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ABSTRACT

This paper proposes an algorithm and hardware architecture for a broadcast communication which has the
worst bottleneck among multiprocessor using distributed memory architectures. In conventional systems, collective
communication is converted into point-to-point communications by MPI library cell without considering the state
of communication port of each processing node which represents the processing node is in busy state or free
state. If conflicting point-to-point communication occurs during broadcast communication, the transmitting speed
for broadcast communication is decreased. Thus, this paper proposed an algorithm which determines the order of
point-to-point communications for broadcast communication according to the state of each processing node.
According to the state of each processing node, the proposed algorithm decreases total broadcast communication
time by transmitting message preferentially to the processing node with communication port in free state. The
proposed MPI unit for broadcast communication is evaluated by modeling it with systemC. In addition, it
achieved a highly improved performance for broadcast communication up to 78% with 16 nodes. This result

shows the proposed algorithm is useful to improving total performance of MPSoC.
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Fig. 1. The order of conventional broadcast communication
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Fig. 2. The order of broadcast communication during
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Fig. 7. The simulation results for 8 nodes (512 bytes size
of interfering point-to-point communication)
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Table 1. The simulation results for 8 nodes (512 bytes size of interfering point-to-point communication)

4B 8B 16B 32B 64B 128B 2568 512B 1024B |2048B 40968
casel(01000001) 1.16 1.19 1.25 1.36 1.56 1.53 1.28 1.14 1.07 1.04 1.02
case2(00100001) 1.13 1.15 1.20 1.29 1.45 1.39 1.14 1.00 1.00 1.00 1.00
case3(00010001) 1.09 1.11 1.15 1.22 1.34 1.25 1.00 1.00 1.00 1.00 1.00
case4(00001001) 1.06 1.08 1.10 1.15 1.22 1.10 1.00 1.00 1.00 1.00 1.00
case5(00000101) 1.03 1.04 1.05 1.07 1.11 1.00 1.00 1.00 1.00 1.00 1.00
case6(00000011) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
case7(00000000) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
E 2.8 rolxe] ARET (2048 byte o) 2SR Ao E4)
Table 2. The simulation results for 8 nodes (2048 bytes size of interfering point-to-point communication)

4B 8B 168 32B 64B 128B [256B [512B |1024B |2048B |4096B
casel(01000001) 1.04 1.05 1.07 111 117 1.30 1.52 1.56 1.28 1.14 1.07
case2(00100001) 1.03 1.04 1.06 1.08 1.14 1.24 141 142 1.14 1.00 1.00
case3(00010001) 1.03 1.03 1.04 1.06 1.10 1.18 1.31 1.27 1.00 1.00 1.00
case4(00001001) 1.02 1.02 1.03 1.04 1.07 1.12 1.21 1.13 1.00 1.00 1.00
case5(00000101) 1.01 1.01 1.01 1.02 1.03 1.06 1.10 1.00 1.00 1.00 1.00
case6(00000011) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
case7(00000000) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3 Ak A SAlell caseol] wet =8 Alo] o] &

skolst 4= i) wleha] 7]1E oA case 1°l4]
N8 sEReR e, b 1 A% A0S
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= S B ok

a7 9, 103} E 3, 4= 167]2] ZEAA r=E A}
43le] HRoA|~E FAlS S ek Aol
a8 9= 7] B419 HolE] =717} 512Byte <l A

S, I 105 A BAY dlele] =7t
2048Byte o 73-9- A5 B7I_F Zloltt 16 /1o x=
2 FAE A 2" o A% case 19 7A-97) 99 7S
o2 Aol 7 E AL B 4 9k
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Fig. 9. The simulation results for 16 nodes (512 bytes
size of interfering point-to-point communication)
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Fig. 10. The simulation results for 16 nodes (2048 bytes
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Table 3. The simulation results for 16 nodes (512 bytes size of interfering point-to-point communication)

4B 8B 168 32B 64B 128B 256B 5128B 1024B [2048B |40968B
casel (0100000000000001) 141 1.49 1.65 1.75 1.45 1.25 1.13 1.07 1.03 1.02 1.01
case2 (0010000000000001) 1.38 1.45 1.60 1.69 1.38 1.18 1.06 1.00 1.00 1.00 1.00
case3 (0001000000000001) 1.34 141 1.55 1.62 1.32 1.11 1.00 1.00 1.00 1.00 1.00
case4 (0000100000000001) 1.31 1.38 1.50 1.56 1.25 1.05 1.00 1.00 1.00 1.00 1.00
case5 (0000010000000001) 1.28 1.34 1.45 1.49 1.18 1.00 1.00 1.00 1.00 1.00 1.00
case6 (0000001000000001) 1.25 1.30 1.40 1.42 1.12 1.00 1.00 1.00 1.00 1.00 1.00
case?7 (0000000100000001) 1.22 1.26 1.35 1.36 1.05 1.00 1.00 1.00 1.00 1.00 1.00
case8 (0000000010000001) 1.19 1.23 1.30 1.29 1.00 1.00 1.00 1.00 1.00 1.00 1.00
case9 (0000000001000001) 1.16 1.19 1.25 1.23 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel10(0000000000100001) 1.13 1.15 1.20 1.16 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel1(0000000000010001) 1.09 1.11 1.15 1.10 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel12(0000000000001001) 1.06 1.08 1.10 1.03 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel3(0000000000000101) 1.03 1.04 1.05 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel14(0000000000000011) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel5(0000000000000000) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
E 4. 16 =olxe A3} 2048byte 2] ZH1sHE AH EA)
Table 4. The simulation results for 16 nodes (2048 bytes size of interfering point-to-point communication)

4B 8B 16B 32B 64B 128B 2568 512B 1024B |[2048B [4096B
casel (0100000000000001) 1.11 1.13 1.18 1.28 1.45 1.78 1.51 1.26 1.13 1.07 1.03
case2 (0010000000000001) 1.10 1.12 1.17 1.25 1.42 1.72 1.44 1.19 1.07 1.00 1.00
case3 (0001000000000001) 1.09 1.11 1.15 1.23 1.38 1.66 1.38 1.13 1.00 1.00 1.00
case4 (0000100000000001) 1.09 1.10 1.14 1.21 1.35 1.60 1.31 1.06 1.00 1.00 1.00
case5 (0000010000000001) 1.08 1.09 1.13 1.19 1.31 1.54 1.24 1.00 1.00 1.00 1.00
case6 (0000001000000001) 1.07 1.08 1.11 1.17 1.28 1.48 1.18 1.00 1.00 1.00 1.00
case7 (0000000100000001) 1.06 1.07 1.10 1.15 1.24 1.42 1.11 1.00 1.00 1.00 1.00
case8 (0000000010000001) 1.05 1.06 1.08 1.13 1.21 1.36 1.04 1.00 1.00 1.00 1.00
case9 (0000000001000001) 1.04 1.05 1.07 1.11 1.17 1.30 1.00 1.00 1.00 1.00 1.00
casel0(0000000000100001) 1.03 1.04 1.06 1.08 1.14 1.24 1.00 1.00 1.00 1.00 1.00
casel11(0000000000010001) 1.03 1.03 1.04 1.06 1.10 1.18 1.00 1.00 1.00 1.00 1.00
casel2(0000000000001001) 1.02 1.02 1.03 1.04 1.07 1.12 1.00 1.00 1.00 1.00 1.00
casel13(0000000000000101) 1.01 1.01 1.01 1.02 1.03 1.06 1.00 1.00 1.00 1.00 1.00
casel4(0000000000000011) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
casel5(0000000000000000) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

E 3. Y 4% A8 A Aol

Table 3. Execution cycle of maximum performance
(@) 8 = : 512 byte F7|9] 7Hdsk=s A AL 64

byte Z7]¢] HEEsfAE EA]

(a) 8 nodes : 512 bytes size for interfering point-to-point
communication, 64 bytes size for broadcast communication

(b) 8 X= : 2048 byte F71¢] ZHdsh= Al §4l, 256

byte 7|8 HREFAE FEAI

(b) 8 nodes : 2048 bytes size for interfering point-to-point
communication, 256 bytes size for broadcast communication

casel [case? |case3 |cased4 |case5 |caseb |case7 casel [case? [case3 |cased4 |case5 |caseb |case’
general 278 543|504 465 426 387 348 general 950 1983 1848 1713| 1578 1443 1308
proposed 278 348 348] 348| 348 348 348 proposed 950 1308 1308| 1308| 1308 1308 1308

(c) 16 == : 512 byte Z7|¢] ZHiehe HAA B4l 32 byte F7]9] BREAAE FA
(c) 16 nodes : 512 bytes size for interfering point-to-point communication, 32 bytes size for broadcast communication

casel |case2 [case3 |case4 |case5 |[case6 |case7 |[case8 [case9 |caselO [casell |casel? |casel3 [casel4 |casel5
general 1070 2103| 2032 1961| 1890| 1819 1748] 1677 1606| 1535| 1464 1393| 1322| 1251 1180
proposed 1070| 1180f 1180f 1180| 1180| 1180 1180f 1180f 1180| 1180| 1180 1180/ 1180| 1180 1180
(d) 16 x= : 2048 byte 7] 7Hi3h= AiAl $4l, 256 byte 719 HEEF~E FA
(d) 16 nodes : 2048 bytes size for interfering point-to-point communication, 256 bytes size for broadcast communication

casel |case? |[case3 |cased4 |case5 |[caseb |case7 |[case8 [case9 |caselO [casell |casel? |casel3 [casel4 |casel5
general 351 615 592 569 546 523 500 477 454 431 408 385 362 351 351
proposed 351 351 351 351 351 351 351 351 351 351 351 351 351 351 351
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