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GIOI THIEU TONG QUAN

GIAO TRINH LY THUYET THONG TIN

MUC PiCH

% Gi4o trinh nay s& cung cap cho ngudi doc nhitng khdi kién thirc co ban cua 1y thuyét thong tin
nhu: Do dp lugng tin (Measure of Information), Sinh ma tach dugc (Decprherable Coding),
Kénh truyén tin roi rac khong nhé (Discrete Memoryless Channel) va Stra 161 trén kénh truyén
(Error Correcting Codings).

e Lién quan dén D¢ do lwgng tin, gido trinh s& trinh bay cac khai niém co ban vé thong tin,
entropy, mot s6 cong thirc, tinh chét, cac dinh 1y quan trong cua entropy va cach tinh
luong tin.

e V& Sinh mi tach dwoc, gido trinh s& gidi thidu dén ngudi hoc cic van dé vé yéu ciu cia
bai toan sinh ma, giai ma duy nhat, cling nhu ma tic thoi va giai thuat kiém tra ma tach
dugc. Cac dinh 1y quan trong dugc dé cap trong ndi dung nay la: Pinh 1y Kraft (1949),
Dinh 1y Shannon (1948) va Pinh 1y sinh ma Huffman.

e V& kénh truyén tin roi rac khong nhé, gido trinh s& giéi thiéu mé hinh kénh truyén theo
2 khia canh vat 1y va toan hoc. Cac khai niém vé dung luong kénh truyén, phan 16p kénh
truyén, dinh 1y vé dung luong kénh truyén, cling nhu cac khai niém trong k¥ thuét truyén
tin va phuong phap xay dung luge d6 giai ma tdi wu ciing duoc trinh bay trong mén hoc
nay.

e Vin dé Sira 16i (hay xir Iy ma sai) trén kénh truyén 1a mot van dé rat quan trong va
duoc quan tdm nhiéu trong mon hoc nay. Cac n6i dung dugc gioi thiéu dén cac ban sé 1a
Nguyén 1y Khoang cach Hamming, cic dinh Iy vé Can Hamming, phuong phap kiém tra
chan 1¢, cac luge db sira 16i, Bang md Hamming va Bang ma xoay vong.

X/
°

Hon nira, hau hét cac van dé néu trén déu duoc dua vao ndi dung giang day ¢ cac bac Dai hoc
ctia mot s6 nganh trong d6 c¢6 nganh Cong nghé thong tin. Do d6, dé c6 mét tai lidu phuc vu
cong tac giang day cua gido vién ciling nhu viéc hoc tap va nghién clru cua sinh vién, chiing t61
manh dan bién soan gido trinh nady nham gitip cho sinh vién c6 mot tai liéu tu hoc va nghién
ctru mot cach hiéu qua.

YEU CAU

+¢+ Sau khi hoc xong moén néy, sinh vién phai c6 dugc nhitng kha nang sau:

e Hiéu cac khai niém vé vé thong tin, Entropy, Entropy ciia mot phan ph01 Entropy cua
nh1eu phan phdi, Entropy c6 diéu kién, P9 do luong tin. Van dung giai quyét cac bai toan
vé xé4c dinh luong tin.

e Biét khai niém vé& ma tach dugc, ma khong tach dugc, bang ma t8i wu. Hiéu Pinh ly Kraft
(1949), Pinh ly Shannon (1948), DPinh 1y sinh ma Huffman va phuong phap sinh ma
Huffman. Van dung dé sinh bang ma tach duogc t8i wu, nhan biét duoc bang ma nhu thé
nao 1a bang mi t6i wu va c6 thé van dung dé viét cac chuong trinh sinh ma, giai ma (hay
viét chuong trinh nén va giai nén). Tir ddy, cac sinh vién cé thé tu nghién ciru cac loai
bang ma khac dé van dung cho viéc mi hoa va bao mat thong tin mot cach hiéu qua.
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e Biét cac khai niém vé kénh truyén tin roi rac khong nh¢, dung luong kénh truyén va phan
16p kénh truyen Hiéu dinh 1y vé dung lugng kénh truyén, phuong phap xay dung luoc )
g1a1 ma t6i wu va cach tinh x4c sudt truyén sai trén kénh truyén.

o Biét cac khai niém vé khoang cach Hamming, nguyén ly khoang cach Hamming, cac dinh
ly vé Can Hamming, phuong phap kiém tra chan 1é, cac lugc do sira 16i, Bang ma
Hamming va Bang ma xoay vong.

e Vian dung cac kién thirc hoc duge dé thiét ké mot hé thong truyén nhan dir liéu voi quy
trinh co ban: ma hoa, gidi ma va bao mat thong tin.

X/

% Ly thuyét thong tin ciing 1 mot trong cac mon hoc khé cua nganh Cong nghé thong tin vi nd
doi hoi ngudi hoc phai c¢é kién thirc co ban Vé toan va xac suét théng ké. Do d¢, doi hoi nguoi
hoc phai tu bd sung cac kién thtrc co ban vé toan va Xac suat thong ké cho minh (neu thleu)
tham gia 16p hoc ddy du va lam céac bai tip theo yéu cau ctia mén hoc thi méi tiép thu kién
thirc mon hoc mot cach hiéu qua.

NOI DUNG COT LOI

Gio trinh gdm 5 chuong duogc trinh bay trong 45 tiét giang cho sinh vién chuyén nganh Cong
ngh¢ thong tin, trong d6 c6 khoang 30 tict Iy thuyét va 15 tiét bai tdp ma gido vién s€ hudng dan
cho sinh vién trén 16p.

Chuong 1: Gi6i thiéu. Churong ndy trinh bay cdc ndi dung cé tinh tong quan vé mén hoc bao
gom: cdc doi twong nghién cuu, mo hinh Iy thuyét thong tin theo quan diém cua nha todan hoc
Shannon, khai niem vé luwong tin biét va chua biét, dinh Iy co ban cua ky thuat truyén tin.

Chuong 2: D6 do luong tin. Chwong nay trinh bay cdc van dé co ban vé entropy, cdc tinh chdt
ciia entropy, entropy ciua nhiéu bién, entropy c6 diéu kién, cdc dinh Iy vé quan hé giita cdc
entropy va lwong tin cua mot sy kién.

Chuong 3: Sinh ma tach dugc. Ngi dung chinh cua chwong nay bao gom cdc khdi niém vé ma
tach dwoc, quan hé giita ma tach dwoc va do dai ma, tinh toi vu cua do dai ma.

Chuong 4: Kénh truyén. Cdc ndi dung dwoc trinh by trong chwong ndy bao gom khdi niém vé
kénh truyén tin roi rac khong nho, cac mé hinh truyén tin & khia canh vt Iy va todn hoc, dung
lwong trén kénh truyen phan [6p cdc kenh truyén. Phuwong phdp xdy dung leoc dé gidi md toi wu
va cdch tinh xdc sudt truyén sai ciing dwoc gici thiéu trong chirong nay.

Chuong 5: Stra 16i. Chuwong ndy trinh bay cdc néi dung cot 16i sau: khdi niém vé khodng cdch
Hamming, nguyén Iy khoang cach nho nhdt Hamming, b6 dé vé tw sira 16i va dinh 1y Cdn
Hamming. Chuwong ndy ciing gici thiéu vé b ma kiém tra chdn 1é, phwong phép kiém tra chdn 1é,
lige do svra 161 t6i wu, ma Hamming va md xoay vong.

KET THUC TIEN QUYET

Dé hoc t6t mon hoc nay, doi hoi sinh vién phai ndm viing cdc mén hoc 6 lién quan nhu: xac sut
thong ké, dai s6 boole (phép toan Modulo 2 va da thirc nhi phan). Cac mon hoc cé lién quan va co
thé tham khao thém nhu ky thuat so, hé diéu hanh, mang may tinh.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 7
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PHUONG PHAP HQC TAP

pé phuc vu cho muc tiéu nang cao kha nang ty hoc tap va tu nghién ctru cua sinh vién, gido trinh
nay duogc bién soan cung vdi cac gido trinh khac thudc chuyén nganh Cong nghé thong tin cta
Khoa Cong nghé thong tin va Truyén théng — Pai Hoc Can Tho theo du 4n ASVIET002CNTT
“Tang cwong hi¢u qua dao tao va nang lwc dao tao cua sinh vién khoa Cong ngh¢ Thong tin-
Pai hoc Cin Tho”. Ching t6i dd ¢6 gang trinh bay gido trinh ndy mot cach co hé théng cac noi
dung theo b cuc cac chuong tng VOl cac khéi kién thirc néu trén, mdi chuong duge duge trinh
bay theo bo cuc cua cac bai hoc va mdi bai hoc gidi thiéu dén nguoi hoc mot van dé nao do trong
sO cac van dé ctia mot khoi kién thire tuong g voi mot chuong. Khi hoc xong cac bai hoc cua
mot chuong, nguodi hoc s€ c6 mat khdi kién thuc can thiét tuong img cho mon hoc. Noi dung ctia
cac bai hoc déu dugc dua vao cac vi du dé nguoi hoc dé hiéu, tiy theo timg vin dé ma ngudi hoc
can phai hoc va nghién ctru trong thoi lugng tir 1 dén 2 tiét tu hoc cho mdt bai hoc trong mot
chuong. Nhu vay, dé hoc t6t mon hoc nay, trudc hét sinh vién can phai:

VO N U AW

e Hoc dy du cac mén hoc tién quyét, bo sung nhimg kién thirc co ban vé toan va xac suat
thong ké (néu thiéu).

e Hoc va nghién cttu k¥ tirng chuong theo trinh ty cac chuong dugc trinh bay trong gido
trinh nay. Trong ting chuong, hoc cac bai theo thir ty duoc trinh bay, sau moi bai phai lam
bai tap diy du (néu co).

e Tham gia 16p day du, thao luﬁn céc van d¢ ton tai chua hiéu trong qué trinh ty hoc.

e Sau mdi chuong hoc, phai nim virng cac khai niém, cac dinh nghia, cac cong thue tinh
toan va van dung giai cac bai toan co tinh chit tong hop dugc gidi thiéu 0 cudi chuong

e Van dung kién thirc c6 duoc sau khi hoc xong cic chuong de giai mot s6 bai tap tong hop
0 cudi gido trinh, tir do giup cho nguoi hoc hiéu sdu hon vé mon hoc va co thé giai quyét
cac van dé twong tu trong thuc té.

Viéc cho ra doi mot gido trinh véi nhitng muc dich nhu trén la khong don gidn khi kha ning va
kinh nghiém ctia ngudi soan con c6 han, nhiéu khai niém, thuat ngir dung trong gido trinh chua
dugc dinh nghia mot cach chinh thdng. Vi vay giao trinh nay chic khong tranh khoi nhitg khiém
khuyét, rat mong nhan duoc su gop y ctia cac dong nghiép va nguoi doc.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 8
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Gido trinh: Ly thuyét théng tin.

CHUONG 1: GIOI THIEU

1: Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé biét:
- Pbi tugng nghién ciu,
- Mo hinh ly thuyet thong tin theo quan diém Shannon,
- Céc khai niém veé Luong tin blet va lugng tin chua biét,
- Pinh Iy co so cua ki thuat truyén tin,
- Khai niém chung vé dung luong kénh truyén,
- Vén dé sinh mi va giai ma.
Poi twong nghién ciru

Ly thuyét théng ké vé thong tin dugc xay dung trén hai hudng khac nhau boi hai nha toan hoc
Shannon (1948) va Wiener (1949). Ly thuyét thong tin nghién ctru qua trinh xtr 1y tin hi€u nhu
sau:

Pau vao (input): nhan tin hi€u tor mot linh vyuc cu thé, tirc 13 tin hiéu xuét hién theo céc ky hiéu
(symbol) tir mot tap hop cho trude va theo phan phdi xac suat da biét.

Tin hiéu duoc truyén di trén kénh truyén (channel) va c6 thé bi nhiéu ciing theo mot phan phdi
xéc sudt nao d6. Kénh truyén c6 thé dugc hiéu dudi hai nghia:

Dudi nghia vét 1y: kénh truyén 1a mot hé thdng truyén tin hiéu (day din, mach, song, ...) va giy
nhiu tiy thao chét luong cta hé thong.

Duéi nghia toan hoc: kénh truyén 1a cac phan phdi xac suét xac dinh trén 16p cac tin hiéu dang xét
¢ dau nhan tin hi€u (output).

O dau ra (output): dung lai tin hiéu chan that nhit c6 thé ¢ so véi tin hiu ¢ dau vao.

Shannon xay dyng mo hinh 1y thuyet thong tin trén co so giai quyét bai toan: sinh ma do dai tbi
uu khi nhén tin hiéu dau vao. Tin tdi wu duoc xét trén 3 yéu td sau:

Phan ph01 X4c suét cua su xuét hién cta cac tin hiéu.

Tinh duy nhat cia ma va cho phép tu di€u chinh ma sai néu c6 v6i dd chinh xac cao nhat. Giai ma
dong thoi tu dong diéu chinh ma hodc xac dinh doan ma truyén sai.

Trong khi d6, Wiener lai nghién ctru phuwong phap xur 1y tin hiéu ¢ dau ra: wéc luong tdi wru chudi
tin hiéu so voi chinh n6 khi nhan & ddu vao khong qua qua trinh sinh mi. Nhu vdy phuong phap
Wiener duoc ap dung trong nhimg truong hop con nguoi khong kiém soat dugc qua trinh truyén
tin hiéu. Mon “xtr 1y tin hiéu” da dé cap dén van dé nay.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 9
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M6 hinh 1y thuyét thong tin theo quan diém Shannon

Ly thuyét thong tin dugc xét & day theo quan diém ctia Shannon. Pdi twong nghién ctru 1a mot hé
thong lién lac truyén tin (communication system) nhu so do dudi day:

Ngudn > Mi hoa Kénh Giai ma » Nhan
A T
Nhieu
Bo chir cai B0 chir cai

T A

Dién giai:
- Ngudn (source) thong tin con goi 1a thong bao can dugce truyén & dau vao (Input).
- Ma hoa (encode) 1a bo sinh ma. Ung voi mot thong bao, bo sinh ma s€ gan cho mot dbi
tuong (object) phu hop véi ky thuét truyén tin. D6i tuong co thé 1a:
0 Ddy s6 nghi phéan (Digital) dang: 01010101, cting giéng nhu ma may tinh.
0 Soéng lién tuc (Analog) ciing giong nhu truyén radio.
- Kénh (channel) 1a phuong tién truyén ma cta thong tin.
- Nhiéu (noise) duoc sinh ra do kénh truyén tin. Ty vao chit lugng ciia kénh truyén ma
nhiéu nhiéu hay it.
- Giai mi (decode) & dau ra (output) dua diy ma tré vé dang thong bao ban dau vé6i xac sudt
cao nhét. Sau d6 thong bao s& dugc chuyén cho néi nhan. Trong so d6 trén, chung ta quan
tam dén 2 khdi ma hoa va giai ma trong toan bo mon hoc.

Luwong tin biét va chwa biét

Mot bién ngﬁu nhién (BNN) X luén mang mdt luong tin nao do. Néu X chua xay ra (hay ta chua
biét cu thé thong tin v€ X) thi luong tin cua n6 1a chua biét, trong truong hop nay X c6 mot luong
tin chua biét. Nguogc lai néu X da xay ra (hay ta biét cu thé thong tin vé X) thi luong tin vé bién
ngau nhién X coi nhu da biét hoan toan, trong trudng hop nay X c¢6 mot lugng tin d biét.

Néu biét thong tin ciia mét BNN X thong qua BNN Y d3 xay ra thi ta c6 thé néi: chung ta chi biét
maot phan luong thong tin ctia X d6 trén co sé biét Y.

Vi du vé lwgng tin biét va chua biét

Ta xét vi du v& mot nguoi to chirc tro choi may rui khach quan véi viée tung mot dong tién “co
dau hinh — khéng c6 dau hinh”. Néu ngudi choi chon mit khong co dau hinh thi thing khi két
qua tung dong tién 1a khong c6 dau hinh, nguoc lai thi thua. Tuy nhién ngudi té chirc choi c6 thé
“4n gian” bang cach sir dung 2 ddong tién “That- Gia” khac nhau sau:

+ Pdng tién loai 1 (hay dong tién that): dong chat ¢ 1 mat ¢ dau hinh.

+ Pong tién loai 2 (hay ddng tién gia ): dong chat, mdi mat déu c6 1 dau hinh.
Mic du nguoi t chirc choi ¢6 thé “an gian” nhung qué trinh trao d6i 2 dong tién cho nhau 1a ngiu
nhiéu, vay liéu nguoi t6 chirc choi ¢6 thé “an gian” hoan toan dugc khong? Hay luong tin biét va
chua biét cua su kién léy mot déng tién tur 2 dong tién noi trén duoc hiéu nhu thé nao?

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 10
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Ta thir xét mot truong hop sau: néu ngudi choi lay ngau nhién 1 dong tlen va sau do6 thuc hién
viéc tung dong tién lay dugc 2 lan. Qua 2 lan tung déng tién, ta dem dugc s6 dau hinh xuét hién.
Dua vao s6 dau hinh xuét hién, ta co thé phan doan duoc ngudi to chic choi da 1iy duoc dong
tién nao.

Chéng han: Néu s6 dau hinh dém duoc sau 2 1an tung 1a 1 thi dong tién da ldy duoc 1a dong tién
that. Nguoc lai néu s6 dau hinh dém dugc 1a 2 thi ddng tién da 1ay dugc co thé 1a that hay ciing c6
thé 1a gia. Nhu viy, ta dd nhan dugc mot phan thong tin vé loai dong tién qua sé dau hinh dém
duoc sau 2 1an tung. Ta c6 thé tinh dugc lwong tin d6 bang bao nhiéu? (Viéc tinh lwong tin ndy sé
dwoc thao ludn sau). Dudi ddy 1a mot sb bang phan phdi ciia bai toan trén:

Goi BNN X yé loai ddng tién (X=1 néu liy duoc ddng tién loai 1 va X=1 néu liy duoc ddng tién
loai 2 duoc lay).
Khi d6 phan phoi ctia X c¢6 dang:

Pit BNN Y 1a BNN vé s6 dau hinh dém duoc sau 2 1an tung. Khi d6 ta co thé xac dinh duoc phan
phoi cua Y véi dicu kién xdy ra cua X trong 2 truong hop sau.

Phén phdi cta Y khi biét X=1 c6 dang:

Y/X=1 | 0 1 2
P | 025 05 025

Phan phdi ciia Y khi biét X=2 c6 dang:

Y/X=2 | 0 1 2
P 0 0 1

Pinh Iy co sé ciia ki thuit truyén tin

Trong “ A New Basic of Information Theory (1954)”, Feinstein dé dua ra dinh ly sau: “Trén mot
kénh truyén co nhleu ngudi ta ludn co6 thé thuc hién mot phuong phap truyen sao cho dat duogc sai
s6 nho hon sai sb cho phép (nho bat ky) cho trudc dbi véi kénh truyén.”

Chung ta s& khong chimg minh dinh 1y, thay vao d0, ching ta s& tham khdo dén cac minh hoa
giam nhiéu trong cac ndi dung tiép theo ciia bai hoc.

Mo ta trang thai truyen tin c6 nhiéu
Gia str, mdt thong bao duoc truyén di trén mot kénh truyén nhi phan ro1 rac. Thong béo can
truyén dugc ma hoa thanh day so nhi phan (0,1) va c6 d6 dai dugc tinh theo don vi bit. Gia su 1

bit truyén trén kénh nhidu voi xac suat 1/4 (hay tinh trung binh ctr truyén 4 bit thi c6 thé nhidu 1
bit).

, A . A o % ding
Ta c6 so do trang thai truyén tin sau: 0 v 0
Nguédn » Mahoa » Truyén timg bit
Va
1
¥, dlng

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 11
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Minh hoa k¥ thuit gidm nhiéu

Trong k¥ thuat truyén tin, nguoi ta c6 thé 1am giam sai 1dm khi nhén tin bang cach truyén lp lai 1
bit véi s6 1€ 1an.

Vi du: truyén lap lai 3 cho 1 bit can truyén (xac suét nhidu 1 bit béng 1/4). Khi nhan 3 bit lién
nhau ¢ cudi kenh duge xem nhu la 1 bit. Gia tri cua bit nay dugc hiéu 13 0 (hay 1) néu bit 0 (bit 1)
6 s6 lan xudt hién nhiéu hon trong diy 3 bit nhén dugc lién nhau (hay glal ma theo nguyén tic da
s6). Ta can chimg minh véi phuong phap truyén nay thi xac sudt truyén sai that sy < 1/4 (x4c suat
nhidu cho trudc cua kénh truyén).

So d6 truyén tin:

Bit truyén Tuyén lap 3 lan Nhén 3 bit | Giai ma

0 — | 000 — | 000 0
000 001 0
000 010 0
000 100 0
000 101 1
000 011 1
000 110 1
000 111 1

1 — | 111 —> 000 0
111 001 0
111 010 0
111 100 0
111 011 1
111 110 1
111 111 1
111 111 1

That vay:

Gia str X; xac dinh gia tri ding hay sai cta bit thir i nhan dugc & cudi kénh truyén véi X; =1 néu
bit thr i nhén dugc 1a sai va X; =0 néu bit thtr i nhan dugc 1a ding. Theo gia thiét ban dau cta
kénh truyén thi phan phdi xac suat cua X; c6 dang Bernoulli b(1/4):

X; |1 0
p | 3/4 1/4

Goi Y ={X;+ X, + X3 } 14 téng s6 bit nhan sai sau 3 lan truyén lap cho 1 bit. Trong truong hop
nay Y tuin theo phan phdi Nhj thirc B(p,n), v6i p=1/4 (xac suit truyén sai mot bit) va q =3/4 (xéac
sudt truyén ding 1 bit):

Y ~ B(i,n) hay

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 12
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p(¥=i)=C,.p'q"
Trong do: C| = -2

il(n—i)!

Vay truyén sai khi Y € {2, 3} c¢6 x4c xuit la:
Poi= P(y>2) = P(Y—2) + P(Y—3) = B(2 3) + B(2 3)

Hay Psai = (C; ( )’ (—)) (C; (—) ( ) )—a<z (dpem).

Chi phi phai tra cho ky thuat gidm nhiéu
Theo cach thire 1ap lai nhu trén, ta c6 thé giam sai 1am bao nhiéu cling dugc (lap cang nhiéu thi
sai cang it), nhung thoi gian truyén ciing ting 1én va chi phi truyén ciing sé ting theo.

Hay ta c6 thé hiéu nhu sau:
Lip cang nhiéu 1an 1 bit => thoi gian truyén cang nhiéu => chi phi cang ting.

Khai niém vé dung lwgng kénh truyén

Vi du trén cho chung ta thdy can phai xac dinh mot thong sé cho truyén tin dé dam bao sai sb
chap nhan dugc va dong thoi toc dd truyén ciing khong qué cham.

Khai niém “dung lugng” kénh truyén 1a khai niém réat co ban cia ly thuyét truyén tin va la mt dai
luong vat ly dong thoi cling la dai lugng toan hoc (c6 don vi 1a bit). N6 cho phép xac dinh toc do
tmyen t6i da cua mdi kénh truyén. Do d0, dua vao dung lu:ong kénh truyén, ngudi ta c6 thé chi ra
tdc do truyén tin dong thoi véi mot phuong phap truyén co sai s6 cho phép.

Van dé sinh ma

Tir k¥ thuét truyén tin trén cho ta thiy qua trinh sinh mi va giai ma dugc mé ta nhu sau: mot don
vi thong tin nhan dugc & dau vao s& duge gan cho mot ky hiéu trong bd ky hi¢u sinh ma. Mot ky
hiéu ma dugc gan n 1an lip lai (dua vao dung luong cia kénh truyén, ta c6 thé xac dinh duoc n).
Thiét bi sinh ma (Coding device/ Encoder) s€ thuc hién qua trinh sinh ma.

Nhu vy, mot don vi thong tin tir ngudn phat tin s& duoc thiét bi sinh ma gan cho mét diy n ky
hiéu ma. Day ky hi€u ma cia 1 don vi thong tin dugc goi la mdt tr ma (Code word). Trong trudng
hop tong quat, nguodi ta co6 thé gan mot khoi ky ty ma cho mot khoi thong tin nao do va duoc goi
la mot tir ma.

Van dé giai ma
O cudi kénh truyen mot thiét bi giai ma (Decoding device/ Decoder) s& thyc hién qua trinh ngugc

lai nhu sau: kiém tra day ky hiéu ma dé quyét dinh giai ma vé mot tir ma va dua né vé dang khi
tin ban dau.

Vi du:
Khdi tin ban dau 01010101
Khéi ky hiéu ma ¢ dau truyén (1ap 3 1an): 000111000111000111000111.
Khéi ky hiéu ma & dau nhan :001110100111011001000111
Khéi tin nhan duge cudi ciing : 01011001 (sai 2 bit so voi khéi tin ban dau)

Do d6 1am sao dé dua khdi tin nhan duoc vé khdi tin ban dau 01010101, ddy chinh 1a cong viée
cua bd giai ma (Decoder).

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 13
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Mot Van dé quan trong can luu ¥ 1a phai dong b6 giita toc d6 nap thong tin (phat tin hi¢u) voi toc
do truyén tin. Neu tbc d6 nap thong tin bang hoic lon hon so véi tbc do6 truyén tin cua kénh, thi
can phai giam tdc do nap thong tin sao cho nho hon tdc do truyén tin.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 14
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CHUONG 2: PO PO LUQNG TIN

Muc tiéu: trinh bay cac khai niém vé do do luong tin chua biét va da biét vé mot bién ngiu nhién
X. Tinh toan cac lugng tin nay thong qua dinh nghia va céc tinh chat cua Entropy to mot hay
nhiéu bién ngau nhién.

BAI 2.1: ENTROPY

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu dugc cac khai niém Entropy,
- Biét Entropy ctia mot sy kién va Entropy ctia mot phan phdi,
- Hiéu Pinh Iy dang giai tich cta Entropy,
- Biét Bai toan vé cdy tim kiém nhi phan va
- Lam kién thirc co s& dé hiéu va hoc tdt cac bai hoc tiép theo.

Vi du vé entropy

Trudce hét, ta can tim hiéu mét vi du ve khai niém d6 do ciia mot lugng tin duya vao céac su kién
hay cac phan phoi xac suat ngau nhién nhu sau:
Xét 2 BNN X va'Y c6 phan phoi sau:

X={1,2,3,4,5} c6 phan ph01 déu hay p(X=i) = 1/5.
Y={1, 2} ciing c6 phan phdi déu hay p(Y=i) = 1/2.

Ban than X va Y déu mang mot luong tin va thong tin vé X va Y chua biét do chung 1a ngau
nhién. Do d6, X hay Y déu c6 mot luong tin khong chic chan va lugng tin chic chan, tong cua 2
luong tin nay 1a khong ddi va thyc té no bang bao nhiéu thi ta chua thé biét. Luong tin khong chéc
chan ctia X (hay Y) duoc goi 1a Entropy.

Tuy nhién, néu X va Y 6 twong quan nhau thi X cling ¢6 mét pl}ﬁn lugng tin khong chic chin
thong qua lugng tin da biét cia Y (hay thong tin vé Y da dugc biét). Trong truong hop nay, mot
phan luong tin khong chac chan cua théng qua lugng tin da bi€t cua Y duge goi la Entropy c6
diéu kién.

Nhan xét vé do do lwong tin

R rang, ta can phai xay dung mot dai lugng toan hoc rat cu thé dé co thé do duoc lugng tin chua
biét tir mot bién ngau nhién. Mot cach truc quan, lugng tin 6 phai thé hién dugc cac van dé sau:

Mot su kién co xac suét cang nhd thi sy kién do6 it xdy ra, cling c6 nghia la tinh khong chic chin
cang 16n. Néu do luong tin ctia né thi né cho mot lugng tin khong biét cang 16n.

Mot tap hop céc su kién ngau nhién (hay Bién ngiu nhién) cang nhiéu sy kién c6 phan phdi cang
déu thi tinh khong chic chin cang l6n. Néu do luong tin cua né thi s& duoc luong tin khong biét
cang 16n. Hay luong tin chic chan cang nho.
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Mot phan phodi xéc suat cang 1éch nhi€u (c6 xac xuat rat nho va rat 16n) thi tinh khong chac chan
cang it va do d6 s€ c6 mdt luong tin chua biét cang nho so véi phan phoi xac suat déu hay luong
tin chac chan cia nd cang cao.

Khai ni¢ém entropy
Trong tiéng viét ta chua c6 tir twong dwong voi tir Entropy, tuy nhién ching ta c6 thé tam hiéu

hiéu thoang qua trude khi di vao dinh nghia chic ché vé mit toan hoc ciia Entropy nhu sau:

Entropy 1a mot dai lugng toan hoc dung dé do lugng tin khong chic (hay luong ngau nhién) cua
mot sy kién hay cua phan phdi ngdu nhién cho trudc. Hay mot s tai liéu tiéng anh goi 1a
Uncertainty Measure.

Entropy cia mot sy ki€én

Gia sir c6 mot sy kién A co xac sudt xuit hién 1a p. Khi do, ta n61 A c6 mét luong khong chic
chan dugc do bdi ham s6 h(p) voi p < [0,1]. Ham h(p) dugce goi 1a Entropy néu n6 thoa 2 tiéu dé
toan hoc sau:

Tién dé 01: h(p) 1a ham lién tuc khong 4m va don di€u giam. .
Tién dé 02: néu A va B 14 hai su kién ddc 1ap nhau, c6 xac suat xuat hién lan lugt 1a pa va pg. Khi
do, p(A,B) = pa.pg nhung h(A,B) = h(pa) + h(pg).
Entropy ciia mt phan phoi
Xét bién ngau nhién X c¢6 phan phdi:
X ‘ X1 X2 X3 een XM
P Ip p ps ... Dm

Néu goi A; 1a sy kién X=xi, (1=1,2,3,..) thi Entropy cua A; la: h(Aj)= h(p;)
Goi Y=h(X) 1a ham ngau nhién cua X va nhan cac gia tri 1a dy cac Entropy cua céc sy kién X=x;,
tire 1a Y=h(X)={h(p1), h(p2), ..., h(pn)}.

Vay, Entropy cua X chinh 1a ky vong toan hoc ctia Y=h(X) c6 dang:

H(X)=H(p1, p2, 3, -.-.pn) = prh(p1)+ p2h(p2)+...+pah(py).
Tong quat:

H(X)=Y ph(p,)

Dinh ly dang giai tich cua Entropy

M
Pinh 1y: Him H(X) = H(p1, p2,....om) =CY_ p, log(p,)

i=1
C = const >0
Co s6 logarithm 1a bat ky.
B6 dé: h(p)=-Clog(p).
Trudng hop C=1 va co s6 logarithm = 2 thi don vi tinh 1a bit.
Khi dé: h(p)=-logz(p) (dvt: bit) va
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M
H(X)=H(p,,pyssPu) = _Zpi log,(p,)

i=1

Qui wdc trong cach viét: log(p)= loga(p;)

Vi du minh hoa
Néu sy kién A ¢6 xac sut xuat hién 1a 1/2 thi h(A)=h(1/2)=-log(1/2) = 1 (bit)
Xét BNN X c¢6 phan phoi sau:

X ‘ X1 X2 X3

P | 12 14 1/4

H(X) = H(1/2, 1/4, 1/4) = «(1/2log(1/2)+1/4log(1/4)+1/4log(1/4)) =3/2 (bit)

Bai toan veé cay tim kiem nhi phan-Dit van de

Gia str, tim 1 trong 5 nguoi c6 tén biét trudc s& xuat hién theo phan phdi sau:

X ‘ X1 X2 X3 X4 Xs
P02 03 0,2 0,15 0,15

Trong do: xi, ...Xs lan lugt 1a t€n cua 5 nguwdi ma ta can nhén ra véi cach xac dinh tén bang cau
hoéi ding sai (yes/no).

So d6 dudi day minh hoa cach xac dinh tén cua mot nguoi:

— Yes » X1
X:X1?
X=x1/X2? — 5 Yes _—» No > X2
—
L, No 5 Yes > X3
X:X3?
X=x4? —» Yes —» X4
—— No >

L »No —> Xs

Bai toan vé cdy tim kiém nhi phén - Dién giai
T}}eo so dd trén: ’ o
B@ tim X1, Xp, X3 VO1 Xac ,suét tuong ting la 0.2, 0.3, 0.2‘ ta chi can ton 2 cau hoi.
Deé tim x4, x5 vO1 x4&c suat tuong ung 0.15, 0.15 thi ta can 3 cau hoi.
Vay:
S6 cau hoi trung binh la: 2 x (0,2+0,3+0,2) + 3 x (0,15+0,15) =2.3
Mait khac: Entropy cua X: H(X)=H(0.2, 0.3, 0.2, 0.15, 0.15)=2.27.

Ta ludn c6 s6 cau hoi trung binh luén > H(X) (theo dinh ly Shannon s€ trinh bay sau). Vi s6 cau
hoi trung binh trong trudng hop nay xap si H(X) nén day 1a sé cau hoi trung binh t61 uu dé tim ra
tén chinh xac ctia mot ngudi. Do d6, so do tim kiém trén 1a so d6 tdi uu.
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Sinh vién tu cho thém 1 hay 2 so d6 tim kiém khac va tu dién giai twong tur - xem nhu bai tap.
Bai tap
Tinh H(X) v6i phan phdi sau:

X ‘ X1 X2 X3
P | 13 13 1/3

Tinh H(Y) v6i phan phéi sau:

Y ‘ X1 X2 X3 X4
P | 1/6 26 1/6 2/6

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 18



Gido trinh: Ly thuyét théng tin.

BAI 2.2: CAC TINH CHAT CUA ENTROPY

Muc tiéu:
Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu cac tinh chét co ban cua Entropy,
- Hiéu dinh Iy cuc dai ctia Entropy,
- Van dung giai mot s6 bai ton vé Entropy,
- Lam co s& dé van dung giai quyét cac bai toan tinh dung luong kénh truyén.

Cic tinh chét co ban ciia Entropy
Xét bién ngdu nhién X = {xy, X, ..., Xm}. Entropy ctia bién ngau nhién X co cac tinh chét:
. 1 1
1. Ham s6 f(M) = H(—,...,— ) don diéu tang.
M)=H(=7>77) g

2. Ham s6 f(ML) = f(M)+f(L).
3. H(p1, p2, ---» pm) = H(p1 + p2 +...FPr, Preit Prizt...+ pm)

14 p,
+(, +p, +...+p)H(— s =)
Zi:lpi i:lpi
Prs p
+(pr+l +pr+2 ++pM)H( M ! LERET) MM )
i:r+1pi i:r+1p[

4. H(p, 1-p) 1a ham lién tuc theo P.

Minh hoa tinh chét 1 va 2

Minh hoa tinh chét 1: ) N o
Trong truong hop bién ngau nhién X c6 phan phoi déu
Entropy ctia X nhu sau :

X - H(L,L,.‘. ,L] R NS U U IS IV VI N O
M M M m M M M M M M M

= H(X)=— logﬁ =log M 1a ham don di¢u tdng

Minh hoa tinh chit 2:
Trong trudng hop 2 bién ngau nhién X, Y doc 1ap c6 phan phdi déu véi BNN X c6 M sy
kién va BNN Y c6 L su kién.
Goi f(M), f(L) 1an luot 1a Entropy ctia X, ctia Y. Theo tinh chat 2 ctia Entropy ta co
fIML)=f(M)+f(L)

Minh hoa tinh chat 3 va 4
Minh hoa tinh chit 3:
Xét con xuc sac cd 6 mat vdi xac suat xuat hién cac mat dugce cho trong bang sau:

X X1 X2 X3 X4 X5 X6

P 10% 20% 25% 25% 15% 5%

Ta c6 thé gom cac su kién xj, Xp, X3 lai thanh mét su kién mai 1a x;23 6 xac suat xuat hién
1a 55%, gom su kién x5 va X¢ lai thanh sy kién Xs¢ c6 xac suat 20%.
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A < A X [N I * A A
Ta dugc mot nhién ngau nhién méi X cé phan phoi sau:

X | X3 | x4 | Xs6
P [55% [25% |20%

Dén déy cac ban c6 thé 4p dung cong thirc dé tinh, so sanh cac Entropy va nhan xét tinh
chat 3. Phan nay xem nhu bai tap cho sinh vién.

Minh hoa tinh chit 4:

Dé hiéu tinh chit tht 4, ta xét dang dd thi cua ham s6 H(p, I-p):
Hip, 1-p]

R& rang H(p, 1-p) 1a mot ham lién tuc theo p.

Dinh ly cwe dai cia entropy
binh ly: H(p, pa, ....pm)< log(M)

o Trong do: dang thirc xay ra khi va chi khi p;=...= pu=1/M
Bo dé: cho 2 b {pi1, p2, ---.pm} va {q1, Q2,...,qu} 1a cac bo s6 duong bat ky va
M

M
Zpi = Zqi
i=1 i=1

M M
Khi do, ta c6 H(p1, p2, ....pm)= —Zp[ log, p, < —Zpi log,q, (*)
i=1

i=1

Ding thirc xay ra khi p=q; véi Vi=1,..,M.

Chung minh dinh ly cuc dai caa Entropy
Chung minh b dé:
Theo toan hoc ta ludn c6 thé chimg minh duge In(x)< x-1 v6i x>0 va dang thirc dung khi x=1.
Dit x= qi/p; Suy ra In(qi/pi)< qi/pi —1 (va ddng thirc diing khi qi=p; véi moi i).
M M
N Zpi In &SZ(% —pl-)=l—1=0
i=1

i=1 i

M M
<= p,Inp, <> p,Ing, (dang thirc xay ra khi g=p). (D)

i=1 i=1
Theo todn hoc ta c6 Inx =logyx / logze  (2)
M

M
Tir (1) va (2), tacd — Y p,log p, <= p, logg, (dang thirc xay ra khi q=p;.)
i=1 i=1
Ching minh dinh ly:
bat qiL, Vi
M
Tur bo dé, ta co:

M M 1 M
_Zpi log, p; < _Zpi log, M = log, szi =log, M
i=1

=1 i=1
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va dang thuc chi xay ra khi pizi, Vi (dpcm).
M
Bai tap
Bai 1: Cho 2 bién ngiu nhién X, Y doc 1ap nhau c6 phan phéi sau:

X X1 X2
P 12 172

Y wvi Y2 V3 Va
P 1/4 1/4 1/4 1/4

Tinh H(X), H(Y). ‘ ’
Bai 2: Kiém tra lai két qua cta cua bai 1 bang tinh chat 2.
Bai 3: Cho bién ngau nhién X c¢6 phan phoi sau:

X ‘ X1 X2 X3 X4 X5 X6

P [10% 20% 25% 25% 15% 5%

L 1A . in x1. X, X lai tha A n 5 13 X103 06 X4c suit xuét hién 12 0,
Ta c6 thé gom cac su kién lai thanh mot sy kién moi la ¢0O xac suat xuat hién la 55%
gom su kién x5 va X lai thanh su kién xs¢ c6 xac suat 20%.

A <A X ‘A 7. * ’ A A
Ta duwgc mot nhién ngau nhién méi X cé phan phoi sau:

*
X X3 X4 X56
P 55% 25% 20%

- Tinh entropy ciia X, X~ va kiém tra lai tinh chat 3.
- Kiém tra lai dinh 1y cuc dai tir dit liéu cho trén.
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BAI 2.3: ENTROPY CUA NHIEU BIEN

Muc tiéu
Sau khi hoan tat bai hoc nay ban co thé:

- Hiéu biét cac dinh nghia Entropy cua nhiéu bién va Entropy c6 diéu kién,

- Hiéu m01 quan h¢ gitta H(X,Y) voi H(X) va H(Y) khi X, Y doc lap,
- Hiéu mbi quan hé gitra H(X,Y) véi H(X) va H(Y) khi X, Y tuong quan,

- Vén dung moi quan hé gira cac Entropy dé tinh cac Entropy mot cach hiéu qua,
- Van dung Entropy c6 diéu kién dé lam co so tinh lugng tin trong bai hoc ké tiép

Pinh nghia Entropy ciia nhiéu bién

Gia str: X va Y 1a 2 bién ngau nhién cho trude véi py = p(X=x:,Y=y;) (V i=1,.. M va j=1,...

Khi d6, Entropy H(X,Y) c6 dang:
M L
HX,Y)=->> p(x,.y,)log, p(x,,y,)
i=1 j=1
Hay
M L
HX,Y)=->> " p,log,p,

i=1 j=1
Mot cach tong quat:
Hx,,...,x,) =- Zp(xl,...,xn)logzp(xl,xz,...,xn)
Xy X,
Vi du Entropy ciia nhiéu bién
Cho 2 BNN X va Y doc lap nhau va c¢6 cac phan phdi:

X=1 0 1
P 0.5 0.5
Y 0 1 2
P 0.25 0.5 0.25

Tinh H(X,Y).

- Lap phan phdi ctia P(X,Y)
XY | X=0Y=0 X=0Y=1 X=0Y=2 X=1Y=0 X=1,Y=I X=1,Y=2
P(X,Y) | 0.125 0.25 0.125 0.125 0.25 0.125

- H(X,Y) =H(0.125, 0.25, 0.125, 0.125, 0.25, 0.125)=2.5 (Bit)
Pinh nghia Entropy c6 diéu kién
Entropy ctia Y véi diéu kién X=x; (i=1,..,M) duoc dinh nghia la:

L
HY /X =x)==) p(y;/x)logp(y,/x)

J=1
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Entropy cuia Y véi diéu kién X xay ra dugc dinh nghia la:

H(Y/X):ip(xi)H(Y/X:xl_)

i=1

Vi du Entropy c6 diéu kién

Xét bien ngau nhién X va bién ngau nhién Y ¢6 tuong quan nhau. Cac phan phoi nhu sau:

Phan phdi ciia Y ¢6 diéu kién X:

Y/X=1 0 1 2

P 0.25 0.5 0.25
Y/X=2 0 1

P 0 0 1

Entropy cia Y/X=1 va Y/X=2 nhu sau :
H(Y/X=1)=H(0.25, 0.5, 0.25)=-0.25 10g0.25 — 0.5 10g0.5-0.25 10g0.25
=0.5+ 0.5+ 0.5= 1.5 (Bit)
H(Y/X=2)=H(0; 0; 1)= 0 (Bit)

Entropy cua Y khi X xay ra:
H(Y/X)=P(X=1) H(Y/X=1)+ P(X=2) H(Y/X=2)=(0.5x1.5) + ((0.5x0)=0.75 (Bit).

Quan hé giira H(X,Y) véi H(X) va H(Y) khi X, Y dc lap

Pinh Iy 1: H(X,Y)< H(X)+H(Y) va ding thirc xay ra khi X, Y doc lap
Chirng minh:
Ta co:

P(xi) = Zp(xi’yj)

j=1

P(y,»)=2p(xi,y,-)

H(X)= Zp(x )log, p(x,) = ZZP(X,,y,)logz p(x,)

11]1

H(Y)= Zp(y )log, p(y,) = ZZp(x,,y )log, p(y,)

i=l j=I

= H(X)+H(Y)= ZZP(X,J,)UO%Z p(x;)+log, p(y;)]

= H(X)+HY)=-)>> p(x,y)llog, p(x)p(»))] (1)

i=1 j=1

bat g; =p(xi)p(y;)
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M L M L
j_zz pij 10g2 ql‘j Z_ZZ lj 10g2 pij (2)

i=1l j=i i=l j=

Piang thirc xay ra khi p(x;, yi)=pij =qij =p(xi)p(y;) hay X, Y ddc 1ap nhau.

(Theo b6 dé dinh 1y cuc dai)

Mat khac:
M L M L
H(X,Y)Z—Zzp(xi,yj)lng p(xi’yj):_zz P 1Og2 P (3)
i=l j=1 i=1 j=1

Tir (1), (2) va (3), ta c6 H(X,Y)< H(X)+H(Y) va dang thirc xay ra khi X, Y doc lap (dpcm)

H¢ qua:

H(X, ..., Xy) < HX) )+ AHX,)
H(X1,... Xn; Yi,..0,Yn) < HXy,.. . Xo)+ H(Y,...,Y0)

Quan h¢ gitra H(X,Y) véi H(X) va H(Y) khi X, Y twong quan

Pinh ly 2: H(X,Y)=H(X)+H(Y/X)=H(Y)+H(X/Y).
Pinh ly 3: H(Y/X)< H(Y) va Dau dang thtc xay ra khi va chi khi X va Y doc 1ap nhau.

Chung minh dinh ly 2:

M L

HX,Y)=->> p(x;,y;)log, p(x,,y,)

i=l j=1

=-ZZp(xl,y,)log2[p(x )-p(y;/x,)]

= Zzp(xl,y )log, p(x,) - Zzpul,y )log, p(y,/x,)

i=l j=l
= H(X) + H(Y/X)
Tuong tu ta c6: H(X,Y)=H(Y)+H(X/Y)
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Chirng minh dinhly 3:
Tu dinh 1y 1 va dinh ly v€ quan hé gitra cac Entropy, ta c6:
H(X,Y)=H(X)+H(Y/X)< H(X)+ H(Y) => H(Y/X) < H(Y).

Sinh vién tu chirng minh

Bai tap

Xét BNN X va BNN Y ¢6 twong quan nhau. Cac phan phdi nhu sau:

X | 1. 2
P |05 0.5

Phén phdi ciia Y ¢6 diéu kién X:
Y/X=1] 0 1 2
P 0.25 05 025

Y/X=2 0 1
P 0 0 1

1. Tinh cac Entropy sau: H(X), H(Y).
2. Tinh cac Entropy c6 diéu kién sau: H(X/Y), H(Y/X).
3. Tinh cac Entropy sau: H(X,Y).

4. Tur két qua cau 1,2 va 3 hay minh hoa céc dinh Iy 1, 2 va 3 cho bai hoc.
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BAI 2.4: MINH HQA CAC ENTROPY

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:

- Biét dugc Yéu ciu cua bai toan,

- Biét cach xac dinh cac phan phéi ngau nhién cta bai toan,

- Van dung cac bai hoc trudc dé tinh cac Entropy H(X), H(Y) va H(X,Y),

- Van dung céc bai hoc trudc dé tinh cac Entropy c6 diéu kién H(X/Y) va H(Y/X),

- Nhén x¢ét va so sanh quan hé gitra cac Entropy

- Ngoai ra con gitip ban on tap va hiéu rd hon cac cong thic tinh Entropy.

Yéu cau ciia bai toan

Ta xét vi du vé mot ngudi t6 chirc tro choi may rui khach quan voi viée tung mot dong tién “co
dau hinh — khong c6 dau hinh”. Néu nguoi choi chon mit khong c6 dau hinh thi thing khi két
qué tung dong tién 1a khong c6 dau hinh, ngugc lai thi thua. Tuy nhién nguoi to chirc choi ¢ thé
“an gian” bﬁng cach str dung 2 dong tién “That- Gid” khac nhau sau:

+ Dong tlen loai 1 (hay dong tlen that): dong chat c6 1'matco dau hinh.
+ Pong tién loai 2 (hay dong tién gia ): dong chat, mdi mat déu c6 1 dau hinh.

Maic du nguoi td chirc choi ¢é thé “an gian” nhung qua trinh trao d6i 2 dong tién cho nhau la ngau
nhiéu, vay li¢u nguoi to6 chirc choi c6 thé “an gian” hoan toan dugc khong? Hay luong tin biét va
chua bict cia sy kién lay mét dong tien tir 2 dong tién noi trén duoc hiéu nhu thé nao?

Ta thu xét mot trudong hop sau: néu nguoi t6 chirc choi lay ngau nhién 1 dong tlen va sau d6 thyc
hién viéc tung dong tién lay dugc 2 lan. Qua 2 lan tung ddng tién, ta dem duogc sd dau hinh xuat
hién. Dya vao sd dau hinh xuét hién, ta c6 thé phan doan duoc ngudi to chiic choi di ldy duoc
ddng tién nao.

Chang han: Néu s6 dau hinh dém dugc sau 2 lan tung 13 1 thi dong tién da lay dugc 14 dong tién
that, nguoc lai néu sé dau hinh dém duogc 13 2 thi dong tién di 1ay duoc c6 thé 1a that hay ciing co
thé 1a gia. Nhu vdy, ta di nhan dugc mot phan thong tin vé loai dong tién qua sé dau hinh dém
dugc sau 2 1an tung. Ta co thé tinh duoc lugng tin d6 bang bao nhiéu? (Viéc tinh lwong tin nay sé
dwoc thao ludn sau).

Xic dinh caAc phan phoi ngiu nhién ciia bai toan

bat X 1a bién ngau nhién ve loai dong tien.

Phan phdi cia X:
X |1 2
P |05 05

Dit bién ngiu nhién Y 1a s6 dau hinh dém duoc sau 2 1an tung:
Phén phdi ctia Y khi nhan duoc dong tién c6 1 mit c6 dau hinh (Y/X=1)

Y/X=1 |0 1 2
P 1025 05 025
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Phén phdi ctia Y khi nhan dugc dong tién c6 2 mit déu cé dau hinh (Y/X=2)

Y/X=2 | 0 1
P 0 0 1
Tim phan phéi cua Y:

P(Y=0) = p(X=1)p(Y=0/X=1)+p(X=2)p(Y=0/X=2) = 0,5 x 0,25 +0,5 x 0 =0.125
P(Y=1) = p(X=1)p(Y=1/X=1)+p(X=2)p(Y=1/X=2) = 0,5 x 0,5 +0,5x 0 =0.250
P(Y=2) = p(X=1)p(Y=2/X=1)+p(X=2)p(Y=2/X=2) = 0,5 x 0,25 + 0,5 x 1=0.625
Y| o 1 2
P | 0125 025 0.625

Minh hoa Entropy H(X), H(Y) va H(X,Y)

Entropy cua X:
H(X) =H(0.5, 05)
=-(0.5)log(0.5) -(0.5)log(0.5) = 1 (bit)
Entropy cua Y:
H(X) =H(0.125, 0.25, 0.625)
=-(0.125)log(0.125) + (0.25)log(0.25) + (0.625)log(0.625) = 1.2988 (bit)

Entropy cua X va Y: H(X,Y)
Xem nhu bai tdp danh cho cac ban sinh vién
Entropy ctia Y/X 1a trung binh cta cac entropy Y/X=x;.

M
Vay, Entropy ciia Y ¢6 diéu kién X: H(Y/X)= Z p(x,)HY/X =x,)
i=1

Twong tu: H(Y,Z/X), H(Z/X.Y)
Minh hoa Entropy H(X/Y) va H(Y/X)

Tinh Entropy ciia Y khi biét X: H(Y/X)

H(Y/X=1)=H(0.25, 0.5, 0.25)

=-(0.2510g0.25 + 0.510g0.5 + 0.2510g0.25)= 1.5 (bit)
H(Y/X=2)=H(0,0, 1)=0
H(Y/X)=p(X=D)H(Y/X=1)+ p(X=2)H(Y/X=2)= 0.5 x 1.5+ 0.5 x 0= 0.75 (bit)

Tinh Entropy ciia X khi biét Y: H(X/Y)

Xem nhu bai tap danh cho cic ban sinh vién (Gop ¥: ban nén 1dp cic phan phdi cho cac
truong hop (X/Y=0), (X/Y=1) va (X/Y=2).

Minh hoa quan hé¢ giira cac Entropy

Xem nhu bai tap danh cho céc ban sinh vién. )
Goi y: sau khi ban tinh H(X,Y) va H(X/Y), ban dya vao cac dinh 1y 1,2 va 3 cung vdi cac két qua
da tinh duoc d€ so sanh va minh hoa.
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BAI 2.5: PO LUQNG TIN (MESURE OF INFORMATION)

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Biét bai toan tinh luong tin,
- Hiéu dinh nghia luong tin,
- Biét cach tinh lugng tin,
- €06 thé van dung dé tinh luong tin cho cac bai toan twong tu.

Dat van deé bai toan
Ta xét vi du vé mot ngudi t6 chirc tro choi may rui khach quan véi viée tung mot dong tién “co
dau hinh — khong c6 dau hinh”. Néu nguodi choi chon mat khong cé dau hinh thi thang khi ket
qua tung dong tién 1a khong c6 dau hinh, nguoc lai thi thua. Tuy nhién nguoi té chtrc choi c6 thé
“an gian” bang cach s dung 2 dong tién “That- Gia” khac nhau sau:

+ Dong tlen loai 1 (hay dong tlen that): dong chat c6 1matco dau hinh.
+ Pong tién loai 2 (hay dong tién gia ): dong chat, mdi mat déu c6 1 dau hinh.

Mic du nguoi to choi co thé “n gian” nhung qua trinh trao doi 2 dong tién cho nhau 1a ngiu
nhiéu, vay liéu ngudi to chirc choi ¢6 thé “an gian” hoan toan dwoc khong? Ta thir xét mot truong
hop sau: néu ngudi choi lay ngiu nhién 1 dong tién va sau d6 thuc hién viéc tung dong tién 1ay
duoc 2 lan. Qua 2 lan tung d@)ng tién, ta dém dugce sd diu hinh xuét hién. Dua vao sé dau hinh
xuat hién, hay tinh luong tin vé loai dong tién liy dugc 1a bao nhiéu?

Xac dinh cac phan phoi cua bai toan

Dit bién ngiu nhién X 1a loai dong tién, khi d6 phan phéi ciia X ¢ dang :

bat bién’ngﬁu nhién Y 1a s6 dau hinh dém duoc sau 2 1an tung. Khi do ta co thé xac dinh duogc
phén phoi cua Y trong 2 truong hop sau.

Trudng hop 1: Phan phéi ciia Y khi biét dong tién 14 that (X=1) c6 dang:

Y/X=1] 0 1 2
P | 025 0.5 0.25

Truong hop 2: Phan phéi cia Y khi biét dong tién 1a gia (X=2) c6 dang:

Y/IX=2 | 0 1
P |0 0 1

Ta c6 thé tinh dé dang phan phéi ciia Y nhu sau:
Y | o 1 2
P | 0125 025 0.625

Nhan xét dua theo entropy

Tir cac bang phan phdi trén, ta co:
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Entropy cua Y:
H(Y) =H(0.125, 0.25, 0.625) = 1.3 (bit)
Entropy ctia Y khi biét X
H(Y/X=1)=H(0.25, 0.5, 0.25)= 1.5 (bit)
H(Y/X=2)=H(0, 0, 1)=0
H(Y/X)= p(X=1)H(Y/X=1)+ p(X=2)H(Y/X=2) = 0.75 (bit)

Vay, H(Y) > H(Y/X)

Dinh nghia luwgng tin

Tir nhan xét vé& quan hé giita cac entropy o trén, ta c¢6 thé dinh nghia luong tin nhu sau:

binh nghia: Luong tin (hay thong lugng) cua X khi Y xay ra la lugng chénh léch gitra luong
khong chic chin cua X va luong khong chic chin cta X khi Y xdy ra c6 quan hé véi X.

Ta c6 thé hiéu khai niém nay nhu sau: X va Y 13 2 bién ngau nhién nén ching c6 2 luong tin
khong chéc chan. Néu X va Y doc lap, thi X xdy ra khong anh huong t61 Y nén ta van khong biét
gi thém vé X va X giltr nguyén luong khong chéc chdn cua né. Trong trudng hop nay luong tin vé
X khi Y xay ra la bang 0. Néu Y c6 tuong quan véi X thi khi Y xay ra ta biét hoan toan v& Y va
mot phan thong tin vé X. Phan thong tin d6 chinh 13 lwong tin da biét vé X nhung van chua biét
hét vé& X. Bai toan ¢ déy 1a tinh luong tin da biét vé X khi Y xay ra.

Ky hiéu: I(X/Y) = H(X)-H(X/Y) 1a lugng tin d3 biét vé X khi Y da xay ra.
Chu y: ta luén co [(X/Y) = [(Y/X)

Vi du: xét lai vi du trén, ta c6 lugng tin vé& X khi biét Y 1a
I(X/Y)=I(Y/X)=H(Y) — H(Y/X) = 1.3 — 0.75=0.55 (bit).

Bai tap
1. Thyc hién mét phép thir con xuc sic dong chat dong thot v6i mot dong tién ciing ddng chat.
Trong do, con xuc sic ¢6 cac mat diém tir 1 den 6 dong tién mot mat ¢6 dau hinh va mit kia
khong c¢6 dau hinh. Trudc tién thir con xtc sic, néu sb diém < 4 thi tung dong tién mot 1an, nguoc

lai thi tung dong tién hai lan. Tinh lugng tin vé sb diém con xtic sic khi biét thong tin vé s6 dau
hinh dém duoc.

2. Nguoi ta thuc hién mot khdo st trén céc sinh vién dai hoc vé mbi quan hé gitra kha nang hoc
tap v6i so hitu phuong tién di lai va tinh than ai hiru. Két qua cho thay:

Trong tong sb sinh vién co 3/4 sinh vién hoan thanh chwong trinh hoc va 1/4 khong hoan thanh.
Trong s6 sinh vién hoan thanh chuong trinh hoc, 10% cé xe con. Nguogc lai, trong sb sinh vién
khong hoan thanh chuong trinh hoc ¢6 té1 50% c6 xe con.

Tt ca sinh vién c6 xe con déu tham gia hoi 4i hitu sinh vién. Trong s6 sinh vién khong c¢é xe con
(ké ca hoan thanh hay khong hoan thanh khoa hoc) thi 40% sinh vién tham gia hoi 4i hitru sinh
vién.
a. Tim thong tin vé trang thai hoc tap cia sinh vién khi biét dicu kién vé phuong tién di lai cia
ho.
b. Tim thong tin vé tinh trang hoc tap clia sinh vién khi biét tinh than i hiru cta ho.
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3. Nhitng nguoi dan cia mot lang dugc chia [am 2 nhom A va B. Mt ntra nhom A chuyén noi
that, 3/10 no6i dbi va 2/10 tir trdi tra 10i. Trong nhom B: 3/10 néi that, 1/2 noéi dbi va 2/10 tir tréi
tra 101. Gia st p 12 xac suit chon 1 ngudi thude nhom A va I(p) = I(Y/X) 14 luong tin vé nguoi ndi
that sau khi da chon nhom, tinh I(p), tim p* sao I(p’) = Max(I(p) va tinh I(p").
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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 tuy 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 cé 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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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) di 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 céc 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 day céc tr 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 ttc thoi vi w) 1a tién t6 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 t 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 t 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 t6 “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 mi 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 hidu 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,, ay, ..., 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; ctia tr ma w; cang nho.

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

- Gidsupi2p2> ... 2pm NEu pi= pir1 = pirr thi nj < njyp < 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 duoc & dau 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 mét 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 lwgng: C=log,L=log,M (Sinh vién tw chitng minh, xem nhu 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 V2 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:
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X4y dung cong thirc tinh dung lwong kénh truyén déi xirng

Do H(Y/X) khong phu thudc vao phan phdi cia X => Max cta I(X/Y) dugc quy vé mi ctia H(Y).
Hay
C=MaxI(X/Y)=Max(H(Y)-H((Y /X))

Ta c6 thé tinh dé& dang:
HY/X) :—ZL:p'jlogp'j:const
Do dé: -
C=MaxI(X/Y)=MaxH(Y)+ ZL:p'j log p';
Do H(Y)<= logL => ta can chiing to “=" xéy]?a khi p;=p,=...=pr=1/L
Xét truong hop P(X=x;)=1/M, v61 moi 1 => chirng minh P(Y=y;)=1/L v6i moi j

That vay :
M
P(Y:y_/):ZP(Y:yjaX:xi)
i=1

Z 1 & 1
=Y P(X=x)P(Y=y,/X =x,) =EZPU. =
i=1

L ﬁqi
Tir A ta nhan thay:
Pu - Pu
A= .. . . |= ZA = tong cac phan tir ciia A.
Pwi - Pu
+hang +cot M M M
DOZ ZZA =ZA :>M:qui :>Zqi:T
A i=i i=i
1 M 1 .
=>P(Y:yj):MT:Z:> H(Y)=->_p'P(Y =y)logP(Y = y,) =log L = Max

=> H(Y) dat max la logL khi P(Y=y;)=1/L hoac P(X=x;)=1/M

L
Véy: C=logL—H(p’1,p’2, ..., p’) hay C=logL+)» p,logp,
=]
Cha y: trudng hop kénh 1 bit véi nhiéu B
-5 p j
B 1-p
Dung lugng C=1+(1-B) log(1-B)+BlogB = 1- H(B, 1-p)

Ma tran truyén tin 4 = (

> H(B s I'B)
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_

Pinh Iy vé dung lwong kénh truyén

1 —H(B,1-p)

Gia str ma tran A c6 dang vudng va c6 ma tran nghich dao 1a A™
Ky hiéu A=[p;j| v6ii=1,2,...M vaj=1,2,..M
A-'=lqil| véii=1,2,...M vaj=1,2,..M

M M

Dit tham s6 di=) ¢, exp{— Y qHY/X=x, )}Vk =1L,M
j=1 i=1

Néu d>0 thi dung lugng kénh truyén ¢ dang:

C= Log{flexp2 {— fqﬁH(Y/X = xi)}}

j=1 i=1

Gia tri cyc dai dat khi tin hi€u vao X=X* thoa phan phéi P(X*Zxk)=2'cdk
Hay C=max [(X/Y)=I(X*/Y)
Chuy:
- biéu kién d;>0 cho phép ham I(X/Y) 1a ham 16i => Tén tai Max tuyét ddi tai phan phdi cua
X* voi p(X*=x4)=2"C dy =px (v6i moi k).
- Néu diéu kién ma tran vuong hodc ma tran ngich ddo khong thoa thi gia tri cuc dai max sé
nam trén dudng bién ciia mién xac dinh {p>0 va -Zp,=1}

Bai tap
1. Cho mdt kénh truyén 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
i M V3

Tinh dung luong kénh truyén. ‘
2. Ching minh céc cong thirc tinh dung lugng kénh truyén trén.
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BAI 4.3: LUQC PO GIAI MA

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:

- Biét dit vin d¢ bai toan giai ma,

- Hiéu cac khai niém co ban cua k¥ thuét truyén tin,

- Biét va hiéu cac dang sai s6 co ban cia ky thuat truyén tin,

- Hiéu phuong phép xay dung luoc do giai ma t6i uu,

- Van dung xdy dung lugc d6 giai ma ti wu va tinh cc dang xac suét truyén sai.

Dat van deé bai toan giai ma
Phan tich yéu cau giai ma:
Khi truyen gia tri x;, ta s€ nhan duoc y;.

Déi vai kénh truyén khong nhiéu thi Yi chinh la x;. Dbi véi kénh truyen ¢6 nhiéu thi y; c6
thé khac x;. Do d6 ta can tim cach giai ma Vi vé gia tri x; khi kénh truyén c6 nhiéu.

Phép phan hoach cac gia tri & dau nhan:
Phép phan hoach tap céac gia tri & dau nhap yj € Y la phép phan chia tap Y thanh cac tap
con B; sao cho:
B,NB, =0

M
Us =
i=1

2. Khi nhan y; € B; thi giai mi vé ;.

(Vi#))

Vi du bai toan giai ma
Cho tap cac tir ma truyén X va tip cac diy n bit nhan duoc Y nhu sau:
X={0000, 0101, 1110, 1011}
Y={0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111,
1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111}
Gia st ta c6 thé phan hoach tap Y thanh céc tip con B; nhu sau:
B,={0000, 1000, 0001, 0010}
B,={0101, 1101, 0100, 0111}
B;={1110, 0110, 1111, 1100}
B4={1011, 0011, 1010, 1001}
Gid st nhan y;= 0011 thi giai ma vé x4= 1011 vi y;j € Ba.
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Cac khai niém co bén ciia ki thuit truyén tin

Xét so do truyén tin nhu sau:

R Kénh
Nguoén || BOtaoma - »| Bogiaimi | | Nhan
A A A
ky tu
giai ma
Xe {X1, ..., XM} Yeiyr, ..., yi}

Dién giai:

- Nguon phat tin hiéu (hay thong bao) véi van tdc R (tin hiéu/gidy).

- Tin hi¢u dugc ma hoéa tir bo ky tu ma.

- Tin hiéu mi hoéa dugc truyén trén kénh véi van toc C (ky tu/gidy), C dong thoi 1a dung luong
ctia kénh truyén.

- Tin hiéu truyén trén kénh c6 thé bi nhidu véi xac suat P(e).

- Trudc khi nhan, tin hi¢u ma hoa duoc gidi ma theo mot phuong thurc t8i wu va do chinh xac
cao nhét co thé co.

Bai toan dit ra ¢ day: tim giai phap tao ma sao cho sai s ddu nhan c6 xac suat nho hon & bét ky
(e <P(e)) dong thoi voi dong bd hda: van toc phat thong bao ¢ nguon R va van toc truyén tai < C
(C 1a dung lugng kénh).

Céc khai ni¢m co ban:

Tur ma: 1a day n ky tu truyen hay dédy n ky tu nhén dung.

Bo mi (S,n): 13 tap hop goém S tir ma v&i do dai mdi tir ma déu bang n va duge ky hiéu 1a x, ...,
(s)A

X

Luwoc do gidi ma: 1a mot ham gan cho mot day n ky tu nhan dugc y; mot tir ma ciia b ma W =

{wi, wa, ..., ws}. Ky hiéu: g(yj) = wi

Luwgc d6 giai ma toi wu: 13 luge dd gidi ma sao cho tong xac sudt truyén sai 1a nho nhét hay tong
xéc sudt truyén dung 13 16n nhat.
Nghia la: kh1 nhan y; thi ta gidi ma vé w; sao cho:
P(Wl lyj) = Max{P(wi/yj)}
VWk e W

Vi du minh hoa cac khai niém co ban

Gia str kénh truyén timg bit vdi C=1, ngudn phat thong bao véi toe d6 R=2/5 bit/gidy (R<C). Dé
thuan loi cho ma hoa va giam nhiéu, ta xét timg khoang thoi gian n = 5 gidy. Nhu vay trong
khoang thoi gian n =5 gidy, ta co:
- Tap hop cac tin hi¢u khac nhau la 2™ =4 Gia st 4 tin hiéu la m;, my, M3, My.
-S4 bit dugc phat ra 1a nR=2 bit va mdt tin hiéu dang m; dugc két cdu boi mot diy
cac bit.
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Qua trinh ma hoa cac tin hi€u m;, m,, m;, my can ch y 1a: moi m; can dugc ma hoa

vé6i s6 bit tdi da 1a nC=5 bit. Vay, ta c6 thé ma hoa cac tin hiéu m; theo 2 cach sau:

Cach 1:

m;=00000
my=01101
m3=11010
my=10111

Céach 2:

m1=OO
1’1’12:01
ms= 10
ms=11

Néu str dung cach 1 véi do dai 5 bit, trong d6 5 bit c6 thé hiéu 1a co 2 bit thong tin can truyén va3
bit con lai 1a 3 bit dugc bd sung dé phat hién nhiéu theo mot phuong phap nao do s& dugc dé cap
& cac ndi dung tiép theo sau. Vi cach ma hoa ndy, ta c6 nhiéu kha ning phat hién va stra sai do
nhiéu.

Néu str dung cach 2 thi trudng hop c6 1 bit truyén sai sé dé{l dén tring 1ap sang mot trong cac tin
hi¢u khac. Vi dy truyén m;=00 va nhén 2 bit la 01 (do nhi€u), trong truong hop nay 01 chinh la

m,, ddy 1a mot tin hiéu ding nén ta khong thé phat hién c6 nhiéu hay khong nhiéu.

Nhu vay, trong khoang thoi gian truyén va dung lugng kénh cho phép, ta can ma hoa mdi tin hiéu
cang dai cang tot nhung khong duoc vuot qua do dai ma cho phép. Truong hop véi thoi gian n=5
va c= 1 bit thi nC=5 1a s0 bit t01 da c6 thé truyén nén ta chi ma hoa tin hi¢u véi do dai ma toi da la

5 bi

1t.

Cac dang sai so co béan

Xac suét truyén sai tir ma x;: p(e/xi)= 2 p(Y=y; &Bi/X=x))
M

X4c suat truyen sai trung binh: p(e) = Z p(X =x,)p(e/x;)
i=1

X4c suét truyén sai 16n nhat: p,,(e) = Max p(e/x,)
i=1,M

Phwong phap xiy dung lwot dd gidi mi toi wu

Theo cong thuc Bayes:

Ta ¢6: P(wi/y)) = [p(W)-p(yi/wi)] / p(y;) Vi (VWi € W)

Tu dinh nghia lugc do gidi ma to1 uu:

= tim wi sao cho P(wi/y;) = Max < p(wi).p(yj/wx) = Max.

Nhu vy, ta co thé xdy dung luoc d6 giai ma tdi uu theo cac budc sau:
Bude 0: Khai tao cac B; = ¢ (Vi)
Budc lap: xét véimoiy; €Y

+ Tinh:

p(w1).p(yj/w1)
p(W2).p(yj/w2)

1.3.(."VM)~P(YJ‘/ W)
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+ So sanh cac gia tri tinh trén va chon gia tri w*; sao cho p(w*;).p(yj/w*;)= Max

{P(Wi).p(yy/wi)} (VWi € W)
+Bi=Bi+ {yj} vag(y) = w*i.

Minh hoa xiy dung lwgc dd giai ma tdi wu
Bai toan:

Cho ma tran truyén tin A va xac suat ¢ dau truyén nhu sau:

x[1/2 1/3 1/6
x,|1/3 1/6 1/2
x|1/6 1/2 1/3

i M Y3
V6i p(x1)=1/2; p(x2)=p(x3)=1/4. Hay xay dung lugc do giai ma t6i vu.

Ap dung phuong phap xay dung lugc d6 giai ma tbi wu:
Budc 0: Bi={}; B,={}; Bs={};
Bude 1: Nhan gia tri yj, ta tinh:
+p(x1).p(yi/x1)=1/2.1/2 =1/4 (Max)
+ p(Xz).p(yl/Xz): 1/4.1/3 =1/12
+ p(x3).p(y1/x3)= 1/4.1/6 = 1/24
Do p(x1).p(y1/x1) 16n nhét nén liét ké y; vao tap hop B, twong tng véi x;.
=> Bi={yi}.
Bude 2: Nhan gia tri y», ta tinh:
+p(x1).p(y2/x1)=1/2.1/3=1/6 (Max)
+ p(Xz).p(yz/Xz): 1/4.1/6 = 1/24
+ p(x3).p(y2/x3)=1/4 . 1/2=1/8
Do p(x1).p(y1/x1) 16n nhét nén liét ké y, vao tap hop B, twong tng véi x;.
=> Bi={y1, y2}.
Bude 3: Nhan gia tri ys, ta tinh:
+ p(x1).p(ys/x1)=1/2 . 1/6 = 1/12
+ p(x2).p(y3/x2)=1/4 . 1/2=1/8 (Max)
+ p(x3).p(ys/x3)=1/4 . 1/3=1/12
Do p(x1).p(y2/x1) 16n nhét nén liét ké y; vao tap hop B, twong tng véi x,.
=> By={ys}.
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Két qua:
Phén hoach: Bi={yi, y»}, Bo={ys} va Bs={}.
Luoc d6 gidi ma toi uu:

Nhéan Gidi ma

Nhoém B, {y‘/ X1
yz/ X2
Nhém B,

Y3 . X3
Minh hoa cach tinh cac sai sO
Xét lai vi du minh hoa xay dung lugc d6 giai ma tbi wu trén, ta co:
- Ma tran truyén tin A:

x[1/2 1/3 1/6
X|1/3 1/6 1/2
x|1/6 1/2 1/3

i I V3
- Xac suat ¢ dau truyeén: p(x;)=1/2; p(x2)=p(x3)=1/4.

- Lugc do giai ma toi vu:
Nhéan Gidi ma

Nhom B {YI/ X
yz/ X2
Nhém B>

y3 X3
- Phan hO'c}ChI Blz{yl, }’2}, BQZ{Y3} va B3:{}.

Tinh cc x4c suit truyén sai:
Xdc sudt truyén sai mot tir ma:
Xéc sut truyén sai tir ma x;: p(e/x))= 2 p(Y=y; ¢B1/X=x1)
=p(y3/x1) =1/’6 ‘
Xac suat truyen sai tr ma x: p(e/x2)= 2 p(Y=y; ¢B2/X=x,)
=p(y1/x2) + p(y2/x2) =1/3+1/6=1/2
Xac sudt truyén sai tir ma xs: p(e/x3)= 2 p(Y=y; Bs/X=x3)

= p(y1/x3) + p(y2/x3) + p(y3/x3) =1/6+1/3+1/2=1

M
Xac sudt truyén sai trung binh: p(e) = Zp(X =x,)ple/x,)

i=1

= p(e)=p(x1).p(e/x1) + p(x2).p(e/x2) + p(x3).p(e/x3) = 1/2.1/6 + 1/4.

Xac sudt truyén sai lom nhdt: p_(e) = Max p(e/ x,)
i=l,M

= pm(e) = Max{ p(e/x;), p(e/x2), p(e/x3)} = p(e/x3) =1

1/2+1/4.1=11/24
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Bai tap 1
1. Cho ma tran truyén tin sau:
x |1/2 1/3 1/6
x,|1/3 1/6 1/2
x|1/6 1/2 1/3
R
Biét xac suat ¢ dau truyén: p(x;)=5/10, p(x2)=3/10, p(x3)=2/10.
- Tinh dung lugng kénh truyén.
- Xay dung luogc d6 giai ma toi uu.
- Tinh céc sai sO p(e) va pm(e).

2. Cho ma trn truyén tin sau:
x| 7/12 3/12 2/12
x,[2/12 7/12 3/12
x,|3/12 2/12 7/12

Y1 y2 Y3
Biét xac suat ¢ dau truyén: p(x))=1/3, p(x2)=1/3, p(x3)=1/3.
- Tinh dung lugng kénh tmyen
- Xay dung lugc d6 giai ma tbi wu
- Tim céc sai s6 p(e) va pm(e).

Bai Tap 2

1. Cho ma trin truyén tin sau:

xl///
w Ve Vo s
5 K 7

. yr y2 y3
Biét p(x1)=1/2, p(x2)=1/4, p(x3)=1/4.
- Tinh dung lugng kénh truyen
- Xay dung luoc d6 giai ma t6i wu.
- Tinh céc sai s6 p(e) va pm(e).

2. Cho ma trn truyén tin sau:
x,(7/10 2/10 1/10
x,| 1/10 7/10 2/10
x(2/10 1/10 7/10

yi Y2 Y3
Biét x4c suat truyén p(x,)=0.4, p(x2)=0.4, p(x3)=0.2.
- Tinh dung luong kénh truyén.
- Xay dyng luogc db giai ma tdi uu.
- Tinh céc sai s6 p(e) va pm(e).
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CHUONG 5: SUA LOI

Muc tiéu: Xay dung nguyén tic sira 16i dua vao khoang cach Hamming. Trén nguyén tic nay,
phuong phap sua 161 “ki€ém tra chan 1¢ (parity check)” dugc xay dung va tao ra quy trinh sura 161
toi uu va phu hop véi cong nghé truyén tin hién nay.

BAI 5.1: NGUYEN LY KHOANG CACH NHO NHAT
HAMMING

Muc tiéu:
Sau khi hoan tat bai hoc nay ban c6 thé hiéu:
- Dinh nghia khoang cach Hamming
- Kénh truyén d6i xtmg nhi phan va lugce do giai ma tbi wu
- Quan h¢ giita x4c suét giai mi va khoang cach Hamming
- Nguyén Iy khoang cach nho nhét cia Hamming.

Khoang cach Hamming

binh nghia: cho v, va v, la 2 day nhi phan dai n bit, ta goi khoang cach Hamming gitra 2 day v,
v, 1a s0 bit tuong tng khéac nhau. Ky hi¢u: d(vy, v»).

Vi du:
vi=10101010
v,=10101111

Ta nhan thdy rang bit thir 6 va bit thir 8 giita giita v; va v, 12 khac nhau nén s6 bit twong tng khac
nhau gitra v; va v, 1a 2. Do d06, ta ndi khoang cich Hamming giita v; va v, 1a 2 hay d(vy, vo) =2

Kénh truyén doi xirng nhi phan va lwge do gidi ma toi uu

Xét kénh truyén d6i xtmg nhi phan. Gia st ta truyén cac diy tir ma nhi phan c6 do dai n bits véi
x4c suat truyén sai 1 bit 1a .

1-B

Goi W = {wy, Wa,...,w,} 1a tap s tir ma truyén, do dai mdi tir ma déu bang n bit.
V = {vi, Va,...., V2" } 1a tdp cac day n bit nhan dugc & cudi kénh véi W ¢ phan phoi déu, xac
suat dé nhan v; khi truyén w; 1a p(vi/wi) = pi;.

Theo lugc df) giai ma toi vu ta c6: khi nhan v; thi giai ma vé w; sao cho:
P(wi /vj) = Max {P(wi/vj)}
(Vw; € W)
Ta co: P(wily;) = [p(wi).p(yi/wi)] / p(y)) v6i (VWi € W)
= P(wi/y;) = Max < p(wi).p(yj/wk) = Max.
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Do W ¢6 phan phdi déu nén P(wi/y;) = Max < p(yj/wi) = Max
Vay: dé tim wi sao cho P(Wi*/Vj) = Max {P(wi/vj)} ta chi can tim w; sao cho
P(vy/ wi )= Max {P(vj/ wi)} (chi dya vao ma tran truyén tin A)

Vi du kénh truyén d6i xirng nhi phan

Xét ma tran truyén tin A va xac suat ¢ dau truyén nhu sau:

w [1/2 1/3 1/6
Cw,|1/3 1/6 1/2
wy|1/6 172 1/3

Vi W, V3

va p(w;) =p(wz) = p(ws) = 1/3.

dwa vao luge dd giai ma tbi wu ta co:
~ Nhaén v, gidi ma vé w;
- Nhan v, giai ma vé w;
- Nhan v3 giai ma vé w2.
Quan h¢ gitra xac suat gidi ma va khoing cach Hamming

Gia sir nhan duoc v:
Xét 2 tr ma w; va wp can chon dé giai ma cho v.
+ GOI d]zd(V, W]), dzzd(V,Wz),
+ Ta co6: p(v/wi)=p 4 - ﬂ)n_dl (xac suat dé nhan v khi truyén w)).

P(viwy)= p “ a- ,B)"_d2 (xac suat dé nhan v khi truyén w»).

pv/iw) _ ha-p"" :(1—/)’)"2““
pviwy) g " Jij

So sanh xac suat:

Néu nhidu 0 <P <Y thi l‘ﬂﬁ >1

Do d6: P(v/w;)>p(viw,) < d; <d,
Nhan xét: xac suat gidi ma cang 1on thi khoang cich Hamming cang nho.

Nguyén ly Hamming

Dinh ly: trén kénh truyen d6i xtng nhi phan v6i s tir ma & dau truyén c6 do dai n bit, luoc dd giai
ma toi wu co thé thay thé bang lugc d6 giai ma theo khoang cach Hamming véi nguyén 1y: néu
nhan dugc v, ta s€ giai ra w*;

sao cho d(v,w*))=Min d(v,wy) (V&1 Vwg € W).

Vidu: xét bo ma W={w;=00000, w,=10011, w;=11100, w,=01111}

Gia st nhan dugc day v=01011.
ta co: d(v,w1)=3; d(v,w2)=2; d(v,w3)=4; d(v,ws)=1.
vy v duoc giai vé wy vi khoang cach Hamming giita v va w4 1a nho nhat.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 60



Gido trinh: Ly thuyét théng tin.

Bai tap

1. Cho b6 mad W={w;=000000, w,=101010, w3s=111000, w,=111111} va nhén duoc day
v=010111, khi d6 giai ma vé€ tir ma nao? dieén giai?

2. Cho by ma W={w1=000000, w2=010101, w3=000111, w4=111111} va Nhén dugc day
v=010111, khi d6 giai ma v€ tir ma nao? dién giai?
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BAI 5.2: BO PE VE TU SUA LOI VA CAN HAMMING

Muc tiéu

Sau khi hoan tat bai hoc nay ban cé thé:
- Biét duoc B6 dé vé tu stra 16i,
- Hiéu Dinh Iy vé can Hamming,
- Biét phén loai dugc céc dang 16i,
- Lam co so Iy thuyét cho cac phuong phap sira 16i dugc trinh bai trong cac bai hoc tiép
theo.

Bo dé vé tu sira 16i
Pit van dé: mot tr ma w dai n bit khi dugc truyén tuan tir trng bit c6 thé sai e bit. Van dé dit ra

la khoang cach (Hamming) gilra cac tir md va sai sO e quan hé véi nhau nhu thé nao dé cé thé
phan biét tot nhat dong thoi tat ca cac tir ma? B dé sau xac dinh quan hé nay.

Bo dé:
Xét bd md W={w, Wy, ..., Wy} g0m ¢ s tir md nhi phan dai n bit va 1 s nguyén duong e.
1. Néu d(w;, w;) > 2e+1 (v6i V i#j)
Khi d6: tat ca cac ddy nhan dugc v c6 sb bit 16i < e thi v ¢6 thé tir diéu chinh (hay tu stra 15i).
2. Néu d(w;, wj) =2e (Vi Vi#])
Khi d6: tat ca cac day nhén duge v co sO bit 18i < e thi v ¢6 thé tu didu chinh. Tat ca cac day
nhan duoc co sb bit 16i = e thi ta chi phat hién 1 v c6 16i va khong thé tu diéu chinh duoc.
3. Nguoc lai;
Néu v c6 sb chit s6 bit 18i < e va c6 thé tu diéu chinh thi d(wi, w;)> 2e+1 (véi V izj ).
Néu v ¢6 sb chir sd bit 16i < e-1 tu diéu chinh duoc va tat ca cac tin hiéu vai sb chir s6 bit 16
<e dugc phat hién thi khoang céch gitra cac tir ma ludn thoa: d(w;,w;) > 2e (vo1 V i) ).

Chirng minh va minh hoa bo dé

a. Gia st: d(w, w’) > 2e+1 voi V i# . Néu w va w’ ¢ cung khoang cach dbi voi day v thi
d(v,w)=d(v,w’)> e+1. Vay, néu d(v, w*) < e thi v c6 thé dugc gidi ma ra w*.

b. Néu d(wi,wj)> 2e v6i V i#j, c6 khd ning c6 v, w va W’ v6i sd chit sd 161 Ia:
d(v,w)=d(v,w’)=e (d(v,w)+ d(v,w’) 2 d(w,w’)= 2e). Co thé phat hién ra cac tir ma gan v,
nhung do ton tai cing lac nhiéu tir ma gan nhat véi v dan dén khong giai ma dugc, nguoc lai
hoan toan tuong tu.
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Minh hoa:

a. d(wi, wj)=2et1=7, e=3
Néu veB; thi v dugc giai ma vé w;
Néu veB; thi v dugc giai mi vé w;

b. d(wi, wj)=2e= 8 (e=4,¢e-1=3)
néu veB; , v¢B; => cac diém cach tam khoang cach 3 thi ludon duoc giai ma, con cac
diém cach tam 4 thi chi phat hi¢n 16i chtr khong thé gidi ma duogc.

¢. M 3 chiéu (x, y, z) bit dau tir gbc 000. Ctr mot tin hidu thay d6i thi ma bj ddy di theo 1 canh,
chang han:

000 cach 010, 001 boi 1 canh,

011 cach 010, 111 va 001 boi 1 canh.

Nhu vay, néu ta chon w;=010, w,=001, ws=111 thi khodng cach gitra chting 1a 2

d(wy, wz)=d(w1, w3)=d(W2, W3)=2

vay néu c6 16i phat sinh thi chi phét hién chir khong sira dugc.

y 1 1 0 W3= ly !
. 'S
1 5 ]
000 * -y |

Can Hamming.

Pit van dé: trong tong s 2" ddy nhi nhan dai n bit ¢6 thé chon ra bao nhiéu diy dé tao thanh mot
bd ma cé thé tu dicu chinh duoc e bit 10i. Pinh 1y can Hamming cho chiing ta xac dinh so tir ma
c6 do dai n bit vdi gid thiet: c6 kha nang tu stra dugc e bit 161 (di€u kién can tu sura 161).

Pinh ly: Néu bo ma W ¢ s tir mé c6 d6 dai n bit c6 thé ty sira dugc e bit 18i thi

n

Sc
i=1

Ghi cht: C, = n!/(i!*(n-i)!)

s <
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Chirng minh:

Xét tir ma nhi phan w; c6 do dai n bit va c6 kha nang tu sira duoc e bit 19i.

86 ddy vj sai khac voi witt 0 dén e bitla:C{ +C) +C; +..+ C; =Y _C}
i=0
Tuong (mg Vi s tir mé, tong s6 diy Vv €O thé tu stra 16i 1a :s.z Cl <2"
i=0

(2" 1a tong s day nhi phan dai n bits).

2}1
= §<
e

i=1

Phan cac dang 16

Gia st ta truyén tir ma n bit w; € W ( 1 <1 <s) va nhan dugc diy n bit v (152,
Céc loai 161 c6 thé phat hién sau:

Ldi ¢6 thé ty diéu chinh:
Trong truong hgp nay ton tai duy nhat tir ma w*; sao cho d(vj, w*;)= Min d(vj, wi) vo1 Vwy, € W.
=>vj dugc giai ma vé w*;

Ldi chi phat hién khong diéu chinh dugc:

Trong trudng hop nay ton tai tir ma w*; va w**; sao cho
d(vj, w*)= d(v;, w**)=Min d(vj, wi) v61 Vwi, € W
=>v; khong thé giai ma chinh xéc.

Lbi khong phat hién dugc. .
Trong truong hop ta gidi ma ra w*; nhung khac vdi wi da truyen.
Bai tap
1. Cho n=7 va e=2, hiy ap dung dinh 1y can Hamming cho biét s6 tir ma tdi da ctia bo ma W.

2. Cho n=7 va e=2, hay ap giung dinh ly can Hamming cho biét sci> tlr ma toi da ctia bd ma W.
3. Hay cho m¢t vi du cu thé minh hoa cac truong hop phan loai 16i.

BAI 5.3: MA KIEM TRA CHAN LE

Muc tiéu:
Sau khi hoan tit bai hoc nay ban c6 thé:
- Hiéu bd ma kiém tra chan 1&,
- Hiéu phuong phap kiém tra chan I¢,
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- Biét tinh chét co ban ciia phuwong phép kiém tra chin 1¢,

- Hiéu va van dung tot phuong phap sinh ma ki€ém tra chan I¢,

- Hiéu va van dung t6t Dinh 1y quan h¢ gitra 6 dai ma n, so bit ki€ém tra m va s6 101 tu stra
<,

- Van dung cho céc bai hoc tiép theo.

B0 ma kiém tra chan 1é

B6 ma ki€ém tra chan I¢ 1a bo ma goém s tir ma, trong d6 mai tr ma c6 dang sau:

W =II003...Im rmﬂrmu...rmk (V61 n = m+k).

m bit kiém tra  k bit thong tin

Ghi chii: trong mét sé trudng hop sinh mé theo phuwong phép kiém tra chin 1¢, tht tu cac bit kiém
tra va cac bit thong tin co thé xen ké nhau (theo mot thir ty nao d6, chang han nhu ma
Hamming,...) hay cting c6 thé theo mot thur tu khac (theo quy wdc khac). O day, ta chon thur tu
cac bit kiém tra chin 1¢ va cac bit thong tin nhur trén dé d& tinh toan nhung van mat tinh tong quét
hoa.

Trong d6: w’ viét theo dong 1a chuyén vi ctia w (w duoc viét theo cot)
+ri:labitthriciatrma (1<1<n).
+n: d6 dai cua tir ma hay s6 bit ctia tir ma chin 1é.
+ m: s6 bit kiém tra.
+ k=n-m: s bit théng tin = s=2* (vi v&i k bit thong tin thi ta chi c¢6 thé biéu dién tdi da
2k trang thai thong tin k bit).
+ Poan kiém tra: gom m bit ding dé kiém tra mi sai.
+ Poan thong tin: gom k bit thong tin.

Mbi doan ma thong tin c6 duy nhat mot doan ma kiém tra va dugc xac dinh boi hé phuong trinh
tuyén tinh nhi phan sau:
a,n, +a,r, +.. +a,r, =0

a,r, +a,r, +.. +a,r,=0

a,n +a,r, +.. +a,r,=0

Goi A=|[a|| =Amxn » a5 €{0,1}, i=1,m, j=1,n. Ma trn A duoc goi 1a ma tran kiém tra chin 1é ¢6
hang 1a m (hay Rank(A) = m).
Céc phép toan trong Modulo 2 (+,-):

0+1=14+0=1,0-1=1-0=1;

1+1=1-1=0;

Phwong phap kiém tra chiin 1é

Goi W’=rI5...1, 13 tir ma truyén (hay ddy n bit truyén) va v’=rr,...r, 13 ddy n bit nhan duoc.

Qui wée: v’, w’ (lan luot 1a chuyén vi cua v va w) dugc viet theo dong. Con v, w duoc viet theo
cot.

Néu A.v=0thi v=w, ta goi v 13 chin (trudng hop nhan ding)
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Néu A.v#0 thi v w, ta goi v 1a ¢ (trudng hop nhan sai).

Ta goi z=v-w la bd 16 gitrta v va w. Nghia 1a tai cac vi tri z = {0} thi bit nhan dugc tuong Ung l1a
bit dung va tai cac vi tri z= {1} thi bit nhan duoc twong tng 1a bit sai (hay bit 15i).

Ta goi C = A.v1abo stra 161 (hay bo diéu chinh 161).
TacoC=Az=A.(v-W)=Av-Aw=Av=>C=Av=Az

Tinh chét ciia bd sira 16i: diy n bit nhan dugc v va bo 15 twong ing c6 cung bd diéu chinh.

Phwong phap sinh mi kiém tra chin 1é

Gia su: cho trudc ma tran kiém tra chan 1¢ A vo1 Rank(A) = m.
Tim bd ma chan & W={w,, wz, ws,...,ws}

Bude 0: Xac dinh céc gia trin, m, k, s
Do dai cua tir ma n= s0 cOt cila ma tran A.
S0 bit kiém tra m= s0 dong ciia ma tran A.
So bit thong tin: k = n-m.
Aov o~ Ak A~
SO tir ma s=2" cuia bo ma.

Buwdc i: Tim cac tr ma thiri (1<1<s):
Goi kp; 12 trién khai nhi phén k bit cta s6 i
Tl ma can tim 1a: W’i=rI>..rkp; .
Giai hé phuong trinh A.w;=0 dé tim m bit kiém tra ing v&i k bit thong tin (kp;) da biét
=> tUr ma w;

Vi du sinh mi kiém tra chiin 1é
Xay dung bo ma kiém tra chin 1é duoc sinh tir ma tran kiém tra A nhu sau:
1 00110
A=|0 1 1 1 0 1| Rank(A)=3
1 01101

Buéce 0:
n=6 (= s6 dong ctia ma tran A)
m=3 (= s6 cot clia ma tran A)
S bit thong tin k =n—m =3 => S tir md s=2"=8 tir mA.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 66



Gido trinh: Ly thuyét théng tin.

Budc i: Tim tor ma thiri (1<1<s):
W’ 1=r11or3000 (000 14 trién khai nhi phan k=3 bits cta sb i=0)
w’=ror3001 - (001 1a trién khai nhi phan k=3 bits cua sb i=1)
wo=r11,r3010 (010 1a trién khai nhi phan k=3 bits ctia s6 i=2)
w’s=rirr;011 (011 1a trién khai nhi phan k=3 bits cua sb 1=3)
w’4=r1or3100 (100 14 trién khai nhi phan k=3 bits cta sb i=4)
w’s=riror3101 - (101 1a trién khai nhi phan k=3 bits cua sb 1=5)
we=ti1or3110 (110 1a trién khai nhi phan k=3 bits ctia s6 i=6)
w=rinrslll (1111a trién khai nhi phan k=3 bits cua sb 1=7)

Giai hé phuong trinh A.w=0

]
r
1 00110 0 =0 r,=0
r
01 110 1 (;:0 =3 +n=1=>3r,=0 =>w"=001001
1 01101 0 0 n+r =1 ry, =1
Giai hé phuong trinh A.w,=0
]
r
1 001 10 0 rn=1 rn=1
r
01 110 1 820 =43+, =0=><r, =1 =w’»=111010
1 0110 1 ) 0 rn+r,=0 r, =1
0

Giai tuong tu cho céc truong hop con lai ta co:
w’=000000, w’3=110011, w’4=110100,
w’s=111101, w’¢=001110, w’7=000111.
= W={000000, 001001, 111010, 110011, 110100, 111101, 001110, 000111}

Pinh ly quan hé¢ giira d¢ dai ma n, so bit kiém tra m va so 10i tu sira e
Piéu kién can (Can Hamming):
bicu kién can dé bo ma chan 1¢ c6 dd dai n bit co6 the tu stra dugc e bit 161 véi k bit thong tin va m
bit kiém tra la:

2" >3 C,
i=0
Piéu kién du ( PK Vasharmov-Gilbert-Sacks):
bicu kién du dé bd ma kiém tra chan 1é c6 do dai n bit vdi m bit ki€m tra chan 1é co thé tu stra
duoc e bit 101 la:
2e-1

L el
i=0
Ghi cht: C, = n!/(i!*(n-i)!)
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Vi du tim m nhé nhit tirn va e
Gia str biét trude n=7 va e=1. Tim sb bit kiém tra t6i thiéu can thiét ctia bd ma chén 1é.
Theo dinh ly di€u kién can (Can Hamming):
Taco: 2" > C}
i=0
e=1 )
o 2" > ZC; (*)
i=0
m=1= (*) sai.
m=2 = (*) sai.
m23 = (*)ding. )
Vay s0 bit kiém tra toi thi€u can thict 1a m = 3.

Vi du tim e 16n nhit tir m va n

Gi st cho trude m=3, k=2. Tim s bit 18i 16n nhét c6 thé tw sira ¢?
Theo dinh 1y diéu kién du (PK Vassharmov-Gilbert-Sacks):

2e—1 2e—1
2" =2 Cl, e 222> CL (%)

i=0 i=0
e =1 = (*) dung.
e>1=(*)sal. i
Vay s0 bit 101 16n nhat c6 thé tu stralae = 1.

Bai tap

1. Xay dyng bo ma kiém tra chin 1¢ dugc sinh tir ma tran kiém tra A nhu sau:

1 00111
A=10 1 1 1 0 1
1 01 101

2. Tim b0 ma kiém tra chan 1é dugc sinh tir ma tran kiém tra A nhu sau:

1 1
1 1
1 1

(e

1
A=|0
1

S = O
- o O

> Goiy giai bai tip 1 & 2: dwa vao phuong phap sinh ma kiém tra chén 1& va tham khao vi
du sinh ma kiém tra chan 1é.

3. Xét bd ma kiém tra chin 1¢ d6 dai 15 bit ¢ thé tu stra duoc 1 bit 15i trén dudng truyén, hiy
cho biét s6 bit kiém tra chin 1¢ t6i thiéu?

4. Xét bo ma kiém tra chin 1& d6 dai 8 bit v6i 4 bit kiém tra chan 1¢. Hay cho biét s6 15i ty stra
ti da cua bdo ma?

Goi ¥ giai bai tp 3 & 4: dya vao dinh Iy Diéu kién can (Can Hamming) va Diéu kién di
(PK Varshamov-Gilbert-Sacks).
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BAI 5.4: NHOM CONG TINH VA BQO TU MA CHAN LE

Muc tiéu.

Sau khi hoan tat bai hoc nay ban c6 thé:

= Hiéu Khai niém nhém cong tinh,

= Biét c4c tinh chét ciia bd ma chin 1¢,

* Van dung sinh ma tran kiém tra chin 1é tir bd ma kiém tra chn 1é.

= Van dung tot phuong phap sinh bd ma kiém tra chin 1¢ tir cac tir ma doc 1ap tuyén
tinh ctia bo ma.

Khai niém nhém c¢ng tinh.

Dit van dé:

Nhu chiing ta di biét, phuong phap sinh ma kiém tra chin 1¢ gitp ta sinh bd mi kiém tra chin 1¢
v6i sb tir ma twong Ung 1a s=2*. V4i phuong phap nay, ta phai xac dinh timg tir md mot (bing
cach giai hé phuong trinh tuyén tinh nhi phan). Gia sir: k=5 ta phai xac dinh s=2> =32 tir mi hay
k=10 ta phai xac dinh s=2'=1024 tir m3,...Piéu ndy s& mét nhiéu thoi gian néu k cang 1én. Van
dé dit ra ¢ day 1a tim ra mot phuong phap sinh b mi kiém tra chin 1¢ nhanh hon vé mit thoi
gian. Phuong phap sinh mé kiém tra chan 1¢ dya theo 1y thuyét nhom s& giai quyét vin dé nay.

Khai ni¢m nhém cdng tinh:
Nhom G dugce goi 1a mot nhém cdng tinh néu G c6 céc tinh chat:
-V a,b € G = atb e G ( tinh chét cong).
-V a,b,c e G=a+(b+c)=(a+Db)+c(tinh chit két hop).
-3 e Gsaochod+a= a+J=a, Vae G (I la Identity Element cua G).
-Vae Gi-aeG:a+ (-a)=J
Nhom G 14 nhém hoan vi (nhém Aben) néu Va,b € G=>a+b=b+a.

Vidu:
- Tap hop céc sé nguyén voi phép + thong thuong 1a nhom Aben.
- Tap hop céc s6 nhi phan c6 do dai n bit cung vdi phép + trong Modulo 2 tao thanh nhém
Aben.

Tinh chét ciia bd ma chin 1é
Tinh tuong duong clia bd ma nhom cong tinh va bo tir ma kiém tra chin 1¢ duoc thé hién qua 2

dinh ly sau:

Pinh Iy 1: tip hop céac tir mi trong bd ma kiém tra chin 1é 13 mot nhom cong tinh.
(Bé nghi sinh vién chirng minh dinh 1y nay dua vao céc tinh chat cia nhom cong tinh)

Pinh Iy 2: Néu tap hop W 1a tip cac ddy nhi phén v61 d6 dai cac day cung bang nva W la mot
nhém Aben véi phép cong Modulo 2 thi W c6 thé xem nhu mot bd ma ki€m tra chan 1€ duogc sinh
ra tr ma tran A cé dang nhu sau:
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by by, by
A=7 b,y by by,
b, b, .. b,

Trong do:
- Ma tran A c¢6 m dong va n cot.
- I : 1d ma tran don vi cép m.
- k: 14 s6 ddy nhi phén (hay tir ma) doc 1ap tuyén tinh 16n nhat.
-n: 1a d0 dai cua tr ma va m = n-k:

- bij: duge xac dinh bang cach dya vao hé phuong trinh tuyén tinh (*) va k tir ma doc 1ap
tuyén tinh nhu sau:

w’i=r1r2r3...r9 I'p+1T'm+2. . .In. (Vi:lak)

Poan kiém tra Poan thong tin

n=byh et byn,

rm = bmlrerl +.+ b K

mk" m+k

Thé k tir mé doc lap myén tinh vao hé pt (*) dé tim céc bij = ma tran A.
Vi du minh hoa

Xét tap hop M gdm c6 8 day nhi phan dai 6 bits nhu sau:
Iy Ip I3 Iy Is Tg

Wwo=0 000 0 0

wi=1 01001
whr=110010

w3=0 1010 1

wi=0 1 10 1 1(WHw>)
ws=1 1110 0W+ws)
We=100 1 1 1(Wrtw’s)
W3=0 0 1 1 1 0(W +watw’s)

wi=1 01001
whr=1100120
wi3=0 101 01

=>n=6vak=3.=>m=n-k=3.
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Gido trinh: Ly thuyét théng tin.

Nhu vdy: ma tran kiém tra chan 1¢ co dang nhu sau:

b, b, b,
A= 13 b21 b22 b23
b31 b32 b33
Cac by (Vi,i =1,3) dugc xac dinh tir hé phuong trinh tuyén tinh nhj phan sau:
1 0 0 1
1|=b,[0|+b,|1|+b;]0
0 1 0 1
0 0 0 1
=>4q11 |=b,|0(+b,|1 [+b,]|0
1 1 0 1
1 0 0 1
0|=b,0]|+b,|1|+by,]0
0 1 0 1
bii=1Dbip=1bi=1
=> { bai=1 bx=1 bys=0
b3;=1 b3=0 byz=1
1 0 0111
=A=|0 1 01 1 0
0 01101

Vay ta co thé sir dung nhém M nhu 1a mot b ma kiém tra chin 1é.

Phwong phap sinh mi kiém tra chiin 1é nhanh
Budc khoi tao: xac dinh cac gia trin, m, k, s.
Budc 1: sinh k tir ma doc 1ap tuyén tinh (dltt).
Budc 2: cong t6 hop céc tir ma:
+ Cong cac to hop ctia 2 tir ma tir k ma dltt => c6 C} tlr ma.
+ Cong céc to hop ciia k tir ma tir k tir ma dltt => ¢ Cf tr ma.
Budc 3: Cong s-1 tir ma da tim duge dé tim tir ma cudi cing => C P=1 tir ma.
k
Tong s0 tirma s=» C; =2* tir ma.
i=0

Vi du sinh mé kiém tra chiin 1é nhanh

=)
—_ e
©c o ==
=)

1 0
Tim bd ma nhom khi biét trude ma tran kiémtra 4=|0 1
1 0

Buc’yckh(")’itaozn=6,m=3,k=3,s=2k=8.
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Gido trinh: Ly thuyét théng tin.

Budc 1: Sinh k = 3 tir doc 1ap truyén tinh: w’;=001001, w’,=111010, w’3=110100
Budc 2: Cong t6 hop céc tir ma.
+ Cong céc to hop 2 tir ma dltt:
w=w’1+w’»=110011
W’5:W’1+W’3:1 11101
W e=w’2tw’3=001110
+ Cong céc to hop 3 tir ma dltt:
W 7=w 1tw’ +w’3=001111
Budc 3: x4c dinh tir mi cudi cing:
W =W 1tW o+ W 3t W 4+ W’ s+w gt W’ 7=000000

Bai tap
1. St dung phuong phap sinh ma nhanh cho bo ma tir ma tran kiém tra A nhu sau:
1 00111
A=0 1 1 1 0 1
1 01101

2. St dung phuong phép sinh ma nhanh cho bd ma tir ma tran kiém tra A trong cac trudng hop
sau:

- o O O
S = O O
_— O = O
S = O =
oS O = O
=
—_— = =
S = =
S O = =
S O = O
S = O O
- o O O
S = =
[
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Gido trinh: Ly thuyét théng tin.

BAI 5.5: LUQC PO SUA LOI TOI UU

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:

- Biét dugc van dé cua bai toan,

- Hiéu DPinh nghia Hiép hop,

- Van dung dé xay dung lugc dd stra 13i theo céac hiép hop,

- Van dung dé xay dung lugc d6 sira 16i théng qua bo sira 151,

- Van dung tinh Xac suat truyén dang cho lugc dd stra 13i,

- Kién thuc dat dugc s& 1a co s& dé cac ban co thé tng dung cho viéc thiét ké mot hé, thong
ma hoa, gidi ma va bao mat thong tin.

bat van de

Trong mot hé thong lién lac truyén tin, bén canh cac yéu cau thiét bi (nhu ngudn phat, bd ma hoa,
kénh truyén, bo giai ma,...) dam bao tot cho viéc tmyén va nhan dir liéu thi con co6 cac khia canh
khac nhu phuong phap mi hoéa va giai mi sao cho toi wu 1a phan rat quan trong trong h¢ thong.
Van d¢ ludn dugc dit ra ¢ day 1a lam thé nao dé chi ra mot phuong phap giai ma t6i wu, co  nghia
1a hé thong phai c6 kha nang phat hién va stra 16i mot ccach chinh xac nhat ¢6 thé c6 khi nhidu xay
ra. Py chinh 13 van dé chinh duoc thao luan trong sudt bai hoc nay.

Pinh nghia Hiép hop
Goi W={w, W2, ...,Ws} 12 bd ma kiém tra chin 1¢.
V={vi,va, ..., v, } 1a tap hop cac day n bit c6 thé nhan dugc & cudi kénh.

Ta goi mot hiép hop ctia W trong V 14 tip hop c6 dang z + W (z 1a bo 16i)

Vi du: Cho ma tran kiém tra chin 1¢ sau:

1010
A=
{0111}

T A, ta cb thé xay dung dugc by ma tuong ung sau: W={w’y=0000, w’=0101, w’»=1110,
w’3=1011}.

Ta c6 thé thay rang, cac bd 161 mot bit khac nhau c6 thé c6 1a z={1000, 0100, 0010, 0001}. Do d6
cac hiép hop g véi cac bo 16i 1 bit s& 1a:
Wo W1 Wi W3
0000 0101 1110 1011

Hiép hop 1 1000 1101 0110 0011 (vd&iz;=1000)
Hiép hop 2 0100 0001 1010 1111 (v6iz,=0100)
Hiép hop 3 0010 0111 1100 1001 (vé&1iz3=0010)
Hiép hop 4 0001 0100 1111 1010 (v6izs=0001)

Trong d6: hiép hop i = w; + z;, cac ban co thé xét thém cac bo 16i sai 2 bit, 3 bit, ... dé dugc cac
hiép hop g vdi cac bo 161 sai 2 bit, 3bit,....
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Gido trinh: Ly thuyét théng tin.

Luwoc d sira 16i theo cac hiép hop

Budc 1: Lap bang cac hlep hop tng véi cac bo 16i can thiét
- Dong dau tlen viét cac tir ma w; € W.
- Céc dong tlep theo Umg véi ¢t wo= 00...00 viét cac bo 16i z (cac bo 16i 1 bit, 2 bit,...).
- Cac dong ¢ cot thir i dugc xac dinh boi z + w
Bude 2: Qua trinh gidi ma
Giai ma: khi nhan v, ta xac dinh cot tht i chira v va giai ma vé w; tuong tng.

Vi du: xay dung lugce d6 stra 18i theo cac hiép hop cho bd ma dugce sinh tir ma tran kiém tra chin

1€ sau:
1 010
A=
{O 1 1 1}

T A, ta cb thé xay dung dugc bd ma tuong ung sau: W={w’¢=0000, w’=0101, w’»=1110,
w’3=1011}.
Budre 1: Lap bang cac hiép hop tmg véi cac bd 16i can thiét:
Ta xdy dung cac hiép hop g véi cac bo 16i sai 1 bit. Vay z={1000, 0100, 0010, 0001} .
Wo Wi \%"%) W3
0000 0101 1110 1011

Hiép hop 1 1000 1101 0110 0011 (v6iz;=1000)

Hiép hop 2 0100 0001 1010 1111 (v6iz,=0100)

Hiép hop 3 0010 0111 1100 1001 (voizz=0010)

Hiép hop 4 0001 0100 1111 1010 (v&ize=0001)

(Bang cac hiép hop)
Bude 2: Qua trinh gidi ma:

Gid stt nhan v=0111. Tra tim v trén bang cac Hi¢p hop ta c6 v ¢ ¢ot 1. Do do, v duoc
giai ma vé w; =0101.

Gia st nhan v =1010. Tra tim v trén bang cac Hiep hop ta c6 v ¢ cot 2 hay cot 3. Do do, v dugc
giai mi vé w, hay w3, trong truong hop ndy giai ma khong chinh xac. Dé nghi cac ban luu ¥ va
cho y kién ciia ban vé céac trudng hop giai ma khong chinh xac nay.

Luwoc db sira 16i thong qua b 15i

Pé xay dung lugc d6 sira 18i thong qua bo stra 18i, ta dua vao tinh chat ctia bo stra 16i. Nhu vay ta
c6 thé thay lugce do gidi ma gom 2 budc sau:

Buéc 1: Lap bang sira 16i: Bo 16i (Z) — Bo stra 16i (C=A*2Z).

Buére 2: Qua trinh sira 10i
- Khi nhén dugc day n bit v €V, ta xac dinh bo diéu 13i C cho v voi C=A.v
- Tra bang stra 161 dé tim b6 16i 7 ung voi C.
- Gial ma w=v-+z,.

Vi du minh hoa lugc do sira 18i 1 bit

1 000 1 1
. 01 0010
Xét bdo ma dugc sinh tir ma tran 4 =
001 011
0 001 01
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Gido trinh: Ly thuyét théng tin.

B6 ma tuong ung duoc xac dinh la: w;=000000, w,=101101, w3=111010, w,=010111

(Dé nghj cac ban tham khao phuong phap sinh ma chin 1¢ va xdy dung lai bd mi tir ma tran kiém

tra chan 1é A).

Luoc d6 sia 16i: i i ‘
Budc 1: Lap bang stra 161: Bg 161- Bo diéu chinh (e = 1)

B6 13i (2°) B6 diéu chinh (C’=A.z)
B6 0 15 000000 0000 1 Bo
Bo6 16i 1 bit 100000 <— 1000 ~
010000 0100
001000 0010 6 Bo
000100 0001 >~
000010 1110
000001 1011
_/

Budc 2: Qua trinh sira 16i
- Gia strnhan v=001101, tinh C = A.v = 1000
- Trabang stra 131 dé tim bo 16i z, tmg véi C, ta c6 zo = 100000
Giai md w=v + zy= 001101 + 100000 = 101101 = w>

Vi du minh hoa lwgc do sira 18i 2 bit

Luoc do sira 16i: ‘
Budce 1: Lap bang sura 16i: Bo 10i- B di€u chinh (e = 2)

Bo16i (z’) | BO diéu chinh (C’=A.z)
Bo6 16i 2 bit 110000 1100 )

101000 1010

100100 1001

100010 0110 >

100001 0011 7 Bo

011000 0110

010100 0101 )

(T4t ca cac bo 2 16i con lai ¢ trang bd diéu chinh voi cac bd & trén)
Budc 2: Quy trinh stra 16i
- Gia strnhan v=100111, tinh C = A.v=1100
- Tra bang stra 161 dé tim b6 16i 7 ung voi C, ta c6 zp = 110000
- Gidimiw=v+zo=100111+110000=010111=wy
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Gido trinh: Ly thuyét théng tin.

Vi du minh hoa lwogc dd sira 16i 3 bit

Luoc do sia 16i: i i ‘
Budc 1: Lap bang stra 161: Bg 161- B diéu chinh (e = 3)

z’ | C=Az
1101 2Bo
0111

(Tat ca cac bd 3 161 con lai c6 trung bd di€u chinh vdi cac bd & trén)

B6 16i 3 bit 110100
110001

Budc 2: Quy trinh stra 16i

Gia st nhan v=011001, tinh C= A.v=1101
Tra bang stra 161 dé tim b6 16i 7 ung voi C, ta c6 zp = 110100

Giai ma w=v + o= 011001 + 110100 = 101101 = w,
Chuy:
Téng s6 bd diéu chinh = 2™. Trong mét s6 trudng hop, bd ma chin 1é chi cho phép phat hién 15i
trén duong truyén va khong thé giai mi chinh xac do tong sd bo diéu chinh = 2™ va sb bo 15i ¢6
thé 16n hon nhiéu (so véi tong sd bo diéu chinh).

X4c suat truyén ding
Goi N; 1a s6 bo 18i tng v6i i 16i ¢6 thé tu sira, khi d6 xac sudt truyén ding va tu diéu chinh s& 1a:
P(e') = Ni.fi.(1- pi)""
i=0
Véin la do dai tir ma
Vi du: xét truong hop céc vi du trén voi n= 6 va tu stra e = 3 bit 10i. Ap dung cong thirc trén ta co:

P(e') = ZNiﬂL(l—ﬂi)"*i =(1=B)" +6B01-B) +1p° (A=) +25°(1-p)’

Bai tap
1. Cho ma tran kiém tra chin 1é sau:
1 001 11

A=|0 1 1 1 0 1
1 01101

- Xay dung bo mi kiém tra chén 18.
- Minh hoa quy trinh stra 161 1 bit.

2. Tir két qua cua bai tap 1, hily minh hoa lugc do sira 18i thong qua bd diéu chinh trong céac
trurong hop 101 1 bit, 2 bit. Tinh x4c suat truyén dung cho cac truong hop cé thé tu stra dugc.

BAI 5.6: MA HAMMING

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
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Gido trinh: Ly thuyét théng tin.

- Hiéu Ma Hamming,
- Hiéu tinh chat cuia ma Hamming.

Ma Hammin

Ma Hamming la mdt dang ma nhém (ma kiém tra chén 1¢) dugc xac dinh tir ma tran kiém tra chén
1¢ A c6 dang sau:
- Cot thtr j cuia ma trén A 13 biéu dién nhi phén m bit (m la s6 bit kiém tra chén 18) cua

s6 j theo qui wdc biéu dién nhi phan cua s6 j duoc viét theo thir tu tir dudi 18n trén (viét
theo cot), twong duong voi viét tir trai sang phai (viét theo dong).

Cacbitovitri2' (i=0, 1,2, ...) duoc chon 1am bit kiém tra.

Vidu 1: bjéu dién nhi phan cua s6 j =3 c¢6 m = 3 bit nhu sau
Viét theo dong: 011 (viét tir trai sang phai)

1

Viét theo cot: 1

0
Vi du 2: ma tran kiém tra chén 1¢ v6i n=6, m=3 c6 thé viét nhu sau
1 01 01 0
A=10 1 1 0 0 1
00 0 1 1 1

(viét tir dudi 1én)

Tur md@ Hamming c¢6 dang: w=r rrstarsts. Trong do, rirors 1a cac bit kiém tra va 315t 1a cac bit
thong tin (vi cac bit & vi tri 2! (v611=0,1, 2, .

..) dugc chon lam bits kiém tra).

Tinh chét

duoc udc lugng tur bat dang thic sau:

2" zic,j

Néu cho trude s bit (m) va sb bit 131 tu sira (e) thi s6 bit tdi da ciia bd md Hamming (n) ¢ thé

Vi du minh hoa
Tim by ma Hamming véin =6 va m =3

Ta c6 thé viét ngay ma tran kiém tra chén 1¢ cho bd ma Hamming

A=

oS O =
oS = O
O = =
—_ o O

1
0
1

—_— = O

TrA=k=n-m=3.
Céc bit & cac vi tri 1, 2, 4 duge chon lam céc bit kiém tra
=> 56 tir ma ctia bd md Hamming 13 s = k=18
Tim k tir md doc lap tuyén tinh c6 dang:
w’ 121'11'201‘401
W’2:I'1r201‘410
W’3:I'11'211‘400

Giai cac hé phuong trinh: A.w=0, A.w,=0, A.w3=0
Céc tir ma con lai dugc xac dinh theo phuong phap sinh ma nhanh

Bién soan: TS. L é Quy ét Thang, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu 77



Gido trinh: Ly thuyét théng tin.

Ghi chi: Két qua chi tiét xdy dung bang mad Hamming danh cho sinh vién tw lam.

Bai tap
1. Viét ma tran kiém tra chin 1é cho bo ma Hamming v6in = 15.
2. Tu ket qua bai tap 1, hay tim cac tir ma Hamming ddc 1ap tuyén tinh tuong tng.
3. Xét b0 ma Hamming vai sO bit kiém tra cho trudc 1a m, khi do:

- Do dai ma tdi thiéu 1a bao nhiéu?
- DO dai ma toi da 1a bao nhiéu?
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Gido trinh: Ly thuyét théng tin.

BAI 5.7: THANH GHI LUI TUNG BUOC

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé biét:
- Dit van dé vé thanh ghi lui timg budc,
- Céch biéu dién vat 1y ctia thanh ghi,
- Céch biéu dién toan hoc cua thanh ghi,
- Tim chu ky cua thanh ghi.

bat van de

Nhu ching ta da biét, phuong phap sinh bo ma kiém tra chin 1¢ dua trén ly thuyet nhom cho phép
chung ta sinh ma nhanh bang cach chi sinh ra k tir ma doc 1ap tuyén tinh trong téng s6 s=2" tir ma,
tir k tir ma nay ta c6 thé xac dinh cac tir ma con lai (bang cach cong to hop cac tir ma). Van dé dit
ra & day 1a 1am sao dé tim ra mot phuong phap sinh mé khac sao cho s tir ma sinh ban dau nho
hon k (k 12 s6 tir ma ddc 1ap tuyén tinh cua b ma kiém tra chin 18) va tir ddy ta co thé xac dinh
nhanh cdc tir mé con. Cu thé dwa trén mo hinh ciia thanh ghi i timg budc c6 thé giai quyét dugc
van d¢ nay.

Biéu dién vt 1y ciia thanh ghi

Dé goi mot cach ngan gon, ta qui udc goi thanh ghi thay vi goi thanh ghi lui timg budc. Biéu dién
vat Iy ctia thanh ghi c¢6 thé thay nhu hinh v€ dudi day:

o) Font Foo > ——>| F Fy
\ (=) O,
|
- Fu1, Fuo, ..., F1, Fo : cac bit lu’y tritr dir li€u nhi pl}én.
- aml, am2, ..., a1, g : cac cong tac (switch) dung dé dong (=1) hay m¢ ( =0).

- @ : 1a b 1am tinh cong trong phép toan mudulo 2 sau mdi xung ddng hd véi dit lidu
do cac bit ciia thanh ghi gtri ve.

Qua trinh dich chuyén lui tirng buée: sau mdi xung dong ho thi dir liéu trong bit F; s& dugc
chuyen vé luu trir & bit Fy g (F1->Fo; Fo->Fy; .. Fm 2->Fin3; Fin-1-=>Fmo). TAt ca cac gia tri trén
cac Fj (truge khi 6 xung dién) s€ dugce chuyén vé bd cong (tiy theo cac cong tic dong hay ma),
téng clia cac gia tri ndy s& duoc dua vao luu trit ¢ bit Fp.,.

Ta s& nghién ctru thanh ghi nay cy thé hon trong cac ndi dung tiép theo nham tim ra mét phuong
phap sinh ma ma ta c6 thé goi la ma xoay vong. Pay ciling la mdt dang ma kiém tra chan I¢.
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Gido trinh: Ly thuyét théng tin.

Biéu dién toan hoc ciia thanh ghi

Muc tiéu cta viéc biéu dién toan hoc 1a dé tim ra cac mé hinh tinh toan phuc vu cho viéc nghién
ctru sinh mi xoay vong chan 1é tir thanh ghi.
Goi X = (X0, X1, ..., Xm2, Xm.1) 12 gia tri cac bit ctia thanh ghi tai thoi diém trude khi ¢6 nhip xung
ddng ho.
X’ = (X0, X'1, +.., X'm2, X'm-1) 12 gid trj cac bit ctia thanh ghi sau khi c6 nhip xung ddng hd.

Khi d6 ta co:

X’0:X1

X’1:X2

X’2:X3

X’m-2:Xm-l

X' m1=a0Xo T a1X1 + ... T am-1Xm-1-

Hay viét theo dang ma tran ta c6 x’ = T.x

Trong do:
0O 1 0 0 0 O 0 - T: Ma trgn vudng cAp m. )
0 0 1 0 0 0 0 - Dong cudi ciia ma tran: 1a céc h¢ so: ay,
al, ..., Am-1.
0 0 0 1 0 0 0 - Gbc trén bén phai: 1a ma trén don vi cép
=0 0 0 O 0 0 m-1.
o 0 o0 o0 . 0 1
la, a, a, a; .. a,, a,,|

T dugc goi la ma tran dac trung cua thanh ghi ui ting bude.
Qua trinh dich chuyén lui ting budc cua thanh ghi:

Goi x| » , | lavéc to chi gid tri cua thanh ghi tai thoi diém dang xét.

xm—l
Gia trj cua thanh ghi sau 1 xung ddng ho 1a xV=T x©
Gia trj cua thanh ghi sau 2 xung ddng hd 1a x?=T xV=T? x©

Gia trj cua thanh ghi sau 3 xung ddng hd 1a x¥=T xP=T° x©

Vi du thanh ghi lui tirng buéc
Cho thanh ghi lui ting budce sau:

r —>| F3 F, Fi Fo

Tur thanh ghi, ta c6: m=4, ap=1, a,=0, a,=1, a;=0.
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Gido trinh: Ly thuyét thong tin.

01 00
Ma tran ddc trung cua thanh ghi: T= 0.0 10
0 0 0 1
1 010
Chu ky cua thanh ghi
Nhu d trinh bay & trén vé qua trinh dich chuyén 1iii timg budc cta thanh ghi:
Xo
Xy

£ - (0) 2
Neuta goi x™~| x, 1a véc to chi gia tri ciia thanh ghi tai thoi diém khdi tao thi cc gia

trj ctia thanh ghi & cac thoi diém tiép theo nhu sau:

xm—l

Gia trj cua thanh ghi sau 1 xung ddng hé 1a x"=T x©

Gia trj cua thanh ghi sau 2 xung ddng hé 1a x®=T xV=T?x©

Gia trj cua thanh ghi sau 3 xung dng hd 1a xX¥=T xP=T° x©

Gi4 tri ciia thanh ghi sau n xung ddng hd 1a xX™=T.x""=T"x“ (b&i vi sb trang thai thong tin khac
nhau c6 thé c¢6 1a 2™)

Vay chu ky ctia thanh ghi 13 s6 xung nhip dong hd dé thanh ghi lap lai trang thai ban dau. Nghia la
néu x%%0 va 3 n>0 sao cho x™ =x“ thi ta n6i n 1a chu ky cua thanh ghi.

Luuy:
Cach viét biéu dién nhi phan cho gia trj ctia x
viét tir trai sang phai (theo dong). Vi du: biéu dién nhi phan cia x
Viét theo dong: x¥ = 011 (viét tir trai sang phai)
0
Viét theo cot:  x@ =| 1| (viét tir trén xudng)
1

@ theo ther tu tir trén xudng (theo cot), twong g voi

@ =3 ¢4 m = 3 bit nhu sau:

Vi du tim chu ky cia thanh ghi
Cho thanh ghi lui trng bude nhu hinh sau:

@% F3 F, Fy Fo
Ik

Tu thanh ghi ta c6: m=4, ag=1, a;=0, a,=1, a;=0.
0 0

Ma tran déc trung cua thanh ghi: T=

S = O O

1
0
0
0

- o O
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Gido trinh: Ly thuyét thong tin.

X, 0
e et . , . (0) X1 0
Dac gia tri khoi tao cua thanh ghi x/'=1= = 0
)
X5 1
Tim chu ky:
0 0 1
XW=T xO= 0 = x@=TxV= ! = x¥=Tx®= 0
1 0 1
0 1 0
0 1 0
W O | 1 G (@ | 9 Oy 6 | 0| 0
= x =T.x"= = x 7 =Tx"= = x =Tx"= =X
0 0 0
0 0 1
Tuong tu:

+ Khi chon x©)= 3 thi ta ciing ¢6 chu ky n = 6.
+ Khi chon x'= 6 thi ta ¢6 chu ky n = 3.
+ Khi chon x =0 thita cé chukyn=1.

®@ @/@@ /@\ o)

0pP & § oo

Chu ky n=6 Chu ky n—6 Chu ky n=3 Chu ky n=1
Thanh ghi trén c6 4 chu ky.

Bai tap
1. Tim cac chu ky cta thanh ghi lui tirng budc nhu hinh sau:

—>GEr—=>m = >R 2R

2. Tim céc chu ky cua thanh ghi lui tirng buéc nhu hinh sau:

@ F2 Fl Fo

1

BAI 5.8: MA XOAY VONG

Muc tiéu
Sau khi hoan tit bai hoc nay ban c6 thé:
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Gido trinh: Ly thuyét thong tin.

- Biét cach xac dinh ma tran kiém tra chin 1é cho mi xoay vong (hay con goi 1a ma
vong),

- Hiéu dinh nghia ma xoay vong,

- Van dung xay dung b0 ma xoay vong,

- Van dung phuong phép sinh nhanh bo mi xoay vong dé sinh b mi kiém tra chin 1é.

Ma tran kiém tra chan 1é ma xoay vong

Pinh nghia: ma tran kiém tra chin 1é duogc thiét ké tir thanh ghi lui timg budc 12 ma trin c6 dang
sau:
A=[x T xO T2 x@ ... )T™" @] v6i n 1a chu ky cua thanh ghi (n > m)
Trong do:

- T la ma tran dic trung cua thanh ghi.

x?2£0: 1a gia tri khoi tao cua thanh ghi.
- n:1a chiéu dai cia tir mi va ciing 14 chu ky ciia thanh ghi.
- m: 12 sb bit kiém tra hay sd bit cua thanh ghi.

Vi du: xét lai vi du tim chu ky thanh ghi, néu chon gia tri khoi tao cua thanh ghi la x?=1 thi ta
c6 ma tran kiém tra véi chu ky n=6 nhu sau:

0001 01
A=[x© xO x®@ x@ x@ (61 001 010
01 01 00
1 01 0 0O

Pinh nghia ma xoay vong

M3 xoay vong la ma kiém tra chin 1é dugc sinh ra tir ma tran kiém tra chén 1¢ Gng v6i chu ky n
cua thanh ghi lui ting budc c¢6 dang nhu:
A=[x9] TxO %O | 1% O ]

Vi du: xét lai ma tran ki€ém tra chan 1é & trén

0 00 1 01

A= 00 1010 (chukyn=06)
01 01 0O
1 01 0 0O

Tacon=6,m=3,k=2=s=2=2=4 trmi.

Ap dung Phuong phap sinh ma nhanh bo ma kiém tra chin 1é ta ¢6 bd ma kiém tra chén 1¢ gdbm 4
tor ma sau : wo = 000000, w; = 101010, w, = 010101, wq = 111111, day chinh 1a mot trong cac bd
mé xoay vong sinh tir thanh ghi i timg budc néu trén (Cdc buwdc sinh ma nhanh dé nghj cdc
ban tu lam)

Phwong phap sinh nhanh by ma xoay vong

Céch sinh nhanh k ttr ma doc lap tuyén tinh cua b ma vong tir ag, a;, az, ..., Am-1:
Buwéc 1: sinh mé xoay vong dau tién
Sinh ma xoay vong dau tién c6 dang wi=apa;a;...am.1 1000.,.00
-Thit0
Bude 2: sinh k -1 tr ma ddc 1ap tuyén tinh con lai
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wo= 030p2;23...2,-11000...0 (dich w; sang phai 1 bit).

k-2 bit 0

wi= 000...00a0a;a;...am-11 (dich tir wy.; sang phai 1 bit).
k-1 bit 0
Buwére 3: xac dinh cac tir mad con lai ciia b ma i 7
Céc tir ma con lai gom (2k — k tir mad) duoc xac dinh bang cach cong t6 hop cua 2, 3,

tir k tir ma doc 1ap tuyén tinh & trén.

Vi du sinh nhanh b§ ma xoay vong

Cho thanh ghi lui ting budc nhu hinh sau:

@% F3 F, F, Fo
Ik

Tu thanh ghi, ta c6: m=4, n=6, ap=1, a,=0, a,=1, a;=0.

Budc 1: Sinh mi xoay vong dau tién
w;=101010
Budic 2: Sinh k -1 tir mi doc 1ap tuyén tinh con lai
w,=010101
Bwée 3: Xac dinh cac tir ma con lai cua bd ma
w3 =111111 (w1+w3), wo =000000 (W;+w; + W3)
B¢ ma vong vira sinh 1a W={000000, 101010, 010101, 111111)

.. ktrma
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Gido trinh: Ly thuyét thong tin.

Bai tap
1. Cho thanh ghi lui timg budc sau:

Fo

T

- Tim ma tran kiém tra chan 1& ¢4 s6 cot n > 4
- Tu két qua cau a, xac dinh by ma xoay vong tuong ung.

- Tim b0 ma xoay vong theo phuong phap sinh nhanh bd ma xoay vong

2. Cho thanh ghi lui tung budc sau:

)
+ F3 F> Fy
\fx

Fo

- Tim ma tran kiém tra chan 1& ¢4 s6 cot n > 4
- Tu két qua cau a, xac dinh by ma xoay vong tuong ung.

- Tim b ma xoay vong theo phuong phap sinh nhanh by ma xoay vong.
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BAI 5.9: PA THUC PAC TRUNG CUA THANH GHI

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu dinh nghia da thirc dic trung cta thanh ghi,
- Hiéu Quan hé giita chu ky n, da thirc dic trung va da thie (x" + 1),
- Van dung sinh thanh ghi lui timg bude,
- Lam co so dé van dung sinh bd mi vong.

Pinh nghia da thirc dic trung cua thanh ghi

Pinh nghia: da thuc dic trung ctia thanh ghi c6 ma tran dac trung 1a T 1a da thuc c6 dang
gm(X)=a + a;x+ ay X+ ... +ap x™ +x™.
vOi ag, ay, a2,..., am-1 12 cac cong tac cua thanh ghi va m 1a s6 bit cua thanh ghi

Vi du: xét lai thanh ghi nhu hinh sau:

r@% F; F, F, Fo

1

ag = 1,211:0,212: 1,33:0
Pa thirc dic trung cta thanh ghi ¢6 dang: gm(x)=1 + x>+ x*.

Quan hé giira chu ky n, da thirc dic trung va da thie (x" + 1)
Da thirc dic trung cta thanh ghi gm(x)=ap + a;x+ a; X°+ ...+an x™" + x™ ludn chia hét da thirc (x"
+1).
Vi du: x¢ét lai thanh ghi lui tirng budce nhu hinh sau:

@ F3 F> Fy Fo
1

Tir thanh ghi ta c6 thé xac dinh cac két qua sau:
- ao=1,a1=O,a2=1,a3=0
- Pa thirc dic trung cia thanh ghi c6 dang: gy(x)=1 + x>+ x*.
- Thanh ghi nay c6 chu ky n=6.

Thuyc hién phép chia da thue (x°*+ 1) : (1 + x>+ x*) = (x> + 1) = chia hét.
Ghi chii: phép toan trén da thirc nhi phan van 1a phép toan Modulo 2.

Vi du: xét lai thanh ghi lui tmmg budc nhu hinh sau:

@ F; F; Fy Fo
1

ag — 1,31:0,32: 1,33:0
da thirc dic trung cta thanh ghi c6 dang: gi(x)=1 + x>+ x*,
thanh ghi ndy co6 chukyn=6va (x*+1): 1 +x*+x* = x>+ 1.
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Thu tuc sinh thanh ghi lui tirng buéc

D¢ sinh thanh ghi 1ui timg budc véi s6 bit 1a m va c¢6 chu ky n, ta ¢6 thé thuc hién theo cac budc
sau:
Buwérce 1: xac dinh da thirc dac trung cua thanh ghi
- Tim 2 da thirc gn(x)=a9 + a;x+ a, X+ ...+ap x™" + x™
va hi(x)=ho + hix+ hox?+ ...+ x¥! + x5 sao cho (x™ + 1) = gm(X)* hi(x).
- Néu3 (x"+ 1) = gn(x)* he(x) thi ta chon gn(x) lam da thirc dic trung cho thanh ghi (vi
s6 bit kiém tra ctia bd ma 1a m) va thuc hién budc 2.
- Nguoc lai: khong ton tai thanh ghi theo yéu cau.
Bude 2: ve€ thanh ghi
T gm(x)=a + a;x+ as X+ ... +am x™ + x™ = ag, aj, as,..., am = thanh ghi c¢6 dang:

S Foi > Fma > —> F Fy
S >

Vi du minh hoa

Thiét ké thanh ghi c6 m=3 bit va chu ky n=7, ta thuc hién theo 2 budc sau:
Buwdc 1: Xac dinh da thue dac trung ctia thanh ghi
Taco(x' +1):(1+x*+x)=(1+x+x° +x7)
Do m=3 nén chon gi(x) = (1 + x* + x°) lam da thirc dic trung cua thanh ghi.
Buwée 2: VE thanh ghi
Tir g3(x) = (1 + x> +x°) ta ¢6, ap=1, a,=0, a,=1

%@% F, F, Fo
T |

Bai tap
1. Trong cac thanh ghi sau day, thanh ghi nao sinh ra by ma vong c6 do dai n=15 bit?
®R): (G )—|F F) F, Fo
(Ro): F3 F> Fi Fo

©)
T
(R3): @? F3 F, F Fo
|

2. Néu céc budc can thiét dé thiét ké bd ma xoay vong do dai 15 bit v6i s6 bit kiém tra 1a 4.
V& so do thanh ghi dang tong quat.
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Bai 5.10: PHUONG PHAP SINH MA XOAY VONG

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu cac phuong phap sinh ma vong,
- Biét bang liét ké mot s6 da thirc dic trung,
- Van dung dé sinh ma vong theo nhiéu cach khach nhau.

bat van de

Pé sinh bo ma kiém tra chin 18, ta c¢6 thé dua theo nhiéu phuong phap khac nhau nhu: sinh ma
dwa theo 1y thuyét nhom, ma Hamming,... Van dé dit ra & day 1a 1am sao dé sinh bo mi xoay vong
v6i d6 dai n bit va m bit kiém tra chin 1¢. Phuong phéap sinh ma xoay vong dua trén 1y thuyét vé
da thire dac trung nhi phan cua thanh ghi giup ta c6 cai nhin téng quat vé van d& sinh bd mi xoay
vong theo nhiéu cach khac nhau.

Phwong phap sinh bing ma xoay vong

D¢ sinh ma xoay vong do dai n bit voi m bit kiém tra va k bit thong tin, ta c6 thé thuc hién theo
cac budc sau:
Budce 1: tim 2 da thirc gm(x)=ap + a;x+ az x + +a ax™ Ly xm
va hg(x)=ho + h;x+ hox*+ ... +h x5!+ x* sao cho (x"+ 1) = gu(x)* h(x).
Néu3d (x"+1)= gm(x)* hi(x) thi chuyén sang bugc 2
Nguoc lai khong thé sinh bd ma vong theo yéu cau.
Budre 2: ta c6 thé sinh b ma xoay vong theo cac cach nhu dudi day:
Ciach 1: Chon da thirc gm(x)=a + a;x+ a, X+ ... +am x™" +x™
= ap, 41, A2,..., Am-1
= thanh ghi = ma trén dac trung T
= chu ky n = ma tran kiém tra chin 1¢ A.
= BJ ma xoay vong.
Cach 2: chon da thirc gim(x)=a + a;x+ a, X o Aag  x™ !+ X
= ap, a1, A2,..., Am-1
— Sinh nhanh k tir mi doc 1ap tuyén tinh v6i tir ma sinh doc 1ap tuyén tinh dau tién c6
dang: wi=apa;a3...a,-11000...00 = B ma xoay vong.
- —
k-1bit0
Cach 3: chon hy(x)=hy + h;x+ hox? + ... +hex®! + x¥ 1am da thae sinh ma tran kiém tra
chan 1¢ cho bd ma vong co6 dang:

0o - —-— -0 0 1 h, — - — h h
- - -0 h, - - — h h O
_ -~ _ _ _ _ - _- _-_-_- - Zllm
o 1 k., - - — h h 0 0 - — -
h, - — —h h O 0 — — — 0
(m-1) bits

= Sinh by ma xoay vong theo Phuong phap sinh nhanh by ma xoay vong.
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Nhan xét: két qua theo 3 cach sinh bo ma xoay vong néi trén la nhu nhau (cho ciing bd ma).

Vi du minh heoa 1

Thiét ké thanh ghi va sinh ma tran kiém tra chén 1¢.
Chon da thuc gyn(x)= 1+x+x4 =>a0=1,al =1,a2=0,a3=0
@ F; F F| Fo

/%Y |

01 00
A ax , . 0 010
Ma tran déc trung cia thanh ghi: T=
0 0 0 1
1 1 0 0]
Tim chu ky cta thanh ghi:
0
e, ). (0) 0
Chon gia tri khoi tao X '=1= 0
1
0 0 1 0 0
LT | O], yopa | L jorpon [0 coopo |0 coopee |
1 0 0 1 1
0 0 1 1 0
1 1 0 1 0
RO_1xO_ | 1| oo | O] jopo | U joopeo [0, coopo | !
0 1 0 1 1
1 0 1 1 1
1 1 1 1 0
2| a2 an | ] as_praa | U] ao_p | O as_p an_| O o
xV=TXV Y= x =T = xVUETXY = xVUETX Y= ;X U=TxY U= =X
1 1 0 0 0
1 0 0 0 1
Ma tran kiém tra chén 1¢é :
060001001 1O0T1TO01T1T11
Ae 001 00T1T1O010T111T1O0
01001 1010T1T1TT1T1O0O0
1 0011010T1T1T1T1SF0TUO00O0

= B0 ma xoay vong véin=14, m=4, k=11.

Vi du minh hga 2
Chon da thtc gm(x)= 1+x+x4 =>a0=1,al =1,a2=0,a3 =0.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 89



Gido trinh: Ly thuyét thong tin.

Buwéc 1: Sinh mi xoay vong dau tién
w1 =110010000000000
Buwdc 2: Sinh k -1 tor ma doc lap tuyén tinh con lai
w2 =011001000000000
w3 =001100100000000
w4 =000110010000000
w5 =000011001000000
w6 =000001100100000
w7 =000000110010000
w8 =000000011001000

w9 =000000001100100
w10=000000000110010
w11=000000000011001

Buwée 3: Xac dinh cac tir ma con lai cua bd ma . »
(215 -11) tr ma con lai duoc ;;éc dinh bang cach cong t6 hop 2, 3, 4,.., k=11t
ma tor k=11 tr ma doc lap tuyén tinh.

Vi du minh hoa 3

Chon hy(x)= 1+ x + x*+ x> +x° + x'+ x*+ x'1am da thtrc sinh ma tran kiém tra chin 1é cho bo ma
Véﬁg:}h(): 1,1’11: 1,h2: 1,h3: 1,h4:0,h5: 1,1’1620,1’17: l,hgzl,h9:0,h10:0.

A:

- o O O

= B0 ma xoay vong

001 001 1 0101111
01 0011 01O0T1TT1T1T1DO0
1 0011 0101T1T1T1TUGOD0O
0 01 101 01T1T1T1TUG0TUG0ODO0
Bang liét ké mot s6 da thire diic trung

M | Da thic M | Da thuc

3 1+x+x° 14 | 1+xrxCx x4

4 1+x+x* 15 | 1+x+xP

5 1+x24x° 16 | 1+xHx+x+x®

6 1+x+x° 17 | 14+

7 1+x0+x’ 18 | 1+x"+x"®

8 1o 119 | 10+ P

9 | 1+x*+x’ 20 | 1+x3+x*

10 | 1+x*+x"° 21 | 1+x*+x!

11 | 1+ 22 | 14+x+x?

12 TxrxHxOx? |23 | 15+

13 | x| 24 | 1xdx 7

Bai tap

1. Tim bd ma vong c6 do dai 7 bit.

2. Tim thanh ghi sinh b ma vong c¢6 do dai 15 bit.
3. Tim thanh ghi sinh by ma vong c6 d¢ dai 31 bit.
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Gido trinh: Ly thuyét thong tin.

BAI TAP TONG HQP

Muc tiéu

Sau khi hoan tat bai hoc nay ban c6 thé:
- Hiéu rd hon vé€ ndi dung mon hoc.
- Van dung ndi dung mén hoc dé giai quyet mot so bai tap tong hop.

Bai 1

Xét mot md hinh chan doan bénh tir cac triéu chung: A, B va C; dé chan doan 1 trong 4 bénh: 1,
2, 3 va 4 v&i ma tran chan dodn (hay ma tran truyén tin).

Bénh 1 2 3 4
Triéu chung
A 0,6 103 |0 0,1
B 02 106 02 |0
C 0 0 03 10,7

Yéu cau:
Cau 1: V& so do mo ta mé hinh chan doan bénh trén va dién giai cdc y nghia cua so do.
Cau 2: Néu phan phdi cua Triéu ching c6 dang:

Tri¢u ching A B C
P 0,5 103 |0,2

Tinh cac lugng sau :

Luong ngau nhién (Entropy) ctia Triéu chimg .

Luong ngéu nhién cua Bénh.

Luong ngau nhién cua Bénh khi biét Triéu chung.

Luong chan doan ding. (Luong thong tin biét vé Bénh thong qua Triéu ching) va ty 1&
chan doan diing 14 bao nhiéu phan tram.

YVVVY

Cau 3: Bay gio ngudi ta st dung 2 bit dé ma thong tin vé Triéu chimg (c6 1 triéu chimg du trir) va
5 bit dé ma céc triéu ching khi chan doan bénh truc tuyén. Mé td cdc doan cua diy 5 bit trong
phuong phap kiém tra chan 1é.

Cau 4: Néu sir dung ma tran kiém tra chin 1¢ dang:

I |1 1 0 |1

A= 10 |1 1 |1
1 0 0 1 |1

(=)

Tinh cdc tir ma.
Xdy dung B¢ swa loi 1 bit dung cho ty dong sura 161 t6i vu trong qua trinh chan doan truc tuyén.
Cho mot vi du.

Bai 2
Xét mot kénh truyén tin dic biét dang : Truyén X > Nhéan Y.
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Truyén mot gid tri cua X c6 thé nhan dugc nhi¢u gié tri khac nhau cua Y véi cac xac suat khac
nhau. Bang x4ac suat truyén X va nhan cac Y khac nhau dugc cho duoi day:

Y |y y2 y3 V4 ys Y6
X
X0 0,6 0,1 0,1 0,05 | 0,05 | 0,1
X1 0,1 0,05 10,6 |01 0,1 0,05
Xs 0,05 | 0,1 0,1 0,05 | 0,6 0,1
X3 0,1 0,05 | 0,05 | 0,1 0,1 0,6

Yéu cau:
Cau 1: V€ so do mo ta kénh truyén tin trén va dién gidi cac y nghia cia so do.
Cau 2: Néu phan phoi cua X c6 dang :

X X0 X1 X3 X4
P 0.5 10.25 0.15 0.1

tinh théng lwong vé X truyén trén kénh.

Cau 3: Phan phdi cta X can c6 dang nhu thé nio dé thong luong truyén trén kénh 1a 16n nhat.
Tinh dung luong kénh truyén.

Cau 4: Bay gio nguoi ta sir dung 2 bit dé mi thong tin vé X va 4 bit dé mi cac gia tri truyén trén
kénh. M6 td cdc doan cua day 4 bit trong phuong phap kiém tra chin 1é.

Cau 5: Néu sur dung ma tran kiém tra chin 1é dang:

1 |1 1 0

A= T To 1

Tinh cac twma.

Xay dung B¢ suwa loi dung cho tu dong sura 161 t01 uu trong qua trinh truyén tin. Cho mgt vi du.
Bai 3

Nguoi ta can danh gia kénh truyén tin va chudn bj thuc hién truyén mot loai tin hiéu dac biét: X =

{Xo, X1, X2, X3} o, .

Cong viéc dau tién 1a phai khdo sat kénh truyén. Két qua khao st cho thay:

K~énh co thé truyén nhan duwoc 8 gia tri khac nhau, dé co kha nang phat hién 16i hodc diéu chinh

[6i. Ma tran truyén tin c6 dang:

yi y2 Y3 ya Ys Yo y7 y8

X
Xo 0,6 0,1 10,05 0,05 0,05 0,05 0,05 0,05
X| 0,05 10,0506 |01 |0,05 0,05 0,05 0,05

X2 0,05 10,05 0,05 00506 |01 [0,05]0,05
X3 0,05 10,05 0,05 0,05]0,05]0,05]0,6 0,1

Yéu cau:
Cau 1: V€ so do mo ta kénh truyén tin trén va dién giai cac y nghia ciia so d6. Néu phan phoi cua
X ¢6 dang :

X |X0 X1 X3 X4
P |0.5 025 015 0.1

tinh thong leong vé X truyén trén kénh.
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Cau 2: Phan 16p céc gia tri cia Y vé cac 16p By, By, By, va B; dung dé giai ma tdi uu Y t6t nhat
vé céc gi tri tuong tmg cua X.

Cau 3 : Bay gio ngudi ta st dung 2 bit ¢& ma thong tin vé X va 4 bit ¢& mi cac gia tri truyén trén
kénh. M6 ta cac doan ctia diy 4 bit trong phwong phép kiém tra chin 1¢é.

Cau 4: Néu str dung ma trén kiém tra chén 16 dang:

1 |0 0 1
0 1 1 1

A=

Tinh cac tir ma.
Xdy dung B¢ swa l6i dung cho ty dong sura 101 t61 wu trong qua trinh truyén tin. Cho mot vi du.

Bai 4

Xét mot md hinh chan doan bénh tir cac triéu ching: A, BvaC; dé chan doan 1 trong 4 bénh: 1,
2, 3 va 4 v6i ma tran chan doan (hay ma trén truyén tin)

Bénh 1 2 3 4
Triéu ching
A 0,5 103 |0 0,2
B 0,1 10,2 10,7 |0
C 0 0,1 103 0,6

Yéu céu:
Cau 1: Gia sir nguoi ta biét thém 3 triéu chimg gy bénh khac d6 1a : D, E va F va mudn ghi lai
cac tri¢u chung nay thong qua bang ky hiéu A = {+,-}.
Hay kiém tra tinh tach dugc clia bang ma sau :

Triéu chimg : X A B C D E F
Ma: W + -+ - | - | -

Cau 2: Néu céc tri€u ching ¢ cau 1 ¢ phan phoi :

Tri¢u ching : X A B C D E F
P 05 (02 |02 |0.050.03 0.2

Giu str c6 mot nguoi bénh voi 1 trong 5 triéu ching trén dén kham bénh va bac si s& hoi bénh véi
nguyén tic, sao cho ngudi bénh chi tra 10i bang 2 cau : Ping hoic Sai.

> Tim phuong phap hoi bénh véi s6 cau hoi trung binh it nhat.

> Tinh s cau hoi trung binh.

» Tinh lugng ngau nhién cia Tri¢u chung.

> Nhan xét gi vé s6 cau héi trung binh va lugng ngiu nhién ctia triéu chimg.

Cau 3: Bay gio str dung md hinh 3 tri€u chimg {A, B, C} va 4 bénh. V& so d6 mé ta mé hinh
chan dodn bénh va dién gidi cdc y nghia cta so do.
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Cau 4: Tur két qua ciu 3, ngudi ta st dung 2 bit @& ma thong tin vé Triéu chimg (c6 1 triéu ching
du trir) va 5 bit d€ ma céc triéu ching khi chan doan bénh truc tuyén. Mo ta cac dogn ctua day 5

bit trong phuong phap kiém travchﬁn le.
Cau 5: Néu str dung ma tran kiém tra chan 1¢ dang:

1 1 1 0
A= |0 1 0 |1
1 0 0 1

Tinh cac tor ma.

Bién soan: TS. L é Quy ét Thing, ThS. Phan Tan Tai & Ks. Dwong Vin Hiéu. 94



Gido trinh: Ly thuyét thong tin.
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