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LOI CAM DOAN

To6i xin cam doan ludn van nay la do t6i thuc hién, dugc hoan thanh dudi su
huéng dan truc tiép tir PGS.TS.Truong Anh Hoang. Céc trich dan c6 ngudn goc rd
rang, tuan thu ton trong quyén tac gia. Luan vin nay khéng sao chép nguyén ban tir bat
ki mot ngudn tai liéu nao khac.

Néu cd gi sai s6t, toi xin chiu moi trach nhiém.

Hoc vién

Nguyén Phan Tinh



LOI CAM ON

Pé hoan thanh dé tai luan van nay, bén canh sy chu dong cd géng cua ban than,
t61 dd nhan duoc su ing ho va gitip dd nhiét tinh tir cac tap thé, c4 nhan trong va ngoai
truong.

Qua day, cho phép t6i dugc bay té 1ong cam on siu sac toi thiy PGS.TS.Truong
Anh Hoang, giang vién truong Pai hoc cong ngh¢ — Dai hoc Quéc gia Ha Noi1, nguoi
da truc tiép dong vién, dinh huéng va huéng dan tin tinh trong qua trinh hoc tip va
hoan thanh d¢é tai luan vin nay.

Pong kinh giri 101 cam on dén tap thé cac thay, c6 gido trong truong Pai hoc
Cong Nghé — Pai hoc Qudc gia Ha Noi di trau doi kién thirc cho t6i, diéu do6 1a nén
tang qui bau gop phan to 16n trong qua trinh van dung vao hoan thién luan van.

Cudi cung, t6i xin dugc giri long biét on sdu sic dén gia dinh, ban be, dong
nghi¢p da tao diéu kién vé vat chét cling nhu tinh than, ludn sat canh bén toi, dong
vién gitp toi yén tdm hoc tap va két thuc khoa hoc.

To6i xin chan thanh cam on!
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DANH MUC CAC KY HIEU, THUAT NGU, CHU VIET TAT

CHU VIET TAT, THUAT

STT NGU, KY HIEU GIAI NGHIA

CHU VIET TAT
. TM  —  Transactional | Ngén ngit dé viét chuong trinh giao dich

Memory
, STM - Software | B6 nh¢ giao dich phan mém, mot giai phép viét
Transactional Memory cac chuong trinh song song
THUAT NGU
1 Type System Hé thong kiéu
2 Transaction Giao dich
3 illegal memory reference Tham chiéu bo nhé khong hop 1€
4 Data corruption Hu hong dir ligu
5 Thread Luong
6 Type checker Bo kiém tra kiéu
7 Type checking Trinh kiém tra kiéu
8 Well-behaved Tinh chat hanh xir dung cta chwong trinh.
9 Well-formed Tinh chat thiét 1ap dung ciia chuong trinh.
10 | l-behaved Tinh chat hanh xir yéu cua chuong trinh.
11 | Well-typed Dinh kiéu tot.
12 | ll-typed Dinh kiéu yéu.
13 | ADT-Abstract Data Type Kiéu dix ligu triru tuong
14 Illegal instruction Lénh khéng hop 1€
19 | Atomicity Tinh nguyén tr
20 | Consistency Tinh nhat quéan
21 Isolation Tinh doc lap
22 | Durability Tinh bén viing
23 | Onacid Trang thai md mot giao dich
24 | Commit Trang thai két thic mot giao dich
25 | Nested transactions Céc giao dich long
26 | Multi-threaded Pa luong
27 | Spawn Sinh luong
’8 Joint commits Cac commit cia cac luong song song dong thoi
thuc hién két thdc mét giao tac chung.

29 | Local semantics Ngtr nghia cuc bo
30 | Global semantics Ngir nghia toan cuc
31 Local enviroments Moi truong cuc bo
32 | Global enviroments Moi truong toan cuc
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33 | Syntax Cu phép
KY HIEU
n M6 ta thanh phan + trong hé thong kiéu dya trén
1 chudi s6 c6 diu, mé giao dich co kich thude 1a n
don vi bd nhé
) n M6 ta thanh phan — trong hé thong kiéu dwa trén
chudi s6 ¢6 dau, m thao tac commit lién tiép.
n M6 ta thanh phan # trong hé thong kiéu,chi ra s6
3 don vi bo nhé 16n nhat duoc sir dung boi thanh
phan la n.
4 n M6 ta thanh phan - thé hién s6 luong cing dong

bo tai mot thoi diém joint commits
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MO PAU
Tinh cap thiét cia deé tai

Cung véi sy phat trién nhu vii bio cua khoa hoc cdng nghé, céc vi xt Iy hién dai
ngay cang thé hién sic manh qua nhiéu nhan (core) véi toe d6 xur Iy ngay cang cao. Co
dugc nhu vy 1a do bén trong cac vi xir Iy nay duoc thiét ké cac ludng (thread) cé kha
ning chay va xu 1y song song. Trude day dé 1ap 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 méi truong khi ¢6 nhiéu ludng thuc thi. Tuy nhién, khi ap
dung phuong phap nay thudng nay sinh cac van dé nhu khoa chét (deadlock) hoic céc
13i tiém tang...

Software Transactional Memory (STM- b nhé giao dich phan mém) [8] 1a mét
giai phap don gian hon, nhung v ciing manh mé& ma c6 thé giai quyét dugc hau hét
C4c van dé trén. N¢ di thay thé hoan toan giai phap cii trong viéc truy cap bd nhé dung
chung. STM giao tiép vai bo nhé théng qua cac giao dich. Céc giao dich nay cho phép
tu do doc, ghi dé chia sé cac bién va mot ving nhé goi 1a log sé dugc sir dung dé ghi
lai céc hoat dong nay cho tai khi két thic giao dich.

Mot trong nhirng m6 hinh giao dich phuc tap st dung STM Ia 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 bat dau, cac ving bd nhé goi 12 log s& dugc cap phéat. Cac log nay
dung dé luu lai ban sao cua céc bién dung chung, nhd vay ma cac ludng trén ¢ thé sir
dung céc bién nay mot cach doc lap.

Vin dé dat ra ¢ day 1a tai thoi diém chuong trinh chay liéu lvgng bo nhd can cap
phat cho cac log co vuot qua tai nguyén bo nhd ciia may, hay chuong trinh ¢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 can trén caa bo nhd ¢ thoi diém chay chuong trinhcta chuong trinh giao dich
la mot van dé then chdt, c6 ¥ nghia hét sirc quan trong.

Chinh vi li do @6, trong luan van thuc hién & day, mot nghién cau sir dung
phuong phéap phan tich tinh dé giai quyét bai toan tinh can trén bo nhé log cia chuong
trinh c6 giao dich s& duoc trinh bay, dua trén bai bdo da dugc céc tac gia cong bd
trong [1].

Muc tiéu nghién ciu

Luén van dugc thuc hién dua trén nghién ctu trong bai bao [1]. Do vay dé cd thé
hiéu duoc giai phap céc tac gia da dé xuat trong [1], trong luan van nay tap trung
nghién ctu cac Iy thuyét vé hé thong kiéu; Cac khai niém co ban ciing nhu tinh chat
cua giao dich; Nghién ctiru cu phap va ngir nghia cua ngon ngir TM (Transactional
Memory) — M6t ngon ngir dé viét cac chuong trinh giao dich. Tir viéc nim duoc giai
phap xay dung hé théng kiéu dé cap trong bai bao, mot cong cu s& duoc cai dat dua
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 duogc két hop:

- Phuong phéap nghién ctru ly thuyét: bao gém phan tich, tdng hop céc tai liéu, bai
bao co lién quan vé ly thuyét hé théng kiéu dic biét 1a hé thong kiéu cho cac chuong
trinh TM, tai liéu vé cac thuat toan dua trén hé thong kiéu..

- Phuong phép 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 cac phan, véi noi dung chinh cia mdi phan nhu
sau:

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

Chuwong 1: Gioi thi¢u bai toan

Trinh bay noi dung cu thé cua bai todn tinh can trén bo nhé log ciia chuong trinh
c6 sir dung giao dich, cac van dé can giai quyét trong bai toan nay va huéng tiép can
dé giai quyét bai toan. Trong phan nay, cac diém cai tién cua phuong phap giai quyét
bai toan ¢ day so vadi cac phuong phap trude kia cling dugc néu ra. Vi du dugc trinh
bay trong muc 1.3 s& minh hoa rd rang cho bai toan va huéng tiép can di dua ra.

Chuong 2: Mt s6 kién thire co s&

Trinh bay céc ly thuyét co ban duoc sir dung 1am co sé dé giai quyét bai toan,
bao gom: Ly thuyét vé hé thong kiéu nhu khai niém, cac thudc tinh hay ung dung cua
hé thong kiéu trong thuc té; Ly thuyét vé giao dich, b nhd giao dich phan mém gom
cac khai niém, tinh chat, tng dung. ..

Chuwong 3: Ngdn ngir giao dich

Gidi thig¢u ngon ngtr giao dich TM (Transactional memory)- Mot ngén ngir dugc
dung dé viét cac chuong trinh giao dich. Trong chwong nay, ci phap va ngit nghia cua
ngon ngit TM s& duoc trinh bay cu thé.

Chuwong 4: Hé thong kiéu cho chwong trinh giao dich

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

Chuwong 5: Xay dwng cdng cu va thuc nghiém

Cai dat cac thuat toan kiéu dya trén hé thdng kiéu da duogc trinh bay ¢ chuong 4.
Tir c4c thuat toan do, xay dung céng cu dé giai quyét bai toan tinh can trén bo nhé log
va thyc nghiém dé kiém tra tinh dting dan cia cong cu.

Két luan:

Danh gia cac két qua da dat duoc, néu ra ton tai va huéng phat trién.



CHUONG 1. GIO|I THIEU BAI TOAN
1.1. Giéi thigu
Nhu chung ta d3 dé cap ¢ phan mé dau, STM 14 giai phap duoc sir dung trong
viéc chia sé bo nhd dung chung va moét trong nhitng mé hinh giao dich phic tap st
dung STM 1& md hinh giao dich ldng va da ludng (nested and multi-threaded
transaction)

O day, mot giao dich duogc goi la 16ng khi né chira mét sé giao dich khéac. Ching
ta goi giao dich cii la 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 nira,
giao dich dugc goi 1a da ludng (multi-threaded) khi cac ludng con sinh ra dugc chay
bén trong giao dich ddng thoi chay song song véi ludng cha dang thyc thi giao dich.
Khi mét giao dich duoc bit diu mot viing bo nhd goi 1a log dugc cap phét 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
vé6i ludng cha. Ching ta goi kiéu dong nay la join commit, va thoi diém khi nhiing
commit nay xay ra duoc goi la 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
ddng bd ngam cua céc ludng song song. Chinh vi hinh thirc dong bo nay ma cac ludng
song song bén trong mét giao dich khéng hoan toan chay doc lap.

Va van dé can tra 1oi ¢ day 1a liéu ¢ thoi diém chay chuong trinh, liéu lwong bo
nhé can cap phat cho cac log c¢6 vuot quéa tai nguyén bo nhé cia may, hay chuong
trinh c6 thé chay mét cach tron tru ma khong gap phai bat ky 18i nao nhu hét b nho.
Dé tra loi cho cau hoi nay, ching ta can phai xac dinh dugc bién bo nhé cua chuong
trinh giao dich hay chinh 1a can trén bo nhé duoc cap phat cho cac log o thoi diém
bién dich.

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

Nhu vay, 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.
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1.2. Huéng tiép can

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

Dé thém thong tin vé kich thuéc cua mdi log, ching ta s& mé rong Iénh bat dau
giao dich trong c4c nghién ctru trude dé chira théng tin nay. Sau d6 ching ta phét trién
mét hé théng kiéu dé danh gid tai nguyén bd nhé log ma céc giao dich cd thé yéu cau.

So vdi cac nghién ctu truée [2,11] thi ¥ twéng vé cac cau tric kiéu trong nghién
ctru [1] khong c6 gi thay doi. Tuy nhién, cac ngit nghia kiéu va cac quy tac kiéu 13 méi
va khac so vai cac nghién ctru trude day.

1.3. Vi du minh heoa

Dé giai thich cho van dé va hudng tiép can da trinh bay trén, chiing ta s& xem xét
mot vi du, duwogc muon tir [1]. Trong vi du nay ching ta chi tap trung vao 18i cua ngdn
ngit ma khdng quan tdm t&i cac cau tric khac & mot chwong trinh that sy nhu cac th
tuc, cac phuong thuc goi, truyén thong diép, cac bién va cac tinh toan co ban...

1 onacid{l):; //thread 0

p onacid(2):

3 spawn (onacid(4) ;commit;commit; commit) ;

4 onacid(3);

5 spawn|onacid(5); commit; commit; commit; commit);// thread 2
& commit;

7 onacid(6); commit;

8 commit;

9 onacld(7) ;commit;

10 commit;

Hinh 1.7 Pogn ma cho mé hinh giao dich long va da luéng

Trong doan ma & trén, Iénh onacid va commit I c4c Iénh bat dau va dong mot
giao dich [8]. Lénh spawn Ia Iénh tao ra mot ludng mai véi ma duoc thé hién bai céc
tham s6 cua lénh. Lénh onacid trong cac nghién ctru trude day khong co tham sb,
nhung trong nghién ciru nay né lién két véi mot sé dé ky hiéu kich thuéc cia bo nhé
can duoc cap phat cho log cua giao dich & thoi diém thuec thi.

Céc hanh vi cta chuong trinh nay dugc miéu ta trong hinh 1.2
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Hinh 2.2 Mb hinh giao dich l6ng va da luong

Trong do:

onacid : Lénh bat dau giao dich, ky hiéu boi [

commit: Lénh két thic giao dich, bai dau ].

Lénh spawn tao ra mot ludng mai chay song song véi ludng cha cua né va duoc
mo ta bang duong ké ngang. Ludng mai sao chép cac log cua ludng cha cho viée luu
mot ban sao gié tri cac bién cua ludng cha dé n6 c6 thé ding cac bién nay mot céach
doc lap.

Trong hinh v& trén cac joint commit thé hién thoi diém cac ludng cha, con cing
d6ng bo duogc thé hién bang hinh chit nhat nét dut, cac diém doéng bd nay dugc danh
dau bang canh bén phai cta hinh chit nhat.

Sau day chung ta s& thuc hién tinh tai nguyén bo nhé cho chuong trinh trong
hinh 1.2 tai 3 thoi diém khac nhau duoc chia ra theo cac phan vung doc 1ap 1, 2 va 3
nhu hinh vé.

Ta thay tai phan vang 1, thi bo nhé log danh cho ludng 0 1a1+2+3= 6 don vi bo
nhé; B nhé log danh cho ludng 1 1a (1+2)+4 = 7 don vi bo nhé, va Bo nhé log danh
cho ludong 2 la (1+2)+3+5= 11 don vi bo nhd. Nhu vay ¢ thoi diém nay, tong tai
nguyén bo nhé dugc st dung la 6+7+11=24 don vi b6 nho.

Tai phan vung 2, bo nhé log danh cho ludng 0 1a 1+2+6=9 don vi b nhé, bod
nhé log danh cho luong 1 1a (1+2)= 3 don vi bo nhd; Va bo nhé log danh cho ludng 2
1a (1+2) = 3 don vi bd nhé. Do d6 tong tai nguyén bo nhd & thoi diém 2: 9+3+3= 15;

Tai phan ving 3, ta tinh duoc bd nhé log danh cho ludng 0 1a 1+7= 8 don vi bo
nhé, luong 1 1 1 va ludng 2 13 1 don vi bd nhé. Do d6 tong tai nguyén bo nhé cho
phén vung 3 1a 8+1+1=10 don vi b6 nho.

Nhu vay tong tai nguyén tong hop cho ca md hinh nay phai Ia gié tri Ion nhat
cua tai nguyeén tai cac phan vung, va gia tri thu dugc ¢ day 1a 24.

Chlng ta thay rang trong cac nghién ciu [2,10,11], tai nguyén duoc udéce tinh bai
s6 giao dich mad nhiéu nhat hay sé log 16n nhat ma cing ton tai ¢ thoi diém chuong
trinh dang chay.
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Nhu chung ta thiy trong vi du nay, thi lugng bd nhé yéu cau cho céc log dat toi
c6 thé khac so véi két qua khi tinh sé luong log Ion nhét dat duoc trong cac nghién
ctru nhu [2,11] (ciing vi du trén nhung trong nghién ctu [11] thi két qua la 11).
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CHUONG 2. MOT SO KIEN THUC CO SO

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

Vé dinh nghia hé théng kiéu, c6 rat nhiéu quan diém dugc dua ra. Trong cac
ngdn ngit 1ap trinh, hé thong kiéu duoc dinh nghia 1a tip cac quy tic dé gan thudc tinh
duoc goi 1a kiéu cho cac ciu tric caa mot chuong trinh may tinh bao gom cac bién,
biéu thirc, cac ham, hoic module...Theo ly thuyét ngdn ngit, mot hé thdng kiéu 1a mot
tap c&c quy tic quy dinh cau trdc va Iap luan cho ngén ngir. Trong lap trinh, hé thong
kiéu dugc dinh nghia 1a mot co ché ¢t phap rang budc ciu trac cua chuwong trinh bang
viéc két hop cac thong tin ngir nghia v6i cac thanh phan trong chwong trinh va gi6i han
pham vi cta cac thanh phan do.

Muc dich co ban cua hé théng kiéu 1a ngan chdn cac sy ¢ do cac 13i thye thi
trong qua trinh chuong trinh chay [3, 6]. N6 dugc thuc hién bang cach dinh nghia cac
giao dién giira cac phan khac nhau cia mot chuong trinh mdy tinh, va sau d6 kiém tra
xem céc thanh phan di duoc ghép néi nhat quan hay chwa. Viéc kiém tra nay c6 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 dugc st dung véi nhiéu muc dich
khac, chang han nhu cho phép tdi wu hoa trinh bién dich nhat dinh, cung cap mét hinh
thuee tai liéu. ..

Mot hé thong kiéu lién két mot kiéu véi mdi gia tri tinh toan, bang cach kiém
tra luong (flow) cua céc gia tri, nd luc dé dam bao hoic chitng minh rang khong cé 13i
kiéu c6 thé xay ra.

Mot trong nhitng dau hiéu cta 18i thuc thi 1a 16 phan mém. Chang han 15i ¢6
thé 1a lénh sai (illegal instruction), tham chiéu bd nh¢ sai luat (illegal memory
reference) hodac hu hong dir li¢u (data corruption).

Mot bién c6 thé c6 mot mién gia tri trong sudt thoi gian chay chuong trinh. Kiéu
ctia bién 14 can trén ctia mién d6. Vi du, néu mot bién x kiéu Integer, gia tri cua n6 chi
dugc phép 1a cac gia tri nguyén trong bat ky 1an thuc thi nao cua chwong trinh. Gia sir
X VA y c6 kiéu Interger, thi biéu thirc x/y hop 1& trong moi luc thyc thi cua chuong
trinh. Nguoc lai, néu nhitng bién nay co kiéu String, thi x/y s& 1a nguyén nhan cho céc
16i phat sinh khac. Cac ngdn ngit dua ra cic kiéu khong tim thudng (non- trivial) cho
cac bién duogc goi 1a cac ngdn ngit dinh kiéu.

Céac ngdn ngir khong dinh kiéu khong gidi han pham vi gia tri cta cac bién.
Tat ca cac gia tri dugc chira trong mot kiéu phd quat. Vi du vé ngén ngit nhu vay 1a
assembly, ngdn ngit nay cho phép bat ky thao tac (phép tinh) ndo duoc thuc hién trén
bat ky dit liéu. Dit liéu trong cac ngdn ngit d6 dugc coi nhu khdi cac bit.

Mot hé thong kiéu trong mot ngon ngir dinh kiéu theo ddi cac kiéu cia cac bién
va biéu thirc trong mOt chuong trinh. N6 xé4c dinh li¢u mot tién trinh, mot chuong trinh
1a hanh xtr dung (well behaved) hay khong. Cac chwong trinh ngudn duogc kiém chimg
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boi hé thong kiéu dé xac dinh rang ching can duoc xem xét khi cac chuong trinh hop
16 hodc can bi loai bo khi cac chuong trinh khong an toan. Mdt chuong trinh dugc cho
13 an toan néu no khong gy ra cac 16i ma khéng duoc cha ¥ trong mot thoi gian. Nhu
cac 10i s& gdy ra hanh vi tuy y (arbitrary behaviour). Vi du cho céac 16i d6 1a truy cap
dia chi trai luat (illegal address accessing) (vi du : truy cdp dir liéu cua bat ky mang
ndo véi chi s6 nam ngoai cac bién cua mang), nhay té1 dia chi sai ( vi du bd nhé co
hoic khong thé biéu dién mot ludng 1énh). Ngon ngit dinh kiéu tao ra tinh an toan bang
cach str dung ca kiém tra tinh hodc ca kiém tra dong 1an tinh cho tit ca chuong trinh.
Bing cach sir dung kiém tra tinh, ngon ngir dinh kiéu kiém tra cac chuwong trinh trudc
khi chay chung (vi du & thoi diém compile).Mat khac, kiém tra dong dugc thuc hién
khi chuong trinh dang chay. Mot ngén ngir ¢6 thé xac dinh nhu tip cac 16i chiang han
cac 161 cAm. Sau d6, ngdn ngit kiém ching mdi chuong trinh c¢6 1a hanh xt dung (well
behaved ) hay khong néu chung khong gy ra bat ky 18i ndo ma khong dugc phép xay
ra. N6i chung, mot chuong trinh hanh xtr dung phai 1a mot chwong trinh an toan . Piéu
d6 co6 nghia 1a cac 16i khong duoc phép phai bao gom tat ca cac 18i khong duoc luu
d3 dugc mo ta trong phan trén. Trai nguoc véi hanh xu tot 1a hanh xu yéu (ill
behaved).

Cac ngdn ngir kiéu co thé thuc hién kiém tra tinh dé dam bao hanh vi tét va ngan
chan tinh khéng an toan va cac chuong trinh hanh xir yéu duoc chay. Qua trinh kiém
tra dugc goi la trinh kiém tra kiéu (typechecking), va cac thuat toan dugc sir dung
duoc goi 1a bo kiém tra kiéu (typechecker). Chuong trinh duoc cho 1a dinh kiéu tot
(well typed) néu nd c6 thé vuot qua bo kiém tra kiéu; Nguoc lai néu khong vuot qua,
goi 1a dinh kiéu yéu. Java hay Pascal 1a céc vi du vé ngdn ngit sir dung kiém tra tinh .

Kiém tra dong 1a cac kiém tra trong thoi gian thuc thi dé tim ra tat ca cac 15i cam.
ngdn ngir khong dinh kiéu sir dung kiém tra dong dé thyuc thi hanh vi tét. Nhitng ngon
ngit ndy c6 thé kiém tra cac phép toan chia, gigi han ctia mang...khi 13i xay ra.

Dé dat duoc an toan, cac ngdn ngir dinh kiéu cd thé can phai thuc hién cac kiém
tra trong thoi gian chay. Vi du, giéi han cua mang thudng duoc Kiém tra dong. D6 1a
truong hop khi kiém tra dong sir dung bai mot ngdn ngir dinh kiéu. Vi vay, mot ngdn
ngit di duoc kiém tra tinh khong c6 nghia 1a chuong trinh dugc thuc hién hoan toan
mu quang.

Theo dinh nghia, mdt chwong trinh hanh xtr tét thi cling an toan. Muc tiéu co ban
cua hé théng kiéu 1a dé thuc thi an toan bang céach loai trir tit ca cac 16i khong duoc
cha y trong tit ca cac chuong trinh. Tuy nhién, hau hét cac hé thdng loai nay duoc
thiét ké manh hon. Chung duoc sir dung dé dam bao thudc tinh hanh xtr tt, va hoan
toan an toan. Hé thong kiéu phan loai mot chuong trinh nhu dinh kiéu yéu hoic dinh
kiéu tot.

Mot hé thong kiéu dua ra cac quy tac kiéu cho mot ngén ngit lap trinh. Trong hé
thdng kiéu thuat toan cua trinh kiém tra Kiéu (typechecking) ma twong ting véi cac
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dinh nghia ngdn ngit 1a doc 1ap véi trinh bién dich. Véi hé théng kiéu cing loai, trinh
bién dich khac nhau c6 thé sir dung cac thuat toan kiém tra kiéu khac nhau.
2.1.2. Céac thudc tinh cia hé théng kiéu

Mot hé thdng kiéu c6 mét sé thudc tinh sau:

Kha niang kiém chimg: Hé thong Kiéu phai c6 thuat toan kiém tra kiéu dé phan
loai cac chuong trinh. Mot hé théng kiéu phai chi dong nam bat 13i thue thi trude khi
ching xay ra.

Tudng minh: CAc 1ap trinh vién c6 thé du doan néu mot chuong trinh vuot qua
bo kiém tra kiéu. Néu no 1i khi kiém tra, nén tim duoc Ii do mot cach d& dang.

Kha ning thyc thi: Cac bién, biéu thirc nén duoc Kiém tra tinh cang nhiéu cang
t6t. Mit khac, chung ciing can duoc kiém tra dong. Su nhat quan can duoc kiém ching
mot cach thuong xuyeén.

2.1.3. Céc vng dung cia hé théng kiéu

Hé théng kiéu dong vai tro quan trong trong cdng nghé phan mém va trong linh
vuc bao mat mang.

Ddi véi cong nghé phan mém, noé duoc s dung trong trinh bién dich cua cac
ngdn ngit 1ap trinh, tdi wu hoa, trong co s& dit liéu va tham chi 12 mé hinh cac ngdn
ngit ty nhién... Trong ngdn ngir 1ap trinh, hé thdng kiéu c¢6 cac chic ning chinh sau :

a. Phat hién 16i

Khi chuong trinh chay c6 thé xay ra nhiéu loai 15i khac nhau. C6 I8i c6 thé tac
dong tirc thi dén két qua chuong trinh nhung c6 nhitng 15i tiém an ma chi lam thay doi
dir liéu nhung khong thay ngay & két qua.

Vi du : Khi khai b4o bién trong C#, néu ta viét khai bao nhu sau:

bool x;

Trinh bién dich s& bao 15i khong hop 18 vi khéng duoc phép bién khai bao ma
khong khai tao gid tri. LSi nay sé dirng chuong trinh ngay lap tic. Bé khong bi béo 15i,
ta cO thé stra khai bao trén 1a ; bool x= true;

Hé thong kiéu c6 nhiém vu ngan chan cac 18i thuc thi, 15i ma c6 thé xay ra khi
chay chuong trinh. Nhung khi nhiing 18i ndy & dang tiém tang, hé thdng kiéu khong
thé nhan ra duoc. Vi vay do chinh xéac ctia h¢ théng kiéu phu thudc vao nguyén nhan
gay ra 16i thyuc thi. N6 theo ddi kiéu ctia cac d6i s6 va co thé tim ra cac phan ma lénh
khong hop 18. Hé thong kiéu c6 thé theo ddi su vang mit cua 16p nao do do 13i lap
trinh nho vao kha nang phat hién 18i ludng dir liéu logic.

Mot s6 15i khi 1ap trinh 1a do st dung dir liéu sai va & cac vi tri chua dung. Hé
thong kiéu, tiy theo chuwong trinh ma phan viing gia tri hop 1& va kiém tra ¢ thoi diém
chay chuong trinhxem phan vung nay da thoa man chua. Nho vay, lap trinh vién co
thé phat hién 15i khi chay chuong trinh.

b. Triru twgng hoa

Céc cac thanh phan trong mot chuong trinh duoc triru tugng hoa bai mot sb

kiéu dit liéu. Cac kiéu dir liéu triru tuong (ADT- Abstract Data Type), 1a co s¢ dé dinh
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nghia cac kiéu dir liéu méi, gidu di cu tric bén trong ciia né vai cac thanh phan khac
trong chuong trinh. N6 c6 thé c6 cac giao dién co ban, dé an di théng tin va han ché su
phu thudc vao cac module khac. Cac ngdn ngit hudng dbi twong thudng st dung cac
kiéu dir liéu triru tuong.
c. Lam tailiéu
Trong nhiéu ngdn ngit kiéu tinh vi du C, mot s6 thanh phan cia chuong trinh
doi hoi nguoi 14p trinh phai chu thich kiéu thong tin. Vi du,trong C bién phai duoc bao
kiéu gia tri, mang phai duoc khai b4o kiéu mang va kich thuéc tdi da, cac dinh nghia
ham phai dugc khai bao kiéu tra vé va kiéu cia cac ddi so.
d. Tang hiéu qua
Mot chuong trinh duge cho la dinh kiéu t6t (well-typed) s& cung cip thong tin
cho trinh bién dich, gip trinh bién dich cai thién qua trinh dich chuong trinh. D4i Voi
céc bién co kiéu tinh, vi tri thé hién trong ma may cua cac bién nay co thé duoc quyét
dinh boi trinh bién dich. Viéc nay rat c6 gia tri khi mot bién chi c6 thé c6 mot kiéu gia
tri c6 dinh.
Trong linh vuc bao mat mang, hé thong kiéu duoc st dung dé xac minh cac giao
thiee, cAu tric thong tin trén web, dic biét trong nhan cia mot sé mé hinh bao mat nhu
Java hay JINI.

Vi du vé hé thong kiéu trong mét trinh bién dich

Source code Target code
Character flow
Type checker
Scanner
TOKEN table Intermediate
Syntactic representation
structure Semantic — Code
Paser Optimizer
subroutine generator

Hinh 2.1 Hé théng kiéu trong trinh bién dich

Mot trinh bién dich thwong cé 3 trang thai chinh: scanning, syntatic analysis va
type analysis twong tng véi 3 chuc nang : scanner, parser va type checker. Trong do,
hé théng kiéu s& nam trong bo Semantic subroutine, ma type checker la mot thanh
phan trong d6. Vi dau vao 1a mot chuong trinh dugc viét bang mot ngén ngir lap trinh
cu thé, scanner s& sir dung hiru han céc trang thai va anh xa chudi ki tu thu duoc tir
dau vao bang TOKEN. Tiép theo bang TOKEN nay sé& dugc anh xa sang mét cau tric
triru twong nho ¢o bo parser. Bo kiém tra kiéu typechecker s& kiém tra xem chuong
trinh c6 1a dinh kiéu tét hay khong.
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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 mét ludng diéu khién ma &p dung mot chudi hitu han cac thao
tac nguyén thuy (primitive) vao b6 nhé [8]. Hay ndi cach khac mot giao dich la mot
thuc thi cia mot churong trinh ngudi dung.

Cac hé quan tri co so dit liéu 1a mot thé hién dién hinh cho cac giao dich trong
cac hé théng phan mém lon.

Giao dich ¢ 4 tinh chat, va duoc viét tit ACID nhu sau :

a. Tinh nguyén tir (Atomicity): Mot giao dich la mot tap cac thao tac, duoc thuc
hién hoac toan bg, hoac khdng thuc hién gi ca.

b. Tinh nhat quan (Consistency): Mdi giao dich dugc thuc thi khéng duoc tranh
chap vai céc giao dich khéc.

c. Tinh doc lap (Isolation): Ngudi ding cd thé hiéu dugc mot giao dich ma khéng
can phai xem xét anh huong cua cac giao dich twong tranh khac dang chay.

d. Tinh bén vitng (Durability): Sau khi giao dich di hoan toan thanh cong, cac
trang thai caa né dugc duy tri ngay ca khi hé théng gap su cd.

CAc trang thai cua mot giao dich bao gom:

Hoat dong (Active): Giao dich gilr trang thai nay trong khi né dang thyc
hién.

Pong bo phan (Partially Committed): Sau khi Iénh cubi cung duogc thuc
hién.

That bai (Failed) : Khi giao dich khéng thé tiép tuc thuc hién duoc

Hay bo (Aborted): Néu giao dich gip trang thai that bai thi sau d6 giao
dich can phai khoéi phuc lai trang thai ciia né trudc khi khoi dong giao
dich. Hay bo 1a két qua cudi cia qua trinh do.

Committed: Sau khi giao dich hoan toan thanh céng, n6 s€ di vao trang

thai nay.
Partially c ted
» Committe
Committed
Failed »

Hinh 2.2 Cac trgng thai cua giao dich
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2.2.2. B nhé giao dich phan mém (Software Transactional Memory- STM)

Tir nam 1986, ¥ tudng cung cap hd tro phan cing cho cac giao dich da ra doi.
Cho dén 1995 Nir Shavit va Dan Touitou di md rong y tudng nay cho bd nhé giao
dich phan mém. Ké tir d6, nd da trd thanh trong tdm cua céc cac ly thuyét nghién ciu
chuyén sau va cac ang dung thuc té.

Trong khoa hoc may tinh, bé nhg phan mém giao dich (STM) 1a mot co ché
kiém soat déng thoi trong t nhu cac giao dich co sé dit liéu cho viéc kiém soat quyén
truy cap vao bo nhé dung chung trong tinh todn song song. Pay la mét phuong phap
thay thé cho co ché déng bo dua trén khéa. STM 1a mot chién luge thuc hién trong
phan mém, chir khong phai 1a mét thanh phan phan cang.

Mot giao dich trong béi canh nay xay ra khi mét doan ma thuc hién mét loat
c4c lan doc va ghi vao bo nhé chia sé. Nhitng lan doc va ghi mot cach logic xay ra tai
mot thoi diém tac thi; Cac trang thai trung gian khong thé nhin thiy céc giao dich
khac.

Ngoai cac loi ich vé hiéu suat, STM lam don gian hda su hiéu biét vé khai niém
ctia chuong trinh da ludng va gitp cho cac chuong trinh d& bao tri hon bang cach lam
viéc trong su hoa hop véi cac triru twgng hda mac cao di co nhu cac ddi tuong va
module. Lap trinh dya trén khda c6 mot s6 van dé ma thuong xuyén phat sinh trong
thuc té:

e Khoa doi hoi tu tudng vé cac thao tac chong chéo va thao tac bo phan trong céc
phan tach biét va duong nhu khong lién quan ctia ma, mot nhiém vu rat kho
khan va dé bi 10i.

e Khoa doi hoi lap trinh vién phai 4p dung mot chinh sach khoa dé ngan chin
deadlock (khoa chét), livelock (khoa séng), va that bai khac dé kip tién do. Cac
chinh sach nay thuong duoc chinh thic thi hanh va c6 thé sai lam, va khi
nhitng van dé phat sinh ho phai kho khan dé tai tao va g& 15i.

e Khda c6 thé dan dén dao nguoc uu tién, mot hién twong ma mot ludng vu tién
cao budc phai cho doi cho mat ludng wu tién thap doc chiém quyén truy cap
vao tai nguy@&n ma né can.

Nguoc lai, khai niém vé STM don gian hon nhiéu, bai vi mdi giao dich c6 thé
dugc xem trong sy ¢d lap nhu mot tinh toan don ludng. Deadlock va livelock duoc
hoac ngan ngtra hoan toan hoac bi xt ly boi mét trinh quan ly giao dich bén ngoai; Cac
lap trinh vién hau nhu khong can phai lo lang vé nd. Pao nguoc vu tién van cd thé 1a
mot van dé, nhung cac giao dich c6 mirc wu tién cao c6 thé hiy bo xung dot véi giao
dich wu tién thdp hon ma van chwa két thic.

Mt khac, su can thiét phai hay bo giao dich that bai ciing dat nhitng han ché vé
cac hanh vi giao dich: Ching khong thé thyc hién bat ky thao tdc nao ma khong hoan
tat, bao gdom hau hét cac 1/0. Nhiing han ché nhu vay thudng duoc khic phuc trong
thuc té bang cach tao bo dém ma hang doi hoat dong khéng thé dao nguoc va thuc
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hién ching & mot thoi gian sau d6 bén ngoai cua bat ky giao dich nao. Trong Haskell,
han ché nay dugc thi hanh tai thoi gian bién dich bai hé thong kiéu.

20



CHUONG 3. NGON NGU GIAO DICH

Trong chuong nay ching ta s& nghién ciru vé cl phap va ngit nghia caa mot ngdn
ngtt giao dich dugc goi la TM (Transactional Memory).

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

Duéi ddy, ching ta s& tim hiéu ci phap va ngit nghia cia TM. Trong do, cu
phap nhim md ta cac thanh phan caa mot ngdn ngit. Va céc cong thac thé hién hoat
dong cua chwong trinh & cac mirc cuc bo (bén trong mot ludng), & mirc toan cuc (trong
cac ludng song song). Ngit nghia thé hién cach thirc mot chwong trinh duoc thuc hién
nhu thé nao.
3.1. Ca phap ciaa 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)

Trong dong dau tién, mot chuong trinh P ¢6 thé 1a rong ki hiéu 0 hoac mot
ludng hodc mét sb luong song song. p(e) la ky hiéu caa mét lusng voi dinh danh 1a p
va biéu thuc thyc thi e. Pay 1a ¢t phéap cho thuc thi cac ludng / tién trinh.

Vi thanh phan e, chdng ta gia sir ngén ngir c6 mot tap cac 1énh nguyén ta A,
duoc gidi han bai onacid(n) va commit 12 Iénh bat dau va két thic mot giao dich.
Tham sé n trong onacid(n) biéu dién s don vi bo nhé dugc cap phat khi mé giao dich
mai. Chlng ta thay trong thuc té n ¢d thé dugc tong hop bai trinh bién dich dua trén
kich thudc cua cac bién ding chung trong pham vi cia giao dich. Diéu d6 ¢ nghia 1a
c4c 1ap trinh vién khong can phai chd ¥ dén thong tin vé kich thudc nay.

e1; e, ky hiéu cho cac 1énh tuan tu va e;+ e, ky hiéu cho ré nhanh.

Cau lénh cudi spawn(e) 1a 1énh tao mot ludng méi thuc thi 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,
tuwong Ng VGi cac nglr nghia cuc bd va toan cuc.

Moi trudng thuc thi (toan cuc) dugc ciu tric nhu 1a mot tap cia cac moi truong
cuc bo. Mdi mdi trudng cuc bo 1a mot chudi céc log cling véi kich thude cua no.

Moi truong cuc b va moi trueong toan cuc dugce dinh nghia nhu sau:

3.2.1. Ngir nghia cuc b0

Cac ngir nghia cuc bo lién quan t6i viéc danh gia mot ludng don va céc giao dich
cuchd 6 dang E,e — E',e’. Eva E' & day la cac moi treong cuc bo, trong khi e va e’
la cac biéu thuc s& duoc thuc thi boi ludng, co nghia 1a mot biéu thirc e duoc danh gia
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trong méi trudng cuc bo E thi nd s& dugce chuyén thanh mét biéu thic e’, twong tng
véi N6 méi truong cuc bo E s& chuyén thanh mai trudng cuc bo E'.

Dinh nghia 1(Local environment — Méi truwong cuc bg) Mot moi truong cuc bo
E 1a mét chudi tuan tw cia cdc log va kich thieéc cia no: li:ny;...L:N. Méi truong
khong c6 phan ti ndo diweoc goi la méi trwong rong va ky hiéu bai e [1].

Chung ta ky hiéu |E| 1a kich thuéc cua E, cac cap s I:log. |E| thé hién mic sau
lbng nhau cua cac giao dich. I, 1a giao dich dau tién (ngoai nhit) va I 1a giao dich
trong nhat. Do vay, commit s& duoc thuc hién tir phai sang tréi.

Day I: log cua giao tac duoc st dung dé biéu dién cau truc 16ng.

|E| trong phén tich cua chung ta la lugng b6 nhd hién tai xac dinh danh cho
ludng.

log; luu nhitng thay ddi tir bo nhd cuc bo cia mot ludng dbi véi giao dich I; va
dugc coi nhu ban sao cuc bd. N6 s€ duoc giai phong ngay khi giao dich ¢6 nhén [;
thuc thi xong
3.2.2. Ngir nghia toan cuc

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

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

Mot méi trieong toan cuc I' 1 mét tdp cac ludng va méi truong cuc bé cua no,
duwoc Viet 1a: T = { py: Ey; ...; pr: Ex} , V6i p; 12 tén luong va E; 1a méi trwong cuc bg
cua luong [1].

Chung ta ky hiéu |T'| cho kich thuéc caa T, va |T| = Y5, |E;l.

Véi 1 moi truong toan cuc I' va tap cac ludng P, ching ta goi cap I' va P 1a 1
trang thai. Ching ta c6 mot trang théi 13i error cho céc trang thai mac ket (stuck) trang
thai ma khong c6 quy tic giao dich nao dwoc &p dung. Cac ngit nghia dong duogc dinh
nghia bai cac quy tac giao dich giita cac hinh thac trang thai I',P = I'", P’ hoic
I',P = error trong bang dudi day
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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)

5-SPAWN

I fresh start(ln,p, ') =1I"

S-TRANS
I P || plonacid(n);e) = I'', P || p(e)

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

* - . S-COMM
I P | 1I5 pilcommit;ei) = I", P || [ | pi(ei)
i=1,2 COND
5-CO
L P | pler + e2) = I P | plei)
S-8KIP
I'P || plase) =TI, P | ple)
r=r'vi{p:E} |E|=0 r=r'uvip:E} |E|=0
. S-ERROR-C S-ERROR-O
I' P || p(commit;e) = error I''P| p() = error

Y nghia cac quy tic trong bang 3.2 :

Trong quy tic S-SPAWN , ham spawn(p, p’, I') cho phép thém vao I' mot phan
tor mGi véi tén ludng p va mot mai truong cuc bd duoc sao chép tir mdi truong cuc bd
cua p.

Trong quy tic S-TRANS, ham start(l:n,p, I') tao ra them mot log véi nhan | va
kich thudc n don vi bd nhé & cudi méi trudng cuc bo,

Quy tiac S-SPAWN chi ra mot ludng méi duoc tao ra bang 1énh spawn. Cau 1énh
spawn(e;) tao mot ludng p’ thuc thi e; song song véi ludng cha p va thay d6i moi
truong t I sang I'’.

Quy tic S-TRANS danh cho nhiing trudng hop ma ludng p tao mot giao dich
méi véi 1énh onacid. Mot giao dich mai véi nhan 1 duoc tao ra, va thay d6i moi truong
tu'sang I''.

Quy tic S- COMM danh cho viéc dong giao dich. Trong quy tac nay [1¥p; (E;)
duoc hiéu 12 p,(ey) Il -+ Il pr(ey ). Néu giao dich caa ludng p 1a | thi tat ca cac ludng
trong giao dich la phai join commit khi giao dich 1 dong.

Quy tic S-COND la dé chon lya mét trong nhitng nhanh e; hoic e, dé tiép tuc.

Quy tic S-SKIP 1a dé cho viéc tinh toan céc Iénh khac ciia ngdn ngit, cac lénh ma
ta gia sir 1a n khdng can thiép vao cac ngit nghia 1ong va da ludng, ching ta c6 thé bo
qua chung.

Quy tic S-ERROR-C va S-ERROR-O duoc st dung trong cac truong hop c6
nhiéu diém khdng khap trong viéc bat dau va két thac giao dich.
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CHUONG 4. HE THONG KIEU CHO CHUONG TRiNH 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 thdng duoc tinh toan tir chudi cac sb co
d4u, 1a mot biéu dién triru twong cua thanh phan hanh vi giao dich lién quan téi bo nho
log.

4.1. Cac kiéu

Theo [1], cac kiéu cua ching ta & cac chudi gigi han trén tap duoc goi la chudi
s6 c6 dau. Mot sé ¢ dau 1a mot cap cua cac dau va cac sb tu nhién khéng am N*.
Ching ta sir dung 4 ddu {+, —, —, #} cho viéc ky hiéu twong Gtng mé, déng, joint
commit, va bo nhé tich lity 16n nhat ma cac log st dung.

Tap tat ca cac chudi s6 ¢ dau duoc ky hiéu 1a "N.
Do d6 '"N= {*n, n,™n, 'n}
Y nghia ctia nhitng s6 ¢6 dau nay duoc md ta nhu sau
e S4c6 dau "n chi ra ring mo giao dich c6 kich thuéc cua log 1a n don vi bo
nhé. Luu y 1a nglr nghia nay khac so vai cac nghién ctu [5,6], & d6 nd ky
hiéu cho n 1énh mé giao dich onacid lién tiép.
e S6 c6 dau n co nghia 1a ¢6 n 1énh commit lién tiép.
e S4 c6 dau ~n c6 nghia 1a n ludng yéu cau su dong bo ¢ thoi diém Join
commit.
e Sbc6 diu *n chi ra sb don vi bo nhg I6n nhat hién tai ma thanh phan si
dung lan.
Vidudl:
onacid (5) 6 kiéu *5;
commit ¢ kiéu 1;
Chudi onacid(5); commit c6 kiéu 1a *5 1;
Chudi onacid(1); onacid(3); commit; commit ¢6 kiéu 1a"1"3 "171, né twong duong
v6itl #3711 hoac *4; #4"5 va '5"2  déu chuyén duoc vé kiéu tuong duong 1a *5 vi
ching phan anh sé don vi bd nhé 16n nhat duoc sir dung 1a 5.
Tiép theo, cho s trén tap TN, TN 1a tap tat ca cac chudi sb c6 dau, S trén tap 'N , va
chom,n, | trén N.
Mot chudi rong duoc Ky higu @.
Cho mét chudi S, chiing ta ky hiéu |S| 1a do dai cua S, va S(i) 1a phan tir thir i cua S.
Véi mot sé ¢6 dau s, ching ta ky hiéu tag(s) 1a dau cua s, va |s| 1a sé tu nhién cua s
(hay noi cach khac s="9®|s)).
Véi mot chudi S € TN, chiing ta viét tag(S) cho chudi cac dau cua cac phan tu
cua S va {S} cho tap cac dau xuat hién trong S.
Luu y : tag (s;...Sx) = tag(sy)...tag(sk)
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Dé cho don gian, ching ta ciing viét tag(s) € S thay vi viét tag(s) € {S}

Tap TN c6 thé chia thanh céc 16p twong dwong ma cac phan tir trong ciing mot
I6p biéu dién cing hanh vi giao dich, va cho mdi I6p ching ta s dung chudi gon nhét
1a dai dién cho 16p va goi ching 1a phan ti chuan tac.

Dinh nghia 5 (Chudi chudn tdc): Mgt chudi goi 1a chudn tdc néu tag(S) khong
Chira ‘——" ', “+ =" “+ =", “+ #=" hodc “+#—va |S(D)|>0 véi moi i [1].

Theo tryc quan ta thay ching ta cé thé rat gon mot chudi S ma khdng can thay
d6i su biéu dién cua n6. Ham seq dudi day rat gon mot chudi trong TN thanh mot
chudi chuan tic. Ta thdy la “+ —’ khéng xuét hién & bén trai nhung ching ta c6 thé
chén *0 dé 4p dung ham. Hai mau cudi “+ =’ va “+ #-" s& duoc giai quyét bsi ham j,
trong dinh nghia 10.

Vi du 4.2: *5 "1 1a chudi khdng chuan tic nhung *5 "1 lai 1a chudi chuan tac.

Dinh nghia 6 (Rut gon):

Ham rat gon seq dwoc dinh nghia dé quy nhu sau:

seq(S) = S khi S 1a chudn tdc

seq(S*m*n'S) =seq( S * max(m,n)s)

seq(S m nS)=seq(S  (m+n)S)

seq(S k1 ™n'S) =seq( S*(I+k) (n-1)S) [1]

Trong dinh nghia nay, dong 2 va 3 danh cho trinh bay rat gon. Dong cubi la cho
cac commit cuc bd, cac commit ma khong dong bo véi cac ludng khac.

Vi du 4.3: Chudi *3 *2 rit gon sé duoc chudi *5; *3 *272 rat gon duwoc chudi "5 1

Nhu vi du trong hinh 1.2, cac luong duge dong bo boi cac join commit (céc
hinh chit nhat nét dat). Vi vay nhiing joint commit nay chia mot ludng thanh cac phan
doan (segment) va chi mot s6 phan doan cé thé chay song song. Vi du, trong khi chay
chuong trinh trong vi du ¢ hinh 1.1, onacid(5) trén dong 5 khdng thé chay song song
véi onacid(6) trén dong 7.

Véi kiéu dugc dua ra cho thanh phan e, cac phan doan c6 thé duoc dinh kiéu
bang cach kiém tra kiéu cua e trong spawn (e) dé mod rong — hoic —. Vi du trong
spawn (ey);e,; Néu chudi chuan tic cua e; c6 — hodc, thi ludng e, phai dugc dong bo
vé6i ludng cha caa n6 1a ludng e, . Ham gop (merge) trong dinh nghia 8 duogc sir dung
trong tinh hudng nay, nhung dé xac dinh n6 can mot s ham bé tro :

Véi Se TN va véi mot dau sig €{+, —, —, #}, chung ta dua ra ham first(S,sig)
tra vé gia tri nho nhat chi s i ma tag( S(i))= sig. Néu khdng c6 phan tir nhu vay ton tai
thi ham tra vé 0. Mot commit c6 thé 1a commit cuc bd hoic hoan toan Ia join commit.
Pau tién, chling ta gia st tat ca cac commit 1a cac commit cuc bo. Khi ching ta tim ra
khdng cd Iénh bit dau giao dich (onacid) cuc bo nao dé ghép véi mot commit cuc b,
thi commit phai la mot join commit.

Ham sau thuc thi céng viéc d6 va chuyén thanh mot chudi chuan tic ma khong
c6 phan tir + nao, duoc goi 1a chudi cong.
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Dinh nghia 7 (Cong):

Cho S= s;...5¢ 1a mét chudi chudn tic ma + khéng nam trong {S } va gid si
i=first(S, —) . Thi ham céng join(S) dinh nghia dé quy thay thé — trong S béi — nhu
sau:

join (S)=S néu i=0;

j0iN(S) = S1...514 "1join ( (IS;] — 1) Sis1 ...8)  ngueot lai [1]

Vi du 4.4: Chudi cong cia "5 114 "5 1; Chudi cong cua “2- 173" 11a%2 173" 1

Ta thay trong dinh nghia 5 chudi chuan tic chi chira thanh phan # xen k& véi —
hoic —. Sau khi &p dung ham join, chiing ta nhan chudi cong. Chudi cong nay chi chaa
thanh phan # xen k& véi —

Mot chudi cong dugc s dung dé dinh kiéu mot thanh phan bén trong mot
spawn hoic mét thanh phan trong ludng chinh.

Chudi cong duoc gop cung nhau trong dinh nghia sau day :

Dinh nghia 8 (Ggp):

Cho S;va S, 1a c&c chudi céng ma sé cac thanh phan — trong Sy va 'S, la nhu
nhau (c6 thé la 0). Ham merge dwoc dinh nghia dé quy nhw sau :

Merge (* my, ¥ mp)="* (my +m, )

Merge (" m;" ng S, ¥ mp 7 np S3)=" (my+my ) "(ng +n; )merge(S;, S) [1]

Dinh nghia nay 1a thiét lap dung (well- formed) vi Sy, S, la cac chudi cong vi
vay ching chi ¢ thanh phan # va —. Thém vao d, theo gia st trong dinh nghia s6 cac
thanh phan # 14 nhu nhau. Do d6 chung ta c6 thé chén thém * 0 dé 1am cho 2 chudi phu
hop véi cadc mau da xac dinh.

Chung ta thay rang ham gop merge duoc sir dung dé dinh kiéu cho cac thanh
phan spawn (e,); e, khi ta tinh kiéu cho e, sau d6 ap dung ham join dé thu duoc mot
chudi cong — kiéu cua spawn (e;). Sau do, ta can tinh toan két hop mot chudi cong tir
e, dé gop véi chudi cong cua kieu spawn (e,).

Pé dinh kiéu cac thanh phan co dang e;+e,, ching ta c6 thém mot s6 ham. Vi
nhitng thanh phan nay, yéu cau cac hanh vi giao dich bén ngoai cua e; va e, la nhu
nhau.Chang han, khi loai bo tat ca cac phan tar ma c6 dau # tir chling, cac chudi con lai
la giong hét nhau. Cho S, va S, 1a 2 chudi nhu vay. Thi chling c6 thé luén dugc viét 1a

Si="mi 'S ,i= 1,2, * = {+, —, —} trong d6 S} va S, lan luot c6 cling c4c hanh
vi giao dich.

Véi didu kién trén cho S; va S,, ching ta xac dinh toan tir chon (Choice) nhu
sau:

Dinh nghia 9 (Chon) :

Cho S; va S, 1a 2 chudi ma néu ching ta logi bé thanh phan # tir chiing, thi hai
chudi con lai 1a giong hét nhau. Ham alt dwoc dinh nghia dé quy nhw sau :

alt ("my, "m, )= "max( my,m,)
alt " my ny Sy, " my, "y S5)="max(my, m, ) "nalt (S}, S5) [1]
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4.2. Céc quy tic kiéu
Ngdn ngit cua cac kiéu T duoc xac dinh boi cl phép sau

T=3515°| [1]

Loai tht hai cua kiéu SP duoc sir dung cho thanh phan spawn(e) khi né can

ddng bo véi ludng

cha néu c6 bat ky join commit nao. Viéc xir 1y 2 trueong hop 1a toan

khac nhau, do vay ching ta ky hiéu kind(T) 1a kiéu cua T, c¢d thé 1a rdng (thong
thuong) hoac p phu thudc vao truong hop ciaa T.

Kiéu cua méi truong ma hoda ngir canh giao dich cho céc thanh phan dang duoc
dinh kiéu, cac danh gia kiéu c6 dang :

nt+eT

khi n€ N 1a kiéu caa méi truong. Khi n 4m, didu d6 co nghia 1a e str dung n don vi bd
nhé cho cac log cua né khi thuc thi e. Khi n 4m, c6 nghia 1a e ¢ thé giai phéng n don
vi b nhé caa mét sé log.

Cac quy tac kiéu duoc biéu dién trong bang 4.1 dudi day:

Bang 4.1 Cac quy tac kiéu

E + onacid(n): *n T = ONACID
neNt
- T—COMMIT
n F commit: 1
nres T — SPAWN
n + spawn(e): join( S)P
nkFe:S
T — PREP

n; + e;. Si

n k e:join( S)P

i=12 S=seq(5 S, )

ng+n, ke e, S
nq F 61151 n, F 62:55 S =jC(51 ,52 )

T — SEQ

T—-]C
n,+n, ke;ey S /
nre:S? i=12 S =merge(S,,S
g 9e1.5 ) ¢ _ ygpeE
ntke;e, :SP
p . _ : y _ okind(Ty)
nte:S’ i=12 kind(T;) =kind(T,) T; = S;

. T —COND

nke +e, :alt(Sy,S,)kndS)

Trong bang trén, quy tac T-ONACID cho phép chuyén onacid(n) thanh +n.
Quy tic T- COMMIT cho phép chuyén commit thanh -1;
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Quy tic T- SPAWN chuyén S tir chudi cong va danh diu cac kiéu maéi bai p do d6
ching ta cd thé gop n6 véi chudi cua ludng cha trong ham T- MERGE.
Quy tic T- PREP cho phép chung ta tim kiéu phu hop cho e trong T- MERGE.
Quy tic T-JC giai quyét join commit giira cac ludng chay song song va sir dung toi
cong thic je trinh bay & dinh nghia 10. Trong d6, phan tir + cudi cing trong Sy, goi la
*n s& duoc két hop vé6i phan tir — dau tién trong Sy, goi 1a I (Hinh 4.1). Nhung sau *n,
cd thé cé thanh phan #, goi 1a “n’, do vay cén cua cac don vi bo nhé cuc bd dugc st
dung boi thanh phan c6 kiéu ‘n"n’ 1a n+ n’. Trudc 71 ¢6 thé ¢ *I, vi vay khi thuc hién
join commit cac thanh phan c6 kiéu “I véi giao dich bat dau cua né co kiéu *n, kiéu
ctia cac phan doan s& 1a | +1*n. Sau khi két hop *n tir S; vai 7l tir S, chiing ta c6 thé rat
gon cac chudi mai va lap lai cac join commit cua jc. Do @6 ham jc duoc xac dinh nhu
sau

Dinh nghia 10 (Join commit):

Ham jc duoc xac dinh dé quy nhu sau -
jc(S1 +n"n’, 171 85) =jc(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]

k it

o il | ===t

Hinh 4.1 Céc luong song song Joincommit

Tl

Pinh nghia 11 (Chwong trinh well- typed): Mgt thanh phan e duwoc goi la
well- typed néu ton tgi mgt dan xudt choe ma 0 + e : * nvéi mét so n [1].

Do céc kiéu phan anh hanh vi caa mét thanh phan, vi vay kiéu caa mot chuong
trinh dinh kiéu t5t (well- typed) chtra chi mét chudi n & do n 1 sb don vi bd nhé 16n
nhat dugc sir dung khi thuc hién chwong trinh.

Duéi day chung ta s& sir dung céc ly 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)

es =onacid (3);

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

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

Trudéce hét ta tinh kiéu cho ey,
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Str dung cé4c quy tic T-ONACID, T-COMMIT va T-SEQ ta c6 kiéu cua
Onacid (5);commit;commit;commit;commit : "57171"1
Ap du ng T-SPAWN, ta duoc

6 e, :("5717171)°
Tiép theo ta tinh es ; ciing 4p dung cac ham T-ONACID, T-COMMIT va T-SEQ ta c6

6 es: 176717771

Str dung T-PREP, chiing ta c6 kiéu pht hop véi S, , tiép tuc p dung ham T- MERGE
ta duoc

6 I eq5 : (57276727 772)"
V&i -3 + e5 173, chling ta ap dung T-JC ta dugc

3k egs: 11727772
vi je(*3, "5727672°772) = je('seq(*3), seq(* (5+3*2) *6727772))

=jc("3,71172"772)= *1172"772;

Tuong tu ta tinh dugc kiéu cua e, : 3Fe; : (4™171)P. Kiéu cua e phi hop véi egs , do
vay ta lai sar dung ham T-MERGE va dugc Kiéu cua €345
3F€ pau5: 715737773
Ap dung T-JC cho e; va e, ta duoc
0k eqops: 24
vi je(f1'2, *1573%773)= jc(seq(*12),seq(*21, *773)= jc(*1*2, "2173)= jc(seq(*3),
seq(“24)) ="24
Viy chuong trinh nay 13 well-typed va luong bo nhé 16n nhat ma chuong trinh can 1a
24 don vi bd nhé.
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CHUONG 5. XAY DUNG CONG CU VA THUC NGHIEM

5.1. Giéi thiéu ngdn ngir 1ap trinh/ nén tang

Ngon ngit lap trinh dwgc sir dung dé xay dung cong cu trong luan vin nay la
ngdn ngir C#, trén nén .NET. Pay mot ngdn ngit 1ap trinh ¢ng dung, ngbn ngit bién
dich, ngdn ngir da nang duoc phat trién boi Microsoft. Ngon ngit C# 1a mot ngdn ngi
duoc phat trién tir C, C++ va Java, nhung né dwoc tao tir nén tang phat trién hon. C#
dugc thém vao nhiing dic tinh mai dé gidp cho né uyén chuyén va dé sir dung hon.
Nhiéu dic tinh trong ngdn ngit C# kha gidng véi ngdn ngir Java. Cu thé, C# co nhiing
dac tinh co ban sau :

e Don gian, d& hoc : Chi cd 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 caa nhitng ngdn ngix 1ap trinh manh nén thira
huong dugc cac uu diém cua cac ngdn ngit do.

e Hudng dbi twong

e Manh m&va mém déo

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

e C# c06 bo Garbage Collector sé ty dong thu gom vung nhé khi khdng su
dung nira.

e H0 tro khai niem giao dién

Song hanh vai ngdn ngit C# 1a nén tang .NET Framework. Day 1a mot nén tang
lap trinh va ciing 1a mot nén tang thuc thi tng dung chi yéu trén hé diéu Windows. N6
cling dugc phét trién boi Microsoft va bao gém 2 thanh phan chinh:

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

e Thu vién céc 16p: .NET framework gébm nhiéu I6p thu vién, nhing thu
vién nay sé& hd tro céc lap trinh vién trong viéc xay dung giao dién, két ndi
co s dit liéu, giao tiép mang. ..

5.2. Xay dwng céng cu va thuc nghiém

Trong phan nay cua luan vin, dua 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 ngén ngir C#
dé tinh toan can trén tai nguyén cho mot chuong trinh giao dich

Truéc tién dé xay dyng thuat toan ta quy udc mot sé ky hiéu duoc sir dung dé biéu
dién mot chudi s ¢6 dau khi 1ap trinh nhu sau:
{+n, —n, #n,1' n } (trong d6 n 1a s6 tu nhién) twong g vai cac thanh phan dang
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{*n, ~n, ¥n, ™n} da dé cap trong phan 4.1
Chlng ta s& chuyén d6i mé cta chuong trinh giao dich thanh mét chudi gém céac

diu, cac s va cac dau dong md ngoic twong tng 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 c4c thanh phan trén, ta s& két xuat duoc mot xau 1a dau vao dé
thuc hién tinh toan.

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

e CalculResourses (string Input): Phuong thirc thuc hién viéc tinh can trén b nha
log cua chuong trinh sir dung giao dich. Phuong thirc nay s€ goi téi cac phuong
thac Seq, Joint, Merge, JointCommit dugc trinh bay ¢ bén dudi.

e Seq (string InputString): Phuwong thtc rdt gon mot chudi gom dau va so.

e Joint (string InputString): Phuong thic chuyén cac diu “— ” trong chudi da
duoc 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 ruat gon (chinh tic hoa) mét chudi
5.2.1.1. M6 td thugt toan:
Thuat toan dya trén cac quy tic dugc trinh bay trong dinh nghia 6, muc 4.1.
Pau vao: Mot chudi s6 ¢6 dau chwa dugc chinh tic, cho trudc cac quy tac rat gon nhu
sau:
seq(S) = S khi S 1a mot chudi chinh tac;
seq(S*'m"nS") = seq(S*max(m,n)S)
seq(Sm'nS') = seq(S (m*n)S")
seq(S'm*1I'nS) = seq(S* (m+ 1) ™ (n - 1)S)
PAu ra: Chudi S da duoc rat gon hay chinh tic
Thuét toan :
Buéc 1: Duyét lan luot cac phan tir theo chiéu tir trai qua phai, sau d6 kiém tra
xem 2 dau lién nhau trong chudi c6 thudc danh sach --, ##, +-, +#-...(nhu dinh nghia 5
hay khéng). Néu chudi khong chta cac dau lién nhau nhu trén thi chudi da chinh
tac,hay da duoc rat gon.
Bwéc 2: Goi R 1a mau thoa man diéu kién vé cac cap dau nhu trén, khi tim thay
R ta s& thay thé R bang mau S theo cac quy tic o trén
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5.2.2.2. Cai dgt va kiém ching

©oN s wWwh R

10.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
20.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

public static string Seq(string InputString)

string Spattern = @"-\d+-\d+[#\d+#\d+\+\d+#\d+-\d+|\+\d+-\d+";
while (Regex.IsMatch(InputString, Spattern))

string pattern = @"-\d+-\d+";
while (Regex.IsMatch(InputString, pattern))

{
foreach (Match m in Regex.Matches(InputString, pattern))

{
string[] operation_temp = Regex.Split(m.Value, @"\D");

operation_temp = operation_temp.Where(s => !String.IsSNullOrEmpty(s)). ToArray();

int sum = 0;
foreach (string temp in operation_temp)
sum = sum + Convert.Tolnt32(temp);
InputString = Regex.Replace(InputString, m.Value, "-" + sum.ToString());

¥

}
/I find and replace ##

string patternl = @"#\d+#\d+";
while (Regex.IsMatch(InputString, patternl))
{
foreach (Match m1 in Regex.Matches(InputString, patternl))

{
string[] operation_temp = Regex.Split(m1.Value, @"\D");

operation_temp = operation_temp.Where(s => 1String.IsSNullOrEmpty(s)). ToArray();

int max = Convert.ToInt32(operation_temp[0].ToString());
foreach (string temp in operation_temp)
if (max < Convert.TolInt32(temp))
max = Convert.Tolnt32(temp);
InputString = Regex.Replace(InputString, m1.Value, "#" + max.ToString());
}
}

//-find and replace +#-
string pattern2 = @"\+\d+#\d+-\d+";
while (Regex.IsMatch(InputString, pattern2))
{
foreach (Match m2 in Regex.Matches(InputString, pattern2))

{
string[] operation_temp = Regex.Split(m2.Value, @"\D");

operation_temp = operation_temp.Where(s => !String.IsSNullOrEmpty(s)). ToArray();

int hesol = (Convert.Tolnt32(operation_temp[0]) + Convert.Tolnt32(operation_temp[1]));
int heso2 = (Convert.Tolnt32(operation_temp[8] ) - 1);
if (heso2 !=0)

InputString = InputString.Replace(m2.Value. ToString(),"#" + hesol.ToString()+ "-" + heso2.ToString());

else InputString = InputString.Replace(m2.Value. ToString(), "#" + hesol.ToString());

¥
¥
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49.

50. /Ifind and replace +-

51.

52. string pattern3 = @"\+\d+-\d+";

53. while (Regex.IsMatch(InputString, pattern3))

54. {

55. foreach (Match m3 in Regex.Matches(InputString, pattern3))

56. {

57. string[] operation_temp = Regex.Split(m3.Value, @"\D");

58. operation_temp = operation_temp.Where(s => !String.IsNullOrEmpty(s)). ToArray();

59. int hesol = Convert.Tolnt32(operation_temp[0]);

60. int heso2 = (Convert.Tolnt32(operation_temp[1]) - 1);

61. if (heso2 !=0)

62. InputString = InputString.Replace(m3.Value. ToString(), "#" + hesol.ToString() + "-" + heso2.ToString());
63. else InputString = InputString.Replace(m3.Value.ToString(), "#" + hesol.ToString());
64. }

65. }

66. }

67. return InputString;

68.

69. }

Dé kiém tra tinh diing dan cua thuat toan, ta kiém tra voi cac dau vao khac nhau
va duogc két qua cho ¢ bang sau:
Bang 5.1 Bang két qud kiém thi: ham rat gon

Luot Dir liéu dau vao Két qua
1 #1#2-1 #3-1
2 -1-1 -2
3 +3#5-1 #8
4 +1#2-1#4-2 #4-2
5 +1-1-1-1 #1-2

5.2.2. Thuat todn Cong (Joint)
5.2.2.1. M6 ta thudt toan
Thuat toan dya trén cac quy tic duoc trinh bay trong dinh nghia 7, muc 4.1
Piu vao: Chudi ¢ dau chinh tic S khong chira ddu +, va i 1a vi tri chira dau — 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...si1 —1 join (—(|Si] - 1) Sis1...5x) Néu i£0;
Pau ra: Chudi S chi chira dau # va — ( trong 1ap trinh ding ky hiéu “!” thay cho —)
Thuat toan:
Buwdéc 1: Duyét chudi tir trai qua phai va kiém tra tat ca cAc mau bat dau bang dau —

Bwoc 2:
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e Néu tim duoc , ta s& thay thé tat ca cac thanh phan c6 dang —m thanh
~1— (m-1)
e Lap lai qué trinh cho t&i khi toan bo déu — cua chudi dugc khir hét
5.2.2.2. Cai dgt va kiém ching
Thuat toan Join duogc cai dat nhu sau:

public static string Join(string InputString)
{
string pattern = @"-\d+";
while (Regex.IsMatch(InputString, pattern))
{
foreach (Match m in Regex.Matches(InputString, pattern))
{
string[] operation_temp = Regex.Split(m.Value, @"\D");
operation_temp = operation_temp.Where(s => !String.IsNullOrEmpty(s)). ToArray();
10. int m1 = Convert.Tolnt32(operation_temp[0].ToString()) - 1;
11. if (ml1>0)
12.  InputString = Regex.Replace(InputString, m.Value, "!1-" + m1.ToString());

© oNo Gk wWDdR

13. else

14. InputString = Regex.Replace(InputString, m.Value, "11");
15. }

16. }

17. return InputString;

18. }

Dé kiém tra tinh ding din cua thuat toan, ta kiém tra voi cac dau vao khéac nhau
va duogc két qua cho ¢ bang sau:
Bang 5.2 Bang két qud kiém thiz ham céng

Lot Dir li¢u vao Két qua

1 -1 11

2 -2#1 1111#1

3 #3 -2 #3111

4 #2113 #21111111

5 #4-3#1-1 #A1111114#111

5.2.3. Thuat toan gop (Merge)
5.2.3.1. M0 ta thugt toan
Thuat toan dya trén cac quy tic duoc trinh bay trong dinh nghia 8, muc 4.1
Pau vao: S;, S, 1a 2 chudi ¢ dau da chinh tic, véi s6 phan tir chira dau “—” bang
nhau (c6 thé bang 0). Ham merge dinh nghia dé quy nhu sau:
Merge (Si, S,) = *(my+m,) khi S; = *m;, i =1, 2
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Merge (" my"ny 7, " my T np $5)=" (Mg +my ) "(n; +ny ) Merge(S;, S)
PAiu ra: Chudi méi dugc gop tir 2 chudi c6 dau chinh tic ban dau (chi chta # va ).
Thuat toan:
Duyét 2 chudi S;, S, theo chiéu tir trai qua phai va kiém tra:
e Néu 2 phan tir ldy ra c6 dang 1a "m;
o Loai 2 phan tir dau cua Sy, S, ra khoi chudi.
o Thém phan tir *(m; . m,) vao dau chudi két qua.
o Lap lai budc 1 véi cac phan tir con lai cua 2 chudi.
e Néu 2 phanttr iy ra c6 dang la 'm;
o Loai 2 phan tir dau cua Sy, S, ra khoi chudi
o Thém phan tt ~(m; .+ m,) vao dau chudi két qua
o Lap lai budc 1 véi cac phan tir con lai cia 2 chudi
e Néu 2 phan tir c6 dang 1a "my, “m,
o Loai phan tir dau cua S, ra khoi chudi.
o Lap lai budc 1 véi Syva céc phan ti con lai cua S,.
e Néu 2 phan tir ¢ dang la *m;, “m,
o Loai phan tir dau cua Sy ra khoi chudi
o Quay lai budc 1 véi cac phan tir con lai cua Sy, S,.
5.2.3.2. Cai ddt va kiém chieng
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public static string Merge(string s1, string s2)

string[] S1 = ConvertToArray(sl);
List<string> L1 = new List<string>(S1);

string[] S2 = ConvertToArray(s2);
List<string> L2 = new List<string>(S2);

StringBuilder result = new StringBuilder();

/lintml1 =0, m2=0;

while ((L1.Count > 0) && (L2.Count > 0))
{

if (L1[0] =="#") & (L2[0] =="#"))

{

int m = Int32.Parse(L1[1]) + Int32.Parse(L2[1]);

result. Append("#" + m.ToString());
L1.RemoveRange(0, 2);
L2.RemoveRange(0, 2);

}

else if ((L1[0] == "1") & (L2[0] == "I"))

{

int m = Int32.Parse(L1[1]) + Int32.Parse(L2[1]);
result. Append("!" + m.ToString());

L1.RemoveRange(0, 2);
L2.RemoveRange(0, 2);

}
else if ((LL[0] == "#") & (L2[0] == "1"))
{

int m = Int32.Parse(L1[1]);

result. Append("#" + m.ToString());

L1.RemoveRange(0, 2);
}
else if ((L1[0] =="1") & (L2[0] == "#"))
{
int m = Int32.Parse(L2[1]);
result. Append("#" + m.ToString());
L2.RemoveRange(0, 2);

}

else break;

}

if (L1.Count == 0) & (L2.Count > 0))
{

string s = string.Join("", L2.ToArray());
result. Append(s);

}
else if ((L2.Count == 0) & (L1.Count > 0))

{
string t = string.Join("", L1.ToArray());




Dé kiém tra tinh ding dan cua thuat toan, ta kiém tra véi cac dau vao khéac 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.M0 ta thudt toan:
Thuat toan dua trén cac quy tic 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 (*nyg, 1) = "max (ny, 1)
Je (S ni"ny, 1171, S%) = je (Sequence (S 1 *(ny+ny)), Sequence( *(I;+1,*n) ')
PAu ra: Chudi chinh tic méi c6 dang #m
Budc 1: Duyét chudi Sy, S,
o Néu Sy, S,co dang #m, #n = jc (Si, Sp)= #max(m,n).
e Néu cé4c phan tur cudi cua S; c6 dang ““n,"n,” thi kiém tra phan dau cua Sy:
o Néu phan dau S, c6 dang "1, thi:
= Loai bo phan dau cua S,
= Goi ham Seq véi dau vao la chudi S, sau khi da thém phan ti (I,
*n,) vao dau chudi thu dugc & budc trén.
= Goi ham Jc véi S; = *('ny+ny) va chudi két qua thu dwoc & trén
o Néu phan dau S, c6 dang 1,71, thi:
= Loai bo 2 phan tir dau cua S,.
= Goi ham Seq( *(I; + 1, *n,) S,) véi S, thu dugc & budc trén
= Goi dé quy jc vé6i chudi * (n+n,) va chudi két qua thu duoc &
budc trén
e Néu phan cudi cia S; c¢d dang “+n1” thi kiém tra phan dau caa S;:
o Néu phan dau Ist2 c¢6 dang I thi:
= Loai bo phan tir dau cua S,
= Goi ham Seq (*(I, *n,) S,) véi S, thu dugc & budce trén
= Goi dé quy joint commit véi chudi S1 = *n; va chudi két qua thu
duoc 6 budce trén
o Néu cac phan dau S, c6 dang *I;71, thi:
- Loai bo phan dau cua S,
= Seq( *(I, + I, *n;) S,) véi S, thu dugc & budce trén
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= Goi dé quy joint commit véi chudi S1= *n; va S, thu dugc & trén
5.2.4.2. Cai dgt va kiém chimg

1. public static string JoinCommit(string s1, string s2)
2. {

3 string[] S1 = ConvertToArray(sl);

4, List<string> M1 = new List<string>(S1);

5. string[] S2 = ConvertToArray(s2);

6 List<string> M2 = new List<string>(S2);

7

8

9

string result = "";

intll, 12, nl, n2;

. if (M1[0] =="#") & (M2[0] == "#") & (M1.Count == 2))
10. {
11. n2 = Int32.Parse(M1[1]);
12. 11 = Int32.Parse(M2[1]);
13. intmax=n2>11?n2:11;
14. M2.RemoveRange(0, 2);
15. string t = string.Join("*", M2.ToArray());
16. result = Seq("#" + max.ToString() + t);
17. return result;
18.
19. }
20. else
21. {
22.

23. if (M1.Count >= 4) && (M1[M1.Count - 4] == "+") && (M1[M1.Count - 2] == "#"))
24. {

25. if (M2[0] =="1"

26. {

27. 12 = Int32.Parse(M2[1]);

28. nl = Int32.Parse(M1[M1.Count - 3]);

29. n2 = Int32.Parse(M1[M1.Count - 1]);

30. intx1 =12 * n1;

31. intn=nl+n2;

32. M2.RemoveRange(0, 2);

33. M1.RemoveRange(M1.Count - 4, 4);

34.

35. string t11 = string.Join(""', M1.ToArray());
36. string t12 = string.Join(""", M2.ToArray());
37. string st1 = Seq(t11 + "#" + n.ToString());
38. string st2 = Seq("#" + x1.ToString() + t12);

39.

40. return JoinCommit(stl, st2);

41, }

42, else if (M2[0] =="#") & (M2[8] =="1"))
43. {

44, 11 = Int32.Parse(M2[1]);

45, 12 = Int32.Parse(M2[5]);

46. nl = Int32.Parse(M1[M1.Count - 3]);
47, n2 = Int32.Parse(M1[M1.Count - 1]);
48. intx2 =11+ 12 *nl;

49, intm=nl+n2;
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50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99.

M2.RemoveRange(0, 4);
M1.RemoveRange(M1.Count - 4, 4);

string t21 = string.Join("", M1.ToArray());
string t22 = string.Join("", M2.ToArray());
string st3 = Seq(t21 + "#" + m.ToString());
string st4 = Seq("#" + x2.ToString() + t22);
return JoinCommit(st3, st4);

}
else if (M1[M1.Count - 2] == "+")
{
if (M2[0] == "1")
{

12 = Int32.Parse(M2[1]);

nl = Int32.Parse(M1[M1.Count - 1]);
intkl =12 *ni;

M2.RemoveRange(0, 2);
M1.RemoveRange(M1.Count - 2, 2);
string t32 = string.Join(""', M2.ToArray());
string t31 = string.Join("*", M1.ToArray());

string st5 = Seq(t31 + "#" + n1.ToString());
string st6 = Seq("#" + k1.ToString() + t32);

return JoinCommit(st5, st6);

}

else if (M2[0] == "#") & (M2[8] =="1"))
{

11 = Int32.Parse(M2[1]);

12 = Int32.Parse(M2[5]);

nl = Int32.Parse(M1[M1.Count - 1]);
intk2 =11+ 12 * nl;

M2.RemoveRange(0, 4);
M1.RemoveRange(M1.Count - 2, 2);
string t42 = string.Join(""', M2.ToArray());
string t41 = string.Join(""", M1.ToArray());
string st7 = Seq(t41 + "#" + n1.ToString());

string st8 = Seq("#" + k2.ToString() + t42);
return JoinCommit(st7, st8);

}
else Console.WriteLine("Chuong trinh khong hop le");

return null;
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Dé kiém tra tinh dang dan cta thuat toan, ta kiém tra véi cac dau vao khac nhau
va thu duogc két qua cho ¢ bang sau:

Bang 5.4 Bang kiém thi: ham JoinCommit

Lot Chudi 1 Chudi 2 Két qua
1 +1 11 #1
2 #1 #111 #2
3 +1#2 #111 #3
4 +2#3 #211 #5

5.2.5. Thuat toan tinh can trén tai nguyén cua chwong trinh giao dich
5.2.5.1. M6 ta thudt toan
Piu vao: Chudi két xuat duoc tir chuong trinh Featherweight Java c6 st dung giao

dich

Piu ra: Gia tri can trén tai nguyén bo nhé log cia chuong trinh hoic théng bao
chuong trinh thanh 1ap khdng hop 1¢

Thuét toan:

Thuat toan nay c6 thé chia nho thanh cac giai doan sau:
Giai dogn 1: Chuyén chudi két xuat duoc tir ma chwong trinh TFJ vao ngin xép, trong

d6 mdi phan tir & dang “(”” hodc ) hoac X, véi X 1a 1 chudi.

Giai dogn 2: Tinh gi& tri can trén tai nguyén cho bo nh¢ log

Giai doan 1

Input String

DataStack

Giai doan 2

Gia tri can trén tai
nguyén bd nhé log

Hinh 5.1 Hinh md ta cdc giai dogn tinh cgn trén tai nguyén bg nho log

Vidu5.1

Tinh gia tri can trén tai nguyén b nhé log ctia chuong trinh ¢ stir dung giao dich vai

doan ma nhu sau:

onacid(1);
spawn(onacid(1),commit,commit,commit);
commit;
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Khi d6, doan ma trén c6 thé mo hinh hda & dang cac luong 1ong nhau nhu hinh v& duéi
day:

= thread 2
-

\'\.
L J
- = thread 1
i

Hinh 5.2 M6 hinh giao dich l6ng va da luéng cho vi du 5.1

Vi doan ma nhu trén, ta két xuat dugce xau dau vao tuong tng:
Input= +1(+1-1-1-1)-1
Giai doan 1: Chuyén xau dau vao Input thanh mot ngan xép

Hinh 5.3 M0 ta giai doan 1 cua thugt toan tinh tai nguyén

Giai doan 2: Tinh gi4 tri can trén tai nguyén véi xau dau vao da dugc chuyén thanh
ngan xép nhu hinh 5.3.
Sau day la thuat toan cu thé cho tirng giai doan:
Giai doan 1: Chuyén chudi két xuat dugc tir ma chwong trinh TFJ vao ngin xép, trong
d6 mdi phan tir & dang “(”” hodc ) hoac X, véi X 1a 1 chudi.
Thuat toan:
Budc 1: Nhan gié tri dau vao xau Input;
Khai tao DataStack= null dé luu trit Xau tra vé;
i=0, bién dém luu chi sb cho ting ky tu;
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Xau S Iuu lai gia tri mdi phan tir trong ngan xép DataStack.
Budc 2: Kiém tra néu i>= Input.Length thi tra vé ngan xép DataStack va két thc.
Budc 3: Néu Input[i]!= ‘C va Input[i] != )’ thi
S=+ Input[i], i=i+1 va quay vé Budc 2.
Budc 4: Néu Input[i] = <( thi
Budc 4.1: Kiém tra néu S.Length>0 thi day S vao ngan xép.
Budc 4.2: Day “(” vao ngin xép, quay vé Budéc 2.
Budc 5: Néu Input[i] = <)’ thi
Budc 5.1: Kiém tra néu S.Length >0 thi ddy S vao ngan xép.
Budc 5.2: Day “)” vao ngin xép, quay vé Budc 2.
Giai doagn 2: Tinh gia tri can trén tai nguyén cho b nhé log

Thuét toan:
Budc 1: Bau vao la chudi Input da duoc chuyén vé ngan xép DStack qua giai doan 1;
Khai tao result=“”, result 1a xau luu lai két qua can trén bo nhé log.

Budc 2: Thuc hién khi ngan xép khong rdng. LAy ra phan tir ¢au tién X cia ngin xép,
Budc 3: Néu X = )" thi thuc hién
Budc 3.1: Lay phan ti trén cling cua ngan xép 1a 'Y
Budc 3.2: Goi ham Join(Seq(Y)), két qua tra vé caa ham Join(Seq(Y)) 1a chudi
S12
Budc 3.3: Gan result = Merge(S12,result); Va quay tro lai budc 2.
Budc 4: Néu X = “(” thi thuc hién
Budc 4.1: LAy phan tir trén ciing cta ngin xép 1a Y2
Budc 4.2: Goi ham Join(Seq(Y2)), két qua Join(Seq(Y2)) 1a chudi S22
Buac 4.3: Gan result= JoinCommit(S22,result); Va quay tré lai budc 2
Budc 5: Néu X 1a xau
Budc 5.1: Goi ham Join(Seq(X)), két qua thu duoc chudi S32
Budc 5.2: Néu result=“ > thi gan result= $32; Va quay trg lai budc 2
Budc 5.3: Néu result != " thi gan result= JoinCommit(S32,result); Va quay tré lai
budc 2.
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5.2.5.2. Cai dgt va kiém ching
Cai dat cho giai doan 1:

public static Stack<string> ConvertStringToStack(string Input)
{

Stack<string> DataStack = new Stack<string>();
String S="",
for (inti=0; i < Input.Length; i++)
{
if (Inputi] =="("
{
if (S.Length > 0) DataStack.Push(S);
DataStack.Push("(");
S="
}
else if (Inputfi] ==")"
{
if (S.Length > 0) DataStack.Push(S);
DataStack.Push(")");
S="
}
else S += Inputfi];

}
if (S!="") DataStack.Push(S);

return DataStack;

}
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Cai dat cho giai doan 2:

1. public static string CalculResourses(string Input)
2 {

3

4 Stacks<string> DStack = ConvertStringToStack(Input);
5. string result ="";

6

7 while (DStack.Count > 0)

8 {

9. string X = DStack.Pop();

10. if (X==")"

11. {

12. string Y = DStack.Pop();

13. string S12 = Join(Seq(Y));

14, result = Merge(S12, result);

15. }

16. else if (X =="(")

17. {

18. string Y2 = DStack.Pop();

19.

20. string S22 = Join(Seq(Y?2));

21. result = JoinCommit(S22, result);
22.

23. }

24, else

25. {

26.

217. string S32 = Join(Seq(X));

28. if (result =="") result = S32;

29. else result = JoinCommit(S32, result);
30.

31 }

32.

33.

34. }

35. return result;

36. }

Dé kiém tra tinh ding din cua thuat toan, ta kiém tra véi cac dau vao khac nhau
qua cac thuc nghiém sau:
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Thuc nghiém 1: Tinh cd@n trén tai nguyén bg nhe log cia chwong trinh co
giao dich, véi chudi ddu vao: S=+1+1-1(-1)-1
M6 hinh giao dich 16ng va da ludng twong (ng véi chudi trén:

thread 2

thread 1

o /

Hinh 5.4 M6 hinh giao dich l6ng va da luéng cho thic nghiém 1

Chay thuc nghiém chuong trinh ta dugc két qua: #2

o Form1 o [ B ] &3
Chon file: | C:\HsersiAdmintDesktop  TEST'e 1 be

Mai dung file
+1+1-1(-1)-1

#

Hinh 5.5 Man hinh két qud theec nghiém 1

Thuc nghiém 2: Tinh cdn trén tai nguyén bg nhe log cita chwong trinh cé giao dich,
Vi chudi ddu vao: S=+1(+1-1-1)-1
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M® hinh giao dich 16ng va da ludng twong (ing cho thuc nghiém 2 nhu sau:

——
—_
—

= thread 2
=

R —2y thread 1

Hinh 5.6 M@ hinh giao dich léng va da luong cho thyec nghiém 2

Chay thuc nghiém chuong trinh, ta nhan dugc gia tri can trén bo nhé log la #3

ol Form1 IER =N R

Chon file: C M Users\Admin Desktop TEST e bd

Mai dung file
+1(+1-1-1)-1

#3

Hinh 5.7 Man hinh két qud thyc nghiém 2

Thuc nghiégm 3: Tinh c@n trén tai nguyén bg nhe log cia chwong trinh co giao dich,
Vi chudi ddu vao: S= +2(+2-1-1)-1
Chudi trén c6 thé dugec mo hinh hda nhu sau:
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/
L

thread 2

e

"

—= thread 1

Hinh 5.8 M@ hinh giao dich léng va da luong cho thyec nghiém 3

Chay thuc nghiém chuong trinh, ta nhan dugc gia tri can trén bo nho log 1a #6.

o

Form

Chan fle: | C Users'Admin' Desktop TEST te3 bd

Mdi dung file
+2(+2-1-1)-1

o || 3 || &2

Hinh 5.9 Man hinh két qua chay thiec nghiém 3

Thuc nghiém 4: Tinh cdn trén tai nguyén b nhe log ciia chwong trinh cé giao
dich, véi chuéi dau vao: S= +3+4(+1+2-1-1-1+3-1-1)+5-1-1+6+7+8-1-1-1-1
Chudi trén c6 thé dugc mé hinh hoéa nhu sau:
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Hinh 5.10 M6 hinh giao dich cho thuc nghiém 4

Chay thuc nghiém chuong trinh, ta nhan dugc gié tri can trén bo nhé log la #30.

o

Form1 IEREERER

Chonfile: | ©:\Hsers'Admin'Desktop  TEST ted b

Mdi dung file
+3+4(+142-1-1-143-1-1)45
1-1+6+7+8-1-1-1-1

#30

Hinh 5.11 Man hinh két qua thuc nghiém 4

Thuc nghiém 5: Tinh cgn trén tai nguyén bg nhe log ciia chwong trinh cé giao
dich, véi chudi dau vao: S= +1+2(+4-1-1-1)+3(+5-1-1-1-1)-1+6-1-1+7-1-1
M6 hinh giao dich 16ng va da ludng twong (ng véi chudi dau vao nhu trén la:
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Hinh 5.12 Mb hinh giao dich l6ng va da luéng cho thuc nghiém 5

Chay thuc nghiém chuong trinh, ta nhan dugc gié tri can trén bo nhé log la #24.

o Form1 El =R

Chon file: | C-\Users'Admin'Desktop  TEST a5 bd

Mdi dung file
#1+2(+4-1-1-1)+3(+5-1-1-1
1)-1+6-1-1+7-1-1

#24

Hinh 5.13 Man hinh két quéa thuc nghiém 5

Panh gia két qua thuc nghiém:

Qua chay thuc nghiém cong cu véi mot sé truong hop, cac két qua nhan duoc o gia
tri bang cac két qua mong doi.
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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 nhirng noi dung dé ra véi muc tiéu chinh 1a giai quyét bai toan tinh can trén bo
nhé log cho cac chuong trinh str dung giao dich.

V& ly thuyét, luan van da trinh bay duoc céc kién thicc co s vé hé thdng kiéu
noi chung bao gdm dinh nghia hé thdng kiéu, cac thudc tinh co ban cua hé théng kiéu
va ung dung caa hé thdng kiéu trong thyuc té. Ngoai ra, luan vin con trinh bay céc khai
niém co ban vé giao dich va b nhg giao dich phan mém. Tiép theo, ct phép va ngi
nghia cta ngdn ngwr giao dich TM cling duoc gidi thiéu trong luan van. Tur cu phap va
ngit nghia ctia ngbn ngit TM, luan vin d3 trinh bay phuong phap xay dung hé théng
kiéu dé xac dinh can trén bo nhé log cia chuong trinh st dung giao dich, dwa trén
nghién ctu duoc cac tac gia thuc hién trong bai bdo [1]. Mot chuong trinh ¢6 giao dich
dugc cau thanh tir cac thanh phan co ban, mdi thanh phan thé hién hanh vi giao dich va
duoc dinh kiéu théng qua mot dang chudi sb dac biét, chudi sé ¢ dau. Hé thong kiéu
duoc trinh by ¢ day bao gom cac kiéu, cac quy tac kiéu trong d6 chira dinh nghia céc
phép toan duoc str dung dé dinh kiéu cho tirng thanh phan trong chuong trinh st dung
giao dich.

Vé thuc nghiém, mét cong cu dugc viét bang ngdn ngir C# da duoc cai dat dé
tinh can trén bo nhé log cua chuong trinh st dung giao dich. Chuong trinh bao gom
cac phuong thic duoc xay dung dé thuc hién cac phép toan nhu rat gon mot chudi s6
¢ dau, gop 2 chudi sb c6 dau, Joincommit...Va dic biét 1a phuong thirc dé tinh can
trén bo nhd log. Chuong trinh da duoc thuc nghiém véi nhiéu chudi dugc két xuat tur
c4c chuong trinh giao dich khac nhau va cho két qua twong ddi chinh xac.

Tuy nhién, do thoi gian ¢6 han va tai liéu nghién ctru lién quan chua nhiéu. Hon
nita, day 12 mot dé tai kho, doi hoi su dau tu nhiéu vé thoi gian va cong sirc nén trong
luan van nay khong tranh khoi nhitng han ché. Trong qua trinh nghién cau vé dé tai,
ching tdi ciing nhan thay cac két qua nghién ciru mai chi ding & mie do thyc hién va
kiém chang vé mat ly thuyét ma chwa hé dwoc kiém chung ¢ thuc té. Do vay trong
tuong lai, hi vong dé tai c6 thé duoc nghién ciu va kiém chang ¢ thuc té. Néu thanh
cong, cac két qua dat dugc nay sé dong gop dang ké vao viéc téi uu cac chuong trinh
phan mém va lam tiang hiéu qua sir dung tai nguyén bo nhé.
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