Chuwong 3.5. : Kénh
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Kénh théng tin (nhac lai)

* Mi triedng vat ly truyén thong tin tir may phat dén may thu
* Kénh c6 nhiu cdng lam thay dbi thong tin
* Cac loai kénh khac nhau:
* Kénh roi rac
* Kénh r&i rac khong nh&
* Kénh cé nh&
* Kénh nhiphan
* Kénh lién tuc
. Nguén vao, nguén nhiéu cdng va d4u ra cla kénh dwgc mé hinh
la cac bi€n ngau nhién
* DAura = ngudn vao + nhidu
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3.5.1. M0 hinh kénh

* Kénh r&i rac: Nguln tin vao r&i rac va dau ra r&i rac
* MO0 hinh kénh:
« Bién ngau nhién roi rac bidu di&n ddu vao roi rac
e X={x1, x2,..xn}
¢ P(X) = {P(x1), P(x2),...,P(xn)}
* Taptin & dau ra rdi rac
* Y={yly2,..,yn}
s Yi= (Bang chi¥ clia tap tin ra hoan toan trung v&i bang chir clia
nguodn vao)
« Tong quét thi sb tin vao (r) c6 thé khac sb tin ra (s).
* Mén hoc clia ching ta chi quan tdm:r=s=n
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3.5.1. M6 hinh kénh(Cont.)

* Kénh rdi rac:

CuuDuongThanCong.com

Mdn hoc nay chi tip trung vao kénh khéng nhé
Ma trén kénh ca kénh khéng nhé bao gém céc xéc sudt truyén hay cac xac sudt
xuét hién mat tin & dau ra khi xudt hién mét tin xac dinh & dau vao
* PY|X)={P(yj|xi)}
Plnlxy) P(vzlx) . Plmlxy)
P(yy|x2) P(yalxz) . Plylxz)

(_}-‘1|x,,) P(}"le?:) PO“:;W:;)
Céc phin tlr thudc durirng chéo chinh 1 xdc sudt truyén ding

Céc phin tl ngoai dwirng chéo chinh 13 xac sudt truyén sai
NEu céc xactruyén dung bang nhau, moi xdc suat truyén sai bing nhau:: kénh phan bd
déu

Téng céc phan t¥ trong mdi hang = 1

Ma trén ké&nh 1a ma trén dorn vithi k&nh 13 kénh truyg&n khéng sai

NEu it cd cdc phian tir bing nhau thi kénh sai hoan toan (daura déc lap dau vao)
NEu cdc phidn tir 14 d8i xirng qua dwrérng chéo chinh thi kénh 13 kénh d8i xirng
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3.5.1. M6 hinh kénh (Cont.)

* DO hinh truyén cla kénh r&i rac:
. R a LR R . N
* rdiém vao biéu dién r tin vao
+ s diém ra biéu dién cactinra
* budng n0| co hu’Gng tw mot dlem vao dén mot diém ra co trong s6 13 xac suat
truyén biéu dién xac suat truyen tr 1 tin hi€u vao thanh 1 tin hiéu ra

i Plly|ar)
NS Plbala) b
1
\:\L‘ ,:\/'P(M )
A gy = - — B
P(bs|as)
P(bslar) -.

ay hs

P(bsla,)
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3.5.1. M6 hinh kénh (Cont.)

+ Kénh nhi phan dbi xung (BSC)
+ DAu vao va dau ra la nhi phan
e ViduOval
« Kénh dbi xtrng: cac phan tl d6i xtbng qua dwong chéo chinh
*+ Ma tran kénh chwa cac xac sut truyén P(y/x)
« P(y/x): 13 xac suat d& xudt hién tin y & dau ra khi tin x dwoc glri vao dau vao
« Kénh nhj phan ddi x(rng = kenh nhj phan + kénh dbi x(rng
* Vidu : cé mot kénh BSC

34 4 X1
PYIX) =
4 34 x2
yi y2
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3.5.1. M6 hinh kénh (Cont.)

DO thi truyén

1-p
0 0
p
Input Output
p
1 1
1-p
P[Y=0|]X=1]=P[Y =1]X=0]=p
PlY =1X=1]=P[Y =0]X=0]=1-p
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3.5.1. M6 hinh kénh (Cont.)

~ A A “ «A b A « A
* Kénh lién tuc: nguonvao lién tuc va nguon ra lién tuc
* M6 hinh kénh:
* Bi€n ngau nhién lién tuc biéu dién ngudn vao lién tuc

s X={x} Xmin € X £ xmax
* Py(x) ham mét dé xac sudt md t& xac suit xuat hién cla tirng tin x cla
ngudn vao X
» Paura:
s Y={y} ymin £y < ymax

* Plylx) Ham mat dd xdc suit co didu kién md ta xdc suit xudt hién tiny &
dAu ra khi dau vao guwit tin x
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3.5.2. Lwong tin twong hé cla kénh roi
rac (Cont.)

* Theo phan cac dailgng thong tin, Lirgng tin tuong ho giwa 2 bién
ngau nhién X, Y la:

I(X.¥) = ¥Y P(xy) logpfif;i\,
=H(X)+ H(Y) - H(X.Y)
vy Py
Vie 25 =Py
nén IX:Y) = XX PRY) logi";’;l;’)
= H(X) = H(X|Y)
* Hé qua:

* Lrgngtin trong hé 13 Irgng tin trung binh mét tin cé thé chuyén qua kénh khind
dwoc truyén qua k_t:anh

* Luwong tin tvong ho bang lvong tin trung binh dwa vao kénh (H(X)) trir di lvong tin
trung binh méat mat khi tin dwoc truyén qua k&nh (H(X]Y)).

* Lugngtin mat mét durgc sinh ra béinhidu nén cd thé coi Iu‘o‘ng tin mat mat la lvgng
tin cla ngudn nhiéu: H(X|Y) = H(N)y .VG&iN la ky hiéu cha ngudn nhiéu.
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3.5.2. Lwong tin twong hd ctia nguon roi
rac (Cont.)

P(x,y) _

«Vi: P = P(y[x)
nén I(X:Y) = XY P(xy)log—— pol,;c}
= H(Y)=H(Y|X)
» Hé qua:

Lwgng tin twong hd cta hai chidu truyén 13 bang nhau

Lugng tin twong hd bing lwong tin trung binh duwa vao (H(Y)) trie di lugng
tin mat mat khi truyén (H(Y|X)).

Lwong tin mat mat gay ra bc?imnhiéu theo chidu truyén tir Y vé X: H(Y|X)
=H(N)y . V&i N 13 ngudn nhidu va Y 1a ngubn vao
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3.5.2. Lwong tin twong hé cla kénh roi
rac (Cont.)

* Lwgng tin twong hd ludn bang lwong tin dwa vao trlr di lwong tin
mat mat

* Lwong tin bi mat 13 do nhiéu va bang lwgng tin clia ngudn nhiéu
dwa vao kénh

* Lwong tin truyén dwo'c qua kénh theo hai chiéu bang nhau

« 0<I(X;Y) < H(X) . Khi khong nhiéu thiX =Y
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3.5.2. Lwong tin twong ho cla kénh roi
rac khong nhiéu (Cont.)

* H(A), H(A|B)?
* Lwong tin twong h6? 0 4 0

1/8
1/4

3 -
I : T8
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3.5.3. Luong tin twong hoé cda kénh lién
tuc

* Nhu trinh bay & phan cdc dai lwgng théng tin, entropy cla céc‘ngu‘ﬁn
dwgc tinh theo tich phan v&i cdc ham mat d6 xac sudt cia ngudn
* Vivéy, leong tin trong hd tinh theo céc cong thirc sau:

. _ Py y(20.3)
1X:7) = [, Pxyxy) logm dy dy
= H(X)+H (Y) —H(X)Y)

= I, Prr(xy) logpx;>((x)'y By O g
= H(X) H(X|Y)

(1)
=[[}, , Py(xy) log=2=2 Py (3’) dy dy

=H(Y)—H(Y|X)

* Cac tinh chat ctia lwgng tin twong hd cha kénh lién tuc gidng ctia kénh
rvi rac

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

3.5.4. Théng lwgng cua kénh

« Lrong tin trung binh I1&n nhat kénh cé thé truyén trong mot don vi
thoigian ma khong gay sai
« Ky hiéu C
» Pugc tinh bang s6 ky hiéu kénh truyén duoc trong mot don vi thoi
gian n, nhan véilugng tin trung binh Ién nhat mot tin cé the
truyén qua kénh (lvgng tin twrong ho max)
¢« C=n, X I(X;¥Y)max
* Chiy: Trongly thuyét théng tin, n, la tham sé vat Iy nén cé thé coi
n, o gia tri don vi
=2 C=1(X;Y)max
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3.5.4. Théng luong cua kénh (Cont.)

* Kénh roi rac:
+ 54 tin truyén dugc qua kénh trong mot don vi thoi gian (n,) bang dai
théng cta kénh (Af)
* So, C=AfxIXY)max
. C= AfX (H(X) — H(X|Y))max = AfF x (H(X) — H(N)g)max
+ Khi khéng nhiu: H(N)y =0
* Vay: C= AfX H(X)max= Af Xlog|X| = Af X logL (L& s6tin cha tép tin X)
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3.5.4. Théng luong cua kénh (Cont.)

* Kénh lién tuc:
* n, dwoc tinh bang s6 mau clia ngudn roi rac twong dwong clia ngudn
+ Theo dinh Iy 18y mau:
* n, =2 Fmax (Fmax |2 t&n s8 |én nhit cla ngudn)
* Fmax = Af (dai théng cla kénh)
« C=2AfX I(X;Y)max
=2 AF X (H(Y)- H(Y[X))max
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3.5.4. Théng lwgng cua kénh(Cont.)

Kénh lién tuc:

* Théng thwong ngudn nhidu, cé phan b8 Gaussian va thyding thi cac tin hiéu
dwoc tao ra bai cac ngudn lién tuc hién nay co phan bé Gaussian:
* H(Y|X)= H(N)y = log,/ 2[1ePy
+ Py : Céng suattrung binh cGa nhiéu
* H(Y) = log,/ 2I1ePy
*» P, : COng suAttrung binh & dau ra
. Py = PX + PN
* P.: Cong suattrung binh cda ngudn vao
+ Phwong sai, (céng sudt trung binh) ctia téng cac bién ngau nhién
Gaussian bang tong cac phuong sai clia tirng bién
¢ C=2Af X(log,/ 2I1ePy - log,/2I1ePy)
= 2AfX log ;;:
:Afxlog;—‘ :AfxlogPX+P"
N

Ex*Py _ Afxlog(l+ 2¥)
» 5 Py Py
>C= afx log(1+ 1)

z. |.:-'1

Ty 6 tin higu trén nhiéu. Laty s6 clia cong sudt trung binh cta tin

. hiéu vao chia cho cong suat trung binh cta nhiéu do dwgc & daura
kénh (nhiéu trong kénh)
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3.6. Phdi hop nguén - kénh

* Khi xay dung hé théng truyen théng phai ndi ngudn cé tc dd 1ap tin R vao
kénh c6 thong lwong C. Van dé dat ra la:

* KhiR =C. Kénh vira da aé truyén lwong théng tin nguon tao ra nén chi phi
truyen I3 tdi thiéu. Lwgng tin tao ra dworc truyé&n hét qua kénh ma khéng
mat mét nén viéc truyeén khong gay sai. Tridng nay dwo'c goi la kénh phoi
hop v&i ngudn va R = C I3 diéu kién phdi hop ngudn — kénh

KhiR<C. Kha ning truyen cla kénh I1&n hon lwgng tin dwoc tao ra cla
nguon nén viéc truyén tin khong gdy sai. Kénh dworc xay dung cé khé nang
truyen I&n hon yéu cau nén chi phi truyen tdng hay truyén khong hiéu
qud. Can phai tién hanh thwe hién phdi hop ngudn kénh dé ting hiéu qua
truyén
* DoR < Cnén théng lvgng thirc té dat dworc laR nén dé tang toc do
truy&n can ting tbc do l&p tin R cla nguon Glal phap cla ly thuyét
thong tin la ma héa ngudn @& Entropy clia ngudn dat cwc dai va ting
tOc dg lap tin
KhiR > C. Kha nang truyen cla kénh nho hon lwgng tin nguon taoranén
kénh khéng the truyeén hét théng tin dan dén thong tin bi mat mat hay viéc
truyen bi sai. C&n phai tién hanh thwe hién phdi hop ngudn kénh dé chbng
mat mat thong tin
* Gidi phéap la tang ty sb tin hiéu trén nhiéu cua hé thong Giai phap riéng
CuuDuongThanCong.com cua Iy thuyet théngtindintiénhanhm3 chéng nhiéu dé gidm tdc dd 1ap
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Bai tap 2

* Cho mbt kénh cé ngu(‘“)n vao nhi phén X=(a,b) co phén bd xac suat P
=(p0, pl) PO la chi¥ sO cudi cia m3 sO sinh vién cla ban chia cho
10. Néu chiy so cudi nay bang 0 thi Iay bang 3 chia cho 10. p1 =1-
p0. Tap tin & daura Y = (a,b)

Ma tran kénh P(X/Y)= | 1-p p |
lp  1-p]

P dworc tinh bang chiy so trudc cudi trong m3 s sinh vién clia ban
chia cho 10. Néu chi¥ sb nay bang 0 thip = 1/10.

Hay tinh lwong tin twong hd I(X;Y)
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Bai tap 3

* Giaslr hé thdng truyén tin c6 ban tin vao 1 nhi phan cé lwong tin
bang lwgng tin cé trong ban tin cla bai tap 1. Kénh cé mé hinh &
bai tap 2. H3y tinh th&i gian truyén hét ban tin qua kénh.

* Gia str mdi gidy kénh chi truyén 1 tin nhj phan
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