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Abstract:  Analog Cell represents gene expression at the molecule level. It provides abundant image information. We carried
out invesigations on concurrent semantic analysis of Analog-Cell in this paper. We introduced concurent consraint theory into Ana
log Cell and presented a framework of concuwent electronic cell model. We designed a quantitative sochadic control mechanism,
which was based on the study of stochastic concumrent constraint programming. It is capable of avoiding the random system mistakes
and improving the performance efficiency of Analog Cell. Based on norr deterministic temporal concurrent consraint theory, we pre-
sented an algorithm model to simulate the initiation of transcription. Las but not least, we proposed an algorithm to simulate whole
transcription process.
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1 enz_readion

reaction (k, [Ry, -, RoJ, [Py - Po]): = a‘gk’m(k’/Rl' W R(NE(R>0)). (N ytdloof Ri= Ri— 1) |1 I1/2 ytell o( Pi= Pi+ 1)).

reaction (k, [ Ry, -+, Ro], [Py -, Pu]) srma(k, [ Ry, - Rof )= k* X1 X,
ez _ reaction (ky, k_, ky S, E, E, ES, P): — raction(k,, [ S, E],[ES]) || readion(k_, [ES],[ S, E] Il readion( k,, [ES].[ E, P])

2 Start_ transaption

Start _ transcrption : —
(when {RNA Pol> OA distant. RNA Pol< range) do wpdate_ state( firstDNA) ).
(when {get_ type (firstDNA)= t N get_ state (firstDNA )= bgfore_ bind ) do update _ state (firstDNA ) )

3 s_ bond

s_bond=* (P IlP 1P, Pl PP IIP NI P,)
 P=1:0;(i= 0,1,2,3j=0,1,2,3) , 1
Po= when{(N> OA DNA> 0), Po>do(N= N~ 1l N*DNA= N* DNA+ 1)
P = when{(M> OA DNA> 0), Py,)do(M= M~ 11l M* DNA= M* DNA+ 1)
P,= when{(M>OAN<*DNA> 0), Pp>do(M= M~ 11l M* N*DNA= M*N* DNA+ 1|l N+ DNA= N* DNA- 1)
P3= when{(N> ON M*DNA> 0), P3Ydo(N= N— 1IN*M*DNA= N*M+DNA+ 11l M* DNA= M+ DNA- 1)
P 4= when{(N*DNA> 0), P> do(N= N+ 1 Il N DNA= N*DNA - 1)
P 5= when {(M* DNA> 0), Pyddo(M= M+ 11l M* DNA= M*DNA - 1)
P ¢= when{(M*N* DNA> 0), 03> do(M= M+ 11l M*N* DNA= M*N*DNA— 1|IN* DNA= N+ DNA + 1)
P o= when{(N*M* DNA> 0), P32 do(N= N+ 1|l N*M*DNA= N*M+* DNA— 1|l M* DNA= M*DNA + 1)

2.2  Analog Cell )
NTCC Timed CC , . )
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, RNA
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system level operation level shared data RNA
, P 014 mRNA  DNA
>
e
@ mRNA  DNA R
@ L J
______ By S | S
check @ ot
un_ bond .un_ bond  s_ bond
update @
Bl1 IR Analog-Cellld RE5H#]
, 1 Transcription
.readion Analog'Cell 1.1 Initialization.
1.2 Start_ transcription:
’ aboays{
3.2 AnalOg' Cell (when {RNA Pol > O A distant. RNA Pol < range ) do wupdate_ state
Analog Cell (firstDVA ) ).
DNA ; , RNA (when {get_ type (firstDNA )= t N\ get_ state (firstDNA )= before _ bind ) do
mRNA ; tRNA , tRNA update_ state(firstDNA ) )
1.3 transcription:
mRNA . Analog- aloays(
Cell > when {typematch \ unbind) do{
, DNA * ol
mRNA’ when {(N> OA DNA > OA distant(N) < range), Po? do(N= N—- 1 Y
[7] *DNA= N*DNA+ 1)
’ ’ Il when (M > ON DNA > OA distant(M )< range), PpYdo (M= M- 1
| M*DNA= M*DM + 1)
) Il when {(M > OAN* DNA> OA distant(M) < range), P3> do(M= M
— 1/lM*N*DNA= M*N*DNA+ 11l N* DNA= N*DMA - 1)
’ Il when ((N> OA M* DNA'> OA distant (N) < range ), Py do(N= N—
’ ’ 11l NeM*DNA= N*M* DNA+ 11l M* DNA= M*DNA- 1)
’ [ when {(N*DNA > 0), Poddo(N= N+ 11l N*DNA= N*DNA - 1)
[l when (M * DNA> 0), Py>do(M= M+ 1l M* DNA= M*DNA- 1)
, | when {(M*N* DNA> 0), Py>do (M= M+ 11l M* N+ DNA= M+ N+
DNA- 11 N*DVA= N*DNA+ 1)
[lwhen ((N*M*DNA> 0), P> do(N= N+ LIl NeM<*DNA= N+ M+
’ DNA- 111 M* DNA= M* DNA+ 1)
1 )7/ end *
1 , 1.1 DNA }//end do
1.2 }//end dways
L. 1.4  oplit mRNA and DNA sequence:
Stait_ transcription. RNA , aloays
DNA 5 Hf"m” when (state= is_ bond) { unbond (). wpdate_ state( )}
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