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WO 2006/ 137964 PCT/ US2006/ 014697 MANHATTAN ROUTI NG
Wb EdaliocM ZED DI STANCE TO DESTI NATI ON PQINTS peyysanngossasn

Technical field 5 T 55 & 1reI at es
generally to Whhﬁg; h%‘ E . ﬂgﬁ&{récul arly
to routing points to a center porn mnlmzed

Manhat t an di st ance, for exahmt£ramap! i catl on in

i nt egy at ed %{fegnclswg . ﬁ—“T“k"“ ound of the
Invenfi1 PoR P B AR eslgenelfa 1§ r‘?&’i‘?é%@’?l‘@&é?? e paffigelarly to routing points

tolg ge¥ad POt waith ganiwrest Maghatemtdshinargfoadxgad doplfention indntvgeit@Rir@st wiring.
center 10 algorithmstrive to equalize a respective

delay to each of a plurality of points. Such equalized

delay is advant ageoummﬂi—ﬁﬂ!&gﬂeﬂgﬂskew of a signal

I e akiivk mgrogtug Ebh@m Rich asﬁ‘l’to@e bakeA oS Q@A&etﬁd’hﬂtdﬂn@ gl%éﬂtﬁ'idor a weighted center
algoﬁ{hgn%ufvg to %%hzwa res eatn@ dé‘feg/%o eacIY%f% 6}51%'?@ thsa§u03 eraalbzeﬂ delay is

to'recel
advagfaggony fowwn@mﬁlfwefa Selpeaploigvech pBi, P2, P3, and P4

I n Ckhﬁ,? ak @ho'vs@ Qxﬁhtb%ﬁ&i cggmtri@ﬁj@l% ﬁflurahttm pn}uﬂg lelgﬁﬁi’f qndcii&irtg Hecewe a

e comon cl ock
°°m1°—’°n Slg“?' aﬁa 956 SEBORE Rl r?ﬁ‘thd]ﬁi“ﬁ Iei’lzg"érﬁﬂt1 ﬁ‘iﬂnd!aateflp‘rﬂs‘tns of nodes of
the lstmgwmrmatoaz inuttthy dporbeinwREsigavID  near est points Pl

an qle?e?rmg ﬁﬁqg Fp %r?ﬁi@ %E xa&%grgﬁi%ng :!a'lgcgl dﬁ‘ a gu s?se\l\gme?lﬁlfo\é\%edpawn\ﬂntween two

nearest p0|nts on,
neareshRaiRET 1pRss ?ﬂéaencgw:swtm diptwebetriech o hgatest poifits Phand P4. In addition,

a thisl@epRINt 63 it OdwietblyediOfs miSlp6is Sﬁ%ﬁeﬁm 3-(9143:1(1 110@6 and 108

n be t he nts and P4.
T s 14 Dedr 15 Picyp aubF bt apbr LT apetHg. The common
signa@ héappqdm}tqja g}gg h@mtonﬁ_@&hkd)semulﬂs td masul? ghleautal Mly aym fslfcﬁ ETpomt 110 to each
of th§1§b§1hs lﬁ IﬂaOPﬁ tand]P1§ OFJIQXKEI?E hf th%@ng%[ of'ihlg ?eg&gmsnl;o% rﬁi X&G ae ?ng%i tgen the point

. For exa
1101 glgr m%mﬁ_@éheé?g@exg d@ﬁapthem@nthq h@ﬂﬁmqf the paitQ 19 i a(hlhgd along the length of
the segielnt 001 until 10 distah@ 1SRAIFRBht 110 BlonChd B WSIE0 arkt BB It 91%‘ @Jghl@iﬁs 104 and 106
" eqﬁ?ﬁ ok Qg}&%fngmsl{lp i ? adj 4st ed along the | engt h of
se nen 6 P2 FBé™ U st ance from the point 110
greﬁlﬂf.elf thegrrenep sidhDis g 20eponf 1 10NEe GRatming r&Oks aila]dof the points
P1, Pﬂ-Q’@ anhl B4 @ﬂ%bal&e@ Elel%aaﬁﬁ]mﬁ)sf w:ﬁll?rﬁmméc{&% e er gart e’ting scihﬁmes such as the

esult, if conmon Si is'in

geomf)tb‘f ﬁl'f‘mhff(?{g"rt“h‘é °rc‘?ﬁﬁ‘f"éﬁl1te§ F@W‘aﬁlgqlé‘ﬁ’éﬁ’é@ﬂéwweéfe “#rh’e distance to the points
of thegaegndts! cirdff, At do, noRRjve B3piniaikd fh@‘(}ang teHgﬂeﬂ uRbbizesk t&%t@é‘ated circuit,

d t
I{owfg}%g%%&éqxg%gé tlela cmuﬂslh n%n%melzm S % wm:&g 1 I‘%Eh élﬁiﬁ g [ 13'1%{?{8}15 ? adl?ple minimizing
the wirifg lepgdl) gyt inperant fefrmlamvg@rguateh,wpxsmlmm end siend gelayl df e intdated circuit.

wiring distance to the points of the integrated

circuit, but do not strive to mni mze the wiring
length to the points Jeumpargott ed circuit.

Hotvevdingly i aplugdityef panticigioatda aCénted poidt Svith Minihifd 2ist@e, tahRrding to

aspecM’bfle}QesL;{%EhgénH Jray be inportant. For exanple,
m nim zi ng t he wiring length may be inportant for

ni Aie ﬁ?ﬂ'z’liawgpeafwé&e PESRHIVention. Y poinid ars ergwad inthelresyectife sttfdizposed within
each df ﬁlti&groﬁﬁ @ddrﬁllt ﬁa@i:ﬁlg bt leasd Onet 18 E&Ms Cﬂl actdhﬁn k&ﬁ?&ﬁt IsCManlmttan routed to any
" r di ngl. urality of .points is rou
other (8535 B o Bt s Bt et ot e i st enter o,
to resudigpmes detass oxpfinitidh endpppissie nguailav émtiigaricasd die of 1geBREkal aspect
Of & REnd? Lipede Biline ppe¥c§1pl§1{’egpo(§l t&lpﬁ I}]egg !:)x%tu%tla? & pglnt Y (?ugdrlanqgschanhattan

a respective set
routed together to result in a final end point that is closest to the center point.

In one embodiment of the present invention, such steps are performed for each quadrant for determining
a respective final end point for each quadrant having at least one of the points. For example, such steps are
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35 each of at |east one quadrant having at | east one
“szml;yg;m(qi nts. In addition, each point is l\/tanri,zttlt,@g%%,ﬁ14697

ou oi nt having a m ni nrum Manhat t
perfrl {’ %%1%\1,“9{% lhoqgi f@&‘gta%ﬁﬂ“édr@%fl ned by each point and

th eIn@EF@@Pﬂab@P@t of thep@sangigughtton,i eichadspdcd@ $ital e ointik Madhttan routed to
the&gtgrﬂgg{ nt in a quadrant having at |east one of the

oints. In a further aspect of the present invention,

t h elnétfmﬂ*%ag‘fodaﬁét o e presgpt ”é’ﬁ‘a‘%mﬂmﬂz?dﬁo%“!{q@ﬁ@%mﬂetqr@med for routing
togeMamnixad fe@hone il @d pbiRGed fedraik Shd F@ Sdilidg chdl ré@pdelivd@hal @G oint to the center
poird oint that is closest to the center point. 40 In one

enbodi ment of the present invention, such steps are

perif ererpmbodingant of o hrespubidyeative, sfdate pxdeatswr auil A inkrgory device are used to automate

suchra%w&,@&ﬂdﬂt@rmﬁﬂiﬂé%e rSRle mﬁcr%mtfs VnQ@sd pGadr ant having at
Ie one .of the points. For exanpl e such steps are

fﬁ%ﬁﬁé‘i"i‘é%@a‘/ s tapoeeroaser o Wising Broprisgpefald circuit. In that
casepeatrha)lf thepoifiais 2 egettivehode bﬂheaﬁteéra@ﬁ&trcum’h&ld ﬂlbl aiﬁfeﬁibtnt is b theAn of a signal
i ct, . of t r i nven - -
sourf?eg‘gj F;I'iee ét?%\?ajéed?iﬁcﬁg] f—Iera'er ttﬂe Iﬁ%m B nnhr%aly ta be u&qﬁltﬁg 8&5{:rdapplicﬁxgns desiring
routipgpeindsyto Hespiagpoing w&amflwqeﬁéﬁanewbod i ment of the present

| NVREE b thelfedhird¥iageslivin) gés '0f‘tge }gésﬁﬂ APGEod Wil R “Jhd%ﬁ&iod by
|east one initial end

for routin t.oget her
con 8 g2 OB Pt of B ot R BRSO FY O e dravigs.

final end point to the center point. In one

enbodi nent of the pbgmgm:g '?h{e%@awm sdata processor
and a nenp e uch a

pr &ig&d & gk 1%5?8&?*?1% pargetfipyaatehing elgerifhn for fmﬁln@apqmsmwml to a plurality

ofpoidm&qmeﬁhl%dc%yﬂkcorﬁﬁfg&omﬁﬁﬁﬁm i nvent i On rray be Used to
I' at

paﬁ?}gl £ s;ljlomasra cgl%% ngyasl%ﬁ 1%5\@ ﬁoccgfor ‘ﬂté’e s(t@s ogrogtmg a plurality of
pointp e ggeneer pojig Wﬂbmeurmiedtdhendentceghrattm embadiuent of tha [iﬂsehd’iﬁfentmn
ce Pfgefshm|arﬂowlcﬁart%f Et% 9&&%&% thﬁda%d p&&@ésor 0P8 rZCz% &8t tat; Qne
b % circuit. However esent venf
em °§‘I"‘§’8 b BU%Sé‘H iopeptioneer applications desiring r out i ng

poFigt. 8, 5t & 728, ﬁtﬁlmhm’strﬁ@inﬁéméﬂatrbutm FHtEpE ey SIAIWGi8:-each other and finally
sent

to the, cgﬁé mar&grm t{' olgthe gt ur e d é,?igv t a %e;lsem %iﬁﬂtgﬁrx]}g% ﬁ{ eﬁsent inventioxn,

i nv e
t h@heffwflﬁwﬁem@ tfleetedi 41‘@&1 a\ﬁésrcﬂarlkytot' diustr@tfon uligird oA rEssa0ly drawn to scale,

El mmm&hn 1% sRASSEREEAuMbt R 7 Qq @§t a§|a e 1
) gDesscrl ption of th ggDr aw r?gs %ldégﬁm fégﬁgk?ééhmmgsm tar

Smcmrﬁf‘ﬁff’\gé‘l’e the geonetric matching al gorithm for
coupling a comon signal to a plurallty of points

W th equalized del ay, aI?e‘%a‘ﬁc% 959 O the prior art; Fig.
2 shows a conputer syst a data processor

t WBRCTET e Fea comeper s 200 inelpdegy2 %termrwdeailw 20§ awfa dai@ Processor 206 for
perforﬁﬂig@tr@nﬁgq:)r@esﬁ Qwo&ﬁngﬁ@ézf&nb&lnﬁéﬁt Jﬂlﬁ bf&eﬁﬁgveQioﬁt Aefory device and a data
mceaorcnclag mn et otcan einaf‘g g‘ﬁiﬂ t gr esent. 1.nventli on;
proce 04 Gl B A B SHIL1 © St PS8 POk it g lofgnis
d at«.aorpmg)m esgandiokntBF §e pr%ent ametiog iha geth@y 8dvice H]Iblﬁnj;bqﬁerﬁﬁs of
mstru(Qifons st&%d erel%éfﬁ(ﬂltﬂ']é foYr%}tal Qﬂ)t | anlngf%tf‘ ex?rﬁplg uch a fo’ftwarh qupcatlon may

illustrate 1 ncrenmnenta ng o ura
bea c&g (FRmguteg apgipted destenbieiise ala’h@“‘fﬂi feregicqniple. ﬁ@ﬁcvtm Of:tbmeeaences of instructions

storedmom&hhenﬁbw deligk Bt ePGHe Ota ﬁr&@sscfrb@ﬁ/\ba@sﬁﬁﬁé daBfprdeisthr 265 to perform the steps of
the oBGED oq %‘1@93 tIor roz% mng a %raﬂy anomts to a centSr pglrn'? sent invention.

Referring to Figs. 2 and 3, the data processor 206 inputs a data file of points disposed on a
predetermined grid having a predetermined center point (step 212 of Fig. 3). Referring to Fig. 4, the data file may
be generated from an image of an integratéd circuit 230, In that case, a plurality of points P1, P2, P3, P4, P5, P6,
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25 The figures referred to herein are drawn for

webaoactiyroaf i1 | ust ration and are not necessari I Bl
?i’[m%oum
e sane reference nu

P7, tPQ aﬁ&l%' rgprtﬁglt s 4of ﬁlg 111%%11:{] gcmgtt 230,749 e peateppoint § indjcatppadqoation of a signal
SO“f‘fa%bﬂ gousllefhﬁo Iseph nodst of e intrgtedichud 280ct i on. Det ai | e d
Des ¢y gHEI bQRe 1&%@?@%@&&'25&3 &1gtatgc!2t%riay2dutdc%ns%§1n¥ Ul tFe mt %@g&mt 230, For

nmenory devi ce

e"a‘ﬁgé JS%‘S S“%é’? FOPRP Y 1‘%{ oFistitr geprbeeys230 a@wredmsngnqi@ t@misposed
paraiipityouitingsids ofdfe ittdpentep EiBSRPE). IARVGEH 112232 Ad TBEREMal 8VhE Se example grids

R R ARt in a conputer systemare
& |nd|gv? fgrﬁii%ggmﬁﬁg) one of ordinary skill in the art

of %ﬂf?@a&gﬁ%ﬁg% 3. 5 S dicdtmprotess ot e dttinntentfodfuatihes Q1, Q2 Q3, and Q4
ffonﬁﬁexﬁﬁg’btof ihe M&Qxﬁﬂe@&cmt he (S[SF BT o Fg | ﬁ‘gerﬁlgé? B ?% £ ? AREENG GRa an Xeaxis

244am a“m%mw I ons stored thereon
fhi l’alp ¥ exg%ﬁpplatr? ngi: Yé&&%ﬁ@gugh T eqxgteapog@f?m/gamsgamed to be parallel
to mamgmqakgarﬂ linerf32vmyd th%a:b@tlaﬂﬁﬁ@l thEQRRPYPoR C R%SsS4i8 o be par?cllel to the

horiAd881 el hind @4t i Ng application for exanple. Execution o
t he sequences of instructions stored in the nenory

devt g Wil it léhegarerright Sewh Yowis 206:n¢ Ausie 844{ 0é a ehadrd quadrant Q2 is
to thpurperddisd suck Baxit M1zped .6k hﬁmﬁérﬁpasthﬁc quac}ri}l‘?Qﬁ J QO%qu\%r feft of such -

for.r i n lurality
axis %i;q r?h:de)? a;ssgﬂﬁ,tand ﬁg?.\élr ?dﬁa& (5 is fe; gowegngﬁ% sgch X{—aﬁé 2@%@& X-axis 244,
pr Geedroroc s QQ&fpt@tesgrtalpdlatt Ia)mftsl Higp20P3, pQiPa)1s, i, B aed i respective

set diSposdABER ERL Hﬂlﬂ@ﬂacge[n E?)gl bﬁl %E??P { %dflt 6 E‘g‘ ig gs glie(f“e&rmgttq{ﬁég 5, the point

step 212 of
Pl fog\gﬁ gt ée]t %‘Sﬂ’?ﬁﬁ withip the grsiﬁ??f@lnh@e dhp P@m %’4’11’3 mat;f@ forfn aaevond set disposed

withiil tit egove tyedractiQ2C Tid poRBES fotndd 2 (@ tet BRSEad “%1618 6h>é Elhgg gﬁa){raxg Q3. The points

P3,..P4, P
ro PE‘%J%%& é:%g? %f%%fg@ef dsipse ah‘a\}ﬁg"“lﬁg q‘r‘aéﬁi‘té% ent nodes of
t hEoriefeh g¢pdmntdiavingiat loast cne OB porandh1 LHAEPICPA PEIP6 (7] 13} an@m the data
proceksotio6 Maﬁﬁtteﬂ rduRS &ch Ed;nt ijanf?‘ ?(nglh ﬂngu%ceﬁt%gd Qvflﬁ %108 within a

rectant gdsfu nocgles of t i nt e
&1 “PHE Pritegratad e FEPE{ROEH Q@E)zlif@falg@t) -adwydviding oh élym@mtated circuit 230

is congteaingd noaw prrgiclad the Newit pegihal Qs g4 S&Uhtrouaﬁgq)araﬁé? to thefX—axF]s 244 or the Y-
he lay-out of t

8xXa j h.as, W ri
axis 2I nt g@lpg%l té)gp‘é\?a%azt?%rgglg%) %‘he suxg é;?%g ﬁchfl?gaﬂls.tfgaa Qazaileb@ the X-axis 244 and/or
the Y-g¥ig 4 dsciefered s SMppttap dystg.mqfh Mynhatis: disfantetieani emtr@groaioadag distance.

Manhdtiafi @ifity a23@snhAtaY &5t &AL inbiliRENERR2wAR A, rR0E
crenie 34 are exanpl e grids int eszl nmage g‘fao ﬁina&%? mr't'haetm(ﬂet((‘]Fmtegr‘me‘1
circuit 230. Referring to Figs. 2, 3, and 5, the dat a

pritséoeig &y FigQBant! i cfor sdrmtaeremlmasmg Mzl ad &t 81, R4 p3 % PS5, P6, 7, P8,
and PAAd 1@ @&late%mt Erdglﬁ?eg}gspéc cﬁe¥le as outlmg(].i: gtg 'g?séedqlggslngﬁg 6. If any points

P 230 \S{ erring
are disposgd, es&??&"*’afﬁ@%*&i@r onnmt paing isdMambitart dovtalig indake® point within

that regamleer point C. The Y-axis 242 through the center
parallel 10 to the

d t
p(}‘}] ﬂ& fi g qlugdrangg f’ > Py fﬂgg(ént 1sg)ﬂgmtﬂﬁécc§€m§§(fo§p% Rt HRpgp w@t%etphxet Pl

vertic
remaing asypn @yztlab@d neint@ithig the dinsdurdinn@d Théhebeomiafahdned?, B@otﬁé? $oint is within

the recﬁ@ilésl‘& Eitnﬂtk 1) E’B Qn(l l"4n th%%ﬂ%ﬂfoggmtg %12’29 dg'[ ?{Q%% mﬁ 4&(3118 Byiys within

er right
the Se"%” sqa%d%ﬁm uBb‘Pea‘h‘E‘* pirgns Q3, peyothdy pointgpeithin teef ectapfile Supdint PS. Thus, just

thepoﬁfoaxen&u@Mnaﬂdl %dp@i:htsmtﬁﬂrﬂmeﬂﬁaﬁﬂah@ﬁt@é, a third quadrant
Y- axis 242 and X-axi s

|
% 4tl1c§f01§rg1 quzlean (?ﬂif\ﬁ ueﬁ}%f é Fﬂd P%&re idispqses! within thegogianele fogw[mt 89. Of such
points 26, BTy anfi_ngyogxt Q&ﬂgs tom b wikt BlibsitaR didiancd Borl e palatre. PROGESS to Figs. 6

and 7, p?eQ@Pif ﬂdf\laﬂﬁﬁangéu%& Ri?th Marﬁla@ag %f % to pgxzn{ P3 P4, PS5, PG,

into a respect dlsposed wi t hin

é@hﬂo&?ﬂyﬂxhtg ’HWWEQ@.E F‘g@ the pgint P4 Hﬁdils@ﬁﬁf( withgphédangif for point
Fig. 3). Referring to Fig. 5, the point
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Pl fornms a first set disposed within the first
wuas/aswesdd . The points P2, P3, and P4 form a %906/014(97
Ps. SI%ES Qfeﬁﬂg%q% 6\%351? t@m@h’qs Iﬁ?n?xg{a] ot%ﬁcf" Wl(h?ﬁ nh%ﬂ rrmétmg 2&1 to pothS Since

OrnB a
pmreﬁ}’g Ardfttarsagutedtn g Ieﬁﬁlo’{‘f’t cgher P8, rf@fing dPich pirds IRGnd B tmha center point C is

guarfaﬂ&bﬂtﬂi’ou@&butﬂig SPaSREht M b e Bentel foirds PUTER, pgiﬂf"slg@ Aty % no %Qger considered
- %m ea&p qyadr@nt n§V|ng at | east one t he points

P Rine fste Sy st Cpg “p7  pg, and P9 the data

pr obdldionnily, 206 tvinbiAs lanerMoitaes: dacdh tgpthd ﬁhteﬁp@mﬁm marqiohﬁms and P9,
pomﬁ@"] @ﬁd ﬂ'é%aﬂ&s BitlH A H(Hm \L)@m}ﬁ'&tf{:@ ggag%{n %glc X emher rpomt is ﬁx{hm the

defined by each poin
recta(nglfsef pg:fg Pg pndd7 Thug)the PAF?? PW&qd,Pﬁ FrEin ag igialiend ;@gﬂsam@m the fourth quadrant

Q4.circuit 230 is constrained to be parallel to the
parallel to

.e de%:‘-"manag 2 of@a\.elea%shone %al eﬁ% %m Cyaclgc?ug ?qégeiygla attlﬁstgge of thc points P1,

the X-axI's
P2, PO\t RaPP-&1. HBoantl Phiy ster THef B bF daanpyocessm daIgantlitsi daeRogether such at

leastfbii\{ xﬁhh ellld dofit i‘fn'@z%h Zﬁxa@?éht%ﬁg ﬁ%xﬁ&q/hﬁﬁhagﬁx d?\/ggtﬁ Sl%( IM%nhatL}an rou%ng of the at

to as "Manhattan di stance”

1"&“81‘%1{“5?\ 8‘81 Rt ig fach quagssptaesylfs in g ePsHYy fti}?ls?tl%ﬂ?@é‘hat lq\mmtp tha penter point
Cmp@b¢mh@ﬁ&&d2ﬁhﬂﬁ@tﬂan di stance are |nd|V|duaIIy known

to i I e.art o t eqrat ed

oi Fonner 8L s RS douSld Qn b S 18 o i B R s a i
end pping Thps, the @omtgl is@ Aigshiingt engd h‘@ntﬁﬁf for e A%t quidPant @3 andPdk, polSPS is a third

ﬁnalBﬁ,poiﬂt-/fEP?»?ﬁ,ﬂuetlﬁﬁ@uda%nﬁ@d the center point C defines a
as outlined with dashed lines in

re ctive rect | e
Jiebopg augfg O Nrustongui betuien el i PP Hlpand P4 wit
mmme@@@elnanttmedlataemla@@hmefd@ron@pomnm;ecﬁarkgaﬁs omhrpbmis $2 P3, and P4, A first
routit t & Ll it Tl d [W)14] se 11 LFLE 3¢
out M@E}ljﬂ@ﬁt b eI bRk ﬁ Ie po@tpfg @%5 éiﬁlt% 1 &dp %EBLZ Eﬁlg ¢ 6% dm tpgs gment

rectangle. In Irst no "ot
264 I‘@\ﬁ“ﬁ‘%‘?"rfo‘ftﬁé’oi‘lb’@t%ﬁ@Feéonﬂﬁﬂ puirat 592, Thus, just the

POIntidifn, a thidl Bk sa@ﬁwxﬁmsﬂ | Mk dtad roﬁ&qaoxﬂﬂh ri(% thé!\f“ugthbl{ﬁné Q%nent 262.
Ua ran

ua secon
oo ot f°“9m% R 150 Pt A B e SO op v i i
8) to thelsecopf mstmgj segstentt2rebagobatbsthifBputiRBsepame 60 Aas @ RlIch: 1aBan the fourth
tivky Bl lar@bﬁSeFIﬂ R
e an Oy 28 LRSI p I o g 3 oo
’npéﬁ?ﬁﬂQW@mﬂﬁ? point PS. Thus, just the point PS
I elimatic f@urth Guadiant i3] Mbrﬂikttaﬁfbdtuﬁ@btﬁ&en‘&le tirhalentt !Bﬁnt\ts 120 a{ng P7 wn‘.h mmmuzed

In. the
Maxﬂw.mtif’?&li%%{a% 1I§ égée gledo asl’oe a porP rcc?aﬁ% %rétloél%llmé B$ 6’9 Pa,o.f& ﬁfth rlggtmg segment
272 Maphatqagyites p@ntﬁ‘ﬁ go q:f@uﬂhmal ea}@m%’fl qd h pikth RBtikasgntel@ 74 Manhattan routes

pomti"ﬂ%ﬁ%u%ﬂﬁﬁ&ﬁﬁ&m@Pﬁt ance fromthe point P9. Thus,
point P8 is Nhnhattan

referri to and 7
d%ﬁ %ﬁ*ﬁﬂ%ﬂﬁlﬂ%ﬁ%&‘f*%Hverfs'ﬁhevmm?ﬁI 582 rind Y, in g quadrants Q1, Q2,
Q3, anAddi teipemiadly, yhe data firb@ssha06 Manted durBiucKHnaDdnd fFbifls 16, ERNEP3, and BP4

o0 B8 4o RSB 05 05 S bt e
206 detegpings ajl H‘@SIPIB M@}@%an rgitingad thg fingh gidipoin®EP I, EPNVEAH atd A to the center point

¢. routed with Manhattan routing 254 to point P8. Since

anm%% g gtd P9 are routed to at |east one other
pot s ition, e da ﬁ%rocgfsors%% ﬁet% 11F]stvgncpéd%aanpgmpg)restuh%m Biyipiggd Manhattan

distangeolnrie e@nipte of Gigas mﬁ%eﬁbmcmrrwmegmtzsm gh&fn WilhQ tHARI1AS in g 3) is
Wi < NPONEILS O € 1111 e a N € no
dra E‘g’h tﬁbex‘ GENLEY, t\Qé%g 119 Yc&o oo d‘?s’ B9 atﬁ?rﬁ am{lts E?]haéag Eg%t er

er consi dere rou
p et mere, :5fup(dagpqopt@1ﬁg}t1pg/seglgqnh@é ispleiom fro@ The hagsnd finelend point EP2 to the

vertical\lﬁﬂmgﬁehﬁéht oos Eﬁrﬁlﬁ@y h Qsc&nh %&%ﬁ&} %utu%%bﬂentg&g f @QTVP RIS first final end

poim 580 e e R PG oo i S o <A PSS o e
|s MAthIn the rectangles fer points P6 and P7. Thus,
the points P6 and P7 remain as initial end points
wi thin the fourth quadrant
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. After determnation of at |least one initial end
“ﬁmammﬂfm64each quadrant having at |east one cﬁpéﬂ@%ﬂmﬁomﬁn
|aIr(L,t Cgﬁ :l'E]f'B t&gle rgcaPPtﬁmg S&%IP(??%?F 1@§]§0drf0\§gélor%gﬂﬂé€lufl%egmem 290 is
"F’é’(@tﬂé@ fovegy indh (-:qd iR 4 gt the verige toutpesegorit28al end poi nt
| n Iﬁ a5haciéa dr a0t thé’}ﬂo!nt% P'inP@' ig 1&@95 W@Viﬁaﬁst AR pélt ksﬁaﬁlﬂiﬁﬁl routed to the

t ﬁhattan routln% the'at least one init o
contgy Ham‘pco‘f" yipippzediigphstan dstenag. FP@QWP%%’F% of Wirlag iy @ injegrated circuit, cach
routifg syerhenein @ zgmjﬂelﬁrttseﬁtsl’hatfzrmg&eghieﬁxs esch niirﬁ’miaﬁl&ot&ﬂglis edvafRbdk for feducing the

area,i c@mﬁé{%p ngd’ls@g?lgl%ggy gglpeﬁl%‘%g acuzt 538 &fn%] embog’lme?t o%tﬁeeprﬁsﬁﬂt m/entlon the

data F’Pceéé’r?ﬂzo%effqﬂé%sﬁ?é%?ciﬁ od|290 of . Him pprlied fomgach tﬂhe@m@rap@ RiKtQ2, Q3, and Q4
havxﬁ@hauﬁast dnb 6f tRQiolts PP p2i 13, 1@, f>5 [’@ tP'F fhsnak pepd faQQJpﬂ)tceshEzEg thnef OF

ﬁ,f%rst €draE%§ P pOi nt

é? ogﬁcanggf) ey anfpgﬁ,on yﬁ%d lf Fﬂt Wnﬁqﬁé@p&mtm@l’m FJﬁmfﬂﬁéhe present
mvexgxezghyn beeq dadhibadyind (Rstrafbiohaitibgin the itdptarg cl@it vEe Motviier, the present
mveﬂtlex:g]lta!lay?a{lsg ﬁ Iecgttgila aqg: éhqp gpp C]if §on 0%&1%15 ééltx\l\%%%nts pto a {;enm‘ omg\wth minimized
distapog o gfioasmpruberepd ls@rnm%pqnzs illpgatedynd d@aribeghefeiry sy way of example

only, fafd ihé PG e@ma&t magrﬁausgﬂiﬁmgf hﬁxfbexr A loBRioPH é]&tpoﬂt?a FiRth@more, the present
a,secon rou

f
B RSN R TN SIS I e —

mwh%Mﬁal end point EP2. In addltlon a third routing
S eghERMserd BRenON R iteR Bt I\i}z@ HEfﬁ‘:@d 19 Qe Ec; 1ok g 519 Lhe e&dn[aﬁgts thereof,
routing segnent 262. dr out
segnment 266 is chosen over a fourth routlng segnent
268 (shown in dashed lines in Fig. 8) to the second
routi ng segnent 264 because the third routing segnent
266 has lower length than the fourth routing segnment
268. The second final end point EP2 is closer to the
center point C than the points P2, P3, and 25 P4 in
the second quadrant 2. In the fourth quadrant 4,
Manhattan routing between the initial end points P6
and P7 with mnimzed Mnhattan distance is
deternm ned al ong portions of rectangles for such
points P6 and P7. A fifth routing segnent 272
Manhattan routes point P6 to a fourth final end point
EP4, and a sixth routing segnent 274 Manhattan routes
point P7 to the fourth final end point EP4. 30 After
determ nation of the respective final end points EPI
EP2, EP3, and EP4 in the quadrants Q, @, @, and
4, respectively, the data processor 206 Manhattan
routes such final end points EP 1, EP2, EP3, and EP4
to the center point Cwth mnimzed Manhattan
di stance (step 222 of Fig. 3). For exanple, the data
processor 206 determ nes all possible Manhattan
routing of the final end points EP 1, EP2, EP3, and
EP4 to the center point C 35 In addition, the data
processor 206 determ nes which Manhattan routing
results in mnimzed Manhattan distance. In the
exanple of Figs. 8 and 9, a vertical routing segment
282 (shown with a thick line in Fig. 3) is drawn
along the Y-axis 242 between the Y-conponents of the
final end points EP | and EP3. Furthernore, a first
hori zontal routing segnent 284 is drawn fromthe
second final end point EP2 to the vertical routing
segnment 282. Simlarly, a second horizontal routing
segnment 286 is drawn fromthe first final end 40
point EPl to the vertical rauting segnent 282. Also, a
third horizontal routing segnent 288 is drawn fromthe




-4 WD 2006/ 137964 PCT/ US2006/ 014697 third final end
point EP3 to the vertical routing segnent 282.
Finally, a fourth horizontal routing segment 290 is
drawn fromthe fourth final end point EP4 to the
vertical routing segment 282. In this manner, each of
the points P, P2, P3, P4, P5, P6, P7, P8, and P9 is
Manhattan routed to the center point Cwth mnimzed
Weldianhat t an di stance. For the application of wiring in
an integrated circuit, each 5 routing segment in Fig.
9 represents a wiring segnent. Such mnimzed routing
i s advedind afwoine £ Reralie dirsintgo & henter apielor gontobrexd tiycuit layout,
thca,@qm&(gﬂgilqmgel ay of the integrated circuit 230. In one
enbodi nent of the present invention, the data
pr ofesscHOWE He Pt o 8 repsti 218t difrysaDitus eqch @f aDhiaiity of
quapAhe) \Llﬁl eirf (B cRRE Poiftfis 4 NRnANAH AL Sipfd souQ,% for@c 111@5‘3&:%1 Cuit,
Vi ng | east one of the points IE-”

h
andpgherqsy siebpoinia PN pIges Padrdplegsiiet iyt r’i‘i‘fmt"’i“ﬁéhe srwel Rom te

(,enfeﬁlpeeg@laﬁtg whé‘:e;bythé/\@)éd@fnts exaphR 19N ¥ivaNthyloSt B of the integrated
be Iimting. For exanple, t he pr esent 10

C”Cu‘ﬁ%ﬂﬂ? ??Htch%oé 'heen described and illustrated for
W riB.ng Id&f' bihe o Rteghatedaicr Ga teach30F thEQWRNELEd bhiers of the
res& uev%eﬂéd ank RVENL Oﬂp 0}/ al so be used for any other
icatton desi H?}%’ Sc)uting points to a center point
Wi t(h m nYlmhzted 1otdungwan@/ezng,larﬁaddhtttb@mecoahyomuwmeme&rwpoint
is w;tg?l%é 9%?81\/0 RO, Fgéec‘fd hfe ge%grgaﬂyg%? for egch o?ﬁwtpotlnﬁsgoe fj] persr;!éef(}tivc
set gjeat @@é@?dlmrlalan@/pmmﬁ@@ﬁdwﬁweIqrmlaimtsmmdof t he poi nts.
FUI‘I§ her rm&ﬁattahh&ﬂimg %ﬁ Wirm z tﬁlevi%%}teétglg TR st 9{% !Hl?% ng Erint to the
m ni m zi ng routing distan any subset T
cenfehpgint Avtdingaghp@drentispghdhdt ajtqgal é@nllegta]ap'plmgjd)amemmdm@mts and the
centf and trm{ﬁ&i b@BreinShd didHat Bch ARl ¥nt@S0HR 1 ﬁid'
Féhovvlir111 cl ai ms gr?d]e&élﬁava ents? ?%ZpronE J;BE tgg&@somts via
the@Fa};\Mﬁ?haEa“ Wrifgt hod of routing a plurality of p0| nts to
a center point for an integrated circuit |ayout, the
met.ho rouping the p0|ntS|ntoa
> res 88{‘3?\9@8@%%”“3&%%1% le\%fffﬂl”}?“@%sdh" Biesalplurality of
quadinhntas rouig e mvnﬁﬂg&h@efﬂeafve ROleA3t orleSniBal®n¥ 88 nt in cach of the
on of a I.nt egr at ed

S e
g PR Ol G BB 8l B P R LGSR nodes of
thQWMmmegmamngamwcmgtmheﬁmmmmﬁ@ahhep&hgﬂﬂhc&ﬂ@mmmhe
center point, and wherein the quadrants are defined by
a given lay-out grid of the integrated circuit and
3.t hdhe enthed opdiint I, wBeredefebnBNG aad Pesppeforue! in@ahibd dghreach of
the fb@M:gach of the points and borders of the respective
quadrant for each of the points; C Mnhattan routing
wth wiring a first point to a second poi nt when the
4. Ti sk mBOLDES clahi® 3Wileiinit E‘lﬁidzaﬁ& H@fflﬁé M6 fuifhangl e for
t he second point, for each of the points to define a
respective set of at |east one initial end point for

5, eacﬂﬂe Aethbd 6f AMAA! ALSin tlﬁ:r]:lﬂ/ep{a Manhat it askink@Y FebichinM Fch]aymg,
t he regpect ive at eas one initial ‘end polnt

out \tllbl ng ﬂfghe integrate

clreult,

6. A computer system comprising:

a processor; and



center point within each quadrant such that a tota
Manhattan wi ring between said points and the center
point is mnimzed, wherein the signal fromthe center
point is applied to said points via the total
Manhattan wiring. 2. The nmethod of claim1, wherein
the step D includes the steps of: Manhattan routing
with wiring the respective at |east one initial end
poi hinemey denies haling hesuengeraefrizstrugionostdrod tewgor. edpeinteigoation of
the géqﬂ@h'ccs%@ thsPREs bl Ble pRRAEBOQhustd1Re ﬂH&gsro@{bt Sute &R ality of points to
Manhattan routing with wring each respective fiha
3 cafEPPBITeTan e erard et yPeiyitE thegstepThE et hod of cl ai m

1 xher ejr Fﬁﬁg@ﬂ}spcﬁits (ato A RGpcktiar Ly ﬂlﬁfog&lr\(rﬂﬁh Lddh PRE @iulaﬂ{y of
or each o t he quadr ant 4. The net hod of claim 3

qua@\ﬁ@f éﬁ”ﬁ’ e GUERARESS 8TY5e f%ew&a PR RFes ﬁ?t dhe igfegratpiicirouit,
andrmterwdsaof pdilt@ b8 zlven WRRE OF he tit@rgbd/ @R ult teiOME 1@l siglall ffom the

oo DU et B AT B BA e B

circait prioleasserjoimnd 6 a nennry devi ce haV|ng sequences of
instructjions store wher xecu
seqtiencae iR FrBirfdiet MEHETR, N ER B BRSEH. A B8P e

1%$paoce$@0mtbo&mbdﬁﬁnwumiurallty of p0|nts to a center
poi (E]t f %anﬁ\ﬂt&h ngu?gé @H}?s’ % awgt %)OIRLyto B%gco% Egnﬂ gvh%;nht%e first point
~ steps o he® nto a respective Sef
is wifhig psgesgeanive mtﬂng&ﬁ@hth@ﬁecwdmowhédn|et1<§h abthe pquadcr dafingg respective
set SRELAL Mhctififal %ﬁd‘ﬁo‘?x{t fd?@écﬂtof e q@ad&a'n%é%d' ocation of a
S|%gal source he integrated circuit, and wherein
sailth poiMingatigp eougrl&eﬁh wedvééhcdﬁsp@%ec Ahieesgprstiaitial end paintto the
cente €5t Wil G eﬁi?ﬁqu%tgrﬂ Rhch ik M 8120 kLAY %‘fur@@)letWeen ﬁqujomts and the
wherein the quadrants are defined by a given | ay-out

cenigy PRt & mtnﬁeﬁfdn%a Pl tthspiengl e the caier RoHe l%aéﬁlﬂeéﬁo Eﬁéﬁ pRints via
the Bta] Bi@fiHafdrNG iR r espective rectangle from each of the
poi nts and borders of the respective quadrant for
each of the points; C. Mnhattan routing with wiring a
7. 1B cpopuddr s§stenfoSediia o wpotintheWaeBssbihfarthdr p&torROiNing tHeStep
DHMA&Qh) the respective rectangle for the second point,
F3rPeAch of the points to define a respective set of
at N’Em&tan oneng with maingeidregpodtive af loast e&chmeif{,ndi hent in each of the
n ring the
B A e B0 Lot AU AP LR DGl e
ceﬁﬂ@wmpowmmn&wﬁmwmmeamhIﬁmaﬂwahﬁi@n@hnﬁhawcaum90mi
Manhattan wiri ng between said points and the center
point is mnimzed, wherein the signal fromthe center
8. poilhe <ppusgy 5¥ jieel of Gaimel, avhpiginrhs prppegsor gorme staps B, C, and D in
paiawganggl@@t]quémis 7. The conputer system of claim®6,
wherein the processor further perforns during the step

9. The computer system of claim 8, wherein the quadrants include four quadrants.

10. The computer system of claim 6, wherein the given lay-out grid is defined by restraints

for laying out wiring of the integrated circuit.

1. An integrated circuit, comprising:

a plurality of points with each point being a node of the integrated circuit;



D the steps of: Manhattan routing with wiring the
respective at least one initial end point in each of
the quadrants to forma respective final end point
for each of the quadrants; and Manhattan routing wth
Wi ring each respective final end point to the center
point. 8. The conputer systemof claim®6, wherein the
processor perforns steps B, C, and Din parallel for
eachcagfer phiel aquaiendpeadon @ a sigh seomvfurtier insyste@ancolt: cl ai m
8, WHBLGIyDrENGANARE %{@:tpv%; nls %quggﬁntt) Qq %‘;F&H @&ﬁsrcfemgp%scd Iin cach
The conputer system of claim wher e rven
quald’a’w‘«» dliereigpiig ppigts st givradodiy of dstipegraiedsciropip reC¢lay$ g sigoal from
the \bbritdrBin@fand b&ﬁetklﬂttl%gfuﬁ&ﬁﬁs &b H&Hh& by & gilven l/a\ﬁout%x@%r ik ‘ﬁggg,t ated
cjrcuit, conprising: a plurality of points wth each
“”ﬁB?Wﬁh%%WWgW&“node of the integrated circuit; 7 a

C enkiefihaR@i Wikin@betRe@iae Nrsl AGAthOMyQkcodd BbiBNB! safkiQIblEBwhen the
for the integrated lurality

circ of quadrants
s 3 B egiec b i Bl S Pty S ugh et L posesgve
quamaturfbnhemdmd peng ey deifihe a MA)REDBL Bet St teaf@ndlinRiabdng pEinMVNcach of
the integrated circuit receiving the signa
center point, and wherein the quadrants are
def Mpgditdmywisngboreendayrespertivegnitell @fl pbinetoitit ceglma;ioed within each
qua81 aﬁtc‘s#‘iéh thzﬁg%tél mfanﬁﬁ%B Gl 1118%&(%6;1 Cf% %Ql%{staga’]o irhe %earll ea gonbt is lelleCd,
whth@ thewsigaal fi nf)mrtlget cepfotl pmni |ss1pmctl i snfda)omes/paebet tprMmé)autaawgtna,
defined by the second point and borders of a
respective quadrant for the second point, to define a
12.r esPedttpareedecuipel oim || badereiraid Manbdtial wisivg insbidest f or
eachiathriant Rind WAdEANHS qesﬁ&gve'vﬁn@a%tt LRMNoMh T i GoRETVERR of the
the respective initial end point to the center point
Quagyrhth forfoigbIsPogiva dralstd rair fererritef e agadgmntsiaAhat t an
Wi rMEl@at%tVViﬁ\;ﬂ%ba&ﬁﬂeﬁ)e&% Rha cal\hid RANE&MLFoiROI Nt 1S
m nim zed, erein the signal fromthe center point
is applied to said points via the total Mnhattan
13. W r'itegntegrdel cirttieofl i@ 1, athedinGhd @ibkdrbnt OhciGdedbuinghaddrants.
wherei n said Manhattan wiring includes: Mnhattan
Wi ring between the respective at |east one initial end
14. poi T intepreatcdircoif of dkém |qusickranihs given hpban gaid ie&peat iyvestraints
h, of the quadrants; and
MIR%HQL”%HQ%&fiQ m&§£mﬁm%%§pectlve final end point to
the center point. 13. The integrated circuit of claim
11, wherein the quadrants include four quadrants. 14.
The integrated circuit of claim1ll, wherein the given
lay-out grid is defined by restraints for |aying out
wiring of the integrated circuit. 8
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