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M) WRavp =aBavp =q @787 G(SDPELFFIORBRE <h+ 18
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(1.0) MREES OIS O </ <p)HBEEF. RS SHALES DHEL U AT -FRER
REEE L. WMREER S R MER-FRER F BRI N BRENERRE R H K.

(12) MBES E-F (1 <i <p#EhiESF BAE SHE, XA S DHFA, M T—&iEK
Fhh + 1R E(EERE - EAR, 83—, EAERER L + 1 WBRE). NRE L
FIOER—FRKER + I WREL. WL ) EWZRRKESR » + 1 B2

(2) WRavp +aglavg, +a Wl A7 BPHF-PEATEG (S D), (f /) FHERE
<h + | BB, B ARG, M7 BWER—FKRES L + 20BBE M (F. /) HENZEKEN
h+2PIBEAR.

8, M check (L) R (/. /) REHBKEN 2 MR, MRPPEHPESER 1 H°. 30
Bay=0RIE fMEUHTFRS SR, X5 DARED, B4, f—EE-FRKERHERE. XA
MTFARE: &R EHE Index{1--~r]. WRTFH ¢ J (S D) B Index[i] = 0 405R i = . & Index[s] = &
AFEN g WHBAHEE O TR AR FEL . 1R weight() = Index[r’] — Index[/'] +
LIBAER—HEEEN 1 S HRNEBR, BERSE W, £HF J (S D) FAuHH ER LAY
B THE SR T ABEE. NRER ML IA FE G IF L PR RBIN A IR L.
5507 % ZTCHCA Index ( 1.1 ) 1-+r ). Tndex( 11)[#] = 1 HEMYLE i TR RE N h KB EH
(f, f,) BiREIET, & M, Index (1.1)[i] = 0.

Procedure  check(1.IWG(m. 1), 5. Dy F)

begin
foralli=1t r do
Index[i] = ¢;
Index(1. D] = 0;
end for
a=S5® S5c=0,
fori=11t r do / BIEH Indexli---r]*
shift left a;
if the bit shifted out is | then ¢ = c+ 1; Index[i] = ¢, end if
end for

for all faulty links (f.f,) € F do
fori=1to 2 do
B=feSy=7eb

m=8ny
if 7, =0 then /M MEGEFESS SH 0 Z—AMEFHHR */
b, = block{1.1)( F );
end if
end for

if (b,=4Aand b, # A and &, # null) then Index(1.1}[5,] = 1; end if
/Rl b HETE BRI TE EE
if (b= 4 and b + 4 and b, * null} then Index(1.1)[6,]=1; end if
if (b;=4A and b, = A) then Index(1.1)[1->-7r] =f & f,; end if M F) =085 D)
if (b, =0, null and b, # A} then index(1.1){b,]=1; end if
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end for
end
function block(L.1)(#Y; A BB null" 8 A B FRTERRBE R & RUBERNG GG M »/
begin
p=res y=/oD;
ifevf=cthen MEBESHDONENFILEG (SD)PY
if (@=0o0ry=0) then /M5 STEDES*
return Ay AFTEGIBR | RS — R < h FIBRAE L #
else
k, = frmb(f); %, = fimb(gy;, /* HAMEL (L) E 0 FRIFS ¥
if  weight(@)=Index(k) — Index(,) + 1 then rewm k,; /* B
else ' =awg /*HpH J (S D) FHLEH */
K = frmb(3"y, &', = lmb(#");
if weight(8") = Index(k" ){Index(k,) + 1 then
s=Index( k) +1; k=
return &
end if /* FEE
end if
end if
clse
return  null;
end if
end
g GEER(SRTHBIKCE S A + | BIERAE. 7E check(1.2) %, FE] mr 42 A1 B Index (1.2)
{mr]. Index (127 - ] = | HAARHG(H 1B PR Q) PG - DAREBHREND - + 1 FEREYH
B, % 0 index (1.2)[i - /] = 0. FJ¥ function block (1.2) () AR RBRTRE N £ + | MR
L.
Procedure  check(1.2)(G(m,r), S, D\ F)
begin
forall i=11t r do
forall j=1tom do
Index(1.))[i - ] = 0
end for
‘nd for
a=5e D,
for all faulty links (f.f) € F do
for =110 2 do
B=f85 v,=f 0D
end for
if (8, =00ry =0) then k=block(}.2)(f,); end if Y SEDEEY
if (8,=0 of y,=0) then k=block(l.2}(f); end il /*/,5SHDEEF ¥
if (($, and y, and 8, and ,) #0) then  /*f.f, S DEATEFY
k, = block(1.2)(f ) %, = block(1.2)(f,);
il k, =k +null then k=k; endif
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end if
Index(1.2)[k] = I;
end for

end
function block(1.2)(f); /* BE“mull"s FAHEMKENR h + | BIBBRFHEER Y
begin
a=5eD =78 y=fol
ilavB=athen MBS S DB XBEN G (S D)
m=pAy c=0;
for i=1 to r do
shift left z;
if the bit shifted out is | then c¢=c+1; b=14i end if:
end for
if ¢=1 then find the & th bit of f, f,; Retum 5 - f
end i AFAERL (B - LITFRBRIEN b + 1 MBEBLE &
else
reumn null; MAfRZES|E 1 IEEFEMAKER H + | KEEE L~
end if
end
B35 BERL()REFHEKE A + 20 B 2. B38| WIERLETAL MWRER (5D
BN TRER A + 2HBELAKE.
() EJSDUAMFEEL F B -BEFS SR,
(@) EJ(SDANFNE,
(21) [HBLEHETFES sHE, S5 DHMR.
(22) Sof EJ(SD)ANBIRFR(--10---0), BBHWE £ MEFH LEE h -k PEFHO
B function block2(/) MAXMW rEEMTRER A + 2HHEL.
function block2(F); /BB “null”BE FAFEMKE R b + 2 MR TG 4% */
begin
S, = Mask all J(S, D) bits of 5 /*# S J(S. D) REFR 0%/
/7 = Mask all AS D) bits of f;
if weight(S, ® ') =1 then /*f H ST J(S D) AT LBH —HFAR. ¥
a=5S&D, f=fes
y=feb, a=8ry
if =0 then MF7E J(S D) WIFN LR FRE SHEAL N5 DMEA.
S, = Mask all bits out of J(S. D) of
F' = Mask all bits ouw of J($ D) of f;
forall i=1 to r do
Index2(i] =0
end for
o=35 &f'; e=0;
fori=1tordo
shift left o
If the bit shifted out is 1 then ¢ = ¢+ 1; Index2[il=c; end if
if (flmb{(g) = j, and weight(c) = (frmb(o) — {flmblo) + 1 ) /* Fk 22"
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then &= f{Imb(S &) [ind the kth bit of f; f; retwm (k- £, )
end if
end if
else return null;
end if
end
BHHEEEL (M EA — TS S DR, BT AE G (S DIR My fOMBRER R +
QW B FAEGS DN B S ER-RKER A + 2R E W) REIERE
Procedure check(2){(G(m, r), S, D, F)
begin
for all faulty links (f, f.) do
Ch=Fs F=fa
for /=0 t0 | do
p=F8S y=Feb
irg,=0 HEESEE
Mask all J(5 D) bits of §;
Mask all J(5, D) bits of F,_;
if weight(S@ F,_) =1 then *JEZK(S F,_) ¢ XS D)
E(D=Nmb(S&® F,_ )
find the k(I)th bit of F . F.. .
Index2[ k(1) - lele] =1
end if
else if ,=0 /F5DE{Y
Mask all J($ D) bits of D;
Mask all J(S. D) bits of F,_,
if weightD® F,,) =1 then /*EL(D.F, )¢ J(SD)*
k(D) =flm{Da&F, )
find the £(/)th bit of F,_,
Index2 [ &(1) - F,
end if
else MB,+0and y,+0.F A5 SDEF ¥
Mask all J(5. D) bits of S
Mask all J(S. D) bits of F;
Mask all J(& D) bits of F,_:
if weight (S® F)+ weight(S® F,,)) =2 then /*F, F #7TE G(S. D)5 */
k, = block2 (F); &, = block2(F, )
it k=&, #noull then Index2[k]=1; end if

e LA

l-BLk[I]] =1

end if
end if
end for
end for
end

BE ATERFEZRIF| < d0tH 32
Procedure routel{G(m, r), S, D, F)
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begin
check (LING(m, 1), S, D, F). FHRERTERER HBEY
fori=11tor do
if feJ(S D) and Index(1.1)[i] =0 then
retum the minimal path starting from ¢ and exit;

end if
end for
check (i.2)(Gim, 1), S, D, F) FREREEEEN, + 1 HBZE Y
fori=1tor do
forj=1wm-1 do

if {€J(S, DY and Index(1.2) [{-j] =0 then
return the path with length of # + | starting form (i - j) and exit;
end if
end for
end for
check2 (G(m, r), S, D, F) PREESHEEKENH + 2008 E Y
fori=11tor do
forj=1tom-1 do
if (¢ J(SD) and Index(2) [f-j] =0 then _
return the path with length of &+ 2 starting form (i - /) and exit;
end if
end for
end for
nd
FH1 MTF—rE NBIFREGCEr): N=m " KENL MERAPHEEELNTH|F <
d WHTF G (n, ) FAEEPTANE S S D —E TR - R ERRER P(S D):|P(S,D)| < H(S. D) +
2 5H(SD) =r— 1HSEG (m.r- DARMLHE, KB NBEERKES r+ 1. FLAY[F| < d0,G
b 1) - FHERE <r+ 1EFREHGS D) =rH—ZFE -FKE <r + | WIEHERR PS. D).

2 |F|>dBER

MBEEEENEH Fl > d BGABRTERARE < H(S D) + 2 EMBEERZ P(S, D). THEHXE
LB < |Fl<md—m+ DEHRHE.

BE—TIMEIERE Gon ) N =m MEGMELENEd nr) = (m — D "L ERE—%
K < k<) WG (o )0 BIR 1| B GHC RIEE Glmar — 10:G (mar — 11,6 (ntar = 1) 5000,
G ter—1). SH DREPEERDL G, RE A SF ooy R {E.

1o EBRRRE. 45 e Fam

— N R AP HET IR A S, D R RTAT S HEIEHL T IR

FE?2 HE-TrEIAHTHAZ G )N =wm EER L NP HUEERN TR <
mi —m+1). SDEG P IEMmMEE A8 d S p g/~ X 7R G (S D)PA I
HET M -EEE—-RKEEEH S D) + 40 ER R 2.

T = 208 W) RYNE, S (S A BRIt WEEB B m2 2
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AYI=0,1,m— 10l SERIY JFH—MEBRE S D AR Y PTHE —MERE ) .

(1) HieJs D)

BEHGARmAG_31=01L-m—WEBNG_ MERd—m+) WUHZE.EmAP G|
B - AHICAG JEESSE (D AHLH Y ). A—MAHIEHG_ VEEDEREX (=
SAECH X)), MTEMEm -2 MG, FEEE P (= ¥(+ D). wHHEBAASE D
H2(d-m+ NFEE < h+2+1=)h +3MBRANm-2)d-m+ DEKE < h+2+2=)r +
4 MR, TREAmd-m+ DERE < h + 4 HBFE HRESH S A ENIEELATLR.

Q) Eigs(SD)Mh<r

HHE G ARmNG_i=01 -, m— 1. MSH DBAER G _ (REHZAG_ ), T Hflm - 1
TG, NEREF X (AT Y D). FHBRG PREFXY MY i=1om— ] W7E]
BH. M SEDHFEE-m+ NEEE <h +2MBEAm-DE-m+ DHERE < A+2+2=)a+
AHBEE. TRERA md—m+ DEKEE < h + 4R, Hrb 8085 — SR80 S LR AT .

THEHMENFEEE. KA A access 1747,

Procedure access

begin
a=b=10
for all faulty links (f.f,) do
o=/88 y=f,e8§
if weightd)=weight(y) =1 then a=avd vy, end if
é=fel, y=f0Dh
if weight(d) = weight(y) = | then b=bVv 3 Vvy, end if

end for
e=anh;
end

M e BEF | ENESRFE". MEEA FEFE, TH roue2 REIRH ) FREMAE.
Procedure route2(G(m. 1), S, D, F}
begin
if cA(S®D)+0 then

pick a good dimension i € J(S, D);
P(S: D) = route(G*_ » 8 Y. FL G*_)o(i- k), /(i -k)¥ ¥y M% i uEFEXNS DHERA Y
if P(SD)=mil then P(S D) = (i - k)routel(G'_, X, B, FI G)_);
end if - k)Y SHE BT ERS X AR Y
if P(S. D) =mull then

for {=2tom—1 do

P(S:D)=(i-1)Routel(G'_. X, Y, FI G_yo(i-1) *8I—4 (i ) SHE i
FENS ¥ HELE—- D Y BB
WFETAHE DHFA., TE—-TS5HHER. v

end for

end if
else HRE € J (S DINTERE *

pick any good dimension #
P(S.D) =touel(G’_, S, B, FI G)_);
if P(SD)=null then

for [=1tom—1 do
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PSDy=(-HeRoueliG!_, X, ¥, F1 G _)e(i-d; /M (i-DREL%
if P(S D)+ null then exit, end if
end for
end if
end if
end

12 —RMEE

SIE2 BE-HBCmNRPEm P r— 1 BF GHC W . Glmr— 1)ii=0s1, o .m— 1.
WMHAT G Onr — DHEE—LES A TRAFRE G = (n- Dr XEE <280 EAHTHEES50E
BB Glnr— 1= 1,2,-.m—- )PH T REREE L

JERR HiFW 4 —%Gl(m.r— DAHEE. 4 — G (mr - 1) (i = 2,3, - m — |)BOTETE 5] B0 0] .,

i 4 =a,a,_0z, a0, €6 (mr— 1),

Ped—apa_la e €Glmr—1) (4)
R—BKER | KR

R:A—'al'--&’."-a,‘i](la“l'“a,( €EG(mr—1}))y—ar-da,_la a € Gimr—1) {(5)
Hehia € {0 1-om— 1} —fa}je (LL2eerir ) — (k). BRI - 1) (- D&, HEESN 2

Plsd=rapra, la, el € G (mr— 1) —a-a_la, a,€Gmr—1) (6)
Here (0.1 esm— 1} — {01}, PIHIKEB R 2, )FHPJ.Z?J‘JH@%, EHREG (mr - 1), HHA
Glotr— D, XRBEE(m -2) &, BRA.X—HAN(n- 1) KERREERHITH.

Tl k, € J(S D). B & BTH G (m, )P Bm M r — 1HEF GHC: G, (mr — 1)3/= 0,1, ---,m— 1.

- SH D?ﬁ&‘l’l TFAHF. AGES € 6 (mr—1).D€ G (mr— 1), MIBEPH —F GHC (Rl
BEHG {mr— )P HBEEENTE < |Fl/m< (- 10— 1)=dmr— 1), W5/ HE2 D05
8P :S— 8 €Glmr—1),0,:D —D,€Gmr-1). XB.5,.0 FREG,(mr- DF. EE. ¥ L=
0.5 =SEL=1MbD =D HIIBLEG (mr- DTHFE—FKE < H(S,.D ) + 2R
B P(S, D). FAHE Procedure route] (G (mr— 10,8, 0, F.G (mr — DB P (S, D W

PISD) = §- Ty g BEDY G0 g H:'#&Hég R Q, WBABE.

%Fﬂéﬁiﬁ%éi’ S—58 € G,mr—1):

@ NSHER G (m r— DHREEREH J &, MRXSEZPE RN, BRIERHRE AP,

@ WMEOHFEHRLEEAL, BT G (mr - 1) - FREENE, T5ESRERIRE S —
Mu BIG (mr - DPRF dHREKE <2 W82, FEX SBBFEHT mRSOFHBRE LIS,
Bk, A\ SE G (mr—l)ﬁhﬁbﬁﬂﬁa‘c‘sﬂ%&iﬂﬂd mék. HXLEHFEME L FA 2RI
MM B ZERE: S — —s €G, (mr~ DATRB S FN. FRu WHEEFEA, Chu,, B
d(Sou,) = 2. Multﬂklﬁ d $5 1 GL(m,r~ DIKE < 0BG, AR MEiEmERES 0 m A7 L
G BREUESRB T -HAHKB o _ER IS, Y=m- Ldu,u,_)=m-2, - d
(u, pu, ) =1 XA BN SR > md— (n— l)m=m(d—m—|}:l). MF| <m{d—m+
1, Mﬁ'ﬁ —EH BB P R X BEES —u — e o, 0 S EG (mr - A
G,(mr— 1),iXE‘LH(SL,D) < H(S DY+ (m—1).

@ (A, THRE KN DB G ,(mr — NREIE S D IIERRBEAT

M EERFHOIHL H(S,.D,) < H(SD) +2(m—1). AER |, £ G (mr— DPAHRT —RBE
Pi(S,.D). B|P(S,D)| < H(S,D) +2< H(S D) +2m TE,IPSD| <|PS.D)|+20m-
1) < H{S D) +202m— 1).

TEI RSB ME G (mr) N =m FRHEERES FHE d<|Fl<mld-m+
A G(mr) — FREBH,.MST G (. PREBERNELES D —EF —FIERESRE PSS D) | P

.
Lt
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(S <h+202m-1 BRIEG e IME h = (S DV ST D ZHMNHEE.
AERESTE SRS ER.
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Research on Fault-Tolerance Routing Algorithms on
Generalized Hypercube Networks

LIU Yong-feng', LIU Chang-he’. SHOU Yu-ting®
{ 1. Department of Mechanical and Electrical Engineering.
Beijing Institute of Civil Engineering and Architecture, Beijing 100044, China;
2. Department of Basic Science, Beijing Institute of Civil Engineering and Aschitecture, Beijing 100044, China )

Abstract: The fault-tolerance routing algerithms on generalized hypercube networks with the set of
faulty links are studied. Let G(m. ¢} N=wm' (m> 2,r> 1)» be a generalized hypercube networks
with the set of fauity links F. |F| denotes the number of elements in F and the graph G{m.r) - F
is connected. § and D are two nodes, between which the Hamming distance is f(S, D) = A, Then,
there are conclusions as following:(1) If [F| < d, there is a Tault-free path A(S. D), such that |P( S,
DY <h+2s ) I d< |Fl <m(d=-m+ 1) there is a fault-free path A(S, D), such that |P( S, D)l
€ b4 dm— 2. where, {AS, D)) is the length of Path A(S. D) and 4 is the degree of G{m.r). Path
A(S D) is fauli-free means that there is no faulty links on it. The comesponding routing algorithms
are proposed in this paper.

Key words; generalized hypercube networks; fault-tolerance: routing algorithm



