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Asparaginsiure; Cys, Cystin; Gly, Glyein; Glu, Glutaminssure; Gin, Glutamin: His, Histidin: Ite, Iso-
leucin; Lev, Leucin; Met, Methionin; Phe, Phenylalanin; Pro, Prolin: Ser, Scrin;'l'hr.'[hrmnin;ﬂp.

Tryplophan; Tys, Tyrosin; Val, Valin.
AVG : avcl, Stark

_ P..«m:h:ﬁ:“,mmc
cohiefendes Strang

_lT-A-ﬂ-lc-ﬂ-*rHc-c-c J-c-i‘{r-u-a LHC-J\-I-HC-T-Tl--T-G-CI—-
-{A-T-C Igc}-t.:-m[---lﬁ.-t:;-t3|--|;ﬂ.~-r:§'inc: FRTC;'_I*]—LG-T-'IHG-h-A}uA-E-GI—

Transcription

(Nuclcus) 60{‘! A~ & ~A

mRNA
3—A-u.cl {A-c-u]-u-u-u| G-A-A-A-C-Gf-5

M Elll'ﬁ.‘liml of processing
- Mamhea By
brgetl| Teaumsfer - RNA

v Protcine

IR — IR T Tt N
~ LEU)("THR GLY ARG SER D LEU S TVS < ALA)—

'
Figure 1.2: Simplificd scheme of protein biomynthesis in living cells. ﬁokl hWe

Traaslation

(Ribosomy)

U\U*‘hﬁ;” sin¥f T(Th,w:u) an mRNA

314



315

\'onlyplaid.ic, . DS (Lbiowmweu--ldy mcla-.r‘c.cla

' Withawden
Wapleid Ciulach

dyloid doyopelt (8. Mencch)

polyploid & ¢ 46 . (2.8, Cllauren uake
Vilkauen, thdaevu)

Wy fewels el dev Allele (hﬂma!oge. hewe )
WiVl autaepve s} [ Dominant, Rezesr witet ]
[ howozyqot hetevoryqot ]

Meiose :  dvweh %t"h:'ihﬁ eutetehen, laaplol'nlc..
Kerua rellen

Miloge duveh k!fuvefidn'fuh% vud ausd.l. ECW‘&WHQ
tutttehen witder drploide el

vﬁv’&#‘ouwo km&:&”-&h) : V't,fJGLym!'ZVMa aw&‘w
KQ:W?.C”Eh t ‘\HJC‘L\L Z Tz,:fuhgt,h ; dﬁ’vt;

Uw quhw‘%i evoesde C.,{O,“Qve( =

.Legomah# avitovdche Twightn Lhytumdimen paaveh

4'-‘“5" : KQP:W {C‘ﬂltf’ thv+va%uo.9¢ *.gb,fc,-
Umueldeim éb:.(.(e : "H? lﬂfh-({fahfuua f Ro.doakd, v, el
éﬂ”“““{"’“ﬁl““t : Rqﬂau\{w mech anidmen
euityme
Muptll Roewmwmen e Repa{wfu-rf vmbqr Mv"uhfoehb

V' henmotetionen
L?}NCA Umwclmumg /Uf\ﬁﬂri Wy /o woll JE;M)



316
Gew - Mobadiouen

— Lomatigch wov WKovipev 2elkn betveffend

~ Yeuntvahv Keiw2ellen bed uH-th o
(a0 verevbbar)

Chvomodomen - Mutetionen ( Ml lei»al)
= Delediontn | .De(;;z-:'eu 1
— Doplikationen,
~ Tvantlokatoner
-~ Tupeviionen
Aenowm - My tadronen

- UYPH \olo;'o\ic, Tvuahme 4. (Gl vounodomen 20h/
- hy‘oophhlft Abnahme

- Evplad.e komgelte Cwrowmosomensntre
tsabeliey
= X0w i Juivous : 2 och weﬂracbmo{ UH'D'HJ‘;QH@‘&M :

% ) i
wthy o ALY we,héaw tafﬁ/ﬁ:;!. T—tr’t O‘CA 6\&404&«& ELEQB{A E_i_ch}

DNV Aﬂ«f'nﬁ;&ﬁha Q;hu P‘/\&h%\‘—)’rﬁ.{

Meuwsch @ 23 Chvomodomen
co. A00 000 Gene




317
Hievaveure dev {geaeh'nheu) '3‘1—.‘«»‘-..:.#4».

Quavics
éhmb

iib‘ek;‘b
N\MM“ 4 bail Er'a‘id-(rm ‘0¢|
Codov _

hew Ewkida. vovialle
Ak vipion

Repl: kan
ChAvow 0 {om

(hewow Sobt W Enhich. vaviabley

6‘,4: Set3em Qu‘- Cod.:uuwé " Alp'ml-el-
minsmaley Kovd vl o

2 Ginbiretvive - Rt‘o{;{mhhbh
'jtolu ud: vidvysas

Ef « edben aw& A""heh*w;tk\uha
w4 iedu ?hd:f;dduh: S S *{PC'M'G-.I’

k&l'lq CIWGUW/ ‘,Rc;ht. Rekﬁhb;l—ﬂ“'fch

ES @+ setpn tlll(v ndividven M-l:'l- Pﬂb'eu.al.h;

(wdievuug du Vaviablew : ceell
th}l’hh’:o’ d:‘kn’-

aunen Gseho{\/r/ ﬁnzml’no Ab’o-‘ld%, w. Hels
‘h“"ﬂt‘e({'ﬁf Vaviabllitet uach



a.llae.weinev EA

£:=20

snhalicieve Plo) := {a,l0) ..., a0} e T”
bewerte €(0) 5 { £l o)), - f (o)}
While  ( L(P(t) # tvve ) do

vellombjuieve : P'lt): = ‘VGL Plt))
mytieve . f’”[{-}: = meir"'tt))

bewevte 'Ly £ (o)), f (o] [6))]

{elekdieve - r"(t-m) = 59; lf’”ﬁ'ﬁ} U Q)
t.=zbt+4

tah!l dev Nadykowmamen

M tah! dev EMeva
A
L Aot alt v Fa<i v

«, m S Owwa‘loﬂm wa b &V&Mtfﬂvh
0, 6. O,

Q = {o}

QA = Lisher loetder Fud. Eldst - JN&:@:E

318



Evolubouarer accr ally or il wase .

t:= O,

Aui halisiere Plo) : = la, (ﬂ),..., 3 (o) ? EI'?
Sewerte Pl) : ! & (a, bl ... ) /E}, o)) S
Wile  ((PH) + hue) b

P,(H : = wkamll‘llm (F(I{))I'
P'¢): = wulere ( r°'t¢).

dewede P : £ Blatw,..., H &3,

FPli+4) := selelcHere (P"%) v &);
f:-'-&"l"‘f.‘
oo

e

2ied fmkh‘nu )
H—2"F Lk

Codier Decodierua
R &"J ] 5 '
A -
Troj & ko () kaw“"
1
LR O
\'
I Tt R

319



320

bunjxemeg

uoT3eny UOTIHOTOS

-3 Tomuqn

©3T9TYSs

UOTIRUTqUWOYSY

UoTIYSTOS
-sbunieeg

bunbutpeq
-SbunIsTUTWIS,],

q

bunjaxsmeg

|

BunISsTSTTeTITITUT

9JI8]yoS-suone.s)| 3 sulewab||y



321

HaIUIQLUION B4

yepugieaun

(Yoepysw) uonye|ag-Jeiuin |

UONBUIGIONSY BuId)

(yosnsiuiwisiap) UoYeIaS MmN

<3 j

,___
uoIIe|eS-SIEsIoH

USLLILLIONUOEN ajeuoipodosd-¢gjouli ui8)|3
|oSyoaMsuUOIljelauar)

LONBIBUSE)



322

co_zm._mm__m\sED oUIB) e
(sdij} 1q) uoneiny (susdy8s) pun us)aylig JOIBMZ IBAOSSOI)) «
(M =) gnyosiaqnuapngarn) uldy ‘gjauli4 UOA ‘yge uonyajassbunieed «
ua|qelieasbunpiayosiug 18p uonejuaseiday bulig-reuig «
121qgebyong wejwesab ul Jeiss|iejnz ‘{wouasr) sep }si }IaYyui] 9puUSISIA|OAD e
:uayeyosuabiz abiyosm
buniaiwndo syosiiojeuiquioy pun ayasajoog-opnasd 4nj |00] :l1ajeds

uawalsAs “jisumj "n “jnjeu ul assazoidsuoijeidepy Jnj jjopoyy :sbuejue

(VD) uawyinob|y ayosnauayn



323

°N
uoneiniy
°N
UuawIwoyyoeN 'N

IBA0SSOID-MUNnd-¢

° 0000  OLOOL T LELOU

U193}

43 0100l LOOLL LOLOO
€ x ¢ x bx

( uonosyes Bunew ) gaul4 JoAe|al nz "doid |JyezuawwoRYoeN : uoIpsles

gnyosiaqnuapngen uey ‘=7y: uoipnpoidey
JojesadoldneH ‘(90 = °d ) Byney ‘19A0SS0I)) : UoiBUIqUIONSY

w

soyesadopunibigui ‘( Xy .0} = d) ua}es ‘uoisieAulg : uoneiniy

aueNlig : usnplAipu] Jep uoljejuaselday

( yosiuouey ) snwylioB)y 18yosiiauar)



324

h&houi.ldae.r kA :

?ueliw:dwu. = E:-Lt‘l-#:ng {loon‘n;omoomm- ]
Mg

Poblew.~-Vaviable % A
Adb. Bluav - kod. evuug 0&! a'?dof:: el

&
dore olle Vavioblen wyb tin Werfebevelch ved eine
J’Mde,luvﬁtgeuaw'ake.'l- geuahlt Wevden | b, e/ue

Auntah] L va B 4{2# it Dovitelvug

Osp. U €% €V YizAWm
I ! P \
s --:J* L £-3
X’i = U: + U s . |
L 0™ »é';ﬁ

wobe {6\;_&]} 'CL:L&.“T;MCJ ey Lihgf_ ¢ 4-&11* X,

r ~ A5~0
£‘"V U = 0 U = AL E_;:Alw

; ! z_'f..;,
a L =~ 000 = 0O
i ?S 3004 ‘ A
oAl L
Qé AL S
0r0 ¢ F
0404 'y
0440 b
BAAA ?
AD0O 4
AD DA Q
AbAD A0
AdAA NA
AAD0 42
AAD A Al
AqAD Ay
AAAA 18



Walyvgdar *;{ %ldolnuil:.at ﬁ;dtwmﬁm Md(-{t)fu 1L, 4 325

z; old |

i

2A - U‘ouaaug.ﬂ walir sceu s chlee! Feu
Ff Mutation w;:l- L=1 X € ‘01‘('2.,3{
A

‘C;=- P = 0. 004
q 2 (A—Ph: = 01353

Z

q = 0. 994001

Pq = 0.000399
\o" = 0. 000004

G‘ou‘qauﬂg 4*"’1 an vutgaliel elicloten
Opuonl ;ol/«lhﬁy\a{uh keunachbert

RV (ulered ve Vube«awhﬂeu L# QM/QL\ Lod %:'ehag)
Atk ewtgchel deud V&vab\devl}h% Ax: dev
p\aé-:ml-wo. Uavi ablen von Benevedlon 2
Bhenevetion

 Velowenw - vedtos  pled - ovientievie Jueke)



326

Gfay - CM‘&
Bip. I bik @r §outtahlige Vaviabole x Eio;'-- !?}
\Shulan\-
X Bluiveaht  Ovay-lode
0 000 000
A 001 00A
1 040 011
3 014 010
4 200 110
Ky A0 A 144
6 AAD 10 A
3 A4 100
e !
14451 1o

L 0\-;1 45\# Q1
3~ bﬂ] i &*?*@a;a q.:\w %}4
y 7
/‘r’ a"“a s, @ vk



o(ax) 327

L] W& |
A Stondovd ! ﬁfﬁy
40‘5. S I fe5 ' . ‘

11
l
-t
40 fo i " 10
A7 | l

e 1§

0 § 4 2 0 2 4 6 8 W& “‘ﬁ«s#-zﬁzasntwd"

Figure 5.16: Probability distributions for GA mutations / left: noremal binary
code; right: Gray code

GA - Mytationen am Ee-'ap;el,
x - © ; f=4 i Pw = (., 004
{0404} an Jtandavd - ﬂ::u&u\avnldfuug

1) _ %) W (6)

Ax = X iox = mybevies x

P(\.Ax) mich «t)/mmdﬂ'uk
micht Vnimodaql

EJum-}wQ:wu# % 0
k Po-.l; 4{awabhxuﬁ.'5)



328

Table 5.1: Two point crossover within a GA and its effect on the

phenotlypes Xa X, X,
31t sirings “henolype
Parent | 7T 12
Parent 2 41000 1011 8 11
Two point criossover )
Offspring 1 0O 8
Offspring 2 4111 11041 15 15
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5
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1
0
Genotyp Zwischen-
(ph#&no) typ
0111 1100 7 12
1000 1011 8 11
0011 0000 1000 0100
1100 1111 1111 1011
0001 0000 1010 0100
1110 1 1111 1101 1011
0000 1 0101 1100 0100
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0000 0100 1100 0110
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Crossover

s

Partiell zuordnendes Crossover (PMX): I

A=(9 8 4156 7 |13 210)
111 |
B=(8L1|231o|934§)
10 2 3
) |
A=(9 8 41231011675 7 )
B=(8101156 7 |9 2 4 3 )

Erhidlt absolute Stadtpositionen.

' Ordnungs-Crossover (0X): |

A =(98 41567 |13 2 10)
111

B=(87 112310195 4 g )
Y

A"=(9 8 4 |56 7 | 1 « )

B '=(8< 1123101 9 « 4 « )
U'.

A= (56 7 | _ _ _ 119 8 4)

B"=(C23 101 __ _ 194 8 1)

) {

A=(56 712310119 8 4 )

B=(23101567 194 8 1 )

Erhalt relative Stadtpositionen.

ANWENDUNGEN
PRrooLes DES 1IANDLUNGSIEISENDEN (TSP) - 23 -
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Zyklus-Crossover (CX): '

C =(9821745106 3 )
D=(1234567 8 9 10 )
|}

C'"=(9 __1_4_ _ 6 _)

11T 1 11 )
D=(C1__4_6_ _9 _)
_‘ )
C =(9231547 8 6 10 )
D=(1824765109 3 )

Garantiert, dafl jede Stadt positionstreu entweder
von Elter 1 oder Elter 2 iibernommen wird.

Fazit zur TSP-Rekombination:

= Kreativitdt bei der Operatorentwicklung ist
notig !

e Kaum theoretische Hinweise.

e Experimentell:
OX ca. 11% besser als PX,
OX ca. 15% besser als CX.

® Literatur: Oliver, Smith, Holland 1987.

ANWENDUNGEN
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Mutation / Inversion

‘ Paaraustausch-Mutation: I

A=(98456713210)

}
A=(98356714210)

Gute Naherungslosungen (n = 50, 100) (Fogel 1988).

| Inversion: I

A=(9184567 1| 13210)
) ]
A=(C(9 1765481 13210)

(Enspricht einem 2-er Kantenaustausch; wie in Lin’s 2-opt Heuristik).

9X8\4 o 3\-..4
/ AN / AN
10 5 10 5
| e |
2 6 2 6
\3 7/ \3 ?/
™~ 4, X \.1

Abbildung 12: 2-er Kantenaustausch durch Inversion.

ANWENDUNGEN
ProbrLem oes HanoLuncsneisenpes (TSP) - 25 -




348

16nouaq apuyos (,u)0 :(,siseisida’) jjeq4 uayswwnyos uj

‘(wajqold ,seuo Bununod* 'g-z) ibiousaq anuyds (u Boj u)o :|le4 uaresul) wy
18qe paibianuoy (1q18|q BunsQ eiseq Jaysiq) vo ,1sie’ uig e

‘usuoipjung-ssaujl4 ajqesedss inj anu 16 asayjodAH xooig-buipjing a1 «

'(,ebue 1ebuuab pun Bunupi 18bupaiu ejewsyos 181nb

WnNISYyoepA sajjlenuauodxa’) yanaidiajul yas|e) 1o piim pun uauoljejndod a¢joib

yolpuaun anj Ji6 ‘yoypeyds inu sie (uoneinpy pun J8A0SS019)) uswsiueyosw
-SUOIjeLIBA 8pleq jjlapueyaq S8 ‘AIPNJIsuoy Jyoiu ISI Walosy ] -ewaydS SPUe||OH e

‘Bue] nz sbuuysyg aip 18po/pun is! ¢josb nz ajeisuonelny aip
uuam ‘uajjey wnwndo Ui [eWUIS JY2IU YOI UId uuey ||spo uabig-1ayosi4 jne .

‘salpuaqga jbesaq ,80uabiaAu0d ainjewald’

‘apoylawsiwndQ aulay 1! v Jieyaq puejioH r (wnwndO sajeyo| uid yol
-Jusyjoy) pjundxi4 uauld wn Js8INPN| UIBPUOS ‘WYoIu LaIB1aAuoYy (Yosiuouey) L) «

(vo 101Y) 81108y | semid



Fig. 34. Thres different eight-state maclines which perfeclly prediet
101110081108 cyclie environment.
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Fig. 32. A comparivon of the prediction score with and without » penalty for
complexity.
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