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Abstract The research achievements of parallel in-memory sorting method on modern hardware
are summarized in this paper. Firstly, the advantages and disadvantages of classical sorting
algorithms and sorting network are briefly reviewed and their applicability of parallel optimization
is analyzed. Then the state-of-the-art sorting methods implemented on the modern CPU processor
device (multicore, equipped with large memory), Graphics Processing Unit (GPU), Field-
Programmable Gate Array (FPGA) and other new processor equipments are introduced. Different
optimization strategies about sorting algorithm are utilized on different architecture of processors.
Modern CPUs mainly utilize thread local memory level with aligned data in order to reduce the
frequency of memory access and memory miss. To improve data level parallelism of sorting
methods, Single Instruction Multiple Data (SIMD) technology is also involved; Threads of a
GPU are organized into thread blocks, using Shared Memory to improve the speed of memory
access. Single Instruction Multiple Threads (SIMT) is utilized in thread blocks to improve the
execution efficiency of threads; Compared to CPU and GPU, the FPGA is closer to the underlying
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hardware, limited by its own resources. Therefore optimization strategies of the FPGA are to

optimize the design of circuit using hardware description language or high level synthesis language

to make the use of resources more efficient and improve the through of FPGA. According to

recent achievements, GPUs have a better performance than CPUs on sorting. Finally, the research

interests for further study are proposed in the final section.
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SIMD% 77 5%
ENRERRKERER
SIMD#Ffeds Al
ENRENRENRER

ERZEEN
[ o] [oxif] [ 0 ||<>>/([f|

PRI RN AR R 5 RS
[ oxa b— 2 ]

i WIR LR
(=] lz][o]

T IRIR DR

NN
RS R
NN NN
NN

B 6 AVX IR B 72

P =i SIMD Ak B 3 HE J5 1 8 {H DA 3% A 19 20051 T
5 PREHE T 09 53 SRR SIMD Ak fr 3 £
Matvienko % AN AF 58 1 11 55 28 ) 2% 1 4y
T3 Syl N A HAE FHE S 7 i (Interaction
Sorting Method,1S) & 5 % b 43 #7 43 F (932 2. 1%
Sii IS SR R0 J2 P B HE L D B HE  E R
SIMD fle b J7 45 R R B Sk 4 THEEAS TS G836 1 o
A, P L IE A SIMD Ak 19 A HE 7 ok 85 5 e A 1Y)
P HE ¥ . Matvienko 8 A H 56 LA ) i AL bR 4% 52 19 B
X 43 F- AT 504+ 25 A8 22 0] 47 7E — 22 19 13 {8 LT
SR 5 I R L R LA S i 5 R4 L BT B A )
TRINLAS LA S o3 TR AR v i 67 8, I 354 ¥ 1)
MIBE B OC R, % IS Jrikd it B0 % A & i 72
Al LA SIMD #4784k 78 A #¢ & SIMD {4k iy
AL T, 53T Pl HE P 4 1S Jy A H L 3 F A HE T
M ISP IETE 12 AR T ARG T 1. 45 £S5 i L.
Ahmet" " X6 5 - HE P 19 1 B2 247 T Btk #E A
Hmad R, — 8 Rl ARG TSI T
T ZIHIE I P I HU D T R AR B B s A A I
AN F 7853 F) FHLR AR YRR A8 V3 5 7 b o 2R 7 X g
A BIPASTE 5 HJE 3 IO #8498 23 028 7 51 1Y
B, PRt ] DLl R A 2 R [m) B 3 A7 05 O 0 5
(Double Merging) , — A~ 28 2 i 17 e /M #8 43 19 15
I — R I RAE 5 195 0F . i 7
N e A S AR SR B T A2 4 B O B e A o AEL R
DTN S W 5 Java ER R IEATIR IR HER
FAEL S 3tk 1 U5 5 HE 7 4R A5 T 5026 Y Jin 2 AL
Rz AR R B2 = 2R 0 R RO A e AR A I
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AR SIMD 4 JF 17 42 AR B 324 A A fig
R R PR RE.
HFTH1 HIFTH2
( Al )
[ 3 T 6 [ 11171 8 [ 1316 [ 22]

KREHIH

A

( hig )
[ 3 [ 6 [ 8 [ 11 [ 1316 ] 17 [ 22]

B 7 AR BRI IR A

I i A7 A i L K 3 0L 67 CPU i B[] 15
Ak PR KA S A ) — I 220 58 AR R O vk v £
AN KO 1) A M S 4 A L O — O AR AR R B 1k B
AT L (9 DIE A 5K W 8 R R 1R BIF 5 o 4k 2 A 1
HEAE.
2.4 HMHHEAR

Liu 8 N2 56 FRBHE et T — & 9 R 1
B PF i 2 A FastRadix, 320002 45 68 1 O 45 5K 19 2
AEFRICAE M EI CPU MY RURAR R 458 . Liu 48 A
NTEFERCHE R AR T AL T — AR B
BLE L RGE TR R R A kL BT T B B
PR 9L 7K T8 B0 A R L sk 3 8 2 9 1 RE. IR
K&RBLt 2w & CPU N 77 48 FiLH. 58 (MMU)
FIEICHE 41k % 46 %50 (DTLB) [ 4 5 7 132 5508 37
Rk %] MMU A DTLB i, 5 4> 5.0 2 A i 2
75 BRAE Y - ol B R B9 K 24 1k 2 B AR AL G0 it
IKEHIPERE - S i DR TR) R, Liu 55 KB 17 BRI X
(LK 2 o 2 UK 2 P A B Bl B0 IR RAT I L R
ARSI A Be T AR Ak 22 04T . HLBI T — e &
FEW TR I O ST S R R A A A AR KR
AT AH 25 78 B BE 5 B AT A A A BE
FastRadix ORI A ¥ 5020 70 0 5 8 B 8— A iy
TR A AT HE A X T OoC R R 2 1A .t

e

BB I BHE 9 Y IR AT 0 L AR

Cho %8 A\ F 25T T b 350 HE P (in-place
Radix sort). 7EA 43 Be i 4 A8 v, it s FE 55 HE 7 A2 A
IR OC R L To AR B 58 42 FF AT [ B 78 A6 43 e 76
G A7 AE B R B A 1 0] R A AR 3 T PARADIS
B3k PARADIS fd I #¢ B9 HE 51 7 125 0 47 50808 41
Al SETE A AL B 2R R R A 3 AR R ORI 1Y 2%
A7 (Stripe) , 20 B O B Al T RE— & 19 =5 18], 2R )5
FARNG X L6 S5 AT 4 G HE S L AR I I 25 o B Ah B
i TP R AN 2 (D 20 1 100+ o S S 2R A T A
T A 25 [B] L 55 2] X 28 /b 1Y) 25 AT B L
AR]85 % b & 0 25 AT SR A e, BT
Ja& T[] — A 1) 2% A0 R B AR — B IRl A B 3
A3 AT B R e B (D 3B B B HE B R
A3 TR XAl 4 HEP B Al T 8] 23 BE Sy X B
A AR HET A T B R e BEHE T B[R] 09 A 4 Ll AT
AL IS 3 BC . 3K B AR B . 4R 4 1 AR
PARADIS 7 &b 3 £ 45 15 19 HF )3 0] A E R 11
B, 5 5T 5% op A B R BCHE T A B I B T A%
DA E B 3% 53 A T VA T AR A AR B g R K
ZAGN AR ST AT IC R AL A B 27 A L P g
() P 3815+ 224 0 A 450 B A 38 4 50t 185 o Ak 25 ] 4
HAE 2 3G 75 B AR B A e e AT R

Cﬁ<b&mc,

2(3,- X log , C;

Aydin & A\ Xﬁ%%ﬂﬁ v (Most Significant
Digital , MSD) JE %5l 5 19 52 B 05 125 AT T kot o 1%
et MSD e BCHE v £ 11388 5 #E 47 S8 8L, 1 Aydin
S NSZEL T AR A MSD JEBHE . Bk T
PR 2H ) St HE AT OC 3R A A O AR A O s A R
V7 At 6 55— A 1) o o SR G A B BB Y )
v e BECEERICHE 1 189 25 SR % T 000 HF 7 285 4 0 T %o
B ALHEATHET  HEP 145 SRAF AR SS 2 i, DA
I 52 58 R A 8 BT R

|P;|=|P| (D

AR

Lol 1T 2 ]3]

[n—4]n-3]n-2]n-1]

A LT UG 2 SRR

—

bucket [0]

—

First_bucket[n—1]

bucket[1]

second_bucket[n—1]

bucket[2]

bucket[3]

bucket[4]

firstlen

bucket[5]

Sec_index

bucket[6]

bucket[7]

bucket[8]

First_bucket[n—1]

bucket[9]

second_bucket[n—1]

o Tl A

8 AR U5 ¥ fi o A A R BOHE IR
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T8 G AE 338 071 5L AR P A b HE e Y Sl RS P
B G RIRG W HER B  BE T E T
A AR 338 U R BEBCHE R S 23 iR & A B Y T R
] 5 AT AT PR HE Y A5 B S M HET A5 R B
AR 9 B9 05 X REAT B T IR AT BOR B L (H 2
AV ST P B 2 i il B A ) OB R B 1 i
ARHATE D0 SRR IR 11 Ak R s BN Ot Ak B FE DR HE S
PEAT A AT B2 HEAT 8 22 I 0 I

Liu % NP9 %5 s 470 STL P HE 77 Qsort ik
77 AR RE B IR AT SE 3. B ookt A 51 R 2R 4B
B HE 19 L AE FE 4T block Rl 43 . BIE 1k BUT 51 1Y
I Ja —AEAE Bl G GE I R A A bl e N Y
TCER A BAE R R 43 e 50 16 ik v L R 58 RS TR A
block Hfgt I 47 i PR HE T+ % 5 4% FIr A 11 block
HIF BIEAE 4 RN CPU i kA7 T S8, & Qsort
F18 T A5 i 3, 55 & T OpenMP 52 B A R HE 7 A0 EL
WAT 500 BB 4R T, 2Bk T DU HE ) i AR
HEAT 7 50 (897500 43+ AHL R [ 14 0 480 2 4 TG 1 45 3 AR
U B PRIE.

Axtmann % A5 BT 5T 78 A R 5 A B8 DL K
A PRER ARG OLT W HEF 7 . TR SR B R 2
i B e el I LSRR e AW AT R G I R I et
o HE P B 2 e A B A B 5 T R R SR AR AR T X
FEM 25 TR 4R 738 N 1 2 R A HE )P (Adaptive
Multi-Level Sample Sort) , 8 1 56 X 48 AR JE 17 R
HIEATHER FEA 5 HE 5 5 20 4% S Ak P AR E
(1) G 28 7 51 J BT 43 BE » AL B 0 B R AH A5 L A2
AR PEBNIYTF B A B AN 23508 30 45 A A1
P I 4 3 285 (B 23 A 7E 1R 22 T T B8 15 i 00 330 1 4%
J 5K BE 3 kg /N B R 87 43 33 X6 7N I 47 TR
Jr 51 e 5 4k B L 30 A /N 50 Y AL B GRS RS
A A KT 51 1 Ak 3285 D) 2 415 T 3045 AT 9
BRI T AR UK B S5 AL BRAS HE AT O3 21 R R )
Oy R BIAE F G AT HE R AT G 0 Ak B g% 67 3R
.

Shi &5 NN A 75 1) £ BE X 22 i 1) HE T 0 4%
HEAT T k. SR HE R R4 Y EL R R ER SR 2 T
Ry A A1 B A TR WA P 7
B IXE b 23 38 Tk e 90 2% 19 20 BR & TR no ot
Y H B R B HE 19 2% U BE A 280t v b HE e 1)
ZErp i AR R R AR R R SE B T Z BRI n
LR MATHHEF 5L HS 8 0 HBE R RE Hon ot
RIS T U 2 JUR AR A L 7 52 B
S A P R RO DL R RE AR R 2 i IR AT AL L

A SIMD) T3 TR 5%

Aydin 2 A" #£ EPIC Analyze #ith FBF5E T
HERE (Twitter) FAYHERF MG 52 1 0 XF 184 4 i)
F¥ 3.9 (Incremental Sorting Method,ISM) ,ISM fE
XF BUAT H HE R s R P 5K R R B R AT HE R S )
I — B QU AH O 35 8 BT 7 A 1) 4 R R O S
W 3ok B B AT HE R 4 AR B I T R
RZ ISM AN BT A B8 BT HE 7 1T o e 7
AR HEATHE R SR R B R 1 s LA R 51 R JE X
ST 3 20 O HE R B AR TR AR,

2.5 HEFAEWHEXIE

AN HIF 5T A R TR AL G R R A Bk
HE 38 2o ik HE R S B AR DL CHE e AR ) S B
75 AR HE P s i M RE.

Mansit™" B4 AP 51 53 4 1E 519458 4. 1 F &
J 9 v A A Kl 00 EORE L O T P A HC2E 43 0 A TCGE
AICER WECE  LITR R W B R 51, 5
ASTCER W TR U B AR 5 I AR %L
AR ] 0 R A5 B e & B HE R e 81 B
FIRE PO ) B0 AT 5€ i AE 7 L (H A 5 BIEFEE R 2
%) B2 () HL 24 51 0 3R M g I s () R TR 2 R
IR 8 » s — s (] 46 I (] 19 07 3%

LA N R T 422 HE P 57 (ReelingSort)
VLA T A — AERCHAE g 7 % T Fe HlE Ry 41
TR AT R L A B S TS S TR Bl B/ B /) )
IS IINAE TR 79 1 o B i RS AR DR D 74 T A T Bl )
FE BB 5 W 25 8N — AN UR Al s 7 M T R TCR s #|
JIE AT T B D) VR A AT A R O HE 2 T BR
AIEE 1 IR BN & IR A s iy
T IF IOVR Bl ke 7 0% 5 B Be itk A7 & 0F . il 7 & A4
VR RS IO L BEAE B R BRAE Z B A T T
G R BE S b5 IR B M B BB R i 4 S O%
PHECN R 2% . 2 FEOR A cache SRR L, HINFF
HAEAE K = B 1T

W 45 R S N5 W 58 B AL B B RRAE oy A
R AE S5 PR 20T HE e 300 M RE A S L 4 — T
FRAEME TR R HE e 38008 ol a1 H 58 B b e 1
J 90 vh R (R oK H H AR B /N T 41 R A K
I 09 AT A5 3 06 3 7 e 2 HE Y 45 R i R 5 1
[i] 52 2% BE 3R B O o H TG B2 K 58 1) 4l 1 =5 (1) ok i 47
FRAE PR R A A4 25 ) 52 4% 8 e oy 1A% G iR e B0
2.6 I Z

RA R F A7 B A5 HE e #2451 4 NS A
BAER AR Sy N AF B AR B SR D T N AME TR Y 1/0
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AL
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A A AR AT B 2 XU [ 2503 A B A B B T 5 R
S5 BB T BAURE A 1 5 Ji% o A 1R R RE S AR
EIAT M R AT EEAHT CPU eI AT
PEEAFN A5 18] T3 18T 1) HE P 416 A R e ) —
BE A A M S A B DAL B R BUA T LA AR 45
Fey 3 T B8 A A 7 35 » S HE P Sk A BT 1) B 1 B 4 AN
B HATHAR T AT RS %

3 GPU LWHEF A ik

CPU J&— R85 hy e Y i Ak B % o 76 Ak P — S oy
R L Can R T8 3 ) 15 5 AS B 3k ) AT 0 1
B E H T BAR A GPU B H 30 AR 47 1 7
BT XA RS, BT GPU 1A s Kmit B e S,
REC AR T GPU £2 & BE A 3 (1) #
BE 38 0 DR 4k B 2% (General Purpose
Graphics Process Unit, GPGPU) [f] #£ & #& & 4% Fh
R M MERE. MIEL T CPU,GPU 4% 16 4b 2%
A EAL T B B B AEE G A R T CPU B 2244 LU
22 F CPU [ 4k B85 1% 0 . GPU (93155 fiE
SRR F R 25 R4 vk i CPUYS B 32 50808 13
BRI A8 DL 27 2T B A O o AR T T B
LAY EE K GPU I A7 HE 54 i B
WEFE R
3.1 GPU EWEHHE

Sun % A P4 F| F§ CUDA (Compute Unified Device
Architecture) #:47 7 GPUE 4 | i1 % HE /F# (Counting
Sort) AL, FEEHE T . 55 808l 55 9 (Rank) FiI
HE P 2 8 7 B s [R] LY 22 TG BE TR) 2 B s 1Y 35X PR R 4
PRAE E R A I 3 1R A DR S BT AT A
BEBCHE Pt S0 3 PR 43 1 N AE U7 [R) SE IR (H £
2R AR Ak B 7 2ME S 23 3 VT IR) A AE Y e 5 T
CUDA R iy “ 32 2k 5 7 i+ #24F (Read-Modify-
Write) REAR LT 1l fif D 3 A (0] 8. X T 11550 85 40 45 G
ARSI — A A AW D5 7 vl 58, i A HF
J- 1) 3k R v R T S O RO A RS R 4 HE
o 2 SR L R T G A S TR A BR T
SEGANHE Y B B 36 SR T IR AT A TSR R 5 Oy
2 i — 2B X T ECHE i 3R AT TR REOL AL, R TR
SIS BE S/ U5 A7 1 o 5% {H A 23 3 R 22 2 AR (]
AR 5 55

Satish 2 AP [ #EF| 1 CUDA £ GPU |52
BT IR EHE R AU IR HER L BL 256 D ERARA L —
A% Block., ¥ Fr HE 5 19 B4l e 90 % 43 24 1 )7

3] M A B I AE (On-Chip Memory) f 5 45 98 i
115 78 B R HE e o 78 Jmy 3 HE e 1 3 B bt o
AR AT R R RN B IEE DT
Jr 5 B RTS8 . AT A5 31 4% 4~ Block A %54l ) i ¢
HEFF A 56 B0 S B BOCHE e . 2 T IR 0R HE K
SR UL Block Jy B0 R 47 7 ¢ 0 19 H I 76 T 7 510 1
HIEERE RR A T IR S AR A T
F 5958 R 15 B e A 4 R

Satish # NS 3 HIRF 5 T CPU 3 1 i 56 Ak
JP R GPU b A HEF. BF 9% & B, 38 B0HE 7 76 HE
Jp 3 A v R 2 R AR Y B I AT SR ECHE R S R AR
[ N A7 U 1) 55 2006 25 52 30 cache FIU5 A7 DU 1] (1) Bf
2, T 3 L5 7 Bl 2k . Satish 48 AN 32 1 T %
TR R I AT 0 1 A R 43 T 3 A
A FEES A cache W, XY cache E I I A4 AT L N F
()5 H L A B 5 & R cache . a2 i N A7 1032 5 LA
UG TN A7 O 1 i 22 (A s AR STIMD 3350 Rif
28N LAAS BB 19 HE R AL . I IFHE R 2 R AR 1 £k
WIPATI L GG SIMD AT Ak - AH A bR 7Y 52 3
JiAS H 2 DR S A DR S ) T 3 SR 5% T 5 b A E
T YA 5 190 4 B4 A 68 i 20 43 35 DT 9k 20 i 5% T80 30
FR 52 W] PR MG 2 0k A2 8 I 22 R R R AT UH O I 2%
75 S HE R 7 90 B D I 2 I 508 A 24
chunk JEATHER . &0 I 47 55 A 2 #3497 7
5 AR AR SR A .

Amirul 28 AU $E T RROTR A0 HE Y S
LUK CPU i F1 GPU i 1) 1153 55 I 58 20 # . 565 1
FoMIR A m0 3 305 9t HE P (HybridRadix sort and
Merge sort) , B Je B A ¥ 51K 53 2 4~/NTF GPU
WAE B F 7 50, B 24 GPU X 17 91 3547 3817
WS ) BEBCHEFE L B B 1 5 SRR S8 BE IR L K AL
et hm 2 CPU HEA7 A3 HE e, 153 B & Jm 10 HE 77 4
KA 9 Fros. z07 & A CPU i R 47 W IRy
WAF P 51 B I, HAERESZ R T CPU i i1 9 36 HE

= 1/ %Mﬁj\ﬁ

Nvidia f\—lﬁ“ﬁ% K 7>
Ml Lo
- WA
& NP
il | LT oy
%:g(gloml WA gzg
= L]
U )

R RS HET
9 IRAHEBUATHF
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55 2 Fh 5L 2 R 6 B BOR A HE i (Hybrid-
Radix sort and Bucket sort). i Jo1E CPU i ¥ £ HE
Fe (8 4 A7 90 BEAT 20 A L KA R R R 51 4 DL 2 GPU
AT IR L HE Y 0 25 R B AR WA A IR R
Iy B 2 HE 45 R I 10 R, SAR T R 6
BEAE T o0 A AR A A A RN b T TE GPU Y N A7 R
il Z W AR RN T GPU BN RN T
SN 2 TR AT R A HAZ T b T
CPU (157 KL

AZIF 1
Nvidia
Quadro 4000 >
GHIK j
G .
H 5
i
I r*._
51 MEIS g
—Lv Nvidia
J—r Quadro 4000 >
TZ|Z
HE FHHE

K10 RA BT

Zhang S NVUBFFEFAF 83 9 HE R IR B2 4y T
AR R SCH IR 545 o b A7 HE . X AR &
BRI UL T 0 P SR 5 3 S e SCH It
JF AN — B B Y X — AT B HE
FEEMTX— N0 T 2RO 0 5 T RUE
HEFF S0 - D0 B SE T 26 1 HE I B B AT H A
e HH L B RCT R A AE T O T RER A B S
TAFHRAS LA — A BT 0 3% 28 5 i ST A R A
TR e ST AT 5 R ) AR R R AR R AR R
HEFF % BO7 e A0 BEAT HE R AT A B A Y B80T R
B1) o 5 Je i 1ok A PR A AT B e & TR SO AT S
P& SR AL 11 BR300 o 30T AT S R it
7 W e, DS R R RHR I B 2R 2 AT R T
F P JSEARL S AELE R B 0k B B HE P 9 ik s HEA T A AL

2 th B 22 R R Y B0 O K Al

ToFF | TN S/ T
TR g 2t / HA
A
HHHER
A4
GLIA AR | HRE
T AT Eikgil

B11 TR BCHE R ) AT R

Deshpande 28 A5 [a] B 42 H 1 3E F 3L 50HE
A R R B, T S RUEAE TR A2 KA A5
KT AL Sy E A Y JRy T IR ORN . TE & A T AT R
X LA ISR AN B EAT HE B4R, 7E GPU f, Thrust
JELTE RE O i 1K Y B0 e 4 B s A B PRAT D L A
I Thrust J5U i % A28 #0098 47 11 53 B8 42 & HF P 19
PERE.

T IR A e R A AR SR 1 e R A A
TE 42 Ry WA A 45 83 1 7 BE RO AL RS 0 B N R
gl e 12 s . B 98 T il PR A B HE R R A
R AT YA T RE L RCAT 2K 5 R T A T A Y
BRSBTS TR (RS o ) 33X 26 iy 28 A AT S B0CHE I L 75
BB — W R 45 R O 5 — WA HIE R 4 R R ATy
Bt s BT LAy g A 15 DL -

O L. AT AT A AP RA R A
PR A 7 AT [ E L OF LS AT AR A
T AR 7E 2 5 1 HE P 3 7 oh AN 2 B X % AL
AR I 28RN E AT L BB B

T 2. ZA MR B AT ZE A, At 2 A
S I ZRR S UDRE 25 SR8 18] 19 A1 2% A1 2E AT 204 5 AH [+)
AN A TR] — A A 3 00 A ) 28 A A D A
R OREAIL B 2T O Y W AL R 2H LR 2 AR A
A o 23 ) 0T AT M AT BRI

[0l 6115121130]40]49]55]

[RTAIDITIX[0[CIOIMIPIUFTIEIRIWIRIAIDIAIRO[ PTATRIAILILIEIL [ PTA]

yad Y A
[RITIITTIITOINNOTPIATRITIIJCILIEINIGIRITATGIHI\WO[CTO[M[PTAJTCITI[\0]

Bl 12 FAF R IR B

FIL T AL IR B B R A HE P A5 R AnIET 13
P AL RER 2 A W L3 6 S 2 i AE K
P AT 4 o e 80 1) T I R D 4 JR A R B

PF A 2l [7] I RE 78 2 5 18] P9 28T 20 A ik ke ] BE AT 1
(19 BB it AR O (HL 7 A HR I B 22 SR BOR BT AT I
ZEAA TR ) T4 Hs B 2 I 2 Y B 0 A 24 4 19 L
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[ e (wmsss | DRESN% | EEEORER
®ky[o] (][] [olew)[s] [olp)[s] [od@p[s] @ compactss ;
(@[] Leos] [o]@r)[55] (o] m)[5] [o@P[s] | COMPUTERS ;
YNGR B I (G 1 [ GRAPH-19. | L_GRAPH9 | GRAPH-A9 | | GRAPHA9 |
(e [21] @-@E —y [T oy I[P} oy PARALLELZE [ PARALLEL 21
EOE] wi (O] e LG wr DEDE pés OG- | pARTicE
eA)[10] M 7 M@ M@ MM eakriion
(GR) [+ ] &y [0] Ee] eys] L RADAR-IS | | RADARS |
DIl CRaDXG G [TRADKG
o T ey e R BURH R
S o5t LR EEL S FREHHE KHET TREHE
1 A BUBLID
B 13 F R S RHE I 1 4 e
Kumari 5 A" 78 GPU R 25 & B8P Ft  HEF B HE7 AT 55 0 GPU [k 3 45 # 12 37 e ) 56

PEHET 48 TR0 43 FOEAT A9 3E £ HE 7 51 (Split
and Concurrent Selection, SCS) ,SCS .1 e ik
B B0 B S A B P 9 R4 ol S K T
HHE A7 8 vl T IE AT B BCHE I X 8
TTHEY R G RO AT B S B AR S ST R AR I
KHEFF A5 R AR B a HO B B e R
DU AR R 19 07 L 58 BUHE SR . SCS R A1 5 E5CHE T 19
o HE Y 303 LA B3 5 HE 1 o 20004 B8 a0 o 7 o AFLAE T
X B B TR BEHE T R S RRAR, W X R
He 7 ) B 2 31T AL

Drozd % A" # CPU 1 GPU L H| H MSD
SEBCHE T ST A H 0 HE T A AR Bk i ek R
HEFF A £ 5 50 34T FE 050 Al L 655 1 TF BR B Be L Al
AR50 /b A ) RO R SR R A e R e R
LA AT A3 YT B 5 i B A R A Y AR S
B BE T8 43 H ok (4 AR PN BRHE 25 A8 0 Al I B H
22 B AT B H 35 B — % BB, 43 S DL
W, 213 GPU MmO TR Nk Bk &
I5 S Y BOOR A A /A HE PP 4 1) CPU o i 47 40 3L
R BE R CPU 3 Il GPU A [R] 1 45 1k 42 71
kR, X CPU 3t F1 GPU [i) f {5 o B2 17 T
AL 3, B R 3% AR HON CPU i [n) GPU % i i
BB — TR/ UL R R R g 55 >
T YR A% i (850 RS AH Y 4 HR B I I T
S B MERR 4R TR R UGS B> 745 H E R R 43 o
A FRFR TT8.
3.2 GPU LW#HEF W%

Ye 8 NN B L BCHE )Y 76 GPU | RE 4K
A AR GF i HE P B L Al S BOHE P R R 3 T
M HE P 3, 2 Bk — etk LA 5T T GPU 1 3%
TR HE PR, Ye S8 NG5G 1 OB HE F1 A JF

Z . EH T GPU-Warpsort . GPU-Warpsort ¥4
32 M IELL X R R AL N —
F ) BT A 2R B TR B8 A £ 2R FR (Single Instruction
Multiple Threads, SIMT) # = F i 47 T /E. GPU-
Warpsort B35 764 i A B9 E8 77 510 2l 43 o 45 K
5 K 7 4 B warp  BLALTE % A4S 17 1 B i
AU HE Y AR warp o i 26 A5 BE [ iF $00F7 19 1
SR HE e 0 265 19 45 1 0l A e 3 7 v i s 6
O3 3T A R AR E 1k — A warp ST M X € HE
¥ 0 SR AT 5 0 [ R 6 O 4 R A2 Vi [R]
(Coalesced Global Memory Access) 3 ¥ 2> 7 T i
B ALBIFH SRR BEAE 57 90 Ea 1 i b e
ARG I IR AT B M B S P B K i
F 90T R 4 DA S v S0 i IR AT BE L B JE R X
26 51 A2 i AN ] B warp BEAT B S B9 0 IF AR,
Wik 14 B s, GPU-Warpsort 53k & (1 52 2% JiE Oy
O(nxXlog(n)) . 5 Satish % N 42 ) 19 36 HE 7 4
ki, GPU-Warpsort 53k 5 4 3024 1 o fig 42 7t
GPU-Warpsort B 575 H I 19 5 J5 B BOW 8K 1Y+
J7 90 F BRI 3 DA e 2 AR R T R0 Hrp il KRR
R 53 Fiv i R 1) B0 38 AS 249 A6 T 78U, 5K A K1) o3 SR s A
P 8] B 1 - 80 43 A R P BRI BN T RE

Peters % A" FH] CUDA 53T WU HE T 1
26 I\ B D R 1 1B AT IR ] SR 4 SRy A
) V5 ] FAZ O Ry e T B B0 Dy e 75 S8 XU 4
J 0 2% v R 48 A E AT R 03, R O O R B T AR RE
TEHA AR B A LR P bz 47, [ i A1) e 1 B
0 3 S AU ) 8 75 45 — A R H1F P 1O 808 7 9 TE
42 Ry 7 B B LS U 22 O — UK DT D 42 JR)
PAF Y . A% 58 i XU HE e HRE XS B 2" 4
W SV HEATHE R L O 1 AT B R A B R 9 AT

4~ warp, —4> warp



9

SRR BT BUCHRE T B IR AT AR ik 0k

LT
3l

FEwarpH HEAT XU HEP

I3

|
{ ]
|
A2 | |
L J
Warp 39

B <

)

Warp /43§ Warp/9Jf:
| | |
N y
4

Warp/43f

Warp43f
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# 14 GPU-Warpsort 33 #£%

HEF . Peters 55 AKX P 41 K B2 S B % 1 e 9 i A7
ORAB W AL b, DLW 2" R K
2"+ 1 WY FRE AN Ry 20 e 9 AT HE . X 4

W S 5 A 18 - 30 R e e JHG P Y R
{EAN T ZE R 8l PR G A R AE AT LA T 52 BR A7 AE T
A7 LA T SRS A A7 25 ) R AT A . Rk
FHEE TR GPU F 4 8 I B 19 56 T Lo A iy HE 7
S PERE B 5000 4R T (A B T RUIE HE T
ARy R A L PEREAIR T GPU B RE B
U B BCHE . i Bk o GPU 3k =2 oy £7 19 i
RE %2 =5 U7 A7 2503 [7) I 2 O AN BB Y e 51 4Bk 1 fifi
FHOUUE HE e 9 25 84 07 15 (B B T 4@ i e B AR 1Y
SIMT He AR I A 1EF 5 AR 55 .

Peters 4 U i iF 5% A 4% 1 5 45 4 b i B
HERF A B 3 OB HE 9K BE DL SUTE B A 5K
HORT A SRR L D T B I R A R (R AR /D
Fe 90 B HE R B R ACOR S A2 o DR I ) H Al HE e 5
R AN NI HEF ROR A . A HE Y Bk R 2
e TR R S B R S R B L
RS P 235 R T S A5 FB I O R TR T X ) A
i XL HE P (Interval Based Rearrangement bitonic
sort,IBR bitonic sort). IBR bitonic sort 4& &k {ii i
KA KA AT B 5 R B 50 T G 47 B
H K JE 1 J7 3R AT X HE P 9 45 19 ) 51 X T
IR B AR B[] R 0 AL BOR L an &l 15 ek, IBR
bitonic sort 7EM ] 5 2% B A Z Y FT 42 T 5 HAl i &

A BN S HE R B SR AR S B EAR R AL S 1Y
GPU [Xf 32 o B R KA 64 7 B R K47 HE )Y
IBR bitonic sort B REESE T Ye 2 AU H Peters
E VNS 5y a7

A—[?\ 3:012345 6789101112131415]
LY. 235781013151714 12119 7 3 1

BB E

2 2 2

f—
3 3 3
5i\r > s T3
E"~[0,8], [8,8

7 ; 1 [0,8], [8,8]

10 —7} E“~[0,5], [13.,3]

13 3 5| EM~[85), [5.3]

bs L 7

17 17 } E*~[0,2], [14,2]

14 14

12 12 121 EYe4,1], [13,1], [2,2]
11 11 11

9 _9} 17 E*[12,1], [5,1], [10,2]
7 10 14

o 33
5 13 3] E"~[8,2],[6,2]
Bl 15 15

& 15 IBR bl

Krulis S N BT T AN R 18 R HOR 5
THES A PR R G| B 5 5T B AT I B X
TR MU A0 i 4E RO A T 75 R R R 5| i S i
R T PERE S T B B R B AG. Kralis 28 AR R 511



2082 i+o;

Bl

e 2017 4

L
&

A FEERE GPU B, A GPU By KR4
IR G S P AR T HER UL R R RS
R A SH S A2 IR E Kk S 5
Iy RET A A 0 DB A LR A AL
PEHET W 28 % B A Bt AT HE R L i T R I A R T
n AN B BRI T RO XU HE TR 09 5 B Bk AT
B AR B M 58 BCHE T i TR G A I8 Y AT R
HEAT 1] b 08 0 I 4 A L (5 75 A1 Hh e v A7 i 10 2 AH 4B
B ) P B e /IMELSE DL AT LK (R £l 2 55, 0P
(3 B Ak 22 E AT VA 5% o B 303K A S /NI A B .
PRI U HE T 1) R 08 5 1 R a2 g — I i
AT A G RS A B T Top-k A 1f)  PE 42 Tt
3.3 GPU LHWEEHF A X

Leischner &8 N\ kB AR HE Fp A2 43 A 38 4 A7
SER P BR m U B T R HE R B . R R
AHE Y P 803 (B A R B s ST TR
DL B BT A e & Ry N AE S SR e R
V18 1T 28R L AR AR 45 A 1 42 Jm 1 L e 45 R R T
AR RN AR 52 RN B LS AR B R A
G5 R T RS BRI TE TR A3 o R R
T ) /NG 3247 HEJF 4 A T 4 B A A A
FCF NI chunk, 78 35 52 9 77 A 0] 4 P 25 18
He/F % chunk #EATHEF 08020 T 5 JF 81 09 42 R N A
Vi), $2 i B4R

Cederman 25 AN WF58 T GPU I Ml HE ¥ 1
SEP I AR, R T GPU-Quicksort B k. Bk £ #
G R A BB AR 1A EE R A By Berb s B TR
J7 9 500 43 18 A 58 i B I 50 I R0 RS 2 DA il
JIT A 1) 48 A e ol b B — A TP A1) R I 22 A R R B
1 5] B A B R] — A 7 3 0 AS [R5 43 o B B 75 A
W IR LRI LR B R] g [F] 2. A2 5 2 BB, Y
B 7 77 50 1 B R 8 ) B A SR B AR AR H
e Y rh A B ) A 0 T 4R R B I 1Y )
BEAE T GPU A FRERZ . LA 5
(B T 1 50 R 6T 388 /N 5 TR O 7 4 R e v i R R
HEF X F ¥ 51 3 47 HE ¥ . GPU-Quicksort % 1 &
FBEHN OnxXlog(n)/p), FEFIH GPU L (1 Ja 5 3t
A R B R HE P i A5 B 1Y) T 0 B AE A T
KR KRG 0 F 77 50 VA 10 2o A L {5 22 X0
B A 1 0 32E 1T R ik Ak B

Davidson % AN 1 — s 8000 9147 9 9
HE PP 550 38 5 il R K o A A ARl A s
DA 2Z B 38 A R T U A . HE ) 3 B Bt 4y
3 ANERAY A 1A S HUHEF (Block Sort) . A4

LAEEXS 8 AJu R — AW F 5 v 47 B HE Y
SRJG AT 3K B8 4 R AT 5 O i A8 5 2 24 KD
1024 B 77 8. 5 2 W4 19 A B 09 9 (Simple
Merge Sort) 4 I 3t 52 P4 77 4% & A 2 A7 4% Hh i 1
Feo AT & 01 o T R E I N AR R RCR B 40
TEZF A7 AL ZZ N AE o iIn AT A% 1L A5 25 A7
i TP PN A N A P ) Y AR DS I L AT 3
EERKEN TR G I 72N A4 T8 5ttt 5
Bl AE L= N A A7 B B R A A R
LB S A &R FER TP P e —
AICR ML E AR WAL E T 2 R 58 1. 5 &K
SERA AN RTEILZ NAE B P56 08 48 3 34 m
Z B8 A IF (Multi Merge) 2344 % A~ e v (8 77 51 %l 43
EAT ST 2R R G A IE. TR KT
FFEHEP 51T . 5 Satish 58 AW 0I5 I HE P AH
FoA 502 M PERESR . B F Ok w] DUXHE AR BE 1
Fe 9 347 HE R - Davidson 58 AAE I HEfilf F T % i 4
7R BRAENT 1 HE e 5 2 A A A o R R A R
14 HE ¥ 0]

Yang % N B 58 T H A Y B 09 4 A 1 O %t
Hep Bk sy m, 2 1 7 GPU & % B R ok o i
i 7 & 3 (Improved Sorting considering Special
Distribution, ISSD). ISSD ¥ 4 X B A HiE 5 i 15 T
WO SRR T Z REAR TR AT TR AR HE
U B REAS TC 3R P R IR B 1 T R R AT IR dn
Fe AR . A5 F IR S fe e Y e R B A T
512 A I B AR5 0 A 8 R R 45, T R AL
Z T 512 A-IF g A OF A7 0 Do HE Y. ARGk
HEZRL | ISSD % 8 T LR 3 Bk i A5 51 534 .

55 1 287 91 2 00 R H I 76 I A B AE 1 7 91
HY TR A 9 B A U 7 7 90 v 2 A A R i Y
SOCER . H I ME— T R Bk R AT HE Y . B S
FEMICRGIFH A5 2 KF 92 R4t R
A FIFA 0 TR RKE S ITTRA T, Bl 2
BOR b iR JC Y O 3R O R BEAT HE R L S AR
Feo AT G OF Rk M R A RS H E 2 R o
SO BLAL B 5 55 3 28 7 4 2 B B =X ) Bl dl e 40 B
G (4 3 20 A DX 2% A~ DX 1 0 4 X370 3R AR
R /NHES  H 26 e 51 B T 5 b K e 91 442 DR/ &l
R Z AR AT HE R S A U AT S 0T H A 2
HE R 67 S 24 46 1 ) S TSSD 25 R AT 81 1Y 4 A
REFI P 51 B R ALE » AT BT AL HE 7 2o 7 b iy 20 3R L 42
i HE R A PERE A7 2 B 0 A RRAE S B R L T i
XF ¥ AR AE A D0 A - 3 23 22 46 2% 7 9 FRAE 1 4 BT
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BFR] S BT D25 R e 5 R 47 HlRE S X RE A R AT R AE 43
BT o 25177 355 AL LA A P B A A (7] 9 R AiE

Banerjee % A" BESCIR A 15T & LA PR
ALY M IEATHE R 7 5 A R AE GPU 34T HET A
CPU 123 NS —Fh B IR 2% L i HE 77 J7 Bk XA A
He Py 47 1 W0k, CPU i 9 B8 8t ) S R L TE B
CPU+GPU MR G HHEF- & . & 16 .

RE

CPU GPU
HIEARTS
—_—>

Feit et i

it

1 H I

>
A

i
I
I
| %k

B 16 4 CPU-GPU &5

RATE LR 70 4 A BB

(1) #£ CPU i Mir A 51 Hp e 6 22 4~ 43 L 05
B F oy B AT 9 AT R 50 R o of R4y Gy
T 50 B g A 81 4 R B 43 s 43 i AR S CPU A
GPU L HEF 741 5

(2) 43 37E CPU Ml GPU il & AFF 511
HITHE;

(3) 43 50 4% 2 B J5 1B v 25 B8 00 47 &L K T )
HH IR B0 A B0 A L AR

(4) #£ CPU il GPU E# & /i 3 4B Bt B 2
R A BIRR E9%/  BEE GPU _EgEATHERS . AT
52 ST 81 G HE Y

T CPU Ml GPU Z [H /£ & 15 88 J1 1Y X
) o AE R A% R A R R S e B S A B S L T
215 HE PP 0 B 49 R A (R BB S ks 1 A
1% iy R 55 B Ok 2 BB LS00
3.4 N H

TG R R VBB R R DL R AT H R
() SR A 75 A% 7 S ik PR RE A 3 T A R R
GPU fy H B R T 8 B0 R R 450 . e ok 173
BIIHAT LI A, £ % GPU B 2244 5 L BIF 58 3 % ik
JP O AT A e HE T HE P AR AR, B
B 7 A A BT % e P B T o K ) Ak 4 15 A
AN T H B ] 24k 5 R I B Ao B B R A L AS T i 4
o HlE P 0 4 B R BT I Bk R

4 Hp#F@EH4igg EOHF AR

YE28 5 GPU & Bl 1 JT A 7 8 1 i sk 3% 4

FPGA Ll Intel Xeon Phi 138 #f 5 | T BF 5% % Y

FPGA JEUFFATIE 500 & 3 B DURE (4 4 18 15
BRI A LT PC S0 R LG8 245 18 K 2 45
P38 2 M B 25 44D B I AR A AR K IX ). FPGA X}
HE Py 7735 1 52 B0 R 422 30 R 4 1 IS 2 SR L 3 0B A
JCAFFITT HL B 1 405 58 i i 20 RE . BEAE — S I b
JEVH N 52 R AN T RE L3k B A7 i sl a5CR

1E 2012 AR R HEH T Intel Xeon Phi Ppgb 31
el B T 2 4 % 0 (Many Integrated Core,
MIC) & 2 45 14 1) 2 1% 40 B2 2% . 50 R 424 il 22 A
Intel FI7E R 55 %% 48 20 v B 119 35 A 2 AR 4 4t B A
] B 4 v B A BB 00 S AE . BOAR
Phi {40 i A W GPU. H 324 g ) [°] B 58
() A 3 P T o 3 4 28 A AU Rk ) R

AT AT 5 1 N4 FPGA L HE
P07 R W E I AR 5 565 2 3620 WA 43 MIC 1k R 45 1)
b DB CHE R R G T T AR
4.1 FPGA FWHEF A&

Alquaied 28 A"V 3L F 5 AR LA 6F A AR &
AR N T T FPGA FRYHEF A . Bkl
At A B DR AT — A 28 RL i ] B ) A )
A AR AT HE T O T AR R 5 AF A A
Ji SR S AEAFAE A TTAE T 15 5L VR UK AR i A
PROFFE AR I ) S5 A B BSUMEL R DR AT S5 HE e 1 51

B AU DL FPGA SERE T —Fi Fb 45 46 [
Hey o BHAE T — oo R 5P 8 i A TR
AT HOH, KPR BT R A e 1, & ey
0, YA LR WL TE 2 Ja - % b 2 Rt 47 B . )
PAFZIC R B ARG E. ¥ 750 19 Br 45 o0 & 43 3
VE SR — N R A7 (8 A0 B AE L B A 47 (8 A0 A A S (B
HEAT BOAE S JE R A 30 D 5 53¢ A % AT S0 1Y L 3 T
(BR B XA« RS UG - W 96 B 1 B — AT AT
AEANAS BZATE I B AL R GIME. AP 4476 7 TR
M A T AUA 27ns B HER  (H Bl 25 [ B 5 AT 1Y
B w2 FPGA 258 5ot 52 45 800 . Jo ik
56 It 22 5 A TG 2 1 R R

Sogabe 25 N 5E FPGA |- 3 ] 5 51 /Y DT i
[B] R A~ A VG TC 1 5 TR e 90 8 2 e R 43 o T A
Ji Bt (short read) , 4> ) B P B [ 1< B2 19 Fl
(seed) 21 4 T BT » Sogabe 284444 B BEIRTE 228 2747
f A A B AR R T AR TR &R S
FOCHEF W ER 43 73 A R 51 R A CAL £, AR 4
Tt —F B 2R 51 X Bl R AT 0 A HE S B A8 0 KN R
8 MM H, LI & FPGA L AYAE S FPGA SMG AR )
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ERHCE. Y 5 AR R G B Fh 7 RE R — &,
AT 87 £ UG E Fy 2ok A X b7 2647 HE Y 5 i DL e R 42
SR RGAH R T 3 58] 14 £5 19 i 2.
Sklyarov % A\ 55 FPGA [ (i HEFF M 4. 4>
Br4g o S /T HET 2% 1 A 58 4 T 4% b A B
Do 28 25 B 1 D /b Can 23 48 U9 9 I 4 0 80 05 I
28 T ) 4 %) RO R e R 3 4 P U AR /D 52 31 G 3 L A
Ry A B A D 2% WA R A B R ML R A R AE
FPGA kA7 S0, 7 1 % 4 X 2% 1) B0 B 1 78 T 55
— A LD SRR 5T A — FE L IR UG AE AL I 15 T B RE 68
A T A 0 L B AT 2 I 2 AR DD H B Y
TCA RS DA R R B 0 AR B R T s AR IR
B 30 1 HE Y P 51 e (R R R A HEAT T LA B AR
R KAETE 7 5 & A7 Cle /D TR) B . R T 0 o JEL 2
Sklyarov 28 NS4 H T DA A EL 545 B8 A A% 0 B i
I HE Ty FL I L DAARAS B e 1 A kit AR O P
Wit T BAEW > FPGA BB IR A L FEAR FPGA (1)
s AR A B2 g D B AR A 4 7 T A 0
I W25 475 J2& Sklyarov &8 A T L B% 1 96 A% DA L.
Chen % NV 898 778 FPGA L0 8 SUAHE)F
Do 28 (1% [ 8L, 44 L AR RE AR RO AFAif 5 TR R HE Y
Do 2 i 55 7 9 fif X R 5 vk BE R R FPGA L HE)Y
Do 28 14 K5 AT L[] I S HRF 3 22 0 B0 Ui I WA
T T &7 B HE R A1 Clos 285 A0 25 46 o AR 4 5k
EIFATIEAN 1/ O 75 Si Al 3 HE 4548 $2 ) 1 ik &
2B I HEZ R % o S BB HE 4 7 A 28 AR
Fif DT B4R A A8 TR B U HE T 5 A 1 e B
e B X BH AR 1/ O Al 9 1Y 18] . % FPGA HEJF
#% 5 SPRIALYY HE F¢ (0 2% A1 HE , i 6 45 3 0k 2> —
FLomRME RS U L.
4.2 MICHREHEMNMARRR
Intel 78 CPU.GPU F3F MIC 1k F 4544 1) &b
FH 2% Knights Ferry (KNF)© |43 51 52 30 1 5 %50 HE
JF. # b F GPULKNF ) L2 cache &8 ¥ K. fEA
YT 22 R L D T B 1) 2 AR R TR i MIC
KRR LM 3E & SIMD 45 4 (9 8 1. il KNF 4b 2
i DAL BCHE P REE T GPU L B R 507
Tian % AV fE Phi |- S2BL T 5 47 45 900 HE )7
B vk (Register Level Sort Algorithm) , 1 5% %1
Rl 53 R 2 AT A R/NBY N E 5 /NP AU AF LT 3
A7 vh R 2547 J2 108 T el 2 1 00 HE e 9 45
FTHERF . [ — A~ 27 A7 2 PR AN BEE AT 808 LA iy, 8
125 4% BEOSCIR]HE 7 1) 28 5L 4y 1% 8030 7 B 50 ) AR Y 5 T
Xof 3% AN (5] R, Tian 558 A48 1 9 i ee i 1) 5 vk

S5 1 R T5 i BR O BT AT A 07 i B — DAL
(27 7o 4 BHlE S8 e S 5 2 R BUAN A A7 2 1 KL
P B HES L AT 55 B A A7 & AR UG R (Y LA
17 iR,

# DU

Y

Y

>

foleislafal=ic]a

i
=

1 2

IRV o R

55 2 T 5 i B O AR AT 2 07 % B X A B
) — 5 55— A T A7 A B Bs AT AL B AL
e fd A T8I 2% P TE ] — 95 77 i 2R AT EE T P A B
A B3 T P 25 A7 4 » 58 S EL B A0 B AR 30 U
HEFY RO 45 (9 LB A X B 5 3 N U BEA 2E 1 Bir B
HILTT U6 6 ST B B8 o7 5 D ) o A ]
BLEHE P W45 14 B B BEZ2 i — 25 AR St 4% OE
B2 EAF I AP 18 Fr .

CH—{th 4 Uhr—4h—{4d 4
GHH T EH 6 H B H 6 H
m% }E AE :Am AL AE Am :} 3
- e A
BB B e H T
(8] 4 v - ‘- v - v - k. - \4 E'
HIE 1 2 3 4 5 6 BiHh L R

B 18 WAy b

5 2 A AN R - B 2 0 200
G MEAT U G A 0 28 638 435 R T 3 9. 940
PEAEIAI AL B R IR T merge path™ 3 v g K
53 S L 447 0 A LB 1 8K AEL IR 1 Bt
A BUAI  ) TF . 4 I ) A 0 5 2
B p HATFI KL DL — A 3 A7 3 o R 52
FRAHERF (0 B0 A 8K 4756 0(log(p)log (p) +

S (lor(mlog (K) +log’ (K)) ). 3 1€ Phi

@ Skaugen K. Petascale to exascale; Extending intel”s hpc
commitment. International Supercomputer Conference.
Available online at http://download. intel. com/pressroom/
archive/reference/ISC_2010_Skaugen_keynote. pdf, 2010
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b3 g b S 5 HE S S HE R 45 Y £
i 07 B 5L LT A A S HE Y &5 TR B FE 43 R
512 (LA Ay 1] AL BB LA B SIMD $EA , 42 &5 %
PEFIFATIE.
4.3 HFMHEXHEHA

Bt & T AT HE Y 04 & HEY O i ) S B A AR 1
KBRS 2 L O A TR Y R 1Y) S B[R] L BIF ST S TR
PRAF—E P RCR TR T IF a7 HE 7 12 A 3
SR AE RS B 2 A i BT

Shi 45 AN™ 3 F I8 30k Jr ¥ (Partition-And-
Recur, PARYAFFE 1 HE ¢ 5 25 09 3 3l 28 B 1) &, %
AE R 0 HE e 1) AT TR A B ALY,
— A I A TR 7 R o i A T A flE
RE AN . Shi 8 AR T 3 #dal 4y 5 =L 4
il 2 [ R 3 R SR HE e 1) Y J7 20 (Determined
Bi-Partition, DBP) | pR $§ 53 %] 5K it HE )5 18] &8 1) 5 5K
(Uncertain Bi-Partition, UBP) L) &k H-3 & J7 .
DBP 2 7E 5 — A~ [ 2 19 A7 & 5 )7 510 X 20 A+
FEA SR A5 B 0 5 18] R A & B A 7 T A Z
6] TC )% » 18 5 4 1 % U3 9 B i [ 8% s UBP )2 5
A A BRBOR 53 30 S T A - )RR AT SR il
75 3] D ] R Ao 1 7 32 D EBC R ) o B R 5 -3
HE R AL A B S = b S RN TN
5 /N ) it LA AR i o) R Y i, AR B X 3 AR
Hew 1)t i 07 20, 40 et 1 3 ANz B Bl
DBPSort, UBPSort #1 HSort, 1 3 4~ 44 B i
AR B AS SR A RSN o B ] 2B i A 2 B 0 A 1
SortingList F1 Heap, /K #i 36 R U & 19 Fr/s. 1F 5
B X BEA {14 1 38 IS L 8 BE 1 ] PAR SF 5 %544 1
S R AT AT I TE T R A AR S5 A X S Ay
8, LA A 3l A iCHE iy @5 i oK A 58 1k

HSort DBPSort UBPSort
SortingLList Heap
list Btree

P 19 AR P

Hou % A" AN SIMD $5 4 B8R RE 78 2 4% 4b
PRES A 1 i A AR m e B R Mg H 2
B B 7K 1 K S AH VL I 48 A S AR T AR Ak
(SSE.AVX.,AVX512 %5) . 1fif 76 A [] () 58 14 % %5 b

IR A Y SIMD 45 4 % HE Fe 5335 3R 47 92 B 0 —
AR B 2 45 0 3016 IR 0 T R AT HEY A 3
SIMD 1 B HEZE (Automatic SIMDization of Parallel
Sorting, ASPaS) , H 75 HE 77 M 2% il 5 5 45 VT e 1)
8 2 L RE TS 2 SIMD 4k iy HE 77 LS. ASPaS g3k
A AR R A AR HE R 45 R
B FR IV AR 5 2 A B B E A A 3 B
B A IR M 2RI SIMD 45 4 88 A iR 76 B3k
RS OF A O A B B s — A B BORs T A
SIMD 1k iy 4.

5 Xtba#r

CPU i 55 GPU F i HE I J7 1 B 58 R AR X 4
2, MIC 1K ZZ5 16 1 P b 28 5 B ARt 2 B3 T
WARTTERE ) 28 T —E B R T B TR
B AT PR R O A H B ARk
R.FPGA N2 AR5 XIS 2 2 5w B% 00 10 Ak 32 T HE
Pk e, 5 CPU 4G GPU fil MIC J& F 58 4
AN TR A AR VAR A S = B0 1 AT N AEHE Y T ik
L A9 HEFxE CPU dis 5 GPU kR 77 ik
HEAT 53 M.
5.1 CPUmMHEF FiENH

FE 2 W U7 18] AR A6 DL KOO 47 B R 1 R AT 2
CPU i Hl Fp 55 32 2209 WA 0 10 SR w25 37 3 1
AT WG 5T & (IR 2 W HE P S0k 04T T 2 R i
A AT X A B B9 R R T X bAoA
B gk 1 R,

FETAEAEVT ) 2R LA T WA, 56—
5 T R B T HE S DU 8 XA T A
JE R G R R i 0 B 0 BE AL N A VT ) AR
SELE RE A PR S 0 0 PN A S SR R 5 O — 7 TR
T Y 50 0 X0 53 o Bl e 9 i BB IR cache
() I /INHEAT R 43 5 AT R T cache 1 i S5 [a) 5 U 20
cache it &5, £ H i 5 # . CC-Radix F = f 5%
cache FIHE/F 5 i 19 & R B ILAE cache FI TLB I+
18 ) FH 2R AR S (R[] e 98 R R O IR 58 A Rk L 52
M AR RE. AA-sort [RFETE N A TPOR BT O
PEAT T X 55 HEF 9 /b cache Ay k2. Hiroshi' %
FIRT Z 8% 2 900 3 3 HE T - [5) B 78 9 A7 o Y £F
ORISR 4 = Ui A7 305 1 m N AR A k& (B A 3
I T U5 A 0 OCCE s i S ) Al B AR 22 K U5 A7 S
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F 1 CPUBHFERMRES
Wmas BNk AL A EE L 17 41 S 3
e . QTR RPN R, TR cache 1) I
CC-Radix[1?) BB i3 cache 4/ Wi cache Gk Bk
———— s RIETEUIRR AL
R o PROLRENIRT g enrmpr omo HPRERIL o i e O 015
sort Comb flEf¥  XFFHEsl. R ILHE i 10 RIER . R BERZN 1RO 35 T 17 2 W
B Vi 7 AR VIR REE e AL B T RRIR
82 1B 45 B
N ZHIUE ORISR R v A N
ohi &\ 111 o -
Hirosh AT T e e SIMD R
SIMD {H Ut 4§ 4 55 3 ® T e - U \
D16 —_— N . BURORTERR . SIMD R P AR T
[16] B i B 3 s v R i
CellSort'* o RS SEE I T TR WA SIMD $4 A 7 % B8 1} bk 5
S5 4y 5 F5 . DL 48 A
s o TATERHABNEE G M SIMD 5§ BE 9 SIMD 54 % [
VSRL8] HEHHE T ST HEFE iR Lo AT S " i SIMD 5 A58 44y % 1%
— : — 5 4P s
AVX-Quicksort ™) pritpr BT R IR gy A0SR
FastRadix?  SHGEF  WOWAKLGMEL  BRRWKRIOME SRS TR 1R A £ O
e e WA AAT RS 450 4 A 6 I
M2 9 R %ﬁ%é&%?ﬁf g;;ggg R A SIMD % B T R B B
o o " BARETH LR H IR
e e A I e Ll L
. BB AT TR BB mmE s, e RIS AR TE R
PARADIST™! MERERB @I RS by s 52 7 ik el S AE
e3¢ 35g PNOE: 32
non-recursive BB MRS oy T L L EL
Jreuive SRR T T T T ol i TEIR R TR i
e e FEE 7 91 4 45 50
s g PSRRI T RMOMPRE . e TSRS RO
BPQeori  HubE i ARIBSRARIE 2 DR T
H =TT
e MORFKIEFA M RKNEAE AR SIMD GE— A TR R
AMS Sortl? FeAHE 7 R [ £ 3 A5 A IS &S PR R4 S AE A E R
) A 0 R R, e WOEEARGFIEATIE 0 0% R R AL
n-SortersSN'®RFRA oo WAHFRAIRIE i o

P A IFAT BRI AL 2 AE T A OpenMP,
pthread ,SIMD %4 AR , it &b i 75 98 2> 26 A8 52 4k 2
fhr 22 [] 7 T A5 AR

OpenMP  pthread A FE R & B IE L EH
FATRE LT SIMD A N 5= %2 52 i3 s i IR A7 .
1 T SIMD $OR B A H 1% 1995 4 b 273 3 F0I F) 1
DU » PRI o 2068 3 SO DU ASUCR R A B B 32E 4% 0 SO
DU E 1 HE P 28 4 S 2 2 4iF U7 55 [a] — SIMD
A F G TR L T B HEN £
ATl R G R HEAT AL B R R L 15 B SIMD LR
A ER L HER G A TR EMFER. CellSort, VSR,
AVX-QuickSort 13k | T SIMD £ A& DA 42 & 8B
AT EE » CellSort | J§ SIMD 52 3 1 X HE Fr 19
25 T SIMD Ry M s VSR Y™ T 5 A
() SIMD 45 4>, 38 B 46 4 1 7o AL Y0 A6 70 B 8 1 300 i 5
AVX-QuickSort W& F]H AVX512 #8452 8 T Bt
HAER L Ho SIMD 45 4 J T 4b 31550 19 53 3
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Background

The rapid development of computer hardware technology
improves the computation ability of processors constantly.
On the one hand, the architecture of processors has changed
from the traditional single core processors to the multi-cores
processors, and then to the many cores processors. The
number of cores on processors keep increasing. On the other
hand, with the continuous development of memory technology,
memory capacity has also increased. Memory units become
diversity like register, cache, RAM. The utilization of memory
access hierarchy makes computation more efficient. Besides,
the development of computer hardware technology continues
to shorten the response time of procedures. In addition to the
traditional CPU architecture, the emergence of new processor
devices makes the high performance computing into the
new era.

Sorting is a basic data processing operations in many
computer fields like the data mining, supercomputing, infor-
mation systems, and other fields. Sorting can make data in a
certain order, thereby reduce the time of the subsequent

operations, such as data search. The operation of data search
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on the sorted data, in addition to accessing the data sequen-
tially in the memory which makes data access efficiency higher
than that of random access, also can use some efficient
methods like binary search, search according to the offset in
the data set. These efficient methods make sorted data set
much more efficient than unsorted data sets on data search.
Therefore, the attention has been paid by the researchers on
the performance optimization of sorting algorithms.

In the field of sorting algorithms, a lot of classic sorting
algorithms have been proposed. These algorithms have their
own advantages and disadvantages. also have their suitable
application conditions. According to these conditions, researchers
have optimized sorting algorithms on modern CPU and some
new processor devices such as GPUs. This paper mainly
surveys the related works and summarizes them in a brief
way.
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