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���	������� ���2*2�)��.����.%�(%���������%��)��.���������������%�&���%��� ������%(%��������2�
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���������*� ��������%� .���� �� )���*� ������ ��� ���� %����� ��� �� ������ t �� &%��%.��� )��
��*������%2� 3����� �.%� ����%�� ���� �� �� ��%�������� ������ ����� ���� )�� DME��� � ���� @�(���������
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(���� ����� �� ��������%� ���� %�������� .���� �� ����� ����%� K � � %&&����� ����.������ ��� ����
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*������2�2�������%�������%��������������������%2�?%.������������ )��%��������%.�������%��������
�����.��������)��%�����K � 2�t h2��	� @� �� C2�3�����������������������.��������%(%����)���*��K � 2��&�
������%(%�����%(�%���.������������@)����������*�.����������� �����%�&���%�� �� @� CC������M�
��%���� ��� ��/�� %� ���� ��%(%���� ������ ��� ���� .�%��� ��%����� )��%(��� t h2��	� @� �� C2� �� �����
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)��/��%�)�� �	� @� �� C2��

�
�
�
�
�
�
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���C�����1�����������"�*����� ��)����������(�����������������.���������(����2��& �����������%��������
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(* Simulation time, samples, and plotting  *) 
directive sample 90000.0 500    
directive plot !a as "a"; !b as "b"; !c as "c"  

 
(* Parameters *) 
val dk = 0.001  (* Decay rate *) 
val inh = 0.001  (* Inhibition rate *) 
val cst = 0.1  (* Constitutive rate *) 
val bnd = 1.0  (* Protein binding rate *) 

 
(* Transcription factor  *) 
let tr(p:chan()) =     
  do !p; tr(p) 
  or delay@dk 

 
(* Neg gate *) 
let neg(a:chan(), b:chan()) = 
  do ?a; delay@inh; neg(a,b) 
  or delay@cst; (tr(b) | neg(a,b)) 

 
(* The circuit *) 
new a @ bnd: chan() 
new b @ bnd: chan()  
new c @ bnd: chan()  

 
run (neg(c,a) | neg(a,b) | neg(b,c)) 
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(* Simulation time, samples, and plotting  *) 
directive sample 20000.0 500 
directive plot !GFP as "GFP"; !LacI as "LacI";  
          !LambcI as "LambcI"; !TetR as "TetR" 

 
(* Degradation rate *) 
val dk = 0.001             
(* val dk = 0.00001    for D016 when aTc is present  *) 
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(* Transcription factor *) 
let tr(b:chan()) =        
  do !b; tr(b) 
  or delay@dk 

 
(* Repressible transcription factor *) 
let rtr(b:chan(), r:chan()) =      
  do !b; rtr(b,r)  
  or !r  
  or delay@dk 

 
(* Repressor *) 
let rep(r:chan()) =          
  ?r; rep(r) 

 
(* Negp gate *) 
let negp(a:chan(), (cst:float, inh:float), p:proc() ) =      
  do ?a; delay@inh; negp(a,(cst,inh),p) 
  or delay@cst; (p() | negp(a,(cst,inh),p)) 

 
(* Wiring *) 
new TetR @1.0: chan()  (* TetR protein *)  
new LacI @1.0: chan()  (* LacI protein *)  
new LambcI @1.0: chan() (* LambcI protein *)  
new GFP @1.0: chan()  (* GFP protein *) 
new aTc @100.0: chan()  (* aTc inducer *) 
new IPTG @100.0: chan() (* IPTG inducer *) 

 
(* Auxiliary definitions: negp products *) 
let rtr_TetR_aTc() = rtr(TetR,aTc)         
let rtr_LacI_IPTG() = rtr(LacI,IPTG) 
let tr_LambcI() = tr(LambcI) 
let tr_GFP() = tr(GFP) 

 
(* D038 Circuit *) 
val PT = (0.1, 0.25)   (* PT constitutive and inhib ition rates *) 
val PL2 = (0.1, 1.0)   (* PL2 constitutive and inhi bition rates *) 
val Plm = (0.1, 1.0)   (* Plm constitutive and inhi bition rates *) 

 
let tet() = negp(TetR, PT, rtr_TetR_aTc) 
let lac() = negp(TetR, PT, rtr_LacI_IPTG) 
let cI()  = negp(LacI, PL2, tr_LambcI)  
let gfp() = negp(LambcI, Plm, tr_GFP) 

 
run  
( tet() | lac() | cI() | gfp() 
(* | rep(aTc) uncomment to test with aTc *) 
(* | rep(IPTG) uncomment to test with IPTG *) 
) 
(* D016 Circuit *) 
val PT = (0.1, 0.01)   (* PT constitutive and inhib ition rates *) 
val PL1 = (0.1, 0.01)   (* PL1 constitutive and inh ibition rates *) 
val PL2 = (0.1, 0.01)   (* PL2 constitutive and inh ibition rates *) 
val Plm = (0.1, 0.01)   (* Plm constitutive and inh ibition rates *) 

 
let tet() = negp(TetR, PT, rtr_TetR_aTc) 
let lac() = negp(LacI, PL1, rtr_LacI_IPTG) 
let cI()  = negp(LacI, PL2, tr_LambcI)  
let gfp() = negp(LambcI, Plm, tr_GFP) 

 
run  
( tet() | lac() | cI() | gfp() 
(* | rep(aTc) uncomment to test with aTc *) 
(* | rep(IPTG) uncomment to test with IPTG *)) 
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(* Simulation time, samples, and plotting  *) 
directive sample 30000.0 1000 
directive plot !a as "a"; !b as "b" 

 
(* Parameters *) 
val dk  = 0.001 (* Output protein decay rate *) 
val inh = 0.001 (* Inhibition rate, or 1.0 *) 
val cst = 0.1 (* Constitutive rate *) 
val bnd = 1.0 (* Protein binding rate *) 

 
(* Transcription factor *) 
let tr(p: chan()) = do !p;tr(p) or delay@dk 
 
(* Neg gate *) 
let neg(a:chan(), b:chan()) = 
  do ?a; delay@inh; neg(a,b) 
  or delay@cst; (tr(b) | neg(a,b)) 

 
(* Probe signal: linearly raising and falling *) 
val pbdk = 0.1    (* Probe signal decay rate *) 
let probe1(p:chan(),n:int) =  
  if n=0 then ()  
  else (do !p;probe1(p,n-1) or delay@pbdk; probe1(p ,n-1)) 
let dprobe1(p:chan(),d:int,n:int) =  
  if d=0 then probe1(p,2*10*n)  
  else delay@pbdk;dprobe1(p,d-1,n) 
let probe(p:chan(),m:int) =  
  if m=0 then ()  
  else (dprobe1(p,500+(10*m),100-m) | probe(p,m-1))  

 
(* Probing *) 
new a@bnd:chan()  new b@bnd:chan() 
run (neg(a,b) | probe(a,100)) 
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