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number of underutilised 64 bit and 32 bit compute

nodes. Harnessinfis compute capability hasvadys
INTRODUCTION been problematic and theaiability of another mes-

sage passing library offers flexibility and a migration

The CSN (Computing Surface Networkpasva mes- path for lgacy parallelised programs.

sage passing library designed and implemented by
Meiko Scientific for use on the CS1 and CS2 series of RELATED WORK

supercomputers which it mametured in the early

1990s. TheCSN library is interesting as it is poten- The CSN is a message passing library whichs w
tially lightweight and requiring f& operating system designed to allw the various heterogeneous proces-
services. The Meik CSN library was implemented sors in a supercomputer to interchange data. ald w
both on UNIX workstations andk&emely lean micro- designed and implemented at Meikcientific in the
kernel systems.The library interface consists of nine  late 1980s for use on their supercomputers. The CSN
core functions which prxaded non blocking and was dmilar to PVM.

blocking communication mechanism3¥he CS1 and

CS2 Series Of Supercomputers enthd) a MIMD Paa”el Virtual MaChine [Geist, 1994] as Origina”y
architecture from between 2 and 1024 compute nodes. developed at the Unersity of Tennessee, Oak Ridge
The compute nodes varied in specification and ranged National Laboratory and Emory Umsity in 1989.
from T400 [Inmos, 1984], T800 [Inmos, 1988a; PVM is a software package which enables a variety of
Inmos, 1988h], i860  [Intel, 1992] and heterogeneous computers runningaaious operating
SFARC [Sparc International, 1992] based systems. Systems toxchange data. In effect it provided the in-
Typically a potentially parallel application wawidied frastructure necessary to implement grid computing.
into m distinct components and n common compo-
nents. Eacltomponent wuld be built separately and
the programmer would assign tharwus binaries to
the compute resourcegaiable via a lild program or

a ecification file.

The CSN slightly predates PVM and piges a sim-
pler communication APl. PVM provides facilities for
fault tolerance, the CSN did not. The CSN\pdes
support for both blocking and non blocking transmits
and receies whereas PVM allows non blocking and

This paradigm is wrth revisiting as commodity archi-  blocking receres kut only blocking transmits.
tecture nw available has very similar characteristic’

to that of the CS1 series in the early 199Ba exam-

ple the Cell processor used in the PlayStation 3 has a
64 bit processing element and eight 32 bit processing
elements andwerall the Cell can be vieed as haing

a MIMD architectural model with SIMD on the indi-
vidual processing elementdrrespectve d the Cell
architecture man computing departments va a

The simplicity of the CSN API together with the abil-
ity to handle non blocking transmits and reesi
male it atractive. It is well suited for use on aewvy
fast, reliable and isolated local area network rather
than in a grid computing scenariddditionally the
CSN is an attracte message passing interface to
emplogy when implementing a parallel algorithm on a
modern multi core machine.



APPROACH

The approach to be tak in this work is to implement
the CSN using aariety of programming languages.
Python is to be used to parse the specification file,
allocate processes to processors and initiedeugion

of a process on a remote process@NU Mod-
ula-2 [Mulley, 2006a] is to be used to implement the
CSN library GNU Modula-2 will utilise the portable
GNU Pthreads [Engelschall, 2005] via its coroutine
library [Mulley, 2006b]. GNUC will be used to inter
face between GNU Modula-2 and various library rou-
tines under GNU/Linux.

An important aspect of the work is that it should be
free [Stallman, 2001] as defined by the Free Saritw
Foundation. Theohvious advantages are magnified in
an academic etfronment where code can be studied,
pulled apart, re-implemented and imped by du-
dents.

OVERVIEW OF THE CSN

One of the Ry prerequisites to high performance is to
overlap input/output with computationAn interpro-
cess communication mechanisnust be able to sup-
port non blocking network data transfétor this rea-
son the normadocket paradigm (client/server) is at a
large performance disadmtage. Thdeatures of the
CSN interprocess communication library which mak
it attractive when designing a high performance paral-
lel system are:

« itis a transport lgel interface,
« it provides blocking transmits and rewes,
< non blocking transmits and reves

e and multiple simultaneous non blocking
receves and transmits.

The core CSN functions prototypes are presented in
figure 1.

Initially an application must createTaansport via
Open. Any process wishing to transmit data must
firstly lookup the receers transport netid using
LookupName and comersely a program wishing to
receve data must rgister a transport usinBegi s-
ter Nanme. A process may nmotransmit data either by
call to Tx which will return once data has been
receved by another processAlternatively it may call
TxNb which starts transmitting data and immediately
returns allowing the caller toverlap processing act

ity with the transmissionEach call toTxNo must be

accompanied hyat least, one call torest which
returns a status to indicate that this transmission has
completed.

SIMPLE CSN EXAMPLE

The procedure shen in figure 2 transmits a string
Hel | o worl d to the sink procedure shown in figure
3. TheSour ce procedure needs to lookup tBenk
transport Net | d before the transmission can ¢ak
place. Thetransmission and reception in botkam-
ples are blocking. Internally within the CSN a block-
ing Tx andRx is built from their non blocking coun-
terparts followed by a blocking call toest. The
LookupName andRegi st er Nane also sere to ensure
that a transmit does not occur until the recipients
transport has been initialised.

CSN FILTER EXAMPLE

The filter &kample utilises a combination of blocking
and non blocking transmits and reasi. Thefilter
application is bro&n into a three stage pipeline of pro-
cesses, a source, filter and sink. The source and sink
processes are very similar to the simple example, b
operate with a larger buffer size.

The filter procedure is shown in figure 4 and figure 5.
If the constantvaxFi | t er Buf f ers were set to tw
then the filter process fettively implements double
buffering by initiating a non blocking reeei & the
same time as filtering the pieus packetrenset ).
The performance results shown in table 1 were
obtained when thevaxFilterBuffers was «t to
one, two and four.

DESIGN

The free implementation of CSN uses GNU Pthreads
which are non preempt and it also uses GNU/Linux
soclets which are blockinglt uses the GNU Mod-
ula-2 coroutine library [Mullg 2006b] to ensure that
before an input/output system call isvoked it will

not block.

The implementation exploits iRpensve treads. A
call toOpen allocates a recegr thread on thigr ans-
port. This thread behas s a ®rver in traditional
soclet programming »cept that it creates a we
thread ¢ xWor ker Thr ead) for each incoming accept
and these threads read data from a remotk. Each
new thread is associated with thet I d of the trans-
port sending the data and each calRtob creates an
incoming descriptorr(xdesc) which is placed onto
the data structure identifying the transport, thread and
incoming packetr(et i dThr ead). Oncethe receie is



PROCEDURE Open (VAR t: Transport) : CsnStatus ;
PROCEDURE Cl ose (VAR t: Transport) : CsnStatus ;
PROCEDURE Regi sterNanme (t: Transport; name: ARRAY OF CHAR) : CsnStatus ;

PROCEDURE LookupNane (VAR n: Netld; name: ARRAY OF CHAR) : CsnStatus ;

PROCEDURE Tx (t: Transport; n: Netld; a: ADDRESS; |: CARDINAL) : CsnStatus ;
PROCEDURE Rx (t: Transport; VAR n: Netld; a: ADDRESS; |: CARDI NAL;

VAR Act ual Recei ved: CARDINAL) : CsnStatus ;
PROCEDURE TxNb (t: Transport; n: Netld; a: ADDRESS; |: CARDI NAL) : CsnStatus ;
PROCEDURE RxNb (t: Transport; a: ADDRESS; |: CARDI NAL;

VAR Act ual Recei ved: CARDINAL) : CsnStatus ;

PROCEDURE Test (t: Transport; flags: CsnFlags; tineout: CARDI NAL;
VAR n: Netld; VAR a: ADDRESS; VAR s: CsnStatus) : CsnStatus ;
Figure 1: The core CSN prototypes.

PROCEDURE Source ;
VAR
t pt : Transport
sinkld: Netld ;
buffer: ARRAY [0..12] OF CHAR ;
BEG N
Assert (csn. Open(tpt) = CsnCk) ;
Assert (csn. LookupNanme (sinkld, 'sink’) = CsnCk) ;
StrCopy('Hello world’, buffer)
Assert(csn. Tx(tpt, sinkld, ADR(buffer), StrLen(buffer)+1l) = Csnk)
END Source ;

Figure 2: Procedure to transmit hello world

PRCCEDURE Si nk ;
VAR
t pt . Transport ;
actual : CARDI NAL ;
netid : Netld ;
buffer: ARRAY [0..12] OF CHAR ;
r . I NTEGER ;
BEG N
Assert (csn. Open(tpt) = CsnCk) ;
(* we register our transport *)
Assert(csn. Regi sterName(tpt, 'sink’) = Csn(k)
netid := Null Netld ;
Assert (Rx(tpt, netid, ADR(buffer), H CGH(buffer)+1l, actual) = CsnCk) ;
r :=printf(’sink received string: %\n', buffer)
END Sink ;

Figure 3: Procedure to regeitello world

complete the thread remss the descriptor from the appropriater xdesc, or it will result in the caller
neti dThread and places it onto the transports blocking on the transport until thexWér ker Thr ead

doneQ Thus when the recahg application calls releases it.
Test thedoneQis searched and the appropriatd-v _ _
ues are returnedA blocking call to Bst will either Corversely a call toTxNb results in the creation of a

return immediately if thedoneQ contained the txdesc and it also checks to see that thexests a
t x\Wor ker Thr ead which will transmit data from this



PROCEDURE Filter ;

VAR
t pt Transport ;
netid,
sinkl d Netld ;
si nk CARDI NAL ;
buf f er . ADDRESS ;
r . I NTEGER ;
i, actual: CARDI NAL ;
BEG N

Assert(csn. Open(tpt) = CsnCk)
Assert (csn. Regi sterName (tpt,
Assert (csn. LookupNanme (sinkld, 'sink’)
FOR i := 0 TO MaxFilterBuffers DO
ALLOCATE( buf fer, BytesToBeSent) ;
Assert (buffer#N L)

"filter’') = Csnk)

= Csnk) ;

Assert(csn. RkNb(tpt, buffer, BytesToBeSent, actual) = CsnCk)
END ;
Figure 4: Initialisation component of the filter process.
LOOP
buffer := NIL ;
netid = Nul I Netld ;

CASE csn. Test (tpt, {CsnRxReady, CsnTxReady}, MAX( CARDI NAL),

netid, buffer, status)
OoF
CsnTxReady:
Assert(csn. RkNb(tpt, buffer, BytesToBeSent, actual) = CsnCk) |
CsnRxReady:
(* do sone filtering on buffer - for now we set it to zero *)
buffer := nenset(buffer, 0, BytesToBeSent) ;
(* nowtransnit it to the next process (a sink) *)
Assert(csn. TxNb(tpt, sinkld, buffer, BytesToBeSent) = CsnCk) ;
ELSE
Halt(_FILE , _LINE_ , _ FUNCTION_ _, ’'csn.Test failed)
END
END
END Filter ;

Figure 5: Main loop of the filter process.

transport to the remotiset | d. Thet xdesc is then
gqueued upon the appropriatet i dThr ead. Once the

instruction cache and 64K data cache.

transmission is complete the xWor ker Thr ead
moves the txdesc to the transportsdoneQ and
releases ancallers blocked on CSNest. Figure 6

These performance figure arery preliminary as the
implementation has just been completedeverthe-
less thg are reasonably pleasing and shthat the

shavs the relationship between these data structures free CSN is a viable communication mechanism on
during communication between a sing|e reeebnd modern multi core processors. It will batr@mely
transmitter. interesting to find out the optimum packet size for
highest throughput. A  multiprocessor AMD
Opteron [AMD, 2003] has a Hypertransport commu-
nication mechanism to all memory transfer
Teble 1 shavs the preliminary results obtained when  petween processor corek. will be interesting to see
running a three process filter pipeline on a Dual Core how much of the wailable 6.4 GByte/sec Opteron

AMD Opterorl™ processor 175 stepping 02 running at  Hypertransport the Linuxetnel and free CSN is able
2200 Mhz with 2 GByte of RAM.The dual core pro- to utilise.

cessor has 1 MByte of L2 cache, 64 KBytes L1

RESULTS
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Figure 6: Relationship between theykdata structure

components during CSN communication

A

Block size Throughput (MByte/sec)
(bytes) Single Double  Quadruple
64 1 1 1
128 2 2 2
256 4 5 4
512 8 12 12
1024 14 11 23
2048 19 40 33
4096 47 37 70
8192 89 69 67
16384 137 137 178
32768 205 203 248
65536 283 274 306
131072 365 297 303
262144 329 285 257
524288 272 280 279
1048576 268 268 297

Table 1: Throughput of data in relation to buffersize
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CONCLUSIONSAND FURTHER WORK

In conclusion a free CSN message passing library has
been implemented. The CSN API is considerably
simpler than its more common PVMai. The CSN

is very well suited to modern multi coreovkstations

and it provides non blocking transmits and reesi

Further work will be carried out westigating the per
formance of the CSN and completing the timeout
mechanism within th@est routine. A python pro-
gram to read a specification file and remotely allocate
processes to processors will also be implemented.
Finally the software will be packaged to conform with
the standards of the GNU foundation.
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