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Dynamic Optimization of Load Balance
in MPI Broadcast

TAKESHI S0GA,T! Koust KURIHARA,T? TakesHr NaNRri,
MoTtoyosHl KUuROKAwWA™ and Kazuakl MURAKAMIT2

There are many algorithms that compose broadcast from point-to-point com-
munications, such as Binary Tree and Binomial Tree. Though many implemen-
tations of these algorithms are proposed in MPI libraries, most of them are
based on an assumption that all processes begin the broadcast at the same time.
That means the orders of the point-to-point communications in the broadcast
are arranged numerically, according to the rank of each process. However, nat-
urally each process starts broadcast at different times, mainly because of the
imbalance of workload of each process. That causes unnecessary waiting time
on processes. Our method purposes to solve this problem dynamically. This

method solves this problem by profiling the waiting time of each process at
runtime and adjusting the orders of point-to-point communications according
to the information. The experimental result shows that this method is effective
for the improvement of the broadcast communications.
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Table 1 The overall time for load matrix size = 0, 60, 80, 160, 240.

Load 0 30 40 80 160
Type Ori Opt Ide| Ori Opt Ide| Ori Opt Ide| Ori Opt Ide| Ori Opt Ide
Message 1B|1.110 1.087 1.061|2.122 2.103 1.910|3.612 3.427 3.442|29.09 28.86 28.83|180.6 180.0 180.2
Size 1KB|1.105 1.119 1.100(2.158 1.888 1.906|3.709 3.463 3.436|23.91 23.72 23.70|183.7 183.4 183.7
16KB|1.494 1.446 1.475|2.512 1.961 1.877|4.042 3.522 3.533|30.53 29.95 30.01|189.7 188.6 188.4
32KB|1.949 1.958 1.892(2.865 2.018 1.962|4.403 3.458 3.455|24.27 23.36 23.34|176.6 174.9 174.7
128KB |3.740 3.791 3.768|4.585 3.897 3.785|6.241 3.960 3.849|26.40 23.86 23.70|184.2 180.7 180.5
1MB |24.58 24.94 24.60|25.07 25.10 24.76|25.81 25.46 25.37|48.18 28.27 27.13|231.5 210.2 209.1
8MB [202.5 203.4 203.6[197.3 198.3 198.6|201.0 204.5 203.6|223.0 206.7 204.6|390.8 227.9 219.7
16MB|404.9 407.1 407.4|402.0 407.0 408.0(410.2 411.0 410.7|414.5 410.1 409.1|580.1 414.0 405.4
Ori: Original Opt: Optimized Ide:Ideal

Time = (ms)

Load 260 --=-- o i

1 10 100 1000 10000 100000 1e+06 1e+07 1e+08
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Fig.8 The overall time ratio of original broadcast to optimized broadcast.
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02 000000000 0/60/80/160/240 DO D O0O0OOO
Table 2 The average time of broadcast for load matrix size = 0, 60, 80, 160, 240.

Load 0 30 40 80 160

Type Ori Opt Ide| Ori Opt Ide| Ori Opt Ide| Ori Opt Ide| Ori Opt Ide
Message 1B|0.5916 0.5687 0.5562[1.086 0.6962 0.5635|1.826 0.6412 0.5686|14.32 1.206 0.4650|88.71 5.350 0.2239
Size 1KB|0.5751 0.5976 0.5826|1.108 0.6122 0.5875|1.867 0.6692 0.5728|11.79 1.130 0.5291(90.22 5.144 0.2511

16KB|0.8321 0.8196 0.8425|1.341 0.8726 0.8127(2.096 0.8827 0.8464|15.09 1.444 0.7275|93.24 5.214 0.5626
32KB| 1.124 1.136 1.097|1.573 1.142 1.090(2.329 1.122 1.085|12.12 1.600 1.018|86.94 5.154 0.8991
128KB| 2.468 2.473 2.455(2.865 2.522 2.451|3.670 2.526 2.457|13.66 3.085 2.543|91.01 7.028 2.619

1MB| 17.85 18.05 17.98(18.41 18.28 18.05|18.51 18.28 18.29(29.43 18.77 18.17|119.6 23.36 18.34
8MB| 150.6 150.7 150.6|151.7 150.9 150.5/150.0 150.5 150.7|161.7 152.0 151.0|245.1 155.4 149.4
16MB| 342.0 340.6 339.7(342.7 342.5 338.3|341.7 340.1 339.5|340.1 341.2 339.9|427.3 343.8 337.8
Ori: Original Opt: Optimized Ide:Ideal

Time = (ms)
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Fig.12 Reduction ratio of the overall time.
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Fig. 13 The distribution of ratio of elapsed time (messagesize = 1 byte).

T T T T T T . . :
Overall Time --—+---
11 k- Average Time ------

Ratio of Elapsed Time

05 1 1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160 180 200
Order of Ratio
014 00000000000 OOO0=1M byted
Fig.14 The distribution of ratio of elapsed time (messagesize = 1 megabyte).

gooobooboboodooooobcoooobobooooooooooboooobOoOoooooo
oboooobbooobooooboooooooboooboOoooboooooboo
000000 100000000000000000 % UUOUO 09 0UOUOO
OOoooooes%Ul0000 1050000000000
gobooooooobooooobooouooobooboobobOoOoOoobobOboOooolIonDoon
089%010000000 9% 00000 0900000000001.0600000000
000010000 2% 01000000 1%00000

(© 2008 Information Processing Society of Japan



78 O0OO0OO0OO0OO0O0OOOOOOCOO MPIOOOOOOOOOOOO

goooobOob o000 bOobOU0bobOobUobUoooboobooboOoo
gobooboobooboobooooboobooboooboobOo1bboboboobo
gobooooobooboboobobooooobobooobooboboooobobboobUobo
goboobooobooboooboobooboobobooobooboboobooobobo
gbooboooboobooooboobooobobobooboooboboobooobobo
gbooboooooobooboooboobbobooobooboobobooobobbooboobo
goobooooooooooooooobooboboboboboboobobDo
goboobooboooobooooboooooooobooboobDobooobobbooo
gobooboooboobooooboobooobobooboobooobLDoboboo 1boobUobo
00000000000 00o0o0o000ooooo0 1% 0 000000000000000
gboooooooooobooooobooboobooboooooboobooboUubo
gooboobooboooooooboboobobobuobooboo

5.2 0OO0OOO
JooooO0o0odooODOO0o00ooODOOo0doooObDOoOoDbOOoOogo cecsudn Com-
pressed Column Storage format(}” 0000000000000 DOODOOOOOOOOD
gogbooooooboboobuoobuoobobbobbooboobobooboobob o
gogoboooon

cCSOUO0ODOOUODOOOO0OO column-pointerdrow-indexOvald 300000000
gooo

e column-pointer0 00000000 row-indexOvalOOOOOODO

o row-indexU U DO UODOUODOODOODOODOODOOO

e valJOUDOUODOODOODOODODO
cCsOUUoodooooOooOoOooOoOooOoUoUOOUUoobooooooooDoDoOoOoOooo
0000000 colomn-pointer[i] O O column-pointer[i+1]—1 00 0 0O O row-index O O
OvalOO000ODOOOO0O0000DOCO00000000DoDO0d row-indexOOOOO
gbooooooooboooobooboobooboboboobboobooboobobo
go00oOo0o00DbOOo00bOo0oUo0oDoOU00obDDbOUOobOO0Odg MPIBecastdOO QOO
goboobooooobooooobooooobooboboooboboobboobobo
gooooooooobobobobooboobog
J000oooooooooOoOO000d0OoobDOooooooooooooooOoNmOo
J0000O00ROOOO0ODOOOO0ODOOOOCOO300D0O000DOO0O0O0OOOO

000000000 0O0ooDO0oDOoOooOoOogd Vol No.3 67-82 (Dec. 2008)

140000 T T T T T T T
120000

T

100000

T

80000 E

NonZero

60000 E
40000 ~ E
20000 E

0

2 4 6 8 10 12 14
Rank Number
015 000O00OON =40000R =0.10C = 0.60
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Table 3 The average time of broadcast for each matrix.

Matrix N=4000,R=0.1,C=0.2
Type Work Load Time Broadcast Time Total Time
Ori  Opt  Opt/Ori Ide  Ide/Ori Ori  Opt  Opt/Ori Ide  Ide/Ori Ori___Opt__ Opt/Ori Ide Ide/Ori
Number | 8 | 1261 1278 1013 1278 1.013 | 4284 1009 0235 79.25 0.185 | 1689 1379 0.816 1357 0.803
of 16 650.0 654.9 1.008 664.1 1.022 322.2 163.2 0.507 88.88 0.276 972.2 818.2 0.842 752.9 0.774
Process | 32 | 297.7  300.0 1008 307.1 1.032 | 3475 2453 0.706  220.2 0.634 | 645.1 5453 0.845  527.4 0.817
64 111.8 112.2 1.004 109.8 0.983 433.8 440.4 1.015 441.1 1.017 545.6 552.6 1.013 551.0 1.010
Matrix N=4000,R=0.1,C=0.6
Type Work Load Time Broadcast Time Total Time
Opt _ Opt/Ori Ide Ide/Ori Ori  Opt  Opt/Ori Ide  Ide/Ori Ori___Opt__ Opt/Ori Ide  Ide/Ori
Number | 8 1261 1.007 1278 1.020 | 2161 151.0 0.699  80.38 0.372 | 1469 1412 0.962 1358 0.925
of 16 650.9 1.026 649.9 1.024 196.2 132.9 0.677 111.1 0.566 830.8 783.9 0.944 761.0 0.916
Process | 32 306.5 1023 316.4 1.056 | 230.3  173.1 0.752 0.555 | 530.0 479.7 0.905  444.2 0.838
64 105.8 1.023 101.1 0.977 3 1.008 1.017 435.5 440.6 1.012 438.6 1.007
Matrix N=4000,R—
Type Work Load Time Broadcast Total Time
Ori___ Opt__ Opt/Ori Ide Ide/Ori | Ori__ Opt__ Opt/Ori Ide 1de/Ori | Ori__ Opt _ Opt/Ori Ide  Ide/Ori
Number 8 674.6 666.4 0.988 682.5 1.012 276.9 71.25 0.257 80.62 0.291 951.5 737.6 0.775 763.1 0.802
of 16 311.6 318.6 1.022 326.1 1.047 274.2 168.8 0.615 131.4 0.479 585.8 487.3 0.832 457.6 0.781
Process | 32 | 1150 114.1 0.993  110.1 0.957 | 334.9 3475 1.038 3344 0.998 | 449.9  461.6 1.026  444.5 0.988
64 43.36 43.83 1.011 42.17 0.973 455.1 457.5 1.005 458.4 1.007 498.4 501.3 1.006 500.5 1.004
Matrix N=4000,R
Type Work Load Time Broadc: Total Time
Ori___ Opt__ Opt/Ori Ide  1de/Ori | Ori Opt/Ori 1de/Ori | Ori__ Opt__ Opt/Ori Ide  1de/Ori
Number 8 665.5 688.9 1.035 678.9 1.020 161.4 0.486 0.566 826.9 767.2 0.928 770.2 0.932
of 16 | 3174 327.8 1033 338.1 1.065 | 194.0 0.708 0.553 | 5114 465.2 0910 4452 0.871
Process | 32 | 106.0  109.9 1037 108.8 1.026 | 357.5 0.945 0.998 | 463.5 4477 0.966  465.6 1.005
64 41.55 41.77 1.005 41.44 0.997 457.8 1.014 1.015 499.4 505.8 1.013 506.0 1.013
Matrix
Type Work Load Time Total Time
Ori___ Opt__ Opt/Ori Ide  1de/Ori | Ori 1de/Ori | Ori___ Opt__ Opt/Ori Ide  lde/Ori
Number 8 105.5 99.75 0.945 98.50 0.934 184.6 0.950 290.1 269.2 0.928 273.9 0.944
of 16 | 43.94  43.62 0.993  42.69 0.972 | 273.3  269.2 0.985  267.8 0.980 | 317.2 3129 0.986  310.5 0.979
Process 32 21.12 21.59 1.022 21.44 1.015 325.6 342.8 1.053 338.8 1.040 346.8 364.4 1.051 360.2 1.039
64 10.61 10.69 1.007 10.78 1.016 372.9 380.8 1.021 376.5 1.010 391.5 1.021 387.3 1.010
Matrix N=4000,R=0.01,C:
Type Work Load Time Broadcast Time Total Time
Ori___ Opt__ Opt/Ori Ide  1de/Ori | Ori__ Opt _ Opt/Ori Ide  1de/Ori | Ori__ Opt__ Opt/Ori Ide  lde/Ori
Number 8 99.75 101.9 1.021 98.62 0.989 217.0 214.1 0.987 2154 0.993 316.8 316.0 0.998 314.0 0.991
of 16 | 45.00  45.00 1000 45.25 1.006 | 302.9  304.1 1.004 3127 1.032 | 347.9  349.1 1.003  357.9 1.029
Process 32 22.31 22.53 1.010 22.59 1.013 365.0 372.9 1.022 372.2 1.020 387.3 395.4 1.021 394.8 1.019
64 11.42 11.55 1.011 11.41 0.999 420.6 426.2 1.013 425.8 1.012 432.0 437.7 1.013 437.2 1.012
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Matrix N=14000,R=0.1,C=0.2
Type Work Load Time Broadcast Time Total Time
Ori___Opt_ Opt/Oni Tde 1de/Ori | Ori__ Opt_ Opt/Omi Tde  Ide/Ori Ori___Opt_ Opt/Oni Tde  Ide/Ori
Number | 8 | 14700 14780 1.005 14760 1.004 | 4467 5322 0119 2561 0.057 | 19170 15310 0.799 15020 0.783
of 16 | 7424 7448 1.003 7473 1.007 | 2683 7543 0281  260.2 0.100 | 10110 8202 0811 7743 0.766
Process | 32 | 3748 3780 1009 3823 1.020 | 1743 7419 0426 283.7 0163 | 5491 4522 0.824 4106 0.748
64 | 1830 1900 1.006 1946 1.030 | 1477 9419 0.638_ 649.9 0.440 | 3366 2842 0.844 2596 0.771
Matrix N=14000,R=0.1,C=0.6
Type Work Load Time Broadcast Time Total Time
Ori____Opt_ Opt/Ori Ide  Ide/Ori | Ori___ Opt__ Opt/Ori Ide  1de/Ori Ori____Opt_ Opt/Ori Ide  1de/Ori
Number | 8 | 14640 14750 1.008 14680 1.003 | 1935 773.4 0.400 257.9 0.133 | 16570 15520 0.937 14930 0.901
of 16 | 7377 7416 1.005 7455 1.011 | 1278 836.9 0.655  275.1 0.215 | 8655 8253 0.954 7730 0.893
Process | 32 | 3752 3780 1007 3839 1.023 | 1018  600.1 0590  313.9 0.308 | 4770 4380 09018 4152 0.871
64 | 1887 1808 1.006 1936 1.026 | 9704 707.6 0729 499.6 0.515 | 2857 2606 0912 2435 0.852
Matrix N=14000,R=0.05,C=0.2
Type Work Load Time Broadcast Time Total Time
Ori____Opt_ Opt/Ori Ide Ide/Ori | Ori__ Opt__ Opt/Ori Ide  1de/Ori Ori____Opt_ Opt/Ori Ide  1de/Ori
Number | 8 | 7501 7584 1011 7527 1.003 | 2382 364.0 0153 2511 0105 | 9883 7948 0804 7778 0.787
of 16 | 3851 3840 0.997 3873 1.006 | 1601  504.1 0315 272.6 0170 | 5452 4344 0.797 4145 0.760
Process | 32 | 1931 1958 1.014 2007 1.039 | 1248 6824 0547 392.1 0.314 | 3179 2640 0.830 2399 0.754
64 | 970.0  973.7 1.004 9762 1.006 | 1363 1072 0.786 1070 0.785 | 2333 2046 0.877 2046 0.877
Matrix N=14000,R=0.05,C=0.6
Type Work Load Time Broadcast Time Total Time
Ori____Opt_ Opt/Ori Ide Ide/Ori | Ori___ Opt__ Opt/Ori Ide  1de/Ori Ori____Opt_ Opt/Ori Ide  Ide/Ori
Number | 8 | 7518 7564 1.006 7546 1.004 | 1137  557.1 0490 256.9 0.226 | 8655 8121 0.938 7802 0.902
of 16 | 3819 3863 1012 3910 1.024 | 9141 4348 0476 280.7 0.307 | 4733 4208 0.908 4190 0.885
Process | 32 | 1040 1965 1.013 1993 1.027 | 837.9 5843 0.607  412.2 0.492 | 2778 2550 0918 2405 0.866
64 | 9804  978.6 0.998  977.1 0.997 | 1208 1142 0.946 1168 0.967 | 2188 2121 0.969 2145 0.981
Matrix N=14000,R=0.01,C=0.2
Type Work Load Time Broadcast Time Total Time
Ori____Opt_ Opt/Ori Ide Ide/Ori | Ori__ Opt Ide  Ide/Ori Ori____Opt_ Opt/Ori Ide  Ide/Ori
Number 8 1697 1739 1.025 1730 1.019 854.0 284.8 260.5 0.305 2551 2024 0.793 1990 0.780
of 16 855.0 865.6 1.012 854.7 1.000 941.2 693.5 698.9 0.743 1796 1559 0.868 1554 0.865
Process | 32 | 423.4  425.9 1.006 4257 1.005 | 1275 1256 0.985 1267 0.994 | 1699 1681 0.990 1603 0.997
64 198.7 199.3 1.003 193.7 0.975 1616 1615 1.000 1619 1.002 1814 1814 1.000 1813 0.999
Matrix N=14000,R=0.01,C=0.6
Type Work Load Time Broadcast Time Total Time
Ori____Opt__ Opt/Ori Ide Ide/Ori | Ori___Opt__ Opt/Ori Ide  1de/Ori Ori____Opt_ Opt/Ori Ide  Ide/Ori
Number 8 1709 1762 1.031 1738 1.017 522.6 249.1 0.477 295.4 0.565 2232 2011 0.901 2033 0.911
of 16 850.4 844.8 0.993 850.9 1.001 779.6 716.2 0.919 731.6 0.938 1630 1561 0.958 1582 0.971
Process 32 434.4 438.2 1.009 433.2 0.997 1299 1274 0.981 1294 0.996 1734 1713 0.988 1727 0.996
64 197.6 199.5 1.010 196.4 0.994 1664 1672 1.005 1656 0.995 1861 1872 1.006 1852 0.995
Ori:Original Opt:Optimized Ide:Ideal Time = (us)
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