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Abstract This leads to the problem of the performance of par-
allel applications is not known before their execution.
The traditional approach calculates the characteristics of
parallel applications either running them many times
with several number of processors or modeling the
application based on some known parameters such as
their average parallelism. This information is then
passed to the scheduler asagoriori input.

In a multiprocessor architecture it is very important to
allocate processors to applications in a proportional
way to the performance that applications are achieving.
Not considering this performance can result in an
under-utilization of the multiprocessor, and also it can
slowdown the execution time of parallel applications.
However, the performance of parallel applications is not
known before _thelr execution. In th'.s wprk, WE Propose  riq approach has the drawback that it can be very
to use dynamically measured application efficiency of

OpenMP applications to improve the performance Offume consuming. Moreover, it can result in an inaccurate

. -~ .. information since characteristics such as the speedup
two scheduling policies proposed so far, the equlpartl_depend on run-time parameters i.e. the particular mem-
tion and the equal_efficiency. The modified schedulin%r manning. etc. In [Corbalan95.)].we rODOSE A Nnew
policies will request parallel applications to achieve a y bping, : brop

target_efficiency to receive more processors. We refertapproaICh to dynamically calculate the speedup of itera-
geL y P : Qve parallel applications. The main idea is to calculate

the . modified equipartition and equal_efficiency BSthe speedup based on the relationship between the exe-
equip++ and equal_eff++. We also propose to use a_ ..~ " . : . o .
cution time of one loop iteration of the application, with

dynamic multiprogramming level to avoid the under-uti- . .
2 o a baseline (4)number of processors, and the execution
lization of the machine introduced by these new schedul- . : .
: L ) . . .~ “time of one loop iteration with the number of allocated
ing policies when using a static multiprogramming

. . rocessors. These measurements are done at run-time.
level. We have evaluated this work by executing severaq

workloads in a SGI Origin2000 with 64 processors. . - : L
Several scheduling policies consider applications

Results show that the combination of - .
(target_efficiency+dynamic multiprogramming level) characteristics and propose to execute, for instance, the
— “smallest job first”, SJF [Majumdar88], or the “largest

achl_eves_,_m the worst case, the_s?‘me performance as t?gb first”, LJF [Chen88]. Other works that also analyze
equipartition and the equal_efficiency, and in the bes

case it achieves a speedub of up to 1.3 in indiVidualdifferent application characteristics and their use in pro-
. a speeaup P ' cessor scheduling are [Majumdar91], [Sevcik89] and
applications, and in specific workloads a speedup of u

L . p[Chian994]. However, they are mainly focused on
t0 2.5, respect to the original algorithms. deciding which application must be executed as a func-

tion of their execution time. These scheduling policies
assume that information about the workload is available
a priori, and that the number of processors requested by
) ) o ) applications is fixed during the complete execution, and
In & multiprocessor architecture it is very important it is known at submission time. Other works determine
to allocate processors to applications in a proportionalye nymber of processors that must be allocated to appli-
way to the performance that applications are achieving.ations as a function of their speedups [Eager89]

Not taking the performance into account can result in aNGhosal91], but having the complete speedup curve as
under-utilization of the multiprocessor, allocating pro- input.

cessors to applications that do not scale well, or even it
can slowdown the execution time of parallel applica- oy research is based on execution environments
tions. where no knowledge of the applications is proviced

1 Introduction



priori, and it is focused on determining the number of decided, the scheduler enforces it by suspending or
processors that must be allocated to each application. Iresuming the applications processes. Our scheduler
this work, we assume that applications are submitted templements the process control approach proposed in
a queueing system and are executed in a sifiple  [Tucker89]. The scheduler informs applications about
Come First Servedolicy (FCFS) and that they are mal- the number of processors assigned to each one and
leable [Feitelson97]. We propose to use dynamicallyapplications are in charge of adapting their parallelism
measured application efficiency to improve the perfor-to their current allocation . The arrival of the applica-
mance of two scheduling policies proposed so far, theions is controlled by a long-term scheduler, the queue-
equipartition [McCan93] and the equal_efficiency ing system. This queueing system allows the concurrent
[NguyenZV96]. The main idea is to allocate more pro- execution of as many applications as the multiprogram-
cessors to those parallel applications that achieve aning level defines.

target_efficiencyallocating processors proportionally to

the application’s performance. The goal of this work is3  Scheduling policies

to show that by introducing small modifications in a

scheduling policy we can consider the application effi-3 Equipartition

ciency, and that improves both the global system perfor-

mance and the individual application performance. We Equipartition [McCann93] is a space sharing policy

refer tq tii mo(;jmed (Tqu;razirtmon antq elqu\all\ll_effllmencythat' to the extent possible, maintains an equal allocation
as equipt+ and equal_eti++ respectively. We also pros processors to all jobs. The initial allocation for each
pose using a dynamic multiprogramming level to avoid

th der-utilizati fth hine introduced by th e!Ob is set to zero. Then, the allocation number of each
€ under-utiizafion of the machine introduced by thes job is increased by one in turn, and any job whose allo-
new scheduling policies when using a static multipro-

-rqation has reached the number of requespedcessors
a SGI Origin2000 with 64 processors. Applications drops out. This algorithm continues until either there are

from the SPECfp95 Benchmark Suite and from the"© rémaining jobs or until alP processors have been
NASPB have been used to evaluate the performance gtllocated. The only information provided by the applica-

our proposal. All the benchmarks used in the evaluatior/!on IS thé maximum number of processors that it can

are parallelized with OpenMP directives US€: Reallocations are done at job arrival and comple-
tion

[OpenMP2000].

The remainder of this paper is organized as follows:3-2 Equal_efficiency
Section 2 describes the execution environment. Section
3 presents the equipartition and the equal_efficiency The goal of the equal_efficiency [NguyenZV96] is to
algorithms. Section 4 explains the modifications intro-maximize the system efficiency. The idea is to allocate
duced in the equipartition and the equal_efficiency tomore processors to those applications that have better
consider the efficiency. Finally, Section 5 and Section 6efficiency and fewer processors to applications with
presents the evaluation and the conclusions of our workvorse efficiency.

2 Execution Environment The equal_efficiency initially assumes that all the
applications have the same efficiency, then it allocates
the same number of processors to all of them during a
quantum. In this quantum applications measure their
efficiency and inform the scheduler. Once informed

In our execution environment, parallel applications o -
.~ about application’s efficiency, the scheduler moves pro-
request a number of processors and calculate their per- o ; g .
. ._cessors from applications with low efficiency to applica-
formance through a dynamic performance analysi

library, SelfAnalyzer[Corbalan99]. TheSelfAnalyzer St;ﬁgia\;\il:h hrlggeilgrlzncy’ and the algorithm continues
informs the scheduler about the current speedup. The gp '
scheduler is a user-level application that periodically (at In order to avoid a great number of re-allocations,

eachquantunt expiration) wakes up and applies the which will imply a great overhead, the equal_efficiency

scheduling policy distributing processors among para”elextrapolates the efficiency curve [Dowdy88], from the
applications. Once the processor allocation has been

2.1 General overview

2. Specified as a command line parameter of the applica-
1. One quantum is 100 ms tion or setting an environment variable



most recently measured efficiency (calculated by the4.3 Dynamic Multiprogramming Level
SelfAnalyzér Once extrapolated, the equal_efficiency

works in the following way: it initially assigns a single ~ Obviously, with these algorithms some processors
processor to each application, and then it assigns théan remain unallocated, resulting in an under-utilization
remaining processors one by one to the application wittPf the machine. To avoid this problem, we propose the

the currently highest (extrapolated) efficiency. same approach as in [Corbalan2000], using a dynamic
multiprogramming level. More information can be
4 Improving the scheduling policies by found in [CorbalanL2000]. The main idea is to dynami-

cally adjust the number of running applications to the
system load by communicating the medium and long
term schedulers.

requesting atarget_efficiency

4.1 Equip++

Equipartition has been modified to ensure that run—5 Evaluation
ning applications are achieving target_efficiency |t . L
applies the same equipartition algorithm with the modi-2-1 Architecture, applications and workloads

fication that before allocating a new processor to an
application, the equip++ not only checks if the number _Workloads have been executed in a SGI Origin2000
of requested processors is greater than the number dfith 64 processors. To evaluate our proposal we have
allocated processors but also checks if the efficiency ofélected four different applications: swim, hydro2d,
cpus_allocated+has been already calculated. apsi, and bt. Swim, hydro2d and apsi are applications
from the SPECfp95, bt is from the NASPB. Each one of
If such value is available, the algorithm checks if it is them has different behavior considering the speedup.
greater thantarget_efficiencyin that case the processor Table 1 presents the characteristics of these applications,
is allocated to the application, and the algorithm goes offom higher to lower speedup. The complete perfor-
with the next processor and application. Otherwise, thénance analysis of these applications and their speedup
application will not receive more processors in the nextcurves can be found in [Corbalan99).
guantum. If the efficiency ofpus_allocated+lhas not
been calculated, the processor is allocated to the appli-

cation, and the algorithm continues allocating proces-| Characteristics/
Application(input)

Table 1: Parallel applications

Swim Bt Hydro2d| Apsi

Sors.
Exec.Time. in Sequentia) 212 sef. 1066 skc. 223 $ec. 99 sec.
Speedup with 8/16/32/48 21.6/36.9/ 6.1/12.4/ | 4.6/5.4/ | 0.93/

4.2 Equal_eff++ processors 442800\ 2085/ | 6336 | 0.93/

20.59 0.92

The equal_efficiency allocates processors to those
applications that achieve theest efficiencyHowever, Table 2 describes the five different workloads used
best efficiencys not a synonym ogood efficiencyThe  in this work. The inst. column (instances) is the number
equal_efficiency policy has been modified in the sameof times that the application is executed and the req. col-
way as the equipartition policy. umn (request) is the number of processors requested by
each instance. The multiprogramming level has been set
The algorithm is based on the equal_efficiency algo+to four applications in all the executions. The dynamic
rithm but before allocating a processor to an applicationpage migration mechanism of IRIX has been activated.
the equal_eff++ checks whether the efficiency of
cpus_allocated+1has been previously calculated. In W1 is designed to compare the performance of the
that case, the efficiency must be greater or equal thagcheduling policies when applications perform well, and
target_efficiency Otherwise, the application will not the allocation of the equipartition policy achieves
receive more processors in the next quantum. If the efﬁdirectly a good performance. W2 has been designed to
ciency ofcpus_allocated+has not been calculated, the compare the performance when some of the applications
processor is allocated and the algorithm continues. perform well and some perform bad. W3 evaluates the
performance when applications have a medium and bad
speedup. W4 compares the performance when all the
applications have a very bad performance. Finally, W5
is designed to compare the performance when all the



applications perform very good, (swim achieves a superscheduling policies proposed in this work. To evaluate
linear speedup with 16 processors), and the instrumentdhis influence, we have executed the workloads with
tion analysis could be more critical in that case. We havehree different values ofarget_efficiency 50%, 70%

set to 32 the requested number of processors in all thand 90%. This evaluation has been performed only with
applications. Since applications of the same workloadhe equip++(dyn), assuming that results are valid to the
are submitted at the same time, and we app§CES  rest of scenarios.

policy, applications have been submitted intercalated,

for instance swim-bt-swim-..-bt. Results of this evaluation have been eliminated from
this document due to the lack of space. They can be

Table 2: Workload description found in [CorbalanL2000]. They show that a

swim bt hydro2d apsi target_efficiencyf 70% is the most appropriate, since it
st ] teq | mst | req| imst| req st e avoids the excess of processors generated by a
wi 5 32 5 32 target_efficiencyf 50%, without increasing the execu-
w2 6 32 6| 32 tion time in excess, and the small number of processors
w3 6 32 6 32 generated by garget_efficiencyf 90%. The rest of the
w4 12 32 experiments will be performed with target_efficiency
w5 12 32 of 70%.
5.2 Execution Environment 5.3 Equipartition vs. Equip++
Table 3: Scenarios evaluated Figyre 1 s.hows the rgsults of executing from W1 to
W5 with equip and equip++. Numbers above columns
Scenario Policy | SelfAnalyze[ Multi. Level are the average of the number of processors allocated to
Statif Dyn| sm[ dm each application. Y axis shows the execution time, in
Equip equip X seconds, of each application in the workload and the
Equip++(static)+dml equip++ X X

total execution time of the workload. We have executed

Equip++(staticy+smi equip++ X X with dynamic and static multiprogramming level (dml/
Equip++(dyn)+dml equip++ X X . . T
: : sml) to evaluate the influence of the dml in the individ-
Equip++(dyn)+sml equip++ X X . . . . .
— ual execution time of parallel applications, and to differ-
Equal_efficiency equal_eff X X . he b fi ided b ith I . h
Equal_effr+(statc)rdmi | equal o 5 entiate the benefit provided by either allocating the

Equal effr+(static)rsml | _equal_ofrd X 3 processors pr_oportional.to the performance or the
dynamic multiprogramming level. Based on these
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The work done in this paper has been developed
using the NANOS execution environment
[Martorell95][CorbalanML99][Martorell2000]. Appli-
cations are parallelized through OpenMP directives. The
CpuManager implements tleguip, equal_eff, equip++

O Equip++(tatic)+dml
o Equip++(tatic)+sml
@ Equip++(dyn)+dml

m Equip++(dyn)+sml
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andequal_eff++ The scenarios that we have evaluated i BA  Tod !
are shown in Table 3. Static column of tBelfAnalyzer w

o

=)

means that the source code has been modified by trﬁo
compiler and re-compiled with th8elfAnalyzerDyn.. ¢,
column (dynamic) means that the source code is noty
modified and the instrumentation done by ®elfAna- 7,
lyzeris dynamically loaded by a dynamic interposition i ,,
tool (DITools [Serra2000]). We differentiate the static £ 0””‘“*” )
and dynamic scenarios to evaluate the possible overhead " | * ™ T s
that could be introduced when thﬁeIfAnaIyzeriS Figure 1: Equipartition VS. Equip++
dynamically loaded. In the case of the equal_eff++ the .
evaluation is not done since we consider that result§esults we can conclude that equip++ outperforms
from the equip++ are valid for the equal_eff++. equip. That means that it is very important to consider
the performance that parallel applications achieve to
Moreover, we have evaluated the influence of thePe€rform the processor allocation. We can also observe
value of target_efficiencyin the performance of the that the dynamic loading of thBelfAnalyzeroes not

8
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=

xecution time (sec)
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introduce a significant overhead. The third and fifth col-efficiently by another application. In workloads where
umns of each graph show the benefit provided byonly applications with good speedup are involved the
requesting darget_efficiencyo applications. A second performance of the scheduling policies is more influ-
important conclusion is that in processor allocation poli-enced by the particular characteristics of the
cies that can leave unused processors it is very importargqual_efficiency than by the limit in the processor allo-
to use a dynamic multiprogramming level to avoid the cation. The equal_efficiency does not work with real
under utilization of the machine. The second and fourthspeedups, it works with extrapolated values. The func-
columns show the additional benefit provided by thetion that extrapolates the speedup curve is highly influ-
dynamic multiprogramming level. We can also com-enced by the speedup values calculated. Since the
ment that in workloads where applications co-exist withequal_efficiency allocates processors to those applica-
good and bad speedup, such as the W2, processors diens that have the highest efficiency, a small difference
re-distributed from applications with bad speedup (apsijn the speedup calculated can result in a great difference
to applications with good speedup (bt). The processoin the processor allocation. This fact results in a great
re-distribution has two effects, first bt changes from 107variance in the number of processors allocated to the
sec. with the equip (speedup=9.96, 14 proc.) to 67 sesame application in different executions.

with the equip++(static)+dml (speedup=15.9, 25 proc.).

And second, apsi is also benefit of this re-distribution, itg  Conclusions

changes from 204 sec. (speedup=0.48, 16 proc.) to 97

(speedup=1.02, 1 proc.). Finally, we want to comment |, this work we have adapted two scheduling policies
the allocation of processors to hydro2d in W3. Wg CaNproposed so far, the equipartition and the
observe_the great difference be_tw_een the allocation ”%qual_efficiency, to imposetarget_efficiencyhat must

the (static) and (dyn) cases. This is because the execyyy accomplished by the parallel applications to receive

tion of hydro2d is quite affected by the processor re-p cessors. Moreover, a dynamic multiprogramming
allocation introduced by thBelfAnalyze(data re-distri-  |o\g| has been used to avoid the under-utilization of the

bution). Hydr_02d has several nested parallel regions_ anﬂwachine that introduces thearget_efficiency These
the mechanism introduces overhead, resulting in &cheqyling policies have been implemented in a SGI
reduction in the achieved speedup. 02000 with 64 processors and evaluated under several
workloads with different speedup characteristics.
5.4 Equal_efficiency vs. Equal_eff++
Observing the evaluation of the equip vs. equip++

Figure 2 shows the results of executing the workloadsand equal_eff vs. equal_eff++ we can extract three main
with the equal_efficiency and equal_eff++. We canconclusions: First, considering the application efficiency
observe that in workloads including applications with to perform the processor allocation is very important to
bad speedup, the equal _eff++ outperforms themprove both the system performance and the applica-
equal_efficiency. This is because the equal_eff++ limitstion performance. Second, the communication between
the medium and the long term scheduler improves the
global system performance. And finally, it is also impor-

8
8

O Equal_efficiency
3 Equal_eff++(static)+dml
2 Equal_eff++(static)+sml

g

gm E tant to base the processor scheduling decisions on real
2 g g o a values, not on extrapolated ones, since it can result in a
%m R e HHH %m 99 g H HH incorrect or unfair allocation.
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Figure 2: Equal_efficiency vs. Equal_eff++
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