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Berechnung des ggT

Erzeugung der numerischen Tabelle
und Berechnung des ggT

aggT(x,y) =z

0

0




Kodierung der Operanden

e Operanden:
o zwei Operanden x und y
o Ergebnis von ggT(xy) =z
e jede Variable besteht aus drei Bits
o XY,z¢€[07]
o Beispiel:
m x=5,=101,
m X, =1, x1=0, x0=1
o Variablen
B Xy Xy Xg Yo Yo Yoo 20 290 Zgy



Schaltbelegungstabelle

Erstellung der Schaltbelegungstabelle durch die numerische Tabelle

X |y |z
0O [0 |O
0O |1 |0
4 |6 |2

numerische Tabelle

x2 |(x1 |x0 |y2 |y1 |y0 [z2 | z1 | z0
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
1 1 0 1 0 0 0 1 0

Schaltbelegungstabelle




Minimale Schaltfunktion

e Je eine minimale Schaltfunktion fiir jedes Ausgangsbit (z,, z,, z,
e Minimalisierung durch Quine-McCluskey Algorithmus
e Ergebnis:

o f,=(@2Ay0)V(x1Ay0)V(x0Ay2)V(x0Ay1)V (x0Ay0)

o f.=@2AYTIA-x0A-y0) V (xTAy2A-x0A-y0) V (x1Ay1A-x0A-y0) V
(2AXTAYTA-x0A-y2) V (xTAY2Ay1 A-x2 A-y0) V
(x2 AxTAxOAY2Ay1 Ay0) V (x1 AxOAyT Ay0A-x2 A-y2)

o = (2AxTAX0AY2Ay1AY0) V (x2Ax1Ay2 Ay1 A-x0A-y0) V
(x2 Ax0Ay2 AYOA-x1A=y1) V (x2 Ay2 A=xT A-x0 A-y1 A-y0)



Minimale Schaltfunktion fir z2

yOT

X1T

yiT

x0T

~
_/

22T

Z22:

- 2Bit AND
- S5BIitOR

z1:

- 4 Bit AND
- S BitAND
- 6 Bit AND
- 7BitOR

z0:

- 6 Bit AND
- 4BitOR



Chemisches Digitalcomputermodell

Ausgabe-
spezies—
konzentration

logisch "1"
verbotener Bereich

logisch "0"
4
Schaltverzdgerung (Latenz)




Aktivierungszustande




Formulierung eines Reaktionsnetzwerk

Reaction

22F + x2T + x1F + xOF + y2T + y1F + yOF -> 22T + x2T + x1F + xOF + y2T + y1F + yOF

BSp 22F + x2T + x1F + x0T + y2T + y1F + yOT -> 22T + x2T + x1F + x0T + y2T + y1F + yOT
22F + x2T + x1T + xOF + y2T + y1T + yOF -> 22T + x2T + x1T + x0F + y2T + y1T + yOF
f0= (x2 /\yO) \V 22F + 2T + X1T + x0T + y2T + y1T + yOT -> 22T + x1T + 32T + x0T + y1T + y2T + yOT
Z1F + x1T + xOF + y1T + yOF -> 21T + x1T + xOF + y1T + yOF
(x1 A y0) V il et
0 2 \/ Z1F + x1T + xOF + y2T + yOF -> 1T + x1T + xOF + y2T + yOF
()C /\y) Z1F + x2T + xOF + y1T + yOF -> Z1T + x2T + xOF + y1T + yOF
(XO /\ y1) v Z1F + x2F + x1T + y2T + y1T + yOF -> 1T + x2F + x1T + y2T + y1T + yOF
(xO A y()) Z1F + 32T + x1T + xOF + y2F + y1T -> 21T + 32T + x1T + xOF + y2F + y1T

Z1F + x2F + x1T + x0T + y2F + y1T + yOT -> 21T + x2F + x1T + x0T + y2F + y1T + yOT
Z1F + 2T + X1T + x0T + y2T + y1T + yOT -> 21T + x2T + x1T + x0T + y2T + y1T + yOT
zOF + x0T + yOT -> 20T + x0T + yOT
ZOF + x0T + y1T -> 20T + x0T + y1T
Z0F + x0T + y2T -> 20T + x0T + y2T
ZOF + x1T + yOT -> 20T + x1T + yOT
Z0F + 52T + yOT -> 20T + x2T + yOT




Belegung der Reaktionsparameter

Initial Concentration

Name Compartment Type [Unit]
x0T gcdCalc reactions mmol/ml 0
Belegung fur ggT(0,0) = O xOF gecdCalc reactions mr
x1T gcdCalc reactions mmol/ml
x1F gcdCalc reactions mmo
= X = 000 x2T gcdCalc reactions mmol
_ 000 x2F gcdCalc reactions mmol
- y = yOT gcdCalc reactions mmol/n
y4

— OOO yOF gcdCalc reactions mmol/m

gcdCalc reactions mm
gcdCalc reactions mm
gcdCalc reactions mmo
gcdCalc reactions mmo
gcdCalc reactions mmol
gcdCalc reactions mmol
gcdCalc reactions mmol/n

gcdCalc reactions mmol

22T gcdCalc reactions mr

z2F gcdCalc reactions mmol/rr

New Species gcdCalc reactions mmol/ml



Simulation des Netzwerkverhaltens

e Fallstudie 1: ggT(3,2)
e Fallstudie 2: ggT(6,3)
e Fallstudie 3: ggT(2,4)



Fallstudie 1

ggt(3,2)=1
Belegung fiir ggT(3,2) = 1

=011
010
=000

1
N < X
I

-> Erwartetes Ereignis:

-z =001

Compartment

gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc

gcdCalc

gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc

Type
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions

reactions

Unit

mmol/ml
mmol/ml
mmol/ml
mmol/n
mmol
mmol/r
mmol/n
mmol/m
mmol/r
mmol
mmol
mmol/n
mmol
mmol/n
mmol
mmol/m
mmol/r

mmol

Initial Concentration

100
0
100
0
0

I 100

0
100
100
0
0
100
0

I 100

0
100
0
100

[Unit]




Fallstudie 1

ggt(3,2)=1

| © copasi piot: 221
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z2T - z2F

Belegung fiir ggT(3,2) = 1 i
- x=011

- y=010
- z= 00

-> Erwartetes Ereignis:

-z =001
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[z2F][Time | = [z2T][Time




Fallstudie 1

ggt(3,2)=1

G COPASI Plot: 21T

Print SaveImage SaveData Zoomout LogX LogY ShowAll Hide Al Deactivate Close

z1T - z1F

Belegung fiir ggT(3,2) = 1 i
- x=011

- y=010
- z=00

-> Erwartetes Ereignis:

-z =001

0,0002 0,0004 0,0006 0,0008 0,001 0,0012 0,0014 0,0016
s

[z1F][Time | = [z1T][Time




Fallstudie 1

ggt(3,2)=1

G COPAS Plot: 07T

Print SaveImage SaveData Zoomout LogX LogY ShowAll Hide Al Deactivate Close

z0T - zOF

Belegung fiir ggT(3,2) = 1

- x=011
- y=010
- z=00

-> Erwartetes Ereignis:

- 7 =

0,0002 0,0004 0,0006 0,0008 0,001 0,0012 0,0014 0,0016
s

[zOF][Time | = [z0T][Time




: Initial Concentration
F 11 t d = 2 Compartment Type nit [Unit]
a S u le gcdCalc reactions

gcdCalc reactions
gcdCalc reactions

gcdCalc reactions

¢ ggT(6'3) = 3 gcdCalc reactions
[ Belegung | gcdCalc reactions

gcdCalc reactions
© X = 1 1 O gcdCalc reactions
o Y= 011 gcdCalc reactions

e Erwartetes Ergebnis: | S o s

gcdCalc reactions
O Z= 011 gcdCalc reactions

gcdCalc reactions
gcdCalc reactions
gcdCalc reactions
gcdCalc reactions

gcdCalc reactions

gcdCalc reactions




Fallstudie 2

z0T =100 mmol/ml
nach ca. 0.00119s

z1T =100 mmol/ml
nach ca. 0.00000000239 s

z2T = 0 mmol/ml
verandert sich nicht



Initial Concentration

Fallstudie 3 g Wl Rl =

gcdCalc reactions
gcdCalc reactions

gcdCalc reactions

¢ ggT(4'2) = 2 ‘ gcdCalc reactions
Py Belegung | gcdCalc reactions
_ gcdCalc reactions

= X = 100 gecdCalc reactions

o Y= 010 gcdCalc reactions

e Erwartetes Ergebnis: | e eechons

gcdCalc reactions
O Z= 01 O gcdCalc reactions

gcdCalc reactions
gcdCalc reactions
gcdCalc reactions
gcdCalc reactions

gcdCalc reactions

gcdCalc reactions



Fallstudie 3

I [z0T] [Time [ [z1T] [Time I [zZT] [Time

z2T = 0 mmol/ml
verandert sich nicht

z1T =100 mmol/ml
nach ca. 0.000000239 s

z0T = 0 mmol/ml
verandert sich nicht



Fragestellung

e Wie lange dauert es (in Abhangigkeit der Reaktionsparameterwerte), bis sich
im ungunstigsten Fall die Stoffkonzentrationen aller 3 Ausgabebits mit
mindestens 99% Genauigkeit ihrem Zielwert angenahert haben?



Fragestellung

o

2
3
4
5
6
7
8
9

], [T — [N
2w NN =2 O

Compartment

gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gecdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc
gcdCalc

Type
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions
reactions

reactions

Unit

mmol/ml
mmol/m
mmol/m
mmol
mmol
mmol/rr
mmol
mmol/m
mmol
mmol
mmol
mmol
mmol
mmol/r
mmol
mmol/m
mmol

mmol/n

intuitiv ungiinstigster Fall -> ggt(7,7)=7

Initial Concentration
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Fragestellung

© COPASI Plot
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z0T - zOF

Time Course Result

100 4

4e-05 6e-05

s
- [z0F][Time | = [z0T][Time

20T(0.99) = 0.0000935 s

222
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Time
4.9230/0blbe-2
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Fragestellung

© COPASI Plot
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Erinnerung: Fallstudie 2

z0T =100 mmol/ml
nach ca.

z1T =100 mmol/ml
nach ca. 0.00000000239 s

z2T = 0 mmol/ml
verandert sich nicht

20T(0.99) = 0.00023 s



Fragestellung

e Wie lange dauert es (in Abhangigkeit der Reaktionsparameterwerte), bis sich
im ungunstigsten Fall die Stoffkonzentrationen aller 3 Ausgabebits mit
mindestens 99% Genauigkeit ihrem Zielwert angenahert haben?

tatsachlich Unglinstigster Fall: ggT(x) = 001
- fir 99% Genauigkeit 0.00011 s-0.00046 s



Fragestellung
ggT(3,7) =1 ggT(1,1) =1
x =001 x =001
y =111 y =001
z =001 z =001
f,= (2Ay0) V f,= (x2Ay0) V
(x1Ay0) V (xTAy0) V
\ CVNZARY
\% (xOAy1) V

ggT(7,7) =7

x=111
y=111
z=111

f =

0

f.= (x2Ay1A-x0A-y0) V (x1Ay2A-x0A-~y0) V
(xTAy1 A=x0A-y0) V

(x2Ax1 Ay1 A=x0A-y2) V
(xTAY2Ay1 A=x2 A-=y0) V

\Y,

(xTAXOAYTAYOA-x2 A\-y2)

f,= \Y,
(x2AxTAY2AyT1 A-x0A-y0) V
(x2AX0AY2AY0OA-x1 A-y1) V
(x2 Ay2 A-x1 A-x0A-y1 A-y0)



Fragestellung

ggT(1,1) =1

x =001
y =001
z =001

f= (x2Ay0) V
(x1Ay0) V
(x0Ay2) V
(x0Ay1) V

z0T(0.99) = 0.0004 s

Time Course Result

Time
5.654433e-5
6.654433e-5
7.654433e-5
9.702097585e-5
0.0001174976217
0.0001379742675
0.0001584509134
0.0001789275592
0.0001994042051
0.0002198808509
0.0002403574968
0.0002608341426
0.0002813107884
0.0003017874343
0.0003222640801
0.000342740726
0.0003632173718
0.0003836940177
0.0004041706635
0.0004246473093
0.0004451239552
0.000465600601
0.0004860772469
0.0005065538927
0.0005270305386

20F
56.81082451
51.40455969
46.512769
37.90034698
30.88261949
25.16431471
20.50482593
16.70810012
13.614385%4
11.0935115
9.039408687
7.365648779
6.001806484
4.890496733
3.984959906
3.247094585
2.64585429
2.155941173
1.756741619
1.431458869
1.166406301
0.9504315421
0.7744472185
0.6310486003
05142020354
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z0T
43.18917549
48.59544031
53.487231
62.09965302
69.11738051
7483568529
79.49517407
83.29189988
86.38561406
88.9064885
90.96059131
92.63435122
93.99819352
95.10950327
96.01504009
96.75290541
97.35414571
97.84405883
98.24325838
98.56854113
98.8335937
99.22555278
99.3689514
99.48579796
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