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D.5. CONQUSIOVANFUWRE W@

chrsi ties adystting damd dasities dradedly vl dhae redee
rutiresigificatly Adher gyreechis toirdeat aprdld vasian
d tle rater. Tk totle iterat prdldisnd ay @ alighspedp
cn e eprted on ay MWDaditetre [4.

D.5 Conclusion and Future Work

In ths ppr a od gpat to gdal rating d marodl 1aats
bsed on geretic dgrithm bes been presated T pafarace d the
rater is apredtotht d Tier\AINIn N berndhads. B

priratd resdts stos tht the quity d aapeted laats irpoes
wen g the (Alssed rater irstead & TrerWINT assuing

tht the qdity d the genpaerat is sffidatlyligh Terater is
irferia to TilerMENIwth respect to rutirg bt mjar irpoe
rats ae pribe Sne the wk pesated here is a fist gyyach
to gdal ratirg hsed an gaetic dgrithm fitue irpoaats o
tle lant qdity dtdrle ae dso aylildy Wadwk tht the
garetic dgrithnis Wl siuted s the besic dgrithnd agdal rater.
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firalths asugian Fe tqday d tle ratig ggh d aild32M
is ud tered thogot the prosess adthe pafarace d the (Alzsed
rater is owsyEia totht d T AN My sindar resdts ae
dseredfar a3 M Fe ratirg ggh tad qyis sigifeatlyd tered
drirg the laot poess. e pamat d ai@@2Ms diared the
saa wy & aidd2Mad tle pafarae d the (Alsed rater
irpoes sgifeatly mthis eage

Te sigifeat ratirg gah dterdi as fa ssapdlemnae aan
sqace d raler poor intid pasats. It is it dear howhetter
Paeats mld dfedt tle rddive pafarace d the twrates. A
Pacarat qdityinreses, the rddive efft d dinmtirga vre fran
the lagest pthin a pla ggh inveses, irdcdting a ptatid ad
atae fa the (Alzsed rater. @ the dler bad a god Jarat
antars les ratirg swestingtht the prfarace gpwid e m-
rod

It tle tet eades aasidred here, 1t rating dards an the
lagst ptls ae capdedto thar rimmidls by the aapda,
d. the ssad ssugiandsassedin Sstian IB 1 Kwer, inmst
coes & lesst ae dard antle lagst ptls ae still wdr than rec
esay Huoe the aen estirati an parfaread tends to udrestirete the
fid aen Heer, this asugiagpeas to be farly resasle.

D.4.4 Runtime

() average the rater reqires dat 2, 12 ad 13 rintes to rate ex
afes beed ek aidd ad aif) respedtindy TiierWIND
spads dnt J) s far eades bsed an sk ad ai, ad
dnt 5ntes fa aibbedeapes. Hue the (Alzsed rater
is dealyirferia to Trer\WNIvith respat to rutira Fe tdtd
lagot grerdian poess prfaral by Mdo (i.e edug pae
mat) regires dnt Brintes fa eapes heed msaaxad aidl,
ad dnt a hor fa aiBbed eagdes, wen TierANTis
wad M, the e o the Qlased rater inoesses the lgat grer-
dimtimly afata d twa thee

Heer, the rutirad the arrat irdaataiacnbe irpoed
dgifeatly in a niter & ws. T wst maity d tle rutimm
is spad cauptirg dard dmities. Wn estinting the aea & a
sditiay dl carities ae recapted Mether the ratirginadard is
atdlydagda . Keprg trak d the reed to recapte dard
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10)Aresdt/ Wesdt — 1). Hie, a regtive die idctes a e
ddia in preat didred by the (Alssed rater, vile a pritive
e irdces a proatage oetead s capred to T AIND
Iesptetleitdeat pdlend ths kindd caprismdsassedinse
tianIA2 it is dear thet ingrerd the Amed ddal rater ddars
tle best 1got qdity far the prddemimstanes ausidred
Pdiem Sltia Aot | Aroute | W
seraeM hest, -19 | -4 7,400
ag -1 4 -35/88
aiBM hest, -3 2 -51|-32
ag +6 | 5 |02
aiB32M hest, —-30 47 -15
ag -11] -1 7|-0 2
anbM hest, —19 -33|-15
ag —05 -08/43
armB2M hest -4 2 —-73|-40
ag -3 7 —-63|-29
HelR Relative inprovenents obtained by the GAbased router. best

and avg. 1s best and average of the five runs perforned.

Isption d the grerded laats rewds itereting ifardian
regadrg the tw o ssugias udalying the aen etirtin
dsassed in Sdian IBL Fe paat d xaraeMs aduted aly
digtlydrirg capdtian ad the rating gah tqpd gy is udtered
I ths eagle, the (Alased rater dids a aerae reddion
35% d tle ratig aea dichaaes & tle pice d 208 Yarrese in
tdd wrdegth e, fa aid3 Mtle Absed rater an aerae
ddars lagr 1gats thn Tiker N In ths cee the paaat,
ad e the ratirg gah tqdqy is sgifeatly mdfed by tle
apda. A aasagee the fudtion rirized by the (Alased
rater in its seaad pese aarddes vary poaly to the atd 1gat
grerded Widh ireitdly lea to a por resdt. B carterat this
peuam arewpaaat aid32Mes poded by ripprg wp
dl ratirgintle capdedlaat d aid3 Mereded wing Tie-
WML Sree the Jasrat ths didred is the resdt & capdian
adapdiad dl ratirg it vl pdalyalyhe shjeted torimr
ajustrats v wed itdf & impt to Maaw  Bprirats an
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in(@tads. aid32Mid aiB 2 Mre dher Jarats d ail3M
ad aiBMrespetivdy Te grerdion o these pacaats ae &
saibedin Stian IA4 3

M2 Mehod

Fofatas rdes it dffilt to dnice aseqae d eprirats poid

irg an dsdte far pafarace caprism d the tw ddal rates.
Hrstly ddal ratirgis jist aed aseqened leailyideatingstas
resckd to grerde acapete lgat. Hoe, iencasidringaspadfc
resdt, it maybe ifleed by a ptten d iteratias wth dler tads,
wichaddatdlyfaars ae d the rates. Soady the giinzdian
streges wad by the twrates aend idaticd. A dsaibedealier,
the (Absed rater egidtly dterds to ritinive aven ad secad-
ilyvrdergh Wle TrierWINIH so gereretes the shatest psible
rates inpese ae, aeais b megidt aprat d the glinztia
aiterian wed in the seood dese.  Trstead, Tiher W NIsd eds the
shtest piBe rates sthjat to drmd cEdty arstrats.

Te dusen stretegy fa eparirats ae & fdlow & exh d the
paed eapes listed in "Hle DI, Md® wb esated to grerde
a aapete laat, wirg dther T WNIa the (Alssed rater
fa the ddal ratirg tek e, dl dher stags o tle lgot poses
ae pafarad by the sam tads.

Mdows esatedfie tites fa eecheagewngtle (Alzsed
ddal rater inadr to e the aidias cased by the stadwstic
e d the gpieddgrithm Tesaaset d prades ae wadfa
dl poraresatias, i.e, o pdlenspdfe tuingis pafarad kr
eahet, & st R = 3) dtetive rates ae grerded Te praw
ters & the Qusedin pase ae ae & gvenin[J. Te puse to A
is esatedithppldinsiz M =) stpaiteia S =100 nddian
pdsblityp 0 =2 5x 10 ! adinesiapdabilityp ine =0 L Tere
isowaidiond resdts vien gylyirg TrherBINE

M3 Layat Qulity

He LR sumizes the imad o the cadeted lgats d g

the (Alzsed rater irstead  Tiler AIND A 1o des tdd aen,
A oie datdes ratig aen, i.e, the @t d the tdd aeand coped

by dls ad Wdades tdd virdegh Iah atry is aapted &
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fama rirg At d tle rirg is then sdeded & radmad re

varsad Mesfmﬁdlymmﬂswvy € {Q ]7 e N_1}7 L #yv
ae deted & ravtim Fe geda thn dHies the rewadring

™ &2 7'z ¥)mdN)=r(y —¢ )mdN) if0<i <(y —z)mdN
adm '(z 4 )mdN)=r(z ¥ )mdN)dlevises =0 L . . . , N—1

N4 Experimental Results

Te rater Is been irdeated in the Cprograring lagee, ad

dl eprirats ae prfaral a a Sn Sac [Xwilstdian Te
rater is irtefaced vith tle mrodl lgat stemMaa wich
is a prt d the @tads fraewk ddged & Uihesity d
difaria Bddey Hsittegaimdlogfa capmisnd theraters
prfamace totht  Ter WY, astae d tle at dda rater
dsoittefard to Ma @

M1 Tet Exaples

Tree d the NI Crarod] bedhals, sax ail®3 ad aid)
wre ed far the eqerirats. Keer, de to aprdy tedricd s
lemit beamreessay to raae dl d frartlese eapes beae
wgtlem  ?. Temdfedbadmals ae rdaaredsinga’-Nsdi

Pdlen #dls | ##ts Herrn
serae M 10 a8 a5
ai3M 3 & 4P
a3 2M 3 & 4P
arBM D B! a3
arB2M D B! a3

"We Dl Problemcharacteristics.

He Il lists the mn daadeistis d tle tet eapges. T
niter d rets ad the niler o tarids listed ae tdds, i.e, they
irduk the fewtrivid rets. seraeMaid3 Vid aiB Ve gaced
by Py a pasred tod bsed an simdded aedirg; dsoindwdd

2The definition of 7/ relies on the mathenatical defini tion of nodul o, in which the renai nder
is al ways non-negative.

3In owr versionof Octtools (5.2) the channel defini tion programAtlas can not handl e the pad
pl acement generated by Padpl ace.
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TeppldiaP ={ p 0, Dy - - ary p istlnsatedledagadicly
WHIg aen 3 1t sigiftat aiteio ad virdegh & a saadry
aiteion Asuatlt P is sated in diressitg ady vith respat to
ths adrirg Teftress F' & p ; istlnaaptedss F' (p )=/ (M-1
faz =0 L . . ., M—1 'hssdag dled ranki ng, ssues aastat
wiace d firess thagot the glinwtio poss.  Bidarg is a
god gpad fa atrdlirg the sped f anagaee, idwdrg the
addiee d pedire anage

D.3.2.3 Crossover Opaata

Ghen tw prat irdvdds o ad (3, the aswoe qada grerdes
tw dipirg, ¢ ady. Te prat indvdds ae it dtered 1y the
qeraa. Intle fdloirg, a(ssoar) sdsaip sprdfes wichind idd

the raded party is a it I, Gosoer aasists d b stes:

1) @ d tle prats, sy 3, is dsmad radmadaaqyy € 5 is
bk 7y is then rexdred so tht it becoes ladanis to o, tht s,

Ty =T 4.

2) Te dfpirg ae gwentle sxaadrig & thir prats 7 6 =T =
To. Fadhd bpirt aosoer is then prfared[]:  Acosoe-pirt ©

isdeteddtradmin{ Q 1, . . . , N —2 . Tedetedrates d ¢ isthen

diedlyq  rye =4 am,e k<@ adq ypye =g 5, dhovse dee

T =T o. Sidaly the sdededrates d ¢/ is dHiedly g AR =T (k)

itk <z adq yp,¢ =G 8, dEvse

824 Mutadim and Inasion Qaatas

Tenddionqerda isaysirde It gesthaghtle NV tides o the
gnirdvdd adradidy sdets auther rate fa the k& *thret wth
pdablityp u (P — 1), dwep  is a sdl wadfied pdability
Tis sdemis cled partvise maia
Amaticedin sdian [B21 a gvngdda ratirg sddian ean
be reyesated by seerd egivdeat irdvidds bease d the i
die d tle advirg 7. e, tle firsss & dBping podeed by
aosoer dypads an the sprdfe adrins d the ghen prat idid
ws. Te prpee d inasian is to giinze tle pafarace & the
aosoer qaada.  YWh a gwen pdability p i, e inesian g
da dtes the adrirg 7 d agwnindvdd. B dddn a uifam
pdahlity & oaat d dl tides, w aasidr tle s¢t & tydes to
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ass. Ritire eval uat e dsaibedinSdian IB22 aaptes the firess

d exh d the gwnindvidds, Wile best (f fid the indvdd vth

tle hidest fires. @k esationd the ater “repert” lop axrespds

to the smldian d ae gradian Haguot the snddiay M is

leg costat. Wleeptrak d the best irdvidd s eer sen Rutire

stopCriteri a tarites the simldian ven o irpoaat ks been

dsened far S aaseative grerdtias. Bch grerdian is iritided by

tle famtiond asst d dpirg P N dsize M. Tetwres p Ladp -
ae sdetedindpadhitl yd exhdher, adexchraeis sdetedvitha

pdablity popatiad toits firess. Te crossover ratire dsaibedin
Sdian 1B 2 3 greretes two dhprirg ¢ | ade . Ritire reduce returs
the M fitest o the gvenind idds, thedylegprgtle ppldiasize

arstat. e gretic grdas fa ddimadinesiacae dsossed

inSdtian’B24 Ritire opt i mi ze(s ) prfamsdpe hill-ditig by
esatirgasageed midias as , exhd Widhinpoes the fires

d s . Teatpt d the dgrithris thentle sdtian s .

321 Rearesatdian

Addal ratirg sdtiais repesated by speafyirg far eechret wich

d its posiberatesis wed Me spraftdly ssuma fied niterirg

qQL..., N—-1dtemws l¢x:{Q 1 ..., N-1} —{Q 1 ..., N-1
e a bjetian ad dnde ty r r < R the niter & rates grerded in

pese ae far the k£ 'thet. Airdvidd is tlnast & NV tides:

{(W(O)v 9(0))7 (77(1)7 Ql))v I (W(N_ﬂ(l)ﬂ)Q)}

drel<gqg <rfacdlk =0 1L ..., N-—1 Feage tletyde(37)
spedfes thet the 3d et 65 its Tthrate Te mprgm dfies an

adrirg d the ets, the prpoe d Wichis egaedinSdtian B 24

Nte tht the rating sddion spedfed by an irdvidd is irckperdat

dr.

DB22 Idintimd Fitres

Gienappldian P, the ratire eval uat e d Hg b auptes tle fi-
resd exhindvdd sfdlos. I&exhidudd p € P, itsestiraed
aea is aupted & dsaibed in Sdtion IB1 ad its estiraed tdd
wrdegh is aapted & the sund tle lagh d the rates spedfed
byp.
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Te dgrithmartars a popul ati on d i ndivi dual s, exhd Wich
axrespadk to aspadft sditian Aresire d fit nes s dfies the qa-
ity d anindudd. Satirg vith soa sdt d irdudds, a poess
d eddim is smded Te mn capats d ths poes ae
crossover, Wid niiws pogpgtiay ad nut at ¢ on, Wid rivics the
radmdaps oarrirg in e Ater a niber & generat i ons,
higly ft irdvdds wil eege arresprdrg to god sdtias to the
gven gitivation pdem Agd ittraddtion to (& is gvenin [4.

g P );
edwteP ()
s Sst@P )
repeet, util st teria):
Py :0);
repret M/ 2 tires:
sdeatp | € I, pr € It
asoalp 1, P & €)
Py =P y U{aq, ¢;
ag
e\dwbe(P C U PN),
PC :IﬁiIE(P C U PN),
Vp € P : peibyntaep );
V p € P: peiblyinat(p )
edwte P );
s St@P cU{s})
ag
qirize(s );
atpt s ;

Bare D Qutline of phase tuo.

Hg b atlires the gese tw dgrithm Iitidly the arret pp
dadim P o ddzeM=|P | asgsd M— 1radly greded in
dvidds ad a siide indvidd amisting d the dutest rate fad
fa exhret. Sedig the ppldian vith ths rddivdy god sdtian
cbes it lead to hetter fidd resdts, bt red yspeed iptle sexchpo
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d the lagst th in BGthen estitstes the haizatd legh o tle
lgat. B arstrnding Wainasinda wy the aenis etirded &
the padt o the lagest pthin Btires the lagest pthin W

In[7 the ct d mede intle plar gads is ardler side fuc
tind the niber o rets presert in the carrespad g rating dand.
K, if m s ae pesat ina dand, the dard dsity ean le
ay nrter betven 0 ad m, asuiigthdt twred 1aas ae adl-
de fa ratirg ad tht each 1ger is wed edwindy far ratirgina
spdfcdretian Terdae, to dtdnanmre aarde aen estirde, e
aupte tle eat dard dsity fa eah ede in the ratirg ggh
"Hs is possibe sinee the ratirg in gese ae we pafarad wig &
arde poitias fa the terimds d exhet, . Stian IR Te oot
d mede intle pla gads is thn prpatiad to the damity 4 the
arrespord g dard.

Sad fatas dbds the aoray d the aen etinte. Te tw
st imprtat s to d vith the sdseqart capdiay spdng o
the layat:

1) If the capctar dters the pamat totle eteat vere the tqd-
ay d tle ratirg ggh is dagd tle pda gads ae do dagd
Hree, the qdity d the aen estirde daresses sigifeatly a my
een bea renirgdess.  In dler wards, a god initid Jacaat is
reqired so tht the capctar il aly pefanrina afwtrats o
tle dl pritias. Hs sttioan refbds the wl-kom strag niad
dpachey o the Jamat ad gda rating tals.

) It is irdidtly assual thet the captar grerdes alaot in
wichmoratirgdard calapst pthd apla gahis vdr thn
resckd (hervise, the aven vidl be udbrestinated

Te paticd caseqenees d these sssupdi as are adtessadin S
tianIA3

B2 AreaadWirdagthOginzaian

Te crap o getic dgriths irtroded by Jdn Mlad [3, i-

lizes the mtian d the mbud edttion pocess. In e, the indud

ws arstititing a ppldian adyd to the enirarat in widh they

live T fitest irdvidds Ime the higest pdability f sunid add

terd to inresse innibers, ile the less ft indvidds tedtode at.

Hs survival - of-the-fittest Iavirian pirdpe is the hsic ida bdind
the A
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amdys ferr dgtint sdutias adis domr thn the (A TFadae,
the (Ais wed far every ret wth rare thn twe terirds 1

D3 Phase Two of the Router

Te aen estitite is d aurse awdd to the gese tw dgrithmadis
dsassedin stian Bl Adtdled dsaigiond the Aperfaring
tle gdirizion then fdlog in Stian 1B 2

D31 AxaBtiria

Ain[7 1] tle aeaetimtinis lsed ante fartion d pdar gayds
& illstrdedin Fg X I a gven paerat ad ratirg gah tw
pla gais ae astruted aloizrtd (K} adaveticd (WY

Iet s stat by casidying B Te varticess & Hxamists d avertex
fa exchcd] pis twatltiad vatics, asare adasitk hede
inBRiaresprds toavaticd ede intle ratirg gahadis dredted
frarthe saree tomd the sirk

( ZS| |Ik, VPG
A

/ \
, \
, \
/ \
O / : O
/ \
, \
’ !
’ \

source,

HPG /CP\
<

1
h
N 1
X 1
. i
O \ / O
\ |
. I
\ Ple

si nk, HPG

\
\
\
\
\
\
\
>‘Q
0
1
'
I

[y 'source, VPG

Bare IX Pol ar graphs for area estinutzon.

Asvatht echede (v, w) I a ast Widh aaresprdd to the
spdrg reeckd leten odls v ad w to parfantle ratirg  Fthe-
rre, asign to each th fransaree to sirk a fied ast Widh is the
sunef the hrizatd leghd dl dlsvstedmtle pth Fetad ast

' obtain as many distinct solutions as possible, the GAdoes not use the reduction of the
search space describedin [2, 3].
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IDR1 Wotanmd s

I exhret vith tw terrirds, an dgrithnde to Tader [§ is wed
to aunte the shutest, seardshtest, thirdshotes, e rate wutil
amimmd R rates ae fard a m moe rotes edsts.  Ialers
dgrithmis eat bt dso gite epasive regiring tim O(Rn N fa
ae e, ieren is the niber d varticess inthe rating gah

Aealier dgrithiy Igfues [1 mye fist seanore dtrative
It grerates the R shrtest rates frava dsigated vartexto each d the
dler aticsintiraO(Rn 1gn ). Wweer, logs ae dlosdinapth
& quesad to [aters dgrithmad if tw ptls d rd st the sam
atices in the sam ady they ae arsidred dstint. @k codd then
sirpy gererate rates util R logless rates vee diared wich e
dso dstint in the sare tht ther sets d edes ae dstint. I,
exprirats lme slom tht ths stratbegyis 1t fessibe inpatice de
to the niter d rates then regired

I22 Nets wtha lest thee tarivds

Arst R dstint rates ae grardedfa eachret lairg three a mae
tarirds wirg a Afa the o I a dtdled dsaigian d thet
dgrithntle readr is rdfared to [2 3. Tere ae twrdn adatags
d wrg tht dgrithminths atet. Frstly it gredes highqdity
sdutias. In[2 the Qis tested ngads vithypto 25D vartices ad
is fard to ke vithin1 %rartle ddal qinmsdtioninmre thm
D% dl rus. Feratirggahd amrod] paaat wthC' @ls
Wl Ime les thn I vatices. Tt is therdfae st lildy tht the (A
Wil fidthe shatest edstirgrate fa eery et in ay ressaeldy sized
mrod] lgot. Te scad adatae d the Qs tht it podds
antber d dstind sditias inasmgern Fe pdlend Mary
ad Trer WMt aly ae rate is grerded fa rets vith ray
terridls is ths dineted

I rets wth fewtarimds, say 67 a less, edastie seach far the
shatest rate wll dten le femiBe Tdirg an dgrithmly Silivn [
ggimren ke fard by edasting a search spree aasisting

=7

piits, ere k =it — 2 n ) adt is the nider & tenids o the
. Ibeer, eprimats s reeded tht Sllivas dgrithndten
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Hare I2 Addition of termmnal vertices (shaded) for a net with three
termmnals (murked with crosses).

Hg IBatlires gese ae Arebis ¢ 72 ve al if dl its territds ae po
jeted ato tle sxaade d the ratirg gah  Atlogh sead rates
cn ¢ill ke graded fa a trivd s, it Wl rady ke adategos
Hree, dda ratirngis skipped far suchrets.

grerete rating geh
fa eahrmntrivd et d:
atlertices to ggh
if 2terrid et
aly [aters dgrithm
dse
ay a Afa &
ed

rerae atices frargeah
ad

Fare IB Qutline of phase one.

Te YGis in grad Pagde e, if aly tw wertics
ae to be carated Iredees to a shatest pth pdlemidhis
haded ly andgrithnd Iater dsassedin Sian L2 1 Dets vith
rare then tw tarrirals ae lded by a (Ad sassedin Sctian [2.2
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auptirg a arresprd g pth in the rating gah

Agite dtaleddsaigian d howto grerde the ratirg gah far
a gen pacat is gwnin [7. Rigly sping eah ede & the
grah axresprds to a rating dard ad each vertex axrespads to
tle itesation d tw dands. A eageis domin Fg DL

O O

O O
Fare DI A pl acenent and t he corresponding routing graph.

Bfae fidrg rates fa a genret, ‘artices reresating the terriz
s d the ret are adkd to the ratirg ggh & ggygpide ladtias.
Hrdrp the shatest rate far the et is thnegivdet d fidigarin
immoot shiree in the gah Wich spas dl  the adhd terrind
atices, sssungtht the ast d anede is dfied & its lagh Hs
pdiemis kom & the $drer Pdlamin a Gyh (I Wn a
et bes been tredted its teritd \atices ave reoed frantle rating
gah bfae asidrig the ret e, thady sigifeatlyreddrg the
size d the Yimstames to e sdvad

I eahterrind the ladiond the aarrespod g terrival vartexis
dterrired by a prprd alar pgetian d the terind ato the ede
represatirg the aprpide ratirg dard, @ illwtrded in Kg L2
Hs is in atrat to the strtegy wed in eg [7.  Hre vatics ae
atkd aly & the cater o rating damds ad exch taritd is thn
asigedtothe doest vartex Hs sderarayresdt insaarets hairg
idaticd sets & tarimd vartices, in widh eee samcaptaias ean
ke addd @tle dler lad ar sdew poids a e anrde
etirdte d the vird epth ad dso dlog anae aarde aen etirte
& dsassedinSstian B 1
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N1 Introduction

Awdl-kom strategy far ddal ratirg d mared] laats asists
d tw gees [IJ. Inthe fist gese aner d dterive rates
ae graded far exhret. Te 1ets ae treded indpedhatly ae &
atig adtlhe djetive is to ririne the legh d exh . In the
seoad e, a spedfe rate is sdeded far eechret, shjet to dard
cdty astrans, adsothit saacad] aditaim typdlyaeaa
tdd ittercaret lagth isrimirived ArAnadatae d ths rating
stretegy is its indpade d a et adring

Moary [ ad TierWNI§ ae stete d the at ddal raters
fa mrodl lants, ad bth ae heed o the twimse straegy
kr rets vith a sl niber d teritds, these rates grerde p
to 10— 2 dterretive rates far exh ret.  Hwser, de to the tim
apeityd the qylieddgrithy alyasitde rate is graded far
rets bmirg rae thn 5— 11 taritds. A mdedin [§ this lirits tle
oadl gdity ddardle

Inths ppr arewddal rater is pesated viich rivitives aen
ad ssaadhily tdd itercaret lagh Wle dso bt bsed
the twodse straegy this rater dfrs sigifeatly franpedas g
pades in two s

1) Bachese is bsed ma gretic dgrithn{(@. Fe Gusadin
Pese ae poids sead Hidrqdityrates fa eahret indpadatly
d its miter & temids. In the seoad gese adher Arinirims
the dd ginstinaiteaialy gprqriddysdetirgaspdferate
fa echret.

2) Te estiretes d aen adtdtd ittercaret legth sed thragh
at the giinwtia poes ae dalded ey acrddy Te aen
etirdte is lsed maaptdion d dard dasities adthe wrdergh
etirdte is lsed meat pnloctias.

Bpriratd resdts shom tht tle laat qdity dtared by the
rater capres faordlyto tht d Tier AND

D2 Phase One of the Router

Bfae the ddal ratirg prooss itedf is intided a redilirer rout ¢ ng
graph is etrated fraxtle gven pacaat. Kitirg is then pafarad
internd ths gah i.e, captingagdda rate fa aret is dre by



Apendix D

AMare Cdl Glda Raiter Bsed
ar Two @#tic Agrithms

Hs pyer is phised s H Isesen “AMdro@d] (da Ruter
Beed n o (dtic Agrithw” Proc. of The Furopean Lksign Au-
tomation Conference, p 4848 St 1B

Lostract

Hs pper pesarts amd gpadhto gdal ratirg d rarodl 1a¢
ats. Agetic dgrithngrerdes seard shat rates far eah et
Adher gretic dgrithitlen sdeds a rate far exch ret Wile 1ini-
rivirg aen ad seadril yirteraredt lagh Badt dard dasities
ae ad fa aen estitdian Te lgat qdity dtared oo NIC
berdrads caqares faoardly to tht d Tiler AT
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Cost @U-tine (secs)
Gaph Copt ‘ Csph ‘ ACfsph ‘ Cga ‘ X ga Tbcl Tch ‘ Tsph ‘ Tga
E-1 111 | 111 0 111 0 1,150 | 1,394 7,334 7.39
E2 214 216 0.93 216 0.93 6,251 1,993 7,355 7,444
E3 4,013 | 4,060 | 1.17 | 4,013 0| 26,468 | 15,782 | 50,004 | 9,449
E4 5101 | 5,113 |  0.24| 5,102 | 0.02 || 46,008 | 1,660 | 29,921 | 7,763
E5 8,128 | 8,134 | 0.07 | 8,128 0 12,564 | 411 | 9,318 | 7,474
E6 73 76 4.11 73 0 678 - | 10,060 | 10,148
E7 145 149 2.76 145 0 27,124 - | 10,306 | 10,458
ES 2,640 | 2,690 | 1.89 | 2,646 | 0.23 || 118,618 - | 50,013 | 12,896
E9 3,604 | 3,671 | 1.86( 3,611 | 0.19 || 24,528 - | 50,014 | 14,933
E10 | 5,600 | 5,624 | 0.43 | 5,600 0| 39,261 - | 50,014 | 12,976
E11 34 34 0 34 0 1,901 - | 14,472 | 14,559
E12 67 68 1.49 68 1.49 7,200 - | 14,497 | 14,588
E13 | 1,280 | 1,317 | 2.89 1,280 | 0.70 | 207,059 - | 50,003 | 21,787
E14 | 1,732 | 1,767 | 2.02|1,736 | 0.23| 29,263 - | 50,030 | 23,022
E15 | 2,784 [ 2,795 | 0.40 | 2,784 o 7666 - | 50,020 | 18,424
E16 15 15 0 15 0 179 - | 14,425 | 14,586
E17 25 25 0 25 0 36, 040 - | 14,458 | 14,619
E18 572 625 9.27 583 1.92 - - | 50,017 | 29,105
E19 758 802 5. 80 766 1.06 6,372 - | 50,037 | 27,319
E20 | 1,342 1,357 | 1.121,342 0 272 - | 50,055 | 25,107

HWe (12 Conparison of solution quality and CPUtine for the graphs
tnclass E



[Gaph [ Toer | Thez| Toph || Tavg | To |
D-1 476 200 486 523 8
D2 284 148 488 537 13
D3 2,290 106 785 650 39
D4 3,529 41 689 554 21
D5 811 37 522 504 8
D6 2,340 4,148 687 788 44
D7 100 1,037 681 795 29
D8 6,985 | 17,858 | 13,237 || 2,101 | 381
D9 4,630 | 16,458 | 29,354 || 2,744 | 624
D10 1,312 1,678 | 14,780 || 1,100 | 169
D11 1,374 | 24,609 949 || 1,070 | 59
D12 305 5,843 961 1,085 20
D13 1,864 | 91,718 | 15,187 | 2,357 | 245
D14 3,538 | 61,335 | 41,237 || 2,601 | 393
D15 1,410 | 16,889 | 24,828 | 1,302 | 102
D16 871 9,721 956 1,047 21
D17 6,965 | 147,598 950 1,068 26
D18 245,192 | 227,841 | 31,015 || 2,536 | 491
D19 878 | 304,380 | 50,003 || 3,441 | 580
D20 47 1,276 | 50,010 || 2,638 | 658

MeCl0 Conparison of CPUtine (seconds) for the graphs inclass D

Probl emsi ze Reduced size
Gaph n ‘ m ‘ |E| n ‘ m ‘ |E|
E1l 2,500 51 3,125 680 | 5] 1,286
E2 2, 500 10| 3,125| 70| 9| 1,328
E3 2,500 417 3,125 637 | 199 1,233
E4 2,500 625 3,125 435 | 164 964
E5 2,500 | 1,250 3,125 222 | 108 649
E6 2, 500 5| 5000 | 1,845 | 5| 4,318
E7 2, 500 10 | 5,000 || 1,801 | 10 | 4,372
ES 2,500 | 417 | 5,000 || 1,723 | 286 | 4,193
E9 2,500 | 625 | 5,000 || 1,608 | 358 | 4,069
E10 |/ 2,500 | 1,250 | 5,000 || 1,046 | 366 | 3,388
E11 | 2,500 5112,500 || 2,498 | 5 | 12,003

E12 | 2,500 10 | 12,500 || 2,500 | 10 | 12,123
E13 || 2,500 | 417 | 12,500 || 2,341 | 321 | 11,760
E14 |/ 2,500 | 625 | 12,500 || 2,139 | 388 | 11,325
E15 || 2,500 | 1,250 | 12,500 || 1,461 | 443 | 8,514
E16 | 2,500 562,500 || 2,500 | 5 | 29,332
E17 | 2,500 10 | 62,500 || 2,500 | 10 | 29,090
E18 || 2,500 | 417 | 62,500 || 2,429 | 355 | 28,437
E19 |/ 2,500 | 625 | 62,500 || 2,351 | 485 | 27,779
E20 || 2,500 | 1,250 | 62,500 || 1,988 | 758 | 24,423

HWeCll: The class E graphs before and after reductions.




AMYDXC QR INGEREIML SIS

1B TIHESHENRIRBIINAGRT
Probl emsi ze Reduced size
Gaph n ‘ m ‘ |E| n ‘ m ‘ |E|
D1 1,000 5 1,250 274 5 510
D2 1,000 10 1,250 285 10 523
D3 1,000 | 167 1,250 224 67 441
D4 1,000 | 250 1,250 159 66 339
D5 1,000 | 500 1,250 97 48 246
D6 1,000 | 5| 20000 | 761 | 5| 1,741
D7 1,000 | 10 | 2,000 || 754 | 10| 1,735
DS 1,000 | 167 | 2,000 || 731 | 124 | 1,708
D9 1,000 | 250 2,000 654 | 155 1,613

D 10 1,000 | 500 | 2,000 || 418 | 146 | 1,317
D11 1,000 | 5| 5000 | 993 | 5| 4,674
D12 1,000 | 10 | 5,000 || 1,000 | 10 | 4,671
D13 1,000 | 167 | 5,000 || 922 | 122 | 4,433
D14 | 1,000 | 250 | 5,000 | 853 | 160 | 4,173
D15 1,000 | 500 | 5,000 || 550 | 157 | 2,925
D16 1,000 | 5| 25000 || 1,000 | 5 | 10,595
D17 | 1,000 | 10 | 25000 | 999 | 9 | 10,531
D18 1,000 | 167 | 25,000 || 978 | 145 | 10,140
D19 1,000 | 250 | 25,000 || 938 | 193 | 9,676
D 20 1,000 | 500 | 25,000 || 814 | 324 | 8,907

HWe (8 The class Dgraphs before and after reductions.

‘ Gaph H Copt ‘ Csph ‘ X sph H Cbest ‘ Cavg ‘ Cworst ‘ Ca’ ‘ ~Xo avg ‘ ~Xo uor st ‘ Nga ‘
D1 106 106 0 106 106 106 0 0 0 0
D2 220 220 0 220 220 220 0 0 0 0
D3 1,565 | 1,570 | 0.32{ 1,565 | 1,565 | 1,565 | 0 0 ol o
D4 1,035 | 1,940 | 0.261 1,935 | 1,935 | 1,935 | 0 0 ol o
D5 3,250 | 3,254 | 0.12 | 3,250 | 3,250 | 3,250 | 0 0 ol o
D6 67 71 5.97 67 67.1 68 | 0.3 0.15 1.49 1
D7 103 103 0 103 103 103 0 0 0 0
DS 1,072 | 1,095 | 2,151 1,072 | 1,072.7 | 1,074 | 0.6 | 0.07 0.19| 6
D9 1,448 | 1,471 |  1.59 || 1,448 | 1,448.4 | 1,450 | 0.7 | 0.03 0.14| 3
D10 || 2,110 [ 2,120 | 0.47 || 2,110 | 2,110 | 2,110 | 0 0 ol o
D11 29 29 0 29 29 29 0 0 0 0
D12 42 42 0 42 42 42 0 0 0 0
D13 500 514 2.80 500 500.6 502 | 0.7 0.12 0.40 5
D14 667 675 1.20 668 669. 7 671 | 0.9 0.40 0.60 10
D15 || 1,116 [ 1,121 | 0.45 || 1,116 | 1,116 | 1,116 | 0 0 ol o
D16 13 13 0 13 13 13 0 0 0 0
D17 23 23 0 23 23 23 0 0 0 0
D18 223 239 7.17 226 227.7 230 | 1.2 2.11 3.14 10
D19 310 335 8. 06 312 313.3 315 | 0.9 1.06 1.61 10
D20 537 539 0.37 537 537 537 0 0 0 0

He (2 Conparison of solution quality for the graphs in class D
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‘ Gaph H Copt ‘ Csph ‘ X sph H Cbest ‘

Cavg ‘ Cworst ‘ Ca’ ‘ ~Xo avg ~Xo uor st ‘ Nga ‘

G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G111
G12
G13
G114
G15
G16
G17
G18
G19
G20

85
144
754

1,079

1,579

55
102
509
707

1,093

32

46
258
323
556

11

18
113
146
267

85
144
757

1,081

1,579

55
102
512
714

1,098

32

46
263
327
558

11

18
121
155
267

0
0
0.40
0.19

0. 59
0.99
0.46

1.94
1.24
0. 36

7.08
6.16
0

85
144
754

1,079

1,579

55
102
509
707

1,093

32

46
258
323
556

11

18
113
146
267

85
144
754. 2
1,079.1
1,579
55

102
509
707. 4
1,093
32

46
259.7
323.4
556
11.7

18
114.3
147
267

85
144
755

1,080

1,579

55
102
509
708

1,093

32

46
260
324
556

12

18
115
148
267

0
0
0.4

0
0
0.13
0.09
0
0
0
0
0.14
0
0
0
0.78
0.31
0
9.09
0
1.77
1.37
0
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He (G Conpartson of solution quality for the graphs in class C

[Gaph [ Toer| Thez| Toph || Tavg | o
Gl 27 25 61 79 6
G2 812 45 61 79 3
G3 543 25 72 104 19
G4 510 23 75 83 10
G5 474 5 61 63 0
G6 49 561 83 130 11
G7 83 522 86 153 24
G8 674 1,106 260 263 39
G9 1, 866 5,813 966 425 93
G10 246 32 544 181 49
G11 333 2,769 119 187 20
G12 120 1,175 119 224 19
G13 9,170 9,895 646 544 91
G114 212 1,150 1,316 547 | 130
G15 211 913 1,544 262 56
G16 10 877 119 180 22
G17 98 | 14, 557 119 203 26
G18 45,848 | 20,726 873 563 | 102
G19 117 1,689 3,050 601 | 136
G20 15 225 | 11,374 334 57

WMeCt Conparison of CPUtine (seconds) for the graphs inclass C
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‘ Gaph H Tch ‘ Tsph H Tavg
B-1 0.1 0.1 0.
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18

MeCt Conparison of CPUtine (seconds) for the graphs in class B.
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Probl emsi ze Reduced size
Gaph n ‘ m ‘ |E| n ‘ m ‘ |E|
C1 500 5 625 || 145 5 263
G2 500 10 625 || 130 8 239
G3 500 83 625 || 120 35 232
G4 500 | 125 625 || 109 38 221
G5 500 | 250 625 37 17 91
G6 500 5 1,000 || 369 5 847
G7 500 10 1,000 || 382 9 869
G8 500 83 1,000 || 336 54 818
G9 500 | 125 1,000 || 349 78 832

G10 500 | 250 1,000 || 213 76 624
G111 500 5| 2,500 | 499 5| 2,184
G12 500 10 2,500 || 498 9| 2,236
G13 500 83 2,500 || 463 65 | 2,108
G114 500 | 125 2,500 || 427 81 | 1,961
G15 500 | 250 2,500 || 299 92 | 1,471
G16 500 5 | 12,500 | 500 5 | 4,740
G17 500 10 | 12,500 || 499 9 | 4,698
G18 500 83 | 12,500 || 486 70 | 4,668
G19 500 | 125 | 12,500 || 473 98 | 4,490
G20 500 | 250 | 12,500 || 386 | 143 | 3,850

He(h The class Cgraphs before and after reductions.
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C7 Gnputational Results

Probl emsi ze Reduced size
Gaph n ‘ m ‘ |E| n ‘ m ‘ |E|
B1l 50 9 63 1 1 0
B2 50 | 13 63 7 4 12
B3 50 | 25 63 1 1 0
B4 50 9| 100 || 34 7 72
B5 50 | 13 | 100 || 35 | 10 76
Bé6 50 | 25 | 100 || 25 | 10 60
B7 75 | 13 94 || 16 6 26
BS 75 | 19 94 || 16 7 25
B9 75 | 38 94 1 1 0
B10 75 | 13 | 150 || 50 | 10 | 115
B11 75 | 19 | 150 || 47 8 | 108
B12 75 | 38 | 150 || 31 | 11 74
B13 100 | 17 | 125 || 28 9 47
B14 100 | 25 | 125 || 22 8 42
B15 100 | 50 | 125 || 16 9 28
B16 100 | 17 | 200 | 63 9 | 148
B17 100 | 25 | 200 || 51 | 12 | 113
B 18 100 | 50 | 200 || 35 | 12 &4

HWe (2 The class Bgraphs before and after reductions.

‘ Gaph H Copt ‘ Csph ‘ X sph H Cbest ‘ Cavg ‘ Cworst ‘ Ca’ ‘ ~Xo avg ‘ ~Xo uor st ‘ Nga ‘
B1 82 82 0 82 82 82 0 0 0 0
B2 83 83 0 83 83 83 0 0 0 0
B3 138 138 0 138 138 138 0 0 0 0
B4 59 59 0 59 59 59 0 0 0 0
B5 61 61 0 61 61 61 0 0 0 0
B6 122 122 0 122 122 122 0 0 0 0
B7 111 111 0 111 111 111 0 0 0 0
B8 104 104 0 104 104 104 0 0 0 0
B9 220 220 0 220 220 220 0 0 0 0
B10 86 86 0 86 86 86 0 0 0 0
B11 88 88 0 88 88 88 0 0 0 0
B12 174 174 0 174 174 174 0 0 0 0
B13 165 168 1.82 165 165 165 0 0 0 0
B14 235 235 0 235 235 235 0 0 0 0
B15 318 318 0 318 318 318 0 0 0 0
B16 127 127 0 127 127 127 0 0 0 0
B17 131 131 0 131 131 131 0 0 0 0
B18 218 218 0 218 218 218 0 0 0 0

He (3 Conparison of solution quality for the graphs in class B
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C6 Oonclusion

Inthis ppr arew@eic Agrith{( fa the Sdrer Rdlaxin
a Geph (3¢ Ies leen presated. Te mnida indtle dgrithm
is tle alictiand the [istare vk Miristic fa itepadiand
bitstrirgs sped fyirg sdeted Seirer vatics. s sdemanres thet
every hitstrirg aarespod to adidsd i cnad diriates the reed far
perdty teamm in the ast reswe, thedy aadg ptatid pdlaw
d asigirg asitdle ast vdie to animapete a indidsdtian

Te perfarace d the dgrithrizs been tested an radnggds
wth 1p to 23D vaticess ad 30 edgs.  Te egeriratd resdts
dos tht inme thn @ % d]l eeatias the ik a sdtin
Widhis wthin 1 %fraxtle dda giimm THs prfamme an
pres fagdlywthae d the varyhest dterrimisticharistics far I
&l & wthanealier Aly Ksdis ¢ d. Frfarmace is dsoaan
pred to tht & hacdhadat dgrithm by hean ad Bedey ad
ly(grae d. Wle the rutires d these dgrithmaies edrady
ad peats the sdtiond saad tle pdemimstaves arsidred
the (Ais @atle d grerdirg area-giitd sdtionfa dl pdlem
Wwthn a rabde anrt d tira

Wierdae aad wk the fdlodng, Inceses ere agdallyqird
sditian is dsdudy regired the size d the gvwen pdlemis i too
bg ad rutimis it irprtat, ae d the badradat dgrithm
ae pfeadle M the dler Ind if area-qdid sdtianis sffiet,
a tle pdlemis vay lag a a mbrde rutimalirit is reedd tle
(Apresated lere is the hest duce o the psiblities casidred

Acknowl edgenent

Te athr wshes to thak Pl Mardyr, Uihasity d Mhtign

Wo siperisad this wak in its irtid pgese ven tle athe w &
Whasityd Miign Aso thads to Jas (asenad Bd  Wier,
(Goerepen Uhharsity far partirgat pessibeimpoeats d anea-

lier vsiond the dgrithadfa spestirgasitdle straegy far pa-
fameedion Hrlythals toldter Mller-Ndsen (e Guad
ad Hgr Qp Ahs Uvesity fa sserd wdfd dsossias ad
sipoestias aavarirg this vk
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C5 Future Wrk

Te vk resated bere cn ke catinedin & lest three dredtias:

1) Frfamace irpoaat: A dsassed in Stian C3 the min
idad the Qpesatadis the gictiand the @ itapedia
d btstrirgs. In autrast, the gaetic qurdas fa aosoer, ndian
ad inasm ae dl staded TFey ae daataizd by berg ey
sirpe ad Hird in the sase tht they b it tilize kodede o tle
glictiondmninaywy Tesaais trie fa theHll-dirter. @
freqartly wed wy o irpodrg the pafarace d a Ais to ggly
e adaed greti ¢ qrratas adia gerdas egddtinggictian
spdft kodede [13. It is thedae lildy tht the pafarace d the
Apresatedlere cante futher irpoed by gpyirg suh tedriges.

) (e gah types A dhias vedies d the test-siite wed in
thswakis tht dl gais ae spseadradily grerded It resis
to e senlontle Apafamameg drre gads, ratilirer gabs,
rorradngads aisitg in red-wald gictias, ec

3 trihtias to pafarace bdtdnadtdled uthstadrg
d the remsas fa the siess & the dgrithmit wald be ideresting to
inetigte lowtle vaias caprets d the dgrithmastribte to
the oard] perfarace Wh is the irdvidd bt mmsddiangdity
adrutimasadlyeg the daodrgstraegy the inesiagerda,
the search sppee reddtian o the iritid gah reddtias 7
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Heer, the wed stp aiteria refbts a piaity & sditian qdity &
b 1g noe irprtat thn rutira

Hg (D dog fa exh gradian the stadhd didion d oot
intle ppldicn  Foma de d 192 in gredian ( the stadhd
diiction diresses Wthin 10 grerdtias to dnt 20 ad then stas &
tht led thagut the giinrtion poss.
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A dsaibedin Stian (31 exh grerdian is iritided by the g
adimd M dpirgindidds. Fartle tad d 2V indvidds the
best M irdvidds ae thenlgt & raters d the rewppldianile
tle rest ae dsardd Hg Cl0dlos fa exchgrerdti antle preatae
d irdvidds inthe redy aeted ppldi an i ch s jist eragd
resdts d assoer. Te praatae d ely graded irdvdds is
ay stdle aard 31 Fe imprtat thig to ide is tht the fratian
d rewirdvdds & nt dhresse vith tima bt is aastat dso irto
tle lde fdese d the poes. In dler wad, thragot the poess
Hf the indvidds grerded by the aosoar qerdar ae better thn
saadler irdvdd dreadyintle pplaicn Hs afimtle rde

d aosoer & the et imprtat d the gretic garatas.
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iewetht the ranressmn far the prfarace gp betveen (ARSS
ad the (Apesated lere is the dffrat dood g strategy ad case
qetly the dférat ot edwti an strategy

C.46 TFpd Bdwia

Te payes d the fpd glinwtian pocess is illwstrded by He:
wes (8§ (D ad (10 widhstem frama sade esationd the (A
wth grgh Db & impt. It sold ke egesized tht dthogh the
gais stem frana spdfc sirgde rin the pdue they gie is vay
typd.
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I ech gredian the tpggh d Fg (Birdces the aaae
ast d tle irdudds intle pplaima tht tirg Wile the bttam
gah idctes the ast d the arrat best indvdd. Ihtidly tle
aaae ast is 11 adthe bt is L1 TFe ddd ginnd’ 1,116
is diared fist tire in gredian I8 ad the dgrithmterritetes
dter I8 grerdias. Me tht iipoemat is very rgid drirg the
fist at d tle poess. T it leds at ad futher irpoaat
is dtdred aly doly A ratiaedin Stian (31 the best a5 wdl
& the asge ast ae mts d tle stp aiteia If aly the ast &
the best sditian wre casidred the poess wald Ime terrivebed
dter grerdion 28 aarespodig to a D Yeddion d the rutima
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A pdensi z incresses thagh the dasses B © Dad Etle dwe
dservtias beaminesirgy paored If alydass Bgads ae
arsdre] it is dftilt torde ay dstintias regrd rg pafarace
d tle dgrithm Tese eapes gyeas to ke too sirde.

45 GGmismwthKagsdis Agrithm
In ths Sctian the (Aly Kgsdis, BywadSith ad Sith [1§ is
cited (AHSS A ratiaed in Sdian C1 (AHSS dférs fran
the (Apesatedlere inanitter d ws. Angdler things, rether
aninasiaqgeda nor ahill-diter is gliedin(ARS Heer,
the mt sigrfeat dffrences cawars the doody ad the ast aom
ptadicn  In AHSS a gadype is a bitstrirg d laghn in Widch
the 7 ’thht irdctes if the ¢ ’thyatexis at d the gadye tree B
asue tht eery tree spas W each gardype is xa’ed vith the fied
strirg spedfying W. Hie, the ecod1gis waysitilar toar ensd 1g;
W, tle itepadian d a grdype is vay dffet. Asuma
gy spedfes the atexset 7, W C Z C V. Te aaresprdrg
gahis then capted s the sugah G 7z d G idedly Z. Ingem
ad G 7 isd ameted Asumit aamists d £ > 1 capoats. Te
ast d asdtianis dred s the s the ast d armmmspring
tree far exchcapret s a prdtytenitihgos liread yvith & .

(dptdiad resdts ae genalyfa the dass Bgads frartle
Rhibay Te sddion gdity ddared fa each gah is repated
& the best resdt  fie rus. | each ggh s one prader sdtirg
d (ARSS bs been fard vith widch the ddal qdinmis fard
in fie rus. Ibee, the prage sdting waies vith the pdiem
gwn W fiirg the prader setting far dl gais, AR fids
the ddal qtinmingyradrady 0 %f dl rus adtle vast resdt
gratedis 7.3 Yawe the dda gtinm

Al eprirats wth AHSS ae rin an a Agde ME TIfx 19
tdd rutires ae gyven Irsteed the tira spad util the best sditian
fard ayears fist tirg rdfaredto It poaat Tra (1), is
resired It is it dear exdlyichstopaiteriais wed i.e, loslag
the dgrithitdes to terirrte byad IIT I my o the gais,
the aerae ITis in the rape fran to 200 ses. Tere is atim
lirit d 4D ses. fa a aagdde esntian

(ARSBis dealyirferia toeachd the dher dgrithmaosidred
inths pyer, bthvithrespet tosdtingdityss Wl s rutim W
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It tlhe dass Eeages, IHI fih qhinndfa 4 & the D gais,

ile the (Afids the gginndar 11 f these ggds. AC wast < & g
Wdd fa dl bt ae gaghindass B Cad ) adindas Ew lne

K o <K oy fadl gggs. Indler wrds, Wthasirdeeogiiaem

the vast resdts grerated by the (Aae eqd to a better thn the

resit grerated by ML Mithernae, fa the grads viere heth SHI
ad the aese esaticn d the (Afdls to fid the dda gdimm

the epated rddive ara rdio &£ awg @ te Qis dtenan adr &
ragyi tuck better than the erar retio &£ o & JHL
krar Rtio
Agrithm =0% |<05% |<10%
SHI RT ®B7 05
A 1 &7 26

HWeCL Summury of solution qualities obtained by the GAand SPH I.

"He Cl suraizs the sdtianqdities ddared by the (Aad
the JHI. Tese fpires ae hsed an the resdts  dl 6D esatias
d tle Qad d]l Beatias d IH prfaralintdd. I eah
dgrithile Cl gws the anmded proatage d rus vichgze
atesdt wthn the stabed rd ative erar franggimm Eg, 67 %d
dl eeatias d the M gre aresdt dichws less thn 05 Yfran
tle gtimrsdtion W aaptirg the dues listed far the (Atle
resdts far the dass Eeages me len wigted by a fatar f 10 to
armste fa the idd aveintle niter d esatias fa exchgah
Te resdts regadrg rutives can be suraizd in thee mn
pars:
o Te (Ais galle d fidigaligrgditysdtianfa al | gals
amsdred in a rabrde anit d tilm Hs is i the cse far
ayd tle tw hathadat dgrithma fa JHL

o Inmst cses tlerutirad the (Aisaysimlar tothet  SHL
In a feweeses the (Ais sigifeatly faster than JHL, hile the
gpsite is reer the cse

o Tewidind tle rutitad the (Ais vay sd] capred to
tle aidian dsened far the hadhadat dgrithm & vl
& JH. A a asqere tle badiadat dgriths ae
sigifratl yfater thnhth the (Aad FHI far sameades,
ile they are sigifeatly domr an dler exages.
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"Hle CI2 lists the sdtian qdities diared by the (Aad the
JHI toxther vith tle rutives & dl dgrithm casidred Ttk to
the etesie rutires regired fa the gads inths das, the Aws
eeated aly are fa eeh eade C' g dadtes tle ast ddared by
the A & g 18 tle rdaive ara d the sdiion fard by the (Aad
the tirasprd by dgrithmis dated by T° - e, C 4 adT ,, an
te csidred etirdtes € C ag AT 4y , Tespativdy
It dodd ke ided tht the listed e & C' o fa ERmynd e
the ddal gdimm bt acadrg to the ifamian in Ribay it
is the best komsduian as ford by Besley's dgrithn{3. Te g
timmfa ths gah w it fard within a qolint & 216D ses
atle Gy XMAR (ipae d [§ dso ewuteed pdlem ith
ER N rutimis listed fa ths ggh sine tle dgrithmdd nt
terrirete Within a qualinit € 10 dys an the K& [§.  Lan
ad Bed ey [ cbes 1t reprt ayresdts far gads B thragh EX)
adaresmis b gvn e, casidying the pogesian d rur
tirafa the ggis in dases Cad 1) it is ressadle to asua tht
the dgrithms udle to sdwe saad these pdlemin a resasle
aart d tira
I eceeds the qpatiralint 0D ses. far gads E3 E]
K9 EI0 EB EY ElR ER EVad E) T etirded tdd
tirareqired by JHI far these grads vaies fronfBl, D ses. far E3
tod 3x 10 7 sas., a me thn 16 mitls, fao BN @prad to the
hadradat dgrithmad IHI the rutires d the Aae ey
rabrde fa dl ggls wthamimrutirtad D (hses. fa ER
I it d the gads far wich FHI terrinztes vithin the ptira
lirit the rutites & the Aad IHI ae ay sirla.  Regrdrg
sditianqdity JHI fid the ddal giinnfa 4 d the gads ad
s a vast rddive era rdio exeedrg 9 %fa EI8 Te (Afik
giimnia 11 gads adls a wast rddive ara rdioles thm2 %

(445 Sunmy d Rsits

Hs satiansuai zs the exqeriratd resdts wthrespat tosdtian
gdity ad rutira Wn caparirg the sdtion qdity ddared by
the (Ato tht ddared by FHI far dl ggds indasses B Cad D
the fdloirg cn be dserad @ atdd d B ggis, JHI fids the
ddal qlird sddion fa 3 gais, wile the (Afids gdinml0
tites at d Vfa 8 gals ad a4 lest qe timmd 10 fa 5 ggis.
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artex cigree inorepses.

@ the dass Doyads IHI fink giinmfa 7d the gads, vile
the (Afids the gdinnat lesst ave far 17 gads ad eary timfa
1B gags. SHI Is rddive aras ewedrg 2 %da 5 gais dile
tht aly lyges fa the QAo gagh DR I dl gais w lme
Cost < Cgp adC gy < Oy Hdfa 1B gas.

@ ths das d pdian the rufites fa hth badvadat d-
griths aries by thee adys d mgituk ad ae & high & in the
ADINAD s, rage aresprdrg to 23 dis I aaptdian Te
rutitad SHI rowdso wies sigifeatly I paticd resas it
becaa reessay to irtradee a qpatira linit & )00 ses. far this
dgrithhn gads fravd ssses Dad EE Wn ST dd b cadete
its aaptaimwthintlis linit, it ws terited ad the hest sditian
fardsofar v wed Hs lgpredfa gads POad B ki these
gais the tdd tirareadd by FHI is estireted to he %, (D ses ad
619, (D secs., respectivdy Tese estirates can be camicredto e qite
arate sirce they are bised nressuraats d the quatiraspad far
ethpir d wtiessz, y € V, d. Hg (7 Widis thensdedviththe
rddive niter d atex s b ¢ casidred & tle tima the qor
lirit is eceakd T aerae rutimmd the Avaies franfi ses.
fao Bbto 34 sas. fa P9 ie, lyafata & 7 "Hs widim
is sl arpred to the vaidion  the dher dgriths aasidred
kr gais I8 EY DI DI3 DY D5, DI] D9 ad B the
Ais m arge s ady d mgituk faster thn FHI dile far the
rerarig gais the rutires d these dgrithm ae caprdie

(1444 TheE Grals

I the gragds frand s File bt f grghreddias fdlog aptten
Wich cdrd ds pafetly vthtle ptters dsenedfar dases Cad D
Een dter reddtias the seach spee sizes far the dass Egads ae
aqras. Hirgthe bord

s >3 2 ()

were k. =irim—2 n —m) reeds thet ander  gads inthis das

les search sproes exeed 1z 10 190 mirts. Igpeddly the searchspe far
EI3 exead 10 21 pirts ad fao ER it ewed 10 242 s,
hard ae capted dter gah reddias Ime been parfaral
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Heer, = the aerae vartex digree inresses, the et d reddtias
d typs a ad b (see Stin (32) dwesss sigiftatly Wnm
is sdl, the dbt d reddias o type dis dso vy lirited & cn
ke seen by tle resdts far Cl, CI2 CI6 ad CI7  Fe ddared
reddian in serch spee sizes far these pdlem ae redighe T
dbt d reddias d type ¢ inveses wth the niber  edgs. I
CI6 thragh CD dnt twthird & dl edes ae dirieted by gah
reddias, mdy d tye c Hwee, sine the Agedes in tam
d shrtest aths, nimsmmig tress, e, the niber d edes ae
d tht irprtat far the pafarace d the dgrithm

"He (6 dos tht the (Afid the dda gdinnet lest ave
fa d]l eages adeaytitafa 2d the gais, wile IMI fik the
gginmfa 10d the ggds. Wnrather the aege Qrnno the
I fids the gdal i A ay 18 dtenan adr o mgitick
hetter thn & ah - Dsistleaefa C3 G4 ) CHY CR ad
CA k& Gl ad C9tle sdtias podeed by HI ae very por
wtherras intle 6- 7 %age. Teresdts fa Cloaeindret antrast
todl dher resdts. Wle the JHI fik ggimm tle Aeartes
seere pddem In7d 0rus it risses the dda gimmdwed 11
ad atpts atre d ast 12 Hs aarespuid to a hge rddive erar
K oy 90%

In "Hle C7 ad siseqat tdles T b1 Ctes the rutira d tle
badvadat dgrithmly Gppa ¢t d [§. Tgedig an tle pdbs
lem the rutira fa hth badthadat dgrithm aies etrady
(pds dgrithnsps frailsas. fa Clbtonae than4h (D secs.
fa CI8 wile hoads dgrithmaies frand ses. fa E5 to mae
thn (0D ses. fa CI8 A a aasqee, the hadradat d-
arithm ae sigifeatly faster than bith the Aad JHI fa- sam
gas adsigiftatly dow fa dhas. Te rutites o the Aad
the IHI ae sinda fa et gads, dthoph the Ais sigifeatly
fater far ggds Clh COad C2) Te timwidian T’ - d the A
is rddivdysml.

C143 e DGigs

Te d&t d ggh reddias o tle dass Dgals o a ptten
drila to tht dsered far the Cgads, dthogh rowtle pttemn is
eendema. Mt gals ae reded sigifatly nde espadly I

Te bt d reddias daresses & m daess ad & the aaae
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redeed to the degrerdte gah casistirg f asirge wertexaly wich
rens tht the giitd sduian is fard sddy ly pefarig gah
reddtias.

"He (3 aapares tle sdutian qdity dtdred by the (Ato the
ddally qiird sdutias & Wl & to the sdutias fard by SHL

Co istledda glimmad C' o 1s tle sdtiaford by SHL C best s
Cag adC g is tle best, aeae ad vast resdt podoed by the
(Ain tle 10 rus, ile C' - drdes the stadhd didian d the 10

ast dus. A ah =C g/ Gu — 1) is the rddive ara in praat
d the sdtion fard by JHI capred to the gdimnsdtian Sm
ilaly £ 4, =I0C 4/ Gy — 1) duttes tle aeag ara o tle sdu
tias fard by the Q) ad £ wst =WC ot [ G — 1) is the vast
ara podeed ly the A Fdly NV g dttes the niter & the 10
rus Wichdd rndt fid the gdal ginm Hs mtatian is dso wed
intle fdlodrg setias.

A cn'te s the Afidd the ddal gdinnfa dl eages in
eayeeaticn I prfamsiialyfa dl gais ecat BI3 far
Wichit hs a 18 Yoeted

"He (A apres the rutirad the iththt M adtle

badvadat dgrithnly Twen ad Beley [B. T ey cdes the
rutirad theldter dgrithhad T’ o 1stletimd JHL Te aee
tiraspat hythe (Ais daded T’ ag ileT , dades the stahed db-

diand tle tirafa the Drus. Qipae d [J gws waptdiad
resdts fa these ggds. It cnbe seen tht dl rutires ae very srdl
adwthnthe aoracy  these resswrarats it is dfilt to daway
cad s as regrd g dffreroes inspeed far the dffrat dgrithm

Te fat thet dl three dgrithm fid gfird sdutias (e fa
M o BI) ina vy dut tire sggsts thet these eapes ae
sirpytoo sl to fadlitde ay dstirtiond pafarace d the dg»
rithm I seerd d the gads the seachspes dter gahreddias
aeirdedvaysd] adtlelagst searchspeeis tht d Bl7 vthless
thm10 ¥ pirs, didhis it tht mahfar acohimtaid giinztio
pddem

C142 Te CGis

FariHe (5 it cn be sen tht the gah reddias ae dso ey
dbdtive et gads intle Cdass. Ne espeddly gragh €5 wich
dter reddias s aseadhspre size d aly agrairad y 10 6 pits.
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Te (Ales beeneseated 10 tires far excheageintle B Cad
Ddass. Sltian gdity is then edwted in tarm & best, aerae
ad wst resdts podeed Hieer, de to rutima reqiraats the
Aws aly esated aee fa exdh I tle eades in das E Te
pader settins ae M =4 S =3 p m =0 badp ;, =01
Tee Wies ae wed far dl esatias, i.e, o pdlenspdfc tuirg
les leenrak. A refiaed in Stion C1 fied prager des ae
d mja imprtace fram padticd part & vew

Te Az Wl s M ae irdeated in the Cpogarig
lagee I hth dgriths eapes franda@ss B Cad Dae
eanted a a Sn Sarc [Xwlstdian hairg 2 M BM Tese
eape regire d rst 10 Md raay b the dass Eeages, the
ray reqiraat is dut BM Tadae fa thee eapes the
Az Wl & IHI ae esated n a ICMs J1D20 walstdian
hairg I8 MBM

Te badhadat dgrithmly Twen ad Bedey [ is a fu-
ther dsdquat o the dgrithmpesatedin [, bt inteed f Wity
a (thy it is mowesated an a Sn Sare 2 wlstdion Hs mdire
is ragly @ fat & the Sn Sare IEX bt prdally sowtet d osr
thnthe [ICMs B2 dipad d’sdgritn]] is esatedm
a W8 wichis & rst & fast & the dler ratins Wnaan
prirg dsdite rutives in Stian (44 the reedr shodd leep these
dftravs regrdrg the wed ledare inrind Kb, the rutira
aidias cased by the dférat radires ae i giftat capredto
the waridias cased by dffret pddemirstaces wen aasidring a
spedft dgrithm

(44 Rsdts

In the fdloarg satias tle dtdled eprriratd resdts far dl far
pdemdasses ae carated  Te tdles rdfaraved en ke fard
in®tian C7 Asuray ad adwian d the resdts ae gwnin
Sdtian (445

C141 Te B Gals

He (2 lists the daateristics d the pdlemin des Bhéae ad
dter the gghreddias d Ssdian (3 2ae parfaral Tereddias

sgifeatlyimds dl gads. ISpddly gals Bl, B3 ad BO ae
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de to tle fat tht dl dstares lme been peapted Sre O (m
caddte dtian treess T' ae capted tle tdd rutira & SHI

becaes O (n

3_|_,n,L 4n).

gahidtias();
¢ Lipyy ) =o0;
Ve,yeWez /=y b
T =G 4y
Q=INV 4;
WleW\Q /=) &
fidavwatexz € W\ Q desst toaatexinT ;
atlto Ta datest pthfraxil’ to z
Q=QU{z};
atpt T spmr

Hare CZ Qutline of SPHI.

C43 Bpmimid Mbod
Te (Ais edwted by far kind d caprisas:

Te sdtiangdity dddredis capred to the ddal gimam

Te dxdte rutimais capred to tht d tw dstint badh
adat dgrithaly wen ad Bedey[ B ad Ggya, @res

Sltinqgdityadasdite rutirais capredtothdt o SHL
(Gymism vith the Ay Kdis ¢ d [1§.

Te hadhadat dgrithmae gaatedtofidthe gdal gfi-
mm Ieer, rutiraraybe urcogidie far sacapdemrstaces
a my eenreat suapdem frarbdrgsdved 1t is thedfae &
irterest toinestigte if area-qitd sddionenbe fardfa al [ b
lemnly wirg a rabrde aart d tim
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ko agwengah tledzed thesadispe S (n, m) tole eglaed
ly the (Ais

s m ("7

were k. =iim—2 n —m), snetlisis thenber f prsiBedsting
ddos d the Sdrer watics. Srad the pdlenimtaces aasidred
represats extrad yl age searchsposs, & Wil beseeninSdtian(444

Wwee, & matiaed in Sdian (37, the carespodrg gedype

spces ae sialer.

CA2 Ttasted Shatest Path Haristic (ML)

A ratiaed in Sdtian (34 a capive study o the dtariristic
Teuristi s ] IDHd Ables beenrak by Wher and Sith[3]).
Serd aiats d these haristics, espeddlyanther o reptitive vai-
ats & I ae dso aysidred in the stuy Te Ablis in grerd
axsidred to be ae d the best dterinistic haristics, Michis dso
cafiral ly the inetigtionin [3]. Mwer, the resdts dso reweds
tht saad the reptitive aiats & Iaasistatly atperfamAB
wth respet to resdt qdity Mithemae, ly agdyirg intid gah
reddtias the rutimad the reptitive Shaiats ean ke ik am
mdle to tht & tle dler leristie. @k d the spadft acadias
in[3] is tht atlelagst radngads arsidred the repetitive I
aiat drted I/ Zatprfamadl dler haristics. TFerdae, ths
haristic les been doenfar caprism with the (A

Hg CTatlires ar irdemataiond IHZ dadedly SHL It
stats by captitg D (G) ad pafaring gah reddtias & dsaibed
inStin(32 & geneticsz ady , G w AV o, &) ddeste
stgah d Garresprdrg to the dutest pthbtenz ady . In
exhitadiand tle ater lapatree T is hild ichspas dl vertices
inW. T isintidizedwth ashotest pthbetveentw d the vartices to
be spared ad T’ is then etadd by repeted adition d a duartest
pthto a deest, it ¥t careded vatex His sdemis tried far dl
pesibeintidiztiasd T, adthe dgrithhatpts the best suchtree
dtdred

A dsaibed in Sdtian (32 ratire graphReduct: ons reqires timm
O(n?). Teasndiod exhaddtesdutianT tdes timO(m
siree tle “il€’ lapis iteded O(m) tires ad it tdes tirm O (mn )
tofideah z vatexad eted T’ vith a satest pthto it. Hs is



(4 EXMINIS

inSep3d the choodrg process is dist dvas atree, ad s aqase
qere, Sep 4is rady esated Tadae, tle tre bttlaek d the
dgrithms the Mplaptdion pafaradinSep 2 d the dood 1y,

Wi regires tira O (m 2).

C 4 Experinents

Hs sation dsaibes the epariratd rethod gylied ad the resdts
dddred (aadeistis d the tet eapes wed ae gwnin Sc
tin (A1 Te dtarimistic haristic M wed far caprismis &
saibedin Sctian (42 ad Stian (43 disaribes the dosen rethod
fa prfarig the camdive eqerirats.  Te resdts ae reparted
ad dsassedin Stian (44 A ratiaed in Stian Cl an eadier
Afa YGhs ben dbdged by Igsdis ¢ d. ad a caprism

to tht dgrithmis pesated in Sstian (45 Frdly Sdtian C46
dsaribes the typcd bemiar o the (Adring an giinwtion procsss.

(141 &t Bages

Te dgrithnis teted nd] B I stawes frartle Wiy [4.
Acrdrgtother size, these gats ae diddirtofar deasses dated
lyB C DadE Al gals ae gradedd radnsljet alytotlte
aredivity aastrart, tht is, the tgdagyis radtnad the vertics
to be spared ae sdeted & radm Ray ede ast is a radm
ittegr intle iterd [11]. Indas Bexhgghlsn eqd tod) B
all Fdedmisdthen /6 n/4a n/ 2adtle aaag wtex
coree is dther 25 a 4 Snee dl arhirdtias edsts, das Basists
d Baals. Tsss C Dad Easists d gads wthn egd to A1)
LOD ad 29D respetivdy meqds § W n/ G n/4dan/2adthe
aaae atexdgeeis 25 4 0a 3 Bs, exhd the dasses G D
ad Eagsists d 2) ggis.

@ d tle mn adataes o wig ths test-sute is tht it fadli-
tedes caparism with the ddal gditd sditias. Te gdal giimm
wre fist aapted by J E Besley wo dvdged a badhadat
dgrithtich s esated ana Gy XA speraapter [3.
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Amt d tle rirgis then sdeted & racdhrad reversed  Mee spraf-
idly twpitsz, y € {Q 1, . . ., r — 1,2 /=y, aedeatedd ractm
Te gerdar then diffes the rewarding 7 "dg® 2

Ty —¢ ) mdr) ifqu' <(y —z)wmlr

7r'((a:—|—i)m:1r): {W((CIZ—I—%)HﬂT‘) ]

faodl: =0 L . . ., r —1 Teinadaqgeda is illstrdedin Kg (6

Bfae inesiax
a:{(20 3D Q@1 40 L 0}
Ater inasimmwthe =2 y =0:

a:{@70 31 R0 GO0 40

Bare (G Illustration of the inversion operator weth r =o

38 Tm@geity

Te flter ratire dsaibed in Sdian (34 the gredian d exch o
the intid indvidds, ad the gretic qerdas aesoer, ntde ad
inat edhregiress imO(r ) =0(n — m). e repeted doodis
irg IHis the et epasive qedia d the A Sree kodede
d dutest ptls is dso reqired e perfaring soa o the intid
gahreddias, D(G) is peaapted are adfa dl & ratiaedin
St (32 Hs redes tle tirad Sepl d Do O(]) ad s a
arsqate, ae dood iganonte prfaralintimO (mn 1gn m)).
Ftress aaptaian regires O (MlgM) tosat the irdvdds. Into
td, the (As st tirmis O(n ?), ad exh grerdion reqires tim
O(Mfnmlegn ) HigM)

Msuraats reeds tht the wst maity d tle tdd rutimis
sprd an choodrgs. It dso turs at thet in padtice the geaph farad

2The defini tionof 7 / relies on the nathenatical defini tion of nodul o, in whi ch the renai nder
is al ways nor- negati ve.
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Genirdvidds:

Sep3 Wy ¢ is siyeted to the flter :

¢ {(2 0)7 (Q 1)7 (]7 0)7 (45 )7 (3 1)}

Bare C3 Illustration of the crossover operator with m=r =h

QA7 Mdiomad Inasa Qaatas

Te nidian geda is etrady sitrde. Ghen a gadye g , the

qeda inats exchd ther htsing wthasdl gwenpdablityp

Tis sdemis cled partvise ntdtian  If recessary g is then pssad
thragh tle fiter ratire

I a gwen gedype, sead eqivdat grdypes wdly exdst.
Sree aosoer is pafamalinterad grdypes, the firess o prodoed
dbpirg dpedk anichd the possiHe gadypes ave wed 28 cod s
d the gwn gedyps. T prpee d inasian is to ginize the
prfaracee d the aosoar qerda by rearagg the caprats
wthna gwen grdye, & egdredindtdl in[12 1.

Wh a gvenpdability p i 5 te inasia gt rearcrs the t
pes d a gwn gdye g by dterrg its adrirg 7. Hs des
dage the gadype aresprdigtog . Bdddna uifanpdahl-
ityd maeat d dl tides, w casidr the grdype to fanma rirg
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(35 Fitess Msue
GenappldianP ={ p 0, Dy - - am, p,tleratirceval uate d Hg C2

aaptes the firess  eachindvidd s fdlos. It C'(p ) betle ast o

irdudd p , i.e theast d the Sdrer tree repesatedly p , adasua

tht P is satedso tlet C'(p 0)>Cp1)>. . . >2Gfp ) Tefhes F
d p; is thmaapted &8

2 .

Flp)=——— i =41 ..., M-1
"Hs firess captionsdeais dledranki ng adis dsassedin[2].
(dtrdlirg the waiare d the firess s is ae d the freqat pds
lend s [1. Riirgessues tht the aiaweis astat thagh
at the glinztiapoess. Te gpd fe sderadwsen here aastatly
ges tle best irdvidd tiire the pdatility o the redan indidd
d g sdeded fa aosoer.

(36 Gosoa QPaatar

Ghen tw prat gadyps o ad (3, the assoer gerda grerdes
tw dipirg ¢ ad. Te prat gadyps ae it dtaed by the
qeda. Aeape d aosoer is domin Kg (5 Inths setiay
aspasaip spedfes widhindvdd the maded pgatyis apt d.
(ossoer axsists d three stas:

1) @ d tle prats, sy 3, is dsnd radmadaayy 4 0
isak 7 is thn rexdred so thet it beoaes lodaps to o, thet
is, 77 =1 .

2) Bth dfpirg ae g tle sam adying @ ther prats, i.e,
70 =r ¥ =r . Yachd Lpirt acsoer is thn pafamad [12 1§: A
acsoer-pitt ¢ is sdetedd radmin{ Q L . . . , r — 2} . Tesdedin
d Sedrer waticesing adi) is then dfied by

7 = . .

( k) "Z(k) itk >z
ad

oo iz(k) ifk <=z
were w = ©.

3 Hrely hth¢ ady aeshjetedtotlefiter ratire if reessay
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I agwnimtare d Y asunafedniberirgQ L . . ., r —1d
tle wtiesinV \ W. lg7 :{Q L ..., r -0 +—={Q 1 ...,r—1 ka
bjetie maprg Agdyeis tlnast d r tifdes

{ @O 50))y @@ 41))s - - - @ =y}
i € {0 B,k =001L...,r —1 TS wticsS CV \ W
spdfed by the gdypeis S ={ v P €V | pi=l} . TeSdre treinG

arresprd g to the grdype is the tree capted by IDHwsirg the
st S U W e the vartices to be careted InSep 5 d Dieeryertex
v /€ W d dgeelis Heted Ne tht the Seirer tree is incpett
d 7. Indler wad, the Sdrer tree castititirg the gadype f an
irdvdd des it dage if the tiydes inits gadtype are reardred

Ayset & desd thes i s inagrdype arresprd toadidero
tye Wwe, later [2] bs domtlet aMTin D(G) eists, #ich
bes & et m — 2 9drer watices. "Hs resdt rdies antle fat tht re-
grdes d the ede ast fudiane |, tle ede asts in D(G) dvas sdtisfy
tle triage ireqdity Hue it is stfiat to casidr aly the suset
d gdyps Wi stisfes | S| < nifm — 2 r ). ‘Btde adatae d
ths reddiond the seacchspoe, aratire fil ¢ er les beenddied Wich
gwnay gy g afacs tle sgifationd | S| <tfm—2 r)ly
ractrty sd edtirg ad deairg the reessary nrher & st bits.

W tle intid radnpplaion bes ben grerded the fiter is
apied to exh d tle indvidds. antlen ay the serch is linted
to the restrited regan ly agdyirg the fiter to eary rewirdvidd
grerated by ae d the gaetic gardas.

It is irmprtat to nde tht the IHis not dwe fa we & &
axdr becase it is a egpeddly god heridtic in terra & resdt qal-
ity In[3] the prfarace d His apred to tht o tw dher
wdl-kom plyoid tire larigics far the ¥ Te Jutest Bh
toresut qdity the IHis dealy atpafarad by hith thee Taris-
tis. Fe resm to e DHfar dood1g s fist & dl thet it poids
awytoitepe any st d sdetedvatics s aval © d Sdrer tree, ad
seardy tht it is rddindyfast. Feimprtat adatae d cosidr-
irgdidSarer trees alyis thet it diritetes the reed far pardty terrn
in the ast ressure, ad ths add ptetid pdlen d asigig a
sitdle ast e to anindid a irapete sditian



Bare C4 The steps of INHgiven the tnput graph fromFig. C 1.

34 Gaotye ad Iaodr

Teasicidad the gadype adtle asod ded dioodyr is the fdlodrg
Te gntye spedfes a st d sdeted Serer vaticss. Te dhaodr
auptes the caresprd rg fedype by esating the IFhsirg the
uin d the sdeted Seirer vaticss ad W s tle st & vartics to
ke spired  Te sdedted Sarer vatics ae sprdfed by a bitstrirg
in Wich exch bt carespatd to a spedft watex If the ht is s, the
atexis sdeted I ressas to ke dsassedin Stian (37, e reed
the grype to be irdpadat  the adying & the hits intle strirg
'Hs is dfared by assoddirg wth exh bit a tag Wich idatifes the
artex sped fed by tht it

Sed fedly the gratype adthe daodr cnbe dsaibedes fdlos.
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C33 Iistawe Nwk HMiristic (IDEY

Te leypirt indsigingay (Ais the dsignd asitdle grtype o
airdvdd toether wthits itepediay the doodr. Te gadic
ercod rgdd edlere is lsed anse d the [istanee Wk Feristic
(IDF, adterinistic leistic far the I dad quedly Kuet d [7).
Terdfare, befare proceed 1 by presati rp the gadype ad the dhoodr,
the IDHis dsaribed
GanagaghG =V, E), acst fudimc adasise o vatics
W in axadace wth the dfiition d Iin Sdtian C2 the IDH

amptes an gpadraian T’ par totlke MTfa WinG infie stegs

1 st the sdgah G 1 & D(G) ideedly W.

2 @pteal\ﬂ)'IT 1 d G 1

3 @strt frandl’ | the sdgah G o & G lysistititirg exhede
inT | bytle carespad g shatest pthinG.

4 @pteal\ﬂ)'IT 2 d G 2.

5 @pteT pg  fad’  yreetedydeigd] wticsy € V \ W
leirg defv )=

Ay ties in 33 2 3 a 4 ae bden abtraily A eapge d
lowtle IDivals is stomin g (4 gwnsas impt the ggh G &

Hg Cladthe sist W ={ v 0, U, ¥ ¥}.

If D(G) is it kom Sep 1 d Diregires tirm O (mn %) toam
pte shatest ptls frameach  the m vatics. Sne G 1 is aapete
the M'in Sep 2 is capted wirg Kirts dgrithreqiring tira
O(m?). Bhd tem — ledesd T | v arrespad to apthinG o

wpton — ledgs. Hie, Iep3regires tiraO (mn ) adSep4reqires
tiraO (mn lefn m)) wigdd’s dgritm]]]. TFefid stepis dre
intiraO(n ). M if D(G) is nt kom Sep1is the rot eqasive
ad ges tle DHa tiraaageityd O (mn 2).
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Ritire graphReduct ons terites ven o reddion d ay type s
aadd far a aapete itadiay i.e, ven o reddian cn redee G
futher.

util oimpoaat in ae itediay

Fare (3 Qutline of routine graphkeductions.

D ddree the st @ee tirmaageityd graphReduct i ons, stat
ly casidhing the mimrtdtd tira spad an reddtias & type d
Ik to tle regired witte € D(G) a siige reddian regires tim
O(n?). Sme atics cn e atbd to W vben pafaritg reddias d
tyea, O(n ) type dreddias ae prsile Mg the tdd tirasprd
a tye d reddias is O(n %). @ eeatimd reductions(z) regire
& st tirm O(n dmdtler z /=d o x =d ht ® atratia is
perfarad Sree exchd the reddtias a, bad d diresses the nuter
d vartices hy ae, adsine type c reddias ae pafaral edastidy
intle sase tht dter esatirgreduct i ons (¢ ) wede eist didhenle
reaed by a type ¢ reddiay & lest ae vatex nst be ranmed in
eay saad iterdian I tle ‘tepet” lopin graphReduct i ons. e
there cn Te 10 mae thn O (n ) itetias. Intad this gws ratire
graphReductions tle tirmagdeity O (n 3.

Athogh it is it dffilt to custnt a ggh fa Wi rae &
the reddias pafaral by graphReduct: ons gilies, the ratire ks
been dmerved to be vary ddive an ray gads, & wll be senin
Sticm (U4 W aplied to tle ggh & Ky, Cl, tle resdt is tle
dgrerate gah asstigd aevatexaly irgyirgtht a M s
benfard Ingrerd, esprddlyreddtias o type dles been dsered
to e very porfd denmis rdeivdy lag, Widh cimdds th the
resdts reprted in [3]].
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d Msuatlt v € W addide tle doest eghr tov lyu € V7,
adthe ssaddoest raghr yw € V. Sne G is aareded u

dwas edsts. If w des it edst, asumc (e w) =00 l&t 2z tea
watexinW\ { v } Wichisdassttou. Ifc (e w)E (U, 2 )< ¢ (ew)
thenay MTngt idut e w - Terdae, G cnbe catrated

dagtlisede Metlwu € W= 2z =u =c (sfu, z))Di.e,
artratian cn dwas be perfaralin this cee
B dtan tle lagst pssife oadl rddian d G, tle dwe re
ddias ae parfaral reprted y s dsaribed i ow Kodede d the
ast d ashatest pthis reqired deeer arddiand type c a dis
perfarad Sutest ptls ae dso repested y readkd y the (Azs wil
braegprat inStia (34 TFadae, the dstave gah D(G) is
arptedintidlywing Hods dgrithn] ] Widhregires tirmO(n )
Wea ae d tle doe reddias ae pafared D(G) ls to ke
draidly pited Wi repesatirg D(G) & an afacacy merix
the wpite is trivid fa reddias & tyeaa b It sidy casists
dHetirg the rowvad adun arresprdig to the Heted vatex R
ddias d tye c leaes D(G) udagd Wwer, fa rddias o
tye d the pite is digtly e indwed Wreer a axtratian is

pafared D(G) is ytted wig an O(n 2) dgrithmly Rare ad
Haian|[q.

In[3) 3] the fdloing reddian is dso sipgsted day vith the
redtios dsbeldoe T md ¢ (o, w)) (@, )} < el w)
ew € F adv € W, thmmw MT'an irduk e w , Wich therefae
cn'le Heted Hwer, inthis cee the ragirediplte & D(G) Iis a
st e aapeityd O (n ?) wirg Dore ad Raiads dgrithid.

Le, the e caldbe & exparie s reapting the atire dstace
gah adfa ths resmths reddianis aitted

W perfargasqece d reddias d the saatye, the oa-
dl resdt dyped anthe doentraersd d the gahy tht is, the adr
in Widh reddias ae tried at. kitharoe, reddias & dsting
types ae nidly dyercht, in the sase tht pafarig dl posibe
reddias d saatype v dlomewsiseqat reddias d adher
tye It is it dear in Wich adr reddias duld be pafaral to
didn the oard]l bt reddion d agwngah [3]. Te alitraily
dwen sdera far parfarig reddias in ratire graphReduct i ons is
somin Kg (3 Ritire reductions (z) pafama side traesd o
dl vaties (a edgs in the e d tye ¢ reddtias) d G inaaw
spedfed adr ad caries at areddian d type @ ereer posibe
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c; adc . Ritire reduce returs the M fitest d the gvenindviddls,
therdy legirg the pplation size castat. Wh a sl pdahility
P, the mut ati on geda radddy dags exh d the capoets,
a genes, d its agrat, & dsaibedinSstiaa (37 Te gaetic p
eda invert(p ) dtes tle grdye d anirdvidd p vithot dteing
the cxresprdrg ey A dsailedin [13, the prpse o this
qerda is to giiniee tle rddive pritias d the gres f p withre
spedt to the aosoar qerdar. Te inersian queratar Wil be disaribed
inSdtian (37 Ritire opt i m ze(s ) prfamsirgelad hll-didig
ly eeatirg a sagee d nddias an s , eah d Widh irpoes the
firess d s . Aedastie straegyis wedso tht wen the ratire ks
been eented 1o sirde nidion exsts, wWidh enitpoe s futler.
Te atpt d tle dgrithnis thntle sdtians .

C32 GyhRddias

Bfae the Aitdf is esnted an dtag to redee the size d the

gen pddemis parfarad wirg stadhd gah reddian tedriqes

Ritire graph Feduct i ons & Hg Q2 prfamfar knd o rether sirde
reddtias dl d Widhae dsaibedin[3) 3l]. Me ddurdte rede

tias & Wl & pods d the aaredress d the reddtias wed e cn

ke fardin[9. It e w dide the ede et vatics v adw, ad
let sfv , w) C E dade tle shutest pthhtwenv adw. Te far
reddtias wed ae

a) Asuadgv )=lade w € E. v € WayMTnst iduk
en- e, v ade o G e raaed franG adw is atbd to
Wif it ist dreeythre. f v € V' \ W, o MTenidub
e, 1.6 Intliseeev ade e G dsobe deed

b v e V\ W, ddv)=2ade wy, 6 € E, thnv, e, ade ,, ecn
e deed fran(7 ad redaed by a rewede betveenu adw o
eqivdat ast. Me sprfidly if e w /€ E thenE =EU{e,}
ade (€ ) =¢ (€ w) e (6 ). If threis nedefraru tow dready
ie,en € E,tlenc (e w)=it{cle w), cl@)te (€ w)} -

olfe n € Eadc(e w)>c (g, w)) thnmw MTaiduke o s
Wich therefae cnbe Heted
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graptddtias();
gt ¢);
edwted P ¢);
s St@P o)
repeet util st teri):
PN :0) 3
repret M/ 2 tires:
sdetp | € o, p2 € I;
{q, ¢ =aowelp 1, p)
Py =Py U{ge ¢;

ad
e\dlﬁE(P C U PN),
PC :IﬁiIE(P C U PN),

V p € P: peilyntaep );
V p € P: peiblyinat(p )
edwte P ¢);

s St@P cU{s})
ag

qirize(s );

atpt s ;

Fare (2 Qutline of the al gortthm

ptes the firess  each o the gvenindidds, ile best (f fiuk tle

irdvidd wthtle higest firess. @k erationd the ater ‘repeet”

lop carespod to the simldion d ae gredion Hagut the
sirdaiatle nider f indvidds M = P c| islet castat. Weep
trak d the best irdvdd s ewer sen Ritire st opGre t ere a terirtes

the snmldion vien 10 irpoaat d the best o the aerae firess

s leendsened far S aasentive grerdtias, a wen tle dgrithm

s anergedsotldt dl irdvidds hae the saafiress. Foch grera

tinis intided by the famtion d aset & dpirg P y dsizeM Te
tw rites p L adp - ae deted franP ¢ imbpadatly d eah dher,
ad exh e is sdeted vith a pdablity propatiad to its fhress,

Te crossover ratire dsaibedin Stian (36 grerdes two dfping
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C3 Descriptionof the Al gorithm

In this setian the dad qed dgrithmis dsaibedin dtdl. Hrst an
oeniend the dgrithmis geninSdian (31 hitidly an dtard
to redee the sz d a gven pdlemis ik by gylyirg saa ggh
reddion tedriges dsaibed in Stian (32 Fe mnida d tle
Ais tle gictian d the Istare Nowrk Hiristic far iderpetas
timd the rgresatadion miplded by the gretic qadtas. Hs
is dsassedin Stias (33 ad (34 (rer capets 0 the dg»
rithmis dsaibed in Sdtias (35 (36ad (37 Haly tle tim
arpeity d the dgrithms dsassedin Ssdtian (38

31 Qauew

Te cxgp o gretic dgrithy irtradeed by Jdn Mlad[1§, is
beed an bud eddian  In e, tle indvdds astititing a
pplaian adyg to the eniraret in Wid tley live  Te fitest
irdvidds lme tle ligest pdability d suvid ad terd to inresse
innrhers, ile the less ft indvdds ted tode at. Bs survival -
of -the-fittest lavimanpirdpe is the bsic ida bdind the A

Te dgrithmartars a popul ati on d i ndivi dual s, exhd Wich
axrespadk to a spedfc sditian to the qiinizion pddaret bad
Arasire d fit ness dies the gdityd anirdvdd. Satingwtha
s¢t d radmindudds, apoes d edtianis sndded Te mn
axprets d ths poess ae cros sover, widirirics popgtian ad
mut at ¢ on, Wichrirics the radhdages ooarrirg inebwe. Ater
antter d generati ons, higlyft indvdds Wl eage crrespadrg
to god sdtias to the ghen giintion pddem

Aphenot ype is tle s qpeaaced airdvdd, dileageno-
t ype is the carespdrg repesatdian a gretic evadrig d the ird-
vdd. Gosoer ad midian ae pafamal in temm & gadypes,
ile firess is dfiedinterrad gedyps. & agengrdye, the
arresprd 1 Jadypeis captedlya decoder. Agoditroddion
to gretic dgrithmis gwnin[1.

Hg Q2 dog a tepde fa the (Aarsidred lere  Bfae the
(Aitsdf is erated ratire graphReduct i ons tries toredre the sz o
the gven pdlemes dsaibed in Stian (32 Fen tle iritid ar-
rat ppldia P ¢ is aastruted fravradity greded irdvidds
by ratire generate. Ritire eval uat e dsaibed in Sdtian (35 aan
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Te Sdrer Prdblarina Gah (3G: Gena aareted ud-

retedgaghG =V, E), apsitieede ot fudiaec : £+ —R 4, ada
siset W C V| cupte a aareted sdgrgh G 'V ', B d G, sdh
t WCV ' adsahtht ¢ (G ) is rivird.

Ay agdic sdgah G 'd G ahtht W CV "is cleda Steiner
Tree for Win G. AddiemmG ' vithrinid ot is cdleda M ni nal
Steiner Tree (MtT) for WinG. Test S CV \ Wsuhtlt V WU S
is cdledtle Steiner vertices d G '. Ne the gradity d ths pdlem
famdion Wb it regire G to ke Jamr, adwe bt regire ¢

to stify the triage ireqdity

Hare CL An exanple instance of the SPG The highlighted vertices
constitutes W.

Trogat ths ppr, la n 5 V|, mg W] adr =n —m. K
m =2 Hredes to tle dutest pth pdiem i en te sdwed
lyeg Djlstrds dgrith[? intimO(] E| lgn). I m =n, s
the MimmSamirg Te pdien(Ml), dich en le sdwdin
O(n?) timlyeg Rids dgritm{l]. Hweer, if 2< m < n, Kis
ingred NParpete L.

ISone special graph topologies do exist, for which SPGcean still be sol ved in pol ynonal
tine [ 30].
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exriratd resdts sos the fdloinrg

o Te Apesatad lere dealy atpafarn the Qin [1§ vith
respedt to sdtianqdity s Wl a8 rutira

o Tesddimqditydddaredlyar (Ais dws & lest a5 god
& tht dtdred by JHI, ad dten the erra rdiois amadr o
rgituk better.  Igpd g an the pdiem the tw dgritha
dther reqire srilar aarts d rutig a the (Ais sigifeatly
fester.

o A gpedtotle hadradat dgrithy the (Ais it ga-
atedto fidagdsl gfird sddtion e, the eprimats
reeds tht the Adb fid the ddal qinminmae thn 7 %

d dl rus adis wthin 1 Ydranggimrin roe thin @ %d
dl rus. Wle the Ais cgalle d fidrgrea-gdird sditias
fa al | tet eapes inambrde anrt d timg the rutirad
tle badhadat dgrithe aies etrady ad een peat
saad the lagst pdlarimstacs fravbeg sdwed

Teppr is agrizds fdlos. Apedsepdlenddfiitinis gwen
inStian (2 Sdtian (3 pesats a daled dsaigian d the dad-
geed dgrithmad dsosses saa d the min dsign ddsias tden
Te epmiratd mthd & Wl & dtdled epairatd resdts ae
gwn in Stion (4 ad in Sdian (5 pssibe dredias far fitue
vk ae siggested  Hrdlly Sctian (6 coduds the .

C 2 ProblemI»finition

Te gah terid gy wed inthis ppr is & in[1. & agwnggh

G =V, E)adasist V "C V, the subgraph of G induced by Visa
gahG =V ') E), sahtlt 1) B '"CE, QW € E =v,;,, pe V,
add [v 4, yeE VAW, v)€ E] =@, v) € E'. Agahis conplete

if it s amede teneaypir d aties. Te di st ance graph d G,

drted D(G), is the aapete gah lmirg the saast V' o watias,

inwichtle ast f exhede (v i, ¥) eqds the ast o the shotest pth

inG fraw  ; tov ;. ragweadeast fudime : £+ —R, tlecost of a

graph G is tle snd the act € dl edes & G, adis datedly e (G).

Te pddenas dred can rowte died



CI. INRDCIOV

C1 Introduction

Te Serer Pdlamin a Gah (K is ae d tle dasic pdlan

d cahmtaid giineticn Gen a ggh ad a dsigred sdset

d the vatics, the task is to fid a nrimmast sugah spming
the deigrted vatics. Te Iaiss in a lag waidy d dvrse
giirizti mpdiemsich s rebark dsign mtiprocessr sdedling

ad ittegated drait dsign [10 A.

Neeas dgritha d waias kind hse een dedged far the
I Bt dgrithmente fadineg [2 3 5 8 B3 B 4. Kw
ever, sine the s Parpee 19 these dgrithabae eqratid
st cee timarpedties. Terdae, asigiftat research it bes
been dredted toads plyroid timaleristis, €. eg [2 D 24 5
2 3. Srdated aveding b dso been gdied to I 7.

Te Rdilirer Serer Pdlan(l) is aniprtat spdd e
d FG[Y, didis still NPaagete [1. Wle & lest tw gretic
dgrithm fa BPhse leen pHided [15 17, w ae ame € aly
ae peias gretic dgrith{@ fa- the I dsd qrdly Ksdis,

Te atribtiond this pper is arew(AMa the IGhichd s
sigifratlyfrantle apachd Kpdis et d. [1§ inander d was.
Wle indid sdutias ae dload bt pedizedin [, ar gpech
is to eface astrart sdisfatiana dl tires, thedy dirmating the
reed far prdty temin tle ast fudian Adle mja dffrece is
ar e d ainasiagada.

Te prfarace ed i nstraeges dso dfs sgifeatly Wle
the prager setting wed in [1§ waies franpdiento pdlem a
fied st & prader dwes s ben wed far dl resdts repated in
ths pper. Fare paditices pirt d viewa stodestic dgrithris
d linted we if it reqires its praseas to ke tued eary tira a rew
pdlenmimstare is pesated Tadae w aasdr a fied prader
sttirgto be d mja irprtace

Te pesated dgrithmis tested m dl Himtaves frantle
Rlibay [4. Bs test site casists d radity grerded ggls
wthp to 29D atices ad RJD edes. T ddadred pafarace
is cared to tht d the Aly Kgsdis ¢ d. [I], aiterded var-
sand the Sutest Pth Miristic cdled M, wichis ae d the ey
best dterinistic laristics [3], ad tw recat badvadat dg
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Astrat

Avefaeti c Agrithn{@ far the e rer P eninaGeah (3¢

is pesated Fe dgrithnis bsed na btstrirg encod g, Abitstrirg
speafes sdeted Serer vertics ad the arrespadig Serer tree is
arpted wirg the [stave Nk Hiristic  "Hs sdem esues

tht everyhitstrirg aaresprdtoadid e rer tree adths dirietes
the reed far pedty temmin the ast fudtion

Te (Ais tested m dl Firstawes frartle Rlibvary d wich
the lagst gads Ime 23D vartics ad R 3D edes. Wn eeated
Dtires meahd Bgagheages, the Afid the ddal gdimm
& lesst ave fa B gads adewytirafa Sggds. Intdd the A
fik the ddal qtinanin 77 %d d] proganeeatias adis wthin
1 Yfrantle ddal giinminnoe thn @ % dl eeatias.

Te prfarace is caayed to tht d tw hadradat dg
rithm ad ae d the vary best dterrimistic haristics, aniterated ver-
s d the Jutet Rth Huristic (FHI). I dl tet eages bt
ae, ean the wst resdt ever fard by the (Ais eqd to a better
thn the resdt & I adinay cses the agae ara rdio d the
(Ais an adr d mgituk better thntht & JHL Te rutirad
the (Ais mabrde fa dl tet eapes. Hs is in arfrast to JHI
& Wl & the badhadat dgrithe fa didthe rutiminsaa
coes ae etredyhigh



Apdx C

dptirg Nea=O¢ird Sduias
to tle Sarmr Prdleamina Gah
Usiig a @#tic Agrithm

Hs pyper is adldle & tedricd repot Em B4R (dpter Si-

ace [gatrat, Arhs Uhesity Bray 19 A ealie asia

d the dgrithmes resartedin H Isharsen, P Mhudy, “Aldetic

Agritinfa the Sarer Rddemina Ggh” Proc. of The European
Lesign and st Conference, pp 4245 19
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[1] dJ Sreg, Bl T kser, “Barda Uifed Ferradraic
(@etic Qarda,” Proceedings of the 2nd International Conference
on Genetic Algorithns, p 1612 y1¥.

1] MW@, KSiii, S Sgyana ‘Snided Aredirg Raerat
fa MedMro@] adSaded @] Iaats”, Proceedings of The
International Wrkshop on Layout Synthesis, \d. 1, Mr 190
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[1 Eide Arts, Jn Kast, ‘Smdeted Avedirg ad K tzan M
dires,” John Wley € Sons, (idester, 199

[ M Badlee J Bus, A Gitta M Igma F R
A Sigoan-Vatdli, NVBA® Wa's rmd”, Igat-
rat d Hedricd Kpreeritg ad Apter Siewes, Uivasity
d ifania Bridey d 1)

[§ Tosten Beeritk Wher Birg, ‘Wtzan, RAvin, Hadd-
Srteges in Qiniztion Rdlem” Proceedi ngs of the 1st Wrk-
shop on Parallel Problem Solving from Mture, pp 4344 H;
(&. 190 Srirper-Vlag 191

[4 WMId, B Bderan E S Kh M Bdan ‘Headi-
@ Paxat ad Horparing in BR, [ EEE Trans actt ons on
Conputer- A ded [ksign, pp 135130 M. § N 12 199

[ Hoik Besey ‘A @etic Agrithmfa Mro @l Pae
rat,” Proceedi ngs of The Furopean kst gn Aut onutt on Conference,
P 25, B Syt 192

[ DE @dwyg ‘@etic Agrithm in Sardy @instion ad
Miire learirg” Addi son- Wsl ey, 199

[1 J HHdlad “AhgicninNud ad Atifdd Sgtes” Thiver-
sity of Mchigan Press, An Abr, NI, 194

[§ Hbtali Qudra ¥ Higdi, Kkdi Ray ‘Badiad
Bud Pamat fa Bildig Bok Iaat”, Proceedings of 'The
28t h Lksi gn Aut onution Conference, pp 4348 19

[9 K Sdodar, P Mudr, NV @] Pagat Bhiges,”
ACM Conput i ng Surveys, M. 23 N 2 191
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B @QWIN

Fare B2 The result obtained for the Hp benchnurk.

B.7 (oncl usion

Hs ppr Iss pesated a stodwstic gfinwtian dgrithm dled
SAA tht cahires tle gretic dgrithmwth simdaed areding;
Te guraechis gpdi ctiani robpendt ad adydie. Te parfarane

d tle uifed dgrithnm tle rarod] paat pdlemls ben
inetigted It is epricdly dom tht a ristire & (Aad SAper-
fam better thn a pre Aan this pdlem Mthermae, an NIC
Paeat badials, w dian laats btter thn a cagdie to
pedady pHisted resdts ly wirg a GRArre. Fe arrrat
irdeatdimis it rutiracapetitive ht sigifeat inpoaats
cn be ak Wthedae aadub tht the gyyaach pesated is a
ary praising gyreech to rarodl pacrat.
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qdityd the best cadetedlgats ae capred to the hest pHished
resdts. Te dsdite aen is aae aen inm 2, D eme capmmism
rddive aess Ime dso ben capted by asigirg the best resdt far
eachbardrack the rddive aen 1. Te tdd itercaredt laghinmm
ad the tdd niter d v is dso gwn

Aen Rite
Rrdrak Sstem rdive asdite lagh | Vs
e S 10D RR 5 | &F
B4 1G9 A m | -
Stettle Slian [11] L2 M 3 -
X Settle Shian 1] 1GD 5D @ | 1o
B4 105 BT @B | -
SKA 103 75 69 | 139
BR[4 1101 R4 B | &
MA© 2 115 Al G a3
' VI 129 17 &5 105
0 S 10D el B | 66
Stettle Slian [11] L(B L& a0 -
B4 1 25 7w | -

He B3 Conparison of quality with other systems. Al SAGAresults
listed are obtained using the maxed GA/SAstrategy. A hyphenindicates
that the value ©s not available.

Wle SAAis hidly aapetitive wth respat to sdutian qdity
the arrat ideatdiond the dgrithregires sigifeatly mae
rutiratlm the dler stamlistedinMe B3 Te Bagradh [§
is dwt 23 tives fater ad tle Sxttle Slian gyraech [11) is dwnt
10D tires fster. Hwer, there is antter d ressas Wy e expedt
tht rutira en be irpoed sigifeatly Hrst o dl, in the arrat
irdeatdintle maity d the rutimais sprd capting dard
drmities inavayirdet marer. Al damity aptdias ae dre
fravsaatich  Iisteed by wirg a sitdle dtastrutue, st dard
chrities cald be capted mah faster by a dmic ypdte frana
pedas, drst iddficd aaptdian Ktlerae, detotleiderat
mdldismd ths kndd dgrittmalighspedpd aprdld esian
d the uifed dgrithnen ke epated an ay N Dadi tetiure.

2Referenced here as found in [4, 11].
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ae gite dsetotle gimmsipestirg thet the romdar impoerat

oa the Ais sdl. Hwe, fa tle Afe ad ¥« hadials,

tedwes d A best » Aay ad A, aesgifeatlyimoed by the rized
stregy vile far the Bb badmak 10 sigifeat irpoeat cn

e dsered T irpoaat d estitsted aven ddared by the rived

strtegyantle Xraxbendharkis illistrtedinnore dtal inFg BIS

Te resdts d exhd the Drus  Kivwere goped sothet the ¢ ’th

gap (ldt to rigt a1 g BIY carespads to ares (mm

iterd [27 540 3, 7 540 Ji H)[. Telagt d abr indctes the
niter d the 4 rus M apirg to the gap

16 T

] ca

B casa

12 T

10 T

Frequency

3 4
Group

Hare BI8 Perfornunce conpari son on Xeroz.

@ aage the GRAs dnt D Ydorr thn the Qfa tle
Xrx bedak ile far Ave ad B the dffrawes ae les thm
8 % Fe rddivdy lage stadhd duidias d rutire ae cased by
the aaserdtive stp aiterian S =20 If anipoeat is sen dter
eg 1P asaqtie gradias vthat ay dler irpoasats, tle
sechis artinedfa & lest adhe 2D gredtias, o mter o
imgiftat the irpoaat gt ke ben

BG3 @mmismwthdla Sstam

thd the 4 Jamats grerded far each bendvark by KA wirg

the rived (WSAstrategy hes heen rated ad caacted wirg M
sd[], widchis prt o the @tads Mframak InBe B3 tle

il

) in the
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BG62 @prirg tle Awth a Med Srategy
Wig the hadmls, te prfame & a rixd GOA stretesy

hes been capred to tht d a pre (A @sistedt vith the resdts

d Stian BGl, tle prages M

A=l

Te saapraster settitgs e benwsed far dl three bendvads,
i.e, o pdenspdfc tuirg s ben ek | exh badiak
ad eeh s¢t d prades, KAws eeated 4 tirs. "Rle B2
st AdA 4y dude the best ad the aerae
?, respectivdy A
Sree SMAntities etirded ae & qpsed to aea dter ratitg

sutaizes tle resdts. A
etirded aea inm

o= S =0 p
Pim =0 (6 vare e for lith strokeges. B te 3 P =1— 1)
dilefo e A B =0 77 =L 4 R=8 P =0 B o =0 6ad

0
m

-0 @5 ad

» dades the stadhd dnidian

adapdiay the best amismd the tw gfi izt o ggredes
ay tes the aversge (U

is ddaredlycaprirgestitdedaess. T’

tirain seaads ad 7T’ - 1s tle stadhd didiond the (tira
Brahak Quatity QA | GA
Ate Apest 559 AT
Ay R68 RZ)
A, 086 Q2
Ty 3131 338
T, 153 220
Xk Apeg 2.8 2.5
Ay BBl R
A, 053 045
Ty 9H B3I
T, 398 28
kb Apest 28b 288
Ay 13310 B3
A, 1557 03D
Ty 331 300
T, 133 149

‘We B2 Conparison of the pure GAwth a GA/SA m zture.

Te reslts reprtedin[f ayyairady crrespnds to wat is here
cdledthe pre (A adtheyae cxpraie tothe hest resdts phished
It is therdfare lild ythet the avess Somin Hle B2 ddaredlythe (A
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Hare Bt Rutio of attenpted nutations which are actually accepted.

a =y =l ( ad tle redrng padeas & bfae In dher wads,
it is the SAcatrdled midias tht dlom the ppldian size to ke
redeed ile & the sam tima mAtdn g anagre @ the dle

lad fiirg the ppldiandze (B =1 0 ile pafaring an inves
irg niter & SAautrdled midias lead to an irefdive process.

In the lde gee, Ay ntdias Wl ke dtaged n a lag nm
ber & indvidds, ht alyfewntaias vll atuly be acgted ad
perfarad

2.4e+07
2.3e+07
2.2e+07
2.1e+07

T
Average — |
Bes

1.4e+07
1.3e+07

0 200 400 600 800 1000 1200
Generation

Hare BI% Hffect of reducing the population size tn a otherwse pure
GA process.
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45
%) 40
c
S
5] 35
g
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o
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g
8 20 |
°
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[0
g 10 t
g
< 5|

0

0O 200 400 600 800 1000 1200 1400

Generation
Hare B4 Average nunber of attenpted nutations on each tndivi dual
as a function of generation nunber.

Intle fist gese d tle ginwtia poess aly fenmtdias ae
dtapded addnst dl & tharae aogded Hs resalles a pre
Apoess. Intle fid pgee d the glinwtiay the pdability
avedirg ast-inressing madias beoes sl ad the rdio d ¢
apped ndatias daresses to dnt D %

1
09 r
0.8

0.7
0.6
05
0.4
0.3 H
0.2 |

Average acceptance probability

0.1}
0

WM[‘M o

0 200 400 600 800 1000 1200 1400
Generation

Hare Blx Average valwue of the acceptance probabilities Pin the pop-
ul att on.

Te diresse d the popldian size ad the incresse & the nuer
SAaatrdledntdias ae bthirprtat caprats d the glitiz
tinprasss. Rddrg the ppl dian size in an dlervise pre (Apo
caess il case dvagre & illwstrdedin Bg BIT Tese ggds stem
frana sape esatiaon KA vith the pradgeas P =1— 10 *
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Hare B2 Popul ation size as a function of generation nunber.

2.6e+07

T T
Average —
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Work
Fare BI3 Estinuted areas of the average and best individuals as func-
tions of computational work.

timB52. 'Hs qatity is apaimdy pourtiad to the atid
tiraregired

Itr exh grerdian the aerae niter d dteped nddias pr
irdvdd is somin Hg Bl4 pirg graded lder in the gii-
riztia poess ae seted to me midias. Te pdablity o
avgdirtg a ast-inressitg mdion d an irdvdd is daressed ac
ardrg to the niter & midias pafaral o it, & dsaibed in
StiamB42 Tadae tle aaae die d the acvgtace pdabili-
tis P (= dfiedinStian B42) intle pplatian dhresses vithtira
& illstrdedin Hg Blh Te rdio d dtapged nddias, widhae
avgtedad prfamal is dominHg Blbs afudtiond grerdian
niter,
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red ok Tese ggis ae etrated framtle sam sagle ee
atim d the dgrithusing the mrade dwes M 0o =5 S =1}
Pu A@Bp i =00GF=0T7y=L4R=DP=0HP =06
ad\ =L

2.6e+07 T T
Average —

2.4e+07 | Best -~ ]

2.2e+07 |
2e+07

1.8e+07

Estimated area

1.6e+07 f'{

i
L O N S R P SRy |
1.4e+07 | e 0

1.2e+07 . . L L L .
0 200 400 600 800 1000 1200 1400
Generation

Hare BIl: Estinuted areas of the average and best individuals as func-
tions of generation nunber.

Hg Bl dos fa exch grardiantle aege d tle etirded aen
d dl irdvdds ad the etitited aea f the best irdvidd. Kth
qatities irpoes ey rgidy wthn the fist 10 gradias. Fan
then ad util dnt gredion 81) the best irdvidd impoes aly
ay slaby B to this part, the dseed miar is typd fa a
pre A in e d Widh o futher irpoaat shald be expacted
Wwee, de to the SAcapmret d ths dgrithm rewsigifeat
irpoaats ae didred fravgredian 8D to 1,00 Te very best
irdvidd e\gs ingredian LU ad the poess taritdes dter
1,2 grertias.

Te ppldiasize M dresses & domin Bg B2 Fayperer-
din 1101t eqds 1 ad the prooess beaaes pre A @ corse this
des it dvas lpen Intay esatias, the fild ppldicnsz is
greder thn 1

Sree tlhe ppldimsize s Wl s the epatedniter o dtaped
midias mexchirdvidd pr grerdi mvaies, the niter d grerss
tias simdedis it pgortiad totle atid anrt d captdias
prfaral Te gals & Hg BI3 ghe the dddred avess & fudtias
d aptdiad wk I paticd resas, wak is resured lee
a5 the niter € dand dasities remsured drirg doodigs (see So
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G
G &
5.4

Hare BI} Anot her genotype for the phenotype tn Fig. B 7.

B 6 Experinental Results

Inths setion exqperiretd resdts ddared wth an irderatdian o
tle giction & KA to rarod] paaet is reprted In S
tim B61, tle miar d SAA ven esated in rwed A
rak is inetigted Stion BA2 aapres the pafarace d tle
pre Arak vith the rised GPArak, adin Sdian BG3 the
perfarace & KAis capred to the hest resdts didred by dler
pacrat dgrithafardin the litersture.

Brdrak dls | Ms | ‘BHnms
Ate 9 a X
Xk 10 a8 a8

kb 1 8 J»

"We Bl: Benchnark characteristics.

Te irdeatdian is witten in the Cprogarig lagee ad
amssts d dwnt MAD lires d saree ok Al exwrirats ae pr-
farad an a ICMs 3ID20 walstdion  Frfarace is resued
w1y thee badrads fravtle 192 NICIderrstiad Whshp
a Parat ad Riting "Hle Bl lists the mn daateristics &

these eages.

BG61 HRaiar in Med b

Te mat irterestitg eeation rak  AAis the rised GEA
ik, widh dso cases tle et capex bmiar. Hgres Bl
thragh BI6 illwstrete the typcd qiirizdion proess dddred in the



AMYDXB SAA: MBOHL AN A

12 HANG  HEEFICAGK L . .

ad ypted 28 dsaribed in Sctian BA 2 wirg the aaresprd g star

drd dnidias d aen ad iteraared legh & “adoc Y, repedivdy
TFe sxapraser P s (@dP ) is wedfa hth tapraire capta

tias. TFepdability P we (s, 7)) d axgingtlemddtionr =date(s )
is then dalded 8
agf L) i Co(r ) > Cols)
Puc(sy 7 ) eg SO 0 Colr ) =€ uls ) A Gl ) > Culs)

1 dlerise

Teirdeatdiad tlelad Lillditer, ratire opt i m ze(t ) g BS
isaydme It prfamasaqgee d midias, eah d dichim

poes te firess d ¢ . A edastie strabegy is wed o tht vien
optim ze(t ) b heen evated 10 sige midio edsts, tht anim
poet futhe.

B56 Inasiaa@asta

I agenpadyp, seed eqivdat grdypes wely exdst. Sne
aosoer is pafaral in teme d grdypes, the firess d podead
dbpirg dpadd i d the possiHe gardypes ave weed a8 cod s
d the gwn gedyps. A ratiaed in Sdion B2 the prpse o
inasian is to gfirize the pafarace d the assoer qada by
rearagrg the capats wthina gn grtype

Te inasian qerdar sdets a sitiree & rachmad aes it to
acther free puitionin suh a way tht o castrats ae id aed ad
so tht the caresprdrg gedye is still the sam A eage &
ths is domin Kg BI0 Hs grdype tree is grerded by mairg
the stfree rated & b 2 intle grdype domin Kg BT
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2 Ater tle st & edes E 1y edagrg b i adb ;. Te piaities
d tle ddls ae edapgd sintaeasly so tht 0 pir & dls
ae peateda piai franteg edaged de to the castrart

tht ayrok dws bes aliger piaitytlmits pedoesa. A
eapeis somin Fg BA

3 AMe 7 lyedaggn (b Hadr (b ;)
4 (e the trasfarian € adl ly dteig the die d o(b i)

W perfarig exhd these midias, aprt & the grtye his
to he draodkd to dedkif the ntated indidd sdtisfes dl castraits.
Mztias 1 ad 4 regire tht dl d@ls lairg piaity 7 (b i) a lide
ae doockd wile nddias 2 ad 3 regire daodrg frampiaity
nqr (b ), (b)) Antdianis aly pefaradif it des b case ay
austrart vddias.

6 6

Before mutation After mutation

Fare B A nutation of type 2: Cells b 5 and by are exchanged, while

the priorities are still attached to the sane positions in the tree.

Bease d the dd glinetimaiteriandsaibedinSstian Bh 3
the ot d anirdvdd s cand te sutdly epressedinasirge nm
br C(s) Tadae tle avgae ditaim fa nddias dom in

Hg BG6 e to ke rdfed digtly fa ths gictian et C o(s) ad
Cu(s ) dattetle estimtedaenadtdd itteraaret laghd s |, respee
tidy Ehirdvdd s tw seqaree taperaires, T' & caresprd g

toaemadl ! caresprdig to ifercaredt legh Tese are dfied
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3

oot e

t t 2 5
i i T @ r
>‘ 9: A possible offspring
parent parent

Fare B8 Conbining ¢ and .

Fy is astruted & fdlos  Fantle ol tree ¢, a careted
skt T 'V ', B,V CV,E CE;isdwn T 'isdsad ratm
ht shjet to the castrdrt tht daodig T " in the adr dfied ly
T4, 1e, wrgb € V ' | V'be VI\ {b} 4ib) < m(b') & rat, cases
o aastrart iddias. Teszed V " is dtermired by a o ds-
trihted stodestic vaidie tmirg rem n / 2 ad staded dwidian 1
InKg BY tlhe doenT ' is irdcated ly the deled lire. Initidly E 0
is dedto e B ', Hue, 0 s ideited dl cdlsinV " frang . e
reangdlsV —V " ae thnidaited fran) lyetasiad E 9. Te
dl tree d 1) is traersedin sscad rgady acad g to v Aaymoek
it is deded if the carespodig dl b Wag to V ') tht is, viether
it Is benaedind dready If sq tle @l is siped @rervise, b
is atbdto the dl tree & 0 ly eterdig £ g. Te prtima Widh
toatl b is radily dusen ang dl free ad femibe pritias. Te
tragfartion d ay ol is irerited udtered tagther with the «dl
itdf. 7 ¢ is uiqdy dHiedso thet it carespaid to the adr invidh
tle dls wre pased wen aetitg &/ 9.

B35 Maian Qaaa ad Hldirer
Te ideatdion & the qeda nut at e & Kg B3 pafam far

dftrat types d radmdaps avtle gwen gadye It b i add
cide twraditydeendls, ¢« /=j. Tefar typs  nddimae
1 Ater tle s & edys F lymairgalef b ; to adther free ad

ratrty domnprition Te type d the ede girgirto the led
ray ke dagd s t d the e
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d eahok Te trasfardion d exh @l is dified by tle fudian
o:V —{0QL2. . . T}.

Whadl dlsaegdan] the doodr captes tleretage B. Hs
is dre ly etadrp the sdlest retage edasingdl dls, util the
ratirg aen etitde is stisfed dap dl edess d B. A ay pirt in
tinad the giinztion poess, exhimdvidd sdisfes dl astrarts.

B53 HRtiess Meue

Te firess f anirdvidd is rd ative tothe firess € the rest o the pp

dain Tadae, fires dies ae dws apted fa a ppldia

d irdidds & atima I¢t ® letle st & dl pesibeinduddsfa a
genirstace d the pdlendmirgn dlsbd 1, - - padltF PR
chidte the firess resire. Sne tle dyjedieis tormirizel ot aen

intidly F is ddred

ABL) - T AR

e B is tle ater retade d the irdvidd s ad A(z ) is the aea
d ratage . Bt is, F(s ) is the imase  tle tdtd estirzted rat-
igaeains . Al irdvdds lmirg eqd aen Wil rowvlme eqd
firess. Bt vien fiirg the tdd aea d a pamat, the pdahility f

a 1D Ygatirg axpetianvithin tle estired area is lild y to invese

& the tdd itercaret lapth dharesses. e rimiriztiond the tdd
itercaret lagh is therdfae ittrodeed & a secadhy giiriztian
aiteion Al irdvidds lmirg the saa aen Wil Iae thar firess
dies adusted o tht firess inoeses @ the estirded irteraaredt

lergh dhresses. "Hs ajstrat sssures thet aveais still the piray
glirAin aiteiay i.e, sAler aenll dws renlider fires.
Hrely the adwted firess s are s edliready 28 dsariledin [ in

adr toaatrd the aiaweintle ppldian kr adtaleddsaigian

d the firess captation the ready is rfered to [§.

B54 Gosoa @Qaaa

Gentwirdvidds ¢ ady , the aosoar qerda grerdes afesibe
dbpirg 0 . Hs qudianis illstrded in Bg B8 Taguot ths
satian a susaipg spedfes widhindvidad the maded pgarty is a
mt d.



AMDXB SHA: MEXHL PAIANH A
%3 HANG  HEEFICAGK L . .
Te gdype d an irdudd Imirg n dls b 1, - - » s bowds
saibted A eage gadype ith n =7 dls is som in Kg BY
taxther vithtle caresprd g Jadype Fe dndute pitias o dl

cdls are rgpesated by a iy tree (V, E), V b s « - n}y ich
the 7 “throd carespad to adl 7 . Tokind o ades edst: tpeadss
adrigt-edes, sotht £ =F (U E, BE,NE =). Al as aedreted

ad ae adiated awy fraxtle rotb o tle tree Beh ok bs & ot
ae atgirg topedy ada 1t ae atgirg rigt-eds:

7 b7

6
-
t t b6

3 4 5 b2 b3
A
o1 2

bl

(oa)—(o0) b4

genotype phenotype

Hare Bi An exanpl e genotype and t he correspondi ng phenot ype.

lte ;j € E duteamedsfrab jtob j, adle (b, B)ad ™, B)
drtte tle cordtes d e low ldt ad yper rigt ames & b
reptivdy e ;€ B (B,) rastle dl b ; is axd dwe (to the rigt
d) b ; intle gedye T is,

Ve, €E: e, € BE=bY >0, g€ E=b1 >b".

Te tree is daodd & fdlos. Te dls ae Jaedae & atimina

retagla ae lairg haizatd legh W adirfiite vaticd legh

Ehdl is med & fa dom ad thn & fa 1dt & pesibe wthat

vddirg the ratirg aen estitde, Wich is aupted & eah dl is

paed Te etirte is lased an the captdion d dard dasities,

adis dsailedin dtdl in[§. Te dls ae pared in sedrg adr
avadrgtothdr pri ori ti es, widae diedlytle aetoae g

7:V —={1L ..., n}.Aynekhs lide piaity thnits peessa in
tletree InHg BY, the piaities aeird cteda the toprigt ladsick
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Bl Rdaddintian
Te rarocd] paat pdlencen be dfied & fdlos: Ghen

o At d retagla cells, exhvthanter d termnal s & fied
poitias dag the edes d tle odl.

o Amlist sprdfyirg the iteramredtias d dl terinds.
o Agpairdehrizrtd leghWW d the dipudr aastritian

(dpte
o Tedsdue pritiomd exhddl.

o Te aiatdim ad pxile rfltiafs) € exhddl.

o Aretage B dfiirg the sge d tle dip

Te dyetive is torninre the aend B sijet to the fdloarg aar
strats:

o Npir d dls calpeah dler.

o Teretaple B edass dl dls ad Iss gyrairde hyizatd
legh W.

o Tk ae withn B, Widhis nit ccoped ly dls, is sffiatly
lage to aatandl ratirg reedkdto irderat the reqiredirter-
aretias.

"Breet thelest castrart, the reessayratitgaenis estirteddrirg
the pamat. Te estiraeis lised an the sssuphias thet tve retd

lgers ae wed far ratirg, the aen aoaped by dls ad the aen 1sed
fa ratitg ae dgjart, addl rets ae trested 5 sigd 1ets.

B52 @Estic Boodrg

Te getic emd g d amarodd] gaeat is sed ma gradiz

timd the tedrasiad hipdirg pdiem Fe stadhd birpde
irgdgrithraces the Hods intle hnae & atirad the ot
adtlna the ldtit pition I a gvenimstare d tle pacat
pdienlet a BL- pl acement (bttaddt) dade a sditiay in dich
ol e ke roed futher dma to the ldt wthat casing avio
ldimd aratirg aen etirtde. Te sdutian spee casidyred by the
dgrithnis restrided to the st d dl posiBe Bijaaats.
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Hare BG Structure of the routine SAmtate(s ).

B43 AadSAs Sead Gees

SKAredies to a pre (Avien M o>L R=5,a=LQadP is
doe to 10 Rre SAis diared vereer M 0o =L Inths e tle
repaddtinstepingrerd is eqivdat toantdimichis aceted

if adalyif it irpoes ast. Saded aosoer gerdas & fardin

[6 7 bee the oty thet aosoa(z, « ) dwsidd the dipig

in Wich e the repoddian step beaes eqivdet to the apy

steant !

B5 Aplicationto Macro-C:ll Placenent

Te sped ft gaeti ¢ encod 1 ad carrespd 1g, erdiars dsd gqed far
the raro-cd] pacrat pdlends hidly dsaibedinthis setian ke
adtdled dsaipian the ready is refared to [.

I Aternatively, the generation of II, can be conditioned by M > 1, as can the invocation of
the inversion operator, if desired.
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Te pplaimsize M dter ¢ g reddias is

M=m@axd M), 1 0

wee M istleintid ppldicsize 0< 3 < lisard dwdpran

eter, ad rardz ) prfam rardrg to the reaest ittegr die d @ .
tirady ve 1y Ime M =1, aarespadig to a pre SAprasss.

W M is daressed the M fitest irdvidds ae kg, vile the rest

ae dscadd  hithernae, the nddian rate p 18 inressed so tht

dter ¢ p inresses, it is ghenly
P :Iir(7 CRp(r)xt , 1 O)

verep 0. istleintid mdimrde ardy > 1is ared dwdpran
de. Frly ntice tht midias ae rovpafarad by the ratire
SAnt at e, iich wll ke dsassedintle fdloirg sstian

B42 SAGtrdled Mdias

Mdian d irdvidd s is pafarad & illstrded in Fg B6 Rua
tire nut ate d Hg B3 is wed to grede a radmdae & s . If
ths is tle fist mtdiond s , its aidles P sy Is ade  catrdling its
adirg sdedle ae dfied Ten the ntdian is pafaral vith a
terperabre-ciperdt prdability o inSA It ray be nted howthis
sdea reatles the AAatlire & Fg B4 Hbeer, tle tapra
ture reddian is rovaapted in a digtly d férat, vy iich vill e
epared How

Te dsdite dies d a sitdle teapraire sdedle ae pddem
dypacht. ‘Bdranat ths pdlemwe dfie asdediefa reddrg
the pdablityd acgfirgaast-inresingntdian Fe teperadre
chresee 1s thn capted so tht the spedfed prd=blity is dared
Me spdfidly let P s betle pdatility d agdirgamtdianan s
Widiimess tle st & s byo, the stadhd didian d the ast &
dl sditias intle sadhspe. Farmintid dwe P, 0< P < 1L P
isthnredeed by afata o, 0< o < 1, e gesi egilibviundes

bendtdred k& agwendied P s, the aaresprd g taperatie T'
is capted a8 )
_O'
T, =
(P )

Wereo is an etitde d 0 aapted drirg gredtion d the initid
ppldia
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grerdell  );
Vs ell: T, =L;
e\dwbe(l_[ 6)5
q :l:ethXH 6)5
cr =4
repeet til st teriar):
if mirpoaat fa R gradias b
cr =C g H;
M =m{rard 3 M), 1
I, =ededIl ., M);
P =yp u , L O
ag
IL, = ;
repeet M tires:
dats € Il ., t € 1
v =aesoa(s , t)
T, =L;
I, d1 , u{v};
ag
edwtell .U IL);
I =redee(ll UL, M),
Vs € II: s =Shtae(s );
V s € L: wthpd p i

Hare Bx Qutline of SAGA
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B 4 'The Uni fied Al gorithm

Fe uifed d gri thBAcan rovte resated It cnbe viewd s
aAwich bes been radfedin tw raja was, eachd Wichvill ke
dsassedindtal inthe fdloirg setias:

1 Tentdias prfaral manirdvidd ae acgied wtha ca-
tanpdablityss inSA Ihirdvd4d bes its omteperaire,
ad drirg its lifetirg its teperdire is daressed acord g to
its om cdirg sdedle.

2 Intidly HAeeates s apre A Bt & the Astages,
& illtrdted in Bg Bl A gaddly sitdes oer to A
Te speed d this sitchis adydive, sine it is dterrived by the
ogess d the giinztianitsdf.

SKAls tw iprtat popeties:

o It is plicticnindypacht, in the sase tht it cn peatidly
e gplied to ay glinizion pdlerfa widh Aad Aae
wl-siited

o [t uifes the Aad SAin suh a wy tht it cn ke esated
edwdyin(Aa SArak by sdedirg gpgride dwes d its
aatrd praders.

B41 Te Sitch Bad SA

Hg B5 gws an oeniewd XA B aaprirg it to Hg B2 it
cn ke sen tht aly fewthng Ime dapd  Te tepdue &
irdvidd s is dated T s, ad | drdes the udfied W Hs,
eayrewirdvdd, grededintle intid ppldicma s aresdt
acsoe, s an uddfied taperaure.

Te swtch toards Ais laded by the ¢ f-stateat Widhintides
each grerdtian Astep tomrds Ais tden ereer o itpoerat
les been dsered fa R gredias, 0< R < S. Astep tomd A
amsists d reddrg the ppldicnsize M, ad inresing the maian
de p ,n . Indler wad, e SAatrdled midias wil ke pr-
faral m asdler niber d irdvidds.
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B 3 'The Siml ated Anneal i ng Al gorithm

Te ida d Ais to pafamgdinwtia ty smidig the therd
poess d aoding dm a sdidin suh a way tht it ddars a stde d
ninird eergy Agod pesataion d SAis genin [1].

gererete(s );
T =T,
repeet, util st teria):
cs =
Wilec (< A db:
q =ntdes )
wthpch rirfe QD) 1 g b
s =q;
cs = 5 H;

T =T,
aul

Hare B4 Qutline of the SA

Hg B4 atlires a sirde AAirdeaatdian It stats wth a rar
dily grerded sditian s . A tle dgrithmpogreses, a seqace
d radmdags ae pfaml s . Ritire nut at e & Hg B3 is
wed far ths, ssung tht p w 1s sfielly high Iah dage is
avgted ad caried at with a pdability widh dpend an the tem
prate 7. Te taperdue is reglaly daressed acnadig to tle
madga 0< o < 1, adit stats franan intid teapprduwe 7 . A
each fred teperaire, a ssaqae d dags ae prfarad an s util
a qm egilibiunstae is ddared In Hg B4 the tapedue is
redeedeahtimm\ dags s Ime benavgded C (v) duttes the
ast d the sddiona . Me tht if a radmdage dareses the ast
d s, it is dws acgted If the ast is inremsad it is aceded vith
pdatility eqf 4949 ) ich choresses Wth T .

T
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intemmd gadypes, vile firess is dfiedintamd gadyps. I
agengrype, the arrespad g gadypeis aaptedlya decoder.
Agadirtroddian to gaetic dgrithmis gwenin[§.

Hg B2 dog atapde fa the Aasidred e, Litidly the
arrat ppldian IT ¢ 18 arstruted franradily grerdted irdvid
ws. Ritire eval uat e aptes the firess d exh d the gen ind-
vudds, dile best (f fidks the indvdd wth the hidest firess. @
esatimn d the ater ‘tepet” lop aarespads to the simddian &
ae gradin Hogut the sndaioy M= 11 | is lgt custat.
Weptrak d the best indvidd ¢ eer sen Rutire st opGriteri on
teriretes the smdian wen o irpoaat I been dsened far
S gradias. Bhgrediais intided y the famdian d aset
dpirgll |, d sz M Tetwres s adt aesdetedindpadatly
d eah dler, ad exhiste is sdeted wth a pdability popatiad
toits fires. Rutire reduce(l] k) returs the k& fitest indvidds fran
1] therely legirg the ppldian size castat.

V caprats g g - . +dtg:
wthpdh p ¢ d:
dter g ;. rachly

Hare B3 Structure of the routine mutate(t ).

Aillstraedin g B3 the nddion qerdtar perfars partvise
midian wth a gvwen pdablity m eech o the coporats, a genes,
d its agrat. Te gretic quaa i nvert (¢ ) dtes the gty d ¢
vthat dterirg the crresprdrg gy A dsaibdin [§, tle
prpse d ths qeda is to gine the rddive pritias d the gres
d t vithresgedt to the assoer qarda. Hrlly lod hlldithrg is
prfaredmdl edstirgirdidds yratire opt i m ze(t ). Itiscmm
patice to gy alillditer ina Ainan dteyd todigtlyimoe
te fid sdtian[(. Tesddianr is the atpt d the dgrithm
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les ft irdvidds tadtode at. s survival - of -t he- fitt est Iavinian
pimdpe is the bsic ida beind the (A

grete(Il . );
edwte(ll  .);
g =@ );
et ] stqGitetia):
I, = ;
repeet M tires:
deats € II ., t € 1&
v =aesoals , t);
I, d1 , u{v};
ag
edwtell .U IL);
I, =edefll .U I, M)
Vit ellt =mdaet )
Vit €l vwthpd p imw D
t:inﬂt(t);
e\dwbe(l_[ 6)5
g Ft@ . U{g})
ag
Vit ellU{q} :t =gt );
roet@®@  U{qg});

Hare B2 Qutline of the GA

Te dgrithmartars a popul ati on d i ndivi dual s, exhd Wich
axrespadk to aspadft sditian Aresire d fit nes s dfies the qa-
ityd anirdudd. Satirg vtha st d radmirdvudds, a po
ass d eddiais simaed Te rAn caprats d this poes ae
crossover, Wid niiws pogpgtiay ad nut at ¢ on, Wid rivics the
radmdaps oarrirg in e Ater a niber & generat i ons,
higly ft irdvdds wil eege arresprdrg to god sdtias to the
gen giiriztion pddem Aphenot ype is the pisicd gpearace &
airdvdd, wile a genot ype is the arresprdg gretic evadrig ar
repesatdind the irdvdd. Gossoer ad midion are parfarad
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Iae divd qoed ad capared v as rised strategjes far the BP @k
d the strdeges is dledlifeqde Appldiand irdvdds aeist.
Mdias ae aveged ith a crtan pdability & in SA T ind-
vudd ges thaghalifegde A it gts ddr, its pdablity d berg
miated chresses vile the pdablity d 1Hirng inresses.  Beaitk
ad Hdirg repat thet the life gde strabegy is supriar to pre SAm
the B
Te gyyaach presarted bere is irspred by Btk ad Hdirg's
ides, dthoghmay sgiftat rdierats bae beenak toimpoe
the pafarace d the dgrithm Inar gyredh the wy Qad A
ae riedis draidly daged dritg the gfinvtion poeess, vile
it is stticin[3d. Te catribtias  ths ppr ae
e bpoid arewdgrithic maH wid uifes the Aad tle
Sirto ae dgrithm Te resdtirg dgrithmis gpictianin
dypacht ad lily adyive
o b dustree tle pafarace d tle gpach e the raro
dl paaeat pdlem It is epairatdly sdom tht a ried
strategy prfarm better thn a pre (A Mthamoe, wp the
riwed strbegy an NICrarodd] paeat bedvals, w
dddn resdts aamdie ta a better thn peiady pHisked
resdts.

Te rest d ths pper is agrizd s fdlos. InSdias B2 ad B3
the axvgds  (Aad Aae hidlyitrodeed Te uifed dgrithn
isthndsossedindtal inStianB4 e dsassianinSdtias B2
B3 ad B4 is gpiction indypercht.  Sdion BS dsaibes the o
pictiand the uifed dgrithrto the rarod] parat pdlem
Hs idubs a bid dsaigion d the gictiarsifc gretic en
adrg ad aresprdrg gedas.  Hully eprimatd resdts ae
dsaibedin Sdian B ad acdwais gwninSstian B

B 2 'The Genetic Al gorithm

Te g  getic dgrithm irtroded by Jdn Mlad[] d
the Uvesity d Mlign dilizs the ibion d the mtud eddian
poess.  In e, the indvidds agtititing a ppldian adyd to
tle enirarat in Widh they live  Te fitest irdvidds Ime the
higest pdahility d suvid ad ted toinresse innrhars, dile tle
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B1 Introduction

Te gretic dgrithn{(@ is a grard-prpoe stodestic glinztia
tedriqe, freqatly wed to sdie WPhad gliniztion pdlem It
ks been suaeslly aglied to a vk vaiely  pdlem in vaias
fdds, irdudrg W 1aat greaion [9.

Te typd Aanagre areis illwtrdedin Bg BL hitidly
the st & the sdtias inproes vayrgpdy B thenit beoaes very
dffilt to dan futher irpoaat. Te mjaity d the rutirais
spat intle laer gese d the pocess in ich sl inpoeats ae
dtdred vy slody e vk presated here is 1etiveted by the reed
to oerarm this shataaig d the (A @ ggroech is to uify tle
(Avith the simlated aredirg dgrithm(SA, adhe wdl-kom
hghpafarace glinriantedriqge Wle SAin grerd is dle to
dddn irpoeaats dsoirto the lde fdese o the process, it does it
anae & fat = the Ain the intid gese Te uifed dgrithm
cled KA is dsiged in suh a way tht the adateags o the A
& Wl & the Aae tilizd

Cost

Runtime

Bare Bl The typical convergence of a GA

Elier dtayts to aabire (Aad Alme benat. Wh tle
(Ass the statirg part, Srag ad Wesar Ime imapraed daats
fraxBAvith the djedive toirpoe artrd o ppldinvaiae[1].
Hs is diared ly a sodled thamadmic geaa, in did the
nrter d dstrgedfresared sders are catrd led by a terperatire
dypacht stodmsticaidle T dgree d sderad srudi andacresses
& agddal tapadireis dressed Whwer, this ggyaachis lintedto
adyirg pdian lile the Tadirg Slesm Pdler(H). Anh
nre gred gpoach is pesatedin [J. Hre Beaitk ad Bdig
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SAA: dio@d] BPaoasat by a
Uifictiand tle (@#ic Agrithm
wth S ated Aredintg

Hs ppr is cathred ly P Mudr ad is an etedd vasan

d H Iesen P Mudy, ‘A Alifedian d tle @ic

Agrithhth Smided Aredirg ad its Apictian to Mro@l

Raerat,” Proc. of The 7th Internattonal Conference on VLSI Lksti gn,
m 2124 19

Abstract

In ths pper a stadetic glinzian dgrithmcdled KAis pe
sated Wichis a grediztian d the gaetic dgrithad the sm
dded areditg dgrithm Igpedig a the settings o its aatrd
pades, KA esatess & a geic dgrithm a sndded ar
redirg dgrithm a a catrdde ritue o these KArgresats
an gplicatiavirdperht gyyaach to ginwtiay ad the resdting
serchpraessis hidlyadydive. Te prfarmace d the gpadhantle
rarod] pgamat pdlemis eaired It is epriratdly shom
tht arixtre d the gaetic dgrithmth simlaed aredirg yid
liger lgat qditythmapre gretic dgrithm Fthernae, 1aat
qdities dfared by SAAm NI Chadrals e been dsened

to be capmrdie to a letter than peviasly pHished resdts.
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NNDarditetire, de to the itterat mrdldisninths krd d dg
rithm "Hs s heen cdrastrated nreras tires intle litadtoe, d.
eg (910 11, 1.

A5 Gncl usion

Inths pper a gaetic dgrithnfa the mrodd] pacaat pdlem
Ies leenpresated Fe dgrithms sedmagradizti and the te
drasiad hnpdirg pdlem B wing the dian d hnpadarg, a
gaetic emodrg b been dsdgued in Wich st castrants o tle
pdemare irdidtly repesated A a caseqece, eah irdvidd
dwas sdtisfes every castrart. Hs dsign ddsanis indret an
trast with the noe freqet gpech & dloirg castrart iddias
thraghat the qiirivion pocess ad catrdlirg the dgree d vida
tinlyirtraddrgpedtyteminthe gdityresue. Te adatae
d the popsed stretegy is thet it dlom a e aude etirde d the
laat qdity sirce the we d perdlty termm bae been avd did

Te lant qdity dtdred by the dgrithmis caprdie to tle
best pHished resdts. Sree this wrk is amd ggrach to raredl
Paeat, futher inpoaets ae lildy Te arrat rutimis nd
arptitive bt enleimpoadsigifaatly TFadaeit is adwkd
tht the gaetic dgrithmis a paising gpad to the mrodl
Paeat pdlem
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Hare AR The typi cal evolution of the solutions during time. For each
generationthe estinut ed area of the best and average i ndi vi dual ©s shoun.

A45 @ptadianTm

Te min fata sttirg tle lirits d the gglichility d the dgrithm
is the tira aasugicn @ aaee, the arrat irdeaatdia re
gires B Qrimtes fa the gie bedrak B Eimtes fa bp
ad 16 @intes fa sx T aptdia tima regiraats
arretly peats eprimats wth lagr badrals lile aii ad
aifd Mtherae, in adr to rde the rutira aaptitive to thet
d dler stem it ek to ke redeed by a fadar  3to 10 K
e, thee ae twmnresas Wy it is ieedtht schasigifeat
reddianis inded dddrdle

Hrstly intle arret exeriratd irdeetdiond the dgrithm
the st A aity d the tdd rutirais spat resuingdard dasities
drirg dadrg, I an eage suh & the Ip badrak the dgo
rithoaptes betveen 10 ad D illicn dard disities. Weer
arewcrtyis reedkd it is captedvthot resirg ayifamia
o tHter lowsiilar the rewpmitiaing d the indved adls ae to
the peias stitian Tadae, a dtstrutire widh dlos a da
rd chmity to be dmaiddly wped & a odl is g med digtly
srald ke dsd ged

Sady the rutira cn dso be sigiftatly impoed by irde
ratirg a prdld vasion d the dgritm @k 4 tle daateis
tic d (A& in grerd is tht a high speedp cn ke epeted an ay
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Brdiak Sstem Aen Wdegh Vas
ate Hs wk 3§¢Y B ™D
B[ 505 H) -
Settle Slian [1§ M 3 -
Ip Settle Slian [1§ L& a0 -
Hs wk JIR)) » ar
B[ 25 28 -
K Settle Slian[1§ AP al 1
B[ Blr 68 -
Hs wk Ritis IH 137
BR[ B4 63 &r
MA© 1 a0 631 13
'’ VI 317 &5 1

>

He At Conparison of quality wth other systens. Ahyphenindicates

that the value 1s not avairlable.

Ad4 (agae Bte

Heg A8 dog tle estirded avess d the best ad aeae indvidds

& afudion d timafa the typd glinwio poes.  Ixirg the
fist fewgrareias the bt & Wl & the aaae irdvdd ipoes
dasticdly ad ey fast frartle intid radnedtias. Fen wen
alage niter  irdvdas intle pplainpresudlyae rd divdy

doe to the giimmed iy futher progress beaues verydowv Hs

is the typd bdmiar & ay A Hre it s the adatae tht if
the dsigrer is llirg to sdtle fa asddin Wichis rddivdy fa, sy
10 % fraxtle hest dddrdle, thntht sditianenbe pradednah

fester.

!References of these tools can be foundin [5, 18].
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M3 Imat Geity

Sne the dgrithmis stodestic the 1gats grerded by caseative
pogarseatias wll b ke exdly iditicd. I exh d the thee
berdrals the resdts d esatig the dgrithnten tires wirg aran
dmintidizion d the radhnier greda, ae somin 'k

He A3
]&'dTH‘k Abest Acwg AO'
e R | 1 12D
HEK LR A1l 151
Ip J1KS)) 128 QP

He A3 Vartationinresult quality

Apeg ad A 4y ae tle bt ad aaeg aws, repdidy d tle
apeed laats, dile A o 1s tle stadhd dnigtian Al dwes ae
are aess 1N 1M 2, Hg A7 dow the et facerat dadrd far tle
Iphadrak A enle sen the dls ae maed aly digtly drirg
ratirg refbding a gite anurde rating aea estirtian

e

Bare A% The hp benchnurk before and after routing.

In 'He M tle lgot gdity dddred is capred to the best
pHidedresdts. Aan the dsdite aenis are aea d the capeted
lgat intm 2, TFetdd virdeghinmad tle ttd niler & i
ineahlgat is dso listed Fe resdts refererced shodd e caqared
wth saa catiaa de to rnor vaidias in the pddendfiitias
wsad
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A fist sigt ths my seensupisitg sine ths ptialar cahe
tion represats the ligest dgee d radiiztion ang dl streteges
tested e, & dsaibedinStian A3 the sdetian stretegy wed
fa srivd irto the et grerdian is prdy dternnistic ad speads
1p the anergae d tle dgrithm Fe lidly radhived assoer
qerda is the wiat tht cuterats ths ptetidly dipgras &t
the hest. Auther pesiBe ressm far the dsered residts is tht the
arpexstrutue d the searchspee preats redly godsd tias fran
b1y grerated ity greedy strteges lile B 2vad 8 b (dseqetly
isteed & irproirg the diay d the seady the geady straeges
atly peets redly god sdtias franterg fard

A42 Prader Sttirgs

It d]l eages aasidred tle sanset & praeter wies Ime ben
wed to aatrd the A i.e, o pdlemspdfe tuirg ks been par-
farad tomds each bedrack Fe vdwes wedae M= P c| =5 a
mdia pdablityd Q05 fa eah d the far typs d nddiay ad
avinesipdablityd Q(h Te dgrithises terrireted ien 1o
irpoerat hed been dsened far s =21 cameative grerdias.

Te inasian prdahility is the pdahility tht a gven irdvidd
p € B is shheat to inasa in a gwn gredian In aatrast to
ths dfiitiay the nddion pdability far a gentype & mddianis
dHied rd dive to the tdtd niler  pesilentdias d tht type an
the indvidd. "Hs esues pdlarindpadht midio raes.

Sitdle s fa the prades a adb wed in tle rating aen
etirdte & dsaibed in Stion A3 1.2 dypads an the dmadteristics
d tle itercaredias to ke mk, i.e, these pradgas ae pdian
dypacht. "Hle A2 dos the wdes wed

Brader ge | =X Ip
a Qo0 Q2 Qo0
b 120 100 7.0

He A2 Values of parameters for routing area estimnute
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al | ¥ isdomuifadyada radiso tht V am < | Y <W,
wreV  ,, adV ,, aewadfiedlints. Teselirits ae dom
sotht the irterd [V in 5 We | 1s gpairadysyreric aard
n /2 adso tht the lagh d the itend is gpaimady n / 3
were n is the niter & @ls.

a2 | ¥ is dtarired & tle rardd de d a mam dstribted
stodestic waidle Imirg rem n / 2 ad stadhd dnidion 1

Terae, in the lag maity d dl cees, | V s| Wil be gpae
imdyn / 2 ht cxsiadlyit rayhe doe to a emegd tol
an.

Adl ¢ ireited fravtle sead prat S nst ke adid to the tree
d v lyetadrg £ 7. 'hee dffrat straeges Ime ben tried far
dHaririrg the pritinad Wich to adl the rode

(1 (ose afree pritimd radnaagdl free lodias.

(G2 Mlc a4 apstimlicdhwll pdablyledtoalighfiress d 7 .
Ieterrire ths pritionty edwtingdl free poitias acardgto
saaqdityresue, adatlc & the et patsig peitianty
afagirg edastie serch Fo dffret qdity resues Ime
heen tried
G2 Raec & the pritian caresprdrg to the loest posibe
pritind gedye led.

Bh Raec & apritimichd pgadye led gwes the bet
pdirgdrmityd dl dlsjaedsofar. "Baupte the pde
irg dimity d a gven pritian e fanma redilirear pdygn
adairgd]l dls gardsofa iddgtle dl ¢ & its trid
pritin Fe pdirg dasity is then dfied a5 the rdio &
the s the aes & dl paeddls idwdrmge , dviddly
tle aea d the edairg plygn Fe doser this qatityis
to 1, the hetter is tle pdirg dasity

Al sxahtias d ae d al a a2vithae d 6L S2aa 8D
Ime been tried Wtler B 2va B D is wed 0 mticedle dage in
pafarace ks ben dsered Bt 8 1 aasistetly irpoes 1aat

qdity capred to dther & S2vad B2 htharae, regrdes
dte dded f1, B2a [ lgat qdityis dwas udagd a
irpoed ven wg o 2 imteed 1. In cadwiay the best resits

ae arsstetly didred by wirg the aabtiond e 2vith 5 1.
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A4 Experinental Results

Aeprimatd wsiand the dgrithndes benideatedintle C
pogarig lagee, adrus aa IlCMs 31D 20 wlstdia
Apaitde size d tle sare ack is 40D lirss. Te pafarace
Ies heen tested an three berdvads frantle 192 NIChterretiad
Wshp on Pamat ad Riting "Hle Al lists the mndaae
teristics d these eagdes. Ruting ad capdiand the laats Ime
been pafaral by wig the Mdo tadset [1 didhis @t d tle

(dttods MDframark
Brdmak dls | s | Brds Itern
ate 9 97 xr B
HEK 10 4B aRn 2
Ip 1 B Jy 5H

He Al Benchmurk characteristics. The nunber of termnal s i ncludes
the to-termmnals.

Ad41 Bprimts wthtle Gosoar @aatar

Intat Qirderatdi as aesoer is aradnapeati mintle sase
tht the pret fraxwlich a gven festure is itterited is dwas dter-
rived rachily Hweer, insaaAirdeatdias, akdd lod
giiritian is pafaral & an itegded at d the aosoar qara
tim Isteed d jut catbirirg the fedires d tw gvenindvidds in
a apady radhized faliay a dtap is mk to axirlde the
fesires insuh a way thet a iy ft dbpirg emges. Hs knd &
dteyt, Wichis bsed n gliction spdfec kodede, seamto ke
amud wy d irpoirg the serch pocess. Agrard dsassian d
kolede apated prdas anle fardinGter 5d @day's
Bprirats vith six dffrat adats d the assoer qeda &
saibed in Sctian A33 bae been pafaral  Fese repesat aias
dpess d lod giinrtian ‘bdteriretle sized the caretedsib
st V' irterited frartle fist pret o, tw strdeges Ime been tried
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is it aetoae THs cn waly be dtadred exily [(, ad lee the
choockr dready Is this paarty & raticedinsatian A3 1.1

6 7

é%@
Sy

Hare AG Anot her genotype for the phenotype in Fig. A 2.

Te inasian gerdar sdets a stiree & rachmad maes it to
acther free peitionin suh a wy tht 0 castrarts ae vdded ad
so tht the aarespodrg gendype is still the sam A eage &
thsis dominHg A6 "Hs gadye tree is grerded by raing the
sttiree roted & ¢ o intle grdype domin Hg A2

A36 S Gitaim

Te edutian process is terrirated vin 1o irpoaat s bends

sened far a werddfied niber & casantive grerdias, daded bere

lys . Wndtarmingif impoeat s coureda i, w casidr

the best edstirg indvdd & Wl & tle aaae irdvdd, ad w

aapre irdvidds in acadiee with ar dd giiriztia aiteia

d rimiriwed aven ad seoadily rivinied tdd irtercared lengh

Bhe spedfi;, dacte by A wg (t ) adA oy (t ) the aerege and bt aead
the irdvidds presat ingrertiont |, respetivdy Srilaly let L ayg ()
ald I g (t ) dute the aeoe ad hest totd etirsted irtercomet

legh pesat ingradiant . Fen by dfiitiay anirpoaat bs
aarredingredian k , if adalyif fa ssax € {avg, best },

Ak)<tif A L(t)] k—8<t <k)

Ak)=if A L¢t) k-6 <t <k} MeL<un{L ,(t) k-6 <t <k}
e s =ik, s ).
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6 6

7 7
oRoSe Slc Bo ¥
% 1§

Before mutation After mutation

Hare As A nutation of type 2: Cells ¢ 4 and ¢y are exchanged, while
the priorities are still attached to the sane positions in the tree.

A35 Inasian Qastar

Inatypcd Qs pesatedin[§, the aosoer gada wals insudh
a wy tht the deer tw caprats d the gadype ae, the me
lildyit is thet the dbping vl iderit bth coporats frantle sam
prat. Hsis dsotle eeeintlis dgrithm It the dstace between
tw rods in the grdype tree be the niber & edes antle uiqge
pth caredtirg the rods, ad let 18 aasidy the gadype tree € the
fist prat o (se g A). Te sler the dstace btweentw g en
rodks is, the e lildyit is tht bthrods wil b agto the careted
skt T, =V 5, E), adlace tht bthrods will e iderited by the
dbpirg Sne T s is b dtered dritg aosoer, the tw rods Wil
axtine to ke doe in the dpirg

If the d e rods rgpesart a god sbacerat ad aatribte sig
riftatly to aligh flress o the irdvidd, then the dwe oty
the assoer qerda is baefdd. Bt dhenvise this property ray &b
gak tle prfarace d the dgrithm Te prpse d the inesian
qerda is to dirme this pdlem Ghen a gadype, the inasian
e aptes a ewgidye by raragy the aprats in
suha wy tht their ntd dstawes dags, vile & the sayatim

asuitg tht the aarespod g Jedype is till the sam "Hs reas
tht in adyr to gyly inesianit is reqired tht the doodr mapIE
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p? shodd aarespad to the adyr in Widh the dls wre faced Wen
aedirg £ 7. Sme p is abjediay the fdloirg castrarts uigdy
Herites p 7

VegeV, Vice V-V:p;)<p(cj)

Vg, ¢€ Vi:pci)<plc;)=p (i) <p(c;)
Vg g€V —V¥:pci)<p’c;)=p"(ci)<p'(c;)

A34 Maian Qaatas

Ior dffrat midion qgedas edst. Eh d these pafam saa
radndage intle gengrtye et ¢ ; ate ; dade twrarhty
dondls, © /= . Tefar gadas ae
1 Ater tle st d edys E/ lymiirgaled ¢ ; to adther free ad
rattrty domprition Te type o the ede girgirto the led
ray ke dagd s t & the e
2 Ater the s¢ d edes F ly edagrgc i adc ;. T piaities
d tle dls ae edagd simltaeasly so tht 1o pir d dls
ae peateda piai franteg edaged de to the castrart

tht ayrok dws bes aliger piaitytlmits pedoesa. A
eapeis domin g A

3 Aterp lyedngmep (c i) adp (¢ ).
4 Qe the trasfartian € adl ly dteigtle ded ¢ (c

W parfarig exch  these nidtias, a prt o the grye T
to te cheokd to dreckif the nteted irdiddl setisfes dl castrarts.

Mztias 1 ad 4 regire thet dl ddls Imirg piaity p (c i) a lider

ae doockd wile nddias 2 ad 3 regire daodrg frampiaity
np (¢ ), p () Antdimis aly prfaralif it des it case ay
austrart vddias.
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A33 Gosoa Qaaa

Inths satian the grerd fudiadity d the assoer quda is &
saibed Sree ths geda is d praait iprtace to the oedl
perfarace d the dgrithmssard exprimats lme bencaried at

wth respedt to its dtaled qardtian Tese experirats ae desaibed
inssatin A1l Gentwirdvdds o ad g3, the assoe qada
grerates arewfessiBeirdvidd vy , tledsendit f o ad3 . Hsp
adimis illtrdedin Fgg M Hogut ths stiay a sprsaipg
spedfes idhirdvidd the maded ety is a @t d.

& @ e
@@ Qg g @ g

OIROIRCNECE -
el oRc¥C) Clce

parent parent g y: A possible offspring

Fare M Conbining o and (3.

E7 is aastruted & fdlog  Famtle odl tree & o a aareded
skt T , =V 5, B, V,CV,E CE*isden T , isdemd radm
ht shjet to the castrdrt tht daodrg T s intle adr died by
p*, e wWige € V | Viee V;\ {c} %) < p*(c) & 1o, cases
o aostrart viddias. o dffret sdees bae been tried far the
dHartiaond theszed V s, & vill ke dsaibdinsetian A1l In
Hg A4 the doen T s is idcted by the debed lire.  Initidly E 7 is
dfied to e B s. e v I itteited dl odls in V s franey. T
reanirg dls V. — V s ae then itterited franB ly etesion d v,
Te dl tree d B is traesed in sserdig ady acadrg to p B.A
ay rok it is deded if the aresprdig dl ¢ bdaps to V s, tHE
is, vether it s ben Jaced iny dready If sq the @l is skiped
@rervise, ¢ is atbd to the ] tree vty etedrg &/ 7. Vias
sdees far dterrinirg the pritind Widito atl ¢ Ies been tried
see ssticmm M1 T traffamtion d ay @l is iderited udtered
taxther viththe el itedf. Tt is,

vy Jt¥e) ifc eV
t(C)—{tﬁgc; ifc eV -V
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irdvdds hmirg the sam aea vill Ime ther firess s ajusted
sotht flress inresses & the estitded itteraaredt lapth dhoresses.

Te tatd itteraamet lagh d anirdvidd is estitabed & in [1]:
Iet M date the niter & 1ets) adlet m i datte the tdd nrber
d tards d the k& 'thret. Tt ¢ v =@ u, y) dte the pritiaa d
tenrd ¢ inmt k. Te center of gravity d the k thiet is then dfied
by

1

Ty = Th,7p) = — > tws

mg 4
ad tle etirtded tdd ittercaredt lagth L is dfied &

M my

Ip)=3 3 llas ~ Til
=il

vere | @ || dadtes the wd Hdidenweda am

Nwsypse tht the ppldian is enrerdted in soad g adr
a:crrdrgtoF I, adtht F I(pl):F I(pi_H):. .. :F(pj), 1 < 7. rE.S,
tleflresd p iy - . ; nstheadutedanadptoitecaret lagh
In adr to ssue tht aen dwas pediimtes itteraaret lagh
ths is dre & fdlog. Sat p iy - - j bigpdaesig adr auadg
to itercaret lagh i.e let w asua L (p )>Lpia)>. . . >Lp
Ise § F ij B

L

7 —1 H
dered A =F '(pja)— F'(p;). Arewflres de F' is then aapted
®

Flpo)=F '"pi)Hk =t Y E;, k=, ..., 7.

Sree tle flress s rovdfied an be vay sdl, they ae ma-
mized Frdly the s ae sdedliraly & dsaibedin [q. Te
prpse d scdigis tafdd A the intid gese d the edtian afew
irdvdds hmirgvery high firess capared to the aerage vill be very
chitetitg, A acasqere, the searchvill teliritedtoasd] regan
d the search space too eal y Sling conterads this effdt by reddrg
tle stadhd dnidion o the firess & the intid pese o the proess.
Intle fid gee d the edtian the dffrace hetwen the best ad
the aerage irdvdds tad to ke sl de to the anage d the
poess. M sdetion beaaes drost radtm therdy reddrg the
daos d futher irpoeaat. A ths stoe, saing cuterats this
et by inressitg the stadrd daidion
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then capted a8

Dsz{)\[cé—lqiound(g/]?—lb)] itd, >0
0 itd, =0

wee b istlelaghd sks d ¢ iy A is the spdrg in the rating

gid round (z) is tle romdd e d ¢ ada adb ae wa dfied

madas. Te aen i the sdid retage dom in Bg A3 is

uiqdy dterived by D s @l ¢ ; cnle Jardd the genpritin

if ad alyif ths aea catdms  (pats ) dls gat frane ; itsdf.
Wna =5 =0tle etirded ratirg aenis alowr lint d tle ae

reeckd by ay rater reades d the dard dfiitiem f o > Q

the axresprdig tard D s irresses wth b s. Teagrmat fa ths
dHiitin is thet the lagr the dard, tle noe lildy rets vl fes
thaghit [1§. Ne tht mirge ; inay dretionmay &t the v

d D, fadl for desd s .

Insuray gwenV', the grdype & anindvidd aosists 0 the
rdaias F adtle futias p adt . Te gadye (ad the duody)
les the irprtad poperty d irdidtlyreresating st castrarts &
the pddem Hs sirpifes the dsignd’ gereti c pardbas Wi chassures
tle stisfationd dl castrarts & dl tires.

A32 Htress Msue

Ghen (the Jetype ) anirdvidd, its fhress is dfred Iy te ps-
itive fudian /. Ftress is rddive to dher irdvidds, ad theefae
dwas aapted fa an atire ppldimd atim Sree the dyedive
is torininre laat aen intidlytle axliayfudio "is dred s
1
Flp)=
A(Rp) - Xiy Alei)

were n is the niber & dls & tle Jaat pdlem A is tle aea

d aratagla @l ad R p istleretage R d tleindudd p . B
is, F'(p) is tle inase d tle tdd etimed ratirg aeainp. Al
irdvidds Imirg eqd aea Wl ovlae eqd fiess. Bt wen

fiirg the tdtd aea d a pammat, the pdahility d a 10 Yroting

arpeia wthn the estired aen is lildy to inrese & the tdd
irtercaret legth dharesses. Te riminiztiond the tdd irteraaret

lergh is therefare irtrodeed & a secadhy ginizdion aiterian Al
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Ay Bpasat cnbe rqresated by & lest ae gadype, i.e,
the doodr AR is b aetoae Mthanae, sine a pasat
cnaly ke rqpesated by a gy if it is a Bipaeat, the seach
spee epaed by the dgrithnis eatly the st  dl Bijaeats.
Hsis ae d te sigifiat dffraxes to the gpachin[3, indidh
the search space is restricted to slid g strutures.

A.312 tirg Ae Btirsian

W chaod g the hiray tree, the rating aven reackd is estirdted &8

ech dl is paeed Wn padrg the ¢ 'th dl, the dstare reedd in

echdratins € S ={ muthest,sathwst} topeiadypaedddls

is aapted Iy a fudian D s, Wich dpak an dl peiady gaed

dls. Ixhdl is paedaad g to the Bastrategy ad s dse to the

peiagy paed dls & dloed by D s. Hgre A3illwstraes lowD s

is capted

Hare A3 Fstinution of routing area.

W tetirg if @l ¢ ; cnle faada soagwenpsition (c a. %),
the far aes irdcted by dsled sqares ae aasidred D s Chpandks
adl tards & sk s d ¢ ; add dl temims in peiasly pased

dls, Widhae 1) ik the sqae & sk s, I pard & symsic

mdld tosiks d ¢ ; add b debally aitenaingadl. Gren

ths st I terimds, the dard dsity d s 1s aapted & if the sqare

wre the ratirg dard. In adr to aart fa gddal ratirg D s 18
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E, N E, =) . Ehok ks a4 ot ae atgirg tpede ad & ot
ae atgirg rigt-ede. Al edes ae aiated amy frantle rod &

tetre It e ;; € E date medp franc itoc; adldg (¢ ¥, #) ad
(e, ¢') dude the cardrtes d the lorr 1dt ad yper rigt aarers
d ¢ ;, repativdy Fme i € B (F,) st dl ¢ j 1s paed dwe

(to e rigt ) ¢ ; intle ety B is,
V@jGE:quEtic?ZZC?“, gGEricfZCfu

Te tree is daodd & fdlos. Te dls ae Jaedae & atimina

retagla ae lairg haizatd legh W adirfiite vaticd legh

Ehdl is med & fa dom ad thn & fa 1dt & pesibe wthat

vuddirgtle rating aeaestirte dsaibedinsetian A3 1.2 Feddls

ae pacedin ssadrg adr aadrgto ther prioriti es diedlytle

aetoae fudimp : V. —{1 . .., n}. Ayt bhs lide pidaity
thn its pecheessar in the tree In Hg A2 the piaities ae ind cted

& the toprigt ladsick d eedhrok T trasfardion d exch adl

is dfid by the fudiant : V' —{QL2. . . |7}, Wichis dsopt & the
groype
6 7 c7
e @ || ][
c6

c2 c3

(2)=+8)
‘}—‘ w
— =
—
I
-
@;
a1

cl
{=) o

genotype phenotype

Hare A2 An exanple genotype and t he correspondi ng phenot ype.

Wndl dlsae Jaedtlesdlet ratagle, R s« adairgdl dls
is capted by the doodr. Fah d the far sts d i oterinds ae
then uifarly peitiaed dag the caresprdig ede & R se, SOt
the adring vithn exh st is pesred  Hrdly tle retage R is
axstruted by etedrg R se util the ratirg aea estirate is sdisfed

dagdl ess d R. Ne tht the gadype itsdf aatdrs o egidt
reqpesatdion d the 1 /otarits ad o dsdite cadntes d the

dls. Atle tirad aptdiad a padype frara gven grdye
the dhoodr cterrives thee qatities.
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Te datmck d the secad strategyis thet it is moe cxdexineture
ad its asodded gaetic qadas ae dowvoing to the fat tht they
irsre aastrart stisfationd dl tires.

Wle tle fist strategyis wedin[9, the dgrithrpesated bere is
lsed o the seoad strategy B avd d too cadex ad slowqueratars,
a gretic evadrg ks ben dsd grdin Widhsae d the castrarts
ae irgidtly repesated ad therdfae reed it be camidhred by the
geretic gerdas.

A31 @@Estic Boodrg

In & a ddirtian is 1k betwen the genot ype adthe phenot ype
d midudd [§. Agdye is @ ewdrg a repesatdiay d
the ifardion castitting an indvidd, Wile the getye is tle
hsd gpaare d tle indvidd. Bpoddia ad mddian ae
prfaralintera d grdypes, wile firess is epresedinterrnd a
pedype Adecoder is wed to aupte the gadype arrespadrg
toagengdype Bimiad the rating ae reedd is prfarad
drirg dodrg

Te gretic emadrg is irspred by the twdrasiad bn pdirg
pdlen dichis the pdlemd” cappdly pding a niber o redt-
agla Hads irto a bn kairg fied widh ad irfiite ladt in suich
awytht the dstane fraxtle top ede o the hidest gaced Bodk to
the httarede d the bnis nririved Te stadid dgritinfar this
pdengacs the Hads ae & atirad the dmat ad thend the
leftrest prition Fe faerat dgrithmis bsed an a grerdiztian
d ths sdem b agenirstace d the rarod] Jacerat pdlem
let a BL- pl acement (httadet) date asddiay indicdio @l en
e maed futher dbm a to tle 1t wthot casigavddiad the
ratirg aeaestitdbe. T sd it on spce aamidred by the dgrithnis
restrided to the st & dl psiHe Bpjasats.

A311 Giotye ad Icodr

Asuathd the gvenpdlentmen dlsc 1, - - nJheageso
tyewthn =7 dlsis dominKg A2 taether vith the aarespod
g ey Abmytree (V, E), V = ¢ s « - nty mvichtle? ’th

rock axrespadk totle cdl @, rqresats tle dsdte pitias o dl dls.
Tokind d edss enst: topedes adrigt-edes, sotht B =F U K.,
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sirpy dfied to ke the M fitest indvidds & P c U Py.
Whasal pdahlity exhirdvdd in P ¢ isovshet tom

tdian Te mn prpse d mMdimis to imwre thet irfardia 1ot
by rqpoddtion can be revered  In Sction A34 far dférat kind
d midias ae dsaibed If the nidion pdabilities ae too ligh
freqat midias wll peat the anegre d the poes ad tun
it ifo aradnzdk If the midirates ae tooloy the scacchray
peaudyanagtoalod rimmaly Mloigmidiay exch
irdvdd is sihjet to aninesian qerdtian ith a sl pdahlity
Te prpoe ad the gerdting pindpge d this guda is edaredin
Stim A35 BEhgediais agdalyedddtiand dl irdvid
ws @ the bsis far the sdetian to tde pdae in the ret grerdtion
hithernare, the best irdvidd eer senis ypdted

W tle last grerdianles bensindated an dtergd to gfinize
ech d tle irdvidds P cU{q} alittle futhe is mak wig ratire
qiitize(p ), Wicheeates aseqere d fhes-ipoirgntdias m
exchirdvidd. Avetnstiestrategyis e sotlet wengfine(p )
les been pafaral o sinde mdiay an irpoe p futher. T
hest irdvidd fdlodng the qiriztion then castitites the resdting
rarocd] Jacat.

W qpdyirg a (Ato a aaex gliriztion pdiem there ae
twmnstraeges fa lading the arstrarts impmed may sdtian

1 Alowaostrart viddias drirg the glinzdio poess, ad
artrd the dgee d iddia by atlrg ae o mre wgted
padtytermto the firess fudian

2 heue tht thagut the giinrtion poess, exh irdvidd
dwas stisfes every castrart.

Te ddee d strategy bes sigiftat irpictias. Te fist duceleadk
totle sirpest adfestest gretic qurdas, sime these reed it eface
tle stifation d dl castrarts ly the podeed ird idds. M,
the firess remure Iss baaamre apicted ad e irprtatly

it may be dftilt to ajwst the wgts irtrodeed in the resue in a
wy o tht the catribtion regrd g the qdity o the sdtian ad
the aatribtias regrdrg costrart viddias ae gpariddy bl-
avd & dl tirs. @ the dler lad the seoad strategy dlog a
sirpe firess dHtitian sine o padty tenm ae reechd  Hs, w
ae gaateed thet the remsure d wys exresses saething reairpfd .
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g P )
edwe(P )
q AL o);
ret wti] st taia)
Py = ;
repeet M tires:
sdetp 1 € I, p2 € I
Py =P yU assoalp 1, p);
arl
e\dlﬁE(P C U PN),
PC :IﬁiIE(P C U PN),
V p € P: peilyntaep );
V p € P: peiblyinat(p )
edte(P  ¢);
g AP cU{q});
arl
VpePU{q} : gitmp);
g =bst@P cU{q})
atpt g ;

Fare Al Qutline of the al gorithm
reperted sd etion ad 1tirg & irdvidds franP c, ass d dhpirg
Py d size M is graded Te sdedion strategy suld refedt the
pirdpe d suvd d the fitest, ad wirg the teridegy & [§, the
sdera wsed bere is stadestic saphing wth redacarat. T is, the
idudd p  ; € R is sdeted wthpdability

Fpi)

2 pePc F (P )
were F' is the firess remsure, . Sticn A32 Te tvo rtes reechd
fa ae assoa ae deted imdpedhtly d each dler ad ay ind-
vidd 1y ke sdeded ay niter d tires intle ssagrerdion B
refadrg sae irdvid4ds in P ¢ Wwthirdidds franP N, aTevar-
rat grerdtion P ¢ aags. A gpeedtothe sdedion sdemsad far
acsoq, the detian pafarad kere is dtarinistic' Te rew P c is
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A3 Irxscriptionof the Al gorithm

Te cogt o the QA Wich we irtrodeed by Milad [§, is Tesed
artle ida d gfirizg ty smaig hdggad edition In retue,
the indvidds d a ppldia adyds to the enirarat in Widi they
live T fitest indvidds Ime the higest pdability € suvd ad
terd to inresse in nibers, sine thar repoddion rde is high ad
thir daaderistics ae iterited by thar dscadhts. @ the dher
lad the less ft irdvidds texd to de at. 'Hs Iavinan pird-
ped ‘G d the fitest” cn be wedin giinztian Ghensaa
glirtin pdlemeg the rarodd] Jamet pdlem dfie
1 ndi vt dual tobe asddion ad dfie armsre d fit ness d aidvid
wl. Tengrerde apopul at on, adsindde ameddiopares. Te
st irprtat caprets d this poess ae reproduct @ on ad nut a-
t 1 on, fa Wid gpiction spdft qardas e to ke dsiged  Ater
smddiond antter & generati ons, hidlyft irdvidds vll emge
wich aarespd to god sditias & the ghen giinztian pdlem
Agrerd itraddionto (A is gwnineg [§.

My aiats A enle fardinthe litestue [2 4 6 1. A
atlire d the Qusedlere is sominKgre Al Ater iy presat-
irg anoeniewd the dgrithnits vaias caprats ae dsassedin
dtdl inthe fdloirg sisetias.

Litidly the arred ppldian P ¢ 1s aastrited fraradhly gn
ertedirdvidds lyratire grerete( P o). Teftres d exhirdidd
is capted by ed wte( P o), dsaibdinSdian A32 Sree tle qd-

ityd ayindvidd is rddivetotle rest  the ppldian captdian
d firess reqires tle caplete ppldianss impt. Rutire st @ P
sdeats the hest & the gvenirdvidds adis wed thaguot the po
ass to lep trak d the best indvidd ¢ evr ssen Ehesatian d
the ater repeet 1agp axrespas to a cagete simldiand” ae grer-
dim Toguot the gfinwio poess, the niber  indvidds
M= Pc| islgh astat. TFe niber d grertias to ke simdated
dypas an the pogess o the search process itsdf, & dsaribedin Sec-
tin A36

Ryoddim initides eaxh gredian  Mirg is sindeted by the
aosoer qraa dsaibdinS®dtianA33 Geenapir d irdvidds,
the aosoer qeda podes ae dipirg  Te oed] prpse o
aosoer is to asue epadian d the paising pts d the search
spee. Hee the diping podeed Ime to resatle its prats. B
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Te rarocd] pacaat pdienis then to capte the fdloing
o Tedndute psitiond exhddl.

o Tk tradfardian & exh dl, i.e, its aietdia ad pxsibe
refitiafs) inae a hith d the aes.

o Aratage R wich dfies tle die d tle lgat.

I exh d tle far adred sets & i otarids, an dsdite p
dtin dag the caresprdig ede & R d exth terid in the
set.

Te djetive is to niirire the aen d R sjet to the fdloirg
aystrats:

N pir d dls calapeach dler.

Te retage R edoss dl dls ad s gpyairde hoizatd
legh W.

Te 1 otaritds ae pritiaed so tht the adying vithin eech
st is presered
o Te aemithin R, Widhis & aaped by dls, is sffetly

lage to axtan dl ratirg reedkd to irdeat the irteraarec
tias betwentle odls a5 spedfied by the genetlist.

"Breet thelest castrart, the reessayratitgaenis estirteddrirg
the parrat poes. Hs estitde is sed an the fdloing ssup
tias:

o Teamonpellydlsadtle aensedfa ratirgaedsgjart.
o Tolaas d d ae wdfa ratirg

o Al rts wll e treted & sigal s, i.e, dl vires wll hae the
rivinmicth dlosd by the tedrd gy

Te rarod] pamat pdlents ben dom to ke NPhad [4.
hitharae, the sdition gxe is etrady lage.  If w igue tle
paeat d i/otarids ad aly addr the gagat & n dls
so tht they castitite a rtrix d sam pedfied s, w ddan
On!8") s alowr hardantle size d the sdtiongaee, sine eahadl
cn le trasfaral in 8 dstint vas.
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A1 Introduction

Alag niter € dgrithafa the pagat d dls in W 1aats
Iae been daed qeddrirg the lest todbcads. Arecart suneyis gven
in[l. A the curat stete o tle at, simdaed areding (A is ae
d the et ppla gpedes. Adgrithe podes ligh gdity
Paeats & the ast d etasie rutires.

Ales pedat type d pdamat dgrithmis the gaetic dgy
rithr(. In[4 15 11 Gfa stadrdod] pamat ae ddqed
Te prfarace d thee dgrithm is caprdle to Adgrithn
Hich qdity paserats ae didred & the at d etasive rufires.
D ar kolede aly tw ppes hme been pHished in wich (&
fa mrodd] pamat ae pesated [3 3. Awll le avartedfa in
Sctian A3 hth dgrithmare sigrifeatly dférat frantle ggyach
pesated here.

AQ\fa the twedrasad hn pdirg pdlemles heen dbd -
qedly Iger ¢ d [, Te tedrmasiad hn pdirg pdieren
e senas the hyptleticd spead cee d the rarod] paaat b
lemin Wich 1o rets exdsts, i.e m ratirg Wil ke pafaral In ths
ppr a (Afa the marod] Jaerat pdlaris dad ged bsed n
arpdesie etasas d the gretic ey ad gretic gedas
fardin[g. Te resdting dgrithnis cyalle d poddrg Jacerats
Iairg a qdlity capaie to the best pHished residts.

A 2 Probl emDefini tion

Intle literdure, the dfitiod the raro ] garat pdlemanies
digtly (dsistat wth the spdfediand the NI Chadals w
dHie the pdlares fdlom.
Teimpt is g
o Ast d retapla dls, eahd Widhhs aniter o taritds
priticed dag its edys.

o Aadrdsst d iptarims fa exhsick d the dipudy an
strtian Tese tarinds aastitite the ittefae d the dip

o Amdlist speafyirg the irtercaretias beten dl terrinals.
o Agpairdehrizrtd leghlWV d the dipudr aostritian



Appdx A

A@#tic Agnithmfar
Mdiro(d] Paoaat

Hs pper dsaibes animpoedasiand the dgritinfist pesated

inH Ishersen “Alaetic Agrithfa Mo ] Racrat,” Proc.

of The Furopean Iksign Autonution Conference, pp 25, 92 Te
irpoasats ae listedin Stian 812 e 64

Abstract

Arewgatic dgrithrfa marodd] Jaemat is pesated Te d-
grithmis beed m a grediztiand the twdrasiad bn pdirg
pdlen Te gretic evadrg ad the gaetic gerdias asues tht
dl aastrarts d the pdlarae dwys stisfed (dveqatly the po
tatid pdland the ammaprech d abg prdty tamto the
ast fudian ae diritited T dgrithmlies been tested oo NIC
berdrals ad tle lagat qdity didred is capadie to the hest
phished residts.
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d ths theis is tht the Ais a ey paising ggyach to the pds
lenarsidred Hs cadwianis futhe egdesizad by the fat tht
ths wrkaarts tothree raryears aly wile anhlarger effrt bes
beninetedintle e d eg sinldedaredingfa these gpictias.
Hree, sigifeat fiture impoamats ae lildy
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prfarace Hoe, fa pdlem bming decateristis sirilar to thee
carsidred lere, tradtiad bray evodrg adiar staded gatic
qeraas shold e dadred deee they dstit efacat o
arstrart stisfatian

Aniter f pdiemlae enidatifed angiditle rutira
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dad ged dgrithm ae very d ovaapred to dher gyvades, vith
the ¥zdgrithmbdrg the aly emggian Tt is Wiewd tht tle
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tqday d the malH, i.e, the niber & sdpplatias, the nier
d poesitg demats pr sippldiay the caretias beten lo
d atrdles, dc is dfied & rutimm s the fist tek d the dda
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sis shald ke tagted far such lvdae. Agod speedp d @ (A
still be didred an iercareted walstaias dspte the fat tht
the camiictian is ey dlovaapred to tht  dler NNDa-
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(dprirg the daadeistics d the dgrithmpesatedinthis the
sis to the litedire on prdld @A, there is 1o resm tht a gad
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ae sippldian to adher. T gestianis to Widietat sdetian
shaldbe dstribted s dsaibed adto inesti gite this eqariratdly
aral d amdld Aws ddged Wichis illstrated in Fg, 61
Te ol irdwds a8 sprdd ces eah d the ralls farig dffsian
ad rigrati on dscssed in [Mifad e 9) Tod1 91).

<— subpopulation
processing element
local controller

global
controller

Hare 61 An exanple configuration of the parallel GA having three
subpopul ations each of which have three processing elenents. The con-
nections of the global controller to all other processes are mot shoun.

Tree typs & pocesses edsts: proessing deats, lod aatrdlers
adasirge ddal atrdle. Asippldicyasist d ae lad an
trdler adanrher d poessirgd eats. Telod artrdler prfamm
the sdedtian wthin the supplation ad then Hegtes tasls to the
poessitg deats. F task aarespad to ae a e esntias o
agaetic grda mirdvdds d widiapies ae gen @ziadly
(apes d) irdvidds my rae franae sippldia to adler,

& ird cted by the itercamedtias o the lod catrdles. Fe gda
axtrdler is caretedto dl dher prosesses, i.e, dl lod aatrdles ad
dl poesig deats. Te tals o tle dda atrdler ae to tde
cxed i/q dstribte the pdiendfiitian adledt sttistics adresdts
adatrd temimtion Sreed]l camictias ae ssydraus, the
sippldias reer ke to vt far each dher, Wile ithneachsib
ppldiatle lod artrdler bes to sydraize its poessirg d eats
ace pr grerdiande to the sdetian

Tis ml s ben irdeated a a traspter etk Te
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exxcechd aald dso patidlyimoe rutita Asuafa eage a
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wst sdtion If, drirg a doodrg process initided by the aosoer
qeraa, it anbe dtarired tht the aot o the @tly grerated o
spirgwll exeadthe ast d the arrat vast sdtiay thentle daoodig
d tht dhpirg cnbe iternyed sine it Wil ot ke irserted in the
ppldio aywy

Athaghtle irpoaats rati aed dwe ae exeded to ke very
ddive if irdaated it is dill @ g gestian if the Jaaat
dgrithm wald he dle to lade the lagr badmals A3 ad
ArD in a resaile anrt d tilm Srakndd Heradicd parti-
tiairg s wad by eg  the BBdgrith|@ucra ] ad the BR
syten{1d 8H vald pdaly dso le reedkd

632 Prdld Gsic Agrithm

(dsidyr the daateaistics d the (Avithtle djedive d dld po
asirg inrid  In exh gradian lag ssqaes d tle qardias
perfarad by the garetic qerdas ae indpadat, i.e, they anbe
pafaral in ay adr.  Te qaaas rdy e lod ifardian aly
(e irpt irdvidds), ad they regire mpuifamanarts d tim
becase d the dférat typess f qerati as adbecase d thar stodsstic
mtue. Te aly saqatid deat is the detian dich dpadk
the rd dtive firess & the ird idds ad hene regires kobede o the
firess d dl irdvdds & acatanpart intire Tese daateaigtics
d the Aae the resm thet the dgrithmis wl sited far pdld
irmeatdion oo NNDaditetures. Awst literdure anthis tgic
exsts ad gredly god spedys ae repated  Midle vk an -
dld A fa abmaid ginrtiais de lyeg Melane

d [Mebdn&.

Te ley isse wen irdestitg a pdld (Ais howto hade
sdetion @k pesiblityis tordaxthe idatlt every indvudd hs a
pdablity geder thmzerod bargdsanineaysdetianstep Hs
cn le die ly dudig the ppldiairto anter o sippldias
ad restrid sdedian so tht prats ae dws dwsen frantle saa
sitppldion D dlowvifamtia to spead thagut tle efire
pplaiay it duld dso ke pssibe fa a irdvidd to mae fran
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irdeatdiais animprtat adatege d this dgrithes capred
to dher ginmtianrdlok schas eg simded aredirg

631 Ipoasnts d tle Squatid Agrithm

Te mn resm fa tle ecssive rutira regireats & the arrat
irdeataias o the pacrat dgrithmadtle dda rater is the
reprted aaptdion d dard dhsities, d. Sdias 522 ad h41
A~aias pritias fa abokis tried at by the et dgriths
dard dsities indvrg tle saaset d imtavs ae aapted oer
ad oer ggin Te aly dffree franae aptdia to the et
is tht the Hodk to ke paed lss been maed digtly Giretly the
dard dEty is apted fransadd veser a ewpsitian is
triedat. Sgiftat annts d caaptdion ald ths be dined
by g a dtastrutue widh dlog the dard dasity to be dram
idly ydted s a Hokis difted dapg ae drasian Te sitiian
is sirflar far the gdal rater. Hre the sets d ternds indvwedintle
dard dmity captdias ae fied ile the vayirg fata is the
ets ateigleaing a dard. Mwe, aptdio tiraald ke re
ded sigrifeatly by wirg dita strutues wich dloadtle drsity
adard to ke draidly ypited s the sats € rets aterigleaing
the dard wre dtaed In the arrat irjeatdiay deee a
chmityis reedd it is capted fravsaddh It is it even deded if
the ratirg d the dad hes dagd i.e, if arewaptdiais &
dl reedd

Agirgtleidad the st eady- st at e GAis adhe ptetid pssibl-
ityd reddrgrutita In a steadrstete (A the assoer gadar is
giied aly are pr grerdiay ad the grerdted dhpirg is irsarted
imadadyirto the ppldiay fa eage ly redaat o the ar
rat porest sditiafs). Hs catrests the sdeawadinthe dvd ged
dgrithm inwicdhapd d n dipirgis grerdedinechgradia
ssungappladinsizd n . Bdinmingthe sydraos e
d the gradiay the steadrstate (Aptetidly dlos god sditias
to spreed thraghat the poplaion nah faster thn the grerdtiad
A intemd niter d pefaral aosing. Indler wads, the d-
ariths pesated here pdally spds nah tira in eech grerdtian
poddrg nreos dhpirg in eaxh grerdion wich ae rever wed
Hweer, to aadtht the steedrstde Aaneags padudy to a
locd qiimm the fatas atrdlirg the sdedian pessure duldd he
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ay liritdias, addl rets ae restrided to pttars d a crtan type

Te BRlgat sytendlos foaparing ad ddal rating to
le dedyitedesed A dsaibedin Sticn414 in BRa dw-
terirg tree is aostrited initidly ad fbaparirg is then pafaral
drirg a tpdom traersd o the tree  (dal ratirg cn be inoa-
prated irto ths traesd & dsaibdin [[H &Y. A exhled &
tle Herady agdal ratirg gghis etrated vien the fbapanles
heen dtarited Al 1ets ae then ddalyrated intamad the rat-
inggah Wnpoeedipto tle ret lowr led d the herady the
ddal ratirg gah is rdied aadigy ad tle ddal rate d eah
et is rfiedintermmd the rewad e dtdledgah (Gseqatly
& the tree traesd pogesss toads the lemes, the ddal rate far
each et becaes inressirgdy acourde. Bitheroe, the ddal rating
parfarad & exchled déds the swead g pacaat stas, didhis
eatlythe kidd feedadkvated Afat aaptaiond the Sdrer
tress aarespudrg to ddal et rates magwnled d tle Heady
isreqired ki this prpee, the duce d fbapas is restrided so thet
the etrated ddal ratirg gals dwas hae a catan famin ich
anmmrSdre tree cn ke acaptedin lirer tira  Weer, this
sdead smdtaros fasat ad dda ratirgis b wedintle
lder vesiond BRpresatedin [[3 &) Isderan &.

Arert gyyach i hd ed yirtegretes pacarat adgdal rat-
ing i S clped by Bt al Ghen [t 91, Bt .
Te bsic idm is rearsive prtitiaing arbired wth a dledian &
peanted giitd Sdrer tres i an ke wed & exch led o
the Herady (bdal ratirgis refied &8 lomr leds d the Herady is
aus dred adbee frantlis oerd] vewpdrt, the bsicides ae gite
siilar tothse d [1d 81. In[Bpt G tle prfarace £ IPis
arpred to tht  TikerWF adis fard to ke irferiar wth respect
tosduian qdityht auat fie tires faster.

6.3 Runtine Probl ens

It is exrdtedtlst therutirad the pesateddgrithmcnberedeed
sigifatly by irpoirg the seqetid dgrithmas dsaibedin S
tinG31 Adther ad indpadat gyyaach to speed yp captdian

is to mdldiz the dgrithm = atlired in Sdticn 632 e fat
tht the Ais prdld by mtue ad beee vary Wl sited far padld
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the Aaatext aleyissie then beoaes tht d dermirg the rd dive

firess d sdtias ile & tle sam tira addrg expessirg sdtian
qditylyasirde fare d rait. In[losea it is dsaibedlontlis
cn'e dre so tht the Aseardss far (sapes ) the Paret o- opt i mal
set, Widis the s¢t  sdtias in idh 0 sdtian cn ke irproed
Wwth respet to ay sirge aiterian vithat dgredirg the e d &
lesst ae dler aiteian Te Bretoset is vt the dsiger is lodirg
fa intidly Whn (saples o) this st is kom the seach cn be
foassed an cartan itterestitg susets by inaprding castrarts far
saad tle aiteia A pittedat in[ksead tle Qs wry wl
sited far ths knd d gfintiayegdadio bease d its hiltin
srdtaros inetigtion d 1Ay dtemtive sduias.

6.2 Simultaneous Hl acenent and Q obal
Routi ng

Te irerat pdland tle atifid sqaaiand the nidly dpm
it Jarat adgddal ratirg teds lme benamnthaathagh
(hges 4 ad b Drde the sythesis poess angdle, the tals
ware seprated wen this fdd emged ad the sqadion bes been a
stadrd asugian eer sime Bt drirg the yeas a better uds-
stadrg d tle pdieam Ime ddged ad it owseas wtud to
inetigte the posiblities d a revifction d the pdlem  (ealy
d& lest in pindde sditian qdity sald irpoe wen a pddemis
sded s avide raler thnly ahirgsditias d dpadht sib
pdlan @ tle dler bad the uifed pdlenis d aurse badr to
sde thn the shiyrdda® o in patice the gestian is ether the
uifed pdlancn te sdwed sffiatly Wl fa the ptatid qdity
inroesat to e

Histirg wrk an sindtaeas paat ad ddal rating is ex
trady lirited I, B tle sirde dsign stite d gte aras, a sdem
fa snltaeas Jaeat ad ratirg w pgused & ealy & 1982
in [Brten&)]. A gpach fa hildrg Bak laats restriced to
didrg strutures is pesated in [Sepaiec &, Mwer, a niber
strit assuptias peats tle paticd giclity d the dgrithm
It eage, ratirg eante prfaral oer the atire dipaea vithat

Tt is not clear exactly what the term “simmltaneous” nmeans in this context, but for the
discussioninthis Sectionit is sufficient to think of a very close integration of the tvo tasks.
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rets ae still trees, ht the aitedmrmnmedis the radws. Mdyad
Rhirs dadys the irdidt ssupgiawed thoguot the litadue
fa yeas, tht aret is a tree [MyH. Wiy the socdled Hnxe
o o dHay they slowtht mrtree rating ny sigifeatly im
poe the day 4 arddivdysd] ot internd virdegh

1 rter Widh dHayraH is wed toadyt the I grithnto
dHay rimnztiay it is resary ad sffiat to reae the daody
(ad dter the ast captatiay). Nessityfdlos frarthe fat thet by
eantirg an Ilaristic, the arrat doodr rdies an kobede o
the aiteian ginied Sfferyis a aasegee d pdlewspdftc
kobede barg eqddted by the doodr aly Hoe, a rewdsody
suldirdeat a laristic wich gvena st d sdedted vartices gn
ades afesile spming gah d resaste lovast intam d the
HayraH wad Agad prfarace wld be epated . tle fith
agetire d Stiandh

Thirg to the qestion d the Fadrg d vaias pesi By capet-
irg dyedties, redl tht ind] pesateddgrithmaeais genliger
piaity thm virdegh Sne hth qatities ae resured wirg esti-
ries rether thn ead s, the strid piaities my in saa cses
dHeriade resdt gdity s pited at inStianh21 Keer, fran
apaticd part d viewan eennore irprtat issieis the atid reeds
d tle dsiger. \Wn aterirg the lgat sythesis e, the dsigers
kobede d the praerties d the futwre drait Wil te lirited to gite
raghestitites 28 poiddlylighled sytlesis tads. Fadae, dr-
irg the laat sytless pese the dsiger Wil typcdlybe itterestedin
edairg aias trabdf btwen aapetitg djedtives suh & eg
aen, speed ad porr casupian Iritidly the oadl dyedive wil
dten it ke dealy died & it dpad an tle atd ad till w
kompesihlities. Terdare, initidlytle dsiger is iterested ina set
d sditias rdidirg the pssile trabdE o the aiteia casidred
rdler thm a srge sddion  Ten & kolede d the pesiblities
is aqired the dsiger may vish to efae astrars m saa ai-
teria (rowkom to Te stisfille) ad then egdae prsibe trabdf
aay the raArnie aiteiato dfana klawdsd timsdisfyirg the
arstrats.

Hs kind d miti-djedtive giinmtiayegadinis inetigted
franthe I prirt  vewin[Ixgpa 9 Wa 9, adfratle A
pirt & viewin [eaa F. Te qdityd asditimis eqresadly a
watar & des, invhi cheadheatry arrespads toaspedfeaiteian In
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My spds d the vk presated in this thesis warats futher re
serch  Besed an the edwtias & (hder 5 this Gder dsosses
three prtiadar irmprtat dredias d pesibe fbwe ok Stian61
isafdlompatle dsosiafrantetias hlladh2 1 atle dace
d giintetian aiteia ad lovthey shold be lawed  Fe aase
qeaws d tle strag niid dypadbee d the agat ad gdal
ratirg tals I ben a rearret thea in peedrg dades. Bs
sipoests a doser itegetion 0 these tedds widhis the tqic adbessed
inSstin62 Frly Stian 63 pesats anrber d pesiblities far
redarg the dsened rutita pdlen, . Stias 521 ad b4 1

6.1 ptimzation Giteria

Teisse d ghinztimaitaiaindyes twrAngestias, adbessed
intle fdloirg 1) Wehaiteiastodd ke gitived ? 2) Hwshold
they be aahired 7

Apittedat inStiana11the dde d rnnsirgaenis higly
rdeat frama paticd part d vew ile the nninwtian d to
td virdepth sold be reaced by the eglidt rninztiond day
Te dirt regired to irdaat ths dage dpad @ the etat to
Wich the dgrithmegdt pdesspdfc kolede. Io- the pae
rat dgrithwy tle dage is rady a qetion & redadrg the tdd
vird epth etitste ith a Hay etirte. Keer, fa the gdal rat-
irg dgrithntle sitetianis mre capicted "B rinirive Hay the
Ird grithmrepeeted y 1sed in the fist gase shald rivirize the
Hayd aret reler thmtle ret lagh Wias aHs d Hayedsts.
In[Gg Y Hayis dfied frartte radi us o amt, Wichis the ra-
mrate lengh frarthe sarce terrird to ay sirk terriel.  Hine,
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o Aepriare frantlis wkis tht fraxa paticd pirt & vdewy
it is infat qgite emy to fid settirgs o the Aaatrd prae
ters idhyid & god prfarace. It is diitdy esier thm ae
rigt thik dter hmirg aasdted tle literdre, in widh qite
a fewppars ae aavared with the isse d ade duws, d.
Stian 344 'Hs is b to syt a fied st d prades
Wl b fa aydgrithm @ the catrary de to the cagicted
iteratias btwen wios sdetion stratedes, the (bimay)
avadrg wed e it is messay to pafama seies d experi-
rats to fid good settirgs viereer a rew(Ales been disi gred
Kweer, ths poess is tedas raler thm dffit. Fanex
priece vith pedas dgrithe d a sirlar e, ae s a
(retler sll) iterd o fesiBe duwes fa edh prager. Hrd
igacahmrtiavichls Wl entlente prfaradinsaa
swetadic wy & s ben die e It is dso lildy tht the
rda(Agqpach dsaibedin Stian 344 is a god wy o ax
tadig ths wrk proess, ichalyles to be dre are ad far
dl Wereer arewdgrithris dsdged
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o Idtirdias d aen ad iteracaret lagh shald be anude,
sine & dready ratiaed the estirdes dbdivdy anits to
atlrg mdse to the aot fudtias. If the mise ragnis i im
irired the wak pafaral by the (Aintle lde gese, invich
st d tle tim is sped ad aly rddive sdl impoaats
ddared rayhe partless. Hs sitition supests the we d edti-
ries d Widh the arayy is inressed draiedly a5 the qi-
TI7eb] O [POCESS [OesSes.

o Tewed inasiay qerdas is barg ddated ang researders
ad there ae aafldirg vew & to vietler inesion sodd ke
wedar sustitutedly dler tedriqes, d. Sdian34 1ad[Bi B
ddagd]. AmatiaedinSticnh134d]l A ddgedin
ths wk gylies inasian qerdas, ad dl epeirats dich
attessed inesian, tured at infaor d the gaaa. Hoe
the inasian gqerdas is ae d the atrihtas to the diared
perfarace.

o Te Ydgrithmpafars hetter thn the dler A dod-
qed in the sase tht it is dso rufira captitive It is an
jectred thet by grerdizirg the pindpes d the G grithm
highpafarae (A fa alagr das d gghdgrithnente
didred Asirge btstrirg cn spedfy sdeded wartices adiar
edgs Wich dold e (at ) a sddian to a gwn pdlem
B wig a fat, dearristic laridtic fa tht pdlem a sam
dler reir dgrithmthe daody enimure tht ay btstring is
iterpreted a5 a fesiBe (ad pedBy resasly god sdutian
Sachd gretic qurdas anle gplied Bapes d pdlen
Widh pesudly are Wl sited far this agyadhy ae the rad-
mmircparht st pddem the minndiqe pddarad
gah darig 10,

10Tn the case of graph col ouri ng the genot ype shoul d be a string of integers specifying a col our
for each vertex.
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5.5 Overall Eval uation and Conject ures

Sraizirg the edwtion d the dndged dgrithm they ae dl
higly capetitive wth respat to sdtian qdity k& the Jaat
ad gdal ratirg dgrithw ths ares & the st d etessive am
ptdion tires. In aatrast, the Idgrithmis dso aaptitive an
rutim Qadl, the ddadred resdts ae vay evaragry, espeddly
ams drirg tle dvd qrat timinestedinths pget, Widis dat
3mmyeas. Sgifeatly e tirals pdaly benspad mna s
tensucth & Trier AN

Te ley qestinis & aarse et ae the resas far the ddared
prfarace ? Fefdloirgconject ures aedieedtolerAndeamats
d the asvar:

o Hist 4 dl, the capextyd the pdlamraes themd] suted
fa & d Sticm31l2 'Hs damis syparted by tle fat
thet the dave qoed (A 1des very litited e I plespadftc
kolede, . Sdian 513 Indler wad, the resdts ae it
dbared by (A heaily rized wth dler pdlenspedftc tedr
riges, ht d raher ‘pre’” (& 9,

o [k to the mue o tlhe pdlaw cstrarts shold ke laded
by efacaat, addrg prdty ters in the ot fudtiay d.
the dsasmiond Stian 343 A aditiad ressm is tht the
dateds d pad ty tars beoaa een e pravred far the
prdiem axs dred bere bease o the ind wd estirtes, Wich
dbtivdy anits to atlig mise tothe oot fudias. Srmex
perivetd ird ctias sypats ths dam Terat sigrifeat df-
fererce betveen the (Afar the Ipesatedin Aperd x Cad
the QAin [Kgsdis Y is the castrart ladirg straeges, en
fawat vasis padty Te pafarace resdts ae vay dealy
infaor d tlhe Qg efaceat. Srilaly cpring the
Afa Jamat to R ae d the ma dférews is tle
avstrart hadirg strteges. Agn the dgrithnsing efae
rat dealy pefars best Wth respet to sditian qdity ile
lere captdian tires ae eqd Wthnafata d twa three

9The devel oped representations are hi ghl y probl emspecific, but in accordance vith the dis-
tinctions introducedin Section 3.4, the representati onand the use of probl emspecific knovt edge
are consi dered tvo distinct issues.
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542 Etirias d Ritirg Asaadhtacast
Iagth

Te estirde d tdd virdegh capted by the (Ais eatly = the
etirdte 1ed in TierMNT Wich is dealy moe acaree thn
tht d Mary de to tle dffrat strdeges far poitiaing terrimd
‘ertices.

(dprirg the ratirg aen estitde d the (Ato tht d Mary
tle Apafam the st acarde coptdion A egaredin So
tim422 inMarytre wdhd the dard arrespadigto anede
d the ratirg grah is estirbed by a fied aatribtion ad a feibe,
tht ldter & widhis pgutiad to the niter & rets aterig a
lemirg the dard. In catrest, the A captes the eat dard
chmity comiding dl rets ad wirg ead tenimd loctias. @ the
dler lad Maryis cgalle d agwsting the pacarat, vithncartan
hords, ile the (Ardies anthe capctar to b thet. Te tdd aen
etirtion d the (Ais lsed an the sssuphian thet dl dards dfir
irg the leidt ad vidh d tle fid laat, Wl be capted to thar
rmnnwidh by the capda. If tht is nd the cse, the Awill
uthrestitdte the tdtd aea

Aamn pdlend the aen estirtias d Mary ad the A
is tht they hithrdy an the ratirg grah tgpd gy to be presered. A
is dsaibdinSdtian B 1, pee 210 if the pacarat is ajsted dter
ddal ratirg o tht the tqpd gy d the arrespad e ratirg gah
is dtered then the aen estitde ray beoae vary irroarde a een
reitgdes. Adler vy d sgirgthis is tht the ghen Jacerat s
to be sftiatly good to assure thet it Wil aly reed rimr adwstrats
lder n Adin ths refbds the strap nfd dypadhce betveen the
paaat adddd ratirg tels. Wle the ratirg ggh tad gy is
pemadind] eapes d 'Hle b9 Stian N3 pee 26 irdwds
eape o vt v lgpn den tht is it the e Te isse o
racroing the gop betven Jaceret ad ddal rating is hagt p
inStin62
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Sree there is 10 stadmstic waidian ven wirg TrerWIND aly

ae lgot we greded Wi tht rater.  He 89 apres the
tdd aen tle ratitg aen (i.e, tle tdd aea 1ins tle sund tle

ol aes) ad the tad virdegh & tle capeted lgats 8. Bh
atry is capted s 100G A es | T Wes — 1), dre GA 5 s tle resdt
wig the Qad T W res 18 the resdt wirg Trer WM Mg, a

regtive Wi is anipoaeat in praat d wirg the A Te A
is dealy sysriar to Trer W NIvith respect to layat qdity Ier
Xrx the area reddtianis ddadred by inressing the ird erghy vile
fa the dler eages, aea s Wl 5 rdaghis redoed Hiwer,
tle qdity impoaat e & alighpie Wle Tier AN
spards dnt J) seaadk ratirg edh d Xk ad A3 ad dwat 5
rintes ratirg A o aerge the (Aregires dnt 2 rintes
fa Xk 12 rimtes far A3 ad 1D rintes fa A Al s
ae dgsed tiran a Sn Sae [X Te Agpds mt  its tim
aaptirg dard dsities, Wich ae apted fa dl edes o tle
ratirg gah iereer a rewrating sditianis edwted B legprg
trak d the atid reed far recapting dard dasities it is eqpted

tht the rutiracold ke sigifeatly irpoed

Grait Sltian Bd aea Ritirg aen Wdegh

X hest -1 9 —4 7 €0
ag —1 4 -3 5 4 8

A hest -3 0 —4 7 -1 5
ag -1 1 -1 7 —Q 2

A hest —4 2 -7 3 -4 0
ag -3 7 —6 3 -2 9

HehQ Relative tmprovenents obtained by the GA conparedto Tim
ber Wlf M. Best and avg. ts best and average of the five runs perforned
for each circuit.

8The circuits listed as Xerox, An33 and Am49 corresponds to xerox- M, ani33-2- Mand
am49- 2- M respectively, in Table D2, page 217.
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5.4 FEval uation of the Q obal Router

Te fdloirg Stian 5 4 1 edwtes the lgat qdityad aaptdian

tilmd the gddal rater, ile the qdity d tle estites ae an
ratedin Sdtian 542 Hoguot these ssdias, the taemGA refers

to the gdal rater pesated in Apadx I) 1 nber VB f M refers to
tle gdal rater d tht syten]Sden & Sden B (Stin421)

ad Mrcury is the gpach d [Neizk & (Sdian422).

541 Pdarmae

Sree the (Arimiriwes aen ad seaadrily tdd irtercaredt legth
Mary rimitizs the legth  aiticd rets ad seaadhily aeny, ad
Trer M Mriviniwes tdd iteraret lagh tle pafarace

the Adud dpeerdy be acxpredto tht f Mary Watustdy

fa prdy tedricd resas thit ws it posibe 6, Tsteed the GA
wi aapred to Tiker WD Iespte d the dstint gliniztion
aiteria ths aprism still poids soaimigt. Inthe fist fdese
d ddia ratirg, hth rates dtaps to fid the dutet pssibe
rates, ad cuseqatly ther gese tw dgrithm ae ghen sirila
impt. Htherae, the sdediand shat rates dtenl eads toressadtly
sl avess.

In dther respects the caprisan @ the tw ratas is pesudly
far & ths knd d camism wll eer e Al impt pdaaats ae
grerated by Ry an SAbssed tad irterfaced to (dtads ad bth
raters ae dsoittafardto Md ofdtads. Geeqatly dl stes d
the laat sythesis process, exgt the ddal ratirgitsdf, is pafaral
by tle saaset & tads, Wichdes it far to cape the capeted
lagats. Mtherae, the rates ae rin o tle sammatire, dich
rdes the aaptaion tires resasly capmdie.

Racerats o the NI Chedhads X Av3 and AidD vere
wdfa tle eprimats. Tk toatediicd pdlenit ws reessay to
reae dl i oteris (pd) frartle eages . B exheale,
fie capeted lgats vere grerded wirg the (Afar ddal rating

SMrcuryis included in Qttools version 5.2 installed at Aarhus Thi versity, but our version

of the programis not functi oni ng.

“In Qettool s 5.2, the pl acenent of pads produced by the programPadpl ace can not be handl ed
by the channel defini tion programAtlas. This is the sane probl emthat prevents the use of the
(A based router on pl acerents generated by SAGA as nentionedin Section 5.2.1.
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"He 5 8aupres the dwd e captati antires reqired by JHI,
KL B2 adtle A & exhdgrithrad exchdas & gais, the
twetries gves the riminmad rmimmoptaintiraregired
to sdve ae pdiem Le, asidying Bl addas C tle esiest (far
Kl) o tle D pdleanws sdedin 10 s dile tle badst (far
Kl) reqired 4, 8B sccadk. - the (A the dwes listed are the rivi-
madmimd the aerge dis ddredfa echgah Wn
axprirg the dsdie s d "Hle 58 ae duld leepin nd the
dftrat radires wed Kl ae rmama WD ad B2is rma
adnSac 2 k& I adthe A a Sn Sac [Xws wed far
g frandases B Cad 1) vile a ICMs 31020 wre 1sed

fao te ggds d das E
Kl 2 SHI @A
B - - 0 B 0 1 0 4
C 0| B8 5| A 6l 1,34 O ai
D 4 | 261D ¥ | AU £ 60D 50" 34
E 1™ - || 4 -7 |43xD07 |73 | BB

He 58 (onparison of conputation times. Al values are CPUsec-
onds onthe respective nuchines used. Ahyphenindicates a non-available
val ue. The nuximumvalues of SPHI for classes Dand Fare estinutes.

Iespte the we d dffrat madires it is dear tht the Arutires
ae dwas vayrabde amedtoay d the dler dgrithm Bth
Kl ad 162 ae de to sd e stapdlanetrady fast, adnth
fater thn the (A Bt far dher pdlag the rutirad the badh
adat dgrithmegdot ad eenpeats ssapdlenfrarbd g
sdwed Te mimmdes fa das Eae it adldle far these d-
arith® sine K1 faled to sdve ae d tle pdlemvithina 10 dy
@lirit, wile fa B2 [Luoen Y alylists rutives fa 5d the D
gais, pesudly becase d rutimpdlan Gsidring the esti-
Hed tirs  JHI fa tle lagst gads, frama paticd part &
vewths dgrithris it dle to lade dl pdlemetle.

Sraizirg fron'Bes 57 ad A8 the (A grerdes sditias
Wich ae very doe to the ddal gginmmith aligh prdahlity e
(Ais dso aapetitive wthrespedt to rutiraadis the aly dgrithm
e d gradig a sditian fa dl pdlem wthin a ressasie
aart d tim
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) @ TR AGK TR
o Ahmhadat apachly Ggraet d [Gpad dred
Tere 1y L

o T hadradat gy ly Tuan ad Resley [luern O
cbsaibed in Sctian 4.2 3 ad dated lere by 62

Te berdrak dta sed ave franthe Rlibary [J E Redley 9]
ad armsts d B radhly greraed IGirstaces, widhae dyidd
irto far dasses B ¢ Dad Eaxadrg to sizze Gds in dass B
Ime & ot 100 vatices, Wile indases ¢ Dad E eech grah bes
1) 10D ad 2D vatices, respetivdy Te niber d vertiaes to be
spared waies frand to Hf & the vatics d the ggh ad aeae
atexdgree waies fra2bto 4l Hrce the lagest gads me 5D
ades. (s Batams 18 gals dile exh d dasses C Dad E
artars Dgals. @A sditias ae komfa dl eapes, dich
wre iritidly fard ly a badhadat dgrithnesated amn a @Gy
sypraapter [J E Besley &.

SHI @A
s =W |<% |=0 |<1%

B A4 %4 || 1O | 1m0
C 20 810 RO B5
D 30 k0 5 25
B A0 40 $h0 &0

He b7 Conparison of the solution qualitty obtained by the SPEI and
the (A

Ais atedfa inSsdia (45 pee 19) the gaetic dgrithm
pesated in [Kpdis 9 is dealyideia to dl dher dgrithm an
sicred here, ad ae it dsossed futher in ths Sticn Wle KL
ad 2 fik a ddd qird sdutianfa dl ggds Widh they en
lade, ths is & corse it the cse far SHI ad the (A "Rle 57
arpes tle sdutinqditydtdred ly the 1dtter dgrithm I each
das d gais adexdhdgrittmtwetries d the tdle ges the par-
atae d dl prfaral eeatias Wid gie a sdition vthin 0 %
respectindy 1 % frantle gdal giimm Sree HI is dterizistic
it ws esatedare fa eehgghinexhdass. Te (Aws eeated
10 tires an exch ggh in dasses B Cad DD ad are pr ggh in
das E Sy & meape, R5 % the 0x D= eeatias d tle
Aatle gads d das Dage a sditian wthin 1 %draxtle ddad
qiimmile in 775 % these rus agda qiinmes fard
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eaily be aastnted fa Widh rdtler WP o GSEA en eer

fid a ddaly gfird sdtian "Hrird lactias cn ke asiged to
tle pamat d Hg 51 (¢) so tht this pacarat carespadd to tle
ddal giimfa the capeted 13at.

@ (b) ©

Hare 51 (a) A BL-placenent which is not a slicing-structure, (b) A
slicing-structure which s not a BL-placement, and (c¢) a pl acenent which
15 netther a BL-placenent nor a slicing-structure.

Texe ptatid pdlea d GSAad Wb it dsdoe
thesdes an the bediads. @ the aatrary these systern are the
aes dtdnrg the et lgot qdity Bt the pdlemadd sufae
avdher eapes ad this is me lildy fa GESAAthn fa WP
dre fa a gen pdlemtle spee d didgstrutires is pesusly
lagr thn tlhe spee d Bpaemats. Mthanae, the reddion to
didrgstrutues s sam adataes wih respat to ratirg wichthe
Bpamats drd, . Sstian23

5.3 FEvaluation of the Steiner Tree A go-
rithm

Inthis Stimntle tan{Ardfers totle dgrithndar the I resated
in Aperdx C Its parfarace s been capred to tht & far dler
Fyrcedes:
o Adtanritistic laristic dadted here by I, dsaibedin S
tin(42 pe 1@ Andrgtoacmdiestdypesatedin
[Wier & FHI is ang the wry hest dtarinistic leritics,
adis spria toeg appla dgrithly [ByadSith&].
o Agetic dgrithnly Kgsdis ¢ d. [Kpdis B, dichto m

koledeis the aly gretic dgrithnfar the IGpHished pia
to ths wk
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thn the dher sten Hveer, TierAMMidwds a third fa

ta Wid dpad o tle lation o the dard in the lgat, so tht
dards doe to the cater o the drait will ke vidkr, . Stin4 1.5
Tere is o dlt thet thisis agodida gstid the ater re
dand adrait mysigifeatly d&¢ the size d dards earytere,
ad ths geuamis rether eued by MPror the (A

Frdly soacarats autle aen estitdian sed intle (A an
aarirg the rddia et tle tw tam resuing load ad gdal
apgsticl It sold ke nted tht indpadht & the stting o tle
prades o ad 3, the ddal ratirg fata is it eqivdeat tosirde
Hokeqasiay sine if the dard dasityis zrq dotrat d Hods
Wil ke dlowd Hwee, the peae d wa-dfied pradas is a
datmk dthoghit is b too dffilt to fid sutdle settirgs. ko
a gen pdlem the exated niter d taritds indwedin a da
rd dasity aaptdion enle estirdted far eage by sssung thet
dl taris ae uifary dstribted oer dl Hoksids. Hs ges
hords an the posibe dard dasities, i.e, the mgituk o tle lo
d agstiantaem Fe dsired mgituk  the ddal ratirg tem
can then ke dterrived aosi dritg Boklagls ad the tdd nrer
d ts. Watldes, this isse regires futher inetigtion arg &
dirtirg the praeers.

Adher cavan is the iddawe d tle tw terms wth respat to
ther anrayy Fe lod cogestian estitate is very aoarde bt dso
extred ytira casuig ad the ranresm fa- the edesive aapr
tdintirad the (A (dhrirgit vithales acarde tenrases the
gestion viether the tiraspad captitg dard dmitiesis flyjs
tifed dthogh the acarde etirtianis pesusly ae d the ressas
fa the lant qdity ddardie ly the A

523 Sad Saee Rddias

(Aad KAdfés sigifeatly franthe dher gyyeedes dsassed

by the wy the serchspace is reded. Fe restridianto Bepasrats
fdlomd frantle viewd the et pdlenvs a grediztian d
a bnpdirg pddem In aatrest, NP 1ses the carm reddian
d tle seach spee to didpdrutues, vile rather B} (W a
Trer WM redees the spoe exdaed A illwstrded in Fg 51,
Paaats eist wid ae atdred in the seadh spee egdaed ly
WPht ot by SMAad ice vasa Fitlerae, pdlemen
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522 Etitias d Ritirg Asaadlbacast
Iagth

A stated pedasly the issie d edtirdtias is aquwid ae Te dd-
lee is to fid a sitdle blare btwen axurary ad aptdian
tim Te acaracy dterrires the anrt d mse antle ast fudtian
giitized  In tle fdloing the estittes wed in the (A (ad lae
KA ae dsassad ad capred to thee wad in the dler stam
pesatedin Gager 4 Hwer, sine tle ntue d tle etirtias
the BRsystenare sigifeatly dffrat fraxthese wed by the dler
syetery capism wth BfRis dfilt ad lme been aitted

Satirg thvirdaph NP G ad Trher WINIH] esti-
rites tatd virdegth by the sund the Hf-priretas o dl rets, ad
Birdidtlywses the I f-prrirders intle ast fudion estitding to
td aen Incatrast, the (Aestirtes the laghd exchret ly asunf
the hididen dstae fraveach termird to a aastrited cater-part
d the e, & deaibedinSstian 512 Te Hf-prirder d anet is
a thardicd logr bard an the regired irdegth k- tw tarrind
rets the Adso uthrestiraes the irdegh bt fa rets with thee
a e territds the ird epth ray be oerestitdied  (deeqatly it
isladtosay ichestirdteis the et acurde. Sneethe captdian
timfa Wrdegh etimianis it lildy to ke a serias hdtleskin
ayd tle dgriths timis lady animptat aiterio bere

Thirg to aven estirdiay the sitdest straegy is staic Hok ex
mEaq i.e intidly eqadrg exch Bok by a fied anit in exh
dretian dpadrg an the teritds. Hs sdeg Widhis gpied by
Bad G can be daaterized s bargimoarde bt veryfast to
apte Ibeer, inBtle estiratedaenis dsoirdretly abctedly
tle estirsted ird egth thragh the ast-futtion Fe aen estirates
d NP Tiler' W ad the Al sam oo fedires. Indl
three sptay the etitted idh d a dand ind s tw (atifddly
seprated) aatribtias, ae awouting far lod cgstiay ad ae
avartirg fa dda ratirg, i.e, rets peding thagh the dard. In
WP ad Tiher W MIthe lod capetianis estitted by a sirde
fudiand the niter o inded terirds, wile inthe (A the eat
dard dsity is aapted In dl thee sptan the ddal ratig
artribtinis asirge fudind tle laghd tle dard. Hue, tle
acray d the gdal ratirg aatribtias ae dnt the saafa the
three systern ile the (Aestitdes lod capsstion rre anaratey
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(4] (D' TBSHCPD AR THA
Aen, Wdeagh
Brdrak Sstem dsdite ‘ rdaive | dsdute ‘ rdaive | Ta
Ate SAA BR 1M £) 140 533
A BD 1a 13 16l 5%
B 51005 1a ) 13 -
i M 1@ 3D 1M 3
(€14 6L8) 115 521 10 o)
X \'i 2 Y] 1M a1 1B 9
B BT 1a 68 113 6
A BN 138 573) 1M 1%
SKA X5 1® 60 12 2D
BR R 110 63 114 2
MA© 00 112 6D 117 -
YA, 317 12 8B 1% -
(€14 20 15 1,08 1.8 6]
kb SAA na 1M il 13 5l
i e 1M a0 1M 5
A % 1a 1 13 533
B 25 138 R 1P -
(€14 - - 35 18 4
A3 B 22 1M 1® 1D ?)
i 4 248 18 a 1M H
BR 28 15 13l 14 13
YA, 312 1P 1P 18 -
MA© 316 14 5% 167 -
(Ar - - 20 307 12
ArD i 4 RD 1M ! 1M 18
B 5.8 1® 1 113 -
(€14 - - - - 3D

He b6 (Conparison of layout qualities and conputation tines. Ab-

solute area is the core area inmmnd absolute wirelength is the total
tnterconnect lengthinmn Tine 1s CPUEtine in mnutes. 10 ease com
parisons, relative areas and wirel engths are also given by nornulizing the
best result for each benchnurk to the value 1.00. For each circurt the
results are ordered according to obtained area. A hyphen indicates that
the value ©s not avarlable. Rgarding the areas obtained by GAMP for Hp
and Am 33, the values given in [Chan 91] are not conparable to the ot her
values of this table, presunmably due to inconpatible scalings.
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It is irterestitg to capre the tatd virdegls didarmd ly tle
GSAto thse d WP Wle m X there ae o sigifiat
dftreres, fa Ate ad b the KA s ae 31 - 61 Wiger
thmn thee & NP Tree fatas en aatribte to these sigiftat df-

feraws:

o b sunetat thee is a traddf betven aren ad vird egth
Hre it is lildy thit a ey sl aen is ddared becase
lagr rates fa soams. Wwer, ths an lady acout far
mthd the dsared dfrece

o T firess aaptdion d the XKML vas gves lider i-
aity to aea thm wrdagh I sdtion Als a nah lagr
estitded tdd virdegh thn Bbt jwt a digtly sler esti-
ribed aven, then Ais dways aasi dred better thn B Hrce, this
piaity rdies heaily an a very asarde ratirg aen estirdiian
adwll it dwas be resaslle. Hs issie is dsassed futher
inSstin61

o Te ddil ratirg d tle GISAA pamats ald ke irfe
ria to tht & NWPs Jamats. A matiaed peiady the
G A acarats ae imit to Meay widhses the gdal
rater d TeWNM dsaibed in Stian 421 A Wil be
dsaibed in Stian 541, the (Alssed rater pesated in Ao
prdx Dis deady sypriar to TikerAENT bith vith respect
toaeaadvirdagh (Gsaqetly it isvaylildytlst by wing
the (Alsed ddal rater retler thn TierAINT the aess
ad vird egtls repatedfar the (Aad SKAwal ditpoe fu-
ther. Watustdy de toprdytedricd p‘d:lemths e it
been cafired experiratdly

Reard rptle reservdti naaearming the farmess d aapringaapgeted
laats, it cnle rtedfranthe lest pirt dwe thet the S Aae
rdaly dsadataged vith respat to the iflee f ddal ratirg

5The GAbased gl obal router is interfaced to Qttools version 5.2, installed at Aarhus Thi-
versity. In this Qttools version sone bugs not present in version 5.1 prevents i /o-termunals
(pads) frombeing handled. Specifically, the chammel defini tion programAtlas can not handle
the placement of pads generated by Padpl ace. The global router could then be interfaced to
Qttools 5.1 installed at Ui versity of Mchigan. Buat because of other differences between the
tvo Qttools versions, this integration wouldrequire a significant anount of vork.
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o 'Te listed (ttires ae fa tle paat tads aly i.e, they
bt irduk ratirg ad capdiay éc Te tira fa Bis
reestred an a IBG3I0D Wile WPwses an Allo I Ier
BRtle tires listed ae d gmed tirardher thn Gtiraad
ae rasred an a W) vith wlled 105125 Hrdly
ARis rm an a Sn Sac Had the Qad Ao a
ICMs D20 Ia the ldter tw dgrithm the listed rur
tires are aeroge s,

Te rearig d this Sdia camats a tle resdts listed in B
He 56 legirg in rind the dwe resandtias.  BBth SAAad (A
pafams ey Wl vith respet to aen, the min lgat qdity aite
rim k& Ave ad B the best pHishedresidts are dtaredly KA
dthogh dffrees between the best resdts ae sdl. I X tle
tw dgrithm ae irfeia to Wad B3 ht ae still dirg better
ttmeg BR Tirirg to rutirg we see tht the (Aad AA
reqires dnt the ssmaarts d timad tht they ae sigifeatly
doar thm dl dler dgrithm T rutiraregiraats d the dg»>
rithm peats Al ad A frantee pad Wee sffiat
reslts ae adldle G Axe dut 23 tires domr than Bad
(AR the dher lasedagyaach (Gpred to WPtle d grithm
ae 0D tires domr. Te radire wed far the GISAAs presum
Byt lest & fost o the dler radires, didh futher adifes these
dffraws. Qtle dler Ind seqetid poyasandtenbe speedd
wp dgifeatly by a ree poraring etit. @y very lirited tira
les lenspad an this far the GYSAA

It is pmsiHe tht to saa etat tle sdl irpoeats diared
by wirg sigifatly nee aaptdion tita rerd y refbdts the reture
d the pdlam My rescaders e waled wth these bedials,
Wich lme been @dldle & lest siree 1) A tle gpto the gdal
gdira is rarord it beaes inressitgy Iad to dddn een sl
imoaats.  Ipte suh fatas, tle rutire regireats d the
QA ae b stisfatay ad & lest the dgrithm dold ke
dletolade dl badrals. ImSdticm63 anrer d pesiblities d
irpoidrg rutire ae dsassed ad I Miewe tht sigifeat irpoe
rats cn be didred
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syetenfGctto & andtle VA systenfRtcturh 8 ave referarced
Fere 25 fordin [B &) W @Y. 8 resilts fo T WiMe

gnsine rae wre fard fa the NIChadrads.

Brdrak dls | Ms | ‘BHnms
Ate 9 a X
Xk 10 a8 a8

kb 1 8 J»
A 3 123 159
AnD D 48 B3

Hehd Characteristics of the MNC'benchnurk circuits. The nunber
of termmnals includes the nunber of i /o-termmnals (pads) to be positioned
al ong the periphery of the circuit.

Al listed arers adtdd virdagls ae resured fa the aapgeted
lgats, i.e, dte ratirgadapdiay éc Indher ds, sineit is
it pessi He to aapare pasrats dredly the tale capares the per-
fame d capede lgat syten irdwdrg raters ad capdas,
dc A lest thee dler fatas aapictes the caprism

o Te ext pdlemdfiitias wed aies digtly I eage

the Bsystendiies an st rtio @il far samdraits ada
wdh gd fa dlas.

o Staapredes ae stadestic ad dhers ae dtarinistic. Aa-

aeresdts amldtlente genfa thestadesticaes. e, the
resdts far M (Wad possi By dler agreedes ae hest
asdl niter d rus’. 3 Aagmat fa ths is tht adidtly
hetter resdt Wil be ddared by esatirgthe stodestic dgrithm
afewtires, Wichis wefd if lgat gdityis the tp piaity @
aurse tle dbias €6t amaptdimtimsoldthn be tden
irfo ancant. B rde the capmisa to the dher stadwstic g
podes & far & presibe tle resdts fao (Aad SAAlisted
in 'He 56 ae the bt dddred d ten rus.  Amae resdts
ad stachrd deidias ae genin gpardes Aad B Al (A
ad SKAresdts hee heen dddred i 1p the praeter settings
gweninstianh13 * adrofirg ad apdiay ec I been
dre g Maa d. Sdianal

3Personal commmi cation with authors of [ Chan 91, Upton 90a] .

4SAGA dynamical 1y adjusts the values of sone of the parameters, but the values listedin
Tble 5.4 are validin the initial generation.
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A cn be sen framtle tdle the mrader \dies wsed ae gite
drila. Widias in pplaio sizs ad st aiteia rdbds waias
trachdf betwen sdtian qdity ad captdian tim Te later in
aesses & lesst lireal ywththe popl diansiz sine the wkreqiredin
each gereraticn i noresses lirearly ad the nrber  gererati as reedhd
fa anagee is lildy to invesse, tan I Ghate, if r p =4 the
mdia rde fa et £ is QOR i.e srila to the mtdian rde &
A Tentdianrde fa (aeis sigifeatlylider, Widho
imdds vthtle ves d [He B o staes tht .. pdlenreqiring
ror by ercod rgs ey bereft fronnddti anretes nah lider thn
thoe grerd l ywsed ith hrary ercod s, Btersi e exprirats ke
som tht tle dgrithmae gite rdast to dages o the praser
sdtins. I&r eagle, dtairg the midiarde lyeg 10 %l ot
dbt parfarace nah

5.2 Eval uation of the Placenent Al gorithns

Te fd] oirg Stias capares the pacerat dgrithmvithdler g
podes. Sdian 521 capes 1t qaity ad captdio tires,
Sdian 522 capres tle aen ad virdegh etitdias ad Sc
tin 523 dsasss the dféres regadig serch ge reddtias.
Trogut thse Sdias, GA vill rde to the dgrithmpresated
in Aprdx A SAGA rdes to riedrak esatias d the dg
rithmpesated in Aprdx B MBP is the gpyach o [ T4
(Stin411), BBrdes to [@drad] (Stian4d12), GAMPis tle
auach € [Gn9] (Stia 413, BRrdes to [lA &3 (Sc
tin4 14) ad Tier W Nirefers to the pacarat dgrithmsedin

the Tiler WENIgysten] Seden & (Stian41.5).

521 Pdarmae

Te mndaataisics d the MChadials [l 9 wed
fa prfarace edwticnae listedinHe 55 I e dddmd residts

ae aapredto dler gpredes inHle b6 pee B wichtotle hest
d makobede induds dl the best pHishedresdts. Te NBAO 2

TAsixth circuit was added recently but no results have been reported yet.

2This should not be confused with Msaico, the macro-cell layout systemwhich is part
of Qttools [Qttools 93]. We will use capital letters for the placenent algorithmdescribed
in [ Gisotto 86].
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In (A ae st aastraits ave efaced thragh the repesatdin
Heer, hith the doodr ad the gaetic qerdas kme to atindy
arsidyr axstrart viddias sine irfessile sditias can be exqressad
sagrdype In(ANgastrart stisfatimis efacdbytle doodr

edsdy
(Race (g
Rpesataian S D
Teodr 68 68
(detic gudas S D
He b3 Applied constraint enforcenent nethods.
Satimmd Prade Vs

@ tle far strdeges far fidig sutdle prader sdtings fa a A
listed in Stian 344 the secad dterrdtive e been wed far dl d-
grithm Afted st f pradter s Ime been fard fa- each d-
grithmlbsed o exerirats ad gred gidires poidd in the
literdture. e resdting settirg les then been wed fa dl pogranex
entias fa widhresdts ae repated T is, 1o dta spedft tuirg

hae been prfaral
Qe Az (Aate
Fpldimsize 5 4 4
S aiteian p{)) 59) 1®
Mdia rte 8102} Qdb Q @@Hr ;-1
Inasiarae 8105} a1 a1

HWe b4 The fired val ues used for the control paraneters.

He 54 lists the s wad T stop aiterian is the nrer &
arseative grerdias drirg iidhroirpoaat bes been dsered
i terition d the dgrithm Sree dl midion gerdas pa-
fam ‘pirt-vise’ mdias, the mdia rdes ae the pdablities
tht a spedfc capoet d a gadype is nidted vin the indvidd
is shjeded to midion k& Ghate, 7 i is the niter f dtertive
rates d the k 'thret. Hree, theirtegr dweidatifyiigaspadferate
fa ret k is dtered wth the listed pdability Te inesianrae is the
pdablity tht a gen irdvidd is sjeted to inesianin a gwen
gererdian
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Efddtdion & Rddeafjeafc Kowlede

In"Hle 52 tle far ws d egdating pdersped ft kodede e
satedinStian 34 2 ae listed adthe dgrithmd ssi fed accard iy

Rlae 0.5y (Aate
Hiristics in deoodkr D S D
Hiristis in extstitg geretas D D D
Nwperatas adhd D D D
Sedrg d initid ppldia 1D 10 S

We b2 Exploitation of problem specific knowl edge in the al gorithns.

Rlae d it egddt ay pdesspdfc kolede.  Athogh
rdler aapex the doodr & Wl & the gaetic gardas rady &
sues femiblity d the grerded irdvidds ad o nt dteag to ds-
cadpor sddtias. Stian Ad 1, e 128 dsai bes exprirats anex
patirg pderspd e kodedeintle aosoar gerda d (Glae
Texe dtays ddnt resdt inayimpoaat d tle pafarace
tle dgrithm

A matiaed Wen dsaibrg the A tagde gplied dl dgy
riths wees hlldirthers, i.e., they Ime adbd gardtas. Meer, these
ae it pdenspadft ht siidy eeates a ssqae d flressim
poirg Madias. Snaizrg it is eddat tht the we  pdlem
spedfc kolede in the dgrithm is ey linited ad hae lemes
a lag ptatid fa irpoaat d the dgrithm . Sdian 342

@strart Hadig

In a sare ay pdlanlme saa astrants widh read to be st~
isfed b eage a sddion my Ime to be an itegr die a it
iy ke restrided to a catan itend.  Sth castrarts ae trivd ina
Aaatet = they ae esily afaed Terdae, ven tdkirg dnt
‘tastraits” ad ‘tastrart lading, vt is reat is (ladig d)
rmtrivid arstrarts. A stded in the Atapde dsaigiay dl
dgrithm apies the straegy d afadrg astrarnt stisfatiand dl
tires. "Hle 53 lists the three ws & efadrg castrarts irtrodesd
in®ticn 343 Sne the pdlendfiitian fa (hate aatars 1o
austrarts, tht dgrithms edwkd
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to a gett etat the pafame d a (Ais the resdt d the capdex
iteadtiond anrher f dsigndu sk I eage, astdaat
lile ‘detion sdem Afa aessoer is better thn sdetion sdea B
rady rHes sape a1 its om sine it dypads an a ke d dler
issies suh & eg  the sdedian sdera wed far surind irto the rext
gererdian

Intle fdloirg the dgrithmae ctegrizadintamd the issies
dsassedin ®tian 34 Te garat dgrithm dsaibedin Apen
dos Aad Bae idaticd @ far & thar (Apats are cavared ad
lerce are trested here & ae dgrithirderedto s GApl ace. Te A
fa the IG(Apardx § is rfared to s GAs pg ad GArout e dades
tle Afa- gdal ratirg (Aperdx 1)) i.e, the Gusadinthe sead
pree o the ddal rater.

Kood 1g ad Sarch Sace Rddtias

"Heh1lists the gretic erood rps wsed adind ctes wether the search
s is redoed @ b, T seadh spre aamidyed ly (Rlae is
lirited to Bipacaats aly d. Stian 512 Wile the search spee
reddianin (g stamfrarmypr bard antle niker f Serer
wtics inanrimdre tree, dded by [Iater '§. Hue the
search e reddtian bes the fand an yper linit oo the nuker
Serer vatios sdeted ly ayimdvidd, i.e, the niber & s inay
bracystrirg It isimpatat torde tht agds giinms garatesd
to extst wthin the redoed search spee aosidred 1y (g

Qe Az (Aate
hood g Bracy tree Bitstring irteger array
Sterch spee reddian 68 68 D

Hehl HRepresentations and the use of search space reductions.

Hs is it the e far Wax, sine the gdal giimmay
ke a Bipjaat, & vl be illstrded inStian 523 Adler
ja dffrace is the wy the seach spre redttian is imapraed irto
the dgrithm In (Rae the raresatdin ad the doodr afacs
the reddian Wile in (g it is Iaded edwndy by the gatic
qeraas.
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513 ABgde adlxkignladsias

Al (A ddgrdinthis wrk aagies to the samtegade by tairg
the fdloirg prgperties in camm

1 I¢ n tetl ppldi;msize Inechgedian apd  n df
spirgis grerdted by repeeted ise o the amsoer qrdar. Fan
tle resdtig tdd 20 indvidds, the n hest is thn dmends
termmisticly fa s irfo the ret grerdian

2 Te sdamsad far sdedtirg the pret indvidds fa aosoer
is stochastic sanpling with replacement [ddag®H: Te tw
irdvidds ae sdeted indpadhtly f each dler ad exhin
dwudd is sdeted wth a pdability poatiad to its firess.
Rayindvdd canle sdeted ay niter & tires in the sam
gererdian
3 Ainesiaqeda is wed

4 Fe niter & grerdias is b fied Irsteed the snddian is
staped ven 1o irpoaat I been dsened far a wserddfied
niter d aaseative gradias.

5 THaogut the poces the best indvidd Wich bes ever existed
is rearckd "Hs sdeaduldnd be aafised vith the canm
sdead asuirng tht the best idvdd inagredianis reer
Heeda deaiaaed Teldter reas tht fires d the arrat
best indvidd & afudion d tim is mdaicly inresirg,
ile the fist des nt.

6 Ater thelast gradtion thebest indvidd ever sen(adpssiBy
sqanre) ae giited futhe wigsirge Hlldirdes.

7 Al cstrarts ae laded edwindy by efacsat.  dee
qatly 1o wst/firessfudianind s ay prdty tars

Hs tagddews 1t fiediritidlyadthensedd] thewy @tle
artray fa st d the dgriths lds & eprimtaio bwe ben
dve wth exh d thee isss. Te dwe tagde is the atara o
thee eprirats. It turedat toyid dtle hest pafarae angtle
dterretives tried ad caseqetly ke been tsed far the fid vasias
d dl dgrithm Wn cprig gedft item d tle tapde to
dteretive posiblities fraxthe literdbure, ae soddleepinrind the
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rak dta irdwdrg rachmgads d 1 to 25D vartics ad &30
edes. hitharae, 1 camto kowd the Highpafarae Iap
podes dsassedinSstian4 23 Te dgrithnws irpoed mdy

by alrg reddtion tests, ad the irdeatdionws irpoed rede

irg rutita & Wl & raay regireats. Fe revvasan d the
dgrithmes capred ang dhes to the badhadat gyvedes

d Sdian 423 ad resdts were pHided in [esn 9y didhis
the pper repodeed in Apardx C

Gdal Rutirg Bsed O Fo Ga

Te ddal rater edidtly niinwes aen & the mn aiteica ad
tdd virdegth & a seodyy aiteian  In gese ag the aly ai-
terian is to grerde dut rates, i.e, exh et is a imtace d tle
I Fotarind s ae laded by Iaer’s dgri tho|lader
Wile rets wththree @ e territals are bard ed by the (Adssari bed
doe  'Hrird vatics ae atbd 4 eat ladtias & in Tie-
I the secad pese a rew(Aws dadqed  Asdtianis repre
sated by a strirg  irtegrs, were the ¢ “thirtegr idatifes the rate
doen fa the ¢ th et.  Ruting aen is etited wirg pla ggis
& in Muary [Nehizki &). Heer, 2 qpoed to Mary the eti-
e is beed n aaptdion d the eat dard drsityfar exchede
d tle ratirg gah irpoirg the aoray d tle etirtian Hs
is aly pxsibe siree tarird vartices vre adbd & ead pritias in
e ae, adfa the ssaresmtle estitde d tdd vird egthis dso
acrde Te irtid ppldian d the (Ais sesdd vith the sdtian
amsstingd the shatest rate fardfa eachret, simee this sdutianwil
dsowdly Ime arddivdysdl aea Hs seedip des it irproe
tle fid 1aat gdity didred bt spe wpanage Te gda
rater ks been pHided & [Bhesen 9 repoded in Aperdx D
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sdl, the tdd vrdagls ae gradly rddivdy ligh aapred to
lgats podeed by dler systerm (@ possi He ressmis thet the ddal
rater wed cald ke ifferia to the raters wed by the dher stam
I these ressas, fdloing tle asrat wak it we dadddto dsign
agddd rater.

Te ddce fdl a tle twome straegy (. Stia42) siree tle
laats arsidred ae rddivdy sl ad sine the sweessfd  raters
Pese raters. Sree the glinvtian aiterianind s tdd vrd egth
ths leak to aasicration d the I A dsassed in Stias 421
ad422 Tier\WNTad Mary grerdes aly asirge rate far
each et kg rae thn 11 @ 5 terids respetindy de to the
rutirareqiraats d the indwddgrithm Iatidlyths lirits
tle oerd]l qdity dddrdle & rded in [Sden&. Sme a A
poids anther  dstint sditias in eedhrin it codd ptetidly
oaaathis pdlen Hs fedure d the (Ais espeddly gpedirgin
ths aatet: N alythe best sditian ht dso the seadbest, thrd
best, e are atlly reedkd and they ae grerded Iy the (Azs a
Cbppcdd;” W

Te hic ida d the dadged Afa the Gis to repesat a
sditian s abtstrirg d laghegd to tle pdatid niter  Serer
atics. Idhht spedfes dether a spadft vartexis sdededfar ird e
saintle Sarer tree o nid. Brsingafeast, dtemnistic haristic far
the Ies dhaody, ay bitstring is itepeted & a did Jarer tree

A this tim I w it ame d ay badhials Wich cadd be
wad to edute tle dgrithn  Ritirg ggds edrated franred
pacrats vald e tle idd type € dta bt dine tle rater Tad
it yeb been dedgued - its fubue edstee dpadd an the parfa-
mee d the Gdgrithn the itafae to Mdo lad b ben
inetigted so there wB 10 ey wy d dddnig red ratirg gais.
(deeqatly radnprals vere grerded ad wedimsteed ad par-
farace w capred to tht  tw dtarinidtic haristis fraxthe
litastire, irpeated far this prpse e resdts wvae pHished
in [Sbesen 9 ad wre vy evoragrg 1 aly with respdt to
sditian gdity bt dso wth respat to captdian tira Te later
is msd far a Alsed gyyeach (deeqatly T ked to prsee this
tqpc alittle futher, dthogh the dret rdeare far the rating gdi-
ctimwldpdaiytelitited Intle reatiral bxanaae d the
Rlibay [J E Bedeyd], adtadese caatdring ddlegrg bedy
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sexch paess. file ay dler (Atle paat dgrithrirtidly ds
tars sigifeat irmpoaats rqpdy TFen the prooess dog dbmad
the dgrithhspads the et maity d its tiraina gese vere aly
i irporats ae didred SAbsed d grithe anegs nth
dog thm a Qintidly bt lder o the Ay b better. Ko,
the ida ws to aalire the Aith SAarig & cabinirgtle iritid
anagre d the (Avith the anargre d SAin the lder gdese o
the pocess. Revias wakdapths lire bes been e by Beeri tkad
Heirg [Beeritk 9, Wich ws tle ran sore d impraion Kw
e, the gyroech presarted ere is rare grerd. It uifes the Aad
SAirto ae dgrithm cdled SAA Bth the (Aad SAae spedd
coes & SAAWI ch are dddred by agrapide settings d the aatrd
prageas. Teirterestingpat is f corse esntias inrised A
rak Hre the dgrithstats at & apre A A tle prfarace
d the dgrithndhoresses, SKAgaddly ad adydidy svitdes to
vads A Mdias ae b cariedat imadddy bt aceded ith
a a@tan teperdre dypadat prdability & in SA Eoh indvidd
les its om tapraire W 10 irpoeat Iss been sen far a
atanniber d gredias, asteptoad SAis tden by daressing
the ppldian size ad inresirg the niter & dtapged mddias.
tirady the popldian size may bearaae, in widh e the po
as is pre A Te pdenrepesatdiay gretic qerdas, dc ae
udag] i.e, they ae s deaibedin Apedx A

Sree AAis aplle d poddrg the samlaot qdity = the
pre (A ht inghater tirg it rets the aigrd dyedive d speedip
1p the serch process. Wbever, SAAen dso itpoe lagat gdity
futher if esntedfa dnt the samtimas the pre (A Sne lgat
qaityis aysidred e imprtat thn rutig . Sdtian 1.2 tle
letter gty is the ae endesized vien presating the dgrithm

HAws pHised & [Besen 9. A etaddasiand ths
ppr is pesated in Apedx B I6 eage, the etedkd e
illistretes in dtdl et bpers drirg a riedak esatin

AGAfa tle SG

A dsossed in Sdian 23 fdloirg paseat foaparing ddal
ratirgis the laat sythesis stepwi hshad d ke eedtedto irflene
oerd] 1gat qdity the rst. Wn eaiming the 1gots grerded
g WAad Mam ae itics tht wile the ddared aves ae
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were A\ is the spdig d the ratirg gid s istlelaghd sks , a ad

( aewardfied prades ad the rard rg fudi anreburrs the rea-

est irtegr d its agrat. d s 1s the eat dand damity aapted by

amdrirgd] gpqride tarimds ithintle sqae reg anlmirgsic

laghl ;mttosicks d theBok sillstraedinig A3 el d s
is capted vithat aosidring ddal ratirg i.e, ths temnresuwes

lod cpstiaaly Te tw dler tams o Vis/ X ad B, ae reat

to amut far ddal ratirg T fist d these term gow vith the

lagh d the ratirg regan sirilar to vt is dye in [ Y, d.

Stindll Netht smed s =0irdies D s =0 Hads ecnte dat-
ted "Bd virderghis estitsed 25 in [Mrrigd 8. Tt M date the
niter & rets, m p tle niter o tarids € ot & adt =T h, %)
the coadrtes o the ¢ 'thteritd S et k. Te center of gravity T P d
ret k is then dfied Iy
1
Tk——ztkz
mp 4
ad the tdtd vird egth estitted by
M myg
> 2 % — Tl
==l

vere || is the wa Ediden weta ram Fatle estitaed totd
aenadtle etirdedvirdagh fires is aaptedinsuha way thet
srler aven dwys reas higer firess.

Litidly ths dgrithres irtefared wth the 1aat syteridic
[Sctt & ad pHided & [Bresend. Ider it ws ipoedina
niter & ws Te assoar quraa & Wl o the daiangperadias
wre irpoed an inasian querdtar v adtbd rutire we irpoed
and the dgrithnes irterfaced to M afdttads, Wich dfrs mae
ad better tods than Mpjc. Aperd x Adssari bes the resdting vasion
d tle dgrithm Wid pefam sigifeatly better than the aigrd
versian disari bed in [hersen 9.

AUtifition f the Quand SAAgied to Mo @1 Race
at

We tle lant qality dtared by the dgrithbsaited doe we

ey ratstg, the aaptdio tiraregired ws still vaylage @G
seqertly it v rebud tolokd was & irpoirgtle dey d the
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rdeat, dspite the fat thet it is afreqetly wed aiteimin the lit-
adire Atloghdut tad wrdaghvll dtenresdt insdl 1gat
aenadadut Hay (thelaghd tlelagst pthtlroghthe drait),
ths wil d carse it dws ke the cse. I hidhparfarae draits,
egidt rinrztiad dHaywaldbe e adqste, bt waldregire
daps d tle dgrithm s wil ke dsassedin Stian 61 Fe fist
ssugipeats ratirg mtgpd Hads. s vill radyberedistic
uless the dmignis sl ad aeais it arsidred aissie Tadae,
the fist assupianis the ae tht capraises tle padticd qplica
blity d tle dgrithm the nst.  Wer, inapading oer-the @l
ratirg in the dgrithm waldregire sigifeat dterdias.

512 W ad W- tle Ioadqat Eetay
AGAfar Mirod]l Racant

e fist dgrithhubnd qedws a (Afar raro ] acrat. Ttisin
spredly a (Mfa the twedrasiad brpdirg pddend ger 9.
Bnpdirg is the pdlend gadrg a niter & gwen retagles ina
retagla aea d fied ith ad irfite la gt so tht 1o retages
oaleap ad so tht tle ladt o the pdirg is rinirivred Geen a
tagt wdh d alagat, the marodd] gaeat pdlenan be sen

& the hnpdirg pdlengradizd in tw ws: Histly the dae
mat d exhratage (rarodl) is dreted by afudian dtirg the
rrmdstare to peiasly paed ratages (the rating ae e
tirte). Soady exhretage enle aiated inddt dstint ws
iteedd tww Atradticd hnpdirg dgrithrjaces ae retage

& atim & fa dmadthn s far ldt & pesibe, ad the pddem
thenis to fid asitdle adr inwichto axsidr the ratages. THs
idais alpfed intle A T (mAnt o) the gy is a by
tree spedfyirg the rdative pmitias & the Hads, ad the daodr in
tepets the gadype by traasing the tree ad padig exch Hak s
fa cbm ad then & far 1t & posibe wthot vdding the ratirg
aen estitie, Widhis capted & each Bakis paed Apasat
greatedthis wyis dleda BL- pl acement (bttaddt). Wnpaig
a Hak tle dstawe D s reechd frandice s d the Hok to peiady
Paed Bads is estirsted 28

DSZ{A@M@ J548) ifd . >0
0 itd, =0
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2 Wolaasd d ae adldlefa ratirg @k is pirailysed
fa haizatd vire segats vile the dher is pimaily wed far
aticd segats.

3 Al rgs aetretedss si gnal nets, i.e, fa eape por addok

s ae gento spdd aasidrdian

4 T aitera giirived ae tdd 1aot aen a5 the ot irprtat
aitericmadtdd virdegh s ascadry aiteim

Te st sigiftat adatae d ths s¢t € ssugias hs to d
vthtle edwtiond the dgrithm k& the ressas dsassedin S
tim 12 the damis to edwte prfarace d tle dgrithm by aan
prirg it to the pafarace d stded-tleat tads wing badiak
dta Te et iy wed st  hadiads is dstribted ly the
MC(@dter fa Mrodetraics, Nith Gdim [Iaidk 9. B
le remirgfd, caprisas hae to ke due in term f capeted lay
ats, d. Sdtia 23 ad thedae the drd ged tads Ime been itte
gaed wth a adde arodl laat stemdlad M Wich
is prt d the @tods Dframak [@tads H. Swee the dwe
asuptias ae capati He wth the NI hadrack spea fedtias &8
Wl & tle sssuptias d the Mo todset (rates, apda, ec.)
they roick a femsile bmis fa the kndd caprisas dsired

Te paticd rdeaw d tle ssugias is adhr isse e
rets hme to e vidr thn sigd mets, ad hace ae dten rated by
ddcted dgriths Widh dso tdes cxe I dzmg d the vres. Smiz
laly dokrets dten reqires spedd tredrat to aad aias tirirg
pdlan Hne in teddgjes dhig tw laas d ed fa rat-
irg, the seaad assupian is redistic, ile tle thirdis nd. e,
the rewst tedrd jes adldle tody poids thee a far laes o
rdd. Insuhtedidages, it is aamm to resre ae a tw red
laas far the ratirng d poer ad dakrets, ad patgs dler aiticd
rets. 'Te rearirg tw laas ae then wed far rating & sigd rets
aly invichcse the seaad ad third sssuias heaaes adqete.
Inay cse, sinee the seaad ad third sssuptias ae wed alyinthe
etirdtes d ratitg aenad irdepth ad thedfae cavers isdded
mts d the dgrithm aly it wald it be too dfilt to alyt the
dgrithmto dher vasias d these ssugias.

Wle rinirition d tdd 1got aen is lily rdeat, 4. the
farthassugiay the riniriiand tdd virdeghis alyirdredly
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Snay ad Evduwtiand
Iond ged Agriths

Te gpadcs pesats tw gpades fa mrod] faset (4
prdes Aad B, an dgrithnfa tle Sdrer Fdemin a Gh
(Aprdx § ad a ddal rater fa mrod] laats ( x 1)
Ts wkis smmaizadinStian b 1 adedwtedinSdias 52 53
ad b4 respetivdy Hrdly Sdian 55 poids an oadl edtian

5.1 Summary

Al dgrithm rdies an the sam st d bsic ssugias dnt the
pdamsdied ad thee ae dsasedinSdian 11 Te leyides
d tle far ppars repodeed in the qpadces ae hidly pesated in
Stinh12 Hs pesatdia axauts far the nd rddiaship d
the ppas & Wl & the rddiaslip to dher pyes by partirg at
raa siilaities ad dffrees. Mtharoe, casdrdias tht lead
franmre pece d wak tothe rext aeirdubd Sdiand 1. 3suraizes
leydsignddsias taenfar the (&, adrd des thee totle dsassian
d paticd Qisses d Stian 34

511 Besic Asugias
Te dgrithmpesatedinths thesis dl cafanto far hsic ssup
tias:
1 Telaot aen capedly Hods ad the area ccoped by rat-
irgaedgart. Gseqetly dl terrids f Hads ave psitiaed
dayg the Hodk edes.
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d trads wed the ttd metlagth ad the tdd nrer & s wed
Irpressive resdts are repated an a nrker  bediads. Indl test
caes the resdt qdity dtdredis & god ar better than the hest resdt
dtdred by ay dher dgrithm
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atlrg thee d the ldt at astrarts widh ae idded ad then re-
sdvrgthe IP Wnthis proess is tarimdted the IPsd diansdisfes
dl aastrats. hithemoe, & each tree rok mve reddtian tests ae
caried at ad the yper bard is posiBy irpoed agin wirg the

4.3 GAs for Rel ated Probl ens

Rferaws to dher (Alssed gvades far rare ad staded el
Paaat, prtitiaingad dard rating ae genbdow Te listing
is it rent to be edmstive ht is liritedto the st sigrifeat A
tesed agyeadies kom to tlhe athr.

(don e d esats adstribted Afa foaparie d hildg
Hak laats, wich rinirizes aen ad tatd vird egh [(dom 9.
@y slidrg strutires ae aysidred wich ae repesated by inerse
HMishexvessias. Te dgrithms reprtedto capre faoraddyvith
a smded aredirg gpach  Waturdy the edwEa d bedh
ak eapes peats caprisn d this gyyech to the dgrithm
drdged in ths thesis. Gaader o d s ddged a Adidh
impoes a genmrod] paaat [CGaate 9). Te dgrithm
ajusts the pacrat to rinirize dand dasities suh tht the tatd
laat aenis redoad

Te fist A\fa stathdd] pamat, ad palgs the fist A
fa W9 laat sythesis, ws Gene e, dad gedly (domad Bris &
Ueastyd Vigria[don§]. Taer, Sdoda & d pesated an
dler (Afa ths pdlencdled GASP [Saodar Ty Sebodar 91,
Wich & the tirad pHictia atprfared TierBF’s SAlesed
apahdled Tt nber W1 f SC In[Mm Y amdld irdaatdian
d (APis pesated

AQlsed ptitiairg dgrithmis pesated in [Jdodar 9
Jdodar . It cn b h-prtitiaing i.e, reusiwdy prtition the
lgat in tw prts, & Wl & mtivw @titiaing  Abeadhfist
serchd the gvenretlist dterrires the rdive pritiairgd Hods in
the gadype, ad aaseqetlyaninesongerda is it wed Rsdt
qdityis syia to a dasicd mtitiaing dgrithnd Hdoda ad
Mlepgs [Fdeda 8.

Hrdly a Afa dard ratirg ly liaig ¢ d slodd ke men
tiaed [lieigh Leaig9y. Te dgrithmrinitizes the niler
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the fat tht tle aigrd sdtio we dready 1inird.  @sqatly
gven a Mpl'far G stisfyig Fticn 41, the MTfa the s
dy Gy, adtle ast & the Milegds tle at & tle MT Iet
P, C E tetle st d edys wich caredts to vatex . Te pdiendf

fidrg an Mil¥ar G is tlenfamaedin]J E Redey 8] o fdlom
Te aidies ae
Lo _ 1@, j)& isintlesdtian
Y1 0 dlerdse
ad the dyedive is to rimirize
> CijTij
(irj) &b
sihjedt to the aastrats
> oay = V] -1 (42
(ng) €L
vV T CV: > zy, <|T| —1 (43
ped; (po)€ E
VieV-WV @, qg)edi4z , <1 (44
V (i, j)&: zj€{q 1 45)

kyetias 42 ad 43 ssue tht the sditian is a spming tree, ad
kaian 44 is eqivdat to lgtian 41 Me aastrarts ae adtbd
in [wen 9.

Bfae statirg the hadvadat dgrithm an dtep to redee
the size d the pdlemis pafared by aqdyirg waias reduct i on tests
to the gven ggh B eainig lod poeties d the ggh these
tests v ke dle to dterrire tht cartan edss cnreer ket & a
MTa Wl e @t € ay MT Te tests wadin[J E Bedey &)
Tuoera A are dso wed by the dgrithpresatedin Aprdx G ad
berce Wil be dsassedinSdtian (32 e 12

Te scach sdemis dyghfist traasd d ahmytree Aviritid
godsdutinis dtdredlytle laristicin | Rpad Sith &. Aexch
tree ok etasie aaptdias ae cried ot so tht aly very few
rodks Ime to e vsited  Alomr hardis capted by sdvirg alirear
pogan(ID didred by rdadig latian 45 ad itidly igairg
st & the aostrarts. Fe bord is then iterdivdy stragheed by
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& Iprid @legy lTadn K[J E Bedley 8] ad lder impoed
Te hsic ida & ths badhadat ggyach is to trasfamtle

jet tomadltiad castrdrt. AsuaV {1 2 . . ., n},V (0, j)E E:
¢ < j adwthot lesd gredity ssuatlt 1€ W. hitlaoe, let ) o
cij dtetleast d ede (i, j ) Tnaetaddgah G=H V,E)is

arstruted s illstratedin Kg 42 () by ating aspedd vertex0 ad
amedigit todl waticsinV — W adto the vatex 1 wirg edes &

zrocot. Sedfidly VVU{G,E=FUu{@Q i) i eV -WH1L},
adV i €V —WHTL :co =0 Ay ¥lfa G Wi stisfis the
alltiod costrarnt

VieV-W:QiE=ddi)=l (41)

Wil Ime the famillwstraded in Hg 43

Fe sthiree GOO

Bgre 43 The structure of any MpTfor G.

If the ee (0 1) o the MBI reraed tw sitiress Go ad G
wald aag,  irdatad o the fgre Gy amsts d asiset o the
aties V' — W, eahd wichare careted by azero ast ede to vertex
0 Tewtiasd G irduds W, adinfat G, isaMTa tle aigrd
03 Asuetlis is ot the cse. Ten G, aldbe rgdaadlytle tne
Mo tle aigr I adayldt at vatices aldheadidto Go,
thet is, they cxld ke arreded to vartexO wirg ede f ast O Te
resdtirg tree wald Ie a feilie Ml far G stisfyirg Bpticn 41
Bt it valddsote d lorr ast tmntle aigd sdiiay aatrad dirg
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423 Te Sdrer Rdeanina Ggh/ ABadh
ad@t Agrithm

The Steiner Problemin a Graph (SPG) is tle fdloirg Ghena an

reted wdreted gagh G =(V, F), mede at futiaac : B —R,

¢ >0 adastst W C V, fida creted stgrah G 'V ', Bd
Gathtta WC V " adsuchtl Yeq € (€ ) istnm. AduiaG "is
cdledaMniml Steiner Tree (Mt T) fa WinG. 2< | W] < | V| tle
s Parpee [lap ™. A eape pdlanintace is dom

inHg 42 (a).

@ (b)

Hare 42 (a) An instance of the SPGuith W ={1 3 T and (b) its
transformation to a constrained m ninumspanning tree problem ’The
added vertex and edges are dashed.

Te Fis sreedin [Wher &), Wich irdwds pesatdias o
seerd dderiristic haristics far the pddemn @ d the ot pp
dar is an dgrithmly RByad Sith ad (e [Byad Sith & .

Me recatlydher dtarmidticharistis d sypriar pafarace lme

been reprted [Wher . @ o these is tle [terated Shortest Path
Heuri stic peatedinSsdtian (42 e 1R "Btle best d kol

ate, tle aly Afa the Iphisted pia to the dgrithmpe

sated in this thesis is a recat dgrithnly Kpdis, BypadSith

ad Sith [Ksdis B, dichis dsassedin Stion C45 g 10

In[Cpa P J E Beley & Tuwan Y state d-theat gyrads
es to the hesed n bradradat ae pesated Tese dgrithm
sdepdland pto| V| =2 IDwatiestogidity Teranring
d ths Sdio suraizes the dgrithminitidly dsd ged by Besley
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rdty uddias is daesed a the anrt d uddiais udagd
ht the tdd virdeghis daressed

422 Altey Rorarg Apaed

Maryisagdal rater dsd qedly Nelizdi, Igsaad Sigoari-
Voatdli & Uhasityd Aifaria, Bridey [Neizki &. Mary
rimirizs the lagh d spdfed aiticd s & wl @ the lgat ae
Te dutest rate greded in gese ae is dws wed far a aiticd
ret, vile fa mnaiticd rets, lagr rates my be sdeted in ese
tw in adyr to rinne lgot aen A gysed to the murestricted
pritiqirg d ternd vertices wed by Tiher WM in Mary ter-
1iTd verticess ae dther exstirgvarticss d the ratirg gah a they ae
atbkd & the cater d edes aly (dseqetly soards my aare
sprd to the saaset  vertices, Wich thenresd to ke aasidred aly
ave Te dvias datedkis aless anude et legh estitdte

Te e ae dgrithm ae the san & thoe d Tl AN
dthagh the search perfarad by Sderds dgrithifar mdti-terria
rets Iss been pued  therdy iproirg tle tira cageity & tha
dgrithito O(M W) n3), Brdfalt, M =5iswedbenk < 5 aid
M =1 dlervise

T fese tw dgrithrinirizes lgot aen didiis estireed
wig pla gais & dsaibdin Stian B e 20 Fo fatas
aatribtes to the etitdte d the widh & adard. Afired aatribz
timaouts fa aiticd s ad ¢ 72 vi al s, i.e, s Widhae rated
sddyvwthnasirde dard. Sme aly asirge, fied rate is aasid
aed fa suh rets, thar atribtion to the wdh o eah dard en
be precapted Bat tarid loctias ae wadfa this aaptdia
Te dler fatar is widle ad acuts far thee rets far widh dter-
1etive rates ae sdeted by the pese tw dgrithn Tese s ae
assuald to aatribte to the wdh f a dand by an aart Widhis
poprtiad to the niber f rets aterirg the dand.

Te rate sdetian in gese tw is famded & an irteger lirer
pogar(lB, Wid futleroe inapraes ajwtrat d the pae
rat d Bads Fe ajwtrat is lirited by the fat tht the rating
gah tqd ey bes to ke pesened in ady far the aven estirde to ke
reaitgfd, & egddredinSticd Bl Wle the castrarts fam
lded b 1t gaatee the pesandtion d the ratitg gah topd gy
the ggyaech is reprted to e ‘pod enph far paticd adictiad’.
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pPeeralod "Bessecaprism tle twstde d-theat ddal rates
sdeted far pesatdianin Sdtias 421 ad 422, ae dso hth ggh
besed tvepese raters, wich giinimes silar aiteia
Te pdenrepeted ysd wadin tle fist dese  atwedese rater
wen ratitg a irdvidd ¢ is kom & the Steiner Problemin a
Graph (SPG), ssuigtht the aiteiminiredis et lagh Hs
thesis dso presats a rewdgrithfar the I ad to fadlitde am
prisas, Sdion 423 sumizs a stded-theat ayrech to this

421 TN

Te Tiher WMl aat systenws itradeedinStiand 1.5 Gp
ter 8 [Seden 8 ad [Sden & dsaribes the ddal rater T
berMIMD Tt rivinims the tdd vrdeagh sjet to the ity
amgtrarts d the rating regas. Flectrically equivalent pins cnle
taded tht is, if tw a nye tarids  aHakae careded wtlin
the Hok aly ae d tle taritds Wl ke etarly areted by the
rater. Bfae dtemtive rates fa- a sprafe ret is aapted terrird
artices are addd to the rating gah & psitias aarddy refbding
tle prition d the tarimds. Al terird vatices ae rened agin
befare the ret 1et is ausidred

Inphese aw, the M shatest rates far eechtve terrind ret ae aam
pted by an et dgrithrde to Iader [aler T. Hs dgrithm
regires tira O (Mn %), were n is the niter d vartics d the rating
gah K mets wth roe than tw tamds, Sdenbs dsdged a
haristic grerdiztiand Iala’s dgrithm i dteds to fid the
M dutest rates. Sree this dgrithregires i O (M M2 ) fa a
wt Wth &k  terimds, 1" M Irs to Te redoed far 1wts vith my teriz
s, I twtarid res M =D is typdly wed wile M=l far
rets wth 12 a re terimds.

In fgese twg a radmirtedage dgrithmis wed T iritid
stete aosists d tle dutest rate fa exh e, If 10 castrarts ae
vdded tle rater temimtes. @Ghenise, a rewstde is greded
by rachily sdedtirg a ret psdirg thagh a dard, the @adty
Wich Iss leen exeadtd  Arewrate far tle ret is dosend radm
augtle dtamtives Wich bt inressetle tdd anrt d aadty
vuddias. Te rewstae is agted if ad alyif tle tdd aart o

I\re precisely, kis the mmber of terminals of the net, whi chare not el ectrically equi val ent.
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4.2 ({obal Routing

Mt ddl rates fa rarod] 1gats prfamratirgintemd a
redilirear gl obal routing graph a channel graph, Hicis etrated fran
tle gvenpacrat. Te edes d the gah arrespad to fibure rating
regas ile the vertices axrespad to ittersetias d rating regas.
Te ratirg gah d asirje paat is domin Hg DI, pee 20

D aupte a gdal rate fa a spdfec e, vertics repesating the
terrindls ae adbd & gyvqride ladias, & illstrded in Hg L2
e AR Frdig a ddal rate rovheass eqivdat d fidig a
sittiree in the ratirg ggh widh spas the territd vatics. Ry
adeis asigedae a roe ast s typdlyrepesating the legth
d the sssodaed rating regan adiar the cyadty & the regay e,
the nuiter o rets Wich cn s thagh the regan

Thd djetivesd gdal ratirgae toriminzetdd irteraarat
lagh tle laghd @tdnaiticd s, ada lgat ae, shjet to
dard rdtyastrans. Grenaratitggah wias rehod far
perfaring the rating exst. Te socdled sequent ¢ al rates astrut
aapee gdil ratingly aasidrirgae gt & atim A exchret
is rated arrat dard cagstias éc ae dmidlyypited A
terretindy dl rets are rated wthot casichritg ay aastrarts, ad
then the rets casing aastrant viddias ae riped wp ad rerated
Adher comm rethod is edoed by the ¢ wo- phase routers, Wid
grerdes aratirgsd tinintwdsting geses. Inthe fist pese, sev
ad dterdive rates ae capted far each ret. e rets ae treded
irdpachtly ae & atimg ad o astrats ae aasidred Intle
seoad pese asprdft rate is sdeded far eadhret, dterding torin
inze the dyedive fudian syet to dard Edty astrarts a
ay dler aastraits.

Amn datedk d sqqatid rates is tht the resdt qdity is
hHglly dpedt o the adr inWichrets ae rated adingred it
is dftilt todniceagodret adrirgapiai. Hs pdlenis addd
by tle tw e rater, Widhinths respact treds dl rets eqdly @
the dher Ind seqetid raters ae faster tha twedese raters, ad
lere ae gradly pefared fa vay lag pdlem  Tee ae dler
types d gdal rates, ggh beed s Wl & b gghlbsed Sregs
agda ratirg cnte fard in [Jerai B Edesman 9].

Te dgrithifa ddal rating pesated in this thesis is sed
a ratirg gah ad giitizs aen ad tdd wrdagh wirg the te
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sidy three fatas ae ausidrad 1) tle average net traffic thraghtle
arresprdigdard, ) the posi ti on of the channel intlelaot ad3)
tlerel ative pin density dagthe Bokside Te aerse ret trditerm
is reat to aout far gdal ratirg pesirg thogh the dand ad
is popatiad to the THL dvidd ly the estitsted dard legh
Sree mt rets Wl e irdeeted by vy dut rates, the doer a
dard is totle aater  thelgat, the mre capstedit islildytohe
Te secad fatar accaats far this geroam by ssuirng tht Hods
paed & tle cater o the lgat ae dlocted rae surard g spoe
fa ratirg thn Hads paed & tle prigery o tle lgat. Frly
the rd dive pn dasity is reat to acout far lad copstian ad is
dHied & the niter s dag the Bok side in gestian dvidd
by the lagh & the s Fanthese thee aatribtias, an anit
d emia is dadaedd Qe 6 € [Sden8H is dated to a
dsaigiand the ratirg aea estitte
Te paat dgrithmis bsed o sindded areditg, ad the
ast fudinmnmed asists € three tam. Fe fist ternC teic istle
HC aaptedas awigtedsind the Il f-priras o dl rets. e
secadten”’ oerdgp =W Yic; O , j )pizsBokoalap O@F , j )istle
aalytichBads: adj oalgpy adw is ammdiztioycastat
dHied o tht wC' oerlgp <O teic W & tle intid taperare T 0. A
die d 05 wre swessflly wed far €. Te fid tamd the ast
fudian Iss to b wthtle pitiairg o prs & feile Hads.

Fo types & maes exist. Abodk can be raed to adther pitian
a apir d Hads cn edage pritias. Bok aiatdiafs) my be
dtered s pat d ame Bgtinee the pafarace d the dgrithm
arange limter function dfies anyper lint an the dstace by dich
dspaeat d aHokis dtagedinasimgeme Te rag liriter
fudtian dhoresses Wth tapaaue, so tht irtidly a Hok en be
raeday dstace vile & lomapaetires, alyshat dstace mes
ae grerded  Adler rataisnanlaly ssues tht dot dstace
raes ae b grerded & Hghtaperaures, sine they ae lildyto ke
imgifat & tht tira

Te taprae T pp @ timk His apteds T o = )Tk,
were o (T 1) is asirge futian d tle gvenpdienstich t 4l tires
stisfis 0 8< (T ;) <0 R "Hyrdue duressss tle fatest toads
tleedd the prosess. Ir ann Bokppdlem4lh raes ae dtaped
& exch tayerstire.
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tivty btwen dwtas ¢ adj . Te mabd spce s u et ajasat
Hods & adl is then estirsted by

K
sy =\t w Y piici
i\

were A is the ratirg gid gdrg ¢ u 1s a prader aouting fa
dstint rets shirg the samtrakina dard, adp fjé- is the prdatil-
ity tht a coretion btween Hods ¢ ad ) sses thragh the regan

betwenHods & adl . Te pdahlityp g-is derired by casidring

te shatest ptls franbok? to Hodk 5 , rdyirg an the tweterrind

repesatdiand the rets.

415 TN

Tiler WNE s adher faas itegaedsytentar foagarig/a
caat adgda ratirg d hildrg Haklaats dsd ged by Sden
& e Wvasity [Sden & Sden &Y. Te sytartes ben an
tinody inproed ad rdied fa a nrker d yeas ad lee dhs
my wdl fadlities. Fe daateidic febue d T WNTis
tht dl mndgriths ae bsed i simded aredirg,

Te pdlendfiitian sed is vay grerd. Exed s Wl o fleibe
Hads aeladed aHodkcnlme ayredilirear depe, adthe seach
spe is it restrided to eg didrg strutues. Te Hd Istirded
Itecaret @t (HQG is tle aly aiteia rned HCis a
wddtedsind tle estittedlaghd dl s If dl widts ae eqd,
THCeqds HI, the '&d Ietirsted Itercaret lagth

TerWNM asist E tw mn geses, intid paaat ad
pacat reaat. Te ldter casist d repeted esatian o three
stegs: damd diitiay ddal ratirgadajustrat d the paaat.

Hre the jacarat is fre tusdaccad g to et dard daities, ad

aly three iterdias d the seaad gase is reedd fao " HCas wl
tdd etirded aen to anae Te ddal rater wed in gese tw
Wil ke dsaibedin Sdian421, ile tle remnie d ths Sdtianis
aycerred vith the gese ae dgrithmfa iritid Jaeat.

Te sic ida d the ddwrde ratirg aea estitian is to eqad
eahHokly anaart wicdhdpad atle pritiond the Hak Le,
a5 qpoed to the static Bok epasian strateges gdied in [Gm 9]
ad [@ocra 9] dsaibed in pedas satias, the sdea wed lere
is draic. b derire lownth to exad a Hak dag a gwn
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1) Te t opol ogy d tle Jaaat, i.e, the rdeive pritias  dl Hads,
Wl = the diatdiand exhBak is dterired 2) Gl ratingis
pafared 3) Tedamat adgddal ratingis adyted to exh other
thaghasqee d inveatd dtedias d the Jacrat & Wl &
tle ddal ratirg 4) Rutirg regas ae dfied ad adyed 5) lod
ratirg is pafaral A exhregmis rated tle faeat is lodly
ajusted avadgto the fild reganwdh Ne the third ad te ffth
step Wich irtegetes the giinmtion & the fhaparing/aeat
wthtle gdal ad dtdledratitg, respetivdy Ixirg the third step
dratc yittes d the faaat & Wl & the dda ratirg ae ak
pessiHe by the e d sofisti cted dtestructures dsaibedin 13 8.
A dtend is rak to pesare the tqpd gy & the pacerat ad Hodk
aiatdias ae it dtered

Te remrirng d ths S faosses antle fist step hitidly the
lgat is heradicly strutued by rearsivdy prtitiaing the Hods
itoantter d gags, a clust ers, sotht exhdwster aatars & st
5Bads. e mtitiairg keristic aasidas Bok shapes ad aarec:
tivity Apasrat is gredted by a topdom trasersd. o the resdting
cluster tree. Tesathsmeis it restridedinay wy A exhled
d the herady a ast fudianis rivinzed by edastive ssadh & dl
pesible tqdgcd aragrats d tle indwed Hods/dwtars. B
e, Hok aiatdias ae dtarited & the led led. Te ot
fudian is a wgdted sund geonetry cost ad connection cost. Te
later tampedizs caredias bewen imajaat distas, dile
the fist termestirates tdd aven ad ressires the rd diashi phetveen
atd dgeadt arget shape d the pacat. Wndosirgaspdfc
tqpd ey target stapes far eachd the ind vedHads/d wters ave pesed
ae led dmtle haady A tle rat d the tree, Widh carespds
to the aupete dip atagt dape d tle lgat is gwn by the wer.
Atloghd] posiBe tqgjes ae edwedd eahled o the Hera-
dy it dl tqdcges ae praedfuthe. ‘Hdges fa dichtle ast
sigrifeatl y exead the rivimnost didred & the arrat led, ae
ulildyto lead to better Jacarats. (deeqetly suhtqdgies ae
prued frarthe search tree.

W ed wting a sped fr tapd gy the rating aveais estirted 8
fdlos. Amteriid et is repesated 8 m(m — 1)/ 2 twteris
amredias betwendl pirs d tamims. A mled leds d tle La-
ady dl caretias ae resured fraxoater to cater d the inded
dutes. Aconnectivity nutriz is captedinvich ¢ i; 1s the carec
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3 Aad B aeduddirofar shrrics ey aadig to the

aess-rt:
B All A12
A _ 2 20
wm. A2l A22
(np) ¥ (np) X)
_ ( B}% B;%mi) )
Blapy Bl tm)

4 Te dfpirg ae dfied 8

All B2 Bl 421
Cra = (321 A22) Dy = (A12 B22)

Mice thet the fist stepis reedid to asure tht each festire is aped
irto each dfprirg extly ae  Adtep & this type is reedd by ay
(Agplyirg a rexdyirg gerada. Inthis sprdft cse, sinee inersian
pardes aly ros ad durs d the bt dramsaa s gpead
to idvdd efries, the satirg regired in step ae is dre in tima
O((n 4m)le(n +m)) iteedd O(n mlgn m)).
(derdeddhpyirgis it imed ad yird ubdintle renppl dian
sintlesirde Add Stiand 2 Iisteadapd o dhpitgis grerded
adthe rewpopl diani's dterrimisti cdly dfied 2 the best ird vidds
d tle d¥pirg pod ad tle pedas ppldicn B dtdan stfiat
dvasity d the prads sdedted far aesoer, the fist prat is sdeted
wth a prdability pagpatiad to its firess Wile the seaad is dwsen
uifary & radhm

414 e HRSstem

A Uhasity d @Aifana Bridey a fans irtegded sytemfar
foaparirg pamat ad ratirg & hildrg Hak lgats cled
BR(Bild rpHokHairaret Alocti anad Rutirg systenn les

been dsdged by 1A, Bderan Kh ad Bdane d [I4 &)
Blamn&. Genast d retagla Bods, widhray be fixi-
He adiar fied BfRnivirizes laot asaadtdd virdaghile

amE drirggentagt Wies fa the lagt, wdha spat rdiod the
laat. Te daateaisticfetue d BiRis tht it irtegetes the foa-
parirg ad the ratirg stey nth deer thn peias sptan &
refbcted by the 1got grerdion paedre widh aasists & fie stes:
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413 A Apaech

D m kotede aly tw A fa mrodd] pasat kme ben
pHised pia to the dgrithm peseted in ths thesis. (AR &
daed by Gy Sdodar ad Mudr & Uhasity & M-

gn [Gm 9, Jdodar 9, is tle sjet o ths Sdiay Wile the
dler apreach is dsassedin Sstian 43 (W lades raroddls

d ay redilirer dape ad the seach spe is b restrided in ay
wy Tree aiteria ae niniwed  Aen, tdd wrdepth ad vddian
d genhod mexhdmsian d tle fid 1got. Riting aeais
eired ly iritid egasand dl Hods by a atan anit, sirla
to et is dre in [@odrad]. Te ttd virdegh is estitaed by
the s tle Hf-periretas & dl s,

Genn Baods, the grdype d asddianis an X m bodenrix
rdaredto & a b1 t map chronvsomne. Iahd the n rom rgqresats tle
Paeat d aspdft Hokas acacdadiand hray raresatdias
ditsz ady cadmtes ad thee aditiad hits sdeding ae ¢ tle
dgdt posibe aiatdias d the Hok hfesibe sditias ae dlomd
ad padized by the ot resue, Widh is a wdted sund far
tarm Te tdd aen i.e, tle sdlest retage adairg dl Hads,
tle estitted tdd virdegh the tdd Hok aea exeadrg the gwn
bard, ad tle tdd oalep aen d Hods. Ftiess d a sditian is
popatiad to the inase d its ast.

(soer, nddian ad inasa ae tle thee gdic gudas
wed ‘Bdlosinasiay dl efries d the htrap draaaae tapeed
wth idatifers & the fedures they e, . Stian 341 e in
wsa geda is a grediztia to tw drasias d the staded
aedrasiad gquda. It fist reases a radddy deen aasear
tive seqace d ros ad then rewerses a rachily desen aasantive
saqae d ddurs. Te nddian qratar is stadhd partvse m
tdian Al atries d tlhe htrap drawaeae irdpacht] y inerted
wth a gvwen prdability  Ghentw grtypes A ad B, the assoer
qerda gredes tw diping C' ad D infar stgs & fdlo

1 Agyd B, dded B, is mk honvl ogous to A, tht is, it is

recrchred by pardirg cdurs ad rog so tht each etry B
avuts the saafedire & the caresprdig atry d A.
2 Aaospit(p, g)e {1, 2 ..., n—-1 x{1, 2 ..., m—1 isdom

uifary & radm
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dvemaptid Jarat, wWiptlesdlet sk lagls d ayHads
Widhae it ¢ aiated Te ddsian tree is traersed dyghfist to
redee staae reqirerats.

Ior bardrg gerdias ae wad

1 Aloer hord aast enbe captedas jugt dsaibed Iritidly
agodsddiais ddared ly sdvirgan gpraimstiond’ the ast
fudion shjed to the castrarts wig lirer pograming;

2 Agwnst d detedireqdities raysped fyanifessilesd tian
bease d agded the famAis totle rigt & B, ‘Bis totle
rigt & € ‘Cistotlerigt & A ktustdy ths is the aly
tyed inasstecyposibe, adit is ladedly puing the tree
wen a viddirg castrart is adkd

3 Al dne arstrats ae wed fa bourdrg;

4 Tper band antle laghd aiticd rets ae dsowed far bard
irg, ile log bordk ae d 10 18

Te rre austrats the wser spedfes, the nore ddive the seach
becoes. Wno altiad austrarts ae sprd fed, experirats bae
som tht & et 6 Hods cn be Jaced by the dgrithwthin a
resarie anrt d Qtira lagr pdlem ae haded Ly fist
ptitiairg the Hads irto dwstes d & nost 6 Hods exch If resdd
i.e, if tle laot asst d mre thmn I Hads, the @titiaing is h-
aadicd. Fe hadradhord dgrithmis then repeted y agdied
amexhdwter d the haady ina bttanp adr. Te ptitiairg
dgrithmsedis rddivdysirde ad aasidys caredinity aly

A fist thagt ae gt thikthet sinee this gyreechis sed
hadradhord it sholddvwas pode angdird Jaaat. e
tht there are two ressas Wy tht is b the cse. Bty “opindity”
d tle Jaerat d 1p to 6 Hods reas tht an glitd e d tle
deenast futianis fard Ferddiond the oot futiantotle fid
lgat, Widh indws fatas suh & the aray d the rating aea
etirdte, is adhe isse Saady the prtitiaing dgrithrmesdd
fa laats d nae thn 6 Hods itterat] y leads to sthopdita resuts.
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412 ABadhadBud Aypedh

Abadhadbond dgrithmzs hen dsd ged by Godra & Uli-
asityd Aifaria Bridey ad Higdi ad Barua Kdo Ui-
varsity Jpmn [Qodra 9. It Paces retaplar mrodls wile rin
inrrglaat aea Te search spee aasidredis urestrided i.e, it
lirtedtoeg didrgstrutues. Fe axt fudtion riminizedis

Ay A
y 1 xr

dee W, (W,)istlewdh(ledt)  tlesdlest retage edsirgdl
Hods, L i (L) is the wdh (ledt) o tle slest ratagle adairg
dl psd et ¢ , ad A » (Ay) is the ratig gid spdrgin the haizatd
(atid) drasian  Hoe, the fudion giiizad is the aea o tle
slest retage edairgdl Bads, Widhis eqadd to axart far
ratirg Tee@msaineg the ydrasmis A y tires Wix >iLi,ie,
the audded nuter  haizatd vire segats saming the wdh
d tle laat. Ritirg is dso acvarted far by intidly eqadrg dl
Haods wthan anrt dped g anthe niber o terids dageah
d its sids.

Te axt fudtianis rininzed shjet to werdfied aastrats
tle dae d tle laat adoaiticd rets. Te shape castrarts enle
atagt spt rdiq bt aaspet i @ yper bk anae
hthdrasias d the laot. @strarts anaiticd rets cnbe yper
atda lowr s anthe lagh d these mets.

Apamat is dsaibed by sprafying an aiatdian d each Hock
ad the tql @ rddiashipltwn eaypir  Hads. Fe tae
lgcd rdaiashipd Hads A ad B is dther “4 istotlerigt £ B”,
‘B istotlerigt & A", “A isdwe B”, a ‘B isdoe A”. Iahd
these rd dias can be eqressad a5 a lirer ireqity ‘b addoalap
pregd Bads, & lest ae d tle irgdities sold ke sdisfed Ech
dasiarwidied the dgrithnspdfes dther maietdiond aHak
a atqpdgd rddicnbtenapir d Hads. Te ldter is dre by
sdetirgae d the far iregdities toldd

"B ghirize the badirg sdedle, lagr Hads ada Bads re
laedtoaiticd rets are aasidredbfae dher Hads. Fitheroe, the
tpd g rddiaslipd the Hods austititing a ptid pacaat is
dwas dterrined hefae tle aiatdion d the BHods Alosr bourd
a ast cn then e ddared by edwtian the ot fudian desaribed
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WPapies adasicd etirdte d tle tdd rtleghkomas the
hal f-perineters d therds. Teleghd eaxhiet is estirded s Hf &
tle prirger & the srdlest ratage edaigdl temds o the et
Bd retlaghd tle lgat is etirdted & the smoer dl s o the
H f-prrireters.

$hdt
E @/Q\@ (=

Fare4l Aslicing structure and t1ts corresponding slicing tree. Aleaf
corresponds to a bl ock and an i nt ermedi at e node corresponds to a channel .

Aviprtat fetue d WPis tht the tw oot fatas, aen ast
ad retlagth ost, ae it arhired irto a sirde ast resue
irg a wgdted sun & is dre in my dgrithm A parted at
in [ 3y Badl, a wgted sundten irttrodees lladg
pdanasdly the dffrat mhre o the indved fudtias. Fese
pdenae d the vay saamire & the pdlan d padty tamm
dsassed in Sdtian 343 Iisteed in WP tle tw aiteria ae ed-
wted indpachtly  Fo taprdues ae mrtdred ae fa exh
aiteria g the saa adirg sdedle. If a moe daresses hith ast
s, it is dws avgged Wnae a bth ast s inresses, the
raeis agdedif adalyif it is axgted wth respet to eachaiteia
seaady aasidring exh aiteria in the wa mrer ad wig its
asad ded taperdire,

Ibr typs d mes edst. Fo sthiress o the dlidrg tree en be
edagd astire anle moed adtle diatdiand astiree en
ke dtered Asiree cn aasist  ay niter & Hads. T farth
rae tye is dtedian d the aspedt retio d afesibe Hak
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411 ASnlaed Avedirg Apraech

"Fe Mro Bock Pacerat progrand W), cd gqedly Wy Said

ad Sgyanad Setle Slion (dprdia is dsailedin [[Ham Ik
Wion 3. MPlades [gats wichae arikue o stadrdals
adrmarodls Hs cpblityis idlyrdeat fa red-wvald dsigs,
d. Stian22 Apammat is grerded in thee man stas:

1 Testadrddlsd thelaat ae mtitiaedtofananter &
feile Hads.  Giteria ritirived ae the size dffrece betveen
tle Hads ad the niter d s at by the @titiairg  Te
tedrige wed is simdded aredirg;

2 Wigtle tarird gy itrodeed in Stian 23, this stepis foa-
parirg At rdiois to ke dtarired fa- dl feile Bods
jut aeted ad dl Hads ae to ke paed ad aieted H®d
aen, tdd virdegth adthe duidion frara taget sspadt retio
is rimnwed wirg simlded areding

3 Wndl spt rdic hme ben dterrived ad dl Hods e
heen faed ad aiated tle stadhidddls vwithin exdh f the
Hads aeded in tle fist step ae paeed  Apin smddted an
redirgis wsed

Te remrig d ths Stion dsasses the sead step dichis the
ley step & WP Fe scardh is restricted to didig strutues, ad the
dgrithhmperdes intamad the sl 2 cing ¢ ree, abraytree repesating
adidrg strutire s illwtrdedin Kg 41.

Tree fatas axtribtes to the etired aen ast:  Aratirg aen
etirdte, i.e, the etirded aea d dards, a etitde d the agy
s, i.e, the ae Widiis mthe cooped by a Hoknr a dard,
ad fidly a padty fa duidian frantle tagt et dtia Te
ratirg aen ad the apty spee is estirded by a dyghfist traersd
d tle didig tree. A eah irtaradde ok the widh & the dard
sqadirg the tw siress ae estirted Te idh & the dard

hetvenHods Aad Bis estitdted s A ViaH g+ yml 4, §), e
A is tle smdrg d the ratirg gid ¢ x is tle niter d terids dag
tle rdeat sice d Hodk X axd ! y istlelaghd tht sk Te fist

termestitites capstian in the dard fraxtle niter & terrivds
pesat, wile the ldter acauts far the ddal rating pesing thragh
the dard withat berg careted vithin the dad. Fe lagr a
dard is, the rae lildyit is tht rets wll pss thraghit.
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Hs (ater pesats sdeteddgrithmad tads widhto the best
pkobede aastitites the arrat stde d-theat inrarodd] gae
rat adgdal ratirg b fadlitde rewirgfd pafarace -
isas, afuther detiaaiterianles benthet the wed piendfii-
tias ae sinlar to thee wad in the wak pesated in this thesis.
eape, sded-tleat tads epidtly gfirivirg drait pefarace
wre edubd Te gylied giinizti anrethod bes 1t ben anissie,
dthaghfa the pdlern vere a peias (Alssed gyach exdst, it

Ies beenird wkd to fad litete detal ed caparisas to the (A reserted
inths thesis.

Stian 41 pesats gpades fa mrodd] pasat, ad Sc
tian 42 pesats gyredes fa gdal ratirg idwdig an dgrithm
fa the Sdrer pdleninagah Keraws to (& fa rdded pds
lemsuhas ptitiairgad dard rating ae poiddinSstian43
Te prfarace d the gyrades vill be capred in Giger & B
riliaity wth the gfinzia tedriqes d simaed areding ad
hadiadbord is assuald thraguot the dager.

4.1 DMcro-Cll]l H acenent

He aprades to mrodd] pamat ae pesated irdwdig dgy
riths lased an sindeted areditg, hadhadbod ad the A
o asuvey an (tarocd]) gacerat tedriqes ingrerd, the readr
is referred to [Sebodar 9, Jerwi H.
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e cased partly by ather querabar, Widhproiddsaa ‘good’ impt
irdudds. Tedae, asdenis reeddin widhaedt is pasgted
‘Tadards” thragh a seqeree d qeratas, Widh podead (tle an
cestas ) aspdfe indvidd.
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d tires fa eedh pdemsirg the praser s rqresated by the
irdvdd d the rda(A Te searchspee egdaed by the reba(Ais

vy sl capred to wd Agpictias, eg, in [Gdastete &
the s rady aasists 1M pirds. 'Hs is ae resm Wy it
is rearte to ssum tht the pradeas wed far the ra(Aae
it too aiticd. @hevise, d aorse rthing vald hae been grired
Gfastette wed the praser s raaraddin 10 Jog H fa

the a(A Qler aasqes d tle etrady stdl seardh spre

d the a@is tht a vay sdl ppldia is sfbet ad th
a god resdt cn ppdally be ddared in vay fevgrerdias.  Sill,
the arpexirteration betven the varias prageas d the (Ato ke
tued is cgpred rah better by the ra(Atlm by sirde strate
des gpied wen seadirg far prader sttings rmdly Te db
vas datedk d the aAqprad is the rutire regireats.

In [Gfastette & it is sdd tht “..the etded eqrrimats rgre
sats asizie niter  QUhors”. @ tle dler tad it aly reeds

to ke dre are ad fa dl wen a rew(Alss been dxd ged

Te fid gypah to prader sdting casidred in ths Sdia
is radcdly dfrat. Riher thm dtegding to fid a fied st f &
radge Wies, Iais dnises a sdemfa dmaicdly ypdting saa
prases dringtle eeationd the YL Tais ). Te pragers
ingestian are the pdablities Widh diies the freqacy  gydyirg
eah qrda. Te ida is to dmicdly ykte the gpictian fre
qey d eedh qerdba acardrg to its arret pefarace, resured
intammd firess-dage d tle indidads dteedly the guda. Te
arrat hest parfarig qedas shodd ke gied the st Litid
dies far dl pradas ae still redd bt ae les aiticd.  Aat
franpatly addrg the pdlend” fid g god praster dies, ths
stretegy dso I tle ptatid o irpoirg the pafarace o the dg>
rithm siree fied prager dies thaghot the rinis ulildy to be
icd.

Te agi nsdemitsdf irtrodees soarenprades, eg, low
dten to prfandraic wpites. In [LL Tais & fie rewprades
aeirtradeed Hwer, ths niter is fiedregrdess & the niber
madeas dmaily ipited Mtherae, the irtrodeed ran
deas ae pdably les sasitive Bt a me saias pdlanrasrs,
Wichis tht d aedt asigrat: Hwto wyite the quraa pds>
dilities farly It is it sffiat to aasicyr the pafarace d exh
qerda isdded sinee the Hgh prfarace d a spdfe qerda
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Ibeer, the mnlirtaiond th [I8 Jug d ad [Gfastette §
is tht the pgwed dus aly gy to (& lsed an fied legh
bracy repesataias.

In [@deg 8 @deag pesats a thadicd gy to tle
dHarition d an ‘tird” ppldian sze, were ‘Ghird” is &
fred in term & sderda processing per indvidd. Hs gyyach is
dso lirited to fied lagth by rqresatdias.  Te resits pe
sated spests a ppldian size Wi gos epoatidly wth the
lagh d the evodrg;, A pirted at in [Rees B, suh ppldian
sizes Wil 1He the Qirferiar to dher gdinizetion rethods an red-
wldpdlesn Irstead Reves dtberrives alomr bard anthe wdle
ppldia size, the dyetive barg tht & wirg the sAlest posibe
ppldion [Rees B, Aresadle aitaia is tht ay pirt in the
search space shald be resddlle wig assoer aly  Arecsssary an
dtim far this is tht every posible gre e is pesat & every gre
loctianin tle intid ppldian  Asuirg tht the iritid pplaian
is grerdted uifarty & radmalomr bord anpplaiansiz en
then e dterived  Rews dos tht the riimppldian size
auipted ths wy gos dasticdlyvith the cad ity d the dda
bt wed far the evodrp, ad presats this & @ agrat in faor
d by repesataias [Rees B, e, sed an ey sirilar
s drdias, adffrat cadsa endso te readed In [He H
it is sipested thet vien the pdahility  Imitg ey psibe gre
die repesated & eary priticnintle intid popd dian beaaes too
loy ae shold capesde by inoressirg the midion rete rether thn
inressirg tle ppldinsize If ths enle dre that capaising
anegne, tle rutitapadty d alage ppldiais addd

Fe thrd ggyaach listedis to aasidr the seachfar god praeter
dues & adaled glinztion pdlendidhis sdwed s suh by
wgeg a@ rdered to lere & the a@ Hs gped ws
itrodoed by Gferstette, o & matiaed peiady graded a
ewset d grerdly aceped dfalt s ths vay [@fastette 8.
In [Seodar I a rais wed to fid sutdle Wuws fa a A
fa sadidd] paaat. Te idvdd d the ma@is a rep
reatdion d the prader dwes d the Ato ke tued Ne tht
ths aprachis qite grerd intle sape tht dher gdias suh s se
letinsdees, dterdive qaaas, dc candso be imapraed ad
giiriwdths wy Adirge reta(Aftress aptdimarssts d ex
entirg the Ama rgresatdive st  pdlen pdferdly aniter
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344 Slaticnd Pradea Vduws

Erdrg sutdle vdwes d the aatrd pragas d a@ eg, the pp
ddinsize, assoer rde ad nddian rete, is ingrerd ammtrivd
tesk sirce the pradas irfeats in a cagicted wy ¥, frama
paticd part  vewths pdlemis vay irmprtat. Afied st &
praster s is reechd Wich yidd god resdts ana ik rage
pdlamistaces, sine tuing the prades toads a spafec pd
lemimstaxe is a vy tedas ad tirmaasuitg tesk  Bitharoe, it
des it poick a far bsis fa i the prfarace d the A
totht d dher agroedes.

Ior mn gpades fa dedtiand praser dwes eanbe idn
tifedin the literatire, Wichwll be carated in the fdloing

1 Igue the pddenad b pdlenspeafc tuirg, Watustd y
it is rt bard to fid pypers fdloang this gyyeech

2 Hrdafiedss o prages by etad e eqaimatdicada
by wirg grerd gidires poiddin the litedture

3 Gxidy the pdienes an gliritintask & a rdaled ad
ayaxhit by gy adle Q(aea@.

4 Hirrete the pdlemly itroddrg an adygive sdeafa the
praeter s,

Frdrg a fied st d prade dus ly etasie eqrimtdia
is the et comm agyeedh, ad is dso tle ae wad in the wk
pesatedin ths thesis. Wias prader setting ae sy triedat
insqasgtaic wymasd d test pdlem Tk to the stadestic
retre d the dgrithmaniter o rus is reedd far each prader
settirg meah pdlem wich & carse rdes this g aytia
amsuitg Htharae the adexitaatiand the praders ae
aly cypured to a very lirited extet.

Te literdue des d& sam gidires fa fidig a fied st o
prage Wuws, dtlogh they ae d lirited gichlity A ealy
& 190 10 Jop sppested a st d gred alicle praser dies
sed metasivewkithatest site d fudias, Widisstill wdy
wd[lo g H. e, Gastete sppstedasst & prager W-
s graaded by a rda (] Gfastette &, Widhvere domto at-
prfamle Jap's Wies. Gfastette’s settites I been iy 1ed
by dher reserders ad ae grerdly acgted & resarie dalts.
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rears the emiest ad bt rethod vien tle femibe rggan is lage
rddive to the tdd dran a ven the pdleamis "satl. G-
wse, ien pessile, aastrart efaat is jrdatly the best way to
tedle aastrarts”. Hs vewardds vth the epriae d tle ax
thr d ths theis. Ina Mtes pget the hidly castrared pdiem
d W foa-parirg we ayreded g a Absed an the padty
rethod Fe dgrithheer aledwdl, sineit tured at to be ret
toirssibe to frd sitdde s d the widts d tle pardty term
In dher vards, the mdfed st fudtione we giirizad gite wl,
bt Ied adyvaylintedrddiontoc . Te wk s ligly castrared
pdlem pesated in ths thesis is ased ) castrart efacat, s
Wil be dsassed in (Gder &

Forecat apyades far castrart ladirgdbndt giteft irtotle
dwedsassiay sine theyrdy anaastrat efacrat dilestill be
irg gite grerd. Te MAPstenpresated in [ Mtdeirz 9,
Mideiz Y is agred Qlssadsytenfa nraicd giinztia
pdamvithayse d lirer castrats. (dstrart stisfatianis en
fawed ty a sdeadich rdies an the aneity d the fessibe regas.
(deqatly it ecnt esily be grerdized to mlirer castrats.
In [Nidenz 9] EOPis cpred to a Qusirg the padty
ld a spddizd Qg astrat efacat (EHEE)
ad a pdee fa mledicd pogarig (M, o atest site
d sxfudtias. Te best resdts ae dtared by B¥IC2 widhis
digtlyhetter than (XA eer, EXXPis deal ysiperia
to (A ile the perd tyrlased (Afals to fid ay fesiHe sdtias
a dl.

Te gl gpraahis pesatedin [Stoaaer B. Tebsicidais
to eeate the (Aseerd tires, exh tirasdisfyirgand yt sdtisfed

arstrart. Intle fist esatian the ot fudianis sirdy p 1, hawe
tle fid ppldiais (iddly) sditias stisfyirg the fist castrat.
Fantht statirg part, the (Ais esnted ggin tlis timvithp 9 B

ast fudian Slutias ownidding the fist castrart ae dirited
by asigirg thanwero firess. I a gen pddensith k- aastrats,
ths pamss is reperted £ tites, to grerde a ppldio stisfyirg dl
argtrarts. B franths statirg pid, the aigrd ast fudian
is qiinizd ly eeatirg the (Atle £ +'th tilm  In pindpe ths
guahis gradlygpicle Bt & rded by the athas it is an
ptaiad epasie adthe soess d the gpaach rdies an darsity
intle ppldias g addlymtaredin exh esatian
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duldestirdetle expect ed conpl et i on cost, Wichis the atitiad ast
resckd to trasfantle ifesilesdtimitoafesile ae. Asitdle

etitle d aapetianast is gwenfa athreedrasiad pdlembt

it is mted tht the tedrige cn 1t te emily gredized Asdem

fa dmicdlyyphtingd prdty tarmis popeadin [Sith 9, ad

paisirg resdts ae reprted e, aly ae pdlemimtare is
amdredich s aly ae type d castrards, i.e & =L

‘ Property ‘ Rnalty method ‘ Enforcerant mthod
Gererality of approach High Low, none
QA theory applicable Yes No
Agori thmdevel oprart. ti1e Short Long
Characteristics of function optimzed A cost function Worse than cost function
Size of search space Large Sal 1
Some feasibe solution guaranteed \5) ¥s
W ot adjistrent probl ern Likely )
Sol ution quality obtai ned R-ohl emdependent R-ohl emdependent
PU-tima requi renant R-ohl emdependent R-ohl emdependent

He3l Conparison of the two natn nmethods for constrarnt handling.

It is espeddlydfiilt to capare the tw castrart ladirg strete-
ges wth respet to perfarace, bth intemm d sddion qdity ad
aptdimtim Te fewresdts ad ginas repated in the litaa
tue a this isse ae afldig Avadig to [SithH tle gii
sdutiafs) d ligly castrared pdiem tad to lie a the hardry
d tle fesille rggay ad thedfae, my rghurs d an gfimm
ae ifesile (dseqatly in adr to fid a pth to a gdimm
it is irpatat to dlowiteralde, irfesibe sditias to ke casid
aed [Rdadm &) SithB. Intemd sdeda the agrat is
tht the fessibe sditias v catanard dindylovpgutiaa o the
hildrgBads, Widisluddbe pt togther tofantle fesibe, gda
qiimm{Sith . Geaqatly it my ke dfiilt fa a Alsad
a austrart efacaat to fid a pth to a godsddiay leb dae a
dda giimm Sith ad He [Sith B futher pirts at tht de
to the capedty d aostrart efadrg doodrs ad qerdas, these
qgerdias cn le the hittlaedk d the sexch Widhis adler ag:
rat infaor d the prdty rlod @ the dler lad a Alesed
o the padty rehod my sprd 1t  its tire edding irfesi-
He sditias, Widhis addd by the castrart efacyat rehod
Te best duce d costrart hadirg rehod udhiied y dpads an
the spedfe pdlem Avadrg to [Stoaner B the perety rethod
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(ealy the tw rethod cn ke cabired so tht saad the ane
strarts d a gen pdlemae laded by padty term vile dhes
ae afaed ko mthod s its adataes ad dsadatags to ke
dsassed in the fdloarg Te reedr shold leep in i tht sine
ths reserch tqic is dtill inits ifacy dler (Aresearders 1igt it
aee With the view to ke pesated Te mnpirts d the dsassian
ae sumaizedin "He 31

Fe perd tyrethdis the rost gverd, sineit al yrad fes the ast
fudian Wile dl dher caprats o the dgrithhress udtered
I the syaremsm exsting Atheay is gpiclle, vile ths is
the cose vn a speddized represatation adlar spd dizd qeraas
ae wed to eface aastrart stisfation Sth rqresataias ad
adas ae futhernoe matrivid to dsign ad caseqetly costrart
stisfatianis the it epas e gradintamd ddqeat tirm

Asuing thet the ast fudiane  hes prgrties wichrdes it had

to ginize ad tht the pedty fudias p ; ae dipe eg, lirer a

qaddic ¢ vl nt e sigifatly baedy to gitize thine . Inan
trest, wen efadrg astrarts by sae repirmelod the doodr
s 1y grdyps to tle sampit intle ferdype spee, prins
in a vy Tmsoth vy  Hoe, tle fudion atidly gfinmd
wen sen & a fudian frartle grdype spee, Wil ke badr to
tirize thn ¢ . @ the dler tad castrant efaeat gws andh
sHler sexrch spre, espeddly far Hidly castrared pdlem viere
the femile sdtias may austitite aly a dsgpearirg fratian I the
dran

Fe pard ty rethod reqgires the dsign d siitdle padty fudias
ad arrespodrg wdts, wichis it atrivid tesk If pedties ae
too low 1o fessile sdtian ray ever e fard Wile this is gaatesd
by costrart efawet. o high prdties my tun the glinz
tian irto a seach far a femibe sdtian aly vile it barg dle to
dstirgish the qdity d dstint femsiBe sditias. tharae, if the
prdty fudias dfés inmtue, eg, p ; is lirexr ad p
saa axstrarts ae sigy nih essier to stisfy thn dlers, the rd-
dive imotare d the padty termm ray dage drirg the ginw
tin pasess. b oarara this pdientle wigts reeds draicdly
autrat. Sragred gidires fa the dsign d prdty fudias
ae gwnin [Rdadm ). Tey caduk tht a god prdty fuec
timshoddnd just cart the nrber & costrart vidatias. Istedit
sl destirate the dstare frarafesile sdtian Tt is, the padty

; isabg a if
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4 BRiler thmintidizirg the ppldion radidy it can be seadd
wthirdidds greedbylaristics, & dsossedin[Shitz 0
Gfastette &), ang dlas.

(A eqddtirg pdierspedfc kodede is sadines rdared to
intle literdtire &8 hybre d GAs, knowl edge- augment ed GAs a Evol uti on
Prograns. In[Ndewz B a coe sty is pesated in wich rae
ad e pdlensped ft kodede is imoaporded itto a spdfc (A
A ae wld epat, tle sty dos tht the e pdlersgpdfc
kolede is egddted the better pafarace is diared

@ tle dler lad & pdesspdfc kolede is egdted tle
grerdityd the dgrithns capraised hitharae, ay kolede
d dgrithic poeties didred ly theaaeticd adysis s dsassadin
Sdian 33 vl be saifeed  Ad fidly the tirmit tdes to dd
the dgrithnsil] inreese sigifeatly [Nid ez 4.

343 Gstran Hdig

Sree drat dl red-wald pdleminde ratrivd astrarts, tedy
riges fa costrart hading in (& is a ey irprtat, bt drost
uegaadtqgic. kther researdhis inbedreschd  Tre are twan
greades to austrart ladingin G

1 Tepadtyralod IfessiHesditias aedlordht padized
tpdlys fdlos: kragwnpdlemithk castrarts adast
fudiaic , the ast fudianis redaced by d the fam

k
)= (s )4 X Aimls)
=
e s dades asdutian the fudianp ; > Orasues the dgree
dvddiond ther 'thastrart, A ; > Oisawgt dtarimgtle
rddive irprtace d vdaias o the ¢ 'thastrart ade eqas
1 far rminztion pdenad — 1 fa minsicapdan

2 (astrart sdidfatian Ifessibe sdutias ae addd ad aly
fessile sdtias ae ever ausidred (Gstrart sdisfation cn
teefacdd dl tires ywgargresatdicintichalysdu
tias stisfyirg (saad) the astrats cnbe egvesed ada
by g a doody Widh ‘fepirs” ay (radring) astrant o
ldias, adhysirggretic qerdas wichgrerdes alyfesibe
sdtias.
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342 FBgdtirg Rrdesfjeafc Kolade

T preced rg Secti nd sassed bosto i 1prowe the prfamace d a(A

by wirg a pdlerspdfc endrg,  Adler pafarace etadrg
tedrige is to imaprde the we d pdlewspdfc kolede irto
tle dgrithminaias ws. @ d tle sragst adoetes f dirg
sois Tawerce [is In[L Iais & le wdte

7. it I sered tne to rafar suatima tht e cardt
tade 1t red-vald pddemvith bracy repesatatias
ad an qeda st amsing aly d by assoer ad
brayntdian @k resmfa thisis tht real y everyred-
walddranbes ssod ded drankotede tht is o e
wen ae is aasidrig a trafamian d asddianin the
dmn It is a trismin tle epat stemfdd tht &
ran kodede leats to inressed pafarae in gfine
tiy ad ths trisndes catady ben bare at inmes
priece gpyirg gretic dgriths to irdstrid pdlam
Bray assoer ad by midian ae kobedeHind
qadas. Hoe if w reist atg kotede to ar g
retic dgriths they ae lildy to udr-pafanreal y ay
ressartie giiriztion dgrithithdt des tde acont o
such dyan kodede.
[...] I ieetlst greticdgrithmare the agrgriae dg>
rithm to e ina gedt tay red-wrld qdictias. 1 dso
Hiee tht ae shold iraprde red-wald kodede in
a¥'s dgrithly atirgit toa¥'s doodr a ly eqad g
a¥’s qeda st.”
R erspad ft kobede cn ke eqddtedind lest far ws:

1 Hristics cnbe wedin the doodr to itterpet a grdtype "sent
sily’ vith respect to the pddem

2 Te eistirg gretic gqedas en ke dteed 0 tht eg  tle
aosoer qrata aalires the prat idvdds wirgalaridtic
to irpoe the firess d the podeed dipirg, Hs is dsassed
ineg [Gfastette &, dderg &y Iaidr 9.

3 Nwagmdas cn ke atbd Widh pafam lod ginwtian
d agwnirdvdd g ay pdlerspefc ok adldle
Hs is inestigtedineg [Sh&].
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pesatedin [idr &, bt & nted by the athr the qyyech bs
saasaias liritdias. @k d these is tht to add vsiting dl pdrts
d the serch gce, epstasis bes to be estireted by a saping rethod
far vhich o cafthee remure is poidd

Atedrige fa reddrg gistais by invesirg the size d the rep
resatian is pesated in [D Bedley B].  Iwer, ths rethd is
lirited to cahirdaid giinztion pdlas ad tlke pice @d fa
lowirg epstasis is tht d a nah lagr search spee Tere is
grerd gpiclle tedriges adldde to fadlitde tlhe dsign o alow
epstasis rapesatdian ad aasaqatly ths imprtat tesk ks to ke
sdwd adloc ma ceetocse lasis. 'Hs is ama resm wy saa
tdkaat the ‘at” d dsiging (A

A fa the seoad ety ratiaed dwoe, the dsirdde lovds
tae betwen niidly dperchit ges; the sititioni's saetet bet-
ter. Ingrerd, it is it kom a piai lowtle gres ae rdded ad
arsqatlyit is grerdlyimssiHe to dtarire agod adying steti-
dly Isterd the st carmapadhis toatlasodledreorderi ng
operat or tothe st & gaetic qardas. A tle (Ais eeated scthan
qperatr reachrs gengdypes, therety aterping to grap togtler
the ninally dpercet geres draiedly [ cberg 8. Hs reqires
eachgere to e lddledso thit the itarpetdiand a grdype beaaes
irdpadat d the adring o its gaes. e st wsed reardhring goer-
aa is i nversi on itredeedin [Mlad 7, Widh sdeds a sistring
gres & rachradreass it. Te datedkd wirgrerdying geras
tas is thet the reqired arder-indparcht gerdype efbdid yrepresarts
adgiftat emmad the sarch gpe. A dtertive to readring
qeraas is pesatedin[(ddag 9. Hre the gfiriztion pocess is
dviddirto twdstind deses. e sde prpse d the fist geseis to
fidasitdle adying ile the giiriztianis pafaralin the seaad
pee Hwer, it is ladto jude the femiblity d ths gpeady sine
it is aly tested mrether sl pdlam Adher qyyaachis presated
in[B 9, dichis giictetoactdndass d ggh pdanaly
It is ssual tht the gadype is a btstrirg in wich exch it sdeds
a cesdats aatanatexd the ggh In a prepocessing dese the
adyirg is died fa eape s the adr d traesd d the gah
bya dyghfist a albreadhfist seach Btasive eqeriratd resdts
ae repated Wich shog tht the prerocessing sigifeatly inpoes
perfarace fa crtangah types, Wileit bes o bt andler ggh
types.
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proessed s eqressadintle Bild g Bodk Hptlesis ad tle Stera
Teaem

If the gpstesis & argresatdianis wryloyi.e, theeis little a o
radirear irterati an betventhe capeats, the prddanis esyintle
sere thet it can(drst) besdvedlygiinirigd agae caprat &
atim (dseqatly the Wil beatpafarallysidehlldihng
tedriges. tle dler bad if epstesisis edradyligh the (Awidl
fal to poess sdada in a wdd mre, ad the seacch beaaes
radhm Hioe, rdive to aapting ginrtion tedriges, the (A
Wil perfamrits best Wentle epstasis is rether tooloanr tooligh
illitretedinFg 33 Teimprtat part hereis tht the gpstasis led
is not fiedfa agenpdlerht dpad antle repesatdiand the
pdenvidhis donlytle dsiger. Hs aimids wthtleraals
d Stin3 1 2reqpd g the gictinaend (A sineayeawdrg
d a dftilt ghinztion pddemvll Iae saa dgree & mdirer
gre iteatian ¥, the dsiges task is to qiriee perfarace by
daisitg an evd 1 gvirg the logt posibe gistais led.

hillclimbi GA d h search

illclimbing random searcl method
I high high epistasis

none ow ig very hig level

Hare33 Relative GAperfornunce depends onthe epistasis level of the
encodi ng.

Teadicly fa alag das d pdlan a rqresatdin exsts
wich wll rde the pddemesy to sdve far a (A Me spafidly
e ad ligirs Iae dom in [We 9 thet fa ay pdlemith
aigetive agt futia argresatdia exsts didhdbdindy tras-
fam the gven pdlemirto a pdlemwich is kom to be exily
sdlelya A !, Bs thaeic resdt ennt be dredly apdiedin
patice sine the astrtian & the rgpesataion dbdidy regires
the gven pdlento e sdwed Wbeer, an irprtat caseqene d
the resdt is thet the prsit d a godenodrgis it invdn

D fadlitae the ddquat & a loweistasis rqpesatdian fa- a
gen prdlem a gred gplicie remsue d epstais d a repesen
tdian wdd e vay wefd. A dtag to dsd suh a resue is

IThis problemis the counting 1’s problem, i.e., the problemof counting the nmunber of 1’s
in the binary representati on of a gi ven positive integer. The counting 1’s problemis of course
easily solved by a trivial, determmnistic programbut can also, if one insists, be sol ved by a A
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bud wyd repesatirgasdtion Admaeseriasly it is dtenvery
tardif ndt irpessi Betodta nacapetitive pafarace mared-vald
pdarvten imstitg an a by evodrg Ald & wk bes been
dre an adigs bsad anirtegs, e [Batette 9 ad fidtingprt
dus, eg [Jilondl, Mdeiz 9. Bt den the prades o a
pdlenae it nreic, & fa eade inaahimaid giinwtia
apedy dffrat reresatdias sed meg gads may be rae
sitdle In[lSesend a by tree is prt & a grdype

by the Aaamity is dyidd in thee o Hiee tht the
hirary represartati an shod d dvas be wsed ad these o ae infaar
d apyirgay ‘tHud” rqresatdiay wether it is bray o b, ‘B
alaw etat ths dusain vepdrts is pdaly cased by dféret
dJedives d wkirgwth (A (drerd ly speskirg; densirgaligly
spddizd (rbray) repesataiay pefamace is dten gived &
the ot I saxifiing the grerd gpichlity s Wl & the thadicd
fardtion o the dgrithm Sedicc & Atheay rigt age tha
there it mah theay to sarifee aywy

Hweer, the Bildrg Bok Hpthesis ad the Stea Teaen
still poids wed gidire o lowto dsign a god (xbiray) rep
reatdinfa ared-wald pdlen Te sdeathary spoests tht a
god avdrgis ae widi s tw prgeties, dich wll be edared
e ow

1 Te dypadne bt the caprats o the rqpesatdian is
sal.

2 T dstare hetween nialy dypecht capreds is srdl.

Te caprats d a repesatdiay a gadype, fa eage the id-
vudd hts d abtstrirg is camalyrdearedtos genes ad inadcgy
wth hd gy the dgree d malirear deparde bebveen caprats is
drtedepi st asi s [D Bedley B. Tereisogradlyacgpedadex
at dfiitiond thetemepistasis. Bt theidnis tht 1orepstesis refers
to alowdgee d radirear gre itterdyperche, tht is, the firess &
the indvidd is doe to g alirer cahtian d the gre s,
Srilaly highepstasis reas tht fires is aligly radirear fudian

d tle gre s, Te tem'hiidly dpact caprents” refers

to caprets, idh by ther iteration efbds firess sigifiatly In
dler vads, the reessay aiteria & a god evad g is tht nly
dpacht geres are dose toether ad tht eistasis is & loves posi-
He If agadype stisfes thee aiteria it dlog sdetatobe wddly
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is asualto le irfiite Adin [Adeg8] ad [HmY aly tw
posibeirdvidds, ‘0’ ad ‘P, edsts. (deeqatly theimigt gired
sofar fraddlordanadsis is litited ht hypfdlyfiture research
Wl hirg sigifeat poyes.

3.4 Practical Issues of (netic A gorithns

Wh dsigig a Afa aspdft gpicticnald d paticd issws
reack to be adlessed I6r eagle, to addqidly gttirg traped in
a (prr) lod riimmwile dso add g ey ovanege, the
waiate d the firess s meek to be aatrdled thagot a (A
esatian I tht prpese, the firess remure is 1ot dten dfied o8
amntrivd trafaia d the gven st fudion b adsasian
d this ad dher pdlemfa wid dbdive stadrd sditias cn be
fard inthe literature, the reedr is refarred to [(d doerg 8H.

Hs Stia fonsss an far spdfe pdlem tht ae espadly
irprtat fa the dgrithmpesatedinthis thesis bt fa- ichoesy
a gradly agted sditias exsts. @ the aatray these pdlemn
ae e research qestias.

Te ley pitt in dsiging ay Ais the ddgn d a siitdle gro
tye, Widhis tle tgicd Stian341 Bdtdiond pdlewspedftc
kolede is dsased in Sdian 342 Te tgic d Stian 343 is
tedriges fa cstrart adirg sine motrivid cstrarts ae d-
et dwgs itrodeed by red-wald pdlem Frdly Sdion 344
pesats strdeges far fidrg sitdle s d the aatrd praders,
i.e, tle ppldimsiz, the assoer rae, the nidiarde, ec

341 W is agodasdrg?

Bdtiadly Aresearch s foassed an dgrithm bsed an by
represatatias fa ray ressas [ Besley BY. Te birary represen
tianrades the vend the (Ass ardast, grerd-prpese gpac
togginztion Mlads aigrl vk [lad d fousedmdym
bracy repesartati as adthe ran bodyd” (Atheary asssues a birary
repesatdion A ratiaedin Sdian 33 the brary repesatdianis
grerdly bdieed to be peferdie frava theadicd part & view sine
it raarims the niter & sdesta dthoghthis s engestiaed
Wea, fa ot rd-wald pdles a by ecdrg is it a
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fly processed in the sase tht the niter & represatatives inreses
a dresses equatidly Mladdoedtht the niter f sdeda
weflyprosssedintlis saseisintleadr £ O(n 3). Hs pemem
iskomas i nplecit paral l el smadis dten referred to a5 the resm far
the good prfarace diame by Gh

bfdlyegdt tle dbt & irpidt mdldismit soldbe adar
taas to lme & may sdada = prsibe  (Guidry an dpset
d caaddity £ adastrirglaghd [ . Te sz d tle sadh g
spaedis thn k " ad the niter o posiBe sdastais (K H)
a fied serch spee s it e then ke seen thet the minmmm
ber & sdedais dddred by rninzg the caddity & the de
het. Hs is ae d tle mn resas tht the bray rqpesatdian ks
been dimat in the Qlitersture ad is dtill pdared by my re
scades. e, [Ataise§] itepes sdeda dféatly ad
adubs tht the by djdst des not minme the niler
sdeda @ the catrary ad in carespodaee wthirhitian dpgs
bets  hider cadrdityles rre exressive porr ad regyesats mae
sdaa (ddeglhs lda pesated agrats Wy Hgrad ity
dpebdts ay parfandl, ths dteging to acart fa- the dférat
vevpirts [ddeg 9. Adher aiticd vewd tle tradtiad sden
theay is pesatedin [Gfastette 8. Hreit is pirtedat tht M-
ladsO(n ) etitted irpidt prdldisnasues irdprdce d te
irdvidds ad heee aly ldd in the fist fewgrerdias. It is dso
ded tht the Stera Feoemis famded in tam & the fires
fudian rether thm a genast fudtian Hs is pdlasic sine the
firess fudtianis @t d the (Aitsdf ad & ratiaed peiadyit is
tpdly died s a mmtrivid fudiand the oot fudtian

Snee the Stera Teaentbes it gaatee thet reresartaives o
a spdft (dwe aaag) sdemill ear aag, it ds b dretly
poickimgt irtothe dda dmiar & the Qintamd its oadl
anagre pgaties. Te dda aiar d the simdded areding
dgrithnles been ad yad sucessflly wirg Mlov duirs, adit is
therdfare an dbias ida to inetigte the we d Mlov dars fa a
srila adyis d (A Srmafist dtags inthis dretianis pesated
ineg [@dag &, T E Iais 9, NP Suk B HnF. K
e, sine the atire ppldian axstitites the stde d the pocess, the
niter d posible stdes is agms, Wid getly aapictes sich
adyis ules etran sigifyirg ssugias ae mk I ean
pe in [MxY pplaimsze ada the laghd the gadype strirg

{
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tle ppldima gediat , l& m(H, t ) be the niter o indvidds
intle ppldimd grerdiant  Wichreresats H, adlet

aeaefiress d dl indvidds repesatirg H & grertiont . Tentle
exeted niter d irdvidds reyesatitg H in the ret grerdtian

ie, Em(H, t H)), ecnle etirted 5

Bon, ¢ ) > miH, )2 1y

6 (H)
Hs irprtat resdt is cdledtle Schenu Theorem Adxivdtiond tle
tlerenente fardin[ddag 8. Ifo (H) adé (H) aesdl, ad
f(H)> fthnm(H, t 4 isepdedtorern(H, t )mtipiedyafata
geder thnae Indler wads, the Stera Terenstdes tht intle
A the epeted niter d irdvidds repesatitg a sdea wth
sat diirg lagh lovady ad dwe aesge fires, Wil inoese
epratidly

W dbes the Stera Tereniae to d wth Qperfarace 7
Te aser dpas au the didty & The Building B ock Hypothe-
sis [@dug 8, dich sttes tht by caliring god prt-sdtias,
dled buz l ding bl ocks, god cadete sdtias emge B futher as-
sumng tht god hildg Hads acarespmds to sdesa vith dat
dHiirg lagh losadr ad dve aaae fires, the Stea Teo
rentdls 1 tht godbildg Bods ae wefdly posessedin the sase
tht thar nrber d repesatdives inveses epoatidly ad hace
e Ime an eglastion vy the SAwals.

Te Staa Teaartes been grerdizd inaias ws, ddly
by e In[Ge 9l le gradizs the avgt € asdemato tlt &
apredi cat e, Wichis Hieds any st d grdyps ASteraFeaem
intarad pedctes is thn dsdged dthogh tle bt d nddtian
is igued Sne the cgd d a pedcte is repesatdion indpen
dt, sois the resdting vasiand the Stera Ferem A pirted at
in[\Ge 9 it is dsoindprdt o the spedfc gaetic quraas. Te
tw last term d the therenmessuirg the pdablities d dsndian
by assoer ad mtaiay respetinvdy e e rgdaced by fudtias
resurirg the dsngian cased by ay dher st & qeretas wsed

It s rebun to the aigrd Stea Teremto dsass adler
imprtat geoem  Sre a bray string f legh !l repesats 2

F(H) et

7 T

dstint sderta, saatee beten 2 Padn 2 ! sdasavll e rep

reatedinappldiond szen . Hee, assoa dstrgs sdadta
d rdaidy ligh dfiirg lagh lae it dl sdada wil be we
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crossover mutation
X X

1'[1101‘11010 010‘100011’[

) 10111010 before

P

(p1101‘10001 010‘11010 o, 10101010 after

Fare 32 Che-point crossover and potnturse nutation. The vertical
lines marked z’ indicates the random y chosen crosspoint.

3.3 'Theory of (Enetic Al gorithns

Tere is 10 gredly agied ad ‘tagdee’ theaay widh fly ex
pars the poeties d the (A Ibeer, hypdhesis Ime been fam
latedichat lest mtidlyexdars the miar & (A addsopo
vds imgt irfo the mdaisnd the dgrithm Hs Sdian biey
pesats the dassicd edartion wy the sirde (Afrartle reias
Sction wals ad aorats an recert, theaeticd ded qoats.
In [Mlad @ the scarch perfarad by the SAis inestigted in
tamd sapged schenut a, a hprpass. It v wy. . v pe {Q 1
dadte the gadtype f anirdvidd d the SA adle aschena ke a
strirgd leghl ocertledpdet { Q 1, # . Tesyld #ndes a0
a al adagwnstritg (gtype) is sddto reresat a gwensdan
if it rdes the sdem & dl its fied pritias. Eg, if [ =6 tle
sdern 04 is repesated by eg (01 ad TOI0L  Asdera
spdfes a hyparpae in the search spee aarespadrg to the s
strirgs Wich repesats the sdern Fe ida d Mlads agrat
is tht the strirgs pesart in a ppldio estitdes tle fires & the
hperpaes they raqresat, tht is, they estitde the aerae firess &
al | possiBe strings repesating the hprpae. Hlad s somthet
if tle etitded fires ' a hprdae is dwve asge, the niter
d strirgs reresating tht hparpdae in the fd]l oirg grertias wils
inresse epuatidly util the rqresatdives ocpes a sistatid
pgatian d the ppldicn  Me spdfidly if H is a sdaa the
order of H datedo (H), is the niter o fied pitias  H, adtle
defining length of H drtedd (H), is the dstare btween tle fist ad
lest foed pritinin H. EHg, o (84D =3 ad § (#B4#H =4
Hithere, let f=1ixr, fi e tle aeee fires & dl indvidds in
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infg 32 Wnaesoe is it prfarad apes d the sdededprat
ww - Wloirg ths step dled reproduct i on,
eay irdudd is shjeted to pssile mdian Te mddian

irdvidds ae adid to 11

ada pafam porntwi se mdiay i.e, gwn a bitstrirg, eah bt is

irdperchtly inverted vith a ghen sl prdability p
inFg 32 Iah gredian is aapeted vith an e d 11
edtiand dl irdvidds, & alsis fa the detianto tde gae in

the ret grerdtian

7 illistreted

cur

grete(ll oy );
edwtell o );
repet G tires
O, =0 ;
repet 0/ 2 tires
sdet | € [y, T2 € ey ;
ifradp ) then
awoalt 1, T, ¢, &)
Moo =1 0 U{ 6, 6}
dse
W =L oy U{ 7, 7};
ag
ag
V1 €L, : ntaer);
ey AL w
edwtell o );
ag

ad

Hare 31 The SGA The population size n ts assuned to be even.

(@ossowr is the rAn qeda d the A B reaabiring good pr-
tid sditias, ewen better sditias vl dten e e, paising
regas d the serch spee ae egdaed ad & the ed the ppldian
anags. Mdia is a ssaadey geda, dthogh still imprtat.
If, & a gwedft bt peitiay dl irdvidds lme the samdwg, sy ()
the e 1 cn rear be reverad if aly assoer is pafamal Te
man prpee d mMdianis to irsue tht ths lot ifardion cnbe

racrestad
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ae dtler b glicle a Ime dffilties fidig god sdtias. A
Wil bearadexr inStian3 3 there is o gaatee tht a (Awidl fid

a ‘gd’ sddtiantoagven hard pdlenintle sase tht the sditian
is wthin saajre sprd fed d staee frantle gdal gimm e,
frantle padtitiaers part & vew a ‘gpod’ sdtianto alard pdlem
is sirgy ae Widh is hetter thn the hest dready adldde sditian
dtdred by ay dher rethod

3.2 'The Sinple Genetic A gorithm

Hs Sdian pesats the sitdest posible gretic dgrithm daded
SA Athoghtle paticd e d SAis erylinted & wil ke ds
assedinStian 34 adeer loka SApoids imgt ittothe bsic
rataisnd the (A Kthanae, the aigi thaadicd agrats
aviy (A wk Wich will ke pesated in Stian 33 ae lased n
the SA

In SA the gadtype f anirdvidd is sirdy a bitstrirg d fied
legh! adtle firss d ayirdidd is died by afudiay Wich
gen the gendype reresated by a htstrirg reburs a peitive red
die Te SAis atliredinFg 31 Ritire generat e grerdes the
intid, arrat ppldia I1 ar s W axsists  n radhmbtstrings
d legh! . Te ppldimsize n is lgb fied thaguot the poses.
Ritire eval uat e captes tle firess d eryimduidd. @k itedian
d tle ater repet lop aarespadk to the smddiond ae grerdian
lerce the prager G dies the tdd niber & grerdtias. Inexch

gradiay arewppldia IT w18 greded  Apir d irdudds,
m adm o, is sdeted franll ar s atdd d n/ 2tims. Te sdedian is
pouatiad to tle firess d tle indvidds, tht is, idudd 7 g is
sd eted vith prdability
i

Yia fi
e [ dides tle firess  indvdd 7 p. Te twirdvdds ae
sdeted indpahtly ad eeryirdvidd canbe sd eted ay nuter
d tires intle saagrerdion Te prader p ¢ is the aosoer pds
aility Ritire rand(x ) returs trie ithpdabilityz . \Wnaesoer
is pafarad it gredes tw dipig ¢ L ad¢ o, Wichae then adkd

toIl ., . Side one-point assoe is pafaral by sdedig a aes-
pirt & rachad then reaahinitg the tw sustrings a8 illwstreted
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amdys aly a siide sdtin & atimm  (ealy hith B ad A
ae hased s & mture sirdifed to tle etraaetat dere it
cn hady e reagrized  In this saze the adges to gaoeus
franrebire shodd e seen aly @ sares & imgirdiay mthing dse
Metldess, hth types d dgriths bme proed to ke vary el in
qirztian

312 Te Adictiacn Aend (A

(dpred to dher giinztian tedriges tle adatae & the A
st dten praded in the litedue, is the rdostress o the dgp
rithm[ddeg &y DBedeyB]. A gpsad to the vt ma-
ity d dher mthod, the Ades it rdy an ay sprife paties
d tle dyetive fudicn 19 irfardion a1 drivetives ae wed in
fat the fudion reed it een be catinos. dseqatly the Ais
rchst in the serse tht it can be wed far giniwtian in iy aam
pex ad irreglar serch sposs. 'Hs damd gradity d the (A
is sypated by the literstre, in idh gpictias frandverse fdds
ae reprted  Rfererces to gictias d (A ineg hday ap-
rerity, padias reserdy hsiress ad sodd sdeess en ke fard
in [@dag®. In [SraamP e thn 4D rdeas to @
prs an A ad aqpdictias ae ghen ad [Nesen B lists dnat 20
referacss an BA inrapgat sdee Me swdfe glictiana-

e d (A idwds nrericd fudian giniztiay cabtaid @
tinEtiany irge poesitg, ptten recgitian dsign ad adire
learitg [(dderg &y D Bedey B. Wle rest Aresearchis ill
argcariedat & uivesities, aninressirgniter & (Apgeds ae
reprted fravidstry [dagH. |6 eagde, @ad Headtric is
w1 a (Absed systento dsign g turhires ad jeb egjres; Hples
Msile Sstem (aray in Aifariais wing gretic pogamg far
irfrared irepe target d saririti nad Apied (agdisicd, daah

s a (Ato sdwe pdlem aisitg fransa sic suvegs rdded to dl
epadia [ddeg 9.

Te pice pid fa the rdhstres d the (Ais thdt in gred, the
dgrithms it captitivefa rd divdyesya sdl-sdegiinmtian
pdamn  Wn iy spddized glinwtion tedriges exst far a
gwen pddem tle (Avill st lildy soviferiar pafarace, hith
intarnd sdtimqdityadrutira Biler, the tud glictian
aea d the QAis tht o vay lad pdilan fa did dler rethod
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arrat reserchtqpcs. Sree Mlads aigrd vk [Hlad 3 isvry
grerd ad qite fard it is lady sitdle & afist ggrech to G&

Te (Al aps to avidy dass & dgrithe the Evol ute onary A -
gorithms (EAs), sreedin [Bk9H. Atlogh tle QAis by far tle
rest vel-kom B this dass dsocasists & Evol ution Strategies (ES)
ad Fvol uti onary Programmn ng ( EP). Te cammfetue d Bis tht
theydl rrtanappldiond irdvidds ad gy aias geraas
toedeirdvdds d inresmirgqditydrirgtira Bt there are dso
antter & sigiftat dférenes hetwen the dgrithm Hist o dl,

Wile awsoer is the et imprtat qerda d the Qad ddian

is aly ausidred a bedgrard qeda, s Wl be dsassed in S
tin32 in IS ad Pdgrithy nidiais the mn guda ad
aosoer is les imprtat. Te Wdgrithm desit Ime a assoer
quda & dl. Htheroe, Wile the prades d the Aae fied
they ae dmaicdly ajwted in 15 ad B Fe 18 dgrithm df-
fers franPad (Adgrithmintwaa was. Hrstly the firess
futtian eqds tle djedive fudiay wile in B8 ad G, the (1d-
aive) firess € eahindvidd is a (mmtrivid) captaio bsed
the dyetive s d dl edstirgindvdds. Sody sdetianis d
ternmistic in 15 dgriths +ile it is pdablistic in B ad (&
@ carse, the dsaipion d the FAstbdasses gven here jit atlines
the grerd dffreres. Ghenasprdft B it myndt deadybdagto
ay d tle thee ctegries & dsaibed lre T curet stde & KA
rescarchis sunesed in [10 Jog .

Avirtterestitg spdd e o the Qis Gnetic Programmng (GP),
ittrodeed by [Iea Y.  Gien a spdfc pdlem the ida is to let
tle Aed e a acagete capter pogram wich sdes the pddem
sfiatly Wl. A irdvudd is a poran ad fires is apted
ly eeatirg the poganmad resuing lovgod the poranws
a sdvirg the pdlem Brwirg the gaetic qrdtas & wa, the A
edes pegranwi ch parfarsinoessi g yvd | wthrespet tosdvirg
tle pdlem Te lagege ispis esprd dlywl suted fa @

Gher typs  dgrithm thn the B ae impred by e A
wl-komeageistle si nul at ed anneal i ng (SA) dgrithmrtrodeed
in 198 by [Kekatrick 8, wich is irspred by theradmaies. @
tiretian is pafaral ksed a0 an ad gy to the poes d adig
dm a sdid in suth a wy tht thard egilibiunis ddared Te
st fudhatd dffrece btven the Aad SAis tht the A
asdrs anrter d sddias simtasady dile the SAdgrithm
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the hility & adyding to tle enirarat in didh they live T
fitest irdvidds b the lidest pdability d suvid ad repadee
the rst. "Te prodieed dHjritg resalles ther prats sotht Ligly
ft indvidds wdly podos hidly ft dfpirg  TFedae, drig
the edtian process the fitest irdvidds tends to inmesse in nrkers
Wile tle less ft irdvidds tads tode at. THs wdl-kom pindpe
d survival of the fittest w fist irtrodeedin 18D ly (hles [avin
inlis faus ok The Origin of Species by Mans of Natural Selection.
Artud edution poes cn be vewd a8 an giiniztial po
ass in the serse thet the indvidds ae ‘Giinwed’ fa- snid. Hs
vewis the udhlyirg ida d the (A Wich pafam glirizetia by
srddig a poes d eddian  Te dgrithmmrtars a popul a-
tiond 1 ndivi dual s exhd widhaaresprd to aspdfc sdtianto the
gen giitiztion pddem Aresue d fit nes s diies the qdity o
asditian Satirg frara ppldio cosisting d radhily grerded
irdvdds, the edition poess is simdeted by aasidritg the popa
ldimthaghanter d generat: ons. nexchgrerdian revirdvid
ws dled offs pri ng, ae grerded fravedsting aes wiga crossover
qerda, Widirtdes sexd popgtian Fe aosoer gadar is
dsiged in suh a wy thet the grerded dirirg resalles the -
at irdvdds. hthanoe, prats ae sdeted fa assoer Wwth a
pdahlity wich dpad antheir firess, so thet the fhtest indvidas
ae sdeted fa assoer with the higest freqgey Hs sdemen
faces the pindge d suvind d tle fitest. Wh a sl pdability
eachirdvdd is shjeted tomtadian a raddage by the nu-
tat i on quda. Ater mirgsimlded a niter & grerdias, hidly
ft irdvidds Wl e, aaresprdrg to god sditias to the gen
qiinztian pddem
Adstirtianis mak between the repesatdion a gaetic ed
ig d asddion ad the tud gpeaace d asddticn In adogy
wthhd gy the gretic evadrgis cledtle genot ype adthe mbud
apeaace is cdled the phenot ype. Te gaetic qudas miplde
sdttias intamm d thar grdypes, Wile firess is resued in term
d gadyps. Afudian cled the decoder aaptes the gedype
arresprd g to a gven grtype.
Itroddtias to (A cn e fard in ray tets, eg [[idr 9
L s & L s 9, Mideiz Y, ad [Adag® ls e
ara the rdaare tethok  Arecat twprt pper [D Bedey By
D RBesley B} poids an itroddian to (A a8 vl & a suvey
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dstic Agrithm

Te prpse d this deder is toirtradee the bsic aaveds d the (6
retic Agrithm(@, to atlire tle arrat statis & Athexy ad
to dsass irprtat paticd isses d gpyiig (A Stian 31 irtro
doss the bsic ida d (A& Te sirjest posibe (Ais pesated in
Stian 32 ad Stian 33 presats the thardicd agrats & to wy
the sirje (Avark ad dso dsasses the arret stetis d (Atheary
Rectrs failia ith (& e skip Stias 31, 32ad33 dichae
dl itroddday Stian 34 is daded to far mnisses d gyying
&, dl & Wich ae shjet d mah curat rescarch  hirthermare,
thee issies Ime been esprd dly irprtat far the dgritha peserted
inths thesis, ad aseqatly Stiad4is aperegisited Chder &
Stian34 1 dsassss the deignd suitdle enodrgs ad Stian 342
dsassesif (adloy pdiesspdft kolede saldbe iroaprated
itto the (A Wias straeges fa lading castrarts in (A ae ds
assedinSstian 343 adSdian 344 addesses the paticd pdlem
d fidg sitdle Wues d the cafrd prades d the A

3.1 Introduction

Te axvgt & greti cd grithmws fardd by JAnH Ml ad, viase

B D thesis frantdb [lad 7 is casidredtle aignd the fdd
@ d the mngpictinaes d A is tht d glinwtiay wich
is the aly agliction aea casidred in this thesis.

311 TeBsicldad &

Te (Ais irspred by the poess d mbud eddianstided in ppr
ldicn bhday Inmtue the indvidds castititing a pplaion s
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thet the efire ratirg aenis duidditodards by tlis sdeq hece
arpedy diretirg the reed fa- sitdboes Te dias datack

d restrictirg the search spce to didrg strutires is tht if the giird
laot is it adidrgstrutue, it Wl reer be fard Jidrgstrutres
ae hidy aasidred sganin Stian h23



ratirg in itsdf reqires the sditian d perlys hrdeds d ndaly
dypacht, NPlad pdies dtlogh my d thee pdlem ay
Ime rdadivdy stdl search sposs. (T rating & Wl & sitdh
bx ratirg ae WPlad [Syask &, ad so is fa eage via
nrirztion [Meaiod]. Inadltiay the pdlan ae nidly d
pacht, ad hece rdies lemily o estirdtias o et vl lgpnin
sweeedig sty In dler vads, the ot futias indvwed ae b
aarde, bt rdies m tle aray d tle estitdes.  Tese irderat
pdleam Ime tw imprtat aaseqews: Histly catanstgs o the
laat sythesis poess, a palgs the wde poess, typcdlylme to
e iterdted a niber o tires to dddn a sdisfatay resdt, & ills-
trdedinbg 22 kr eape, & mticedpeiady it myt een
le posibe to aapete the ratirg d a gwen Jacerat vithat girg
bk ad awstirg the facrrat. Saady tle qdity d sdttias ds
tared far saa iteralde step d the poess an b be aarddy
edutadinadddy kr eage, twdstint paaats cnnt be
sddy capred wthat atidly cagetirg the ratirg d tle 1aats.

Ingererd,, the soaer astepis pafaralthe maeit irpds the fid
lgat gdity If fa eape avay poor pacaat is grerded it cn
d ke capersted far insuweed 1 stas, 1o rHter lowd ] these are
sdwd Intlis sasetlefist stgs o Lt sythesis ae rae irprtat
rescacch aees thn lder stegs, ad this is ae d the resas Wy this
thesis foosses an pacerat ad gdal ratirg retler thmeg dard
ratirg  Ispeddly the forparing ad paaet pdlaw ae very
lad ad arsaqatly they ae dten sdved rmdly [Sevai 9.
A ratiaed peiady a ley pdlembere is the etirdion o the
reskdratitg aen MNoudly o the lgat sythesis poess procesd,
etirdtias beaominresirgy aarde

Jidrg strutues is a das & hildrgBok layats widh bae be-
amayppla, sneit dinre acaped the pdlamdsaibed
dove Aslicing structure isahildrgbBoklaat, widcnbe rear-
sdymtiticeda "died’ lyasqqae d hoiztd adwticd lires
eahd Wich ges dl tle wy thagh the lgat, util © noe thm
ae Hokis pesat ineedhpatition - eagle, thelagat f Hg 23
isadidgstrutue Ahrizatd lire cnsgaae Hads Aad Bfran
Hads ¢ Dad E Fen vaticd lires cn sqaete AfranB Cfran
Dad E ad fidly Dfraxks Adidg strucue sirgifes the rating
step Ehlire axrespads to adard, ad a fesiBe ratirg adr is
the inerse d the adr in didhthe lires were rak. Ipeddly nde
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dard rates ae @atle d etirg the lom bord gven ly the
dard dmity in dmst dl cBes anuring in patice Ad ven
they fdl, aly ae a tw adltiad trads ae reedkd Ier this resm
the dard sty is a vy imprtat ad wdfd arogd in rating
aea estittian  Waturtdy there is o sirde rddian betwen the
niter d termims a rets pesat ina dard adtle dard dsity
Aillstraed in Hg 24 if n s ae pesat, the dasity cn be ay
irteer betven O adn .

U O S
1 23 45 123 45
density: O density: 5

Hare24 Possible extrene val ues of the channel de

nsity, tllustratedwth

5 nets present tm the channel. In the channel to the right all 5 nets have
to cross the colum indicated by the vertical dashed [ine.

Ater aapeion d tle ratirg step the lgat is fudiadly an
pete. Iwer, afid stepd potproessingis dtenperfarad inich
waias ki & fid qliriztias ae dtapged Te nt caom
krdd pstposssitgis conpact i on, were the lgat is capressedin
ae a hth dresias sjet aly to the deigirdes. Gpdian
redees tle tdd aen ad may irpoe pafarace by reddrg vire
legls & wl. Qler kinds f pstyrocessing are via nimnivtia ad
reasigrat d tle laas d saavire ssgats. Te retd 1ayars wed
fa ratirg lae dférat dedricd pgeties, ad e ae lag my
le pefardie toadler. InKHg 23 (d), suaviresggats d et 2hs
heenassi ged adher 1agr, dlongret 4to ke paedantopd it. Te
resd tirg wsed trak dlog reddian d the tdd aven by smeqert
hrizatd capdian

Ehstep d tle layat sytlesis proess dsaibed dwe is aapr
tdiqdly lad to sdwe Fnldias d the @titiaing ad foapgas
rirgasat pdlanae dl WPad [$hd 8 [a#h8]. dn
mmn famdias d the gda ratirg pdlemis eqivdeat to tht
d fidg a rvitd Sdrer tree in a ggh Widh is BPlad fa a
srde et lmirg roe thn tw terids [Kp 7. Mg ddd
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ae d tirg wigadard rater a aswtdbxrater & gpgride
Nts ray efer a dard by pesirg ae d tle tw qpsite sids &
Widh there ae e ay fied tamids frandads. T dard
rater asuss tht it cnddd itdf the et peitian d vere ay
et ates aga leses the dard. Wn fiiig the pritind a et
aositg o the bordr betveen tw re ghari g dand s, this & aarse
dbds bith dands ad arseqetly it impses a prtid adying d
tle ratirg d dards. b eage in Kg 23 the dard betven
Hads Cad Dlss to ke rated befare the dard betven Hods C
ad A siree dlervise the tarimd psitias dagthe bttaside d the
letter dard is it fiedbfae the dard israted Grenanabtray
ratirgregandfiitian asutdle dard adrirgrayndt exst adit
then beaaes recessary toitrod e aswtdbx Terdae, the dard
adrigis dsodfieddrirgtleealier ratirgregandfiitinstep In
Hg 23(h, apssiBeratirgadyr is tofist rate dl vaticd dards,
i.e, theethtarids dapaticd sds, inayadr, adthnrate
dl hrizatd dards, inay adr.

Te dyatie d the dtdled ratas is fist & dl to cagete tle
ratirgwthntle adldleaen (ard rates dsotypclydtarts
to rivitize tle tatd virdagth taether with tw dher aiterdia to ke
epdred shatly. the niler & vis wed ad the niter  trads
wed Avia is a credian franae ratirg laer to adler, i.e it is
recchd Wereer a et swtdes frarae lager to adler, & illwstraed
in Fg 23 (¢) ad (d. Ik to tle pr detricd pgmties d Vi
ther e ae dten rivirived I a gvendard, a st d dsign
rdes ad a ratirg laer, a tedrasiad ldtice cn ke dfied ina
dard wich dterrires the rimimspdng reackd betveen vires
intht lag. e lis o tle ldtice Wich ae @dld to the sids
mirg fied tarinds ae cledt racks, vile the prpadadar lires ae
dledcol uwms. Briminmrgtle niber d trads wedfa rating the
dard rater inreses tle posiblity d irpodrg tle 1gat in the
suoceed rg prstyrocessitg step wich wil be disari bed leter.

Wh aasidite a gafe dun a logr bod an the nrber
d vires Wich s to aus tht dunis the niber o rets Imirg
terids an bth sids d the dun Wn radriwrg this qatity
oa dl durs, tle resdtirg e is kom & the channel denstity.
Ghen the dard dsity the niter & adldde rotirg laas ad
the dsignrdes, the ririmmdand widdh reedid by ay rater to
irderat tle ratirg cn exily ke capted "By stae d-tleat
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Te virirgreackdtocaret aset I dedricdlyeqidet tarids,
& spdfed in tle mtlist, is cdled a net. Inthe gdal ratirg step
a ddal” rate fa exh et is dterived in the famd a listing &
the ratirg regas it Wl we Mg the ddal rater dtarires the
auaitde rate d exhret, vile it diffirg the eat pition d
exchvire segrat. Fe typd djedive d ddal ratingis tonmirize
tle estitded aen adar tdd estitaed virdegth o te estirsted
laghd spifeaiticd rets, wile nt exeedrgtle estirated cad ty
d ayratirgregan Te resdt d ratirg regan defiition ad gd=
ratirgis domin Kg 23 (h. Intlis eage dl ratirg rejas ae
dards.

Wb N

*************************************************

4 12 1 | 4 2 1
\_’_; | net 4 on top [ \_’7
ol ! ofnet2 ~ .
2
4

C 2 p E 1 ! C | 2 p E 1
| yll
3 3 F3 3 3 F3
”””””””””” © (@
— wirein meta layer 1 — wirein metal layer 2 ® via

Fare 23 A nucro-cell layout with five nucro-cells denoted A through

E The nunbers 1 through 4 are net-identities, posttioned at the termnal
locations. (a) shous the layout after placement, and (b) after channel
definitvon and gl obal routing. The dashed limes indicates the borders of
the channels. (c) is the result after detailed routing, and (d) is the final
layout after a change of layer asstgnment of net 2 followed by conpacti on.

In the ddled ratirg step the eat giscd prition ad laer
asignat is dberrined fa- exch ret. e ratirg regas ae treded



ad dffrat pritias d its teritds. Atermnal, a pin, is a pirt
wthin the Hak Widh shodd be dedricdly aareted to ae ar mae
parts d dler Bads. ABakis cledflexi bl e if its sizeis kom bt its
s ad pn peitias Ime it yet been dfied b samsthdraits
arpeted Hods 1y Ime been dsiged ealier, i.e, thar ead sz
spe ad pn pitias ae kom Stha Bokis @dleda fired Hak
aamnacro-cel l.

Te prpze d tle fhaparig/acat step d 1aot sythesis
is twfdd Hrstly aspdftimdeatdiand dl feibe Hads is do
sen tht is, dl feibe Bads ae tured itto fied Hads. Saady an
dsdite prition ad an aietdianis dtemired far each Hok T
spdrg between Hads shodd ke siftiat to dlowfa dl reedkd irfer-
arredias to ke indeatedinswed g stas. Intle literdue, the
st conm ginizian aiterda wed ae rmnztian d tatd esti-
wedaeaada tdd etirdeditteraaret lagh If ae a mae d
the Bads ae feibe, steptwis rdaredto s floorpl anni ng, Wileif dl
Hads ae raroddls, this stepis dledpl acement. Hue, paat is
aspdd ceed fhoparirg Aawdd issed foaparigflaaat
is to estirte the aren reachd between the Hads far ratirg Fe aon
racy d this estirdte dtarires the acaracy wth idh the qdity o
the pacaat is ssessed Inptiadar, if the ratirg aen is udyes
tirded it ray it even be pessile to irpaet the iteraamedtias
laer anvitlot dtedirg tle jasat. Hg 23 (a) dog a jaaat
d fie marodls.

Kloirg fboparirg, the prpse d the rout i ng stepis to irde
rat dl irtercaretias betven the raro adls in acoardace with tle
rdlist. Aindctedin Fg 22 ratirg aasist d thee siesls: rout -
tng region defini tion, gl obal routing addetarled routing. Tefist teskis
to duc the aea it ccaped by Hads irto a niter & retaglar
aess cdled ratirg regas. It is a carm ssugian tht the aen
wed far rating ad the aen aaped by Bads ae dgjart. (Gse
qeatly dl teris o aBoklae to ke paed a the perigay d the
Hok Aratirg regan vith teritds dag zo a ae sic aly
wth terridls dag tw qysite sids, is dleda channel. Aratirg
rggay Wichis b a dard, is dleda swi t chbox. Te djedtive d
ratirg regan dHiitianis to dvick the ratirg aven itto & fewregas
& psile Ipeddly the niter d swtdboes shald be rivirized
sirce a swtdbix is mah bardr to lad e inthe lder dtaled ratirg
stepthm a dard.
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dsign a mt, if the dsignis heaadid, it wll asist & hilde
Hads frara catanled.

2.3 Building-H ock Layout Synt hesis

Hg 22atlires the lgat sythesis proess fa the hildreHokdsign
stite. Ik to the ideet capeity d the poess it is dyidd irto
antter d sberls, Widh ae sdwd ae & tira dthogh they ae

nialy dpachtt [Servi .
partitioning . floorplanning/ . postprocessing
placement - ..
global routing detailed routing

Fare 22 verview of the layout synthesis process for building-block
layouts. 'The arrous tndicates the order in which the steps are perforned.
After each step the designer etther proceeds to the next step i1f everything
is all right, or (s)he muy have to go back and redo one or nmore previous
steps 1m order to neet the overall objectives.

input: circuit diagram
output: layout

Mt draits cnnd ke laded by the (Dtads = a e, de
to tle reqired captdion tira & Wl @ the oy casugia
Tadae, tle fist stepd lgat sythesis is parti t2 omi ng, inidi the
dsign sped fed by the ghen drait dagamis prtitiaed itto a nm
her & shdraits d rapgdie size 6 lage draits the m@titiaing
my ke haadid, . Sdian 22 Saded aiteia arsidred by
a mtitiaing dgrithrare the nier f shdraits, the sz ¢ exh
sthdrait ad the caredivity btwen them Fe atpt & the prti-
tiairg stepis aset d sdraits ada netlzst, dichis agpdfetian
d the iteraaredias to ke rak between the sthdraits.
Eh sthdrait wil be irdeated Iy a hildigHok B siz
d aBokirdemtirg a spdfe sthdrait cn be estirdted frartle
niter adtyps  capratsit aatars. e, sead dtertive
laats & the Bokae posibe, lead g to dffrat daps o the Hok
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race regiraats an e e, Pddyprgis adler glictioae

d semrastardsigs.

Amn resmn Wy fll-astandsigs inreses the dndgrat
timsigiftatly is tht my d the shydlem to ke sdved drirg
the laat sytlesis pese ae sigifeatly hadr to sde thn the ao-
resprd g pdlemfa ssirastadsigs. I eage, ittaranree
tias inastadrddd] 1aat is typdlyimeatedinsicha wy thet
alyae dresianresd to ke casidredd atira InahildreHodk
lgat ths pdlanis trdy twdrasiad. Gseqetly myd the
leysdpdland laat sythesis ae sdedlytads, dichae dsign
styte spdft. Tpoed (Dtad  prfarace is fist o dl reedd far
tle ful-astandsign stte.  Interatly these tads dten pafamrd-
divdy porer thn thar seirastancarteprts, ad this is ae &
the ressas vy the vk presated in this thesis is coatraed anthe

fdl-astardsign styte

He 21 suraizes the camism & tle ful-astanad saiz
astandsion stytes.  (@edly spedity, & e restridias ae im
peed an te 1aat, the dffrenes listed Wil be invesirgy ped ed.
Indler vads, the camrismd "Hle 21 4ill & if eg ‘fdl-astath
is redaced by ‘tadhrd d1” ad ‘Seirastatiis redaced by ‘et a-

1.
@iterian Reerdle dsignstyte
feihlity wt. regirests fll-astan
perfarace d drait fdl-astan
lgat aen fdl-astan
ast per drait fdl-astan
dd qrat timad et semrastan
tad supat semrastan

He 21 Conpartson of design styles.

Rd-wrlddrait dsigs dten aasists d ansue d g0t styles.
Srapts d tle laat ke astrded fradibay staded dls,
Wile dler, e aitid prts ae ful-astandsion b lade tle
apeityd lag draits, the dsign ay be herardi cdlly strutued
ifotwa nreleds. A mtiaedpeiasy Hads & afdl-astan
lgat my be aastruted frava niter d sler Hods. Sadid
dls may dso be graped tagther to fana hildrgHok e the ret
liger led d the heady S vether stadrddls ae wed in a
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dls. Te dls ae gaed in 108 @ illstrated in g 21 (ridt) ad
they ae dret dwas dsiged o tht saa 0 the wires, typcdly
rr sypies addoksigds, ae pritiaedd the saaladt indl
als. Fese vires ae then atadticdly areded by shtrat o the

dls. Wle a ful-astanlaat rady aasist d mae thn D dls, a
stadhrdcd] 1aat my aosist hrdeds  dls.

Bare 21 Left: A full-customlayout. Hght: A standard-cell [ayout.
Chly outlines of cells are shoun.

Te dher sairastanhaat stytes rati aedae dl rmrerestridive
thn the stachid @l lgat stle Bady speeking, they dl restrict
eahdl toirdeanat asirge gte aly adtle paaat o the gtes
ae restricted to 1Hrixlile strutires. I a futher dsassiand these
laat stytes, the reedr is referred to [Jerai 9.

Te duce d adsignstyle far agengpiction dpads anmay
fatas. Te laat dasity i.e, the niter d trasistas per aea uit,
is higest ven wirg the fl-astandsign stte, wich aaseqatly
g the srlest aen and the loest ast pr podeed drait L T
best drait pafarace is dso didred by a ful-astandsign ad
it is the st flsiHe with respet to dypd a severe drait regire
rats, Wich my it be stisflle wirg stadiedadls fram libary
I these ressas, the fll-astarlaat stile is gredly peferred far
ms-prodoad draits adfa draits Isirgto et stridt parfarace
reqireats, schas @Y. Te mn datedk d the fl-astandk
sgn styte is thet it incresses the dsdgrat tira ad hee axt, sig
riftatly Teefae a sanrastariaot stle is gredly peferred
fa draits to ke prodeed in red ursized qadities, poicd perfa-

Here it is assuned that the circuit do not have an obvious regul ar structure. For exanyle,
RAMcircuits are highly regul ar and have very hi gh transistor densities. Howvever, application
specific circui ts are rarel y very regul ar by nature.
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to ddan a satisfatay resd t.
Te slionaapldimprasess is d viddirto tve aaseati e ses,
high-level synthesis adl ayout synt hesi s, theldter d dichis dsokom
& physi cal dest gn aut onmattona physical [ ayout generatt on. Genaligy
led dsaipgiond an dgrithm the atpt o the lighled sythesis
peeis adtdled ci rcur t di agram Widi dsaibes the drait sddyin
termd gtes adirteraoredi as ebengtes. T frantle drait
daganalagat d tle drait is greded & the resdt d the 1gat
sythesis gese Hotled sythesis is mt dsassedinthis thesis.
[Mdd] ad [We& ae dasid tethds a  dsignin
gred. Me adavadtqics ae dsassedin [Gesser §. Slianamn
plaimistletqicd [Gsk &, Widhdsopesats anrter o sprife
silianaaples. Arecat adwdl-wittentethokanlaat sytlesis
is [Jerai B.

2.2 IDksign Styles

hdhatd to the laat sythesis gee is the duced adesign style
a layout style, dichspifes wias dgres d strutud reglaity o
the grerded lgat. Te laot styles cn be dasifed & ether ful [ -
customa sem-custom

In a ful-astanlaot the draitry is @titiaed ifo a rddidy
sl niter & cel ls, exh d Widh irdemts a spdfec @t o the
reqired fudiadity Adl d afdl-astarlaat is dsodleda bl ock
aabuilding-bl ock. Abokraybe aastruted fravsdler Hods ar it
v ke dsiged tmdly a atadicdlylyeg anodul e generator.
Te Bads are thenpacedaditteraamreted Te darateristi cfestre
d tlefdl-astadaat isirreglaity EchBokenlme aysizead
ingred, ayredilirer she. Bitherae, the Hads an ke dased
& ay prition shjet aly to the lintdias impsed by the dsign
rdes, @ illstratedin Hg 21 (1eft).

In catrest to the fdl-astarlaat, the sohastadaat stles
itrodoes vaias dgress o reglaity St andard-cel ls, gate arrays, sea-
of -gates, ad gate nutriz laats ae dl sairastanlgat sttes. A
stadrddd] 1got is b wpd st andard- cel | s, Wid ae retagla
adlmeiditicd kgt bt wayirgwdh Il is dther dsiged
mdly a stem frama cel [ (1 brary d pedsiged odls. (dredd
silianaaples typalyaaes wthlibaies d afeshndedstadyd
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a g shtrat) asiged to an qpopide lag. Srilaly a trax
sistar is spadfed s aspedfc abrtiond depes & dférat lagas &
the ssaphisicd loctian ada caredian betven tw dstint 1aas
is spdfed by an aqpvgride shape & the regired pitiay Widhis
asiged alaer ddcted to this prpoe.

Te sdtare wed far slian aaplaimis cdleda silicon conpiler
a VLSI CADtools. Airdctedlytle fist dsigrtian asiliacnan
pler s ald incammvitha tradtiad aapler far apogaring
lagee Ik eape tle grerded cod bes to dey cartan sytax
rdes ad it sodd ke dbdive Snlaly tle laat greded by the
slicn aapler bs to dey a st & destgn rules gvwenly the
fatirer. Te dsign rdes spadfees rimimeizes d shpes, ririnm
dstaes betwen shapes  dstint 1ayers, lintdias e to widhlaers
cn ke faed a tp & each dler, e Te grerated lgot shadd
dso be ‘i’ inthe sase tht catanaiteiasodd be giirized
Badlyiichaiteria ae irprtat dpenk antle sprafec gglictian
If the drait wil astitite the QUd a capter, speed will be au
dd. I stdlite gpictias, alovporr casugianvill ke d ma
imrtace kb rald egipat, rdidility hpfdly bs the ligs
et piaity 'baatrd the pogamin a wehing ratire, poddian
ast pr uit Wil be amia awen ad fa gictias in iitay
eqipat, imastivty to lage teprdue waidias my ke a vy
imotat regiraat. Te glinzio aiteda st fraqedly std
iedin tle litersire ad dso adyfed in this ak ae m ni m zat ¢ on of
layout area and total wire length. NMirvrg aen reas mmnwg
yiddadbere rimirivirg ast. It dso reas mkriving the fudiar
ditywidiente irdeatedmasirgedip Minzgwrelegh
to sua etat reas rimrnivrg day ad hece radnivng speed

Sard dler sirlaities betveen caples adsilionaaplers ex
ist. Ibwer, there ae dsomgja dffravs cased by the treadhis
dffrene & tle acadedty d the pdlan casidred A vill ke &
saibed in Stian 23 the silian aapler Ies to del with a seqece
d nhdly dpacet, BPhad gfinrtion pdles  (dsaqetly
it is bsed nalage niter d haristics, souad Wichae it dvas
e d poddrg stisfatay resdts. TFadae, a silian aapler
is it a singe pogan raler it is adledia d a (lag) nider €
itegdedtads, exhd Wichenle esatedirdiddly Mt silian
arples dlos fa wer itenatiand aias paits in the proess ©
tht ae a e aiticd stgs 0 the poess enle caried at rmaly



Cater 2
Laat Sitlesis

Te amd this dater is to pesat tle lwics d laat sythesis, o
wich fatliaity wll be sssuad in sweed g dagers. Fe ittrode
tianis hief, ht poids rderans fa futher reedrg, Stian2lirtro
doss 1aat sythesis in gred, ad Sdian 22 pesats the arogds
d fdl-astarad sairastadaats. A oeviewd 1aat sythesis

d hildrgBoklagats, widis the spd fe pdienaead this thesis,
is gweninstin 23 Radrs failia wth laat sythesis cn skip
ths dader.

2.1 Introduction

Ghen a ligiled dsaipian d an dgrithm the tak o (saiz)az
tadicly traslding the dsaipgiaito an eat spdfition d
itegaed drait, Widirgeats the dgrithmis rdared to & de-
stgn aut omationa silicon conptlation.

Hedae dsaigion lapegs, d wich HDis the et ppr
lar [lipett &), is caraly wad far the impt lighled dsaipias.
Merdivdy gred prpse pogaring lapees sih & @Gan
a Chcn e wed [Grad 9, Adesen . Fe atpt grerted
is a dddled dsaigian & the drait, Wich capises dl ifarstian
reecd by the rmfactirer far the paddian Te dsaipian aan
mlyrdaredtostle [ ayout, isasprifediad a(lag) s¢ f gam,
gdric shapes.  Boh dae is assiged to a spedfe [ ayer d the dr-
ait, Widiis idatifed lyamaa adar. Fpdlyretages ae
the aly dape dlogd Sralaas d the drait ae wed far itteran
retias, a vires, vile cahirdtias d dher layers my carespad to
eg atrassa a mdeatricd aretion betven tw spedfc 1aas.
Hree, intle lat, avireis sprdfedes aset  ratages (oalaprg
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ides an lowto kade the st irpatat ichtifed pdlam & the
o dgrithm  Hrdly the mn cadwias o ths thesis ae
genin (der 7.

1.4 Description of Papers

A peiady ratiaed tle theis is hwed an research ppars, far
d i castitites Aperdces Athagh D Te fdloing presats
the ppas by listirg ifamion o cathaship pHiction steis,
dc I adsaigiand the caatets d the ppas ad the rddiaship
betveen the ppars the readr is refared to (der & Te thesis is
sed an the fdloang ppers:

1 Hriklshesen “Aldretic Agrithnia Mro@] P )
Proc. of The Furopean Lkstgn Aut onution Conference, Hhrg
(drmay p 3257 192

2 Hrrik Isbesen, Preli Mhudy, “SAA: Allifedtiond the
(aetic Agrithmith Srd ded Aredirgadits Apictianto
Mro@] Raeat,” Proc. of The Tth International Conference
on VLSI Iksign ’94, Aatta, Ida pp 2124 191

3 HrikIshasen Pkt Mhudy, “A@stic Agritnfa the
Yarer PFdemina Ggh” Proc. of The Furopean kst gn and
Test Conference, Fare, Bis, 1p 4248 191

4 Hriklshasen ‘(dpting Na-@ird Sdtias totle Sarer
Fdlenina Geh g a @etic Agrithy? ‘®Blricd repat
A B pte Siawe Igatrat, Ahs Wivasity
Byay 191

5 Hrik Ishesen “AMro(d] (dal Riter Beedan Fo (6
reic Agrith®m” Proc. of The Furopean Lkst gn Aut onati on Con-
ference, Gadle, Fawe, p 4848 1M

Aprdx Apresats anirpoedvasiond the dgrithodsaribed
intle fist ppr. Avetadd asiand the secad pper castitites
Aprd x B the farth pper aastitites Aperd x Cad the fith pper
angtitites Aprdx D Te papers e been rfamstted in adyr to
ddana aasistat typgady d the thesis.
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a gred ladgrand in capter sdee, bt 10 spedfec kolede o
 lgot grediaa gretic dgrithm

Te mn @t d the thesis is the sead @t, Widy aosists &
Apados Athogh DD Hre the far mn tqics asidred in this
wrk ae presated exhae intle fand appr. Te ppes asuws
saa kolede d lgat gredio ada gretic dgrithn didh
can be axgired by reed g the fist pat o the thesis.

Te rest & tle fist @t o tle thesis is agrizd & fdlos: A
hid itroddian to rarodd] 1aat sythesis is gven in Gader 2
Hs irdubs a hid aoart o laat stytes, wth mticdla egesis
a the daataistic d the mrod] laat stle A ceiewd
tle irdvidd stgs d tle mrod] gt sythesis poess is gen
faassirgatle apeityd exhstepadtle irterrd i ashi phetvan
the stegs. Redhrs failiar wthrarodd] 1gat sythesis cnskipthis
Qe

Te cagt o gretic dgrithmis pesatedin Ggter 3 Abvief
oeniewis gen tagther with an accant & the udhlyirg ides. 6
asis mtleayd geticdgrithy paticd asidrdias d gpyirg
(A adarrat researchtaqics. Reds failia wth (& cnskipSee
tias 31, 32ad 33 vile Stian 34 dsasses wias dsigh giias,
ad aastitutes the bsis far 1der dsassias in (gger 5

Rlded vk ae reieed in Gger 4 T pesatdion ghen is
1t reat to be edastive, ht dsaibes tle stae d-theat gyades
topacarat addda ratirngd mrodd] 1agats. hitleme, S
tin 43 gws a hid ceniewd peias gpictias d & wthn
tle laat sythesis aen in grerd. Te (Al been ggdied to e g
stadhrdd] Jarat ad dard ratirg

Asumay d the aadded reserch is genin Ggger 5 "Hs
idubs a hid dsaipgion d eah d tle far dgriths pesated in
the gpad ees, ad an acoout & the rd diaslip btween tle dffrat
mts d the wk TFe dtdred resdts ae eduted by caparing the
perfarace d the pgsed dgrithm to tht o the best edsting p
pades, . Qe 4 Alataes ad dsadatags o the pgsed
dgrithm ae dsassed ad hsed an the pesatdion I dsign
tias in Stian 34 the irprtat Adaadeaistic d the dgrithm
ae sutaized Te dgrithmlae sstacarm pgeties, Widis
hdiewed to be the rn ressas far the ddared pafarace

(hter 6 pirts & samposibe dretias fa fitue wk an tle
bwis d tle edwtian pesated in the peias dager. Hs irdwks
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avarst posibe resdt rddive to the ddal giimm vast-cse tira
adyis, ec  Aat frartle fat tht thee ki  adydis ae ey
tadif ot irpessiBe to qgdy fa (&, such pafarace resures ae
nt the imadde ittarest o the (Degireer. T ergireer vats to
kowif the resdt dddredis lildyto be better thn resdts didrle
w1g dher tads, ad widch dsdue rutirais to be epeted Te
letter veypirt des it rde at a aafld vith the fist, irstead the
tw vepdits splaat exhdler. Bt inthis aglictia aenit is
rbud to pt epesis atle later veypirt. l& eage, to ddan
a god dsd e rutirg the wast-cee tirmaapedty shald ke an
sicred Hweer, if the pddensizes casidred in patice cn dwas
ke sdwedin sy acape d seaad, the dsign agjreer il it wary
vether the capedty d the dgrithnis O(n lgn ) @ O(n). Ide o
(s)te rigt be spadrg @ous sdvirg adler stpdlend tle
lgot grerdion process. Adif the impt casirg the wast-ce tira
apeityrady a reer cors inpatic, the thadicd apeity
d andgrithmill it poick the egreer wth nah ifarstion
to wich rutirashuld be expeted

I these ressas, the prfarace d the dgrithmdsd gedinthis
wkis edwted ly irdaatirg exh dgrithrad itefadgit toa
set d exsting (Dtads. Te dgrithm ae then tested iy bendh
rak pdlemirstaces weea pssile, adtle diared qdity far
the bendials & Wl & dsdite rutire ae capred to thee d
arrat stded-tleat tads. (dmismis dre to ay stae d-theat
agureedh, 1o rater if it is bsed na capedydférat stretegy suh
& hadhadhud o simded aredirg Adn frarntle (Den
greas part & view the (Aggreech is itterestirg if ad aly if it is
aatitietodher gpades, weres atypad Apafarace res
sire suh & aalire a dilire pafarace is d 1o inalde irberest
aits om

1.3 (rganization of the Thesis

Te thesis is based anpapers witten drirg A D study ad casists

d twpts. Te fist prt camists & Aggers 1 thagh 7 Hre tle
rdeat tqie ae irtrodesd the dddred resdts ae sumaizd ad
rdded to ealier gyyeedes, ad pssile dretias fa fiture vk ae
dsassed Hst d the thesis is witten sssuirg thet the resdr bes



4 GHHRL  INRDIONV

des b cagre tle taparatre dpathy & day Tae is dso
gadric sspets wth o dhias pisid cartaprts. I eade

tw gadricdlydsting pils d avire ray e eqivdat vithrespt

to thar gisicd pgmties. Te duce d viepart is cased by the
itterests ad ledgard d the athr & wl & the reed to draccte
the tqic.

A dsaibedin Sdtian 11 the oerd] prpse d ths wkis to in
wtighe if the gictiond (& cnimpoe the pafarmae & D
tads adldie to dsign egreas. Te gpiction aieted prpse o
aurse dbds the quaah tden Widh dso beaes qlictian ai-
ated Te resng d ths Sdian dsasses imprtat aaseqenes
d the aictian aieted agraach

W ausidhirg perfarace d the dsdged dgrithy the db
tared laat qdityis assuadto be nae irprtat thnrutim @
anrse rutimashodd be vithin ressaelle bonds to rninize the &
Warat tilad adrait. Bt if adrait is to be ms-poded een
adigt irpoaat d aqdityfata sthes aeavll rena sigif-
icat ecricd adatege Hroe, dsiges il mat lildy ke villirg
to sprd the extra dad gqrat tita cased by slomr (Dtods. -
thernae, enpoddrglage, higvprfarace draits, the dsigers
my 14 een lme addce Jist to ddan a lgat stisfyirg the re-
qirerats wthrespet t say tirig ad aveny the dsigers ray e
to we the tads podarg the best prsibe laat qdity 1o rdter
Wit there rutira regireats ae It doldbe apmizdthdt the
piaity d qdity s barg nae irprtat tha rutira des it remn
tht rutirales o imprtace. It is radya mter d piaities.

Te aiictian aieted gyach rHdes the gictian & &
wl. Te Al b been doen s the sjet d this study bease
d anitterest fa the Qinits omrigt, dthagh I o fid the bsic
idad the Aithitivdygyedirg Hwer, the rnressmto ines
tigte the (Ais thet, judjrg framresdts ddared vithin dler fdds,
tlhe dgrithmoald peatidly be die to podie ligiqdity laats.
hitharae, it s id ye&b been inestigted far ths gliction aen
Te (Ais Wy axgied & beirg dle to grerde hidrqdity sdu
tias, wile they dten Ime pdd emaapetirg ithrespett torutima
Texe daataistics rdes ar piaities.

Frfarace edwtian is stragy inpded by the gpiction ai-
ated gyeech  Fana theadticd part o view the pafarae o
an dgrithmen ke edwted in tamn . anagace prods, bod
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aea ad dag) d the greded lgats the mat, & Wil ke egdred
in (pter 2

Tere ae two rin ressas Wy the gereti c dgri thi{ QY bes Teen
sdeted & tle dgrithmto ke inetigted fa the doen pdiam
Hrstly drst o peias wkeist an (A fa marodd] 1aat pds>
len d. (hger 4 Soady the (Als been swessfly adied far
sead dher hgly apex giinetion pdlen . Stian 312
Tere is dso a fevpaising gpictias d & fa stadidd] lay
at pdlen Tedae, it is amud idatoinetigte if the (Aen
be sad to irproe the pafarace d o] 1agat tads.

Te prpese d this thesis is to aatribte asws to gestias such

o (hntle cavgds d getic dgrithm be swessfuly gied far
paaat adgdd ratirg d marodl laats, ven the rAn
djediveis igrgdity resdts 7

o W pafarare cnbe ddaned 7

o Aethreaydgrithicdsignpinddes, widseamtoleyidd
irg the higdest prfarace 7 If sq et ace these pirddes 7

o W aetlemnpdland aAlzsedgpadtothee pds

leam?

1.2 Chosen Approach

"Hs thesis foasss m the abhrtaid qiinzti o sspets o 1aat
grerdti nrather thmantle isicd spats. Algat ismdyvesd
sast d tedrasiad gaserid djets widsoddbe agrizad
intle pae suhtldt soarasue d gdityis giinmed Te qdity
resire is dHidle intam d sizes ad depes I garic dyeds,
dstanes betwend ferat dyeds, eic. Hsisinaatrast toapgisidsts
pirt & vdew inichalaot is ast o irteraamedted trasistas ad
the cavgds dsassed ae rise ad fdl tires, adties, caddane,
adsom Te twiepitts, a ‘ald’, ae d arse ay tigtly
rd ded ad ray caggds ae (apddy a prtly) tragfadie fran
aevwrldtotledle. I eape, tlesigd papgtindaythragh
avire dpads an the gadric drasias d the vire, i.e this aspdt
d dayis tradfeadle @ the dler lad the gadric vepart
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the we d pomdres in irprdive poyarig lagees. Aled in
tle Haadid laot asist € aniter d iteraareted Hads, a
dls, ech & Widhirdeaat ssa @t d the regired fudiadity
Eh Hokis in tunmak \p & anrer f sdler, ittercamated
Hods. Atle bttarled d the heady aBokarsists f anrher

d ifeaoreded trasistas, widiirdeat eg asirge gte a a
regster.  (dradd (Dtod pdegs irdwds libadies d sodled
stadhrddls, Wich irdeats a vick rage d rddivdy sirde ad
amm fudias. Sadhddls ae uifamad thedae rddivdy
ey to pt taether to famlagr Hads. Hae stadirddls sirgi-
fes ad speeds 1p the castntion d tle losst leds ina heradicd
dsign e, if the prfarace regirerats fa the drait tobe
sgedaevayligh adsigibeed nstadrdadls mynd ke dle to
et the reqireats ad the dsiger Wil then bae to aastrut as-
taireddls fa thelowt led d the heady Wher stadiedadls
a astaized dls ae wedintidly dwe saaled d tle heady
the Hads vl typcdly hae vaying sizes ad saps, ae d tle res
sas barg the ifercaredias mk & lowr leds Sthrruifam
Hods ae dled mrodls, adaled d the Heady ausisting o
rarodls is cdledaarodl laat. Te aagts o stadhiddls,
rarodls ad astaimd dls, ec will be dsassadin e dtdl in
(ager 2 If astaimd dls ae wed o the bsic hildg Hads o
adrait inadr to rest the pafarace regiraets, tle laat wil
dten ke d the rarodl tye frara lorr led in the haady thnm
if stadhrdddls vare 1sed

Mt (Diads ae astaived tomds a prtiada laat type, o
lgat styte, sotht the ssasbpdlemd tle laot grerdion po
ass is sdwdly dstind tods, dperdig antle arrat laat stite A
ae wald eqect, the hest tods hme been ded qued far staded s,
siree astadirddd] 1aat is esier to grade thmararod] l1aat
irdeatirg tlhe sam fudiadity Ik to the inresed capeity
d the shpdlamto he sdved ien wirg the mro ] dsignstite,
rand itenatiais regirednoe dtento ddanasisfatayresdt.
In dler vards, the rarodd] laat tods ae the aes tht reeds im
poeat the rat, ad ae dsotle aes Wich Ime the lagst phen
tid fa iipoeat. s is the resm Wy this thesis foasses amtads
fa the rarod] 1aat stteraher thnstadrd @l lgats. hthe-
e, the sped fe sbpprdlemdsen, pacerat adgddal ratirg ae
tle rot irprtat aes in tle sase tht they it the qdity (eg
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Itradotian

Teshet d thstheisis dsignd greticdgrithmfa sdvirgaatan
sbpdenaisirginatasic lgat grediad M (dylag

Sde Itegatia) irtegeted draits. Sdian L1 € this ittredatay
dager hidy ittrodees the siljet ad dsaibes the prpse o the
thesis. Te apreach tdenis dsaibedin Sdian 12 Fe strutue &
the thesis ad saa gidires to the readr ae gveninStian L3 ad

a hid irtraddtian to the researdh prpars an dich the thesis is tased
is fardinSxtian 1.4

1.1 Subject and Purpose of

Lxirg the last ks, the cadeity d ittegded draits bs in
aesed epratidly Intle 190s atypcd riargrosssa suh e the
Irtd 88) aasistedd dat 50D trazsistas wile in 198 Iitd s stete-
d-theat poessar Ftivmatas 31 mlicntrasistas ma 172ty
172 maen Hs etredy rapd dsd qpat Wl gt lildy an
tine, & lesst far samyeas toaam ‘Bladetle apeityd tadss
draits the dsignerg reers ave ttd ly dypadrt anporfd (Atads
tofadlitde a (sairJataric trasfardian d alighled dsaigia
d adrait ito megideat s laat. Te cahilities ad lim
itatias d suhtads lme awdd inadt @ tle pafarace ad ast
d tle podoed draits & Wl & @ the resarces regired to dsdp
a drait, bthin temn d tira ad fladd ost. Geeqatly tle
aead (Dhads fa dsignd W draits, dso referred to a5 dsign
atadtion a silion aapldiay is a ey imprtat ad inresirgdy
groirg research avea

e to tle irterat aapedity d ay nntrivid drait, the laot
is caraly headidly strtwed  Hs sititian is adagps to

t he Thesis






Aolederats

[ antrdy gatefd far theimspraiay adice ad sypat 1 Tme recaivad
franray pegle drirg mwek an this thesis. It is it psiBe to
rati meeryae woe itteradi martribtedto this vk bt Iwald
lile to thak saad tle pegle tht Ime I ped ratle net.

Hrst & dl I wat to eqress ma gdituk to mvife Ra far ke
dl-at syprt, widhirdukd dloirg rato g to Mtignfa a ae
yer periad Wile ste ad to stayin lamack

A Ahs Unesity I wld lile to thak m sypervisar Téter
Mler-Ndsenfa bargaeryirgprirg adisa ad fa dwys sypat-
irg ad evarggrg e Aso thads to Qe Guai, Hgr @p ad
Bian Mdh far may costrtive dsassias ad sigestias.

A Uhasityd Mtign] oe thals to Preki Muudr far -
aritg min his gap ad fa lis wdd spepstias ad enaragrg
ammats. Aso thads to mfdlovstudats Nied Sith Hasho
Jaodar, Srchear M ad Wy Bradadan far the indw
de iteratian

Tads to Iter Krrerp & (dhse Uihasity far Mprg m d
seard osias, ad thads to Jas (asen (Getepen Wivarsity
fa adice ad sipestias regrdrg a spedfc it & mwk  Iast
bt it lesst 1 wald lile to thak Jos Lieig (doada Wesity
Mtred, Gachy far dl ar dsassias.

I axd corse dsovaygadd fa the fiadd sypat Wichak
ths wk pesibe Sppat hes been proidd ly the (dpter Siece
[oatrat & Arhs Whesity the ATresearch pgject 1 adtle

Henri k Esbensen
Arhs Uiversity
Jdy 1981

I Aternative Dita Representations, Agorithns and their Inplenentation, Dmnish Natural
Science Research (huncil, grant no. 5.21.08.02.
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lere v a ‘ted-wald’ aven dtritg a lage niber d wery lad ad
dodyirtterrd ded giinizti npdiem fa vidgodsdtias wre
atdly reedd  Athogh I dd it bee ay ldgrard in pgsics,

I dswered tht to a lage etat it is pssibe to dstrat amy the
s ad asdr the pdlan frana mledticd pit d vdew
DIn1WI deeratirgd mrod] 1gats s the tgpc o mlditers
thesis [Ishesen 9], Wich] ddincoperai anvith twfd lonstudats.
hirg this vk I gt sua eperiace wth laristic dgrithm ad I
started ganirg itterest in stodestic gyroedes.

In Mbch 190 I dteckd the Hrgeen Iésign Atastion (dfer-
ace in Gesgwy Sdlad ad kead the pesatdian d K Saodar
ad P Mudy’s ppr ‘G A@ddic Agrithmfa Sadhd
@] Paeat” Hs ws tle fist timm] eer lead dut gatic d-
grithm ad I fard the udhlyirg ida it tidy ey ggeding
ek hoe agpin I disi ged rom geveti ¢ d g thvad started dirg
eprimats. Te dgrithmeer wleddl. Inretropet, 1 kowa
ld d resas Wy bt & tht tilmd carse I ddit. Hwee, T il
lilked the cagd  gaetic dgrithm so dter redvirg m Miters
doree intle egmigd 19, I gqiedfa adgt aliD sddaslip
wth the prpse d inestigtirg the gpiction d gretic dgrithn
wthin the area d 1gat sytlesis.

Hs Ied been studed far sam tima ly Bdessar Mudyr ad
lis gap & Igatrat d Hedtricd Hgreeirg ad (dpter Si-
awe, Whasity d Mlign An Abr, M TA S in the vinter
d 1DI/19R an aragrat ws mak dloing mto Vst the gap
& Uhasityd Mhtignfa ae yer, statirg in Jue 192 Hue 1
acbdypwrking wth the pegle io's vak I fist Feard dat in St~
lad tw years ealier. Fe year in Miign v extrady beefdd in
my we. braticae d the spdft qprtuities it gre g 1
dterdd the carse ‘(dex Aldive Seterd’ el d by Jdn Mllad
tle farmdr & gaetic dgrithm

In Jue 9B I retured to Arhs Uivarsity ad ths theis ws
sthitted to the (dpter Siere Igatrat, Arhs Uiasity in
Jdy 191 to flfl] tle reqireats d the D dyyee.

Henri k Esbensen

@pter Siare Rartrat

Arhs Wiversity
Jdy 1981
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Reae

Hs thesis is the resdt d a 3 yer MDD sty caried at in the pe-
riad franl®l to 19 Te reserch we e & (dpter Sdece
Igntrat, Ahs Whasity larak ad syernised by Asadete
Rdessa Iter Mler-Ndsn A anittegd prt o the study I we &
Ientrat d Hedtricd hpjrearitg ad (dpter Siene, Wivasity

d Mhtign N QA fa a ae yer priod frandee 192 to Jore
198 Dxirg this tira Asod e Rdessar Prali Mhudy we ading
SUPENST.

Te prpse d ths researdhis to inetigte the prsiblities d g
pyirg edtiarhesd dgriths to sde waias stpdlem aising
inlaat sythesis & V9 irtegded draits. Ipddly the reserch
Ies foassed anthe dsignd’ garetic dgrithmfa pacerat adddal
ratirg d marodd] lgats. Te gd is to aatribte to aswas far
getias suha: (@nthe caogds d gretic dgrithmbe suwesfly
gpied wthn ths aiction duan ven the dyedive is to grer-
de lighqditylaats 7 W prfarace enbe ddared 7 W
dgrithic dsignpirdpes yid & the higest prfarace 7 W ae
tle mnpdlemd tle gaetic dgrithragrech 7

Te thesis aasists d twats, the fist d ichirtrodees the rde-
\at tqics, suraizs the ddaredresdts, rdes the resdts to ealier
sigifeat gyyeedes, dsasses psile dretias fa fibue vk etc
Te mn @t d the thesis is the sead t, didhis strutured &
far ayades. Hre the mnresdts ae pesatedinthe fanmd far

B pt the wak pesated in this thesis ifo paspedive it is gpo
pide to g a hid amart d 1 ldgord ad the drarstaces
tht leed rato wrkinthis fdd I fist becamirterestedintle aea d
lgat sythesis ven I led acorse n W dsign s pat o mald-
ters pgara in aapter sdee Izat sythesis an ke studed
fraranrher & dffrat vewpdrts, bt wat 1 fard fasdeting we
tle aapeity d the girition pddemindved Irstead & areet-
irg mre a less atifdd pdlem ad then study lowto sdwe them



b1

lapeaaterer i envis fastad liradn o ditte war irspraiaentil
wilirgn & en faeringdgritra lddt KA dr labiree en
(Aral SAsdeds & dgritteni dniritidle fae e enren (A rn
drefter gadist g adygivt difter oer mad A til dit kanveere ren
A HAer fast o frevest ingireret & [Beaik 9], rener rere
grerd i ljere gadadpiv. SGAer phicret s lshersen 94,
@ atilen grpet 1 gperdx Ber enwdidt vasion lerd.
Sntidigre it e Ioet Hpdlemi fabindse ral ddal
ratirg hafa en(Atil IHevdilet sanakt fetste shrid raden
(Absearet ddal rater. Infaste vasiand dgritrenBevpiiceret
sar{Sesen 9. 13 resdtaterre o regt loady, Hev dgritren
vdradille, sdvntadteistilafa & badmkgder dr mbev
abgdt ral ike lapere v drdte rdeate fa dn ddale rater.
Aprrdx Coergiver artilen [Ishersen 94 .
hiHig hedtives i gpandx Ddn (Almsereck ddle rater, dr
saven AHd gritra anerdy (Bn fra gpedx C Iengddale rater
er pHiceret 1 [IShasen 9, sarpagives i gpedx D



a &t dligsd Rat, & dledwdilekdgritie e lakurevdgige
saraliget ral stted-tleat dgritter nht. dn qaack 1
ringskditet.  Jrddt gm’ reet loak resdtder rad Id-
gritten @ dn ddale rater. Pdn adn sk e Isdgrit-
ren dn asste, dr ok kakurere phtetid 10 grige dg>
ritter e dle betylHig lagsaree ad dmd saraliges mad
dte enstatrdsesadn Ier er iridetidet atd ladersar til & &
ek irpaatdicer £ dgritrare a stidkasad, ha-

fa dt favetes d ltetidrre lan redoeres wsatligh, sorbedeet
i lgitd 6 Tedner (A rext deget til dldle irdeata
tiqer.

Uber faslag til hardn lteti dare lanfatedres, ddaterer lep-
td 6ennligantirg d & dge qiirerirgkritei e sahlabirtio
rend dsse Iesudn dskiteres mligedhre fa- & sarasdte pac
airg g ddal ratig til eh ggee nhp & redeere & undelige
pdeae smfdgr d ugatige estirder.

hiHig pesaterer lqitd 7 dladines loedalwiae. 12
& willet dgritrer e lakurevdgige nht.  Ignpgdditet
laktudres dt, & (A e enload ok til & uthste pdle
re. Ml udadse  FGdgritren er ketichre ike tilfredstil-
letk, Ten ¢ fanates & betylHige fahedimgr kn grapdtte
pik. Ien anerde reok til dderitg o begaemrinee rees &

e dn esatligterseg til & gaatk resdtde. lafa lakdud

aes & fa pdlaw ral liged ladteistilasld mn fradkee dn
tradtiadle hreee pdlarepesatdion g & tradtiadle gaetisle
quaae, al dse falinder & dle lgnmper dtid kn gftd dle
begrarmrirger.  Istedt g’ bede resdtaer ved dsign & prddem
sped flle reyasatati aer o qerdiaer.

Artikl erne: Appendices Atil D

Atilengerget 1 gpad x Apsaterer en(Ati] pacrigd 1dvo
dle. HKedén e d btrafe Jaringpdlad sanen grer-
disairg  dt todrasiadle hppdirg pddem til hillet en (A
beskrives i [Mger 9], Raerirgsd gritien Hev frst pHiceret sam
[Bresend men e sarere et fatede pen rdle priter, @
atileni gpedx beskriver dn e dgritia

Io typde lagrsfald & en A sindded areding (A
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daed ardirg [Ty Bady, en badradhod dg
ritre [@odra 9, g to stetre lgatsytaer, BR[Sdaran &

A Y @ TherWN [Sden&hy Sden&), dr bee ind
Wdr g Jaerirgdgritrer. Iesun e WRratagt, sos”

ud vids e dnawste tidigre Atil rakodle gacerirg [Cm 9,
Seodar 9. "B gddile ratere pasateres: Moary [Nelizk &,
dr e beae phd td sproganairg, @ dn ddale rater inddd

i Tier' WM B dpdlem dr get’i fabrdse ral gda
rating e Jdrer pdlag i en gd (¥, sandne dladig
o asateaer en Atil. Iofa pasaterer kyitd 4 gpen st
d-theat Hdgritra keadt phadradat [J E Bdey &)
Luoern Y. "B ade Sdgritrer pasateres i gpadx C lenn
dr en A[Jgsdis B samiid vids & dn asste tidigre il
(&

In catrde d & dladings oasigsd e kgitd 5 hai &
wilet dgritrer geurerss @ edires. Kt posaterss
dskteres nige atadser vedyrak gliraingkiteier o thdo
ger saner lag til gud far & whikedk dgritrer. Iamt fatdes
poektets wWilinghistaie Rilledgritrer er whillet, hafa, had
a loed drre g dmahadnea ¢ rddee til hmdn Al
dirgen pesaterer to dgritrer til Jasring & mkoddler, en dgy
rittatil ¥ en ddal rater. Agritrares Qladtaidila g
sutaes 1 tarer o & fre pdleillingr iftrodeee 1 dait 34
Hr e dnidigte pirte & dle dgritrare uHllad: hetrager
lolige 1gwirgr, ds. & reposatdiaen 4 en Igwirg dHodren
(en dgritra samtdler repesatdiaen) @dle & geide qu-
aaer il eher tidsker & aher lgig e lapd @oalddr dle
begrammirgr.  Atartiv len mm tillak 1gningr, dr oetrady
(rge o) hegamringre, gistedt tilfge strafbd til costfultiaen
It & oladtaistisk & pdlampdfk vdn stat st ike
mittes, @t dt b vepet rdativt let & fik pesack vader far ke
trdpragree 10 whilled dgrittas etirder (dr drdte dler
irdrdte ird’i cotfultiaere) sareliges ral & estirster, dr
anercks 1 dgritrare et 1 kgitd 4 Suraligipare s,
& fastroute etirter gredt e & et jagtige @ drad og”
ck et tidkaad & berege

My fdtae addigy Hdt rdfadge samaliginger & &
wikek dgritras ydere ral destared: dgritras, hafa &
fiste saraligirgr e fahndt rad isse fabddd dtrok berd



X

mkodle lgot best’ o ¢ Haak & Hdie (dler modler),
dr e indyds fabrde ral ledingr. i BdkpHadrieast
indddr trasistaer, dr irjeateaer en gven fultiaditet, ras
Hdleadvjere riveaer best'd e atd rinde, indyrds fahnde
Hdle Atastiskgreraingd e gwt riveani Haake qpHes tra
dtiadt i & atd dHqwmer, dr 1ges Wlig ptrok & stade
indyrds dlpjdedtr. 'bd dHaepare e pl acering 4 Hdlere,
saretafdgs d ratirg ds. ideatdiond fabndsare rdlen
Hdlee Ritirg gHes igni dda @ 1dd ratirg ha gl obal
rout i ng dger sigardt hestemaledirgames oaaded, atratlige
rater. I&t er ladterigtiskfa dle dqppare d ¢ a BPlagedte
Iesdnlogi ceres 1t grererirgend indyrdks ofTeeg) ek 1d-
lemgeperre, sdfarer til whved anedtlse 4 etirdter far kase
kasare f l@igd eduille ddte dqme. Mlade ade
dr st pk anade astfultiaer. Raaig@dda ratirger &
to dqeaer, dr I stetst betyding far dn qaack 1gat kditet,
hillet er en weatligrseg til & et dsse to qeper er g san
amt fa dre dhadig

(@etide dgritrer (&) itrodees i kptd 3 Ion gudae
gk id e & wdte gliraing wld sndee en dstrah faallet
hdgjskend tiasroms. Rindpset awnstadestes ol edse (su-
ud d tle fitest) kan betragtes saven gireing b kiteiet e &
gmdn hedt nlige tilpeirg til agdsare 1 en (Agrereres
en ppldian & irdvdy, sanher saer til en lgnimg til & gt
gireipspdlen ¥ anaddse & rdabtiay midiany ec
grereres 1ie ird vidy fra dsisterenk indvidy, @ dter nge grera:
tiqer fredaomer gk ird vidr serenck til gk g rger til gire-
ingpdled. Kptd 3dskterer anad sesakt far (A T ennis
fastad ghdr dt, & jo sweere & pdlaner, jo rae vdeget e it
fa en (A Iesudnredhytes far it teaetidegud pfa (A gpdke
tisk aneHse & teaien dditeres. Ien wsatligte H & lgitd 3
e dait 34 sardskterer fre catrde pdlestillingr wd. dsign
d & 10 ladteistide erslder fa en gd reposatdian & en
|ging; wdyttd se d pdiersped fkovi dn diterirg d begrarmrivger
@ dg d wde fa dgritras kafrdpradgre Ikkssiaen o
dsee fre arer direr gud g far serere dshissiaer i lgitd &

ddge veltger g dgritrer, dr reposatere stded-theat

inkfa pasering g ddal ratirg & rkroddle laats, pasateres
i kyptd 4 PRaeingseltdare e W saner lssaet psim



\iii

W lgat sytee Iar teges & hlledk & stded-theat indn
fa aaft ed en pasatdian & & bedte dsistaad: dgritrer

@ wltge. lodte gws & resnd & wWillek dgritrer, g
dres ladteristila g ydere edwes vh.d soaliginer rad
stde d-tleat. HiHigge dladipas casigsd nde fad il
fratidg abge Ms atilare i gpadces fauddster lenddeb
til laat sytese sah e st ledleb til (& o dt et ben
sighen red dTadinees casigsd & dnille skile kae spridle
faudsringr uber en drivdig dtd sk bgrud  Imat sy

tese irtradeeres 1 lgitd 2 @ (A i kgptd 3 o dsse Iptler skdle
ge tilstraldige faudstringr fa reten £ dladirgn Qwed
len 1osere red lerdleb til 1aat sytese udak & 1ase litd 2 2
lasere rad lerdeb til (A lenudadk dsrittere 31, 32g33

Oversigtsdelen: Kapitlerne 1 til 7

Aradirgs foste leptd bedeiver Hoa  dnvdde tilgapsidd til
raingpdlae, ras fisse spdter srille uidHbat kngves
en akivdat gadrisk fameiry igoees. Tlgrpgien e ar
alHssriaterd, hillg I e vgige lasdkease, H.a fa
edwignd & willed dgritrer. [ stet fa teaetisle adyser
edwres dgritrares yhere samtidigre mwat wd & se
ligre red dsisterank stae- d-the at dgritras ydereghediak
dta lavirgkditetdes rddiw til haddr er gt rad e hed
ste dsisteranck dgritrer, o ved ktetidr fast dsdtte qutide.
I&t er en grud ek atapdse, & 1ginpshelitet piaiteres lyjere
ad ltetid 1 rape patide anerdser vl disi geren veee illig il
a4 e end dstratidfa da den Bt lid bede Igwirg

Kitd 2 itradorer 1aat sytee & W kedldh T fidks
¢ atd faddlig laot typr (ag dsign stles) repmataad:
faddlige gadr d reglaitet. T lytydad kedldb smf.ds. en
anerds rlroadlelgats, sarer dnrest fHsibe dsigntype
@ g ndiged fa &t staste atd trasistaer p. adeated @
dn hedte ydere £ dt podrered kedldh  Kipdsiteen be
tydr satidg & mkoddle laats e swpre & grerere (rmdt
dler atarisk) ad mgen adn lgat type, hafa dt staste e
hov far fabedek eltger rebp bmes fa dare 1got ktegri. |
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Toe dfleditg er resdltetet of e g B Dstudundit i o
dnfra 1901 ] 1994 ved Bt sk Adling, Arhs Whasitet. Tdtar
Rter Mler Ndsenler veeet veleckr piacieltet. Tad of atict
Hev wkat udr e ig qidd wed Whesity d Mtign 8
@i drre priak fugred Asodee Rdess Prali Mardr sm
vdjledr.

Af handl i ngens emme, fornmal og struktur

Aladirgas fadner & udhsge migedre fa & anenk e
Itias ek dgritier til lgnig  mgle & Apdlew, dr
i1 atadisk greaig o lgats £ W (dy [ag Sde In
tegtia) kedldh Kiddsteend VI kedldb e stext dsfo
dv grrenemtde @ dare Wiking vates & fats#te Ior e
drfa & stat o far fatst fasking inddfa dtte aak 1 &
sarester’ tar ed i as-hesereck d gy trer red b d veeet anend til
lgnirg d lagddse ghirainggpdias inhfa me faddligt-

ak anfr, @ &t e drfa miged & udhsge dgritrares
aadided til lgot sytese Sedfld lw pgdtet fdusaet 3
dsign f gretide dgritrer (&) til paming g ddal ratirg &
koddle lagats udr dn gudagad atadse, & dsigeras
pirme dier & gmdn ledt mlige lgot keitet.  Abgdts
fadner & udrsze hillen ydewe dr lan g red (Alsserack

wltder til dsse pdleer sahhille dgritrisle dsigpind e,
dr gher ¢ bedte resiteter. Iescngieles b vesatligte pdlae

ed chre til grgsirdd bl yet.

Aladirgen e bsaet patiler skeet 1 1det o stdet, @@ dn
wsatligte d & dladingn wigres d fre wdge atiller, gn
gt i gyadaes A D Iarube indddr dladirgn en oasig
o ¢t Wdate abgck i famd lgitlare 1 6l 7 T irtrodceres
areatt, ds. ad (A siné trgged pdiaw inhfa
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