Vol. 46 No. SIG 16(ACS 12)

goooooooooooooooobobooooo

Dec. 2005

000000000000 0000O00 Cross-Line

0O o o of
O O O

O O 0O
ot g o o ot

ot o o o of

00000000000oo0oo0o0ooooo0o00000000000o0oO0oo0oO0O00000000O
goo0ooOo0o0ooOoO000O0000O0O000CcO000O0O0O0O00C0O000O0CO000000O0
goooooooooooooooooOoOOOOCOOOO0OOO0OOoooOooooooooooo
goooooooooooooOOOOO0OOOODOOO0O0000O0O0O0O00O0bOOO0DO0O0oODOOOOO
go0o0o0o0ooooooobooooooooOoOOO0OOOCOO0OOO0OOOO0O0OOoOoOoOooooooo
gooooooooooooooOoOoOOCOOOOOOObOOOOOOOOOOOODOoOooooooo
000000000 000000000000 Cross-Line000000Cross-Line 0000000
0000000ooooooo 100000000000000000000O00O0O0O0O0O0O0O00O0
gooooooooOO0o0oo0o0o0o0o0o0o0ooooooooooooOoOooooooooooooooobooo
000000000000 0000000O0Cress-Line000000000O0O0O

Cross-Line: A Novel Routing Algorithm That Uses Global Information

TAKASHI YOKOTA," MASASHI NISHITANI, ¢ KANEMITSU OOTSU,t
FuMiHITO FURUKAWAT and TAKANOBU BABAt

Interconnection network is an inevitable component for massively parallel systems. Such
systems exclude centralized control and require huge number of decentralized modules in their
interconnection networks. Furthermore, the networks should be powerful and efficient. An
ordinal interconnection network is composed of many independent routers that can cooperate
as a communication subsystem. Many routing algorithms are proposed in the past, although,
they did not use wide-area information. In this paper, we propose a new routing algorithm
Cross-Line, that makes efficient use of global information across the network. By limiting
one-bit information of each virtual channel and by limiting distribution area, the algorithm
achieves global routing control. Analytical and simulation results reveal the effectiveness of

the algorithm.
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route( int cx, int cy, int dx, int dy ){
// (cx, cy) ... DODODOOD
// (dx, dy) ... O00O0O0D0OOOOO
int wx = cx;
int wy = cy;
for( i=0 ; i<MaxHops ; i++ ){
// x00y0000D000000000O0O0O0O00OO
if ( wy==dy || wx==dx )
break;
// VCinfo OO DODODOOOODOOOOO
if ( VCinfo_x[i]==READY && VCinfo_y[i]==BUSY )
goto_X;
if ( VCinfo_x[i]==BUSY && VCinfo_y[i]==READY )
goto_Y;
wx = next_x(wx);
wy = next_y(wy);
}
// VCinfo OO ODOOOODOOOOO
// - x00y00D00000D0OO0OOOO
if ( wx==dx && wy'!=dy ) goto_Y;
else goto_X;

0 2 Cross-Line000000O0O0O0OOOOO
Fig.2 An example routing algorithm of Cross-Line.

o0oo000ooooooOoOoooooonD z+000
OO0 if( ++X >=n ) X=0; 0O OO0O0O VCinfoO
O000O0 DoOOLSBO oOoOoooooOOoOoOod
oooo
3.3 Cross-Line00000O0OO00O0O
oooooooo0oooooooooooooon
000000ooooooooooooooog
00004000000000000000000
ooo0oodoooooooooooooooood
ooooOoOoOoOoOoOoooooooooooooog
o0o0o0O0ooooooooooooooooooog
o0o0oDOoUoooooooooooooooooog
O00odoOooOooooooooooooodooog
O000O000o0o0oooOO0oooooooooooog
00000000 busyD0OOOOOOODOOOOOO
00000000000000oooooooooog
00000000000000ooooooooog
ooO
ooooOoooooopoOoooooooooooo
oo0odoooooooooooooooooooo
0000000 0oU00oooooooooooog 20
yOOooOooooooooo C(z,y)DODUOOO
000oooo0ooocC(r,y) DOODOOOODODOOO
0000000000000 0O00O0OO0OO0O busyd
0000000000000 reaedy0O0OQOOOOO
00000000 coooooooooooooon
000000 VCnfoOODODODOOODDOODOO

0o0oO00o0o0ooo00000o000 Cross-Line 33

1
router position

Congestion measure: C

LSB SB
03 000 C O VCinfoOOO
Fig.3 Cogestion measure C and VCinfo.

goooo3oooooooooboobobooono
000000000 busy00O0O0O0O0O0O0OOOO
ready 0000000000000 O0O0O0OCOCDOO
oo0o
gooobooooooooobobooooooo
ggoooooooooooooooobobbOooooo
gbobooooooooboooooooooooood
gbobooooboooooooooa
VCinfoOOOODOOOOOOOOx OO0y OOOO
0 C(z,y) DODDOO0O0OODOOOODDOOVCinfo
0000ooooo0O0O00000Oready0OODOO
o00000 busyOODOOOOOOOODODODOO
busy 00000000 ODOOOOO C(z,y) OO
000oDoOO00o00oOo0OO000OOoOO0O00O0On ready
00000000000000000000 C(x,y)
gobobOoooooobObooooboObreadyO o
0000O0VCinfoOOOODOODOO busyOOOOO
oooooooooo C(x,y)y DOODOOOOOODO
goboooooooooooobocoouooooooo
goooooo
ooboooooobooooooooobocooooo
00000000 VéinfoOOOOOODDODODOO
00o0o0oooo00ooo0oooo C(zy) 00000
gooooooooobooooboob 40000
gooo
Oo000O0VCinfoOODOOOOODOODOOOO
gooboooooooobooooooooooooa
goooooooobooobooboboOooOooo0oo0oooa
gooooboooooooooooooooooooo
goboooooooooboocboOoooooobooo
goooooed

Y 0000000000000200000000000000
gooooooooo



34 gooooooooooooooooboooooo

Cxy) VA

,,,,,,,,,,,,,

S~
~destination
current
position of packet
04 0O00O0DOOOOOODO
Fig.4 Comparing gradients of congestion measure.

0000
ohvrmo—

05 0D0000D000000

Fig.5 Congestion measure distribution used for

evaluation.

VCinfoDOODOODODOODDOODOODOOD
000000000 00000000D0000000
16x160 200000000000000000
00 500000000000z=00y=0000
000 Cc=000000 400000 (7,7)0(7,8)0
(8,70(8,8) 0 ¢ =100000000000

8*Cc  &*C

W‘Fa—yQ:O
00000000000 0000000000000
0000000000000 00000000000
000000000000 00000000000
0000000000000 0000000000
000000000000 CcOo00000ooooon
0000000000000 C(z,y) 0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
00000000000 D0000000000000
00000000000 0000000000000
00000000000000000 6000000
(4,4)00 (10,10) 0000000 ODOOODOO
000000000000000000000000
00D0000000000000
16x16 000 2000000000000000
0000000000000 00000000000
0000000000000 00000000000

Dec. 2005

06 0DOoOOoOO
Fig.6 Example of path integral.
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goooooooooboo goooo

dimension order 5.504965e+-04
random walk 5.628108e+04

adaptive 5.245490e+04
cross-line 4.766727e+04
(optimal) 3.800551e+-04
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route( int cx, int cy, int dx, int dy ){

// (cx, cy) ... current router

// (dx, dy) ... destination node

if ( dist(cx,dx) >= dist(cy,dy) ) goto_X;
else goto_Y;

}
07 DOoO0O0DOOOOOO
Fig.7 Deterministic routing.

route( int cx, int cy, int dx, int dy ){
// (cx, cy) ...
// (dx, dy) ...
if( cx !=dx ) goto_X;

current router

destination node

else goto_Y;

08 DOODOOOOO
Fig.8 Dimension-order routing.

crossbar
switch

reédy/busy

VC-0 ]m_.

© Ve

=

dhh—hkk

s

VCinfo buffers
09 0DOOOOO
Fig.9 Router organization example.
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