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Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

Mé dau

Chuing ta budc vao mét thoi ky phat trién méi, d6 1a su két ndi tri thirc
toan cau. Tung phut, timg gidy nhiéu ty ty bit dir liéu dang duoc luan chuyén
trén mang may tinh, va trong tuong lai dung lwong thong tin trung chuyén con
tang nhanh va 16n dén muac ma ching ta khé 10ng ma muong tugng néi. Dong
tin 16n s& dan dén viéc tic nghén giao thong trén mang, hon thé thoi gian ciing
nhu chi phi chuyén tai, luu trit tin ting cao lam cho hiéu qua kinh té giam st.
Pung trude thue té ndy, ngudi ta co thé dé ra nhiéu giai phap dé thao g& khoé
khin, vi du nhu viéc nang cép hé théng mang thong tin, hay 13 viéc quy hoach
toan cau... Bén canh cac giai phap nay ching ta luén c6 mot giai phap, do 1a
nén dir liéu lai. Vé mat khoa hoc, nén dir liéu khong chi don thuan vi ly do
kinh té ma con dé dam bao cho mot hé théng x4 hoi cho du 16n dén muc nao

di chang nita thi thong tin van théng chuyén duoc.

Muc tiéu cua luan van nay nham hé thong cac kién thic vé nén van ban
thong qua minh hoa cu thé va ly thuyét xac suat, tir dé6 dua ra gi61 han nén ctua

mot van ban.
Nhiém vu cua luan van la:

- Phan loai van ban, dua ra mo hinh bi€u dién van ban, nghién ctru gioi
han nén cua van ban va kiém tra lai ly thuyét nén van ban bang
chuong trinh.

- Nghién ctru mot s6 ma nén, giai thuat nén va giai nén van ban.

Pham vi nghién ctru: Nghién ctru nén van ban dua trén mo hinh Markov

hién va nén bao toan van ban.

Phuong phap nghién ctru a :
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Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

- Sir dung ly thuyét xdc sudt nhdm dua ra quy trinh nén vin ban.

- St dung phuong phap nghién ctru thuc nghiém mé phong mat file van
ban theo mé hinh Markov va kiém chtng tinh dung dén cta ly thuyét
béng chuong trinh. Cu thé dua ra mét sd trinh vi du cho phép tao ra
cac van ban dua theo mo hinh Markov, va tinh duoc ty 1€ nén theo ly
thuyét nén vin ban, c6 chay trinh winrar dé kiém tra tinh dung din

ctia ly thuyét.

- Sir dung cong cu lap trinh trién khai cac phuong phap nén vin ban

dua trén mo hinh Markov.
Noi dung luan van gém 4 chuong:
Chuong 1. Vin ban va cac dinh 1y vé nén vin ban

Chuong nay trinh bay vé khai niém vin ban, bit trung binh, entropy, dinh
ly vé& nén vin ban tong quat, mé hinh Markov dé biéu dién van ban, phan bd
6n dinh, cach tinh entropy cia m6 hinh Markov, cdc ngudn ciing Xac xuét
nhung khac Entropy, ngudn cé entropy nhé nhit va dinh 1y nén vin ban theo
mo hinh Markov, tir 6 dua ra giéi han nén mét van ban. Cudi cung 13 céc
trinh vi du dung dé tao ra van ban theo mo hinh Markov va tinh ty 1€ nén van
ban. Trong do:

- Vidu 1.5. Trinh tao ra file van ban mét cach nggu nhién tir cac chir cai
ava b, véi xac suat trong tmg pl = 2/3, p2 = 1/3, ¢6 dung luong 64000b. Theo
ly thuyét ta c6 E = 2/3 10g,(3/2)+ 1/3 l0g,(3) ~ 0.918. Sau khi nén con ~ 11%.
Dung Winrar dé kiém tra cho cting mét két qua. (trang 19)

- Vi du 1.6. Trinh tao ra file van ban theo m6 hinh Markov, c6 dung

luong 64000b. File nén theo ly thuyét c6 dung luong bang 12%. (trang 20)
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Dung Winrar dé kiém tra cho cung mot két qua.

- Vidu 1.7. Trinh tao ra file van ban theo mé hinh Markov, c6 dung
luong 64000D. File nén theo 1y thuyét c6 dung luong bang 10%. (trang 22)

o ‘ 17
"ol

6/7

Dung Winrar dé kiém tra cho ciing mot két qua.
- Vidu 1.8. Trinh tao ra file van ban theo mé hinh Markov, c6 dung

luong 640000b. File nén theo 1y thuyét c6 dung luong bing 15%. (trang 25)

2/5
215

1/5
3/5

215

23 1/3

Dung Winrar dé kiém tra cho cung mot két qua.

Chuong 2. Cac ma nén va thuat toan nén van ban co6 dién

Vi cac ma nén van ban c6 dién, moi chir cai cua bang chir cai dugc biéu
dién bang mot xau bit trong d6 khong c6 xau nao la doan dau cua xau kia va

chit cai nao c6 xac suat xuat hién 16n hon thi dugc biéu dién bang xau bit c6
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Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

d6 dai ngan hon, chir cai nao c6 xdc suat xuat hién nho thi duoc biéu dién
bing xau bit c6 do dai dai hon.

Chuong nay trinh bay vé khai niém mai tong, ma phan tach, ma toi uu va
chi ra sy t6n tai ctia ma t6i wu, dinh ly vé bit trung binh ctia mdi chit cai cua
hau hét cic van ban va bit trung binh cua mé, dinh 1y vé diéu kién du dé giai
ma dugc mot diy bit dugce tao boi mot ma téng tor mot bang ma bit "0/1" ¢6 do
dai thay dbi , dinh ly Kraft - Mc Milan vé diéu kién can va di dé c6 ma tong
cac chit cai bang xau bit 0/1, déng thoi dua ra cadc mi nén van ban ¢ dién va
giai thut nén tuong mg, cudi mdi phan cé trinh minh hoa cho céch nén theo
moi giai thuat. Cu thé gé)m cac ma nén Shanon, ma Fano, ma Huffman tinh,
ma Huffman dong.

Chuong 3. M3 sb hoc

M4 s6 hoc biéu dién mdi van ban béng mdt sb thuc nim trong ntra doan
[0,1) sao cho s thuc img v6i mdi van ban c6 sb chit sb co nghia 14 it nhét.
Vin ban cang 16n Gmg véi sb thuc cang nho.

Chuong nay trinh bay vé biéu dién ngudn néi chung va biéu dién nguén
cho m6 hinh Markov, mé sb hoc véi sb nguyén, thuat toan nén va giai nén vin
ban bang mé sb hoc va trinh minh hoa cho m4 sé hoc.

Chuong 4. Ma LZW

Déi voi md LZW, thay vi mi hoa timg ky tu cua bang chit cai n6 di ma
héa tirng moc xich va st dung k¥ thuat tir dién dong. Trong do, tir dién duoc
thanh 18p trong qué trinh ma va giai ma.

Chuong nay trinh bay vé nguyén ly mi theo tir dién (nguyén ly LZ), tir
dién tinh, tir dién dong, khai quat hoa vé thuét toan LZ, cac cong doan thuc
hién khi ma bang LZ va cudi cing 14 trinh bay vé md LZW (loai mi hay dung

hién nay), thuat toan nén bang giai nén bang ma LZW va trinh minh hoa.
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T6i xin tran trong cam on tit ca cac thdy co gido trong khoa CNTT va

ban be, dong nghiép di gitp d t6i hoan thanh luin van nay.

Hai Phong, thang 1 nam 2009

Chuwong 1. Viin ban va cac dinh Iy vé nén vin ban
1.1. Van ban va nén van ban

e Bang chit cai 1a mot tAp hop Q={a;,a,....,.am}. Mbi phan tr a; cta nd
duogc goi 1a chit cai hay ki tu. Néu bang chir chi ¢6 2 chif cai thi goi cac chit céi
la bit va ki hiéu 1a 0/1.

e Vin ban la mot diy nao dé gdm cac chir ctia mot bang chir cai. S6 lugng
cac chir cai dugc goi la do dai cua van ban.

e Néu c6 anh xa f:A—B tuong tng 1-1 gitta hai tdp A va B cac vin ban thi
ta néi 1a ton tai 4nh xa ma hoa vin ban A thanh B. Néu B 1a cc vin ban duoc
tao ra tir cac bit "0/1" thi ta goi loai ma nay la ma nhi phan va goi tat B 1a "ban
ma", con "vin ban" duoc ngdm hiéu 1a ding dé chi A.

Nguoi ta thuong ky ma thong qua céac tir cia mot bang chir cai nao do va
luu chung lai trén cac thiét bi vat ly. Trong sb cac cach ma thi cach nao ky ma
ngén hon ta néi 1 né nén tin tét hon (so vé6i cach ma khac.)

Thuong ngay ta hay dung trinh nén dé nén céc file, tirc 13 cac vin ban tao
ra tir 256 byte. Nén mot file nhiéu 1an lién tiép thi sém hay muon ta ciing s&
thu dugc mot file ma trinh nén nay khong thé thu nho lai duoc nita, béi néu
khéng ta s& nén duoc file 4y xudng thanh 1 file khong c6 bit nao ca.

Vi moi thuét todn ma céc file van ban ludn ton tai mot van ban ma né

khéng thé nén duogc thanh file c6 dung luong nho hon.
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Tir khang dinh trén suy ra khong thé vach dinh ra duoc mot gianh giéi o
rang gitta mot bén 1a ma hod vin ban va mot bén 12 ma nén. Dé danh gia kha
nang nén cuia mdt thuat toan ta dua ra khai niém vé sd bit trung binh can thiét
dé ghi lai mdt chit cai cua van ban.

e Pinh nghia 1.1: Ty s6 giita d6 dai cua ban mé chia cho sd cac chit cai
ctia vin ban duoc goi 12 bit trung binh cho mét chir c4i ctia vin ban, hay goi tét
la bit trung binh (hay bit trung binh cho tirng chir cai).

e Dinh nghia 1.2 : Ki hiéu A 1a tdp cac van ban c6 do dai n tao ra tir cac
chit cai a1,a,,...,am. Gia st ta ¢c6 mot ma nao d6 ma van ban (€A, c¢6 ban ma

, > PEOLE)
dai L(C) bit. Khi day ta goi bit trung binh cua mi 1a gia tri Mf.

Vén dé dat ra 1a lam thé nao dé biét dugc p(Q) - Xac suat xuét hién vin
ban . V& nguyén tic thi xac suat nay 1a phu thudc vao nguoi stir dung van ban.
Vin ban nao hay duoc ding hon thi ¢é x4c suit xuit hién 16n hon, vin ban
nao it dugc dung hon thi c6 xac suat xuét hién nho hon. Nhu vay dinh nghia
bao ham y tuong, dé c6 thé nén duoc tét hon thi mot vin ban can phai duogc
ma nén khong phu thudc vao van ban 4y dai hay ngdn ma 1a phu thudc theo
x4c suat ma ngudi ta str dung né. Tuy nhién c¢6 mot thyuc té 13 phan 16n céc vin
ban luu trit trong kho rét it khi duoc sir dung. Nhu vay ta khé 1ong xac dinh
duoc xac suét st dung cuda cac van ban mdt khi ching chua hé hodc rét it khi
dugc st dung. Nhu ciu nén vin ban budc ta phai suy nghi dén van dé nay duéi
gbc do khac hon. Viéc mot van ban dugc st dung nhu thé nao, nhiéu hay it
phu thudc vao noi dung ctua van ban. Nhu vay ta can tim cach 1am thé nao
danh gia duoc xac suat xuét hién vin ban thong qua ngay chinh ndi dung cta

no.
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Mot vin ban c6 thé do nhidu ngudn sinh ra. Can cir vao su phu thudc tin,
ta c¢6 thé phan van ban thanh hai loai, mot loai & mé hinh roi rac (khong phu
thudc) tic la mo hinh ma xéc suat xuat hién cac chit cai cta van ban dugc
chon mot cach ngéu nhién trong mot bang chir cai, mgt loai 1a md hinh phu
thudc tire 1a mo hinh ma xac sut xuét hién mot chir cai chi phu thudc vao qua
khtr va c6 thé mé ta thong qua mé hinh Markov.

1.2. Pinh Iy vé nén viin ban tong quat

Cho bang chir cai Q={a;,ay,....,am} V01 xac suét xuét hién cua cac chir cai
tuong tmg 1a p1=p(as), P2=p(az),..., Pm=p(am)

Néu vin ban (= 0,0,...0, dugc sinh ra tir viéc chon ngau nhién cac chir
cai thi s& c6 xac suét xuét hién 13 p()= p(©1) p(®2)... p(oy).

Nén vin ban khong phai 13 viéc cac vin ban bi ghi nén lai. Ban chit cua
cac thuat todn nén van ban l1a ghi lai van ban (ma lai van ban) & dang khac.
Xuét hién hai cau hoi. Cau hoi thir nhit ¢ thé nén vin ban trén nhé dén bao
nhiéu ciing dugc khong hay 13 c¢6 mét giéi han nhit dinh ndo d6 ma ta khong
thé vuot qua dugc. Cau hoi tht hai ¢6 hay khong mét thuét toan nén tot nhat.

Diéu kién dau tién dé nén duoc vin ban 1a cdc van ban khac nhau thi ¢6
cac file nén khac nhau. B6i néu khong thi ta khéng thé khéi phuc lai van ban
nguén. Moi van ban khong thé nén lai thanh mot file chi ¢ 1 bit vi sb luong
cac file co 1 bit 1a 2. M6t qui trinh nén nhu vay thi chi ¢6 thé ding dé nén 2
van ban ma thoi dén vin ban thir 3 13 ndi dung cua file nén s& bj trung lap.
Vay thi khong thé nén mét van ban nhé tiy ¥ duoc. Gidi han nén ctiia mot vin
ban la bao nhiéu? Shannon la nguoi dau tién chirng minh duoc su ton tai mot
gi61 han nén cho mdi van ban. Mot van ban thuc ra chi c6 thé nén dén mot
gi6i han nhét dinh, gi6i han 4y goi 14 luong tin ciia vin ban. Luong tin chi phu

thudc vao ban than van ban chi khong phu thudc vao thuat toan nao. Moi
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thuat toan déu khong thé nén mét van ban dén mét file nho hon luong tin ma
van ban co6. Luong tin con duoc goi la entropy.
Péi véi vin ban duoc sinh ra tir m6 hinh roi rac thi
m 1
entropy = 2P; 109, —
i=1 pi
e Dinh ly Shannon Xét cic vin ban dugc tao ra theo cach chon ngau nhién
cac chit cai cua bang chir cai Q={ay, ay, ..., an} vOi xac suét xuét hién tuong g
P1= P22 ... 2 pm>0.
1. V6i moi ma nhi phan
. P | m 1
(a) Bit trung binh cua ma thod man — Z p(OL) = Zipi log, p_
n i= .
CeA, i

(b) V&i hau hét cac van ban bit trung binh (Cho mét chit céi) cua vin ban

A ) m 1
khong nho hon > p; log, —

i=1 Pi
2. Tén tai ma nhi phan cho timg khdi k chit céi c6 tinh phan tach sao cho bit
trung binh (cho mt chir cai) clia né nam giita Elpi log, pi val, Elpi log, pi :
i= [ i= i

Nhu vay, dinh ly khing dinh ring ‘entropy dung 13 gi6i han nho nhét c6
thé ma bit trung binh ctia mgt ma nén nhi phan cé thé dat duoc’ cho du ma
duoc tao ra theo bat cir cach nao.

(dinh ly d3 duoc chimg minh trong tai liéu ly thuyét mé nén ctia nhém tac
gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuét).

Vidu 1.1. Van ban

adbadacbdcbacbdbacbacdcdacbadacbdba
cbachacdbadacbacbacbadacbachacbadcd
bacbadbacdbdchacdacbacbachacdda
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Co tat ca 30 chit “@’, 26 chit ‘b’, 26 chit ‘¢’ va 19 chit ‘d’ duge sinh ra
mot cach ngau nhién.
Entropy=1.98

30 26 26 26 26 19
entropy=— (— log “log, — +—1log, — +—log, —) =
by (101 2701 101 22101 101 22101 101 101)

Tuy nhién, van ban do con ngudi tao ra khong phai cac chit cai xuat hién
not cach ngﬁu nhién, duong nhién la phu thudc 14n nhau tuan thu theo cac qui
tic tao tir, tao cau, ... P& nghién ctru van dé nay ta xét mé hinh Markov 13 mé
hinh do A. A. Markov (1856-1922) dua ra.

1.3. M6 hinh Markov (trang thai).
1.3.1. Pinh nghia m6 hinh Markov (trang thai).

e  Pinh nghia d6 thi dinh hwéng. D6 thi dinh huéng bao gom mot
tdp hop hitu han cac dinh - trang thai, S ={S;, S,, ..., Sm} Vva cac canh dinh
hudéng Q={a,,a,...a;}.

e  Dinh nghia m6 hinh Markov (trang thai). M6 hinh Markov 1a mét
dd thi dinh hudng. M3i canh ¢6 xac xuat di chuyén theo canh. Téng cac xac
suat chuyén trang thai ra khoi mot dinh bat ky cuia do thi ludn béng 1.

e Mot viin ban do mdt mé hinh Markov sinh ra. Mdi mét tién trinh
dugc xac dinh duy nhét théng qua cac dinh va cac canh ma né di qua. Xac suat
xudt hién cua mot tién trinh 13 tich cta céc xac suét doc theo céc canh ma tién
trinh di qua. S6 cac dinh cia mt tién trinh twong tng ty 18 voi sé cac canh ma
tién trinh di qua. Van ban ctia mot tién trinh 1 ddy cdc chit cai tén cua dinh

dau tién va cac canh ma madt tién trinh di qua.
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- Néu c6 khong qua 1 canh nbi tir dinh nay téi dinh kia thi mdi tién trinh
duoc xac dinh duy nhét béi cac dinh ma né di qua. Khi 4y van ban ctia mot
tién trinh trong tmg duy nhat v6i ddy tén ctia cac dinh ma tién trinh di qua.

- Néu chi quan tdm dén cac dinh, vi du nhu tan suat viéng tham cac dinh
chang han thi ta c6 thé gdp cac canh cung ndi tir dinh nay t6i dinh kia lai dé
md hinh tré thanh truong hop ma tir dinh nay t6i dinh kia dugc ndi boi khong
qua 1 canh.

Goi pij v6i i, j = .. m 1a xac suat di chuyén tir dinh A; téi dinh A; doc
theo tit ca cac canh ndi. Mdi canh di tir dinh A; t&i dinh Aj c6 mot trong s6 1a
xé4c suat chuyén dong doc theo cung d6. Gia tri pij dugc tinh bang tong tat ca
cac trong s6 cua céc canh di tir dinh A; t6i dinh Aj. Ma tran F tao ra tu cac pjj
13 ma tran vudng cip m. Ma tran xac suét chuyén 1a mot ma tran thong ké véi
céc tinh chat sau:

Céc phan tir cia né khong am: p; =0

Téng cac phan tir ciia mdi cot bang 1: ipij =1. Do ipij bang téng cdc

= L
trong sb di ra tir dinh thr i (theo tbi da 1 1 canh) nén né bang 1.

Do tong cac xac suét thoat khoi mot dinh bat ky bang 1 cho nén ma tran
F c6 tinh chét 1a tdng ctia cac sé cia mot cot bat ky ludn bang 1. Ma tran nhu
thé nhan A=1 lam gia tri riéng,

Néu tai thoi diém nao d6 xéac suat xut hién tai cac dinh tuong ung la P
thi tai thoi diém tiép theo x4c suét gip cac dinh d6 1a FP. Ta thay rang c6 thé
ap dung 1y thuyét cta xich Markov cho mé hinh Markov. Ky hiéu
£=(¢,,P,F)la xich Markov thuan nhat (ma tran x4c sudt chuyén khéng phu

thudc vao thoi gian) ¢é m trang thai voi phan bo xac suat ban dau la vector
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dong P=(p;,) va ma trdn xac sut chuyén la F= I)ij . Néu ta qui dinh dbi véi
md hinh Markov 1uén c¢é dinh xuét phat thi P = (1,0,0,..,0).
Ta ky hiéu p{? =P{g, =j|&, =i}, do6 1a x4c suat chuyén sau k budc tir

trang thai i sang trang thai j, d6 chinh 13 cic phan tir ctia ma tran F* Khi d6 ¢6

phuong trinh Kolmogorov sau: p{*’ => p{’p{.

e  Pinh nghia Egordic. M6 hinh Markov c6 tinh egordic néu nhu sau
mot sb6 bude du 16n, xuit phat tr mgt dinh ta co thé dén dugce tit ca cac dinh
khac véi x4c suét 16n hon 0.

Trong ngdn ngit ctia ma tran x4c suét chuyén thi diéu kién ergodic chinh

13: ton tai s6 ng sao cho € =min pi >0.
L]

Dudi quan diém cua ly thuyét do thi thi diéu kién ergodic chinh 1a: c6 thé
chuyén tir mot dinh bat ky dén tat ca cac dinh trong dd thi theo cac canh c6
dinh huéng. D6 chinh 13 tinh lién thong cua do thi.

Mot diéu can cha v 13 d6 thi ctia mo6 hinh Markov ¢6 m dinh. Nhung céc
chit cai di kém véi mot canh lai thudc mot bang chit cai c¢6 n chit. Néi 2 dinh
6 thé ¢ céac canh boi ung voi cac chir cai khac nhau nén n cé thé 16n hon m.
Khi ta néi cht chau chau nhay tir mot dinh nay sang mét dinh khac thi ¢
nghia 13 n6 di chuyén theo mét trong cac canh ndi 2 dinh 4y.

1.3.2. Phan b6 6n dinh

Xét m6 hinh Markov ergodic.

e Dinh ly 1.1. Bdi v6i mé hinh ergodic v6i moi phan bd xac suét ban dau

P={p;}, thi ddy FP, F°P, F°P,... tién dén mot phan bd duy nhét - phan b6 6n

L& Hung Bach — Lép CT901 11
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dinh  1=1imF"P. Phan b6 nay la nghiém cia phuong trinh FII=IT véi diéu

n—o

m
kién Zni =1.
i-1

(dinh ly d3 duoc chimg minh trong tai liéu ly thuyét mé nén ctia nhém tac

gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuat trang

133).

2 r 1 5
Vi du 1.2. Giai phuong trinh tim diém bat dong véi dieukién > n; =1.

0 025

0 0
0.75 0

0 075
025 0

0
0.25
0
0
0.75

0.75
0
0.25
0
0

0
0.75
0
0.25
0

T
T2
3
Tg

5

il
T2
3
Ty

g

i=1

1/4 L
I\
3/4
1/4 L
1/4
Hinh 1.1

B N A 1 N A A R . 9 A b
tim dugc nghiém duy nhat 7= ,= m3= My=Ts= la phan bd 6n dinh ciia mo6 hinh.

Lé Hung Bach — Lép CT901
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1.3.3. Entropy. z.'{i ‘

D Lx.‘

Hinh 1.2

Ky hiéu cac dinh ctia mo hinh 1a {A;, A,,...,An}, cac canh di ra tir dinh A;
la ¢;( trong d6 j=1,2,.., m;), phan bb 6n dinh 1a I={ny, m,,..., T}, trong sb

cac canh di ra tir dinh A; 1a w,(lru ¥ j=1,2,...m,). Gia tri E, =3 w, log, —
=1

duoc goi la entropy cua dinh A;. Gia tri H—Zn E;= Zn ZW log, W— duoc

i=1 =L i
goi la entropy ciia mo hinh.
e Dinhly 1.2 Xét cac van ban dugc tao ra tr m6 hinh Markov.
1. V61 moi ma nhi phan
(a) Véi n dua 16n, bit trung binh ctia ma khong nho hon entropy.

2pOLE
L 2D MW u‘logzi

i=1 ':1 ij

(b) Bit trung binh (cho mét chit c4i) ctiia hau hét cac van ban khong nho

hon entropy.
2. V61 moi gia tri €0 nho tuy y, luon chi ra dugc ma nhi phan, ma khi van
ban du dai bit trung binh ctia md va cia hau hét cic vin ban, nim trong

khoang entropy va entropy+e

L& Hung Bach — Lép CT901 13
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(dinh 1y d& dugc chimg minh trong tai liéu 1y thuyét ma nén cta nhém tac
gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuat trang
146).

Nhu vay ta co

e Pinh Iy 1.3. Véi hau hét cac van ban & thi lim-

n—o

log, p(8)
—=——— =entropy.
0 Py

1.3.4. Cic ngudn ciing xac suit khac entropy.
Bai toan mo6 hinh hoa mot nguén tin trén thue té 13 mot bai toan kho. Mot
ludng tin hitu han c6 thé do nhiéu nguén tin sinh ra.
Vidu 1.3. Van ban

adbadacbdcbachdbachacdcdachadacbdba
cbacbacdbadacbacbachadacbacbachadcd
bacbadbacdbdcbacdachacbacbacdda

C6 tat ca 30 chir “a’, 26 chit ‘b’, 26 chit ‘¢’ va 19 chir ‘d’. C6 thé coi nhu
ludng tin duoc sinh ra tir cac ngudn sau.
Ngudn 1. Entropy=1.98

30 30 26 26 26 26 19 19
entropy=—(==1log, — + > log, == + > log, == + = log, —=) =1.98
Py (101 92701 " 101 292701 " 101 *%2 101 " 101 92101)

Trong mé hinh ngudn trén ta hdu nhu chi cha y dén x4c suat xuat hién
clia cac chit “a, b, ¢, d”. Tuy nhién ta c6 thé nhan thdy mé hinh sau day 1a
thich hop hon véi vin ban trén, dé y rang sau khi xuét hién chit ¢ thi khéng thé

xuat hién chir a.
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....... a, 30 .. a,30
I b, 26 b, 7

c, 26 d, 12

d, 19
- €, 26
v .

— 2
“.. b, 19
Nguon 1 d=7
Nguon 2. Entropy=1.55
Hinh 1.3

Ta c6 thé tinh entropy theo 2 cach
Cach thir nhat: Tinh theo cong thirc da duoc dinh nghia.
- Bwée 1. Xac dinh sb trang thai: bang 2.

- Bwée 2. Tim ma tran xac suat chuyén trang thai

_ 30+7+12 49 . _ 26 26 . _26 .
P11= =—, P2 = =—, Pa=_—_=1
B0+7+12)+26 75 B0+7+12)+26 75 26

a,,=0
2
F:(p” pzlJ: 75
Pi2 P22 26 0
75

- Bwoce 3. Giai phuong trinh FIT =TI1

49
o 1 s T o a0 .
Zg ( j:( J,V(’ndléuklénnl+n2=1.
£ o \™2 T2
75

. 75 26
Ta thu duoc nghiém 7, 01 ™= o1

- Bwée 4. Tinh cac entropy cua tirng trang thai
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. a=30
b=7
d=12
C:2
1 g >
Trang thai 1
E, = 30 log, 30+7+12+26+
30+7+12+26 30
7 30+7+12+26
log, +
30+7+12+26 7
+ 12 0g, 30+7+12+26+
30+7+12+26 12
+ 26 log, 30+7+12+26 _ 1.80096
30+7+12+26 26
Trang thai 2
19 19+7 7 19+7 e b=l
E, = 0 + lo =0.84036
27 19479279 T 197927 9

- Bwée 5 Tim entropy cuia ngudn bang cach 1ay tong céc tich xac suat

xuét hién clia trang thai voi entropy riéng cua né.
_ _ s 26 _
E=mE;+mE, = 101 1.80096 + 1010.84036 = 1.55368.

Két luan entropy ctia ngudn 1a 1.55368

Cach thir hai: Sir dung kha ning tinh nhanh ctia may tinh dé mé phong
su hoat dong cua ngué)n nham muc dich tinh cac gia tri xac SUAt Ty va .
Trong chuong trinh sau chung duoc ky hiéu l1a Pa va Pb trong d6 a la ki hiéu

trang thai 1 va b 1a ki hiéu trang thai 2 ctia ngudn. Ea, Eb 1a cac entropy riéng
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tuong ng voi cac trang thai a va b. Ta bat ddu tir phan bd xéac suat Pa=1 va
Pb=0. Ttrc la bat dau tién trinh tai trang thai 1. Ta dung mot tinh chét cua tién
trinh egordic 1a trung binh theo thoi gian bang trung binh theo khong gian. Két
qua duoc in ra E=1.55370 tuy khong hoan toan chinh x4c nhung né gan ding
voi gia tri that cua entropy.

var a, b, Ea, Eb, Pa, Ph: extended:;

I, s: longint;
begin
randomize;
a:=0; b:=0; s:=1,
for i:=1 to 10000000 do
begi n
if s=1 then
if random < 26/(30+7+12+26) then
begin
s:=2;
b:=b+1,;
end
else a:= a+1,
if s=2 then
begin
a:=a+l;
s:=1;
end;
end,;
Pa:= a/(at+b);
Pb:=b/(a+b);

writeln(Pa:10:7," ',Pb:10:7);
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Ea:= -30/(30+7+12+26)*In(30/(30+7+12+26))/In(2)
-71(30+7+12+26)*In(7/(30+7+12+26))/In(2)
-12/(30+7+12+26)*In(12/(30+7+12+26))/In(2)
-26/(30+7+12+26)*In(26/(30+7+12+26))/In(2);
Eb:= -19/(19+7)*In(19/(19+7))/In(2)
-71(19+7)*In(7/(19+7))/In(2);
writeln(Ea*Pa+Eb*Pb:10:5);
end.

Qua vi du trén néu chi v6i muc dich uéc lugng entropy thi ta c¢6 thé str
dung phuong phap thir 2 vi n6 that sy don gian hon viéc tim vector riéng cua
mot ma trin ma vé nguyén tdc nod co thé cb bac rat 16n.

1.3.5. Nguén c6 entropy nhé nhit.

Mot vin ban ¢ thé duogc sinh ra tir nhiéu ngué)n trang thai khac nhau.
Trong sé ching ngudn nao cé entropy nhoé nhét thi vin ban do chung sinh ra
s& nén lai dugc nhiéu nhat. Bai toan dit ra 1a dua vao mét van ban lam sao ¢
thé tim duogc moé hinh ngudn sinh ra vin ban 4y ma lai ¢ entropy nho nhat.
Khi tang sé dinh cia mé hinh ngudn 1én thi ta c6 co hdi tim thdy dugc cac md
hinh ngudn ¢6 entropy nhé hon. Tuy nhién sé dinh cia mé hinh ma qué 16n thi
né can trd cho viée thé nghiém thuat toan, bdi vi bd nhé ctia may chi c6 han.
Trong s6 cac mo hinh ngudn co ciing sb dinh thi ta mé hinh ngudn véi entropy
nho nhat dugc goi 1a mé hinh t6i wu. Nhu vy bai toan nén dit liéu dya vao mo
hinh ngudn 14 1am sao tim dugc mo hinh ngudn t6i wu.

Vi du 1.4. Xét van ban

adbadacbdcbachdbacbhacdcdachadacbdba
cbacbacdbadacbacbacbadacbacbacbadcd

bacbadbacdbdcbacdacbacbachacdda
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Céc md hinh nguodn sau la cdc md hinh c6 thé va toi uu c6 cung so dinh.
Phia bén phai la mo6 hinh t61 uwu, con phia bén trai 1a mé hinh c6 cung s6 dinh
nhung khong phai 1a mé hinh t6i uvu. Tat ca cac ngudn sau déu sinh ra duoc

van ban noi trén. Sy khéac biét chi 1a entropy cua chung.

» b, 26
c, 26
d. 19

Entropy = 1.98
Hinh 1.4a
- a,30 - b 26
b, 7 b 4
d. 12 d 12
c, 26 a 30
..... b, 19 e € 22
d=7 d7
entropy 1.55 entropy 1.45
Hinh 1.4b Hinh 1.4c
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als a l6 ;" b 2 Ly d 7
b1 b 19
d?2 c 12
c 1 .
c 3 - 1 '
b 22

o o
oo N

S
— N

VY

entropy 1.11
entropy 1.93 Py

o &
N O

Hinh 1.4d Hinh 1.4e

Tao ra thuét toan dé tim ngudn c6 entropy nho nhat ¢ thé 13 mot bai toan
khé. C6 mot giai phap goi 1a phuong phép tu phan chia (clone) dé tim ra duoc
mot mo hinh cd entropy nhé hon, nhung khéng chic dd 1a mé hinh tdi wu.
Phuong phép nay 1a co sé cho thuat toan nén DMC (Dynanic Markov
Coding.)

Gia sir ta c6 mo hinh ma tai diém ‘¢’ c6 mot sé dinh di t6i va di ra véi

cac trong s6 nhu sau.
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O\ 9

82

N /
Entropy = 0.7 @

80 / \72
)’ T

Hinh 1.5
Trong sb cac dinh di vao ‘c’ gia st nhu di tir dinh ‘b’ lai 1a thuong vao
‘v’, trong khi di tir ‘a’ lai thudong vao u. Bé cho dé muodng tuong ta coi ‘c’ nhu
mot nit giao thong, ma ¢ do ngudi ta di tir ‘a’ va ‘b’ téi ‘v’ va ‘v’. Néu 1a
dudng di bo thi bing quan sat, ta ciing thay 16i di s& tach dan ra 1am 2. Nhu
véy chi can biét mot ngudi di tir dau t6i 14 ta c6 thé doan biét duoc anh ta sé& di
dau. Do d6é mo hinh sau s€ phan anh ding thuc chét cua su phu thudc hon.

Ttrc 14 no6 ¢6 entropy nho hon mé hinh cii.

DS D

Entropy = 0.2

DELED SO

Hinh 1.6

Nguoc lai vai tu phan chia la nhap 2 dinh lai thanh 1 dinh - kiém nhiém,
néu nhu viéc nhap nay khong lam thay doi entropy qua nhiéu ma lai tiét kiém

duoc bd nhé do sd dinh it di.
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1.4. Cac trinh vi du
e Viduy 1.5. Trinh tao ra file vin ban mot cach ngau nhién tir cac chit cai a
va b, voi xac suat tuong tng pl = 2/3, p2 = 1/3.
Theo ly thuyét ta c6 E = 2/3 10g,(3/2)+ 1/3 log,(3) ~ 0.918

Sau khi nén con ~ 11%

uses crt;
var f:file of byte;
a,b,c,d : byte;
I, da, db : longint;
E:real;
begin
assign(f,'c:\kptl.txt");rewrite(f);
a:=ord('a’);b:=ord('b";
da:=0;
db:=0;
for i:=1 to 640000 do
begin
if random<=2/3 then
begin
write(f,a);
da:=da+1,;
end
else
begin
write(f,b);
db:=db+1;
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end
end;
close(f);
clrscr;
E:=(da/640000*In(640000/da)+ db/640000*In(640000/db))/In(2);
writeln(" ty le nen con =",round(E/8*100), '%");
Readln;
end.

e Vidul.b.
Trinh sau tao ra file van ban theo m6 hinh Markov. File nén c6 dung
luong bang 12%,

2/3 1?2
oY
MeoS

1/2
Hinh 1.7

Ma tran trang thai la

1/3 1/2
2/3 1/2

Phan b 6n dinh 13 nghiém ctia phuong trinh

1/3 1/2\pa) (Pa
2/3 112 \pp) \pp
Vi diéu kién Pa +Pp =1

Loi giai 1a Py =3/7 vapp=4/7
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var f:file of byte;
a,b:byte;
M:char;
I:word;
Ea,Eb,pa,pb,E:real;
begin
assign(f,'c:\CPT1.txt");rewrite(f);
a:=ord('a’);b:=ord('b";
M:="a";
da:=0; db:=0;
for i:=1 to 64000 do
case M of
‘a":begin if random<1/3 then
begin write(f,a);M:="a"; end
else
begin write(f,b);M:='b"; end,;
end;
'b":begin if random<1/2 then
begin write(f,a);M:="a"; end
else
begin write(f,b);M:='b’; end,;
end;

end;
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close(f);

Ea:=(1/3*In(1/(1/3))+ 2/3*In(1/(2/3)))/In(2);
Eb:=(1/2*In(1/(1/2))+ 1/2*In(1/(1/2)))/In(2);
pa:=3/7; pb:=4/7,

E:=pa*Ea+pb*Eb;

writeln(' ty le nen =',round(E/8*100),” %’);
ReadIn;

end.

e Vidul7
Trinh sau tao ra file van ban theo m6 hinh Markov. File nén c6 dung lugng

bang 10%.

o ’ 17
(P

6/7
Hinh 1.8

Ma tran trang thai la
215 6/7
3/5 1/7
Phén b 6n dinh 12 nghiém ctia phuong trinh
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215 6/7\Pa) (Pa
3/5 17 )\pp) \pp
Vi didu kién Pa +Pp =1

Loi giai 1a D, =30/51 va py =21/51

var f:file of byte;
a,b:byte;
M:char;
I,j:word;
Ea,Eb,pa,pb,E:real;
Na,Nb,N:real;
begin
assign(f,'c:\CPT2.txt");rewrite(f);
a:=ord('a");b:=ord('b");
M:="a’;
Na:=0;Nb:=0;N:=10*64000;
for j:=1to 10 do
for i:=1 to 64000 do
case M of

‘a":begin if random<2/5 then
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else
begin write(f,b);M:='b";Nb:=Nb+1; end;
end;
'b":begin if random<6/7 then
begin write(f,a);M:='a";Na:=Na+1; end
else
begin write(f,b);M:="b";Nb:=Nb+1; end;
end;
end;
close(f);
Ea:=(2/5*In(1/(2/5))+ 3/5*In(1/(3/5)))/In(2);
Eb:=(1/7*In(1/(1/7))+ 6/7*In(1/(6/7)))/In(2);
writeln(" pa=',Na/N," pb=",Nb/N);
pa:=Na/N; pb:=Nb/N; {pa=30/51 & pb=21/51}
E:=pa*Ea+pb*Eb;
write(" ty le nen =",round(E/8*100));
end.

e Viduls8
Trinh sau tao ra file van ban theo mo6 hinh Markov. File nén c6 dung
lugng bang 15%.
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215
2/5
&~ 1/5
3/5
2/5
9/3 1/3

Hinh 1.9

Ma tran trang thai la
3/5 1/5 2/3
215 2/5 1/3
0 2/5 0

Phan b 6n dinh 13 nghiém ctia phuong trinh
3/5 1/5 2/3)\p, Pa

2/5 2/5 1/3 | pp |=]| Pp
0 2/5 0 \pg Pc

Véi diéu kién Pa +Pp +Pc =1
Loi giai la pa=35/77, p,=30/77, p. =12/77

var

f:file of byte;

a,b,c:byte;

M:char;

I,j:word;

Ea,Eb,Ec,pa,pb,pc,E:real;

Na,Nb,Nc,N,R:real;
begin
assign(f,'c:\CPT3.txt");rewrite(f);
a:=ord('a");b:=ord('b");c:=ord('c");
M:="a’;
Na:=0;Nb:=0;Nc:=0;N:=10*64000;
for j:=1to 10 do
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for i:=1 to 64000 do
Begin
R:=random;
case M of
‘a":begin if R<3/5 then

end,;
'b":begin if R<1/5 then
begin write(f,a);M:="a";Na:=Na+1;end
else if R<3/5 then begin write(f,b);M:='b";Nb:=Nb+1;end
else begin write(f,c);M:='c';Nc:=Nc+1;end
end,;
'c":begin if R<2/3 then

else
begin write(f,b);M:='b";Nb:=Nb+1;end;
end,;
end;
end;
close(f);
writeln(' .......... ', Na+Nb+Nc, '=" ,N);

Ea:=(3/5*In(1/(3/5))+ 2/5*In(1/(2/5)))/In(2);
Eb:=(1/5*In(1/(1/5))+ 2/5*In(1/(2/5))+ 2/5*In(1/(2/5)))/In(2);
Ec:=(2/3*In(1/(2/3))+ 1/3*In(1/(1/3)))/In(2);
pa:=Na/N; pb:=Nb/N; pc:=Nc/N; {pa:=35/77; pb:= 30/77; pc:= 12/77;}
writeln(" pa=',pa:3:7,' pb=",pb:3:7,' pc=",pc:3:7);
E:=pa*Ea+pb*Eb+pc*Ec;
write(" ty le nen =",round(E/8*100));

end.
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Chwong 2. Cac ma va thuit toan nén viin ban co dién
2.1. M4 tong va mé phan tach
e Pinh nghia 2.1 Cho A va B 14 hai van ban. Tong ciia A+B 1a mot vin
ban méi thu duoc tir A viét tiép B vao bén phai ciia A. Nhu vay do dai cua
tdng cc van ban 1a tong cua cac do dai cua ching.
e Pinh nghia 2.2 Mot mi dugc goi 13 mi tong néu nhu ban mi cua tong
cac van ban 13 tong cua cic ban ma.

Trong dinh nghia cho mé tong ta da sir dung khai niém “téng clia cac vin
ban”. Néu mai cta “a” 1a f(a), ctia b 1a f(b) thi ma cta “ab” 1a “f(a)f(b)”, ma
clia “ba” 1a “f(b)f(a)”. Xét ma tong trén bang chit cai Q={a, ay, ...., am}. Mdi
chit cai ay, ay, ..., 8y c6 ma cuia nd, ma ta goi la tr ma. Tir ma cua céac chir cai
xac dinh anh xa f: Q—>M, tu tdp cac chir cai vao tap cac xau bit "0/1". Nhu
vay vo1 moi xeQ), xau bit f(x) la tir ma cua x, do dai xau bit f(x) dugc ky hiéu
la 9(x).

Theo dinh nghia mi téng thi xau cac chit cai {= ,0,...0, twong tng duy

nhat voi xau bit ¢6 dang f(Q)=F(w1)+f(w,)+...+F(0,). Ban ma f(&) c6 do dai
L&)=Y 8(e,) bit.
i=1

e Pinh Iy 2.1. Néu f Q—>M 13 mi tong xac dinh trén bang chir cai
Q={a,a,,....,am}, ma mdi chit cai aj, ay, ..., am ¢6 Xac suét xuét hién tuong ung la
p11 p2’ reney pm thi

Bit trung binh cho mdt chit cai cia hau hét cac van ban c6 n chir C=

0103...0n
2 ~ Zlg(a)l) m 2 A N\ A N\ \ ~ 2 ~ re
thod man |imiZ =3 p,9(a,), 0 day (o) la do dai tr mé cua chit cai
n—coo n =1
0el.
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> POLQ)

Bit trung binh ciama ==

= p,(a)

Trong d6 p(£)=p(©1)p(®,)...p(wn) 12 xac suat xuat hién vin ban ¢, va L)
la d6 dai ban ma cua no.

(dinh ly d3 duoc chimg minh trong tai liéu ly thuyét ma nén ctia nhom tac
gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuét).

Tir day, ta chi d& cap dén cac ma tong nhi phan. Néu céc tir ma c6 do dai
c6 dinh thi ta ludn giai ma dugc. Nhung néu d6 dai cua tir ma thay doi thi
khéng phai véi anh xa ma ndo ciing ¢ thé giai ma dugc.

Vidu 2.1. Xét anh xa ma

a->100
b -> 1000
c->0

M4 cia "ac" va "b" déu la day bit "1000". Nhu vay khi nhan dugc chudi
bit 1000 ta khéng thé biét dugc rang vin ban ban dau 13 "b" hay 1a "ac". Cho
nén anh xa tao thanh bang mi cho céc chit cai can phai c6 tinh chat 1a giai ma
dugc. Tinh phan tach dugc dua ra dudi day s€ dam bao cho tinh giai dugc cua

~

ma.

¢ Pinh nghia 2.3: Cho A va B Ia hai doan tao ra tir cac bit 0/1. Ta néi A

1a dau cua B néu nhu c6 mot doan C sao cho B = A + C.
e Dinh nghia 2.4: Mot tap hop M tao ra tur cac doan bit 0/1 duogc goi la
phén tach néu khong c6 doan nao 1a du cta doan kia.

Nhu vay, ma c6 do dai tr ma co6 dinh la ma phan tach.
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e Pinh Iy 2.2. Diéu kién du dé giai ma duge mot diy bit duoc tao boi mot
mi tong tir mot bang ma bit "0/1" c6 d6 dai thay dbi 1a mdi chir cai tmg voi
mot xau bit khong c6 x4u ndo 13 bat dau cua xau khac.

e DPinh ly 2.3. (Kraft-McMilan)

biéu kién can va du dé co6 ma téng ma cac chir cai Q={ay, a,, ..,am} bé“tng
xau bit 0/1 véi do dai twong tmg 9,=9(a;) 1 iis <1,
. Pidu kién cAn (Dinh Iy McMillan)
- Piéu kién di (Pinh ly Kraft)
(dinh 1y d& dugc chimg minh trong tai lidu 1y thuyét ma nén cta nhém tac
gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuét).
Hé qua Moi m tong déu c6 thé thay thé bing ma phan tach cé cung do
dai céc tur ma.
2.2. Ma Shannon
Xét bang cdc chit cai Q={a,,a,......am} VO x4c suat twong tng pi> Pr> ...

> pm>0. Ta xay dung mot ma phan tach cho bang chir cai Q nhu sau.

RO rang, néu

re X y A > A A 1
Vi moi p; ¢6 thé chi ra so nguyén r; sao cho on SPi <

1 A
e nenr; < I .

i<j thido p;<p, <
Str dung ki hiéu
Q=0
Q2=p1
Qs=p1t P2
Q4= p1t P2t Ps
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Khi d6 do py, p2 ..., Pm>0 NéN Q1< Qo<......<Qn<1

Mot sb x<1 bat ky c6 thé biéu dién duy nhit ¢ dang x=%+%+%+...+%+....

Trong d6 o; la céc s6 hodc béng 0 hoac bﬁng 1. Ta st dung ky hiéu

0,aj0,03...0... d€ ghi lai tong trén va goi nd la bieu dién theo co s6 2 cua so x.

. 1 1 p .
Nhu vay, s6 c6 dang 0,11 c6 nghia la 5T % Trong phan ching minh sau

vi khong c6 kha ning gay ra nham 1an nén dé cho don gian ta bo “0,” ra khoi
biéu dién trén, va vAn goi aiolp0ts....0k... 1a biéu dién co s6 2 cua x.

Xét biéu dién cac s6 Q1< Q,<......<Q, dudi dang co sb 2 nhu trén. Ctr v6i
mdi mot trong m diy co sd 2 ndi trén ta giit lai, twong tng véi timg Q; diy
tao ra tir r; s6 dau tién. Nhu vy, ta cé m ddy @; v6i i=1..m 1 cac diy tao ra tir
cac bit “0,1”. Vi mdi i=1..m ta sir dung ¢; dé m3 hoa trang thai a; thi thu
duoc mot phuong phap ma nhi phan trong dé mdi trang théi a; duoc tmg véi
mot day co rj bit. Loai ma nay goi la ma Shannon.

e Thuat toan tim ma Shannon.
Input. nhip n va cac gia tri xac sut P;> Py>..... P,

Out put. tinh code[i]
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Q:=0; for j:==1tordo
for i:=1 ton do begin
begin S:=S*2;
r:=1;w:=1/2; if S>1 then
while not (w<=P,) do begin
begin S:=S-1;
wi=w/2;r:=r+1; code[i]:=code[i]+'1'
end; end
code[i]:=""; else code[i]:=code[i]+'0'
S:=Q;Q:=Q+ P; end;
end;

Chuong trinh minh hoa tao ma Shannon.
const n=20; {So ky tw cua bang chir cdi}

var P:array[l.n]of real;  {Xdc sudt timg ky tu}
code:array[1..n] of string; {Ma Shannon cho tiung ky tu}

Procedure coding;

Var S,Q,w: real;

I,J,r:integer;
Begin
Q:=0;
fori:=1tondo
begin
r.=1;w:=1/2;
while not (w<= P[i]) do begin w:=w/2;r:=r+1;end;
code[i]:=";
S:= Q;Q:=Q+ PIiJ;
forj:=1tordo
begin
S:=5*2;

iIf S>1 then begin S:=S-1;code[i]:=code[i]+'1";end
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else code[i]:=code[i]+'0'

end,
end,
End,;
{Phan chinh cua trinh.}
const U:array[1..n] of integer=
(371,332,313,257,252,249,205,202,178,173,151,132,123,107,73,59,48,4,2,1);
Var i:integer;

s:real;

f.text;
Begin
{Nhap dir li¢u}
s:=0;for i:=1 to n do s:=s+Uli];
fori:=1tondo

begin
p[i]:=U[i]/s;code[i]:=";
end;

{Tao ma}
Codi ng;
{Ghi két qua ra file}
assign(f,'c:\kq.txt");rewrite(f);
for i:=1 to n do writeln(f,code[i]:15,U[i]:5);
close(f);
End.

e Pinhly 24

Cho bang chir cai Q={ay,a,,......am} VOi X4c sudt twong Gmg p;> P; > ... >

Pm>0.
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Ma Shannon 1a ma phan tach. N6 ma moi chir cai a; voi xac suat p; bang

At et~ Lt 1A s aA Txs 2~ 1 1
mot tir ma nhi phan c¢6 dg dai rj thoa manlog, — <r; <1+log, —

1 1

m
Bit trung binh ctia ma Shannon =Y p; -r; thod man hé thirc

i=1

- 1 - 1
Zpi -log, fsf<2pi -10g2;+1.

i=1 i i=1 i
Hay Entropy(Q)< r < Entropy(Q)+1.
(dinh 1y da dugc chimg minh trong tai liéu 1y thuyét ma nén ctia nhém tac
gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuét).
2.3. M4 tbi wu va sir ton tai cia ma t6i wu
2.3.1. Pinh nghia ma téi wu.
Cho bang chit cai Q={ay,,,.....,an} VOi X4c suat twong img py > Pa >......> Pm>0.
Xét ma tong & trén Q véi cac tir ma twong ung 13 =€ (ay), €,=¢ (ay),...,

em=¢ (am). Cac tir mi ey, €5,...., €y, cO do dai tvong tng 1a 34, 9,,...., Sy,

Mot mi tong & duge goi 1a t6i wu néu bit trung binh ctia ma A: =209
i=1

13 nho6 nhét ¢6 thé. Luu ¥ rang moi ma téng c6 thé thay thé boi mot ma phan
tach cho nén ma ti uu 13 ma phan tach.
Ta di chiimg minh ¢6 ton tai ma toi wu.
2.3.2. Sy ton tai cua ma t6i wu
Khing dinh:
- M3 tdi vu d3 ton tai
- Trong s6 cac ma toi wu thi tim duoc mot ma tdi vu ma
e Chir cai c¢6 x4c sudt 16n hon s& c6 do dai tir ma bé hon.
e Tir mé cta hai chit cai c6 x4c sudt nhd nhat c¢6 cing do dai va chi

khéac nhau bit cudi cung.
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(Khing dinh dd dugce chimg minh trong tai liéu ly thuyét ma nén ctia nhom
tac gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin Xuat).
2.4. Ma Huffman

e Dinh nghia 2.5

Néu bang chir c4i chi ¢6 2 chit cai thi ta danh ma chang 13 "0" va "1".

Ta dinh nghfa ma Huffman cho bang c6 m chit cai bang dé qui nhu sau:

Xép bang chit cai theo thir tir x4c suét xuat hién cta nd giam dan ( p=p,> ...
> pm>0). Nhu vy chit cai & cubi bang 1a chir ci ¢6 x4c suit xuat hién nho
nhat.

Ghép 2 chir cai voi xéc suét nho nhat lai thanh mot chir céi kép véi xac suét
xuat hién 13 tong clia hai x4c suat 4y. Nhu vay trong bang chit cai méi 2 chi
cai nay bi loai nhung chit cai kép dugc thém vao.

Tao ma Huffman cho bang chir cai méi nay ( c6 m - 1 chit).

Tao 2 tir md méi bing cach thém "0" va thém "1" vao ma cua chir cai kép.

Gan 2 ma nay cho 2 chit cai bi ghép lai.

e Thuat toan tao ma Huffman.

Buwée 1. Liét ké tat ca chit cai cling v6i xac sudt ctia nd theo thir tur giam

dan.

Buwéc 2. Ghép 2 chir cai cé x4c suit nhé nhat (2 chit cudi bang) thanh
mat chit cai kép. Gia sit nhu 2 chit 4y 1a "a","b". Ta dung ki hiéu {a,b} dé
ky hiéu chit cai kép dy. Xac suét cua chit cai kép bang tong cua 2 xac suit
ctia 2 chit cai tao ra chit kép Ay.

Buwéc 3. Néu di tim duge mi cho bang cai "kép" thi ma cta chir "a" s&

gém mi cua chit kép thém 0, va ma chit "b" thém 1.

Buwéc 4. Quay lai buée 1 cho dén khi chi con 1 chir kép c6 xac suat bing
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Vi du 2.2. Vi khong gian xac Suét céc su kién {e, a, 1, 0, u, 6} cac xac Suét
tuong tmg 1a (e,0. 3) (8,0.2) (0,0.2) (i,0.1) (u,0.1) (6,0.1) thi ta can ghép 5 lan nhur
Sau.

e—>0.3 e—>03 e—>0.3 {a,0}—0.4 {{{u,0},i},e}—>0.6 {{{{u,0},i},e},{a,0}}—>1.0
a—>0.2 a—0.2 {{,06},i}—>0.3 e —>0.3 {a,0} 0.4
0—>0.2 0 —0.2 a—0.2 {{u,0},i}>0.3

i—> 0.1 {u,0} —»0.2 0—0.2
u—0.1 i—0.1

00— 0.1

Bang 2.1

Viéc gdn ma dugc thuc hién nhu sau:

Bang ma clia céac
0 1 chit céi.
\ ({{uolilel  {ao 4—>0000
0 1 0 N
3 3 1 6—0001
\ ({uohi} | e alo, .
0 1—001
1
\ (0.0) i/ e—01
0 \ a—>10
/ 1
'y O o—11

¢ Trinh minh hoa tao ma Huffman
Duéi déy 14 trinh 14p ma Huffman bang Pascal theo thuat toan di mo ta ¢
trén. Stir dung phuong phap dé qui thi ¢6 vu diém 1a dé hiéu nhung ciing ¢
nhuge diém 1a doi hoi bo nhé 16n.

Const n=20;
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Type nod=record
code:string;
prob:integer;

end;
var
a:array[1..n] of nod;
x:nod;
Sx:string;
I,K:integer;
ftext;

Procedure coding(m:integer);

var Kk:integer;
y.integer;

begin
Case m of

1 exit;
2..n :begin
{Piéu kién thoat}
iIf m=2 then
begin
a[m-1].code:="'0";a[m].code:="1";exit;
end;
{Tao chir cai kép}
y:=a[m-1].prob;inc(a[m-1].prob,a[m].prob);
{Xép lai}
k:=m-1;
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while (k>1)and (a[k].prob>a[k-1].prob) do
begin
x:=a[k-1]; a[k-1]:=a[k]; a[Kk]:=x; k:=k-1;
end;
{Gia st da ¢ ma cho bang chir cai "kép"}
coding(m-1);
{Khi d6 ma cua cac chit cai la}
Sx: =a[K].code;
for i:=k to m-2 do a[i]:=a[i+1];
a[m-1].code:=Sx+'0";a[m-1].prob:=y;
a[m].code:=Sx+'1";
end;
end;
end;
{Phan chinh cua trinh.}
const U:array[1..n] of integer =
(371,332,313,257,252,249,205,202,178,173,151,132,123,107,73,59,48,4,2,1);
begin
{Nhép dit liéu}
fori:=1tondo
begin
a[i].prob:=UliJ;
a[i].code:=";
end;
{Tao ma} coding(n);
{In két qua}
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assign(f,'c:\KQ.txt");rewrite(f);
for i:=1 to n do writeln(f,a[i].prob:4," ',a[i].code);
close(f);
end.
e Pinh Iy 2.5. M Huffman 1a m4 t6i uu.
. Lo . z. u 1 ut i 1
e Dinh ly 2.6. Doi v6i ma t6i wu thi ) p; log, — < > p% <1+> p;log, —.
i=1 i i=1 i
(Cac dinh 1y dd dugc chimg minh trong tai liéu 1y thuyét ma nén cia
nhom tac gia: Nguyén Lé Anh, Tran Duy Lai, Pham Thé Long, Nguyén Vin
Xuét).
2.5. Ma Fano.
e Thuat toan tao ma Fano:
Gia st ai voi i=1..n la cac chir cua mdt alphabet nao dé va ai xudt hién
v6i tan suat tuong tng 1a pi. Luu y rang p1+p2+... + pn=1
Bwotc 1. Béng cach Xép va ki hiéu lai ta c6 thé coi cac chit cai aj, ay, ...,
a,, ¢O tan suét 1a P1= P2 ... 2 Py (theo thur ty giam dén).
Bwoc 2. Chia cac chir cai ra lam 2 nira, nia trén va ntra dudi, sao cho
chting c6 tong gan bang nhau nhat. Nira trén nhan mé 1a 0, nira dudi 1a 1.
Buwéc 3. Lip lai cong viée cho ting nira va ctr tiép tuc voi cac ntra méi
sinh ra cho t6i khi trong mdi nira méi chi c¢6 1 chit cai. Day cac sb 0,1 duogc
tao ra la ma cua cac chir cai.
Vi du 2.3. Khong gian xéc suét céc su kién {e, a, 1, 0, u, 0} v&i cac xac

suat trong tmg 1a (e,0.3) (a,0.2) (i,0.2) (0,0.1) (u,0.1) (6,0.1).
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e 0.3 03] 00
a 02 %o 01
i 02 07] 100
0 0.1 03| 0.4 101
" o1 %50 = o] 110
A 0.1 [:'2_ ':'D 111

¢ Trinh minh hoa tao ma Fano

Const n=20; {s6 ky tu ciia bang ma}
Type
nod = record
code:string; {ma Huffman}
prob:real; {tAn xuét}
end;
var

a:array[1..n] of nod;
ftext;
i;integer;
Procedure coding(bottom,top:integer);
var
s, rireal;
h:integer;
Begin
{Diéu kién dimg}
if bottom = top then exit;
{Chia bang md ra lam 2 phan}
s5:=0;
for i:=bottom to top do s:=s+a]i].prob;
h:=bottom; r:=a[h].prob;
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while r<s-r do
begin

h:=h+1; r:=r+a[h].prob;
end;
if h=top then h:=h-1;
{Nua dudi nhdan md 1}
for i:=bottom to h do a[i].code:=a[i].code+'l";
{Nua trén nhdn ma 0}
for i:=h+1 to top do a[i].code:=a[i].code+'0’;
{lam twong te nhw vy cho méi niva thu dwoc}
coding(bottom,h);coding(h+1,top);
end;
const U:array[1..n] of integer=
(371,332,313,257,252,249,205,202,178,173,151,132,123,107,73,59,48,4,2,1);
Begin

{Nhdp dir liéu}

fori:=1tondo

begin

a[i].prob:=U[n-i];a[i].code:=";

end;

{Tim ma}

coding(1,n);

{Ghi két quda}

assign(f, 'c:\KQ.txt ");rewrite(f);

for i:=n downto 1 do writeln(f,a[i].prob:4:0, ' ',a[i].code);

close(f);
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End.

Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

Két qua chay cac chuong trinh trén dugc trinh bay trong bang tong hop & phia

Sau.
Két qua tinh.
Bang tong hop.

Ma Shannon Ma Fano Ma Huffman Tan xuat
0000 000 100 371
0001 001 110 332
0011 010 111 313
0101 0110 0001 257
0110 0111 0010 252
0111 100 0011 249
1000 1010 0101 205
1001 10110 0110 202
10101 10111 1010 178
10111 1100 1011 173
11001 1101 00000 151
11010 11100 00001 132
11011 11101 01000 123
11101 11110 01110 107
111100 111110 01111 73
111101 1111110 010010 99
1111101 11111110 0100110 48
1111111101 111111110 01001110 4
11111111110 1111111110 010011110
111111111110 1111111111 010011111 1

Bang 2.2
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Bit trung binh cho tirng loai:

Shannon Fano Huffman

Ma j; dgsgai Ma j; dgsgai Ma c(iie‘({)i dgsgai e
0000 4 10.459 000 3 10.344 /100 3 (0.344 0.115
0001 4 10.411 001 3 10.308 |110 3 10.308 0.103
0011 4 10.387 010 3 10.291 111 3 10.291 0.097
0101 4 10.318 [0110 4 10.318 (0001 4 10.318 0.080
0110 4 10.312 |0111 4 10.312 (0010 4 10.312 0.078
0111 4 10.308 (100 3 10.231 /0011 4 10.308 0.077
1000 4 10.254 (1010 4 10.254 0101 4 10.254 0.063
1001 4 10.250 (10110 5 10.313|0110 4 10.250 0.063
10101 5 (0.275]10111 5 10.275|1010 4 10.220 0.055
10111 5 (0.268 |1100 4 10.214 1011 4 10.214 0.054
11001 5 10.234 1101 4 10.187 |00000 5 10.234 0.047
11010 5 10.204 {11100 5 |0.204 |00001 5 10.204 0.041
11011 5 10.190 |11101 5 10.190 |01000 5 10.190 0.038
11101 5 10.166 {11110 5 10.166 |01110 5 10.166 0.033
111100 6 [0.136 (111110 6 10.136 |01111 510.113 0.023
111101 6 [0.110 (1111110 7 10.128 /010010 6 0.110 0.018
1111101 7 10.104 |11111110 8 |0.119 (0100110 7 10.104 0.015
1111111101 10/0.012 (111111110 | 9 |0.011 01001110 | 8 |0.010 0.001
11111111110 |11|0.007 |1111111110100.006 {010011110| 9 |0.006 0.001
111111111110 |12|0.004 |1111111111|1010.003 |010011111| 9 |0.003 0.000
bit trung binh 4.408 4.009 3.958
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Bang 2.3

Theo nhu két qua trén thi ma Huffman c6 bit trung binh nhé nhét, vi thé
hé s nén cao nhét.

Khang dinh.

Vé6i ngudn c¢d n sy kién thi qui trinh mé/giai nén ma Huffman va
Shannon duoc thuc hién véi 0(log2n) phép toan.

Chung minh.

Qua trinh m4 13 viéc tra tir dién tim mé 0/1 cua nd. Qua trinh nay duogc
thuc hién nhd thuét toan tim kiém nhanh hét 0(log2(n)) phép toan. Qua trinh
giai nén thuc hién tim kiém nhanh nhd cdy nhi phan hét 0(log2(n)) phép toan.
Nhu vay tong sb thoi gian can d¢é mi va giai nén hét 0(log2(n)) phép toan.

2.6. Ma Huffman dong.
e (Cay nhi phan cho ma Huffman dong.

Nguyén ly tao ma dong 1a dua vao viéc tao lai ma voi bang tan xudt méi.
Tuy nhién viéc tao lai bang md mat thoi gian tinh, 1am giam hiéu qua ma va
gial ma. Phan nay ta lam quen véi thuit toan tao nhanh bang ma Huffman
song song v&i qua trinh ma va giai ma.

Nguyén tic tao md Huffman 1 dua vao viée thay hai chit c4i c6 tan xuét
thap nhit thanh mét chir cai kép cé tan xuit bang téng ctia chung. Thuc hién
qua trinh nhom cho t6i khi ta chi ¢6 hai chit cai. Qua trinh sinh ma Huffman
nguoc véi qua trinh nhém. Két qua 1a ta thu duge mot cay nhi phan, ma 14 cua
no 1a céc chit cai. Tai mdi 14 ¢o ghi tAn xuét xuét hién cta chit cai éy va tai
mdi nhanh ghi téng cac tan xuit c¢6 & cac 14 ctiia nhanh. Cac chi s nay duoc
goi 1a "trong s6 nhanh". Trong sd cua nhanh bén trai ludn khéng nhé hon

trong sO cuia nhanh bén phai.
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e Qu3 trinh giai ma. Ta bat dau di tir dinh cdy va néu gap bit '1' thi r&
sang nhanh bén phai, gap bit '0' thi r€ sang nhanh trai. Khi nao t4i 1a thi dung
lai va in chir cai do ra.

¢ Qua trinh ma. Nhap chir cai vao va kiém tra xem c6 14 nao chua chir céi
nay khong. Néu c6 thi in ra con dudng di tir 14 Ay t6i gbe cua cdy, sao cho néu
ré sang trai thi in ra bit ‘1’ r€ sang phai thi in ra bit ‘0’.

Ctr mdi khi ma, hay giai ma dugc 1 chir thi sé luong chit cai mdi loai thay
dbi theo, vi thé cay nhi phan Huffman can phai duoc stra lai cho hop voi cac
s6 liéu thong ké moi.

5034
[ ¥ |
1865 3169
| v ] [ v ]
1041 824 722 647
— | Y —
540 501 442 382 371 351 332 313
[ v| |v | |v ] |v ] v [ 1 v v
283 257 252 249 237 205 202 180 178 173
I_V_I v v VI_V_I v v I_Y_I v v
151 132 123 114 107 73
v v v I_V_I v v
59 55
v _V_I
H 43 7
v ’—I
N 4 3
v \ 4
0
2 1
v v
U A
Hinh 2.1
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Gia sir tai mot thoi diém nao d6 ¢ cAy nhi phan ma Huffman sau:

Neéu chir cai ti€p theo 1a "a" thi cac trong so6 s€ thay doi nhung viéc sua

~ ~ ~ 2 I
chita cay khong xay ra. 5035
| Y |
1866 3169
— | | r—
1041 825 722 647
540 501 443 382 371 351 332 313
| o o 1 Y v v
283 257 252 249 238 205 202 180 178 173
v V.Y v v Y v
151 132 123 115 107 73
v v VoY v v
5V9 56
b . Hinh 2.2
v h 4 inh 2.
Ny 4
v y
0 2 2
v v
U A
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Néu chir tiép theo 13 "a" nira thi cay nhi phan s& d6i nhu sau:

|
5036
[ Y ]
1867 3169
[ v | [ Y |
1041 826 722 647
I—Y_I l—v_l
540 501 444 382 371 351 332 313
[ vI Iv | Iv | [ ] v I_v—l v v
283 257 252 249 239 205 202 180 178 173
I_Y_I v v VI_Y_I v v I_Y_I v v
151 132 123 116 107 73
v v v I_Y_I v v
gg 57
by 9
v \ 4 Hil’lh2.3
n

5 4

\ 4 v

3 2 ©
v v
a u

e Trinh tao ma Huffman dong
Thu tuc coding() duoc goi dé qui. Sau khi tim dugc vi tri ding cho dinh
ghép thi 2 dinh cudi duoc tao ra bang cac 1énh:
Sx:=a[K];
a[m-1]:=y;
a[m-1].code:=Sx.code+'0’;
a[m].code:=Sx.code+'1";
trong do y l1a dinh m-1 duoc luu lai tir trudce.
Do dinh ghép chén vao giita, nén cac dinh phia sau phai dich xudng;
for i:=k to m-2 do a[i]:=a[i+1];
Trinh chinh goi lai coding(n) mdi khi doc thém 1 chit ctia van ban va tinh
lai tan sd.

Const n=8;
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Type nod=record
w:byte;
c ode:string;
prob:integer;
end;

var a :array[l..n] of nod;

Sx, X :nod;
K, . integer;
f :text

Procedure coding(m:integer);
var  Kk:integer;
y:nod,;
begin
Case m of
1: exit;
2..n: begin
If m=2 then begin a[m-1].code:='0";a[m].code:="1";exit;end,;
y:=a[m-1];inc(a[m-1].prob,a[m].prob);
K:=m-1;
while (k>1) and (a[k].prob>a[k-1].prob) do
begin
x:=a[k-1];a[k-1]:=a[k];a[K]:=x;k:=k-1;
end;
coding(m-1);
Sx:=a[k];for i:=k to m-2 do a[i]:=a[i+1];
a[m-1]:=y;a[m-1].code:=Sx.code+'0’;
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a[m].code:=Sx.code+'1";
end;

end;

end;

{Phan chinh cua trinh.}

const

U:array[1..n] of integer=(1,1,1,1,1,1,1,1);

S:string="aaaaaabcdefghaahhaaaaagabghabaecdcaaadaecccccccccghaachghbc
haecbdhabdehahcghghaebcd’;

Var h:word,;

begin

for i:=1 to n do begin a[i].prob:=U[i];a[i].code:=";end;

a[1].w:=ord('a’);a[2].w:=ord('b");a[3].w:=ord('c");a[4].w:=ord('d");

a[5].w:=ord('e");a[6].w:=ord('f");a[7].w:=ord('g");a[8].w:=ord('h");

assign(f,'c:\KQ.txt");rewrite(f);

h:=0;

while true do

begin

coding(n); {tao ma}

for i:=1 to n do writeln(f,char(a[i].w)," ',a[i].prob:4," ',a[i].code);writeln(f);

h:=h+1;if h>length(s) then begin close(f);exit;end;

for i:=1 to n do if a[i].w=ord(s[h]) then inc(a[i].prob);  {thong ké lai tan
s6}

for i:=1to n do a[i].code:=";

for i:=n downto 2 do {xép lai}

if a[i].prob>ali-1].prob then begin x:=a[i];a[i]:=a[i-1];a[i-1]:=x;end,;
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end,
end.
Pua van ban
aaaaaabcdefghaahhaaaaagabghabaecdcaaadaecccccccccghaacbgbchaecbdha
bdehahcghghaebcd
Vao cho trinh chuong trinh trén chay, ta s€ thu dugc bang ma Huffman

dong. Pé hinh dung duogc su thay dbi tir mé, ta in két qua cua 8 bude chay

trinh, moi lan chay doc 1 chit cai cua van ban.

a 010 a 01 a 00 al al al ao al

b 011 | b 001 b 011 b 011 b 011 b 011 b 111 b 010
c 000 | c 0000 | c 0100 c 0100 | c 0100 | c 0100 | ¢ 1100 | c 0010
d 001 | d 0001 | d 0101 d 0101 | d 0101 | d 0101 | d 1101 | d 0011
e 110 | e 110 e 110 e 0010 | e 0010 | e 0010 | e 1010 | e 0000
f 111 | f 111 f 111 f 0011 f 0011 | f 0011 | f 1011 | f 0001
g 100 | g 100 g 100 g 0000 | g 0000 | g 0000 | g 1000 | g 0110
h 101 | h 101 h 101 h 0001 | h 0001 | h 0001 | h 1001 | h 0111

Bang 2.4

Theo ddi két qua in ra ta nhan thiy c6 su thay ddi lién tuc cua bang m4,
va cling ¢6 luc bang ma khong thay do6i. Str dung cac ma do trinh trén tao ra, ta
¢6 dugc ma cua van ban trén la 235 bit.

0100100111111001000010110001101100101001000101111111011110001
000000110001101000101000100011111011010110000000000100100010000
000000001111100000101000111010010011000100010111010000110011011
101110011000111001000110100011000100011010

Khi thuc hién nén va giai nén bang ma Huffman dong.

Thong thuong khi nén va giai nén céc file, nguoi ta st dung bang chit cai
6 256 byte. Mic du diéu nay 1a khong can thiét. Mdi khi gip chit cai méi, thi

cdy sé sinh thém 1 nhanh cho 14 4y. Nhu vy khi bat dau nén va giai nén cay
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c6 thé chi gdm 1 gdc va 1 1a. Ngoai ra ndi dung cua 14 méi nay duoc ghi ngay

vao ban ma nén, d€ phuc vu cho viéc giai nén.
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Chuwong 3. Mi s6 hoc

3.1. Biéu dién nguon.

MB&i van ban duogc tmg duy nhat voi mot khoang® c6 d6 dai bang xéac suét
xut hién ctia van ban. Vin ban dai thém ra thi ing voi khoang nhé dan.

e y twéng chung

Cach biéu dién nguoén dugc trinh bay & day diing cho moi mé hinh nguén
ma theo d6 tai moi thoi diém ta biét duge chir nao s& xuét hién véi xac suat®
bao nhiéu va xac suat éy chi phu thudc vao cac chir da xuét hién trude d6. Chir
tiép theo 1a mot trong s cac chir cai cua bang chit cai. Chir cai dau tién cia
ludng tin S 13 empty. Biéu dién empty 1a khoang [0,1). Chia khoang [0,1) ra
thanh cac khoang theo thir tu tuong img voi cac chit cai cua bang chir cai. Do
dai cta cac khoang chia twong (mg véi xdc suat ma chir cai dy xuat hién sau
empty. Nhu vay chit xuét hién tiép theo empty s& 1a mot trong sb cac khoang
[L(a),H(a)). Ta c6 thé coi khoang [L(a),H(a)) nhu la khoang [0,1) va xét ki tu
xuat hién tiép theo. Lap lai thao tac trén ta thu dugc mot luéng tin S tuong Gng
duy nhat véi khoang [L(S),H(S)) nam trong khoang [0,1). Do dai ctia khoang
nay H(S)-L(S) biang x4c suit xuat hién ludng tin S. Biéu dién vin ban S thong
qua khoang [L(S),H(S)) duoc goi 1a biéu dién ngudn. Bat ky mot sé thuc nao
nam trong khoang [L(S),H(S)) 1a du dé xac dinh vin ban S. Mt sb bét ky nim
trong khoang [L(S),H(S)) dugc goi 1a ma sb hoc cta S. Nguoi ta thuong biéu
dién sb & dang nhi phan va ma s6 hoc cua S duogc chon & dang s6 nhi phan
hitu han c6 do dai nho nhét c6 thé.

e Biéu dién ngudn cho mé hinh Markov.

' Dé cho don gian ta goi tat nita doan dang [x,y) 12 khoang.

2 Nhu vay diéu quan trong 12 1am thé nio dé luon c6 thé xdc dinh duoc xdc sudt xuat hién ciia chit tiép theo?
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Ta xét m6 hinh Markov Q ¢6 m trang thai {uy, U, .., Un } V&1 xac suét P1,
P2, Pa, ..., Pm twong tng va sip xép thtr tu cho cac canh di ra tir ting trang thai
kém theo xdc xuit ctiia nd. Gia str di ra tir trang thai u; 1a cac trong s6 Wij

(=1,2,.., mj). Xét van ban S = a; & az ...., &, ... trong d6 a;=u; , A=U, ,....

ip ! i)

an=u, , ... Taco thé biéu dién hinh hoc diy S nhu sau. Chia khoang [0,1) ra
1am m phén theo tht tr Ay, A,,... , An khong giao nhau ¢6 dang [x,y) c6 do dai
g voi xac suét py, Pz, P3, ..., Pm clia cac phan tir Q. Nhu thé dé biéu dién trang
thai thir nhat ctia ddy S thi ta chi viéc chi ra doan con Ung véi trang théi a;, ky
hiéu d6 1a A'. Dé biéu dién trang thai tiép theo a,, ta coi khoang A' nhu 13
khoang [0,1), sau dé tién hanh chia va chon twong tu nhu véi a;. Cu thé 13 ta
chia A' ra lam mot s6 khoang ty 1é véi cac trong s6 c¢6 thé chuyén di tir a; theo
thtr tu cua cac canh da dugc dinh ra trudc. Chon khoang A°’c A' Uing véi a,
trong s6 cac khoang con vira chia ra duoc tir A*. Nhu thé khoang A% ¢6 d6 dai 1a
tich ctia x4c suét chon a; 13 p i, vaxac suét chon a, khi da chon a; 1a pi,i, - Tlrc
12 do dai cia A” 1a x4c sut xuat hién ctia phép chon kép a;, a,. Néu ta cir tiép
tuc kéo dai biéu dién cac phan tir ciia ddy S thi ta thu dugc khoang A" biéu dién
day a;a,as....a, sao cho dd dai cua A" béng X4c suét xuét hién cua van ban a; a,
8s... a,. Phép tuwong img mdi ddy cac trang thai ngau nhién lién tiép cta ngudn

trang thai Q bang mét khoang nhu thé duoc goi 1a biéu dién sb ciia ngudn.
SR X X s 1 : 1 o
Trong biéu dién s, entropy cua van ban a;a,as....a, bang log, o Nhén xét rang

dé xac dinh mot khoang nhu trén ta can chon mdt sb nao d6 ndm trong khoang
4y. Néu ta sir dung hé thap phan thi nén chon sé d6 1a sb thap phan hitu han c6
s6 chit s6 it nhat co thé duoc ma van bao dam 14 né ndm trong nira khoang nho
ay. Nhur thé ta chi ra mot ma dung dé ma cac diy ctia ngudn hay 1a mot vin ban

nao do cua nguodn.
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Vi du 3.1. P& minh hoa cho biéu dién s, ta xét:

chir cai va xac sult 1 = 04
al02][0.8, 1) 2 :
e 103][0.5,0.8) B B
i 10.1][04,0.5 e e
o!0.21][0.2,0.4) u _
u 0.1 [[0.1,0.2) , _
1 10.1[[0,0.1) 0 o
0.2 m 10.203968
- 0.22 = 0208964
0 e 0.2 0,20096 4o

Hinh 3.1
Nhu vay day oliiau duoc biéu dién nhu 13 khoang [0.208964, 0.208968).

Bt ky mot s6 nao nim trong khoang dy déu cé thé dai dién cho né. Ta c6 thé
mi oliiau 12 208964 co sb 10. Néu ta 1y day aaaaaa thi khoang xac dinh né 13
[0.999936,1) va c6 thé mi nd nhu 1a 99994. Cé thé biéu dién céc sb thuc & co
s6 khac, vi du nhu co s6 2, khi d6 ta ¢c6 ma bit 01 cho céc diy sinh ra tir ngudn
nay.
3.2. Mi s6 hoc véi s6 nguyén

Ban chét ctia ma sd hoc 1a mdi mdt chit cai dugc ung voi “khoang xac
dinh” c6 do dai ti 1 twong Gng véi tan sut xuét hién cua né. Cac chit cai khac
nhau nhat thiét phai duoc ing véi cac khoang khong giao nhau. Gia st bang
chit cai ¢6 n chit ¢,,c,.....c, VOi tan sudt xudt hién twong tng 13 p,,py...py, O

n

n-j
day > p;=p va véi moij = l.n thi p;>0. Dite; = p;. Xét khoang [a,b)
i i1

. . X O T A ) 9 ,
[0,1). Ta xac dinh cac moc 3; =a+(b—a)—. Chit cai dau tién cta vin ban
Y

duogc ing voi mot khoang nhét dinh [ j-1,0) nao do. Pé tién hanh ma chir céi
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a=Bo | B |, Bs B, b=B,

Hinh 3.2

tiép theo ta coi khoang xac dinh 1a [a,b) va tién hanh ma4 tiép tuc nhu vay

cho dén hét van ban.

Vin ban duoc tng véi diy cac khoang 16ng nhau A’ 5A' 5A2 5. 5 A™
bat dau la [0,1) voi n 1a d6 dai cua van ban. Pé tim lai vin ban ta chi can mot
luong thong tin du dé xac dinh lai cac “khoang xéac dinh” 4y. Vi cac khoang
nay 16ng nhau cho nén dé xac dinh lai van ban ta chi can biét 1 diém chung
cua chung, cung véi do dai cua van ban.

3.3. Thuit toan ma s6 hoc
Nhu vay, ma nén s6 hoc 14 bién mot vin ban thanh mét sd trong nura doan
[0, 1), sao cho sb tmg v6i mdi vin ban ¢ sb chit s6 c6 nghia it nhat.
Phép nén s6 hoc 1a mot don anh tir tdp van ban T vao [0, 1).
C:T->[0,1)
Cho trudc:
- Van ban T duoc xay dung tir tap chit cai A = {ay, &, ..., &} c6 k phan t.
- Bangtyl€ p=p;:p2: ... : Px ing voi bang chit cai A = ay, ay, ..., a.
e Phép ma
M3 van ban t = ty, ty, ..., t,, 1an lot doc xéac dinh tir cdc chit céi t;, bé’mg cach

chon cac khoang 16ng nhau tuong (mg véi ting chit céi t;. Cu thé nh sau:
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Véi chit cai dau tién t;.

- Buéc 1: Chia [0, 1) thanh k phan theo ty 18 p cho tréc [og = 0, o), [ou,
), ..., [an-1, 1 = an). Mdi nira doan [ai, ai+1) dit twong Gng véi mot chir
cai ai.

- Buéc 2: Néu t; = a1, chon doan [otit, Qiz+1).

Vi chit cai thr 2 quay lai bdc 1 nhung vai doan [, oiz+1).

Cir tiép tuc nh vy dén hét van ban. Cudi ciing ban ma 1a s6 oy,

Nhu viy ta dugc cac khoang 1dng nhau: [otir, Qis1) D [Gliz, Clins1) D ... D

[Ctin, Qtin+1)-

Vidu 3.2:

C6 bang chit cai gé)m 10 phﬁn ta:a, b,c,d e f,g hi,j.
Bang ty 1&: pa: Pp: ... pj = 1:1:1:1:1:1:1:10 100

Can mai vin ban: “bacga”.

- Chia doan [0, 1) thanh 10 doan theo ty 1€ trén, chit “b” nam trong [0.1,
0.2) nén chon doan [0.1, 0.2) dé ma4 tiép. (ban m3 vin ban mdt chir “b” 1a sb
0.1).

- Chia doan [0.1, 0.2) thanh 10 phan nh trén, chit “a” nim trong [0.10,
0.11), nén lay doan [0.10, 0.11) dé ma tiép van ban. (ban ma vin ban “ba” 1a
s6 0.10).

- Chia doan [0.10, 0.11) thanh 10 phﬁn nh trén, chit “c” nam trong [0.102,
0.103), nén ldy doan [0.102, 0.103) d& m4 tiép van ban. (ban mé vin ban
“bac” 1a 56 0.102).
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- Cubi ciing ban mi vin ban “bacga” 1a s6 0.1026.

1.0 020 4 0.110 0:1030 4 0:10270 v
rd
/ / .
0.9 0.19 0.109....L 0.1029..2 0.10969
] 1 8 :]626
/7 / 4 -’
/ / / //
i 0.8 019 0.109 0.108 0.10268
By 1 ® U: 1% =14F2S 3 =260
/ g
,I / / g
h 0.7 017 0.407. 0.1027. z 0.10267
B tp:4-1 0:440 VAR 6
/ / Vi
g 0.6 ! 0.16 0.106 /...0.1006 D) 0.10266
B 7710 70:106 7 6-—p) 126
/7 / /7 \
/ / 7 \
f 0.5 015 0.105 0.1025 a 0.10265
B 7 U4 VA VY S 4 Bt 1026
V; \
/ / , N
e 0.4 ! 0.14 4 0.104 /. 0.1024 AN 0.10264
4 7 b4 7 U: , N 1264
’ ’ / \\
d 0.3 L 013 / 0.103 0.1023 0.10263
B ; U4 7 U:40 Bt W26
\
’ / N
c 0.0 012 l 0.102. D 0.1022. 0.19262
B 4 0:t < Bt 01826
/ ~ \
’ S~o \
b 0.1 D 0.1.1 0.101 >.-0.1021 0.1026)
Bt = th: QLo V10261
S~ao ~o \
a 0.0 a10n.=KD A10R.—n 0.1.000..>_ Al 0.1.0260 @
B 4 RS ! Bt Ol

e Gidi ma
Giai mi van ban T tir ban ma 1a sd s thuc chét 1a xac dinh day [o, otis1)
léng nhau. Viéc thuc hién cu thé nh sau:
- Buéc 1. Chia doan [0, 1) thanh k phan theo ty 18 p doc cac mdc 0 = o <
o <..<o,=1.
- Budc 2.s € [0, 1) nén ton tai i: s € [ail, ail+1), tir d6 x4c dinh doc chir
cai dau tién 12 ai.
- Lap lai tir buéc 1 nhung véi doan [ail, ail+l) ta dugc cdc chir cai tiép
theo.
Chu y viéc 1ap nay sé€ thuc hién vo han néu nhu khong biét do dai van ban.
Vi du 3.3. Giai ma vin ban tir ban mi 12 s6 s = 0.1026, v6i bang chir céi
va ty 1€ trén.
- Chia doan [0, 1) thanh 10 doan béng nhau 0.0, 0.1, 0.2, ...,0.9, 1.0. Vi
0.1 <=s=0.1026 < 0.2 nén xac dinh duoc chir cai dau tién 1a chit “b”. Va

khoang tiép theo 1a [0.1, 0.2).
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- Chia doan [0.1, 0.2) thanh 10 doan béng nhau: 0.10, 0.11, 0.12, ..., 0.19,
0.20. Vi 0.10 £s=0.1026 < 0.11 nén xac dinh duoc chir cai tiép theo 1a chir
“a” — tuong ung vo1 doan [0.10, 0.11) trong doan [0.1, 0.2) va xac dinh duogc
doan tiép theo 1a [0.10, 0.11).

- Tuong tu nhu vAy ta xac dinh duoc ddy chit cai “bacgaaaaaa...”. Néu lay

voi do dai 5 ta dugc van ban “bacga”.

1.f\ 020 (\1.!{\ n]n?n f\!f\’77ﬂ

4 | P
/ / / d
3 0.9 0.19...2 0.109.....L 0.1029..2 0.10969
] ; = 409 1029, :1926
/ -
/ / / -’
i 0.8 018 0.108 n1}rpo 7 0:10268
/ e
// ’ / I
h 0.7. 0-17. 0.407. 6.1027. 7 0.10267.
:+f 23 44/ 704024 10261
/ / /
’ / /
g 0.6 7 016 +0:106 ” 0:1026 @ 0:10266
7 / /7 N
\
f 0.5 // 0.15 // 0:105 ,’ 0:1025 N 0:10265
/ / // \\
e 0.4 4 0..14 // 0.104 ’ 0.1024 A 0:10264
4 7 w34 104 1024 S =1 4
’
’ ’ 7 A
d 0.3 4 0:13 ! 0:103 0:1023 \‘nlnﬂéa
: ; g ] : : :
\
, / | __| \
c 0.2 0..12. 4 0.102 D 0.1022 0.10262.
: ok 7 2 P :4 1920
/ S \
b o.1.. . 0.11 0.101 e 0:1021 0.1026.)
0:1 NPES 1)L 0:1021 L2261
~~\ ~
< ~

-~ \\ N
a 0.0 0. 1(\‘% 3=100--—» 0.1020 0.10260 %
0: <1 -} | +1 126

¢ g
Hinh 3.4
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Ta thay rang dé biéu dién mot doan cang nhé can cac s6 ¢6 sb chir sd ¢6 nghia
cang 16n. Vi vay viéc chia khoang theo ty 18 nao dé sao cho doan 16ng nhau
giam it nhét. Pé dat duoc diéu d6 ta chia cac doan [oi, ais1) theo ty 1€ tan sudt
xudt hién céc chit cai. Nhiing chit cai xudt hién nhiéu duoc chia mét khoang
l6n hon, nhitng chit cai xuat hién it duoc dat tuong Umg vo1 mot khoang nhd
hon.
Vi du 3.4.

- Cho bang chitrcaia, b, c,d, e, f, g, h,1,]j.

- Bang tan suét p, = 40%, p, = 20% , p. = 20%, ...

Van ban: abacab duoc ma theo so do sau:

1.0 0.40 0.240 0.1920. 0.10270
1 TP AV ma a oI AV & U =
’ 4 -
p z ’ PR
0.9 036 0.237. 0.1029.4. 10269
:30-y 0:2): <1029 w026
7 7 7 -
z _-
d 0.8 odo £.0.224 0.1008 < 0.10268
B U 5 40:224 4028 0:1626s
/ 7’ 4
/7 4 /
0.7 028 ‘. 0.216 2...0.1027 0.10267
B TRt 3 =102/ 0:1
’ , 4
7 s ’
c 0.6 /. 024 0.208 ’ 0.1026 D) 0.10266
24 0:20% 7 6= 0:16266
/ ) N
’ , \
0 020 0.200 0.1025 N 0.10265
0:200 7 =1 01626
7 , \
’ Vi \
b 0.4 016 A 0.192. 0.1024 AN 0.10264
4 0:16 ) 1 1024 Lo be10264
S
N \
0.3 0.12. N 0.184 0.1023 N 0.10263
& < 0: 184 Bt U126
S \
N \
0.2 0.08 N...0.176 0.1022. 0.10262
B0 <016 Bt 01926
N \
N \
0.1 0.04 0.158 0.102.1 0.1026 M
Bt 04 0:18g; L2 e ) L O26G T
N \
\
a 0:0--—D) 0.00——p 0:160- 4D — . 01600 =l 0,.1.(}26@....b
h . Hinh 3.5
e Chuong trinh.
Vidu3.5
L J.

Trong vi du nay khong gian x4c sudt c6 10 phan tir c6 ki hiéu 1la 0, 1, 2, 3,
4,5,6,7,8,9 co gia tri xac suét tuong ung nhu sau 0.492, 0.058, 0.060, 0.077,
0.036, 0.049, 0.018, 0.121, 0.036, 0.052. Cac van ban duoc tao ra béng cach
chon ngau nhién cac chit cai.

var
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P :array[1..11] of extended;
H, L, S, rank : extended,
J : longint;
Begin
P[1]:=0.492; P[2]:=0.058; P[3]:=0.060; P[4]:=0.077; P[5]:=0.036;
P[6]:=0.049; P[7]:=0.018; P[8]:=0.121; P[9]:=0.036; P[10]:=0.052,
P[11]:=1.0; for j:=10 downto 1 do P[j]:=P[j+1]- P[jI;
{Tim khoang biéu dién}
L:=0;rank:=1;writeln;randomize;
repeat
S:=random;
J:=10;while P[j]>S do j:=j-1;
L:=L+P[j]*rank;
rank:=rank*(P[j+1]-P[j]); {Luuy H=L+ rank }
write(j-1);
until rank<1.0E-17;
writeln;
write(L:22:19,” “,L+rank:22:19);writeln;
{Tim lai viin ban}
rank:=1;S:=0;
repeat
J:=10;while (j>1)and(S+rank*P[j]>L) do j:=j-1;
S:=S+rank*P[j]; rank:=rank*(P[j+1]-P[j]);
write(j-1);
until rank<1.0E-17;

Lé Hung Bach — Lép CT901 62



Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

end.
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Két qua tinh.

Cot bén trai 1a day céc trang thai, con bén phai la khodng tuong ing.
81010007302000998351 [0.929703631878883887, .929703631878883892)
02804002053170007550000 [0.297766190433928610, 0.297766190433928617)
75008751300077000938000 [0.879259863178538067, 0.879259863178538072)

C6 thé chon mot diém nam trong khoang twong tmg 1am ma
van ban ban ma
81010007302000998351 0.92970363187888389
02804002053170007550000 0.297766190433928611
75008751300077000938000 0.87925986317853807

Dé mi van ban dai hon ta can thuc hién cac phép tinh véi s6 thuc c6 do
chinh xac cao hon.

Vi du 3.6. Biéu dién vin ban sinh ra do ngudn 4 trang thai va co entropy bang 0.95

Hinh 3.6
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Trinh vi du biéu dién ngudn tin. Dich va chay trinh bang Pascal. T1 ludng
tin di tir nguon. [V1,V2) khoang biéu dién T1. VL € [V1,V2) mot gia tri bat
ky trong khoang biéu dién dung dé giai nén. T2 két qua giai nén tir VL ding
dé so sanh v6i T1. In 3 két qua vao file "c:\KQ.TXT".}
var

L,S,Rank: extended,
V,V1,V2,VL,VH,T1,T2: string;
state,m,k:integer;
ftext;
begin
assign(f,'C:\KQ.TXT");rewrite(f);randomize;
for k:=1to3 do { thuc hién 3 lan }
begin
L:=0;rank:=1;state:=1;T1:=";
repeat {tao ludng tin va biéu dién no boi sé thuc L}
S:=random;
if state=1 then
If S<7/26 then
begin
T1:=T1+'d";state:=4;Rank:=Rank*7/26;
end
else
begin
T1:=T1+'b";state:=2;L:=L+7/26*Rank;Rank:=Rank*19/26;
end;
if state=2 then
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If S<4/26 then
begin
T1:=T1+'d";State:=4;Rank:=Rank*4/26;
end
else
begin
T1:=T1+'a’;
State:=3;L:=L+4/26*Rank;
Rank:=Rank*22/26;
end;
if State=3 then
If S<7/29 then
begin
T1:=T1+'d";State:=4;Rank:=Rank*7/29;
end
else
begin
T1:=T1+'c";State:=1;L:=L+7/29*Rank;Rank:=Rank*22/29;
end;
if State=4 then
iIf S<4/20 then
begin
T1:=T1+'c";State:=1;Rank:=Rank*4/20;
end
else
iIf S<5/20 then
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begin
T1.=T1l+d;
State:=4;L:=L+4/20*Rank;Rank:=Rank*1/20;
end
else if S<12/20 then
begin
T1:=T1+'b"; State:=2;L:=L+5/20*Rank;Rank:=Rank*7/20;
end
else
begin
T1:=T1+'a";State:=3;L:=L+12/20*Rank;Rank:=Rank*8/20;
end;
until rank <1.0E-17; {phu thuéc véo do chinh xdc ciia s6 thiee trong tinh todn’}
Str(L:22:19,V1);Str(L+Rank:22:19,V2);V:=T+V1+V2+'")'
Str(L+Rank/2:22:19,VL);Val(VL,L,m);
{Tao lai ludng tir gid tri L}
State:=1;S:=0;Rank:=1;T2:=";
repeat
if State=1 then
if (L-S)/Rank<7/26 then
begin
T2:=T2+'d";State:=4;Rank:=Rank*7/26;
end
else
begin
T2:=T2+'b';State:=2;S:=S+7/26*Rank;Rank:=Rank*19/26;
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end;
if State=2 then
If (L-S)/Rank<4/26 then
begin
T2:=T2+'d";State:=4;Rank:=Rank*4/26;
end
else
begin
T2:=T2+'a’;State:=3;S:=5+4/26*Rank;Rank:=Rank*22/26;
end;
if State=3 then
if (L-S)/Rank<7/29 then
begin
T2:=T2+'d";State:=4;Rank:=Rank*7/29;
end
else
begin
T2:=T2+'c";State:=1;S:=S+7/29*Rank;Rank:=Rank*22/29;
end;
if State=4 then
if (L-S)/Rank<4/20 then
begin
T2:=T2+'c";State:=1;Rank:=Rank*4/20;
end
else
if (L-S)/Rank<5/20 then
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begin
T2:=T2+'d";State:=4,S:=S+4/20*Rank;Rank:=Rank*1/20;
end
else
if (L-S)/Rank<12/20 then
begin
T2:=T2+'d";State:=2;S:=S+5/20*Rank;Rank:=Rank*7/20;
end
else
begin
T2:=T2+'a";
State:=3;S:=S+12/20*Rank;
Rank:=Rank*8/20;
end;
until rank<1.0E-17;
writeln(f, T1);writeln(f, T2);writeln(f,VL);writeln(f,V);

end,
close(f);
end.
Két qua tinh.

ddbacdcdcbacbacbhacbacbacdcdcbacdchacddbacbhacddbacbacbac
[0.058907264212235128, 0.058907264212235135)
bacdcbacbacbacddbdcdcbacbacdbdcdcbacbacdcbacbacbacbacbacdcbac
[0.553712632942476848, 0.553712632942476853)
dcbacbacbacdcbacbacbacbhacbhacbhacbacdcdcddbdcdcbachachachachachacdcbac
[0.048585947986781746, 0.048585947986781755)
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bacbacbacdcbachacbhacbacbacbacdcbachacdchacbacbacbachacbacbacbachacba
cbachacbacbacbacdbdcdchacbacbac
[0.902281543958376885, 0.902281543958376893)
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Chwong 4. Ma LZW
4.1 Ngyén ly ma theo tir dién (Nguyén ly LZ)

Ban chat ctia nén tin 13 1am thé nao dé c6 thé du doan cang ding cang t6t
ki tu s& xuét hién tiép theo 1a ki tu nao. Néu doan dugc chinh xac hoan toan
chit s& xuat hién thi 18 di nhién ta khéng can phai tén “gidy muc” dé ghi né ra
nita. Poan dung duoc chut ndo thi van c6 loi chit 4y. Pung dang sau kha niang
doan nhan 1a tinh qui luat hay néi cach khac 13 sy phu thudc, ma entropy 1a sb
do cia né. Entropy cang nho thi kha nang nén mdt van ban cang 16n.

C6 hai bai toan dat ra:

Tinh entropy nhu thé nio?

LAp mé va giai nén thé nao?

Tinh entropy, tirc 1a tim ra luong tin. P6i véi mot quyén truyén thi luong
tin phan bd theo céc tang kién tao tin sau day.

4 ]
y tudng tic gia

NoO1 dung cau chuyén cau
Tinh tiét dién bién trngu [cum i ]

Nhan vat cia ciu truyén

Tu ngir \

Hinh 4.1

H[[[u

Phan tich chi tiét hon ting tir ngir bao gdm céc 16p phu thude tin nhu cac
chit cai, qui tac tao tu, qui tc tao cum tir, qui tac tao cau, qui tac tao doan van,
qui tic tao chuong, ... V& mit nguyén ly dé tinh dugc luong tin c6 trong mot
van ban mdt cach tot nhit ta can phai c6 thuat toan phan tich tim ra mé hinh

phu thudc phan tang néi trén. Viée lam nay rat kho, chinh vi vy ma ngudi ta
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thuong tao ra thuat toan nén dua trén su ly giai ¢6 ly. Su that thi khi du doan
ta ludn sir dung nhimng diéu di xay ra trong qua khi. Vay thi ¢6 18 ta nén nghi
rang su phu thudc théng tin trong hién tai ¢6 1& cling s& na na nhu lac nao do
trong qua khtr.  Phuong phap thay mdt doan ki tu boi toa do cua mot doan
gidng hét né trong qué khir - doan copy, dugc goi 1a nguyén ly LZ, do Jacob
Ziv va Abraham Lempel phat trién nam 1977. Viéc tinh toan dé du bao cai gi
sap xay ra dugc chuyén vé sy twong tu voi cai da xay ra trong qué khr, vi thé
viéc tinh toan dé tim céc thong ) phuc vu cho mot thuat toan nén la khong
con can thiét nita. Nhu vy, tu duy thi thong qua cac khai niém, va khai niém
lai duoc thé hién thong qua tir ngtr. Khai niém 1a cac yéu té twong ddi on dinh
dan t6i ngdn ngit thudng ding c6 rat nhiéu tir va cum tir lap di lap lai. Vi ly do
d6 ma thay vi phai tim céch ghi nhan khai niém, nguoi ta nghi tdi viée mo ta
mot tir hay cum tir theo vi tri ctia né d3 gip & dau d6. Tu duy nhu thé cling dép
g duoc phan nao mé hinh phu thudc phan tang.

Nhu vay, nguyén ly LZ la thay mgt doan copy boi toa d cua no. St dung
nguyén ly nay ta thu duoc mét vin ban gdm céc toa do thay vi chinh vin ban
éy. Kha nang nén dugc cua loai thuat toan nay la ¢ chd, luu trit toa do thi tiét
kiém hon Ia luu trir ban than doan copy.

4.1.1. Tir dién.
Dua vao tir dién mdt van ban c6 thé dugc phan ra thanh nhiéu cum tir va

van ban dugc ky ma lai béng toa do cua cac cum tur cung véi do dai cua cum
tir. Diéu phai quan tdm nhat 13 1am sao chon dugc quyén tir dién tot va tim
dugc cum tir dai nhit néu co thé. Tir dién ma cac thuat toan LZ sir dung cé
dac diém

Tur dién c6 thé tinh hodc dong.

Tir dién duoc xay dung tuy thudce vao timg vin ban cu thé.

e Ma vai twr dien tinh.
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M3 véi tir dién tinh khong khac phuong phap ki hiéu 1a méy. Cé diéu &

day tién hanh ki hiéu mot cach c6 hé thong tat ca cac doan copy.
e M3 véi tir dién dong.

M3 véi tir dién tinh thi d6 dai doan copy cang 16n thi cang c6 kha ning
nén t6t hon. Boi vay can str dung tir dién 16n. Tuy nhién dé giai ma vin ban ta
can khong chi ban ma ma con can ca tir dién. Viée luu gitt mot tir dién 16n
cliing véi ban ma nén 1a khong kinh té. Vi tong cong dung lugng cua tir dién
phai luu dé giai nén va dung luong ctia ban ma nén co khi 16n hon ca dung
lwong ctia vin ban ban dau. Chinh vi thé ma tu tudng chu dao ctia ma nén LZ
dong 1a st dung ngay van ban gbc 1am tir dién. Dt gia st nhu ta dd mé dén ky
tw th m va chuan bi ma cho cac ki tu tiép theo. Ta c6 thé dung toan bd qua
khtr cta van ban 1am tir dién. Khi d6 ca lac ma 1an luc giai ma ta déu c6 ngay
tir dién ma khong can phai luu gitt chung. Nhu vay tir dién 16n dan va doan

L A qas X . logo,m . A T Sy .
copy ¢6 do dai trung binh la % cling 16n dan, viéc nay dan dén kha nang

nén cang ngay cang hiéu qua hon.

4.1.2. Khai quat hoa thuat toan LZ.
gém n ky tu 13y tir cing

n

n<1

Tim L 1a s6 16n nhat c6 thé sao chotontaimma z, ;2. ,..Z,,| =SS m.p-

Poan vanban z,z ...z, tuong duong véi (L,m).

n+L

Thay n<—n+L

Lip lai qua trinh trén dén hét van ban.
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- va (mg, Ly) (my, Ly)(m3, Ls)...... (my, Ly) dugce goi la ban
ma nén claz,....z,z,,,..
e Tir dién dong
Vanban z,...2,z,,....

N<—nNy,

Tim L 1a s6 16n nhat co6 thé sao cho ton tai m <n ma

Z .z z =7

n+1“n+2 "= n+L

Khi d6 van ban z,....z.z, ..z, tuong duong voi z,.....z

0 Zpige \ ,

Thay n<—n+L

Lip lai qua trinh cho dén hét van ban.

Day z,z,...z, va (myLy) (M,L2)(Ms,Ls)...... (ML) dugce coi la ban ma
nén cua van ban.

Sau khi str dung céc thuét toan trén ngudi ta tién hanh ma cac cip (m,L)
béng céc doan bit 0/1 phan tach va néu c6 thé thi thuc hién théng ké tan sb dé
tim ra cac ma bit 0/1 d6 theo mot trong sb cac cach nhu ta da xét (Huffman,
Fano,...).

4.1.3. Céc cong doan thwe hién khi ma bing LZ.

M3 thude ho LZ duoc tién hanh thong qua 3 giai doan. Giai doan 1 la cat
khuc van ban theo mot nguyén ly nao do. Giai doan 2 ky ma céac khuc. Giai
doan 3 1a st dung mot tap phan tich dé ma. Khong thé cé mét co so ly ludn
chéc chin nao cho phép tim thuat toan cét khiic tét nhét. Ta cho ring néu xuét
phat tir viéc tim lai su twong tu nhu trong qué khr thi nén tim sy tuong tu nao
gan gidng nhat. Chinh vi thé ma céc khtic khi cét ra tir vin ban ngudn nén dugc

tinh toan sao cho chung 1a céc phan dai nhat ¢ thé tim thay trong qua khu.
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Thuat toan cit khic (parsing algorithm) déng mét vai trd quan trong trong cac
thuat toan LZ.

1. Cét khuc va toa d6 hoa theo tir dién.

2. Ma hoa day toa do thu duoc bﬁng mot ma nén do.

3. Boéng goéi thanh cac byte.

Vi du 4.1. Cét khiic van ban theo tir dién.

- Véi tir dién tinh: Ta hay cit khiic mot day
“0100111101011001000010011000010011110101100”

Theo tir dién “1000010011110101100”. Ta sé& thu duoc 3 khiic nhu sau:
<5,15><1,10> <2,18>. ¢ day 5 la vi tri bat dau clia xau con, 15 1a sb bit tiép
theo ké ca bit du tién. Cu thé cac khic dé bao gém cac doan bit sau

<5,15> 13 ddy con 010011110101100 trong tir dién 1000010011110101100
<1,10> la day con 1000010011 trong tir dién 1000010011110101100
<2,18> 14 ddy con 000010011110101100  trong tir dién 1000010011110101100

- Véi tir dién ddng: xau sau ddy 1a van ban ban dau
“1000011000000011001100000001100001100000001100000001100110”
Gia str thoat dau st dung tir dién ¢6 2 bit 1/0, va tir dién duoc kéo dai
dan ra bing cach thém doan vin ban di dugc xtr Iy vao. Két qua ta thu dugc
cach cat khic sau:
<2,1><2.2><1,1><1,4><2,8><6,12><3,13><7,15>
Vi du 4.2. Mo ta thuét toan.
Cong doan 1. Toa d hoa theo tir dién (gidng nhu ta vira mo ta & trén).

Tic 1a ta chuyén van ban

“1000011000000011001100000001100001100000001100000001100110
thanh day cac toa do:
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<2,1><2,2><1,1><1,4><2,8><6,12><3,13><7,15>
Cong doan 2. M3 ho4 diy toa do thu dugc bang mot ma nao dé. Trong vi
du trén, ta chuyén mdi sb thanh 4 bit va thu duge
“0100 1000 0100 0100 1000 1000 1000 0010 0100 0001 0110 0011 1100
1011 1110 11117
Cong doan 3. Pong go6i thanh cac byte.
4.2. Thuat toan nén LZW
Cac thuat toan LZ khac nhau c6 duoc 1a do cach xay dung tur dién va ham
mi (cach biéu dién) khac nhau. Ta xuét phat diém 1a mot tir dién nho, trong
qué trinh mi dan dan van ban duoc mé ta thong qua tir dién ma bay gio tir
diém bao gdm phan tir dién ban dau cong véi phan vin ban da duge ma. Tir
dién ctr 16n dan 1én nhung khong thé 1én mai duoc. Trong phan nay ta chi
nghién ctru giai thuat nén LZW ma tién than ctia nd 1a LZ78,
42.1.1L.778
Thay vi thong bao vi tri doan van l3p lai trong qua khr ma LZ78 dénh sb
tat ca cac doan van sao cho mdi doan ghi nhan s6 hiéu doan vin 1ap lai trong
qua khtr cong voi mot ki tr méi ngay sau nd. Mot day cac ky tu cia mot doan
nhu vay dugc goi 1a mot doan copy. Nhu vay doan copy tai mot thoi diém nao
d6 1a mot khtc cae ki tu 1ién nhau khi dich khac van ban nay vao qua khu thi
s& ¢6 mot thoi diém ma trir ki tu cubi cling ra né tring voi mot doan copy nao
d6 ctia van ban. Khong nhat thiét moi ki tu ctia doan copy ndm trong qué kh.
Ta ki hiéu mot doan copy méi dudi dang mot tong bao gdm doan copy cii va
ki tu mai.
Vi du 4.3. Mau chir “aaabbabaabaaabab” phan thanh cac doan copy sau.

Input a aa b ba baa baaa bab
doan copy number 1 2 3 4 5 6 7
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Output O+a 1+a O0+b 3+a 4+a 5+a 4+b
Bang 4.1

Ban ma nén gom (0,a)(1,a)(0,b)(3,a)(4,a)(5,a)(4,b)
Tiép theo déng goi diy trén theo cach sir dung tip phan tach dé ma cac
con s con cac chir thi ding méi c6 d6 dai ¢ dinh 1 byte.
Thuat toan trén c6 thé biéu dién thong qua so d6 ciy ma va giai ma. Bit
dau mét doan copy mdi ta di doc theo cac nhanh cay dén khi nao khong di
duoc nita thi s& xuat hién mot nhanh méi va trén nhanh dé c6 dan mot chit cai

moi 1a chita cudi cung cua doan copy.

Hinh 4.2

Vi du dinh 4 1a doan “ba” hay la 3+a, dinh 7 la doan “bab” hay la 4+b.
Nhu vay ban ma nén cia van ban la mot dd thi dinh hudng cé cac dinh la s6
thir tu cuia cac doan va cac canh la cac ki tu tiép theo cua doan. Gia su ta co

doan ki tu tiép theo 1a baab khi d6 cay dé ra thém mot nhanh maoi sau
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Hinh 4.3

Thuét toan nén va giai nén. Ky tu s6 0 1a ky tu khong co gi (empty).
¢ Qua trinh nén
Tir trai qua phai tim tat ca cac doan copy va thay n6 bang cach biéu dién

duéi dang tong.

aaabbabaabaaabab
Input a
doan copy number 1
Output O+a
aaabbabaabaaabab
I
Input a aa
doan copy number 1 2
Output O+a 1+a
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aaabbabaabaaabab

Input a aa b

doan copy number 1 2 3

Output O+a 1+a O+b
aaabbabaabaaabab
Input a aa b ba
doan copy number 1 2 3 4
Output O+a 1+a O+b 3+a
aaabbabaabaaabab
e
Input a aa b ba baa
doan copy number 1 2 3 4 5
Output O+a 1+a O+b 3+a 4+a
aaabbabaabaaabab
Input a aa b ba baa baaa
doan copy number 1 2 3 4 5 6
Output O+a 1+a O+b 3+a 4+a 5+a
aaabbabaabaaabab
Input a aa b ba baa baaa  bab
doan copy 1 2 3 4 5 6 7

Lé Hing Bach — Lép CT901 79



Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

number

Output O+a 1+a O+b 3+a 4+a 5+a 4+b

Két qua ma aaabbabaabaaabab —(0+a)(1+a)(0+b)(3+a)(4+a)(5+a)(4+b)

Giai mé dugc tién hanh thong qua viée thay lién tiép cac tong bang céac
doan copy. Mai lan thay ta nhan dugc mot doan copy maoi (sé thir tu cua cot o
dong thir 2) cho nén trong qua trinh thay cac phan sé cia tong luén nhé hon sb
thu tu ctia ¢dt ma no6 dung. Chinh vi thé ma ta ludn giai nén duoc.

42.2.L.ZW

Mi LZW gibéng hét nhu LZ78, ngoai trir ki tu cudi ciia doan copy nay la
ki tur dau cua doan copy tiép theo. Mdi doan copy thu dugc do duyét lién tiép
cac ki tu ké tir ki tu ddu tién cia nd (tic 13 ki tu cubi cing cua doan copy
trude) cho dén khi, trir ki tir cudi cting con thi nd tring voi mot doan copy nao
d6 dai nhét c6 thé duogc trude do. Mdi doan copy nhu thé ta goi 1a mot méde
xich.

Ta xét so d6 ma co cai tién cia LZ78 trong d6 output chi 1a sd hiéu céc
doan copy chir khong c6 cac chir nira.

Vidu 4.4. Xét ma nén sau

véan ban tir dién
aabababaaababb 0 a
1 b

Ta lan luot tach cac moc xich ra khoi xau aabababaaababb va dua vao tir

dién. Tu dién sé 16n dan 1én.

0
aabababaaababb 1 b
aabababaaababb 2  aa O+a
R —— 3 ab 0+b
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aabababaaababb
aabababaaababb
aabababaaababb
aabababaaababb
aabababaaababb
aabababaaababb

Qua trinh nén van ban

Van bén —~\

aabababaaabab I [ chi s6 cot

a b aa ab ba aba abaa aab bab bb \l/
1 2 3 4 5 6 7 8 9
0O+a 0+b 1+a 3+a 5+a 2+b 4+b 1+b

A

0+a20+b14a 3+a S+a 2+b 4ib l+h'

Ma nén -~ |

0. 0 1 3 5 2 4 1]

4.2.3. Thuat toan nén LZW
Bwéc 1 Cit vin ban méi thanh cac doan copy. Néu bang chit cai c6 m
chir thi c4c chit cai 1a m doan copy dau tién dugc danh s6 tir 0 dén m -1.
Buwée 2 Bo tat ca phan chit ta thu dugc ma nén.
Luuy réng cac doan copy lan luot duoc tao ra va ph?m sb6 cua nod ludn
nho hon s6 hiéu c6t ma no dimg.
4.2.4. Thuat toan gidi nén LZW.
B4t dau 1a cac cot dau tién (trong vi du la cot thir 2) 1dp lai thao tac sau

cho dén hét.
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Lay hai s6 lién tiép ctia ban ma vi du 1a X, Y thay né vé dang X+? va
Y+$. Trong d6 ki tu dau tién cta Y+$ 1a ki tu cudi ciing ctia X+2. Dau ? va $
la thay cho mét ki tu chua biét. ViXvayY khong thé 16n hon chi s6 c6t ma nd
dung cho nén ta hoan toan tim dugc gia tri doan copy tmg véi cdt ¢6 chi sé X,
Y va thay doan copy vao X+? va Y+$ tuong ung. Gia tri ? 1a ki tu dau cia
Y+$ cho nén ludn ludn xéc dinh. Nhu thé ta tim duoc X+2.

Vi du 4.5. Nén theo LZW

Buwdée 1 aabababaaababb (1) %
thay a—0
duogc Oabababaaababb
tir dién
doan copy méi aabababaaababb
Buwdre 2 aabababaaababb 0 2
thay a—>0 1 b
duogc 00bababaaababb a1 O
tir dién

doan copy moi aabababaaababb

0 a
Buwdoe 3 00bababaaababb 1 b
2 aa O+a
thay b—1 3 ab  0+b
duoc 001ababaaababb
tir dién
doan copy mai aabababaaababb (1) lao
Buaéce 4 001ababaaababb 2 aa O+a
3 ab 0+b
thay ab—3 1 ba 1+a
duoc 0013abaaababb 5 aba 3+a
tir dién
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doan copy moi aabababaaababb

0 a
Buwde 5 0013abaaababb 1 b
2 aa O+a
thay aba—5 3 ab 0+b
dugc 00135aababb 4 ba l+a
NP 5 aba 3+a
tir dién 6 abaa 5+a
doan copy mdi aabababaaababb
Buwée 6 00135aababb 0 a
1 b
thay aa—2 2 aa O+a
duoc 001352babb 3 ab O+
o 4 ba I+a
tir dien 5 aba  3+a
o 6 abaa S+a
doan copy mdi aabababaaababb 7 aab b
0 a
Bude 7 001352babb 1 b
2 aa O+a
thay ba—4 3 ab 0+b
duoc 0013524bb 4 ba 1+a
NP S5 aba 3+a
tr dién 6 abaa S+a
doan copy mdi aabababaaababb 7 aab 2+b
8 bab  4+b
0 a
Budc 8 0013524hb I b
2 aa O+a
thay b—1 3 ab 0+b
duge 00135241b 4 ba 1+a
NPT 5 aba 3+a
tir dién 6 abaa S+a
doan copy méi aabababaaababb 7 aab  2+4b
8 bab  4+b
9 bb 1+b
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Buwaéce 9 00135241b
thay b—>1 ‘1) .
dugc 001352411 2 aa O+a
tir dién 3 ab 0+b
4 ba I+a
doan copy méi aabababaaababb 5 aba  3+4a
6 abaa S5+a
7 aab 2+b
8 bab  44b
Két qua nén ciia aabababaaababb1a001352411 9 bb 1+b

Trinh vi du nén theo thuat toan LZW.
Const
Z:string = ‘aababaaaaababbbbaaaaaabababaaaaabababbbbb’;
Label BD;
Var
S :array[255..1000] of word;
C :array[255..1000] of char;
X:word; a:char;
n,m,H:word;
W:string;
Begin
{Nen}
H:=255; n:=1; x:=ord(Z[1]);
Repeat
BD: n:=n+1; a:=Z[n];
for m:=256 to H do
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iIf (S[m]=x)and(C[m]=a) then
begin
X:=m;Goto BD;
end;
write(x,".");
H:=H+1; S[H]:=x; C[H]:=a;
x:=ord(a);
Until n > Length(2);
{Giai nen}
writeln;
write(chr(S[256])));
for m:=257 to H do
begin
W:=";x:=S[m];while x>255 do Begin W:=C[x]+W:;x:=S[x]end;
C[m-1]:=char(x); W:=char(x)+W;
if S[m]=m-1 then W[length(W)]:=char(x);
write(W);
end;
end.
Nén file (khong 1én 1am)
Label BD:;

Var
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S :array[255..15000] of word;C :array[255..15000] of byte;
X:word; a:byte;
m,n,i,H:Longint;
W:array[1..100] of byte;
f:file of byte;
g:file of word,
Begin
assign(f,'C.txt");reset(f);
H:=255; read(f,a); x:=a;
while not eof(f) do
begin
BD:read(f,a);
for m:=256 to H do if (S[m]=x)and(C[m]=a) then begin x:=m;Goto BD;end;
H:=H+1; S[H]:=x; C[H]:=a; x:=3;
end;
close(f);
assign(g,'C.nen");rewrite(g);
for m:=256 to H do write(g,S[m]);x:=a;write(g,x); close(g);
assign(g,'C.nen’"); reset(g); assign(f,'D.txt"); rewrite(f);
read(g,S[256]); write(f,byte(S[256]));

m:=256;

L& Hung Bach — Lép CT901 86



Do dn 1ot nghiép Nghién civu Iy thuyét mé nén véin ban diwa theo mé hinh Markov

while not eof(g) do
begin

m:=m-+1;read(g,S[m]);
X:=S[m]; n:=1;
while x>255 do begin W[n]:=C[x]; x:=S[x]; n:=n+1; end;
C[m-1]:=byte(x); W[n]:=byte(x);
if SIm]=m-1 then W[1]:=byte(x);
for i:=n downto 1 do write(f,W[i]);

end;

close(g);close(f);

end.
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Két luin
Lu4n vin d3 hoan thanh dugc nhiém vu dit ra. Cu thé 1a:
- Phén loai van ban dua vao su phu thude tin.

- P3 dua ra duoc moé hinh Markov ding dé mé phong van ban trong

thuc té.

- Dua vao ly thuyét xac suat va ly thuyét truyén tin, dua ra gidi han
nén cua mot van ban va cach tinh entropy (giéi han nén) cia mdt van ban

dua trén mo hinh Markov.

- DPua ra moét so6 trinh vi du dé tao ra van ban va va tinh giéi han nén
van ban dua trén m6 hinh Markov, khang dinh dugc tinh ding dan cua ly

thuyét nén vian ban bang chuong trinh.

- DPua ra mot s6 ma nén va cac thuat toan nén van ban va trinh minh

hoa, gitp cho cac nha 18p trinh tao ra céc trinh nén.

Tuy nhién, luan van méi chi dirng lai & nén van ban dua trén moé hinh
Markov hién va nén la nén bao toan. Do dd, luan van cé thé phat trién
theo hudng nén khong bao toan, vai cac loai dit liéu khac nhau nhu hinh

anh, am thanh,... va nén van ban dua trén mo6 hinh Markov an.
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