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void set row(double *a,
double *b, long i, long n){
long J;
for (j = 0; j < n; Jj++)
a[n*i+j] = b[J];

void set row(double *a,
double *b, long i, long n){
long 3J;
int ni = n * i;
for (j = 0; j < n; j++)
a[ni+j] = b[]];




GCC -0O1

void set row(double *a, double *b,
long i, long n){
long jJ;
for (j = 0; j < n; j++)
a[n*i+j] = b[]j];

endbro4

testq %rcx, %rcx

jle

imulg %ro

leaq (%rdi,%rdx,8), %rd

mov L

movsd (%rsi,%rax,8), %xmmoO
movsd %xmmO, (%rdx,%rax,8)
addg $1, %rax

cmpg %rax, %rcx

jne

ret

long j;

long ni = n * i;

double *rowp = a + ni;

for (j = 0; j < n; j++)
*rowp++ = b[j];

# Test n

#1f 0, goto done
#ni=n*|
#rowp=A+ni*8
#j=0

# loop:

#1t=D[j]

# M[A+ni*8+j*8] =t
Hij++

#if 1=, goto loop
# done:
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« 16X 2 x << 4

for (1 = 0; 1 < n; i++){
int ni = n * i;
for (j = 0; j < n; j++)
a[ni+j] = b[]];

int ni 0;
for (i = 0; 1 < n; i++){
for (j = 0; j < n; Jj++)
a[ni+j] = b[]];
ni += n;
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down = val]
left = val|
right = val|

/*sum neighbors of i, j*/
up = val[ (i-1)*n +

J I

(i+1)*n + j 1;
i*n + j-1  ];
i*n + j+1  ];

sum = up + down + left + right;

endbr64

subl
movq
movl
imull
addl

movslq

movsd
leal
leal
subl

movslq

movsd
addl
movsd

movslq

addsd
movsd
movsd
movsd
movsd
addsd
movsd
addsd
movsd
ret

$1, %edi

val(%rip), S%rcx

%esli, %eax

%edx, %edi

%edi, %esi

%esi, %rsi

%rcx,%rsi,8), %xmmo

%rdi,%srdx,2), %esi

%rsi,%rax), %edi

edx, %esi

%edi, %rdi

%xmm@, up(%rip)

%eax, %esi

(%rcx,%rdi,8), %xmm3
%esi, %rsi

%xXmm3, S%xmmo

%xmm3, down (S%rip)

-8(%rcx,%rsi,8), %xmm2

%xmm2, left(%rip)

8(%rcx,%rsi,8), %xmml

%Xmm2, S%xmmo

%sxmml, right(%rip)

%xmml, S%xmmoO

Sxmmo, sum(Srip)

(
(
(

/*sum neighbors of i,j*/
long inj =1 * n + j;

up

= val[ inj - n ];

down = val[ inj + n ];
left = val[ inj - 1 ];
right
sum

val[ inj + 1 ];
= up+down+left+right;

endbre4

imull %edx, %edi

addl %esi, %edi

movslg %edi, %rsi

movq Vval(%srip), %rax
movslq %edx, %rdx

movq %rsi, S%rcx

subg %rdx, %rcx

movsd (%rax,%rcx,8), %xmml
movsd %xmml, up(%rip)

addg %rsi, %rdx

movsd (%rax,%rdx,8), %xmm3
movsd %xmm3, down(S%rip)
movsd -8(%rax,%rsi,8), %xmm2
movsd %xmm2, left(%rip)
movsd 8(%rax,%rsi,8), %xmmO
movsd %xmm@®, right(%rip)
addsd %xmm3, %xmml

addsd %xmm2, %xmml

addsd %xmml, %xmmO

movsd %xmmO, sum(%rip)

ret
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« GCC online documentation - GNU Project

AL S

« -0O0
- -O1
« -02
 -03
 -Os
« -Ofast
. -Og

AT AT


https://gcc.gnu.org/onlinedocs/

w GCCHML{1%EIn

BE BH HE RE O RE B
$ gcc -Q -01 --help=optimizers

SYPRYEX.

@ @U@ ¢ )= & Tl @ EJrient shift + Rieht Alt

9
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GCC online documentation - GNU Project

Optimize. Optimizing compilation takes somewhat more time, and a lot more
memory for a large function.

With ‘-0°, the compiler tries to reduce code size and execution time, without
performing any optimizations that take a great deal of compilation time.

‘=0’ turns on the following optimization flags:

-fauto-inc-dec
—fbranch-count-reg
-fcombine-stack-adjustments
—fcompare-elim
-fcprop-registers

-fdce

~fdefer-pop
-fdelayed-branch

-fdse

-fforward-propagate
-fguess-branch-probability
-fif-conversion
-fif-conversion2
-finline-functions-called-oncs
-fipa-profile
-fipa-pure-const
-fipa-reference
-fipa-reference-addressable
-fmerge-constants
-fmove-loop-invariants
-fomit-frame-pointer
-freorder-blocks
—-fshrink-wrap
-fshrink-wrap-separate
-fsplit-wide-types
-fssa-backprop
-fssa-phiopt
-ftree-bit-ccp
-ftree-ccp

-ftree-ch
-ftree-coalesce-vars
-ftree-copy-prop
-ftree-dce
-ftree-dominator-opts
-ftree-dse
-ftree-forwprop
-ftree-fre
-ftree-phiprop
-ftree-pta
-ftree-scev-cprop
-ftree-sink
-ftree-slsr

-ftree-sra

-ftree-ter
-funit-at-a-time


https://gcc.gnu.org/onlinedocs/

-02

GCC online documentation - GNU Project

Optimize even more. GCC performs nearly all supported optimizations that do
not involve a space-speed tradeoff. As compared to ‘-0’, this option increases
both compilation time and the performance of the generated code.

‘~02’ turns on all optimization flags specified by ‘-0’
following optimization flags:

-falign-functions -falign-jumps
-falign-labels -falign-loops
-fcaller-saves

-fcode-hoisting

-fcrossjumping

-fcse-follow-jumps -fcse-skip-blocks
-fdelete—null-pointer-checks
-fdevirtualize -fdevirtualize-speculatively
-fexpensive-optimizations
-ffinite-loops

-fgcse -fgecse-1m
-fhoist-adjacent-loads
-finline-functions
-finline-small-functions
-findirect-inlining

It also turns on the

-fipa-bit-cp -fipa-cp -fipa-icf

-fipa-ra -fipa-sra -fipa-vrp
-fisolate-erroneous-paths-dereference
-flra-remat

-foptimize-sibling-calls

-foptimize-strlen

-fpartial-inlining

-fpeephole2

-freorder-blocks-algorithm=stc
-freorder-blocks-and-partition -freorder-functions
-frerun-cse-after-loop

-fschedule-insns -fschedule-insns2
-fsched-interblock -fsched-spec
-fstore-merging

-fstrict-aliasing

-fthread-jumps

-ftree-builtin-call-dce

-ftree-pre

-ftree-switch-conversion -ftree-tail-merge
-ftree-vrp

11
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» Within procedure analyses

 Static information analyses
* “Conservative” to be “safe”

12
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* Two optimization blocker
* Memory aliasing

 Function calls

13
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void sum_rowl(double *a, double *b, long n){

long i, j;
for (i = 0; i<n; i++){
b[i] = @;

for (j = 0; j <n; j++)
b[i] += a[i*n+]j];

double A[9] =

{ @: 1: 2:
4, 8, 16,
32, 64, 128};

double *B = A+3;

sum_rowl(A, B, 3)

movsd (%rdx), %xmmO
addsd (%rax), %xmmO
movsd %xmmO, (%rdx)

addg $8, %rax
cmpq %rcx, %rax
jne

init: [4, 8, 16]
i=0: [3, 8, 16]
i=1: [3, 22, 16]
i=2: [3, 22, 224]

14



NFERR1.1

void sum_rowl(double *a, double *b, long n){

long i, j;
for (i = 0; i<n; i++){
b[i] = @;

for (j = 0; j <n; j++)
b[i] += a[i*n+]j];

void sum_rowl(double *a, double *b, long n){
long i, j;
for (i = 0; i<n; i++){
double val = 0;
for (j = 0; j <n; j++)
val += a[i*n+j];
b [1] = val;

15



FER1.2

//a.c

#include <stdio.h>
void f1 (int *xp, int *yp){

*Xp += *yp;

*Xp += *yp;
¥

gcc -01 a.c

}

$ objdump -d a.o

Disassembly of section

0006000000000000 <fl>:
f3 0f le fa
8b 06

03 07

89 07

03 06

89 07

c3

FDDQJGDO‘!-I’E-G

a.o: file format elf64-x86-64

Ltext:

endbr64

mov %rsi),%seax
add (%rdi) ,%eax
mov %eax,(%rdi)
add %rsi),%eax
mov %eax, (%rdi)
ret

//b.c

#include <stdio.h>
void f1 (int *xp, int *yp){
*Xp += 2% *yp;

gcc -01 b.c

!

$ objdump -d b.o

b.o: file format elf64-x86-64

Disassembly of section

0000060000660000 <fl>:
f3 0f le fa
8b 06

01 co

01 07

c3

QJOOO"-I"—‘-O

.text:

endbro6d
mov
add
add
ret

%eax,%eax
%eax, (%srdi)

%rsi) ,%eax

IR xpFypiga) [E—ER KN fFHE?

16
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//a.c //b.c

#include <stdio.h> . .
void f1 (int *xp, int *yp){ #include <stdio.h>
’ void f1 (int *xp, int *yp){

*Xp += *yp; o o s
*Xp += *yp; ) P o= 2 T

*Xp += *Xp; «
Xp += 2* *xp;
*Xp += *Xp; P P

IR xpFypig[c) B —LR A fFHb AL ?

Memory aliasing 17



Memory aliasing & strict aliasing rules

RTE-

|

.
EEEITOED

E—
Prg count

I\
Y

-

U(int)
e

R
RN
o

U(float)
—

SR

U(MyClass)
U(char)

- -» Real pointer
—» Compiler belief

int count;
float bias;

int data[1000] ;
MyClass obj;

void foo(int* p, float Q)

{

}

void bar()

{

//a.c
#include <stdio.h>

void f1 (int *xp, int *yp){
*Xp += *yp;
*xXp += *yp;

// Graph at this time
¢p = ’P - 1,-
'q = 'q - 0,5;

foo(&count, = &bias);
foo(data, &bias);

count = count + 1;
data([0] = data[o] + 0.5;

AR24060M020
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#include <stdio.h>

int foo(int* ptrl, int* ptr2)
{

*ptrl = 10; Disassembly of section .text:
*ptr2 11;
0OOEEOOOEEOOOARO <foo>:
0: f3 0f le fa endbro64
4: c/ 07 Oa 00 00 00 mov1l $0xa, (%rdi)
a: c7 06 b 00 00 06 mov1l $0xb, (%rsi)
10: 8b 07 mov (%rdi) ,%eax
main() 12: c3 ret
int datal = 10, data2 = 20;
int result = foo(&datal, &data2); gccC -01 a.c
gcc -02 a.c

printf("%d ", result);
e;

19
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* What to produce by GCC-0O1, GCC-02 optimizers?

#include <stdio.h>

ipt foo(inf* ptfl, long* ptr2)

{

}

fnirl 10;
Fnird 11.0;
Fotrl:

int main()

{

long data = 100.0;

int result =.foo((int *)&data,

printf("%d \n", result);
0;

20
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#include <stdio.h>

int foﬁ(int* ptrl, long* ptr2)
{

long data = 100.0;

int result = foo((int *)&data, &data);

printf("%d \n", result);
<ts/ICS52021/teach/Coursel7/demo.c[1] [c] unix utf-8 Ln 1, Col 0/25

21
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#include <stdio.h>

int foo(int* ptrl, long* ptr2) 0000000000001149 <foo>:
{ 1149: £3 0f le fa endbr64

ADLOLESRLE 114d: c7 07 Oa 00 00 00 movl  $0xa, (%rdi)
fe = 1153: 48 c7 06 Ob 00 00 00  movq  $0xb, (Srsi)
e 115a: 8b 07 mov %rdi),%eax
115c: c3 ret
int main() /
it
long data = 100.0;
// Function C: gcc -01 a.c
int result = foo((int *)&data, &data);
printf("%d \n", result);
0; 0000000000001180 <foo>:
1180: f3 0f le fa endbré4
1184: c7 07 Oa 00 00 00 mov 1 $0xa, (%rdi)
118a: b8 Ga 00 00 00 mov $0xa,%eax
118f: 48 c7 06 Ob 00 00 00 mov(q $0xb, (%rsi)
1196: c3 ret
gcc -02 a.c
-fstack-reuse=[all|named vars|none] all
-fstdarg-opt [enabled]
-fstore-merging [enabled]
-fstrict-aliasing [enabled]
-fstrict-enums [available in C++, ObjC++]
-fstrict-volatile-bitfields [enabled]
-fthread-jumps [enabled] 22
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e AE RE BB

1200: 41 5e

1202: 41 5T

1204: c3

1205: 66 66 2e Of 1f 84 00
x,1)

120c: 00 00 00 00
0000000000001210 < 1libc csu fini>:

1210: f3 0f le fa

1214: c3

Disassembly of section .fini:

0000000000001218 < fini>:

f3 0f le fa
48 83 ec 08
48 83 c4 08
&3

$ gcc -01 demo.c

$ gcc -02 demo.c

1218:
121c:
1220:
1224:
$ ./a.out
11
$ ./a.out
10

$ gcc -02 demo.c |

pop %rl4
pop %rlb5
ret

datalt cs nopw Ox0(%rax,%ra

endbre4
ret

endbro4

sub $0x8,%rsp
add $0x8,%rsp
ret

B @0l o 0= i 8l @ (&) rieht shift + Right Alt 23



#include <stdio.h>

gcc -02 a.c -fno-strict-aliasing

int foo(int* ptrl, long* ptr2) 0000PELOAOMO1149 <foo>:
[ 1149: f3 0f le fa endbr64
ADLOLESRLE 114d: c7 07 Oa 00 00 00 movl  $0xa, (%rdi)
fe = 1153: 48 c7 06 Ob 00 00 00  movq  $0xb, (Srsi)
) S 115a: 8b 07 mov %rdi) , %eax
115c: c3 ret

int main().
it
long data = 100.0;

gcc -01 a.c

int result = foo((int *)&data, &data);

printf("%d \n”; result);

0; 0000000000001180 <foo>:

1180: f3 0f le fa endbré4
1184: c7 07 Oa 00 00 00 mov 1 $0xa, (%rdi)
118a: b8 Ga 00 00 00 mov $0xa,%eax
118f: 48 c7 06 Ob 00 00 00 mov(q $0xb, (%rsi)
1196: c3 ret

gcc -02 a.c

-fstack-reuse=[all|named vars|none] all

-fstdarg-opt [enabled]

-fstore-merging [enabled]

-fstrict-aliasing [enabled]

-fstrict-enums [available in C++, ObjC++]

-fstrict-volatile-bitfields [enabled]

-fthread-jumps [enabled] 24




Optimization blocker: memory aliasing

* Aliasing
.« W NAERIWTFreferencen] REiEAR—IRNTE

- CIEETEN
o« CItiFthltgE

SiEts I NEEEE
« BREIAED
« FF&AfiBRRaliasing
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void lower(char *s){
size t i;
for (i
if(s[i] >= ‘A’ && s[i] <= ‘Z°)

@; i<strlen(s); i++)

s[i] -= (A’ - ‘@’);

CPU seconds

250

200

150

100

N
o

100000 200000 300000 400000 500000
String length

26
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e strlen(): IKERRFT

void lower(char *s){ . Mt
size_t i, o~ —
for (i = @; i<strlen(s); i++) NIRIHNTER, TIREHRE
if(s[i] >= ‘A’ && s[i] <= ‘Z°)
s[i] -= (A’ - ‘a’);

void lower(char *s){
size t 1 = 0;
if (i >= strlen(s))

goto done;
loop:
if(s[i] >= ‘A’ && s[i] <= ‘Z’)
s[i] -= (A’ - ‘@’);
i ++;
if(i< strlen(s))
goto loop;
done:
}

27



FERR2.1

void lowerl(char *s){
size t i;
for (i = 0; i<strlen(s); i++)
if(s[i] >= ‘A’ && s[i] <= ‘Z°)
s[i] -= (A’ - ‘a’);

void lower2(char *s){
size t i;
size t len = strlen(s);
for (i = 0; i<len; i++)
if(s[i] >= ‘A’ && s[i] <= ‘Z°)
s[i] -= (A’ - fa’);

28



CPU seconds

250
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lowerl
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100000
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void lowerl(char *s){

° Hf@*ltatﬁ’@ size_t i;
* Inline functions for (.if(z[@.;] i“f:\%egési;[.?i) S
1T(S|1 = 1 =
» E¥FfYcoding S[i] -= (A° - ‘a’);
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endbroe4

pushqg S%rbx
xorl %eax, °
long f(); call f@PLT
movq %rax, %r
xorl %eax, °

call f@PLT

long funcl(){
return £() + () + f() + f();

addg %rax, %r

} xorl %eax, °
call f@PLT
long func2(){ g e
ceturn 4+ £0; SR
} addq %rbx, %t

popg %rbx
ek

endbro64
subq $8, %rsp

xorl Seax, %eax %Tsafeiﬂl’ﬁtﬂﬁ, gﬁl%%%%%@éiiﬁﬁﬁ
e - oJEEFERIEA (side effect)
salq $2, S%rax

ret

31
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endbroé4

pushqg S%rbx
xorl %eax, ¢
long f(); call f@PLT
movqg %rax, %t
xorl %eax, °

call f@PLT

long funcl(){
return £() + f() + () + f();

addq %rax, %t

; o xorl %eax, °
3 call f@PLT
long func2(){ addq %rax, %
return 4 * f(); xorl %eax, °

call Tf@PLT

addq %rbx, %rax
popg %rbx

ek

counter = 0

endbro6d
subq $8, %rsp long counter = 0;

xorl %eax, %eax long f(){

call TePLT return counter ++;
addq $8, %rsp }

salq $2, %rax

ret




I n I i r -findirect-inlining
Inline also indirect calls that are discovered to be known at compile time thanks

to previous inlining. This option has any effect only when inlining itself is turned

on by the ‘-finline-functions’ or ‘-finline-small-functions’ options.

long

Enabled at levels ‘-02’, ‘-03’, ‘-0s’.

long funcl(){
return £() + f() + () + f();

long func2(){
return 4 * f();

v

long funclin(){
long t = counter ++;
t += counter ++;
t += counter ++;
t += counter ++;
return t;

long funclopt(){
long t = 4 * counter + 6;
return t;

33
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Inline substitution

gcc -00 a.c
long £(); gcc -01 a.c
0000000000008O00 <funcl>:
0: f3 0f le fa endbr64
long funcl(){ 4: 55 push  Srbp
5: 48 89 e5 mov %rsp,%srbp
return £() + f() + f() + f(); 8: 53 push  %rbx
9: 48 83 ec 08 sub $0x8,%rsp
} d: b8 00 00 00 00 mov $0x0,%eax
12: e8 00 00 00 00 call 17 <funcl+0x17>
17: 48 89 c3 mov %rax,%rbx
la: b8 00 00 00 00 mov $0x0,%eax
long ‘FUI’]CZ(){ 1f: e8 00 00 00 00 call 24 <funcl+0x24>
return 4 * -F(), 24: 48 01 c3 add %rax,%rbx
27: b8 00 00 00 00 mov $0x0,%eax
} 2¢C: e8 00 00 00 00 call 31 <funcl+0x31>
31: 48 01 c3 add %rax,%srbhx
34: b8 00 00 00 00 mov $0x0,%eax
39: e8 00 00 00 00 call 3e <funcl+0x3e>
3e: 48 01 d8 add %rbx,%rax
_ 41: 48 8b 5d f8 mov -0x8 (%rbp) ,%rbx
gCC 02 a.c 45: c9 leave
46: c3 ret
0000000000000000 <funcl>:
0: f3 0f le fa endbr64
4: 48 8b 05 00 00 00 0O mov Ox0(%rip) ,%rax # b <funcl+0xb>
b: 48 8d 50 04 lea Ox4(%rax) ,%rdx
f: 48 8d 04 85 06 00 00 lea Ox6(,%rax,4),%rax
16: 00
17: 48 89 15 00 00 00 00 mov Srdx, 0x0(%srip) # le <funcl+0xle>
le: c3 ret
1f: 90 nop

35
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Inline substitution

long f();

gcc -00 a.c

gcc -01 a.c

0000000000008O00 <funcl>:
long funcl(){ 4. gcc -02 a.c -fno-inline
5: 48 8Y eb5 mov %Irsp,%srop
return £() + f() + f() + f(); 8: 53 push  %rbx
9: 48 83 ec 08 sub $0x8,%rsp
} d: b8 00 00 00 00 mov $0x0,%eax
12: e8 00 00 00 00 call 17 <funcl+0x17>
17: 48 89 c3 mov %rax,%rbx
la: b8 00 00 00 00 mov $0x0,%eax
long ‘FUI’]CZ(){ 1f: e8 00 00 00 00 call 24 <funcl+0x24>
return 4 * -F(), 24: 48 01 c3 add %rax,%rbx
27: b8 00 00 00 00 mov $0x0,%eax
} 2¢C: e8 00 00 00 00 call 31 <funcl+0x31>
31: 48 01 c3 add %rax,%srbhx
34: b8 00 00 00 00 mov $0x0,%eax
39: e8 00 00 00 00 call 3e <funcl+0x3e>
3e: 48 01 d8 add %rbx,%rax
_ 41: 48 8b 5d f8 mov -0x8(%rbp) ,%rbx
gCC 02 a.c 45: c9 leave P
46: c3 ret
0000000000000000 <funcl>:
0: f3 0f le fa endbr64
4: 48 8b 05 00 00 00 0O mov Ox0(%rip) ,%rax # b <funcl+0xb>
b: 48 8d 50 04 lea Ox4(%rax) ,%rdx
f: 48 8d 04 85 06 00 00 lea Ox6(,%rax,4),%rax
16: 00
17: 48 89 15 00 00 00 00 mov Srdx, 0x0(%srip) # le <funcl+0xle>
le: c3 ret
1f: 90 nop

37
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winclude <stdio.h>
long counter = 0;
static inline long f(){ 1 counter ++;

}

long funcl(){
T() + T() + T() + T();
}

long func2(){
4 * £();
}
int main(){
printf("sld \n", funcl());

~/Documents/ICS2021/teach/Coursel7/demo2.c[1] [c] unix utf-8 Ln 1,

2 @b e 0= & & &lricht shift + RighS 81t




BEE OBY UE BE R’g B
1 #include <stdio.h>
long counter = 0;
static inline long f(){ counter ++;

}

long funcl(){
() + () + T() + T();
}

long func2(){
4% f();
}
int main(){
printf("%sld \n", funcl());

~/Documents/ICS2021/teach/Coursel7/demo2.c[1] [c] unix utf-8 Ln 1, R
1 change; before #1 3 seconds ago

Ul & [ &)right Shift + Right Alt




Optimization blocker: function call

 Function call
- IFEEHNEIER
- TR

- BXFERIREEARA—E—F

- fiFE IR REIFARSNIE
+ LinkingRTE B ERE A FRRISEI

- HfthiEhe

* |Inline functions

« BE¢fAYcoding
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typedef struct{

long len; len

\ 4

data °

data_t *data;

} vec_rec, *vec ptr;
typedef long data_t;

void combinel (vec ptr v, data_t *dest){
long 1i;
*dest = 0; 1
for (i =0; i <|vec_length(v); i++){
data_t val;
get val element(v, i, &val);
*dest = *dest + val;

THERPEIMERL
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HFERRS

typedef struct{

long len;
data_t *data;

len

\ 4

data °

} vec_rec, *vec ptr;

typedef long data_t;

void combinel (vec ptr v, data_t *dest){

long ij;

long length = vec_length(v);

*dest = 0; 1

for (i =0;|1i < length; i++){
data_t val;
get val element(v, i, &val);
*dest = *dest + val;

THERPEIMERL
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HFERRS

typedef struct{

long len;
data_t *data;

len

\ 4

data °

} vec_rec, *vec ptr;

typedef long data_t;

void combinel (vec ptr v, data_t *dest){

long 1i;

long length = vec _length(v);

*dest = 0;

for (i =0; i < length; i++){
data_t val; 2
get val element(v, i, &val);
*dest = *dest + val;

SRR
R E BB
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typedef struct{
long len; len

\ 4

data_t *data; data .

} vec_rec, *vec ptr;
typedef long data_t;

void combinel (vec_ptr v, data_t *dest){
long i;
long length = vec length(v); 2
data_t *data = get vec start(v);
*dest = 0;
for (i =0; i < length; i++){
*dest = *dest + data[i];

}

AR
R B HEE
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HFERRS

typedef struct{
long len;
data_t *data;
} vec_rec, *vec ptr;

typedef long data_t;

void combinel (vec_ptr v, data_t *dest){

long 1i;

len
data

\ 4

long length = vec_length(v);

data_t *data = get vec start(v);

*dest = 0;

for (i =0; i < length; i++){
*dest|= *dest + data[i];

} 3

movq %rax), %rdx
addq %rdx, (%rbx)

addg $8, %rax
cmpq %rcx, %rax
jne

. SHBEIREN
. R EEAR
. RO EBHAG
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HFERRS

typedef struct{
long len;
data_t *data;
} vec_rec, *vec ptr;

len
data °

\ 4

typedef long data_t;

addg (%rax), %rdx

void combinel (vec ptr v, data_t *dest){ addq  $8, %rax

long 1i; cmpg  %rcx, %rax
long length = vec_length(v); jne
data_t *data = get vec start(v);

data_t acc = 0;

« JEBRTEMMERL
for (i =0; i < length; i++){ . /UZQ‘LT_@)‘UHFH
acc = acc + data[i]; « B EENAFIA
. 3
*dest = acc;
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. [EERL{Ltreatment
- FIIEREEERN

. RSB IRIERT B LR A E B R FI T B RYRES
- EfEmFEENIER
« ImiEssiitEIiREsafe

- WEESFIFICERD
« Memory aliasing
* Function call
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VIS

Instruction Control

Reti Fetch
etirement
Unit Control Instruction
Register Instruction Cache
File Decode

Register Updates

Functional

Units
Operation Results
Addr. Addr
Data Data
Execution

From CMU CSAPP Course
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Pipeline

« CPURBE—FRIAERYAKE
N A SN o =2

long mult eq(long a, long b, long c){
long p1l = a * b;
long p2 = a * c;
long p3 = pl * p2;
return p3;

}

49



Pipeline

« CPUFBE—LLERYRKE:
. SRR AT R — R ERES

long mult eq(long a, long b, long c){

long pl1 = a * b;
long p2 = a * c;
long p3 = pl * p2;
return p3;

}
A
41 Fetch Decode Execute | Write-back
542 Fetch Decode Execute Write-back
543 Fetch Decode Execute Write-back

v

50



Pipeline

« CPUA

A1

S—5LA LRYAKE

. SRR AT R — R ERES

Stage 1
long mult_eq(long a, long b, long c){ \
long pl1 = a * b; p
long p2 = a * c; Stage 2
long p3 = pl * p2; b
return p3; ( :
Stage 3
Time
1 2 3 4 5 6 7
Stage 1 a*b a*c pl*p2
Stage 2 a*b a*c pl*p2
Stage 3 a*b a*c pl*p2
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Superscalar Issue (Pentium)

--nn-n-nn

|n5tl"3

= Superscalar issue allows multiple instructions to be issued
at the same time
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93 3T

Tl SZRIBESS

404663: mov $@x6f %eax | :} Executing

404668: cmp (%rdi), %rsi

40466b: jge 404685 < How to continue?
40466d: mov Ox8 (%rdi), %rax

404685: repz retq
» AR IBUFHTTNS SZRIZER]

e java - Why is processing a sorted array faster than processing an

unsorted array? - Stack Overflow
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https://stackoverflow.com/questions/11227809/why-is-processing-a-sorted-array-faster-than-processing-an-unsorted-array

VIS

Instruction Control

Reti Fetch
etirement
Unit Control Instruction
Register Instruction Cache
File Decode

Register Updates

Functional

Units
Operation Results
Addr. Addr
Data Data
Execution

From CMU CSAPP Course
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N

Clock cycle

3 4 5 6 7 8

int data[N];
int sum = 0;

for (int i = @; i<N; i++){

if(data[i] < 128)

0
Em
Waiting _ £ 1.
instructions YR [ 1D ; sum += data[i];
| NN
" r-St.:-)gel:Fetch &D... }X‘ &X&
%{ Stage 2: Decode &%D..-IE
_é_-)_ Stage 3: Execute @ & % I:I . . . %
Stage 4: Write-back & @ X |E I:I . . .
eyl
Completed D . .
instructions T
[ ]
A
541 Fetch Decode Execute | Write-back
E42 Fetch Decode Execute Write-back
543 Fetch Decode Execute Write-back

v
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int data[N];
int sum = 0;
for (int i = @; i<N; i++){

int t = (data[i]-128)>>31; B if(data[i] < 128)
sum+=~t & data[c]; sum += data[i];
Sorted:
data[] = 226, 185, 125, 158, 198, 144, 217, 79, 202, 118, 14, 150, 177, 182,
branch= T, T, N, T, T, T, T, N, T, N, N, T, T, T
= TTNTTTTNTNNTTT ... (completely random - impossible to predict)
Unsorted: T = branch taken
N = branch not taken
data[] =@, 1, 2, 3, 4, ... 126, 127, 128, 129, 130, ... 258, 251, 252, ...
branch =N N N N N N N T T T ... T T T
A = NNNNNNNNNNNN ... NNNNNNNTTTTTTTTT ... TTTTTTTTTT (easy to predict)
1= Fetch Decode Execute | Write-back
¥ES2 Fetch Decode Execute Write-back
L3 Fetch Decode Execute Write-back

v



EISIESHITHIINL

void combinel (vec ptr v, data_t *dest){
long i;
long length = vec length(v);
data_t *data = get vec start(v);
data_t acc = IDENT; //0 for +, 1 for *
for (i =0; i < length; i++){
acc = acc OP data[i];

}

*dest = acc;




void combinel (vec ptr v, data_t *dest){
long i;
long length = vec length(v);
data_t *data = get vec start(v);
data_t acc = IDENT; //0 for +, 1 for *
for (i =0; i < length; i+=2){

acc = (acc OP data[i]) OP data[i+1];

}

*dest = acc;




%EM\J

R T2

« FTRAS S IR IR e

void combinel (vec ptr v, data_t *dest){
long i;
long length = vec length(v);
data_t *data = get vec start(v);
data_t acc = IDENT; //0 for +, 1 for *
for (i =0; i < length; i+=2){

}

*dest = acc;

acc = (acc OP data[i]) OP data[i+1];

acc = acc OP (data[i] OP data[i+1]);
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E’f/i\ = H3-multiple accumulator

- FTHE < MR AR 3

void combinel (vec ptr v, data_t *dest){
long i;
long length = vec_length(v);
long limit = length - 1;
data_t *data = get vec start(v);
data_t acc = IDENT; //0 for +, 1 for *
//combine 2 elements at a time
for (i =0; 1 < limit; i+=2){
X0 = x0 OP data[i];
x1 = x1 OP data[i+1];

}

//finish any remaining element
for(; 1 < length; i++)

X0 = x0 OP data[i];
*dest = x0 OP x1;
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5y

HY B8

SUEIIEH S, RAEERIRIT

* Unrolling

* Accumulating

for (i =0; i < limit; i+=2){
X0 = x0 OP data[i];
x1 = x1 OP data[i+1];

}
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SIMD

e |CS Lecture 06

RSS2

& |, 7, ... A TEHKINE—A bit RiLAEE GHT) ¥
* ANERFATHRFRIXI S NIEFE—> bit 2IH7AY

« BAIE—FESEMEI TS MMRME

* SIMD (Single Instruction, Multiple Data)

- 5l F: Bit Set
- 32-bitEE x - S <{0,1,2,3,...,31}
- (IZEEXIFRA bit FEHIFEREY
+ C++ 75 bitset, MEBEIERSETIN

5 -> 9101 s: {90,2}
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Z1ZAFX: parallel thinking

10,000,000

1,000,000

Dual-Core Itanium 2 B /

100,000

Intel CPU Trends A
(sources: Intel, Wikipedia, K. Olukotun) .

10,000

Processor clock rate stops
increasing

0

No further benefit from ILP

[ =Transistor density

® = Clock frequency

A =Power

@ = Instruction-level parallelism (ILP)

1970

1975 1980 1985 1990 1995 2000 2005 2010
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parallel thinking

//part A

Click_spawn Foo();
Bar();
Click _sync;

//part B

* E.g., QuickSort

 Parallel
* QuickSort(A, o)
* QuickSort(Ag,_a).
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- R MR KIBE
« OptimizationE2 &
« Readable code EEEE&

- AR
« CMU: 15-853: Algorithms in the “Real World”

» A graduate-level course that provides many useful links to parallel
algorithms and I/O-efficient algorithm

 MIT 6.172: Performance Engineering of Software Systems

* A more thorough explanation on performance analysis on parallel (multi-
core) and distributed setting

« CMU 15-210: Parallel and Sequential Data Structures and Algorithms

* An overview of basic algorithms and data structures that makes no
distinction between sequential and parallel
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1GN=E]

s EFRESHIRIATIEUEESH
- HiRR
 Parallel thinking

* RS BEIBHRIFR A XU AR HI R Y TR ATIRAS

- EfRRIFERRICICRYBEIFIBR
- ENRIBRENFHERIUL

- IISCAYMEREIZIT{ESS, FR%Ftracefprofiler TE
Lab3: M4 gEFT

/NSTRRIRER

5235 (Labs) A ICS S ITiER P49 — b2 5288, § AL SHE¥ it ik — 2 iR P g
B, B EA AR KRR, PAR MR RLR P ARA LRI ARG EE, AT
ZUEFERN. AR, REF2A A LEM Loyt kXM, 2 R2XEAEH
Tk A0 K E, B AR RS (LE A T REATFASF LX),

Deadline: 2022 4 12 ] 4 H 23:59:59,
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Life in real world

Lab3: 4 gEEN
/NSEL AR

v 523 (Labs) & ICS iX ITHRAL B o — etz S A2 M, § AL SR A IR MR &k — & LR P 49
ﬂ%oﬂﬁﬁ@%ﬂ?h,Wufﬁ&*ﬁ%1W£ﬁ$L&ﬂmﬁ%wﬁA S, e
B2UYERER", B, KREZ2AHA LM Lsid X @M, 2 REBXEAER
R E MG EE, PREALRE LG E (LFE TN A ZEE),

Deadline: 2022 5+~ 12 H 4 H 23:59:59,

» FRtFtracefOprofiler T &




PA + Lab

PAK{EM

FFoR SEESAT, AT 4n DR 43 9L BN L/ T 3T Ty iR AuPA S ERSS

PAO: tE 72735 SRS (B 8L, DDL: 202279 A 20 H 23:59:59 (extended))
PAL: Wil 28 (B2 & A, DDL: 202210H 13 H 23:59:59 (extended))

PA2: I FE A1z T (B& A, DDL: 20224-11H20H23:59:59)
PA3: T 5 5% (2 &f, DDL: 20224-12H18H23:59:59)

PA4: 73 21 5% (B &, DDL: 2023%4F1H15H23:59:59)

Lab/MEMI

R EIRET, AT i e/ R F i,

Lab1l: KE iz & (2 #1k, DDL: 2022410 H 16 H23:59:59)
Lab2: x86-64 N x4 (2 #k1k, DDL: 2022411 H13H23:59:59)
Lab3: £REIAL (&AW, DDL: 20225F12H4H)

Lab4: ZZ /71541128 (B &K 47, DDL: 2022812H25H)
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