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LOI CAM POAN
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dir liéu 16m dang Livestream” 13 cong trinh nghién ctru cla chinh minh duéi sy
huéng din khoa hoc ciia Thiy PGS.TS.Phan Cong Vinh va Thay TS.Trin Trong
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vao luan an. Céc két qua dugc trinh bay trong luin 4n 12 hoan toan trung thuc va chua
tirng dugc cong bd trong bét k¥ mét cong trinh ndo khéc ngoai cc cong trinh cong
bb ciia tac gia. Luin an dugc hoan thanh trong thoi gian tic gia lam nghién ciru sinh
tai Hoc vién Khoa hoc va Cong nghé - Vién Han 1am Khoa hoc va Cong nghé Viét
Nam, Vién Co hoc va Tin hoc Ung dung - Vién Han 1dm Khoa hoc va Cong nghé
Viét Nam.
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Tac gid ludn an
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Téc gia xin giri 10i cam on chan thanh dén Thiy PGS.TS.Phan Céng Vinh va
Thiy TS.Trin Trong Toan, Ngudi huéng din khoa hoc, Thiy 4n cén, tin tdm, dong
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mon, Ban lanh dao, phong Pao tao, cac phong chirc ning cuia Vién Co hoc va Tin
hoc trng dung - Vién Han 1dm Khoa hoc va Céng nghé Viét Nam di giang day, huéng
dn, gitip d5, dong vién, trang bi cac kién thirc va tao diéu kién t6t nhét cho tic gia
dé luan 4n dugce hoan thanh.

Téc gia xin giri 10 cam on dén anh, chi, ban b, dong nghiép bing nhiéu hinh
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trong thoi gian hoan thanh ludn 4n nay.

Dic biét, tac gia xin giri 16 tri 4n sdu sic dén B, Me, Vo, cic con, cing anh
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MO PAU
1. Ly do chon dé tai luin 4n

Trong bdi canh hé théng mang xa hoi va nén tang s6 tao ra luong dir liéu 16n
(BD) gdm c6 dit liéu 16n dang Livestream (BDL) lién tuc va c6 cdu trac khong dong
nhét, hién tai tac gid luan an chua tim théy mot nén tang toan hoc nao dinh nghia, giai
thich va chirng minh vé cac co ché hoat dong ciia stream dang BDL. Do d6, nhu ciu
xay dung mot sb khung 1y thuyét hinh thirc cho BDL trd nén cip thiét.

V4n dé livestream 1a mot trong nhitng chii d& dang dugc cac nha nghién ctru vé
ICT quan tdm rat nhiéu [1, 2]. CAc hinh thirc Livestream phd bién hién nay hd tro con
nguoi trong cac nganh nghé: Livestream trong ban hang [3, 4], Livestream trong du
lich [5, 6], Livestream trong kham chita bénh [7], Livestream trong giao duc [8], va
Livestream trong giao tiép hang ngay (Hinh 1 va bang 1), da s6 cac cong trinh [1-8]
nay xur ly livestream tap trung vao khia canh ky thuat, trong khi cac mo hinh toan hoc
chat ché dé phan tich, biéu dién va kiém ching tinh dung din cia hoat dong
livestream hau nhu chua duoc thiét 1ap. Ngoai ra, luan an ciing tién hanh khao st cac
nghién ctru [9-21], cac nghién ctru ndy da sir dung 1y thuyét stream dé phan tich va
tinh toan stream. Ly thuyét stream chuan cua Rutten [20] xu ly stream v6 han nhung
khéng mé ta duoc sy bién thién thoi gian thuc, thong luong, d6 tré, co ché duong dng
va bo dém (Pay 1a nhirng dic trung thiét yéu cua Livestream).

Luén an tap trung vao khao sat, phan tich va nghién ctru tap cac stream (A®)
dang BDL. Livestream phat sinh ra lugng dit liéu van ban, hinh anh, am thanh va
video rat 16n trong hé thong tinh toan (CS). Su phat trién manh mé cia livestream
nhu vay nhung lai chua c¢6 co so 1y thuyét toan hoc nao giai thich mot cach hinh thirc
vé co ché hoat dong cua livestream. Py 14 co s¢ dé luan 4n dya vao 1y thuyét stream
(Stream theory) dé phan tich, dic ta, va hinh thtrc hoa (Formalization) co ché hoat
dong cua stream dang BDL (Hinh 2) [CT.9] véi tén dé tai luan an: “Pai s6 Stream
dung cho khoa hgc phéan tich dir li€éu 16n dang Livestream”.

Bén
hang
online

LIVESTREAM
TRONG CS

Hinh 1. Céc hinh thirc livestream phd bién tao ra stream dang BDL trong CS [CT.9]



X4y dung mét sb khia canh dai sd, 1ap lich (Scheduling), va mé hinh ngit nghia
dai s6 cho viéc phan tich, dic ta va hinh thirc héa stream dang BDL 1 huéng nghién
ctru chinh cua luin an. Véi huéng nghién ctru ndy, luin an dua ra mot sb mé rong
nén tang 1y thuyét stream dung cho khoa hoc phan tich stream dang BDL bang cac
dinh nghia, dinh ly, ménh dé, hé qua va cac tinh toan mo rong cho stream t6 hop
thanh céac biéu thirc stream nham hudng dén phén tich sdu hon vé stream dang BDL.

Céc stream dang BDL lién tuc dugc tao ra trong thoi gian thuc bdi cong nghé
livestream sén c6 trén cic nén tang mang xa hoi. Do do, livestream dugc xem la mot
phuong thirc duoc st dung phd bién hién nay trong viéc hd trg con ngudi & cac loai
nganh nghé khac nhau duoc mo ta nhu sau (Bang 1):

Bang 1. Mo ta stream dang BDL thong qua cac hinh thuc livestream

Cong 5, Hinhthic M0 ta stream dang BDL

< am .
trinh livestream

Stream dang BDL dugc xem va mua hang tir mua sam
tryc tuyén ctia ngudi dung. BDL mua sam truc tuyén giup
Livestream  xac dinh cac yéu té anh huong dén ¥ dinh mua hang, cung
trong bdn  cap trai nghiém mua sdm thuén tién, linh hoat, gitp trong
hang tac nhanh va gidi tri hon. Lam co s& cdi thién sy hai long
va gitp nang cao ¥ dinh sir dung mua sam tryc tuyén lién
tuc cua nguoi ti€u dung.
Stream dang BDL diém dén cua cac tour du lich dugc
cong nghé livestream phat tryc tuyén sé& ludn mang cac
Livestream dic diém ngay 1ap tirc, twong tac chan thuc va song dong
trong du lich  tao nén hinh thai anh hudng tich cyc dén cam giac hién
dién va sy tin tuong cia nguoi ti€u dung, ting cuong va
anh huong tryc tiép dén y dinh du lich ctia khach hang.
Stream dang BDL vé cudc phau thudt duoc cong nghé
livestream phat tryc tuyén trong thoi gian thyc qua ludng
tryc tuyén tir phong mo, hinh anh dugce chuyén tir mot
kinh hién vi phau thuat k¥ thuat s va mot may anh moi
truong & chat lugng d6 phén giai cao s& gitip hoc vién nim
bt cac ky thuat phau thuat rd rang va chinh xac.
Stream dang BDL vé bai giang dugc t6 chirc phat tryc
. tuyén thong qua cong nghé livestream. BDL bai giang
2020 leestre_a}m duoc giang vién to chiic tao ra cac ludng cong viée tiy
2021 tror:jg glao chon véi cac hoat dong cung nhau tuong tac gilra giang
Y vién va sinh vién bao gom tham do y kién, hoi, dap, phan
hdi tirc thi va tao nhdm twong tac.

2021

e

[5] 2022

Livestream
[7] 2021  trong kham
chira bénh

[7. 8]

2. Thach thirc khoa hoc
Hinh 2 m6 ta téng quan qua trinh hinh thirc héa co ché hoat dong ctia stream
dang BDL trong hé thong livestream. Dir liéu dau vao 1a stream dang BDL gom co

day cac khung (Frames) dugc truyén tai lién tuc thoi gian thuc va duoc xt Iy qua co



ché duong ong (Pipelining).

Co ché duwdng dng (Pipelining)

Diu vio o HINH THUC HOA STREAM DANG BDL T DAura | .
-——— — — —» Hinh thirc héa co ché hoat dong cta stream [CT.3][CT.5][CT.7] _i Céc biéu thire dai s _>
____iStreamdang | __ > . . _i stream (Ngirnghia |
o BDL _ bic td hinh thirc va tip can dong quy nap [CT.1][CT.2][CT.8][CT.9] | | daiso ciia stream |

DL)

i ——— %= May trang thai dya trén ngi nghia dai s6 [CT.4][CT.6]

Co ché duwdng dng (Pipelining)

Hinh 2. Hinh thirc hoa co ché hoat dong cua stream dang BDL trong CS

Luan an d& xudt qua trinh hinh thirc hoa gdm ba hop phan: Hinh thic hoa co
ché hoat dong cua stream nham xac dinh cac dic trung dong va trang thai van hanh
ctia BDL; Pic ta cdu tric stream va tiép can déng quy nap (Coinduction) trong viéc
mo hinh héa logic hoat dong cua BDL; Xay dung mo hinh may trang thai (Automata)
trén co so ngir nghia dai sb, tir 6 biéu dién cac hanh vi hoat dong BDL.

Két qua dau ra cua qua trinh hinh thirc héa nay 1a ngit nghia dai s6 ctia stream
dang BDL, dong vai tro 12 ddu ra cua hinh thtrc hoa. Ngit nghia dai s6 nay duoc biéu
dién bang cac biéu thirc dai s6 stream, dua trén 1y thuyét dai s6, 1y thuyét tap hop va
logic ménh dé.

Duya vao md ta & bang 1, nhirng phan tich ciia hinh 2, va 1y thuyét stream, luan
an gap phai nhirng thach thirc cho viéc hinh thirc hoa stream dang BDL nhur sau:

» Thach thirc vé tinh sdn c¢6 cua hinh thirc hoa stream dang BDL trong CS:

e Thach thirc vé tinh triru twong ctia md hinh héa stream.

e Thach thirc vé phén tich tinh chat cia mé hinh héa stream.

e Thach thiic vé kha ning kiém ching hinh thirc stream.

= Thach thitc vé cac tinh chit tu nhién san c6 cua stream: Tinh lién tuc, tinh tde do
cao, tinh thay ddi, tinh khong dong nhét, tinh khong hoan chinh, tinh ngan han, va
tinh khéi luong 16n.

Tinh lién tuc cua stream duoc tao va truyén lién tuc, khong ngat quing. Tinh toc
d6 cao cua stream sinh ra rat nhanh, yéu cau xu 1y thoi gian thuc. Tinh thay doi 1a noi
dung va khoi lugng thay doi bat thuong theo tinh hudng. Tinh khéng dong nhat cia
stream gom nhiéu frame dinh dang nhu vin ban, hinh anh, am thanh, video. Tinh
khéng hoan chinh cta stream c6 thé thiéu hut do toc d6 sinh dit liéu va da dang ngudn.
Tinh ngdn han cta stream chi c6 y nghia trong thoi gian ngan, can xu 1y ngay. Khoi
lirong I6n 1 dir liéu nhiéu, gay ap luc cho luu trit va xu Iy [CT.9].

3. Muc tiéu nghién ciru

Muc tiéu nghién ctru ctia luan 4n 1a xay dung mot s6 khia canh dai s6, t6i wu
héa lap lich, v mo hinh ngir nghia dai s6 (ASM) dé hinh thirc hda (md hinh hoa,
phan tich tinh chat, va kiém chimg hinh thirc) co ché hoat dong clia Stream nham dap
g ngir nghia dai s6 cta stream dang BDL trong cac hé thong tinh toan (CS).



4. Noi dung nghién ciru

Noi dung nghién ciru 1: Tong quan 1y thuyét stream dung cho phan tich dit liéu
16n. Dé xuét cic bang phan tich va so sanh dua trén céc tiéu chi dic trung cua ly
thuyét stream c6 vai trd quan trong trong phan tich BDL. M6 rong dai sé stream bang
mudi phép toan trén stream va to hop cac phép toan ndy thanh cac biéu thirc stream
dang BDL di duogc cong bd & cac cdng trinh [CT.1][CT.2][CT.8].

Noi dung nghién ctru 2: Nghién ctru mot sé khia canh dai sé ciia BDL trong
IoMT, gém: ciu tric monoid, tinh chat monoid, hinh thirc héa BDL, phép bién d6i
BDL, may trang thai va bo t6 hop may trang thai BDL. Mot s6 khia canh dai s6 nay
cung cap nén tang 1y thuyét giup giai quyét van dé hinh thirc hoa stream dang BDL
d3 duoc cong bd & cac cong trinh [CT.3][CT.5][CT.7].

Noi dung nghién ctru 3: Pic ta hinh thic va tiép can dong quy nap dé kiém
ching hinh thirc tinh todn BDL qua thuat toan cta phép tinh stream (Stream calculus)
trong tong hop cac mirc chuyén doi thanh ghi (RTL). Nghién ctru mdi quan hé giira
may trang thai mtc chuyén d6i thanh ghi (ASArTL) VA may trang thai dic ta ngi
nghia dai s& (ASAspec) trong viéc kiém chimg hinh thirc stream BDL di dugc cong
bb & cac cong trinh [CT.2][CT.4][CT.6][CT.9].

5. Y nghia khoa hoc va thie tién ciia dé tai ludn an

Ngay nay, BDL ton tai phd bién trong nhiéu linh vyuc ctia doi sdng doi hoi phai
¢6 co s6 1y thuyét va mo hinh toan hoc cho BDL nhiam dwa ra cac phuong phap xir 1y
va phan tich hiéu qua. Luén an phat trién cac phép toan xtr 1y stream, co ché xur Iy
BDL duya trén phat trién dai sb stream két hop dong dai s6 stream nhiam xay dung co
s& toan hoc cho BDL, trén co s& d6 phat trién phuong phap phan tich va xir Iy BDL.
6. Cac dong gop méi cia ludn an

= Pong gép 1: Xay dung mot sb khia canh dai s6, gdm: Xay dung mudi phép toan
xur 1y stream, t6 hop cac phép nay thanh cac biéu thirc stream, md rong dai s6
stream va dong dai s6 stream [CT.1][CT.2][CT.8], xay dung céu tric monoid va
tinh chat monoid dung cho stream dang BDL [CT.3][CT.5][CT.7].

= Pong gop 2: Xay dung lich biéu dé xir 1y stream dang BDL gom 04 budc sau:
Phan hoach cac phép toan stream; Lap lich cho tinh toan BDL; Cép phat va lién
két thanh ghi; Cap phat va lién két don vi chirc nang [CT.2]; T6i vu héa lap lich
theo co ché duong dng [CT.9)].

= Pong gép 3: Xay dung mo hinh ngit nghia dai s6 (ASM) dé xtr 1y stream dang
BDL. M6 hinh nay cho phép dic td mbi quan hé gitta may trang thai mirc chuyén
d6i thanh ghi (ASArTL) VA may trang thai dic ta ngir nghia dai s6 (ASAspec) dé
kiém chimg cac két qua tong hop RTL va SPEC [CT.4][CT.6].



7. D6i twong va pham vi nghién ciru
7.1. Péi tweng nghién ciru
C4c stream, cac frame, 1y thuyét stream (dai s6 stream va dong dai s6 stream),
cuing v6i Iy thuyét vé mé hinh héa, phan tich tinh chat va kiém ching hinh thuc.
7.2. Pham vi nghién ciru
Nghién ctru Iy thuyét stream tap trung cc khia canh dai sd, dic ta hinh thic va
phuong phap déng quy nap nham kiém chimg hinh thirc ciia stream dang BDL.
8. Phuong phap nghién ciru
= Nghién civu Iy thuyét: Nghién ctru tap trung vao viéc tong hop va hé thong hoa
Iy thuyét stream dung cho stream, khao sat chi tiét dic diém cua chung, dong
thot phan tich thé manh va han ché cta dai sd stream va déng dai s6 stream. Trén
co s¢ d6, luan an ap dung céc 1y thuyét va phwong phap hinh thirc dé chimg minh
tinh dGng dn, phat trién va t6 hop cac phép toan nham xay dung cac biéu thirc
stream dang BDL.
= Nghién cuu thuc nghiém: Phan thuc nghiém dugc tién hanh thong qua viéc dic
ta hinh thtrc stream dang BDL béng cac vi du minh hoa va cac kich ban m6
phong trén phép toan stream va thuat toan xur 1y stream, qua d6 minh chirng tinh
kha thi cia mo hinh 1y thuyét. Pong thoi, cac thuat toan duoc cai dat dua trén
md hinh 1y thuyét dé xuét dé t6i uu hoa 1ap lich theo co ché duong dng dua trén
phuong phap quy hoach tuyén tinh (LP-based PSOM [CT.9]).
9. B6 cuc ctia luin 4n
Luan an duoc ciu trac thanh 04 chuong theo b cuc nhu sau:
Mé dau
Phan nay gidi thiéu téng quan vé luan an. Sau khi trinh bay vé su
phat trién cia khoa hoc phan tich stream dang BDL, luan an da duc
két nhitng thach thirc d6i v6i stream dang BDL. Tir nhirng thach thirc
vé BDL, luan 4n d3t ra muc tiéu dé nghién cuu.
Chwong 1: TONG QUAN PHAN TiCH DU LIEU LON DANG
LIVESTREAM
Chuong nay tap trung trinh bay tong quan vé phan tich dir liéu 16n
dang livestream. Cac phan tich va so sanh giup ludn an c6 hudng
nhin rd nét vé 1y thuyét stream ding cho khoa hoc phén tich stream.
Chuwong 2: XAY DUNG MOT SO KHIA CANH PAI SO CUA STREAM
DANG BDL TRONG IoMT
Chuong nay trinh bay vé mot sé khia canh dai sb cua stream dang
BDL trong IoMT. Nén tang 1y thuyét nay gilp déng gop vao viéc

giai thich va ching minh co ché hoat dong cua stream dang BDL.



Chuong 3: PAC TA HINH THUC VA TIEP CAN PONG QUY NAP PE
KIEM CHUNG TONG HQP TiNH TOAN BDL DUA TREN
PHEP TINH STREAM
Chuong nay trinh bay vé md hinh héa va tiép can déng quy nap dé
kiém chtrng hinh thirc tinh toan stream dang BDL. Nén tang 1y thuyét
nay ching minh co ché hoat dong cua stream.

Chwong 4: NGU NGHIA PAI SO MUC CHUYEN POI THANH GHI
TRONG TONG HOQP TiNH TOAN BDL DUA TREN PHEP
TINH STREAM
Chuong nay trinh bay vé mdi quan hé va ngit nghia dai sé muc
chuyén dbi thanh ghi trong tong hop tinh toan BDL dua trén phép
tinh stream bang cac thuat todn c6 vong lap va khong co vong lap.

Két ludn
Trong phan nay, luan an tom tat cAc dong gop khoa hoc va nhimng noi
dung tiép tuc duoc nghién ciru.

10. Cau truc cia ludn an

R . . . L. i 3.VAN DE CON CAN GIAI QUYET
1.DONG CO VA BAI TOAN 2.GIAI PHAP VA KET QUA VA XU HUGNG TUONG LAI

Chuong 1. Tong quan phén tich dir liéu 16n
dang Livestream [CT.1,CT.3,CT.8]
v

Chuong 2. X4y dyng mot s§ khia canh dai
sb cua stream dang BDL trong IoMT
[CT.2,CT.3,CT.5CT.7]

Mé dhu ] Két luan
[CT.LCT.2CT.3,CT.4CT5CT.6,CT.7,CT.8,CT.9] |[™| Chuong3. Dic ta hinh thirc va tiép can ddng |[™] [CT.L,CT.2CT3,CT4,CT5CT6,CT.7,CT.8CTI]
quy nap dé kiém chimg tong hop tinh toan
BDL dua trén phép tinh stream [CT.2,CT.9]
L]

Chuong 4. Ngit nghia dai s6 muc chuyén
d6i thanh ghi trong téng hop tinh toan BDL
dua trén phép tinh stream [CT.4,CT.6]

Hinh 3. So dd c4u trac cua luan an

11. Két luan phan mé dau

Phan mé& dau ndy da tap trung gidi thiu tong quan luan an. Sau khi trinh bay
vé su phat trién ctia khoa hoc phan tich stream dang BDL, luan an di duc két nhiing
thach thirc dat ra dbi véi stream dang BDL. Tir nhitng thach thirc vé stream dang
BDL, luan &n dat ra muc ti€u nghién ctru va ndi dung nghién ctru. Noi1 dung chuong
1 la trinh bay vé dir liéu 16n, cac cong nghé phan tich dir lidu 16n, cac khai niém vé 1y
thuyét stream (dai s6 stream va dong dai so stream), cac bang phan tich va so sanh
dua trén cac tiéu chi dic trung ciing nhu wu diém va han ché cia 1y thuyét stream
trong phan tich stream dang BDL trong c4c h¢ thong tinh toan.



Chwong 1. TONG QUAN PHAN TiCH DU LIEU LON DANG
LIVESTREAM

Muc tiéu ctua chuong 1 nay phan tich xoay quanh dir liéu 16n dang livestream, cac
khai niém co ban cua 1y thuyét stream, 1ap cac bang phan tich va so sanh dua trén cac
tiéu chi dic trung cua Iy thuyét stream dé nhin thdy wu diém va han ché cua Iy thuyét
stream trong phan tich stream dang BDL. Tir ddy, tac gia dit ra 3 van dé nghién ctru
cta luan an. Cac két qua phan tich cua chuong ndy dugc cong bd trong cong trinh
[CT.1] va[CT.8].

1.1. Gioi thiéu

1.1.1. Phat sinh dir liéu 16n

Dit liéu 1a c6t 18i ctia moi nganh nghé, thuc day cac chuyén gia ¢ nhiéu linh vuc
tham gia vao nghién ctru: quy trinh, thuat toan, mé hinh toan hoc, nén tang 1y thuyét,
hinh thirc héa, mé hinh hoa, phan tich tinh chit va kiém chimg hinh thtrc [23]. Con
nguoi quan tam dit liéu 16n lién quan té1 sy phuce tap nhiéu hon 1a kich thuée, dit liéu
can duogc phan tich va dic ta cho phép cac to chirc giai quyét cac bai toan phirc tap,
gitip t6 chirc ra quyét dinh va hanh dong t6t hon.

Yéu t6 quan trong thiic dy khai thac dir liéu 16n 13 cac nén tang tinh toan ngay
cang manh mé va it tén kém vé kha ning tinh toan 1an luu trir. Ap dung cac cong
nghé va k¥ thuat vao phén tich dit liéu 16n livestream ngay cang tré nén phd bién.
Ngay nay nhiéu ngudi sir dung: thiét bi thong minh, phuong tién truyén thong xa hoi,
hinh thtrc livestream va cac tai nguyén web, vay ho da danh luong thoi gian truc tuyén
ngay cang nhiéu 1am phat sinh va tiéu thu mot luong 16n dir lidu [24-26].

1.1.2. Mt s6 tinh chat dic trung ciia dit li¢u 16n

Mot sb thach thuce ki thudt va cong nghé lién quan dén mudi mot tinh chat dic
trung cua dir liéu 16n: Volume, Velocity, Variety, Veracity, Value, Variability,
Vision, Verification, Validation, Complexity va Immutability (9Vs - 1C - 1I) [27-
29][CT.1] duoc khao sat (Hinh 1.1) va duoc mo ta van tit nhu sau: Volume nghia 13
hd tro dir liu rat 16n. Variety nghia 1a dé cap dén céc loai dir liéu dang dugc luu trir
gia ting nhanh chéng theo thoi gian thuc. Velocity dé cap dén toc do ma dit liéu méi
phat sinh ra rat nhanh. Veracity dé cap dén muc d¢ tin cay lién quan dén mot so loai
dir liéu va mang ¥ nghia dit liéu khong chic chin. Value véi ban chét cua dit liéu 1a
luén luén mang gia tri phuc vu cho nhiéu loai linh vuec. Variablity dé cap dén tinh
hon don va khéng nhat quén cua dir li¢u. Vision nghia la chi muc dich cta viéc phan
tich dir liéu. Verification nghia 1 xac dinh qua trinh lién két dit liéu v6i mot sd cac
dac ta. Validation nghia 1a xac thyc muc dich phan tich dir liéu 16n phai dugc thuc

hién. Complexity nghia 1a chi rat kho t6 chirc va phan tich dir liéu 16n do cac mdi



quan hé cua dit liéu 16n dang phat trién nhanh chéng. Immutability chi sy bat bién
(Invariance) cta dit liéu 16n, nghia 1a dit liéu 16n duoc thu thap va luu trix ¢6 thé gitr

nguyén khong thay d6i vo thdi han néu duoc quan 1y tot.

Soan text
Gtii text

Ghi audio
Giri audio

B

Giti video picture
Xem video Nhén
picture

Hinh 1.1. Mot s6 tinh chat dic trung cua Hinh 1.2. Cac hoat dong livestream trén
dir liéu 16n 9Vs — 1C — 11 cac nén tang mang xa hoi

1.1.3. Hoat dong livestream

Phan tich stream dang BDL 14 xir Iy va phan tich cic mau tin dit liéu theo mot
cach lién tuc thay vi bo céc mau tin dir liéu lai. Truyén truc tuyén duogc goi la
livestream, mot hinh thirc phat truc tuyén stream phd dung va phd bién ngay nay
(Hinh 1.2). N6i mét cach tong quét, phan tich stream dang BDL hitu dung cho céc
loai ngudn dit lidu 6 cu tric (Structured data), dit liéu ban cau tric (Semi-structured
data), va dir liéu phi cdu trac (Unstructured data) ma no truyén dit liéu theo kich thudc
nhé dudi dang kilobyte va dudi dang stream lién tuc trong thoi gian thuc.

Hoat dong livestream ngdy nay trén cac dién dan, youtube live, mang xa hoi rat
pho bién. Livestream dugc hiéu 14 tip hop nhirng hoat dong nham chuyén ludng cac
da phuong tién dién ra theo mot cach troi chay. Trong mdi trudong livestream, céc
hoat dong nhu: Soan text, guii text, ghi audio, gui audio, nghe audio, guri picture, nhdn
picture, giri video, xem video, giti files va nhdn files dang dién ra rat pho bién trong
thoi gian thuc (Hinh 1.2).

Su phat trién cua Internet da thiic day cong nghé livestream trd thanh giai phap
hiru ich cho nhu ciu giai tri ngy cang cao, thay thé viéc tai vé cac tap da phuong tién
ning né. Livestream 1a k§y thuat truyén tai tryc tiép ndi dung video qua cac tap tin nén
duogc chia thanh cac frame, cho phép ngudi xem tua nhanh, tua chdm, tam dirng hoac
tua Ui ma khong can tai vé thiét bi. Qua trinh nay hoat dong bang cach hé thng tur
dong luu va hién thi stream tudn tu cac frame trong by nh¢ dém khi phat truc tuyén.
Stream céc frame lién tuc dugc tai va hién thi cho dén khi két thic, tao thanh mét
ludng dir liéu 16n (Big data stream) theo thoi gian thuc dugc goi 1a hoat dong
livestream stream dang BDL.

1.1.4. Mi quan hé ciia qua trinh nhén thic tw nhién



Hinh 1.3, nhén thtrc thé gidi thuc 13 qua trinh triru tuong hoa, trong d6 con ngudi
khao sat dir liéu (Trong moi quan hé cua qua trinh nhdn thirc tw nhién lai cO sy xudt
hién ciia BDL trong BD), bién d6i thanh thong tin, roi phan tich va khai quat thanh
tri thire vé cac dbi tuong, su kién va hién tuong. Mbi quan h¢ cua qua trinh nhan thure
tu nhién ndy gitp chung ta ting cudng tiém ning hd tro ra quyét dinh nhiéu linh vyc,
BDL mang hinh thai dang BD c6 cac phan tir triru tuong.

A

g
g §, Tri thirc
g ‘g Knowledge: Organized information
433 Théng tin
§§ Information: Linked elements
g3 D liu
£ Data: Abstract elements (c6 BDL trong BD)
Z Thé gi6i thue
Real world

Hinh 1.3. Mdi quan hé ctia qua trinh nhan thic R — D (BDL) — | — K — W ty nhién
1.1.5. Khoa hgc phén tich dir li¢u 16m

Ngay nay, nhiéu ky thudt: khai thac dir liéu, truc quan héa dir liéu, phan tich
triec quan, Va hoc mdy duoc ap dung vao phan tich dit liéu 16n. Nhiéu nghién ctru
trong khoa hoc phan tich dir liéu 16n (Big data analytics) bang cach ting cuong cac
ky thuat da su dung, dé xuit cac ky thuat mdéi, hoac thir nghiém sy két hop cua céc
thuat toan va cong nghé khac nhau. Chinh dit liéu 16n di day manh sy phat trién nhanh
chong cua cac kién trac hé thong gdm ca phan cing ciing nhur phdn mém.

Tuy nhién, chung ta rit can nhirng sy tién bo vé phan tich dir li¢u dé d6i mat véi
nhitng thach thic vé xtr 1y dit liéu 16n va hinh thirc héa stream phi cau triic dang BDL
phé bién hién nay. Mot trong nhiing van dé d3t ra 1am sao nhan biét duge co ché hoat
dong cua stream khi khéi luong BDL dang tang 1én theo thoi gian [CT.8].

1.2. Cac cong nghé phén tich dir liéu Ién trong hé sinh thai Hadoop

Téng lwu triv
dir ligu

« HDFS

« HBase

Téng quén ly
« Zookeeper
« Avro
« Oozie
* Ambari
s Whirr

Téng xir Iy
dir ligu

« MapReduce
* YARN

BDL trong
BD 9Vs -
1C- 11
* Flume

HCatalog w

Hinh 1.4. Cac cong ngh¢ dir li¢u 16n trong Hinh 1.5. BDL trong BD ¢6 9Vs — 1C —
hé sinh thai Hadoop 11 [CT.1]

HE SINH THAI
HADOOP

Téng truy cip
dir liu

« Spark

« Storm

* Sgoop

« Chukwa

Verification

'l'ﬁ"mg truy vin
dir ligu

* Hive

* Pig

« Jagl
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Theo khao sat trong cac cong trinh [27, 30-32] va bang phan loai cac cong nghé
dit liéu 16n trong hé sinh thai Hadoop & cong trinh [CT.1] da phan tich va so sanh véi
nhau théng qua cac tinh chit dic trung cta cac cong nghé. Nhan thiy, hé sinh thai
nay 13 mot cong nghé dir liéu 16n duge chia thanh nim ting (Hinh 1.4). Cac cong
nghé ndy cho phép phan tich dit liéu tir cac ngudn thu duoc tir cam bién cua IoT va

[oMT.

1.3. Dir liéu lén dang livestream

10T va IoMT trong CS
Dién thoai

Big Data - BD
May tinh Big Data - BD
Big Data in Livestream - BDL
Big Data in Livestream - BDL
Data 9 Artificial Intelligence - Al
(&]
Giai doan 1: 1980 - 2000() Giai doan 2: 2000 - 2015 Giai doan 3: 2015 - 2030

= @ %ﬁ% )

Hinh 1.6. Lich st phét trién ctia cac thiét bi dién tir ciing song hanh véi su tao sinh ra cac
ngudn dit liéu 16n [CT.7]

Lich str phat trién cta cac thiét bi dién tir (PC, Telephone, 10T, loMT) ciing song
hanh véi sy tao sinh ra cic ngudn dir liéu 16n qua cac giai doan (Hinh 1.6) [CT.7].
Nhiing thach thirc ly thuyét va ky thuat lién quan dén mudi mot tinh chat dac trung
9Vs - 1C - 11, BDL trong BD [CT.1] (Hinh 1.5), BDL duoc xem 1a diy tuan tu
(Stream - Sequences) CAC frame tuyén tinh va v6 han. Mot frame c6 thé duoc ciu trac
chtra cac loai dir liéu nhu: van ban, hinh anh, am thanh, video, v.v. Nhan théy, stream
dang BDL con duoc goi 1a diy frame tuyén tinh [CT.1][CT.2][CT.3].
1.4. Sw khac nhau va giéng nhau giira BD va BDL

Bang 1.1. So sanh sy khac nhau va giéng nhau gitra BD va BDL

BD (Big data Tinh chat BDL (Big data in livestream

. 7V, 1C, 11 o *
Stream bién doi nhanh thoi gian thuc
Stream 16n thoi gian thuc

Variablity o v
Stream c¢ tinh bién dong
. Stream c¢ tinh xen k€ cac frame
Stream triru tuong = v .
Stream truc quan online
.. Stream dap tng tinh cdm nhan cua thi giac
Vision

Stream c6 tinh bién dong thoi gian thuc
Stream dép tmg tinh ra quyét dinh
Ghi chi: v 1a thé hién su khac nhau; ¢ 1a thé hién sy gidng nhau

1.5. Co ché dwong 6ng trong xir ly stream dang BDL
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Co ché duong bng (Pipelining) 1a mot chudi cac tién trinh duoc thiét ké dé tu
dong xir 1y, tu dong chuyén doi va ty dong luu trir stream dang BDL trong thoi gian
thue tir ngudn dén dich, véi cac tng dung trong hé théng IoT, IoMT va CS dugc phat
biéu trong céc cong trinh [CT.1][CT.2][CT.3][CT.9][33].

Vi du 1.1: Cho 4 stream a, b, ¢, d, e dang R® vdi biéu thuc dai sb: e =
(a + b) * (c — d). Gia str mdi phép toan (4, —, va *) 1a mot cong viéc trong co ché
duong 6ng va ta mudn 14p lich dé cac phép toan duge thue hién ding logic phu thude,
t61 wu hoa chu ky thuc thi, va tranh mdi nguy cho dit liéu [CT.9] (Bang 1.2).

Bang 1.2. Lép lich theo co ché dudng dng va so sanh véi 1ap lich khong hop 1y

So sanh véi cach lap
lich khong hop ly

Lap lich theo co ché dwang 6ng (Pipelining)

Buée 1: Xay dung su phu thudc cho cac phép toan
= Cac phép toan stream R®: +, —, *
= Tao sy phu thudc tir két qua ciia +, — dén *
Buoc 2: Lap lich theo thir tu phu thudc cta cac phép toan
» Nhitng phép toan stream doc lap la: +, —
» Chu ky 1, thyc hién phép toan (giai doan pipeline) + va -
ch\ay song song. Chu ky 2, thyc hién * sau khi + va - da hoan hoan thanh) thi s¢ xay
Kér ltuhda;_h' ﬁaé umf)i nguy cho dir
* Tim tha ty thuc thi ding dua trén sy phu thudc dir liéu cia  —~
biéu thirc dai .
= Cho phép cac phan doc lap duoc thuc hién song song.

Néu c¢6 gang thuc hién
phép todn = trudce
phép todn + hoic
phép toan - (chua

1.6. Ly thuyét nén tang

Luan &n tom tat 1y thuyét stream (dai sb stream — stream algebra va dong dai s6
stream — stream coalgebra) 1am co s¢ dé chirng minh nén tang 1y thuyét nay danh cho
phan tich stream dang BDL 1a huéng nghién ctru cua luan an.

Rutten [20] dé xuat mot sé ky hiéu va nhimg kién thirc co ban vé 1y thuyét
stream dung cho phéan tich dir liéu nhu sau:
1.6.1. Cac khai niém co ban
a) Dirliéu

Rutten dinh nghia cac ky hi€u tdp hop nhu sau:

N: Tap hop cac s6 ty nhién 0,1,2, 3, ...

Z: Tap hop cac s6 nguyén 0,1,—1,2, -2, ...
= R: Céc sb thuc 0.25,0.1,0.5, ...
= R: Tap cac s thyuce {0.25,0.1},{0.5,0.75,0.25}, ...
b) Dir liéu frame trong stream dang BDL
Céc cong trinh cong bd cua luan an [CT.1][CT.2] nay di dinh nghia cac ky hiéu
va cac kién thtrc co ban vé stream dang BDL nhu sau:

= Céc mau tu Greek 0,7, p, @, ... duoc sir dung dé ky hiéu stream.
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= Phan tir stream o € A® duoc ky hiéu o = (6(0),0(1), ...)

= Pao ham cua mot stream o la o’ = (0(1),0(2), ...)

= Tap hop cac s6 tw nhién N = {0,1,2, ...}

= Mot s6 phép toan xtr 1y stream dugc xay dung: dropping (drop), taking (take),
zipping (zip), splitting (split), reverse (rev), merging (merge), convolution
product (X), copying (e), registering ( =) va assignment (:=).

= A®: Tap céac stream dang BDL.

= A: Tap cac frame, mot frame 1a mot ciu trac chira cac loai dit liéu: vin ban
(text), hinh anh (image), am thanh (audio), video, v.v.

c) Ham va anh ciia ham

Cac ham d6i khi cling con duoc goi la cdc anh xa. Vi mot tap hop X, ham
1y:X — X vatinh chéat 1,(x) = x duoc goi 1a ham d6ng nhat. Véi hai ham f: X —» Y
va g: Y — Z, Rutten [20] dinh nghia tinh lién két ciia f va g nhusau: go f: X » Z
va (g o f)(x) = g(f(x)). Lién két g o f duoc doc 1a g sau £. Véi ham f: X — X thi
ta dinh nghia f° = 14, connéu f**1 = f o f™.

Anh ciia ham f: X — Y dugc dinh nghia boi image(f) = {y €Y |Ix € X,y =
f(x)}. Cu thé, véi mot tap con V € X, anh cia V dudi ham f dugc dinh nghia boi
fW) ={yeY|aveV,y=f(w)} Do do, suy ra image(f) = f(X). P6 thi cua
ham f: X — Y duogc dinh nghia boi ham graph(f) = {(x,y) e X XY |y = f(x)}.
d) Phép toan tich va tong

Tich Cartesiancua haitaphop X vaY laX xY = {(x,y) | x € X,y € Y}. Phép
chiéu cua tich Cartesian X x Y c6 dang X Sxxvy3y, trong d6: 7, ((x,y)) = x va
m,((x,y)) = y. Tich clia hai ham f;: X; > Y, va f,: X, o Y, laf; X fo: (X1 X X;,) -
(Y, x Y,), suy ra (f; X f2)(xq,x,) = (f1(x1)»f2(x2))- Ghép cdp hai ham f:Z - X
Vag:Z - YIa(f, g0 Z » X XY, {f, g)(2) = (f(2),9(2).

Tong cua haitaphop X vaY laX +Y = X U Y, & d6 hop tach roi (Hop khong
giao nhau U, véi (x, 0) & phan ti tir tap X dwoc gdn nhan 0, va (y, 1) 1a phan tir tir
tdp Y dwoc gan nhan 1) duoc dinh nghia X UY = {(x,0) I x e XU {(y, 1) | y €
Y}. Céc 4nh xa nhing cia X +Y 1a X 3 X + Y < Y, trong d6 i, (x) = (x,0) Va
k,(y) = (y,1). Tong cua f; + fo: (X; + X,) = (Y, +Y,) cta hai ham f, va f, la
fi: X, » Y, va f,: X, - Y, duoc dinh nghia nhu sau: (f; + f5)(x1,0) = (f1(x,),0)
va (f; + f5) (x5, 1) = (f,(x,),1). Pong ghép cap hai ham f: X - Zvag:Y - Z ¢6
dang [f,gl: (X +Y) > Z duoc dinh nghia nhu sau [f, g]((x, O)) = f(x) va

[, 91((y, D) = 9.
e) Tdp hop con
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Tap hop tat ca cac tap con caa mot tap X duoc ky hicu la P(X) = {V |V < X}.
Tap hop P (X) duoc goi 1a lily thira cua tap X. Tap rdng khéng chtra phan tir nao duoc
ky hiéu 1a @. Bi véi V € P(X), Rutten [20] dinh nghia phép toan hop va phép toan
giaoctaVnhusau UV ={xeX |V eV, xeVIvaNV={xeX|VV €V,x €
/43
f) Quan hé

Mot quan hé gitta hai tap hop X va Y lamot tap con R € X x Y. Phép chiéu cua
RIAX<R3 Y, trong d6 m;((x,¥)) = x va m,((x,¥)) = y. Nghich dao ctia R <
XxYlaR1TcyxXsuyraR™ ={(y,x) €Y XX | (x,v) € R}. Hop cua hai quan
hé RS XXY va SCYXZ la RoS={(x,z2)eXxZ|3yeY,(x,y)€
R va (y,z) € S} duoc doc la R theo sau boi S. Mot quan hé R € X x X la mot quan
hé twong duong néu nd thoa man céc tinh chat: x < x 1a tinh chat phan xa,
(x <yvay < z) = x < z latinh chat bac cau, va x < y = y < x 1a d6i xtmg.

V&i mot quan hé tuong duong R trén X va x € X, 16p tuong duong theo R cua
xla[x]g ={y € X | (x,y) € R}. Tap thuong ctia X theo quan hé twong duong R la
X/R = {[x]g | x € X}, tuc la tap hop cac 16p twong duong theo R. Ham thuong cua
Rlaq:X — X/R, trong d6 q(x) = [x]z.
9) Cdu triic monoid

Pinh nghia 1.1 [20, 34, 35]: Cau trdc monoid 1a mot bo ba (M, -, e), trong dé:
M 1a mot tap hop hitu han hodc vo han, - 1a mot phép tinh stream, e € A 1a phan tu
donvisaochotheaman (a-b)-c=a-(b-c)val-a=a -1=a,Va,b,c M.
h) Quan hé thir tw va thir tw cuc bo

Mot quan hé thtr ty ¢6 dang (P, <), trong d6 < S P x P gdm ¢ mot tap hop P
va mot quan hé hai ngdi < thoa man hai tinh chat sau ddy: a < a c6 tinh phan xa,
a < bvab < ¢ = a < c ¢4 tinh chét bic cau. Néu mot quan hé tién th tu thoa mén
tinh chat (a < b) va (b < a) = a = b ¢ tinh chat phan dbi xtng thi n6 1 quan hé
thtt tu cuc bd. Mat khéac, néu mot quan hé tién thtr ty thoa man tinh chit (a < b) =
(b < a) c0 tinh chéat dbi xing, khi d6 < 1a mot quan hé twong duong. Gia sur (P, <)
va (Q, <) l1a hai quan hé tién tht te. Néu ham f c6 dang f: P — Q thoa mén tinh chét
sau (a < b) = f(a) < f(b) thi ham f la don diéu.
i) Cdu xa véi pham tri

Ciu xa (Morphism) 1la mot khai niém triru twong, va ham va déng cAu
(Homomorphism) 13 nhitng truong hop cu thé cua ciu xa, tiy thudc vao pham tri cu
thé thi ¥ nghia cta ciu xa c6 thé khac nhau [20]:

e Néu pham tr 12 tap hop, thi cAu xa f 1a mot ham.
e Néu pham trd 12 nhém, thi cdu xa f 13 mot dong cdu nhom.
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e Néu pham trd 12 khong gian Topo, thi cau xa f 13 mot ham lién tuc.

(I(’:ham trfl)

ategory

; / ¢ \

Doi tuong Dai tuong
(Ob Aect) (Ob I!;ect)

Cauxaf

Hinh 1.7. So d pham tri v&i ciu Xa cua hai d6i twong A va B
Trong mot pham tri 13 tdp hop Set, mot cau xa 14 mot anh xa tir mot ddi twong
nay dén mot doi tuong khac. Néu A va B 1a hai d6i twong trong pham trd Set, thi mot
Cau Xa f tir A d&én B duoc ky hiéu 1a f: A — B (Hinh 1.7). Mot pham tri gom:
e Tap cac ddi tugng
e Tap cic cdu xa giira cac doi twong
e Phép lién két (Composition) gitra cac cau xa: Néu f: A — B va g: B — C, thi ton
tai phép lienkét g o f: A > C
e CAu xa don vi: V&i mdi dbi tuong A, ton tai id,: A — A, sao cho f oid, = f,
idgof =f,v6imoi f:A—> B

1) So sanh cau xa voi ham va voi dong cau

Béang 1.3. Bang so sanh cau xa vdi ham va vdi dong cau

Thugc tinh : Pong ciu
] ) Toan hoc noi bai s6 truu tugng
Noi xuat hién Ly thuyét pham tru  chung, dac biét (nhém, vanh, khéng
trong tap hop gian vector)
5 - Anh xa triru tuong MQ} qu?/ t? CAanh ‘Xa Ham bao toan ciu trac
Y nghia . Yy phan tu tir tdp nay . £ . X
gitra hai doi tuong ~ . dai s0 (nhom, vanh, v.v)
sang tap khac
 his : fx)=yvsixe flaxb)=f(a) f(b)
Ky higu f:A-B Avay€ERB Vi Vi f(x) =-
fr“u‘é,f""” cau Khong nhét thiét Khéng Cé (Pidu kién bét buoc)
, PO CO6 lién két va don N
Tinh chat bat vi(Trongpham  Khong bitbuge |1l thoa man tinh bao
bujc J toan cau truc
: tr)
k) Ham tir

Pinh nghia 1.2 [20]: Mot ham tir F 14 mot cau xa gitra hai pham trd, ky hiéu:
F: C - D, trong d6 € va D la hai pham tru. Ham t& (Functor) lam hai nhiém vu: (1)
Anh xa cdc doi twong, véi mdi d6i tuong A € €, &nh xa thanh mot déi tuong F(A) €
D: (2) Anh xa cac cau Xg, véi mdi ciu xa f: A — B trong pham tri €, &nh xa thanh
mot cau xa F (f): F(A) - F(B) trong pham tr0 D (Hinh 1.8).

Do vay, ham tir phai thoa man hai diéu Kién nhu sau: (1) B4o toan tinh lién két:
F(gef)=F(g) AF(f),Vv6i f:A> B, g:B - C,vaF(o) =A; (2) Bdo toan tinh
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cau Xa don vi: F(id,) = idp(a).

A F F(A)
Jf —_ F(f)
B F F(B)
C D

Hinh 1.8. So d6 thé hién cach ham tir F anh xa tir pham trii € sang pham trd D
1) Ham tir trén cac tip hop
Ham ttr 1a mot cdu xa tir pham tri ndy sang pham tra khac. Pham tru Set bao
gdm C4c tap hop va cac ham. Pham tri Set X Set c6 cac cip tap hop X, va X, 1a céc
d6i tuong va cac cap ham fi: X; — Y3 Va f,: X, — Y, la cic anh xa, trong d6 ddi twong
am chi (X1, X,) hoac (¥,Y,), con anh xa am chi (fy, f3): (X1, X;) = (¥}, Y;). Cac
ham tir F: Set X Set — Set va F,: Set + Set — Set dugc dinh nghia trén phép toan
cong va phép toan tich cua cac tap hop va ham nhu dugc dinh nghia trong muc d ciia
muc 1.6.1 dugc phan tich trong bang 1.4 nhu sau:
Bang 1.4. Phép toan tich va tong cac ddi twong va cac anh xa trong ham ti.
Cac doi twong Céc anh xa
Fx((XLXZ)) =X XX, Fe((fu £2)) = (fi X f2): (X1 X X)) = (Yy X V)
F+((X1;X2)) =X+ X, F+((f1:f2)) =(fitfa): X +X) > (Y, +Y2)
Ham tir dong nhat ¢ dang Id: Set — Set, Id(X) = X, Id(f) = f: X = Y voi
f:X — Y. V&i moi tap hop A, ta c6 ham tir hang F,: Set — Set, F,(X) = A, F,(f) =
1,:A - AV6i f: X - Y va ham t&r mii ¢6 dang ¢ bang 1.5 sau day:

Bang 1.5. Ham tr va ham tir mii

Ham tir (Pdi twong) Ham tir mii
(=)%:Set — Set X)) =X4={glg: A~ X}
(A x4 > ¥4 (AP =g =fogvéif:X>Y,g:A>X

Rutten [20] phat biéu ham tir tip cua cac tip con duoc dinh nghia chi tiét ¢ bang

1.6 nhu sau:

Bang 1.6. Ham tir tdp cua cac tap con

Ham tir trén tap Ham tir ciia cac tip con
P:Set — Set PX)={V|VcX}
P():PX) - PY) PHWV)=fW)voif: X->Y, VX

Cac ham tir déu duoc tao ra bang cach két hop hai hodc nhiéu ham ta ¢ trén.
Ham tir cho cac may trang thai xac dinh véi dau vao tir mot tap hop S cho trude dudi
dang dA: Set — Set sao cho dA(S) = 2 x §4 dugc tao ra bang cach két hop ham tix
hang F, va ham tir mii (=) v6i ham tir tich F,.

m) Pong cdu

Nhiéu tinh chat co ban vé dong cau cua cac hé thong xur ly stream va may trang
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thai ciing dung cho cac dong dai s6 cta bat ky loai ndo. Dong cdu 13 mot anh xa bao
toan ciu trac dai sd, tirc 1a phép toan trong tip ngudn duoc bao ton khi chuyén sang
tap dich (Bang 1.3).

Dinh nghia 1.3 (Pong ciu) [20]: Mot dong cAu 1a mot anh xa bao toan ciu trac
dai s6 giita hai cdu trac dai s6 cung loai. Cho hai nhom (4,%) va (B,*) 1a mot anh xa
f:A - B, lamot dong cau nhém néu f(a = b) = f(a) = f(b), Va, b € A.

Pinh Iy 1.1 (Péng cédu) [20]: Cho f: (4, a) —» (B, B) l1a mot F-ddng ciu va cho
g: B = A 1a mot cdu xa trong € 1a nghich dao cua f dudi dang go f =1, va f o
g = 1, khi dé g 1a mot F-Dong cau.

Cho F: Set — Set lamot ham tir, goi F-Ddng cau nay f: (4, ) - (B, ) 1a don
cau néu véi moi g, h: (C,y) = (A,a), f o g = f o h = g = h. Phat biéu nay 1a mot
tinh chat tong quat vé dong ciu cua cac dong dai sb.

n) So sdnh giita dong cdu, cau xa va ham tir
Bang so sanh giita dong cdu, cau xa, Va ham ti giup luan an thay ré diém giéng

va khac nhau giita ba khai niém quan trong trong 1y thuyét stream (Bang 1.7).

Bang 1.7. Bang so sanh dong cau, cau xa, va ham tir

Tiéu chi Pong cau
Cip dp Trung binh Triru twong hon Cao
triru Lam viéc vé&i cau trac dai sd Trone pham tril Anh xa gitra cac
tugng cu thé & Phe pham tru
Noi xudt Pai s6 triru twong (nhom . .
on T : ’ Ly thuyét pham tru Ly thuyét pham tru
hi¢n vanh, vector, ...) y tuyet phe y thtlyet phe

Anh xa giita cic d6i  Anh xa gitra pham
Bin chdt Ham bao toan cdu tric dai s6  tuong trong pham  tru (ddi tuong va ciu

tru Xa)
s fitA->Bvaf(axb) =
Ky hiéu » :A-> B F:C—-D
PHEE @) fb) véi £ () = fid=p €=t
. Khong yéu cau cu Lién két va cau xa
Bao toan I .z , , 2 .
i, Cau truc dai so (phép toan) thé don vi trong pham
cdu truc . \ .
Tuy pham tru tru
Vai tro C A . g s . G e
trong La mdt loai cau xa (Trong La anh xa trong La ham gitra cac
h 1: Nhom, vanh, ... h ) h \
pham tri pham tru: Nhém, vanh, ...) pham tru pham tru

0) Co ché ldp lich

Co ché 1ap lich (Scheduling) trong 1ap trinh stream 1 qué trinh xé4c dinh thir fir
Va thoi diém thyc thi cac stream dit liéu trong mot co ché duong ong xir Iy dir lidu
lién tuc thoi gian thuc. Co ché nay dam bao rang cac phép bién doi trén stream dir
liéu duoc thuc hién mot cach tdi uu, giap can bﬁng tai nguyén hé théng va giam thiéu

d6 tré xir Iy trong qua trinh van hanh theo timg phan ciia dir liéu dugc phat biéu trong
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cac cong trinh [CT.2][CT.9].
p) Budc diéu khién

Budc diéu khién (Control step - CStep) trong 1ap trinh stream 1a cac giai doan
xtr Iy ding dé quan 1y va diéu phdi ludng dir liéu, trong d6 cac phép toan xi 1y stream
duogc sép dit va kich hoat thuc thi theo pipeline. Mdi budc diéu khién quyét dinh cach
dir liéu duoc tiép nhan va didu phdi, nham dam bao qua trinh xtr 1y stream dién ra lién
tuc trong thoi gian thue di dugc cong bd & cac cong trinh [CT.2][CT.9].
1.6.2. Cac phép toan stream co ban

Dai s6 stream dung cho dir liéu 16n kiéu s6 thiee, s6 tw nhién, sé hitu 1y, tdp mau
tur, C&C bitstream va cac mach stream duoc thé hién qua cac phép toan co ban & bang
1.8 sau day duogc luan an khao sat trong cac cong trinh [9, 17, 20, 36-38] nay:

Béang 1.8. Cac phép toan stream co ban

STT Tén phép toan Phép toan
01  Gi4 tri ban dau (Head) a(0)
02  Dao ham stream (Stream derivative) (Tail) o'

03  Hang stream (r € R), R 1a tap s6 thuc T

04  Bién hinh thtc stream sb thuc X

05  Phép toan téng hai stream sb thuc o va t o+t
06  Phép toan tich chap hai stream s thuc o va 7 oXT
07  Tong hitu han cta céac stream s6 thuc o, 7, p, V.V. e o,
08  Phép toan dao nguoc tich stream s thyuc o, 7, p, V.V. ot
09  Phép toan lién két hai stream s6 thuc o va T oot

1.6.3. Khai niém stream
Viéc xu 1y day tuan tu cac sd thuc hitu han va vo han duoc goi chung 1a xu 1y
céc stream s6 thuc dugc luan an khao sat trong cac cong trinh [12, 17, 20, 36, 37, 39-
42], R® 14 tap céc stream sb thuc duoc dinh nghia hinh thire (Bang 1.9) qua ham (1.1)
nhu sau:
R® ={0]0:{0,1,2,3,..} > R} (1.1)
Trong do:
e o lamot stream sé thuc c6 dang o = (6(0),0(1),0(2), ...)
e R latap cac stream diy sb thuc v6 han
e 0(0) € R 12 phan tir ddu tién cua stream, va ¢’ € R® 1a dao ham cua stream,
1y phéan con lai ctia stream sau khi loai bo phan tir dau tién.

Béng 1.9. Phan tich gi tri ban dau va dudi ctia stream

Pudi (Tail) Pau (Head) Piéu kién
o' = (a(1),0(2),..) a(0) 0<i<w

Zakowski va cong su [43] xét loai dit liéu stream dong quy nap (cac stream ciing

c6 thé 13 hiru han) va phat biéu mot sé mau stream dién hinh trong nghién ctru stream



18

ddng quy nap c6 tinh chat khai quat hoa tham sb. Cac mau stream nay cé cac dang
thirc nhu sau:

= Dang stream hiru han: 01€ hoac t0ttle

» Dang stream ting v6 han: 012...n(n + 1) ... hoac 07172...nt(n + 1) ...

* Dang stream xen k& v6 han: 01010101 ...

= Dang stream phan ky ngam (phan ky tiém an): trrtrer ...

Cac dang dic diém stream & trén c6 thé duoc sir dung dé dai dién cho dau vét
ctia mot hé théng chuyén doi trang thai. Poi tugng stream nhu vay 1a mot day tuan tu
cac su kién bén trong tiém an vo han, , cac su kién bén ngoai B(n), va két thic néu
hitu han bang b danh dau e. Bé don gian hda, nhém tac gia nay di gia dinh rang cac
su kién c6 thé nhin thiy mang theo mot sé tu nhién. 8(n) 1a cach ghi day du dé biéu
dién mot sy kién cd thé quan sat dugc véi gid tri n trong stream, nhung trong cac mau
stream dugc minh hoa & trén, ky hiéu nay bi lugc bo dé don gian hoa cach trinh bay.

Nhom tac gia ky hiéu B(n) dugce dung dé biéu dién sy kién ngoai vi mang gia
tri 1a mot sé tu nhién n hoic con duoc goi 1a su kién c6 thé quan sat dugc trong mot
stream cua mot hé thong chuyén trang thai. Pay 1a mot phan cua chudi cac su kién
trong mot stream, ma stream do cé thé bao gém: 7 12 cac su kién noi bo khong thé quan
sét tir bén ngoai; B(n) 1a cac sy kién ngoai vi c6 thé quan sat dugc va mang gié tri cu
thé; € 1a danh dau két thuc cua stream (néu stream hiru han). Xem qua hai vi du minh
hoa nhu sau:

= Vidu1.2: Stream s, = 01¢ twong duong v6i £(0)B(1)e 1a chudi gdm hai sy kién
ngoai vi mang gié tri 0 va 1, va sau d6 két thic.
= Vidu 1.3: Stream s; = 7071e twong duong véi t8(0)7B(1)e la biéu dién xen
k& cac su kién noi bo va ngoai vi, két thic bang e.
1.6.4. Pong quy nap dung cho stream

DPong quy nap 12 mot ky thuat chimg minh duoc st dung dé xéac 1ap tinh dong
nhét cia hai stream hodc dé chirng minh mot phé“m ttr thudc vé mot tap hop vo han.
Trai nguoc voi quy nap, ddng quy nap khong chiing minh tinh dang dén bang cach
di tir truong hop co so dén truong hop tong quat, ma thay vao dé sir dung cac dic
diém 1ap lai hoac cac dinh nghia vong lap dé chirng minh réng hai di tuong co cau
truc tuong tu nhau.

Vi tap R cua tat ca cac stream s thuc duoc mé ta & tiéu muc 1.6.3, cho théy
R® dap ung nguyén 1y chimg minh déng quy nap. R® chi ra tinh chat chung ctia mot
may trang thai stream cudi duoc goi 1a déng dai sd.

Tap R® dugc dinh nghia hinh thuc & (1.1). Trong d6, o(0) la gié tri ban dau
cua g, dao ham cua o ¢6 dang 6'(n) = a(n + 1) la cac gia tri con lai cia . Tap R?
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dugc xtr 1y nhu nhitng thyc thé toan hoc va tly thudc vao ngit canh khi dé cap dén
cac phan tir don 16 do R tao ra, ky hiéu hai stream ¢ va t ¢ dang bang 1.10.

Bang 1.10. Phan tich hai stream ¢ va 7 sb thuc R

Streams o va T s6 thue Pao ham ciia streams o Va T sb thue |
o =(0(0),0(1),0(2),...) = (59,51,52, -..) o' = (54,85, ...)
T= (T(O)rT(l)lT(Z)l ) = (tOJ tl) tZ) ) T’ = (tll tZJ )

vn > 0, ta c6 sé thuc o(n) = s,, duoc goi 1a phan tir tha n cua stream o. S6
thue nay ciing duoc biéu dat theo dao ham béc cao cua stream o, Vk > 0, dao ham
bac cao cua stream o ¢6 dang bang 1.11.

7 = 4 g k+D — (O.(k))' k=0

Ngoai ra, phan tir thir n cua stream o va T dugc cho twong ung boi o(n) =
a™(0) va 7(n) = t™(0). Bé c¢6 duoc hai stream ¢ va T bang nhau, phai c6 diéu
kién can va du dé ching minh vn > 0, suy ra ¢(n) = t(n).

1.6.5. M6 phéng hai chiéu

Pinh nghia 1.4 (M6 phéng hai chiéu) [17]: M6t quan hé R € R® x R® duoc

goi 13 mot mo phong hai chiéu (Bisimulation) trén R® néu véi moi cip (o,7) €

R® x R?, néu o R 7 thi: {G((()f), ; TT,(O), trong d6 ¢(0) va 7(0) 12 phan dau cua o va
T, cOn o' va ' 1a phan dudi ctia o va 7, tirc 1a stream con lai sau phan tir dau tién.
Khi d6, o va T 1a mot md phong hai chiéu, ky hiéu 1a: (o, T) € R hoic o ~ 1.

Pinh Iy 1.2 (Pong quy nap) [17]: Néu hai stream ¢ va t 1a mé phong hai chiéu
(o ~ 1), thisuyrarang o(n) = t(n), vn = 0, va do d6 o = 7. N6i cach khac, Vo, 1 €
R®, tacé:c~T=>0 =T1.
1.6.6. Phuwong trinh vi phan hanh vi

Céc stream va cac phép toan xur 1y stream dugc dac ta thong qua CaC phuong
trinh vi phan hanh vi, xac dinh cac dao ham va gia tri ban du cua chung. Rutten [17,
20, 37], nhom tac gia [40] dua ra minh hoa co ban vé su ton tai cia mot stream ¢ thoa
man phuong trinh vi phan hanh vi ¢ bang 1.12 (Stt: 1) nhu sau:

Bang 1.12. Phuong trinh vi phan hanh vi ctia mot stream ¢/stream hang

Stt Phwong trinh vi phan hanh vi (Tail)  Gia tri ban diu (Head) Tén/Piéu kién

1 o' =0 c(0)=1 Stream o

2 [r]" = [0] [r](0) =1 Stream hang
3 X' =[1] X(0) =0 Bién hinh thirc
4 (¢™) =g a(0) n>0

Xét stream 0 = (1,1, 1,...) véi ¢’ = g va a(0) = 1, Rutten [20] chirng minh
rang day 1a nghiém duy nhit ctia phuong trinh vi phan hanh vi. Bang cach tiép can

dong quy nap trén tap R® (Tap cac diy sb thuc vo han) va str dung tinh chét cubi,
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Rutten dinh nghia mot may trang thai hinh thirc (S, (o, t)) vdi:
= Tap cac trang thai S = {s},
= Ham chuyén d6i trang théi t: S — S sao cho t(s) = s,
= Ham quan sat 0: S — R cho o(s) = 1.

Cau tric may trang thai nay mo hinh hoa ding hanh vi ciia stream o, theo ding
phuong trinh vi phan hanh vi o' =0, Vvéi diéu kién khoi dau
o(0) =1.

1.6.7. Stream hang

Rutten va cong sy trong cac cong trinh [12, 16, 17, 20, 36, 37, 44] goi sb thuc
trong R® 1a mot stream hang. Vé6i r € R, goi [r] & stream duy nhét thoa man phuong
trinh vi ph&n hanh vi & bang 1.12 (Stt: 2).

Dé dé dang quan sat va str dung stream hang so véi viée st dung phuong trinh
vi phan hanh vi, Rutten da dua ra dinh nghia rd rang hon vé stream hang (1.2) sau:

[r] = (+,0,0,0,0,...) (1.2)

Viéc dua cac sd thuc R vao tap hop cac stream théng qua phép toan []: R —
R®, lGc nay [r] véi s thuc r cta né biéu dién. Do d6, thuong viét r thay cho [r].
Phuong trinh sau ddy dinh nghia thém mot hang goi 12 hang X ¢ bang 1.12 (Stt: 3).
Hang X dong vai trd quan trong trong tinh toan stream duoc goi 1a mot bién hinh thirc
(1.3) nhu sau:

X =(0,1,0,0,0,...) (1.3)

1.6.8. Pai sb stream
Khai niém co ban vé stream va cac phép toan stream co ban, Rutten va cong su
trong cac cdng trinh [10, 20, 45] dé xuét Iy thuyét stream (dai s stream va dong dai
s6 stream). Pai sd stream gdm cac phép toan xir Iy stream ding cho stream, gom:
cong, tich tron, tich, ddo nguoc, thanh ghi, cac phép toan nay xir ly tap dit liéu kiéu
R. Stream o dugc Rutten dinh nghia dudi dang mdt ham stream (Stream function) R
nhu sau (1.4):
o:N->R (1.4)
Trong do:
» ¢:lastream c6 dang o = (6(0),0(1),0(2),...).
= N=1{0,1,2,...}: 1a tap hop cac sb tw nhién.
= R:1atap hop céc so thuc.
Vi hau hét dinh nghia hinh thtc vé stream o, Rutten [20] sir dung khai niém
dao ham stream nhu bang 1.12 (Stt: 4). Trong do6, a(0) la gia tri ban dau cua stream
o va o' 12 dao ham cua stream ¢ bang phuong trinh vi phan sau (¢™)’ = g™*1.

1.6.9. Pong dai s6 stream
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Rutten dé xudt ddng dai s6 stream trong cac cong trinh s [17, 20] ding cho R®,
xtr 1y ddy tuan ty cac sb thuc vo han duge goi |14 cac stream. Mot tinh toan stream
dugc Rutten phat trién theo hai cach nhu sau:

= Trong giai tich: Pé cap dén vi phan stream.,

= Trong dai s6: D& cap dén tinh toan véi cac phép toan va thiét 1ap dong nhat.

Tap R® mang mét cdu tric dong dai sé cudi duoc mé ta bsi cip phép toan
stream (0, T) 6 bang 1.13. Chuing gan cho mot stream o = (6(0), 0(1),0(2), ...), V6i
o(0) € R duoc goi 1a dau va dao ham ¢’ € R® duoc goi 1a dudi & bang 1.14.

Bang 1.13. Mot céu tric dong dai sb stream ding cho R

Cap phép toan (0, T) Phan tir stream dang R®
R” om R X RY o — (a(0),0")
Bang 1.14. Phuong trinh vi phan hanh vi stream dung cho R
Gia tri cudi (T) Gia tri ban dau (0)
R® — R® R® - R
| o' = (6(1),0(2),0(3), ...) a(0) |
1.6.10. Ngon ngir RTL

RTL [46] 1a biéu dién trung gian gan vai hop ngit, ding dé mé ta, thiét ké va
kiém ching cac hé théng, bao gom tinh toan BDL dua trén phép tinh stream, dugc
luan an st dung va phan tich chi tiét & Tiéu muc 3.2.1 cia Chwong 3.

1.6.11. Khoéng gian Chu

Pinh nghia 1.5 [47, 48]: Mot khong gian Chu trén tap gia tri K (chang han K =

{0,1}) 1a mét bod ba (X, r, A), trong do:
= X latap hop céc trang thai. A la tap hop cac su kién.
" r:X xA - K 1amot hAm quan hé, anh xa mdi cip (s,e) € X X A t&i mot gia

tri trong K.

1.6.12. Mt s6 quan hé giira trang thai va sy kién trong khong gian Chu

Mot s6 mdi quan hé nén tang giita cac su kién, bao gom: Quan hé doc lap (V),
quan hé trudc sau (<), quan hé xung dot (#), va quan hé kha nang kich hoat phan
tach (den) duoc dinh nghia trong cac nghién ctru sb [49, 50] va dugc luan 4n st dung
va phan tich chi tiét & Tiéu muc 4.3 cta Churong 4.

1.7. Phén tich cac nghién cau lién quan

Céc nghién ctru vé dai sb stream cua Rutten va mot sd nhom tac gid dugc luan
an khao sat va phan tich. Cac thanh phan ciia dai s6 stream dung cho tap stream la
day céc s thuc vo han va khai niém dao ham stream, cac chimg minh dong quy nap,
va mot s6 dinh nghia duogc hinh thirc hoa.

Rutten [16] xay dung céc so d6 ludng tin hiéu va chang minh céac két qua da
biét v& mach stream bang cach su dung dai s6 stream. Céac so dd nay dugc tao thanh
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tir nhitng phép toan co ban: bo nhan, bd sao chép, bo cong va b thanh ghi. Pac biét,
Rutten dé xuit c4c mach stream dong thoi két hop cac mach stream nay lai véi nhau,
tir d6 hinh thanh cac dinh nghia va dinh Iy lién quan dén mach lip phan hoi. Mot hé
qua quan trong duoc Rutten phat biéu: Mot stream p € R 1a hitu ty néu va chi néu
n6 ¢6 thé duoc phat sinh bé1 mgt mach stream hiru han.

Rutten [15] dinh nghia, phan tich va lién két théng nhat bon ciu tric dai s6 khac
nhau trén tip hop cua cac stream bit lam nén tang cho chung dugc mo ta dudi dang
cac mach sb. Vi mot trong nhiing cAu tric dai sb nay, co cac s6 2 toan hang, Rutten
da dac ta mot 16p cac mach $6 tuyén tinh dudi dang cac stream hiru ti.

Nghién ctru [13] trinh bay cach 1ap luan vé stream 13 ddy vo han thudc mién cila
mot kiéu dir lidu dong quy nap, vdi cac phép toan thuc hién qua chuong trinh dong
dé quy va chimg minh bang dong quy nap. Nghién ciru ciing dé xuat phuong trinh
stream (Stream equation) nhu mot giai phap thay thé, dam bao ton tai nghiém.

Milius [14] nghién ctru tinh dung dan va ddy du cia cac mach stream hiru han,
xem ching nhu biéu dién d6 hoa truc quan cho cac ham stream dugc tinh br?mg hé
thong tuyén tinh hiru han chiéu. Milius dua ra mot biéu thic cho phép suy luan sy
twong duong ngir nghia gilta cac mach stream dong hiru han, dua trén déc ta ca phap
déng dai s6 hiru han cuc bo cudi.

Kupke va cong su [12] dé xuat mot dinh dang ct phap cho cac phuong trinh vi
phén stream (Stream differential equations), trong d6 moi hé phuong trinh tuan theo
dinh dang nay déu c6 nghiém duy nhat. Pinh dang nay cho phép xac dinh cac ham
stream mot cach rd rang. Nhom tac gia ciing thao luan vé phép tinh stream phi chuan
(Non-standard stream calculus), sir dung cac phép toan khac voi phép toan dau va dudi
dé xac dinh va 1ap luan vé stream va ham stream.

Stream 1a cac dbi tuong vo han voéi 1y thuyét phong phu trong toan hoc va khoa
hoc may tinh [10]. Phuong trinh vi phan stream 1a mot phuong phap dong quy nap
dé dinh nghia stream va cac phép toan trén ching. LY thuyét nay da duoc phat trién
manh, v6i nhiéu dinh dang, phuong phap giai va phan loai cac 16p stream.

Nghién ctru hé théng phat trién k¥ thuat mo phong hai chiéu cho dong dai sb,
mo rong chimg minh mé phong cho nhiéu hé théng dya trén trang thai: Hé thong
chuyén doi nhén, stream va mdy trang thai. Dac diém 1a kha nang lap luan tinh dung
din cua cac cai tién. Nghién ciru tap trung vao cac phép toan nhu tach, phan ving,
chiéu, tron stream dit liéu, von quan trong trong 1ap trinh va ngdn ngir xir 1y stream.
Céc phép toan nay duoc dinh nghia va chimg minh thudc tinh bang phép tinh stream,
mach stream, phuong trinh vi phan va nguyén 1y ddng quy nap [9].

Nghién ctru su bat bién ctia mdt so 16p mau tot cua cac stream [11], cu thé la
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cac stream hiru ti va cac stream dai s6 dudi dang phép toan tach va tron. Nghién ctru
chi ra cic mach stream dugc mé rong voi cac cong dé tach va hop nhét di hop 1a du
biéu cam dé nhan ra mot sd stream dai s6 phi hitu ti, do d6 vuot ra ngoai cac mach
stream thong thuong.

Phén tich va tinh toan stream 13 mot chi dé ngdy cang thu hat trong khoa hoc
may tinh. Dai sb stream cua diy tuan ty (1 L —) gém cac diy vo han {0,1, 1} da
duoc nghién ctru va tng dung trong tinh toan s thuc, véi khoang don vi I duoc nhung
vao tap stream )., cua day {0, 1, L }. Mot ham thuc trén T co thé duoc biéu dién nhu
chuong trinh véi ddu vao va dau ra 1a cac diy tuan ty [18]. Viéc hinh thirc hoa tinh
todn trén stream trong ngdén ngir 1ap trinh cling da dugc nghién ctru trong cac cong
trinh [19, 21].

Céc nghién ctru gin day vé 1ap lich stream dé xuét nhiéu hudng tiép can. Mo
hinh Dataflow cta Akidau [51] 1 nén tang cho Google Dataflow va Apache Flink,
hd tro xir Iy stream m& rong voi ngir nghia theo thoi gian su kién, watermark va cac
ctra sO (tumbling, sliding, session), nhung thiéu 1ap lich pipeline va mé hinh héa phu
thudc tac vu cho bai toan BDL phtrc tap. Mao [52] va Zhou [53] ap dung hoc tang
cuong sau cho quan 1y tai nguyén dong trong stream va cloud, tuy c6 kha nang thich
g va hoc lién tuc cao nhung khé tich hop vao pipeline do phurc tap huan luyén, tiéu
t6n tai nguyén va khé mé hinh héa phu thudc pipeline. Tuong tu, hoc chi dong cta
Cacciarelli [54] hd tro thich tmg truc tuyén qua chon mau thong tin nhung chi yéu
ci thién do chinh xdc md hinh hon 12 ti wu pipeline.

Xét cac phuong phap lap lich t6i wu hoa, Tantalaki va cong su [55] dé xuat mo
hinh quy hoach tuyén tinh két hop phuong trinh Diophantine cho 1ap lich dinh ky
trong hé théng stream phan tan. Shukla [56] giéi thiéu 1ap lich diéu khién theo mo
hinh, dy doan tai nguyén va do tré dé phan bo tac vu thich tng trén Apache Storm.
Nghién ciru nay phat trién moé hinh lap lich pipeline thong nhat dya trén quy hoach
tuyén tinh, déng thoi tdi wu phu thudc tac vu, budc diéu khién, tai st dung tai nguyén
va tranh xung dot trong xtr 1y stream thoi gian thue.

1.8. Phan tich va so sanh ly thuyét stream

Qua viéc phan tich nhitng dic diém cia cac cong trinh nghién ctru lién quan Iy
thuyét stream. Trong phan nay, luan an thyc hién rat trich ra cac tiéu chi dic trung
clia mdi cong trinh nghién ctru lién quan da dong gop vao 1y thuyét stream, qua do
lap bang phan tich va so sanh [CT.8].

1.8.1. Phan tich ly thuyét stream
Luan 4n tién hanh phan tich cac nghién ciru lién quan dya trén hai tiéu chi d6 1a

ap dung 1y thuyét stream va cac loai cdu trtc dit liéu (Hinh 1.9). Tiéu chi 1: Ap dung
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1y thuyét stream (Dai s6 stream va dong dai s stream) vao xir 1y dir liéu. Tiéu chi 2:

Viéc ap dung vao céac loai cdu truc dir liéu (Ky hiéu sd 1a dir liéu c6 cdu tric, ssd 1a

dir liéu ban céu trac, va ud 1a dir liéu phi ciu trac). Bang 1.15 va 1.16 thé hién phan
tich hai tiéu chi nay nhu sau [CT.8].

[ DULIEU LON (BIG DATA) |
Lién quan dén cdc dang thire *

CAC LOAI CAU TRUC (STRUCTURED TYPES)

Dit liéu phi cAu trac
Untructured Data (ud)

Dit li¢u ban cu tric
Semi-structured Data (ssd)

Dit lidu ¢6 cdu trac
Structured Data (sd)

- -

Chira dung *

CAC LOAI DU LIEU (DATA TYPES)

Diy s tu nhién - Natural number sequences, Diy sd thuc - Real number sequences, Day s6 hitu ty - Rational number sequenges, Day
s0 phi hiru ty - Non-rational number sequences, Day so nguyén - Integer number sequences, Tap mau ty - Alphabet set A, Luong Bit -

Bit streams, Dir liéu I6n dang Livestream - Big Data in Livestream (BDL)

Xir Iy A

LY THUYET STREAM (STREAM THEORY)

Bang 1.15. Phan tich dai sé stream qua viéc 4p dung va loai cAu tric

Pai 6 Stream (Stream Algebra)

Hinh 1.9. Céc loai cdu trac dir liéu dung cho Iy thuyét stream

Pong dai s6 Stream (Stream Coalgebra)

cona trinh Ap dung dai s6 stream Loai cau
g (Applying stream algebra) trac
KC%\:]acgl;/a Tinh toan bicu thuc riit gon bang céc stream 16ng nhau, yéu cau ud
20.23?[5.7,] thudc tinh thong nhat vé thir tw cho moi stream dau vao.
I:g:]alasxa Ap dung cho h¢ théng thi giac may tinh quy md 16n va ap dung ud
20'229[3'3'] co che duong ong (pipeline) xir ly cua no.
Michele va 7 ’
cong su,  Deé lién ket da thire, phuwong trinh vi phan va cac stream. ud
2021 [40]
vgﬂsgr:ms?r Céc phép toan co ban trén dai s6 stream &p dung cho day s6 thuc ud
2018 ?581' va day so tu nhién.
Helle va A A s <
CoNa Su Phuong trinh vi phan stream (dong quy nap) dac ta stream va cac ud
20'179[1'0’] phép toan trén stream.
Gclgrzglguva Pé m6 hinh hoéa ci phap, ngit nghia cua tién trinh ngau nhién véi :s(zi
20'159 [5'9’] trang thai lién tuc cua ham noi sinh trong khong gian do luong. sd
Fégr?pzl;/a Dé gilp toi thicu hda may trang thai hitu han, chimg minh tinh ssic.dd
20'13 [6.0'] dung dan va m¢ ra cach tiep can tong quat hon. ud
’;I(;ggls\llla Phép tinh va mach stream dinh nghia, chitng minh tinh chat céc Ssscii
2013 [1'1’] phép toan stream: splitting, partitioning, projecting, merging. ud
; . sd
iégﬁkil\;a Phan tich phép tinh stream phi chuan, s dung phép toan head va ssd
20'119[1'2’] tail dé dinh nghia va 1ap luan v¢é stream va ham stream. ud
Miladva Ap dung dai s6 stream nghién ctu cac phép toan nhu sd
cong su,  partitioning, projecting, merging va splitting trong lap trinh va ssd
2010 [61] ngdn ngtt xtr ly stream dir liéu. ud
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;Qr?g Svl? Ap dung qai s stream nghién ctru lap trinh va lap lich stream di ud
2d08 [6'2] Ileu cho cau hinh dau vao. ‘ o
Rutten, Ap dung phép tinh stream dong quy nap cho so d6 luong tin hiéu ud
2005 [63] va xu ly hinh thic cho chung.
Rutten,  Ap dung bon cau tric dai s6 trén tap bitstream lam nén tang mo sd
2005 [15]  ta dudi dang mach k¥ thuat so. ssd
Rutten,  Ap dung dai s6 stream gom cac phép ton bo nhéan, bo sao chép, sd
2004 [16]  bd cong va bo thanh ghi dé xay dung so dd ludng tin hiéu. ud
Ap dung tinh toan trén stream gom phuong trinh vi phén, phén sd
Rutten, d
2001 [17] s6 lién tuc va céc bai toan roi rac, to hop. Tac gia phat trién phép SS
tinh stream ddng quy nap cho day sb thuc vo han. ud

Bang 1.16. Phan tich dong dai s stream qua viéc &p dung va loai cau tric

Ap dung dong dai so stream

lying stream coalgebra

M IP hele va Lién két da thirc, phuong trinh vi phan va cac stream trén trudng
CONG SW. ¢ 4& xay dung I6p (F, G) trén stream ud
2024 [39] ' ’ '
Florl[aGrll]Z 022 Cho ngir nghia ctia may trang thai khong xac dinh va dinh danh. SSS%
RUtt(Egé]Z019 Dé nghién ciru hanh vi cua hé théng dong dua trén trang thai. ud
Hennin So sanh bon phép toan tich trén ngbn ngit cO trong so: sd
2019 [6%’] convolution, shuffle, infiltration va Hadamard, va phat hi¢n tap ssd
ngdn ngi c6 trong sé 1a mot dong dai sé stream cudi. ud
Fégﬁgzll/a Ung dung ngir nghia todn hoc cho cac phép toan va phép tinh s’sdd
2017 [6'6] trén stream so thuc vo han. ud
Rotvacong Su tuong duong va da dang cua ngon ngir hinh thirc duoc kiem sd
su, 2016  tra dong quy nap qua mo phong hai chi¢u trén may trang thai tach ssd
[67] biét. ud
ggg;t;f Dé biéu dat va dic trung hoa ngdn ngit phi ngir canh qua ham Sssdd
2015 [ 4'1] stream va h¢ phuong trinh vi phan hanh vi. ud
X Nghién ctu day tuan tu k tir quan diém dong dai s6 stream, Xay
Helle va
A dung trén tap stream cua nira vong S nhu mot dong dai s6 cum
cong su, ud
Ho dic trung diy tuan tu k qua may trang thai cd trong sé hiu
2014 [68] . N TR
han, hé phuong trinh vi phan va chuoi ma.
Rot vacong MO0 phong hai chiéu lam don gian hoa dong dai so stream va mo
su, 2013 rong phan tich hanh vi cac cau truc dong dai so, nang cao phuong ud
[69] phap ching minh.
Trong lap trinh ham va Iy thuyét loai, vai Iy thuyét co ban trién
. sd
Venanzio,  khai qua c4c loai ddng quy nap. Nghién ctru _ing dung phuong ssd
2011[70] phap dong dé quy cho dé quy tong quét, chudi mi hinh thuc va ud
Iap bang ham trén dix liéu quy nap.
Sg%as\f Nghién cuu tap hop cac cay nhi phan vo han T4 véi nodes gan Sssc(lj
2010 [7‘1] nhén naa vanh A tr géc nhin dong dai so. ud
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Marcello va Dong dai s6 da thirc mo ta cac hé thong dong, nhu may trang thai
cong su, xéac dinh va hé thdng chuyén trang thai gan nhan, théng qua cac ud
2009 [72]  ham ti da thic.
Rutten, 2008 Nghién ctru stream hitu ty trén mét truong dudi goc nhin ddng ud
[73] dai s6 va khai théc tinh hiru han cta tap céc stream.
Rutten, 2006 M6 ta dao ham stream va khai quat hoa dao ham cua cac hiéu ud
[74] thurc hiru ty cho ham stream véi mau ty dau vao va dau ra tuy y.
Rutten, 2005  Phét trién cau trac dong quy nap cudi trén tap stream dé xay dung ud
[36] phép tinh dong quy nap dudi dang day so thuc vo han.

1.8.2. Phan tich va so sanh 1y thuyét stream trén céc tiéu chi
Bang 1.15 va bang 1.17, luan 4n nhén thiy ring viéc phan tich 1y thuyét stream

mang lai nhitng loi ich trong viéc xur ly dit liéu 16n, gitp xac dinh cac dac trung cua
Iy thuyét stream da dong gop. Cac nghién ciru lién quan di giai quyét duoc cac loai
dir liéu da dang, tuy nhién van chua cha trong dén stream dang BDL trong cac hé
théng tinh todn. Vi vay, luan an xay dung bang 1.17 nham phan tich va so sanh céc
cong trinh nghién ctu trude day so voi cac cdng trinh nghién ctru d3 cong bd cua luin
an duya trén hai tiéu chi dic trung da dugc cong bd & cong trinh [CT.8] nhu sau:

= Tiéu chi 1: C4u truc, tinh chat, va phép toan

= Tiéu chi 2: Pham vi va ap dung

Bang 1.17. Phan tich va so sanh nghién ctru lién quan so vdi nghién ctru cua luén an

| Céc cdng trinh nghién citu caa luin an
" Cau truc, tinh
CONG (14t va phé
trinh » Va pliep
toan

Cac cdng trinh nghién cau lién quan
Cau truc, tinh

Céng
trinh

Pham vi va ap
dung

Pham vi va ap

chit, va phép dung

toan

Mauricio | Biéu thuc dai s6 | Sequential Dang | Xay dung cau|Biéu thuc dai s6
vacong | minh hoa qua trinh | composition, Van |traic  dai  s6 md ta qua trinh
su, 2018 | xir ly tin hiéu bang | Parallel Pham | monoid, céc tinh|dic ta co ché
[58] | cach két hop cac | composition, va | chat monoid bién/hoat dong cua
phép todn mot ngdi | Transformation, | cong | dbi stream, cac|stream dang
va hai ngoi, thé | Synchronized su, may trang thai, BDL trong cac
hién cac buéc: thu | parallel 2024 | cac bo té hop/hé théng tinh
thap, tao do tré,  composition, [CT.3] | (Combinators) |toan.
chuan hda, khuéch | Restriction, may trang thai
dai, dao nguogc va | Reverse, dung cho stream
t6ng hop dé tao dau | Delays, dang BDL.
ra. Extract, Sum
Michele, | Cac phép toan nay | Sum, Dang |(Xay dung cac Muoi phép toan
2021 [40] IaAmlnh hc_)acﬁatlcr! Product, Van phép toan xu Iy st’ream_ABDL ’Ia
trén cac stream thé | Shuffle, Pham |cac biéu thuc
hién viéc dung dai | Hadamard vy streamdang BDL: 4.; o4
s6 va dong dai s6 dé cong |- Dropping = Phép toan
tim biéu thirc dong su, operator (Phép mot ngoi:
cho ham sinh dai s6 2023 | loai bo), - Phép toan
va nghiém cua [CT.1] i dropping
phuong trinh vi [CT.2] | Taking ) loai bo frame
phan. operator (Phép | thy k cua
Niqui vd | Cac phép toan nay | Splitting, toan lay), tirng khdi
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Rutten,
2013 [11]

va céc tinh chat cua
né dung dé phan
tach, chiéu va hop
nhit cac stream.
Trong do phép toan
take va zip dung dé
tron va tach stream
ma van bao toan
duoc lop stream
hiru ti va stream dai
s6 ¢c6 cau tric va
mau rd rang.

Partitioning,
Projecting,
Merging,
Take,

Zip

Rutten,
2004 [16]

Céac phép toan nay
cho phép tinh téng,
tich chap va dao
nguocC stream R®.

Sum,
Convolution
product,
Inverse.

Rutten,
2019 [20]

Cac phép toan
cong, tich va trir
trén tap s nguyén
Z, phép toan loai
bo, cong cuc bo,
dao nguogc stream
N va tach dao ham
stream.

Addition,
Multiplication,
Minus,

Drop,

Partial sum,
Inverse,
Splitting stream
Derivatives

Henning

va cong

su, 2019
[65]

Céac phép toan nay
lAn luot ndi chudi,
tron  xen khong
ddng bo, tron xen
dong bo, va xen k&
hoan toan dong bo
gitta cac hé thong
stream tao thanh
mot vanh c6 mot
tinh toan hanh vi.

Convolution,
Shuffle,
Infiltration,
Hadamard,
Inverse,

Shuffle inverse.

Kupke va
cong su,
2012 [42]

Biéu dién tap hop
stream mau tu A
mang mot cau trdc
dong dai so stream
cubi dang:
(A%, (head, (even, odd))
Trong do:
Head(0)=0(0) € Ava
even(o) = ¢(0),0(2)
odd(o) = 0(1),0(3)

Head,
Tail,
Even,
Odd.

Silva va
cong su,
2010 [71]

Céc phép toan nay
ding d& md hinh
héa c&c cay nhi
phan dudi dang
chudi mii hinh thirc
tao thanh mot dong
dai s6 cudi.

Head,

Tail,

sum,
Convolution
product,
Star,
Inverse.

Rutten,
2008 [73]

Céac phép toan nay
biu dién dau, dudi,
tong, tich chap, va

Head,
Tail,
Sum,

Zipping
operator (Phép
toan nen),

Splitting
operator (Phép
toan tach),

Reverse
operator (Phép
toan dao
nguoc),

Merging
operator (Phép
toan tron),

Convolution
product
operator (Phép
toan tich chap),

Copying
operator (Phép
toan sao chép),

Registering
operator (Phép
toan thanh
ghi),

Assignment
operator (Phép
toan gan)

dau vao kich
thudce [ trong
stream.
Phép toan
taking lay
tung frame
trong stream.
Phép toan
zipping la
nén ting
frame trong
stream.

Phép toan
splitting la
tach ting
frame trong
stream.

Phép toan
reverse duoc
t6 hop tur
phép toan
zipping va
taking dé
dao ngugc
cac frame
trong mat
stream.
Phép toan
copying
dung dé sao
chép mot
stream thanh
hai stream.

Phép toan
registering
duoc dung
dé luu két
qua trung
gian cua
stream vi cO
stream don
Vi do tré.

Phép toan
hai ngoi:
Phép toan
merging
duoc s
dung dé tron
hai stream
thanh mot
stream
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ddo nguoc tich cua| Convolution nhung van
cac stream hiru ti. | product, duy tri ban
Multiplicative chat cua
inverse. stream.
Rutten, Céc phép todn nay Head, Phép toé}n
2006 [74] bidu didn da ~: | Tail, convolution
ieu dién dau, dudi,
2 S 2| Sum, product
tqng, hiéu, thh, va Minus. duoc dung
déo nguoc tich cac| p oy o d trién khai
bitstream. Inverse. tron cac
Rutten, | Cac phép toan nay| Head, frame trong
2005 [36] | biéu dién dau, dudi,| Tail, hai stream.
tich chap, tich tron| Convolution Phép toan
va ddo nguoc cua| product, assignment
céc stream s thyc| Shuffle duoc ding
mang maot cau trdc| product, degan
ddng dai sé cudi. | Inverse stream Vi
stream.

1.8.3. Vai tro ctia muoi phép toan xir ly stream dang BDL

Phén tich va so sanh trong cac bang 1.15-1.17 cho thay rang cac nghién ciru
trudc day cha yéu sir dung phép toan rdi rac dé xir 1y cac diy tuan tu hitu han, dua
trén cac kiéu dit liéu nhu N, R, Z, Q, R®, mau tu 4, bitstream va mach stream. Trong
khi d6, bang 1.17 trinh bay hé théng mudi phép toan dugc luin an phét trién riéng
cho stream dang BDL, nham xu 1y ca dit 1i€u hiru han va vo han trong thoi gian thyc.
Céch tiép can nay cho phép xay dung cac phép toan Stream mot ngdi va hai ngéi,
huéng dén viée hinh thirc hda co ché hoat dong cua céc stream phi cau trac duge dinh
nghia chi tiét tai Tiéu muc 2.3.3, trong d6 Tiéu muc 2.3.3.11 trinh bay nhitng loi ich
cu thé cia cdc phép todn xir 1y stream dang BDL trong cdc CS (Chwong 2).

Nhitng phan tich 1y thuyét nén tang & tiéu muc 1.6, cic nghién ctru lién quan &
tiéu myc 1.7, va phan tich va so sanh 1y thuyét stream & fiéu muc 1.8, tir d6 luan an
nhan thay rang nhitng thé manh va han ché cua Iy thuyét stream duogc trinh bay chi
tiét trong fiéu muc 1.9. T day, ludn an rat ra nén tang 1y thuyét stream ding cho
stream dang BDL trong CS duoc trinh bay chi tiét trong tiéu muc 1.10. T d6, luan
an di dén nhirng nhan xét va dat ra 3 van dé nghién ctru cua luan an dugc trinh bay
chi tiét trong tiéu muc 1.11.

1.9. Thé manh va han ché caa ly thuyét stream

Ly thuyét stream cung cap mot khung toan hoc hinh thire chat ché dé xu 1y
stream dang BDL, hd tro dinh nghia va phén tich céc tinh chat cia stream. Tuy nhién,
do tinh triru tuong cao va do phiic tap 16n nén viéc ap dung Iy thuyét ndy vao thuc
tién kho khin. Qua trinh chuyén tir mé hinh 1y thuyét sang tinh toan cu thé con nhiéu
tré ngai do thiéu cong cy hd trg. Mic dit manh mé, 1y thuyét stream hién van chil yéu

g dung trong hinh thirc hoa va cau tric dit liéu vo han dong [CT.8].
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1.9.1. Thé manh cia dai sé stream

Pai sb stream 12 mot khung toan hoc hinh thirc dé dinh nghia va thao tac trén
cac stream dang BDL, giup dam béo tinh diing ddn cho cac thuat toan va hé thong st
dung stream. N6 cho phép xay dung céc stream phtrc tap tir cac stream don gian nho
tinh lién két, hd trg hinh thirc hda dap Gtng mé hinh hoa, phén tich tinh chét va kiém
chtng hinh thirc. Dai s stream c6 kha ning biéu dat linh hoat, v6i nhiéu phép toan
s6 hoc, cac phép toan xir 1y stream va bién d6i trén cac stream, gitp dé dang dién dat
céc thao tac can thuc hién. Khung nay dac bi¢t phu hgp cho cac stream dang BDL,
thich hop véi cac ing dung nhu xir Iy tin hiéu, hé thong thoi gian thuc, va nghién ciru
Iy thuyét ngon ngir hinh thac [CT.8].
1.9.2. Han ché ciia dai so stream

Pai s6 stream c6 tinh triru tugng cao, gdy kho khin cho ngudi khong quen véi
toan hoc nang cao va lam han ché kha nang tng dung. Viéc chuyén dic ta 1y thuyét
thanh trién khai rat phirc tap, do cau truc 1y thuyét khong twong thich véi ma thyc té.
Cong cu hd tro con han ché so véi cac phuong phap 1ap trinh chinh théng, khién thuc
nghi¢m kho khan. Dai s6 stream hitu ich trong cac linh vuc nhu xtr 1y tin hiéu va hinh
thirc hda, nhung tmg dung cho dit liéu hitu han con han ché, nhat 13 trong méi trudng
thoi gian thuc van 1a thach thirc [CT.8].
1.9.3. Thé manh ciia dong dai s6 stream

DPong dai s6 stream 12 mot khung toan hoc str dung phuong phap dong quy nap
dé dinh nghia va 1ap luan vé céc stream, dic biét hiéu qua vdi cac cAu trac dit liéu vo
han. Phuong phép nay tap trung vao hanh vi hé thdng theo thoi gian thuc, pht hop dé
md hinh héa cac hé théng dong va lién tuc bién ddi. N6 hd tro hinh thirc héa stream,
cho phép mo ta hanh vi phirc tap va thac ddy tai sir dung qua cac cdu trac biéu dat
linh hoat. Pic biét, tinh ddi ngﬁu gifra dai s6 stream va déng dai sb stream mang lai
nhiing cach tiép can hiru ich trong xir 1y dir liéu v6 han [CT.8].
1.9.4. Han ché cia dong dai so stream

Bén chit dong quy nap va cac khai niém triru tuong trong dong dai s6 stream
c6 thé kho hiéu. Viéc chuyén dbi dic ta dong dai sb stream thanh trién khai thuc té
gip nhiéu thach thirc, vi tinh triru trong cta n6 khong dé dang ap dung vao mo hinh
1ap trinh thyc tién. Du c6 cong cu cho ddng quy nap, hé sinh thai cong cu cho dong
dai s6 stream van chua phat trién, can tro viéc ap dung va thir nghiém. Tuy nhién, nd
rat phu hop dé mo hinh hoa cac hé théng vo han, kiém ching hinh thic va mdt $6
loai stream dit liéu. Kha ning ap dung ddng dai s stream cho cac van dé dit liéu hitu
han con han ché. C4ch hinh thtrc va ky hiéu trong dong dai sd stream c6 thé kho hiéu,

yéu cau hiéu biét sdu vé ddng quy nap va toan hoc [CT.8].
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1.10. Ly thuyét stream dung cho stream dang BDL

Ly thuyét stream trong boi canh dit liéu 16n xoay quanh viéc xir 1y stream dang
BDL lién tuc theo thdi gian thuc. Viée 4p dung 1y thuyét stream vao phan tich stream
dang BDL lién quan dén mét s nguyén 1y va hinh thirc hoa dé xtr Iy stream dir liéu

dang BDL lién tuc, mot tiép can hinh thirc hoa hiéu qua dé dap ing mé hinh héa va

kiém chimg hinh thitc co ché hoat dong cua stream dang BDL [CT.8].

1.11. Nhan xét va dat nhirng van dé nghién ciéu

Viéc téng quan phan tich dit liéu, nhitng 1y thuyét nén tang, va tong quan Cac
nghién ctru [9-21] di dua ra cac phan tich va tinh toan stream vé ddy so nguyén, so
thuwe, mach s6 thwe, mach sé nguyén thudec N® va R®. Ngoai ra, cac mo hinh stream
dir liéu truyén thdng déu xem stream nhu 13 ludng 6n dinh, khéng mé hinh hoéa t6t
tinh xen k& frame, toc do luéng thay ddi, va céu trac da phuong thirc (van ban, hinh
anh, am thanh, video). Dua trén co s& do, luan an tap trung vao khao sat, phan tich

va nghién clru tap cac stream A® dang BDL bang viéc dit ra nhitng vin dé nghién

ctu & tieu muc 1.11.1.
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Hinh 1.10. Khung hinh thirc hoa stream thé hién 03 van dé nghién ciru cta luan 4n vé
hinh thirc hoa co ché hoat dong ctia stream BDL trong IoMT
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1.11.1. Dit nhirng vin dé nghién ciu

Trong linh vuc xir Iy stream, mic du 1y thuyét stream d3 c6 nhirg déng gop
dang ké nhung vé tinh sn ¢ cta hinh thirc héa stream dang BDL van con bo ngo.
Lué4n 4n dit ra nhitg van dé nghién cru dwa vao phuong phap hinh thirc dé hinh thire
hoa co ché hoat dong cta stream dang BDL trong thoi gian thuc. V6i nhitng phan
tich trén, luan 4n dit ra 3 van dé nghién ctru xay dung mot s6 khia canh dai sb dung
cho stream dang BDL hinh 1.10.
1.11.2. Van @@ nghién ciru s6 1

Gop phan giai quyét thach thirc vé tinh triru twgng ctia md hinh héa stream dang
BDL, luan an nghién ctru xay dung mat s6 khia canh dai s, gém: xay dung muoi
phép toan xir ly stream (drop, take, zip, split, reverse, merge, convolution product,
copy, register, assign), mé rong dai sé stream va dong dai s stream, xay dung cu
tric dai s6 monoid, va tinh chat monoid dung cho stream dang BDL trong IoMT. M6t
s6 khia canh nay giup xac dinh ngit nghia dai s6 cta stream dudi dang cac biéu thirc
dai s6. Van dé nghién ctru s6 (1) nay s& dugc trinh bay chi tiét trong chuong 2.
1.11.3. Van @2 nghién ciru s6 2

Gop phan giai quyét thach thirc vé phan tich tinh chat ciia m6 hinh hoa stream
dang BDL, luan an nghién ctru xay dung co ché lap lich dé xir 1y stream dang BDL
gém 04 budc: Phan hoach cac phép toan stream; Lap lich cho tinh toan BDL; Cap
phat va lién két thanh ghi; Cap phat va lién két don vi chtic nang. Viéc 1ap lich nay
nham mang lai khai thac cac loi ich c6t 16i nhu: giam d6 tré (bang viéc chia cac
CStep), tang thong lugng (bang viée 1ap lich theo co ché dudng dng), cin bing tai
(bang viéc phan b déu cac phép toan stream trén timg CStep), va t6i uu hda tai nguyén
(bang viéc tai sir dung thanh ghi tai m&i CStep). Van dé nghién ciru s6 (2) nay sé
dugc trinh bay chi tiét trong chuong 3.
1.11.4. Van dé nghién ctru s6 3

Gop phan giai quyét vé thach thirc vé kha ning kiém chimg hinh thirc stream
dang BDL, luan an nghién ciru xdy dung md hinh ngit nghia dai s6 (ASM) dé xtr Iy
stream dang BDL. M4 hinh nay cho phép dic ta mbi quan hé giita may trang thai mirc
chuyén d6i thanh ghi (ASARrTL) va may trang thai dic ta dai s6 (ASAspec) dé kiém
chung céac két qua tong hop RTL va SPEC. Viéc kiém ching nay mang lai sy khang
dinh ASArTL = ASAspec 1a ding hay khong (ASArTL € ASAspec hodc ASArTL D
ASAspec). Van dé nghién ctru s6 3) nay s& dugc trinh bay ¢ chuong 4.

Ba muc ti€u nghién ctru cua luan an duoc thiét ké theo hudng bd tro 13n nhau,
tao thanh mot chinh thé logic va nhat quan, qua d6 bao quat cac van dé cbt 161 con

chua duoc giai quyét trong bai toan dai sb stream dung cho khoa hoc phan tich dix
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li¢u 16n dang livestream. So dd minh hoa & Hinh 1.10 thé hién 1 cu tric lién két
chit ché gifta cac chuong, phan anh sy xuyén subt trong dinh hudng nghién ctru va
trién khai noi dung cua luan an.

1.12. Phan két chwong 1

Chuong nay di trinh bay nhitng nghién ctru vé dit liéu 16n c6 dir liéu 16n dang
livestream (BDL) va cac khai niém co ban cua 1y thuyét stream 1am co so hinh dung
cac cong viée nghién ciru tiép theo cua luan an. Phu thudc vao nhu cau khiam pha
nhirng dac tinh khoa hoc cua stream dang BDL, luén an tién hanh phan tich va so
sanh céac dic trung cua 1y thuyét stream, tir d6 rat ra nhitng thé manh va han ché cua
Iy thuyét nay 1am nén tang ap dung vao luan 4n.

Vi bdn thach thirc vé hinh thirc hoa stream dang BDL duogc luan an chi ra ¢
phan M¢ ddu trong Tiéu muc 2, dé giai quyét bon thach thirc ndy, chuong 1 di gi6i
thiéu mot sb 1y thuyét nén tang can thiét dé ap dung vao xay dung mot sb khia canh
dai s6, t&i uu hoa lap lich, va mé hinh ngit nghia dai s6 dé hinh thtrc hoa co ché hoat
dong cua stream nham dap tmg ngir nghia dai s cua stream dang BDL. Nhiing Iy
thuyét nén tang bao gom:

» Dir li€u, dit liéu frame, ham, phép toan tich va téng, tap hop con, quan hé, cAu tric
monoid, quan hé thtr tu va thu tu cuc bg, cAu xa véi pham tru, ham tir, ham ti trén
tap hop, déng clu, céc phép toan stream co ban, khai niém vé stream, d@)ng quy
nap, md phong hai chiéu, phuong trinh vi phén, dai s6 stream, dong dai sd stream,
nhitng 1y thuyét nén tang nay duoc str dung dé phuc vu cho chirong 2.

= Coché dudng éng, dir liu, dir ligu frame, ham, ngon ngtr RTL, ciu xa, co ché 1ap
lich, budc diéu khién, cac phép toan stream co ban, khai niém vé stream, déng quy
nap, mo phong hai chidu, phuong trinh vi phan, dai s6 stream, dong dai s6 stream,
nhiing 1y thuyét nén tang nay dugc s dung dé phuc vu cho chuong 3.

» Dit liéu, dir liéu frame, ham, ngoén nglr RTL, khong gian Chu, budc diéu khién, mot
sO quan hé nén tang giira trang thai va sy kién trong khong gian Chu, nhiing ly
thuyét nén tang nay duogc st dung dé phuc vu cho chirong 4.

Chuong 2 xdy dung mot sb khia canh dai s, gdm: Xay dung mudi phép toan
xtr 1y stream, t6 hop cac phép toan nay thanh céc biéu thirc stream, mé rong dai sd
stream va dong dai sb stream, ap dung mudi phép toan xt 1y stream ndy vao xay dung
cAu trac dai s6 monoid va cac tinh chit monoid dé hinh thirc héa co ché hoat dong

cua stream dang BDL trong [oMT.
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Chuong 2. XAY DUNG MOT SO KHIA CANH PAI SO CUA STREAM
DANG BDL TRONG IoMT

Chuong nay tap trung xay dung mot sd khia canh dai s6: Xy dyng mudi phép toan
xu ly stream, m¢ rong dai sb stream va déng dai sb stream, xay dung cau trac dai sd
monoid va tinh chit monoid ding cho stream dang BDL trong IoMT. Péng gop nay
dé hinh thirc héa (mé hinh héa, phan tich tinh chat va kiém ching hinh thirc) co ché
hoat dong ctia stream nham dap Gng ngit nghia dai s6 cua stream dang BDL. Cu triic
dai s6 monoid hinh thirc héa co ché hoat dong cua stream bang muoi phép toan xir Iy
stream duoc luan 4n xay dung ap dung vao tinh chét két hop va tinh chit déng nhat
stream dang BDL. Tinh chat monoid dé hinh thirc héa co ché hoat dong cua stream
bang cic phép bién d6i stream, may trang thai stream, va cac bo to hop may trang
thai stream dang BDL trong [oMT. Nhitng két qua nghién ctru cta chuong 2 nay da
dugc cong bd trong cong trinh [CT.2] va [CT.3].
2.1. Giéi thigu h¢ théng tinh toan

Theo dong thoi gian, s xuit hién da dang cua cac thiét bi dién tir (may tinh,
dién thoai, sensor, 10T va 1oMT) dang ting gidy tao ra khdi luong dit liéu 16n (bao
gdm stream dang BDL) cuing véi cac tinh chat phirc tap cta nod trong cac hé théng
tinh toan (CS) [CT.1][CT.3][CT.5][CT.7][75, 76] (Hinh 1.1, 1.6 va 2.1). Nhan thay,
trén cac nén tang mang xa hoi hién nay dang c6 luu luong livestream rat 16n, day 1a
co s& dé luan 4n tap trung vao nghién ctru mot s6 khia canh dai sd cua stream dé hinh
thirc hoa co ché hoat dong cila stream dang BDL trong CS nham dép tng ngir nghia

dai s6 cua stream (Hinh 2.1).

HE THONG TINH TOAN (CS)

[T T === —— = —Pﬂ Dur liéu 16n ”4 —————————————————————— A

Thuéc vé cdc dang thirc * :

CAC LOAI CAU TRUC DU LIEU :

| Dirlidu c6 cdu tric | »|  Dirli¢u bin chu tric |« {_Daliéu phi cautric | |!
:
|

Thudc vé cdc dang thirc *
———————————————————————— {‘ Dir liéu 16n dang Livestream - BDL M————————————————————————
Duege sit dyng dé hinh thirc héa &
CAC CAU TRUC PAI SO VA CAC TINH CHAT PAI SO

—_— - — == T e O L s T e e e —

Hinh 2.1. Hinh thirc hoa stream dang BDL trong céc hé thong tinh toan (CS) [CT.7]
Do thach thirc vé tinh sén c6 cuia hinh thirc hoa stream va xuat phat tir tinh chat

tu nhién cua stream dang BDL (Hinh 2.1), chuong nay xay dung mudi phép toan xur
ly stream [CT.1][CT.2], cAu tric dai sé monoid va cac tinh chat monoid dé hinh thirc
hoa co ché hoat dong ciia stream. Céc tinh chat monoid tao ra mot sé khia canh dai
s6 gom: cac phép bién doi stream, may trang thai stream dang BDL va céc b t6 hop
cuia may trang thai stream dang BDL trong 1oMT [CT.3][CT.5][CT.7].
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2.2. Phan tich loMT, BDL va méi quan hé giira ching

Nhitng tién bd vé cong nghé (Sensor, 10T, IoMT, CS) cho phép chung ta gui
stream dang BDL d thu thap duoc tir cic cong nghé nay dén cic trung tAm tinh toan
dé xtr 1y trong thoi gian thyc. IoMT 1a mot mang két ndi cac thiét bi voi nhau [77, 78]
gé)m: bo truyén dong, bo cam bién, may anh va nhiéu thiét bi khac tao ra luong 16n
dir liéu. Do sy phat trién quy mé 16n cta cac ung dung trong [oMT 1am cho viéc san
xudt dit liéu 16n 1&n dén geophytes (21° brontobytes) va vurgt qua ca brontobytes (21°
yottabytes) (Hinh 1.6). Cac ing dung nay gom: thanh phd thong minh, cong nghiép
thong minh, nha théng minh, hé thdng van tai thong minh [28], va hé thong cam bién
théng minh di tao ra luong 16n dir liéu nhu vay. Do vay, mdi quan hé gitta IoMT va
BDL dong mdt vai trd quan trong trong su tién bo cua cudc cach mang k¥ thuat va
cong nghé [76, 79].

2.2.1. Khai niém IoMT

Hié¢n nay, y tuong vé két ndi tat ca van vat di dong dan dén su xuat hién cua loT
va loMT, ¢6 thé dugc st dung nhu mot thiét bi di dong dé thu thap dir liéu tir cac thiét
bi IoMT (Hinh 1.6 trong chuong 1) dugc trién khai tir xa hodc c6 thé hoat dong nhur
mot cau ndi giao tiép [28, 77]. Nhu vay, IoMT dang thay d6i co ban thé giéi bang
cach cho phép nhiéu thiét bi di dong giao tiép va trao doi dit liéu v6i nhau dé roi dir
liéu dugc sinh ra mdt cach tu nhién. Nguoi dung cé thé duoc xem nhu mét loai dbi
tuwong di dong, ho dugc trang bi céc thiét bi deo c6 thé cung cip hodc nhan cac dich
vu tir [OMT hodc dén ToMT [80]. Bo cac vat thé di dong c6 thé tao ra mang khong
day di dong va cung cap cac dich vu. Mang nay c6 thé bao phu mot khu vuc rong 16m,
trong khi cac thiét bi két ndi véi mang tuong tac 1an nhau dé thuc hién cac nhiém vu
phuc tap [81].

Dua vao phan tich ¢ trén va &p dung phuong phap hinh thirc (Luan an gia dinh
xem loMT 1a mém héa), IoMT duoc luan &n hinh thic héa chung cho mét tap cac
trang thai hitu han x € JoMT, mdi trang thai c6 thé nhan biét dugc l1a dang & trong
loMT (Khi d6, ky hiéu JToMT dugc st dung trong cong thtic toan hoc hoac biéu thirc
toan hoc), sao cho mdi cap trang thai x, y € IoMT c6 thé xac dinh néu x = y hoic
khong. Ky hiéu @ biéu thi IoMT khong co trang thai nao. Néu IoMT, va [oMT, la
nhimg [oMT, dic ta JoMT,; 13 mot hé théng con cua IoMT, duoc viét [oMT; C
IoMT,, néu moi trang thai ciia JToMT; 1a mot trang thai ctia JoMT,. Nhu vay, voi bat
ky hé théng IoMT nao thi déu c6 cac hé théng con @ S IoMT va [oMT < [oMT.

Lué4n an str dung cAc ky hiéu caa hé thong tinh toan & trén dé biéu dién hé thong
con. Cho IoMT dugc viét {x € JoMT | x 1a mot trang thai ctia loMT}. Ky hiéu 3 ¢6
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nghia la biéu dat “ton tai”. Do d6, c6 thé viét IoMT dudi dang biéu thtrc toan hoc
{x € IoMT | 3y 1a mdt trang thai cudi sao cho BDL(x) = y}. Ky hiéu 3! ¢6 nghia
la “ton tgi duy nhat”. Vi vay, phét biéu "3!x € IoMT 1a mét trang thai ban dau" c6
nghia 14 c6 mot va chi mot trang thai dé bat dau, duoc hiéu 1 trang thai cua loMT
truéc khi thuc hién bat ky hoat dong BDL nao duoc xir ly. Ky hiéu V c6 nghia 13 "Véi
moi". Vi vay, phat biéu "Vx € IoMT,3y € [oMT sao cho BDL(x) = y" ¢ nghia la
v6i moi trang thai x cua IoMT, ton tai mét trang thai y tiép theo. Ky hiéu & duoc
dung dé dic ta IoMT nhu "[oMT, & [oMT," nghia 1a "ddc ta [oMT, 1a [oMT,".
2.2.2. Thanh phén caa BDL trong loMT

Néu IoM T, va IoMT, la tap hop cac trang thai ctia IoMT, khi d6 mot hanh dong
BDL tir [oMT, d&én IoMT, dugc viét BDL: IoMT, — IoMT, 13 mot anh xa gui tirng
trang thai x € IoMT; dén timg trang thai ciia JToMT,, dugc ky hiéu BDL(x) € IoMT,.
Luan an goi [oMT; 12 mién cua BDL va goi [oMT, la dong mién cua BDL.

Véi mdi trang thai x € IoMT;, IoMT,, c6 ding mot anh xa bat nguon tir x,
nhung ddi véi mot trang thai y € IoMT,, ¢6 thé c6 nhiéu anh xa dén trang thai y hoic
c6 thé khong c6 anh xa nao dén y.

Gia st [oMT, S [oMT, 1a mot hé thong tinh toan con. Khi do, ¢ thé xem xét
hanh dong BDL ctua IoMT, — IoMT; bang cach gtri ting trang thai cia IoMT, dén
chinh né nhu 1 mot trang thai cuia [oMT,. Néu [oMT, = {a,b,c,d, e, f} va IoMT, =
{b,d, e}, thi IoMT, S IoMT; va chuyén d6i n6 thanh hanh dong BDL ctia IoMT, —
[oMTy,Vv6i b = b,d + d,e — e. Ky hiéu = nay doc thanh "dwoc anh xa dén". Mot
hanh déng BDL c6 dang BDL: IoMT; — IoMT, nghia 1a mot quy tic gan tirng trang
thai x € IoMT, cho ting trang thai BDL(x) € 1oMT,. Do vay, dac ta "x duogc anh xa
dén BDL(x)" va duoc viét dudi dang x = BDL(x).

Khai niém vé hé thong con, luan &n dic ta BDL: [oMT, S [oMT, nhu 1a mot hé
thdng tinh toan con. O day, can 1am rd JoMT, 1a mot hé thong tinh todn con cua
[oMT;, nhung BDL la tén ctia hanh dong BDL lién quan. Cho mét hanh dong BDL
c6 dang BDL: [oMT, — [oMT,, cic trang thai ciia [oMT, c6 it nhit mot anh xa dén
chung duoc goi 13 anh ctia BDL (Tiéu muc 1.6.1, Muc ¢), Chiong 1), suy ra ta c6 anh
cua BDL nhu sau:

» image(BDL) ¥ {y € IoMT, | 3x € [oMT, sao cho BDL(x) = y}. (2.1)

Cho BDL,: [oMT, - [oMT, va BDL,:IoMT, — [oMTs, trong d6 cling mién
gi4 tri ciia BDL, 1 cing mot tip hop cac trang thai ciia I[oMT; nhu mién dau vao ciia
BDL, (n6i cach khéac la IoMT,), ta dic ta BDL, va BDL, c6 thé 1a sy lién két hoic

, i BDL, BDL,
ghép noi theo cach sau: IoMT; —— [oMT, —— [oMT5.
Viéc lién két giita BDL, va BDL, duoc ky hiéu BDL, o BDL,: [oMT, — [oMTs;.
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Str dung ky hiéu Homygyr(I0MTy, [oMT,) dé chi tdp hop hanh dong cac BDL c6
dang [oMT, — [oMT,. Hai hanh dong BDL 13 BDL, va BDL,: [oMT, — loMT, bing
nhau néu va chi néu véi moi trang thai x € IoMT; thi ta ¢6 BDL,(x) = BDL,(x).
binh nghia BDL don vi trén IoMT duoc ky hiéu 1a 1,,,,7: [oMT — [oMT, duoc goi
13 hanh dong BDL sao cho voi moi trang thai x c6 dang x € [oMT dan dén
1om7 (%) = x (Tiéu muc 1.6.1, Muc ¢), Chirong 1).

Pinh nghia 2.1 (Pong ciu ciia [oMT): Mot hanh dong BDL,: [oMT, — [oMT,

dugc goi 1a mot déng ciu, ky hiéu 1a: BDL,: [oMT, 3 [oMT;, néu ton tai mot hanh
dong BDL,:1oMT, — IoMT; sao cho BDL, e BDL; = 1,4y, Va BDL; o BDL, =
1,omr,- Khi d6, BDL, 1a ddng céu kha nghich, BDL, la nghich ddo ciia BDL, hai ddc
ta IoMT, va IoMT, dugc goi 1a dong cu voi nhau, ky hiéu: IoMT, = IoMT,.

Trong dinh nghia 2.1, ky hiéu 1,547, 12 kY hiéu ham dong nhat trén tap X =
[oMT,, cu thé: 1,,yr,:[0MT, > IoMT, la anh xa sao cho véi moi trang thai x €
[oMT,, ta c0: 1;oyr, (x) = x. Tuong tu, 1,5y, la 4nh xa déng nhat trén I oMT,. Vai
tro trong dinh nghia, dong cau kha nghich BDL;:IoMT; » IoMT, Vva
BDL,: [oMT, — [oMT,, v6i diéu kién BDL, o BDL, = 1iomr, V& BDL, o BDL, =
1omT,, tlrc 12 hai anh xa nay la nghich dao cua nhau, dam bao réng o thé di t6i va
quay vé ma khong mat thong tin, mot diéu kién chuin ctia ddng ciu trong 1y thuyét
pham tray (Tiéu muc 1.6.1, Muc j) va Muc n), va Pinh nghia 1.3, Chwong I).

Ménh dé 2.1: Céc yéu tb sau day ding vé6i su ddng cau ciia IoMT.

= V6i bt ky mot loMT nao, loMT déu 1a ddng cau véi chinh nd, tic 1a c6 ton tai mot
IoMT ddng ciu véi né duoc viét [oMT — [oMT.

= Véi bat ky hai 1o0MT nao IoMT; va IoMT,, néu IoMT; la dong cau véi [oMT, thi
[oMT, ciing dong ciu v6i [oMT;.

= V6ibatky ba loMT nao IoMT,, [oMT, va IoMTs, néu [oMT; 1a ddng céu v&i [oMT,
va [oMT, 1a ddng ciu véi [oMT; thi ToMT; ciing la dong cau v6i IoMTs.

Chirng minh: Ménh dé 2.1 ¢6 cac yéu t6 diing dan vé dong cu sau day

* Hanh dong BDL ddng nhét 1,,p7: [oMT — [oMT c6 thé dao nguoc, nghich dao cta

N6 18 11om7 VI L1omr © Liomr = Liomr-

= Néu BDL;: IoMT; = IoMT, c6 thé dao ngugc voi nghich ddo 1a BDL,: [oMT, —
IoMT;, thi BDL, 1a mot ddng ciu véi nghich dao 1a BDL, .

= Néu BDL,: [oMT; = [0MT, va BDL,: [oMT, = IoMT, déu c6 thé dao nguoc voi
cac nghich dao 1a BDL,: IoMT, — [oMT, va BDL,: [oMT; — IoMT, thi cé4c tinh

toan sau dy cho thiy BDL, o BDL, ciing c6 thé dao nguoc véi nghich dao 1a BDL, o

BDL,:  (BDL, °BDL,)o (BDL; e BDL,) = BDL, o (BDLy ° BDL,) e BDL, = BDL, ©

——

Liomr, ® BDL, = BDL; o BDL, = 1oy, V& (BDL, o BDL,) o (BDL, © BDL,) = BDL, o
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(BDL; © BDL,) o BDL; = BDL; © 1,5y, © BDLy = BDLy © BDLy = 1y, O
2.2.3. Tinh chit giao ho4n cia BDL trong loMT

Hinh 2.2 1a mot so dd cua cac IoMT, néu mdi IoMT;, [oMT, va [oMT, 13 mot
IoMT va mdi BDL,, BDL, va BDL, 1a mot hanh dong BDL. Nhu viy, so dd & hinh
2.2 1a mét giao hoén néu BDL, o BDL, = BDL, va goi n6 1a mot tam giac giao hoéan
ctia cac 1oMT. Nhu vay, xét so d6 & hinh 2.2 va so do ¢ hinh 2.4 sau day:

= So dd & hinh 2.4 dugc mé ta theo hai khia canh sau:
e Giita so do ¢ hinh 2.2 va hinh 2.4 giéng nhau vé mat ngit nghia hoat dong;
e Giita so d6 ¢ hinh 2.2 va hinh 2.4 khic nhau vé cach thirc biéu dién.

IoMT, « BPL1 oMt IoMT1 —BDPL1 joMmT,
BDL3 BDL,
BDL, o
IOMT3 IOMTg BDL4 7 [oMT,
Hinh 2.2. So d6 hinh tam gi4c giao hodn cia  Hinh 2.3. So d hinh chit nhat giao hoan
cac loMT cua cac IoMT
BDL,
IoMT1$IoMTZLIoMT3
lomt, — BPL1 [oMT, [oMT; BDL, [oMT,
BDL3 7
\/ \/052 6)0‘3 \l/BDLZ
IOMT3 IOMT3

Hinh 2.4. So d6 giao hoan ctia cic ToMT

Dua trén co so cac phan tich hinh thtrc & trén, so d6 ¢ hinh 2.3 ctia cac [oMT
nhu sau: Néu mdi IoMT,, [oMT,, [oMT; va IoMT, 1a mot IoMT va méi BDL,, BDL,,
BDL, va BDL, 1a mot hanh dong BDL. Do vay, dic ta so d6 ¢ hinh 2.3 c6 tinh chét
giao hoan néu BDL, o BDL, = BDL, o BDL, va goi nd 1a mot hinh chit nhat giao
hoan cua cac loMT.
2.3. Pai s6 stream va ddng dai s6 stream ding cho stream dang BDL
2.3.1. Pai s6 stream dung cho phan tich stream dang BDL

Dua trén nén tang dai s6 stream (Tiéu muc 1.6.8, Chuwong 1), luan an xay dung
muoi phép todn xu ly stream dang BDL trong céng trinh [CT.2]: dropping (drop),
taking (take), zipping (zip), splitting (split), reverse (rev), merging (merge),
(convolution) product (%), copying (e), registering (m), va assignment (:=).

Luan &n phén tich thanh hai loai phép toan xir ly stream dung cho BDL nhu sau:
Phép toan xu& ly stream mot ngdi cé dang A® - A®, dugc ky hiéu la [[]€
{drop, take, zip, split, rev} bang phuong trinh sau: []:0 € A® —[] (¢) € A®.
Phép toan xu ly stream hai ng6i c6 dang A® x A® - A®, duoc ky hiéu la ® €
{+, %, :=} béng phuong trinh sau: ®:0 € AY X1 €AY 50 ® 1t € A? [CT.2]. Tu
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day, luan an dé xuit xay dung mot ham stream dang BDL [CT.2] nhu sau (2.2):
o:N - A? (2.2)

Trong do:

* ¢ la mot stream dang BDL.

» ¢(0), 0(1), 6(2), ... 1a cac frame.

= N=1{0,1,2,3, ...} 1a tp hop cac s ty nhién.

=  A® latap cac stream dang BDL.

= A la tap cac frame. Mot frame dugc dinh nghia nhu mot ciu triic toan hoc chua cac

loai dir li€u nhu: van ban (text), hinh anh (image), am thanh (audio), video, anh sang,

khong gian, thoi gian, v.v.

Céac khai niém vé stream dung cho BDL da duogc luan an khao sat va phan tich
trong Chuong 1. Luan 4n trinh bay mot s6 lap luan vé cau tric stream ding cho BDL
dugc phén tich (2.2) nhu sau:

= Giatrj khoi dau cua stream o (0) va dao ham ciia stream o' Diéu ndy twong g voi
dau (head) va dudi (tail) ctia mot stream. Gi4 tri khoi dau 14 phan tir dau tién cua stream
va dao ham cuia stream 1 phan con lai cta stream sau gia tri khoi dau.

= Hanh vi cua stream: Hanh vi gém ¢0 hai khia canh. Khia canh mot, cho phép kiém tra
gia tri khoi dau; Khia canh hai, c6 thé phat trién mot stream méi co dang d’, bao gém

stream khoi dau nhung lai loai bé phan tir dau tién, tic 14 ¢’ (0) = o(1).

= Phuwong trinh vi phdn hanh vi stream: Xac dinh mot stream bang cach biéu dién gia tri

khoi dau ¢(0), biéu didn dao ham stream véi n > 0, phuong trinh vi phan hanh vi

stream c6 dang sau: (0'(")), = ¢™*+D_Bjéu dién dao ham stream 1a cach cho ta biét

cach dé tiép tuc tao stream mai sau gia tri stream khéi dau.

Pinh ly 2.1: Vo € A® khi d6 ta c6 phuong trinh stream ¢ = ¢(0) + (X X a').

Chitng minh: Mot stream o duoc biéu dat 1a stream dang BDL [o(0)] =
(0(0),0,0,...) va thém vao d6 la X X o' =X X (a(1),0(2),0(3),0(4),...) =
(0,0(1),0(2),0(3),...) c6 thé biéu dién nhu sau (0,5(1),0(2),5(3),...). V& mit
tuong duong c6 thé duoc chirng minh bang tiép can dong quy nap. O

Dinh 1y 2.1 ¢ trén la twong duong vaéi dinh 1y 269 trong [20]. Trong do, A la
tap cac stream dang BDL (Tiéu muc 1.6.1, Muc b), Chwong 1) dugc dung dé thay thé
cho R® 1a tip cac stream dang sb thuc (Tiéu muc 1.6.3, Chwong 1); Luan 4n ap dung
phép toan tron merge (+) thay thé cho phép toan lién két (+); X am chi ap dung phép
toan do tré don vi (m)(nghia 13 gin register) voi dao ham stream o
2.3.2. Tap cac stream dung cho phén tich BDL

A® la tap cac stream dang BDL (2.2) dugc dinh nghia dua trén tap hop céac
frame A dudi dang sau [CT.1][CT.2]:

A® ={o|0:N - A} (2.3)
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Trong do:

" 0,1,Y,T,€,... dugc st dung dé biéu thi cho cac stream dang BDL.

= Cé&c phan tir stream duoc biéu thi dudi dang o € A® theo o = (6(0),0(1),...).

= Pao ham cta mot stream c6 dang o’ = (0(1),0(2),...) va gia tri khoi dau cua o 1a o (0).
Véi moi n = 0 va o € A®, dao ham bac cao dugc dinh nghia duéi dang ¢ = o va
o) = (a("))'. Do d6, cong thirc tdng quét ¢ dang o™ (0) = o(n) dugc sir dung cho
phén tich stream dang BDL (Bang 2.1).

Bang 2.1. Phuong trinh vi phan stream ¢ dung cho BDL

Phwong trinh vi phin stream (Tail)  Gi4 trj ban diu (Head) biéu kién
(c™) = gD 0(0) hoica™(0) =o(n) | 120

Luan an phéat trién phép tinh stream gém mudi phép toan duoc xem nhu mot vai
trd nén tang danh cho viéc phan tich va hinh thizc hoa co ché hoat dong caa stream
dang BDL trong CS dugc trinh bay chi tiét trong tiéu muc 2.3.3 [CT.2].

2.3.3. Cac phep toan xir ly stream dung cho phén tich stream dang BDL

Cac hoat dong loai bd, nén, tach, dao nguoc, tron, tich chap, va gan ap dung cho
biéu dién stream dir liéu kiéu day tuan ty N va R da duoc dé xuat trong nhiing nghién
ctru dugc luan an khao sat ¢ bang 1.17 (Chuong 1). Tt ddy, luan an xay dung muoi
phép toan xtr 1y stream dang BDL dé hinh thtrc hoa co ché hoat dong ctia stream nhim
dap ung ngit nghia dai sd ciia stream dang BDL trong CS [CT.2], muoi phép toan
stream nay duoc trinh bay chi tiét tir tiéu muyc 2.3.3.1 dén 2.3.3.10, va nhiing loi ich
cu thé cta cac phép toan xir 1y stream duoc trinh bay chi tiét tai tiéu muc 2.3.3.11.
2.3.3.1. Phép toan Dropping

Mot cach dé hinh thic hda mot stream con tir mot stream vo han (2.2) nhu sau:
o: N - A duogc dinh nghia bang mot ham don diéu (Monotonous function) f: N — N,
néu n < m khi d6 thi f(n) < f(m), vn,m € N. Mot ham chi muc S¢(o) nhu vay
dugc sir dung dé xac dinh mot stream con ¢ v6 han qua biéu thic Sp(a)(n) =
a(f(n)), & 6 ham chi myuc nay nhan vao mot stream con o va mot chi myc n, va tra
vé mot stream con o tai vi tri chi muc n, va nguoc lai d6i véi mot stream con ciia mot
stream vO han, ¢ bat ky stream con nao dang ¢ déu xac dinh duy nhat mot ham don
diéu nhu vay.

Véi viéc gan cho bat ky stream nao, & do stream con ¢ duogc xac dinh bang mot
ham don diéu f cho trudc dugc dinh nghia mot bo 1ay miu stream chu ky cé dang
SprA® - A®, 0w Se(0). Vi cac bo ldy mau stream chu ky sao cho ching tao ra
mat stream con cua stream dau vao cho trudc bang cach chon Iap lai cac phan tir &
cac khoang c6 dinh tir stream dau vao va bo qua tat ca phan ta khéc.

Qua viéc md ta mot stream con bang mot ham don diéu két hop vai bo 1dy mau
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stream chu ky 1a cac ham chi muc don diéu & trén. Nhu vay, dé ching minh sy lién
két cua hai bo 1ay mau stream chu ky 13p lai mot bo 1ay mau stream chu ky, luan an
tién hanh dinh nghia 2.2 nhu sau:

Pinh nghia 2.2: Cho k,l € N,vé6il > 1va1l < k < [, batky day stream k dang
0<n,<n; < - <ng, <l déuxac dinh mot bo 1y mau stream chu ky c6 dang
S: A® - A® cia chu ky dau vao va kich thudc khdi k dau ra duoc dinh nghia bang
phuong trinh vi phan stream: S(a)® = S(a®) véi cac gia tri khéi tao ban dau la
S(o)(j) = a(nj) (0<j<k).

Nhu vay, chu ky va kich thudc khi caa stream & mic téi thiéu thi khéng yéu
cau. Néu mot bo 1ay mau stream da c6 chu ky [ va kich thudc khoi k thi khi d6 né
cling c¢6 chu ky 21 véi kich thuéc khdi 2k, v.v. Phép toan dropping ctia ham even va
D? & trén duoc cho bai ¢ bang 2.2 va 2.3 nhu sau:

Bang 2.2. Phuong trinh vi phan ctia phép toan dropping cho ham even va D7

Ham even Phép toan dropping D2
even(o)' = even(a'), Df(a)(” = D? (a)(‘”,DZ (0)(0) = a(0),
even(a)(0) = a(0) D;(0)(1) = 0(1),D§(0)(2) = 06(3)

Bang 2.3. Phuong trinh vi phan stream cua phep toan dropplng

D¥ () = Df(a)® le(a)(O) =g(0) | I>1Val<k<[,0<j<k

Dinh nghia 2.3: V6i [ > 2 va 0 < k < [, phép toan dropping D}: A® — A®
mang nhiém vuy loai bo phan tir thtr k cua tiing khdi stream dau vao véi kich thudc
khi I duoc dinh nghia bang phuong trinh vi phan stream (Bang 2.4).

Bang 2.4. Phuong trinh vi phan stream ctia phép toan dropping

Phwong trinh vi phin stream Gi4 tri ban dau Piéu kién
Df*1(0)' = D¥(a") Df*1(5)(0) = a(0) Vi>20<k<l-1
Df(0) = DI2(0") DE(@)(0) =o(1) | Vi>2

V6i phép toan dropping DZ, dinh nghia 2.3 twong duong véi dinh nghia 2.2.
Mot trong nhiing loi ich cua cac dinh nghia dong quy nap la chiing hd tro cac ching
minh dong quy nap. Tiép theo, luan 4n dua ra mot minh hoa vé ky thuat chig minh,
trong d6 chimg minh quy tac hoan d6i phép toan dropping sau:

Véimoil>1va0<k<h<lthi D, oDK, =D, oD\, nghia la mot
quy tic d6i chd viéc loai bo phan tir trong ddy bing phép toan dropping cho cac khéi
khac nhau. Quy tic nay c6 nghia 1a cho mét stream v6 han dau vao o, néu ta loai bo
phan tir thte h caa cac khdi kich thudc [ + 1, rdi loai bo phan tir tha k cua cac khoi
kich thudc I + 2, sau d6 loai bo phan tir tha A + 1 cta cac khoi kich thudc [ + 2, két
qua s& tuong duong vai viéc thyuc hién cac phép toan dropping phan tir theo trinh tu
tuong g cua cac khéi kich thudc I + 1 va I + 2 ciia phan tir thir & + 1 theo quy tic
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turong tu. Day 12 mot quy tic quan trong duoc st dung trong chimg minh dong quy
nap ctia cac tinh chét lién quan dén phép toan dropping.

Pé ching minh tinh dang ciu cua quan hé R € A® x A® dugc dinh nghia bang
phuong trinh sau day R = {(D, o DX ,(c), Dk, o D} (0)) | 0 € A®}. Tinh dang
c4u nay dugc chirng minh bang quy nap tir R U R™' 13 sy md phong hai chiéu cua
stream. Mot minh hoa khac vé phép toan dropping DY = DY o DZ o D#, day 1a mot
truong hop co ban ciia mot quy tic mé rong cua phép toan nay. Dé ching minh diéu
nay, tinh dang cau cua quan hé R € A® x A“ duoc dinh nghia bang phuong trinh:
R = {{D2(0), D3 o DZ o D¢(0)) | o € A®} U {{D3(0), D o D¢ o D¢(0)) | o € A®}
U {(D9(0), D} o D& o D2(0)) | 0 € A®}. Tinh dang ciu nay duoc suy ra bang ching
minh déng quy nap cho thay rang R 1a mot mo phong hai chiéu ciia stream.

Vidu 2.1: Cho phép toan dropping DZ: A® - A®,véil = 4 vak = 2 duge cho
boi DZ(0) = (0(0), (1), 6(3), 6(4), (5), d(7),...), nhu vay s& loai boé phan tu
thi 3 tir mdi 4 phan tir méi dén va giir lai tat ca cac phan tir con lai. Cha 'y rang ludn
ludn bat dau dém tix 0, do d6 0(2), a(6) di bi loai bo khoi stream con ¢ trén. Do
vay, phép toan dropping D? d trai qua chu ky 4 va kich thudc khéi 3 (Bang 2.5).

2.5. Phép toan dropping D7 di trai qua chu ky 4 va kich thudc khoi 3

Vi du 2.2: Cho phép toan dropping Dg: A® —» A® véil = 4 va k = 0 duoc cho
boi D2(0) = (0(1), 6(2), 6(3), 6(5), d(6), d(7),...), nhu vay s& loai bé phan tu
thi O tir mdi 4 phan tir mai dén va giit lai tat ca phan ta con lai. Cha y rang luén ludn
bat dau dém tir 0, do d6 o(0), o(4) da bi loai bo khoi stream con . Do d6, phép toan
loai bo DY da trai qua c6 chu ky 4 va kich thudc khéi 3 (Bang 2.6).

Vi du 2.3: Phép toan dropping c6 dang even: A® — A® duoc cho bai
even(o) = (6(0),0(2),0(4),...) lay mdi hai phan tir méi vao dau tién va bo qua
phan tir thir hai. Nhu vay ham even: A® — A® di c6 chu ky 2 dau vao va kich thudc
khéi 1 dau ra. Ludn bat dau dém tir 0, do d6 o (1), a(3),a(5), 0(7) da bi loai bé khoi
stream con ¢ cua stream goc. Ta xem mau stream con ¢ sau (Bang 2.7):

Bang 2.7. Ham even: A® — A® di trai qua chu ky 2 va kich thudc khéi 1

2.3.3.2. Phép toan Taking

Trong tiéu muc nay, phép toan taking duoc gidi thidu, voi phép toan ndy cic
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stream dang BDL c6 thé duoc léy va duoc dinh nghia nhu sau:

Pinh nghia 2.4: Véi 0y, 64, 05, -+, 0;,_; € A® duoc goi la cac stream dang BDL
va mét stream o gom c6 céc frame ¢(0), 6(1), 6(2), 0(3),..Cho 1 >2va0 <i <
1, phép toan taking T/: A® — A® diing cho mot stream T} (o) trich ddy con theo chu
ky [ bat dau ¢ vi tri i nhu sau T} (o) = (a(i), o(i + 1), o(i +20), o(i +30),...)

g i ! i l
duoc dinh nghia bing mot phuong trinh vi phan stream (T{(0)) = (T{(0)) va

T} (0)(0) = o(i) (Bang 2.8).
Bang 2.8. Phuong trinh vi phén stream cua phép toan taking

Phwong trinh vi phan stream Gia tri ban dau Piéu kién
. ' , l ) - .
(1i(@)) = (1i(e)) T} (0)(0) = o (i) [>2va0<i<l

Ménh d& 2.2: Véi moi i > 0, dat [ = i + 2. Khi d6 (T;'(a))' = (Tli(a))l.
Chirng minh: Kiém chang hinh thirc ménh dé 2.2 bang quy nap theo i.
» Cosoquynap(i=0,l=2).Taco
TP (0) = (6(0),0(2),0(4), ...).
Suy ra (T2())' = (6(2),0(4),5(6),...) = (T2(0))"
biéu nay ding theo dinh nghia 2.4 ctia phép toan Taking.
= Gia thuyét quy nap. Giasa véi i = k, datl = k + 2 ta co
(Tlf+2(0)>’ = (Tlf+2(0))k+2
» Buscquynap(i=k+ 1,1 =k+ 3). Khido
TEH ) =(ok+ 1), o((k+ 1)+ (k+3)), o((k+1)+2(k+3)),..)=
(c(k+1),02k +4),0(Bk + 7), ...).
Lay dao ham stream:
(T4(0) = (o2k +4),0B3k +7),...).
Mt khac, dich k + 3 buéc trén T 1 (o) ciing cho:

(T,§++31(a))k+3 = (6(2k +4),0Gk+7),..).
Suy ra
(T,f:;(a)), = (Tl§:31(0))k+3-

Hoan tit budc quy nap.

= Theo nguyén ly quy nap, ménh dé 2.2 dang véi moi i > 0,1 =i + 2 m
Vi du 2.4: Cho phép toan taking c6 chu ky 3 va kich thudc khbi 2 nhu sau: T2

két quasé 1a T? = (¢(2),0(5),0(8),0(11), ...) (Bang 2.9).
Bang 2.9. Cho ¢ ban dau va T2 = (a(2), o(5), 0(8),---) ldy timg frame strong stream
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T2 = (6(2), a(5), a(8), ) lay ting frame strong stream

2.3.3.3. Phép toan Zipping

Trong tiéu muc ndy, phép toan zipping duoc gidi thidu, véi phép toan nay cac
stream dang BDL c6 thé duoc nén va duge dinh nghia nhu sau:

Pinh nghia 2.5: Véi o, 0, 05, ..., 03—, duoc goi la cac stream dang BDL va
moét stream o gdm c6 a(0), (1), d(2), o(3),.. Cho k>1 va cac stream
o) Oy, O, v, Op—q € A®, phép toan zipping Z,: (A®)* — A® dugc dinh nghia bang
phuong trinh vi phan stream Z,(ay, ..., 0,_1)(0) = 0,(0) va Z,(gy, ..., 04_1)" =
Zy (04, ..., 0k_1,03) (Bang 2.10).

Béng 2.10. Phuong trinh vi phan stream ctia phép todn zipping

Phwong trinh vi phan stream (Tail) Gia tri ban dau (Head) Piéu kién
Zy(0g, oy 0k_1)" = Z (04, oo, Ok 1, 0p) Zi (09, -, 0%_1)(0) = 0, (0) k>1

Vidu 2.5: Cho 6y,04,05,...,04-1,T0,T1, T2, .-, Txk—1 € A® la C&C stream, vai
stream ¢ gém c6 ¢(0), o (1), 5(2),... va véi stream  gom c6 7(0), 7(1), ©(2),...:
= Xét phép toan zipping véi k = 2 sau: Z,(o,7) = (6(0),7(0),0(1),7(1),...)
= Xét phép toan zipping vé6i k = 3 nhu sau: Z;(ay, 01, 0,) = (00(0), Z3(0y,05,04)) =

(00(0),01(0), Z3(02, 05, 1)) = (0,(0), 31(0), 7(0), Z3(05, 01, 03)) =
(00(0),01(0), 02(0), 55(0), Z3 (03, 03, 05)) =
(9(0),01(0), 2(0), 55(0), 31 (0), Z3(03, 05, 1)) =
(00(0),01(0), 3(0), 55(0), 7 (0), 55(0), Z3 (03', 07", 53)).
2.3.3.4. Phép toan Splitting

Trong tiéu muc nay, phép toan splitting duoc gidi thiéu véi cac stream dang
BDL c6 thé duge tach va duoc dinh nghia nhu sau:

Pinh nghia 2.6: Cho k,l e Nvéi l > 1va 1l <k <[, bat ky day so tuan tu k:
0<ny,<n; <- <ng_, <l déuxac dinh mot bd 1dy mau stream chu ky S: A® —
A® ctia chu Ky [ dau vao va kich thudc khéi k dau ra nhu vay duge dinh nghia bang
phuong trinh vi phan stream cua phép toan splitting (Bang 2.11).

S(0)® = 5(a®) S(@(H)=0a(n;) [0<j<kl>1val<k<l

V6i S(0) = 2, (1)°(0), 1" (), -, 1" () )

Vi du 2.6: Cho stream ¢ vavéi k = 2 val = 4. Hay tinh S(o).

» S(o) = ZZ(T4°(0), T41(a)) = Zz((J(O),a(4), ..),(0(1),0(5), )) =
(0(0),0(1),0(4),0(5),...)

» S(0)?@ =(6(0),0(1),0(4),0(5),...)

= S(6c®) =Z,(TL(0), T} (0)) = Z,((6(0),0(4), ..), (6(1),0(5), ..)) =
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(0(0),0(1),0(4),0(5),...)
" S(G)(k) — S(O-(l)) - S(O-)(Z) — 5(0-(4))

2.3.3.5. Phép toan Reversing
Céac phép chuyén ddi stream chu ky voi phép toan taking va zipping da duoc
dinh nghia & trén, khong chi tao ra cic ddy con ma con c6 thé thay doi thu tu cac
stream dang BDL. Phép toan reversing stream dugc dinh nghia nhu sau:
Pinh nghia 2.7: Cho phép toan reversing Rev,, duoc dinh nghia bang ham sau:
Revy: A® - A®, vé6i k = 1 dugce t6 hop tir phép toan zipping va taking thanh biéu
thirc stream nhu sau: Rev, (o) = Z, (T,i‘_l(cr), TF2(0), -, T (a)) (Bang 2.12).

Céc phép toan bién ddi stream chu ky duoc dinh nghia sao cho khong chi tao ra
cic doan stream con ma con c6 thé thay ddi tht tu cac stream trong doan con do.
Phép toan reversing dang Rev,: A® — A® dé lat ngugc mot stream véi k > 1. Cu
thé, Rev,, (o) ghép ndi k doan con cua stream ¢ theo thir ty nguoc lai.

Véi Reve(0) = Zy (TE(0), TE2(0), -+, T(0))
Vi du 2.7: Cho stream ¢ = ¢(0),0(1),0(2),0(3),0(4), ... va véi k = 3. Hay st
dung phép toan reversing dé tinh stream ¢ dao nguoc.
= Rev;(0) = Z3(T$ (0), T3 (0), T5(0)) = Z3(a(2),0(1),5(0))
= Rev;(0)' = Z3(T$(0)", T3 (0)', T9(0)") = Z3(0(4),0(3),0(2))

" Revs(0") = Z3(T{ ("), T3 (6", T (6")) = Z5(a(5),0(4),0(3))
Gia st k = 3, ta c6 phép toan reverse Rev;(a) la stream cua cac frame dugc

tao ra bang cach lat nguoc céc frame cua stream trong cac doan con do
0(0),0(1),0(2),0(3),0(4),a(5),0(6),5(7),a(8), ... theo thtr tu lat nguoc twong
ung voi k = 3sélao(2),0(1),0(0),0(5),0(4),0(3),0(8),0(7),0(6),...
2.3.3.6. Phép toan Merging

Trong tiéu muc nay, phép toan merging duoc gidi thiéu véi cac stream dang
BDL c¢6 thé dugce tron va duoc dinh nghia nhu sau:

Pinh nghia 2.8: Cho hai stream o = (¢(0),0(1),0(2),...) EA® va t =
(r(0),7(1),7(2),...) € A®, ap dung phép todn merging hai stream ¢ va 7 ta duoc
o+1=(0(0) +7(0),0(1) +7(1),(2) +7(2),5(3) + (3),...) hodc biéu dién
bang gia tri ban dau va phwong trinh vi phan stream sau (Bang 2.13).

Bang 2.13. Phuong trinh vi phan stream cua phép toan merging

trinh vi phan stream Gié tri ban dau biéu kién
(c+1) =0"+1 (6 +1)(0) =0(0)+17(0) | 0(0),...,7(0),...€ A®

Trong do, phép toan merging dugc ky hiéu +, o + t dugc ky hiéu la gop hai
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stream, con a (i) + (i) duoc ky hiéu la gop hai frame thir i. Dinh nghia nay cho phép
gop frame r voi mot stream o ta ¢6 duge [r]+o0=(r0,00,...)+
(0(0),0(1),0(2),...) =(r+0(0),0(1),0(2),...). Phép toan merging r + o
duoge st dung dé chi [r] + o, tly theo ngit canh s& 1am rd ky hiéu r 1a mot frame r
hodc [r] 1a mot stream [r].

Tinh chit 2.1: Vr,s € A va o,T, p € A®, ta c6 mot s6 tinh chét coa phép toan

merging stream nhu sau:

“ [r]+[s] =[r+5s] (2.4)
" g+0=0 (2.5
"g+1=1+0 (2.6)
"g+(T+p)=(@+1)+p (2.7

Vi du 2.8: Cho ¢ = ¢(0),0(1), ... 1a stream dir liéu van ban va video, va 7 =
7(0),7(1), ... la stream dix liéu van ban va &m thanh, str dung phép todn merging ta dugc
mot stream dang BDL nhu sau: u=o0+ 7= (06(0)+ 7(0),0(1) +7(1),0(2) +
7(2),...). Trong d6, o(i) = (text, (i), video(i)), T(i) = (text,(i),audio(i)) 1a ting
frame gém cac thanh phan dit liéu dugc gdp cung thoi diém vao mot frame moi 13
(c+1)) =0a@)+1@) = (texta(i) + textT(i),Video(i),audio(i)). Lic nay, dua dir
licu vao tung frame nhu sau: o(0) = ({"Xe may"}, "vd_xm.mp4"), o(1) =
({"Nguwoi di b6"}, "vd_ndb. mp4"), 7(0) = ({"Tiéng co0i"}, "au_xm.wav"), va (1) =
({"Tiéng buéc chan"}, "au_tbc. wav"). Do vay, két qua gop cac frame caa hai stream o va
T s€ la: (o +1)(0) = ({"Xe may", "Tiéng coi"}, "vd_xm. mp4", "au_xm.wav") va (o +
7)(1) = ({"Nguwoi di bo", "Tiéng bwéc chan"}, "vd_ndb. mp4", "au_tbc. wav").
2.3.3.7. Phép toan (Convolution) product

Trong tiéu muc ndy, phép toan (convolution) product (x) dugc dinh nghia sau:

Pinh nghia 2.9: Cho hai stream ¢ va 7 € A®, phép toan (convolution) product
dinh nghia vé tich chap cta hai stream nhu sau: o X T = (0(0) + 7(0), (0(0) + T(l)) +

(0(1) + T(O)), (0(0) + 1(2)) + (0(1) + T(l)) + (0(2) + T(O)), (0(0) + T(3)) +
(c()+1(2) + (6(2) + (D) + (6(3) +7(0)),...). Véi 0<i<n, ta cd phuong
trinh vi phan stream (Bang 2.14) va phuong trinh tich chap cho hai stream (2.8) nhu sau:

(e x1)(n) = ?zo(a(i) +1(n — i)) (2.8)
Trong do:
» ¢ X T hoic a1 duoc ky hiéu la mét tich chap cua hai stream o vat € A®.
» g(i) + t(j) dugc ky hiéu 1a mot phép toadn merging cua hai frame A.
» g% =1vac™?! =g x o™ duoc ky hiéu 1a mot tich chap clia cic stream.
» ChokeNkxo= Zi":o o dugc ky hi¢u 1a mot phép toan merging cua cac stream.
Béng 2.14. Phuong trinh vi phan stream cua phép toan (convolution) product
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Phwong trinh vi phin stream Gi4 tri ban dau Picu kién
(ox1) =(0"%x1)+ (6(0) X 1") (o x1)(0) =0(0) X 7(0) 0<i<n

Phép toan (Convolution) product trong Pinh nghia 2.9, luan an phan biét truong hop
hitu han va vo han dbi véi d6 dai caa cac stream thanh phan. Cu thé, néu hai stream o va t
¢6 do dai hitu han, gia sur o c6 d6 dai m va t ¢6 d6 dai k, thi do dai cua tich chap o x T duoc
xéac dinh la m + k — 1. Khi d6, mién gié tri ciia chi s6 n trong biéu thirc tong quat s& 14 0 <
n <m+ k — 2. Trong truong hop cac stream la vé han, phép tich chap luén xac dinh vai
moi n € N. Viéc néu rd gia thiét vé d6 dai stream giup dam bao tinh chat ché va tinh kha thi
ctia phép toan trong céc béi canh tng dung khéac nhau.

Phép toan (convolution) product tinh tich chap ¢ trén cho phép tinh tich cac frame r
voi mot stream o, phuong trinh tich chidp cdc frame vdi mot stream [r] X o =
(r,0,0,0,0,...) X (6(0),06(1),0(2),0(3),...) =(r+0(0), r+ (1), r+0(2),r+
a(3),...). Kiéu hinh thirc r X ¢ duogc sir dung dé ky hiéu [r] X ¢ va co ché duoc st dung
nhu sau: —0 = —1x 0 = (—1) X 0 = (—0(0),—a(1),—0(2),—0(3),...). Ddu "—"
nay biéu dién mot stream ¢ tat ca frame 1a ddi cia stream ¢. Cu thé, khi viét (—1) X o, ta
dang lay stream hang (—1,0,0,0, ...) (Tiéu muc 1.6.7, Churong 1) va thuc hién phép toan
(convolution) product véi mét stream o = (6(0),0(1),0(2),5(3),...). Két qua s& 1a
(1) xo =(-0(0),—-a(1),—0(2),—0(3), ...), xem bang 2.15 tinh tich chap (—1) x
o sau day:

Bang 2.15. Phép toan (convolution) product tinh tich chap cua (—1) X o
Két qua frame

Cong thirc frame tich chap

(-1 xo
0 (-1) xa(0) —0(0)
1 (-1) xo()+0 xa(0) -a(1)
2 (-1) x0(2)+0 xo(1)+ 0 xa(0) —0(2)
3 (-1) xo(3)+0 xa(2)+0 xo(1)+ 0 xa(0) -a(3)

Tinh chit 2.2: V&i moir,s € Rva o, T, p € A, ta c6 cac tinh chat sau:

* [r] X [s] = [r +5] (2.9)
" 0Xxo=0 (2.10)
" 1Xo=0 (2.11)
"gXT=TXO (2.12)
"o X(T+p)=(Xx1)+(TX0) (2.13)
" gx(txp)=(0XT1)XDp. (2.14)

Dé dién dat sy thoa man khi biéu dién stream dang o = (1, 1,75, ...,7, 0,0, ...)
Voin = 0Var,r,ny,...,7, € R, hing s6 quan trong duoc st dung bang biéu thic: X =
(0,1,0,0, ...) (Tiéu muc 1.6.7, (1.3), Churong 1) hoic biéu dién gia tri dau va phuong
trinh vi phan stream & bang 2.16.

Bang 2.16. Biéu dién gia tri ban ddu va phuong trinh vi phan stream
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Phwong trinh vi phin stream (Tail) Gi4 tri ban dau (Head) Piéu kién
X(0)' =a(1) X(0) = a(0) n=0

Thuc té, bang cach sir dung bién hinh thac X (Bdang 1.12 (Stt: 3), Tiéu muc 1.6.7,

Churong 1), cac phép toan xtr 1y stream dwoc mod ta mot cach rd rang va ddy du nhu sau:

* Xxr=(0,r00,...) (2.15)
» X X0 =(0,0(0),0(1),0(2),0(3),...) (2.16)
« X" = (0, ppam--r,0,1,0,0,...) 2.17)
"+ X + X2+ X" = (1,1, %,0,0,...) (2.18)

TU phép toan stream sb (2.15) dén phép toan stream sb (2.17) & trén, suy ra rang
stream cudi cung 1a phép toan stream sb (2.18) da dugc hinh thanh va dwoc biéu dién thanh
mot stream da thirc mai. Mot biéu thirc cac stream duy nhét chi bao gom céc stream hing
duogc biéu dién nhu mot biéu thic dang dong.

Vi du 2.9: Cho ¢ = ¢(0),0(1), ... 1a stream dir liéu van ban va video, va 7 =
7(0),7(1), ... 1a stream dit liéu van ban va &m thanh, s dung phép toan (convolution)
product ta tinh duwgc tich chap cua mot stream dang BDL nhu sau: o X1 =
(0(0) + 7(0), (0(0) + T(l)) + (0(1) + T(O)), (0(0) + T(Z)) + (0(1) + T(l)) + (0(2) +
T(O)), (0(0) + T(3)) + (0(1) + T(Z)) + (0(2) + T(l)) + (0(3) + T(O)), . )

» Gia sir cho 4 frame cua hai stream ¢ va t dit liéu dang BDL nhu sau:
e g(0) = ({"Xe may", "au_xm. wav", "vd_xm. mp4"}),
e 0(1) = ({"Nguwoi di bo", "au_ndb. wav", "vd_ndb. mp4"}),

e 7(0) = ({"Tiéng coi", "au_tc. wav", "vd_tc. mp4"}), va
e 7(1) = ({"Tiéng budc chan", "au_tbc. wav", "vd_tbc. mp4"}).
» Tinh tung frame cua tich chap ¢ X 7 nhu sau:
{"Xe may", "Tiéng coi"},

o (0 x1)(0) = (0(0) + T(O)) =| {"au_xm.wav","au_tc.wav"},

"vd_xm. mp4", "vd_tc. mp4"}
e (ox1)(1) = (0(0) + T(l)) + (0(1) + T(O)) =

({"Xe may", "Tiéng budc chén"},) < {"Nguoi di bo", "Tiéng coi"}, )
+ =

"au_xm.wav", "au_tbc.wav"}, {"au_ndb.wav", "au_tc.wav"},

{"vd_ndb. mp4", "vd_tc. mp4"}
( {"Xe may", "Tiéng bwdc chan", "Nguoi di bd", "Tiéng coi"}, )

{"vd_xm.mp4", "vd_tbc. mp4"}

"au_xm. wav", "au_tbc. wav", "au_ndb. wav", "au_tc. wav"},
{"vd_xm. mp4", "vd_tbc. mp4", "vd_ndb. mp4", "vd_tc. mp4"}

Vi du 2.9 mb ta phép toan (convolution) product trén stream dang BDL di tong
hop nd1 dung theo thoi gian nhu sau: Tron thong tin mo t4 tir hai stream (Text), tron
am thanh tir hai stream (Audio), va hién thi két hop hai stream (Video). Viéc tron 4m
thanh vé nguyén tic tvong img v6i phép cong hoic ghép chdng tin hiéu 4m thanh. Néu thuc
hién truc tiép, diéu nay co thé dan dén hién tuong tap &m do sy cong hudng hodc xung dot
tin hiéu. Dé han ché van dé nay, trong tmg dung thuc té can ap dung cac k¥ thuat chuan hoa

am luong, loc tin hi¢u hodc chon chién lwoc tron thich hop (overlay-chéng hinh, wu tién
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stream chinh/phu). Déi v6i viée hién thi két hop video, co thé lya chon nhiéu co ché khac
nhau nhu chdng hinh, hién thi dang cira s6 16ng trong ctra s6, hién thi song song hoic két
hop & muc frame. Trong pham vi BDL, phép tich chap dugc hiéu nhu sy hop nhat ngi nghia
dé tao ra frame da phuong tién mai, con co ché hién thi cu thé s& phu thudgc vao muc tiéu
ung dung.

2.3.3.8. Phép toan Coppying

Trong tiéu muc ndy, phép toan coppying (e) duoc dinh nghia nhu sau:

Pinh nghia 2.10: Cho g,7,p € A® van > 0, phép toan copying nhan gia tri cua
stream 1a frame ¢ (n) va phép toan nay xuat ra hai ban sao cua stream 1a frame giong nhau
7(n) va p(n) tuan theo biéu thuc sau: o(n) = 7(n) = p(n), ¥n = 0 hoic o = T = p, hoic
biéu dién gi tri diu va phuong trinh vi phan stream nhu sau (Bang 2.17, Hinh 2.5).

Béang 2.17. Phuong trinh vi phan stream ctia phép todn coppying

trinh vi phan stream Gia tri ban dau Piéu kién
o =1 =p a(0) = 7(0) = p(0) n=0

T
o N q
4
Hinh 2.5. Phép toan copying dung cho ba stream o, 7 va p
2.3.3.9. Phép toan Registering

Trong tiéu muc nay, phép toan registering (m) duoc dinh nghia nhu sau:

DPinh nghia 2.11: Cho ¢ = (¢(0),0(1),...) € A® vat = (1(0),7(1),...) € A?
la hai stream, mot phép toan registering gitra hai o va t dugc dinh nghia: 7 = X X 0 =
0,0(0),0(1),0(2),5(3),0(4),0(5),...) hodc biéu dién gia tri ban dau va phuong
trinh vi phén stream nhu sau (Bang 2.18).

Bang 2.18. Phuong trinh vi phan stream cua phép toan registering

Phuong trinh vi phén stream Gia tri ban dau
(1) =0 7(0) = 0(0)

o R T=XXo

Hinh 2.6. Phép toan registering dung cho stream ¢ va t

Phép toan registering duoc mo ta truc quan ¢ hinh 2.6. C6 thé quan sat thay rang
phép toan nay bao géom mot 6 nhd noi co chira stream ban dau ¢(0). Phép toan nay
bat dau hoat dong cua minh, tai thoi diém 0, bang cach dua ra gié tri stream 7(0) =
0(0), trong khi ddng thoi nhap stream (1) va luu trit nd vao trong 6 nhé. Tai moi thoi
diémn > 1, stream t(n) = o(n — 1) dugc dua ra va stream o (n) duoc nhap vao va dugc
Iuru trir. Phép toan nay doi khi ciing duoc goi 1a phép toan do tré don vi.
2.3.3.10. Phép toan Assignment

Trong tiéu muc ndy, phép toan assignment (:=) dwoc dinh nghia nhu sau:
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Pinh nghia 2.12: Cho ¢ = (¢(0),0(1),...) € A® va t = (7(0),7(1),...) €
A® la hai stream, viéc gan mot stream o cho stream t dugc dinh nghia nhu sau 7 :=
o. Puoc hiéu 1a tai moi thoi diém i > 0, nd thiét 1ap frame o(i) vao (i) duoc hiéu
la 7(i) := o (i) hodc biéu dién gia tri ban dau va phuong trinh vi phin stream nhu sau
(bang 2.19).

Béang 2.19. Phuong trinh vi phan stream cua phép toan assignment
Gia tri ban dau
 (r=a0)=1:=7 (z := 0)(0) = 7(0) := 0 (0)

Tinh chat 2.3: Cho tat ca c&c bién thudc stream 7 € A®, chung ta c6 cac tinh chat sau.

trinh vi phan stream

» 7:=0=0 (2.19)
n 7i=1=1 (220)
" :=0=0 (2.21)

Tinh chét (2.19) nghia 13 sau phép toan assignment T := 0, gid tri cua stream t
la stream [0] = (0,0,0,...). Tinh chat (2.20) giéng véi tinh chat (2.19) khi sir dung
gia tri 1 thay vi st dung gia tri 0. Tinh chat (2.21) c¢6 nghia 1a sau phép toan

assignment 7: = o, gia tri cia stream 7 la stream o = (¢(0),0(1),0(2),...). Tinh
chét (2.21) 1a gidng vai tinh chét (2.19) khi str dung gia tri (¢(0),a(1),...) thay vi

su dung gia tri 0.

2.3.3.11. Nhikng lgi ich cu thé cia cac phép toan xir ly stream

Cac phép toan xur Iy stream tir tiéu muc 2.3.3.1 dén 2.3.3.10 duoc luan an xiy

dung mang lai nhitng loi ich cu thé nhu sau [CT.1][CT.2][CT.8] (Bang 2.20):
Bang 2.20. Nhiing loi ich cy thé ctia cac phép toan xir 1y stream

Phép toan Tiéu chi Nhiing loi ich cu thé

Dropping Loai bo cac phﬁn tr dau/cudi hodc bo qua theo chu ky. Giap lam

(D) Tién xtrly | sach dit liéu, giam nhiéu va giam tai truéc khi dua vao pipeline.
Taking stream di¥ Léy ra [ frame tiép theo sau khi bo qua i frame dau. Hiru ich trong
(T l-) lidu viéc trich choq céc~doan frame, xay dung cac stream con va thuc

L hién thao tac lay mau trong xu ly stream.
Chia stream thanh cic phan nho dé xir Iy song song, ndi tiép hodc
splitting Biéu dién géc thAeo co ché héi’tiép (Pua m(?t phén két q?é x.ﬁ; ly quay ’tré 1'z_1i l?‘lm
) strea}En di dz‘iu vao (Eho chinh strea}m do)-. HoA trqﬁbleu c}1en cau tI'l;1C plpehn’e
liéu va tang tinh m6 dun hoa (Chia hé thong thanh cac mo dun nho,
doc 1ap, mdi md dun dam nhiém mot chirc ning rd rang).
Viéc tach, Nén cac stream theo ting vi tri tuong tmg dé tao stream dong bo.
nén vahop | Hd tro hop nhit dit liéu tir nhiéu pipeline xt 1y.
Zipping nhit stream | Pong bd hoa timg nhoém k-frame khi hai stream c6 toc do khac
(Zy) DPam bao tinh | nhau. Duy tri bat bién (Puoc gitt 6n dinh trong sudt qua trinh xir
chét bao toan | 1y stream, bit ké cac phép toan trung gian) cua hé thdng tinh toan
stream va On dinh dau vao pipeline.
Kiém tra tinh | Tron nhiéu stream thanh mot stream duy nhat, dam bao khong mat
Merging dung ddn va | dit liéu va duy tri thir ty. C6 ich trong hop nhit nhanh xir 1y va bao
(+) hop nhét dit | toan tinh toan ven dit liéu (Khong mét dit liéu nao tir hai stream
liéu dau vao).

Reversing Phén tich Dao nguoc stream dé kiém tra tinh d6i xung, tim mau dao thoi
(Revy) stream va toi | gian hogc danh gi tinh chét logic thoi gian (Ding dé mo hinh héa
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Phép toan Tiéu chi Nhiing loi ich cu thé
uu hoa thudt | su lién tuc cua dir liu, tinh 6n dinh, tinh bat bién, va hanh vi tuan
toan tu theo thoi gian). Rat hitu ich trong phan tich sdu cac chudi dix
liéu.
L Luu trang thai tam thoi (Delay) trong qua trinh xir 1y stream theo
Registering L ek 20X . At o A A et 1o
co ché dudng ong dé ho trg cac thuat todn tuan tu, phan tich ting
(I) . < A , ;o3 o X
budc hoac thuat toan c6 do tre. .
Convolution Ap dung tich chap 1én stream dé lam muot, loc nhiéu, trich dac
Product Xu 1y tuan ty | trung hodc khoéi phuc tin hi¢u. Htu ich véi dir liéu cdm bién, am
(X) thanh, van ban, hinh dnh.
Assignment Gan gia tri mdi cho mot stream nham cép nhat trang thai hoac tai
(:=) Hau xit I{ dinh nghia stream trong cac budc xt 1y sau.
Copying : Y Nhan ban mét stream thanh hai hodc nhi€u ban sao dung cho cac
(o) nhanh xt ly khac nhau ma khong anh hudng dén stream goc.

2.3.4. T hop cac phép toan stream thanh cac biéu thirc stream dang BDL

Tat ca cac b lay mau stream chu ky va tong quat hon véi nhiéu bg chuyén doéi

stream chu ky khong nhat dinh phai duy tri tht ty cic frame trong mot stream dang

BDL, c6 thé thu dugc bing cach tach hoic gop cac stream. Cac phép toan stream:

taking, zipping, dropping va reversing dugc t6 hop, véi cac phép toan stream nay thi

cac stream co thé dugc lay, nén, loai bo va dao nguoc.

Pinh nghia 2.13: Viéc két hop ciia phép toan taking va zipping trong phan tich

stream dang BDL cho cac biéu thirc stream nhu sau:

Chol > 2va0 < i < [, phép toan taking c6 dang T}: A® — A® duoc dinh nghia bang
mot phuong trinh sau: T/ (¢)' = T} (0)%, T (0)(0) = o ().
Cho k = 2 va day ay,...,0,_1 € A® la cac stream dang BDL (kh6ng phai la cac
frame), mot biéu dién stream o c6 cac frame sau: a(0), o(1), o(2)...., phép toan
zipping c6 dang Z,: (A®)* - A® dugc dinh nghia bang phuong trinh ¢6 dang nhur
sau: Z,(0y, ..., 01_1)(0) = 04(0), Z,(0y, ..., 0k_1)" = Zi(04,...,0k_1,09)-
Theo quy nap, néu k >2va 0 <r < k — 1 thi Zx(gq, -, 0x_1) (kn + 1) = 0, (n).
Phép toan zipping: T% = (0(2),0(5),0(8),0(11),...) va Z,(o,7)=
(O‘(O),T(O),0'(1),1'(1),0'(2),1'(2)).
Zk(Z1(00, 01 -+, Ouse—10) Z1 (01, Okt -+ » Otiemier 1) -+ » Z1(Ok —1, Op—1, -+ O1ic—1)) =
Z (09,01, ..., 01,—1) cho phép tai tao lai phép toan zipping tuy y.

Vi du 2.10: Biéu thirc stream Zy (0, -+, 0x—1)(kn + 1) = 0,(n). Gia st cho r =

2,k=3,n=0 theo dong quy nap, gia st k=2 va 0<r<k-—1 khi d6
Z5(04,01,0,)(2) = 0,(0). Cho mot truong hop khéc, giasirrangchor = 1,k = 3,n =
1 theo dong quy nap, suy ranéu k > 2va 0 < r < k — 1 thi khi 6 Z3(0y, 01, 0,)(4) =
o.(1).

Vi dl.l 2.11: Biéu thuc Z(2,(00,01s - 01 Z1(01, Oy 1, -+ o) Ot i1+ 0 Z,(0k 1,011 O_1)) =

20 (00,00,-.., ) Stream. Gia s cho k = 2, [ = 2, va stream ¢ = (6(0), 6(1), 5(2), 5(3), a(4), ...).
Khi d6 o; 12 stream ¢ dich phai i budc o; = (a(i),o(i + 1),0(i + 2), ...). Lic nay, vé trai
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2,(00,3) = ((6(0),6(2)), (¢(1),6(3)), (0(2),6(®), .. ), Zy(01,05) = ((0(1),6(3)), (0(2),5(H)), (¢(3), 6(S)), .. ), tiép do
2,(2,(00,0), Z,(01,03)) = (((0(0), 0(2)),(0(1),6(3))), ((c(1),6(3)), (0(2),6®)), ((¢(2), 6(®), (6(3),5(5))). ) ghép
cac frame theo thir ty ta dugc ((c(0),6(1),0(2),6(3)), (6(1),5(2),6(3), 6(4)), (6(2),6(3), 6 (4),0(5)), .. ). CON
vé phéi 2,501, 0, 3,) = ((6(0),5(1), 6(2),6(3), (6(1), 5(2), 63), (), (6(2), 6(3), 0(4), 6(5)), ... Hal vé tring nhau,
nén véi k = 2val = 2 thi Z,(Z,(0y, 02), Z5(01,03)) = Z4(0y, 01,04, 03).

Céc phan tich trén cho thay, véi bat ky bo 1ay mau stream chu ky nao ciing déu
c6 thé duogc biéu dat bang cac khia canh phép toan taking va zipping. B lay mau
stream chu ky S nhu trong dinh nghia 2.2 va dya vao dinh nghia 2.7 cho ta cach t6
hop phép toan taking va zipping thanh biéu thic stream dang BDL nhu sau: S(o) =

Ze (T7°(0), 1, (0), .., T} ().

Vidu 2.12: Cho k =2val =2 véilya chon chisdng=0,n;, =1 (vVi0 <ng<n; <2,
dya theo dinh nghia 2.2). Goi ¢ = (0(0),0(1),0(2),0(3),0(4),..). Khi do6, Ty (o) =
(0(0),0(2),0(4),0(6),..) ldy miu tudn hoan budc 2 bat dau tr vi tri 0. Ti(o) =
(6(1),0(3),0(5),0(7),...) lay mau tuan hoan budc 2 bat dau tir vi tri 1. Vay biéu thic stream
$(0) = 2, (T9(0), T4(0)) = ((0(0),6(1)), (0(2), (), (6(4),5(5)), (6(6), 5(7)), ... ).

Tong quat hon, cac phép chuyén doi stream chu ky véi phép toan taking va
zipping dugc dinh nghia trén stream dang BDL, khéng chi tao ra cic day stream con
ma con co thé thay doi thir tu ciia cac phan tir stream con d6. Poi véi truong hop cu
thé, phép toan reverse cac stream Rev, duoc m0 ta bang ham ddo nguoc cac stream
dang BDL nhu sau: Revy: A® — A®, trong d6 véi k = 1 dugc dung cho ham dao
nguoc cac stream bang viéc té hop phép toan zipping va taking thanh biéu thirc stream
ddo nguoc nhu sau: Rev, (o) = Z,, (T,f‘l(a), TF2(0),--, TP (a)).

Vi du 2.13: Cho phép déo ngugc Rev véi k = 2, va o = (6(0),0(1),0(2),5(3),5(4), ...).

Khi d6, TP(0) = (6(0),0(2),0(4),0(6),..) (Ldy frame & vi tri chin). Ti(o)=
(c(1),0(3),0(5),0(7),..) (Lay frame & vi tri 1¢). Biéu thic dio ngugc s& 1a Rev,(o) =

Z, (Tzl (0),T2°(0)) = ((0(1), d(0)),(¢(3),5(2)),(a(5),5(4)), (a(7),5(6), )) Nghia 13, Rev,
dao nguoc thir tw trong ting khéi kich thude 2, mdi cip frame (0(0), 0(1)) cua stream ¢ tré thanh
(D), 0(9))- '
2.3.5. Dong dai so stream dung cho stream dang BDL
Pinh nghia 2.14 (May trang thai stream dang BDL): Cho mét tap hitu han

hoac vo6 han cac phép toan xur ly stream dang BDL, ky hiéu T. Mot stream dang BDL
trong loMT 1a mot may trang thai stream ¢6 kiéu {IoMT, {0;om71 €10m7)) D20 gOM Mot
tap cac phép toan xu ly stream T, mot tip cac trang thai loMT, mot ham dau ra o0;, 7
[oMT - (T - 2), va mot ham tién hoa e;py: [oMT — (T = [o0MT).
Trong do:

= 2 ={0,1} 1a mot tap gdm 0 (4m chi phép toan t khong kha dung) hoic 1 (4m chi

phép toan t kha dung).
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" 0,y 94N cho Mot trang thai ¢, mot ham dau ra o;,pr(c): T — 2 dic ta gia tri
0;omt(€) (t) dat dugc sau khi mot phép todn t dugc thuc hién. N6i mot cach khac,
1: nghia la khi phép toan t kha dun
Oonr (@) = {8 . "

0: ngworc lai
= Tuong tu, e;opr gan cho mdi trang thai ¢, mot ham tién hoa e;opr(c): T = [oMT
dac ta trang thai e;,pr(c)(t) dat dugc sau khi mot phép toan t dugc thuc hién. Doi
khi, ¢ 5 ¢’ duoc sir dung dé chi e;opr(c)(t) = ¢’

Dua vao dong dai sb stream ¢ tiéu muc 1.6.9 (Chuong 1) va dinh nghia 2.14 ¢

trén, ludn an xay dung dinh nghia 2.15 vé dong dai sb stream ding cho BDL sau:
Pinh nghia 2.15 (Pong dai s6 stream dang BDL): Tip cic stream
{{IoMT, (0;opm7» €1omr))} dang BDL cua tat ca cac vat mang stream hitu han hoac vo
han ¢ mot cau trac déng dai s gom c6 mot cap phép toan (0,E) cd dang

{{IoMT, {0;omr eloMT))}w_E; Oromr X {{I0MT, {0107, €1omr))} V& phan tir stream

(IoMT, {010mT) €10m1)) — {{TOMT,{010m7, €10MT))(0), {IOMT, 0107, €10MT))) (Bing 2.21).
Trong do:
» {{IoMT,{01omT> €1omT))} 18 tAp Cac stream, VA 0y, 1a tp cac frame.

» {{IoMT,{01omT> e,oMT))}(?)o,oMT la cAu xa cua stream (IoMT,{0;om1> €1omr)) dén cip

((1oMT, {010mr» €10m1)Y(0), (I0MT, {010p7) €10M1))' )s VOi (I0MT, {0107, €10mr))(0) 12 phin tir
dau tién cua stream (IoMT, (0;om1> €1omr)) V& (IOMT,{0;0mT> €1omr)) 13 stream con cua

(IoMT, {0;1om7> €1om)) bt dau tir phin tir thir hai.

* {{loMT,{01omr/ €1omT I} (?) {(IoMT,(0jomr, €1omr))} 12 MOt  chu xa ciia  stream
(IoMT,{01omT> €10MT)) dén stream (E({(1oMT,{010mT> €10MTIN)s voi
(E((IOMT' (010MT> eIoMT))(O))> dugc xac dinh boi (E((IOMT: (010MT» eloMT))(O)) =
(IoMT, {01omr €10mr))(0)) V& (E((I0MT, (010mr, €romr)))’ = (10MT,{00mr, €romr))’). Tiép
tuc, (E({(IoMT,{oomr) eloMT))»(?)(E((IOMT: (OromT» €1omT)))) 12 chu xa cla mot stream
(E(IoMT, {010mt> €10MT)))) dén stream (E(IoMT, {010mT> €10mT))))5 voi
(E((IOMT' (010MT> eIoMT))(l))> dugc xac dinh boi (E((IOMT: (010MT» eIoMT))(l)) =
(IoMT, 010mT» €10m1)) (1)) VA (E ({IOMT, 010mt) €10mT)))"" = (10MT, {010m7) €10MT))"")-

Béng 2.21. M6t ciu tric dong dai sb stream ding cho BDL trong loMT

Cap phép toan (0, E) Phan tir stream dang BDL
{{IoMT,{01omT) €10mT))} (07; OroMT (IoMT,{01om1 €10MT))

X {TOMT, (o ey | (1OMT, Oromr. er1omr)(0), {IOMT {ojourr, eronr)))

Vi du 2.14: Cho mét stream dang BDL trong Io0MT: o = (a(0), o(1), o(2),
0(3),0(4),5(5),0(6),a(7),...) va thuc hién phan tich frame d4u (head) va cac frame
dudi (tail) cua stream ¢ ndy bang cau tric dong dai s stream nhu sau:

Pau:  a(0) Duoi: 0(1),0(2),0(3),0(4),0(5),0(6),0(7), ...
o(1) 0(2),003),0(4),0(5),0(6),0(7), ...
o(2) 0(3),0(4),0(5),0(6),0(7), ...

0(3) 0(4),0(5),0(6),0(7), ...
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o(4) 0(5),0(6),0(7), ...
o(5) 0(6),0(7), ...
a(6) a(7), ...

2.3.6. Bai todn mé phéng va kiém chirng danh gia cac phép toan xir Iy stream

Bai toan két hop cac phép toan taking, zipping, reversing, dropping, splitting va
merging dung cho stream dang BDL (Mot stream ¢ nhiéu frame va mdi frame 1 mot
b (text, image, audio, video, v.v), theo dinh nghia 2.13) nham: (1) Kiém chimg ngit
nghia dé bao toan tinh ddng nhit cia stream gdc va gii tip con cua phép toan stream
nay; (2) Lugng hoa cac chi sb hiéu ning chinh (Key performance indicators - KPIs)
ctia hé thng khi str dung 6 phép toan: Théng luwong (Throughput - TP), dé tré trung
binh (Latency average - LA), dé tré bach phan vi (Latency p95 - LP), mitc chiém dung
bé dém trung binh (Buffer average - BA), dinh bé dém (Buffer peak - BP), chi sé do
cdn bang (Fairness Index- F1) khi ¢6 nhiéu stream dong thoi, Va ti 1¢ tiét kiém
nhdplxudt (Input/Output - 10).
a) Pit bai toan cho cac phép toan can kiém chirng
= Phép toan taking T/: A® — A® lay mdi frame cach nhau [ khéi, bat dau tir vi tri i:

T (o)(n) = a(i + nl).
= Phép toan zipping Z: (A®)* — A® 1a ghép k stream bang cach thuc hién xen k& vong tron
(Round-robin):

Zy(ag, oy 0p_1)(n) = 0,.(q), n = qkq+ r (0 <r<k).
» Phép toan reversing Rev,: A® = A®, v6i k = 1 dugc t6 hop tur phép toan zipping va taking

thanh biéu thirc stream nhu sau: Revy, (0) = Z, (T,f'l(a), TF2(0), -, T? (0)).

= Phép toan dropping Df: A“ — A® mang nhiém vu loai bo phan tir thir k cua tirng khi stream
dAu vao véi kich thusc khdi [, 1 > 2va0 < k < L.
= Phép toan splitting S(a)® =5S(c®), S(@)() =a(n;), 0<j<k I>1va1<k<l|,

S(0) = 7, (TZ"O ), T (0), -+, T (0)).

» Phép toan merging o+ 1= (0(0)+7(0),0(1)+7(1),0(2)+1(2),...), o=

(0(0),0(1),0(2),...) vat = (z(0),7(1),7(2),...).

* Vay, hai tinh chat sau day can kiém chung:

e Pong nhdat (Identity): Tach mot stream ¢ thanh [ nhanh (khéi) con nhu sau

T2(0),..., T (o), 16i zipping lai s& khoi phuc diing stream goc:
2,(12(0), TH(0), .. T (@) = 0.

e Giir mét tap con (Subset retention): Néu chi chon tap con chi sé I = {ig, iy, ..., ix_1}, I0i
zipping céac khoi I tuong ung thu dugc stream dau ra c6 tan s6 giam con p = % S0 Véi
stream goc (p = 1 giit lai toan bd frame). Nghia 1a mdi khdi [ chi giir lai i frame, gitp
giam thong lugng, tiét kiém IO va ngin don & frame khi hé thong qua tai.

= Phep toan take, zip, rev, drop, split va merge tac dong 1én cac KPlIs.

b) Phan tich dau vao va diu ra cho thuit toan mé phéng cac phép toan stream

= Pau vao: Clia md phong khong phai 1a tap tin bén ngoai ma 1a cac tham sd cu
hinh (C¢ gia tri tuy y) va frame sinh ra tir mé hinh.

e Tham s6 ciu hinh: Nguoi ding cung cap tham sb cau hinh (Cac tham s nay xéac dinh
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cach frame dugc sinh ra va duoc 14y bai phép toan taking va zipping & 16i vao pipeline;

Nhirng frame dugc chon sé di qua pipeline: Decode giai ma di liéu tho (video, audio,

image, text) — Process thuc hién xur 1y tinh toan trén frame da giai ma — Encode ma

hoa két qua dé xuat ra stream dau ra).

(¢]

(o]

(¢]

T: Tong thoi gian mo phong (Pon vi tinh theo gidy - 5).

Dt: Budc thoi gian roi rac (Pon vi tinh theo mili gidy - ms).

M: S6 luong ngudn stream dau vao: 0..M-1.

fps;,: Toc do frame dau vao mdi gidy cho tirng ngudn stream. Khoang cach giira hai frame

o Gid st fpsini] = (60,45,30} 14 3 ngudn.

I: Kich thudc nhom (khdi) cho phép toan Taking. M&i frame c6 chi sb ldx, xét Idx mod [ €
{0, ...,k — 1} dé quyét dinh giir hay loai frame theo 1.

I: Danh séch céc chi sé trong nhom (khéi) I duoc gitr lai, gia st c6 danh séch cac chi s6 gom
[1, 3] (Nghia la chi giir 1ai frame 1 va 3).

Policy: Chinh sach khi ngudn rdng (Xir 1y trong bude nén da ngudn khi khong c¢é frame san):

lién tiép cua nguon i 1a

Blocking: Dimng néu ngudn hién tai chua c6 frame; Skip: Bo qua ngudn rdng, 13y tir ngudn
ké tiép; Padding: Néu t6i lwot ma ngudn tréng thi chén frame dém hay con goi la frame ao
dé giir nhip phat).

e Dir liéu frame dwoc sinh ra tir mé hinh: Trong qua trinh m6 phong, cac frame duoc

tao ra cho timg ngudn (Pay chinh 13 cac frame diu vao dugc mo phong lién tuc trong

thoi gian chay): Moi frame c6 cau tric:

O

(o]

O

(o]

Source: Chi s6 ngudn stream oy, (0, 1,2, ..., M-1), M > 1.

ldx: S thtr ty frame cua ngudn stream.

Tarrive: Thoi diém frame dén hé thong.

Padding: Bat, néu la frame ao (frame dém) thi khong dua vao decode.

= Piu ra: Khi chay moé phong sinh ra 16p dir liéu cac chi s hiéu nang chinh (KPISs)

duogc ding dé tinh toan (lugng hoa) sau khi két thiic mé phong.

e Théng lwong dau ra (TP): Cho biét hé thdng thuc té xuit ra bao nhiéu frame mdi gidy

sau khi thyc hién phép toan taking va phép toan zipping.

(0]

__ S6luong frame dau ra

TP = -
T: Tong thoi gian mé phong. Cho biét toc d6 xir 1y trung binh.

e D¢ tré trung binh (LM): Cua co ché dudng 6ng (Pipeline), nghia 1a tinh thoi gian trung

binh tir luc frame dén cho dén khi frame duoc xuét ra (ms: mili gidy). Gia st cd N frame

voi @0 tré timg frame 1a Ly, Lo, ..., Ly, d0 tré cua frame thtr i duoc tinh L; = to(f;) —
tin (f), thi do tré trung binh la:

(0]

(o]

_1yN _1ynN
LM = =¥, L = 2 (toue () — tin(F)).
V6i mbi frame f;, tinh tir luc frame vao dén lic ra, t;, (f;) 12 thoi diém frame vao pipeline (1a
Tarrive), tou(f;) 12 thoi diém frame ra khoi Encode. P9 tré bao gdm thoi gian chd trong
hang doi cong voi thoi gian xtr 1y tai moi giai doan pipeline.
Gia sir ¢6 100 gi tri d6 tré Ly, L, ..., L. Cong thitc LM = ﬁZ}QELi. Gia sir cac gia tri

d6 tré da do lan luot 1a L; = [20.1,21.4,23.5, ...,58.2,59.7], gia sir frame dau tién f; &p
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dung Ly = toue(f)) — tin(f;) = 120.1 — 100.0 = 20.1 ms (D6 tré ciia frame dau tién dugc

tinh bang chénh léch giira thoi diém frame d6 ra khoi va vao pipeline). Tong tit ca do tré
199 L; = 3917. Khi d6 LM = 22 = 39.17 ms (LM ciia 100 frame) (Hinh 2.7).

e D¢ tré bach phan vi (LP): Nghia 1a ngudng do tré, day la gia tri ma 95% cac frame
(p95) c6 do tré < gia tri nay, va 5% sb frame con lai c6 do tré I6n hon. C6 N do tré
Ly, Ly, ..., Ly dd sip xép ting dan L; < L, < -+ < Ly va phan tram can tinh p = 0.95,
khi d6 d6 tr& bach phan vi tha 95 noi suy tuyén tinh s& dugc tinh 1a: r =1+

L., néuy = 0;

px(N=1) k= M’y=r_k’LP2{(1—y)ka+y><Lk+1,né'u0<y< 1.

Trong do:

o Néuy = 0 (Tuc r 1a sé nguyén), LP = L,., nghia 1a gi4 tri bach phan vi tring dang véi mot
phan tir trong day. Nguoc lai, néu 0 < y < 1, thi LP dwoc ndi suy tuyén tinh giira hai gia tri
lién k& Ly Va Lyyq, theo LP = (1 — y)Ly + ¥Lys1.

o N: S6 luong frame dugc do, nghia 14 tong sb gia tri do tré thu duoc trong toan b md phong.
Giasit N = 100 nghia la c6 100 frame dugc ghi nhan d6 tré.

e}

p: Phan trim vi can tinh, nghia 13 ty 1¢ phan tram cta bach phan vi. V6i p = 0.95, ta tinh d6
tré bach phan vi thir 95, tirc 95% frame c6 do tré < gia tri nay.

o 7: Vi tri thyc trong ddy da sap xép, nghia Ia tinh theo cong thuc r = 1+ p x (N — 1). Pay
1a vi tr thuc cta gia tri bach phan vi trong diy d6 tré da duogc sdp xép tang dan.

k: Phan nguyén cia r, nghia la chi s6 nguyén gan nhat vé phia duéi cua r, tic k = |r].

(©]

e}

y: Phan thap phan cua r, nghia 1a phan du giira r va k, tic y = r — k, cho biét khoang cach
tuong ddi gitra hai frame can ndi suy.

o Lj: DO tré tai vi tri thir k trong day da sap xép, nghia la diy do tré sau khi sap xép 1a L; <
Ly < -+ < Ly, khi d6 Ly, 1a gid tri tai vi tri thr k trong ddy nay.

e}

Ly41: DO tré tai vi tri ngay sau k trong day do tré da dugc sip xép ting dan, nghia 1a khi ta
c6 diy 46 tré da sip xép: Ly < L, < -+ < Ly, thi Ly, 12 gié tri dimg ngay sau Ly, tirc phan
tir ké tiép trong day.

o Minhhoa N =100 framevap = 0.95 - r = 95.05 - k = 95,y = 0.05, Lgs = 51.8 ms,
Lgg = 52.6 ms. Khi do: LP = (1 — 0.05) x 51.8 + (0.05 x 52.6) = 51.84 ms (Hinh 2.7).

60+ e DO tré timg frame (da sap xép)
viing xanh 13 la 95% sé frame c6 d6 tré = p9s .
vung cam 1a 5% s6 frame cO dO tré > p95 = mmmmm e ————— ANt —
== D@ tré trung binh = 39.17 ms
—=. Db tré bach phan vi th* 95 = 51.84 ms
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Hinh 2.7. So sanh gitta LM va LP cta @0 tré (100 frames)
o Thuc hién so sanh giita LM va LP cia d6 tré bang két qua do thi tryc quan (Hinh 2.7): Hai
dudng gach dut nét biéu dién LM va LP trong pipeline. LM phan 4nh d6 tré trung binh cua

toan bo pipeline, con LP thé hién ngudng ma 95% sb frame dwoc xir Iy nhanh hon, chi 5%
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con lai ndm & phﬁn duoi phan bd, tirc nhoém frame bi tré nhat trong chudi xur ly. Vay, chi sb
p95 dugc ding dé danh gia do 6n dinh va kha ning chiu tai cta pipeline.

o Mirc chiém dung bg dém trung binh (BA): Nghia 13 gia tri trung binh cong cua sd frame
dang cho trong cac bo dém trong sudt thoi gian mé phong cho thay hé thdng c6 bi don
{r frame hay khong. Tong dung luong bd dém trung binh (Cong 3 giai doan cua pipeline
Decode — Process — Encode).

1
BA = E Z'(l; Dt(Qdecode + Qprocess + Qencode)-
o V&i Qgiai doan 12 s6 frame trong bo dém tai thoi diém t. Bo dém 1a trang thai hang doi theo

mdi budc thoi gian Dt, mdi Qgiai doan 12 frame dang xép hang tai budc thoi gian t.

o Gia sir thoi gian md phong 14 T = 5 s (Tac 5 chu ky quan sat) va mdi chu ky c6 gia tri sd
frame dang cho trong cac bd dém & bang 2.22.
Bang 2.22. S6 luong frame trong cac bo dém ¢ ting chu ky thoi gian (T = 5 s)

Thoi diem (S) Qdecode Qprocess Qencode Tﬁng qum

2 3 2 2 7
3 4 3 2 9
4 3 2 2 7
5 2 1 1 4
BP = 9 frames
|
9 ,k —8— Qdecode (Decode)
’a’ \\\ Qprocess (Process)
8 St S —i— Qencode (Encode)
Prag \‘-\\ == T8ng Qsum
7 ,’, "\\
E‘ /, \= _
T mmm—m—————— e o e BA = 6.20 frames
£ -~ =~
2 ,’, \\\
E> e e
£ ’ N
o
o
vl

~ w IS

. .
>
L

T T T T T T
1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
Thaoi gian mé phong (s)

Hinh 2.8. Biéu db chi tiét mrc chiém dung bo dém cua tirng giai doan

o Gia sit Dt =15, BA=rz %8 Dt(Qqecode + Qprocess + Qencode) =z (4 +7 +9+7 +
4) = 6.2. Vay, trung binh trong subt thoi gian mé phong, hé théng c6 6.2 frame dang chd
trong pipeline (Hinh 2.8). Mtrc nay thé hién do tai trung binh cta hé thdng, cang thap thi
pipeline cang thong sudt va it don «r. Nghia 1a do d9 tai trung binh cua hé thong.

e Dinh bo dém (BP): Nghia la s6 frame tbi da tung don trong bd dém (Pinh by dém cao
nhét timg dat). Néu gia tri niy cao, thi hé thong dé gap don & frame va do tré ting manh:
BP = max(Qgecode + Qprocess + Qencode)-

o V6i Qgiai doan 12 56 frame trong bo dém tai thai diém ¢. Dua vao bang 2.22, luan an ¢ téng
s6 frame trong by dém tai mdi thoi diém ¢ 12: Qeym = [4,7,9, 7, 4]. Ap dung cong thirc tinh
BP = max;(Qgecode + Qprocess + Qencode) = max(4,7,9,7,4) = 9. Vay, dinh by dém
BP = 9 frames, nghia 14 tai thoi diém cao nhét, c6 9 frame dong thoi bi xép hang trong

pipeline (Hinh 2.8). Néu gia tri nay cao, co nguy co nghén pipeline va do tré ting manh. Y
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nghia 1a do ngudng don & cyc dai (diém tic nghén).
e Chi s6 do cdn bang (Fairness Index - FI): Nghia la thudc do do can bang trong phan
phdi tai nguyén (1: Hoan toan cén bang).

M .2
Flz%,véiMZL

o x;: S6 frame thuc té duoc tra ra caa nguon i. Thang diém 0-1, 1 13 can bang.

- — — ‘ _ (Z’ivilxi)z _ (x)? _ (60)2 _ R e .
ChoM =1, x; =60. TinhFI = xSl ? — 1xad 160 1. Do vay, khi chi ¢6 mot

ngudn (M = 1), h¢ thong khong can so sanh mirc phan phdi giita cac ngudn, nén chi sd
can bang FI luon bang 1, thé hién hoan toan cin bang.

o o BMx)t  aes? N
- ChoM = 2,x; = {60,45}. Tinh FI = MXZ%ZNQZ = X607 +as) = 0.98. Do vay, chi mirc

d6 can bang giira hai ngudn dat 98%, ttc 1 kha cin bang (Ngudn 1 nhidu hon mét chut
50 v6i ngudn 2).

M 32
- Cho M =3, x; = {60,4530). Tinh Fl = &=x) _ WS ___ (939 p,

MxyM x? T 3x(602+452+302)
vay, chi s6 can bang giita 3 ngudn 1a 93.1%, nghia la mirc d6 cong bang kha cao, nhung
van ¢6 su chénh 1éch do s frame 1an luot 1a 60—45-30.

—e— T7 12 tiét kiém 1/O

1001
80
60

40

Ti 1& tiét kiém 1/0 (%)

20t

0

N BN A R
Hinh 2.9. Méi quan hé tuyén tinh giﬁzosgn:r:rl;]: B?&p)lai va muc tiét kiem 10 (I = 10).
e Ti ¢ tiét kiém nhdp/xudt (10): So véi truyén toan bd frame dugce tinh theo cong thire
cho phép toan taking (Hinh 2.9).
0=1- (@ ).
o 1: Kich thudc khéi (S6 frame trong mot khéi) ciia phép toén taking; |Ikeep |: S6 frame
duoc giir lai trong khéi I ctia phép toan taking. Khi giir it frame thi ti 18 tiét kiém I/O
cao. Khi giit nhiéu frame thi ti 1& tiét kiém I/O giam dan (Hinh 2.9).
Hinh 2.10, mdi budc thoi gian Dt, Khdi @ c6 stream o; cac ngudn sinh frame
Vi toc do fpsin[i] (Gia sir c6 fpsin[i] = [60, 45, 30] nghia 14 ba ngudn lan luot phat
60/45/30 mdi gidy). Vong lap xir ly theo trat ty cac frame dén (Arrivals) — Khéi @
dua vao hang doi Queuesin[i] — Khéi @ Taking — Khéi ® Queueskept[i] — Khbi ®
(Reversing, Dropping, Splitting) — Khbi ® Merging — Khéi @ Zipping — Khbi @
pipeline (Decode — Process — Encode), sau mdi vong lip cap nhat bo dém va ting
budc thoi gian t += Dt. Phép toan taking va zipping 1a 16p diéu tiét 161 vao pipeline
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ctia cac frame dén, thuc thi that sy chi bit dau tir Decode.

! PAUVAO | Frame di vao co ché dwdng 6ng 3 giai doan: Decode— Process — Encode |
e T E . [ oscoxe | |
P e b [k 0 0 [ ] Process | !
| g ung at I Encode | |
- A N |
! i Lo 1 |
! ,:IF Stream o; | . Coh % Fy Fa - !
N Ngudn N Phép toan g |
.= e | Reversing '8 2 Fy Fy -
[ fpsin[i] f“ i |
ol |
L1 v v 3 Fs F
-] 3 3
] £
o Ron
5 |
£ | Hang doi vao | Phép toan - — Bodém Decode | |
= ueuesi[i | Droppin 8 — B dém Process | |
s Q inli] ‘ pping 205 Do dem Enevde | |
1B v v 1200
i en
& [ Phép toa 1 2 3 ‘ .5 7 8 9
- ep toan | o i Bude didu khidn (CStep) |
] Taking I Phéptoan |1 1| g
DS ] idx%l, 1, Tiep, Splitting || | @ i
e T et ittt S
e GOfavare @ ”/@ Phép toan || P i :
2 v L 4 Zipping | Decode Process . !
g R o 2 Round-robin, (% (Gidimadi [P (X ly tinh todn
5 | Hangdoi gitr Phép toan Policy ligu tho) trén frame)
= | Queuesieyli] Merging 6 | |
. 4 Il Co ché duong dng thyc thi: Decode — Process — Encode || || BA, BP, FI, 10 ||
i E) Frame o dung dé gift nhip nén khong dua vao Decode cua co g |
a8 ché dudng 6ng thyc thi (Padding=True) Pipleline i PAU RA
Ghi chd: — Ludng frame dén; 4 Ludng frame a0 hai chidu; =] » Mo ta chi tiét frame dugc di vao co ché duong dng (pipeline)

Hinh 2.10. So d6 diéu khién 1561 vao co ché duong dng (Pipeline) cua cac frame dén

Khdi ® c6 phép toan taking khong phai mot giai doan pipeline ma 1a bo lay
frame theo ting nguon: Vi mdi frame dén, tinh j = idx mod 1 va giit khi j € ey,
néu bat nhan biét Gofaware thi moi frame nam trong Avoidtypes (Thuong 13 liame, Irame
la frame noi ma hod 1am méc tham chiéu, khéng phu thudc frame trude hoac frame
sau, mdc tham chiéu trong nhém céac frame Gof - Group of frames) ludn dugc giit.
Cac frame bi loai duoc ghi vao nhat ky cac frame bi loai Drops, con frame dugc chap
nhan dua vao hang doi gitr trong Khéi @ Queueskep[i] theo ngudn. Phép toan taking
khong ¢ hang doi hay thoi gian phuc vu riéng, né chi quyét dinh giit hay bo frame,
nhd d6 dinh hinh luu lugng va thanh phan ndi dung di vao pipeline va dong thoi giam
10. Khdi ® nhan ngudn tir khéi @ thuc hién dao nguoc, loai bo va tach frame, Khoi
® thuc hién tron frame.

Khéi @ c6 phép toan zipping 1a co ché nén frame da ngudn dit trude pipeline
thue thi. O mdi budce thoi gian Dt, n6 duyét cac ngudn theo xen k& vong tron (Round-
robin) va chon t6i da mot frame that tir Khdi @ Queueskept[i] dé dua vao Decode. Vi
thé, zipping quyét dinh frame ciia ngudn nao dugc di trudc va chinh xac lic nao frame
do6 dugc bom vao pipeline. Cach chon nay con phu thudc vao chinh sach (Policy): véi
Skip néu dén luot ma ngudn dang rong thi bé qua ngay di sang ngudn ké tiép nén
frame ctia ngudn khac c6 thé vao sém hon; voi Blocking néu ngudn réng thi ca budc
d6 khong frame dugc chon khién thoi diém vao bi tri hodn; Khéi ® véi Padding khi
ngudn rong sé tao mot frame 4o chi dé giit nhip vong lap va frame ao nay khong di
vao Decode. Vi quyét dinh thir tu va thoi diém cip frame, nén zipping tac dong truc

tiép dén tai hang doi, do tré, cAn bang gitta ngudn va gian tiép dén thong luong.
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Khéi ® trong tirng bude thoi gian, cac frame Fo—F3 di vao pipeline ba giai doan
Khéi ® Decode — Process — Encode, vdi truc ngang 13 cac bude diéu khién tudn tu
(CStep) va truc doc 1a cac frame; Fo (Chay tuan ty qua 3 giai doan) chuyén sang
Process thi F1 bat dau Decode, tiép d6 F2, F3 ndi tiép, tao xir Iy chong 1an gitp giam
d6 tré tong va tang tdc xtr Iy. Khi nhiéu frame dén cung luc, bo dém Decode phinh ra
trude khi Process kip tiéu thu; lic Process ban, hang doi cho cua néd ddn; Encode
cling c6 thé don néu tdc d6 xuat cham hon tdc d6 vao. Noi tong quat, mbi frame déu
di qua ba giai doan Khdi @ nhung khong phai chd nhau hoan tat; Taking quyét dinh
cai gi dugc vao (Giit lai, giam I/O), Zipping quyét dinh khi ndo va theo tht tir ndo
ting ngudn duoc cip vao Decode (Chi phdi nhip phat va can bang), con pipeline
quyét dinh duoc xir Iy nhu thé nao voi thoi gian phuc vu va bo dém cua timg giai
doan, ba 16p (Khdi @, Khéi @, Khdi @) phdi hop dé dinh hinh chi phdi Khdi @ TP,
LM, LP, BA, BP, Fl va |0. Pay chinh 1a uvu diém then chdt cua lap lich theo pipeline
cho stream dang BDL, tan dung song song hoa dé giam d6 tré tong va ting toc do xur
ly [CT.9].

c) Thuét toan mé phong cac phép toan xir ly stream
Thuat toan ma gia sau day mo ta logic mo phong két hop cac phép toan xu 1y

stream cho viéc xtr Iy diéu khién 16i vao pipeline cua cac frame dén.

Thuit toan 2.1: Diéu khién 16i vao co ché dudng dng (pipeline) cho cac frame dén bang cac
phép toan xir Iy stream (Mot stream hodc nhiéu stream) qua 3 giai doan.

Piu vao:

= M stream vao hé thong {0y, 01, ..., oy}, Mi frame 1a mot bo (text, image, audio, video, v.v)

= T 1a tong thoi gian md phong (Gidy), Dt la bude thoi gian (Mili gidy)
fpsi,[i] 12 toc d6 frame dau vao mdi gidy cho ting ngudn stream o;
I 1a kich thuéc khdi, I € {0,1,...,k — 1} 1a cac vi tri duoc giit trong phép toan stream
GOfaware 12 bat/tat ché do nhan biét frame khi Taking. Néu bat: Néu mot frame thudc loai trong
Avoidtypes (C4c loai frame can bao vé khi Gofaware=True, mic dinh 12 I, con P cho céc vi tri con lai,
suy ra bao v¢ Iframe) va I€ ra bi loai theo Iyeep, N6 van dugc giit dé bao toan (Bao vé liame); Nguoc
lai néu tit thi theo luat Ieep.
= Gofsize: Kich thudc nhom frame (GoF).
= Chinh séch nén (Zipping) khi dén lugt mot ngudn thude 3 loai Policy {Blocking, Skip, Padding}:

e Blocking: Néu ngudn dang dén lugt khong co frame, khong chon ngudn khac trong budc thoi gian

d6 (Giit nhip chit, thong lugng c6 thé giam).

e Skip: Néu ngu:6n dang dén luogt trong, thir ngudn ké tiép ngay (Thong lugng thudng cao hon, co
thé gidm can bang).
e Padding: Néu nguép dang dén luot tréng, tao mot frame dém/ao (Padding=True) dé giir nhip dong
. bd (nhip phat) va roi sau do chuyén luot.

Pau ra: Stream o;, KPIs (TP, LM, LP, BA, BP, FI, 10)

1. Khoi tao ngiu nhién dit liéu néu can, dit thoi giant « 0

2. for each nguén i:

3. Tao hang dgi vao Queueid[i]

4. Dit Arrivalmex[i] < 0 1a budc khoi tao thoi diém dén ké tiép cua ngudn i (O thoi diém bat dau
mo phong, t = 0 mili gidy, ngudn i da sin sang sinh ra frame dau tién).

5. Tao hang dgi cho cac giai doan theo pipeline: Qoecode, Qprocess, Qencode

6. whilet<T:
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for each i in 0..M-1: Sinh ra danh sich frame d@én tir M stream vdo hé thong {oy, 04, ..., Op-1}
if t > Arrivalnex[i]:
Frame « Frame mai dugc tao (source=i, tamive(tin)=t, idx=counter[i], Gofps=counterfi]
mod Gofsize, Ftype=FrameType(Gofpyos))
Queuein[i] «— Frame: Frame xép hang (Enqueug) d6 dé vao Queuein[i]
Arrivalnex[i] « Arrivalnex[i] + 1/fpsiy[il: Thoi diém frame dén hé thong
Counter[i] < Counteri] + 1
for each i: Ap dung phép toan Taking cho timg nguon
while Queugin[i] khong rong:
f «— Queuein[i].pop(0)
j« fidx mod(
Keep «— (j € lkeep)
if Gofaware VA (f.Ftype e Avoidtypes) va khong keep:
Keep «— True 1a bao v€ lframe Khi GOfaware = True
if keep:
Queueiepi].append(f)
else:
Drop . B (khéng git) frame fvi né khéng théa diéu kién giit (j & lkeen). Frame nay sé khéng di tiép
vao pipeline; thi lai mét dong nhdt ky v'é‘ sw kién bi b6 nay (Thoi diém t, nguén source i, chi muc idx,
logi ftype), dé sau nay tinh KPIS (nhu tiét kiém 10, phdn tich Iy do roi frame, v.v.).
Dequeue Queuein[i]: Ldy fra khoi hang doi vdo ciia nguon i (Dit gitF hay bé thi déu phai logi khéi Queuein[i]
dé tién toi frame ké tiép).
if use_reversing = true or use_dropping = true or use_splitting = true then
forifromO0toM-1do

if Queuekepi] r5ng then //Néu stream i réng thi b6 qua
continue
endif
block «— Queuekep|i] //Block la danh sach frame cia stream i
if use_reversing = true then /IReversing operator Rev,,
k —rev_k
if k> 1 then

out « Danh sach rong
n < Do dai (block)
forjfromOton-21stepkdo  //Chia block thanh ting “khéi con” lién tiép dp dai k

sub « block][j:j + k] 1ICdt segment tir j, 16i da k phén tir
out < out + Reverse(sub)  /Bdo ngugc thir tw trong sub réi néi vao out
endfor
block <« out
endif
endif
if use_dropping = true then /IDropping operator D¥
1 < drop 1 11Dé dai khéi
dk « drop k Vi tri sé drop trong moi khoi (0-based)
if | >1then

out «— Danh s4ch rong
n <« D¢ dai (block)
forjfromOton-21stepldo  //Chia block thanh timg khoi con d¢ dai |
sub « block[j:j + 1]
if dk < D¢ dai (sub) then
for h from 0 to do dai(sub) - 1 do //Bé phan tii tai vi tri dk, giit cdc phan tir con lai
f « sub[h]
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if h # dk then
Append(out, f)
endif
endfor
else
out < out + sub //Néu dk > |sub) thi khéng drop gi, gii nguyén sub
endif
endfor
block « out
endif
endif
if use_splitting = true va split_ns khong rdng then  //Splitting operator S
1 — split 1 I1Dé dai khéi dimg cho Split
n_list_sorted «— Sort(Unique(split_ns))
if 1 > 1 then
out «— Danh sach rong
n <« Do dai(block)
forjfromQOton-1stepldo //Chia block thanh timg khoi con d¢ dai |
sub « block[j:j + 1]
for moi pos trong n_list_sorted do  /Véi méi vi tri pos trong n_list_sorted,

if pos <Bo dai (sub) then IINéu ton tai trong sub thi ldy phan tir d6
Append(out, sub[pos])
endif
endfor
endfor
block « out
endif
endif
Queuekept[i] «— block //Gan lai két qua sau khi Rev/Drop/Split cho stream i
endfor

endif
if use_merging = true and M > 1 then //Merging M stream frame gop tdt ca Queleye[0..M-1] thanh 1 stream
merged < Danh sach rong
turn m «— 0 //Panh déu "lwot” ciia stream hién tai
still « true //Co kiém tra con frame nao dé merge hay khong
while still = true do
still « false
for step from 1 to M do /Quét qua M stream, theo thir t xen ké vong tron, bdt dau tir turn_m
1< turn_m
if Queueen[i] khong rong then
fe ph?m tir du tién cua Queuekept[i] /Lay frame dau tién trong hang doi i
X6a phan tir dau tién khoi Queueken]i]

turn m«— (i+ 1) mod M //Chuyén lugt sang stream tiép theo
else
turn m « (1 + 1) mod M //Hang doi i réng, chi xoay heot sang stream tiép theo
endif
endfor
endwhile /Khi sau mét vong For ma tit ca Queuewept/i] déu réng, bién still vin = false suy ra while dirng
Queuekept]0] «— merged //Sau khi merge xong, chi giit stream 0 la stream da gép

forifromltoM-1do
Queueiep(i] <[] /IDanh sdch rong
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105. endfor

106. endif

107. chosen «— None //Khéi tao bit dau véi trang thai “chwa cé frame dwoc chon”
108. tries « 0 //Pém s6 ldn thik cdc nguén

109. while chosen = None va tries < M do //Zipping operator(chon méi frame méi bwéc)

110. i < (turn + tries) mod M

111. if Queueien[i] is not empty then

112. chosen «— pop_front(Queuewen[i])  /Ldy frame that

113. turn «— (1 + 1) mod M

114. else //Chinh séch xir Iy khi nguon trong

115. if policy = "Blocking" then //Chén lai, khéng chon frame nita

116. chosen «<— None

117. break

118. else if policy = "Skip" then //B6 qua nguon trong, thir nguon ké tiép

119. tries «— tries + 1

120. else if policy = "Padding" then //Tao frame dém dé giiv nhip

121. chosen «— Frame(source =i, idx = -1, tarive = t, gof_pos = 0, ftype = 'P', padding = True)
122. turn «— (1 + 1) mod M

123. end if

124. end if

125.  end while

126. if chosen # None va chosen.padding = False then /Néu chon duoc frame thdt suy ra dwa vao Decode
127. Enqueue QDecode «— frame /IV6i tip=t thoi diém duoc chon nhdp pipeline, roi dwa frame do vao QObecode).
128. endif

129. Co ché duong: Decode — Process — Encode theo thoi gian. Khi mét frame hoan tat & giai
doqn Encode: Ghi nhan toye Va tinh LM = toy - tin

130. Thong ké do chiém dung bd dém ctia cac hang doi Qpecode, Qprocess, Qencode

131.  t« t+ Dt //Tang budc thoi gian

132. Tinh KPIs: TP, LM, LP, BA, BP, FI (M = 1), IO.

133. Xuat stream o;, KPIs

d) Vai tro caa cac phép toan xir ly stream trong kich ban mé phéng

Phép toan taking lam giam tan s6 theo khéi  va tap chi s Iyeep. Trong vong lap thuat
toan 2.1, phép toan taking lay frame theo T} & ting nguon bang cach cit nho stream theo
khoi [ va chi giit cac frame trong Iy, theo pipeline thoa tinh chat giir mét tap con (Tiéu
muc 2.3.6 — muc a). Phép toan taking tac dong 1én cac KPIs, gdm: (1) Ti lé tiét kiém 10 dung
v6i mdi khéi I chi giir lai Ieep frame gitp gidm tai vao pipeline; (2) Thong lugng dau vao
pipeline giam x4p xi theo ti 18 @ gitip giam tic nghé&n, kéo theo giam BA, BP va LA, LP
khi pipeline 1a nat ¢6 chai; (3) Pong nhét khi gii lai hét Ixeep frame khong lam bién ddi
stream.

Phép toan zipping la ghép can bing nhiéu stream (Pd duroc ldy tir phép toan taking)
thanh mét stream duy nhét dé dua vao pipeline, kiém soat nhip vao pipeline, va xtr Iy thiéu
frame bang cac chinh sach: Blocking, Skip va Padding. Phép toan zipping tac dong 1én cac
KPIs, gdm: (1) Chi s6 do can bang (FI) giita ngudn tir phan b sé frame dau ra ctia mdi
ngudn; (2) Xen k& vong tron tranh mot ngudn 1ay hét bang thong vao pipeline; (3) Diéu tiét
nhip vao t6i da mot frame trén mdi mili gidy gitp tach roi liy ké frame dén véi kha ning
phuc vu pipeline.
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Phép toan taking va zipping giai quyét chudi xtr Iy chon loc rdi xen k& nham khop tai
v6i ning lyc pipeline, bao toan chit lugng quan trong va giit cAn bang giira nhiéu ngudn.
Két hop taking va zipping, luin an c6 duoc biéu thirc stream dau vao pipeline nhu sau:
Zy (Tli(ao), T (o), ..., Tli(aM_l)), trong d6 T} 14 giit cc vi tri trong Ixeep, CON Zy la xen

k& trong gitra M ngudn thoa tinh dong nhdt (Tiéu muc 2.3.6 — Muc a).

Trong pipeline BDL, cac phép toan xir 1y stream chiu trach nhiém diéu tiét va tai ciu
trac ludng frame trudce khi vao cac giai doan tinh toén (Pipeline). Reversing d4o thir tu frame
theo chu ky k dé mé phong viéc dao 16 (Batch) hozc dao vi tri GoF; Dropping loai c6 chu
dich mot frame trong mdi khdi [ nhim giam tai va khao sat do bén pipeline; Splitting tach
stream thanh nhiéu nhanh dya trén chi sé mod, phuc vu mé phong phan nhanh dir liéu, can
bang tai va diéu phdi frame; con Merging ghép lai cac nhanh theo co ché xen k& vong tron,
tai 1ap mat stream théng nhét. Moi phép toan bién doi stream theo mdt cach riéng, tao ra
nhiéu dang stream dau vao pipeline gitp danh gia d6 6n dinh va hanh vi cta pipeline.

V& mit quan hé, bon phép toan tao thanh mot bién doi phu thudc 13n nhau. Reversing
dao lai thir ty trong timg khoi, lam dau vao cho Dropping xac dinh phan tir bi loai. Splitting
sau do tach stream dua trén chi sb da thay d6i qua hai budc trudc, nén dang cac nhanh
splitting 1 hé qua truc tiép cua Reversing va Dropping. Cubi ciing, Merging phu thudc vao
Splitting vi chi hoat dong khi c6 nhiéu nhanh, va trat ty ghép cling phan 4nh cach Splitting
phan b6 frame theo mod. C4c phép toan Reversing — Dropping — Splitting — Merging tao
nén mot pipeline bién doi stream lién hoan, cho phép mé phong céc tinh hudng thuc té nhu
dao frame, giam mau, phan ludng song song va ghép xen ké& vong tron dé danh gia sy on
dinh va thong luong cta hé thong.

e) Dir liéu cho c4c tham sb cau hinh ciia cac kich bén

Luan an cung cap dir liéu cho cac tham sd cdu hinh tiy ¥ theo bang 2.23. MOi

truong gia lap: colab.research.google.com va ngon ngir 1ap trinh Python.
Bang 2.23. Dit liéu ctia cac tham sb cau hinh cho ting kich ban

Céc tham s6 cau hinh cho 6 phép toan xir ly stream

I;{Ch Take va Zip Rev | Drop Split Merge

an ™ fpsin L1 keep GOfaware P l Il k|1 k Use
KB1 |5]1 [60] 4110,1,2,3] False Skip 5 8 12 (8]1[02] False
KB2 |5]2 [60,45] 41 [1,3] False Skip 4 4 12141102 True
KB3 [5]3 [60,45,30] 4] [1.3] True Sskip | 3 [3]2[3[[02] ] True
KB4 [5]4] [60,4530,20] [4] [0.2] False Skip | 5 |52 [5][[02] ] True
KB5 |5]|5|[60,45,30,20,15] [4]| [1,3] False Skip 6 6 |2 6] [0,2] True
KB6 |5]|5|][60,30,4515,10] [4]| [13] False Skip 7 7121711002 True

f) Chay mo phéng va thu thap két qua KPIs

Lay dir liéu tir cac tham s6 cau hinh ¢ bang 2.23 dé chay mé phong va thu thap
két qua luong hoa cac chi sb hiéu nang chinh (KPIs). Két qua mo phong cua 6 kich
ban dugc trinh bay chi tiét & bang 2.24 sau day:

Bang 2.24. Cac KPIs so sanh giita cac KPIs cua cac kich ban khi chay mo phong

Kich CA4c chi s6 hiéu ni oc lwong héa dwa vao tham sé cau hinh
ban TP LM LP BA BP FI 10

KB1 60.0 35.0000 35.0 2.0949 3.0 1.0000 0.0
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KB2 52.4 36.2023 40.0 1.8921 5.0 0.9794 0.5
KB3 774 37.2739 45.0 2.8551 5.0 0.9276 0.5
KB4 65.0 38.3692 45.0 2.3926 5.0 0.7958 0.5
KB5 84.8 40.0825 50.0 3.2927 6.0 0.8073 0.5
KB6 79.8 38.7093 45.0 3.0200 6.0 0.7463 0.5

Phan tich két qua KPIs ctia bang 2.24 cho thdy rang: Céc chi sb hi¢u ning (KPIs)
phan anh ro tac dong tung chinh sach cho taking, zipping, reversing, dropping va
splitting 1én hiéu qua van hanh cua pipeline. Cu thé, dit 5 cdu héiltra loi & phan tich
su thay doi trong cAu hinh mé phong lam thay d6i dang ké TP, LM, LP ciing nhu BA
va BP nhu sau:

Céu héi 1: Kich ban (KB) nao dat thong luong (TP) cao nhat hodc thip nhat?

e TP cao nhat: KB5 = 84.8 (M=5, nhiéu ngudn nén dan dén tong thong lugng 16n. Do BA = 3.2927
va BP = 6.0 giup pipeline hoat dong tron tru, it nghén).

e TP thip nhit: KB2 = 52.4 (Phép toan taking gitr mot nira nén dan dén 10 = 0.5. Do BA = 1.8921
nho nhét suy ra bo dém han ché, gay giam thong luong).

Cau héi 2: Do tré (LM, LP) & KB nao t6t nhat hodc xau nhat?

e Do tré tot nhat: KB1 ¢6 LM = 35.0 ms, LP = 35.0 ms, phan anh dic trung pipeline chuan, khong
chiu tdc dong cua cac chinh sach giam tai hoac tai cAu tric.

e Do tré xdu nhat: KB5 ¢6 LM = 40.0825 ms, LP = 50.0 ms, vi do KB5 ¢6 5 ngudn dan dén tranh
chép lich, d6 tré bach phan vi thir 95 bi doi lén. biéu nay la hop 1y vi KBS c6 BA va BP cao,
cong v6i 10 = 0.5. Do tap hop luu luong tir ba ngudn lam gia ting canh tranh trong lich biéu
cling nhu khién hang doi tai cac giai doan tich lity nhiéu hon.

Céu héi 3: KB nao tiét kiém bo dém nhét va KB nao tén bo dém nhit (so sanh BA-BP)?

o Néu xét tong muc str dung bo dém (xap xi BA-BP)

o Tiét kiém nhat: KB1 véi BA =2.0949, BP = 3.0 — BA-BP = 6.28 (nho nhét). V& gia tri BA
riéng 1¢, KB2 c6 BA = 1.8921 nho hon, nhung phai duy tri bo dém ¢ 5 stage (BP = 5.0), nén
téng bo dém van 1én hon KBI.

o Tbnbd dém nhat: KB5S voi BA =3.2927, BP = 6.0 — BA-BP =~ 19.76, cao nhét do phai gop
lwu lwong tir 3 ngudn va nhiéu stage can bo dém.

e Tham chiéu: KB1 (BA =2.0949, BP = 3.0) c6 thé xem nhu pipeline chuin (khong giam tai, mot
ngudn), ding 1am mdc so sanh. Cac kich ban con lai (KB2—KB6) bét thém cac chinh sach taking,
splitting hodc da ngudn nén téng bd dém can thiét déu cao hon KBI.

Céu héi 4: Can bang ngudn (FI) khac nhau thé nao giita KB mot ngudn va nhiéu ngudn?

e Kich ban mét ngudn (KB1-KB4, KB6): Chi c6 KB1 dat FI = 1.0000, nghia 1 cin bing tuyét
dbi gitra cac frame trong GOF; Cac kich ban con lai déu FI< 1, cho théy mirc do mit can bs‘ing
tang dan: KB2 = 0.9794 (Gan cin bang), KB3 = 0.9276 (Léch nhe), KB4 = 0.7958 (Léch dang
ké), KB6 = 0.7463 (Léch ning nhét trong nhém mét ngudn). Nhu vy, Du cung 1 “Mot ngudn”,
chi KBI giit dugc su phan bd hoan hao, con cac phién ban bat thém chinh sach xtr 1y (Taking,
Splitting, Skipping...) déu giam FI.

e Kich ban nhiéu nguén (KB5): FI = 0.8073, thip hon KB2-KB3 va chi nhinh hon KB4, KB6.
Diéu nay cho thiy viéc tron (Merging) nhidu ngudn gy mat can bang tu nhién giita cac frame
vi tranh chép tai nguyén va lich biéu. KB5 khong phai FI thp nhit bang, nhung viéc gdp ngudn
1am FI van giam rd rét so véi KB1-KB2.
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CAu héi 5: Cac ciu hinh(Gofaware batit, bo I-frame, tinh huéng dén som) anh hudng gi dén TP/BA/LM?

o GOfaware bat KB3 s0 véi tat KB2 va ca hai c6 ciing | = 4, Iyeep = [1,3], Skip: TP tang 52.4 Ién
77.4 (GOFaware bat gitip giir lai nhiéu frame hiéu dung nhung bo dém 16n 1én), LM ting tir 36.2023
Ién 37.2739, BA ting 1.8921 Ién 2.8551 (B¢ dém ting lam tré tong ting mot phan).

e KB4 la kich ban bo I-frame (I-frame skipping), ta so v6i KB1 lam chuan: TP ting nhe tir 60.0
Ién 65.0 (Viéc cit bo I-frame lam pipeline nhan nhiéu P/B frame hon lam ting TP); BA ting:
2.0949 |én 2.3926 (Vi pipeline phai giit nhiéu frame lién tuc hon khi khong con I-frame lam
diém reset); LM ting tir 35 1én 38.37 (Khong c6 I-frame khién chu ky dong bo kéo dai lam ting
tr8). Do d6, bo I-frame cai thién TP nhung lam LM va BA ting dang ké.

e KB6 mb phong trudng hop frame dén: TP tang rat manh tir 60.0 1&n 79.8 (Dén sém gitip pipeline
¢6 san dir liéu & dau vao); BA ting manh tir 2.0949 I1&n 3.0200 (Vi pipeline phai giit thém dir
liéu dén som dan dén sir dung buffer 16n hon); LM ting tir 35 1én 38.70 (Lugng dém ting dan
dén do tré noi bo tang theo). Nhu vay, dén sém gitp pipeline khong bi thiéu nén TP rat cao,
nhung d6i lai BA va LM déu ting.

e Anh hudng cua I0: KB1 khong 4p dung taking, giit nguyén toan bo frame nén dan dén 10=0.0;
Tat ca KB2-KB6 ap dung taking nén 10 = 0.5, nghia 1a pipeline chi giit lai 50% frame d4u vao
(Piéu nay gitip giam tai nhung c6 thé lam TP giam). Do d6, taking (10=0.5) giup pipeline giam
tai dau vao nhung khong phai luc nao ciing giup cai thién TP; tuy vao BA, BP, va cach frame
duoc gitr lai.

2.4. Khung hinh thirc héa dung cho stream dang BDL trong IoMT

[T T T Phuvae T iy
Dir ligu 16n dang livestream (BDL) ‘ -

VYVYY VVVVV

Dong dai s6 Stream vdi 10 phép toan xir 1y stream

|l|] H
T+[-1T” ‘Jﬂ n’ BDL’W’ [ﬂ

Khong Rt

F 0 DA
0 0 p_2aura |
0 M0 hinh héa hanh vi ciia IToMT bang chu trac dai s6 monoid va tinh chit monoid dung cho stream 0 I Cicbicn T
> |
0 dang BDL 0 g Tinh dl’mg } thirc dai so +
: dn va tinh day di stream |
0 0 cta hinh thirc hoa I (Ngir nghia |
0 — . — . - — — N 0 stream? ! dai so caa ™
0/ Phan tich tinh chat vé cac phép bién doi stream, may trang thai ctia stream va céc bd to hop may 0 ! stream !
: trang thai cla stream dang BDL trong IoMT, CS g } dqng BDL) ‘,
| .
06600000000000000000000000000000000000000000 e S g
Cic ky higu: P » :Dongdaisbp ———-m:Diy tudn ty vo han (Stream dang BDL)
=+ ] : Hop tach 10i (Tidu muc 1.6.1, Muc d), Chuong 1) f = Diu ra tir mt tién trinh (Chang han nhu tinh dng dén va tinh day di)
———» :Daisé f N
Ty : Ham tir T dugc xac dinh bang céc phép bién ddi T (Tiéu muc 1.6.1, Muc k), Chirong 1). #-: Dau vao cho mo hinh héa
Fgee° n => Phép bién ddi cho lap luan thuat toan
0 : Phu ctia mot tién trinh mé hinh hoa va lap ludn cho céc tinh chit BDL
o °_=I='_°ﬂ :] Dir liéu 16n dang livestream (BDL)
E R : Tién trinh (Lhan;z han nhu dai s6 stream hofc dong dai s6 stream) : M6 hinh hoa hanh vi cia IoMT hodc 1ap ludn cac tinh chit cua ToMT

Hinh 2.11. Khung hinh thirc héa dung cho stream dang BDL trong [oMT

Hinh thirc hoa stream dang BDL gip nhiéu thach thic trong dai sb stream va
ddng dai sb stream, chuong nay xay dung mét s6 khia canh dai sé dé hinh thirc héa
co ché hoat dong cua stream dang BDL trong IoMT [CT.1][CT.2][CT.3][CT.5]
[CT.7][33]. Tinh toan stream dé hinh thtc hoa stream dang BDL trong [oMT 1a mét
cdu xa [oMT® — [oMT® (Tiéu muc 1.6.1, Muc i), Chiong 1) tao ra pipeline (Tiéu
muc 1.5, Chwong 1) dap ung ngit nghia dai s6 ciia stream dang BDL. Viéc hinh thirc
héa nhu vay duoc thé hién qua mot khung hinh thirc héa cho stream dang BDL trong
[oMT ¢ hinh 2.11.
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Khung ndy c6 dau vao 1a stream dang BDL, dai sb stream va cac phép toan xir
ly stream (Tiéu muc 2.3.1), va dong dai sb stream (Tiéu muc 2.3.5) duoc ap dung dé
biéu dién co ché hoat dong cua stream dang BDL, ké tiép viéc mo hinh hoa hanh vi
ctiia CS can ¢ ciu trac monoid (Tiéu muc 1.6.1, Muc g), Chuwong 1), cac phép bién
d6i stream dang BDL, mdy trang thai stream dang BDL, va cac b t6 hop may trang
thai stream dang BDL. Cubi cung, néu khung nay c6 dap tng tinh ding dén va tinh
day du cua hinh thic hoa stream thi dau ra 1a ngit nghia dai sé cua stream dang BDL,
nguoc lai BDL tiép tuc dugc dua vao khung dé hinh thirc hoa stream [CT.3].

Hinh 2.11 mé ta dong dai sd stream v&i 10 phép toan Xt 1y stream (Dwa vao
dinh nghia 2.15) duogc trng dung vao stream dang BDL nhu sau: Mot tap BDL cua
c4c trang thai va tap cac phép toan xu ly stream T, néu ca BDL va T 1a hitu han, khi
d6 ta c6 mot tién trinh xur Iy stream hiru han, nguoc lai ta c6 mot tién trinh xur ly
stream v han. Mot cip ham {ogp;, egpy) ¢6 thé duge mé ta chi tiét nhu sau:

= Tap phép toan xu ly stream dang BDL T — 2 duoc ky hiéu 27 va T — BDL dugc ky
hiéu BDLT.
= NOi mot cach khac, 2T = {f | f: T - 2} vaBDLT = {g | g: T - BDL}. Do d6, cip
ham (ogpL, €gpL) s€ tré thanh (ogpy, egpy): BDL — (2 x BDL)T.
2.5. Céu trac monoid caa BDL trong loMT
2.5.1. Céu triic monoid diung cho stream dang BDL trong loMT

St dung phép toan stream dé xu 1y stream dang BDL ap dung vao cau trac dai
s6 monoid 12 mot tiép can nén tang. Luén an ky hiéu ® 1 dai dién cho céc phép toan
hai ngdi va ky hiéu [-] la dai dién cho cac phép toan mot ngdi trong céng trinh [CT.2].
Phép toan stream nay tao ra tién trinh tr dong md hinh hda stream dau vao timg frame
tuan tu ma né khong duoc cung cap dy du tir khi nd bat dau vao CS.

Dua vao phan tich BDL, véi phép tinh stream va thtr ty ciia cac frame dén, va
bo dém cac frame (Counter of frames) ciing dugc goi 1a tinh toan stream. Ludn 4n minh
hoa mét dic ta hoat dong cho bo dém céc frame 1a mdi khi mot frame mai xuét hién,
bo dém tirng frame s& phét sinh tong sé cac frame cho dén thoi diém nay, va biéu dién
hoat dong bang mot ham toan hoc B sau day (2.22) [CT.3]:

" B({xqy, X0, X3,.., %)) =(1,2,3,...,n) (2.22)

Ham B (2.22) c6 diy tuan ty cac frame c6 dang {(xy, x5, ..., x,) 1a dau vao va
(1,2,...,n) lakét qua dau ra duoc tich luy cta phép tinh stream. Véi tinh toan stream
nhu vay, dau vao c6 thé duogc dic ta mot cach 16 rang dudi dang nhiéu bod thay vi
nguyén ca stream. Nhu vay, nhiéu bd cling co thé dugc coi nhu 1a stream dang BDL.

Vi du 2.15: Minh hoa d4u vao cia bo dém frame 12 day cac frame (xy, x,, x3) =
(1,1,0), suy ra két qua 1a (1,1,0), dau vao cua bo dém frame tiép theo 1a (xy, x,, x3) =
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(0,1,1), suy ra két qua 1a (1,2,1), va ctr nhu vay.

Luan 4n nhan thay c6 ba khai niém tach biét sau day can dugc mé hinh hoa toan
hoc cho stream dang BDL dugc xem xét tai thoi diém bat dau tinh todn stream, mot
stream gém:

e Cac frame dang BDL trong loMT

e Md réng BDL trong IOMT bang cdc frame dioc bé sung

e Céac BDL trong loMT réng

Tir day gilp luan 4n xay dung mot cdu tric monoid duge xem nhu 13 mot cdu
tric dai s6 dic biét thoa man cho stream. BDL can duge mo hinh hoa béng cac frame
thong qua tinh toan stream dé ndi cac frame va mot phan tir don vi tach biét 1 dong
nhat ding dé dic ta frame rong.

Dua vao Pinh nghia 1.1 vé cau triic monoid (Tiéu muc 1.6.1, Muc g), Chuong
1), muoi phép toan xu ly stream ([-] hoac ®) (¢ trang 11 trong cdng trinh [CT.2]),
luan 4n dé xuét xay dung ciu trac dai sé monoid dung cho stream dang BDL trong
loMT (Hinh 2.12). Pay 1a 16p céc cau tric dai s thoa man mo hinh hoa cac stream
hoic cac frame dang BDL qua cac tinh chét, may trang thai va cac bo to hop may

e — ®
Cictinhchat — J | o Tap phép‘ -
JRhEETEE R CAu truc dai sd AP du!’lg """""""" toan 2 ngdi '
Cac may trang Monoid || T [€T.2] Phéi h
théii (oMT,®,1) | e = ennep
RS [CT.3] Ap G P |
Céc b6 16 hop P dung T Tap phép
may trang thai toan I ngoi
nay frang i & [CT.2]

Hinh 2.12. M6 ta c4u trac dai s6 monoid ap dung cAc phép toan stream
Pinh nghia 2.16 (Ciu tric monoid): Mot monoid 13 mot bo ba (IoMT,®, 1),
trong d6: ToMT 12 mot tap hop cac trang thai hitu han hoic kiéu cac stream dir liéu,
cu thé 1a BDL. Khi d6, ®: IoMT x [oMT — IoMT 1a mét phép toan hai ngdi trén
IoMT, goi la phép ndi cac frame trong ngit canh stream, va 1 € JoMT 1a phan tir don
vi, sao cho hai tién dé (2.23) va (2.24) sau duoc thoa méan [CT.3]:
e Tinhchdatkéthop: (x ®y) ®z=x® (y ® z), Vx,y,z € [oMT (2.23)
e Tinhchdtdongnhat: 1 ® x =x ® 1 = x, Vx € [oMT (2.24)
Tién dé (2.23) dic ta ® 1a su két hop cac stream dang BDL va tién dé (2.24)
dac ta 1 la don vi trai va don vi phai cho phép toan stream ®. Ngoai ra, doi khi dac
ta xy cling &m chi cho biéu dién x ® y. Gia sat JoMT 13 mot monoid, dic ta JoMT*
cho bo cac frame BDL hitu han cua IoMT va ¢ la bo frame BDL rong.
Dinh nghia 2.17 (Tich cia hai monoid): Cho (IoMTy,® oMt Liomr,) V@
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(I0MT5,® jomr,» Liomr,) 12 hai cdu trac dai s6 monoid. Khi dé, tich cua hai monoid
nay la monoid (IoMT; X IoMT,, ®,1), trong d6: phep toan stream ® duoc cho bai:
y)® LY = (x Oomry, XY ®romr, ¥'), VX, x" € IoMT, vaVvy,y" € IoMT,,
va phén tirdon vi 118 1 = (1;0mr,, Liomr,) [CT.3].

Pinh nghia 2.18 (Dﬁng cAu monoid cho stream): Cho (loMT;,®,1) va
(IoMT,,®, 1) 14 hai ciu tric monoid. Mot anh xa h: [oMT; = IoMT, dugc goi la
mot déng ciu monoid néu théa man hai diéu kién sau: Bao toan phén tir don vi:
h(1) = 1 va bao toan phép toan stream: h(x ® y) = h(x) ® h(y), Vx,y € [oMT;
va loMT, [CT.3].

Dinh nghia 2.18 & trén thé hién tinh chat dam bao rang ham h bao toan phép
toan stream va phan tir don vi, do d6 pht hgp dé mo hinh héa su chuyén doi stream
dir liéu mot cach bao toan cau trac.

Nhan thay, y nghia d6ng cdu monoid nay c6 thé md hinh héa qué trinh xu 1y dix
liéu video theo stream mot cach song song va bao toan cau trac thoi gian. Piéu nay
rat quan trong trong: hé théng giam sat thoi gian thuc, phéan tich hanh vi trong video,
cac dudng 6ng (pipeline) xur 1y video phan tan trong cac hé théng xir 1y dir lidu 16n
nhu: Apache Flink, Spark Streaming (Bang 2.25).

Luan an md phong pipeline khéng nham thay thé cac hé thng thuc té nhu
Apache Flink hay Spark Streaming, ma dong vai trd 1 mé hinh 1y thuyét dé phan tich
va kiém chiing hinh thirc c4c tinh chat nhu d6 tré, thong lugng va tinh dung din cua
qua trinh tong hop. Trong khi Apache Flink va Spark Streaming manh vé trién khai
va téi wu thuc nghiém, ching khdng cung cap co ché kiém chang hinh thac ¢ muc
ngit nghia nhu mé hinh dai s stream cua luan én.

Béng 2.25. So sanh md phong pipeline va hé thong streaming thuc té

Tiéu chi Mo phéng pipeline Apache Flink Spark Streaming
B Phan tich va kiém Xir 1y stream thoi Xir 1y theo cac 16 nho
Muc tiéu i . , ) . .
chtrng hinh thtrc gian thuc theo thoi gian
. B6 may xu 1y theo
M6 hinh Dai s6 stream P Ay R L6 mo rong

ludng dit lidu

Phén tich do Phan tich va ching

x . Po dac thyc nghiém Po dac
tré minh
Kiém chim ;
] . £ Co6 (bong quy nap) Khong Khoéng
ding dan
Vai tro Co s6 1y thuyét Trién khai thyc té Trién khai thyc té

Vi du 2.16: Bong cau monoid trong BDL. Gia sir mot hé théng phan tich video
livestream tir camera giam sat sir dung cau trac monoid dé md ta stream di liéu: Mai
ludng video dugc xem 1a mot ddy céac frame: x = [fy, f, ... f,] € SFrame, trong d6
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mdi f; 1a mot frame rat trich tir video tai mot thoi diém cu thé. Phép toan ® la nbi
stream theo thoi gian thuc, tic 1a két hop tuan tu cac frame: x ® y = x + y, trong
d6 + 1a phép toan merging hai stream. Phan tir don vi 1 1 stream rdng, tac la stream
khéng chia frame nao. Khi do, (SFrame,®,1) 1la mot cAu triic monoid.
2.5.2. Hinh thirc héa stream dang BDL trong loMT

Béng 2.26. M6 ta tong hop tinh chit monoid ding cho stream dang BDL

Nhoém cac ndi dung M5 ta téom tat
o B ) = Quan h¢ thu ty cta frame/stream/state trong IoMT thda
Céc tinh chat monoid o i L
, man dac ta monoid (7iéu muc 2.6.1).
ap dung cho BDL trong

IoMT = Tinh chit monoid nén tang cho trang thai hiru han cia may
0

trang thai BDL (Tiéu muc 2.6.2-2.6.5).
Bién d6i BDL trong = Bién doi tir tap trang thai [oMT: sang IoMT (Tiéu muc
1oMT (Tiéu muc 2.6.6) 2.6.6).
May trang thaii BDL | = Xay dung cac may trang thai: Hinh thirc hoa; Bo dém
trong IoMT (Tiéu muc BDL; B tron BDL; B6 bién d6i phang BDL; B tach BDL
2.6.7) thanh céc 16.
= Song song: Tung lién két dai dién phép toan doc lap.

= Noi tiép: Pau ra ciia may thir nhat 14 déu vao ctia méy thir
hai.
= Phan héi: Ludng tinh toan trong vong lap dugc xac dinh rd

T6 hop may trang thai
(Tiéu muc 2.6.8)

dé tranh phan ky.

= Xu ly stream dir liéu dang BDL theo tho1 gian thyec.

L, £ = Duy tri livestream 6n dinh ngay ca khi c6 13i dit liéu.
Loi ich cua tinh chat o R e sy
= Giam tai bang thong va to1 wu muie xu 1y.

monoid trong IloMT , o . L e
= Pam bao tinh toan ven va bao mat dir liéu.
= Tang cuong hi¢u suat Al trong phan tich dix li¢u [oMT.
| 25
Cau tric monoid ciia BDL trong IoMT
[]
) 2.6
Tinh chat monoid dung cho stream dang BDL trong IoMT
¥ loMT
.26 A . 266 26.7 ) 2.6.8
Cac tinh chat monoid nén ting Bién déi BDL trong loMT May trang thai lud BDL trong IoMT || B9 to hop dung cho cic may trang thai BDL
2.6.1 26.6.1:263,26.2 2681
Khdi niém quan h¢ thtr tw dung cho Bién doi BDL BDL hinh thuc hoa trong IToMT Nang cao tinh ddng céu clia cc may
déc ta monoid trang thai cho BD
‘ 26.6.2:26.3 ‘ 2672:2661 ‘ 5682
‘ BDL hitu h 28. t2 IoMT ‘ Tron da kénh dau vao cho BDL Bo dém BDL trong IoMT Lién két song song hoa cua cac méy trang
i hign “’"g ° ~2663:262 2673:2662 thai'cho BDL
‘ ‘ Bien doi phang cia BDL B¢ tron BDL trong IoMT L2 6. 8k3 26.7,3-9,26.64-2,2.6.8. lh3
Pa tap hiru han BDL trong oMT 2.6.6.4 : 2.6‘.2, 2.6.6 - 26.7.4:2663 ién két 205{155&1:1{[?0%215 In[;la Ttrangt a1
‘ 264:26.3 ‘ Tach BDL thanh cac 16 B0 bién doi phing BDL trong [oMT 76842664
Tép hiru han BDL trong loMT 26.75:2664 Lién két phan hoi cia cac M%_trcmg thai
2.6.5 B tach thanh céc 16 trong [oMT cho BDL trong lo
BDL hiru han thoi gian trong [oMT
26.76
Mo phong va twong duong hai chiéu cuia may trang thai cho BDL
| 2.6.7.7
Tinh nhat quan cia cac may trang thai cho BDL trong [oMT
L 26.78
Yéu t0 s0 hoa cua cac méy trang thai cho BDL trong IoMT
Cac tiéu myc mau do duge két ndi véi cac tiéu mue mau xanh dé ‘ Tinh trién khai va tinh hAZt.6.7:9 : 267 by tr théi cho BDL ‘
biéu dat co ché hoat dong cia stream dang BDL trong loMT L ricn khai va tinh nhat quan cua cac mdy trang thai ¢ho
. ] 2.6.7.10:2.6.6
Tinh day du biéu cam cua cac mdy trang thai cho BDL trong loMT
26.7.11:26.6.3,2.6.7.4,262 ot
Tinh dung dén bién ddi phing cua cic mdy trang thai cho BDL
26.76.12:26.6.4,2.6.75
Tinh dung dén b tich ciia cdc mdy trang thai cho BDL
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Hinh 2.13. So d6 két ndi ciu tric monoid va cac tinh chit monoid dung cho stream

Luin 4n mo ta mbi quan h¢ cua cAu tric dai sb monoid va cac tinh chit monoid
nham dé hinh thirc hoa (m6 hinh héa, phan tich tinh chat, kiém ching hinh thtc) co
ché hoat dong cta stream dang BDL trong IoMT bang so do ¢ hinh 2.13 va bang 2.26
mo ta tong hop tinh chat monoid ding cho stream dang BDL. Tinh chat monoid gitp
ta hiéu duoc co ché hoat dong (vao, hoat dong, ra) cua stream trong cac hé théng tinh
toan (IoT, IoMT). Cac tiéu muc 2.6.1-2.6.8 nhan manh su da dang cua cac doi tuong
toan hoc, ¢ thé duge coi 1a mét cach tiép can dé dién dat y nghia co ché hoat dong
cua stream dang BDL trong [oT, [oMT (Hinh 2.13).

2.6. Tinh chat monoid dung cho stream dang BDL trong loMT
2.6.1. Khai niém quan hé thir tw ding cho dic td monoid

Vx,y € [oMT, x < y néu ton tai z € JToMT sao cho xz = y. Quan hé < nay
dugc dic ta thi ty trude cho (JoMT,® ,1), phan tir don vi 1 lién quan d&én 1 ® x =
xamchil < x, Vx € [oMT [CT.3].

Ham prefix: [oMT x IoMT — P (IoMT) goi la ham tién td, duoc dinh nghia
prefix(x, y) = {z € [oMT | xz = y}, Vx, y € [oMT. Quan hé x < y ton tai khi va
chi khi prefix(x, y) # @, va prefix(x, y) thu thap tat ca nhan chiing cho x < .

Ham &: IoMT x IoMT — IoMT la ham chiing tién té néu mién xac dinh thoa <
va théa man 8(x, y) € prefix(x, ¥), Vx, y € [oMT. Quan hé < dugc biéu dién qua
tich clia ham prefix trén < nhu sau: []( ,)e< prefix(x, y).

Cau tric (IoMT,® ,1) cd tinh chat rat gon trai néu xy = xz suy ra y = z,
Vx,y,z € [oMT. Do d6, IoMT ¢ tinh chét r(t gon trai va ham ching tién té tach roi,
dam bao ton tai z tach roi dé xz = y.

2.6.2. BDL hiru han trong loMT

Xét (FBDL(IoMT),®, €), FBDL(IoMT) biéu dién tap frame BDL hitu han

trong IoMT, ® la ndi frame va ¢ la frame rdng, Vx, y € FBDL(IoMT).

(FBDL(IoMT),®, €) va Vx, y € FBDL(IoMT)
3z € FBDL(IoMT) sao cho xz = y

Xét mot bién thé dé 1am sang t6 viéc lién quan dén quan hé < cho tap frame

BDL hitu han JoMT*, ® duogc dung cho dinh nghia x ® y = xy va ¢ la frame rong.
(IoMT*,®,e) vax <y
Frame y 13 hau t6 cia frame x
2.6.3. Tap tat ca da tap hiru han BDL trong loMT
(FMultiset(IoMT), U, @), x, y € FMultiset(/IoMT), x < yvax Sy
3z € FMultiset(loMT) saochox Uz =y

Trong do:
= FMultiset(IoMT) la tap tat ca da tap hitu han BDL trong IoMT,
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» U lahgp cua da tap,

= (14 tap cua da tap rong,

= (FMultiset(IoMT), U, @) la mot cau tric dai s6 monoid trong IoMT ¢6 tinh chét

giao hoan vai bo sinh cua [oMT va c6 tinh chét rat gon trai.

2.6.4. Tap hiru han BDL trong loMT

Xeét (FSet(IoMT), U, @), FSet(IoMT) la tap cac frame BDL hiru han cua
[oMT, U 1a hop ctia cac tap hiru han, va @ 1a tap rong.

(FSet(IoMT),uU, @) vax Sy
FSet(IoMT)
Vx,y € FMultiset(IoMT), x < y néu va chi néu x € y. Véi x € y, dinh nghia

d(x,y) = y\x, \ la phép toan hiéu gitra c&c tap hitu han, vai x U (y\x) = y suy ra
x € y. Tuong ty nhu vay, dinh nghia 7(x,y) = y chox € y. Do d6, x Uy = y suy
rax C y, T cing la mot PWF. Do d6, FSet(JoMT) c¢6 mot s6 PWF.

2.6.5. BDL hiru han thoi gian trong loMT
(TFBDL(IoMT), 0, 0) vaTFBDL lasyeoagos;0a; 0+ 0Sy_1 ©QAp_yq
TFBDL(IoMT) = N o (N o [oMT)*

Trong do:

= (TFBDL(IoMT),?,0) 1a mdt monoid

= 0 la phan tir don vi BDL dugc dinh thoi gian

= TFBDL la mot BDL tudn ty xen k& 59 0 g © S 0@y ©++ 0 Sy_1 © Ap_q

= s5; € N 1a céc dau thoi gian

* a; € IoMT cho mbi frame thir i

= Céc lan xuét hién sy, 54, S,, ... duoc goi 1a ddu thoi gian biéu didn cho thoi gian da troi

qua. Vi vay, viéc thu thap tit ca cac BDL duoc dinh thoi gian 1a bang biéu thuc
TFBDL(IoMT) = N o (N o JoMT)".

Nhu vay, phép toan tich tron ¢ cia stream dang BDL duoc dinh dau thoi gian:
S0°Ay©51°A1 95,0050 08, 10y _10tgobyot;obot,ob, orot, 10b, ;0wyo
CoOPW10C 1 OWy0C, @ 0Wp 1°Ch 1 =500°850°51°0; 05,0050 0Ap_q° (S +1tp)e
bootiobyetyobyo-roby qo(ty+Wp)ocgowiociow,ocz0 oWy 1 0Cy .

Tur tiéu muc 2.6.1 dén 2.6.5, luan 4n d nhin manh su da dang cua cac ddi tuong
toan hoc dé dién dat ¥ nghia vé co ché hoat dong cua stream. Stream dang BDL nay
¢6 thé duoc tao ra mot cach da dang bé’mg cach su dung cAu trac monoid. Stream cua
tiéu muc 2.6.2 12 b cac frame cua tiéu muc 2.6.3 ¢6 thé duoc mo ta nhu 12 sy twong
duong theo thir tu ciia cac tiéu muc tiép theo va duoc dé xuat dé dua ra cac khai niém
vé stream.

2.6.6. Bién @6i BDL trong loMT

Bién d6i BDL (BDLTrans) Ia coi BDL nhu mdt diy tudn ty cac frame. Bién doi

BDL la qua trinh suy dién tir diy frame dau vao sang diy frame ddu ra, duoc dic ta

bang may trang thai hitu han va cac bd nhan dau ra mé rong.
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Céc bién ddi BDL duoc phan loai dya trén tinh chat monoid ciia BDL dau vao
va dau ra. Chung dugc mo hinh hoa béng cac ham don diéu, anh xa lich st BDL dau
vao (cac frame tir dau dén hién tai) sang lich st BDL déu ra (cac frame di tao ra).
Tinh don diéu dam bao ring cac két qua da phat ra 12 khong thé thu hoi, thé hién tinh
chit monoid cta bién ddi BDL. Luén 4n md ta cac tinh chat nay nhu mot mo hinh
ngir nghia dai s6 dé xt 1y stream BDL trong IoMT.

Céc tinh chit monoid cua bién d6i BDL duoc mé ta bang cac mé hinh ngir nghia
toan hoc. Tinh toan stream BDL sir dung lich str ddu vao (BDL trong IoMT tir khi bat
dau dén hién tai) dé tao ra lich st dau ra (cac frame tich lity da phat).

Véi phép tinh stream BDL anh xa lich sir dau vao sang lich str dau ra qua ham
don digu B: IoMT, - IoMT,, & 6 c6 (IoMT; ,,® ,1) biéu dién dau vao va dau ra.
B:1oMT; - [oMT,,x <y

B(x) < B(y),Vx, y € loMT,;
Véiham 8, mo ta pla mot MWF, néu n6 anh xa cac frame x, y € [oMT,,

z € prefix(x, y),x <y

q u(x, y, 2) € prefix(B(x), B)), B(x) < B »)
Duoc biéu dat qua tich caa ham prefix trén < va yéu cau u phai thudc:

[1x, y e romr, prefix(x, y) - prefix(B(x), B(¥))
B(x)oulx, y, z) = B(y) vbi xz = y hodc B(x) o u(x, z) = f(xz),Vx, z € [oMT;
Viéc md ta moi tién to gitra hai frame dau vao x va y thuéc IoMT; s& duoc anh
Xa mot cach don diéu sang céc tién t tuong tng giira hai frame dau ra B (x) va B(¥)
théng qua ham B. Pay 1a mot dic ta toan hoc cho su bao toan tinh tuan tu va tinh tich
lity trong qua trinh bién di stream thdng qua ham B. Vi vay, dé xac dinh tinh chat

cua p, Vx,y,z € IoMT, V&i xz = y nd dung dan véi B (x) o u(x,y,z) = B(y). Poi
khi @& ngan gon, chi viét u(x, z) dé ky hiéu cho u(x, xz, z), sau d6 dic ta cac tinh
chat ctia u duogc viét nhu sau: B(x) o u(x,z) = B(xz), Vx,z € [oMTj.

Tap hop bién d6i stream tir [oMT; dén IoMT, 1a BDLTrans(IoMT;, [oMT,) theo . Mot
bién d6i stream (B, u) dwoc xay dung quy nap qua ham F(B, w): [oMT; - [oMT;,
voi F(B, w)(e) = (B()) vaF(B, )(xs, . . ., Xn, Xpn41))
=F(B, 1) {x1, - - -, xp)) o {ulxy e - - - o Xy, Xpgq))

Sinh ra cac frame {x4,...,X,41) € IoMT*,n(F(ﬂ, ,u)(f)) = ﬁ(n(f)), vx € [oMT}

Trong d6, bién d6i stream (B, u) véi cac frame dau vao x, y € JoMT,; c6 muc
tang dau ra u(x, y) khi x md rong thanh xy trong (ToMT,,® ,1) dau ra, u khong duoc
xac dinh tach biét bai B(x) va B (xy), cung cip thém thdng tin tinh todn stream ngoai
ham . Tuy nhién, néu (IoMT,,® ,1) dau ra c6 thé rut gon trai, thi ton tai ham p tach
biét thé hién tinh don diéu cua ham .

Cho (B, u): BDLTrans(IoMT,, [oMT,) 1a mét bién doi stream dang BDL trong
loMT. Hinh thanh ting dan F(B, 1) cua bién d6i (B, u) mé ta bién ddi stream cho

viéc ting dau vao va ting dau ra dugc minh hoa qua vi du 2.17 sau:




73

Vidu 2.17: M6 ta bién ddi stream dang BDL ting dau vao va ting dau ra.
" F(B,w)({x1)) = (B(1), u(L, x1)) va F (B, 1) ((x1, x2)) = (B(L), u(L, x1), u(xq, X2)).
= Tinh chét chung hinh thanh tang dan cac frame dang BDL trong 1oMT 1a (F (8, w) (X)) =
B(m(%)), VX € IoMT;:
° TT(F(B» y)((xl,xz,x3,x4)))
=B (1) o u(1,x1) o g, x2) © p(x1 %5, x3) © (X1 X2X3, X4)
= B (x1) © u(xy, x3) © p(x1Xz, X3) © P(X1x5X3,X4)
= B (x1x7) © p(x1 Xz, X3) © P(X1x7X3,X4)
= B (x1%2%3) © p(x1X5X3, X4)
= B (x1X2%3%,)
2.6.6.1. Phép bién déi dung cho by dém BDL trong loMT
Tinh toan stream BDL cho (FMultiset(IoMT),® ,1) dau vio (tiéu muc 2.6.3)
va (FBDL(IoMT),® ,1) dau ra (tiéu muc 2.6.2) theo hai cach biéu dién sau:
= Phi hinh thirc: Tinh toan ndy khong c6 dau ra ban dau va mdi khi c6 frame méi dén s& tra
sO lwgng C4c frame di xem cho dén bay gio.
» Hinh thuc:

(FMultiset(IToMT),® ,1) va (FBDL(IoMT),® ,1), phép bién déi BDL qua ham
B: FMultiset(IoMT) — FBDL(IoMT) v6i B(@) = evaB(x) =(1, 2, ..., |x])
p(x, @) =evau(x, y) = (x| +1,|x| +2,|x| +3,..., [x| + [y]) khiy # @

Trong d6, ham B dugc dic ta bang biéu thic sau B(@) =& va f(x) =
(1,2,...,|x|) voi moi frame x € FMultiset(JToMT) # @, |x| biéu dién sé lugng cua

cac frame x, do vay bién doi stream cua S 1a don diéu. Vi FBDL(IoMT) c6 thé rut
gon trai, nén MWF duoc xac dinh: u(x, @) = eva u(x,y) = (x| +1,..., x| + |¥])
khi y # 0.

2.6.6.2. Trén da kénh dau vao dung cho BDL trong loMT

FMultiset(IoMT,® ,1),
B: FMultiset(IoMT) x FMultiset(IoMT) — FMultiset(loMT),B(x, y) =xUy

p({x1, y1), (x2,¥2)) = (X2 U y2) \ (%1 U y1) v6i moi X1, y1, X2, ¥, € FMultiset(loMT)

Trong d6, dic ta tinh chat bién doi tron da kénh, véi hai kénh dau vao va mot
kénh dau ra c6 kiéu FMultiset(IoMT). Ham ching don diéu 5: FMultiset(IToMT) x
FMultiset(IoMT) — FMultiset(IoMT), duoc cho béi biéu thic B(x,y) = x U y véi
da tap x va y mo ta qua trinh tron da kénh dau vao tach biét cua hai stream dang BDL
con dau vao. Trong ngir canh cua phép tinh stream, mdi khi c6 mot frame moi dén,
duoc hiéu 12 bat ké kénh ndo, né déu dwgc chuyén dén kénh dau ra. Vi
FMultiset(IoMT) c6 thé rit gon trai, MWF u duoc xac dinh: u({xy, y1), (x5, ,)) =
(22 Uyy) \ (x4 Uy,) cho moi xq, y;, X3, ¥, € FMultiset(IoMT).
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2.6.6.3. Bién ddi phing caa BDL trong loMT
(IoMT,® ,1), B: FBDL(IoMT) — IoMT dwgc dinh nghia béi f(x) = n(x),
VX € FBDL(IoMT) va u xac dinh béi u(x, y) = n(¥), VX, ¥, € FBDL(IoMT)
even(IoMT) = (S, n) € BDLTrans(FBDL(IoMT), [oMT)

Trong d6, (IoMT,® ,1) la mét monoid, ham B: FBDL(IoMT) — IoMT dugc
dinh nghia boi B (%) = m(X), VX € FBDL(IoMT), mb ta tinh chat bién ddi phing cho
cac stream duoc st dung tam thoi dé giam frame can truyén tai. Ham g 1a don diéu
va MWF 4 cta B duoc xac dinh béi u(x, ¥) = n(¥y), VX, ¥, € FBDL(IoMT) thi bién
d6i phang even(IoMT) = (B,u) cua BDL trong IoMT c6 dang (B, u) €
BDLTrans(FBDL(/oMT), [oMT).
2.6.6.4. Tach BDL thanh céc 16 trong loMT

Cho tap hop 2 = {a, b} 1a tap hop céc frame. Gia st mudn phan rd mot BDL
trong X* thanh céac 16 (batch) c6 kich thudc 5 frame, dé phan ri bang cach sir dung
hai ham 7y: 2* — FBDL(Z*) var,: 2* — X*. Biéu dién phi hinh thuc, 7; cung cap diy
tuan ty cac 16 c6 khéi lwong 1a 5 frame, va 7, cung cap phan con lai cua cac 16 frame
chua hoan chinh.

Vi du 2.18: Tach BDL thanh cac 16 frame: r,(abbbbaaaabba) =

(abbbb, aaaab) va r,(abbbbaaaabba) = (ba).
Z*®,1) » (loMT,®» ,1)
r = (r,1),v6i r;: [oMT — FBDL(IoMT) vary: [oMT — [oMT

Trong d6, viéc tach thanh cac 16 nhu vay c6 thé duoc tong quat hda tir (Z*,® ,1)

sang (IoMT,® ,1). Do vay, viéc diac ta mot bo tach cac frame la mét cap ham r =
(r1,7,), vOi 17: [oMT — FBDL(IoMT) Va r,: [oMT — IoMT théa mén céc tinh chét
(2.25-2.28) tach frame thanh cac 16 nhu sau:

= x =7(r;(x)) ® rp(x) md ta rang r; Var, phan rd x € IoMT, (2.25)
* 13(Q;0m1) = liomr MO ta rang phan don vi khong duoc phan ré, (2.26)
" n(x®y)=n() @n(@) ®y)va (2.27)
" ROy =n0K ®y) (2.28)

Tinh chét (2.25) va (2.26) am chi rang 7, (1;0p7r) = 1jopmr- Tinh chét (2.27) am
chi rang r; 1a don diéu. Tinh chit (2.27) va (2.28) md ta cach phan ra phan ghép hai
frame caa monoid. Pinh nghia u(x,y) = 1,(r,(x) ® y) cho x, y € IoMT, nhan thiy
rang 1 (x) ® u(x,y) = r(xy). Theo d6, tinh chét tach split(r) = (ry, u) 1a mot
phép bién d6i stream BDLTrans(/oMT, FBDL(IoMT)).

Mo hinh dai s6 ctia phép bién d6i BDL trong l1oMT sir dung mot ham don diéu,
mién ctia n6 1a don diéu c6 lich sir dau vao hitu han. Mot mé hinh dai s6 nhu vay c6
thé duoc dung dé biéu dién sy bién d6i cia mot BDL vé han. Bé lap luan cho quan
diém nay, xét mot ham don diéu B: [oMT; — [oMT;, [oMT, twong duong IoMT,,
day 1a loai cac frame dau vao ddng thoi ciing 1a cac frame dau ra twong tng. Ham g
chi m¢ rong cho ham B®: [oMT © — [oMT , & 46 IoMT & = [oMT; U [oMT} 1a
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tap cac frame hiru han va vo han trén loMT;, nhu vay ham £ (aya,a,asa,.as ...) la
twuong duong vaoi cac frame theo quan hé thu tu F(1) < B(ay) < B(apa,) <
B(apaia;) < f(apaia,as) < B(apa;1a,a3a,) < -

2.6.7. May trang thai cia stream dang BDL trong loMT

Trang thai
tam ding
(paused;

Trang thai
phét séng
(streaming;

Trang thai cho
(waiting;
init; out; s)

Hinh 2.14. So d6 chuyén d6i trang thai ciia mot hé thong livestream (IoMT)
May trang thai stream dang BDL trong IoMT dugc mé ta gdm c6 cac thanh
phan (Hinh 2.14) & bang 2.27 nhu sau:
Béang 2.27. M6 ta may trang thai cua stream dang BDL

Thanh phin M5 ta

May trang thai xir 1y stream dugc md hinh héa bang bo 5-tuple

M hinh tong qudt G = (St, init, o, next, out).
St Tap hop céc trang thai cua hé thong (waiting, streaming, paused,
ended).
init € St Trang thai khoi dau, noi tinh toan bét dau.
o € [oMT, Ham sinh frame/stream dau ra dau tién.
x € [oMT; Frame/stream dau vao dugc tiéu thu tuan tu theo thoi gian.

Phat sinh frame dau ra twong ing véi trang thai s va frame dau vao
out(s, x) € [oMT, t
Chuyén d6i sang trang thai ké tiép sau khi xtr Iy frame x tai trang
thai s.

Stream dau vao va dau ra thudc tap IoMT (I oMT,,,» ,1). H¢
Y nghia van hanh | théng thyc hién mé phong co ché hoat dong cua livestream dang
BDL theo thoi gian thuc.

- Trang thai: Hinh tron.

next(s, x) € St

Ky hiéu trong so d6 Ty . .
Y s 8 - Chuyén doi trang thai: Mii tén.

trang thai , . , . A S
- Phép hop stream (Phép todn stream hai ngdi): Ky hi¢u ®.

Luan &n mé hinh hda co ché hoat dong va tinh toan stream diing cho xtr ly stream
dang BDL trong IoMT bang cac ky hiéu: init, out, s, o, x, next, ® trén so dd chuyén
d6i trang thai cho mot hé thong livestream (hinh 2.14 va hinh 2.15), véi stream dang
BDL dau vao va dau ra 1a cac frame cua hai monoid sau: (IoMT,,® ,1) dau vao va
(IoMT,,® ,1) déu ra.
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Tir hai monoid nay, luan 4n dé xuat mot may trang thai dung cho stream dang
BDL trong IoMT dé ty dong tao ra cac frame dau ra, may trang thai c6 mét khong
gian trang thai vd han duoc ky hiéu la G = (St, init, o, next, out) va St 1a mét tap hop
cac trang thai. Tinh todn stream bat dau tir trang thai dau tién tach biét init € St va
bat dau tao ra mot s6 stream dang BDL dau ra dau tién o € [oMT,. Sau d6, phép tinh
stream tiép tuc tao ra bang cach tiéu thu BDL du vao cang lic cang tang dan, tic 1a
tirng frame mot. Mot budc tinh toén tir trang thai s € St bao gdm tiéu thu frame dau
Vao x € IoMT,; rdi phét sinh ra frame dau ra ting dan c6 dang out(s, x) € IoMT, va
bién doi stream sang trang thai tiép theo next(s, x) € St.
2.6.7.1. May trang thai mé hinh hoa stream dang BDL trong loMT
= M ti may trang thai cu thé va tong quat:

e G = (St, init, o, next, out) dung cho (IoMT;,® ,1) dau vao, (IoMT,,® ,1) dau ra.

e G(IoMT,,IoMT,) dac ta tap hop cac may trang thai xu ly stream BDL, 6 d6 c6 G =
(St, init, o, next, out) (Hinh 2.15).

o Trong do:

o St 1a mot tap hop céc trang thai phi rong

o init € St 1 trang thai dau tién

o 0 € [oMT, 1a dau ra dau tién

o next: St x JoMT; — St 1a mdi quan hé ctia phép bién doi

o out: St X JoMT; — IoMT, 1a mbi quan hé dau ra.

o Do vay, mot kiéu méy trang thai G(IoMTy, [oMT,) dugc dic ta dé biéu dién tap hop

may trang thai ctia stream dau vao tir [oMT; va dau ra tir [oMT,.
= Mo ti chuyén doi trang thai:
e Ham chuyén doi trang théi tong quat gnext: St X [oMT; — St duoc md ta:
o gnext(s, 1) = sva
o gnext(s, (x) o y) = gnext(next(s, x), y), trong d6 s € St o thé tiép can trong G
néu ton tai BDL X € [oMT; sao cho gnext(init, X) = s.
e MJi quan hé dau ra tong quat gout: St X JoMT; — [oMT, duoc mb ta:
o gout(s, 1) =1va
o gout(s, (x) o ¥) = out(s, x) o gout(next(s, x), y).
e Maoi quan hé dau ra mo rong eout: St X [oMT; — IoMT; duge mo ta:

o eout(s, 1) =1va

o eout(s, (x) o y) = (out(s, x)) o eout(next(s, x), y).
= Vi du 2.19: Tinh toan stream dang BDL trén c4c monoid yéu cau dau ra tich liy

cua G phai doc lap. Gia sir w 1a lich sir dau vao c6 thé phan chia thanh hai tinh
hudng: w = uy cuy oz o+ ouU, VAW =V 0V, 0v50 - o, PDauracuag

c6 tinh tich liy khi ti€u thu cac frame uy, Uy, us, ..., Uy = V1, Uy, Vs, ..., Uy
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2.6.7.2. May trang thai cho b dém BDL trong loMT

(FMultiset(IoMT),® ,1) 1a modt monoid da tdp hitu han dau vao va

(FBDL(N),® ,1) 1a mot monoid BDL hitu han dau ra dung dé dic ta kiéu may trang
thai G(FMultiset(IoMT), FBDL(N)) (tiéu muc 2.6.6.1) véi:

St = N: T4p hop khong gian trang thai, vi may trang thai phai bao toan mot bo dém dé
nhé lai s6 lwong cac frame dd duoc xem xét cho dén bay gio

init = 0 va 0 = 1: Trang thai va dau ra dau tién

next(s, x) = s + |x|, Vs € St va Vx € FMultiset(loMT): Bién d6i frame |x| dang
BDL sang trang théi s tiép theo

out(s, ®) = 1: Pau ra ban dau rdng theo trang thai s

out(s, x) = (s +1,s + 2,5 + 3,...,s + |x|), x # @: Bién doi frame/stream x dau ra
sang trang thai s tiép theo.

2.6.7.3. May trang thai cho b trgn BDL trong IloMT

(FMultiset(IoMT) ,® ,1) kiéu da tap hitu han voi hai kénh dau vao va mot kénh

mot dau ra ding dé dic ta kieu may trang thai G(FMultiset(lToMT) X
FMultiset(IoMT), FMultiset(IoMT)) (tiéu muc 2.6.6.2) véi:

St = Unit, v6i Unit = {x}: Mot tap singleton {x} chtra mot frame duy nhat

init = «: Trang thai dau tién

o = @: Pau ra dau tién

next(s, x, y) =x: Méi quan hé cua phép bién doi ting bo dém chi c6 kha ning. Bién
do6i frame/stream x dang BDL sang trang théi s tiép theo.

out(s, (x, ¥)) = x Uy cho moi bd frame x, y € FMultiset(lJoMT): Quan hé dau ra

dac ta sy lan truyén dan dén sy tdng trudng dau vao cua ca kénh dau vao va dau ra.

2.6.7.4. May trang thai cho bd bién déi phang BDL trong loMT

Even(IoMT) = (St, init, o, next, out) la mot may trang thai thuc hién bién

d6i phang dung dé dic ta kiéu may trang thai G(FBDL(IoMT),IoMT) (tiéu muc
2.6.6.3) véi:

St = Unit va init=*: Trang thai dau tién rng. o = 1,,,r: Pau ra dau tién
next(s, x) = *: Mdi quan hé bién do6i frame x sang trang thai s tiép theo.
out(s, (a;, az as,...,a,)) = a, ©a, o as o - o a,: Mdi quan hé bién doi frame a dau

ra sang trang thai s tiép theo.

2.6.7.5. May trang thai cho bg tach BDL thanh céac 16 trong loMT

Cho (IoMT,® ,1) la mdt monoid va mot bo tach r = (ry,r,) cac frame cua

BDL trong IoMT, dac ta may trang thai Split(r) = (St, init, o, next, out) thyuc hién
bién doi b tach split(r): BDLTrans(IoMT, FBDL(IoMT)) (muc 2.6.6.4) véi:

St = JoMT: May trang thai can nhé lai phan con lai ciia du vao chwa du 16

init = 1;,p7: Trang thai du tién tach biét



78

e 0 = 1: Dau ra diu tién
e next(s, x) = 1,(s o x): Mbi quan hé bién d6i cho bo tach
e out(s, x) = r;(s o x): Mbi quan hé bién ddi dau ra cho bo tach
2.6.7.6. M6 phéng va twong dwong hai chiéu cia may trang thai BDL

May trang thdi cia stream dang BDL trong
10MT; va loMT;: Mot may trang thai G =(St, init, o,

next, out) dugc hinh thanh véi dau vao tir 10MT; va
dau ra tir loMT, -

Trang thai
cho (waiting; N

init; out; s) __Cno~
Io0MT;va
10MT,

Trang thai
phét séng
(streaming;
0% 5; ®)
Hodac
Trang thai
tam dung
(paused;
out; next; s)
1o0MT;va loMT,

Trang thai
két thic
(ended; s)
IoMT;va
10MT,

Két thuc

Hinh 2.15. So d6 chuyén ddi trang thai ciia hé thong livestream (IoMT1 va loMT?)
Bang 2.28. M6 ta so dd chuyén ddi trang thai ctia hé thong livestream (Hinh 2.15)

Thanh phin M5 ta

Mo hinh téng quat
cia may trang thai

May trang thai xu ly stream BDL dugc md hinh hda nhu sau: G =
(St, init, o, next, out), véi dau vao thuoc IoMT; va dau ra thudc
[oMT, (Hinh 2.15).

Quan hé m6 phong
hai chiéu R

Quan hé R < StxSt, thoa: néu (s, t) €R thi out(s, x) =
out(t, x) va (next(s, x), next(t, x)) € R.

Tuwong duong hai
chiéu

Hai trang thai s ~ t néu ton tai mot mé phong hai chiéu R sao cho
SRt.

biéu kién tuong

Vs, t € St, Vx € [oMT, néu s ~t thi dam bao: next(s, x) ~

duong next(t, x).
, N Hai trang thai thudc IoMT; va [oMT, dugc xem la tuong duong hai
Y nghia trong g , L Ae 4 . e s . .
loMT chiéu néu chung phan hoi dting cung mot cach cho moi frame x va

cung dan dén cac trang thai twong duong tiép theo.

H¢ qua doéi voi

- Cho phép thay thé trang thai trong thiét ké hé thong ma khong anh
huong hanh vi livestream.
- T6i uu hoa pipeline ma van giit tinh diing ¢an BDL.

livestream D . o
- Xdac dinh rd rang cdc nhém trang thai tuong duong dé giam do
phuc tap cua may trang thai.
- Thiét ké may trang thai hiéu qua trong IoMT.
Ung dung - Xay dung cac bo phan: streaming, paused, waiting, ended.

- Kiém chimg hoat dong livestream theo thoi gian thuyc.

Ky hiéu trong so
6 trang thai

- Trang thai: Hinh tron.

- Chuyén dbi trang thai: Mili tén lién.

- Chuyén d6i am chi c6 02 hanh dong chuyén d6i twong tng véi 02
trang thai tach biét: Miii tén dut nét.

- Phép hop stream (Phép toan stream hai ng6i): Ky hiéu ®.
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2.6.7.7. Tinh nhat quan caa cac may trang thai cho BDL trong loMT

Lu4n 4n xay dung tap hop cac tinh nhit quan ma mot may trang thai phai tuan
theo dé dap ung cac yéu cau vé frame BDL. Cho mét may trang thai G =
(St, init, o, next, out): G(IoMTy, [oMT,), luan &n chi ra G phai cd tinh nhit quan néu

n6 dap tmg mot sd tinh chat nhu sau:

* next(init, 1) ~ init (2.29)
* next(init, xy) ~ next(next(init,x),y), Vx,y € loMT; (2.30)
= ooout(init,1) =0 (2.31)
= 0o out(init,xy) = o0 o out(init, x) o out(next(init, x),y), Vx,y € [oMT; (2.32)

Cac tinh chit tir (2.29 - 2.32)

DPam béo tinh nhit quan cia G = (St, init, o, next, out)

Trong do:

e G hoat dong khong phu thudc vao cach dau vao duoc chia thanh cac frame.

e Tinh chit (2.30) chi ra phép bién d6i hai budc tiép theo tir init »* s; —»¥ s, va phép
bién d6i mot budc tiép theo tir init »* ¢, két thic ¢ cac trang thai (s, va t;) sé dan
dén hanh vi tuong ty trong tinh toan stream ciia cac day frame con tudn ty tiép theo.

e Néu khdng du dau vao xy duoc cung cip cho méy trang thai dudi dang mot frame xy
don 1¢ hoic mot BDL cua hai frame x va y hodc hai frame nay duoc viét (x, y).

2.6.7.8. Yéu t6 so hoa ciia may trang thai cho stream dang BDL trong loMT
DPit (JoMT,®, 1) 1a mot monoid, mot yéu té sé hoa caa mot frame x € loMT
la mot BDL ¢6 dang x4, x5, x3,..., X, cua cic frame sao cho x = xq, x5, x3,..., X,.
BDL rdng € € IoMT* 1a mot yéu té s6 hoa cua 1, néu khong x € ToMT* 1a mot yéu
t6 s6 hoa cua x € IoMT néu mt(x) = x.
G(IoMT;, IoMT,) dugc tao boi G = (St, init, o, next, out), Vx € [oMT,va VX € [oMT; cia x
G c6 tinh nhat quan (2.33)
Trong dé: May trang thai G duoc hinh thanh bai may trang thai G. Néu G ¢ tinh

nhat quan vao thoi diém Vx € IoMT, va tat ca cac yéu td s6 hoa ¥ € JoMT; cua x.
Do d6, suy luan ra rang G c6 tinh nhit quan sau:
= 0o gout(init, X) = o o out(init, x). (2.33)
Dé 1ap luan cho tinh chat (2.33), ludn an dic ta (x;, X5, X3,..., X,) € [oMT; dé
dai dién cho mot BDL hitu han cac frame ctia JoMT,. Céc tinh nhat quan duogc &p
dung cho tat ca s € St, x € [oMT; vay € [oMT; sau:

= gnext(s,X o (y)) = next(gnext(s,x),y) (2.34)
= gout(s, X o (y)) = gout(s,X) o out(gnext(s, x),y) (2.35)
= eout(s, X o (y)) = eout(s,X) o (out(gnext(s, x),y)) (2.36)

C4c tinh chat tir (2.34) dén (2.36) c6 thé duoc 1ap luan bang IH trén BDL x. Xét
mot may trang thai BDL c6 tinh nhat quéan tly chon sau: G = (St, init, o, next, out)
va G théa man tinh nhét quan (2.37):
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» gnext(init, (xq,...,x,)) ~ next(init, x; o -:- o x3,), V(x4,...,x,) € [OMT] (2.37)

Lap luén bang IH vé& do dai cia BDL trong IoMT. Truong hop co ban, dic ta

gnext(init, 1) = init va next(init, 1) ma nd tuong dwong hai chiéu vi G ¢ tinh nhat
quan xem tinh chat (2.29). Vi bude IH, suy luan ra cac yéu t6 s6 hoa sau:

» gnext(init, X o (y)) = next(gnext(init, X),y) [(2.34)] (2.38)
~ next(next(init, 7(x)),y) [M6 rong va IH] (2.39)
~ next(init, T (X) o y), [(2.30)] (2.40)

Tinh chét (2.40) twong dwong Voi next(init, w(x o (y))). Cubi cing, diéu nay
din giai cho tinh chat (2.37), diéu kién nay dwoc 1ap luan bang IH trén ¥ € [oMTy;.
Véi trudng hop co ban, xem tinh chét o » gout(init, €) = 0 o 1 = o |a twong dwong
VGi 0 o out(init, 1) = o, xem tinh chat (2.31) cho G. Vi budc IH, suy ra rang:

= 0 o gout(init, X o (y)) = o o gout(init, X) o out(gnext(init, X), y) [(2.35)] (2.41)
= 0 o out(init, (X)) o out(gnext(init, X), y) [IH] (2.42)
= 0 o out(init, (X)) o out(next(init, 1(X)),y) [(2.37)] (2.43)
= 0 o out(init, m(X) o y), [(2.32)] (2.44)

Trong d6 tinh chat (2.44) 1a twong dwong Véi o o out(init, 7 (X o (y))). Tinh chat
(2.33) khang dinh rang c6 tinh nhat quan dam bao tinh dung din co ban cho mot may
trang thai BDL, dau ra ma chiing tao ra 1a doc 1ap voi phuong phap dic ta ma dau vao
c6 thé duoc tach thanh cac frame.

Vay G la mot may trang thai, ham [G]: loMT; —» IoMT; dic ta theo céach sau
[G] (%) = (o) o eout(init, X), VX € [oMT;. V&i [G] la ky hiéu cua G. Pac ta cua [G]
la @& cap dén [G](1) = (o) va duoc ap dung cho moi X € [oMT; vay € [oMT; qua
tinh chat (2.45) nhu sau:

= [G1(x o (y) = [GI(%) o (out(gnext(init, x), y)) (2.45)

Khi d6 G l1a c6 tinh nhat quan, tinh chat (2.33) cho biét rang ky hiéu dé xuat
cing mot dau ra tich lily v6i dau vao cta bat ky hai yéu t6 sé hoa nao. Vi vy, cac
may trang thai G; va G, 1a tuong duong néu cac ky hiéu cua chung twong duong va
duoc hiéu 1a [G,] = [G,].
2.6.7.9. Tinh trién khai va tinh nhat quan cia may trang thai cho BDL

Cho (IoMT; ,,® ,1) 1a hai monoid, G: G(IoMT;, [0MT,) 1 mdt mdy trang thai
ctia BDL va (B, u): BDLTrans(loMTy, [oMT,) la hai ham chuyén dbi BDL, cho thay
G trién khai (B, u), néu [G] (%) = F(B, u) (%), VX € IoMT;.

G: G(IoMT,, [oMT,) c6 tinh nhat quan néu va chi néu n6 trién khai mot sé phép
bién d6i stream dang BDL. Pé lap luan khiang dinh nay, gia sit cho G =
(St, init, o, next, out): G(IoMTy, [oMT,) 1a mot may trang thai cé tinh nhat quan, dinh
nghia ham B:1oMT, - IoMT, duéi dang B(x) = o o out(init, x), Vx € [oMT; va
ham w:IoMT; X [oMT; —» [oMT, duéi dang u(x,y) = out(next(init, x),y),
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Vx,y € IoMTy, vay c6 thé lap luan B(x) o u(x,y) = B(xy). Nhan thiy, diéu nay
dung sau tinh chét (2.32) phan nao cua cac thugc tinh ¢6 tinh nhat quéan cho G. Do do,
(B, 1) 1a mot phép bién d6i BDL.

Phan con lai can 1ap luan G trién khai (B, u), duoc hiéu 13 [G] (%) = F(B, 1) (%),
Vx € IoMT;. Véi truong hop co ban, [G](1) = (o) va F(B, 1)(1) = (B(1)), diéu
nay giéng nhau vi (1) = o o out(init, 1) = o theo tinh chét (2.31). Vi mdi budc,
ta tim thay cac két qua sau day:

= [G1(x o (y) = [GI (%) ° (out(gnext(init, x), y)) [(2.45)]  (2.46)
= F(B,m)(x o (y)) = F(B, ) (%) o (u(m (%), y)) [Dac tacua F(B,1)]  (2.47)

Theo IH du dé 1ap luan out(gnext(init, x), y) la twrong duong vai p(m(x),y) =
out(next(init, (X)), y). Vi gnext(init, ¥) va next(init, w(¥)) la giéng nhau theo
tinh chat (2.37). Nguoc lai, gia st G = (St, init, o, next, out): G(IoMTy, [oMT,) la
mot may trang thai trién khai (8, u): BDLTrans(IoMT,, [oMT,). Luan 4n md ta moi
quan hé nhu sau: R = {(s,t) € Stx St|3x,y € [oMT; véin(x) = n(y),s =
gnext(init, X), va t = gnext(init, ¥)}. Do vay, luan an dinh nghia rang R 1a mot mo
phong hai chiéu. Xét cac trang théi tly y cua s, t € St véi sRt va z € [oMT, ton tai
X,y € loMT; véi m(x) = m(y) sao cho s = gnext(init, X¥) va t = gnext(init, y).
Nhan thy can phai 1ap luan out(s, z) = out(t, z) va next(s, z) R next(t, z) 1a trong
duong, nén luu y nhitng tinh chat sau:

- [GI(E °(2)) = [GI(®) o (out(s, 2)) [(2.45), chi dinh's] ~ (2.48)
" F(B,1)(x °(2)) = F(B,m)(X) o (u(n(x),2)) [Chidinhcua F(B, )]  (2.49)

Bai Vi G trién khai {8, 1) nén thu duoc [G](X o (z)) = F(B, u) (X o {z)) do d6
out(s, z) = u(m(%), z), twong tu nhu vay c6 thé thu duoc out(t, z) = u(n(¥), z). T
(X)) = n(y), suy ra u(m(x),z) = u(m(y),z) nhu vay out(s, z) = out(t,z). Xet
thiy rang s’ = next(s, z) = next(gnext(init, ¥), z) = gnext(x o (z)) bang viéc sir
dung tinh chat (2.34), twong ty nhu vay c6 thé thu duoc t' = next(t, z) = gnext(y o
(z)). Tudo, voim(x o (z)) = n(x)z = t(¥)z = (¥ o (z)),suy ras’'Rt’ lamd phong
hai chiéu, suy ra R 1a mot mo phong hai chiéu.

Pé lap luan G c6 tinh nhat quan, chi can dic ta cho cac truong hop riéng ¢ tinh
chat (2.30) va (2.32). it x,y € IoMT, vdi tinh chét (2.30) thi phai chi ra trang thai
s = next(next(init, x), y) va trang thai t = next(init, xy) 1a twong duong hai chiéu.
R 12 mot twong quan md phong hai chiéu, 1ap luan (s,t) € R 1a dung vi s =
gnext(init, (x, y)), t = gnext(init, (xy)) van({(x,y)) = xy = n({xy)).

Tir tinh chét (2.32), ta ¢6 [G]({(xy)) = (o, out(init, xy)) va F(B, n) {xy)) =
(B(1), u(1,xy)) giébng nhu [G]({x,y)) = (o, out(init, x), out(next(init, x), y)) va
F(B, ) ({x, y)) = (B(1), u(1,x), u(x, y)) bang cach sir dung cac dic ta cua [G] va F.
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Vi G trién khai (B,u), nén n6 dugc hiéu 1a [GI({(x,y)) = F(B, w)({x,y)) va
[GI({xy)) = F(B,w)({xy)). Do vay ching ta nhian dugc o o out(init,x) o
out(next(init, x),y) = (1) o u(1,x) o u(x,y) = B(x) e u(x,y) = B(xy) va oe
out(init, xy) = B(1) o u(1,xy) = B(xy). Nhu vdy, tinh chét (2.32) cd cac tinh nhat
quan duoc gitr lai.

Tiéu muyc 2.6.7.9 d3 cung cip mot cach dién giai cho cac dinh nghia vé céc tinh
nhat quan cho cac may trang thai ciia stream dang BDL & muc 2.6.7.7. N6 chi ra rang
cac dinh nghia phu hop tinh ding dén, vi n6 1a cac diéu kién can, cac diéu kién tinh
chinh xac va cac diéu kién tinh ddy du cho mét may trang thai ciia stream dang BDL
cho phép bién d6i BDL nhu hé thong ngit nghia cac ky hiéu ciia chiing. Nguoc lai,
tinh nhat quan cu thé cia mdt may trang thai cé ngit nghia mang tinh biéu thi dugc
dinh nghia 6 rang vé cac phép bién d6i BDL trong loMT.
2.6.7.10. Tinh day dia biéu cam cia cac may trang thai cho BDL trong loMT

Cho (IoMT;,,®,1) 1a hai monoid va (B,u) 13 phép bién doi stream
BDLTrans(IoMT,, [oMT,), c6 ton tai tinh nhat quan cia may trang thai cho viéc trién
khai (8, u) nay. Bé lap luan khang dinh nay, xét tiéu muc 2.6.6 rang ham bién doi u
MWF lam thoa man tinh chat sau: B(x) o u(x,y) = B(xy), Vx,y € [oMT. M0 ta
G = (St,init, 0, next, out) gém cac thanh phan: St = [oMT, init = 1, o = B(1),
next(s,x) = s o x va out(s, x) = u(s, x) cho tat ca trang thai s € St va dau vao x €
IoMT. Céc tinh chét sau ddy ding cho tit ca trang thai s € Stva (xy, X5, X3,..., X,,) €

IoMT;.
» gnext(s, (X1, X3, X3,..., X)) =S ©X1X3X3 0+ 0 X, VA (2.50)
» (0) o eout(init, (xq, x5, X3,..., xn)) = F(B, ) ({x1, X2, X3, ..., X)) (2.51)

Tinh chét (2.50) va (2.51) duoc biéu dién bang IH trén diy tuan tu frame c6
dang (x;, x5, x3,...,%,), suy ra [G](x) = (o) o eout(init, x) = F(B, u)(x), Vx €
IoMT; . Do @6, G trién khai dugc phép bién doi (B, i), két qua 1a G ¢6 mot tinh chat
tu dong nhat quan véi tiu muc 2.6.7.9. Tiéu muyc 2.6.7.10 nay khing dinh rang, md
hinh tinh toan stream triru tugng ctia may trang théi stream ludn c6 diy dil kha nang
biéu cam tinh nhét quan dé trién khai cho bét ky phép bién dbi stream nao.
2.6.7.11. Tinh ding din bién d6i phang cia cac may trang thai BDL

G = Even(IoMT) = (Unit,x, 1,,7, next, out) 1a may trang thai trién khai
phép bién ddi (mr, u) = even(loMT) cho (IoMT, & ,1). Theo tiéu myc 2.6.6.3 va
2.6.7.4 1ap luan bang IH rang [G](X) = F(m, u)(%), VX € FBDL(IoMT)*. Ta c6
[G1(&) = (Liomr) va F(m, w)(1) = (m(1)) = (11omr), VX € FBDL(IOMT)" va y €
FBDL(IoMT). Do d6, Even(IoMT) dugc lap luan qua tinh nhat quan (2.52) sau:

= [GI(x e (y) = [G](x) o (out(gnext(init, x), y)) [Chi dinh cia [G]]  (2.52)
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= F(m, pu) (%) o (n(y)) [Chi dinh ra ngoai va IH]  (2.53)
= F(m, 1) (%) o (u(m (%), )) [Chidinh cuau]  (2.54)
= F(m,u)(x o (y)) [Chi dinh cua F]  (2.55)

2.6.7.12. Tinh ding din b tach caa cac may trang thai cho BDL

Cho may trang thai G = Split(r) = (IoMT, 1,7, €, next, out) trién khai phép
bién d6i (ry, u) = split(r) détachr = (ry,1,) cho (IoMT,® ,1) duoc thé hién & tiéu
muc 2.6.6.4 v 2.6.7.5. Sir dung tinh chit ciia cac bo tach va IH dé c6 gnext(init, ) =
r,((%X)), VX € [oMT;. Ap dung IH dé lap luan [G](X) = F(ry, 0)(¥) cho VX €
TIoMT;. Ta c6 [G](1) = (1) va F(r, w)(1) = (r;(1;o7)) = (1), cho VX € IoMT;
va y € loMT. Nhu vay, Split(r) cd tinh ding dan dugc 1ap luan qua tinh nhat quan

nhu sau:

= [GIE o (y) = [GI(®) * {out(gnext(init, ©),y)) [(2.45)] (2.56)
= F(ry, 1) (%) o {out(r(1(¥)), ) [IH] (257)
= F(r, ) (%) o (ry(r,(m(%)) o y)) [Chi dinh cua out]  (2.58)
= F(r, ) (%) o (u(m(X), y)) [Chidinh cua ]  (2.59)
= F(r, ) (x o (y)) [Chi dinh cua F]  (2.60)

2.6.8. Céc bd to hop dung cho may trang thai cia BDL trong loMT

= Luan an dé xuat 04 bd t6 hop cho cic may trang thai stream dang BDL trong
IoMT dé mé hinh héa co ché hoat dong cua stream BDL nhu sau:
e Nang cao céc hinh thai tinh toan stream dang BDL.

Lién két ndi tiép dé biéu dat song song hoa dudng ong.

Lién ket song song dé thé hién nhiém vu song song.

Lién két phan hdi dé mo ta tinh toan stream dau ra phu thude vao déu ra trudce do.
= 04 b t6 hop nay duoc dic ta cho phép bién ddi BDL va may trang thai BDL. Mot
s6 khia canh dai sb trong [oMT dugc phan tich nhu sau:

e Nang cao hinh thai trién khai qua may trang thai.

e Lién két song song va ndi tiép duogc trién khai qua tich trén cac may trang thai. Lién
két song song thé hién tinh toan ddc lap, trong khi lién két ndi tiép chuyén dau ra caa
lién két dau tién lam dau vao cho lién két thi hai.

e Lién két phan hoi dién tién qua vong 1ap dugc xac dinh r& dé tranh phan ky.

Luan an md ta su twong duong dung dan giita cac muc ngit nghia va chuong
trinh ciia cac bd to hop trong tat ca cac truong hop sau: Nang cao tinh dong cau, lién
két song song hoa (Parallelism composition), lién két nbi tiép, va lién két phan hoi.
Tinh dung dan phu hop dé trién khai cac lién két nhu: Elevate, Para, Serial, va Circle.
Do vay, cac frame dugc nhap vao la phu hop véi viée dac ta mo dun hoa ctia cac tinh
toan stream BDL, vi chiing c6 thé duoc hd trg boi cac ciu trauc lién két can thiét dé
song song hoa va phan phdi stream dang BDL.
2.6.8.1. Néng cao tinh dong ciu cia cac may trang thai cho BDL



84

Cho h: (IoMT;,® ,1) » (IoMT,,® ,1) 1a mot dong ciu monoid (HMonoid).
Lu4n 4n tién hanh dic ta Elevate(h) 13 mot may trang thai c6 tinh nhit quan va nd
trién khai phép bién d6i elevate(h). Do d6, ta c6 tinh chat (2.61) sau day:

HMonoid h: (IoMT;,®,1) » (IoMT5,®,1) B(x) = h(x)
elevate(h) = (B,u): BDLTrans(IoMTy,loMT,) u(x,y) = h(y)
Elevate(h) = (St, init, o, next, out),
Trong do: St = Unit, init = x, o = h(1), next(s,x) = s, out(s, x) = h(x).
2.6.8.2. Lién két song song hoa ciaa may trang thai cho BDL
Cho (10MT; ;5 ,4,® ,1) 1a bon monoid, {8y, f¢;): BDLTrans(IoMTy, [oMT) va
(B, 11,): BDLTrans(IoMT,,[oMT,) 1a phép bién d6i cua stream va goi
G1:G(IoMTy, IoMT3) va G,: G(IoMT,,1oMT,) 1a hai may trang thai ctia stream
(2.62). Do vay, ta c6 hai tinh chét sau day:
= Trién khai: Néu G, trién khai (B;, u;) va néu G, trién khai (8,, u,), thi Para(G,,G,)

trién khai (By, 1) | (Ba, ).
» Nhat quan: Néu G; va G, c6 tinh nhat quan, thi Para(G,, G,) cling nhat quan.

(2.61)

(B1, u1): BDLTrans(IoMT;, [o0MTs3), (f2,u,): BDLTrans(IoMT,, [oMT,)
(B, 1) | (B2, u2) = (B, u): BDLTrans(IoMT; X [oMT,, [oMT5 X [oMT,)
e f(x) =P, (31(35)), ulx,y) = Hz([ﬂ(x)'lh(x’ }’)),

o Bxy,x2)) = (Br(x1), B2 (x2)) va u({x1, x2), {1, ¥2)) = (ua (31, 1), 12 (x2, ¥2))
May trang thai song song: Para(G;, G,) = (St, init, o, next, out)

2.62
Trong do: (2.62)

e G, = (St4,1inity, 04, nexty, out,), G, = (St,, init,, 0,, next,, out,),
e St = St; X St,, init = (init,, init,), 0 = (04, 0,),

next({sy, s,), {(a, c)) = (next;(sy,a),next,(s,,c)),

out({sy, sz),{a, c)) = (out;(s;,a), out,(sz,c))

Mot thé hién lién két song song ctia bén monoid (I OMT; 5 34,® ,1) nhu
sau (Hinh 2.16):

Hinh 2.16. So d6 lién két song song ctia bén monoid

2.6.8.3. Lién két ndi tiép ciia cAc may trang thai cho BDL trong loMT

Cho (10MT1’2’3,® ,1) & ba monoid, {f;,u,): BDLTrans(IoMT,,IoMT,) va
(B,, 11,): BDLTrans(IoMT,, [oMT,) 13 hai phép bién doi, va G;: G(IoMT,, [oMT,) va
G,: G(IoMT,, [oMT5) 13 hai may trang thai (2.63). Do d0, ta co hai tinh chét sau:
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{B1,11): BDLTrans(IoMT4, [oMT,) va{f,,1,) : BDLTrans(IoMT,, [oMT3)
(B1,111) > (B2,12) = {B,w): BDLTrans(IoMT,,IoMT3)
Serial(G,, G,) = (St, init, o, next, out)

Trong do:
¢ G; = (St,inity, 04, nexty,outy), G, = (St,,init,, 0,, next,,out,), St=St; X
Sta,
e init = (init,, next, (init,, 0;)), 0 = 0, © out,(init;, 0,),
o next({sy,sz),a) = (next(sy,a), next, (s, out; (s3,a))), 0Ut((sy,s;),a) = (2.63)

out, (s, out,(s1,¢))
o Mot thé hién mdi lién két ndi tiép cua ba monoid (IoMTy 4 5,® ,1) nhu
sau (Hinh 2.17):
| IOMT, . IOMT, |
v
\»\ loMT; |

Hinh 2.17. So db lién két nbi tiép ctia ba monoid
= Trién khai: Néu G, trién khai (B, 1) VA G, trién khai {B,, 1, ), thi Serial(G;, G,) trién

khai (1, ti1) > (B2, U2)-
» Nhat qudn: Néu G; va G, c6 tinh nhat quan, thi Serial(G,, G,) ciing nhat quan.

Dé 1ap luan cho phat biéu trén, tinh nhat quan dugc suy ra tir viéc trién khai ¢
muc 2.6.7.9. Bé lap luan viéc trién khai, luan an xac dinh mot s su kién. Dic ta ham
M,: IoMT; - [oMT, nhu sau: M,(1) =1, M,({x)) = x cho Vx € [oMT,, va
M, ({x,y) o Z) = {(xy) o Z cho Vx,y € [oMT; va Z € [oMT;, G dugc dic ta dé dai

dién cho lién két ndi tiép cua hai mdy trang thai G; > G,.

» fst(gnext(s, x)) = gnext, (fst(s), x), Vs € Stva Vi € [oMT; (2.64)
» snd(gnext(s, X)) = gnext,(snd(s), eout, (fst(s), x)), Vs € Stvavx € [oMT;  (2.65)
= [G1(%) = M2([G1([9:1(3))), VX € ToMTy (2.66)
= F(B, 1) (%) = Ma(F(Bz2, ) (F(B1, 1) (X)), VX € IoMTy (2.67)

Trong d6, voi (B, 1) = (B, 1y) > (Ba, i,), bon tinh chat (2.64-2.67) c6 thé
duoc 1ap luan bang IH trén BDL %. Tinh chét (2.64) va (2.65) doi hoi lap luan tinh
chat (2.66). Luan &n thiét 1ap may trang thai G trién khai (8, u) nhu sau:

= [G1(x) = Ma([G21(16:1(x))) [(2.66)]  (2.68)
= Ma([G21(F(B1, 11) (X)) [G, trién khai (81, 14)]  (2.69)
= My (F(B2, p2) (F(B1, 11) (X)) [G- trién khai (B2, u2)] (2.70)
= F(B,m)(x) [267)]  (2.71)

Vx € IoMT; suy ra may trang thai G da trién khai {f, u). Dé 1ap luan cho nhan
dinh nay, luan 4n minh hoa vé cach xay dung céc phép tinh stream phirc hop tir cac
phép tinh stream co ban thong qua cac bd to hop cua cac may trang thai BDL. Pit
IoMT;, IoMT, la cac tap hop va op: [loMT, — IoMT, 1a mét ham. Phép tinh stream
BDL 4p dung op cho ting thanh phan ciia FMultiset(JoMT;,), sinh ra hai dau ra
FMultiset(IoMT,), sau d6 tron thanh dau ra FMultiset(IoMT,). Ham op: [oMT, —
IoMT, duoc nang thanh dong cau monoid (HMonoid) nhu sau:
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op: FMultiset(IoMT;) — FMultiset(IoMT,) véi op(x) = {op(a) | a € x}. Phép
tinh stream nay duoc minh hoa qua so do stream dang BDL (Hinh 2.18).
FMultiset(/loMT;) FMultiset(/loMT>)

Elevate(op) M FMultiset(loMT5)
. >
FMultiset(IoMT;) erge

Elevate(0p)  [~pyrultiset(iomT,)
Hinh 2.18. So d thuc hién tron (merge) hai monoid

Tt hinh 2.18, dé xuat mdi canh cua so dd c6 thé duoc biéu didn bai mot kénh
lién lac mang BDL va dugc danh dau theo loai BDL tuwong tng. So do BDL nay duoc

dic ta bang G = Serial(Para(Elevate(op), Elevate(op)), Merge), trong d6 Merge
la may trang thai tir tiéu muc 2.6.7.3. Tir tiéu muc 2.6.8.1 dén 2.6.8.3, xac dinh § trién
khai phép bién ddi (elevate(op) |l elevate(op)) > merge, v6i merge 1a phép tron
da kénh dau vao cho BDL dugc trinh bay & tiéu muc 2.6.6.2.

FMultiset(IoMT) FMultiset(IoMT)
Merge

TV ————
FMultiset(IoMT)
Hinh 2.19. So d6 chu trinh phan hoi stream trong IoMT

Kiém tra may trang thai to hop phan héi tao ra cac chu ky cua so do stream
Merge: G(FMultiset(IoMT) x FMultiset(IoMT), FMultiset(IoMT)) duogc trinh
bay & tiéu muc 2.6.7.3. So do (Hinh 2.19) minh hoa truc quan chu trinh phan hoi

stream trong IoMT, noi kénh diu ra cta Merge duoc ndi lai véi mot kénh dau vao
cua no, tao thanh chu trinh phan hoi.

So dd (Hinh 2.19) vé4i dau vao 1a mot frame don {a} trén kénh dau vao thi nhat
clia mdy trang thai Merge s& khién Merge phat ra frame {a}, sau d6 duoc gui lai vao
kénh dau vao thit hai. Qua trinh nay tao thanh vong 1ap vo tan cua viéc ti€u thu va
phét ra frame {a}, dan dén hién twong phan ky hay con goi 1a vong lap vo han. Hanh
vi nay khong phi hop véi cac hé thong xtr Iy stream, vi phan ky c6 thé gy hé thong
khong phan hoi.

Luan an dé xuit co ché phan hoi loai bé dé giai quyét vong lap vo han trong
stream. Phép tinh stream dugc thyc hién tuan tu qua nhiéu vong lap, dam bao tién
hanh dya trén dit liéu dau vao.

Giai phap 1 cung cap bo tach 16 (tiéu muc 2.6.6.4) chia BDL dau vao thanh cac
16, mdi vong 1ip phan hoi xtr 1y mot 16 dir 1i€u, tao 16 dau ra va gui vao vong lap tiép
theo. Cach tiép can nay gitp to chirc mdi 16 dir liéu tuong ing mot vong lap.
2.6.8.4. Lién két phan hai cia may trang thai cho BDL trong loMT

Cho (1 OMT; ,,® ,1) 1a hai cdu tric monoid, mot phép bién d6i stream
(B, u): BDLTrans(IoMT,, IoMT,), may trang thai G:G(IoMT,,IoMT,) va r =
(r1,7,) 12 bd tach BDL thanh céc 16 trong IoMT; va IoMT, xem ¢ tiéu muc 2.6.6.4.

Do d6, luan an c6 hai tinh chat cho lién két phan hoi sau day:
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= Trién khai: Néu G trién khai {8, u), thi Circle(G, r) trién khai circle(B, u, 7).
= Nhat quan: Néu G c6 tinh chét nhat quén, thi Circle(G,r) ciing nhat quéan.

Dé lap luan cho hai tinh chat trén, vai lién két néi tiép du dé lap luan may trang
thai Circle(G) trién khai (y, v) = circle(B, p) bang tinh chat trién khai. Voi
G(FBDL(IoMT;,), FBDL(IoMT,)), du dé dic ta cac ham bién d6i va dau ra trén cac
frame dang BDL don 1& nhu trong cac phat biéu tir (2.61) dén (2.72).

(B, u): BDLTrans(IoMT; X [oMT,, [oMT,)
circle(B, ) = (y,v): BDLTrans(FBDL(IoMT; ), FBDL(IoMT5,))
y{ay,...,an)) =(bg,by,..., by)
y(1) = (bo)
Trong dé: by = B(Liomry» Liomr,)
y{ay, -, an, angq)) = v(ay, ..., an)) © (bpyq)
Trong do: by, = p({ag o -0 ay, boby © -+ 0 by_1),{aAn41, b))
May trang thai Circle(G) = (St’,init’, o', next’, out"): G(FBDL(IoMT,), FBDL(IoMT,))
Trong do: (2.72)
e G = (St,init, 0, next, out): G({oMT; X [oMT,,[oMT,)
e St’ = St x JoMT,, lién két thtr hai: 16 dau ra cudi cing, init’ = (init, o),
e 0' = (0), next'((s, b),a) = (next(s, (a, b)), out(s,{a, b))),
e out’'((s, b),a) = (out(s,(a, b)))
(B, u): BDLTrans(IoMT; X [oMT,,[oMT,) va b0 tach r cho IoMT,
circle(B,u,r) = split(r) > circle(B, ) >» even(IoMT,): BDLTrans(IoMT;, [oMT,)
G:G(IoMT; X IoMT,,1oMT,) vabd tach r cho IoMT;
Circle(g, r) = Serial(Split(r), Circle(G), Even(I1oMT,)): G(IoMTy, [oMT,)

e Lién két phan hdi ciia méy trang thai Circle cho BDL trong hai monoid (IOMT1,2,® 1)
béng méy trang théi lién két noi tiép Serial (g0m may trang thai tach, may trang thai
phan hoi, va may trang thai phang) nhu sau (Hinh 2.20):

L

FBDL(IoMT2)

Hinh 2.20. So db lién két phan hdi ctia méay trang thai Circle cho BDL

FBDL(IoMT, ;) FBDL(IoMT;)

Merge

Vi du 2.20: Minh hoa st dung t6 hop lién két phan hoi (2.72), xét hai ham (B, u) dé
thém hai BDL dau vao hitu han. Ham B: FBDL(IoMT) x FBDL(IoMT) — FBDL(IoMT) véi
hai kénh dau vao hitu han va mot kénh dau ra duoc dinh nghia: B(x; 0 X, 0 =+ 0 X, V1 © V5 ©
oy )= (xg + y1)o(xy + yy) oo (xg + yi), VOl k = min(m,n). Xétbo tichr =
(ry,73), & d6 mdi 16 1a mot frame don: 74 (xq © -0 ;) = (Xq,..., X)) VAry(x; 0 -0 x,) =
g, bo tach nay giip mdi chu trinh tinh toan tiéu thu tirng frame dang BDL. Do vay, phép bién
d6i circle(B, u, r) = (y, v) biéu dién tron lién tuc bang ham y(x;o--ox,) = x; 0
(1 +x5) 000 (x93 + -+ xp).

2.7. Két luan chwong 2



88

Chuong 2 nay di xay dung mot sb khia canh dai s6 bao gdm: xay dung mudi
phép toan xtr 1y stream, t6 hop cac phép toan nay thanh cc biéu thirc stream, mé rong
dai sb stream va dong dai sb stream, ap dung mudi phép toan xtr 1y stream ndy vao
xay dung cdu trac dai sé monoid va tinh chat monoid dung cho stream dang BDL
trong loMT. Céu trac dai s6 monoid nay s& hinh thirc héa co ché hoat dong cua stream
bang cach ap dung mudi phép toan xir Iy stream da duoc luan 4n xay dung & tiéu muc
2.3.3 Va tiéu muc 2.3.4 thdng qua tinh chat két hop va tinh chit déng nhat stream.
Tinh chit monoid hinh thic héa co ché hoat dong ciia stream bang cac phép bién do6i
stream, may trang thi stream, va cac bd t6 hop may trang thai stream.

Chuong 3 tap trung trinh bay co ché 1ap lich dé xu 1y stream dang BDL trong
loMT. Viéc lap lich nay cho phép co ché duong 6ng (pipeline) hoat dong ma & d6 tat
ca cic tai nguyén phan cimg bao gdm cac thanh ghi cting véi cac don vi chirc ning
duoc tai sir dung trong subt cac bude diéu khién khac nhau gitp toi vu hoa tai nguyén
phan cing. Tinh toan dya trén phép tinh stream dang BDL trong IoM T dugc xem nhu
mot ham tir JoMT® — [oMT® trong dai s6 stream, n6 hd tro viéc biéu d6 hoa mang
ludi RTL cho stream dang BDL trong loMT.
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Chuwong 3. PAC TA HINH THUC VA TIEP CAN PONG QUY NAP
PE KIEM CHUNG TONG HOQP TINH TOAN BDL DUA TREN
PHEP TINH STREAM

Chuong nay tap trung trinh bay déng gop tao ra co ché 1ap lich dé xtr 1y stream dang
BDL qua viéc ap dung muoi phép toan xir 1y stream da dugc cong bd trong cong trinh
[CT.2] cta ludn 4n. Co ché lap lich ndy can cd 04 budc sau: Phan hoach cac phép
toan stream; Lép lich cho tinh toan BDL; Cap phat va lién két thanh ghi; Cap phat va
lién két don vi chirc ning. Cac budc nay cho phép co ché dudng dng hoat dong ma &
d6 tit ca cac tai nguyén phan cimg bao gdm cac thanh ghi cing vé6i cac don vi chire
nang duoc tai str dung trong sudt cac bude diéu khién khac nhau nham giam do tré,
tang thong luong, can bang tai va tdi uu sir dung tai nguyén hé thong.

3.1. Giéi thiéu

Phan tich stream dang BDL 1a qué trinh xur 1y dit liu 16n phét sinh lién tuc theo
thoi gian thyc tir cic cong nghé nhu IoT va IoMT [CT.5][CT.7][82], doi hoi kién thic
chuyén siu va cong cy hd tro phit hop. Cac van dé nhu phan tich, 1ap lich stream dang
BDL va kiém chimg hinh thtic stream dang BDL véan chua dugc giai quyét triét dé.
Dic biét, kham pha nhitng quy luat va co ché hoat dong ctia stream dang BDL bang
cac cong nghé hién c6 hodc xay dung nén tang 1y thuyét nham giai thich co ché hoat
dong 1a nhiém vy day thach thire. Sy tich hop giita cong nghé xir 1y theo 16 va xir 1y
stream phat truc tuyén con han ché, anh huong dén hiéu qua tong thé. Do d6, can phat
trién nén tang xir Iy dix liéu 16n dé dap tmg yéu cau viéc 1ap lich va kiém chiing stream
dang BDL phuc vu cac muc tiéu chién luogc 1au dai [83].

Chuong 3 ndy tap trung vao nghién ctru co ché lap lich dé xir Iy stream dang
BDL trong IoMT. Céac budc trong 1ap lich s& cho phép co ché dudng dng hoat dong
ma ¢ do tat ca cac tai nguyén bao gdm cac thanh ghi cing v&i cac don vi chitc ning
duoc tai str dung trong sudt cac budc diéu khién khac nhau nham giam do tré, ting
thong lugng, can bang tai va toi vu sir dung tai nguyén hé thong. Tinh toan dya trén
phép tinh stream dang BDL trong IoMT 13 mot ham tir [oMT® dén [oMT® trong dai
sb stream, n6 hd tro viéc biéu dd hoa mang ludi RTL cho stream dang BDL. Mot
mang ludi nhu vay cod thé dugc thiét ké nhu cac trién khai cta tinh toan stream.

3.2. Pac ta hinh thikc tinh toAn BDL

Biéu dién tinh toan stream dang BDL dua trén phép toan stream cho phép dic
ta khai niém dudng 6ng hiéu qua ¢ do tat ca cic tai nguyén phan cing bao gdm cac
thanh ghi va cac don vi chtc ning (FUs) duoc tai st dung lai trong subt cac budc
(CSteps) tinh todn khac nhau (Hinh 3.1). Trong phép tinh stream, tinh toan BDL dua

trén phép tinh stream dugc xem nhu 1a ham tir tap cac stream A tdi tap cac stream
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A® giup cho viéc biéu dién cho cic mang RTL truc quan. Cac mang nhu vy c6 thé

dugc trién khai cho tinh toan BDL dya trén phép tinh stream.

Tinh toan tbi thiéu sb CStep, Téng do tré, So dd t6i wu hoa

Téi thiéu CStep, Tong d6 tré C,,,

Thudt todn 3.2 Phuc vu
Budce 1: Phan
LP-Based PSOM N
hoach cac phép
Xy dmg] toén Déu ra: 02
Daéu vio: LP stream @,y €
03 stream Thuat Budc 2: Lap A®
0,7,p € todn 3.1 p g lich cho céc
A® . phép toan
Lap lich .
(Scheduling) Tao CStep .
cho toi wru Buwdce 3: Cép
2 N thanh ghi va o 13a A
Dau vao: Thust Ap dung 161 15 dlom i phat va hen'ket :
01 stream : i chite niing thanh ghi Daéu ra: 01
occA® todn 3.3 _ . stream y €
DPic ta hinh Bugce 4: CaP’ A®
thitc phat va lién két
don Vi chitc Thuiit todn 3.3
Ghi chit: — : Ludng di __Da{lg ..............
Cac CStep cho phép

Pipeline hoat déng

Hinh 3.1. So do dic ta hinh thic tinh toan stream dang BDL

Hinh 3.1 13 so dd dic ta hinh thrc tinh toan BDL cta thuét toan 3.1 va 3.3. Thuat
toan 3.1 véi 3 stream dau vao, tién hanh ap dung dac ta hinh thuc dé lap lich qua bon
budc tao cac budc didu khién (CStep) cho phép pipeline hoat dong ma & do tat ca cac
tai nguyén phan cung, bao gom: Céc thanh ghi va cac FUs duoc tai sir dung trong
sudt cac CStep khac nhau (Thuc hién ¢ tiéu muc 3.2.2). Ngoai ra, luan an con tién
hanh 1ap lich bang cach xay dung mé hinh tdi wu héa lap lich theo co ché dudng dng
dua trén quy hoach tuyén tinh (LP-Based PSOM), mé hinh ndy dugc tao ra tir cac
rang budc phu thudc va cic rang budc khong chong lap (LP-Based PSOM dioc hién
thwe bang Thudt todn 3.2) gitp tinh toan toi thiéu s6 CStep, tong do tré va cho ra so
d6 t6i wu hoa 1ap lich (Thuc hién ¢ tiéu muc 3.2.2.5).
3.2.1. Giéi thi¢u ngon ngir RTL

Dua vao Tiéu muc 1.6.10 ciia Chwong I, ngdn ngit RTL [46] 1a mot biéu dién
trung gian rat gan v6i ngon ngir lap trinh hop ngit, giéng nhu ngon ngir duoc sir dung
trong mot trinh bién dich. N6 dugc st dung dé mo ta stream tai RTL cua mot kién
tric. RTL 1a mot su triru twong duoc st dung dé xac dinh cac thanh phan sé hoc cia
mot thiét ké va 13 sy triru tuong chinh duogc stir dung dé xac dinh cac hé thong dién tur
tu dong hi¢n nay va thuong dugc st dung nhu mo hinh mau trong vi¢c thiét ké va
viéc kiém ching tinh toan BDL dua trén phép tinh stream.

Moi hé théng duoc mé hinh hoéa bang cach sir dung mot FU nhan thong tin tir

moi truong bén ngoai thong qua cac tin hiéu va xu ly chung dé tao ra moét tin hi€u
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dau ra, duoc giai thich nhu 1 phan tng dbi v6i méi truong. Mbi don vi chire ning
duoc trién khai boi mot don vi diéu khién va don vi xtr 1y. Pon vi déu tién cung cép
mot tin hiéu dé dong bd hda cac phép todn duoc thuc hién boi don vi tht hai. Toan
bd hé théng dua trén mot déng hd duy nhit, cung cip dong bo. Gia dinh co ban 13
mach phai 6n dinh trudce khi chu ky dong hd két thuc. Hinh 3.2 cho thiy mé dun RTL

ctiia mot FU trong hé thong sd théng thuong, duge xac dinh nhu sau:

Clock| Piu vao
Y Y
Don vi diéu khién Donvixirly |/Diura
Control Unit |« Processing Unit

Hinh 3.2. Md dun RTL cta mot FU trong hé thong ky thuét s6
= (Cac thanh phén chira cac cau 1énh cua cac phén tao nén don vi xu 1y.
= Déy tudn ty diéu khién x4c dinh trinh tu cic 1énh ndi bd can phai dugc phat ra boi don
vi diéu khién.
= Phan cong c¢b dinh xac dinh mot phép toan phai duogc 13p lai mdi chu ky dong hd.

DAy tudn ty diéu khién dugc tao thanh tir cac bude. Mdi bude dugce danh s va
phai dugc thuc hién trong mdt don vi déng hd. Mdi bude dugc tao thanh tir mot hodc
nhiéu 1énh duge thue hién song song. Tat céa cac lénh trong mot bude dugce tach béng
dau cham phéy, ky hi¢u ";". Do do, day tuan tu diéu khién c6 dang sau:

l:: Op1; OP2; OpP3
]+ 0P4; OPs

Trong d6 i va j la budc i va budc j chung, con op; la cac 1énh riéng biét. Cac
céu triic chinh cta ngdn ngir 1a diéu kién va gan gia tri. Phép gan mo ta viéc truyén
gi4 tri gitta hai thanh ghi. Phia bén phai ctia phép gan c6 thé chira bt ky toan tir logic
nao va cac phép toan. Cac phép toan trén dugc mo ta nhu sau.

i: targetRegister: = sourceRegister

j: targetRegister: = sourceRegister; va sourceRegister,
k:if(cy; cy) then (opy; 0py)

h:if (c3; c4) goto (n; m)

Dé biéu dién mot két ndi truc tiép gifta cac phan tir, ngdn ngir ndy cho phép ta
biéu dién phép toan gan gia tri cho mot 1énh. Trong trudng hop nay, phép toan gan
chi c6 hiéu luc trong mét chu ky dong hd. N6 duogc biéu dién boi phép toan gan duoc
ky hiéu la ": = " va dugc su dung dé biéu dién phép gan cho cac 1énh dau ra.

3.2.2. Mitc chuyén doi thanh ghi véi thuit toan 3.1

Trong ngit canh mirc chuyén d6i thanh ghi (RTL), thuat toan 3.1 (phi vong lap)
duge st dung dé khao sat cac muc chuyén d6i thanh ghi. Cac buéc tong hop khac
nhau cua viéc tinh toan BDL duya trén phép tinh stream dugc minh hoa qua mot bo
03 stream dau vao (o,7,p € A®) thanh 02 stream dau ra (a,y € A®), nhu dugc dinh

nghia bang thuit toan 3.1 nhu sau [CT.2]:
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Thuat toan 3.1: X ly tinh toan 03 stream dau vao biang cac phép toan xt Iy stream
(phi vong 1ap) két qua dau ra 1a 02 stream.

PAU VA0 : 0,7, p € A®
Piura :a,y €A®

1. Begin

2. a = (zip(a + 1) + take(p + (z + p)) + (drop(c + 1) + T));

3. y = (split(a) + zip(o + 1) + (rev(a +1) + take(p + (7 + p))));
4. End

Thuat toan 3.1, cho ba stream dau vao (s6 lugng stream c6 thé tity y) thudc tap
cac stream A®, thuét toan 3.1 duoc phan hoach bang cac phép toan mot ngdi va cac
phép toan hai ngdi (Tiéu muc 2.3.1, Chuong 2) tly y trong biéu dién cac stream dau
vao va cac stream dau ra dang BDL trong loMT. Trong lap lich theo co ché dudng
dng (pipeline): Phan hoach cac phép toan xu ly stream thanh cac nhom khéi xu ly
riéng trong biéu thuc dai sé stream, céc khéi khong chang 1an, toan bo céac khéi hop
lai tao thanh biéu thuc dai sb stream mai.

Luén 4n dé xuat co ché lap lich gdm 04 budc sau: Phan hoach cac phép toan
stream, Lap lich cho tinh toan BDL, Cap phat va lién két thanh ghi, Cap phat va lién
két don vi chirc ning. Cac budc nay cho phép co ché dudong dng hoat dong ma & dé
tat ca cac tai nguyén phan cimg bao gdm cac thanh ghi cting véi cac don vi chiic ning
duoc tai st dung trong sudt cac budce dicu khién khac nhau gitip toi wu hoa tai nguyén.
3.2.2.1. Phén hoach cac phép toan stream dang BDL

Phén hoach céc phép toan xtr Iy stream vao so d6 stream dang BDL tuong tng
v6i ma code cua thuat toan 3.1 dé tao ra hinh 3.3, & d6 cac két qua trung gian duoc
dat tén mot cach tryc tiép Ién so d6 stream gom: a, b, c,d, e, f, g, h,i,j, k, I, m van.

CStep 0

CStep 1

CStep 2

CStep 3

Hinh 3.3. So d0 stream phan hoach phép Hinh 3.4. So d6 phan hoach phép toan
toan stream cho tinh todn BDL stream cho tinh toan BDL thanh cac CStep
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3.2.2.2. Lap lich cho tinh toan BDL

Viéc 1ap lich cho tinh toan BDL duya trén phép tinh stream a mot tién trinh dic
ta mot sb budce tinh toan k = 0 duoc yéu cau cho viéc tinh toan ung dung va phan
phéi tirng phép toan stream cua Gmg dung vao timng CStep cu thé va dugc danh sé cho
moi CStep 12 0,1,2,3,... k. Trong hinh 3.4, viéc lap lich cho tinh toan BDL dya trén
phép tinh stream duoc xac dinh 1a bon budc CStep (0, 1, 2, 3) va gan cac phép toan
stream cho bén bude CStep (0, 1, 2, 3) nhu sau:

= CStep 0: M6t phép toén split va nam phép toan merge gan cho bude CStep 0.

= CStep 1: Mot phép toan drop, mot phép toan zip, mot phép toadn rev va mot phép
toan take gan cho budc CStep 1.

= CStep 2: Ba phép todn merge gan cho budc CStep 2 va

= CStep 3: Ba phép todn merge gan cho budc CStep 3

Trong thuc té, viec 1ap lich cho tinh toan BDL dua trén phép toan stream ¢ trén
khong chi c6 d6 ma sau d6 co viée lap lich BDL khac sap xép mot cach rd rang. Do
d6, hai yéu to chinh sau day phai duoc xem xét va wdc lugng mot cach phi hop.

= (Can bao nhiéu budc CStep 1a thich hop?
= C4c yéu cau vé phan cing can bao nhiéu dé trién khai cac phép toan stream?

Hai yéu t6 trén 1 rat quan trong vi s6 luong CStep xac dinh tdc d6 trién khai,
trong khi c&c yéu cau tai nguyén phan cirng xac dinh kich thudc cua viée trién khai.
Hon nita, mot tién trinh 1ap lich BDL can xem xét v6i ba thach thirc sau day:

= Cé&c rang budc yéu cau tai nguyén phan cing cho cac phép toan stream.

= Cé4c rang budc vé thoi gian cho hiéu ning.

= D¢ giai quyét thach thirc 1ap lich, yéu cau cac thuat toan lap lich BDL phai phi hop.
3.2.2.3. Céap phat va lién két thanh ghi

CStep 0

CStep 1

CStep 2

CStep 3

Hinh 3.5. So d0 cap phat va lién két thanh Hinh 3.6. So d6 tinh toan stream dya trén
ghi phép toan stream bicu dien cho RTL

Trong cip phat va lién két thanh ghi bao gdm budc tong hop 14p trinh stream
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thuc thi hai nhiém vu nhu sau:
= Cip phat 13 xac dinh s lwong thanh ghi duoc yéu cau dé luu trit cac két qua trung
gian gitra hai CStep.
= Lién két 12 anh xa cac két qua trung gian dén cac thanh ghi cho mdi CStep.

Trong cap phat thanh ghi yéu cdu rang sb luong thanh ghi phai bang véi sd
lwong 16n nhit cia két qua trung gian giira hai CStep. Trong hinh 3.5, ta can s4u thanh
ghi dugc danh s6 13 1, 2, 3, 4, 5, 6 dé cap phat va lién két giira CStep 0 va CStep 1,
cac thanh ghi 1, 2, 3, 4, 5 va 6 duoc st dung lai gitta CStep 1 va CStep 2, gitra CStep
2 va CStep 3, cac thanh ghi 1, 2, 3, 4 va 5 lai dugc sir dung.

Qua trinh cap phat va lién két thanh ghi c6 anh hudng dén viée sir dung cac yéu
cau tai nguyén phan ctrng. Noi mot cach khac, cac thanh ghi cé thé duoc cap phét va
lien két thi cang tét, yéu cau tai nguyén phan ciing bo sung cang duoc loai bo. Doi
Véi g,1,p,a,y € A®, c&c stream trong hinh 3.5 va ap dung dinh 1y 2.1 (Chuong 2)
dé thu dugc cac phwong trinh vi phan nhu sau:

" a=o0,b=0d+rt1,c=0+1,d=0c+T1,6=7T+p

» f=e+p=@C+p)+p=1+p+p=1+2p(6d6 2p la merge tach roi)
v g=XXxf=XX(t+2p)

» h=Xxd=Xx(oc+71)

» (=XXc=XXx(0+71)

» j=XXb=XX(0+1)

s k=XXXXa+XXi=X’Xxo+XX(Xx(0+1)=X2x0+ (XX

(0+1)=X2%x(0+(0+1))=X?x (20 + 1)

P l=XXjHXXXXT=XXj+XExTt=XXx(XXx(0+7)+X*x1=

X2x(@+1)+X2xt=X2%x((0+1)+7) =X X (0 + 21)

. m=X><h+X><g:X><(h+g)=X><((X><(a+r))+(X><(r+

20))) = X? x ((0 + 1) + (1 + 2p)) = X* x (0 + 27 + 2p)

. n=X><X><i+X><X><g=X2><(i+g)=X2X((XX(U+T))+(X><

(r + 2p))) = X3 x (¢ + 27 + 2p)

Do d6, ta c6 két qua stream a dau radang BDL nhusaw: ¢ = X X [+ n=X x | +
sz(i+g)=X><(X2x(o+2r))+xzx((Xx(a+r))+(Xx(r+2p)))=
(X3 x (0 +21)) + (X3 X (0 + 21 + 2p)) = X3 X (20 + 47 + 2p) va két qua stream y
diu ra dang BDL nhu sau: )/:Xxk+X><m=X><(X2 X(20'+T))+XX
(X2 x (6 + 21+ 2p)) = X* X (30 + 3t + 2p).

Dua vao tinh toan cac phuong trinh trén, dat hai stream g va § nhu sau uy =
(20 + 41+ 2p) vad = (30 + 37 + 2p), do d6 tao ra cac stream dau ra duoc Ky hiéu
nhu sau @ = X3 X yuvay = X3 x §. Qua qué trinh tinh toan ta c6 duoc stream u va
8 tir cAc stream o, T VA p, va sau d6 str dung chung dé tao ra cac stream dau ra a va
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y thong qua cac phuong trinh vi phan hanh vi. Nhu vay, phuong trinh vi phan hanh
vi ¢ bang 3.1 biéu dién cho hai stream dau ra a vay.

Bang 3.1. Phuong trinh vi phan hanh vi biéu dién stream o va y

Phwong trinh vi phin stream Gid tri ban dau
a® =y a(0) = a(1) = a(2)
y® =5 y(0) =y(1) =y(2)

So dd stream biéu dién trong hinh 3.6 ciing c6 thé dugc xem nhu mot so dd
stream ciia RTL trong hinh 3.5. Tong quat hon, néu tinh toan dugc 1ap lich trong n
CStep, n > 0 thi stream dau ra a va y dang BDL dugc xac dinh bai phuong trinh
sau: @ = X" X uvay = X™ x 6. Nhu vay, phuong trinh vi phan hanh vi dugc mo ta
& bang 3.2 biéu dién cho hai stream dau ra a va y.

Bang 3.2. Phuong trinh vi phan hanh vi biéu dién cho stream a va y dau ra

a™ =y a(i)zu(O),OSlSn—l
y™ =4 y® =500),0<i<n-1
Mot quan hé mé phong hai chiéu B trén A® la mot quan hé B € A® X A® sao

cho Vo, 8 € A®, néu ¢ B f8 thi ¢(0) = (0) va ¢’ B B’ (Tiéu muc 1.6.5, Dinh nghia
1.4, Chuong 1).

Ménh dé 3.1 (M6 phéng hai chiéu): Vn > 0, tat ca cic stream dau ra dang BDL
a = X" x pu (hoic y = X™ x §) déu la md phong hai chiéu theo cip vai stream a (hoic
Vvoi stream y).

Chirng minh: Xét mot stream a = X™ X u. Ta dinh nghia m§t quan hé mo phong
hai chiéu B € A® x A® gém cac cap stream con cia a cO dang: B =
{(XH* x u, X% x u)|0<i,j<nk =0} Mdicap trong B biéu dién mot méd
phong hai chiéu vi phan dau X% x y = X/*° x u va phan dudi (dao ham) cua hai
stream con X% x u B X/** x u sau mdi budc dich chuyén k. Nhu vay, moi stream
con dang X™ x u déu mo phong 14n nhau hai chiéu. O

Hé qua 3.1 (Pong quy nap): V6i moi stream dau ra X™ X u trong A%, néu
Xixpu~X xu(0<i,j<n), thi X! x u =X/ x u. N6i cach khéc, néu hai stream
daura X' x u va X/ x p 1a twong duong ~, thi X! x u va X/ x pu ciing bang nhau.

Chirng minh: Xét hai stream daura a; = X! X uva a, = X/ x u. Theo ménh
dé 3.1, t6n tai quan hé mod phong hai chiéu B € A® x A® sao cho {a,,a,) € B, va
dwa vao ddng quy nap trén k (k = 0) (Tiéu muc 1.6.5, Dinh Iy 1.2, Chwong 1), ta c0
(altk, ”k) € B, Vi B 1a mot mo phong hai chiéu nén do d6 ait*(0) = a“k(O).
Tic 1a moi thanh phéan trong hai stream déu bang nhau. Do d6, a; = a,. O
3.2.2.4. Cap phat va lién két don vi chirc niing

Trong viéc cap phat va lién két cac don vi chirc nang, & d6 mdt don vi chirc
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nang (FU) dugc thuc hién hai nhiém vu nhu sau:
= Cdp phat la xdc dinh cdc phép todn stream d@é trién khai cho méi CStep.

" Lién két la trién khai cdc phép todn stream trén cdc so dé stream.

o
/ ; T
FU FU CStep 0
(split) || (+)
é
FU
(drop) CStep 1
FU CStep 2
-
+ Y
E—l X
Y l_}
Reuse Reuse Reuse
FU FU |« FU CStep 3
*) *) )
Y v

%

Hinh 3.7. So do cap phat va lién két cac FUS

Cac don vi chire ning (FUs) thudng duoc cau tric trong mot thu vién biéu dién
cho sy &nh xa gitra cac chirc nang cua no va cac phep toan stream lién quan. FUs co
thé trién khai cac phép toan stream don dung hoic cac phép toan da dung chiic ning
Vi cac tin hiéu dau vao diéu khién dé lua chon dugc phép toan stream mong mudn.
Trong hinh 3.7, tam FUs don dung chirc ning dugc yéu cau dé trién khai cac phép
toan stream: drop, take, zip, split,rev, +, e, va m theo yéu cau. Pon dung, mdi FU
don dung duoc thiét ké cho mot phép toan duy nhat (cac phép toan xir Iy sb hoc: cong,
nhan, chia, so sanh, cac phép toan xu ly stream: drop, take, zip, split, rev,
merge +, o, va m, v.v.). Khong tai cau hinh, khac v6i FU da dung, cac FU don dung
khong thé thay d6i dé thuc hién phép toan khac ngoai phép toan di dugc thiét ké. THi
wu vé toc do, vi duoc chuyén bi¢t hoa, FU don dung thuong c6 do tré thép, hoat dong
nhanh va chinh xéac cho phép toan d6. Ung dung trong lap lich pipeline, khi xdy dung
lich pipeline, ta c6 thé gan tirng FU don dung cho mot phép toan stream cu thé & moi
CStep, dam bao tinh song song va giam do phirc tap cia viéc diéu khién. Bang 3.3
gitip 1am 1& uu va nhugc diém trong bdi canh t6i uu hoa lap lich theo pipeline, néu

can hiéu nang tdi da thi chon FU don dung, con néu can linh hoat va tiét kiém tai

nguyén thi chon FU da dung.
Bang 3.3. So sanh FU don dung va FU da dung

FU don dung , FU da dung
Chi thyc hién mot phép toan duy nhat (Vi | C6 thé thuc hién nhiéu phép

Chure nang du: drop, take, zip, split, rev, |toan khac nhau nhd mach diéu
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Tiéu chi FU don dung FU da dung
merge +, e, H, V.V). khién.
Thiét ké Pon gian, toi wu cho mot nhiém vy cu thé. EEI{C ta;p hon do ca’n b(;) dieu
, ién dé lya chon chirc nang.
7040.¥2d0 | Nhanh, do tr thip vi chuyén bigt héa, CChouytét‘f oy dg‘:éa td(;’éng?a'
Tinh linh Han ché, khong thé tai st dung cho phép | Dé thich ung cho nhiéu loai tic
hoat toan khac. vu khac nhau.
Tainguyén | Ton nhiéu phan cing néu sé luong phép | Tiét kiém phan cting nhd ding
phincing | todn can thuc hién da dang. chung cho nhiéu phép toan.
Ungdung | Xt ly tin hiéu, hé thong chuyén dung, co | Bo xtr Iy tong quét, kién tric tai
dién hinh | ché duong 6ng (pipeline) ¢é dinh. cau hinh, mi truong linh hoat.

3.2.2.5. Bai toan t6i wu héa 14p lich theo co ché dwdng dng tinh toan stream

Pit bai toan: Cho biét 3 stream o,7,p € A® dau vao hai biéu thic dai s6

stream cua thuat toan 3.1: «a := (zip(a +17)+ take(p +(t+ p)) + (drop(o + 1) +

T)) vVay = (split(a) + zip(o + 1) + (rev(a + 1) + take(p + (r + p)))). Luan 4n dé

xuat kich ban sau day:
= Kich ban: T4i wu hoa lap lich giam do tré (qua viéc chia CStep), ting thong luong
(nhd co ché duong 6ng - pipeline), can bang tai (nhd phan hoach déu cac phép
toan stream trén ting CStep), va tbi vu tai nguyén (nho tai s dung thanh ghi va
gia tri trung gian) theo co ché duong dng dua trén quy hoach tuyén tinh khi biét
hai biéu thirc dai s6 stream. Tuc 13, cho biét hai biéu thie dai s stream, luan an

t61 uu hoa 1ap lich, voi 3 stream o, 7, p dau vao.

Trinh tyw sw kién: Thyc hién thuat toan lap lich 3.1 véi 13 budc diéu khién (CStep)

theo rang budc phu thudc dit liéu ctia mo6 hinh LP-Based PSOM [CT.9].

Chi s6 quan sat dwoe: Trich xuét gia tri toi wu [S; — S;5] =5 CStep, tong do tré

(Crmax) = 5 CStep, so do ti wu héa lap lich theo co ché dudng dng (Hinh 3.10).

Két qua ky vong: Giam sb budc diéu khién (CStep) tir 13 xudng con 5 CStep,

thong luong tang 1én khoang 2.5 1an, tai nguyén duogc tai st dung hiéu qua hon.

» MGdi trwong gia lap: colab.research.google.com va ngén ngtr 1ap trinh Python.

a) Mo ta cac phép toan xir ly stream dang BDL ctia thuét toan 3.1
3.4. M6 ta cac phép toan xtr Iy stream dung trong thudt todan 3.1

Bang

Phép toan MO ta chi tiét cac phép toan xir ly stream
zip(o, 1) Nén tirng cap frame tur 2 stream o va ©

take(o) Ly frame dau tién ciia stream o

drop (o) Bo frame dau tién cua stream o

split(o) Téch stream o thanh 2 phan

rev(o) DPao nguogc thi ty cac frame trong stream o

g+1 Tron (4) hai stream ¢ va t theo thir tu
D= Gan gid tri stream vai stream

b) M6 hinh hoa tirng phép toa

n xir Iy stream thanh nat trén so' do
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Bang 3.5. M6 hinh hoa cac phép toan xur 1y stream cho thudt toan 3.1

Ny S1 merge; :=0+71 N

N, S, merge, :=p+ (t+p) Dung chung
N, S3 merge; :=T+p Trung gian
N, Sy zip, = zip(merge;) a

Ne Se take; := take(merge,) avay
Ng Se drop, := drop(merge;)

N, S5 merge, :=drop; + 1 “

Ng Sg split; := split(o)

Ny So zip, = zip(merge,)

Nio S10 rev, := rev(merge,) 14

Ny S11 merges = rev; + take;

Ny, Siz mergeg = zip; + take; + merge, a

Ni; S13 merge,: = split, + zip, + merges y

Dua vao bang 3.4 va 3.5, luan an mo6 hinh hoa su phu thudc ctia cac phép toan
xur 1y stream trong thudt todn 3.1 thanh so do cac nat tir Ny dén N, 5 (Hinh 3.8) va sau
d6 duoc so d6 hoa thanh cac bién tir S; dén S, 5 tuong tmg (Hinh 3.9).

OO
®®
(%)
& A

Hinh 3.8. M6 hinh hoa ting phép toan xir  Hinh 3.9. M6 hinh héa timg phép toan xur
1y stream thanh mgt nut trén so do 1y stream thanh mot bién s6 trén so do

Nll

(4

c) Mb hinh héa bai toin quy hoach tuyén tinh
Xac dinh rang budc phu thudc va rang budc khong chong lap di li¢u gitra cac
phép toan stream trong pipeline. Mdi nut xtr Iy N; (Hinh 3.8) duoc géan cho bién S; €
Z* (Bang 3.5, Hinh 3.9) dai dién cho CStep ma phép toan N; thuc thi. Goi C 1a buéc
diéu khién téi da (CStep) va la do tré téi da cua co ché dudng 6ng can tdi thiéu hoa.
Vay ta c6 ham muc tiéu dé tdi thiéu hoa do tré cudi (s6 budc tbi da trong pipeline):
Téi thiéu hoa C,,qy, VG rang budc Cq, = S;, Vi € Z*.
= Phan tich téng quat sy phu thudc giira cac phép toan stream: Gia str S; va S;
la thoi gian thuc hién phép toan thir i va j (CStep). Rang budc dir liéu gitra nut i
va j phai dam bdo ring S; > S; @ Delay va |S; — S;| = 1, véi 1 < i,j < n (Hinh
3.9), trong do:
e @ laphép toan cong sé nguyén duong Z* va ciing duoc sir dung dé phan biét n6 voi
phép toan merge (+). SO n 1a tong sé phép toan trong thuat toan
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e Nut phu thugc la nat i. Nt chia sé (nut trung gian) la nat j

e Delay 1a don vi d6 tré va la tham sé tiy chinh tly y. Cac nhan @ 1, @ 2, v.v. trén
mdi canh chi s lugng CSteps phai chd (Hinh 3.9).

e Thé hién khdng vi pham rang budc sir dung di liéu trudc khi ¢ dir ligu

e Cho phép 1ap lich theo co ché dudng dng hop 18 va hiéu qua

e Luén 4n x4c dinh rang budc phy thudc va rang budc khong chong lip giita cac nat
theo phuong phap quy hoach tuyén tinh nhu sau (Bang 3.6).

Bang 3.6. Xéc dinh rang budc phu thudc va rang budc khong chong lap dir liéu cac nat

Rang budc phu thugc va rang bugc Biéu thirc quy hoach tuyén tinh
khong chéng lip giita nit N;vaN;  (S;>S; @ Delayva|s;; —S;;| = 1)
N, phu thudc N, 5,25 P1
N: phu thuéc N, va Ns Se = max(S, P 1,5; D 2)
N, phu thuéc N S, 25,1
N, phu thudc N, S¢=5,P1
N, phu thudc Ng S, 25S.P1
Ny phu thuéc Ny S9=25,P1
Ny, phu thudc Ny 502561
Ny, phu thudc Ny, va Ne Si1 =2 max(S;,D 1,5-: D 1)
Ny, phu thudc N, Ns va N, S, >max(S, D 1,S: D LS, D 1)
Ny phu thuoc Ng, No va Ny, S;z>max(Sg D 1,5, D 1,5, D 1)
N, khdng chang lap Ny 1S, — So| =1
Ny khong chdng lap Ny |Sg — S10l =1
N, khong chong lap Ny, |Se — Si0l =1
N, khéng chong lap No |Sg — So| =1
N, khéng chong lap Ny, 1S, — Siol =1

= Phén tich cu thé su phu thudc giira cac phép toin stream: Trong ngit canh tbi
wu hoa 14p lich theo co ché duong 6ng bang phuong phap quy hoach tuyén tinh,
biéu thirc quy hoach tuyén tinh trong bang 3.6 s& la:

« 5; (nghiala S;) la thoi diém manutxe ly N, 1a merge; := ¢ + t dugc thyc hién. Trong
khi, S; @ 1 1a budc xu ly ngay sau khi ndt N; hoan thanh, tac 1a S, (nghia 1a S;) cua
nit N, chi duoc thyc hién ¢ budc tiép theo tré di vi phy thude dau ra cua S;.

« S3 (nghia la S;) la thoi diém ma nat xu Iy N3 1a merge; := t© + p duoc thuc hién. Vi
don vi do tré gitra S3 S0 V6i S5 1a 1, con don vi do tré giira S5 o vai S, 1a 2 nén chon
max la 2, nén S @ 2 1a budce xir ly ngay sau khi nat N5 hoan thanh, tuc la S, (nghia 1a
S;) cua ndt N, chi duoc thuc hién & budc tiép theo tro di vi phu thudc dau ra cua S;.
Tiép theo, S, (nghia 1a S;) la thoi diém ma nat xi Iy N, 1a merge, := p + (t + p)
duoc thuc hién. Trong khi, S, @ 1 1a budc xu ly ngay sau khi nat N, hoan thanh, tic
la S5 cua nlt Ns chi duoc thuc hién & budc tiép theo trg di vi phu thude dau ra cia S,.

« S, (nghiala S)) lathoi diem manatxi 1y N, lamerge, := o + T dugc thuc hién. Trong
khi, S; @ 1 1a budc xu ly ngay sau khi ndt N; hoan thanh, tac la S, (nghia 1a S;) cua
nit N, chi duoc thyuc hién & budc tiép theo trg di vi phu thudce dau ra cua S;.
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e S¢ (nghia 13 §;) la thoi diém ma nat xir ly Ng 1a drop; := drop(merge;) duoc thuc
hién. Trong khi, Sg @ 1 1a buéc xir ly ngay sau khi Ng hoan thanh, tac 1a S, (nghia 1a
S;) cua nat N, chi duoc thuc hién ¢ budc tiép theo tré di vi phu thude dau ra cua Sg.

o S (nghiala ;) lathoi diém manutxu ly N, 1amerge; := ¢ + t dugc thyc hién. Trong
khi, S; @ 1 1a budc xi ly ngay sau khi nat N; hoan thanh, tirc la Sg (nghia 1a S;) cua
nit Ny chi dugc thuc hién & budc tiép theo tré di vi phu thude dau ra cua S;.

« S, (nghiala S)) lathoi diém manatxa 1y N, lAmerge, := o + T dugc thuc hién. Trong
khi, S; @ 1 1a bude xtr ly ngay sau khi nat N; hoan thanh, tirc 1a S;, (nghia 1a S;) cua
nit N, chi duoc thuc hién & budc tiép theo tra di vi phu thudc dau ra cua S;.

e Sio (nghiala §;) la thoi diém manat xu Iy Ny 1a rev,: = rev(merge;) duoc thuc hién
song song vai nat xtr ly Ng la take,: = take(merge,). Trong khi, S;, @ 1vaSs @ 1
la budc xir ly ngay sau khi nat Ny, va N5 hoan thanh, tuc la S;; (nghia la S;) cua nGt
N, chi duoc thuc hién budc tiép theo tr di vi phu thudc dau ra cua S;o va Ss.

d) Xay dung md hinh tdi wu héa 1ap lich theo co ché dwdng ong
M6 hinh t6i uvu hoa lap lich theo co ché dudng 6ng (LP-Based PSOM) dugc
dic ta bang cac budc diéu khién (CStep) ma cac bién S, tai nat thir k duoc thuc thi,
vk € Z*. Muc dich 1a tdi thiéu hoa sé budc diéu khién cudi max ({S, S5, ..., S13}),
ham muc tiéu 13 téi thiéu hda C (Do tré t6i da Cpyy), VOi Crgy = Sk, Yk € Z*, VA
rang budc khong chong lip |Si — Sj| = 1 hoac |Sj — Sl-| >1.
Cac rang budc khong chong lip gdom: |S, —Sol =1, [Sg— Siol =1,
IS¢ — S0l =1, ISs — Sol = 1, va [S; — S0l = 1 d4m béo c6 thé truy xuat dong thoi
nhung khong xung dot tir merge,. Vé hiéu qua, tranh thit c¢d chai trong pipeline va
gitip hé thdng hoat dong tbt. Tir ddy, luan an phan tich c6 29 rang budc phu thude va
5 rang budc khong chong lap dé xay dung mo hinh LP-based PSOM nhu sau:
( Criaxe = Si,Vk =1,2,3,...,13
S,=>25, 1
Se>S,D1,5 >S5S, D2
S, >8P 1
Se>S, D1
S, =S, D1
S9=25,D1
S10=251D1
< S 250D 1,5, 25D 1
512 = S4, @ 1,512 2 55 @ 1,512 = S7 @ 1
513 2 SB @ 1,513 2 Sg @ 1,513 2 511 @ 1
1S, — So| > 1
|S9 - SlOl = 1
|Se — S10l = 1
1S — So| =1
\ 1S4 — S10l = 1
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e) Toi wu héa lap lich theo co ché dwong dng
Cac rang budc muc d, luan an xay dung bang 3.7 tdi wu hoa lap lich theo co
ché dudng 6ng cho stream dang BDL cho thuat toan 3.1 v6i 5 CStep (C) nhu sau:

3.7. Phan chia cac CStep cho cac phép toan xir Iy stream dugc thuc hién
S6

Bang

Phép toan dwogc thuce hién phép Mo ta phép toan Nhanh G?};Eglérfal
toan
(Sy)merge;:= o + 1, Tao cac gia tri | Dung | Chuan bi dir
C, | (S3)merge; := 1+ p, 3 |trung gian dung | chung, | liéu trung
(Sg)split, = split(o) chung. a,y |gian
o Cac phép toan phu Khai  thac
C, (Sz)merge;: = p + merges, 2 | thudc merge; va| a,y |phu thudc,
(S10)revy = rev(merge;) N
10/7=71 1 merge; dung rev
. . Dung lai merge, N Tai s dung
(S4)zip, = zip(merge;), : - Dung -
Cs | (Ss)take, = take(merge,), 3 |song song fai 2 chung merge, va
(S.)drop, = drop(merge,) nhanh a va y oy dung chung
6 L ! ’ merge,
Cy | (So)zip, == zip(merge;) 3 K&t ] N 1“9 Ll oay ' 2
(S;1)merges := rev, + take &t hop dir licu tai Ca
11 5 1 1 nhanh a, y
(S12)mergeg = zip, + Phép toan
c take, + mergey, 2 Tron céc nhanh a tron nhanh
5| (S;3)merge,: = split; + stream Vol ava y
Zip, + merges

M6 hinh téi wu hoa lap lich theo co ché duong dng dua trén quy hoach tuyén
tinh da dat dugc bon muc tiéu cbt 16i nhu sau:

= Gidam d¢ tré tong thé: Trén thuc té néu xtr 1y 1ap lich tudn tu 13 phép toan thi can 13
CStep. Véi co ché duong 6ng, nhd chia thanh 5 CStep nén do tré tir dau dén cudi giam
chi con duéi mot nira. Vé hiéu qua, hé théng phan hodi nhanh hon trong bdi canh
livestream thoi gian thyc.

» Ting thong luwgng nho song song hoa: Cac phép toan nhu zip, = zip(merge,),
drop, := drop(merge,), take; := take(merge,) (C3) khong phu thudc nhau nén
dugc thuc hién xur 1y song song va dung chung. Cac phép todn merge, := drop, + t
vamerges := rev, + take; c6 thé dién ra dong thoi tai C,. V& hiéu qua, sé luong phép
toan thuc thi dong thoi ting, giam thoi gian cho.

= T6i wu tai nguyén hé thong (tdi siv dung thanh ghi): Phép toan merge;: = ¢ + 7 duoc
dung lai cho phép toan zip, := zip(merge;), drop, := drop(merge,), zip, =
zip(merge,), va rev, = rev(merge,) trong nhanh a va y. Phép toan merge;: =7 +
p dung lai trong merge,, tir d6 duoc st dung trong take, = take(merge,). Vé hiéu
qua, giam yéu cau bo nhé hay tai tao di liéu nén tiét kiém thanh ghi.

= Cin bang tdi va tranh xung dgt: Do phan bd déu tir 2 dén 3 phép toan stream trén timg
CStep nén can bang xir Iy. Cac rang budc khong chong lip gdm |S, — So| > 1,
1Sg — S10l = 1, S — S10l =1, |Sg — Sol =1, va |S, — S1o = 1 dam bao co thé truy
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xuat dong thoi nhung khong xung dot tir merge;. V& hiéu qu4, tranh that c¢6 chai trong
pipeline, gitup hé thong hoat dong tdt.

f) Hién thwe mé hinh t6i wu héa 1ap lich theo co ché dwong dng

Thuit toan 3.2: THi wu hoa lap lich pipeline dia trén quy hoach tuyén tinh [CT.9]

Pau vao: Ba stream 0,7, p € A®; Céc bién Iap lich S = {53, 5,,..., 513}
Paura : Trang thai bai toan (Ti wu); Téng do tre (Cmax); SO dd t01 uu hoa lap lich pipeline
1. Xac dinh bai toan LP dudi dang bai toan t6i thiéu hoa: Giam thiéu C (CStep 16n nhat)
Fori=1to 13

Xéc dinh bién nguyén S; > 1
Xac dinh bién nguyén ¢ > 1
bat ham muc tiéu: Giam thiéu €
Fori=1to0 13

Thém rang budc do tré: ¢ > S;

Nogakown

Them 8.1.5,>S, 1,82 Ss>5, D1, 83 S:>S,D2, 84 S,>5,D1, 85,

cac I’éng S6 = Sl ea 1, 8.6. 57 = 56 ea 1, 8.7. Sg = Sl ea 1, 8.8. SlO = Sl @ 1, 8.9. 511 =

budc thir S,y @ 1, 8.10. S, =S D 1, 8.11. S;, =S, D1, 8.12. S, = S: D 1, 8.13.

h: S12=28,01,814.53=>5P1,815.53=>5D1,816.53=>5,,D1

9. Véi mdi cap tac vu (i, j) € {(4,9),(6,10), (9,10), (6,9), (4,10)}:

9.1. Pua vao bién nhi phan b;; € {0,1}

9.2. Ap dung rang budc big-M: S; — S;=1—M = by

9.3. Ap dung rang budc big-M: §i—=8§5=1-M+x (1 — bl-]-)
10. Giai bai toan LP )
11. Xuat  Trich xuat gia tri S; dén S5
12. trang thdi  Tinh tong d6 tré Cpax

13. baitoan  Appxa tirng tac vu vao nhanh twong ung (a, y, trung gian, chia s¢) (Hinh 3.10)

14, (ﬁg;;”‘ Truc quan héa lich dudi dang so db téi wu hoa lap lich pipeline (Hinh 3.10)
Lap lich theo co ché duong dng 1a mot tiép can 1y twong cho xir 1y stream dang
BDL trong livestream thoi gian thuc, noi tinh tré thap va hiéu qua vé tai nguyén la
yéu cau bat budc. Lap lich theo pipeline di rat ngin do tré tir dau dén cubdi: 5 CStep
thay vi 13 CStep, tang thong luong nho song song hda, gidm tai nguyén nho tai st
dung thanh ghi, va can bang tai giita cic budc va tranh xung dot truy cap.
Luan 4n hién thuc LP-Based PSOM bang thuat toan 3.2 [CT.9] dé c¢6 duoc so d6
& hinh 3.10. Hinh 3.10 1a so d6 t6i uu hoa lap lich theo co ché dudng éng dua trén
két qua 1ap lich t6i wu bang tiép can quy hoach tuyén tinh nhu sau;
= MJdi dong 1a mot phép toan stream S;, bit dau tai CStep twong (mg.
= C65 mau sic thé hién nhanh: Mau xam (Phép toan stream dung chung), mau xam nhat
(Phép toan stream trung gian), mau xanh lam (Phép toan stream dung cho nhanh «a),
mau cam (Phép toan stream dung cho nhanh y), va mau xanh la (Phép toan stream
dung chung cho nhanh « va y) (Hinh 3.10).
M6 hinh t6i uu héa 1ap lich theo co ché duong 6ng dua trén quy hoach tuyén
tinh (LP-based PSOM [CT.9]) danh cho xir ly stream dang BDL thoi gian thyc da
tich hop rang budc phu thudc, tai str dung tai nguyén, va rang budc khoéng chong lip
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vao trong mot mé hinh téi vu hoa thdng nhat. Md hinh nay giup giam d6 tré, cai thién
thong luong, cin bang tai va téi vu hoa viée str dung tai nguyén hé théng. Luan an
dua vao tiéu muc 1.7 (Chuwong 1) dé phén tich so sanh voi cac phuong phap hodc cac
md hinh hién c6 (Bang 3.8 va bang 3.9), cac mé hinh xir 1y theo cira s6, cling nhu cac
phuong phap hoc méy va hoc sau di cho thiy tinh hiéu qua va kha ning mé rong cia
giai phap dé xuit dbi voi cac bai toan xir Iy stream dang BDL thoi gian thuc phirc

tap.

Trich xuat gia

it (T6i ) Crnax So d6 tdi wu hoa 1ap lich theo co ché duong 6ng
5=1 S g — ; e
Sp=2 O S4 o ENCE e
S.=1 e Ss G : &
; 3 S —C—
Sy =3 Z S .
S =3 2 I |
o3 2 S S
6 Z >s -cT ‘ ‘
S, =4 s | oW
. =1 = Sw - : i
8~ E Su VR
So=4 g So ——
S10=2 .
= g 1 2 3 4 5 6
g 11 g’ ~ Budc diéu khién (CStep)
512 B 5 Hinh 3.10. So d6 toi wu hoéa lap lich theo co ché duong ong
13 =

dwa vao quy hoach tuyén tinh [CT.9]

Bang 3.8. Két qua khao sat nhitng phuong phap lap lich theo co dudng éng

Chi so cai

Phwong phap Ky thu@}t o1 thién
uu hoa .
chinh
Lap lich tuyén Tang thong
t'lnh'th607 Thuat toan Thonq lugng 25_ Ap dung cho
pipeline su .+, | luong, kich | 40%, gidm
[55] Euclid mo o A , . Apache
dung phuong on thude bo kich thudc Storm
trinh one dém bo dém t6i
Diophantine 45%
Quy hoach (L
tuyén tinh (LP) | Mo hinh LP grﬁre’fl‘ % | Khongnéu | He théng
[56] | cho lap lich tac | cho phan bd gu,u o dinh lugng | phan tan néi
vu stream phan | tai nguyén n cu thé chung
n nguyeén
Laplichdya | Tichhop. tfg:u g' \% Giam do tr3 tIﬂﬁ;%lfa»cnh
trenLPcho | LP,coché | . x' " | 65.8%, giam | o maig
[84] phan tich sao chep va 2 oy vi pham \ n
o ., ... | van,tuan : truong dién
stream trén giam sat thoi , deadline . e
. thu todn dam
Cloud gian thuc . 41% A
deadline may
M® hinh M®& hinh Tong do | Giam do tré | Tinh gidn
quy hoach LP-Based nay: Phu tre, thong | 61,54% (tr | CStep (2-3
tuyen tinh | PSOM [CT.9] | thudc tac vy, | lugng, hiéu | 13 xuong 5 pbép toan
dé xuat tai st dung qua tai CStep), tang | moi budc),
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T Chi s6 cai
Nghién thign

cuiru

Ky thuat toi
uu hoa

Tinh nang

Phwong phap (165 e

Két qua

chinh
cua luan tai nguyén, nguyén, | thong lugng, | tai sir dung
an rang budc cinbang | canbangtai | thanh ghi,
khong chong tai tap trung
lap cho BDL
Bang 3.9. So sanh cac phuong phap/mé hinh 1ap lich dir liéu stream

Kha nang

thich ing  H6 tro
tai pipeline
runtime
N Lap lich Tai s
Mo hinh quy | hopine | €20 | dumg | Tmh(Co | HBtro
hoach tuyén n (Giam | Thyc thi . PO L
. P dya trén X 1. thanh ghi theé md pipeline
tinh dé xuat sO budc song NP n X .
A quy hoach va dir liéu rong) day du
cua luan an X o CStep) .
tuyén tinh trung gian
Mé
Mb hinh Laplich | Téiuu {gﬁg Quinty | Canchinh | Pipeline
Dataflow dua trén | hoa theo & Han Y o thoi gian | chudoi mot
.2 . 2 hop trang thai - A
[51] ctra s ctra s , su kién phan
theo ctra
sO
A1 Lap lich A ,
L? P hCh‘hQC theo hoc | Du doan Can HQC; p?l.an Thich ung TI.Ch hOP
tang cuong < ) AL X .. bo tai Z pipeline
A tdng cuong | dotré | bang tai - rat cao ,
sau [52] SAL nguyén phuc tap
Hoc tang Hoc tang Thich Piéu ,
. A X A , N . A C Tich hop
cuong sau cuong sau | ung thoi | chinh Hoc lién | Thich tmg ineline
cho ddm may | cho dam gian nhiém tuc cao ph?rc ta
[53] may thuc | vu dong phretap
Hoc chu | Ty dong Hooc tir
Hoc chu dong thoi hoc ‘Cén chon mau Thich ing Pipeling
dong [54] gian thuc thich | bang tai A rat cao han ché
, théng tin
cho stream ung
Lap lich theo Giamdo | Thong | Hicuqua | "oP M2 | Mg hinh
quy hoach | Quy hoach x A \: A dam ,

Ly of X s tré mot lugng | tai nguyén A tac vu
tuyettinh | tuyentinh | st | Gisihan | bigndsi | MY gt
trude [55] P g : nguyén &
A1 ‘A A 12 < Thich tng T

Lap .1;10h dicu Lap hd} bo tré E‘ang Du doan | véi tde do Plp(illne
khién theo theo mo 4n dinh toc xur 30 nauven | dit lieu dau ngam
mo hinh [56] | hinh ~ ly guy VA dinh

3.2.3. Mitc chuyén ddi thanh ghi véi thuat toan 3.3

Trong viéc mé ta qua trinh téng hop tinh todn BDL duya trén phép tinh stream,
trong d6 tinh toan cac stream dang BDL ctia mot mang cac stream dugc Ky hiéu la a
va phan bd phép toan stream tly y. Cu thé 12 a[0] := drop(o), a[1] := zip(a[0]),
a[2] := a[1] + a[0], véi i 1a s6 nguyén duong i > 3 va lap cho dén khi khong con
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s6 luong dbi s6 nao kha dung, cung cap ali] := ali — 1] + a[i — 2] + a[i — 3] va
anh xa cac stream dén dau ra stream y nhu duoc mé ta qua thuat toan 3.3 [CT.2].
Co ché 1ap lich cua tién trinh téng hop RTL tinh toan BDL duya trén phép tinh
stream di qua bon budc nhu sau: phan hoach cac phép toan stream dang BDL, 1ap
lich cho tinh toan BDL, c4p phat va lién két thanh ghi, va cap phat va lién két don vi

chtrc nang ap dung cho thuat toan 3.3.

Thuat toan 3.3: Xt 1y tinh toan 01 stream dau vao bang céc phép toan xir Iy stream
(vai vong lap) cho két qua dau ra la 01 stream.

Piu vao: o € A®
Paura :y € A

1. Begin

2. al0] := drop(o);

3. y := take(al0]);

4, a[1] := zip(a[0]);

5. y = a[l];

6. al2] := a[1] + a[0];
7. y = al2];

8. i:=3;

9. Loop

10. ali] := ali— 1]+ ali — 2] + a[i — 3];
11. y := ali];

12. =1+ 1;

13. Exit when i>=10;
14, End loop

15. Print(y);

16. End
3.2.3.1. Phan hoach céac phép toan stream dang BDL

So db tinh toan BDL dya trén phép tinh stream lién quan dén thuat toan 3.3
dugc mo ta trong hinh 3.11. So dd nay dugc phan hoach ba phép toan stream sau day:
phép toan assignment (:=), phép toan merging (+) va phép toan registering (phép
toan do tré don vi). Phép toan do tré don vi duoc xem xét gdm mot 6 nhé mot noi luu
trir stream dang BDL ban dau o. Tai thoi diém dau, phép toan do tré don vi bat dau
biéu dién cua né bang cach phat ra stream dang BDL ban dau o, trong khi déng thoi
nhap stream dang BDL tiép theo dé luu trit trong 6 nhd Mot noi. Tai moi thoi diém
nao trong twong lai véi n > 1, gia tri tht (n — 1) trong 6 nhé dau ra va stream
dang BDL m¢i thi n** duoc dua vao va duoc luu trit.
3.2.3.2. Lap lich cho tinh toan BDL

Viéc lap lich cho tinh toan BDL dya trén phép toan stream khong chi 1a vi n6
duogc xac dinh dya trén toc do trién khai (s6 lugng CStep) va kich thudc trién khai
(tai nguyén phan cimg) duoc yéu cau. Trong thuit toan 3.3, hai lich biéu tiém ning

cua cac phép toan stream dang BDL dugc xem xét nhu sau: 1ap lich cho mot CStep
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duy nhét trong hinh 3.12 va 1ap lich cho hai CStep trong hinh 3.13.
[} o}

2

Y

CStep 0
CStep 1

CStep k

Hinh 3.12. So db biéu dién 1ap lich cho

Hinh 3.11. So d6 tinh todn BDL dua trén mot CStep duy ahét

phép toan stream

(o} [om]

CStep 0 CStep 1
CStep 2 CStep 3

CStep 0
CStep 1

CStep 2k CStep Zk+1
P P CStep k

Hinh 3.13. So d6 biéu dién 1ap lich cho hai Hinh 3.14. So dd cp phat va lién két thanh
] CStep ] ghi cho viéc 1ap lich mot CStep
3.2.3.3. Cap phat va lién ket thanh ghi

Néu viéc 1ap lich cho mot CStep duy nhét duoc st dung, né doi hoi mot thanh
ghi bo sung duogc dat tén c6 nhan 1a 4 dé cap phat va lién két & cudi mdi CStep. Hon
nita, ba d6 tré don vi dugc thay thé bang ba thanh ghi duoc dit tén 1a 1, 2, 3 nhu trong
hinh 3.14. Do d6, phuong trinh vi phan hanh vi xac dinh hanh vi cta thuét toan 3.3 ¢
bang 3.10 nhu sau:

Béng 3.10. Phuong trinh vi phan hanh vi x&c dinh hanh vi thuat toan 3.3

Phwong trinh vi phin hanh vi Gia tri ban dau

a[0] = drop(c), a®[0] = zip(al0])
a@[0] = a®[0] + a[0]

Dé giai phuong trinh vi phan hanh vi nay: a®[] = a®[] + a™[] + a[], dinh
ly 2.1 dugc st dung dé thu duoc cac phuong trinh vi phan nhu sau: a[] = 1 +
Xxa®[],a®[=1+X xa®@[],a®[] =2+ X x a®]].

Nhirng phuong trinh nay am chi ra raing a®[] = 1+ 2X + X2 x a®[], a[] =
1+4X+2X24X3xa®[] va a®=a?l+aP[[+a[]=(2+X%xa®[]) +
(1+2X+X2xa®[]) + (1 +X +2X2 4+ X* x a®)).

Do 46, a®[] = (4 +3X +2X*) x Revs(1 - X —-X*-X) va a[] =1+ X+
2X2+ X3 x (443X +2X) X Revs(1— X — X2 = X3)) = 1+ X + 2X? + ((4X® +
3X* + 2X5%) X Revy(1 — X — X? — X*)). Diéu ndy mang lai két qua theo phuong trinh
viphansau: a[] = 1+ X + 2X2 + ((4X® + 3X* 4+ 2X5) X Rev;(1 — X — X2 — X?)).

So d6 stream trong hinh 3.15 ciing dwoc xem nhu 14 mot trién khai cua thuit toan
3.3 va ham hanh vi xac dinh hanh vi cua stream dang BDL dau ra y ¢ bang 3.11.

a®[] = a@[] + 0[] +a]



] ] ] R
Xa[]+X%a[]+x%a

Hinh 3.15. So d9 tinh toan BDL trén phép tinh stream cho viéc lap lich mot CStep
Bang 3.11. Phuong trinh vi phan hanh vi x4c dinh hanh vi cta stream dau ra y

a[0] = drop (o), a®[0] = zip(a[0])
a@[0] = a®[0] + a[0]
Ménh dé 3.2 (Mé phéng hai chiéu): Hai stream dang BDL daura a[] + X x a[] +

X2 xa[]vaX x a[] + X% x a[] + X* x a[] 1a twong duong theo mo phong hai chiéu.

Chitng minh: Theo ménh dé 3.1, ton tai quan hé md phong hai chiéu B
A x A®  voi (a[] +X xa[]+ X% xa[],X xa[] +X?xa[] + X3 xa[]) € B.
Quan hé B duoc xay dung qua cic giai doan, bang cach tinh dao ham cua ca hai
streama; = a[] + X X a[] + X? x a[]vaa, = X X a[] + X? X a[] + X3 x a[] theo
tung budc, trong d6 a; va a, la hai stream con cua stream a. Cac cap nay duogc xet
trong B 1a {(ai**, al**)|0 <i <n,k > 0}. O

Hé qua 3.2 (Pdng quy nap): Néu (a[] + X x a[] + X? x a[]) ~ (X x a[] +
X2xa[l+X3xa[]), th (@[+Xxa[]+X*xa[])=&xa[] +X2xa[]+
X3 xal]).

Chirng minh: Dya trén hé qua 3.1, xét hai stream dang BDL daura a; = a[] +
Xxa[]+X?xa[] va ay =X xa[] + X?xa[] + X3 x a[]. Theo ménh dé 3.2,
quan hé¢ B € A® x A® chia cap (at,at*). DUng quy nap trén k, véi 0 < i < n,
k> 0,taco(at,at™™ ) € B. Do @6, ai(0) = ai**(0), ching minh a; = a,. O

Néu lap lich doi CStep dugc st dung, ba don vi d tré duoc thay thé ngir nghia béng

y=a[]+X xa[] + X% xa]

ba thanh ghi dugc dat tén 1a 1, 2, 3. Hon nita, hai thanh ghi bd sung dugc datténla4 va 5

dwoc cap phat va lién két & cudi mdi CStep dugc danh sb bang sé chin. Thanh ghi thir 4

dwoc tai sir dung & cudi mdi CStep dwoc danh sb bang mot sé 1¢ nhu trong hinh 3.16. Do
do, phuong trinh vi phan x4c dinh hanh vi cua thuat toan 3.3 ¢ bang 3.12.

Bang 3.12. Phuong trinh vi phan hanh vi xac dinh hanh vi thuat tén 3.3

Phwong trinh vi phan hanh vi Gia tri ban dau

a®[ =X x (a®@[] + a®[] + a[])

a[0] = drop (o), a[0] = zip(a[0])
a@[0] = a®[0] + a[0]
Dé tim nghiém cho phuong trinh vi phan hanh vi nay a®[] = X x (a®@[] +

a®[] + a[]), dinh Iy 2.1 dugc ap dung nhu trong truong hop mot CStep duy nhat ¢ trén
dé thu duoc phuong trinh vi phan nhu sau: a®[] = X x (a®@[] + aW[] + a[]) =
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X x ((2 + X xa®[]) + (142X + X2 x a<3>[])) +(1+X+2x2+ X% xa®[]). Do
40, a®[] = 4X +3X% +2X3 xRev,(1 —X* - X3 —X*) va a[]=1+X +2X% +
X3 x (4X +3X? +2X3 X Rev,(1 - X2 = X3 —X*)) = 1+ X + 2X2 + (4X* +

3X% + 2X% X Rev, (1 — X2 — X3 — X*)). Két qua dudi dang a[] =1+ X + 2X% +
(4X* + 3X5 4+ 2X°® x Rev, (1 — X2 — X3 — X%)).

EN SEFSEPE
al Ny Xal+Xea[}¥al]
H a
R P2
1 Ej I
EC B DRI R Begroran
CStep 0 ;CStep 1 2 3 4 R |« 2 3
CStep 2 CStep 3 X2a[]+X%a[]+X*a[] i Xa[]+X*a[]+X%a[]
Estep 2k Estep 2k+1
Hinh 3.16. So do cap phat va lién két Hinh 3.17. So d6 tinh todn BDL trén phép tinh
thanh ghi cho 1ap lich doi CStep stream biéu dien 1ap lich doi CStep

Bang 3.13. Phuong trinh vi phan hanh vi xac dinh hanh vi stream dau ra y

trinh vi phan hanh vi Gia tri ban dau

a[0] = o, a®W[0] = a[0]

a@[0] = a®[0] + a[0]

So d6 stream biéu dién trong hinh 3.17, ciing dwoc xem nhu 1a mét trién khai cia

y=Xxa[l+X*xa[] + X3 xa]]

thuat todn 3.3 va ham hanh vi xac dinh hanh vi stream dau ra y dang BDL ¢ bang 3.13.

Thay thé a[] = 1+ X + 2X? + (4X* + 3X° 4+ 2X° X Rev,(1 — X2 — X° — X*))
cho phwong trinh vi phan nay s& cung cdp hanh vi stream dau ra y dudi dang dong: y =
14X +2X2 + (4X* 4+ 3X5 + 2X° X Rev,(1 — X2 — X° — X*)) x (X + X% + X®).

Ménh dé 3.3 (M6 phéng hai chiéu): Hai stream dang BDL dau ra: X x a[] +
X?xa[]+X3xa[] va X?xa[]+X3xa[]+X*xa[] 1a twong duong theo mo
phong hai chiéu.

Chirng minh: Dya trén ménh dé 3.2, ton tai quan hé mé phong hai chiéu B
A X A voi (X xa[]+X?xa[]+X3xa[],X?*xa[]+X3xa[]+X*xa[]) €
B. Quan hé B dugc xdy dung bang cach tinh dao ham cua ca hai stream a; =
Xxa[]+X?xa[]+X3xa[]vaa, =X*xa[] + X3 xa[] +X* x a[] theo ting
budc, trong d6 a; va a, la hai stream con cua a. Cac cap duoc tao ra trong B la cac
cap: {(ai**, alt*y |0 < i <nk =0} O

Hé qua 3.3 (Pong quy nap): Néu (X x a[] + X? x a[] + X3 x a[]) ~ (X2 x
a[l]+ X3 xa[]+X*xa[]), thi Xxa[]+X?xa[]+X3xa[])=X%xa[] +
X3 xa[] +X*x al[]).

Chiéng minh: Theo hé qud 3.2, xét hai stream dau ra a; = X x a[] +
X2xa[l+X3xa[]vaX?xa[]+X3xa[] +X* x a[]. Ménh dé 3.3 chi ra rang
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quan hé B € A® x A® chta cap (at, att*). Bang quy nap trénk, v6i0 < i <n, k >
0, ta cd cap (at, att*) € B. Do @6, at(0) = ai**(0), chung minh a; = a,. O
3.2.3.4. Cap phat va lién két domn vi chitc niing

a[]i yy

CStep 0
CStep 2

CStep 2k

FU () ?

.JE.CStep 1

A4 CStep 3

[ o ] e I

Y CStep 2k+1
3 X ! Y.
7‘7 }'v
Hinh 3.18. So db cap phét va lién két don vi  Hinh 3.19. So db cap phat va lién két don vi
chire néng cho viéce lap lich CStep don chirc nang xtr Iy cho 1ap lich CStep doi

Néu sir dung 1ap lich CStep don, thi hai don vi chirc ning riéng biét duoc trién
khai cho hai phép toan merging (+) va mot phép toan assignment (:=), véi tin hiéu
diéu khién 0/1 chon trién khai pht hop (Hinh 3.18). Néu tin hiéu diéu khién duoc
chuyén doi thanh 0, thi stream dau vao cua a[] di dén dau ra ban dau, nguoc lai a[]
s& duoc géan boi stream dau vao thir hai trude khi dugc xuat ra. Hinh 3.18 12 mét so
d6 thé hién cach cac don vi chirc niang xur 1y duoc cap phat va lién két trong qua trinh
lap lich CStep don cua thuat toan 3.3.

Néu sir dung 1ap lich CStep d6i cho stream dang BDL, chi ¢an hai don vi chic
nang xt ly. Trong mdi CStep duoc danh sb bang cac sé chin, mot don vi chiic ning
duogc str dung dé thuc hién phép toan merging (+) va mot don vi chitc niang khac
duoc sir dung dé thuc hién phép toan assignment (:=). Mdi CStep duoc danh sb cac
s6 1, don vi chirc niang d6 dé tron duoc sir dung lai nhu dugc thé hién & hinh 3.19.
3.3. Tiép can dong quy nap dé kiém chirng viéc tong hop tinh toan BDL
3.3.1. Kiém chirng téng hop

Nguon tinh toan BDL dua trén phép tinh stream mirc cao
(V6i ham stream dau ra h)

- Lap lich
’—‘ (Bf\ng viéc sur dung cdc thuat toan ldp lich)

P — - — S — e~ ——————— —
| Cap phat va lién két thanh ghi | < . % P Py .
| (Bang viée sir dung céc thuat toan cp phat va lién két thanh ghi) J' Ket qud tong hop & mirc chuyén ddi thanh ghi (RTL)
s T s — = — [

\ Ham stream hanh vi |

CAp phit va lién két cac don vi chire ning
(Bang viéc str dung cac giai thuat cap phat va lién két cac don vi chic ning)

<7 <h, 1> co phai |4 mé phong hai =‘
T _chiéu khong? ‘

Ghi chu: [ ] :Péu vio/Déu ra —w- :Luéng di '_____! Thiec hién cap phat va lién két thanh ghi ---W» -Ddu ra ham stream hanh vi |
[ :Thuec hién ldp lich; Thiee hién cdp phat va lién két cac don vi chire ning <<= :Thiec hién kiém tra

Hinh 3.20. Luu d ciia phwong phap tiép can dong quy nap trong viéc kiém chimg qua trinh
tong hop ciia tinh toan BDL dya trén phép tinh stream



110

Qua trinh tong hop tinh todn BDL dura trén phép tinh stream dwoc kiém chiing
sau khi chay xong 1a mét ki thuat kiém ching thuc té nham muc dich tich hop vao
cac budce tdng hop. Ngoai ra, véi cac ki thuat kiém chirng sau qua trinh tong hop hién
tai, viéc kiém chung qué trinh tdng hop tinh toan BDL dya trén phép tinh stream c6
thé duoc thuc hién dé dam bao tinh chinh xéac trong qua trinh tdng hop, hinh 3.20 cho
tiép can dong quy nap. Nhu vay, véi viéc kiém chimg nay, phuong phép tiép can
ddng quy nap dam bao tinh chinh xac cua qua trinh tdng hop.

3.3.2. Tiép cin dong quy nap dé kiém chirng tong hop tinh toan BDL

Su khac biét so vai viéc kiém chizng sau qua trinh tong hop 1a thong tin vé budc
tong hop duoc thyc hién va duoc sir dung c6 loi thé trong qua trinh kiém chang. Tuy
nhién, théng tin vé cach thic tong hop duoc thuc hién van chua biét. Do d6, phuong
phap tiép can dong quy nap trong viéc kiém chang qué trinh téng hop tinh toan BDL
dua trén phép tinh stream khong bi rang budc bai tién trinh thuét toan dugc thuc té
hoa trong tién trinh Iap lich.

Str dung méi quan hé mé phong hai chiéu va ham stream, kg thuat kiém chiing
dugc tich hop vao budc cap phat va lién két thanh ghi caa qué trinh tong hop (gém
bdn budc ¢ tiéu muc 3.2.3). V6i phuong phap nay, mdi quan hé mé phong hai chiéu
dugc xem xét giira ham stream dau ra h biéu dién dau ra tir nguon tinh toan BDL dua
trén phép tinh stream & muac cao va ham stream hanh vi I biéu dién dau ra sau cap
phat va lién két thanh ghi. Minh hoa viéc xét cac méi quan hé mé phong hai chiéu
trong cac ménh dé 3.1 - 3.3, dudi day 1a mé phong hai chiéu & bang 3.14.

K§ thuat kiém chtng tong hop tinh toan BDL dya trén phép tinh stream khac
phuc han ché vé thoi gian cua kiém chiing sau tong hop va 1a lya chon thay thé hiéu
qua cho cac phuong phap hién co.

Bang 3.14. M6 phong hai chiéu giira ham stream dau ra h va ham stream hanh vi

o (hoic 1) X™ x u (hodc X™ x 6),véin >0
a[l + X X a[] + X2 x a[] - X xafl+X2xa[]+ X3 xa]
Xxa[l+X?xa[]+X3xa]] X2 xa[l+X3xa[]l+X*xal]

Suy ra, mdi quan hé mé phong hai chiéu tong quat duoc xem xét gitra ham
stream dau ra h va ham stream hanh vi [ nhu bang 3.15 sau day:
Bang 3.15. M6 phong hai chiéu tong quat giira h va [

hvéim e N ~ lv6in €N
XM xa[]l+ X™! xa[] + X™2 X af] X" xal[]l+ X" xa[] + X2 X qa]]

Nhu vy, chuong 3 ndy ciing da gisi thiéu thém kg thuat kiém ching nguoc
(d6ng quy nap) cho qua trinh tong hop tinh toan BDL duwa trén phép tinh stream,
khong phu thudc vao thuat toan ding trong cap phét va lién két thanh ghi. Ky thuat
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nay str dung nguyén |y chimg minh nguoc va phép tinh stream dé dic ta, cho thiy
kiém chuang hinh thicc dua trén mé phong hai chiéu va ham stream hanh vi 1 giai
phap thay thé tiém ning cho kiém ching truyén théng sau tong hop.

3.4. Phan két chwong 3

Chuong 3 di xay dung co ché 1ap lich dé xtr Iy stream dang BDL. Lép lich nay
cho phép dudng 6ng hoat dong & do tat ca cac tai nguyén phan clirng gdm cac thanh
ghi cling v6i cac don vi chire ning duoc tai str dung trong sudt cac budc diéu khién
khac nhau nham giam do6 tré, tang thong luong, can bang tai va tdi wu sir dung tai
nguyén hé thdng. Luan an ap dung nguyén 1y tiép can dong quy nap dé nghién ctru
kiém chung tong hop tinh toan BDL dya vao phép tinh stream. Qua két qua nghién
ctru ciia chwong 3 ndy gilp cho tac gia hinh dung ra cac cong viéc tiép theo dugc thuc
hién & chuong 4.

Chuong 4 nghién ctru xay dung mé hinh ngit nghia dai s6 ASM dé xur 1y stream
dang BDL. M6 hinh nay cho phép dic td méi quan hé giita may trang thai muc chuyén
d6i thanh ghi (ASArTL) va may trang thai dic ta dai s6 (ASAspec) ctia thuit toan 4.2
va 4.4 dé kiém chung két qua tong hop RTL va SPEC.
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Chuong 4. NGU NGHIA PAI SO MUC CHUYEN POI THANH
GHI TRONG TONG HOP TIiNH TOAN BDL DUA TREN
PHEP TINH STREAM

Chuong nay tap trung trinh bay déng gop tao ra mé hinh ngir nghia dai s (ASM) dé
xtr 1y stream dang BDL dugc cong b trong cong trinh [CT.4] va [CT.6]. Mudi phép
toan xur ly stream trong céng trinh [CT.2] duoc str dung tao md hinh nay cho phép
dic ta moi quan hé giita mdy trang thai mtc chuyén d6i thanh ghi (ASARrTL) Va may
trang thai dic ta dai s6 (ASAspec) ctia thuat toan 4.2 va thuat toan 4.4 dé kiém ching
cac két qua tong hop RTL va SPEC gilp luan 4n c6 duoc mot trong ba két luan sau:
Mot két qua tong hop RTL va SPEC dura trén ngit nghia dai sé 1a chinh xac néu va
chi néu €(RTL) = C(SPEC); Néu C(RTL) c C(SPEC) thi ton tai mot tinh toan T €
C(SPEC) \ C(RTL) khéng duoc téng hop trong két qua RTL din dén két qua cua
tong hop RTL khong chinh xac; Néu €(SPEC) c C(RTL) thi dic ta va tong hop RTL
khong tuong duong suy ra hanh vi tinh toan ctia ching 14 khic nhau.
4.1. Gigi thigu

Kiém chtng tinh ding dan trong tinh toan stream dang BDL dura trén cac phép
toan stream khi phan tich va xir 1y di liéu 16n livestream Ia rat phirc tap. Trong qua
trinh tong hop tinh toan BDL dua trén cac phép toan stream [CT.2][85], viéc kiém
chting tinh dung dan cia may trang thai mirc chuyén d6i thanh ghi (ASArTL) Va may
trang thai dic ta dai s6 (ASAspec) dua trén ngir nghia dai s6 1a nhiém vu kho khan.
C6 ba phuong phap kiém chimg nhu sau: Kiém chitng hinh thire, mé phéng hinh thire,
va phwong phadp dai s6 pham tri: [CT.4][CT.6][86-89] (Hinh 4.1).

Cac phwong phap
Kiém chimg hinh thirc M0 phong hinh thic Ph}rdng phﬁp dai 50 pham trP
(Céc k§ thuat kiém chimg tinh) (Tidp can todn hoc) (Ticp can kiém chimg dya trén
Y e € P c: . ngit nghia dai s6)
C6 hai .
tiép cdn Dung cho Duara
chinh
r'4 Y v 1
S A . A 3 . ~ » A ~ ~
KICIP c\hu‘ng Kiém cl_llu'ng Phuong phép hinh thitc Cam ngtt canh d%raitren ngir nghia
mo hinh suy dién dai so
Cic ky thuit va két qué

Ap dung cho

A

Kiém chitng tinh dung din ciia may trang thii mirc chuyén déi thanh ghi (ASAgr,) va mdy trang thai dic ta dai s6 (ASAspec)

Hinh 4.1. Kiém chung tinh dung din cac dic ta thuat todn va may trang thai RTL

Kiém chitng hinh thirc 1a mot ki thuat dugc sir dung dé kiém tra tinh diing dan
clia cac hé théng k¥ thuat phan mém d6i véi mo ta hinh thie [90] va duoc sir dung
dé kiém chtng chtrc ning cia cac thiét ké RTL [91-93]. Kiém ching hinh thuc st

dung phan tich tinh dya trén cac bién doi toan hoc dé dinh nghia tinh dung dan cia
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hanh vi phin mém [94], dic biét 1 nhitng hé thdng dwgc biéu dat bang ngdn ngit 1ap
trinh mirc cao. Phuong phap nay duoc ap dung vao kiém chimg sy twong dwong chirc
ning gitta ASAspec v ASARrTL. Hai tiép can chinh ctia kiém chtng hinh thic trong

k¥ thuat kiém chtng tinh 1a:
= Kiém chitng mé hinh: Lién quan dén viéc kham ph4 toan dién mé hinh toan hoc
ctia hé thdng mot cach hé thong. Pay 1a mot dang kiém chimg st dung dé kiém

tra xem mot md hinh c6 dap Gmg mot dic ta cu thé hay khong [95].

= Kiém chirng suy dién: Lién quan dén viéc tao ra bo cac nhiém vy ching minh
toan hoc tir hé théng [96]. Tinh dung dan cia bd cac nhiém vu nay ngu y hé
thong tuan theo dic ta cua nd. Cac nhiém vu ndy sau d6 duoc giai quyét bang
cach sir dung cac by chirng minh dinh 1y ty dong.

MG phong hinh thirc 1a mot k¥ thuat dugc sir dung trong linh vuc ki thuat phan
mém dé dam bao ring mot thiét ké c6 thé dap ing cac yéu cau mo ta cia nd. Pay 1a
mot tiép can toan hoc sir dung cac phuong phap hinh thic dé kiém chimg tinh ding
dén ctia mot thiét ké.

Phwong phdp dai s6 pham trii 13 mot tiép can kiém ching dua trén ngit nghia
dai sb, dugc st dung trong nghién ctru dé xay dung mot nén tang hinh thic cho mo6
hinh cam ngir canh dé dat duoc cam ngir canh dwa trén ngit nghia dai sd.

Lu4n 4n d& xuit mot tiép can dic ta mdi quan hé gitta ASArTL VA ASAspec dua
trén ngit nghia dai sb trong qua trinh tong hop tinh toan BDL duya trén phép tinh
stream. Muc tiéu ctia chuong nay 13 xay duyng mé hinh ngit nghia dai s6 1am co s dé
phan tich va kiém ching mdi quan hé giita ASArTL VA ASAspec dua vao ngir nghia
dai s6 trong qua trinh tong hop tinh toan stream dang BDL nham dép tmg mot trong
ba két luan hitu ich cho kiém chimg tinh dung din cia ASArTL va ASAspec.

4.2. Khéi niém khong gian Chu
4.2.1. Khong gian Chu

Dua vao Dinh nghia 1.5 (Tiéu muc 1.6.11, Churong 1), ham r ¢6 thé duoc biéu
dién dudi dang mot ma tran véi cac hang la cac trang thai trong X, cac cot la cac su
kién trong A, va cac gia tri tai mdi 6 12 (s, e) € K biéu thi mic d6 ma trang thai s
thoa man sy kién e (hinh 4.2).

r €o €1 )
se |0 [1 o
S1 1 0 1
Sy 0 0 1 )
Hinh 4.2. Mot khong gian Chu trén tap gia tri {0,1} thong qua cac moi quan hé {s,s,,S,}
va{e,e, e}
Véi A va X duoc xem nhu hai tap toan hoc chung. Hinh 4.3 dua ra mot s6 khdng

gian Chu cuing véi cac minh hoa vé biéu d6 Hasse. Cac phan tir cua su kién 4 duoc
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biéu dién boi ey, e4, €5, €3, ... e,, VoI 0 < i < n va cic phan tir cua trang thai X duoc

biéu dién boi sg, S1, S5, S3,-+- Sy, VOI 0 < J < m.

Biéu dd Hasse Ma tran Biéu do Hasse Ma tran
r|el e r | e | e | e
Sol1]1 Sg 0 1 0
DR s;10]1 s; 1 001
T @ s | 1] 0] 0
s | 0 | 1| 1
1 r| el e s, | 1 1 0
CEOY Sol1]1 St 1 0 1
N . O 151010 se | 1 [ 1] 1
T 510 ©
00 )

Hinh 4.3. Cé4c khdng gian Chu va nhitng mo ta ctia né bang ma tran (a), (b) va (c)

Trong cé&c nghién ctru [97], ho di biéu didn A nhu 13 tap su kién va X nhu 13 tap
trang thai. Mot trang thai duoc dinh nghia bai moét mbi quan hé xuat hién r(e, s) 1a
dung ma noi su Kién e da xay ra trong trang thai s. Do d6, mdi trang thai s 1a mot tap
con cia A chira céc su Kién da xay ra trong trang thai s. Ngit nghia dai s6 duoc xem
nhu mot khéng gian Chu C dugc dac ta boi bo ba (4,X,r), trong d6 A =
{eo, €1,€2,€3,...,e,} latap sy kien voi 1 <i <n, X = {sy,51,52,53,...,5,} 1a tp
trang thai voi 1 < i < n, var: A X X — {0,1} biéu dién cho méi quan hé xuat hién,
duogc hiéu 1a r(e,s) = 1, néu sy kién e da xay ra trong trang thai s va r(e,s) = 0,
nguoc lai. P6i vi moi e € A, mdi trang thai s; € X = 24 dugc dinh nghia theo r boi
s; ={e|r(es;) =1}

t es ey
S3 0 1
Sy 1 0

Hinh 4.4. Cac khong gian Chu duogc trinh bay qua méi quan hé t cua tap hop trang thai
{53,54} va tap hop su kién {es,e4}

Khong gian Chu c6 thé duogc viét dudi dang ({sy, s1,5,},7, {eq, €1, €,}), trong
d6 r dugc dinh nghia boi cac ma tran & trén. Cac gia tri sy, 5; VA s, ¢6 thé dugc xem
nhu 1a cac trang thai c6 cac gia tri khac nhau cho cac su kién e, e; va e, tuong tng.
Minh hoa trong hinh 4.2, s, c6 gia tri 1a 0 cho ey, 1 cho e,, va 0 cho e,, tuong ng.
Mot bién d6i Chu 1a mét cip ham (f, g) 4nh xa mot khong gian Chu sang mot khong
gian Chu khac, sao cho cac gia tri ctia cac sy kién phai dugc bao tén. Minh hoa néu
c6 mot khong gian Chu khac ({s3, 5,4}, t, {e3, e,}), & 6 mdi quan hé t duge dinh nghia
bdi ma tran ¢ hinh 4.4.

Sau d6, mot bién d6i Chu c6 thé c6 tir ({sg,51,5.},7, {eo €1,€,}) dén
({s3, 54}, t, {es, e4}) duoc cho béi mot cap ham (f, g), trong d6 ham f duoc dinh
nghia bang ma tran ¢ hinh 4.5 va ham g duoc dinh nghia bang ma tran & hinh 4.6.
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So S1 S2
S3 S S3
Hinh 4.5. Cac bién doi Chu tir r dén t dugc cho bai ham f

es ey
€1 )
Hinh 4.6. Cac bién doi Chu tir r d&én t duoc cho boi ham g

Diéu nay c6 nghia 1a ham f anh xa s, VA s, thanh s;, va s; thanh s,, trong khi

g 4nh xa e; thanh e; va e, thanh e,. Biéu kién ké cho cac bién doi khdng gian Chu
duoc thoa man, vi t(f(sy), e3) = r(so,g(e3)) cho tat ca s, Va es, va tuong tu cho
e, Minh hoa t(f(so), e3) = t(s3, e3) = t(s3, e1) =1(so,€1) = 7’(50;9(33))- Mot
khong gian Chu ciing c¢6 thé dugc biéu dién nhu mét so d6 hai phia (Trong khéng
gian Chu, so d6 hai phia thuong duoc st dung dé biéu dién méi quan hé gitra tap hop
cac trang thai X va tap hop cac su kién A), trong dé cac su Kién va cac trang thai la
hai tap hop cac dinh va céc canh duoc danh diu bang cac giatritr K = A x X —
{0,1}. Minh hoa khéng gian Chu ({sy, s1,5,},7, {eo, €1, €,}) cb thé duoc biéu dién
bang so d6 hai phia, két hop cac trang thai va céc sy kién trong hinh 4.2 dé biéu dién
so dd hai phia ¢ hinh 4.7.

.
T
Hinh 4.7. So d6 hai phia cia c4c tap hop cac trang thai {sy:8,,5,} va cac su kién {e, e, e,}
va mdi quan hé r lién quan dén hinh 4.2.
4.2.2. Ngir nghia dai s6 nhw khong gian Chu

Trong ngir canh cua ngir nghia dai s6, mot khdng gian Chu € bao gom bo ba
(A,r,X) voi mdi quan hé 7, trong 36 A = {eg, e, €5, €3,...,€,}, VOi 1 < i < nlatap
su kién, X = {sg,51,52,83,...,Sn}, VoI 1 < j <m latip trang thdi, var: A x X —
K = {0,1} biéu dién cho quan hé xay ra duoc hiéu 1a (e, s) = 1 néu su kién e da
xay ra trong trang thai s va r(e, s) = 0, nguoc lai 1a khong. Di voi moi e € A, mbi
trang thai s; € 24 duoc dinh nghia duéi dang quan hé r boi s; = {e|r(e, sj) =1}
duoc thé hién chi tiét & hinh 4.8.

Ngir nghia dai s6 trong hinh 4.8 c6 ba su kién d6 13 A = {e,, e, e,} va bay trang
thai d6 1a X = {sy, 1, S, S, S4, S5, Se}, biéu dién cho mot hé théng, & d6 bat ky su
kién nao thudc {e,, e, ,} xay ra va theo dir liéu duoc tao ra boi sy kién d6 mot trong
hai sy kién con lai s€ xdy ra. Minh hoa trong trang thai s, su ki¢n e, da xay ra; s;
mo ta trang thai & do su ki¢n e; da xay ra sau e, hodc e, da xay ra sau e;.

Mot ngir nghia dai s6 ¢6 thé duoc biéu dién dudi dang ma tran chéng han nhu
dué6i dang biéu d6 Hasse hodc dudi dang cong thuc logic [49]. Trong dic ta ma tran,
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moi cap gia tri (e, s) dai dién cho gia tri ctia quan hé xay ra. Do d6, cac dong ctia ma
tran lién quan dén cac trang thai ctia ngir nghia dai s6 va cac cot ciia ma tran lién quan
dén cac su kién cua nglr nghia dai $0. Trong biéu d6 Hasse, mot ngir nghia dai $6
duoc biéu dién boi tht tu b phan hién tdn tai gifta cac trang thai. Trong cong thuc
logic, ma trdn dugc xem nhu bang chan tri, dic ta logic f,, cua ngit nghia dai s6 D
dugc dinh nghia béi ham dac ta luan 1y: f, = Vogicn vao<j<i(A {ej [ 7(ej,5:) = 1}) A
{ne|r(e;,s;) =0}, 8 @ n =0 codang n = |X| = [{so, 51,52 53, ..., S6}| VA | =

|A|l = |{eq, e1,e;}|,vae; € Avaeg la phan bu cia e.

Biéu d6 Hasse Ma tran Cong thirc luan ly
111 r € €6 € fasm

So 0 1 0 {61} {e_()' €1, 6_2}
101 011 S1 0 0 1 | {ex} {eo, &1, €2}
€ ) S2 1 0 0 {eo} {60, 6_1: 6_2}
100 010 s3 | 0 1 1 | {ey, e} {eo, €1, 2}
Sy 1 1 0 | {eo, €1} {eo €1, 82}
T ss | 1 0 1 | {eo €2} {eo, €1, €5}
Se 1 1 1 | {eg, 1,65} {eo €1, €2}

Hinh 4.8. Ngit nghia dai s6 va nhitng mé ta cia n6 nhu khong gian Chu

Trong hinh 4.8, c4c su kién e € A duogc xem nhu 14 cac bién, c4c trang théi s €
X duoc xem nhu 13 cac cong thirc luan ly, va méi quan hé r xac dinh liéu bién c6
duoc phu dinh r(e, s;) = 0 hay khéng r(e,s;) = 1. Cdng thuc logic f 1a dung cho
mdi trang thai s € X dugc phép trong ngit nghia dai s6. Tir 46, mot mo hinh dya trén
ngir nghia dai s6 (ASM) thu dugc c6 dang ASM = (4,7, X), A = {e,, 1, e,} chtra tap
hop su kién, X = {{31}' {ex} {eo} {er, e2}, {eg, €1}, {eg, €2}, {eg, €1, ez}} c 24 chua
tap hop cac trang théi, (4, X) 12 mdi quan hé giita su kién A va trang thai X duoc
biéu dién bang ma tran nhi phan & hinh 4.8.

4.3. Mt sb6 quan hé nén tang giira trang thai va sw kién trong khéng gian Chu

Dua vao Tiéu muc 1.6.12 cta Churong I, luan an phén tich chi tiét thanh bén
mdi quan hé nén tang gitra hai sy kién nhu sau:

Mdi quan hé doc l1ap V: Mdi quan hé doc lap (e,Ve,) mo ta viée thyuc thi doc
1ap cua hai su kién e, va e, trong moi trang thai dwgc phép. Noi cach khac, tat ca cac
tap con cua A 1a cac trang thai c6 hiéu qua. Hinh 4.9(a) trinh bay ngit nghia dai sb va
cac cong thtrc luan 1y tuong tng cia no.

M&éi quan hé truée sau <: Moi quan hé trude sau (e, < e;) biéu dién sy kién
e, xay ra trudc sy kién e;. Noi cach khac, mbi quan h¢ trudc sau nay dugc st dung
dé dic ta viée thuce thi tuan tu cua cac sy kién. Hinh 4.9(b) trinh bay nglt nghia dai )
va cac cong thuc luan ly tuong ting cua no.

M&bi quan hé xung ddt #: Mdi quan hé xung dot (e, # e;) mo ta viéc xay ra

cua su kién e, hodc su kién e,. Noi cach khac, ca hai su kién e, va e; khong thé xay
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ra cing mot luc trong cting mdt tinh toan ciia ngit nghia dai sd. Hinh 4.9(c) trinh bay
ngir nghia dai s6 va cong thire luan 1y trong tng cia nod.

Mdi quan hé kha niing kich hoat phan bi¢t den: Méi quan hé kha nang kich
hoat phan biét den(e,, e, e,) dic ta sy xay ra cua su kién e; hoac e, kich hoat viéc
xay ra cia e,. Hon nita, mdi quan hé nay cé thé duoc st dung cing véi méi quan hé
xung dot dé dac ta quyén cho cac su kién theo cac dong cua mot cau lénh
if... then... else. Hinh 4.9(d) trinh bay cho ngit nghia dai sb va cac cong thirc ludn

Iy twong irng cta no.

Viele fv= den| e, | ;| €] fgen =
S| 0]1 {e0 €1} + So | 0110 {egee}+
S1 0 0 {e_O' 6_1} + S1 0 0/0 {6_0, 3_1; 6_2} +
s, |11 {eg, e} + S, |01 11]1]{ege,e}+
s3[1]0 {eg 61} =1 s3 |0 10]1]{eee}+
(a) Ma tran quan hé doc lap S | 11011/ {eyér,ex}+
< |lel e f<= se | 11111/ {egesex}+
s 110 {eg, &1} + Se | 11110 |{egen,ez}=¢+e +e,
s;/101(0 {eg, e1} + (d) Ma tran quan hé kha nang kich hoat phén tach
s, | 1)1 {eg,e1}=eg+ & # e |e| fo=
(b) Ma tran quan hé truge sau So | 0 1] {eye}+
S1 0 0 {6_0, 6_1} +
s, 1110 ] {ee1}=e+¢é

(c) Ma tran quan hé xung dot
Hinh 4.9. Mot s6 quan hé nén giira cac sy Kién va cé4c trang thai trong khdng gian Chu.

4.4. Ngir nghia dai s6 dung cho RTL

Luan 4n st dung mot s phép toan xir Iy stream dang BDL trong cac cong trinh
[CT.1] va [CT.2] dé tinh toan stream trong thuat toan 4.2 (Tiéu muc 4.4.3) va thuat
toan 4.4 (Tiéu muc 4.6.1). Trong chwong ndy, ngit nghia dai s6 ding cho dic ta mbi
quan hé gitra ASArTL Va ASAspec cua thuat toan 4.2 & hinh 4.10(a) va thuat toan 4.4
& hinh 4.16(a) duoc phat trién dé kiém chung cac két qua tong hop RTL.
4.4.1. Mo ta tap su kién

Pinh nghia 4.1 (Tinh toan): Mot diy tudn tu cac hanh dong hitu han duoc goi
la mot qua trinh tinh toan trén tap céc su kién A va tap hop céc tinh toan dugc biéu
dién bang ky hiéu C(A) [CT.4][CT.6].
4.4.2. Mo ta tap trang thai

Gia str X 1a tap hop cac trang thai. Mdi trang thai s € X dugc dinh nghia bang
mot mdi quan hé chuyén tiép T(e, s;), nhiéu khi mbi quan hé chuyén tiép nay ciing
duogc biéu dién theo dang sau s; N s;, trong d6 su kién e € A co6 thé tao thanh mot
quan hé chuyén tiép tir trang thai s; € X sang trang thai s; € X. Do do, moi trang thai

s; la mot tap con cua sy kién A chira cac su kién c6 thé tao ra mot chuyén tiép tir s;,

. Lz i e
dugc hi€u phép chuyén ti€p co dang nhu sau: s; = {e |le€A:s; — sj}.
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No6i mot cach khac, bo ba thanh phan (4, X, T) nay tao thanh mot ngit nghia dai
s6. V&i moi e; trong A va s; trong X, mét tinh chat tinh toan ciia mé hinh dya trén

ngir nghia dai s6 nhu sau: ASM(4,X,T) c6 tinh chit: T = {el, €5,€3,...,6, | 51

21 ez én . A TS .-
—5S,,S) — S3,...,5, — sn+1}. Tt suy luan nay, khai ni¢ém vé may trang thai

dai s6 dugc phat trién trong cac phan tiép theo cua chuong 4 nay [CT.4][CT.6].
4.4.3. Thuat toan 4.2 dung cho stream dang BDL

Thuat toan 4.2 duoc phan bd danh sach sy kién ey, ey, ..., e cho cac phép toan
xu ly stream (merge, drop, take, zip, split va assign) voi mot bude CStep don
dung trong thuét toan 4.1 (Chia thanh CStep). Cac buéc tong hop da dang cua tinh
toan BDL dua trén phép tinh stream dugc trinh bay théng qua minh hoa anh xa hai
stream dau vao o, T € A® thanh mot stream dau ra e € A%,

Thuat toan 4.1: Xt ly tinh toan 02 stream dau vao bang cac phép toan xu ly stream
(phi vong Igp) cho ra 01 stream dau ra va dugc gan CStep.

Pau vao: g,7 € A

Piaura :e € A® CStep
1. Begin .
2. a = drop(o + take(7)); f

3. y = split(o) + zip(o + take(7));

4. If a <>y Then

S. €:=q, CStep
6. Else

1. €:=Y;

8. End if;

9. Sending(e); v
10. End _

Thuat toan 4.2: Xir 1y tinh toan 02 stream dau vao bang cac phép toan xi ly stream
(phi vong Igp) cho ra 01 stream dau ra va dugc gan su Kién.

Pauvao: g,7 € A?

Paura e € A®

1. Begin Swu kién
2 = o + take(7); €o
3 a := drop(m); e,
4 y := split(o) + zip(n); e,
5. If « <>y Then e3
6. €= aq, e,
7 Else

8 €=V, es
9 End if;

1 Sending(e); €
1

0.
1. End
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Xét tién trinh tdng hop tinh toan BDL dya trén phép tinh stream théng qua minh
hoa trén tinh toan hai stream dau vao o, € A® va cudi cling 4nh xa cac stream thanh
stream dau ra € € A® duge mo ta qua Thuat toan 4.2.

4.4.4. May trang thai dai sb ciia thuat toan 4.2

Pinh nghia 4.2 (May trang thai dai s6): May trang thai dai s 1a bo ba A =
(X, s, T), v6i X 1a tap hitu han cac trang thai, s, 1a trang thai khoi dau, va T 1a mot
ham chuyén tiép tir X x A vao X U {1} [CT.4][CT.6].

Néu T(s,e) =1, khong con chuyén tiép nao dugc gan nhan bai su kién e tir
trang thai s. Trang thai L duoc goi la trang thai nhan vao. Mot chudi tinh toan 7~ =
{ej e, e3,...,e,} dugc chap nhan bsi may trang thai dai s6 néu ton tai
S1,52,83,...,S, € X sao cho T(sy,e;) = sy, T(s;_1,€;) =s; V6i 1 <i <n. Diéu

\ .2 X ~ X , - 2 e €1
nay duogc biéu dién qua day tuan ty cac trang thai dugc chuyén tiép s — s

ey én . e A . €1
— S, ...5,_1 —S,. Nguoc lai, néu ton tai 1<k <n sao cho s, —s;

e e
— Sge..Sk_1 —k>J_, duong di nay la mot stream dang BDL cua may trang thai qua

tinh toan 7. Tap hop cac tinh toan duoc chap nhan boi A ky hiéu 1a C(A) (Pinh
nghia 4.1). Bdn méy trang thai dai s6 ciia bon CStep, mdi may ¢6 bon trang thai, duoc
minh hoa & cac hinh 4.10(a), 4.10(b), va 4.10(c).

Céc FUs thuong dugc tich hop vao mot thu vién dai dién cho sy tuong ing gitra
chtrc ning cta chiing va cac phép toan lién quan. Cac FUs c6 thé thuc hién cic phép
todn don nhiém hoac cac phép toan da nhi€ém voi cac tin hiéu dau vao duoc kiém soat
dé Iya chon phép toan theo mong muébn. Trong hinh 4.10(a), tim FUs don nhiém 1a
can thiét dé thuc hién chin phép toan sau: splitting, taking, zipping, dropping,
merging, copying, assignment, so sanh va registering [CT.1][CT.2].

Trong hinh 4.10(a) biéu dién RTL cua thuit toan 4.2 v&i cac CStep. CStep 0
thue hién bén phép toan nhu sau: taking, merging, splitting va copying. Sau do, két
qua duoc Iuu trit trong hai thanh ghi 1 va 2. Tiép theo, CStep 1 thuc hién ba phép
toan nhu sau: zipping, merging va dropping str dung gia tri ctia hai thanh ghi 1 va 2.
Sau d6, két qua duoc luu trit trong hai thanh ghi duoc sir dung lai 1 va 2. CStep 2
thuc hién mot so sanh sur dung gia tri cia hai thanh ghi 1 va 2 ctia CStep 1. Sau do,
két qua dugc luu trir trong cac thanh ghi dugc str dung lai 1 hoac 2. Cubi cung, CStep
3 thuc hién mdt phép toan gan sir dung gid tri cua hai thanh ghi 1 hodc 2 tir CStep 2,
sau d6 giri két qua cta phép toan gan cho dau ra. Trong hinh 4.10(b) biéu dat cho ma
tran voi bén CStep va thanh ghi twong tmg, dic biét 1a biéu dién cho Trang thai 0

s3¢/F¢) dén Trang thi 3 (s5°/%®) cua CStep 0 v6i hai thanh ghi va CStep 1,2 va 3

cling duoc biéu dién nhu vay. Trong hinh 4.10(c), hinh nay 1a mét so dd truc quan
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mo ta ma trdn trong hinh 4.10(b) biéu dién may trang thai dai sb cho thuat toan 4.2

v6i bdn CStep.

io- r A (0,0)
£ I l 2

FU FU FU | i ?—“
(split) @ [ (take) | i€ @

A e

FU FU
) (drop) v %‘9 @
A A
B ¥ ----

(a) So d6 cua RTL cho thuit toan 4.2 voi CStep cing ~ (C) So d biéu didn may trang thai dai

<
<

»

<

v6i FUs va cac phép toan s6 cho thuat toan 4.2 véi bén CStep
Thanh Thanh Thanh Thanh

ghi ghi ghi ghi
CStep 0 1 2 CStep 1 1 2 CStep 2 1 2 CStep 3 1 2
0 (S(.)Se/Re,’) 0 0 ( Re/Se) 0 0 ( Re/Se) 0 0 ( Re/Se) 0 0
1 (sfe/Re) 0 1 ( Re/Se) 0 1 ( Re/Se) 0 1 ( Re/Se) 0 1
2 (sge/Re) 1 0 ( Re/Se) 1 0 ( Re/Se) 1 0 ( Re/Se) 1 0
3(s3%) | 1 | n | 3(sf) a1 [ (sf) | |1 | 3(sf) | 1| 1

(b) Céc ma tran biéu dién may trang thai dai s6 cta thuat toan 4.2 véi bén CStep
Hinh 4.10. Biéu dién ctia may trang thai dai s6 cho thuat toan 4.2 v&i CStep

Tiép theo, chuong nay sé& gidi thiéu tich may trang thai dai sb trong phan 4.4.5
cho phép mot quy trinh mé dun hoa phirc tap hon trong qua trinh déc ta. Trong do,
mdi tién trinh con c6 thé dugc mé hinh hoa bﬁng may trang thai dai sb va viéc mé
hinh hoa qua trinh toan dién c6 thé dat duoc bang cach tinh todn tich may trang thai
dai sd cua tat ca cac chi tiét tién trinh con dugc mé ta trong phan tiép theo.
4.4.5. Tich may trang thai dai s6 ciia thuit toin 4.2

Luan an trinh bay hai tién trinh Se va Re c6 thé duoc két néi trong hinh 4.11(a)
va hinh 4.11(b). Ky hiéu Se = (X5¢,s5°,T5¢) va Re = (X, ske, TR¢) twong ting
Vv6i hai may trang thai dai s6 ¢a mo hinh hda hai tién trinh Se va Re nay. Pinh nghia
tich may trang thai dai s6 cua hai tién trinh Se va Re 13 Se x Re, dé mé hinh hoa tién
trinh dat duoc bang cach két néi Se véi Re. Bdi vai viée khong dong bo hoa dau ra
cua Se v4i dau vao cua Re, khi dit lidu di chuyén gitra Se va Re qua mot thanh ghi
thi sy chuyén giao nay phai xay ra. Piéu nay thé hién xac dinh cua tich Se va Re trén
tap su kién A tuong ty nhu A:Se X Re = (X,sp,T), VGi X = X x XRe, 5, =
(s5¢ x ske), trong d6 p, g dwoc thay thé bang i, j, k, hogc L.

Quan h¢ chuyén doi T dugc dinh nghia: Véi s; = (s7° X sf°) € X va e € 4,

néu ton tai s’ € X5¢ va sfi, € XRe sao cho T5¢(s{, e) = s7¢; va TRe(sfe) =
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sfe thi T ((sl S ke), ) = (s7¢,, sf¢1). Nguoc lai, T ((Sl ) Sj ),e) =1.

Gia sir rang dau ra/dau vao cua Se 1a trong tng véi dau vao/dau ra cia Re, vay
thi cac tién trinh nay két ndi 1an nhau nhu trong hinh 4.11, trong d6 hinh 4.11(a) l1a
mot ma tran biéu dién cho mudi sau trang thai cua bén thanh ghi va sau dé hinh
4.11(b) 1a mot so @6 truc quan biéu dién cac RTL cua 16 trang thai véi bén thanh ghi.
MJi trang thai trong Se X Re 1a mot cip bao gdom mét trang thai tir Se va mot trang
thai tir Re. Viéc chay cua tich may trang thai dai s6 Se x Re qua chudi tinh toan

duoc chap nhan 77 = {(1,1,0,1)(1,1,1,0)(1,1, 1, 1)} dugc biéu dién nhu sau:

(1,1,0,1) (1,1,1,0) Rey (LLLD)
(53 :50 )—>(53 '51 )—’(53 )y S2 )—>(53 ,53

Diéu nay chi ra rang trong trang thai (s5¢, s&¢) trén su kién (1, 1, 0, 1), tich may
trang thai dai s6 Se x Re duoc thuc hién bang cach thuc thi Se tir s5¢ va ddng thoi
thuc thi Re tir s&¢ va dong thoi thyc thi Se va ct 1am nhu vay.

Céc thanh ghi
Se X Re 1|12 |3 |4
s=(sxsf) [0 [0 x|y
= (5]:96 X 556) 0 1 X y
sk = (sg€ % sf¢) 10| x|y
(%) [ 1] 1=y

Trong do: x,y € {0,1} va x # y;
i,j,k,l=[03] < N*=NuU(0)

(a) Ma tran nay biéu dién 16 trang thai cua o
4 thanh ghi (b) So d6 bi€u dién cac RTL cuia 16 trang thai

Hinh 4.11. So dd két ndi cua tién trinh Se va Re va tich may trang thai dai s6 ctia n6

4.4.6. Sy twong dwong ciia CAC thuit toan

Cho thuat toan 4.2 va 4.2’ la hai thuat toan va A va A’ 1a hai may trang thai dai
sO twong tng cta ching. Thuét toan 4.2 va 4.2' 12 twong duong < C(A) = C(A").
4.4.7. Ngir nghia dai so ciia thuit toan 4.2

Mot ngit nghia dai s6 (mot khia canh dai s6) ¢6 thé duoc giai thich nhu mot méay
trang thai dai s6 véi tap su kién A va tap trang thai c6 thé c6 X. Khi chuyén dén mot
trang thai s, cAc may trang thai dai sb thuc thi mot sé chuyén tiép qua cac su kién dé
dat dén mot trang thai thay thé cua s. Mdi tinh chat tinh toan c6 thé c6 cua ngit nghia
dai s6 twong tng v6i mdi viée chay cia may trang thai dai s6 va viée thyc thi cia ngi
nghia dai sb chi dinh ra tap chay cua may trang thai dai $0.

May trang théi dai sé trong ngir canh cia mot mé hinh ngit nghia dai s6 duoc
biéu dién bai tap su kién A va cac su kién xay ra cho mdi trang théi, c6 thé duoc hiéu
la méi quan hé chuyén tiép T. Mot cach tiép can thuc té hon dya vao cac mbi quan
hé giita cac trang thai 1a moi may trang thai dai s6 dugc mo hinh héa nhu mot tap mbi

quan hé giira cac trang thai va doi voi moi moi quan hé nhu vay phan nay sé c6 mot
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ngir nghia dai s6 twong Gmg. Ngit nghia dai s6 ctia mdi mdi quan hé giira cac trang
thai dwgc xem nhu 12 mot tinh chit cia may trang thai dai sb. Do vay, su két hop cia
c4c tinh chét s& dan dén may trang thai dai sd.

4.5. Thuét toan 4.2 cho cac két qua téng hep RTL

4.5.1. Cac buwéc thuit toan kiém chirng

. Y ¥ R
| ) | | RTL |<—| Dic ta thuat toan dua trén ngén ngit bac cao | i Tiép can |
| . L N I

| Tiép can : S C4C triru trong cAn Kidm Chmng --wmwereerseessoersserseere n l(X) | th?O :
| theo RTL ) e L I khéng
| taora: ! (h==2) ho;%c | Tao ASMspec | | gian Chu !
| May trang ! il EE ; 2 hodc e - ¢ ) | teora: !
I thai phan | R R I May trang |
[ N Déu vao A Dau vao | se 2 |
anh hanh : Tao ASAgTL —)'| So sanh |'<— Tao ASAspec | thai phan |
| vi thy thi | (h) v ] @ | anh hanh |
: (ASAgT) : - - : vi déc ta :
! I | Két qua | I (ASAspec) |

Hinh 4.12. Cac budc thuat toan kiém ching dua trén nglr nghia dai s6 cho ra cic k_é_t_(iué
tong hop RTL, phuc vu kiém chung logic hé thong livestream

Céc budc cia thuat toan kiém chimg dugc biéu dién qua so do trong hinh 4.12.
Céc budc cua thuat toan duoc thé hién cu thé nhu hinh 4.12 & trén.

4.5.2. Pac ta thuat toan dya trén ngon ngir mirc cao

M5 ta chi tiét vé dic ta thuat toan dua trén ngdn ngir mirc cao duoc xem la thich
hop dé mo ta, diéu nay c6 nghia 1a mot chuong trinh duge tao ra trong budc nay.
Nhi¢m vu chinh trong qua trinh nay la cap nhat cac kiéu cua viéc 1ap lich khac nhau.
Do d6, trong minh hoa vé ngdn ngit mé ta mirc cao duoc trinh bay trong thuit toan
4.2 v&i bay sy kién ey, ey, €,,..., e lién quan dén cac ciu 1énh, & d6 mdi cau 1énh duoc
xem nhu la mdt sy kién.

4.5.3. Tao md hinh dua trén ngir nghia dai s6 (ASM)

Vén dé chinh 14 tao ra nhitng dac ta thir tu cuc bd cho cac cau 1énh chuwong trinh
duoc tao ra ¢ tiéu muc 4.4.3. No6i cach khéc, dic ta nay duogc st dung dé thé hién su
phu thudc dir liéu giita cac cau 1énh can thiét cho viéc tao ra mé hinh dua trén ngi
nghia dai s6 dugc goi 1a ASMgpgc. Dé thuc hién cong viéc ndy, ta can tham chiéu dén
mdt s& moi quan hé nén tang gitra cac su kién trong tiéu muc 4.3 & trén.

Tiép can cta chuong nay dé tao ra ASMgpgc, ludn an str dung cac mdi quan hé
giita cac su kién & tiéu myc 4.3. Cac méi quan hé nay co thé dugc trich xuat tir dac ta
hé théng duoc cung cap trong mot ngdn ngit Iap trinh mic cao nhu trong muc 4.5.2.
Gia sir c6 mot thuat toan 4.2 véi tap su kién A, clng véi cac méi quan hé r giita cac
su kién, duoc trich xuit tir mo ta thuét toan 4.1. Thuét toan 4.2 ¢6 bay su kién, trong
do e, xay ra trudc e;, ey xay ra trudc e,, e; doc lap vdi e,, e; xay ra trudc e, e, xay
ra trudc ez, e; xay ra trudc e,, e; xay ra trudc es, e, Va es xay ra xung dot, va viéc
thuc thi ctia e, hoac es kich hoat su xuét hién cua eq. Do do, su két hop nay mang lai
mot mo hinh ngit nghia dai sé (ASM) cua Thuét toan 4.2 ding cho BDL. M6t cach



123

hinh thic hon thi ASMgpg: dugc mé ta nhu sau: ASMgpgc = {eg < €1,€9 <

e;,e Ve, e < ez e, <ez ez <eye3<es e, es den(eg ey es)}

Tu danh sach céc sy kién cua thuét toan 4.2 va dua vao mdi quan hé¢ phu thudc

gifta cac su kién duoc tao ra trong ASMgpgc, mOt may trang thai dic ta dai s cua

ASMSPEC dlIQC tao 6 hinh 4.13.

Cﬁng thie lOgic (ASMSPEC)

f= ﬁao<e1 Afeo<ez Af€1V62 A fel<e3 /\fe2<e3 A
0 fe3<e4 Aﬁa3<e5 Afe4#e5 Afden(eG,e4,es) =
(eo+e)N(eg+&) ANLA (ep+e&3) A(ez +€3)

AN (esteg)N(ez+es)N (e,+es)
A(eg+e,+es)=

tepe1836,6565 + €0€16,6,8585 e0e1€2€3€,€¢
tepereze364e5 + epe;e;e3e584 epe 82636465

ASAspgc  €g €1 e; e3 ey es eg
So 0O 0 0 0 O O0 O
5 100 0 0 0
S5 1 0 1 0 0 0 O
S3 1 1,0 0/ 0|0 O
Ss 1110000
Sg 1 11 1, 0/0 0
Sg 1 1. 1 1 0 1 O
Sy 11 1/ 1 01 1
Sg 1 1 1 1 1 0 O
Sq 1 11 11 0 1

Hinh 4.13. ASAspec cua thuiat toan 4.2

4.5.4. Két qua tong hop RTL

(eq, €1, €3, €3, 84, €5, &)

(eg, €y, €2, €3, €4, €5, €5)

(e €1, €3, €3, €4, 85,86) (e, €1, €3, €3, €4, €5, €6)

Trong do: u,v € {0,1} vau = v

(eg, €y, €2, €3,U, v, 5)
End

Hinh 4.14. ASA cua thuat toan 4.2

ASAgpr, € e e e3 e e e
So 0 0 0 0 0 0 0
51 1 0 0 0 0 0 0
S 1 0 1 0 0 0 0
S3 1 1 0 0 0 0 0
Sy 1 1 1 0 0 0 0
Ss 1 1 1 1 0 0 0
Se 1 1 1 1 1 0 0
S7 1 1 1 1 0 1 0
Sg 1 1 1 1 0 1 1
S 1 1 1 1 1 0 1
S10 1 1 1 1 u v 1

Trong dé: u,v € {0,1} vau # v

Hinh 4.15. ASARrTL cua thudt toan 4.2

Sau day 1a két qua tong hop RTL cua dic ta hanh vi thuat toan, két qua nay duoc

tao ra tir giai doan téng hop va duoc chuyén sang giai doan kiém chimg. M6 dun RTL
[CT.2] duoc dinh nghia. Pon vi diéu khién duoc tao thanh tir cac bude. Mdi bude
duoc danh sb va phai dugc thyc thi trong mdt don vi déng hd duy nhét. Hinh 4.14 da

thé hién don vi diéu khién nay cho thuat toan 4.2:

= Don vi xir Iy chira khai bao vé cac thanh phan ciu thanh don vi xir 1y.

= Pon vi diéu khién x4c dinh day tudn ty 1énh cuc bd can phat ra boi don vi diéu khién.

» Gan cd dinh x4ac dinh mot hoat dong can duoc l3p lai trong mdi chu ky déng ho.

4.5.5. Tao may trang thai RTL dai so

ASAgrp. (Hinh 4.15) duoc tao ra tir két qua cua tién trinh tong hop RTL. Do d9,
tir tién trinh tong hop RTL cia thuat toan 4.2 nhu dd duoc thé hién & hinh 4.14 din
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dén ASAgp, duoc tao ra & hinh 4.15.
4.6. Ngir nghia dai s6 dung cho RTL
4.6.1. Thuat toan 4.4 dung cho stream dang BDL

Thuat toan 4.3: Xt 1y tinh toan 01 stream dau vao bang cac phép toan xt 1y stream
(VO'I vong Igp) cho ra 01 stream dau ra va dugc gan CStep.

PAU VA0 0 € AY

Piura :y€A® CStep
1. Begin KT
2. al0] := take(o);

3. y := drop(al0]);

4, a[1] := split(a[0]);

5. y :=rev(a[l));

6. a[2] := zip(a[1] + a[0]);

7. y = drop(a[2]);

8. i:=3;

9. If (i <5) CStep

10. [ | := split(ali — 1]) + drop(ali — 2] + a[i — 3]);

11. = alil;

12. i=— i+ 1;

13. goto(10);

14. End if;

15. Sending(y);

16. End WY

Thuat toan 4.4: X ly tinh toan 01 stream dau vao bang cac phép toan xir ly stream
(vdi vong lap) cho ra 01 stream dau ra va dugc gan cac su kién.

Pau vao : o € A
Piura :y €A®

1. Begin Sw kién
2. al0] := take(o); _ eo
3. y :=drop(a[0)]); _ e1
4, a[1] := split(al0]); _ e,
5. y :=rev(a[l]); _ e3
6. al2] := zip(a[1] + a[0]); _ ey
7. y = drop(al2]); _ es
8. i:=3; _ €¢
9. If (i <5) — ey
10. ali] := split(ali — 1]) + drop(ali — 2] + a[i — 3]); _ eg
11. y = ali]; _ €9
12. i:=1i+4+ 1 _ €10
13. goto(10); _ e11
14. End if;

15. Sending(y); _ 1
16. End

Thuat toan 4.4 phan b danh sach cac su kién cho céc phép toan stream (merge,
drop, take, zip, split, vd assign) véi mot CStep duy nhat. Cac budc tong hop tinh
toan BDL dua trén phép tinh stream dugc mo ta thong qua minh hoa anh xa cac stream
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dau vao o € A® sang céc bo t6 hop stream dau ra thanh y € A® nhu duoc dinh nghia
thuat toan 4.4.

Xét téng hop tinh toan BDL dya trén phép tinh stream thdng qua minh hoa tinh
to4n mot mang céc stream dang BDL, cu thé 1a mang a bao gom mét phép toan assign
két hop mot sé phép toan take, split, zip, drop va merge trén BDL nhu sau: a[0] :=
take (o), a[1] := split(a[0]), a[2] := zip(a[1] + a[0]), véi s6 nguyén bat dau i =
3 va s6 lan lap tdy y 1a i nhung két thic lap khi i <5, cung cap ali] :=
split(ali — 1]) + drop(ali — 2] + a[i — 3]) va 4nh xa cac stream vao dau ra y
duge xac dinh boi thuat toan 4.4. Xét tong hop tinh toan BDL duya trén phép tinh
stream thong qua minh hoa nay dé tinh toan stream dau vao o € A®, va cudi cing
anh xa cac stream sang dau ra y duoc xac dinh boi thuat toan 4.4.

4.6.2. May trang thai dai s6

Hinh 4.16, mdt duong di thong qua may trang thai nhu vay duoc goi la chay tu
dong hoa qua phép tinh 7. Tap cac phép tinh chap nhan bai mot bo ba A duoc biéu
dién bang ky hiéu C(A) qua dinh nghia 4.1. B6n may trang thai dai s6 ctua sau CSteps
bao gom bon trang théi trong CStep 1 va CStep 2, hai trang thai trong cac CStep 0, 3,
4 va 5 dugc thé hién chi tiét o hinh 4.16(a), 4.16(b) va Hinh 4.16(c). Trong ngit canh
thiét ké cac hé théng, cac don vi chic ning 1a cac thanh phan chinh thuc hién cac
phép toan hoac cac nhiém vu cu thé. Thong thudng, ching dugc tich hop vao mot thu
vién biéu dién anh xa giita chitc ning cta chling va cac phép toan lién quan
[CT.1][CT.2]. Cac don vi chirc ning c6 thé 1a cac trién khai hda cua:

= Cdc phép todan don dung: Puoc thiét ké dé thuc hien mot phép toan cu thé. Minh
hoa méot b tron [a mot phép toan don dung thuc hién viéc tron.

= Cdc phép todan da dung: Pa dang hon va c6 thé thyc hién nhiéu phép toan khac
nhau. Thong thuong, chling co cac tin hiéu diéu khién dau vao cho phép chon
lya phép toan mong muén. Minh hoa mét don vi logic toan hoc (ALU) c6 thé
thuc hién cac chirc nang khac nhau nhu merging, splitting, va phép toan logic
tdy thudc vao céc tin hiéu diéu khién ma né nhan duoc.

Tiép can mo dun hoa nay cho phép linh hoat va hiéu qua hon trong thiét ké hé
théng. N6 cho phép cac nha thiét ké xay dung cac hé théng phirc tap bang cach két
hop cac don vi chirc ning nay theo nhiéu cach khac nhau. Trong hinh 4.16(a), c6
mudi lim don vi chirc ning don dung duoc yéu cau dé trién khai mudi phép toan sau:
split, take, zip, rev, drop, merge +, copy e, assign :=, <, varegister m.

Hinh 4.16(a) biéu dién RTL cua thuat todn 4.4 véi cac CStep. CStep 0 thuc hién
mot phép toan taking. Sau do, két qua duoc luu trit trong thanh ghi s6 1. Tiép theo,
CStep 1 thuc hién ba phép toan nhu sau: copy, drop va split bang viéc st dung cac
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gia tri cua thanh ghi sé 1. Sau d6, két qua duoc luu trit trong hai thanh ghi sé 1 va 2.
Tiép theo, CStep 2 thuc hién nim phép toan nhu sau: assign, copy, merge,
reverse, va zip bang viéc sir dung cac gié tri cua hai thanh ghi s6 1 va 2. Sau d6, két
qua duogc luu trir trong viéc tai sir dung lai hai thanh ghi sé 1 va 2. Tiép theo, CStep
3 thuc hién hai phép toan nhu sau: assign va drop bang viéc st dung céc gié tri ciia
hai thanh ghi s6 1 va 2. Sau d6, két qua dugc luru trit trong viéc tai sir dung lai trong
thanh ghi s6 1. Tiép theo, CStep 4 thuc hién nam phép toan nhu sau: assign, so sanh
nho hon hoic bang, merge, take va drop biang viéc st dung cac gié tri cua thanh
ghi s 1. Sau d6, két qua duoc luu trir trong viéc tai s dung lai trong thanh ghi s6 1.
Cubi cung, CStep 5 thuc hién mot phép toan assign trong viéc tai sir dung gia tri caa
thanh ghi s6 1 tir CStep 4, sau d6 giri két qua ctia phép toan assign ra ngoai.

O'¢ K
FU ; B4
(take) |iCStep 0 @ C
Yo =3| FU
o= (5
Y
]
— e
FU FU Cstep 1
(drop) (split) CStep 4
5 L2 3 FU FU
? 1SS ® | | it
g y R
= G
7 ' ) step 2 @rop) [ ()

<

CStep 5

y v
FU FU 4
(rev) (zip) F ? Py
FU
=)

Y

g g) ( dFrgp) Cstep 3 Ny
L 7] \—
(a) So @ RTL cua thuat toan 4.4 véisau  ¢) So dd biéu dién may trang thai dai s6 cho
CStep cung véi cac FUs va cac phép toan cac RTL voi sau CStep
Thanh ghi Thanh ghi
CStep 0 1 CStep 1 1 [ 2 |
Trang thai 0 (s5,°*) 0 Trang thai 0 (s2°/°°) 0o 0
Trang théi 1 (s;*/") 1 Trang thai 1 (s7°/5¢) 0 1
Trang théi 2 (s5°/*°) 1 0
Trang théi 3 (s5°/%°) 1 1
CStep 2 2 1 CStep 3 1
Trang théi 0 (s4°/*°) 0 0 Trang théi 0 (s°/) 0
Trang thai 1 (sf/*°) 0 1 Trang thai 1 (s7/%°) 1
Trang théi 2 (s5°/%°) 1 0
Trang théi 3 (s5°/%°) 1 1
Thanh ghi Thanh ghi
CStep 4 1 CStep 5 1
Trang théi 0 (s4°/*°) 0 Trang théi 0 (s%°/) 0
Trang thai 1 (Sfe/Se) 1 Trang thai 1 (558/53) 1

(b) Céc ma tran biéu dién may trang thai dai s6 cua thuat toan 4.4 véi sau CStep
Hinh 4.16. Biéu dién may trang thai dai s6 cho thuét toan 4.4 véi sau CStep
Hinh 4.16(b) biéu dién ma tran v6i sdu CStep va cac thanh ghi tuong tng, cu
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thé 1a biéu dién cho trang thai 0 (sse/ e) dén trang thai 1 (Sse/ ke

Se/Re

) cua CStep 0 voi

mot thanh ghi, trang thai 0 (50 e/R ) dén trang thai 3 (S ) cua CStep 1 véi hai

thanh ghi s6 1 va 2 va tuong tu CStep 2 ciing duoc biéu dién nhu vay, trang thai 0

Se/ Re) dén trang thai 1 (ss /Re

) cua CStep 3 v61 mét thanh ghi va tuong tu CStep
4 va 5 ciing duoc biéu dién nhu vay. Hinh 4.16(c) 12 mot so dd mo ta ma tran Hinh
4.16(b) biéu dién may trang thai dai sé cho thuat toan 4.4 véi sau CStep.

Chuong nay trinh bay mét tich may trang thai dai s6 trong phan 4.6.3 cho phép
ddc ta mé dun hoa tién trinh phtrc tap hon s€ dugc dac ta cu thé. Trong d6, mdi tién
trinh con c6 thé dugc mo hinh héa bang may trang thai dai s6 va tinh ddy du cua tién
trinh mé hinh hoa c6 thé dat dugc bang cach tinh toan tich mdy trang thai dai sb cia
hau hét cac tién trinh con.

4.6.3. Tich may trang thai dai so ciia thuat toan 4.4

Biéu dién hai tién trinh giri Se va nhan Re cd thé duogc lién két voi nhau nhu
trong hinh 4.17(a) va 4.17(b). Cho hai tién trinh Se = (X5¢,s5¢,T5¢) va Re =
(XRe, sRe, TRe) twong (g hai may trang thai & md hinh hoa tién trinh Se va Re.

Gia sir rang dau vao hoic dau ra cua Se 1a twong duong voi dau ra hoidc dau vao
cua Re, vay cac tién trinh nay co thé duoc lién két véi nhau nhu trong hinh 4.17, trong
d6 hinh 4.17(a) 12 mot ma tran biéu dién cho ba muoi hai trang thai cia nam thanh
ghi va sau d6 hinh 4.17(b) 1a mét so d truc quan biéu dién cho cac RTL ciia ba muoi
hai trang thai véi nam thanh ghi. Mdi trang thai trong Se X Re 1a mot cap bao gom
mot trang thai tir Se va mot trang thai tir Re. Viéc chay cua tich may trang thai dai
s6 cia Se va Re dudi dang sau Se x Re qua tinh toan dwgc chip nhan T =
{(1,1,1,0,0)(1,1,1,0,1)(1,1,1,1, 0)} thé hién nhu sau:

Rey  (11,1,0,0) Rey (L1101 Rey (L111,0)
(S3 !SO )—)( 3 781 )—)( 3 )SZ )—)(53 183

Trong trang thai (s3¢, s&¢) voi sy kién (1,1, 1,0, 0), tich may trang thai dai s6
Se x Re dugc thuc hién bang cach thuc thi Se tir trang thai s5¢ va song song thuc thi
Re tir trang thai s&¢ va song song thuc thi Se va ctr tiép tuc nhu vay.
4.6.4. Sy twong duwong ciia cac thuat toan

Cho thuat toan 4.4 va 4.4’ 1a hai thuat toan vong lap va A va A’ la hai may
trang thai dai so twong ung cua ching. Thuit todn 4.4 va 4.4’ tuong duong <
C(A) = C(A).
4.6.5. Ngir nghia dai sb ciia thuat toan 4.4

Ngit nghia dai s6 duoc xem nhu khia canh dai s6 6 thé dugc dién giai nhu may
trang thai dai s6 voi tap cac sy kién A va tap trang théi c6 thé c6 X. Khi chuyén dén
mét trang thai s, cAc may trang thai dai s6 thuc thi mot s6 chuyén tiép qua céc sy kién
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dé dat dén mot trang thai thay thé cua s. Mi tinh toan c6 thé c6 cua ngit nghia dai s6
tuong Umg voi timg viée chay ctia cic may trang thai dai sb va viéc thuc thi ngir nghia
dai s6 chi dinh ra tap chay cua cac may trang thai dai $0.

May trang thai dai s6 trong mot mé hinh ngir nghia dai s6 dwoc biéu dién bang
tap sy kién A va céc su kién xay ra voi mdi trang thai 1a quan hé chuyén tiép T. Mot
cach tiép can thuc té hon dya trén cac mdi quan hé giira cc trang thai, mdi mdy trang
thai dai s6 duoc mé hinh héa nhu mot tap hop cac quan hé gitra cac trang thai va ddi
v6i mdi quan hé nhu viy c6 mot ngit nghia dai sé twong ung. Ngit nghia dai s6 cua
mdi quan hé gitta cac trang thai dugc xem nhu mot tinh chét cua may trang thai dai

s6. Do d6, su két hop cuia cac tinh chat dan dén may trang thai dai s0.

Céc thanh ghi | e
Se X Re 1 2 3 4 5 AW
=GP xs) 0 0 x y 2
si=(s*xsfe) 0 1| x |y z
sp=(sg¢xsf) 1 0 x y z
si=(sf*xsfe) |1 |1 | x|y |z
Trong d6: x,y,z € {0,1}va x # yvay # z;

i,j,k,1 =103] c N* =Nu (0)
(a) Ma tran nay biéu dién ba muoi hai (b) So dd biéu dién may trang thai dai s cac
trang thai cua nam thanh ghi RTL cta ba muoi hai trang thai

Hinh 4.17. Két ndi céc tién trinh ciia Se va Re va tich may trang thai dai so
4.7. Thuét toan 4.4 cho cac két qua tong hop RTL
4.7.1. Pac ta thuat toan dya trén ngon ngir mirc cao

Thuat toan 4.3 dya trén ngbn ngr muic cao dwgc Mo ta, vi vay mot chuong trinh
duoc tao ra trong budc ndy. Cong viéc chinh trong qua trinh nay 1a cap nhat cac ché
do cua cac 1ap lich khac nhau. Do do, trong minh hoa ngdn ngr mo ta mac cao nhu
duoc chi ra ¢ thuat toan 4.4 trinh bay véi muoi ba su kién lién két véi cac cau 1énh
cua thuat toan nay, trong d6 mdi cau lénh dugc xem nhu 1a mot sy kién.

4.7.2. Tao md hinh duva trén ngir nghia dai s6 (ASM)

Vén dé cét I8i 1a viéc tao ra mot dac ta tha ty cuc bo ciia cac cau lénh chuong
trinh dwoc tao ra trong tiéu muc 4.6.1. N6i mot cach khac, dic ta nay duoc str dung
dé thé hién su phu thudc dir liéu cua cac cau Iénh can thiét dé tao ra dic ta hop ly dua
trén ngir nghia dai s6 ciia may trang thai dugc goi tat 1a ASAgpgc. Pé thuc hién nhiém
vy nay, can tham chiéu dén mot s6 méi quan hé co ban gitra cac sy kién ¢ tiéu muc
4.3 gdm: mai quan hé dgc ldp, méi quan hé truréc sau, moi quan hé xung dét, va moi
quan h¢ kha nang kich hogt phén bigét.

Tiép can cua chuong nay gilp tao ra md hinh dua trén ngit nghia dai s6 ASMgpgc
va sir dung cac mdi quan hé co ban giita cac su kién & tiéu muc 4.3 dé 4p dung vao
trong ngit canh cua thuat toan 4.4. Nhitng mdi quan hé nay c6 thé duoc trich xuét tur
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dic ta hé théng duoc cung cap trong mot ngdn ngit muc cao nhur trong tiéu muc 4.6.1.
Tap hop su kién dugc ky hiéu 1a A va cac méi quan hé r gitra cac su kién nay 1a cac
thanh phan chinh cua thuat toan. Nhitng méi quan hé nay dugc trich xuét truc tiép tur
dic ta cua thuat toan. Tiép can nay cho phép hiéu hon vé hanh vi caa thuat toan. Pay
la mét ki thuat cd thé cung cap thong tin quan trong vé cach hoat dong bén trong cua
thuat toan phuc tap.

Thuat toan 4.4 duoc phan bd cac sy kién, gom c6 mudi ba su kién duoc ky hiéu
la ey, eq, €5, €3, ..., €15, O ddy e, Xay ra trudc e,, e, Xay ra trudgc e,, e; doc lap voi
ey, €, Xay ra trudc es, ey Xay ra trudc e,, e, Xay ra trudc e,, e; doc lap voi e,, e, xay
ra trudc eg, es doc 1ap voi eq, eg Xay ra trudc e,, e; Xay ra trudc eg, eg Xay ra trudc
€9, ¢ Xay ra trudc e;, €9 Xay ra trudc e, €19 Xay ra trudc e, e; Xay ra trudc e,
Va e, Xay ra trudc e;,. Su két hop cua nhitng méi quan hé nay cho chiing ta vé mat
dic ta ngir nghia dai s6 cho thuat toan 4.4. Mot cach hinh thic, ASMgpgc duoc dinh
nghia hinh thic bén duéi, tir danh sach céc sy kién cua thuat toan 4.4 va cac méi quan
hé gitra cac su kién duoc tao ra trong ASMgpgc, MOt may trang théai dac ta dai s cua
ASMgpgc duoc tao ra ¢ hinh 4.18.

ASMSPEC = {eo < ey, €p < ey, 61Vez, e, < €e3,€g < €4, < €y, 33ve4, ey < 65,65V66,66
< e7,e7 < eg,eg < €9,€5 < €19,€9 < €19,€19 < €11,€7 < €17,€7 < €13}

€g €9 €39 €17 €12 Cong thic logic (ASMgpgc)

s 1 1 1 1 1 1 1 1 1 1 1 0 0 f=feg=eNSeg=e, NSeyve, N Jfey<e,

s; 1.1 1 1 1 1 1 1 1 1 1 1 0 MNe<eNe<e,\ezve,Nfey<es

Sy 1 1 1 1 1 1 1 1 1 1 1 1 1 /\ fESVeﬁA feﬁ<e7 /\ fe7<es/\ fes<eg

s 1111111110000 " Jeocer fer<ern fesg<en N fer<ens

3 A fe,<e,, = (€0 +€1) A (ep +

Sy 11111 1 1 1 1 1 0 0 0 g)A1A (e, + &) A (ey +

ss 11,1 1 1 1 1 1 0 0 0 0 0 éA(ez+e)A1A(es+

s 1 1 1 1 111000 0 0 o0 @A Alste)Aler+
eg) N (eg +&5) A (e +

s, 1 1/1 01 00 0 0 0 0 0 0 gypA(e,+a0)A e+

s 1 1 1 1 1 0 0 0 0 0 0 0 0 gpAle,+e)A(e,+ep)=

S 11 1 1 1 1 0 0 0 0 0 0 0 ©0€2€s€e7s9€10 ++
€0€2€4€6€7€65€10€11

S 1,010 0 00 00 00 0 0 Jfr 0 ~r

s5; 111,000 0 0 0 0 0 0 0 eeyesealoioeiiCiz+

S 1 0 0 0 0O O O O O O O O O C0626467€869€10€11612 +

ss 1,10 0/ 0 0/ 0 0 0 0 0 0 o 60¢%CCee0enet
€0€3646567€869€10€11617 +

S1a o 0 0 0 0 0 O 0O O o0 O 0 O 8165838,8-6,8385€10611€12

Hinh 4.18. ASAspec cua thuat toan 4.4
4.7.3. Két qua tong hop RTL
Day 1a két qua cua tong hop RTL cho mét dic ta hanh vi thudt toan, mot budc quan

trong trong thiét ké cac thanh phan sau day [CT.2].
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= Pon vixir [y: Chira cac khai bao ctia cac thanh phan tao nén don vi xir . N6 chiu
trach nhi¢m thuc thi cac hoat dong dugc xac dinh trong mé ta RTL.

= Pon vi diéu khién: Pon vi nay xac dinh chudi 1énh ndi bd phai dugc phat ra boi
don vi diéu khién. N6 truc tiép diéu huéng hoat dong ctia bd xir 1y va diéu phdi
cac hoat dong cua cac thanh phan phan ctng khac.

= Gan cd dinh: Piéu nay x4c dinh hoat dong phai duoc Lip lai trong mdi xung ddng ho.

Do 1a mot phﬁn quan trong cua thiét ké dam bao hoat dong chinh x4c ctiia mach.

Begin (€9, &1, &3, €3, €4, €5, &, €7, &g, 89, €19, €11, €12)

(eo, €1,83, 63,84, 65,6, €7, €Eg,€E9,810,€11, 6‘12)’/ \\(e()n ey, 3, 3,84, €5, €, €7, €3, €, €10, €11, €12) :
e P

ofo ;

(eg, €1, €3, €3, €4, €5, €4, €7, €5, €9, €10, €11, €12) ™/ (€0, €1, €2, €3, €4, €5, €6, €7, €3, €9, €10, €11, €12)
N

®

Hinh 4.19. May trang thai dua trén ngir nghia dai s6 cua thuat toan 4.4

@ (&g, €1, €2, €3, €4, €5, €6, €7, €5, €9, €10, €11, €12)

Sau giai doan tong hop, thiét ké chuyén sang giai doan kiém chimng, trong d6 chc
ning va hidu ning cua thiét ké duoc kiém tra so v6i cac dic ta ban dau. Day 1a mot bude
quan trong dé dam bao tinh dang tin cdy va kha nang ciia sin pham cudi ciing. Don vi diéu
khién duoc tao thanh tir cac bude, mdi bude duge danh sb va phai dugc thuc thi trong mot
don vi xung dong ho duy nhat. Thuat ton 4.4 cho thay don vi diéu khién.

4.7.4. Tao may trang thai RTL dai s6

May trang thai ASAgyy, ctia phan nay can dugc tao ra tir két qua tong hop RTL cia
thuat toan 4.4. Do do, tu téng hop RTL cua thuat toan 4.4 da duoc chi ra ¢ hinh 4.19 va
may trang thai ASAgy, dd dugc tao ra ¢ hinh 4.20.

ASAqg eyp e; e, e3; ey es e e
So 0 0 0 0o o 0o 00 o0
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Hinh 4.20. ASARrTL cua thuat toan 4.
4.8. Két qua so sanh va thao luan
4.8.1. Két qua so sanh giira ASMspec Va ASMRrTL

Trong viéc so sanh gitra ASAgpgc V& ASAgy (ctia thudt toan 4.2 hoac thuat toan
4.4) @é kiém chung tinh dung dan cua cac két qua tong hop RTL va SPEC can xac
dinh cac tinh chat sau.

Pinh nghia 4.3 (Tinh ding din cia két qua tong hop RTL): Mot két qua
tong hop RTL duya trén ngir nghia dai s6 13 chinh xac néu dap tmg tit ca cac yéu ciu
cua dic ta dai sd.

Pinh ly 4.1: Mot két qua tong hop RTL dya trén ngir nghia dai s6 1a chinh xac
néu va chi néu C(RTL) = C(SPEC) (Pinh nghia 4.1). N6i mét cach khac, tap hop céc
tinh toan dugc chip nhan boi RTL twong duong véi tap hop tat ca cac tinh toan dugc
chip nhan bai SPEC.

Chikng minh: Déi véi phan "néu”, khi €(RTL) twong dwong vai C(SPEC), thi
mot két qua tong hop RTL 14 chinh xé4c theo dinh nghia 4.3. Bé chung minh phan
"chi néu", luan an can chiing minh rang néu C(RTL) # C(SPEC) thi két qua tong
hop RTL khong chinh xac. Do d6, c6 hai trudng hop can duoc phai kiém ching sau:
= NéuC(RTL) c C(SPEC), thi ton tai mot yéu cau tinh toan T € C(SPEC) \ C(RTL) khong

dugc tong hop trong két qua RTL. Theo dinh nghia 4.3, két qua cta tong hgp RTL khong
chinh xac.
= Néu C(SPEC) c C(RTL), thi dic ta va tong hop RTL khong twong duong. Dé rat ra hé
qua tr diéu nay, hanh vi tinh toan cta chung 1a khac nhau. Hay néi mét cach khéc, két
qua ctia téng hgp RTL khong chinh xac.
4.8.2. Thao luan
Nhitng nhan xét trén cho thay néu thuat toan téng hop da tao ra mot két qua

RTL hi¢u qua va sau d6 so sanh va ddi chiéu duoc thuc hién, & day nhu 1a mot danh
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gia dé kiém tra xem ASAgyy, 12 trong duong voi ASAgpgc. Nhan thay, hinh 4.13 va
hinh 4.15 cua thuat toan 4.2; hinh 4.18 va hinh 4.20 cua thuat toan 4.4, ca hai thuat
toan nay cho thiy € (SPEC) 1a tuong dwong véi C(RTL). Do d6, tiép can kiém ching
hinh thirc ndy da chting minh duoc tinh ding dan cua két qua tong hop RTL cho thuat
toan 4.2 va thuat toan 4.4 (Xem bang 4.1).
Bang 4.1. Noi dung so s&nh ASAspec va ASARTL

Noi dung so
sanh

ASAspEC

Nhan xét / Két luan

Nguon goc

Puoc dac ta tir yéu
cau dua theo khong

Puoc sinh ra tir

thuat toan tong
hop, tao thanh

ASARTL V3 ASAgpec 1a két qua

mo hinh gian Chu mo hinh RTL trién khai
thuec thi.
Dua trén két qua
Ngir nghia Duya trén dac ta sinh ra tur thuat ASARTL trong duong voi
hoat dong toan hoc ASAspec toan téng hop ASAspec
ASARTL

Bicu dién
trong ludn an

Hinh 4.13, hinh
4.15 cua thuat toan

Hinh 4.18, hinh
4.20 cua thuat

Hai c@p hinh nay minh hoa su
twong duong hanh vi thyc thi
va hanh vi dac ta cua hai mo

4.2. toan 4.4. hinh ASArTL va ASAspec.
Hﬁg‘éﬂnh C(SPEC): Ham | C(RTL): Ham
5 dicu khién trén tuong tng sinh C(SPEC)=C(RTL)
C(SPEC) va ASA ra trong ASA
C(RTL) SPEC g RTL
Kiém chimg tinh 1R . X
Tinh dung La coso dé kiém | twong dwong véi Ph,uong’ phdp k tem Chm,lg hu}h
L . < s < . aZ 1 thirc chirng minh tinh ding dan
dan chung dac ta. ddc ta dé dam ciia buée tdne h
bao RTL dung. £ op-
) Cac budc tong hop da tao mot
Két luan bic ta hanh vi Thuc thi ding | két qua RTL cho thuat toan 4.2
chung mong muon. dac ta. (Phi vong lap) va thuét toan 4.4

(Vong l3p) déu dung dan.

4.9. Phan két chwong 4
Chuong 4 nay da tao ra mé hinh ngit nghia dai s6 dwa trén khdng gian Chu dé

xir Iy stream dang BDL. M6 hinh nay cho phép dic td méi quan hé gitta may trang

thai mirc chuyén d6i thanh ghi (ASArTL) va may trang thai dic ta dai s6 (ASAspec)
ctia thuat toan 4.2 va thuat toan 4.4 dé kiém chimg cac két qua tong hop RTL va

SPEC gitp luan an c6 dugc mot trong ba két luan sau day:
= Mot két qua tong hop RTL va SPEC duya trén ngir nghia dai s6 1a chinh xac néu
va chi néu C(RTL) = C(SPEC);
= Néu C(RTL) c C(SPEC) thi ton tai mot tinh toan T € C(SPEC) \ C(RTL)
khong duoc tong hop trong két qua RTL dan dén két qua cua tong hop RTL

khéng chinh xéc;



133

= Néu C(SPEC) c C(RTL) thi dic ta va tong hop RTL khéng twong duong suy ra
hanh vi tinh todn ctia chung la khac nhau.

Nhan thay, dé kiém chtng tinh dung din caa mot két qua téng hop RTL, luan
an da chang minh ring két qua s dung mot ASM 1a chinh x&c néu va chi néu
C(RTL) = C(SPEC). N6i mét cach khac, tap hop tat ca cac tinh toan duoc dong thuan
b6i ASAgy, twong duong v6i nhimg didu dugc ddng thuin béi ASAgpgc.
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KET LUAN

<% PONG GOP KHOA HOC

Luéan an da nghién ctru, phan tich, phan loai, tong hgp va so sanh céc ti€u chi

dic trung cua 1y thuyét stream, tir 46 cho thdy rang 1y thuyét stream (bao goém dai s6

stream va dong dai s6 stream) 1 nén tang 1y thuyét co ban dé xay dung mét sé khung
Iy thuyét hinh thirc cho BDL va dé phat trién cac hé thong BDL phd bién hién nay.

Luan 4n di mé rong 1y thuyét stream dé giai thich, dién giai va ching minh co ché

hoat dong cua stream dang BDL, diéu ma trude day chua c6 mot nén tang toan hoc

nao thyc hién. Cac dong gép khoa hoc cua luan an nhu sau:

= Péng gop 1: Xay dung co sé dai s6 stream dung cho stream dang BDL trong
IoMT [CT.1][CT.2][CT.3][CT.5][CT.7][CT.8]

Phdn tich 1y thuyét stream: Cac nghién ctru da tién hanh phan tich toan dién ly
thuyét stream nhu 14 co sé cho cac nghién ciru sau nay.

Xdy dung muoi phép todan xu [y stream: Xay dung mdt tap hop muoi phép toan
xtr 1y stream dang BDL, cung cip cac kha ning tuong tac phong phu cho céac
hé thong stream dang BDL.

T6 hop cdc phép todn xir Iy stream thanh cac biéu thirc stream méi: Tach biét,
quan hé, va két hop cac phép toan xir Iy stream dang BDL thanh nhiing biéu
thirc stream méi phtrc tap.

MG réng dai so stream va dong dai s6 stream: Nghién ctru va phat trién hinh
thai md rong cua dai s6 stream va d@)ng dai s6 stream d6i v6i stream dang BDL
trong CS.

Céu triic dai s6 monoid: Khao sat va xay dung cdu tric dai s monoid nhu mot
khia canh dai sb co ban.

Tinh chdt monoid: Phén tich céc tinh chat ctia monoid va g dung vao stream
trong hé sinh thai IoMT.

Xay dung kich ban dé mo phong va kiém ching danh gia cac phép toan xir ly
stream dung cho céc CS.

= Pong gop 2: Xay dung co ché lap lich xir Iy stream dang BDL [CT.2][CT.9]

Phdn hoach cdc phép toan stream: T6 chirc phan chia cic phép toan theo cac
khéi hop 1y.

e Ldp lich cho tinh toan BDL: Qua trinh xac dinh va phan phéi cac buéc tinh

toan can thiét cho mot ung dung cu thé. Trong d6, mot tién trinh dwoc dic ta
boi mot s6 budc tinh toan k > 0, twong tng voi cac phép toan stream dang
BDL ma ¢ng dung yéu cau thyuc hién. Mai phép toan xir ly stream nay s& duoc



135

gan vao mot CStep cu thé, dam bao rang trinh ty thuc thi duoc téi wu hoa theo
thoi gian. Cac CStep dugc danh s theo thir tw 0, 1, ... k, thé hién cac budc tuan
tu trong qué trinh tinh toan stream. Viéc lap lich 1a phan phdi hop 1y cac phép
toan xir 1y stream sao cho dap Gmg duoc cac rang budc vé hiéu ning, toi uu hoa
d6 tré, va dam bao tinh dung dan ciia tién trinh thyc thi.

e Cdp phat va lién két thanh ghi: Thiét ké co ché quan Iy thanh ghi hiéu qua.

e Cdp phat va lién két don vi chirc nang: Toi wu héa viée cap phat don vi chirc
nang trong xu 1y stream dang BDL.

e Toiwu héa ldp lich theo co ché dwong dng: Xay dung mé hinh quy hoach tuyén
tinh dé t6i wu hoa 1ap lich theo co ché dudng dng trong xir Iy stream dang BDL.
Viéc tdi vu hoa 1ap lich nay nham mang lai khai thac cac loi ich cbt 15i gém:
Giam d9 tré, tang thong lugng, cin bang tai, va toi vu hoa tai nguyén.

= Pong gop 3: Xay dung md hinh ngir nghia dai s6 (ASM) [CT.4][CT.6]

e M0 hinh ASM: Xay dung mé hinh ngir nghia dai s6 ASM nham xu 1y stream
dang BDL mdt cach c6 hé théng.

o Quan hé giita ASArTL va ASAspec: Dic ta mdi quan hé giira hai loai may trang
thai ASArTL va ASAspec dé kiém chung cac két qua tong hop SPEC va RTL.

<+ HUONG PHAT TRIEN

Céac huéng phat trién cua luan an khong chi nhan manh viéc giai quyét cac
van dé ki thuat hién tai ma con mé ra cac tiém niang 16n cho viéc phat trién Iy thuyét
va ting dung thyc té trong céc hé thong xu 1y stream dang BDL. Luan an dé xuat mot

s6 huéng phat trién trong tuong lai nhu sau:

= Xay dwng mé hinh tong quat toi wu héa 14p lich theo co ché dwong ong
e M0 hinh téng quét t6i uu hoa 1ap lich theo co ché duong ong.
e M0 hinh téi wu hoa 1ap lich theo co ché duong ong cho thuat toan vong lap.

»= Mé rong cac phép toan xir ly stream dang BDL

e Phat trién thém céac phép toan stream vugt ngoai mudi phép toan dd c6 nham
nang cao kha nang mé hinh hoa va kiém ching hinh thic co ché hoat dong cho
stream dang BDL.

e Tim kiém cac céch tiép can méi dé hinh thac hoa toan dién stream dang BDL
thdng qua viéc mo rong cac phép toan xu ly stream.

e Ap dung cac md hinh Iy thuyét stream dé xay dung ung dung cho dit liéu 16n
dang livestream trong thyc tién.

= Xay dung tién trinh phan ra stream dang BDL
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e Xay dung va phét trién tién trinh phan ra stream, chia nhoé stream dang BDL
thanh céc frame nho hon dé &p dung vao xu ly stream.

e Giai quyét cac thach thirc trong viéc tdi uu héa va trién khai hiéu qua tién trinh
phan ra stream trong thuc tién.

= Xay dwng cac céu tric dai s6 méi cho stream dang BDL
e M0 rong tir ciu trac dai s6 monoid da phat trién sang viéc xay dung cac cau
truc dai s6 phac tap hon nhu: dan; vanh; trudng dé hinh thic hoa co ché hoat
dong cho stream dang BDL.
e Pam bao cé4c ciu tric dai s6 ndy dap g duoc yéu cau md hinh hoa va kiém
chtrng hinh thic cho stream dang BDL.
= Phat trién ly thuyét stream tich hep véi dir liéu lon
e Phan tich va mé rong ly thuyét stream dé phuc vu xir Iy dit liéu 16n, voi sy tich
hop cua:
o Cac cau trac monoid lién quan.
o Cac md hinh bién dbi di ligu lon.
o Céc may trang thai dung cho viéc chuyén doi dit liéu 16n.
o Céc bo t6 hgp cho may trang thai trong ngit canh dix liéu lon.
= Nghién ciru tinh toan dir liéu Ién trong hé thong tinh toan
e Tap trung vao cac dic tinh cu thé cua hé thong tinh toan lién quan dén dix lidu
6N nhu sau:
o Cac phép bién doi dix liéu.
o May trang thai va cac bo t6 hop trang thai.
e Phat trién cac phuong phap va cong cu hd trg nghién ciru, khai thac sau hon
nhitng dac tinh nay trong tuong lai.

= Xay dwng mot sé khia canh ngir nghia dai sé trong hoat déng ciia BDL
e Phat trién mot sé tinh chat ngir nghia dai s6 trong hoat dong cua BDL.
e Phat trién mot s6 luat dya trén ciu tric dai s6 trong hoat dong cua BDL.
e Phét trién mot s6 b to hop va cac quan hé caa ching trong hoat dong cia BDL.
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