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Fault-tolerant Routing Algorithm in 2D-Mesh

XU Da-cheng FAN Jian-xi ZHANG Shu-kui
(Department of Computer Science, Soochow University, Suzhou 215006 ,China)

Abstract A fault-tolerant routing algorithm for 2D-Mesh that uses only two virtual channels was presented, Previous-
ly,Boppana needs 4 virtual channels,and Duan needs 3 virtual channels. The algorithm is based on the block fault model,
The fault region can be f-ring and f-chain at the same time. Shortest paths are used for routing if there are no faults,
while detour paths are used for blocked messages. We have proved that our algorithm is deadlock-free under the non-o-
verlapping and overlapping situation,
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0, R B2 B, B — R B SR E R 2R 28 vb
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DASCR ARG, EARRBEE. HALE
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Pl 1 PR R S 4R A 3 T R I X IR R M X f-region
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f-chainf& 4k F Mesh ih H-4b B X (F1-F4, F7-F10), 1
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B MWAEMNELE—&£AN. ER1H,F5 5 Fo MESE
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B AL FEEIY 4 E ALK R A Corner node, iR B4
BAR4H CNy sCN, »CN,., ,CN, . M FHEX F5iE,

‘N =(7,3),CN, =(7,5),CN4 = (5,3),CN. = (5,5).
f-chain2 455k # f-ring, I, f-chain H48& 334> Corner node,
B, F1 w A&H CN. , F4 FREH CN,. ,CN. ; F§ P RE
A CN,. H¥ fchain 5 F1,F4,F§ k0. BEANEE X E
f-region B, MIEHN in(X, fregion) ; & X ¥ f-region i1 F+
Hitk on(X, fregion) ;35 X # f-region AMBICH ot (X, f-
region), BN,in((5,0), F4),0n((5,3), F5), out((4,8),
F7D,

RIBH A fE—1 2D-Mesh Hh iILH 8 FE A
5,458 ES,EN,WS,WN,SE,SW,NE,NW, Mesh t j\
Z5E v BN v WYHEBERARN pch (uyv). B, X F
Mesh HB98E B u<rv FEAE T 2k 5 1) M LA W) 58 E peh Cus
DF pchlvsu) o B ¢i=pchlu,v) , M head(c;) =u,tail(c;)=
v, FERIAZH P, K- HBSA—FEHE o BERER
B — 5 3E ¢ WX ARE T 22 (B A AE A SEHED , B o 4K
F 18BN c~en . MM BRIT BT, LR FETEH
WIE R .

3 AEKREEE

M Mesh ot BB RS SOMEERREY , 0 T EBUASS, B W
FERABERHILE, PET KRR, EXE, BRYEE
B pchCu, ) BRAT R PIS B pch® Cu, v) Tl pch’ (w,0) 51
v & Mesh EBIIAAMBLE R . BRIME VNo B pch’ (us
) F pch® Co, w) A . BN VN1 B pch’ (u, v) Fl pch'
(v, wH R

BEmPWERERRI D ,d) , m BkEAELERC
Cc1sco b, MIsE L m BIBEHAFIE R(ryro) =(dh —c1rdo —
Yo m BIHE Type (m)A 4 B east, west, south,north, %4
m PR, 3 7o <O, M Type(m) = west; & ro >0, i} Type
(m)=-east, & ro=0 H n<<0, W] Type(m)=south;F ro=0
H n>0,Type(m) =north, east ¥l west I BHEHRR row {H
8., south ¥ north JEBGEFRK column B . m BPIRES Status
() A BF . normal ,misrouted, 24 m IE % B BT, Status(m) =
normal ym R FA 2 S R4 P B 1 (XY) 5 24 m BEL 28 /F SR R IX 350
B}, m FATSE R, LB Status(m) =misrouted.

3.1 RERHRE

WM B m IR GE R PRI R row TH B, m B HETE VN,
g, BH ro=0. % rn=08,m HBH column 1§ BIE
VN, iy,

WA 2 Fis > 7E VN, 8B Y east (west) H BBk f-ring
% S 1 BHEERREE, I BRAH normal A B misrouted , ]
45 1 B CNL (CNOBEH . £ 6 48, ¥ BARE H misrouted
EH R normal BkEEBEH . GEHEH east(west) H B BIX N-
Chain &, NE-Chain(S-Chain 5%, SW-Chain) k#9454 t, B35
2, W BREH normal BR misrouted , MM 11 B} CN,, (5



Chain 8% SW-Chain i) CN,. YB&H. 7£ u &b, 8 EREH mi-

srouted B HIBR normal SREEEH
t A § I‘
east \\\ }9_ ﬂ,a ‘y’f(é}?io t
to west  €ast % Uy
pi—" t
@ ®) ©
HERAER

B2 75 VNo hEEER east Al west JHER

W 3 Bias £E VN, HEEE R south (north) B F)iA
ring b AO%E R 1o PR EE, M BRES H normal YR misrout-
ed BT 4T GEBHED FRBHEEBGE /M o 4.7 o RS
EHBUR normal BkRHE . BEE Y south (north) 8 B 535
E-Chain | M%5 8 1o B BERH 28, 1 B RE H normal BUR mi-
srouted BTET URBTED) FINSHEEBIZ M o 40,7 n 4R
BEFTBUR normal BE5EHH . SLERBBORARRRE 1.

filed- A___Eﬁ |
\ AN -
NV \ﬁﬁ
oy @
(@) (b)
HERAER

B3 7 VN, PLEER south Flnorth THE
£1 SIXREEBHBEXKREE

# No. Message type Condition Message direction

. f-ring, S-Chain, SE-

#1 Misrouted east Chain, E-Chain North
. f-ring, N-Chain, NW-

#2 Misrouted west Chain., W-Chain South

3 Misrouted south f-ring, W-Chain Clockwise

#4 Misrouted north f-ring, W-Chain Counter-clockwise

#5 Misrouted east N-Chain, NE-Chain South

#6 Misrouted west S-Chain, SW-Chain North

#7 Misrouted south E-Chain Counter-clockwise

#8 Misrouted north E-Chain Clockwise

Algorithm1 TEBHHEX T ALK A
/ * R MBSk TF Cleyh o) BINEE AN DU, ,d,) * /
EHBEHIRIC R(ry ) =(d; —¢;»dy—cy) .
MR Gy 7)) =1(0,0), MBIk HAG KR E
TR M EZ row BRI H =0, MR r, >0, MIEH B A
BB north; (2) MR 7 <<0, MILH B ARRIMCN south,
Stepd  WR M Z row H R, WEE vn=0,FN vn=1,
Step5 MR M B H B E,HE Status(M) = normal, 7 W% 5
Status(M) =misrouted I BYEFE 1 R B f-ring T, f-chain £EHYLEE
23
Step6 MR Status(M) =normal, MR B EIEEEH T RE VN P
B AR Status(M) =misrouted, WAREE 1 YrEB W 7E
BHIMEE VN, § f-ring 3, f-chain 225 E BB & .
T, BATUER Algorithm] 2 ICFEHAY.
channels(m) ¥ B m BRI G FHWEEES. message
(Hno)RARR LPRE N $no W—RGHEHEE. & mis-s

iy ST, W 7o, o 5 PR 03038 U chammels ()
AT A — A R B 8 m R, 2L chanmels
(m)= jLiJichannels(mj Yo TELLF i, message($ no) # R
FKHE.

Stepl
Step2
Step3

Lemmal : FEE R4 VN, 1, Algorithm] 7 T B
XEEE T RIEIEHA .

proof . 1 % SEEE R UEH . B HFAEHBESR m m,
oy PR IR AT mismy o SEMBEERE
channels (m; ) FETETE A KB, & Algorithm] 2% - 180° %
LB AEA R LREETEEMIEE. RIS
BrpRZEHKPEESE CSup WK B UAETRIR B P AT
t CS., BRAREE. BER,CSer H—HATFHREFIHR
BAME mFEE R, E 4 fim. 7 VN 1, Rf
M Status(m) =misrouted Bf sm A T HELESE 1 4EBSH .

CASEL:CS. B2 % SN (E 4(2), ML HAHE
1R north, HIFEFFAE— WN FINE FHEAES.
MELTTA, EEFHHATRBEEMETHRS # 1 M#6. K
HE, & “VY ¢ € CSups = ¢ € channels (message (£ 1))”, 18 B8R
CSup k> WN 7B S, R REHURIE SR B2, RIHL 3
“Y ¢ € CSyji = ¢ € channels (message (# 6))”, W CS. />
NE FEES, WA RIEF AR, Bk, 58 CSer
HEEFHM.

FIF. % Algorithml ZFAEFES, M Jcis corr s HHP o ~
cit1 IR B ¢; € channels(message(# 6)) ,civ1 € channels (mes-
sage(# 1)), WA 4D PR, EANRBXAEE, Ll B
tail(c,)=1tail(c;), TF tail(c,)fk message($# 1) K44 EN 5%
2, W out (head(c.), f—region) . PtLh, T tail(c,) ik mes-
sage( 6 NKRE NWHE , M ¢; +orn, SBEFE. B,
Algorithml B IFEHIH) .

CASEZ2:CS,. BiBEH 2 % NS (E 4(2)), M LEH a8
Fia K south, MF 1 0151, L7 WIFPFT BEAH B , X DL I 9 5
R#E2FH5. FHHERE CASEl 2, XEAHEE. &
I, Algorithml RFFEHIK .

% b, Algorithml ERIEHHY .

Ar* D

A 4
C, 1
SN NS 0y \x\
T CI
A 4 .
€« Sy :

O—

t Q_>

(DEHBBRTRIEANIEERSE  (0SN I RINFE MRS
4

Lemma2 . 7L BHIM%% VN, 1, Algorithm] E X EBHE
X BE T 2 TFe N .

proof BN FUEH: R IEH, BIRFEBEEESR m.m,
ooy PRAEFRBLIAWE mms o SERBEESES
channels (m ) FEEERKE . R bR EEREIE 180°# T,
LA ERP DRFAEFRENTEE. ZREAEEP
A F B AT IE RSup » B R BREEIFBE R PR
H RSype B L FHEIE. B, RSy B — 44 FHFIFT
BA MRS 0T EEAR, il 5 iR, £ VN, $, R
XY Status(M) =misrouted Bt , M A P BEZES O 4EBEH .

CASE1: RS - BIHZE RNy EW (B 5) , I B 6K wests
E R NW R WS JF S,

(B f-ring: WK 1 ATEEMEIEA PR (LA 6
(OO, MPIE RSN #4 FH#3. RIE,ZFVcE
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RS.ppr=>c € channels(message(# 4))”, W1R B ARG/ WS 5
RS, R R, R, H“Y c€RSyp=>c€
channels(message(# 3))”, Wk NW 5 M55, N EEM
BAEF AL . H, 55 RS, BITHEE B,

B, # Algorithml FHEFEY, T e cirr » HH ¢ ~cipa
FHH ¢; € channels (message (# 4)), cir1 € channels (message
(H#3), WE 5(b) . FAEHEB m Eit%E R x 78 head (e b
BH SWED, M A on(x, f—ringl) A on(head(cip1) s f—
ringl) N on(tail(ci1), f—ringl) . HH f-region FEE, Ff
L onChead(civ1) s f—ring2) A out(tail(cir ), f—ring2), R
M, 7 head(cH)Sb KA WN B35, W ¢; o, SBIRFIE.
Atk , Algorithm2 & JTCFEALHYT

(b) B BEIX 24 {-ring B, E-Chain( L1 6) , 5538 14 B 410 K
west, W& 1 HITTRRRIIBIEA 4 #h. BRTHE 6(2) FRFEE,
EHE 6T HODITRMRE N #7 M#8 MIHE . F mes
sage(# 7 57 RS, RO, WAT GBS B NW F 16 Y5
B BER L. BER, message( $ 8) 5 message( # 4) %
Hr, B (o) BTEBRA AT LAFE LR () B9IERR . Rk, Algorithm2 &
JEFEBLH .

CASE2: RS, iHHKE Ny WE (B 5), BT 188 east.
RS CASEL 0, X BEABEE . Hil, Algorithm2
ETFCH

& L, Algorithm2 R TFEHI) .

—_f-ringZ.
(DEHBEPR EMTEES  (DWE F TRt R
B 5
L L@?

@ ®)

6 TIREAI east 7] wesz BEEIITHE

Theorem 1 Algorithm] ZEXLEBHBEX WIHFRTEX
i d:08
proof; B Algorithml 1, east BY west {58 m B F7E VN,
PR REFEZE B sowth B north JHBTE VN, Hgm., B
U, 7 VN, PR HMEEASERHEA VN, BiH. XH
Lemmal 1 Lemma2 1, 7E VN, #1 VN, # Algortihml &G
FesiRg. B, Algorithm] #£ Jo B B B X (15 5L T & 5T
i
3.2 eFEBYEER

LIPELTR T EEEHBEX WIHRL, B R
BEXEE, AR BFEY. ESCERI6], Shih T TE
& f-ring MFEB B R KNI EE, XBEAEEE. 4X&E
AT f-chain f)TEB K f-chain 55 f-ring BB 65| A FE
BEE.

A 7 LR R S a MG c BEHEB m ER b
FEERd REHEB me. XEm Mm BEKHE B AL
gorithml BGE5E BE i1 KW , my 28K my BHEE ,m, [FIBFBHLEE my
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B7 EEHEXSIAKNFES

TEE 8 b, 24 H i 72 = B #9 E-Chain H B i sowth I
north 18 BB RIEYHERE . R 2 PHMEMTEAOIER.
UF L R EFATHK E-Chain, &5 u #d 5FRRU
H)CN ML W CN o 2t Ml 533FR U B CNLHIZE O
KRN L B9 CN., F58 0 4R, R w7Ed MG H, T
East(u,d) =u; ®W East(u,d)=d. BRI EL4H D
d). XEFERNEFAME, R 8 b, R EEHHD 4

R 7y =0, 38 A T8 S B 1) 7R B e 324 B 9SS A

;1

E 8 7EEBAM E-Chain ELHER south M north H B

F2 L ER E-Chain K%

Message type

Condition

Message direction

4

5

Misrouted south

Misrouted south

Misrouted north

Misrouted north

Misrouted south
or north

East(u,d)=d and
do>x™
East(u,d)=u and
4>
East(u,d)=d and
4>
East(u,d)=u and
4o>xT

1, =0

Counter-Clockwise
along L

Counter-Clockwise
along L

Clockwise along U

Clockwise along U

East

TEE 7(b) s, f-ring 5 N-Chain(NE-Chain) { X S-Chain
(SW-Chain) EEF=AFEH. m M m: HEFENKLETE
BYEXH. BRIEHH T ERE m 7 fring § N-Chain
(NE-Chain) B HEH B R BALE VN, PEE. FHE.m £ -
ring 5 S-Chain(SW-Chain) £ & 5 & K 4L th 7 VN, 3%
i, mi,m —BESEBRIE, HERE VN, hEEh.

B9 WA H T f-ring, W-Chain, NW-Chain, SW-Chain #
BrtE B E RN, TR, UL BREFMTHH
f-region, &5 u fd SRR UBCN. ALK CN,. ¥
Mz 53 HIFRR U ) CNL, BI58 0 4EAR 4R L () CN,., 1958 0
bR, TR w fEd AT, W West (u, d) = u; 75 W) West (u,
d=d., BHZERLHRHR( ,do).

¥_

M9 HEBAH fring FLEEY south M north {HE



F3 S EB fring BURRE

# No. Message type
1 Misrouted south West(u,d) and dy>x[*  Clockwise along L.

2 Misrouted south West(u,d) and dy<<x{”  West

Condition Message direction

Counter-Clockwis
3 Misrouted north  West(u,d) and dy>x)" alo::g:' ;h ockwnse
4  Misrouted north West(u,d) and dy<Cxiy  West
Algorithm? FEBHERXFL FHASKHEEE

/% B MBS AT Cloyr ), BEIE RN D, dy)»t AER
ArE o/
Stepl FFHEHIFIC R(ryar)=(d;—c;rdy—cy) . MRHMATLE S
J2—4~ corner node, MiZ & =0,
MR G ,7)=00,0, MBIk BHE S RE,
WHE M & row H 8, WD MR r,=0 BHEEREE 1 G
FSBHETFHMRERE, WRZE =1 F N mE LSS
RIS BAES 0 RS ET R MREEX S, MR E =2,
TR MR row H B H ro=0, MDD MR r1 >0, WK B AR
BN north; ()N 7 <0, MBCH south.
MEME row HE, BARE =0, T, WHE M E col-
umn FHELBE =1, R =1 FLRE on=0; 7N,
R =2,8 m=1.
IR M B APHE, & E Status(M) =normal, Wi 'E Sta-
tus(M) = misrouted H:ABYEFE 1.3 2 343 3 R EL f-ring B
f-chain AbBYBEIH B B T IA)
SR Status(MD)=normal, 3 BB E YL BE B NAE VN P
B s TER Status(M) =misrouted JPIEFR 1. K 2 I RENH
FEITEE P4 VN, ' f-ring B f-chain SCE4ERE S .

Lemma3: 7E B L% VN, 1, Algorithm2 ERIEHEH.

proof : BRI FIERRIEH . FBIEF FRE B2 A TR
A HF)EE CSeyp o

CASEL:CS.;@i82%% SN, RE Algorithm2 FuiF1H
BEom @ VN, EH#A VN B m 0 RERTEE. ik, R
¥ Lemmal &1, 5 CSe MHBARRE WA, XL THS
#1FE6, HRERAESE, WH Lemmal %1 Algorithm2 J
e, RIE, B Algorithm2 FFAEFEH, M B X L EE,
WA 10Ca) B, % & f-ring 55 S-Chain B 8§ E 75 %5 &
X, X Tﬁﬂ@%—%iﬁlﬁﬂa Cis Lﬁ%%~§:i§1§j§ cit1s 1B
B cireirn €VNos H ci~cit1 6 %ﬁ €™ Cit1 ,ﬂﬂﬂ\ﬁﬁ—%
message( # DIHBHIRGE REEBAL (BT, message(# 6)7E
A RE NW 5, B ¢; +cr). B Algorithm2, =4 F
HELW east BITFIRILE VN, PREH. A . € VN, 5
BBFE. Hi, Algorithm2 R TFCHIAY .

CASE2:CS.. 2 RN NS (& 4 ,iE#id #5 CASEL
Rl XEAFEE. B, Algorithm?2 EILFEELH .

g b, Algorithm2 B RICHH .

Lemmad . 7E BHIM4E VN, 1, Algorithm2 2 TSR .

proof: f-ring B & A< & i L9, Shih E £ WEH. W-
Chain, NW-Chain, SW-Chain g H %W 5 f-ring —3, Rt A
AJ R4 FE4H. N-Chain, NE-Chain 1 S-Chain, SE-Chain i
BRERR, WAV R RS, BHik, A X FBITE E-Chain 5
E-Chain, E-Chain 5 f-ring 1 ES .

%fF E-Chain 5 E-Chain B E &, B3 Algorithm?2 4%
BRI, Y east(u,d)=d H do > #5238 K south
Crorth) TE d A% B 75 16 4 south (west) 3 X4 east(u,d) =u H

Step2
Step3

Stepd

Step5

Step6

Step?

do>> 2 W 8358 B south (north) € u 4b B8 B J5 8] 4 west
(north) , YN BEBED d S E =0, BB EZERNEKKH
A4t B %5 5 . B, E-Chain 5§ E-Chain By E& A LI LN
Lemma2 §iiE8., E-Chain 5 E-Chain )T & A4 H BF04K .

%tF E-Chain 5 f-ring W EE, B Algorithm?2 #) ¥ H
SEWE I R [ SEE S B AN 10 8 (b | (o) B, X o B 3iF B 5t
EFERS Lemma2 248l E ik, E-Chain 5 f-ring & H AR A]
BB AEFE4.

£ |, Algorithm2 BICFEHIH .

: N

(a)

(b) ©)
B 10 (D REFLBIEE; (b), (4ed B A f-ring 1 E-chain A B

Theorem 2 Algorithm2 £ TCFEHER .

proof: i Algorithm2 1, row I§ B m B %E VN, $ i
i ARIGEEAE B column 1§ B 7E VN, HE&H . X 1 Lemma3
# Lemma4 H1,7E4 B i) B B M 4+, Algortihm2 J& 75 7€ 8
#.

RE#E Algorithm2 & VN, H Il B BB#¥# A VN,
VN: FEH B BEEHEA VN, B F 2D-Mesh M5, &% 1
24, VN, 1EE A KT VN, PREE (I TEEBL
B row HBE VN, P HEN S EEEXBNEE XA
A1) BB VN, P EEKST VN, 08 E; FE, '8
0 4k, VN, "FREBE T REMEH T VN, HAEE B row H B
7 ro=0 BRI 4 TR EE K KBATE VN, HEEE
BEEXENES AR, BRE VN, hiEREKBRT
VN, HEERE . BTk, 2 VNo 1 VN, Z I, R BB ST
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