Gido trinh: Ly thuyét théng tin.

CHUONG 3: SINH MA TACH PUQC
(Decypherable Coding)

Muc tiéu:

Phén nay dé cap dén bai toan ma hoa (coding) cac gia tri ctia mot bién X. Khi ma cac gia tri
cia X nguoi ta phai sit dung bang ky tu ma (Coding Character Table) hay bang chir cai (Code
Alphabet). Nhu vay, mot gia tri x cua X s€ dugc ma thanh mdt tir ma (Code Word) w dudi dang
mot day cac ky ty ma voi do dai 1a n ky tu. Trong truyén tin, mot diy céc gia tri ciia X dugc phat
sinh va dugc ma thanh mot diy lién tuc cac tr ma hay mot day cac ky tu ma ldy tir bang ky tu
ma. Van dé& can giai quyét la:

1. Khi nhan mot day ky ty mé lién tuc d6 thi ta co thé giai ma thanh mot diy cac gia tri duy
nhat ctia X hay khong ? Néi cach khac, diy ky ty ma nay c6 tach dugc thanh cac tir ma
mdt cach duy nhét hay khong ?

2. Chira phuong phap xay dung mi tach dugc t6i wu.

BAI 3.1: KHAI NIEM VE MA TACH PUQC

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Biét yéu cau ctia bai toan sinh ma,
- Hiéu khai niém vé bang m tach dugc va bang ma khong tach dugc,
- Hiéu khai niém vé bang ma tirc thoi,
- Hiéu giai thuat kiém tra tinh tach duoc ciia mot bang ma,
- Van dung giai thuat kiém tra tinh tach duoc ctia mot bang ma dé kiém tra xem mot bang
ma c6 phai 1a bang ma tach dugc hay khong.

Dat van deé bai toan sinh ma

Gia su nguén tin X xuét hién va duoc ghi lai thong qua mot thiét bi dic biét. Ch'ﬁlng han nhu anh
duogc ghi lai béng may anh, am thanh dugc ghi lai béng may ghi 4m, ... Qua kénh truyén, nhimng
thong tin nay can phai dugc ma hoa cho phu hop. Dé ¢ thé ma hoa ngu(n ta cAn mot bang chir cai
gdm céc chit cai quy dinh truéc (chang han bang chir céi la tinh, bang ma nhi phan, ... ). Mdi gia
tri cua X sau d6 dugc ma dudi dang mot day hiru han céc chir cai va ta goi day hiru han cac chir
cai gan cho mot gia tri cua x la mot tir ma.

Ta xét BNN X={x1, X2, ...,Xa} ¢O phan phdi {p1, p2, ..., pa} dugc quan sat lién tuc va doc 1ap. Day
cac gid tri nhan dugc goi l1a thong bao (Message) c6 dang XiiXiz...Xin. Tap hop A={a;, a,, ..., ap} 12
tap hop ky tu ma (Code Characters) hay 1a bang chit cai (Code Alphabet) ding dé sinh ma. Mot
gia tri x; € X duge gan bdi mot day hiru han cac ky tuy ma duge goi 1a tor ma (Code word). Tap
hop gdm tit ca cac tir ma gan cho tat ca cac gia tri cia X dugc goi 1a bd ma hay bang ma (Code).
Céc tir ma phai khac nhau tirng d6i mot.
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Gido trinh: Ly thuyét théng tin.

Bd ma duogc goi 1a tach duoc néu nhu tir mot day céc ky tu ma nhan dugc lién tyc (dugc ma hoa
tor bd ma nay), ta luén luén giai ma duoc véi két qua duy nhat l1a day cac gia tri goe cua X.

Shannon (1948) 1an dau tién di dua ra dinh Iy co s& vé sinh ma tach duoc. Mc Millan (1956) da
chimg minh dinh 1y vé diéu kién can va du ciia bang ma tach dugc. Nhung van dé sinh ma tach
duogc chi duge xét mot cach chudn muc boi Feinstein (1958), Abramson (1963) va Fano (1961).
Sardinas(1960) va Patterson (1963) da dua ra dinh ly vé giai thuat kiém tra tinh tach dugc cua mot
bang ma. Abramson (1963) da dua ra khai niém bang ma trc thoi.

Trong pham vi bai giang ndy, bai toan sinh ma t6i wu duoc dit ra ¢ ddy 1a tim ra mot phuong phap
sinh mé sao cho d6 dai trung binh ctia cac tir ma trong bd ma 1a nho nhat. Nghia 13, néu gia tri x;
duoc gan bdi tir ma ¢6 dd dai n; thi bai toan sinh ma phai théa:

Zn:pl.ni — Min

i=l1
Huffman (1950) d4 dua ra qui trinh xdy dung mot bang ma t6i uu thoa yéu cau nay.

Khai niém vé bang mi khéong tach duoc

Béng ma khong tach dugc 1a bang ma ma khi ma hda thong bao Msg ta s€ nhan dugc mdt day cac
tor ma ws, va khi giai ma day céac tr ma ws thi ta c6 thé nhan dugc nhi¢u thong bao Msg khac
nhau.

Vi du: Xét bién ng'?lu nhién X={x, X2, X3, X4} ¢6 bang ma W={w,=0, wr=1, w3=01, w4=10}.

Gia st thong bao nguén c6 ndi dung: X;xoX3X4X3XoX;. Khi d6 ddy ma tuong ting viét tr W ¢o
dang: 0101100110.

Neéu giai ma tudn ty tir trdi qua phai ta nhan ket qua: x;XX;X2X,X X 1X2XoX(. Nhung néu bang
phuong phép khac ta c6 thé nhan dugc két qua: x3x3x4x3X4 va nhiéu thong bao khéac nira.

Nhin xét: Bang ma giai ma khong tach duoc 1a bang ma ma trong d6 ton tai it nhat mot tr ma
nay la ma khoa cua mot hay nhi¢u tir ma khac trong bd ma (vi du tr ma w;=0 hay w,=1 la ma
khoa cua ws).

Bang ma tach dwgc

Béang ma tach dugc 1a baing ma ma khi ma hoa thong bao Msg ta s€ nhan dugc diy cac tir ma ws,
va khi gidi ma day cac tir ma ws thi ta chi nhan dugc mdt thong bao duy nhat 1a Msg ban dau.

Vi du: Xét bién ngiu nhién X={x1, x,} c6 bang mi twong tmg W={w =0, w,=01}.

Phuong phép gidi ma dugc sir dung nhu sau: chi gidi ma khi nao da nhén dugc doan ma véi do
dai bang d¢ dai cua tir ma dai nhat.

Gia st ddy ma nhan duoc (can giai ma) 1a: 0010000101001.
St dung phuong phap giai ma trén ta nhan dugc duy nhat diy thong bao gc:
X1X2X1X1X1X2X2X1X2.
C6 thé chi tiét hoa cac budc giai ma dy tir ma trén nhu sau:
Nhan dugc doan 00 -> Giai ra x;, con lai 0.
Nhantiép 1 ->01 -> Gidira x,.
Nhan tiép 00 > Giai ra x;, con lai 0.
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Nhantiép 0 ->00 -> Giai ra x;, con lai 0.
Nhantiép 0 ->00 ->Giairax;, con lai0.
Nhantiép 1 ->01 -> Giairax,.
Nhan tiép 01 -> Giai ra x,.
Nhan tiép 00 -> Giai ra x;,con lai 0.
Nhantiép1 ->01 ->Giairax,.

Két qua day thong bdo 1a: x; XX XX X2X2X 1 X).

Két luin: Bang mi tach duogc 12 bang ma ma trong d6 khong ton lai tir ma nay 1a md khoa tir ma
khac, tuy nhién van cé thé ton tai tir ma nay la tién to (phan dau) cua tir ma kia.

Khai niém biang ma tic thoi
Béang ma tirc thoi 1a bang ma ma khi ma hoa thong bao Msg ta s€ nhan dugc ddy céc tir ma ws, va
khi gidi ma day cac tor ma ws thi ta chi nhan dugc mdt thong bao duy nhat la Msg ban dau.

Abramson di chirng minh dwoc két qua sau: Bang ma tirc thoi 1a bang ma khong ton tai tir
ma nay la tién to cia tir ma khac.

Vi du 1: Bang ma W={w,=10; w,=101; w3=100} khong phai bang ma tic thoi vi w) 1a tién t cta
W; vVa W3.

Vi du 2: Bang md W={w;=0, w,=100, ws=101, w4=11} 1a bang m3 tic thdi vi khong ton tai tir
ma nay 13 tién t5 ctia tir ma khac.

Giai thuat kiém tra tinh tich dwoc ciia bang ma

Thu tuc sau day do Sardinas (1960), Patterson (1963) va Abramson (1963) dua ra nham kiém tra
xem mot bang ma nao do co phai la bang ma tach dugc (bang ma cho phép gidi ma duy nhat) hay
khong.

Input: Bang ma W
Output: Két ludn bang ma tdch dugc hay khong tach duoc.

Giai thuat:

Buoc khoi tao: Gan tap hop Sp=W.

Buwdc 1: xac dinh tap hop S; tir Sp:
- Khéi tao S1={}
- V61V w;, wj € S, ta xét: néu wi=WiA (wj la tién to cua w;) hodc wi=w; A (w; la tién to
cia w;j) thithém A (phan hau t) vao S.

Buwée k: xac dinh tap hop Sk (k=2) tur tap hop Sp va Sk.i:
- Khéi tao: Si={}
- V6i ¥ wie So va V vj €Sy, ta xét: néu wi=v;A (v; 14 tién t6 cta w;) hodc vi=w; A (w; 1a
tién to ctia v;) thi thém A (phan hau t6) vao Sy.

Piéu kién dé ding vong lap:
Néu Si={} thi dimg va két ludn bang ma tach duogc (k>1).
Néu ton tai tir ma w; trong Sy hay Sy NSo # & thi dimg va két ludn bang ma khéng tach
duoc.
Néu S, =S« thi dimng va két luan bang ma tach duoc (k>1).

Bai toan 1- yéu ciu
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Bai toan: Kiém tra xem bang ma W={a, c, ad, abb, bad, deb, bbcde} c6 phai 1a bang ma tach
duoc hay khong?

Ap dung Giai thuat kiém tra tinh tach duoc ciia mot bang ma:

Bude khéi tao: SO={a, c, ad, abb, bad, deb, bbcde}

Buwdc 1: Tinh S1

Khéi tao S1={}
Vi a 14 tién t6 cua ad nén dua phan hau t6 “d” vao S1 => S1={d}.
Vi a 14 tién t6 cta abb nén dwa phin hau té “bb” vao S1 => S1={d, bb}.
Kiém tra diéu kién dimg: khong thoa -> qua budc 2.

Bude 2: Tinh S2 tir SO va S1.
Khéi tao S2={}.
Vid e S1 1a tién té cia deb e SO nén dua phan hau té “eb” vao S2
=> S2={eb}
Vibbe S1 1a tién td ciia bbede € SO nén dua phan hau t6 “cde” vao S2
=> S2={eb, cde}
Kiém tra diéu kién dimg: khong thoa -> qua budc 3.
Bai toan 1 - Ap dung giai thuat
Buwée 3: Tinh S3 tir SO va S2.
Khoi tao S3={}.
Vi ce S0 14 tién t6 cua cde € S2 nén dua phan hau tb “de” vao S3
=> S3={de}
Kiém tra diéu kién dung: khong thoa -> qua budc 4.
Buwéc 4: Tinh S4 tir SO va S3.
Khéi tao S4={}.
Vi dee S3 1a tién t6 cua deb € SO nén dua phan hau t6 “b” vao S4
=> S4={b}
Kiém tra diéu kién dimng: khong thoa -> qua budc 5.

Buwée 5: Tinh S5 tir SO va S4.
+ khoi tao S5={}.
+ Vi be S4 14 tién t6 cua bad € SO nén dwa phan hau té “ad” vao S5 => S5={ad}
+Vibe S4 1a tién t6 cuia bbede € SO nén dua “bede” vao S5
=> S5={ad, bcde}
Kiém tra diéu kién dimg: Vi S5 ¢6 chira tir ma ad nén dimg lai va két luan déy 1a bang ma
khong tach duoc.
Bai toadn 2
Bai toan: Kiém tra xem bang ma W={010, 0001, 0110, 1100, 00011, 00110, 11110, 101011} c6
phai 12 bang ma tach dugc khong?

Ap dung Giai thuat kiém tra tinh tach dugc cua mot bang ma:

Budc khoi tao va bude 1

- Tap hop Sp={010, 0001, 0110, 1100, 00011, 00110, 11110, 101011}
- Tap hop S, ={1}

Danh cho sinh vién tir 1am cac budc tiép theo.

Két qua goi y:
Tap hop S,={100, 1110, 01011}
Tap hop S;={11}
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Tap hop S4={00, 110}

Tap hop Ss={01, 0, 011, 110}

Tap hop S¢={0, 10, 001, 110, 0011, 0110}

Tap hop Se chura tir ma 0110 nén bang ma nay khong phai 1a bang ma tach duoc.

Bai tap
1. Hay cho biét bang ma sau c6 phai 1a bang mi tach duoc hay khong?

W= {yv1=00, wy=01, w3=0010, w4=0111, ws=0110}
2. Hay lay vi du mdt bang ma tach dugc, va chiing minh né 1a bang ma tach dugc.
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BAI 3.2: QUAN HE GIUA MA TACH PUQC VA PQ DAI
MA

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé hiéu:
- Dinh ly Kraft (1949),
- Dinh nghia cay bac D cd K,
- VAn dé sinh mi cho cay bac D co K,
- Van dung dinh 1y Kraff dé kiém tra su tOn tai bang ma tach dugc va sinh bang ma tach
duoc.

Dinh ly Kraftn(1949).
Goi X={x1, X2,..., Xu} 12 bién ngiu nhién chtra cac gia tri can truyén c6 phan phdi 1a P={p,, pa,

...,pM}.

A={ay, a,,...,ap} 1a bg ky tu sinh ma c6 D chit cai (D dugc goi 1a co s6 sinh ma).
Gia tri x; duoc ma hoa thanh tir ma w; ¢6 do dai la n;.
bat N={nj, n,...,nm} 1a tdp hop do dai cac tir ma.

Dinh ly (Kraft- 1949):

Diéu kién can va du deé ton tai bang ma tirc thoi véoi dd dai N={n;,ny,...,ny} 1a

M
> DM <]
i=1
Vidu1: B6 ma W={W1, W2, W3} vo1 M=3; n|=1; np=2; n;=3; D=2

1 1 7
D™ =—<1
z 21 22 23 8
=> Ton tal bang ma tirc thoi.

Vi du 2: B0 ma W={w;, w,, w3} v6i M=3; n;=n,=1; nz=2; D=2

$po ol lilos
222 27 4
=> Khong ton tai bang ma tie thoi.
D¢ nghi: sinh vién tim hiéu ndi dung ti€p theo va trd lai giai thich 2 vi du trén.
Pinh nghia cay bac D ¢o k.

Pinh nghia: Cay bac D ¢ k 14 cay c6 hé thdng nut, canh thoa diéu kién:
- Ttr 1 nut c6 s6 canh di ra khong vuot qua D hay mdt ntt c6 khong qua D ntt con.
- Nut cuoi cung (Nut 14) cach nut goc khong vugt qua k canh.
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Vi du: cdy bac D=2 va cd k=3

Van dé sinh ma cho cay bac D ¢ k

Sinh mai cho cac nit ciia cAy bac D ¢& K (trir nut goc):

Pé don gian hoa: mdi nut (trir nat gde) duge ky hidu boi day ky hiéu cta nit cha lam tién t6 +
mot ky tu bo sung lay tur tap hop {0, 1, 2, ..., D-1} thay cho bang chir cai A={a,, a5, ..., ap}.

Vi du 1: Cay bac D=2 ¢& k=3 Vi du 2: Cay bac D=3 ¢& k=2.

00 000

0 001

01 010

011

10 100

! 101

11 110

111

Tinh chat:
+ Céc nut (trir nut gdc) cta cay déu duoc mé hoa tir bang chir cai {0, 1, 2...., D-1}
+ Moi nit (d3 ma hoa) c6 ma cua nat ké trude 1a tién to.
+ Tong s6 cac nut 14 bang Dt = tong s6 cac ma tirc thoi cd thé co.

Chirng minh dinh ly Kraft (Diéu kién can)

Gia s, cho trudc bang ma tirc thoi W={wi, wy,..., wy} vOoi N={n;< n, < ...<ny}. Ta can ¢/m:

M
> D" <1
i=1

Xay dung cdy bac D ¢& ny va sinh mi cho cac nut trir ntit gdc voi cac ky tu ma lay tir bang chir
cai A= {0, 1, 2,..., D-1}. Ma tai moi nut (trtr nut goc) déu c6 kha nang dugc chon Ia tir ma.

Nhu véy, ta tien hanh chon cac tir ma cho bang ma trc thoi voi qui tac 1a: mot nit nao d6 duoc
chon dé€ gadn mot tir ma thi tat ca cac nit ké sau nat gan tir ma phai dugc x6a. Cu thé nhu sau:
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Chon mot nut c6 ma voi do dai ma 1a n; gan cho né mot tir ma w.
A A ;. , r ’ \ Vel
=> Tong s6 nat 14 dugc x6a twong tng la DM 1
Chon mot nut c6 ma voi do dai ma 1a ny gan cho né mot tir ma ws.
A A 4 7 J ’ N Nar—N
=> Tong sb nat 14 dugc xda twong tmg 1la DM 2
Chon mot nut c6 ma vdoi do dai ma 1a n, gan cho n6 mot tir ma wy,.
A , , ’ <\ ~ 12 Nyr—h
=> g0 nut 1a duoc gantrmala DM M
Vay s0 nut 14 bi x6a hodc dugce gan tir ma 1a:

M
Nysr—n Nyr—Hn nyr—n Ngr—N; n A A , ,
=>D"M ™ L DM o DIMTIM =N DM < DM = tong O nidt 4.
i=1

M
=> Y D™ <1 (dpcm)

i=1
Chirng minh dinh 1y Kraft (Piéu kién di)

M

Gia su: ZD_”i <1, dé can chirng minh ton tai bang ma tuc thoi voi N={n, ny, ..., ny}, ta chi
i=1

can chi ra tha tuc xay dung bang ma tirc thoi nhu sau:

Thu tuc tao ma tirc thoi:

Xét N={n;, ny, ...,nm} va co b sinh ma 1a D:

Budie 1: Ta xép thir ty n<ny < ... < ny, xdy dung ciy bac D ¢& k=ny va sinh ma cho céc nit.
Bwére 2: Chon nat bat ky trén cay c6 do dai n; gan cho tir ma w; va x6a tat ca cac nat ké sau no.
Bude 3: Lap lai cac budc 2 ddi voi viée chon cac tir ma con lai wy, ..., Wy ung voiny, ..., Ny
=> Bang ma W={wj, Wy, ..., Wu} la bang ma tirc thoi.

Vi du minh h¢a dinh ly Kraft

Vi du 1: Xét bang ma théa M=3, D=2, n;=1, n,=2, n;=3. Vay ta kiém tra xem c6 tao duoc bang
ma tic thoi hay khong?
3
Taco » 27" =27"+272 427 =%<1
i=1
=> W= {wj, W2, w3} la bang ma tuc thoi

00

Ta Xay dung bang ma nhu sau:

001 . Chon w;=0, cit bo cac nat con ctia nit w.

010 - Chonw,;=10, cit bo cac nat con cua nit
Wao.

011 - Chonws=111
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Chii y: ngoai bang mi tirc thdi chon dugc & trén, ta con c6 thé sinh duge nhidu bang ma tirc thoi
khac. PBé nghi sinh vién dwa ra bang ma tiec thoi khac.

Bai tap
1. Tim 1 bang ma tach dugc thoa tinh chat D =2, k = 4?
2. Tim tit ca céc bang ma tach dugc thoa tinh chit D=2, k=32
3. Hay chi ra bang ma sau day 1a bang ma khong tach dugrc:
W={w1=00, w2=1, w3=100, w4=110, w5=111}
4. Hay tim mét bang ma nhi phan tach dugc cé it nhét 5 tir ma thoa diéu kién

M
> D=1
i=1
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BAI 3.3: TINH TOI UU CUA PO DAI MA

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu dinh Iy Shannon (1948),
- Biét duoc cac tiéu chuan danh gia bang ma tdi uu tuyét d6i va bang ma tdi uu twong dbi,
- Diéu kién nhan biét mot bang ma tdi wu,
- Hiéu Pinh Iy Huffman,
- Biét Phuong phap sinh ma Huffman,
- Van dung phuong phap sinh ma Huffman dé sinh ma Huffman cho mét théng béo,
- Van dung phuong phéap sinh ma Huffman dé viét chuong trinh nén.

Dinh ly Shannon (1948)
Phét biéu dinh 1y:

M
bat n= Z p;n; la do dai trung binh cua bang ma.
i=1

Khi d6 7> 25

log, D

M
Dau dang thuc xdy ra khi va chi khi p, = D™ hay ZD_"" =1

i=1
H(X)
log, D
khong tach dugc dd dai trung binh ctia n6 c6 thé nho hon can dudi. Néu ma tach duoc khong tdi
uu thi do dai ciia n6 s€ 16n hon nhicu so véi can dudi, con néu ma tach duoce toi vu thi do dai
trung binh ctia né gan véi can dudi.
Bai todn dat ra s¢ la tim phuong phéap xay dung bang ma tach dugc toi uu.
Chuy:

H,X)=-2 plog, p,

H(X) =2, p;log, p,

(0~ D _ =2 piloe,
log, D log, D

1a entropy ciia X v6i co s6 D.

Dién gidi: Doi voi ma tach dugce do dai trung binh ciia ma s€ ¢6 can dudi la . Néu ma

Bang mi toi wu tuyét doi

Pinh ly: Bang mi duoc goi 1a toi uu tuyét dbi khi n= % hay p,=D™"
0g,

Vi du: xét bién nglu nhién X={x,, x2, X3, Xa}

Co6 phan phoi: P={1/2, 1/4, 1/8, 1/8}

C6 bang ma W={w;= 0, wo,=10, ws=110, ws=111}
Ta tinh duoc d6 dai trung binh tir ma: Z:%*l+i*2+é*3+%*3 =%= 1.75
Tinh Entropy cua X: H(X)=H(0.5, 0.25, 0.125, 0.125) = 0.5 +0.5 + 0.375 + 0.375 =1.75
Log,D=1.
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00 00 W= {wi, Wz, w3, wa} la bang ma t6i wu
tuyét doi vi thda dicu kién:
001 - H(X)
0 010 " log?
Wi U, ..011
0
100
| W2
101
1 110 W3
111 W4

Bing mai toi wu twong doi

Pinh ly: Bang mi duogc goi 1a tdi uu twong dbi khi:

log, D log, D
Pi¢u kién nhan biét mét bang ma t6i wu

Pinh Iy (véi D=2):

- X4c suat p; cang 16n thi do dai n; cia tr ma w; cang nho.

H(X) <n< H(X) +1

- Gidsupi2p2 > ... 2pm Neu pi pir1 = pirr thi nj < njyy < njyy thi 2 tr ma twong Gng véi 2

gia tri c6 xac suat nho nhat c6 d§ dai ma bang nhau ny.; =ny.

- Trong céac tir mi c6 do dai bang nhau va ciing bang ny (dai nht) thi ton tai it nhat 2 tr ma

W1 va Wy €6 M-1 ky tu dau gidng nhau va ky tu that M khac nhau.

Vi du: xét bang ma W={w,=0, w,=100, w3=101, ws=1101, ws=1110}

Bang mi trén khong phai 1a bang ma tdi uu vi 2 tir ma wa, ws c6 do dai 16n nhat =4 ky ty nhung 3

ky tu dau khac nhau.
Ghi chi: D > 2 dugc xét tuong tu.

Dinh ly Huffman

Pinh ly: Gia sir X c¢6 phan phdi xac sudt v6i thir tu giam dan sau:

X ‘ X1 X2 XM
P |p= > > pm
Gia sir bang ma cua X 1a W={w, wa, ..., Wn.1, Wnm}.

bat xym= {XMm.1, XM} €O Xac suat la PM-1,M=PM-11PM.-
N r 1A Z.
va X ={Xy, X2,..., XM-1,M} €O phan phoi sau:

X* ‘ X1 X2 e X*M_z X*M_l M
P | P P2 co P*M2 P*MaM
Giad st W* ={wy, wa, ..., Wm2, X*M M) 12 badng ma t61 vu ctia X*. Khi do:

- WM—]ZW*M—LM + “037.
- WM =WHm T
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Phuwong phap sinh ma Huffman

Gia str X c6 phan phoi xéac suat véi thu tu gidm dan sau:

X ‘X] X2 XM
P ‘plz 2> ... = pwm

Thu tuc [i (D=2):

Khéi tao: bat M=M
Budce 1:
- bat Xagy 1, = {xM(H,XM0 } ¢ x4c suét Pusym, = P, +pM0
- Sip xép lai theo tir tyr giam dan ctia x4c sudt ta nhan dugc diy phan phdi méi c6 My-1
phﬁn tir nhu sau: p,, p,,-, Pu,25 Puy-1,m,
Bude 2: Lap lai bude 1 voi sy luu vét
Wit = Wary-1.m, +"0"
Wi, = Waroim, +"T"
Giam My: M=My-1, vong lap két thiic khi My=2

(Chu y: trong trudng hop tong quat, vong lip két thuc khi My< D.)

Thu tuc tién:
bi nguoc lai so vai thu tuc lui dong thoi xac dinh tr ma & moi budc tur sy luu veét & thu tuc
lui.
Minh hoa phuong phap sinh ma Huffman )
Vidu 1: sinh bang ma nhi phan Huffman cho X c6 phan phoi sau:

X ‘ X1 X2 X3 X4 X5 X6

P |03 025 02 0.1 0.1 0.05
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Thu tuc lui:
Bwoc 1 Buéc 2 Buéc 3 Buéc 4 Buéc 5
X|P X [P P
X1 0.3 X1 0.3 X1 3 X723 045 X1564 055 0 &
X2 0.25 X2 0.25 X564 0 X23 0.45 é].
x3 0.2 x3| 02 X564 025 1
X4 0.1 X56 0.15 OX3
x5 |0.1 x4 [0.1 1
x¢ |0.05 ’(1?
Thu tuc tién:
Buoc 1 Buéc 2 Buoc 3 Buoc 4 Buoc 5
X W X W X W X W X W
X1564 0 X23 00 X1 00 X1 00 =W
X23 1 X1 X564 01 X2 [ 10 X2 | 10 =W
— Xse4 01 \% 10 x3 |11 3|11 =w;
1| xs6]010 x4|011 =wy
\ X4 [ 011 _ x5 |0100 = ws
|x6 0101 = w
—

Nhén xét tinh toi wu ciia bang ma Huffman

V¢ cay Huffman cua bang ma trén:

00=w; 0100=ws
0 010
/ 01 0101=w;
0ll=w
1 10:W2
11=w

Do dai trung binh cua tir ma:
n=(0.3 x2)+(0.25x2)+(0.2x2)+ (0.1 x3)+0.1 x4)+(0.05x4)=24

Entropy cia X: H(X) = H(0.3, 0.25; 0.2, 0.1,0.1, 0.05)
=24

Nhan xét: Do D =2 va log,D=1, Ta c6 n = H(X) nén bang ma trén t6i vu tuyét doi.

Bai tap

1. Cho bién ngdu nhién X c6 phan phdi sau:

X ‘ X1 X2 X3 X4
|04 03 02 0.1
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2. Cho bién ngiu nhién Y c6 phan phéi sau:

Y ‘ Y1 ¥o Y3 Y4 Y5 Yo y7 Y8 Yo
P \0.3 0.2 02 0.1 0.05 005 0.04 0.03 0.03

3. Cho doan van ban “thoi the thi thoi thi the thoi thi the”. Tim bang ma nhi phan Huffman
ding dé ma hoa doan vin ban trén.

4. Thay timg ky tu trong doan vin ban trén thanh mot tir m, cit timg doan 8 bits d6i thanh
sO thap phan. Cho biét day s6 thap phan két qua.
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CHUONG 4: KENH TRUYEN

Muc tiéu:

Trinh bay md hinh truyén tin roi rac timg ky tu md doc lap 1An nhau (phu hop véi dic diém
cua kénh). M6 hinh nay con goi 1a kénh truyén roi rac khong nhé (Memoryless Discret Channel).
T md hinh nay nguoi ta co thé x@y dung cach tinh dung luong kénh truyén va phuong phap phan
loai ddu nhén dé co thé gidi ma tot nhat.

BAI 4.1: KENH TRUYEN ROI RAC KHONG NHO

Muc tiéu

Sau khi hoan tit bai hoc nay ban c6 thé:
- Biét mé hinh kénh truyén tin roi rac khong nhd & 2 khia canh vat 1y va toan hoc.
- Khai niém vé luong tin trén kénh truyén
- Dinh nghia dung luong kénh truyén

Giéi thigu
Trudc hét, ta co thé hiéu khai niém kénh truyén roi rac va khong nhé o bai hoc nay nhu sau: khai
niém truyén roi rac & ddy 1a truyén tuan ty cac ky tu doc 1ap nhau (hay truyen tung ky tu mot),

con khai niém khoéng nh¢ ¢ day 1a chi xét mdi quan hé giita ky tu truyén va ky tu nhan duoc
tuong tng, khong xét dén mdi quan h¢ gitra ky tw nhan duoc voi ky tu nhan dugc trude do.

Khai niém vé mot kénh truyén ro1 rac dya vao phan bd xé4c sudt cua tin hiéu ra phu thudc vao tin
hi€u vao va trang thai ctua kénh truyén dd dugc chuin hoa boi Feinstein (1958) va Wolfowitz
(1961). Dung lugng kénh (Channel Capacity) dugc xac dinh chinh xac nho Muroya (1953) va
Fano (1961). Giai thuat va chuong trinh tinh dung lugng kénh da duoc viét boi Eisenberg (1963).

Dinh 1y co ban vé truyén tin di chi ra ring “vé6i dung lugng kénh cho trudc ludn ¢ thé tim ra mot
phuong phép truyén tin v6i luong tin nhé hon dung luong kénh va dat sai sé nho hon sai sé cho
phép bat ky”. Dinh 1y co ban vé truyén tin d3 dugc Feinstein (1954, 1958) khao sat. Cac nha khoa
hoc Blackwell, Breinan (1958, 1959) va Thomasian (1961) da lan lugt chinh ly dé dat chuan t6t
hon. Trong cac ndi dung tiép theo ctia bai hoc, cic ban sé& tim hiéu vé mé hinh kénh truyén tin roi
rac khong nhd ¢ khia canh vat Iy va toan hoc. Pac biét @ mo hinh toan hoc s€ chi ra cach xac dinh
phan phéi ¢ dau ra dua vao phan phéi ¢ dau vao.

Mo hinh vat ly

Mot thong bao dugce cdu tao tir cac ky hiéu cua mot bang chir cai ¢ dau truyén (input) va duoc
truyén trén kénh. _Théng bao dugc nhén ¢ cubi kénh (hay dau nhan-output) va dugc giai mé theo
bang chir cai ¢ dau truyén. Mat khac, tung ky tu o dau nhan co the quan h¢ voi cac ky tu ¢ dau
nhan trudc do, cac ky tu & dau truyén va trang thai cia kénh truyén. Dé don gian, & day chung ta
chi xét mo hinh vat Iy nhu sau:
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Xét timg ky tu & dau nhan chi phy thudc vao ky tu & dau truyén twong tmg v6i nd, néu kénh
truyén c6 nhiéu thi mot ky tu ¢ dau truyén co thé dugc dién giai (nhidu) ra nhiéu ky ti khac nhau
& dau nhan va do d6 tao ra mot phan phdi xac suat c6 diéu kién cho ky tw & du nhan. M6 hinh
truyén tin roi rac khéng nhé la mé hinh truyén tin chi xét moi quan hé giita ky tir truyén va ky ti
nhan dwoc twong ung, khong xét moi quan hé giita ky tw nhdn dwoc va ky tuw nhan dwoc truoc do.
M0 hinh:

Kénh truyén :
Paunhan |Y

@y,

FX 1_‘Y

X | Pautruyén

Céc qui udc:
- X: 13 bién ngiu nhién co gia tri can truyén & dau truyén.
-Y: la bién ng'?lu nhién chira gia tri c6 thé nhan dugc & ddu nhan.
-T'x: 1a bang chi cai sinh ma & dau truyén.
-T'y: 12 bang chit cai giai ma ¢ dau nhan.
-X, Y, I'x, ['y: déu hitu han va roi rac.
- Truyén roi rac timg ky tu va nhan ciing roi rac timg ky tu.
- Ky tu nhan sau khong phu thudc vao ky tu nhan trudce.

M6 hinh toan hoc

Ta goi:
- I'x={x1, X2, ..., xm} 12 b0 ky tu sinh ma & dau truyén (input).
- Tyv={yn, y2...,y.} 1a bo ky tu giai ma & d¢au nhan (output).
- Bién ngiu nhién X ldy gia tri (d& md hoa) trén T'x va c6 phan phdi p(X=x;)=p(x;) v&i
i=1,..,M.
- Bién ngau nhién Y 13y gia tri (giai mi) trén 'y va c6 phan phdi xac suat c6 diéu kién:
P(Y:yj/X:Xi):p(Yj/Xi):pij Vol j:1 ,..,L.

Goi A=||p;j|| 1a ma tran truyén tin hay mo hinh truyén tin ctia kénh truyén roi rac khong nhé.

Voii=1,M , j=1,L vap; = p(Y=yi/X=xi) = p(yj/xi) 1a xac suat nhan dugc gia tri y;j khi da truyén
gia tri X;.

Tinh phan phéi dau nhan:

Ta co: p(Y=y)) = p(y) =D p(x,)-p(y, / x,)

i=1

= p(yj) =D, p(x,).p(y,/x,)

i=1
M

=) p(x).p;
i=1

Vay p(yj)= Px .Aj (1)

Mot cac téng quat: P’y = P’X.A 2)
Trong do:
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- Ajla cOt thirj cia A
= P’X = [p(xl)a p(X2),- ceey p(XM)]
- P’y =[p(yn), p(y2),----» p(ym]-

Vi du xac dinh phan phéi dau nhén

Cho ma tran truyén tin nhu sau:
x,105 02 03

A=x,]03 05 02
%02 03 0.5

N Va2 Vs
Xéc suat truyeén: p(x;)=0.5 va p(x2)=p(x3)= 0.25.

Ta tim phan phi cua Y :

Ta co: Px =(0.5, 0.25, 0.25)

Ap dung cong thirc (1) & trén ta duoc:
p(y1) =Py .A;=0.375
p(Y2) = PX’ .Az =0.3
p(y3) =Px .A3=0.325

= PY’ =(0.375, 0.3, 0.325)

Luwong tin trén kénh truyén

Vi du: cho ma trin truyén tin nhu sau:
x,105 02 03

A=x,103 05 02
x[02 03 05

i V2 )
Xac sudt truyén: p(x;)=0.5 va p(x2)=p(x3)= 0.25.
X = {x1, X2, X3} dugc xem nhu tap cac ky tu truyén va Y ={yi, y2, y3} 1a tap cac ky tu nhan.

Tinh lugng tin trén kénh truyén:
Ta tim phan phi cua Y :
Ta cd: Px =(0.5, 0.25, 0.25)
Ap dung cong thirc (1) & trén ta duoc:
p(y1) =Py .A;=0.375
p(Y2) = PX’ .Az =0.3
p(y3) =Px .A3=0.325

= Py =(0.375, 0.3, 0.325)
Tinh céc Entropy:
H(Y) =H(0.375, 0.3, 0.325) = 1.58 (bit)
H(Y/X=x;) = H(0.5, 0.2, 0.3)=1.49 (bit)
H(Y/X=x,) = H(0.3, 0.5, 0.2)= 1.49 (bit)
H(Y/X=x;) = H(0.2, 0.3, 0.5)= 1.49 (bit)
H(Y/X): p(Xl).H(Y/szl) + p(Xz).H(Y/X:XZ) + p(X3).H(Y/X:X3) =1.49 (blt)
Luwong thong tin truyén trén kénh: 1 (X/Y)=1(Y/X)= H(Y) - H(Y/X) = 0,09 (bit)
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Pinh nghia dung lwong kénh truyén

Dua vao ma tran truyén tin A, ta ¢ thé dé dang tinh lugng tin trén kénh truyén.
I(X/Y)=H(X)-H(Y/X)
=H(Y)-H(X/Y)
=1(Y/X)
Ta c6 [(X/Y)=H(Y)-H(Y/X), trong d6:
H(Y)= H(Px .A) phu thudc vao Px.
H(Y/X) phu thudc vao Px
Vay: I(Y/X) phu thudc hoan toan vao Px va do d6 I(Y/X) c6 thé dat Max véi Px xac dinh nao do.

Ta dinh nghia: C = (])\{4)ax I(X/Y) la dung luong cta kénh truyén (BVT: bit).
P
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BAI 4.2: CAC DANG KENH TRUYEN

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:

= Biét kénh truyén khong mét tin,

= Biét kénh truyén xac dinh,

= Biét kénh truyén khong nhiéu,

= Biét kénh truyén khong sir dung duoc,
= Hiéu kénh truyén di ximg,

Hiéu dinh 1y vé dung lwong kénh truyén,Kénh truyén khong mat tin

M6 hinh: tir tap hop cac gia tri ¢ thé nhan dugc Y dau nhan Y={y1, ¥2, ..., yL} duoc phan thanh
M nhém B; twong mg véi cac gia tri x; & dau truyén va xac suat dé truyen X voi diéu kién dd nhan
yila p(X=x; /Y=y; €Bj)=1 (v6i M <L).

Dau truyén Dﬁu nhén
Yk+1

bic trung cua kénh truyén khong mat tin la H(X/Y)=0. C6 nghia la luong tin chua biét vé& X khi
nhan Y 14 bang 0 hay ta c¢6 thé hi€u khi nhan dugc Y thi ta hoan toan c6 thé biét ve X.
Dung lwgng: C=log;M (Sinh vién ty chirng minh, xem nhu bai tap)

Kénh truyén xac dinh

M hinh: tir tap hop céc gia tri c6 thé truyén ¢ dau truyén dugc phan thanh L nhom B; twong trng
V61 cac gia tri ¢6 thé nhan dugc y; ¢ dau nhan va xac suat dé nhén y; véi diéu kién da truyén x; 1a
p(Y=yi/X=xi €Bj)=1 (M>L).

Bau truyén Bau nhan
X1
Nhom B, { >
Xk+1
Nhoém B2

wyz

t
XL

béc trung: cua kénh truy‘én‘xéc dinh la H(Y/X)=0. C6 nghia la lugng tin chwa biét vé Y khi
truyén X bang 0 hay khi truyén X thi ta bi¢t s€ nhan dugc Y.
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Dung lwgng: C=log,L (Sinh vién tu chiing minh, xem nhu bai tap)

Kénh truyén khong nhiéu

M4 hinh: 13 su két hop cua kénh truyén xac dinh va kénh truyén khong mat thong tin, truyén ky
tu nao s€ nhan dugc dung ky tu do.

bau truyén Dau nhan
X1 X1
X2 X2

XM XM

bac trung: H(X/Y)=H(Y/X)=0.
Dung luwgng: C=log,L=log,M (Sinh vién tw chitrng minh, xem nhw bai tap)

Vi du: ma tran truyén tin ctia kénh truyén khong nhiéu véi M=L=3:
x|(1 0 0
x|0 1 0
A:
X0 0 1

Y1)V Vs

Kénh truyén khong sir dung dwoc.
M6 hinh: 13 kénh truyén ma khi truyén gia tri ndo thi mat gia tri d6 hodc xac suat nhidu thong tin
trén kénh truyén 16n hon xéc suat nhan dugc.
Dac trung: H(X/Y)=H(Y/X)= max

Dung lwgng: C=0 (Sinh vién ty chimg minh, xem nhu bai tap)

Vi du: kénh truyén c6 ma tran truyén tin nhu sau:
e l-¢
A:
e l-¢
Kénh truyén doi xirng

M6 hinh: 12 kénh truyén ma ma tran truyén tin c6 dic diém sau:
+ Mo6i dong cia ma tran A 1a mQt hoan vi cia phan phoi P={p’1, p’2, ..., p’L}
+ Moi ¢Ot cia ma trdn A 1a mdt hoan vi cia Q={q’1, 9’2, ..., ¢’m}

Vi du: cho kénh truyén ddi ximg c6 ma tran truyén tin nhu sau:
x|1/2 1/3 1/6
x,|1/3 1/6 1/2
x|1/6 1/2 1/3

Yo ) V3

A:

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 50



