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Abstract

POLCOMS is a computationally intensive applicatibat is used for modelling many
aspects of coastal environments. The applicationrigen in Fortran and has been
modified to run as a parallel code; on HPCx thikiemed by means of the MPI
message passing library. The potentially lengtmytimes for POLCOMS require that
the code executes in an efficient manner to erssirapid a run time as possible. The
POLCOMS code execution characteristics were andlysel some putative code
optimisations were investigated. The results aesqmted here.
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Performance Optimisation of an Environmental MadgllCode (POLCOMS)

1. Introduction

The Proudman Oceanographic Laboratory Coastal Odeadlelling System
(POLCOMS) is an application for modelling coastalelé environments. It can
simulate both fluid behaviour and a number of egsiesn properties. For these
benchmark tests POLCOMS was run with a 12km gridiné 200 x 200 x 34. The
application software is written in Fortran and ramsthe HPCx system. The code has
been extended from a serial code to a parallel dodeigh the use of the MPI library
of message passing routines. There are a numlsmuotes of technical information
for HPCx and the POLCOMS application [1].

The objectives of the POLCOMS investigation were gain insights into the
following areas:

Scaling: Investigate the performance of POLCOMS when iuis on a range of
processor numbers (section 2).

Performance Analysis & Profiling: Where the application uses significant
resources and how effectively they are being udddw efficient is the
implementation of the application code (section 3).

Optimisation options: A discussion of possible methods of improving the
performance of the POLCOMS application (section 4).

The deliverables from this exercise will be:

This report: the report contents will outline thedings from the investigation
areas listed above,

Modified source code: source code modules contgioode that has been shown
to improve POLCOMS execution times.

The simulated time for which the POLCOMS programsr@an be specified in two
ways; by means of time steps or by means of h@4rsimulated hours is equivalent
to 216 time steps [2]; the baroclinic timestep@9¢. These options are listed in Table
1-1.

Option Meaning
-nsteps= n Simulation steps e.g. 10
-tdur=h Simulation time duration (hours) e.g. 24.0

Table 1-1: POLCOMS simulated time options
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Performance Optimisation of an Environmental MddgllCode (POLCOMS)

Currently the POLCOMS software is built using tlenpiler options listed in Table

tio
that

able

Her

1-2.

Option Function [3]

-064 64 bit compilation.

-03 Optimisation level.

-00 = No optimisation.
-05 = Most aggressive optimisation.

-qarch=pwr4 Specifies what types of RISC systems the appling
program may be executed on. Produces an objeci
contains instructions that run on the POWER4 hardya
platforms.

-qtune=pwr4 Specifies the architecture on which the execut
program is optimized. Produces an object optimitoeg
the POWER4 hardware platforms.

-ghot Determines whether or not to perform high-or

transformations on loops during optimization.

-qsuppress=1500-036

Suppresses generation in the output stream anbei
listing file of the compiler [informational] mess&@)
indicated:

1500- 036 (I) Optimization level 3 has the

potential to alter the semantics of a program.
Please refer to documentation on - 03 and the

nt

STRICT option for more information.

Table 1-2: POLCOMS current compilation options

HPCxTR0502

Page 2



Performance Optimisation of an Environmental MadgllCode (POLCOMS)

2. Scaling

The elapsed times for a number of program runs weted using POLCOMS’ own
timing information. The program also collects tigpimnformation for individual
functional components within the program. Timingsr&vnoted for the POLCOMS
program run on a range of processor numbers famalated duration of 24 hours.
The program was built using the delivered complatptions (see Table 1-2).

A performance metric for the whole POLCOMS progrianterms of simulated days
per day is shown in Figure 2-1.

4500

4000 -

Simulated days per day

0 T T T T T T T T
0 16 32 48 64 80 96 112 128

Processors

—&— POLCOMS

Figure 2-1: POLCOMS Simulated Days per Day

Parallel efficiency provides an indication of thdfeetiveness with which an
application is making use of extra processor resesurideal parallel efficiency is
represented by a value of 100%. Parallel efficieneyues for the POLCOMS
program are shown in Figure 2-2.
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Performance Optimisation of an Environmental MadgllCode (POLCOMS)
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Figure 2-2: POLCOMS Parallel Efficiency (tdur=24.0)
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Performance Optimisation of an Environmental MadgllCode (POLCOMS)

3. Performance Analysis & Profiling

Performance timings were collected for the POLCOM&ram run on 32 processors
over a range of time steps. The program was bsiliguthe delivered compilation

options (see Table 1-2). In addition to overallgseon run times the POLCOMS code
also produces timing information for its constitumctional components. A number
of runs were executed for each simulated periodnture that a single value would
not give an unrepresentative timing. Unrepresergdtmings might arise from causes
such as variations in overall machine activity ackground system activity.

Run times for POLCOMS’ functional components asescentage of the overall
program run time indicate which parts of the code the most expensive time
consumers. This also indicates which componentthefapplication might be the
most rewarding when investigating opportunities éptimizing the application’s
performance. Run time percentages are shown inmé-gnl.
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—— BAROT ——Sca.adv ——End step

Figure 3-1: POLCOMS Components %age Run Times (np=32)

For large numbers of time steps the portion of tirequired by each functional
component becomes nearly constant. As the periosinofilated time increases it
becomes apparent that three functional componeetgsh@ major time consumers
namely “Vel. adv”, “Sca. adv’ and BAROC (see [1]r feunctional details of

POLCOMS).
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Performance Optimisation of an Environmental MddgllCode (POLCOMS)

Xprofiler was used to gather information on thedispent within each POLCOMS
subroutine. For this, POLCOMS was run for a simadaduration of 120 time steps on
32 processors. The run time was approximately 20rsks. The extract from the
Xprofiler generated report shown in Figure 3-2 aadés which Fortran subroutines
were responsible for most program execution time.

cumulative =elf =elf total
Ttime seconds seconds calls mz/call mzfcall name
13.4 135.42 135.42 _ _wrec_GP [7]
11.5 252.21 116.79 3840 30.41 35.67 .pegrad _spline [&]
11.1 364.83 112.62 7680 14.66 14.69 .advpuv [&]
10.9 475.24 110.41 7630 14.38 14.40 .advphv [9]
10.4 530.09 104,85 7630 13.65 13.67 .advpbu [10]
10.3 684,82 104.73 7680 13.64 13.66 .advpuu [11]
3.8 723.65 J&.83 3840 10.11 10.84 .barot [13]
3.0 754.31 30.66 ._lapi shm_dispatcher [14]
2.7 782.06 27.75 23688000 0.00 0.00 .tridag [15]
2.3 805.41 23.35 15456 1.51 1.51 .bcalc [18]
1.4 819.51 14.10 7680 1.84 3.28 .diffuseu [15]
1.2 831.94 12.43 7630 1.62 3.07 .diffuseb [17]
0.9 841.20 9.26 Jbarrier shm_alg [22]

Figure 3-2: POLCOMS CPU usage from Xprofiler (extrect)

Xprofiler also indicates where these ‘busy’ subnoeg fit into the POLCOMS’
program procedure hierarchy. The call totals amarsad across all 32 processors. A
call total of 3840 represents one call per timegi@pprocessors (120x32); similarly a
call total of 7680 represents two calls per timesper processor. The named
procedurerec_GP is not application software; it originates fromnguiler generated
calls to a vector reciprocal procedure from the MNWAbrary. Theghot compiler
option allows the compiler to transform loops sattlexpensive divides can be
calculated as multiply by reciprocals. This proceskes use of software that can be
pipelined rather than non-pipelined hardware ojpmmat The transformations that
might be implemented are illustrated in Figure 3H& transformed code example is
representative only and not exactly how the compilight function.

! Pre-compute the denominator.
doi=1,n
tmp(i) = y(i)+z())
enddo

I Calculate reciprocals.

call vrec_GP (tmp, rtmp, n)

I Expensive non-pipelined
I divisions to calculate x.

! Multiply by reciprocal which
I can be pipelined.

doi=1,n doi=1,n
x(i) = b()/(y(i)+z(i)) x(i) = b(i)*rtmp(i)
enddo enddo
Figure 3-3: Vector reciprocal transformation
HPCxTR0502 Page 6



Performance Optimisation of an Environmental MadgllCode (POLCOMS)

The call tovrec_GP will have a start-up overhead but for a suffichgérge number

of reciprocal calculations it should perform moriiceently than the equivalent
divides executed within a loop. As will be discub$e section 4, the loop length in
the adv* routines (and many other routines) may not be lemgugh for this to be a
suitable approach.

It can be seen that the functional components lhge the longer run times from
Figure 3-1 i.e. “Vel. Adv”, “Sca. Adv’ and “BAROC’contain the subroutines
responsible for most elapsed time pgrad_spline , advpuv , advpbv , advpbu and
advpuu . This is shown in Figure 3-4.

41,643 x 38, B30
Lbarot [13]

110,565 x 110,410 106.005 ¢ 104,850 112,798 x 112,620 104,908 x 104,730
, advpby . advpbu [10] . advpuy [3] . advpuu

Figure 3-4: POLCOMS structure from Xprofiler (extra ct)

The Xprofiler program hierarchy output for the BARCunctional component is

shown in Figure 3-5. This also shows théag procedure which is one of several
that are called many millions of timasgag is called once for each modelling point
by thediffuse*  routines.
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14, 100

. 23, bed 12,430
. diffuzen [16]

.diffuseb [17]

138, 962 x 1116, 7[9]0

TEB0 3 9204000

\“\\
49»12@000

23,350 x 23, 350 9, 020 x 9, 080 27,780 x 27, 750

.boale [18] .spline_fit [25]

Figure 3-5: POLCOMS component baroc from Xprofiler

Ltridag [15]

Xprofiler output also indicated that so rocedure Procedure
routines were called millions of times %ED calls (x16)

in some cases tens of millions of tim tridag 536
The most frequently called routines a %pdate e 4'7
listed in Table 3-1. For some small siz ek —gradients 4'7
functions the overhead for frequeft :
: , . 'I|m|t al 14.2
invocation can sometimes be removed p :

in-lining the separate procedure; that is hétab"'ty—f“mt'ons 14.2
code is merged into the calling functigpd—-°"-b 4.7
removing the overhead associated witfoUrce_terms 4.7
calling the function. The effect of forcing Pu 30.4
the in-lining of small size but frequently update_al 9.4

called procedures is discussed in sectionT4

Good load balance is essential for good paralldbpmance. Good |

able 3-1: POLCOMS frequently called functions

oad balance wiill

occur when all processors complete the work asdigoethem in equal times. An
unbalanced work load will result in processors ditagy idle and this processor time
being wasted. An estimate of the load imbalanceefeh functional component is
calculated by POLCOMS as a function of averageraagimum time. The estimates
include MPI wait times so will contain some inacey. The formula which is taken

from subroutinestats.F  is shown in Equation 3-1.

Percentimbalance= ( 1.0- (jwereetie ) ) 1900

MaximumTine

Equation 3-1: POLCOMS processor time imbalance caldation

HPCxTR0502
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Performance Optimisation of an Environmental MddgliCode (POLCOMS)

Ideal load balance occurs when the average timaledgue maximum time and hence
the percentage imbalance is zero. The calculatadlilnbalance is never very high for
the significant components of the timed problent. &@ample, “Sca. adv”, “Vel. adv”

and BAROC typically have calculated load imbalanicethe range of zero to three
per-cent. The functional components “Turbo. Mo” &88ROT have calculated load
imbalances of up to thirteen per-cent, howeverir theme consumption is far less
significant and hence so is the impact of the grelaiad imbalance. The Initialisation
and “End Step” functional components have a ndgkgcalculated load imbalance.
The Boundary functional component has a much highéulated load imbalance,
sometimes as high as 25%, but uses such an insggmtifpart of the execution time
that this is highly unlikely to provide any oppartty for performance optimisation.

To summarise, the functional components that usst riime seem to be well load
balanced. Functional components with poor load rzatey are not responsible for
significant amount of execution time.

VAMPIR is a third party profiling tool that allowisiter-processor communications to
be analysed and presented visually [4]; for the 0OMS application this will permit
the usage of MPI library routines to be analysede Dutput from VAMPIR can
indicate the fraction of POLCOMS’ execution timensamed by communications;
high parallel efficiency requires a high ratio obngputation to communication.
Another factor that will help, but not guaranteepd parallel performance is for the
computation and communication to be evenly spreadsa all processors; a single
processor with significantly higher communicatiome might indicate long waiting
times for communications to complete resulting @on@r performance.

VAMPIR output can also display the interleaving,aifly, of communication and
computation; overlapping of communication with castgtion is another factor which
helps to boost parallel performance.

POLCOMS was executed on eight processors for alatetiduration of 24 hours
with VAMPIR being used to collect data on MPI conmuation activity. Analysis of
VAMPIR output for the whole POLCOMS program indieatthat the application
spends far more time in computational code thaods in communication code. Of a
total run time of over four minutes, less than segonds was spent executing MPI
communications routines. These ten seconds arethassfour percent of the total
POLCOMS run time. This can be seen from the VAMRIBual display shown in
Figure 3-6.

If the proportions of time spent in computation aoednmunication for each processor
are examined individually it can be seen that gaolcessor spends a similar amount
of time performing communication activities. Thaseeno major imbalance in the
amount of time spent performing communication anpatation. This is illustrated in
the VAMPIR output shown in Figure 3-7.

HPCxTR0502 Page 9
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Figure 3-6: POLCOMS computational and communicationtime

Yampir 4.0

shelf,stf

Application
M HPT

Process 0 Process 1 Process 2 Process 3
4:12,0 43120 4:12,0 4:12,0

Pr‘oc?s 4 Process § Process B Process 7
4:12,0 : s

4:12.0 4:12,0

Figure 3-7: POLCOMS' processors computational and ammunication time

HPCxTR0502 Page 10



Performance Optimisation of an Environmental MddgliCode (POLCOMS)

hpmcount is an IBM software profiling tool that collectsrrdime statistics when an
executable program is run. Statistics collected floe POLCOMS application
indicated that each CPU was performing between 6@ and 670 Mflops; this
equates to a little under 10 per-cent of the IBMvE¥@l+ theoretical peak performance
of 6.8Gflops (based on two CPUs each performingpatiagpoint Muliply Add with

a clock speed of 1.7Ghzjpmcount has previously been used to gather performance
statistics and the calculated percentage of pedrpgance agrees with previously
calculated [5 section 5].

HPCxTR0502 Page 11



Performance Optimisation of an Environmental MddgliCode (POLCOMS)

4. Optimisation Options

The performance of the POLCOMS application anddfiieiency of its constituent
code has already been the subject of some invéetgfb]. The partition of the
problem space across the available processorsavitiew to achieving good load
balance has already been considered in some dépibther potential area of
optimisation that has received a thorough inspacigominimising the exchange of
data in boundary swapping operations. Some workat@ady been performed in
optimising the serial code; expensive divide openat have already been replaced by
multiplication in many places. There are a numbkother possible optimisation
options that can be considered, some of which havsignificant impact on
POLCOMS run times. Verification of results from ampdified code should not be
hampered by rounding errors introduced by any piateoptimisations. Calculated
real values are multiplied by 1000 and then comeetd integers before being written
to output files; thus any changes in to the lagitdif real values is unlikely to effect
the final calculated integer value.

Simple Compiler Optimisation: The compiler's own optimisation level was
increased frono3 througho4 to 05 which is the most aggressive level of optimisation
The compiler optionsgipa=level=2 " and “-Q+<procedures> " were also tried and
found to bring little or no benefit.

The —qgipa option causes more inter-procedural analysis tpdréormed that would

otherwise be done and together with tigeoption results in increased in-lining of
procedures. The procedures selected for forcedhimgl were those listed in Table
3-1, these being smaller size routines where tleeh@ad of multiple calls might have
been eliminated by in-lining. Increasingly aggressioptimisation produced no
consistent or significant run time reduction.

The effects of the compiler flaghot[=novector] were quite difficult to interpret.
The use 003 with ghot=novector ~ was found to improve the performance of many
routines. For some (advection) subroutines the pesgiormance was gained from
using 04 which includesghot . The innermost loop in many subroutines has a loop
count equal to the number of vertical layers in B@LCOMS model; in this case a
value of 34. The benefits of vector reciprocal aldtion seem largely to arise for
vectors (i.e. loop length) greater than this. Ometicbuting factor to the differences in
performance for the different compiler option ig thariation in the cost of a division
operation. Using3 with ghot=novector ~ forces division to be done using hardware.

HPCxTR0502 Page 12
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Performance Optimisation of an Environmental MddglICode (POLCOMS)

Using 03 with ghot or usingo4 which includesghot causes the compiler to insert
calls to MASS library routines vrec and__vrecGP . These routines cause division
to be executed within software using numerical rsehat are optimised for the IBM
Power series processors [6]. The differing costsamh method can be seen in Figure
4-1 which shows the cost of division in cyclesifareasing vector lengths [7]. As the
vector length increases, the hardware divisiongoeréd usingd3 —ghot=novector

is clearly the most expensive i.e. slowest andstifevare division performed using
04 is the fastest. Between the two lie software disigherformed when usingg —
ghot . For short vector lengths the best compiler optioruse is not obvious. By
gathering all reciprocal calculations into one wednh each advection routine, the
vector length was increased significantly to weltkin100; this resulted in superior
program performance when usig4.

Code optimisation of adv routines:POLCOMS spends significant amounts of time
in subroutinespgrad_spline, advpuv , advpbv , advpbu and advpuu. If these
routines could be made to execute more efficietitgn overall run times could be
reduced. The existing code had correct loop orddonfast accessing of array values
(spatial locality). There are some conditional aarfzhing statements within longish
loops that could be moved outside of the loop, haretimings on amended code
indicated that there was no reduction in executime. It could be the case that the
compiler can recognise these potential optimisatiand perform them itself. An
example of this type of manual optimisation, takem subroutineggrad_spline  is
shown in Figure 4-2.

The subroutinesdv* perform advection; in very simple terms they mthiags about
within the model such as liquid, salinity. This nedohg action is performed by
looping over each point of the model and performgadrulations based on the cell
values of the cell under consideration and anyhimgring cells appropriate to the
calculation. The routines each contain approxingafl0 lines of executable code
(excluding debugging and timing functionality).

d6j=1jesub ﬁf.notconuxess)then
do i=1,iesub do j=1,jesub
if ( .not.compress ) then do i=1,iesub
b (n,i,j) = b(n-1,i)) b (n,i,j) = b(n-1,i,))
b (1,i,j) = b(2,i,j) b (1,i,j) = b(2,i,j)
endif di(1,i,j) = 0.0d0
di(1,i,j) = 0.0d0 di(n,i,j) = 0.0d0
di(n,i,j) = 0.0d0 enddo
enddo enddo
enddo
else
do j=1,jesub
The value of compress does not do i=1,iesub
change within the loop. The block g:grl]:g - 8'338
is always executed or always npt enddo
executed, however, the conditign enddo
could be evaluated unnecessarily pn | endif
every loop iteration.

Figure 4-2: Original code and manually "optimised" code
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Performance Optimisation of an Environmental MddglICode (POLCOMS)

Pre-Computation: Inspecting the code indicated that there were sioieféiciencies
within these routines. The subroutines containechesalivision operations within
loops. These would interrupt pipelined program exiea since division is not
pipelined. Where possible, the divisor was cal@adain advance in the form of a
reciprocal so the division could be replaced byipelmed multiplication operation.
This is shown in Figure 4-3.

Once all the divisions have been pulled out ofdbmputation loops the values can be
packed into a single array, the reciprocal of #nsy calculated and then the values
unpacked into temporary arrays for each loop. Rtpai greater number of values in a
vector array increases the chance of the MASSneutivrec_GP outperforming the
programmed loop when calls to it are generatechbycompiler. Timed runs indicated
that the fastest times were gained from compilihg@@de usingo3 ghot=novector
except for the advection routines which were coatpwith04 ghot to gain the best
performance during division operations. Insertimgexplicit call tovrec within the
advection routines was found to bring no perforneabenefits. Examples of the
changes made can be found in the advection routines

Pack temp array with a and b

Calc reciprocals of temp

Unpack temp into arrays
recip_a and recip_b

do i=1,10000 do i=1,10000
x(i)=y(i)+z(i)/a(i) x(i)=y(i)+z(i)*recip_a(i)

end do end do

do i=1,10000 do i=1,10000
y(i)=v(i)+w(i)/b(i) y(i)=v(i)+w(i)*recip_b(i)

end do end do

Loops performs “expensive” non | Same number of divisiong
pipelined division. performed but computation loops
performs  “cheaper”  pipelineq
multiplication.

S

Figure 4-3: Pre-computing reciprocals.

The cumulative effect of pre-computing values tt@aild replace division operations
was a noticeable reduction in the program execuimor. The reduction in run time
over a range of simulation times and numbers ofgssors varied between ten and
twenty per-cent. For example when running on ejgfucessors for 24 simulated
hours the run time was reduced from 238.59 sectinii88.17 seconds; the optimised
version of the code was also run with the addifidioead Leveller options previously
described. This is a raw percentage reduction aflyé@7 per-cent.
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Replace subroutinetridag : This subroutine is a Numerical Recipes routine 8k
called frequently and is in the top ten of all thgplication routines in terms of
elapsed time although its time consumption is aersibly less than the top five
application routines. It has been shown that in esanincumstances the equivalent
IBM ESSL library routineDGTNP[9] can be thirty to fifty per-cent faster thareth
tridag routine [10]. The ESSL library is currently usedthe make file options for
HPCx. The effect of replacingidag with DGTNPwas a small decrease in the
program run time with no change in the output fderunoo1 . For a simulated time
of 24 hours on eight processors the run times were:

POLCOMS withtridag 198.17 secs
POLCOMS withDGTNP 195.18 secs

This represents a further 1.25% raw reduction ftbenprograms original execution
time.

The reduction is achieved by more efficient usenefmory resulting from overwriting
an input array that is not is needed with calcdlaesults when they are returned from
the subroutine. This eliminates the need for airesiatray. This change is shown in
Figure 4-4. Examples within the POLCOMS code canfdend in source file
diffuse.F  (subroutinesliffuseb  anddiffuseu ) and in source fileurbulence.F
(subroutineupdate_TKE ).

Value of nis known Value of n is known
Assign arrays a, b, c, r Assign arrays a, b, c, r
call tridag(a,b,c,r,u,n) call DGTNP (n,a,b,c,r)
Results returned in u Results returned in array r

Original values overwritten.

E;(pression = u(k) Ié;(pression =r(Kk)
r is used instead of u.

Originally tridag  used five arrays But with DGTNPonly four arrays of
of sizen. sizen are required.

Figure 4-4: Replacingtridag  with DGTNP

Modifications to pgrad_spline : Some small changes were made to this routine
giving improved performance. One loop was splibitwo allowing the compiler to
identify additional optimisations. The ‘strengthf sbome calculations was reduced by
replacing non pipelined exponentiation with simpiaultiplication. For example,
r+4  would be replaced by2 x r2) wherer2 has been previously been calculated
as(rxr). These changes reduced the POLCOMS execution tingefbsther two
per-cent when running for 24 simulated hours ohtgigocessors.
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5. Performance Improvement

Most of the proposed modifications that were disedsin section 4 were found to
have a beneficial effect on the performance of RRHL.COMS code. Timed runs of
POLCOMS with all successful optimisations in placere performed to evaluate the
overall performance improvement when compared wite-optimisation timings.

Raw percentage reduction figures from two setsimings from runs using 32

processors are shown in Figure 5-1 and for 128gssmrs in Figure 5-2.

The POLCOMS run times were significantly reduced &t simulation times and
processor counts.

np 2 4 8 16 32 4 6l 128
Original Time (s) 924.16 46194 23859 12760 59.04850] 41.04  28.4f
Optimised Time (s) | 795.5p  387.48 101[14 10524 58510.99| 32.7  23.5(
Raw % reduction 13.99 16.03  19.89 1752 2199 154®21| 17.17

Table 5-1: Run time reduction (tdur=24)

Simulated hours 24 48 72 96 120 144 28B 576 112
Original Time (s) | 2848| 49.98] 7580 97.86 123.90 148/80 294.48 58P.7Bl52.44
Optimised Time (s)| 2359 4532 6752 885p 108.87 127/05 253.25 50[L.7987.00
Raw %reduction | 1717| 932 1097 950 1243 1462 13l41 1391 14.36

Table 5-2: POLCOMS Percentage Improvement (np=128)

Using Xprofiler on the optimised code gives an aadiion of where the time savings
might be occurring. An extract of the Xprofiler mep is shown in Figure 5-3.
Comparing this report with the earlier version fioe un-optimised code (Figure 3-2),
a number of differences are apparent. Usage otdnepiler insertedrrec_GP has
decreased because of the usage ofgtlee=nocvector = compiler option on most
subroutines. The time for each call pdrad_spline and the advectionadv* )
routines is greatly reduced. The total time fodlsc&d DGTNPis less than for calls to
tridag  although the times fodiffuseu  anddiffuseb ~ which call DGTNP/tridag
have increased slightly.
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400

350 1

300 -

250 1

200 1

150 A

Total run time (s)

100 A

50 4

0 16 32 48 64 80 96 112 128
Simulated hours.

—e— Unoptimised —&— Optimised

Figure 5-1: Pre & Post Optimisation Timings (np=32)
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Figure 5-2: Pre & Post Optimisation Timings (np=128
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Figure 5-3: Optimised POLCOMS CPU usage from Xprofier

Re-runninghpmcount using the optimised version of the POLCOMS cod#gcated
that each CPU was performing between 690Mflop/s &t Mflop/s; the
performance has improved and is now a little ov@pér-cent of the IBM Power 4+

theoretical peak performance.
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6. Conclusions

POLCOMS as a whole as well as the major time comsgicomponents exhibit good
scaling characteristics when run across larger musnbf processors as shown by the
parallel efficiency graph. The procedures callethini these functional components
are already well tuned and contain code that h@sa@dy undergone some optimising
modifications.

The use of recommended Load Leveller environmeriabkes will give a small but
noticeable improvement in performance for next ¢oefffort and with minimal risk;
this should be implemented immediately.

The pre-computation of reciprocals to enable thplamement of division with
multiplication can also be implemented. This maddifion carries the potential risk of
introducing computational errors, as do all sofevarodifications, since it requires
software changes to a number of modules. Howetiernumber of modified code
modules is small and so long as rigorous testinfp@imodified code is performed the
risk can be minimised.

A small number of other minor changes such as k@iting and strength reduction
were also found to bring improved performance. Athwhe pre-computation of
reciprocals, implementing these changes carriesesosk but again this can be
minimised by thorough testing of modified software.

The techniques used to reduced execution time tlavork in all subroutines; timing
of program runs is essential to determine if a gleamas a beneficial effect. The use
of strength reduction helped reduce the time spensubroutinepgrad_spline
however, it had no measurable effect when the iqoenwas used in source file
bcalc . Similarly, the pre-computation of reciprocals tth@as successful in the
advection routines had no measurable effect whed irssource filarot.F  (pre-
computing reciprocals akc andrbc ). It may well be the case that there was some
increased pipelining of instructions but that amyfprmance improvement was too
small to be apparent with the current timing methddis also possible that making
the changes had no effect on code execution andtlileacompiler was already
optimising to the best of its ability.

Replacing the Numerical Recipes subroutitiag  with the ESSL library routine
DGTNPgives a small reduction without impacting the perg results.

Tailoring compilation options to suit individual mhales also resulted in improved
performance. The fastest execution times were decbwhen all modules were
compiled with-03 —ghot=novector ~ except foradvpbu.F , advpbv.F , advpuu.F and
advpuv.F which were compiled witho4.

At the time of writing there are some outstandiagks. The modifications have been
implemented on certain paths through the code anther paths that would be utilised
depending on the setting of pre-compigp directives still require modification. The
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use of different compiler options for different nubels would require modifications to
the Make files used to build the application.

The reduction in run times that has been achievadey with the number of
processors being used and is significant. Wheningnwith 128 processors the run
time reduction is between 10 and 20 per-cent ufiegpreferred HPCx performance
improvement metric.

[End of Report]
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7. Appendix A: References and Sources

1

10

HPCx/POLCOMShttp://www.hpcx.ac.uk/research/environment/polcdrimsl|
POLCOMS home padettp://www.pol.ac.uk/home/research/polcoms/

Personal email from M. Ashworth #©ctober 2004
Man pages for xIf90 on HPCXx.

http://www.pallas.com/e/products/

Ashworth, M. et al, Optimization of the POLCOMS Hgdynamic Code for
Terascale High Performance Computers
http://www.dl.ac.uk/TCSC/CompEng/Ashworth_M/pub$PS04.pdf

http://www-306.ibm.com/software/awdtools/mass/lifmass-linux.html

Data collected by M. Bull, EPCC.

Numerical Recipes in Fortran, Press W.H., TeukolSki., Vettering W.T.
and Flannery B.P., Cambridge University Press,Rthdl992, p.42.

http://www.ncsa.uiuc.edu/UserInfo/Resources/Har@WBMp690/IBM/usr/Ipp/essl.html.en_US/html/ess| gl

Bhanot, G., Toolbox for Optimization On the SP: RgaCheck-101, 1999
http://mscf.emsl.pnl.gov/training/ibmsp/realitylkiatml.html

8. Appendix B: Changed Software Modules

Module Subroutine Change Compilation
advpbu.F advpbu Pre-computation of reciprocals.| -O4

advpbv.F advpbv ditto ditto
advpuu.F advpuu ditto ditto
advpuv.F advpuv ditto ditto
diffuse.F diffuseb Replaceridag ~ with DGTNP -03 —ghot=novector

diffuseu
pgrad.F pgrad_spline Pre-computation of reciprocals. ditto
Loop splitting.
turbulence.F update_TKE Replacdridag ~ with DGTNP ditto
All others Unchanged -O3 —ghot=novector

[End of Document]
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