
dqgice ceciw

la` .mihia 8 × 8 = 64 qtez df .abacdaaa zfexgnd z` xenyl mivex ep`y gipp
mileki epiid ,a, b, c, d mieezd zrax` z` wx xenyl mivex epgp`y mircei epgp` m`

.

a 00
b 01
c 10
d 11

beviid zervn`a ,mihia 2× 8 = 16a dze` bviil

mipey mikxe`a ynzydl mileki epiid - abaccaaa lynl - miez 3 wx epl eid m`

2 · 2+a zfexgnd z` xenyl mileki epiid
a 0
b 10
c 11

beviid i"r .mipey mitvx xenyl ick

.cg` hia wx qtez a oky ,mihia 1 · 2 + 5 · 1 = 11
zniizqn dti` rcpy xdfidl jixv ,mipey mikxe`a micewd z` mipzep epgp`yk

.zxg` ze` dligzne zg` ze`

cewdy xnelk (Unique Decipherability(UD))cigi geprt xa didi cewy dvxp •
.cigie cg` geprit el didi zfexgn ly

.iciin didi geprtdy dvxp •

dxcbd
(a"` Σ xy`k)c : Σ → {0, 1}∗ divwpet=cew

dnbec
c (a) = 01
c (b) = 00
c (c) = 100

f`
a 01
b 00
c 100

m`

dxcbd jynd
onqn · xy`k)c (S) = c (s1) · c (s2) · ... · c (sn) onqp S = s1s2...sn zfexgn xear

.(xeyxy

.iciine cigi geprt xa c (S) ,S lkly cew mivex

dxcbd
ly `yix epi` c (x) ,x 6= y ,x, y ∈ Σ lkl m` (zeyix cew e`)iligz cew `xwi cew

.zxg` ze` ly dlgzd epi` ze` s` ly ceciwd xnelk .c (y)

dxrd

.iciine cigi geprt xa `ed iligz cew
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menipin jxe`a iligz cew z`ivn ziira
.a1, a2, ...an ∈ Σ ly zeiexicz f1, f2, ...fn hlw

xy`k ,menipin
n∑

i=1

filiy jk c : Σ → {0, 1}∗ cew xnelk .ilnihte` cew hlt

.ai ly cewd ly jxe`d = li = |c (si)|

dnbec

.jxe` eze`a olek z` bviip okle ,deey zexicza zeriten zeize`d lk -

Σ f c
a 99 00
b 99 01
c 99 10
d 99 11

xzei micew ozip minrt xzei zeriteny zeize`l xnelk -

Σ f c
a 1000 0
b 100 10
c 10 110
d 5 111

m` la`

lk okle ,0a ligzdl leki `l xg` cew s` ,0 `ed cg` cewy rbxay al miyp .mixvw
.2 zegtl jxe`n zeidl miaiig mixg`d micewd

(Trie)ur i"r micew bevii

lelqnd f` ,ze` dneyx cewcewa m` -
a 01
b 101
c 010

z` bviin

.ze` dze` ly cewd didi eil`

(Hu�man)onted ly mzixebl`
e(a1, ...anl zeni`znd) f1 ≥ f2 ≥ ... ≥ fn zeiexiczd z` oiinp .1

1 lawi ipyde 0 lawi cg` cew f`e ,n = 2 :dxivr i`pz .2

:zxg` .3

2



(ane an−1 z` m`zdae)dniyxdn fne fn−1 z` `ivep *

mr)fn + fn−1 z` (zpiiennd dniyxa mi`znd mewinl)qipkp *
.(b dycg ze`

a1, a2, ...an−2, b dn`zdae f1, f2, ...fn−2, fn−1 + fn :lawp

-epe (a1, ...an−2, b)f1, ...fn−2, fn−1 + fn xear ur dpap ziaiqxewx dxeva .4
.an xear cg`e an−1 xear cg` ,mipa 2 b cewcewdn `iv

onted ly mzixebl`d zvix onf

.oein xear O (n log n) .1

miqipknyk mixai`d z` segcl jixv oky)id aeaiqlO (i) jxrn xear :yenin .2
.mewind z` `evnl jixv oky ,O (i) zxyewn dniyx xear .(fn−1+fn z`

O (n+ (n− 1) + (n− 2) + ...+ 2) = O
(
n2

)
:onf

.aeaiq lkl log n ,O (n logn) :ixpia ofe`n ur
lke ,zipqgna mixai`d lk z` xenyp .O (n) onf :xeze zipqgn zxfra
.xeza xenyp mdly mekqd z` - zipqgna mixai` ipy mi`iveny mrt
zligza e` (oiienn df ik)zipqgnd y`xa e` eidi miphw ikd mixai`d

.(miphw ikd zebefd z` epny my ik)xezd

.1 aly llba O (n log n) gwi df k"dq

zepekp zgked

1 dnl
mipa 2 yi inipt cewcew lkl (menipin

∑
fili exear ur=)ilnihte` ura

dgked

onqp .v ,cigi oa mr ,u ,inipt cewcew yi exear T ilnihte` u` miiwy dlilya gipp
zexaegnd zezywd 2e u z` wgnp :`ad ote`a Tn T ′ ur xevipe ,xa u ly `a`d z`
.(iligz cewl mi`zn T ik)iligz cewl mi`znd ur T ′ .(x, v) dycg zyw xevipe eil`
dxizqa Σfil

′
i <

∑
fili okle ,x ly ur-zza u lkl l′u < lue ,∀u∈T ′ l′u ≤ lu ,la`

.l"yn .T zeilnihte`l

dpwqn

.dpezgzd dnxa micewcew 2 zegtl yi ilnihte` ura

dgked

.cigi oa didi ,u ly `a`d ,xly aiign dpezgzd dnxa u cigid cewcewd zxg`
.1 dnll dxizq

2 dnl
.dpezgzd dnxa mi`vnp fne fn−1 ilnihte` ura
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dgked

dpwqndn .dpezgzd dnxa epi` fn−1y gipp k"da ,dpekp `l dprhdy dlilya gipp
fi ztlgd i"r T ′ xevip ilnihte`d T urdn .fn−1 < fi yi dpezgzd dnxay wiqp

.fi−1e
.M ′ =

∑
fil

′
ie (T xear)M =

∑
fili onqp

M ′ = M + fn−1 (li − li−1)− fi (li − ln−1) = M + (fi−1 − fi) (li − ln−1) < M

3 dnl
.mig` (an)fne (an−1)fn−1 exear ilnihte` ur miiw

dprh
.menipin

∑
fili exear ur xifgn xnelk ,ilnihte` onted ur

dgked

(zeiexiczd xtqn)n lr dvwecpi`a
.xyt`y cigid urd z` xvei onted .n = 2 :divwecpi`d qiqa

miiwnd (a1, ...anl)f1, ...fn xear ilnihte` ur T1 idi .nl gikepe n−1l zepekp gipp
.mig` fne fn−1 xnelk ,3 dnl z`

(fn−1 + fn mr)ba `a`d z` onqpe fne fn − 1 milrd zwign i"r T1n T2 dpap

dnl

(f1, ...fn−2, fn−1 + fnl)ilnihte` T2

f1, ...fn−2, fn−1+l ilnihte` T3 miiw okl .ilnihte` epi` T2y dlilya gipp dgked

.(fn−1+fnl mi`znd)bn mipa 2z`ved i"r T4 epnn dpape T3 z` gwip .T2n dpey fn
.f1, ...fn xear iligz ur T4 .fn mr xg`de fn−1 mr oneqi cg` oa

T1a M1 =
∑

fili onqp

T2a M2 =
∑

f ′
i l

′
i

T3a M3 =
∑

f ′′
i l

′′
i

T4a M4 =
∑

f ′′′
i l′′′i

M1 = M2 + fn−1 + fn

M4 = M3 + fn−1 + fn

M1 = M2 + fn−1 + fn > M3 + fn−1 + fn = M4
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... eplaiw
.dnl l"yn

fne fn−1 z` mvnvn mzixebl`d (3) alya f1, ...fn xear onted ur mipea xy`k
.f1, ...fn−1+fn−2 zeiexiczd xear T ′ ur dpea diqxewxae fn−1+fn mr b cewcewl

(f1, ...fn−1 + fn xear)zilnihte` T ′ divwecpi`d zgpd itl

MT2 = MT ′

M zelr mr T ur lawn onted oexg`d crva

M = MT ′ + fn−1 + fn = MT2 + fn−1 + fn = MT1

l"yn .(ilnihte` T1 ik)ilnihte` T okl
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