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Fault-Tolerant Adaptive Deadlock-Recovery Routing
for k-ary n-cube Networks

TSuTOMU YOSHINAGA," HIROYUKI HOSOGOSHT! .2
and MASAHIRO SOWA'

This paper describes a fault-tolerant, adaptive deadlock-recovery routing algorithm for k-
ary n-cube networks of parallel and distributed computers. We integrate regular and irregular
network routing algorithms in order to tolerate arbitrary number/shape of channel and node
faults with guaranteeing deadlock freedom. Proposing algorithm can be implemented with
two virtual channels per physical channel in a minimum case. It supports fully adaptive
routing on a network that does not include faulty channels and provides minimal misrouting
paths around faults. We show a router design for 2D torus and communication performance
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in a case of k = 10, then discuss its validity with comparing to several other algorithms.
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Partition the network into
faulty and non-faulty regions.|
Yes faulty No

region?

Table look-up
rougting using
torus field.

Hardware routing
utilizing topological
relation.

Deadlock-recovery
based on up*/down*
routing.

01 Detour-UD ODOOO0OO0OO0OO0O0OO0OO0ODOO
Fig.1 A flow chart of the Detour-UD routing algorithm.
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Fig.2 An example of misrouting.
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Fig.3 The routing table on node E.
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Fig.4 A BFS spanning tree.
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(a) horisontal channel fault  (b) vertical channel fault

(¢) node fault

R : root node
o faulty node
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Fig.5 Location of a root node for the BFS spanning tree.
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Table 1 A comparison of 2D torus routers.
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Fig.6 Hardware organization of the Detour-UD router
for 2D tori.

000000000000000000000000
OOPE/FOOOOOODOOOOODOOOODOO 6
000 wire0OODDOOO0OO0O0ODOOO0OOOOO
00000000000
400000000000000000 40000
000O0oOovCeoooOoooOooooooooooon
O0ADMOO00000O0O0O0000O0O0OCADD
000000000400 vVeOOOO300000
000000000 FA-VCO1000000000
000 UD-VCOOOODOODetour-UD O OO 10
0 FA-VCO 100 UD-VvCOOOOODODDOOO
0000000000000 DDOO0O veoooo
00000000000000000D 400 VCO
000000000000000000000000
00000 FA-VCOOOODODOOOO0O0O0O00O0O
0000000000 ooooooo0ooooon
000000000000000FA-VCOOOOO

PEI/FO 200 VCO ocAOOOO0O0O180000
0000000000000 000ooooooog
goooooOooUoOooOoOooooooUooood
o000ooooooDoo 2000000000000
OO0 vCoOOooOooopoooooo 200o0poO00d
oooooooooogod
4.2 J00000O0O0OODODOOOOOCOO
0000001000400 200000000
O000O0000oO0oooooOoOoooooooood
0000000000000 O0Ooogooooo ve
0000000000000000 400 vVveOoood
00000000000 0oooooooooooog
Detour-UD OO0 30000000000O0OOO
0ooo0ooooooogoooooogo
DM-Order X-YOOOOOOOOOOOOOOO
Duato DuatoOD0OO0OOO0OOOOOOOODOO
oDOoDooDoooooo®o
Detour-NF Duato 0O0O0OOOOOOOOOO
O0000O0O0OO0000000000 Negative-
Frst 00000000 0O0O0OODO/0000
Doooo0oooo'Yo
Detour-UD 000O00000O000O up*/down*
o0oo0o00oooooooooooooood
o0oo0oOoooo0ooOoooooo/on
gooooooood
DM-Order 0 Duato 00 0O O0O0O0OOOOOO
0000o0ooooUooooooOooooooooog
O000000000000DM-Order0000 20
0000oooooooo vecooooooo veod
000000000000 vecoooooooood
00000000000000%0Duato00000



Vol. 45 No. SIG 11(ACS 7)

ooooopooouoooo veo 20000000
O0o00oooooooooo veooooo veod
00000000 00oOooOooooooooood
0400 VCOODOOODOOO vCoO 200000
Detour-NF OO Duato D OO OOOOO 20000
OVCO 1000000 vecoooooooood
000 Negative-First 000000000000 VC
0100000oooooooogooggo veoooo
2b000000O000D 10000oOooo/oo
ooooOooooooooUopoooooUooo 200
O0000O000D00O0000Detour-UDODO30
O00O0O0O vCcoOoooooooooooo 1o0od
00o00oO0o0ooooo vecooooo veoooooo
oooooooooood
4.3 0000O0OOOOOOO
01040000000000000000000
001000000 (1)Oooo (2)0ooooooo
(3)0oUoo200000MUOOOOOS000
O0000O000000D0000O0dODetour-UD O
ooo0ooooooooooooooooooood
O00O00o0oooooDoDOoUooooooo soo000
O00U000ooooooooooooooo 3200
oooooooo veooo 32000x 80000
O000000Detouwr-UD O O0OOOOOODOOO
000000 300008000 x1oooOoOoOO
01 000000000000000000O000
OFFO0O00O0O0000 Verilog-HDL OO O Synop-
sys FPGA-Compiler 10 000000000000
ooooogogd
O0O000O0OO0oOOgd Altera APEXIIOOOO
OO0 OOC0OO0OUOHigh Effort0
I/o000 OO
0100000/O000VCOUoODOoOoooo
O00000o0ooooooooooooooood
00000000 FPGAOOOOOOOOOOOOO
FFOOOOOOOOOOOOOOOOOO Detour-
UD00000000OO0OO0O0OO0OO0OOON0OOOoooO
ooo0o0oOoOoooooOooooooooooood
ooooO0o0o0o0oooooooooooooood
00000o0ooooooooooooooooo

5. 00O00OO0O0O0Oo0Oo

01000040000000000 Verilog-HDL
gooooooooooooooooooboobooon
oob0O00d 10x100 1w000002D0000000
goboooooooboobor10o0boobobooooo

00000ooon k-ary n-cube 0000000000 COOOO0OO 415
7
@ 6
Joa}
S5
e
54
3 Duato (no faults) —%—
S 3 Detour-UD (no faults) - B
o / Detour-NF (no faults) ~
2 DM-Order (no faults) —2— 4
1 1 1 1 1 1 1 1
416324864 96 128 192 256
Message size [bytes]
(a) DDDODO
6 T T T T T T
72
B | X be- Wk T
S.4r
<
S5t
=
B Detour-UD (2 faults) —>%—
c 2 Detour-UD (4 faults) - 1
@ Detour-NF (2 faults) —
1 Detour-NF (4 faults) —A—
1 1 1 1 1 1

0
416324864 96 128 192 256
Message size [bytes]

(byoooo

07 DOO0O0DOOOOOOO
Fig.7 Bandwidth for a matix-transpose traffic.
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