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Classification of Deadlock Recovery Routings in Interconnection Networks

Toshinori TAKABATAKE*

In interconnection networks of massively parallel computer systems, deadlock recovery has been studied in routing
strategy. However, there has not been established the proper classification of deadlock recovery routings. The routing
strategy for the deadlock recovery is intended to optimize the routing performance when deadlocks do not occur. On the
other hand, it is important to improve the routing performance by handling deadlocks if they occur. For this purpose,
suitable criterion is needed to deal with the deadlock recovery routings. In this paper, by investigating the researches in
conventional deadlock recovery routings and by organizing them, the classification of the deadlock recovery routings is
proposed. This leads to make it possible to treat the deadlock recovery routings systematically and comprehensivelly.
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Deadlock Recovery Routing

Regressive (Abort-and-Retry)
———Abort-and-Retry Routing
L Compressionless Routing

Deflective
———MB-m Routing

Hole-based Routing

Suspensive (Escaping, restoring)

Escape-Restoration Routing

Progressive

DISHA
Disha sequential

Disha concurrent

0 2 Classification of deadlock recovery routings.
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(a) Occurrence of deadlock
Packet (flits)

(b ) Regressive recovery
¥ Deadlock detected

(d) Suspensive recovery
(1) Escape..
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(2) Restorati
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S Source
D : Destination

0 3 Therouting concepts of deadlock recovery.

0000000000000 0o0o0ooooooboooa
Ood0000oooOoobooooooooobooooooo
goodoooooooboooooooooog

3.2.1 0O0OO0O0O0O

0ooooooo¥h@oooooo00ooooog
JO0dd0O0oOooOooOoooooooboobooooooo
OO00d000O0ooOoboOooooooooboooooon
00000000000 000000000000 abort-
and-retry routing®? 0 compressionless routing'¥ 0 O O O

Oooodoooooobooooooooooooa
JOodddoooboobooooooobooooooooo
JO0dd0O0ooooboOoooooooobooooooo
OO00d000O0ooOoboooooooobooboooooon
Oo0d00O0ooooboooooooooboooooon
goodooooooboooooooooboooooon
goddooooboobooooooooboboooooono
JOodddoooboobooooooobooooooooo
0000 456000 000000000000O0O0O
OO000OO0o0oo0O0oo0b00oo0oboO0ooo00ooOooooooo
OoO000O0ooooboooooooooboooooon
goodoooooooooooooooboooooon
goddoooobooboooooooobobouooooono
odddooboboooooooooooooooo
JOodd0O0oooobOoooooooboobooooooo

NI | -El ectronic Library Service



Shonan Institute of Technol ogy

00000oo0ooooo3soono1d

Injection Reception (a) Undirectional channel (b) Channel protocols
from router A to B
AR e N s Tl Reay =
i | g (e )
e il D
T; : s S = a's Pad . Ack
g H - sender side
LI Ou o Ay
S B fop FRETGS e
z = : (Crossbar) —]: ES Ack Req-Empty  Req-Empty Req-Empty
S Y+ - Y+ 3
=
Flic ez RIS Sl CD
E‘J s Oles> : = >—U§ —
| H 'z Reg-Empt
& ! DY- = e yee =] Y,;—> ‘5 receiver side e
] Lon 0
| — — j 0 6 CR property.
| RAU !
| — . |
[ EB [« ! . . .
———————————————————————————— CR Injection Algorithms
== Data Path —— Control Path 1 QR 4 4 .
omrorH Control Path 2 1. If no message, waite;
DeMux Multiplexer Routing and Arbitration Unit . L .
[SW ] Swich [ B ]Escape Buffer [VEC] Virtal Channel Controler 2. Move a message into injection buffer;
Input VC Buffers Output VC Buffers Link Controller Units 3. Imin = ma.x(L, Bcap : D),
(a) Router node block diagram. 4. If Imi" # L ) pad the massage;
0O 4 A router block diagram. 5. Initialize Fi,; = 0, Teigpse = 0;
6. While Teigpse < Tout do;
(a) Before the header arrives at the destination 7. If a flit is injected,
N Egig E I e :D]]] D 8. Enj = Finj + 1» Telapse = Oy
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(b) On header arrival
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(c) After the header arrives at the destination
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If Finj > Imin, reset PAD signal;

goto 1;
Else Telapse = Telapse +1
. Enddo
. Send out FKILL signal;

. Wait for Ty, before reinjection;
. Goto 5;

s T34 b COR Reception Algorithms

(message length < distance)

(d) Delivery guaranteed in the basic CR
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0 5 CR with message routing and padding.
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. If no message, waite;
. Initialize Fre = 0;
. While PAD signal is low do;

If a flit accepted, Frec = Frec + 1;
If FKILL signal is asserted, goto 1;

. Enddo
. While PAD signal is high do;

Accept and remove a pad flit;

If FKILL signal is asserted, goto 1;
. Enddo
. Move the received message to message buffer;
. Goto 1;

0 7. The time-out mechanism of CR algorithms.
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(b) A message recection interface

0 8. A message injection and reception interface.
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0 9. DISHA routing procedure.
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0 10 The deadlock buffer and the reconfiguration of
input-outpts connection.

Time-out Mechanism
1. Initialize Teiqpse = 0;
2. While Teapse < Tout do;
3 If the header flit is able to send out,
4. Tetapse = 0;  exit;

5 Else Telapse = Lelapse + 1;

6. Enddo.

0 11 The time-out mechanism at an intermediate
node.
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