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Adaptive Fault-tolerant Routing in Torus Networks
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Abstract Fault tolerance is one of the most dominant issues for the design of interconnection networks of large-scale
multiprocessor systems, A new fault tolerant routing algorithm for wormhole torus network was proposed. The routing
algorithm provides enough adaptability so that it is always connected as long as fault regions do not disconnect the net-
work, In spite of the variety of fault components in torus, the proposed routing algorithm is always connected and dead-

lock-free, At the same time, the proposed algorithm only employs extra three virtual channels. The result of simulation
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shows that the proposed routing algorithm is of feasibility of gracefully degraded operation.
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Routing function of virtual network 0
Begin
if x+. channelz%null then
chnex, ,+

if yy4,=>0 then around<—“~+” else around<*-"
else
if around="“~+" then chn<y_,+ else chn+y, ,—
endif
end
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Routing function of virtual network 1
Begin
if x—. channel##null then
choex, o —
if Yoits >0 then around<—“—+" else around<*“—"

else



if around==“+" then chn<y_ ,+ else chn<y_,—
endif
end
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Algorithm Runko (x5 5,0 :
begin
Kofts™ Xq — Xc
Yotts ™ Yd ™ Ve
if x,4,=0 and y g, =0 then
chn<—internal
else
if dim="“X" and x4, =0 then
dim<“Y”
endif
if dim=%“X” then
if x4, >0 and | Xy, | <radius,
then Routing function of vn,
if x4, >0 and | x4, | >radius,
then Routing function of vn,
if x,4,<<0 and | x4, | <radius,
then Routing function of vn,
if x4, <70 and | %y, | >radius,
then Routing function of vn;
else // dim=“Y"
if Yo, >0 and |y, | <radius,
then Routing function of vny
if yo55,=>0 and |y, | >radius,
then Routing function of vn,
if Yo, <C0 and | yoq, | <radius,
then Routing function of vn,
if ¥4, <<0 and |y, | >radius,
then Routing function of vn,
endif
end
Torus 45 AN EHBE X 4.5 Y £RIUF
SATHREX R, 8- MHEBEHABEEN X RWHE, X KK
MBI VNO 3 VNL #7347 X 719 L8R
HEXE, HZHEN X RRBEEN 0. MHHEHEERY
FHEE ., REHEMHEN VN2 8 VN3 B FR¥SATY i
i) _E BB Bk R X, B B HRGA B AL
EHE 1 Torus F4EMMELETICH BB S
IEB .

(14 A~ HE U PI4E B TE AR B A A R (BRI .

O BEHEAETG—N B4 b B ITIEAH (BRI .

OBEEAFHBEB IR MBS RN RBE LT
.

BEATHEREBINNBEIMEILA 4 MER. (
VNO 53] VN2; (b) i VNO 3 F] VN3; (o) § VNI #; 3|
VN2;(d) i1 VNI $3| VN3,

BRTENE B (@) vh 1 8 8 AR B A SR FEAE . FRA

Ci@Cig191=1,2,,7—1

Jerscrssre. Evmg

C,—>C1

Heo“>"RmEERE BT H cisasse RE
¥ 2 A B E R REE, Bl o € VNO, o, € VN2, T8
EARRVFE B E VN2 $#3] VNO, FIt B AL . 83 Du-
ato HIEI AT A, B AE B AL () PR TR A . R BT LLAE
B EEBR (D) — (D PR ETICHE .

H (DO — A HEH 1 fir.

4 TEXRSERSH

30T — MO BB R OT A, iR E To-
rus RN 10X 10, i HILZHHAR , BHEFEY 32
AR, B PR/ A 128 AR, W B AT B PR
BHEAZBRIT X HE YRS GRS NTFE—FHE
B, Torus M4EZ2 45 BE B B LA A RIS 1Y Torus M4 H
AT T B , 2 P 45 8 BB A FRTE S0 IRy
B RAEAE 10 % RO 4 3 RO T » B B B o P BB 4
B 3 B

400 T T
;

” T
-~ [ !
g wo . +

P / /
% 250 o /
w) - i / {
w200 i /
= ,/ . *
W 150 e K e

00~ e ok

o do P03 40 50 60 70 &

B R O)
B3 WSEREETEARR BRI Mesh A9 RE LR

mE 3T LIEDBEE Torus ME TR EN S ML, &
S0 B Tk (G T AT 2B I I, 48 R A AR IS B E R
B KT s . BN, ER 2 3 R 300
TEOLT » T ok o e Eh B B FE S0 BUBRE AS B9 Torus W & 5
FERHY L AE TR 1) Torus H MR EERT 302, B
WA SCHR Y 1 B PR B U L R v R R A R Th B
HRIE AENBREEEMERITPHEERE, 2
T—RE A B B, 3R R3] Torus 5449 /Y HefL
R . X e R B A Y B e R R AN R 1
BiE R P, B EETF Torus ME PR ER R W EEL DR
a4y , B SRR R R et Ay M SR . DA, X —
BHAUEAT 3 MBS ERGEE, HkBER ARERDH
SRR YT IR DA R A R Th#E . X — BB B HE A i
WA B AT B B DA SR AT IR R XS5, BT A AT A AR 34 47 g o 2
K AENEPETLR., BiE, I ELEREFIEH, B
RAREF PR ERNIIE, Bt — AR E RS
£ LU Torus HEMEKHBRINE.
(F#% 153 1)
¢ 117 -



Frit 4B 5 failEnrollServiceFault,

2z <l 1574 nnmxnn languags exsple, -->

3 p:Policy wsu:Id="BPEHPoli cySunpl

4 <| fulBaroliServiceault axcp(unn aef:mm\——>

s Spadr dua: Excaption Tucept nId foillorollServicalxcaption”>

] <bpeh-dee ExceptionTpye = "bp nk Fulbrol LS vt coPacl ¢ v

1 Gp i dee: Frocessid name
ol opal.

‘GraduationAppr ovelProcess™/>
“Inveketoss o11ApprovalActivi ty*/>

ea Condi tiendTd="retryExecutionPostcondi tio
23 <by|}r'urp Vm h1e>$cuzrms=opesmnx</nm ey Vt.l'nble)
z Dy pely exp: b wtor TypaChei cad
25 Qwa}.—uxy smnv:mnmth:nn,lue(/bpeh axp StringCo mum.>

E)
36

Eid >.m 11ApprovalRatry</byeh-act)

38

» >r trylxscutionts neondﬂ:nn(]\\peh rul:preCondi tion?
40 Gp ek ndi t1on2ratryxecut conds t2on¢/bpeh-rul pestlondi tion>
P P rvl S

z <I-—return mode and rethrows dliu\luon 4

a ORevume</bpeh-rt: Return>

on? [uilEar 0115 vi ceBx ceplivnd/bpeh- duv Exceplion>

[} F </hpal\-n lh(h-wxg
47 E GwspEolicv?

4 WS-Policy4BPEH 754

ATERFHLHEERENEM, A WSAttachment-
Policy s 5 B F1 5B 75 A S 047 40 58 W AU TH & IR BISR
& “BPEHPolicySample” 4} & 2| 56 i 57 8 M 72 Y 22 38 W 3%
h,

{wsp;PolicyAttachment xmlns; wsp=“+++")

(wsp: AppliesTo xmlns: bpeh-dee=-++"")
{bpeh-dee; domain)
/GraduationApprovalProcess/InvokeEnroll Approval
{/bpeh-dee; domain)
{/wsp: AppliesTo)
(wsp: PolicyReference URI= “http;//www. sklse. whu, edu. cn/
SOAEHPL/policies # BPEHPolicySample”)
(/wsp:PolicyAttachment)

BRIE ETRBHENRSAEREOMBEET B,
BRELAEZENER LV SBED LR, GLTREL
BB EMAEY . AXMELCHKBIRBR, $# 4 &5
R 55 A 5 Ab B B WS IR 1B = WS-Policy4BPEH, LI 3¢
Fr ) R %5 WA R W XA B R R R B R
EBITRMER. KRBT WS-PolicysBPEH 35 5 B0

B OERRSH S0 R B HE R Sl H RN %
B4 H T WSPolicy4BPEH 5 HIRME R 1.

M ERF AT Z 8T, S T AN IR UE SR B E B P B+ 4
BB, M RIERE ERERERBETREREXWE
AGEX . B, T—2 8 TEE KR E X WS Policy4BPEH
B E BB RAGE S, USRS 8 S A AN IE

£ % X W

[1] Business Process Execution Language for Web Services version
2.0 [EB/OL]. http://docs. oasis-open. org/wshpel/2. 0/0S/
wsbpel-v2. 0-OS, pdf

[2] Friedrich G,Fugini M, Mussi E,et al. Exception handling for re-
pair in service-based processes[J . IEEE Trans. Software Eng. ,
2010,36(2),198-215

[3] LiuA, LiQ, Huang L, et al. FACTS: A Framework for Fault
Tolerant Composition of Transactional Web Services[]]. IEEE
Trans. on Services Computing, 2010,3(1)46-59

[4] Lerner B S,Christov S, Osterweil L J. Exception Handling Pat-
terns for Process Modeling[ J}. IEEE Trans. on Software Engi-
neering,2010,36(2),162-183

[5] Sloman M. Policy Driven Management for Distributed Systems
[J]. Plenum Press Journal of Network and Systems Manage-
ment,1994,2(4) ;333-360

[6] Damianou N,Dulay N, Lupu E, et al. The ponder policy specifi-
cation language [ C] // The Policy Workshop. Bristol, U. K.
Springer-Verlag, LNCS1995, Jan, 2001

[7] Sheng Q Z,Benatallah B, Maamar Z, et al. Configurable compo-
sition and adaptive provisioning of Web services [ J]. IEEE
Transactions on Services Computing, 2009, 2(1) : 34-49

[8] Casati F, Ceri S, Paraboschi S, et al. Specificati-on and imple-
mentation of exceptions in workflow management systems[]J].
ACM TODS, 1999,24(3) :405-451

[91 W3C Web Services Policy Working Group. Web Services Policy
(WS-Policy) 1. 5[ EB/QL). www. w3. org/ TR/ ws-policy/ , Nov. 2006

[10] Anderson A H. An Introduction to the Web Services Policy Lan-
guage(WSPL)[C]//1EEE, 2004 :189-192

{11] Pautasso G A C, Heinis T. Autonomic Execution of Service
Compositions{ M. Proc. of ICWS. 2005

[12] Tosic V, Erradi A, Maheshwari P. WS-PolicydMASC-A WS-
Policy extension used in the MASC middleware[ C] // SCC’ 07.
2007 ;458-465

[13] Baresi L, Guinea S. Self-supervising BPEL Processes[]J]. IEEE
Transactions on Software Engineering,2010:99(PrePrints)

[14] Hamadi R, Benatallah B, Medjahed B. Self - adapting Recovery
Nets for Policy-driven Exception Handling in Business Processes
[17. Distributed and Parallel Databases, 2008,23(1) :1-44

[15] Shankar C S, Ranganathan A, Campbell R. An ECA-P Policy-
based Framework for Managing Ubiquitous Computing Environ-
ment[ C]// Mobiquitous 2005: The Second Annual International
Conference on Mobile and Ubiquitous Systems;: Networks and
Services, San Diego, California, July 2005

(L&# 117 7O
2 2 X W

[1] Adiga N R,et al. Blue Gene/L Torus Interconnection Network
[T]. IBM J. Research and Development, 2005,49,265-276

[2] BB, Mesh W&t i e s FL B el (U 0. TR HLRL 2, 2007, 34
(11):29-31

[3] Chalasani S, Boppana R V. Fault-tolerant wormhole routing in
tori[ C]} // Proceedings of the 8th International Conference on Su-
percomputing. July 1994;146-155

[4] Glass CJ,Ni L M. The turn model for adaptive routing{ C] //
Proceedings of the 19th International Symposium on Computer
Architecture, May 1992 ;278-287

[5] Duato ]J. A new theory of deadlock-free adaptive routing in
wormhole networks [ J]. IEEE Trans, Parallel and Distributed
Systems, 1995,4(12) ;:1320-1331

[6] Jiang Z, Wu J, Wang D. A New Fault Information Model for
Fault-Tolerant Adaptive and Minimal Routing in 3-D Meshes
[I]. IEEE Trans. Reliability, 2008,57(1) : 149-162

+ 153 -



