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Motivation

Scheduling and task mapping have a huge impact on
parallel applications, due to:

I load balance of cores,
I communication overhead.

Hence, a careful placement of tasks on computing nodes
may increase concurrency.
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Objectives

An execution of a parallel application has an associated data
dependency graph.

This graph can be partitioned in order to facilitate the task
mapping.

Several graph partitioning techniques have been applied to
data dependency graphs from k-means.

The main objective is to compare different approaches and
prove the possible improvements.
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How k-Means Works

k-means aims to partition n points into k clusters such that:

I each point belongs to the cluster with nearest mean.

Example

BARRIER

ZERO1

ZERO2

CALC

SUM1

SUM2

NPOS

Subgraph corresponding to
an iteration of k-means.

k-means algorithm

k initial centers.

Several iterations:

I the closest center to each
point is determined,

I centers are updated.
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Structure of k-Means

Barriers divide the graph in layers with the same structure.

In the OmpSs implementation, there are 4 kinds of tasks:

1 auxiliary vectors are (re)set to zero;
2 the closest center to each point is calculated (partial results

stored in auxiliary vectors);
3 partial results are unified using tree sums;
4 new positions for centers (means) are computed.
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Example

ZERO1

ZERO2

CALC

SUM1

SUM2

NPOS

Subgraph between two consecutive barriers.
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Subgraph Partitioning Techniques

1 METIS Partitioning (MP) makes use of the METIS library.

I Balanced partitions and small edge-cut.

2 Greedy Partitioning (GP) exploits the regularity of the
studied graphs.

I Balanced partitions and small (close to optimal) edge-cut.

3 Random Partitioning (RP) assigns each node to a part
randomly.

I Balanced partitions but edge-cut is not considered.

4 Ordered Partitioning (OP) orders the nodes and assigns
them to the parts in a round-robin fashion.

I Balanced partitions but edge-cut is not considered.
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Sample Partitions of a Subgraph

Example
1213_445

1226_445

1260_691

1230_445

1258_691 1256_691

1297_7041298_704 1299_704 1300_704

1234_463

1247_463

1259_685

1251_463

1257_685 1255_685

1218_445

1228_445

1270_6911272_691 1274_6911276_691

1317_704 1318_704 1319_7041320_704

1278_691 1262_6911252_531

1321_704 1322_7041323_704 1324_704 1325_704 1326_704 1327_704 1328_7041329_704 1330_7041331_704 1332_704 1333_7041334_704 1335_704 1336_704 1301_7041302_704 1303_704 1304_704

1287_704

1306_704 1307_704 1308_7041305_7041309_7041310_704 1311_704 1312_7041313_704 1314_704 1315_7041316_7041291_704 1292_7041293_704 1294_704 1295_7041296_704 1253_685 1254_691

1286_7041288_704

1289_7041290_704 1337_7041338_704 1339_704 1340_7041345_704 1346_704 1347_7041348_704 1341_7041342_704 1343_704 1344_704

1285_704

1223_445

1229_445

1280_6911284_691 1282_691

1221_445 1242_463

1249_463

1275_685 1273_6851271_685

1245_463

1250_463

1281_6851283_685 1279_6851261_6851269_685 1277_685

1248_463

1263_6851265_6851267_685

1220_445 1241_4631212_4451233_463 1232_463 1211_4451231_463 1210_445 1246_463 1225_445 1217_445

1227_445

1268_691 1266_691 1264_691

1238_4631224_4451239_463 1235_463 1214_445 1216_4451237_4631244_463 1222_4451243_463 1236_463 1215_4451240_4631219_445

MP.
1213_445

1226_445

1260_691

1230_445

1258_691 1256_691

1297_7041298_704 1299_704 1300_704

1234_463

1247_463

1259_685

1251_463

1257_685 1255_685

1218_445

1228_445

1270_6911272_691 1274_6911276_691

1317_704 1318_704 1319_7041320_704

1252_531 1262_6911278_691

1321_704 1322_7041323_704 1324_704 1325_704 1326_704 1327_704 1328_7041329_704 1330_7041331_704 1332_704

1285_704

1337_7041338_704 1339_704 1340_7041345_704 1346_704 1347_7041348_704 1341_7041342_704 1343_704 1344_704

1287_704

1305_704 1306_704 1307_7041308_7041309_7041310_704 1311_704 1312_7041313_704 1314_704 1315_7041316_7041253_685 1254_691

1286_704 1288_704

1289_704 1290_704 1291_7041292_7041293_704 1294_704 1295_7041296_704 1301_7041302_704 1303_704 1304_7041333_7041334_704 1335_704 1336_704

1223_445

1229_445

1280_6911284_691 1282_691

1221_445 1242_463

1249_463

1275_685 1273_6851271_685

1245_463

1250_463

1281_6851283_685 1279_6851261_6851269_685 1277_685

1248_463

1263_6851265_6851267_685

1241_4631220_4451233_463 1212_445 1211_4451232_463 1210_4451231_463 1246_463 1225_445 1238_463 1217_445

1227_445

1268_691 1266_691 1264_691

1224_4451239_463 1214_4451235_463 1216_4451237_4631244_463 1222_4451243_463 1236_463 1215_4451219_445 1240_463

GP.
1213_445

1226_445

1260_691

1230_445

1258_691 1256_691

1299_7041300_704 1297_704 1298_704

1234_463

1247_463

1259_685

1251_463

1257_685 1255_685

1218_445

1270_691

1228_445

1317_704 1318_704 1319_7041320_704

1272_691 1274_6911276_691 1278_691 1262_6911252_531

1321_704 1322_7041323_704 1324_704 1325_704 1326_704 1327_704 1328_7041329_704 1330_7041331_704 1332_704 1333_7041334_704 1335_704 1336_704 1301_7041302_704 1303_704 1304_704

1285_704

1337_7041338_704 1339_704 1340_7041345_704 1346_704 1347_7041348_704 1341_7041342_704 1343_704 1344_704

1287_704

1305_704 1306_704 1307_7041308_7041309_7041310_704 1311_704 1312_7041315_704 1316_704 1313_7041314_7041253_685 1254_691

1286_704 1288_704

1289_704 1290_704 1291_7041292_7041293_704 1294_704 1295_7041296_704

1223_445

1229_445

1280_6911284_691 1282_691

1221_445 1242_463

1249_463

1275_685 1273_6851271_685

1245_463

1250_463

1281_6851283_685 1279_6851261_6851269_685 1277_685

1248_463

1263_6851265_6851267_685

1241_4631220_4451212_4451233_463 1232_463 1211_4451231_463 1210_445 1246_463 1225_445 1217_445

1227_445

1268_691 1266_691 1264_691

1238_4631224_4451239_463 1235_463 1214_445 1216_4451237_4631244_463 1222_4451243_463 1236_463 1215_4451240_4631219_445

RP.
1234_463

1247_463

1259_685

1251_463

1257_685 1255_685

1297_704 1298_704 1299_704 1300_704

1213_445

1226_445

1260_691

1230_445

1258_691 1256_691

1218_445

1228_445

1270_691 1272_691 1274_6911276_691

1317_704 1318_7041319_704 1320_704

1278_691 1252_531 1262_691

1321_7041322_704 1323_7041324_704 1325_7041326_704 1327_7041328_7041329_704 1330_704 1331_704 1332_7041333_7041334_7041335_704 1336_7041337_704 1338_704 1339_704 1340_704 1345_704 1346_704 1347_704 1348_704 1341_704 1342_704 1343_704 1344_704

1287_704

1305_704 1306_704 1307_704 1308_7041309_704 1310_704 1311_704 1312_704 1313_704 1314_704 1315_704 1316_7041296_704 1301_704 1302_7041303_704 1304_7041253_685 1254_691

1286_704 1288_704

1289_7041290_704 1291_704 1292_7041293_7041294_704 1295_704

1285_704

1223_445

1229_445

1280_691 1284_691 1282_691

1221_445 1242_463

1249_463

1275_685 1273_6851271_685

1245_463

1250_463

1281_6851283_6851279_685 1261_6851269_6851277_685

1248_463

1263_6851265_685 1267_685

1220_445 1241_4631233_463 1212_445 1211_4451232_463 1231_463 1210_4451246_4631225_445 1217_445

1227_445

1268_6911266_691 1264_691

1238_4631224_445 1239_463 1214_445 1235_4631216_445 1237_4631244_4631222_445 1243_463 1215_445 1236_4631240_4631219_445

OP.
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Matching Schemes

1 Propagating Partitions (PP) partitions only one subgraph
and replicates the partition to all other subgraphs.

2 Best Permutation Matching (BPM) partitions every
subgraph independently and finds the permutation of parts
which minimizes the edge-cut.

3 Worst Permutation Matching (WPM) partitions every
subgraph independently and finds the permutation of parts
which maximizes the edge-cut.

I Only for comparison purposes.
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Comparison of Partitioning Strategies
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How Partitioning Techniques Scale
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Summary

Communication between computing nodes can be
effectively reduced with some preprocessing.

I METIS produces very good partitions for k-means executions.

The same strategy is likely to achieve comparable results on
many other parallel applications.
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Thank you for your attention.

Any questions?
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