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A Set of Performance Profiling Tools for the General Purpose Processors
of TianHe New Generation Supercomputing System
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Abstract TianHe new generation supercomputer system is a new generation of supercomputer
system in the TianHe series after TianHe-2. The system is expected to adopt a hybrid
heterogeneous architecture of general processor and accelerator, in which the general purpose
processor adopts ARM architecture. At present, performance profiling tools for ARM
architecture are still not perfect, and those for new generation supercomputers are even more
scarce, and their practicability and efficiency are still difficult to meet the needs of programmers.
For the general purpose processors of TianHe new generation of supercomputing system, this
paper designs and develops a set of performance profiling tools, which contain cache conflict
detection, false sharing detection and memory defect detection. The tool set can analyze the
performance problems of the system’s single node and the multi-node programs with high data

parallelism, and solve the memory problems of the programs under the authority of ordinary users
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of TianHe new generation supercomputer system. Specially, the performance problems
mentioned in this paper are mainly about the cache, which is always invisible to the programmers.
This fact leads our work to great significance because the performance problems caused by cache
are hard to disclose by programmers themselves only checking their codes. The memory defect
detection tool proposed by this paper is able to detect five sub-problems including accessing
invalid/illegal address space, use-after-free problem, read uninitialized space, double-free
problem and memory leak problem. In this paper, a variety of performance optimization strategies
such as min-write, cache line alignment fill, and thread access isolation are used to improve the
tool performance, which can achieve 1.2 to 20 times faster than the unoptimized tool.
Meanwhile. the novel red-zone detection method and red-zone hiding and recovery mechanism are
used to reduce the false error rate reported by the tool. The red zone detection method is to set the
red zone at the end of the memory allocation space to detect memory access errors. The design
idea of this method comes from the summary of the common pattern that programmers write code ,
usually array bounds are concentrated in the array boundary. The purpose of the red zone hide and
recover mechanism is to avoid false errors during continuous memory allocation and further reduce
the false error rate generated by the tool. This paper also developed a supporting visual interface,
users can perform visual analysis and processing of the program performance analysis data,
improving the utility and usability of the tool. In the experiment, we use our tool-set to find a
severe cache contention phenomenon in OCEAN-ncp in SPLASH-3, a famous parallel
benchmark suite, which reveals a huge hidden optimizing opportunity. Later, we use the false-
sharing detection tool to pinpoint the exact context also the line numbers in source code where the
false-sharing happens and incurs great performance degradation. By gathering these information
together and thoroughly exploiting this opportunity, we achieve a 3x speedup of parallel program
OCEAN-ncp. The tools’ time cost and space cost are about 40~100x and 100~200x. The tools
have moderate overhead, correctness and practicability, which can improve the programming
efficiency and program performance of TianHe new generation supercomputer system.

Keywords performance profiling tools; TianHe new generation supercomputing system; false

sharing detection; memory defect detection; program optimization
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W E N 1 RUIBR T &R 119 L2 Cache 22
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FEATRIAS , HoAth R A ER I O . SE30 7 S 02 1
TR A B JEA Y bitmap = (1 <<<T1).
4.1.3 PhIL=EA A

PhyH ARG I 7E 22 A7 wp 5 A DN it 2R A L,
AMEE S BB R S BT . 1S A T
RGP P S LR IO . A 3k
o 2 X0 HAh 2R 18 7 [0) 175 50 1264 0 W R ok 5 20
R PMEBES DR TIE R X THEIE TN
FERFRAE RN SMU 1) 454 2 2% Zhao 55 A L
FELRAT- WP SR ) (1) £ AR VA 7 P ) Sy b % F 2%
AT I B — 5 (word) # 75 B2 45 40 43 e 19 4~ 7
B, — A~ J& 52 47 8] (read bitmap) » — ™ & 5 i &
(write bitmap). =3 73 Hllic sk A BN S AZ 51
S

PHILZE R FIWR RS - 2 & A — RGP AR I, 7]
D30 Ao A A A G S R AN IR i R 2 i 2 T B
T TR o5 224 i 2 A D A 2 A 1 5 A6 TR 1) A
I SE AT B S W) A A — R PR R 5 ) e A — IR
HemE YR ARG AE R AT FRATT AT LU i A6 A
HH 26 S I A7 T R 1 o WP 6 2 A 2 AT 2 o 5 i 1
WS BR SRR AR N HA LR AR A 27 N o7 1 1)
AN S4B BAL R4 KA — IR = 0 & AR
—REME X T — IR E ] (store) #24E , 75 205 25
YT GEAFA TR IL ) JIT A S L %) JIT A A6 () X6 o
Vi I0) B 7 1 5 57 P81 o X6 By Y TR AR 1 S0 6 A 7 A7

Phy e =2 A6 I client P e 544 552 B 3 72 122 A7 e
SR Ay A AR S R0 AR T C+ U i — A~
A client B2 ¥ . AN [A] 22 Ab7E T X% O 2L 22 508 1902
SR A A L ) B, G116 Jr 7 L PP b i S
SE 23ty valllbv SV NETOEZE” S Niip Y hE
(S)FNCE) H AR In 1 % Oh 2 =285 i 9 G 1 R0 B
RS FCE) T A3 HIFE N 7 X7 RS A7 & Y
TR AR . DL AR i C+ AU R T A
JryFR AR 1 1) RN PN A e O R

M T T B 2 & A Oy AL R SO
B fEisfrd B il LT UFR . BIPE
bRzt Al RE S HELLA S = AP « [ — AR
AIREZSTEANIA] Y b5 SCAk e A A 3= s R[] Y 728
WA BB S TE A —A> LR S0k kA Ay = s [m]— A
AT RESTE N —A B SCh R AR IR R TR
% X 2 1 N ge ik LA b = Fhog Bl i B . T B E
client P2/ A T —>42 )5 map. map [ (key) J&
¥ 32 (37 728 B LR R 32 R PR AL 22 & AR 1 I
TS B AT DR BT 41 LY 64 78 4k, o 18 7

C N 2024 4F
SV f A | Fmui
TRAEATA Bk
ﬁ/w'xﬁ
AN REREN R [
Tomg | s
ot
> '/l“x‘
EHARE [ R_RERE
A T mE [ Ak #
7|
£ _RRARE =
| IS I
i S L
|
BT
Bl K3t
| P l 2
gkt
SR

6 PhIZmAG I client £ 57 i R F

7N . oy 32 AL AR A AR D S Y R S
15 B AR 32 A 1S 5 R A L2 i A8 ) B A
B (value) A0 1Y 21248 e 78 S 1 R SChb &R
AP ZE B . SRR AR T AT AR IE A 2 ] — AR
HAE A R SCh kAR ph AR T HAR W DLIX
misimaei e

cur_ctxt<<32 create ctxt hndl

+f a create ctxt hnd |32{§Z

l

[0l a)se sharing happen ctxt dats

kil false sharing happen ctxt

R el
B 7 e R

h T R PR RAE S, TRASMEAE T
WA~ 4 R A0 ff B9 B - (D) global-all-threads-info $2
BERY IR TR SRR SR B — SR A Rk R At
L BT B P HE B 5 (2) global-all-threads-
compact-info $& i (/& #2285 7 0y IR 4 ML IET .
REOCALIS , P BT 22 56 T4 5| e P 2w i A5 1 gk
A RA AN 27 AR S AE BAR Y BT SCb iy ph 3
EEAT R PR a2 A PR e A A S A (] 1 A o 2 2R
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R PR RN i
HTE’JJ:_Fijn Hidsx.
4.2 WIFERBEHT
4.2.1 BRBOHEEK

PR A7 S5 5 R 00 A5 ke T ARG 5 288 PN A B 84 )
L 5 ) AR/ AR SR i hE 2 8] 5 [A) B (free)
J () btk 23 1] iR o SUE R AT R AR Y 23 ] L P TR
R (double free) [l AN P A7t # (memory leak) [A]
AT B TR S 3R B i T A Dr. Memory
A, AT DL SZ R ARM 42445 15 (A I L S BRI )
T R P e R AR A A B A R R

T HAFEX WA B — A # s T A
FEAEAR R B AR TTEE - DAARIIZ 90 i i b 1y
RAS . A& 8 TR , Mk 23 [a] 1) PN A7 Huhk 430 43 A pd A
PRA (D) unaddr R 25 48 2 & {# F malloc/calloc/
realloc =~ N AF 53 L bR B A7 53 TE 79 P9 47 b bk 25
B8], 2 AR B Mok 25 8] 5 (2D uniniC RS T E AL 9

TR EFE R A I

HEAP

unaddr

uninit
unaddr

defined

K8 s PR RI R

B RS Dy T3 T AR I A 52
PEALHI T HN 2350 48 25 [a] P 9 bk 23 6] X 43 P4
bR 2 ANUb v A 23 TR) % 0 A b ik 418 LR defined.
A TR R A ) At P A ) (E R T R
SIGSEV {55 . BB 4 Ut B 1% B Al 15 W K nl RE J2: ph A%
25 (8] N A AR B0 Ll X AR O =L i TR

23 (8] AH R AR AAT AR, AN A B 7 1) 23 ) 5 (3) 50 Dr. Memory & 4% (1) W5 4= FUBSALHL ] 9 [ B
defined IR O /T ELIF AT TOILRALIZS 0], 02 (R 88 TR0 B9 S BRI g
BN LENYIR S (Direed IRBRZHCE 4.2.2  BIRSLHILH
Ay BCE XA free pRECREHCHRLIN 25 (8], B AR ZE 215 PR Bt o R 0 T L A AR R A N 1] 9 B,
[F) 23 [a] . HAZ O BEHAT AS - MCHEJS 9 DrCC T Prof HEZE RN

T H AN A4 A F2 2R HE RS [R] X TRk s (]

M. bR TS AN R AN 2351 & segment fault 7]
R RIS 1) PN A AR T R A T 4 Ak B0 S e A

T L AN R s — M BR A [] — VR TSR A fin— 4 e

/.

fE8US MIDrCCTProf HESE

[ s
TII A ].{”]l &;t—ﬂ] 1+] \

P 7 RO B AL
wiTHEE S | > AT TR B 3

ABHEZL LAY client B PP LB . T H B IR TAR AR
AR IS AZ D BB AT ST R A, PSR
A B I ME P AR B E  R AT B A — 2R
:J:El?

instruction I

ruction 1+

3 q

malloc/cal loc/reallo&???)
e

1y
fiii g

%7 T ¥t 5 i) DrCCTProf ix — 3, & &= 5

WA — &4, AW & S A malloc/calloc/

\ AT JE A B

s 13 7 7 i Bk
TG AL A

LR &AL
L ¢ — instruction k
: ] lientFEFF instruction k+l
WW? Fo WA lrrEtruc on _k+2
N————— a8
RS \

K9 A7 BRBEAS I BT 2 P

AT —

realloc/free PUAS N 17 SS

[ A5 L R RSORE ZEPIAT . 2R
A~ RBORE B AT« 2 ik A AE 2R A Fl 42 AL
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¥R 2024 4

il < 75 pRBCRAT BT HEAT H8 0 44 52 B A A ok A0
N BN 725 0] 45 21 bR B T (45 1T I pR AR 8 7
A7 ] 457 B R L TE AT Z AT SRIBCHHAZ A
(28005 B s 7E BRBCAT 5 L HE A7 46 B 4 52 IR 1Y
S5 VA R ERCA A B A7 TR B R B L (A S
BRI ES B 5 7 N A7 25 )45 3 ek BV T i A T AR BIUH
PHAT (0 45 5 B R S R B . HE SR 7 3R BRI N A7
3 BE R A S HORR M A5 15 BUS  B / ZEAR R X
SEAE HORTE Y+ NAF . 52T AR R HESLHI client
PP ME— 19 52 B 7 2l k5 1 A HE 4R T LA
S 3E N client B2 1y H ETAY N AR BCE O . B
i 11587 A9 alloc_map_now Al alloc_map _history
G2 HEZR AT LI 5% N A7 2050 19 229 15T A D SR A
SR A I T R RN P A TS N A ) R
A R AR

XF T client FJ573X — A, & R AR B M g —
FUIMFIR A R 4R 2 W Ui fE ik £ U5 )52 N
£ . client P2 7 M S HEZL 2 Fif 15 i 4 (9 DU MR S bRk
(R F X — Be N A3 (R RS, OF 45 6 4 AT 5 2
(325 Rk HWriZ A5 48 2 2 A AR DT A7 AT
. AEPAT B8 A0, client BB T 2BUY TN
N ZHb R SBUGE TN IR EHRASEA
T — B uninitCIR A A HihE L B 43 B AH R R 22 4
IR AL Mt AR A client B 7 23 1 iz B kX i
1) SMU By b 7 07 4 32 Be o dik i R E
defined, AN 73 it H & 2 01 G A RS
4.2.3 HARGBifE

A ARSI T2 A ) A B AR (DS
(5] Sl 325 b ik 2 1) 9 5 5% 5 client K U 45— 25 Ui 24
A R IBUILUT A7 Motk X1 SMU A B, I W H A s
FAVE A N BT PO - 4 AR W Z W2 2545 4 5
e ARSI SMU 1 alloc AR &AL R A 1. 458K
1) 2% AR A5 5 (2) U5 [R) R W0 i A 25 TH] Y B 22 5 client
Rl B — 2R U574 2 PR H B 2R 45 345 2
DU SMU B init AR AL A5 R 1,452 0 W & AR

alloc map now

malloc

S T

B s A N 18 A R bR A s (DT Il E Bl s
(i) 9 85 152 client Kl 4 — ZR U5 A7 48 2 » FIWT FL U #F
H kX R () SMU H ) freed B i 7 2 750 1,75 4 1
D56 i A 08 5 (4D TR IR T ) BT, it g i ) E 42
A free PRS0 T IR RRASGHEA T 1RO 5 (5) A7 I 5 1)
M, T HAE AR T 48 17 45 5 X alloc_map_now
AT Ty 5 H SR s A e A= 9 A2 B & B map
rf R 4 P 2 DA OR P R AR A R Y 67
. R alloc s init A freed = ANFn i, )38
1 malloc. calloc . realloc Fl free pRIER A BT Ji 8 BRIBN T
[a) AN A SMU JEFTI5 8

T T A A 43 OO TR T R A A I e A - (D
free PRESCI HIT 9] PRESCT S AR IO 850, BV B0
At AL 5 (2025 Mkl S NULL 4G Hh 2R 5 2
7 AN NULL M| 22 alloc_map_now H1 25 $& 2 7545 AH
N BYTCER 5 (3D AR 7T 2 AR AR 1 AR
i . B 4 5k K % ot %F M alloc_map_now ¥4 # #|
alloc_map _history H', 41 & 10 fr 7 . 2 5 il 87 % Bt
PAF T B 1 52 1~ INFE o o SMU 1Y freed n i3 o7
H 1 (DO BAF R TG ER MR IZ A i O L Bl
1 8 DA i A 25 8] AT £ alloc_map _history
AR B A AN ICE s (544 W R4 T IR B
(R R, K 2 bk X 07 £ 4 AR {7 B o D A e
A A SR — N5 T R, ST AT DA 4E /N HE A S
Fil 5 (6) 45 A I i s B s A5 BL - R IR & — 1
A I S (] AR g
4.2.4  BREEERIHER RN

TESLH Ao B rh AT A B . 5 A
DrCCTProf HE 42 4 {4 1Y) i s 28 54 95 47 1 Wr—— 0%
438 Unknown 28 (1 ik 2A G SRy A2 1) N A7 25 (1]
M) 2s = A B UL+ 7 T s R iR . AR P 251
(0] 1R Z N 4% Hb ik 25 (6], T 3 26 Hb ik 4> &8 #f 2
Unknown ZEHU i . S T itz In) @, A SO 211X
Rk, an il 11 fros 3% 5 A S8 i S A N AF
43 TE H 3 1 Y A7 23 ] 40 B H SMU 1) alloe B8 72 467

alloc map history
——

free i JL#

>

i 4
=3

s

J

transfer

10 free PRI PREIRAE R 2214
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SR L AR L B R R U A B T 40X,
AEVE W N A S ] RS X R A 15 . AR SCRE Y X R
W J5 28 J 7% 18 31 38 5 4 A N 51 X malloe/ calloc/
realloc HI T8 1) b ik 119 45 22 17 ) 4 A B4l Bt
[m], HilHBARNS KL, AT AT E .
R T BEAR TR R A R B B TR, TR
LW FE P A s ) T B A HE EF'%E’JE%ZI'@

CZIG 2 T B AT malloc I, T H 4 2

ma lochI A GV TR A bk = )RR B
2% [B) H 5 HR 2 [ 0T 58 19 malloc PREXATEL X, 3X
e — s iR . O TR SR AR S L A TR
FIAT L IX B 5K E L an i 12 s . 6T R
AL . T 22 P AE — 4> malloc/calloc/realloc BR
B e FLRT R pR B, PR M b — YR A TR X 35

BT A TR A 18] 1 Z 005 ) oAb 35 0 Mo ik A 48 4 S5 R —BELT IX A9 alloc A init AR i LB 2 1, % 1]
AT R . 12 B b kB AR AR Y DU S TR T A9 malloc #
E— L REE KB B — K malloc BREIAT . 2 BRI S5t B 108 s IR AL - 26 L5 78 bR
Wi 1A]_E — ¥k malloc pRBCAN AL B9 25 8] 1Y 5 22— Best B0 b Bl b — RO EC G Y723 [a) ik () 210 IX v L 3
BT 53 TC 1 2 1) I 78 25 1138 40 119 alloc A1 init B8 75
mlloc/calloc/realloc  red P R 0. WEN12 9 (a) (b)) < (o) TR, 43 5l 4R
Bgte. 0 L FEHT Y IC AR B M1 7R 211X 22 A0 I B B
------ . hk 55 41 XA 53R 43 R 43 BE A i k2R 2T IX 22
/_/ Byte n T =R 0 . AR 740 Bie btk 5 201X 22 Ta) AR X o7
- - e (A TA] S X 2T X HEA T AS [ X B A o DAPRIE S5 2
alloc=1 alloc=0 WA IEAAPE . XA T LAE— 25k /0 iy malloc pRi%K
1 &R .
C.orACHY i R
iﬂiﬂzi’? 8] red zone
Byte O
‘///ﬂ\\\\ﬂﬁl Bt
(a) ﬁﬁ&?ﬁ% - %m@M% (o) AL
ik e Iﬂ;é‘ﬁlﬁlht
| !
- [ TN
AR FRAK
£ Ak ]

Bl12 21 X -5 B L 7 2 A

R T i LG P TR B AL
B T A 0 8 28 R 98 F P ek g e i e 1
. R AR BT R T B o B R s ik D R
By B SO S IR T = AR A O TR AR
AT R O By . BRI A P TG il ke ) 1)
B, T IS o 45 P . P T T R R A A
T B85 G -g g i, PR UE —HE RS AL B
FE.
4.3 TEM4sMMLER

() min-write Z M. S 15 A% F N1
SRR AE R F BT B A B T ROR b
% R AR T HoR H min-write B9 8, B AT 52 1y

WD NAF IO . X RT AR i 1 test B
TR . test J7 I A% O FE 5 2 S G I 2R A7 1 A
(B, FRUE T BB B . X TR A A
LIEAE, R S A R, A TEIHE S A
ARV A5 B AN 5 8 6 5 N A Sf T 8 e Y
B . TR /N T 5 B FF A B KBy
B NBON EEBU AT AR AR = T H H SRR

(2) GAFAT R FFHLFE (padding) 5EWg . S T i —
R R NAE R A G A7 vh o AR T ELAH
T LA 7 R ARIE A SMU B KN S AE AT
FFHY

(3) LR FE15 0] Bl 285 SREM . Sl 1 s £ T ELAS By ik



434 07 I N | A S i 2024 4F
TR GE IR 5 AT 22 G A7 ph g ), T 2 ®2 WHAEBRFLEXR
':'\/‘ “’, g n Y L\’/ ’El p: ,Ié\ A E‘ :]’lI»\
éﬁﬁﬁﬁ*%%@Wﬁ@i*%Eﬁ?git — }ﬁgi e
77 2 A 13 I 3k fel 15 AR D 3 R A B 1K
. NN EP FEATIR A
n] DU LR FERAAG AD 1 i AN 2 L ) 4 JRy AR i
B A A A 2 G < MG SRR, A A A7
CG FEHRS R 5 AR A ALE A
Thread | NPB-OMP N
- T e A T R R Y
ERA B
1S SR Y
. KA 32 B AL I i %
OCEANCep)
Al K155
j ‘ LB MLIE B TR A2
OCEAN(ncp)
SPLASH3 X155
radiosity 5t P 1 - 43 A AL
e fft B P ) L A
| radix FLRHER

At
T
Thread 1

P13 LA iy Il Fid 8 SR s s T 2

Thread 0

5 XBWERSHN

5.1 SLIRIREE

ARSI CPU Y A5 A1 5
A 16 W%, BAINA 512 KB Y L2 5247, 5%
AT RN R 6471 16 MY BEAZ 3L 52 128 GB Y
DDR4 AF . T A 1 S 6 I 42 A T2 34 FH R Tl
B — BB T R G0 1558 P AR A AR

S5 A AR fl A T A A AR
SPLASH3"" \NPB "1 PARSEC-3. 0", ‘& {I1#p &
SR 2 AR R EE R TTT K ITAT R 4 . AR SOR
I8 S5 190 DA I b B BG40 R P I AAR SC
S g I A MR AR Y 2R 13, AR 2 R
SPLASHS3 & 7F SPLASH2 f L6l [ 41 %) 244t 4tz
AF ) 2 A SR BRA AT T — 2 M B, DAARIE
PAE— BT B T 80 B B . DR A A B8 20
BLAE /N T LA H o %) Barnes . Cholesky . Fmm., Lu.
Raytrace . Volrend Fl Water F2 /3 {12 17 (8] 2 55 . %
IR K S BHEBRTEA R L 0 5 42 2 Ah . NPB J2& 3¢
L2 LR R (NAS A T & 1 — 2= ke S M RE Y
MR 1A AN TR A B /I, AR SCHE U 435
510 T I AL 4R . PARSEC J2 2008 4
Bienia 55 A" H 1 B A TR0 2% N AE 2R
RN L TG €1 N Nl = B = R e 1 98 g R
BRI T2 4T, AR SCHEICT LB 17 B o R 5

BRI A 20 W
ER PN LN AN iRy RN I K ]
AN AR A 22 5 S

blackscholes
PARSEC-3.0 bodytrack

fluidanimate

IR .

HRAE 2 2 TP D RE 3R — B mT AT, AR SCSC I BT
BRI 3 FH 81 )3 7 2 A A S, i A L 4
il AL A BUE T A .k S Ry 9 K
TS A, B AR S AR
5.2 TEMgENH

2R T HA = A Th e B+ T H . 22 47
IR ol I ysBs =X ol IR aaiv g vay ol SR g o
RE VTN S 56, 3 Hr HLif (8] N AE TR . e, T HAb
F It RS . RISC 58 ZRAS A s [3] F1 A A7 T4 S
£ T HAH A =R AL G R ARG 0L . i —2,
XF 4. 375 iR B B min-write S WS ZEAEA TN SR TS
R AR AR U7 (7] o 25 SR ek 3 A Ak v A 7 T
5 GE B OO T HLE AR SR T A R . e X TR
(RT3 JR M A T IRIE

SEHS Al A 2 2 TP A Y 13 AN AR L B s
TR AR B 10 16 2672 . NPB IR 1y A K
/NERFT A CLASS B, i TINFES AR FT
T A S A CLASS A SPLASHS il i 85 72 5
(R A/ INSA) A1 P T B ARk A 19 B KA s PARSEC-
3. O AR P 1 i AR /NE A simlarge.

5.2.1 HfEIFF#(Time Cost)s AT

T HB A FE T2 4T I (8] (14 4K G 3 Linux $24E 11

gettimeofday PRELSE L . SEYRE5 RN 14 Ji7w , 45251
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FHI O A I - T HAE IR /I A b Ay i 1] I
%ﬁﬁ%ﬁ@?&h@'?]ﬁﬁﬂ’]ﬂ X o 3=
Rl T BT LA WA TP A TR i B
‘#ﬁlﬂ% HETT FEIEAT A RE B RIL A . AE
RS 55 O e =2 G 0 g s i 5 AR Ak R S AR ]
XA R R e A P S OB 2 R Y AR AR W G2 AT
{5 () R, 35 Ay 7™ 5 T PR A a0 5 AR 0 114 i ] S
AR B HT TG, 3 W A B 0] RN 22 A7
TRAAT R AR B AN 1 IR SOk BT A
TE () )RR 22, LA 2 A0 R0 s ) A

300

#2250
£ 200
E 150
— 100 | ;
o0 o oL ol R, ok ol
o == nll_ ol BEN NN W R s M A M R
B BEYRREE S8y 8
L ~ = O = @© 9 3
= & @ @ e =~ E =
it H S 4+ o= ow
gl S S & e B
b = w T &
88 E T8z
= 8 =
L G

NPB-OMP SPLASH3 PARSEC-3.0

= AR RK T T m O BT L m AEBRA R TR
K14 THAGE A

G A 1 S A I R P A ke g A ) T L 1) S 347 B
() 745 A 40 A5  Oh T Z2AG I T2 ()~ 259 B (1) 4
R 110 4% . AHEF#E X86 44 I X MemCheck. Dr.
Memory S5 #1738 15 35 200 1 A9 s B 485 , A= SC
UL V- R TR) I A B AR e T AN S R
Hhf
5.2.2  WAEFFE (Memory Cost)7#r

R FEIF IS AT o5 FH P AEZS [B) R/ 4R G ik
Linux #2449 time T H 52 58, f# ] time -f “%M %
t VoK 4t T DAARIURR 3 A AT B T o FH A S A
AEAH A5 10 B KARL S BE T B T o7 FH 1 S AR A7 A 2 1 1
BHE AT 5 A A S P KN . BT E
BT R PR PR R Z AR AR, LA WA
150 0. AR S S50 g 2 Ty AT B e o FH 08 S A fit
i () B KABAE R AR TE B B A fe 48 A . Pl 1 3T
B — ORI R GE AN 3CHF time 5 2 B HT L PG SE
Bk AT 5 R — U R 40 CPU R H]
HTRI 9 ARMVS 2844 (1 & s S2500 Ak HiL g% - iz 17
B .

LIRS AN 15 FrR , 45 53R G2 A7 vh 2 k]
ARG I T BB NAE A 22 T8 )L . X2
Rl R R P as A 7 SE PR 7 1) 210 A9 ik 23 )4 o 4 30

hbZS (A A —/ NGB 3. IRt BUAR SMU HE A R S
s ANHAA] (B OO A7 TE 48 B 52 0 A K. 22
A7 R AR RN Oy S ARG ) PN A7 T B S AR R 355 R
SRR L BR T parsec-3. 0 1) bodytrack #2 /¥ . H Ay #2 7
RN AR IIAE 1505 AR . A7k B A U )~
YT AE 80 . INAF BRI A I T2 1) INAFTT 85 I 3l
R i R A TR T AEAE I In) R 22 WU AEAf R i i
SR T B S AE 28 Tl Bl 2 38 . 8] 15 ool — A0
fi——bodytrack . % & ¥ 1) =+ T E 1 N A7 TT 5
HBWL = T ARy L R PR R Y A D RE A AL

PR E AL o 2 P i 5 2 1) i AR 7 A L A AR

FPERAS 2 I N AR R K

2
®
=1 |
1 " 2
SR w0 Ml
H'mE8E2 23242 8% 28 =
=z & % | o & & ®
=z = 2 Ho|aE e o |
i = 5 o =8
| EgE  §38
NPB-OMP SPLASH3 2 7
PARSEC-3.0

= AP TAN  C AL w bR T T w AR T
K15 T RN

5.2.3 fuAbsRmsA Bkt

2R S 6 SR FH T il 5 5 1 SV S B 43 ke AN
fd FH min-write 5 B \ 22 ££ 47 X 55 35 78 5 W R 4
Vi ) B 5 S w1 T Hg A7 i el 5 o8 e fe i T2
IEAT AR LA A5 Hh 3 — 0010 5 W 0 o sk 5 2R
Pl 16~ 18 H 8 A A T fl 3ok bb 7 2R ACASfili
S —PeA S 1) T H TR i I R B DA 52 4 Ak
() T Haz A TR 7 i i fa] A L

(1) min-write 5B . HARALRCR W& 16 Bs
GEAFARUAT R A6 S-S5 20 45 o PN A7 5 o A6 I
B 1065 . iR w7 R i T T HER
P B A7 A B TR I R K i T T A
ITERE . YA BRBA AN AN 75 276 5 1 AT BTN
G R AR R AR L BT DL 5 F A )
PRI ZR AR, BRI I2 O b 5 >fe 1 2R L
BAK.

(2) BAFATX ST TR M . HARALRCR &l 17
JioRs s THM = AT Re SO m s 1. 2 /5 . %K
B XoF SMU 47 HUFE A K/ INE B AEAT RN R4k
1 S BCRE AT DL sk B T EL B B 5 F AR SR 1 k=2

. {H min-write SREIg B2 KK T T HA
H?EEEI’J%EZ{“FS'EAZ,/H\Eljﬁﬁ%kﬁz%i@?é@%bﬁim?ﬁ



436 i A 11 2024 4
R g =245
Hao H4.0
= S35
-§§§ 30
iz E25
£15 Fa0
810 15
£ 5 |00 AAE e 1A A R B0
Eo =05
1 A, & & E ‘a ’a o _: [ I ,\5 0
: BEBESSREES 2RI 5 mg8EREBRILL8FEeH
Z = 8 BlE £ oo le e < 82 Y Rd E 2 &
8 & 2 i e g = é =0 £ £ 38 =g
S S e s 8 = S5 T @ 5 & &
L 2 g g = 8 =
£ G 8 3 - |
NPB-OMP SPLASH3 PARSEC-3.0 i =

= AP T T w OSSR T AL w AR T
FI16 ANl min-write 5 A58 A0 A0 A I [ -6

FEA DRl P A7 A X 5 AT SR s A T B 2
(8 D L 22 i Sf By T AR AN T

378
§ 1.6
=14
= |2
Z10
£0.8
206
)
275
— = v 4
E se8ud3cokg8gin
= =z = 8 ple o &
c 583 235°
Lin o)
® g & g © 3
= =
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TE X86 224y ] DL IE#f S st AT
5.3 TEIEMMRIE
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W32 7 fif H pthreads 26 72 72 . B B2 TT A
AN TAELAR A TARL X — 2 Jm i a
IR B0, US4 Jmy 0 A8 A8 1 P4 T Wl — D A7 AT
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31void t2_fun() {

32 foriint i ; i < 111100000; i++){
i

38 f’br int i =8; i< 222200000; i++){
39 { array2[B] 4+
w4
41}
!
w-m-qfww.aqmw_wmjmm
Y \

I,I'-"!f"ngA’%‘ il & s ﬂ

ee P H
FALSE_SHARING_...

4 Experiment Aggregate Metrics 1.08e+08 100, 0%
. \ allocation 1.08e+08 100.0%
4 b _libe_start_main [libc-2.28.50] call path 1.08e+08 100.0%
dl» main P 1.88e+08 100. 0%
47113 » malios [ibe-2.28.50] 5.41e407 50.0%
t » clone [libc-2.28.50] 5.41e+87 50.0%
\4 » _libpthread_freeres [Iibpthread-2.26.s0] 5.41e+87 50.8%
false sharing\\« » thread_2(void") 5.41e+87 50.0%
call path ' 85 » 12_fun() : 5.41e+07 50.0%
test_mul_thread.cpp: 33 5.41e+07 50.0%
4123 » malloc [libe-2.28.50] TR LT 5.41e+07 50.8%
# % cione [libc-2.28.50] 5.41e+87 50.0%
4 n __libpthread_freeres [libpthread-2.28.50] 5.41e+87 50.0%
« » thread_3(void*) 5.41e+07  50.0%
493 » 13_fun() 5.41e407 50.8% |,
test_mul_thread.cpp: 39 5.41e+87 50.0%
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[18] char har o) 1
} (4) i
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:n\.! } }
has
@ ; vold test_ sesory.16ok()
!
} nt op = ] }
(5) for (it i 4
[
Yeat }
{ olol +=
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{s} 1) = pl3] » 1;
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4 void
5 v{:est,,a rray_outbound()
B

7 int* p = (int*) malloc (sizeof(int) * 18);
8 int* pl = (int#) malloc (sizeof(int) * 1@);
9 int* p2 = (int*) malloc (sizeof(int) = 10);
10 i1l = 1;

11/ p2[1e] = 2;

12)/ T

Tab-down view | Bottom-up view | Flat view | -
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HHIRABER

4 Experiment Aggregate Metrics ...... -

4 start allocation
4 » _libc_start_main [libc-2.28.50] \ call path
Y\ 4 » main H
“\.A 41 » test_array_outbound
a8 % s [nbc-z.zasol
4 » _start [memory_fault_tes
Xa __libe_start_main [libe-2.28.50]
mempry faulty gy e
call path 81 A "
LTI memony_fault_teste: 11—

1.00e+00 100. 0%
1.00e+00 100.0%
1.00e+080 100.0%
1.00e+00 100.0%
1.00e+80 100.0%
1.00e+80 100.0%
1.00e+00 100, 0%
1.00e+80 100.0%
1.00e+00 100.0%

[&122  VilnlAEEE L hE 25 (A A 25

3@ woid

31 ?est_dmlbl!_fr!e(l

32

33 char =q = (char =} malloc (sizeof{char) = 18);
34 char #p = (char =} malloc (sizeofichar) = 18);
35 free(p)¥-,

36 char #pl ="{char *] malloc (sizeof(char) = 18);
37 free(pl);

3 freeld); :

@'p'-mmim_u‘bmm Flat view
P& =

/e
/| 4 experiment AgoregateMewics | 2.00es68 100.8
[ ] 4 st absaianN 2.00e400 100.0%
- - .
3 ot e e el calf path 2.00¢+00 100.0%
» main 3 2.006400 100.0%

458 5 test_double_fres e 2.00¢+00 100.0%
4 36 » malloc [Rbe-2.28.50] Data Allocation L 1.00e+00  50.0%

4 % _start [memory_fault_test] L b 1.00e+88  50.0%
[ memory fault) 4 » —Kbesian_main[ihe-2 i
call path kit

2 possible datas that | |
cause double free

), 4 58 » test_double_free

\ 4 38+ chree [libc-228.50 = i 1.00e+00 50.0%
¥ cunknown file> [ibc-2 2850k 0 £ 1.00e400 50.0%
% 434 5 matioc [Rbe-2.28,50] 1.00e400  50.0%
4 » _stort [memory_fault_test] 1.00e+00 50, 0%
memory fault) 4 * —Nbe_start_main [itc-2.28.50) 1.00e+88 50, 0%
call path 3 1.00e+88  50.0%

b4 58 » test_double_free 1.00e+00  50.0%

DL IS 38 5 cree [libe-2.28.50] 1.00e+08  50.0%

" cunknown file> [libe-2.28.50} 0 1.00e+80  50.8%
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®3 WAKERF 16 XREMELLMEFHRIGMERE

R 4R B 16%%?% 27}3’?{'1393 e
FHA) % R T VIAFAE 4 et
EP 15.51 1. 90e-7
MG 6. 36 5.76e-3
NPB-OMP CG 5.6 3.18e-3
FT 6. 36 9.43e-3
1S 12.81 9.91e-3
OCEAN(cp) 3.78 1. 06e-2
OCEAN(ncp) 3.53 1.27e-2
SPLLASH3 radiosity 8.28 2.70e-3
{ft 7.87 7.39-3
radix 12.02 1. 85e-2
blackscholes 11.01 6.29e-5
PARSEC-3.0  bodytrack 8.86 1.51e-3
fluidanimate 7.22 1. 46e-3

225  wrkS = (struct wrk5_struct ) G_MALLOC(sizeof({struct wrkS_struct});
226 freng = (struct frong_struct =) G_MALLOC(sizeof{struct frong_struct));
227 iter = [struct iter_struct *) G_MALLOC{sizeof(struct iter_struct});
228  guess = (struct guess_struct =) G_MALLOC(sizeof(struct guess_struct));
229 multi = (struct multi_struct =] G_MALLOC(sizeof(struct multi_struct)};
238 7 \ocks = (struct locks struct =) G MALLOC(sizeof(struct locks struct)):

Taa-dawn view | Bottom-up view | Fiat view

PR BO T B &
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Wocose _________________ FALSESHARNG.. |

| 4 Experiment Aggregate Metrics 1.61e+06 100.0%

| o4 stant 1.61e+06 100.0%

4 » _libc_stari_main [libc-2.28.50) 1.61e+06 100.0%
4% main 1.61e+06 180.0%
[ +220 4 malloc [libe-2.28.50] 9. 1.

b 218 » malioc [libc-2.28.50] 5.9%
¥ 225 o malloc [libc-2.28.50] o120 1 9.21e+04 | 5.7%
¥ 231 » maloc [libc-2.28.50) 9.01e+04 | 5.6%
b 220 » malloc [libe-228.50] 8.97e+04 | 5.5

¥ 231 » maloc [libc-2.28.50) B.16e+84 | 5.1%
¥ 223 » malloc [libe-2.28.50] HE 5.85e+04 | 3.6%
b 228 » malloc {Nbc-?-?&wi Fﬁﬁglam ag 5.21e+04 | 3.2%
b 227 » malloc [libe-2.28.50] E.ﬂﬂ{gﬁ 3.22e+04 | 2.0%
b 224 » malloc [libe-2.28.50] 1.43e+04 | 0.0%
b 219 » malloe [libe-2.28.50] 7.09e+03 | 0.4%
b 230 » mallos [libe-2.28.50] 6.79e+83 | 8.4%
¥ 226 » mallce [libe-2.28.50] 1.42¢+03 | 0.1%]
¥ 217 = malloe [libe-2.28.20] 3.36e+02 | 0.0%
b 12 » malloc [libc-2.28.50) 1.77e+02 | 0.0%

b <unknown procedure> Ox1184 [1d-2.28.50] 2.97es02  0.0%
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251 for {j=evenjstart:j<j(end: +=2) {
252 5 2= multi->g sulti(k] [ [j+1].num + multi->q multi[k] (1] [§-1].num +
253 1 multi->q_multilk] [i-1][j].num + multi->q_multilk] [i+1][j].num -
254 o multl—:»rhs_-llti.[kl|1][1']-lllll ]
IEE B R Y TR T TN - P
o
‘lh‘vﬁmﬂw Bottom-up view | Flat view
I

! &S ME A w!

i
i

i 4 _libc_start_main [llbc-2.28.s0] 1.61e+06 100.0%
'! 4 » main 1.61e+06 100.0%
! 4 228 » malloe [libe-2.28.50] 9.85e+05 61.3%
t 4 » clone [ibc-2.28.50] 9.83e+05 56.2%
1 4 » _libpthread_freeres [libpthread-2.26.50] 9.083e+05 56.2%
i 4 » slave 9.083e405 56.2%
8 4 520 » slave? [OCEAN] 5.80e+05 _36,7%
Ay 46535 mitin | 3.24e+05 | 20.2%
“ae_ W47 intedd 3.61e+04 | 2.2%

TS Smultic: 262 3.46e+04 | 2.2%

multi.C: 258 3.4 2.1%

mtic: 244 SUBEREHA /an”. pevod | 2.1

¥ 131 » rescal =27 2.59e+04 | 1.6%

it C: 229 ;E;;Aﬁﬁl:b 2.22e+04 | 1.4%

multi.C: 218 2.02e+04 | 1.3%

multi.C: 237 1.81e+04 | 1.1%

multi.C: 223 1.8le+04 | 1.1%]

multi.C: 222 1.81e+04 | 1,1%

multi.C: 239 1.65e+04 | 1.0%

multiC: 210 - oy 1.65e+04 | 1.0%

multi.C: 209 Fﬁﬁ&im#? 1.65e+84 § 1.0%

multiC: 448 Bgﬁ“'_ﬁ 1.20e+04 | 0.7%

multi.C: 94 1.08e+03 | 0.1%

multiC: 111 3.09e+02 | 0.0%

multi.C: 95 1.63e+02 | 2.0%]

b B29 » multig 2,17e+85 §13.5%

* 853 % multig 1.54e+04 | 1.0%

» 820 » multig 1.03e+04 | 0.6%

slave2.C: 821 8.35e+83 | 9.5%

slave2.C: 645 8.35e+03 | 8.5%

slave.C: 794 2.78e+03 | 0.2%

slave2.C: 618 2.09e+03 | 0.1%

» 201 » multig J 3.14e+05 119, 6%]
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Background

Program performance analysis is an important means to
improve program performance. As programs get larger and their
execution mode changes from serial to parallel, performance
bottlenecks usually become more pronounced. This problem is
particularly important for large-scale computing systems such as
supercomputers, where low-performance programs not only take
up a large number of hours, but also lead to unnecessary waste of
energy. Therefore, it is of great significance to develop performance
analysis tools that can be used in supercomputer systems.

At present, the international performance analysis is mainly
divided into two categories: static analysis and dynamic analysis.
Dynamic analysis is divided into coarse-grained analysis and fine-
grained analysis. Since static analysis cannot obtain runtime data,
the analysis accuracy of existing studies of this kind cannot reach a
high level. Coarse-grained analysis in dynamic analysis At

present, the latest research in the world has reached a relatively

perfect level. A series of analysis tools represented by
HPCToolkit can well analyze the hot spot of program execution,
communication bottleneck and other problems. However, due to
the limitations of the operating environment (instruction set,
hardware support, etc. ) and pile driving tools, there is not a
completely universal fine-grained analysis tool in the world.

In this paper, a performance analysis tool set is designed and
developed for the general processor of TianHe new generation
supercomputer system, which can analyze and detect cache
inefficiency and memory defects efficiently and accurately. This
set of tools ensures the stability and robustness of the program
running on TianHe system, and helps to improve the performance
of the program. The appearance of this set of tools fills the blank
of TianHe new generation supercomputer system performance
analysis tool chain and helps TianHe new generation

supercomputer system to give full play to its performance.



