 32 HOBAaTa
nomynanus. KbM octananure ce mpuiara KpbCTOCBAaHE WIM MYTaIlus;

Kpvcmocsane — xoMOMHHMpaHe Ha JBOWKA pPOAMTENM 4pe3 pa3MsHAa Ha 2eHu 3a
Ch3/IaBaHE Ha MOTOMITU. B onTumu3anusita pa3mMsiHa Ha €JHa FITH HIKOJIKO KOOPIMHATH
Ha JIBE€ TOUKH-POJUTEIH;

Mymayus — TpOU3BOJHA MPOMSHA HAa €IWH WIM HAKOJIKO T'eHa CIy4YailHO u30paH
pomuten. B onTtumuzammsTa — TPOW3BOJIHA NPOMSHA Ha €IHA WU HSIKOJKO
KOOP/AMHATH Ha TOYKA-poauTes. Toukara 1 KOM OT KOOPJAMHATUTE U J1a C€ IIPOMEHSIT Ce
n30Mpa Ha cilyyacH NmpuHIUN. ToBa OCHUrypsiBa M3CIICIBAHE HA MO-TOJSIMAa YacT OT
JomycTUMara o0JacT Ha NapaMeTPUYHOTO MPOCTPAHCTBO M M30sArBaHe Ha
BEPOSITHOCTTA OT ,,3acsijlaHe” B JIOKAJICH MUHUMYM.

>> optimtool

Best max 5tall
Generation f-count fix) constraint Generations
1 2650 130.965 a a
2 5250 130.224 4] 4]
3 7850 130.224 [4] 1
4 10450 130.224 4] 2
o 13050 130.224 ] 3

Cptimization terminated: average change in the fitness walue less than options.TolFun
and constraint violation is less than options.TolCon.

@wur. 9. Pesynrati oT MuHUME3aKA Ha GuTHEC QyHKIUATA ¢ [ eHEeTHYEeH anropuThM

OTHOCHO BpPpEMCTO Ha IMOCTHIIBAHC HA 3asBKH B CUCTCMATA

B Editor - Ci\Users\va\Documents\MATLAB\gacode_markovl .m

markovl.m markov2.m agranichenig.m gacode_markovlm +

'? This file can be published to a formatted document. For more information, see the publishing video or help.

function [x,fval,exitflag, output,population,score] = gacode markovl (nvars)
%% This is an anto generated MATLAB file from Optimization Tool.

&% Start with the defamnlt options

options = gaoptimset;

%% Modify options setting

- options = gaoptimset (options, 'Display', 'iter'):

- [z, fval,exitflaqg, output,population, score] = ...

ga (@markovl,nvars, [1,[1,[1,[1,[1,[]1,8ogranicheniq, [1,options);

Wom - om o o W R
|

@wur. 10. IIporpaMeH KoJ pH MPHIIOKEHNE HA [ eHETHYEH alropuThM

IIpyu MUHUMH3AUA HA (I)YHKI_II/IH ,,BPEMC Ha IMOCTHIIBAHC HA 3a4BKU B cuctemMara‘

optimresultsgamarkovl

|| 1l struct with 6 fields

Field Value Min Max
mmpy [0.9256 -0.3634] -03634 0.9256
] fval 130.2242 130.22... 130.22...
1] exitflag 1 1 1
| £| output 1xl struct

| population 502 double -40.19.. 27.1667
1 score 50x1 double 885591 5.5880..

®wur. 11. HpOMCHJII/IBI/I OT XO0Ja Ha ONITUMU3alUA IIPU ITPUIIOKCHUC Ha I'eneruuen AJITOpUTHM

OTHOCHO BPEMETO HaA IMOCTHIIBAHC HA 3a4BKU B CUCTEMATA

Ha ¢ur. 8 u ¢ur. 9 Mmoxe na ce HabOnrOmaBa JAEHCTBHETO HA [ €HETHYHHUS alNTOPUTHM TPH
ThpCeHe Ha Hail-oOpa olleHKa Ha aHanu3upaHara GUTHeC (YHKIHS Cpel MHOXKECTBO OT TOUKU B
JaJIeHO MOKoJIeHHe. B mponeca Ha onTUMM3anys ca Cb3/1aJCHU €T MOIyJIallui KaTo B IbpBaTa ca
Hamepenu 2650, a B mocnennata 13050 pemenusi. Ilomyuenara Haii-moOpa oreHka Ha (uTHecC
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¢byukuusara e 130.224 [S] npu meTo MOKOJCHHME, CH3AaACHO MO BPEME HA TPEeTa HUTEpAIUs MPHU
KOHCTaHTHO OTKJIOHEHHME.

W3non3Baiiku BB3MOXKHOCTUTE Ha MHTep(eiica ca reHepupaHu U3XOJHU MpPOTrpaMeH Koj Ha
anroput™MuyHa ga() peanu3zanms Ha ¢ur. 10 u Habop ot npomeniuBu Ha dur. 11. MEUHUMYM OTHOCHO
TeneTpaduYHOTO BpeME Ha IMOCTHIIBAHE KJIMEHTCKU 3asBKM CE JIOCTUra IpHU KOJUPAHU HHBA Ha
CpeaHaTta CKOpPOCT Ha MOCThIIBaHE Ha MOBHKBaHMA ,,0.9256 u cpenHOTO BpeMe 3a 0OCIyKBaHE Ha
noBHKBaHus ,,-0.3634. IIpomenauBara population chabpka MHOXKECTBOTO OT TOYKH B OKOJHOCTTA
Ha MUHUMYMa Ha 1esieBaTa (pyHKIMs, a SCOre u3uncieHuTe (QyHKIIMOHATHHN OI[CHKH.

MuHuMu3anusi Ha MojeJia 3a NPOrHO3MpaHe Ha TejeTpaMuHOTO BpeMe Ha
0cBO0OKIaBaHe HA 00CTyKeHU 3asiBKH ype3 Interior-point u Genetic anropurmMu

Qurypa 12 mmoctpupa ONTHUMHU3aLUATa Ha LejeBa (QyHKLUA ,,BpeMe 3a OCBOOOXk/JaBaHE Ha
00CITy»KeHU TIOBUKBaHMA* ¢ puiioxkeHue Ha Interior-point anroputsm. [Ipu HacTpoliku ce M3MCKBA
Jla KOPEKTHO Jla ObJaT yKa3aHH LieJeBara U orpaHnyaBaniata GyHKIHUU, KaKTO M HadyaJaHa TOYKa C
NPUMEpPHH KOOPJIMHATH BbB (DAaKTOPHOTO MpocTpancTBo [-1 -1].

4\ Optimization Tool .- : )|
File Help
Problem Setup and Results Options Quick Reference <<
g T Preconditioned conjugate gradient: o &
Solver  |fmincon : Constrained nonlinear minimization, ......... ™ Masimum iferafions: @ Use default: max{l floor{number0fVariables/2)) .
Algorithm: | Interir point - - fmincon Solver
. pecify:
Problem Find a minimum of a constrained nonling
Objective function: |@markov2 - Tolerance: (@ Use default: 0.1 multivariable function using the interior-p
. algorithm.
Derivatives: Approximated by solver - Specify:
. Click to expand the section below corres
I .
Start t: -1-1 _
art poin L ! SQP maximum iterations: @) Use default: 10*max(numberOfVariables,... your task
Constraints: numberOflnequalities+ numberOfBounds) Problem Setup and Results
Linear inequalities: A b: Specify: Solver and Algorithm
Linear equalities: Aeq: beg: Projected conjugate iteration Proolem
Bounds: (ermms Upper: Maximum iterations: @ Use default: 2*(numberOfVariables-... Constraints
numberOfEqualities] " e
Monlinear constraint function: | @ogranicheniq 1 b Run salver and view resuits
) Specify: . L
Derivatives: Approximated by solver - Options T
Relative tolerance: @ Use default: 1e-2 Stopping criteria
Run sclver and view results
@ Specify: Function value check

Start Pause Stop _ ivativ
= e Absolute tolerance: @ Use default: 1e-10 User-supplied derivatives
Current iteration: |10 Clear Results ® Specily: Approximated derivatives

Optimization running. Hessian
Objective function value: 130.83520844926176 [ E Plot functions
Local minimum found that satisfies the constraints. Algorithm settings
Current point Function count Function value
Optimization completed because the objective function is non-decreasing in Inner iteration stopping criteria
feasible directions, to within the default value of the function tolerance, Max constraint Current step First order optimality
and constraints are satisfied to within the default value of the constraint Plot functions
tolerance. Custom function:
= Output function
[ [=] Qutput function Display to command window
[T Custom function: Suggested Next Steps
[ E Display to command window [ Ouerview of Next Steps
Wi Salv
Level of display: | iterative - m Whenthe Solver Fails
B en the Solver Might Have Succeede
. 4 Show diagnostics .
| ‘ @ 9 = | When the Solver Succeeds -
Final point: a m 3 a m b

®wur. 12. U3srnen va rpadudeH norpedurencku uatepdeiic Optimtool mpu MurrMuU3anms
¢ Interior-point anropuTeM OTHOCHO BPEMETO 3a 0CBOOOXK/IaBaHE Ha OOCITY)KEHU TTOBUKBAHHUS

MuHMMH3anuATa Ha pasriexaaHarta (QyHKIUsS MpOTHYA ChITIACHO YCTAHOBEHUTE KPUTEPUH B
PaMKHUTE Ha MPOJBIKUTENHOCT OT 10 urepannu. BB Bpb3Ka ¢ NMOKa3aHUTE YHUCIOBUTE PE3YJITATH,
npoMeHiauBara F-count oTpassBa KOJMYECTBOTO OIEHKHM HA (DYHKUMUTE NpPU ONTHUMM3ALHS.
CroitHocTTa M 3a KOHKpeTHUs ciydail e 37. JlocturHar e ¢yHkuuonaneH MuHuMyMm 130.8352
CEKYH/IU.
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B Editor - C:\Users\lva\Documents\MATLAB\intpotntcodemarkovZ.m
| intpotntcodemarkov2.m |+ |
@ This file can be published to a formatted docurment. For more information, see the publishing video or help.
1 function [x,fwval,exitflag,output,lambda,grad,hessian] = intpotntcodemarkov2|(x0)
2 %% This is an amnto generated MATLAB file from Optimization Tool.
2
4 %% Start with the defamlt options
El= options = optimoptions ('fmincon'):
& %% Modify options setting
7= options = optimoptions (options, 'Display', 'iter'):
g - options = optimoptions (options, 'PlotFcns', { @optimplotx @optimplotfunccount Eoptimplotfval
9 — options = optimoptions (options, 'Diagnostics', 'on'):
10 - [=x,fval,exitflag, output, lambda, grad, hessian] = ...
11 fmincon (Emarkov2,x0, [1,[1,[1,[]1,[]1,[],@ocgranicheniqg, options)
1z
] [0

@ur. 13. [IporpameH Koj pu npuiokeHue Ha Interior-point aropuTbM npu MUHUMHU3ALHS
Ha QYHKIHS ,,BpeMe 32 0CBOOOKJaBaHE HAa 00CTY>KEHU MOBUKBAaHUA

| optimresultsintpointmarkowv? |

|| 13 struct with 7 fields

Field Value Min Max
I x [0.9530 -0.3030] -03030 0.9530
I fval 1308352 13083.. 13083..
| exitflag 1 1 1
| £| output 1x1 struct
|| lambda 1x1 struct
I grad [-13.4434;4.2740] -1344.. 42740
| hessian [154.9196 13.7758;13.7758 12.0010] 12,0010 15491..

@ur. 14. Habop oT nmpOMEHIMBH OT X0/1a Ha ONTUMHU3ALUAIIPU IPUIIOKEHNE
Ha Interior-point anropuTsM OTHOCHO ApaMeThp Y2

y =200.366 - (134.117*x1) - (9.433*x2) + (14.383*x1*x2) + (65.559*x1?)

Y(x1,x2)

@ur. 15. MunnMu3upana neneBa GyHKIUS ,,BpeMe 32 0CBOOOKJaBaHE
Ha 00CITy)KeHH OT cucTemara‘ ¢ Interior-point anropursm

I'enepupan e nporpamen kon (¢ur. 13), peanusupain mporeca Ha HenuOeiiHa KOHCTaHTHA
MUHHMH3ANKS, KaKTO M ca M3BEICH Ha0Op OT M3XOMHU NMpoMeHIMBU Ha ¢ur. 14. CroifHOCTHTE Ha
(bakTopuTe X1 U X2, yIOBIETBOPSIBAILM perieHreTo 3a ontumyM ca 0.9530 -0.3030. KopektHocTTa Ha
npoiieca € OTBbP/ICHa OT MOJOKHUTEIIHATA CTOWHOCT Ha npoMersuBata exitflag. 3D mpencrassHe Ha
MUHUMM3HMpaHaTa GyHKIUS € 1ajeHo Ha ¢ur. 15.

AHaNOTMYHN JACUCTBUSA ca IPOBEJEHUM C IIOMOINTA Ha ['€HETHYeH alropuTbM, KbBIETO
ONITUMH3ALMOHHUAT MPOIIEC € C MPOIBIKUTEIHOCT OT 4 UTepaliy, npejacraseH Ha gur. 16. B xona
Ha ONTHUMU3AIUATA, OHArJIeeH Ha ¢ur. 17, ca TeHepUpaHU YETHPH MTOKOJICHUS FJIH MHOXKECTBA OT
TOYKH, YMETO KOJMYECTBO CE YKa3Ba upe3 mpomenimBara f-count. OTHOCHO BCSIKO MHOKECTBO €
HaMepeHa Hali-1o0pa olleHKa Ha IienieBarta (puTHeC QYHKIHsS, KOSTO B MOMEHTAa Ha JIOCTUTaHE Ha
ontuMyM ce paBHsBa Ha 131.083 cexynnu. IIpomennuBara max constant oTpassiBa MakCUMalIHOTO
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HEJIMHEHHO KOHCTAHTHO OTKJIOHEHHE 3a BCSKO IOKOJICHWE, KOSTO B MOMEHTa Ha HaMUpaHe Ha
ontumyMm ¢ Hyna. Aprymenrta Stall Generations mokasBa, ye 1o BpemMe Ha HyJieBa UTepalus ca
TeHEePHPAaHHU CHOTBETHUTE YSTUPH MOJTYJIALIKS.

>>» optimtool

EBest max 5tall
Generation f-count fix) constraint Generations
1 2870 133.017 4.521e-07 0
2 5270 131.907 4] 1]
3 8070 131.792 0 0
4 14170 131.083 4] 1]

Optimization terminated: average change in the fitne=ss walue less than options.TolFun
and constraint wviolation is less than options.TolCon.

@ur. 17. Pesynratu oT MUHUMU3ANMSA Ha GYHKIUSA ,,BpeMe 3a 0CBOOOK1aBaHE
Ha 00CITy»KeHU OBUKBaHUA" ¢ [ eHeTHYEH alNropuThM

Editor - ChUsers\lva\Documents\MATLAB\gacodemarkovZ.m

gacodemarkov2.m +

®

This file can be published to a formatted document. For more information, see the publishing video or help,

lf':mctinn [x, fval,exitflag, output, population, score] = gacodemarkov? (nvars)
%% Thiszs is an anto generated MATLAB file from Optimization Tool.

%% Start with the defanlt options

options = gaoptimset:

%% Modify option=z setting

- options = gaoptimset (options,'Display', 'iter'):

- [x,fval,exitflag, output, population, score] = ...

ga (Bmarkov2,nvars, [1,[1,0[1,[1,[1,[1,8ogranicheniqg, [1,options):

[T = RS . T B S U Y
I

@wur. 18. IIporpaMen KoJ Mpu MPUIIOKEHHE HA [ eHETHYEH aNropUThM MPH MUHUMH3AIIHS
Ha QyHKLUS ,,BpeMe 32 0CBOOOXK/1aBaHe Ha 00CTy>KEH! TOBUKBAHUS

@ Variables - optimresultsgamarkov2

optimresultsgamarkow?

|E| 13 struct with 6 fields

Field Value Min Max
x [0.9775 -0.1866] -0.1866 09775
fval 131.0832 131.08... 131.08..
exitflag 1 1 1

£/ output 11 struct

population 2 double -3119.. 20.7866
score 50x1 double 129.25.. 2.8244..

@ur. 19. [IpoMeHInBY OT X0Ja HA ONTUMM3ALMS [IPU NPUIIOKEHHE HAa | eHeTHYeH anropuTbM
OTHOCHO BPEMETO 3a 0CBOOOY/1aBaHEe Ha OOCITy>KEHH OT CUCTeMara

[IporpaMHUAT KO, MITXOCTPUPAILL IPUIIOKEHUETO HA [ €eHETUYHMS aJITOPUTHM, € OHArJIEIeH Ha
¢wur. 18. CprimacHo gocTUTHATUAT OoNTUMYM (dur. 19), cbOTBETCTBAIl HAa YCIOBUETO HA JIOCTUTAHE
Ha FJ'IO6aJ'ICH MUMUMYM, BpeMeTO 3a IIOCTHIIBAHC HA ITOBUKBAHUS 1IC 6”[)}16 MHWHHUMUIIAHO HpI/I HHUBA
Ha cpelHaTa CKOPOCT Ha MOCTHIIBAHE HA 3asgBKM B CHCTEMaTa W CPEIHO OOCITYXKBallO0 BpeMe,
crorBeTHO 0.9775 1 -0.1866.

U3BOIN

VYcraHoBeHa € J00pa NPHWIOKHUMOCT Ha H3MOJI3BAHUTE ONTHMM3ALMOHHU AJITOPUTMH,
MOTBBPK/IABaIlla CE OT MOJyUYEHUTE PE3YJITATH NPU ThPCEHE HAa ONTUMAIIHU PELISHHS [0 OTHOLICHHE
Ha BpeMEHaTa Ha BXOJAIIMSA M u3Xxomsamus Tpaduk. ToBa naBa OCHOBaHHME 3a MPOIBJIKABAHE HA
pabotara no neduHUpaHara mpodIeMaTuka MpHu APYrd OOEKTHH TeaeTpapuuHu CUCTEMH U METOAU
3a ONTHUMM3ALHSL.
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BJIATOJAPHOCTH

Ta3um mnyOmukamuss € pe3nu3MpaHa BHB Bpb3ka ¢ HamuoHanHa Hay4yHa mporpama
,JIHpOpMallMOHHN ¥ KOMYHHKAIIMOHHM TEXHOJIOTMM 32 €AWHEH IM(pOB Ma3ap B HayKara,
obpazoBannero u curypHoctra (ICTinSES)“, d¢unancupana ot “MHMHHCTEpCTBOTO Ha
00pa3oBaHMETO U Haykara” Ha bwarapus‘.
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