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Abstract VC allocation can be done statically or dynamically. In
static VC allocation a packet going to a particular output
The switch design for interconnection networks plays an link can be hosted by a single, predetermined VC. In dy-
important role in the overall performance of multiproces- namic allocation this restriction is removed and we can
sors and computer networks. It is therefore crucial to study €ncounter situations where several VCs are occupied by
various factors in the switch design space and their influ- Worms going to the same link.
ence on the system performance. In this paper we first Buffer space allocation refers to the way the input buffer
propose a 4-D framework for the design of input queuing space is partitioned among virtual channels. At one extreme
switches with wormhole routing and virtual channels. Then the buffer is equally split among the virtual channels and
we explore the design space to examine in detail the im-each VC has exclusive access to its own portion. On the
pact of four parameters: virtual channel allocation, intra- other extreme the buffer space is entirely shared by the vir-
switch connectivity, buffer space allocation and link arbi- tual channels. In this case the VCs must dynamically allo-
tration policy. Our simulations, performed with an execu- cate buffer slots from a common pool whenever needed. Of
tion driven simulator with ILP processors, show that the cu- course, we can have a compromise where part of the buffer
mulative effect of the four switch enhancements ranges beis dedicated to each VC and part is shared.
tween 7% and 38%. The most important parameter proves Intra-switch connectivity refers to the number of connec-
to be VC allocation method (up to 28% improvements in ex- tions between the group of virtual channels from an input
ecution time). The other three bring about the same level ofport and the crossbar inside the switch. More connections
performance: between 1% and 7% depending on the appli-means more chances to send several flits out in the same
cation. clock cycle and better utilization of the output links.
Link arbitration is used to decide which flit will use a
particular physical link next cycle. We test a wide variety
: of arbitration policies to determine which is more suitable
1 Introduction for parallel applications.
. _ There exists a plethora of papers on switch design [4, 10,
CC-NUMA multiprocessors are the preferred choice of 5 16], but the vast majority of these use synthetic workload
architects for scalable parallel computing. Examples in- for the purpose of experimental evaluation. Synthetic gen-
clude SGI Origin, Convex Exemplar and Sequent NUMA- erated workloads are sometimes preferred because the ex-
Q machines. One of the factors that affect the perfor- periments can be carried out much faster than using an ex-
mance of such a machine is the interconnection network.ecution driven simulator. Thus, we can afford to investigate
Major improvements in microprocessor design together g broad spectrum of parameters and rapidly filter out the de-
with advances in process technology have led to exponensign choices that are not interesting or even harmful. How-
tial development of the processor speed. Techniques likeeyer, relying entirely on synthetic workload simulation can
data prefetching, release consistency memory models, nonsometimes be misleading. The traffic pattern generated by
blocking reads and out-of-order execution are all conducive g real application is very complex and cannot be accurately
to a higher rate of injecting messages into the network. Con-emulated by synthetically generated workload. Applica-
sequently, the network becomes more congested, and buildtions usually have phases, and each phase might exhibit a
ing high performance switches which can effectively deal different communication pattern. Periods of extensive com-
with this level of congestion is a mandatory task. _ puting can alternate with periods of high communication
In this paper we study the impact of four switch design needs which might create bursts of messages or even hot-
parameters on application performance. The four parame-spots within the interconnect. Also, cache invalidation and
ters under investigation are: virtual channel (VC) allocation synchronization patterns are very difficult to be captured by
method, buffer space allocation, intra-switch connectivity synthetic workloads. For this reason we believe that exe-
and link arbitration. cution driven simulations are a necessary step in validating
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tigate the impact of switch design on application perfor- architectural assumptions. The experimental results are an-
mance. Kumar and Bhuyan [9] were the first to study the alyzed in Section 4. Finally, section 5 concludes the paper.
performance of applications on wormhole routed networks
with virtual channels. They limit themselves to only three _ :
network parameters: number of VCs, number of flit buffers 2 A. 4-D Fr.amework for Input Queuing
per channel and number of links between the compute node ~ SWitch Design
and the router. Their results show that four VCs per input
port offers the best performance in most cases and that 2 A & x k switch should be able to receive messages fkom
to 4 flit buffers per channel are usually enough. Vaidya et input ports and route them #ooutput ports with minimum
al. [18] analyze the performance benefits of virtual channelsdelay. If conflicts at the output ports occur, those packets
and adaptive routing in 2-D meshes. They find that these en-that cannot pass should be buffered and transmitted later.
hancements reduce the network latency to varying degrees A straightforward design is to provide each input port
depending on the application and that the improvement onwith a first-in-first-out (FIFO) buffer. However, if the first
execution time is most of the time negligible. They con- packetin a buffer is blocked because of a conflict at the out-
clude that the raw latency of a switch is more important than put port, other packets behind it cannot be transmitted even
improvements meant to cut down the network contention if their intended output ports are idle. A common solution
and reduce blocking time of messages. Bhuyan et al. [1]to this head of line(HOL) problem is the implementation
compare four different switch architectures in MINs. The of virtual channels [4] within the input buffer. Still impor-
switches are different in switching technique, buffer length tant design issues remain. Specifically the switch architects
and virtual channels. The authors break down the messagenust decide:
latency per stages and show that, for large messages (replies
carrying cache line data), the delay at the network interface e How to allocate a VC for an incoming packet
(stage 0) is by far the most important. They trace this aspect e How to partition the buffer space among the VCs
to the burstiness nature of the communication pattern deter- e How to connect the multiple VCs from an input port to
mined by both the application behavior and memory data the crossbar
placement. e How to pick the channels that will use the output links
We do not want to repeat the experiments carried out by next cycle
these papers, but rather to address design decisions which
usually received little attention from the researchers: buffer  Fortunately, these issues are more or less orthogonal to
space allocation, VC allocation, intra-switch connectivity one another so we can deal with them separately. This al-
and link arbitration. Our goal is to determine to what extent lows us to build a four dimensional model for the input
such factors contribute to the message latency and, moreyueuing switch design space. We will classify the design
importantly, to the execution time of parallel applications. space according to the above four indices, namely virtual
The three previous studies mentioned above assumed &hannel allocation method, buffer space allocation scheme,
simple scalar processor model with blocking reads. This intra-switch connectivity to the crossbar and link arbitra-
model inherently limits the rate at which messages aretion policy. For better understanding, we first explore the
generated and injected into the network. We believe thatdesign space based on the first three indices, which we re-
this is a severe restriction which does not reflect the cur- fer to as input buffer management, and then add the fourth
rent processor technology and therefore might underesti-index (link arbitration) on top of the 3-D model.
mate the impact of network congestion on application ex-
ecution time. In contrast, our simulations are based on ap 1 3-D Model for Input Queuing Switch Design
detailed execution driven simulator with ILP processors,
RSIM [13]. We simulate state-of-the-art superscalar pro-
cessors with branch prediction, out-of-order speculative ex-
ecution, non-blocking reads and release consistency share
memory model. Analyzing the difference between a simu-
lator that assumes a simple processor model and RSIM w
find large discrepancies.
To summarize, the paper makes the following original
contributions:

Virtual channel allocation: Upon the arrival of a mes-
age at a switch, we have two ways to assign it to a vir-
al channel. In thetatic scheme, there is only one poten-

ial channel that a message can be allocated to. The chan-
el number is pre-determined based on the destination of

the message. Packets to the same output port will be given

the same channel number. Other channels can not be used

even if they are free. Thdynamicallocation scheme, on

. : : the other hand, does not have this restriction. Regardless

* Proposes a 4-D framework for input queuing switch of its destination, an incoming packet can occupy any vir-

deS|gq Fhat gives the taxonomy.of the d¢5|gn SPACE. 4 jal channel available. Obviously, static allocation has poor
* Quantifies the impact of four switch design choices on \jryal channel utilization. Moreover, the number of vir-

parallel application performance. tual channels associated with an input must be equal to the
e Identifies which of the four choices is of more impor- number of the output ports. In contrast, the dynamic alloca-

tance and under what circumstances. tion scheme has better virtual channel utilization and a sim-
e The analysis is carried out using a detailed execution pler routing mechanism. The number of virtual channels in

driven simulator with ILP processors. each input buffer does not depend on the number of output

ports. However, one potential problem with the dynamic
The rest of the paper is organized as follows: Section 2 allocation scheme is that, since a channel can be occupied
describes the four switch design choices that make the subby messages to any output, it is possible that all the virtual
ject of this paper. Section 3 describes our test-bed and othechannels are hogged by packets going to the same output



port. Consequently, it may obstruct the way of other mes- is on the X axis. The Y axis shows the intra-switch connec-
sages. To avoid this, a virtual channel restriction schemetivity to the crossbar. The buffer space allocation scheme is
has been proposed in [14] that prevents messages going tehown on the Z axis. There are eight possible combinations:

the same link from occupying all the virtual channels.

Buffer space allocation: The buffer space in each input 5 SASCSQ - Statically Allocated Singly Connected

port can be allocated in two ways. Either the buffer is di- with Separate Queud17] (see Figure 2(a)).

vided equally among the virtual channels or the entire buffer b. SASCC Statically Al d Sinaly C d

is shared by the channels as demandedeparate buffer v Q - Statically Allocated Singly Connecte

approach can be implemented as multiple dedicated small ~ With Combined Queue(see Figure 2(b)).

FIFOs corresponding to the virtual channels of an input ¢. SAFCSQ - Statically Allocated Fully Connected

block. The disadvantage is that the buffer for one small with Separate Queueg(see Figure 2(c)).

queue can be full while all the other small queues of the (. SAFCCQ - Statically Allocated Fully Connected

tS)affo\e Input p%rt can_dbe empt)ffl- !B_lFJtontff(ijSéC%nblnﬁd with Combined Queue[5] (see Figure 2(d)).
ufferapproach provides more flexibility and better utiliza- . .

tion of the buffer. The combined buffers are commonly im- e Escstgdsqth_ Szyg";‘;?éca"ye Alécé%alt:e_d rilrzlgéy Con-

plemented using linked lists. The circular buffer approach Wi P i Queug 'gu i (€))-

we proposed in [12] has simplified the hardware design. f. DASCCQ - Dynamically Allocated Singly Con-

Intra switch connectivity to the crossbar: From each in- nected with Combined Queug17] (see Figure 2(f)).

put of a switch, there can be either one or more paths con- g. DAFCSQ - Dynamically Allocated Fully Connected

nected to the crossbar, correspondingitmle connectedr with Separate Queug11] (see Figure 2(g)).

fully connectegwitches respectively. In the former case, at |, DAFCCQ - Dynamically Allocated Fully Con-

most one flit from each input port is allowed to be trans-
mitted to the output port at any given cycle. Packets to
other destinations from the same input port have to wait
even though their corresponding output ports are idle. With

nected with Combined Queud12] (see Figure 2(h)).

full connection, packets to different output ports could pass

through the crossbar simultaneously as long as conflicts P % “ ==

with packets from other inputs are resolved. Switches with g*’%% 3 gj% 34
single crossbar connection have less complexity. The input = | ==
block needs only one write port from the input link and one == |

read port to the crossbar input. The arbitration process for a ’E‘%i_l = %J, w
single connection switch usually takes two steps. First, one sascsg PP sscog
virtual channel from each input block is chosen to use the @ ®
connection to the crossbar. These winners participate in the — —_—
second step where contention for output links is resolved. = —===28 ’Jﬁ%

Since the first step of arbitration is done by each input block s == ims St
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nection works well in situations where the messages in var- ShesQ o
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Figure 2. Examples of switch architectures

In addition to the three factors discussed, another index
in the design space is crossbar arbitration policy. We will

Figure 1. 3-D model for switch architecture discuss this factor next.



2.2 Arbitration Policies for Shared Memory Op- Look-Ahead Arbitration The Look-Ahead(LA) arbi-
erations tration method [14] is intended to better distribute the
load among the links, and hence, to improve the network
In the following we briefly describe the link arbitration {hroughput and latency. The idea is to try to send flits
policies used in this evaluation. that will occupy unused links in the next router. To make
this possible the upstream switch must periodically “look-
ahead” and collect information about the link loads of the
Round Robin One of the most popular arbitration poli- downstream switch. The link load is defined as the num-
cies isRound Robin However, the disadvantage of this ber of channels that contend for a particular physical link.
method is that the network latency tends to be uniformly in- To minimize the hardware overhead this information is en-
creased for all the messages. To remedy this drawback theoded with just 2 bits. Thus, we can express 4 levels of
arbiter should give priority to the message that is currently load: 0, 1, 2 and more that 2. Links that have a load of
flowing out of the switch. When this message has drainedmore than 2 are considered as heavily loaded and from that
out completely, the simple Round Robin policy is resumed. perspective they fall into the same category. The link load
We will refer to this scheme aRound Robin - Keep Flow  bits can be easily passed back together with the credit flow
(RR-KF). A slightly modified variation of this scheme is information.
employed in the routers for the Cray T3E network [15].

First Come First Served In FCFSthe oldest worm has 3 Simulation Environment

priority. A possible implementation is the following: an

'age’ counter is associated with each VC. When a new  Our simulator is based on RSIM [13] which accurately
worm enters a VC, the 'age’ counter is set to 0. After- measures the contention at all subsystems. However, we
wards, the age is incremented at a programmable rate. Theompletely changed the network part to allow for a detailed
arbiter will prefer the worm with the highest age. The Spi- cycle by cycle simulation of the interconnect. The architec-
der chip [6] uses an 8-bit age counter to implement FCFS. ture we simulate is a shared memory machine with 16 nodes
However, their implementation differs from ours in that the connected by a»4 mesh like in Figure 3(a). Each node is
age is carried along by the worm and is not reset when thecomposed of a processor, two levels of cache, a memory
worm enters a new switch. module, a network interface and a switch (see Figure 3 (b)).

Shortest Message First From the process scheduling the-
ory we know that shortest-job-first achieves a very good re-
sponse time. The equivalent policy for arbitratiorsisort-

est Message FirdiSMF) which tries to promote the worms
with the fewest flits still to be transmitted, thus minimizing
the message latency. In a shared memory machine the short
packets are constituted by the memory requests and coher-
ence messages (invalidation requests and acknowledgments
for example).

A second advantage of the SMF policy is increased VC
availability. The traditional implementation of VCs allows
only one packet per VC. Even if there are free buffers, pack-
ets can block because all VCs are busy. SMF relieves this .
drawback by freeing VCs as fast as possible. However, the Ve simulate a state-of-the-art, 800 MHz, 4-way super-
method is not fair and, if special measures are not taken,Scalar processor with branch prediction, out-of-order spec-
starvation can occur. To the best of our knowledge this ar-ulative execution, non-blocking reads and release consis-

bitration method is not used in the current switches. tency shared memory model. The only simplifying assump-
tion we make is that instructions are considered to always

Priority Based In this arbitration policy each packet is hitin the I-cache of the processor. The instruction window
assigned a priority level. Packets with higher priority are of the processor has 64 entries and the functional units have

always selected first. When multiple packets have the samdaténcies similar to the UltraSPARC processor. _
priority, the FCFS method is used to break the tie. The memory modules are 4-way interleaved and are dis-

The basic idea of this arbitration scheme is to assign atfiPuted across the system in a round robin fashion at page
higher priority to requests that are critical [14]. In a CC- 9ranularity. The size of a page is 4 KB and the latency to
NUMA multiprocessor that employs release memory con- '€ad @ memory block is 48 processor cycles. The system
sistency models the latency of write operations can be hid-PUs is & 200 MHz split transaction bus with a width of 128
den to a large extent. On the other side, read operations ar?lts. All the other characteristics of our simulated architec-
more critical because the processors will soon stall in the {Ure are summarized in Table 1. The size of the L2 cache
absence of the desired data. Therefore, it is natural to givelS Smaller than one can find in today’s machines to account
priority to read operations over write operations. In our im- [0r the rather small problem size that we run.
plementation we use just two levels of priorities. Read re- _ 1he switch at each node has 4 input ports, 4 output ports
quests and read-modify-write (RMW) operations issued by @1d @ pair of local links (1 input, 1 output) for the commu-
the processor have priority 1. Write requests have priority nication with the processing unit. It uses wormhole routing

0. All the other consistency messages and replies inherit the2d has four VCs at each input port. The physical links be-
priority of the message they originated from. tween switches are considered to operate at processor fre-

Figure 3. Simulated architecture



Switch parameters

Cache parameters

4 Results

flit size 8 bytes L1 size 16 K

'S'Cv'féﬁdézlay izbggscles H ﬁféﬁﬁy i‘é@’cle The goal of this section is to determine the impact of the
wire delay T pcycle [2size 128K four switch parameters on application performance and to
routing delay | 4 pcycles || L2 assoc. | 4 way find out the circumstances under which their role becomes
routing alg. | X-Y L2Tatency | 8 pcycles pipelined more prominent.

VCs 4 perinput || Tine size 64 bytes

switch cycle | 4 pcycles write policy | write back

4.1 Effect of Input Buffer Management

Table 1. Default architectural parameters Figure 4 presents the network latency and normalized

execution times for different applications. The factor that
affects the most execution time of applications is the VC
Thus, aswitch cycleis four times the wire cycle. Every We observe improvements ranging from 3% (NBF) to 28%
packet is divided in flits of 64 bits each. Because the width (EM3D) (SASCSQ vs. DASCSQ). These improvements are
of the links is only 16 bits, a flit is further divided in four ~consistent irrespective of the buffer size. The bad perfor-
phits Hence, the transmission of a flit is achieved by four mance of statically allocated VC method is due to a poor
consecutive phit transfers. The arbitration is performed at VC utilization. This factor is amplified at the nodes found
flit level, every switch cycle. The pin-to-pin flit delay is 3 at the corners of the mesh which have a reduced number of
switch cycles. One cycle is needed to read the flit from the Neighbors. This implies a reduced number of possible desti-
reception buffers into the core, one is needed for arbitrationnations and therefore a reduced number of worms per input
and routing and another one is needed to send the flit to the?Ort. A similar situation arises when most of the worms
transmission buffers. This model is similar to the one used travel in one direction (as in the case of a hot-spot): a worm
in the Spider chip except that we eliminated the need for iS forced to wait for the previous worm to completely leave
synchronization. The total size of the buffer at each input the VC before it can move to that input port. The switch de-
port is varied between 16 and 64 flits. The packets pushed@y also plays a role. For better understanding let's assume
into the network have two different sizes: 10 flits if the carry @ hypothetical scenario where all messages enter a switch
a cache line and only 2 flits otherwise. through port 0 and leave the switch through port 1. Because
As benchmarks we use six applications: FFT, RADIX all the messages are destined to the same output port they

will want to occupy the same VC in the switch. Hence,
MATMUL, FWA' EM3D andll;lBF. FET computes the 1- only one message can be present at any given time in the
D Fast Fourier Transform af*® complex points. RADIX  innyt puffer of port 0. Suppose that the last few flits from

sorts 2'® integers using the radix sort algorithm. These message A are currently in the input port. After message
two applications are taken from the SPLASH-2 benchmark A drains completely out of the switch message B can enter.
suite [19]. MATMUL is a small kernel which does the mul-  However, before the header of message B can go to the next
tlpllcatlon of two 128x128 matrlC_eS. FWA Computes the switch, a time equa| to switch de|ay must e|apse_ Mean-
shortest path between any two points in a 128 node directedyhile the output link 1 is not utilized. So, not only the la-
graph and is based on the well known Floyd-Warshall al- tency is increased, but also the throughput becomes worse.
gorithm. EM3D [3] models the propagation of electromag- These effects are expected to be lower when the switch de-
netic waves through objects in three dimension. It operatesjay js smaller. Indeed, when we decreased the switch delay
on a bipartite graph with 2048 nodes, 20% of which are to'1 switch cycle the advantage of having dynamically al-
local. NBF (the Non-Bonded-Force kernel) is a molecu- |gcated VC shrank from 11% to 8% for FFT, from 12% to
lar dynamics simulation taken from the GROMOS bench- 109% for RADIX and from 25% to 16% for EM3D. The re-
mark [7]. Its computational structure resembles the non- gy|ts reported above are for a single connected switch with
bonded force calculation in CHARMM which is a well- separate queues (buffer size is 64 flits).
!(nOWn molecular dynamlCS code. The number of molecules The gains of the buffer space allocation scheme are heav-
is 16386. ily dependent on the total buffer size. Using combined
Other relevant characteristics of the applications are queues improves the execution time by 2-7% for small
shown in Table 2. To keep the simulation time within rea- buffers (16 entries, SASCSQ vs. SASCCQ), but has no
sonable limits the problem sizes that we run are rather small.effect when buffers are fairly large (64 entries). Also, the
improvement derived from combined queues reduces if the

Table 2. Characteristics of applications

switch already employs dynamically allocated VCs. How-

Apﬁ"ca“o” Read /W”tet Qvera'{ '}'.ﬁtW;?rk ever, it is interesting to observe that small combined buffers
e 1000y ] (percent) | (percent) are able to achieve the same level of performance as large
FFT 64748 75 25.0 split buffers. y :

RADIX 54799 11T 26.8 Intra-switch connectivity plays a lesser role with respect
MATMUL 2074 0.53 12.1 to application performance especially when the buffers are
FWA 2213 0.34 7.0 small (3% for FFT, 2% for EM3D, negligible for others).

E,\’}"B3FD ig; ;gg 123-2124 ‘59-12 Nevertheless, its role increases when VC are allocated dy-

namically or when input queues are either large or com-
bined (3% for RADIX, 5% for EM3D). In such situations
intra-switch connectivity becomes the second factor as im-
portance.
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As we can see from Figure 5, arbitration alone can im-
Figure 4. Impact of input buffer management on prove the execution time by as much as 5%. Of all arbi-
application performance tration policies, RR-KF has the worst performance. This is

not surprising. Itis already known that FCFS behaves better
that RR because it tends to send flits from channels that are
full. SMF turns out to be one of the best arbitration poli-
) . cies. The explanation resides in the fact that the buffer size
There is a good correlation between the average mesy32 flits) is rather large when compared to the message sizes
sage latency and application execution time as one closely2 and 10 flits). In this situation the messages usually stall
follows the trend of the other. However, the influence of not because of lack of buffers, but because of lack of free
message latency on execution time varies across the appliyirtual channels. SMF accelerates the process of freeing
cations. For example a 40% reduction in message latencyirtual channels and thus generates fewer stalls.
for EM3D (SASCSQ vs. DAFCCQ, 16 flit buffer) trans- LA policy shows a lesser improvement when compared
lates in a 35% improvementin execution time, while a huge 1o SMF. This is because SMF is more oriented towards la-
50% message latency reduction for RADIX corresponds to tency reduction while LA strives to conserve bandwidth by
only 20% improvement in execution time. Of course this iS 3 petter distribution of the link loads. This makes LA an
a direct consequence of the nature of the application: appli-attractive policy when the network is very congested. Such
from network improvements. where the memories are stressed with a large number of re-
We mentioned in Section 1 that a simple simulator which quests.
assumes simple scalar processors with blocking reads might The Priority arbitration policy, even though simple inim-
generate low levels of traffic and therefore underestimateplementation, achieves a moderate improvement: about 3%
the importance of switch parameters. To verify this hypoth- in FFT, RADIX and EM3D. One interesting remark about
esis we forced our simulator to fetch only one instruction priority based arbitration is that the average message latency
per cycle. Also, we disabled the ability to have several out- is larger that in any other policy. The explanation is that
standing misses (a hit under miss is allowed though). We priority based arbitration accelerates urgent messages while
found that such a simple simulator is conducive to large delaying the less critical packets (write operations mainly).
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simulations. On the other hand, for low input traffic rates
these discrepancies completely disappear since the design
issues explored in this paper are aimed only at alleviating
the negative effects of network congestion. It follows that
the synthetic workload simulations give us a good quali-
tative appraisal of the various switch parameters, but fail
to give a quantitative one. We can estimate which archi-
hich i ducive to a hiah wwork lat ytect.ural improvement is better, but not by how much. The
which Is conducive 1o a nigh average network latency. main reason is because in synthetic workload simulations a
Because all these three policies, LA, Priority, SMF ¢,hqamental parameter is the input traffic rate. We cannot
proved to be good in one respect or another we combinedygiapish an appropriate value for this parameter unless we
them in one powerful method: LA-PRI-SMF. This new pol- ;o mine each application. Even so the results can be mis-
icy is expected to perform as good as any of its componentSe, ding "For example the average input traffic rate generated
in any situation. Indeed, in our experiments it succeeds oy, o, znplications varies between 10% and 50%. For these
outperformall the other policies for all the applications con- g\ a5 the synthetic workload simulations show no differ-
sidered. . ence between various switch designs. Nevertheless, the ex-
_When there are more worms in the network the ar- ¢c sion driven simulations contradict this assertion. The ex-
bitration is expected to have a greater impact on perfor- j o aiinn is simple: the traffic pattern of applications is usu-
mance simply because for each link there are more op-g)1y hyrsty. While the average traffic rate is modest, there
tions (more worms) to choose from. To verify this assertion are moments when the network is flooded with messages.
we increased the number of miss status holding registersygpending on the weight of these intensive communication
(MSHR) [8] at each cache from 8 to 64. Thus, each proces-jhaqas “switch design parameters can make a smaller or a
sor can now have up to eighttimes more outstanding missesq eter impact on application performance. A second fac-

Our results (not presented here for lack of space) show thaq, ig the size of the messages. In CC-NUMA machines we
under these circumstances arbitration can improve the exeyaa| with 3 types of messages: requests, which are usually
cution time by as much as 119%. N short, replies which are usually large and coherence mes-
Arbitration can reduce only part of the blocking time of g5465 which can be either short or large. It is very hard to
messages thro“%h a bhetter sclhedullng fOf mejss(rs]lgesh HOWsmylate the right mixture of messages in synthetic workload
;-Jver, It cannot a” ect the raw aﬁencyho e:]swnc b T e_re;] simulations. A third impediment is the non-uniformity of
ore, it Is naturally to assume that, the shorter the SWICh yq tratfic generated by applications. Such non-uniformities
delay, the better the relative improvement of the arbitration. .44 create temporary hot-spots in different parts of the

This hypothesis is supported by our experiments. When thepgqyork, hot-spots which are very difficult to be captured
switch delay is reduced to just two network cycles (down by synthetic workload simulations.

from three) arbitration can reduce the execution time by an
additional 1-2%.

Figure 6. Impact of input buffer management on
synthetic workload

Therefore, write messages experience a fairly large latenc

4.4 Summary of Experiments

4.3 Comparison with Synthetic Workload Simu-

- In thi ion we would lik mmariz r exper-
lations this section we would like to su arize our expe

imental observations in the form of a set of recommenda-
) . tions.

In Section 1 we suggested that extrapolating the results  Given that the switch under investigation follows the tra-
of synthetic workload simulation to real life applications is  ditional implementation of virtual channels which allows a
a very difficult task. To verify this hypothesis, we examined TSVF arbitat — oert 0 theti load

; ; ; i arbitration policy does not perform well for synthetic workloa

the performance of various SWItCh deSIQnS under a Synthetl due to the fact that all messages have same length. Also, LA arbitration
cally generated workload. In this case the destination of thegjicy performs much better in synthetic workload simulations than in ex-
packets is randomly determined and their length is 10 flits. ecution driven simulations.




single message per VC, our results suggest that dynamicallymportance of these four switch parameters analyzed in this
VC allocation is a must. It provides very good improve- paper is also expected to grow.

ments and incurs little implementation complexity. If the
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