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MO PAU
1. Ly do chon d@ tai luin an

Dit liéu 16n dang livestream (BDL) ton tai & nhiéu hinh thugc, hién tai
tac gia chua tim thdy nén tang toan hoc nao dinh nghia, giai thich va chimng
minh co ché hoat d6ng cua BDL.

Livestream I hinh thtc phd bién hd trg nhiéu linh vuc (Hinh 1), tao ra
lwong 16n dir liéu nhu van ban, hinh anh, &m thanh, video thoi gian thuc. Su
phét trién manh mé cua livestream nhu vay nhung chua c6 co s Iy thuyét
nao giai thich mot cach hinh thirc vé co ché hoat dong cua livestream.

Luén an xay dung c&c phép toan stream, t hop cac phép toan nay thanh
cac biéu thtrc stream méi, cac khia canh dai sd, co ché lap lich, mé hinh ngi
nghia dai s6 @& hinh thirc héa co ché hoat dong cua stream BDL (Hinh 2).

Co ché duong ong (Pipelining)

Béan N . .

hang bauvao ™ HINH THUC HOA STREAM DANG BDL >
online Stream | Hinh thic hoa co ché hoat dong ciia stream [CT3][CT.5][CT.7] >

> . R -

dang = Dic ta hinh thirc va tiép can dong quy nap [CT.1][CT.2][CT.8][CT.9]
. BDL Ll >
Livestream . " N - . : & rev “

trong CS »= Mdy trang thai dua trén nglr nghia dai so [CT.4][CT.6] (£ %P9 »

Co ché dwong f)’ng (Pipelining)
Hinh 2. Hinh thirc héa co ché hoat dong cua stream
~ dang BDL trong CS
Hinh 1. Céc hinh thic livestream pho bién tao ra stream dang BDL trong CS

2. Thach thire khoa hoc
Duya vao md ta va phan tich hinh 1 va 2, va ly thuyét stream, luan &n gap
phai nhiing thach thac cho viéc hinh thirc hda stream dang BDL nhw sau:
» Théch thire vé tinh triru trgng cua md hinh hda stream dang BDL.
= Théch thirc vé phan tich tinh chat caa md hinh héa stream dang BDL.
= Théach thic vé kha niang kiém chirng hinh thic stream dang BDL.
= Théach thac vé tinh chat ty nhién cua stream dang BDL.
3. Muc tiéu nghién ciru
Muc tiéu nghién ctu cia luan an 1a xay dung mot sb khia canh dai s,
ti wru hoa 1ap lich, va md hinh ngir nghia dai s6 (ASM) dé hinh thiic hda (md
hinh hoa, phan tich tinh chat va kiém chtng hinh thirc) co ché hoat dong cua
stream nham dép ng ngit nghia dai s cua stream dang BDL trong CS.
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4. Nhirng dong gop méi ciia ludn an

= Xay dyng mudi phép toan xir 1y stream, to hgp cac phép nay thanh cac
biéu thuc stream méi, mé rong dai s6 stream va déng dai sb stream, cdu
trdc dai s6 monoid, va tinh chat monoid dung cho stream dang BDL
trong loMT [CT.1][CT.2][CT.3][CT.5][CT.7][CT.8].

= Xay dung co ché 1ap lich xur 1y stream dang BDL va t5i wu hoa 1ap lich
theo co ché duong dng ding cho stream BDL [CT.2][CT.9].

= Xay dung md hinh ngir nghia dai s (ASM) dé dic ta mdi quan hé giira
ASAgT VA ASAspec trong kiém ching két qua tong hop RTL va SPEC
[CT.4][CT.6].

5. Cau tric cia ludn an
3. VAN DE CON CAN GIAI QUYET VA

| 1. DPONG CO VA BAI TOAN | ’ 2. GIAI PHAP VA KET QUA ‘ ’ XU HUGNG TUONG LAI ‘
¥ ¥ ¥

‘ Chuong 1. Tong quan phan tich dit liéu 16n dang ‘
Livestream [CT.1,CT.3,CT.8]
¥
Chuong 2. Xay dung mot s khia canh dai s6 ciia stream
dang BDL trong IoMT [CT.2,CT.3,CT.5,CT.7]

MO PAU KET LUAN
[CT.1,CT.2,CT.3,CT4,CT.5CT.6, ||» Churong 3. Dic @ hinh thirc va tiép can déng quy nap & |[™] [CT.1,CT.2,CT.3,CT4,CT.5CT.6,CT.7,
CT.7,CT8,CT.9] kiém chimg tong hop tinh todn BDL dua trén phép tinh CT.8,CT.9]
stream [CT.2,CT.9]

¥
Chuwong 4. Ngir nghia dai so0 mirc chuyén doi thanh ghi
trong tong hop tinh toan BDL dua trén phép tinh stream

Hinh 3. So dd céu trlc cua luan an

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

1.1. Phat sinh dir liéu 16m true tuyén

Dir liéu 1a trung tim thac day nghién ciu va doi méi, xoay quanh quy
trinh, thuat toan, mé hinh toan hoc va hinh thirc héa. Sy phd bién cua thiét
bi thdng minh, mang x& hoi va tai nguyén web lam gia tang dir liéu lon truc
tuyén, dac biét 1a dit liéu Ion dang livestream (BDL).
1.2. Mt sb tinh chit dic trung caa dir li¢u 16n

Mot s6 thach thac ki thuat va cong nghé lién quan dén mudi mét tinh
chat dic trung cua dir liéu I6n, gom: 9Vs - 1C - 11 [CT.1] (Hinh 1.1).
1.3. Hoat dong livestream

Phan tich stream dang BDL xir ly dir liéu lién tuc, phu hop véi cac
ngudn da dang (dix liéu cé cau trdc, ban cau tric, phi cu trdc) va truyén theo
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thoi gian thuc. Livestream 1a phwong thirc phd bién hién nay (Hinh 1.2).
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LIVESTREAM

i video
video

Giri v
Xem

Big Data

o
S
1
a
@J
e
Giai doa
2015-20:

Ghi audio
Giri audio
Nghe audio

Big Data
Big Data in
Livestream

(BDL)
o[ 'ﬁ
) )
<>

Data Er‘
) %
=y

Hinh 1.1. Mét sb tinh Hinh 1.2. C4c hoat dong Hinh 1.6. Lich sfr,phét
chat dac trung cua dir liéu livestream trén cac nén trién cua cac thiét bi
16n 9Vs — 1C - 1l tang mang x& hoi tao dir liéu [CT.7]
1.4. Dir liéu l6m dang livestream (BDL)

Su phét trién cua thiét bi dién tur gan lién véi ngudn di liéu 1én qua tirng
giai doan (Hinh 1.6) [CT.7]. BDL trong BD d6i mat véi thach thirc ly thuyét
va k¥ thuat tir 11 tinh chat ¢ hinh 1.1, va BDL duoc xem nhu ddy frame tuyén
tinh gom van ban, hinh anh, am thanh, video, v.v. [CT.1]J[CT.2].

1.5. Sy khac nhau va giong nhau giita BD va BDL

Dién thoai

Guri
picture
Nhin
picture

May tinh

iai doan 1: Giai doan 2:
980-2000  2000-2015
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Bang 1.1. So sanh su khéc nhau va gidng nhau giira BD va BDL

BD Tinh chat BDL
* 7V, 1C, 11 ¢
e Stream bién d6i nhanh thai gian thuc
Variablity e Stream I(yln ,thdi gian tfn,xc v
Stream e Stream 09 t|, nh bién d~c_>n,g
it v e Stream c6 tinh xen k& cac frame
tuong e Stream truc quan online

e Stream dap ttng ti’nh cam nhan cua thi giadc |V
e Stream c6 tinh bién dong thg‘yi gian thuc
e Stream dap tng tinh ra quyét dinh
Ghi cha: v 1a thé hién sy khac nhau; e 1a thé hién su gidng nhau
1.6. Co ché dudng éng trong xir Iy stream dang BDL
1.7. Ly thuyét stream ding cho stream dang BDL
1.7.1. Cac khai niém co ban
a) Dir liéu frame trong stream dang BDL

Trong [CT.1][CT.2], cac ky hiéu va kién thirc co ban vé stream dang
BDL dugc dinh nghia nhu sau: Cac ky hiéu o, 7, p, a, ... biéu dién stream, véi

Vision
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o € A?® laday (¢(0),0(1),...) vadao ham ¢’ = (a(1),0(2), ...). Cac phép
toan gom: drop, take, zip, split, rev, merge, x, ¢, =, va:=. V4i A® la tap cac
stream, con A la tap cac frame (van ban, hinh anh, &m thanh, video, v.v.).

b) Co ché ldp lich (Scheduling)

¢) Bude diéu khién (Control step - CStep)

1.7.2. Thé manh va han ché ciia dai s6 stream

1.7.3. Thé manh va han ché ciia dong dai s6 stream

1.7.4. Vai tro ciia mudi phép toan xir ly stream dang BDL

1.8. Pit nhirng vin dé nghién ciru

“1oMTE

Diiu vio

Stream |
dang

BDL — . — &
ree ¢i 10 phép todn stream T

TV:E EDI]

L e o0 )

ERRERE]

Co ché dudng ng (Pipelinin S~ — — |
Hinh 1.10. Khung hinh thtrc hoa stream thé hién 03 van dé nghién ctru cta ludn 4n
vé hinh thirc héa co ché hoat dong ctia stream dang BDL trong IoMT

CHUONG 2. XAY DUNG MOQT SO KHIA CANH DPAI SO CUA
STREAM DANG BDL TRONG IoMT
2.1. Gi6i thi¢u hé thong tinh toin
Sy buing nd thiét bi dién tir tao ra dit liéu 16n, gdbm stream BDL c6 tinh
chat phuc tap (Hinh 1.1, 1.6). Dya trén dic trung stream (Tiéu muyc 1.2, Hinh
1.1, 2.1) va han ché hinh thic héa (Hinh 1), luan 4n xay dyng cac khia canh
dai sb dé hinh thirc hda hoat dong stream, dap (g ngir nghia dai s6 cho BDL.
HE THONG TiNH TOAN (CS) (IoT va IoMT)
————————————————————————————————————————————————————————— »{ D liéu 16n o L
Thudc vé cdac dang thirc v
CAC LOAI CAU TRUC DU LIEU

Thugc vé cic dang thirc 4
[ Dt ligu 16n dang Livestream - BDL |}

Dir liéu c6 cau triic

D liéu phi cau truc

Puege sir dung dé hinh thirc héa *
CAC CAU TRUC PAI SO VA CAC TINH CHAT PAI SO
| Céu tric Monoids || Cic phép bién déi BDL ]| May trang thai BDL [ Cic b 6 hop cho mdy trang thi BDL |

Hinh 2.1. Hinh thac héa stream dang BDL trong céc hé théng tinh toan (CS)




2.2. Ly thuyét stream
2.2.1. Pai s6 stream dung cho phin tich stream dang BDL

Stream dang BDL gom c6 gia tri khoi dau 6(0), dao ham stream o’,
hanh vi va phuong trinh vi phan. Luan an xay dung 10 phép toan xtt 1y stream
(drop, take, zip, split, rev, merge, X, o, m, va :=) tir tiéu muc 2.3.3.1-2.3.3.10
va td hop chiing thanh biéu thirc stream & tiéu muc 2.3.4 ctia chuong 2.

Phép todn xuir ly stream mot ngbi A® - A®, ky hiéu la [ €
{drop, take, zip, split, rev} bang phuong trinh sau: []: 6 € A® —[] (0) €
A®. Phép todn xur ly stream hai ngbi A® x AY - A%, ky hiéu la ® €
{+, x,:=} béng phuong trinh sau: ®:0 EAY XTEAY 50 ® T EA?
[CT.2]. Him stream duwoc luan an dé xuit 1a o:N - A%, véi o =
(a(0), a(1),...), A® latap cac stream va A 1a tap cac frame [CT.1][CT.2].

Pinh ly 2.1: Vo € A®, A® Ia tap cac stream, ta c6 phuong trinh stream
nhu sau: ¢ = g(0) + (X X a').
2.2.2. Tap cac stream dung cho phan tich BDL

A® duoc dinh nghia trén A, A® = {o | o: N — A} la tap céc stream biéu
dién stream dang BDL, véi o = (6(0),0(1),...) € A®, gia tri khoi dau
0(0),daohama’ = (6(1),0(2),...). Vi moin = 0, dao ham bic cao duoc
dinh nghta: 0@ = g va o™ = (¢™)' [CT.1][CT.2].

2.2.3. Dong dai so stream dung cho stream dang BDL

Dinh nghia 2.14 (May trang thai stream dang BDL): Cho mot tap
htru han hoac v6 han cac phép toan stream ky hiéu T. Mot stream dang BDL
trong loMT 1a mot may trang thai stream c6 kiéu (IoMT, (0;om7> €1omr)) D20
gom T, mot tap céac trang thai 1oMT, mot ham dau ra oppy: [oMT —
(T — 2) va mot ham tién hoa e;opr: IoMT — (T = [oMT).

Pinh nghia 2.15 (Pong dai s6 stream dang BDL): Cho tap c4c stream
ky hidu {(IoMT, (0,07 €1omr))} dang BDL cua tat ca cac vat mang stream hitu
han hoic vo han ¢6 mot ciu trac ddng dai s6 gdbm mot cap phép toan (0, E)
dang {{IoMT,{0omr) €10mr )V} «)7’) 01omr X {{TOMT, {010mr, €10mT )} va phén tu
stream (IoMT, (0jomr, €1omr)) —> ({IOMT, (010m7, €10m7))(0), {IOMT, {010m7, E1omT))')-
2.2.4. Bai toan md phéng va kiém chirng danh gia cac phép toan stream
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a) Pit bai toan cho cac phép toan cin kiém chirng
Dit bai toan: Cho biét mot stream o; c6 nhiéu frame (Mbi frame 1a mot
bo (text, image, audio, video, v.v)) dau vao sau phép toan stream (Take,
Reverse, Drop, Split, Merge, va Zip). Luan 4n dé xuét kich ban sau day:
Kich ban: Kiém ching ngit nghia bao toan tinh dong nhét cua stream
gbc, giit tAp con, va lwong hoa cac chi s hiéu ning chinh KPIs (TP, LA, LP,
BA, BP, FI, 10) khi biét sau phép toan stream. Tirc 13, cho biét sau phép toan
XU stream, ludn 4n kiém ching ngit nghia va luong héa cac KPIs, véi mot
stream o¢; c6 nhiéu frame.
b) Phan tich diu vio va ra cho thuat toAn mé phéng cac phép toan

PAUVAO @ Frame di vao co ché dwong ﬁllg 3 giai doan: Decode—> Process — Encode
L {<=Dt Sai o F = - [ Decode
e in 0 0 [ Process
s g
5 . [ Erece
1
Y| stream; o s i i -
o|  Neudn i Phép toan S
£ fosuli] Reversing S 2 Fa Fy -
- s 6 e
g £
2 . N P 210 —
Hang doi vao Phép toan 2 — Bjdém Decode
ueuesi[i Droppin £ — Bodém Process
Q infi] pping E 05 — B¢ dém Encode
v v 200 3 3 3 5 6 7 8 9
” 2 1 Y
Phep toan o Bude diéu khién (CStep)
Taking Phép toan A
idx%l, 1, lkeep, Splitting ) i |
GOfavare @ @ Phép toan |/ 3
v v Zipping Decode Process Ntream
- — . Round-robin, [ (Gidimadd (| (X 1y tinh toan ] | ob
Hang doi git Phép toan Policy ligu tho) trén frame) | KPIs:
Queuesiepli] Merging 5 | TP, LM, LP,
4 Co ché dudng ng thuc thi: Decode — Process — Encode || || BA, BP, FI, 10
3 Frame ao ding dé giir nhip nén khong dua vao Decode cua o |; |
a(8 ché duong ong thyc thi (Padding=True) i Pipleline | DAURA
Ghi chi: —9> Ludng frame dén; 4> Ludng frame a0 hai chiéu; 3> M6 ta chi tiét frame duge di vio co ché duong bng (pipeline)

Hinh 2.10. So d6 diéu khién 15i vao Pipeline cua cac frame dén

Hinh 2.10 mé phong co ché diéu khién 15i vao pipeline gom 11 khéi:
Khéi ® cac ngudn sinh stream o;; Khdi @ dua frame vao Queuesin[i]; Khdi
® phép toéan taking chon frame theo ngudn; Khéi @ luu frame duwgc chap
nhan vao Queueskex[i]; Khbi ® c6 phép toan reversing, dropping, splitting;
Khéi ® phép toan merging tron stream; Khdi @ phép toan zipping nén da
ngudn truge pipeline; Khdi ® padding tao frame ao khi ngudn rdng; Khéi
@-® pipeline thuc thi nhan cac frame Fo—Fs mdi budc thoi gian. Ba Iop
chinh Taking ®, Zipping @, va Pipeline @ phéi hop chi phdi Khéi @, noi
hinh thanh cac KPIs (TP, LM, LP, BA, BP, Fl va 10).
¢) Thuét toan mé phéng cac phép toan xir ly stream
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d) Vai tro cia cac phép toan xir ly stream trong kich ban mé phéng
e) Dir liéu cho cac tham s cAu hinh ciia cac kich ban

Luan &n cung cap dit lidu cac tham sb cau hinh md phong ¢ bang 2.23.
Moi truong gia lap: colab.research.google.com va ngdn ngi 1ap trinh Python.

Bang 2.23. Dit lidu ctia cac tham s ciu hinh cho timg kich ban

Cic tham sb ciu hinh cho 6 phép toan xir Iy stream

Kich

bin Take va Zip Rev | Drop Split Merge
T|M fpsin 1| Ikeep |GOfaware | P l Llk| 1|k Use
KB1 |5 |1 [60] 4|[01,23]| False | Skip | 5 |8 ]2 |8 [[02]| False
KB2 |5 | 2 [60,45] 4| [13] False | Skip | 4 |4 |2 |4 [[02]| True
KB3 |5 | 3 [60,45,30] 4| [13] True | Skip | 3 [3 ]2 |3 |[02]| True
KB4 |5 | 4 [60, 45, 30, 20] 4| [02] False | Skip | 5 |5 |2 |5 [[02]| True
KB5 |5 | 5 | [60,45,30,20,15] | 4 | [1,3] False | Skip | 6 |6 |2 |6 |[02]| True
KB6 |5 | 5 | [60,30,45,15,10] | 4 | [1,3] False | Skip | 7 |7 (2|7 |[02]| True

f) Chay mé phéng va thu thap két qua KPIs
L4y cac tham sé cau hinh ¢ bang 2.23 dé chay md phong thu duogc két
qua luong héa KPIs. Két qua mé phong cua 6 kich ban duoc trinh bay chi

tiét o bang 2.24.
Bang 2.24. Cac KPlIs so sanh giira cac KPIs cua cac kich ban khi chay moé phong

Céc chi s6 hiéu niing (KPIs) dwoc lwgng héa dya vao tham sé cAu hinh

ban TP LM LP BA BP Fl 10
KB1 60.0 35.0000 35.0 2.0949 3.0 1.0000 0.0
KB2 52.4 36.2023 40.0 1.8921 5.0 0.9794 0.5
KB3 77.4 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 caa bang 2.24 cho thiy rang: KPIs phan &nh rd
tac dong tung chinh sach cho taking va zipping Ién hiéu qua van hanh cua
pipeline. Cu thé, dit 5 cau hai/trd loi dé phan tich sy thay dbi trong ciu hinh
mo phong lam thay d6i dang ké TP, LM, LP, 10 ciing nhu BA va BP.

2.3. Khung hinh thirc héa diing cho stream dang BDL trong loMT

Hinh thtc héa stream dang BDL gap théach thirc trong dai s6 stream va
ddng dai sb stream. Luan &n xay dung céc khia canh dai s6 dé mé hinh héa
co ché hoat dong cua stream [CT.1][CT.2][CT.3][CT.5][CT.7]. Tinh toan
stream dud6i dang mot cdu xa [oMT® — JoMT® dé tao ra co ché duong 6ng
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nham déap ng ngit nghia dai 50 cua stream BDL trong IoMT (Hinh 2.11).

r- _T_ 7 " Dai 56 Stream va 10 phép todn xit iy?ea? T =<F ===== Dﬁg‘afso?re‘aﬁuﬁobﬁ toanxuly sream 7 -
- 3 e S S o —
. Dai s6 f | J][! ‘ Pong dai s6 p T 2x

Khéng i

]
0 /"M hinh hoa hanh vi cia IoMT bing ciu tric dai s6 monoid va tinh chat monoid dang cho stream " 0
: dang BDL g

|
| Cac hlcn thirc r>

.| dai b stream ! -
| (Nglr nghia dai ;»
| s0 ciia stream |

! dangBDL) ™
-

dén va tinh day da

H ctia hinh thitc hoa

0 — - . 0
0/ Phan tich tinh chét v& céc phép bién ddi stream, méy trang thii cua stream va cdc bd t6 hop méy ) 0
s trang théi cia stream dang BDL trong oMT, CS H

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee LT
Cac ky higu: P . Déngdaisép W Dy tudn tuv0 han (Stream dang BDL)
tl—)  Hop tich 1o (Tidu myc 1.6.1, Muc d), Chiong 1) Baish f ——J» : Diu ra tir mot tién trinh (Ching han nhu tinh ding ddn va tinh diy da)
- . VPR, . ——» : Dau vao cho m hinh hoa
Tr : Ham tir T duge xéc dinh bing cac phép bién déi T (Ticu muc 1.6.1, Muc k), Chieong 1) [vao clomonmaer -
Fooo0 ) ) - Phép bién ddi cho lap luan thuit todn
0o oo FPhicia motiién rinh md hinh hoa va lap i cho céc inh chit BDL [ pit lgu 6 dang livestream (BDL)
ﬂ; . =ﬂ : Tién trinh (Chéng han nhu dai s6 stream hojc ddng dai s6 stream) (T M hinh héa hanh vi ciia ToMT hofic Iip ludn céc tinh chit cia ToMT

Hinh 2.11. Khung hinh thirc héa dung cho stream dang BDL trong loMT
2.4. Cau tric monoid ciia BDL trong [oMT
2.4.1. Ciu tric monoid ding cho stream dang BDL trong IoMT
Ap dung phép toan stream trong c4u triic monoid 1a tiép can nén ting dé
xtr Iy stream BDL. Luan an ky hiéu ® cho cac phép toan stream hai ngoi,
dung dé mo hinh hoa tién trinh ty dong xir Iy timg frame trong IoMT [CT.2].
Pinh nghia 2.16 (Ciu triic monoid): Mot monoid 12 mot bd ba
(IoMT,®,1), & d6 IoMT 1a mét tap hop cac trang théi hitu han hoic kiéu
cac stream dit liéu, cu thé 1a BDL. ®: [oMT x [oMT — [oMT la mét phép
toan hai ngoi trén JoMT, goi 1a phép ndi cac frame trong bi canh stream.
1 € IoMT 1a phan tir don vi, sao cho hai tién dé (2.23) va (2.24) théa man:
e Tinhchatkéthop: (x ®y)®z=x® (y ® 2), Vx,y,z € [oMT (2.23)
e Tinhchatddngnhit: 1®x =x ® 1 = x, Vx € [oMT. (2.24)
Dinh nghia 2.17 (Tich hai monoid): Cho (IoMTLZ,@,(,MTLZ, 1iomr, ,)
1a hai ciu trac monoid. Khi d6, tich ctia hai monoid nay 1a mot monoid
(IoMT; X IoMT,, ®,1), trong d6: phép toan stream ®» dugc cho bai:
(xxy)® (x"J‘/’) = (X @omr, X', Y Oromr, ¥'), Vx,x' € [oMTy va Vy,y' €
[oMT,, va phan tir don vi 1‘|él 1= (L1omrys Liomr,)-
Dinh nghia 2.18 (Dong ciau monoid cho stream): Cho (1oMT; ,,®
,1) 12 hai monoid. Mot anh xa h: [oMT,; — [oMT, duoc goi la mot ddng cau
monoid néu thoa man hai diéu kién: Bao toan phan tir don vi: h(1) = 1 va
bao toan phép toan stream: h(x ® y) = h(x) ® h(y), Vx,y € IoMT .
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2.4.2. Hinh thirc hoa stream dang BDL trong IloMT
Lu4n 4n mé ta quan hé cu trac va tinh chat monoid dé hinh thirc héa
co ché hoat dong cua stream BDL trong [oMT, dugc mo ta & so dd hinh 2.13.

. 25
Cau tric monoid cia BDL trong IoMT ‘

) 26
‘ Tinh chit monoid dung cho stream dang BDL trong IoMT

26.72:2661 ‘

Bo6 dém BDL trong [oMT

‘ Tron da kénh dau vao cho BDL o dé
BDLhuuhgnlmnglnMT 5563252 et

Lién két song song hoa cua cic mdy trang
thai cho BDL

i
ot
. 26 N . 2.6.6 26.7 26.8
Ciic tinh chfit monoid nén ting Bién déi BDL trong IoMT M3y trang thii ciia BDL trong IoMT || B t6 hop diing cho cic miy trang thii BDL
26.1 2661:263,262 2671 681
Khai niém quan hé thir tur dung cho Bién doi BDL BDL hinh thirc héa trong IoMT Nang cao tinh dong cau cud cac may
dac ta monoi trang thai cho B
26.62:263 5652

cho

Tach BDL thanh cé4c 16 B bién doi phang BDL trong IoMT

D 0 b pa2 ot Bién doi phing cia BDL B§ tron BDL trong [oMT Z8 k 5‘ 9, I3
a tap hiru han trong To = 1en &t nm iép cla cdc may trang thi
& 26064 : 262, 266 26.74: 2663 tho b,_tmng OM

266422681

26.4:2.63
Tép hitu han BDL trong loMT

265
BDL hiru han thési gian trong loMT

2675:2664 Lién két ph:
B9 tach thanh céc 16 trong loMT

cho BDL trong ol

B84:266.
an  hoi ciia cac n;\%_lrang thai

biéu dat co ché hoat ddng cia stream dang BDL trong loMT

‘ Mo phong v tuong duong hai chiéu ciia may trang thai cho BDL ‘
- 2677
‘Tinh nhét quan ctia céc méy trang théi cho BDL trong oM T

6.7.8
‘ Yéu 6 56 hoa ciia céc méy trang thai cho BDL trong IoMT ‘

26.79:26.7

Tinh trién khai v tinh nhéit qun cia cic mdy trang thai cho BDL
26.710:266

Tinh ddy du bidu cam cuia cic méy trang théi cho BDL trong [oMT

26.711:26.6.3,26.7.4,26.2
Tinh diing dén bién doi phang ciia cc may trang thai cho BDL
26.7612:2664,26.75
Tinh dtng dén b tich cua cac méy trang thai cho BDL

Hinh 2.13. So d6 két ndi cdu tric va cac tinh chat monoid dung cho stream
= Monoid (IoMT, ®, 1) la cau trac dai s6 diung dé hinh thirc héa co ché
hoat dong cua stream BDL trong loMT, cling véi céc tinh chit duoc trinh
bay & tiéu muc 2.5.1 va 2.6, chwong 2 cua lugn &n.
+ Dung cho tap trang théi hiru han (Tiéu muc 2.6.7, chwong 2 cia lugn an).
+ Duing cho kiéu cac stream dit liéu.
+ Dung dé mé ta co ché hoat dong cua stream dang BDL trong loMT.
* Y nghia khoa hoc va thyc tién:

o O O O

Xitr ly stream dir liéu dang BDL trong IoMT theo thoi gian thuc.
Duy tri livestream ngay ca khi c6 15i dix liéu.

Giam tai bang théng va tang tbc do xir Iy.

Pam bao tinh toan ven va bao mat dit liéu trong loMT.

+ Quan hé thir ty ding cho dic ta monoid (Tiéu muc 2.6.1, chiong 2 ciia lugn
an): Pugc ap dung trong cac tinh chét ciia monoid thoa man vé thir tu cua

frame, stream, trang thdi trong loMT.
« Tinh chat monoid (Tiéu muc 2.6.2-2.6.5, chwong 2 cua lugn an): Dic ta
tinh hitu han BDL trong tap cac trang thai hitu han cia may trang thai.
« Bién d6i BDL trong loMT (IoMT, ,) (Tiéu muc 2.6.6, chwong 2 cua lugn
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an): BDL duoc bién doi tir tap trang thai JoMT, sang tap trang thai IoMT,.

M@y trang thai cia BDL trong IoMT (Tiéu muc 2.6.7, trong chwong 2 ciia
lugn &n): Dé xuét cac may trang thai, gdm: Hinh thizc hda; Bé dém BDL;
Bé tron BDL; Bé bién doi phang BDL; Bé tach BDL thanh céc 16.

+ 04 bo t6 hop ding cho cac may trang théi stream dang BDL (Tiéu muc
2.6.8, trong chuong 2 cua lugn &n): M6 ta tinh ndi tiép, song song, tron, va
phan hdi cua cac may trang ding cho frame hoic stream dang BDL.

2.4.3. M4y trang thai cia stream dang BDL trong loMT

Luan an md hinh hoa co ché hoat dong va tinh toan stream xu ly BDL
trong IoMT béng céc ky hiéu (init, out, s, o, x, next, ®) trén so do trang
thai (Hinh 2.14), véi dau vao va dau ra la cac frame thugc hai monoid
(IoMT,,® 1) va (IoMT,,® ,1).

Luan an dé& xuat may trang thai G = (St, init, o, next, out) dé xu ly
stream dang BDL, bét dau tir init € St, tao frame du ra o € [oMT,, va tai
mdi budc tiéu thy dan cac frame dau vao x € loMTy, phét sinh dau ra
out(s, x) € IoMT, va chuyén sang trang thai tiép theo next(s, x) € St.

next, out) duge hinh thanh véi déu vao tir 1oMT; va
diu ra tir loMT,

[

Trang thii
chir (waiting:
init; out; s)
10MT; va
10MT;

Trang thii
tam dimg

Trang théi
phét song
(streaming;

1
(paused;
out; next; s)
10MT; va IoMT,

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

Trang théi chi
(waiting;
init; out; s)

phét song
(streaming;
%S @)

lowT. loMT.

Hinh 2.14. So d6 chuyén ddi trang thai  Hinh 2.15. So d6 chuyén doi trang théi cho h¢
cua mot hé thong livestream (IoMT) thong livestream (IoMT; valoMT,)
2.4.4. M6 phéng va twong dwong hai chiéu ciia may trang thai BDL
May trang thai G = (St, init, o, next, out) c6 dau vao tir [oMT; va
dau ra tir JoMT, (Hinh 2.15) v&i:

e Mot mo phong hai chiéu R € St x St cho G, néu véi Vs,t € St va x €
IoMT,, thi (s,t)€ER chi ra out(s,x)=out(t,x) ER va
(next(s, x), next(t,x)) € R.

e SRt chi ra sy twong dwong hai chiéu s ~ t néu ton tai mot md phong hai
chiéu R cho G sao cho sRt.

e Vs, t €Stvax € IoMT, s ~ t dam bao next(s, x) ~ next(t, x).
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CHUONG 3. PAC TA HINH THUC VA TIEP CAN PONG QUY
NAP DE KIEM CHUNG TONG HQP TINH TOAN BDL
DUA TREN PHEP TiNH STREAM

3.1. Gi6i thiéu

Livestream tur CS lién tuc tao ra stream dang BDL thoi gian thuc, doi
hoi su hd tro cua cong nghé va ky thuat phan tich stream hiéu qua. Xu ly
stream dong vai trd quan trong trong viéc dic ta cac hé thong dir liéu lon,
tiép can lap lich va kiém chang stream dang BDL van con bo ngo.
3.2. Pac ta hinh thire tinh toan stream dang BDL

Biéu dién tinh toan stream bang phép toan stream cho phép dic ta hiéu
qua duong dng nham giam do tré, ting thong luong, can bang tai va tbi uu
tai nguyén. Dic ta nay 1a mot ham tir A® dén A%, hd tro biéu dién cac mang
RTL. Chuong 2 da phan loai cac phép toan xur ly stream mot ngoi A —» A®
va hai ngdi A® x A® — A® nham phan hoach vao thuat toan 3.1.
3.3. Miirc chuyén déi thanh ghi véi thuat toan 3.1

Thuat toan 3.1 duoc ding dé khao sat mirc chuyén ddi thanh ghi, minh
hoa qué trinh tng hop BDL qua &nh xa ba stream dau vao o, 7, p € A® thanh
hai dduraa,y € A®,
3.3.1. Phan hoach cac phép toan stream dang BDL

I I\ i

|2

@ (+) & E*®)icwo
AT d e N
J 1 h 9
+ Cstep2
N ! a

) OO
\j ¥ \ v
Hinh 3.3. So d6 stream phan Hinh 3.4. So d6 phan hoach phép toan
hoach phép toan stream stream cho tinh toan BDL thanh cac CStep

Phép toan xur 1y stream dugc phan hoach vao so d6 stream (Hinh 3.3),
tuong ang voi ma thuat toan 3.1, véi cac két qua trung gian dugc gan tén
tryuc tiép trén so dd gdbm cac stream: a, b, ¢, d, e, f, g, h, i, j, k, I, m, va n.
3.3.2. Lap lich cho tinh toan BDL

Lap lich tinh toan BDL duya trén phép toan stream la tién trinh phan phéi
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cac phép toan stream vao cac CStep duoc danh s6 0, 1, 2,..., k (Hinh 3.4).
3.3.3. Cip phat va lién két thanh ghi
Trong cap phét va lién két thanh ghi gom budéc tong hop lap trinh stream
thuc thi hai nhiém vu nhu sau (Hinh 3.6): Nhiém vy 1, cap phat 1a xac dinh
thanh ghi can dé luu trir két qua trung gian gitra 2 CStep; Nhiém v 2, lién két 1a
anh xa cac két qua trung gian dén cac thanh ghi cho mdi CStep.
e Ir

3 o o

Cstep 0

2 = Q
:

EENRO)

N0
-l¢ :
= s
_E;z«ggia ,eﬂzé.;.
e 4

Cstep 1

e B GRS

Cstep 2

CStep 3

o

14

AR ON=E
®

Hinh 3.5. So d6 cap phat va lién két Hinh 3.6. So d6 tinh toan stream
thanh ghi cua thuat toan 3.1 biéu dién cho RTL

Qué trinh cip phat va lién két thanh ghi anh huong tryc tiép dén tai
nguyén phan cang, gidp téi wu néu thuc hién hiéu qua. Vi cac stream
o,T,p,a,y € A® (Hinh 3.5), 4p dung dinh 1y 2.1 thu dugc phuong trinh vi
phan: a = X3 x (20 + 4t + 2p) vay = X3 X (30 + 37 + 2p).

Dit stream u = (20 + 41 + 2p) va § = (30 + 37 + 2p) d tao ra hai
stream daurala a = X3 x uvady = X3 x §. Stream p va & duoc tinh tr o,
T, p, roi ding dé tao a va y qua cac phuong trinh vi phan nhu sau:

Phuong trinh vi phan stream Gié tri ban dau
a® =py® =6 @(0) = a(1) = a(2),y(0) =y(1) =y(2)

So 6 stream & hinh 3.6 ciing duoc xem |a so d6 stream ciia RTL trong hinh
3.5. Néu tinh toan dwoc 1ap lich trong n CStep (n > 0), thi stream dau ra a va y
duoc xacdinh: @ = X™ x pvay = X™ x &, hai stream dau ra a va y sau:

Phuong trinh vi phén stream Gid tri ban dau
a® =y a® =p(0),0<i<n-1
y™ =g Y@ =600),0<i<n-1

Mot quan hé md phong hai chiéu B trén A® 1a mot quan hé B € A® x A®
sao cho Vo, B € A%, néu ¢ B B thi (0) = B(0) va g’ B B'.
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Ménh dé 3.1 (M6 phéng hai chiéu): vn > 0, tat ca cac stream dau ra dang
BDL @ = X" x u (hoic y = X™ x §) déu 1a md phong hai chiéu theo cap véi
stream « (hoac vai stream y).

Hé qud 3.1 (Pong quy nap): Véi moi stream dau ra X™ x u trong A®,
néu X! xpu~X xpu (0<i,j<n), thi X! x u =X/ x u. N6i cach khéc,
néu hai stream déu ra X’ x u va X’/ x u 1a twong dwong ~, thi X x u va
XJ X u ciing bang nhau.

3.3.4. Cép phit va lién két don vi chitc niing

cstep 0

| et Hinh 3.11. So d4 tinh toan BDL dya trén
phép toan stream

CStep 2

CStep 3

cstep ke

Hinh 3.7. So db cép phét va lign két FUs  Hinh 3.12. So db lap lich mot CStep
Trong viéc cap phat va lién két cac don vi chiic nang, & d6 mot don vi

chttc nang (FU) thyuc hién hai nhiém vu nhu sau:
= Cap phat la gan cac phép toan xi Iy stream vao tirng CStep dé thuc thi.
= Lién két la trién khai cac phép toan xur Iy stream trén cac so' do stream.
FUs duoc t6 chirc trong thu vién dé anh xa chirc nang véi cac phép toan
stream, hd trg don hodc da dung qua tin hiéu diéu khién. Hinh 3.7 minh hoa
8 FU don dung trién khai cac phép toan: drop, take, zip, split, rev, +, s, m.
3.3.5. Bai toan toi wu hoa 1ap lich theo co ché dwong dng tinh toan stream
Pit bai toan: Cho biét 3 stream g, 7, p € A® dau vao hai biéu thuc dai
sb stream cua thuat toan 3.1; a:= (Zip(a +71) + take(p + (T +p)) +
(drop(c + 1) + ‘[)) va y = <Split(0') + zip(o + 1) + (rev(a +17)+ take(p +
(t+ p)))). Luan an dé xuat kich ban sau déy:
Kich ban: Téi uu héa 1ap lich (Giam do tré, tang thong luong, can bang
tai, va tdi uu tai nguyén) theo co ché dudng 6ng dua trén quy hoach tuyén
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tinh khi biét hai biéu thirc dai sb stream. Tc 13, cho biét hai biéu thire dai sb
stream, luan &n t6i wu hoa 1ap lich, véi 3 stream o, 7, p du vao.
Mboi trwong gia lap: colab.research.google.com va ngbn ngir 1ap trinh

Python.
d) Xay dung m6 hinh t6i wu hoa lap lich theo co ché dwong ong
Crax = ik,zksz El19 f 3,..,13 S0 do tdi wu hoa lap 1;}; ::goh co. L(}Epaggnse% é;.sgod&a) trén la két qua diu ra
4 =91 a
2 S ¥
S525,01,5 2502 g 1
S,
S, >5,@1 g i — mc——
525,®1 Zs '
3 S I
572551 £ S [
Se=S5 @1 g So [P
S10285:®1 2 Y G
51125,,D 15, >SD1 S 3 p——
$12285,D1,5,=25D1,5,=5,D1 = 51"0 — G
S132Ss @ 1,552 P1LS;;=5,D1 E Sy ———
Ss = So| 2 1 g Siz [
ISg — Syl 2 1 £ S —
IS¢ — S10l = 1 :“‘ 4 5 6
2 :
[Se = Sol = 1 = Budc kiém soat (CStep)

1S5 = S10l 2 1 Hinh 3.10. So db t6i wu hoa 1ap lich theo co ché dudng éng [CT.9]

LP-based PSOM duoc dic ta qua cac CStep wng vai bién Sy tai mdi nit
k € Z*. Muc tiéu 12 tdi thiéu hoa d6 tré Cp,q, = max({Sy,S,, ..., S13}), VOi
Crmax = Sk V& rang bugc khdng chong lap |S; — S;| > 1 hodc |S; — S| > 1.
Tur day, luan an xac dinh dugc 29 rang budc phu thugc va 5 rang budc khong
chdng Iap cho LP-based PSOM.
e) T6i wu héa lap lich theo co ché duwdng dng . .
f) Hién thwec mo hinh toi wu hoéa 14ap lich theo co ché dwong ong

Luan an hién thuc LP-based PSOM dé thu dugc so dd tdi wu hoa 1ap
lich & Hinh 3.10 béng thut toan 3.2: Mdi dong 1a mot phép toan stream S;, bt
dau tai CStep. C6 5 mau thé hién nhanh: xam (dung chung), xam nhat (trung
gian), xanh lam (nhanh «), cam (nhanh y), xanh 14 (dung chung cho a vay).
3.4. Milrc chuyén d6i thanh ghi véi thuét toin 3.3

Tong hop tinh toan BDL theo thuat toan 3.3 dugc minh hoa qua mang
stream a, voi a[0] := drop(o), a[1] := zip(a[0]), a[2] := a[1] + a[0],
va v6i i = 3, lap: ali] :=ali — 1] + a[i — 2] + a[i — 3], cac stream nay
dugc anh xa dén daura y.
3.4.1. Phin hoach cic phép toan stream dang BDL

So d6 tinh toan BDL cua thuat toan 3.3 (Hinh 3.11) phan hoach ba phép
toan: :=, +, va do tré don vi, trong d6 do tré don vi diing 6 nhé luu stream
o, phatra (n — 1)t gia tri va luu gia tri nt" moi tai moi buéc véin > 1.
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3.4.2. Lap lich cho tinh toan BDL

L4p lich tinh toan BDL theo phép toan stream phu thugc vao toc do (sb
CStep) va tai nguyén phan cting. Thuat toan 3.3 c¢d thé 1ap lich véi mot CStep
(Hinh 3.12) hoac lap lich vai hai CStep (Hinh 3.13).

Delay Delay —l
a2

o]

Cstep 0 Ctep 1
CStep 2 Ctep 3

Hinh 3.13. So d biéu di&n lap lich cho Hinh 3.14. So d6 cap phat va lién két
hai CStep thanh ghi cho viéc 1ap lich mot CStep

3.4.3. Cip phat va lién két thanh ghi
Khi lap lich mét CStep, can mot thanh ghi bd sung c¢6 nhan sb 4 dé cap
phét va lién két & cudi mdi CStep. Ba d6 tré don vi duoc thay thé biang ba

thanh ghi (c6 nhén 1, 2, 3) trong hinh 3.14 dugc m6 ta nhu sau:
Phuong trinh vi phén stream Gié tri ban dau

= W0l = i

af] “Xa[] “ Xa[]
af] . a[]! i °

af] Xa[] a[]+Xa[)
xall+¥a[l+xal] (= —all+xall+xa(]
| A

a[l+Xa[l+x’a(]

Hinh 3.15. So db tinh toan BDL trén phép tinh stream cho viéc 1ap lich mot CStep

So d6 stream ¢ hinh 3.15 ciing dugc xem nhu 1a mot trién khai cua thuat
toan 3.3 va ham hanh vi xac dinh hanh vi stream dau ray.

Phuong trinh vi phan hanh vi Gié tri ban dau
a[0] = drop(a), a™V[0] = zip(al0])
a@[0] = a™[0] + a[0]

Ménh dé 3.2 (M6 phéng hai chiéu): Hai stream dang BDL dau ra a[] +
Xxa[]+X?xa[]vaX xa[] + X% x a[] + X3 x a[] 1a twong duong theo
mo phong hai chiéu.

Heé qud 3.2 (Pong quy nap): Néu (a[] + X x a[] + X? x a[]) ~ (X x
al] + X2 xa[]+ X3 xa[]), thi (a[]+X xa[]+X?>xa[]) =X xa[]+
X% xa[]l+ X3 xa[]).

y=a[]+X xa[] + X2 xa]]
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Khi Ig@p lich hai CStep, ba don vi d¢ tré dugc thay bang ba thanh ghi (1,
2, 3). Hai thanh ghi bo sung (4, 5) dwoc cap phéat & cudi mdi CStep chan,
trong d6 thanh ghi 4 duoc tai sir dung & cubi mdi CStep Ié (hinh 3.16).
Phuong trinh vi phan hanh vi ctia thuat todn 3.3 dugc mo ta nhu sau:

Phuong trinh vi phan hanh vi Gid tri ban dau
a®[] =X x (@[] +a™]] a[0] = drop(a), a®[0] = zip(a[0])
+a[]) a@[0] = a[0] + a[0]
: . af] Elxﬂ[] X‘a[] X3a[]
T[]’ nl y a[] 3] " -—>-l xa[]+x%a[]+x%a[]
P [
[ ®:1: q ‘ %ﬂ'\[]‘u[kx al]
CStep 0 CStep 1 Xéa[]+Xea[]+X“a[] I_l‘xa[]+x a[]+X%[]

CStep 2 CStep 3
CStep 2k CStep 2k+1

Hinh 3.16. So d6 vé viéc cip phat va  Hinh 3.17. So d0 tinh todn BDL trén phép
lién két thanh ghi cho l4p lich déi tinh stream mo ta viéc lap lich doi

So d6 stream & hinh 3.17 ciing duoc xem nhu 1a mot trién khai thuat toan
3.3 va xéc dinh hanh vi stream dau ra y dang BDL nhu sau: ‘
Phuong trinh vi phan hanh vi Gia tri ban dau
a[0] = o, aV[0] = a[0]
a@[0] = a™[0] + a[0]

Thay thé af] = 1+ X +2X% + (4X* + 3X5 + 2X° x Rev, (1 — X* -
X3-X 4)) cho phuong trinh vi phan nay s& cung cap hanh vi stream dau ra
y dusi dang: y =1+X +2X% + (4X* +3X° + 2X° x Rev, (1 — X* -
X3 - X4)) x (X + X2 + X3).

Ménh dé 3.3 (Md phoéng hai chiéu): Hai stream dang BDL dau ra:
Xxa[]+X?xa[]+X3xa[] va X?xa[]+X3xa[]+X*xa[] la
tuong duong theo md phong hai chiéu.

Hé qud 3.3 (Pong quy nap): Néu (X xa[] +X? xa[] + X3 x
al) ~ X% xa[] + X3 xa[] + X* xa[]), thi (X x a[] + X? x a[] + X3 x
al) = (X2 x af] + X3 x a[] + X* x a[]).

3.4.4. Cép phit va lién két don vi chirc niing

Vi ldp lich CStep don (Hinh 3.18), hai don vi chirc nang thyc hién hai

phép toan + va mot phép toan :=, diéu khién bang tin hiéu 0/1 dé chon

y=Xxa[]+X*xa[] +X3xa[]
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ludng xtr ly. Néu tin hiéu 13 0, stream du vao cua a[] duoc xuit ra; néu 1a 1,
a[] duoc gan stream dau vao thir hai. Hinh 3.18 minh hoa viéc cap phat va
lien két cac don vi chirc ning trong thuat toan 3.3.

Vi ldp lich CStep d6i (Hinh 3.18), chi can hai don vi chirc ning: CStep
chan thyc hién + va :=, CStep lé tai st dung don vi tron.

gudn tinh tosn BDL dya trén phép tinh stream mirc cao
(Vi ham stre: a 1ah & mite cao)

V
Lap lich
ing vige sir dung céc thuit todn Idp lich)

CStep 0
CStep 2 ST T T T T

CStep 0

Cstep 1 CStep 2k

cstep k

Kestep1
cStep 3

Reuse FU (+)

cswpz:m ‘(Bf«nguécs lung cac

Két qui téng hep & mize chuyén déi thanh ghi (RTL)

Hinh 3.18. So d6 cip Hinh 3. 19 So dd cp  Hinh 3.20. Luu d kiém ching
phat va lién két FU cho  phat va lién két FU xir qua trinh tong hop cta tinh ton
viéc 1ap lich CStep don Iy lap lich CStep d6i ~ BDL dua trén phép tinh stream

3.5. Tiép cin dong quy nap dé kiém chirng viéc tong hop tinh toan BDL
3.5.1. Kiém chirng tong hop

Ky thuat kiém chiing qua trinh téng hop BDL dua trén phép tinh stream
dugc thyuc hién sau khi chay xong, nhiam tich hop truc tiép vao cac budc tong
hop. Khéc véi kiém chiing sau tong hop, phuong phap trong Hinh 3.20 diing
tiép can dong quy nap dé dam bao tinh dung dan.
3.5.2. Tiép cin dong quy nap dé kiém chirng tong hop tinh toin BDL

h l
o (hoac 1) X™ X u (hoac X™ x §),véin =0
a[l + X x a[] + X% x a[] - X xaf] + X% xa[] + X3 x af]
X Xa[l+X?>xa[] + X3 xa] X xa[l+X3xa[]+X*Xxal]

Ky thuat kiém chiing dung quan hé mé phong hai chiéu giira ham stream
dau ra h tir nguon tinh toan BDL & muc cao va ham stream hanh vi [ sau cip
phét va lién két thanh ghi (Hinh 3.20). Méi quan hé nay, tich hop trong qua
trinh téng hop, dwoc minh hoa qua cac ménh dé 3.1-3.3.

Suy ra, mdi quan hé mé phong hai chiéu tong quat gitra h va [ nhu sau:

hvéim€eN ~ lvéin €N
X™ X a[] + X™ x a[] + X™*2 x a[] X" x a[] + X" x a[] + X2 x a]




18

CHUONG 4. NGU NGHIA PAI SO MUC CHUYEN POI THANH
GHI TRONG TONG HQP TiNH TOAN BDL DUA TREN
PHEP TINH STREAM

4.1. Giéi thiéu

Viéc kiém chimg tinh dung din trong xir ly stream trén dir liéu
livestream rat phuc tap, dac biét khi kiém ching mdy trang thai ASAgrTL va
ASAspec dya trén ngir nghia dai s6 trong qué trinh tong hop.

4.2. Khai niém khéng gian Chu
4.2.1. Khéng gian Chu
4.2.2. Ngir nghia dai s6 nhw khong gian Chu

Trong ngit nghia dai s6, Chu € = (X, 1, A), v6ir(e,s) = 1 néu su kién
e xay ra tai trang théi s, nguoc lai r(e, s) = 0. V6i mdi e € A, trang thai sj €
24 dugc xdc dinh boi s; = {e | r(e,s;) = 1}.

Trong logic, ma tran dugc xem la bang chan tri. Bac ta cong thac luan
ly (logic) f4sy ctia md hinh ngit nghia dai s6 (ASM) dugc xac dinh bai ham:
fasm = Vosisnosjt(A e | 7(e5,5:) = 1)) A{ng; | (e, ;) = 0}, voin =
1X| = |{S0,51, ., 63|, L = |Al = |{eq, e1, €2}, ¢; € A va ¢; 1a phan bu cuia e;.
4.3. Cac quan h¢ nén tang giira trang thai va sy kién cho khong gian Chu
4.4. Ngir nghia dai s6 dung cho RTL ciia thuit toan 4.2
4.4.1. Mo ta tap su kién

Pinh nghia 4.1 (Tinh toan): Mot day tuan ty cac hanh dong hiru han
duoc goi la mot qua trinh tinh toan trén tip cac su kién A va tap hop cac tinh
toan dugc biéu dién bang ky hiéu C(A).

4.4.2. Mo ta tap trang thai

Goi X la tap trang thai, mdi s € X xac dinh qua quan hé chuyén tiép
T(e, s;), thuong viét s; N sj voi e € A. Khi do, s; = {e |e € A:s; i>s]-}.
Bo6 ba (4, X, T) tao nén ngit nghia dai s6. Vi moi e; € A va's; € X, mo hinh
ASM(A,X,T) thoa: T = {ey,e5,...,en | 51— S, — S3..— Sy |
4.4.3. Thuét toan 4.2 dung cho xir ly stream dang BDL

Chuong nay ap dung thuat toan udStreamsA [CT.2] dé phan phdi su
kién cho cac phép toan stream (merge, drop, take, zip, split, assign) trong
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mot budc CStep dé hinh thanh nén thuat toan 4.2. Qua trinh tong hop anh xa
cac stream dau vao o, 7 € A® thanh dau ra a,y, e € A® cua thuat toan 4.2.
4.4.4. M4y trang thai dai s6 ciia thuit toan 4.2

Pinh nghia 4.2 (May trang thai dai s6): May trang thi dai s6 12 bo ba
A = (X,s0,T), voi X 1a tap hitu han cac trang thai, s, 1a trang thai khoi dau,
va T la mot ham chuyén tiép tr X x A vao X U {L}.

Tap tinh toan dugc chap nhan boi A, ky hiéu C(A) (Pinh nghia 4.1),
dugc minh hoa qua bon may trang thai dai s6 cho bon CStep, mdi may trang
thai gom c6 bon trang thai, trong cac Hinh 4.10(a)—(c).

(0,0)

FU FU CStep 0 @ {cstep2
(Spln lake) i
7 3

(ZIP)

CStep 1
FU i
(drop)

(a) So d6 ciia RTL cho thuat toan 4.2 véi bon (c) So dd may trang thai dai sb

CStep cung v6i FUs va phép toan cho thut toan 4.2 véi 4 CStep
Thanh ghi Thanh ghi Thanh ghi Thanh ghi
CStep 0 1 2 CStep 1 1 2 CStep 2 1 2 CStep 3 1 2
0 (SSe/Re) 0 0 0 (Séee/Se) 0 0 ( Re/Se) 0 0 ( Re/Se) 0 0
( Se/Re) 0 1 1 (Sfe/Se) 0 1 ( Re/Se) 0 1 ( Re/Se) 0 1
2(s7%) | r | o | 2(sf) | | o | 2(sf) | 1 | o | 2(sf) | 1 | o
3(sy") | 1 | (s o | () | [ e(sf) 1|

(b) Ma tran biéu dién may trang thai dai sb thuét toan 4.2 véi 4 CStep

Hinh 4.10. Biéu dién may trang thai dai sé cho thuat toan 4.2 v&i 4 CStep
4.4.5. Tich may trang thai dai so ciia thuat toan 4.2

Luan &n md hinh hoa hai tién trinh Se va Re bang cac méy trang théi
dai s6 gui Se = (X%¢,s5¢,T75¢) va nhan Re = (XR" sq ¢,TR¢) (Hinh
4.11(a) va 4.11(b)). Tich Se x Re md hinh hoa viéc két ndi giira hai tién
trinh, dam bao ddng bé dit liéu khi truyén qua thanh ghi. Tich nay dugc dinh
nghia trén tp su kién A 13 Se x Re = (X, s, T) V6i X = X5¢ x XR¢ 5, =
(s5¢ x ske), trong d6 p, q c6 thé thay bang i, j, k, hoac L.

Quan hé chuyén tiep T dugc dinh nghia nhu sau: Vdi sl =
(sfe xsf®) e X vae € 4, néuTS(sf¢ e) = s, vaTRe(sf¢,e) = sf¢,
thiT ((sfe,sfe), e) = (sfil,sjgfl); nguoc lai, T ((si , ]Re), e) =1.
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Céc thanh ghi

Se X Re 1]12]13]| 4

si = (s¥¢ x sze) 0|0 |x |y

=(sfxsge) |0 |1 ]| x|y

se=(sixsf) |10 x|y

si=(sf*xsfe) |1 |1 | x|y

Trong d6: x,y€{0,1} va x=#y
i,j,k,1=[03]cN*=NuU(0)

(a) Ma tran nay biéu dién 16 trang o
thai cua 4 thanh ghi (b) So d6 biéu dién cac RTL cua 16 trang thai
Hinh 4.11. So db két ndi cua tién trinh Se va Re va tich may trang thai dai s6
Néu dau ra/dau vao cia Se twong tng Véi ddu vao/dau ra cua Re, hai
tién trinh duoc két ni nhu Hinh 4.11: (a) ma tran 16 trang thai caa bn thanh
ghi va (b) so dd RTL tuong tng. Mai trang théi tich Se x Re lacip (Se, Re)
va dugc chay qua chudi tinh toan 7 = {(1,1,0,1)(1,1,1,0)(1,1,1,1)} sau:

(1,1,0,1) (1,1,1,0) (1,1,1,1)
Se Se .Re gSe
(53 '50 ©) —— (535 51°) — (53%,52°) S3 :53 )

Tai trang thai (53 ,ske ) véi su kién (1,1,0,1), tich may trang thai
Se x Re duogc thuc thi bang cach chay dong thoi Se tir s5¢ va Re tir s§¢, va
tiép tuc lap lai twong tu.
4.5. Thuit toan 4.2 cho cac két qué tong hop RTL

4.5.1. Céc bwéc thuit toan kiém chirng
I

|
T.‘p cin 1

Tiépcin 1
theo khong |

Hinh 4.12. Cac buéc cua thuat toan kiém Chﬁ'ﬂg ASM

4.5.2. Pac ta thuat toan dya trén ngén ngir mirc cao

Dic ta thuat toan bang ngdn ngir muc cao 1a phi hop dé mo ta, dan dén
viéc tao ra mot chwong trinh. Nhiém vu chinh trong qua trinh nay la cap nhat
céc kiéu lap lich khac nhau. Trong hinh 4.14, luan &n trinh bay thugt toan 4.2
véi bay su kién ey, ey, e,,..., e;, mdi sy kién tuong tng véi mot cau lénh.
4.5.3. Tao md hinh dwa trén ngir nghia dai sé (ASM)

Tao dac ta thu ty cuc bo va quan hé phu thudc dir liéu tir thuat toan 4.2
nham xay dung ASAseec, dua trén tiéu muc 4.3 va dic ta hé théng ngdn ngi
lap trinh muc cao (tiéu muc 4.5.2) dé& tao ASMgpgc = {eg < €5, €0 <
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ey, e1Ve,, e < e3,8, < e5,e3 < e4,65 < e, e, # es5,den(eg, e4,e5)} (HINh 4.13).

Cong thire logic
(ASMspec)

f = fe< f <e, Me,ve, A
Jey<es A f s A fey<e, N

Jey<es M feyties Afden( eeeeeeee )=
(eu+e1)A(eu+?z) Al
Aley+8) Aez+83)
A(es+&)A(es+65)
A(E+es)N(es+es+es)=
€182838485€ + €0€348585

+ €0e283846585
+ege16384658

+ €0€1€2€,85€5 ege1 ;636486
+epeiesezézes

+ epe1,€38585 epe1€,e36,85

IASAspe
®
)
©
&
)
N
o
o
o
N
©
a
©
o

o|lo|o|o|o

o

Rir[(RrRr|Rr|Rr|o|lo|e

)
o

R |Rr|rrRr|Rr|Rr|~[~]|o

RN EREE

N R = = k= =)

I = = = = k=R k=R k=2 k=]

o |o|r|r|lo|lo|o|o|o|e

= o|r|o

1
Hinh 4.13. ASAspec cta thuét toan 4.2 Hinh 4.14. ASA cua thuat toan 4.2

4.6. Ngir nghia dai s6 dung cho RTL ciia thuét toin 4.4

4.6.1. Thuat toan 4.4 dung cho stream dang BDL

Thuat toan 4.4 phan bé sy kién cho cac phép toan merge, drop, take, zip,
split va assign trong mot CStep. Qua trinh tong hop BDL duoc minh hoa qua
anh xa cac stream dau vao a[] va o € A® thanh mot stream dauray € A®.
4.6.2. My trang thai dai s6 ciia thuit toan 4.4

Hinh 4.16 minh hoa tién trinh thyuc hién cac phép tinh trén sau CStep
cuia thuat toan 4.4 qua may trang thai. Tap phép tinh dugc chap nhan, ky hiéu
C(A) (Pinh nghia 4.1), thé hién chi tiét trong Hinh 4.16(a)—(c).

Hinh 4.16(a) yéu cau 15 FUs don dung cho 10 phép toan (split, take,
zip, rev, drop, merge, copy, assign, <, register) qua cac CStep sau:
CStep 0, thuc hién take va luu két qua vao thanh ghi 1. CStep 1, thuc hién
copy, drop, split, luu vao thanh ghi 1 va 2. CStep 2, thuc hién assign,
copy, merge, reverse, zip, luu lai 1 va 2. CStep 3, thyc hién assign,
drop, luu vao thanh ghi 1. CStep 4, thuc hién assign, <, merge, take,
drop, luu vao thanh ghi 1. CStep 5, thuc hién assign va giri két qua ra ngoai.
4.6.3. Tich may trang thai dai s6 ciia thuat toan 4.4

Hinh 4.17(a) biéu dién ma tran 32 trang thai cua 5 thanh ghi, Hinh
4.17(b) 1a so d6 RTL tuong wng. MJi trang thai trong Se x Re la cap trang
théi tir Se va Re. Tich may trang thai Se x Re thuc thi chudi tinh toan 7 =
{(1,1,1,0,0)(1,1,1,0,1)(1,1,1,1,0)} nhu sau:

(1,1,1,0,0) (1,1,1,0,1) (1,1,1,1,0)
(s5°,50°) —>(S§e;51e)—>( 53°,55°) ——— (53°,5§°)

Tai trang thai (s5¢, s§¢) voi su kién (1,1,1,0,0), Se va Re chay song
song tir cac trang thai twong wng va tiép tuc lap lai nhu vay.




22

H ASApyL | €| €| €| €3] e4| es)| e
; g oJoJofjof[ofo]oO
"L s 1/oJolo[o]o]o
S5 ilofl1fofofofo
S5 1J1]ofofJo]o]o
54 1] 1]1{ofofo]o
N 1]11]1 1[{0]0]O0
sz 1111 ]1]o]o
* s, 1J1]1[1Jo]1]o0
S |lwws Sg 1]11]1 1[(0]1]1
cstep3 A So 1]11]1 1[1]0]1
" S10 1|11 |1]|ulv]|1
(a) So d6 RTL cua thuat toan 4.4 véi 6 Trong dé: w,v €{0,1} vau # v
CStep cuing véi cac FU, phép toan stream  Hinh 4.15. ASAgqy, ctia thuat toan 4.2
Thanh ghi Thanh ghi
CStep 0 1 CStep 1 1 2
0 (5% 0 osF ) [ o [ o
1 (577 1 1) [ o |1
25 [ 1 | o
3(SRe/Se) 1 1
CStep 2 2 1 CStep 3 1
o(sy™y | 0 [ 0 [ o(sf’*) 0
1™y o[ 1 [1G™ 1
2y 1] o
3(5;?2/52) l l
CStep 4 1 CStep 5 1
0 (sF°°9) 0 0 (sF°9) 0
1 (579 1 1 (579 1
(b) Ma tran biéu dién méy trang thai  (c) So dd biéu dién méy trang thai dai
dai s6 cua thuat toan 4.4 véi 6 CStep 56 cAc RTL vai 6 CStep

Hinh 4.16. Biéu dién may trang thai dai s6 cho thuat toan 4.4 véi sau CStep
4.6.4. Sy twong duwong cia cac thuit toan
4.6.5. Ngir nghia dai s6 ciia thuit toan 4.4
Cac thanh ghi

Se X Re 1 2 3 4 5
si=(sfxsfe) [0 |0 | x|y |z
si=(sxsf) |0 |1 | x|y |z
se=(spexsf) |1 |0 | x|y | z
ss=(sfexsf) |1 |1 | x|y |z
Trong d6: x,y,z € {0,1} va x #y vay # z;
i,j,k L =[03] cN°=Nu (0)

(a) Ma tran nay biéu dién 32 trang thai
cta nam thanh ghi
Hinh 4.17. Két noi cac tién trinh Se va  (b) So d6 biéu dién may trang thai dai
Re va tich may trang thai dai so s0 cac RTL cuia 32 trang thai
May trang thai dai s6 dugc md hinh hoa bai tap su kién A va quan hé

chuyén tiép T, 1a tap c4c quan hé gitra trang thai mang ngir nghia dai sb. Su
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két hop cc quan hé nay tao thanh may trang thai dai sb.
4.7. Thuit toan 4.4 cho cac két qua tong hop RTL
4.7.1. Pac ta thuat toan dwa trén ngén ngir mirc cao
4.7.2. Tao md hinh dya trén ngir nghia dai s6 (ASM)
Str dung cac quan hé su kién dé tao ASMspec cho thuat toén 4.4 & ngi
canh muc cao ¢6 13 sy kién e, ..., e1,. Viéc két hop quan hé & tiéu muc 4.3

~ A
da 120 NBN ASMgprc = {ep < €1,80 < €2, €1Vey, €5 < €3,€0 < €4, €, < €4,63Ve,, €, < €5, e5Veg, €6 < €7,€; <

eg, €5 < €9,85 < €10,€9 < €10, 10 < €11,€7 < €11,€7 < €15} VGi méy trang thai dal so hinh 4.18.

g o &

ASAsprc

]

=
&

o

o

=
&

€10

& &

Céng thire ludn Iy

(ASMseec)
F = FoycedMgees
A foges N e
M fegee ferces

&) Aleg + &) Ales +
E)ATA (e +
EJALA(e +

) A le; + &) Aleg +
&) Aleg + o) Ales +
€1) Aler +
Eg/\(s—-#ﬁ}f\(e? +

‘Hinh 4.18. ASAgp thuat todn 4.4
4.7.3. Két qua tong hop RTL (Hinh 4.19)
4.7.4. Tao may trang thai RTL dai sb

ASA duoc tao tir két qua tong hop RTL cua thuét toan 4.4, nhu minh

hoa trong hinh 4.19 va thé hién thanh may trang thai ASA

'BCa 10611 €]

12

[v),.‘.,u,‘[-. 52, €5, B B P10, 17, E12)

(ea. 8. &2, 63,63, 63, &, &, 65,65, 10, 11, F17)
(en. &4, 63, 63, 4. 85, 6. 67, O, G 010, B11. B12) 7\ (€0, 81 0, 65, 63, €5, B 67, €, 8, By, B0 1)

&

(Ca. 02,03, 04, €5, 60 67, B o, Fra, B0 012 ) g, €1, 02,85, 04 82 6. 5, 6, 65 B 1L F7)

a8,

1 #1z)

0 €1, €2, 630 8,

(011,02, 83, €4, €5, G €7, 8. €, Tra F12, 712,

(20083, €205, 04,5, 04,01, 04, B5, 10,757, T3 ™

Hinh 4.19. ASA thuét toan 4.4

& Hinh 4.20.

RTL

2 E
% el el ez 93 EA E5 e& 87 ex E‘) Elo EII EIZ g E(] El EZ ez 84 85 Eﬁ e7 ea e‘? elﬂ ell eIZ
< <
S| 0/ O] O[O]J]O]O[O]JO]O[O] O 0 0 sg| 1] 1[ 1 1] 1] 1] 1] 0] 0] 0| 0 0 0
s;| 1/ 0]l O0[fO0O)J]O]J]O[OJO]O[fO]O 0 0 So| 1] 1( 1) 1] 1[1] 1] 1[0] 0] O 0 0
s, 1/ 0] 1[0] 0] O0O[O]JO]O[O] O 0 0 Sl 1] 1[ 1 1) 1) 1] 1] 1] 1] 0| 0 0 0
s;| 1| 1] 0[0)JO0O]O[OJO]O[JO]O 0 0 syl 1] 1( 1) 1) 11 1]1[1] 1] 0 0 0
s, 1/ 1] 1[0)JO0O]O[OJO]Of[O]O 0 0 S;p] 1] 1( 1) 1) 11| 1] 11| 1] 1 0 0
ss| 1| 1] 1[ 0] 1] 0[0]JO0]O0O[O0] O 0 0 sigl 1] 1[ 1 1) 1) 1)1 1] 1 1( 1 1 0
s¢| 1| 1| 1[ 1) 1] 0[0JO0]O[O]O 0 0 Syl 1] 1( 1) 1)1 1] 1] 11| 1] 1 1 1
S 1| 1] 1) 1] 1] 1,00 0f[ 0[O0 0 0

4.8. Két qua so sanh

Hinh 4.20. ASAgry, cta thuat toan 4.4

Viéc kiém ching tinh ding dan cua két qua RTL duogc thuc hién bang
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cach so sanh cac tinh chit gitta ASAspec va ASAgTL (thuat toan 4.2 hoic 4.4).

Pinh nghia 4.3 (Tinh ding din caa két qua tong hop RTL): Mot két
qua tong hop RTL dua trén ngit nghia dai s6 1a chinh xac néu dap tng tat ca
Cc4c yéu cau cua dic ta dai sb.

Pinh Iy 4.1: Mot két qua tong hop RTL dua trén ngir nghia dai sé 1a
chinh xac néu va chi néu C(RTL) = C(SPEC) (Pinh nghia 4.1).

Viéc kiém chtng tinh ding dn gitra RTL va SPEC duoc thuc hién bing
cach so sdnh ASAgtL vGi ASAspec. Hinh 4.13 va 4.15 (Thuat toan 4.2) hoac
Hinh 4.18 va 4.20 (Thuat toan 4.4) cho thiy C(SPEC) tuong duong C(RTL).

KET LUAN

= Poing gop khoa hoc
e Xiy dung co sé dai sé stream dung cho stream dang BDL trong
IoMT [CT.1][CT.2][CT.3][CT.5][CT.7][CT.8]

Phén tich 1y thuyét stream (Pai s6 stream va Dong dai s6 stream)

Xay dung mudi phép toan xur Iy stream

T hop cac phép toan stream thanh biéu thic stream méi

M¢ rong dai s stream va dong dai s stream

CAu trac dai s6 monoid va tinh chat monoid

Xay dung kich ban &é mé phong, kiém ching danh gia cac phép toan stream

e Xy dung co ché 1ap lich xir Iy stream dang BDL [CT.2][CT.9]

Phan hoach céc phép toan xur Iy stream

Lap lich cho tinh toan stream dang BDL

Cép phat va lién két thanh ghi

Cép phat va lién két don vi chirc ning

Tbi wu hoa 1ap lich theo co ché duong 6ng nham tinh toan stream BDL

e Xiy dung mé hinh ngir nghia dai s6 [CT.4][CT.6]

Xay dyng mo hinh ASM
Quan hé gilta ASARrTL va ASAspec

= Huéng phit trién

Mo rong cac phép toan xur ly stream dang BDL

Xay dung cac cau tric dai s méi ding cho stream dang BDL

Phat trién 1y thuyét stream tich hop véi dit lidu 16n

Nghién ciru tinh toan dif li¢u 16n trong hé thng tinh todn

Xay dung mo hinh tong quét tdi wu héa 1ap lich theo co ché dudng éng
Xay dung mot s6 khia canh nglt nghia dai ) dac ta hoat dong cua BDL
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