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Hé s phu thudc cua hi€u nang vao kich thudc thuc thi phuong
p thtrc tinh
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¢ thire ddi tuong
fo Ham danh gia hiéu nang
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fe Ham danh gia dién nang tiéu thu
fe Ham danh gia chi phi
f Ham muc ti€u toan cuc
f1 Ham muc ti€u hi¢u nang
f, Ham muc ti€u by nhé
S, Kich thudc cac bién tinh
S, Kich thudc cac phuong thuc tinh
S3 Kich thuc thuc thi cac phuong thuc tinh
S, Kich thudc céc bién ddi tuong
Ss Kich thudc cac phuong thuc di tuong
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Se Kich thudc thyc thi cac phuong thae d6i tuong
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U Tap dinh trong do thi phu thudc

\% Tap canh trong do thi phu thuoc

N S0 tac vu

M Kich thuéc bo nhé chiém dung

Se Kich thudc bo nhd chira ma 1énh

Se Kich thudc ving nhé heap duoc cip phat dong khi thyc thi tac vu
r Ki€u dit ligu trd vé cta tac vu i
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T, Thoi gian xtr 1y trén dién thoai
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Ty Thoi gian gidm

T Thoi gian tang Ién
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ta Thoti gian thuc hién mot 1énh
Si Thoi gian tré ctia cau 1énh tht i
Ny Sb doan tré ciia mot cau l1énh
S, Nhom 1énh da giai ma trong ctra s6 1énh tai budc k
E, ! Tap cac 1énh da duoc thyc thi tai budc k— 1
% Céc 1énh tiép theo trong chudi 1énh ban dau
fpk Ham danh gia hiéu nang, dugc dinh nghia d¢ quy tai budc k
Pcru bi¢n nang tiéu thu cua CPU
Py bi¢n nang tiéu thu dong
Ps bi¢n nang tiéu thu do doan mach
P Dién nang lang phi
C. bién dung
f, Tan sb déng ho trong CPU
V. bién 4p
T Ti 1& sb cong 16gic thay dbi trang thai
E; Ning lugng tiéu thy cua chuong trinh véi cdu hinh day da
E, Ning lugng tiéu thy cua chuong trinh véi cdu hinh t6i vu
AE Ning luong tiét kiém
Ny Téng sb don vi chirc ning trong CPU
Nuz Téng sb don vi chirc ning duogc sir dung trong CPU
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MO DAU

Ngay nay, hé théng nhing va phin mém nhung 1d mot dinh hudng quan trong,
chién lugc trong xu thé phat trién manh mé cia cong nghé thong tin. Theo thong ké trong
[107] nam 1999, c¢6 dén 99% sb vi xtr 1y thudc vé cac hé thong nhung. Théng ké trong
[94] nam 2011 ciing chi ra: c6 t6i trén 95% sb chip san xuit duge dung cho cac tmg dung
nhung. Cac san phém nhing ¢6 mat trong moi linh vuc doi séng nhu ti-vi, tu lanh, may
gidt, 10 vi sdng, may anh sd, 6-t6, v.v. Hau hét cdc may cong nghiép hién nay déu c6 chira
cac hé nhung, nhit 1a cac thiét bi y té, giao thong, quan sy, thong tin lién lac, vii try, V.V.

Sy hoi tu cta cong nghé truyén thong khong diy véi thiét bi tinh toan cam tay
cung véi su thuc ddy cia cong nghé vi dién tir v cong nghé nand 1a nén tang cho su phat
trién manh mé cta phan ctng hé théng nhing. Gén lién v6i su phat trién khong ngimg
ctia cong nghé phan cimg, phin mém hé théng nhing ciing duoc nghién ctru va phat trién
sau, rong. Do nhu cau cua thi truong doi hoi cac thiét bi phai co nhiéu chirc nang than
thién v6i nguoi dung, c6 mirc do théng minh ngdy cang cai thién din dén vai tro va tim
quan trong ctia cac hé thdng nhing ngdy cang cao trong nén kinh té quéc dén.

Tir tht yéu khach quan, cong nghé phdn mém nhung di tré thanh linh vuc cong
nghé then chét cho su phat trién kinh té cta nhiéu qudc gia trén thé gidi tiéu biéu nhu My,
Nhat Ban, Han Quéc, Phan Lan va Trung quéc. O Viét Nam, chua c6 sy lién két chit chd
gita trudng dai hoc, vién nghién ctru voi cac cong ty, doanh nghiép; chua phdi hop rong
rdi gitra nghién ctru han 14m va phat trién Gmg dung; phan 16n cac cong ty phan mém déu
tap trung xay dung phan mém tmg dung hoidc gia céng phan mém [1]. S6 lwong cac cong
ty phat trién hé théng nhing va phan mém nhdng con it va chii yéu lam theo yéu cau cua
cac ddi thc nude ngoai. Mic du vay, hé théng nhiing va phan mém nhing van 1a mot xu
huéng phat trién ciia cong nghé thong tin va budc dau dugc nghién ctru, phat trién trong
nhiéu trudng dai hoc, vién nghién ctru va mot sd cong ty, doanh nghiép. Nghién ctru va
phat trién hé thong nhiing va phan mém nhung gép phan quan trong giup chiing ta cé thé
theo kip, rat ngan khoang cach tut hau vé cong nghé thong tin va truyén thong so vdi cac
nude trong khu vuc va trén thé gidi.

Phat trién hé thong nhing 1a bai toan tong thé gdm nhiéu khia canh va dugc thuc
hién trong cac giai doan nhu: dic ta yéu cau, phan tich, thiét ké, phat trién, mo phong va
san xuat. Thiét ké hé théng nhing bao gdm bon muic d6 1a mic hé théng, mic vi xir 1y
(CPU), mirc 16gic va mutc mach. Thiét ké mirc hé théng bao gom thiét ké mot hé thong
tinh toan va phan chia phan cting — phan mém. Sau do6, giai doan phat trién hé nhung ciing

dugc chia thanh phat trién phan cing va phat trién phan mém. So véi phan mém thong
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thudong, phan mém nhung thudng gin lién va phu thudc vao méi truong phan cimg. Phan
mém nhung thudng thyc thi trong méi trudng gidi han vé tai nguyén phan cing nhu toc
do xir Iy ctia CPU, dung lugng b nhd, thdi gian séng cia pin, v.v. Do d6 van dé t6i uu
phan mém nhiing c6 vai trd hét strc quan trong.

Can ctr vao xu hudong khach quan, hién trang nghién ctru va nhu cau thuc tién, dé
tai “Mot s6 phwong phdp t6i wu trong cdc giai doan phdt trién phan mém nhing” 1a dé tai
mang tinh thoi su, cip thiét, co ¥ nghia khoa hoc va c6 trién vong trong tng dung thuc
tidn. Vé mdt Iy thuyét, cac phuong phap t6i wu duoc phat trién, thuc nghiém trong dé tai
s& gop phan giai quyét nhimg kho khin nhu tdi wu trong giai doan thiét ké, t6i wu da muc
tidu, t6i vu huéng dén cac CPU chuyén dung va tdi wu trong giai doan thyc thi. Pong thoi
cac phuong phap nay ciing cung cap nén tang va md ra hudng méi cho cac nghién ctru
tiép theo. Vé thuc tién, d& tai c6 kha ning phat trién va Gmg dung thuc té, gop phan giai
quyét mot sé van dé dang dugc quan tAm hang dau cua cic cong ty, doanh nghiép phat
trién hé théng nhing, phén mém nhing nhu hi€u nang, nang lugng tiéu thy, chi phi, v.v.

Duya trén co s& khoa hoc va kha nang ing dung thuc tién, luan an da duoc trién
khai vdi nhirng dong gép chinh sau:

e Xay dyng mé hinh t4i wu chung va dé xuit cach tiép can tdi uu theo ca k§ nghé
Xu0i va ky nghé nguoc.

e D& xuit, phat trién phuong phap 1ap lich cac 1énh hop ngit theo thudt toan di truyén
dé t6i vu hiéu nang va dién nang tiéu thu cho cac kién trac CPU khac nhau.

e D& xuit, phat trién phuong phap méi tdi wu dién ning tiéu thy két hop ca phan
cmg va phan mém hé théng nhung dua trén k§ nghé nguoc va tai ciu hinh CPU.

e Xay dung cac d6 do, ham danh gia hiéu ning, bd nhé va dé xuit phuong phap tdi
uu hi€u nang va phuong phéap t8i wu da muc tiéu; duoc thuc hién tu dong mot ph?m
dwa trén DSL va T4. Dé xuat, phat trién phuong phap t6i vu bd nhé chiém dung
dua trén sap xép To-po.

e Cai tién phuong phap tdi uu hiéu nang, b nhé dya trén chuyén do6i mé hinh cia
Anne, K. [7, 8] v6i dé xuat dung DSL, T4.

e Cai tién phuong phéap loai bo cac biéu thic con chung dé t6i wu hiéu ning trong
GCC dua trén thay thé cac biéu thirc tuong duong.

Ngoai ra, luan an cling huéng dén xay dung va thir nghiém phan mém nhan dang
chit Nom trén dién thoai di dong dé kiém chiing mot s6 phuong phap toi wu. Pay 1a mot
phan mém thuc nghiém c6 dong gép quan trong trong bao ton di san vin hoéa qudc gia.
Luan an dugc thuc hién theo ciu tric trong Hinh 1 v&i cac ndi dung sau:

Chuwong 1: Tong quan. Trong chuong ndy, ching t6i hé thong hoa, tong hop cac
nghién ciru lién quan dé xay dung md hinh chung vé téi uu phan mém nhing. Theo mo
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hinh chung, t6i wu phin mém nhiing c6 thé tién hanh theo cac tiéu chi tdi wu khac nhau
nhu hi€u ndng, bo nhd, dién nang ti¢u thy v.v. va t61 wu da muc tiéu. Tdi wu co thé duge
thuc hién trong cac giai doan phét trién phan mém nhing nhu thiét ké, 1ap trinh, thyc thi.
Trong mdi giai doan, chung toi phén tich tinh hinh nghién ctru hién tai, xac dinh cac van
dé chua giai quyét dé tir d6 chi ra cac khoang trong khoa hoc s& dugc thuc hién trong cac
chuong tiép theo cta lun 4n.

Chwong 2: T6i wu phin mém nhing trong giai doan thiét ké. D¢ tién hanh
nghién ciru va thyc nghiém theo mé hinh t6i wu chung, dau tién chiing t6i nghién ciru va
trién khai mot s6 phuwong phép tdi wu trong giai doan thiét ké. V& t4i vu hiéu ning, ching
t61 dé xuat phuong phap t6i wu méi dua trén danh gia biéu do 16p, ngdn ngir chuyén biét
mién (DSL — Domain Specific Language), cong cu sinh mi T4 va cai tién phuong phap
tdi wu hiéu nang dua trén chuyén ddi moé hinh. V& tbi vu bd nho, chung to61 da dé xuit,
phat trién phuong phéap téi wvu bo nhd chiém dung dwa trén sip xép t6-pd va cai tién
phuong phap téi wu bo nhé dira trén chuyén d6i mo hinh. Vé ti uvu da muc tiéu, ching t6i
da dé xudt va phat trién phuong phép t6i vu dua trén biéu dd 16p va nguyén 1y Pareto.

Chwong 3: T6i wu phin mém nhiing trong giai doan lap trinh. Giai doan lap
trinh (implementation phase) theo nghia rong bao gdm cac cong viéc nhu viét ma, bién
dich, kiém thtr don vi, v.v. Pay 1a giai doan tdi uu dugc nghién ctru phd bién nhat. Phan
dau chuong tong hop vé qua trinh bién dich chéo va cac murc tdi vu trong giai doan lap
trinh. Phan tiép theo trinh bay cac phwong phap tdi wu mi ngudn muirc cao doc lap CPU.
Trong mirc téi wu nay, ching tdi tém lugc co s 1y thuyét, d& xuit mot cai tién cho
phuong phap t6i wu cuc bd d6 13 loai bo biéu thirc con chung dua trén thay thé biéu thire
trong duong va trién khai phuwong phép tdi wu dua trén nén dit liéu. Trong mirc tdi vu ma
hop ngit, chiing t6i ciing tom lugc co sd 1y thuyét sau do6 dé xuit va phat trién phuong
phap 1ap lich cac 1énh trong chwong trinh dé tdi wu hiéu ning va dién ning tiéu thu.

Churong 4: T6i wu phin mém nhiing trong giai doan thwe thi. Noi dung chuong
nay sé& tom lugc co so 1y thuyét ciing nhu trinh bay cac phuong phap t6i wu theo ba huéng
tiép can chinh d6 13 toi vu moi trudng thyc thi, t6i uvu hudng dir liéu va toi vu ma thyc thi.
Trén co so 1y thuyét da tong hop, chiing t6i da dé xut va phat trién phuong phap méi dé
t61 vu dién nang tiéu thu dua trén k¥ nghé nguoc va tai c4u hinh CPU.

Két ludn: Phan nay s& tong hop, danh gia cic ndi dung nghién ctru va thyc nghiém
vé cac phuong phap toi wu da trinh bay trong cic chuong trude. Trong mdi giai doan,
chung t6i tom luoc cac dong gop cuia luan 4n va trinh bay cac két qua nghién ciru da cong
b trong cac ky yéu hoi nghi, tap chi vé cac phuong phap toi wu. Sau d6, chung toi cling
chi ra han ché va pham vi 4p dung ciia mdi phuong phép, cac van dé chua giai quyét va

dua ra mot s hudng nghién ctru tiép theo.



LUAN AN

Chwong 1. Tong quan

Chwong 2. T(f)i wu trong
giai doan thiét ke

- Didu tra, phan tich, tbng hop hién trang nghién ciru

- Xay dyng md hinh chung cho bai toan t6i uu phén mém nhung

- Céc cong trinh d4 xut ban lién quan dén hé théng nhang: [CT1,
CT3, CT4, CT5, CT7, CT8, CT15]

Dua trén danh gia biéu dd 16p:
- Cac nghién cuu li,én quan: [5, 10, 11, 12, 21, 26, 34, 36, 41, 79]
- Cong trinh da xuat ban: [CT6, CT9]

Téi wu hiéu ning

Dua trén chuyén dbi mé hinh:
- Cac nghiénr ctu lién quan: [7, 8, 24, 64, 77, 87, 100, 114, 116]
- Cai tien: To1 vu hi¢u nang dua trén DSL va T4

To6i vu bo nhé

Dua trén sap xép t6-pd
- Céc nghién ciru lién quan: [25,62,77,78,117]
- Cac cong trinh dd xuat ban: [CT2, CT10]

——— Téi wu da muc
tiéu

Dura trén chuyén d6i mé hinh
- Céc nghién ctru lién quan: [8, 34, 36, 52, 72, 87, 99, 100, 112]
- Cai tién: Toi uvu bd nhd dua trén DSL, T4 va chuyén d6i mo hinh

Chwong 3. Téi wu trong
giai doan lap trinh

- Céc nghién ctru lién quan: [5, 34, 36, 42, 45, 49, 52, 54, 77, 78,
95, 102, 116, 113]
- COng trinh da xuat ban: [CT4, CT5, CT8, CT11]

Téi vu ma ngudn
doc lap CPU

Dura trén thay thé biéu thirc twong duong
- Céc nghién clru li’én quan: [14, 29, 44, 47, 73, 76]
- Cong trinh da xuat ban: [CT12, CT15]

Dura trén nén dir liéu
- Céc nghién ctru lién quan: [20, 46, 55, 69, 74, 75, 98]

Téi vu ma hop
ngit huéng CPU

Chuwong 4. Téi wu trong
giai doan thurc thi

- Céc nghién ctru lién quan: [28, 30, 33, 59, 73, 76, 82]

- Pé xudt: Ti uu phin mém nhung dya trén k§ nghé ngugc. Téi
uu hi€u nangduya trén 1ap lich cac 1énh mirc CPU

- Cong trinh da cong bd: [CT13, CT15 (SCI)]

T4i wu mbi
truong thuc thi

Toi vu dit liéu

- Céc nghién ctru lién quan: [18, 31, 39, 51, 71, 90, 97]

- Pé xuét: Tbi vu dién ning tidu thy dya trén k¥ nghé nguoc va téi
cau hinh CPU

- Cong trinh da cong bd: [CT14]

Cac nghién ctru lién quan: [39, 57, 90, 91]

To6i wu ma thuc

thi

Két luan

Phu luc. Téng hop cac
chwong trinh  thuc

Cac nghién ctru lién quan: [39, 90, 91]

- Xay dung cic cong cu DSL va T4: Biéu dd 16p, biéu db tac vu
phu thude

- Xay dung cac chuong trinh t8i wu: hiéu nang, bd nhd, da muc
tiéu, chuong trinh 1ap lich céc 1é€nh, chuong trinh phén tich ma hop
ngu

nghiém

Cac chuong trinh thir nghiém: Nhan dang chir Nom, thap Ha Noi,
8 quén Hau, by chuong trinh nhing cho Bo mach Netduino va
Netduino Plus, b chuong trinh nhing cho vi xur Iy MIPS

Hinh 1: C4u tric tong thé cia luan an
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Chuong 1. TONG QUAN

Trong phat trién phan mém nhung, t6i wu 1 bai toan c6 ¥ nghia khoa hoc va mang
tinh thyc tién cao. T6i vu phin mém nhing c¢6 pham vi nghién ctru rong va co thé duge
trién khai trong cac giai doan khac nhau ctia vong doi phin mém. Bai toan t6i wu phan
mém nhing cling co thé duoc tiép can theo cac muc tiéu toi wu va cac mire toi wu khac
nhau. Do d6, dé co6 thé trién khai nghién ctru mot cach hé théng va day du, trong chuong
nay, chung t6i trinh bay téng quan vé phat trién, t6i vu hé thong nhung, phin mém nhing
va xay dung mé hinh téi vu chung bao gdm cac giai doan va tiéu chi toi wu. Trong mdi
giai doan, ching t6i tong hop, phan tich va danh gia cic nghién ctru lién quan dé phan
nhoém céc phuong phép tdi wu ciing nhu chi ra cac kho khan, thach thirc va nhiing van dé
can giai quyét. Trén co s& d6, ching toi dwa ra cach tiép can, phuong phap va nodi dung
nghién curu, trién khai trong luén an. Noi dung chuong nay duoc bd cuc nhu sau: Muc 1.1
trinh bay tong quan vé tdi vu hé théng nhung, phin mém nhing va mé hinh chung cho
bai toan t6i vu phan mém nhing, Muc 1.2 trinh bay vé hién trang nghién ctru va cac thach
thirc trong t6i wu phdn mém nhung, Muc 1.3 trinh bay vé phuong phap va ndi dung

nghién ctru, Muc 1.4 tong két chuong.

1.1. Tong quan vé téi wu hé thong nhing va phan mém nhadng

H¢ thong nhing 13 hé théng may tinh cing phin mém dugc gin theo mot hé thong
khac dé diéu khién hoat dong va xtr 1y thong tin ctia hé théng d6. Khai niém “phdan mém
nhing” trong luan an dugc hiéu 13 phan mém chay trong cac hé thong nhung. Cac hé
thong nhing c6 thé dugc phat trién theo hai phuong phap pho bién 1a phuong phép truyén
thong va phuong phap dong thiét ké. Quy trinh phat trién hé thong nhing theo phuong
phap truyén thong duoc minh hoa trong Hinh 1.1 [47]. Can ¢t vao dic ta yéu cau, mdi tac
vu hé théng c6 thé duoc phan thanh tac vu phén cung hodc tac vu phén mém. Cac tac vu
phﬁn ciing duoc thuc hién theo cac mach tich hop cé san hodc xay dung méi con céc tac
vu phan mém duoc thuc hién béi CPU. Phat trién phan cung 1 giai doan tiép theo sau khi
phan chia phan ciimg — phan mém. Giai doan phat trién phan mém duoc thuc hién sau khi
da phat trién phan cung. Tiép dén 13 giai doan tich hop phan mém 1én hé thong phan

ctig, kiém thir h¢ thong, lam ban mau va san xuat. Phuong phap truyén théng co hai han
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ché chinh 14 thoi gian phat trién 1au va khong linh dong do phan mém duoc phat trién cho

phan cimg c¢6 dinh va khong thé thay d6i viéc phan chia phan cimg — phan mém.

" Déctiyéuciu | [ Phinchia phan |
hé théng | | cung-phinmém |

:P]uit trién phin mém | Lyra chon, phat

. |
San xuat I . J—

— - o I T g 3 |

| Thiat LE I:Iha.ﬂ | : trien ]J]'I.ﬂ.'l'l mg‘ Thiat :_LE phﬂ.ﬂ ‘ |

T | mem | : i X Clg ) I

. | -

Lam banmiu | & Lo B - : :

f i Lap trinh L:_: ‘ Dra trén PCE ‘ ‘ Dhra trén FPGA ‘ |

Kiem thir he I v I : \/ |
F |

thong ! Mé phéng | — — |

£ i ) o Eiém thir phan ‘ I

. — | _ v I P cing I

Tichhophe || [ Kitm thi phin T |
thing ' mém I

Hinh 1.1: Quy trinh phat trién hé thong nhung theo phuong phép truyén thong

Phuong phap dong thiét ké phan cting — phan mém 1a cach tiép can méi, khic phuc
cac han ché cua phuong phap truyén théng. Quy trinh phat trién hé théng nhing theo
phuong phap dong thiét ké duoc chi ra trong Hinh 1.2 [47]. Khac véi phuong phap truyén
thdng, theo phuwong phap ndy, phan cing va phan mém dugc phat trién dong thoi va viée
phan chia phan ctng — phin mém c6 thé duoc thay doi dua trén viée danh gia hiéu ning,
mirc tiéu thu niang luong, chi phi, v.v. Do d6, dong thiét ké ciing 1a cach tiép can dé tdi uvu

mirc hé thong nham lya chon mot phan chia phan cimg — phan mém tt nhét.

) CTT T T T mom———— oo — =
Dic tiyéuchu |— 5 Phan chia phin Giai doan |
I > cing-phinmém thigt ké |
. ) |
| e - ____________'______I
) . I ' Phan cirng | ! Phan mém ::
San mat | | Ms hinh phan | | [ Méhinhphin | ||
T ] ! cimg : :| mém | 1
% 1 ! I : :I
L I ! : 1 |
Lam banmau | . \“ Lién kpt phan / 1
7 I i cimg-phanmad EI
— — I i ) Cl "
Kiem thirhe | | Dénh gia: Hifu ning ning ‘ i
thonz || ! | Mwong dhiphi. i
T b A I e ————————— — !
Tich hop hé 1 ' [ Ténghop phin | | || TénghopPM: |
théng = v cing : b - Lap trinh !
b 1] I | -Mb phéngva :
L g@ b

Hinh 1.2: Quy trinh phat trién hé thong nhiing theo phuong phap dong thiét ké
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Hai phuong phap phat trién hé thong nhing trén déu gom ba giai doan chinh 1a
phat trién phan ctng, phat trién phan mém va tich hop. Quy trinh phat trién phan mém
nhiing ciing nhu phat trién phin mém thong thuong, gom cac budc chinh theo md hinh
thac nudc do6 1a phan tich, thiét ké, lap trinh, kiém thir, trién khai va bao tri. Diém khac
biét chinh 1a viéc 1ap trinh phin mém nhing thudng gan véi moét CPU va thuong phai sir
dung méi truong phét trién chéo. Phat trién phan ctng hé théng nhing thuong duoc thuc
hién theo mé hinh chit Y nhu trong Hinh 1.3. Phat trién phan ctng hé théng nhing duoc
chia thanh bdn mirc tr mic mach dén mirc hé théng va dugce thiét ké theo ba khia canh 1a
chtrc nang, cAu tric va bd cuc vat 1y. Trong muc hé théng, dua vao cac thanh phén co ban
nhu CPU, RAM, ROM, cache, v.v. dé thiét ké, xay dung 1én hé thdng nhing. Trong mirc
CPU, cac ph?m tir co ban 1a cac don vi chic nang nhu ALU, CU, b0 cdng, bd nhan, cac
thanh ghi, v.v. dugc két hop dé thiét ké, xay dung CPU va céc thanh phan murc trén khéc.
Céc phan tir co ban trong mirc CPU lai dugc thiét ké va xay dung tir cac cong 1ogic nhur
AND, OR, NOT, XOR, V.v. trong mirc 16gic. Cac cong 16gic lai duoc thiét ké va xay

dung tir cac thiét bi ban dan trong murc mach.

Chirc ning — ) ——— ———
Cautric "
Thir vién cac don wi chirc
ning: CPU, RAM ROM, __.

"H_.___________._,_-—F'

.;-'-'_'_.—-__—_—-_‘_‘_‘-h.
—

o Cic thinh phin logic ALU,
bd cong, bd nhin,

Cac cong logicc AND, OF,
NOR, ...
"‘—_.___-__—-_._._,_.-F'
—
—1 Thur vign céc linh kign bén din

B R ——
Eé& cuc vatly

Hinh 1.3: Quy trinh thiét ké va xay dung phan cling

Cin ¢t vdo quy trinh phat trién & trén, bai toan t6i uvu hé thong nhing bao gdom t6i
uu cuc bd phan cing, tdi wu cuc bd phan mém va dong thiét ké — 16i wu duwa trén phdn
chia phan cimg — phan mém. Tuong ing v6i cac mirc phét trién, tdi vu cuc bd phan cling
c6 thé thuc hién & bdn mirc d6 12 t6i wu mirc hé théng, t61 wu mac CPU, tdi vu mirc logic
va t6i vu mic mach. Toi uu cuc bd phan mém nhing ciing phuc tap va da dang hon nhiéu
so voi toi wu phan mém thong thudng do su phu thudc vao phan cing va méi trudng phat
trién. Toi ru phan mém nhiing thuong gdm nhiéu tiéu chi toi wu nhu hidu nang, murc tiéu
thu dién nang, bd nhd, v.v. va co thé thuc hién trong cac giai doan khac nhau nhu giai
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doan thiét ké, giai doan 1ap trinh va giai doan thyc thi [24, 29, 33, 38, 42]. Sau khi di diéu

tra, phan tich va danh gia cac nghién ctru vé t6i wu phin mém nhing va dya trén cac

phuong phép phat trién hé thong nhung ¢ trén, ching tdi tong hop va xay dung mé hinh

chung cho bai toan tdi wu trong phat trién phan mém nhung nhu trong Hinh 1.4.

Téi wu trong k¥ nghé xudi

Giai doan thiét ké

|
| | Mo hinh thiét R
| ke g
i
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\ 4
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trong k¥ nghé nguoc

Chuyén doi nguogc

A A

— — — — Mangubn
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!

Dich nguoc

A

M

Ma hop nglt (ARM,

IPS, Power, v.v.)

1
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I .
|
' M3 ngudn mirc A POREP :
A p : »| Toi uvu doc 14 [ R
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toi uvu: | —_— o
- Toi uu hiéu | | :
nang | . »| Biéndichsang |:
<. R : Ma ngudn muc i o i1
-Toiuubd [ | caotér IR
nhd, V.v. I . o
T&i vu d ' Bién dich I
- lorduda ! «———— | chéo 1
muc ticu | | Mahop ngit (ARM, |
i | MIPS, PowerPC, - .
N IRVAVA) —» Toi uu hudng J
. — CPU dich i |
i |
; N
: 3 i toi |1
i Ma hop ngir toi uvu L, Hop dich va | |
P — lién keét o
: I
e i
SN WO T g |
| Giai doan thuc thi *
i Tép tin thuc thi
|
i
: May ao (Java, .Net Micro, v.v.)
>
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!
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Hinh 1.4: M6 hinh t5i wu tong thé trong phat trién phan mém nhing
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Theo md hinh chung trong Hinh 1.4, bai toan tdi vu phin mém nhung duoc chia
thanh hai huéng tiép can chinh 13 t6i wu trong k¥ nghé xudi va t6i uu hoa két hop voi ki
nghé nguoc. M6 hinh t6i wu chung nay ap dung cho ca phan mém nhung da c6 va phan
mém nhing xdy dung méi. Hudng tiép can tdi wu trong ki nghé xudi, bat dau tir diac ta
yéu cau, ching ta co thé thiét ké phin mém nhung theo cdc mo hinh khac nhau va dua
trén cac phuong phap t6i wu trong giai doan thiét ké dé lwa chon cac mé hinh tét. Trong
giai doan lap trinh, tr cic mo hinh thiét ké tot, phﬁn mém nhing co thé duoc 1ap trinh
theo ma ngudn muc cao doc lap CPU va cic phuong phéap t6i wu c6 thé duge thuc hién
trén ma ngudén mirc cao. Van dé t6i vu phan mém nhung trong giai doan thiét ké va téi uu
méd ngudn mirc cao ciing twong tu nhu phan mém thong thuong. Tuy nhién, trong giai
doan sau, ma nguén muc cao dugce bién dich chéo dé tao thanh ma hop ngitr gén vo1 mot
loai CPU cu thé. Do d6, trong mirc ma hop ngit, cic phuong phap tdi vu thudng mang
tinh dic thu theo kién tric CPU va mdi truong phan cing cu thé ctia mdi hé thong nhing.
Trong giai doan thuc thi, phan mém nhing da duoc tich hgp vao hé thong nhiing nén cac
phuong phép t6i wu phan mém nhung chu yéu tip trung vao tdi vu moéi trudng thuc thi,
dic ta dir liéu va tai ciu hinh CPU. Trong giai doan nay, cac tép tin thuc thi ¢ thé duoc
thuc hién ngay trén phén cung, co thé duoc thue hién thong qua hé diéu hanh nhiung hoac
duoc thuc hién trén may do0. May 4o lai c6 thé duoc thuc hién ngay trén ph?m cung hodc
duogc thyuc hién thong qua hé diéu hanh [15, 21, 61]. Cac kiéu moéi truong thuc thi khac
nhau ciing c¢6 cac phuong phap t6i wu khic nhau va mang tinh dic thu. Ngoai ra, ma
ngudn murc cao ciing c¢6 thé duoc bién dich tryc tiép sang md may ao. Khi thuc hién, ma
may ao lai dugc thong dich chéo sang ma hop ngir. Do do, trong giai doan thyc thi, ching
ta c6 thé tién hanh cac phuwong phap tbi wu trén ma may 4o.

Huéng tiép can tdi uu trong ky nghé xudi chi c6 thé ap dung khi xdy dung méi
mot phan mém nhing. Dé t6i vu hoda cac phan mém nhing d3 co ching ta can nghién
cuu, ap dung cac k¥ thuat trong k¥ nghé nguoc. Ky ngh¢ nguoc 1a mét khia canh quan
trong trong tai ki nghé phan mém. Pay 1a mot xu huéng mdi va c6 nhiéu trién vong trong
phat trién phan mém. K¥ nghé nguoc co6 thé dugc thuc hién theo cac mirc khac nhau nhu
tir ma thyc thi dich ngugc sang ma hop ngit, tir ma hop ngit c6 thé dich nguoc sang ma
ngudn mirc cao, tir md nguén muc cao duoc chuyén ngugc thanh cac mo hinh thiét ké.
M3 hop ngit ciing c6 thé dugc chuyén nguoc thanh mo hinh ma khong can théng qua ma
ngudn muc cao. Theo d6, huéng tiép can tdi uu trong kj nghé ngugc bao gdbm céc
phuong phap téi uu trong ki nghé xudi két hop véi cac ki thuat chuyén d6i nguoc. Pau
ra tai mdi muc trong k§ nghé nguoc co thé dugc toi wu theo mirc twong tmg trong k¥
nghé xudi. Do d6, dé giai quyét bai toan tdi wu tong thé, trudc hét can nghién ciru cac

phuong phap, ky thuat t6i wu trong k§ nghé xuoi.
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1.1.1. T6i wu don muc tiéu

Mdi phan mém nhiing thuong phat trién cho mot loai CPU véi tap thanh ghi va
kién trac tap 1énh khac nhau nhu kién trac tap 1énh rat gon (RISC), kién tric tip 1énh
phuc tap (CISC), v.v. Hon nita, mdi phan mém nhung cling 1am viéc v6i mot sd thiét bi
ngoai vi cu thé nhu dén giao thong, dau doc thé, man hinh cam ung, V.vV. Bén canh do,
phén mém nhing thuong dugc thuc hién trong cac rang budc chdt ché do han ché cua
phan cimg ciing nhu yéu cau cta cac tng dung nhung thoi gian thuc. Pong thoi viée kiém
thir va do 16i cua ph?m mém nhing cling rat kho khan vi phai thuc hién trén cac Bo mach
khac nhau hodc thuyc hién mé phong trong cac bd cong cu khac nhau. Ngoai ra, moi
truong va cong cu phat trién phin mém nhing ciing rat da dang va thudng phai xay dung
cac mdi truong phat trién chéo, trinh bién dich chéo. Bo cong cu nay chay trén PC nhung
bién dich ra ma dich chay trén cac vi xir ly dich khac nhu ARM [93], MIPS [50], v.v. hay
chay trén cac vi diéu khién nhu AVR [86], 8051 [9], v.v. Do dé, viéc toi uvu phin mém
nhung cang c6 ¥ nghia hon so voi téi wu phan mém thoéng thuong. Tdi vu phin mém
nhung tip trung vao cdc tidu chi sau: téi vu hiéu ning (f,) thuong dya trén thoi gian thyuc
thi phin mém nhang; t6i vu dién ning tiéu thy (f.) nhdm giam mirc tiéu thy dién ning va
kéo dai thoi gian sdng cua pin; toi wu bd nhd (f,) hudng dén téi wu mic chiém dung bd
nhé hoic t6i gian kich thuéc phan mém nhung va tdi vu chi phi (f;) nhdm giam chi phi
ma van théa mén cac yéu cau ctia phan mém nhing [49, 92, 106, 113]. Trong tdi vu phan
mém nhiing, t6i wu don muyc tiéu thudng tip trung cai tién, tdi wu mot trong cac tidu chi
trén. Tuy nhién t8i wu mdi muc tiéu can dat trong cac rang budc trén cac muc ti€u con lai.
Do d6 bai toan tdi vu don muc tiéu trong phat trién phian mém nhing duoc chia thanh cac
loai theo céc dic ta tir (1.1) dén (1.4).

e Téi wu hiéu niang
fo > min
fo < f°
fin <

f.<f0

(1.1)

e Toi wu bd nhé
fr, = min
f, <f,0
f, <f.

f.<f0

(1.2)
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e Téi wu ti¢u thu dién ning
f. = min
f,<f
fn < fin’

f.<f0

(1.3)

e Toi wu chi phi
f. — min
fo <f,0
fo<f

fo<f.l

(1.4)

1.1.2. T6i wu da muc tiéu

Nhu trinh bay trong phan trudc, mdi hé théng nhiing, phdn mém nhing thuong co
nhiéu muc tiéu tdi wu. Trong qua trinh t6i wu, cic muc tiéu t6i wu thudng khong duogc
thoa man dong thoi. THi wu tidu chi nay co thé 1am tiéu chi khac xau di. Do d6, mot van
dé dit ra trong t6i vu phin mém nhing 13 t6i wu da muc tiéu. Téi wvu da muc tiéu khong
huéng dén t6i vu mot tidu chi cu thé ma ludn cai tién moi muc tiéu téi vu dé hudng dén
tinh can bang cua hé théng. Phuong phap dién hinh dé giai quyét bai toan t6i vu da muyc
tiéu 1a dya trén nguyén 1y Pareto [42, 113]. Nguyén Iy ndy hudng dén phan phdi can bang
gifta cac muyc tiéu trong mién tdi wu Pareto. Dé trién khai phuong phap nay, chiing ta can
xay dung cac ham muc tiéu tdi wu thanh phﬁn va ham muc ti€u toan cuc. Ham muc tiéu
toan cuc duoc xay dung dua trén cac ham muc tiéu thanh phan va trong sb twong ung;
trong sd thuong gin voi do wu tién ciia muyc tiéu toi vu thanh phan. Hé théng dugc dua vé
mién tdi wu Pareto khi gia tri ham muc tiéu toan cuc cuc dai hodc cuc tiéu tuy theo cach
xay dung cac ham t6i wu. Nguyén 1y Pareto 1 dién hinh dé giai quyét van dé téi wu trong
thiét ké hé thong néi chung nhung con it dugce nghién ctu trong tdi wu phan mém nhing.
Van dé cdt 16i dé ap dung nguyén 1y nay 1a xay dung cac ham muc tiéu cuc bo tuong ting
v6i cac tiéu chi toi vu; sau d6 xay dung ham muc tiéu toan cuc dé danh gia dua trén cac

ham cuc bd va mang trong so.

1.1.3. Céc giai doan tdi vu

Trong md hinh chung, t6i wu phan mém nhing c6 thé duoc thuc hién trong cac giai
doan khac nhau nhu giai doan thiét ké, giai doan lap trinh va giai doan thuc thi. Trong
mdi giai doan, phdn mém nhung cé thé dugc tién hanh t6i uu theo don myc tiéu hoic da
muc tiéu va theo cac cach tiép can riéng.
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e Tbi wu trong giai doan thiét ké: Pay 1a hudng nghién ctru quan trong va trién
vong vi tdi uu trong giai doan thiét ké mang lai nhiéu loi ich hon trong céc giai
doan sau. Hon nira, khong thé c6 mot phén mém tdt trén mot thiét ké tdi. Muc tiéu
ctia toi uu trong giai doan thiét ké 13 lva chon cac moé hinh thiét k& tot nhat twong
tmg v6i mdi tiéu chi tdi vu hay t6i vu da muc tiéu. Ngoai ra, vin dé tdi vu trong
giai doan thiét két con nhim sém dua ra duogc céc lya chon tot vé cong nghe, cAu
hinh va méi truong phat trién.

o Toi wu trong giai doan 1ap trinh: San pham chinh tao ra trong giai doan lap trinh
12 ma ngudn phin mém va ma thyc thi nhung viée tdi wu trong giai doan 1ap trinh
thudng tap trung vao téi wu ma ngudn. Hon nita, trong qua trinh 1ap trinh phan
mém nhung phai thyc hién viéc bién dich chéo dé tao ra ma thyc thi trén CPU may
dich khac voi CPU may chu. Do d6, téi vu ma ngudn phdn mém nhung ciing duoc
chia thanh hai muc 13 ti vu ma ngudn muc cao doc lap CPU dich va t6i wu ma
hop ngit huéng dén cac CPU cu thé. Pong thoi, trong giai doan lap trinh ciing c6
thé thuc hién tdi wu don muc tiéu nhu hiéu nang, bd nhd, ndng luong va chi phi
hay t6i wu da myc tiéu.

e Toéi wu trong giai doan thuc thi: Trong giai doan thyc thi, cac chuong trinh da
dugc dich sang md may hodc mi mdy 4o va dugc tich hop trong cac hé thong
nhung. Do d6, t6i vu trong giai doan nay thuong khé thuc hién va it duoc nghién
ctru. Tuy nhién, do su da dang vé mdi truong phan cimg nén t6i vu trong giai doan
nay co vai trd quan trong trong toi vu phan mém nhing. Téi wu trong giai doan
thuc thi gdbm ba huéng tiép cin chinh d6 14 t6i wu méi trudng thuc thi, tdi wu
hudng dir liéu va t6i wu ma thuc thi hodc ma may 4o. Tbi wu méi truong thuc thi
thuong duoc thyc hién trong céc trinh thong dich véi ki thuat bién dich tam va cac
k¥ thuat chuyén biét héa cling nhu van dé 1ap lich tién trinh. Téi vu huéng dir liéu
tap trung chu yéu vao nén dit liéu va loai bo du thira cac thong diép trong mdi giao
thire truyén thong. T6i uu ma thuc thi bao gdm hai hudng tiép can chinh 1a cai tién

cac doan ma tu stra dé chuyén biét hoa va lya chon c4u hinh CPU.

1.2. Hién trang va thach thirc

1.2.1. Hién trang va thach thirc trong giai doan thiét ké

Trong phan nay, ching toi tong hop va phan tich cac nghién ctru lién quan trong
mdi cach tiép can tdi wu trong giai doan thiét ké dé 1am co so dua ra cac cai tién ciing nhu
dé xuat, trién khai cac phuong phap t6i vu méi. Cac nghién ctru vé téi uu trong thoi gian

thiét ké duoc chia thanh ba cach tiép can d6 1a tdi wu dya trén mo phong, dua trén ky
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nghé hiéu ning phan mém (SPE — Software Performance Engineering) va dua trén danh
gid truc tiép tir cic md hinh dic ta phan mém. Cdch tiép cdn t6i wu dya trén SPE nham
t6i wu hiéu niang phan mém dya trén viéc chuyén mo hinh thiét ké thanh mé hinh hiéu
nang va danh gia trén moé hinh hi¢u nang [6, 10, 12, 13, 37, 79, 96]. Céc nghién curu theo
huéng tiép can nay tap trung chil yéu vao viéc chuyén mé hinh thiét ké vé mo hinh hiéu
ning. Phan mém nhung dugc dic ta kién trac theo ngdn nglr mo hinh hoa théng nhat
(UML — Unified Modeling Language) c6 b6 sung thém thong tin hiéu nang [7, 12, 17,
115, 116]. Cac dic ta ndy dugc chuyén sang mé hinh hiéu ning dé danh gia. Cac biéu d6
UML thudng duoc sir dung theo cach tiép can nay nhu biéu d6 ca sir dung, biéu do 16p,
biéu d6 hoat dong, biéu dd tuan tu, biéu dd thanh phan va biéu do trién khai. Cac biéu do
nay sau d6 duoc trich xuat thong tin dé chuyén sang cac biéu dd hiéu ning nhu mang
hang doi, mang hang doi phan tang, mang Petri, v.v. Cac biéu d6 hiéu nang duoc sir dung
dé danh gia hiéu ning hé thong va t6i wu [52, 63, 79, 95].

Cdch tiép cdn téi wu dwa trén mé phong ciing duge quan tim nghién ciu nhiéu
trong giai doan thiét ké [25, 64, 85, 87, 106]. Y tudng chung cua cach tiép can nay la tu
cac mo hinh phan mém, sinh mi mo phong chirc ning va thyc thi md mé phong dé cé thé
Ira chon kién trac hodc dua ra nhitng quyét dinh tt ngay trong thoi gian thiét ké. Tuy
nhién, cach tiép cin sinh md mé phong dya trén DSL con it dugc nghién ctru, phat trién.
Dién hinh cho cach tiép can nay 13 nghién ctru cia Thompson, C., White, J., Dougherty,
B. va Schmidt, D. [102]. Trong nghién ctru nay, cac tac gia xay dung ngén nglr md hinh
hoéa DSL dya trén khung lam viéc ngudén mé Eclipse dé xdy dung kién tric phan mém
trén dién thoai di dong, sinh m3 mé phong va thuc hién trén mi mo phong dé danh gia
hiéu ning va can bang voi thoi gian séng cia pin. Ciing theo huéng tiép can nay, trong
[5], Anastasopoulos, M. va Muthig, D. di nghién ctru toi vu Gng dung dua trén k§ nghé
hudéng mé hinh va mau sinh mi cho céac dong san phém. Trong [41, 77, 95, 108, 110,
114], céc tac gia tiép can theo huéng DSL dé dic td mo hinh thanh phin va dic ta moi
truong cho cac nén tang nhu Android, J2ME, .NET Compact, V.v. va cac giao thic truyén
thong (http, https, SOAP, v.v.) dé sinh md mé phong chic ning twong tGng véi moi
truong da chon. Sau d6 chay ma mo phong trén moi truong thyuc té dé danh gia va lua
chon moéi trudng phat trién tot nhat cho phan mém trén dién thoai di dong. Cach tiép can
nay han ché do mo hinh thanh phan moé ta kién tric phan mém muirc cao va chi biéu dién
duoc cac khia canh tinh cua phﬁn mém. Hon nita viéc lua chon mdi truong phat trién tot
nhat trong thoi gian thiét ké c6 pham vi tmg dung han ché.

Cdch tiép cdn t0i wu dwa trén danh gia truc tiép cdc mé hinh phan mém 1a mot
hudng nghién ctru mdi va tap trung cha yéu vao cac mo hinh phan mém hudng ddi tugng.

Trong cac biéu 46 UML dic ta phan mém, biéu do 16p dic ta khung nhin kién trac 16gic
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ciia phan mém va duoc st dung thuong xuyén nhat khi thiét ké phan mém hudng d6i
tugng. Theo cach tiép can nay, dau tién chung ta cAn xdy dung duoc cac do do, cac ham
danh gia hiéu nang, bé nhd va cac muyc tiéu tdi wu khic duwa trén phan tich va trich xuat
céc tham s tir mo hinh. Cac mé hinh t6i wu dugc Iya chon cin ¢t vao gia tri cia cic ham
danh gia. Cac do do danh gia chit luong phan mém trong giai doan thiét ké dua vao biéu
d6 16p dua ra trong [78, 79, 112, 116] tap trung vao do phtc tap kién trac, kha ning bao
tri, kha nang tai st dung, kha ndng dong goi. Tuy nhién, hi¢n tai van chua co cac do do va
cac ham danh gia dé thyc hién t6i wu cac muc tiéu quan trong ddi voi phin mém nhing
nhu hi¢u ndng, by nhd va dién nang ti€u thu. Trong nghién cuu [4], tac gid dua ra mdt )
tham s nhu sé luong 16p, s6 luong phuong thirc, sé lugng thude tinh va kiéu dir liéu, v.v.
dé phan tich su phu thudc hiéu ning theo cac tham sb nay. Trong nghién ctru ndy, tac gia
cling chua dac ta dinh luong va xay dung cong thirc danh gid hi¢u nang tir mo hinh.

Trén co so tinh hinh nghién ctu d3 phan tich & trén, vin dé t6i vu phin mém
nhung trong giai doan thiét ké con ¢ cac thach thire nhu sau:

e Kho khin khi dénh gi4 hiéu ning, bd nhé ctia phan mém nhung mic mé hinh. Viéc
danh gia cac mo hinh phan mém nhing chu yéu tap trung vao cac d6 do chat luong
phan mém nhu tinh linh dong, tinh bao géi, tinh tai sir dung va tinh dé bao tri.

e Chua c6 cac do do danh gia vé hiéu nang va bd nh¢ tr cAc mo hinh thiét ké. Hién
tai chi c6 mot sd nghién cru dua ra ¥ tuéng va phén tich cic tham sé trong méd
hinh tac dong dén hiéu nang ma chua cé do do va cong thirc cu thé.

e Chua c6 mé hinh chung va nén tang 1y thuyét vé tdi wu trong giai doan thiét ké va
chi c6 mot sé nghién ciru nhim dwa ra cac quyét dinh tdi wu trong thoi gian thiét
ké nhu lya chon mdi trudng, giao thirc dya trén mod phong va chua c6 nghién ciru
vé t6i wu theo hudng tiép cin dua trén danh gia truc tiép mo hinh. Chi c6 mot sb it
nghién ctru danh gia hiéu ning mirc mod hinh bang cach chuyén cac mé hinh dic ta
thanh mo hinh hiéu nang.

e Chua c6 nghién cuu vé t6i vu da muc tiéu dya trén biéu dd lop. Co nhiéu muc tiéu
va cac rang budc trong toi wu phan mém nhing. C4c tiéu chi t6i uu thuong khdng
dugc théa man dong thoi va co thé mau thuin do d6 can phai thuc hién phuong
phap tbi uu da muc tiéu.

1.2.2. Hién trang va thach thirc trong giai doan 13p trinh

Theo mé hinh t6i wu chung da xay dung, c6 hai mic tdi uu phan mém nhing trong
giai doan 1ap trinh d6 13 t6i vu ma ngudn mirc cao doc lap kién tric dich va t6i wu ma hop
ngit cho cac CPU nhung. Cdc phwong phdp t6i wu md nguén mirc cao, déc lgp CPU cho
phan mém nhung ciing tuong tu nhu toi wu phan mém thong thudng. Cac phuong phap
nay da dugc nghién ctru tir thap nién 80 va dugc thé hién trong cac trinh bién dich. Cac

tiéu chi to1 uvu pho bién trén ma nguén muc cao nhu gidam muc tiéu thu di¢n ning, to1 uvu
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hiéu nang va toi wu kich thuéc ma ngudn. Téi vu ma ngudn dé giam tidu thu dién ning
trong cac nghién ctru [22, 69, 82, 111] bao gdm cac k¥ thuat chinh nhu bién d6i ma ngudn
dé giam truy xuat bo nhé va cac bién ddi trén vong lap. Cac ki thuat toi wu kich thudc ma
ngudn ciing dugc nghién ciru rong rii va co ¥ nghia dic biét quan trong ddi v6i phan
mém nhung. Trong cic nghién ctru [7, 26, 29, 44, 48, 75, 83], c4c tac gia da trinh bay mot
s6 k¥ thuat t6i wu kich thudc ma ngudn dién hinh nhu loai bé mi chét, thay thé mi va cap
phat bo nhé dong. Trong tdi ru ma ngudn cd nhiéu muyc tiéu tdi wu va cac muc tiéu toi vu
thuong mau thudn nhau. Do d6, van dé t6i wu da muc tiéu cling dugc dé xudt va trién
khai. Dién hinh nhu trong nghién ctru [27], tic gia di dé xuit phuong phéap téi wu da muc
tiéu cho ma ngudn phan mém dua trén nguyén ly Pareto.

Cdc phwong phdp t6i wu md hop ngit huéng dén cdc CPU dich con it duoc nghién
ctru va ap dung cho phan mém thong thuong nhung co y nghia dic biét quan trong ddi
v6i phan mém nhung. Mdi phan mém nhung thudng duge phat trién cho mot loai CPU.
Céac loai CPU ¢6 kién truc, tap thanh ghi va tap 1énh hop ngtr khac nhau. Hon nira, véi
mdi loai CPU khac nhau c6 thé c6 cac phuong phap t6i vu khac nhau. Téi wu phan mém
nhung mtrc ma hop ngit tp trung vao cac tiéu chi toi vu chinh 13 hiéu ning, ning lugng,
chi phi va kich thudc chuong trinh [19, 28, 30, 59, 87, 88].

Mic du di duoc nghién ctru rong rii nhung van dé t6i wu phan mém nhung trong
giai doan 14p trinh van con céac thach thirc sau:

e Céac phuong phap t6i vu mi ngudn doc 1ap kién trac CPU dich da duoc nghién ciru
va trién khai trong cdc trinh bién dich tuy nhién van chwa giai quyét viéc phan tich
mi ngudn dé tim ra cac doan ma anh hudng dén hiéu ning hoic tiéu tén ning
lugng nhat. Chua 4p dung lut Pareto 80/20 dé tang hi¢u qua va rut ngan thoi gian
t6i wu trong cac chwong trinh dich.

e Phuong phap t6i wu ma ngudn mirc cao dua trén loai bo cac biéu thirc con chung
tuy da dugc tich hop trong céc trinh bién dich nhung van chua xét dén céac biéu
thirc twong duong.

e Phuong phap tdi uvu da muc tidu chua dugc nghién ctu va 4p dung trong céac
chuong trinh dich.

e Tbi wu mitc ma hop ngit gip nhiéu kho khin trong qua trinh xay dung phan mém
nhung do phai bién dich chéo hudng dén cac CPU dich khéac nhau. T61 vu ma hop
ngtr cho céc loai CPU khéc nhau ciling c6 cac dac trung riéng.

e Kho khin khi danh gia murc tiéu thy dién ning, hiéu ning cho mdi chuong trinh
hop ngit dic biét 1a vai kién tric duong 6ng 1énh va kién tric siéu vo hudng.

e Tbi vu mirc ma hop ngit cling gip kho khin va chua dugc giai quyét trong cac hé
thong da CPU, dac biét 1a vdi cac hé thong khong dong nhat.
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1.2.3. Hién trang va thach thirc trong giai doan thue thi

Téi vu trong giai doan thuc thi dugc chia thanh ba nhom chinh do la tdi wu moi
truong thyc thi, toi uu huéng dir liéu va tdi vu ma thyuc thi. Phan 16n cac nghién ctru trong
gian doan nay tap trung vao t6i wu mdi trudng thyc thi. Moi truong thuc thi ¢6 thé chia
thanh céc loai chinh 1a hé didu hanh, méi trudong may 4o, moi truong thong dich ma
ngudn sang mi may va méi trudng phan cing.

Trong muc hé didu hanh, hau hét cac nghién ciru tap trung vao cac phuong phap
1ap lich tién trinh dé tdi wu hiéu ning hay dién ning tiéu thu cia cac tién trinh wu tién.
Dién hinh nhu trong nghién ctru [18], Cheung, T. L. va cong su di xdy dung nén tang hd
trg md hinh quyét dinh Markov dé t6i vu tai nguyén cho cac tmg dung dam thoai. Trong
mdi truong may 4o, ma may ao can dugc thong dich sang ma may dich dé thuc thi va ma
ngudn ctia chuong trinh di duge bién dich sang mad may 4o trude khi thyc thi trén may ao.
Do d6 cac phuong phap tdi uu chuong trinh trong méi trudng may ao tap trung chi yéu
vao t6i vu muc trinh théng dich. Ky thuat t6i wu phd bién 13 ki thuat bién dich tam (JIT —
Just In Time) nhu trong nghién ctru [104]. Trong k¥ thuat nay, thay vi dich va thyc thi
tung cau Iénh, trinh thong dich s€ bién dich cac doan 1énh va luu trit ma may dich trong
bd dém dé thuc thi. Ky thudt ndy di duogc trién khai trong hai may 4o phd bién nhét 1a
may 4o Java va may 4o .NET. Ngoai ra cac ki thuat cip phat va quan 1y bo nhd dong
nham cai tién hiéu qua str dung bd nh¢ ciing duoc tich hop trong cac mdi trudng may 4o
[68, 90]. Trong méi truong thong dich truc tiép tir mi ngudn sang md may nhu may chi
web PHP, ngoai cac k¥ thuat bién dich tam, quan 1y dong bd nhé, cac k¥ thuat téi vu ma
ngudn ciing ¢ thé duoc ap dung do mdi trudong nay théng dich tir mi ngudn dé thyc thi.
Tuy nhién t6i vu mi ngudn trong cac trinh théng dich thudng mang tinh dic thu so véi
trong mdi truong bién dich tinh [39, 57, 67, 90] nhu tdi wu dong va c6 thé tai cdu trac ma
ngudn. Ngoai ra, trong giai doan thuc thi cling c6 thé thuc hién cac k¥ thuét t6i wu dua
trén cai tién moi trudng phan cing hoic két hop phan cing va phan mém.

Bén canh t6i vu moi trudng thyc thi, cic nghién ctru t6i uu trong giai doan niy con
tap trung theo hudng t6i wu ma thyc thi. Pho bién nhat 13 cac nghién ciru t6i wu dya trén
chuyén biét hoa vé ma ngudn va thuat toan. Y tudong chinh cua chuyén biét hoa l1a tiy
theo mdi mdi trudng thyc thi khac nhau ma thuc thi cac doan ma chuyén biét nham cai
tién hiéu nang, nang lugng va bo nhd. Cac nghién ctru dién hinh theo hudng tiép can nay
nhu [91, 113, 117]. Ngoai ra, mot ky thuat toi wu trong hudng tiép can nay ciing duoc
nghién ciru pho bién 1a k¥ thuat ma tu sira nhu trong nghién ctru trong [91].

Huéng tiép can tdi uu tht ba trong giai doan thyc thi nham t6i wu dir lidu. Téi wu
dit liéu bao gom t6i uu trong xtt 1y dit liéu va tdi wu trong truyén dit liéu. Céc phuong
phap dic ta dir liéu dé t6i wu hiéu nang tiéu biéu nhu [57]. Y tudng chinh cta phuong

16



phap nay 1a phan nhom, dic ta dit liéu theo cac mién tmg dung cu thé, mdi loai dir liéu
dugc thuc thi bang cic doan mi twong ing. Cac phuong phap tdi uu modi truong truyén
dir liéu nham cai tién thoi gian truyén thong cho cac tmg dung phan tan. Hai phuong phap
chinh theo hudng tiép can nay 13 nén dit lidu va loai bo du thira trong céc thong diép [74].

Can ct vao tinh hinh nghién ctru trén day, cac thach thtc dit ra khi tdi wu phan
mém nhiing trong giai doan thuc thi c¢6 thé dugc téng hop nhu sau:

e Kho ap dung cac ky thuat tdi wu trén ma thuc thi. Viéc danh gia cac trang thai
dong dé chuyén biét ma gap kho khan.

o Khi t6i wu méi truong truyén thong cin phai danh gia thoi gian truyén dir lidu va
thoi gian thuc hién cac xir 1y t6i wu trén thiét bi.

e Chua c6 nghién ctru vé t6i uu dua trén k§ nghé nguoc ciing nhu viée két hop ca
phan cimg va phan mém dé cai tién moi truong thuc thi.

Chuén bj

- Tim va phan loai céc tai liéu tham
khao theo cac giai doan va tiéu chi
t6i wu

- Sép xép thir tu doc tai liéu tham

khéo: cac bai tong quan dén cac bai

cu thé, sip xép giam dan theo thoi

gian xuét ban

\

\4

/ X4ac dinh cdc huwéng nghién ciru cu thé\

/

A 4

/ Nghién ctru tdng quan \

- Tiép cn theo cac giai doan
t6i wu

- Poc ky cac bai bao tong
quan (survey). Poc nhanh
cac tai ligu tham khao cu thé

- Tich ity co s6 1y thuyét

- Xay dung m6 hinh chung

cho bai todn téi vu PMN /

Poc k¥ va phan tich céc tai liéu dang
téng quan va diéu tra

Vi cac tai liéu dang cu thé: Poc ky
phin tom tit, phan thio ludn va
hudng phat trién

Dé xuit cac cai tién hodc phuong
phap t6i wu mai trong cac giai doan
t6i vu

/

~

Nghién ctru chi tiét
Poc k¥ ndi dung cac tai li€u tham
khao trong tam
Pua ra cac cai tién, thuc nghiém va
so sanh vdi phuong phap cil
V6i cac phuong phap méi: tom tit y
tudng, quy trinh; xay dung phuong
phap; thuc nghiém va danh gia

/
!

N

o

T(R)‘ng hop va danh gia nghién ciru \
Téng hop cac phuong phap tdi vu da
nghién ctru theo cac giai doan
So sanh véi cac phuong phap ky thuét
khac dé danh gia
Két luan vé& pham vi nghién ciru va
cac 16p bai toan ap dung

)

Hinh 1.5: Quy trinh nghién ctru va trién khai trong luan 4n

17



1.3. Phwong phap va ndi dung nghién ciru

1.3.1. Phuong phap nghién ciru

Pé thyc hién cac ndi dung nghién ctru trong luin an, chung tdi tién hanh nghién
ctru theo cac phuong phap chinh d6 1a tiép can tir trén xudng, phéan loai va hé thong hoa ly
thuyét, phan tich va tong hop 1y thuyét. Theo phuong phap tiép can tir trén xudng, ching
t6i didu tra, tong hop va nghién ciru tong thé sau d6 nghién ctru chuyén sau timg phan.
Theo phuong phap phan loai va hé théng hoa 1y thuyét, ching t6i thu thap cac nghién ctu
vé t6i wu phan mém nhung, phan loai va xdy dung mé hinh chung cho bai toan tdi uu.
Theo phuong phap phan tich va téng hop 1y thuyét, véi mdi tiéu chi tdi wu, chung toi tong
hop cac nghién ctru lién quan dé dé xuét cai tién hodc phuong phép t6i vu méi.

Ap dung cac phuong phap trén, luan 4n duoc thuc hién theo quy trinh trong Hinh
1.5. Pau tién, chung toi thyc hién diéu tra, tong hop va so sanh cac nghién ctru hién co vé
t6i wu phan mém nhung. Trén co s& cic nghién ctru tién dé nay, ching t6i hé thong héa va
xay dung burc tranh chung vé t6i wu phin mém nhung. Dua trén d6, chung t6i giéi han
pham vi nghién ctru, dé xudt va phat trién mot sé phuong phép tdi wu trong cac giai doan
phat trién phan mém nhung nhu thiét ké, 1ap trinh, thuc thi theo cac tiéu chi t6i wu nhu
hi€u nang, muc ti€u thu dién nang, chi phi, v.v. va t6i wu da muc tiéu. Cudi cung ching
t6i tién hanh thyc nghiém dé danh gia phuong phap theo cac chuong trinh nhu nhan dang
chtt Nom trén dién thoai di dong, bod chuong trinh nhing cho Bo mach Netduino va
Netduino Plus, thap Ha Noi, 8 quan Hau va cac chuong trinh nhung cho vi xtt Iy MIPS
chay trén phdn mém mé phong SimpleScalar.

1.3.2. N¢i dung nghién ctru

Theo md hinh chung vé t6i wu trong phat trién phan mém nhung di dua ra trong
Hinh 1.4 va can cu vao tinh hinh nghién ctru hién tai, chung toi tap trung nghién ctru chu
yéu vé cac phuong phap toi wu phdn mém nhung theo quy trinh phat trién trong k§ nghé
xudi. Muc tiéu cta ludn an nhim nghién cuu, cai tién, dé xuit va trién khai mot sd
phuong phap tdi wu trong cac giai doan phat trién phan mém nhiing dé 1am nén tang giai
quyét bai toan tdi wu tong thé. Toi uu va toi wu hoa phan mém nhung 1a bai toan phuc tap,
¢6 pham vi nghién ctru rong va lién quan nhiéu dén phan cung. Téi wu hoa két hop voi ki
nghé ngugc cd ¥ nghia thyc tién va pham vi tng dung rong rdi d6i véi cac hé thong
nhung, phan mém nhung da ton tai. Tuy nhién dé c6 thé thuc hién tdi uu hoa, trudc hét
can c6 cac phuong phap tdi wu cu thé trong k¥ nghé xudi.

Trong mdi giai doan t6i wu, ching toi hé théng hoda, phan nhom va danh gia cac
nghién ctru lién quan 1am co so 1y thuyét dé dua ra mot sd cai tién cho cac phuong phap
da c6 ciing nhu dé xuét va phat trién mot sé phuong phap t6i wu méi nham gdp phéan giai
quyét cac thach thirc dit ra nhu mo ta trong phan trude. Theo d6, pham vi nghién ctru cta
luan 4an tap trung cha yéu vao cic phuong phap t6i wu trong ki nghé xudi voi cac ndi
dung nghién ctru cu thé sau:
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e Tong hop, hé thong hda cac nghién ctru lién quan va xdy dung mo hinh chung veé
van d¢ t6i wu phan mém nhing bao gdm ca ki nghé xudi va ki nghé ngugc.

e Nghién ctru, d& xuat va phat trién mot s6 phuong phap tdi vu phan mém nhing
trong giai doan thiét ké nhu t6i wu hiéu ning, t6i uu bd nhd va téi vu da muc ticu
theo huéng tiép can dua trén dénh gia truc tiép cac md hinh. Phat trién phan mém
nhan dang chit Nom trén di¢n thoai di dong va téng hop cac chuong trinh nhiing
khac dé thir nghiém va danh gia cac phuong phap t6i wu.

e Nghién ciru, cai tién va phat trién mot sé phuong phap tdi wu trong giai doan 1ap
trinh theo hai murc: ma ngudn mirc cao doc 1ap CPU va mi hop ngir hudng dén céac
CPU nhdng. Thuc nghiém vé cac mirc t6i wu trong bd cong cu bién dich ngudén mé
GCC dé danh gia cac phuong phép toi wu va xay dung cac cong cu bién dich chéo
dé thtr nghiém cho céc loai CPU nhu MIPS, ARM, PowerPC.

e Nghién ctru cac phuong phép tdi uu trong giai doan thuc thi. D& xuit, phat trién
phuong phép t6i wu dién niang tiéu thu dua trén tai cau hinh CPU va k§ nghé
nguoc.

Trong cac ndi dung nghién ctru trén, cac phuong phap tdi uu trong giai doan thiét
ké va tdi uvu ma ngué)n mtrc cao doc 1ap CPU duogc gidg1 han nghién ctru, thuc nghiém cho
cac hé thdng theo kién tric Von Neuman. Cac phuong phap t6i wu dua trén 1ap lich cac
1énh hop ngit dugc nghién ctru dén mirc kién tric CPU véi ca ba kiéu kién trac 13 don
1énh, duong dng 1énh va siéu vo hudng trong pham vi cac 1énh don chu trinh.

1.4. Tong két chwong

Téi wu phin mém nhung 14 bai toan phirc tap, c6 pham vi nghién ctru rong, bao
gdm nhiéu tiéu chi t6i wu va co6 thé tién hanh trong cac giai doan khac nhau. Céc tiéu chi
t61 ru bao gdm ti wu hiéu ning, tdi wu bd nhd, téi wu dién ning tiéu thu, tdi wu chi phi,
v.v. va t6i vu da muc tiéu. Trong mdi giai doan phat trién phin mém nhung, ching ta co
thé nghién ctru, thuc nghiém chuyén sau theo cac tiéu chi t6i wu khac nhau.

Can ¢t vao md hinh chung cho bai toan tdi wu phan mém nhing, trong mdi giai
doan phat trién, ching t61 phan tich tinh hinh nghién ctru hién tai, xac dinh cac van dé
chua giai quyét dé dua ra noi dung nghién ctru va thuc nghiém trong luan an. Theo do,
luan an sé& tap trung nghién ctiru cac phuong phéap téi uu trong k¥ nghé xudi. Phét trién
phan mém trong k¥ nghé xudi gom ba giai doan chinh 1a thiét ké, 1ap trinh va thuc thi.
Trong giai doan thiét ké, muc tiéu ctia bai toan tdi wu nham tim ra cac biéu do thiét ké tdt,
cac quyét dinh t6i uu khi Iya chon céng nghé, méi truong, v.v. Trong giai doan lap trinh,
bai toan t6i wu c6 thé tién hanh theo hai mc: t6i wvu mi ngudn mirc cao doc lap CPU —
dung cho ca phin mém nhiing va phan mém thong thuong, t6i vu ma hop ngir hudéng dén
cac CPU dich — mang dic thu ctia phan mém nhiing. Trong giai doan thyc thi, bai toan t6i
uu ¢6 thé duge tién hanh theo ba khia canh 1a méi trudng thyc thi, dit liéu va ma thyc thi,

19



Chwong 2. TOI UU PHAN MEM NHUNG TRONG
GIAI POAN THIET KE

Pé trién khai cic ndi dung nghién ctru theo cach tiép can chi tiét héa mo hinh tbi
wu chung, trong chuong nay, chung t6i trinh bay mot sé phuong phéap t6i wu phan mém
nhiing trong giai doan thiét ké. Tdi uu phdn mém nhing trong giai doan thiét ké, ngoai
cac muyc tiéu vé hiéu ning, dién ning tiéu thy, bo nhd, chi phi, v.v. con c6 cac muc tiéu
tdi uu mang tinh dac thu nhu tinh tin cdy, tinh linh dong, tinh tai sir dung, tinh tai cdu
trac. Py 1a cac muc tiéu tdi wu cu thé. Pdng thoi, cac phuong phap tdi wu duoc chia
thanh ba nhom: tdi vu don muc tiéu, t6i wu da muc tiéu va tdi vu chuyén tir da muc tiéu
sang don muc tiéu. Két qua tdi wu phan mém nhung trong giai doan thiét ké 1a dat duoc
cac mo hinh phén mém tot va sdm dua ra duoc cac lya chon nhu moi truong, cong nghe¢,
thu vién va nén tang phat trién. Ngoai ra dat dugc su phan chia phan cimg — phin mém
t6t ciing 1a mot két qua t6i vu mirc hé thdng cé y nghia trong giai doan nay.

Can cu vao hién trang nghién ctru va cac thach thirc dat ra da dugc trinh bay trong
Muc 1.2.1 Chirong 1, trong giai doan thiét ké, ching t6i d& xuét va trién khai ba phuong
phap t6i vu mai d6 14 téi wu hiéu nang phan mém nhing dya trén danh gia biéu d6 16p, tdi
wu bd nhé chiém dung dua trén s*flp xép t0-p0, DSL va T4, t6i uu da muc tiéu dua trén
biéu d6 16p. Dong thoi, ching toi ciing cai tién phuong phap tdi wu dua trén chuyén ddi
md hinh [7, 8] dé t4i wu hiéu ning va bo nhd. Cau tric cua chuong nhu sau: Muc 2.1 trinh
bay vé cac phuong phap t6i wu hiéu ning; Muc 2.2 trinh bay vé cac phuong phap tbi vu
bd nhé; Muc 2.3 trinh bay vé tdi uu da muc tidu; Muc 2.4 tong két cac ndi dung di trinh

bay.

2.1. T6i wu hiéu niing trong giai doan thiét ké

Thuat nglr “hi€u nang” c6 ham y rdng; tuy theo cac linh vyc ma c6 ¥ nghia khac
nhau. Trong phat trién phan cting hiéu nang co6 thé bao gom tc do xir Iy ciia CPU, tdc do
truy xuat bd nhd. Trong phat trién phan mém, hiéu ning c6 thé bao gom thoi thuc thi
chuong trinh, thdi gian phan tich 16i, thoi gian bién dich, v.v. Khai niém hiéu ning chung
t61 st dung trong cac phuong phap nay duwa trén sb lan thao tic bd nhé. Theo d6, ham

danh gia hiéu nang c6 gia tri nho hon tuong g voi hiéu ning tét hon.
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2.1.1. T6i wu hi¢u ning dya trén biéu do 16p

i. Y twéng va quy trinh nghién ciru

Y tuéng co ban ciia phwong phap t6i uu hi¢u nang phan mém nhing dua trén biéu

d6 16p 1a phan tich, danh gia truc tiép cac thanh phan trong biéu d6 16p va xay dung ham

danh gia hiéu nang dé lya chon biéu do 16p tét. Phuong phép tdi wu nay duoc nghién ctu

va thuc nghiém theo quy trinh trong Hinh 2.1. Theo quy trinh ndy, dau tién ching t6i xay

dung cic d6 do anh huéng dén hiéu ning va ham danh gia hiéu ning. Sau d6 ching toi

xay dung khung lam viéc DSL va T4 dé thiét ké va sinh dic ta dang van ban tu dong tir

md hinh. Trong budc tiép theo chung t6i xdy dung chwong trinh t4i wvu dya trén ham dénh

gi4 hiéu ning dé chon mé hinh tét. Cudi cing chung t6i tién hanh thuc nghiém va danh

gia.

Bt
dau

Xay dung cac d9 do va ham
danh gia hiéu nang

y

DSL vaT4

[ Xay dung khung lam viéc

~ e N
Xay dung chuong trinh
toi uu
) N\ J
N e N
Thuc nghiém va danh
gia
J N\ J

Hinh 2.1: Quy trinh nghién ctru va thuc nghiém ti wu dwa trén biéu dd 16p

Bang 2.1. Cac tham s6 sir dung dé danh gia hiéu ning

Tham s6 Ky hiéu M5 ta

Bién tinh ag La thudc tinh tinh tha j cia mot 16p. Puoc cap
phat bo nhd ngay khi nap chuong trinh.

Bién dbi tuong ay La thudc tinh tht j cua dbi tuong. Puoc cip phat
bo nhd khi ddi tuong dugc tao.

Tham s6 phuong thirc Pk La tham s6 thir k cia mot phuong thic

Tap cac 16p C La tap cac 16p trong mot bicu do

Tap cac phuong thirc tinh g Tép cac phuong thirc tinh cua 16p thir i

Tap cac bién tinh A Tap céac thudc tinh tinh cta 16p thir i

Tap cac phuong thic dbi tugng o Tap cac phuong thic dbi tugng trong 16p thir i

Tap cac bién d6i tugng o Tap cac thudc tinh ddi twong trong 16p thir i

Tap cac tham sb P Tap cac tham s ciia phuong thirc thi j

Bién tham chiéu V! Bién tham chiéu dé goi phurong thuc thi j

Kiéu tra vé I Kiéu dir lidu tra vé tir phwong thirc thir j
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ii. XAy dung cac d§ do va ham danh gia hi¢u niang

e Cac tham sb tir biéu do 16p

Pé xay dyng ham dénh gia hiéu ning trén biéu d6 16p, dau tién chung toi din xut
cac tham sb anh hudng dén hiéu niang tryc tiép tir biéu d6 16p. Cac tham sb nay dugc md
ta cu thé trong Bang 2.1.

e Cic dd do anh huong dén hiéu niing

Trudce khi xay duyng ham danh gia hiéu ning tir biéu dd 16p, ching toi phan tich
cac thanh phan trong 16p, ciu trac cua 16p va biéu do 10p dé xay dung cac cong thirc cho
c4c do do anh huong dén hiéu nang trong Bang 2.2. Trong cac do do nay, ham size() 1a

ham 14y kich thudc cua kiéu dit liéu twong tmg voi mdi thanh phan.

Bing 2.2. Cac do do anh huong dén hiéu ning

Do do Ky hi¢u Mo ta

Kich thudc cac bién tinh S1 Tong kich thude cac thudc tinh tinh trong
mot biéu do 16p

Kich thudce cac phuong thirc tinh S; Tong kich thudc cia cic phwong thirc
tinh trong mot biéu do 16p

Kich thudc thuc thi cdc phuong thuc S3 Tong kich thudc bd nhd st dung khi thuc

tinh thi cac phuong thuc tinh (danh gia theo
mo hinh)

Kich thudc cac bién dbi tuong Sa Tbong kich thudc cac thudc tinh dbi tuong

Kich thudc cac phuong thirc d6i tuong Ss Tong kich thudc cac phuong thirc doi
tuong

Kich thudc thyc thi cac phuong thuc Se Tdng kich thudc bd nhd st dung khi thuc

dbi tuong thi cac phuong thic dbi twong (danh gia

theo md hinh)

Kich thwéc cac bién tinh

Po do nay duoc tinh bang tong s6 dung lugng bd nhd duoc cap phat tinh cho moi
thudc tinh tinh ctia moi 16p trong biéu dd. Cac thanh phan tinh duoc cip phat bd nhé ngay
khi nap chuong trinh vao by nhd. Vi cac ky hi¢u trong Bang 2.1 va Bang 2.2, kich thudc
cac thudc tinh tinh trong mot biéu do 16p dugc tinh theo cong thire (2.1).

ICl VS|

S = Z Z size(asj) (2.1)

i=1 j=1
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Kich thwéc cac phwong thiac tinh
Céac phuong thuc tinh khong thude dbi tuong cu thé ndo, thudng duoc goi thong
qua tén 16p va dugc cip phat bo nhd ngay khi nap chuong trinh. Theo cac tham sb trong
Bang 2.1 va Bang 2.2, 46 do nay dugc tinh theo cong thirc (2.2).
|c| M|

S, = Z z size(v; ]) (2.2)

i=1 j=
Kich thwée thuc thi cdc phwong thic tinh
Do do nay Ia kich thudc by nhd st dung khi thyc thi mot phuong thic tinh. Khi
goi thuc thi mot phuong thirc tinh, dau tién can cip phat bo nhé dé luu trit cac tham sé va
sau khi thyc hién xong can luu lai két qua tra vé trong by nhd. Do do, theo cac tham sb

trong Bang 2.1 va Bang 2.2, 6 do nay dugc dinh nghia nhu cong thirc (2.3).

c| M|

Z Z(Slze(’” N+ Z size(py)) (2.3)

i=1 j=

Kich thwéc cac bién déi tweng

Céc bién ddi twong chi duoc cip phat bd nhé khi ddi tugng duoc tao. Cac bién ddi
tuong duoc truy xut thong qua tham chiéu dén dbi tuong. DO do nay 1a tong kich thude
ctia moi bién ddi twong trong cac 16p. Tir cac tham sd trong Bang 2.1 va Bang 2.2, d6 do

nay dugc dinh nghia nhu cong thire (2.4).

[

S, = 2 2 51ze(aj) (2.4)

i=1 j=

Kich thwéc cac phwong thic déi tweng

Cac phuong thure ddi tuong duoc cép phat bd nhé khi tao dbi tuong va chi dugc su
dung khi d6i tugng da ton tai. Do d6, theo cac tham sb trong Bang 2.1 va Bang 2.2, d6 do
nay dugc dinh nghia nhu cong thue (2.5).

IC| M|
Sg = Z Z 51ze(v]) (2.5)
i=1 j=
Kich thwéc thuc thi cac phwong thirc ddi twong
Kich thuéc thuc thi cac phuong thic d6i tuong 1a tong kich thudc bo nhd can thiét
cap phat thém dé chira cac tham s6 va két qua tra vé cua phuong thire ddi twong. Theo cac
tham sb trong Bang 2.1 va Bang 2.2, d6 do nay duoc dinh nghia nhu cong thic (2.6).
23



Trong cong thirc (2.6), tham sé ngdm dinh (con tré this) ciing duoc bd sung vao danh

sach tham sb P 1, ciia mdi phuong thirc dbi tuong.

el 1M}| 1P}
S¢ = ; ;(size(rej) + ; size(py)) (2.6)

e Ham danh gia hi¢u nang

Ham danh gia hiéu ning duoc xay dung dé danh gia hiéu ning cua phan mém tur
biéu d6 16p. Chung t6i xay dung ham d4nh gia higu nang f, theo cac d6 do tinh nhu trong
cong thire (2.7). Trong cong thic (2.7), &, B, yVa €13 cac hé sb phu thudc cua hiéu ning
vao cac do do tuwong tng va S; dén Se.

fo=ax(§1+53) +BXS3+ yx (S4+Ss5) + XS (2.7)

Muc dich cia ham danh gia hiéu ning khong sir dung dé wdc lugng hiéu ning ma
nham danh gia biéu dd 16p ndo c6 hiéu ning tot hon. Hon nita, trong giai doan thiét ké,
chung ta khong thé danh gia hiéu nang chinh xac tuyét dbi vi chua c6 ma ngudn va chua
thuc thi chuong trinh. Do do dé xac dinh cac hé sb phu thudc tir biéu dd 16p, chung t61 gia
thiét mbi thao tac cap phat bo nh¢ tinh hodc dong va thao tic truy xuit bo nhé co thoi
gian nhu nhau va duogc tinh bﬁng mot thao tic bd nhé. Gia tri cac hé sb phu thudc duoc
xéac dinh dua trén phén tich s anh huéng ciia qua trinh cip phat va truy xuat bo nhd dén
thoi gian thuc thi cia mot chuong trinh hudng ddi tugng.

Ham danh gia hiéu ning trong nghién ctru nay duoc sir dung dé danh gia sb lan
thao tac bo nhd. Do d6, ham danh gia hiéu ning c6 gia tri cang nhé cang tét. Khi chuong
trinh dugc yéu cau thyc thi, dau tién ma nguén cac 16p s€ dugc nap vao b nhd, cac bién
tinh va cac phuong thic tinh cling duoc cAp phat bo nhd trong thoi diém nap. Do céc
thanh phan tinh chi mat mot 1an cAp phat tinh va mot 1an truy xuét bd nhé dé sir dung sau
khi nap nén o = 2.

Khi sir dung cac bién d6i tuong va cac phuong thire d6i tuong can tao va cp phat
bd nhé cho ddi twong trude. Khi tao dbi tugng, can thyc hién hai bude 1a truy xuit bo nhd
dé thuc hién cau 1énh tao doi tuong va cép phat dong bo nhé cho cac bién va phuong thure
d6i twong. Do d6 can mot thao tac cAp phat dong va hai thao tac truy xuat bd nhé dé co
thé str dung cac thanh phan thudc ddi tuong nén cé thé thiét 1ap y = 3.

Khi thuc thi mdt phuong thire tinh, cAn mdt thao tac truy xudt bd nhé dé tro dén
tap 1énh cua phuong thirc, mot 1an cip phat bd nhd cho cac tham sd, t6i thiéu mot thao
truy xuat bd nhd da cip phat cho tham sd va sau khi thuc hién can mét 1an truy xuat b
nh¢ dé tham chiéu dén dir liéu tra vé. Theo d6, qua trinh thyc thi mot phuong thirc tinh
can it nhat mot thao tac cap phat va ba thao tac truy xuat bo nhé. Suy ra c6 thé gan 4= 4.
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Khi thyc thi mot phuong thirc doi tuong, can phai tao doi tuong trudc o1 méi go1i
thong qua bién tham chiéu dbi twong nén cin mot thao tac cap phat dong va hai thao tac
truy xuat b nhd. Sau khi da tao dbi twong, qué trinh thyc thi phuong thirc ddi tugng ciling
gidng phuong thic tinh nén ciing can thém it nhat mot thao tic cap phat va ba thao tac
truy xuét bo nhd. Nhu vay toan by qué trinh thuc hién cta phuong thirc doi tuong can it

nhit hai thao tac cip phat va nim thao tac truy xuat bd nhd nén co thé thiét lap = 7.

lii. Vi du minh hoa cac do do va ham danh gia

Dé minh hoa 6 rang hon vé cac do do va ham danh gia da trinh bay trong cac phan
trude, chung t6i phan tich mot biéu dd 16p cua chuong trinh Netduino_8digit diéu khién
diét phat quang (LED — Light Emitting Diode) 8 s6 trén Bo mach Netduino Plus. Py 1a
mdt trong cac chuong trinh nhung duge sir dung trong qué trinh thuc nghiém; dugc tong
hop va trinh bay trong Phu Iuc P.2.5.1. Biéu dd 16p ciia chuong trinh dugc thé hién nhu
trong Hinh 2.2. Tir dic ta dang vin ban cua biéu d 16p, chuong trinh t6i wu s& ty dong
trich xudt cac tham s, tinh cac d6 do va tinh gia tri cia ham danh gia hiéu nang. Két qua

duogc chi ra trong Hinh 2.3.

hd
bl

DeviceCenfig Max7219_LED

=l Attributes =l Attributes

+BCDDecodeMode: byte =l Operations

+BusyStyle: byte +Initialize(): void

+Intensity: byte +Clear(numberQfDigits: byte): void
+CharacterAddresshap: Hashtable +Setlntensity(intensity: int): void

= Operations +5etBCDDeccdeMode(decode: byte): void
+Configuration() +DisplayTest{enable: bool): void
+Configuration(bcdMeode: byte, busy: byt +ShutDown(shutDown: beol): void
- ¥ = +Write(register: byte, value: byte): void
+Display(value: byte, startDigit: byte): void
+Blink(times: int, delay: int): void
+DisplayAutoScrellfvalue: string, delay: int..
f DisplayManage ﬁ“ +DisplayAutoScerllFirstHalf(value: string,...
+ DisplayAutcScorllSecondHalf(value: strin...
= Attributes +DisplayBusy(clockwise: bool, delay: int, s...
+LeftToRight: bool - - o
-segmentsOneltaTime: byte(] 1
-segmentsPbardscendinglByl:... ' e k"\
-segmentsPbarDescending: by..
-segmentsPharAscendingAll: k.. = Attributes
= Operations =l Operations
+SetDirection(bool direct): void B static +Main(}: void
+DisplayManage() static +Upper(): void
A g static +Lower(): void

A >

Hinh 2.2: Mot biéu dd 16p ciia chuong trinh Netduino_8digit
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58 lBp: 4 51 (Kich thudc cac bEn tinh}: 12

58 phuigng thic: 20 52 {Kich thudc cc phugng thic tinh): 0
55 thude tinh: 9 53 (Kich thude thc thi céc phudng thic tinh): 12
58 phuidng thic tinh: 3 54 (Kich thudc cac bi€n di tugng): ]
54 thugce tinh tinh: 0 S5 (Kich thudc cac phuidng thic dé tugng): 24
S8 phudng thic 48 tidng: 17 56 (Kich thudc thuc thi cic phucng thic d8 tigng): 137

L2 =]

58 thudc tinh dai tudng:

Gia tn ham danh gia hi€u nang: 1307

Hinh 2.3: Két qua tinh cac do do va ham danh gia hiéu ning

iv.  Phat trién khung lam viéc DSL va T4
Sau khi xdy dung ham danh gia hiéu ning, dé trién khai thuc nghiém ching t6i xay
dung khung lam viéc DSL va T4. Muc dich xay dung khung 1am viéc nay dé thiét ké cac
biéu dd 16p trong giao di¢n dd hoa va sinh dic ta dang van ban tir m6 hinh mdt cach tu
dong. Khung lam viéc nay da dugc ching to61 xay dung nhu mo ta trong Phu luc P.1.1.
Mot phan mém nhiing c6 thé duge thiét ké theo cac biéu d6 16p khac nhau trong khung
lam viéc nay. Tur khung lam viéc, dua trén mau T4, moi biéu dd s& tu dong sinh ra dac ta

dang van ban dé lam dau vao cho chuong trinh toi wu.

V. Xay dung chwong trinh tbi wu
Pé thyc hién phuong phap t6i wu hiéu ning phan mém nhung dya trén danh gia
truc tiép biéu do 16p, chung t6i da xay dung chuong trinh t6i wu nhu mo ta chi tiét trong
Phy luc P.1.2. Chuong trinh nhan cac dac ta dang van ban cua tap cdc mé hinh da duoc
thiét ké trong khung lam viéc DSL va T4 dé phan tich cac tham sd. Sau khi phén tich
tham s, chuong trinh s& tinh cac d6 do va ham danh gia hiéu ning trén moi dic ta. Sau
do6 chuong trinh s€ dua trén gid tri cua ham danh gia hiéu nang dé lwa chon biéu dd tét

nhat va v€ bi€u do6 hiéu nang cua cac mé hinh.
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vi.  Thwc nghiém

e Thue nghi¢m kiém chirng ham danh gia hi¢u ning

Trong thuc nghiém nay, chiing to1 sir dung ba chuwong trinh nhing cho Bo mach
Netduino va Netduino Plus 1 chuong trinh diéu khién dén LED Netduino_8digit, chuong
trinh hién thi dong chit trén man hinh tinh thé long (LCD - Liquid Crystal Display)
Netduino_LCD va chuong trinh thao tic v6i cong nbi tiép Netduino_SerialPort. Cac
chuong trinh ndy duoc trinh bay cu thé trong Phu luc P.2.5. Trong giai doan thiét ké, mdi

chuong trinh dugc thiét ké theo hai biéu dd 16p khac nhau biéu dién hai kién trac 16gic

ctia phan mém. Sau d6 tinh toan cac do do theo cong thirc (2.1) dén (2.6), tinh gia tri ham

danh gia hiéu nang ciia mdi biéu d6 16p va vé biéu d6 so sanh hiéu niang hai mé hinh cua
mdi chuong trinh. Hinh 2.4 13 cac biéu d6 16p cua chuong trinh Netduino_8digit, Hinh 2.5
1a cac biéu d6 16p cua chuong trinh Netduino LCD va Hinh 2.6 1a cac biéu d6 16p cua
chuong trinh Netduino_SerialPort.

DeviceConfig ES

=l Attributes
+BCDDecodeMode: byte
+BusyStyle: byte
+Intensity: byte
+CharacterAddressMap: Hashtable
= Operations
+Configuration()
+Configuratiocn{bcdMode: byte,...

DisplayManage ES
= Attributes

+LeftToRight: bool
-segmentsCneftaTime: byte(]
-segmentsPbarAscendinglByl:..

Max7219_LED kS
=l Attributes

= Operations
+Initialize(): void
+Clear(numberCfDigits: byte): void
+SetIntensity(intensity: int): void
+5etBCDDecodeMode({decode: byt..
+DisplayTest(enable: bool): void
+ShutDown(shutDown: bool): void
+Write(register: byte, value: byte):...
+Display(value: byte, startDigit: byt..
+Blink{times: int, delay: int): void
+DisplayAutoScroll(value: string, d...
+DisplayAutoScorllFirstHalf{value: s..
+DisplayAutoScorllSecondHalf(valu..,
+DisplayBusy(clockwise: bool, dela.

-segmentsPharDescending: by..
-segmentsPbarAscendingAll: b..
= Operaticns

+SetDirection(bool direct): void
+DisplayManage()

b4

Program
=! Attributes

= Operaticns
static +Main(): void
static +Upper(): void
static +Lower(): void

a. Biéu do 1
Hinh 2.4: Céc biéu dd 16p ctia chuong trinh Netduino_8digit
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Max7219_LED =,

™y =l Attributes

>

Program
-segmentsCOneAtaTime: byte[]

Attributes -segmentsPbarAscendinglByl: byt..
static +BCDDecodeMode: byte

static +BusyStyle: byte

static +Intensity: byte

static +CharacterAddressMap: Has...
static +LeftToRight: bool

Cperations

-segmentsPbarDescending: byte(]
-segmentsPbarAscendingAll: byte(]
= Operaticns
F—= +Initialize(): void
+Clear(numberOfDigits: byte): void
+SetIntensity(intensity: int): void
+5etBCDDecodeMode{decode: byt...
static +DisplayTestienable: bool): v..
+ShutDown(shutDown: bool): veid

static +Main(): void
static +Upper(): void
static +Lower(): void
static +Configuration(bcdMode: by..

+Write(register: byte, value: byte):..

static +Display(value: string, startDi..
+Blink(times: int, delay: int): void

static +DisplayAutoScrollivalue: stri.
static +DisplayAutoScerllFirstHalf(v...
static +DisplayAutoScorllSecondHa...

static +DisplayBusy(clockwise: bool.

b. Biéu do 2



LCDCenfiguration

=l Attributes

+Columns: byte
+DotSize: byte
+MNumberCflines: byte
+rowAddress: byte[]
+firstHalfAddress: byte[]
+secondHalfAddress: byte[]
+visibilityValue: byte
+R5: QutputPort
+Enable: bool

+D4: QutputPort

+D5: QutputPort

+D6: OutputPort

+D7: QutputPort
+currentRow: int
+dirtyColumns: int

LCDProcess
=l Attributes

= Operations
+Show(text: string, delay: int, newlin...
+Show(text: string): void
+ClearDisplay(): void
+GoHome(): void
+JumpAt{celumn: byte, row: byte): vo..
+PushContentTolLeft(): void
+PushCententToRight{): void
-Initializel): void
-SplitText(str: string): string[]
-Resetlines(): void
-Write{data: byte[]): void
-Write{value: byte, halfAddress: byte[]...
-SendCommandivalue: byte): void
-UpdateDisplayOptions(): void

+showCurser: bool
+isBlinking: kool

= Operations

e =

- ™
Program

+LCDCenfiguration()
+LCDConfiguration(columns: b..

= Attributes

= Operaticns

static +Main(): void
b "

a. Biéu do 1

~
LCDConfiguration

= Attributes

+Columns: byte
+DotSize: byte
+MumberCflines: byte
+rowhddress: byte(]
+firstHalfAddress: byte[]
+secondHalfAddress: byte[]
+visibilityValue: byte
+RS: QutputPort
+Enable: bool

+04: CutputPort

+D5: CutputPort

+D6: CutputPert

+D7: CutputPort
+currentRow: int
+dirtyCelumns: int

LCDProcess
Bl Attributes

= Operations
+Initializel): void
+SplitText(str: string): string[]
+Resetlines(): void
+Write{data: byte[]): veoid
+Write[value: byte, halfAddress: by...
+SendCommand(value: byte): void
+UpdateDisplayCptions(): void

(]

Pregram

Bl Attributes

+showCursor: bool
+isBlinking: bool
=l Operations

+LCDCenfiguration()
+LCDCenfiguratien(cclumns..,

= Operations
static +Main(): void
static -Show{text: string): void
static -Show(text: string, delay: int,..
static -ClearDisplay(): void
static -GoHome(): void
static +JumpAt{column: byte, row:..
static +PushContentToleft(): void
static +PushContentToRight(): void

A

b. Biéu do 2

Hinh 2.5: Cac biéu d6 16p cua chuong trinh Netduino LCD

i )
SerialPortProcess " SerialPortProcess \
= Attributes B Attributes
+bufferMax: int
B Dperati
+buffer: byte(] peratiens
~bufferLength: int 5tatli|: +5eria|!3c>rt_Dat.aReceived[... p .
Flearans static +ReadLine(): string Setting
E—r———T— static +Print{ string line ): void = _
+;\er|;|—_ ° - :_a eceived(object... static +PrintLine(string line): void Attributes
* E_a |n|=7[]l. slrmg ] static +PrintClear(): void +bufferMax: int
+Print( string line ): void ) +buffer: bytel]
+PrintLing(string ling): void +buﬁerLE;gth' int
L +PrintClear(): void +led: OutputPort
Program \ +interruptPort: Inter.ruptP...
+buttenPressCount: int
& — = Attributes S i
Program = & Operaticns
= Operations Settingl)
= Attributes ¢ J J
led: OutoutPort static +Main(): void
_E Futputte static +SetupButten(): void
interruptPert: InterruptPort o
) static +interruptPert_Cnlnterrupt..
buttonPressCount: int )

=l Operations

static +Main(): void
+5SetupButton(): void
+interruptPort_Cnlnterrupt(data...

a. Biéu do 1

b. Biéu d 2

Hinh 2.6: Cac biéu dd 16p ctia chuong trinh Netduino_SerialPort
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Tir dic ta dang vin ban cia cac biéu do 16p da thiét ké trong khung 1am viéc DSL

va T4, ching t6i xay dung chuong trinh dé phan tich cac tham s, tinh cac d6 do va gia tri

ctia ham danh gia tuong tng v4i mdi biéu d6. Két qua tinh toan dugc thong ké nhu trong

Bang 2.3. Theo két qua nay, biéu dd so sanh hiéu ning cta cac biéu d6 16p duoc trinh bay
nhu trong Hinh 2.7,

Bing 2.3. Thong ké cac do do va gia tri ham danh gia hiéu ning

. . . . f

B ) Sb Sb Sb b

Ch Bitw 1 o5 | pn thude | ph thud (50

won N 0 uwon uoc won uoc

TONE | gp | OO | PRUOmE | TRHOC | PAUORS 1 TMNOC e 1S, | sy | Sy | Ss| Se | thao
trinh 16p thire tinh thire tinh o
lop . . . R tac bd

tinh tinh dong dong ]

nho)
Netduino_ 1 4 3 0 17 9| 12| 0| 12| 68| 24| 137 | 1307
8digit 2 2 10 5 7 4| 40| 8| 84| 28|16 45 879
Netduino_ 1 3 1 0 16 17 41 0 4| 64| 47| 108 | 1113
LCD 2 3 8 0 17| 32| 0| 47| 36| 47 65 956
Netduino_ 1 2 1 0 6 4| 0 4| 28|24 60 600
SerialPort 2 3 8 0 6| 32| 0| 64 4|24 8 460

éu nang (fp)

a

Gia tri ham danh gia hi

Bi€u d6 so sanh ham danh gia hiéu ning

1400 2 s
- Biéu do 1
1200

1000 » Biéu do 2

800

600

400
200

Netduino_8digit Netduino_LCD  Netduino_SerialPort
Biéu d6 Iép

Hinh 2.7: Biéu d6 so sanh ham hiéu ning trén hai biéu do 16p

Trong budc thyc nghiém tiép theo, mdi biéu d6 16p dugc 1ap trinh thanh mot phién

ban cia chuong trinh va dugc thuc hién trén cung mot méi truong dé€ danh gia hi¢u nang.

Pé tranh anh huong cua viéc 1ap trinh trong mdi phuong thirc dén ham danh gia hiéu
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ning, mi ngudn va thuat toan cia mot phuong thirc trong hai phién ban 1a giéng nhau; chi
khac & cac cdu 1énh lién quan dén viéc cip bd nhd, sir dung thudc tinh va goi phuong
thure. Sau khi xay dung, cac chuong trinh vi du dugc thyc thi trong cing mdt moi truong
nhu mo ta trong Bang 2.5 dé tinh thoi gian thuc thi thyc té. Mdi chuong trinh dugc thuc
hién 100 1an dé tinh thoi gian thyc thi trung binh. Két qua thong ké thoi gian thuc thi
dugc tong hop trong Bang 2.4. Biéu dd so sanh thoi gian thuc thi thyc té cta hai phién
ban chuong trinh xay dung tir hai biéu d6 16p twong tng dugc moé ta nhu trong Hinh 2.8.

Bi€u d6 so sanh th&i gian thuce thi thuc té

9000000
’?\L 8000000
7000000
6000000

5000000

«: Phién ban 1

g Phién ban 2

4000000

. 3000000
2000000
1000000
0

Thai gian thuc thi trung binh (

Netduino_8digit Netduino_LCD  Netduino_SerialPort
Cac chwong trinh

Hinh 2.8: Biéu db so sanh thoi gian thuc thi thuc té

Bang 2.4. Tong hop thoi gian thyc thi ctia cac chuong trinh

Thaoi gian thye thi trung binh (us)
Chuwong trinh Netduino_8digit Netduino_LCD Netduino_SerialPort
Phién ban 1 5054135 8345647 937369
Phién ban 2 4777056 8054425 781022

Bang 2.5. Moi truong thyc thi cac chuong trinh vi du

Vi diéu khién AT91SAM7X512

Vi xir ly ARM7

Kién triic tap Iénh RISC

Bo mach Netduino va Netduino Plus
May do .NET Micro Framework 4.2
Phan mém méd phéng | Microsoft Visual 2010 Express
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Tur két qua thyc nghiém tong hop trong Bang 2.3 va Bang 2.4 cling vdi cac bicu d6
so sanh trong Hinh 2.7 va Hinh 2.8 cho thay két qua ham danh gia hiéu ning tir biéu d6
16p phu hop véi thoi gian thuc thi thuc té. Cac chuong trinh xdy dung theo cac md hinh
c6 gia tri ham danh gia hiéu nang nho hon déu ¢ thoi gian thuc thi nhé hon. Tuy nhién,
tir két qua danh gid hiéu ning mac mod hinh va hiéu ning thuc té ciing chi ra ham hiéu
ning chung t6i xay dung chi dé danh gia va chon mé hinh c6 hiéu nang tt ma khong thé
str dung dé u6c luong hiéu ning.

e Thue nghié¢m t6i wu hi¢u ning dwa trén danh gia biéu do 16p

Sau khi kiém chung ham danh gia hiéu niang, ching toi tién hanh thir nghiém
phuong phép tdi wu dua trén khung 1am viéc DSL va T4 cung véi chuong trinh t6i uu da
xay dung. Trong thuc nghiém nay, ching toi st dung chwong trinh Netduino_8digit dé
thir nghiém. Chuong trinh ndy duoc mo ta chi tiét trong Phu luc P.2.5.1. Dau tién, chung
t6i st dung khung 1am viéc DSL dé thiét ké nim biéu dd 16p khac nhau. Nam biéu d6 16p
nay s& dugc ty dong chuyén sang dic ta dang vin ban dya trén cdc mau T4 da tich hop
trong khung lam viéc. Pac td dang van ban cua cac mo hinh dugc dua vao chuong trinh
t61 wu dé phan tich va tinh gia tri ham dénh gia hiéu ning. Sau d6 chuong trinh s& dya vao
gia tri ham danh gi hiéu nang dé chon biéu do 16p tt nhat. Hinh 2.9 chi ra nim biéu do
16p cuia chwong trinh Netduino_8digit di duoc thiét ké trong khung lam viéc DSL va T4.
Két qua phén tich tham sb, tinh gia tri cac do do va gia tri ham danh gia duoc tong hop
trong Bang 2.6. Biéu d6 phan tich hiéu ning va két qua tdi wvu duogc chi ra trong Hinh
2.10.

- ) - N s =
- ~ p ~ DeviceConfig R, Max7219_LED =
. . e -
Cenfiguration = Max7219_LED S = Attributes = Attributes
=l Attributes = Attributes +BCDDecodeMode: byte = Operations
+BCDDecodeMode: byte +LeftToRight: bool *IBUS‘J'SF“J"E’bb‘f‘e +nitialize(): void
. tensity: byt s .
+BusyStyle: byte -segmentsCnedtaTime: byte[] :;h::]:clt;ri\;deressl\flap' Hasht +Clear{numberCfDigits: byte): void
+Intensity: byte -segmentsPbarAscendinglByl: byte[] 2 Ooerat I +Setlntensity(intensity: int): void
erations -
+CharacterAddressMap: Hashtable -segmentsPbarDescending: byte[] - ) : +S?tBCDDECDdEMDde[decodé' byt..
i Phari dinall b +Configuration() +DisplayTest(enable: bool): void
Operations -segmentsPbarAscendingAll: byte[] +Configuration(bcdMode: byt... +ShutDown(shutDown: bool): void
+Configuration() = Operations +Write(register: byte, value: byte):..
+Configuration{bedMede: byte,... +Initialize(): void +Displaylvalue: byte, startDigit: byt..
+Clear{numberCfDigits: byte): void +B!mktt'm55: int, delay: int): V_D'd
+Setlntensity(intensity: inf): void +DisplayAutoScroll{value: string, d...
+SetBC.DDech>deI'v'IDd;[ldecc;de byte): void ™ *DisplayAutoScorllFirstHalf{ualue: <.
i e DisplayManage E3 +DisplayAutoScorllSecondHalf{valu...
+DisplayTest(enable: bool): void 5 Attibutes +DisplayBusy(clockwise: bool, dela.
(" Program ﬁ\ +ShutDown(shutDown: bool): void i
+Write(register: byte, value: byte): void *LeftToRight bool.
= Attributes +Display(value: string, startDigit: byte): void -segmentsOneAtaTime: bytel] %
o i c o -segmentsPharAscendinglByl:.. Program 2
= Qperations +Blink(times: int, delay: int): void -segmentsPbarDescending: by.. | S Attributes
static +Main(): void +DisplayAuteScroll(value: string, delay: int. -segmentsPbarAscendingAll: b... :
static +Upper(): void +DisplayAutoScorllFirstHalf{value: string,... = Operations Cpe.'at'ons. _
static +Lower(): void +DisplayAutoScorllSecondHalf(value: strin.., +SetDirection(bool direct): void statfc =Main(): VDIF‘
», +DisplayBusy(clockwise: bool, delay: int, s. +DisplayManage() static +Upper(): void

a. Biu do 1
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static +Lower(): void

b. Biéu do 2




(>

Program

El Attributes
static +BCDDecodeMode: byte
static +BusyStyle: byte
static +Intensity: byte
static +CharacterAddressMap: ...

= Attributes
-segmentsCneftaTime: byte[]
-segmentsPhardscendinglByl: byt..
-segmentsPharDescending: byte[]
-segmentsPharAscendingAll: byte[]

= Cperaticns

static +LeftToRight: bool
=l Operations
static +Main(): void
static +Upper(): void
static +Lower(): void
static +Configuration(bcdMod...

+Initialize(): void
+Clear(numberCfDigits: byte): void
+Setlntensity(intensity: int): void

static +DisplayTest(enable: beol): ..
+ShutDown(shutDown: bool): void

+Write(register: byte, value: byte)...

+Blink(times: int, delay: int): void

Max7219_LED

+SetBCODecodeMode{decode: byt...

static +Display(value: string, startDi...

static +DisplayAutoScrollivalue: stri..
static +DisplayAuteScerFirstHalf(v...
static +DisplayAutoScorllSecondHa..,

static +DisplayBusy(clockwise: bool..

c. Biéu d6 3

DeviceConfig

= Attributes
+BCDDecodeMode: byte
+BusyStyle: byte
+Intensity: byte
+CharacterAddressMap: Hashtable
& Cperaticns
+Configuration()
+Configuration(bcdMode: byte,...

A

Program

Max7219_LED

Bl Attributes

= Operations

+Initialize): void
+Clear(numberCfDigits: byte) vo..

+Setlntensity(intensity: int): void

+SetBCDDecodeMode(decode: b...
+ShutDown(shutDown: bool): void

+Write[register: byte, value: byte..

+Blink(times: int, delay: inf): veid

= Attributes
static +LeftTeRight: bool
static -segmentsOneAtaTime: byt
static -segmentsPbarAscendingl..
static -segmentsPbarDescending:..
static -segmentsPbarAscendingd... [
=l Operations
static +Main(): void
static +Upper(): void

static +Lower(): void
A i

=l Attributes

= Cperations

A

Display

+DisplayTest{enable: bool): void
+Display(value: byte, startDigit...
+DisplayAutoScrollivalue: strin..
+ DisplayAutcScorllFirstHalf(val ..
+DisplayAutcscorllSecondHalf..
+DisplayBusy(clockwise: bool,.

d. Biéu

do 4

Max7219_LED
= Attributes

= Operaticns
+Initializel): void
+Clear(numberCfDigits: byte): void
+5Setlntensity(intensity: int): void
+5etBCDDecodeMode(deccde: byte): void
+ShutDown(shutDown: bool): void
+Write[register: byte, value: byte): void
+Blink(times: int, delay: int): void

®

i %
DeviceConfig
=) Attributes
+BCDDecodeMode: byte
+BusyStyle: byte
+Intensity: byte
+CharacterAddressMap: Hashtable
= Operaticns
+Configuration()
+Configuration(bcdMode: byte, busy: byt..
A
'a Y
Program
= Attributes
= Operations
static +Main(): void
static +Upper(): void
static +Lower(): void
b ey
- I ~
Display
= Attributes

static
static
static
static
static

= Operations

static +DisplayTest(enable: bool): void

DisplayManage
= Attributes

+LeftToRight: bool
-segmentsOneAtaTime: byte[]
-segmentsPharAscendinglByl: byte[]

+Display(value: byte, startDigit: byte...
+DisplayAutoScroll[value: string, del...
+DisplayAutcScorllFirstHalf{value: st.
+DisplayAutoScorllSecondHalf(valu...

+DisplayBusylclockwise: bool, delay:..

-segmentsPbarDescending: byte[]
-segmentsPharAscendingAll: byte[]
= Operations

+SetDirection(bool direct): void
+DisplayManage()

®

e. Bidudd 5

Hinh 2.9: Tap cac biéu d6 16p cta chuong trinh Netduino_8digit
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o T&i wu higu ndng dya trén danh gia biéu d& lap

Phan tich md hinh | T& Uu higu néng

(o]l ]

[ Chen t3p md hinh

[ Téi uu higu néing

Metduino_8digit_1 dslcis
Metduing_8digit_2 daicis
Metduino_8digit_3 dslcis
Metduing_8digit_£ dslcis
Metduino_8digit_5 dslcis

M& hinh & uu

Netduino_8digit_3

B (54 thao

1132

1

tde bd nha)

1307

1154 1112
8?9 I
2 3 4 5

Biéu d6 lop

Hinh 2.10: Két qua t6i wu hiéu ning dya trén biéu d6 16p

Bang 2.6. Tong hop tham s6, do do va ham danh gia hiéu nang chuong trinh Netduino_8digit

fo
Sb S6 S6 S6 (Sb
2 ax S6 | phwong | thudc | phwong | thudc thao
Biéu do i i S S, S S, Ss Ss
16p thire tinh thirc tinh tac
tinh tinh dong | dong bd
nho)
1 3 3 0 15 9 12 0 12 60 24 | 124 | 1192
2 4 3 0 17 9 12 0 12 68 24 | 137 | 1307
3 2 10 5 7 4 40 8 84 28 16 45 879
4 4 3 5 15 4 12 17 12 60 7 121 | 1154
5 5 9 0 11 9 36 0 69 44 24 80 | 1112

vii.  DPanh gia phwong phap

Phuong phap nay gitip lya chon mot kién trac phan mém c6 hiéu nang tét p dung

cho cd phan mém nhung va phan mém thong thuong. Viéc lya chon bi€u do c6 hi€u nang

t6t co thé anh huong dén cac d6 do khac nhu tinh tai sir dung, tinh bao goéi, d¢ phuc tap

kién trtc, v.v. Do dé, dua trén ham danh gia hi¢u nang dé lya chon biéu dd 16p tdt co thé

két hop voi cac rang budc trén cac do do khac nhu trong nghién ciru [36]. Hon nita, biéu

d6 16p cua phan mém nhiing ciing tuong tw nhu phan mém théng thudng nhung c6 nhiéu

33




rang budc hon nhu kiéu dit liéu, mién gia tri, v.v. nén viéc sir dung DSL, T4 dé xay dung
biéu dd va sinh dic ta tu dong 1a c6 co s¢ va trién vong.

Trong phuong phép nay, dau vao 1a mot tap cac biéu d6 16p da co, chuong trinh s&
phan tich cac thanh phan dé tinh cic do do va ham danh gia dé lya chon biéu 16p tt nhat
ma chua danh gia sy nhat quan va tuong duong ngit nghia giita cac mé hinh. Ddng thoi,
biéu dd 16p ching t6i sir dung trong nghién ctru nay ciing khong xét truong hop cac 16p
léng nhau, cac phuong thuc 4o cling nhu khong hd tro ké thira va giao dién. Do do, viéc
t6i uu trén cac biéu do 16p phirc tap, ddy di va dam bao su nhat quan ngit nghia giita cac
mo hinh ciing 1a mdt hudng nghién cliru mo trén co sé nghién ctru nay. Ngoai ra, nghién
ctru ndy con duoc str dung 1am co sé cho cac nghién ciru sau hon vé t6i wu trong k§ nghé
nguoc nhu sau: tr md ngudn c6 thé sinh nguoc ra biéu dd 16p, tai cdu trac va dua vao

ham dénh gia dé Iya chon bicu do 16p tot.

2.1.2. T6i wu hiéu ning dwa trén chuyén do6i mé hinh
i. Y twéng va quy trinh nghién ciru
Y tudng ciia phuong phép tdi wu hiéu ning phin mém nhung trong giai doan thiét
ké dua trén chuyén ddi mé hinh 1a dwa vao cac phép bién d6i trén mo hinh dé dua mo
hinh thiét ké ban diu vé mo hinh t6i wu. Quy trinh nghién ctru va thuc nghiém phuong

phap tbi uu nay duoc thé hién nhu trong Hinh 2.11.

Biit
dau

Khung lam
viéc DSL, T4

Xay dung cac I
) Y'Y A 1
phép bién doi Két qua ! Chuong trinh Thyc nghiém
trén mo hinh , t8i uu va danh gia
)
1
!
! Két qua 1
! 1
Xay dung khung Xay dung chuong
lam viéc DSL va T4 trinh t6i wu

Hinh 2.11: Quy trinh nghién ctru va thyc nghiém t6i vu hidu ning dya trén chuyén d6i mé hinh
ii. Céac phép bién doi trén mé hinh
Pé t6i wu hiéu ning chiing toi dua ra va ching minh ba phép bién doi 1a thu gon
kiéu dit liéu, chuyén d6i tham sd ciia cac phuong thirc thanh cac thanh vién dir liéu cua

16p va chuyén doi tir tinh sang dong va nguoc lai. Ba phép bién d6i nay duoc ching minh
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dua trén cong thirc (2.7) va duge st dung dé chuyén d6i mé hinh ban dau vé mé hinh t6i
uu.
e Thu gon kiéu dir liéu

Pay 1a phép bién d6i don gian nhung hiéu qua trong cai tién hiéu ning va bo nho.
Tu tudng cta phép bién doi nay 1a dua trén mién gia tri dé chuyén kiéu cua céc thanh
vién dit liéu va cac tham sb vé kiéu dit liéu nho nhét bao phii mién gia tri. Tinh dung din
ctia phép bién ddi nay dugc chimg minh dia trén cong thirc (2.7). Dua vao mién gia tri
dat ra khi thiét ké ma kiéu dit liéu ciia céc thude tinh va céc tham s6 duge dua vé kiéu nho
nhit nén Sy, Ss, Ss VA Sg giam di; S, va S5 khong thay d6i. Pong thoi cac hé sé phu thudce
a, 3, 7Va ¢ khong thay d6i nén gia tri ham danh gia hiéu ning giam di. Do d6, st dung
phép bién ddi thu gon kiéu dit liéu c6 thé cai tién hiéu ning phan mém.

Dé thyc hién phép bién doi niy, trong qua trinh thiét ké mo hinh dir liéu can chi 16
mién gia tri cia mdi thudc tinh. Do d6, khi thiét ké siéu mo hinh dé xiy dung cong cu
DSL trong phan sau, mdi thanh phan dit liéu ciing cAn dinh nghia thém thudc tinh mién
gia tri.

e Chuyén tham s6 thanh thudc tinh

Duya trén ham danh gi4 hiéu ning trong phan trude, chung ta c6 thé chirng minh
dugc thoi gian thue thi mot phuong thire véi tham s truyén vao s& 16n hon thoi gian thuc
thi phuong thire d6 khi sir dung cac thanh phan dit liéu thay cho cic tham sb. Dé dam bao
khong 1am thay ddi ngit nghia khi thuc hién phép bién doi ndy, cac tham sb cua cac
phuong thtrc tinh s& dugc chuyén thanh cac thanh phan dit liéu tinh va cc tham sb cua
cac phuong thirc dong s& dugc chuyén thanh cac thanh phan dit liéu dong.

Gia sir s6 tham sb cta cac phuong thirc d6i twong dugce chuyén thanh thudc tinh
dbi tuong 1a Po va sb tham s cua cac phuong thic tinh chuyén thanh thudc tinh tinh 13
Ps. Khi d6 cac d6 do S, va Ss khong thay ddi vi phép bién d6i nay khong thay ddi sb
luong va kiéu cac phuong thie. Cac d6 do khac va ham hiéu ning co gia tri méi duogc

tinh nhu sau:

Ps
SI=8+ Z size(p;)

i=1

Ps

S3 =285 — Z size(p; )

i=1

Po
S, =8, + Z size(p; )
i=1
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Po
Se =S6—Zsize(pi)
i=1
fo = aX(S1+S8)+ BxXS3+yXx(S4+Ss)+ XS
fo—fp =axX (81 =8) +BX(S3—S53)+ X (S4—54) + X (S6— S¢)
Ps Po

= (f— a) X z size(p; ) + (e— ) X Z size(p; )

=1 =1

(2.8)

Theo cong thirc (2.8), do < fva y< gnén f, 16n hon f,,. Diéu nay chimg minh ¢
thé cai tién hiéu ning dya trén phép bién ddi nay. Mic du phép bién ddi nay cai tién hiéu
ning nhung ciing lam ting dung luong bd nhé chiém dung. Do d6, khi xdy dung chuong
trinh bién d6i tu dong trén mo hinh dé t8i wu hiéu nang, can xac dinh thém céc rang budc
dé khong 1am dung luong bd nhd chiém dung ting nhiéu. Piéu nay rat quan trong ddi véi
phan mém nhting khi bd nh¢ trong céc thiét bi nhung thudng co kich thudc nho.

« Chuyén c4c thanh phan dong thanh tinh

Nhu d3 trinh bay trong phan xdy dung ham danh gia, chuong trinh s& thyuc thi
nhanh hon khi st dung cac phuong thuc va cac thudc tinh tinh. Do do, dé cai tién hiéu
ning, chung t6i ciing dua ra phép bién ddi 1a chuyén cac thudc tinh dbi twong thanh cac
thudc tinh tinh va chuyén cac phuong thirc d6i trong thanh phuong thire tinh. Tinh dang
ddn cua phép bién ddi ndy dugc chimg minh dya trén ham danh gia hiéu ning trong cong
thire (2.7). Khi thuc hién phép bién ddi ndy, Sy, S, S; ting 1én va S, Ss, Sg giam di. Kich
thude S; ting 1én bang kich thude S, giam di, kich thude S, ting 1én bang kich thude Ss
giam di va kich thudc S; ting 1én bang kich thuéc Sg giam di. Theo phan tich trong phan
trude, o< yva B < &nén sau khi thuc hién phép bién doi gia tri ham hiéu ning s& giam di.

Nghia la hiéu nang da duoc cai tién.

iii.  Vidu minh hoa t6i wu hiéu niing dwa trén bién d6i mé hinh

Dé minh hoa cac buéc tdi vu hiéu nang dua trén bién d6i mé hinh, chung to1 su
dung chuong trinh thir nghiém Netduino_8digit. Pau tién, chung toi st dung khung lam
viéc DSL va T4 dé thiét ké mo hinh dit liéu ciia chuong trinh nhu trong Hinh 2.12. Tir mo
hinh dit liéu nay, sir dung mau T4 dé tu dong sinh dac ta dang van ban nhu trong Hinh
2.14. Chuong trinh tdi wu s& phan tich dic ta dang vin ban ctia mo hinh ban dau, thuc
hién cac phép bién do6i dé dua vé dic ta dang van ban cho md hinh ti vu nhu trong Hinh
2.15. Chung t6i1 da xay dung khung lam viéc DSL, T4 nhu trinh bay trong Phu luc P.1.1
va xdy dyng chuong trinh tdi wu nhu trong Phu luc P.1.5. Biéu d6 so sanh hiéu ning dua
trén gid tri ham danh gia hiéu nang dugc trinh bay nhu trong Hinh 2.16. M6 hinh dit li¢u
t6i wu duoc thé hién nhu trong Hinh 2.13.
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)

Program

= Attributes
+BCDDecodeMode: byte
+BusyStyle: byte
+Intensity: byte
+CharacterfddressMap: Hasht..,
+LeftToRight: bool

=] Operations
static +Mainl): void
+Upper(): void
+Lower(): void
+Configuration(bcdMede: byt...

Max7219_LED

=) Attributes

-segmentsCneAtaTime: byte(]
-segmentsPlarAscendinglByl: byt
-segmentsPbarDescending: byte[]
-segmentsPbarAscendingAll: byte[]

= Operations

+Initialize(): void
+Clear(numberCfDigits: byte): void
+Setlntensity(intensity: int): void
+5etBCODecodeModeldecode: byt..,
static +DisplayTest(enable: bocl): ...
+ShutDown(shutDown: bool): void
+Write{register: byte, value: byte)...
static +Display(value: string, startDi..
+Blink(times: int, delay: int): void
static +DisplayAutoScroll(values stri.,
static +DisplayAutoScorllFirstHalf(v...
static +DisplayAutoScorllSecondHa..
static +DisplayBusy(clockwise: bool.,

Hinh 2.12: M& hinh ban dau

-
Max7219_LED

= Attributes
-segmentsOnedtaTime: byte[]

-segmentsPbarDescending: byte[]

static -enable: bool
static -shutDown: bool
-numberOfDigits: byte
-intensity: int
-decode: byte
-register: byte

-value: byte

static -valueToDis: string
static -startDigit: byte
static -value: string
static -delay: int

static -clockwise: bool
static -style: byte

Operaticns

-segmentsP barAscendingAll: byte[]

-segmentsPbarAscendinglByl: byt.

~
Program

= Attributes
static +BCDDecodeMode: by..
static +BusyStyle: byte
static +Intensity: byte
static +CharacterAddressMa...
static +LeftToRight: bool
=] Operations
static +Main(): void
static +Upper(): void
static +Lower(): void
static +Configuration(bcdM..,

Hinh 2.13: Md hinh tbi vu

L I

Lo 00 1 Oy 1

=
(]

=
fad [0 =

il

L

)]

=
I e T I

[Xe

20
21
22
23

@Class:Program

@@Method:static
@@Method:static
@@Method:static
@@Method:static
@@EAttribute:static
@@EAttribute:static
@@EAttribute:static
@@EAttribute:static
@RERAttribute:static

@Class:Max7219 LED

+Main () : void
+Upper () : wvoid
+Lower () : void
+Configuration (bcdMode: byte, busy: §

+BCDDecodeMode: byte
+BusyStyle: byte
+Intensity: byte

@@Method:+Initialize(): wvoid
@@Method:+Clear(): void
@@Method:+SetIntensity(): void
@@Method:+SetBCDDecodeMode () : void
@@Method:static +DisplayTest(): wvoid
@@Method:+ShutDown () : void
@@Method:+Write(): void
@@Method:static +Display(): wvoid

@@Method:+Blink (times:
@@Method:static +DisplayARutoScroll(): void

@@Method:static +DisplayAutoScorllFirstHalf (): wvoid
@@Method:static +DisplayAutoScorllSecondHalf(): wvoid

+CharacterAddressMap: Hashtable
+LeftToRight: bool
int, delay: int): wvoid

Hinh 2.14: Bac ta dang van ban dugc sinh ty dong tir mo6 hinh
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all Théng tin t&i vu hiéu ndng dua trén chuyén d&i mé hinh

Chi i€t bigu d5 K5p ban d3u

@Clazs:Program

@@Method:static +Main{): vod
@@Method:+Upper): void
@E&@Meathod:+Lower(): void

@@Method:+Configuration{bodMode: byte, busy: byte, x: inten:

byte, charfd: byte, koR: bool): void

@@ @Atnbute:+BCODeccdeMade: byte

@@ @Atnbute:+BusyStyie: byte
@@@Atmbute:+Intensity: byte

@@ @Attnbute:+CharactesfiddreszMap: Hashtable
@@ @Atnbute:+LeftToRight: bool

@Class:Max7219_LED

@@Method:+|nitiakze). void
@@Method:+CleannumberOfDigits: byte): voud
@@Method:+Setintensityfintensity: int): void
@@Method:+5etBCDDecodeMode{decode: byte): void
@@Method:static +DisplayTest(enable: bool): void
@@Method:+ShutDown(shutDown: bool): void
@@Method:+\Wiite{register: byte, value: byte): void
@@Method:static +Dieplayivalue: stnng, startlhait: byte): woid
@@Method:+Blnk{tmes: int, delay: int): void
@@Method:static +DisplayfutoScrol{value; sting, delay: int):

[o ][]

Chi &t bidu d3 I3p t8 uu
@Class:Program
@@Method:static +Main(); void

@ @Method:static +Upper): woid
@@Method:static +Lower(): woid

@@Methed:static +Configuration{bodMede: byte, busy: byte, x:

inten: byte, charfd: byte, koR: bool): void

@@ @Atnbute static +BCDDecodeMode: byte
@@@Atnbute static +BusyStyle: byte
@@ @Atmbute static +Intensity: byte

@@@Atnbute static +CharacterfddressMap: Hashtable

@@ @Attibute:static +LeftToRight: bocl

@Class:Max7215_LED
@@Method:+Intiakze(): woid
@@Method:+Clear(): void
@ @Method:+5etintensity(): woid
@@Method:+SetBCDDecodeMode(): void
@ &@Method:static +DisplayTest]): void
@@Method:+ShutDowni): void
@@Method:+\nte(): voud
@@Method:static +Display): void
@@Method:+BEnk(tmes: int, delay: int): void

Thu gon kigu dif liéu
[¥] Chuyén tham s thanh thusc tinh
Chuyen thanh phan déng thanh tinh

wod @@Method:static +DisplayAutoScrol]): woid
@@Method:static +DisplayfutoScordFrstHalf{value: snng, @@Methed:static +DisplayutoScodFrstHalf): void
Hinh 2.15: Minh hoa dic ta ban dau va dic ta toi wvu
Lija chon phép bién d&i Bigu d so sénh higu ndng

So sanh gia tri ham danh gia hiéu

fo

1200

nang

1000

Mé hinh ban diu

Mé hinh téi wu

Iv.

uu. Céac budc thuc nghiém tién hanh theo vi du minh hoa trong phﬁn trudc. Ngoai ra, dé
kiém chimg két qua toi wu theo ham d4nh gia hiéu ning va két qua thuc té, chiing toi xay

dung céc chuong trinh thir nghiém theo mé hinh ban ddu va mé hinh téi wu. Cac chuong

Hinh 2.16: Lua chon phép chuyén ddi va biéu do so sanh hiéu ning

Thuc nghiém

Muc dich cta thyc nghiém nay nham kiém ching cac phép bién doi va két qua tdi
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trinh thir nghiém dugc thuc thi trong cung mdt moi truong; mdi chuong trinh dugc thuc
hién 100 lan; tinh thoi gian thuc thi trung binh dé danh gia hiéu ning thuc té cta chuong
trinh theo mo hinh ban dau va mé hinh téi wu. Trong thuc nghiém nay, ching t6i thyc thi
ba chuong trinh nhung cho Bo mach Netduino va Netduino Plus d6 1a Netduino_8digit,
Netduino_LCD va Netduino_SerialPort trong méi truong mé phong Microsoft Visual
2010 Express. Két qua thuc nghiém duoc thong ké trong Bang 2.7. Trong Bang 2.7 gié tri
ham danh gia hiéu ning va gi tri hiéu nang thuc té duoc tinh theo micrd gidy (us).

Biang 2.7. Tong hop két qua t6i wu va thir nghiém thyc té

M4 hinh ban dau M hinh t6i wu
Chuong trinh thiw - - — 7 - ——
hitm fp (SO thao tac | Thot gian thuc | f, (SO thao tac | Thoi gian thuc
n , .

S bd nho) thi thuc té (us) bd nho) thi thuc té (us)
Netduino_8digit 959 4985508 730 4957343
Netduino_LCD 1113 8345647 985 8143654

Netduino_SerialPort 600 937369 485 837569

v. Danh gia phwong phap

Két qua thuc nghiém trong Bang 2.7 cho thdy két qua tdi wu hiéu ning dya trén
bién d6i mé hinh phu hop voi két qua thuc té. Phuong phap tdi wu nay giup cai tién hiéu
ning dang ké trong giai doan thiét ké phin mém nhing. So véi nghién ctru ban dau cia
Anne, K. [7, 8], trong phuong phap cai tién ndy, ching t6i di bo sung ba phép bién d6i
mo hinh va trién khai tu dong dya trén DSL va T4.

Tuy dat dugc cai tién vé& hiéu ning nhung phuong phap nay ciing lam giam kha
ning bao tri, kha ning tai st dung, tinh céu trac cua hé théng va 1am ting kich thudc bd
nhé chiém dung. Cu thé nhu so sanh gitta Hinh 2.12 va Hinh 2.13, mé hinh t6i uu co
nhiéu thanh phan tinh hon nén chiém dung bé nhd nhiéu hon; cac tham sb trong phuong
thitc duge chuyén thanh thudc tinh nén lam giam tinh bao goi nén kho bao tri va tai st
dung hon; cac phuong thirc tinh chi truy xuat duge cac thude tinh tinh va chi goi duoc cac
phuong thire tinh khac nén ciing anh hudng x4u dén ngit nghia. Vi vay chi nén thuc hién
phép bién ddi nay ddi v6i cac thude tinh, phuong thirc ¢ tan sd sir dung 16n. Phuong
phap nay c6 thé duoc ap dung cho ca phan mém nhung va phan mém thong thuong. Khi
thuc hién cac phép bién ddi can dam bao vé ngit nghia va cic rang budc vé cac do do chat
luong khac nhu trong nghién ctru [36]. Mit khac, tuy con han ché nhung nghién ciru nay
1a co s& dé két hop véi ki nghé nguoc gop phan giai quyét bai toan tdi wu tong thé do la:
tir ma nguon sinh ngugc biéu dd, thuc hién cac phép bién d6i trén moé hinh dé dat dugc

cau truc tot.
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2.2. T6i wu bd nhé trong giai doan thiét ké

Theo céch tiép can t6i wu duwa trén danh gia truc tiép cac md hinh thiét ké, trong
phan nay chiing toi dé xuét va phat trién mot phuong phap t6i vu mai d6 1a téi uu bd nhé
chiém dung ctia phan mém nhung dua trén sip xép t6-pd, DSL va T4. Ching t6i cling cai
tién phuong phap t6i vu bo nhé chiém dung dwa trén chuyén d6i mé hinh do Anne, K. dé
xudt [7, 8]. Hai phuong phap t6i uu bd nhd mirc mé hinh trong phan nay duoc xay dung
dira trén ké thira va cai tién cac phuong phap toi wu hiéu ning trong phan trudc. Dé thiét
ké va sinh dic ta ty dong tir md hinh, chung t6i ké thira khung 1am viéc DSL va T4 da
dugc xay dung trong phan trudc va stra dbi cho phu hop. Dé tdi uu, chung toi ciing phan
tich mo hinh, x4y dung cac ham danh gia bo nhd va viét chuong trinh t6i wu. Cac nodi

dung tiép theo trong phan ndy s& trinh bay chi tiét vé hai phuong phap t6i wu nay.

2.2.1. To6i wu bd nhé chiém dung dwa trén sip xép td-pod
i. Y twéng va quy trinh nghién ciru

Y tuong co ban cua phuong phép ndy nhu sau: phan mém nhing duoc thuc thi
theo mot tap cac tac vu thoa man mot dd thi phu thudc; cac tac vu ndy co thé thuc hién
theo cac thtr ty khac nhau ma khong lam thay d6i két qua; mdi ther tu thuc thi chinh 12
mot sip xép t6-pd trén do thi phu thudc; danh gia va lya chon sip xép td-pd co dung
luong bo nho chiém dung it nhét.

Trong phuong phap nay, mdi chuong trinh duoc mé ta theo mot tap cac tac vu va
quan h¢ gitra cac tac vu. Tap tac vu dugc mo hinh hoa bﬁng mot d6 thi co hudng goi la dd
thi tdc vu phu thudc. Mdi dinh trong dd thi biéu dién mot tac vu. Mdi canh biéu dién sy
phu thudc giita cac tac vu. Thir tu thuc hién cac tac vu theo cac chudi t6-pd khdng lam
thay d6i ngit nghia ctia chuong trinh nhung c6 hiéu ning va muc chiém dung bo nhd khac
nhau. Tir tip cac chudi td-pd trén do thi phu thudc, dwa vao gia tri ham danh gia bo nhé

dé tim chudi t6-pd c6 mic chiém dung luong bd nhé nhé nhat khi thyc thi chuong trinh.

A A . A A 42 e ~N
Xa}; do tP ‘P hu’ thuoc‘: mo a Xay dung chuong trinh
phan mém nhing va phan . i
tich sap xép t6-pd - oruru
p xep to-p L )
v
A \ , .y e ™~
Xay dyng ham danh gia Thyc nghiém va dnh
bo nh& chlem dung trén gid
theo sap x&p t0-pd
€0 sap :ep p L )
e ™
Xay dung khung lam viéc
DSLva T4 N
\ J

Hinh 2.17: Quy trinh nghién ciru phwong phap t6i wu bd nhé duya trén sap xép t6-pd
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Pé trién khai phuong phap niy, ching toi tién hanh nghién cu va thuc nghiém
theo quy trinh trong Hinh 2.17. Pau tién, chung t6i dinh nghia d thi tic vu phu thudc dic
ta phan mém nhung va phan tich sip xép t6-po trén dd thi phu thudc. Tiép theo, ching t6i
xay dung va ching minh ham danh gia dung luong b nhé chiém dung khi thyc thi phan
mém nhiing trén mot chudi t6-pd. Pé thiét ké dd thi phu thudc trong giao dién d6 hoa va
tur dong sinh dic ta dang vin ban va chuyén sang biéu dién toan hoc cta d6 thi ching toi
cling xdy dung khung 1am viéc DSL va T4. Sau d6, chung t6i xay dyng chuong trinh t6i
wu bd nhé chiém dung duwa trén sip xép t6-pd. Cudi cung, ching toi tién hanh thuc

nghiém dé kiém tra va danh gia phuong phap tbi uu.

ii. DO thi phu thudc va sip xép t6-pod
Do thi phu thudce
Céc chuong trinh nhiing thudng dugc viét bang ngdn ngit C/C++. Cau tric chuong
trinh viét bang C/C++ déu co ciu tric chuong trinh nhu trong Hinh 2.18. Theo ciu tric
nay, chuong trinh ¢6 duy nhat mot ham chinh dong vai tro diém vao dé thuc thi chuong
trinh. Cac ham khac duoc goi thuc thi bén trong ham chinh. Cac ngoén ngir 1ap trinh phét

trién tir C/C++ ciing c6 ciu trac chuong trinh twong tu.

&

void ham 1{void)

maing}

{

haml1{)

 J

L ham?2();

Hinh 2.18: Ciu triic mot chuong trinh C/C++

Trong cac ngdn ngir hudng dbi tugng phd bién nhu C#, Java, v.v. chuong trinh
mudn thyc thi truc tiép can phai c6 duy nhat mot 16p chita mot ham chinh khai bao tinh

va pham vi truy xuat toan cuc. Theo d6, phan mém nhung theo cau triic nay c6 theé dugce
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dic ta bang mot dd thi tac vu phu thude. Mdi tac vu duge dinh nghia nhu mot ham véi
tén, kiéu tra vé va danh sach tham sb. Cac tac vu c6 thé doc lap hodc phu thudce 1an nhau.
Nhu vay chuong trinh c6 thé biéu dién bang d6 thi phu thudc G va duoc dinh nghia theo
cong thure (2.9).

G=<U, V> véi U={ui|i=1.N} va Vc{vij=(u,u);i j=1.N} (2.9)
Trong do:
- MJdi dinh u; twong tmg v6i mot tac vu thir i
- Mbi canh Vij cho biét tac vu tht j phu thudc vao tac vu thir i va chi duoc thyc hién
khi tic vu thr i da két thuc.
o Sap xép t6-pod trén dd thi phu thudc
Nhu mo ta & trén, chuong trinh bao gém mot tap cac tac vu va dugc biéu dién béng
mot d6 thi phu thudc. Vi cung mot tap tdc vu nhung thir tu thyc hién khac nhau sé anh
huong dén hiéu qua str dung bo nhé va hiéu nang ctia chuong trinh. Ttr mot tap tac vu, cO
thé ton tai nhidu tha ty thuc hién khac nhau théa man do thi phy thudc ma khéng lam thay
d6i két qua chuong trinh. Pay chinh 1a sip xép t6-pd trén dd thi phu thudc. Theo do,
phuong phap tdi vu nay nham tim chudi t6-pd c6 mirc chiém dung bd nhé it nhat dua trén
gia tri cia ham dénh gia bo nho.
iii. Xy dung ham danh gia b nhé trén chudi t6-pd
Trong phan nay, chung t6i xdy dung ham danh gia dung luong bd nhé chiém dung
ctia chuong trinh trén mdi chudi td-pd. Pau tién, ching toi phan tich qua trinh cip phat bo
nhé va bd cuc bo nhé khi thuc thi chuong trinh. Hinh 2.19 minh hoa bd cuc bd nhd trong
qua trinh thuc thi chwong trinh nhu sau: ving nhé tinh — duoc cip phat ngay khi nap
chuong trinh, chtra cac thanh phan dit liéu tinh va md ngudn; ving ngin xép — cung cap
cac trang nh& dé luu trir cac bién cuc bo, cac tham sd cho mdi ham. Sau khi ham két thuc,
c4c trang nhd da cap phat cho ham d6 bi thu hdi; ving nhd heap — chtra cac thanh phan b
nhé duoc cap phat va thu hoi dong (vi du alloc, malloc trong C). Qua trinh cép phat
tu dong va thu hoi b nhd khi thyc hién chuong trinh bao gdm médt ham chinh va céc tac
vu (cac ham thanh phan) dugc chi ra trong Hinh 2.20.
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Hinh 2.19: T6 chirc bd nhd khi thyc hién chuong trinh
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mairg ) maing) mairi ) mairng ) maing) mairl ) mair i)
Frame Frame Frame Frame Frame
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Hinh 2.20: Cap phat va giai phong ving nhé ngan xép khi thuc thi ham

Gia sir chwong trinh ¢6 N tac vu va u; 14 tac vu thir i trong chudi t6-pd. u; co kiéu
dit liéu tra vé r;. Khi thuc hién uj, cac bién cuc bd va tham sd cua u;j s& duoc cép phat
trong ving ngin xép va nd s& dugc giai phong khi u; thyc hién xong. Do dé, tong kich
thude cdp bd nhé str dung dé thyuc thi cac tac vu trong cac chudi td-pd nhu nhau. Tuy
nhién, sau khi cac tac vu thuc hién xong, can luu két qua tra vé trong cac bién cuc bd cua
chuong trinh va cac bién nay dugc cip phat trong ngan xép khi khai bao va gan bang gia
tri tra vé cua tac vu. Déng thoi, trong thoi gian thiét ké, cac tac vu chua c6 ma ngué)n thuc
thi nén khong thé danh gid dugc thoi gian thuc hién. Mit khac, thoi gian thuc hién cua
mot tic vu khong phu thudce vao vi tri trong chudi t6-pd nhung thir tur clia tac vu trong
chudi s& anh huéng dén dung luong bd nhé chiém dung. Do d6, khong mét tinh tong quat,
chung t6i gia thiét mdi tac vu thyc hién trong mot don vi thoi gian. Khi d6, dé luu trir két
qua tra vé tir tac vu thir i, can khai bdo mot bién va cép phat bo nhé cho bién tai budc i.
Néu khai bao bién nay trudc budc i thi s€ lam tang mic do chiém dung bo nhd cua

chuong trinh. Sau khi khai bao va cap phat bo nhé, bién nay s& ton tai dén khi chuong
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trinh thuc hién xong. Nén murc do chiém dung bo nh¢ cua bién phu thudc vao kich thuéce
kiéu dir liéu tra vé cua tac vu thtr i va duoc tinh bang tich ciia (N - i) va kich thudc kiéu
tra vé& cta tac vu thi i. Tl viéc phan tich mirc chiém dung bo nhd giy ra bai mdi tac vu,
ching t61 xay dung ham danh kich thudc bd nhé chiém dung cua chuong trinh phu thudc
vao thtr ty thuce thi theo chudi t6-pd nhu cong thirc (2.10):

= Z(N ~ i) x size(r;) (2.10)

Trong do:
- f,1a ham danh gid mic d6 chiém dung bd nhd ctia chuong trinh
- Nlasé tac vu

- rila kiéu dir liéu tra vé cua tac vu i.
Giai thich cong thire (2.10)

Véi gia thiét trén, tong kich thudc bd nhé chiém dung cia chuong trinh dugce tinh
gém bd nhd chra ma Iénh, bo nhd chira dir li€u tinh, ngan Xép va bo nhd duoc cép phat

dong, cu thé nhu sau:

N
M =5, X N+ D, x N +max(Sf) + Z(N _ ) x size(r;) (2.11)
1<

=1
Trong do:

- S¢ 1a kich thudce bo nhé chira ma 1énh
- Dy la kich thudc bd nhé chira dir liéu tinh
- S 1a kich thuéce ving nhé heap duoc cap phat dong khi thyc thi tac vu i.

Vung nhé chira doan ma 1énh va ving nhd chira dir liéu tinh ¢6 kich thude khéng
thay ddi, dugc cip phat ngay tir khi nap chuwong trinh va ton tai dén khi chuong trinh két
thic; chuong trinh c6 N tac vu tuan tu va mdi tac vu thuc hién trong mot don vi thoi gian
nhu gia thiét trén thi thoi gian thuc hién cua chuong trinh ¢ thé danh gia bang N; kich
thuéc bo nhé chiém dung tinh bﬁng kich thudc bd nhd nhan véi thoi gian ton tai nén
S, X N 1a kich thuéc b nho chiém dung cuia doan ma 1énh va Dg X N la kich thudc bd

nhé chiém dung ciia doan dir liéu tinh. max;<y(SZ) bang nhau véi moi chudi thuc thi.

Suy ra S. X N + Dy X N + max(S}) 12 nhu nhau véi moi chudi to-po.
i<N

Do d6, ham danh gia kich thudc bo nhéd chiém dung cua chuong trinh trén mot chudi t6-
pd c6 thé duoc dinh nghia nhu cong thirc (2.10).
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iv. XAy dung chwong trinh t6i wu bd nhé dua trén sap xép t0-pd

Sau khi phat trién khung 1am viéc DSL va T4 dé thiét ké va sinh dic ta dang vin
ban, chiing t6i xay dung chwong trinh thyc hién phuong phap t6i vu bd nhé dua trén sip
xép t6-pd. Chuong trinh nhan dau vao 13 tép tin mo ta dang vin ban cua do thi phu thudc
va phan tich tép tin dé chuyén sang biéu dién toan hoc ctia dd thi phu thudc. Trong
chuong trinh, chung t6i di lap trinh ham danh gia muc chiém dung bd nhd theo cong thirc
(2.10), xay dung md-dun tim cac chudi td-pd thoa min d6 thi phu thudc va lira chon chudi
t6-po t6t nhat.

Khi thyc hién chuong trinh theo cac chudi t6-pd cua cac tac vu, kich thudc bo nhé
sir dung ctia chuong trinh theo mdi chudi & nhu nhau nhung thoi gian chiém dung bd nhd
khac nhau. Chudi td-pd dugc chon 13 chudi cb f, nho nhat. Bé tim chudi t6-pd t6t nhat,
ching tdi xay dung md-dun lia chon chudi td-pd thuc hién cac bude sau: nhan dau vao 1a
tap cac chudi td-pd thoa min dd thi phu thudc; duyét va tinh f, cho mdi chudi; lya chon
chudi co f,, nho nhat.

Thuat toan tim mot chudi t6-pd tir d6 thi co6 hudng [60] c6 d6 phirc tap da thirc
O(lU[ + |V]), véi U 1a tap dinh, V 14 tp canh theo dinh nghia (2.9). Tuy nhién dé tim moi
chudi t6-pd trong tap U thi d6 phuc tap 1a O(JU]! x (JU] + [V])). Dé giam do phuc tap,
chiing toi xay dung thuat toan tim moi chudi t6-pd voéi do phirc tap nhod hon. Thuat toan
dua ra nay dya trén y tuong: mot chudi co thir ty bat ky chi cAn théa mén tap canh V 12
mot chudi t6-pd. Thuat toan dugc mo ta nhu sau:

Lip voi mdi chudi tp trong tédp céd |U|! chudi
{
Gan bienNho bang true
Lip véi mdi canh vi,; trong tap canh V
{
Néu u; dung sau u; trong tp thi
{
Gan bienNho biang false
K&t thuc vong ldp trong
}
}, . ~
Neu bienNho bang true thi thém tp vao tdp cac chudi to6-
rd
}
Thuat toan cua ching t6i c6 dd phuc tap 1a O(JU|! X |V|). Trong chuong trinh,

chlng t6i da 1ap trinh theo thuat toan nay dé tim moi chudi td-pd thoa min d6 thi phu
thudc. Chi tiét vé chuong trinh téi wu ndy dugc trinh bay cu thé trong Phu luc P.1.4.
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V. Vi du minh hoa phwong phip tbi
wu bd nhé dua trén sip xép t6-pd
Dé minh hoa rd hon phuong phap t6i
wu bd nhé trong giai doan thiét ké dya trén
sap xép t6-pd, chung toi trinh bay mot vi du
cu thé vé cac budc thuc hién trong qua trinh
t6i vu. Chuong trinh thir nghiém 13 mo-dun
nhan dang chit Nom trén dién thoai di dong
nhu trinh bay trong Phu Iuc P.2.1. Dau tién
chiing t6i st dung khung lam viéc DSL va
T4 dé xay dung dd thi phu thudc dic ta
chuong trinh nhu trong Hinh 2.21. Str dung
mAu T4 dé ty dong chuyén sang dic ta dang
van ban cta dd thi phu thudc nhu trong
Hinh 2.22. Sau d6 sir dung chuong trinh tdi
wu dé tim chudi t6-pd c6 dung luong bd nhé
chiém dung it nhat. Hinh 2.23 minh hoa cac
chudi t6-pd thoa min do thi phu thudc va
Hinh 2.24 chi ra cac chudi t6-pd c6 dung
luong bo nho chiém dung nho nhét.

GetFeatureArray

@«Tou)(ﬂ(hm) Gvduotc(cnxwe(ent)
/ (Ge’.NumOfCharNo’JnD(-CJ

(Oupla){ ocrectPerc en:J /

( DisplayTotalCfChar ) (ﬁwlayNumOf(havlncou«:)

Hinh 2.21: D6 thi phu thudc mo-dun nhan dang
chir Nom

GetFeatureArray>Recognize
['$edge]GetDictionaryArray>Recognize

['$edge]Recognize>EvaluateCorrectPecent

[!%edge ]GetNumOTCharNotInDIC>DisplayNumdfCharIncorrect

1 ['TaskName ]Recognize

2 ['ReturnType]void

3 ['Parameters]string[MAX

4 ['%edge

5

6 ['TaskName JGetFeatursir

7 ['ReturnType]string[MaX

g ['Parameters]

9 ['TaskName ]EvaluateCorrectPecent

18 ['ReturnType]double

11 ['Parameters]

12

13 [ 'TaskName JGetDictionaryArray

14 ['ReturnType]bool

15 ['Parameters]

16 ['TaskName ]GetTotalofChars

17 ['ReturnType]int

13 ['Parameters]

19 [!%edge]GetFeatureArray>GetTotalofChars
28 [!TaskName ]DisplayNumdfCharIncorrect
1 ['ReturnType]bool

22 ['Parameters]TextBox txtIncorrect, int num
23

24 [ ! TaskName ]GetNumlfCharNotInDIC

Hinh 2.22: Piac ta dang van ban cta dd thi phu thudc
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568  GetFeatureArray GetDictionaryArray Recognize GetNumOfCharNotInDIC EvaluateCorrectPecent
561  GetFeatureArray GetDictionaryArray Recognize GetNumOfCharNotInDIC EvaluateCorrectPecent
562 GetFeatureArray GetDictionaryArray Recognize GetNumOfCharNotInDIC EvaluateCorrectPecent
563  GetFeatureArray GetDictionaryArray Recognize GetNumOfCharNotInDIC EvaluateCorrectPecent
564  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
565  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
566  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
567 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GethumOfCharNotInDIC
568  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
569  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
576 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOTCharNotInDIC
571  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
572  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
573 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetNumOfCharNotInDIC
574  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
575  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
576 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
577 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
578 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
579  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
580 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
581  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars GetN
582 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
583 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
584 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
585 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
586  GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
587 GetFeatureArray GetDictionaryArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
Hinh 2.23: Minh hoa mét phan tép cac chuoi t6-pd
1 GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
2 GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
3  GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent DisplayCorrectPercent
4 GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
5  GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp
5  GetDictionaryArray GetFeatureArray Recognize EvaluateCorrectPecent GetTotalOfChars Disp

Vi.

Hinh 2.24: Cac chudi td-pd c6 dung lwong bd nho chiém dung nho nhét

Thuc nghiém

Thuc nghiém duoc tién

hanh theo hai giai doan. Trong
giai doan mdt, chung t61 thiét ké
dd thi phu thudc cua mod-dun
nhan dang chir Nom nhu da minh
hoa trong Hinh 2.21. Thuc hién
chuong trinh t&i wru, chiing t6i thu
duoc 294 chudi t6-pd tir hoan vi
cua tdp tac vu va tim dugc sau
chudi t6-pd c6 mirc do chiém
dung by nhé nhd nhét nhu chi ra
trong Hinh 2.25. Phan bén phai
trong Hinh 2.25 minh hoa d6 thi

| Vs Oratof Comcrve Mnctors |

|
)
1
,
'
1

Lt of e Bext Togo Cramn

R~
00 08 0w 19 0h 0w

WAL
[PRFTT T
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fu(byte)

Céc chudi t6-pd

chiém dyng bo nhd cua chuwong

trinh theo cac chudi t6-po.
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Trong giai doan hai, ching t6i tién hanh xay dung md-dun nhan dang chit Nom
trén dién thoai di dong va hoan vi thu ty thyc hién cac ham theo mot chudi td-pd tt nhat
va theo 10 chudi t6-pd ngau nhién khac v6i chudi t6-pd tot nhat thu dugce 11 phién ban
ctia chuong trinh. Thyc thi 11 phién ban nay trén ciing mot mdi trudng va thong ké dung
luong bo nhd chiém dung. Biéu do trong Hinh 2.26 chi ra dung lugng bd nhé chiém dung

ctia moi phién ban theo cac chudi t6-pd twong tng.

Bi€u d6 so sanh bd nhé chiém dung cda cac phién ban
chwong trinh theo cac chudi to-po
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T6-p6 1 T6-p62 T6-pd3 T6-p64 T6-pd5 T6-pd 6 T6-pd7 T6-pd 8 Té-p69 To-pd  TO-pod
10 toiwu

Dung lvong bd nhé chiém dung (KB)

Hinh 2.26: Mrc chiém dung bo nhé thuc té
Két qua tong hop vé dung lugng bd nhd chiém dung trinh bay trong thuc nghiém
nay khiang dinh anh huéng cua sip xép t6-pd dén murc chiém dung bd nhéd cua chuong
trinh trong qua trinh thuc thi. Phan tich anh huéng dé tim ra chudi t6-pd chiém dung bod
nhé nho nhat c6 nhidu ¥ nghia trong khong gian bd nhd gidi han ctiia phan mém nhing.
Dong thoi thuc nghiém ciing cho thdy sy pht hop cua ham danh gia dung luong bo nhé

chiém dung véi két qua thuc té.

vii.  Danh gia phwong phap

Phuong phap t6i wu ndy van con mot sd van dé can giai quyét d6 1a khong gian
hoan vi cia tap tac vu 16n khi cé nhiéu tic vy va sip xép t6-pd chi ap dung véi do thi
khong ¢ chu trinh. Dé giai quyét van dé do thi c6 chu trinh, chung toi dua ra giai phap 1a
chuyén doi do thi c6 chu trinh vé d6 thi khong chu trinh bang cach gdp cac tac vu trong
chu trinh thanh mot tac vu 16n hon. Khi c6 nhiéu tac vy, khong gian hoan vi 16n, ching
t6i cling dé xuat giai phap 1a khong str dung thuét toan vét can dé tim moi chudi td-pd nhu
da trinh bay ma str dung cac thuat toan tim kiém kinh nghiém, gﬁn t6i wu nhu thuat toan

di truyén.
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Tuy trong nghién cuu, dd thi tac vu phu thudc dugc tao ra trong giai doan thiét ké
va pham vi mg dung khong nhiéu nhung phuong phap t6i wu niy ciing hét stic ¢6 y nghia
trong bai toan t6i wu tong thé. Phuong phap nay c6 thé sir dung lam co sd, két hop véi ky
nghé nguoc dé thuc hién téi wu hoa cho phin mém nhing nhu sau: tir md ngudn hoic ma
hop ngttr sinh ngugc ra dd thi phu thudc va sép xép lai tht tu thuc hién dé t6i wu bd nhé

chiém dung ma khong lam thay d6i ngir nghia.

2.2.2. T6i wu bd nhé chiém dung dya trén chuyén d6i mé hinh
i. Y twéng va quy trinh nghién ciru

K& thira hudng tiép can t6i wu dya trén bién d6i mo hinh dé tbi wu hiéu nang da
trinh bay, trong phan nay, ching t6i phat trién phuong phap t6i wu bo nhé trong giai doan
thiét ké duwa trén chuyén d6i mé hinh voi DSL va T4. Y tudng chinh ctia phuong phap
nay 1a dua trén ham danh gia va cac phép chuyén doi mé hinh dé dwa mé hinh thiét ké
ban dau vé mé hinh c6 dung luong bd nhé chiém dung t6i wu. Dé xay dung phuong phap
t6i wu nay, ching t6i tién hanh nghién ctu va thuc nghiém theo quy trinh trong Hinh
2.27.

Chuong trinh
toi uu

q-—-——=—=—=—=====

Két qué 1
1
Xay dung ham N
[ dinh gid b3 nh } Xay dyng khung Xdy dung chuong
i lam viéc DSL va T4 trinh t6i uu

\ 4 i T
Két qua !
v

Khung lam | Thuc nghiém va
viéc DSL, T4 déanh gia

Hinh 2.27: Quy trinh nghién ctru va thyc nghiém phuong phap t61 wu bd nhd chiém dung dwa
trén chuyén d6i moé hinh

Xy dung cac
phép bién doi
trén md hinh

ii. XAy dung ham d4nh gia dung lwong b nhé chiém dung

M0 hinh dir li€u triru twong chiing t61 xay dung va str dung trong nghién ctru nay la
biéu d6 16p rat gon, khong xét tinh ké thira va pham vi truy xuit ciing nhu cac 16p triru
tugng va cac giao dién. Pé lam co sé cho cac phép chuyén dbi va toi wu trén mo hinh,
chlng toi cai tién cac cong thie tir (2.1) dén (2.6) dé xdy dyng ham dénh gid bo nhd
chiém dung. Trong phan nay, cic thanh phan trong mé hinh dugc bo sung thudc tinh méi
1a tan sb st dung n va cac cong thire tinh cac d6 do S; dén Sg duoc thay d6i nhu trong cac
cong thire tir (2.12) dén (2.17).
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Ic| vd]

S, = z z n; x size(a)) (2.12)

i=1 j=
|c| M|
S, = z an X 51ze(v]) (2.13)
1j=
I M| 1Pl
S3 = Z Z n; X z size(py) (2.14)
i=1 j=1 k=1
12
Z Z P X 51ze(a]) (2.15)
i=1
R
= Z P X 51ze(vj) (2.16)
1j=
IC| |M:;| P
Se = n; X Z size(py) (2.17)
i=1 j=1 k=1

Dua trén cac do do tir S; dén S dd duoc cai tién theo cong thirc trén, ching toi
phan tich sy anh hudng cua cac do do nay dén dung luong bd nhd chiém dung dé xay
dung ham danh gia bo nhé. Trong qué trinh thue thi mot chuong trinh hudng dbi tuong,
cac thanh phan tinh s& duoc cAp phat b nhé va ton tai dén khi két thuc chwong trinh; cac
thanh phﬁn thudc dbi tuong béat dau duge cép phat bo nhé khi dbi tuong dugc tao va tdn
tai dén khi hay ddi twong; cac tham s va cac bién cuc bd bén trong phuong thirc duoc
cAp phat bo nhé khi phuong thire duoc goi va bi thu hdi bo nhé khi phuong thie két thic.
Do dd, c6 thé thiét 1ap hé sé phu thudc ciia mirc chiém dung bd nhé vao S; va Sg 1a 1, hé
s6 phu thudc vao S, va S 1 2, hé sd phu thude vao S; va S, 12 3. Theo d6, ham danh gia
mirc chiém dyng bo nhé f,, ¢6 thé tinh theo cong thic (2.7) voi =3, f=1, y=2Vva =
1. Pong thoi, chung t6i ciing khong st dung f, dé wéc luong dung luong bd nhé chiém
dung ma chi dé danh gid xem md hinh nao chiém dung bo nhé it hon. Ham danh gia b
nhé ciing duogc st dung dé chimg minh cac phép bién d6i nhu thu gon kiéu dir liéu,
chuyén cac thanh phan tinh thanh dong va st dung dé t6i uu trong ki nghé nguoc khi tan
sd n duge thong ké dua trén phan tich ma ngudn.

iii. XAy dwng cac phép bién d6i mé hinh dé toi wu b nhé
Trong nghién ctru [7, 8], Anne, K. d3 trinh bay cic phép bién d6i trén md hinh nhu

phan chia ciu truc, g0p cAu truc, loai bo thudc tinh du thira, chuyén ddi thudc tinh, tao
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thudc tinh tam, v.v. Tuy nhién tac gia chua chimg minh tinh dung dén va ciing khong dwa
ra giai phap ciling nhu céc tiéu chi dé thyc hién ty dong céc bién doi nay. Trong phan nay,
chung t6i chimg minh tinh dung dan cua hai phép bién doi phan chia ciu tric va gdp cau
trac cua Anne, K. dé sir dung trong chuong trinh t6i uvu. Ngoai ra, chung t6i cling dua ra
phép bién d6i rat gon kiéu dir liéu nhu da trinh bay trong phan téi vu hiéu ning va phép
chuyén céc thanh phan tinh thanh dong dé ap dung cho t6i uu bd nhd.

 Phan chia cau tric

Anne, K. dua ra phép bién d6i nay nham phan chia mot cu trac dit liéu triru tuong
thanh nhiéu cu trac con theo tan sd truy xudt thanh phan dit liéu va tin s sir dung cac
ham. Céc thanh phan c6 tin s6 khong 1éch nhau nhiéu s& duoc tach thanh ciu truc riéng.
Tuy nhién, van dé c6t yéu cia phan chia 13 x4c dinh tan sd, phuong phap phan chia, su
trong duong ctia cac mod hinh va 4p dung phuong phap thi tic gia van chua dé cap. Do
do6, dé cai tién va tmg dung, chiing t6i giéi han bai toan, chimg minh phuong phép, phat
trién phuong phap phan chia dya trén thuat toan phan cum K-mean [43] va ap dung cu thé
trong biéu db 16p.

Pé chimg minh phuong phap niy, ching t6i mo ta mot cau tric X trong md hinh di
liéu nhu trong biéu thirc (2.18) va gia thiét nhu sau: pham vi truy xuat cac thanh phan 1a
todn cuc, cac cdu tric duogc cip phat dong va thoi gian cu tra trong bd nhd cia mot byte
dir liéu 1a tp trong mot thao tac truy xuét thanh phém dit liéu hodc két qua tra vé tir mot
ham.

x=<{a;|i=1.A}{m|j=1.M}> (2.18)
Trong do:
- @ la mot thanh phﬁn dir li€u cua x
- A, la tong sb thanh phan dit liéu trong X
- mjla mot ham trong X

- M, 1a téng sb ham trong x.

Phép bién ddi nay dugc mo ta nhu trong biéu thirc (2.19). Trong d6 K 1a sd cau
truc moi duoc tao ra.
Xx—>{x|i1=1.K} (2.19)
Gia st size() 1a ham lay kich thudc ctia mot thanh phan dir liéu hodc mot ham,
Size(x) 1a kich thudc bo nhé chiém dung theo thoi gian ciia ciu triic X. Vi thoi gian chiém
dung b nhd cua cau triic X phai bang thoi gian chiém dung cua thanh phan c6 tan s6 16n
nhat nén Size(x) c6 thé dugc tinh nhu cong thirc (2.20).
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Ao My
Size(x) = to X max(max(n;), max(n;)) X (Z size(a;) + Z size(m;))
i<Ao j<Mo
i=1 j=1

(2.20)

i<(Ag+Mo)

Ao M,
=ty X max (n;) X (z size(a;) + Z size(m;))
i=1 j=1

Khi ciu trac x duoc chia thanh K ciu trac, téng bd nhé chiém dung goi la Size*(x)
va dugc tinh nhu cong thire (2.21).

K
A Mg
Size*(x) =ty X max(max(n;), max(n;)) X (z size(a;) + Z size(m;))
jsAb jsM{ 4 A
]:1 ]:1
i=1
X (2.21)
A Mg
< to X max(max(max(n;), max(n;))) X (Z size(a;) + Z size(m;))
isK jsAd jsM¢ — —
j=1 j=1
i=1

Trong d6 A, 1a s6 thudc tinh ctia cdu trac thir i va M, 1a s6 phuong thirc ctia cAu tric thir
I.

Ta co:
K K
Ay = ZA(;' va M, = EM(;'
i=1 i=1
Suy ra: is(rtﬂ)%-)l(\/lo)(ni) = max(max(max; (1), Q%(nj))) 022
va
K
Al M¢ Ao My
(Z size(a;) + 2 size(m;)) = 2 size(a;) + z size(m;) (2.23)
j=1 j=1 i=1 i=1
=1

Do do, tir cac cong thuce (2.20), (2.21), (2.22) va (2.23) suy ra:
Size(x) > Size*(x)

o Phép bién doi gdp cau tric
Phép bién d6i nay dua trén danh gia toan bd mo hinh dit liéu sau khi da phan tich
céc cau tric. Phép bién d6i phan chia dya trén phan tich timg ciu trac dé phan chia. Dicu
nay dan dén co thé ton tai nhiu ciu trac khac nhau ma tan s truy xuat cia cac thanh

phan lai nhu nhau. Khi d6 phép bién d6i gop ciu tric duge st dung dé hop nhat cac cu
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tric ¢ clung tan sé truy xuét cta cac thanh phan thanh mot cau trac. Theo dé, phép bién
d6i nay 1am cho cau tric cia mo hinh dit liéu chit ché hon. Ching ta c6 thé chimg minh
phép bién d6i gdp cau tric tuong tu nhu phép phan chia ciu trac bang cach hop nhit moi
ciu tric trong md hinh thanh mot ciu tric sau d6 méi phan chia. Khi d6 bai toan duoc

dua vé dang phan chia cdu trac d3 chimg minh.

iv. Vi du minh hoa phwong phap t6i wu bd nhé dwa trén chuyén ddi mé hinh

Noi dung phan nay nhim minh hoa rd hon cic budc chuyén d6i mé hinh dé t6i uu
thdng qua chuong trinh 8 quan Hau. Chuong trinh ndy duoc trinh bay cu thé trong Phu
Iuc P.2.4. M6 hinh dit liéu ban dau cua chuong trinh dugc thiét ké dua trén khung lam
viéc DSL va T4 nhu trong Hinh 2.28. Str dung mau T4 dé sinh dic ta dang van ban nhu
trong Hinh 2.29. Két qua phan tich mo6 hinh va gia tri ham danh gia bd nhé duoc thé hién
trong Hinh 2.30. Lwra chon cac phép chuyén dbi dé dwa vé mé hinh dé tdi vu nhu trong
Hinh 2.32 va hién thj biéu d6 so sanh muc chiém dung nhu trong Hinh 2.31.

- ; ~ f : 3
Setting 2 frmMain S
= Attributes = Attributes
static +Width: int static -NumOfQueen: int
static +Height: int static -arRows: int{)
static +WidthQueen: int static -arCols: int{]
static +HeightQueen: int static -FileName: string
=
static +SpaceX: int static -arQueen: int{](]
static +SpaceY: int static -arPossition: int[]
static +NumOfCells: int static +X: int
= Cperations static +Y: int
~Height: in
+Setting() flg nt
+Seting(w: int, h: int, x: int, y: int. cells: int): void +Width: int
\ / = Operations

static «Setup(): void
static +Print(): void
static =SearchSolution{row: int): void
static +Run8QueenArg(): void
static «=DisplayAliSolution(frm: frmMain): veid
static +DisplayAScluction(frm: frmMain): void
static «DrawBoard(obj: Graphic): void
static «Main(): void
+Start(): void
" J

Hinh 2.28: M6 hinh dit liéu ban dau

1/ @Class:Setting
@@Method:+Setting() _@REEmFrequency: 1
@@Method:+Seting(w: int, h: int, x: int, y: int, cells: int):

: @@@Attribute:static +Width: int _d@@@aFrequency: 1

; @@@Attribute:static +Height: int _@@RRaFrequency: 1
@@eattribute:static +WidthQueen: int _@@@GaFrequency: 1
@@@Attribute:static +HeightQueen: int @@@8aFrequency: 1
@@@attribute:static +SpaceX: int _@@RRaFrequency: 1
@@@Attribute:static +SpaceY: int _@@@@aFrequency: 1
@@@Attribute:static +NumOiCells: int @@@RaFrequency: 10

Hinh 2.29: Minh hoa dac ta dang van ban cia mé6 hinh ban dau
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58 kBp: 3 51 (Kich thudc cac bén tinh): 12

55 phudng thiic: 11 52 (Kich thudc cc phudng thic tinh): 60
58 thude tinh: 17 53 (Kich thudc thuc thi cic phudng thic tinh): 42
5S¢ phudng thdc tinh: g 54 (Kich thudc cac bi€n ddi tugng): 12
58 thudc tinh tTnh: 15 55 (Kich thudc cac phudng thic d& tugng): 2

58 phudng thic 48 hidng: 3 56 (Kich thudc thuc thi cic phudng thic 48 hidng): 36

548 thudc tinh ddi tudng: 2
Ham danh gid bd nhd: 400

Hinh 2.30: Phan tich m6 hinh va tinh gia tri ham danh gia b nhé

By s =
Setting Queen8Algrthm
B Attributes =l Attributes
— = " — +Width: int static -NumOfQueen: int
Lua chon phép bién d&i Bigu dB =o dung ligng bd nhd chiém dung . . . Q
far (byte) +Height: int static -arRows: int[]
420 +WidthQueen: int static -arCols: int[]
Thu gon lééu dii Béu +HeightQueen: int static -FileMame: string
Phan chia c&u triic 410 +5SpaceX: int static -arQueen: int[][]
+SpaceV: int static -arPossition: int[]
Gdp ciu tric +MumOfCells: int static +X: int
400 =l Operations static +¥: int
<Setting[) static +Height: int
[ Thuic higén 390 +Seting(w: int, b in. static +Width: int
R — = Operations
380 static +Setup(): void
B ) static +Print(): void
e static +SearchSclution(r...
370 = Attributes static +RunBQueenArg()...
5 Operations - static +DisplayAllSolutio...
360 . tpt' Main(): void static +DisplayASclucti...
P i . . stauc = alrﬂ:}l.\."ol static +DrawBoard(obj:...
MG hinh ban dau MG hinh i wu +Start(): void J
S ———

Hinh 2.31: Lua chon phép bién d6i va so sanh mirc

chiém dung bo nhé Hinh 2.32: M6 hinh t6i vu by nhd

chiém dung
V. Thuc nghiém

Dé kiém ching cac phép chuyén doi tdi wu bo nhd chiém dung ciing nhu tinh dung
dan cia ham danh gia bo nhd chiing t6i sé tién hanh thuc nghiém voi ba chuong trinh 1a
moO-dun nhan dang chir Nom trén dién thoai di dong, thap Ha No§i va 8 quan Hau. Cac
chuong trinh ndy duoc trinh bay chi tiét trong Phu luc P.2.1, P.2.3 va P.2.4. Cac budc
thuc nghiém dugc tién hanh theo vi du minh hoa trong phﬁn trudc. Ngoai ra, dé kiém
ching két qua t6i uu theo ham danh gia bo nhé va két qua thyc té, chung t6i xay dung cac

chuong trinh thir nghiém theo mé hinh ban dau va mé hinh t6i uu. Cac chuong trinh thir
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nghiém thuc té duoc 1ap trinh theo cung thuat toan va chi khac nhau vé cAu tric. Bang 2.8

tong hop céc gia tri cac ham danh gia bo nhd va dung lugng bo nhé chiém dung thuyc té.

Bing 2.8. Tong hop két qua t6i wu va thir nghiém thyc té

M hinh ban dau M3 hinh t6i wu
Chuong trinh thw B6 nhé chiém Bo nhé chiém
nghiém fm (byte) dung thyc té fm (byte) dung thyc té
(KB) (KB)
M0&-dun nhan dang chir
. 783 65 645 64
NOm
Thap Ha Noi 562 15 473 14
8 quan Hau 400 26 315 24

vi. Danh gia phwong phap

Két qua thuc nghiém trong Bang 2.8 cho thiy két qua t6i wu dya bd nhd dua trén
bién d6i md hinh phu hop véi két qua thuc té. Phuong phap t6i uu nay giup cai tién dung
luong bd nhé dang ké trong giai doan thiét ké phan mém nhung. Chat lugng ti wu cua
phuong phap nay phu thudc cha yéu vao cac phép chuyén doi. So v6i phuong phap ban
dau cua Anne, K. [7, 8], trong cai tién nay, chung t6i d3 bd sung thém phép bién dbi thu
gon kiéu dir liéu, chimg minh tinh dang din cua phép bién d6i phan chia cdu tric va tién
hanh tu dong dua trén DSL va T4.

Khi str dung phuong phap t6i vu ndy, tinh dong goi ctia hé thdng c6 thé bi pha v
va ciing chi c6 thé sir dung trong gi6i han 13 cac thanh phan dit liéu, cac ham binh ding va
c6 thé truy xuat tir cac cau trac khac nhau. Tuy nhién phuong phap nay ciing cd ¥ nghia vi
Vo1 phﬁn mém nhung thi muc tiéu vé bd nhd va hiéu nang la can thiét hon cac do do chat
luong khéc. Dong thoi, nghién ctru nay ciing 1a co s& dé két hop vé6i k§ nghé nguoc nham

tai cau truc dé to1 vu mic chiém dung bd nhd ctia phan mém nhing.

2.3. T6i wu da muc tiéu dua trén biéu do l6p

Trong qué trinh t&i vu phan mém nhung, khong thé thoa méan dong thoi hai muc
tiéu toi wu hiéu ning va bo nhd. Cai tién hiéu ning c6 thé 1am ting dung luong bd nhé
chiém dung va nguoc lai. Van dé nay co thé duoc giai quyét dua trén t6i uu da muc tiéu.
T6i vu da muc tiéu trong thiét ké phan mém nhing 13 mot huéng nghién ciru méi va con
nhiéu thach thirc. Dya trén co s¢ 1y thuyét va thuc nghiém vé t6i vu hiéu ning va t6i uu
bd nhd, trong phan nay, chiing t6i dé xuat va phat trién phuong phap t6i wu da muc tiéu
dua trén biéu do 16p va nguyén ly Pareto.
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i. Y twéng va quy trinh nghién ciru

Phuong phap t6i wu nay nham tim ra mé hinh dit liéu can bang nhét giita hiéu ning
va dung luong bd nhé chiém dung ciia phan mém nhing. Y tuéng co ban cua phuong
phap nay 1a phan tich cac tham sd truc tiép tir mé hinh dé xay dung cac ham muc tiéu va
dua trén nguyén 1y Pareto dé tim mo hinh ¢é phan phdi can bang nhat giira hiéu ning va
b6 nhé chiém dung. M6 hinh duoc ap dung trong nghién ciru nay 13 biéu dd 16p rat gon.
Chung t6i khong dic ta giao dién va 16p triru tugng ciing nhu khong xét dén tinh ké thira
va murc che dau thong tin tir biéu d6 16p. Pé thiét ké va chuyén ti dong sang dic ta dang
van ban ciia mo hinh nham trich xuit cic thong tin mong mudn, chiing toi tiép can theo
cach st dung DSL va T4.

Quy trinh nghién ctru va thuc nghiém phuong phép tdi uu nay duoc chi ra trong
Hinh 2.33. Pau tién, ching tdi phan tich biéu d6 16p dé xay dung ham muc tiéu hiéu
nang, ham muc tiéu bd nhd va ham muc ti€u toan cuc. Dé thiét ké mo hinh dit liéu va sinh
dac ta tu dong, ching t6i xay dung khung lam viéc DSL va T4. Sau do, chiing t6i sur dung
khung 1am viéc DSL va T4 dé thiét ké biéu dd 16p nhu da trinh bay trong phéan t6i uu hiéu
ning va bd nhé. Khung lam viéc ndy duoc trinh bay chi tiét trong Phu luc P.1.1. Tiép
theo, chung t6i xdy dung chuong trinh t4i wu da muc tiéu dwa trén nguyén Iy Pareto nhu
trong Phu luc P.1.3 dé tim biéu d6 16p can bang nhit. Cubi cung chung t6i tién hanh thuc
nghiém va danh gia phuong phap.

Xay dung cac ham muc
Bit dau tiéu hiéu nang, bd nhd va Xay dung chuong trinh
ham muc tiéu toan cuc toi uwu da muyc tiéu

Xay dung khung lam viéc Thuc nghi¢m va danh
DSLvaT4 gia

Hinh 2.33: Quy trinh t6i wu da muyc tiéu dua trén biéu do 16p

Il. XAy dung cac ham muc tiéu

Ké thira cac tham s6 va d6 do trong phan toi uu hiéu ning dua trén biéu d6 16p,
chung t6i thuc hién mot sb stra d6i dé xay dung cac ham muc tiéu t61 wu. Toan bd cac
tham sd trong Bang 2.1 va cac dd do Sy, Sy, Ss VA Ss trong Bang 2.2 theo cac cong thic
(2.1), (2.2), (2.4) va (2.5) dugc st dung lai. Cac cong thirc tinh Sz, S¢ dugc dinh nghia lai
dé phu hop véi bai toan tdi vu da muc tiéu.

e Kich thwéc tham sé ciia cac phwong thirc tinh

D0 do nay Ia kich thudc b nhéd st dung khi thuc thi mdt phuong thirc tinh. Khi

phuong thirc tinh dugc goi thyc thi, dau tién can cip phat bo nhd dé luu trit cac tham sb
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truyén vao. Do d0, dya trén cac tham sb trong Bang 2.1, d6 do nay c6 thé dugc dinh nghia
nhu cong thuc (2.24).
lc| M| 1P,
S3 = Z Z z size(py) (2.24)
i=1 j=1k=
e Kich thwéc tham sé ciia cac phwong thic di tweng

Kich thudc tham sb cua cac phuong thirc di tuong 1a tong kich thude bd nhé can
thiét cap phat dé chtra cac tham sd truyén vao khi thuc thi phuong thite. Theo cac tham s6
trong Bang 2.1, d6 do nay c6 thé dugc dinh nghia nhu cong thic (2.25).

Icl [M§] Py,
Se = Z Z Z size(py) (2.25)
i=1 j=1 k=
e Ham muc tiéu hiéu nang

Duya vao cac do do da dinh nghia, ching t61 sé xay dung ham muc ti€u hi€u nang,
muc tiéu bd nhé va ham muc tiéu toan cuc dé thuc hién nguyén ly Pareto nham lya chon
md hinh can bang giira hiéu ning va bo nhé. Theo nguyén ly Pareto, khi ting gia tri cua
tiéu chi téi wu nay ma khong 1am giam cac tiéu chi tdi wu khéc thi hé thdng thudc mién tbi
wu Pareto. Nghia 13, trong qua trinh t6i wu cin dua cac gia trj trong khong gian tim kiém
vé mién t6i wu Pareto. Trong qua trinh thuc thi mot chuwong trinh hudng dbi tuong, mdi
loai thudc tinh va phuong thurc s€ dugc cép phat bd nh¢ va duogc goi theo cach khac nhau
anh huong dén hiéu ning va mic chiém dung bo nhd ciia chuong trinh. Dé xay dung cac
ham muc tiéu, chung t6i phan tich hoat dong ctia mdt chuong trinh huéng dbi twong nhu
trong Hinh 2.34 va phan tich sy phu thudc ctua hiéu nang vao cac thudc tinh, cac phuong
thirc va cac tham sb trong biéu db 16p.

Khi str dung cac thanh phan tinh, chuong trinh s& thyc hién nhanh hon khi sir dung
cac thanh phan dong do duoc cip phat bo nhd tinh va duoc nap vao bd nhé ngay khi nap
chuong trinh nén hiéu nang sé€ ti 1€ thuan véi (S, + S,)/(S4 + Ss). Trong mot 16p, khi
truy xuat dir liéu, néu dung thudc tinh tinh thi s& nhanh hon dung tham sé truyén cho cac
phuong thirc tinh nén hiéu nang ti 18 v6i S;/S5. V&i mot dbi tugng, khi truy xuét dir licu,
néu dung cac thudc tinh dbi tuong thi s& nhanh hon ding tham sé truyén cho cac phuong
thirc ddi twong nén hiéu nang ti 18 v6i S,/Se. Do d6, ham muc tiéu hiéu nang c6 thé dugc
tinh theo cong thurc (2.26).

S +S, S S,
TS, +8 0 S, S

(2.26)
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e Ham muc tiéu by nhé

Str dung cac thanh phan tinh lam cho chuong trinh chiém dung bo nhé nhiéu hon
s0 voi sit dung cac thanh phan dong do cac thanh phan tinh dugc cip phat bo nhd tinh va
chi duoc thu hdi khi chuong trinh két thuc nén dung luong bd nh¢ sur dung s€ ti 1¢ thuan
v6i (Sy + S5)/(Sy + S,). Trong mét 16p, véi cing mot dbi twong dir liéu, néu dung thanh
phén dit liéu tinh thi s& chiém dung b nho nhiéu hon dung tham ) truyén cho cac
phuong thirc tinh vi bd nhé cap phat cho thanh phan dir liéu tinh chi dugc giai phong khi
chuong trinh két thiic. Do d6 dung luong bo nhé chiém dung ti 16 thuan véi S5/S;. Voi
mot d6i twong, v6i mdi thanh phan dir liéu, néu dung bién di tuong thi s& ton nhiéu bd
nhé hon ding tham sé truyén cho cac phuong thirc dong vi cac bién dbi tugng chi bi thu
héi khi huy dbi twong con cac tham s bi giai phong bo nhd khi phuong thire két thac. Do
do6 dung lugng bd nhd chiém dung ti 1€ thuan vai S¢/S,. Tir su phu thude cia dung lugng
bd nhé chiém dung vao cac d¢ do nay, ham muc ti€u bd nhé co thé duoc xay dung theo
cong thire (2.27).

1. Nap lop:
- Manguén

t Phuong thirc tinh }

- Ditliéu tinh
Cap phit va nap vao bd nhd ngay

Buoc 1->2b khi nap chwong trinh Buoc 1->2a
Thye thi cé.p_ Goi phuong
oh tyo 452 thic théng
..., . i dang _ qua lop dané
2b. Tao do1 twong. C)}‘m ~ trong chira™ “trong
- Phuong thire d61 b6 nho bé nho 2a. Thye thi céc
tuong PR . .. ..| phwong thic
- Thugc tinh ddinrong | C2p phit bd Cap phat b6 | gpp
© ). .ohg _ _cho nho __cho
phuong thuc tham s0 va
va thuoc tinh chwra két qua
d6i twong tra vé

Goi phrong thire
Buoc 2b->3
bo nho

d6i twong d3 duwoc tao trong

thénZqua 3y phit bé nhé cho tham
50 va chira ket qua tra ve

1

[

L

3. Thyc thi cac
phuong thire d61
tuong

Hinh 2.34: M6 hinh cép phat, truy xuét bd nh¢ trong qua trinh thue thi chuong trinh hudng

doi tuong
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Syt Ss

27 5 +5,

e Ham muc tiéu toan cuc

S3
51

Se

5 (2.27)

Duya trén cac ham muc tiéu thanh phan, dé 4p dung nguyén 1y Pareto, ching toi xay

dung ham muc tiéu toan cuc nhu cong thirc (2.28).

f=w X fitw, X[,

(2.28)

Trong d6: w1, we 1a trong s cua cac ham muc tiéu va w1 + wz = 1. Céc trong sO nay thé

hién do quan trong va muc uu tién cia cac muc ti€u téi wu thanh phan. Tuy theo muc uu

tién khac nhau cua cac muc ti€u t61 vu thanh phan trong moi hé thong, cé thé lya chon

cac trong sd khac nhau. Pong thoi khi Wy hodc W, bang 0, bai toan toi uu da muc tiéu s&

tré thanh tdi wu don muc tiéu.

Vi du minh hoa t6i wu da muc tiéu dya trén biéu do 16p

Trong phan ndy, chiing t6i trinh bay mét vi du cu thé d& minh hoa phuong phap tbi

wu da myc tiéu dua trén biéu d6 16p di phat trién. Dau tién cac biéu dd 16p duogc thiét ké

dira trén khung lam viéc DSL va T4 nhu trong Hinh 2.35. Cac biéu dd truc quan duogc

chuyén tu dong sang dic ta dang van ban nhu trong Hinh 2.36. Két qua phan tich mé hinh

dé tinh toan cac d6 do va cadc ham muc tiéu nhu minh hoa trong Hinh 2.37.

F i _ — —_
DeviceConfig = Max7219_LED =
= Attributes = Attributes
+BCDDecodeMode: byte = Operations @Class:DeviceConfig
+Bu5:,fSi?'}f|e: byte +Initialize(): void f@Method: +Confi guration()
+Intensity: byte +Clear{numberQfDigits: byte): vou. @EMet +Conf l_;'_l ati (}_ dMode :
+CharacterAddressMap: Hashtable +Setlntensity(intensity: int): void REERALL a: byte
= Operations +SetBCDDecodeMode{decode: b.. GERAttribute:
+Configuration() +ShutDown(shutDown: bool): veid GREAttribute:+Ir AT'-—T"I +
+Configuration{bcdMode: byte,... +Write(register byte, value: byte... RE@Attribute:+Characte *H e 115'1"—4
+Blink{times: int, delay: int): void @Class:Prograrm
rama.;:h,~ d:static +Main(): void
3 tatic s} void
P f:'i’?"?h ds:st 2L -1‘1
Program ES @EEAttri
= Attributes s . = @@@Atcribute:st
Display 2 EeReATtr -Lxut a:
static +LeftToRight: bool @EE@Attribu .
o CEEATTIX1D ‘4’
static -segmentsOneAtaTime: byt.. = Attributes QEAALtr; ‘m‘j— N
static -segmentsPbarAscendingl.. = Operations @Class: "T—';::': 1 .J. ';"l' R
. - a33:MaX /L1417 LA
stat.|c —segmentstarDescenFllng:.-- +DisplayTest(enakle: kool): void @@Method:+Initializa(): void
static -segmentsPbarAscendingA.., +Display(value: byte, startDigit.. R@Method:+Clear (numberOfDigits: b

.

=l Operations
static +Main(): void
static +Upper{): void

static +Lower(): void

+DisplayBusy(clockwise: bool,...

+DisplayAutcScrollivalue: strin...
+ DisplayAutoScorllFirstHalf(val ...
+DisplayAutoScorllSecondHalf ...

Hinh 2.35: Mot biéu do 16p clia chuong trinh
Netduino_8digit

Hinh 2.36: Dic ta dang vin ban ctia biéu dd 16p
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Tang =5 lap: 4 51 (Kich thudc cac bi€n tinh): 12

Tang s6 phudng thic: 18 52 (Kich thudc cdc phudng thic tinh): 17

Téng 5 thudc tinh: 9 53 (Kich thudc thuc thi cac phudng thilc tinh): 12

58 phudng thic tinh: 3 54 (Kich thudc céc bién dai tugng): &0

S5 thudic tinh tinh: £ 55 (Kich thudc cdc phudng thic d&i tugng): 7

55 phudng thic déng: 15 S6 (Kich thudc thuc thi céc phudng thic déi ung): 127

5§ thudc tinh déitugng: 4 Ham muc tiéu hidu nang: 1.80735372723161
Ham muc téu b nha: 20.3019414662417
Ham muc béu toan cuc: 7 42573004893463

Hinh 2.37: Két qua phén tich tham sd va tinh gia tri cac ham muc tiéu

iv.  Thuwe nghiém

Dé thir nghiém va kiém ching phuong phap t6i wu da muc tiéu dya trén biéu dd
16p, ching t6i tién hanh thuc nghiém véi chuong trinh nhiing diéu khién viéc hién thi dén
LED 8 s6 Netduino_8digit. Chwong trinh vi du nay dugc trinh bay chi tiét trong Phu luc
P.2.5.1. Trong thuc nghiém nay, ching t6i thiét ké nim biéu do 16p khac nhau theo khung
1am viéc DSL va T4. Nam biéu d6 16p nay s& dugc chuyén ty dong sang nim tép tin dic
ta dang van ban. Nam tép tin nay dugc dua vao chuong trinh t8i wu dé thuc hién tdi wu da
muc tiéu. Chuong trinh t6i vu dd dugc ching t6i xdy dung nhu trong Phu luc P.1.3.
Trong thuc nghiém, ching t6i st dung trong s6 wz = 0,7 va trong sd w2z = 0,3. Két qua
tong hop cac ham muc tiéu thanh phan va ham muc tiéu toan cuc dugc trinh bay trong
Bang 2.9. Két qua toi wu duoc thé hién nhu biéu d6 trong Hinh 2.38. Trong Hinh 2.38,
biéu d6 16p thir 5 ¢6 gia tri ham muc tiéu toan cuc 16n nhat. Do d6 biéu d6 16p nay 1a biéu

do6 to1 uu da muc ti€u can bang gifra hi¢u nang va dung lugng bo nhéd chiém dung.

V. Danh gia phuwong phap
Phuong phép t6i uwu nay phit hop voi phat trién phadn mém nhung hudng d6i tuong.
Tuy nhién, trong pham vi nghién ciru nay, chiing t6i chi xét dén hai myc tiéu toi uu quan

trong cia phan mém nhung 1a hiéu nang va by nhd. Trong cac nghién clru sau hon, chiing
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t6i s& tiép tuc phat trién phuong phap ndy vdi cac muc tiéu chat lugng phan mém khac

nhu tinh tai st dung, tinh kha chuyén va tinh bao goi.

o N’ AN ne
Biéu do toi wu Pareto
35
30 g
@ 25 =
- : "
S i
€ 20 o
g
< i #f1: Ham muc tiéu hiéu nang
® 15 i
= EEE i f: HAm muc tiéu toan cuc
:g 10 %’é % f2: Ham muc tiéu bd nhe
:
0 :I:
1 2 3 4 5
Cac biéu d6 I&p twong rng v&i cac phién ban ctia chwongtrinh
Netduino_8digit
Hinh 2.38: Biéu d6 thdng ké két qua toi uu Pareto
Bang 2.9. Tong hop tham s6, d6 do va gia tri cac ham muc tiéu
S6 S6 So So
+ .5 | SO | phwong | thudc | phwong | thude
Biéu do , , , , L Sl Sz S3 S4 Ss Se f1 f2 f
lop | thire tinh thire tinh
tinh tinh dong dong
1 3 3 0 15 9| 12 0| 12| 60| 24| 124 | 0,34 30 | 9,238
2 4 3 0 17 9| 12 0| 12| 68| 24| 137 | 0,31 30 | 9,217
3 2 10 5 7 4| 40 84| 28| 16 45 | 1,54 | 14,23 | 5,347
4 4 5 15 41 12| 17| 12| 60 71121191 | 20,3 7,426
5 5 0 11 9| 36 0| 69| 44| 24 80 | 0,83 30 | 9,581

2.4. Tong két chwong

Tbi uu trong giai doan thiét ké c6 vai trd quan trong trong phat trién phan mém

nhung. Tbi wu trong giai doan thiét ké thuong dem lai nhiéu loi ich hon tdi wu trong cac

giai doan sau. Tuy nhién, van dé t6i wu phan mém nhung cling nhu to6i wu phan mém nai

chung trong giai doan thiét con nhiéu thach thirc. Nghién ciru vé toi wu phan mém nhing
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trong giai doan thiét ké 1a mot hudng nghién cru trién vong va con nhiéu van dé can giai
quyét. Trong chuong nay, ching toi di dé xuat mot sb cai tién cling nhu phat trién mot sd
phuong phap t6i wu méi theo tiéu chi tdi uu hiéu nang, bo nhé va tdi vu da muc tiéu.

Vé tiéu chi toi wu hiéu ndng, ching t6i da dé xuat va phat trién mai phuong phép toi
vu hiéu ning dya trén biéu d6 16p va cai tién phwong phap tdi wu hiéu ning dua trén
chuyén d6i mé hinh. Trong phuong phéap tdi wu hiéu ning dira trén biéu dd 16p, ching toi
d3 phan tich biéu d6 16p, xay dung cac do do va xay dung ham danh gia hiéu ning lam
tiéu chi dé lya chon mo hinh tdi wu. Dé thiét ké mo hinh va tu dong sinh dac ta dang van
ban, chung t6i da xay dung khung lam viéc DSL va T4. Bé thir nghiém phuong phap t6i
vu nay, chiing t6i da xdy dung chuong trinh t6i vu nhan du vao 13 tip cdc mo hinh thiét
ké duoc dic ta theo dang vin ban dé phan tich tham sb, tinh cac do do va ham danh gia
hiéu ning nhiam lia chon mé hinh t6t nhat. Phuong phéap t6i wvu méi ndy da dugc cong bd
trong cong trinh [CT9]. Trong phuong phap t6i wu hiéu ning dwa trén chuyén doi mo
hinh, ching t6i ciing phan tich biéu d6 16p, xdy dung va chimg minh c4c phép bién dbi
trén md hinh ¢ dua mo hinh dit liéu ban dau vé mo hinh dit lidu tbi wu. DE c6 thé tién
hanh mot sé budce tu dong, ching t6i cling xay dung khung 1am viéc DSL va T4 cho phép
thiét ké mé hinh va sinh dic ta tu dong. Ngoai ra, vé tiéu chi tdi vu hiéu nang, theo cach
tiép can dya trén DSL va T4, chang t6i ciing di dé xuét va phat trién phuong phap tdi vu
hiéu ning dya trén sinh m3 md phong. Nghién ctru ndy da dugc cong bd trong cong trinh
[CT6].

Vé tiéu chi t6i wu bo nhé, ching t6i da dé xudt va phat trién phuong phap méi 1a tdi
wu bd nhé chiém dung dua trén sip xép t6-pd va dua ra cai tién cho phwong phap tdi wu
bd nhé chiém dung dya trén chuyén d6i mé hinh. Trong phuong phéap t6i wvu bd nhé
chiém dung duya trén sip xép t6-pd, chung toi phat trién khung 1am viéc DSL va T4 cho
phép dac ta phﬁn mém nhing nhu mot dd thi tac vu phu thudc va ty dong sinh dac ta dang
van ban tir dd thi phu thude. Cac tac vu cua phﬁn mém nhing cé thé thuc hién theo céc
chudi t6-pd khac nhau thoa man do thi phu thuéc ma khong lam thay doi két qua cua
chuong trinh. Chuong trinh tdi wu dya vao ham danh gid mic chiém dung bd nhé trén
mdi chudi t6-pd dé tim chudi t6-pd tot nhat. Cac ndi dung lién quan dén phuong phap dé
xuat ndy da dugc xuat ban trong cong trinh [CT2] va [CT10]. Trong phuong phap tdi uu
bd nhé chiém dung dya trén chuyén d6i mo hinh, chiing t6i da chimg minh tinh ding din
ctia phép bién doi phan chia cu triic va cai tién phép bién doi nay dé co thé ap dung cho
biéu d6 16p. Ngoai ra, chung toi ciing dua ra phép bién ddi thu gon kiéu dir liéu dé tbi vu.
Pong thoi, chung toi cling phat trién khung lam viéc DSL, T4 va xay dung chuong trinh

dé tién hanh toi uu ty dong.
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Vé van dé t6i wu da muc tiéu, ching toi da phat trién phuong phéap t6i wu da muc
tiéu dua trén biéu do 16p va nguyén Iy Pareto. Dua trén phan tich qua trinh thuc thi cta
mot chuong trinh huéng ddi tugng, chung t6i xdy dung ham muc tiéu hiéu ning, ham
muc tiéu bd nhd va ham muc ti€u toan cyc. Ching t61 cling xay dung chuong trinh t8i wu
da muc tiéu dya trén biéu d6 16p dé thir nghiém va danh gia. Phuong phap dé xuat nay da
dugc xuat ban trong cong trinh [CT11]. Ngoai ra, nghién ctu vé téi vu da muc tiéu,
chung t6i ciing dé xuat mot s6 phuong phap t6i vu trong thiét ké hé thong nhung va dong
thiét ké phan cting — phan mém. Céc nghién ctru lién quan nay da duoc xuat ban trong cac
cong trinh [CT1, CT4, CT5, CT8].

Nhin chung, cac phuong phap t6i wu di dé xuit va phat trién cha yéu tip trung vao
mo hinh kién tric mic cao va thtr tu thuc thi ma chua nghién cru vé& cac mé hinh dong
nhu biéu dd tuan tu, biéu dd hoat dong, v.v. M6 hinh kién trac chi bao gém cac thanh
phan tinh nhu cac thudc tinh, cac khai bao phuong thirc ma khong dic ta duoc cac hanh
vi dong ciing nhu cac thao tic trong mdi phuong thirc nén khong thé phan tich va danh
gia duogc tinh thoi gian thuc. Cac hanh vi dong va tinh thoi gian thuce lai 1a mot khia canh
quan trong trong hau hét cac hé théng nhing. Do dé, vin dé dic ta hinh thirc, mé hinh
hoa cac hanh vi dong, cac dic ta thoi gian va cac rang budc vé phan ctng hé thdng nhing
dé t61 wu phan mém nhung dam bao rang budc thoi gian thuc 13 mot huéng nghién ciu
ma, quan trong dua trén co s& nhitng nghién clru trong luan an.

Bén canh d6, cac phuong phap toi vu dé xuat trong chuong nay chi tp trung vao
hai tiéu chi 1 hiéu ning va bd nhé. Do do, cac phuong phap nay c6 thé dugc nghién ciru
sdu hon dua trén két hop voi cac do do chét luong khac va mé rong voi cdc mo hinh phure
tap. Dong thoi, cac nghién ciru trong chuong nay ciing duoc sir dung 1am nén tang, c6 thé
dugc cai tién, mo rong gép phan giai quyét bai toan t6i uu tong thé bao gém ca hudng
tiép can tai k§ nghé. Hon nira, trong giai doan thiét ké chua c6 ma ngudn nén cac phuong
phap ti vu thuong tip trung vao kién trac va ludng thuce thi cac tic vu. Do d6, mi ngudn
chuong trinh duoc cai dat theo mé hinh t6i uu cling can phai tiép tuc cai tién trong cac
giai doan sau. Xuat phat tlr yéu cau nay ciing nhu dé dam bao tinh hé thong trong vong
doi phan mém, chung t6i tiép tuc nghién ctiru va thuc nghiém van dé toi wu phan mém
nhdng trong giai doan lap trinh. Cac phuong phép toi uu trong giai doan lap trinh dugc
trinh bay chi tiét trong chuong tiép theo.
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Chwong 3. TOI UU PHAN MEM NHUNG TRONG
GIAI POAN LAP TRINH

Cac phuong phap t6i wu trong giai doan thiét ké tuy dem lai nhiéu loi ich nhung
chi thuc hién duoc & muc kién tric vi chua c6 ma ngudn. Két qua tdi vu trong giai doan
thiét k& 1 cac mo hinh, kién tric phin mém tdt tiy theo cac muc tiéu t6i wu. Kién trac t6t
1a tiéu chi quan trong nhung khong du dé quyét dinh chat lugng phan mém. Do d6, trong
giai doan 14p trinh, md ngudn phan mém duoc 14p trinh theo cac md hinh t6i vu ciing can
duoc cai tién dé dap ung cac muc tiéu tbi wu.

Ti uu phan mém trong giai doan 14p trinh duoc nghién ctru va trién khai phd bién
nhit so v4i cac giai doan khac trong vong doi phan mém. Cac phuwong phép t6i uu phan
mém trong giai doan 1ap trinh tip trung chi yéu vao ti wu mi ngudn. Nhiéu phuong
phap, k¥ thuat tbi vu mi ngudn dd duoc tich hop sin trong cac chuong trinh dich. Dya
trén cac phuong phap tdi vu mi ngudn phan mém thong thudong, két hop voi cac rang
budc vé mdi trudng va thiét bi, cac phuwong phap téi vu ma ngudn phan mém nhung ciing
d3 duoc nghién ctru va trién khai. Tuy nhién, khi phat trién phan mém nhing can phai
thue hién qua trinh bién dich chéo. Theo d6, t6i wvu ma ngudn phan mém nhing gdm hai
mirc toi wu d6 13 tdi wu ma ngudn mirc cao doc lap kién trac CPU va tdi wu ma hop ngit
huong dén mot kién tric CPU cu thé.

Vén dé t6i vu md ngudn mirc cao dd duoc nghién ciru tir 1au nhung van dé tdi vu
ma hop ngit hudng dén kién trac CPU dich con it phd bién. Trong giai doan 14p trinh, trén
co sO phan tich hién trang nghién ctu va cac thach thuc dat ra nhu trong Muc 1.2.2
Chirong 1, chiing t6i da dé xuat mot s cai tién va phuong phap t6i uu ap dung cho phan
mém nhiing. Pé dam bao tinh hé théng va day du hon, chung toi nghién ctru theo ca hai
mirc t6i wu 13 t6i wu ma nguén muic cao va toi vu ma hop ngit. Trong mdi muc tdi uu,
chung t6i tom lugce co so 1y thuyét sau d6 cai tién hodc dé xuat, trién khai phuong phap
moi. Noi dung chuong nay duoc trinh bay theo cau tric sau: Muc 3.1 trinh bay vé qué
trinh bién dich chéo va cac muc tdi wu; Muc 3.2 trinh bay vé tdi vu mi ngudn muc cao
doc 1ap kién trac dich; Muc 3.3 trinh bay vé van dé tdi uu chuong trinh hop ngit huéng
dén cac CPU dich; Muc 3.4 tong két cac ndi dung da trinh bay.
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3.1. Qua trinh bién dich chéo va cac mitc t6i wu

Khi phat trién phin mém thong thudng, cac cong cu phét trién nhu trinh soan thao,
trinh bién dich, cong cu go 16i va ma dich duogc thuc hién trén cung mat kién trac CPU
dich. Do d6 viéc phat trién nay don gian hon nhiéu so v&i phét trién phan mém nhiing,
Trong phat trién phin mém nhing, do han ché vé toc d6 CPU, bd nhé va céc thiét bi
ngoai vi nén cac cong cy phat trién duge thuc hién trén CPU manh cta may chu va tao ra
ma dich chay trén CPU khac. CPU may chi va CPU may dich khac nhau nén can tao moi
truong phat trién chéo va trinh bién dich chéo dé phat trién phin mém nhiing. Qua trinh
bién dich chéo duoc tong hop trong Hinh 3.1. Pau tién, mi ngudn viét bang ngdn ngir
mirc cao s€ dugc dua qua bo tién xur Iy dé loai bo chu thich, thay thé cac macro cling nhu
thuc hién cac tdi wu bude dau dé tao ra md ngudn trung gian mirc cao. Ma ngudn trung
gian muc cao s& duoc dwa qua trinh bién dich chéo dé chuyén thanh ma hop ngi. Trinh
bién dich chéo ciing c6 thé thuc hién cac ki thuat tdi wu trén md ngudn trung gian mirc
cao trude khi dich [48, 73, 76]. Cac ky thuat tdi wu trong budc nay tp trung vao bién dbi
mé ngudn doc 1ap nén tang, khdng hudng dén mot CPU cu thé nao. Ma hop ngir s& dugc
dua vao trinh hop dich chéo dé chuyén sang mi may. Trinh hop dich chéo cé thé tién
hanh cac k¥ thuat ti vu trén ma hop ngit cia moét CPU cu thé trude khi chuyén sang ma
may tai dinh vi. M3 may tai dinh vi c6 thé duoc trinh tai/lién két chuyén sang md may
tuyét ddi va tién hanh nap vao ROM. Cac ky thuat ti wu cling co thé duoc thuc hién trén
ma may. Tbi wu mirc ma may co thé thuc hién trén chuong trinh thyc thi hoac t6i uu tap

1énh may trong CPU.

3.2. T6i wu mi nguon mirc cao doc lap may dich

3.2.1. Co sé ly thuyét vé téi wu ma ngudn mirc cao
i.  Cac bién doi co ban
e Loai b6 dw thira
Phép bién doi niy nham xac dinh hai hay nhiéu tinh toan twong duong dé loai bo
cac tinh toan du thtra va chi gitr lai mét. Cac kiéu loai bo du thira bao gff)m:
- Céc gia tri tinh duoc: Két hop gia tri cia cac ky hiéu dé tinh va xac dinh xem
hai hay nhiéu biéu thirc c6 cing gia tri.
- Loai bd cac biéu thirc con chung: Xac dinh cac biéu thirc co cac toan hang
giong nhau.
- Lan truyén hang va ban sao gia tri: Xac dinh céc bién c6 gia tri hang hodc ban

sao d¢é thay thé gia tri nay cho bién.
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Hinh 3.1: Qua trinh bién dich chéo va cac murc tdi uu

e Thuec hién cac tinh toan trong thoi gian bién dich
Bién d6i nay nham kiém tra cac biéu thirc tinh toan dugc trong thoi gian bién dich

dé thay thé n6. Viéc thay thé nay s& cai tién dugc hiéu ning va ning lugng tiéu thy ciing
nhu kich thudc ma ngudn. C6 hai cach bién ddi 1a gop cac hang sb va lan truyén cac hang
5.

Gop cac hang so: tinh toan gia tri biéu thirc v6i cac toan hang 1a hang sb va thay két
qua nay cho cac hang s6. Vi du xét biéu thirc sau:

chuvi = (333.0/106.0) * duongKinh

Trong biéu thirc nay, 333, 0/106, 0 la mot biéu thirc hing nén dugc tinh toan va

gop thanh biéu thirc sau:
chuvi = 3.14159 * duongKinh
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Lan truyén cac gia tri hang: trong bién d6i nay, mdi bién dugc thay thé bang mot gia
tri hang da gan cho né trudc d6 va trude khi c6 sy thay doi vé gia tri ctia bién. Vi dy xét
doan ma sau:

PI = 3.14159
chuvi = PI * duongKinh

Trong doan ma nay PI 1a bién di duoc gan gia tri hing va chua co sy thay ddi ndo
vé gia tri nén PI duoc thay thé bang gi tri da gan trudc d6. Két qua nhu sau:

chuvi = 3.14159 * duongKinh

e Thay thé cac biéu thirc con chung
Khi cac biéu thic con duoc chira trong cac biéu thirc con khéc can tinh toan gia tri
biéu thirc con mét 1an va thay thé két qua nay vao moi biéu thirc chira biéu thirc con. Bién

do1 nay cai tién dugc ca ve hiéu ndng, kich thudc va ti€u thy dién nang. Xét doan ma sau:

X = (a+ b * ¢) * 10
Y=a+ Db *c - 100 + d
Z = a+ b * c + e*f

T=a+ b * c - d*e/f
Trong doan ma ndy, a + b * c la biéu thirc con chung do d6 chung ta c6 thé tinh

toan va thay thé nhu sau:

temp = a + b * ¢

X = temp * 10

Y = temp - 100 + d
Z = temp + e*f

T = temp - d*e/f

e Giam cac I€énh phirc tap
Phép bién ddi ndy nhim thay thé cac 1énh phuc tap, tiéu ton ning lugng nhu 1énh
nhan, chia, liy thira bﬁng cac l1énh don gidn va hiéu qua hon nhu I¢énh cong, 1énh dich,

v.v. Bang 3.1 minh hoa 1énh nhan dugc thay bﬁng 1énh cong.

Bang 3.1. Thay thé 1énh phurc tap

M3 ban dau Ma thay thé
for i = 1 to 10 do X =0
for i = 1 to 10 do
X =1 *5 .
) X += 5
end .
end
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e Di chuyén ma
Phép bién doi nay di chuyén mdt 1énh hodc mot doan mi dén céc vi tri khac nhau
nham dat duoc cac muc tiéu tdi wu. Béang 3.2 minh hoa k¥ thuat di chuyén ma dé giam

kich thudc, giam tan so6 thuc hién va di chuyén ma ra ngoai vong lap.

Bing 3.2. Di chuyén ma dé téi uu

DPoan ma ban dau Poan ma cai tién

Di chuyén ma dé giam kich thudc

if (a < b) then temp = X * ¢ * 2
Z =X * c * 2 if (a < b) then
else Z = temp
Y =X * ¢ * 2 + 10 else
Y = temp + 10
Di chuyén mi dé ting hiéu ning
if (a < b) then if (a < b) then({
Z =X * 2 temp = X * 2
else Z = temp
Y = 10 }
G =X *2 else{
Y = 10
temp = X * 2
}
G = temp
Di chuyén ma ra ngoai vong lap
while (i < (max - 2)) temp = max - 2

while (i < temp)

e Loai bé mi chét
M3 chét 1 nhitng doan mi khong duogc thyuc thi theo bat ky mot dudng nio trong
chuong trinh. Loai bo ma chét s& cai tién chuong trinh vé moi tiéu chi. Vi du mét doan
ma chét nhu minh hoa sau.
kiemTra = 0
if (kiemTra) ({..}
e Lan truyén ban sao don gian hon
La phép bién do6i thay thé d6i twong dugc gan bang d6i tuong gan. Piéu nay chi cd
¥y nghia khi truy xuat dén ddi tuong duoc gan phuc tap hon doi twong gan. Bién d6i nay
duoc minh hoa trong hai doan ma dudi day.

x[1] = a

sum = x[1] + a
Thanh

x[1] = a

sum = a + a
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ii.  Phén tich ma ngudn

Trude khi cai tién ma nguén, can thuc hién phan tich ma ngué)n chuong trinh. bé
hd tro cac k¥ thuat t6i wu, phan tich ma ngudn nham phan chia chuong trinh thanh cac
khdi nho hon va cac ludng didu khién. Trong hau hét cac trinh bién dich, chuong trinh
dugc chia thanh cac khéi co ban va xay dung d6 thi ludng diéu khién gitra cac khéi co
ban dé tién hanh tdi vu theo cac murc khac nhau. Tdi wu cuc bd duge thuc hién trong moi
khdi co ban. Téi uu vong 1ap va tdi wu toan cuc duoc tap trung vao quan hé gitra cac khoi
co ban.

o Khéi co bin

Khdi co ban 1a mot chudi tudn tu cac cau 1énh véi mot diém vao duy nhét 1a 1énh

dau tién va mot diém ra duy nhat 1 1énh cudi cung ctia khdi 1énh. Theo dé s& khong co

cac cau truc 1€ nhanh va cau trac 1dp trong khoi co ban. Mot khoi co ban c6 thé minh hoa

nhu sau:
L3: t5 = a * b
t6 := t5 + ¢
d = t2 * t2

if d = 0 goto L4

e Biéu dd ludng diéu khién trong chwong trinh
Sau khi dd xac dinh duoc cac khdi co ban, can xay dung cac biéu d6 ludng diéu
khién (CFG) dé phén tich qué trinh thyc thi trong chuwong trinh nhim hd tro tdi wu toan
cuc ciing nhu tdi vu cac ciu tric lip. Biéu d6 ludng diéu khién 1a d6 thi c6 hudng biéu

dién cach t6 chuc cac khoéi co ban trong

chuong trinh. Mdi nut trong d6 thi 1a

0 Bl

mot khoi co ban. Moi canh bi€u dién

mot luéng thuc thi tir mot khdi co ban

tl:=a-b
dén mot khoi khac. Hinh 3.2 minh hoa ifz t1 goto B4 |
cac khéi co ban va do thi luong diéu ____'
2 \ 2 12:=i%
khién. Trong phan tich ma nguon, biéu si=s+12 B4
d6 ludng dir liéu thuong sir dung dé xéac
. N - L X X . =i+l
dinh vong lap va ho trg to1 vu toan cuc ke
nhu lan truyén ban sao, thay thé bicu s ‘3v’~'"“' B2 | BS
thirc chung dua trén cac biéu do con dan [W=3-b | B6

xuat tir biéu d6 ludng diéu khién.
Hinh 3.2: D6 thi ludng diéu khién
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3.2.2. Cai tién toi wu cuc b dua trén thay thé biéu thirc twong dwong
i. Y twéng va quy trinh nghién ciru

Trong phan nay, chiing t6i dé xuat mot cai tién cho cac phuong phap t6i uu cuc bo
dura trén thay thé cac biéu thirc twong dwong. Y tudng chinh cua cai tién nay 1a phan tich
mé ngudn, tim va thay thé cac biéu thic twong duong duwa trén cac tinh chat toan hoc.
Theo d6, moi biéu thirc twong dwong trong chuwong trinh dugc thay thé bang mot biéu
thirc va chi phai tinh gia tri mot 1an nén rat ngin duoc thoi gian tinh toan.

Trong mdi khéi co ban, van d& loai bo cac biéu thic con chung dé tdi wu dugc dung
phd bién nhét. Phuong phap loai bé biéu thirc con chung phd bién nhat 1a dya trén d6 thi
c¢6 hudng khong chu trinh (DAG). Theo phuong phap nay, dau tién can xdy dung DAG
ctia moi khdi co ban sau d6 thuc hién cac bién ddi toi wu trén DAG va sinh ma tr DAG
t61 wvu. Tuy nhién, phuong phap t6i wu truyén théng ndy chua xét dén sy thay thé cia cac
biéu thirc twong duong [3]. Nghia 1a chi thay thé cac biéu thuc gidng nhau ma khéng thay
thé cac biéu thirc khac nhau nhung tuong duong nhau dira trén céc tinh chit toan hoc.

Quy trinh téi wu theo phuong phap cai tién nay dugc chung t6i thuc hién nhu trong
Hinh 3.3. Pau tién, chung t6i phan tich ma ngudn dé xac dinh cac khéi co ban. Sau do,
chung t6i phéan tich mdi khdi co ban dé tim cac biéu thirc twong dwong, cac biéu thic con
trong dwong va cac biéu thie tinh toan dugc. Cac biéu thirc con twong duong 13 mot phan
trong mot biéu thirc twong dwong v4i mot phan trong mot biéu thirc khac. Cac biéu thic,
biéu thirc con tuwong duong s& dugc thay thé bang biéu thirc ban dau. Cac biéu thirc cd
kha ning tinh toan dugc ciing duoc tinh va thay thé bang gia tri ctia biéu thuc. Tiép dén,
chung t6i xay dung DAG ctia mdi khéi co ban va thuc hién cac bién ddi trén DAG dé t6i

uu. T DAG t61 vu s€ sinh ngugc lai ma nguén cua moi khoi co ban.

[ Phan tich ma ngudn, }

tim céac khoi co ban

»”
al
\ 4 Lap v6i mdi khoi co

Xac dinh va thay thé cac ban
bieu thure con tuong duong

|

Xay dyng DAG Sinh ma tir DAG t6i
Toi wu trén DAG wu

Hinh 3.3: Quy trinh t&i uu dua trén biéu thirc twong duong
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Xac dinh va thay thé biéu thirc twong dwong

e Xac dinh biéu thic twong dwong

Diém quan trong trong cai ti€n cua chung t61 1a can phai xac dinh cac biéu thuc

tuong duwong dua trén cac tinh chit toan hoc. Hai biéu thirc c6 thé dugc chimg minh

trong duong dua trén cay biéu thirc. Bang 3.3 minh hoa cac budc phan tich, xay dung cay

biéu thirc. Trong budc 1, biéu thirc ban dau duoc bd sung thém cac ddu ngodc don dé

phan biét cac phép toan theo mirc vu tién. Dua trén cac toan hang don 13 cac hang, bién

d3 phan tich trong budc 2, cac cdy con cho cac phép toan uu tién cao nhit s& dugc xay

dung nhu trong bude 3. Qua trinh sé tiép tuc cho cic phép toan muc uu tién tiép theo nhu

trong budc 4 va budc 5. Trong mdi budc, c6 thé chi ra hai biéu thic twong duong dua

trén tinh chét giao hoan. Hai biéu thirc trong duong trong moi budc thi méi twong duong

nhau.
Bing 3.3. Minh hoa cac budc chirng minh hai biéu thirc twong duong
Cé'c e R , A e R , o R ,
, Bicu thire 1 Cay biéu thurc Bicu thire 2
budc
(a+b) *c-d/e c* (b+a)-d/e
1 ((a+b) *c) - (c* (bta)) -
(d/e) (d/e)
2 a ) | --h-- ) c | d | | --e-- )
—_— S— S— S— S—
. (a+b) "\ A (b+a)
(d/e) a) br ] (e) (d) (e (d/e)
(&)
4 (a+tb) *c 't ) ':,{ ' c* (a+b)
(a) '?\_b»j' (e) (d) ""e._f
:/n
5 ((atb) *c) - ‘\_/ (c* (b+ta)) -
(d/e) G (1) (d/e)
ta) (b)) | c“' 'J,’di_vf! Ae_
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e Thay thé biéu thitc twong dwong

Duya trén phuong phap xac dinh hai biéu thirc twong dwong nhu trinh bay trong
phan trudc, trong phan nay, ching t6i sé thay thé cac biéu thuc tvong duong nhau bang
mot biéu thirc dai dién trong cac khdi co ban. Viéc thay thé nay duoc thuc hién trudce cac
k¥ thuat t6i vu nham cai tién cht luong t6i vu khi loai bo cac biéu thirc con chung. Pau
tién, duyét tmg cau lénh trong khdi co ban dé tim cac biéu thirc va biéu thirc con. Sau dé
xéac dinh cac biéu thirc tuong duong trong tip biéu thirc. Cudi cung, thay thé cac biéu
thirc tuong duong bé“mg biéu thure dai dién s& duoc khdi ma bao g6m nhiéu biéu thirc hodc
biéu thirc con gidng nhau. Cac biéu thirc gidng nhau nay s& duoc loai bo khi thuc hién k¥
thuat t6i wu s& trinh bay trong phan tiép theo.

iii. Xay dung DAG ciia khoi co ban

Céc phuong phap t6i vu ma ngudn cuc b trong cac khdi co ban thudng dua trén do
thi ¢4 hudng khong chu trinh biéu dién khbi ma. Dya trén DAG dé thyc hién cac ky thuat
tdi wu nhu loai bé biéu thirc con chung, loai b6 ma chét, v.v. DAG cta mdt khdi co ban
duoc mo ta nhu sau:

- Céc nbt 14 duoc gan nhén v6i dinh danh duy nhat (tén bién hodc hang)

- Céc ndt trong duoc gan nhan bang ky hiéu phép toan

- MQdi ndt c6 thé c6 mot danh sach cac nhin

- Céc canh thé hién quan hé giita phép toan va toan hang

- Nbt trong biéu dién gia tri tinh duoc thi dinh danh trén nhin lwu giit gid tri

Dé xay dung DAG cua khdi co ban, co thé st dung thuit toan trong nghién ctru
[73]. Hinh 3.4 minh hoa mét khéi co ban va DAG tuong tmg. Trong d6 mdi nt 14 biéu
dién mot gia tri hoic mot dinh danh, moi ndt trong biéu dién mot 1énh va cac ndt con cla

not trong biéu dién dinh nghia méi nhat cua cac toan hang.

£, := 4 % 1
t; :=a [ t; ]
£, := 4 * 1
ty := b [ ty ]
tg 1= ty; + t,
1 := tg

Hinh 3.4: Khéi co ban va DAG tuong tng
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iv.  Ti wu cuc bd dwa trén DAG

Sau khi da thay thé cac biéu thic twong dwong bang mot biéu thic dai dién, chung
t6i st dung cac phép bién doi trén DAG nhu loai bo cac biéu thic con chung va loai bo
mi chét dé tdi wu cuc bo. Y tudng cua loai bd cac biéu thirc con chung 1a tinh gia tri cua
biéu thirc con mét 1an chira vao bién va thay thé bién ndy cho moi biéu thirc con chung
con lai. Theo d6 chuong trinh khong phai tinh toan lai biéu thirc nén rat duoc thoi gian
thuc thi. Loai bd ma chét 1a loai bd cac doan mi khong dugc thyc thi bdi bat ky mot
duong nao trong chuong trinh. Loai bo cac doan ma nay gitp cai tién vé moi tiéu chi t6i
uu.

e Loai b cac biéu thirc con chung

Cac biéu thtrc con chung duogc loai bo bang viéc xay dung DAG. Tuy nhién, cac
biéu thirc con chung trong céac vi tri khac nhau phai ¢6 cung két qua tinh toan méi duoc
loai bo. Hinh 3.5a sau minh hoa biéu thitc con chung c6 gia tri khac nhau nén khong thé

loai bé va phai duoc biéu dién lai va xdy dung DAG nhu trong Hinh 3.5b.

a := b + ¢ =
) (+)e

b :=b - d Biéu thiec con chung sinh

e = e + d ra ket qua khac nhau

e 1= b + ¢

a. Biéu thirc con chung khong duoc loai bo

by) (So ds)

b. DAG dugc xay dung lai

Hinh 3.5: Minh hoa xtr Iy loai bo biéu thirc con chung

e Loai bé doan ma chét
M4 sinh tir DAG s& khong chira cac doan mé chét nhu minh hoa trong Hinh 3.6.

= +
= = < a := b + c
b :=a - d d:=a - d
d:=a — d — 4+ o
c = d + o

b is not live

bl] Zp

Hinh 3.6: Ma sinh ra tir DAG khong chira ma chét
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V.  Thuc nghiém va danh gia

Trong phan nay, dé kiém chimg phuong phap tdi wu, ching toi tién hanh thyc
nghiém theo mé hinh nhu trong Hinh 3.7. Pau vao cta chuong trinh thay thé biéu thirc
trong duong 13 mot chuong trinh ngudn C. Pau ra 13 mot chuong trinh ngudn C véi cac
biéu thirc twong dwong nhau di duoc thay thé. Tir chuong trinh C ban du duogc bién dich
v&1 GCC khong lya chon tdi wu duoc chuong trinh 1 va dugc bién dich voéi cac lya chon
t61 vu nham loai bd biéu thic con chung (CSE) dugc chuong trinh 2. Chuong trinh C da
dugc thay thé v6i cac biéu thirc con twong dwong ciing dugc bién dich bang GCC véi cac
lua chon téi uu nhu vay dugc chuong trinh 3. Qua trinh bién dich véi cac lya chon tdi wu
trong GCC dugc minh hoa trong Hinh 3.8. Sau d6, ching t61 st dung 1énh time cua hé
diéu hanh Ubuntu do thoi gian thyc thi ctia mdi chuong trinh 10 1an va lay gi4 tri trung
binh. Khi str dung 1énh time c6 ba tham s ra: real 1a tong thoi gian thuc hién tién trinh
tir khi bat dau dén khi két thuc, user 13 thoi gian st dung CPU thuc té cua tién trinh trong
ché d6 ngudi dung va sys 1a thoi gian sir dung CPU thyc té cua tién trinh m@c nhan hé
diéu hanh. Do d6, dé tranh anh hudng cua céc tién trinh khac, trong thuc nghiém ching
t6i 14y thoi gian thyuc thi theo tham sé user. Méi trudng thuc nghiém cu thé dugc chi ra
trong Bang 3.4. Két qua thuc nghiém danh gia hiéu ning cta ba chwong trinh dugc téng

hop trong Bang 3.5 va Hinh 3.9.

‘__,-"— - ~
) . Chuwong trinh phin
Minguén C #| tichva thay thé bisu
thirc frong dwong

h 4 h J ¥
- M nguén C
trung slan

L
Bién dich vl ol
GCC khangtdi
ighl
\

Bién dich téiwu
’/Ehl.m'ng trinh 1 Churong trinh 2 Chwongz trinh 3

vl lra chon
¥

CEE trong GCC
‘.:r S0 sinh, dinhgid }_-,

L

Hinh 3.7: M6 hinh thuc nghiém thay thé biéu thic twong duong

Bang 3.4. Moi truong thuc nghiém

Vi xir ly Intel Core i5 — 2.26

Bo nh¢ 2GB

H¢ diéu hanh Ubuntu 11.0.4

Chuwong trinh dich GCC4.6.4

Cong cu do thoi gian thue thi Lénh time cua Ubuntu
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- o

root@huongpv: /home/huongpvjc-code fJopt-cse

root@ghuongpy: /home fhuongpv/c-code/opt-csed gcc

er-loop -fgcse -fgcse-1m -fgcse-sm -fgcse-las -focse-after-reload funcl-1.c
(Bién dich véi cic lya chon toi uu)
root@huongpv: /home /huongpv/c-code/opt-cset time . /funcl.o

unci-1

-CS€.0

omo.126s
Om0.116s
\ om0 . 000s
root@huongpv: /home /huongpv/c-code/opt-csed time . /funcl-cse.o

ome.117s
om0.112s
om0 .000s

-fmerge-constants

téotghuongpv:/hone/huongpvlc-codc/opl<c3c# time ./funcil-1-cse.o

real
user
sys

omB.090s
OmB.088s
om0 .000s

root@ghuongpv: /home /huongpv/c-code/opt-cse# I

Hinh 3.8: Bién dich va lya chon t6i vu véi GCC

Bang 3.5. Thoi gian thyc thi va kich thudc chuong trinh

-frerun-cse-aft

of

Lin thue thi sumNnumber Fibonacci sumPrimes

an thye th P1 P2 P3 P1 P2 P3 P1 P2 P3
1| 0333] 0323] 0282 0503] 0501] 0491 0,153 0,151| 0,139
2| 0,336] 0,328] 0,283] 0511] 0502| 0502| 0,149]| 0,145 0,142
3| 0,342] 0,341 0,273] 0,495] 0501| 0487| 0,155 0,153| 0,140
4| 0343] 0,339] 0,275 0501] 0,489 0,495| 0,151 0,148] 0,138
5/ 0,343] 0,337| 0,278] 0,508] 0504] 0488 0,147| 0,141 0,136
6| 05347 0332] 0267| 0513] 0507| 0493] 0,150| 0,145 0,143
7| 0,5339] 0,35 0,265] 0,506] 0505 0,501| 0,148| 0,147| 0,139
8| 0,338 0,336 0271] 0508] 0503] 0485 0,145 0,143] 0,137
9| 0,347 0,344] 0,264] 0503] 0501] 0498] 0,151 0,149| 0,140
10| 0,345 0,343] 0,275| 0511 0506 0,495 0,149 0,141 0,137

Th“‘bigr‘]?]“(g““g 0,3413| 0,3373| 0,2733| 0,5059| 0,5019| 0,4935| 0,1498| 0,1463| 0,1391

Biéu do so sanh thoi gian thuec thi
trung binh

0.6
0.5

Theoi gian thyc thi trung binh (s)

©
s

© o o
[ R

o

sumNnumber

Fibonacci |

sumPrimes

Hinh 3.9: So sénh thoi gian thyc thi cua cac phién ban chuong trinh
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Trong thuc nghiém trén, chiing t6i da st dung bd cong cu bién dich GCC phién
ban 4.6.4 [84] d¢ bién dich véi cac lya chon tdi wru va dénh gia thoi gian thyc thi. Bo cong
cu bién dich GCC 4.6.4 hd tro cac lya chon tdi vu thay thé cac biéu thirc con giéng nhau
nhung khong hd tro tinh ning thay thé cic biéu thuc twong duong. Biéu d6 so sanh hic¢u
nang trong Hinh 3.9 chi ra chuong trinh 1 dugc bién dich khong Iya chon tdi vu c6 thoi
gian thuc thi trung binh 16n nhét, chuong trinh 2 dugc bién dich véi cac lya chon tdi uu
loai b6 biéu thirc con chung ¢ thdi gian thuc thi trung binh ngin hon va chuong trinh 3
dugc thay thé cac biéu thirc trong duong trude khi duoc bién dich voi cac lwa chon tdi vu
loai bo cac biéu thirc chung c6 thdi gian thuc thi trung binh nhoé nhit. Két qua thuc
nghiém cho thay viéc phén tich va thay thé cac biéu thirc twong duong trong phuong phap
cai tién clia chung t6i gitip rat ngan thoi gian thuc thi. Cai tién nay c6 nhiéu y nghia hon

trong phat trién phan mém nhiing v&i méi trudng thuc thi han ché.

3.2.3. Cai tién hi¢u ning phan mém nhing dya trén nén dir liéu
i. Y twéng va quy trinh nghién ciru
Trong phan ndy, chung t6i dé xuat va trién khai phuong phap cai tién hiéu ning
phan mém nhiing trén dién thoai di dong trong cac mdi trudng phéan tan dya trén nén dir
lidu. Y tuong chinh ctia phwong phap nay 12 cai tién thoi gian truyén thong tin trén dudng
truyén duwa trén nén dir liéu. Quy trinh nghién ctru va thuc nghiém phuong phap tdi wu

nay duoc chi ra nhu trong Hinh 3.10.

( )

) Trién khai phuon
% A Xay dung mo hinh céi tién , ;P £
Bat dau e phap toi uu
hiéu nang
) N\ J

v

N e N
Xay dung cac cong thirc Thuc nghiémva danh
x4c dinh diéu kiénnén [ gia

J - J

Hinh 3.10: Quy trinh nghién ctru, trién khai tdi vu dua trén nén dir liéu
ii. Mo hinh ci tién hiéu niing

Phan mém dién thoai di dong trong méi trudng phan tan thuong thuc hién theo mo
hinh dich vu web va sir dung giao thirc truy xuat doi tuong don gian (SOAP). Theo md
hinh dich vu web, phﬁn mém trén dién thoai di dong dong goi dir liéu trong mdt goi
SOAP, giri 1én may chua dich vu web, triéu goi thuc hién mot dich vu tir xa va hién thj két
qua tra vé tir dich vu web. Do d6 thoi gian thyc thi ing dung dién thoai di dong trong moi

truong phan tan ¢ thé dugc tinh theo cong thirc (3.1):
T=T1+T,+T; (3.1)
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Trong do T la téng thot gian thyc thi, T, 1a thot gian xtr 1y trén dién thoai di dong, T;
1a thoi gian dir liéu di trén duong truyén va T, 1a thoi gian xtr 1y trén may cha. Do d6 van
dé cai tién, t6i uu phan mém phan tan trén dién thoai di dong gdm ba phan chinh: tdi wu
cuc bo trén dién thoai di dong, t6i uu cuc bd may chu dich vu web va tdi vu tiéu thy bang
thong dé tang téc do truyén dit liéu. Mo hinh cai tién hiéu niang phan mém nhiing phan

tan dya vao nén dit li¢u dugc mo ta nhu trong Hinh 3.11.

==
==
]
=
—
Web Server Web Service Server
Decompress Compress Compress Decompress
data data data data
* S (. Decompress Decompress o _+ -
[_ ey data d;"; [_ —
d ] Compressed
jver (B | i || [
b it oo _I""* Compress —y Compress — L _"_ =
Oia Mobile App data

Hinh 3.11: Mo hinh cai tién hiéu nang dua vao nén dir liu
iii.  Xac dinh diéu kién nén

Khi dit liéu dugc nén, chuong trinh cin thoi gian dé nén trude gui di va thoi gian
giai nén sau khi nhan dugc dé co thé xur Iy. Do d6 T, va T, ting 1én con Ts giam xudng.
Goi thoi gian ting 1én 14 T; va T; dugc tinh theo cong thirc (3.2). Thoi gian giam xudng Tq
duoc tinh theo cong thue (3.3). Trong do, Sk 1a kich thudce tép tin dir li¢u, thoi gian trung
binh dé nén mot byte dit liéu 14 t,, thoi gian trung binh dé giai nén mot byte 14 ty, thoi gian
trung binh dé truyén mot byte dir liéu 1a t. va r 1a ti 1 nén. Tir cong thire (3.2) va (3.3),
chung t6i tinh tong thoi gian thuc thi giam di T, theo cong thic (3.4).

T, =Sp Xt,+ Sp X1 Xty 3.2)
T, =Sgx(1—r)Xt, (3.3)
T, =T, —T,; (3.4)

Theo céac cong thuc trén, khi sir dung k¥ thuat nén dir liéu dé giam tong thoi gian
thue thi, can xac dinh dugc diéu kién nén. Chi khi thoi gian tiét kiém dugc trén duong

truyén 16n hon téng thoi gian nén va giai nén trén dién thoai di dong va trén may chi thi
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dr liéu méi1 duge nén va gui di. Do do diéu kién nén duoc xac dinh theo cong thuc (3.2),
(3.3) va (3.4) khi T bang 0.

Iv. Thwc nghiém va danh gia

Pé kiém chirng mo hinh cai tién hiéu nang dua trén nén dit li¢u, trong thuc nghiém
nay, ching t61 thir nghiém vd&i chuong trinh nhan dang chit Nom trén dién thoai di dong
theo trong moi truong phan tan. Chuong trinh nay dugc mé ta chi tiét trong Phu luc
P.2.2. Chuong trinh thtr nghiém nay duogc xay dung theo hai phién ban cé nén va khong
nén dir li€u. Sau do chung t61 bién dich va thyc thi hai phién ban trén cung mdt moi
truong nhu trong Bang 3.6. Mdi phién ban dugc thuc thi 10 1an dé tinh thoi gian thuc thi
trung binh. Bang 3.7 tong hop thoi gian thuc thi phién ban khong nén dit liéu cta chuong
trinh va Bang 3.8 tong hop thoi gian thuc thi phién ban nén dit liéu. Biéu do so sanh hiéu

nang dugc trinh bay trong Hinh 3.12.

Bing 3.6. Mbi trudng phat trién va thuc hién Gmg dung

Coéng nghé Mo0-dun trén dién thoai Dich vu web trén may chi
Hé¢ dicu hanh Windows Mobile Windows

Thu vién .NET Compact framework | .NET framework

Ngon ngi C# C#

Cong cu Visual Studio.NET 2008 Visual Studio.NET 2008

Bang 3.7. Tong hop thoi gian thyuc thi phién ban khong nén

Lan thuc Kich thuérc tép tin (KB)

hién 106| 216| 322| 413| 521| 615| 709| 798| 923| 1035|1285 | 1498
1| 16,3| 182| 1955| 20,7| 22,1 25| 27,5\ 32,7| 38| 46,2| 65,0| 76,2
2| 150| 17,9| 19,7| 20,4| 22,7| 245| 27.8| 32,2| 3872| 455| 63,5| 757
3| 1477| 165| 186| 19,8 21,5| 24.8| 291| 33,1| 37,5| 451| 63,7| 76,3
4| 151| 17,5 19,3| 205| 20,8| 26,3| 28,0| 34,0/ 39,0/ 46,1| 64,2| 76,1
5| 16,4| 185| 20,1| 20,1| 21,4| 251| 275| 335| 385| 46/4| 62,8| 753
6| 157 181| 19,4| 21,2| 22,3| 257| 28,4| 32,3| 37,6 47,0/ 63,1| 74,8
7| 16,3| 16,9| 19,5| 19,6| 22,7| 26,5| 27,0/ 31,7| 36,8| 452| 63,3| 75,0
8| 1655| 18,3| 186| 20,3| 235| 26,0| 282| 31,5| 39,2| 439| 629| 74,6
9| 16,2| 188| 183| 204| 22,6| 24,7| 290| 33,4| 37,7| 445| 635| 752
10| 16,2 18,35| 19,18| 20,34| 23,5| 253| 29,3| 32,5| 38,1| 452| 63,0| 75,0

Thoi gian

trung binh | 1584| 17,91| 19,22| 20,33|22,31| 25,39|28,18| 32,69 | 38,06|45,51| 63,5|75,42

(s)
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Bang 3.8. Tong hop thoi gian thuc thi phién ban nén dit liéu

Lan thue Kich thwéc tép tin (KB)
hi¢n 106| 216| 322| 413| 521| 615| 709| 798| 923| 1035| 1285| 1498
1| 140| 175| 18,0| 20,0| 225| 235| 26,5/ 30,7| 335| 392| 551| 64,1
2| 13,0| 16,0/ 18,7| 20,7 22,3| 24,2| 26,8| 30,2 352| 395| 555| 657
3| 125| 155 190| 19,2 21,1| 23,8| 27,1| 31,0 345| 401| 537| 621
41 150 17,0| 19,3| 185| 208| 24,3| 27,3| 30,4| 341| 39,1| 548| 631
S| 13,4| 16,55/ 16,9| 20,1| 204| 241| 275| 31,2 334| 394| 538 623
6| 14,7| 150| 17,0| 190 21,3| 23,7| 26,4| 305| 346| 410| 551| 64,7
7] 16,0/ 14,9| 185| 19,6 20,7| 245| 27,0| 30,7| 32,8 41,2| 57,3| 650
8| 15,0 17,3| 17,6| 18,3| 22,5| 240| 27,2| 305| 33,2| 39,3| 559| 64,6
9| 145| 16,8| 18,3| 18,9| 20,6 23,7| 26,9| 30,4| 32,7| 395| 542| 6272
10| 155| 17,0| 18,5| 19,1| 21,42| 23,7| 27,2| 306| 33,4| 393| 552| 625

Thoi gian
trung binh 14,36 | 16,35| 18,18 | 19,34 | 21,36 | 23,95| 26,99 | 30,62 | 33,74 | 39,76 | 55,06| 63,63
(s)

So sanh thoi gian thuec thi khi nén va khong
nén di¥ liéu
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Hinh 3.12: So sanh thoi gian thyuc thi khi nén va khong nén dir li¢u

3.3. T6i wu ma hop ngir hwéng dén cac CPU hé thong nhing
Téi wu ma hop ngir 1a muc tdi uu ddc thu cua hé théng nhing va c6 hai nhan té
chinh 4nh huéng dén t6i wu 1a kién trac CPU dich va kién trac may dich. Khac véi cac hé
thong méy tinh thong thuong, CPU trong hé théng nhing don gian nhung da dang hon rat
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nhiéu. Mdi loai CPU c6 sb lugng thanh ghi khac nhau, tap 1énh may khéac nhau va kiéu
kién trac khac nhau. C6 hai kiéu kién trac tap 1énh CPU phd bién nhat 1a RISC va CISC.
RISC 1a kién trtc tap 1énh phd bién nhit ctua cac CPU hé thdng nhing véi tap 1énh rat
gon, cac 1énh c6 cing d6 dai va khong c6 cic phép toan truc tiép giita thanh ghi va bo
nhé. CISC 1a kién trac tap 1énh phiic tap v6i s6 lugng 1énh nhiéu hon, d6 dai cac 1énh
khong cb dinh va cho phép thuc hién cic phép toan giira thanh ghi va bd nhg. Trinh hop
dich phai biét kién trac CPU dich dé thuc hién cac ky thuat t6i wu hiéu qua hon. Ngoai ra,
v6i mdi kién tric CPU khéc nhau ciing can c6 cac phuong phéap t6i wu phu hop. C6 ba
kiéu kién tric bén trong CPU d6 1a kién trGc don 1énh, kién tric duong 6ng lénh
(pipeline) va kién trac siéu vo hudng (superscalar). So véi t6i uu cho kién trac don 1énh,
t61 wu cho kién trac duong dng 1énh, siéu vo hudng phirc tap hon va con nhiéu thach thiec.
Pong thoi voi mdi kién trac CPU dich ciing can quan tdm dén sd cac don vi chiic ning
nhu don vi 18gic va sb hoc (ALU) va don vi xtr Iy ddu phay dong (FPU). Néu CPU co
nhiéu don vi chuc nang s€ cho phép nhiéu 1énh thyc hién déng thoi. Do d6 trinh hop dich
c6 thé thuc hién t6i vu dya trén song song hoa bén trong CPU.

Nhan té chinh thir hai tic dong dén cac phuong phép téi wu 1a kién trac may dich.
C6 hai kién trac may dich phd bién 1a Von Neumann va Harvard. Kién trac Harvard cai
tién hiéu nang hon so voi kién trac Von Neumann do su tach biét ciia bd nhé chuong
trinh va bo nhé dir liéu ciing nhu c¢6 dudng truyén riéng cho mdi loai bo nhd ndy. Trong
kién trac may dich ciing can quan tim dén phan cip bd nhé va sir dung bd nhé an (cache).
Kich thudc bd nhd an va ti 18 truyén dir liéu gitta by nhd chinh va by nhé an cling anh
huéng dén hiéu ning va dién ning tiéu thu. Do d6 khi tdi wu mirc hop ngit, kién tric may
dich 12 mot nhan t6 quan trong ma trinh hop dich chéo phai xem xét.

Ngoai hai nhan té chinh anh huéng dén cac phuong phap tdi wu, véi mdi muc tiéu
t61 uu khac nhau cin c6 phuong phap phu hop va hiéu qua. Ciing nhu trong cac giai doan
khéc, trong murc tdi wu ndy, muc tiéu tdi wu co thé 1a hiéu ning, tiéu thu dién ning, kich
thudc phan mém nhung, v.v. va t6i vu da muc tiéu. Cac phuong phap téi vu mirc ma hop
ngit tap trung vao ba hudng chinh d6 1a 1ap lich cac 1énh, phan bo thanh ghi va cac bién
d6i mirc 1énh hop ngit. Noi dung chi tiét trong phan nay s& tom lugc co sé 1y thuyét ciing

nhu cai tién va dé xuat mot sb phuong phap t6i wu theo cac muyc tiéu tdi wu trén,

3.3.1. Cac phwong phap tdi wu co ban dwa trén mé hop ngir
i.  Thay doi thir tw thue hién 1énh
Thay dbi tht tu thuc hién 1énh 1a k¥ thudt dugc sir dung trong hau hét cac CPU
hi€u nang cao trong do6 thir tu thuc hién 1€nh ban dau duoc pha vo dé thay thé béng thu tu

thyc hién tot hon dya trén tinh sin sang ciia dir liéu vao. Ky thuat nay nham ting kha
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ning tan dung CPU, tranh trudng hop CPU 1di khi doi nhan dit liéu cho cdu 1énh bang
cach co thé xur 1y cac cau 1énh tiép sau c6 kha nang thuc hién ngay. Vi du trong khi doi
léy dit liéu dé thuc hién phép cong sb thuc, c6 thé thyc hién luén phép cong $6 nguyén vi
bd cong sb thuc va bd cong s6 nguyén 13 hai mach phan cting khac nhau. Mot s6 CPU hd
tro tinh nang nay nhu PowerPC 601, MIPS R10000, HP PA-8000, AMD K35, v.v.

Bing 3.9. K thuat d6i tén thanh ghi

Poan mi ban dau Sau khi d6i tén thanh ghi

mov eax, [meml] mov eax, [meml]

imul eax, 6 imul eax, 6

mov [mem2], eax mov [mem2], eax

mov ebx, [mem3] mov eax, [mem3]

add ebx, 2 add eax, 2

mov [memd], ebx mov [memd], eax

ii.  DOoi tén thanh ghi

K§ thuat ndy 1am ting tinh doc 1ap dé c6 thé thuc hién song song hoa trong CPU
bang cach dua cac thanh ghi 16gic vé cliing tén trong mot khdi 1énh. Trong cac thao tac ghi
dir liéu, thanh ghi 16gic chung s& dugc cip phat cAc thanh ghi vat Iy khac nhau. Do dé c6
thé tinh toan doc lp va song song. Dé thuc hién k¥ thudt nay, CPU phai hd tro tinh ning
d6i tén thanh ghi va phai c6 nhiéu thanh ghi. K§ thuit nay duoc minh hoa trong Bang 3.9.

iii.  Tranh sir dung cac thanh ghi thanh phin
Khi st dung céc thanh ghi thanh phan c6 thé 1am ting d6 tré cua cac 1énh phy
thuoc dir liéu. Xét vi du sau:
mov eax, [meml] ; 32 bit memory operand
imul eax, ©
mov [mem2], eax
mov ax, [mem3] ; 16 bit memory operand
add ax, 2
mov [memd], ax
Trong doan ma trén, 1énh mov ax, [mem3] doc lap dir li€u véi Iénh imul
eax, 6 nhung ax l1a 16 bit thdp cia thanh ghi eax nén nd phai cho 1énh imul eax, 6
thuc hién xong. C6 thé giai quyét van dé nay bang k¥ thuat doi tén thanh ghi. Nhung hau
hét cac CPU khong hd trg doi tén thanh ghi thanh phan nén sir dung thanh ghi thanh phan
trong trudng hop nay s€ lam tang thoi gian cho.
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iv.  Thay thé 1énh phirc tap thanh cic 1énh twong dwong
K¥ thuat nay ciing nham ting tinh doc 1ap dir liéu giita cac lénh trong chuwong
trinh. Vi du trong Bang 3.10, 1énh push eax dugc thay béng hai 1énh sub esp, 4 va
mov [esp], eax.Do dd lénh call SomeFunction chi phai chd 1énh sub esp, 4

thay vi phai cho 1énh push eax.

Bing 3.10. Thay thé 1énh phirc tap bang cac 1énh don gian

Poan mi ban dau Poan mi thay thé
push eax Sub esp, 4
call SomeFunction Mov [esp], eax
call SomeFunction

V. Xem xét cac don vi thuc thi

Trong mdi CPU bao gém nhiéu don vi thue thi va cac don vi thue thi duoc xay
dung bang cac mach phan ctng nén co thé thuc hién nhiu cong viée song song. Vi du
CPU c6 hai bo cong sé nguyén thi c6 thé thuc hién dong thoi hai phép cong nguyén doc
lap dir ligu. Mébi CPU cling thuong cd6 mot bd cong s6 thuc ddu chim dong va mdt bo
nhan ddu chdm dong nén c6 thé thuc hién mot phép cong dau chdm dong va mot phép
nhan ddu chdm dong ddng thoi. Nhiéu 1énh c6 thé thuc hién trong nhiéu chu ky dong h.
Diéu nay din dén thoi gian cho thuc hién 1énh tiép theo bi kéo dai. Dé cai tién van dé nay,
nhiéu CPU hd trg ky thuat duong 6ng lénh. Pé thyuc hién duong 6ng 1énh, cac 1énh can

doc lap dir ligu.

vi. Pha v& cac chudi phu thude

Pé c¢6 thé thay ddi thir ty thue hién ban diu nham cai tién hiéu nang, viéc pha vo
cac chudi phu thudc 1a can thiét. D6 tré cia chudi phu thudc bang tong thoi gian cla cac
lénh trong chudi va khong thé rut gon do d6 chi c6 thé thio g& chudi phu thudc méi co
thé rat ngfm thoi gian thuc hién cia chudi. Viéc thao gd chudi phu thudc cé thé thuc hién

bang cac ky thuat lam tang tinh doc 1ap dit liéu cla cac cau 1énh trong chudi.

vii.  Han ché str dung 1énh nhay va chwong trinh con

Céc 1énh nhay thuong thay doi ludng diéu khién ctia chuong trinh va cac 1énh nhay
xa phai chuyén dén cdu lénh nam trong doan nhd khac nén viéc dung nhiéu 1énh nhay
trong chuong trinh cling Iam tang thoi gian thuc thi. Can han ché hoic loai bo cac 1énh
nhay bang cac 1énh twong duong dé dat hiéu ning t6t hon. Khi chuyén diéu khién can
thay doi gia tri trong cap thanh ghi doan/do doi va phai luu lai gia tri trong c4c thanh ghi
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ciia CPU vao ngin xép cling nhu khoi phuc gia tri cac thanh ghi khi tré lai thuc hién

chuong trinh chinh. Do d6 han ché ding chuong trinh con ciing giup cai tién hiéu ning.

H so CPU

v

e !
Chuong trinh Phan tich cac -
hop ngit | khéi co ban trong Phan tich kién
’ chuong trinh tric CPU

-
v v

( M

Xay dung~d6 tl}i phu thude Xay dung ham danh gia hiéu
ctiia moi khoi co ban nang cho chudi t6-pd theo kién

truc pipeline va superscalar

A\ 4
- : N
Ap dung GA dé tim chudi to- /—¢—

pd tot nhat cho m&i khéi Ham danh gia
~ l hiéu nang
s - -
Sinh doan ma hop ngir toi Chuong trinh
uru cho khéi co ban hop ngit t6i wu
N

Hinh 3.13: Quy trinh téi vru hiéu ning dua trén lap lich cac 1énh

3.3.2. T6i wu hiéu ning dwa trén l1ap lich cac 1énh
i. Y twdng va quy trinh nghién ciru

Trén co sé cac phuong phap tdi wu co ban mirc md hop ngit, trong phin nay,
chung t6i dé xuat mot phuong phéap 1ap lich cac 1énh dé t6i wu hiéu ning cho cac vi xir 1y
c¢6 kién trac duong ong 1énh va kién tric siéu v6 hudng dya trén thuit toan di truyén
(GA). Y tudng chinh cua phuong phap ndy 1a tim mét thir tu thuc hién 1énh sao cho tong
kich thudc cac doan tré (stall) nho nhat d6i véi kién triic duong 6ng lénh va dat muc song
song hoa cao nhat ddi véi kién trac siéu vo huéng. Quy trinh nghién ciru va trién khai

phuong phap téi wu ndy dugc chi ra trong Hinh 3.13.

Il.  Xay dung ham danh gia hi¢u nang
Dé co thé ap dung thuat toan 1ap lich nham t6i vu hiéu nang, dau tién, chung t6i
xdy dung ham danh gia hiéu ning trén mdi chudi t6-pd. Mot chudi t6-pd chinh 1a mot thir
tu thuc hién 1énh théa man dd thi phy thudc. Trong phan nay, chung t6i xdy dung ham

danh gia cho ca hai loai kién tric vi xtt Iy 1a duong ong 1énh va siéu vo hudng.
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Ham danh gia hiéu niing cho kién tric dwong dng 1énh

Dé khong 1am thay do6i ngit nghia, tap 1énh hop ngit trong mdi khdi co ban chi c¢6
thé duoc thyc hién theo cac chudi t6-pd trén d6 thi phu thudc. Trong kién trac dudng ong,
cac 1énh duoc thuc hién géi chéng nhau nhung van phai théa man dd thi phu thudc. Gia
st CPU ¢ kién triic N-doan, mdi doan duoc thuc hién trong mot chu ky d@)ng ho va thoi
gian mdi doan 1a T,. Trong trudng hop kién trac CPU 1a tuan tu, thoi gian hoan thanh mot
cau Iénh l1a Ng X Ts. Trong truong hop CPU co kién trac duong 6ng 1énh va cac 1énh doc
lap dir liéu, thoi gian dé thuc hién xong N, cau 1énh 1a (Ng + N, — 1) X T,. Do d9, thoi
gian hoan thanh trung binh ctia mét cau lIénh duoc tinh theo cong thirc (3.5). Tuy nhién,
trong truong hop mot 1énh phu thudc dir liéu vao cau Iénh ding trudc nd thi cau 1énh s&
két thuc sau I1énh dimg ngay trudc mot khoang thoi gian 16n hon T,. Thoi gian tré (Stall)
tuy thudc vao kiéu phu thudc dir li€u gitra cac cau 1énh va dugc minh hoa trong Hinh
3.14. Trong do6, IF 1a giai doan léy 1€nh, ID Ia giai doan gidi ma 1énh, EX la giai doan thuc
thi va WB 1a giai doan ghi két qua.

_ (Ns+ N, —1) X T,

t, (3.5)
N

w$1,0($0) [IF [ID [EX[WB ; .

add $2, $2, $1 Smill | IF | ID ['EX | WB ' '

w$3,4(50) ; IF [ID |EX [WBY{ .

add $4, $4, $3 ! ! ! Sl [IF |ID [EX| WB |

Hinh 3.14: Minh hoa thoi gian tré trong kién trac dudng dng 1énh

Tur phéan tich trén, cé thé chi ra: tap lIénh thuc hién theo thir tu khac nhau sé€ c6 thoi
gian thuc hién khac nhau do tong thoi gian tré khac nhau. Theo do6, chung t6i xay dung

ham danh gi4 hiéu nang chinh 13 ham tinh tong thoi gian tré nhu trong cong thic (3.6).

Ny (3.6)

Trong do:
- f,: Ham déanh gia hi¢u nang duoc tinh bang tong do tré
- Nj: S6 cau lénh
- s;- Khoang thoi gian tré cua cau Iénh i.
Trong kién trac duong 6ng N-doan, dé thuc hién 1énh i cin xét su phu thuoc dir
liéu ctia 1énh i v6i Ng — 1 1énh dung trude. Do tré duoc tinh bﬁng thoi gian 16n nhat ma
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1&€nh i phai doi mot trong Ng — 1 1énh dung trudce. Theo do, ching t6i xay dung cong thirc
(3.7) dé tinh do tr& cua lénh i.

Si = jmax_ (na =) X T (3.7)

Trong dé: ng 13 s6 doan ma cdu 1énh i phai cho cau 1énh thei—1 —|.

Gia tri cia ng phu thude vao kiéu phu thudc dir licu gifra cac I¢nh va s6 doan cua
kién trac duong 6ng 1énh. C6 ba kiéu phu thudc dit liéu 12 doc sau ghi nhu trong Hinh
3.14, ghi sau doc nhu trong Hinh 3.15 va ghi sau ghi nhu trong Hinh 3.16. Nhu minh hoa
trong Hinh 3.15 va 3.16, mic du hai 1énh phy thudc dir liéu nhung do tré van bang 0.
Theo d6, khi 1ap trinh ham danh gia hiéu ning, chung ta cin phai xét cac kiéu phu thudc
dir liéu nay.

sub$1,52.$3 [IF | D |EX|WB
|

add 32, 54, 55 IF ID [EX 3+ WB
| |

Hinh 3.15: Kiéu phu thudc ghi sau doc

W$1.0(50) |IF |ID |EX| WB

add 31, 52, 53 IF ID | EX ['WB

Hinh 3.16: Kiéu phu thudc ghi sau ghi

Ham danh gia hiéu ning cho kién tric siéu vé hwéng

Y tudng cua kién trac siéu vo huong la nhiéu cau 1énh c6 thé duoc thuc hién song
song trong cung mot giai doan. Piéu nay doi hoi phai c6 thém cac don vi chirc ning trong
CPU. Vi dy, CPU c6 hai bd cong thi co thé thuc hién song song hai phép cong tai mdt
thoi diém. Hinh 3.17 minh hoa hoat dong bén trong CPU c¢6 kién tric siéu v hudng va
Hinh 3.18 minh hoa viéc thyc thi song song bén trong CPU theo kién tric siéu vo hudng.

add$1.#2. %2 [IF [ ID [EX]| WB !
add $4.53.%3 [IF [ ID [EX]| WB
sub $6, 5, 5 | IF ID |[EX | WB
sub 58, 57,57 | IF ID |EX | WB

Hinh 3.18: Minh hoa thyc hién 1énh trong kién trtc siéu vo hudng
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Hinh 3.17: Hoat dong bén trong CPU c¢6 kién trac siéu vo hudng

Pé xay dung ham danh gia hiéu niang, ching toi phéan tich qué trinh thyuc hién cac
cau 1énh trong mot CPU siéu vo huéng. Nhu trong Hinh 3.17, thtr tu t6-pd ctia chudi 1énh
trong chuong trinh cling chinh la thir ty nap 1énh vao CPU va cling 1a thir ty gidi ma 1énh.
Cira s6 1énh chinh 1 mot ving nhé dém trong CPU, chira cac 1énh d3 giai ma nhung chua
dugc giri dén don vi chirc ning tuong tmg. Kich thude cua cira sé 1énh con goi 13 do rong
phat 1énh, né xac dinh tdi da bao nhiéu 1énh c6 thé duoc phat déng thoi dén cac don vi
chtrc ning. Dua trén kiéu phat 1énh, kién trac siéu vé hudng gdm hai kiéu thuc thi d6 1a
in-order va out-of-order. Trong kiéu in-order, cac 1énh duogc thuc hién song song nhung
van tuan theo thir tu ctia cac 1énh trong chuong trinh. Theo dé, phan cung diéu vén trong
CPU luén kiém tra su phu thudc dit li¢u trong thoi gian chay. Chi khi cau 1énh tiép theo
khong phu thudc dit lidu vao cau lénh trudc va c6 don vi chirc nang roi thi né méi duoc
giri dén don vi chirc ning rdi nay dé thuc hién. Trong kiéu out-of-order, néu mét cau 1énh
bi ket do phu thudce dir liéu hoac thiéu tai nguyén, CPU s€ tim cau I¢nh tiép theo doc lap
dir lidu va tai nguyén san sang dé thyc hién. Qua trinh tim kiém dimg khi s6 luong cac
lénh duoc phét bang kich thudc cta do rong phat 1énh. Nhu chi ra trong Hinh 3.18, thoi
gian lay 1énh va giai ma khong phu thudc vao tha ty thuc thi. Pong thoi, thoi gian kiém
tra sy phu thudc dir liéu cua cac Iénh da giai ma chi phu thudc vao do rong phat 1énh va
khong déng ké nén c6 thé bo qua. Do d6 thoi gian thuc thi ciia chuong trinh s& phu thudc
vao do rong phat 1énh va thir tu thyc thi. Him danh gia hiéu ning cho ca hai kiéu in-order
va out-of-order cé thé duoc xay dung nhu trong cong thirc (3.8).
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fpk=k_1+xk

L LSt #e (3.8)
“Tloifsk=¢

Slk — Slk—l\ Elk—l U SI\IIC

Trong do:
e § “1a tap cac Iénh da gidi ma trong cua s6 1énh tai budc k; téng s6 1énh trong tap
nay bang do rong phat 1énh
e E “la tap cac 1énh da dugc thuc thi tai bude k — 1
e Sy k1a cac 1énh tiép theo trong chudi 1énh ban dau; cic 1énh nay s€ duogc chuyén tur

chuoi ban dau vao cua so 1énh tai budc K.

iii. Ap dung thuit toan di truyén dé 1ap lich va xiy dung chuwong trinh tdi wu

Sau khi xdy dung ham danh gia hiéu ning trén mot chudi t6-pd lénh, ching toi
cling ap dung thuat toan di truyén dé lya tim chudi t6-pd c6 hiéu ning t6t nhat. Moi
nhiém sic thé 1a mot chudi t6-pd véi vi tri cac gen chinh 14 the tu thuce hién 1énh va mdi
gen co gid tri 1a tht ty ciu 1énh trong chuong trinh ban dau. Ham danh gid hiéu ning
duogc sir dung 12 ham thich nghi. Hinh 3.19 minh hoa ciu trac dit liéu nhu mot nhidém sic

thé duoc sir dung trong chuong trinh.

Cdc dmh 1] V7 V3
Thir tw 2 6 4

-l
s,

Vs Vg V7

1 3 7

LA

Hinh 3.19: Biéu dién mot nhiém sic thé trong GA
Ap dung thut toan di truyén, ching tdi xdy dung chuong trinh t6i wu thyuc hién cac
cong viéc chinh sau: phan tich chuong trinh dé tim cac khdi co ban, xay dung do thi phu
thudc cho mdi khdi co ban, lap trinh cac ham danh gid va thuat toan di truyén dé tim
chudi t6-pd tot nhat trén d6 thi phu thudc ciia mot khéi co ban. Chuong trinh duge mo ta
cu thé trong Phu luc P.1.7.

Iv.  Thuwe nghiém va danh gia
Trong thuc nghiém nay, chung t6i st dung SimpleScalar dé mo phong vi xir 1y
MIPS. Pau tién, tao mdt trinh bién dich chéo dwa trén GCC dé bién dich mi nguén C
sang ma hop ngit cho vi xir Iy MIPS. Str dung chuong trinh t6i wu dé 1ap lich cac 1énh hop
ngit cho céac kiéu kién tric CPU khéc nhau nham t6i vu hiéu nang. Nhu viy, mot chuong
trinh C ban dau s& twong mg v6i hai chuong trinh hop ngit d6 1a chuong trinh khong
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dugc 1ap lich va chuong trinh dugc 1ap lich (t6i wu). Hai chuong trinh hop ngit nay dugc
dich chéo sang ma thyc thi MIPS ma khong st dung céc lya chon tdi wu cua GCC. Ciu
hinh SimpleScalar theo cac kién tric CPU khac nhau. Chay md phong chwong trinh thyc
thi trén SimpleScalar va théng ké két qua theo chu ky dong hd (cycle). Pau tién, chung
t6i ciu hinh CPU mé phong theo kién trac duong dng 1énh 4 doan (N = 4) va thuc hién
cac chuong trinh nhung cho MIPS duoc két qua nhu trong Bang 3.11. Mtrc d6 cai tién
hiéu niang duoc chi ra nhu trong Hinh 3.20. Véi kién trac dudng ong 1énh, thoi gian tiét
kiém duoc 1a 0,12%. Tiép theo, ching t61 cdu hinh CPU mb phong theo kién trac siéu vo
hudng véi cach thyc thi 1a in-order va tién hanh thyc nghiém trén cac chuong trinh nhing
cho MIPS di c6. Két qua thuc nghiém duoc théng ké trong Bang 3.12 va biéu db danh gia
muc dd cai tién hiéu nang dugc chi ra trong Hinh 3.21. Véi kién trac siéu vo hudng in-
order, thoi gian tiét kiém duogc 14 0,91%. Cudi cing, chung t6i ciu hinh CPU mé phong
theo kién trac siéu vo hudng véi cach thyc thi out-of-order va thuc nghiém véi ciing bd
chuong trinh nhung trong hai cdu hinh trudc. Bang 3.13 tong hop cac két qua thuc
nghiém va Hinh 3.22 trinh bay biéu d6 danh gid muc do cai tién hiéu ning trong truong

hop nay. Véi kién tric siéu vo huéng out-of-order, thoi gian tiét kiém duoc 1a 2,5%.

Biang 3.11. Tong hop két qua t6i uu hiéu ning dwa trén lap lich cho kién tric duong dng 1énh

. Thoi gian thuc thi (cycle) Thaoi gian tiet
STT|  Chuongtrinh — =r 0 ap lich Lap lich kiém (%)
1| Fibonacci 565343 565283 0,01
2| Sum N numbers 3763356 3763104 0,01
3| ArraySum 25611 25550 0,24
4| Quick Sort 89214 89109 0,12
5| Bubble Sort 380851 380734 0,03
6| Binary Search 17557 17546 0,06
7| Hanoi 263279 263162 0,04
8 | Permutation 901932 901844 0,01
9| Matrix Multiply 21159 21047 0,53
Trung binh 0,12
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Hinh 3.20: Biéu d6 danh gia mirc cai tién hiéu ning dua trén 1ap lich cac 1énh cho kién trac
duong Ong lénh

Biang 3.12. Tong hop két qua t6i uu hiéu ning dwa trén lap lich cho kién tric siéu vo hudng in-
order
. Thoi gian thuc thi (cycle) Thoi gian
STT|  Chuong trinh Khéng 1ap lich Lap lich tiét kiém (%)
1| Fibonacci 476859 476799 0,01
2| Sum N Numbers 3657599 3654666 0,08
3| ArraySum 23336 23264 0,31
4| Quick Sort 84540 83804 0,87
5| Bubble Sort 369612 362247 1,99
6| Binary Search 16026 15967 0,37
7| Hanoi 247401 240475 2,80
8| Permutation 828657 820090 1,03
9| Matrix Multiply 19370 19229 0,73
Trung binh 0,91
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Céc chwong trinh nhing cho vi xtr ly MIPS

Hinh 3.21: Biéu d6 danh gia mirc cai tién hiéu ning dya trén 1ap lich cac 1énh cho kién tric siéu
v6 hudng in-order

Biang 3.13. Tong hop két qua t6i wu hiéu ning dua trén 1ap lich cho kién tric siéu vo6 hudng out-

of-order

. Thoi gian thuce thi (cycle) Thaoi gian tiet

STT | Chuong trinh Khéng 1ap lich Lap lich kiém (%)
1| Fibonacci 341382 341239 0,04
2| Sum N Number 1842041 1499085 18,62
3| ArraySum 17936 17884 0,29
4| Quick Sort 49945 47868 4,16
5| Bubble Sort 199455 189497 4,99
6| Binary search 11386 11334 0,46
7| Hanoi 130955 125535 4,14
8| Permutation 456412 454883 0,34
9| Matrix Multiply 13210 13092 0,89
Trung binh 2,50

90
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Cac chwong trinh nhing cho vi xtr ly MIPS

Hinh 3.22: Biéu d6 danh gia mirc cai tién hiéu ning dya trén 1ap lich cac 1énh cho kién tric siéu
v6 hudng out-of-order
3.3.3. T6i wu dién niing tiéu thu dwa trén lap lich cic 1énh
i. Y twéng va quy trinh
- , < Bit
nghién ciru  Bu

Tiép tuc nghién ctu theo

hudng ti€p can toi vu dua trén 1ap tinh g trj ham dinh gé dién ning

Xiy dung Bing tiéu thu dién ningde
trén m 01 chuot To-po

lich, trong phin nay chung toi

}

phat trién phuong phap to61 uu T Caee y
dién nang ti€u thu dua trén lap o Chekbid 4o bia
lich cac Iénh theo thuat todn di "

truyén. Y tudng chinh ciia phuong v

cho timgkhdi co ban

l Xay dymg d6 thi phu thude NI

phap nay la dua trén bang tiéu thu

po totnhitcia khoico bin

Ap dungGA & tim chudi Té-

Sinh m to1 wu tir chuds Té-pé L ]
tot nhat

dién ning cua cac lénh dé xay
dung ham danh gia dién nang trén '

mdi chudi t6-pd va ap dung thuat

toan di truyén dé tim chudi t6-pd

t6t nhat. Quy trinh trién khai dugc

chi ra trong Hinh 3.23. Hinh 3.23: Quy trinh tdi wu dién nang tiéu thu dua trén lap
lich cac 1énh
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ii. XAy dung bang tiéu thu dién ning

Dién nang tiéu thu cua chuong trinh bao gém dién nang ti€u thy cua céac I¢nh va
dién nang hao phi khi chuyén mot Iénh sang 1€nh khac. Dién nang tiéu ton khi thuc hién
mot 1énh khong phuy thudc vao thtr tuy thuc hién. Theo do sy khéac biét vé dién nang tiéu
thu cua chuong trinh theo cac thu ty thuc hién 1énh khéc nhau do dién ndng hao phi khi
chuyén 1énh gay ra [58]. Vi vdy trong phuong phép ndy, ching toi xdy dung bang tiéu thy
dién nang la ma tran vuéng, mdi phan tir biéu dién ning lugng hao phi khi chuyén tir 1énh
i sang lénh j. Pé do dién ning hao phi khi chuyén lénh, chung t6i st dung cong cu
SimplePower cho tap 1énh MIPS.

iii. Ap dung thuit toan di truyén dé 1ap lich
Thuat toan di truyén duoc st dung dé 1ap lich, tim chudi td-pd it hao phi dién ning
nhat. Ké thira thudt toan va chuong trinh trong phan trudc, ching t6i xay dung lai ham
thich nghi dé 1ap lich trong nghién ctru nay. Ham thich nghi dugc xay dung dua vao bang
tiéu thy dién nang. Dya vao tht tu thyc hién 1énh trong moi chudi t6-pd va dién ning hao

phi khi chuyén 1énh trong bang tiéu thu dién ning s& tinh dugc tong dién ning hao phi.

iv.  Thwc nghiém va danh gia

Vé6i phuong phéap va cac chuong trinh thir nghiém duoc tai sir dung tir phan trudc,
trong thyc nghiém nay, ching ti st dung céng cu SimplePower dé do dién ning tiéu thu
nham danh gia phuong phap t6i wu. Mdi chwong trinh v6i mi ngudn C duge bién dich
chéo thanh ma hgp ngit cho MIPS; chuong trinh hgp ngit dugc dua qua chuong trinh 1ap
lich dé thu dugc chuwong trinh hop ngit tdi wu; bién dich chéo sang ma thuc thi ma khong
str dung lyra chon t6i uu nao cia GCC. M6 phong va do ning luong tiéu thu cho hai phién
ban cta cing mot chuong trinh dé danh gia. Trong Bang 3.14 va 3.15, dién ning tiéu thu
dugc danh gia theo dién dung vi cong cu SimplePower uéc lugng cong suét tiéu thu ti 18
thuan voi V2Cf, [111] trong d6 V 1a dién 4p ngudn nudi, f, 1a tan sb ddng hd va Cq 1a dién
dung chuyén mach cua céac thanh phan trong CPU. Trong mdi chu ky dong hd, dién ning
xap xi bang VACf, X t = V*Cfy x % = V2C,vé6i t 1a chu ky dong ho. Do V trong CPU

khong thay d6i nén dién nang ti€u thu ti I¢ thuan voi C.. Theo do, viéc danh gid dién nang
tiéu thy twong duong véi danh gia dién dung chuyén mach.

Trong phan nay, chung tdi ciing xay dung chuong trinh lap lich cac 1énh theo thuat
toan lap lich List do Tiwari, V. va cong su sir dung [58] va dugc két qua nhu trong Bang
3.15. Biéu dd so sanh murc do tiét kiém dién nang khi lap lich theo List va theo GA dugc
chi ra trong Hinh 3.24. Theo két qua nay, lap lich véi giai thuat GA theo dé xuét cua

chung t6i dat két qua t6t hon do List 14 thuat todn tham an nén dé roi vao t6i wu cuc bo.
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Bang 3.14. Banh gia dién nang ti€u thu thong qua C. khi lap lich theo GA

. Pién dung chuyén mach (pF) Pién ning tiét
STT | Chuong trinh Khong 1ap lich Lap lich ki¢m (‘?A) )
1| Quick Sort 2077771,2516| 1903200,8108 8,40
2 |Bubble Sort 12365628,8339| 11235754,7681 9,13
3|Binary Search 11500,0162 11179,6200 2,78
4 |Hanoi 6341659,6373| 6063484,9539 4,39
5|Heap Sort 3598279,6097 3427785,7324 4,74
6 | Permutation 24001185,1045| 23654096,0146 1,44
7 |Matrix Multiply 110309,0015 103655,2787 6,03
Trung binh 9,89

Bang 3.15. Banh gia dién nang tiéu thu thdng qua C; khi 1ap lich theo thuat toan List

. Pién dung chuyén mach (pF) Dién niin
STT | Chuong trinh ) o o 1ap lich | Khong lap lich | tiét kiém %)
1 | Quick sort 2077771,2516 1928151,7644 7,20
2 | Bubble sort 12365628,8339 11335245,3421 8,33
3 | Binary search 11500,0162 11483,0485 0,14
4 | Hanoi 6341659,6373 6176948,4327 2,60
5 | Heap sort 3598279,6097 3526183,7633 2,00
6 | Permutation 24001185,1045 24057651,7652 -0.24
7 | Matrix Multiply 110309,0015 107020,6322 2,98
Trung binh 3,29

12

tiét kiém (%)

én nang

bi

Bi€u d6 so sdnh mirc do tiét kiém dién nang tiéu

thu

# GA

X List

Cac chuwong trinh nhang cho vi xtr ly MIPS

Hinh 3.24: Biéu dd so sanh mirc do tiét kiém dién ndng ti€u thy dya trén lap lich cac 1énh theo

thuat toan GA va List
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3.4. Tong két chwong

Trong giai doan 1ap trinh, t6i wu phan mém nhing c6 thé duoc thyc hién theo hai
murc khac nhau 12 t6i wu ma ngudn mirc cao doc lap kién tric dich, t6i wu ma hop ngir
huéng dén cac CPU dich. Vé t6i wu md nguon mirc cao déc ldp kién tric dich, du tién,
ching tdi tom luoc co s6 1y thuyét vé cac phuong phéap toi wu di nghién ctru. Dua trén d6
chung t6i da dé xudt va phat trién hai phuong phap cai tién hiéu nang d6 1a cai tién hiéu
ning dya trén thay thé biéu thic twong dwong VA cai tién hiéu ning phan mém nhung
trong mdi trudng phan tan dua trén nén dit lidu. Trong phuong phap cai tién hiéu ning
dua trén thay thé cac biéu thirc twong dwong, chiing t6i di xay dung chuong trinh phan
tich va thay thé cac biéu thirc twong duong, tién hanh thuc nghiém va danh gid mic do
cai tién. So céc lya chon toi wu trong bd cong cu bién dich GCC, cai tién cua ching t61
dat hiéu nang tot hon. Cai tién nay di dwoc cong bd trong cong trinh [CT12]. Trong
phuong phap dua trén nén dit liéu, chung t6i di dua ra mo hinh trién khai, xay dung cac
cong thire dé danh gia murc cai tién thoi gian thyuc thi va xac dinh diéu kién nén. Phuong
phap nay ciing duoc thir nghiém véi phan mém nhan dang chit Nom trén dién thoai di
dong theo mo hinh dich vu web. Day 1a thuc nghiém c6 ¥ nghia quan trong trong bao ton
di san van hoéa Viét Nam.

Vé t6i wu mirc md hop ngit huéng dén cdc CPU dich, ching t6i d3 tiép can theo
cac muc tiéu toi wu nhu t6i vu hiéu ning va dién ning tiéu thu. Cac tiéu chi trong muc toi
wu nay mang tinh dic thu cia phadn mém nhung vi né hudng dén cac CPU cu thé. Trong
tiéu chi t6i vu hiéu ning, sau khi tom lugc cac phuong phap t6i wu co ban, chung toi da
dé xuit va phat trién phuong phap t6i wu méi d6 1a téi wu hiéu ning dua trén 1ap lich cac
1énh theo thuat toan di truyén cho kién trac duong dng 1énh va kién trac siéu vo6 huéng
(ca in-order va out-of-order). Trong tiéu chi tdi wvu dién ning tiéu thu, ching t6i da dé
xuét va phat trién phuong phap 1ap lich dé t6i vu dién ning tiéu thy dua trén thuét toan di
truyén. Hai phuong phap t6i wu dé xuat nay da dugc cong b trong cac cong trinh [CT13,
CT15].
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Chwong 4. TOI UU PHAN MEM NHUNG TRONG
GIAI POAN THUC THI

Trong giai doan thyc thi, phdn mém nhing di dugc tich hop trong cac hé théng
nhung cu thé. Do sy da dang ctia phan ctng hé thdng nhiing ciing nhu méi trudng thyc thi
nén t6i vu phan mém nhung trong giai doan nay cling c6 vai trd quan trong. Ciing nhu t6i
wu trong cac giai doan khac, trong giai doan thuc thi, chiing ta c6 thé thuc hién téi wu don
muc tiéu theo cac tiéu chi nhu: hiéu ning, bd nhd, ning luong, v.v. hay tdi vu da muyc
tiéu. T6i vu trong giai doan nay gip thach thirc khi can thiép, stra d6i ma thyuc thi cua
chuong trinh ciing nhu viée tai cdu tric, dich nguoc va tai bién dich rat phuc tap. Viée toi
uu trong giai doan nay phu thudc chinh vao moi truong thuc thi, ma thyc thi va dir liéu.
Theo d6, cic ky thuat tdi uvu chuong trinh trong giai doan thyc thi duoc phan thanh ba
nhom chinh d6 13 t6i vu méi trudng thuc thi, tdi wu hudng dir liéu va tdi uu hda chuong
trinh thue thi. Noi dung chuwong nay s& tiép can va trinh bay cac ky thuat t6i wu theo ba
nhém nay:

e T4i uu moi truong thuc thi: Bao gé)m ky thuat bién dich tam, 1ap lich tién trinh, t6
chure luu trit dém dir liéu va cai tién méi trudng phan climg

e Tbi vu hudng dit liéu: Bao gdm céc ki thuat toi vu dua trén chuyén biét hoa dir
liéu, nén dir liéu va cai tién méi truong truyén dir liéu

e Tbi vu chinh chuong trinh thue thi: Bao gdm tai ciu trac ma thyc thi, chuyén biét

hoa ma thuc thi, v.v.

Trén co s& phan tich hién trang nghién ctru va cac thach thtrc nhu trong Muc 1.2.3
Chirong 1, trong chuong ndy, ching toi dé xuat va phat trién phuong phéap toi vu dién
nang tiéu thu dua trén k¥ nghé nguoc va tai ciu hinh CPU. Pay 1a phuong phap t6i uwu
moi dya trén su két hop phan cting va phan mém. Noi dung chuong duoc cdu tric nhu
sau: Muc 4.1 trinh bay vé cac k¥ thuat toi wu méi trudng thuc thi, Muc 4.2 trinh bay vé
cac k¥ thuat cai tién méi truong truyén dir liéu, Muc 4.3 trinh bay cac phuong phap tbi vu
h6a ma thuc thi v Muc 4.4 tong két chuong.
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4.1. T6i wu méi trwong thuc thi

4.1.1. Ky thuat bién dich tam

Trong cac phﬁn mém nhing mac cao nhu phén mém trén dién thoai di dong,
chuong trinh duoc thuc thi trong cic méi trudng phan cing da dang. Do yéu cau chay
phan mém trén nhiéu thiét bj phan ctimg khac nhau dan dén sy ra doi ciia may ao. Chuong
trinh nguén khong dugc dich ra ma may dich cu thé ma dugc bién dich ra dang ma trung
gian chay trén may 4o. Vi du ma bytecode chay trén may ao Java hay ma MSIL chay trén
may ao .NET. Khi thyc thi, ma mdy 4o s€ dugc dich sang ma may dich dé thuc hién. Céc
thé hé dau cua may ao thudng st dung trinh thong dich — dich va chay 1an luot timg 1énh
nén hiéu nang thap. JIT 13 k¥ thuat bién dich tam trong cac trinh thong dich nham hd tro
t61 wu hiéu nang. JIT dya trén hai y tuong chinh 1a bién dich tai thoi gian chay va bién
dich dong. Theo d6, JIT cho phép thuc thi cac ky thuét tdi vu trong thoi gian chay vuot
qua kha ning cta céc trinh bién dich tinh bang viéc diéu chinh cac tham sb va tbi uu theo
cac dau vao thuc té cing v6i mot s6 nhan t6 thoi gian chay khac.

Muc dich chung cua cac k¥ thuat JIT 1a dat dugc tinh uvu viét vé hiéu nang cua bién
dich tinh va dam bao tinh kha chuyén va tity bién ciia cac k¥ thuat thong dich ma may 4o.
Noi cach khéc k§ thuat JIT nham dat ba muc tiéu chinh 1a hiéu nang, tinh kha chuyén va
bién dich dong tai thoi gian thuc thi. St dung JIT khong chi nhanh hon nhiéu so véi
thong dich truyén théng ma trong mot sd trudng hop noé co thé dat hiéu ning tot hon bién
dich tinh. JIT c6 cac vu diém chinh sau:

e Tbi vu huéng dén CPU dich va hé diéu hanh cu thé. Khi tdi vu md ngudn nhu dé
cap trong chuong trudce, viée chi & bién dich cho kién trac dich nao ciing cai tién
hiéu niang dang ké. Tuy nhién c6 nhiéu truong hop trong qué trinh bién dich tinh
chi xac dinh ho kién triic ma chua xé4c dinh CPU cu thé nao. Do dé, viéc bién dich
duoc tri hodn dén giai doan thuc thi nhdm xé4c dinh rd CPU dich ciing gop phan cai
tién hiéu nang hon.

e Hé thong c6 thé thu thap cac thong tin théng ké vé cac chuong trinh va méi truong
thuc thi thyc té dé to chic lai va bién dich nham cai tién hiéu nang.

e H¢ théng c6 thé thuc hién cac ti wu toan cuc ma khong mét cac vu diém cua lién
két dong. Vi lién két dong chi dugc thuc hién trong giai doan thuc thi.

e JIT cho phép tai to chirc ma thuc thi d& dang nén tan dung bo nhé dém tt hon.

4.1.2. Phwong phap t6i wu dwa trén lap lich tién trinh
Van dé toi wu trong giai doan thuc thi thudng khong tap trung vao mot phan mém
nhung cu thé ma tap trung vao moi trudong thyc thi dé t6i vu toan bo hé théng nhung. Mot
) hudng tiép can moi da ung dung tri tu¢ nhan tao, dua trén cdc md hinh hoc may dé
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quyét dinh ngimg thuc hién mét sé tng dung hién thoi nham tiét kiém thoi gian CPU
hoic tiét kiém nang lugng cho tng dung thoi gian thuc. Dién hinh nhu trong nghién ciru
[14], cac tac gia dd ap dung viéc xdy dung md hinh quyét dinh Markov dé quan 1y céac
tién trinh. Nghién ctru ndy st dung moé hinh Markov dé tao bo t6i uu kiém soat tmg dung
dang thyc thi, dua ra quyét dinh kich hoat, tam dung tién trinh dya trén cac do do nhu
thoi gian cudc goi, thoi gian gui tin nhin, dong bo dit liéu, v.v. Tir d6 c6 thé udc luong
mirc ning luong va tiét kiém ning luong cho cac tmg dung c6 d6 uu tién cao két thac.
Phuong phap nay khong tap trung vao tdi wu ning luong tidu thy ciia phin mém ma tap
trung vao thoi gian, tic vu dé dua ra tham sb va biéu thirc héa nham phan b tai nguyén
t6i uu. Trong nghién ctru ndy, tac gia dd trinh bay mot thu vién 1ap trinh mé hinh Markov
dé t6i wu phan mém trén dién thoai di dong va minh hoa bang thyc nghiém trén nén tang

Android cua Google.

4.1.3. T6i wu trong thoi gian thwe thi dwa trén chuyén biét héa

Cach tiép can chuyén biét hoa trong thoi gian thuc thi dé t6i wu hiéu ning di duoc
nghién ctru rong rdi va da duoc 4p dung trong mot sb may ao nhu may 4o Java, may ao
NET, v.v. C6 ba cach tiép can chuyén biét hoa dé tdi uu trong thoi gian thuc thi d6 1a
chuyén biét ma nguén, chuyén biét hoa dua trén dir li€u va chuyén biét thuat toan. Trong
chuyén biét hoa ma ngudn, tuy theo gia tri cta cac tham sd dau vao trong thoi gian thuc
thi ma moi 1énh hodc doan 1énh dugc phan 16p vao cac mau chuyén dung hodc duoc thay
thé bﬁng doan 1énh cu thé dé thuc thi véi hiéu nang tdt hon. Trong chuyén biét dir li¢u,
tuy theo loai dir liéu, kich thudc, muc dich st dung ma dir liéu dugc phan nhom theo cac
mau chuyén dung khac nhau vé kich thuéc, loai bd nhé (b6 nhd an, bd nho trong hoac
thanh ghi) va kiéu truy xuét. Trong chuyén biét thuit toan, cac thudt toan thuc hién ciing
dugc phan 16p theo cac mau chuyén dung. Mdi mau chuyén dung d3 duoc 1ap trinh dé tdi

uu hiéu nang.

i.  Chuyén biét h6a ma nguon

Chuyén bi¢t héa ma nguff)n c¢6 thé duoc thuc hién trong mot may dich cu thé hodc
trong cic may ao. Trong cac may dich cy thé, ma ngudn cé thé dugc phan 16p theo cac
Iénh chuyén dung duoc thuc hi¢n bﬁng phﬁn cung dé cai tién hiéu nang hodc dugc thuc
hién boi CPU. Trong cac may ao, cac doan 1énh c6 thé duoc phan 16p theo cac mau hoic
duoc cu thé hoa theo cac gia tri dau vao thuc té trong thoi gian chay. Sau do co thé thuc
hién cac k¥ thuat t6i wu ma ngudn trude khi chuyén cho cac chuong trinh dich dé bién
dich va thyc thi. So sanh giita bién dich tinh voi bién dich dong ma ngudn dugc chuyén

biét hoa va tdi uu trong thoi gian thuc thi duoc minh hoa nhu trong Hinh 4.1.
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|

-—- Mangubn finh khdng téi uu

—— Maingudn ddng tdi vu

Ma ngudn tinh tdi vru

Pau vao thycte

Hinh 4.1: So sanh giita ti wu tinh va tdi vu dong ma ngudn da chuyén biét hoa

Bing 4.1. Chuyén biét hoa mi ngudn

(1) M4 nguén ban dau

(2) M4 nguon duoc chuyén biét hoa
(size = 5, u = {14,0,38,12,1})

int dot product (int size, int

ull, int v[]) {
int res = 0;
(1 = 0;

res =

for i < size; i++) {

res + ul[i] * v[i];
}

return res;

}

int dot product 1(int v[]) {

int res = 0;
for (1 = 0; i < 5 ; i++4) {
res = res + {14,0,38,12,1}[1i]

v[i];
}

return res;

}

*

(3) T6i wu ma nguon chuyén biét dya
trén go vong lap

(4) Ti uu dua trén loai b ma khong
can thiét

int dot product 1 (int v[]) {

int res = 0;

res = res + 14 * v[0];
res = res + 0 * v[1l];
res = res + 38 * v[2];
res = res + 12 * v[3];
res = res + 1 * v[4];

return res;

int dot product 1(int v[]) {

int res;

res = 14 * v[0];
res = res + 38 * v[2];
res = res + 12 * v[3];
res = res + vid];

return res;

Nhu chi ra trong Hinh 4.1, trong qu4 trinh thuc thi, v&i dir liéu dau vao va cac diéu
kién thuc thi thuc té, ma nguén dong tdi wu c6 thoi gian thyc thi ban dau cao nhung thoi
gian thyc thi ting cham do cac ky thuat tdi wu duoc ap dung voi dir li€u va cac rang budc
thue thi thye té. Dé sinh md ngudn dong, cac k¥ thuét chuyén biét hoa ma ngudn s& duge
ap dung. Mot k¥ thuat chuyén biét hoa ma ngudn pho bién nhat 1a thay thé cac bién bang
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cac gia tri thyc té trong mdi qua trinh thyc thi cu thé. Bang 4.1 minh hoa ma ngudn ban

dau, ma nguon dugc chuyén biét hda va ma ngudn to1 uu.

ii.  Chuyén biét hoa thuat toan
Chuyén biét hoa thuat toan trong thoi gian thuc thi 1a phuong phap tao cac thuét
toan hi¢u qua cho céc tac vu hudng tinh toan theo céc loai cu thé. Nghia la mdi thudt toan
s€ dugc lap trinh theo mot $6 phién ban khéac nhau, tuy theo dir li¢u va cac rang budc thuc
té dé lwa chon phién ban hiéu qua nhat. Ciing nhu chuyén biét hoa mi ngudn dya trén
mau, cac mau chuyén biét ctia thuét toan co thé duoc xay dung theo phén mém hodc phén

cung.

iii.  Chuyén biét dua trén hoa dir li€u
Chuyén biét dir liéu 14 k§ thuat phan doan thoi gian trong chuong trinh. Cu thé, k¥
thuat chuyén biét dir liéu chia chuong trinh thanh hai giai doan: giai doan nap va giai
doan doc. Giai doan nap danh gia cac cAu truc tinh va tao vung dém chtra cac gia tri cua
Cc4c cAu truc tinh. Gid tri clia cc cdu tric tinh c6 thé xuat hién trong cc ngit canh dong.
Giai doan doc danh gia cac thanh phan xay dung dong, tham chiéu dén cac ving dém cua
dir liéu dugc chuyén biét cho Cac gia tri ctia cac cAu trac tinh. Chuyén bi¢t dit li€u con thé

hién bang viéc phan loai va t6 chirc luu trir dit liéu phan cp dé tdi vu truy xuit.

2 .
Chuong trinh | _ Dich Chuong tr~1nh
thirc thi ch nguoc hop ngit

Phén tich va phan
nhém chirc nang

CAu hinh ban Phan tich kién
dAu tric CPU

T

Hinh 4.2: Quy trinh nghién ctru va thyc nghiém tbi wu ning luong dya trén cau hinh CPU

) 4

Tai cAu hinh
CPU

Tim cau
hinh to1 vu
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4.1.4. T6i wu dién ning tiéu thu dwa trén ky nghé ngwoc va tai cidu hinh CPU
i. Y twéng va quy trinh nghién ciru

Téi wu trong giai doan thyc thi dua trén két hop phan cimg, phan mém 1 hudng
nghién ctru moi va trién vong. Theo hudng tiép can ndy, chung toi d& xuat phuong phap
méi dé t6i vu dién nang ti€u thy dua trén k¥ nghé nguogc va tai cdu hinh CPU. Y tudng
cta phuong phap nay nhu sau: Dich ngugc ma thyc thi sang ma hop ngtr; phén tich ma
hop ngir dé tim cac don vi chirc ning duoc st dung trong chwong trinh; ciu hinh CPU dé
tit cac don vi chirc nang khong duogc st dung. Quy trinh t6i wu duoge chi ra trong Hinh
4.2.

ii.  Giai thich phwong phap tbi wu
Phan tich dién ning tiéu thu cia CPU
Dé chung minh tinh ding dan, kha thi ciia phuong phap tdi wu, chung toi phan tich
dién ning tiéu thy cua cac thanh phan bén trong CPU, tap trung vao cac don vi chirc ning
trong CPU. Pién ning tiéu thu boi CPU bao gdm ba nhan t6 chinh d6 1a dién ning tiéu
thu dong, dién nang dodn mach va dién nang lang phi khi cuong do dong dién qua cac
bong ban dan nhu trong trong cong thire (4.1) [66].
Pcpu = Pg+ Ps + Py (4.1)
Trong do:
e Pcpy la dién nang ti€u thy cua CPU
o Py la dién nang ti€u thu dong
e P la dién nang ti€u thy do doan mach

e P, la dién nang lang phi.

Dién ning tiéu thu dong Py tiéu ton do cac tu phong dién va nap dién trong qua
trinh thay doi trang thai cua cac cong 16gic trong CPU. Chi khi thuc hién 1énh, cic cong
16gic moi thay doi trang thai va gdy ra Py. Nang lugng tiéu thu dong ti 18 thuan voi tan s6
dong ho, dién dung va binh phuong dién ap. Theo d6, ning luong tiéu thu nay cé thé
dugc tinh gan dung theo cong thuc (4.2) [66].

Pa~1/5CVe (4.2)

Trong do:
e C.ladi¢én dung
e f,1atan s6 dong hod
o V.ladién ép
o rlatilé sb cong logic thay doi trang thai; 0< 7 <1.
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Tiéu thu dién ning do doan mach khi cac bong ban dan thay ddi trang thai. Khi do
mot mach dién ngin duoc ndi dat truc tiép gy mat dién niang. Pién ning tiéu thy nay phu
thudc vao sb cong 16gic va do phirc tap ciia cong. Pién ning lang phi dugc wdc luong &
murc bén trong bong ban dan. Pién ning tiéu thu nay giy ra do dong dién ludn chay qua
cac mach hd ngay ca khi bong ban dan khong dugc stir dung. Pién ning tiéu thy dong va
dién nang ti€u thy do doan mach déu phu thudc vao tan s6 d@)ng hd trong CPU con dién
nang lang phi chi phu thudc vao dién 4p trong CPU.

Chirng minh tinh kha thi

Dé chimg minh tinh kha thi ciia phuong phap tdi uu ndy, chung toi gia thiét nhu
sau: mot CPU c6 N, don vi chirc nang; khi thuc hién mét phén mém nhung chi ¢c6 Ny; don
vi chirc ndng dugc st dung; CPU c¢6 kha nang cAu hinh dé bat/tit cac don vi chuc nang.
Goi nang luong tiéu thu cua CPU khi thuc hién phin mém nhing v6i cAu hinh day du
(moi don vi chlic nang déu bat) la E; va E; l1a dién nang tiéu thu cia CPU khi thuc hién
phﬁn mém nhung véi cAu hinh chi bat nhirng don vi chttc nang dugc st dung. Trén co s&
phan tich dién ning tiéu thu & trén, E; c6 thé duoc tinh theo cong thuc (4.3) va E, c6 thé
dugc tinh theo cong thic (4.4).

Nu
E, = Z(P;’l + Pl 4 P (4.3)
i=1
Ny1
E, = Z(P;’l + Pl 4 P (4.4)
i=1
T (4.3) ta co:
Nul Nu_Nul
E, = Z(Pg + P +P))+ 2 (PL+ PR +P) (4.5)
i=1 i=1
Tu (4.4) va (4.5) suy ra:
Ny—Ny1
E,—E,= Z (P + Pl + P}) (4.6)
i=1

Vi khi cac don vi chirc nang khong duogc st dung, cac cong 16gic khong thay doi
gi4 tri, cic bong ban dan khong thay doi trang thai nén Py = 0. Do dé, tir cong thirc (4.6)
suy ra dién nang tiét kiém duoc khi cau hinh v hiéu cac don vi chirc ning khong dugc sir

dung nhu sau:
Ny—Ny1

AE =E, —E, = Z P} + P! (4.7)
i=1
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iii.  Thwc nghiém va danh gia

Pé trién khai thyc nghiém va danh gia phuong phép, ching t6i st dung céc cong
cu md phong CPU c¢6 kha ning cdu hinh va cong cu danh gia dién ning tiéu thu. Cong cu
mé phong CPU, SimpleScalar, dugc sir dung dé moé phong hoat dong ciia CPU khi thuc
hién cac chuong trinh cu thé theo cac cau hinh khac nhau. Cong cu Sim-Wattch dugc st
dung dé ude lugng dién nang ti€u thu khi chay mot chuong trinh trén mot cAu hinh cu thé.
Pong thoi, chiing tdi ciing xay dung chuong trinh phan tich ma hop ngit va hd so CPU dé
tim cAu hinh t6i wu nhu trinh bay trong Phu luc P.1.6.

Sau khi str dung objdump trong GCC dé dich nguoc va sir dung chuong trinh phan
tich ma hop ngir dé tim ciu hinh téi vu, ching t6i tién hanh chay mé phong trén cac cau
hinh khac nhau dé wdc lugng dién ning tiéu thu nhu trong Hinh 4.3. Cac két qua tong hop
dién nang ti€u thu cua CPU khi thuc hi¢n mét chuong trinh dugc chi ra trong Hinh 4.4.
Bang 4.2 tong hop va so sanh cac két qua thuc nghiém véi cac chuwong trinh khac nhau.
Trong Bang 4.2, cau hinh ban dau dugc dung chung cho moi chuwong trinh dé danh gia
dién nang tiéu thy khi chua tdi wu. Sau khi thuc hién chuong trinh tdi wu trong phén
trude, tuong tng véi mdi chuwong trinh s& ¢c6 mot cau hinh tdi wu cy thé. Chay mé phong
cac chuong trinh nay voi cau hinh t6i vu dé danh gia dién ning tiéu thu sau khi da tdi wu.
Két qua thuc nghiém trong Bang 4.2 cho thiy phuong phap tdi wu nay co thé tiét kiém
dugc trung binh 17,74% dién nang tiéu thu. Biéu d6 danh gia muc dién nang tiét kiém

dugc mo ta nhu trong Hinh 4.5.

@™ & huongpv@huongpv: ~/sim-wattch/sim-wattch-1.02e/lab

huongpv@huongpv:~/sim-wattch/sim-wattch-1.02e/1ab$ /home/huongpv/si

m-wattch/sim-wattch-1.02e/sim-outorder -config config3.cfg -ptrace
config_a.trc 0:1024 -redir:sim 05-08_hanoi-Config3.out 05-08-hanoi

Hinh 4.3: Thuc hién Sim-Wattch dé mé phong tiéu thu ning lrong

[Total Power Consumption: 100.484 |
Total Clock Power: 36.3651 (36.5%)
Int AU Power: 9.32026 (9.46%)
FP ALU Power: 28.5621 {(29%)
Instruction Cache Power Consumption: 2.54423 (2.58%)
decode power (W): 0.724888
wordline power (W): 0.057312
bitline power (W): 1.14651
senzeamnp power (W): 0.152
tagarray_power (W): 0.423116
Itlk power (W): 0.265848 (0.274%)
Data Cache Power Consumption: 2.59547 (2.64%)
decode_power (W): 0.325528
wordline power (W): 0.0583677
bitline power (W): 1.35618

Hinh 4.4: Mot phan két qua tiéu thy dién ning
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Bang 4.2. Tong hop két qua tdi wu dién ning tiéu thu dua trén tai cdu hinh CPU

. . Ning hrong tiét kiém
STT | Chuwong trinh | Ning lugng tiéu thu véi cau hinh toi wu (W)
(W) (%)
1 | Fibonacci 91,234 33,265 26,72
2 | Sum N numbers 102,222 22,277 17,89
3 | ArraySum 96,387 28,112 22,58
4 | Quick Sort 96,387 28,112 22,58
5 | Bubble Sort 106,693 17,806 14,30
6 | Binary Search 96,387 28,112 22,58
7 | Hanoi 106,693 17,806 14,30
8 | Heap 106,693 17,806 14,30
9 | Permutation 106,693 17,806 14,30
10 | Matrix Multiply 114,699 9,800 7,87
Pié¢n niing tiét kiém trung binh 17,74
Bi€u d6 danh gia mrc nang lwong tiét kiém
30
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Cac chuong trinh nhing cho vi xtr ly MIPS

Hinh 4.5: Biéu d6 danh gia mtrc dién nang tiét kiém tir ciu hinh tdi vu

r

4.2. T6i wu dwa trén cai tién méi trwong truyen dir liéu

Noi dung phan nay trinh bay vé cai tién moi trudng truyén dir liéu trong va giita

cac ing dung nhung dé t6i wu hiéu ning va han ché truy xuat dé tiét kiém ning luong.

Phuong phép tiép can pho bién 1a cai tién cac goi thong diép truyén thong, loai bo dir liéu

du thira trudc khi trao d6i. Dién hinh nhu trong nghién ctru [6], tac gia tién hanh cai tién
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hiéu ning cta truyén thong diép bang cach loai bo cic phan thira trong thong diép SOAP.
Noi dung chi yéu tip trung vao t6i wu ndi dung thong diép SOAP. Phan du thira duoc
loai bo va phan tinh (cac thong tin cdu trac khong thay doi) cia thong diép duoc xem 1a
siéu dir liéu dugc luu trir trong khong gian siéu dir liéu chia sé. Thuc nghiém trong [6] chi
ra c¢6 thé tiét kiem duoc 83% kich thudc thong diép va 41% kich thudc bd nhd. Thong
diép SOAP c6 thé img dung trong cac mdi trudng khac nhau. SOAP dua trén XML doc
1ap nén tang, khi chuyén dir liéu tir cic dang khac sang SOAP s& lam ting thém thdi gian

xtr 1y va kich thude.

4.3. T6i wu héa chwong trinh thuc thi dya trén ma tw sira

M4 tu stra (SMC — Self-modifying code) 1a doan ma c6 kha ning tu thay thé cac
chi thi ctia n6 trong qua trinh thyuc thi dé cai tién hiéu nang. Ma tu sta dugc xem nhu mot
thay thé ctia phuong phap “thiét 1ap cd” va xir Iy cac nhanh cia chuong trinh diéu kién;
thuong duoc st dung dé giam s6 1an kiém tra mot diéu kién. Viéc ty stra ddi ma thue thi
6 thé duoc thuc hién tai cac thoi diém sau:

e Chi thuc hi¢n trong qua trinh khoi tao: Dua trén cidc tham s6 vao, khi tién trinh
dugc mo ta nhu mot cdu hinh phan mém phu hop véi phan ctng. Sy thay thé cua
cac diém vao chuong trinh cling 14 mot phuong phap tu sira mi gian tiép. Tuy
nhién viéc ndy ciing dan dén su cung tdn tai ctia mot hodc nhiéu duong 1€nh thay
thé trong bo nhé. Diéu nay lam cho kich thudc chuong trinh ting 1én.

e Thay thé trong qua trinh thuc thi: Dya trén cac trang thai chuong trinh cu thé, viéc
stra ddi va thay thé co thé dat duoc trong qua trinh thuc thi.

Cac k¥ thuét tu thay d6i md cia chuong trinh trong thoi gian thuc thi c6 thé dugc
thuc hién ¢ cac mirc ngdn ngit khac khac nhau. C6 bdn nhoém ky thuat chinh dé 1a nap
chéng cac cau lénh da ton tai, truc tiép tao ra tap lIénh trong bd nhd, tao hodc sua ddi ma
nguén theo cac chuong trinh dich nhé hodac mdt trinh thong dich dong, tao dong toan bo
chuong trinh khi thyc thi. Ky thuat ma tu stra ddi dugc sir dung cho cac muc dich sau:

e Tbi uu ban ty dong vong lap theo ngit canh

e Sinh mi trong thoi gian thuc thi hodc chuyén biét héa thuat toan trong thoi gian
thyuc thi hodc thoi gian nap

e Thay dbi cac trang thai dugc nhung trong mot ddi tugng khac cua cac dbi tuong

e Ap dung trong cac hé thong tinh toan tién hoa nhu 1ap trinh di truyén

e An mi dé tranh cac k¥ thuat dich nguoc

e (Gi01 han tap 1énh thuc thi trong cac diéu kién thuc té dé cai tién hiéu nang

e Stra d6i chuong trinh dé tranh 15i.

104



4.4. Tong két chwong

Téi wu trong giai doan thyc thi tuy con it duoc nghién ctru va kho trién khai nhung
c6 vai tro quan trong do su da dang vé moi trudng phan cing cua cac thiét bi nhiing. Phan
mém nhung thudng chay trén cac CPU chuyén dung nén viéc cau hinh va ti vu ciing
khac nhau trong cac méi trudng thuc thi. Hon nira do yéu cau doc 1ap nén tang cta nhiéu
phan mém nhiing va yéu cau vé hiéu ning nén viéc ap dung cac k¥ thuat tdi wu trong giai
doan thuc thi 1a can thiét. Dong thoi cac k¥ thuat t6i wu trong giai doan nay phan 16n 1a
cac ki thuat t6i uvu dong. Nghia 13 mi dich t6i vu tuy thudc vao méi trudng thuc thi va
ngir canh cu thé ciia chuong trinh.

Vé toi wu méi truong thie thi, ching toi da tong hop ba ky thuat chinh d6 1a k¥
thuat bién dich tam, 13p lich tién trinh va ky thuat chuyén biét hoa. Ky thuat bién dich tam
duoc tich hop trong cac trinh thong dich dé bién dich cac doan ma va luu trix trong bo
dém dé thuc thi ma khong dich va chay tung cau I¢nh. Ky thuéat 1ap lich tién trinh dya trén
mé hinh Markov dé lwa chon tién trinh ¢6 mirc wu tién cao nham cai tién hiéu nang khi
thuc thi tién trinh nay. Ky thuat chuyén biét héa thuc hi¢n viéc chuyén biét hdéa ma
nguén, dir liéu va thuat toan theo ngir canh thuc thi cu thé dé cai tién hiéu nang. Diém
quan trong nhit theo huéng tiép cin nay 13 ching t6i da dé& xuat va trién khai phuong
phap ti vu dién ning tiéu thu dya trén k§ nghé nguoc va tai cdu hinh CPU. Phuong phap
dé xuét nay di dugc cong bd trong cong trinh [CT14].

Vé t6i wu moi truong truyén dir liéu, chung t6i tom lugc va trinh bay vé ki thuat
loai du thira dit liéu dé rat ngin thoi gian truyén thong trong cac phdn mém nhung phan
tan. Vé toi wu ma thuc thi, ching toi cling trinh bay k¥ thuat toi vu dya trén ma tu sta.
Day 1a k¥ thuét téi vu ma thue thi quan trong ddi véi phadn mém nhing dam bao hai yéu

cau la tinh linh dong va cai tién hiéu nang.
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Trong phan nay, chung toi s& tong hop cac két qua nghién ctru, cac dong gop chinh
ctia ludn 4n va cic van dé chua giai quyét cling nhu dinh huéng cac nghién ciru tiép theo.
Theo cach t6 chirc tir trén xudng, dau tién ludn 4n cung cdp mot mé hinh chung vé van dé
t6i wu trong phat trién phdn mém nhung. Trong mo hinh chung, ching toi da trinh bay
van d& t6i vu phin mém nhing theo cac giai doan thiét ké, 1ap trinh va thyc thi ciing nhu
phan tich két qua va cac phuong phap tiép cin nghién ctru tdi wu theo timg tiéu chi tdi vu
trong mdi giai doan. Dua trén mé hinh tdi vu chung, ching t6i di tién hanh nghién ctu
chi tiét, chuyén sau vé cac phuong phap tdi wu phdn mém nhung trong ba giai doan nay
theo tiéu chi hiéu ning, bd nhé va tdi vu da muc tiéu. Cac ndi dung nghién ctru trong luin
an va cac nghién ctru lién quan dd duoc ching toi cong bd trong 2 bai bao ding trén tap
chi qudc té, 2 bai bao ding trén tap chi uy tin trong nuéce, 10 bai bao ding trong cac Ky
yéu cua hoi nghi qudc té co phan bién dugc xuat ban bai IEEE, IEICE, SPIE va 1 bai bao
dang trong tap chi SCI [CT15]. Cac dong gop chinh cta luan an dugc tom lugce dudi day.

Vé vin dé toi wu phan mém nhing trong giai doan thiét ké, chung t6i da tiép can
nghién ctru theo tiéu chi tdi wu hiéu ning, t6i wu bo nhd va tdi wu da muc tiéu. Trong tiéu
chi t6i wu hiéu ning, vé& mit Iy thuyét, ching t6i dd dé xuat, phat trién mot phuong phap
moi 14 t6i wu hidu ning dua trén biéu do 16p va cai tién phuong phap t6i wu hiéu ning dua
trén chuyén d6i mo hinh. V& thuc nghiém, ching t6i di xay dung khung lam viéc DSL,
T4 cho phép thiét ké mo hinh dit liéu nhu biéu d6 16p va xdy dung cac chuong trinh tbi
wu tuwong tng. Cac két qua nghién ctru trong tiéu chi ti vu nay di duoc xuit ban trong
hai Ky yéu hoi nghi khoa hoc qudc té sau:

e P.V. Huong, N.N. Binh, “Class Diagram Based Evaluation of Software
Performance”, Proceedings of The 2012 International Conference on Information
and Digital Engineering, SPIE, Vol. 8768, pp. 211-217, Singapore, October 2012.

e P.V. Huong, N.N. Binh, N.T. Huyen, N.T. Duong and T.N. Phu, “Embedded
Software Performance Optimization Based on Generating the Simulation Code of
Functions”, Proceedings of IEICE ICDV, pp. 149-154, Hanoi, August 2012.

Trong tiéu chi t6i uu bd nhé, vé mat 1y thuyét, ching toi da dé xuat, phat trién mot
phuong phap moéi 1a toi wu bd nhé chiém dung dya trén sap xép t6-pod va cai tién phuong
phap t6i vu bo nhd dya trén chuyén doi mé hinh. V& thuc nghiém, chung t6i di xdy dung
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khung lam viéc DSL va T4 dé thiét ké, sinh md va xay dung hai chuong trinh t6i wu
tuong tng. Cac két qua nghién ciru vé tiéu chi tdi uu nay bao gom:

e P.V. Huong, N.N. Binh and P.N. Thanh, “Optimizing occupied Memory of
Embedded Software in the design phase”, Journal of Computer Science and
Cybernetics (JCC) Hanoi, Vietnam, 2012.

e P.V. Huong, N.N. Binh, P.N. Thanh, “Embedded Software = Memory
Optimization Based on the DSL and Topological Sort”, Proceedings of The
2012 International Conference on Software and Intelligent Information (ICSII),
Singapore, October 2012.

Trong tiéu chi t6i vu da muc tiéu, vé& nghién ctru 1y thuyét, chung t6i da dé xuat va
phat trién mot phuong phap mai 13 tdi wu da muc tiéu dya trén biéu do 16p. Vé thuc
nghiém, chiing t6i di xdy dung chuong trinh t6i wu da muyc tiéu dya trén biéu do 16p va
phat trién khung 1am viéc DSL va T4 cho phép thiét ké va sinh ma. Cac két qua nghién
ctru lién quan dén van dé t6i vu da muc tiéu dua trén nguyén 1y Pareto d3 dugc cong bd
bao gdom:

e P.V. Huong, N.N. Binh and B.N. Hai, “Multi-objective Optimization for
Embedded Software at Model Level Based on DSL and T4”, International Journal
of Engineering Research & Technology (IJERT), Vol. 2 Issue 9, September 2013,
India, pp. 1229-1236.

e P.V. Huong, N.N. Binh, “An Approach to Design Embedded Systems by Multi-
objective Optimization”, Proceedings of The 2012 International Conference on
Advanced Technologies for Communication (IEEE ATC 2012), pp. 165-169,
Hanoi, October 2012.

e P.V. Huong, N.N. Binh and B.N. Hai, “A Pareto Optimal Configuration at design
Phase for SoC Platform Based on the Genetic Algorithm”, Proceedings of IEICE
ICDV, pp. 160-165, Hanoi, August 2011. (ISBN: 978-4-88522-258-1 C3055).

Ngoai ra, khac véi phan mém thong thuong, phat trién phan mém nhing thuong
gan lién voi cac hé thong nhung va van dé dong thiét ké phan ctimg — phan mém ciing la
mdt phuong phap t6i wu quan trong. Phuong phép t6i vu ndy nham tim ra mot phan chia
t6t nhét cho céac tac vu thanh tac vu phan cting hay tic vu phan mém. Nghién ctru vé dong
thiét ké dua trén DSL, T4 va nguyén 1y Pareto da duoc cong b trong cong trinh sau:

e P.V. Huong, N.N. Binh, B.N. Hai and V.V. Phuc, “Hardware-Software Co-

Design to Optimize Embedded System by Pareto Principle and DSL”, Proceedings

of IEICE ICDV, pp. 52-57, Hanoi, August 2012. (ISBN: 978-4-88522-264-2
C3055).
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Mit khac, trong qua trinh nghién ciru, thuc nghiém cac phuong phap tdi uu phan
mém nhiing trong giai doan thiét ké, ching toi ciing nghién ctru mé rong cho hé théng
nhung. Céac két qua nghién ctru nay ciing dugc xuit ban bao gom:

e P.V. Huong, N.N. Binh, ”Design and Generating Code for Embedded Systems
Based on DSL and T4”, Journal of Computer Science and Cybernetics (JCC)
Hanoi, Vietnam, 2012.

e P.V. Huong, N.N. Binh, “Embedded System Design and Code Generation by
Using the DSL and T4”, Proceedings of 2012 International Conference on
Electronics Engineering and Informatics (ICEEI), pp. 155-160, Phuket Thailan,
September 2012. (ISBN: 978-981-07-3331-5, ISSN: 2010-460X).

e P.V. Huong, N.N. Binh, “Embedded System Architecture Design and
Optimization at the Model Level”, International Journal of Computer and
Communication Engineering (IJCCE), Vol. 1, No. 4, pp. 345-349, November
2012. (ISSN: 2010-3743).

Vé vin dé téi wu phan mém nhing trong giai doan Idp trinh, ching toi tiép can
nghién ctru theo hai muc t6i vu d6 13 tdi vu ma ngudn muc cao doc lap kién trac dich va
t61 vu md hop ngit huéng dén cac CPU cu thé. Trong muc t6i vu mi ngudn mirc cao, vé
mit 1y thuyét, chung t6i d3 dé xut mot cai tién cho phuong phép t6i vu hiéu ning do6 1a
thay thé cac biéu thirc tuong duong. Ngoai ra, chung toi ciing trién khai phuong phap tdi
vu hiéu ning phan mém trén dién thoai di dong trong méi trudng phan tan duwa trén nén
dir liéu v6i mot thir nghiém quan trong 13 phin mém nhén dang chir Nom. Két qua nghién
ctru trong phan nay da duoc xuat ban trong Ky yéu ciia Hoi nghi khoa hoc qudc té sau:

e P.V. Huong, N.N. Binh and B.N. Hai, “Optimizing Source Code of Embedded
Software Based on Replacing Equivalent Expression”, Proceedings of ICDV, TP
Ho Chi Minh, November 2013, pp. 193-198.

Trong mic t6i wu ma hop nglt huong dén cac kién trac CPU, chiing tdi tap trung
nghién ctru vao hai tiéu chi toi wu chinh 13 t6i wu hiéu ning va téi vu ning luong. Vé
nghién ctru 1y thuyét, chiing toi da dé xuét, trién khai mot phwong phap méi 1a tdi wu hiéu
nang va dién nang ti€u thu dua trén lap lich cac 1énh theo thuat toan di truyén. Phuong
phap dé xuét nay ap dung cho ca kién trac dudng 6ng 1énh va kién trac siéu vo hudng.
Pong thoi, mot phan ndi dung nghién ctru trong phan nay da duoc cong bd trong cong
trinh sau:

e P.V. Huong, B.N. Hai and N.N. Binh, “An Approach to Instruction Scheduling at
the Processor Architecture Level for Optimizing Embedded Software”,

Proceedings of the 2014 International Conference on Advanced Technologies for
Communication (IEEE ATC), Hanoi, pp. 226-231, 2014.
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Céc nghién ctru lién quan vé t6i wu trong giai doan ndy ciing dugc cong b trong
tap chi SCI sau:

e N.N. Binh, P.V. Huong and B.N. Hai, “A new approach to embedded software
optimization based on reverse engineering”, IEICE Trans. INF. & SYST, Vol.E98-
D, No.6, 2015.

Vé vin dé téi wu phan mém nhiing trong giai doan thuc thi, chung toi cling dé xuat
va trién khai phuong phéap t6i wu dién ning tiéu thu dua trén k¥ nghé nguoc va tai cau
hinh CPU. Phuong phap nay két hop ca phan ctmg va phan mém, da dat duoc két qua tét,
c6 trién vong ap dung cho cac hé théng nhiing va phan mém nhing da c6. Két qua nghién
ctru di dugc cong bd trong cong trinh sau:

e P.V. Huong, N.N. Binh and V.V. Phuc, “A New Approach to Optimizing the
Power Consumption of Existed Embedded Systems Based on the Combination of
Hardware and Software”, Proceedings of IEICE ICDV, Hanoi, 2014.

Bén canh nhitng dong gop va két qua nghién ctru kha quan, luan 4n van con mot sb
van d& chua giai quyét trong cac giai doan t6i wu. Trong giai doan thiét ké, cac noi dung
nghién ctru trong ludn 4n méi chi tap trung vao mot sé mo hinh tinh nhu biéu do 16p va
biéu d6 ludng tac vu. Cac mé hinh dong cta phan mém nhu biéu dd hoat dong, biéu dd
tuan ty, v.v. van chua duoc nghién ctru. Dong thoi cac do do chét luong khac ciing chua
dugc phan tich, két hop vao phuong phap tdi wu da muc tiéu. Trong giai doan lap trinh
van dé phan tich, danh gia dé tim cac doan ma tiéu ton nhiéu ning luong va thoi gian thuc
thi 16n cling chwra duoc nghién ctru. Khi t6i wu md ngudn hop ngit hudng dén cac CPU
dich moi xét cac hé théng don CPU va kién trac RISC ma chwa giai quyét bai toan tdi vu
trong cac hé thong da CPU ciing nhu chua xét kién triic CISC. Trong giai doan thuc thi,
vén dé phén 16p cac bai toan dé ap dung k¥ thuét bién dich tam chwa duoc giai quyét.

Trén co s& cac van dé chua giai quyét va cac hudng nghién ctru mé trong tbi uu
phan mém nhung, ching toi s& tiép tuc tién hanh cic nghién ciru siu hon theo cac dinh
huéng sau. Trong giai doan thiét ké, chung toi sé& tiép can theo SPE dé nghién ctru céc
phuong phap ti uu dya trén cdc moé hinh dong ciing nhu viéc hinh thic hoa, bo sung cac
rang budc thoi gian thyc va céac tinh chat dic thu cua hé théng nhing vao mo hinh. Mat
khac, ching toi ciing tong hop, nghién ciru va tich hop cac do do chéat lugng phan mém
khac vao phuong phép toi vu da muc tiéu. Trong giai doan 1ap trinh, ching toi s& dua trén
co s6 lap lich da CPU cho céc tién trinh cta hé diéu hanh dé giai quyét bai toan tdi uu
trong modi truong da CPU. Hon nita, chiing t6i cling s& nghién ciru cac thuat toan tién hoa
dé giam d6 phuc tap tinh toan cho cac thuat toan toi wu. Trong giai doan thyc thi, ching
t6i s& nghién ctru phuong phap phan 16p cho cac chuong trinh trong k¥ thuat JIT va van
dé t6i wu mi may do. Ngoai ra, ching t6i ciing huéng dén ap dung k§ nghé nguoc cho
phan cting dé kiém chimg va ti wu muc kién traic CPU hodc lya chon ciu hinh tdi uu.
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Phu luc. TONG HQP CAC CHUONG TRINH THUC
NGHIEM

Céc chuong trong luan 4n da trinh bay vé cac phuong phap tdi uu méi ciing nhu
cai tién mot s6 phuong phép t6i wu dd c6 theo ba giai doan chinh trong vong doi phan
mém. Cac phuong phéap téi vu dé xuit trong luan an di duoc kiém chtng bang thuc
nghiém. Trong mdi phuong phép téi wu, chung t6i xay dung chuong trinh t6i uvu va danh
gia két qua dya trén viéc thyc thi mot s6 vi du thuc té. Theo do, phu luc nay nham hé
théng toan bo cac chuong trinh thuc nghi€ém va cac chuong trinh vi du dugc st dung dé
thue nghiém trong cac chuong trude. Pau tién, chung toi tong hop vé cac khung lam viéc
DSL va T4. Pay 1a bo cong cu cho phép thiét ké cdac mo hinh phin mém theo DSL di
dinh nghia va léy cac thong tin dac ta tuy dong tor mo hinh dya trén T4. Khung lam viéc
nay duoc sir dung dé thiét ké cac mé hinh phan mém gbe. Théng tin dic ta mo hinh gbe
duogc st dung 1am dau vao cho cac chuong trinh téi vu. Tiép theo ching t6i s& trinh bay
vé cac chuong trinh t6i vu di dugc xay dung va sir dung trong cac thuc nghiém. Dé tién
hanh thuc nghiém trong mdi phuong phap tdi wu can co cac chuong trinh thir nghiém.
Thuec thi cac chuong trinh thir nghiém nay trong cac moi trudng cu thé dé danh gia két
qua toi vu. Phu luc gdm cac phan chinh sau: P.1 tong hop cac cong cu DSL, T4 va cac

chuong trinh t6i vu; P.2 trinh bay vé cac chuong trinh thir nghiém.

P.1. Cac chwong trinh va cong cu t6i wu

Dé trién khai thuc nghiém trong cac phuong phap toi vu ching t6i da phat trién
cac cong cu hd trg thiét ké mo hinh va sinh dic ta tu dong tr mo hinh cling nhu xay dung
cac chuong trinh tdi wu. Cac cong cu thiét ké cho phép xay dung ciac md hinh phan mém
ban dau va sinh thong tin dac ta dang van ban tir mo hinh. Muc dich cua viéc chuyén mo
hinh sang dic ta dang vin ban nham lay cac tham sd can thiét sir dung trong qué trinh t6i
uu. Thong tin dic ta dang vin ban dugc dua vao cac chuong trinh tbi uu dé tién hanh thi
nghiém cac phuong phéap t6i uu. Ching t6i da xay dung cac chuong trinh tdi uu cu thé
trong cac phuong phap tdi wu. Noi dung phan nay s& tong hop cac cong cu va chuong
trinh t6i wu dd duoc xay dung.

P.1.1. Khung lam vi¢c DSL va T4
Khung 1am viéc DSL va T4 1a b cong cu cho phép thiét ké cac mo hinh phan
mém ciing nhu tu dong chuyén mé hinh sang dic ta dang van ban. Trong luan an, ching
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t6i da xdy dung mot s khung lam viéc DSL va T4 dé thiét ké cac mo hinh phin mém
khac nhau nhu biéu d6 16p don gian, do thi phu thudc tac vu. Dé xay dung mot khung lam
viéc DSL va T4, trude tién chung t61 dinh nghia mdt DSL cho mot mién ung dung cu thé.
Mot s6 vi du DSL cu thé nhu dic ta cau tric dit lidu triru twong nhu biéu do 16p don gian,
ngon ngit SQL hay DSL dic ta kién trac hé thong nhung, v.v. Sau khi dinh nghia DSL,
ching t6i xay dung siéu mé hinh biéu dién ct phap va ngit nghia cua DSL. Sau do, siéu
md hinh dugc bién dich va dong goi thanh mot céng cu cho phép thiét ké phin mém, hé
théng theo DSL da dinh nghia. Pé thyc hién viée chuyén doi tu dong tir m6 hinh sang dac
ta dang van ban ciing nhu 1iy cic tham s6 tir md hinh, ching t6i xay dung cac mau T4 dé
tich hop vao bg cong cu nay.

Pé xay dung khung lam viéc DSL va T4, chung t6i st dung phin mém Visual
Studio .NET 2010. Phan mém nay cho phép xay dung cac siéu mo hinh, thiét ké giao dién
cong cu va cac ky hiéu trong giao dién thiét ké ciing nhu bién dich va dong goi cong cu.
Trong qué trinh nghién ctru va thuc nghiém, dua trén cong cu nay chung t6i da xay dung
cac khung 1am viéc DSL va T4 nhu khung lam viéc dé thiét ké mé hinh dir liéu triru
tuong, khung lam viéc dé xay dung dd thi tac vu phu thudc va khung lam vi¢c cho phép
thiét ké hé théng nhung.

i.  Khung lam viéc DSL va T4 dé xay dwng dé thij tic vu phu thude
Khung lam viéc ndy dugc phat trién dé hd tro trién khai phuong phap t6i wu bd
nhé dya trén sip xép t6-pd dd dé cip trong Chuong 2. Bé xay dung khung 1am viéc nay,
dau tién ching t6i dinh nghia mot DSL cho phép xay dung dd thi phu thudc trong giao
dién d6 hoa. P6 thi phu thudc gé)m mot tap cac tac vu dugc thuc hién trong ham chinh va
quan hé gilta cac tac vu. Mdi tac vu s& dugc lap trinh thanh mot ham khi xdy dung
chuong trinh va dugc mé ta trong dod thi nhur mét nguyén miu ham véi tén, tham sb va
kiéu tra vé. Sau d6, ching t6i str dung Visual Studio .NET dé xdy dung siéu mé hinh dic
ta ngit nghia cho DSL. Ban chét siéu mo hinh 1a mot tép tin XML luu trit dinh nghia céc
16p 1dgic, dinh nghia cac 16p ky hiéu d6 hoa va cac anh xa giita cac 16p 16gic va 16p ky
hi€u nhu minh hoa trong Hinh P.2. Siéu m6 hinh va cac thiét 1ap xay dung cong cu duoc
bién dich va dong goi thanh khung lam viéc cho DSL da dinh nghia. Qua trinh dinh nghia
DSL va xay dung si€u m6 hinh nhu cac budc sau:
e Pinh nghia cac thanh phan logic: 16p Process, 16p Task, 16p Comment, 16p Start,
16p End, quan h¢ EndStart va cac rang bude
e Tao céac ky hiéu hinh hoc tuong (mg v&i mdi thanh phan 16gic ¢ trén. Cac ky hiéu
nay sé& sir dung dé thiét ké trong giao dién d6 hoa khi DSL duoc trién khai
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e Xay dyng siéu mo hinh dé luu trir cic dinh nghia va anh xa giira 16p 16gic va ky
hiéu hinh hoc nhu trong Hinh P.1, trong d6 phia bén trai biéu dién cac 16p l6gic
mo ta ngit nghia cta siéu md hinh va phia bén phai 1a cac 16p mé ta cac ky hiéu d6

hoa trong hop cong cu sau khi khung lam viéc DSL dugc xay dung.
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Hinh P.1: M6t phan siéu mé hinh cho DSL thiét ké d6 thi tic vu phu thudc

Trong Hinh P.2, vin pham md ta mo hinh thiét ké bang DSL ciing 1a mot tép tin
XML chira théng tin mé ta cac ky hiéu hinh hoc trong mé hinh thyc té. Qua trinh sinh ma
1a qua trinh phan tich va d6i sanh vin pham XML ciia mé hinh DSL thyc té véi van pham
XML cua siéu mé hinh, gdm cac budc sau: phan tich tép tin XML cta DSL dé lay cac mo
ta clia cac 16p ky hiéu thyc té; phan tich tép tin XML cua siéu md hinh dé 1ay mo ta vé
cac 16p ky hiéu, cac 16p ngir nghia va anh xa giira chung; déi sanh thong tin dé 1ay théng

tin ngit nghia ctia md hinh thyc té.
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<TextDecorator Name="NameDecorator™ DisplayName="Name Decorator” DefaultText="NameDecorator™ />

</ShapeHasDecorators:>
</GeometryShape>

| <Decorators>

</SwimLaneHasDecoratorss

</Decorators>
</SwimLane>
</Shapes»
Ex ﬁECHHECtC’5>...ﬁfECHHECFC’54

] ¢SwimLane Id="8@8243@eb-b69b-4f17-a36f-91294aceccs5d” Description="Description for drpham.TaskTop.ProcessSwimLane

] <SwimLaneHasDecorators Position="InnerTopLeft” HorizentalOffset="8" verticaloffset="8":
<TextDecorator Name="TextDecorator™ DisplayName="Text Decorator” DefaultText="TextDecorator™ /:

£

<¥mlserializationBehavior Name="TaskTopSerializ

Namespace="drpham.TaskTop">...</XmlserializationBehavior:]

<ExplorerBehavior Name="TaskTopExplorer™ />

[+ ct:nnecti:nBuildE’5>...CICcnnectianuildE’54
H |[<Diagram Id="a9cbB8al8-ac@e-4" Description="Description for" Name="TaskTopDiagram” DisplayName="Minimal Languag"
H |[KDesigner CopyPasteGeneration="CopyPasteOnly" FileExtension="taskop” EditorGuid=" ;u;3542-9dc?-4">...chesigne*4
#l  |<Explorer ExplorerGuid="41fb44bc-dbba-4" Title="TaskTop Explore”»...</E

</Ds13

=+
=+

Hinh P.2: Van pham XML m6 ta siéu m6 hinh

Sau khi da xay dung siéu mé hinh va
thiét 14p giao dién thiét ké cho khung lam

vi€c, chung t6i tién hanh bién dich va dong

g6l khung lam viéc. Hinh P.3 minh hoa ”;m Pointer
khung lam viéc DSL va T4 da dugc xay ‘ ‘j O

dung. Str dung khung lam viéc nay cho phép

14 £ s A 2 A . ~ , Task GetDictionary
thiét ké va moé ta do thi phu thude tac vu e ‘f
trong giao dién do6 hoa cling nhu chuyén doi |Properties > 3x &
N A 1N o R GetDictionary Tash . Recooni

to dong mod hinh tryc quan sang dac ta dang i ”
van ban. Vi¢c chuyén doi tu dong duoc thuc Description  Readfile(1. xt,100(

“n n n . - N MName GetDictionary
hién theo cong nghé sinh ma T4. Hinh P.4 IR string fileName

Retum Type  void

minh hoa mot miu T4 ching toi da xay
dung. Pac ta dang van ban cua dd thi tac vu
phu thudc dugc str dung lam dau vao cho
chuong trinh t6i uu bo nhé chiém dung dua

trén sap xép t6-po.

Hinh P.3:
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1 <Hi template inherits="Microsoft.VisualStudio.TextTemplating.VSHost.Modelingd
2 <#i output extension=".txt" #:»

3 <#d TaskTop processor="TaskTopDirectiveProcessor” requires="fileName='Test.ts
4 <#

5 // When you change the DSL Definition, some of the code below may not work.
= // Mol Process nhu 1 noi chua che 1 do thi

7 foreach (Process element in this.ProcessModel.Elements)

g {

9 /{voi moi dinh (FlowElement) trong Process hien tai

fLe foreach(FlowElement op in element.FlowElements)

L1 {

L2 string type = op.GetType().Tostring();

L3 if(type == "drpham.TaskTop.Operation™)

s Operation opTemp = (Operation)op;

L6 >

L7 [ !TaskName ] <#=o0pTemp.Named:

i ['ReturnType]<#=opTemp.ReturnTypes:

L9 [!'Parameters]<#=opTemp.ParameterList#:

28 <#

1 //50 canh di den dinh EndStart.GetLinksToFrontMe(opTemp).Count
2 // Duyet tren moi canh den dinh

23 if(End5tart.GetlinksToFrontMe (opTemp).Count > @)

24

25 foreach (EndStart e in EndStart.GetLinksToFrontMe(opTemp))
26 {

27 Operation opSource = e.SourceFlowElement as Operation;
8 if(opSource != null)

29 {

BB // write the current edge

Bl #>

B2 [!$edge]<#= opSource.Name$#>><#= opTemp.MName#:>
B3 <#

B4 1

Hinh P.4: MAu T4 sinh mi dic ta do thi phu thudc

ii. Khung lam viéc DSL va T4 dé thiét ké mé hinh dit liéu triru tweng

Dé thuc hién t6i vu phan mém nhing trong giai doan thiét ké dya trén chuyén doi
md hinh, chung t6i xdy dung khung 1am viéc DSL va T4 cho phép thiét ké va sinh dic ta
dang van ban. M6 hinh dir li€u triru tuong ctia hé théng bao gém mot tap cac cAu tric va
quan hé gitta cac cdu triac. Mdi cdu tric bao gdm mot tip cac thanh phan dit liéu va tap
cac thao tac. Mdi thanh ph?m dir liéu duoc dac ta bao gém tén, kiéu dir liéu, mién gia tri
va tan sb truy xuat dugc ude luong. Moi thao tac dugc dic ta gém tén, kiéu dir liéu tra vé
va tan sb thyc hién ciing dugc wéc lugng. Khung lam viée ndy cling duoc xdy dung theo
cac bude tuong tu nhu xay dung khung 1am viéc trude. Pau tién ching t6i dinh nghia cac
16p 16gic va cac 16p ky hi€éu nhu trong Bang P.1. Sau d6 xay dyng si€éu mo hinh nhu trong
Hinh P.5. Phia bén trai la cac 16p 16gic biéu dién cac 16p, cac thudc tinh, cac phuong thirc
va quan hé giita cac thanh phan trong biéu db 16p. Cac 16p ky hiéu twong tng véi 16p ngir
nghia dugc x4y dung trong phan bén phai Hinh P.5. Sau khi bién dich va dong goi, c6 thé
str dung khung 1am viéc nay dé thiét k& mo hinh dit liéu va sinh dic ta dang vin ban nhu
trong Hinh P.6. Cac 16p ky hiéu duoc xay dung trong Hinh P.5 s& duoc thé hién trong hop
cong cu phia bén trai trong Hinh P.6. Chung téi cling xdy dung cac mau T4 va tich hop
vao khung 1am viéc nay dé sinh ma ty dong nhu trong Hinh P.7.
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“Z ModelRoot =0 ) CommentBoxShape 2] ||

DomainDass | GeamamEnige
—— =/ Domazin Properties
Comments | Dormamlsiasonghip gi l‘ MadelRoot A,: Comment 3 = Decarators
o Ly Dornaindass A, Comment
= Domazin Proparties
B Text: Strin e 7
?r g = CommentConnector £]
Sy S, Comnacir
ModelRootHasTypes = Domain Properties
e Dy (] reseiine G MoelT ®
. P = 4 mwa_rge = Dacorators
!=l Domazin Properties
e 1 ClassShape &
Comganmershaps
T 7 ModelClas . =/ Domazin Properties
Demairdass =
=l Dacorators
= . 3sc
= Dsméun Prop-eme; A, Name
A Kind : String & ExpandCollzpse
' IsAbstract:Inherit... = Compartments

' ValuzRange : String
' Frequency :String

E=] AttributesCompar...
=] OperstionsCompa..

#Z Modellnterfae ¥ = GeneralizationConnedor
DomainOass Corrpce
£

Hinh P.5: Thiét ké siéu mo hinh cho DSL dic ta md hinh dit liéu triru twong

Toolbox v % X| “fimPareto.cs [Design] | frmPareto.cs | frmPareto.cs’” 8Queenldslcls

[zl Class Diagrams

[k SO § Setting @\ i Queen @\ i DisplayQueen @\
= Class

= Attribute = Attributes B Attributes B Attributes

l=J Class Operation +Width: int -Xiint static -FileName; str...

=] Interface +Height: int -Y:int - static -arQueen: Qu...

\= Interface Operation +WidthQueen: int -Width: int Z static -arPossition: i...

L, Unidirectional Associati... +HeightQueen: int -Height: int = Operations
L. Bidirectional Association %£SpaceXint & Operations static +DisplayASol...
*I-<> Aggregation :fs\lrl,.lari;fY:CISI‘Its- = +Queen() static +DisplayAllSo...
LI-O Composition < . +Queen(x: int, int: y... ~ 5 =
| 2 = Operations . J ‘I\%
L Inheritance ~N
<> Multiple Association $3ettingl) . ( frmMai @) Queen8Algrthm
& N +SetValue{w: int, hi.. [ Rl G
0} Multiple Association Link L )z - - = Attributes
?g Association Class Attributes -NumOfQueen: int
] Comment ( ChessBoard @) E Operations 7:‘ -arRows: intf]
J&2 Comment Link 5 = static +Main(): void -arCols: int[]
=l General B Attributes 74 +Start(): void = Operations
a Operations \ / +Setup(): void
Therg are no usable +DrawBoard(obj: Gr... +Print{): void
cc;?::’:,’_:r;m:: g]’;liz;tl)tf:g N > +SearchSolution(ro...
add it to the toolbox. +Run8QueenArg(): ...

J

Hinh P.6: Str dung khung lam viéc dé thiét ké mo hinh dir lidu triru tugng
Hinh P.7 mé ta miu T4 duoc sir dung dé sinh dic ta dang vin ban tu dong tir mo
hinh. Trong mau T4, vin ban tinh dugc két hop véi ma C# st dung dé lay dic ta cua cac
phan tir tr mo hinh dugc chira trong chi dan <# #>. Tép tin vin ban dic ta mo hinh co
phan mé rong .txt.
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Bang P.1. Cac 16p nglt nghia va tryc quan chinh trong siéu mé hinh

Lép ngir nghia Mo ta Lép truc quan
tuwong ng

Comment Lop biéu dién chu thich CommentBoxShape

ModelClass L&p biéu dién mét cau tric ClassShape

ModelAttribute L&p biéu dién mot thanh phan dit liéu | Khéng co

ModelOperation L&p biéu dién mot ham Khéng c6

ModelMultiAssociation | Lop biéu dién lién két giira hai cu triic | AssociationConnector

<#@ template inherits="Microsoft.VisualStudio.TextTemplating.VSHost|
<#@ output extension=".txt" #>
<#@ P03_Pareto_Class processor="P03_Pareto_ClassDirectiveProcessor"”
<¥

// Cac bien luu tru, thong ke tham so tu bieu do

string[] arClass;

arClass = new string[this.ModelRoot.Types.Count];

//duyet cac class trong model:

foreach (ModelType type in this.ModelRoot.Types)

{ //Hien thi ten Class

>
<#= "@Class:" #><#= type.Name #>
< ‘,»
//Lay thong tin lop hien tai
ModelClass modelClass = type as ModelClass:
if (modelClass != null)
{
//get methods:
if (modelClass.Operations.Count >0)
{
>
< ’
foreach (ClassOperation op in modelClass.Operations)
{
>
@@Methed: <§=op.Name#>
<%

}

}

Hinh P.7: Minh hoa mau T4 liy dic ta tir biéu do 16p

P.1.2. Chuwong trinh t6i wu hiéu niing dua trén danh gia biéu do 16p

Pé trién khai thuc nghiém t6i wu hiéu ning dya trén danh gia mo hinh trong

Chuong 2, ching t6i xdy dyng chuong trinh t6i wvu nhu trong Hinh P.8. Pau vao cua

chuong trinh 1a mot tap cac biéu d6 16p ctia phan mém dic ta theo theo dang van ban. Pic

ta dang van ban da duogc chuyén tu dong tir mo hinh sau khi thiét k& mo hinh dua trén
khung lam viéc DSL va T4 da dugc trinh bay trong phan P.1.1. Pau ra 1a biéu do 16p co

hi€u nang tdt nhat duge dic ta theo dang van ban hoac mo hinh truc quan. Chuong trinh

bao gdm cac chirc ning chinh cho phép phan tich, danh gia va lya chon mé hinh téi uu.

Chuic nang dau tién 1a phan tich mé hinh va trich xuat cac tham s6 anh huong dén hiéu
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nang. Chirc nang thir hai 1a tinh toan cac do do anh hudng dén hi¢u nang tir S; dén Sg dua

trén cac tham sb da 1y dugc tir moé hinh. Chtc ning tiép theo s& duyét va tinh gia tri ham

danh gi4 hi¢u nang dya trén cac do do S; dén Sg. Cudi cung dua trén gia tri cia ham danh

gia hiéu ning, ching t6i s& thu duoc md hinh c6 hiéu ning tot nhat trong tdp mo hinh ban

dau. Pé viét chuong trinh nay, ching toi sitr dung ngdn ngit C#, nén tang va moi truong
phat trién tich hop Visual Studio .NET 2008. Hinh P.9 minh hoa mét phan ma ngudn
chuong trinh t6i vu hiéu ning. Poan ma nay phan tich timg dong trong tép tin dic ta mo
hinh va trich xuét cac 16p (bat dau bang @), cac thudc tinh (bit ddu bing @@ @), phuong

thirc (bat dau bang @ @) va cac dic diém ctua mdi thanh phan dé tinh cac do do rdi tinh

gia tri ham danh gia hi¢u nang theo cong thuc (2.7).

&2 T8 v hidu ndng dua trin dink o bidu 32 3p

| Pdin tich md Neh | Ti% ua heies ning

Liat of Oinas Sagan Detad of the cunent Class Sagan

£Gueen dsicls.

$Cueen? deidls

§0ueen]. deicls L9475 ¢ 51 (Cass Methad Sae}

L went dchs

SGusarss dece 56 phuicng thikc m 52 ((Jass Atrbete Sas)
55 hudc tink 17 53 (Executing Cass Method Swe)
S8 phudng thic 1Tnh ¢ 54 (nsance Nethod Sae)
SEDude tink 1Tk 14 S5 (nstance Altdule See)
S8 phudng thio d5 signg: 2 S8 (Exacuting instance Method Szel

S8 Dulc tind 35 tiong b

Gad trj him dénh gsé hidu ndng: 344

==

Hinh P.8: Giao dién chwong trinh t6i wu duwa trén danh gia mo hinh

atring fName - latListDiagram.SelectedItem,ToString(}:
atring file = fName.Subatring(0, fName.IndexOf('.')):
file = folderPath +8"\"+ file + “.txt":

gtring(] arLine = GetAllLinea{file);

+ 4 *s

+ 1*aizeOfExecutingInstanceMathod;
if (Double.IsInfinity(fPerform))
fPerform = MAX;

)

txtPerformanceFunction,.Text = {Perform.ToString();

private void lstListDiagram SelectedIndexChanged (cbhbject sender, Eve

aize0IClassAtrs + sizeOfClassMethod)
eDfExecutingClassMethod + 3*{sizeOfInstanceAtts + size0flIns

Hinh P.9: Minh hoa ma ngudn chuong trinh ti wu hiéu ning
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P.1.3. Chuwong trinh tdi wu da muc tiéu dya trén biéu do 16p
Chuong trinh téi vu da myc tiéu duge chiing toi xay dung dé trién khai thir nghiém
phuong phap t6i wu da myc tiéu Pareto va ddnh gia mo hinh da trinh bay trong chuong 2.
Chuong trinh nhin du vao 13 mot tip cac biéu d6 10p khac nhau d3 duoc thiét ké cho mot
ung dung va dugc theo dinh dang van ban. Pau ra cla chuong trinh 1a biéu dd 16p can
bang nhit giita cic muc tiéu téi wu. Chuong trinh nay gdm cac chirc ning chinh sau:
e Phan tich, trich xuét cac tham s6 cho mdi biéu d6 16p trong tap dau vao
e Tinh toan cac d6 do S; dén Sg
e Tinh gia tri cac ham muc ti€u hiéu nang, ham muc ti€u bd nhd va ham muc ti€u
toan cuc
e Lua chon m6 hinh ¢6 ham muc tiéu toan cuc 16n nhit. bay la mo6 hinh can béng
nhét gitra muc ti€u hiéu ndng va bd nho.
Dé xay dung chuong trinh nay, chung t6i ciing sir dung ngon ngit C# trén nén tang
NET 3.5 va trong moi truong Visual Studio .Net 2008. Chuong trinh da dugc xay dung
vé1 giao dién nhu minh hoa trong Hinh P.10.

o2 Téi uu da muc tiéu dua trén biéu db I6p o =)
Phan tich mé hinh | T uu da muc tiéu
Danh sdch md hinh Tham =8, d& do va ham muc tiéu
8QueenT dsicls
Seend dars Téng s6p: 3 51 (Kich thudc cac bign tinh) 2
BQueend dsicl
Téing 55 phudng thic: n 52 {Kich thusc cac phudng thilc tinh}; 50
Téng s thuée tinh: 7 53 {Kich thugc thiic thi cac phudng thic tinh: 48
5§ phugdng thic tTnh: 2 S4 (Kich thugc cac bign déi tugng): 12
55 thudc tinh tinh: 15 55 (Kich thudc cac phugng thic d& tugng): 8
55 phuicng thiic déng: 3 S6 (Kich thudc thuc thi cdc phudng thic & tugng): 36
S5 thuc tinh déi tugng: 2 Ham muc éu higu nang: 6.07222222232372
Ham muc tiéu bd nhd: 5.51739130434783
Ham muc téu toan cuc: 11.58961352657

Hinh P.10: Chuong trinh t6i ru da myc tidu Pareto dya trén danh gia mo hinh

P.1.4. Chuwong trinh toi wu b nhé dwa trén sip xép to-pod

Nhu d3 trinh bay trong Chuong 2, phuong phap toi wu dya trén sap xép t6-pd
nham t6i uu dung luong bd nhd chiém dung trong qué trinh thuc thi chuong trinh. Khi
thuyc thi mot chuong trinh trong hé théng nhung, mdt ham chinh dugc goi thuc thi dau
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tién va trén nén ham chinh s& thuc hién céac tic vu khac. Mdi tac vu duoc 1ap trinh thanh
mot ham. Chudi thuc thi cc tic vu c6 thé thay d6i ma khong 1am anh huong dén két qua
thue thi. Mdi chudi thuc thi cac tac vu phai thoa man sip xép t6-pd cua dd thi phu thudc.
Phuong phap t6i uu bd nhé dua trén sap xép t6-pd nham tim ra chudi thyc thi cac tic vu
c¢6 dung luong bo nhé chiém dung nho nhat. Dé thir nghiém phuong phap nay, ching toi
d3a xdy dung chuong trinh t6i uvu bo nhé dya trén sip xép t6-pd voi giao dién nhu trong
Hinh P.11. Pau vao caa chuong trinh la dod thi phu thudc gitra cac tac vu da duogc chuyén
tr md hinh truc quan sang dang vin ban. Pau ra ctia chuong trinh 13 chudi t6-pd c6 dung
luong bd nho chiém dung it nhét khi thuc thi chuong trinh theo chudi nay. Chuong trinh
gdm cac chirc ning chinh sau:

e LAy va phan tich cac tham s6 tir d6 thi tac vu phu thudc

e Tim cac chudi t6-pod trén dd thi tac vu phu thudc

e Danh gia dung luong bd nhé chiém dung trén mdi chudi t6-pd

e Tim chudi t6-pd c6 dung lugng bd nhd chiém dung nhoé nhit.

Dé danh gia dung lugng bd nhd chiém dung trén mdi chudi to-pd, ching toi di xay
dung cong thirc va 1ap trinh ham danh gia theo cong thirc (2.14). Chuong trinh ciing dugc
viét bang ngdn ngit C# trén nén tang NET 3.5 va trong mdi trudng Visual Studio .Net

2008. Hinh P.12 minh hoa mét sé ham xr 1y chinh trong ma ngudn chwong trinh.

[ Gat pavamaters foos Model | Optmzing by Tepo Sor
View Chan of Otectve hnctces
’ | oyte)
Lt of the Best Topo Chans

. 4

Flow of Task from Modet

012345678

Cac chudi té-pé

Hinh P.11: Chuong trinh t6i vu mirc chiém dung bd nhé duya trén sap xép t6-pd
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58 private void btnWiewChart_Click(cbject sender, Eventirgs e)
51 I

52 B

79

ae //add best topo chains to list

81 lstAllDiagramFile.Items.Clear();

g2 for (int 1 = B8; i <« setBestTopoChain.Count; i++)

83 {

a4 Task[] cur = (Task[])setBestTopoChain[i];

35 string line = "";

86 for (int j = @; j < NumOfTasks; j++)

a7 1

38 line += cur[j].0Order.ToString() + . "3

89 1

LS

a1 1stAllDiagramFile.ITtems.Add(line);

92 1

93

94 H [ve do thi che cac chuoi To-pd

182 | 3

@3 | #endregion

14

185 |Cac ham xu ly: chuyen tu mo hinh sang mo ta do thi ----------
317

318 [cac ham xu 1y: tim hoan vi cua N task ---------- |

5B8 |

587 [cac ham thao tac tim chuci Tope, lua chon chuci Topo tot nhat]
629 |

G3e [cac ham danh gia muc chiem dung be nho cua 1 Task, cua chuoi Task

Hinh P.12: M4 ngudn chinh chuong trinh t&i vu bd nhé dua trén sip xép t6-pd

P.1.5. Chwong trinh t6i wu dya trén chuyén ddi mé hinh

Sau khi x4y dung khung lam viéc DSL va T4 dé thiét ké va 13y thong tin dic ta tu
dong tir md hinh chung t6i xay dung chuwong trinh t6i wu dya trén chuyén d6i mé hinh.
Pau vao cta chuong trinh 13 thong tin dic td md hinh va bd tham sb twong Gng v6i mé
hinh di dugc trich xuét tu dong tr khung lam vi¢c DSL va T4. PAu ra 1a mé hinh t8i vu
duoc biéu dién dang toan hoc trong phz‘in trudc hoac dang truc quan. Gia tri cia ham danh
gi4 trén mo hinh ban diu va mo hinh t6i wu ciing dugc thé hién trong chuong trinh dé
kiém ching. Trong nghién ctru ndy, chiing t6i xdy dung chuong trinh véi ba lya chon tdi
wu 1a t6i wu hiéu nang, tdi wu dung luong by nhd chiém dung va tdi wu da muc tiéu.
Chuong trinh t6i wu da duoc xdy dung nhu trong Hinh P.13 va mot phan ma ngudn

chuong trinh dugc minh hoa trong Hinh P.14.

i.  Chuyén ddi md hinh dé t6i wu hiéu ning
Dé thuc hién tdi vu hiéu nang dua trén chuyén d6i mé hinh, chung t6i lap trinh ba
phép chuyén d6i d6 1a thu gon kiéu dit liéu, chuyén cac tham sb thanh cac thanh phan dir
liéu va chuyén cac thanh phan dit liéu ciling nhu cac phuong thitc dong thanh tinh. Trong
phép chuyén d6i thir nhét, chuong trinh s& cin cir vio mién gia tri ciia cac thanh vién dir
liéu dé chuyén vé kiéu nho nhét c6 thé. Hai phép chuyén d6i sau duoc thuc hién theo rang
budc vé tan sd str dung. Chi cac phuong thirc ndo ¢ tan s6 sir dung 16n hon hodc bang

hon tan s6 ngudng méi duoc thyc hién phép chuyén doi tht hai. Chi cac thanh vién dix
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liéu va phuong thirc ¢6 tan sé 16n hon hoic bang tan s6 ngudng mdi dugc thuc hién phép

chuyén dbi thir ba.

ii. Chuyén d6i md hinh dé t6i wu bd nhé chiém dung

Pé thyc hién t6i wu bd nhd chiém dung dua trén chuyén d6i moé hinh, chiing toi lap
trinh ba phép chuyén ddi 13 thu gon kiéu dit liéu, phan chia va gdp ciu trac. Phép chuyén
d6i dau tién ciing dugc thuc hién nhu trong phan t6i wu hiéu nang. Hai phép bién ddi sau
duoc thuc hién dya trén tan sd su dung. Trong m6 hinh dit li¢u, cac thanh phén dir liéu va
cdc ham c6 thém thudc tinh tan sb truy xuét hodc thyc hién. Tan s6 nay s€ dugc nguoi
thiét ké uéc lugng. M6 hinh dir li¢u duogc st dung lam dau véao cho chuong trinh tdi wu dé
thuc hién cac phép bién do6i. Trong chuong trinh t6i wu, ching t6i 1ap trinh phép bién doi
phan chia cAu tric dya trén thuit toan phan cum K-mean véi sb phan cym tuy chon. S6
phan cum chinh 13 sé céu trac dugce phan chia tir cAu triic ban ddu. Chuong trinh téi vu
phan tich va chuyén tir mo hinh truc quan sang biéu dién toan hoc ctia mé hinh dya trén
T4. Sau do thuc hién phép bién ddi dé dat dugc md hinh tdi vu dang tap hop. Tir mé hinh

tdi uu dang tap hop, co thé sinh nguoc lai mé hinh tryc quan hodc sinh ma.

Phan tich mé hinh | Téi uu cén béng higu ndng -bé nha | T uu higu ndng | T&i uu ba nhé chim dung

Lija chon phép bign dai Bigu dB so sanh higu ndng

Thu gon kigu dii ligu
Chuyn tham 5§ thénh thud tinh So sanh gia tri ham danh gia hiéu
nang

Chuyin thanh phan déng thanh tinh
fe
1200

Thuic hign

1000

800 -

600 -

400

200

o
Ma hinh ban dau Mé hinh téi wu

Hinh P.13: Giao dién chwong trinh t6i wu dya trén chuyén d6i mé hinh
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397 Phan tich bieu do hien tai trong class

"

ivate void

latListDiagram SelectedIndexChanged(object sender, EventArgs

—
m

string fName = lstListDiagram.SelectedItem.ToString():
string file = fName,Subatring (0, fName.IndexOf('.')):
file = folderPath +@"\"+ file + ".txt"s

string[] arlLine = GetAllLines(file);

od

ng g

jresfromClass.SizeOfMethods (NumOfClasaMethod) ;
= MessurssFromClass. SizeOfMethods (NumOf InstanceMethod)
//size attributes:
int 3izeOfClaasAtts = MeasuresFromClsss.SizeOfAtts (arClassAtt, NumOfClasaAtt) s
Int sizeOfInstanceAtts = MeasuresF D laxs.SizeOfAtts {arInstanceAtt, NusOfInstanceAtt);

xecuting method
fExecutingClassMethod = M ss.5izeToExecuteMethod (arClassMethod, )
int sizeOfExecutinglinstanceMethod « MesasurssfromClass,SizeToExecuteMethod{arlinatanceMet]

<] 3 \ 1 114

Hinh P.14: M ngudn phan tich mo hinh

P.1.6. Chuong trinh phéan tich ma hop ngir dé tim cau hinh t6i wu

Pé tim dugc cdu hinh tdi wu dién nang tiéu thy cho mdt hé théng nhung da co,
chung t6i xay dung mot chwong trinh phan tich ma hop ngit va hd so CPU don gian nhu
minh hoa trong Hinh P.15. Ttr md hop ngit duoc dich nguoc trong phan trude, chuong
trinh duyét va phan tich ting dong 1énh dé phan nhom cac don vi chic ning duge sir
dung trong phan mém nhing. Chuong trinh ciing duyét hd so CPU dé tim tap cac don vi
chtrc nang ciia CPU. Dura trén két qua phan tich ma hop ngir va hd so CPU, chuong trinh
s€ tim cac don vi chirc nang dugc sir dung va ghi ra tép tin cAu hinh m&i chi bat cac don
vi chirc ning nay. Dua trén tép tin cau hinh duoc tao ra tir chwong trinh phan tich, c6 thé

tai cAu hinh lai CPU dé t6i vu dién ning tiéu thy.

o= Phan tich ASM & Téi uu = =[]
Phan tich fie hop ngl | | Phan tich fie cau hinh géc | | Teocsuhinhiivu | | Luucduhinhtsiuu |

Thiing ké fie hdp ngt C&u hinh géc Cau hinh t6i uu
subu 4 - # load/store queue (LS0) sze  » H load/store queue (LSA) sze .«
=W 15 dzgsize g dsq:size 8
=1 1 L
bw 20 3 H total number of integer ALU's H total number of integer ALU's
El 3 | sesialu 8 sesialu 1
addu 7
sit 2 H total number of integer multiph # total number of integer multip
beq 2 sesmult 8 sez:mult 1
i 5
=13 1 # total number of memory syster # total number of memory syster
bne 1 es:memport 1 es:memport 1

* Tap lénh hdp ngtl trong fle = # total number of floating point ¢ # total number of floating point »
subu Sap,Ssp. 72 ses:fpalu 8 i esfpalu 1 L
W $31.68(Ssp) 3 3
W Sfp,B-r}[Sap} H total number of floating point r # total number of floating paoint 1
jal __main ez fpmult 8 — ses:fpmult 1 —
0 52 24(Sfp) e & ¥

Hinh P.15: Chuong trinh phan tich va tao cdu hinh ti wu
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P.1.7. Chwong trinh l4p lich cc 1énh dé ti wu

Pé tién hanh toi wu ma hop ngit gan véi cac CPU cu thé, ching t6i xdy dung
chuong trinh lap lich dé t6i wu hiéu ning va dién ning tiéu thu. Pau vao cua chuong trinh
la mot tép tin hop nglr da dugce bién dich chéo tir mdt tép tin nguén C. Chuong trinh hop
ngit duoc phan tich thanh cac khdi co ban. Vi mdi khdi co ban, chuong trinh xdy dung
d6 thi phu thudc va ap dung thuat toan di truyén dé tim chudi t6-pd tot nhat. Ty theo
muc tiéu t6i wu va loai kién trac CPU, ham thich nghi trong thuat toan di truyén s& duogc
1ap trinh theo cac phién ban khac nhau. M hop ngit trong mdi khéi co ban dugc sip xép
lai theo thir tu t6-pd tot nhat. Két hop cac doan ma tdi wu cua cac khdi co ban dé tao
chuong trinh hop ngir téi vu. Chuong trinh nay duoc ching t6i xdy dung nhu minh hoa
trong Hinh P.16.

S 2 Scheduling.¢ Genetic.c *mainc ¥ DFGh  Programh
Projects = Symbols Resources i ' San —xrv g
) Workspace 2
By Scheduling ’
-
& Sources 5
BasicBlockPartition.c b $inc enett
DFG.c -
e * | FADADr-Thesis\NewPapers\Scheduling\bin\Deb...
aenetic.C
v solution the he 397 la ¥ :8 1 2 3
List.c best solution the he 398 la 1999 :0 1 2 3
Scheduling.c best solution the he 399 1la 8 :8 1 2 3
i scheduled:
mamn.c
prsa.c
B Headers

Hinh P.16: Giao dién chuong trinh lap lich

P.2. Cac chwong trinh sir dung trong kiém chirng

Trong cac phan dau chuong, chung toi da trinh bay mot sé chuong trinh ti uu cho
mdi phuong phép toi wu. Pé danh gia cac phuong phap t6i uu ciing nhu cac chuong trinh
tdi vu da xay dung, chung t6i st dung cac chuong trinh vi du dé thuc nghiém. Noi dung
phan nay sé& trinh bay vé cac chuwong trinh vi du dugc st dung trong qua trinh thuc
nghiém. Céac chuong trinh thir nghiém duoc ching toi 1ap trinh hodc str dung mi nguén
mé. M&i chuong trinh thir nghiém c6 thé duoc t6 chirc theo cac phién ban ma ngudn khac
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nhau twong ng voi cidc md hinh trong giai doan thiét ké. Tuy nhién céc thuat toan dugc
gilt nguyén dé khong anh hudng toi gia tri cac ham danh gid. Mot s6 chuong trinh thir
nghiém duogc chung to1 1ap trinh nhu chuong trinh nhan dang chir Nom trén dién thoai di
dong va chuong trinh nhan dang chit Ném trong méi trudng phan tan. Mot sé chuong
trinh nguén m¢& dugc chung t61 bién soan lai ma nguén theo cac m6 hinh ph?m mém dé

tién hanh thuc nghi¢ém nhu thap Ha N1, tdm quan Hau va nhan ma tréan.

P.2.1. Chwong trinh nhin dang chir Nom trén PocketPC

Hé thong nhan dang chit Hin-Nom gdm ba giai doan chinh: tién xt 1y, huan luyén
va nhan dang. Trong hé thong nay, chiing t6i phat trién phuong phap nhan dang theo mo
hinh cyc dai Entropy két hop voi trich chon dac trung theo toa do diém den cua khung
xuong. Phuong phap nhan dang nay dat dugc do chinh xac 76,63%. Dt li¢u st dung la
tap anh tao tr b ma NOom unicode va truyén Kiéu 1866. Giai doan huin luyén, tap mau
vao chuin gdm ba loai font: chuan, nghiéng, dam 3x8488 ky tu duoc tao ra tir bo ma
unicode, phan doan vin ban, tach ky tw, 1y khung xuong, trich chon dic trung, liy ma
unicode tuong tng cua ky tu, tinh phan phdi Entropy. Két qua huan luyén 1a mé hinh
phan phdi Entropy cua cac ky tu. Trong giai doan nhan dang, hé théng can nap mé hinh
phan phdi Entropy, tach ky tu va trich chon dic trung va dwa tap dic trung vao md hinh

dé tinh toan va chon nhan co6 xac suat 16n nhat.

NhanDanuChul ﬂ il 44 9:13 €3 NhanDangChul ﬂ Y €€ 921 €3

Ark ky b Arhl'ytu

Nap trong so Nap trong so
: = E:']‘g Chon ngon ngu [~ F * * mﬁ chon ngon ngu |~
1 7‘ :;k Nap anh : Nap anh

Nhan dang i ﬂ T % Nhan dang

Ket qua rhan dang: Ket qua nhan dang: Luu ket qua

Tram nam Trdm nam trong col

Ll
Lh|

[N n I* eIl i >
Chuc nang Tro giup E|~ Chuc nang Tro giup s | B

@@@@@ @@@@@

Hinh P.17: Chuong trinh nhan dang chir Nom
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Pé thir nghiém cac phuong phap tdi vu ching t6i st dung mo-dun nhéan dang trong
hé théng nhan dang chit Nom. M0-dun nhan dang nay c6 cac phién ban duoc lap trinh
theo cac kién triic khac nhau. Tuy nhién, thuat toan va ma ngudn trong cic phuong thirc
1a khong thay ddi. Do d6 c6 thé sir dung md-dun nhan dang nay dé danh gia hiéu ning,
mirc chiém dung b nhd ma khéng bi anh hudng bai thuat toan. Giao dién mo-dun nhan
dang dugc minh hoa trong Hinh P.17.

P.2.2. Chwong trinh nhan dang chir Nom theo dich vu web

Pé thir nghiém phuong phap t6i uu hidu niang phan mém nhing trong mdi truong
phan tan dua trén nén dir li€u, chung t61 xay dung va str dung chuong trinh nhan dang chir
NOm trong moi truong phan tan dya trén dich vu web. M6 hinh hoat dong cua chuong
trinh duoc chi ra trong Hinh P.18. Chuong trinh ¢6 mo-dun nhan dang dat trén may chu
va mo-dun I/O dit trén dién thoai di dong. Anh can nhan dang duoc chup tir dién thoai di
dong, nén theo thuat toan GZIP sau do dugc dat trong goi SOAP va gui 1én dich vu nhan
dang trén may chu xur ly. M6-dun nhan dang trén may chu khi nhan dugc dir lidu s€ giai
nén, tién hanh tién xu 1y, phan doan, tach ky tu, trich chon dac trung va nhan dang dua
vao mé hinh Entropy cuc dai (MEM) di huan luyén. Két qua nhan dang s& dugc nén néu
kich thudc vuot qua gioi han. Cubi cung két qua dugc giai nén va hién thi trén dién thoai
di dong. Mo hinh thuat toan dugc mo ta cu thé nhu trong Hinh P.19. Giao di¢n trén di¢n
thoai di dong cua chuong trinh dugc minh hoa trong Hinh P.20. Hinh P.21 minh hoa ma
ngudn xir Iy trén may phuc vu dich vu web va Hinh P.22 minh hoa md ngudn xu 1y trén

dién thoai di dong.

—— Training
Standard based on :
Input Images Skeleton Maximum T;:gjd
> and extract Entropy ‘
strokes I Model L Model

Meanin C
eamrg| Decompress S — ‘ or:;raess
data | Web Service
Compressed
wap | Data | | Sevver

y 504P
L. =1 Compress L-D»L _F——— _L* Decompress (i Recognize
Mobile App Input data data
Image

Hinh P.18: Mo hinh cai tién hiéu ning Nhan dang chit Nom phan tan
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o I @
» |NOM Recognitio [ | 4£ 4:21 Q

Total: 50
Percent: 20
Invalidhumber: a
NotInDictionary: |2

Word
Time: 675 mS. Compression rate:
35%.

Send File | Recognized Result l View Website I

18

o T s

—

& . 86

Hinh P.20: Giao dién m6-dun nhin dang chir Nom trén dién thoai di dong

g Sysatem;
ing System.Web;
ing System.Collections;
using Syatem.Web.Services;
ing System.Web.Services.Protocols;

Summary description

MMETY

[WebService (Namespace = ) ) g/s") ]
[Wel 3§ g (ConformaTo = Wsifrofilaz.BasicProfilel _1)]

public class NomMEMReg : System.Web.Services.WebServics

160 public NomMEMReg (). ..

[WebMethod (Description="Method nhan dang. Tra ve mang ket gua®™)]

n
public double|] Recognize ResultArray(string fileName)|...

[WebMecthod (Degscription = "Method nhan dang. Tra ve chuei ket gqua”™)]
public string[] Recognize ResultString(atring fileName)...

Hinh P.21: Ma nguén dich vu web
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!

Get data, check
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I
I
I
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I
Yes I
I
I
I
I
I
I
I
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|

Decompress data

|
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result

Hinh P.19: Cai tién hiéu nang nhan dang chit Nom phan tan trén dién thoai di dong

public partial class frmMainApp : Form
l

[/ <summary>

/// Chua ten file anh

//) </summary>

public string strfileName = "";

public froMainApo()l...

/// <summary>

/// Mo file de upload len server|

/// </summary>

/// <param name«"gsender”><{/param>

/// <param name="e"></param>

private void btnOpen_Click(cbject sender, Eventirgs c]I;|

/1) <aummaryn»

/// Upload file len ssrver chua webservice

Y </=summary>

/// <param name-"sender"></param>

/!/ <param name="e"></param>

private void btnUpload Click({object sender, EventArga elm

private void btnReg Click(object sender, EventArgs el

Hinh P.22: Ma ngudn xir Iy trén dién thoai di dong
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P.2.3. Thap Ha Noi

Pé thir nghiém phuong phap toi uu bd nhé chiém dung dua trén chuyén d6i mo
hinh, ching t6i st dung chuong trinh vi du m6 phong thuat toan dé quy thap Ha Noi.
Thap Ha Noi 1a bai toan ndi tiéng: sir dung dé quy dé chuyén cac dia tir thap (1) sang thap
(3) theo ding thtr tu, str dung thap trung gian (2). Chuong trinh s€ m6 phong lai cac budc
chuyén dia bang giao dién d6 hoa va ghi lai moi budc chuyén nhu trong Hinh P.23.
Chuong trinh nay khong duoc 1ap trinh ma chung toi sir dung ma ngudn mé sau d6 bién

soan lai theo cdc md hinh thiét ké khac nhau dé danh gia.

a5 Hanoi Tower Emulation EI@

Excution time:

1.5tart: 11:10:17 AM 2.End: 11:10:18 Hanoi Tower Emulate Mum Of Disc: 10

-~

: § B

(1 (2) (3)

Move diskSfrom tower 1 to tower 3

Hinh P.23: Giao dién chuong trinh thap Ha Noi

P.2.4. Chwong trinh 8 quan Hiu

Chuong trinh 8 quan Hau trong giao dién dd hoa duoc sur dung dé thu nghiém
phuong phép t6i vu bd nhé chiém dung dua trén chuyén d6i mé hinh. Chuong trinh nay
dugc chung toi sir dung mi ngudn md va bién soan lai theo cac phién ban khac nhau. Mdi
phién ban tuong (mg véi mét mo hinh phan mém. Tuy nhién, thuat toan va ma ngudn
trong mdi phuong thitc khong dugc thay d6i dé tranh anh hudng cia thuat toan dén viéc
danh gia. Thuc thi cac phién ban ndy trong ciing mot moi truong dé danh gia két qua toi

uu. Giao dién chuong trinh dugc chi ra trong Hinh P.24.
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Hinh P.24: Giao dién chuong trinh 8 quan Hau

P.2.5. Cac chwong trinh nhing cho Bo mach Netduino va Netduino Plus

Trong phan nay, chung t6i trinh by ba vi du vé chuong trinh nhiing tich hop trén
Bo mach Netduino Plus véi vi xtt Iy ARM7 chira trong vi diéu khién AT91SAM7X512
d6 1a Netduino_8digit, Netduino_LCD va Netduino_SerialPort. Pay 1a ba vi du nhung
dién hinh dugc str dung dé kiém chimg phuong phap t6i vu hiéu ning dya trén biéu 46
16p, t6i vu hiéu ning dua trén chuyén d6i mé hinh va téi vu da muc tiéu. Cac chuong
trinh nay va cac thong tin vé& hé thdng nhung twong tmg duoc tra ciru va tai vé tir website
http://embedded-lab.com/blog/?page _id=6225. Chung t6i st dung ma nguén cua cac

chuong trinh nay, stra d61 va tai cau tric theo cac biéu do 16p khac nhau, thuc hi¢én moé

phong dé danh gia két qua tbi wu.

P.2.5.1. Chuwong trinh diéu khién dén LED 8 s6 Netduino_8digit

Netduino_8digit 13 chwong trinh hién thi chudi 8 s trén dén LED duoc tich hop
trong hé théng nhiing nhu trong Hinh P.25. Bo mach Netduino va Netduino Plus 1a céac
nén tang phat trién hé thong nhiing nguén mo dua trén ngdn ngir hudng déi tuong C# va
Net Micro Framework. Chuong trinh Netduino 8digit diéu khién viéc hién thi chudi s6
trén dén LED duoc nap vao vi diéu khién AT91SAM7X512 qua cong USB. Chuong trinh
dugc phat trién trong IDE Microsoft Visual Express 2010 voi .NET Micro Framework
SDK v4.2 va Netduino SDK v4.2.2.0 (32-bit). Mot phan ma ngudn chuong trinh dugc
minh hoa nhu trong Hinh P.26.

138


http://embedded-lab.com/blog/?page_id=6225
http://cdn.netduino.com/downloads/MicroFrameworkSDK_NETMF42_QFE2.MSI
http://cdn.netduino.com/downloads/MicroFrameworkSDK_NETMF42_QFE2.MSI
http://cdn.netduino.com/downloads/netduinosdk_32bit_NETMF42.exe

” - ...l...l..l.'.....l...
2 D000 DDOREIE .-cooo.oooooooooo-o.oo

o= QOO0 D Q00D ....‘....l.'... wlelnin]s

0f QDOOODDEIL wiwiainlele noooooooooooooas Qoooo

. 4 R sielnin|ninjnisjele .l win|nln]n]s .oo.-.oaoo.:

- B slalslslalalnls]elnjelele - noooooooooooOOQUs

= e L - wlninin wleinjsinin .....l...l......."..

o1 e > .....Qooolooo-ol sooooooooooooooooooal

- - .......o-ooooo-.oo roooooooooopoooOQQUau

. .....-..'.‘Ooito‘-l.oo nooopooopooDoolas
.::ocauce-- pooooooooon poooopooooos

wlalololninjaininis AOoDooOoooRooEoooRooRauau

wielnjsjoinlnininis NooooooooooEEoRoooRoaRuaau

wlaieln AooopogoooooooooooRooRooQQouGaUu

wjninis wslalnjainininisin]s :.

BoooooooRoooon . . %

gn0 wie|oinininfnfels o

.le poooooooo a

a winin ooooonoGo . . Q

ajolalslafojelnjninininis o

B o0 oopoooooonooo Q
. sle|oinlolalalinjalalnlnlnis o
4 alnis sinjojeln|nininisis ':‘
alnjejeinie o

o -

.lsl o

.

' o

| ol

alninie E

gooooQQooo o

Ooouooooch.onc .:

sieinininie slininininie :‘

wislsinininfnioioiainioiniaials .
e e e e e e e e e e e e e et e s

Hinh P.25: Hé thong nhiing diéu khién dén LED 8 s

—lusing System;
using System.Collections;
using System.Threading;
using Microsoft.SPOT;
using Microsoft.SPOT.Hardware;

—Inamespace EmbeddedlLab.NetduinoPlus.Day4.Display
1
- public class Max7219 LED|
1
=

- #region Public Methods

+ public void Initialize()[...|

= public woid Clear(byte numberOfDigits = 8)
{

for (byte 1 = 1; i <= numberOfDigits; i++)
Write(i, 8x88);

t
= public wvoid SetIntensity(Intensity intensity)

i

Write((byte)RegisterAddressMap.Intensity, (byte)intensity);

- public void SetBCDDecodeMode(BCDDecodeMode decodeMode)
1

¥

Write((byte)RegisterAddressMap.DecodeMode, (byte)decodeMode);

Hinh P.26: Mot phan ma ngudn chuwong trinh Netduino_8digit

P.2.5.2. Chuong trinh hién thi chudi ky tw trén man hinh Netduino_LCD
Man hinh LCD 14 thiét bi ph bién dé hién thi chudi ky tu trong thoi gian thuc trén
cac hé thong nhing. Chuong trinh Netduino LCD diéu khién viéc hién thi chudi ky tu

139



trén man hinh LCD véi két qua nhu trong Hinh P.27. Chuong trinh dugc chay trén Bo
mach Netduino Plus két ndi véi man hinh LCD HD44780U (http:/lcd-
linux.sourceforge.net/pdfdocs/hd44780.pdf) nhu minh hoa trong Hinh P.28. Hinh P.29

minh hga mdt phan ma ngudn cua chuong trinh.

nEEDEFGHILKLﬁnopqrs

“”“5325123456?89

—— Ethernet
Micro USB

47 Q

Micro
SD slot

RESET

AT915AM7X512

{md &) sud 0/1 w910

NWaSULON 000

Reset

4/1 D0 WNY

=

netduino plus

Hinh P.28: So dd két ndi Bo mach Netduino Plus v&i man hinh HD44780U
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—lusing System;
using System.Threading;
using Microsoft.SPOT.Hardware;
using System.Text;
-Inamespace EmbeddedLab.NetduinoPlus.Day2.Display
1
- public class LCDProcess
{
+
= #region Public Methods
+ public veid Show(string text, int delay, bocl newLinEj[:]
+ public woid Show(string textj[:]
= public woid ClearDisplay()
1
SendCommand ( { byte)Command.Clear);
currentRow = 8;
dirtyColumns = @;
¥
+ public woid GnHDmE(j[:]
- public woid JumpAt(byte column, byte row)
1
if (MumberOflLines == (byte)Operaticnal.DoublelIne)} row = (byte)(row ¥ 4);
else row = (byte)(row ¥ 2);
SendCommand( {byte) ( (byte)Command.SetDdRam | (byte)(column + rowAddress[row])));
¥

Hinh P.29: M6t phan m3 ngudn chuong trinh Netduino_LCD

P.2.5.3. Chwong trinh thao tic véi cdng ndi tiép Netduino_SerialPort

Chuong trinh Netduino_SerialPort cung cip mdt 16p thu vién lam viée véi cac
cong ndi tiép cua Bo mach Netduino va céc thiét bi vao ra. Chuong trinh ciing duoc viét
bang ngdn ngit C# v6i .Net Micro Framework giéng nhu chwong trinh Netduino_8digit
va Netduino_LCD. Hinh P.30 minh hoa st dung 16p thu vién dé diéu khién didt nhap

nhay. Hinh P.31 minh hoa mot phin mi ngudn cuia chuong trinh.
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Hinh P.30: So d6 ghép ndi Bo mach Netduino diéu khién dit

-Inamespace SerialPortlearn

{

- public class SerialPortProcess

{

static SerialPort serialPort;

const int bufferMax = 1824;

static byte[] buffer = new Byte[bufferMax];
static int bufferLength = @;

public SerialPortProcess(string portName = SerialPorts.COM2, int baudRate = 9688,
+ Parity parity = Parity.Nene, int dataBits = 8, StopBits stopBits = StupBits.Dnej[:]

- private void serialPort DataReceived(cbject sender, SerialDataReceivedEventirgs e)

1
lock (buffer)
1
int bytesReceived = serialPort.Read(buffer, bufferLength, bufferMax - bufferLength);
if (bytesReceived > @)
1
bufferLength += bytesReceived;
if (bufferLength »= bufferMax)
throw new ApplicationException("Buffer Overflow. Send shorter lines, or incrg
h
h
h

Hinh P.31: Mot phan ma ngudn chuong trinh Netduino_SerialPort
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P.2.6. Cac chwong trinh nhing cho vi xir ly MIPS

Ngoai cac chuong trinh thir nghiém da trinh bay trong cic phan trudc, ching toi
cling st dung cac chuong trinh nhing murc thép duoc bién dich chéo, nap va chay truc
tiép trén phan cing hé théng nhing ma khong thong qua may 4o hodc hé diéu hanh. Cac
chuong trinh thir nghiém trong phan niy c¢6 ma ngudn C, dugc bién dich chéo sang ma
hop ngit MIPS, duoc thi trong cong cu mod phong SimpleScalar va dugc tong hop trong
Bang P.2.

Bang P.2. Tong hop cac chuong trinh thir nghiém cho MIPS

STT Chuwong trinh M6 ta
1 Fibonacci Chuong trinh hién thi chudi s6 Fibonacci trén man hinh
2 Sum N numbers Chuong trinh tinh tong ciia N s6 nguyén
3 ArraySum Chuong trinh tinh tong céc sb thuc trong mdt mang
4 Quick Sort Chuong trinh sip xép nhanh
5 Bubble Sort Chuong trinh sip xép chudi s6 theo phwong phap ndi bot
6 Binary Search Chuong trinh tim kiém nhi phan
7 Hanoi Chuong trinh thap Ha N1 v6i giao dién dong 1€nh
8 | Permutation Chuong trinh hoan vi chudi sb
9 Matrix Multiply Chuong trinh nhan hai ma tran
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