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hfohGd 

hfohGd jf dft[Tj eg]sf] s'g} hgfgfn] slt 5f]/f 5f]/L kfo]ls5, ;f] s'f/fnfO{ pNn]v ub{5 . of] k|Zg 
!% jif{ / ;f] eGbf dflysf ljjfx eO{ ;s]sf hgfgfx?nfO{ dfq ;f]wgL ul/Psf] 5 . hgfgfn] kfo]sf 5f]/f 
5f]/Lx?sf] luGtL ubf{ lhpb} kfPsf afns aflnsfx?sf] dfq luGtL ePsf] 5 . lhpb} kfPsf] eGgfn] hGdbf 
lhpb} hlt ;j} t/ ue{ leq} t'xL d/]sf jfx]s x'g . wd{k'q kfn]sf]nfO{ hGdfpg] cfdfkl§jf6 g} n]lvPsf] 5 / 
To:t} Ps eGbf a9L nf]Ug] x'g]x?sf] ;j} nf]Ug]jf6 ePsf] hfohGdsf] hDdf ;+Vof n]lv}sf] 5 . 

xfd|f] h:tf] lzlIft gf/Lx?sf] ;+Vof Hofbf} sd ePsf] b]zdf w]/} h;f] gf/Lx?nfO{ cfkm\gf] hfohGdsf] 
;+Vofsf] klg ;+emgf /x+b}g, ;+dm]/ /fd|/L n]vfpg ;sb}gg\ vf; u/]/ To:tfjfnsx? hf] hGdbf lhpb} hGd]sf 
t/ tTsfn} d/]/ uPsfx?sf] u0fgf t ljslzt b]zsf lzlIft gf/Lx?jf6 klg 5'6g hfg] ;+ej x'G5 . t;y{ 
pk/f]Qm sf/0fx?, c? dfgf]j}1flgs sf/0fx? / o:tf] hfohGd ;DjlGw k|Zg @)!* ;fnsf] u0fgfdf klxnf] 
k6s dfq ;f]lwPsf] x'Fbf klg nut ul/g cfPsf jfnsx?sf] ;+Vofdf :d/0f q'l6 (Memory Error) /xg hfg' 
cjZodefjL 5 . t/ slt dfqfdf o:tf] :d/0f q'6L /x]sf] 5 eGg] s'/f c? k"/s ;"rgfx?sf] cefjdf 7f]s'jf 
u/]/ eGg ;lsb}g . ;fy} o:tf] lsl;dsf] nutdf z'Go q'l6 (Zero Error) klg /xg ;Sg] ;+efjgfnfO{ klg 
ljl;{g' x'b}g . 

cj ljleGg k|b]zx?df hfohGd ;+jlGw s:tf] l:ylt lyof] tnsf] tflnsf g+= % jf6 :ki6 x'G5 . 

 

 

 

 

 

 

 

 

 

 



tflnsf g+= % — hfohGd ePsf gf/Lx? -k|ltztdf_ z}lIfs:t/ tyf k|b]z cg';f/ -qmdzM_ . 

@)!* g]kfn 

 

 

k|b]z hfohGd ePsfx? k|ltztdf 

  hDdf lzIff ePsf] lzIff gePsf]   hDdf lzIff ePsf] lzIff gePsf]

g]kfn 100.0 100.0 100.0   100.0 1.3 98.7 

k"j{ kxf8 19.4 9.5 19.5   100.0 0.7 99.3 

k"j{ leqL dw]z 2.0 0.5 2   100.0 0.3 99.7 

k"j{ t/fO{  23.8 37.4 23.7   100.0 2.1 97.9 

sf7df8f} pkTosf 4.6 25.8 4.4   100.0 7.4 92.6 

klZrd kxf8 21.3 10.2 21.4   100.0 0.6 99.4 

;'b"/ klZrd kxf8 18.3 5.6 18.4   100.0 0.4 99.6 

dWo] leqL dw]z 2.4 1.3 2.4   100.0 0.7 99.3 

klZrd leqL dw]z 0.9 1.3 0.9   100.0 1.9 98.1 

klZrd t/fO{ 4.6 5.1 4.6   100.0 1.5 98.5 

;'b"/ klZrd t/fO{ 2.7 3.3 2.7   100.0 1.6 98.4 

 



pk/f]Qm tflnsf cg';f/ g]kfn clw/fHo el/sf] hfohGd ePsf lzIff ePsf hDdf gf/Lx?nfO{ !)) 
% k|ltzt / hfohGd ePsf lzIff gePsf gf/Lx?nfO{ !)) % k|ltzt dflg ljleGg k|b]zx?df hfohGd 
ePsf gf/Lx?sf] s] slt k|ltzt kbf]{ /x]5 elg x]bf{ ;j} eGbf w]/} k|ltzt k"j{ t/fOdf -#&=$% k|ltzt lzIff 
ePsf / @#=&% k|ltzt lzIff gePsf_ To;kl5sf] bf]>f] ;j}eGbf w]/] k|ltzt lzIff ePsfx?df sf7df8f} 
pkTosfdf -@%=* % k|ltzt_ / lzIff gePsf gf/Lx?df klZrd kxf8df -@!=$% k|ltzt_ /xsf] kfpb5f} . 
To:t} hfohGd ePsf gf/Lx?sf] ;j} eGbf yf]/} k|ltzt ePsf] k|b]zx?df lzIff ePsf gf/Lx? tkm{ k"j{ leqL 
db]zdf -)=% % k|ltzt_ / lzIff gePsfx? tkm{ klZrd leqL db]zdf -)=( % k|ltzt_ ePsf] b]lvG5 . 

 To:t} km]l/ k|To]s k|b]zsf hfohGd ePsf hDdf gf/Lx?nfO{ !))% k|ltzt dflg lzIff ePsf slt 
k|ltzt / lzIff gePsf slt k|ltzt /x]5g elg x]bf{ sf7df8f} pkTosfdf lzIff ePsf &=^ % k|ltzt / 
lzIff gePsf (@=^% k|ltzt To;kl5 k"j{ t/fOdf lzIff ePsf @=! % k|ltzt / lzIff gePsf (&=(% 
k|ltzt / k"j{ leqL db]zdf lzIff ePsf )=# % k|ltzt / lzIff gePsf ((=& % k|ltzt ePsf] kfOG5 . 

cj hfo hGd ePsf gf/Lx?df Pp6f dfq} hfohGd ePsfx? slt k|ltzt /x]5g, b'O{ hfohGd x'g]x? slt 
k|ltzt / tLg, rf/, kfFr, OToflb hfohGd x'g]x? slt k|ltzt cf} z'Go hfohGd x'g]x? cyf{t !% jif{ 
dflysf ljjfx eO{ ;s]sf hgfgfx?df 5f]/f5f]/L Pp6f klg gx'g]x?sf] ljleGg k|b]zx?df s] s:tf] k|ltzt 
/x]5 eGg] s'/f tnsf] tflnsf g+ -^_ df lzIff ePsf / lzIff gePsf gf/Lx? a]Unf j]Un} b]lvg] ul/ bzf{Psf] 
5 . 



tflnsf g+ ^M— hfohGd ePsf gf/Lx? -k|ltztdf_ z}lIfs :t/ 

/ lhpb} kfPsf] aRrfx?sf] ;+Vof k|b]z cg';f/ -qmdzM_ . 

@)!* g]kfn 

lzIff M— ePsf] 

 

k|b]z hDdf 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 gv'n]sf]

g]kfn 100.0 22.2 16.8 13.9 11 8.5 5.8 4.4 3 1.9 1.3 0.8 0.5 0.3 0.1 0.2 9.3 

                   

k"j{ kxf8 100.0 25.5 13.8 10.8 8.3 6.7 5.4 4.8 3.8 2 1.9 1 0.8 0.5 0.1 0.3 14.3 

k"j{ leqL dw]z 100.0 32.8 10.6 13.8 8.5 7.9 5.8 5.8 2.7 2.1 0.5 0.5 1 0 1.6 - 8.4 

k"j{ t/fO{  100.0 19.9 18.2 15.5 12.3 9 5.8 4.1 2.4 1.3 0.8 0.5 0.3 0.1 0.1 0.1 9.6 
sf7df8f} 
pkTosf 100.0 22.9 17.7 14.2 11.5 8.7 6.1 4.3 3.5 2.4 1.7 1.2 0.7 0.5 0.2 0.3 4.1 

klZrd kxf8 100.0 24.9 14.1 12 9.5 7.6 6.3 4.4 3.2 2.3 1.7 0.9 0.2 0.4 0.1 0.2 12.2 
;'b"/ klZrd 
kxf8 100.0 20.7 14.8 12 9.2 8.3 5.5 5.1 3.2 2.3 1 1.1 0.7 0.3 0.2 0.4 15.2 

dWo] leqL dw]z 100.0 22.4 15.2 14.6 8.2 6.5 4.6 3.2 3.8 1.3 1.1 0.4 0.2 0.4 0.2 - 17.9 
klZrd leqL 
dw]z 100.0 22.5 14.2 11.2 11.2 9.1 5.3 5.3 4.9 4.2 2 1.2 0.4 0.2 - 0.2 8.1 

klZrd t/fO{ 100.0 24.5 16.3 14 11.4 9 5 4.3 2.4 2.1 1 0.7 0.3 0.2 0.1 0.1 8.6 
;'b"/ klZrd 
t/fO{ 100.0 22.5 15.8 12.9 10.1 8.9 6.6 5.3 2.4 2.3 1.1 0.6 - 0.4 0.1 0.2 10.8 

 

 

 

 

 

 



tflnsf g+ ^M— hfohGd ePsf gf/Lx? -k|ltztdf_ z}lIfs :t/ 

/ lhpb} kfPsf] aRrfx?sf] ;+Vof k|b]z cg';f/ -qmdzM_ . 

 

@)!* g]kfn 

lzIff M— gePsf] 

k|b]z hDdf 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 gv'n]sf]

g]kfn 100.0 15.7 13.3 12.8 11.4 10.3 8 6 4.6 3.1 2.1 1.3 0.7 0.4 0.2 0.2 9.9 

                    

k"j{ kxf8 100.0 16.5 11.8 11 10.1 9.7 8.4 6.9 5.8 4 2.9 2 1 0.6 0.3 0.3 8.7 

k"j{ leqL dw]z 100.0 17.6 13.3 12 10.8 10.1 8.3 6.8 5.8 3.9 2.8 1.7 0.9 0.4 0.2 0.2 5.2 

k"j{ t/fO{  100.0 13.7 15.6 15.8 13.5 11.1 7.2 4.3 2.5 1.3 0.7 0.4 0.2 0.1 - - 13.6 

sf7df8f} pkTosf 100.0 18 13.1 11.9 10.4 9.5 7.9 6.2 5.3 3.9 2.7 1.9 1 0.8 0.3 0.3 6.8 

klZrd kxf8 100.0 15.8 12.6 11.9 10.7 10.1 8.2 6.8 5.3 3.6 2.6 1.7 0.9 0.5 0.3 0.3 8.6 

;'b"/ klZrd kxf8 100.0 17.2 13 12.4 11.1 10.2 8 6.2 4.8 3.4 1.9 1.3 0.6 0.5 0.1 0.2 9.1 

dWo] leqL dw]z 100.0 14.2 12.7 11.7 10.5 9.6 8.1 6.7 5.8 4 3.2 2 1.2 0.6 0.3 0.3 9.1 

klZrd leqL dw]z 100.0 10.9 11.5 10.8 11 10.6 9.2 8.8 7.4 5.6 3.4 2.5 1.2 0.9 0.2 0.2 5.8 

klZrd t/fO{ 100.0 16.1 14.7 13.9 11.6 10.3 7.4 5.4 3.8 2.8 1.4 1.1 0.4 0.3 0.1 0.1 10.6 

;'b"/ klZrd t/fO{ 100.0 12.1 11.9 12.1 11.2 10.7 8.8 6.5 5.3 4.2 2.3 1.9 9 0.5 0.2 0.2 11.2 



pk/f]Qm tflnsf g+= ^ cg';f/ g]kfn clw/fHo e/L lzIff ePsf gf/Lx?df z'Go hfohGd x'g]x? -@@=@% k|ltzt_, Ps hfohGd x'g]x? -!^=* % 
k|ltzt_ / b'O{ hfohGd x'g]x? -!#=( % k|ltzt_ tLg hfohGd x'g]x? -!!=) % k|ltzt_ / rf/ / ;f] eGbf a9L hfohGd x'g]x? -@^=*% k|ltzt_ 
ePsf] b]lvG5 / -(=#% k|ltzt_ gf/Lx?sf] hfohGd v'Ng g;s]sf] kfOG5 . cyf{t lzIff ePsf gf/Lx?df z'Go hfohGd x'g]x? -@@=@% k|ltzt_ !–# 
;Dd hfohGd x'g]x? -$!=&% k|ltzt_ / $ hf]8 hfohGd x'g]x? -@^=* % k|ltzt kfg{ cfPsf] kfOG5 . lzIff gePsf gf/Lx? tkm{ eg] z'Go hfohGd 
x'g]x? -!%=& % k|ltzt_ !—# ;Dd hfohGd x'g]x? -#&=%% k|ltzt_ / rf/ / ;f] eGbf dfly hfohGd x'g]x? -#^=(% k|ltzt_ ePsf] b]lvG5 . clg -
(=(% k|ltzt_ lzIff gePsf gf/Lx?sf] hfohGd v'Ng gcfPsf] kfOG5 . o; lsl;d;+u hfohGd ;+aGwdf lZfIff ePsf / lZfIff gePsf gf/Lx?df 
ePsf] leGgtf :ki6 ;+u emNsG5 . 

lzIff ePsf gf/Lx? tkm{ z'Go hfohGd x'g] gf/Lx?sf] k|ltzt ;j}eGbf w]/} k"j{ leqL db]zdf -#@=*% k|ltzt_ / lzIff gePsf gf/Lx? tkm{ sf7df8f}+ 
pkTosfdf -!*=) % k|ltzt_ ePsf] b]lvG5 . clg !—# ;Dd hfohGd x'g]sf] ;j} eGbf w]/} / ;j} eGbf sd k|ltzt lzIff ePsf gf/Lx? tkm{ qmdzM 
k"j{ t/fO{ -$^=)% k|ltzt_ / k"j{ kxf8 / k"j{ leqL db]zdf -#@=(% k|ltzt_ b]lvg cfp5 . lzIff gePsf gf/Lx? tkm klg ;j} eGbf w]/} k|ltzt k"j{ 
t/fOdf -$$=(% k|ltzt_ / ;j}eGbf sd k|ltzt k"j{ kxf8df -#@=(% k|ltzt_ ePsf] kfOG5 To:t} $ / ;f] eGbf dfyL hfohGd x'g] gf/lx?df lzIff 
ePsfx? tkm{ ;j} eGbf w]/} k|ltzt klZrd leqL db]zdf -#@=*% k|ltzt_ / ;j}eGbf sd k|ltzt dWo leqL db]zdf -@!=&% k|ltzt_ kg{ cfPsf] 
b]lvG5 / lzIff gePsf gf/Lx? tkm{ eg] ;j}eGbf w]/} k|ltzt klZrd leqL db]zdf -%)=)% k|ltzt_ / ;j}eGbfg sd k|ltzt rflx k"j{ t/fO{df -
@&=*% k|ltzt_ ePsf] kfOG5 . 

hfohGd ;DjGwL nut gv'n]sf gf/Lx?sf] k|ltztdf lzIff ePsf gf/Lx? tkm{ ;j} eGbf w]/} k|ltzt dWo leqL db]zdf -!&=( % k|ltzt_ / lzIff 
gePsf gf/Lx? tkm{ k"j{ t/fOdf -!#=^ % k|ltzt_ kg{ cfPsf 5g\ . ;j} eGbf sd k|ltzt rflx lzIff ePsf gf/Lx? tkm{ sf7df8f} pkTosfdf -$=!% 
k|ltzt_ / lzIff gePsfx? tkm{ k"j{ leqL db]zdf -*=@% k|ltzt_ ePsf] b]lvG5 . 

 



hfohGd zx/L / u|fdL0f If]q cg';f/ 

hfohGd ;+aGwL lj:t[t ljj]rgf of] eGbf cl3g} eO{ ;s]sf] x'bfF oxfF zx/L If]q / u|fdL0f If]qsf gf/Lx?sf] hfohGd ;+aGwL cg'ejdf s] s:tf] 
leGgt /x]5 To:sf] dfq 5nkmn ul/G5 . zx/L If]q / u|fdL0f If]qsf gf/Lx?sf] hfohGd ;+aGw cg'ej tnsf] tflnsf b]vfPsf] 5 . 

 

tflnsf g+ ! hfohGd k|ltztdf, lhpb} hGd]sf] aRrfsf] ;+Vof k|b]z cg';f/ -qmdzM_ 

@)!* g]kfn 

 

aRrfsf] ;Vof zx/L If]q 

k|b]z hDdf 0 1 2 3 4 5 6 7 8 9 10 11 12 13+ gv'n]sf]

g]kfn 100.0 17.09 14.94 13.24 11.14 9.47 7.32 5.78 4.57 3.62 2.36 1.74 0.86 0.72 0.55 6.6 

k"j{ kxf8 100.0 11.65 9.89 9.68 8.65 9.37 7.35 6.77 6.83 4.94 4.43 2.73 1.56 0.85 0.85 14.44 

k"j{ leqL dw]z 100.0                

k"j{ t/fO{  100.0 13.89 16.76 15.53 12.62 10.04 7.34 5.09 3.21 2.02 1.35 0.87 0.44 0.26 0.24 10.34 

sf7df8f} pkTosf 100.0 18.42 14.52 12.49 10.65 9.14 7.21 6 5.06 4.18 2.71 2.03 1.01 0.85 0.68 5.05 

klZrd kxf8 100.0 14.3 14.49 13.01 10.47 9.97 8.15 6.14 4.1 2.77 2.61 2.09 0.94 1.02 0.52 9.42 

;'b"/ klZrd kxf8 100.0 — — — — — — — — — — — — — — — 

dWo] leqL dw]z 100.0 — — — — — — — — — — — — — — — 

klZrd leqL dw]z 100.0 — — — — — — — — — — — — — — — 

klZrd t/fO{ 100.0 — — — — — — — — — — — — — — — 

;'b"/ klZrd t/fO{ 100.0 18.46 13.92 13.52 11.52 10.88 8.1 5.67 4.16 4.14 1.66 1.49 0.5 0.7 0.53 4.75 



tflnsf g+ ! hfohGd k|ltztdf, lhpb} hGd]sf] aRrfx?sf] ;+Vof k|b]z cg';f/ -qmdzM_ 

@)!* g]kfn 

 

 

aRrfsf] ;Vof u|fdL0f If]q 

k|b]z hDdf 0 1 2 3 4 5 6 7 8 9 10 11 12 13+ gv'n]sf] 

g]kfn 100.0 15.69 13.32 12.83 11.37 10.24 7.96 6.02 4.58 3.14 2.05 1.34 0.68 0.43 0.34 10.01 

k"j{ kxf8 100.0 16.53 11.85 11.03 10.06 9.69 8.34 6.89 5.78 4 2.91 1.95 1.01 0.62 0.6 8.74 

k"j{ leqL dw]z 100.0 17.62 13.29 12.05 10.76 10.05 8.34 6.76 5.76 3.87 2.76 1.73 0.92 0.45 0.46 5.18 

k"j{ t/fO{  100.0 13.79 15.6 15.76 13.54 11.08 7.24 4.24 2.49 1.29 0.72 0.35 0.15 0.07 0.05 13.63 

sf7df8f} pkTosf 100.0 18.34 12.57 11.72 10.37 9.6 8.21 6.17 5.2 3.47 2.62 1.65 0.93  0.63 7.88 

klZrd kxf8 100.0 15.9 12.55 11.91 10.73 10.02 8.32 6.76 5.31 3.65 2.59 1.68 0.93 0.55 0.49 8.61 

;'b"/ klZrd kxf8 100.0 17.18 13.03 12.46 11.06 10.16 7.97 6.21 4.74 3.37 1.93 1.3 0.6 0.49 0.31 9.19 

dWo] leqL dw]z 100.0 14.26 12.67 11.68 10.48 9.54 8.07 6.71 5.76 3.99 3.23 1.96 1.18 0.64 0.55 9.28 

klZrd leqL dw]z 100.0 11.17 11.52 10.81 10.97 10.54 9.18 8.68 7.3 5.57 3.3 2.5 1.16 0.89 0.46 5.95 

klZrd t/fO{ 100.0 16.19 14.77 13.87 11.63 10.23 7.4 5.43 3.66 2.83 1.43 1.09 0.43 0.29 0.19 10.56 

;'b"/ klZrd t/fO{ 100.0 11.84 11.89 7.06 11.23 10.68 8.78 6.54 5.27 4.14 2.36 1.91 0.86 0.52 0.34 11.58 



pk/f]Qm tflnsf cg';f/ k|To]s k|b]zsf zx/L / u|fdL0f b'j} If]qx?sf !% jif{ / ;f] eGbf dflysf 
ljjfx eO{ ;s]sf hDdf gf/Lx?nfO{ !))— !)) % k|ltzt dfgL, ltgLx?n] lhpFb} hGdfPsf jfnsx?sf] ;+Vof 
cg';f/ z'Go jfns hGdfpg], Ps jfns hGdfpg], b'O{ jfns hGdfpg] OToflb ljleGg txdf s] slt k|ltzt 
kbf]{ /x]5 elg x]bf{ ;+Dk"0f{ g]kfn clw/fHodf ) z'Go jfns hGdfpg] cfyf{t Pp6f klg 5f]/f rf]/L gkfpg] 
hgfgx? zx/L If]q tkm{ !&=)( % k|ltzt u|fdL0f If]q tkm{ !%=^( % k|ltzt ePsf] kfpb5f}+ . clg ljleGg 
k|b]zx?df ) z'Go jfns hGdfpg] gf/Lx?sf] ;j}eGbf w]/} k|ltzt zx/L If]q tkm{ ;'b"/ klZrd t/fO{ -
!*=$^% k|ltzt_ / sf7df8f} pkTosf -!*=$@ % k|ltzt_ / u|fdL0f If]q tkm{ sf7df8f} pkTosf -!*=#$ 
%k|ltzt_ / k"j{ leqL db]z -!&=^@ %k|ltzt_ k|b]zx?df ePsf] kfOG5 . ) z'Go afns hGdfpg] gf/Lx?sf] 
;j} eGbf yf]/} k|ltzt rflx If]q tkm{ k"j{ kxf8 -!!=^( % k|ltzt_ / u|fdL0f If]q tkm{ k"j{ kxf8 klZrd leqL 
db]z -!!=!&% k|ltzt_ k|b]zx?df ePsf] b]lvG5 .  

clg ;+k"0f{ g]kfn clw/fHosf] zx/L If]q tkm{ k"j{ kxf8 k|b]z Ps / u|fdL0f If]q tkm{ k"j{ kxf8 dWo 
dw]z , klZrd leqL dw]z / ;'b"/ klZrd t/fO{ rf/ k|b]zx? afx]s c? ;j} k|b]zx?df %) % k|ltzt eGbf 
klg s]xL a9L gf/Lx?sf] z'Go b]lv tLg -)—#_ ;Dd dfq hfohGd ePsf] b]lvG5 . 

hfohGdsf] ;+Vof v'nfpg g;Sg] cyjf ;+Vof gv'n]sf gf/Lx?sf] k|ltzt klg ;j} k|b]zx?df w]/} g} 
b]lvG5, zx/L If]q tkm{ k"j{ kxf8 k|b]zdf ;j} eGbf w]/} k|ltzt !$=$$ % / u|fdL0f If]q tkm{ k"j{ t/fO{df 
!#=^# % k|ltzt ePsf] kfOG5 . 

 

  

 


