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1 Parameter Values

Parameter Value Reference & Remarks
_ - Approx transcription rate of 1.2kb/min for a 1.2kb long
3 1

ro 1.5 1075 ndM.min RNA in a diploid celll!
., 1.5 x 1073 nM.min~! Same as a,
N 1.65 min-1 Translation rate of 400 amino acid (aa) protein at 11

po ' aa/secl?l
o, 1.65 min~! Same as o,
Br, 1.2 x 1073 min~! Average human mRNA degradation ratel?!
Br. 1.2 x 1073 min~! Same as f3,,
Bp, 1.3 x 1074 min~! Average human protein degradation ratel?!

o X 107" man— ame as

Bp. 1.3 x 10~ *min~! S By,
K 100 nM Arbitrary
Ko 30 nM Average Hill constant4
K 100 nM Same as K1
Koo 30 nM Average Hill constant¥
Ky 50 nM Similar to Kpe
Kye 1/K pe Assumed
Ky 1/Kv. Assumed

Tab. S1: Basal parameter values



2 Analytical expressions for steady state

2.1 rfORn
d 1] K
%[ro] =, o i X o i Br. 7o) (2.1.1)
I o
v oAk ] (212)
L = ap—tr B I, 2.1.2
d
%[ o] = ap, [ro] = By, [Po] (2.1.3)
d
%[pa} = ap.[re] = Bp.[pc] (2.1.4)
2.1.1 Steady state
«
[po] = ﬁ’“ [1o] (2.1.5)
Po
a
[pe] = ch [re] (2.1.6)
pC
I a,p:j [ro]
o, T TR
[Tc] = 5 c L[I] ﬁp;) [ro]
Tl Ki + I}?po
s Ko [I] 4+ K1_Sp,[ro] 017
- TCKggKl +K§§[I]+K£ Spa[To} ( o )
ar,  [{] Kpe
[ro] = X o
Bro K1+ ] Kpe + e [re]
a= —8,K: (I]+ K1 )(Kpe +Sc)
b= 1] (K (S~ Kpe) = K (Kp +80)) = [P(Ky: Kyo + KpeSe) = K7 K
¢ = Ky Kpo S0, (1) + K7 )
where Sa; :SprTW K; = K{ Kgg, K; = K7{ ng
—b+Vb%2 —4
[ry] =2 VO~ — fac (2.1.8)
2a
2.1.2 Jacobian
r (xro[l]Kgc
—Br, 0 0 Ry, ARy + o
ar K7 Kpo
! P T R TR 0
ap, 0 —Bp, 0
O apc 0 7/6270




2.2 rfANDn

il man— o B g (2.2.1)
dt o To K£O —+ [I] K;;z —+ [pc} roll o .

d. \_ ] [po]
(el = o K +11 X ez + [Pd — Br[re] (2.2.2)
d
%[ o) = ap, [ro] = By, [Po] (2.2.3)
d = 2.2.4
%[1%] = Qp, [TC] — Bp. LPC] ( .2.4)
2.2.1 Steady state
wzzw (2.2.5)
[pe] gp ] (2.2.6)
r =S Sp, [1][ro]

" Ky Kya + K1 Sy, [ro] + S, 1[ro] + Ko 1)

1 By
To KTI + [1] Kgg + S, [re]

[ro] = S

—— ([I] + K) (Kgo + (1)K + Sc))
b= (1)K} S, — Kpo Kf — Kpe K} )+ 12 (Kpe S, — Kpo Ky ) = K K
¢ = U1Ky, Ky S, (1] + K )

where S, =S8,,S.., Ki =K Ky, Ki =K Ky

_ 2_4
_ b+ vb® —dac (2.2.7)

[ro] 2a
2.2.2 Jacobian
) Ay [I]Kf; ]
~Br, 0 0 &y A Ey AT
Qg [I]K?o

O _/67"6 (K£C+[I})(K1‘r’g;f‘[po])2 O

ayp, 0 —Bp, 0
0 apc O _ﬁpc




2.3 rdORn
d ]
%[To] = arom — ,87«0 [’ro](l —+ )\gg[ C]) (231)
] [po]
IR S, 232)
D] = an,—te _"F g 2.3.2
d
a[po] = Qp, [To] — ﬂpo (o] (2.3.3)
d
%[pC] = ap,[re] = Bp.[pc] (2.3.4)
2.3.1 Steady state
a o
[po] = 6’) (o] (2.3.5)
Po
a
[pe] = ch [re] (2.3.6)
Pc
N, 3l
o f[“] " ﬁKﬂz
[Tc] - 61: C[I] 2;}2 [7o]
1+ e + TR
Kpo[I] 4 K1 Sp,[ro] 037
Ko K1+ Ko [I) + K1 Sy, [ro] (2.3.7)
]
= ST‘
o) = Sre R (L + A5y )
a= — Ky 8, (1] + K; (1 + A S.)
b= 1) (K, S, — Ky Kpe — Kj (14 2z 82)) = 12Ky (14 M S.) — Ky K
¢ = U1Ky S, (1) + Ky )
where S, =S,,S,,, Ki =K Kr
—b+ Vb2 —4
(7] _ ot Vo~ dac (2.3.8)
2a
2.3.2 Jacobian
—Br, (1 + Afg[ cl) 0 0 —Bry Are [ro]
ar, K? Kpo
0 “Bre T T TR, TR )
o, 0 —Bp, 0
0 oy, 0 —Bp.




2.4 rdANDn
d. . _ ]
bl = o~ el (4 ) (241)
d ] [po]
%[TC] = Qr, K7{6 + [I] ng + [ o] - BTC [rc] (242)
d 2.4.3
%[ZDO] p,[ro] = Bp, [Po] (2.4.3)
d 2.4.4
%[ c] = ap [re] = Bp.[pe] (2.4.4)
2.4.1 Steady state
[po] = f;ﬁo Iro] (2.4.5)
[pe] = %[n] (2.4.6)
— Sp, [][ro]
Il = v Ry Ry Ky Sy lrol + Sy, e + Ko ] (247)
_ ]
el = S e, T I+ 2, )
a= =8, (U1 + K1 J(Kr + )1+ A:S.))
b= ((So— Ky )l - Ky Ky ) (11 + 763 )
¢ = [[]Kr S, (] + K1)
where S, =5,,S,,
fr,] = 0 Vb = dac (2.4.8)
2a
2.4.2 Jacobian
—Br, (14 Aze [pe]) 0 0 —Bry Ape [ro]
Q. [I]Kf‘,’
0 e G IR, TR 0
oy 0 —Bp, 0
0 Qyp, 0 _ch




2.5 pfORn

d. \_ ]
%[TO} = arom = Br,[ro] (2.5.1)
J Lot
el =0, — 7 relTc 2.5.2
Zird aonﬂfo ~ Br.lr) (25.2)
o) = ap, frol 2 — B[] (253)
dt o] 7 “Po K _|_[pc} Po O D,
d
%[pc} = Qp, [TC] - 512@ [pc] (2.5.4)
2.5.1 Steady state
«
[pe] = ﬁ”c[ rel (2.5.5)
De
1 o
e AR
rel =t Tl
B T 4+ JoT
Kfo[l]_FK{ [ o]
- (2.5.6)
Ky K;_+ Kyo [ + K1_[po)
]
= 2.5.
Irel = v, K + 1] (25.7)
Kre
o Po
[po] = ke [7o]
/Gpo KPc +[ C]
s I K
°Ki i Kre +S L[]
a — K£C([[} + K£O>(K£Z +S(»)
b= [I|(K; So— K; Kro — K Kre — K7 Se) — [I]*(Kze Kpo + KroS,) — K K

Tc

C = [I]Kg;ngSo([I] +K7I )

where S, =38,,S.,, Ki =K: Kro, K; =K Kre
re ro Te Po e Po

[po] =%j_4ac (2.5.8)



2.5.2 Jacobian

I —Br, 0 0 0
ar Ki Kpo
0 “Bre T T TR, TR ) 0
Kgc Kgc
o Ky +lpe] 0 P, ~p.lrol ety
0 Qp, 0 —Bp.




2.6 pfANDn

d. ._ ]
%[TO] = Qp, K£ T [I] - 67'0 [To] (261)
d. . _ [] [Po)
%[TC] - arc K)I"L + [I] X Kgg +[ O] BTC [Tc] (262)
a st 2.6.3
%[ 0 *%J%]W = Bp, [Pl (2.6.3)
d
7 Pel = ap.[re] = Bp.[pe] (2.6.4)
2.6.1 Steady state
[p] = g“ [re] (2.6.5)
Pc
[£][po]

) =S 2.6.6
e ‘K1 Ko + Ki_[po] + [I][po] + Kzo[I] (2:6:6)
po] = S0 ]

Bpo K"g + LPC]
_ []
[ro] = Sr, Ko+ 17 (2.6.7)
_ 1] Kpe
K, 1 Ky 15,0

o=~ (+5K;) (Ki_+ 1Kz +3.))

b=[I|(K; S, — KroKi — Ky K1 )+ [[]*(Kpe S, — Kro Kpe) — K1 K]

C = [I]Kg;Kf;’SO([I] + K7I )
where Sm ZSPISTI, K; = K£ Kgg, K; = K£ Kgg

_ 2 _
_ b+ vb® —dac (2.68)

[po] 50

2.6.2 Jacobian

[ _Bro 0 0
[ [I]Kgg
0 —Br. (K£c+[1])(Kgg+[Po])2
Kp.
QPOW O _6170
0 Qp, 0

Kpe
— — Po ___
O, [1o] Ky +pa))?

_ﬁpc




2.7 pdORn

d. . _ 1]
@[TO] = Qyp, K{ + [I} - Bro [7"0] (271)
4 o]
Llrd = ap—te g, 1] 27.2)
3. ’r(/' - a?”o I °  Mre T‘C e
d
%[?70] = ap, [To] — Bp, [Po] (1 + )‘ﬁg [pc]) (2.7.3)
2 b = ap, 1] - By [pd (2.7.4)
dt c] = Qp |Tc e |Pe .
2.7.1 Steady state
«
[pc] = 5“ [re] (2.7.5)
pC
1]
= 2.7.
[TO] Sro KTO + [I] ( 7 6)
I o
o
Te] = ore T I
ERIEET
S Kﬁg[l]'i_K?{C[o] 977
- TCK£3K£ +K$?[I]+KT{ [po} ( o )
_ 1]
[TO} - STD K,I + [I] (278)
87"081)0 [I}
= X
[p } (1 + )\ggSpc [7’15]) Kio + [I]
a= — K (] + K; )1+ 2 50)
b= 1) (K, S, — Ky Ky — Kf (142 8.)) = (PR (14 Xy Se) — K K]
¢ = UKy S,(11) + Ky )
where S, =S,,S,,, Ki =Ki Kr
—b+Vb? — 4dac
[po] == (2.7.9)
a
2.7.2 Jacobian
I _ﬂro 0 0 0
ar K7 Kpo
0 —Br. (Kchgg +K23L[I]+K£C [po])? 0
Ap, 0 —Bp, (1 + )‘53[ c]) —Bp, Are [po]
0 Qyp, 0 —Bp.
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2.8 pdANDn

_ []
%[To] arom - ﬁro [To] (281)
d. . _ 1] [po]
A D RN TR (282)
d
%[ o) = ap, [1o] = By, [Po] (1 + /\53[ c]) (2.8.3)
d. o _ 2.8.4
7 Pel = ap [re] = By, [pc] (2.84)
2.8.1 Steady state
1]
[ro] = S, Kﬁo 1] (2.8.5)
u—%m (2.8.6)
_ 1] [po]
el = S Ry 7 I, o] + Too] & Ko 1 (287)
Ipo] = Sr,Sp, o ]
° (1 + )\gg&c [T’c]) Kio + [I]
a= —[J(K; + K (1+AeS) = [[*(1+ AeeS,) — K1 K1
b= ((30 — Kp)lI) - K1 Kgg) ([I] + K)
¢ = []KpSo([I]+ K1)
where S, =S, S,
[po] :%j—m (2.8.8)
2.8.2 Jacobian
i —B,, 0 0 0 7
Qrg [I]Kgo
0 e T IR T 0
Qp, 0 —Bp, (1 + Are [pe]) —Bp, Are [po]
0 p, 0 —Bp.
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2.9 rfANDp
d [1] K.
- - o - 2.9.1
dt [TO] aro K£ + [I] X Kg’g + ch] ﬂ""o [TO] ( 9 )
d [I] Kro
- Tel = O, e — Dr.|Te 2.9.2
=g ¥ Ry e (292)
d
%[?JO] = ap,[1o] — Bp,[Po] (2.9.3)
d
%[ ¢ = ap.[re] = Bp.[pe] (2.9.4)
2.9.1 Steady state
@
[po] = b 7o) (2.9.5)
Bo,
Qp,.
[p] = ﬂp‘ [re] (2.9.6)
pC
[I]Kro
[re] = Sr. -
K1 Kpo + K1 Sp,[ro] + Sp, [T][ro] + Kro [I]
[1] Kpe
= S Q
[7'0] To K£ T [I] X Kgg TS C[TC}
0= — S K (1 + K )+ Ky )
b = — [I]Q(KL:Z((;KTT{? - SOKZ‘;S + Schg) - [I] (K; (Klgg +Sc) + K; (Klgg - So)) - K; K;
¢ = []Kp: Ko Sy, ([I] + K7 )
where Sg; :Sprrm, Kf :K{ Kfﬁ’ K; = Kf Kz;(c)
—b+ Vb2 —4
[ro] =2 ac (2.9.7)
2a
2.9.2 Jacobian
_ ozro[I]Kgc
P 0 0 Ry ¥Ry, TP
_QTC[I]KIT’O
0 “Pre TG IR T 0
Qp, 0 —Bp, 0
O apc O _ch

12



2.10 rdANDp
—[ro] = L—ﬁ [ro] (1 + Arc[pe]) (2.10.1)
dt o To K%Q n [I] ro 0 rele . .
d. . _ [] Ko
Gl = an, R+ 10 X ez + d (2.10.2)
d. . _ 2.10.3
%[ o —O‘po[TO] _ﬂpo[ o] (2.10.3)
il = 2.10.4
@[?76] = Qp, [re] — Bp. [pc] (2.10.4)
2.10.1 Steady state
[po] = ;Z (o) (2.10.5)
pe] = ;z [re] (2.10.6)
=S 1K, 2.10.7
[’I“C] T Kichg + KicSpo[ro] +Spo[IHT’o] + Kgs [I} ( o )
_ 1]
ol = S e I+ g Syl
a= =8, (I +K: )]+ K;)
b= — 12 (Kpe(1+ M Se) = S,) = (1] (K (Kye — S,) + K (14 M S.)) = K K.
¢ = [[]Kr S, ([I] + K1)
where S, =S5, S,
] =2 V;;Q — dac (2.10.8)

2.10.2 Jacobian

[ B (U4 Apelpe)) 0 0
—ay.[I] Kf'g
0 —Br. &y N (Kgg +1pa)?
Qp, 0 B,
0 Qp, 0

13
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2.11 pfANDp

d. . ]
%[TU] = Qp, Kﬁo T [I] - 67'0 [To] (2.11.1)
d. . _ ] [po]
gplrel = an K +10 X Rex 1 o] Br.[re] (2.11.2)
d Kee
%[ o] = Qp, [TO]W — Bp, [Po] (2.11.3)
<10 = 2.11.4
%[ ¢ = ap.[re] = Bp.[pe] (2.11.4)
2.11.1 Steady state
_ %o 2.11.5
[p] 3, [r] ( )
_ [1][po]
el =S e =1 o] + 1][po] + Kro (1] (2.11.6)
p, Kse
[ 0} Bpo [ 0] Kpg + ch]
_ ]
[ro] = S, Ko +17 (2.11.7)
_ 1] Ky
=% K+ Ky + 8]
a= — Kgg([]] + K£C)([ﬂ + K£O)
b= — 1P (K (K, — S0) + KpeSe) = 1 (KY (K = 80) + K (K, +8.)) = K} K}
¢ = [I]Kp: K2o So([I] + K1)
where Sr = Sperm, K,E = K£O ngv Ké = Kf«chg
[Po] :%j—mc (2.11.8)

2.11.2 Jacobian

14

_67’0 0 0 0
7047-(: [I]Kgo
0 P T AR ) 0
Kgc Kg(*
Qp, Ky +[pc] 0 —Bp, —ay,[1o] 4(1{?,5 Tpe])2
0 Qp,. 0 —Bp.




2.12 pdANDp

G [rel = an, R+ 10 Br,[ro] (2.12.1)
d 1] [po]
" TR A Ky 4 ]l (2122)
D 1p0] = tp, o) = Bpulpol(1 4 A o) (212.3
d
7 Pel = ap [re] = By, [pc] (2.12.4)
2.12.1 Steady state
[ro] = ST-OKI[IJ]F[I] (2.12.5)
[pe] = ;Ti:[rc] (2.12.6)
[rc] =8 ]lpo] (2.12.7)

e K£CK£§ + K£C [po] + [I}[po] + Kﬁ’.g [I]

_ Sr,Sp, 1]
lpol = TS lrd) Kr + 1]

a= =N+ K )1+ Ky )
b= — [1)? (K (1+ApeS.) — 30) .y (Kgc (14 ApeSo) + K (Ko — 30)) K, K}
¢ = (MK S,(1] + K7 )

where S, =3S5,,S;,

[Po] =%j_m (2.12.8)

2.12.2 Jacobian

i _57“0 0 0 0
—aup, [I]K;T:(,
0 e TG IR ) 0
Qp, 0 —Bp, (1 + Ape [pe]) —Bp, Ape [po]
0 apc O 761%

15



3 Figures

rfORnN rfANDn rfANDp
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Fig. S1: Steady state gain distributions for the different composite motifs with a broad range of parameter vari-
ation (1/20 to 20 times the basal value). p and o indicate the mean and standard deviation of the corresponding
distributions. The dashed vertical red line denotes the value of gain for the basal parameter set.
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Fig. S2: Response time distributions for uncoupled feedforward and feedback motifs. p and o indicate the
mean and standard deviation of the corresponding distributions. The dashed vertical red line denotes the value
of gain for the basal parameter set.
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§ 4 4 4
2 3 3 3
3 2 2 2
3 1 - 1 - 1
g0 — 0 — of ¥ —
8 -1 -1 -1

-1 0 1t 2 3 4 -1 0 1 2 3 4 -1 0 1 2 3 4
— rdORn rdANDn rdANDp
§ 4 4 4
2 3 3 3
3 2 2 2
o
3 1 — 1 -~ 1
£0 —_— 0 — of —*  —
8 -1 -1 -1

-1 0 1t 2 3 4 -1 0 1 2 3 4 -1 0 1 2 3 4
— pfORnN pfANDN pfANDp
S 4 4 4
e
2 3 3 3
3 1 - 1 - 1
g0 — 0 -— 0 —_
8 -1 -1 -1

-1 0 1t 2 3 4 -1 0 1 2 3 4 -1 0 1 2 3 4
- pdORnN pdANDnN pdANDp
§ 4 4 4
2 3 3 3
3 2 2 )
3 1 - 1 — 1
£ o -— 0 —— 0 —_—
§ -1 -1 -1

i o0 1 2 3 4 -1 0 1t 2 3 4 -1 0 1 2 3 4
Output overshoot Output overshoot Output overshoot

Fig. S3: Correlation between the overshoot of the output-protein and the controller-protein, for different
composite motifs. The red asterisk denotes the value corresponding to the basal parameter set.
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Fig. S4: Overshoot distributions for uncoupled
feedforward and feedback motifs. p and o indi-
cate the mean and standard deviation of the cor-
responding distributions. The dashed vertical red
line denotes the value of overshoot for the basal
parameter set.
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Fig. S5: Peak time distributions for uncoupled
feedforward and feedback motifs. p and o indi-
cate the mean and standard deviation of the cor-
responding distributions. The dashed vertical red
line denotes the value of overshoot for the basal
parameter set.
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Fig. S6: Scatter plots between peak time and over-
shoot for the uncoupled feedforward and feedback
motifs, when just the protein degradation rate con-
stants are varied. Asterisks denote the values cor-
responding to the basal parameter set, when it
shows peak.
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Fig. S7: Scatter plots between peak time and
peak duration for the uncoupled feedforward and
feedback motifs, when just the protein degrada-
tion rate constants are varied. Asterisks denote
the values corresponding to the basal parameter
set, when it shows peak.
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Fig. S8: Scatter plots between peak time and overshoot for the composite motifs, when just the RNA degrada-
tion rate constants are varied. Asterisks denote the values corresponding to the basal parameter set, when it
shows peak.
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Fig. S9: Scatter plots between peak time and peak duration for the composite motifs, when just the RNA
degradation rate constants are varied. Asterisks denote the values corresponding to the basal parameter set,
when it shows peak.
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Fig. S10: Scatter plots between peak time and overshoot for composite motifs, when just the protein degradation
rate constants are varied. Asterisks denote the values corresponding to the basal parameter set, when it shows
peak.
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Fig. S11: Scatter plots between peak time and peak duration for composite motifs, when just the protein
degradation rate constants are varied. Asterisks denote the values corresponding to the basal parameter set,
when it shows peak.



4 Analytical solutions for a simplistic model of FFL

4.1 Equal degradation rates

do_oal (4.1.1)
dt Y o
dy
prl ayl —y (4.1.2)
Solving Equation 4.1.2:
d
Jai==]e
oyl —y
—log(ayl —y)=t+C
Y=oyl — Ce™t
at to C'=ay,l —yo
y(t) = ayl — (oI —yo)e ™" (4.1.3)
Substituting this expression of y in Equation 4.1.1:
dﬁ _ a1 .
dt oyl — (o] —yp)et
d, aglet
dt (we’) = oyl — (ayl —yo)e?
‘ / agleteldt
xe' =
aylet — (ayl —yo)
Taking z =e' dz=e'dt
et — / o lz.dz
aylz — (ayl —yo)
azl — Ay
= [ \dz —|—/ A=oa,/a
/ aylz — (ayl — yo) ( /o)
L — A
= el + % log(ay,Iet — (e, I — o)) + C
y
oL — A
r=A+e" (CYQIyO log(ay Tet — (ay,I —yo)) + C)
Yy
azI — Ay
=xg—A— ———1
C = i og(yo)
= Iet —ay I
z(t)=A+et (xo—)\+ a 7 4o log (ay ¢ yay +y0>) (4.1.4)
Y 0



For a step-up response yo = aylp and xg = A. Substituting this in Equation 4.1.4:

z(t)=A+e? (/\Iflf Lo log ((G + 1)e' — G)>

Peak time

Differentiating Equation 4.1.5 and setting it to zero:

t
. € t
tpmtm{ t | . =log ((G + 1)e G)}
Iy —1Io G
H Iy G+1
Overshoot
t
Overshoot = x()\p) -1

Peak duration

I I
Atp,, = _ max { t ‘ Ate? (Afo log ((G + 1)e’ —G)) — x(tP;H‘}

tE€ (tpeak,00) If

—  min { t ‘ Ate! ()\If —To log ((G + 1)e’ —G))

t€(0,tpeal) Iy

4.2 Unequal degradation rates

der ozl
E - - /wa
dy
Solving Equation 4.2.2 for y:
dy /
——— = [ dt
/cvyf - ﬁyy
—log(ayl — Byy) = Byt +C
Qy —Byt
Yy = —2 ] —(Ce Py
By
atty C= 22Ty,
y
y(t) = Syl + (yo — Syl)e vt ; where S, =

Substituting this expression of y in Equation 4.2.1
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Qy

By

(4.1.5)

(4.1.6)

(4.1.7)

(4.1.8)

(4.2.1)

(4.2.2)

(4.2.3)



dzr a1 3
b _ _ B
dt Syl + (yo—Syl)e Fvt 7

d( ehaty aglefst
—(x T —
dt Syl + (yo — Syl)e=Put

Bt / awje(ﬁm""ﬁy)tdt
xe Tt =
Sy1ePrt +yo —S,1

Syl
Setting /S, = p and yOS 7=
zt t
xe/@zt . 6(’6 By) dt
ebvt 4 ¢

_ pe(’gm+ﬁ”)t F (1 ﬁx"‘ﬁy B:c —ePut )

«Bat By 5, 213

oo

oF1(a,b,c;2) = Z )n(

C
n=0

:

() = 1 n=20
Hn= rr+1)..r+n—-1) n>0

wa- T = EXp[bx *t ] * Exp[by =t ] / (Exp[by *t ] +Q)
Integrate[f t]

ebxt+byt
Out[3]
el iq
(bx+by) t i bx+by bx _ et
e Hyper geonet ri c2F1[1, b 2+ o - ]
Out[4]

(bx +by) g

Fig. S12: Analytical solution obtained using Wolfram Mathematica

ﬁyt _ﬁy
=2 .2F1<7B””+ﬁy 24 52,7 >+C

Q(ﬁx+6y) By By q
atth, C—:ZZO q(ﬁm—‘,—ﬁy)QFl <1, By 2+ﬁy
aLeh! Bot By . B =Syl )
— . ,2
S P g TR ( B, B w-S,1
. ot ﬁx+ﬂy2 B:r SI ) 4.9.4
i (yo—SyI)(Berﬁy)QFl(’ , B, o —S,1 (4.24)
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For step change yo = Sylo, 20 = A and H = IfI_OIO where A = S, /S,

azeﬁyt 5z+5y Ba o >
frd . F 2
U S H (B By) ( 5, “TB, H

Oy Ba:'i'ﬁy ﬁw - )
A — L F 4.2.
g (1 e 425

Peak time

tp—mtin{t |

T <ﬂz+ﬁy Be. —eﬁy> P, < BatBy 4, B -eﬂy>}
q(ﬁx+ﬁy)2F1 1, 3, 2+ 5y p + = )gFl 2,1+ 3 3+ p =0

k
% [oFi(abe2)] = DEO8 bt kb ket ks 2)
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