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Comments on 
Using the Livermore 
Loops and Harmonic 
Mean to Measure the 
Basic Performance of 
Two Graphics 
Supercomputers 
( h e  and Miyail 

fheartkteintheJune89issueof 
Vector Register compan'ng two 
graph& supemmputers was 
extreme& interesting and in- 
sightfvl. Since one of the n m -  
bes obtained for the Titan was 
low by a factor of fwo, the har- 
monic m a n  was &c& by 
20%. This srimulated this nofe 
about howreducing one ofthe24 
Imps affects the mean. 

Several articles have k n  
written on benchmarking which 
all who look at performance 
metrics should understand. 
Amdahl 11%7) originated the 
con- a b u t  performance by 
comparing uN- and multi-pm- 
essors for spd-up. Since the 
harmonic mean is Amdahl's law 
generalized with an q u a l  num- 
ber of opesations for each loop, 
the d h s i o n  is intended to 
provide more insight for super- 
computer and parallel computer 
builders and buyers. 

'using the m a n  has implica- 
tions on the expxted perfosm- 
a m ,  capcity, and cost/per- 
fonraance for small (4-16 ppoces- 
sor) and large (>la0 prwessor) 
multi-processors, especially 
when the processors are used in 
parallel. Thrs thinking alm leads 
to questioning how computers 
with multiple prmswrs should 
be deployed to give the k t  re- 
sdts in terms of single program 
speed, system throughput, and 
pwformance,lcost. Specialized 
computers like the Connection 
Machine will be their nature 
have a dispmportimateEy lower 
mean than one might imply 
from their peak (or advertising 
speed). The mean used alone 
may automatically cause these 

IleW CempUkrS tQ be Wj&d, 
unless users understand their 
workload and can adjust 
weights a d h g l y  from ker- 
nels of other benchmarks. Fi- 
"ally, the authors provide 11 
rules about suprmmputer de 
sign. 

The ArdentTitanisfasterthan 
indicated in the benchmark 
comparison of the Ardent and 
Stellar machines @ne 1989). 
The results point out interesting 
properties of machines as meas 
u r d  by the Livennore h p s  
IMcMahon, 1986) using the har- 
monic mean. I§R obtained a 
reading of 0.213 Mflops instead 
of 0.43 Mfiops for loop 13 for 
Titan 1. Ardent is unable to YE- 
produce the slower speed. By 
fLlllning loop 13 at sped, a Titan 
1 (one processor), Release 1.0 
provides 1.82 Mflops for vector 
length 47l. Using release 2.0 
software the harmonic mean for 
one processor is 1.84 Mfl ops and 
for Titan 2 (two pmces~ors)~ 2.Q2 
MFlops. (see Eddifor's Note) 

The harmonic mean of the 
loop (Wmlfon, 1984) 40- sys- 
tem designm to systematically 
focus on the weak& partsof the 
machine. It rewards systems for 
good perfomnce on scalar and 
hard to vectorhe I m p s  and 
hardly rewards supercomputers 
with vectorcapability. Since the 
loops are uniformly weighted 
and are not correlated with 
workload, the difficult, slow 
loops are likely b give the user  a 
pessimistic indication of per- 
formance. 
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an qual number of floating 
pint operations. Harmonic 
meanislikeaswimnifig,biking, 
running triathlon where every 
leg has an idential distance. 
McMahon's report on the loops 
provides a set of cwffidents for 
weighting the loops which cor- 
respond to actual environments. 
For an assessment of how a 
machine wdl actually #om, 
users must weight the loops cor- 
responding to their own work- 
load. Smith (1983) explores h e  
harmonic mean as a single met- 
ric indicator for a benchmark 
suileoftwaorzhreehypothetical . 
computers to give insight. His 
rule 3 s t a b  "Harmonic mean 
s h o u l d b u d  for summarizing 
performance expressed a5 a 
rate." 

The geomelde mean can be a 
rneasuce of the workload if alE 
the b e d m a r k s  are normalized 
tooneofthecomputers Smith's 
rule 2 "Geometric mean should 
not be u d  for summarizing 
pr fomnce  expressed as a rate 
or as a time." 

The Binpte average is a rela- 
t i d y  optimistic measure of 
machine performance and re- 
wards vector [supercomputer) 
architeeturn. Increasing the 
sped on a few loops by a factor 
of 25 doubles the performance of 
thecomputer. Not doingwellon 
a loop, including not mnning it, 
decre;tsff the average by only 
4%. In effect, the speed for each 
of the course legs is just aver- 
aged, corresponding more 
closely to what triathlon race 
designershy todowhenmaking 
the three activities spend 
roughly the same energy (or 

more closely to the same k). 
Smith's rule 1: "hi thneticmean 
can be tzsed as an a m  te meas- 
ure as perfomarm expressed as 
time.. . it shwld not be used for 
summarizing performance ex- 
pressed as megaflops." 

b o p  13 and its effect on the 
Ardent mem 
The n m k  you obtain& are 

an excellent example of how one 
sIow loop drastically reduces the 
harmonic mean. For example, 
we cannot sepraduce the sesult 

versions of the compiler pro- 
duce 0.43 far this lmp. This 
doubling of speed for the slow- 
est loop increases the hamonic 
mean from 1.54 to 1.82 Mflops, or 
18%. If Imp 13 is totally e h i -  
natd, Titan would perform at 
2.12 Mops, or another 16% 
higher. If lmp 13 is run infinitely 
fast, the mean would increase to 
2.21 or another 4%. If Imp 13 
were changed fwrn the slowest 
Imp to be qua1 to the fastest 
(12.2 Mflops) the performance 
would increase from 1.82 to 2.1 9, 
or by 20%, illustrating the effwt 
of workload on performance 
and capacity. 

of 621 3 for loOp 13. d€%3sed 

The sensitivity of a slow 
(deviant) loop on the hasmonic 
mean and arithmetic avenge is 
shown in the figure. For highly 
parallel multiprocessors or very 
high speed vectof computers, 
the performance of a deviant 
loop might vary by as much as a 
factor of 25 in either d M o n  
about the nom, causing a loss in 
performance of a factor of 2 and 
a gain of only 4%. Even in a 
balanced supercomputer, the 
lawest performane Imp can be 

a factor of 10 lower than the 
mean, as obsemed in theTitan. If 
ltheaneslowloap that k0.l of the 
n o m  is not varied by a factor of 
2, making it either 0.2 or 0.05 of 
the rim" then the harmonic 
mean changes about f 20%. 

5upercomputet Design Rules 
These rules illustrate the 

ing software and the design of 
QW next generation Titan hand- 
ware and software which we 
invite ISR to test. b r  a single 
prwessor, you should see about 
4.5 Mops for the harmonic 
man. 

thinking that went in to improv- 

The 11 design rules for a sua 
percomputer a m  

4 1, Performanee, performance, 
and performance are the three 
obpchve criteria for a super- 
computer design. Rules 2 4  
relate to prfommce. 

+ 2. Mdahl's law generalEzed 
implies that everything mat- 
ters.. . a variant of "no chain is 
strongathat its weakest link", 
espma1Iy when measuring 
links by harmonic mean. 

+ 3. The scalar s'peed matters 
most and a sup?rmmpter 
must lx the fastest of mmpa- 
rable computers in its class.. . 
o t h m * w  fhe harmonic mean 
measument kills it as a s y -  
COmplrffT. 

4 4. The V & Q ~  speed can be ar- 
bitrarily high as costs allow. 
This is the advertised sped of 
the computer. The past rule of 
thumb is to have a vector unit 
which will: produce two re 



sults per c l ~ ~ k  tick. barge in- 
creases over the scalar speed 
beyond a hundred provide 
m a l €  h e f i t  except for se- 
lected applications, making 
the computet special prpse 
k.g. the Connection Ma- 
chine]. The recent NEC SX-3 
announcement for a super- 
computer has a peak speed of 
16 times the clock. The vector 
{peak) speed is the speed 
which the manufachrer guar- 
antees the computer will not 
exceed on any application. 

* 5. Allow no holes in tk per- 
fomrance space k g .  arithme- 
tic function, input-output, 
mass storage) into which a 
benchmark can step, mu1 ting 
in large performance l o s s .  

6, Provide peaks in the per- 

extraordinary performance 
for a benchmark will d t .  
W s e  this number to advertise 
{characterize) the machine 
and to challenge other ma- 
chines). 

fomance space in order that 

+ 7. Obey Computer kip 
b w  #I: Provide enough ad- 
dress bits for a decade of con- 
stant architecture implemen- 
tation. 

8. Build at least two genera- 
tions of the architecture. No 
first design supercomputer 
has ever been prfea. Do it 
again after the first one. 

* 9. Build on the work of &hem. 
kigningasupwmmputeris 
hard - Understand exactly 
why and how wery machine 
works and move forward us- 
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ing this h w l 4 g e  and resid- 
ual software. 

+ I d  Make it easy to use. Have 
, a great compiler and diagnos- 

tic t d s  to aid in vectori- 
zation and parallelization. 
Training for supercomputers 
is missing in academe since 
computer science depart- 
ments are not oriented to 
training p p l e  to use am- 
penordeal  witheomputeft 
that prduce numbws. No 
computer science text exists 
about programming a p a l -  
!el, vector processor lie. 
supercomputers). 

*TP.Haveslackre3mmwhen 
embarking on a superclbm- 
puter design. The fatality rate 
for companies making ma- 
chines is at least =%, and even 
though a design may be good, 
it has to be reiterated. Build- 
ing a new supercomputer 
costs a minimum of $50 mil- 
lion to get a breadboard. 

Implications cf the harrnonic 
mean on nultipmessing, 

If Titan 2 is always uxd in a 
parallel mode (compiler option 
031, the performance g w s  from 
1.84 to 2.102 Mops, an increaseof 
oniy 10%. Since the cost in- 
ment is about 20% an weal 
configurationsp one would not 
use it for the Livermore Imps 
workload. However, since there 
is negligible interaction belwen 

a mdtiprqgtammed fashion, the 
capacity of the two processor 
case is almost doubled. Titan 2 
provides 3.6 Mflops .of comput- 
ing capacity when use6 by md- 
tiple pmgrams, which fw a 20% 

thehvoprocessorswhenusedin 

increase in price, increases the 
performancelprice by 67%. 

Implications lor building fast 
machines using slower p- 
sors or pMcessing elements. 
Several interesting and poten- 
tially important parallel ma- 
chinesaiebeingbuilt witheither 
several hundred or thousands of 
processing elements le.g. the 
Connection Machine). Since the 
Connection Machine scalar 

mean is likely to be an order of 
magnitude slower than one 
would expect b a d  on its peak 
speed. Om the ~ t h m  hand, it's 
probably ideal when the compu- 
tation fits the m a c h e  and util- 
izes most of its resources. 

speed is slow, the hamonit 

Micros have cIoeks in the 25 
-3OMPEzrange~0rnpadtclthe 

em, this, each loop running sca- 
lar on one pracessor will drag 
the mean down by a factor of 2 
versus a supercomputer since 
the code is likely to run a factor of 
l(r-20 dower. On the other 
hand, if thelarge multis are run 
in a multiprogramed fashion, 
thecapacity they wwld provide 
for the scalar loop would be 
many times that of the largest 
supercomputer, Since their 
processing capacity, measured 
in absolute scalar a d  vector 
rates is likely to be high, p v i d -  

putation, such computers 
should be even more useful that 
traditional mpereomputers in 
large compukitiom Unfortu- 
nately, users need a lot more 
understanding about how 
benchmarks are relatd to per- 
formance and capacity, other- 

3f&m MHZ Of SUpeTCOl!l~t- 

ing the most mtsff&iw C O ~ -  
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Gusst Editorial 

Con c 1 zt s i o n s 
Much cae nust be taken in 

benchmarking, especially when 
it goes into a hamunic mean. 

 user^ must h o w  th& wmk- 
load in order to adjust the 
weights when they look at 
benchmarks and not just take the 
"equal-legged triathlon" d t s  
when selecting a machine. In 
other words, if the only face is 
swimming, it m y  not lx worth- 
while seleaing an athlete that 
can bike or run. Without this 
understanding all the new paral- 
lel computers will be, by their 
numbers, almost automatieally 
rejected. 
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