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Abstract TCPIIP.
For large packets, Giganet cLAN laten-

Previous studies have shown signifties are about 2.7 times faster than corre-
cant performance advantages in using Visponding M-VIA latencies. However, for
tual Interface Architecture (VIA) instead osmall packets, cLAN latencies are only
TCP/IP for handling network communicaabout 1.04 times faster than corresponding
tion in the structured distributed sharedV-VIA latencies, indicating that the current
memory system, PastSet. With the availabseftware design and implementation does
ity of network hardware that supports VIAnot fully benefit from the improved perfor-
we wish to examine whether, and to what esaance of Giganet cLAN over Fast Ethernet.
tend, an available hardware supported VI&urther experiments demonstrate that sig-
implementation outperforms the softwaretficantly improved small-packet latencies
only implementation for PastSet DSM. Ton cLAN are possible, and may be achieved
do this, PastSet has been ported to twbrough a software redesign carefully con-
VIA implementations: M-VIA, which is asidering the use of polling versus interrupts.
software implementation that we use on a
100 Mbit Fast Ethernet, and Giganet cLAN,
Whi(?h uses dedi_cated VIA hardware. The |ntroduction
two implementations are tested, and perfor-

mance results are compared with the réfhe |atency and bandwidth performance of
erence TCP/IP implementation on the 109 pistributed Shared Memory (DSM) sys-
Mbit Fast Ethernet. tem depends on the performance and inter-
For the experiment setups used, M-VIAction of the DSM and the underlying net-
latencies are between 1.1 and 2.6 timegrk subsystems. The key challenge [8]
faster than corresponding latencies using to preserve the performance characteris-



tics of the physical network (bandwidth, laelement. A synchronization mechanism is
tency, QoS) while making effective use ahcluded in the memory model, and a syn-
host resources. Network bandwidths and leRronization criterion may be set for each
tencies are constantly improving. Unfortuelement. Operations are provided to set
nately, applications have not been able gynchronization criteria.

take full advantage of these performance All PastSet operations are blocking. The

improvements due to the interactions of laypastSet memory model complies with se-
ers of user and kernel level software. Buential consistency.

detailed breakdown of hardware and soft- For this paper, the PastSet operation

ware costs of remote memory operationgye is used in determining PastSet laten-
Architecture (VIA) was developed to siggopies the content of the tuple into a spec-
nificantly reduce the software overhead bgieq element in DSM maintaining tuple
tween a high performance CPU/memoryder and synchronization criterion. The
subsystem and a high performance netwolsy e operation blocks in the sense that it
In this paper, we study the latency anfbtyrns only after confirmation has been re-
bandwidth performance of PastSet DSM Uggived from the PastSet server that the op-
ing either M-VIA[10], a software VIA im- eration is completed.
plementation for Linux; Giganet cLAN[9], The design, applicability, and perfor-

a VIA implementation with hardware VIA 11 ce of pastSet DSM is demonstrated in
support; or TCP/IP. The paper briefly dq—l] and [12].

scribes the functionality of PastSet, the or-
o . ) . The synchronous nature of PastSet oper-
ganization of the implementation, the inter-

actions between PastSet components, aant'c? ns implies that each operation request

the VIA implementations. Experimen{eqUIreS a reply message with the resqlt of
, : . . he operation before the client may continue
configurations with micro-benchmarks and

. : ) execution; consequently, two messages are
metrics are described before presenting anid q y 9

: required for each remote operation.
analyzing benchmark results. .
The version of the PastSet server used
for the experiments reported on in this pa-
2 Implementing the PastSet per creates a new thread for each new client
Server and Application Li- connection. Each thread is exclusively re-
brary sponsible for servicing it's associated con-
nection. The threads loop, reading re-
PastSet is a structured distributed shar@dests, performing operations on behalf of
memory system. PastSet memory objedfe client and returning results to the caller.
are tuples. Operations exist to create tu-This is a simple approach, with low over-
ples, copy tuples to DSM, and read tuples heead for a small number of connections.
DSM. The DSM is structured in that tupleslowever, the single-thread-per-connection
are organized in disjoint elements, and thapproach is not well suited for multi-
an ordering of tuples is maintained withithreaded clients where several client threads
each element. Operations exist to create alay need to share the same connection. We
ements and define ordering criteria for eattave developed alternatives to using a sin-



gle thread per connection, but we will nanemory, and then from kernel memory to
report on these in this paper. the user level application memory.

2.1 TCP/IP implementation 2.3 cLAN implementation

When a PastSet operation requests noffith hardware support, VIA is intended
local data, the operation and its parami? enable applications to send and receive
the remote PastSet server, and the callef{@PPing to the operating system kernel,
blocked awaiting the reply from the Pastsdte kernel is basically only involved in set-
server. ting up and tearing down connections, and
All connections disable the Nagle algd! Other book-keeping tasks. In particular,

fithm to ensure that even small data packdf€ incoming data is directly written to the
are sent immediately. user level application memory.
The PastSet server and the application

library using hardware supported VIA are
22 M-VIA implementation otherwise basically identical to the one us-
... Ing M-VIA. In particular, blocking calls are
The PastSe_t server and th? application L"sed doing a little spinning to check if data
brary were implemented using the M-VIA . )
) . already have arrived before doing the actual
1.0 [10] implementation of the VIA API. By lockin

: . g.
using the message passing model of VIR,
we got a simple port from the TCP/IP im-
plementation. The alternative, using remo® Methodology and Experiment
DMA, is complicated by the way PastSet Design
operations can manipulate and address Past-

Set distributed shared memory. This section describes the hardware and

The PastSet server and the application §eftware details of the experiments, how the
brary use blocking calls to M-VIA in ordertiming measurements were done, the micro-
to reduce the processor usage. M-VIA firelenchmarks, and the metrics used.
check to see if the data already has arrived.
If not, a block is done.

The 100Mbit network interface cards
(NICs) we used do not support the "dooAll experiments reported on in this pa-
bell* mechanism of the VIA. Instead, this iper were done using two HP LX-Pro Net-
done in software in M-VIA, making traps taservers, each having four 166MHz Pentium
the Linux kernel necessary. Pro CPUs. Each computer had 128MB

The tuples that are used by the micnmain-memory, and dual peer 33MHz, 32 bit
benchmarks we use are allocated in paR€l buses. The level 2 cache size is 1IMB
of the memory that are registered with thger processor.

M-VIA NICs in order to reduce copying on For the experiments, the computers were
send and receive. However, M-VIA firsinterconnected using either Giganet cLAN
copies the data from the NIC to kernel levdl.25Gb/s [9] or Trendnet TE100-PCIA

3.1 Hardware and Software



(DEC Tulip 21143 chip set) 100 Mb/s net- for (i = 0; i < 1000; i++) {
work interface cards (NIC) connected to a save_ti mestanp;
hub. Both NICs were on PCI bus no. 0 on mv();
each server. In addition, a 100VG 100Mb/s } _
NIC, also on PCI bus no. 0, was used to Save_timestanp;
connect to the local area network of the De-
partment of Computer Science. Thi_s nef:igure 1: Thatove latency (Mvlat) bench-
work was used to manage the experimens; ik
and the servers.
Linux v. 2.2.14 with PastSet functlonalzl_he client process running the benchmark

ity added t.o.the.ker.nel was mstqlled on eacr}]d the PastSet server are on two different
node participating in the experiments.

. . ) computers.
used M-VIA version 1.0 with a minor patch To determine the effect of using blocking
to the connection management. o o
Vs. spinning when waiting for data, we used

We compiled M-VIA, cLAN, the PaStsetthe vnett est micro benchmark taken

Server, the PastSet Kernel, the PastSet 'Afpdm the M-VIA 1.0 distribution. This mi-
plication Library, the Linux operating sys- ) '

: ro benchmark is a low level roundtrip ping-
tem, and the benchmarks using egcs 1'1'%ong of data. We modifiednet t est so

Default compiler flags were used for MWe could choose to use either blocking or
VIA, cLAN, The PastSet Server, the PastSet. . . 9
inning when waiting for data.

Kernel, and the Linux operating system. \/\FeD . .
used the optimization flags 06 - mi86 To determine the effect of the underlying

i umos=2 -mmal i anl cops=2 - network technology, each micro benchmark
m unps= : 9 " PS> used TCP/IP, software supported VIA (M-
mal i gnf uncti ons=2." for the bench-

. VIA), and hardware supported VIA (Gi-
marks and the PastSet library. ) PP (
: .ganet cLan).
Because we experienced problems wi . .
. Data size for the messages was varied
M-VIA when using four processors, we re;

. ) from one to 31KB. The elapsed time for

designed the experiments to use only o 6 - .

rocessor per server, and we recompiled t e00 transmissions is measured for each
b! P ’ : P acket size and then divided by 2000 to get
Linux kernel to run as a single process [
svstem e average latency of a message from ad-
y ' dress space to address space. We repeated
each run of 1000 transmissions five times.

32 Microbenchmarksand Métrics  when doing the performance measure-

To measure the latency of the PastSet opBieNts each node supported no other work-

ations, we used several micro benchmar#@2d except for the operating system and its

In this paper we will only report on thevarious artifacts.
move latency, that is, the time to invoke All necessary initializations were done

complete and return from aove opera- before starting time- or cycle measure-

tion. The nove operation blocks whenMents.
waiting for an acknowledgement message
from PastSet.

The client process callsove operations.



3.3 Time Measurements 10000
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The Intel Pentium Pro RDTSC (read time-
stamp counter) instruction and the Linux
gettimeofday(yystem call were used to de-
termine PastSet operation latencies.

Using RDTSC, as in [6], the cycle count:
was recorded for everyrove operation.
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Elapsed time in microseconds was calcu- 1 fo oo o M900 10000 100000
lated by dividing the registered cycle count
by the specified processor frequency of 166 (a) latency

MHz. We did not verify the actual fre-
quency of each individual computer, leav-5 s, S
ing open the possibility that the computeds move with M-VIA (Dlocking) - -~ ——
time may deviate slightly, but consistently,z **
from the performance measured in cycles s
spent. Care was taken to avoid poten-gz 100
tial problems with register overwrites and s / _____ R I Mt e
counter overflow. 50 ,A/V_f__.»‘

The gettimeofday(system call was used

Bandwid
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for aggregate measurements over many op- Tuple size in bytes
eration calls. Checks were made to ensure _
that RDTSC andgettimeofday()measure- (b) bandwith

ments were consistent.

Cache effects are not eliminated, bllftigu_re 2: The Mvlat benchmark results: op-
measurements are averaged over five riif&tion latency and bandwidth of the Past-
of one-thousand iterations each, and RSOV operation
other workload is present.

faster than TCP/IP for 31 KB tuples. For
one byte tuples, the difference between us-
ing M-VIA and TCP/IP is 152 microsec-
onds, while at 31KB the difference is 330
microseconds.
Figure 2 showsrove latencies and band- cLan performs slightly better than M-
width for intra-node communication using/IA on small tuple sizes (about 1.04 times
TCP/IP, M-VIA and cLan. Tuple sizes ardaster than M-VIA). At larger tuple sizes,
varied from one byte to 31KB. The bandthe performance of cLan is 2.7 times faster
with is computed from the latency sincéhan M-VIA and 3 times faster than TCP/IP.
PastSet requires one operation to completeThe observed bandwith using M-VIA is
before the next can be initiated. about 70 percent of the potential 100 Mbit/s
For small tuple sizesrove latency us- that the hardware can support, while using
ing M-VIA is about 2.6 times faster tharcLan we achieve about 18 percent of the po-
TCP/IP. M-VIA latency is about 1.1 timedential 1.25 Gbit/s.

4 Micro-benchmark Results

4.1 MovelL atency Results



Most of the performance improvement ahere is little difference in latency be-
M-VIA over TCP/IP comes from the im-tween spinning and blocking communica-
plementation drawing advantage of locdéilon when using M-VIA, resulting in the
network properties. M-VIA skips ethernegraphs overlapping in the figure. This ef-
checksums (done in hardware) and handlest comes from the fact that the software
much of the protocol in the interrupt handlevl-VIA implementation has to handle inter-
while TCP/IP has to send the data throughpts and protocol implementation both for
several layers and compute checksums faolling and blocking operations.
ethernet frames, IP headers and TCP pack-The extra overhead from the kernel traps
ets. M-VIA also uses faster traps to the kefup to 2 ioctl calls per send or receive oper-
nel than TCP/IP. ation) are overlapped with the pysical trans-

The performance advantage with cLan maission of data. This might hurt the per-
first visible at larger tuple sizes where thisrmance of M-VIA during high load from
higher bandwith (1.25 Gbit vs 100 Mbitmultiple clients.
becomes more important. At smaller packet Using polling on cLAN gives a clear ad-
sizes, the benefit from hardware supportigéintage, reducing the latency with 20-30
masked by the overhead in the managemenicroseconds over all tested packet sizes
of the blocking calls. As such, the cureompared to the blocking version.
rent PastSet implementation does not show
much of a performance benefit due to the

hardware implementation of VIA. 43 Implications for PastSet imple-

mentation

4.2 Latencies of Polling and Blocking For small tuple sizes the latency of Past-
M essage Passing Set move operations is about 100 microsec-

) ) onds. Using spinning on cLan achieves a
Figure 3 shows message passing Iatenc&ﬁrce_way latency improvement of 20-30 mi-

of cLan and M-VIA measured with vnettest,qseconds as compared to blocking. This
using spinning (polling) and blocking VIAyrang|ates into a potential move latency im-

calls. provement of 40-60 microseconds.
8 10000 : Achieving this requires modifications to
g EMM\C{ILATEngII%iEgg T o the PastSet server and application library.
8 i S The use of spinning must be carefully ap-
< o plied due to its CPU usage[7].
% 100¢ o L;/ﬂ\/ < :
;. e | 5 Related work
g ] ]

loz_>~7/;77</>7_; o o . )
1 10 100 1000 10000 100000  How to reduce waiting costs in user-level

Packet size in bytes
' communication has been reported on in sev-
Figure 3: One-way latency over cLAN an@ral papers, including [7]. This paper de-
M-VIA measured with vnettest scribes a mechanism for reducing the cost
of waiting for messages in architectures that
For basic ping-pong communicatiomllow user-level communication libraries.



They document how blocking and spinning  hardware supported VIA is a gigabit
can affect the performance, and correlates network versus the megabit network
well with our results. used by the software M-VIA

VIA is currently being introduced for
various message passing sub-systems. Sys- ' < . L
tems that are based on the p4[5] communi- nlflcantly_ from using spinning instead
cation library are candidates for porting to of _bl_ockmg when waiting for dgta._
the VIA API, e.g. the M-VIA team have Thls_ is because the cost of blocking is
ported MPICH to use M-VIA instead. Dis-  avoided
tributed shared memory systems which usess Software supported M-VIA does not
VIA includes the page based HLRC DSM  penefit significantly from using spin-
system [11]. ning instead of blocking. This is be-

Work on building DSM systems ontop of  cause the protocol implies several traps
user level communication libraries includes g the kernel per data transfer, and this
the Virtual Memory Mapped Communica- s much more expensive than the bene-
tion system, VMMC [4]. fit coming from spinning

The Orca object based DSM system
has an associated communication library,® BY using spinning and hardware sup-
PANDA, which also provides a high per-  Pported VIA, the PastSet move latency
formance communication system that runs may be cut in half. However, care-
on Myrinet. PANDA is specifically de-  fully combining spinning and blocking

signed for Orca which is highly dependent ~S€ems to be needed to benefit from gi-
on multicast[2]. gabit networks with hardware support

for VIA while at the same time not us-
ing too much processor cycles

Hardware supported VIA benefits sig-

6 Conclusions
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