Trinh Thanh Trung (ThS)

TANG HIEU NANG
CHUONG TRINH




1. Tong quan

2. Cac nguyén ly co ban

3. Mot so k§ thuat tang hiéu nang chwong trinh
4, Tinh chinh ma nguén

5. M6t so k¥ thuat tinh chinh ma nguon



1.
Tong quan




Lam thé nao dé
tang hieu nang chuong trinh

= Giai thuat
s Diing gidi thudt t6t nhdt co thé
= Sau do hdy nghi toi viéc tang tinh hiéu quad cua code
o Vi du: Tinh tong cua n sé tw nhién ké tir m

void main() { void main()
long n,m,i, sum ; {
& n,m,1, ? long n,m ;
cout << “ vao n ¢ ; cin << n; cout << f vao n ¢ ; cin << n;

s c . cout << ' vaom ¢ ; cin << m;
cout << vao m 5 Cln << m;

cout << € Tong = ¢
sum =0; g

<< (M + m+ n) * n/ 2.0;

for(i =m ; i < m+n; i++) sum += i;

cout << ¢ Tong = ¢ <<sum;



Dung chi thi
chuong trinh dich

= M6t s6 compilers c6 kha nang t6i wu chwong trinh
o Phdn tich sGu md ngudn va tw déng toi wu hoa
o Vidu GNU g++ compiler trén Linux/Cygwin cho chwong trinh
viét bang C
g++ -05 -0 myprog myprog.c
o Co thé cdi thién hiéu ndng tir 10% dén 300%



Tu

A=

to1 vu hoa

« Tw thwe hién nhitng ci tién ma trinh dich khéng thé
= Loai bo tit ca nhitng cho bat hop 1y trong code
o Lam cho chwong trinh hiéu qud nhdt cé thé
= C6 thé phai xem lai khi thiy chwong trinh chay chim
o Cdn tdp trung vao ddu dé cdi tién nhanh nhdt, tét nhat?
= Xac dinh nguon gay kém hiéu qua
= Dw thwa tinh todn - redundant computation
> Chu yéu
» Trong cac ham
» Trong cac vong lap



2.
Cac nguyén tac co ban




Quy tac
co ban

* Porn gian hoa Code - Code Simplification
* Porn gian héa van dé - Problem Simplification
* Khong ngwrng nghi ngo - Relentless Suspicion

* Lién két sé'm - Early Binding



Quy tac
tang toc do

sDit liéu thwong dung sKhong tinh 1 phan ti

can phai dé tiép cin cho dén khi can dé

nhat, luén hién hiru. tranh nhirng su tinh
toan khong can thiét.



Quy tac
tang toc do

= C6 thé tang téc d6 bang cach st dung thém bé nhé (mang)

= Ding thém cac dir liéu c6 cau truc:
= Thoi gian cho cdc phép todn théng dung cé thé gidm bdng cdch
str dung thém cdc cdu tric dir liéu véi cdc dirv liéu bo xung hodc
bdng cdch thay doi cdc dir liéu trong cdu tric sao cho dé tiép cdn
hon.

= Lwu cac két qua dworc tinh trudc:

o Thoi gian tinh todn lai cdc ham cé thé gidm bét bdng cdch tinh
todn ham chi 1 lan va lwu két qud, nhitng yéu cdu sau nay sé dwoc
xt ly bdang cdch tim kiém ttr mdng hay danh sdch két qud thay vi
tinh lai ham.



Quy tac lap
Loop rules

» Nhitng di€ém néng - Hot spots trong phan 1én cac chwong
trinh dén tlr cac vong lap:

* Pura Code ra khoi cac vong lap:
= Thay vi thwec hién viéc tinh todn trong moi lin ldp, tot nhdt thuc
hién né chi mét lan bén ngoai vong Idp (néu dwoc)

= Két hop cac vong lap - loop fusion:
> Néu 2 vong ldp gdn nhau cting thao tdc trén cuing 1 tdp hop cdc
phan tik thi cdn két hop chung vao 1 vong Idp.



Quy tac lap
Loop rules

= Két hop cac phép thir - Combining Tests:
= Trong vong ldp cang it kiém tra cang tot va tét nhdt chi mot
phép thir. LTV c6 thé phdi thay doi diéu kién két thiic vong ldp.
“Linh gdc” hay “Vé si” la mét vi du cho quy tdc nay.

= Loai bo Loop:
o V&i nhitng vong ldp ngan thi cdn loai bé vong ldp, trdnh phdi
thay déi va kiém tra diéu kién ldp



Quy tac ham
Procedure Rules

= Khai bdo nhitng ham ngan va don gian (thwong chi 1 dong)
la inline

= Trdnh phai thwc hién 4 bwéc khi ham dworc goi,

= Tranh dung bd nho stack



TO1l uu ma
C/C++

= Pat kich thwéc mang = 2°
o V&i mdng, khi tao chi s6, trinh dich thwc hién cdc phép nhan, vi
vdy, hdy ddt kich thwéc mdng bang 2" dé phép nhdn cé thé dwoc
chuyén thanh phép todn dich chuyén nhanh chéng

= Pat cac case trong pham vi hep
= Néu sé case trong cdu lénh switch ndm trong pham vi hep, trinh
dich sé bién doi thanh if - else if I6ng nhau, va tao thanh 1 bdng
cdc chi s6, nhw vdy thao tdc sé nhanh hon



ANTm ~

TOl uu ma
C/C++

= Pat cac trwong hop thwong gap trong 1énh switch 1én dau

o Khi s6 cdc trirong hop tuyén chon la nhiéu va tdch biét, trinh
dich sé bién Iénh switch thanh cdc nhom if - else if long nhau. Néu
bé tri cdc case thwong gdp 1én trén, viéc thwc hién sé nhanh hon

= Tai tao cac switch 1&n thanh cac switches 16ng nhau

o Khi s6 cases nhiéu, hdy chiui déng chia chiing thanh cdc switch
Iong nhau, nhém 1 gém nhitng case thwong gdp, va nhom 2 gém
nhirng case it gdp=> két qud la cdc phép thir sé it hon, téc do
nhanh hon



e switch (queue) {
Vl d‘_.l case O: letter

case 1: letter
case 2: letter
case 3: letter

}
// Hoac cé thé 1la:
if (queue == 0)

letter = D';

else if (queue 1)
letter = ‘H';

else if (queue 2)
letter = ‘B’';

else letter = ‘K';

static char *classes="DHBK";
letter = classes[queue];



ANTm ~

TOl uu ma
C/C++

= Minimize local variables
= Cdc bién cuc bo dwoc cdp phdt va khdi tao khi ham dwoc goi, va
gidi phdéng khi ham két thiic, vi vdy mdt thoi gian
= Khai bao cac bién cuc b6 trong pham vi nhé nhat
» Han ché s6 tham so0 cila ham
= V&i cac tham so va gia tri trd vé > 4 bytes, hay dung tham
chiéu



ANTm ~

TOl uu ma
C/C++

« Pirng dinh nghia gia tri tra vé, néu khong st dung void
= Lwu y vi tri cda tham chiéu t&i code va data

o Cdc dir liéu hodc code dwoc lwu trong b nhé cache dé tham
khdo vé sau (néu dwoc). Viéc tham khdo ttr b6 nhé cache sé
nhanh hon. Vi vdy ma va dir liéu dwoc st dung cung nhau thi nén
dwoc ddt véi nhau. Piéu nay vai object trong C++ la dwong nhién.
V&i C: Khéng diing bién tong thé, dung bién cuc bé...



ANTm ~

TOl uu ma
C/C++

= Nén dung int thay vi char hay short (mat thoi gian convert), néu
biét int khong am, hiy dung unsigned int

= Hay dinh nghia cac ham khd&i tao don gian
= Thay vi gan, hiay khé&i tao gia tri cho bién
= Hay dung danh sach khai tao trong ham khéi tao

Employee: :Employee(String name, String designation) {
m_name = name;
m_designation = designation;
}
/* === Optimized Version === */
Employee: :Employee(String name, String designation):
m_name(name), m _destignation (designation) { }
= Pirng dinh nghia cdc ham do tuy hirng: "just in case" virtual
functions

= Cac ham gém 1 dén 3 dong lénh nén dinh nghia inline



Su dung
bo nhé va con tro

= Con troé (pointer) c6 thé dwoc goi la mot trong nhirng “niém
tw hao” cia C/C++, tuy nhién thwc té né cling 1a nguyén nhan
lam dau dau cho cac LTV, vi hdu hét cac trweong hop sup do hé
thong, hét bo nhé, vi pham ving nhé... déu xuat phat tir viéc
str dung con tro khéng hop ly.

= Han ché pointer dereference: pointer dereference la thao
tac gan dia chi vung nhé dir liéu cho mot con tro. Cac thao tac
dereference ton nhiéu thoi gian va c6 thé gdy hau qua nghiém
trong néu vung nhé dich chwa dwoc cap phat.



for (int i = @; i < max_number; i++)

{
SchoolData->ClassData->StudentData->Array[i] = my_value;

Di chuyén pointer dereference ra ngoai vong lap

unsigned long *Tmp = SchoolData->ClassData->StudentData-
>Array;

for (int 1 = @; i < max_number; i++)

{

Tmp[1i] my value;




Tan dung dac tinh
xu ly cua CPU

= Pé ddm bdo tdc do6 truy xuat toi wu, cac bo vi xi ly (CPU) 32-
bit hién nay yéu ciu dit liéu sdp x€p va tinh toan trén bd nhé
theo tirng offset 4-byte. Yéu cau nay goi la memory
alignment.

= Khi bién dich mo6t doi twong dit liéu c6 kich thwéc dwdi 4-
byte, cac trinh bién dich sé bo sung thém cac byte trong dé
dam bao cac dir liéu dwoc sap x€p theo ding quy luat. Viéc bé
sung nay cé thé lam tang dang ké kich thwéc dir liéu, dac biét
doi vdi cac ciu truc dir liéu nhw structure, class...



Vidu

Theo nguyén tac alignment
4-byte (hai bién “c” va “d” c6
kich thudc 4 byte), cdc bién
“a” va "b” chi chiém 1 byte
va sau cdc bién nay la bién
int chiém 4 byte, do doé trinh
bién dich sé bé sung 3 byte
cho moi bién nay. Két qua
tinh kich thudc cua lop Test
sé la 16 byte.

class Test
{
bool a;
int c;
int d;
bool b;
}s



Vidu

Ta c6 thé sap xép lai cac
bién thanh vién cua ldp Test
nhu sau theo chiéu giam
dan kich thudc

Khi do, hai bién “a” va “b”
chiém 2 byte, trinh bién dich
chi cdn bé sung thém 2 byte
sau bién "b” dé dam bdo tinh
sdp xép 4-byte. Két qua tinh
kich thudc sau khi sap xép
lai class Test sé la 12 byte.

class Test
{
int c;
int d;
bool a;
bool b;
}s



So6 phay dong
Floating point

So sanh

X =X/ 3.0;

va

X =X * (1.0/3.0);

= dung float thay vi double

= Tranh dung sin, exp va log (cham gap 10 lan *)

* Liu v : néu x 13 float hay double thi: 3 * (x / 3) <>x
* Thit tu tinh toan: (a+b)+c<>a+ (b +¢).



Cac quy tac
khac

= Tranh dung ++, -- trong biéu thirc 1ap
o VD: while ( n--) {...}
= Dung x * 0.5 thay vix / 2.0.

= x+X+Xx thay vi x*3
= Mang 1 chiéu nhanh hon mang nhiéu chiéu
* Tranh dung dé quy



3.
Mot s6 k§ thuat




Pham vi
ham & bién




Stack,
Heap

= Khi thwc hién, vung dit liéu data segment cua 1 chwong
trinh dwoc chia lam 3 phan

o static, stack, va heap data.
= Static: global hay static variables

= Stack data:
s cdc bién cuc bo ctia chwong trinh con
» vidu: double_array trong vi du trén.
= Heap data:
o Dir liéu dwoc cdp phdt dong (vd, pchar trong vi du trén).
o Di¥ liéu nay sé con cho dén khi ta gidi phong hodc khi két thiic
chwong trinh.



Pham wvi
bién

= Before

= After

float f()

{ double value = sin(0.25);
//

}

double defaultValue = sin(0.25);
float f()

{ double value = defaultValue;
//

}



| I 4

Bién tinh
static

= Kiéu dit liéu Static tham chiéu t&i global hay static variables,
chiing duoc cap phat bo nhé lan dau khi ham dwoc goi va ton
tai cho dén luc két thiic chwong trinh.

int int _array[100];
int main() {
static float float array[100];
double double array[100];
char *pchar;
pchar = new char [100];
/* o0 */

return (0);



| I 4

Bién tinh
static

= Cac bién khai bao trong chwong trinh con dwoc cap phat bo
nh& khi chwong trinh con dwoc goi va chi bi loai bo khi két
thuc chwong trinh con.

= Khi ban goi lai chwong trinh con, cac bién cuc bo lai dwoc
cap phat va khai tao lai.

= Néu ban mudn 1 gia tri van dwoc lvu lai cho dén khi két thuc
toan chwong trinh, ban can khai bao bién cuc b6 ctia chwong
trinh con d¢ la static va khai tao cho n6 1 gia tri.
o Viéc khéi tao sé chi thwe hién ldn ddu tién chwong trinh dwoc
goi va gid tri sau khi bién doi sé dworc lwu cho cdc ldan goi sau.
° Bdng cdch nay 1 chwong trinh con c6 thé “nhé” mot vai mdu tin
sau moi ldn dwoc goi.

—— - = Al — - J—_—



Ham
inline

= Néu 1 ham trong C++ chi gdm nhitng Iénh don gian, khong
cO for, while .. thi ¢ thé khai bao inline.

= Inline code sé dwoc chén vao bdt civ cho nao ham dwoc goi.

o Chwong trinh lon hon

= Nhanh hon (khong dung stack- 4 buéc khi 1 ham dwoc goi)



Vi du

Vi du

#include <iostream.h>
#include <math.h>

inline double delta (double a,
double b)

{

return sqrt (a*a + b*b);

void main () {
double k = 6, m = 9;
cout << delta (k, m) <<‘\n’;
// tuong duong vdi
cout << sqgrt (k*k + m*m) <<“\n’;

}




| Macro

#define max(a,b) (a>bra:b)
= Cac ham Inline cling giong nhw macros vi ca 2 dwoc khai trién khi
dich - compile time
> macros dwoc khai trién béi preprocessor, con inline functions dwoc
truyén b&i compiler.
= Piém khic biét:
s Inline functions tudn thu cdc thu tuc nhw 1 ham binh thwong.
= Inline functions cé cting syntax nhw cdc ham khdc, chi cé diéu la cé
thém tw khoa inline khi khai bao ham.
s Cdc biéu thirc truyén nhw la do6i s6 cho inline functions dwoc tinh 1 lan.
Trong 1 sé trwong hop, biéu thirc truyén nhw tham s6 cho macros co thé
dworc tinh lai nhiéu hon 1 ldn.
= Ban khéng thé g réi cho macros, nhwng véi inline functions thi co thé.



Tinh toan
trudc gia tr1




Tinh toan
trudc gia tn

= Néu ban phai tinh di tinh lai 1 biéu thirc, thi nén tinh truéc 1
lan va lwu lai gia tri, roi dung gia tri ay sau nay

int f(int 1) { static int values[] =
if (i < 10 & i >= 0) { {0, 0, 2,3*3-3, ..., 9%9-9};
return 1 * 1 - 1;
} int f(int 1) {
return 0; if (1 < 10 && 1 >=0) {
} return values[i];
}
return 0;



Vidu
Ham sigmoid

* Trong md phong Neural Network ngwoi ta thwong dung
ham co tén sigmoid

= V&i X dwong 1on ta ¢6 sigmoid(x) = 1

= V&ixam “lon”
sigmoid (x) =0

sigmoid (x) = o
+e




Tinh Sigmoid

1
l+e

sigmoid (X) =

kx

ex = 1+x/1!+ x2/2! + ... + xn/n!

float sigmoid (float x )

{
return 1.0 / (1.0 + exp(-x))

s




Vidu
Ham sigmoid

= Ham exp(-x) mat rat nhiéu thoi gian dé tinh!

= Nhirng ham kiéu nay ngwoi ta phdi dung khai trién chuoi
» Chuoi Taylor /Maclaurin
» Tinh tong cac s6 hang dang ((-x)" / n!)
» M0i s6 hang lai dung cac phép todn véi s6 chdm dong
= CAc mo6 phéng neural network goi ham nay tram triéu lan
trong moi lan thwc hién.

* Chinh vi vay , sigmoid(x) chiém phan lon thoi gian (khoang
70-80%)



Vidu
Ham sigmoid

* Thay vi tinh ham moi ldc
= Tinh ham tai N diém va xdy dwng 1 mdng.
= Trong moi lin goi sigmoid
» Tim gia tri gdn nhat ctia x va két qua rng véi gia

tri &y X, [sigmoid(x,)
» Thwc hién ndi suy tuyén tinh - linear sigmoid(xo)
interpolation sigmoid(X,)



Tinh sigmoid f (x <x0) return (0.0); ~—_

if (x > x99) return (1.0); =




Vidu
Ham sigmoid

= Chon so cac diém (N =1000, 10000, v.v.) tuy theo do chinh
xac ma ban mudn
= Tén kém thém khong gian bo nhé cho moi diém la 2 float hay
double tirc la 8 - 16 bytes/ diém
= Khéi tao gia tri cho mang khi bat dau thwc hién



Vidu
Ham sigmoid

= Ban da biét X0
= Tinh Delta = X1-X0
o Tinh Xmax = X0 + N * Delta;
= V&i X da cho
= Tinh i = (X - X0)/Delta;
» 1 phép trir s6 thwc va 1 phép chia so thuc
o Tinh sigmoid(x)
» 1 phép nhan float va 1 phép cong float



Vidu
Ham sigmoid

= Néu dung exp(x) :

= Moi ldn goi mdt khodng 300 nanoseconds v&i 1 mdy Pentium 4
toc do 2 Ghz.

= Dung tim kiém trén mang va ndi suy tuyén tinh :
= Moi ldn goi mdt khodng 30 nanoseconds

= Toc do tang gap 10 lan
o D61 lai phdi ton kém thém tir 64K to 640 K b nhd.



To1 uu hoa
biéu thirc




Loai bo
biéu thitrc thong thuong

» KHONG tinh cling mot biéu thitc nhiéu lan!
= Mot s6 compilers cé thé nhin biét va xir ly.

for (i = 1; i<=10; i++) x += strlen(str);
Y = 15 + strlen(str);

len = strlen(str);
for (1 = 1; i<=10; i++) x += len;
Y = 15 + len;



Dich chuyén biéu thirc bat bién
ra khoi vong lap

= Pirng lap cac biéu thirc tinh todn khéng can thiét
= MOt s6 Compilers cé thé tw xtr ly

for (i =0; 1<100;i++)
plot(i, i*sin(d));

M = sin(d);
for (i =0; i<100;i++)
plot(i, i*M);



St dung cac
bién d61 s6 hoc

= Trinh dich khéng thé tw dong x ly

if (a > sqrt(b))
X = a*a + 3%¥a + 2

if (a * a > b)
X = (a+l)*(a+2);



Khong dung cac
vong lap ngan

for (i =j; i< j+3;i++)
sum += q¥*i -i*7;

i=73;

sum += q*i -i*7;
i ++;

sum += q*i -i*7;
i ++;

sum += q*i-i*7;



Biéu thic
dieu kién




TO1 wu cac
biéu thic diéu kién

- Pwa cac diéu kién c6 xac suat xay ra cao nhat, tinh toan
nhanh nhat 1én diu biéu thirc.

- D6i v&i cac biéu thirc luan ly, ta ¢ thé linh dong chuyén cac
biéu thirc diéu kién don gian va xac suit xay ra cao hon Ién
trudrc, cac diéu kién kiém tra phirc tap ra sau.

_ Vidu: ((A||B)&&C)=>(C&&(A]||B)) Vididu kién C
chi ciAn mot phép kiém tra TRUE, trong khi diéu kién (A || B)
can dén 2 phép kiém tra TRUE va mot phép OR (||). Nhw vay
trong treong hop C c6 gia tri FALSE, biéu thirc logic nay sé cé
két qua FALSE va khong can kiém tra thém gia tri (A || B).



=

TO1 uu cac
biéu thirc diéu kién

* P6i v&i cic biéu thirc kiém tra diéu kién phu'c tap, ta co
thé viét ddo nguoc bang cach kiém tra cac gia tri cho két
qua khong thoa truéec, gitp tang téc do kiém tra.

= Vi du: Kiém tra mot gia tri thudc moét mién gia tri cho
truoc.

if (p <= max & & p >= min & g <= max & & q >= min)

}
else
O ..., }
=>
if (p >max || p < min || g > max || q < min)
else...

{ ... 3}



=

TO1 uu cac
biéu thic diéu kién

= (x >=

LAY N

min & x <= max) cO thé chuyén thanh

(unsigned)(x - min) < (max - min)

- fact2_func nhanh hon, vi phép thwr '= don gian hon <=

int

int

factl func(int n) {

int i, fact = 1;

for (i = 1; i <= n; i++) fact *= i;
return (fact);

fact2 func(int n) {

int i, fact = 1;

for (i =n; i !=0; i--) fact *= i;
return (fact);



Linh canh




Linh canh
Sentinels

« Tranh nhitng kiém tra khong can thiét
Vi du

char s[100], searchValue;
int pos, tim, size;
//Gan gia tri cho s, searchValue

size = strlen(s);

pos = 0O;

while (pos < size) && (s[pos] != searchValue) {
poOS++;

}

if (pos >= size) tim = 0O;

else tim = 1;



Linh canh
Sentinels

* Y twong chung
o Ddt gid tri cdn tim vao cudi xdu
= Luén tim thay!
» Néu vi tri > size => khéng tim thdy !

size = strlen(s);

strcat(s, searchValue);

pos = 0O;

while (s[pos] != searchValue) {
pOS++;

}

if (pos >= size) tim = 0O
else tim = 1;



4.
Tinh chinh ma nqguén




Tang hiéu nang
chuong trinh

= Sau khi ap dung cac kj thuat xay dwng chwong trinh phan
mém

= Chwong trinh da cé toc do di nhanh
> Khéng nhdt thiét phdi quan tdm dén viéc toi wu hoa hiéu ndng
= Chi cdn giit cho chwong trinh don gidn va dé doc
= Hau hét cac thanh phan cta 1 chwong trinh cé toc do du
nhanh

> Thworng chi mét phdn nhé lam cho chwong trinh chay chdm
o Toi wu hoa riéng phdn nay néu cdn



Tang hiéu nang
chuong trinh

= Cac bwdc lam tang hiéu nang thwc hién chwong trinh
o Tinh todn thoi gian thwc hién ctia cdc phdn khdc nhau trong
chwong trinh
o Xdc dinh cdc “hot spots” - doan md Iénh doi hdi nhiéu thoi gian
thuwc hién
o Toi wu héa phdn chwong trinh doi hdi nhiéu thoi gian thwce hién
o Ldp lai cdc bwdc néu cdn



Tang hiéu nang
chuong trinh

= Cau truc dit liéu tot hon, giai thuat tot hon

= Cdi thién do phtrc tap tiém cdn (asymptotic complexity)
» Tim cach khong ché ti 1€ gitra s6 phép toan can thwc hién va s6
lrong cac tham so dau vao
» Vi du: thay giai thuat sap xép cé do phirc tap O(n2) bang giai
thuéat c6 do phirc tap O(n log n)

o Cwc ky quan trong khi lwong tham sé ddu vao rdt lon

= Doi héi LTV phdi nam virng kién thirc vé CTDL va gidi thudt



Tang hiéu nang
chuong trinh

= M3 nguon tot hon: viét lai cdc doan 1énh sao cho ching c6
thé dworc trinh dich tw dong t6i wu hoéa va tin dung tai nguyén
phan clirng
o Cdi thién cdc yéu té khdng thé thay doi
» Vi du: Tang téc do tinh toadn bén trong cac vong lap: tir 1000n
thao tic tinh to4n bén trong vong lap xudng con 10n thao tac tinh
toan
o Cwc ky quan trong khi 1 phdn ctia chwong trinh chay chdm
o Doi héi LTV ndm vikng kién thikc vé phdn citng, trinh dich va quy
trinh thwc hién chwong trinh



Tinh chinh
ma nguon

= Thay doi ma nguén da chay thong theo hwdng hiéu qua hon
ntra

= Chi thay do6i & pham vi hep, vi du nhw chi lién quan dén 1
chwong trinh con, 1 tién trinh hay 1 doan ma nguén

= Khong lién quan dén viéc thay doi thiét ké & pham vi rong,
nhwng c6 thé gép phan cai thién hiéu nang cho tirng phan
trong thiét ké tong quat



Tinh chinh
ma nguon

= C6 3 cach tiép can dé cai thién hiéu nang thong qua cai thién
ma nguon
s Ldp ho so md ngudn (profiling): chi ra nhithg doan Iénh tiéu tén
nhiéu thoi gian thwce hién
o Tinh chinh md ngudn (code tuning): tinh chinh cdc doan ma
nguon
= Tinh chinh cé chon lwa (options tuning): tinh chinh thoi gian
thwe hién hodc tai nguyén st dung dé thwce hién chwong trinh



Tinh chinh
ma nguon

= Khi nao can cai thién hiéu nang theo cac hwéng nay
= Sau khi da kiém tra va go roi chwong trinh

= Khéng can tinh chinh 1 chwong trinh chay chwa diing
= Viéc stra 10i c6 thé lam gidm hiéu ndng chwong trinh
o Viéc tinh chinh thwong lam cho viéc kiém thir va go réi tré nén
phtrc tap
= Sau khi da ban giao chwong trinh
= Duy tri va cdi thién hiéu ndng
= Theo doi viéc giam hiéu ndng cua chwong trinh khi dwa vao sw
dung



Tinh chinh ma nguén va
tang hieu nang chuong trinh

= Viéc gidm thiéu sé dong 1énh viét bang 1 NNLT béc cao
KHONG c6 nghia la

> Lam tdng téc db chay chwong trinh a{ % } = é i {4} :i
\ - 2 AT A - A v A ~ s a - .a =
Lam giam sé lénh viét bang ngon ngir may a[5]=5:a[6]=6"
for (i = 1;i<1l;i++) afi] =1i; a[7]=7:a[8]=8;
a[9]=9;a[10]=10;
for-Loop Straight- Time Performance
Language Time Code Time Savings Ratio
Visual Basic 8.47 3.16 63% 2.5:1

Java 12.6 3.23 T4% 4:]




Tinh chinh ma nguén va
tang hieu nang chuong trinh

* Ludn dinh lwrong dwoc hiéu nang cho cac phép toan
= Hiéu nang cua cac phép toan phu thudc vao:
= Ngon ngir ldp trinh
= Trinh dich / phién bdn str dung
= Thw vién / phién ban str dung
= CPU
° B0 nhor may tinh
= Hiéu nang cha viéc tinh chinh ma ngudn trén cac may khac
nhau la khac nhau.



Tinh chinh ma nguén va
tang hieu nang chuong trinh

= MOt sO ki thuat viét ma hiéu qua dwoc ap dung dé tinh
chinh ma nguodn
« Nhwng nhin chung khong nén vira viét chwong trinh vira
tinh chinh ma nguén
> Khdong thé xdc dinh dwoc nhivng niit that trong chwong trinh
trworc khi chay thw toan bo chwong trinh
o Viéc xdc dinh qud sém cdc niit that trong chwong trinh sé gdy ra
cdc niit that méi khi chay thir toan b chwong trinh
> Néu vira viét chwong trinh vira tim cdch toi wu md nguon, cé thé
lam sai léch muc tiéu cua chwong trinh



5.
Mot s6 k§ thuat




Mot s6 ki thuat
tinh chinh ma nqguén

= Tinh chinh cdc biéu thirc logic

» Tinh chinh cac vong lap

= Tinh chinh viéc bién déi dir liéu
= Tinh chinh cdc biéu thirc

» Tinh chinh ddy 1énh

» Viét lai md nguén bang ngén ngiv Assembler



Tinh chinh cac
biéu thic logic

= Khong ki€ém tra khi da biét két qua roéi
o [nitial code if (5<x) & (x< 10 ) ..

o Tuned code if (5<x)
if ( x < 10 )



Tinh chinh cac
biéu thic logic

= Khong ki€ém tra khi da biét két qua roéi

Vi dy negativeInputFound = False;
for (i = 0; i < iCount; i++ ) {
if (input[ i ] < 0 ) {
negativeInputFound = True;

}
}
Dung break
Language Straight Time Code-Tuned Time Savings
Time
C++ 4.27 3.68 14%

Java 4. 85 3.46 29%




Tinh chinh cac
biéu thic logic

= Sap x&p thit tu cac phép ki€m tra theo tin suit xay ra két

qua dung
= [nitial code

Select inputCharacter
Case "+", "="
ProcessMathSymbol( inputCharacter )
Case "0" To "9"
ProcessDigit( inputCharacter )
Case ",", "™.", "M, MM, tiv,omem
ProcessPunctuation( inputCharacter )
Case " "
ProcessSpace( inputCharacter )
Case "A" To "Z", "a" To "z"
ProcessAlpha( inputCharacter )
Case Else
ProcessError( inputCharacter )

End Select



Tinh chinh cac
biéu thfrc logic Select inputCharacter

Case llAll TO "Z", Ilall TO Ilzll
ProcessAlpha( inputCharacter )

= Sip xép thir tw cac phé case
) p p : p p ProcessSpace( inputCharacter )
kiém tra theo tan suat Xay Case ",", ".", ", MU, UIE,URE
N 2 3.7 ProcessPunctuation( inputCharacter )
ra két qua diung Cace "8" To "9"

o Tuned code ProcessDigit( inputCharacter )
Case Il+ll, ll=ll
ProcessMathSymbol( inputCharacter )
Case Else
ProcessError( inputCharacter )
End Select
Code-Tuned
Language Straight Time Time Time Savings
C# 0.220 0.260 -18%
Java 2.56 2.56 0%

Visual Basic 0.280 0.260 7%




Tinh chinh cac
biéu thic logic

= Sap x&p thit tu cac phép ki€m tra theo tin suit xay ra két
qua dung

o Tuned code: chuyén Iénh switch thanh cdc Iénh if - then - else

Code-Tuned
Language Straight Time Time Time Savings
C# 0.630 0.330 48%
Java 0.922 0.460 50%

Visual Basic 1.36 1.00 26%




Tinh chinh cac
biéu thic logic

= So sanh hiéu nang cta cac 1énh c6 cau tric twong duwong

if-then- Time Performance
Language case else Savings Ratio
C# 0.260 0.330 -27% 1:1
Java 2.56 0.460 82% 6:1

Visual Basic 0.260 1.00 258% 1:4




Tinh chinh cac
biéu thic logic

= Thay thé cac biéu thitc logic phitc tap bang bang tim kiém

két qua
if ((a& !c) || (a&&ba&&c)) {

A category = 1;
}
AVA else if ( (b & !'a) || (a & c & !b
) ) A

0 “ category = 2;
}
else if ( c & !'a && 'b ) {

category = 3;
}

else {
o category = O;
Initial code ’



Tinh chinh cac
biéu thic logic

= Thay thé cac biéu thitc logic phitc tap bang bang tim kiém
két qua

l I // define categoryTable
bVA static int categoryTable[2][2][2] = {

// 'blc 'bc blc bc

0 o, 3, 2, 2, [/ la
1, 2, 1, 1 // d
}s

Tuned code ¢category = categoryTable[ a ][ b ][ c ];



Tinh chinh cac
vong lap

= Loai b6 bét viéc kiém tra diéu kién bén trong vong lap

o Initial code for (1 =0; i < count; i++ ) {
if ( sumType == SUMTYPE_NET ) {
netSum = netSum + amount[ i ];

}

else {
grossSum = grossSum + amount[ i ];

}
}



Tinh chinh cac
vong lap

if ( sumType == SUMTYPE_NET ) {
for (1 =0; i < count; i++ ) {

) LOal bo bot viec kiem netSum = netSum + amount[ i ];

tra diéu kién bén trong }
\ = }
vong lap else {
o Tuned code for (i =0; i < count; i++ ) {
grossSum = grossSum + amount|[ i ];
}
}
Code-Tuned
Language Straight Time Time Time Savings
C++ 2.81 2.27 19%
Java 3.97 3.12 21%
Visual Basic 2.78 2.77 <1%

Python 8.14 5.87 28%




Tinh chinh cac
vong lap

= Néu cac vong lap 1ong nhau, dat vong lap xi Iy nhiéu cong
viéc hon bén trong

= [nitial code for ( column = ©; column < 100; column++ )
{
for ( row = @; row < 5; row++ ) {
sum = sum + table[ row ][ column ];

}

o Tuned code for (row = 9; row < 5; row++ ) {
for (column = @; column < 100; column++) {
sum = sum + table[ row ][ column ];

}



Tinh chinh cac
vong lap

= M6t so ki thuat viét cac 1énh 1ap hiéu qua da hoc

= Ghép cac vong ldap vdi nhau
o Gidm thiéu cdc phép tinh todn bén trong vong ldp néu co thé

for (i=0; i<n; i++) {
balance[i] += purchase->allocator->indiv->borrower;
amounttopay[i] = balance[i]*(prime+card)*pcentpay;
}
newamt = purchase->allocator->indiv->borrower;
payrate = (prime+card)*pcentpay;
for (i=0; i<n; i++) {
balance[i] += newamt;
amounttopay[i] = balance[i]*payrate;



Tinh chinh viéc
bién doi dir liéu

= M6t so ki thuat viét ma hiéu qua da hoc:
o St dung kiéu dir liéu co kich thwdc nhé néu co thé
o St dung mdng co s6 chiéu nhé nhdt co thé
> Dem cdc phép todn trén mdng ra ngoai vong Idp néu coé thé
o St dung cdc chi s6 phu
= Str dung bién trung gian
= Khai bdo kich thwéc mdng = 2"



Tinh chinh cac
bieu thirc

= Thay thé phép nhan bang phép céng
= Thay thé phép liy thira bang phép nhan
= Thay viéc tinh cdc ham lwong gidc bang cach goi cac ham
lwong giac c6 san
= S dung kiéu dir liéu c6 Kich thwéc nhé néu co6 thé

s long int =2 int

@ floating-point 2 fixed-point, int
= double-precision =2 single-precision

* Thay thé& phép nhan doi / chia d6i s6 nguyén bang cac toan
tw bit: <<, >>

= Str dung hang s6 hop ly
« Tinh trwédrc két qua

* S dung bién trung gian
= St dung cac ham inline



Viét lai ma nguén
bang Assembler

= Viét chwong trinh hoan chinh bang 1 NNLT bAc cao

= Kiém tra tinh chinh xac cia toan bd chwong trinh

= Néu can cai thién hiéu nang thi ap dung k¥ thuat 1ap ho so
ma nguon dé tim “hot spots” (chi khoang 5 % chwong trinh
thwong chiém 50% thoi gian thwe hién, vi vay ta cé thé
thwong xac dinh dc 1 mau code nhu 1a hot spots)

= Viét lai nhitng mau nho cic 1énh bang assembler dé ting tdc
do thwc hién



Tan dung kha nang
cua trinh dich

= Trinh dich c6 thé thuc hién 1 s6 thao tac toi wu héa tw dong

> Cdp phdt thanh ghi
o Lwra chon Iénh dé thwc hién va thir tw thwce hién lénh
o Loai bo 1 s6 dong 1énh kém hiéu quad

= Nhwng trinh dich khong thé tw xac dinh

o Cdc hiéu rng phu (side effect) ctia ham hay biéu thirc: ngodi viéc trd ra

két qud, viéc tinh todn co lam thay dbi trang thdi hay cé twong tdc voi

cdc ham/biéu thirc khdc hay khéng

s Hién twong nhiéu con tré tré dén cung 1 viing nhé (memory aliasing)
= Tinh chinh ma nguo6n c6 thé gitip nang cao hiéu nang

s Chay thir tirng doan chwong trinh dé xdc dinh “hot spots”

> Doc lai phdn ma viét bang assembly do trinh dich sdn sinh ra

= Xem lai md nguon dé gitip trinh dich lam t6t céng viéc ctia no



Khai thac hiéu qua
phan cing
= Tdc do cua 1 tip lénh thay do6i khi moi tredng thwe hién thay doi

= Dit liéu trong thanh ghi va b nhé dém dwoc truy xuat nhanh hon dir
liéu trong bd nhé chinh

o S6 cdc thanh ghi va kich thwéc bé nhé dém cua cdc mdy tinh khdc
nhau
= Cdn khai thdc hiéu qud bd nhé theo vi tri khéng gian va thoi gian
= Tan dung cac khd ning dé song song hda
= Pipelining: giai md 1 Iénh trong khi thwc hién 1 lénh khdc
» Ap dung cho cac doan ma ngudn can thwc hién tuan tu
o Superscalar: thwc hién nhiéu thao tdc trong cung 1 chu ky déng ho
(clock cycle)
» Ap dung cho cac 1énh c6 thé thuc hién doc lap
o Speculative execution: thiwrc hién Iénh trwdc khi biét cé du diéu kién dé
thwc hién né hay khong



Tong két

= Hay 14p trinh mot cach thong minh, dirng qua cirng nhac
= Khéng can téi wu 1 chwong trinh di nhanh
= T61 wu hdéa chwong trinh diing lic, diing cho
= Tang toc chwong trinh
o Cdu truc dir liéu tét hon, gidi thudt tét hon: hanh vi tét hon
> Cdc doan md toi wu: chi thay doi it
= Cac ky thuat tang toc chwong trinh
s Tinh chinh md ngudn theo hwéng
» Giup d& trinh dich
» Khai thac kha nang phan ctirng



Al

Any questions?

Email me at trungtt@soict.hust.edu.vn
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