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Abstract As the first 7-nm ARM-based 64-bit multi-core CPU, Kunpeng 920 stands out as one
of the notable landmarks. The CPU is equipped with a hardware accelerator for compression, 1. e.
KAEzip. Recent research efforts indicate that hardware-based compression algorithms have
significant performance advantages over traditional ones. However, the most of the crucial
foundational software in big data fields, for example, Hadoop and Spark, cannot recognize and
leverage them. Therefore, how such algorithms perform in big data environment remains to be an
open issue. To address this problem, this paper first proposes a “producer-customer” -based
model for Spark tasks to formally describe the relationships among compression, multi-dimension
hardware resources, and execution times of Spark tasks, and then extract what crucial factors have
influence on compression in Spark. Afterwards, a three-layer architecture on top of Spark is
The layered
architecture is quite easy to be extended for optimizing their performance in Spark and is

proposed to enable Spark to use hardware-based compression algorithms.

conveniently reused in other big data software.

Based on the model and a series of experiments, we evaluate the performance of KAEzip in
Spark and then reveal root causes, which have a vital influence on KAEzip. Our experiments indicate
that hardware-based compression algorithms can bring significant performance upgrades, for example,
KAEzip outperforms snappy by up to 13.8%, 7% and 5.7% in compression, decompression and
LDA, respectively, and that data transmission speed of disks and data process capability of CPU have
a decisive influence on the performance of compression algorithms in Spark, to some extent. These
experiments furthermore demonstrate that KAEzip may cause data inflation problem. Finally, this
paper presents an optimization on top of the architecture to reveal the root cause of the problem and
then resolve it by exploiting the working mechanism of compression algorithms in Spark. This
research work not only promotes the optimization and evolution of KAEzip and Kunpeng CPU but also
benefits hardware-based compression algorithms in other CPUs in the future, to achieve better

performance and lower overhead.

Keywords Kunpeng 920; KAEzip, big data; Spark; hardware-based compression algorithms;

root cause analysis
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isf 52 M A 55 M A 7 Bsf [) ) BB PR 28 0 B 1 S 1
fe . R4 BIE R AR PERE S R ERE ol R 46 e . AT
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45 AEFEEE A X Map 4155 - R4 B 8 B
ARG A B SE 2 S I TR AT

data_size'

_data _size

data_trans_speed ~ DPR (8

data_size' F /R AR BEAL PR Z TS KN . BB
A3 FN(L) , Map £ 55 A THSE] AT LLR IR A
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TR HHE B[R] R 46 595 7 Spark BREE T (7
AE . AER [A] — B B i BT A AT S5 T AN ) TR 4 505 T /Y
iy N B 5 AT R 2 A R Y PR A 23D ~
data_size .
DPR i Pl ¥iphsr
FEARSE . TR T,k LR R R 40 0k AT
FPATIR R PERE2E 5. OF B T, ] LA Spark H 35 %
g5 b BRI R AT 8 20 (2) LU A [A] e 46
ST Spark FREE T 1Y HERE2E 57
AR O RY L EHE 253 LT 405
1% %) S 407 3 B e I R 4 B v ) S B P e
B Ik 25 R e . Rl 1 BB 4 R T
Spark # 58 T B PERE 70 A2 (2) H e R 46 581k
REMS W20 /2 40 26 F
data _size
Py
data _size
PZ’&A’
data _size
DPR
R A TR AR A 20 3 J3E 032K T PR 40 53 1 1) 4 B
it R 448 S I, A B AT A5 DT Ak e 4 55 1L E Spark
W T RPATIERE . — M 7 - data_size A] DL &

data_size' data size }

(10) 7 %) data_size PZ

> Pdw’amp

>P<'p zzzzz

> Pmmp



2634 it

'

¥R 20234

Spark 48 H & 3REL, P F Py v] LLE i 2 Ges i)
TR SR A W A B AR ROk A

data _size .
c&% AT RLGE i H T TAKSE Py 1P oy
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L HIRE PP A AT PR RE I & T Java I FH AR o X i Ak
T Eh A S 9 7 A 45 HWCDeflater B & 5
JE 46 M RE . HAKT . HWCDeflater H1 1 deflate O
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LDA 1, Shuffle 5 B N 2572 — X (pain) 4
G HP X — 0 FE R Integer FEMIXT 4, H
HAC KT X5 5 A IE R SR — Tuple3FEMIXT 4,
FHAAC s — 5 8 B SCRY D 246 ID A K B
T2 B AR . AR 4 e 45 575 A Spark TH 32 171
il , 7€ Shuffle B £t 5 A B SCLFRF , — XS A
PRAE 2 il PO R 48 pR AR A 4% LDA T Ay e
AR TR R4 pR B i A B s R /N L Hedn, Y
JE 45 %5 (R 55— > JC 28 B R 4 eR B0 i A B 2
AANTFAT . FEXFREREE N KAEzip JoEEA A 3 7
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BB AR AR — N AR Long BUXT 42
(2)FR3 1 R IR A R SR . DR X R VA A
KAEzip M2 A 2T LDA i i ik [ R
5.2.3 BT =JRBMMN R SRR IUL

4. 135 Frid , 78 Spark 7 FH 2 947 —
YT G5 N B BB 25 fil & — W% 45 5 fife e 4 A1
FH . R s B0 FHAS O R 4 oR B - 349 i AR
it 5 ke KAEzip 5 SO0 B ik 55 (0] B8, 1 5253
TEAT 4 5 ma B F AT IERE . Uk, AR SCHR
— P T Spark MIILAL T . 5 R R SEEA TR ARUE
PEF R4 X R AE A BN G AT X, YA 5 Tk B A
FHAH VL %) e 445 B3 0 28 o DX ) 5 6 A 7 T 4 s L
SRR 9 F s

N 20234
g g ol oy
BT OAF 0 BUE S
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KO BTG A7 B9 546 5 ik R4

GEAF T AT BRLAS KT G 1 Hs A 5 728 O it 1
XTGP R4 o AT AT R b8/ 1 ek 500 8 T OCEL
AT AT A E RS R 2R HWCDe-
flaterOutputStream, 575 1§38 T4k 77 ¥ 19 4
BTN B b_delay VE R AF X fill A %
HWCDeflaterOutputStream H1 [ write O PR%L . 7E)F
AL — X}, IDK W writeObject O J5 15431
FHE write O XTEHE AT 46 . write OFE R4 75
B o PR F I SRR G AT X b_delay 754 /2
% 2 A 25 G E e 4 PR 85080 55 34 7). T ieAy, IRk ¢
FEAECE EHAZHE VL2 b_delay. W b_delay 5 B
Shy s 445 512 O o AU« 80 ) s 40 0 1 A T 0 e
45, JEAR5E 2 JRTE A5 b_delay SR 5 BB b A B
PR b_delay ™, T — I EA6 B ATEE .

Bkl RETEANEEES.

i :byte[ 1b, offset, length

i : the number of compressed data in byte

writeCb, offs len):

IF | def. finished ()
1IF(b_delay. length - b_delay_len) = len

copy(hs offs len) ;
ELSE
def. setlnput(b_delay, 0, b_delay_len) ;
WHILE ! def. needsInput()

deflate();
ENDWHILE
clearBDelay();
copy(boffs len);
ENDIF
ENDIF
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it 48 E /N I AR A BN G A7 b T R I it
FE AR Hos B NG v 32 OB RT3 i el o
Va0 BB M A TR 40 R 3 T HW Comprression 1 fi#
FEARTERE . o 1 A AR — A S IR
DA T 30 7 RS 1 b T e e 4 1) 800 3t e 5 %)
GAE TR AR AL DLE RE TE B M S I — SRRy
e S AL B - 75 U AT BE S BURUT AR . X e f)
A& 75 125 X T S o B 7 rb e o )2 S X
KAEzip B4k .

ZA A T IR AT Rl B RS R 2
HWCDeflaterInputStream ., fit. ft. HW Compression 1
Spark H (4 i 46 E BE L SR 2 43R TR Al
B R buffer CBRAN KN R SKBIE A
% A7 X FlA 3] HWCDeflaterInputStream H read ()
PREL . FE BT AN — X ) JDK 1 read ObjectO)
PRI VR T B read O pREON BUHE HEAT 8 FE45 . read
OTEfiff R4 48 58 it 597719 2 5 8edl o, 21
Pe T ELEH buffer h B HPE VUSRS 055 147).
(7] ik S R0 ) A B N B off 5 R R AR B 715 8 Len
247D AR AR TN — OO A 11 4 A TE R P . A
T buffer HEYEE FE A IR R 0 57755 8 B
AFT) o 75 W Tt T — 7 £ BRI B bugffer v, SR 4K
SN buffer 5 DUFE 715 808 65 1947).

Bik2. T OARMEIE R4

i :byte[ 1b. offset, length

4t the number of uncompressed data in byte

read (b, offs len) :

int n = copyCb, offs len);
off +=mn; len -= n; read_num += n;

IF len ==0
RETURN 73
ENDIF

WHILE /len > 0
k=pre_read();
IF b==-1
IF read _num == 0
RETURN -1;
ELSE
RETURN read_num;
ENDIF
ENDIF
IFA==0
RETURN read_num;
ENDIF
n = copy(b,offlen);

off +=mn; len -= n; read_num += n;
ENDWHILE
Tk 3R T WAR R bR EK pre_read O. W R
buffer 375, E VA F 47 505 A9 i s 07 326 A )| —
JE VRS B buffer L IFIR 18] £ 228 i T 1 B9 710
HeCR 347 . A REE R A EEE C 2358, IR (0]
1R 71T,
B/iE3. BRI R4S
it : the number of uncompressed data in byte
int pre_read () :
ensureOpen();
IF remaining_elements == 0
WHILE (n = inf. inflate Couffer, O, buffer.
length)) == 10
IFn==0
IF inf. finished ()
reachEOF = true;
buffer_elements = 0;
buffer_off = 0;
RETURN -1;
ENDIF
ENDIF
ENDWHILE
RETURN #;
ENDIF
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JE4s . R ST I A 0 4 Jre Jgh B T 3k 2 8K
Pt 5 v ) o LM P R G A SRR Y R 4 R
2. LU KAEzip.
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il MapReduce %5 £& il P 5 48 51 T 75 U A7 18 24
SEREME ] compress ZHAFHR ALY 45 5 i 45 D e .
DL 48 51k BZip2 SR 5] 2 21 Ao J2 R S A iy =
JE LRGSR A PP R AR B 5 — 2 F AL compress



Ll

¥R 20234

2638 it "
A CompresionCodec CompresionCodec A

( . A KAEzipCompression—

BZip2Codec Codoc

. J/

4 ——— )\
g v v B . v <
< E4h RER g AR R 5
==} i )

ES
\ *TJ J
( 3\
\4 \4
BZip2Compression KAEzipCompression
A nativeBZip2. so libz. so A
(e}
v i T4 12k
Libkaezip. so I
fi 159 20CPU

E10 =247 Hadoop H I H

HAFRESE R R FHZ R 40 51 58 2 A s Ui i
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Background

Over the last few decades, Spark has emerged as a widely
used platform for large—scale data processing and analysis.
However, processing a massive amount of immediate data in
Spark often leads to excessive I/O overhead. To mitigate this
issue, Spark has incorporated serval compression algorithms to
reduce the size of data for better performance. Currently,
mainly compression algorithms, for example, 1L.Z4, LZF,
Snappy, and ZSTD, each with its own tradeoffs between
compression ratio, compression speed, and decompression
speed. This is because maximizing speed and minimizing ratio
are often conflicting goals, leading to different pros and cons
for each algorithm, also signifying that the performance
benefits of compression algorithms for Spark applications
remain an open issue.

Traditional compression algorithm researches mainly focus
on the optimization and improvement of algorithms
themselves, ignoring the support from hardware, for example
CPU and GPU. KAEzip is a hardware accelerator for
compression embedded in the first 7—nm ARM-based 64-bit
multi-core CPU, Kunpeng 920. Recent research efforts
indicate that hardware—based compression algorithms have
significant performance advantages over traditional ones.

However, most of the crucial foundational software in big
data fields cannot recognize and leverage them.

This paper presents a formal description of the
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relationships among compression, multi-dimension hardware
resources, and execution times of Spark tasks. And then it
extracts what crucial factors have influence on compression in
Spark. Afterwards, a three-layer architecture on top of Spark
is proposed to enable Spark use hardware—based compression
algorithms. The layered architecture is quite easy to be
extended for optimizing their performance in Spark and is
conveniently reused in other big data software.

With extensive experiments, our evaluation illustrates that
hardware-based compression algorithms can bring significant
performance upgrades; however, data transmission speed of
disks and data process capability of CPU have a decisive
influence on the performance of compression algorithms in
Spark, not matter if they are software-based compression
algorithms or hardware-based ones. What” s more, our
evaluation also indicates that hardware—-based compression
algorithms may cause data inflation problem, and then a
software—based solution can be represented to solve it.

This research work not only promotes the optimization and
evolution of KAEzip and Kunpeng CPU but also benefits
hardware-based compression algorithms in other CPUs in the
future, to achieve better performance and lower overhead.
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