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tures are becoming a well-established plat-

d exccution of parallel applications which
new requirements are imposed to the dCVClOPCd for clust

racl= itec
'w’dlustcr-b“scd archi %
AS € dc\'empment z

¢ ce, = | '
g0 8¢ 8 o an e (i ey . .based architectures. Like other dis-
ostd 0° 250 e architectures. W el communication kernels, such a5 pMm?
MW“"M un environment conceive et e bk bl Athapascan( [GIN97 CAR9 ’ A
optd pECK; on top of this new architecture. This work presents DECK ; ; 8] and Nexus [FOS94, FOS96]
\dﬁ“dapplicatu:ﬁsm e functionalities of DECK, as well as a per- l Integrates communication and multithrcading anci
c ] o . " . -
f:c " ";:l;ﬁon Fits two a\.;anlable .mlilfmcmauons, . | a so‘achlcvcs high performance over cluster-based architec-
foﬂnancfr;:’ Cluster computmgta. Parallel programming environ- FUTCS- However, DECK has some characteristics that differs
KN;,ECK’ performance evaluation it from the others environments: the provided abstractions
et aré more simple. i :

[. INTRODUCTION and its la % , it foresees the support for multiple clusters

B . . > dyered structure allows the use of different commu-

he appearance and availability of fast communi- nication technologies.
e 10 - : A : :

pun el cuch as Fast [IEE95] and Gigabit Ether- The results obtained with DECK have shown true gains in
LJUO(:UN9 o1. Myrinet (BOD95] and SCI !IEE92], the sce- tffrm.s of latency and bandwidth when compared with other
net.[ o Jllel and distributed programming on c.lusFers of distributed communication kernels, for both available imple-

nan(:n i orkstations has changed. Communication li- mentations (Fast Ethernet and Myrinet). On the other hand
com‘es e PVM [GEI94] an.d MPI. [MPI94], wxdc?ly used the implementation on top of Myrinet has presented some
brar! have became inefficient due to their weak problems regarding large messages transmission, leadine us

’ o

for this purpose:
capacities 10 CXp

lore the underlying high performance net- to a deep study on the BIP [PRY98] library and to the devel-
opment of a flow control protocol.
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| wo}:tti; sroposals in terms of ?o.mmu.nication protocols have ’I‘h?s paper i1s organized as follows: section II presents a
, ed with the insigth of providing high pc::rformance for ap- desm:npﬂqn of the DECK environment, its internal structure
: ications that run OVer cluster-based architectures. Some of and functional model; section III describes the two available
? S} e;e oroposals are BIP [PRY98], Fast Messages [PAK96] implementations of DECK, for Fast Ethernet- and Myrinet-
; nd GM [GM99)] libraries, as well as the VIA [YIA99] spec- based clu.stersE In section IV, a performance evaluation of
\6eation. Since the objective of these proposals 1s to serve as both versions is exposed; section V brings some comments
; hasic communication layer, several parallel programming on s:m{lar environments and, finally, in section VI, some con-
* .yironments have been developed on top of them, aiming to siderations about the development of this work are pointed
i orovide high performance and, at the same time, to hide the out, as well as the current research work.

" functional details of the underlying architecture. In a similar

" pamer, existing communication libraries, such as PVM and I[I. DECK

b P
. MPL, have been adapted to use these new libraries.
.

According to the aforementioned trend, this work presents The DECK environment is composed of a runtime system

and an user API which offers communication and multipro-

"M.Sc (2000); Ph.D student at PPGC/UFRGS. gramming resources to allow the development of parallel and
;M'S°“999)‘ EAD) stydent at PPGC/UERG. distributed applications over cluster-based architectures. The
B D 1998), Master student at PPGC/UFRGS. original model of DECK was firstly described in [BAROg]

’ - SAssistant Researcher - PIBIC/UFRGS.
. "PhD(INPG, Grenoble — France, 1979); Professor at PPGC/UFRGS.
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and, from this model, two implementations were made 1n Or-
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der to address two aspecls. i1k

e provide support for DPC++,

obiect-oriented language that
currency [AVI9Y); .

e serve as programming environment R

project [BAROO], whose main go.al IS OdJSC] e

: ' - as Myrinet an ,

-luster architectures, such as M) vl

-yl and simple programming inter

which 1s a distributed
allows intra-object con-

t for the MultiCluster

and provide an efficient
face for this integrated platform.

A. Programming model

DECK follows the SPMD programming model, 1n w?nc;h
' ' applica-
there 1s one process copy on each node used by the app

tion. Each process can create many computational th‘r'cads(i
which communicate with each other by means of the s la;c

memory space sustained by the process. Data exchange cl
tween threads running on different processes musl be real-

1zed through explicit message passing primitives.

B. Sofrware structure

DECK i1s divided in two layers, one called uDECK, which
directly interacts with the underlying operating system, and
a scn'{ccs layer, where more elaborated resources are made
available. Figure 1 shows the layered structure of DECK.

DEIVICES
? , load fault group RCD
| 0 "‘..‘-.'3 \ -
: ; ¢ h.llm.:mg tolerance communication
||
S S e SO R R o e =
| uDECK
| | meluthreading synchronizaton communmicanon message
| | e F NS J A
| | module module module module
1
l
—

Fig. I Intemal structure of DECK.

pDECK 1s the platform-dependent part of DECK. This
layer implements the four basic abstractions provided within
the environment: threads, semaphores, mailboxes and mes-
sages. Each of these abstractions is treated by the application
as an object, and has associated primitives for proper manip-
ulation.

Threads are used to allow the application to specify
different execution flows within a same process, whereas
semaphores are used to coordinate the concurrent accesses
to shared objects. It is important to notice that threads and
semaphores are both local resources, i.e., DECK does not al-
low remote thread creation and remote access to semaphores.

Messages can be posted to or retrieved from mailboxes,
which are abstractions used to establish point-to-point com-
munication. Only the creator of a mailbox is able to retrieve
messages from it, but any other thread knowing the mailbox

can post to it. To use g mailbox

4 alor
In a name SCIVer. .n.lcrc are two s ¢ Mug fegie
address: fetching it in the name sery Obtaip Icr ?
message. OT recejy,: s b‘)x
The DECK’s upper layer | n ,

S rCSp()n -
. . ® S
more sophisticated services, which ar ble f,

egorics: global services and local
correspond to services always yse

cxample, the name server:- local
vices which are used only

for instance. fault toleranc

available, the user will be able to choose yf, lon. QnCe'
use these services, by means of compilation en

The name server’s functions are o Optiong.
mailboxes and to allow the yser to assigne the !ocau
cach mailbox used by his/her application. 4 logic

Concerning local services, the DECk mod
e
mechanism jp g o the

d by any
. erViCES cor
if needed by a Specir
¢ and group COmMmuyp;

of heterogeneous clusters. As the goal of this p
join clusters which are different In terms of CoOmmunicatjop
networks (Myrinet + SCI, for example), the RCD wj) allow

us to develop independent implementations of DECK ang

after, join them in a simple way through this inter-clygter
communication mechanism.

III. IMPLEMENTATION

The implementation of DECK was carried out in two

phases, as described in figure 2. The first version of DECK
corresponds to the implementation of the p1DECK layer and
the name server for Fast Ethernet clusters. This implementa-
tion was focused on validating the modular structure of the
environment and on the definition of a basic programming
interface to allow the development of some services, such as
load balancing and group communication.

Both services are ongoing tasks: load balancing will be
used by the DPC++ language in order to choose the best lo-
cation (node) every time a distributed object must be creach;
the group communication protocol is in a stage of evaluation,
being used to solve linear equation systems [CAS00].
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ation of the DECK environment.

Fig. 2 [mplement

. qpew version of DECK was developed with the

After e ficiently explore the Myrinet network in order
ohjecti*® Of'c formance. 10 accomplish such goal, the
g] was chosen as communication layer

Ethernet version was adapted to use it.
-onsiderations about both imple-

| The Fast Ethernel implementation

4.1 The uDECK layer

The primitivcs related to multiprogramming and synchro-

- on are trivial, based on the Pthreads pa.cl.(age [IEFT95a],
mlfmo ovides threads, mutexes and conditional variables
% pgm lement the DECK’s thread and semaphore ab-
uSCdt‘l:))ns gdthough irivial. some considerations about these
;lrriﬁiiivcs. are necessary: threads are always created in a d‘f"
wched state, 1O better use the system resourcc?s, and therr
scheduling 18 made at the system level. Regarding synchro-
Jization, it is important to Say that semaphores are always
local to a specific process and can not be accessed by remote

threads.
The mailbox implementation is based on Berkeley sockets,

vith a datagram semantics. The creation of a mailbox allo-
aates a new socket descriptor, 1n association with the com-
munication port and the machine address on which this oper-
ation was performed. Mailboxes can be sent to remote nodes
by means of messages. A mailbox received through a mes-
sage only accepts send operations. In this case, the mailbox
descriptor is not valid because 1t corresponds to a remote re-
source: hence, a new socket is created and the previously
stored address is used to find the destination node.

Figure 3 illustrates the primitives related to mail-
bws.  The primitives deckmbox_post () and
deckmbox._retrv () corresponds to the traditional send
and receive primitives, respectively. For both DECK

) P
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deck.mbox_create W
deck.mbox-destroy() ;
deck.mbox_post ()
deck.mbox.retrv ¢ )}
deck.mbox_bind ()
deck.mbox_fetch ()

Fig. 3. Mailbox interface.

deckmsg_create () ;
deck.msg.destroy () ;
deck.msqg_pack () ;
deck.msg_unpack () ;
deck.msg_clear () ;
deck.msg.reset () ;

Fig. 4. Message interface.

!mplementations, the send is asynchronous and the receive
IS synchronous.  The primitives deck.mbox_bind ()
and deck.mbox_fetch() are used, respectively, to

register mailboxes in the name server and to get mailboxes
descriptors from it.

Once it has been created, a mailbox must be regis-
tered in the name server so that other processes can find
it to establish communication. During the execution of a
deck.mbox_fetch () primitive, the environment guaran-
tees that a desired mailbox will be found, by executing a
deck_-thread_sleep () primitive until the completion of
the mailbox registration by its owner.

The primitives related to message handling are shown 1n
Figure 4. The primitive deck.msg_create () is used to
create a message, allowing the user to specify an existing
buffer (of his own); if the user does not do so, the en-
vironment automatically creates a data buffer for his mes-
sage. DECK allows the user to pack and unpack messages,
using in such operations, besides the common types, the
mailbox type — deck-mbox-t — and even the message
type — deckmsg-t. The primitive deck.msg-clear ()
is used to clear the message buffer, whereas the primitive
deck.msg_reset () is used to arrange the cursor within

the buffer, during packing and unpacking operations.

A.2 The services layer

The name server is implemented as a dedicated thread
which runs always in the first node of the cluster and has
2 well-known mailbox within the system. It executes a loop
until the end of the applicatibn, processing requests for reg-
istering a mailbox or fetching for a given mailbox. It 1s
important to notice that the primitives for mailbox regis-
tration and search, respectively deck_.mbox bind () and
deck_mbox_fetch (), are implemented by the communi-
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' -ess interface 1
cation module and constitute the unique acce

’ int of view.
the name server from the user's point o

B. The Myrinet implementation

ic In-
DECK/Myrinet was implemented on tpp of giz](li;z;mh -
terface for Parallelism) [PRYQS] messaging ?bqscd’ clusters.
a very efficient protocol specific for Myrine ,;1 primitives
Basic'ally. BIP supplies a sct of g p‘?;'bc fxchangc of
with blocking and non-blocking.scmanlws. (1 S
messages 1n BIP coux;ts on thﬁ :gizcoifnti(tzi&;;i??llm" s on
-eiving messages). After a ca : ’ :
(Liili\tl)nj ;“ icti. all )thc tags in the calling Pmccss”a::ez;):gig; .
urcci with a default number of buffers for sma

‘ 1S ion In-

However, the programmer can modify this ?on'ﬁgugatmeans

dependently for any tag, calling blp-tagrgn;atg,mist %
whi ! | fine that a speciiic

of which 1t is possible to de | . . .

a given number of buffers with a specified size. EaczzlGréoch

has NTAGS tags, whose numbers range from 0 to NT B

| |
The BIP API's main focus is on a set of blocking and non-

blocking send/receive primitives. The send primitives usu-
ally need the target node, the larget tag ’and a buffer mcssz.ige
as arguments, whereas in the receive sxd.c one .must provide
the receive tag (the tag that will store the‘mcommg message),
a message buffer (where the message will be stored after re-
ceive completion) and the size of the message. Spme receive
functions can identify the sender node, or even if the Incom-
ing message is small or large (this distinction 1s very impor-
tant). Sk

At the BIP level, the behaviour of the communication
primitives distinguishes between small and large messages.
[Large messages transmissions have a rendez-vous semantics,
in which a receive must be posted before the respective send.
On the other hand, small messages are stored in tag’s buffers
on the receiver node, so that a send can be posted before
the target node is ready to receive a message. The constant
BIPSMALLSIZE defines the limit between small and large
messages.

The atorementioned difference is due to the way BIP de-
liveries messages. When dealing with large messages, BIP
decomposes the message into packets of equal sizes (which
depend on the total length) and executes a pipelined transmis-
sion between the communicating nodes, according to the fol-
lowing concurrent steps: (1) DMA transfer from main mem-
ory to the network interface’s SRAM memory; (2) transfer of
the previous packet from network interface’s SRAM mem-
ory to the network. Of course, at the recejver node there
are two concurrent steps symmetrical to these ones. Hence,
If the message is split into more than 4 packets, there will
be a ful] pipeline (ransmission, improving the overall perfor-
mance. The drawback of this strategy, however, is that BIP
Programmers must supply a flow-control protocol of their

own, when exchanging large messages.
However, BIP handles small messages i, a diffe
[n such cases, the messages are Simply bUffcred 2
DMA transfers, because the cost of DM A setup ig P;oh°l;hOUt
if compared to the transfer time itse|f Small i 1bi
not split. 8es
Due to implementation issues, BIp Imposes 3 oo -
regarding send/receive primitives. At gne time, 5 55 raint
have only one pending send and only one pending rec"}ay
per tag, not more. Furthermore, BIp monopolizes Clve
work interface, 1.e., it does not allow more t © Net.
dent BIP application, or even any IP traffic over
network while the application is running.
There are mainly two reasons that haye
BIP among various Myrinet messaging
available. First of all, BIP follows a very
forward message-passing API, without in

live
dre

led us (g Choose
Systems Current]y

clear and Straigh.
troducing Unusyg|

€ simple APJ, gp

: Cncy (abOUt 5 1)
and high bandwidth (about 120 MB/s). These Outcomes gy

achievable thanks to BIP’s very specialized design that abso-
lutely kept track of Myrinet hardware Capabilities.

The process of porting the first version of DECK tg yge
BIP has demanded changes on two of the Provided abstrac.
tions: messages and mailboxes. Additionally, as the BIP pro-
tocol does not implement any kind of flow-contro] mecha-
nism, this new implementation of DECK has to deal with
problems related to large messages transmission, as it wil| e
described in the next sections.

B.1 Message creation

As mentioned in section A.1, the user can pass a buffer of
his own when he creates a message; otherwise DECK pro-
vides one by dynamic allocation. In the BIP implementation,
a restriction has to be imposed relating to buffer alignment
in memory: BIP requires that user buffers be aligned in a
4-byte base, which is a word in the BIP terminology. Thus,
DECK has to check, in the case of user-supplied buffers, if
the proper alignment has been respected. When the user does
not provide a properly aligned buffer, the message creation

fails.

B.2 BIP tags and DECK mailboxes

As message exchange in BIP is based on rcccP‘i.O" qucucis
labeled with tags, our mailbox implementation 2.18518'}5 RSPy
cific tag to each created mailbox, as well as the 1cle11tlflcat‘(~)1r.l
of its creator node. In contrast to the Fast E‘hcr@ m; lin
box implementation, in which for each mailbox reccn((:i %
a message a new socket must be created, there 1S 9 n:tatiom
such an expensive operation in the Myrinet impleme

/ays
i, : : are alway
The tag numbers within all received mailboxes e

. . . o ion opera i
valid and do not require an additional creation pe e
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vous protocol used by DECK/Myrinet.

Fig. 3. Rendez-

8.3 Dealing with large messages

oncern in using BIP to implement uDECK is
hange of large messages, since BIP requires
_control mechanism in this case.

The main €
to the €XC

To guarantee the rendez-vous semantics imposed by BIP,
0

. lementation Of DECK on top of it uses request mes-
T that a large message will be transmitted by

+der only after the receiver has declared a reception
g The flow-control protocol is implemented with
. dedicated thread which runs in each node and
ibility of verifying the availability of recep-
ges, as illustrated in Figure 5.

When a thread posts a small message, this one is sent di-
rectly to the destination mailbox, since BIP is able to store it

its internal buffers. In the case of large messages (1.e. mes-
1 BIPSMALLSIZE), a request is sent to the

communication thread on the remote node (step 2), asking it
0 verify the existence of a reception buffer for that message
(step 3). This verification is done from a flag vector, where
here is one entry for each mailbox created in a node. If the
response is negative, the sender tries another request. When
he receiver executes a retrieve primitive (step 1), the entry
related to its mailbox is signaled in the vector. On the next
request, the sender receives a positive answer (step 4) and the
message can finally be posted to the receiver’s mailbox (step

).

The optimal behaviour to exchange large messages In
DECK is described by the relation among steps 1, 2 and 3
inFigure 5: the receiver process should always try {0 execute
the receive primitive before the message is transmitted by the
sender process. In this way, when the communication thread
letchs into the vector for a signaled position, it could imme-
d"awly give a positive answer to the sender, minimizing the
lime and network traffic used to perform the checking. Con-
- Ymentaccesses to the flag vector are controlled by means of

sages greater tha
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IV. PERFORMANCE EVALUATION

The performance evaluation of both versions of DECK
was r.nade.on a cluster of 4 Dual Pentium Pro 200 MHz nodes
runnmg Linux 2.2.10. Regarding the DECK/Myrinet imple-
mentation, it was adopted the BIP driver 0.99¢ compiled with
SMP support,

The used benchmark was the ping-pong algorithm, exe-
c.uted. 000 times for each implementation of DECK and con-
sidering the mean values for the traditional one-way latency
an.d bandwidth metrics. Time was measured with the get!]
timeofday function, from the C language.

To assess the obtained results, the same bechmark was im-
ple.mented in PVM and MPI (LAM and MPICH implemen-
tations), in the case of Fast Ethernet: and MPI-BIP [WES99]

an.d pure BIP, in the case of Myrinet. Table I shows the set of
primitives used for each environment.

TABLE |
COMMUNICATION PRIMITIVES USED FOR PERFORMANCE EVALUATION.

Environment Primitives
PVM pvm.send (), pvm.recv ()
MPI MPI_Send (), MPI_Recv ()
DECK deck.mbox_post (),deck.mbox._retrv ()
BIP bip.tsend(),bip-trecv ()

In the evaluation on top of Fast Ethernet, we have
used for PVM the flag PvmDataRaw and the primitive
pvm_pkbyte () for data packing, since the underlying ar-
chitecture is homogeneous and, in this way, no data conver-
sion is needed. Additionally, the option PvmRouteDirect
with 32 KB of message length was used to establish direct
communication between the PVM tasks, avoiding the dae-
mon. For MPI, it was used MPI_BYTE as datatype for send
operations. With the LAM 6.1 implementation, the flags "10
and 1c2c were used at execution time to indicate that the un-
derlying architecture is homogeneous and to establish direct
communication between the processes, with the objective of
achieve better performance.

For the Myrinet evaluation, we have use the program
perf.c, provided within the BIP distribution, to get the results

for this protocol; since this program implements the flow-
control semantic required by BIP.

A. Fast Ethernet evaluation

Figure 6 depicts the obtained results for latency (a) and
bandwidth (b) of DECK on top of the Fast Ethernet network.
ater than 2 KB, the latency for PVM and

ations is very close to the latency pre-
he LAM 6.1 library shows a
d be noted that DECK's

For messages gI¢
MPICH implement
sented by DECK; however, |
slightly better performance. It shoul
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Latency on Fast Ethemet (SMP nodes)
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Fig. 6. Latency and bandwidth for Fast Ethernet.

performance is clearly the best one for messages up to 2 KB.
For instance, with a message of 1 byte, DECK achieved a
latency around 162 us, against 199 us for LAM, 267 us for
MPICH and 289 pus for PVM, which represents a speed-up
of 19%, 40% and 43%, respectively.

The curves for bandwidth make possible to state that, for
small messages — up to 2 KB —, DECK achieves a speed-up
0f 4%, 10% and 15% in comparison with LAM, MPICH and
PVM, respectively. However, for larger messages (starting
from 2 KB), all implementations converge to a bandwidth
around 8 MB/s, except PVM, which has achieved 9 MB/s.

| It 1s important to say that we have limited the message
size in 32 KB for this evaluation due to the datagram sockets
used by DECK. As the objective of this first implementation
was only validate the structure and functionalities of DECK,

TuEEER S

we dont expect to use it as a programming environmeny f;
complex parallel applications, since we have faster Commy
nication networks.

B. The Myrinet evaluation

Figure 7 shows the DECK latency (@) and bandwiqyp, (b)
curves in comparison with MPI-BIP and pure BIP.

DECK has achieved a very good performance, showing ,
latency very close to that of pure BIP, remaining under | s
for messages up to 64 bytes. On the other hand, MPICH
has presented a great overhead even for small messages —
around of 12 us for 4 bytes messages, whereas DECK has
presented around of 6.5 us for the same message size. Thege
results are probabl).' due to the way MPICH implements its
message segmentation strategy.

Latency on Myrinet
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Fig. 7. Latency and bandwidth for Myrinet.
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4 dth, it should be noted that for mes-

andW he DECK bandwidth decreases in

' L“ Bv t ' b
chaf\?li‘cr (han !CKBIP one. Not surprisingly, 1 KB is

etweer BIP small and large messages:
d.n‘t’ where DECK starts its flow-control
0l

42l w is (he i large messages. | .
al wll cotocol has proven to be quite efficient,
flow ﬂ‘{)‘l)crzo Jchieve a maximum bandwidth very
g0k 0L cpetivly 18 MBAs and 120 MRl
@ ot of I&ZH are also quite sausfactory: remaining
Ao “ s for MpThis difference is due to the different im-
;106 BIs flow control protocol on both environ-
B0 s of the -redit-based protocol, in which there
pICH uses :d —eceive tokens that must be passed in
_ .O:: operation; DECK.sin.lpIy scnd§ a con-
o ceiver process to indicate the size of a
eSS r;med and, after, sends the entire mes-
o .0 10 D€ tfa';;munication operation. This implemen-

we can sce through the measured

QQC in O‘:‘nJS be thtcrv as

V. RELATED WORK

. section I, with the appearance of fast
. etworks and, consequently, new communi-
; (:l]s dedicated to these networks, a great num-
el and distributed programming em'nronmen.ts
f pard dapted to use these new technologies. In this
has arised Or 4 ??be some libraries/protocols which are very
cotion, W ‘é‘g; . terms of functionalities and objectives.
similartO.D MI;I implementations, we can highlight the
Regarding .4 MPI-BIP implementation, which offers two
“f(’f?memlozmics (o message management: small messages
gutnet scmlawd into control messages, which have a buffer-
?,cencapS: and are sent directly to the network; large mes-
mi;;:reemma"ag ed by means of a rendez-vous protocol, in the
Zi;e way as DECK; however this 1mplementat|qn IS quite e.f-
icient, with a small impact on performance (as illustrated in

rotoC

he section IV). .
MPI-EM [LAU97] 1s an implementation of MPI based on

e ranslation of the ADI layer to use FM primiti.ves. This
mplementation uses internal queues for send/receive opera-
ions and message handlers to assure the correct behaviour
of MP applications over the active messages model used by
PM. The results for latency (19 us for zero byte messages)
and bandwidth (17.3 MB/s for 2 kB messages, for example)
ae quite satisfactory.

Athapascan( is a runtime layer destinated to the support
of imegular applications. It is based on the AOkernel, which
povides synchronous and asynchronous communication, as
well as local and remote thread facilities. Besides, it is
5ed 25 a basic layer for a distributed dataflow language
talled Athapascan1. More recently, the development of the

blems related to
The functionalitics

unication interf
node and o erfaces
: a se
provided by Athaspascan | tof scheduling techniques
chus IS a rung

nter-cluster COmmunication, by means of

Ethernet, Myrinet and SCI.

PECK differs from these environments in the followine
points: the DECKs API is quite small and simple, furnishcf
Ing p.rimitives related to threads and point to point commu-
nication. Thread migration and global memory facilities are
not currently provided. The upper layer of DECK already
provides group communication and load balancing services,
which are used on demand and are not currently provided by
the other environments. Further, DECK foresees the pPOSsi-

bility of supporting different communication interfaces at the

same time, as much in the same way Nexus and Madeleine
have already provided.

VI. CONCLUSIONS AND CURRENT WORK

In this paper, we have presented the structure and re-
sources provided by DECK, an environment for parallel pro-
gramming on clusters of multiprocessors.

The modular structure of DECK has proven to be very con-
fortable since we have made two distinct implementations
with a small number of modifications in the low-level layer
of DECK and without changes in the programming interface.

The first implementation of DECK, based on datagram
sockets, presents a medium speed-up around 34% for latency
and 10% for bandwidth, considering messages up to 1 KB.
Comparing to the results of the remaining environments f(?r
the same message size, it 18 possible to conclude that this




-~

! ides a true
ite favorable, 1.c.. 1 prowcf‘ :VhiCh
( exchange small messages,

is way, for
arallel applications. [n this way .
o K could be use

ad of PVM

version of DECK 1S qq
oain to applications tha
;:!'C common 1n ('\'PICJI'p
Ethernet-based clusters, l A
as an alternalive programm

1ue . pood results. ‘ i
4 MPI. due to 1ts g rinet reveal a g
aﬂ% 1 p*rfnnmncc results of DECK/Myrin
1€ PC .

3 ,d
| aving presente
»rms of latency and bandwidth, h; h %vﬁcn gty
design 1n tCITH- latency and 12% in bandwidth,
70 1n lalc ¢

a L ( ' ¢

« has a little impact
jeal with large messages has caused e osslns it
ﬂCL‘dCd {0 dC« d[h aChiCVCd by DEC ' p

on the maximum bandwi
very close 1o BIP.
In short. both

his version of DEC‘
g environment 1nste

3 (
a gain of 42

55
DECK implementations are¢ VEry efficien

' . allel ap-
| mall messages and, provndcd that typlcal par
e &:]UC;NIV exchange this kind of message, DECK
C T o

ations I : . grammin
plm; onsidered a good choice for parallel prog &
can DC COIk =

.' - L& [ 8
u ]

an efficient implementation of DECK on top of

orking on | p
gCI nczwork in order to obtain results close to SCI limits

for PC-based platform — 80 MB/S of bandwidth andeS-ISS gi
of latency. DECK/SCI will be implemented on .tos 0 i
API [GIA98], which is a low-level programming 1n h
;hat fully explore the SCI hardware capabilities. Al.]ftc;/[ Sl:fi-
an xmplémcmation. we will be able to carry out the Mu

Cluster integration model, by interconnecting a Mynnet. chlus-
ter with a SCI one and providing the DECK users with an

uniform programming interface despite the hard\.»‘.'arcl hct:
erogeneity, always keeping (racl.< of the.underlymg. 1igh-
performance networks. The MultiCluster 1.ntegrauor? IS sup-
ported by DECK through the RCD mechanism, mentioned in
the section that pointed out the DECK software structure.
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