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2.1 SELRNER1
AL 1—— 3 157 kg ds, FATEH] AMD Processor 15 3ATH) CPU.
SRR 1 SF SR IS AR 785 ) 22 A B LRG58 = 93

CPU Architecture x86_64
Model name AMD EPYC 7773X 64-Core Processor
CPU family 25
Thread(s) per core 1
CPU(s) 128
Core(s) per socket 64
Memory 185GiB
Cache 1.5GiB
CPU Frequency 3.5GHz

F21 “KE18” @ cPU

2.2 LNEE2

N T IIEIEAT Java BRSBTS, BATN LB 2—— “WE 257 B e
RRMELA . RE 1 SR8 CPU ZHRE 2 5055, IATSAE 5 F R LA (52
5 3) B ATERE 1 5 RigiT. 7ESLES 2 Al 4, FATS BRI AR I 1E I 40 2 2 ARG,
UEETFRAT TR Intel Vtune Profiler, BEMFEATGERE 2 5 BT SLR.



CPU Architecture x86_64
CPU name 11th Gen Intel(R)Core i7-11370H @ 3.30GHZ

CPU family 6
Thread(s) per core 2
CPU(s) 8
Core(s) per socket 1

Memory 15.8GiB

Cache 12MiB
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2.3 WHRHRE
KRR EFSLIEAT N Java jdk Al C iy, FARMRAIIT R,

Java jdk | openjdk 17.0.8 2023-07-18 LTS openjdk 17.0.10 2024-01-16
gcc gcc.exe (tdm64-1) 10.3.0 Ubuntu 13.2.0-4ubuntu3
nvcc - V12.4.99

* 2.4 EWRRHRE

2.4 NEREERF
7E Java 1, FRATRH RS nanoTime SKicsKf [8], 2 Ja i it ysi2: i H R 345 FH s ) o
MAE C o, FATKH<time.h>H ) clock()EF%L, OpenMP # omp_get_wtime() 1t 3¢ 24 /il B 7]

MatrixMultiplication.java

¢ stimeWrite = System.nanoTime(); clock t start clock();

start_time

{0 2. 4.1 Java 5 C NS EIEF

2.5 MM H

1. Intel® VTune™ Profiler

Intel VTune Profiler /& — /N2 F G PERE T TR, WLAZ MR
ST PEREST . TRATHE R BATIN C REFE AN AT, MBEHAE R 5 Ml
N IIZ AT 150 o

2. NVIDIA Nsight™ Compute
NVIDIA Nsight™ Compute /& CUDA® (132 H X pHres. FRATH
7E CUDA C F& 5 EAHRIE, 40H7 GPU ) C AR 315 2 JE A P AT i,

CUDA KERNEL PROFILING

EREATIE CPU B H4 X 5. USING NVIDIA NSIGHT COMPUTE




3. IntelliJ Profiler o

IDEA ] Java T BE 73 HT 25 - 5 FE B A RIRATTRT Java 0 )52 JVM
JECJE 5 T PR RE RS2, FRATTHHIX AN Profiler X Java 27 1 )E 815
BT AT

CauntEvents.update(Deque, leng, long)

6091%0fall  64.5% of parent 1,314 ms
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Generate main

Matrix ‘ read Multiply Write Result

timestamp timestamp2
*| time

® 3.1 Java 5 C 125 %EH

R EGE Java (RT3 EUMTE R bR 2

[1[] readMatrixFromFile(String filename

tL1[] matrix at[nlin] writeMatrix( [1[] matrix,String filePath) I0Exception {

File file = new File(filePath)
(BufferedWriter bw = BufferedWriter( FileWriter(file))) {
( [1 row : matrix) {
( value : row) {

filename))) {

bw.write(String.value0Of(value))
bw.write( )
iy

bw.newLine()
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void writeMatrixToFile(char *fileName, float matrix[SIZE][SIZE]) {
FILE *file = fopen(fileName, "w");
(file NULL) {
printf(“Failed to open the file.\n");

void readMatrixFromFile( 7 float m x[SIZE][SIZE]) {
FILE *file fopen(f 28 3
if (file == NULL) {
printf("Failed to open the file.\n");

' N 0 SIZE; i++) {
;4 < SIZE; d+4) int § - @; j < SIZE; j
9; J < SIZE; J fprintf(file, "%f ", matrix[i]1[j]);
fscanf(file, "%f", &matrix[i][j]);

fprintf(file, "\n");

fclose(file); fclose(file);
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[10] multiplyt 1{] matrix S SIZE 100

[1[] result =
void matrixMultiplication(float mat
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tplication
int newrows-rows

LV, newrows);
,Newrous);

,Newrows) ;
¥21,y11,s4,newrows) ;
D(x11,x22,55,newrows) ;
5 NEWrows) ;

x12,x22, 57, newrows ) ;

D(y21,y22, 58, newrows) ;

Matrix_SUB(x11,Xx21,S9,newrows);
D(y11,y12,510,NewWrows);

x11,s1,pl,newrows) ;
52,y22,p2,NEWrows
s3,y11,p3, newrows
x22,54, pd, newrows
,56,p5, Newrows) ;
57,58, p6, newrows) ;
59,510, p7, newrow

D(pS,p6, templ, newrows) ;

p4,p2, temp2, newrows ) ;
«_ADD(p1,p2,c12,newrows);
<_ADD(p4,p3,c21,newrows) ;

B(pS5,p3,templ,newrows);

B(pl,p7,temp2, newrows) ;
D(templ, temp2,c22,newrows);

2,€21,€22,C0,NEWrons ) ;
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FIRET o

tiplicatior

void matrixMultiplicationInOpenMP(float *matrixl, float *matrix2,
float *result, int size) {

omp parallel for collapse(
(int 1 = 0; i < size; i {
int j 0; J size;
result[i * size
omp simd
(int k ¢ i )l
result[i L matrix1[i size k] matrix2[k size
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B¢ JE T CUDA, FRAITERHb it 1 4B R 3fe i CUDA A . SRR A2, FRATTIK CUDA
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matrixMultiplication(

row blockIdx.y
blockIdx.Xx

1517
col .X

+ th
+ tha

* blockKI
* blocKI
value = :
C i=0; i<N; itt) {

value += A[row * N + i] * B[i * N + col];

b

Clrow *» N + col] = value;

3
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100, 1000 [0,2] LLVM Compiler Architecture
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SCI8 3: FERFHETEEE L & F2FF 1/0 KR
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DA S S AR R R RS, HFEAT H . AT AR 1 5 2 5 E— kT,
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Il AR N | R R R/
2 [11] LB N | A R R
8 [-1,1] 2048 [-1,1]
16 [-1,1] 3072 [-1,1]
32 [-1,1] 4096 [-1,1]
64 [-1,1] 5120 [-1,1]
128 [-1,1] 6144 [-1,1]
7168 [-1,1]
] R N | HE R AE R 8192 [-1,1]
256 [-1,1] 9216 [-1,1]
384 [-1,1]
512 [-1,1]
640 [-1,1]
768 [-1,1] % H Java Hik R ¢ Hik
896 [-1,1] Frift ijk, Java ZLFE | b5k ijk, C OpenMP
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FATHE S50 Ik FEEUE G I [0, 20N [-1, LI AE I, BRI T -

1. AiEMEE . float I TUAE[0,2)F[-1, 1) 2 F] 1 /0 AR P 2 48, AT DAKE 47 oG 3]
float [TH 5 R s

2. nIATESESR, [0,2] FIEE G Bl N BEALIE B IR EE 2 1, At AR Rk IE B
Ja, SRFEFE ERE AR No FRATTAT LA ph ) W AR P ey A WA IE W18 4T . TAE 7]
LB N ks, a5 SRR E ARG Bk, FRATE R [-1, 102 (A B AT 5
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51 BHRIEMRMESSHER

PATHEAH[E 7 100 x 100 FIFEFE Matrix1.txt A Matrix2.txt P25 C Fl Java [MIRIERET 5,
TP AR I T 455 . 3 5.1.1 J2FRATT C A Java B2 /7 1% 3 7 45 2R

HARIRATRKIL, ¢ Al Java F2 74 85 RERAEIRE 1 580 2 ST frx.
MR A5 B /N[0, 2 AR ERAEL T B, BRATT AR 5 R0 B 9 IR EL A S AE 100 7645 680 o (RIS AN B
TEERELH T AHIE SR

Hig, FTLLEH, CREFFIHE WA 45 KA AR float UE, FTEIH 7 /NI
Ja 6 7. 1 Java M2 R 6 67, ARG 5 MHEZEZ 447,



106.046661 . 101.585167 97.796837 103.418022 110.053986 105.293373 106.04666 95.312965 101.58517 97.79684 103.41802 110.053986 105.2933

114.278450 92. 102.636887 101.012024 109.888824 115.374390 110.68737 y = 5 o 5 88 . o oonanT o
114.841217 . 104.190758 104.372375 109.510529 113.802612 105.86105 114.27845 9 335 102.63689 101.061 Ltk s g Ll

103.014351 91. 90.206017 92.672119 101.186035 99.393143 95.957451 89 114.84122 96.37375 104.19076 104.372375 109.51053 113.80261 105.8610
109.722710 87. 97.865204 99.273293 110.913116 113.381348 96.733139 9§ 103.01435 91.7962 98.20602 92.67212 101.186835 99.39314 95.95745 89.
108.972801 90. 96.879311 96.986008 101.910088 105.538139 102.481232 4 - ) . . . - R
111.345947 89. 02.669609 98.978539 107.540970 105.790787 101.681175 4 109.72271 87.407974 97.865204 99.27329 110.91312 113. 96.73314
115.108437 96. 102.235802 103.622833 113.684967 117.983376 103.79315{ 108.9728 90.91724 96.87931 96.98601 101.91809 165.53814 102.48123 92
110.076729 89. 93.361549 98.933319 103.068649 110.861412 97.721672 9 111.34595 89.3057 92.66961 98.97854 107.54097 105.79079 101.681175 9
104.057259 85. 88.781197 91.893982 106.950630 106.779442 89.885483 8¢ AR, B O, TS S LT 5 ARG (G GEEE (E, e
110.531128 92. 107.378159 108.406837 113.471588 110.845680 110.789614
125.173477 101.482414 110.854263 107.315239 122.827637 126.357674 111.5040f 110.07673 89.10473 93.36155 98.93332 103.06865 110.86141 97.72167 92
103.600067 90.184570 97.428894 96.741508 99.709572 96.859779 94.939034 87. 104.05726 85.25027 88.7812 91.89398 106.95063 106.77944 89.88548 86.
118.429314 85.866264 93.184624 100.165817 106.187798 107.439232 101.710907 110.53113 92.63856 107.37816 108.40684 113.47159 110.84568 110.78962

119.839813 .005539 109.492165 110.630508 113.385040 125.851341 103.50466 195 17348 101.482414 110.85426 107.31524 122.82764 126.35767 111.504
103.092850 89.922417 95.652374 99.082642 101.734528 109.602730 98.700493 84 . 2 SR S LS £ELOLI2 o :

106.768471 87.094276 102.613792 95.152084 106.716492 108.311325 101.738022 103.60007 90.18457 97.428894 96.74151 99.70957 96.85978 94.93903 87.
110.132729 86.894768 97.783340 99.969467 112.863235 108.714432 98.038155 8 118.42931 85.866264 93.18462 100.16582 106.1878 107.43923 101.71091
103.958511 86.171616 93.681984 95.663185 106.609116 103.915413 91.784721 8 98.00554 109.492165 116.63051 113.38504 125.85134 103.5044
114.227119 96.698883 92.700043 94.814194 115.605408 105.562393 106.018860 |

S— a3 e S— al e
C PrifE ijk Java FrifE ijk
ble > b nMP_in_157

106.046661 .312965 101.585167 97.796837 103.418022 110.053986 105.29.
114.278450 92.238335 102.636887 101.012024 109.888824 115.374390 110.64
114.841217 96.373749 104.190758 104.372375 109.510529 113.802612 105.84
103.014351 91.796204 90.206017 92.672119 101.186035 99.393143 95.95745
109.722710 87.407974 97.865204 99.273293 110.913116 113.381348 96.7331
108.972801 90.917236 96.879311 96.986008 101.910088 105.538139 102.4817
111.345947 89.305702 92.669609 98.978539 107.540970 105.790787 101.681
115.108437 96.764145 102.235802 103.622833 113.684967 117.983376 103.79
110.076729 89.104729 93.361549 98.933319 103.068649 110.861412 97.7216
104.057259 85.250267 88.781197 91.893982 106.950630 106.779442 89.88544
110.531128 92.688560 107.378159 108.406837 113.471588 110.845680 110.74
125.173477 101.482414 110.854263 107.315239 122.827637 126.357674 111.§
103.600067 90.184570 97.428894 96.741508 99.709572 96.859779 94.939034
118.429314 85.866264 93.184624 100.165817 106.187798 107.439232 101.714
119.839813 98.005539 109.492165 110.630508 113.385040 125.851341 103.54
103.092850 89.922417 95.652374 99.082642 101.734528 109.602730 98.70044
106.768471 87.094276 102.613792 95.152084 106.716492 108.311325 101.734

C OpenMP Java £ ZF%
% 5.1 FEERRENEER (B

ke, AR 71E write B0 printf B ATRENE. Bl 7E R IK Java Fd R, K
BT FETHE Clol[o] I R, —HFUa i FIRREE 6 /e, BHSREE IS E G, R
AE— s H b R 2R s ANV .

TP 5 HEN X 2 float KR4S B . AR4E Projectl 115 %8 BLXT IEEE754 HOMF 7T, 7E float
B E RITE DL T, 32bit [ float £ % 7] AR 2423 = 8388608 M4y, —3L-LfL, iX
BEWERZREH 7 AT, B4 RefRUEN R 6 An, B float MUK 6~7 A R
Fo

MAEHREFeI%E H Cl0][0]2%5 T 100 /™ float £ AT, TR AMRIEATHEERIMFIBLAN, 4
P float x1 55 xo AHIERT, 15 2IHT float MIAHAE FE -

= (2222 (5.1.1)
1 2 1 2

Bt )5 100 ANHT float AN, AT ANER 2 FEAZ 9 -

FAT@E C ARAEEE I float.h Sk 3CAF BT & FLT_EPSILON, FXf37E[0,2]2 8] ¥ float
BUE Z R4 Nuy = 0.0000001192. A FTA ) =0.0000001192, =1, =1, L1153
G B B IR Y AN B



= \/100 x 2 % 0.00000011922 = v200 , = 1.68576 x 107

XA ST, RATKBHEIZ R G 45R float HIATIE 2y KRE/NUGEE 6 fi.
MR FEHSE x1 5 x2 BUES A AR, SERA5.1.1 4 xa M xo X yi IIANHE 57 £ 572
Wi, TITAE A AN R B R A2 A8 B o X T REREAR AN E FER Tl /T o XA R AN
JEJEAE 4-6 A7 2 B 5] o

XU, Java FEVFR R TANE R, fETHEAR LRE T SR PAERIE,
BETAHEM. H2E CKAERE, #float (AHIREMNTLRE T AEHY 6 L. FAIE
C HRITERFZITTEEY KFBEBRET KRNI
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SourceCodejava ——>» Compiler ——> ByteCode
JDK(javac,jar, debugging tools, APIs)
JRE (java, javaw, libraries)
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&l 5. 2.5 Java iFiTIE, iR https://www. geeksforgeeks. org/ just—in—time—compiler/
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Basic JIT Compilation

Java HotSpot VM automatically monitors which methods are being executed. Once a method has become eligible (by meeting some criteria, such as being called often), it is scheduled for
compilation into machine code, and it is then known as a hot method. The compilation into machine code happens on a separate JVM thread and will not interrupt the execution of the
program. In fact, even while the compiler thread is compiling a hot method, the Java Virtual Machine (JVM) will keep on using the original, interpreted version of the method until the

compiled version is ready.

& 5.2.9 ORACLE =T JIT +48, FiE:

https://www. oracle. com/technical-resources/articles/java/architect-evans—pt1. html
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Multi-tiered execution

In HotSpot, the interpreter instruments the code that it executes; that is, it maintains
a per-method count of the number of times a method is entered. Because hot
methods usually have loops, it also collects the number of times a branch back to
the start of a loop is taken. On method entry, the interpreter adds the two numbers
and if the result crosses a threshold, it enqueues the method for compilation. A
compiler thread running concurrently with threads executing Java code then
processes the compilation request. While compilation is in progress, interpreted
execution continues, including for methods in the process of being JIT'ed. Once the
compiled code is available, the interpreter branches off to it.
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1001hs | gy yser Dsyswm M synchr... B Other alw rlF Call Stacks b=
002hs | - .

20.3% (0.2625 af 1.290s) >
KERNELBASE.dll | WriteFile
amplxe_tpssmite_javaprof_1.0.dl | funci@Ox1800623..

- 8 x

003hs
1004hs
1005ns | ANGEIN
00ehs
~ [ Java...
1000ps

1001ps | INSHSE
1002hs
1003hs
00ahs
» I sam...

amplxe_tpssmrte_javaprof_1.0.dll | flunc@0x1800627.
amplxe_tpssmrte_javaprof_1.0.dll | func@0x1800626.
| amplre_tpssmrte_javaprof_1.0.dll | func@0x1800301...
amplxe_tpssmrte_javaprof_1.0.0l | func@Ox1800301 ...
amplxe_tpssmrte_javaprof_1.0.dll | func@0x180021d
|| amplxe_tpssmrte_javaprof_1.0.dll | funa@0x 1800302
| : amplxe_tpssmite_javaprof_1.0.dl | func@0x180005¢.
1 amplxe_tpssmrte_javaprof_1.0.dll | func@0x180003k. .
vl | func@0x18036c940+0x89
o I [Dynamic code] | Interpreter+0x1286d

Ru Bl | [Dynamic code] | Interpreter+0x1282a
; :‘ m""““@'}mm I : [Dynamic code] ' call_stub+0x182
1] & mnmm,wg__: | jvm.dil | func@0x1803701a0+0x6e

BB Thr. fun.. fnc@On12021... [Dynarmic code] | Interpreter+0x 11698
st U] runc@ox180217a40 ) [Dynanic code] | Interpreter+0x1163¢
GEESBY Ru. func@oxioTeasy
hnogo... Fro... negox1soTEae0 | [Dynamic code] | Interpreters0x791

1 fun... func@Ox18064b740 [Dynamic code] ! Interpreter+0x7d6

B Bynamic coce] | nterpreter+0x674
RilUserThreadStart l [Dynamic code] ' Interpreter+0x67d
W rﬂynamw code] | Interpreter+0x7d6
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Function [ SOV Tiie: Trsl ¥ 4| Callers CPU Time: Total ¥ 31| CPU Time: St
Effective Time Spin Time | Overhead Time RtlUserThreadStart 100.0% 0s
97.3% 0.3%] 0.0%]

Tunc@0x1800292c5  |[97.3% [ 0.3%. 0.0%

BaseThreadInitThunk || 97.3% NS 0.3% 0.0%

funo@0x1800050ac ||68.2% _ 0.0%. 0.0%

JNI_CreateJavaVM 0.0% 0.0%

func@0x1800301bf 0.0%

func@O0x18002fd54 0.0%

Tunc@0x 180030144 00

func@0x1800626dc ol

func@0x1800627c8

func@0x180030214

func@0x180003bd0

WriteFile

func@0x18006233¢

call_stub Calleas cPuT
Inle;pretsr ¥ RtiUserThreadStart

fUNC@OX 180709371 v BaseThreadnitThunk

func@0x1807b38a0 ¥ fUNc@O0x1800292¢5

func@0x18064b7d0 r  func@0x1800050ac

func@0x1803701a0 ) 0% - JNI_CreateJavavm

func@0x18036¢940 .09 ¥ func@0x1803c5aef

func@0x180217a40 0.2% » func@0x1803cf6e0

func@0x180005ca0 0.0% 0.0 ¥ func@0x18064b7d0

func@0x1802193c0 0.2% 0.0% ¥ func@0x1807b3820

func@Ox 180209830 02% 0.0% » fUnc@Ox1807b9371

func@0x18019a6a0 0.2% T * Tunc@0x 180029380

f\jnc@ﬂx18001b760 ).0% 0.0% » FreeLibraryAndExitThread

func@0x180004600 0.0% 0.0%
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Function / Call Stack CPU Time ¥ L Module 99.4% (2.347s of 2.361s) >
org::start::MatrixMultiplication$M::multiplyMatrices 2.361s | [Compiled Java code] forg::stan::Malri [Compiled Java code] ! org::star...
» JNI_CreateJavavVM 0.334s jvm.dll JNI_CreateJavzs [Dynamic code] | Interpreter+0x...
= -
» Interpreter 0.288s [Dynamic code] Interpreter [Dynamic code] | call_stub+0x192
» NtWaitForAlertBy Thread!d 0.165s ntdIl.dil NtWaitForAlertE™ dillf (1 003cEaala0
» func@0x18036ed90 0.1425 jvm.dl func@ox1803e ™ iic 90 110 et e
» jdk:internal::math::FloatingDecimal$ASCIIToBinaryBufl 0.137s [Compiled Java code] jdkzinternalzma | Jildll | func@0x1800050ac+0x624
» jdk:internal::math::FloatingDecimal::readJavaF ormatSt 0.127s [Compiled Java code] jdkzinternalzma + ucrtbase.dll | func@0x1800292...
» java::util:regex::Pattern::split 0.114s [Compiled Java code] javarutil:regex: ; KERNEL32.DLL ! BaseThread!...
» NtWaitForSingleObject 0.091s ntdll.dil NtWaitForSingle | ntdil.dll | RtlUserThreadStart+0...
» jdk:internal::math::FDBiglnteger::leftShift 0.088s [Compiled Java code] jdkzinternal::ma
» jdk:internal::math::FloatingDecimal$Binary ToASClIBuf| 0.074s [Compiled Java code] jdk:internal::ma
» org::start::MatrixMultiplication$M::writeMatrix 0.061s [Compiled Java code] org::start:Matri»
» LoadLibraryA 0.044s KERNELBASE.dIl LoadLibraryA
» java::lang:StringLatin1::inflate 0.031s [Compiled Java code] javarlang::Strin
» func@0x180370da0 0.028s jvm.dll func@0x18037(
D=k & | Thread v
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func@0x1800292¢5 (TID: 2... 0.0% e CPU Time
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0.0%
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KERNEL32 OLL | BaseThread...
nidildll | RiUserThreadStart+0...
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W5 4 he he Assembly grouping: Address

s Addess 4| SowceLine Assambly 4 CPU Timo: Total = CPU Tame: Seif = |
find | Uxiadrotazen 156 e ro,
Nd | iassriezes 156 ra prr (remerlénaioaio
SOUFCE | . 1aaarmiezen 156 Sa0xa)
file  foxassrorezer 156
OxfadgTolEzed 156
M ctadgrotezes 156
Spacily lo DX12487018280 |
Oxtadg7blEze 156 Ttr [F10+Ei1+470x10] 0% 1461ms
Ortada7oleza 156 e [s12erdntaixc] 4 184,602ms
v ase | Dx1a4870 18235 156 xanS, dword pEr [cexerdi*ds0xl0] o 0.631ms
Oxtadgioleze 156 s anng, dword per [pkxrrll*d=0x10] 125% 560.364ms
Ox1a487b182b2 156 lea rax, prr [rizerdxes] |
0312487018206 156 emp edi, esl
OF | oxtasgroteze 156
0x1ad87b182be
Oxtadaibiszbe 156 werd pre [raxesditdeonio]
OxiadgTbiEzol 156 s 108% 490.143ms

0x1248701820e 156
Ox1ad4870182d1 155 cmp £ild, r&d
0x12487018204 155 11 0xlag ZA0_eRlocy ARy
ﬂx1“¢l‘hind!. Block 289:
m—
Dx124870182cd 158
0x1a487b182e0 155
Ox1ad4870182e3 155
0x1a487b18269 Block 290:
0x1a4870182e9 155 cmp £11d, dword ptr [r
156 }x1a1#1p1835d <Al
@ ux 2e=Ccv<Onm

229.849ms

1210

A H B Baie  PHQ

MatrixMultiplicatio ]
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source file | 0x13045107680 Block 286:
0x13045107680 156 VMoV ToX, Xmmd
MatiixMultiplicatic] 0x13045107685 | 156 nov edx, dword ptr [rca+Il4*d4+0x10]
0x1304510768a 156 nov esi, dword ptr [r12+rdx+8+0xc]
Speclfy location of | o, 13045107681 156 Lea rox, ptr [rl2+rdits)
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5 Cioe| Ox13045107635 156 vmovss xS, dword prr [rex+rditd+0x10l 1.7%
0x130451076ab 156 vmovss wmé, dword ptr [zhz+rll*4+0x10] 10.6% 4
0x130451076b2 156 Lea rax, ptr [rl2+zdz+8)
0x13045107606 | 156 cmp edi, est
0x130451076b8 156 im 130451
0x130451076be Block 288:
0x130451076be 156 vmulss s, wmé, dword pEr [raxerdic4s0xl0]
0x130451076c4 156 vaddss xamS, xnm7, xmS 8.0% 4
0x130451076c8 156 vmovss dword ptr [romerditd4+0x10], amms 209% 9
0x130451076ce 156 inc ri1d 35% 1
0x130451076d1 155 cop r1ld, rod
0x130451076d4 155 31 Da13045107680 <Block 206>
0x13045107606 Block 283:
0x130451076d5 155 nov 18, quord prr [rl13+0x350]
0x130451076dd | 155 tast aword prr [r8), eax
0x130451076e0 155 cmp T11d, 94
0x130451076e3 155
0x130451076e8




5.2.2 C 4miFmiX:

-03 B T HA?
BAHE T RER C WHEMRERSR . BT cfEis

Z417 100 x 100 B K =38 1, Profiler %

AR AREFRRZER. TRERBGEHRR T 1000 4HHER, BHEZBITHER. A£1UM0

R SRS ¥,

FHIANEAER 7-03 #E47 7 4.

— o x
4 0 | wecome - | [o0ne - | FERSREEER | rooene ) -WW::::NM
e HTECVTUNEPROFLER o
Anslysis Configuration. ColeclionLog Summary _ Botlom-up CalleriCallee.  Topdown Tree | Flame Gizsn _m
1 User Dsysem @ Other " w Call Stacks. b=

[ turemons0i2e0 mo: 205751

& mcruTies
5 o s Ovetnnd

CPU Liizator

FILTER

> iR Qs

1000% o || Any Proce - | [y Thiesd |y Moc | | Ary Uu ~ | | { User tunctons | | Functiors o +]
LeiCvADMcmEma -

~ | show in

e = |

B SHE 20

N e
Hotspots ®
s e o e s e R
Huer  Hspten @O0 -

Tvead]

FUTER 1000%

xJ ry Proces | | Any Thread | Any Maet | Any Ut || User tunesions ~ Ff
Mom WNECVXNOMrmEDE -oo

rfLtt &

FATTLLEH, IR Java E ALK,

C RS AT RUAR T HEARITE - HF H, iR
B WK, EREFISAT SR T .

Iints! Ve Profler

@

T % Wiote Ve Profiler - a x
Weicome - | ro0ths - | [FGGBRANE rovens Project Nav... + 1 dy | Weloome | (01hs | 005hs - [FRGHENE
NTELVTUREPROFILER mem Hotspots @ @ lmnvmmmmm
¢ Summary  Bollom-up  CaleCalles  Top-down Tree  Flame Graph  Platiorm  MATR.exe Wmﬁw "’; 00008 € Colectionlog Summary mmmv CalleriGalles  Top-down Tree  Flame Graph  Platform  MAT JE'WRDB
Adiess & | SouceLne |  usembly & CPU Time: Total » | GPU Time: & e Adaress 4| Soure Line Assembly #h GPU Tima: Total » | CPUTime: &
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Ox4014d4 i 0x401510
Oxd014d9 19% 0 0x401516
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Ox4014e9 - 0xd0152a
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FATEE T RALBIFEXT LE MatrixMultiply I C 4 000, mTRLE S|, REBMUHRER
3 Block4. FRATAT LI blocka IS copy T K470 Hr:

AR ELR G, ARYE LA RIRIRA T AT LUAE,

AN

4

el Il

Address Source Line Assembly CPU Time: Total CPU

0x4014a5 Block 4:

mov &2 5], eax,edx 7& x86 [ 217

lea /2L H A RHAL, fid ZINFIF SER AR, imul 2PAT
B RMERERARE M.

(U, I

Time: Self

0x4014a5 mov eax, dword ptr [ebp-0x4] 2.1% ©.170s

0x4014a8 imul eax, dword ptr [ebp+0x14] ©.2% 0.016s




5 0x4014ac
6 ox4014ae
7. 0x4014b1
8 0x4014b3
9 0x4014ba
10. 0x4014bd
11. 0x4014bf
12. 0x4014c2
13. 0x4014c6
14. 0x4014c8
15. 0x4014ch
16. ox4014cd
17. 0x4014d4
18. 0x4014d7
19. 0x4014d9
20. 0x4014db
21. 0x4014de
22. 0x4014e2
23. 0x4014e4
24. 0x4014e7
25. 0x4014e9
26. 0x40140
27. 0x4014F3
28. 0x4014F5
29. 0x4014F7
30. 0x4014fa
31. 0x4014fe
32. 0x401500
B3R 0x401503
34. 0x401505
35. 0x40150c
36. 0x40150F
37. 0x401511

38. 0x401513
39. 0x401515
40. 0x401517

41. 0x401519

mov edx, eax

mov eax, dword ptr [ebp-0x8]

add eax, edx 1.9% 0.156s # eax = edx

lea edx, ptr [eax*4] # edx = eax * 4 H 2Btk 1
mov eax, dword ptr [ebp+0x10]

add edx, eax

mov eax, dword ptr [ebp-0x4] 2.1% 0.171s

imul eax, dword ptr [ebp+0x14]

mov ecx, eax

mov eax, dword ptr [ebp-0x8]

add eax, ecx 2.6% 0.217s

lea ecx, ptr [eax*4] # ecx = eax * 4 HP2E 2|tk §
mov eax, dword ptr [ebp+0x10]

add eax, ecx

fld st, dword ptr [eax] 1.9% 0.154s

mov eax, dword ptr [ebp-0x4] 0.6% 0.047s

imul eax, dword ptr [ebp+0x14]

mov ecx, eax

mov eax, dword ptr [ebp-©xc] 1.3% ©0.109s

add eax, ecx 0.2% 0.016s

lea ecx, ptr [eax*4] # ecx = eax * 4 HZE bk k
mov eax, dword ptr [ebp+0x8]

add eax, ecx

fld st, dword ptr [eax] ©.2% 0.016s # MI%k st matrix[i][k]
mov eax, dword ptr [ebp-©xc] ©.2% 0.016s

imul eax, dword ptr [ebp+0x14]

mov ecx, eax 2.6% 0.214s

mov eax, dword ptr [ebp-0x8]

add eax, ecx

lea ecx, ptr [eax*4]

mov eax, dword ptr [ebp+Oxc] 1.5% ©.125s

add eax, ecx

f1ld st, dword ptr [eax] # % st matrix[k][]]

fmulp st(1), st 41.6% 3.424s # st = matrix[i][k] * matrix[k][j]
faddp st(1l), st 9.2% 0.761s # result = result + st
fstp dword ptr [edx], st 4.9% ©0.406s

add dword ptr [ebp-0xc], ©0x1 1.9% 0.156s

XBARRS L, (U L SEAHE i sl F I B AT N . 456 GPT, KMEZIXFEN: ebp
BN FELEIREE, 76 x86 ZEMrh, I8 fH F B4R SR 3 Bh U 1a) B (1) Jy 350 A8 i F pR £ 2
o B, FAVER A T RAVEMER ijk = MEHASE, matrix], matrix2, result &
Hiht. FATKEE ebp HUH matrix[i][k]F1 matrix[K][j], A58 H fmulp 1 faddp 58 Bl 5E B 11 3

%o



SIZE 108

void matrixMultiplication(float matrixl

KA ER LT LUER], ERAILRM, W ES bt jk Ea7mm e e A 1
%o MR, EARRA—FIG I, BRI OTER AR T CIBE, WRAETHR FIX TR
S examples

HATHEAHREFIT 1-03 Ja g 19 a2 128 L 0T G XA -

1. Address Source Line Assembly CPU Time: Total CPU Time: Self

2. 0x401492 Block 4:

3. 0x401492 fst dword ptr [ecx], st

4. 0x401494 mov edx, edi

5. 0x401496 xor eax, eax

6. 0x401498 fld st, st(e)

7. 0x40149a lea esi, ptr [esi] # %H[%

8. 0x4014a@ Block 5:

9. 0x4014a0 fld st, dword ptr [ebx+eax*4] 7.5% 0.339s # M —MEM LR BNF S EFERER TN
Gl

10. 0x4014a3 add eax, Ox1 # ¥4 eax Ml 1

11. 0x4014a6 fmul st, dword ptr [edx] # FHARTIAVE RGN edx BT AR R

12. 0x4014a8 add edx, esi 31.3% 1.416s # 4§ edx ME esi
13. Ox4014aa cmp ebp, eax 1.4% 0.062s # ¥ ebp 5 eax #HATLLEL
14. Ox40l4ac faddp st(1l), st # KEARTAIPIANT SBOHIN, FH8 BT 5550
15. @x4014ae fst dword ptr [ecx], st 12.2% 0.555s # PHARTTAIEE S EAEMERIMIEAN ecx INTET
16. 0x4014b0 jnz Ox4014a@ <Block 5> 2.0% 0.091s # WIRLLELERAEE, WHHEF] Block 5, FHILks:
PATF %484, XEMIZE LK TZ k fl size
0x4014b2 Block 6:
0x4014b2 fstp st(@), st
Ox4014b4 add ecx, Ox4 # ecx EHuhl, Hidib+=1, MiiZsE i, AE matrixdl B9 14T
Ox4014b7 add edi, Ox4 # edi MMihb+=1 BiZfE §, 18 matrix2 () § 47
0x4014ba cmp ecx, dword ptr [esp]
0x4014bd jnz 0x401492 <Block 4> # [F%] block4

ouv s wN e

KEAEMEA M AHA, (HE2EEFME P RKI, -03 SR AE ik i3 L F T
Dk, BEREBERKLR ik, SIZEEEBHEFMHE CPURNEFERL, Wb ri1m /o
BEEXEL, [FIEY, add ecx Ox4 XA FRAE R T HUbE IR0 . X8, AOURIRATI T8 22
IC CInstructions Count) &/ 1, R YFRATfIAL 1 EUHbEE AFRE BV a2y . i H, AW
*F-#5) CPI (Clock cycles per instruction) g/ 1, FEAFRAT AR A7 _E 05 1R B 0R> 1.

RYETHH R cPu HEREM R AL X T— MR, ERISAT R 1C, CPI AT f A%
HH. 75 CPU BB A B SN, 16 RTRER CPI T, iLBRMNVEFETHET



BET. C(ps, XARFMELL 2 WA, THIRAMELR: 4 REAI, AEHERE IC TH,
CPI EAT, AiliiT-03 #4 KM, FrLLSR B BIEBCRRE 17, 4807 %4 CPU Time
THT . REXBHT—MEROFER

CPU Time = Instruction Count(IC) = Cycles per Instruction(CPI) x Clock Period(T.)

TR BB 4 CPU A5 1 SE58, KBRS T AR R4 e ds, PERELEIL 1 —
SEREFL LT, FERAE—5I

« Compiled with gcc for Pentium 4 under Linux

3 O Relative Performance 140000 O Instruction count
25 120000
2 | | 100000
80000
15 —|
60000
& . 40000
0.5 ¢ 1 20000
L] [} ™ - +
none o1 02 o3 none o1 02 03
160000
140000 +—| 15 ]
120000 +—|
100000 {—| N
80000 +—| ]
60000 +—|
40000 +—| s ]
20000 +—
0 0

none o1 02 o3 none 01 02 03

Source:https://bb. sustech. edu. cn/bbcswebdav/p i d-455556—-dt—content-r id-15826365_1/courses/CS
214-30022126-2024SP/CompOrg_24S_Lec5_Performance. pdf
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100% 0T

nincgOxinsto 27 0,182

WEHEVADEMEPr -0 o oven s

Funci | Show inline fi ~ |

FLTER 5000% o | sy roces | Ay Toea || Ay Moduie~ || Ary Ut | | | seefnctons -
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ELEEAS R VL g A RS 7E T Block 6, -02 S AL 2 dword FZ7 745, {Hi2F-03 L E
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Block 6: Block 6:

fstp st (0), st fstp st (0), st

add ecx, 0x4 add ecx, 0x4

add edi, Ox4 add edi, 0x4

cmp ecx, dword ptr [esp] cmp dword ptr [esp], ecx

jnz 0x401492 <Block 4> jnz 0x401492 <Block 4>
-03 -02

TE CSDN X 5§ & : #linux# gee miEfitb—00 -01 -02 -03 -0S —CSDN 7%, 4
7-00,-01,-02,-03 ILALYE . Ebln R &-02 Ak iaH -

o | -fdefer-pop: FEIRTRHUSEHATEL. ZFep— MREUER, SHFHAD EMEFRE, MEEST
REWIERE, —RIERH.,

o | -fforce-mem: TEMEAERIFR], EBHIGATEIEcopyRISFRFLUEBIT. XSEREIR
FE I ARERNHEREL, HM-HESMAINE, JIIREHRNTFRELN, FSaHBH
RIS FSREA. XA TRERPE—EIHNER, XFEIFALBRARNNHHR. B2
MTFHREES(RREFERE) PEHE R ENEERLR, XEHREENMNML, BAFILEERES
RO/EREEL AR LS FRRTRERRIZ.

» | -fstrength-reduce: XMAWRAIEEIMUTHRUAEMRENRE, EATEZWIEEIAT
HERRIZE, LR R, ARERERT R ERITEA R FATfor-nextfEA,

IATHERINI-03 FES h D2 3] 7RI ML, XS rtitl, Hass b &
A7 4507 10) B8/ D A ik PR AZ B ARAL - BRI 2 A, -02 I 2 PAT IR EZIMFTIFEY inline #84F,
e NTHEABRBIBATH T, AR 2 i34 .
IMfE-03 T, gee AT T, FHENIXZIAT blocké JI-Z 54 i J5L A -
* | -fweb: IWEATHREZENHESFHENG. MEFREI8E HEMIRSFE—H, B2
DA S EMB A ARITIN, tbilcseflloopiitiiA, XML SEEEITZEEINAYA
age, EAZEFHFNTRANSEESRT.

PrL, IR A SR, FRIR I R R H AR ] Java A1 C AEIRAT Z T LI X . Java
RAEN VM I AT R g BRs AT A0S, X IO R B VM S AR . JIT TR0
RARRSHEAT C1 B C2 i LAFETH Java MIIBATHEE . SRT AT (72 Java TN AERE SRS, NIT
fEC4RIES LM RBIRAY, KM HprfEsRk sk B RA IR H2 CIEF T gec
HiCmie<S LU RARE, €=l bR PTR80Skl 182 5 i A A7
BEEUR A IR, SR EHRE 2B word, B FR S IC AT CPL, AT R R i
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[l FATHAE, VM AR I AT HL S, XA 5 T R — R I ],
I HAX L 2 P AEA I I BOA BUCEAE W A RBOR , A TRTE g AR A gee Gk th IR ALtk
M3 2 FAN R LEFIERE AT | Java 2 ¢ 8 R — DN E R A .
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BATE: 20 AN FEZ BN BIBRAT Java F1 C FEFH, A BIFERRATMRE 1 S HARE 2
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https://blog.csdn.net/xiaoting451292510/article/details/104977828

KEBATRE 2 50T RGMRE] M AR BETT AR BATHUE I I 2] N=2048
R

(base) .:data Matrix

Enter the size of the matrix:

$ java -cp

3072

Exception in thread "main" java.lang.ArrayIndexOutOfBoundsException: Index 2452 out of bounds for length 2452

at Matrix.readMatrixFromFile(Matrix.java:27)
at Matrix.main(Matrix.java:152)

FAVEARI M — T B 15 AR 45 A - 2 BB IR0, BORs R UL 13 %4 log(N),
Ry FH It O Bdb AT 0, 45 2107 1 R 3feid I

JavadRiE R FH
(©)
o 32848
o
1907 o 8095
5391
518 126 422,..0 }'SM
0K @O0 00
0 200 400 600 800 100¢ 120¢ 14 16( 18C 20¢
[a] B F i
C Tk e HOH I
6632220
AM 4545905
f_j 3040562
1875418
6007 58408 199945 63515079
M
0K 1K 2K 3K 4K 5K 6K 7K 8K 9K
[RlEasta]

B SRR OpenMPSRALLRILE D CAIERRILL JavaStkiZSlavandtt JavaSCith [M#E 1 CIRARMMEE JavafoiRme KR4 CopenMPRRS JavaSEi2@simnt

JavaZ LT s EUH I
o
8454
w
£
2 K
AW
g
o
2K
) 76 721 O
1725 59 143 g1 o © 1089
0K -~ @OO--0--0--0:-0
200 400 600 800 1000 1200 1400 1600 1800  20C
AN
C openMPHII
i 64014
w
£
i 10K yiRss
a
% 30523
2
o
o
19638
93 631 1942 5259
0K
1K
" BN
m

FATH N3 28 005 AT ()R M B om ], 3300 2EI97E 0.999 LA L, P
fE/NT 0.001. Ui B FRATH B8BTS AR BEHRRAE O(N®), 5 & HiG . MR BEIUR B NHERE,
i 2T AR BRI S RBOR, X MUt IRATHEL S I Z A Bt A O(N?).



JavaB \FRIms 0.5

CEAMms of Y 70751
C & Java5 NFET
12K o o
700
10K
o 600
8K 500
O w
» £
E &
= 400 =
2 6K 6] §
w 2
8} . 300 s
aK
P y 200
2K O
100
0K et 0
0K 1K 2K 3K aK 5K 6K 7K 8K 9K
i RN

At BAEPATHH AL BRI 5, TTARI T B L B B Bl R I R . ot %
X BATTID 1o AR AT I B 1 % 8, SR A ok 1

Javadeiz JavaZ AR afeik R

1 log(n)

2l

il R

-8 -6 -4 2 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12

JavaZei /Tt ms 1 Java® 4 T M ms 1

10.00

CRIEF #40: logms

C-O37&E I ms 1

CIeLFR C-O C Op! FexMEE -0 B £ Op SoRAR B CRERitt JavaS&igSlavasitt Javas [ IR =

M AT AT BLAS 0, C 3k, C-03 ik, Java ek iYL P is AT I 1) #8362
log(T(N)) ~ log(N), X2 AT LR HE KT 2 AR . HZ2 ! Java BERIRERE log Z
&, EREREMNFEAFNEE2H—MHELFR!

L 0.4



AR S R ETE OpenMP b, B AN — A7 5L 1) B 2R 1T o — A %o 2500 — VK B
Hhd ., XU, ESEFTLEBENER, ENAHEERERELIZ ( )!

TINRIX AN EER R PATT 4 NRFEN Java F2F, E R A2 —E
KFERFEFHN 732 — 1. HRERAKZ A, KAEGEA K. mRATH T KB LR
P Java B S M CIEESELZ LR T CPU EEE TR . W XA RN, TATEE
AT DA BTk JR e R e A T IR b . —REE RS-

JavaZ LR e A C OpenMP
13 w
11 o
11.00 ! 0.y 613 00
_— o &
1€ _— 12 O 12327
, S0 L —— 260
958 P 11.58
932 11 o
9.0 11.00
7 ese 10 / o
8 / O,O 10.00
7 800 0 o
5 9.320/
/ 9,60
7 /
— g 7.00 eps
£ -~ 8 / O
& < / 8.00
& 2 /
2 s ¥
= 6.00 = o
= 2 7.00
[f B
o
5,00 6.0
2 4 3 o}
4.00 5.00
[o
] h.00
3.00 [
| /| O
3.00
2
1.00
i 01.00
1 12
Java® Ltk ms 1 4 6 8 10 12 14 16
C OpenMP3EH: i ms 1
§25lavaxitt  JavaSCitt CRRARESUTE JavaleAREERY [ (GEIR4 CopenMPRRES JavaBZiZHEAR C & JavaBAMET JavaBAMHT I {XEIRS COpenMP [ {XEHR 6 [ =

THMELTF—HEI R IRXS OpenMP [HIHEN . OpenMP 7E AL AHIL T & ¥ A 5 ) 2 1845 PHAS
1, H2— B2 kfiaEn—E L3 EF LN, ESEFSITHELZERE. Kl
NIXARAE EE S O HE R R AR AR . TERATH OpenMP 2 1E 1 5 k45 #% EdkAT 1)l
WK, BEAMA CPU MIEL NUMA 75 £ H3ATH OpenMP 752 il CPUO 1 CPUL fE N A7 L AT
ERT, NUMA RS FEREFRESITREZEE IRRE, MmN AL LR E T HE
RAERIHEE.

OB FES 4 Top500 B M B RIHPLIZ S

MOEITEZ R Top500 B H LB HIHPLIZRE

G + 5 AT

; 1B{S--CPUIA]
'ﬁ‘%- = mﬁlaj . f:;ﬁicvum mazw.mm‘mﬁ"m:,uanm‘xmsiww;. k

N (PO — B AT R—EM DA

RS

HEAF: SRCPUBRIE—RY

MAW!‘HKIL
Vdﬁzt-ﬁ MK A t

R, WEBII NUMA

B

ol J No&%\ﬁorm M%mor /A\ccess ;

. — il CPU

sy asox. usoema - EEEE BEEan E%Lg

RUVNRBARIAROETFTEY, BRI RVE);

SRERTRER, RROEE B 1 (Modifie I T CPU_.]—L i TLEI;\] |§;

v, Share, el T ——r— % % HE, 55 RIFRIHER
52 i8) {8 D) HALNJJL";? ()‘“WH—!"W‘AH Q*'

CPUJ; ER fthc P p%g‘
. BERIBISQPIETEI|
E:.Fg%ﬁ lﬂ

g fmE B O O

QO ¢ mMEO <




i —4, B LA UP IR AN UFRISELF IR, R FBRIR Z ik LR -

SEIVEN-P-a-Tol HPL

H, AREBIZ, MRATE

([N
chiocE53 Haibin Lai
Southern University of Science and Technology

https://www.bilibili.com/video/BV1et4y1f7KK IRIR:E:F!

1K, A TIEA S L A A ke At 42 R RERE Y I T I 2 B 1) R Py 1
KB TEZ, NI AE S —A £ (<) > 0, f'(x) < O (KR Ee 2 FRAEIIE 2 815 1K) 1]

bR R (I R, BEE LA ECEIE N, TR REIF A RER R R EAAE
EEEEEk . B ARGRIEFEITE AR TR TR R, B RPATHCERHUTSE N T .
BARTAIEE B 15 T —IERIG HR X IZANIERAIRREN G . FrL, BN RIZ

A i 2 1 iR R 7E T

Fo MR, WEZIEHETH ELM, Bt

Neil Gunther’s
Universal Law of Computational Scalability
Relative capacity C(N) of a computational N
platform: .
Cv- — N
I+a(N=1)+BN(N-I)

O<=a,B<l

@ Level of contention
ﬁ Coherency delay (latency for data to become consistent)

The problem with clustering is that it follows a law of diminishing
returns: adding a second server will less than double your capacity,

and in practice people have clusters of 2, 3 or 4 machines at most (Neil
Gunther is a famous Australian consultant/academic specializing on performance)
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Dk —rcrln
15[ main mo: 126841
E| funcont 80020205 TID: 1.0
i

[Theead
B W Running
e CPU Time
8 Spin and Overhe
1% CPU Sample

funcix 180020265 (TID: 3.
funcix 180020365 (TID: ..

U Utizatian

Il 9 e CPU Tine
BasaThreadinitThunk [ ! RnCE@OX19029265 (TID: 4... B2 i 550 and Overne
RiloerThisadsisit 1 Hnc@0x 140001820 (110: 1
2
D:idp = lu; o5 R 1 h 2 » 35 + H Thread =
= o 1 | ==y
FILTER 100.0% o || any proc | [ Any Thread | any Module v | any util | [user function: v | | funetions ¢ v | | show inline v |
20 al » . 1933
2 e H o= @ - e _y w8 n 0 B FTED b

e /& CreatelavalVM . SBAREHBREK, (HREEMIC s 284 %M 4T EEM
TEBRAE call IX25484 Lo XN HIEIRE AR BARIEND, (H2MR Y5 Profiler . System fIARTE,
FAENE M T RGZ NI — AR AL

Address A J Source Line J Assembly ¥ CPU Time: Total l
0x1803d6030 Block 1:
0x1803d6030 sub rsp, Ox38

0x1803d6034 mov dword ptr [rsp+0x20], Oxffffffff
0x1803d603¢c |>call 0x1803d457

0x1803d6041 Block 2:

0x1803d6041 mov dw

ptr [rsp+0x20], eax

0x1803d6045 jmp_0x1803d604b <Block 4>
0x1803d6047 Block 3:

0x1803d6047 mov eax, dword ptr [rsp+0x20]
' 0x1803d604b Block 4:

0x1803d604b add rsp, 0x38

| 0x1803d604f et

S IVM TG T4, BARENCGRE T T RERLA ROEE . X TREANITE, VM 28
P GRETTE, K ARG S 1 T A7 B AH B2 A ek, B8/ FRATTH Program Counter AT BL—2%
— 2K AR EA AT



| 0x23b170cee08 Block 5218:
| 0x23b170cee08 mov rl0, 0x7fff4déc01al

[ 0x23b170cee12 >call rlQ

AL T RERFFLIEN Z], X EA —HER PSR, RIEEORMFED R E, B
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2 wilios®owesha
}

Java Threads:
0x000001c56560c9bO
0x000001c572a7c270

0)]
0x000001c572a7d250
0x000001c572ad1620

]
0x000001c572aa9b70

0x000001c572aaa5u40

0x000001c572aace20
€d0e00e)]

0x000001c572af7410

00)]
0x000001c572af7d20
0)]

0x000001c572afae50
0x000001c572c8020
0x000001c572cbb370
000)]
0x000001c5653e6170

JavaThread
REVELICED]

JavaThread

JavaThread
JavaThread

JavaThread
JavaThread
REVELCED]
JavaThread

JavaThread

JavaThread

( => current thread )
JavaThread
JavaThread

"main" [_thread_blocked, id=6312,
"Reference Handler" daemon [_thread_blocked, id=15736,
“Finalizer" daemon [_thread_blocked, id=6856
"Signal Dispatcher" daemon [_thread_blocked,
"Attach Listener" daemon [_thread_blocked, id=16280,
"Service Thread" daemon [_thread_blocked, id=11072,
"Monitor Deflation Thread" daemon [_thread_blocked, id=7596,

"C2 CompilerThreade” daemon [_thread_blocked, id=10216

"Cl CompilerThread®" daemon [_thread_blocked, id=1472,
"Sweeper thread" daemon [_thread_blocked,
"Common-Cleaner" daemon [_thread_blocked,
"Notification Thread" daemon [_thread_blocked,

id=2500,

600000, 0x000000a24d700000) ]

0x000001c572d8ea00
224d900000) ]
©x000001c572d8eeed
24db006000) ]
©x000001c57cb27dbo
24dde6000) ]
0x000001c57cb2a630
4df00000)]
©x000001c57cb29700
221e100000)]
©x000001c57cb2a120
21e300000)]
©x000001c57cb2abo
22Ue500000)]
©x000001c57cb2b050
21e700000)]

\ 25°C
SR

5 willio™owershai
0a260200000)]

Other Threads:
=>0x000001c572a75d20
0x000001c56560dUed
0x000001c565666880
0x000001c57cfuUlb50
0x000001c554b28280
0x000001c57d0cacle
0x000001c57d0c80bO
0x000001c5552e1930
0x000001c5552e1bfO
0x000001c5552a2900
0x000001c565679€90
0x000001c56567a7b0
0x000001c5551dd290
0x000001c5727aadad®
0x000001c587d841cO
0x000001c58835e2e0
0x000001c587df9070
0x000001c58e881300
0x000001c58819e950
0x000001c59999f070
0x000001c5aa37e870
0x000001c5727ab6e®

JavaThread

REVERL L]

JavaThread

JavaThread

JavaThread

JavaThread

REVERICED]

JavaThread

“DefaultDispatcher-worker-1" daemon [_thread_blocked, 2068,

"DefaultDispatcher-worker-2" daemon [_thread_blocked, id=2412,

“"DefaultDispatcher-worker-3" daemon [_thread_blocked, id=4836

"DefaultDispatcher-worker-4" daemon [_thread_blocked, i 56,

"DefaultDispatcher-worker-5" daemon [_thread_blocked, i ug,

"DefaultDispatcher-worker-6" daemon [_thread_blocked, 6576

"DefaultDispatcher-worker-7" daemon [_thread_blocked, id=12460,

"DefaultDispatcher-worker-8" daemon [_thread_blocked, id=2312,

VMThread "VM Thread" [stack: 0x000000a24c000000,0x000000a24c100000] [id=10360]
WatcherThread [stack: 0x000000a24d500000,0x000000a24d600000] [id=13868]

GCTaskThread "GC Thread#0" 0x000000a24bb00000 , Ox000000a2uUbc00OOO] [i

GCTaskThread "GC Thread#1" : 0x000000a257300000, 0x000000a257400000] [ i

GCTaskThread "GC Thread#2" 0x000000a257400000 , 0x0000002257500000] [i

GCTaskThread "GC Thread#3" 0x000000a257500000 , 0x000000a257600000] [ i

GCTaskThread "GC Thread#4" 0x000000a257600000, 0x0000002257700000] [

GCTaskThread "GC Thread#5" : 0x000000a257700000,0x0000002257800000] [id=22000]
GCTaskThread "GC Thread#6" 0x000000a257800000, 0x000000a257900000] [i 612]
GCTaskThread "GC Thread#7" 0x000000a257900000 , 0x0000002257200000] [i 3u12]
ConcurrentGCThread "Gl Main Marker" [stack: 0x000000a24bc00000,0x000000a24bd0e000] [id=15
ConcurrentGCThread "Gl Conc#@" [stack: 0x000000a24bd06000,0x000000a2ubed0000] [id=12376]
ConcurrentGCThread "Gl Conc#1" [stack: 0x000000a257a00000,0x0000002257b00000] [id=7780]
ConcurrentGCThread "Gl Refine#@" 0x000000a24be00000, 0x000000a2UbF00000] [i 564]
ConcurrentGCThread "Gl Refine#l" : 0x000000a258600000,0x0000002258700000] [id=13220]
ConcurrentGCThread "Gl Refine#2" 0x000000a258700000 ,0x0000002258800000] [id=6280]
ConcurrentGCThread "G1 Refine#3" 0x000000a258800000 , 0x000000a258900000] [i 9652]
ConcurrentGCThread "Gl Refine#y" : Ox0000002259200000,0x0000002259b00000] [id=11888]
ConcurrentGCThread "Gl Refine#5" 0x000000a25b200000, 0x000000225b300000] [ 960]
ConcurrentGCThread "Gl Refine#6" 0x000000a25f900000,0x000000a25fa00000] [i 2u56]
ConcurrentGCThread "Gl Refine#7" 0x000000225d000000 , 6x000000225d100000] oud]
ConcurrentGCThread "Gl Service" [stack: 0x000000a24bfo0000 0)(090906&2’4(:909090] [ld 2uu8]

Threads with active compile tasks:

C2 CompilerThread®
tionMap (365 bytes)

VM state:

VM Mutex/Monitor currently owned by a thread

[0x000001c5656063d0]
[6x000001c5656074b0]

Heap address:

0x0000000080000000,

70674 42655 com. jetbrains.cidr.lang.preprocessor.0CPreprocessinglexer: :

at safepoint (normal execution)

([mutex/lock_event])
Threads_lock - owner thread: ©x808001c572a75d20
Heap_lock — owner thread: 0x000001c565679e90

32-bit

size: 2048 MB, Compressed Oops mode:

CDS archive(s) not mapped

Compressed class space mapped

at: 0x0000000100000000-0x0000000140000000, reserved size: 1073741824

e=ePvwx

2R Q==

stack(0x000000a2ubl+0000,0x000000a24b5f0000) ]
stack(0x000000a24c100000,0x000000a24c30000

"WinLauncher external command processing thread" [_thread_in_native, id=22328,

stack(0x000000a24c300000,0x000000a24c500000) ]
1d=16192, stack(©x000000a24c500000,0x000000a24c70000

stack(0x000000a24c700000, 0x000000a24c900000)

stack(0x000000a24c900000 ,0x000000a24cb006606) ]
stack(0x000000a2uUcb000OO, 0x000000a24

stack(0x000000a24cd00000, 0x000000a24cedBO
stack(0x000000a24ce00000,0x000000a2UcFOO00
stack(0x000000a2ucf00000 ,0x000000a24d100600) ]
stack(0x000000a24d100000 , 0x000000a24d300000)]
stack(0x000000a24d300000,0x000000a24d500
stack(0x000000a24d
stack(0x000000a2Ud700000,0x600000
stack(0x000000a24d900000 , 0X000000a
, stack(0x000000a24dboOEE0 , 6x000000a
stack(0x00000022udd00000 ,0x000000a2
stack(0x000000a24df00000, 0x000000
, stack(0x000000a24e100000,0x000000a
stack(0x000000a24e300000,0x600000

stack(0x000000a2Ue500000,0x000000a

16:06

20243727 B

buildParameterSubstitu

16:07
20247327 ©

0x00007ffcbca90000
0x00007ffcbaf70000
0x00007ffcb9ec0000

0x00007ffcbccacboo
0Ox00007FffcbbO3406006
0x00007ffcba266000

C:\WINDOWS\SYSTEM32\ntdll.dll
C:\WINDOWS\System32\KERNEL32.DLL

C:\WINDOWS\System32\KERNELBASE . d11

ATLAE R, VM $AT T IRATKZE Main 2658, &% Compiler C1,C2, 1/0 7, GC
BIRECES, SAMBIESRGE, DS FHRFRERNEE IS XU BRINIFRATN Viune 74T
S ERA .

AL TRE CIPATIERE . AT LB 2, C 14T
A4, ERBATRE A A/ .

THI LR 4, 52 3 F BEAEEIX S ntdllLdl



75.7% (6.238s of 8.239s)
MATR.exe | func@0x401460
MATR.exe | func@0x40168d+0.
MATR.exe ! func@0x4011b0+0.
MATR.exe ! func@0x4012e0+0.
ntdll.dll ! func@0x4b2ebd00+0
ntdil.dil | func@0x4b2ebcdd+0x

func@0x401460 Tunc@0x401548 fun....
func@0x40168d

TuNc@0x401160

func@0x401260

func@0xdb2ebd00

func@0xdbzebcdd

Total

D: & os s 2 3 pe % & 7s &

E func@0x4012e0 (TID: 26376)

YR Z HHFME S, ntdllLdll & FE ) Windows NT WAZ L SCHE. i T windows A
NTAPI 2. RIBEE R, & strepy IXFF 1) R ECES & AFLE ntdILdll NI . BRERIZG 2
— MU EE RS, IRATERATIE P A 178K apic ABALE Linux HEA7p? 3
RERTREILAT il 0T B R AR 2

{H2 Windows /B4 R ATTH) CFEFHI? T X AMEERE B ) S E X A5 H .

https://blog.csdn.net/cpp_mybest/article/details/80194158

MBI LI, RGe61% Explorerexe #FE. Explorer.exe s& Windows
FEF ARG Bl M SOfF SRR RS, ) T8 B Windows TR 76, MIBRZIE 7 & S 5
Windows B S L .

P FEAEFRES,  Explorer.exe dERE M) — /N2 DU 21X A A4E, SR EM RS
K BEUE 44, SRJ5E Explorer.exe DLIXAN 444 CreateProcess BR%i. VEMR A
FHOR I TURAE B AR S R, W exe SCHFRER. JHZ exe 1] Shell 2HF/N. PC K
Z e Z Explorerexe HTiEFE, FAEAIHSZ H Explorerexe #HREAIEEN .

BNk, WA —KE R KBS T CREF TR Windows #:1E REGt 412 7 Bt %
2R, IPRIREHR AP AL

SEHIHFEREN IR ARt NEREN BN C/C++¥Iat
Explorer.exe =] ZSi|) DLL FEA2 BPCIERERAO
] ~ e
Create / BlE— IR L
Process \ 235 )
\ /

EERBXISIIL, RN, fEERS

P\]&%ﬁiﬁ%ﬁ@ﬁ*&?\]ﬁ@@mﬂﬁﬁmzi}é Xl
‘ Windows#E£i28

Windows Kernel (loader, tB#Rfy CreateThread &g
PEEES)
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http://dbp-consulting.com/tutorials/debugging/linuxProgramStartup.html

TE Linux 9, F43RATEIZEH N /Matrix I, shell 25k Linux 11 execve %, ¥
B shell RIS ANZ 0, EAATE] arge, argv H1, #RJ5 Linux Kernel 245 7R1% Windows —
FERCE EFE, Loader 45 1R/ Bk »

loader

J N

preinitarrayl..n _start

Y

_ libe_start_main

& b

_libe_csu_init main exit
‘ﬁ//// L h ////'J r\Qt::EF\
_imit initarrayl..n at_exitl.n finiarrayl..n destructorl..n
/ ¥ T \
__gmon_start__ frame_dummy _ do_global_ctors_aux

.

constructorsl..n

execve() executes the program referred to by pathname. This causes the program that is currently being run by
the calling process to be replaced with a new program, with newly initialized stack, heap, and (initialized
and uninitialized) data segments.

pathname must be either a binary executable, or a script starting with a line of the form:
#!interpreter [optional-arg]
For details of the latter case, see "Interpreter scripts" below.
argv is an array of pointers to strings passed to the new program as its command-line arguments. By conven—
tion, the first of these strings (i.e., argv[0]) should contain the filename associated with the file being

executed. The argv array must be terminated by a NULL pointer. (Thus, in the new program, argv[argc] will be
NULL.)

envp is an array of pointers to strings, conventionally of the form key=value, which are passed as the envi-
ronment of the new program. The envp array must be terminated by a NULL pointer.

This manual page describes the Linux system call in detail; for an overview of the nomenclature and the many,
often preferable, standardised variants of this function provided by libc, including ones that search the PATH
environment variable, see exec(3).

The argument vector and environment can be accessed by the new program’s main function, when it is defined as:

int main(int argc, char xargv[], char *envp[])

BNk, WiokE] T _start BRI MRIEVCMIRAT T DAHEDN, _start B AU TC B 4T eax,esp,edx
DL RRFRED, BIRATT argy = %ecx Z555, BT, eBHAT__libe_start_main.

080482e0 <_start>:

80482e0: 31 ed xor %ebp , %ebp
80482e2: Se pop %esi

80482e3: 89 el mov %esp,%ecx
80482e5: 83 e4 fO and $OxFFFffffo,%esp
80482e8: 50 push  %eax

80482e9: 54 push  %esp

80482ea: 52 push  %edx

80482eb: 68 00 84 04 08 push $0x8048400
80482f0: 68 a0 83 04 08 push $0x80483a0
80482f5: 51 push  %ecx

80482f6: 56 push  %esi

80482f7: 68 94 83 04 08 push  $0x8048394
80482fc: e8 c3 ff ff ff call 80482c4 <__libc_start_main@plt>
8048301: f4 h1t




=] __libc_start_main£#{ AE

fseax ﬂgil: AR
%esp void (*stack_end) EEdTTRIEE
Gedx void (“rtid_fini)(void) MNE AR S Fledx AR HSESRA0OREL.

#__libc_start_mainZF#u@Eid__cxat_exit(iEA7 ,
FFACEMER S ERAFINI section

Bx8848400 void (*fini)(void) __libe_csu_fin—FE2FFRIIEEAZT.
#__libc_start_main &@id __ cxat_exit(iEAd

0x80483a0 void (*init)(void) __libc_csu_init—F2FRITEIEREL.
FmainFEF =B libc_start_main@EpRA

%ecx char ™ubp_av argvigRd R REEE
%esi arcg argciERTiRAYREEE

©x8048394  inf(*main)(int, char**, char™) FEATHEFFRIMainEREL , #_ libc_start mainREUER
mainFHANREISEE RS exit(*SRB S ESriasttlryiins

__libc_start_main F£5 & 708 shFE 7 ELRFE, & NFRATH arge A argv %4, 1A H glibc
(GNU C Library) , {FfigIAsiArs, MRyafeEr bt iE 30 Main B4

1. MBETFsetuid. setgidfEFFRIZL @R

2. [BEhEAE

3. i EMAFFERFMY find A0 rtld_fini 281, SAE#Hat_exitF, MmseBF 2R II0EESH

B TIERIRES

4. BRHE init B4

5. 8F main BREL, FHE arge F argv 8. REBETEERAT

6. WA exit BREY, FIEmainEEHNREIEEHAT

&K : https://zhuanlan. zhihu. com/p/52054044
FIX R, AT C R EIEA ERFEAR] Main ECE 1.
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Grouping:| Function / Call Stack

Function / Call Stack

[Outside any known module]
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Grouping:| Function / Call Stack
Function / Call Stack

[Outside any known module]
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237128

® CFO3 @ CRitd
BERE: Viune

il B

dycharts.com

XPEEAE dil b A F R4 4, -03 FIREHEAT T ARA6, FERP T dil Vg A Bt R 1.

1,800,000,000
1,600,000,000
1,400,000,000
1,200,000,000
1,000,000,000

800,000,000

600,000,000 541,200,000 551,100,000

400,000,000
200,000,000
0

Clockticks

1,725,900,000

1,577,400,000 I

Instructions Retired

m AR [msvert.dil] B -03 fk [msvert.dil]

B RBATEE Java MIZITHE L.

rausea 1ime\v;

Issue: A significant

15.5% - Front-End portion of Pipeline Slot

36.8% - Retiring

This metric represents
how much Core non-
memory issues were of a
bottleneck. Shortage |

30.2% - Core Bound

Elapsed Time : 4.240s

Clockticks: 17,915,700,000
Instructions Retired: 33,270,600,000
CPI Rate @: 0.538
MUX Reliability ®: 0.984
® Retiring @: 36.8%  of Pipeline Slots
® Front-End Bound @: 15.5% K of Pipeline Slots
(® Bad Speculation ®: 0.8%  of Pipeline Slots
® Back-End Bound @: 46.9% & of Pipeline Slots
® Memory Bound @: 16.8%  of Pipeline Slots
® Core Bound @: 30.2% k& of Pipeline Slots
Divider @: 0.4%  of Clockticks
® Port Utilization @: 29.2% Rk of Clockticks
® Cycles of 0 Ports Utilized @: 0.2% of Clockticks
Cycles of 1 Port Utilized ®: 20.4% & of Clockticks
Cycles of 2 Ports Utilized ®: 23.4% & of Clockticks
® Cycles of 3+ Ports Utilized @: 32.9%  of Clockticks
Vector Capacity Usage (FPU) @: 6.2%
Average CPU Frequency @: 4.3 GHz
Total Thread Count: 31

Paused Time @: 0Os




Grouping:| Function / Call Stack

| %] @ ][% ]| Microarchitecture Usage:

Function / Call Stack
org:start MatrixMultiplications|

» javazutil:regex::Pattern:split

» jdk::internal::math::FloatingDe
» jdkinternal::math:FloatingDeq
» jdk:internal::math: FDBiginteg
» Interpreter

» jdk:internal:zmath::FloatingDed
» jdk:internal--math: FDBiginteg
» java:io:BufferedReader:ready
I org::start:MatrixMultiplication$|
» java:lang: AbstractStringBulldd
» java: jex::Matcher. find

» java:lang:StringLatint:inflate
» func@0x1806741a0

32.2%R of Pipeline Slots
CPU Time Clockticks: Instructions Retired ¥ CPI Rate | Retiring | * F!a
2.347Ts | 10,480,800,000 | 19,156,500,000 | 0.547 32.2%

» javazlang::StringCoding:implg

Pid—r

0.113s 1 508,200,000 1,795,200,000 0.283 71.6%

0.1245 | 508,200,000 1,593,900,000 0319 61.3%

0.101s | 389,400,000 1,046,100,000 0372 55.4%

0.0465 | 214,500,000 683,100,000 0314 74.3%

0.079s | 336,600,000 633,600,000 0.531 40.2% "

0.056s | 227,700,000 603,900,000 0.377 19.8% UPipe

0.030s | 165,000,000 580,800,000 0284 64.8% Retiring:

0.016s | 42,900,000 330,000,000 0.130 90.0% Front-End Bound:

0.050s | 217,800,000 323,400,000 0673 34.6% Bad Speculation:

0.023s | 49,500,000 290,400,000 0170 100.0% Back-End Bound:

0.019s | 56,100,000 207,900,000 0.270 59,3% Memory Bound:

0.014s 39,600,000 171,600,000 0231 88.9% L1 Bound:

0.009s 52,800,000 155,100,000 0.340 100.0% DTLE Overhead:
s 19,800,000 148,500,000 0.133 0.0 Load STLB Hit:

Load STLB Miss:

& | Thread

main (TID; 15444)

1l W Running

Thread

Thread (TID: 19132)

e CPU Time

Thread (TID: 26200)

CPU Time

Thread (TID: 19820)

ha CPU Time

Thisad (TID: 27206)

System Bandwidth

Thread (TID: 11336)

a Total, GBlsec

Thread (TID.

CPU Time

System Banduwidth

51000

Function / Call Stack Clockticks ¥ Instructions Retired CPIRate [—————
INST RETI
» org::start::MatrixMultiplication$M:m 10,480,800,000 19,156,500,000 0.547 19,15
» jdk:internal::math::FloatingDecimal§ 508,200,000 1,593,900,000 0.319 1,59
» java::util::regex::Pattern::split 508,200,000 1,795,200,000 0.283 1,79
» jdk::internal::math::FloatingDecimal: 389,400,000 1,046,100,000 0.372 1,04
» Interpreter 336,600,000 633,600,000 0.531 63
» jdk::internal::math::FloatingDecimal 227,700,000 603,900,000 0.377 60
> org::start::MatrixMuItipIication$M::wj 217,800,000 323,400,000 0.673 32
» jdk::internal::math::FDBigInteger::lef 214,500,000 683,100,000 0.314 68
» jdk::internal::math::FDBigInteger::va 165,000,000 580,800,000 0.284 58
» func@0x180356320 69,300,000 89,100,000 0.778 8
» jdk:internal::math::FDBiglnteger::lef| 59,400,000 141,900,000 0.419 14
» java:util:regex::Matcher::find 56,100,000 207,900,000 0.270 20
» func@0x310e0 52,800,000 3,300,000 16.000
» func@0x1806741a0 52,800,000 155,100,000 0.340 15
» func@0x18034ff00 49,500,000 39,600,000 1.250 3
» java::lang::AbstractStringBuilder::ap 49,500,000 290,400,000 0.170 29

O 4 = s

Thread v

hread

main (TID: 15444)

18 Running
#aa CPU Time

Thread (TID: 19132)

CPU Time

Thread (TID: 28200)

s CPU Time

DRAM Bandwidth: pac...

Thread (TID: 19820)

Average Bandwidth, ..
Read

Thread (TID: 27296)

a Wite
~~ Total, GBlsec

Thread (TID: 11336)

CPU Frequency
~~ CPU Frequency

Thread (TID: 7296)

Thread (TID: 23180)

Thread (TID: 10500)

Thread-0 (TID: 24656)

Thread (TID: 2964)

CPU Time

N

M

51
DRAM Bandwidth: package_0

dt kA ALANKAAAANLA A g 0 AL A AR AR An kAR AARKARAARRAR AR RARRALAANKS

3 cpus 47 GHz
S o T [\,‘W—v-\_,“f\_r—«-‘_,—rw«_ ———

c DT TS N e e ey el Y = WY — e s e
I opu2

Java F25HY Top—Down S HTLE R

AT LAEF, Java IEIS HILAE Core b, I HIEZ CPU it A Ir) @, 31X A ) gk
PRABTC 2 RS — B, REFHEAT TARZ IR call, FFA5 s f24# £ DRAM o, BRI L 1 1R RENR
o (HAZL NI, Java REFAE I/0 LR FEEL € 47, DA TSN L C AP RN,
IXAT e RN Java jdk A B AR BR B AL AOAR 47, OF HLEEIRE 1 € 47 AERE R SRIE R 2L Java
(1 CPIBA T3l LA, AT C ARACAL A ROR R —FE R o FRATAT LLSENIZ B Java (A4 2645 At EL#Z

B ¢ —FERIEACAD, AT RCR B LB I

EAF—3EHIE, Intel BT WEM ML 7B, WASFE AR SERET 70, &

IR AT B EEAAT TS5 REF .

Bad Speculation
Backend Bound

I——+ Memory Bound

Metric multiplyl |multiply2 [multiply3
Speedup 1.0x | 118x

IPC 017 1.19 0.80
Frontend Bound 0.00 0.07 0.02
Retiring

| }-- L1 Bound 0.05 0.07 0.03
| }-- L2 Bound 0.03 - 0.05
| b-- L3 Bound 0.05 - 0.01
I }-- ¥EM Bound 071 0.07 0.21
| L-- stores Bound - - -
L-+ Core Bound 0.15 0.64 0.55
b-- Diviger - - -
L.- ports Utiliz. 0.15 0.64 0.55




ING
FITBAZR E3RATE 2, RV C R A5 F U AL EAF AR, RN R AR 5 (7 g
22, PATHEEZHLLENE . T 7 03 i C FEFFK DRAM 7 EEECN T 13 fAE M5
fEastetif, YEREA T2 LML, (HAZTFIRELE 1/0 J7 i s 8US I LA R, RREUKIFAE SR T L
B2 IS Java FE P RURALAL I C FEFP R A0, S BRI R ARV g 45 2 HOM i 1 ik I,
XHC gAMbk FRALBEA C a8 A 50K

Part 6: SLIEFRYEIS

6.1 EEFEZENER

XER RIET B O A SRR, 0] DUE NN S gt id I k.

R SRR — T AT S 5 ). 1812 4, Binet Ml Cauchy & FIL T 4] 1474 T
1858 4, Cayley fEAAT T LA |, A FC 1 FRATA REMEAREGR b BTk (1) B 362 : result[i][j]
+= matrix1[i][k] * matrix2[K][j]; @IERAREIWF T T A B THENLRL 5 T Y, 1K R
TR R 3 SIZ (14 45 ) R o

200 BC: Han dynasty, coefficients are written on a counting board [6]

1545 Cardan: Cramer rule for 2x2 matrices. [6]

1683 Seki and Leibnitz independently first appearance of Determinants [6]

1750 Cramer (1704-1752) rule for solving systems of linear equations using determinants [8]
1764 Bezout rule to determine determinants

1772 Laplace expansion of determinants

1801 Gauss first introduces determinants [6]

1812 Cauchy multiplication formula of determinant. Independent of Binet

1812 Binet (1796-1856) discovered the rule det(AB) = det(A) det(B) [1]

1826 Cauchy Uses term "tableau” for a matrix [6]

1844 Grassman, geometry in n dimensions [14], (50 years ahead of its epoch [14 p. 204-205]
1850 Sylvester first use of term "matrix" (matrice=pregnant animal in old french or matrix=womb in latin as it generates determinants)
1858 Cayley matrix algebra [7] but still in 3 dimensions [14]

1888 Giuseppe Peano (1858-1932) axioms of abstract vector space [12]

ﬁ{%ﬁﬁ%%mﬁﬁmi, *;I%: When was Matrix Multiplication invented? (harvard.edu)

B THENLENA AR, NIRRT, BeA A N s R il i) 3feid |2 T gk A7 ok 2

1969 4, Volker Strassen & CFHEH —Fh#T g T7 JUBEIEM nox n FFEAHTREE (n
N2 BT, slRERES) . AT, RO N R IR T URE 7. SERESRIE
R b e R T .

SR SR T T B R O RAE TR b e D IR B, RTREIREUN 3 (54772 %
Ko AIREMIRIRME n?, BUES HEZIHENN . THENRZFIEX MR Q, B
0o nw &Y n BORBURE, RIS nXn FEFEM IR MRS,

Strassen SHIE IR EAE R, FRATHIAE el 2 4 R0 B 2 1) FH e Ah 25 ijk = PRk
ITHETRE . A% T 2x2 WA REAH IR, —ILFR 2 23 R 8 (kaRiLIzH . {HJE Strassen KA HIK
B, 2x2 W/NEREZ B E T LLR A 7 kkgiEi25H, BEJ5 Shmuel Winograd iEH, FA]
EAZMET 7 KB HE 5.


https://people.math.harvard.edu/~knill/history/matrix/

Eight multiplications

FrETES Strassen B 2x2 FERESRSERTEL, 3RiE: New Breakthrough Brings Matrix Multiplication Closer to Ideal
Quanta Magazine

1986 4, Strassen HUfF [ 53 —IUEH KM, et /R REfE FIBOGIE . Strassen H
B T o KRR 2.48. BINZITVER KRB REIREN — PR, (A2 R E %
PR —, THENRFE K — BRSO e .

BOBEM RS TAE R, HES PSRN, FeeHb s, s ) uam i
{H I B IRAE -

TEfif Project HIIXEER, NIEFA —NHrEA 7K. BEEMPEARBAERPIE, +HK
R AR v E R PR B AR

PRPE KA SCFER Y, Strassen HiE B A —LE “hidden loss” o A& EOIGIE P HEFE T
Ph3F PO RE B, 171X Bl bR i s 3 i Bl ke BIAE 2 R R 1 . Tt s ek T ok
MIbRIC 75, GHEEAE R n (1 2371552 0, BZRTHIJTEMET 0.0001, HEZ
JEIX 10 FF SR o

A, FRFEAERIDZ ML AR, XA RO ST RN
ARGy, HEVE R At 4 1 RES /0 B 51 (0 220K (R, I e T AN IR J5 R AT
WETE 2 T, MR A, BV A R, R TE .



https://www.quantamagazine.org/new-breakthrough-brings-matrix-multiplication-closer-to-ideal-20240307/
https://www.quantamagazine.org/new-breakthrough-brings-matrix-multiplication-closer-to-ideal-20240307/
https://zhuanlan.zhihu.com/p/685958403
https://zhuanlan.zhihu.com/p/685958403

6.2 Strassen JEPEE KRR

X B JE I 32 EE T https://zhuanlan.zhihu.com/p/268392799. 244k, RGN E T (&
ESW) , RIMPESEM IR TIX AR, FEHIEHHT T 2 LR BT

Fefa, REEEIEM, AMEmts!

HEBATRSHK A B A KIERE - i 4 AS/NEFE, I O(1). AT € &on AxB [

gk

A= |:A].]. A12] . B

Ay A

_ [311
By

By
By

|- o-[a a

Cou Cx

B, VM 10 ANEREZ A I, 7R S fE SR 0(n?).

P =A;y -5 =An
Py =8y - By = An
P3; =83 -Byy = Ay
Py = Az - S = Asp

S = Byz — By
Sy = Ay + App
Sz = Aa; + Ax
S4 = By — By
S5 = Ay + Ag
S¢ = B11 + By
S7 = Ay — Ag
Sg = By + By
Sy = Aj; — Ay

S10 = Bu + By
BEJETHE 7 IREERESReYE, 153 7 S P AERE:

By — An
By + Az
By + Ay
- By — Ay

- By
- By
- B
- By

Py =85-5 = A -Bu + Ain - Bay + Ay - Byp + Axy - By
Py = S;7-83 = A1g- By + Al2: Byy — Agy - Byy — Ay - By
P; =8y -S1p=An B+ A - Big — Ay - By — A1 - Bia

ZJaBATHAT LA B C HERE:

Cu=BFB+P—-P+F

Cun=P+PF

Cop=FP+P-B-F

W AT SR, FRATIAS B S e A i ) 5

AT AxBHIME T -

T(n)= {

o(1)

TT(%) +©(n?)

zn =1
zn > 1

BETTHAT T LA BFRATI SRS B B 2% T(n) = ©(n'°% 7). i REATHRAHE n 1) =

7 Allog, 71, 342 BE W] 2P 11X 5] o
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ATLAE Y, Strassen HUEMSEAE— E R b FRAR 1B (0] &2 44 AN SRS (], (HU2, RRK
MRz A T ERXBRRFEH TIGE 76 P A1 S HiRE, 4 dAAL N 1R KIS 2 IR 5 35 ar i,
X SRR EREIRAT T RE A T 5 KIWHRE . [FIR Strassen BYAME N T £ 20 hnvk ke B 3k
FOPIRIRD, XL EERERIG M, EiE SR EREIE A N KB —E BN A H
#h . WRLEKE, EEIEARANEFRMNSE, S1bXABIEN A ALSE S, H
ST, BRSNS HERE U EEAT TOIE, XT A R I U A ER S R A R N

6.3 Intel Top—down 4 gty

WILEARY multiplyl() BN WAEZ IR, A AR T G847 1 5 2l 7 K BUAE I . 7
multiply2() =R H FPEFR A AR A RS 1 . Rtk A AR pk i ARRE AT S8 2 5 i
MR, (HIAE S N AEZ REE AR A% 02 PR . #2 Tk, 78 multiply3() H 22k 1 &1k,
D T ORI A E, WD TR, INMSEEL T R — AN

5.5. Case Study 1: Matrix-Multiply

A matrix-multiply textbook kernel is analyzed with Top-
Down. It demos the iterative nature of performance tuning.

Table 4: Results of tuning Matrix-Multiply case

Metric multiplyl |multiply2 |multiply3
—
Speedup 1.0x 11.8x @J
IPC 0.17 119 0.80
Frontend Bound 0.00 0.07 0.02

N AR IR T REIT ) S0 A
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« BRIPCHlspeedupiaEartbfl Ert, RBEEEERDRIEARK. FRE, retiringBU42Ft
FHIPCIRFREBIESHUTIRENR, XBEERSR,

« memory boundgEiEZ>, mem bound (dram) TFEZE|1/10; core bound GEHiRTH, B
portfIEAEIEFAELL L. AN XM EZEE fiftmemory cache, iHA T AFH
RIEHEET, ML FEERETHERRE T EURSM, FEEERIEIN T L1Aas =z,

2-3E9RIE T :

* IPCTRRET50%, speedup tF+750%, BIERAEE, HFHUREGERE FET, BIT{FMmI
R T —BARRFENIAZ T, BARELT. WAL LA TRERMIL, B
i 8

« memory boundf2Ft4%, Emem bound 127735, WHIAEEADREGRD, EERIEEAY
EIEN, BEXMEREGspeedupfIiRFTRMERIGRESEMLT.

« core bound/port utilization#&f, {BLLAINFIPCTRREIERRTLAERE AFIIERIESHIHIT
EEEERT. I8SEE, RIREX MBRABREERTSIMDEFIHES,

A ED THIEEFFIRINSE2018/02/14/%750) Top-downtHRENHTREY - FRE/\G

Part 7: More Jobs can be done

LTS 1, Java A FBACRY 2 fn ] SRS P A 51 2

200 T8 2, Java WERS MRS R WA sEBl ? T IEE R, AT 2 2R Bt 4
I A A2 B R TR 2

3R TS 3, BEAREHL N AACRIE MR MR RN 5N BB ? AN R e Mk ) I 1) T 5%
BRECANR], BT A5 J7 R R T R (R — A e Ol S ) 2

AR TS0 4, AERER CPL LBk R BON A 4 EAE T Z I Bl R 2 9ft 2 B3R 2 B A
A2 2 o R 112 CPI AL FAT T IR P 0 L A e s 2 AR ALl e 2

5.GPU A MIINA 548K . GPU B ACRS AT 44T ?

6.5 N (3N, Cache, DRAM, JiZEEHMLIIAAE A BH IHT? UMA HT NUMA
5 R B AT IR 7 18 AT I (8] R R E A8 2 OpenMP 2 A% I IR RE 3732 47 I 18] 2 75 AT
A AT R ?

A 55

= N

Java FLIHALE C 20?2 TR LLA B SERIAIAE 221500, Java W] A2 LR SR B 1Y,
MXAH L T LR C P 2 — R kb WERAE CWARMLAPIRZS S, AT M E &
i/, ATRER G, FEFFHATERATFI AE TIZAZ R 01, REHE Cr+, (HZAERIAF I
'~ Java TR VE RERIHEBAT BATE R A4 K ?

Part 8: &4

FAVEARIK Project HILIEAT T 4 RSLLS, 437X C Al Java 7EHEREIeTERE - A RS B2
IRFRCR . BT RIAD S 3 5 13T 7 0

TSRS, BATKIL T LA B M RE 22 577 5
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3. FAER: EARIMPEAFREMYg IR T, Java Fl C RINA LR, XEKRE
A e T R 52 3 5 A4 S it A 555 1 R

4, ZEEFBEMMB: Java FZ LR C 1 OpenMP 7EIB(E L AT REAETEINAN, 2L
AN—E LB 2R FEMERE AL

5. BEIARMIEERGRIFM: Java I C 1IAIFJE 35 2L Linux A1 Windows [1] 1
FARE P J7 AT BESE ma A 7 (R ML RE

6. MBENITERIRA: @i H Intel TopDown PEBEHTE:, FATTHE#T Java Al C FE 7
M AT, LA CPI AR AL SR AT

GiaRE, M — RIS, AN Java FI C AEREFESRVE IR h I MERE 22 72 22 2 2 1
AL AT SR TE S R DL SR A RGE IR . ERRIRSSIAT KL
KET, AENMERATESARAER, BT EEEAMESWHHIESEIER.
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PR IR
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1R} F o
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