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Abstract

The MasPar M1 is a SIMD parall el computer with hi gh throughput on fine-grainirre-
gul ar interprocessor commnication. This report presents neasurenents of commnication
on a M>-1216A nachine with 16384 processors. 'The timngs cover all classes of communi-
cation operations providedinthe standard MPL 11 brary plus the router and xnet statenents
wth a variety of communi cation and processor activity patterns. This report also discusses
the results of these neasurenents, sone of which are rather surprising.
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4 1 INIRDUWIN

Introduction

Thi s sectiondiscusses why the neasurenents have been perforned and f or whomt hey are useful ,
what has been neasured and what not, howthe neasurenents have been done and howvalid I
expect themto be, howtointerpret the diagrans. It ends with a short discussion and sunmary

of resul ts.

1.1 Why measure

The dri vi ng force behind these neasurenents was the wish to have data on whi ch to base code
generation decisions for an optimnizing conpiler we are building for the MasPar M>-1. There
are cases in which a conpiler caninpl enent the sane functionalityin nore than one way
itis not clear which wayis nost efficient. This is especially true when usinglibrar
since their runtine behavi or under different conditions is less transpare
commni cation operations — the MsPar library docunentati on doe
this matter. Such knowl edge is not only useful for a conpil

application programer.

1.2 Wat was neasured and how

The neasurenents cover only communi cation operations, fe

1. the cost of other basic operations can nostly be ¢
Mis Par nanual s.

2. often the nost inportant inplenentation :
tion operations.

Tor the rest of this report, I will ass
| anguage and the MPL1i brary.

Al experinents have been done
been determned with the d
8 tines with the sane par
Fxceptions to

gathered
done onl
t he



1.3 How to read the di agrams 5

8000 : : , ,
| i | "send. 4. AP1' ©

'send. 4. AP2" —

7000 ]

5000

Time [ticks]

0 I I I I
0 20 40 60 80 100
Repetition Nr.

Variations in 100 trials for 4 byte router commmnication of a permmtation. Points are for the 100 trials with
a single randompermitati on that nodified itself fromtrial to trial and the line is for trials wth 100 diffe

randompermt ations.

Figure 1: rouer permtation sersitivity

each trial. The results can be seen in Fgure 1; runtines vary by less than 10 perce
behave very simlarly for newly generated as for sel f-nodi fied permutations. !

1.3 Howto read the diagrans

Mst di agrans i ndicate tine on the ordinate (y-axis), neasuredinso-calle
cycle of the internal clock on the MisPar DPUand lasts 80ns (i.e.
Note, al though nany di agrans share the sane scale on the vert

The abscissa (x-axis) of nost diagrans is a logarithnic
exanpl e a val ue of 12 neans that 2'? PFs are in th
three out of four processors are inacti ve.

for each curve, thereis anane int
usually consists of three conpo:

OP indicates the operatio

nane, for rawroute

“fetch” indi

SZ ne

a s
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probabilistic activity (each PEis individually active or inactive withacertainprobability), or B
for block (exactly the first n Pks are active). This first letter is irrelevant —and thus left ou
—for xnet commini cation.
The second letter can be either P for a randompermutati on of destination Pk (each PEc
exactly once in the pattern when all Pks are active), R for a randomdestinatio
by each PEindividually), Cfor cycling destinations (PEs with nunbers di
destinations with nunbers diflering by » nodul o the nunber of destin
(only n destinations allocated in a contiguous block are use
destination”, or S for shift (this letter is followed
shift: 1or 100).

There are afewexceptions tothese rules,
figures. The communi cation patter
up their own conmmuni cati o

The exanple fetch.4.PP
activity pattern an
set [ ooks appr

openfi.
for (j

for

d

i

where j c
i
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Left-hand-side usage (i.e. as lvalue) of a router statenent in assignnents of char/integer/double, respectively.

The activity patternis probabilistic, i.e. each PE is individually active or inactive with probability 2%

library functions.

" send. 1. PP
; " send. 4; PP’
! send. 8. PP
B
P 1
(0
)

<
+
[m]

8 6
| og2(#acti ve_PEs)

commini cation patternis a randompermtation. Note that the hi ghest val ue on the x-axis is on t]

Figure 2: router send

2 Raw router commmi cation

In this section ve wll examre the belaviar of the router statenart and the rsend and rfetch

2.1 The router statenent

Te anly tinng data the MsRr ranmls provide on the cost of rodter commi cationis that
it commication wll on the awerage tale about 5000 tids, if all B3 participete.? In
s alittle smller. This stern fromthe fact that a permtationis a

npattern, becawse in a permtati on each
cation wth
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Ri ght-hand-side usage of arouter statement 1in assignments of char/integer/double,
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2 RAW ROUTER COMMUNI CATI ON
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respecti

activity pattern and randompermutation communication pa

Fgure 3: rou

Nite that for both, send and fetch, the cost of arouter statant

in the commri cation.

Adirect comarison betveen send and fetch, as in figuwe 4, reveals that both operatiams indeed

showthe sam belaviar in cost reduction as a reaction of activity reduction. Fying to charac-

terize this quartitatively ve find the fdlowng rues of thwh in the diagram commi cation
e B parti i pating takes about 1/3 of the tima that a comni cation of all Hs
 tim and with 1/64 of the B8 it takes 1/8 tim.

v1ittle more expersiwe than

)
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1

The router statement

T T
*send. 1; PP’
i 'send. 4. PP
i fetch.1, PP
i "fetch. 4. PP

X O+ ¢

8000 . .
7000
6000
5000 fp
0 !
E %
= 4000 |- miég
2 >
— O 4 ;
. 3000 o BPppe T
B e,
X
2000 B
Bk
O &
1000 i
0 | j
14 12

Left-hand-side usage vs.

8 6
| og2(#acti ve_PEs)

right-hand-side usage of arouter statement in as

Fgre 4: router send vs

50 T

45 -

L eeed
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rout er Count

15

10

14
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| og2(#active_F

communi cation steps ne

sponds
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: : : : : : "send. 4. PP ©
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__router Count

Ti me needed for a send or fetch depending on the number of sequential communication ster

Each data point directly corresponds to one of figure

Fgre 6: router s

Thus, fetchis indeed a hit cheaper than send, wichis i
fetch tends to be wed mre often.

The aboe comqutations and the router(dunt diagram suegest an almst linear behavior of
roter rutim wth increasing alsd ute mmher of active Hs. By hand-fitting a function to
the 4lyte send curve, T found 2:/5 +10y/2 +300 to g e a good appraxi mation (see figures 7
 belavior is ot completel y livear (at full activity the monlivear part accourts
> 1s asymptoti call y 1inear.

erns

h di ference viether the pattern of activity
fiference, if the



2.3 Using other communi cationpatterns

8000 ! ! ! ! ! ! ! !
‘ ‘ ‘ ‘ ‘ 5 "send. 4. PP <
0.2*x # 10*sqr¢(x) + 300 —
7000 | R

5000

4000

Time [ticks]

3000

2000

1000

0 I I I I I I I I
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4-byte router send by PEactivity and approximation function. Here a

hi ghest val ue is onthe right.
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2 RAWROUTER COMMUNI CATI ON

T T T T T T T
‘ ‘ ‘ ‘ ‘ | send. 4 PP o
: : : : : i 'send.4:RP +
L send. 40 BP O
- - ]
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de usage of arouter statement tocommuni cate arandompermutation with di ffe
Pis probabilistic, just 11 ke in the figures above, Ris re

14— .
2" %are active, an

The result

1. fetching frama :
wth the mrber of actiwe HS.
2. Sifts (i.e. each processor ¢ comoni cates wth
for all processors and n is the muher of processors) are particuar
on the MR roter; for almwst all Hs active their cost is aly abot 60 percent of
an aerage randomperntation. If all HS are actiwe the cost drops further to abot 50

percert of the standard vl ve.
3. Arandomconimi cation patternis onl y slightly mre expersi ve than a permtation. In a
h Hop cks its partoer independertly of all other HS, so cdlisions my
the MsRar router seri ali zes i nto appraxi ratel y40
ditioml cost. Hwewer,



2.4 rsend and rfetch 13
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Router fetch withprobabilisticactivationpatternandthe foll owing communi

(P), shift by 1 PEin iprocorder (S1), s
duplica

2.4.
The tir

expect, commuri cation tia rises |
hewi g fever Hs active are simlar to those of the bare 1

2.4.2 rsend vs. rfetch

(orperi ng rsend and rfetch leads to a simlar result as conparing send and f
staterarts: Hegwe 13indi cates that hoth operations tale about the sama tima, except vhen all

Hs are active were rsend tales a fewpercent longer than rfetch. Tis is tree far singdar as

vell as plural pointers.

.4.3 rsend vs. router statenant

1is more expensi e than rodter on the sama stall anmnt of data. Tis is not surprising
rsend (being the more gereral comand) to meed a longer setup

- tvo far 4-Iyte packets. The lesson ve
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T T
| send. 4. PP
’send. 8; PP’

"ss rsend. 32, PP
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Using the router statement for communi cating a permutation of 4 or 8bytes, and ss rsend

permutation of 32 or 128 bytes,

Using the router

Time [ticks]

respectively, withran
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Faure 11:

statement for
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sending or fetching 4 bytes using all singular or all plural pointers, ra

permutation.

Fgre 13 r
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T T T T T T T
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Corresponds to figure 9.

Eawe 15 rsend with probabilistic vs. regular activity

Ging diffrert activation petterrs on rsend (figwe 15) hos the sam effct as far the roer
erart, (see figre 9 and the discissionin section 2.2).

lar vs. plural pointers

iarts of the rsend and the rfetch library functions: all four conhi mations of
> and desti rati onaddresses of the datato be transmtted
rt] y di ferert cost for asmll

,_rsend,
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rsend of a 4-byte packet with singular source and singular destination dat

plural destination, withplural sour
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50000

X ! ! ! ! ! !
¥ ; ; ; ; 'ss_rsend. 32, PP’
I S S B .sp_rsend. 32. PP’
45000 : ; : "ps_rsend. 32; PP’
' pp_rsend. 32; PP’

X Oi+ ¢

40000 oo
35000 } + -
30000

25000

Time [ticks]

20000

15000

10000

5000

X
o L&

8 6
| og2(#acti ve_PEs)

rsend of a 4-byte packet for larger packets with singular source and singular destin:

singul ar source and plural destination, with pl:

plural de
3
Xnet

behewior is moch rave strai ghtfor

Te tims for rawxnet commmi cation can be
mnels. 1 didsom experimarts wthit amyvay, in order to viswlize the |
the formdl ae.

The first experinant is depicted infigure 19 xvet wsage on the left hand side of an assi gnnant
wes tim proportioml to the size of the data dbject and proportiomal to the commomi cation
distance. This is truee except for a smll additioml costant time and independert of the
N NVWSWS, o SE). The curves showal mst ro aberrati ons and
hogh ot perfectly: far the 4-hyte send
b gave 4200



19
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Left-hand-side usage of a xnet statement inassignments of char/integer/double, respecti

Fare 19 xnet send
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o
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sending versus fetching via xnet using the xnet statement c

for a 4-byte packet.
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xfetchinstandard and nonstandard directions: ss xfetchindirection (x, 0), ssxfetch

corresponding two curves for ppxfetch.

Fgwe 21: xfetch

ss_xfetch vere wed, as showninthe upper tvo curves of f]
than rawxret send by a comstant of about 700 ticks; the rext experinant gj ves an it

Te xsend and xfetch functias allowto we arhitrary ofbets in x and ydirection. Wle in
figre 20 anl y ore direction was wed and the other direction’s distance vas chosen as 0, ve now
oe direction castartly to distance 20 and graph the rutine (figwe 21). Te resuts are

for @ < 20 but even sinks for growng .
e steeper than these for standard directions (B

ard direction
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xfetch and xsend with singul ar source and destination address and with plural sourc

Haure 2 ss_xfetch/send vs. pp_xfe
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xfetch and xsend with singul ar source and plural

nation add
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T T T T T
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pp-xfetch and ppxsend for packets of 4 byte and 32 byte, respectively. The seemin
ppxfetch.32at + =671is anot reproduci ble runaway which

the mcasurement progr

Acay
yte versws 32 hyte packets (figur
showa difbrence by factar 4 for the distance-depende
castart efbrt for the larger paclets. The corstant tine reeded far a 32 byte pp
000 ticks. That reams that it is faster to we the roter (pprsend) for the sam operation,
even far distance 1, if the mwher of perticipating 13 is less than 2 and the acti vation pettern
is random(or spread everly). Tor distance 64 ore can afbrd rore than 2'2 active HS befare
as sl over!

on library functions

mtite behavior of varios reduction 1ibrary functions depending on HE
be dependert on the actwal data wed in the
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Runtime of the reduce library functions for adding chars, findi ng maxi mum char, ad

maxi mum doubleas a function of PEactivity.

Fare 25 redw

4.2 scan

Te scanlibrary functioms, as the reduce functions, didnot showany
o Hactivity The dommant influence factor on the ruttime of the scan functions is the size
of the segrants that are scaned. In the experivant show in figre 26, a varying mumber
of segrart boundaries was throm ato the Hoarray wth even distri bation and the resul ting
[ do ot have an exl anati onfor the quartungunps inthe curves, whichcoud d
t, bt my stemfromproperties of the random
“magni tuck of tim
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Runtime of the scan library functions for adding chars,

4 COMMUNI CATI ON LI BRARY FUNCTI ONS

T T T T T
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findi ng maxi mum char, adding do

maxi mimdoubleas a functionof the number of segments to be sc

randoml y.

Thus,

the size of
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Time for sendwith operations as a function of the number of destin

in a randompattern. The acti vat

difer
srall.

Aarded thuh, asendwthoy
wthall Hs participating,

4.4 enunerate, selectOne, selectFirst

Te diagramfar the emmarate operati on veul d showa, strai gt |
than 7100 ticks. The case of all Hs being active is opti nized and wes anly &) ticks. S
diagramis completel y baring, I left it out.

Asimil ar statemart is tre far select@e and selectBErst: both are independent of the activity
pattern and showlittle deviation. select@e is wed far perforning a cast frompwal tosingd ar
all valwes are known to be idertical ), wich vas allowed to be wittendrectlyinthe
w The operations can al so be wed toiterate sequertially
undkfined order (selectQe). selec-
wt there is
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*/

return (p_random() % 1000003); /#* use smallest prime greater 1e6 as modulus */

A2 neasure.h

[k dkokkok ok ok Rk ok kok ok ok ok kR ki kokkokk ok ok kok kool ok ok kR kbbb ok ok ok ok ok
Project : MasPar communication timing program

Author : Lutz Prechelt, Karlsruhe

Date : 03.11.92

ook okokkok ok ok kR ok okok ok ok ok kR ok akokokakokk ok ok kR ok akokokakokok ok ok kR kb okokokkok ok kR ok /

/* not present in any header file although in V3.0 library: */

int dpuTimerStart();
unsigned long  dpuTimerTicks();
double dpuTimerElapsed();
int selectFirst();

int selectOne();

/* my own auxiliary routines: */

plural int ca_every_nth (int n);

void new_permutation (plural int *dest);

void openfile (FILE **fp, char *filename, char *mode);
plural int p_randm() ;

A3 neasure.m

[k dkokkok ok ok kR ok kok ok ok ok kR ki kokkokk ok ok okok ki kokakokk ok ok kR kbbb ok ok ok ok ok
Project : MasPar test program for timings

Author : Lutz Prechelt, Karlsruhe

Date : 056.11.92

ook okokkok ok ok kR ok okok ok ok ok kR ok akokokakokk ok ok kR ok akokokakokok ok ok kR kb okokokkok ok kR ok /

#include <mpl.h>
#include <mp_libc.h>
#include <mp_libm.h>
#include <math.h>
#include <stdio.h>

#include "measure.h"

/* not present in any header file although in V3.0 library: */

int dpuTimerStart();
unsi%ned long dpuTimerTicks();
double dpuTimerElapsed();
int selectFirst();

int selectOne();

visible extern int time (int*);

visible int test_main ();

int communication_tests ();

#define n 6

char cl, c2;

short sl, s2;

int i1, i2;

float f1, £2;

double di, d2;

plural char pcl, pc2, pc[1024], pc_[1024], seg;
plural short psl, ps2, psln];

plural int pil, pi2, piln], dest, dest2;
plural float pfl, pf2, pfln];

plural double pdl, pd2, pdlnl;

plural char *pcpl, *pcp2;

plural short *pspl, *psp2;

plural int *pipl, *pip2;

plural float *pfpl, *pfp2;

plural double *pdpl, *pdp2;

plural char *plural pcppl, *plural pcpp2;
plural short *plural psppl, *plural pspp2;
plural int *plural pippl, *plural pipp2;
plural float *plural pfppl, *plural pfpp2;
plural double *plural pdppl, *plural pdpp2;

int time_nonempty;

visible int test_main ()

/* this is the function that is called from the front-end program */
printf ("StartACU:\n");
srandom (callRequest (time, sizeof(int*), (int*)0));
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communication_tests();
printf("EndACU ");
return (0);

/* macros to perform a single measurement and write a protocol line */

#define measure_i(prg,lprob_act,size) \
{ int pecount = reduceMax32 (enumerate()) + 1; \
__routerCount = O;
dpuTimerStart (); \
prg; \
time_nonempty = dpuTimerTicks(); \
fprintf (£p, "%5d %5.2f %2d %3d %6d %2d\n", \
pecount, logl0((double)pecount)/logl10(2.0), \
lprob_act, size, time_nonempty-60, __routerCount); \

}

#define measure_f(prg,lprob_act,value) \
{ int pecount = reguceMax32 (enumerate()) + 1; \

__routerCount = O;

dpuTimerStart (); \

prg; \

time_nonempty = dpuTimerTicks(); \

fprintf (fp, "%5d %5.2f %2d %5.2f %6d %2d\n", \
pecount, logl0((double)pecount)/logl0(2.0), \
lprob_act, value, time_nonempty-60, __routerCount); \

int communication_tests ()

/* Measure how long various communication operations take under various
conditions.
Each experiment is output into a different file.
File naming conventions for router measurements: '"OP.SZ.AC"
0P is operation (send,fetch,ss_rsend, etc.)
SZ is communicated data size per processor in bytes
AC is Activity and Communication pattern
A is R : regular pattern of activity (every nth active)
: probabilistic
: block (only first n active)
random permutation of destinations
random destination
: cycle: every nth
: block: n neighbors
: all the same destination
: shift (number gives length e.g. S100)
Similar naming conventions are used for other operations.

nrwQRUEY

*
FILE *fp = 0;

register int i, j, k, 1;

dest = dest2 = iproc;

new_permutation (&dest); /* prepare permutation in dest variable */

pcl = pc2 = (plural char)dest;

pcl = router[dest].pc2; /# initialize router 7*/

pcl = xnetE[1] .pcl; /* initialize xnet ? */

pdl = pd2 = (plural double)dest;

p_srandom (dest); /* init parallel random number generator */

/**kxkxkxk* determine permutation sensitivity skkkkkkxkkx/

openfile (&fp, "send.4.AP1", "w'");
fprintf (fp, "# 32 bit send, all, different permutations (shifted powers):\n");
for (k = 0; k < 100; k++) {

dest = router[(dest+(plural)19) % nproc].dest;

measure_i ((router[dest].pil = pi2), lmproc, k);

openfile (&fp, "send.4.AP2", "w'");
fprintf (fp, "# 32 bit send, all, different permutations (randomly new):\n");
for (k = 0; k < 100; k++) {

new_permutation (&dest);

measure_i ((router[destj.pil = pi2), lnproc, k);

/**kkkkkkkkk xnet communication kkkkkkkkkk/
/* no repetitions, since almost no deviations occur */

openfile (&fp, "xnetEsend.1", "w");
fprintf (fp, "# 8 bit xnet send:\n");
for (j = 0; j <= nxproc; j++)
measure_i ((xnetE[J].pcl = pc2), j, 1);

openfile (&fp, "xnetEsend.4", "w");
fprintf (fp, "# 32 bit xnet send:\n'");
for (j = 0; j <= nxproc; j++)
measure_i ((xnetE[j].pil = pi2), j, 4);

openfile (&fp, "xnetEsend.8", "w");
fprintf (fp, "# 64 bit xnet send:\n");
for (j = 0; j <= nxproc; j++)
measure_i ((xnetE[j].pdl = pd2), j, 8);
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openfile (&fp, "xnetEfetch.4", "w");
fprintf (fp, "# 32 bit xnet fetch:\n");
for (j = 05 j <= nxproc; j++)
measure_i ((pi2 = xnetE[jl.pil), j, 4);

openfile (&fp, "ss_xfetch.4", "w");
fprintf (fp, "# 32 bit ss_xfetch:\n");
for (j = 05 j <= nxproc; j++)
measure_i ((ss_xfetch (j, O, pc, pc_, 4)), j, 4);

openfile (&fp, "ss_xfetch.4.Y20", "w");
fprintf (fp, "# 32 bit ss_xfetch:\n");
for (j = 0; j <= nxproc; j++)
measure_i ((ss_xfetch (j, 20, pc, pc_, 4)), j, 4);

openfile (&fp, "ss_xsend.4", "w");
fprintf (fp, "# 32 bit ss_xsend:\n'");
for (j = 0; j <= nxproc; j++)
measure_i ((ss_xsend (j, O, pc, pc_, 4)), j, 4);

openfile (&fp, "sp_xsend.4", "w");
fprintf (fp, "# 32 bit sp_xsend:\n'");
for (j = 0; j <= nxproc; j++) {
pcpp2 = pc + (p_randm() % (10%k+1));
N measure_i ((sp_xsend (j, O, pc, pcpp2, 4)), j, 4);

openfile (&fp, "sp_xfetch.4", "w");
fprintf (fp, "# 32 bit sp_xfetch:\n");
for (j = 05 j <= nxproc; j++)
pcpp2 = pc + (p_randm() % (10%k+1));
N measure_i ((sp_xfetch (j, 0, pc, pcpp2, 4)), j, 4);

openfile (&fp, "ps_xsend.4", "w");
fprintf (fp, "# 32 bit ps_xsend:\n'");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
) measure_i ((ps_xsend (j, O, pcppl, pc, 4)), j, 4);

openfile (&fp, "ps_xfetch.4", "w");
fprintf (fp, "# 32 bit ps_xfetch:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
) measure_i ((ps_xfetch (j, 0, pcppl, pc, 4)), j, 4);

openfile (&fp, "pp_xsend.4", "w");
fprintf (fp, "# 32 bit pp_xsend:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
) measure_i ((pp_xsend (j, O, pcppl, pcpp2, 4)), j, 4);

openfile (&fp, "pp_xfetch.4", "w");
fprintf (fp, "# 32 bit pp_xfetch:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
N measure_i ((pp_xfetch (j, O, pcppl, pcpp2, 4)), j, 4);

openfile (&fp, "pp_xfetch.4.Y20", "w");
fprintf (fp, "# 32 bit pp_xfetch:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
N measure_i ((pp_xfetch (j, 20, pcppl, pcpp2, 4)), j, 4);

openfile (&fp, "pp_xsend.32", "w");
fprintf (fp, "# 32 byte pp_xsend:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
) measure_i ((pp_xsend (j, O, pcppl, pcpp2, 32)), j, 32);

openfile (&fp, "pp_xfetch.32", "w");
fprintf (fp, "# 32 byte pp_xfetch:\n");
for (j = 0; j <= nxproc; j++) {
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
) measure_i ((pp_xfetch (j, O, pcppl, pcpp2, 32)), j, 32);

/**kkkx*kxk*% router with regular activity pattern xkkskkkkkx/

openfile (&fp, "send.4.RP", "w");
fprintf (fp, "# 32 bit send, regular inactives:\n'");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (iproc % (1<<j) ==
measure_i ((router[dest].pil = pi2), lnproc-j, 4);
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}

openfile (&fp, "send.4.BP", "w");
fprintf (fp, "# 32 bit router send, first 2%*n active:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (iproc < (1<<j))
measure_i ((router[dest].pil = pi2), lnproc-j, 4);

new_permutation (&dest);

openfile (&fp, "ss_rsend.32.RP", "w");
fprintf (fp, "# 32 byte ss_rsend, regular inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (iproc % (1<<j) ==
N measure_i ((ss_rsend(dest, pc, pc_, 32)), lnproc-j, 32);

}

openfile (&fp, "ss_rsend.32.BP", "u");
fprintf (fp, "# 32 byte ss_rsend, first 2¥*n active:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (iproc < (1<<j))
measure_i ((ss_rsend(dest, pc, pc_, 32)), lnproc-j, 32);

new_permutation (&dest);

/***kxkx*kx*%*¥ router with random activity pattern #kkkxikkxk*/

openfile (&fp, "send.1.PP", "w");
fprintf (fp, "# 8 bit send, random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
measure_i ((router[dest].pcl = pc2), lnproc-j, 1);

¥
¥
openfile (&fp, "send.2.PP", "w");
fprintf (fp, "# 16 bit send, random inactives:\n");
for (j = 0; j <+ 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
measure_i ((router[dest].psl = ps2), lnproc-j, 2);

¥
¥
openfile (&fp, "send.4.PP", "w");
fprintf (fp, "# 32 bit send, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(p%gra1)19) % nproc] .dest;

if (ca_every_nth (1<<j
measure_i ((router[dest].pil = pi2), lnproc-j, 4);

}

openfile (&fp, "send.8.PP", "w");
fprintf (fp, "# 64 bit send, random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
measure_i ((router[dest].pdl = pd2), lnproc-j, 8);

}
}
openfile (&fp, "ss_rsend.4.PP", "w");
fprintf (fp, "# 4 byte ss_rsend, random inactives:\n");
for (j = 05 j <= 1lnproc; j++
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
) measure_i ((ss_rsend(dest, pc, pc_, 4)), lnproc-j, 4);
}
openfile (&fp, "sp_rsend.4.PP", "w");
fprintf (fp, "# 4 byte sp_rsend, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcpp2 = pc + (p_randm() % (10%k+1));
if (ca_every_nth (1<<j))
N measure_i" ((sp_rsend(dest, pc, pcpp2, 4)), lnproc-j, 4);
}

openfile (&fp, "ps_rsend.4.PP", "w");
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fprintf (fp, "# 4 byte ps_rsend, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
) measure_i ((ps_rsend(dest, pcppl, pc, 4)), lnproc-j, 4);
}
openfile (&fp, "pp_rsend.4.PP", "w");
fprintf (fp, "# 4 byte pp_rsend, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10*k+1));
pcpp2 = pc + (p_randm() % (10*k+1));
if (ca_every_nth (1<<j))
measure_i ((pp_rsend(dest, pcppl, pcpp2, 4)), lnproc-j, 4);

}
}
openfile (&fp, "ss_rfetch.4.PP", "u");
fprintf (fp, "# 4 byte ss_rfetch, random inactives:\n");
for (j = 05 j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
measure_i ((ss_rfetch(dest, pc, pc_, 4)), lnproc-j, 4);

}

openfile (&fp, "sp_rfetch.4.PP", "w");
fprintf (fp, "# 4 byte sp_rfetch, random inactives:\n");
for (j = 05 j <= lnproc; j++)
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcpp2 = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
N measure_i" ((sp_rfetch(dest, pc, pcpp2, 4)), lnproc-j, 4);
}

openfile (&fp, "ps_rfetch.4.PP", "w");
fprintf (fp, "# 4 byte ps_rfetch, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
) measure_i ((ps_rfetch(dest, pcppl, pc, 4)), lnproc-j, 4);
}
openfile (&fp, "pp_rfetch.4.PP", "w");
fprintf (fp, "# 4 byte pp_rfetch, random inactives:\n");
for (j = 05 j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10*k+1));
pcpp2 = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
measure_i ((pp_rfetch(dest, pcppl, pcpp2, 4)), lnproc-j, 4);

}

openfile (&fp, "ss_rsend.32.PP", "w");
fprintf (fp, "# 32 byte ss_rsend, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
) measure_i ((ss_rsend(dest, pc, pc_, 32)), lnproc-j, 32);
}
openfile (&fp, "sp_rsend.32.PP", "w");
fprintf (fp, "# 32 byte sp_rsend, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcpp2 = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
N measure_i" ((sp_rsend(dest, pc, pcpp2, 32)), lnproc-j, 32);
}

openfile (&fp, "ps_rsend.32.PP", "w");
fprintf (fp, "# 32 byte ps_rsend, random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10xk+1));
if (ca_every_nth (1<<j))
measure_i ((ps_rsend(dest, pcppl, pc, 32)), lnproc-j, 32);
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openfile (&fp, "pp_rsend.32.PP", "w");
fprintf (fp, "# 32 byte pp_rsend, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
pcppl = pc + (p_randm() % (10%k+1));
pcpp2 = pc + (p_randm() % (10%k+1));
if (ca_every_nth (1<<j))
measure_i ((pp_rsend(dest, pcppl, pcpp2, 32)), lnproc-j, 32);

}
}
openfile (&fp, "ss_rsend.128.PP", "w");
fprintf (fp, "# 128 byte ss_rsend, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
measure_i ((ss_rsend(dest, pc, pc_, 128)), lnproc-j, 128);

}
}
openfile (&fp, "ss_rsend.256.PP", "w");
fprintf (fp, "# 256 byte ss_rsend, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
measure_i ((ss_rsend(dest, pc, pc_, 256)), lnproc-j, 256);

}

openfile (&fp, "fetch.1.PP", "w");
fprintf (fp, "# 8 bit fetch, random inactives:\n");
for (j = 05 j <= 1lnproc; j++)
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
measure_i ((pc2 = router[dest].pcl), lnproc-j, 1);

¥
¥
openfile (&fp, "fetch.2.PP", "w");
fprintf (fp, "# 16 bit fetch, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;

if (ca_every_nth (1<<j))
y measure_i ((ps2 = router[dest].psl), lnproc-j, 2);
}
openfile (&fp, "fetch.4.PP", "w");
fprintf (fp, "# 32 bit fetch, random inactives:\n");
for (j = 05 j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
y measure_i ((pi2 = router[dest].pil), lnproc-j, 4);
}

openfile (&fp, "fetch.4.P1", "w");
fprintf (fp, "# 32 bit fetch from PE 1, random inactives:\n");
dest2 = (plural)i;
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
measure_i ((pi2 = router[dest2].pil), lnproc-j, 4);

openfile (&fp, "fetch.4.PS1", "w");
fprintf (fp, "# 32 bit fetch shift 1, random inactives:\n'");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest2 = (iproc + 100) % nproc;
if (ca_every_nth (1<<j)
y measure_i ((pi2 = router[dest2].pil), lnproc-j, 4);
}
openfile (&fp, "fetch.4.PS100", "w");
fprintf (fp, "# 32 bit fetch shift 100, random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest2 = (iproc + 100) % nproc;

if (ca_every_nth (1<<j))
measure_i ((pi2 = router[dest2].pil), lnproc-j, 4);

¥
¥
openfile (&fp, "fetch.4.PR", "w");
fprintf (fp, "# 32 bit fetch from random PEs, random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 05 k < 8; k++) {
dest2 = p_randm() % nproc;



if (ca_every_nth (1<<j))
y measure_i ((pi2 = router[dest2].pil), lnproc-j, 4);
}
openfile (&fp, "fetch.8.PP", "w");
fprintf (fp, "# 64 bit fetch, random inactives:\n");
for (j = 05 j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
dest = router[(dest+(plural)19) % nproc].dest;
if (ca_every_nth (1<<j))
y measure_i ((pd2 = router[dest].pdl), lnproc-j, 8);
}

/**kkkkkkkkk enumerate() *kkkikkkkk/

openfile (&fp, "enumerate.P", "w");
fprintf (fp, "# enumerate(), random inactives:\n'");
for (j = 05 j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
measure_i ((pil = enumerate()), lnproc-j, 2);

¥
¥
[**xkkxkxdkk selectFirst(), selectOne() *kxkxkikkx/

openfile (&fp, "selectFirst.P", "w");
fprintf (fp, "# selectFirst(), random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
measure_i ((i = selectFirst()), lnproc-j, 2);

¥
¥
openfile (&fp, "selectOne.P", "w");
fprintf (fp, "# selectOne(), random inactives:\n');
for (j = 05 j <= lnproc; j++) {

for (k = 05 k < 8; k++) {

if (ca_every_nth (1<<j))
measure_i ((i = selectOne()), lnproc-j, 2);

¥
¥
[**xkkxkkkk psort (), rank() xEkkskkkkkkk/

openfile (&fp, "psort8.P", "w'");
fprintf (fp, "# psort8(), random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
) measure_i ((pcl = psort8(pc2)), lnproc-j, 1);
}
openfile (&fp, "psortd.P", "w'");
fprintf (fp, "# psortd(), random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
pd2 = (plural double) (p_random() % (plural)1000);
if (ca_every_nth (1<<j))
N measure_i" ((pdl = psortd(pd2)), lnproc-j, 8);
}

openfile (&fp, "rank8.P", "w");
fprintf (fp, "# rank8(), random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
) measure_i ((pil = rank8(pcl)), lnproc-j, 2);
¥
openfile (&fp, "rankd.P", "w");
fprintf (fp, "# rankd(), random inactives:\n");
for (j = 05 j <= lnproc; j++)
for (k = 05 k < 8; k++) {
d2 = (plural double) (p_random() % (plural)1000);

if (ca_every_nth (1<<j))
measure_i ((pil = rankd(pd1)), lnproc-j, 2);

¥
¥
[HFFkkkkrckk reduce () *kkkkkikkk/

openfile (&fp, '"reduceAdd8.P", "w");
fprintf (fp, "# reduceAdd8(), random inactives:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 05 k < 8; k++) {
if (ca_every_nth (1<<j))
N measure_i" ((c1 = reduceAdd8(pc2)), lnproc-j, 1);
¥

openfile (&fp, '"reduceMax8.P", "w");
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A.3 measure. m

fprintf (fp, "# reduceMax8(), random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k =05 k < 8; k++) ' {
if (ca_ every_ nth (1<<3))
N measure_i" ((c1 = reduceMax8(pc2)) lnproc-j, 1);
}

openfile (&fp, "reduceAddd.P", "w");
fprintf (fp, ‘“# reduceAddd(), random inactives:\n");
for (j =0; j <= lnproc j++) {
for (k =05 k < 8; k) {
pd2 = (plural double)(p_random() % (plural)1000);
if (ca_every_nth (1<<j
N measure_i" ((d1 = reduceAddd(pd2)), lnproc-j, 8);
}

openfile (&fp, "reduceMaxd.P", "w");
fprintf (fp, ‘“# reducelaxd(), random inactives:\n");
for (j = 0; j <= Improc; j++) {
for (k = 05 k < 8; kt++) {
pd2 = (plural double)p random() ;
if (ca_ every_nth (1<<3))
N measure_i" ((d1 = reduceMaxd(de)) lnproc-j, 8);
}

[FFxkkkkkkk scan() Fkkkkkkkkk/

openfile (&fp, "scanAdd8.P", "w");
fprintf (fp, "# scanAdd8(), random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 0; k < 8; kt+) {
seg = ca_every_nth (1<<j);
measure_f ((pcl = scanAdd8( c2 proc
y log((float)(1+reduceAdd16(%p1ura1 short)seg)))/log(Z 0));
}

openfile (&fp, "scanAddd.P", "w");
fprintf (fp, ‘“# scanAddd(), random inactives:\n");
for (j = 0; j <= 1lnproc; j++) {
for (k = 0; k < 8; k) {
seg = ca_every_nth (1<<j);
measure_f ((pdl = scanAddd(de, se
N og((float)(1+reduceAdd16(%p1ura1 short)seg)))/log(Z 0));
}

openfile (&fp, "scanMax8.P", "w");
fprintf (fp, "# scanMax8(), random inactives:\n");
for (j = 0} J <= lnproc; j++) {
for (k =05 k < 8; kt+) {
seg = ca_every_nth (1<<j);
measure_f ((pcl = scanMax8(pc2 proc
y log((float)(1+reduceAdd16(%p1ura1 short)seg)))/log(Z 0));
}

openfile (&fp, "scanMaxd.P", "w");
fprintf (fp, "# scanMaxd(), random inactives:\n");
for (j = 0; j <= lnproc, j++) {
for (k = 05 k < 8; kt++) {
pd2 = (plural double)(p_random() % (plural)1000);
seg = ca_every_nth (1<<j);
measure_f ((pdl = scanMaxd(de, se lnproc,
' log((float)(1+reduceAdd16(%p1ura1 short)seg)))/log(Z 0));
}

/xkkkkkkkkk sendwith() skkkkkokkkk/

openfile (&fp, "sendwithAdd8.14R", "w'");
fprintf (fp, "# sendwithAdd8(), all, random destinations:\n");
for (j = 0; § <= luproc; j++) {
for (k = 05 k < 8; k++) {
dest2 = p_randm() % (plural) (1<<j);
measure_i ((pcl = send91thAdd8(pc2 "dest2)), lnproc, j);

}

openfile (&fp, "sendwithAdd8.14C", "w");
fprlntf (fp, “# sendwithAdds(), all, regular destinations cycle:\n");
for (j = 0; j <= 1lnproc; j++) {
for” (k =05 k < 8; ki4) {
dest2 = iproc % (plural)(1<<j);
measure_i ((pcl = sendwithAdd8(pc2, dest2)), Inproc, j);

}

openfile (&fp, "sendwithAdd8.14B", "w'");
fprintf (fp, "# sendwithAdd8(), all, regular destinations block:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 03 k < 8; ki+) {
dest2 = iproc >> (plural)(lnproc-j);
measure_i ((pcl = sendwithAdd8(pc2, dest2)), lnproc, j);
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}

openfile (&fp, "sendwithAdd8.8R", "w");
fprintf (fp, "# sendwithAdd8() 356 random active, random destinations:\n");
for (j = 0; j <= lnproc; j++)
for (k = 0; k < 8; k++) {
dest2 = p_randm() % (plural) (1<<j);
if (ca_ every_nth (1<<6§
measure_i ((pcl = sendwithAdd8(pc2, dest2)), 8, j);

¥
¥
openfile (&fp, "sendwithAdd8.R8R", "w'");
fprintf (fp, "# sendwithAdd8(), 256 regular active, random destinations:\n");
for (j = 0; j <= lnproc; J++) {
for (k = 0; k < 8 k) {
dest2 = p_randm() ¥ (p%ural)(1<<J)

if (iproc % (1<<6) ==
measure_i ((pcl = sendwithAdd8(pc2, dest2)), 8, j);

}
}
openfile (&fp, "sendwithAdd8.2R", "w");
fprlntf (fp, "# sendwithAdd8(), 4 random active, random destinations:\n");
for (j = 05 j <= lnproc; j++)
For’ (k = 05 k < 8; k++)'{
dest2 = p_randm() % (plural) (1<<j);

if (ca_every_nth (1<<12))
measure_i ((pcl = sendwithAdd8(pc2, dest2)), 2, j);

}

openfile (&fp, "sendwithMax8.14R", "w'");
fprintf (fp, "# sendwithMax8(), all, random destinations:\n");
for (j = 0; j <= lnproc; j++) {
for (k = 0; k < 8; k++) {
dest2 = p_randm() % (plural) (1<<j);
measure_i ((pcl = send91thMax8(pc2 "dest2)), lnproc, j);

}

openfile (&fp, "sendwithAddd.14R", "w");
fprintf (fp, "# sendwithAddd(), all, random destinations:\n");
for (j = 0; j <= lnproc, j+H) A
for (k = 05 k < 8; k++) {
pd2 = (plural double)(p random() % (plural)i000);
dest2 = p_randm() % (plural) (1<<j);
measure_i ((pdl = sendwithAddd(pd2, dest2)), lnproc, j);

}

openfile (&fp, "sendwithMaxd.14R", "w");
fprintf (fp, "# sendwithMaxd(), all, random destinations:\n");
for (j = 0; j <= lnproc, j+H) A
for (k = 05 k < 8; kt++) {
pd2 = (plural double)(p random() % (plural)1000);
dest2 = p_randm() % (plural) (1<<j);
measure_i ((pdl = send91thMaxd(pd2 dest2)), lnproc, j);

}

return (0);



