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0 run applications from .the Splash benchmark,
gmulatr € " ced in the evaluation of shared memory
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P [. INTRODUCTION

Multiplus multiprocessor [AUD 96] 1s a distribu}cd
1 tem where up to four Processing
interconnected through a double bus
cluster. Different clusters communicate

[tistage interconnection
themselves through a multistage | |

an:?vnogrk This work describes the design, 1mplementat?on
ncd usc.of 2 simulator for the Multiplus SMP processing
z?cment, which will be based on the NCESPARC+

multithreading processor [AUD 9?]. | |
A prototype of the Multiplus multiprocessor 1S

operational at the University laboratory since 1997.

However, there 1s not a Multiplus architecture simulator

available. Therefore, the evaluation of any proposition o
modify the current architecture has to be 1mplementcd In
hardware, which 18 expensive and time-consuming. The
availability of a simulator enables the performance
evaluation of architecture modifications with good
reliability at much lower cost.

The motivation for the development of the
NCESPARC+ processor has been to creale an efficient
mechanism to hide the latency of memory access operations

gystem to create d

withip lhf: Multiplus  multiprocessor.
described in this work has been designed to

The simulator
| help:

verify the effectiveness of the NCESPARC+
multithreading architecture:

define some of the configuration parameters of the
NCESPARC+ processor architecture;

analyze the performance of alternative processor
architectures:

detect errors in the definition of the processor
architecture as, for instance, deadlock conditions in
the adopted synchronization procedures.

The simulator has been developed in C on Solaris
platforms. It has a modular structure with clear interface
definitions for the communication among the modules. This
allows modifications, such as a change of the processor in
use, to be performed locally in any module without causing
any other impact in the overall system implementation. The
simulator is able to process application programs written in
C and compiled for the SPARC architecture, including
applications extracted from the Splash benchmark [SIN 92].

[I. THE NCESPARC+ PROCESSOR

The NCESPARC+ [AUD 99] processor is an
implementation of the SPARC V.8 architecture with
hardware support for multiple thread contexts. The initial
motivation for the development of the NCESPARC+
processor was to provide the Multiplus multiprocessor with
an efficient mechanism to hide the latency of remote
memory access operations, that is, access operations (0
memory regions physically placed in another Processing
Element or in another cluster. With the use of hardware
support for multithreading, the processor does not need to
stay idle while a long latency memory access operation 1s
performed since a thread context switch operation can be
performed quickly and the processor can do useful work
during this time. .

The NCESPARC+ processor can support both the
sequential and the processor consistency models. In Its
current design, the arithmetic and logic instructions are
performed by the third stage of a four stage deep pipeline
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In addition to the set of register windows, each context
has its own control registers, such as PSR (Processcf)r Status
Register), PC (Program Counter) and nPC (next Program
COUI':]lCiZ- original definition, context-switching .operatim.ls
are performed within the NCESP.ARC+.arch1tecture. n?
(hree situations: occurrences Of an instruction caghe miss;
data dependence in relation to pending .loac.i operations; and
detection of busy-waiting synchronization loops. The
definition of the new context to run is made by the
Scheduling Unit, .

The Memory Interface Unit (MIU) is responsible for
processing all memory access operations and the bgsy-
waiting synchronization loops. The MIU current design,
which results from modifications due to some problems
detected during the simulation experiments, consists of
three fifo (first-in first-out) queues. The first one is used for
Instruction fetch requests, the second one is dedicated to
load/store operations and the third one stores Internal
Instructions which are automatically generated when busy-
waiting synchronization loops are detected.

When an instruction cache miss takes place, a context-
switching operation is performed and the MIU receives a

request to fetch from memory a block of nstruce
this block fetch operation completes, (e MO g.ng
NCESPARC+ Scheduling Unit which ot thc\;
context as ready-to-run again.

When a load instruction is decoded i, the
a scoreboard bit associated with the dest
the load operation .is set to 1Indicate that the 8lst¢r of
information 1s invalid. This is necessary becay CRIste,
order completion of load instructions, which afe Out o
processed by the MIU, is supported by the NCESp
architecture. A context switching operation only ) ARCy
if data dependence in relation to pending Jogd 0pcres° Place
detected. When a load operation completes, g, 3;]003 s
responsible for resetting the corresponding sy, U ;
and to signal that a particular context js ready o ruoard bt
if it had been suspended due to datq depeng 1 again
relation to that load operation. “NCles i,

When the NCESPARC+ main pipelipe detects
waiting synchronization loop [AUD 99 ;, 8Cnera busy.
internal synch instruction, which is Initially SIOreda[-eS an
load/store fifo of the MIU. This interna] synch ins tnljn the
expresses all the semantics of the ) Clion
synchronization loop in a very compact format Whamng
internal synch instruction reaches the firg POsition 6;1 an
load/store fifo, the MIU processes it and, if the()][hc
acquisition operation fails, the instructigp IS Stored : ock
synchronization fifo. To avoid deadlock, this fifo hasl? the
able to store as many internal instructions » e 0 be
number of contexts available (16). ‘Mu

The MIU has an arbiter which cap
alternate the priority for memory acces
instruction fetch fifo and the load/store
always higher priority to the instruction
addition, the MIU arbiter gives a hi
operations in the load/store fifo ip relation to gype
Instructions in the synchronization fifo The instrutiop in
the synchronization fifo is processed by the MIU ejper
when the load/store fifo is empty or be
load instruction from the load/store f1fo.

. thn
gnalg Ihc
uspcndqd

main pl .
. 2 c]
lna[]On re p ]nc,

be set to Cither
SCS betweep the
fifO Or to giVC

fetch fify, 1,
ghel’ prlority to store

fore Processing 5

III. THE SIMULATOR ARCHITECTURE

The simulator has been written in C for Unix usino
Solaris ~ threads [SUN  95] and  semaphores
synchronization. The simulator architecture is modular and
loosely coupled. In addition, the Interfaces among the
modules have been clearly defined. Therefore,
modifications in the simulator modules and additions of
new modules can be performed without major difficulties.

A conceptual view of the simulator architecture is
shown in Fig. 2, where the main conceptual components of
the architecture are presented: memory, cache and
processor. These components are mapped onto logic
modules. Each module has its own execution thread
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Fig. 2 The Simulator Basic Architecture

To make this text clearer and to avoid ambiguities, the
lollowing definitions will be assumed in this paper:

nputing - Sdo Pedro - SP 297

¢ simulation, it has also been
oftware layer to emulate the
O run benchmark applications.
nality is implemented both as
made available via Interrupts
and as target code, when it is
library associated with the
when it represents Interrupt
dent in a micro kernel within

fiecessary to implement g s
operating system in order t
This software layer functio
simulator code, when it 1S
within the system C library,
made available by a C
benchmark application or

Service routines already resj
the simulator memory,

The simulator memo
shown in Fig, 3,

Ke.rnel: contains pieces of code, usually associated with
opcr?itlng System interrupts, which are used by several
appl.lcatlons. This area contains, for Instance, the trap
routines for dealing with overflow and underflow situations

wbich may occur when changing the SPARC register file
window in use.

Non-cacheable Area: is used for data transference

between the simulator code routines and the target code
application.

Application Segment: contains the application target
code. For each application, it is divided in a text and a data
segment, where the application global variables are stored.

Non-cacheable
Area

Text Segment
Data Segment

Text Segment
Data Segment

Dynamic Allocation
Area

\2
1\

Stack Region

ry 1s divided into 5 (five) areas, as

Application
Segment

Application
Segment

}
}

Fig. 3 The Memory Partition
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Dynamic Allocation Area:

dynamic memory allocation.
Stack Region: memory region
rameters

for stack growing.

A Architecture configuration pa

e following confi
he set to define the characteris

architecture to be simulated: ‘
Number of processors: defines the number of

the Processing Element.

time spent 1n number of cycles

d data available In the

guration parameters can

Currently, th tics of the hardware

Processors available 1n
Memory access time:
for the memory tO make a requeste

memory bus.
Arbitration time: numb

arbiter to decide which processSor w1

use the memory bus granted.
Bus width: maximum num

transferred from memory (0 the cache in a s

er of cycles needed by the
Il have the request (O

ber of bytes which can be
ingle memory

access.
Instruction cache configuration: defines the access

time in number of cycles, the number of cache lines, the
cache associativity degree and the cache block size in bytes.

Data cache configuration: defines the access time in
qumber of cycles, the qumber of cache lines, the cache
associativity degree and the cache block size in bytes. It
Jlso defines if the data cache will be non-blocking, if a

multithreading  structure  for the data cache
Il be adopted or if the LRU mechanism will
he cache block to be substituted

stead of the default random mechanism. Both the
multithreading organization and the use of the LRU
mechanism have shown to reduce the data cache destructive
nterference among thread contexts for some applications.
Write buffer configuration: defines the buffer size In
bytes, the memory consistency model in use, and the
ossibility of coalescing memory write operations.
NCESPARC+ processor configuration: defines the
qumber of contexts, the MIU fifo sizes, the exception
model in use, the latency in number of cycles for the
different context-switching operations and if fine-grain
multithreading (context-switching at every processor cycle)
will be used instead of the default coarse-grain

multithreading NCESPARC+ processor operation mode.

B. Information collected and reported by the simulator

special
organization Wi
he used for the selection of t

The simulator can be set to run using different
debugging options which will disable or not the generation
of output files containing historic data on memory, cache
and bus access operations and on the state of each processor
after each instruction. This information is useful not only
for debugging the simulator itself but for debugging

benchmark applications as well.
During a simulation run, a set of measurements that are

relevant to the simulation result analysis is performed. The

nsium_on Compulter Arc

NHo . O«
\'“‘\Q_d Fo .

P

first section of the simulation outpuf
re
port ¢,

information which is  produced e

" : T ; MSte .,

appllca‘tlon. ['he following section prCZQ the beny O

the main configuration param SCNLs 3 gy, Nar
cter: SUmm.

S used for mm‘*l"/ Ny

the simulated architecture., the defipie 7 O
'Thc next section of the output 3 op
which are common o all the mecngrt "esents r,,
number of cycles in the simulation ru;;. s, Stch 5 ;glr
the memory bus within the SMP prOch;Utxh‘/:at'mn r‘a‘r)ml
memory area which has been Stat.'Cal.ltmg Elemen, }c of
allocated; histogram-like informatiop « Y and gy, " O
of write operations which have caygeq
different numbers of data caches. The gcfld Inva];

- dyn
hOWlng th amlc'_i”v
. : erat; daliOn i
information has been added to the iy 0 of th;; lan
St
. cac
protqcols which may be used withip he Coherep
multiprocessor. the Muh,plCc
us
section of the s '
e simulation output report. The the a5
concerned with: the number of data cache - Slc results are
> Invalid

C n“mhc}
uscful for the analysis of alternatiye 10T becayg, It i
Processor specific results are presengeg in
number of cycles which have been procegge,. : }?tlons; the
» the

of processed Instructions; the number of cyc|es ; Umbe;

processor was’ldle; the number of cycleg > 1N Which p,,

processor was 1dle due to synchronizatiop: ; ' Which yp,,
1

n .
data cache performance measurements; the py, St[r) Uction apq
Wite

operations; the number of cycles in which the wre:

was full; the number of context-switchine © Write-byff,,
data dependencies, instruction cache misz Zpgratlons due g
syn?hr.onization loops; the mean valuen bUSY-Waiting
deviation of the number of cycles which 3 and - standgg
operation spends within the MIU. Memory access

C. Simulator API for the Benchmark Applicati,
ns

The simula%or API for benchmark applications :
based on Solaris threads and synchronizationa et
o.f semaphores. This way, the simulator cod R e
sm;];ted and become the target code. i

ere are two functions for '
one 18 CriaThreadCx, which crégtr:: da Ctrlfrit;(oin‘ Th; first
processor W‘”liCh performed the function call \;m'hm &
when a single or several multithreading proce.s o o
use within the Processing Element. The seco sors =
CrzaThreag’Proc, 1s used only in mt?l : Uictio,
conﬁguratlons consisting of both multithread; Fivesso
multithreading processors. 0.0 non

Two o.ther useful functions for thread handl;
get_proc_id and get_id, which return, respecti hp
processor and the thread identifier. Ty e
. Tbe simulator has specific implementations of the
llbrar.les, such as the 1/0 and the mathematics libraries LTC
functions of the /o library have mostly been cxtractc?db'frol:;

the Mulplix operating s - ;
o )’Stem C llbrc ‘h 1 2 '
thread-3afe functions [BAR 961, ary which implements

n also be
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: s mulator (hrcaqs a’rl?hcraccft(l):::1 lcdth ﬂﬂg
slghe 2 ocial instructions. Aoy
\\'i““"1 ol gh ;E:r oroc essOr cannot actuate on a thread
e part W ocessor. Because of that, different
o B0 another Pq have to be used for threads and
ﬁgﬁlila“' :(lioﬂf nclnoni~f o thread needed to deactivate
St 74 1SC
n

. another processor, it would have
. ’ 1 ‘
' ess0™ g punnins .1 this processor to perform the

! gron. o o
n func ] Synchromzanon model within

% goren 1 L ora rchical. In the flrstd lcvdcl‘, the

o ator 1S processors is performed an In the
simv ion among onization among threads associated
 he synehr processor takes place. So, there
(200 gngle MU erations whi‘ch are .only applicable to
ith e roniZ jon » single multithreading processor and
i S);;Cassi 0 dh“;rc applicablc t0O processes running on

rk [SIN 92] has been useq for the
ion of the NCESPARC+ architecture.
. a uﬁzatiO" API is based on a set of macros
P"fosplash paral Clemcntcd in different ways. The initial
A , o based on the Unix process model, where
wh ation 1S are effectively implemented as process
qriables enting different instances of the global
the & .ables.rcpriso cess model can be hard to be
. This hpthreads' However, that does not happen
- jemented wit lications follow the master-slave
7 o Splash ?g gal variables are only used for passing
- master task to the slave tasks.
run applications from the Splash
lator implements th; Splash sethof
e synchronization, for instance, has
macros: The barT éc:lstiynpgc (hyc “reverse-sense barrier” type of
heen imp]eme;te%] The time function has been redefined.
aproaCh [FE .the real time in seconds, it returns the
d of returmie, o eycles. With this definition, the

simulatl
umber Of 2 I is able to compute the eventual speed-up

P pli . nioved with a parallel implementation.

henchma

ac

be ablc (o
. the simu

CTURAL PROBLEMS DETECTED BY THE
SIMULATION RESULTS

experiment results have been very usc?ful
- three aspects: the definition of the most appr.opnate
";u:nfws for some of the NCESPARC+ architecture
sellils

confiuration paramelers, the detection of some problems
o

1 the original definition of the NCESPARC+ architecture,

which have already been corrected; a better understanding
of the main factors which can impair the .pcrforr.nance of
processors with hardware support for multithreading, such

s the NCESPARC+ processor. This section discusses in

The simulation

Creation of SCparate
Operations  and

of Synchronization m

In addition, the
better performance is achi e
higher priority to th
§ynchronizalion inst

echanisms.

time  spent

evaluated, and a mechanism with the best cost/benefit has
pee.n selected. With this mechanism, any load operation that
1s 1ssued to the MIU by the main pipeline causes the
invalidation of any previous load operation still present in

the MIU load/store fifo that refer to the same destination
register.

B. Architectural Aspects which Impair the Performance of
the NCESPARC+ Processor

The simulation results have shown that for the
NCESPARC+ processor to be really effective in hiding the
latency of remote memory access operations different
architectural problems caused by the use of multithreading
processors have to be solved. The first problem is related
to the destructive interference in the data and instruction
caches caused by the presence of several threads running
concurrently in the same processor. In this work, only the
destructive interference in the data cache has been
considered. A more detailed analysis on destructive cache
interference 1s given in the work by Thekkath and Eggers
[THE 94]. The second problem is concerned with the
memory system throughput. Once again the presence of
several threads running in the same processor puts a lot of
pressure in the memory bus and solutions which iqcrcfwsc
the throughput of the processor-memory communication
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TABLE |
: ' d to the need for

aa hird problem 1s relate ’ NCE FOR D

are ncod;d, T};cct;cncfﬂtion process or the application PERFORMANCE FOR DIFFERENT
tuning the €O :

g y | ithreading
srogramming style to the requirements of a multit
;roccssor architecture to improve performance.

} o

o APPROACHg

Splash LU application — (;l;h . HiN
o dlg
CACHE Number of Conm
0

APPROACH

B.1 Cache Destructive Interference

—_—-
LN S RSP YRS Al s

substitution by increasing the data cache degree of B.2. Memory System Throughpu:
associativity and tries to minimize the changes for a bad
choice 1n the block to be substituted by using the LRU

Ve ] threads 1n 4

e e s e[St 308 |07 T

> di che, two approaches ) : 4
i!]ctd(:rtli fsa based on the utilization of data caches with a Latg9 | 98.8 | 987 08 5 - 87,2 _
;rrsgc degree of associativity combined with the usc of the Assoclativity A 95.2 .;
L:RU (Least Recently Used) approach for choosing th.e B 99.0 | 990 55 _\
cache block which will be removed from the c:.ichc when 1t . . 22 97 g i ;
1s necessary to make room for a new block which has been multithreading | 98.8 I 08 7 970 N
fetched. This solution tries to avoid the neced for block \5%

structure for the data cache, called multithreading cach.e,
which eliminates the destructive interference and can still
benefit form constructive data cache interference among
threads. The multithreading cache has also a large degree of
associativity. The sets of blocks in a data cache line are
associated with different contexts. Whenever a new block is
fetched from memory, if there is no room for it in the data
cache, the block to be removed is necessarily one belonging
to the set of blocks associated with the context which issued
the data fetch operation. As a drawback, the size of the data
cache seen by each context is usually smaller with this
structure.

A quantitative evaluation of these different approaches
1s shown in Table I. In these experiments, the Splash LU
application is run considering the use of a 64 x 64 matrix of

ansSwer to new processor fequests while ;S not able "

algorithm. . . : fetched from memory dye 0 a data coqy, la ck E
Another possible approach is the adoption of a special € migs 15

0

: [Co

doubles and the cache size (512 bytes) does not increase approach memoryn :?cc::;e;o the Nain mepy, wicht [l}:le
with the number of contexts. With the use of a large pipelined and (he throustcn tt? differen; ocks cqp QS
associativity degree, the number of blocks in a cache line is s increased  withot ﬂ? Ol the overg) emory gy, -
twice the number of contexts. Consequently, the number of structures  to o % C use of eXpensivye CrossEm 4
cache lines is reduced as the number of contexts increases. interconnection whict‘x) melnt he Proces or-memozrlr
When the number of contexts is 0, a standard SPARC tackle the probl;m o be another valid g Proach tg
processor, the associativity degree has been set to 2. The :

LRU entry in the table is related to the use of both the LRU
approach for block substitution and the large associativity

degree scheme. With this combination, the best results have certzihnel pg;&)gga?cc of the NCESPARC Processor cap
been achieved, The multithreading cache has not produced code e)r'lerat' S l‘uned OPimization of th compiler
good results because, in this application, the impact of i thg O eSS An eXample of such Oplimizatjgp
reducing the cache size has had a more important effect on : " .antlmpat:o.n ofload OPerations i relation tp 8
the cache hit rate than the reduction of destructive oorouions that will need the d ~

interference among the
effect of cache paramete
applications has beep pr

. technique i i
contexts. A detailed study of the keeccpniggii;s i[;g](;:(:;)t.hc sl
rs on the performance of Splash II is able t fg q icrease
esented by Woo et al, [WOO 95]. o0 Iote casily
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105 45 & lts  have shown that sch if
cates « . resu . : ¢me amon the dat |
550 o 5|mu1 "(Z:ns can be achieved wnth. thf’ usc of g the threads was lotally rcdefin::ld.d'btrlbmlon
g s -mpro"c ' ading scheme within  the VI. SIMULATION
?":.g;ﬂmnccr;m ulu;h;gr come applications. Table II The set of experi | RESULTS
¥ ine Rﬁé R procﬁi)st‘;incd tor the Splash FFT application the evaluation of (hcrg%]gs‘g;“'éh has been carrieg out for
"CfngA rcSU"S y 024 complex doubles. within a SMp Proces C+ processor performance
v Somethc yse of 1 implementation. of 51}?8 Element was bageq o the paralle]
wWv . of 1t ¢
’htgudcnng TABLE Il : consisting of 3 © Iner product of (wq vecto
o < ENT GRANULARITIES APPROACHES & O 32.000 integer elements (Tab] rs
A FoR DIFFE e — parallel implementation of LU (64 x 64 maf IV), on the
it — . yn — Average number of cycles/instr (Table V) and FFT (1024 complex doubles) r: B e
nFFL appl== Number of ContexIs g AI;lthand LU are programs from the Spl:sh %Lanr:tfrzzblic
gplas R = © experiments have been perf o
rrY ~5 % 4 i 8 the use of a non-blocking data cachc:lzmdot;]me[fl iy
NULAR o E 1.90 since 1t has, in general ¢ LRU approach
GRA EEVy Ak 1.72 : L7 e seneral, produced the best resy]ts However
: ; Iques previously d
n y described
Coarse gral 1252 4 1.29 I 131 memory system throughput havec ;?)lfutr)ther e i
cine grail_L— nming style can also affect the Regarding the operation mode of th CC; considered
m Pfoorar performance, particularly in the processor, the best option for each 1 l?cat' CEﬁPARC+
The ARCH proclcss()among the threads is done. To used since the hardware allows this ﬂcx‘i)ll))ilit lgn 4 e
NCESP Jistribution ider an application which multithreading has been ad it e,
s data O let us cons , adopted for the inner product
W) o (his sSUCs . product of two vectors. When application. For the LU and FFT applications. the
i"ub(]a[es the 1" cns of the vectors arc assigned to cach NCESP ARC+ processor has been set 1o operate in the fine
Calc[l;nuous Sub§CCt'l Oterfcrcnce in the data cache takes place grain multithreading mode. The simulation runs have been
cof 4. dest ctive 10 it rate decreases as the number of performed on a 270 MHz single processor UltraSparc 5
Wme data ache <hown by Table I, in the standard workstation. The simulator has been able to run in averace
¥ dwxs .ncreases a5 assigning the vector clements to 10000 1nstructions of the applications per second on this
Conhc. Howevel leaved fashion, some constructive platform. As a parallel simulator a much higher overall
caccadS i an Intet threads is observed and much better performance can be expected on any Unix-based SMP
;Lformancc rcsuxl:SS ias ysed. as shown in Table III, which S
te ’ : .
qmber Of ;O"app]ication performance If ey cats)cs Ey INNER PRODUCT RESULTS
Compar.es | ; average number of cycles spent by the
nieasuring ( ‘cnstruclion [ Total Number of Cycles (in millions)
er | ; g =
proccSsor P TABLE III Memory I Number of Contexts
N APPROACHES Access
DIFFERENT DATA DISTRIBUTIO . 0 1 9 4 ]
ppgrORMANCE FOR Time L
_ : r 7
"~ qqner Product - AVETage number of ¢y CleY/INSH, 10cycles | 065 | 0.64 | 057 | 056 | 0.57
% | Number of Contexts 30cycles | 081 | 080 | 074 | 060 | 058
Distrioution il il 2.__7 : : 100cycles| 139 | 138 | 132 | 119 | 093
Continuous 2.5 7ﬁi2°49 4 2'39¢2'23 s Average Number of Cycles per Instruction
Interleaved #257 249 | 238 | 2.13 | 1.O7 Memory Number of Contexts
Unfortunately, raditional parallel applications, such as /?rc'cess 0 1 . 4 :
nose exracted from the Splash benchmark, ‘have been e TR BT =
esianed for multiprocessing systems and, in this case, dalia 10cycles | 1,2 | 11> | O | ~ 1’ "
distribution is usually done by assigning CO““"]POL:,S Chu‘;rz 30cycles | 1,5 | 1,45 i 1,33 | 1,08 ,04
of data to each processor. When such applica 10NS x 2 49 238 213 167
rnsformed to run using threads within a single processor 100 cycles | 207 | o

instead of processes within different processors, d.cstruct.lvc
nterference on the data caches of the multithreading
rocessors usually occurs and the application performance




. on Computer Architecture and High Performance Computing - Sgo Pedrg .

302 SBAC-PAD'2000 12" Symposiun

TABLE V :
SpLASH LU APPLICATION RESULTS

1 U — Average Number of Cycles per [nstruction
ol st il i

Memory Number of Contexts

Access
Time
— .

30 cycles |

TABLE VI
SPLASH FFT APPLICATION RESULTS

FFT — Average Number of Cycles per Instruction

E Memory Number of Contexts
Access 9 4
Time
R 4
30 cycles | 1,46

—— L ——

1,25 1,29

These results show that the use of multiple contexts
within the NCESPARC+ processor have often produced
performance gains and is able to partially hide the latency
of memory access operations. Only with the FFT
application, the performance became worse when a number
of contexts greater than 2 was used.

VII. CONCLUSIONS

The simulator has proved to be a very important tool for
the evaluation of the NCESPARC+ processor performance.
The simulation results have pointed out some mistakes
which were present in the original design and which have
been corrected. In addition, they have been very useful for
the definition of some configuration parameters of the
NCESPARC+ architecture such as the size of the MIU fifo
queues. Furthermore, the simulation results have also
shown that architectural changes to increase the throughput
of the Processing Element memory system will have to be
introduced for the NCESPARC+ processor to be effective
in hiding the latency of memory access operations.

The simulator design will now evolve. The goal is to
have a full simulator of the Multiplus multiprocessor
system using a hierarchy of processes and threads. A
different slave process will be associated with the
simulation of each cluster., These slave processes will
communicate with a master control process which will
simulate the Multiplus multistage interconnection network.
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