—am X

EARATREMERREED - D OBRBHE S 2 7 L 7 —BH T 77

o B ET

FH o gk

Two Graphs for Efficient Routability Checking
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KX OBMRE TN RS, FRESIIEETD
DS FOE TS, FEERRICREFRE, H
FREEEIEWICED o 2 OEHRERLH 5. BT
RS FRCOAEET 3, IR 2HTFAM%
BRLODALL, HoTHRBFARL L ¥ 1ED
BORRERRIC D i > T 2, HIIEECRR T3l b o
O Y —-TREEN, FHER TR T RTOERIET
LwFEs (B, UFTCR, SERIRTHEFHEET
5, RizHv b, BRBLIUT7o—%EET S,
[B& 1] —o0WTFHRMEREIRIEY v b ERE,
FERBEEAND 2 TR p = (2p,¥p)s ¢ = (Tq,9q)
ZDOWT, vk (pg 2BRTHILDTESRE
BOBREEBE (cap(p,q) LERELT 3) LIFY,
cap(p, q) = maz(|zp — xq|, |yp — yal) -1 LEET 5.
BIRERSEZ onic e &, v b (pq) 2EBBLT
W SRS AR OB R 7 0 — LR, flow(p, q)
rERZETZ, BL, MROY—HREELTLEL
BoRRIT 0, #o b EELIRKIT -1 FLEL2
(H2) (-1 FXEEET LD 4. TRIBEE3ZKD
MR BB THB). cap(p,q) = flow(p,q) LR 3
FEEHI YL (pg) WHTIERBERE VS,

IO ETER[1] & D ROFEEHEY 3L,

BB ACHR FHEACHR

M1 Kgesn
Fig.1 Routing model.

b b b
flow(a,b)=3 flow(a,b)=1 flow(a,b)=—

2 ablo7o—
Fig.2 flow (a,b).
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[ERE 1] BEENEL oL T2, TRTOHY
ML TEBEHINH - S NE L&, FLTEDL
& O HPIEITIR & U FHIECR A~ O RASAIRETH B,

XE[1] T E TV RRTE, FBEY 2,
PR Y- TRESNWLIRBEOES L L TWS,
ZFLTHY NEV R, BRaA 722 POAHBED
D, POFEWRAEE OO FEMEA2BEIES L E
BELTWE, ZOLETRTODOA Y PZOWTEEE
ROEBEZVROETRTORSRERETETLI L
BABFIIRELEPARETHL I EERL TS,
FRL TREBAEROEFTVICBOTHAEEY 2 -
EEZ TR0, FBO 2HFHRIATHTHY,
LOEEMBKIIT S,

EREBNOE o 2 B2EE S 45° B LU —45°
DEZEEREFRIT, 17 LB, b0 I g3 17
EwgfELzOEE, I3, 17, T, Iy O4EDHER
WKLo TESGNZMATS:, a L bIXEVIEON BN
B LY, rect(a,b) LEILT 5,

R oa= (2a,¥a) &, 2HROER IS, I 2E2 3,
TONEBRZHNLTE R ECHZEEE a D LD
FH LR, BRI a OFDEE, TOHEE, £0
HEEED S, £, EEEHE —45° MEEL L&D
a OBBE (uave) = (2540, 238 ) 295,
a = (la,Va)s b= (o, ) KDWT, e > up 6
i, —45° BzBIL TaltbE D KEVLEWVS, %77,
va > vy 2 51F, 45° BIZBIL Taid b kD RE L
W,

3. BRYESS7

R khiE, ERTEEORIED T »IZT~
TOAHy P T 2BBHEOF v 7 8LBEL %D
B, EBEZRBIBEDH Y POV TOATLIEX
W, BlE U THNERICD SHTEE L R WEAT abe &
2%, v b (a,b) OEEBH v b (a,¢) & (bo)
ORBEOMEDKEVLEE, (a,¢) & (bc) »BEAH
FRICABEHRDTRT (a,b) HOHTWIPATH
BEERILZ 5%\, T2bb5 (a,¢) & (be) izD
WIEEHWBF Eh5%2 6, (a,b) RDWTORE
BHNOF 2y 7 3NETHSE, ZOETE, TER
Ay PEROBOW Ay VEERBL T ARBHES
ST RERT D,

ED I AYPEWIORIMT) THDTHVSNETETHY, X
Bk (1] Tid test-segment & WS SEEHV TV S,
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3.1 BRYES S 7NEHLEER

BBHES T 7 G. = (V,E.) i3, BHERRAOL
FHRESGEV L, UTOREEH-T B 2%
BETRTIT7THS,

(a,b) € E; iff cap(a,b) = cap(a,c)+cap(b,c)+1
TR (e V) BEEL RV,

a=(Ta,Ya)s b= (T, 9) ZCMERAD 2T R
£33, ZOLELUTORFEEHMBEY LD,
[KEE 1] a,b ERZEWMFA ¢ = (ze,ye) KDV
T, cap(a,b) = cap(a,c) + cap(b,c) + 1 Bz &
L& ZLTEDEEDH, c it rect(a,b) NI
73,
(GEBR) 9, ¥HAM%ERT, cap(a,b) = |za—xp|—1
DHBHFO2VTEX S, c DEERE (zc,y:) L L,
I rect(a,b) DRI A S L &, cap(a,c) =
|za — 2] =1, 2D cap(b,c) = |xp — x| =1 T
55, Lod |za—zc|+|Ts —2c| = |Ta—x| TH B,
& 2T cap(a,b) = cap(a,c) + cap(b,c) + 1 HFLY 3L
2. cap(a,b) = |ya —ys| — 1 DFE AR TH S, X
CIEAE%2RT. capla,b) = |za — zp} — 1 DFEI
DWTEZL, TDLE capla,b) =|za — x| -1 £
|Za — x| +|xp — | =1 = |Ta — x| — 1 + |2 —
zl =1+ 1 £ capla,c) + capb,e) +1 TH 5.
cap(a, b) = cap(a, c)+cap(b,c)+1 BDT |z —x| =
[Ta — zc| + |2y — Te| 22D [T — Te| 2 |Ya — Ye| 2D
|z — e} 2 |Ya —ye| TH D, ZOFHEIT rect(a,bd)
OEHEHEFE LV, cap(a,b) = |ya — yp| — 1 DHFER
DWTHERTH 3. o

M3 ERHESS7OMETRYT. B4B3ZD7
FII7DADHT, Ha 2—HOWMBETEHDERL
T3, a OLOBEBH 5N IFERTE, a DLED
FBRCFEET 2T RTOREDVT, BRADLOR
BOMBETHS, a D, £B LUV TOBREKDOHEL
FIZOVLTHERTH S, WIS OEFORERIC
BIRFEBEELRY, o B—FHOWE LT 258
BT 7 D8I, B/HTFREOBADOMOMURICTFE
TEHTHD. BUTOBERNBOERDOSR z ZD0
T, B {a,z) IFEHES 7 703 &, B¥
%5 rect(a,z) ONFCLTHMDEABFLET 2056 T
H5.
[#8 2] rect(a,b) OWFI a & b LADHFR
BEET S L &, rect(a,b) ODRNEMOERD 2IHFE
p,q((p,q) * (a,b)) iIZ2WT cap(p,q) 2 flow(p,q)
2 51F, cap(a,b) = flow(a,b) TH 5.

3 BBRHES T 7OH
Fig.3 An example of the Capacity-Checking-Graph.

o L h :
K4 Hak—FOWRETIBRNES 7 7D8

Fig.4 Edges with “a” as an endpoint in the
Capacity-Checking-Graph.

(FEBA) rect(a,b) AWHEET 2mFA ¢ T, Dabc
ODAMIHORFRABFEL TV DO RS, I
(a,c), (byc) >HENEFR flow(a,c) &, flow(b,c)
FOMBBZABAKAD, R c »oBehiZs
L ROBRBBFREL TS, ZhsDERBT AT
A (a,b) o TV L &I flow(a,b) BBRKT
HY, flow(a,b) £ flow(a,c) + flow(b,c) +1 TH
5, IRELY cap(a,c) 2 flow(a,c) »2 cap(b,c) 2
flow(b,c) DT, cap(a,b) = cap(a,c)+ cap(b,c) +
1= flow(a,c) + flow(b,c) +1 = flow(a,b) %D,
cap(a,b) 2 flow(a,b) HELY T2, o

[€# 2] G.=(V,E) *FBHES 77, G" =
(V,E") 85887 77L35%, ZOLE, G. DERD
& (a,b) 2DWVT cap(a,b) = flow(a,b) &5, G~
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DERBDI (p,q) D2WTH cap(p,q) 2 flow(p,q)
ThH5.

(GEH) G* OLOE 3 BT 2BMIC L DTS
75. G* KEENILERETY—L, oD
»n5 €1, €2,... ETZ). €1 @fﬁ‘ﬁ}ﬁ% C, dellze&
rect(c,d) RICRIEOMMFRBEEL 2V, b LEHTFA
e B rect(c,d) NICEET 5% 5 e1 B—FHEWALT
BEZELFETILOTHS, fiEl1LD e i G,
CEENZOTERELY cap(c,d) 2 flow(e,d) TH
3, REEBDIE k) IZDWT, caple;) 2 flow(e;)
BEDIL>TWVBET S, epr1 DHRE ¢, d T
%k, rect(c,d) RIZMDIETFHBFEL Z VLB,
BEL1LID 61 B G TEENZDT, RELD
cap(c,d) 2 flow(c,d) TH 3, rect(c,d) WiIZHD%H
FEDBHEET 2BEE2EL S, WAL rect(c,d) O
WEICEET SEBDT (6, f) 1 eryr LV RINE
Wiz, REDRE LY caple, f) 2 flow(e, f)
TH3, LoTHE2 LY cap(e,d) 2 flow(e,d) T
b, T, FEDOHAIZDWT cap 2 flow TH
5. O

EE1ELER2LD, BEHES 77 &N 3T
EOWTDABRRFHIOF xv 7 21721, BISRRE
25 HHIRCRAN OB HIRTRE OREES T E B 2 £ 0%h
95,

BB, BRUESS 7 OAOTH AU TIZRT &
5 WHEEXE (direct dominance) DBHRIZH 3,
[(B& 2] Bh328 p=(2p, %) ¢= (zq,¥q) i
MU, 3p2xy DD Yyp 2y, THIXD pid q X
B3 2LB\, prq ERET S, iz, SEEV Y
Ezonfcb &, 2 pqeV) k20T, p>qT
BY, HbOprr=qTHERr(eV) BEELRL
EEplR VoORTq REEXRTELED. %,
ZDEI% (p,q) PEELEELRES LIRS,

n HOBRNBT L FLACHML TS L E, HEEXR

HEEDBEFRBUZ O(nlogn) TH S Z LHFEHIATY
% [6]. %7, BEXEES% O(nlogn+e) (e XE
BEXMESOER) TROIZTANITVILBELS
nTw3[3), ABEYESZ 7003, EiE#HE —45°
B LU 45° FER S 7B EOEEZRBRICH 2 1D
HTHB, Lo TROEEMBEILT 3,
(E# 3] FEHEZ S 73 O(|V]|log |V|+|Ec|) K
TR TE 3, &7, WFALERERNCZ v 5 A
AL TVD E S, |B| ORIRHER O(|V]log|V))
Thb,
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Fig.5 Data structure for the Capacity-Checking-Graph.
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b5,

1 RERFic V OEBAS, BEFlOo&RIE=D
DYRAIBY 780, FhETNBRBYUES I 7 &
FhaAOFTLHESB L CEFABULIDS S
BHOWESAS, BEFOHTEEIR 45° #hicBIL T
KEWFRY —FENTWD, iz, VA LMOHOA
i 45° #CBAL TS LY —rEhTw3, K4
DT 7 NG T 57— EERR 5 WWRT,

IOF—FEEOR TR, Sh»SH LAY
BAEOBTOT—F RFERFLTwEH, EBLIUT
HEZHRBBIZDBTOT—F 3REFL Thkn,
IniE, PEALSRTEARCHTZAEZL >—FH
DREDPSRB EEARARBULALER>TWEDS
Th5,

4. 70—4HI 57

AR TTREMRET D1 121X, BRHES 7 708
DWITERETU—PROOLNTOILENH S, &
B OonwTRIOMRHOEBEL Y RD B Z ENTE
5, TITR7u—ESENCRD LD, Tu—
WIS 7RBETSE, 2O 7DIARODVTDA
TJu—bhroTwuhid, “7 Vv TIRE" BEDEL
fIozwckn, BEHES 7 70T XRTDHAZ DV
T1&HYY OQ) BHT7u—%2RDZ T LHBTE 3,

4.1 7w TfElcd 3 flow DHH
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Case 1-1 WP Case 12 Ps
P, Ps P, P
P,

|23

Case 1-3  Pa Case 1-4 Pa

P, P, Ps

P. P,

Case 2-1 Ps Case 2-2 Ps
p, Py P, Ps
P2

P;

P
Case 2-3 Case 2-4 P
P Ps P, Ps
P P,

6 MAENORBROBETT
Fig.6 Wire toporogy in a rectangle.

(M 3] V 2EFROESLL, O vnvvava(v; €
V) 2HBHETREEEAVLEARET S, 7o
FEHELIRKE->TED L E, ROBEFEMNEY LD,
flow(vi,v3) + flow(vz,vq) = maz(flow(vi,vs) +
flow(vs, vs), flow(va,vs) + flow(va,v1))

(GFFH) EHEERO MRy —0BE&HT 21T
(2 6)., 27, AAAEL L INAN LB 5K
B VIBE (Casel) LH2HE (Case2) K15,
Casel 2Fic, EODEADOW TP EHRRAELLT
AN L EET SEROFBCLVF T 5. 20K
BHBOER, 1XKD L E%®Zh%Fh Casel-1, Casel-2
EL, 2ADEEREFNSBHTH LAY —HT 555
GLRERBBEHTOPVTENETN Casel-3, Casel-4
L3, Case2 i DwTiE, AT EER 2 BKE
N 2BPE % Case2-1 & L, HEDLEZX SECHRHM
HEFFCOVTIR, TN 1EDL & Case2-2
r Case2-3 L L, 2&D L &iZi3 Case2-4 &35
S A B 5T & AT B 5 ERASFEIRIC
BETHILRHVBRY). ZOLEVThOHE
T b flow(pi,p2) + flow(ps,pa) 2 flow(pz,p3) +
flow(pa,p1) TH 3, k> TTRTOFHFIZDOWV

B Uy 7 B 2097 B

D D D
/_\ /-\\
A A A
E E E
C C C

&—©@ Jo-frbhoTwniil

B7 7Yy 7RfE
Fig.7 Flippings.

T flow(p1,p2) + flow(ps,ps) = flow(pi,ps) +
flow(p2,pa) PRV IO T L BRI LN,
Case1iz2WTEZ 3, i (p1,p2) SHAFHNICA
D (ps, pa) P HHET L 1EDEHRE, flow(p:,p2),
flow(ps,pa), flow(pr,ps) B LV flow(pz,pa) X
LTEhFh IMET 30T, LoERosdLE
Bz L TERFNR 2 ZMET 2, ThUAD TR
T ORI flow(pr,p2) 7213 flow(ps,ps) DED
Bin—H LT I MEL, D flow(pr,ps) 7
& flow(pz,pa) DEBSL—FHIHLT1IMET 3
720, LOSROGRLELZEHLTENRER L %2
MET 3, £-T, EQEIRBELCD2VTHEL
LEAOHEITRAN VW, RIZ Case2 IZDWTEZR
%, XAAEELR R (Case2-1) &, flow(p:,ps)
L flow(ps,pa) CHLTERFN 1 & —1 £HIET
BDHT flow(pr,p2) & flow(ps,psa) WXL TZE
ErE2 RV, LOEROFILELTHLT
FELE2R, HEDLERLEHR (Case2-2~4)
i& flow(p1,p2), flow(ps,ps), flow(pr,ps) BEV
flow(pz,ps) DBTHINL T HHEES R RVI®,
roHEROED L EDCH L TEEREZ RV, £h
A D+~ T OEHIZ Case ] DB OB L RIKTH
5, koT, BALEDDHEEHIFNZ LI Eibd
3, 5T, Casel & Case2 DWW TFhiZDOWTH LD
50 s AV RVASR ]
BEIOKXEAVL I LKLY, MEARIDWT,
MoOOHNEDE—2ONARO7a—NEZ SNk
LE, FNSEDBERGI—DONAIAIDODVRTDT
O—%RHBILNTED, ZOREETY Yy TEP L
MR LT 5, 7 OFTi, O ABDC iz20wT

2 : HESARCBLTTY vy 7}, HNATBRONATETHEL
SASEEEET 2RELE I LOTH B, FRXPO7 ) v 738
CHRRONALO 70— &R 5EEEEL, brONAIO7 -0
BWREBELTLED bOTREZ,
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79 v 7ET flow(A, D) #K®, Rz O ADEC
KOWT 7Yy 72T flow(AE) 2RKDTWS,
1ED7 Yy Aiehre 25 ERHIX O(1) TH 5.

4.2 70—8HTS T ek s EEE

V RSSO FEOES LT3, Tu—"H S
77 Gy = (V,Ef) 3BERHES 57 G. = (V,E.)
D7 77T, BESE; BUTORMEEHTH
DE¥ 3,

(a,b) e Ey if Dvoa<vy ()aDEDDbOE
OFEBICHOEBEFEELER Y, £7240%, a DELD b
DT OFEBIMED HBFEEL 20,

K 3 OmTFREBT 370 —H8H 575K 8
WRY, Ju—#H7 5 7ic0onT, UTOEENEK
URVASN
[EH 4] BEHEIF7 G.=(V,E.) #5251
lrE, Ju—-HlT I 7 Gy = (V,Ey) it O(|E/|)
R TR T & 3,

(GE3R) EE'WC LD, Gy OEEDOHIZ G: & Fh
T3, G KEENZTLOHT, a5 EOMES
AU BAD (a S D) W% 45° @zBIL T/h &
WIERZ AR D DE u,ug, ..., ua &35, B,
BOFEBICMULIAD (a PSD) HiE % 45° e
BL ThEVIEICHERIZ S DE r1,72,...,78 £T 3
(K9, 2OL% a DE>HD u DEOES M
DRBFELZVOTE (a,w1) BAT Gy K&EZH
5, ¥/, O (a,u)Ei 1) EOWTE, m &D
45° Ml T s K soHBIZEY Gy E&Eh 3
DEPOHENTES, D%, bL v, <vr &5
i, a OE»D u; OTOFEBRCMHMOLBEEL LWL
DT, & (a,w) ik Gy &3, bL vy, >vny
251%, a OE»D u; OTOERITIZNT v PSFE
L, a ®t»D u OEDEBIZIZLT i1 BEE
T5DT, & (a,w) X Gy KEEhZWL, £/, m
BEELZWERIE, a DE»D u; DT OFERI
DEPFEELZVOT, & (a,u)(1£1L a) BHT
Gy EEh3, FEOE (a,m:) KDOWT HEKEWK
Gy CEENZ2OHRBTES, 15T, adpb b
AR DWTIE, 3. TRUEBRHES S
TDT—IELT, ui,ug, ..., ue DECEEZ
LIEDRODBZENBTES, bL v, > TH
3557 vy, BHROPoRS, FITY R OEER
2595, a poHEARRMBT ST DT b ERE
THD, TRTORECKH LTI OREEITS LT,
7u—#BHS I TREENETERODTF B ENTE
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8 vo—uHr 57 Dh
Fig.8 An example of the Initial-Flow-Graph.

BRUT TS 7
NHEEN3] @---@

70-#HIT 57
ILbBEh 30 eo—e

X9 vo—Rt7 T 70OROH
Fig.9 Edges with “a” as an endpoint in the Initial-
Flow-Graph.

5, Fxv 7 KLBEZRHEIX O(Ef|) THA, O
[E® 5] 7u—8HSS57 Gy=(V,Ef) 3FHS
Z7THY, LOEIX O(|V]) TH 3,

(B HWwikRETI Ay bOWTEZLS, S
B —45° I FDHh v b % (a,b) L L, 45° IZ58E
WHDA Y b2 (c,d) T3, pa Sthpy Ve Svg &F
5. bL rect(a,b) Wi ¢ o> d BEET 225, 7
U—BHSSTDERELDD (a,b) X G KI3EE
v, [BIRRIZ rect(c,d) NIZ a & b BIEET B
5, & (c,d) i Gy W& ENAW, rect(a,b) BX
U rect(c,d) HICEVORSBFEL R WBER, o
EecDbdrDd DEDEBICHEET S, ¥7-bld ¢
DEPD AdDTOFRREFET S, LoT7o—HH
77 70F#ELY, Wc,d) X Gy T&Thikwy, B
WIKRETBZHADI B, hTF—FHik Gy K&Ehiv
OT7u—-BHT S 7RSS 7 THY, DO



WL R EEEREEO O DR BEE S F 7 L 7 v BT 5 7

o(|V|) TH 2. 0

[(FH 6] RBHESI7 G, = (V,E) BLU7
u—#YT 57 Gy = (V,Ef) 852Nl 73,
Gy DIEEDA (p,q) 2WT flow(p,q) Bbdo
Tt EE, O(E:|) OETREIT G DT RTOI
(a,b) 22T flow(a,b) #RDZ I EMTE S,

GIRH) A4 —7HEVELEOA» S 7u—%5HE
LTwL, FEERICBWVT —45° ElcE TR A A —
TS5 A o rEIAEEAADSETARICKETEE GE
) 5. AV MRSV MIBHETFRET S, G &
EENBADS B, MFHRABALA -4 LV EE
723 EOSEBRICH 2 DD OWVTIE flow BKRH SN
TWwBET 5, &, A4 —FF4 voEFi a Tk
Foe ¥ 5. G KEENZLOHRT, Radd LOMHE
Bz sd0 (¢ LS0) HE%E 45° @cBL T/
FVEIRERTZDDE ur, uz,...,ue T3, R,
HOFEBIHETLIAD (a DSD) BiE%E 45° #icf
L TNEWHIZERT=S DE r1,72,...,78 £T 3, &
.,Tg % 45° EhicBAL T
MNEVJARZ ==Y LTz bD% wi,wa,...,Ways &F
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Fig.10 Finding a flow in the Capacity-Checking-Graph.

A (a,wi)) B Gy KEENILE6THS, ZDLE,
10 12RT & 912, rect(uk—1,ur)s rect(Uk—1,Tm)
BE U rect(ug, rm) AICIFMBOSIXEFEL o, Lo
Ty 3 (up—1,uk)y (Wk-1,Tm)s (Uk,Tm) & Gc K&
gh, A4A—794 k0 ERCHZ2DT7a—idE
CRDENT WD, £ (a,up_1) & (a,7m) 2D
Wik G Ka(h, ZhzTo7 Yy 7#Ek
D7a—RBRIzROSRLTWS, NAE aur-—1ukrm
DOAFOEODAL —DDRBIRIZDWT 7 a—2h
PoTWVEBOT, ZOWEABNTI Y vy XTS5k
&Y flow(a,ux) THbH flow(a,w) 2KDBZ
EWBTED, w W THLEBEHEETHD, I
O flow(a,w;) BENEFh—FED7 ) v 7 TKRDB Z
EMTEDL, wi,Ws2,...,Watp X5 DF— S
DMEI O(1) BEITROWB 22 LN TE, 7V vy
DHERETRERIIZ 1EYY OQ1) ZoT, J1EYD
O(1) OB T7 0 — 5RO B ENTES, DT
NI ZLBTRTDOEEFERE LRI EETKTL,
INEERBHES T 7DTRTOBAREZDWTTR—
BRD SN TS, ETRMIIZ O(E|) TH5, O

5. EIERECIRUIEFIR

B 1l RERXCRELLBRHESZ 770~
B 5 7 2Bl BEEERLEFIEEBN T 5.
FAHOEKE n LT L, BERHES S 7 OERIC
DBEEHEIE Onlogn + |E|), 7u—HH7 77
DR HERERIE O(n) THB, Zhs BRI
1EfTS DA TEY, o7 u—EHichh 5
O(|Ec}), BEHWOF xv 7 DD LBRHFHES £

| smurssonm |
|
| so-wwrsooms |

[ egsmorzy7 |

BCARTIHE? BHRRA~
No Yes

R 11 #RET ER0LEBEFHE
Fig.11 Proposed flowchart for the routing problem.
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