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MO DAU
Tinh cip thiét cia dé tai

Cung v6i su phat trién nhu vii bio cia khoa hoc cong nghé, cac vi xt Iy hién dai
ngay cang thé hién sitc manh qua nhiéu nhéan (core) véi téc d6 xir Iy ngay cang cao. Co
dugce nhu vy 1a do bén trong cac vi xir Iy nay duogc thiét ké cac ludng (thread) cé kha
ning chay va xur 1y song song. Trudc day dé lap trinh da ludng, nguoi ta sir dung co
ché ddng bo (synchronization) dwa trén khoa (lock) dé ap dit gisi han vé quyén truy
cap tai nguyén trong mot moi truong khi co nhiéu luéng thuc thi.Tuy nhién, khi ap
dung phuong phap nay thudng nay sinh cac van dé nhu khéa chét (deadlock) hoic cac
13i tiém tang. ..

Software Transactional Memory (STM- b nhé giao dich phan mém) [8] 1a mét
giai phap don gian hon, nhung v cing manh mé& ma c6 thé giai quyét dugc hau hét
cac van dé trén. N6 di thay thé hoan toan giai phap cii trong viéc truy cap bd nhé dung
chung. STM giao tiép véi b nhé thong qua cac giao dich. Cac giao dich nay cho phép
tu do doc, ghi dé chia sé cac bién va mot ving nhé goi 1a log s& dugc sir dung dé ghi
lai cac hoat dong nay cho t6i khi két thuc giao dich.

Mot trong nhitng moé hinh giao dich phuc tap st dung STM la mé hinh giao dich
long va da ludng (nested and multi-threaded transaction) [5]. Trong qué trinh thuc thi
clia cac chuong trinh giao dich 16ng va da ludng, khi cac lusng méi dugc sinh ra hoac
mét giao dich duoc bit dau, cac vang bo nhé goi 1a log s& duoc cp phat. Cac log nay
dung dé luu lai ban sao cua cac bién dung chung, nhd vay ma cac ludng trén co thé sir
dung céac bién nay mot cach doc lap.

Vén dé dat ra o day 1a tai thoi diém chuong trinh chay liéu luong bd nhé can cap
phat cho cac log co vuot qua tai nguyén bo nhd ciia mdy, hay chwong trinh c¢6 thé chay
mot cach tron tru ma khong gip phai bat ky 16i nao nhu hét bo nhé. Chinh vi vay, viéc
xéac dinh cin trén cua bo nhd ¢ thoi diém chay chuong trinhcta chuong trinh giao dich
1a mot van dé then chét, co y nghia hét stc quan trong.

Chinh vi 1i do d6, trong luan van thuc hién ¢ day, mot nghién ctru s dung
phuong phéap phan tich tinh dé giai quyét bai toan tinh can trén bd nhé log cia chuong
trinh c6 giao dich s& dugc trinh bay, dua trén bai bao di duoc cac tac gia cong bd
trong [1].

Muc tiéu nghién ciru

Ludn van duoc thuc hién dua trén nghién ctru trong bai bao [1]. Do vay dé c6 thé
hiéu duoc giai phap cac tac gia da dé xuat trong [1], trong luan van nay tap trung
nghién ctru cac 1y thuyét vé hé thong kiéu; Cac khai niém co ban ciing nhu tinh chét
cua giao dich; Nghién clru ct phap va ngir nghia ciia ngon ngir TM (Transactional
Memory) — Mot ngdn ngit dé viét cac chuong trinh giao dich. Tir viéc nim duoc giai
phap xay dung h¢ théng kiéu dé cap trong bai bao, mdt cong cu sé dugc cai dat dya
trén ngon ngir C#.



Phwong phap nghién cau

Pé thyc hién dugc myc tiéu da dé ra trong luan vian, cac phuong phap nghién ctu
sau day da dugc két hop:

- Phuong phép nghién ctru Iy thuyét: bao gom phan tich, tdng hop cac tai liéu, bai
bao c6 lién quan vé Iy thuyét hé thong kiéu dic biét 1a hé théng kiéu cho cac chuong
trinh TM, tai liéu vé cac thuat toan dya trén hé théng kiéu..

- Phuong phap thuc nghiém: Cai dit thuat toan da dé xuat, chay thu dé kiém tra
tinh ding dan cia chuwong trinh.

Céu tric cha luin vin

Luan van duoc trinh bay trong cic phan, véi noi dung chinh cia mdi phan nhu
Sau:

Mé dau: Néu ra tinh cap thiét cua dé tai, néu ra cic muc tiéu can nghién ciru, cac
phuong phap dugc str dung khi nghién ctru va céu tric cac phan cua luan van.

Chwong 1: Gidi thi€éu bai toan

Trinh bay ndi dung cu thé cua bai toan tinh can trén bo nhé log ciia chuong trinh
¢6 sir dung giao dich, cac van dé can giai quyét trong bai toan nay va hudng tiép can
dé giai quyét bai toan. Trong phan nay, cac diém cai tién cua phuong phap giai quyét
bai toan ¢ diy so véi cac phuong phap trude kia cling duoc néu ra. Vi du dugc trinh
bay trong muc 1.3 s& minh hoa rd rang cho bai todn va hudng tiép can da dua ra.

Chuong 2: Mt s6 kién thire co s&

Trinh bay céc 1y thuyét co ban duoc sir dung 1am co sé dé giai quyét bai toan,
bao gdm: Ly thuyét vé hé thong kiéu nhu khai niém, cac thudc tinh hay ¢ng dung cua
hé théng kiéu trong thuc té; Ly thuyét vé giao dich, bo nhé giao dich phan mém gém
cac khai niém, tinh chat, tng dung. ..

Chwong 3: Ngon ngir giao dich

Gidi thiéu ngon ngilr giao dich TM (Transactional memory)- Mot ngdn ngir dugc
dung dé viét cac chuong trinh giao dich. Trong chwong nay, ct phap va ngit nghia cia
ngdn ngir TM s& duogc trinh bay cu thé.

Chuwong 4: Hé thong kiéu cho chwong trinh giao dich

Nghién ctu hé théng kiéu dé giai quyét bai toan tinh cin trén bd nhé log cho
chuong trinh ¢6 giao dich di duoc trinh bay trong bai bao [1]. Ly thuyét hé thong kiéu
dugc phat trién ¢ day bao gom céc kiéu va cac quy tac Kiéu.

Chwong 5: Xay dwng cong cu va thuc nghiém

Cai dat cac thuat toan kiéu dya trén hé thdng kiéu dd duoc trinh bay & chuong 4.
Tir cac thudt toan do, xay dung cong cu dé giai quyét bai toan tinh can trén bo nhé log
va thuc nghiém dé kiém tra tinh diing dan ciia cong cu.

Két luan:

banh gia cac két qua da dat duoc, néu ra tdn tai va hudng phat trién.



CHUONG 1. GIOI THIEU BAI TOAN
1.1. Giei thiéu
Nhu chung ta da dé cap ¢ phan mé dau, STM 1a giai phap duoc sir dung trong
viéc chia sé bo nhd dung chung va mét trong nhitng mé hinh giao dich phtc tap st
dung STM 13 mé hinh giao dich ldng va da ludng (nested and multi-threaded
transaction)

O day, mot giao dich dwoc goi 1a 16ng khi né chira mét s6 giao dich khac. Ching
ta goi giao dich cii 1a giao dich cha va goi cac giao dich ma sinh ra trong giao dich cha
la giao dich con. Cac giao dich con nay phai dugc dong trudc giao dich cha. Hon nita,
giao dich dugc goi 1a da ludng (multi-threaded) khi cac ludng con sinh ra dugc chay
bén trong giao dich dong thoi chay song song véi ludng cha dang thuc thi giao dich.
Khi mét giao dich duoc bit diu mot viing bo nhd goi 1a log dwoc cap phat dung dé luu
lai ban sao cua cac bién ding chung. Mot luong méi hay luéng con, khi dugc sinh ra
cling s& tao mot ban sao cac log giao dich caa luong cha. Khi luong cha thuc hién dong
(commit) giao dich, tat ca cac ludng con duoc tao bén trong ludng cha phai cing dong
Vv6i ludng cha. Chung ta goi kiéu dong nay la join commit, va thoi diém khi nhiing
commit nay xay ra duoc goi 1a thoi diém joint commit. O thoi diém join commit bo
nhé dugc cap phat cho cac log ciing duoc giai phong. Join commit dong vai trd nhu sy
d6ng bo ngam caa cac ludng song song. Chinh vi hinh thire d6ng bo nay ma cac ludng
song song bén trong mot giao dich khong hoan toan chay doc lap.

Va van dé can tra 1i ¢ day 1a liéu ¢ thoi diém chay chuong trinh, liéu lwong bo
nhé can cap phat cho cac log c¢6 vuot qua tai nguyén bo nhé cia mdy, hay chuong
trinh c¢6 thé chay mot cach tron tru ma khong gap phai bat ky 18i nao nhu hét b nho.
Dé tra 16i cho cau hoi nay, ching ta can phai xac dinh dugc bién bd nhé cua chuong
trinh giao dich hay chinh 13 can trén bd nhé duoc cap phat cho cac log o thoi diém
bién dich.

O cac nghién ctru trude day [2, 11], mot hé théng kiéu dugc phat trién dé dém sb
luong log 16n nhat ma cung ton tai & mot thoi diém khi chuong trinh dang chay. Con
s6 nay chi cho thong tin thd vé bd nhd duoc sir dung boi cac log giao dich. Pé quyét
dinh thém chinh xac lugng bo nhd 16n nhat ma céac log giao dich c6 thé sir dung, trong
nghién ctru [1] cac tac gia da dé xuit phuong phap giai quyét van dé vai viéc tinh dén
kich thuéc cia mbi log. Pay ciing 1a diém cai tién cua hudng tiép can méi nay so véi
cac hudng tiép can trude do.

Nhu vy, bai toan can giai quyét ¢ day c6 thé phat biéu nhu sau: Tinh toan luong
bo nhé yéu cau 16n nhat cho toan bd chuong trinh giao dich khi biét kich thudc cua
cac log.



1.2. Huéng tiép can

Dé giai quyét bai toan dit ra, trudc hét chung ta s& viét cac chuong trinh giao
dich bang moét ngdn ngir danh riéng cho né, cu thé 1a ngdn ngit TM s& dugc trinh bay
trong chuong 3.

Pé thém thong tin vé kich thuéc cia mdi log, chung ta s& ma rong Iénh bat dau
giao dich trong cac nghién ctru trude dé chira thong tin ndy. Sau d6 ching ta phat trién
mét hé théng kiéu dé danh gid tai nguyén bd nhé log ma céc giao dich c6 thé yéu cau.

So vdi cac nghién ciru trueéc [2,11] thi ¥ twéng Vé cac cdu trac kiéu trong nghién
ctru [1] khong co gi thay d6i. Tuy nhién, cac ngit nghia kiéu va cac quy tac kiéu 1a méi
va khéc so vdi cac nghién clru trude day.

1.3. Vi du minh hoa



CHUONG 2. MOT SO KIEN THUC CO SO

2.1. Hg théng kiéu
2.1.1. Giéi thiéu vé hé théng kiéu

Vé dinh nghia hé thdng kiéu, c6 rat nhiéu quan diém dugc dua ra. Trong cac
ngodn ngit lap trinh, hé thong kiéu duoc dinh nghia 1a tap cac quy tac dé gan thudc tinh
duoc goi 1a kiéu cho cac cdu triic cua mot chuong trinh may tinh bao gdm céac bién,
biéu thirc, cac ham, hodc module...Theo 1y thuyét ngon ngit, mot hé thong kiéu 1a mot
tap cac quy tic quy dinh cau tric va 1ap luan cho ngdn ngir. Trong lap trinh, hé thong
kiéu duoc dinh nghia 1a mot co ché ct phap rang budc cdu tric cta chuong trinh bang
viéc két hop cac thong tin ngir nghia v6i cac thanh phan trong chuwong trinh va gi6i han
pham vi cia cac thanh phan do.

Muc dich co ban cua hé théng kiéu 1a ngan chdn cac sy ¢ do cac 13i thyue thi
trong qua trinh chuong trinh chay [3, 6]. N6 dugc thuc hién bé“mg cach dinh nghia céac
giao dién giita cac phan khac nhau ctia mot chuong trinh mdy tinh, va sau d6 kiém tra
xem céc thanh phan di dugc ghép nbi nhat quan hay chua. Viéc Kiém tra nay co thé
Xay ra tinh (tai thoi gian bién dich), hodc dong (tai thoi gian chay), hoac két hop ca
Kiém tra tinh va dong. Ngoai ra hé théng kiéu con duoc sir dung véi nhiéu muc dich
khac, chang han nhu cho phép t6i uu héa trinh bién dich nhat dinh, cung cip mét hinh
thire tai liéu. ..

2.1.2. Céc thudc tinh ciia hé thong kiéu

Mot hé thdng kiéu c6 mét sé thudce tinh sau:

Kha ning kiém chimg: Hé thong kiéu phai co thuat toan kiém tra kiéu dé phan
loai cac chuong trinh. Mot hé théng kiéu phai chi dong nam bat 13i thuc thi trudc khi
ching xay ra.

Tuong minh: Céc lap trinh vién cé thé du doan néu mot chuong trinh vuot qua
bo kiém tra kiéu. Néu né 15i khi kiém tra, nén tim duoc li do mét cach dé dang.

Kha ning thuc thi: Cac bién, biéu thirc nén duoc kiém tra tinh cang nhiéu cang
t6t. Mat khac, chung ciing can duoc kiém tra dong. Su nhat quan can duoc kiém ching
Mot cach thudng xuyén.

2.1.3. Céc wng dung cia hé thong kiéu

Hé thdng kiéu dong vai trd quan trong trong cong nghé phan mém va trong linh
vuc bao mat mang.

Doi v6i cong nghé phan mém, ndé duoc st dung trong trinh bién dich cia cac
ngodn ngit lap trinh, t6i wu héa, trong co so dit liéu va tham chi 1a mé hinh cac ngdn
ngit ty nhién. .. Trong ngdn ngit lap trinh, hé thdng kiéu c6 cac chic ning chinh sau :

a. Phat hién 16i
b. Triru twgng hoa
c. Lam tai liéu



d. Tang hiéu qua
2.2. Giao dich va b nhé giao dich phan mém ( Software Transactional Memory-
STM)
2.2.1. Giao dich (Transaction)
Mot giao dich 1a mot ludng diéu khién ma ap dung mot chudi hitu han cac thao
tac nguyén thuy (primitive) vao bd nhé [8]. Hay noéi cach khac mot giao dich 1la mot
thuc thi cia mot chuong trinh ngudi dung.

2.2.2. B nhé giao dich phan mém (Software Transactional Memory- STM)

T nam 1986, y tuong cung cap hd tro phan ctng cho cac giao dich da ra doi.
Cho dén 1995 Nir Shavit va Dan Touitou di md rong y tudng nay cho bd nhg giao
dich phan mém. Ké tir 46, n6 da trd thanh trong tdm cua cac cac 1y thuyét nghién ctu
chuyén sau va cac tng dung thuc té.

Trong khoa hoc may tinh, bd nhd phan mém giao dich (STM) 13 mot co ché
Kiém soat d6ng thoi tuong tu nhu cac giao dich co sé dit liéu cho viéc Kiém soat quyén
truy cép vao bo nhd dung chung trong tinh toan song song. Pay 1a mét phuong phap
thay thé cho co ché déng bo dua trén khoa. STM 1a mot chién luge thuc hién trong
phan mém, chir khong phai 13 mot thanh phan phan cang.



CHUONG 3. NGON NGU GIAO DICH

Trong chuong nay ching ta s& nghién ctu vé cu phap va ngit nghia cua mot ngdn
ngtr giao dich duoc goi 1a TM (Transactional Memory).

M6t chuong trinh TM bét dau bang Iénh onacid(n) (v6i n biéu dién kich thudc b
nhé dugc cip phat cho log khi mé mét giao dich mai )va két thuc bang 1énh commit.

Duéi ddy, ching ta s& tim hiéu cu phap va ngit nghia cia TM. Trong do, cu
phap nham mo ta cac thanh phan cia mot ngon ngir. Va cac cong thirc thé hién hoat
dong cua chwong trinh & cac mirc cuc bd (bén trong mot ludng), & mire toan cuc (trong
cac ludng song song). Ngit nghia thé hién cach thac mot chuwong trinh duoc thuc hién
nhu thé nao.
3.1. Cu phap caa TM [1]
Bang 3.1 Bang cu phap cua TM

Pu:=0 | P|P | ple
e m=a | onacid(n] | commit |

e1;e2 | e1+ex | spawn(e)

3.2. Cac ngir nghia dong

Ngit nghia cia TM duoc dua ra boi 2 mic tap hop cua cac quy tic hoat dong,
twong NQg Voi cac nglt nghia cuc bd va toan cuc.

MBoi truong thuc thi (toan cuc) dugc cu tric nhu 1 mot tap cia cac moi truong
cuc bo. Mdi mdi trudng cuc bd 1a mot chudi cac log cung véi kich thudc caa no.

Moi truong cuc bd va moi truong toan cuc duoc dinh nghia nhu sau:

3.2.1. Ngir nghia cuc bj

Céc ngir nghia cuc b lién quan t6i viéc danh gia mot ludng don va céc giao dich
cuchd 6 dang E,e — E',e’. E va E' & day la cac moi treong cuc bo, trong khi e va e’
1a cac biéu thirc s& duoc thuc thi bai ludng, c6 nghia 1a mot biéu thuc e duoc danh gia
trong méi trudng cuc b E thi né s& dugce chuyén thanh mét biéu thic e’, twong tng
v6i né méi truong cuc bo E s& chuyén thanh méi trudng cuc bo E'.

Dinh nghia 1(Local environment — Méi truwong cuc bd) Mot moi truong cuc bo
E la mét chudi tuan tw cia cdc log va kich thiedc Cia né: 1i:ny; ... LN M6i triong
khéng cé phan tir nao dwoc goi la méi truong rong va ky hiéu bdi e [1].
3.2.2. Ngir nghia toan cuc

O mitic toan cuc, Ngir nghia s& ¢6 dang: I',P = I'’,P' hoac I', P = error trong
d6: I' 1a moi trudng toan cuc va P 1a tp céc tién trinh c6 dang (e) . Méi trudng toan
cuc 12 mot tap cdc mdi trudng cuc bd ma khong rong.

Dinh nghia 2 (Global environment — Méi trwong toan cuc)



Mot méi triweong toan cuc T la mét tdp cdc luong va méi truong cuc bé cia nd,
dwoc Viét la: T = { py: Ey; ...; Pi: Ex} , VO p; la tén luong va E; la méi trwong cuc bg
cua luong [1].

Bang 3.2. Bang ngir nghia dong cua TM

p' fresh  spaun(p,p’, I')=1"
I'P | p(spawn(e1)ie2) = I", P || p(ez2) || ¥/ (e1)

[ fresh start(ln,p, ) =1T"
I P | plonacid(n);e) = ", P | (0)

5-SPAWN

S-TRANS

intranse(I,l:n) = p = {p1,..,px} commit(p, ') =1TI"

* - A.- S-COMM
L.P || LI pi(commit:c) = I P || L[ pi(ex)
=12 S-COND
5-C(
L P | pler + e2) = I' P | plei)
S-8KIP
I P plaie) = I P || p(e)
r=r'vi{p:E} |E|=0 r=r'vip:E} |B|=0
- S-ERROR-C S-ERROR-0O
I' P || p(commit;e) = error I'P| p()= error
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CHUONG 4. HE THONG KIEU CHO CHUONG TRIiNH GIAO DICH

Muc dich chinh cia hé théng kiéu 1a dé xac dinh lwong bd nhé 16n nhat ma mot
chuong trinh TFJ ¢6 thé yéu cau.

Kiéu caa mot thanh phan (term) trong hé thong duoc tinh toan tir chudi cac sb co
d4u, 1a mot biéu dién triru twong cua thanh phan hanh vi giao dich lién quan t&i bo nhé
log.

4.1. Cac kiéu

Theo [1], cac kiéu cuia chung ta 1a cac chudi gidi han trén tap duoc goi 1a chudi
s6 co dau. Mot sd c6 dau 1a mot cap cua cac dau va céac s tu nhién khong am N,
Chung ta st dung 4 ddu {+, —, —, #} cho viéc ky hiéu twong tng mo, dong, joint
commit, va bd nhé tich lity 16n nhat ma cac log st dung.

Tap tat ca cac chudi s6 c6 dau duoc ky hiéu 1a "N.
Do d6 '"N= {*n, n, n, "n}
Y nghia ctia nhitng s6 c6 dau nay duoc md ta nhu sau
e S4 6 dau "n chi ra ring mé giao dich c6 kich thuéc cua log 1a n don vi bo
nhé. Luu y 1a nglr nghia nay khac so vai cac nghién cttu [5,6], 6 d6 n6 ky
hiéu cho n 1énh mé giao dich onacid lién tiép.
e S c6 dau n co6 nghia 1a ¢6 n 1énh commit lién tiép.
e S4 c6 ddu n co nghia 1a n ludng yéu cau su dong bo ¢ thoi diém Join
commit.
e Sb c6 diu *n chi ra sb don vi bo nhg I6n nhat hién tai ma thanh phan si
dung la n.

Dinh nghia 5 (Chudi chudn tic): Mgt chudi goi la chuan tac néu tag(S) khong
chira ‘==, ##, + =, ‘“+ =, +#= " hodc ‘“+#—"va |S(i)|>0 voi moi i [1].
Dinh nghia 6 (Rut gon):
Ham rut gon seq dwoc dinh nghia dé quy nhu sau:
seq(S) = S khi S la chuan tdic
seq(S*m*n'S) =seq( S * max(m,n)S)
seq(S m nS)=seq(S  (m+n)S)
seq(S k"I 'n'S) =seq(S*(I+k) (n-1)S) [1]
Dinh nghia 7 (Cong):
Cho S= s,...8¢ la mét chudi chudn tic ma + khéng nam trong {S } va gia sir
i=first(S, =) . Thi ham céng join(S) dinh nghia dé quy thay thé — trong S béi — nhuw
sau:

join (S)=S néu i=0;
join(S) = sy...si0 1join ( (Is;| = 1) Si1...5)  nguoc lai [1]
Dinh nghia 8 (Ggp):
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Cho Sy va S, la cdc chudi cong ma sé cdc thanh phan — trong Sy va S, ld nhu
nhau (cé thé la 0). Ham merge dwgc dinh nghia dé quy nhw sau :

Merge (* my, ¥ mp)=" (my+m, )

Merge (*m; " ny S;, ¥ my " np S3)=" (my+my) "(n; +nz )merge(S;, S) [1]

Dinh nghia 9 (Chen) :

Cho Sy va S, la 2 chudi ma néu chiing ta loai bé thanh phan # tir chiing, thi hai
chudi con lai la giong hét nhau. Ham alt dwoc dinh nghia dé quy nhw sau :

alt ("my, "m,)= *max( my,m,)

alt "my ny S;, " m, " np S5)="max(my, m,) nalt (S}, S5) [1]

4.2. Cac quy tic kiéu
Bang 4.1 Cdc quy tac kiéu

E + onacid(n): *n T'— ONACID
neN”
- T —COMMIT
n F commit: ~1
nres T — SPAWN
n + spawn(e): join( S)P
nke:S
T — PREP

nke:join(S)P
nike:S 1i=12S85=seq(5 S, )
ny+n, ke e, S
nq F 61151 n, F 62:55 S =]C(Sl 'SZ )
ny+n, ke e, S
nke;: Sf =12 S =merge(S;,S; )
nke;e, SP
p . : . kind(T;)
nte:S i=12 kind(T) =kind(T,) T; = S;
. T —COND
nke +e, :alt(Sy,S,)kndS)

T — SEQ

T —JC

T — MERGE

Trong bang trén, quy tic T-ONACID cho phép chuyén onacid(n) thanh +n.

Quy tic T- COMMIT cho phép chuyén commit thanh -1;

Quy tic T- SPAWN chuyén S tir chudi cong va danh ddu cac kiéu maéi boi p do d6
chung ta c6 thé gop né véi chudi cua ludng cha trong ham T- MERGE.

Quy tac T- PREP cho phép chiing ta tim kiéu phu hop cho e trong T- MERGE.

Quy tic T-JC giai quyét join commit giita cac ludng chay song song va st dung toi
cong thire jc trinh bay ¢ dinh nghia 10. Trong d6, phan tir + cubi cung trong Sy, goi 1a
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*n s& duoc két hop véi phan tir — dau tién trong S, goi 1a | (Hinh 4.1). Nhung sau *n,
c6 thé co thanh phan #, goi 1a “n’, do vay can cua cac don vi bd nhé cuc bd duoc sir
dung béi thanh phan c6 kiéu *n"n 1a n+ n. Trude 1 co thé co *1, vi vay khi thuc hién
join commit cac thanh phan c6 kiéu | véi giao dich bat ddu cia né c6 kiéu n, kiéu
cua cac phan doan s€ la | +1*n. Sau khi két hop “n tir Sy vei 1t S, chung ta co thé rat
gon cac chudi méi va 1ap lai cac join commit cia je. Do @6 ham jc duoc xac dinh nhu
sau

Dinh nghia 10 (Join commit):

Ham jc dwoc xac dinh dé quy nhu sau :
jc(S1 +n"n’, *I71 S5) =jec(seq( S: *(n+ n), seq(*(n+n),seq(*(1 + 1*n) S3 )) néu I>0

jc(*n, "I’ $3)=seq(* max(n’, 1) S}) nguroc lai [1]

+ Hay!

b L a g ]

Hinh 4.1 Céc luong song song Joincommit

Pinh nghia 11 (Chwong trinh well- typed): Mdt thanh phan e dwoc Qoi la
well- typed néu ton tai mét dan xudt cho e ma 0 + e :* nvéi mét sé n [1].

Do cac kiéu phan anh hanh vi ctia mot thanh phan, vi vay kiéu cia mot chuong
trinh dinh kiéu t5t (well- typed) chira chi mét chudi n & d6 n 1a sb don vi bd nha 16n
nhét duoc sir dung khi thuc hién chuong trinh.

Duéi day chung ta s& sir dung céac 1y thuyét ¢ trén dé giai bai toan tinh can trén cho
chuong trinh trong hinh 1.3.
Dé thuan loi cho viéc tinh toan, trudc hét ta chia nho chwong trinh thanh cac biéu thirc

e, = onacid (1); onacid (2);

e, = spawn (onacid (4); commit; commit; commit; commit)

e3 =onacid (3);

e, = spawn (onacid (5); commit; commit; commit; commit)

es = commit;onacid (6);commit;commit;onacid (7);commit;commit;

Truéc hét ta tinh kiéu cho ey,

Str dung céac quy tac T-ONACID, T-COMMIT va T-SEQ ta c6 kiéu cua
Onacid (5):commit;commit;commit;commit : 571711

Ap du ng T-SPAWN, ta duoc

6Fe,:("517171)

Tiép theo ta tinh es ; cling ap dung cac ham T-ONACID, T-COMMIT va T-SEQ ta co
13



6F es: 176717771

Str dung T-PREP, chung ta c6 kiéu phu hop véi S, , tiép tuc 4p dung ham T- MERGE
ta duoc

6 I eqs : (5 2°6 2" 7 2)"
Vi -3 + e3 :73, chiing ta ap dung T-JC ta duoc

3k egs: 1172772
vije(*3, '572°62"772) = je( seq(*3), seq(* (5+3*2) *6 277 72))

=jc("3,71172"772)="112"72;

Tuong tu ta tinh dugc kiéu cua e, : 3Fe; : (4 171)P. Kiéu cua e3 phu hop Véi egss , do
vay ta lai st dung ham T-MERGE va duoc kiéu cia €345
3ke pa5: 11573773
Ap dung T-JC cho e; va e, ta duoc
0 b s 24
vi je(f172, *153773)= jec(seq(*1*2),seq(*21, *773)= jc(*1*2, "2173)= jc(seq(*3),
seq(“24)) ="24
Vay chuong trinh nay 13 well-typed va luong bo nhé 16n nhat ma chuong trinh can 1a
24 don vi bo nho.
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CHUONG 5. XAY DUNG CONG CU VA THUC NGHIEM

5.1. Giéi thi¢u ngén ngir lap trinh/ nén tang

Ngbén ngir lap trinh dugc sir dung dé xdy dung cong cu trong luan van nay 1a
ngodn ngit C#, trén nén .NET. DAy mot ngdn ngir lap trinh tng dung, ngdn ngit bién
dich, ngdn ngit da ning duoc phat trién boi Microsoft. Ngon ngit C# 1a mot ngdn ngi
dugc phat trién tir C, C++ va Java, nhung né dwoc tao tir nén tang phat trién hon. C#
dugc thém vao nhitng dic tinh moi dé gitp cho nd uyén chuyén va dé sir dung hon.
Nhiéu dic tinh trong ngdn ngit C# kha gidng véi ngdn ngir Java. Cu thé, C# c6 nhitng
dac tinh co ban sau :

e Don gian, d& hoc : Chi c6 khoang hon 80 tir khoa va mudi may kiéu dir
liéu duoc dung san

e Gan giii v6i cac ngdn ngit lap trinh thong dung nhu C, C++, Java

e Xay dung dua trén nén tang cua nhimg ngdn ngir lap trinh manh nén thira
huong dugc cac uu diém cua cac ngdn ngit do.

e Hudng dbi twong

e Manh mé& va mém déo

e Cung cap nhiing dic tinh hudng thanh phan nhu property, event. ..

e C# co bo Garbage Collector s¢ ty dong thu gom viung nhé khi khong st
dung nira.

e H0 tro khai niém giao dién

Song hanh v&i ngon ngit C# 1a nén tang NET Framework. Pay 1a mot nén tang
lap trinh va ciing 1a mot nén tang thyc thi ang dung chii yéu trén hé diéu Windows. N6
cling duoc phat trién bai Microsoft va bao gdm 2 thanh phéan chinh:

e CLR: Cac chuong trinh duogc viét trén nén.NET s& duoc trién khai trong
moi truong dugc goi la CLR (Common Language Runtime). Moi truong
phan mém nay déng vai tro 1a mot may ao cung cip cac dich vu nhu bao
mat, quan 1y ngoai I¢ hay bo nho.

e Thu vién cac 16p: .NET framework gébm nhiéu I6p thu vién, nhitng thu
vién nay sé& hd trg cac 1ap trinh vién trong viéc xay dung giao dién, két ndi
co s dit liéu, giao tiép mang. ..

5.2. X4y dwng cong cu va thuc nghiém

Trong phan nay cua luan vin, dwa vao cac quy tac kiéu da duoc dé cap ¢ chuong
4, t6i s& xay dyng thuat toan tinh kiéu dé giai quyét bai toan da néu trong chuong 2.
Budc tiép theo, dua trén thuat toan cé duoc viét mot chuong trinh bang ngdn ngit C#
dé tinh toan can trén tai nguyén cho mot chuong trinh giao dich

Trude tién dé xay dyng thuat toan ta quy udc mot sé ky hiéu duoc sir dung dé biéu
dién mot chudi s6 co dau khi lap trinh nhu sau:
{+n, —n, #n,1' n } (trong dé n 14 sé tu nhién) twong &g Vi cac thanh phan dang
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{*n, ~n, ¥n, ™n} da dé cap trong phan 4.1
Chung ta s& chuyén do6i mi cia chuong trinh giao dich thanh mét chudi gom cac

diu, cac sb va cac dau dong mé ngoic twong ung véi cac 1énh sinh mot ludng méi va
dong ludng. Cu thé:

onacid (n): Twong tng V&i chudi “+n”;

commit: Twong tng véi “-17;

spawn: Tuong (ng véi “()” — Khai tao mot ludng
Qua budc chuyén d6i cac thanh phan trén, ta s& két xuat dugc mot xau 1a dau vao dé
thuc hién tinh toan.

Chuong trinh dugc x4y dung bao gom cac phwong thirc co ban sau:

e CalculResourses (string Input): Phuong thirc thuc hién viéc tinh can trén bd nhd
log ciia chuong trinh sir dung giao dich. Phuong thirc nay s€ goi toi cac phuong
thic Seq, Joint, Merge, JointCommit dugc trinh bay ¢ bén dudi.

e Seq (string InputString): Phuong thtrc rat gon mot chudi gom dau va so.

e Joint (string InputString): Phuong thic chuyén cic ddu “— ” trong chudi da
dugc rat gon (sau khi thuc hién ham Seq ¢ trén) vé dau “—.

e Merge (string s, string s2): Phuong thitc gop 2 chudi chuan tac.

e JoinCommit(string s, string s2): Phuong thirc jointcommit 2 chudi chuan tic

Sau day chung ta s& di xdy dung thuét toan cu thé cho cac phuong thirc d3 néu &

trén:
5.2.1. Thuét toan rit gon (chinh tic héa) mét chudi
5.2.1.1. Mo td thudt todn:

Thuat toan dya trén cac quy tic dugc trinh bay trong dinh nghia 6, muc 4.1.
Pau vao: Mot chudi s6 co dau chwra duge chinh tic, cho trude cac quy tic rit gon nhu
sau:

seq(S) = S khi S 1a mot chudi chinh tic;

seq(S*'m"nS") = seq(S*max(m,n)S)

seq(Sm'nS') = seq(S' (m*n)S")

seq(S'm* I 'nS") = seq(S* (m+ 1) ™ (n - 1)S)
PAu ra: Chudi S da duoc rit gon hay chinh tic

5.2.2. Thuat toan Cong (Joint)
5.2.2.1. M6 ta thudt todn
Thuat toan dya trén cac quy tac duoc trinh bay trong dinh nghia 7, muc 4.1
PAu vao: Chudi ¢ dau chinh tic S khong chira ddu +, va i 1a vi tri chira du — dau
tién trong chudi S, i # 0. Ham join(S) dugc dinh nghia dé quy nhu sau:
join(S) =S néu i=0;
join(S) = sy...siq1 —1 join (—(|Si] - 1) Sis1...5x) Néu i0;
Piu ra: Chudi S chi chira diu # va — ( trong 1ap trinh dung ky hiéu “!” thay cho —)
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5.2.3. Thuat toan gop (Merge)

5.2.3.1. M6 ta thudt todn
Thuat toan dya trén cac quy tic dugc trinh bay trong dinh nghia 8, muc 4.1
Piu vao: S;, S, 12 2 chudi co ddu da chinh tic, véi sb phan tr chira diu “—” bang

nhau (c6 thé bang 0). Ham merge dinh nghia dé quy nhu sau:
Merge (S, S) = *(my+my) khi S; = *m;, i =1, 2

Merge (* my " n; S; . my " np S3)=" (my+my) "(ny +ny ) Merge(S;, S)
PAau ra: Chudi méi duoc gop tir 2 chudi ¢ dau chinh tic ban dau (chi chta # va —).

Dé kiém tra tinh ding din cua thuat toan, ta kiém tra véi cac dau vao khac nhau

va duoc két qua cho & bang sau:
Bang 5.3 Bang két qud kiém thi ham gép

Luot Chudi 1 Chudi 2 Két qua

1 11 11 12

2 11 #111 #112

3 #212 11 #213

4 #3 #3 #6

5 #311#212 #1111 HAV2#2#213

5.2.4. Thuat toan JoinCommit
5.2.4.1.Mé td thudt toan:
Thuat toan dua trén cac quy tac dugc trinh bay trong dinh nghia 10, muc 4.1
Pau vao: Sy, S; 1a 2 chudi chinh tic.

Ham joint commit dugc dinh nghia nhu sau:

Je (*ny, 1) = "max (ny, 1)

Jo (S1n:"ny, 171, %) = je (Sequence (S 1 *(ni+ny)), Sequence( *(l+1,*n) S)
PAiu ra: Gia trj can trén tai nguyén hodc thong bao chwong trinh thanh 1ap khéng hop
Ié

5.2.5. Thuit toan tinh cén trén tai nguyén cia chwong trinh giao dich

5.2.5.1. M6 td thudt todn

Piu vao: Chudi két xuat duoc tir chuong trinh Featherweight Java c6 st dung giao
dich

Pau ra: Gia tri can trén tai nguyén bd nhé log cua chwong trinh hoic théng bao
chuong trinh thanh 18p khong hop 1¢
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KET LUAN

Qua thoi gian nghién ciru va tim hiéu dé tai, luan van da duoc hoan thanh va dat
dugc nhitng noi dung dé ra véi muc tiéu chinh 13 giai quyét bai toan tinh cén trén bo
nhé log cho cac chuong trinh str dung giao dich.

Vé 1y thuyét, luan vin da trinh bay duoc cac kién thirc co s¢ vé hé thdng kiéu
n6i chung bao gém dinh nghia hé théng kiéu, cac thudc tinh co ban cua hé thdng kiéu
va ung dung caa hé thdng kiéu trong thuc té. Ngoai ra, luan vin con trinh bay cac khai
niém co ban vé giao dich va b nhd giao dich phan mém. Tiép theo, cu phap va ngi
nghia ctia ngon ngir giao dich TM ciling duoc giai thiéu trong luan van. Tt ¢ phap va
ngit nghia ctia ngdn ngit TM, luan vin d3 trinh bay phuong phap xay dung hé théng
kiéu dé xac dinh can trén bo nhé log cua chuong trinh st dung giao dich, dua trén
nghién ctu dugc cac tac gia thuc hién trong bai bao [1]. Mot chuong trinh ¢6 giao dich
duoc cau thanh tir cac thanh phan co ban, mdi thanh phan thé hién hanh vi giao dich va
duoc dinh kiéu thong qua mot dang chudi sb dac biét, chudi sb co dau. Hé thdng kiéu
dugc trinh bay ¢ ddy bao gdm cac kiéu, cac quy tac kiéu trong d6 chira dinh nghia céc
phép toan duoc str dung dé dinh kiéu cho timg thanh phan trong chuong trinh st dung
giao dich.

Vé thuc nghiém, mot cong cu duogc viét bang ngdn ngir C# di duoc cai dat dé
tinh can trén bo nNhé log cua chuong trinh st dung giao dich. Chuong trinh bao gom
cac phuong thic duoc xdy dung dé thuc hién cac phép toan nhu rat gon mot chudi s6
c6 dau, gop 2 chudi sé co dau, Joincommit...Va dic biét 1a phuong thire dé tinh can
trén bd nhd log. Chuong trinh da duoc thuc nghiém véi nhiéu chudi dugc két xuat tur
céc chuong trinh giao dich khac nhau va cho két qua twong ddi chinh xac.

Tuy nhién, do thoi gian c6 han va tai liéu nghién ctru lién quan chua nhiéu. Hon
nita, day 1a mot dé tai kho, doi hoi su dau tu nhiéu vé thoi gian va cong siic nén trong
luan van nay khong tranh khoi nhitng han ché. Trong qua trinh nghién ciu vé dé tai,
chung t6i cling nhan thay cac két qua nghién citu mai chi ding & mire d6 thyc hién va
kiém chiang vé mat 1y thuyét ma chwa hé dwoc kiém chung ¢ thuc té. Do vay trong
tuong lai, hi vong dé tai c6 thé duoc nghién ctru va kiém chang & thuc té. Néu thanh
cong, cac két qua dat dugc nay s& dong gop dang ké vao viéc tbi uwu cac chuong trinh
phan mém va lam tiang hiéu qua sir dung tai nguyén bd nhé.
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