APPENDIX: MOLECULAR REACTIONS

Synchronous Moving Average Filter:

2 SRC #28RC+T
R+R1—O>R
v+R 5 G

2 SRC %2SRc+g
G+G£>G
R+G — B

2 SRC QQSRCer
B+B B
c+B Ly

2 SRC %28}{04—@
V+V£>V
B+V -5 R
2R IR
2 G -5 1G
2B — IB
2V 51V

X+B S A+C+B
D+B LY+ B
DP+R -5 D+ R

Synchronous Biquad Filter:

2 SRC 2SRC + 71
r+R -5 R
v+R -5 G

2 sre —1» 2src + g
g+G RUNYE
+G B

2 src — 2src + b



b+B % B
g+BL>V
2srci>25rc+v
viv 2% v
b+V -5 R
2R -5 IR
20 -5 1G
2B 5 IB

2V L 1v
2 IR 2% 4R

X+B - A+ Dpl + B
D1+B - F+Cp+Dp2+ B
D2+B - H+Ep+B
R+Dpl — D1+ R
R+Dp2 — D2+ R
2 A 2% A2

2A4 %Y
2Cp1—0>Cp2
2 Cp2 2% Cpa
2Cpd 5y
2Ep1—0>Ep2
2 Ep2 % Ep4
2Epd %Y
2F 2% F2

Synchronous RFFT:

2 SRC % 28RC + 71
R+R 2R



vv+R . RR
2 SRC —s 2SRC +g
c+G % a
RR+C — GG
2 SRC — 2SRC +b
B4+B % B
ce+B -5 BB
2 SRC % 2SRC + v
v+V Oy
BB+V — VV
2 SRC % 2SRC 4+ RR
RR+RR £> RR
R+RR -5 @

2 SRC % 2SRC + GG
ca+Ga 2% ca
ctGa L B
2 SRC i> 2SRC + BB
BB+BB % BB
B+BB -5 V
2 SRC % 2SRC + VV
vv+VV 20 vy
VEVV 5 R
2R -5 IR
2G -5 1G
2B -5 1B
2V L1V

IR+VV 2% 3R
IG+RR % 3G
IB+GG 2% 3B
IV+BB 2% 31
2 RR — IRR
2 GG 5 IGG
2 BB - IBB
2VV -5 IVV
2 IRR % 4RR
216G % 4ca
2 IBB % 4BB
2 TVV 2% 4vv
IRR+R % 3RR



IGG+G 2% 3GG
IBB+B % 3BB
IVV+Vv 2% 3vv
B+sD1 -5 sD2p + B
B4sD2 s sDip+ B
R4sD2p —5 sD1+ R
R4sD1p -5 sD2 + R
Vi4sDIp 2% D1+ V
VisD2p 2% sD2 + v
sD1+sD2 2% SD
SD+sD1 2% 3sD1
SD+sD2 2% 3sD2
sD1p+sD2p % SDp
SDp+sD1p 20, 3sD1p
SDp+sD2p 2% 3sD2p
SD1P+11 - D1pP + sD1P + D1PGHOST
sD1p+I1IN i> D1pN +sD1p
sD2P+I1 — M1 + M2N + sD2p
SD2P4+TIN — MIN + M2 + sD2p
B+12 5 D2+ B
B+I2N - D2pN + B
sD2p+D2 —%s D1p + sD2p
sD2P+D2N —55 D1pN 4 sD2p
sD1p+D2 % M1 + M2N +sD1p
sD1P+D2N — MIN + M2 + sD1p
B+D1 2% M1+ M2+ B
B+DIN 2% MIN + M2~ + B
sD1p+13 % D3p +sD1p + D3PGHOST
sD1p+I3N i> D3pN +sD1p
sD2P+13 —1 M3 + M4n 4 sD2p
sD2p+13N % M3N + M4 + sD2p
sD1p+14 — D4p 4+ sD1p
SD1P+14N - D4pN + sD1p
sD2r+D4 % D3p +sD2p
sD2r+D4N # D3pN + sD2p
sD1p+D4 -1 M3 + M4nN + sD1p
SD1P+D4N —5 M3N + M4 + sD1p
B+D3 2% M3+ M4+ B
B+D3~n -4 M3~ + M4N + B
B+M1 2% M5 + M6 + B
B+MIN % M5N + M6N + B



B+M3 2% M5 + M6N + B
B4+M3n 2% M5N + M6 + B
sD1p+M?2 & M2p + M2prpP 4+ sD1p
2 M2r 2% M2p2
2 M2p2 2% M2p4
2 M2p4 % M7P
sD1p+M2pp <% M7P +sD1p
2 M7p 2% M7p2
sD1P+M7pP2 =% M7 + M8 +sD1p
sD1r+M2N ﬂ> M2PN + M2pPPN +sD1p
2 M2pN % M2p2N
2 M2p2N % M2p4N
2 M2P4N ﬂ> M7pN
sD1rP+M2PPN ﬂ> M7pN 4+ sD1p
2 M7pN —-% M7P2N
sD1pP+M7P2N 20, M7N + M8N + sD1p
sD1p+M4 2% M4p + M4pp + sD1p
2 M4p % M4p2
2 M4p2 2% M4p4
2 M4pr4 2% M8p
sD1p+M4prpr 1—0> MS&p +sD1p
2 Msp % M8p2
SD1P+M8p2 —% M7 + M8N + sD1p
sD1P+M4N % M4PN + M4PPN + sD1p
2 M4prN £> M4p2N
2 M4pP2N ﬂ> M4pr4N
2 M4pr4N 1—0> MS8pN
sD1r+M4rPPN 1—0> MS8pN 4+ sD1p
2 M&pPN & MS&pP2N
sD1rP+M8&P2N £> M7N + M8 +sD1p
sD2P+M5 2% D5p 4+ sD2p
sD2p+M5N % D5PN + sD2p
sD1p+M5 i 014+ O2N +sD1p
sD1r+M5N ﬂ> OIN+ O2 +sDl1p
sD1P+D5 2% 01 + 02 + sD1p
sD1P+D5N =% O1IN 4 02N + sD1p
B+M6 ~% Dép + B
B+M6n 2% D6pN + B
sD1P+D6 2% D5p + sD1p
sD1r+D6N g D5PN +sD1p
sD2r+D6 £> 02 +sD2p
sD2r+D6N 1—0> O2N +sD2p
sD2p+D5 2% O1 + sD2p



sD2pr+D5N ﬂ> O1IN +sD2p
sD2p+M2 2% D7p 4 sD2p
sD2pP+M2N & D7pN +sD2p
sD1p+M7 10, 03 + 04N +sD1p
sD1P+M7N 2% 03N + 04 + sD1p
sD2p+M4 % D8P 4 sD2p
sD2r+M4N ﬂ> D8PN + sD2p
sD1p+Ms 2% D8p + sD1p
sD1p+M8N 1—0> D8pPN + sD1p
sD1pr+D8 ﬂ> D7p +sD1p
sD1r+D8N ﬂ> D7pN +sD1p
sD2r+D8 2% 03 + 04N + sD2p
sD2P+ D8N % 03N 4+ 04 + sD2p
B+D7 % 03+ 04+B
B+D7N 2% 03N + 04N + B
R4+D1pP -5 D1 + R + D1GHOST
R+DI1pN Ly DiN + R
R+D5p - D5+ R
R+D5PN —5 D5N+ R
R+D2r 5 D24+ R
R+D2pN Ly Don + R
R+D6P -5 D6+ R
R+D6PN —5 D6N + R
R+D3r 5 D3+ R
R4+D3pPN — D3N+ R
R+D7p -5 D7+ R
R4+D7PN — D7N+ R
R+D4r > D4+ R
R+D4pPN - DAN+ R
R+DSP > DS+ R
R4+DSPN — DSN + R

I+1iNn 2% &

134138 2% o

124128 2% &

I4+14n 2% &
01+01~x 2% &
03+03~8y % &
02+028 % &
044048 2% &
MI1+MIN 2% &
M3+M3n 2% o



M2+M2N — &
M4+M4N — &
M5+M5EN — &
M6+M6N — &
M74+M7N 2% &
M&8+MEN — &
M2p+M2PN ﬂ> o
M2p24+M2pP2N -2 &
M2p4+M2p4AN 2 &
M2pP+M2PPN £> o
M7P+MT7PN ﬂ> %]
M7P2+M7P2N -2 &
M4p+M4prN 2% &
M4p2-+M4r2n % &
M4p4+M4r4AN -2 &
M4pr+M4PPN ﬂ> %]
M8p-+MS&PN ﬂ) o]
M8pP2-+M8pP2N % &
D14+DIN 2% &
D54+ D58 2% &
D24+D2n % o
D6+D6N -% &
D34+D3x 2% &
D74+D7N 2% &
D4+D4n 2% &
D8+D8&N — @
Dlpr+D1pPN g %)
D5r+D5PN ﬂ> %]
D2r+D2pPN ﬂ> %]
D6P+D6PN -2 &
D3r+D3pPN ﬂ) o]
D7p+D7PN - &
D4p+D4pN =% &
D8&pr-+DS8PN g o]

Asynchronous Moving Average Filter:

B+R 5 G

rR+G - B

G+B;>Y
G+X 04+ A
2C R



2A 2y
2R 22 2R+ Ra
2C 292G +Ga
2B 22 2B+ Ba
2X 252X + Ba
2Y 242V £ Ra
2 Ra i>®
ZGAi>®
2 Ba 2 @
RA—|—Ri>RA
GA+Gi>GA
BA—|—Bi>BA
2 SRC #QSRchr
2 SRC #QSRCJrg
2 SRC %2SRC—H)
GA+R -5 G
BatC -2 B
Ra+B 2V
RA+X - C+ A

Asynchronous Biquad Filter:

c+X S R1+ 4
2 A 25 A2
2 A2 25 A4
2 A4 25y
B+R1 - G1
rR+G1 -5 Bl
G+Bl1 -5 F+C +R2
2C 202
202 2 04
204 2y
2F 2, F2
2F2 2 F4
2F4 25 X
B+R2 - G2
rR+G2 -1 B2
c+B2 - I+ Ep
2 H = H2
2 H2 -2 H4
2 H4 25 X
2 Ep 2 E2
2E2 2 B4



2F4 v
Ra+X 25 R1+ A4
Ga+R1 %G1
Ba+Gl -2 B1
RA+B1 % F+C + R2
GA+R2 25 G2
BAa+G2 25 B2
RA+B2 25 H+ Ep
2 R1 -2 2R1 + Ra
201 25 2G1+Ga
2 B1 -2 2B1 + Ba
2 R2 -2 2R2 + Ra
202 25202+ Ga
2 B2 2,982+ Ba
2X 2, 9X + Ba
2Y 2,97 + Ra
2 Ra i>®
2 GAi>®
2 Ba 2 @
RA+Ri>RA
GA+Gi>GA
BA+B i>BA
2 SRC #2SRC+T
2 SRC #2SRC+9
2 SRC %2SRC—H)

Asynchronous RFFT:

G115 TI1
TIi+s1 2% R1 +s1
TI14s2 % T6 + R6 + TIN + 82
a+12 L5 R2
G+13 -5 TI3
TI3+s1 2% R3 +s1
TI3+s2 % T6 + R6N + T2N + 82
14 -5 R4
¢+B2 - TB2
TB2+s2 2% R1 + 82
TB2+s1 -% R6 + T6 + TIN + sl
G+B4 -1 TB4
TB4+s2 2% R3 + 52
TB44s1 % R6N 4+ T6 + T2 + sl



¢+B1 -5 T6 4+ T1 + R6
¢+B3 -5 T6 4+ T2 + R6N
T6+s2 % R5 + $2
T6+s1 % O1 + 02N + sl
Ti+s2 2% R7 + 82
Ti1+s1 2% M1 4+ CM1 + sl

2 M12 2% M14 + CM14
2 M14 2% A7+ A8
CM14-2% A7 + AS
CM1-2% A7 + AS
2 A7 2% 034+ 04n
T2+s2 % RS + 52
T24s1 2% M2 + CM2 + s1
2 M2 1% M22
2 M22 2% M24 + CM24
2 M24 2% A7 1+ ASN
CM241% A7 + ASN
cM2% A7 + ASN
G+B5 -5 T4
T44s2 2% 01 + 52
T4+s1 2% 01+ 02 +s1
G+B6 1 T5
T5+s1 % R5 + sl
T5+82 2% 02 + 52
G+B7 -5 03+ 04
c+BS L T7
T7+s1 2% R7 +s1
T7+52 % 03 + 04N + 82
G+IIN i> TIIN
TIIN+sS1 ﬂ> RIN+s1
TIIN4s2 % T6N + R6N + T1 + 82
a+I2n -5 R2N
G+I3N % TI3N
TI3N+s1 =% R3N + sl
TI3N+52 2% T6N + R6 + T2 + $2
G+I4N i> R4N
G+B2N L TB2N
TB2N+s2 % RIN + 52
TB2n+s1 % R6N + T6N + T1 + sl
G+B4N % TB4N
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TB4AN+52 ~% R3N + 52
TB4n+s1 2% R6 + T6N + T2 + sl
G+BIN % T6N + T1IN + R6N
G+B3N Ly T6n + T2N + R6
T6N+52 -2 RN + 52
Tén+s1 % 01N+ 02 + 51
TIN+s2 2% R7N + 52
Tin+sl % MIN + CMIN + sl
2 MIN =% M12n
2 M12N 2% M14N + CM14N
2 M14N 2% A7N + ASN
CM14N2% A7N + ASN
CMIN-% A7N + ASN
2 AN 2% 03N + 04
2 ASN 2% R8N
Ton+52 % R8N + 52
T2N+s1 ﬂ> M2N + CM2N + s1
2 M2y 2% M22n
2 M22N % M24N + CM24N
2 M24N 2% A7N + AS
CM248 2% ATN + A8
CM2N—% A7N + AS
G+B5N i> T4N
T4N+52 2% O1N + 52
T4N+s1 ﬂ> OIN+ O2N + 51
G+B6N i> THN
T5N+s1 -2 R5N + s1
T5N+52 2 02N + 82
GH+B7N — 03N + 04N
G+B8N — T7N
T7n+s1 2% R7N + 81
T7N+S2 2% 03N + 04 + 32
B+R1 - Q1
rR+G1 - Bl
B+R2 -1 G2
R+G2 — B2
B+R3 -1 Q3
rR+G3 -1 B3
B+R4 — G4
rR+G4 -5 B4
B+R5 — G5
rR+G5 -1 B5
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B+R6 — G6
rR+G6 5 B6
B+R7 - G7
rR+G7 -1 BT
B+R8 — G8
rR+GS -1 B8
2 R1 2% Rp + 2R1
2G1 2% gp +2G1
2 B1 % Bp 4+ 2B1
2 R2 % Rp + 2R2
2G2 1% ap +2G2
2 B2 1% Bp + 2B2
2 R3 2% Rp + 2R3
263 1% ap 263
2 B3 % Bp + 2B3
2 R4 % Rp + 2R4
2G4 1% ap +20G4
2 B4 % Bp + 2B4
2 R5 2% Rp + 2R5
2G5 % ap +2G5
2 B5 % Bp 4+ 2B5
2 R6 2% Rp + 2R6
2.G6 1% ap +2G6
2 B6 % Bp + 2B6
2 R7 2% Rp + 2R7
2 a7 % ap +2G7
2 B7 2% Bp 4 2B7
2 R8 2% Rp + 2RS
2 a8 % ap +2G8
2 BS % Bp + 2B8
B+RIN i> GIN
R+GIN # B1N
B+R2N HEIN G2N
R+G2N Ly Bon
B+R3N NI G3N
R+G3N LN B3N
B+R4N % G4N
REG4AN —55 B4N
B+R5N NN G5N
R+GHN L, BsN
B+R6N — Q6N
R+GON — BON
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B+R7N Ly arn
REG7N - BTN
B+R8N TN G8N
R+G8N LN B8N
2 RIN 2% Rp + 2RIN
2 Q1N 2% @p +2G1N
2 BIn 2% Bp + 2BIN
2 R2ny 2% Rp + 2R2N
2 Gon 2% ap +2G2N
2 Ban 2% Bp + 2B2N
2 R3x 2% Rp + 2R3N
2 G3nv 2% Gp +2G3N
2 B3n 2% Bp + 2B3n
2 R4n 2% Rp + 2R4N
2 G4n % Gp + 2G4N
2 Ban % Bp + 2B4N
2 R5N8 2% Rp + 2R5N
2 G58 2% @GP + 265N
2 B5N % Bp + 2B5N
2 R6N =% Rp + 2R6N
2 G6N 2% P + 2G6N
2 B6n % Bp + 2B6N
2 R7N 2% Rp + 2R7N
2 G7N 2% ap + 267N
2 B7v 2% Bp + 2B7N
2 R8N % Rp + 2R8N
2 G8n % ap + 268N
2 B8N % Bp + 2B8N
211 2% Bp + 211
212 2% Bp + 212
213 2% Bp 4 213
214 % Bp + 214
2 01 2% Rp + 201
2 02 % Rp + 202
2 03 2% Rp + 203
2 04 % Rp + 204
2 T11 2% Bp + 2TT1
2 T13 2% Bp + 2TI3
2 TB2 2% Bp + 2TB2
2 TB4 2% Bp + 2TB4
2T1 2% Bp +2T1
2 T2 2% Bp + 272
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2 T4 2% Bp 4 2T4
275 % Bp +2T5
2 76 2% Bp + 276
2 T7 2% Bp 4+ 277
2 M1 2% Bp + 2M1
2 cM1 2% Bp + 2CM1
2 M12 2% Bp + 2M12
2 M14 2% Bp + 2M14
2 cM14 2% Bp + 2CM14
2 A7 2% Bp 4 2A7
2 M2 % Bp 4+ 2M2
2 M2 2% Bp + 2CM2
2 M22 % Bp + 2M22
2 M24 % Bp + 2M24
2 cM24 % Bp + 2CM24
2 A8 % Bp + 2A8
2 TIn % Bp + 211N
2 12n % Bp + 212n
2 138 % Bp + 213N
2 14n % Bp + 214N
2 01N 2% Rp + 201N
2 028 % Rp + 202N
2 038 % Rp + 203N
2 048 % Rp + 204N
2 TIIN 2% Bp + 2TIIN
2 TI3N 2% Bp + 2TI3N
2 TB2n % Bp + 2TB2N
2 TB4n % Bp + 2TB4N
2 TIN 2% Bp + 2T1N
2 T2n 2% Bp + 2T2N
2 T4n 2% Bp + 2T4N
2 T58 2% Bp + 2T5N
2 T6n =% Bp + 2T6N
2 T7n 2% Bp + 2T7N
2 MiIn 2% Bp 4 2MIN
2 CM1IN 2% Bp 4 2CM1N
2 M12x 2% Bp 4+ 2M12n
2 M14n 2% Bp 4+ 2M 14N
2 CM14n % Bp + 2CM14N
2 AN 2% Bp 4 2A7N
2 M2n 2% Bp 4 2M2N
2 cM2n 2% Bp + 2CM2N
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2 M22n 2% Bp 4 2M22N
2 M24n % Bp + 2M 24N
2 CM24n 2% Bp + 2CM24N
2 ASN 2% Bp + 2A8N
Br+G1 2% B1
Br+C2 2% B2
Br+G3 % B3
Br+G4 % B4
Br+G5 % Bs
Br+G6 % B6
Br+G7 2% B7
Br+Gs 2% BS
ar4+R1 2% G1
ar+R2 2% G2
Gr+R3 % G3
Gr4+R4 2% G4
GP+R5 =% G5
Gr+R6 % G6
Gr+R7 % a7
Gr+R8 2% a8
Rr+B1 2% T6 + T1 + R6
RP+B3 % T6 + T2 + R6N
Rp+11 2% TT1
Rp+13 2% TI3
Rp+12 2% R2
Rp+14 2% R4
Rr+B2 1% TB2
Rp+B4 2% TB4
Rp+B5 % T4
Rr+B6 2% T5
Rp+B7 2% 03 + 04
Rp+B8 1% T7
BrP+GIN ﬂ> BlnN
Br+G2n 2% Bax
Br+G3N 1—0> B3N
Br+G4n % B4ax
Br+G5n 2% Bsx
Br+G6N -2 B6N
Br+G7N 29, B7N
Br+G8N — B8N
GP+RIN — GIN
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GP+R2N 29 Gon
GP+R3N 209 @3N
GP+RA4N 29 qan
GP+R5N 29 ag5n
GP+R6N 20 @6n
GP+R7N =% G7N
GP+RS8N RNFETN
Rr+BI1IN i T6N + TIN + R6N
RP+B3N ~% T6N + T2N + R6
Rp+I1IN 29 TN
Rpr+I3Nn 29 713N
RpP+I2N £> R2N
Rp+14n % R4N
Rr+B2y ~% TB2w~
Rp+B4n 2% TB4n
Rp+B5N —% T4N
Rp+B6N 10, THN
RP+B7N =% 03N + 04N
Rp+B8N ~% T7N
2Rr % o
2G6r % o
2Br % o
RrP+R 1—0> Rp
Bp+B ﬂ> Bp
GP-+G 20 agp
2 SRC % 2SRC + 71
2 SRC —— 2SRC +g
2 SRC —5 2SRC +b
R+S1P % r+4S2
R+S2P % r+ sl
B+s1 Loy + slp
B+S2 — b+ S2P
I+1iny 2% o
134138 % o
124128 % o
144148 2% o
01+01N % &
03+038 2% &
02+028 2% o
04+048 % &
M1+MIiN 2% &

M124+M128 =% &
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M144+M14n 2% &
CM14+CM14n 2% &
CM1+CMIN 2% &
M2+M2n 2% &
M224+M228 - &
M24+M24n -2 &
CM24+CM24N 2% &
CM24+-CM2n 22 &
ATHATN 2% o
A8+A8N 20 &
TI+TIN 2% &
TI3+TI3N -2 &
TB2+TB2N - &
TB4+TB4N 2% &
T1+TIN 2% &
T24+T2n % &
T4+T4n 2% &
T5+T58 2% &
T6+T6N % &
T7+T7N 2% &
R1+RIN 2% &
R24+R2N — &
R3+R3N 2% &
R4+R4N 2% &
R54+R5N % &
R6+R6N 2% &
R7+R7N 2% &
R8+R8N 2% &
G1+GIN 2% o
G2+Gon % o
G3+G3n % o
G4+G4n 2% o
G54+G5n 2% o
G6+GoN 2% o
G7+GN % o
as+Gasn 2% o
B1+BIN 2% &
B2+B2n 2% &
B3+B3N 2% &
B4+B4n 2% o
B5+B5N 2% &
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B64B6N 1—z> @
B7+B7N 1—0> 1%}
B8+B8N — @
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