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KoHTA NAKASHIMA,! AkIRA NARUSE, !
SuiNJI SuMiMoTO ™! and Koutcur Kumont!

This paper describes a proposal of turn addition method that is a deadlock
avoidance routing method to improve traffic balance. A turn is defined as a pair
of input-output ports in a switch. The turn addition method avoids deadlock by
prohibited turns which break turn loops. In initial state, all turns in a network
are prohibited, then each turn are distinguished to allowed or prohibited from
heaviest traffic order. In the distinction, if the turn does not cause deadlock by
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previous allowed turns, it marked to allowed. In this method, prohibited turns
tend to be not intensively deployed a few switches, then network traffic bal-
ance are improved. We apply the turn addition method to routing in random
network and in cluster system network based on fat trees. In the evaluation
result in random network, the turn addition method generate better traffic bal-
ance routing than Up*/Down* method, and it can achieve 2.05 times higher
throughput. The routing performance by turn addition method is similar to
one by TP method. In cluster system network which consists of two connected
8,192 node fat trees, the performance of the link which connect between two
fat trees is improved by 4.77 times higher.
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Fig.3 Channel addition method.
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Fig.11 Connection between middle switches
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: distinct() {

for (i=0;i<turnnum;i++){

t = turns[il;

if (decided(t)){
continue;

¥

addturn(t);

if (checkloop(t) == LOOP_DETECT){
delturn(t);
prohibit(t);
prohibit(reverse(t));

Yelse{
addturn(reverse(t));
allow(t);
allow(reverse(t));

}

19:

20:
21:
22:
23:

addturn(t) {
next = getnextturn(t);
t->next [t->cnt++] = next;

}

24:

25:
26:
27:

delturn(t) {
t->next [--(t->cnt)] = NULL;
}

28:

29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:

Fig.16 Pseudo-code for turn addition method.

checkloop(t) {
push(t);
while(cur = pop(t)){
for(i=0;i<cur->cnt;i++){
if (cur->next[i] == t){

return LOOP_DETECT;
}
push(cur->next [i]);
}
}
return 0K;

}
016 O00000O0O0O0OCOOOOOO

1: struct turn {

2 int allow;

3: int cnt;

4 struct turn *next[PNO-1];
5: };

017 OOOOoOo
Fig. 17 Structure of turn.

000000000 0O0o0o0oo0oooOoood Vol.4 No.o4  191-202 (Oct. 2011)

3.80

.70 330 230

<=5 F
) 860 019 0000000000000
L’ Rk %: Rls—y Fig.19 Search for buffer dependency
018 0JO000O00O0O0000/00000 loop.
Fig. 18 Prohibition/Allow distinction by turn
addition.

00002000000000000000000000000000000 180000
019000000000000%000000000000000000000000
00000000000000000000000000000000000000000
01600000000000000000000000000000

000000000000 ,00000000000000000000000000
00000checkloopl 000000000000 000000O00O0O0OO0OOOOOO
0000000000000 O(r)000*000000000000000000000
Odistinct00 0000 O(R?) 0000

4.1.4 0DODOOO

018000000000000000000000000000 1800000000
O0000000000000000000000000000000000000000
00000000

00000000000000000 DABOOODODOOODOOODODOODO0O00OO0
00000000000000000000000000000 ABEO EDAOODOOD
00000000000000000000000000000000000 BEDOOO
000000000000000000000 EDAUDABIOABEOOODOOOOOOO
00000000000000000000 ABCODEFOEBCOCFEOFEBOODOD
0000000000000000000000000000000000000000
BCFOOOODOODOOODOOOOOOOO0OO0O0O0O0O000O00 FEBOEBCOBCFOODOODO

x1 0000000000O000O00CO00OO0GCOOOO0
x2 31038 00000000000000000000000O0O0O0O0O0O0O0O0O0OO0O0OO00OO8

(© 2011 Information Processing Society of Japan



198 ODO0OO000000O0O0O0OCOOO0000O00O0O0OO0C00000O0O0O0O0OO0O

R—L—TRISEELENGS

B—L—FRFETHBE
1, cmas— " ammranms— §sies—

020 0OO0OO
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Fig.21 Throughput for random network. Fig.22 Comparison of throughout by connection
method.
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Fig.23 Connection between middle switches
(Turn addition method).
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Fig.24 Connection between bottom switches
(Turn addition method).
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