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HE THONG KIEU PE TINH BO NHO LOG CUA
CHUONG TRINH GIAO DICH TU BIEN DUNG
CHUNG

Nguyén Ngoc Khdi', Truong Anh Hoang?

Tém tit

Trong nghién citu trudc ddy, ching toi da xdy dung mot hé thdng kiéu d€ tinh tai nguyén
t6i da can st dung ctia mot chuong trinh giao dich da ludng. Tuy nhién, tai nguyén nay dugc
tinh toan dua trén cic tham sd 12 tai nguyén ma mdi giao dich can st dung. Nhiing tham sb
nay do ngudi 1ap trinh phéi tu tinh toan thd cong dua trén ma ngudn cda chuong trinh. Vi
vay, két qui d6 vin mang tinh phuong phdp va béan tu dong, chua thuin tién cho ngudi 1ap
trinh. Trong nghién ctiu nay, ching toi cai tién hé thdng kiéu d€ tinh dudc tai nguyén tdi da
cin st dung clia chuong trinh giao dich da ludng mot cach hoan toan tu dong. Ngudi lap
trinh khong can thuc hién budc tinh toan thi cong cic tham sé nhu trong nghién ciiu trudc.
Tai nguyén trong nghién cifu ndy dudc cu thé héa 13 bd nhé log ciia céc giao dich. PE thuc
hién dudc cong viéc ndy, ngdn ngii cling da dudc cai tién, bd sung va ching ciing gan véi
ngodn ngi thuc té hon.

In previous works, we built a type system for caculating the maximum resource usage
of a multi-thread transaction program. However, this resource was calculated based on the
parameters. These parameters were the resources that transactions need to use and calculated
manually based on analysis source code of program by the programmer. Therefore, the result
was still methodical and semi-automatic leading to inconvenient to be used for programmers.
In this work, we have improved the type system fully automated for calculating the maximum
resources usage of multi-thread transaction programs. Based on this result, the programmers
do not need to calculate manually parameters like previous work. The resources here are
specified into the log memory of the transaction. In order to do this, the language is also
improved, complementary, and it closer to the actual language.

Tu khoa

Pa ludng, Bo nhé giao dich, Hé thong kiéu, Ngon ngit 1ap trinh, Tai nguyén bd nhd.

1. Gigi thiéu

Muc dich ctia nghién cifu nay 1a xdy dung mot hé thdng kiéu dé€ gitip ngudi lap trinh
udc lugng tinh bo nhé log tdi da can st dung cia cac chuong trinh giao dich da ludng
sit dung co ché bo nhd giao dich (goi tat 1a chuong trinh giao dich). Tir d6, ngusi lap
trinh c6 thé t6i uu chuong trinh cia minh dé€ st dung bd nhé hiéu qua hon, dam bao
khong bi cdc 18i tran bd nhé. Nghién ciu nay dugc phat trién tif nghién citu [19], trong
d6 hé théng kiéu da dudc cai tién d€ tinh dudc bo nhé log t6i da can st dung mdt cich

'Pai hoc Tai nguyén va mdi truong Ha Noi, 2Pai hoc Cong nghé - Dai hoc Qubc Gia Ha Noi.

18



Tap chi Khoa hoc va Ky thudt - Hoc vién KTQS - S6 190 (04-2018)

tu dong cua cac chuong trinh giao dich. Ngon nglt trong nghién ciu nay cling da dugc
cdi tién d€ thuc hién dudc diéu nay va ching gan véi ngon ngit thuc t& hon. PE thuin
tién cho viéc md td vin dé dit ra va ban doc dé theo ddi, phan tiép theo chiing tdi sé
trinh bay tém tit nhiing dic diém chinh ctia co ché bd nhd giao dich va ngdn ngit giao
dich.

Dic diém chinh ciia m6 hinh 14p trinh bd nhé giao dich 1a cho phép tao ra cic giao
dich 16ng nhau, tao ra cic ludng mdi ngay trong cic giao dich dang md. Khi mot giao
dich 16ng trong mdt giao dich khéc, ta goi giao dich dugc sinh ra truée 1a giao dich
cha, giao dich sinh ra sau 1a giao dich con. Mot giao dich con phai két thic trude giao
dich cha cta chiing. Khi mdt giao dich dudc bat dau, mot ving bd nhé goi 1a log dudc
cp phat dé luu trit cac bién dung chung. Mdt giao dich dudc bat dau nhung van chua
két thic dudc goi 12 mdt giao dich dang md. Bén trong mot giao dich dang md, c6 thé
sinh ra nhitng ludng mdi. Khi nay, ludng méi sé tao mot ban sao céc log clia ludng cha
ctia n6. Khi ludng cha két thic mot giao dich, tit ca cac ludng con ma dudc tao ra bén
trong giao dich d6 phai ciing két thiic v6i giao dich cha ctia ching. Loai két thic nay
ducc goi 12 dong két thiic, thoi diém khi cdc két thic nay dién ra goi 1a diém dong két
thiic. Nhiing dong két thic 1a su dong bd ngam dinh gitta cac ludng. Néu mot giao dich
khong c6 cac ludng con, viée két thiic 12 mot két thiic cuc bd thong thuong. Ca hai loai
két thic ndy déu giai phong ving nhé da dudc cip phat cho cic log. Viéc sao chép
cac log tit ludng cha khi mot ludng con dudc sinh ra sé lam ting bd nhé log 1én ding
ké. Vi vay, viéc udc luong bo nhé log can st dung cia mot chuong trinh giao dich 1a
hét sic can thiét dbi v6i ngudi lap trinh d€ dua ra cac giai phdp tdi wu chuong trinh,
han ché cac 16i v& bo nhé. Tuy nhién, do dic diém cla cac chuong trinh giao dich, cic
giao dich c6 thé dan xen 16ng nhau, cic ludng hoat dong song song nhung khong doc
lap ma c6 nhiing diém dong bd v6i nhau. Viéc dong bod giita cac ludng 1a ngdm dinh
clia cac ngdn ngit 1ap trinh ma khong phai do ngudi 1ap trinh chd dong viét 1énh. Do
d6 ching ta khong thé phan tich & mic ma ngudn chuong trinh ma phai phan tich &
muc nglt nghia ciia ngdn ngti 1ap trinh. Vi nhiing ly do nay, viéc udc lugng chinh xac
bd nhé log tbi da can st dung clia cic chuong trinh nay 12 bai toan thuc su phic tap.
Trong nghién ctiu [11], [18] chiing t6i da xdy dung mot hé thdng kiéu c6 thé tinh dudc
s6 log tbi da cuing ton tai khi thuc thi chuong trinh. Sau d6, nghién ctu [19] phat trién
tiép tif cdc nghién ctiu trén va da xdy dung dudc hé théng ki€u dé tinh dugc tai nguyén
tdi da chuong trinh can st dung mot ciach ban tu dong. Trong nghién ctiu nay, ching
toi tiép tuc cai tién hé thdng kicu ctia nghién ctiu [19] d€ tinh dudc bd nhé log toi da
can st dung ctia mot chuong trinh giao dich mot cach tu dong. Trong nghién cifu nay,
nhiéu ky hiéu dugc st dung lai tit nhiing nghién ctiu trudc, nhung ching c6 thé mang
nhiing y nghia hoan toan khac trudc.

Nhiing déng goép chinh trong nghién cifu nay bao gdm: mot ngon ngit giao dich dugc
cai tién d€ gan v6i ngdn ngit thuc t& hon; mot hé thdng kiu phu hop véi ngon ngit
méi va tinh dudc bo nhé log tdi da can st dung clia mot chuong trinh giao dich mot
cach hoan toan tu dong.

Cac nghién ciu lién quan: Xdc dinh tai nguyén can st dung cta chuong trinh da
dugc nhiéu nha khoa hoc quan tim nghién cifu dudi nhiéu géc do khac nhau. Trong
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nghién cuu [13], cac tac gia Hofmann va Jost da phan tich viéc tinh bién bo nhé heap
cho cic ngdn ngit ham tuan tu. Sau d6, ho st dung mot hé thong kiéu dé tinh bién
bd nhé heap nhu mot ham cta dau vao cho mot ngon ngit huéng d6i tugng. Trong
nghién ctiu [14], cac tac gia Hughes va Pareto da gidi thi€éu mot ngdn ngli ham nghiém
ngit, tudn ty véi mot hé théng kiéu ma nhitng chuong trinh c6 ki€u hop 1& sé chay véi
khong gian dudc chi dinh bdi ngudi 1ap trinh. Trong nghién ctu [10], tac gia Wei-Ngan
Chin va céc cong su da nghién cifu bd nhd st dung clia cic chuong trinh huéng dbi
tugng. Trong nghién ctu [9], cac tac gia da dua ra phuong phap tinh toan tinh cin trén
clia tdng tai nguyén ctia mot phuong thic st dung mot ham tuyén tinh cla cdc tham
s6 clia phuong thiic. Trong nghién cifu nay, cic bién tim dugc chua dudc chinh xic,
va phuong phap nghién ctu khong dua trén hé thong kiéu. Trong nghién ciu [4], [8],
tac gid Braberman va cic cong su da dua ra phuong phap tinh todn xap si hinh thiic
ctia bién bd nhé cho cic chuong trinh java. Trong nghién ctiu [5], cic tic gia da dé
xuat hé théng kiéu cho ngdn ngit thanh phin véi cac thanh phan song song nhung cic
ludng chay doc 1ap, khong c6 su dong két thiic gitta cdc ludng nhu trong ngdn ngit clia
clia chiing tdi. Tic gia Albert va cdc cong su di cé nhiéu nghién ciiu vé uéc luong
tai nguyén can st dung cho chuong trinh. Trong nghién cifu [3], cic tdc gia da tinh
todn tong bd nhé heap clia mdt chuong trinh nhuy mot ham cua kich ¢d dit liéu cta no.
Trong [1], [2], cic tic gid da nghién ctiu van dé trong ngif canh clia cic chuong trinh
phan tan va da ludng. Tuy nhién, trong nghién cttu nay chi phi cho chuong trinh dudc
tinh bang cach cong don tit ca cdc chi phi cho cic phuong thifc ctia chuong trinh &
tht ca cac diém ma chuong trinh da thuc thi. Trong nghién ctu [17], tic giad Pham va
cdc cong su da dé xuit mot thuat toan nhanh d€ tim bién trén ctia bd nhé heap cho
mot 16p cua cac chuong trinh JavaCard. Trong nghién ctu [12], tac gia Jan Hoffmann
va Zhong Shao ciing st dung hé théng kiéu dé uéc luong tai nguyén st dung clia cic
chuong trinh song song nhung cho mot ngdn ngii 1ap trinh ham. P6i v6i chuong trinh
tuong tranh, trong [6], [7], cic tic gid di do ludng cic chi phi vé bd nhé dém. Tuy
nhién, cic nghién cifu nay khong cung cip co ché hd trg cho viéc tim bién bd nhd tinh.

Nghién ctiu ctia ching toi tip trung vao ngdn ngit 14p trinh da ludng st dung co ché
bd nhé giao dich. Trong d6, chiing tdi tap trung gidi quyét nhitng vin dé vé giao dich
16ng nhau, qué trinh dong bd giita cac ludng, do d6 bién bd nhé tim dudc sé sic hon
nhiing phuong phap trudc. Phuong phap dua ra ¢ day la phuong phéap phan tich chuong
trinh tinh, dua trén hé thong kiéu va da dudc ching minh va kiém thi chit ché.

2. Vi du minh hoa

Ching ta xem xét mot vi du vé chuong trinh giao dich dudc mo ta trong Hinh /. . Vi
du nay dudc phat trién dua trén vi du trong [16] cta ching tdi. Trong doan ma trong
Hinh /. .a, cdc 1énh onacid va commit dung dé€ bat dau va két thic mot giao dich. Lénh
spawn ding dé€ tao mot ludng méi. Lénh global int x = 0; d€ khai bdo va khéi tao
cac bién dung chung, day chinh 12 1énh yéu cau cip phat bd nhé cho cic giao dich cla
chuong trinh. Lénh spawn tao ra mot ludng méi chay song song vSi ludng cha ctia né.
Ludng méi sé nhan ban cic bién dung chung ctia ludng cha d€ luu trit thanh mot ban
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sao danh riéng cho ching, vi vy n6 c6 thé lam viéc v6i cac bién nay mot cach doc
1ap. Hanh vi cua doan chuong trinh nay dugc mo ta trong Hinh /. .b.

onacid //thread O
global int x=0;
spawn{ //thread 1
onacid
//do something
onacid
global int y=0;
//do something
commit;
commit; commit; };
int i=0; //local variable
while (i<2) {
onacid
if (1i=0) then {global int
else {global int z1=0;};
//do something
commit;
it++5 )i
commit;
onacid
global int a=0;
//do something
commit;

z0=0; }

(a)

v O @ ®

Thread 1

1 H

Thread 0

M6 ta hanh vi hoat dong cua doan
chuong trinh bén:

- Ky hiéu [ va ] mo ta viéc bat dau va két
thuc mot giao dich,

- Cac duong ké lién nim ngang mo ti
cac ludng chay song song,

- Céac dong két thic dudc md ti bang
hinh chit nhat dit nét, canh phai danh
diu viéc dong bo gilta cac ludng, canh
trai 1a cac giao dich dugc md tuong ung.

(b)

A N inh 1. Vi du ot dpan chuong trinh, giao, di . C oy N
Tai dong 1, ludng chlfgﬁ (1ugﬁgu630m%p%5t gﬁlgo r’fc %lctlfeplci]fleo dong 2 khai bao va

khéi tao bién sé nguyén ding chung x, dong 3 tao mot ludng méi (ludng 1) chay song
song v6i ludng 0 (Iudng cha ctia né). Ludng 1 s& sao chép bién x dé dung riéng cho né.
Nhu viy bo nhé da bi nhan 1én gip doi. Tir dong 4 dén dong 6, ludng 1 mé hai giao
dich 16ng nhau. Dong 7, khai bdo va khdi tao mot bién ding chung y méi. Tir dong 9
dén dong 10, c6 3 1énh commit trong d6 2 1énh commit dau 1a d& dong hai giao dich
vita mé trudc né cua chinh ludng 1, 1énh commit thi 3 s& két hop vé6i 1énh commit tai
dong 19 ctia ludng 0 d& cung déng giao dich d3 mé bing 1énh onacid cla ludng 0
(dong 1). Loai két thic nay goi 1a dong két thic.
Dong 11, khéi tao mot bién i. Tuy nhién, dy 1a bién cuc bo chi dung trong ludng
0 dé diéu khién vong lip while va lénh if vi vay ching sé khong bi cdc ludng khac
sao chép, nén khong 1am anh hudng dén viéc ting bo nhé do co ché bo nhé giao dich,
vi thé ta bd qua viéc tinh bo nhé cho cdc bién loai ndy. Gia s mdi bién s6 nguyén sé
tiéu thu 4 bytes bo nhd, bay gid ta sé tinh bo nhé tdi da dudc st dung bdi cic log ciia
doan chuong trinh nay nhu sau:
e Tai thoi diém (1): Tong bd nhé log dudc st dung cho cic bién dugc ky hiéu 1a
my, 12 tdng cia:
- bd nhé cho ludng 0: bd nhé cho bién x ciia giao dich dau tién, bd nhé cho bién
z0 cua giao dich thi 2 (4+4=8 bytes).
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- bd nhé cho ludng 1: bd nhé cho bién x ma ludng 1 da sao chép tir ludng 0 va
bd nhé cho bién y cla giao dich thd 2 cla ludng 1 (4+4=8 bytes).
Vi vay m,=8+8=16 bytes.
e Tai thdi diém (2): B nhé log cin st dung ky hiéu 1a m, bang v6i bd nhé log can
st dung tai thai di€ém (D).
e Tai thoi diém (3): B nhé log can st dung ky hiéu ms, 12 bd nhé can st dung cho
bién a cia giao dich cudi cung cta ludng 0 (4 bytes).

Nhu vy, ta thiy trong trudng hop xau nhét, bo nhé 16n nhit can st dung cho cic bién
la max(my, ms, m3) = 16 bytes.

3. Ngon ngu giao dich

Ngon ngit ctia ching t6i dudc xdy dung bat ngudn tif ngdn ngit trong [15], sau d6
chiing t6i da phat tri€n chiing trong [19]. Ngon ngii trong nghién ctu nly va ngdn ngi
trong [16] cuing dugc phat trién tit [19] v6i viéc bd sung thém nhiing ciu 1énh vé khai
bdo va khdi tao cic bién, cac phép todn sb6 hoc, logic, cau tric vong lip. Clng véi
d6, ching toi da bd sung ngii nghia clia ngdn nglt va cic quy tac kiéu d€ phu hop véi
ngdn ngit méi ny. Viéc bd sung cc 1énh khai bdo, khdi tao cac bién 12 mot ndi dung
quan trong Vi cling véi quy tac kiéu sau ciing trong Pinh nghia 4 ta thiy ro vai tro ctia
1énh commit ma cdc nghién cifu trudc chua thé hién dudc. So véi ngdn ngii trong [16],
nghién cifu nay di cai tién d€ phan biét bién cuc bo va bién dung chung.

3.1. Cu phap

Cu phdp ctia ngdn ngit dudc thé hién trong Hinh 2. . Dong dau tién md td mot chuong
trinh P, ching gdm mot tip cac ludng. Ching ciing c6 thé 1a tréng, ky hiéu 13 ¢, hoic
cic ludng/tién trinh song song ky hiéu 1a P || P. Ky hiéu p(e) md td cho mot ludng
c6 dinh danh p, thuc thi thanh phan e. Dong thif hai mo ta cac kiéu dif liéu, ching c6
thé 1a s6 nguyén, hoic kiéu boolean. Dong thif ba mo ta viéc khai bdo va khdi tao cic
bién, trong d6 c6 hai loai bién la bién dung chung va bién cuc bd. Lénh khdi tao bién
dung chung ciing 13 cdc cau 1énh yéu cau viéc cip phat bd nhé trong cdc giao dich. Ta
goi cac bién dung chung trong mot giao dich 1a mot log va c¢6 chung mot dinh danh
log. Ta gia st rang cac bién dudc khai bdo tip trung & dau mdi giao dich, trude cic
1énh spawn. Nhu vdy, khi mot ludong mdi dudc tao ra chiing sé& sao chép toan bd céc
bién ding chung clia giao dich dang chia né cia ludng cha ctia né. Dong thi tu mo ta
cic phép todn, trong d6 e thé hién cic phép todn s6 hoc, m thé hién cac phép tinh so
sanh, « th€ hién cdc phép toan 16gic va, hodc, A thé hién phép todan phu dinh. Dong
tiép theo md ta cdc gia tri, chiing c¢6 thé 1a mot sd nguyén n, mot gid tri logic true
hodc false. Phan con lai mo ta cac biéu thiic, e; md ta biu thiic sb nguyén, e, mo ta
céc biéu thiic 16gic, e mo td cho mdt biéu thic chung. Biéu thiic e ¢6 thé 1a mot gia tri
v, phép gan mot gia tri cia mot biéu thifc vao bién . e; e ky hiéu chudi cac 1énh tuin
tu. Cau lénh if{e,} then {e} else {e} la cac Iénh ré nhanh. Lénh while(ep){e} thuc
hién vong lip, trong d6 biéu thic e trong than vong lip khong chia céc 1énh spawn
dé€ sinh ra ludng méi. Piéu nay nham dam bao cho chuong trinh c6 kiéu hop 1&. Trong
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dong cudi clng, 1énh spawn{e} d€ tao ra mot ludng mdi thuc thi e, 1énh onacid va
commit la cac Iénh bat dau va ket thuc mdét giao dich.

P == ¢|P| P|ple) ludng/tién trinh
T == int | bool ki€u
D = global T Z:=v|T &:=v khai bdo va khdi tao bién
O == eo|m|e|A phép toan
v == n|true | false gia tri
e = e;ee|n biéu thiic s6 nguyén
ey, = e;me;|e,eey| A e | true | false biéu thiic 1dgic
e = wv|xz:=e|e;e|if(ey) then {e} else {e} bi€u thiic
| while(e;){e} vong lap
| spawn{e} | onacid e | commit tao ludng, md/dong giao dich

Hinh 2. Cii phdp cia ngon ngit giao dich

Luu ¥ ring, trong ngdn ngi nay, cic 1énh commit trong cic ludng con dé dong két thiic
v6i ludng cha (vi du nhu 1énh commit thi 2 trong dong 10 ctia doan ma trong vi du 1.
) s& 1am cho ngdn ngit khé diing hon nhung diéu nay gitip ngudi 1ap trinh c6 thé chi
dong kiém sodt dugc cic diém két thic giao dich. B&i vi gitta nhiing 1énh commit c6
thé c6 cac tinh toan khac. Thuc té, cic ngdn ngii c6 thé dudc don gian bang cach trinh
bién dich sé& tu dong chén thém cic commit vao cudi cia mdi ludng, nhung nhu viy
ngudi 1ap trinh sé& han ché hon trong viéc diéu khién cac hanh vi clia cic giao dich nay.
Tham chi v6i mdt trinh bién dich thong minh ¢ thé chén cdc commit con thiéu cho
cic ludng con ngay khi cic bién diung chung khong con dudc st dung bdi cic ludng
d6. Trong ca hai tinh hudng trén, chuong trinh déu c6 thé chuyén vé dang ngén ngit
cia ching toi d€ tinh todn.

3.2. Ngu nghia dong

Ta goi mdt moi trudng toan cuc cua chuong trinh 1a mét tap hgp cac mdi trudng cuc
bd clia cic ludng, mdi méi trudng cuc bd 1a mot chudi cac log va kich ¢d cia chiing.
Cic bién dung chung trong ciing mot giao dich ta goi chung 1a mot log va c6 cling mot
dinh danh log. Kich ¢d ctia mot log clia mot giao dich 13 tdng kich ¢d cic bién ding
chung trong giao dich d6. Ké thira tit nghién cttu trude, dé thuan tién cho ngusi doc
theo déi, ching toi trinh by dinh nghia vé moi trudng cuc bo va mdi trudng toan cuc
nhu sau:

Pinh nghia 1 (Mo6i trudng cuc bd). Mdt mdi trudng cuc bd E la mét chudi hitu han
cua cdc dinh danh cac log va kich cd cua ching: ly:nq;. .. ;lg:ng. Méi truong khéng
c6 phan it nao thi goi la mdi trudng trong, ky hiéu la e.

V6i mot modi truong E = l1:ny; . .. ; ly:ng, bd nhé log can st dung trong E dugc xic
dinh 1a [E] = 3%, n;, va |E| = k 1a s6 phan tii trong .

Pinh nghia 2 (Mo6i truong toan cuc). Mgt mdi trudng toan cuc I' la mdt tdp cua dinh
danh cac ludng va méi truong cuc bé cia chiing, I' = {p:E\, ..., pr:Ex}.
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Bo nhé log st dung béi T, ky hiéu la [T'], duge xac dinh la: [I']= Zle[[Ezﬂ

V6i mot moi trudng toan cuc I' va mot tip cac ludng P, ta goi cip I', P 1a mot trang
thdi cia chuong trinh. Mot trang thai didc biét error 1a trang théi 16i - trang thai ma
khong c6 quy tic giao dich ndo c6 thé 4p dung. Ngit nghia dong dugc dinh nghia bdi
cdc quy tdc giao dich gitta cac trang thai c6 dang I', P=I", P’ hoic I', P=error trong
Hinh 3. .

p fresh  spawn(p,p’,T") =T"
I', P || p(spawn(e1); e2) = I", P || p(e2) || p'(e1)
[ fresh start(ln,p,T) =TV
[, P || p(onacid(e;); e5) = T7, P || p(e2)
intranse(I',l : n) = p = {p1, ..,px} commit(p,I’) =T"

[, P || [T} pi(commit; ¢;) = I, P || TT} pi(e:)

S-SPAWN

S-TRANS

S-COMM

2T S-INIT
L, P || p(global T x:=wv;e) =T", P | p(e) ~
ep | true S.COND
[, P || p(if(ep)then{e; lelse{es}) = T', P || p(eq)
e, | false

S-COND2

[, P || p(if(ep)then{e; }else{es}) = T', P || p(e2)
ey | true e khong chua spawn
I, P || p(while(ey){e}) = T, P || p(e; while(es){e})
ey | false ey khong chia spawn
[, P || p(while(ey){e1};e2) = T, P || p(es)

S-WHILE

S-NO WHILE

neves i T S-ASSIGN S-SKIP
L, P | p(w = erse2) = I', P || p(e2) L, P plase) = T, P || ple)
F=r"ui{p:E} |E|=0 F=r"ui{p:E} |E|>0
) S-ERROR-C S-ERROR-O
[, P || p(commit; ) = error I, P p() = error

Hinh 3. Ngit nghia dong cua ngén ngit giao dich

Hinh 3. st dung cac ham phu trg dugc mo ta nhu dudi day, trong d6 tén cac
ham dugc ldy tir [15] va mot sd quy tac dudc dp dung cho céc tién trinh bao gom:
Pl P =PI P P P)=(P|P)|P vaP|0=P.

e Trong quy tic s-spawN, ham spawn(p,p’,T') thém vao I' mot ludng mdi vé6i dinh
danh la p’ va mot moi trudng cuc bd dugc nhan ban tir moi trudng cuc bd cua
p. Mot cach hinh thic, gida st T' = {p : E} U T” va spawn(p,p’,T") = T’, thi
I"=Tu{p: L'} trongdé E' = E.

e Trong quy tic sTRANs, ham start(l : n,p,T) tao thém mdt log v6i nhin [ va kich
cd n & cudi cla mdi trudng cuc bo cha p;. Néu start(l:n,p;,I') = I’ trong d6
IU'={p1 : Ev,...,p; : Ei,....pr : Ex} val la mot nhan dugc lam mdi, thi

IV={p1: E1,...,pi: El,... ,pp: E}}, trong d6 E! = E;;1 : n.

Luu y ring, trong quy tac nay, khi mé mot giao dich, tai nguyén bo nhé van chua
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dudgc cAp phat, khi khéi tao cdc bién trong giao dich tai nguyén méi dudc cip phat.
Pay 1a mot diém khac biét clia nghién ctiu nay so vdi nghién ciu [19].

e Trong quy tic s-comm, ham intranse(T, 1 : n) tra lai mot tip clia tit ci cc ludng,
dugc ky hiéu 1a p, trong I' ma méi trudng cuc bo bao gom dinh danh log [ va
dinh danh log nay 1a phan ti sau cling clia mdi trudng cuc bo. Piéu dé cé nghia
la néu intranse(T',l:n) = p = {py, .., p} thi:

- v6i moi i € {1..k}, p; c6 dang E!; 1 : n.
- véimoip : E' el giasup ¢ {pi,..,pr}, tacé E' khong chia log c6 dinh danh
l.

e Ciing trong quy tic s-seawn, ham commit(p,T") hity bd log sau cling trong mdi
trudng cuc bd cla tt ca cic ludng trong p. Nghia 13, gia st intranse(T,l:n) = p
va commit(p,T') = I", thi v6i moi p' : E' e IV, néu p' e p, thi p' : (E';1:n) eT.
Cac truong hgp khac, p’' : E' e T

Chi y rang ham spawn sao chép cic nhan ctia mdi trudng ctia ludng cha clia né sang
moi trudng cuc bo ctia ludng mdi va ham intranse tim cdc nhan ciia ching dé xac
dinh cic ludng can dong bd trong mot phép dong két thiic.

Cic quy tac trong Hinh 3. c6 y nghia nhu sau:

e Quy tic s-spawN dudc st dung dé€ tao mot ludng méi v6i 1énh spawn. Lénh spawn
{e1} tao mot ludng mdi p’ thuc thi e; song song véi ludng cha clia né p, va thay
ddi moi truong t T’ sang T7.

e Quy tic sTrANs dung trong trudng hop ludng p tao mot giao dich méi véi cau 1énh
onacid. Mot giao dich méi véi nhan [ dudc tao, va thay d6i moi trudng ti I' sang
moi trudng I

¢ Quy tic s-comm dé két thiic mot giao dich. Trong quy tic nay ]_[1 pi( Z) viét tac
cho pi(e1) || .. || --pr(ex). Néu giao dich hién tai ctia ludng plal th tht ca céc
ludng trong giao dich / phéi dong két thiic khi giao dich [ két thic.

e Quy tic s-coND; va s-conp, dp dung cho céc 1énh diéu kién.

e Quy tic s-WHILE va s-No WHILE 4p dung cho cic 1énh vong lip.

e Quy tic sinT 4p dung cho viéc khai bdo va khdi tao mot bién « kiéu 7. Khi khoi
tao mot bién dung chung, tai nguyén bo nhé ma chuong trinh st dung sé ting 1én
tuong 1ing vdi bd nhé cAp phat cho bién d6, vi vy mdi trudng sé thay ddi tir I sang
V. Gia st I' = {p1:F1,...,pi:E; ..., p:Ex}, va B = {lyng; .. ling o Leng )
thi IV = {pi:E1,...,piEl. .. ,pk:E,k}, va E! = {glznl; bl oo g b, trong
d6 n} = n; + m v6i m la bo nhé cap phat cho bien méi duge khdi tao.

e Quy tic s-assiN ap dung cho phép gan gid tri clia biu thiic e; vao bién .

e Quy tic sskip diung cho cic 1énh tinh toan khéc clia ngdn ngit ma ching khong
anh hudng gi t6i ngit nghia giao dich va da ludng, vi vy ta c6 thé bé qua ching.

e Quy tic S-ERRORC VA S-ERROR-0 dudc st dung trong trudng hdp chuong trinh cé
céc 161 bat dau va két thic cac giao dich. Vi du, onacid; spawn{commit; commit
}; commit; ¢6 mot 16i trong commit thd hai trong spawn{commit;commit}. p()
trong s-ERROR-0 nghia 13 c¢6 mot 16i két thiic trong chuong trinh.
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4. Hé théng kiéu

Hé thdéng ki€u trong nghién ctiu ny dugc xdy dung véi muc dich xdc dinh bo nhé
log t6i da mot chuong trinh giao dich can st dung mdt cach hoan toan ty dong. Kiéu
ctia mot thanh phan ctia chuong trinh dudc thé hién bang mot chudi sé duwoc gdn ddu,
chiing mo ta tritu tuong cac hanh vi giao dich ctia chuong trinh. Hé thdng kiéu nay
dugc phat trién tit Hé thong kiéu trong nghién ciu [19] véi nhiing bd sung cai tién dé
tinh dugc bo nhé log t6i da clia chuong trinh giao dich mot cach tu dong. Mot sb ky
hiéu trong hé thong kiéu nay dugc ding lai tif cdc nghién ctiu tride nhung y nghia ctia
chiing c6 thé khic.

4.1. Kiéu

Kiéu ctia mot thanh phan 12 mot chudi hitu han céc sé ¢d ddu. Mot s6 c¢6 dau 1a mot
cip clia mot s6 tu nhién khong am thuodc tap N* va mot ddu. Ta st dung tap cic diu
(ky hiéu) {*,+,—, —, 4} d€ lan lugt ky hiéu cho viéc khéi tao mot bién dung chung,
bat dau, két thic, dong két thic mot giao dich va bo nhé t6i da cip phat cho cic log.
Tap céc s6 c6 diu dugc ky hiéu 1a TN, nghia 1a TN = {*n, *n, 0, !, "n | n e N*}.
Céc s6 dudc gan dau nay c6 y nghia nhu sau:

*n: khdi tao mot bién dung chung, va bd nhé can cip phat cho bién d6 1a n.
*n: m3& mot giao dich v6i bd nhS log can cip phat cho giao dich d6 1a n. Khi
n = 0, nghia 12 kh&i tao mot giao dich nhung chua khdi tao bién nao trong giao
dich d6.

“n: cd n 1énh commit lién tiép dé& két thic cic giao dich trudc do.

“n:c6 n ludng can dong bo tai mot thdi diém.

e 'n: bd nhé log tbi da can st dung cho mdt thanh phan clia chuong trinh 1a n.

Dé hiéu ro6 hon vé hé théng ki€u nady, ta xem xét mot sd vi du sau: gia si mot bién
s6 nguyén can 4 bytes bo nhé thi ciu 1énh global int x:=0; c6 ki€u 1d *4; onacid
c6 kiéu 1a 10; commit ¢ kifu la ~1: hay onacid global int x:=0; commit; CO
ki€u 1a *0 *4 71, hodc c6 thé rit gon thanh . V6i spawn (onacid global int x:=0;

commit; commit;commit), kiéu cta né 1a (+0 411171 )p va c6 thé rut gon thanh
(4 ~1 71)” bing cich két hop cdc phan tif + * — va xdc dinh cdc phan tif dong két
thuc.

Phan tiép theo chiing toi sé trinh bay cic quy tic kiéu dé két hop, rit gon cdc chudi
s6 c6 dau cho mot thanh phan cta chuong trinh. Trong qud trinh tinh toan, mdt dau
gan véi sb khong (vi du 0, 0, ...) ¢6 thé dudc tao ra nhung né khong dnh hudng téi
ngit nghia ctia chudi vi vy ching ta sé tu dong loai b khi né xuat hién. D€ thuan tién
cho qud trinh tinh todn, ching ta ciing c¢6 thé€ chén thém phan td 0 khi ndo can thiét.

Ta goi s 1a phan ti thuoc tip TN, S thude tap 'N véi TN 1a tap cac chudi sb c6 diu,
va m,n,l,.. thuoc tap N, chudi tréng dugc ky hiéu 1a e. V6i chudi S ta ky hiéu |S]|
cho do dai ctia S, va S(i) cho phan ti thd i clia S. Véi s6 c6 diu s, ta ky hiéu tag(s)
la ddu cla s, va |s| 1a sd ty nhién clia s (nghia 1a s = '5()|s|). V6i chudi S € TN,
ta viét tag(S) cho chudi cic diu clia cdc phan ti ctia S va {S} cho tdp cdc dau xuét
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hién trong S. Chi ¥ ring tag(s; ...s) = tag(s;) . ..tag(s;). D& don gian ta cling viét
tag(s) € S la rat gon cho tag(s) € {S}.

Tap "N c6 thé dudc phan thanh cic 16p tuong duong, tit ca cdc phan ti trong 16p
tuong duong md ta cdc hanh vi giao dich tuong tw, vd mdi 16p ta sit dung chudi ngan
gon nhit d€ mo ta cho 16p va ta goi né 1a chudi chinh tdc.

Dinh nghia 3 (Chudi chinh tic). Mot chudi S la chinh tic néu tag(S) khong chita cdc
thanh phal’l **) ’+*) )__” )ﬁﬁ;’ )+_;’ y+ﬁ_)’ ’+ﬁ*_)’ ;+_‘)’ )+ﬁ_" )+ﬁ*_|’ Vd
|S(2)] > 0 vdi moi 1.

Ta ludn c6 thé rit gon mot chudi S ma khong lam thay doi y nghia ctia ching. Ham
seq dudi day sé rit gon mot chudi TN thanh chudi chinh tic. Chd y mau *+—" khong

xuét hién bén trdi, nhung ta c6 thé chén thém 0 dé€ ap dung ham. Hai miu ’+— va
"+1—’, s€ dugdc st ly bdi ham jc trong Pinh nghia 8.

DPinh nghia 4 (Rit gon chudi). Ham rit gon mét chudi dugc dinh nghia dé quy nhu

sau:

seq(S) = S khi S la chudi chinh tdc

seq(S*m " S') = Seq(S (m+n)S")

seq(S*m n S') = seq(S fmax(m,n) S')

seq(S m nS') = Seq( (m+n)S")

seq(S "m n S") = seq(S*(m+n)S’)
seq(S k1 ™mS") =seq(SH+k) (n—1)9"

seq(S Tk 1m S = Seq(Sﬁ(l + k) m+Ek)(n-1)9)

Trong dinh nghia nay, tit dong thi 2 dén dong thi 4 dung d€ rit gon chudi. Dong
thit 5 m6 ta viéc cong thém kich ¢& clia log clia giao dich khi khdi tao thém bién trong
giao dich. Dong s6 6 dung cho cdc commit cuc bd — cic commit ndy khong dong bd
v6i cdc ludng khic. Dong sau cung ciing dung cho viéc commit cuc bd nhu dong sb
6, nhung sau 1énh commit sau cling tao nén [ c6 thém cic lénh khdi tao bién (tao ra
kiéu *m). Quy tic nay thé hién rd vai tro ctia 1énh commit ma trong cdc nghién ciiu
truc chua thé hién dugc. Nhu minh hoa trong Hinh /. , cic ludng dudc dong bd bdi
cdc dong két thic. Cac dong két thiic nay chia mot ludng thanh cac phdn doan va chi
mot s6 phan doan c6 thé chay song song. Vi du, trong Hinh 1. , cic onacid trén dong
4, dong 6 khong thé chay song song véi onacid trén dong 20.

V6i ki€u cho mdt thanh phan e, phan doan cé thé dudc xac dinh bang cach kiém tra
cic thanh phan — hodc — trong ki€u clia e trong spawnf{e}. Vi du, trong spawn{e; }; ea,
néu chudi chinh tic ctia e; c6 — hodc — thi ludng thuc thi e; phai dudc dong bo véi
cha ctia n6 d6 1a ludng thuc thi e;. Him merge trong Dinh nghia 6 dudc st dung trong
tinh hubéng nay, nhung d€ dinh nghia n6 ta cAn mot sd ham phu tr¢ sau day:

V6i S € TN va mot dau sig € {*, +, —, —, 1}, ham first(S, sig) trd vé chi sb nhé nhét
i ma tag(S(i)) = sig. Néu khong c¢6 phan ti nao, ham sé trd vé 0. Mot 1énh commit
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c6 thé 12 mot két thiic cuc bd, hodc mot dong két thic. Trudc tién, ta gid st tit ca céac
commit 13 cuc b, khi ta duyét qua néu khong cé 1énh bat dau giao dich cuc bd nao
(Iénh onacid) d& khdp v6i mot két thic cuc bo thi nhiing két thic can dudc chuyén
thanh ddng két thic. Him sau thuc hién viéc d6 va chuyén mot chudi chinh tic khong
c6 phan ti + thanh chudi dong bo.

DPinh nghia 5 (Chuyén dang chudi). Cho S = s,...s; la mot chudi chinh tic ma
+ ¢ {S} va gid sit i = first(S,—), ham join(S) thay thé dé quy — trong S bdng — nhu
sau:

join(S) = S néui=0
join(S) = sy..s;-1 1 join( ~(|si| — 1)Sit1.-Sk) truong hop khdc

Chu y ring trong Dinh nghia 5 chudi chinh tic S chi bao gdm cac phan ti # xen ké
v6i cac phan ti — hodic —. Sau khi 4p dung ham join, ta nhan dudc chudi dong bo. Cac
chudi dong bd nay chi bao gdm cac phan ti 4 xen ké v6i cdc phan ti —. Mot chudi
dong bo dudc st dung d€ dinh kiéu mot thanh phan bén trong mot spawn hoiic mot
thanh phan bén trong ludng chinh. Cac chudi dong bd dugc hgp véi nhau theo dinh
nghia sau:

Dinh nghia 6 (Hop). Gid sit S, va Sy la nhitng chudi dong bo, khi dé sé cdc phan
tr — trong Sy va Sy la twong tw nhw nhau (cé thé bdng khong). Ham hop duoc dinh
nghia dé quy nhuw sau:

merge( y %2) = ti(ml + mgy)
merge('my "ny S, mg “ng S5) = {my +my) "(ny + ny) merge(S], Sh)

Dinh nghia 1a hop 1&, bsi vi S}, S, 1a cdc chudi dong bd vi vay ching chi cé cic
phan ti £ vd —. Thém nita, sd cdc phan ti %s 1a tuong tu nhu nhau. Vi vdy ta c6 thé
chén thém 0 d€ tao ra hai chudi phii hdp v6i mau dugc dinh nghia. Chi y ring ham
hop dugc st dung cho nhitng thanh phan c6 dang spawn{e;}; 2, trong d6 ta dinh ki€u
cho e; trudc, sau d6 4p dung ham chuyén dang & trén dé€ c6 dudc mot chudi dong bod
— kiéu cla spawn{e;}. Sau do, ta can dinh kiéu ctia e, d€ hgp véi chudi dong bo clia
spawn{el}.

Ta can thém mot ham dé dinh kiéu cho thanh phan cla dang if{e,} then {e;} else
{ex}. Dbi v6i nhiing thanh phan nay, ta yéu cau céc hanh vi giao dich v6i bén ngoai
clia e; va e, phai tuong tu nhau, nghia 12 khi g& bd tit ca cdc phan td véi dau # tur
chiing, chudi con lai phai gidng nhau. Gid st S;, S, 1a hai chudi nhu vay thi ching
lu6n c6 thé dugc viét lai thanh S; = *m; *n S, i = 1,2, + = {+,—, —}, trong d6 S}
va S5 1an Iugt ¢6 cac hanh vi giao dich tuong tu. V&i diéu kién nay, ta dinh nghia phép
toan chon nhu sau:

DPinh nghia 7 (Chon). Chudi S, va Sy la hai chubi ma néu ching ta loai bé tdt cd
cdc phdn tit § tir chiing, thi phan con lai hai chudi la giong nhau. Ham alt duoc dinh
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nghia dé quy nhu sau:

alt(%l, ﬁmg) = ﬁmax(ml,mg)
alt(fmy *n Sy, my *n Sh) = ‘max(mq, my) *n alt(S], S5)

4.2. Quy tic kiéu

Cu phdp cta ngon ngit ki€u T ¢6 dang: T' = S | S”. Dang ki€u S” dugc st dung
cho spawn(e), chling can dong bd véi ludng cha ctia n6 néu c6 dong két thiic. Cac tinh
toan trén hai truong hgp la khac nhau, vi vdy ching t6i ky hiéu kind(T) cho loai clia
T, ching c6 thé trong (thdng thuong) hodc p néu T c6 dang S”.

Moi truong kiéu cung cip thong tin ngit canh cho biéu thiic dang dudc dinh kiéu.
Céc phat biéu kiéu c6 dang: n e : T, trong d6 n € N 1a mdi trudng kiéu. Khi n am,
c6 nghia Ia khi thuc thi e s€ st dung n bytes bo nhé cho cac log cua né. Khi n duong,
né c6 nghia 12 e can gidi phong n bytes bd nhé cla cic log do cic giao dich da md
trudc do.

xT,e:int TINT x, e : bool TEOOL —— T ONACID
—4global T z:=e: 4 “1+-Tz:=e:*1 0  onacid : 0
+ : )
ne N, T-COMMIT nke: S - T-SPAWN M T-PREP
n - commit : ~1 n - spawn(e) : join(S)” n e : join(S)”?
ke S i1=1,2 S= S8 nike S mnake: S S =jc(S1,S
nibe; 1S i seq(.51.52) rspq MAE eS8 maber: 8 je(S1, Sa) e

ny+ng epjen: S ny+ng begjen: S

LgP = _ : :
nke S’ i=1,2 S =merge(S,Ss) EMERGE nykep: b(.)ol ny b e: Mo EWHILE

nkep;ey: SP ny - while(ep){e} : oy

nite :T; i=1,2 ntep:bool kind(T)) =kind(Ty) T;= Sikind(Ti)
n b if(e;)then{e; Jelse{es} : alt(Sy, So)kind(51)

T-COND

Hinh 4. Quy tdc kiéu

Ciac quy tac dinh ki€u dudc thé hién trong Hinh 4. . Ta khong c6 quy tic cho viéc
dinh kiéu o vi ching khong anh hudng dén ngit nghia giao dich va da ludng, vi vay ta
c6 thé loai bé chiing khi dinh kiéu chuong trinh. Ta gia st rang trong cic quy tic nay
ham seq, jc, merge, alt c6 thé dp dung, nghia 13 cac tham s6 clia ching thda min diéu
kién cda cac ham.

Quy tic TspawN chuyén ddi S thanh chudi dong bo va dinh diu kiu méi bsi p vi
viy c6 thé€ hop véi cha clia né biang TMmerGe. Quy tic T-PreP cho phép ta tao ra mot kicu
cho e d€ sit dung trong T-MERGE. Quy tac TwHILE st dung dé€ dinh ki€u cho biéu thiic
vong 1ip while. Thuc té, viéc phan tich, dinh ki€u cho biéu thiic vong lip phtc tap
hon. Tuy nhién dé ddm bdo cho chuong trinh c6 kiéu hop 1€, va viéc dinh kiéu dugc
thuan 1¢i trong nghién ctiu nay ching t6i chi dinh ki€u cho nhiing vong lip ma than
clia n6 khong chifa cic 1énh spawn va ki€u clia than vong lidp c6 dang . Day cling 1a
han ché ma ching t6i sé tiép tuc cAn phéi hoan thién trong cic nghién cifu tiép theo.
Ciac quy tac con lai 12 don gian ngoai trif quy tac Tc trong d6 ching ta can thém mot
ham méi jc (trong Pinh nghia 8). Quy tic T-JC d€ xi ly dong két thiic giita cc ludng
dang chay song song. Phan tif + cudi cing trong S;, goi 1a *n, s& khdp véi phan tir —
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dau tién trong Sy, goi 1a ~[. Nhung sau *n, c¢6 thé ¢6 phan td £, goi 1a ', vi vay bd
nhé 16n nhit st dung bdi thanh phan c6 kiéu *n f/ sé 1a n + n'. Truéc 1 c6 thé c6
%', vi vy khi thuc hién dong két thiic ctia phan ti ¢6 kiu ~ véi phan ti c¢6 kiéu *n
trude do, ta dugc ki€u cha ching 1a {1’ + 1 «n). Sau khi két hop *n ta S; va [ tu
S, ta c6 thé don gidn hoa chudi mdéi va lip lai viec dong két thic véi je. Vi vay, ham
jc dudc dinh nghia nhu sau:

Pinh nghia 8 (Pong két thic). Ham dong két thiic duoc dinh nghia dé quy nhuw sau:
je(Sy ! A 1SY) = je(seq( Sy An 4+ 1)), seq( Xl + 1+ n) Sh)) néul > 0
je(fn’, ' Sh) = seq(*max(n/,1') S}) cho cdc truong hop khdc

Trong dinh nghia nay maiu phi hdp véi dong dau tién c6 mic uu tién hon dong thd
hai.

Vi ki€u trong nghién ctiu nay phan anh hanh vi cia mot thanh phan ctia mot chuong
trinh, vi vy ki€u cia mot chuong trinh c¢6 ki€u hop 1é 12 mot chudi chi gom mot phan
th ! v6i n 12 bd nhé log t6i da can st dung khi thuc thi chuong trinh.

Dinh nghia 9 (Kiéu hop 18). Mot thanh phdn e c6 ki€u hop 1& néu c6 mot phép suy
dién kiéu cho e ma 0 e : 'n vdi mot s6 n nao do.

Mot phat biéu kiéu c6 mot tinh chit quan trong d6 1a néu két hop moi truong kiéu
ctia mot thanh phan vé6i kiéu cla thanh phan d6 thi sé tao ra mdt cau tric "kiéu hop
&

Pinh Iy 1 (Tinh chét kiéu). Néu n - e : T va n = 0, thi sim(™n,T) = 'm véi mét
sé m nao do (nghia la sim(*n,T) chi la mét phan ti don ) va m > n trong do
Sim(Tl,Tg) = seq(jC(Sl, SQ)) VOi Sl, Sg la Tl,TQ khéng co p-

Chiing minh (riit gon): Viéc chiing minh dudc thuc hién bang cich xem xét cac
quy tac kiéu trong Hinh 4. . [

4.3. Dinh kiéu cho chuong trinh vi du

Bay gio chiing ta s& xdc dinh kiéu cho chuong trinh vi du trong phan 2. Ta ky hiéu
elm cho doan chuong trinh tir dong [ t6i dong m. Pau tién, st dung T-SEQ, T-ONACID, T-INT,
T-COMMIT ta ¢6 4 - ej, : 10 104 71 71 71 hay 4 - e}, : 4 ~1. Tiép theo, ap dung quy
tic TSPAWN, ta c6 4 - €3, : (4 T1)°. Bay gid, ta mudn dp dung TMERGE, ta cAn tim mdt
doan chuong trinh ma ki€u cta n6 th€ khdép véi ki€u cia ef;. Ta tim dugc e} thoa
man diéu kién nay, bdi vi ap dung T-WHILE, T-COND, T-ONACID, T-INT, T-COMMIT, T-COND ta c0
4+ eld: M4 1 hay 4 - el : 4 1. Bing viéc dp dung T-pREP, ta c6 mot kiéu phi hop
v6i ki€u cla e3;. Vi vay ta c6 thé dp dung T-MErRGE d€ nhan dugc ki€u cho €3, nhu sau:
4+ e}y : (8 72)P. Tai dong 12, ta c¢6 khdi tao bién i, tuy nhién day chi 1a bién cuc bd
ctia ludng, khong phai bién dung chung, vi vay né khong anh huéng t6i bd nhé log theo
cd ché bo nhé giao dich. Vi vdy ta bd qua bién nay. Tiép theo, 4p dung quy tic T-oNACID,
TINT, ta c6: —4 - e} : 0 *4 hay —4 |- e} : *4. Ap dung ric ta nhan dugc kiéu cho el 1a:
0 ely: M6 bdivije( 4,8 72) = je(seq(™),seq({8 +4+2))) =jc(H, #16) = 6.
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Ap dung quy tic T-ONACID, TINT, T-COMMIT ta ¢6: —4 |- €29 : "0 *4 1 hay —4 |- €2 : 4.
Ap dung TseqQ két hop ely v6i €2 ta ¢6: 0 | ely : 16 Nhu vay chuong trinh c6 ki€u
hop 1& va bd nhé log tdi da can st dung trong trudng hop nay 13 16 bytes.

Phin tiép theo, chiing ta sé ching minh tinh diing dan cta hé théng kicu da dé xuét.

5. Tinh ding ctia hé thong kiéu

Tinh diing dan cta hé théng kiéu trong nghién ctiu nay dugc hiéu 1a véi mot chuong
trinh c6 kiéu hop 1 sé khong st dung nhiéu bo nhé log hon mo ta trong kiéu ctia no.

Gia sit mot chuong trinh c6 kiéu hop 1é e va c6 ki€u 12 ., ta can chiing minh khi
thuc thi e theo nglt nghia trong Phan 3, téng s6 bd nhé log clia e trong moi trudng toan
cuc ludn nhd hon hoic bang n.

Mot trang thai ctia chuong trinh 1a mét cap I', P trong d6 I' = {p1:Fy, ..., prp:Ex}
va P = ]_[]fpi(ei). Ta néi I' thda min P, ky hiéu I' = P, néu ton tai Sy,...,S; ma
[E] e :S; v6i moi i = 1,...,k V6i mot thanh phan 4, E; md td bd nhé log da
dudc cip phét cho cic bién méi dudc tao ra hay cac bién dudgc sao chép trong ludng
pi» va S; md ta bd nhé log sé dugc cip phat khi thuc thi e;.

Vi vy, téng bd nhé log dudc st dung bdi ludng p; dude md ta bsi sim( E;], S;),
trong d6 ham sim dudc dinh nghia trong Pinh ly 1. Ta sé chiing minh rang sim( *[E;], S;) =
n. Ta ky hiéu gia tri n nay la [E;, S;]. Tong bd nhé log ctia mdt trang thai chuong
trinh, bao gdm tai I' va cic log sé dudc tao ra khi thuc thi phan con lai cta chuong
trinh, ky hiéu la [T, P], va dugc dinh nghia béi cong thic: [T, P] = ¥ | [E;, Si].

Vi [I', P] md ta bd nhé log tbi da tir trang théi hién tai va [I'] 1a bd nhé log t6i da
J thoi diém hién tai, ta c6 dinh ly sau:

BG dé 1. Néu T = P, thi [, P] = [I'].

_ Chiing minh (it gon): Theo Dinh nghia ctia [T, P] va [T'], ta can ching minh
rang [E;, S;] = [E;] v6i moi i. Diéu nay dugc suy ra tit Dinh ly 1. [
B& dé 2 (Tinh bt bién). Néu T=P va T, P=T", P', thi I"=P' va [T, P]=[T", P'].

Chiing minh (riit gon): Chiing minh dugc thyc hién bing viéc ki€m tra tiing quy

tac ngit nghia trong Hinh 3. . V6i mdi quy tic, ta can chiing minh hai phan: (i) I |= P’
va (ii) [T, P] = [TV, P']. u
Dinh ly 2 (Tinh ding). Gid sit 0 e : 'n va p; : €,p1(e) =* T, P, thi [T'] < n.
Chiing minh (riit gon): V6i moi trudng ban dau ta c6: [p; : €, p1(e)] = sim(0, ) =
n. Vi vay tif Pinh 1y 2 va Dinh ly 1, dinh ly dudc chiing minh theo quy nap trén do
dai cua giao dich.
Pinh ly cudi cuing nay cho ta thiy ring tdng bo nhé log ma chuong trinh can st dung
khi thuc thi khong bao gid vudt quia md ta trong kifu cda ching, nghia 12 hé théng
ki€u ctia ching toi dé xut cho két qua chinh xac. [ |
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6. Két luan

Chiing t6i da trinh bay mot ngdn ngi véi cic dic diém chinh vé da ludng va bo nhé
giao dich. Trong nghién cifu nay, ching t6i di md rong ngdn ngit véi mot s6 ciu triic
1énh d€ gan véi thuc té hon. Két qua chinh clia nghién ctu ndy 1a mot hé théng kicu
dé xac dinh tai nguyén bo nhé log téi da ma chuong trinh giao dich da ludng can sir
dung. Khac véi nhiing nghién ctiu trudc dy, tai nguyén ma chuong trinh can st dung
trong nghién ctiu nay 13 bd nhé log dugc tinh todn cu thé tif bd nhé cip phat cho cic
bién ding chung ctia cic giao dich. Cac két qua trén da dugc chiing minh, thii nghiém
day du va cho céic két qua ding véi cédc tinh toan 1y thuyét. Hé thong ki€u ctia nghién
clfu nay 1a nén tang d€ ching ta xdy dung mot hé thong ki€u cho ngdn ngit 1ap trinh
thuc té. Ap dung nhiing quy tic ctia hé thdng kiéu nay, ngudi 1ap trinh c6 thé tinh dugc
bd nhé log tdi da ma chuong trinh can st dung ti d6 c6 thé tdi vu chuong trinh ctia
minh d€ tiét kiém bo nhd, han ché céac 16i tran bo nhS. Trong cic nghién ctu tiép theo
chiing tdi sé tiép tuc cai tién hé théng kiéu nay d€ sit dung thuén tién hon trong thuc
te.
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