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~11~um ~flU~'El~f11\j~i'i~nni1vh~1 ~f'l1~1~f1ln ~~ul~~1 n f1'J1~VI fl1nVlfl1tJ'lJ'El~ XU IIUU IIYlU 

v1~Ju~1U1r.rtJd~~1~f'lu1~n1n111f'lu'Eln~::u'Jun1u~~1~vT'J~11~um~flullfl::m~1~ 
1iX~flIUU~1u'Juu'Jn Ufl::sJ ~1 v1um ~Y11~1U~ II\lU'ElU t~tJlJ~ I uu~fim ~f'l ~1~m::U'Jum~flU , 

~1u~r.rtJd~ ::mm Iluum::u'Jum~1 um ~f11u'Jru~wnu A 'Elm~flU Ufl ::mnn ~~ 
OJ) 

1iX~ flIUU~1U'JUU'Jn'lJ'El~ ~::UU~1U'JwnUfl ~ luum::U'Jun1 n:n~n1V1U~ t~mf'lutHUu 
OJ) 'lJ 

2. tl fln'El1Yi~n 1 ~flU ~'El~ 1um~f'lu~1 iX~f'lft~ tf~f'l1~1 ~f1 Llf'l~~ 1~1 UXU ILUU LLYlU~1U'JU 

Lf'l~'El nfi1'JA'Elfl11:n~vT'J If'l'lJ'lJtl~~f'l ft~tf~:: llJ IUU~1U'JUflU 

~ ~ 

-litl~f'lvT'JvT~llf'l::vT'Jf'lU Uf'l:: M A'El~1U'JWlm'lJ'El~-lifl~f'lvT'JvT~LLf'l::vT'Jf'lU 
'lJ 'lJ 

4. f1'J1~iu.jf'ElUL:n~L'Jf'l1 (time comp lexity) 'lJtl~n1~f'lu~::~'El~llJlnuL'Jfl1~~U1~ 

(po lynomial time) 
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, 
1. LYlJ..JfI'"l1J..J~1J..J1~n"lJ't:l'l~:::uU~"'l'\ . .J'"l'W"'1'W~1iX~1J..J1nlvl1Lij;wm~fluM 

"Subtraction algorithm for Double Base Number System" tc;)tJ L't:lnY-lfl J..Jfl'Vlfl,f'lLnf1 

LLfl:::!l~~n~Yli ~~f1n~ 1'W'l1'WtJ~:::'llJ..J'I')'ll1n1~ 13
th 

International ANnual Symposium on 

Computational Science and Engineering (ANSCSE13) ru mn'l')Ylm~tJLnl1Vl~f11~Vlf 
v v .1 1 'v J .. 

"l'l1A'"lc;)nNLYlY-l lJ~:::LYlf1 YltJ 'i':::1A'"l1'l'"l'WYl 25 - 27 J..J'\., 1f1J..J Y-l.f1. 2552 , 



....I 
'U'VI'VI 2 

2.1 'i::tJtJ~1'U'lUL~"lJj1U (base number system) 

'i'::UU~l'U'JWf'l'lJ~lU tJ'i'::n'ElUC'l'JtH'Hl'lfli'JUf)fl Lf'l'lJ~l'U f3 1V1mf'l'lJ~lU f3 LUulC'l~'I 
~ ~ ~ 

~lu'Ju"l1'1"f~fl~lU'JUL;'Q'I.n'ElU LLf'l:: 0 LUUL'1l(;l~ln VI'lJ'El'lvl'J Lf'l'lJ~~ll-ll'i'rl LUU LCil~'I~lU'JU"l1'1v;;'El 
o _ " 

"llU'JUL'1l'l'1l'ElU 

nlV1uVll,x X LUU~lU'JulVil X ~1l-llmLL~VI'I1CilLU'i'::UU~lU'JULf'l'lJj"lU pluzuLLUU 

X= (xnxn_1 .. . XaX_l x_2 · ·.)P 
, .,J 

~'I xkED 1V1tJYl k:::: n, nEZ 

1V1tJfil L;'Q'Ivl'J Lf'I'lJ'lJ'El'l X j"lU P ~ll-ll'i'm~tJul,xfl~luZu 

.,J 
1V1tJYl fEZ 

1V1tJfilL;'Q'Ivl'JLf'l'lJ~'IVil-lVl~~1l-l1'i'mL~VI'I1C'l '"l::L~tJul,x'El~lUZU'lJ'El'lL'1l(;l P[P, D] lC'lCi1'1d 

Pnm[p, D] = {X = (XnXn - 1 ... Xm+1Xm)p I Xk ED, m ::::; k ::::; n} 
Pn [P, D] = {X = (xnxn - 1 ... XOX_IX_2 ... )p I xk E D, k ::::; n} 

1V1tJ~ Pn
m [P, D] LLf'l:: Pn [P, D] Lvhnu L'1l(;l~lnVlLLf'l::L'1l(;llJJ~lnVl (;lll-l~lCi1u 

'i'::UULf'l'lJj"lU~lU'Jw~l-l1V1tJi'JluLL~'JutJl-ll,x D = {OJ,"', IPI- 1} ;'10 "l::tJn 

q ,..... ...,.......,::. 

L'i'tJn'Jl1V1(;l'JLf'l'lJLLUUUtlItlI(;l (canonical digit-set) 

... 
2.2 'i::tJtJ~1U'lU-Ji1i'elU (Redundant Number System) 

'i'::U U ~ 1 U'JU~ 1.n flU f) 'El 'i'::U U ~ 1 U'JU ~ i:l'l'u LL U U LL Yl U~ lU'J U'lJ fl'l fi 1 L;n'l vl 'J Lf'l 'lJ 
'II 

.1 ,0 '1" ."1 'i'.,J ."1 ' 0 ".,J 
(numerical value) 'lJ'El'l X Vlf'lltJZuLLUU L'1lU nlVlW1i ~VI f3 LuULf'I'lJj"lU ~VltJYl f3 LuU'"llU'JUL(;ll-lYl 

f3;::: 2 LLf'I::nlV1uVll,x 0 LUU1V1vl'JLf'I'lJ;'I'ElTIUltJ1C'l~'JtJ {dEZ la1:::: d:::: a2} 1V1tJ -a1 + CXz:S f3 

tJnvl'Jflih'lL'llU 1V1vl'JLf'l'lJ O={3,2 ,1 ,0,1 ,2,3} UWf'l'lJj"lU f3 = 6 LLf'l::filL;'Q'Ivl'JLf'l'lJ X = 51 

~ll-ll'Hl LL~VI'I 'i'U LLUuLCilCi1'1d 
'II 

(123)6 = 1x62+ 2x 6
1+ 3x 6

0 

- 2 1 ° (1 33)6 = 1 x6 + 3x 6 + (-3)x 6 

(233)6 = 2x62 + (-3)x 6
1+ (-3)x 6° 
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"llnvl,)'EltJl'1irl'1~1..lLn'El a1 llfl::: ~ lu'WllJ m~L~mJ1'lJv1'1nrh') J:::UU91'W,)'W"l:::l:J 

rmJ~~U~'lJtl'lfl')l~~litl'W L~tl'l"lln~I~1 JfIlL~Vl'lrll'lJ'El'lvl,) Lft'lJ 51 1r;l'~lnn~l~ct'lJl..hLUU . ., 

LVl tJ i'\ 1~1 JfIl ~tJ'W'El BU ItJJl..hl UU Ll Yl'W91'W,)'W~'1~~ Vl'lJtl'l x 1r;l'v1'1d .. 

v1'1,J'W ~1~lmmh') 1r;l'~IJ:::UU91'W,)'WL~~U')n LVll l:J~rui'\~U~ 
~~lJnL1 (complete for radix jJ) 
, 

n'l~~lJmI (semi-complete for radix jJ) 
>-

~litl'W (redundant for radix jJ) 

",..J I I nlfltlL~tl VjEZ: V(jJo)V) ~1 

nvitlLntl V jEN: I VC,B.O) V) I ~1 
nvitlLntl 3 j EZ: I VC,B.O) V) 1>1 

hj~litl'W (non-redundant for radix jJ) nvitllntl VjEZ: I VC,B.o) V) I:::; 1 

2.3 'i:;1.J1.Jr.i1U'lU~1U~ (double-base number system) 

J:::UU91U,)u~I'W""tlnfiVlf)'WLVltJ~iJYlJtl~ (Dimitrov) [3] L'WU fl.f'!. 1999 LU'WJ:::UU 
.u '.1 " 

91U,)u~lh:::nt)ur;l'')tJlfl'lJ ~1'W91U,)U~t)'1 ~IU At) ~1'W~t)'1 LLft:::fJl'W~I~ v1'1Dm~vit)1ud 
.u .u.u .u 

UtJ13J 1: J:::UU91'W,)'W~I'Wrl1ir::nfl1JrA'')tJfj1tJ~fl-JLLfl::fj1tJ~1'" LLfl::'lfi?l{J)')LWll 0 = {G,1} ri?ltJ 
J..3 " U ,u l' 

Z1iLL1J1JLLYltJ~1tJ')U (number representation) X fl~'lUZ1i"llfl-J 

_ i j ~ 
X- {""' d2 3 LJJfl dE 0 LJi./ 1./ JJ 

, .Q_ c:I., dc:/" .... 

Fl1L'11-JtmLfl"ll"ll'iN X L"lItJULLYlUi?I')tJ IIXlI 'if-J"'FI1LYl1nlJ 

IIXlI= L i,j d i./ 3
j
, di,j EO 

J:::UU91U') 'W ~IUrld~ 1~1 JtlLL~ Vl'l LU'W1fl1 JI'I ~t),IiJ ~LVltJLLn'W x "l::: l U'W LLn'W'lJ'El'l 
.u .. 

• '"1 ~ .I J 'i' J, ~ 0 ."1 0 ,J .... 
lft'lJ~I'W~tl'l Llft::: y 9:::Lu'WLLn'W'lJt)'Ilft'lJ~I'W~I~ Vl'l7,uYl 2.1 LVltJYl'llt)'Ir-lVlI"l:::Lu'WIflILl~'W'IYl d;,j~ 

f11LU'W 1 'll'El'l~'lJI,)"l:::LU'WvlILLwj'l~ d;., l:Jf11 LU'W 0 
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.I..J .'"1 ' 00 21 12~.1 ~~ 
ronnxuYl 2.1 Lut..!n1'i'LL~Vl-.lrrl'lJth'l 31 = 2 3 + 2 3 + 2 3 ~t..!XULLUUVlln-.l~t:l-.llJVl 

LL~:: Ltit:l-.l"llm::UU ~lt..!fi LUt..!~::UU~lt..!"lt..!LLUU~l-ift:lt..! ~-.lJt..! ~tl LLUU LL Ylt..!~lt..!"lt..!'lJt:l-.l fi l 31 "l::iJ 
... " 'lJ 

lJlnn~l 1 XtlLLuu1t..!~::UU~lt..!"lt..!jlt..!~ (Double-Base number representation: DBNR) L'llt..! 

31 = 2°3° + 2°3
1 + 2°3

2 + 2 1
3

2 

= 2°3° + 2°3
1 

+ l33 

= 2°3° + 2131 + 2331 

"lln fl"lllJ~l-ift:lt..!~-.l n fll"l vh 1 tX ~-.l Ln VllJ1~l ~tl LLUU LL Ylt..!~ It..!''lt..!~ LLVln r;ll-.l rlt..!"l::iJ 
" 

o ~ ~1' , ~ 
"llt..!"lt..!'lJt:l-.lL~'lJVlt..!-.l (d;j = 1) Yl lJLYllnt..! 

U!J1 ~ 211lLL1J1JLLYl1.J~'l1.J,}1.Jyfi1~l'U,}1.J'11fNvr,}LfI'11ui1~ufwyf~~IiiJ::LJnL1fJm''l Xtl LLUUrrl t t..!Dflt:l~ 
(canonical representation) 

~tlLLUUrrl tt..!Dflflt:l~iJ-trt:l~~t:l ~llJlmr1lt..!"lrulJ1 L~"l1t..!n1~r1lt..!"lru~t..!~lt..! L tit:l-.l"llniJ 
'lJ ... 

'i' "..J ~ ...., ~ .1 'i'''' ... 
Lt:ln1~t..!t:ltJYl"l::n1'i'LnVln1~YlVlVl~t:ln1nm LLVlm::U"lt..!n1~ Lt..!nl~Vll ~u LLUUfll ~t..!t..!fl fl'El~lJ fl"lllJ 

" . 

iu-ift:lt..! ~-.lJt..!~-.liJ-.llt..!:=j~tJ [4] ~tJnL~t..!'EltVltJ LUt:lfLVl (V. Berthe) 1t..!u fl.f'1.2004 lJ1L~t..!t:l:=jfi1t..! 
nlml~tl LLUU LLYlt..!~lt..!"lt..!~iJ~lt..!"lt..!'lJ'El-.l vl"l L~'lJVlti-.l~1n ~ L~tJ-.lnU~lt..!"lt..!'lJ'El-.l vl"l L ~'lJVl~-.l~U'El tJ 

" 
..J 'i' ... • 1 ' ..J~" ~ ........ 'i' . ~ , 
Yl~Vl ~VltJ"l::L~tJnXuLLUULLYlt..!rrlYl L'llt:l~nmYllJL'll-.l ~:: LlJU (greedy algorithm) Lt..!nl~Vll "ll 

~tlLLuu1n~fll tt..!Dflfl'El ~ (near-canonical representation) ~-.lmllJiu-ift:lt..!'lJ'El-.ltl ~nt:l1VilJ LUt..! 
'lJ 

O(log x / (loglog x)) 

r;lmJl1t..!u fl.f'1.2005 ~~LU!lf LL~::LL~-.lt~~ (G. Gilbert and J. M. P. Langlois) [5] lJ1 

tlfUtlN:=jfi1t..!nl~Vll~tl LLUUrrl tt..!Dflflt:l~~-.l"llnL~lJJt..!"l::1-iftl~n'El1VilJ L::fi-.l~:: tlJu1 t..!n1~Vll tVltJ 
, 'lJ 

algorithm) ~t..lL~!l1-ifVllXtl LLUUfll tt..!Dflflt:l~ tVltJ~llJlmVllxtlLLUUrrl tt..!Dflfl'El~ lJ1.lJlnn~lVl~-.l 
~tlLLUU 
'lJ 

2.4 n1'iU'ln"lJ'fl'l'i:;uU~'lU'lt..!~'luPi (addition for double-base number system) 
oM OJ 

-.llt..!:=j~tJ'lJ'El-.l~iJYl~'Elyj (V. Dimitrov) [3] lJ1n fll'ln-.l LLt..!'l~Vl~t..!~lt..!~lVlfum::u'lt..!nl~ ... 
U'ln'lJ'El-.l~::uu~lt..!fiH~-.ld nt:lt..!~"l ::vhnl~U'lnvl'lvr-.l LL~::vl'lU'lnvl'El-.l~Vl1tXmnt..!~tl LLUUY11t:llJ 

0.3 'U 'U 'U 

u'lnn!lt..! (addition ready DBNS: ARDBNR) tVltJ1tXr1lDmlJxtlLLUUY11!llJU"ln~-.ld 
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ihl'UJ 3 ZULLUU'I'l1'ill-JU'Jn (ARDBNR) ~t:l lliLL1J1JLLY1U~')Uf)u'lUJ::1J1J~')Uf)U!')u~riiJJiJ 

(ihLLUU'.JriiJri,)f1~m{;/rfurf.J'lULLUf)Uf1ULLfI::LLUf);.J 

--llu~~tJvY--lnrh'J 1Ji L~Ut:ln1nU~tJuzu LLUU LL YlU~lu'Ju1111l1 U1:;UU~lU'JU~lU~1iX'il~ 
1 uZu LLUU'I'l1t:ll-Ju'Jn Ll1m 1-ifn{)'~u ~1\.JL ~ tJ--l ~t:l--l n!] vY-Jd 

..J 
n!]Yl 1 n!]n11fWlLLtl'J (row reduction) 

i3j + 2i+13j = 2i3j+1 

..J ~ 
n!]Yl 2 n!]n11rWIVlrm (column reduction) 

i3 j + 2i3j
+
1 = i+2 31 

~lnn!]~t:l--l-ift:lvY--ln~1'J~1l-J11tlLL~Vl--l1iXL-ih1~~ltJMvY--lZU~ 2.2 LLf'1:; 2.3 vY--ld 

y' 

3"-1 

3"-2 

y" 

3"-1 

3"-2 

~--+---+---~--~ 

~--~--~--~~ 

2M 2M 

~--~--~--~~ 

2; 2M 21+2 

y" 
~ 

3"-1 

3"-2 

..J 
ZUYl 2.2 n!]n11f'1VlLLtl'J 

2; 2M 21+2 

~ 
y" 

3"-1 

3"-2 

u..J ~ 
Z Yl 2.3 n!]n11f'1VlVlf'1n 

m:;u'JUn1 1U'Jn ~ 1l-J1 mvi11J1LVltJU1l'l1 11--l LL~ Vl--l ril vl'J vr--l LLf'1:; l'l1 n--l LL~ Vl--l ril vl ')U 'J n ~ 

mJ1u1u LLUU'I'l1t:ll-JU'Jnl-J1-nflUl1UrlU LVltJtl1 vi 1 LL VI,j--l~ J:J f11'lJ'il--l vl'J vr-J LL f'1:; vl'JU'Jn tl n-nflUl1UrlU 
" " " 

(collision active cells) ~:;v111iXLnVl~ltJn11YlVl1uVI~nnVl1u'lJ'il--l LLtl'J L~mrlU LVltJJ:Jn1 1t:lTIU1tJ 

LL U'J fl'J1l-J fi Vl vY--l n ~ 1'J Ji'JtJ vl'JuBu""'&in 1 1Yl1--l l'l nn ~ 1 ~ l'l fvY--ld 

rl1V1UVl1iX Ip,}) LLlUf111uvi1LLV1,j--l~ (i,j) 1Ul'l111-J~tNil~~1-iilun1nL~Vl--lf11'lJt:l--l x 1iX 

I/i,j) LUUf111uvi1LLVI,j--l~ (i,}) 1Ul'lln-J~fl--lil~~1-if1un1nL~Vl--lf11'lJ'il--l y LL ~:;1iX Iz(i,J) LUUf111u 

vi1LLVI,j--l~ (i,j) 1Ul'lln--l~fl--lil~~1-iilun1nL~Vl--lf11'lJt:l--l z 
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~-lJL..lllvlf'l::;t?illlV'lll-l1L..l1?l1'i'''h'l~t:l-l~~~1·if'h.!n1'i'Ll~Vl-lfil'lJ'El-l z = x + y ~lJ.-Jl'i'ml~Vl-l 
1J1J1,)tJn!JMwir'il~-ld 

.J 
nDYl 1 Iii + 1 J) = IJiJ) AND IJi.i) 

.J 
n!JYl 2 liiJ) = IJiJ) XOR ViJ) 

r.nnn!J~ 1 ~-lc.Jf'l1,x lilVl ~ltJn1'i'YlVl~~ ::;lilVl:nL..llL..lV'l«nnVl1uuvlJ1')m~t:lL..l1'lJ'lJ'il-l fil~~::; 

ulJ.-Jlu')nnL..l'El~1L..lzUllUUYl¥'ilJ.-Ju')m111,xlnVl~ltJn1'i'YlVl hi lilL..lV'lct-l,rW~J.-J'il ~,)L..ln!J~ 2 1lJvh 

1,x Ln Vl ~ 1 tJ n1 'i'Yl Vl 

m.h-lhnl?llJ.-Jc.Jf'l«Yl1fV'l«-l~lnn1'i'U')nJL..lt:l1~ 1lJmJ1 L..l'i'U LlUUYl¥t:lJ.-Ju')n ~-lJL..l~-l~'El-l~ 
" " 

liiJ + 1) = liiJ) AND Iii + 1. i) 

Iii +2.j) = liiJ) AND Iii. i + 1) 

1J11L..l'i'::;UU91L..l,)L..lJ1L..l~ uvl LLL..l,) fiVl~-lmh')rr-l1lJ1J1L~L..lt:l~finl'i'U l n!Jvll-ll J.-Jl H~ ¥1-l LUL..l 

~ cJ..... I ..J!'... .J 11 I II IV 

'lJL..lI?lt:lL..ln1'i'u')n'll-lJ.-Jc.J f'll?lt:l L,) f'llYll-if'lL..l'lJL..lI?l'ElL..ln1 'i'f'l VlZU LYl'EllV'1'Elr.Jl L..lZU LLUUYl 'i''ElJ.-Ju')n LLf'l ::;tJ-l 

1lJ1J1~l'w-lii-ln nu~ lfll:tvll-ll ~~lJ.-Jl m lnVl:nL..l1J1r.nn~ltJn1 'i'YlVl~ LnVl:nL..l 

vl'ilJ.-Jl1L..lu f1.fl .2005 1J1~-l1L..l~~tJ'lJt:l-lYllW'11f'l1 (Pankaala) [6] 1J1Ull~L..l'El 

LLL..l,)f1,)lJ.-JfiVl L~J.-J L~J.-J1L..lm::;u,)L..ln1'i'u')n lVltJ1J1 L~L..lt:l~ln1 'i'u')n Lf'l'lJ1L..l'i'::;UU~1L..l,)L..l~1L..lfiJL..l ... " 
~lJ.-Jlmvh 1J1lVltJn1'i'UlI?l1'i'1-l'lJ'il-lvl')vT-l LLf'l ::;vl')u')n~'il~l L..lZU LL UUYl ¥t:l J.-Ju')n J.-Jl.n'ilL..l'l'lUnL..llVltJ 

~ .. .J1 '" "1 U '" ,,!:. a ."1 "'.. -t U .J ."1 1u1!e4 c.Jf'lf'lYlfiYl Vl~::;'ilr.J ,L..lZ LLUUYl'i''ilJ.-JU')nVl')tJL..lL..l~lLu L..lI?lt:l-lYl~lm<nmz lLUUYlLuL..l Vl 'L..ln1'i' 

.n'ElL..l'l'lUnL..l lVltJn1'i'.nt:lL..l'l'lUnL..l'lJt:l-lt?il LLV'lll-l~~fil~ ::;vh 1,x LnVl~ltJn1'i'YlVl1UYll-l'lJ,) 1 LvhJL..l ~-lZU 

~ 2.4 lVltJt?ilLLV'lll-l~~fil i3i ~-lLnVln1'i'.nt:lL..l'l'lUnL..l~::;LL~Vl-lJ1')mfli'il-lV'lJ.-JltJn1nU1Yl ~-lJwn'El 
~~l'i'rWl LLf1,)YlU~l t?i 1 LL V'lll-l'lJ'El-lV'l« n~ ~ VlnL..l~ ::;1lJ~ c.J f'l vl'il ~ ltJn 1 'i'Yl V1 ~-lJL..l-l l L..l~~ tJd~-l 1J11,x 

f1,)lJ.-JV'lJ.-JltJ'lJ'El-lZUUUUYl¥'ElJ.-Ju')nlV'1lJ (weak addition ready DBNS: WAR) ~'El ZULluu~1lJ~ 

t?il LLV'lll-l~~fil.n'ElL..l'l'lUnL..l LLf'l::;1lJ~t?il LLV'lll-l~~fil'il~~V1nL..llwLm L~tJ')nL..l lV1tJ f'l V1 f)')1J.-J L-irJ.-J-l,)Vl 

'lJ'El-ln!Jf'l-l LLf'l::;l,xm~rlJll?ll ,xZU LLUUYl¥t:lJ.-Ju')n~lJ.-Jlm LnV1t?il LLV'lll-l~~fil~V1nL..ll Wl~,)V'I«n 1J1 ~::; 

vh l,xn1'i''il'iln LLUU,)-l~ 'i''lJ'El-ln1 'i'u')n~f1,)lJ.-J~ltJ:nL..l 



... 

X y 
yl 

r---+---~---+--~ 

y2 
L-__ ~ __ _L __ ~ __ ~ 

nJ~ 2.4 mnnVl~1tJn1JY1Vl'JJ!l,m~rum~-if!lU~un\.l'JJ!l"vl1ll'vn.J,,~nfh 
" 
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~!l"'ll!l,,1ULLtl,)l~tmlulJlL'llumnnVl'll!l,,~nfh~1lJ'll!l"~Vlflu1ULlu,)LLn,)l~mn\.,l~,,~tJ~ 2.5 ~" 
" 

mnnVll"'VJm~rul'lludr.hlUU~!l"~91~ru1lUU~l~1j1um~tJfultJ~t1U~tJllUU'U!l"c.Jf'H~\''lfi·h~!l~ 
1u~tJ LlUU'v'l~!llJu')n lct!l"91n~1rhnm n:nnDm~f'lVl Llrl'JlJ11-if llfhEl199::: LnVlf1,)1lJ ~Vl'v'lf'l1~ lJl 

l'llU m99:::lnVlm~U1nDm~f'lVllLtl,)lJ1H~1-if!lUflulJl L~t1H~1",fu'll!l" i3i flU i +13i llf'l::: i +13i 

flU i +23i 9:::'v'lU~1'll!l" 2i+13i nnHii"~!l"f1f"Yh1~c.Jf'lft'v'lffLn~f1')1lJ~~'v'lf'l1~:nU ~",rU1\.m1~ 
'lJ 

31 

yl 
r---+---~--~--~ 

y2 
L-__ L-__ ~ __ _L __ ~ 

~tJ~ 2.5 [;l1n"~!l"JJ~mru~l~1j~nfh~~flU~1lJ'll!l" 
'lJ 

~",rum~f'l~~tJ1~!l~1u~tJlLUU'v'l~!llJu')n,ru9:::Hl~t1"~!l"nD~"d 
nD~ 1 nDm~f'l~'ll!l"~-if!lU~U (collision reduction rule) 

2i3j + 2i3j = 2i+13j 

nD~ 2 nDm~f'lVllLrl,) (row reduction rule) 

i3j + 2i+13j = 2i3j+1 

vi!llJ11utJL~mflU flunBlJ (Ibrahim) [7] lJlYi1mn~U!l,)"9nL!lu:::~!ln~1",fum~ 

u')m:::UU~1U,)U~1U~L~t1H'lhtl"1UtJ~:::~1Yl~:::~UlY1t1lJ (cellular neural networks) L~t1n 

!l!ln llUU lUU~!l"~U[;l!lU~!l ~U[;l!lumn,)lJfh llf'l :::~U[;l!lum~~~~tJ1~m.nu~tJ LLUU'v'l ~!llJu')n 
" "" 
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,TUl?1tl\..!n1 ~~'Jl-J fh~1l-J1 mvh lrJllVltJ1-ifm1iftlul-1unu'lJ'tI'll?11 n'l ~ 'tI'l n ~ L 1,,1jj tlUr;)'l~1c;') 
nfl1'J H LL~'J lu'l1u,;)4'wltlu1,,1ii1d ~'l,Tul?1tlud"l:;1-if L'J fn lun1~vi1'l1ULuuri1f1'l~ri11,,1ct'l ~'Ju 

,rul?1tlum~4' VllU LLuul,xtl~lulU LLUUY'l~tll-Ju'JnJuvi11rJllVltJn1~ 1-ifn{Jm ~f'lVl LLfl'J LLf'l:;n{J m ~Yl Vl 
.J _ \I _.... I..J~ I cAl _ _ _ I _ .... ~.",.. 

Yl LnVl"l1nm~'lltlUYlUnU'lJtl'l'Jl'tl'lYllJf11 L 1,,1l-JtlUnU'l1U'J"ltJ'lJtl'lY'l1Um ~1 [6] LLl?1'l1U'J"ltJUl-Jm ~ 

n11,,1UVl ~1 r;)U n 1 ~I'T Vl ~ Ul"ll Un1 n11n{J'lJtl 'ln1 ~f'l Vl LLrl'Jl-J 11-if~ 1"l :;1-if n{J n1 ~~ Vl LLrl'J~"'l VllVl 

ritlU1,,1~'l ;'l~1l-J1mf'lVlut1J1,,111umru~ LnVl'lltl'l~iJri1~VlnUl-J1nn~1 ~'tI'l'lltl'llULLr1'J L~mnul~ 

LVltJ ~1 r;)um~I'TVl~ul "l'lJtl'lm~ l-ifn{Jm ~f'l Vl LLfl'J;Jr;)'ld~'tI 

1 . i +13'+1 + 2i+23i+1 
= i +13i+2 

2. i3i+1 + 2i+ 13i+1 
= i3i+2 

3. i +1 3i + i +23i = i +13,+1 

4. 2i3i + i +13i = 2i3i+1 

Ld tl~"l1 n1J1"l1 n n{Jn 1 ~I'T Vl ~u 1 "l r;)'l n fl1'J"l :;Y'lU~1 04' tJ 1,x f1'J1l-J ~ 1 r1 t1J n U ~ tlUr;)U ~;J 

f1'J1l-J~1r1t1J ~'lluu'l~tlur;)u~;Jf1'J1l-J~1r1t1J~11,,11tlnfl1'J 1,x L'ih 1 "l~ 1tJ~U~tln 1 ~~"l1 ~ru 1n1 ~ l-if 
n{Jm ~f'lVl LLfl'J"l :;~"l1~ru1"l1mJ'J11u-if1 tJ LVltJ~"l1ru1"l1n~1Ufl1'l~UUU "l1nm ~l-ifn{Jm ~ 
I'TVl~ul"lr;)'lnri1'Jvh 1,x~tlur;)u~;Jf1'J1l-J~1r1t1J~1n~1"l :;'Jn~"l1 ~ru 1 n1 ~ l-ifn{Jn1 ~~ Vl LLr1'JV1"" ~'l 

L~l-Jtl vi11,xn1n11~f'l~Y'llfU1'l~'Ju lu1-ifritlU~"l :;vi1m~U'Jn L~ 1"l ~uvi11~mn 
r;)'lJulUUf1.f"1. 20061~;J'l1u,;)4'tJ'lJtl'lLn1tJ'ltJYlfiLL~:;tl~~rl~Ylt [8] 1~L~u'eltl~ntl1Yil-J , 

m~u'Jn~11,,1fu~:;UU~1U'JU~1U~ ~'liJ~1ULUU~tl'l LLf'l:;~1u'JUL~l-J1Vll ~n...,ct'l~1U'JU ~'l1,x 

~~~Y'llf'tl~i1ws1UL~tJ'Jnul u~u LLUUY'l ~tll-Ju'Jn LVltJ;Jf1'J1l-Jiu-if'tlUL=fi'l L'J £'n ~ 11,,1 fUtl f'l n'tl1Yil-J m ~ 
" ...., 'lJ 

U'JnLUU 0 (m) LVltJ m ~tl'lJU1Vl'lJtl'l~ULLUULL~Vl'lri1 
" 

tl f'lntl1Yi l-Jn1 ~U 'J n;Jn1 nJ.1tl ~ n'tl1Yi l-J LLtJn l?11 n'll-J1'll'J tJ 1 u,T Ul?1't1U 'lJ'El'l n 1 ~U'J n LVl tJ 

tlf'ln tl1Yil-J n1 HL tJnl?11 n'll-ifl un 1 ~n14' Vl vi1 LL ml'l~iJ ri1 ~ VlnUtl'Eln lu LUU~'El'll?11 n'l~tltJ1 U 
'lJ 

~~~Y'llf~VlYf1tJtl~lUlU LLUUY'l~tll-Ju'Jn1,,1ii'll?11~1'l LVltJ l-if L 'J~11um~vi1'l1uLYhnur.hu'JULLr1'J'lJtl'l 

~ULLUULL~Vl'lri1 
" 

tlf'lntl1Yil-Jm~LLtJnl?11n'l;Jm~rl1""uVl~1r;)un1~1-ifn{Jm~f'lVlLLfl'J~LLllU'El~L~tl~Vlm1l-J 
rl1n'Jl-J LVltJl,xf1'J1l-J~1r1t1J'lJtl'l...,~n~ritlu...,~n~r;)'ld 

1. i '3' + 22/+13' = 22i3'+1 
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L~t:lUII:-J~~Y1tfiOllnfl~nt:l1Vil-J LLrJn!'nnml j''1l-Jnuvl' 'H.Jn 1 j'oift:lUvlU nUiOl :;1vl'~ 1 LLfl '1 ~ iJ 
f'i11.h:;~1 LLm1!'fltJ~£'lC;)iOl :;'El~i1unJ LLUUY1¥'Ell-JU'1n L£'ll-J'El 101L ~£'lIl-JlmUI LLm~iJf'i11.h:;~1 LLfl'1 • \l \J 

1!'EltJ~ ~c;) 11J LUUI:-J~~Y1tfUI-J~'1U'iJ'El-Jm j'U'1n lvl'vlUYl ~-J £'l1l-J1 j'flU II:-J ~ ~Y1 tf~-Jn fll'1 hn oif-JIU lvl' 

tc;)tJ~hj~1 LUU~t:l-Jj't:lL~m:;U'1Umj'u'1nYh-JIUiOlUL£'l ;iOl~U 

< 

2.5 n1'iPlru"1J'fl-3'i:::tJtJ~1'U'l'U~1'UFi (multiplication for double-base number system) 
" ... OJ 

-Jlufj9tJ'lJtl-J~ijym),r'j (V. Dimitrov) [3] lvl'nfll'1ii-JLLU'1fiC;)~U~IU~I1Afum:;u'1umj' 
flru'lJ'fl-Jj':;UUtj"luf'il~c;)tJm~tJm:;U'1Umj'U'1nLUU~Utj"IULumj'~ILuumj' mj'flru~t:lmj' 
\J .u (lJ .u \J 

- L i j _~ ij AxB - A x b 23 - L..J Ab 23 1,/ 1,/ 1./ 1./ 

iOlln£'ll-Jmj'irl-J~U mj'fJruLuumj'j''1l-JnU'lJ'El-J!'l'1~-Jnu bjj Lc;)1 tc;)tJtlll-J'fl-JLUUlu!'nn-JiOl:;L~U~1 
!'l'1~-JiOl:;CJnL~t:lU!'lILL1At1-J L~l-J;U i !'lILL1At1-JLULLU'1U'ElULL~:; j !'lILLV1t1-JLWLU'1~-J LL~'1~-JUII:-J~ 
'lJ'El-Jmn~'ElU!'l1 LL1At1-J~-JV1l-JC;)l-JIj''1l-JnU Lc;)tJ£'lIl-JIj'fl LL£'lC;)-J LUWlIY11vl'~-Jj'u 2 .7 

\J 



= 

= 

3° 
31 

32 

33 

3° 
31 

32 

33 

x 

L--'--------'-_-'------' 

2° 21 22 23 2° 21 22 23 

3° 3° 

+ 31 
+ 31 

32 32 

33 33 

. 1.,1 ~" ~ '-."1 
1uYl 2.7 n l'i'f1CW'1Jfh1 11 LL~~ 11 LVl~~~Y-HHuW 121 
" " 

12 

2° 21 22 23 



.... 
'U'VI'VI 3 

o ...... q I I 0..... I 0 """" 

mIVl11'Wl.m11~UW·1'J1J..JiJ-lmmJ1nm1mIVl11'W'Wn 1 IU'Jn m1J..J iJ-ltJ 1n'lJ tl-ln 1 IVl11 'W'Wn 1 I~U 

~llmlc;)1IU'WmlflU1J.J ~1J..J1 In 1-nl-1 ~nm!n1 loDll'WvlU'lJtl-l [;11 11-l vl 'J ~-lIL~:::[;11 Il-l vl'J ~ul 'Wm I 

1Xn~l-l'lJtl-lr;ll LIV1,j-l~nfh L~tJ-lll~l-l L~m lJllcttl-l~ l nmllm~~nr;l111l-1,j-l~nr11fl-lIV1~tltl~1'W 

nJ IIUU ILYl'W~l'W'J'W'lJtl-lvl'J ~U vh l1Xvltl-lnm nJfu LtI~tJ'W Itl LLUU LL Yl'W~1'W'J'W'lJtl-lvl'J~-lV1111 vl'J ~U 
~ ~ 

LVltJtll::iJn[;11oDn!Jml~Vl LLrl'Jl-1111n!Jm I~ Vll-1~n LCiltJ m ntl ~tJ'WXtl LLUU LL Yl'W~l'W'J'W~l LU'Wvlll-l 

vhm ntl~tJ'WxtI L ~tll1X LiiVlm 11Xn~1-lrl'W'lJll-lr;l1IL V1'Il-l ~nr11~1 nm loDt:l'WvlUrl'W'lJ ll-l [;11 n-l vl'J~-l 

LLfl ::vl'J~UJl'JtJ ~-lm 1c;)1 Lu'Wml~uJl'JtJmntl~tJ'WltI LLUU LLYl'W~l'W'J'W~-ln ri1'JJ'W1J.Jn'1fim I 
~ 

tI fu Ltl ~ tJ'W~ fl-l~vh 1 ~J.J ~ 1J..J1 In fl1 Cilm !rum 1J..JiuoD tl'W L =B-l L 'J ~ l'lJll-l!l ~ n 111~J..J lJl LL fl :::tl1~n 

l-1~ltJ'1fil 'Wn lltl fu Itl~tJ'WltI LLUU LLYl'Wr11L 'Wm Ic;)l Lu'Wm I~U Yl~l mJ1~ln vl'Jt:l~l-lm I 
~ 
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lULLUU LLYlU~"n,J'lU'lJ'il'lr11 L~'lvl'l Lf1'lJ 24 "l::'v'lU~lm~~1 Lilum~f1u LVltJLmfim ~-n'ilu~unu'lJt)'l 

vnn'l~t)'lVlln'lL~tJ'lm.h'lL~mhJ~Ij.Jlmvn~f1~'v'lfi"llnm1f1ulJ) L'v'l~I:::~ltT'liJvilLLv,.J'l~iJr11 

fl'l L'l-Ifit)t)~LuVlln'l'lJt)'llU LLUU LLYlU~IU'lU'lJt)'lvl'l f1U v1'lJU9'l~1 Luuvlt)'liJm1ufu LU~tJU 

~U LLUU LLYlU~IU'lUL ~t)L~~Ij.Jl m'l-ll ~ f1 ~'v'lfi"llnn l1f1ulJ) LVl tJm 1~1 L ilUn11f1UmJ)'l-If11tJ~fi .., 

~ut)~nu~fim 1U fu LU~tJUlU LLUU LLYlU~IU'lU L'llU 

16~ 1 "l::':hn!Jn11f1Vl LLn'lj.J1L-nnulU LLUU LLYlU~IU'lU'lJt)'l r11 L~'lvl'l Lf1'lJ 54 

ufu LU~tJU 1U LLUU LLYlU~IU'lUL~~Ij.Jl1nYlln11f1U J)'ltJn 11~fi-nt)u~u'lJ'il'l Vll n'llJ) v1'l~ Ll~ Vl'l .., 

Vllj.J1U~ 3.3 Lnt)ufu LU~tJU1U LLUULLYlU~IU'lU'lJt)'lr11 L~'lvl'lLf1'lJ 54 ;'llUUvl'l~'l LL~'l "llmJwJl .., .., 

o I ..J _ t;........ a I ..Jq I ~ .. 

VllLL'l-IU'lYlLnVln11'1ltlUYlUnU'lJtl'lVllLL'l-IU'lYlj.Jfl1'lJt)'lYl'l~t)'lVlln'l (collision of active cell) '1l'l"l:: 

lJ)~ f1~'v'lfiLuuhjiJr11LUvil LL'l-IU'lJUL UVlln'l'lJt)'lvl'l~'l LLf1::Vll n'l'lJtl'l vl'l f1U v1'lJuvi 1 ~1'l'lJ'il'l vl'l 

f1uLuYlnvil LL 'l-IU'l"l ::hJiJr11 L'l-I~t)t)~ i Lf1tJ'l-I1t)iJr11 L~'lvl'l Lf1'lJ LUU~UtJ v1'lJU~f1 ~'v'lfi'lJt)'lm 1f1Un~t) , '\l 'IJ 

L-nn!Jm1f1Vl LLmflf'l~ 1 

2133 = 2132 + 2232 

1-ifn!Jm~f1VlLLmflf'l~ 2 nUr11 i32 

2133 = 2132 + 2232 = 2132 + 2231 + 2331 
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1fi~ 2 1-ifnDm'i'~Vl bbrYlrlUl1.hbUU bbYl'W~l'W'"l'W'lJtl-..l~lb:n'Wl'"l b~'lJ 54 u~::1-ifnDm'i'~Vlj,\~nrlU 

'i'UbbUUUYl'W~l'W'"l'W'lJtl-..l~lb:n-..lvl'"lb~'lJ 24 vl-..l'i'U~ 3.5 bb~::: 3.6 [1]llJ~lvlU 
" \J 

3° 

31 

32 

33 

3° 

31 

32 

33 

3° 

31 

32 

33 

2° 

2° 

21 22 23 

21 22 

'i'U bbUU LLYl'W~l'W'"l'W'lJtl-..l~l b :n-..lvl'"l b~'lJ 36 
" 

~ 

~ 

3° 

31 

32 

33 

3° 

31 

32 

33 

3° 

31 

32 

33 

2° 21 22 23 

22 23 

'i'U bbUU bbYl'W~l'W'"l'W'lJtl -..l~l L :n-..lvl'"l L~'lJ 6 
\J 
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LLI11 Lctfl'lr.nn~1~'liJv11 LLVlU'l~iJ rl1 LVI ~fl fl~L i...lVl1 'n'l'lJfl'l Xu LL UU LL Yli...l~ 1i...l')i...l'lJfl'l r;l') ~U 
c;)'lJi...l~'larfl'lYhmj'~Ul11fl1tj L(MJ"j1nDmj'~~ LLrl,)J-J11-ifnuZU LLUU LL Yli...l~1i...l,)i...l'lHl'lrl1 L =fi'l r;l') L~'lJ 
36 LL~~r;lflJ1,)tJnDmj'~~'1lfl'l~ojj'fli...li1uni...lLi...lv11LLVlU'l'lJfl'l 223

1 "l~lJ1~'lXtJ~ 3.8 VI~'l"llnJi...l"j1 

V11j'1'lj'ULLUULLYli...l~1i...l,)i...l'lJfl'lrl1 L=fi'lr;l') L~'lJ 36 ~lJ1Yhmj'ufu LU~t1i...lj'U LLUU LL~,)J-J1ojj'fli...li1unu 
~ ~ 

2° 21 22 23 

3° 

31 

32 

33 

1-ifnDmj'~~LLrl')nU 223
2 "l~1J1 

i32 = 223
1 + i3 1 

1-ifnDmj'£'l~'1lfl'lojj'fli...li1U nUrl1 223
1 "l~1J1 

223
2 = 223

1 + 223
1 = 2 1

3
1 + 2 1

3
1 + 223

1 

3° 

31 

32 

33 

2° 21 22 23 

3° 

• 31 

32 

33 

! 
2° 

3° 

31 

32 

33 

j'U~ 3.9 j'tJLLUULLYli...l~1i...l,)i...l'lJfl'lrl1L=fi'lr;l,)L~'lJ 30 ~LUi...l~£'l"llnmj'£'luJ1')~~TI~ 2 0 
~ 'IJ 

~£'l~Y-Ifi'lJfl'l~'1~fl'l~TIniJj'u LLUU LLYli...l~li...l,)i...l~ LLVIn 1111'1 ni...l L ctfl'l"lln LLI11 ~ ~~TIiJfl,)1J-J1111'1ni...l'lJtN 
~ 

nlj'"j1nDI111..Jl J-J1L-ii1i...lnlj'ufu LU~t1i...lZU LLUU LLYli...l~1i...l,)i...lL~flL-ii1i...lmj'dl1 LQi...lmj'~U ~..J LnVllJ1 

~l~fi~ 1 iJ.rri...lVlfli...lLi...lmj'vi1 LQi...lmj'£'lu~iifltln~l~TI~ 2 LLl11m j'~"l~ LU ~t1i...l j'U LLUU LLYli...l~li...l,)i...l 
~ . 

'lJfl'lr;l,)~'l L ~mr;l,) L~t1,)fltJ1'l~~fi~ 1l'i1nLojj'hJ1J1nuYlnmruL~J-Jfllu r11v11 LLVlU'I ~iJrl1'lJfl'lr;l,)~'liJ . 
~1i...l,)i...lJ-J1nc;)..Jj'U~ 3.1 0 n"l~l'i1LLXnlj'LU~t1i...lj'U LLUU LLYli...l~1i...l,)i...l'lJfl'lr;l,)~'liJfl,)1J-JtJ..JmnJ-J1n~i...l 

~ ~ . 
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ldt:l'l'"l1n~1 hJ~1l-J1~nilJ)~1r1 'l~'"l::L.nnD L~Hluv11 Ll 1Il'll'lLCi1nmJLUn1mJ ~t1UltJ L~t:l HLUn1 ~ 
~1 LDun1n~UL,xtJ~::~U~~~1 L~'"l M 

2° 

3° 

31 

32 

33 

3° 

31 

32 

33 

ltJ~ 3.10 ZU LLUU LLYlU91U'lU'lJt:l'lf11 L:n'lvl'l L~'lJ 54 

21 22 23 2° 21 

3° 

• 31 

32 

33 

22 23 
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911..l'l1..l'lJ'El-l A1 L 1-l iil'Hfl'lJ 149 1 ~~1 L~"'llJi',r1..l~ fl'lll-J~-ltl1nL~rl-l"'lln !Xrl-l1-nnD vl1-l11 1..ln1 j' 

LU~tJ1..lj'U LLUU LLYl1..l911..l'l1..l'lJrl-lA1 L1-liil'l Lfl'lJ 216 1~~~1 LL'v1W-l~~A1(1lNnU~1 LL'v1U-l~nA11 1..l 
'IJ 

• I 0 , .. ~ ..J 0 ,,~~ ~ ".. .,J • I.,J • I 
j'u LLUU LLYl1..l"'ll1..l'l1..l'lJ'El'l m L'll-l(1l'l Lfl'lJ 149 LWrlYl1n1j''ll'El1..lYlun1..l ,(i) 'll'ln1 j'Yl"'l ~LufltJ1..l j'u LLUU LLYl1..l 
'IJ 'IJ 

911..l'l1..l~-ln~ l'lfihn'll Lirl-l~ltJ ~-ldLW n~hJ~1l-J1 nl m(i) L(i)11Ji'~lA'l j''''l ~1-nnD 1(i)nrl1..l'v11rl1-nnD~ 
~1 U m.l'l1r1l nrl1..ln-l"'l ~~1l-J 1m'v11 j'U LLUU LL Yl1..l911..l'l1..l~ ~1l-J 1 nn111 ~ Ln r1ln1 j'-n rl1..l-0'un1..l'lJrl-l 

'IJ 

~1 LL'v1U-lJi''ltJ 11..lYl1-ln ~Un1..ln1"'l ~Yhm j'flUn1..l j'~'v1~1-l j'U LLUUmnLYl1..l911..l'l1..l'lJ'El-l A1 L1-liil'l Lfl'lJ~ 
'IJ 

l-J1nn~1 LLfl~fi ~911..l'l1..l'lJ rl-l ~1 LL 'v1U-l~ ~ A 1'El ~l-J1nn ~ 1911..l'l1..l'lJ'El-l ~ 1 LL 'v1U-l~ ~ A 11 1..lZU LLUU n 1 j' 

o , .. v .,J" 'v .I.,J .I.,J 0 v .IV . I .,J 
LLYl1..l"'ll1..l'l1..l'lJ'El-lmL'll-l(1l'lLfl'lJYl1..lrltJn'llr1l-lj'uYl 3.14 LLfl~j'uYl 3.15 (1l1l-Jfl1r1lU n1j'uj'ULufltJ1..l 

'IJ 'IJ 

ZULLUU LLYl1..l911..l'l1..l'lJrl-lA1 L1'liil'l Lfl'lJ 1 ~-l LU1..liil'lflU hJ~1l-J1nlY<h lJi' L ~rl-l"'lln~l ~l LL'v1U-l~~A1 

'lJ'El-lj'U LLUU LLYl1..l911..l'l1..l'lJ!l-lA1 L1-liil'l Lfl'lJ 1 hJ~1l-J1mufu LU~tJ1..l1u1~(1lNnu~1 LL'v1U-l~~A111..l 
'IJ 

o 
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_ I ..J, 1 .. --r..J _ ~ ...... 
"l1 n vl'".ltl m~Yl ~11.J).J1 "l :;Y'lUr:l1 U t1JVl1Yl Ln ~'lJ1.J'lJtl~ m ~ftU fltl 

ell .,J 0 1 "'1 .I.,J .1 0 1'" .." v v 1. mnfttlnn{JYl"l :;1.J1).J1 'll 1.JmnufttJ1.Jlu LLUU LL Yl1.J"ll1.Jr:l1.J VI~ 1).J1 ~ClLn~m ~'ll tl1.JYlun1.J 

1:;VI~1~vi1 LLVlll~~iJf11'lJtl~vlr:lvT~ LLft:;vlr:lftU L~mi11,xvi1 LLVlll~~iJf11']Jtl~vlr:lftUVI).J~ LU 

2. m n~tln~lf1r:l 1"l:;vi 1m nu ~ tJ1.J 1U LLUU LL Yl1.J~l1.Jr:l1.J'lJ tl~ vlr:lvT~Vl1tl vlr:l ftUVl1tl r;ltl~vi1n 1 1 
" 

ufu LU~tJ1.J 1U LLUU LLYl1.J~l1.Jr:l1.J'lJtl~~~~ tl~ 
" 

ell 0 '1. 1 o.,J". I.,J • I~. 1 ,.,J ell 1 '" 
3. mnfttlnvl1LlVl1.J~ 1.JluLLUULLYl1.J"ll1.Jr:l1.JYl"l:;[;ltl~t:JmufttJ1.J~u Lu[;ll).Jn{J[;ll~l YlLfttln).J1 'll 

4. mnmtJu LYltJUf11 L :n~vlr:l Lft'lJ'lJtl~ 1U LLUU LLYl1.J~11.Jr:l1.J11.J1:;UUt.j11.Jf1 
" ~ " 

L~tl'lJ~!?)Un.JVl1~~VI).J ~(;)~~n fi1r:l).J1 LLfir:lif1~ r;l1.J 0~tJ~~iJ LL1.Jr:l fi~ 11.Jn11~ (;j.j1.J1n1 1 

o -. ..,Jq 0 _..J I 11 ... J ....,., 1 " 
~1 L 1.J1.Jm 1ft U Yl).J ft 1 ~UYl LL 1.J1.Jtl1.J~r:l tJ m 1u 1:;tJ n [;l LL 1.Jr:l fI ~ 1.Jm 1~U'lJ tl~ 1:;UU Lft'lJ ~lU~tl~!?)r:ltJm1 

ftu11.JVI~n~iJ f11 L :n~vlr:l Lft'lJ~ln~lLUtJ~VI~n~iJ f11 L :n~vlr:l Lft'lJ~~n~l ~~m1ftu11.J 1:;UU~11.Jr:l1.Jt.j11.J 
" ... 

,0 1 !::. ell v ell ~ i,..j J " , .,J 'i' 0 ... v 

'!j"l:;Yl1m1ftU 1.J1:;UULL1.Jr:l[;l~Vl1mL1.Jr:lVlftnfltl .l..Jj 2..5 L).Jtl i LiJ1.JfI1f1~Yl L~tJYl1m1ftUYlft:;VI~n 

"lln·ih tJLum1 "l1.Jn~l vi 1 LL Vll.l~~ iJ f11'lJtl~ 1U LLUU LL Yl1.J~ 11.Jr:l1.J'lJ tl~ vlr:l ftUYl n vi 1 LL Vll.l~"l :;nn 
" '" 

Y1"llm . .n ~~m1ftu1wL1.Jr:lVl~nm"l"l:;Ln~~ltJm1Yl~'lJtl~VI~n'lJtl~vlr:lvT~LLft:;VI~nvlr:lftULUtJ~VI~n 
n~ LUL~ t~tJ~m 1ftU11.JLL1.Jr:lVl~mr1.J~1 LLl1.Jr;ltl~iJmnmtJu L YltJU f11 L:n~ vlr:l Lft'lJ'lJtl~ tL 1.Jr:lVl ~ n'lJ tl~ 
vlr:lvT~ LLft:; LL 1.Jr:lVl~n'lJtl~vlr:l ftU~1f11 L:n~vlr:l Lft'lJ'lJtl~VI~n 1!?)iJf11).J1nn~ln1.Jfitlw;'h LU1.Jm1ftu1wL1.Jr:l 

v J .......,J ."1 ~. I~ ~ 1 v • F-! ... , .. 
Vlftn LY'ltlflr:l1).JfIj'tlUflft).JnmmnmruYlLu1.JLU L~ L1.Jm1ftU 1.JLL1.Jr:lVl~n mnu1tJULYltJUfI1L'll~ , . 

3.1 n1'3L m!.lUL Vi!.luph 1 'lJLL!Jl~~~~n 
UV1~-:S~ 3.1: rhuuPl'lu ak LLfI~ bk Lilul1JLL1J1JLLYlutOj1j.nu'luLLu'Ju~nY/ k 'lur~1J~tOj1u'JUj1U 

,.; ~ k,..j ~ k,..j ~ cl 7'" fj LJJf] ak = .l..Jj dj2 ..5 LLfI~ bk= .l..Jj ej2 ..5 ,P1eJYI d, *- e, '"I~ P1'J1 

ak < bk 51 m < n 

Liff] m ;if] max{j I dj = 1} LLfl~ n = max{j I ej = 1} LLfl::'lUYl1~{;/r~nu-ihJJ 

~~~~ "lln L7=o 1xl3j = 2k (3
n
_1) /(3-1 ) = 2k (3

n
_1) /2 vil1,x~1).Jl1ni'quL~~1 

• 
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~U1l..lL~u'J'vl~n"l:::LLiJn~"l1~n..nn1~~udJu 4 mOl vl'ld 

1. fil L~'lvl'J L~'!J'!J'El'llU LLUU LLYlU~lU'Ju1l..lLLU'J'vl~n'lJ'El'lvl'J ~'lJ-J1nn~l 0 LL~::: fil L ~'l vl'J L~'!J 
'lJ'El'llU LLUU LLYlU~lU'Ju1u~~u'J'vl~n'lJ'El'lvl'J~U ~UU 0 

2. fil L~'lvl'J L~'lJ'lJ'El'l~U LLUU LLYlU~lU'Ju1l..lLLU'J'vl~n'lJ'El'lvl'J~'l LUU 0 LL~::: fil L~'lvl'J L~'!J'lJ'El'l 
" 

lU LLUU LLYlU~lU'Ju1 ULLU'J'vl~n'lJ!l'lvl'J~WJ1nn~l 0 

3. fil ~~'l vl'J L~'lJ'lJ!l'l ~U LLUU LL YlU~lu'Ju1l.JLL U'J'vl ~n'lJ'El'l vl'J~'ll-Jlnn~ 1 fh L ~'l vl'J L~'lJ'lJ!l'l 
" 

" 
4 . fil L~'l vl'J L~'lJ'lJ!l'l ~U LLUU LL YlU~ lu'Ju1 ULL U'J'vl~ n'lJ'El'l vl'Jvl'lU'El iJn ~ 1 fi 1 L ~'lvl'J L~'lJ'lJ'El'l 

" 

'VItl~DtJ'VI~ 3.1: rhUUPlLU a
k 

LLfl:: b
k 

Li1uZULLUULLYlutoilU'JULULLu'Juzrnr1 k LW'::UUr.ilU'JU 

!lU~j Liff} ak = L i dil i LLfl:: bk = L i eil i fmJr1 d, =1= e, "V::M'J'l 

il~n'fl~~~ 3.1 6~n'El1Yil-Jn1~~u1l.JLLU'J'vl~n (column subtraction algorithm) 

Input: aj is a r-column representation in DBNS such that 

Output: 

ai= L i d/3i ;dE{0,1} 

b j is a t-column representation in DBNS such that 

bi= L i e/3i ;eE{0,1} 

when d, =1= ei 

rj is a t-column representation in DBNS such that ri= 92i3° ;gE{O,1} 

a', is a representation in DBNS such that a',= L,,j d l,,/3 i ;d 'E{0,1 },1>i 

b ', is a representation in DBNS such that b ',= L,,j e ',,/3 i ;e 'E{0,1 },1>i 

Consider two inputs aj and b j ; they can be classified as 4 cases. 



Case 1: aj > 0, b j =O 

In this case we will transform aj to be r, + a',. 

Step 1: 

Step 2: 

for (j=n to j>O step -1) do 

If dj = 1 and dj-l = 0 then dj = 0, dj-l = 1, d~+lj_ l = 1 

If dj = 1 and dj_1 = 1 then dj = 0, dj-l = 0, d ~+2j_ l = 1 

if d j,o = 1 then g = 1 else g = 0 

Case 2: aj =0, bj > 0 

In this case we will transform bj to be rj + a', - b ',. 

Step 1: 

Step 2: 

Step 3: 

Jh 
For any J row, 

If ej = 1 then d 'jj = 1 and e 'j+1j = 1 

Apply Case 1 for each a'j 

rj ~ r,from result in step 2 and ai, ~ ai, from result in step 2 

Case 3: a, > b j 
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In th is case we will subtract a j by b j • One-complement technique will be applied in 

this case . Given an is the complement of a, + (+1 where t'+1 =0 then, 

8n= Ln,Jinin j ,'dE {O,1 }, nE{i,i+1} . 

Define : p is max{ j I dj = 1} 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Finding p value 

for (j = 0 to j < n step -1) 

if dj = 1 then p = j 
for (j=0 to j::; p step + 1) do 

If dj = 1 then d;+1,j = 1 

Else d;,j+1 = 1 

for (j=0 to j ::; p step + 1) do 

- --
If d;,j = 1 and ej =1 then d;,j= 0, d;+1,j =1 

- -
If d;,J = 0 and ej = 1 then d;,j= 1 

for (j=0 to j ::; p step + 1) do 

If d ' = 1 then d ' = 0 else d' = 1 
' ,j ' J ' J 



Step 5: 

Step 6: 

Step 7: 

If d i+1./ = 1 then d';+I.} = 0 else d';+I.} = 1 

a', ,b', f- split(a ') 

Apply addition algorithm for (a', ,b') and keep result to a', 

Apply Case 1 for each a', 
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Step 8: a', ~ a';+1 + a', from result in step 7 and r; ~ r; from result in step 7 and 

b', ~o 

Case 4: a, < b, 

This case is similar to Case 3 but the addend and subtracter need to be switched. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Apply Case 3 by sending b; and a; as the input a; and b; for Case 3 but it 

does not need to apply step 7-8 in Case 3. 

b', f- a', from result of Step 1 

Apply Case 2 for b'; 

b', ~b';+1 +b', from result in step 3 and r; f- r; from result in step 3 and 

a', f- a', from result in step 3. 

40 .. 1I _ '-1 I _ .... I Q,.o" I _ .... cv ... 

Yi~'"I'IJ '"l:::V1tl'rY·~~'"l1..l'n fl1L'll-.lVl'lLft'lJ'lJtl-.l a; - b; LYllnUfl1L'll-.lVl'JLft'lJ'lJtl-.l r; + a'r b', LLft:::~ftftYHj 

'"llntlftntl1i1l-Jd1l-1rJLft'lJ 1 ~Vln'IJ1'IJLLmL~mnu 
" o Cit. I cal &.0' cJ 

1) Y11m~'V1~l~rulLLVlft:::mruVl-.l'IJ 

""..,j , , .. ~ .1.,1 .1'i'.1 .. 1" 
n~ru'VI 1 ~ :::'V1U'llfl1 L'll'lVl'J Lft'lJ'lJtl'l a; \jmuftl:J'l.JZu LVltlu~:::tJnVlm ~ 'llnDm ~ftVl LLr1'l 

LLft:::nDm~ftVl1.-lftn LVlmU~t1uzuLLI'IJ r; + a', LVltlfllL:n-.lCll'lLft'lJ1l-1rJmnU~t1ULLUft-.l 
" ........ 1_"" , .... 1_"" qO I 

Vl-.lUU fl1L'll-.lVl'JLft'lJ'lJ'El'l a;- b; LYllnUfl1 L'll'lVl'J Lft'lJ'lJ'El-.l r; + a'r b', LLft:: a', ~:::l-JV11LL1.-IU-.l 

.,I ... '1 ~ .,I ... , :;:. 'i' .,I .... 1 " 
'VIl-Jfl1 'lJ1.-IftnYl k+11.-1~tl k+2 LYllUU LVltlYl a', l-JZuLLUU'V1~'Ell.JU'ln 

""..,j ."'1 .1.,1.1 ."'1 0 . 1.,1 .1 ."'1 ... 
n~ru'VI 2 LuUmnufttluZu'lJtl'l b; Lu'IJ a', - b', LLft:::YllmnLJfttlUZLJ a', LLJU r; + a','Eln 

" .,I"" 
fl f'lvi 11 ~fll L:n'lCll'J Lft'lJ1l-1rJmnu fttlULLuft-.l1u ~:::1.-I~1-.liuVltl'IJ l!1'll1u fll L:n'lCll'J Lft'lJ'lJ'El'l a; 

- b; LyhnUfllL:n'lCll'JLft'lJ'lJtl'l r; + a'r b', LLft:: a', '"l:::rJvllLL1.-Ill-.l~rJfll1'I.J1.-Ift~~ k+1 1.-I1tl 

k+2 ~'Ju b', '"l:::rJvll LL1.-Ill'l~rJfll1'I.J1.-Iftn~ k+ 1 LyhLi'I.J 

.... ..,j 1" ".1.,1 • 1 ... ~ ... .J .. 
n~ru'VI 3 'll one-complement LYlfl'I.JflLLft:::mnLJfttl'I.JZLJL1.-Il-Jtl'I.JnumruYl 1 'll-.l one-

complement L Yl flij flLi'I.J1l-1vi 11 ~ fll L:n-.l CIl'J Lft'lJ'lJ 'El'l n 1 ~ftU LU ~tI'I.J LL U ft'l ~ l-Jl-J ~1 ~ 
" , 

U = A + A 1!1'l11'I.J A - B = U - A - B = U - (A + B) = (A + B) Ljj'El 0 ~ B ~ A ~ 
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" u r;f-.lU'Wf"11L:n-.lr;l,)L~'lJ'lJ'El-.l a;- b; Lvhnuf"11L:n-.lr;l,)L~'lJ'lJfN r; + a',- b', LL~~'"llmr~ntl1Yi~ 

'"l~l~~~~YiffLu'W a', ~LU'Wf'11~.Jn15'Yl(;1~1V1fur;l,)~-.l~iJvil LLV1W-.l~iJf"111'WV1~n~ k+ 1 V11tl 

k+2 Lvht!''W L(;1tJ'"l~L~'W~l.j'WVltl'W~ 1 '"l~Yhn15'V11f"11vil LLV1W-.l~iJf"11~ln~i'1(;11'WV1~n'lJtl-.l , 

r;l')~-.l .j'W~ 2 LU'Wn15'vlli'1~UuVliJf"11nuhjiJf"11 L(;1tJ~iJn15'tJ fu nJ LLuu1,xYi~tl~~1V1fu 
'" 

n15'u')nnUV1~n'lJtl-.lr;l')~U L(;1tJ~1'WLl(;]~~LLrl,)'"l~mtln1f'\~Lu'W1tJ1~~-.lV1~(;1 4 LLUU~tl 
..J - - _ dl .4 d! 0 11 

LLUUYl1 d;J= 0 LL~~ d'+1 J = 0 Ln(;1'"lln do = 0 V15'tl d)-I = 1 LL~~ d,= 0 'l1-.l Ll-J'El'Wl e L'lJl 

~lu')n'"l~hjLn(;1i'11tJn1m(;1 LLUU~2 d;j= 0 Ll~~ d;+1j' = 1 Ln(;191n d= 1 ;-.lL~'El"jl e , , , , 
L;h~lu')n9~hiLn(;1i'11tJn15'Yl(;1 LLUU~3 d;j= 1 LL~~ d ;+1 j' = 0 Ln(;191n d 1= 0 LL~~ d , , )- J 

= 0 ;-.lL~'El"jl ej = 1 L-ifl~lu')n9~vll1,xLn(;1n15'YlC?lltJ~-.lvilLLV1w-.ln(;11tJLL(;]lJJLn'W vilLlV1W-.l 

.J ..J - - oQ • .J I 

Yl k+1 LLUUYl4 d;J= 1 LL~~ d;+1J = 1 Ln(;191n dfl = 0 LL~~ dj = 1 LLVl L'Wtl-.l91n'Jl dj *- ej 

" " " ~ ~ r;f-.lu'W~-.llJJLnC?li'11tJn15'Yl(;1 r;f-.lu'W91mJ'WVltl'WYl 1 n-.l 3 9~lJJvll1,xLnC?lvilLLV1 .W-.lYliJf"1 1Ln'W 

'lJ'W1C?l'lJtl-.l 2 x p ~'EliJ 2 V1~nLL~~ P LLrl,) L~'Elvlln15'f'\~UUVlflnflf-.l1'W.j'WVl'El'W~ 4 9~ 

1
" ~ "" 0 ,~"", '1 ~ ~ '~1 ~ ~ ."'1 
V1~~Yl~VllLLV1'W--1Yl~fl1'El~ 'WV1~nYl k LL~~ k+1 LYll'W'W LL~~ 'W'lJ'WVl'El'WYl 5 LL~~ 6 Lu'W 

m5'tJ5'~~n~6~n'El1Yi~n15'u,)nL~tlvll1,x~~~Yiff91nm5'vll-.ll'W1'W.j'W~ 4 'El~1'W!tJYi~'El~ 
u')nV1~--191nt!''WV1~n~ k 'lJtl-.l~~~Yiff9~nn"jl1tJV11~~~YilnC?ltJvllmru~ 1 ;-.l9~1~ ., 

~ .. ~- 1 ~ ~ ..J 0 .,1- ~ 
~~~Yifml5'~ULL~~f'\ltJm5'YlC?lYlLn(;1 'WV1~nYl k+1 LL~~ k+2 L~'El'Wl a', YlLnC?l91n 'lJ'WVl'El'W 

~ 6 LL~~ .j'WVl'El'W~ 7 ;-.lLU'W5'tJLLUUYi¥tl~u')n~-.lf"1~lu')nn'W9~lJJiJYll-.l~'lJ'Wl(;19~Ln'W ., ., 

k+2 r;f-.lt!''W a', '"l~iJvil LLV1W-.l~iJf"111'WV1~n~ k+ 1 V11tl k+ 2 Lvht!''W 

... ...1 ~ 1" ~ "" ~ "".,I , .. ~ 'i' ..I "" 
n'HUVl 4 'W'W 'l1m'lnm5'LC?lmnUnmm 3 LLVl 9~Ln(;1i'11tJm5'Yl(;1'lJ'El-.lVl,)~U L(;1tJYl b', 9~~ 

vilLLV1W-.l~iJf"111'WV1~n~ k+1 LYhtl'W Ltitl-.l91n1'W,r'WVltl'W~ 2 LU'Wn15'vll -.l l'WLLUUL~mn'W 
1'W,r'WVltl'W~ 1 n-.l 6 'lJtl -.lmru~ 3 ;-.l9~1~C-J~~Yiff~iJvilLLV1W-.l~iJf"111JJLnlJV1~n~ k+1 

LL~~~~~Yifftl~1'W!tJYi ~'El~u')n V1~-.l91ntl'W"jlC-J~~Yiff~'El~1 'W!tJYi ~tl~u')n 1 'WV1~n~ k 1tJ 

o " ""..I.. 1" ~.. ~ ~ ..I ..J - ~ ..I 
Yll-.ll'W(;1')tJmnm 2 'l1-.l9~ (;1~~~Yifjm5'~U LL~~Vl,)Yl(;1'lJtl-.lVl,) ~UYlnnL~tl'Wu Vl '"l1 nV1 ~ nYl 

" 
1

• 1 ."1 ~ ..I ..J 0 ~ ~ ..11 " ~ ..I 1 " k uLu'WV1~nYl k+1 L~tl'Wl b',91n'lJ'WVl'El'Wum ~l5'')~nu b', Yl C?l91n'lJ'WVltl'WYl 4 '"l~ (;1 

~~~Yifj1'WV1~n~ k+1 Lvhtl'W 

l ' "" 1 " ~.. ,.. 'i' .,I, ""'i' .,I "" .,I "" 
2) 'WLLVl~~mrw9~ V1~~~Yifj 3 fl1fl'El r;, a', LLfl~ b', L(;1tJYlfl1 r; ~ Ltlmi'1Yl9~W.fl'lJ 1 YlL(;1tJ') 

~'ElvilLLV1W-.lU'W~C?l~tl 2;3° rh'Wf"11 a', Llfl~ b',9~~915'rwl LL(;]fl~mru r;f-.ld 
... ...1 1 1oCio1 ell.... ciJ 11 J.I 0 ,J , 

n'inJVl 1 a', 9~ ~~L~'lJ 1 VlC?ln'W L'W'El-.l91n m d j = 1 LLfl~ dfl = 0 LL~,)VllLLV1'W-.lYl (/+1, 

)-1) LU'WLfl'lJ 1 LL(;]vilLLV1W-.l~ (i+2, )-1) 9~lJJi'11~15'mU'WL~'lJ 1 Lti'El-.l91n~ 1 d
J 
\JnLtJ~tJ'W 
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, ."'1 .1..1 '."'1 oJ 1 ' 0 1" ... ..1. 1..1 ,0 , ..I 
fnLuU 0 LLfl::: d j-l "'l:::\jnLufltlUfnLuU 1 "ll~ fJYl1 vmj'ruYHufltlUfl11!l1LLV1U~Yl (i+2 , j-1) 

LUWfl"lJ 1 LUU"'l1~ ~')U b', iJr11 LUU 0 (?)~Ju~~hJiJ Lfl'lJ 1 Lfltl 

.... ...1 1 ,... - ~.01 ,... ..I ~..1 ~... '~A. 
n'inJ'Vl 2 b', fJfJLfl'lJ 1 I!lC'lnu LUtN"'lln'"ll fJLfl'lJ 1 YlV1flnYl ;+1 V1flnLC'ltJ')LYl1UU ri')U a', 

LnC'l"'lln6flntl1YifJmru~ 1 ~~1cJ1~~"'lULL~')rhhJiJLfl'lJ 1 &iC'lnu 
OJ 

n'iru~ 3 a', "'l:::hJiJLfl'lJ 1 &iC'lnu Ld!l~"'lln~l a', LnC'l"'llnmj'u')nnUj':::V1~ l~ r11 a'i+l 

"'lln.rrUI!l!lU~ 4 LLfl::: r11 a', "'lln.rrUI!l!lU~ 5 LC'ltI~~~~!l~r111fJiJLfl'lJ 1 &iC'lnu L'V'ln:::~1r1 1 
LLm HL ~t1~V1~nL~t1') ~,)Ur11~~tl~ LnC'l"'lln6fln!l1YifJmru~ 1 ~~ 1cJ1~~"'lULL~,)~11lJiJ 

" 
q ......J .... 1/ .... _4 ..:9. c:::a. IS" 1/ I .... IS" 

Lfl'lJ 1 I!lC'lnu LfJ!lfJ1u')nnUC'I')t1!lflnmYlfJn1 j'u')n"ll~Y1 ~"'lWL fl ') ') 1 ~ fl flYH1"'llnm j'u')n 
" 

"'l:::tl~lUlULlUUY1~'ilfJu')n ~')U b', iJr11LUU 0 (?)~JU~~hJiJLfl'lJ 1 Lfltl 

n'iru~ 4 a', "'l:::hJiJLf'l'lJ 1 &iC'lnu Ld'il~"'lln~ l a', LnC'l"'lln6fln!l1YifJmru~ 2 ~~1cJ1~~"'lU 

LL~,)~lhJiJLf'l'lJ 1 &iC'lnu ~')U b', "'l:::hJiJLf'l'lJ 1 &iC'lnu Ld!l~"'lln~ l iJLfl'lJ 1~V1~n~ ;+1 

" .... q 'IV 

V1flnLC'ltI') L Yl1UU • 



q.,J 
mruYl1 

a, 

2' 

3' 3' 

3 ' 

3' 

3' 

3' 

a, b i 

q.,J 
mruYl 3 

a, b 

2' 

3° 3' 

3 ' - 3' 

3' 

3° 
Slap 5-6 

) 3' 

3' 

3
3 

q.,J 
mruYl4 

a b 

2' 

3° 

b i 

2' 

a ' 
I 

2' 

2' 

&ep 1-2 

--7 

2"" 

Step t -2 

----7 

a' I 

3° 

&ep 7-8 

-7 

Step t 

--7 

-
an 

2' 

3' 

3 ' 

3' 

3
3 

bn 

25 

r, a', b 'i 

2' 

3° 

3' 3 ' 

3' 3' 

3' 3
3 

3' 3' 

r, a', 

2' 2' 2 i+l i +2 

3' 3° 

3' 3 ' 

3' 3' 

3' 3
3 

a + b n , a ', 

i+ 1 2' i +1 

3' 
Step 3 Step 4 

--7 --7 

ri a', b' I 

2' 2' i +1 2' 

3' 3' 

3 ' 3 ' 

3' 3' 

3
3 

3
3 

Step 2 

--7 

2' 

3' 

3 ' 

3' 

3' 
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3.3 -elim'fl~~).Jn11~tJ~1~~tJ1:::tJtJr.i1U'JU~1UPi ... '" 
'"11n!lrm'Ei1~hm1j'f'lu1'\..m'W'I~~n'"1:;L~'W~1mj'f'lutT'W'"1:;1J1C-Jf'l~~TI~tNfi1~tlC-Jf'l~~TI'"11n 

mj'f'lU1WL 'W'IvY'I LLf'l:;~1tJmj'YlVl1'W~~ maN r;l'lvY'I LLf'l :;r;l'l f'lU LVltJ~ C-J f'l ~~ TI'll tl 'In 1 j'f'lU 1 'WLL 'W')vY'I 

~1~J1n1LtJ'WhJ1J1LritJ'IUVlL~tJ'I~tll3° ;'IC-Jf'l~YiTItT'W'"1:;hji.JC-Jf'lvitlmj'f'lu1'W~~mlVlh.hct'El'l'"11n 

n~1fi1L=B'Ir;l'l Lf'l'lJ'lJ'El'lC-Jf'l~~TI'"1:;ihJtltJn~1fi1 L=B'Ir;l') Lf'l'll~ LtJ'W1tl1J1~'I~l-JVl1'W~~mlVl1tl ;'Iv111t\ 

fi1C-Jf'l~~TI'lJtl'lmj'f'lu1uLL'W'IvY'I'Wi.JUtJ~1r1n.J1'Wmm1j'f'lu1'W~~mlVl11tl LVltJ~~1tJmj'YlVl'lltl'l 
mmu1wL 'W'I~~nm'"1 LnVl1J1~'I~1tJmj'YlVl1 'W~~mlVl1tl'lJtl'lr;l,)vY'I LLf'l :;~~ntlVl1tl'lJtl'lr;l,)f'lU LVltJ~ 

~1tJmj'YlVl1'W~~mlVl1tl'lJ'El'l r;l')vY'I ~1l-J1 m Ln Vl1vl1'WYj nmru LVltJ~m'"1 LnVl~1tJm j'Yl~~i.Jvl1 LL~ti'l 
~i.Jfi11'W~~n~ k+1 LLf'l:; k+2 LvhtT'W ~'I'W~1tJmj'YlVl1'W~~n'lJ'El'lr;l'lf'lU'"1:;i.Jvl1LL~ti'l~i.Jfi11'W 

~~n~ k+1 LLf'l:;LnVl1'Wmru~ 2 LLf'l:; 4 LvhtT'W ;'ILu'Wmru~fi1L=B'Ir;l'lLf'l'lJ'lJ'El'l~~n'lJtl'lr;l'lf'lui.Jfi1 
l-J1n~1fi1 L=B'Ir;l'lLf'l'lJ'lltl'l~~n'lJtl'lr;l,)vY'I ;'Imj'~~1tJmj'YlVl'lJ'El'lr;l'lf'lU LnVl;'W1'W~~n~ k+ 1 LritJ'I 

~~nL~tJ'Iv111t\~1tJmj'Yl(;lnnu11tl1-ill'Wmj'f'lu1'W~~nclVl1tl~tl~~n~ k+1 1J1Yf'WYl r;l'ltT'Wri1fi1 
" 

L=B'Ir;l'l Lf'l'lJ'lJtl'lr;l'lvY'Ii.Jfi1l-J1nn~1r;l') f'lU LL~,) Lntlv11 Lu'Wmj'f'lu1wL 'W,)~~ n 1tl 8'1~~n~ n+ 1 fi 1 L =B'I 

r;l'lLf'l'lJ'lltl'lr;l,)f'lU'"1:;Lvhnu ° 

'VltlHDtJ'Vlvl 3.2: mj'f'lu1'Wj':;UU~1'W'I'W~1'W~ v111J1LLf'l:;1t\C-Jf'l~~TI'lJ'W1(;lhiLn'W (N+3) x M Ln'El 

N ~tl~1'W')'W~~n'lJ!:l'I'litll-Jf'lr;l'lvY'I LLf'l:;r;l')f'lU LLf'l:; M ~tl~I'W'I'WLLm'll'El'lir'Ell-Jf'lr;l'l vY'I LLf'l :;r;l'l f'lU LVltJ 
" " 

Inpu t: 

Output: 

Define : 

A and B, two WAR forms with size n x n 

A = k J d;./j I d E {O, 1} 

B =k .Je;./i l eE {O,1} 

R represented in DBNR with size (n+3) x nand 

IIRII = IIAII-IIBII ; IIAII ~ IIBII 

B; is a column r of A such that B;= Lj d/ i I dE {O, 1} 

b; is a column r of B such that b;= Lj e/ i I eE{O, 1} 



Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Step 9: 
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ri is a r-column representation that is result from column subtraction 

algorithm such that ri"" Lj ~2i 3' 1 f E{O, 1} 

cai+1 is a i+1
th
-column representation that are carries of addend result 

from column subtraction algorithm such that cai+1"" Ljg1/+1i Ig1 E{0,1 } 

cai+2 is a i+ih -column representation that are carries of addend result 

from column subtraction algorithm such that cai+2 "" Ljg2/ 1- 2i Ig2 E{0,1 } 

cb,+1 is a i+lh-column representation that are carries of subtracter result 

from column subtraction algorithm such that cb i+1 "" Lj h/ ' 1 i 1 h E{O, 1} 

T1 and T2, two WAR forms with size (n+3) x n 

t1 i is a column ith of T1 such that t1 i"" Ljk/i IkE{0,1} 

n "" the amount of rows or columns in representation 

i "" ° 
while (i<n+1) do 

ih 
for any J row, 

If dij "" 1 and e ij "" 1 then dij "" 0, ei.j = ° 
for U = n to j > ° step -1) do 

If dij = 1 then 

apply case 4 in column subtraction for (ai,b) and exit for loop 

else if e ij - 1 then 

apply case 3 in column subtraction for (ai, b) and exit for loop 

set ai = ° and bi = ° 
B = B + cbi+1 

R=R+ri 
Jh 

for any J row, 

If g1} =1 and ei+1j =1 then g1} = 0, ei+1j = ° 
If g2} =1 and ei+1j =1 then g2} = 0, ei+1.j = ° 

T1 = T1 + cai+1 + cai +2 

Step 10: A= A + t1 i+1 

Step 11: 

Step 12: 

Set (1 '+1 = ° 
i = i+1 
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End while loop 

Step 13: if cbi+1 = 0 then 

Retum the output R + A + T1 that using addition algorithm 

else 

Retum invalid subtraction because A < B 

1) 6~mih1J..JdLil~'"lln6f'mti~ViJ..JtJ'iltlmn'llJ11.HL u')~~n t~m:l1~~~~fi'"llnm ~n1 ~~lJl1.HLu,) 
~~n~M~ ~'"ltrf1')lJ..J\1nr;l'il'l'll'il'l fi"'ml~~lJluYl'll1BlJYl~ 3.1 ~'lm ~vll'llU11.Hllii ~::: ~'illJ'"1 :::t.'h 

f,j~~~fi~ LUU~lt1m ~Yl~'lJ'il'l (;],)~'l LL~:::(;],)~lJ11.n 1lLum ~f11u')rw1u~~ml~ 11J L~J..J'il C;)'lJum ~ 

Yil'l11.HLIii~:::~fllJ9'l1 iX~~~~fi\1nr;l'il'l t~tI~6 ~n'il1ViJ..JiJm~Yil'llU~'l~J..J~ n+ 1 ~fllJ~'l LUU 

m~Yil'llUl 1..1 ~'illJ~~Yflt1'lJfl'l(;],) ~lJ L d'il'l'"11n~1(;],) ~lJ~lJ..JlmiJ ~lt1m ~Yl~ 1J1J..Jln~~~ 1 
q q 

~~n L~fl~'"11~rwlm~~lJ1u~~n~ 1 rh(;],)~lJiJfilJ..Jlnn~1(;],)lJ')n'"1:::Yil1iXLn~~It1m~YlCil'll'il'l 

(;]') ~lJ11Jtr'l~~n~ 2 LLliirh(;],)~'liJfilJ..Jlnn~l(;],) ~lJYil1 iX Ln~~lt1m~Yl ~'lJ'il'l (;]') ~'l 11J tJ'l~ ~ n~ 

2 LL~::: 3 ~'"11~rwlm~~lJ1u~~n~ n-1 rh(;],)~lJiJfilJ..Jlnn~l(;],)~'l LL~:::'"11n~J..J~tSlu~lfilL:n'l ... 
.... .... ~.ql 11 __ ..... ..... ~_~ lI'q/,.J I_.J 

(;l') L~'lJ'lJ'il'l(;l')(;l'lW'nJ..Jlnn,)lf11 L 'll'l(;l') Lf'l'll'llfl'l(;l,)f'llJ ~'lUU(;l')(;l'l'"1 :::(;lfl'lJ..JfllYlJ..J1nml(;l') f'llJYl 

"'1~.,J 'i' .,J''l~.,J ."1 '1 ~.,J" 
L~~'il ~U~f'lnYl n LL~::: n+1 ~~tlYlfl1 ~U~f'lnYl n+1 LLJU~ltml~Yl~ ~um~~lJ'll'il'l~~nYl n-2 'M 

'1~.,J 0'1"'~ ~ 1.1~~.,J ..I or, 
m~~lJ ~u~~nYl n-1 '"1:::Yll ~~Ln~~lt1m~Yl~'lJ'il'l(;l,)f'llJ LJt.I'l~~nYl n LLf'l:::LJ..Jtl1t;)J..JnlJfI1'll'il'l 

(;],)~lJ1u~~n~ n LL~')Yil1iXfil'll'il'l(;],)~lJ1u~~n~ n J..Jlnn~lfil'lJ'il'l(;],)~'l1u~~n~ n LL~,)'"1::: 

Ln~~1t1m~Yl~'llfl'l(;],)~lJ1utJ'l~~n~ n+1 ~'lfil'll'il'l(;],)~'l1u~~n~ n+1 '"1:::r;lfl'lJ..Jlnn~lfil 
'llfl'l(;],)~lJ1u~~n~ n+1 L~J..Jfl L~'il~'"11~rwlm~~lJ1u~~n~ n rhfil'llfl'l(;],)~lJ1u~~n~ n iJ 

filJ..Jlnn~lfil'll'il'l(;],) ~'l1 u~~n~ n LL~,) fil'llfl'l(;],)~'l'"1:::r;l'il'liJ ~1 tin 1 ~Yl~~iJ fi 1 J..Jln~l fil'll 'El'l 

(;],)~lJ~'l~lt1nm ~Yl~'ll'il'l(;],)~'l'"l:::r;l'il'l Ln~m ~m ~~lJ~~nri'ilU~iil~'El~~n~ n-1 t~tI'"1 :::1iX 

~lt1m~Yl~'llfl'l(;],)~'l1u~~n~ n LLf'l::: n+1 C;)'lJum~~lJLUU~lU,)U n+1 ~'illJ'"1:::Yil1iXfil'll'il'l 
(;],)~lJLUU 0 ~'lYil1iX~~m~f'llJLUU~~~\1nr;l'El'l 

2) 6~n'El1ViJ..JdLn~'"11mrf'lnfl1ViJ..JtJmml~f'llJ11.HLu')~~n tmn.llf,j~~~fi'"11nmml~~lJluLLU,) 
~~n~M~~'"1trLL~,)~l~~~~fi~Ln~~u'"1:::hjiJL~'lJ 1 ~~nu t~tl6~n'il1ViJ..Jm~~lJ'"1:::1.l1f,j~'"11n 

'IJ 

6~n'il1ViJ..JtJfltlm~~lJ1uLLu')~~nJ..JllJ')nnuJ1')tl6~n'il1ViJ..Jnl~lJ')n ~'l1J1~~'"1trL~~,)~1~~'"11n 

6~nfl1ViJ..Jm~lJ')n LUU~lU,)U~¥flJ..JlJ')n C;)'lJu~~ ~~fi'"11n6~nfl1Vi J..Jn 1 ~~lJ '"1:::1 iX f,j ~ ~~ fi'il~ 
11..1 ~U LLlJlJ~lU,)U~¥flJ..JlJ')nJ1')tI L~J..J'il 

" 
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• 
L~tl~"'l11ru 1"'l1 mY flntl1YiJ.J"'l::: L ~'W~ ltJ f'l ntl1YiJ.J"'l :::vh-.l 1'W LiJ'W~ 1'W'l'W ~tlU'U'W 1!11 L vllrlU 

m+1 ~tlU L!11tJ~ m LLI'W'U'Wl!11'Utl-.lVl~n LLf'l:::l'WLLl1lfl:::~tlU"'l:::1-ifn1~flul'WLL'W'lVl~n ~-.lL~tlW"'l l ~rul 

tJflntl1YiJ.Jn1 ~flul'WLL'W'lVl~n"'l::: L~'W~1"'l:::r11-.l1'WLLI'W~1'W'l'W ~tlU'U'Wl!11 L vllrlU n ~tlU L!11tJ~ n L U'W 

'lJ'Wl!11'lJtl-.lLLfl'l LLI1ln1~flUl'WLL'W'lVl~n"'l:::iJn1~r11-.l1'Wtlth-.lJ.Jln~~!11 2 VI~n v1-.lJ'Wn1~r11-.l1'W'lJtl -.l , 

tJflntl1YiJ.Jn1 ~flul 'WLL'W'lVl~n "'l :::'l'W~-.lVlJ.J!11 2m ~tlU v1-.l J'Wf1') 1 J.J"lluiftl'WL =B-.l L'l fll'lJtl-.ltJ fl ntl1Yi J.J 

n11f'lU"'l:::LU'W O(mn) Vl1tl O(n
2

) ~-.liJ'lJ'Wl!11hhn'WL'lfllY'1V1'W1J.J , 

LLl1lfl:::,}-'Wl?ltl'W LLfl:::l~~fl~Y'lfin1~fluiJr11LU'W 132 

....J , .. ~ _ .. ..J • ~.I " 
"'llnYl~1j!JUYlYl 3.2 "'l:::Y'lU'lll-Jtlfln tl1Yll-JYl ~ll-Jl ~f1 flU"'ll'W'l'W ''Wlu LLUUY'I ~tll-JU'ln ~tl -.l 

~1'W'l'W LL~'l l~~fl~Y'lfim.n'W~tJ LLUUY'I¥tll-JU'ln LLfl:::iJn1~r11-.l1'WL=B-.lfh\," 'W!11 n1~flU LLUudr11 L =B-.l 
" " 

vl'l Lfl'lJ'lJtl-.l vl'l~-.l"'l:::~tl-.liJr11l-Jlnn~1 r11 L=B-.lvl'l Lfl'U'Utl-.lvl'lflU L!11mh'WltJ~l'W'l'WVlct-.l ~-.l L vl l rlU 

L 'lfll1'Wn1~flU LLl1lfl:::VI~n"'l'Wf1 ~uYlnVl~n LLfl:::n1 n'll-J r11~fl ~Y'lfi'lJtl-.l n1 ~flU 1 'WLLI1l fl:::VI ~ n LLfl:::M , 
o cJ 11 III I q _ _ CiiI, 1_ c:o.ct 

f11l?ltlUYl\jnl?ltl-.l LLl?lfl1f11 L'll-.ll?l'l Lfl'U'Utl-.lI?l'lflUl-Jf11l-Jlnn'l ltl flntl ~Yll-J ~ll-Jl mVltJ!11 LLfl::: LL~ !11 -.l ~ fl 

hj~ll-Jl ~f1flUl~ 

irtlL~tJ'Utl-.ln1~flU LLuud ~tl ~ fl~Y'lfi'Utl-.ln1 ~flU"'l:::mn 'WLLfI'l LL m LLfl :::VI~nYll-.l'lJ') ltitl 
" 

~ ..J ~ 

L~J.Jtl LLfl:::n1~flUil"'l:::r11-.l1'Wl~\jn~tl-.lrlU~:::UU~1'W'l'W~1'W~YliJ~1'WLU'W 2 LLfl::: 3 LvllW'W 



ItJ~ 3.17 .rr1.Jj;jtl1.Jmj'vll-.jI1.J'lJthltlflnti~'~~mj'flU 
A = 217 B = 85 

j'tlU~ 1 ~~Ij'rul~~n~ 2° 

.rr1.Jj;jtl1.J~ 4 1-if case 3 '1Jtl-.jtlflntl1~~mj'flU11.Jbb1.J':l~~n 

3° 

3' 

3' 

3' 

r = o 

2° 

R 

3° 

3' 

3' 

3] 

2' 

2' 

a' = --+---+---+----1 
o 3 ' 

3' 

2' 2' 

A 

.,J... ~.,J 1 
j'tlUYl 2 y.j~Ij'rul~flnYl 2 

b' = o 

B 

3° 

3' 

3' 

3' 

.rr1.Jj;jtl1.J~ 4 1-if case 4 '1Jtl-.jtlrmtl1~~mj'flu11.JbL1.J':l~~n 
2 ' 

3' a ' = 3' b' = 3° 
0 0 

3' 3' 3 ' 

3' 3
1 3' 

3] 3' 3' 

2° 2 ' 2' 2' 2' 2 ' 2' 

3' 3· 3· 

3' 3 ' 3 ' 

3' 3' 3' 

3
3 3' 3' 

R A B 
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2' 2 ' 

2' 2 ' l 2] 

3° 

3' 

3' 

3' 

T 

2 ' 

l 
3· 

3' 

3' 

3
3 

T 



1!lU~ 3 Yi"l11rul~~n~ 22 

,r1...lI?l!l1...l~ 4 l-if case 1 'lJ!l'ltrflm:lj'YhJnl1flUl1...lLL1...l')~~n 

3° 

3' 

3' 

3' 

= 

r = o 

R 

R 

3° 

3' 

3' 

3" 

A 

3° 

3' 
+ 

3' 

3
3 

A 

= 

R 

b' = o 

2' 
3° 

3' 

3' 

3' 

2° 

3° 

3' 

3' 

3' 

l 
3° 

3' 

3' 

3' 

2' 2' 

B 

+ 

2' 2' 

R 
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2' 

2' 2° 2 ' 2' 2' 2' 

3° 

3 ' 

3' 

3
3 

T 

2· 2 ' l 2 
3 2' 

3° 

3' 

3' 

3' 

T 

2' 2' 



....I 
'U'VI'VI 4 

~~n~~~~n1l~1l~1~r'U41U~U~1U~ 
d.9 cu 

luUYld L 'i'l"l :;Ul L~utlti~n'El1Vi).Jn'"1 JV11 J~IV1 fu J:;UU~IWlU~IUf1 Li?1 tJ1Jl L~U'El 
.u " 

~.,j '}'" "" ij? cl '}"" mn? cl < < UVlIJl.:JVI 4.1: ,U A= L.Ji.j di,j2 3 ,PltJY1 d E {0,1} LLfI::: IU x = 1,(2 3 ) IPltJY1 m ~ I LLfI::: n_ j 
, 

"" '} . q m+a n+b m+a n+b? q < < 
LLfI'J ,UYJnLW'J J 4:i:::JJ Y1 = 1 X(2 3 ) LLfI::: Y2 = 1 X(2 3 ) ,PltJY1 Y1 _ X _ Y2 LLfI::: a,b E Z 

UVI~t!~t1 "l:;al'El'l~~"lurjl1uLLv1~:;LLm~I).J1JnV11f11 Y1LL~:; Y21JlL~).J'El 

- 2a 2a+1 -" 2a 2a
+
1 " ..: '" ,.,J .,J .,J '" 1 1" 'V'l"llnUl~).JmJ b < 1 ::; -b- ~).J).J[1J1V1 P=b LL~:; q=-b m p=1 ']j'lLUUrnYl).JlnYl~i?1YlLUU LJ i?1 

3- 3 3 3 ' 

'lJ'El'l P r;)'1,!Uf11 q ~).Jlnnrjl P ~'El~luXLJ i3i Li?1tJ~nf11'lJ'El'l j Lvhnu~'El 2 ~-J~).JmJirl-JalUtJ-J 

LUU"l1-J rhL~).J b ~n 1 LL~,)f11'lJ'El-J P LL~:; q "l:;LUU 1/3 LL~:; 2/3 [1Jl).J~Ir;)U ~-JrhUI 21 flrwf11 
'IJ 

o 1" "" .'"1 - 1 ~ ~ "1" ..: .'"1 ,.,J " .,J .,J .'"1 1- 11 " P LL~:; q "l:;YlI V1~).JmJ'lJl-J[1JULuU"lN UYll-Jn~unum VI q=1 ']j-JLuUfllYlUtltJYl~i?1YlLuU u i?1 

'lJ'El-J q f11 P "l:;Lviinu 0.5 ~-J~).JmJirl-JalUtJ-JLUU"l1-J rhL~).J b ~n 1 LL~,)f11'lJ'El-J P L L ~:; q "l:; 

LUU 0.5/3 LL~:; 1/3 [1Jl).J~Ir;)U ~-JrhUll f,Jruf11 P LL~:; q "l:;'r'1111X~).JmJirl-JaluLUU"l1-J "l:;L~U 
I I col.J I.J",..,J It c:. ~ It ~, ..l' q 

,)1"lln'lJtlUL'lJ[1J'lJtl-JfllYl).JlnYl~i?1 LL~:;fI1YlU'EltJYl~i?1 mL'V'l).J b 'lJU 1 "l:;[1J'El'lL'V'l).Jfll'lJtl-J a 'lJU'Eln 1 , , 

I q .J 0 It 28 28 +1 G q .... ~ col ...,,:. ~ .0:::.1 

fI1'lJ'El'l b Yl~:; 1 YlYll1V1~).JmJ b < 1 < -b LUU"lN i?1-JuumJYl b L'V'l).J'lJUYl~:; 1 "l:;~I).JlmVll 
3 - - 3 

J '" a a-t 1 I 

rh a Yl'r'1111X~).Jmnuu"l1'11JlL~).J'El r;)-Jl1urhul; LL~:; ~ 1LJflrunUf11'lJ'El-J x ~-J"l:;'r'1111X1Jlf11 
3 3 'lJ 

28 2a+1 .... ~ I dJI 28 
.o::::!riI 28

+
1 .... ~ 1 !.I I , • 

b'X::; x::; -b-'X i?1-JUUfI1 Y1 fltl b 'X LL~:; Y2 fI'El -b ·x i?1-JUUMLJ i?1,)11ULL[1J~:;ml,) J ~1).JlnlVll 
3 3 3 3 ' 

f11 Y1LL~:; Y2 1JlL~).J'El • 

"llnUYl~-JUYl~ 4.1 'r'1111X~I).Jlm'r'11mm~tJUf11L:n-Jc;l,)L~'lJ'lJ'El-J~IU,)U 2 U[1J 1Jlr;)-Jd 

~).J).J~ x = i3i LL~:; Y = l3' LUUU[1JVI~-Jlu[1Jln'lLL~iJ)-Jf11'lJ'El-JJ:;UU~IU,)U~IU~ Li?1tJ~ j > / ~-J 
b nf1Wrl1nu j -/ LL~,)~I).JlnlVllf11 a Li?1tJc:J"lln[1J l n-J~ 1 ~).J).J~rjlLVl1nU w r;)-J,!U"l:;1Jlrjl 

2k+ w3/+(j~1) ::;2i3i::;l+W+ l 3/+~1) ~-Jrh k<=i+w LL~i?1-Jrjl x>Y LLv1rh k>i+w LL~i?1-Jrjl x<Y 
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b a 2
8
/3

b 28
+

1/3b 

1 1 0.666666667 1.333333333 

2 3 0.888888889 1.777777778 

3 4 0.592592593 1.185185185 

4 6 0.790123457 1.580246914 

5 7 0.526748971 1.053497942 

6 9 0.702331962 1.404663923 

7 11 0.936442615 1.872885231 

8 12 0.624295077 1.248590154 

9 14 0.832393436 1.664786872 

10 15 0.554928957 1.109857915 

11 17 0.739905276 1.479810553 

12 19 0.986540369 1.973080737 

13 20 0.657693579 1.315387158 

14 22 0.876924772 1.753849544 

15 23 0.584616515 1.169233029 

16 25 0.779488686 1.558977373 

17 26 0.519659124 1.039318248 

18 28 0.692878832 1.385757664 

19 30 0.923838443 1.847676886 

20 31 0.615892295 1.231784591 

21 33 0.821189727 1.642379454 

22 34 0.547459818 1.094919636 

23 36 0.729946424 1.459892848 

24 38 0.973261899 1.946523798 

25 39 0.648841266 1.297682532 

26 41 0.865121688 1.730243376 
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abc dab c-a d-b ' c-a d-b ..., '1' ...I 
2 3 + 2 3 =2 3 (1 + 2 3 ) "l:Y-IU')l (1 + 2 3 ) "l:~f1l fltJ t.!'1l,)-.l (1, 2] L~~flLt.!fl-.l"lln 

" 
x> y c;l-.lt!t.! Ln"l:lh:mruf1l (1 + 2c

-
a
3d-b) ~')tJf1lf1-.l~f1lVlct-.l1t.! 3 f1l~fl~lt.!-rl')-.l (1, 2] ~1~ 

nlVlt.!Vl~t.! 1~LLri 2-
3
3

2
, 2-'3' LLfl: 2'3° LVltJ"l:vllfll'j'1Ji':~lrufhc;l-.ld 

n'iru~ 1 lh:~lruf1l (1 + 2c
-
a
3d-b) ~')tJ2-332 rllf1l 2c

-
a
3d-b <= 2-33° 

" ~ ~ '. 1 a-3 b+2 
Vl-.lt.!t.!f1lu'j':~lru s = 2 3 

n'iru~ 2 U'j':mruf1l (1 + 2c
-
a
3d-b) ~')tJ2-'3' rll 2-33° < 2c

-
a
3d-b <= 2-'3° 

" ~ ~ '. 1 a-' b+ ' 
Vl-.lt.!t.!f1lu'j':~lru s = 2 3 

n'iru~ 3 U'j':~lruf1l (1 + 2c
-
a
3d-b) ~')tJ2'3° rh 2-'3° < 2c

-
a
3d-b <= 2°3° 

4.3 'il~n'£l~Vi).Jn1'iVl1'i~1V1.rtJ'i::;tJtJ~TIJ1U~1UI"i ... .. 

Vl ~ n n l 'j' 'lJ fl-.l n l 'j' Vll 'j' 'lJ fl-.l fS fl n fl1 Vi ~ d"l :,j l 'j' U LL U U LL VI t.! ~ l t.! ') t.! 'lJ tl-.l vl ') Vll 'j' ~ l Vll 
" 

'il~n'£l~Vi).J 4.1 fSflnfl1Vi~fll'j'Vll'j' (division algorithm) 

1,'1' .'"1 • 1 ' 1 0 ,.,J ... 
VI A LLfl: 8 Lut.!'j'uLLUULLVlt.!f1l t.!'j':UU'"llt.!')t.!V"lt.!f1V1~'lJt.!lVl n x m 

" "-' " 
C LLfl: R LUt.!'j'ULLuuLLVlt.!f1 l1t.!'j':uu~lt.!,)t.!iJlt.!f1 LVltJ~ C LUt.!~fl~Y-Iff'lJtNfll'j'Vll'j' A 

" "-' " 

" 'JT t.! [?1 tl t.! fll 'j'Vll 'j' 

1. Vllf1lU'j':~lru'lJfl-.l 8 

1~ A = L iJ di./3
i LVltJ~ d E {D,1}, D :s i :s m, D :Sj :s n 

1~ a,b,c,d,x,Y E I 

a = b = -1 

for (i = 0 to i:S m step i+1) do 



for (j = 0 to j :s n step j+1) do 

if dj,J = 1 then 

ifa=-1then 

x = a = i 

y= b = j 

else 

c = i 

d= j 

apply n1~VI'wh1.h:::l..nru'lJ!l'l 2 vi1LLVlU'l C-J~~Y'lD1~nu x LL~:::' y 

end if 

end if 

end for 

end for 

2. 111 S ~fi1u~:::mru'lJ!l'l B l-J1V11~ A tvmn1n~m'!U[;l'lJ'tl'l A 

1" k I'i' .,J 
VI S = fk,(2 3 LI?ltJYl fk.l= 1 , ° :s k :s m+ 1, ° :s I :s n+ 1 

A = kJ d j,/3
i tV1tJ~ d E {O,1}, ° :s i :s m, 0 :Sj :s n 

LL~:::1~C-J~~Y'lTIdju 

C = L ,q gp,i P3q tV1tJ~ 9 E {O,1}, -k:S P :s m, -/:s q :s n 

for (i = 0 to i:S m step i+1) do 

for (j = 0 to j :s n step j+ 1) do 

if d j,J = 1 then 

g j-k,j-I = 1 

end if 

end for 

end for 

3. Vl1L~1:l1J!l'ln1~Vl1~ A tJ1'JtJ S 

1~ A = 4i d j,/3
i tV1tJ~ d E {O,1}, ° :s i :s m, 0 :s j :s n 

B = {"' e i3i tV1tJ~ e E {O 1} 0 < i < m 0 < J' < n .LJ j,j I,j , , - - , - -

35 



C = L,q gp,i P3q tVltJ~ 9 E {O,1}, -k:S p :s m, -/:s q :s n 

LLfl::l~Lf"1liLUU 

\' t U <,' ..J 
R = .LJt,u hp ,q2 3 ~VltJYl h E {O,1}, -k:S t :s mn + 3, -/:s u :s mn 

R = A - (B * C) 
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4. ,jlLf"11.:11J!l ,mlj'''nj'lu~UIMlU~ 3 JJl111mnnj'vi!lcJ)')tJ~ur;]!lU~ 2 LLfl:: 3 '"IUn~li:Jfl~~fi 

lu~ur;]'elU~ 2 '"I::~!ltJn~lfh~rll"'UVlH 

5. j',)JJi:Jfl~~fi'lJ'tl-lLLvifl::j'!lU1U~W'I'tlU~ 2 LUUi:J~~~fi'"llnmj''''lj' 

f1,)lJJ\lniJ1'tl-llUY1llli5uY1~ 3 .2 LLfl ::mj'fJru1cJ)~~'"ItrLL~,)~11~i:J~ ~~ fi~\l n iJl!l-l ~-l1 um j'111-l1U 

~ '1"'.1 O.J - <,' .J '1"'.1 '1~ ~ 
1..11..1'"1:: ~'llf11uj'::JJlruJJ1Yllmn~'tlUUr;] ,Vltmmj' ,'llf11uj'::JJ1 ruJJ1 ~'ll ,Umj''''lj'UU~lJJlj'mL~Vl-l 

mmlj'filL~-lvl,)L~'lJ'JJ'tl-l A ",1j'cJ)')t] B 1cJ)i:Jfl~~fiLUufilL~-lvl,)L~'lJ'lJ'tl-l C LL~::Lf"1li R 1cJ)~-ld 

~JJJJ~ AlB = C + (RIB) 

'"Iln C = AlS LLfl:: R = A-(B*C) 

'"I::1cJ) AlB = (AlS) + ((A-(B*(AlS)))/B) 

= (AlS) + (AlB) - (AlS) 

= AlB 

~-lJu~-l~!u1cJ1~16~n'el1ViJJnlj''''1j'1~fil~\lniJ1'el-l • 

... ..J ''''v _ .. .J 0 '1.1 " 
'"IlnYlllli!jUYlYl 4.1 '"I::~u,)lJJ!lfln!)j'YlJJYl~ l JJlj'f1"'1j''"I1U,)U ~UZuLLUU~j''elJJu')n~!l -l 

r.llU')U LL~,) 1 ~i:Jfl ~~fimn Uj'U LLUU~1!lJJU,) n~!l-lr.llu,)U~!l i:J ~m j'",1 nL~:: Lf"1li'"llnm j'",1 j' 
'IJ 'IJ 
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A B 

~ J , .1 
'lJUl'l 1 Vl1f1lu1:::).J1ru'lJfl'l B 

J 2 0 0 1 2 0 -2 1.,j -2 1 -1 0 ~ ~ '. 1 ... 3 0 
1flUl'l 1: 2 3 +2 3 = 2 3 (1 +2 3 ) LUtWnn 2 3 >2 3 C1I'lUUfIlu1:::).J1ruflfl 2 3 

, , v 
... 1 2 2 0 1 2 2 -2 ... -3 0 2 -2 -1 0 ~ ~ '. 1 ... 0 3 

H.lUl'l 2: 2 3 +2 3 = 2 3 (1 +2 3 ) LUtN~1n 2 3 < 2 3 <=2 3 C1I'lUUfl1u1:::).J1ruflfl 2 3 

J 
1flUl'l 1 

A 

2-' 

S= 

2-3 

2" 
3° 

3 ' 

3
2 

Shift left by 

2-2 2 -' 

2 ' 22 2' 

S 

3-' 

3-3 

3-2 

3-' 

3° 

3 ' 

3
2 

3' 

C 
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3-' 

3-3 

3-' 

3-' 

2-' 2-' 2-2 2-' 2" 2' 2' 2' 

3" -

3'~ 3
2 

3
3 

3-' 

3-3 

3-' -=-= 

3-' 

2-4 2-3 2-' 2-' 2" 2' 2' l 
3" 

3' 

3
2 

3
3 

3-4 X 
3-3 

3-2 

3-' 

2-4 2-3 2-' 2-' 2" 2 ' 2' 2' 
3" 

3' 

3
2 

3
3 

3-' 

3-3 

3-' 

~ 3-' 

- 2-' 2-3 2-2 2-' l 2' 22 2' 2' 2' 
-

3" -= 3' 

3
2 

3
3 



J 
j''ElUYl 2 

A 

S 

" J 
-UUYl 3 VllLPli:rlJ'El'lmn..,lj' A-(C* 8) 

3-4 

2-4 2"3 2"2 2"' 
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Shift left by 

3-5 

3-4 

3"3 

3"2 

3"' 

2D 2 ' 22 2
3 2' 2

5 

3
D 

3' 

3
2 

3
3 

C 
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3-5 

3-4 

3,3 

3,2 

3" 

2" 2,3 2,2 2" 2° 2' 22 l 2' 2' 
3° 

3' 

3
2 

3
3 

X 
3"" 

3,3 

3,2 

3" 

2" 2,3 2,2 2" 2° 2 ' 22 2
3 

3° 

3' 

3
2 

3
3 

---- - --------

3,5 

~ 3" 

3,3 

3,2 

3" 

2" 2'3 2,2 2" 2° 2' 22 2
3 2' 2

5 
2

6 2' 28' 

3° 

3' 

3
2 

3
3 

o ~.J , 
LL f'l ::YlI'lJ'WYl 5 [WE) 
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+ 

3-5 
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I _ ,-cJ I 1_ 

f'I1~rH'lYHllJf'I1 Lvnnu 1103374 

rilL~l:tn11V111iJrilLvhnu 105638 

3
05 

~ 3--

3
03 

3
02 

L~l:t = 3
0
' 

20' 203 
2

02 20' l 2' 22 2
3 2' 2

5 
2

6 27 2" 
3° 

3' 

3
2 

3
3 



"'" 'U'VI'VI 5 

~ln mh-lhn[1l1~-lI1,...l~4't1~L~tJ'),j'tl-lnUj':::UU~I1,...l'J1,...ld~~I1,...l'J1,...li1mJ LV1mll'V'n:::tJ-lhJ~n1j' 
Ul Lf'l1,...ltlm:::U'J1,...lnlj' LLft:::~lvTU~finlj'~ LL ll1,...ltl1,...l~IV1fuvl'JUBWini j'~1,...l~I1,...ln 1 j'ftU LLft:::n1 j'Vl l j' 

-l11,...l~4't1~-l~-lLi11,...l~~:::U1Lf'l1,...ltlm:::U'J1,...lnln:'fi-lnlV11,...lV1~IV1fuvl'JuB~n1j'~-lf'l'fH L~tlL~j':::UU 
~11,...l'J1,...l'llijV1d~ml~LVI~I:::f'l~L1,...lnlj'l-if-ll1,...lM~ln;11,...l 

~lvTu~ LL ll1,...ltl1,...l LLvltJ-l~,j'tl~lnV1~tl tlftntl1~~f'lI~Ij'n L~~ft ~Y1lf'lJtl-lnlj'ftU~\1 n ~ tl~n vltlLntlfh 

L :'fi-lvl'J Lft'IJ'lJtl-lvl'JvY-l~tl-l~rll~lnn11V11tl Lvhnurll L=fi-lvl'J Lft'IJ'lJtl-l vl'J ftU flr.h-ll j'n [111 ~tl ftn ti1~~ 
f'l1~Ij'n[1lj''J~4'uL1,...lnnll~rll L:'fi-lvl'J Lft'IJ'lJfl-lvl'JvY-l~rlli1t)tJnn11rll L:'fi-l vl'J Lft'IJ'lJfl-l vl 'J ftU ,j' fl~ In V1 

flnmh-l'IJfl-ltl ftnfl1~~nI j'ftU~flvl'JvY-l LLft:::vl'JftU ~fl-lfl ~L1,...lrU LLUUY1 ~fl~U'J n LLvl ~ ft ~Y1lfnfl~L1,...l 
j'ULLUUY1~fl~U'JnL'ri1,...ln1,...l LV1t1'IJ1,...lIV1'IJfl-l~ft ~Y1lf'IJfl-ln1 j'ftU~ :::~'IJ1,...lIV1~ L~~;11,...l 3 VI~n ;-l LnV1~1 
" 
~lnnlj'YlV1L1,...l j':::Vl11-lnij'vi1 Lij1,...lnl j'ftU LLft:::rU LLUU LLYl1,...l~I1,...l'J1,...l'IJfl-l ~ ft~Y1lf~:::~ ~1 LL Vll...l-l~ rllfl ~ 

L1....lLL1,...l'JLLmU1,...l LLft:::VI~nYll-l'lJ')lnfl 

..I~,,~ _.. " ..... _') 0 ..I 
L~fl LV1flftnmYl~nlj'ftULLft'J ~-l~LL1,...l'JflV1 L1,...lnlj'1,...lIL~1,...lflm:::U'J1,...lnlj'Vllj' L1,...lfl-l~lnn1j' 

Vllj'J1,...l~ILU1,...l~fl-lL-ifnj':::U'J1,...lnlj'ftUL,j'I~I'ri'JtlJ1'JtI LV1t16ftnfl1~~nlmlj'J1,...l~:::~nlj'L-ifVl~nnlj' 

nlj'Uj':::~lrurll~ln~1 LLVlll-l~~rllV1ftlt1~1 LLVll...l-lL1,...lj'U LLUU LLYl1,...l~I1,...l'J1,...lL~ L Vlfitl L ~t1-l~1 LLVll...l-l 
\J 

L~t1'J LV1t1~rll L:'fi-l vl'J Lft'IJ'lJfl-l rllU j':::~1 ru~:::~ fh~ln n11 I'll L:n-l vl'J L ft'IJ'lJfl-l vl'J \1nU1:::~lru LV1 tI 

rllU j':::~lru~ :::nnUl~I1-ifL1,...lnl n~fl1,...lU [1I'lJ fl-l vl'J vY-l LL ft :::Ul ~ ft ~Y1lf'IJ fl-l nI j' L ~ tl1,...lU [11 ~ 1 VII rll'IJ fl-l 
" 
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umJ l~U--1 11 flli'.1m1ril"n.JVl~lkl1kl'lJ!l--1filf)--1~ L ~l-ll-llnt'kl~ ::vilL,x fi lU 1::l-l 1 rui'.1 fi lLn ~ LAm fi 1 

~1--1l-l 1 nt'kl vilL,x ~1l-l 1 1rlV11 m'l ~Y-l fi'lJ!l--1 m ml 1 1~ 11 Vll11 ~--1t'kl l ct!l--1~1 nfll filU 1::l-l lrui'.1fi 1 

'l ".., ,... '1' 'i' J.. 1" , ~ ... ..I'l "... .'"1 
~mHf)mf11~Nl-llmYn V11 c.Jf'I'lJ!l--1m1V111~VlUmnftt)klUVl~:: Vlf11c.Jf'lf'lY-lfiYl ~nmf)mf)11Wu kl 

~1--1l-l1nt'klUf'l::vilL ,xfh l~'l:tLV1~t)Ut)Uf'I--1 ~--1vilL,x~lkl1kl1t)uLklm1vil--11klf'lVlf'l--1 ~n fil~t)filf)--1~ 

L-D ~1V1fuV1tJ Vl1kll~Ukl'lJt)--1tlftn!l1Yil-l fllfilf)--1~i'.1fhu!lu~ ::vilL,xc.J f'I~Y-lfi'lJt)--1m 1V1 1 1i'.1f111l-l 

II 

5.2 'lJ'£lL~U'£lLLU::; 

irt) l ~kl!l U kl:: ~1V1 fU--11kl'.'j9' ud ~t) tl f'ln'El1Yi l-ln l1f'1U ~ 1l-l 1 1m ~l-lU 1:: ~Yl fi n1Y-lm 1 

vil--11klL,x~~--1t'kl1~ LVlum n~n'.'jfim 1~kll-lIU 1::tJnVl1-if l'llkl m njl~m1fVlunnl-l!l!lklLVl!l::~rnu 
• I !'l" 'i' ..I.., 0 ~..., 1'" ", ..I 0 

(on-the-fly) l-l1 u1::tJnVl ~'ll ~VlUYl~::l-lmmlkl1ruc.Jf'lf'lY-lfiUl--1 Mkl 1 f'l1--1V1kll n!lklYl~ ::Yll m n~u 

~1--1LklV1~mrkl1 kl'fln~lndm1f'1U~':nL~kl'fl1utl'kl~Il-llmL,xc.Jf'I~Y-lfi'lJ'fl--1m1f'1u1~~nnw~vi1~--1 
i'.1fill-llnnrh vi1 f'lU ~--1m~~ ::~'El--1i'.1 nI 1filu--1n--1V11!l ~ 11--1 1U LLUU LL Ylkl~lkl1kl'lJ!l--1~ lkl1klf'lU 

" 

~1V1fUtl f'ln!l1Yil-lnl1V11 1tl'kl 1~i'.1n1 1 L-Dni 1U 1::l-l lrufil LVlU~nI 1U 1::l-l lrufil1~ 
rilV1klVlfilfN~ 3 fil~!l~Lkl'll1--1 (1 ,2] ~--11~lLri 2-

3
3

2
, 2-

1
3

1 
Uf'I:: 2

1
3

0 flli'.1mn~l-lfilf) --1 ~Lkl'li1 --1 

c;l--1mh1~::vilL,xm1U1::l-llrufili'.1f)11l-lf'l:: l~UVll-llnt'klvilL,xfilLn~ LAU--1fil~1--1l-l1nt'kl ~--1 ~--1 c.J f'I 

'l ,,0 ".., . I ~ • 1..1 , ..I'l 'i' 'l"'..1 " 
~V1j'!lUm1Yll--11klf'lVlf'l--1 lLf'I ::ml-lm 1u 1U Luf'lUklf11f)--1Yl ~klV11 1V1tJVlm 11kl 1!lU ~VlU ~V1f11Ylkl!l U f'I --1 

~::vilL,xf)11l-lf'l:: l~UVl'lJ!l--1rilVlflU l~l-lt'klUvi~!l--1 uf'lnnu L 1 f'llLklnl 1ri l kl1ru~!l1 ~~ :: l ~l-ll-l l nt'kl 

~1U ~--1mn~tmfilLkl'Vlc;l--1mh1t'kl!l~nUf)11l-l lV1l-l1::~l-lnU--11kl~Ul1uL-if~1U 

U1::tJnVl1-if L'llkl m1ul~m1fVlunnl-l'El!lklLVl!l::~f'lIU (on-the-fly) l-lIU1::tJnVl1-if ~1uvi lm1 

rilkl1rum 1V11 1 LVlUfUUVlvi1~--1 Llf'l::UVlvi1V11nifll-l l rilkl1ru~f'I::U Vl ~--1vilL,xm 1V111~1l-l11rl 

villilklm11~Vlu~1~~llUkl~!l--11flL,xvi1~--1 Llf'l::vi1V111i'.1filmU~l-l\l1ru vii L ,xi'.1f)11l-l l11 L~l-lt'kl 
Ln!lUlnl1V1111urilkl1ru11l-lnklnuvi1uBu1inl1vi1~kl11l-ln--1vi1V11 1~1U 



j 

d 
' ,J 

ol/; , j 

fJ 
m x n 

D 

-~ 
ARDBNR 

DBNR 

DBNS 
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~ ... 
Lf1'iJVl'llt..l'lltl-.J LLtYl (row index) 

Lf1'iJc;1'lli1'll'El-.JfI'El~iJ1i (column index) 

<Q..o:::::!Io "I 0 I J ..........J . .th !h 
Vl~Vl Lt..lVllLLl-It..l-.JLLtl')Yl i f1tlf1~t..lVl J (digit in the I row and J column) 

lULLUULLYlt..l~It..l,)t..lj'It..l~ (double base number representation ) 

~1t..l (base) ... 
'llt..llVl'iJtl-.JVlln-.JLLYlt..l~It..l,)t..l (size of table representation) 

L'llf1f11lJ Lv1)nYiw ~~Vlf!lt..l~ (non-active cell, zero digit) 

LL~nYiwL'llf1~ ~9Vl~llJLUt..lf!lt..l~ (active cell, non-zero digit) 

... .Jq 11 __ 0 .ClI . 
L'llf1f1VllnVln11'llmJYlUnt..l'iJtl-.JVll LLl-It..l-.J~ fI1 (collision cell) 

Addition Ready Double Base Number System 

Double Base Number Representation 

Double Base Number System 
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