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Aﬁf;a(c_s_ : multaneous MultiThreaded) is becoming one of
5 ds in the design of future generations of

ior tren } o . o
the n;?chitecture& Its ability to exploit both intra- and inter-
micro llelism makes it possible to exploit the potential

ra .
threa:ll nl;‘:rucﬁon.lcvel parallelism) that will be offered by
ILP designs. SMT architectures can hide high

rocessor ,
i of instructions taking better advantage of the

Jatencies resOUICes through the simultaneous execution of a
hard“;;‘,:‘;rsiﬁcd instructions from different threads. In order
Jot of di de detailed and accurate information about the
fo provi o of this approach, a SMT simulator has been

¢
performas f the SimpleScalar Tool Set.

develop lator allows the configuration of a large set

The SMT simu . .
farchitectural parameters (cache and reservation station
0

(opologies, number of slots and branch prediction accuracy) in
(:ll:iition o the parameters originally inherited from the basic
:imulator (size of the cache memories, tables and queues,

instruction scheduling policy and pipeline wid.th). The SMT
mulator has been exhaustively tested with workloads
composed of some SPEC95 benchmarks and under different
instruction cache topologies. The simulator l.las proved to. be
an efficient tool for the performance evalual.non of these km.d
of architectures. The paper describes the main features of this

simulator and analyses the simulation results.
Kevwords— superscalar, SMT, performance evaluation

[ INTRODUCTION.

The technological advance in microprocessor design 1n
the recent years has followed two main trends. The first one
ries to increase the microprocessor clock frequency using
new digital components and modern VLSI solutions. The

second one tries to exploit parallelism at the level of
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Instructions by applying more aggressive techniques to
exploit the instruction level parallelism (ILP): pipelining,
superscalar  out-of-order execution and simultaneous

multithreading.
Pipelining consists in dividing the execution of an

instruction in a set of ordered and synchronized stages.
which can be operated in parallel. Using this approach, the
Instructions are executed in subsequent steps, allowing their
partial overlapping. The 1deal performance for this
technique is the retirement of one instruction per cycle.
Although it could be interesting to have as much stages as
possible (with the subsequent reduction in the cycle time),
the penalties incurred by pipeline hazards [HEN 94] forced
current designs to have a moderate number of stages.

To boost the performance of the pipelining technique,
superscalar architectures [JOH 91, SMI 95] replicate some
hardware resources (such as registers and functional units).
Superscalar execution allows the initiation of more that one
instruction per cycle. Although this approach 1s used in
current commercial microprocessors, such as Pentium
[AND 95], Power/PowerPC [CHA 94, DIE 95, YOU 96],
MIPS R10000 [MIP95] and UltraSparc [ULT 96}, 1ts
performance is limited by instruction dependencies
[JOU 89, BUT 91, TRA 92, WAL 93].

Since the dataflow dependences limits the maximum
parallelism that can be reached by single-thread
applications [LIP 96], some researchers have investigated
the simultaneous execution of several instruction flows
[HIR 92, YAM 94, TUL 95, GON 98]. This new approach
is called SMT (Simultaneous MultiThreaded) and 1ts
advantage is based on two main reasons: First, the ILP from
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the different threads can be combined :
communication among them (for Instance, threads com

from independent applications). Sccond, the avg:labnhty of
threads can hide the execution of high-latency instructions
in other threads (like for instance memory misses).

The SMT is a modern concept and just a few qf
performance evaluation studics have been conductqd until
now. In 1996, Tullsen [TUL 96] analyzed dlffcreqt
instruction fetch policies and concluded that the fctqh unit
must favor those threads with less instructions 10 the
pipeline. In 1998, Hily [HIL 98] analyzed the contention On

the secondary cache and concluded that it can not be
ignored in order to obtain accurate results from the

simulations. Still in 1998, Lo [LO98] concluded that {nany
cache conflicts could be eliminated by software gsmg a
suitable policy of virtual-physical address mapping for
memory pages and by using per-thread memory address
offset. In 1999, Gongalves [GON 99] showed analytically
that cache miss rate, caused by interference among threads,

could be reduced by prefetching instruction, before that the
thread 1s scheduled to context switching. Also in 1999,
Sigmund [SIG 99] concluded that the choice of the cache
replacement policy 1s fundamental when there arc

restrictions in the memory bandwidth.
All previous studies have shown the importance of the

SMT architectures, analyzing and evaluating some aspects.
However. much more must be done. The existence of an
efficient SMT simulator that models the whole system
(including memory hierarchy) is totally necessary. This
paper presents a SMT simulator that has been developed on
top of the SimpleScalar Tool Set [BUR 97]. Our simulator
is portable and provides many facilities (o obtain detailed
statistical information about the performance of this new
architectural approach, under different configurations. This
paper describes the main features of the simulator and

analyses the simulation results.
The paper is organized as follows. Section II describes

the basic simulator. Section III describes the SMT
simulator. Section IV presents and analyses the results of
the cache simulations. The conclusions are presented in the
section V and the references can be found in the last

section.

II. BASE SIMULATOR,

The SimpleScalar Tool Set has been developed at the
University of Wisconsin-Madison as part of the MultiScalar
Project. SimpleScalar has gained popularity and it is used
as the base in the development of current execution-driven
architecture simulators. It contains a lot of C functions that
can be used to decode SS binaries (a variation of MIPS
mst.ruction set), simulate caches and branch predictors,
besides other I/O and resource management functions. In
addition, there are tools for the generation of SS binaries
from C source programs. The package contains pre-

compiled SS benchmarks, allowing fa5 test
simulators 1n progress. Sting ¢
The SimpleScalar Tool Set also inclydeg <0
simulators. One of them, called sim-outordey. ; ME bagje
superscalar architecture with branch pre dict’ionmulatgs ]
renaming and out-of-order execution. This sjmy [egister
the RUU (Register Update Unit [SOH 00)) E:LOr Uses

instructions and  to  control  both repapm,:
dependencies. The RUU keeps instructions yp; ng

be committed. This architecture has a pipeli
stages: Fetch, Decode, Issue, Execution, Writ
Commit, as shown in Figure 1. The Fetch
instructions from instruction cache (i-cache), g
a buffer (i-queue) and predicts branches,
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Fig.1 General view of the architecture simulated by sim-outord
2 er

The virtual addresses of the instructions and dat
rpapped to real addresses through the Instruction aTire
(-tlb) and data TLB (d-tlb), respectively. Misses in th B
cache or the i-tlb block the Fetch stage for a ¢ e?fl-
pumbero of cycles. The number of usefyl fgtcctlrlg
fnstructnons per cycle depends on the fetch widtch
I-queue availability and branch prediction accurac Th’
Instructions  available in the i-queue are decodc{j. 'ang
renamed in the Decode stage, in order, and stored In the
RUU queue (ruu-q). Load/Store instructions are split in twd
parts: an Add instruction, which computes the effective
memory address and is stored in the ruu-q; and the
Load/Store instruction itself which is stored in a load/store
queue (Is-q).

Both the ruu-q and the Is-q are pools of reservation
stations [TOM 67], ordered such as a reorder buffer
[SMI 95]. They contain decode information, operands, busy
bits and tags for the dependence controlling. The number of
dgcoded Instructions per cycle, depends on both the decode
width and the availability of instructions (in the i-queue)
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ations (in the RUU). The Issue stage
‘on

rcscf"at'o. uctions from both the ruu-q and the Is-q
ins' e (1.€. they have all the operands
; Cucd memory dependences), and issues
arf,rc and %" inctional unit. The number of issued
q the number of ready instructions,

" 03P
(hcmt d ds 9 lability of functional units and

I
st gt and the ava

om0y ponil.“on stage execules the instruclior.ms and keeps
The EX¢C | unit busy during the operation !atency.
tjona 5 nstructions, only LLoad instructions are

ong the mcmola o The Store instructions are executed
A ed i “‘"S : gc when the computation is tagged as
mit Sgl(f)%th’ memory and branch instructions are
non'swcum%n&hjghcg priority. The result of executed
ecile WIare <ent back 10 RUU in ord.cr. to free the
insm)c'u nSf sther instructions which are walgng for them.
cecution © qage verifies the ruu-q and retires, in order,
The ommlld qstructions. When an Add instruction for a
e € cluded 1 .« retired from the end of rru-q, the last
ry addrcsswhich must be the other component of the

is retired too. When a branch
. found, the prediction \{alidation is done. If the
ong, all other entrics of ITu-g and ls-q are
nstruction fetch is redirected to the

lative results are stored in

and the
et. The non-specu
memory, definitively. £l
h simulated cycle, all pipeline stages are
ation statistics are collected. The Sim-
mulator 18 totally configurable and allf)ws the
f L1 and L2 caches, TLB, branch pl'Cdl.Ctor, as
he other internal parameters of. lhe. architecture
n the previous paragraphs. This simulator has

develop the SMT simulator presented in the

execuled @
outorder 1

definition 0
well as all |
mcnliOﬂCd '
heen used 10

gext section.
[11. THE SMT SIMULATOR.

A simulator for SMT architectures was develgped', as
at of SEMPRE®  Project [GON 98], using the
Gim-outorder  simulator. - The ﬁ.rst step 1n the
implementation consisted in developing 2 mulllprocessor
ersion of Sim-outorder, through the replication of gll the

aructures (slots). This mainly implied the expansion of

calar variables to vectors and n-dimensional data structures

0 (n+1)-dimensional ones. All functions were adapted to

accept a new argument that corresponds to the processor

identifier (slot's index). Each slot executes is devoted to
execute a single application. At each cycle, all processors
execute instructions from their applications in parallel. The
~ individual results from each application are the ones

p
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architecture that executes processes simultaneously,

.

TR e,
T s

re o1 -
co;()jortcfd by the f)rlglnal Sim-outorder simulator. The basic
¢ of the multiprocessor is shown in the Figure 2.

for (;5) /* cach iteration is one cycle */
{ n_cycle++:
for (slot =1 : slot < = n_slots ; slot++)
{ commit (slot, n_inst, finish):
if (finish) break:
}vritcback (slot);
1ssue (slot);
decode (slot);
fetch (slot);
} total_inst[slot] = total_inst[slot] + n_inst:
} if (finish) break:
for (slot = 1; slot <=n_slots ; slot++)
ipc[slot] = (total_inst[slot] / n_cycle);

Fig.2 Simplified code for the multiprocessor simulator

. After the implementation of the multiprocessor
simulator, all pipeline stages were unified and many
resources were shared in order to make the SMT simulator,
as shown in Figure 3. Note that in this work, each thread
corresponds to an independent application. The resource set
containing register file, tables and queues, used to keep the
context of one thread is still called slot. The new Fetch
stage fetches one instruction block per cycle, which 1s
composed of instructions from just one thread (scheduled
each time in a round-robin fashion). The other stages
schedule just one block of mixed instructions per cycle,
which 1s composed of instructions from different slots in a
round-robin fashion, until the corresponding bus width is
filled.

There 1s an 1-queue for each slot to ensure that each
thread have its instructions fetched and also to ease the
mixing of instructions inside the pipeline. The Fetch stage
fetches instructions from the ill-cache, giving priority to
the thread that has few instructions in the pipeline. This
technique, called ICOUNT in [TUL 96], achieved better
performance. From these fetch buffers, a lot of instructions
are decoded and dispatched, in order, to reservation stations
(ruu-g and Is-q). From the reservation stations, the
instructions are always issued to a shared pool of functional
units. Regarding registers, each slot has an individual frame
to store a different context.

Many features were inherited from the original
sim-outorder simulator, such as out-of-order and
speculative execution, branch prediction and register
renaming. However, new features have been developed.
The first one is to control the branch prediction accuracy.

In some cases, a SMT architecture with small hardware

budget usually requires a good branch predictor to
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efficiently exploit the potential ILP. On the other hand,
having more resources relieves the system fr.om accurate
predictors. With the control of this feature, 1t 1S possxb.le to
force the accuracy rate in order (0 evaluate these questions.
The simulator also allows the evaluation of different
organizations for the reservation stations. Two different
topologies have been considered (as shown in Figure 4): (a)
per-thread distributed and (b) shared topologies. In that
figure, both topologies ceceive a mix of instructions from
decode stage in a SMT architecture with 4 slots (called

SMT-4).
1-cache system
- smt-fetch
Y
1-queue
system
Y
smi-decode
¥
shared or
distributed
RUU systen [
4 .
L 7 J | smi-1ssue
data =
cache shared fus _U smt-execution
system
T [ l - smi-writeback
—L ) smt-commit
reg frames

Fig.3 General view of the SMT architecture

In 1995, Jourdan [JOU 95] evaluated the performance
of different issue topologies on superscalar processors,
showing that the per-functional distributed topology could
take better advantage of the reservation stations. In 1997,
Palacharla [PAL 97] showed that the issue logic on
superscalar processors could become a big bottleneck in the
future. However, because of the dynamical nature of the
SMT architectures, a new study of the issue topology 1s
necessary. Depending on both the branch prediction
accuracy and the cache miss rate, besides others parameters
such as cache topologies and types of functional units, this
feature can help deciding which is the best situation to
improve the performance. [GON 00] concludes that the
per-thread distributed topology can be more appropriated.
In the present work we are using this topology in order to
achieve maximum performance.

Another very important feature of this simulator is the
ability to configure the decode depth, which defines the
pumber of instructions from each fetch buffer that can be
mspect'ed simultaneously per cycle. If each fetch buffer has
N entries, n 1s the maximum decode depth. Note that
inspected instructions are not necessarily dispatched.

smt-decode smi-d sy
“UeCodea
2
< RuuLsQ B
H \ buffers — b
AR o
. T
smt-issue St @
-ISSue

(@) (b)
Fig.4 Issue buffer topologies

Previous studies have considered that ap
fetch buffer can be inspected and, if possik
fill the dispatch width. So, the decoder can
of the better schedule to dispatch. Howey
an expc?nsive decode logic in order to impl
cycle time can be increased. The availability of .
threads makes possible to reduce the number gf'o muh.]ple
inspected from each slot, with minimga] o
p.erfm:mance. As a consequence, the deCOdeWaste of
simplified and the cycle time reduced. Figure 5 rh P
examples of SMT-4 pipelines with decode depii Z fOIWs two
respectively. In that figure, the first SMT-4 (a) ¢, dand 2,
just one instruction from each instruction buffern o
second SMT-4 (b) can decode up to two instruct b

| . uctions.
the first SMT-4 can inspect up to 4 Instructions in orderS ?(;

dispatch up to 4 instructions too. However. the second
, n

SMT-4 can inspect up to 8 instructions i
: ructions 1n order to dj
up to 4 instructions. [ to dispatch

Y €ntry of any
le, decodeq o
make the chojce
€T, 1L 1S requireg
ément it, anq the

smi-fetch smt-fetch
decode
- - - 1 < - m —» 2 {‘ k - ‘-}
-
(@) (b

Fig.S Examples of decode depth

. In addition, if the decode depth is small, the dispatch
width could not be filled completely due to insufficient
amount of inspected instruction per cycle. This situation
can happen even if there are other instructions in the fetch
buffers. [GON 00] concluded that it is not necessary [0
decgde more than 2 instructions per thread and cycle to
achieve more than 96% of the best performance. In this
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ar nce.
c‘v‘c jmum alizrfz;ll:;fvs the definition of several
3chncv,s gimulator vhich can use multiplexed banks on
This * rch:jcsl'n;du]cs on the independent buses, as
% ' an 1re 6 for SMT-4. There are 2 modules of
the ° ified 1N Fig hich can be accessed in parallel. Each
tion cachei1 ‘;uffers' Inside each module, there are 2

! ch bank can
sed exclusively. Ea

LW one thread, nevertheless, a thread
03> "y more than haring of the same
use just one bank. The sharing
e behes id hecause a field that identifies the slot
owS included in the cache b]o.ck. In the
thread) T e evaluated these questions 1n order to

k we have EVale
presch ihe efficiency of this simulator.
p module 1

bank 2 bank 3

[ smt-fetch

- Tk
’V ¥ smt-decode

Fig.6 Example of instruction cache topology
Ig.

EVALUATING INSTRUCTION CACHE TOPOLOGIES.

: SMT architectures

ain problems related (o

Ot % tt:fglmanpce of the instruction cache [GQN 9]

is the low p - addressing conflicts [LO 98] from d1ffer§nt

due tg m;l?}?,sy work we have simulated different topologies
threads.

) . m.
O

TABLE 1

Hardware Latencies

Types of latencies Number of cycles

11 hit : 12 hit ; tb miss 18; 6 ; 3(2))
12 miss (for n+1 chunks) (1 +ln
int-alu functional unit 2

fp-alu functional unit
ld/st functional unit 2

l

int-mul Div oper 20
functional unit Mult oper | 71
fp-mult Sgg oper | I’)
functional unit Divoper | 2
Mult oper 4

The experimental evaluation in this section is carried
out for two processor configurations, named SMT-4 and
SMT-8, with 4 and 8 slots, respectively. Table 1 shows the
latencies considered for the functional units and Table 2 the
lotal hardware amount used in the two configurations.

TABLE 2
Total Hardware Amount

SMT-4 SMT-8

Pipeline width = §,
Unif-12-cache = 128k,
Instr-11-cache = 16k,
Data-11-cache = 16k,
7 Funct-units = (2 int-alu,
2 fp-alu, 1 int-mult,
1 fp-mult, 1 1d/st),
(ruu, 1sq) sizes =
(16, 8) entries.

Pipeline width = 16,
Unif-12-cache = 256k,
Instr-11-cache = 32k,
Data-11-cache = 32k,
14 Funct-units = (4 int-alu,
4 fp-alu, 2 int-mult,
2 fp-mult, 2 Id/st),
(ruu, Isq) sizes =
(32, 16) entries.

Different memory topologies are considered, called
CacheXYZ. X is the Cache Modularity that defines the
number of modules connected on different buses, which can
be accessed in parallel. Y is the Cache Separativity that
defines the total number of multiplexed banks, distributed
among the modules. Z is the Cache Associativity that
defines the number of entries of each cache bank related to
the same memory address. The product Y<Z (separativity
times associativity) is called ST (space of threads). In order
to provide sufficient space for the co-existence of many
threads in the cache, the ST must be greater than the total
number of threads sharing it. Also, the maximum number of
threads located in the same module must be ST/X. Inside
the module, the multiplexing of the banks simplifies the
external hardware complexity, making possible the use of
just one fetch bus. However, the multiplexing forces that
just one bank can be accessed per cycle. Figu.res 7 and 8
show the cache topologies, which have been simulated on
the SMT-4 and SMT-8 architectures, respectively. For the
two configurations, all the proposed topologies use the
same hardware amount, as shown in the Table 2. Also,
when the cache is distributed into two modules, the total

bus width is split into two parts.

In our analysis we have measured the pcrfgrmancc In
terms of ipc (instructions per cycle) and the ratio t?et\\fcch
two ipc values (Speed-up). We have used eight pologf‘u’n.x
from the SPEC9S5 suite: 4 integer benchmarks (p.erl, sze.g[.
gcc and /i) and 4 floating-point pcnchrparks (swim, r§§¥(4
wave5 and fpppp). For the simulation of thczdS ] -4
configuration, 4 different - workloads compose ngd
benchmarks each (2 integer and 2 ﬂoalmg-pon.nt) are unik
For the simulation of the SMT-8 configuration, a sing

workload composed of the eight programs 1S us'ed.('ilj ablf\ l3l
summarizes the composition of the workloads.
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simulations are executed until one of the benchmark in the Elgurc ? ;hft‘;'lse tch:CE:rtf:rg}zﬂ?:SaChleyed by the SMT4
workload completes 250 millions of instructicl)(r)s, egro:g ?}:Z?lft‘]egcsgeit?s odaiblerts Eee t%)at z?;;g;lzgzlizvd:sﬁned In
:Z}:jlucchc lSh(l \221210?1; Sotg glcnmal instructions are SKipp indivic!ua! performancc (over 1 ipc) and perl aChicti,]:S tﬁ:t
. worst individual performance (close to 0.5 ipc). Notic e
TABLE 3 the overall performance reaches more than 3 inc f; that
Benchmarks Arrangements topologies. Also, we can note .that changing the topol I all
1 swim, perl, mgrid, ijpeg NopES e fsigmg cgnt }? lffefnce In the indivgiguda(;
2 | waves, gee, fpppp, i et o e e el b Regarding  the OVera]|
SMT-4 | o - 7 performance, this difference is higher, as shown, %
3 li, fpppp, ijpeg, mgrid Table 4. This table shows that the speed-up of the
| 4 gee, waves, perl, swim . Cachel 14 topology (best overall performance) i the
SMT-8 | swim, perl, mgrid, ijpeg, wave3, gee, fpppp, li Cache241 topology (worst overall performanCe) rer the
9.48%. Moreover, In that figure, we cap makeaches
considerations about the vectorial space of thresg Fitwo
Cacheil41 - 1 module the associativity 1S more important than the Sepafati.vit ISt
4 banks x 8Kb (a=1) improve the performance. Second, the modularity of 5 g’ to
ot not improve the performance. oS
Cachel22- T 1 module
2 banks x 16Kb (a =2) IPC Cache Performance on SMT-4 o e
8 4 :
Cache114 - 1 module B -] ; )
: * 1 bank x 32Kb (a = 4) : topologies
Cache241 - 2 modules, - BCachetqr
+ r— 4banks x8Kb (a=1) :EICacwe122;
4 41 4 B Cachet14 |
Cache222 - 2 modules 3 B Cache241
4"; : + 2 banks x 16Kb (a=2) : ; L u ?__999!1;_02_23:
Fig.7 Instruction cache topologies for SMT-4 1 i — ‘im ' 4
; il o Il o HEEEE A, o e
o iy o BRI o TN, Gy
b B banks xB1G (a=1) % a S a > S % ~ Sbenchmarks
16 } : 8 >
Cache142 - 1 module Fig.9 SMT-4 performance
16} el lnty Figure 10 shows the results obtained for the
e ooy v EMT-S architecture. The overall performance is muych
2 banks x 32Kb (a = 4 1ghe.r than that obtained with the SMT-4 architecture,
16 4 reachmg more than 7 ipc for both Cache242 and Cache?24
R - S topologies. The best speed-up is achieved by the Cache224
4 1 bank x 64K (2 = 8) topology over the Cachel81 reaching 34.74%. as shown in
16 ',’ the Table 4. However, the average performance of each
o SR benghmark 1s similar on both SMT-4 and SMT-8
8 banks x 8Kb (a = 1) architectures, as shown in Figure 11. This situation has
81 81 occurred because the pipeline stages of these architectures
Caiangs AP are basgd on a round-robin algorithm, which gives priority
4 banks x 16Kb (a = 2) for the .mter-thread parallelism instead of the intra-thread
81 81 parallelism. The differences in the average performance
Cache224 . s bctweep SMT-4 and SMT-8 are 1.62%, 1.31% and 0.34%,
2 banks x 32Kb (a = 4) rgspecuvcly, for perl, mgrid and ijpeg, as shown in the
81 81 Figure 11. The maximum speed-up reaches about 10.70%

In swim on SMT-4. The best speed-ups between SMT-4

Fig.8 Instruction cache topologies for SMT-8
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allow us to verify that the

s more important than the separativity to
formance on SMT-8, just like the SMT-4.

: 1vity does not
et has happened because the separativity
fug > i banks by any thread, in opposite to the

Jllow the use of the . )
sssociativity.  However, 1IN opposite to the SMT-4, the

silization of modularity 2 on the SMT-8 provides better

formance. This situation has happened duq to fetch
width. In the SMT-4 architecture, a fetch width .of 4
sructions is not sufficient to explore the [LP available
- aide each thread, due to breaking of the basic blocks. This
has not happened on SMT-8 because the use of a fetch
width of 8 instructions ensures the fetching of a greater

number of complete basic blocks.

These simulations

associativity 1
improve the per

TABLE 4

Maximum Performance Speed-up

el SMT-8

. d
achel | 4/Cache241 A B Cache224/Cache 181

9,48% 34,74%

Vgg r:;!;x?g’t \Lghnc(:lrc thlc tr‘adcoff bthcgn pcrform.an.cc
SR hcva ua.tm.g associativity, separativity
filekisas (Z. 18 assoc!auvny IS very expensive (0
iy e rmts) of cycle time, bgcausc It 1S necessary to
Saisl gy g¢ number of ca;hc positions in order to find the
get address. However, this technique can reduce conflicts
and mszg better use of the cache. On the other hand, the
scparativity provides fast access to the target bank through
the mult.lplcxing and reduces conflicts too. However, the
under-utlllged banks can not be used for other threads.

Regardmg the modularity, the utilization of more than 1
module requires the duplication of the fetch stage.
Moreover, the under-utilized fetch buffers by a module can
not be used by another module. However, due to simplicity
of each fetch sub-stage and the absence of conflicts among
modules, this approach could be used to improve
performance in some cases. We believe that combined
solution of these concepts could be better.

A final consideration about our simulations it that our
thrcad§ come from independent applications. Consequently,
there 1s no communication and synchronization among
them. 'Ijhis topic 1s very important but out-of-scope of this
paper, in which we have been interested in the use of
multithreading to achieve better workload performance.

and
and

V.  CONCLUSIONS

Research activities around SMT architectures are
expanding widely due to potential benefits that can be
derived from multithreaded applications. From our point of
view, 1t is important to analyze and evaluate all pipeline
components in order to design efficient SMT architectures.
The SMT simulator described in this paper is the key tool
that allows the analysis and performance evaluation of
different configurations for these SMT architectures, easing
the design phase of aggressive microprocessors. The
functionality and capabilities of the simulator have been
tested through the evaluation of several instruction cache
topologies.

Several conclusions have been drawn from our study.
First, as expected, an SMT-8 architecture can provide better
overall performance than SMT-4 architecture. However, the
individual performance of each benchmark 1s kept
equivalent on both architectures.

Second, the utilization of a space of threads smaller
than the number of active threads on SMT architecture can
significantly decrease performance or make impossible the
execution of applications. This situation happens due (0
memory addressing conflicts, which enlarge the amount of
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