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Fast Integer Sorting Algorithm for
Shared-memory Vector Multiprocessors
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This paper describes a fast sorting algorithm for shared-memory vector multiprocessors.
The algorithm, based on the bucket sort, has two major advantages: 1) it exploits the vec-
tor facilities by making histograms with a new “vector retry” algorithm, and 2) it enhances
parallelism by alternating directions for calculating running sums. An implementation of the
algorithm on NEC SX-4 is nearly four times faster in single execution than that of a con-
ventional vector algorithm. It also achieves about six times as high performance in 8-CPU
parallel execution as that in single execution.
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{stept: © A} 7 LDER}
for 1:=0 to N—l do begin

=k
keyden?%) := keyden(k) + 1;
pos(i) := keyden(k); {&ﬁ“ﬁﬂﬂ)ﬁéf—f:}

end;

step2: RATOEHE}

vector loop}

for k:=1 to MAXKEY-1 do bes
keyden(k) := keyden(k) + keyden(k-1);

end;

step3: JHMZDFEH }
vector loop}
for i:=0 to N-1 do begin

k := key )
mnk(z) keyden(k) - pos(3);
end;

B3 »~rvv-—*
Fig.3 Bucket sort.

for i:=0 to N-1 do begin
a(L(®)) := a(L(2)) + b(z)

end;
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Fig.4 Particle Pusher.
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for i := 0 to N-1 step K do begin
{vector loop}
for i := 0 to K-1 do begin
k key (i) ;
wkden(zz, k) := wkden(ii, k) + 1;
(fos(zﬂz) 1= wkden(ii, k);

gnd;
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Fig.5 = Work Vector Algorithm.

DT NTYXhIE, RZPVE K OXZ P VETER
TEEL T 5720, BAREORLAALL LT K
DOYE%EF] (Work Vector) 2HEL, K HOERY
EFXORLAAKE FNETNEL LR ETSH T
LILEoTH—T FLANOEZRZERTLIDOTH
5. 2L, Zof, K BoEER L &L TR
SKOBIHBEOHBRERDLLEL S 5.
Work Vector 7V T A2 HVRIE, AT
SADERERDE IR P IVALT B I L HRET
b5,
Work Vector 7V 31) X L
(1) BRM 71020 HEFIORTEIAIRL 72
VEEBY AN T A wkden FBRET S (IR
L7ZRTEDY A X% K £§5). KETo0
F -, FNEFNELRLEEHRCANS T AN
Yy PENDS LI, WERLIRTHIETN
7 PULESTH. TOLE, Fl—OEEROF—
DT OMBNERL % ELFY pos IZRDTHB L.

(2) K BOE(BeANT 505850, &%—
T BERA NS TLERD D,

(3) (1) TR®7 pos DEIZ, FEEEFICEL
AENI: N/K BOx—Oh TOHBIEM %L O
T, TAPS X~ TORBIEN RO 5.

(2) & (3) DRI, WEDONT VY —DHEIC
BHFERELEDPold =Ny FEhk5b,

&5 12, Work Vector 7V T XL oT A}
TSI LRERTAIUSIAERT. £, E6 12,
Work Vector 7V TY XAICE D A M 5 ADHER
ShABTERT.

ZOFETHSRMERLES I, LERT HKT
DHFAXK #RELLTRI P VEERELSTALE
Wb, LehoT, Mg AEVY A XE ML —F
7 OBRICERD (7L, K BHFEHRETET
b, (2), (3) DMENFKEL LD, HEETORRE
Ehb).




1598 RN E AR

KRR LIZEA DS T4

{wkden)

*—5 01234567

] ho v b

7 |

3|

> R LK T
~z i3] ST
AT 2

1]

4]

2]

1] '%ﬁ

5

0 12 3 4567

ANEEEEEN
EF—IIHTELALNST A
{keyden)
6 Work Vector 7 VIV X ADEFTOKF
Fig.6 Execution of Work Vector Algorithm.

4. Retry 7Y X LIZLBNXT M IVE

AETI, ZRLADBAFE L Retry 7T X LIS
DWTEBRAB, Retry 7V TY X s, X7 b LVEHE
BOBEAEEFBLTRA—7FLANOEREZBREB L
COEBRICERTIERAE (WYY FORRE) 2F
HECI-THETALEWHIDDTH S, K7 LT
AhZHWSZ EIZX 5T, Particle Pusher 24 7%
WELBER CIHEEICHHICANY M VETT S I LA
BBLhb.

3.1 HiTHREL I, F—EZREOF —IHE
BHEET S (F—HOBHBRLIESR) HBE, V-THIC
F—7 F VANOBESFET 5720, LAMT T4
ODEREZIDTFERZ I METEIEIETER .

FIT, SPOFETHF—EOHFROFELR
BUENSD. Retry 7V T XA TIROMHAH N
ZINVEFTAEI LI Lo TEF—EOHEEHRNT 5.

¥ —{EOEHEROBRH
(1)  %— key(d) DMEI k THbHE X, 1EEES

work(k) I2 ¢ THZAL., Th%, §XTOH
~uﬂLT i DORMBICERTS. k2R
—PEBBEET 258, work(k) (2 LF
%éhfw<ukk&b
(2) H2HEE ERHO>F— i 22T, work(k) &
i P L RTRE, F-EOFHBREPELTY
2 (i k 2Fo%—DBEBEEFET ).

COFERZINE, Mk 2EOF-IEREEE
TEHE, 20 bBRRKOEST i 2FOF— (T4b
L, RABICENDE X —) Cwork(k) =i L&Y, %
DT work(k) #i &% 5.

F—EOHEERETH7OF 525K T ITRT.

June 1998

ivector loop}
or i := 0 to N-1 do begin
k= key(z)
work(k) :
if (work(k) <> 1) then
{ F—EDOEz }
end;
end;
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Fig.7 Detection of key value conflicts.
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i = 0
{vector loop}
for i= 0 to N-1 do begin

= key(z),
work(k) =
keyden(k) = keyden(k) +1;
pos(i) := keyden(k
if (work(k) <> #) then begin
fail(i) =
1 = 4+ 1;
end;
end;
while (i > 0) begin
vl 1= 435

= 0’

vector loop

{for i:=0 t}g) vi-1 do begin
k:= key(fazl(z)),
work(
keyden(k) := keyden(k) + 1;
pos(fail(1)) := keyden(k);
1f (work(k) <> ) then begm

fail(in) = fazl(z),

30 := i + 1;
end;
end;
end;
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Fig.8 Retry Algorithm.
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Table 1 Performance of Retry Algorithm.
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(MB)

Retry 6.77 (38.00) 540
Work Vector (8) 71.55 (3.60) 468
Work Vector (16) 44.11 (5.83) 532
Work Vector (32) 32.48 (7.92) 660
Work Vector (64) 26.20 (9.81) 916
Ah T 257.27 (1.00) 456
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Fig.13 Performance of parallel bucket sort.
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Table 2 Execution time of each step.

CAMT T4 | BAYRE HEAL

(sec) (sec) (sec)

1 CPU 5.75 0.05 1.56
2CPU 2.93 0.08 0.78
4CPU 1.53 0.07 0.39
8 CPU 0.79 0.06 0.20
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Fig.14 The relation between performance and frequency
of key value conflicts.
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