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Implementation of a Fast Integer Sorting Algorithm on
Distributed-memory Vector-parallel Supercomputers

Enr YokovyaMA,t KOICHI YASUOKA,tt YASUO OKABE?
and MASANORI KANAZAWATt

We propose a fast sorting algorithm for VPP distributed-memory parallel vector supercom-
puters. Our algorithm is based on the bucket sort, and utilizes a vector algorithm for local
sorting on each vector processor. Bucket sort is parallelized as follows. First each processor
computes the local histogram. Next the local histograms are redistributed blockwise with the
key space. Then the processors compute the global histogram in parallel, and get the total
rank for each key. We have also made an improvement in transferring data among processors
by sending compressed histograms. We have implemented a library code in on VPP Fortran
data-parallel language, and have evaluated its performance on Fujitsu VPP 800 in NAS Par-
allel Benchmark Integer Sort scheme. The time for the Class C instance on VPP800, 32 CPUs
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is 0.1066 sec. This is much faster than former benchmark records.
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B2 NTT ADAERL
doi=1,N

k = key(i)

keyden(k) = keyden(k) + 1

pos(i) = keyden(k) 'HIUNENLORTE
end do

1REOFE
running_sum(0)=keyden(0)
do k=1, MAXKEY-1
running_sum(k) = keyden(k) + running_sum(k-1)
end do

177 OFE
doi=1,N
k =key(i)
rank(i) = running_sum(k) - pos(i)
end do
01 0000000000000
Fig.1 The algorithm of bucket sort.
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Fig.2 Execution of bucket sort.
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Fig.3 Cumulation of the local histogram (#PE is 4).

0000000000 (global_keyden)O k0O
0000 total_rank(k) = global_keyden(0)+
global_keyden(1)+- - -+ global_ keyden(k) O
gobooooooo4s5b000M
@ 00000ooo@euEeuoooooooooon
goooooooooooobbooogbo
gobbooooboboboooog4e000bD
4.2 OJO00O0O0OO0O0ODODOODO
DDDDDDDDDDRetryDDDDDD4)DDD
gooooboooooooobooooboobobooo
O00O0ORetryOODOOODOOODOOOODODOOO
gbobooooooobobooooooboboboooo
goooboooboboobobooooooobooo
gogbobooboboobooboobooboboboo
0O O(N/P)OOODOUOOUOODOOUOODOO
gooobooooon
4.3 OJO00O0O0OOOObDObObOOobObOObOO
gboobooooooboooououobuoooo
gbb046000000000DOO0ODOLODODO
gooboooooooobooooooouobooog
poodooboobooobooboobobobobog
goboooobboobboo s3ggog
gbooboodooobooboobooboboobooo
0% 0000000000000000000000
10000000000000000000%9190
gooobooooobboobooooboboobobo
0oOoDoDoY0000000000000000
gopbobboobooooooooooouoooboog
gogoooooobooboouoobooouooooo
00000000000 00000000000090
ggoboobooobobboboobooooo
gbooooodboobooooooobobnobo
gooboooooooooboooooboooo
goooobobooo4b000
@D gbodbooooooboboooobboo
0000 local_keyden(k,7) 00000 0OODO



48 oooooooooooOoooooooooboooooobobooobooo

PE1, PE2, PE3| PE4

7

Aug. 2001

| PE2) PE3, PE4
::-:N PEL
EE-EN PE2
NI

N@Em

04 000000OO00OOOPEDO 40
Fig.4 Parallelization of computing cumulation (#PE is 4).

goooooobood jooooooooo
oooooooooooooobooboD k00O
ooooooobobooooooooooao
ooooooooboooboooobobooooo
gbobooooooboooooooooooooon
poboobooooooboooooboooboo
000000000 40 redist 1M
® ooooooooooooboobooooon
00ooo@Qooopooooooooooon
poboooboooooobooobobooboo
gooo
® gooooooooooobooobooobooao
cumulative_sum(k,j) 0000000000
oooobO k0ODOO0OO0O0OCOOODOODOOOO
goobooooobooooboooboo yo4oboo
gbooooboooooboooboooboooooo
O0o@uooooooooooooooooo
@Uib00o00o0o0ooooooooooog
gboooobooobooooobooo 4
O redist 300
gbobooboobooooooobooboooooooo
gboboooooooooobooooooboooodao
gboboobooooobooobooboboooboooo
gbobooooboooboooooobooobooooo
goooobooooobooooooocooooooon
gooooooooobooobooobooboonoo
oooo
goooooooooobooooobobobooon
go0obooboooobooooobOoboo 2000
goobooogoopob40b00DDO0ODbDODODDO
goooododooooobooboooobooboooo
ooooOoOOoOoO000000 4byteinteger0 0
O0000U0U0Ooon PUOOO 4xMAXKEY/P %
(P-1)byteDOUOOOODOOOOOOUOODOOO

O00D00000 4xMAXKEY x (P—1)/Pbyte
0000000000000 0000D0000000
000000000 MAXKEY(1—1/P) 00000
0000000000000 000000000D
44 00000DOO0DOODOOOODOO
000000000000 D00000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 000000000000000
000000000000 D000000D000000
0000000000 000000000000000
000000000000000000000000
000D000O00o00Doon
00000000000000000000000
00000000000000000000000 0
0000000000000 00000000000
000000000000000000000000
000000000 000000000000000
000000000000 000000000000
32bit00000000000000000 8bitdD
000000000000 000000000000
000000000000000O0ono
0000000000 NO 220000000
0000000000000 0000O0000000
4bytdl 32bitOinteger 1000000 0000000
004000000000000100 4byte integer
000000000000 000000000000
O0D1bytd 8bit00 DD D000 DODODOO 40
000 4byte0000000000001/40000
000000000000 O1byte0 0000000
00 260000000000000000000
0000000000000 0D0O00000DO0O0n



Vol. 42 No. SIG 9(HPS 3)

12560 000000000000
cur=0
do i=0,MAXKEY/P-1
if (keyden(i) >= 256) then
over(cur) = keyden(i)
place(cur) =i
keyden(i) =0
cur=cur+1
end if
end do

gooo
do i=0,MAXKEY/P/4-1
compress(i)=0
doj=0,3
compress(i) = compress(i) +\
ishft(keyden(i*4+j) , j*8)
end do
end do

lcompress(MAXKEY/P/4)0 0O O
lover(cur)d place(cur)d O O
05 00000000000

Fig.5 The algorithm for compression.
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Fig.6 Compressing histogram data.
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Fig.8 Local ranking (#PE is 4).
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doi=1, P-1
doj=0, MAXKEY/P-1
rev(j, pid)=send(j, mod((pid+i), P))
Ipid is the processor id
end do
end do

09 0ODOO0oo0OoooooOooboOOooooobooo
Fig.9 The algorithm for redistribution.
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01 00000 Class CO
Table 1 Execution time (Class C).

PE O 0000 (msec) | 0000 (msec)
1 1,095.0 —
2 690.8 692.5
4 401.1 378.2
8 243.1 222.1
16 182.5 144.8
32 150.3 106.6

16

T
compress ——
normal —+--

14+ 4
12t 4

10 B

Speed up rate

L L
5 10 15 2
number of PE

011 0000000000
Fig.11 Scalability.
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Table 2 Execution time (N = 22 MAXKEY = 2%°).

PE O 0000 (msec) | O0O0O0O (msec)
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Table 3 Time for transferring local histogram.

(NPB 10O000) (0oooooo)
PE O 0000 (msec) | 0000 (msec) | OOOO (msec) | O0ODOO (msec)
2 34.1 34.4 34.1 39.3
4 52.2 34.4 52.2 43.7
8 56.0 34.5 56.0 55.0
16 68.1 34.9 68.1 63.3
32 69.3 37.0 69.3 73.8

04 0000000 O0OOOODOOOOO

Table 4 Comparison of serial and parallel performance among implementations.

ooo 00 (sec) | OO (sec) CPU O ooo
ooo (Class C) 1.095 0.1066 32 Fujitsu VPP800
NPB 2.3 (Class C) 119.2 6.33 32 Fujitsu VPP800
0o 4) (Class B) 6.77 1.05 8 NEC SX-4
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