Chuong 1
GIOI THIEU

1.1. bat van dé

Su biing no6 ciia thiét bi di dong dat ra nhiéu van dé phiic tap cho cac
nha nghién citu, mot trong cac van dé duge nhiéu nha nghién dic biét
quan tam d6 1 van dé ning lugng trén cac thiét bi di dong. Cac nghién
citu phat trién phan mém tap trung vao viec nghién cttu sut anh hudng clia
phan mém td6i mic tieu hao nang lugng, tit d6 dua ra cic gidi phap nham
t6i uu phan meém gitp qua trinh thyc hién cac tac vu it tiéu ton nang
luong ctia thiét bi hon.

Luan &n st dung cac k§ thuat phan tich chuong trinh tinh dé xay dung
mo hinh, dé xuat cac thuat toan dya trén mo hinh va xay dyng cac cong
cu hd tro cho doi ngii phat trien phan mém. D6i tuong nghién ctu chinh
cia luan &n la cac phan mém chay trén cac thiét bi di dong. Cu thé 1a méa
nguon ciia cac tng dung va sy anh hudng ctia ching t6i viéc tiéu thu niang
luong ctia thiét bi di dong. Dong thoi, luan an ciing quan tam téi cadc mo
hinh tiéu thu nang lugng, cac thuat toan va ting dung ctia cdc mo hinh nay
trong viéc gidi quyét cac van dé vé nang luong trén thiét bi di dong. T

do, co su danh gia, phan tich, tong hop va dé xuat nhitng giai phdp méi.
1.2. Cac két qua chinh cua luan an

Sau qua trinh gidi quyét bai toan véi muc tieu, doi tugng va noi dung
nghién cttu da dé ra, luan an c6 cac déng goép chinh sau day:
(i) Dé zuat mo hnh tiéu thu ndng ligng trén cdc thiét bi di dong dua
trén phan tich ma nguon ciua phan mem.
(ii) Dé zuat phuong phdp vdc ligng mic do tiéu thu nang lugng dua trén
mo hinh.

(iii) Dé wudt phuwong phdp sinh dit lieu kiém thi mic do tieu thu ndng
lwong tu dong.



(iv) Dé zudt phuong phap giam tdi miic do tiéu thu ndng lhiong cho thiét

by di dong trong mo hinh dién toan dim may di dong.

Céc két qua nghién ctu ciia luan an gép phan bo sung, hoan thién cac
mo hinh, phuong phap uéc luong, kiem thit va giam thiéu mitc do tieu thu
nang lugng ctia thiét bi di dong. Bén canh d6, cic cong cu duge xay dung
tit cac phuong phap dé xuét trong luan an da hd trg doi ngii phat trien
phan mém t6i wvu ma nguodn dé dam bao cac tinh chat vé nang luong cho
thiét bi.

1.3. BO cuc luan an

Luan an bao gom 6 chuong. Trong d6, Chuong 1 trinh bay vé 1y do thuc
hién deé tai, doi tuong, pham vi, noi dung nghién ciu, cac déng gop va
cau tric ciia luan an. Chuong 2 trinh bay veé cac kién thic nén tang duge
stt dung trong cac chuong tiép theo. Chuong 3 trinh bay vé Mo hinh héa
mic do tieu thu nang luong trén cac thiét bi di dong dua trén phan tich
ma nguon. Chuong 4 tap trung dé xuat cac phuong phap uéc luong mic
do tiéu thu nang lugng dua trén moé hinh. Chuong 5 gidi thieu mot dinh
huéng tiép cap méi trong viec kiém thit cac tinh chat nang lugng clia phan
meém trén thiét bi di dong. Chuong 6 dé xuat mot phuong phap giadm tai
(t61 vu) mric tiéu thu nang lugng ctia thiét bi di dong khi hoat dong trong
mot mo hinh cu thé 13 mo hinh dién toan dam may di dong. Cudi ciing
la Chuong 7 phan tich vé cac uu, nhuge diém cia ting phuong phép da
dé xuat va so sanh v6i mot sd6 phuong phap nghién ctu lien quan va thao

luan cac huéng nghién citu trong tuong lai.



Chuong 2
KIEN THUC CO SG

2.1. Phan tich va biéu dién chuong trinh

Phan tich chuong trinh cho phép cac nha nghién ctu hiéu va phat hien
mot s6 161 ctia chuong trinh trong giai doan lap trinh. Cac trinh bién dich
clia cac ngon ngit 1ap trinh ciing ¢6 thé phat hien va cung cap cac thong tin
lien quan dén 16i ct phap ciia chuong trinh, tuy nhién ching chua thé phét
hién ra cic 16i vé ning lugng. Cac nha nghién cttu vé phan mém st dung
cac ky thuat phan tich chuong trinh lam nén tang dé mé rong kha niang
phan tich dic tinh nang lugng clia phan mém. Phan tich chuong trinh 1a
phuong phap phd bién duge ap dung trong cac nghién citu vé tac dong ciia
phan mém déi v6i mice do tieu thu nang luong ciia thiét bi.

Phuong phap phan tich chuong trinh tinh cung cap nhiéu phuong phap
luan khac nhau lam nén tang cho viéc kiém ching, kiém thit phan mém.
Céac bo phan tich chuong trinh tinh cho kha ning ndm bat mot cach chinh
xAc va toan dién mo hinh ctia phan mém, xac dinh day du cac duong thuc
thi clia chuong trinh ma khong can phai thyc thi phan mém. Do sy phu
hop ctia phuong phap ddi véi cidc yéu cau ciia bai toan, luan an st dung
phuong phap phan tich chuong trinh tinh 14 phuong phap chi yéu dé phét

trien cac ki thuat phan tich diic tinh ning luong ciia phan mém.

2.2. Mot s6 van dé trong kiém thi phan mém

Kiém thit phan mém cung cap cho céc bén lien quan mot cach nhin
doc lap vé phan mém tit d6 cho phép danh gia céc rii ro trong qué trinh
triéen khai phan mém. Qué trinh kiém thit phan mém cé thé ducc thuc
hién trong bat ki pha nao clia quy trinh phat trién phan mém, cac phuong
phap kiém thi phan mém duge xay dung dua trén cac tinh chat, dic trung
ctia mdi pha trong quy trinh phat trién phan mém, do dé phuong phap
kiém thit bi chi phéi theo mot quy trinh nhat dinh. C6 nhiéu cac ki thuat
kiém thtt khac nhau, mdi mot ki thuat kiém tht duge xay dung dé phuc



vu cho qua trinh kiém tra trong quy trinh phat triéen phan mém, luan an
stt dung k¥ thuat kiem thi cau tric dé thuc hién xay dung do thi kiém
thit va xac dinh cac duong di hitu ich trong do thi.

2.3. Thiét bi di dong va van dé ning luong

Mot trong nhiing néi dung quan trong cia luan an la nghién citu syt anh
huéng clia ma nguon téi mic do tiéu thu nang luong clia thiét bi. Luan an
tién hanh phan tich cau tric phan cting ciia cac thiét bi di dong trong d6
dac biet quan tam t6i van dé nang lugng. Luan an ciing tap trung phan
tich mot s6 van dé lien quan t6i phan meém, cac hé diéu hanh va cac cong
cu lap trinh tng dung trén cac thiét bi di dong. Van dé nang luong trén
cac thiét bi di dong sé duge phan tich dua vao cac nghién citu da cong bo,
tit d6 dua ra btc tranh tong quat nhat vé cac mo hinh nang lugng trén

cac thiét bi di dong dira vao viéc phan tich ma nguon.



Chuong 3

MO HINH HOA MUC DO TIEU THU
NANG LUGNG CHO CAC THIET BI DI
DONG DUA TREN PHAN TICH MA
NGUON

3.1. Anh huéng ctia ma nguoén tSi su tiéu hao ning
luong trén cac thiét bi di dong
Cau lenh trong phan mém dong vai tro dieu khién hoat dong ctia phan
cting, lam thay doi trang thai hoat dong ctia phan ciing va lam cho thiét
bi di dong tiéu thu ning lugng.
3.2. M6 hinh héa cac trang thai nang luong duva trén
phan tich ma ngudn
M&i thanh phan phan cting doc lap sé ton tai hitu han cac mic do thu
nang luong, mdi khi trang thai hoat dong ctia thiét bi thay déi thi mic do
tieu thu nang lugng cling sé thay doi theo. Tt day, luan an dinh nghia cac
trang thai tieu thu nang luong cho mot phan cing doc lap.
Dinh nghia 3.1 Mot trang thai tiéu thu nang ligng (dugc viét tat la Trang
thai nang lugng) cia mot thanh phan phan cing la mic do tiéu thu ndang
lugng trong mot don vi thoi gian, tuong dng vdi mic do hoat dong cua
phan cing do.
Dé mo hinh héa cac trang thai nang lugng cho mdi phan cing, luan an
stt dung cac Otomat hitu han [?] dugce dinh nghia béi 5 thanh phan co ban:

A:(Qazv(saqo’F)

3.2.1. M6 hinh trang thai nang lugng ctia bé thu phat am thanh

AAudio — (QAudio; ZAudio; 5Audz’07 qoAudios FAudz’o)



Trong do:

QAudz'o - {Off7 OTL}
Y audio = {7 Start()”,” Stop()” }

qoAudio = 7 Off”

FAudio = QAudz'o
3.2.2. M6 hinh trang thai nang lugng cta bo dinh vi GPS

Acps = (Qaprs, Xars, 0aps, Qoaprs, Faps)

Trong do:

Qcps = {of f,idle,on}
qocps ="of 7

Feps ={"of "}

Yaps = {" PutExtra(String, true)”,” Put Extra(String, false)”,
Request LocationUpdates()” }
3.2.3. M6 hinh trang thai nang lugng cta bo thu phat am thanh
man hinh LCD

Arep = (Qrep, Xrep,dreps Goren, Frep)

Trong do:

Qrep = {off,on}
Yrep = {"LockNow()”,” Acquire()” }

qorcp ="0f |7
Frep = Qrep
3.2.4. M6 hinh trang thai nang lugng cta b6 thu phat 3G

A3GCellular — (Q?)GC’ellulara ESGCellulam 53GCellulaT‘7 qo3GCellulars FSGC’ellular)

Trong do:

Qscoetuar = {0f f,idle, transmiting}

Ysaceliular = { SetMobileDataEnabled(true)”,” SetMobile DataEnabled( fals
FExecute(httpget)” }

qosGCeltular = Of [

F3GCellular - Q3GCellular



3.2.5. M6 hinh trang thai nang lugng ctia b6 thu phat Wifi

Awiri = (Qwiti, 2wifis Owifi, owifi, Fwifi)

Trong do:

Qwiri = {of f,idle,on}

Ywipi = {"SetWifiEnabled(false)”,” SetWifiEnabled(true)”,
FExecute(httpget)” }

qowifi = of 7

Fwiri = Qwifi
3.3. Mo hinh héa trang thai nang lugng cho ng dung

di dong

3.3.1. Dinh nghia trang thai nang lugng cia tng dung
Pinh nghia 3.2 Mot trang thdi biéu dién mic do tieu thu nang luong ciia
thiét bi di dong tai mot thoi diém, dudi su dnh hudng cia ma nguon dng
dung di dong (dugc viét tat la Trang thdi nang lugng cia wng dung, ki hiéu
la PSapp) la su hop nhat cla cdc trang thdi nang luong cia cdc thanh phan
phan cing don Ié.

PSapp = (PSrep, PSars, PSaudios PSwifi, PS3aceiiutar)

3.3.2. Su chuyén trang thai niang luong ciia ing dung
3.3.3. Otomat biéu dién trang thai nang luong cta tng dung
Dé bi¢u dién mo6 hinh ning lugng nay, ching ta st dung mot Otomat

tong quit A4y

AApp - (Q? 27 57 qo, F)

Thuat toédn 3.1 mo ta quy trinh sinh Otomat tong quat tit cac Otomat
thanh phan.
3.3.4. T6i wu Otomat trang thai ning ludng dua trén phan tich
ma nguon
Otomat tong quat biéu dién céac trang thai ning lugng bao gdm 108
trang thai, tuy nhién trong qua trinh phan tich ma ngudon mot chuong

trinh cu theé, luan 4n thay rang mot s6 trang thai khong xuat hien.
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Thuat toan 3.1 Thuat toan hgp nhat 5 Otomat thanh phan
Input:
Aaudio - (Qaudioa Eaudio; 5audi07 QOiaudioa Faudio)
Agps = (Qaps, Xaps, dars, qo_ars, Faprs)
Arep = (Qrep, Xrep,0rep, @ _rep, Frep)
Acellular - (chllulam Ecellular: 5cellular7 qo_cellular7 Fcellular)
Avifi = (Quitis Zwifis Owifir Q0 wifi> Fuwifi)
Output:
Aspp = (Q,%,9,q0, F)
Q = {Q|q - (Qaudioa 4dGPS, 4LCD; Qeellular szfz)}
2= Z]aualio U ZGPS U Z]LCD U ZCelluar U szfz
qdo = (qo_audioa qo GPS,490 LCD; 40 cellular, QO_wifi)
=@
0 dugc tinh theo thuat toan dudi day:
foreach {QGudio — CLQI_audio} € 6audio do

foreach (quudio, 4G Ps, qLCD: Qecliular, Quifi) € @ do

foreach (q1_audz’07 4G PSS, 4dLCD; Qeellulars sz’fz') € Q do

R R,

0 = 0 U{ (Qaudioa dGPS,4LCD; Geellular; szfz) —
a(Ql_audio; 4dGPS,4LCD; Qeellular Qwifi)}

Dé t6i wu cac Otomat thanh phan, luan an dinh nghia céc trang thai

hitu ich trong Otomat tong quat:

Dinh nghia 3.3 Mot trang thai nang luong q ciua ing dung P duge goi la
hitu ich néu trong Otomat tong qudt A pp ton tai mot tap cdc ki hiéu vao

¥ ={a} thda man qy —" aq.

Dé giit lai cac trang thai hitu ich va loai bé di cac trang thai vo ich, luan
an deé xuat thuat toan alg:optimize.
3.4. Cong cu truc quan héa mic do tiéu thu nang

lwong dua trén phan tich ma nguoén

Dé hd trg cho ngusi lap trinh tryc quan hoa cac trang thai ning lugng
cua tng dung trong qué trinh lap trinh, luan an xay dung mot bo cong
cu ¢6 tén PSA (viét tat cia Power Consumption Analyzer). Bang cach mo
phéng cac trang thai niang luong dusi dang cac do thi chuyén trang thai,
PSA cho phép ngudi 1ap trinh theo doéi cac trang thai nang liugng cia ing

8



Thuat toan 3.2 Tdi vu Otomat bang cach gitt lai cac trang thai hitu ich
Input:

A=(Q,%,9,q,F) | Alamot Otomat thanh phan

¥ = {a | a 1a mot phuong thic trong ma nguon}
Output:

A — (Q/, S C]{), F/)

L g = qo
2. F' = q6
3 Q/ =0
4: new@ =qolU {q | {q — aq} €6, Va € X'}
5.0 ={q0 — aq, {q0 — aq} € §, Va € ¥}
6: while (Q' # new@) do
1 Q' = new@
8: foreach ¢; € )’ do

9. foreach a € ¥/ do

10: if {¢1 — aq} € § then
11l new@ = new@ J{q}
S Tyt

dung v6i ma nguon hien tai. Tt day, cac lap trinh vién c6 thé diéu chinh
mé nguon va quan sat s thay doi trang thai nang luong tit viec dieu chinh
mé& ngudn do. PSA cho phép cai diit vao céc cong cu lap trinh pho bién
nhu Android Studio va IntelliJ dudi dang trinh cai cdm (Plug-in).

Két qua nghién cttu ctia chuong nay da duge cong bd tai Hoi nghi In-
ternational Conference on Contexrt-Aware Systems and Applications (1C-

CASA 2017).



Chuong 4

UOCC LUONG MUC bO TIEU THU
NANG LUONG CUA CAC PHAN MEM
DI DPONG BANG PHUONG PHAP PHAN
TICH CHUONG TRINH TINH

Céac nghién cttu vé tinh toan mutc do tieu thu nang luong cho thiét bi di
dong chia thanh hai nhém co ban:

(1) Phuong phap udc lugng (Estimate): Phuong phap nay si dung
cac cong cu toan hoc dé xay dung cac mod hinh biéu dién mrc tiéu thu

nang luong va st dung mo hinh dé thuc hién cac thuat toan uéc luong.

(2) Phuong phap do ludng (Measure): Phuong phap stt dung cac thiét
bi vat 1y chuyen dung dé do lusng mtc tiéu hao nang lugng trén thiét
bi.

Luan an nay dé xuat giadi phap két hop gitta hai phuong phap tinh toan
treén dé giai quyét mot so van deé trong viec tinh toan mitc do tiéu thu niang
luong ctia thiét bi di dong.

4.1. Pac ta hinh thic cho cac UC

Dé hé trg cho nhitng ngusi phat trién phan mém c6 thé dac ta va thuc
thi UC mot cach hinh thic, luan 4n tién hanh phan nhém cac cau lenh

trong ma nguon dong thoi dat lai cac ki kieu nham don gidn héa viéc thiét
ké cac UC.

4.2. B6 dém thoi gian trong mé hinh trang thai nang
luong
Dé luu trit thoi gian ton tai cia mdi trang thai ning luong, luan an deé

xuat cai tién Otomat trang thai tong quat Aa,, bang cich bd sung thém
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Cau lénh
hinh thiac

Giai thich y nghia cia cac cau lénh

Audio: Start

Trang thai bo phat am thanh chuyén tit off sang on

Audio: Stop

Trang thai bo phat am thanh chuyén tit on sang off

GPS: TurnOn

Trang thai bo dinh vi GPS chuyén tit off sang idle

GPS: TurnOff

Trang thai bo dinh vi GPS ti idle hoéc on sang off

GPS: GetLocation

Trang thai bo dinh vi GPS tu idle sang on

Display: Open

Trang thai man hinh tir off sang on

Display: Lock

Trang thai man hinh tir on sang off

3G: TurnOn Trang thai bo thu phat 3G tu off sang on

3G TurnOff Trang thai bo thu phat 3G ti idle hoac transmiting
sang off

3G: Tranfer Trang thai bo thu phat 3G tu idel sang transmiting

Wifi: TurnOn

Trang thai bo thu phat Wifi tit off sang on

Wifi: TurnOff

Trang thai bo thu phat Wifi tit idle hodc transmiting
sang off

Wifi: Transfer

Trang thai bo thu phat Wifi tir idel sang transmiting

Bang 4.1:

Cac cau lénh hinh thiic trong dac ta UC

bo dém thoi gian Timer.

Aapp = (Qa E7 67 qo, F7 T)

Trong d6: T'= @ x N 13 Timer, mot anh xa tit tap @ sang tap so tu nhién

N dé ghi nhan thsi gian ton tai trang thai trong méi UC.

4.3. Xac dinh hé s6 tiéu thu niang luong tai méi trang

thai

Cac trang thai nang lugng ctia ting dung trong Otomat A 4,, dugc hop

thanh tir cAc trang thai thanh phan:

PSApp = (PSLCD7PSGPS7PSAudiO7PSwifia PS3GCellular)

Vi vay, mudn tinh toan duge mtc tiéu thu nang lugng cho mdi trang

thai trong Ototomat PS4y, ta can tinh dugc mic tieu thu nang luong cho

moéi trang thai thanh phan: PSrcp, PSaps, PSaudios PSuyiti, PSsccelutar

va PScpy.
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Goi Cy la he sO tiéu thu nang luong ciia ting dung tai trang thai ¢, ta

P

CO:
Cq = Cundz'o + CqLCD + CqGPS + C(q3G + Cqufi + CCPU

Thanh phan C (Coefficient) duge bo sung vio Otomat tong quat Agy,
dé xac dinh mtc tiéu thu nang lugng cho ting trang thai cu thé trong
Otomat tong quat Agp,, khi do:

Aapp - (Q7 27 57 qo, Fa Ta O)

4.4. Cong thic uwéc luong mic do tiéu thu nang luong
cho UC

Gia st mot UC thyc hién trong n don vi thai gian va chuyén qua k trang
thai, ta sé c¢6 cong thitc tinh miic tiéu thu nang lugng P nhu sau:

k
1=1

Trong d6: C; 1a hé s6 tieu thu nang luong tai trang thai thi 4, ¢; 1a thoi

gian ton tai trong trang thai 7 va Ele t; = n.

4.5. Cong cu uéc luong dua mo hinh

Dya trén mo da dé xuat, luan an phat trién cong cu PCE (Power Con-
sumption Estimator) ho tr¢ ngudi lap trinh wéc lugng mic do tiéu thu
nang luong cho cac UC.

Két qua nghién citu ctia chuong nay da dudce cong bo trén Tap chi Mobile
Networks and Applications (2019).
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Chuong 5

KIEM THU MUC DO TIEU THU NANG
LUONG CUA CAC PHAN MEM TREN
THIET BI DI bONG

5.1. Gidi thiéu

Kiém thit tinh chat nang luong ciia chuong trinh c¢6 nhing dic trung
khéc v6i cac loai kiem thit cdc tinh chat khéc. Vige kiém thit tinh chat
nang lugng phai dude thue hién trén thiét bi that, thi nghiém trong mot
khodng thoi gian nhat dinh va c6 sy tinh toan, do luong chinh xac. Do do,
thoi gian thyc hién viéc kiém thtt cho mdi Testcase 16n hon rat nhiéu so
v6i céc loai kiém thit khéc.

Dé xuat giai phap sinh Testcase, tdi vu s6 lugng Testcase trong TestSuite
va sap xép do uu tien cho cac Testcase 1a ba van dé chinh dugc luan an

gidi quyét trong chuong nay.

5.2. Phuong phap kiém thi mitc do tiéu thu nang
lugng cta ing dung

Luan an deé xuat viec két hop gitta Otomat nang luong A App VOI do thi
CFG dé tao ra mot do thi CFG,, trong d6 mdi nut duge tinh toan mot
hé sb tieu thu nang lugng bang cach st dung Agp,. Sau d6, luan an tién
hanh phan loai cac cau lenh trong chuong trinh, danh dau cac cau lenh c6
phu thuoc vao thoi gian va dé xuét phat trién do thi C F'G, thanh do thi
CF@G,; bang cach bo sung vao cac nit dac tinh thai gian.
5.2.1. Thiét lap miic tiéu thu niang luong cho CFG

Dé thiét lap dude miic titu thu nang luong cho mdi nit, ta st dung
thuat toan 5.1.

Nhu vay, dé tinh duge CalC(v;) ta can xac dinh duge dudng dan p co
chita v;. Cu thé:

p= {Ulav% ey Uy, "'7Un}
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Hinh 5.1: Tong quan vé phuong phap sinh dit lieu kiém thit mic do tieu
thu nang lugng

Sau do6, lan lugt dua cac cau lenh trong vy, vg, vs, ..., v; vao Otomat Ay,
dé chuyén cac trang thai tuong tng. Néu ¢; 1a he s6 tieu thu nang lugng
tal trang thai state; ctia Agp, thi CalC(v;) = ¢;.

5.2.2. B6 sung dic tinh thoi gian cho CFG,

Cac nit trén do thi sé chia lam hai loai: Phu thuoc vao thoi gian va khong
phu thudc vao thoi gian. Cai tién do thi CF G, thanh mot do thi CEFG .
Trong d6, néu v, 1a mot nat trong CFG, thi vy = {v., blank}|{v., x} v6i
Ve 14 nut trong do thi CFG :

e v, = {v., *} néu nat v chita cau lenh phu thuge vao thoi gian.

e vy = {v.,blank} néu nut v khong chita cau lenh phu thudc vao thoi
gian

Xay dung do thi CFG. bang thuat toan 5.2.

5.3. Phuong phap sinh di liéu kiém thit cho cic ing
dung di dong

Dé c6 thé sinh dugc dit lieu kiém tht cho cac tng dung, luan &n
phan tich cac duong di trong do thi CFGy, trong d6 mdi duong di
P = {Vet1, Vet2, - Vet } VA cdc dit lieu kiém thit duge sinh ra tir tap céc

du@ng di P = {p17p27 7pn}
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Thuat toan 5.1 Thiét lap mic do tiéu thu nang lugng cho cac nit
trong CFG
Input:
Ma nguon chuong trinh
Output:
D6 thi ludng diéu khién duge bd sung mitc do tieu thu ning luong:
CFQG,

1: Sinh do thi CFG tit ma nguon.
2: Sinh tap cac duong di hoan chinh va doc lap P tu CFG: P =
{p1, D2, ., Pn}

3: Sinh Otomat nang luong PC'A,,.
4: Khéi tao CFG. = CFG va v. = {v,null} V v,
5. foreach Duong di p trong P do

. foreach Nuit v; trong p do

;¢ = CalC(v)

JLUC = {v, ¢}

Luan an dé xuat giai phap toi uu tap cac duong di trong CFG; bang
cach loai bé mot s6 duong di it cho kh& ning anh hudng t6i nang luong
clia thiét bi.

Gia st € 1a hé s6 nang luong cho phép véi méi nut trong CFG, ta dinh

nghia mot nat c6é mic do tiéu thu nang luong 16n nhu sau.

Dinh nghia 5.1 Mot nit trong do thi CFGy duge goi la nit cé6 mic do
tieu thu ndng luong lon néu mic tiéu thu ndang luong tai nit doé lén hon e.

Heé s6 € c6 thé dudc dat mot gia tri cu thé do ngusi thiét ké cac Testcase
dic ta ching. Néu hé s6 € duge thiét lap nhé hon 0 thi moi nit trong do
thi CFG déu dugc coi 1a nat ¢6 mic tiéu thu nang lugng 16n. Trong luan
an nay, he so6 e dugc dé xuat bang cich tinh trung binh chung mic tiéu
thu nang luong clia tat ca cac nit trong CFG.,.

Nhu vay, hé s6 € duge tinh theo cong thic duéi day:

=(c1+co+...+c)/n
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Thuat toan 5.2 Danh dau cac nut trén do thi c6 phu thudc vao thoi
gian

Input:

CFG,

LA - Danh muc céac cau lénh phuy thuoc thoi gian
Output:

CFG 4

1: Thiét lap CFGy = CFG. va vy = {v., blank} ¥V vy
2: foreach Nit v. trong CFG. do
3
Goi s 1a cau lenh duce bidu dién béi v,
4: if s € LA then
5
Vet = {Ue, *}
6: else

T
Vet = {ve, blank}

5.3.1. Tim kiém cac dudng di hitu ich
Dinh nghia 5.2 Mot duong di trén do thi CFGy dudc goi la duong di
hitu ich néu né bao gom it nhat mot nit cé6 mic tiéu thu ndng luong lon.
Nguoe lai, mot duong di goi la duong di vo ich néu né khong chia bat ci
nut nao cé6 mic tiéu thu nang luong lon.

Thuat toan 5.3 duéi day sé mo ta qua trinh tim kiém cac duong di hitu
ich.
5.3.2. Sap xép mic do uu tién ctia cic dudng di

D¢ tinh toan dudc do uu tién, ta tinh toan tong miic tiéu thu nang lugng
tréen mot duong di trong P,. Goi C; 14 tong mic tiéu thu nang lugng ciia
duong di thit ¢ trong P, ta co:

C; = Z?:1 Cj

Ap dung cong thiic tren cho toan bo cac duong di trong P,, ta ¢6 duoc
tap hop cac mtec tiéu thu nang luong cho tat ca cac duong di trong P,, dat
ten 1a C, cu thé:

C ={C,Cy,..Cp}

16



Thuat toan 5.3 Tim kiém duong di httu ich

Input:
CFGy
€
Output:
P, — Tap cac duong di hitu ich

1: Goi P tap cac duong di cua CFGy
2: foreach p in P do
3: foreach v, in p do
. Goi ¢ la mtc tiéu thu nang luong tai nat vy
5 if ¢ >= € then
- P.=P.Up
. break

Trong do:

e C la tap bicu dién mtc tiéu thu nang lugng cho tat ca cac duong di
trong FP,.

e m 13 tong s6 duong di c6 trong P..

Nhu vay méi duong di trong P, déu c6 mot mic tieu thu nang luong C;
nhat dinh, dé sip xép tht tu wu tién cho cac dudng di trong P. ta chi can
sap xép cac duong di theo miic tiéu thu ning lugng C; clia mdi duong.
5.3.3. Cong cu sinh dit liéu kiém thi miic d6 tiéu thu niang ludng

Tt cac thuat toan da dé xuat, luan an xay dung mot cong cu cho phép
tu dong sinh dit lieu phuc vu cho viéc thiét ké cac Testcase. Cong cu dudc
dat tén la PCT (Power Consumption Tester) cho phép phan tich cac duong
di hitu ich déi véi viec kiém thit mitc do tieu thu nang lugng trong chuong
trinh.

Két qua nghién cttu clia chuong nay da dugce cong bd tai hoi nghi Nafos-
ted Conference on Information and Computer Science (NICS - 2020).
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Chuong 6

GIAM TAI MUC DO TIEU THU NANG
LUCONG CHO THIET BI DI PONG
TRONG MO HINH DIEN TOAN DAM
MAY DI PONG

6.1. Gidi thisu
6.1.1. Mo hinh dién toan dam may di dong

Q—
o A

//17' Mobile
@ - network

service

L e fame
e

Wireless Cloud
Access Point Service

Hinh 6.1: Kién tric ctia mo6 hinh dién toan dam may di dong - MCC

Hinh 6.1 mo6 ta kién trtc ctia mo hinh dién toin dam may di dong, trong
do6 cac thiét bi di dong duge két ndi véi cac dich vu dieén toan dam may ti
do6 tan dung stic manh tinh toan, luu trit tir cac dich vu trén dam may.
6.1.2. Bai toan giam tai trong moé hinh dién toan dam may di

dong

Giam tai trong mo hinh MCC nham muc tiéu tiét kiem ning lugng va
tang hiéu suat cho ting dung bang cach tan dung stc manh tinh toan cla
may chu dam may. Bai toan giam tai trong mo hinh MCC thuong dugce

mo ta nhu sau:
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Values Definition
(Gia tri) (Dinh nghia/dién giai)

fnobile Tong niang luong tieu thu khi thuce thi tac vu ¢ trén mobile
Eﬁloud Tong nang luong tieu thu khi thuc thi tac vu t trén cloud
E! . Tong nang luong tieu thu khi gii dit lieu ctia tac vu ¢ t6i cloud
El icve Tong niang lugng tieu thu khi nhan dit liéu ctia tac vu ¢ tit cloud
Tt il Tong thoi gian thuc hién tac vu ¢ trén mobile
T Tong thoi gian thuc hién tac vu ¢ cloud
Tt . Thoi gian gii dit liéu t6i cloud cho tac vu ¢
T icve Thoi gian nhan dit lieu dau ti cloud cho tac vu ¢
Tasks Tap cac tac vu
Eiota Tong mtc ning luong dé thuc thi toan bo tac vu trong Tasks
Tiotal Tong thoi gian dé thuc thi toan bo tac vu trong Tasks
f(x) Gia tri ham muc tiéu khi thyc thi toan bo cac tac vu trong Tasks

Bang 6.1: Cac yéu t6 tac dong tdéi qua trinh ra quyét dinh gidm tai

Thiét bi di dong can xi 1y n tac vu doc lap, bai toan dit ra la

can tinh toan dé xit Iy tic vu nao & thiét bi di dong va dua tac
vu nao lén dam may dé xit 1y?
6.2. M6 hinh giam tai cho cac tac vu trong mo6 hinh
dién toan dam may di dong

Trong bai toan xit Iy n tac vu trong moé hinh dién todn dam may di
dong, cac tac vu tren thiét bi di dong (Mobile) sé duge gidm tai bang cach
dua len dam may (Cloud) dé xit ly. Viéc ra quyét dinh xit Iy mot tac vu
phu thudc vao thoi gian xit Iy va mic nang luong ma thiét bi tieu thy.

6.3. Phuong phap giam tai cho cac tac vu trong mo
hinh dién toan dam may di dong
Dé ra quyét dinh gidm tai cho cac tac vu, luan an dé xuat phuong phap
tinh toan bao gom cac buée: Tinh toan thoi gian thie thi, Tinh toan mic
do tieu thu ning luong, Xac dinh ham muc tiéu vd Ra quyét dinh gidm
tad.
Cac yéu to tac dong t6i qua trinh ra quyét dinh gidm tii dudc mo ta

trong bang 6.1 :
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6.3.1. Tinh toan thdi gian thuc thi cho méi tac vu
Thoi gian thuc thi tac vu ¢ trén thiét bi di dong duge tinh bing tong sb

cau lenh can xt 1y nhan véi téc do xit 1y ctia thiét bi di dong, cu thé:

t I
Tmobile _ Imobile * Umobile (6].)

Thoi gian thuyc thi tac vu trén may chu dién toan dam may dudgce tinh
bing tong thoi gian clia qué trinh chuyen dit lieu tit thiét bi di dong t6i
may chil, thoi gian x 1§ tdc vu trén may chii va thoi gian chuyén két qua
dau ra tit may chu t6i thiét bi di dong:

t o t t t
Tcloud - Dinput * Osend T Icloud * Ueloud + Doutput * Srecieve (62)

6.3.2. Tinh toan mic do6 tiéu thu ning ludng cho mébi tac vu

Dé tinh toan miic do tiéu thu nang luong trong trudng hop thuc thi tai
thiét bi di dong, ta stt dung mo hinh mo hinh Otomat nang lugng két hop
phuong phap uéc luong mic do tieu thu nang lugng da dé xuat:

k
1=1

Miic do tieu thu nang lugng ctia thiét bi di dong trong truong hgp cac
tac vu thyc hién trén may chu dam may:

t ot t
Ecloud - Esend + E

recieve (64)
6.3.3. Tinh toan tong chi phi cho mdi trudng hgp thuc thi tac vu

Dé c6 thé ra duge quyét dinh gidm tai tong thé, ta can tinh dugc chi
phi nang luong va thai gian cho méi truong hgp thuc thi. D6i véi chi phi

nang luong, ta tinh tong chi phi ning luong clia cac tac vu:

Etotal = Z{Evtnobile(label - O)|E£loud(lab€l - 1)} (65)
t=1
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Trong mot trudng hop thuc thi cu thé, néu goi ZTanbile la tong thoi
gian thuc thi tat cic cdc tac vu trén mobile (c6 nhan la 0) va Y T, ., 14
tong thai gian thyc thi tit ca cac tac vu trén cloud (c6 nhan 1a 1), khi d6

chi phi thoi gian duge tinh theo cong thiic:

CZ1t0tal = max(z Trtnobilw Z Tctloud) (66)

6.3.4. Xac dinh ham muc tiéu
Nhu vay, déi v6i mdi trusng hop thuc thi cu the, ta c6 thé tinh toan
dugc tong chi phi vé ning luong e va tong chi phi vé thoi gian Thora.
Cong thic tinh toan ty suat lgi nhuan chi phi thoi gian nhu sau:
0
yr = tagta,_lro_ Ttotal (67)

total

X4c dinh ty suat lgi nhuan vé mat nang luong g theo cong thiic:

x _ EO
total total
TE = (6.8)
Ez?otal

Luan an deé xuat hai hé s6 wu tién vé mat thoi gian va nang luong lan
luct 1a o va 8. Hai hé s6 nay bicu dién cho ty 1é wu tién vé mat thoi gian
va nang lugng khi dé ta c6 ham muc tieu duge biéu dién dudi dang coéng

thic toan hoc, phu thudc vao a va (:

f(z)=ax~yr+ Bxvg — Min (6.9)

Trong d6 f(x) 1a gia tri cia ham muc tiéu trong truong hop thye thi x va
a+ =1
6.3.5. Thuat toan ra quyét dinh giam tai

Duéi day la thuat toan dé ra quyét dinh giam tai cho thiét bi di dong:
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Thuat toan 6.1 Thuat toan ra quyét dinh gidm tai cho thiét bi di dong
Input:

Application Source Code

Cloud Server Information

Mobile Device Information

«a and (8

Output:
xr = {t1,ts,t3,...,t,} where t; = 0|1, i = 1..n and f(x) - Min

1 A=0

2. setTimer(timer)

3: while timer>0 do

. A+ = Genetic()

. timer — —

6: mmf = f(CL()) where ag = {tl,ﬁg,tg, ...,tn}, t; = 0Vi
7. foreach a € A do

: fla) =axyr+ B*xvp
. if f(a) < minf then
10: minf = f(a)

1z =a

12: Frxecute(x)
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Chuong 7
KET LUAN

7.1. Két luan

Luan an da dat dugc mot s6 két qua sau day:

(i) Dé zuat mo hinh tiéu thu ndng ligng trén cdc thiét bi di dong duva
trén phan tich ma nguon cta phan mém. Dita trén cac k§y thuat phan
tich chuong trinh tinh, luan 4n da dé xudt mot moé hinh biéu dién
mitc do tieu thu nang lugng ctia tng dung dudi dang mot Otomat
trang thai.

(ii) Dé zudt phuong phdp udc higng mic do tieu thu nang liong dua trén
phan tich ma nguon. Dita vao mo hinh Otomat trang thai ning lugng
da dé xuat, luan an tiép dua ra cic phuong phap va cac thuat toan

uée luong mic do tiéu thu nang luong cho cac trusng hop sit dung.

(iii) Dé wudt phuong phdp sinh dit lieu kiem thi mic do tieu thu ndng
lugng. Dya trén mo hinh Otomat nang lugng, luan an da dua ra
phuong phap cai tién do thi CFG trd thanh mot do thi mdéi phit hop
v6i bai toan kiém tht mic do tieu thu ning lugng ciing cac thuat

toan trén do thi.

(iv) Dé zudt phuong phap giam tdi mic do tiéu thu ndang higng cho thiét
bi trong mo hinh dién todn dam may di dong. Luan an dé xuat mot
mo6 hinh gidm tai cho tac vy, mot ham muc tiéu thdéa man dieu kien
nang luong va thoi gian va thuat toan dé giam tai cho céac tac vu

nhim t6i vu mtc tiéu thu nang lugng va thoi gian thuc thi.

7.2. Huéng phat trién
Nghién citu van con mot s6 huéng co thé xem xét va phat trién. Luan

an deé xuat mot s6 huéng tiép theo bao gom:

(i) Hoan thién mo hinh ndng hiong phu hop vdi thiét bj trong thuc té.

Viéc nghién cttu mo hinh trang thai ciia cac phan citng nay mot cach
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day du va dua vao Otomat tong quat sé gitip cho mo hinh trang thai

nang lugng phit hop véi thuyce té hon.

(ii) Md rong khd nang phan tich cia Otomat tragng thdi ndng lugng.
Nghién cttu tap cac thu vién 1ap trinh dé mé rong tap cac ki hiéu
nhdm nang cao kha nang phan tich ma nguon ctia Otomat trang
thai, ting kha nang thich nghi clia Otomat trang thai véi nhicu loai

ma nguon khac nhau.

(iii) Cdi tién do chinh wdc cia phuong phdp vdc lugng dua trén mo hinh.
Viéc nghién ciiu cai thién kha nang do luong mrc tiéu thu ning lugng
cho ting trang thai ctia phan ciing sé gitp gidm thiéu cac sai s6 trong

qué trinh wéc luong trén mo hinh téng quat.

(iv) Udc lugng mite do tiéu thu nang lugng da tng dung. M4 rong nghién
cttu cho phép uwde luong mic tieu thu nang luong cho thiét bi dudi su
tac dong béi nhiéu ting dung sé dem t6i mot giai phap thuc tién hon

trong viéc danh gid mtc tiéu thu ning lugng ctia thiét bi.

(v) Sinh cac Testcase kiém thit mic tiéu thu nang lugng mot cach tu dong.
St dung phuong phap thyc thi tugng trung (Symbolic Execution) dé
tu dong sinh cac Testcase. Huéng nghién citu nay co thé gitp cho
phuong phap kiem thit ma luan an da dé xudt c6 gia tri thuc tién
hon.

(vi) Cdi tién hé s6 € trong kiém that mitc tiéu thu nang luong . Stt dung
hoc may bang cach hoc héi cac hé s6 e dude thiét 1ap bdi nguoi thiét
ké kiém tht, tit d6 dua ra goi ¥ gia tri € mot cach tu dong cho cac
ma nguon khic nhau.

(vii) Cadi tién mo hanh gidm tdi mic tiéu thu nang lugng. Cai tién mo hinh
cho phép biéu dién su phu thudc céc tac vu, thay doi cong thiic tinh

toan thoi gian va cai tiét thuat todn ra quyét dinh gidm tai.

(viii) Xdc dinh hé s6 wu tien thoi gian va ning lhigng mot cach ty dong. Co
thé st dung hoc may dé thiét lap hai hé s6 wu tién thoi gian («) va
nang lugng () mot cach tu dong.
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