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Hcnosib30BaHne IBOJIIOMHOHHOTO MOAX0/1a B 3aj71a4e MoA00pa 3a1aHHOI CTPOKH CHMBOJIOB

Cnacubo hoarfrost’y u Puuapoy /[okun3zy
3a 3a0auy u uoero pewerus!

ITocTanoBKa 3a7a4M.

JlaHa nieneBasi CTpOKa JJIMHBI 7 CUMBOJIOB.

['eHOTHI — IPOU3BOJIbHAS CTPOKA TOM e JIUHBIL.

@yHKIMS TPUCTIOCOOIEHHOCTH f— YHUCIIO OTJINYMM (PEHOTHNA OT LIETEBOM CTPOKH.

OCco0eHHOCTH 3a1a49H.

1.

2.

3.
4.

BricTpoe BeIpOXKIeHUE MTOMYJISIIAN (MOKHO OOOMTHCH MOMYJISIMEl Majioro 00bema):
e IS OMYJISAIUU U3 2 0cOOCH Ha HAaXOXKACHHUE pelIeHus Tpedyercs
[33000, 75 000] urepaumii;

e 13 10 ocobeit — [35 000, 56 000];
e 13100 ocoGeii — [31000, 61 000].

CuiibHast 3aBUCUMOCTD OT MYTaIlHii:

* 2 o0cobu - [35000,75000] , —[8100,38000] ,, —[6600,16000] _ ;
e 10 ocoGeii - [35 000,56 000] _, — [11000,33000] _ , — [7000,11000]

e 100 ocoGeii — [35000, 56 000] _ —[6000,14000] _, .

Hanunuue y neneBoi GyHKIUHU TOJIBKO OJHOTO SKCTPEMYMa.
HeBo3MOXHOCTH MOSTyueHHsI HEKOPPEKTHOTO peIlieHus! (HET OrpaHUYeHU ).

a=0,5"

a=0,

CTpaTeI‘I/Iﬂ PeCIICHUSA.

1.

Ha xaxmoil urepanuu BeIOMparoTcsi 2 Hanbosee MpHUCIOCOOIeHHbIE 0co0u A u B 1o
kpureputo  f,+£rd —min, rtae re€(0,1] — cayuaiiHoe 4HCIO C PAaBHOMEPHBIM

pacmpezeneHuem, d — cteneHb pazopoca (ammnupudecku Boiopano d =0,1).

Mexly HUMU MPOBOJUTCS CKPELIUBaHUE C LIETbI0 MOTy4YeHHUs moToMKa C 1O NPUHLUITY

A,r>0,5 . .
= — PaBHOBEPOSATHBIN BEIOOP 'EHOB POJIUTEIICH.
B.,r<0,5

Onpenensercs, HEOOXOAUMO JIM NPOBOAUTH MYTALMIO 110 KPUTEPHIO OF; > 7., TAE QL —

BEPOSTHOCTh MyTaluu. Eciym MyTauus BBINOJHSETCS, TO Cly4aiHas MO3ULMS CTPOKH
NOTOMKA 3aMEIIAeTCsl Ha cly4yaiHblil cumBon andasura. Hampumep, «<ABC» — «AZC»
— CHMBOJI BO BTOpOM mo3uuuu (BelOpaHa ciay4aiiHO) 3amMeHeH ¢ «B» Ha «Z» (BbIOpaH
CIIy4aifHo).

[ToromMOK 3amemaeT HaMMEHEEe MPHCIIOCOOJICHHYI0 OCOOb MOIMYJISAIUN IO KPHUTEPHIO
f; £rd — max.

WTeparuu NOBTOPSIOTCS 10 TEX MOP, TIOKA BCS MOMYJISIKS He coOepeTcsi B TI00ATbHOM
IKCTPEMyMeE.

JIMCTMHT IporpaMMBel.
program Strs;
{$APPTYPE CONSOLE}

uses

SysUtils;

const
EthalonStr: String = "TWO BEER OR NOT TWO BEER"; { SrTanoHHas crpoka }
POPULATION_SIZE = 10; { Pazmep nomysasanmu }

ALLOWED_CHARS: String = "QWERTYUIOPASDFGHJKLZXCVBNM *; { AnpaBur }
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MUTATION_PROBABILITY = 0.1; { BeposaTHOCTE MyTarLmu }

var
PopulationArr: array [1..POPULATION_SIZE] of String;

AvgFitness: Double;

{ CrnyvyarHass MHULMAAN3AIUS IOy}
procedure Randomlnit();
var
1, StrPos, J: Integer;
begin
for 1 = 1 to POPULATION_SIZE do begin
SetLength(PopulationArr[1], Length(EthalonStr));

1 to Length(PopulationArr[1]) do begin
Random(Length(ALLOWED_CHARS)) + 1;
:= ALLOWED_CHARS[StrPos];

for J :=
StrPos :=
PopulationArr[1]1[J]
end;
end;
end;

{ IIpncnocobseHHOCTE Index—HOI'O NpencTaBUTeJIS INOMNYJSLun }
function Fitness(Index: Integer): Integer;

var
1: Integer;
begin
Result := 0O;
for 1 = 1 to Length(EthalonStr) do
Result := Result + Byte(EthalonStr[I] <> PopulationArr[Index][1]);

end;

{ BrIBOO HONYJSLmMM HA SKPaH, [OINYyTHO pacydyeT CPpenHEeM MNPUMCHOCOBGJIEHHOCTH }
procedure WritePopulation();

var
I, Sum, CurrFitness: Integer;

begin
Sum = 0;

for 1 = 1 to POPULATION_SIZE do begin

CurrFitness := Fitness(l);

Sum = Sum + CurrFitness;
WriteIn(1:2, * ", PopulationArr[I1], * (", CurrFitness, ")");
end;

AvgFitness := Sum/POPULATION_SIZE;

Writeln("Average fitness = ", AvgFitness:2:2);

end;
{ CkpemmBaHue }
function Crossover(Motherindex, Fatherlndex: Integer): String;
var
1: Integer;
begin
SetLength(Result, Length(EthalonStr));
for I := 1 to Length(EthalonStr) do
if Random > 0.5 then
Result[1] := PopulationArr[Motherindex][1]
else
Result[1] := PopulationArr[Fatherindex][1]
end;

{ MyTaimus }
procedure Mutation(var Str: String);

var
Pos, CharPos: Integer;

begin
Pos := Random(Length(EthalonStr)) + 1; { CnyuyatiHas MO3uIMS B CTPOKE }
CharPos := Random(Length(ALLOWED_CHARS)) + 1; { CyydYayHBDI CHUMBOJI }
Str[Pos] := ALLOWED_CHARS[CharPos];

end;
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{ PacueT mpmucrnocobieHHOCTHM (C OTKJIOHeHmeM \pm rd) }
function FitnessWithDeviation(SourceFitness: Integer): Double;

const

DEVIATION = 5;
begin

Result := SourceFitness * (1 + Random*DEVIATION - DEVIATION/2);
end;

{ Brlbop Hambojsiee NnpucrnocobjeHHOITo poauress (SkipThis - MOXHO HNpONyCTUTL yXe€ BEOPAHHOI'O paHee) }
function GetBest(SkipThis: Integer = -1): Integer;
var
BestFitness, CurrFitness: Double;
Bestlindex, 1: Integer;
begin
{ BrlbupaeM CJIy4YamHOI'O ponauTejis (MpONOPLMOHAJIBHO HNPHCIOCOOJIEeHHOCTHM) }
BestFitness := FitnessWithDeviation( Fitness(l) );
Bestlndex := 1;

for 1 = 2 to POPULATION_SIZE do begin
if 1 = SkipThis then
continue;
CurrFitness := FitnessWithDeviation( Fitness(l) );

if CurrFitness < BestFitness then begin

BestFitness := CurrFitness;
Bestlndex := 1;
end;
end;
Result := Bestlndex;
end;

{ Brlbop HamMeHee IPHUCIOCOOJEeHHOM ocobmu }
function GetWorst(): Integer;
var
WorstFitness, CurrFitness: Double;
Worstindex, I: Integer;
begin
{ BrlbmpaeM CJy4YarHyln HauMeHee MIPUCIOCOOJIEHHYH OCOOB (NPOHNOPLMOHAJIBEHO MIPUCIOCOOJIEHHOCTM) }
WorstFitness := FitnessWithDeviation( Fitness(l) );
Worstlndex := 1;

for I := 2 to POPULATION_SIZE do begin
CurrFitness := FitnessWithDeviation( Fitness(l) );

if CurrFitness > WorstFitness then begin
WorstFitness := CurrFitness;
Worstlndex := 1;
end;
end;

Result := Worstlndex;
end;

var
S: String;
MotherlIndex, Fatherlndex, Deadlndex, lteration: Integer;

begin
RandSeed := 0;
RandomInit();

Iteration := 0;

repeat
Writeln("lteration = ", Iteration);
WritePopulation();
Writeln;

{ BriBop ocober njs CKpelMBaHUS }
MotherlIndex := GetBest();
FatherlIlndex := GetBest(Motherlindex);

{ CkpemmBaHMe }
S := Crossover(MotherlIndex, Fatherlndex);



{ Myranms }
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iT Random*MUTATION_PROBABILITY > Random then

Mutation(S);

{ Brlbop Hambojiee ciaboi ocobmu }

Deadlndex := GetWorst();

{ HoBass ocobp 3aMeHseT HauMeHee HpMCHOCOéJ'IeHHyIO }

PopulationArr[Deadlndex]

Inc(lteration);

S;

{ Hpumnm B 1y100aJIBHED! MaKCHUMyM? }

if AvgFitness = 0.0 then
break;

until False;

{ BEIBOI MTOI'OBOM MNOINYJISLIMMU }

WritelIn("lteration = ", lteration);
WritePopulation();
Writeln;

Writeln("Done®);
Readln;

end.

IIpumep.
Henesast ctpoka «TWO BEER OR NOT TWO BEER».

IIpoToko. 3BOIIOLMH.

Iteration = 0

1 TTHGINGYKZWDNMUSTAGTSYKH (21)

2 QPREIVXMZCHDHCJTMEBLVTU (23)

Average fitness = 22.00

Iteration = 1

1 TTHGINGYKZWDNMUSTAGTSYKH (21)
2 TTHGINGYKZWDNMUSTAGTSYKH (21)

Average fitness = 21.00

[skip]

Iteration = 961

1 TTFCPIAOPSQDNMUWTDGTGIKH (21)
2 TTFCPIAOPSQDNMUWTWGTGIKH (20)

Average fitness = 20.50

Iteration = 962

1 TTFCPIAOPSQDNMUWTDGTGIKH (21)
2 TTFCPIAOPSQDNMUWTWGTGIKH (20)

Average fitness = 20.50

Iteration = 963

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWGTGIKH (20)

Average fitness = 20.00

[skip]

Iteration = 1091

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.50

Iteration = 1092

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.50

Iteration = 1093

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.50

Iteration = 1094

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.50

Iteration = 1095

1 TTFCPIAOPSQDNMUWTWGTGIKH (20)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.50

Iteration = 1096

1 TTFCPIAOPSQDNMUWTWOTGIKH (19)
2 TTFCPIAOPSQDNMUWTWOTGIKH (19)

Average fitness = 19.00

; Homep ntepauum npu mogennpoBaHumn
; Homep_oco6un ®eHoTtun (MpucnocobneHHOCTb)

11.10.12
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[skip]
YMEP MPUCNOCOBJIEHHDbIA NPEAOK, OTKAT HA LUAT HA3A B 3BOJIIOLMM

Iteration = 2329

1 LFBPNAHGUQGNZEQTWOT THC (20)
2 TLIBPNAHGUQGNZEQTWOT THC (19)
Average fitness = 19.50

Iteration = 2330

1 LFBPNAHGUQGNZEQTWOT THC (20)
2 LIBPNAHGUQGNZEQTWOT THC (20)
Average fitness = 20.00

[skip]

Iteration = 2480

1 LFBPNAHGUOGNZEQTWOT THC (20)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.50

Iteration = 2481

1 LFBPNAHGUOGNZEQTWOT THC (20)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.50

Iteration = 2482

1 LFBPNAHGUOGNZEQTWOT THC (20)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.50

Iteration = 2483

1 LFBPNAHGUOGNZEQTWOT THC (20)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.50

Iteration = 2484

1 LFBPNAHGUOGNZEQTWOT THC (20)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.50

Iteration = 2485

1 LFBPNAHGUOGNZTQTWOT THC (19)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.00

[skip]
BblJ1A "MJIOXASl MYTALIUA", HO MEHEE NMPUCMOCOBJIEHHbIM MOTOMOK HE MPVYXWJICS

Iteration = 2514

1 LFBPNAHGUOGNZTQTWOT THC (19)
2 LFBPNAHGUOGNZTQTMOT THC (20)
Average fitness = 19.50

Iteration = 2515

1 LFBPNAHGUOGNZTQTWOT THC (19)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 19.00

[skip]

Iteration = 2521

1 LFBBNAHGUOGNZTQTWOT THC (18)
2 LFBPNAHGUOGNZTQTWOT THC (19)
Average fitness = 18.50

Iteration = 2522

1 LFBBNAHGUOGNZTQTWOT THC (18)
2 LFBBNAHGUOGNZTQTWOT THC (18)
Average fitness = 18.00

[skip]

Iteration = 11145

1 100ITUWN OB TOHETJOCVEVR (15)
2 I00ITUWN OB TOHETJOCVBVR (16)
Average fitness = 15.50

Iteration = 11146

1 I0O0ITUWN OB TOHETJOCVEVR (15)
2 I00ITUWN OB TOHETJOCVEVR (15)
Average fitness = 15.00

[skip]

Iteration = 23194

1 AWO BSVT UR FTTETYOKBEEW (11)
2 AWO BSVT UR FOTETYOKBEEW (10)
Average fitness = 10.50

[skip]

Iteration = 34082

1 TWO BZEF OR MOT TKOLBEEY (6)
2 TWO BEEF OR MOT TKOLBEEY (5)
Average fitness = 5.50

Iteration = 34083

1 TWO BEEF OR MOT TKOLBEEY (5)
2 TWO BEEF OR MOT TKOLBEEY (5)
Average fitness = 5.00



[skip]

Iteration = 63844

1 TWO BEER OR NOT TNO BEER (1)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.00

Iteration = 63845

1 TWO BEER OR NOT TNO BEER (1)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.00

Iteration = 63846

1 TWO BEER OR NWT TNO BEER (2)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.50

Iteration = 63847

1 TWO BEER OR NWT TNO BEER (2)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.50

Iteration = 63848

1 TWO BEER OR NWT TNO BEER (2)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.50

Iteration = 63849

1 TWO BEER OR NWT TNO BEER (2)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 1.50

Iteration = 63850

1 TWO BEER OR XWT TNO BEER (3)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 2.00

Iteration = 63851

1 TWO BEER OR NOT TWO BEER (0)
2 TWO BEER OR NOT TNO BEER (1)
Average fitness = 0.50

Iteration = 63852

1 TWO BEER OR NOT TWO BEER (0)
2 TWO BEER OR NOT TWO BEER (0)
Average fitness = 0.00
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