%5 PRI A2 3R (H AR R No. 5
2018 9 H Journal of East China Normal University (Natural Science) Sept. 2018

XEHS: 1000-5641(2018)05-0030-11

TED [a) 37 B 4 RO 2504 AR B AR R K

wml, R, K OB, AR
(FRARITTE R 2 B Al 5 TRE2EBE, bilg 200062)

R K, tHHNUEFER R e, TG T R kD, —Semtkfe . (IR A (8 LA
BORAWHHEL, i AR BESS . WTgiRE i R R /AL 50 2R AR By R A e 4, 45
FEG I TH R RSN R ey o NS AR . SR, 72 B Aab P, BSR4
PEEAR S 205 A A AR M A 4%t B8 A BOR SEBBEIT  SR) 4 EvE AE P R R, XAt (i 3k
MTEF IS B AL G AR BOR, DS AT DURE TR (2020 0 R A LA ASCTHSL AR, A7
it AN T7 TR T 15 357 A R A PR AR BOR, ARBLAN 3r T A2 U AR OC EAE,
SEMER BT HRE R, 20 Hr A7 L8 R ) REUMIBG ik, AATTD Ay R SRR R e Ak BEAH: B8 “RAEAR FOWF
RIRPEHNEZS%.

REEIR: FOELE; sk Btk

PESES: TP392  X#kFRER: A DOI: 10.3969/j.issn.1000-5641.2018.05.003

Data processing software technology for new hardware

TU Yun-shan, CHU Jia-jia, ZHANG Yao, WENG Chu-liang
(School of Data Science and Engineering, East China Normal University, Shanghai 200062, China)

Abstract: The rapid development of computer hardware in recent years has brought
profound technological progress. New hardware for high-performance and low-latency
applications (e.g., heterogeneous processors, programmable high-speed NICs/switches, and
volatile/non-volatile memory) have been emerging, which bring both new opportunities
and challenges to traditional computer architectures and systems. In the case of big
data processing, it is difficult to adapt traditional software technology directly onto new
hardware, this makes realizing the full potential brought by breakthroughs in hardware
technology challenging. Hence, a rethink of traditional software technology can help unlock
the benefits brought by advancements in hardware technology. This paper reviews: data
processing technology for new hardware from the perspective of computing, transmission,
and storage; an analysis of related work in the field; a summary of progress made to

date; and new problems and challenges that exist. The study also provides a valuable
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reference point for future research on exploring the performance ceiling of systems for data
processing.

Keywords: new hardware; data processing; software stack
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Tab. 1 Network software stack overhead

W ARIBIT /s CPUZW /us
. i 1.26(37.6%) 1.24(20.0%)
b
Aot i} 1.05(31.3%) 1.42(22.9%)
HERE R BE 0.17(5.0%) 2.40(38.8%)
o i# 0.24(7.1%) 0.25(4.0%)
H 0.44(13.2%) 0.55(8.9%)
R [e] 0.10(2.9%) 0.20(3.3%)
i
PR REEH 0.10(2.9%) 0.13(2.1%)
Mt 3.36 6.19
* 2 TEiEREERITH
Tab. 2 Storage software stack overhead
SATA HDDs/us SAS SSDs/us NVMe SSDs/us
RS 72(1.86%) 71(45.51%) 60(63.16%)
REEE 11(0.28%) 10(6.41%) 11(11.58%)
W) &% 3 791(97.86%) 75(48.08%) 24(25.26%)
Mt 3874 156 95

FI L, A% G0 Kt Ak B © 2 AR M A HOBT iy SR 4 v e, BETHSEDL— B 17
BRI AR A BB AR JEBE. TR, KR LAt th TV 2 AR R BARR %, 1
TACMBRESE R (B A B ARG 5 BT (K £k 1 S 0-5- 1016 VTR g2, A SOk P V5
Pt Al =AM, T )BT E A B A S AR IR A T A TR L, A M iz it SIS
(K32 & LA A AE IR I ORI e, AT by AR ORAR 3R S AR AR B < TAER IO ST 4R (AT i {EL Y
%,

ARSI A T AR LHW R 58 1 A GO R S UE R K A AT S 2527 T RTELAN 7 By ik
T AU LG AR G I A AR, S STV ARTERAN 34 117 170 7 2R v 3 ) 4% 8 O AR PR
AR SRATTRELAN AT B X A i AR I A A7 B2 AR APF LA AR 205 TR A AE K B i) AN
i, TP R A

1 #R R B R AL 3

1.1 RAgeyssE 2

TR BEER (CPU)— BB T V2 U A& TSRO N, 2T I E R R . A
TG N 2SR N 75 R, e T Re SR B — A R . 7EDY - 2 AR R R, BT
Intel 4004 %L K Intel Xeon Platinum 8180, ¥z ft Cdem T 35 000 £ 1%, 4R, L1
W, TS ANE T2 AT Y AR B, SRR R AR M TR R BT, CPU & ¥
TR 1 22 4% ) AK% 7 ). 5140, Intel Xeon Platinum 8180 PARSIANEE 2% mh £ ik 28 MFLA%. i
LI INAZE 5 ORI S AT, HE— D4R T T CPU s Ab B AE )y, TH % S DR B K
W, (OB CPU A% %L, SR LN X IR T IR B RE ) I oK, T2, RS GPGPU
(1) 5 R AL BE 2R RGeS T AL R BT A IA JK 8 A (Amdahl’s Law) &5 VR BATT, 49— ANy Rl
FRAT S 3IE 252 B (8 0] JRAT S B e BB I, TR AN CPU b A& KR
KT RESE T, A I L 23 v Be A 36 4 R S B R N . b T aE— DR T R MR fe,
FINFPGA, KRR 5 2 s 5 b B A 5 a3,
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H A 3B PO IR %S 28 K H CPU+GPGPU+FPGA [ S P fA 2, il 1 firow,
GPGPU Ml FPGA iiid PCle 245 CPU Mi%E, CPU 5 CPU it QPIi%EH:,. GPGPUZ
— PR VR R AL B RS AN A S BRI E A BEAE D, B B AR CPU i
FHERE . B, f# NVDIA TESLA P40 XM 484, RS 7 SIsH A ik 12
TeraFLOPS, #E1a H (8 )ik 47 AR /s, R — 5 RSG4BCE T 8 Bt TESLA P40, WI'E K
WhHERE ) 5e R LLE 140 & CPU k&It Redi 5%, AR, CPURMIGPGPURIREFEH & — A
AR L DR, AT SR 25 A A T AR REAERE /DI FPGA bR, i iy X
DA b B B2 S AR PERE. BEAE OpenCL K, FPGAT g 2 th AR 73 Bk e bk faf 2, (N 75 22
Wi C/CH+HAINIE M1 pragma FLAESEIL FPGA Igife, XM EFFLE FifEzh T FPGA #
— IR E.

Inter Xeon Platinum 8180 NVIDIA TESLA P40 Xilinx VC709 Evaluation boards
Bl SRt abreas

Fig.1 Heterogeneous processors
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MR 25 U ARAE . 23R B Al SR s, ok i RGP ik, 75 ZE b (a) iR % th 2% / S He bl
PESEHE HURFIR, AbBERER AR R AR T Tk, TFUa % m 2 M IEAT, SRRE I ] JRAT
J5 X2 B)ANRT FEAT A 1 o B T R BRI, AATTTFEEH FPGA 5 R AR, S8R, X
BOF FE 085 A 3 D N P 75 2, AT LN S 387> CPU 3k B Mg k& b, 3t BB RS
(R Ak 2

H 1, Netronome 237 ff] Agilio SmartNICs2Un] LL£E T8 1) x86 1 AR SS 2% B4, I H.
A BLSZ R R R A LUK, 604, 10GbE. 25GbE. 40GbELA K 50GbE. X Rl 15 A8 11 )
MR AN A S ok T ORI R, g TG MR RN AR CPU A Ab B %
12, AT R 5 WA Z A B % 1. FH 7 o] 4 FE A8 L an w5 4 59 AN i 2,
i1, Barefoot Tofinol??l, —/> 6.5Th/s(65x100GbE 1§, 260x25GbE)4x 1] 4 F2 [ LA B AZ e 4L,
Cavium Xpliant 251231 & 1 i) 2 w0 10 AT 4 R2 1 LUK I AS e L, 7T BLEH T 1 G/10 G/
25 G/100 G M4, IX 8] 2 14 10 24 5 A AT 5000 O 0K 5 A 96 1FD v T 42 SR At e P 8, o
AT HBEERIEE . PR DDoS Biihiy WA IEH, nl DA syt 4 S 1 vl gm R I 2 v 1E—
W GE T AR N T RE, RIS, A1 28 AR A5 B I0 R3% . N FH AR AL
1.3 #AAEZ KTtk

5T DRAM 19 55 RVEAEA 25 107 i) IS S 78 JL T 2080 2 A, T A% S8 AR BTUBRAE 285 1R 7 i) B 4E
76 1-10 =R 2 (0], LA F WAERIAN & Z 1000 22 Sk 2L )7 65, TER T IR Ky, sy &
THUR R Y IN A e ARAAN I BB 1 R I ZE BRAI 2L 1 RS, JFAS BESEAD P A7 FH A3 1 3 2 S5
— SRR S A7 A A (NVM) TG H B, SRS B B AR A7 i A TR 580 T/0 Jiis, i
RUAEAE N A AHARAE it 25 (PCM), R FH 65 8 A 4 R E <6 2 TEAH (R BELAS ) T “&5 A (I
BELZS ) 93 Motk 2 1) BELAEL 10) A8 A E AT B0 08 A7 i, B e R AR S A7 6 25 (STT-RAM), FI FH wER% %
SE(MTI)RAAEBIGH T, 78 MTJT &2 246 SR 2 40 8 T 9 J2 s i vE A s B A
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it 2% (RRAM), I FH BEL{E AR A6 BEAT B ARt R B A AN IR A7 i 25 2 ) P ek R X L, dune 3124281 ip
i
x 3 T REIFFESRAERER B

Tab. 3 Performance comparison of different memory /storage technologies
PCM STT-RAM RRAM SRAM DRAM Flash HDD

I EE /ns 48 10 116 10 55 25 000 3 000 000
‘St EE /ns 150 10 145 10 55 200 000 3 000 000
fit EY /I ik AL Ea [ [
fHRFH/ I} 108 1012 108 100 > 10'° 10° > 1015
5 Rt = = = i i = =

I, SRy /R RS AR (il 205 s T e ar PR B0FT, BFA ) TR 3D HE
B, B AL Y DG HER] T =4S XM HE S SRR A AR e T PN A R 0
R, BRAR T U7 IR EE, B T RS 98 Intel® Optane™ ZR A1 5 293 2 X B AR 17 34k
H1 ), A PRSI RLRS, 739002, Optane WAFAI Optane [ 208 4. & ATPREBE A IS il I 48
B2 TR R, RGP AN T A A RIS 8] (A 74 TR, XSS Rt (M BoR 45 #y s
FEREAF 2 1 R s b BT SROHT LB AN B, (e AN A A L R AR N e P 77
T

2 I FHA

21 %

e ¥ B T2 Bt AR AT 5 T A 6 22 % R 4t — il 4 R 1) 2 7 SR i —— ORDOBY, 4
W TIA I RS R 748 2 i s B AAAT I S W B TR JE . R £
CPU Mk 2545 b, & )7 75 BAE R AW & 51 748 2, X AR CFE B b BRI 2 4% 25 /0 10 AT
PE. Rk, ORDO KA T —AN 4 e 8 2 0 R0 A4 i Ao 9 L et — A6 22 A% B8 48 A A
HLATANG s IR, e Ak, A AR AT TR ) ORDO J5UTE, T K & 5K
Ky, B UE L T DY PP AS [ 22 ¥4 (Intel Xeon. Xeon Phi. AMD Al ARM) )53 F1 2 48 #1414 (151 4,
RLU. OCC. Hekaton. TL2 FIZEFES X)W 0 # ke 1515 2 e, SEI0 g5 R B, IXLEAH
I EE RN R G R 445 21 T IR U (o

JBR A8 B T2 Bt (RAF 52 AR T — R B SO R G 1 iE——ScaleFSBU &R H H A
CPU #4b& M#AE H &, MR T 75 AR R T I SCAE R e X Rh vh 45 i B I R H v 1) Y
A7 H LS PR R S5 K R T, I IR R AT A7 U B B A v 98, T LLIFATHUT, PRI,
AT DU SO R G BEAS B 5 S5 M2k ME D JiE. ScaleFS ZEAEAS CPU KR i H & Hhid A R 1
e, UME eI LA ZEIR, E3 fsync RV A B BIMAAH. fsyne REWHE &4
AN CPU K H &, Wi se /e N ] 20045 F. ScaleFS i FH 2 T a) BRI 2 PhAL A o
SEERAE AR R AR ISR E SRR, BEARAIE T RAFIPAT A I ERE, TR T I 281 1) IE A
1[@'

B2 T ik ORDO H1 ScaleFS 7E B AFAT 7 H I LAAR, B W AE T EHR IR, 1
HVF 2 BIFRE 2207 NUMA B2 77 TR 55 07, 55036 U7 v A B R8P A7 AN KRR I ) 8, 33k
— IR R AR TERE, W0, WA S THREBA . AT APPSO A, T R I T K
TR H T 2 AR REM TR B AR, BRI AT R Gep SR vh R 077, I3 s
BT G387 S A TP RT AT A R o b, AT SR gy ) AT I, Ok B b2 S Ak B R H
.
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2.2 GPGPU

T OLAP "t T HATRE R AR W 2754 SIMT 454, ik, 75 OLAP £ %0 b Sz 47
THEIE BN G 1. e B vT DA V) 23 1 2 A B B, B B BV S AT BT I R AR A
FTLL OLAP (3564 GPGPU [IACHIEIAY FF &4 1T LLK 2 AN EiHe o Bl 31 2 AN AR R FE B
FIEATHAT. BB — GRS AT GPU SR M ARETHE I, PCle f5 58 ok T8RS, e fiA
N FE AR HUET T NVLink HARBY ) Xt/ GPURE 5 PCle A& 5 M 801 —AME v 7 %
YECPU/GPGPU [ b A R 4 b VAT 45 1 S ORE SR, DL R e vl B8 by v 2 R SRR A B30
BRI AU IT R

GDBBYJE— A3 T GPGPU JFRMIsE B & A B R 4%, & T — K5I T GPGPU
B0 1) v AR AR IR 454 U R OC R 7, IRt T AR SRSk A 8 GPGPU L ity
AT I [R). T A% A 48 O 2 PR AFF 9 [T B B T AN ) 270 Ak 35000 22 2 1 1R VR A B 0 AT 5
% HyPEPY figlig 24 CPU Ml GPGPU [M4F a1, A iR & A ik ki, IF5E TARMA 4k s
TR W R AT Ak, 78 5 4 b BE 28 5 B AT I 18] A% 50 b, HyPESR FH 56122 311 B 3
RSEA I 7E 3 N B SR RN 4 ST I (0] 2 () 4R B DG G, R Gt ik AT 22 2. 4 2%
IR i, Gt 7 vk 2 30— NI ACL R e ) 1% 5 bR KRR B T 22 B T 5 N B2 T R
1 MapDB7l 2 B 2 i b A 5 L 52 FH 1 0 28 KA 47 $ic 8 122, & R LLVM G PEHE AL
SQL iEA)G B GPU JFUEARS I . B 7 R T A s 80 TR, 04 3 T 18
P23 BT FBOE 2T 6 AT G AR I8 TA%, 10 Spark-GPUBSl, PG-Strom[391%%,

OLAP B 3 eV EAE KB EHRE OLF 4 AW MR, 1X 5 SIMT IBE 473047
AR 325, /143 GPGPU 78 OLAP N thaT MR I b - A7 $04T. AH R M, OLTP Y1) 471 2%
BLSRAE R ) Y AL 38K 9555 XA AT B DA A e ) BR B v ALk, GPGPU g4
ZEAR T NATE S OLTP N . & T S X AT N, 1 v BT K 25 R I o SR 274
HIFSIL T — AN 7 OLTP M) GPGPU H4&#AT51% GPUTxMY. GPUTx B2 ANF 4% K
BB — A, ME—MMESPUT, (FI R ke B SRR e 45
HI | TFEELE A AT SR . TR MR R b (10 .55 75 4 L I [ BT 326 H R A TR i —
AN PR AR AT ).

2.3 FPGA

U B, fEE AR AT, ] FPGA IS v 55 32 BB B2y s (K137 5o 51v%. David
Sidler 25 NSRS T el 26 icdls oo AL RTSGIE 2L T FPGA ) TCP /TP Bhisthk, LA AR
JE /D R AEIR ) 8. Kaan Kara 25 APLELL ] FPGA I % T a5 % 2 7, ¥ FPGA
B P AE R D A BEER R A S e ) — AN A b, SR QPTHR S CPU MHI%E, B 54w 70 A I 4
WL B m I EALATH, RIGAE FPGA LT 2 F 5 R 1E. David Sidler %5 ABER A — A3
TIntel Xeon+FPGA )R G 404 s AL 48 4045 2 MonetDB H [ #5 CILIE &5 i), 7 56 7E CPU
L HH TN BRI BE, ARG AE FPGA _ESEHL T — ARSI, ST BAR PR S R E WU L.

B T IR ek e 1) TAE AN, A0 2R FPGA 3 FPGA+CPU Hszl—AM5¢
R A R YL Zsolt Tstvan 25 AL FFPGASZIL T —ANHUIL 8 2 174 51 # Caribou. &
KHT Cuckoo W A5 2 1) 5 SAF AR AT, A0 T4 B 1907 3K FiC A4 22 BRAM il DRAM
N AE, 76 FPGA 1R A HRAT VK RO 47 0 9 Rl S s 3ok 2 i 3 4. sk g 2 N[ 78 4%
I S AL T S P A 2R 5 R B AT R B [ B vk, SR T — A3 MySQL 1% R B0 i R 48
X-DB. X-DB X FPGA [H#i /K2 Intel QAT A, ScHLBUE R 5. IBM R8E O 4y
Wt 24 PureDatal*?l, H{i B /& Netezza, KT FPGA Fl 2 A% AH 45 & 10 b [7) 4k BB AR In i - 57
I7i) e 3 T e At 32 3 0 v DB2 BR8] IRATHAMS, B TN R R R S, Sk
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TR (4 RS R ] FPGA KNGS AT, HE— 5 kDB A AR 1 FF4Y
3 FHBMLHEK

31 HFEwEEH@E

TEAE G RGN, R A BIIRAE i, S8 T2 A D ERRMAITR, W, R4
W A4 DL, B e o 0 265 1) R e, 50 T RN 4% 1 T 23 125 )ik — Flopin r ka3, DRI, 3 F
I AE M T TR S5 RSk, SRR 24 R 5 B IO HE T 2% B T AR H T 1 R
G 4RI 10 )7 %8 Arrakis!'8] BHAE G 1/O Bbs M40 PO PG B ik, $4t—MH  2)
)2 5 R A 6 LA L, U ) st R I 5 T AR SRR BRI AE N AZ 2, XA = T R4
AR, AR SRS SREEE T2 B ST A B 7 — A v e I e R B 3R S HL A T A
P 43 25 AR R s TXAAD )t 2 2 JOL Ak B AN P A% (00 7 BN U 55 0 e (2 HI T ) 5 1) 8% Ak
B (B TH) 20 TF, $24E T A UL JRA g RE R 11, AE1S A W] DL AR 1/0 B,

Intel TARENTAIHEIFRE T —EH P S5 EL DPDK™!, AL T Rl if 4 A 2
fift )7 % 7F DPDK H, JFUALX I TREATSEI T — B 2 R R N A7 T IIAE S, DL J—HE 45t
WA IR DK S N TE B I IR T G A7 3 R S4B R B A T 72 A1 BA, Xt 2 4% R 48 s
T EAH R A TCP Mk mTCPMO! | S PR L 52 S i3 477 A1 Ak B 1) O X3k
TSR, RIS BB i — 22 SRR AT 15 B A e 1 (R R Y 5 T 2N . IR e 45
o TR ST 23 25, DA RORE AL G806 T N A% I AR A BT R% B H P 2 W) I 1A, 280 T AR 48N
BN RS NA7ES DL P 5 R R TR, 45 T I 2 TR s e 4 21— 20 R
Ji.

3.2 mEAFEHEFR

o HER (R BIF 5 T BALAT-51) R T —ANJE T Infiniband #8948 1) 35 2 Y A2 A A2 0 R 48
RAMCloud, ‘&8 FHIE T H 2585460 1R P 745 B s o i (36 FH R 05 00 A2 e 5 RIBOROR ) 8
BEHERAE IERE R 5 s, BIIERESR) T 15 ps. SEAk, M 1B 7E RAMCloud R H sl T & 51,
7 — AN AE T 2 RS . RN, ABATTIEE RG T Se B T MR, B T RS
— Bk, AT DU AL 2 RN . 5 RAMCloud Z848L, FaRMP2IAT MIC A3
KH T RDMA EiRMU B AL, 2 m R EAARMERE. (H&, AR L, FaRM F1 MICA 50
K RS A B AR T A T 2 AL TAE, 75 RDMA & 7 M B (e ek — 215 3]
AT

BT LIRIXEE NoSQL &%, 144011 ¢ R ALK B R IT LA 1 /] RDMA AR, Fif B 2
HoH BE A B T 35T LA ) RDMA Fl NVMe SSD HiASZIL T 56 & B %4 2 PolarDBI4,
BT RDMA 32T+ M 4848 B AR, FIFH NVMe SSD SK$27H ML 1/0 HIPERE, Kt &2
TG B, IhAh, AT — oo 8 RDMA B AR A AT b3 (55] 1 4% 4b 341 56) A i 4
3.3 MItEMM %

B CPU ALEERE S (3 T 758, — S8l 503 A H 0 1) RDMA B 2 i iifs. &
M, 45|\ RDMA L5, CPU (AL fE S SOk T8 RS, BR T Hic b 21 F (1) 48 p ik
fE. DRk, A E R RO R R T I AR H T AN 5 mT Rt 0 5 A 45 6 1) P AP B A7k R
LK V-Direct!"®]. E45— 4 CPU S B 2 vl g FE 1 95 b, 40 J0 3000 ab B (0 ik 42, 0E—
AR RGN TERE. BEAh, LI I AR 2E R Barefoot 48 IIIF ST TN, A8 FH AT 4 F (1 4
ZRSZH T ANBE B AE AT WL 22 4F NetCache" | 845352 80 1 M A2 AR 15 S0 46, 205 T RS
PEfE. NetCache A% Lo — N ECHE 0 AL BRI K 26, ) P BIAC TT 2 R AT e M LA A B WL B i h
TR R A7, IR, ARIE T 2847 — 2.
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AT 2 AR Al T N 4 5 A S AR A A 45 4, i, PASTESL. PASTE f& i H
A LA ) R S 56 A R0 EE S 2 T 5T AL R A, & — ol i) NVMM W 2 gm ez 11, 3¢
FERRERIN 45 U313, 1 TCP F1 UDP. [, ‘&l g k15 NVMM B% 454, — BEIRE
SRR DMA 1A EHLNAE, BBk ATE R, AT BT AL Ak, A Azure = WAETT
LR R T FPGA HY5E BT FE M - SmartNIC 21k bk 2 b (1 8 A 21 .

4 IHBEHBEAR

41 —FHHEREEA

A6 5 R W AE ) S0 ) BURE T A7 BN AE IO ELT 5, LA NVM R 5 13840 5. Rk
AT IR B N A A I ELP AT IR, A8 T 5 10 NVM ) il REAAAE LS T %
PEEARIESL I EE. S T iR NVM 9 —80bE i, 2R S TR 2 %5 5.

NV-Heap 5 7) TR 2 A 08 LR M B RF A B, SRR T Fiakt e 4, 24t T —41fd
PSR, BN, R AMERT SR T SRR AL, NI A, SRARIE 8. ANE T NV-Heap
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