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Algorithm 1_" the proposed DNA based with Adleman-Lipton " _ addition two RNS numbers

Procedure addition_two numbers RNS (input: Ty, Ty, Ty |, Ty, - Ty, T, 1)

{ Forward (Ty, Ty, T, » Tings Ty 1 Tx; ,Txrz ,Txg ’Txi )
Forward (Ty, Tiny: Ty » Tings Tinyo 1 TYi , Ty; ,Tyg ,Ty; )
Add_mod2npl (T , Tyr 0, Trer » Toverflow):

Add _mod2nml (Txr2 ,Ty; 1, Tren s Toverflow)s
Add _mod2npl (TX; ,Tyé , 21, Tz s Toverflow):
Add_mod2n (T, Tyr . 21, Tres » Toverflow):

Error_Detection_Correction DNA (Tye1, Trez: Tres: Treas Tinyr Ty » Tingr Ty )3
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Algorithm 2_" the proposed DNA based with Adleman-Lipton ""_Modular addition
Procedure add_mod2nml(input: Ty, Ty, n; output: Tgym) {
Add(Ty, Ty, n+1, Tanp, Toverflow)s
calculate_remain_mod2nm1(Tyyp, n, Toum):
Empty (Temp)s
Empty (Toverfiow)s}

Procedure add_mod2npl (T, Ty, n, Toum ) {

Add (Tx’ Ty:, n+1 aTtmp'Toverﬂow);
calculate_remain_mod2npl (Tyyp, 1, Toym)s
Empty (Temp )

Empty (Toverﬂow);}

Procedure add _mod2n (T, Ty, n, Toum) 1
Add (T, Ty, n+1, Toums Toverflow)s

Empty (Toverflow) 5 }

g 1 b 5 OleMbl 5,98 Ao
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Algorithm 3_" the proposed DNA based with Adleman-Lipton"_ Modular subtraction
Procedure subtract mod (input: T,, Ty, T 15 output: Tropmain ) {
Subtract (T, Ty, 1, Tremain: Toverfiow);
If (Tyverfiow NOt emMpty)
Subtract (T, Ty, 1, Tsyws Toverfiow)s
Add (Toub Ty 1 Tremains Toverfiow):
End if

Empty (Toverfiow) ;)

Algorithm 4_"" the proposed DNA based with Adleman-Lipton"_ calculation remain moduli 2™ — 1
Procedure calculate_remain mod2nml (input Ty, n; output: Tremain)
{ // all bits of Tone 15 OnE

Add (Tx, Tone, 1, Tremain, Toverfiow);
Separation (Ty , {By}, Tymp):
Separation (Tyyy, - {0}, Tyon):
Separation (Tumgp » {1}, Toosr):
If (Tyop is not empty or Tyyerflow 1S NOt empty)
Empty ( Toverfiow)s
Merge (T , Tpon 1
Merge (Tx , Tporr )
Else
Empty ( Tremain);
Merge (Ty , Thoft )
For i=0 to n-1 do
Separation (Tx , {Bi}, Tremain):
End for;
End if;
}




Algorithm 5_" the proposed DNA based with Adleman Lipton"_ calculation remain moduli 2° + 1
Procedure calculate_remain_mod2ap1 input: Ty, n; output: Tresir) {
Separation (T, . {Bn}. Timp):
Separation (Tymp » {03 Togn):
Separation (Tymp » {1} Togs):
Empty (Temp):
If{ Thogr is not empty)
Merge (Ty . Tooss ):
Separation (Ty . {Bp.1}. Temp):
Separation (Tump - {0} Toon):
Separation (Timp - {13 Tyor):
If (Tyon is not empty)
Merge (T; . Toon ):
Subtract (T3, Teue, 0, Tremain, Toverfiow);
Empty ( Tovernowl:
Elze
Merge (Ty . Toosr ):
For i=0 to n-1 do
Separation (Ty . {B;}. Tremain):
End for;
End if;
Else
Merge (Ty . Toon ):
Subtract (Tg, Tons, 0, Tremsi, Toverow):
If (Toverniow is not empty}
Empty { Tremain )i
Fori=0ton do
Separation (T, . {B;}. Tromain):
End for;
Else
Empty ( Toverfiow):
End if ;}
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Algorithm 6 " the proposed DNA based with Adleman-Lipton" addition with or without carry
Procedure Add ( Ty, Ty, 0, Tout, Toverfiow) |
HTearry and Tgy are zero
Merge (Tyum, Tx):
Merge (Tyum, Ty):
Fori=lton
Separation (Tyum » {Bi} Temp)s
Separation (Temp , {0}, Toon);
Separation (Temp , {1}, Toorr);
If ( Tearry is empty )
If (Tyor notempty and Ty, not empty)//both bits are differnt
Separation (Toyt , {Bi}, Touts):

Valueassignment (Tgyueq , 1):

Merge (Tout » Tout1)s

Osed = sl Jo 45 A& 55 Sots 5 A& o) b s 33 2 5 oz b
sl L3 TY (TX bl 4y 5 Calis DNA w55 Lo 5 4 S o by 2o Nosie 53 =0 o
L;Lc,\:,_u,t,”@,}.Quﬁ;.;,bgzdagathoverrowﬁ}i,,” o o3 Tout&ujiapﬁ@}_q)u&@
Jsl 3o L pos 3o (55 pate (3 (51 ol ol 03l OLES 7 05 3801 53 bl 55 oo plomil J o 050

c el 0 03l OLE Y o) 58U 55 48 55 e el mer o5 SN wulie



Else if (Tyopr 1s empty ) //both bits are one
Separation (Toarry - {Bi} Toarrys )i
Valueassignment (Teapppy - 1)
Merge (Tearry - Tearry1 i
End if
End
Else
If (Tyors notempty and Ty,, notempty)
Separation (Tearry - {Bi} Toarmyl s
Valueassignment (Tearpy, - 10
Merge (Tearry - Tearrya):
Elseif (Tyog is empty )
Separation (Tour - {Bi} Toura):
Valueassignment (Toyey - 1)
Merge (Tous » Tours):
Separation (Tearry - {Bi} Tearmye )i
Valueassignment (Tearrys - 1);
Merge (Tearry - Tearry1 )
Else
Separation (Tyye , 1B}, Toues ):
Walueassignment (Tgyeq - 1):

Merge CTout ’ Tnul:].);
End if

End if
End if
End for

If (T, gppy nOt empty)

Valueassignment (Tyypersiow » 1): Endif }

Algorithm 6_" the proposed DNA based with Adleman-Lipton"_addition with or without carry

—kige 1 b 5 OLleMbl 6,508 e
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Algorithm 7 " the proposed DNA based with Adleman-Lipton" subtract
Procedure subtract ( Ty, Ty, n , Tour, Toverflow) 1
Not_operation (Ty);
Add (Ty,1,n, Touts, Toverflow):

Add (Ty, Toutr, 1, Toutr Toverflow):

I = el ko 5 piies Jbo 20
23393 I 3505 Xisde 15,8 o plonil s Jibio Lo 5 (lodile it &1 555 ptomms 31 3l ks il 3
{2741, Gl o smme a5 b 05 o ol G oty g o 3 oile 3L alons 5 ot (globla wy
sy o3l ©2003 Ol a6 30 513 T 5 oo S 558k 35 o2 S0 ol 53271, 22041, 277
el a8 wib o mb s T 5 Lo osls b w0 Tm L3 (53555 Olgie 4 a5 5,50 sbaailay (rizan

g:M»‘eMé)LﬂabLﬁjk_@')xj/\M)ﬂ‘)Jcbw‘ .«\J‘J;dﬂf \) ol Ji.a\.»;&‘a.blﬂ



Algorithm 8 " the proposed DINA based with Adleman-Lipton™_ forward converter
Procedure forward comverter (input: T, T, . Ty, » Ty Toy, o Nz OUEpUL: T T+ Ty o Ty 3§
/Ty, is 6n bit
/fealculate | Tl--l'l'..., ,my =2"+1
Fori=0ton-1 do
Separation (T, .{B}. T, ;
Separation (T,,, .{B.,}. T\ };
Separation (T, .{B, o0} Te X
Separation (T;,, . {B. 5,1 Tp, 1;
End for;
Add (T, T.n+ L Toym,» Tovernow )
Add (T, T.n+ L Topmor Toverfiaw
Subtract_mod (T, Taum,, T, -0+ 1 Ty o
Empty (Toym, %
Empty (Toum, %
fealeulate | Tyyly, , . mp=2"—1
Add(T, . Ty, n+ 1. Togm,r Tovernow):
Add (T, Tron+ L Toppe Toverfiow )
calculate_remain_mod2nml (T, .10 T}
calculate_remamn_med2nml (T, . n, T.);
Add (T, To 10 Togme Toverflaw
calculate_remain modInm1 (T, 8. Ty %
Mealeulate | T,,._l-,-m_z , Mg = 220 41
For i=0 1o 2n-1 do
Separation (T, .{B,}. T, )
Separation (T, .{B, ;n} Ty, );
End for;
Subtract_mod T, . Ty, T,

My

SZn+ 1, T, i3
ffealeulate | Tyyly,, . m, = 20

Copy (T, Ty 22}

x, =X modm,

x, =X modm,

X Forward
converter

x, =X modm,

x, =X modm,
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1 r r ! ! I
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2n bits 2n+1 bits 22n (¥Y)

! 1A 1A 1A 1A Z‘n 1A 1A A A
Xaon—1 Xa2n—1 - Xa1 Xa0 — X32n X 27" + X351 X392 - X371 X3

2n bits 2n+1 bits 22n

. / 2n — " .
(_J'l‘)"l'” 3 x3’2n X 2 2211 — 0 LY w‘ Cp\j U'-'~|

— 1A 1A 1A 1A _ 1A 1A 1A 1A
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2n bits 2n bits 22n

Y)

! 1A 1A 1A = = =/ =/
Xaon—1 Xa2n—1 - Xa1 Xa0 + X32n-1 X32n-2 - X371 X309 + 1
2n bits 2n bits

2271
—_ ! 1A 1A 1A = = =/ =/
=X42n-1 Xa42n-1 - Xa1 X40 T X32n-1 X32n—2 - X371 X309 + 1

2n bits 2n bits

GBS b sy 2l e 35 i s LXg esSee 5 Xy 3l 2NL (OFF) diles S ol S5 LB &S5

S el 53 e 4 OlS e 1 (V) Sl Gl alos 0581 350 o0 ol Sl b s e

x"=xt+ Q2™ +1)H=x5+H (¥o)
S bl
H=(02%"+1) H =H|H

(v#)
B H—/
2n bits  4n bits

Algorithm 9 " the proposed DNA based with Adleman-Lipton”_Reverse conversion for the
moduli set {2%+1,2%-11

Procedure Calculate_x"_based_m1,2 (Input: T,; , T ,n ;output: Ty) {
Copy (Ty, , T, ):
CircleRightshift (T, );
Copy (T, , T,y )

Separation (T, . {Ba}, Timp):

Separation (Ty,,;, . {0}, Tupcopy);
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Algorithm 9 ' the proposed DNA based with Adleman-Lipton" Reverse conversion for the
moduli set {2" +1, 2°-1 }
Merge (Tx'l » Temp )
If (Detect (Tunpeopy) ==1rue)
CirecleRightshift (T, );
NOT_opertaion (Ty, ):
Else
For j=0 to n-2 do
Separation (T, {Bj} ,thmpxl )
ValueAssignment ( thmpxl L1
Merge (T, ,Ttl
End for;
Separation (Tvz > {Ba1} aTt?n_plxl]:
ValueAssignment ( Tfypy; ,0);
Merge (Tv2=Ttnr-n_|:'}x1 )i
End if;
Add_mod2nm]1 (Ty . Ty, , 0, Tsum);
Copy (Tgz, Toom):
calculate_remain_mod2nml (Tgypy. 0, Ty);
Fori=1tondo
Leftshift (Ty);
End for;
Add (Txi » T+ 1, Toumi, Toverfiow )
Add (Tsym1, Ty,n+ 1, Ty, Toyerfiow );
Discard ( Toverfiow) 3!

mpx1 );

) ’”—Q,J:I d#ﬁd;',n‘5| ol 62 Q@WJ:&}M;&L&M

Algorithm 10 " the proposed DNA based with Adleman-Lipton" Reverse conversion for the
moduli set [22‘“ +1,2% }

Procedure Calculate x"'_based m3,4 (input: T, , T ,n ;output: Ter) {
For j=0 to 2n-1 do
SeparationTxrg . {Bi}, Timp);
End for;
Copy (Txspcopy» Temp):
Merge (Tx; , Timp):
Not_operation (Txspecpy);
Add {Tx: ;Tx3pcop_v 5 2]1, Tsum: Tovertiow):
Add (Teum, 1, 20, T, Toverflow):
Empty (Tsum);
Copy (Tupeopy, Th);
Fori=I1to2n
Leftshift (Trupeopy):
End for;
Add {Tx; s THpcop}'p 2n, Teum, Toverflow):
Add (Taum, T, 20, Ty, Toverfiow);
Discard ( Toyerflow) i}




dsid = pads) Jbo o W@M“JM“@U
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Algorithm 11_" Adleman-Lipton"_ Error detection & correction

Procedure detection_ correction DNA

(input: TK;. ,szz , sza ) Txf; Ty » T » Tings Ty 1 )

Calculate_x"" CRT1_.m1&m2 ( T, , Ty ,n , T )
. - 1 2 1.2

Subtraction ( Tr, . Ty, » Taera):

Subtraction (T, Tyryy,, Tdeitat):

Compare_twobinarynumbers (Tdeias, 0, nt1, T, Tes):
Compare twobinarynumbers (Tdeltad, 0. nt+1, Tes, Tea):
If (Detect (Te3) =True and Detect (Te4) =True)
No Error:
Elself (Detect (Te3) = false and Detect (Te4) =false)
Calculate x"”_CRT1_m3&m4 '(Tx; B Tx; ,2n, Tx:;‘:} :
Calculate remainmod2npl (Tx;fq, 2n, Tery )t
Calculate_remainmod2nm]l (T, v 2n, Terg, )
Subtraction ( Ty, , Ty, 1, Taeltal):
Subtract (T, Tt o 0, Taelta) 3
Compare_twobinarynumbers (Taeita1. 0, n+1, Ta1, Te1);
Compare twobinarynumbers (Tdeta2, 0, n+1, Te, Te2):
If (Tet not empty and Te2 not empty)
More than one error
ElseIf (Te1 not empty)
Copy (Ty'1> Te'im, ):
Elself (Tez not empty)
Copy (Tyz  Tyrm,):
End if:
End if;
End if;
Else If (Te3 not empty or Te4 not empty)
If (Tes not empty)
Copy (Tyra. T, ):
Elself (Tes not empty)
Combine (T, Ty ' )
End if;
End if;
End if;
End if:
Endif :}
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