Tap chi KHOA HOC DITSP TP.HCM S 8 nam 2006

ENTROPY TRONG TOAN HOCV A TRONG Y AF i
LENAM

i.  Entropy va théng in

"

Ta s€ xfiy dung ham 1{p) thod man cac diéu kitn duoc m6 ta ¢ hinh 1

Thong tin chira dung trong thong bioe s bing rero ncu nhar sy kidn tuong tng d3
hatn thaoh. Vi dy @ khi ngudi ta bdo cdo mat iro1 &3 lin vao hom qua thi théng

tin cuia s kidn néiy bang zero. Khi 46 ta cho LHp)=10. Nguge lai, thong tin chia
dung nhifu hon khi cde sy kign co kha nang xdy ra khong droc bift rude. N6i

cde khae T(p) s€ tang khi p gidm nhw maé 14 trén dé thi. Ta nhan thiy ham

I{p}=-klogp {1

thod mdn yéu cdu cta ta vt k 14 hing €0 duwong. Negwdi ta hay chon k=1 hodc

bang hing s6 Bolizmann con logarit Ay theo ¢o s6 2 holic co 86 e,

\‘gl

0 1 P
Hinh 1. b) thi néi [én sw phy thude cia théng tin | (p)
vio sdc suit nglu nhién 0.
T nhén thay khi p=1 tacé 1{i) = O,khip=01tacd HD)=w

By gitr ta x&( tap céce sy kién Ay Ay L AL Tog vEl sde Nudt X4y ra nedu

nhién py,py.....p, (4 priori probaehil ities). Khi sur kién Ay thare sy xay ra val xac
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sudt p, thi thdng fin ¢6 duge s 13 I{p; ). Vay théng tin rung binh cla (31 cd cdc
sip kG trén 38 18 ¢

L

oo _ _
I= 1 pil (pi):r- —---klpi logp, {23
i i
Vi dy ta tung dong xu thi mat sdp v mit ngia 58 ¢b 8ée s wit bing nhau va
biang 1/2. Khi d6 théng tin khichen k=1 sé fa:
™ 1
J/‘i [ i i, !
T log~ - —log--=log, 2=1bil
L2002y 2 0"2 02 T2 v
do chon logarit co 86 2 néata oo 1 bit' thépg tin,

Hodc ta ¢o mot hd chi ¢6 2 trang thdl dée 1ip vhan vor x4 bdnh nha.
Tanothe e i ‘h it thing tin, Whu vy, 1 bit thong tin 12 khi néng gii’:}i aquyet do
whong chic A1 vl 2 sir kién o0 x4¢ suat bang nhauy.

o

Mot g dung ciia 1 thuyCt thong tin don gian rén 1a he derm nhi phan. Chi

4

Vol cAu wa 15 Yed” va “khong” hay 1 va G ta ¢ thé ma ta div dn s6 nguyen bat
kY ar tap (0, 1,2, ..., 9) cta hé dém thip phin. Do xéc suft xudt hien ngau nhign
cita moi trong wrdi chiy sO trén 1a nhi nhau va ddu bing 1/1C nén khi chon k =1

tacd:

Tir ket gud trén fa thay néu not 3 1n i s€ khong dib nhung v 4 clu hdéi

“og” “khong” s¢ mo 'tf, chinh xdc cac so ¢ha he thip phan. Nhu vy, hé nhi
'phé‘m Cﬁ.i'l 4 cau hot hay oin 4 cdt chit sd
| _
L {1¢ thip phan Hé nhi phén
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Ui Bin A viEL i cna binary digit
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He thap phan He nhi phin z
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Bhy iy ta chen & 'hd:L, hing s6 Boltzmann vi 1 4ap dung cdag thie chuyén

o

in2 = 2
W e Qo 1 /T 1, .
& ddy S=-kp > nlap, {4}
i

Ta thay {4} 12 edng thire tinh Entro Opy ctia hé trong thp hop chinh e, N6 xudt
hign trong tat o4 cac gido trinh Vir It Thine

-k

chie ginh vién khna V at 1i.

UL‘
(‘:. 39
o
St
ey
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Conp thite (3) duoe nha rodn hise My Claude Shannon tim s i4n dédn tién
vao nim 1948 va dng on

g da ngurdn dit nén mong cho H thuyds thong tin,

Ty hai
cOng thire trén ta § 151 k& luan quan tong - hiong thong tin chiv trong hé (hoic

Wy cde sy kidn) f 18 vin Dntropy. Thong thudng ngudi ta ddng nhai F Eniropy vii
lugng thong tin chira Irong he,

How

1. Entropy va d§ mét teat iy

Khai nigm 681ty (order) hay ngwoe nghia voi né 1a mét trét tu (disorder) 6
dinh tinh nhy nhay Lo M3t b hrdmg gech 13 rang 14 wdt fy hon mot didng pach.
MO loat cde hire thy ¢

iyl pi';.f"i'r: thanh nhém theo they fr chiva o4 gidng nhwr trong

i didn s it hon o4t nhidn ndo phin thee cdc chit ¢di do mét con khi nghick

Frong co hoc thong 16 ta ¢ quan tim 61 46 macwit tr rong sy phén bo cia

hé thee cae trang thii vi mé cho v phép. DE Bim 18 van 38 trén ta xét v au san :

—
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-

Ciia su dira ©é duge dan ¢ nha chd b6 me di fam vE va nd b thé vao bt ¢t
kt

phong ndo trong ¢in tha nod mudn. K rang daa tre 58 Khong 51’ cho wong mot

phong, N s€ di lang thang khong nghi tr phong nay sang phong kia vo1 1 ¢ p,

b1 v6i phong thit i {a fraction of time p, in the i-room). Ta cin xéc dinh s do
dinh luong cia sy mal il w trén theo sy phin bo cla cde p; d8 cho, Trrde khi

-
o

do A0 mat trat iy ta chn thém mot =8 v yéu ¢ ~Au digh tinh san .

a. Viéc do do mat wit y duge xdc dinh théng qua tép {p} .

r
]

e O N S A
b, Do Zpé =1 nén néu nhr moét trong sd céc py bang don vi (tt

{

-
~ I3
l

con lal bang zero hét) thi hé s& hodn toén trdt ty. 80 do dinh luong 4§

mél trét {w I4c nay phai bing zero.

VAT W oed dinh 40 mat wdl tr cwe dai 58 tne val trudme hon khi cag
T H s g i - L) ] t

9]

I

po=—— v&ii=12,.,W. Pién ndy o6 nghla & dia b¢ s di tang thang

-

vao chc shong mat cich hodn toan nglu nhidn. N6 khong hé wu tién cho
hit ki phc‘mg nao trong nha.

d. Do mat trdt tg ting néu W ting. Nha cang lén cing nhidu phong thi dé
mAt trat tw cing 1da,

3 'Cz & sir khi dlra bé lang thang & lau 1, fa tinh duogc 46 mdt rac e (D
ctia su phdn bé cta nd theo tir ca cac phong cta lau 1. Tuong tu te ¢6
D{2) cho 1du 2. Khi da. thng 6 46 mit 18t nr khi ta gdp ca 4 1 va ths

2 laiméinbau 1
(Do matuatorlan 1 va 1du 2) =D+ D(2)

T th cd cdc veu ciu trén nha toan hoe Nga A. Khinchin d3 chimg minh

duoc

P mar trat m cdahé = -k Zpl Inp, (5)
1
k hing 6 duong cdihé chon bing 1 ho hing hing s Boltzmann,

e

187
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1

Khita chon k =ky thi cdng thire {5) ¢hinh 1a cdng thae tinh Entropy trong

£

a1 1i thong ké. Ta o6 thé phit bidu ¥ nghia cds Entrony nhu sau ;

i

Erdropy 1a 56 do din b hegng 40 mdt trdt wata hé,

Envopy ofing & «b do thong tin ohiva rong b do hé cng hdn loan thi tdng

chita phitu 1h W3ng tn va rd vang d8 xiv i'?u_.:.‘ng, lai mot he g:u ng v nhu vay ofin it

- - -

nhity Gl the, huatie, o

g 56 trong khi 48 xdy dung lal mét hé o6 tinh il 1y cao

P

A

cha it thomg tin hon. Hg e6 toh wdl (y cao s€ ¢ Untropy nhd, Ngooe tal, hé ¢d (&

s

[‘}M

mat tril by cao s€ ¢o Entropy 1on hon.
Entropy <> thong tin chira rong hé
Erntropy < dd mAt trat 1 ona heé.

3. Enfropy va suomit thong tin
Trong phin n;‘ay, ta 88 xem %& vin dé via née dud J.mf‘)‘i' goe d& khac. Nbu -
da bit & phén hai khi hé ¢o tink rat ty cao thi thdng tin ohlia trong hé it Trong
Whi hé cf 45 mit tat ty cao i hing tin chia frong hé 1om nhung thong fn maia
nhan diege 1ol it VI du L voi hé khi tal trang thal edn bing rhiét ta do duge mis'
d6, thé tich, mat dé, & o sudt, nghia 14 chi v&i vai thong s6. Nhur viy, , thong tin vé
hé ma ta ndm duoc rit it 1ro ng kit do, w1 mgng tinh thd do ¢é chu wic cao hon

hé khi nén @ do diwoe nhidu thing sb hon 828 mo B m ang tinh thé, Nusat nhimg

théng sbovita néu & én ta obm bidt thém s sap ¥ép cdc nguyvén i trong mang,
khoang cich gilta chiing, 5 pha tap gitta ¢chang, ... Tom lai, hé o Erltmp}f thip

1 khal nidm AT tha ng tin',

L“J"

52 cho ta nhiCu thoéng un hen. T ddy ta di &«

Hintropy thng s€ lam thong tin chita trong hé tang nhung -:io vay thing tin

ma ta nam dirge lal (U di. Ta ndi 1a bi mar thén g tin do ¢o thém mdt lugng thong

4

tn trong ang voi 46 tang Fntropy an chita trong b ma ta khong o6 cach gi bié

~

duge. Khi mang thh the bi néng chiy 61 bidn thanh hoi 2 an bo théng tin vE
sw sap x&p gifia cie nauyén t, xho&ng cach gita chung, ... 48 bl mat,
Hetropy tang <> thdng tin ta nam doe gidm <> mét théng tin.

AS = Al

Lo P .
Yihe wnformarion lost

it
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Nha Vit 5 M§ Brillouin 13 ngudi 8o uén d€ cgp 161 khidl nicm mit thdng

tin trong bal bao dang trong Tap chi VAt H Gng dung nfim 1951, 66 22, w334 L

4. Enfropy vi miii &n thoi gian

at of ching to 361 khi te bau o thdg gian Ja gi 7 Not it din nhr thé ndo va

—_

din dén dan 7 Mol ¢b ‘.’,\ ag dé S rd 10 cau hdi thot gian 14 gi | dbu that bat va tht ca

o

A

nhimg g ta ¢6 the lm 13 i ra mot md hinh toan hoe that 10t vé thol glan va nod

¢d the dura ra duoe nhing tén dodn phi hop vat thue aghilo.

Theo Newton thot gian 12 tach biét doi vdr Kkhdng gian va du{}c xem nhu

theo nghia h dd 10D tal vé s 18n fal mal mai,

Theo Hinsteln thot glan va khdng glan k &1 chit vai nhau. Su phin bd vt

o]

chét s& lam cong ca khng gLar thn thii

L M vé&-' thixl gian of hinh dang

gia nd, Lithuyet cta Binstem Uédn dodn rang vit tru va ban thiin thid glan phid ¢6
diém bat dlu va ket thic,

-\

Wiac di o6 sw khéc bigt nhung ¢d hai m8 hinh wén déu b chung mft didm

& thot gizn chi (rol theo mdi chigu. Mét trong nhitng ditu ki i rong thé g101 ta

[

dang song 1a Untropy @ng, db mél irdt ty tang twong khi thol gian Sp tyc tréi

k]

nia gLLi:‘T‘U

F_"I}) LY [‘l"\

ikhéng o cach ¢i quay nguoc thdl elan lul. T day, ta cd the dinh ng

e

cda thoi gian ol sau: chifu duong s thol gian s& 18 hudng md rong 46
Eriropy cta hé nhiét ddng ¢b Hp ting, Nhu vy, vife Entropy lndn téng di quyét

dinh mii t8n thoi glan {arvow of time) chi hudng theo mat chidu vi khong bao
oy dao nguec lan duge,

Tz cd 16 bho vd khing khi rong phong. C htmg s& ¢6 1t BEntropy hon 1d sau
ikhi dbt 1 hdo cho ta C0,, tro, it kol nudc va pndn khéng khi ¢on lal. (Quéd trinh
trén xay ra theo chifu duong cia thdi gian, Ta kkong thé quay nguge theo truc
thoi gian duge bl néu tam duge didu 46 oo nghia 1 ta cd th tao ra qué trink 1am

giam Entvopy, mor didu wal véi qui ludt t nhién,

Ta & thé chd 1ao L& béo t CO,, tro, khong khi nhung khi d6 ta lai L

Entropy ol mdi trudmg xung quank thay 461 va kit gua 12 Entro vy fudn tAng.
— w2 P A

Jowmal of Applied Physics, Vol.22, 3, (19515,
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Kihai nigm Fatropy 1an diu tién dioc nha vat if Pie R, Clausius {1822 —
F88E) dua ra ikt dng nghién cdu v& tinh chit ddng hoe ¢ha chat khi. (’f\}ng dua ra
tal luong !."'jmrc.)pj; cua k¢ nhw 12 nhift néing ma hé E‘lép thu chia cho nhidt 46 coa
hé thing qua cdng thite :

Khi hé thue hidn mdt qua teinh ndo 46 mi khéng ca sy trac doi nhist thi

Entropy i he khi «8 khong thay 4ol Tuy nhién, do nhiét chi truyén ur m’i )

nhidt d¢ cao 161 noi b nindt dd thip hoo ndn Clausivs 38 chong minh duogc ring
tong s0 thay abi Entropy luén duong,

Nha vt H xudt ske ngudi Ao Boltzmann (1844 — 1906) d4 ohi ra rang ta co
thé tinh Entropy bing céch tinh sé cde cdch khic nhau ma phin o khi co thé

phin b trang khi khdng lam thay d81 frang thai vi md cia he nhu ap sudt, nhidt
5 A

&6, mit d6. Con s6 46 vat 16n va né duoe bidn thi qua cong thic mang 8n éng :

+

S=k,InW

W tng s0 cach ma cée hiat trong he o6 thé pliéin bO 1ma khéng 1 thay dét
dac tinh v md s he, hay ndi cach khae, 1 :

It H

V 14 thng 50 cdc trang thal vi mo ung
VO Gt trang thai vi mé 43 cho cia ké.

Kg @ hang s0 Bokzmann,

Uiép theo Dokt z:"nz:;m}? tha todn hoe MT Shannon 43 ddng nhit Entre:sr}}-’ oiia
s udd e Ay ch o 1hE Ping A A

h¢ v hugng thdng tin chia tr ong ke Cnp d3 tim ra cdéng thive o h luong thong
tn chira trong hé ma thgrc chit né din 167 cdnsg

e

g 1hire cia Boltzmann -

o

Erle e s Inpn, = —2.
£ B P i0gp; =
in2
Cing vaéi nhitu nha toan he khdc, nhi todn hoe Nga A, Khkinchin da
nghicn ol sy lién quan cia da mat o rat ty véi théng tin va BEn ropy. O Ong chirng

A

¢ rud g dong vhigt, ong dinb nahis s thay dai Entropy,

o

i

160



YRENTRAODOL L Nam

wminh ring tz cd thé dong s Rt ddm At tr at tu ctin hé véi Entropy cGa hE théng gqua

cOng e shannon

DG mat trat tuy = —-k};pi Inp,

Cong thon vdi Klupchin a Shannon, nha vat B ML Brilown due ra khal
niém mit théng tin ma thue chat 12 nhin ohan vin dé ma Shannon it ra dudi mdt

v a

goe d6 khace, Kt Fntropy cda ha;_“. ting ta da mat mot luong théng tin do lueng
thHng tin nay da duge hé tiép nhin va chba wong no.

Khai niérm mat thing tin do Brillouin dE ra <6 ¥ nghfa rit quan irong khi ta

- r

d8 cap 161 Entropy cfia 16 den. V& vén dé rit thi vi nay xin hen vio bai bao saw.
Lot cam on

Téac gid xin cAm on Gido su J. Bekenstein thude trudng tong nep Jerusalem,
(ao s Paul. Tod thude truong Oxford va Gido su R Wald thude trutng tdng

hop Chicago d& giap d& 1 rit nhicu trong vide tm kiém tai licu.

g

Tée gid xin cém on Trudng DHSP Tp HCM da 41 we cho bar bao nay

p

thong qua de tai €S.2005.23.96.
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Tom tit:
Entropy trong Tedn hoc va trong Vit I
fat bdo ndy trink biy cbng thie tinh “théng in” trong mdt hé theo

quan dicm thong k&. Bai bio cling néu 180 sur lidn hé giva Untropy véi thong
in, Entropy vai 46 mat it

Abstract:
Entropy in Mathematics and Physics
Thus article 1s about the fomula to calenlate “information” in a system
ander the  sfafistical viewpoint. The relation between Infropy and

information and the one between Enfropy and disorder.
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