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Abstract The performance of the inter-processor
communication scheme depends largely on the network

In order to avoid deadlocks, prevention-based routing dimension, the switching technique, and the routing
algorithms impose certain routing restrictions which lead algorithm. Most contemporary systems have used two or
to high hardware complexity or low adaptability. If three dimensions. Store and forward, virtual cut-though,
deadlock occurrences are extremely rare, recovery- and wormhole routing are the main switching techniques
based routing algorithms become more attractive on used for inter-processor communication. Due to the
hardware complexity and routing adaptability. A simple lower latency and smaller buffer requirements, wormhole
architecture that each router is provided with an routing is preferred and is widely used in recentltiu
additional special flit buffer was developed to achieving computers [1,3,4].
deadlock recovery in the literature. Disha_SEQ and Most wormhole adaptive schemes focus on deadlock
Disha_CON are two deadlock recovery schemes basedPrevention rather than deadlock recovery. Preventive
on such architecture to accomplish sequential recovery schemes suffer from high hardware complexity and
and concurrent recovery, respectively. In this paper, we losses in adaptability [5,7-8,11-12]. In general, the
propose a simple recovery scheme for a 2-dimensioal routing algorithm should be fully adaptive. If deadlock
mesh with the same router architecture and reduce occurrences are extremely rare [13], it does not make
drawbacks in Disha_ SEQ or Disha_CON such as sense to limit the adaptability of the routing scheme to
hardwired token, finding the Hamiltonian cycle, solve an infrequent event. In addition, the router design
Hamiltonian-path labeling for each node, and non- should be extremely simple. Many deadlock-prevention
minimal path routing. Moreover, the simulation result approaches devote virtual channels [6] specifically to
shows that the proposed scheme has similar performancePrevent deadlocks. However, virtual channels need more

as Disha_CON and is better than Disha_SEQ. hardware complexity.
A simple and efficient deadlock recovery scheme was

proposed in [8]. This scheme requires nhominal hardware
1. Introduction to be devoted for the deadlock recovery. Each router is
provided with an additional special deadlock buffer to be
used in the case of deadlocks. These deadlock buffers are

In interconnection network computers, tasks are , )
central to the routers and essentially form a dedicated

executed by a set of intercommunicating nodes or lock free | hich be vi q loating”
processors. The communication is usually carried out by déadlock-free lane, which can be viewed as a *floating

means of passing messages from one node to anotheYirtual channgl. Routing on this deadlock-free Iang can
over the interconnection network. Since direct networks P€ fully adaptive. On deadlock, one of the packets in the
utilize the locality of the message references more deadlock cycle is switched into the deadlock-free lane
efficiently, most of the existing systems use direct and routed using this resource until it reaches its
networks such ak-aryn-cube orn-dimensional mesh[4].
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destination where it will be consumed (sunk) to break the
dependency cycle.

The above structure offers the following advantages: 1)
deadlock-free fully adaptive wormhole routing, 2)
suitable for arbitrary interconnection network, 3) no
virtual channels required, 4) simple router design, 5) no
padding, storing or retransmission of packets required.
Simulation results have shown that it is very efficient
compared with existing deadlock-prevention technigues:
Turn Model[2], Dally[10], Duato[11] and
Dimension_Order[4].

The Disha_SEQ proposed in [8] requires packets to
gain exclusive access to the deadlock buffers by capturinge
a circulating hardwired token. As recovery from cycles is
sequential, the bandwidth available for recovery is small
which could degrade performance if deadlocks are
temporally clustered or otherwise appear more frequently.
The Disha_CON proposed in [9] is based on structured
buffer routing that offers higher bandwidth for deadlock
recovery on demand and eliminates the need for mutual
exclusion on recovery resources. Disha_CON makes
simultaneous recovery from multiple deadlock cycles
possible with the additional deadlock buffers. However,
network bandwidth is allocated to deadlock recovery in
some instances when potential deadlocks are detected. In
some cases, Disha_CON has the scenery of the mis-
routing and needs additional information on the header 3
flit to overcome such situation.

In this paper, a simple deadlock recovery method

Xo=X1 and yo=y1£1, or yo=y; and x=x;x1. Clearly,
nodes have from 2 to 4 neighbors, depending on their
locations in the mesh. Two neighbor nodes are
connected by two opposite unidirectional channels
(links). Each node has its own router to perform
switching, routing, flow control, multiplexing
physical channels, inter-chip signaling and clock
recovery. An example mesh is shown in Fig. 1. In
general, lower-dimensional meshes, in which each
node has small and fixed degrees, are preferred over
higher-dimensional meshes for scalability
consideration.

The switching technique used is the wormhole
routing. A packet consists of a sequence of flits(flow
control digits). The size of a flit depends on system
parameters, in particular the channel width. The
header flit(s) of the packet governs the route, and the
remaining flits of the message follow in a pipelined
fashion. Each unidirectional channel has its own flit
buffers (queue), and once a queweepts the header
flit of a packet, it must accept the mainder of the
message before accepting arlitsf from another
packet. In addition, each node can generate packets
destined for any other node and a packet arriving at
its destination node is eventually consumed.

. Problem Description

Under wormhole routing, each packet may reserve

based on deadlock buffers for a 2-dimensional mesh iSmore than one channel at a time for its exclusive use.

proposed.

The proposed method has the following The order in which the channels of the network are

advantages compared with Disha_SEQ or Disha_CON:teserved must be restricted to prevent deadlocks among

1)no hardwired token, 2)no need to find Hamitonian
cycle, 3)no additional global information about
Hamiltoian-path labeling, 4) minimal path routing,
5)partially or fully concurrent recovery, 6)no network
bandwidth is allocated to deadlock recovery.

The paper is organized as follows. In Section 2, we
introduce the preliminaries used in this paper. The
Motivation is described in Section 3, and a simple
deadlock recovery algorithm for a 2-dimensional mesh is
given in Section 4. Simulation results are shown in
Section 5. Section 6 concludes this paper.

in

2. Preliminaries

packets. A deadlock refers to the situation that in a set of
packets each is blocked indefinitely because each packet

the set holds some resources also needed by another

packet. An example deadlock in & mesh is shown in
Fig. 1.

In general, a circular wait condition should be
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® The wormhole routing network we consider is the 2-
dimensional (2D) mesh which h&gxk; nodes, where
k=2 and k;=2. Each node is identified by two
coordinates, X,y), where &x,y<k-1 for O<i<l. Two
nodes Xo,Yo) and &g,y:) are neighbors if and only if

in

Deadlock in a*% 2D mesh.

hibited to prevent the deadlock.
The Disha which is based

Figure 1.

on sequential

recovery(Disha_SEQ) was proposed by Anjan K. V. and



T. M. Pinkston[8] to optimize routing performance in the deadlock situation whem,>T,,. However, it denotes the
absence of deadlocks. A simple architecture for the flit H can not be sent out due to the channel contention
Disha_SEQ router is shown in Fig. 2(a). In Disha_SEQ, for the heavy system traffic. So, itis critical to determine
the router for each node has an additional deadlockthe value ofT,:.

buffer (DB) whose size is the same as a flit buffer. These  The main disadvantage for Disha_SEQ is that it does
deadlock buffers are central to the routers and essentiallynot allow simultaneous recovery from a number of
form a “floating” lane (see Fig. 2(b)). Routing for a deadlock situations and needs a hardwired token. Under
packet can be fully adaptive through the flit buffers in the the heavy traffic or multiple-deadlock conditions, it is
network until the deadlock does occur. On deadlock, one difficult for sequential recovery to obtain better system
of the packets in the deadlock cycle is switched into the performance. It is clear that a deadlock area will extend
floating lane until it reaches its destination. Clearly, the its blocked buffer area until the deadlock is broken. Thus,
deadlock dependency cycle is broken. the partially or fully concurrent recovery is needed to
deal with the conditions of the heavy traffic or multiple-

(+1) Z;E:ﬁ.e:_. 1) dead_lockfs. Another problem for Disha_SEQ is_that the
nput 1) sfocell—>| crossu ;M) Output Hamiltonian cycle to implement the token-passing path
Channels ;. 1 sfoccl—> > jey) Camels can not be found for some 2D meshes. For example,

(ii-1) sfeccll—>| contoler > (i) there is no Hamiltonian cycle in Fig. 1. This implies that

% o it is difficult to implement a fair token-passing path and
Ck each node has different waiting time for capturing the
Buffer(DE) token.

The Disha that is based on concurrent recovery
(Disha_CON) was proposed in [9]. Disha_CON offers
higher bandwidth for deadlock recovery on demand and
eliminates the need for mutual exclusion on the resources
of the deadlock buffers. However, network bandwidth is
Deadlock allocated to deadlock recovery in the rare instance when
Bter probable deadlocks are detected. For Disha_CON, a
Hamiltonian path is constructed first on the deadlock
buffers, and each node is labeled according to its
(b) The floating lane formed by the DBs for aBmesh. sequence along the Hamiltonian path. The deadlock
buffer at a node can be used only by a deadlocked packet
at a neighboring node for which the packet's destination
The mutual exclusive use of the floating lane is has a higher label than the node to which the buffer
necessary to avoid deadlock. Disha_SEQ has a token tdelongs. Once a deadlocked packet is placed on the
circulate in the network along a fixed predetermined floating lane to break the deadlock cycle, it is restricted
cyclic path to include all routers. A simplistic approach to using only deadlock buffers at subsequent nodes until
to implement an asynchronous token-passing protocol isit is delivered. Moreover, successive deadlock buffers
based on the Hamiltonian cycle, that is, the token is can be used only in increasing label order. For the
passed circularly along a predetermined Hamiltonian deadlocked packets at nodes higher than the destination
cycle. Only the packet which has captured the token canlabel, normal flit buffers are used to reach an
be switched into the floating lane and reach it's intermediate node with lower label than the destination,
destination under fully adaptive routing on the floating following which they use the acyclic deadlock buffer lane
lane. The destination whicheceives the header flit of to arrive at the destination.
the packet from the floating lane will regenerate the  An example for Dish_CON to deal with the deadlock
token and the floating lane becomes free for other situation of Fig. 1 is given in Fig.3. Fig. 3(a) shows one
deadlock packets to use. possible Hamiltonian labeling way for the nodes. The
Deadlocks are detected using a time-dependentmoving direction for the packet on the floating lane is
selection function. When the header fht of a packet  described in Fig. 3(b). Clearly, it is deadlock-free for the
arrives, the router sets the countgy for the flit H to O. packets moving on the floating lane. Fig. 3(c) shows the
Ty keeps track of the number of clock cycles that the flit possible nhormal channel buffers used by the deadlocked
H can not be sent out. F>Ty(a predetermined time-  packets that can not be switched into the floating lane
out value), the state of this flitH is changed to immediately. Four deadlocked packets in Fig. 1 will take
“deadlock” and the floating lane is used to solve the the following paths to reach their destinations.
“deadlock” condition. Note that it may not denote a real The packet blocked at (1,2)(1,1)7(1,0)

(a) The simple router for nodé,j).

Fig. 2. lllustrations for Disha_SEQ architecture in a 2D mesh.



The packet blocked at (14)(1,0)-(2,0)~(3,0)~(4,0)~ (4,1) Fig. 4 shows a deadlock situation in a6/mesh. In this
The packet blocked at (3,1)3,2)~(3,3)~ (3.4) 7x6 mesh, a special Hamiltonian-path labeling is used.

The packet blocked at (3,2)(3,1)- (2,1)- (1,1)- (0,1)- (0,2) . . .
According to the recovery algorithm Disha_CON, four
Note that the symbol[J, denotes that the normal deadlocked packets will be transferred along the

channel buffer is uged and the sympol, denotes that following paths:

th_e deadlock buffer is used. We can find that two pac_kets The packet blocked at label 261920 21 - 24

with source nodes (1,1) and (3,2) are mis-routing; The packet blocked at label Z221/720/719/718(7 177 16/7

therefore, the minimal routing is not guaranteed by the 15/714(713/712/711/7107978

Disha CON. The packet blocked at label 418 -9 -10-11-12-13
Compared with Disha_SEQ, Disha_CON provides a The packet blocked at label 391011 -12-.13-14.15-16-

way to achieve concurrent recovery without any 17-18-19-20-21

X . . 22.,23.24.25.26-.29
QzQered token. But, the disadvantages of Disha_ CON Recall that the symbol(], denotes that the normal

1) Each node needs to know the global information channel buffer is us_ed and the s_ymbol, denotes that

of the Hamiltonian-path labeling. the deadlock buffe_r is used. _Obwously, each deadlocked
2) Different labeling ways may cause the packet has non-mlnlma_l routing, and each pa_cket needs

unbalanced traffic on the normal channel buffers normal channel buffer first when Disha_CON is used to

or the floating lane. accomplish deadlock recovery. That is_, the deadlt_)cked
3) Routing path for a deadlocked packet may be pack_ets can not be moved into the floating lane until the

non-minimal. required chan_nel buffers are captureq. If other packets
4) Additional information needs to be carried in the hold the required chann_el buffers, Disha_CON can not

header flit for the deadlocked packet to deal with break the deadlock pycle immediately.

the mis-routing. _ In this paper, a simple approach for deadlock recovery

in a 2D mesh is developed. Our approach has the

following properties compared with Disha_SEQ and
Disha_CON: 1)no hardwired token is used, 2)no
additional global information such as Hamiltonian-path
labeling is needed for each node, 3)guarantee the
minimal-path routing for the deadlocked packet, 4)no
additional control information is carried in the header flit
of a packet if deadlock recovery is needed, 5)partially or
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(b). The moving direction on the floating lane. 7 18 19 20 22 2:1

Fg. 4 Aspecial Haniltonian-path labeling toillustrate the mist-routing when
Disha CONiis used to achieve deadlock recovery anésh.

4. The proposed deadlock recovery approach
for the 2D mesh

Deadlocks occur when cyclic resource dependencies
are formed by consumers holding some resources while

waiting to acquire others. As we know, a deadlock cycle

ékﬁ can be broken if one of the deadlocked packets in this

(c). The moving directions for the deadlocked packet traversed cycle is switched into the floating lane. However, there
on the normal channel buffers. may occur deadlocks when more than one packets are
switched into the floating lane. Disha_SEQ uses a

RN
e e 0

Fig. 3. Deadlock recovery from Fig. 1 by using Disha_CON.



hardwired token to guarantee only one deadlocked packet_emma 1: The floating lane is deadlock-free when the
is moved on the floating lane until the destination is algorithm Fig. 5 is used.

reached. If multiple deadlock cycles exist, Disha_SEQ is Proof: From the Step 2 in Fig. 5, only the deadlocked
sequential recovery and thus degrades the systenpacket moving toward the north is switched into the

performance. floating lane. Thus, the possible moving direction for
packets in the floating lane is shown in Fig. 6. It is easy
The main idea of the proposed approach is very to see that the floating lane is deadlock-free. O

simple and is based on the following concepts: 1) selectLemma 2: For the 2D mesh adopting fully adaptive
only one particular deadlocked packet for each deadlockrouting, if there exists any deadlock cycle, the algorithm
cycle to be switched into the floating lane, 2) the number in Fig. 5 breaks the cycle and the potentially deadlocked
of packets in the floating lane should be as many as packets can be sent out progressively.

possible while the floating lane is deadlock-free. The Proof: The moving directions for a packet in the 2D
difficulty of our idea is how to select the “particular” mesh are west, east, south, and north. From these four
packet for each deadlock cycle and how to prove the directions, eight 90-degree turns can be formed: left and
floating lane is guaranteed deadlock-free. Fig. 5 showsright turns when travelling west, east, south, and
the proposed algorithm to solve the deadlock recovery for north[2]. The eight turns form two abstract deadlock
a 2D mesh. cycles as shown in Fig. 7. Clearly, deadlock recovery can

1111
Algorithm Deadlock _Recovery for_a 2D Mesh i i
/* Note that this algorithm is executed by each

intermediate node when somesceived packets are i i

blocked for a long time */ i

Step 1 If the blocked time for a packe® is not greater
thanT,,, Goto Step 3 /* Pis not a potentially i i i i i
deadlocked packet. */

Step 2 If the destination node d® is in the north of the
current node, switclP into the floating lane to  be achieved if one of the four turns for a deadlock cycle is
reach its destination. switched into the floating lane.

Step 3 END. Without loss of generality, consider the

counterclockwise deadlock cycle in a 2D mesh. If we can
Fig. 5: The proposed deadlock recovery approach for a prove that the algorithm of Fig. 5 can break any deadlock
2D mesh. cycle, the potentially deadlocked packets in this cycle can
be sent out progressively. There are three essential
The algorithm in Fig. 5 is performed by each node in situations for a deadlock cycle occurring.

the 2D mesh. If one incoming packet is blocked on a Case 1:illustrated by Fig. 8(a). In this situation, packet

intermediate node for a long time, this node executes thisM; is one of the potentially deadlocked packets in cycle 1

algorithm to check whether the deadlock recovery is and is blocked to turn the north(Note that the destination

needed. In Step 1, the blocked packet is checked whetheD, of packetM; is in the north direction). From the
the potential deadlock occurs by comparing the blocked algorithm of Fig. 5, packeM; will be switched into the
time with the deadlock timé,,. If the blocked time is floating lane when its blocked time is greater tha,.
greater thanT,,, the blocked packet is supposed to be So, the deadlock cycle 1 can be broken. By the symmetry
inside some deadlock cycle. Step 2 in Fig. 5 checks theproperty, it is true if the deadlock cycle 1 is a clockwise
blocked packet whether it is the packet switched into the cycle.

floating lane. In our algorithm, the potentially Case 2: illustrated by Fig. 8(b). In this situation, the

deadlocked packet with the destination node in the destinationD; of the deadlocked pack#t; is in the east-

“north” of the current intermediate node is selected as the north direction while packeM; is blocked to turn the

particular packet for some deadlock cycle. Let the label north. Because pack®t; has alternative path in the east

of the current intermediate be; ;) and the label of the  direction by using the minimal fully adaptive routing to
particular packet's destination bg,f;). The following reach its destinatio®;, we can suppose that there exists
expression can check easily whether the packet'sone packetM, holding the channel buffers in the east
destination is in the north of the current node. direction requested by packbt;. If M, is not involved
(xi=x) and §>yi) ? in any deadlock cycle, the resource held by padkegt
will be released later. Thus, packiel; can occupy the

> EEH>E>
> >

Fig. 6: The possible moving directions for the packets in the floating lane.



channel buffers in the east direction, and the deadlockFrom the turn model [2], it is also shown that the
cycle 1 can be broken. By the symmetry property, it is proposed simple algorithm can recover from deadlock for
also true if the deadlock cycle 1 is a clockwise cycle. a 2D mesh with deadlock buffers. By the symmetry
Case 3:illustrated by Fig. 8(c). In this situation, packet property, the “north direction” in the step 2 of Fig. 5 can
M, is blocked by the counterclockwise deadlock cycle 2 be changed to the “south direction”, or “west direction”,
or a clockwise deadlock cycle 3. L&, be blocked by  or “east direction”.
deadlock cycle 2. It is straightforward to see that the  An example is shown in Fig. 9. In this situation,
situation of deadlock cycle 2 is the same as the Case 1 orthere are three cycles in the network. First, because
the Case 2, that is, the deadlock cycle 2 can be brokenpacketsMg and Mg satisfy the condition of the Step 2 in
following by that packetM, can occupy the required Fig. 5, packetsvig and My are switched into the floating
channel buffer. Finally, the situation of the deadlock lane, and the cycle€, and C; are broken. All blocked
cycle 1 is also the same as the Casel or the Case 2, angackets in these two cycles continue to transmit. Next,
the deadlock cycle 1 can be broken. If packés is packetMs releases its resources and the blocked packet
blocked by the clockwise deadlock cycle 3, the discussion M; becomes active(Note that the destination of patket
is similar as the lbove. In conclusion, three deadlock is in the east-north direction). Thus, cydg is broken.
cycles can be broken. Finally, all blocked packets in cycl€; also continue to

When the relationship of the deadlock cycles is more transmit. The proposed algorithm in Fig. 5ceassfully
complex than Case 3, it is the “finite” extended case of recovers the deadlock situation in Fig. 9. From this
the Case 3 because the size of a 2D mesh is finite. So theexample, we can find that the proposed algorithm is a
similar discussion as in Case 3 can be used to show thakind of partially concurrent recovery if there is the
the algorithm Fig. 5 can break all deadlock cycles dependent relationship among deadlock cycles, however,
occurring in a 2D mesh. We conclude that the proposedit is a kind of concurrent recovery from deadlock cycles if
algorithm shown in Fig. 5 can break any deadlock cycle there does not exist any dependent relationship among
and all relative deadlocked packets can be sent outthose cycles.
progressively. O north north

A A
Y el
t ’ ' cycleﬁ Cy0|ﬁ
L' L' L' _j no deadlock
clockwise cycle counterclockwise cycle M, M,

1

occurs

Fig. 7: The possible abstract tums and cycles in a 2D mesh. (a) case 1. (b) case 2.

Theorem 1: Under minimal fully adaptively routing, a

2D mesh with deadlock buffers can safely recover from nTh

potentially deadlocks when the algorithm shown in Fig.5 .Dg

‘W

is used
Proof: From Lemma 2, we know that each deadlock ﬂ
cycle can be broken by switching one particular cycl
deadlocked packet into the floating lane if it isgessary. L' ’
Thus, all remaining deadlock packets on the channel —M)
buffers can continue to route. Frooemma 1, we know

that the floating lane is deadlock-free, and each

particular packet switched into the floating lane will
reach its destination. Therefore, a 2D mesh with

cycle 2

(_

—>

M,

_1.

yf\
J

T

deadlock buffers can safely recover from potential -
deadlocks when the algorithm shown in Fig. 5 is used.
O (c) case 3.

For the step 2 in Fig. 5, a deadlocked packet turning
north iS SWitChed into the floating |ane_ From Flg 7, It iS Fig. 8: Three essential deadlock fsitut’:ltior;sljfor an: counterclockwise deadlock cycle
occurring in a mesn.
easy to see that two turns “from west to north” and “from ’

east to north” are switched out the channel buffers for the _'Lhe summaries of three schemes Disha_SEQ,
clockwise and counterclockwise cycles, respectively. PiSNa_CON and the proposed scheme are shown in



Table 1. Disha_SEQ needs additional hardware to

implement its token mechanism. Disha SEQ and Sn D,
Disha_CON construct the Hamiltonian cycle and Su
Hamiltonian path, respectively. For Disha_SEQ, there
arises the problem of token passing while the G Deg
Hamiltonian cycle cannot be found in a network. Both SEy T R > §
Disha_SEQ and the proposed scheme in this paper are pm

minimal routing, however, Disha_CON may have mis- .
routing. The proposed scheme becomes partially w, 2 & S: source
concurrent recovery when the deadlock cycles in network S 4 mp,, D: destination
have the dependent relationship. In most cases, the S M: packet
proposed scheme accomplishes concurrent recovery due Mo ©oyele

to the dependent relationship among deadlock cycles is 5,
rare.

Om

Ep,

Fig. 9: Anexample toillustrate the deadlock recovery of Fig. 5 for a 2D mesh.

5. Simulation Result distinguished in some cases. Compared with Disha_SEQ,
the proposed scheme has better performance for a 2D
In this section, we present the simulation result for mesh without the need for a token resource. Also, the
Disha_SEQ, Disha_CON and the proposed scheme. Allproposed scheme achieves the similar performance as
simulations are performed in a £#66 mesh with bi- Disha_CON without the need for the global information
directional channels, a virtual channel buffer depth of of the Hamiltonian labeling.
two flits, one deadlock buffer for each node, and a buffer
arbitration policy which favors the FCFS(First Come
First Serve) allocation. Random traffic patterns are
simulated. Messages are 32 flits long and equal clock o
cycle is assumed for all schemes being compared. A
minimal true fully adaptiveX-Y routing algorithm is used
to allow unrestricted routing in any profitable dimension
using any available virtual channel. Three schemes are
simulated with a time-out of 16 clock cycles. For
Disha_CON, each node,p) in the 16<16 mesh uses the
following Hamiltonian labeling:
16xy+x, if yis even;
16x(y+1)x-1, if yis odd

N
s

—e— Dish_SEQ
—=—Dish_Con
—A— The proposed scherme

Latency in clock cycle:
~ w
2 2

g

o

0 01 02 0.3 0.4 05 0.6 07 08 0%
Laod Rate

Disha_SEQ Disha_Con The proposed schefne

Adapt deadlock buffer yes yes yes

Hardwired token? yes no no Fig.10: Comparison for uniform traffic pattern.

Node labeling yes yes no

Minimal path routing? yes no yes 6. Conclusions
Sequential recovery? yes no rare
Coneurrentrecovery?l 1o = in most cases In contrast with the deadlock prevention algorithm,

S“'t:::v:’rlfh"’h an':t';:z ”'d'TnZ”s:"”a' 2D mesh the deadlock recovery scheme has shown the superior

performance in the literature. Disha SEQ is a sequential

Table 1. The summary for three deadlock recovery schemes. deadlock recovery scheme based on the single deadlock

buffer architecture while needing an additional token
resource. Disha_CON is a concurrent deadlock recovery

deﬁ‘dIOCk rer(]:overy Echemes_lunder ufmform traffu;]. Three scheme to achieve better performance than Dish_ SEQ
schemes have the similar - performance, OWEVET, without the need of the token resource. However,
Disha_SEQ saturates at about 0.65 load rate. The

: isha_CON needs a global information for each node
IprogJosed scheme and Disha_CON satuates at about O'J\i)vhen the Hamiltonian-path labeling is peeded, and
oa _rat(la._ indi h h d sch h achieves non-minimal path routing in some labeling
. S_|mu ations indicate that the proposed scheme aSWays. Such non-minimal routing increases the
similar performance as Dish_CON and cannot even be

Fig. 10 shows the performance results for three



implementation complexity for the header flit of a mis-
routed packet.

For the 2D mesh, a simple deadlock recovery scheme[10]
is proposed in this paper. The proposed scheme does not
need the token resource or the Hamiltonian-path labeling

while achieving the minimal path routing. Simulations

show that the proposed scheme has the similar[11]
performance as the scheme Disha_CON. Our scheme is
based on exploiting the relationship of the deadlock
dependencies. One “particular” deadlocked packet in a
deadlock cycle is rerouted through the deadlock buffers to[12]
break the dependency relationship.
proposed scheme is suitable for the fully adaptive routing

In addition, the

Parallel Processing Symposiymp. 815-821, April
1996.

W. Dally and H. Aoki, “Deadlock-free Adaptive
Routing in Multicomputer Networks using Virtual
Channels,’'in IEEE Tran. Parallel and Distributed
SystemsVol. 4, No. 4, pp.466-475, April 1993.

J. Duato, “On the Design of Deadlock-free
Adaptive Routing Algorithms for Multicomputers:
Design Methodologies,In Proc. of Int’l Conf. On
Parallel Processingpp.1142-1149, Aug. 1994.
Andrew A. Chien, “A Cost and Performance Model
for k-ary n-cube Wormhole Routersjh Proc. of
Hot Interconnects Workshppug. 1993.

algorithm in a 2D mesh when the deadlock is absent, and[13] T. M. Pinkston and S. Warnakulasuriya. “On
no any overhead is added.
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