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ysEisy&ft+o daizs'ku rFkk ykWUxsLV dkWeu lclhDosUl ,Yxksfjn~e ds la;kstu ls ;k=kk le; ds
vuqØe gsrq iwokZuqeku dh eki

vt; dqekj ,oa johUnz dqekj
lh,lvkbZvkj&dsanzh; lM+d vuqla/kku laLFkku] ubZ fnYyh 110 025

lkjka'k % ;g vkerkSj ij ekuk tkrk gS fd ;k=kk le; dh fo'oluh;rk ,d egRoiw.kZ dkjd gS] D;ksafd ;g u dsoy ;k=kh ds O;ogkj ij egRoiw.kZ izHkko Mkyrk
gS cfYd ifjogu iz.kkfy;ksa dh lkekU; n{krk ij Hkh dkQh izHkko Mkyrk gSA ;k=kk ds le; vuqØe ds fy, iwokZuqeku dh eki dks laHkkouk ,d n`f"Vdks.k gS
tks ,sfrgkfld MsVk ij fuHkZj djrk gSA iwokZuqeku'khyrk ds ǹf"Vdks.k ls ;k=kk le; vuqØe dh fo'oluh;rk dks ekius ds fy, ,aVªkWih ,d egRoiw.kZ Hkwfedk fuHkkrk
gSA ;k=kk le; vuqØe dh ,aVªkWih dk vuqeku yxkus ds fy, ysEisy&ft+o MsVk dEizs'ku ,Yxksfjn~e dk mi;ksx fd;k tk ldrk gS] ysfdu ysEisy&ft+o ,Yxksfjn~e
fcYdqy leku mi&fLVaªx ds fy, iwjs ,sfrgkfld fLVaªx dks LdSu djsxk] blfy, ,aVªksih vkdyu izfØ;k esa dqN vkaf'kd :i ls leku mi&fLVaªx ;k mi vuqØe dh
vuns[kh gks tkrh gSA xgu fo'ys"k.k ds fy,] ykWUxsLV dkWeu lclhDosUl ¼,ylh,l½ ,Yxksfjn~e fcYdqy leku mi&fLVaªx vkSj leku mi&vuqØe dks Hkh x.kuk
esa tksM+us dk csgrj rjhdk gSA iwokZuqeku x.kuk esa ,ylh,l ,Yxksfjn~e] dqN vfrfjä mi&vuqØe dks NksM+ nsrk gS tks vkxs ,aVªkWih dks de djrk gSA blls ;k=kk
le; vuqØe ds iwokZuqeku dh eki esa o`f) gksrh gSA bl izdkj] ,ytsM vkSj ,ylh,l ,Yxksfjn~e dk la;kstu iwokZuqeku dh eki esa ,ytsM ,Yxksfjn~e ls
vf/kd lVhd x.kuk djrk gS vkSj fn, x, ;k=kk le; vuqØe ds vk/kkj ij vxyh ;k=kk le; ds fy, iwokZuqeku nj dh x.kuk djus ds fy, vklkuh ls vkbZVh,l

¼ITS½ lEcfU/kr midj.k ds fy, Hkh iz;ksx eas yk;k tk ldrk gSA

Predictability measurement for the sequence of travel time by
combining the Lempel-Ziv compression and the

Longest Common Subsequence algorithm
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Abstract
It is commonly recognized that reliability in travel time is a significant factor to consider, as it not only wields a significant impact on traveller
behaviour, but also substantially impacts the general efficiency of transport systems. Predictability measure for Travel time Sequence is
probabilistic approach that depends on historical data. To measure the reliability of travel time sequence from the perspective of predictability,
entropy plays an important role. To estimate the entropy of such a travel time sequence Lempel-Ziv data compression algorithm can be used but
Lempel-Ziv scanned the whole historical string for the exactly identical substring. So, in entropy estimation process some partially similar
substring or subsequence gets overlooked. For deep analysis, longest common subsequence (LCS) algorithm is employed to calculate exactly
identical substring and most similar subsequence. LCS algorithm discarded redundant subsequence's which further reduce entropy. This lead to
increase in predictability of travel time sequence. Thus, the combination of LZ and LCS give more accurate predictability and easily can be
implemented for travel time forecasting in ITS to calculate prediction rate for next travel time based on given travel time sequence.
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izLrkouk
iwokZuqeku'khyrk ds n`f"Vdks.k ls ;k=kk le; vuqØe dh

fo'oluh;rk dks ekius ds fy, dbZ xf.kfr] vkSj oSKkfud
ekWMYl izLrqr fd, x, gSaA bl v/;;u esa ,d xf.krh;] vkSj
,Yxksfjn~fed ekWMy dh ppkZ dh x;h gS rFkk ,d ekWMy ds
lkFk rqyuk Hkh dh x;h gSA vuqØe dh fo'ks"krk ds vk/kkj ij
fo'ks"k :i ls pfpZr vke la[;f;dh dh iz.kkfy;k¡ tSls fd
vkSlr] ekud fopyu bR;kfn dh x.kuk] bu oSKkfud rFkk
xf.krh;] ekWMy ls vPNh ugha gS ftldh ppkZ1 esa fn;s x,
'kks/k i=k esa dh x;h gSA

• ,UVªkWih % lh/ks ,UVªkWih esa tkus ls igys] blls lacaf/kr
vo/kkj.kk ds ckjs esa ckr djrs gSa] eku yks fdlh pj esa dqN
iz;ksx ¼;kn`fPNd dksM& a, b, c, d½ gS] tks ,d lrr ;kn`fPNd
pj X mRiUUk djrk gSA tgka , x={ a, b, c, d } rFkk  a, b,
c, d dqN fof'k"V okLrfod la[;k,¡ gSa ftudh izkf;drk Øe'k%
0-50] 0-25] 0-125] 0-125 gS rFkk x ,d lrr jSUMe pj gS]
ftldh ,UVªkWih dh lgh x.kuk fuEu izdkj ls dh tkrh gS&

Entropy= - 


n

i 1
pi (x) log2 pi (x)

tgka pi(x), x dh i LVsV esa izkf;drk gSA gkyk¡fd] ;k=kk
le; vuqØe ,d vLFkk;h :i ls lglac) LVksdsfLVd izfØ;k
gS D;ksafd ,d ,sfrgkfld ;k=kk le;] vxyh ;k=kk esa yxus
okys le; ds ijhdfyr eku dks n`<+rk ls izHkkfor djrk gSA
blfy,] bl rjg ds ,d fLVaªx vuqØe dh okLrfod ,UVªkWih
dk vuqeku ysEisy&ft+o ,UVªkWih }kjk ysEisy&ft+o MsVk laihM+u
,Yxksfjn~e ds lkFk yxk;k x;k gSA le; vuqØe dh vuqekfur
,UVªkWih dh x.kuk ds fy, ysEisy&ft+o ,UVªkWih ,LVhesfVax
fof/k okLrfod ,UVªkWih ds cjkcj eku rks ugha nsrh] ij ;fn
le; vuqØe dh yackbZ n gks  vkSj bldk eku yxHkx vuar
gks] rks vuqekfur ,UVªkWih ml le; vuqØe  dh okLrfod
,UVªkWih esa ifjofrZr gks tkrh gSA

• Åijh ck/; iwokZeku (UBP) % izkf;drk fdlh Hkh iwokZuqeku
dks ifjdfyr djus ds fy, egRoiw.kZ lk/ku gSA izkf;drk ds
ifjdfyr eku ds mi;ksx ls fdlh Hkh mi;qä izhfMfDVo
,Yxksfjn~e ds }kjk yxHkx lVhd ;k=kk le; dh x.kuk dj
ldrs gS aA mnkgj.k ds fy,] ;fn UBP dk ifjdfyr
eku 0-9 gS] rks bldk eryc gS fd 90» VkbEl ge ;k=kk

le; dh iwokZuqeku djus esa lgh gSaA vU; 'kCnksa esa] pkgs gekjk
iwokZuqeku fdruk Hkh vPNk gks] ge 90» ls vf/kd lVhdrk
ds lkFk vxyh ;k=kk esa yxus okys le; dk iwokZuqeku ugha dj
ldrsA blfy, UBP izR;sd ;k=kk le; dh vuqØe ds iwokZuqeku
ds fy, ekSfyd lhek dk izfrfuf/kRo djrk gSA

• ,UVªkWih x.kuk esa ysEisy&ft+o esa leL;k % ysEisy&ft+o ,UVªkWih
dh x.kuk le; vuqØe ds fMfLØVkbts'ku ij vk/kkfjr gSA
,UVªkWih ds x.kukRed izkslsl esa ysEisy&ft+o lEiw.kZ ,sfrgkfld
fLVªax dks leku :i ls fn[kus okyh mi&fLVaªx ds fy, LdSu
djrk gS ¼mnkgj.k ds fy, mi&fLVa ªx "ABBÞ] fLVa ªx
"CABBCBC" esa mifLFkr gS½A fujarj le; vuqØe rFkk
ysEisy&ft+o ,YxksfjFe ds ,UVªkWih ifjdyu ds xq.kksa ds vk/kkj
ij] ;k=kk ds le; dh fofo/krkvksa dks 'kkfey djus ds fy,]
vkxs ^^,ytsM&,ylh,l ,UVªkWihÞ uke ds ,Yxksfjn~e dk fooj.k
fd;k x;k gSA ,sfrgkfld le; vuqØe esa ,d fof'k"V iSVuZ
dh [kkst djrs le;, fujarj le; vuqØe esa ^^fLVaªx lekurkÞ
ds lkFk ^^fcYdqy lekuÞ fLFkfr dks izfrLFkkfir fd;k gSA
,yt+sM&,ylh,l dh ifjHkk"kk esa] mudh fLVaªx dh lekurk dks
n'kkZus ds fy, nks fLVaªx ds ,ylh,l ¼ykWUxsLV dkWeu lclhDosUl½
dk mi;ksx djrs gSaA ;fn ,ylh,l dk ifjdfyr eku ifjHkkf"kr
ekud ls NksVk gS] rks nks fLVaªx dks ,d leku gh ekuk tkrk gSA

• ,ytsM&,ylh,l ,UVªkWih % ,ytsM&,ylh,l] ysEisy&ft+o MsVk
,Yxksfjn~e rFkk ykWUxsLV dkWeu lclhDosUl ,Yxksfjn~e dk la;kstu
gS] ftlesa ge ,ylh,l ,Yxksfjn~e dk mi;ksx djrs gq, ,ylh,l
ds yackbZ ds eku ds lkFk] ,UVªkWih ds eku dh x.kuk djrs gSaA

mnkgj.k ds fy,& "abc", "abg", "bdf", "aeg", "acefg",…
..vkfn "abcdefg" ds lclhDoUl gSaA

tSls fd & buiqV vuqØe "ABCDGH" vkSj "AEDFHR"
ds fy, ,ylh,l "ADH" gS] rFkk ,ylh,l dh yackbZ 3 gSA

lkexzh ,oa fof/k
eku yhft, fd ,d ;k=kk le; vuqØe varjky [x, y] ls

f?kjk gqvk gS tgk¡ y vf/kdre ;k=kk le; gS rFkk x U;wure
;k=kk le; gSA bl varjky dks leku :i ls N mi&varjkyksa esa
foHkkftr fd;k x;k gS rFkk izR;sd mi&varjky dks ,d fof'k"V
o.kZ ¼A,B,C,---½ iznku fd;k x;k gSA bl ifjorZu ds ckn]
;k=kk le; vuqØe lhfer LVsV~l ds lkFk ,d LVksdsfLVd
izkslsl cu tkrk gSA gkyk¡fd] ;k=kk le; vuqØe ,d vLFkk;h
lglac) LVksdSfLVd izkslsl gS] D;ksafd ,d ,sfrgkfld ;k=kk
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le; vuqØe vxyh ;k=kk ds le; ds ifjdfyr eku dks
izHkkfor djrk gS] blfy,] bl rjg ds fLVaªx vuqØe dh
,UVªkWih ds vuqekfur eku dh x.kuk ysEisy&ft+o MsVk dEizs'ku
,Yxksfjn~e ls dh xbZ gSA

;g Q+aD'ku Vkbe vuqØe dh vuqekfur ,UVªkWih P dh
x.kuk djus ds fy, gS tks fd ysEisy&ft+o dEizs'ku ,YxksfjFe
ij vk/kkfjr gS4A

 P = 

n

i i )l
n

(
1

1 -1loge n ... (2)

tgka n fLVaªx dh yackbZ gS rFkk li in ls 'kq: gksus okys lcls
NksVs lc&fLVaªx dh yackbZ gS tks in 1 ls in i-1 ls igys dh gks
rFkk fyLV esa mifLFkr ugha gksA

;fn ;k=kk le; vuqØe  dh okLrfod ,UVªkWih Pmax gS]
rFkk bl vuqØe esa N LVsV~l gS] rks ml vuqØe dh vuqekfur
,UVªkWih P <= Pmax (S, N) gksxh2A

 tgk¡ &
S = H(Pmax) + (1 - Pmax) log2 (N - 1) --- ¼3½

H (Pmax) - ,UVªkWih QaD'ku rFkk S Åijh ck/; iwokZeku
vFkkZr~ UBP dks n'kkZrk gSA

H (Pmax) =
 - {Pmax log2(Pmax) + (1 - Pmax)log2(1-Pmax)} ... (4)

lehdj.k ¼2½ esa vuqekfur ,UVªkWih P dh x.kuk djus ds
fy, ysECMk li dh x.kuk ¼dyu fof/k vuqHkkx 1 rFkk 2 esa gS½
nks rjg ls dh x;h gS] ftls ,yt+sM ,UVªkWih Plz ¼vuqHkkx&1½
rFkk ,yt+sM&,ylh,l ,UVªkWih  Plzlcs ¼vuqHkkx&2½  dgk x;k
gSA ,yt+sM ,UVªkWih ls izkIr UBP dks  UBPlz rFkk ,yt+sM
,UVªkWih ls izkIr UBP dks UBPlzlcs dgk x;k gSA

vuqHkkx&1
ekuk ,d fLVaªXl X="ABBC………." gS rFkk ;gk¡ Xpre

fiNyh lc&fLVaªx dks n'kkZrk gS1A

1- ;gk¡  Xpre ='' gS rFkk A , Xpre esa vHkh rd ugha vk;k gS]
blfy, l1= 1,

2- ;gk¡ Xpre =A gS rFkk B, Xpre esa vHkh rd ugha vk;k gS]
blfy, l2= 2,

3- ;gk¡ Xpre =AB gS rFkk ,d ckj vk pqdk gS] ysfdu BC,
Xpre esa vHkh rd ugha vk;k gS] blfy, l3= 2,

4- ;gk¡  Xpre= ABB gS rFkk C, Xpre esa vHkh rd ugha vk;k gS]
blfy, l4= 1A

,yt+sM ,UVªkWih lehdj.k la[;k&2 ;g n'kkZrh gS] fd ;fn li

dk eku vf/kd gksxk rks ,UVªkWih dk eku de gks tk,xkA

vuqHkkx&2
;gk¡ X = BACDB rFkk Y = BDCB ds ,ylh,l dh

yackbZ ds fy, lkj.kh fn[kkbZ x;h gS3 ¼lanHkZ&3 esa fn;s x, LCS
,Yxksfjn~e ds vk/kkj ij½&

UBPlz rFkk UBPlzlcs dh x.kuk izfØ;k dks izokg vkjs[k ls
n'kkZ;k x;k gS&

ifj.kke ,oa foospuk
fp=k&1 UBPlz rFkk fp=k&2 UBPlzlcs 12 ?k.Vs esa izR;sd 3

feuV ds fy, UBP iznf'kZr djrk gS rFkk UBP dh x.kuk]
le; vuqØe ¼180 fnu½ dh ,UVªkWih ls dh tkrh gSA
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 fp=k 1 & UBPlz
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fuEu xzkQ+ UBPlz vkSj UBPlzlcs ds chp rqyuk
fn[kkrk gS&

fu"d"kZ
bl v/;;u esa geus ,d lM+d ds fy, Meh MsVk ds fy,

;wchih dh x.kuk ,yt+sM rFkk ,yt+sM&,ylh,l, nksuksa gh
,YxkWfjn~e dk iz;ksx fd;k gS] ftlds vk/kkj ij] ge ;wchih
rFkk ,UVªk Wih dh x.kuk fu;fer fof/k dh rqyuk es a
,yt+sM&,ylh,l dk iz;ksx djds 2» ls Hkh vf/kd lVhdrk

ls dj ldrs gSa rFkk fdlh Hkh vke lka[;k dh iz.kkyh ls tSls
fd& jsxzsfLlvksu] ,lVhMh] ,ozst bR;kfn dkQh vf/kd lVhd
ifj.kke nsrh gSA

urhtu] ,ytsM vkSj ,ylh,l dk la;kstu vf/kd lVhdrk
ls iwokZuqeku nj dh x.kuk djrk gS rFkk ,ylh,l dh Vkbe
dkWEIySfDlVh dks /;ku esa j[krs gq,] fdlh Hkha baVsyhtsaV flLVe
tSls fd&vkbZVh,l ¼baVsyhtsUV VªkUliksVZ flLVe½ bR;kfn esa vklkuh
ls mi;ksx fd;k tk ldrk gS] tks fn, x, ;k=kk le; vuqØe
ds vk/kkj ij vxyh ;k=kk le; ds lEHkkfor  eku dh x.kuk

 fp=k 2 & UBPlzlcs

 fp=k 3 & UBPcmp
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djus ds fy, iwokZuqeku nj ds ifjdfyr eku dk iz;ksx dj
ldrk gSA
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