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Software Version

GCC Gentoo 4.3.3-r2 pl.1, pie-10.1.5
ICC 10.1 Build 20080801

OpenMPI 1.2.7 119401

Linux Kernel || 2.6.25-gentoo-r7

PAPI 3.6.2

Table I11.4: H” Software Specifications



papi_avail -a Output

123

eric@nodell ~ $§ papi_avail -a
Available events and hardware information.

Vendor string and code : Genuinelntel (1
Model string and code : Intel Core 2 (18)
CPU Revision : 11.000000

CPU Megahertz : 2399.969971

CPU Clock Megahertz s 2399

CPU’s in this Node LI

Nodes in this System s 1

Total CPU’'s : 4

Number Hardware Counters : 5
Max Multiplex Counters

The following correspond to fields in the PAPI_event_info_t structure.

Name Code Deriv Description (Note)
PAPI_L1_DCM 0x80000000 No Level 1 data cache misses
PAPI_L1_ICM 0x80000001 No Level instruction cache misses
PAPI_L2_DCM 0x80000002 Yes Level data cache misses
PAPI_L2_ICM 0x80000003 No Level instruction cache misses
PAPI_L1_TCM 0x80000006 No Level cache misses
PAPI_L2_TCM 0x80000007 No Level 2 cache misses
PAPI_CA_SHR 0x8000000a No Requests for exclusive access to shared cache line
PAPI_CA_CLN 0x8000000b No Requests for exclusive access to clean cache line
PAPI_CA_ITV 0x8000000d No Requests for cache line intervention
PAPI_TLB_DM 0x80000014 No Data translation lookaside buffer misses
PAPI_TLB_IM 0x80000015 No Instruction translation lookaside buffer misses
PAPI_L1_LDM 0x80000017 No Level 1 load misses
PAPI_L1_STM 0x80000018 No Level 1 store misses
PAPI_L2_LDM O0x80000019 Yes Level 2 load misses
PAPI_L2_STM 0x800000la No Level 2 store misses
PAPI_HW_INT 0x80000029 No Hardware interrupts
PAPI_BR_CN 0x8000002b No Conditional branch instructions
PAPI_BR_TKN 0x8000002c No Conditional branch instructions taken
PAPI_BR_NTK 0x8000002d No Conditional branch instructions not taken
PAPI_BR_MSP 0x8000002e No Conditional branch instructions mispredicted
PAPI_BR_PRC 0x8000002f Yes Conditional branch instructions correctly predicted
PAPI_TOT_IIS 0x80000031 No Instructions issued
PAPI_TOT_INS 0x80000032 No Instructions completed
PAPI_FP_INS 0x80000034 No Floating point instructions
PAPI_BR_INS 0x80000037 No Branch instructions
PAPI_VEC_INS 0x80000038 No Vector/SIMD instructions
PAPI_RES_STL 0x80000039 No Cycles stalled on any resource
PAPI_TOT_CYC 0x8000003b No Total cycles
PAPI_L1_DCH 0x8000003e Yes Level 1 data cache hits
PAPI_L1_DCA 0x80000040 No Level 1 data cache accesses
PAPI_L2_DCA 0x80000041 Yes Level 2 data cache accesses
PAPI_L2_DCR 0x80000044 No Level 2 data cache reads
PAPI_L2_DCW 0x80000047 No Level 2 data cache writes
PAPI_L1_ICH 0x80000049 Yes Level 1 instruction cache hits
PAPI_L2 ICH 0x8000004a Yes Level 2 instruction cache hits
1
2
2
1
2
2

1
2
2
1

PAPI_L1_ICA 0x8000004c No Level instruction cache accesses
PAPI_L2_ICA 0x8000004d No Level instruction cache accesses
PAPI_L2_TCH 0x80000056 Yes Level total cache hits
PAPI_L1_TCA 0x80000058 Yes Level total cache accesses
PAPI_L2_TCA 0x80000059 No Level total cache accesses
PAPI_L2_TCR 0x8000005c Yes Level total cache reads
PAPI_L2_TCW 0x8000005f No Level 2 total cache writes
PAPI_FML_INS 0x80000061 No Floating point multiply instructions
PAPI_FDV_INS 0x80000063 No Floating point divide instructions
PAPI_FP_OPS 0x80000066 No Floating point operations

Of 45 available events, 10 are derived.

avail.c PASSED

Figure I11.4: Output listing of all PAPI events as per papi_avail
Processor.

—a for the Intel Q6600
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3 The Multiprocessor Servers

The two SMP machines used for our experimentations both possessed 32GBytes of RAM
and 8 Dual Core AMD Opteron processors. Table IIL.5 lists their key hardware caratersitics.
Software caracteristics are listed in Table Table II1.6, cells containing ’-* mean the software
wasn’t installed on the specific machine. Note that PAPI was not installed on these systems

either.

Parameters Machine Profiles
SunFire x4600 | Tyan VX50
Model Name Processor 885 | Processor 875
Processor Cache Size (KB) 1024 1024
CPU MHz 2600 2200
BogoMIPS 5226 4420

Table II1.5: SMP machine hardware specifications

Software Version

GCC Gentoo 4.3.1-r1 pl.1

ICC Version 10.1 Build 20080602
OpenMPI 1.2.7 119401

Linux Kernel || linux-2.6.17-gentoo-r4

PAPI 3.5.0

Table III1.6: SMP machine software specifications



APPENDIX IV

SOURCE CODE

This section contains the printout of the principal source code used in our experimentation.

When reasonable, the code was left untouched. When applicable, blocks of commeted test

N - Y N

=3

code were removed for clarity.

1 The Island Master-Slave Implementation

The following is the original implementation of the Master-Slave k-means.

/% & & »
*& &=
«& Module Name: vector quantisation based on k—means algorithm &*
*& (Parallel Algorithm) &x
*& This is a C++ program with MPIl library Lx
*& Authors: Alceu Britto / Albert Hung—Ren Ko &*
& &*
*& &x
*& &=
*& To compile with the Makefile: make &*
«& To set up the topology of kernels: lamboot —v lamconf.lam &x*
*& To run: mpirun —v —np #(number of kernels) pvq filename &
*& To erase the set topology of kernels: wipe &x
«& It will generate the file: centroids &*

&l

#include <stdio . h>
#include <ctype .h>
#include <string .h>
#include <stdlib h>
#include <math.h>

#include <iostream>
#include <fstream>
#include <iomanip>
#include <cassert>
#include <sstream>
#include <mpi.h>

using namespace std,

#include <ctime>

#define THRESHOLD 0.001 /% threshold used to stop

iterations x/

#define T 34 /= size of the feature vector =/
#define NC 256 /* number of centroids =*/

int NSR: /* number of samples x/

int SKIP; /* NSR divided by NC x/

int NS, /» maximum number of samples x/
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83
84
85
86
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88
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92
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94
95
96
97
98
99

/% struct used to keep a feature vector and its centroid */
typedef struct
{

float feat(T);

int centroid;

} sample;

/% struct used to keep a centroid and the number of samples in it =/

typedef struct

{
float feat[T];
float number;

} centroid;

sample *samples; /* keep all training samples */
centroid centroids[NC]: /x keep all centroids «/

float c_sum[NC](T];

int mynode, totalnodes;
int slaves =1;

int master = 0;

int tag=1;

int sum, startval , endval, accum;
int i,).k;

MPI_Status status;

int loadCount = 0;

/* distance function — Euclidian Distance =*/
float df ( float =vl, float *v2 )
{

int 1,

float dist . sum;

sum=0.;
for ( i=0; 1<T; i++ )

sum=sum+ ( vI[i]—v2[i] ) * ( v1[i1]—v2[i] );

dist= ( float ) sqrt ( ( float ) sum );

return dist;

/* load samples */
int load_samples ( char xfilename )
(
FILE =*fp:
int 1,);
int Obs;
int reg_size = sizeof ( float ) x T;
ifstream inStream ( filename );
loadCount = 0:
string line;

int lineCount = 0;

fp=fopen ( filename, "r" );

if ( !'fp )
{
printf ( "can’'t_open_thou_file: %s_\n", filename );

return ( 0 );

/% sum of all samples of a class, it is

used to update the centroids

*/
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101
102
103

105
106
107
108

110
111
112
113
114
115
116
117
118
119
120
121

131
132
133
134
135
136
137
138
139
140
141
142
143

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

fseek ( fp. O, SEEK_END );

NS = ( int ) frell ( fp ) / reg_size;

if ( totalnodes > 1 )

{

samples= ( sample » ) malloc ( ( NS/ ( totalnodes—1 ) ) *sizeof ( sample ) );

else

samples= ( sample % ) malloc ( ( NS ) xsizeof ( sample ) );

//fseek(fp. 0., SEEK_SET);

if ( !samples ) return —1I;

fclose ( fp ),

/* load samples =/

while ( !inStream .eof() &% lineCount < NS )

{

getline ( inStream, line );

istringstream istr ( line );

if ( ( fmod ( ¢ lineCount+l ), ( totalnodes —1 ) ) == ( mynode —1 ) ) && ( mynode != master

{
for (1 = 0; 1< T, i++ )
{
istr >> samples[loadCount]. feat[1];
samples[loadCount]. centroid=—1:

)

loadCount++;

)

lineCount ++;

if ( mynode == ( 1 + fmod ( ( lineCount ), ( totalnodes — 1 ) ) ) )

{

loadCount ——;
}
// ‘'cause the last kernel will load the end line of the file

NS = ( lineCount —1 ); //minus one because there is one empty line at the end of the file fp

printf ( "Final NS_= _%d\n", NS );

// cout << " mynode " << mynode << " loadCount " << loadCount << endl:
return ( lineCount —1 ); /% return i—I when binary mode =/
centroid initialization — it selects the first set of centroids */
void centroid_init()
int i,j.k.x;
for (i = 0; 1 < NC; i++ )
{
x = 0
if ( mynode == fmod ( ( 1 ), ( totalnodes —1 ) ) +1 )

{

)

)
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160
161

162
163
164
165
166
167
168
169
170
171
172
173

174
175

186
187
188
189
190
191
192
193
194
195
196

208

210

[
9

[
w

214
15
216
217
218

/=

for ( j=0,)<T.j++ )

{

centroids[1]. feat[j]= samples(x]. feat[)]:

//cour <<

" << samples[x]. fear[j]:

centroids [i]. number=0;

}

//cout << endl <<

N+,

for ( k=0; k < totalnodes;

{

MPI_Send ( &centroids([i].

' mynode=

MPI_Recv ( &centroids[i1], ( T+l

. &status )

classification of a sample taking into account each centroid =/

int centroid_def ( int pos,

(

/*

int i, index;

float mdist, dist;

mdist=999999999 ;
for ( 1=0;1<NCii++ )
{

float =d

)

" << mynode << " x= "

k++ )

( T+l

<< x << endl;

). MPL_FLOAT, k. tag+9, MPL_.COMM_WORLD ) ;

). MPI_FLOAT, ¢ int

dist=df ( centroids[1].feat .samples[pos].feat );

if ( dist < mdist )

*d=mdist;

return index;

[ mdist=dist ;

it calculates new centroids =/

void mean_vector ()

{

/*

int i.).c:

float master_c_number [NC]:

for ( c=0.c<NC.c++ )

if ( centroids[c]).number !=

for ( )=0;)<T;j++ )

centroids [c

1. feat[j]

for (1 = 1; i < totalnodes; i++
MPI_Send ( &centroids . ( NC»

0

(

)

index=i;);

)

( fmod ( ( 1 ), ¢ totalnodes -1

c_sum[c][j]/centroids[c]. number:

T+1 )

it calculates the mean distortion */

float average_distortion (

{

int i

float ad:

ad=0;

for ( 1=0;1<NC;i++ )
ad=ad+x[1];

float =x

)

Y

MPI_FLOAT,

i

tag ,

MPLCOMM_WORLD ) ;

)

)+l

Y
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tag+9, MPI_COMM_WORLD



void
{

ad=ad /NSR:

return ad.

vq()

int iteration;

int cenfr.j.d. k. €3

float distortion , distortion_ant, distc[NC], dist;
distortion =0;

iteration=1;

if ( mynode == master )

printf ( "Take_it_easy,_I_am_classifying...\n" );
do
(

/+ Initialization */

for ( 1=0;1<NC:ii++ )
{
centroids[1]. number=0: distc[i]=0.;

for ( j=0: j<T:j++ ) c_sum[i][)]=0.;

if ( mynode != master )
{
float send_c_number [NC];
j = 0;
while ( j < loadCount )
{
centr=centroid_def ( j. &dist );
samples[j].centroid=centr;
distc [centr)=distc [centr]+dist;
centroids[centr).number = ( centroids[centr]. number ) + 1
for ( 1=0;1<T;1++ )

c_sum[centr][i]+=samples[j]. feat[1];

JE*

// parallelize this parts
for ( i = 0; 1 <NC: i++ )

send_c_number[1] = centroids(1]. number;

MPI_Send ( &c_sum, ( NC+T ). MPI_FLOAT., master, tag+l. MPLCOMM _WORLD );
MPI_Send ( &distc . NC, MPI_FLOAT. master , tag+3. MPI.COMM_WORLD );
MPI_Send ( &send_c_number ., NC. MPI_FLOAT. master, tag+2. MPLLCOMM WORLD ) :

//receive from the broadcast

MPI_Recv ( &centroids , ( NCx ( T+l ) ), MPIL_LFLOAT., master . tag. MPLCOMM WORLD, &status
MPI_Recv ( &distortion_ant , |, MPI_FLOAT, master, tag+5, MPLCOMM WORLD, &status );
MPI_Recv ( &distortion . 1. MPI_FLOAT. master, tag+6, MPLCOMM_WORLD, &status );

if ( mynode == master )

(

float slave_c_sum[NC][T}:
float slave_distc [NC]:

il
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297

302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319

331
3R
333
334
335

337
338

float master_centroids_number [NC];

for ( j = 1. j < totalnodes: j++ )

{

MPI_Recv ( &slave_c_sum, ( NC«T ). MPILFLOAT. ;. tag+l. MPLCOMM WORLD. &status );

MPI_Recv ( &slave_distc , NC. MPI_FLOAT, ). tag+3, MPLCOMM _WORLD, &status
MPI_Recv ( &master_centroids_number , NC, MPI_FLOAT, j, tag+2, MPLCOMM_WORLD,

for ( 1 = 0; 1 < NC; 1++ )

{
for ( k = 0 k < T: k++ )

c_sum(i](k] = c_sum[i][k] + slave_c_sum([1][k];

distc (1] = distc[1]+ slave_distc[i];

centroids[i]). number = centroids[i].number + master_centroids_number[i];

mean_vector ().

distortion_ant=distortion ;

distortion=average_distortion ( distc );

for (1 =1, i < totalnodes; 1++ )

{
MPI_Send ( &distortion_ant , 1, MPLLFLOAT. 1, tag+5, MPLCOMM_WORLD ):
MPI_Send ( &distortion , 1, MPILFLOAT, 1, tag+6, MPLCOMM_WORLD )

1teration ++;

}
while ( fabs ( ( float ) ( distortion_ant — distortion ) ) > THRESHOLD );

cout << "iteration_" << iteration << endl;

/* show centroids =/

void show_centroids ()

{

int 1,j;

printf ( "Centroids_\n" ):
for ( 1=0;1<NC;i++ )
{
for ( J=0:)<T;j++ )
if (1 =20 Il 1= ( NC=1) ) printf ( "%22f_ ", centroads[i]).feat(j) ):

if (1 =01l i= ( NC-1) ) printf ( "\n" );

/% show samples =/

void show_samples()

{

int 1, j:

for ( 1=0:1<NSR:i++ )

{
for ( j=0;j<T;j++ ) printf ( "%f_", samples[i].feat[j] ):
printf ( "_c=%d\n". samples[i].centroid );

&status

)i
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346
47

351

381
382
383
384
385
386

388
389
3%
391
392
393
394
395
39
397
398

/%

save centroids »/

void save_centroids ()

int

I

FILE «fp:

fp=fopen (

“centroid

s, "wb" ),

/= printf("Saving centroids \n"):«/

for (

{

}

1=0;1<NCi++ )

for ( j=0.)<T.j++ )

fprintf ( fp

fprintf ( fp, "\

fclose ( fp )

/% main =/

main (

(

int argc,

. "%f ", cent

n" oy

char =argv([] )

char =fnamein:

time_t tempol ., tempol, tempo3;

float

tempo;

fnamein=argv[1];

MPI_Init

( &arge, &argy );

roids[i].feat[j] ):

MPI_Comm_size ( MPI_COMM_WORLD, &totalnodes )
MPI_Comm_rank ( MPI_COMM_WORLD. &mynode ):

/%

load samples =/

NSR=load_samples ( fnamein ).

time

if
{

{

( &tempol );

mynode

if ( NSR== —1 ) [printf (
printf ( "NSR_=_%d\n",

= master )

NSR );

time ( &tempo2 );

tempo =

cout << endl << "Loading_time(s):_"

difftime

centroid_init();

( tempo2 ,

sum = 0;
if ( mynode != master )
{
startval = ( NSRx ( mynode—I
endval = NSRx ( mynode ) / (
}

tempol );

) / ( totalnodes—1 )

totalnodes —1 );

)

"error_=_loading_sample_file\n"

<< tempo << endl;

+1;

)i

exit (

1
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399 /+ vector quantisation x*/

400 vg():

401

402 if ( mynode == master )

403 {

404 //show_centroids ()

405 save_centroids () ;

406 time ( &tempo3 );

407 tempo = difftime ( tempo3. tempo2 ):
408 printf ( "\nExecution_time(s):_%.3f\n", tempo ):
409 }

410 MPI_Finalize ().

411 return 0;

412 )

2 The Island k-means Implementation

The following is the implementation of the Island k-means we have implemented and used

througout the document and experiments. It is an evolution of the orignial code presented

above.
1 /*x& &+
2 *& &
3 *& Module Name: vector quantisation based on k—means algorithm &=
4 *& Author: Alceu Britto &=
5 *& Eric Thibodeau (12-2007) &x
6 *& Revisions: (2007) ET: optimized using blas/ipp/mkl libraries &
7 *& (2008) ET: MPI re—implementation &*
8 *& (28—11—-2008) ET: No need to send distc as a vector, we only need &=
9 *& the summed distortion! distc[K] becomes distc &=
10 *& Communications are now fused into a single call &=
11 & &x/

13 #include <mpi. h>

14 #include <stdio .h>

15 #include <ctype h>

16 #include <string .h>
17 #include <stdlib h>
18 #include <math h>

19 #include <sys/time . h>

20 //#ifdef USE_BLAS

21 #include "cblas.h"
22 //#endif
23

24 // Don't change this unless you re—adjust the loops manually
25  #define UNROLL_LEVEL 4
26 #define THRESHOLD 0.001

27  #define T 47 /* size of the feature vector =/

28

29 #define DEBUG

30

31  long NS_total=—1; // number of samples (total), derived from DB_size or argv[3]
32 long NS: // number of samples (local), s NS_total/totalnodes

33  lomng K; // K in K-Means. this is argv[2]



typedef float sample; /% Although this might seem convoluted, we can just change this line
to double and all computations now use doubles instead of float +/
sample *samples; /* Ptr to table of all training samples */

int V_sz = sizeof(sample) = T; //Vector Size

float »centroids; /% Ptr to table of centroids =/

float *c_cnt; /* keeps the count of samples per centroid »/

float xc_sum; /% sum of all samples of a class. it is used to update the centroids =/
int c_sum_size /+ Used to supersize c_sum to also contain c_sum + c_cnt + distc >/

// MPI vars:

//MPI_Status sratus:
int mynode:

int totalnodes:

/* distance function —

« Euclidean Distance is used, which also means it is assumed that the "T" elements in the

* multi—dimention vectors are orthogonal, meaning that the information they carry about the
= data does not overlap. In a perfectly orthogonal system, if one of the variables of the T
» dimention is varied. all other values aren't affected. This is seldom the case in practice

* though we try to get as close as possible. It's defintion:

= distance = sqrt((Vectl — Vect2)"2) <<—— essentially Pythagorean Theorem on a dimention > 2
*

* x/

#ifdef USE_BLAS

// blas temp vectors:

float Vdist[T):

inline float df(const float «vl, const float =v2)|
cblas_scopy(T.vl,1,Vdist, 1),
cblas_saxpy(T,—1.0,v2,1,Vdist 1);

return cblas_snrm2(T, Vdist ,1);

#else

#ifndef UNROLL
// floatr df(sample =vl, sample +v2)
inline float df(const float =vl, const float =v2)
{
float sum=0.0;

int i;

// The use of pow(i,2) gives faster code but has little or no
// impact when —03/—02 is used
// We replace sum=sum+(vl[i]—v2[i])*(vI[i]—v2[i]):
// with sum+=pow((vI[i]=v2[i]) . 2);
for(i=0; 1<T; 1++)
#ifndef POW
sum+=(v1[1]=v2[1])*(vI[i]=v2[1]):
#else
sum+=pow ((vI[i]—=v2[1]) .2);
#endif //POW

return sqrtf(sum);
}
#else //UNROLL
inline float df(const float «vl., const float =v2)

{

133



95
96
97
98
99

101
102

143

145
146
147
148
149
150
151
152
153
154

float sum =0.0;
float suml1=0.0;
float sum2=0.0;
float sum3=0.0;

int 1=0;

if (T>UNROLL_LEVEL){
for (i 1<(T-UNROLL_LEVEL). 1+=UNROLL_LEVEL) (
sum +=(vli[1 ]=v2[1  ])=(vI[i J=v2[1 ]);
suml+=(vI[i+1]=v2[1+1 D) =(vI[i+1]=v2[i+1]);
sum24+=(vI[142]=v2 [ 1 +2) =(vI[1+2]=Vv2[1+42]):

sum3+=(vI [143]=v2[143]) = (vI[14+3]=v2[i1+3]);

)
if (T9%UNROLL_LEVEL)
for (. i1<T: i++)

sum+=(vI[i]=v2[1]) = (vI[1]—=Vv2[1]);

sum+=sum]l ;
sum+=sum2 ;
sum+=sum3
return sqrtf (sum);
)
#endif //UNROLL

#endif //USE_BLAS

/* load samples
* The current loading of samples is technically optimal bur not ideal for a
* parallel implementation since the last node might end up with potentially

* no computation. This is less than desireable.

int load_samples(char =filename)

FILE =fp.
int loaded:
int n;

int n_w=0: // worker's n count

int n_w_adj=0; // count after adjusting with n % w

fp=fopen(filename , "r");

fseek (fp, O, SEEK_END):
n = frell(fp) / V_sz;
fseek (fp, 0, SEEK_SET);
if ( (NS_total < 0) Il (NS_total > n) )
NS _total = n:
#ifdef DEBUG
if (mynode == 0)
printf("Total_number_of_samples_= _%ld\n" ,NS_total );
#endif //DEBUG

// Normal chunck sice

n_w = n_w_adj) = NS_total/totalnodes;

n_w_adj——: // off—by—one: C indices start at 0, otherwise we end up with overlap

// The overflow is assigned to the last node (not good if NS_total/totalnodes !>>> totalnodes)
if (mynode == totalnodes —1)

n_w_adj = n_w + NS_total % totalnodes;
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155
156
157
158
159
160
161
162

176
177
178
179
180
181
182
183
184
185
186
187
188
189

191
192
193
194
195
196

// Checkin logic:
//printf("Node %d, Start/End: %d/%d\n", mynode, mynodexn_w, mynodexn_w+n_w_adj),
samples=(sample =*)malloc(n_w_adj*V_sz);
if (!samples) |
printf("Memory_allocation_error_while_loading DB \n");

goto load_error;

/s load samples »/
// seeking to the chunck this proces will start loading at; and load ...
fseek (fp. mynodexn_w=«V_sz . SEEK_SET);
loaded=fread (samples . V_sz. n_w_ad). fp):
if (loaded '= n_w_ad)) |
printf("An_error_occured_while_loading _the DB: ");
printf ("Loaded _%d_and_expected %d" .loaded ,n_w_ad)):

goto mem_error;

return loaded;

load_error:

free (samples):

mem_error:

fclose(fp):
return —1;
)
/+ centroid initialization — it selects the first set of centroids

* The original parallel code would search through localy loaded samples
* and selec samples as initial centroids using a modulo operator + node#.
* We will use the actuall DB and keep the same initialisation as witht the
* sequential code reading the samples from the DB
*x/
void centroid_init(const char »fname)
{

FILE =*fp;

int i;

int x:

// To get the same init as the sequential version:

// * V_sz because we're dealing with file pointers (bytes):

int skip=(NS_total —1)/K+V_sz;

fp=fopen(fname. "r");

for(1=0, x=0: 1<K; 1++, x+=skip) |
fseek (fp. x, SEEK_SET):
fread(&centroids [T*i], sizeof (sample), T, fp);
//  memcpy((void x) &centroids[Ti], (void %) &samples[T+x], T = sizeof(float)):
}
fclose (fp);

* This version of the init is meant to be used if the DB is not stored locally.

* The advantage is that only I process does the slow 10 and the broadcasts the loaded

* data using an optimized (we hope, MPI implementation dependant) broadcast to all nodes.

* Cost model :
* C_sz = "sizeof(centroids)" = T+«K=sizeof(float)
* T_load = BW_io/C_sz: + T_broadcast_K
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242

262

263

*x/

void centroid_init_net(const char *fname)

/=

inline

{

/*

if

MPI_Bcast(centroids .,

T_broadcast_K = T_comm_init + BW_net/C_sz + C_sz/MIU*T_IGU

T_comma_init=73.1028 (usec) (average latency from hpcc —1.0.0
MIU=1500 (ethernet)

T_IGU=15Sms (empirical ,

tmynode == 0)

centroid_init(fname);

mpptest)

T+K. MPI_FLOAT. 0, MPLCOMM_WORLD) ;

classification of a sample taking into account each centroid =/

int centroid_def(unsigned int idx .

register int

float mdist,

i,centrord=—1;

dist:

mdist=999999999 ;
// mdist=pow(2.,32); // we start off very far...

for(1=0:1<K;1++) |{
dist=df(&centroids [1*T], &samples [1dx*T]) ;

if (dist

< mdist) |

mdist=dist;

centroid=i;

«d=mdist;

return centroid;

it

calculates

new centroids =/

void mean_vector ()

{

int i.c. offset:

for(c=0;c<k.c++) |

if (c_ent[c] != 0){

offset=c=T;

1=0;

#ifdef UNROLL2
if (T>UNROLL_LEVEL) (

#endif

/*

1

)

for (. 1 <(T-UNROLL_LEVEL) ;

centroids[offset+1

]

centroids [offset+i1+1]

centroids [offset+i+2]

centroids [offset+i+3]

float xd)

1+=UNROLL_LEVEL) {

c_sum[offset+1

1/c_cnt[c]:

c_sum[offset+1+1]/c_cnt[c];

c_sum[offset+i+2])/c_cnt[c];

c_sum[offset+i+3]/c_cnt[c];

if (T9UNROLL_LEVEL) // Compiler eliminates this

calculares

for (; 1<T; 1++)

centroids [offset+1

the mean distortion

*/

1

c_sum[offset+i

if T and UNROLL_LEVEL are static

1/c_cnt[c];
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291

295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
31
312
313
314
315
316
317
318

331
332
333
334

inline float average_distortion (sample =x)

{

void

{

/%

*/

//
/*

int 1;

float ad:

ad=0;

for (1=0:1<K;14+)
ad+=x[1];

return ad/NS_total;

vq()

int iteration=1;

int centr.j.1;

float distortion=0;
float distortion_ant;
//float distc[K].
float distc;

float dist;

int sPos; // used to compute the correct "to next sample"” offset

int cPos: // used to compute the correct "to next centroid” offset

// Custom data type for combined communications:

if (mynode == 0 )

printf("Take it easy, I am classifying...\n");

distortion =0;

iteration=1;

do (

/% Initialization */
distc =0.;
for(i=0;i<K;i++) |
M diste i ]=0.;
c_cnt[1]=0;
for(j=0; j<T;j++)
c_sum[1xT+)]=0_;

)

Using memset is actually longer than the above!

memset(distc, 0, sizeof(sample)*K

):

memset(c_sum, 0, sizeof(sample)=K«T);

memset(c_cnt, 0, sizeof(sample)+K

1=0;

)i x/

// The core, we pass the entire DB here:

for (3=0; j<NS: j++) |

centr=centroird_def (), &dist);
//distc[centr]+=dist;
distc+=dist;

c_cnt[centr]++;

// we do the multiplication, out of the loop:

// Type of thing a compiler should optimize.

sPos=j*T;
cPos=centr=T:
1=0;
#i1fdef UNROLI2
if (T>UNROLL_LEVEL) ({
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336
337
338
339
340
341
342
343
34

346
347
348
349
350
351
352
353
354

356
357
358
359
360
361
362
363
364

366
367
368
369
370
371
32
3713
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
' 392
393
394
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for (. 1 <(T-UNROLL_LEVEL); 1+=UNROLL_LEVEL)|(
c_sum(cPos+i J+=samples(sPos+1 ]:
c_sum(cPos+1+1]+=samples[sPos+1+1];
c_sum[cPos+i+2)+=samples[sPos+1+2]:

c_sum[cPos+i+3]+=samples[sPos+i+3];

)
if (T9UNROLL_LEVEL) // Compiler eliminates this if T and UNROLL_LEVEL are static
#endif
for (; 1<T: 1++)

c_sum[cPos+i]+=samples[sPos+1];

// Put distc into end of c_sum ‘mega—vector' (offset from malloc)
c_sum[c_sum_size —1) = distc;
MPI_Allreduce (MPI_IN_PLACE, c¢_sum, c_sum_size , MPI_FLOAT, MPI_SUM, MPI_.COMM_WORLD) ;
distc = c_sum[c_sum_size —1];
/* After this point, all vars are in the same state as if they had been computed

by a single process
#7

mean_vector();

distortion_ant=distortion ;
//distortion=average_distortion(distc);

distortion=distc /NS _total ;

1teration ++;
#ifdef DEBUG
if (mynode = 0)
printf ( "TWO_LAST_AVERAGE_DISTORTIONS : _ADI=%f _, AD2=%f _, Dif=%f_\n", \
distortion_ant , distortion ., fabs((double) (distortion_ant — distortion)));
#endif
) while (fabs((double)(distortion_ant — distortion)) > THRESHOLD) :

/* show centroids =/
void show_centroids ()

int i.j;

printf("Centroids_\n"):
for(1=0;i<K;1++) |
for()=0:)<T:.j++)
if(i1 == Il 1==(K—=1)) printf("%2.2f_"

centroids [i*T+)]);

if(i = 0 Il 1==(K—=1)) printf("\n");

/= show samples =/
void show_samples ()
{
int d.. ¥
for (1=0;1<NS.14+) |
for (j=0:)<T:j++)
printf("%f_", samples[NS*T+1]):
printf("_c=N/A\n");



410
411
412
413
414
415
416
417
418
419
420
421

422

124
125
126
4237
128
129
430
431
432
433
434
435
136
437
438
439

H1

443

45
446
7
448
19
450
451
152
453
454

/* save centroids =/
void save_centroids(const char» outname)
{

int i,j;

FILE +fp:

fp=fopen (outname , "wb");
/= printf("Saving centroids \n"). =/
for(i=0:1<K:i++) |
for(j)=0;)<T;j++)
fprintf(fp, "%f,". centroids (1*T+)]):
fprintf(fp, "\n");
)
fclose (fp):

/= main »/

int main(int argc. char =argv([])

{
char =fnamein;
struct timeval tempol, tempo2;
struct timezone tzp:

double tempo:

MPI_Init(&arge , &argv):
MPI_Comm_size (MPI_COMM_WORLD, &totalnodes):
MPI_Comm_rank (MPI_COMM_WORILD. &mynode):

fnamein=argv [1];

K = atoi(argv(2]):

if (arge > 3){
NS_total=atoi(argv[3]);
if (mynode == 0)

printf("Limiting _sample_load_to _%ld_samples .\n" ,NS_total);

gettimeofday(&tempol .&tzp):

// we merge c_sum, c_cnt and dist into a single vector to simplify communication consolidations

c_sum_size = (K+ T+K+ 1 );

c_sum = (float =) malloc(c_sum_size = sizeof (sample));
c_cnt = &c_sum[K«T); // bevond last element of c_sum is start of c_cnt
//c_sum = malloc(K * sizeof(sample =T );
/le_cnt = malloc(K = sizeof(sample) ¥
centroids = (float =) malloc(K = sizeof(sample)*T ):
#ifdef DEBUG

if (mynode==0)
printf("K: _%d\nT: _%d\nc_sum_size: Zd\n(c_cnt_—_c_sum): %d\n" K.T.c_sum_size .(c_cnt — ¢_sum));

#endif
if ('c_sum Il !'centroids Il 'c_cnt ) |
printf("malloc_failure_on_c_sum_IIl _centroids_Il_c_cnt !\n");
exit (L);

/+ load samples ~/

NS=load_samples(fnamein):
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456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478

480
481
482
483
484

if (NS=-1) {
printf("\nNode_%d:_FRROR_=_loading _sample_file \n" mynode);
MPI_Finalize ();
exit(l):
)
#ifdef DEBUG
printf ("NS_= %lu\n", NS):
#endif

/* centroids initialization */
centroid_init(fnamein);

//centroid_init_net(fnamein);

/% vector quantisation */

vy g

// show_centroids ().

#ifdef DEBUG
gettimeofday(&tempo2 &tzp);

tempo = (double)(tempo2. tv_sec — tempol.tv_sec) + (((double)(tempo2 tv_usec—tempol . tv_usec))/1000000);

printf("Total_time_for_node %d_(s):_% 3f\n", mynode. tempo).
#endif
if (mynode == 0)

save_centroids("centroids");

MPI_Finalize () ;

return 0
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