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Fig 1. Interacting Automata
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Fig. 1. Interacting automata



Fig 2. Automata Reactions
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Fig. 2. Automata reactions



Fig 3. Celebrity Automata
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h new a@1.0:chan()
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WWW let A() = do 'a; A() or ?a; B()

and B() = do !b; B() or ?b; A()
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Fig. 3. Celebrity automata



Fig 4. Possible Interactions

Fig. 4. Possible interactions



Fig 5. Groupie Automata

Fig. 5. Groupie automata
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directive sample 2.0
directive plot A(); B()

new a@1.0:chan()
new b@1.0:chan()

let A() = do !a; A() or ?b; B()
and B() = do !b; B() or ?a; A()

run 100 of (A() | B()



Fig 6. Both Together
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Fig. 6. Both together

directive sample 10.0 1000
directive plot Ag(); Bg(); Ac(); Bc()

new a@1.0:chan()
new b@1.0:chan()

let Ac() = do !a; Ac() or ?a; Bc()
and Bc() = do !b; Be() or ?b; Ac()

let Ag() = do 'a; Ag() or ?b; Bg()
and Bg() = do 'b; Bg() or ?a; Ag()

run 1 of Ac()
run 100 of (Ag() | Bg())



Hysteric Groupies (1 Mid -State)

directive sample 10.0 1000
directive plot A(); B()

new a@1.0:chan()
new b@1.0:chan()

Hysteric
Groupie
Doping let A() = do la; A() or ?b; ?b;B()

and B() = do !b; B() or?a; ?aA()

‘ T TN x7b @ let Ad() = 1a; Ad()
@ 2a ), R ' and Bd() = !b; Bd()

S N run 100 of (A() | B())
Ib run 1 of (Ad() | Bd())
irregular
100 A, 100° B 'b oscillation 200 Vi 7
. BAd1%Bd SPiM - N
200 &0 150 :?b
15|:| 1 BI:I 125 Il:l
100 1 . | '|
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Plotting also the mid -states.



Hysteric Groupies (2 Mid -States)

directive sample 10.0 1000
directive plot A(); B()

?b Doping new a@1.0:chan()

;db @ new b@1.0:chan()
\,\)b\: ' let A() = do !a; A() or ?b; ?b; ?bB()

and B() = do !b; B() or?a; ?a; ?aA()

b let Ad() = !a; Ad()
: and Bd() = !b; Bd()

] regular  SPM
2007 Ap 1004, 100°B g run 100 of (A() | B()

: 3 3 ' . .
150 B( 1°Ad,138d 'b oscillation un 1 of (Ad() | BAQ)
100
u f““mr .
a
1580 ?I:l
0 125 P\ b
20000 SPiM .
150001 22 U_AJ bl g J.-...Lﬁ n..-‘mjl mml
10000 Plotting also the mid -states.
5000
|:| 1
0 10

Higher precision at higher numbers.



Fig 7. Hysteric Groupies

directive sample 6.0 1000
directive plot A(); B()

o

new a@1.0:chan()
new b@1.0:chan()

let A() = do 'a; A() or ?b; ?b;B()
and B() = do 'b; B() or?a; ?aA()

let Ad() = 'a; Ad()
and Bd() = 'b; Bd()

run 100 of (A() | B())
run 1 of (Ad() | Bd())

.
R —

\ Doping ,/

e e e e - A=

___________________

SPIM SPiM
200 A0 10C A, 100°B 2007 Ap 100A,100°B directive sample 6.0 1000
150] BO 12Ad, 1284 1504 BU 1°Ad 1Bd directive plot A(); B()
100 1001 new a@1.0:chan()
50 50 new b@1.0:chan()
0 04 let A() = do 'a; A() or ?b; ?b; ?bB()
0 & and B() = do !b; B() or?a; ?a; ?aA()
Fig. 7. Hysteric groupies let Ad() = !a; Ad()

and Bd() = 'b; Bd()

run 100 of (A() | B())
run 1 of (Ad() | Bd())






Fig 8. First Order Reactions

Fig. 8. First order reactions



Fig 9. Sequence of delays

directive sample 20.0
directive plot S1(); S2(); S3();

@r @r @r S4(); S5(); S6(); S7(); S8(); S9();
EEEEENEN IIII> EEEE N Slo()

£0000- SFiM let S1() = delay@1.0: S2()

7500 - and S2() = delay@1.0;S3()
and S3() = delay@1.0; S4()
5000 and S4() = delay@1.0; S5()
3500 1 and S5() = delay@1.0; S6()
and S6() = delay@1.0; S7()
05 100005, 1.0 20 and S7() = delay@1.0; S8()
. and S8() = delay@1.0; S9()

Fig. 9. Sequence of delays and S9() = delay@1.0: S10()

and S10() = ()

SPiM run 10000 of S1()

20
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1000

20

Time scale is independent of
initial quantities.






Fig 10. Second Order Reactions

Fig. 10. Second order reactions



Fig 11. All 3 Reactions in 1 Automaton

B- t A
! Ib
A+B- TIA+A
/ \ A+A - YA+B
I , @s _
@ L @ 1000 SPiM

?a ?b

7501

Al
BO

5001
2501
0 100G B, r=s=1.0
] 0.02

Fig. 11. All 3 reactions

directive sample 0.02
directive plot A(); B()

new a@1.0:chan()
new b@1.0:chan()

let A() = do 'a; A() or !b; A() or ?b; B()
and B() = do delay@1.0; A() or ?a; A()

run 1000 of B()



Fig 12. Different Reactions, Same Behavior
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Fig. 12. Same behavior

directive sample 0.02
directive plot A(); B()

new a@1.0:chan()
new b@0.5:chan()

let A() = do 'a; A() or !b; B() or ?b; B()
and B() = do delay@1.0; A() or ?a; A()

run 1000 of B()



Fig 13. Sequence of Interactions
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Flg 13. Sequence of interactions

directive sample 0.02
directive plot AL(); A2(); A3(); A4(); A5(); AB(); A7(); AB(): A9(); A10()

new al@1.0:chan new a2@1.0:chan new a3@1.0:chan new a4@1.0:chan new a5@1.0:chan new a6@1.0:chan
new a7@1.0:chan new a8@1.0:chan new a9@1.0:chan

let AL() = ?al; A2()
and B1() = lal; B2()
and A2() = ?a2; A3()
and B2() = 1a2; B3()
and A3() = ?a3; A4()
and B3() = 1a3; B4()
and A4() = ?a4; AS()
and B4() = lad; B5()
and A5() = ?a5; A6()
and B5() = 1a5; B6()
and A6() = 2a6; A7()
and B6() = 1a6; B7()
and A7() = ?a7; A8()
and B7() = 1a7; B8()
and A8() = ?a8; AY()
and B8() = 1a8; BY()
and A9() = ?ag; AL0()
and B9() = 1a9; B10()
and A10() = ()

and B10() = ()

run 5000 of (A1() | B1())

0.0z
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Time scale is decreaseslinearly
depending on quantity
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Fig 14. Zero Order Reactions
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Fig. 14.Zero order reactions

directive sample 1000.0
directive plot S(); P(); E()

new a@1.0:chan()

let E() = !a; delay@1.0; E()
and S() = ?a; P()

and P() = ()

run (1 of E()| 1000 of S())

ES- S E
E+S- TES+P
K, =1

Vmax = [EO]

Zero Order Regime

1000

875

SPiM

directive sample 0.2
directive plot  S(); P(); E()

750 SI:I

o5 F new a@1.0:chan() _ ) )
E Km =100 Intermediate Regime

let E() = !a; delay @100.0; E()
8 and S() = ?a; P()
= and P() = ()
o} TGS FE - run (1 of E() | 1000 of S())
1:?: 50 directive sample 1000.0 E+S- "E+P
@ P directive plot S(); P(); E()
750 E|::|
la

625

500

378

250

125

0

100CGS, EE

new a@1.0:chan()
let E() = 'a; E()
and S() = ?a; P()
and P()=()

run (1 of E() | 1000 of S())

Second Order Regime



Zero Order Reaction Scaling
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Time scale increases linearly
depending on quantity of S

directive sample 100.0
directive plot S(); P(); E()

new a@1.0:chan()

let E() = !a; delay@1.0; E()
and S() = ?a; P()
and P()=()

run (100 of E() | 1000 of S())
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Up to the point where E>S



Pseudo Michaelis-Menten Derivation

[E]" = S[ES]- r[E][S]
[ES]' = r[E][S] - S[ES]
[S]"=- r[E][S]

[P]" = r[E][S]

Assume [EST =0
[ES] = r[E][S]/s
define K, = s/r

[ES] = [E][SVK,, (1)

[P]" = r[E][S] = s[ES] (2)
Total enzyme is

[Eo]l = [E]+[ES] hence
[El=[E]-[ES]  (3)

Substituting (3) into (1)

[ES] = ([&] - [ESD[SV/K, 1.e.

[Edol = Kn[ES)/[S] + [ES]
[Eql = [ES](1+K,/[S])
[ES]= [Bl/(1+K/[S])
mult. numé&denum by [S]:

[ES] = [RI([S)(K,+[S])) (4)

Substituting (4) into (2)
[P]" = s[BI([SV/(K ,*+[S]))
define V., = s[E)]

[P1"= Viaul V(K +[S])  (5)

ES- ° E
ar la E+S-

" ES+P

________________________

i Real Michaelis-Menten:

|E+S- TES
'ES- Sl E+S
'ES- %2 E+P

K= (s1+s2)/r
i Vmax = 82[EO]

so if s1<<s?2
iwe have $°s2

See http://en.wikipedia.org/wiki/
Michaelis -Menten_kinetic

________________________






Fig 15. Subtraction
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Fig. 15. Subtraction (top)

directive sample 20.0 1000
directive plot E(); F()

new a@1.0:chan()

let E() = ?a; delay@1.0; E()
and F() = la; delay@1.0; F()

let raising(p:proc(), tfloat) = (* Producing one p() every t sec *)
(val dt="100.0 run step(p, t, ct, dt)) (+ with precision dt *)
and step(piproc(), tifloat, n:float, dt:float) =
if n<=0.0 then (p(Istep(p.t.dt,dt)) else delay@di/t; step(p,t,n-L.0,dt)

run 1000 of F()
run raising(g,0.01)

directive sample 20.0 1000
directive plot E(); F()

new a@1.0:chan()

let E() = ?a; E()
and F() = 'a; F()

let raising(p:proc(), t:float) = (* Producing one p() every t sec *)
(val dt= 100.0 run step(p, t, dt, dt)) (+ with precision dt *)
and step(p:proc(), tfloat, n:float, dt:float) =
if n<=0.0 then (p(lstep(p.t,dt.ct)) else delay@di/t; step(p.,n-1.0,dt)

run 1000 of F()
run raising(g,0.01)



Fig 16. Ultrasensitivity
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Fig. 16. Ultrasensitivity

Compare with Second-Order Regime

directive sample 215.0 1000

E + S_ E+ P directive plot E(); F(); S(: P()
| a F+ P F+ S new a@1.0:chan() new b@1.0:chan()

let S = 2a; P()
and P() = ?b; S()

@ 1 OI ?a let EQ) = ta; E()
SPIM and F( = Ib; F()
_ 1 D D D ) . let raising(p:proc(), t:float) = (* Producing one p() every t sec *)
E [__I (val dt= 100.0 run step(p, t, dt, dt)) (*with precision dt *)
and step(p:proc), tfloat, n:float, dtfloat) =
? ! @ 1.0 500 FU if n<=0.0 then (p(Istep(p.L.dt. ) else delay@dt; step(p.tn-1.0,dt)
: 1 . ]
3 U fun 1000 of S()
{4 run 100 of F()
I b |:| F u r:n raising(E, 1.0)
0 215

10G*F, 0..206E

directive sample 215.0
directive plot E(); F(); S(); P(); ES(); FP()

new a@1.0:chan() new b@1.0:chan()

let S() = ?a; P()
and P() = ?b; S()

let E() = 'a; ES()

and ES() = delay@1.0; E()
and F() = Ib; FP()

and FP() = delay@1.0; F()

let raising(p:proc(), t:float) = (* Producing one p() every t sec *)
(val dt= 100.0 run step(p, t, d, dt)) (* with precision dt *)
and step(p:proc(), tfioat, n:float, dt:float) =
if n<=0.0 then (p(Istep(p.,cit,dt)) else delay@dt/t; step(p.t,-1.0,dt)

run 1000 of S()
run 100 of F()
run raising(E,1.0)






Fig 17. Positive Feedback Transition

directive sample 0.02 1000

b 10004 SPiM directive plot B(); A()
@1./0,. . Eq —— N.B.: needs at

?b 0. A0 least 1 B to

o e _ new b@s:chan oget st ar
A+B- B+B 250 let A) = ?b; B()
B - and B() = b;B()
0 100G A, 13B 0.02

Fig. 17. Positive feedback transition run (1000 of A() | 1 of B())

1200

1000

A+B- SB+B |
2

AIT=-sIAIB] |
[B]"= SIAIB]

800

continuous_sys_generator
|

0 10 20 30 40 a0 B0 70 80

interval/step [0:0.001:0.0]
(A) dx1/dt= - x1*x2 1000.0
(B)  dx2/dt=x1*x2 1.0



Fig 18. Bell Shape

directive sample 0.003 1000

10000 - SPiM directive plot B(); A(); C()

7500 1 Eg new b@1.0:chan new c@1.0:chan

5000 1 Co let A() = ?b; B()

25001 and B() = do !b;B() or ?c; C()
QICB:_' g:g ) and C() = I¢;C()

0 100004, 128, 2c 0.003

10000 of A B(O)|C
Fig. 18.Bell shape run (10000 oAOYTEO 1E0)

A+B- 1B+B il
B+C- 1C+C
* 4000 F
[A] 1=-[A][B] | Matlab

[B] ﬂ - [A] [B] '[B] [C] o5 500 1000 1400 200
[C]" = [B][C]

2500 3000
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Soliton -like Propagation
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Initial pulse propagates without loosing shape.

directive sample 0.1 1000
directive plot AL(); A2(); A3(); A4(); A5(); A6(); A7(); A8();
A9(); A10(); A11(); A12(); AL3()

valr=1.0 val s=1.0

new a2@s:.chan new a3@s:chan new a4@s:chan

new a5@s:chan new aé@s:chan new a7@s:chan

new a8@s:chan new a9@s:chan new al0@s:chan

new all@s:chan new al2@s:chan new al3@s:chan

let A1() = do delay@r;A2() or ?a2; A2()

and A2() = do 'a2;A2() or delay@r;A3() or ?a3; A3()

and A3() = do 'a3;A3() or delay@r;A4() or ?a4; A4()

and A4() = do 'a4;A4() or delay@r;A5() or ?a5; A5()

and A5() = do !a5;A5() or delay@r;A6() or ?a6; A6()

and A6() = do !a6;A6() or delay@r;A7() or ?a7; A7()

and A7() = do 'a7;A7() or delay@r;A8() or ?a8; A8()

and A8() = do 'a8;A8() or delay@r;A9() or ?a9; A9()

and A9() = do 'a9;A9() or delay@r;A10() or ?a10; A10()
and A10() = do !'a10;A10() or delay@r;A11() or ?all; A11()
and A11() = do !lal1;A11() or delay@r;A12() or ?al2; A12()
and A12() = do !a12;A12() or delay@r;A13() or ?al3; A13()
and A13() = 1al13;A13()

run 1000 of AL()



Fig 19. Oscilllator
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Fig. 19. Oscillator

145
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directive sample 0.03 1000
directive plot A(); B(); C()

new a@1.0:chan new b@1.0:chan new c@1.0:chan
let A() = do !a;A() or ?b; B()

and B() = do 'b;B() or ?c; C()

and C() = do !c;C() or ?a; A()

run (900 of A() | 500 of B() | 100 of C())

Al
AZ()
A

Deadlocking
Stochastic

Oscillation
(stopping when one
state dries up)

SPIM

Live

Simulation: Time = 0.826616 (3329 points at 0.32258 simTime/sysTime and halted)



Numerical Instabilities in Matlab Solvers

1.4 T T T T
- Matlab
121 B
continuous_sys_generator
+C- sC+ | !
S 0.8 1
+A - +
0.6 1
* 04r 1
02r B
0 L L L L
0 0s 1 15 2 25
interval/step [0:0.001:20.0]
(A) dxl/dt= - x1*x2 + x3*x1 0.9
(B) dx2/dt= - x2*x3 + x1*x2 0.5
©) dx3/dt X3*x1 + x2*x3 0.1

[A] 1= -s[A][B]+s[C][A]
[B]" = -s[B][C]+s[A][B]

CEEa
T Om
>0 m

+
SO0m

[C]" = -s[C][A]+s[B][C]
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Fig 20. Positive two -stage Feedback
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Fig. 20. Positive two -stage feedback

A+B- SAO0 4 B
A0 + BB+B

\/

directive sample 0.1 1000
directive plot B(); A(); AL()

new c@1.0:chan
let A() = ?c; AL()
and Al1() = ?c; B()
and B() = !c;B()

run (1000 of A() | 1 of B())

[A] T =-s[A][B]
[B]T= s[ AD

1 [ B
[ ATGB[AIB]-s [ AO

continuous_sys_generator
I

interval/step [0:0.0002:0.1]
(A) dx1l/dt= - x1*x2

(B) dx2/dt = x3*x2

(A @y3/dt =x1*x2 dx3*x2

GO0



Fig 21. Square Shape

Alternative plotting style

directive sample 0.2 1000 e

directive plot B(); A(); A1(); B1(); C() oy

new b@1.0:chan new c@1.0:chan o

let A() = ?b; AL() -

and A1() = ?b; B() .

and B() = do !'b;B() or ?c; B1() —

and Bl() - OC; C() (* directive plot B(); A(); A1(); B1(): C() *)

new b@1.0:chan new c@1.0:chan
=lc:
and C() .C,C() let AQ = 2b; AL)
and A1() = ?b; B()
and B() = do 'b;B() or ?c; B1()
and B1() = ?c; C()

. run (1000 of A() | B() | C0)
0 1000xA, 1xB, 1xC 02 run (2000 of AQ) | B( | €0)

Fig. 21.Square shape

100xA

ESBAD1 (692 i wS 2878 Tt T o e directive sample 0.06 1000
directive plot B(); A(): A1(); B1(); C()

new b@1.0:chan new c@1.0:chan

h . let A() = ?b; AL()
and AL() = 2b; B()
N 1000XA and B() = do !b;B() or 2c; B1()
\ | and B1() = 7c; C()
A A and C() = 6:C()
7_//’ / \ A run (10000 of AQ) | B0 | CO)
i .0 2 e

— [ & N.B.: starting with 20000xA,

';‘ | 10000xA  1xB, 1xC: insignificant chance

y } that B will react with C first
e and the whole thing will starve.




Fig 22. Hysteric 3 -Way Groupies
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Fig. 22. Hysteric 3-way groupies

directive sample 0.5 1000
directive plot A(); B(); C()

new a@1.0:chan()
new b@1.0:chan()
new c@1.0:chaf)

let A() = do !a; A() or ?c; ?c; C()
and B() = do !b; B() or ?a; ?a; A()
and C() = do !c; C() or ?b; ?b; B()

let Ad() = !a; Ad()
and Bd() = !b; Bd()
and Cd() = Ic; Cd()

run 1000 of A()
run 1 of (Ad() | Bd() | Cd())

N.B.: It will not oscillate
without doping (noise)






Fig 23. Second-Order Cascade
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Fig. 23.Secondorder cascade

directive sample 0.03
directive plot !a; !b; 'c

new a@1.0:chan new b@1.0:chan new c@1.0:chan
let Amp_hi(a:chan, b:chan) =

do 'b; Amp_hi(a,b) or delay@1.0; Amp_lo(a,b)
and Amp_lo(a:chan, b:chan) =

?a; Amp_hi(a,b)

run 1000 of (Amp_lo(a,b) | Amp_lo(b,c))

let A() ='a; A()
run 100 of A()
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Fig. 24.Zero-order cascade

directive sample 0.01
directive plot !a; !b; Ic

new a@1.0:chan new
b@1.0:chan new c@1.0:chan

let Amp_hi(a:chan, b:chan) =
do 'b; delay@1.0; Amp_hi(a,b)

or delay@1.0; Amp_lo(a,b)

and Amp_lo(a:chan, b:chan) =
?a; Amp_hi(a,b)

run 1000 of (Amp_lo(a,b) |
Amp_lo(b,c))

let A() = 'a; delay@1.0; A()
run 100 of A()

Zero -order Cascade

directive sample 20.0
directive plot !a; Ib; Ic

new a@1.0:chan new
b@1.0:chan new c@1.0:chan

let Amp_hi(a:chan, b:chan) =
do 'b; delay@1.0; Amp_hi(a,b)

or delay@1.0; Amp_lo(a,b)

and Amp_lo(a:chan, b:chan) =
?a; Amp_hi(a,b)

run 1000 of (Amp_lo(a,b) |
Amp_lo(b,c))

let A() = 'a; delay@1.0; A()
run 100 of A()



Fig 25. Zero -order Transduction

4 SPiM

la b 1000 directive sample 20.0
! la directive plot !a; b
500 Ib
ol new a@1.0:chan new b@1.0:chan

0 10

100xaHi, 1000xbLo, rates=1.0 .
let Amp_hi(a:chan, b:chan) =

1000+ SPIM 14 do !b; delay@1.0; Amp_hi(a,b) or delay@1.0;

= = b Amp_lo(a,b)
500 1 and Amp_lo(a:chan, b:chan) =
?a; Amp_hi(a,b)
0 J
0 10
900xaHi, 1000xbLo, rates=1.0 run 1000 of Amp_lo(a,b)

Fig. 25. Zero-order cascade- 1 stage
let A() = !a; delay@1.0; A()

run 500 of A()



Fig 26. Second-Order Double Cascade

Two Stages Single Decay Two Stages Double Decay

directive sample 0.03
directive plot a; Ib; Ic

new a@1.0:chan new b@L.0:chan new c@1.0:chan

let Amp_hi(a:chan, b:chan) =

do 1b; Amp_hi(a,b) or delay@1.0; Amp_mi(a,b)
and Amp_mi(a:chan, b:chan) =

do ?7a; Amp_hi(a,b) or delay@1.0; Amp_lo(a,b)
and Amp_lo(a:chan, b:chan) =

2a; Amp_mi(a,b)

fun 1000 of (Amp_lo(a,b) | Amp_lo(b,c))

let A) = la; AQ)
Tun 100 of A()

0.03

10 aHi, 100 bLo, 100G cLo, rates=1.0

2a; ?a; Amp_hi(a,b)
run 1000 of (Amp_lo(a,b) | Amp_lo(b,c))

let AQ) = a; AQ)
fun 100 of A()

1000 SPM 2 1m0 SR
7 b
I
, SPiM °
/1000
600 600
400 400
200 200
0 0
5001 0 0.03 0 003
! =l directive sample 0.03
||:| directive plot la; 1b; lc ‘ directive sample 0.03
] . 5 directive plot la; 1b; Ic
250 Iz new a@1.0:chan new b@1.0:chan new c@1.0:chan :h
: © new a@1.0:chan new b@1.0:chan new c@1.0:chan
let Amp_hi(a:chan, b:chan) =
_‘,-'J_'/'; do tb; Amp_hi(a,b) o delay@1.0; Amp_lo(a,b) let Amp_hi(a:chan, b:chan) =
0 and Amp_lo(aichan, b:chan) = do Ib; Amp_hi(a,b) or delay@1.0; Amp_mia,b)
and Amp_mi(a:chan, bchan) =

do ?a; Amp_hi(a.b) or delay@1.0; Amp_lo(a,b)
and Amp_lo(achan, bchan) =
2a; Amp_mi(a,b)

run 1000 of (Amp_lo(a,b) | Amp_lo(b,c))

let AQ) = a; AQ)
run 100 of A()



Fig 27. Zero Order Double Cascade

SPiM

la
Ib

! [ directive sample 0.03
directive plot !a; Ib; lc

new a@1.0:chan new b@1.0:chan new c@1.0:chan
let Amp_hi(a:chan, b:chan) =

do b; delay@1.0; Amp_hi(a,b) or delay@1.0; Amp_lo(a,b)
and Amp_lo(a:chan, bichan) =

2a; ?a; Amp_hi(a,b)

run 1000 of (Amp_lo(a.b) | Amp_lo(b,c))

|:| |:||j3 let A() = la; delay@1.0; A()
1un 2000 of A()
200C aHi, 100C bLo, 100C cLo, rates=1.0

Fig. 27. Zero-order double cascade



One Stage of Zero-order Double Cascade

SPIM
2000 1
directive sample 0.03
la directive plot !a; Ib
Ib

1500 1 i new a@L.0:chan new b@1.0:chan

let Amp_hi(a:chan, b:chan) =
do b; delay@1.0; Amp_hi(a,b) or delay@1.0; Amp_lo(a.b)
and Amp_lo(a:chan, bichan) =

1 I:I I:I I:I 4 ?a; ?a; Amp_hi(a,b)
run 1000 of Amp_lo(a,b)

let A() = la; delay@1.0; A()

5 |:| |:| T run 2000 of A()

0 0.02






Fig 28. Simple Inverter

aHi+bHi - 9aHi+bLo
bLo - bHi

[bHi]* = -gaHi][oHi] + [bLo]

assume [bHi]*=0
[bLo] = gaHi][bHi]

[bHi] = Max - [bLo] = Max - gaHi][bHi]
[bHi](1+ gaHi]) = Max
[bHi] = Max/(1+daHi])

SFIM
1007 Res (bad) [~ 2
50 '
lc
o o
0 110

aHi=0..100..0, 100bHi, 1003 cLo, rates=1.0
SPiM

100

10®bLo, 10CGcLo, ..., 100fLo, rates=1.0
SPiM
100

—_—— la
- Oscillation (bad) Et'
L

0 2
10 bHi, 1003 cLo, 10G aLo, rates=1.0

Fig. 28. Simple inverter

directive sample 110.0 1000
directive plot 1a; b; Ic

newa@1.0:chan new b@L0:chan new c@1.0:chan

letInv_hi(achan, bichan) =
do tb; Inv_hi(a,b)

or 2a; Inv_lo(a,b)

and Inv_lo(aichan, bichan) =
delay@1.0; Inv_hi(a,b)

1un 100 of (Inv_hi(a,b) | Inv_lo(b,c))

letclock(tfloat, tick:chan) =

(val 0t=100,0 run steptick, , dt, dt))

and step(ick:chan, tloat, nfloat, dtfioat) =

if n<=0.0 then lck; clock(tick) else delay@dut;step(ticktn  -1.0,dt)
let Si(a:chan, tock:chan) =

do ta; S1(a.tock) or Ztock;

and SN(nint, tfloat, a:chan, tick:chan, tockichan) =

if =0 then clock(t, tock) else 2tick; (S1(a.tock) | SN(n  -1.ta.tick,tock))
letraisingfalling(a:chan, niin, tfloat) =

(new tick:chan new tock:chan run (clock(t,tick) | SN(n.ta,tick tock)))

fun raisingfalling(a, 100,0.5)

directive sample 15.0 1000
directive plot la; 1b; Ic; d; e; 1.

new a@1.0:chan new b@1.0:chan new c@1.0:chan
new d@1.0:chan new e@1.0:chan new f@1.0:chan

letiny_hi(achan, bichan) =
do b Inv_hi(a.b)

or 2; Inv_lo(a,b)

and Inv_lo(acchan, bichan) =
delay@1L.0; Inv_hi(a,b)

un 100 of (Inv_lofa,b) | Inv_lo(b,c)
JInv_lo(c,d) | 1nv_lo(d,e) | 1nv_lo(e,)

directive sample 2.0 1000
directive plot la; 1b; ic

new a@1.0:chan new b@1.0:chan new c@1.0:chan

letiny_hi(achan, bichan) =
do b Inv_hi(a.b)

or 2a; Inv_lofa,b)

and Inv_lo(a:chan, brchan) =
delay@1L.0; Inv_hi(a.b)

un 100 of (Inv_hi(a.b) | Inv_lo(b.c) | Inv_lofc.a))



Fig 29. Feedback Inverter

aHi+bHi - 9aHi+bLo
bLo+bHi - 9bHi+bHi
bLo - bHi

[bHI]* = -gaHi][bHi] + ¢[bLo][bHi] + [bLo]

assume [bHi]*=0

gaHi][bHi] = dbLo][bHi] + [bLo]
gaHi][bHi] = dbLo]([bHi] + 1/ ¢)

[bLo] = [aHi][bHi]/([bHi] + 1/ 0) ~ [aHi]

[bHIi] = Max - [bLo] ~ Max - [aHi]

Restoration (linear) 2pim

100 la
Ib
50 I
0
0 110
aHi=0..100..0, 109bHi, 1003 cLo, rates=1.0
SPiM

100 la Id
50 Alternation (poor) Ib
0 [

0 1
10®bLo, 10GcLo, ..., 108fLo, rates=1.0

SPiM
1004, Oscillation (bad) s
EI:I I -.'!. . LA o s II|II .f' Il:l
04 le

10C bHi, 1003 cLo, 10¢ aLo, rates=1.0

Fig. 29. Feedback inverter

un 100 of (Inv_hi(a.b) | Inv_lo(b.c) | Inv_lofc.a))




Fig 30. Double -Height Inverter
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Fig. 30. Double-height inverter

directive sample 110.0 1000
directive plot a; 1b; 1c

new a@1.0:chan new b@1.0:chan new c@1.0:chan

letinv2_hi(achan, bichan) =
do Ib; Inv2_hi(a,b) or 7a; Inv2_mi(a,b)
and Inv2_mi(aichan, bichan) =
do delay@1.0; Inv2_hi(a,b)
or 2a; Inv2_lofa,b)
and Inv2_lo(a:chan, bichan) =
delay@1.0; Inv2_mi(a.b)

un 100 of (Inv2._hifa.b) | Inv2_lo(bc))

Tet clock(tfloat, tick chan) =
(val dt=100.0 run step(tick, t, d, dt))

and step(tick chan, tloat, nfloat, dtfloat) =

if n<=0.0 then lick; clock(t ick) else delay@dut;step(ticktn  -10,d1)
let Si(a:chan, tock:chan) =

do la; Si(a.tock) or ?tack; ()

and SN(int, tfioat, achan, tick.chan, tockichan) =

if n=0 then clock(t, tock) else 2tick; (S1(atock) | SN(n  -1tatick,tock)
letraisingfalling(aichan, mint, tfloat) =

(new tick:chan new tock:chan run (clock(t tick) | SN(n.t.a tick tock)))

fun raisingfalling(a, 100,0.5)

directive sample 15.0 1000
directive plot la; b; Ic;Id; e; 1.

newa@1.0:chan new b@1.0:chan new c@1.0:chan
newd@1.0:chan new e@1.0:chan new i@1.0:chan

letInv2_hi(achan, bichan) =
o 1b; Inv2_hi(a,b) or ?a; Inv2_mi(a,b)
and nv2_mi(aichan, bichan) =

do delay@1.0; Inv2_hi(a)

or 2a; Inv2_lo(a )

and Inv2._lo(aichan, bichan) =
delay@1.0; Inv2_mi(a.b)

run 100 of (Inv2_lofa,b) | Iv2_lo(b,c)
| 1nv2_lo(c.d) | Inv2_lo(d.e) | Inv2_lo(e.f))

directive sample 2.0 1000
directive plot 1a; 1b;lc:

newa@1.0:chan new b@1.0:chan new c@1.0:chan

et Inv2_hi(achan, bichan) =
do 1b; Inv2_hi(a,b) or ?a; Inv2_mi(a,b)
and Inv2_mi(a:chan, bichan) =
do delay@L.0; Inv2_hi(a.b)
or 2a; Inv2_lo(a,b)
and Inv2_lo(aichan, bichan) =
delay@1.0; Inv2_mi(a.b)

run 100 of (Iv2_hi(a,b) | Inv2_lo(b,c) | Inv2_lo(c.2))



Fig 31. Double Height Feedback Inverter

directive sample 110.0 1000
directive plot ta; b; Ic

new a@1.0:chan new b@10:chan new c@1.0chan

letInv2_fia:chan, bichan) =
do b; Inv2_hiab) or 2a; Inv2_mi(a,b)
and Inv2_miacchan, bichan) =
do delay@1.0; Inv2_hi(a,b)
or %a; Iv2_lo(a.b)
or 2b; Inv2_hi(a,b)
and Inv2_lo(azchan, bichan) =
do delay@L.0; Inv2_mia.5)
o1 2b; Inv2_mi(a.b)

b 7 100

I:I run 100 of (Inv2_hi(a,b) | Inv2_lo(b.c))

1
aHi=0..100..0, 109bHi, 1003 cLo, rates=1.0 fetclook(cet et =

(val dt=100,0 run step(tick, , dt, dt))
and steptick:chan, tloat, nfioat, dtfloat) =

ifn<=0.0 then lick; clock(t ick) else delay@dut;step(tick tn  -1.0.d)
et Si(azchan, tock:chan) =

100 SEIM | g e,
. = if n=0 then clock(t, tock) else 2tick; (S1(atock) | SN(n -1t tick tock))
50 lternation (better) 1, T e
0 I un raisingfaling(@,100,0.5)

directive sample 1.0 1000

1(903 bLo,10GcLo, ..., 106fLo, rates=1.0  aewepoamcen
- new a@1.0:chan new b@1.0:chan new c@1.0:chan
S F"| M new d@1.0:chan new e@1.0:chan new {@1.0:chan

] 2
100 bHi, 1003cLo, 10CG aLo, rates=1.0 un 100 of (Iv2_lo(a.5) | Inv2_lo(b.c)

| 1nv2_lo(e.d) | Inv2_lo(d.e) | Inv2_lo(e.f))

Fig. 31.Double-height feedback ="

new a@1.0:chan new b@1.0:chan new c@1.0:chan

letinv2_hi(achan, bchan) =
do lb; Inv2_hi(a.b) o ?a; Inv2_mi(a.b)
and Inv2_mi(achan, bichan) =
do delay@1.0; Inv2_hi(a.b)
or 2a; Inv2_lo(a,b)
or 2b; Inv2_hi(ab)
and Inv2_lo(aichan, bichan) =
do delay@1.0; Inv2_mi(a,b)
or 2b; Inv2_mi(a.b)

7un 100 of (Inv2_hi(a.b) | Inv2_lo(bc) | Inv2_lo(c,a)

with parameter scaling:

directive sample 2.0 1000
directive plot la; b; Ic:
val scale =10.0

newa@1.0/scale:chan new b@1.0/scale:chan new c@1.0/scale:chan

et Inv2_hi(achan, bichan) =
do 1b; Inv2_hi(a,b) or ?a; Inv2_mi(a.b)
and Inv2_mi(a:chan, bichan) =

do delay@1.0; Inv2_hi(a.b)

or 2a; Inv2_lo(ab)

or 7b; Inv2_hi(a.b)
and Inv2_lo(aichan, bichan) =

do delay@1.0; Inv2_mi(a,b)

or 7b; Inv2_mi(a,b)

et many(n-foat) =

(ifn<=0.0 then ) else (many(n -10) |
(Inv2_hi(a.6) | Inv2_lo{b.c) | 1nv2_lo(c.a))
)

run many(100.0*scale)






aHi+cLo - 9aHi+cHi
bHi+cLo - 9bHi+cHi

cLo

directive sample 10.0 1000
directive plot 1a; 1 Ic:

newa@1.0:chan new b@1.0:chan new c@1.0:chan

let Or_hi(a:chan, bchan, c:chan) =
do Ic; Or_hi(ab.c) or delay@1.0; Or_lo(a.b.c)
and Or_lo(a:chan, bichan, c:chan) =
o 2a; Or_hi(a.b,c) or 2b; Or_hi(a,b.c)

fun 1000 of Or_lo(a,b.c)

et clock(tfloat, tick:chan) =
(val dt=100.0 run step(tick. t, dt, dy)

and step(tick:chan, tfloat, nifioat, dtfioat) =
if n<=0.0 then Hick: clock(t tick) else delay@d;step(tick.tn

et S_a(tic
et S_b(tic
and S_bi(ickichan) = do tb; S_b(tick) or 2tick; S_b2(tick)
and S_ba(tickichan) = do 1b; S_b2(tick) or 2tick; (

chan) = do ta; S_a(ick) or 2tick; ()
chan) = 2tic

letmany(n:float, piproc(fioat), ntfloat) =
itn<=0.0 then () else (p(n) | many(n -L0, p, )

et Boollnputs(n:fioat, ntfloat, m:ioat, mtfloat) =
(run many(n, Sig_a, nt) run many(m, Sig_b, mt))

and Sig_a(ntfioat) = (new tick:chan run (clock(nt.tick) | S_a(tick)))
and Sig_b(mtloat) = (new fick:chan run (clock(mt tick) | S_b(tick)))

run Boollnputs(100.0, 4.0, 100.0, 2.0)

1.0.d)

Fig 32. Or/And

c=aOrb

SFiM

1000 4

5001

DD
tf tt ft ff

1000 cLo, rates=1.0

:

10001

5001

-

SPiM

la
Ib
Iz

0
]

ot ft ff 0

100C cLo, rates=1.0

Fig. 32.0r and And

directive sample 10.0 1000
directive plot la; b; Ic:

Newa@1.0:chan new b@10:chan new c@1.0:chan
vl del = 1.0

et And_hia:chan, bichan, c:chan) =

do ic; And_hi(a,b.c) or delay@del; And_lo_a(a.b,c)
and And_lo_a(a:chan, bichan, c:chan) =

do 2a; And_hi(a,b,c) or delay@del; And_lo_ba.b.c)
and And_lo_ba:chan, bichan, c:chan) =

2b; And_lo_a(a.b.c)

fun 1000 of And_lo_b(a.b.c)

letclock(tfloat, tick:chan) =
(val dt=100.0 run steptick, t, dt, dt)
and step(tick:chan, tloat, nfloat, dtfioat) =
if n<=0.0 then ltck; clock(t tick) else delay@dut;step(tick,tn
10.dy)

et S_a(tickichan) = do ta; S_atick) or 2tick: ()

et S_bltickichan) = ?tick; S_b1(tick)

and S_bitickichan) = do tb; S_bi(tick) or Ztick; S_b2(tick)
and S_b2(tickichan) = do 1b; S_b2(tick) or 2ick;

letmany(nifloat, piproc(fioat), ntfloat) =
ifn<=0.0 then () else (p(n) | many(n -0, p, n))

et Boolinputs(n:fioat, ntfloat, mfioat, mtfloat) =

(run many(n, Sig_a, nt) run many(m, Sig_b, mt)

and Sig_a(ntfloat) = (new tick:chan run (clock(nt.fick) |
S_a(ick)))

and Sig_b{mtloat) = (new tick:chan run (clock(m,tick) |
S_b(tick)))

fun Boollnputs(100.0, 40, 1000, 2.0)



Fig 33. Imply / Xor

(. )

aHi+cHa - Y%aHi+cLo
bHi+cLo - 9bHi+cHb
cHb - cLo

\cLo- cHa y

directive sample 15.0 1000

directive plot fa; b; fc:

new a@1.0:chan new b@1.0:chan new c@1.0chan directive sample 20.0 1000
directive plot la; b; Ic:

val del = 1.0

newa@1.0:chan new b@1.0:chan new c@1.0:chan

do 'c; Imply_hi_a(a,b,c) or ?a; Imply_lo(a,b.c)
and Imply_hi_b(a:chan, b:chan, c:chan) =
do 'c; Imply_hi_b(a,b,c) or delay@del; Imply_lo(a,b.c)
and Imply_lo(a:chan, b:chan, c:chan) =
. - do ?a; Xor_hi_a(a,b,c) or ?b; Xor_lo_ab(a,b,c)
w0ttt SPiM SPiM
ab(a,b,c)

- E do 2b; Xor_hi_b(a,b.c) or 2a; Xor_|
1000 1000
let clock(t:float, tick-chan) and Xor_lo_ab(a:chan, b:chan, c:chan) =

(val d=100.0 run stepttick, . o, )
T S A !a | a do delay@1.0; Xor_hi_a(a.b.c) or delay@1.0; Xor_hi_b(ab.c)
n<=0.0 then ick; clock(tick i kin -
1\00 s 0.0 then !tick; clock(t tick) else delay@dt/; step(tick . I b I b S————————
R 5001 500
let S_bitick:chan) = 2tick: S_bi(ick) I = (val 0t=100.0 un step(tck, 1, . )
and's_biltickichan) = do Ib;S_bi(ick) or 7ick; S_b2(tck) and stepickcchan, tfiat, nfioat, dtfloat) =
and s_ba(ickichan) = do 1b; S_ba(tick) or 7ick; ) ifn<=0.0 then tick; clock(tic) else delay@dttsteplicktn 10,
| al—

D . et S_a(tickichan) = do la; S_a(tick) or 2tick; ()
letS_btickichan) = 2tick; S_b1(tick)

et Xor_hi_a(acchan, bichan, cichan) =
o Ic; Xor_hi_a(a,bc) or 7b; Xor_lo_ab(a,b,c) or delay@1.0; Xor_lo_a(a,c)
and Xor_hi_b(a:chan, bichan, c:chan) =

C El‘ I I I lp Iy Ib do'l; Xor_hi_b(a,bc) or 7a; Xor_lo_ab(a.b,c) or delay@L0; Xor_lo_b(a.b.c)

' 1 Imply_hi_a(a,
) or delay@del; Imply_hi_a(a.b.c) and Xor_lo_aaichan, bichan, c:chan) =

let many(n:fioat, p:proc(fioat), ntfioat) = {]
ifn<=0,0 then ( else (p(nt) | many(n 1.0, p. nt) o b; S_bitck) or 2tck; S_ba(tick)

d
let Boolinputs(nioat, ntfloat, mfloat, mtloat) = {]tf tt ft ff 15 0 tf tt ft ff 20 0t - alctary - s -2 o ok

(run many(n, Sig_a, nt) run many(m, Sig_b, mt)
letmany(n:float, piprocifioat), ntfioat) =

;i:;%;mmum):mrwnckchan run (clock(nt tick) | 1000; CLO, rateS:l.O 50@ CLa, 500 CLb, rateszl_o ifn<=0.0 then () else (p(nt) | many(n -1.0, p, nt)

and Sig_b(mtfloat) = (new tick:chan run (clock(mt,tick) |
S_b(tick)))

let Boolinputs(nifioat, ntfloat, mfioat, mtfioat) =
(run many(n, Sig_a, n) run many(m, Sig_b, mt)

fun Boolinputs(100.0, 4.0, 1000, 2.0) and Sig_a(ntfloat) = (new tickchan run (clock(nttick) | S_aftick)))
. . and Sig_b(mtloat) = (new tick:chan run (clock(mt tick) | S_btick)))

run Boollnputs(100.0, 8.0, 100.0, 4.0)






Fig 34. Memory Elements
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Fig. 34. Memory elements




Memory Elements

1234 234
Fast Switching

directive sample 0.1 . .
directive plot A(); B(); C() S PI I"-'1 S PI M
new a@1.0:chan() 2 |:|

new b@1.0:chan()

Bistability let A() = do ta; A() or ?b; C() 100 100 BI:'

and C() = do ?a; A() or ?b; B()
and B() = do Ib; B( or ?a; C() Cl:l

run 100 of (A() | B() I:I I:I
0 0.1 0 0.1
10CG A, 100°B 10CG A, 10°B
directive sample 1.0
directive plot A(); B(); C() -
SFiM
new a@1.0:chan() 2 I:I I:I
new b@1.0:chan()
- - let A() = do !a; A() or ?b; C()

Noise Resistance 100
and B() = do !b; B() or ?a; C()
let Ad() = la; Ad()
and Bd() = !b; Bd() D

0 1

run 100 of (A() | B())
un 10 of (Ad() | B40) 10C (A+B), 1 (Ad+Bd)

la

directive sample 0.6

- directive plot A(); B(); C() 2 I:I I:I SPI M
Resettability revagro0a0 ‘

let A() = do !a; A() or ?b; C() 1 I:I I:I
After the bistable has settle on 100 green, a R A
signal is injected that forces it to red. o 0
The strength of the injected signal is 100, 0 06
the same strength as the bistable signal. s
g g s e 100 (A+B), delayed 106 Ad

delay@10.0; Ad()






Fig 35. Continuous vs. Discrete Groupies
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Fig. 35. Discrete vs. continuous modeling

50 50 5

2000 A, 03B, BA,, 3By, r=1.0

Groupe ODES - Groupies.mat

[0:0.001:5.0) =10 k=10
Adcidt= -(x1-x2), 20000
Bax2idt=(1 -x2), 0.0

directive sample
directive plot B(; A

new a@1.0:chan()
new b@1.0:chan()

let A() = do ta; A( or 2b; B()
and B() = do Ib; B() or 7a; A
et Ad Ad(

b; Bd()

and B

1un 200001 A).
run 1 of (Ad() | BA()

Matlab

continuous_sys_generator

Groupe ODES - Groupies Hysteric 1.mat

[00.0015.0] =10 k=10
AdxUdt=x1"xd -x3x1 -xL+xd, 2000.0
AD dx2/ duExReatx200
BOx3=x3x2 -x1X3 -x3+x2, 0.0
BO dx4/ dxtotd-xi300

B0 =do Ib; B or

Bd( = 1b; Bd()

un 2000 of A

run 1 of (Ad() | BA0)

Groupe ODES - Groupies Hysteric 2.mat

[00.001:5.0] =10 k=10
A dXUdIEX1XG 3L X046, 2000.0
AG  dx2/ dGR0A N2 00
AG x5/ dx8xXSIXRXB, 00
B OMGIOI=XEX5 -X1X3 -X34X5, 0.0
BG  dx 4/ éxtombd x4 60
BO  dx 6/ dXI6HE B 0.0

new a@1.0:chan()
new b@1.0:chan()

letAQ = do ta; AQ) or 2b; 2b; 2080
and B = do 1b; B) or2a; ?a; 2280

letAd)

fun 20000f AQ
run 1 of (Ad() | 840)






Fig 36. Polyautomata Reactions
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Fig. 36. Polyautomata reactions



Fig 37. Complexation/decomplexation
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Fig. 37. Complexation/decomplexation

directive sample 0.005
directive plot !A_f; !A_b; IB_f; IB_b
new A_f:.chan new A_b:chan new B_f:chan new B_b:chan

valmu=1.0 vallam=1.0
new a@mu:chan(chan)

let Af() = (new k@lam:chan run do !a(k); Ab(k) or !A_f)
and Ab(k:chan) = do 'k; Af() or !A_b

let Bf() = do ?a(k); Bb(k) or IB_f
and Bb(k:chan) = do ?k; Bf() or 'B_b

run (1000 of Af() | 500 of Bf())



Fig 38. Enzymatic reactions
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Fig. 38. Enzymatic reactions

directive sample 0.05 1000

directive plot !E_f; |IE_b; IS_f; !IS_b; IP_

new E_f:chan new E_b:chan new S_f:chan new S_b:chan
new P_:chan

valr0=1.0 valrl=1.0 valr2=100.0
new a@r0:chan(chan,chan)

let P() = 1P_

let Ef() =
(new k1@rl:chan new k2@r2:chan
run do !a(k1,k2); Eb(k1,k2) or !E_f)
and Eb(k1:chan,k2:chan) =
do 'k1; Ef() or 'k2; Ef() or IE_b

let Sf() = do ?a(k1,k2); Sb(k1,k2) or!S_f
and Sb(k1:chan,k2:chan) =
do ?k1; Sf() or ?k2; P()or!S_b

run (1000 of Ef() | 2000 of Sf())



Fig 39. Homodimerization

directive sample 0.005 10000
directive plot !A_f; !A_i; 1A 0

%la new A_f.chan new A_i:chan new A_o:chan
new a@21.0:chan(chan)
1000 ?A—f SPiM let Af() =
¥ new .0:chan
{} (new k@1.0:ch

run do ?a(k); Ai(k) or 'a(k); Ao(k) or !A_f)
a0 0 0.005 _ _
%?a 100G A, rp= 1.0, £= 1.0 and Ai(k:chan) = do ?k; Af() or !A_i

Fig. 39. Homodimerization
and Ao(k:chan) = do 'k; Af() or A o

run 1000 of Af()



Fig 40. Bidirectional polymerization

directive sample 10000.0
directive plot Afree(); Ablft(); Abrht(); Abound()

vallam=1.0 valmu=1.0
new c@mu:chan(chan) new stop@1.0:chan

let Afree() =
(new rht@lam:chan run
do !c(rht); Abrht(rht)
or ?c(lft); Ablft(Ift))

and Ablft(Ift:chan) =
(new rht@lam:chan run

Ic(rht); Abound(lft,rht))

and Abrht(rht:chan) =
?c(Ift); Abound(lft,rht)

and Abound(lft:chan, rht:chan) =
?stop

run (2 of Afree())

Monomer {

—
1.4
&|a Allf> zﬂr % Ab/r Allb

1000 SEiM
- ]
mE@@z
0+ .
0 1000

100G A;, r,=1.0

Fig. 40. Bidirectional polymerization

1000 SPiM

A

750 h

Ar)

500 Ab()
250

a 0.018454

directive sample 1000.0
directive plot ?count
(* directive plot Af(); Al(); Ar(); Ab() *)

type Link = chan(chan)
type Barb = chan

val lam = 1000.0 (* set high for better counting; it is not used
for dissociation *)

valmu=1.0

new c@mu:chan(Link)

new enter@lam:chan(Barb)

new count@lam:Barb

let Af() =
(new rht@lam:Link run
do !c(rht); Ar(rht)
or 2c(Ift); Al(Ift))

and Al(Ift:Link) =
(new rht@lam:Link run
Ic(rht); Ab(lft,rht))

and Ar(rht:Link) =
2¢(Ift); Ab(lft,rht)

and Ab(Ift:Link, rht:Link) =
do ?enter(barb); (?barb | Irht(barb))
or ?lft(barb); (?barb | Irht(barb))
(* each Abound waits for a barb, exhibits it, and passes it to
the right so we can plot number of Abound in a ring *)
let clock(tfloat, tick:chan) =
(val dt=100.0 run step(tick, t, dt, dt))
and step(tick:chan, t:float, n:float, dt:float) =
if n<=0.0 then ltick; clock(t tick) else delay@dtft; step(tick,t,n -1.0,dt)
new tick:chan
let Scan() = ?tick; !lenter(count); Scan()

run 1000 of Af()
run (clock(100.0, tick) | Scan())



Fig 41. Automata Polymers
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Fig. 41. Automata polymers



Fig 42. Actin -like polymerization
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Fig. 42. Actin -like polymerization

directive sample 0.01 (* 0.25, 35.0 *) 1000
directive plot !A_f; IA_I; IA_1; 'A_b
new A_f:chan new A_l:chan new A_r:chan new A_b:chan

val lam = 1.0 (* dissoc *)
val mu = 1.0 (* assoc *)
new c@mu:chan(chan)

let Af() =
(new Ift@lam:chan run
do !c(Ift); Al(Ift)
or 2¢(rht); Ar(rht) or !A_f)

and Al(Ift:chan) =
do !lft; Af()
or ?c(rht); Ab(lft,rht) or IA_|

and Ar(rht:chan) =
do ?rht; Af() or !A_r

and Ab(lft:chan, rht:chan) =
do !lft; Ar(rht) or !A_b

run 1000 of Af()



Fig 43. Typical Monomer Interactions

Fig. 43. Typical monomer interactions



