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Lecture 7:

* High Gain Single-Stage Op Amps



Review from last lecture:

Signal Swing of Single-Stage Op Amp

What type of signal swing is needed ?

Vour

Wide V,; and V range

Expected for catalog parts and
overall /0 in many applications

VOUT A
— Vee

— Vss

Narrow Vg1 and wide V,; range

Acceptable when followed by
high-gain stage

|
I
Vic

Narrow V,; and wide V; range

Acceptable when ViC is fixed

VOUT A
— Vec

T Vss

Narrow Vcand Vg, range

Acceptable when V,;fixed and 2
followed by high-gain stage



Review from last lecture:

Signal Swing of Single-Stage Op Amp
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: Review f];om last | ctur?:
Design space for single-stage op amp

V . .
TDD Performance Parameters in Practical

gaps ENES

+ A —
g TN AV
G et
T C VDDCL VEB1
P
SR =
ﬁ I il (Vbp —Vss)CL
Ve2 4{ Ms

Vss Vour < Vpp — ‘VEB3‘
Vour > Vie =V

VC < VDD T VTI o ‘VT?)‘ o ‘VEBZ»‘

\/ic > VT1 + VEB1 T VEB5 + VSS

Simple Expressions (7) in Practical Parameter Domain

Parameter Domain { Vggq Vego Vegs P):

4



Where we are at:

Basic Op Amp Design
* Fundamental Amplifier Design Issues
mm)- Single-Stage Low Gain Op Amps
« Single-Stage High Gain Op Amps
« Other Basic Gain Enhancement Approaches

« Two-Stage Op Amp



Inputs into Counterpart Circuit or Quarter Circuit

Vb Vb

_ Vg | Yy
Vout \ | Vout 5 P g 2
Vg Vg ﬁ ?)64'“ ’7‘%“
7—\,1 :I v -2

| | Ves — F :I Vs

Gain, BW, and GB expressions identical
» This is a general concept not related to what type of quarter circuit is used

» Performance may be different because n-channel and p-channel
performance different 6



Inputs into Counterpart Circuit or Quarter Circuit

for single-transistor quarter circuit
5T Op Amp with n-ch inputs 5T Op Amp with p-ch inputs

Voo
| . { E" 5

[

hd IN
IN 7{ M, Voaoes M, %k Vin "  CMFB Circuit
L

N
/1
)

Gain, BW, and GB expressions identical

« Performance may be different because n-channel and p-channel
performance different

« Both are widely used



Single-stage op amps

Question — is the gain achievable with the single-stage low-gain op amps
using a single MOS transistor as a quarter circuit adequate?

1 1
Ay +A; | Vesq

If A,=A;=.01V"" and Vgg,=.15V, then

1 1
Ao = (01+.01)0.15

or, in db, Ayog=20l0g,,333=50db

=333

This is inadequate for many applications ! |

What can be done about it ? 4




Recall from a previous lecture: o
Determination of op amp characteristics

from quarter circuit characteristics

Voo Small signal differential half-circuit
——
VBB P P VBB Gz
Vo'—— —— Vo Vo
v F F v —+ * C
Vg _Vd Ya v, GM1V1¢ D G, $
IBB VSS J7
-G
A = M1
VA ——GZM | " 2(G,+G,)
Ay =37 = — G,7C
Y7V, sC _+G,+G Bw = 2it6,
d L 1 2 C
L
GB = G




Recall from a previous lecture:

Single-Stage High Gain Op Amps

How can the gain of the op amp be increased?

Recall from Quarter-Circuit Concept
2 G, +G,

Avo —

A possible strategy :
Increase G,,, or Decrease G, (and G,)
in Quarter Circuit or Both

10



Recall from a previous lecture:

Single-Stage High-Gain Op Amps

* If the output conductance can be
decreased without changing the
transconductance, the gain can be

enhanced

* Will concentrate on quarter-circuits and
extend to op amps

11



Background

Determination of 2-port parameters

_________________________ 7

-] IR

—+ : o+

V1 : i V2
' |

—_ | | —_

Determination of {g,1, 9,2:9m1:Im> }

Method 1 Open-Short Termination Approach

Method 2 Load Termination Approach

<
W
«Q
9
Q
=
NS
«Q
S
<
@
—/
W~
<
N

12



Background

Determination of 2-port parameters

Determination of {g.1, 9,2:9m1:9u2 }

Method 1  Open-Short Termination Approach

. L .
T T !
I TST
A2 @ V1 I % g <¢> gM1V2 gM2V1 ¢> % : V2
: o1 902 |
|
| CeneralTwoPortNetwork |
Oy = — brst
" Visr
| | | | | | | | | | | | | | _T _T _T ___ ___ ___ ___ ___ ___ ___ ___ = gr | | | | | | | |
_+_

By structural symmetry, repeat to obtain g,,,; and g, 13



Background

Determination of 2-port parameters

Determination of {g.1, 9,2:9m1:9u2 }

Method 2 Load Termination Approach

+

|
|
|
Vist @ V1 : : 2 L
— J—‘—/I
|

VTST %)

l .
T —
Vi < v Y Y,
1 : % go1 ¢> gM1 2 gM2 1 ¢> 902§ : 2
|
| GeneralTwoPorNework j
observe V, (9o +SCL)+ G Vst =

Als)= V,(s)

TSTs: SC+‘

(must express with coefficient of s in den equal to C))

14



Background
Recall Cascode Amplifier (dc current source bias)

Vour

M2
VBB—‘ M2 =

M
> 1 VN
Vin

AY
/1
O

F

A4

15



Background
Analysis of Cascode Amplifier (dc current source bias)

\
Vout ouT

[
~ CL Vo am2V2 G) % 9o2

i _ |

gwh Vy <
Vin +
< VlN@ V1 gM1V1 # % Jo1

— T

N |

\ |

N

Vour (goz + SCL)+ 92 V2 = V9,2
Vx (901 + goZ)+ gm1V1 - gm2V2 — VOUTgoz \
V, =-V,
V1 — VlN

V.V, and V, can be eliminated from these 4 equations 16



Background
Analysis of Cascode Amplifier

N

v Vour(Goz + SCL )+ Gma V2 = VDo
Vy (901 + goZ)+ I V1 —Im2 Va2 = Vour9o2 >

~ C,
ﬁ EMZ V2 = _Vx

AY

Y V1 - VIN )
i
Vin Vour (goz + SCL)_ 92 Vx = Vx9o2 }
e Vy (901 + goz)+ I Vin + 9m2 Vx = VourYo:
VOUT _ —Om1 (902 + gm2) - ~Om19m2

VN SCL(901+92+9m2) +9%19%2 SCLIm2 + 901902

- UmMmEQ

~ JoEq

17



Comparison of Basic Amplifier and Cascode Amplifier
Voutr _ -Gn

Viv sSC_ +G ' '
General form for any Quarter Ckt ouT | ouT
J_ C|_ : CL
M l | f—{ Eﬁ’“ l
I Vi
~ |
o
Vin :
I l
|
V\(;UT ~ “Omt : Voutr _  —9m1
| —
N sC, +g.. L%J | Vi@ SC_ +3951
gm2 |
|
|
|
g 1
G = Qoeq = Yo {ﬂ} I| G =g,

gm2 |
|
|

Gy = Omea = Y1 18



High output impedance quarter-circuits

VDD

Vour

Cascode Amplifier

G = Joeq = Yo {h}

m2

GM = ngQ = gm1
 Transconductance appears to be

unchanged (from basic single-device structure)

* Output conductance appears to have
been decreased !

A,(s)= — I

SCL + go1 |:g:122 :|
B
go1 goz

GB;%
CL

AV 0

12

But must verify in the practical parameter
domain to be sure! 19



High output impedance quarter-circuits

VBB__‘ M2 | =< ¢,

Vin @

< Vss

Cascode Amplifier

BEE
go1 goZ

AVO

112

112

Im1
CL

Vour

How does this compare with previous amplifier
using single transistor as quarter circuit?

Cascode amplifier quarter circuit:

2 2
1VEB1 2 VEB2

w2
VDD(:L VEB1

Single transistor quarter circuit:

2
Ao = L\V}
EB
oo \vie v
VDD(:LO VEB

Substantial increase in dc gain

No improvement in GB but also

no deterioration in GB ! 20



High output impedance quarter-circuits

T
1 E:““ \

Vin @ Quarter Circuit

Vour

v v

Cascode Amplifier
(small-signal equiv)

21



High output impedance quarter-circuits
VDD

Vour

vﬁli“’“

RN

Quarter Circuit

/

Ms

\

}7
}7

Counterpart Circuit

Cascode Amplifier

22



Telescopic Cascode Op Amp

DD

Vour — |VB1 —

Ms || | M

K .
M, ]| | Ms
VOUT
- Vs
L o ]
Vin C_" i
R
Vi l:'vh MZZIFV.N
v v

Needs CMFB Circuit for Vg, or Vg, Viss
Either single-ended or differential outputs

Can connect counterpart as current mirror to eliminate CMFB ’



Determination of op amp characteristics from quarter circuit
characteristics (for single-ended gain)

Small signal Quarter Circuit Small signal diffgrential amplifier
6 l
box P P
* VOUT Veg 3 4 Ves
J_ Vo Gs, ?M3 | Vo'
VIN CL J_CL I I J_CL
F 1 F 5 —1
G, Gwm VTd G1, G _%
Vs?; =P,
S8
_ M
Avooc G %
__ 2
BW:CE " (646,
G - BW = _(31; G,
GB=—-1 ‘
C, ) o5 - Cu
— 2(:L
Als) =5 " o
sC, +G -4
A(s) = 2
sC, +G, + G,

Note: Factor of 4 reduction of single-ended gain (for G,=G,) 24



Telescopic Cascode Op Amp

\l/DD
=) Ve
Ms | 1| Me
Va2
el | ha
My B |_|V|8
o T
M3:]i | i M4 I
Vi E M _
LM i
L
VB5 AHZM 11

Vour

CL

Single-ended operation

Joac =

Jocc =

Omac =

25



Telescopic Cascode Op Amp

Single-ended operation

VDD
||VB1 'M
Vs, SCL +go1 22> +go5 0L
Mr | | M Im3 Im7
3 ; Vour
V|B3 - gm1
ngi S AO= 903 i Yo7
. v Jo1 *+ Jo5
Vin 4|l:M1 My }7\/”; gm3 gm7
I
Vos A M GB = ggl
2 L

26



Telescopic Cascode Op Amp

\l/DD
=) Ve e
Ms | 1| Me
Va2
L »| ]
My N | | | _Ms
Vour
Vi3
M3:]i | i My 1~ CL
. <~
Vi — D’“ Mo Fv.
L
VB5 4* [: M 11
V

SS

(CMFB circuit not shown)

Aq(s)= 2

Single-ended operation

_9m1

Jo7
Om7

sCL +do1 J03 4 do5

9m3
_9m1
Ag= 2

Jo3 Oo7
Jo1~ Y905
© Om3 ° Om?7

gml
2C,

« Large improvement in A,
* No change in GB

GB =

This circuit is widely used ! *’



Telescopic Cascode Op Amp

Vbp
|
|VB1

Vour

4

- <<
= S
=
7__
<
1 f Tt |
= = =
O

<
z+
L
I L
=
S
e
=<
=z

l: " One tail bias current generator shown |
|+ often one of many outputs of a current mirror

|z and M,, often common to many blocks

|z often generated from a reference generator circuit

Tail voltage bias can also be used

(CMFB circuit not shown) 28

=
LI
[ J [ ] [ ]

Current Mirror Bias

VSS



Telescoplc Cascode Op

Vi3
N

M2:] l_v.,;

[:MH

Current Mirror Bias

\

SS

Vour

Co

Standard p-channel Cascode Mirror

Amp

VDD
" .
Ms || * || Me
l: }' Vi .
My |- ] [ M
L Vi3 |
Ms‘_ }* l —{ - M,
Vi _”:N“ MZ:] l_v&
Jh
|

[:M‘H

Current Mirror Bias

» Current-Mirror p-channel Bias to Eliminate CMFB
* Only single-ended output available
* Doubles dc gain

\

SS

Vourt

Wide-Swing p-channel Cascode Mirror

30



Telescopic Cascode Op Amp

(CMFB circuit needed)

_9m1
Ag(s)= 2
SCL +Go1 -2 + gog 27
Im3 Im7

VDD

Vs

(No CMFB circuit needed)

Aq(s)= S
C 93 907
SUL 901 Jo5
Im3 Im7

31



Telescopic Cascode Op Amp

YDD
| ivm [
Ms || 1| Me
VBZ
I [ S . L
VouT Vour
VB3
CL 'V's:]i ' | Me|
i (R
Vl_'N_ V|N
I
VB54| M
Vss

 Differential Output
« CMFB to establish Vg, or Vg5 needed
 Tail current generally generated with current mirror

32



Amp
lescopic Cascode Op
Teles

VDD
|
+
L |VB1 I«MGL/DS
Ms }
l: e PSS
Y
l | " Vour
M, |
Vl ”jM:rVDSAT CL
Ms || II
+ —_
VDSAT Mj}ile
V 4 M

33



Telescopic Cascode Op Amp

VDD
R |VB1 4_ VBS 4”‘_7"\/'11
Ms || e '
|
Ve2 Vin Vin
- L Me_|f——
Vou — . Vout Ve

Vg3 — V.o Ma | I M,
:]I | I[i CL ouT y
I y I CL |v|7:i | B2 I N
Vr”:Nh 2:]}*—

VIN

v | Vel
VB54| My ‘ l
VSS VSS
n-channel inputs p-channel inputs

34



How important is it to develop good approximate
analysis methods for an op amp with the complexity of
the telescopic cascode structure?

And many useful op amp circuits will have more
complexity !!



Telescopic Cascode Op Amp with Mirror-connected Counterpart Circuit

VDD
|
el
Nt [R—
VDD
Vi3
ng‘b |
s
VIL“ENH
Vs l'T
M12 I I M11

Current Mirror Bias

VSS

* Previous analysis obtained almost by inspection
* Gain expressions were real simple
* Gain expressions provide major insight into operation

* Some assumptions were made to simplify analysis
= Vac=0 at “approximate axis of symmetry”

Matched left and right side transistors

Current mirror used to mirror left-side current to right side

How much more involved would an exact analysis be ?
Would an exact analysis provide additional insight ?



Small-Signal model of Telescvopic Cascode Amplifier

ImsVgss ’ VSS ImeUgss +
<? Jos Joe Vgss

Ver

N /M

qi
|;+T | =+

| &+
2
«
E
S
3
g
(o]
_/\/\/\/\_
-
&
=)
'

Vss Va4

V+|N ( ; ) gs1

< +
%e
a
<
@
\
€+
<
b4

+ Im11Ugs1
Vgsi1 ? Gort

A bit tedious to obtain but really straight forward



Small-Signal model of Teles</copic Cascode Amplifier

<}_
|;+T | =+

| &+
2

+
V+|N ( ; ) Vgs1

+ gmﬁ‘vgsﬂ
Vgst1 <% Jo11

A bit tedious to obtain but really straight forward

@ Non-ground nodes for small-signal nodal analysis



Analysis of Telescopic Cascode Amplifier

Apply KCL at 7 nodes to obtain a set of 7 independent linear equations

<

1(9o1 + 9oz + Gort) = VssGor + Vealoz + It (Vi =Vist )+ I (Vi — Vi)
(9o1+90s) *+ Gomt (Viv = V1) = IoVisr + 9oaVer = IomsVss
4 (9o2 + 904 )+ Iz (Viw —Vs1) = 902Vs1 + GoaVour = ImaVss
ur (SCL+Gos + o8 )~ ImaVes +9 s (Var —Vss) = FoaVsa + FosVsa
7 (9or +903) + Gz (Vor = Visz ) = 9V = JosViss + GorVsr
5 (906 + 9os) + ImeVs7 = Iims (Vor — Vs ) + VourGos
(Gos +9o7) + ImsVs7 = Gz (Vor —Vier ) + 9orVer

<

3

S S S S

<

S7

A bit tedious to obtain but really straight forward

Time required to obtain set of equations is quite small



Analysis of Telescopic Cascode Amplifier

Apply KCL at 7 nodes to obtain a set of 7 independent linear equations
V1 (Gor + 9oz + Gorr) = Vo + Vealoz + It (Vi = Vist )+ Ioma (Vi — Vi)
Vss (901 + 903 ) + It (Vin = V1) = GoVss + GosVsr = ImsVes
Vs (902 + 9oa ) + Iz (Vin = Vi1 ) = 962Vs1 + GoaVour =~ ImaVsa
Vour (SC, + Jos + o) = ImaVsa +9 g (Vor —Vis) = GoaViss + GosViss
Ver (9or + 903 ) + Gnr (Vor —Visr) = ImaVss = 9oaVlss + Gor Vs
Vos (9os +Jos ) + ImsVsr = Gms (Vor —Viss ) + VourJes
Vs7(9os + 907 ) + ImsVs7 = Gy (Vi = V7 )+ Gor Vs

G7

In matrix form, this looks like (0 in blank locations)

8y 8, a3 VS1 _gm1 gm2_
4, Ay, Ay Vss 9m O A [
o[V]=[G]e[Vi]
as, Ay as; Vs4 0 92 Ve IN
43 A5 Ay 47 Vs7 =10 0 |: IN}
V. 0 0 VIN -1
s, sy 856 S8 V = [A] [ [G] [ ] [\/IN]
g4 Qg5 g gy VG7 0 0

L az, Qg i _VOUT | _0 0 i

The A matrix has many 0’s which dramatically reduces complexity of solution
But there are still a large number of off-diagonal terms

Analytical solution of these equations is not practical



& MATLAB

sComplete Analysis of Telescopic Cascode Op Amp

diary('matlabdiary')

clear

clc

fprintf ('Complete Analysis of Telescopic Cascode Op Amp')

syms Av s CL VOUT VS1 VS3 VS4 VS7 VS8 VG7 Vinn Vinp g0l g02 g03 g04 g05
g06 g07 g08 g01ll gml gm2 gm3 gm4 gmb gm6 gm7 gm8

egqnl =VS1* (gml+gm2+g01+g02+g011)==VS3*g01+VS4*g02+Vinp*gml+gm2*Vinn;
egqn2 = V33* (gm3+g01+g03) +gml*Vinp==VS1* (g0l+gml)+VG7*g03;

eqgqn3 = V34* (gmd+g02+g04) +Vinn*gm2==VS1* (gm2+g02)+VOUT*g04;

egqn4d = VOUT* (s*CL+g04+g08) +VG7*gm8==VS4* (gmd+g04) +VS8* (gm8+g08) ;

egqnS = VG7* (gm7+g07+g03)==VS3* (gm3+g03)+VS7* (gm7+g07) ;

egqn6 = VS8* (gm8+g06+g08) +VS7*gm8==VG7*gm8+VOUT*g08;

egqn’7 = VS7* (gm7+gm5+g05+g07)==VG7* (gm7+g07) ;

eqn8 = Av==VOUT/Vinp;

sol=solve([egnl,eqn2,eqgn3, eqn4,eqgnb,eqgn6,eqn’/,eqgn8], [VOUT,VS1l,VS3,VS4,VS7,
VS8,VG7,Av]) ;

VOUTX=s01l.VOUT

collect (VOUTX,Vinn)

Simple program and effort to write program is small



‘\ MATLAB

fprintf ('Differential Analysis of Telescopic Cascode Op Amp')
syms Av s CL VOUT VS1 VS3 VS4 VS7 V38 VG7 vdiff g0l g02 g03 g04 g05 g06 g07 g08 g01ll gml gm2 gm3
gm4 gmb5 gm6 gm7 gm8
egqnl =VS1* (gml+gm2+g01+g02+g011)==VS3*g01+VS4*g02+Vdiff*gml/2-gm2*Vdiff/2;
eqn?2 = VS3* (gm3+g01+g03) +gml*Vdiff/2==VS1* (g0l+gml)+VG7*g03;
eqn3d = VS4* (gmd+g02+g04) -vdiff*gm2/2==VS1* (gm2+g02)+VOUT*g04;
eqnd = VOUT* (s*CL+g04+g08) +VG7*gm8==VS4* (gm4+g04) +VS8* (gm8+g08) ;
egnb = VG7* (gm7+g07+g03)==VS3* (gm3+g03) +VS7* (gm7+g07) ;
eqn6 = VS8* (gm8+g06+g08) +VS7*gm8==VG7*gm8+VOUT*g08;
eqn’7 = VST7* (gm7+gmb5+g05+g07)==VG7* (gm7+g07) ;
eqn8 = Av==VOUT/Vdiff;
sol=solve([eqgnl, egn?2,eqn3, eqn4,eqgnd, eqn6,eqn’,eqnd], [VOUT,VS1,VS3,VS4,VS7,VS8,VG7,Av]) ;
VOUTX=s0l.VOUT;
GainAv=sol.Av
collect (GainAv, s)

Simple program and effort to write program is small



AB sim
ulatiOn
.
esults using Symb
olic M
ath To
olbox

MA
TLAB Solution:

ll!\r] a I .
ysis with Vin+ and
nd Vin-

VOUTX

(=«
g01*g03*
g04*
g07*
gm2*g
m8”2
4
S
g04
0 q01*3831907*gm1gm2*Gm7*
g01*g03* iy memrone2
g01* g04* g07*g: gm3*gm m8~2 g01*
g03* g05* g04* ml*g 4%gmg” + g0 g03+
g03* g04* g06* gml* m2*gm 812 1xg03* g07*
901*g04*905*g07*908*g811*9m2q01*903kg$2*9m3*g 3*gm8~2 + g03*g04 ng*qm4gm2*gm4*
g03* g06* g0l11l* + g0 4% m7* + g0 *gm *gm7* g8~
903* 904~ 907~ gm2 + 1*g03* 905*g0 gmg"2 + 1*gm2* 1*gm2* gm8~ 2+
gO1*3831905*382:907*3$§1*gm2 + 381*904*382*9052;327*gm2 307*gm1*gmg*gm4*g$z*gmgA§ :
g01* g04* g07* gm5 + 3%g0 *g06 *g01 go1+ m2*gm3* *omg
g04* g05* gml* g01* 4%g0 *g07* 1*g g03* amd -
g05* go8* gm2 + 4§03+ 540 501 m2 G04* ol
g07* gm2* g01* §05* 7%g08 1% g05% 2
g0 gm7 * m2 907 +
8*gm2* + gol*g03*904*g06*907* §011%gm2 *g08*gm
gm3 + g03* g05* gm2* 2+
g03* g04* g06* gm4
g04* g07* gm2* +
g05* g08* gm8 +
g07* gm2*
gOg*gml*gms +
gm2 +

g01l*
04*
gol*g 4%g07*
g04* gm2*
g03* gm2* gm3*
g07* gm3* gm8~2
g03* gml* gm7* +
gml* gm2* gm8~2
gml* gm2* gm4* +
gm2* gm4* gm8~2
gm3* gm7* +
gm4* gm8~2
gm7* +
gm8~2 +

g01*
g03*
01* g04*
g01*g03* 4*g06*
go1* g04* g011*
g03* g05* gm2*
g01* g05* g011* gm5
g03* g08* gm2*
g0l1* g04* g011* gm8
g04* g08* gm2*
901*g04*906*q07*g011*gm2*gm4
g03* g05* g011* gm7
g04* g08*g0 gm2*
g04x* g05* g011* gm5
g05* g06* gm2*
g03* go6* g011* gm7
g04* g07* gm2*
g01* gQ07* g011% gm7
g03* g08*g0 gm2*
g01* g04* g011* gm3
g04* g06* gm2*
g03* g05* gm2* gm5
g04* g06* gm5*g;
g04x* g05* gm2* m7
g05* g06* gm3*
g01* g06* gml* gm7
g04* gQ07* gm2*
g01* g05* gml* gm7
g03* g06* gm2*g;
g01* g04* gm2* m3
g03* g07* gm3*
g01* g05* gm2* gm8
g04* g08* gm5*
g03* g05* gm2* gm8
g04* g08* gm4 *
g03* g05* gm2* gm7
go5* g07* gm3*
g01* g07* gml* gm7
g03* g08* gm2*
g06* gml* gm8
gQ07* gm2*
qmz*qm4*9m4
gm8

+
¥
¥
¥
+
¥
¥
+
¥
¥

+

¥
¥
¥
¥
¥
¥
¥
¥
¥

g01*
g03*
05*
g01*903*g 5%g06*
go1* g04* g011*
g03* g06* gm2*
g01* g06* g011* gm4
g03* g07* gm2*
g0l* g07* g011* gm7
g05* g08* gm2*
g01l* g06* g011% gm4d
g04* g07* gm2*
g03*904*g07*q08*9011*gm gm4
g03* g06* g011* 2*gm4
g04* g07* gm2*
g03* g05* g011* gm5
g05* g07* gm2*
go1* g07* g011* gm5
g03* g08* gm2*
g0l1* g05* g011* gm8
g04* g06* gm2*
g03*904*g06*907*gm2*gm4* gm4
g01* g06* gm2* gm7 +
g03* g07* gm3*
g03* g04* gml* gm5 +
g04* g06* gm2*
g01* g05* gm2* gm5 +
g03~* g06* gm5*
go1* g04* gml* gm8 +
g03* g08* gm2*
go1* g07* gm2* gm8 +
g04* g08* gm5*
g03* g07* gm2* gm7 +
g04* g08* gm4 *
g04* g05* gm2* gm5 +
g05* g08* gm3*
g01* g07* gml* gm5 +
g04x g08* gm2*
g06* gml* gm7 +
g07* gm2*
gm2* gm3
gm3* +
gm8 +

¥

g01*

+ g03*

901*q04*ggg:g06*g07*
g07*908*g011*9m2

g011* +

gm2 +

+ g01*g03*
g0
4*g05*g06*
gm2*

gm7 +

g01*
g04*
* g05*
g01*g03* 5%g06*
g0l* g04* g07*
g03* g05* gm2*
g01* g05* g07* gm3 +

g03* g07* gm2*
g04* g08* gm8 +

g06* gm2*
g07* gméd +

gm2*
gmg +

¥
+
¥
¥
¥
¥
¥
¥

+

g0l1*
g03*
04*
301%g03+ 4xg07+
g01* g04* g08*
g03* g08* gm2*
g0l* g04* g011* gmg +
g04* g07* gm2*
gol* g05* g011* gm5
g04* g06* gm2*
g01* g05* g011* gm8
g05* g07* gm2*
g03* g07* g011* gm7
g05* g08*g0 gm2*
g03* g06* g011* gm8
g04* g07* gm2*
g04* g05* g011* gma
g05* g08*g0 gm2*
g07* g0l1l* gm4
g08*g0 gm2*
g ll*gm2*9m7
gm3

g01*
g03*
g01* g06*
* g07*
903*905 g06* T*gm2*
g05* g07* gm4*
g01* g06* gm2* gm5 +
g03* g07* gm3*
g01* g05* gml* gmé
g03* g06* gm2*
g01* g04* gm2* gm4
g03* g05* gmé*
g01* g05* gm2* gm8
g04* g07* gm7*
g01* g05* gm2* gm8
g05* g07* gm4 *
g03* g07* gm2* gm8
g04* g08* gm3*
g01* g07* gm2* gm8
g03* g08* gm3*
g03* g04* gml* gmé
g04* g06* gm2*
g06* gm2* gm5
g07* gm7*
gml* gm8
gm2*
gm8 +

+
+
+
ot 4+
+
+

+
+

boa4 4
+
+

g01*

g03*
g0

6*g0L1lxgm2*

g\\\r\nm4*

gms + 90

1*g03*

g04*

g08*

gm2*

gm7*

gm8 + g0l

*

g03*g07*

g08*

gm2*gma*

gm8 +

g01*
*
904*g07*
g08*
gm2*gm3*

gmé + g0
*
3%g04*

g07*

g08*

gml*

gmz*

gm8 +

g01*
g03*
G04*g011*
gm2*gm5*

gm8 +

g01l*
g03*
0
g01*903*g 5%g011*
g01*g0 g04*g0 gm2*g
GO1* 4%g06* 11*gm2* m4d *gm8
g04* g011* gm7* + g01*
g01* g05* gm2* gm8 + g03*
g05%* g0l1l* gm5* go1* g06*
g03* g07* gm2* gm7 + g03* g011*
g04* go11* gm7* go1* g07* gm2*
g04*905*906*9011*gm2*gm4*gm8 + g0 g05*g0 go11* gmd*g
903*g04*906*g011 gmz*ng*gmB N 1%g04* 06*g011*gm2*gm4* m7 + gOl*
903*g05*905*g011:gm2*gm3*gm7 N ggé*gOS*gog*qoll*gmg*gm4*gﬁg + gol*qo3*q08* :
g04x* g07* gm2* gm7 *g0 *g01 m2*q + g03* g011*
go5* g011* gm7* + g0 5%g0 1*g m5*gm go1* go8* gm2*
g05* g07* gm2* gm8 4*g0 6%g01 m2*g 8 + g06* g011* gmd*
g07* g011* gma* + g0 6*g07 1* md *gm g01* g07* gm2* gm5 +
g01* g08* gm2* gm8 3*g0 *g01 gm2*g; 7+ g04* g011* gma*
g05* g011* gm3* + go 4*g0 1*gi m4 *gm g01* g08* gm2* gm7 +
g03* g06* gm2* gm8 3*g0 7*g01 m2*gm. 7+ g07* g011* gmé*
g05* gm2* gm3* + g0 5*g0 1*g 3*gm g03* g08* gm2* gms +
g04* g06* gm3* gmé 4*g0 8*g01 m2*g] 5 + g06* g011* gm5*
go6* gml* gm4* + g0 5%g0 1* m5*g; go5* go7* gm2* gm7
g01* g07* gm2* gm7 + 1*g0 8*g0 gm2*g m8 + g06* g011* gma* +
g04* gml* gmé4* g01* 3*g0 11* m4 *gm g03* g07* gm2* gms
g03* g06* gm2* gm7 + g06* 6*gm2* gm2*g; 7+ g04* g011* gm4* +
g05* gm2* gm3* g03* g07* gm4* m3*g g03* g08* gm2* gm5
0 gm gm m7 g0 g0 gl +
So1+g03+g 6xgml* 3*gm5* S gos*gOG*q07*gm2*gm3* gnsegn? + g04* 7*908*g011*gm2* m3*gmd +
g01%* g05* gm2* gm8 + g06* gml* gma* + g0 g07* 11% gm5*
g04* gm2* gmé* go1* g07* gm2* gm5 + 1%g0 g08+*g0 gm2* gm7 +
g01* g05* gmé* gm8 + g05* gml* gma* g03* 4*g0 g011* gmé*
go5* gm2* gm7* g04* g06* gm2* gm5 + g04* 6*gm2 gm2* gm5 +
g03*904*go7*9m2*qm3*qm7*gm8 + qol*g05*906*9m2*9m3*gm3*9m4 N 904*go5*g°6*gm1**gm3*gm?m3*9m5 +
g03* g05* gm3* m8 + g03* gml* gmé* g0 g0 gm. *
gm 1% 6% 2% gm7
: ' ;
905*g07*907*gm1*9m2*gm4*gm8 + gol*905*90;*gm2*gm3*9m5*gm8 * 901*g04*q06*qm2*9m4*gm3*gm7 N
901*goG*QOB*gml*gmz*gm3*9m8 + g03*904*g07*gm2*gm3*9m5*gm8 + go1*g03*g04*gxl*sz*gm5*qms N
904*906*907*qm2*gm2*gm3*qm8 N g03*905*g0 *gml*gm2*9m4*gm7 + g01*903*g08*g 2*gm5*gm5*gm8 N
901*907*907*qm1*gm3*gm4*gm4 ; g04*q05*g08*9m1*gm2*9m5*gm8 + gO1*g04*q08*qm2*gm4*gm7*gm8 N
G04* g08* gm2* gms + 1%g03* 8*gm1* gm4* + 903*9 7%g08* m2*gm3* 5*gm7
907*908*9m2*gm3*9m3*gm8 g03*g0 goe*gmz*gmz*gm3*gm7 + §04*g0 gm2*gm gm5*gm +
gml* gma * + g01* 4%g06* gm4* gm7 903*g07*g 8*gml* 3*gmd* 7+
gm2* g8+ g03* gml* gm7* + g04* go8* gm2* gms
gm3*gm8 g03* g08* gm2* gm8 + g07* gm1* gm5* +
+ g0 g04*g0 gm2*gm. gm7*gm g01* g08* gm2* gm7 +
1% 8 4%g) 8 + g04x gml* gm4*
g03* gml* m7*g g03* g06* gm2* gm5 +
g011* gm2* m8 + g06* gm2* gm3*
gm2*gm4§m7*gm8 N 901*goq*q07*gml*gm3*gm7*gm5 "
gm5*gm8 +903*go7*GOS*gm2*gm2*gm4*9m8 +
g01* gOg*gml*Gm3*gm7*gm8 4
g03*g011* gmg*gm4*9m8 4
gm2*gmé * gm8 +
gm7*
gm8 +

g01*
g06*
g01* g011*
g07* gm2*
g0l1l* gm4 *
gm2* gm5*
gm4* gm7

gm5* + g0
gm8 + 1*g04*
901*908*qoll*gm2*
g0l1l* gmb5*
gmz*gm4*gm7*gm8
gm5* + g0
gm7 + 1*g05*
g03* g011*
g06* gm2*
g011% gm4 *
gm2* gm7*

gm4* gm8
gm5* +
gm7 +
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g04*
g06*
G03* 6*g011*
g04* gm2*
g03* g011% gm3*
g08*g0 gm2* gm5*
go4x g011* gm5* gm?7
g08* gm2* gm7*
g07+*g0 g011% gm4* gm8
g08*g0 gm2* gm5*
g04*g0 g011* gm3* gm?7
g06* gm2* gm5*
g01* gml* gm3* gm7
g06* gm2* gmd*
g05* gm2* gm3* gm5
g06* gm3* gm5*
g0l1* gml* gmé* gm7
g05* gm2* gm5*
g03* gm2* gm3* gm8
g04* gm3* gmé *
g03* gml* gmé* gm8
g08* gm2* gm7*
g04* gml* gm5* gm8
g08* gm2* gm7*
g07* gml* gma* gm8
g08* gm2* gm5*
g04* gml* gm3* gm7
g06* gm2* gm5*
g03* gml* gm3* gm7
g08* gm2* gmé4*
gml* gm3* gm5
gm2* gm7*
gmé4 * gm8
gm7*
gm8

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
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g05*
g06*
g03* 6%g011%
g05* gm2*
904*905*9011*gmz*gm3*gm4*
g05*g0 g011* gma* gm7

g07*g0 gm2* gm7*
g0l11l* gm3* gm8

gm2* gm7*
gm3* gm8

gmé*
gm8

¥
¥
¥
¥

g06*
g0
g03*g0319011*gm2*
g04~* g011% gm3*
g07* gm2* gm4*
g05* g011* gma* gm5
g08* gm2* gm5*
g011% gm3* gm8
gm2* gm5*
gm3*gm4*gm8
gm7

g01*
1*g06*
gm2*

gm3*

gm4*

gm5*

gm7 + g0
*
3*g06*

gml*

gm2*

gm4 *

gmb5*

gm7 +

g05*
06*
903*g 6*gml*
g06* gm2*
g0l* gml* gm3*
g03* gm2* gmé*
g01* gm2* gm4 * gm7
g07* gmé* gm5*
g03* gm2* gm5* gm8
g05* gm3* gm7*
g04* gml* gm4 * gm8
g05* gm2* gm5*
g05* gml* gm4 * gm8
g07* gm2* gm7*
g01* gml* gm3* gm8
g06* gm2* gm7*
g06* gm2* gm3* gm8
g07* gm3* gm4*
g04* gml* gm4 * gm8
go8* gm2* gm7*
gml* gm3* gm8
gm2* gm4*
gm3* gm8
gm7*
gm8

g01*
g011*
g0
4*9011*gm2*gm4*
g08*g0 gm2* gm5*
g011* gm3* gm7*
g0l*gm2* gmz*gm3*qm5*gm7*gmg + 06
0 g *
g05*gml* m3*gm4 * gm4*gm5*gm8 + gos*goll*gmz
gOG*gml*ng*gm3*gm5*Gm7* gm7 + g011* *gm3*
gml* gm2* gma* gm8 + g06*gml* gm2*gi gmd*gm
gm2* gm3* gm7* g03* gm2* m3*g 5*qgm
qol*902*gm3*gm4*gm4*9m7*gm8 + g0 gml*gm: gm3* md*gm7* 7
g02* g04* gms* gm8 + 7*gml* 2*gm4* gmd*gm5* gm8
g03*904*go7*gm3*gm7*9m8 g08*g gm2*gm gm5*gm gm7 +
gml*gm7*gm8A2 +)/(gol*ggé*gm2*gm§*gm4*9m;:gm8 + g3°6*9m1*
gm8"2 g02* *g03 *gm4 * gm8 4% gm2*
+ g03* *g0 gm + gml* gm3*
g02* g04* 4*g07 7*gm8 go8* gm2* gma*
+ g04*907*907*9m1* ongng + g 401 fml*gmz*gm3*gm5* gm5*gm8
go1* gmg” + 1 gm3 gm7* +
+ g02* gml* m8 "2 go1* gm2* *gm om
901*g02*903*g03T3*gm8A2 + qol*g0302*g03fm3*qm4*g4*gm5*gm§ +
g03* g05* + g02* *g0a* g04*gs m5*gm7 * +
904*g05*286*g08 ‘ go4*gm1*qm3*gm7T7*Gm8A2 +qm8 .
6*g01 g01* gm3* gm8"2
1 + g02* gm7* +
g01* g03* gm8~2
g02* g04* +
g03* g05*
g05* g07*g0
Sociamniads
g08 +

g01*
g02*
03*
gol*QOz*g 3*g04*
g0l1* g03* g05*
g02* g04* g06*
g0l* g04* g06* g07
g03* g05* g07*
g04* go6* g08
g05* g07*
906*907*908
g08

g01*
g02*
g02* g03*
04%*
901*g°3*904*g 4%g05*
g02* g05* g06*
g0l* g03* g06* gm7
g02* g05* g07*
g02* g03* g06* gml
go3* g04* g08*
g01* g04* go5* gm4
g02* g05* g08*
g01* g03* g07* gm7
g02* g06* g08*
g02* g03* g07* gml
g03* g05* g08*
g01* g05* g06* gm4
g02* g06* g08*
g04* gQ07* gm7
g06* g08*
g07* gml
g08*
gm5

+ g01*g02*
g03*
g04*
g05*

g08*

g011

+ g01*g02*

g03*

g04*

g06*

g07*

g011 +

g0l1*
g02*
g01* g03*
gol*g04*905*qo6*g07*908*q01l R S
g05* g07* g011 *g0 g05*
g06* g08* + g02* g06*
g07* g011 g01* g0o4* 6*g07
§08*g011 N 901*383:904*3821906*q02308 N
g02* g04* g0e6* g011
g03* go6* g08*
g05* g07* g011
g06* g08*
907*g08*9011
g011

¥
¥
¥
¥
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¥
¥
¥
¥

g01*
g02*
g0l* g03*
g04*
gol*goz*g03* 4*g06*
g03* g04* g07*
g0l* g04* g05* gm5
g02* g05* g06*
901*g02*903*go4*906*g08*gm8
g01* go3* go7* gm2
g03* g04* go8*
g01* g04* g06* gm5
g02* g06* g07*
g0l* g03* g07* gm8
g02* g06* g08*
g01* g03* g07* gm2
g02* g04x g08*
g05* g07* gm5
g06* g08*
g07* gm8
g08*
gmé

g01*
g02*
*
33}?03*382*%%05*
g04* g05* G011*
go2* g05* g06* gm8
g03* g06* g08* + g0l
g04*906*g07*908*qm7 901 50270
g07* gm3 *g0 3%
g08* + g0 3%g0 g04*
gm5 3% 4%g0 g06*
*

* 902*g°4*905* 6%g07* g011*gm7

g03* g06* g08*
g05* g07* gm5 +

g06* g08*
g07* gml +

g08*
gmd +

g03*g04*
g05%g06*
g07*

g08*

gm2 +

g0l*

g02*

g03*

g04*g07*
g011*

gmé_+ g0
1*g02*

g03*

g04*g08*
g011*

gm7 +

g01*
*
gol*goz G03*
g02* g06*
g01* g03* g08*
g02* g06* g011*
g02* g04* g08* gm5
g03* go7* g011*
q01*g02*504*g05*908*gol gm7
g01* g05* g06* 1*gm5
g03* g06* g011%
g02* g06* g08*g0 am7
g03* g07* g011*
gol*g04*g°4*q07*gog*gol gm7
g02* g06* §08*g0 1*gm4
g03* g07* g011*
g03* g06* g08*g0 gm5
g04x* g07* g011*
go1l* g06* g08*g0 gm5
g02* g07* g011*
g02* g03* g08*g0 gm5
g03* g04* g011*
go1l* g04* g06* gm5
g02* g05* gm5*
g01* g03* g06* gm7
g03* g04* gml*
g0o1* g04* g06* gm7
g02* g06* gm5*
g01* g03* g08* gm8
g02* g04* gm2*
g02* g04* g05* gm5
g03* g05* gm7*
g02* g04* g07* gm8
g04* g05* gm3*
g0l1* g05* g07* gm8
g02* g07* gml*
g02* g04* g08* gm8
g03* g06* gml*
g0l1* g04* g07* gm3
g02* g06* gm3*
g02* g06* g07* gm8
g05* g07* gml*
g0o1* g06* g08* gm8
g02* g07* gm3*
g01* g04* g08* gm5
g04* g07* gml*
g02* g05* g08* gm3
g03* g06* gm3*
g04* g08* gm8
g07* gm2*
g08* gm7
gml*
gm8
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+
+
+
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+
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g01*
g02*
G01* 2%g04*
g02* g05*
g01* g04* g06*
g03* g05* g011*
g02* g04* g07* gm7
g03* g06* g011*
g01* g04* g08* gm8
g02* go6* g011*
g02* g06* g07* gm5
g03* g07* g011%
g02* g04* g08* gms
g04* g05* g011*
gol*g05*qo5*907*g07*g01 gm5
goz*gos*go6*907*908*q011*gm8
g03* g06* g08* 1*gm3
g05* g07* g011*
g01*g02* g06*g0 g08+*g01 gm4
g02* g04* 7%g08* 1%gm3
g03* g05* g011*
901*q02*g04*g06*906*gm3* gm4
g01* g03* g07* gm7
g03* g06* gml*
g0l* g05* g08* gm5
g02* g06* gmé*
g01* g03* g08* gm5
g02* g04* gm2*
g02* g04x* g07* gm4
g03* g05* gm5*
g01* g04* g08* gm8
g02* g05* gm3*
g01* g03* g08* gm7
g03* g04* gm1*
g01* g04* g06* gm7
g02* g06* gm7*
g02* g03* g08* gm8
g03* g06* gm2*
g01* g05* g08* gm7
g02* g06* gm5*
g01* g03* g08* gm7
g02* g04* gml*
g01* g05* g08* gm7
g04* g06* gm7*
g06* g08* gm8
g07* gm4 *
g08* gm7
gm2*
gm5

g0l*
g02*
2*g03*
g04*

g011%

gm5*

gm8 +

g0l1*

g03*

g04x

g06*

g08*

gmb5*

gm7 +

"
+
"
+
"
+
"
+
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g06*
07*
904*g 7Hgml*
g06* gm2*
g01* gml* gm3*
g04* gm2* gm4 *
g01* gm2* gm3* gm5
g08* gm3* gm5*
g03* gm2* gm5* gm8
g07* gm3* gm7*
g04* gml* gm4 * gm8
g07* gm2* gm5*
g05* gml* gmé * gm7
g08* gm2* gm5*
g03* gml* gm3* gm8
g06* gm2* gm5*
g01* gml* gm3* gm8
g08* gm2* gm4 *
gQ07* gm2* gm4 * gm7
g08* gm3* gm7*
gml* gm4* gm8
gm2* gm7*
gm3* gm8
gmé4 *
gm8

4
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4
4
4
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+
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g03*
g011*
g0
7*9011*g$§*gm4*gm5*
*gm3*gm4*gm7*gm8
gmb5*
gm8

g01*
g02*g03*
g04*
g07*g08*

g011 +

¥
¥
¥
¥

g01*
g02*
g02* g03*
g06*
902*g03*g04* 6%g07*
g03* g05* g08*
g03* g04* g06* g011
g04* g05* g07*
gOo5* g07* g011
g06* g08*
q07*g08*9011
g011
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¥
+
¥
+
n
+
¥
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g01*
g02*
g01* g04*
g05*
901*902*g03* 5%g06*
g02* go4* go7*
g01~* g03* g06* gm3
g02* g04* g08*
g01* g04* g05* gm5
g02* g05* gQ07*
g03* g07* gm8
g04* g08*
g06* gm3
g08*
gm7

GO1*
g02*g03*
g04*g06*
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cLagzas B 01 g T oaatansal el e Crrgo1 903*906*‘3011*91 gmg*s +
cL*gO2*gO7*g08*gO11*gm4*Qm5*s MR oé*goll*gm5*9m7* L eoreoaeton go1L mSTgm 7S
CL*gO3*906*g08*9011*gm5*gm7*s + CL*gOI*GOS*g 5*g011*gm5*gm7*s + CL*gol*qo3*go *goll*gm*gmws
CL*gO5*906*gO7*9011*gm3*gm5*s 4 CL*gOZ*gOngWgO11*gm7*gm8*S + CL*gO1*g05*g07*q011*gm5*gm8*s
cL*go3*904*g07*g011*gm4*gm5f + cL*goz*gos*gof’*go11*gm4*gm8*s + CL*gO2*g05*go6*9011*9‘“4*%\8*5
CL*gO%nggo8*9011*gm3*gm4*s * CL*g03*904*907*901l*gm7*gm8*s + CL*gol*904*g06*g011*gm4*gm7*s
cL*gO‘l*qongO8*9011*%5*%7*5 + cL*gO“gos,*go6*g011*g‘“3*gm8*S + CL*gO1*905*%7*9011*%3*%7*5
cL*gOl*g02*g08*q011*gm4*gm5*5 + cL*gO3*gO4*gO6*9011*9‘“5*%7*5 + cL*gO2*903*g08*9011*gm5*gm8*5
CL*gol*gO3*go3*gm4* gm3*gm5*s + CL*gO3*gO5*gO5*gO11*gm3*gm7*s + CL* 2*g05* 7*9011*gm4*gm7*
g02* g06* gmb5* s +C g04*g0 g07*g0 gm7* s + CL*gO3*qO5*qo8*q01 gm5*gm s
CL*QO1*g03*906*gm2*9m4*gm8*5 + L*g05* S*g07* 11*9m4*gm8*5 + go4x g06*g0 1*gm3* 8rs
g02* gm1* gm7*s CL*g01* g07*g0 g011* gm8*s CL*gO3*906*gO7*q 11%gm gm7*s
903*gm4*gm5*gm7* + CL* g03* 8*9011*gm3*gm8* + ocL* G04* g011* 4*gm7*
gm7* s+ C 901*g03 g04*gm2* gm3* s+ C g03*g0 g07*g01 gm3*gm s
gm8*s + L*g02* *g08* gm5* gmé*s + L*g04* 5%g08* 1%gm5* 5*s
CL*gol*g05*906*gm2*9m4*gm8*5 +C cL*gO1*g05*908*qoll*gm4*gm8*s
902*906*gm1*Gm3*gm5*5 N Txg01* 903*g06*9011*gm3 gm7*s
gm4*gm gm7*s CL*gol*gO3*qO5* gm2*gm *gm7*s
5%gm7* + CL* g02* gm2* 4%gm5*
s + g02* g06* gm4* s +
CL* g06* gm3* gm8*
g01* g07* gmS* s +
g03*g0 gml* gm7*s
4% gm3* +
qmz*qm7*gm5*s N
gm8+*s
N

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥

CL*
go1x
0
CL*qol*g 2%g03*
CL* g03* g06*
g01* g05* go11*
CL* g02* g06* gm7*
g01* g05* g011* s
CL* g03* g06* gm4*
g01* g04* g011* s
CL* g03* g06* gm7*
g01* g06* g011* s
CL* g02* g07* gm7*
g01* g07* g011% s
CL* g03* g08* gma*
g01* g07* g011* s
CL* g05* g08* gm5*
g02* g06* g011* s
CL* g05* g07* gmé*
g01* g06* g011* s
CL* g04* g07* gm4 *
g02* g07* g011* s
CL* g03* g08* gm3*
g03* g05* g011% s
CL* g04* g08* gm5*
g04* g05* g011% s
CL* g05* g06* gm7*
g03* g06* g0ll* s
g04* gQ07* gm7*
g07*908*g011*gm3 s
g011* *s
gm5*s

+

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥

CL*
gol1*
0
CL*gol*g 2%g03*
CL* g02* g08*
g01* g03* g011*
CL* g02* g07* gmb5*
g01* g06* g0ll* s
CL* g03* g07* gmg*
g0l1* g04* g011* s
CL* g02* g08* gm5*
g01* g05* g011% s
CL* g03* g07* gm5*
g01* g04* g011% s
CcL* g04* g07* gm8*
g02* g05* g011* s
CL* g03* g06* gm8*
g01* g05* g011* s
CL* g04* g06* gm7*
g01* g05* g011* s
cL* g05* g07%g0 gm7*
g02* g07* g011* s
CL* g03* g08* gm8*
g03* g07* g011% s
CL* g04* g08* gmd*
g03* g06* g011* s
CL* g04* gQ07* gm5*
g03* g05* g0llx s
g05* g07* gm5*
g07*g08*q011*gm8 s
*
g011% s
gma*s

CL*
g01*
1*g02*
g03*

g06*

gm4 *

gmS*s +

CL*

L*g01*

g03*

g04*

g06*

gm2*

gm5*s +

CL*
g01*
CL* g02*
0 03*
C]_,*g l*gOZ*g 3*g04*
g01* g03* gm5*
CL* g03* g08* gm8*s
g01* g04* gmé*
CL* g02* g08* gm5*s
g02* g03* gm2*
CL* g03* g06* gm5*s
g01* g05* gm5*
CL* g02* g06* gm7*s
g01* g03* gml*
CL* g02* g04x gm7*s
g01* g04* gm7*
CL* g03* g06* gm8*s
g01* g04* gm5*
CL* g04* g07* gm7*s
g01* g05* gm2*
CcL* g02* g06* gm8*s
g01~* g03* gm2*
CL* g02* g05* gm7*s
g01* g05* gm7*
CL* g03* g07* gm8*s
g01l* g04* gm3*
CL* g04~* g06* gm8*s
g02* g05* gm5*
CL* g03* g06* gm7*s
g02* g05* gm3*
CL* g05* g07* gm7*s
g03* g07* gml*
CL* g05* g08* gm8*s
g0l* g06* gml*
CL* g02* g07* gm3*s
g01* g04* gml*
CL* g02* g07* gmd*s
g01* g05* gm5*
CcL* g04* g08* gm8*s
g02* g05* gm4*
CL* g03* g08* gm7*s
g02* g04* gm2*
CL* g04* g06* gm7*s
g03* g05* gm5*
CL* g04* g06* gm7*s
g04* g05* gm3*
CL* g05* g06* gm7*s
g01* g06* gm2*
CL* g03* g07* gm7*s
g01* g04* gm2*
cL* g03* g08* gm3*s
g01* g07* gm5*
CL* g04* g08* gm7*s
g03* g07* gmé *
CL* g04* g08* gm5*s
g04x g05* gm3*
CL* g05* g08* gm5*s
g02* g07* gml*
CL* g03* g08* gm7*s
g02* g04* gml*
CL* g03* g08* gm3*s
g02* g07* gm5*
g04* g08* gm7*s
g07* gmé*
g08* gm5*s
gm3*
gm5*s

+
¥
N
N
"
N
N
N
N
+
N
N
N
N
N
N
¥
N
N
"
N
N
N
N
N
+
"

CL*g0 :

3*g04*g0
5% +
g08*gm2
* +
gm7*s "

CL*
gol1*
cL* g02*
0 03*
CLg ST
g0l* g04* gmé*
CL* g03* g05* gm8*s
gol* g05* gm2*
CL* g02* g08* gm8*s
g02* g05* gm2*
CL* g03* g06* gméd*s
gol* g06* gm3*
CL* g02* g07* gm7*s
gol* g03* gml*
CL* g02* g07* gm5*s
g01* g05* gmé *
CL* g03* g06* gm8*s
g01* g04* gm4 *
CL* g04* g08* gm7*s
g01* g06* gm2*
CL* g02* g07* gm7*s
g01* g03* gm2*
CL* g02* g07* gm5*s
g01* g05* gm5*
CL* g03* g08* gm8*s
g01* g05* gm3*
CL* g04* g06* gm7*s
g02* g06* gmé *
CL* g03* g07* gm7*s
g03* g05* gm3*
CcL* g04* g08* gm5*s
g04* g05* gml*
CL* g05* g06* gm7*s
gol* g06* gml*
CL* g02* g07* gm7*s
g01* g04* gml*
CL* g02* g08* gm3*s
g0l* g07* gm5*
CL* g04* g08* gm7*s
g02* gQ07* gmé *
CL* g03* g08* gm5*s
g02* g05* gm2*
CL* g04* g06* gm5*s
g03* g06* gmé*
CL* g04* g07* gm7*s
g01* g06* gm3*
CL* g03* gQ07* gm5*s
g0l1* g04* gm2*
CL* g03* g05* gm5*s
g01* g05* gm7*
cL* g04* g07* gm8*s
go1* g05* gmé *
CL* g05* g07* gm8*s
g03* g07* gm3*
CL* g04* g08* gm8*s
g02* g07* gm3*
cL* g03* g08* gmd*s
g02* g04* gml*
CL* g03* g05* gm5*s
g02* g05* gm7*
CL* g04* g07* gm8*s
g02* g05* gmé *
CL* g05* g07* gm8*s
g03* g07* gm3*
g04* g08* gm8*s
g07* gm3*
g08* gm4 *
gm2* S
gm5*s

+
+
+
+
+ +
+
+ +

+
+ +

+
+
a4
+
+
+
+
+
+
+ +

+ +

+
+ +

+

+
+
+
+
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MATLAB Solution Continued 4:

CL*g01*g03*g07*gm2*gm4 *gm8*s
CL*g01*g05*g06*gm2*gm4*gm7*s
CL*g01*g02*g05*gm3*gm7*gm8*s
CL*g01*g03*g06*gm4*gm5*gm7*s
CL*g01*g06*g07*gm3*gm4*gm5*s
CL*g02*g03*g08*gml*gm5*gm7*s
CL*g02*g07*g08*gml*gm3*gm5*s
CL*g03*g06*g07*gml*gm4*gm5*s
CL*g05*g06*g07*gml*gm3*gméd *s
CL*g01*g02*g07*gm4*gm5*gm8*s
CL*g01*g04*g07*gm2*gm5*gm8*s
CL*g01*g05*g08*gm2*gm4*gm7*s

CL*g01*g03*g08*gm2*gm4 *gm7*s
CL*g01*g06*g07*gm2*gmé4 *gm5*s
CL*g01*g02*g07*gm3*gm5*gm8*s
CL*g01*g04*g06*gm3*gm5*gm7*s
CL*g02*g03*g05*gml*gm7*gm8*s
CL*g02*g05*g07*gml*gm3*gm8*s
CL*g03*g04*g06*gml*gm5*gm7*s
CL*g04*g05*g06*gml*gm3*gm7*s
CL*g01*g02*g04*gm5*gm7*gm8*s
CL*g01*g02*g08*gm4*gm5*gm7*s
CL*g01*g04*g08*gm2*gm5*gm7*s

+ + CL*g01*g04*g06*gm2*gm5*gm7*s
+ + CL*g01*g02*g03*gm5*gm7*gm8*s
+ + CL*g01*g02*g08*gm3*gm5*gm7*s
+ + CL*g01*g05*g06*gm3*gmé4*gm7*s
+ + CL*g02*g03*g07*gml*gm5*gm8*s
+ + CL*g02*g05*g08*gml*gm3*gm7*s
+ + CL*g03*g05*g06*gml*gmd*gm7*s
+ + CL*g04*g06*g07*gml*gm3*gm5*s
+ + CL*g01*g02*g05*gm4*gm7*gm8*s
+ + CL*g01*g04*g05*gm2*gm7*gm8*s
+ + CL*g01*g05*g07*gm2*gm4*gm8*s
+ CL*g01*g07*g08*gm2*gm4*gm5*s + CL*g02*g03*g06*gm4*gm5*gm7*s
CL*g02*g04*g06*gm3*gm5*gm7*s + CL*g02*g05*g06*gm3*gmd*gm7*s + CL*g02*g06*g07*gm3*gmd*gm5*s
CL*g03*g04*g06*gm2*gm5*gm7*s + CL*g03*g05*g06*gm2*gm4*gm7*s + CL*g03*g06*g07*gm2*gm4*gm5*s
CL*g04*g05*g06*gm2*gm3*gm7*s + CL*g04*g06*g07*gm2*gm3*gm5*s + CL*g05*g06*g07*gm2*gm3*gm4*s
CL*g01*g03*g04*gm5*gm7*gm8*s + CL*g01*g03*g05*gm4*gm7*gm8*s + CL*g01*g03*g07*gm4*gm5*gm8*s
CL*g01*g03*g08*gm4*gm5*gm7*s + CL*g01*g04*g05*gm3*gm7*gm8*s + CL*g01*g04*g07*gm3*gm5*gm8*s
CL*g01*g04*g08*gm3*gm5*gm7*s + CL*g01*g05*g07*gm3*gm4*gm8*s + CL*g01*g05*g08*gm3*gmd*gm7*s
CL*g01*g07*g08*gm3*gmd*gm5*s + CL*g03*g04*g05*gml*gm7*gm8*s + CL*g03*g04*g07*gml*gm5*gm8*s
CL*g03*g04*g08*gml*gm5*gm7*s + CL*g03*g05*g07*gml*gm4*gm8*s + CL*g03*g05*g08*gml*gméd*gm7*s
CL*g03*g07*g08*gml*gm4*gm5*s + CL*g04*g05*g07*gml*gm3*gm8*s + CL*g04*g05*g08*gml*gm3*gm7*s
CL*g04*g07*g08*gml*gm3*gm5*s + CL*g05*g07*g08*gml*gm3*gm4*s + CL*g02*g03*g04*gm5*gm7*gm8*s
CL*g02*g03*g05*gm4*gm7*gm8*s + CL*g02*g03*g07*gm4*gm5*gm8*s + CL*g02*g03*g08*gm4*gm5*gm7*s
CL*g02*g04*g05*gm3*gm7*gm8*s + CL*g02*g04*g07*gm3*gm5*gm8*s + CL*g02*g04*g08*gm3*gm5*gm7*s
CL*g02*g05*g07*gm3*gm4*gm8*s + CL*g02*g05*g08*gm3*gmd*gm7*s + CL*g02*g07*g08*gm3*gmd*gm5*s
CL*g03*g04*g05*gm2*gm7*gm8*s + CL*g03*g04*g07*gm2*gm5*gm8*s + CL*g03*g04*g08*gm2*gm5*gm7*s
CL*g03*g05*g07*gm2*gm4*gm8*s + CL*g03*g05*g08*gm2*gm4*gm7*s + CL*g03*g07*g08*gm2*gmé4*gm5*s
CL*g04*g05*g07*gm2*gm3*gm8*s + CL*g04*g05*g08*gm2*gm3*gm7*s + CL*g04*g07*g08*gm2*gm3*gm5*s +
CL*g05*g07*g08*gm2*gm3*gm4*s + CL*g01l*g03*g0ll*gmd*gm5*gm8*s + CL*g01*g02*g0ll*gm5*gm7*gm8*s +
CL*g01*g03*g011*gm4*gm7*gm8*s + CL*g01*g06*g011*gm4*gm5*gm7*s CL*g02*g06*g011*gm3*gm5*gm7*s
CL*g01*g04*g011*gm5*gm7*gm8*s + CL*g01*g05*g011*gm4*gm7*gm8*s CL*g01*g07*g011*gm4*gm5*gm8*s
CL*g01*g08*g011*gm4*gm5*gm7*s + CL*g02*g03*g011*gm5*gm7*gm8*s CL*g02*g05*g011*gm3*gm7*gm8*s
CL*g02*g07*g011*gm3*gm5*gm8*s + CL*g02*g08*g011*gm3*gm5*gm7*s CL*g03*g06*g011*gm4*gm5*gm7*s
CL*g04*g06*g011*gm3*gm5*gm7*s + CL*g05*g06*g011*gm3*gm4*gm7*s CL*g06*g07*g011*gm3*gm4*gm5*s

+

+

+

+
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CL*g03*g04*g011*gm5*gm7*gm8*s CL*g03*g05*g011*gm4*gm7*gm8*s CL*g03*g07*g011*gm4*gm5*gm8*s
CL*g03*g08*g011l*gm4*gm5*gm7*s CL*g04*g05*g011*gm3*gm7*gm8*s CL*g04*g07*g011*gm3*gm5*gm8*s
CL*g04*g08*g011*gm3*gm5*gm7*s CL*g05*g07*g011*gm3*gm4*gm8*s CL*g05*g08*g011*gm3*gm4*gm7*s
CL*g07*g08*g011*gm3*gm4*gm5*s CL*g01*g03*gm2*gm4*gm5*gm8*s + CL*g02*g06*gml*gm3*gm5*gm7*s +
CL*g01*g03*gm2*gm4*gm7*gm8*s CL*g01*g06*gm2*gm4 *gm5*gm7*s CL*g01*g02*gm3*gm5*gm7*gm8*s
CL*g01*g06*gm3*gm4*gm5*gm7*s CL*g02*g03*gml*gm5*gm7*gm8*s CL*g02*g05*gml*gm3*gm7*gm8*s
CL*g02*g07*gml*gm3*gm5*gm8*s CL*g02*g08*gml*gm3*gm5*gm7*s CL*g03*g06*gml*gm4*gm5*gm7*s
CL*g04*g06*gml*gm3*gm5*gm7*s CL*g05*g06*gml*gm3*gm4*gm7*s CL*g06*g07*gml*gm3*gmé4 *gm5*s
CL*g01*g02*gm4*gm5*gm7*gm8*s CL*g01*g04*gm2*gm5*gm7*gm8*s CL*g01*g05*gm2*gm4*gm7*gm8*s
CL*g01*g07*gm2*gm4*gm5*gm8*s CL*g01*g08*gm2*gm4 *gm5*gm7*s CL*g02*g06*gm3*gm4*gm5*gm7*s
CL*g03*g06*gm2*gm4 *gm5*gm7*s CL*g04*g06*gm2*gm3*gm5*gm7*s CL*g05*g06*gm2*gm3*gm4 *gm7*s
CL*g06*g07*gm2*gm3*gm4 *gm5*s CL*g01*g03*gm4*gm5*gm7*gm8*s CL*g01*g04*gm3*gm5*gm7*gm8*s
CL*g01*g05*gm3*gm4*gm7*gm8*s CL*g01*g07*gm3*gm4*gm5*gm8*s CL*g01*g08*gm3*gm4*gm5*gm7*s
CL*g03*g04*gml*gm5*gm7*gm8*s CL*g03*g05*gml*gm4*gm7*gm8*s CL*g03*g07*gml*gm4*gm5*gm8*s
CL*g03*g08*gml*gm4*gm5*gm7*s CL*g04*g05*gml*gm3*gm7*gm8*s CL*g04*g07*gml*gm3*gm5*gm8*s
CL*g04*g08*gml*gm3*gm5*gm7*s CL*g05*g07*gml*gm3*gm4*gm8*s CL*g05*g08*gml*gm3*gmé*gm7*s
CL*g07*g08*gml*gm3*gm4*gm5*s CL*g02*g03*gm4*gm5*gm7*gm8*s CL*g02*g04*gm3*gm5*gm7*gm8*s
CL*g02*g05*gm3*gm4*gm7*gm8*s CL*g02*g07*gm3*gm4*gm5*gm8*s CL*g02*g08*gm3*gm4*gm5*gm7*s
CL*g03*g04*gm2*gm5*gm7*gm8*s CL*g03*g05*gm2*gm4*gm7*gm8*s CL*g03*g07*gm2*gm4 *gm5*gm8*s
CL*g03*g08*gm2*gm4*gm5*gm7*s CL*g04*g05*gm2*gm3*gm7*gm8*s CL*g04*g07*gm2*gm3*gm5*gm8*s
CL*g04*g08*gm2*gm3*gm5*gm7*s CL*g05*g07*gm2*gm3*gm4 *gm8*s CL*g05*g08*gm2*gm3*gmd*gm7*s +
CL*g07*g08*gm2*gm3*gm4*gm5*s CL*g01*g011*gm4*gm5*gm7*gm8*s + CL*g02*g011*gm3*gm5*gm7*gm8*s +
CL*g06*g011*gm3*gm4*gm5*gm7*s + CL*g03*g0ll*gm4*gm5*gm7*gm8*s + CL*g04*g0ll*gm3*gm5*gm7*gm8*s +
CL*g05*g011*gm3*gm4*gm7*gm8*s + CL*g07*g011*gm3*gmé4*gm5*gm8*s + CL*g08*g01ll*gm3*gm4*gm5*gm7*s +
CL*g02*gml*gm3*gm5*gm7*gm8*s + CL*g06*gml*gm3*gm4*gm5*gm7*s + CL*g0l*gm2*gm4*gm5*gm7*gm8*s +
CL*g06*gm2*gm3*gm4*gm5*gm7*s + CL*gO0l*gm3*gm4*gm5*gm7*gm8*s CL*g03*gml*gm4*gm5*gm7*gm8*s +
CL*g04*gml*gm3*gm5*gm7*gm8*s + CL*g05*gml*gm3*gmé4*gm7*gm8*s CL*g07*gml*gm3*gm4*gm5*gm8*s +
CL*g08*gml*gm3*gm4*gm5*gm7*s + CL*g02*gm3*gm4*gm5*gm7*gm8*s CL*g03*gm2*gm4*gm5*gm7*gm8*s +

+ +

+

+ o+
+ 4+ o+
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CL*g04*gm2*gm3*gm5*gm7*gm8*s CL*g05*gm2*gm3*gm4*gm7*gm8*s + CL*g07*gm2*gm3*gm4*gm5*gm8*s
CL*g08*gm2*gm3*gm4*gm5*gm7*s CL*g011*gm3*gm4*gm5*gm7*gm8*s + CL*gml*gm3*gm4*gm5*gm7*gm8*s +
CL*gm2*gm3*gm4*gm5*gm7*gm8*s) ) *Vinn + (Vinp*g02*g03*g04*g07*gml*gm8~2 +
Vinp*g02*g03*g07*g011*gml*gm8"2 + Vinp*g03*g04*g07*g011*gml*gm8"2 +
Vinp*g02*g03*g04*gml*gm7*gm8°2 + Vinp*g02*g03*g07*gml*gm4*gm8"2 + Vinp*g02*g04*g07*gml*gm3*gm8"2
+ Vinp*g03*g04*g07*gml*gm2*gm8~2 + Vinp*g02*g03*g01l*gml*gm7*gm8"2 +
Vinp*g02*g07*g011*gml*gm3*gm8°2 + Vinp*g03*g04*g01l*gml*gm7*gm8"2 +
Vinp*g03*g07*g011*gml*gm4*gm8"2 + Vinp*g04*g07*g011*gml*gm3*gm8"2 +
Vinp*g02*g03*gml*gmd*gm7*gm8°2 + Vinp*g02*g04*gml*gm3*gm7*gm8°2 + Vinp*g02*g07*gml*gm3*gm4*gm8"2



MATLAB Solution Continued 5:

+ Vinp*g03*g04*gml*gm2*gm7*gm8°2 + Vinp*g03*g07*gml*gm2*gmd4*gm8~2 +
Vinp*g04*g07*gml*gm2*gm3*gm8°2 + Vinp*g02*g0ll*gml*gm3*gm7*gm8"2 +
Vinp*g03*g01ll*gml*gm4*gm7*gm8°2 + Vinp*g04*g0ll*gml*gm3*gm7*gm8"2 +
Vinp*g07*g011*gml*gm3*gmd*gm8~2 + Vinp*g02*gml*gm3*gm4*gm7*gm8"2 +

Vinp*g03*gml*gm2*gm4*gm7*gm8°2 + Vinp*g04*gml*gm2*gm3*gm7*gm8°2 + Vinp*g07*gml*gm2*gm3*gm4*gm8~"2

+ Vinp*g0ll*gml*gm3*gm4*gm7*gm8°2 + Vinp*gml*gm2*gm3*gmd*gm7*gm8°2 +

Vinp*g02*g03*g04*g05*g06*g07*gml
Vinp*g02*g03*g04*g05*g06*gml*gm7
Vinp*g02*g03*g05*g06*g07*gml*gm4
Vinp*g03*g04*g05*g06*g07*gml*gm2
Vinp*g02*g03*g04*g05*g07*gml*gm8
Vinp*g02*g03*g04*g07*g08*gml*gm5
Vinp*g02*g04*g05*g07*g08*gml*gm3
Vinp*g02*g03*g04*g06*g07*gml*gm8

+
+
+
+
+
+
+
+

Vinp*g02*g03*g04*g05*g07*g08*gml
Vinp*g02*g03*g04*g06*g07*gml*gm5
Vinp*g02*g04*g05*g06*g07*gml*gm3
Vinp*g02*g03*g04*g05*g06*gml*gm8
Vinp*g02*g03*g04*g05*g08*gml*gm7
Vinp*g02*g03*g05*g07*g08*gml*gmé
Vinp*g03*g04*g05*g07*g08*gml*gm2
Vinp*g02*g03*g04*g07*g08*gml*gm8

e

+

Vinp*g02*g03*g05*g06*g011l*gml*gm8 + Vinp*g02*g03*g06*g07*g011l*gml*gm8
Vinp*g03*g04*g05*g06*g011l*gml*gm8 + Vinp*g02*g03*g07*g08*g011l*gml*gm8
Vinp*g03*g04*g06*g07*g011l*gml*gm8 + Vinp*g03*g04*g07*g08*g011l*gml*gm8

Vinp*g02*g03*g04*g06*gml*gm5*gm7
Vinp*g02*g03*g06*g07*gml*gm4*gm5
Vinp*g02*g04*g06*g07*gml*gm3*gm5
Vinp*g03*g04*g05*g06*gml*gm2*gm7
Vinp*g03*g05*g06*g07*gml*gm2*gm4
Vinp*g02*g03*g04*g06*gml*gm5*gm8
Vinp*g02*g04*g05*g06*gml*gm3*gm8
Vinp*g02*g03*g04*g05*gml*gm7*gm8
Vinp*g02*g03*g04*g08*gml*gm5*gm7
Vinp*g02*g03*g05*g08*gml*gm4 *gm7
Vinp*g02*g04*g05*g07*gml*gm3*gm8
Vinp*g02*g04*g07*g08*gml*gm3*gm5
Vinp*g03*g04*g05*g07*gml*gm2*gm8
Vinp*g03*g04*g07*g08*gml*gm2*gm5
Vinp*g04*g05*g07*g08*gml*gm2*gm3
Vinp*g02*g03*g06*g07*gml*gm4*gm8
Vinp*g03*g04*g06*g07*gml*gm2*gm8
Vinp*g02*g03*g07*g08*gml*gm4*gm8
Vinp*g03*g04*g07*g08*gml*gm2*gm8
Vinp*g02*g05*g06*g011*gml*gm3*gm8
Vinp*g02*g06*g07*g011*gml*gm3*gm8
Vinp*g03*g05*g06*g011*gml*gm4*gm8
Vinp*g02*g03*g08*g011*gml*gm7*gm8
Vinp*g03*g04*g06*g011*gml*gm7*gm8
Vinp*g04*g06*g07*g011*gml*gm3*gm8
Vinp*g03*g07*g08*g011*gml*gm4*gm8
Vinp*g02*g03*g06*gml*gm4*gm5*gm7
Vinp*g02*g05*g06*gml*gm3*gm4*gm7
Vinp*g03*g04*g06*gml*gm2*gm5*gm7
Vinp*g03*g06*g07*gml*gm2*gm4*gm5
Vinp*g04*g06*g07*gml*gm2*gm3*gm5
Vinp*g02*g03*g06*gml*gm4*gm5*gm8
Vinp*g02*g05*g06*gml*gm3*gm4 *gm8
Vinp*g03*g05*g06*gml*gm2*gm4 *gm8
Vinp*g02*g03*g04*gml*gm5*gm7*gm8
Vinp*g02*g03*g07*gml*gm4*gm5*gm8
Vinp*g02*g04*g05*gml*gm3*gm7*gm8
Vinp*g02*g04*g08*gml*gm3*gm5*gm7
Vinp*g02*g05*g08*gml*gm3*gm4*gm7
Vinp*g03*g04*g05*gml*gm2*gm7*gm8
Vinp*g03*g04*g08*gml*gm2*gm5*gm7
Vinp*g03*g05*g08*gml*gm2*gm4*gm7
Vinp*g04*g05*g07*gml*gm2*gm3*gm8
Vinp*g04*g07*g08*gml*gm2*gm3*gm5
Vinp*g02*g03*g06*gml*gm4*gm7*gm8
Vinp*g02*g06*g07*gml*gm3*gm4 *gm8
Vinp*g03*g06*g07*gml*gm2*gm4 *gm8
Vinp*g02*g03*g08*gml*gm4*gm7*gm8
Vinp*g02*g07*g08*gml*gm3*gm4*gm8
Vinp*g03*g07*g08*gml*gm2*gm4*gm8
Vinp*g02*g06*g011*gml*gm3*gm5*gm8
Vinp*g03*g06*g011*gml*gm4*gm5*gm8
Vinp*g05*g06*g011*gml*gm3*gm4*gm8
Vinp*g03*g06*g011*gml*gm4*gm7*gm8

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Vinp*g02*g03*g05*g06*gml*gmd*gm7 +
Vinp*g02*g04*g05*g06*gml*gm3*gm7
Vinp*g02*g05*g06*g07*gml*gm3*gm4
Vinp*g03*g04*g06*g07*gml*gm2*gm5
Vinp*g04*g05*g06*g07*gml*gm2*gm3
Vinp*g02*g03*g05*g06*gml*gmé*gm8
Vinp*g03*g04*g05*g06*gml*gm2*gm8
Vinp*g02*g03*g04*g07*gml*gm5*gm8
Vinp*g02*g03*g05*g07*gml*gm4*gm8
Vinp*g02*g03*g07*g08*gml*gm4*gm5
Vinp*g02*g04*g05*g08*gml*gm3*gm7
Vinp*g02*g05*%g07*g08*gml*gm3*gm4
Vinp*g03*g04*g05*g08*gml*gm2*gm7
Vinp*g03*g05*g07*g08*gml*gm2*gm4
Vinp*g02*g03*g04*g06*gml*gm7*gm8
Vinp*g02*g04*g06*g07*gml*gm3*gm8
Vinp*g02*g03*g04*g08*gml*gm7*gm8
Vinp*g02*g04*g07*g08*gml*gm3*gm8

B T e A

Vinp*g02*g03*g06*g011*gml*gm5*gm8 +

Vinp*g02*g03*g06*g011l*gml*gm7*gm8
Vinp*g03*g04*g06*g011*gml*gm5*gm8
Vinp*g04*g05*g06*g011*gml*gm3*gm8
Vinp*g02*g07*g08*g011l*gml*gm3*gm8
Vinp*g03*g06*g07*g011*gml*gm4*gm8
Vinp*g03*g04*g08*g011l*gml*gm7*gm8
Vinp*g04*g07*g08*g011l*gml*gm3*gm8
Vinp*g02*g04*g06*gml*gm3*gm5*gm7 +
Vinp*g02*g06*g07*gml*gm3*gmé*gm5
Vinp*g03*g05*g06*gml*gm2*gmé*gm?7
Vinp*g04*g05*g06*gml*gm2*gm3*gm7
Vinp*g05*g06*g07*gml*gm2*gm3*gm4
Vinp*g02*g04*g06*gml*gm3*gm5*gm8
Vinp*g03*g04*g06*gml*gm2*gm5*gm8
Vinp*g04*g05*g06*gml*gm2*gm3*gm8
Vinp*g02*g03*g05*gml*gm4*gm7*gm8
Vinp*g02*g03*g08*gml*gm4*gm5*gm7
Vinp*g02*g04*g07*gml*gm3*gm5*gm8
Vinp*g02*g05*g07*gml*gm3*gm4 *gm8
Vinp*g02*g07*g08*gml*gm3*gmé*gm5
Vinp*g03*g04*g07*gml*gm2*gm5*gm8
Vinp*g03*g05*g07*gml*gm2*gm4*gm8
Vinp*g03*g07*g08*gml*gm2*gmé*gm5
Vinp*g04*g05*g08*gml*gm2*gm3*gm?7
Vinp*g05*g07*g08*gml*gm2*gm3*gm4
Vinp*g02*g04*g06*gml*gm3*gm7*gm8
Vinp*g03*g04*g06*gml*gm2*gm7*gm8
Vinp*g04*g06*g07*gml*gm2*gm3*gm8
Vinp*g02*g04*g08+*gml*gm3*gm7*gm8
Vinp*g03*g04*g08*gml*gm2*gm7*gm8
Vinp*g04*g07*g08*gml*gm2*gm3*gm8 +
Vinp*g02*g06*g011*gml*gm3*gm7*gm8
Vinp*g04*g06*g011*gml*gm3*gm5*gm8
Vinp*g02*g08*g011l*gml*gm3*gm7*gm8
Vinp*g04*g06*g011*gml*gm3*gm7*gm8
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Vin

p*g0
Vin, 6*g07

prg04* *g01

g0o8* 1*gml*

g011* gm3*

gml* gmé*

gm3*gm7*g$8 + Vinp*

&+ Ving*g03*908*

g07* g011*

g08* gml*

g011* gma*

gml* gm7*

gm3* gm8
gmé * +
gm8 +

Vi
np*
Vlnp*g02*906*
Vi g04* gml*
inp* g06* gm3*
Vi g06* gml* gm4 *
inp* g07* gm2* gm5*
vi g03* gml* gm3* gm7
inp* g06* gm2* gm5*
Vi g05* gml* gm3* gm7
inp* g06* gm2* gmé*
Vi g02* gml* gm4* gm5
inp* g04* gm2* gm5*
Vi g02* gml* gm3* gm8
inp* g07* gm3* gmé*
Vi g03* gml* gm5* gm8
inp* g04* gm3* gm7*
Vi g03* gml* gmé * gm8
inp* g07* gm2* gm5*
vi g04* gml* gm5* gm8
inp* g05* gm2* gm7*
Vi g04* gml* gmé* gm8
inp* g08* gm2* gm5*
Vi g05* gml* gm3* gm8
inp* g08* gm2* gm7*
Vi g02* gml* gm3* gm8
inp* g06* gm2* gm5*
Vi g04* gml* gm3* gm7
inp* g06* gm3* gmé*
Vi g02* gml* gm4* gm7
inp* g08* gm2* gm7*
g04* gml* gm3* gm8
g08* gm3* gm7*
gml* gm4* gm8
gm2* gm7*
gm3*gm7*gm8
gm8

Vin
p*g0
Vin, 6*g0

p*g08* 1l*gm

g011* 1*gm3*

gml* gm4*

gm3* gm5*

9m4*gm7*gm8 + Vin

oms Vin§:g°6*g011

g06* *gml*

gml* gm3*

gm2* gm4 *

gm3* gm7*

gmé* gm8

gm5* +

gm7 +

Vinp
Vi g06*
viﬁpi%%gﬁigm*gmg*
Vlnp*go5*9m1*gm2*9m4*gm4*gm5*
vlnp*goS*gml*gmz*gm3*Gm5*gm7*gm8
P gOg*gml*gmz*gm3*9m4*gm7*gmg
gmz*gm3*3m4*gm5*gm8
m4*gm7~k m/
gm8

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥

¥
¥
¥
¥
¥

Vi
np*
Vlnp*go3*go6*
Vi g05* gml*
inp* g06* gm2*
Vi g02* gml* gmé *
inp* g06* gm2* gm5*
Vi g04* gml* gm3* gm7 +
inp* g06* gm3* gm4 *
Vi g02* gml* gmé * gm7
inp* g03* gm2* gm5*
Vi g02* gml* gm3* gm8
inp* g05* gmé* gm5*
Vi g02* gml* gm5* gm8
inp* g08* gm3* gm7*
Vi g03* gml* gmé* gm8
inp* g05* gm3* gm7*
Vi g03* gml* gmé * gm8
inp* g08* gm2* gm5*
Vi g04* gml* gm4 * gm7
inp* g07* gm2* gm7*
Vi go5* gml* gm4* gm8
inp* g07* gm2* gm5*
Vi g07* gml* gm3* gm7
inp* g08* gm2* gm5*
Vi g03* gml* gm3* gm8
inp* g06* gm2* gmé*
Vi g06* gml* gm3* gm8
inp* g07* gm2* gm4 *
Vi g03* gml* gmé4* gm5
inp* g08* gm2* gm7*
g07* gml* gm3* gm8
g08* gm2* gmé*
gml* gmé4* gm8
gm2* gm7*
gm3* gm8
gm4*
gm8 +

+
+
+
+
+
N

+
+
+ +

+

Vinp*
Vin *goz*gm *
Ving*g04*gmi*gm3*qm4*
Vinp*go7*9m1*gm2*9m3*gm5*gm7*
vinp*go6*gml*gmz*gm3*9m5*gm7*gmg +
gml*gmz*gmz*gm3*9m4*gm5*Gmg +
gm3*gm4*gm4*gm7*gmg +
m5*gm7* T +
gm8)

/

(g01*
g02* g02*g03*
g03* g04*
g02* g04* g07*
g04* g07* gmg”
g01* g07* gml* 2+
g02* gml* gm8~2 g01*
g01* g03* gm3* + g02*
g02* g04* gm8~2 g01* g03*
g01* g03* g05* + g02* g04*
g02* g04* g06* g02* g04* gm7*
g02* g03* g05* g08 + g04* gm3* gm8~2
g03* g04* g06* go1* gml* gm7* +
g01* g04* g05* g011 g02* gm3* gm8~2 g01*
g02* g05* g08* + g0 g03* gm7* + 90 g02*
g01*g0 q04*g05*906*g07*g011 N 1%g02* G04* OgmgAz . g02*g03* G04*g0T*
901*903*904*g05*g06*g07*908 . 9301*902*g03*905§ 2*907*gogol*902*g04*9m1* gm3*gmn2
* 1* g0 g06* g0 gm7
g02* g04* g06* g011 g02* 3*%g0 g0 + 3*g0 *gm +
G03* g6+ g08* + G03* 4%g0 7*g0 go1* 4%g0 82
g05* g07* g011 g01* g04* 6%g0 8 + g02*g0 5%g0 +
go6* go8* + go2* g07* 7%g0 g01* g03* 6*g0
g07* g011 go2* go03* go8* 11 + g02* g04*g0 7 4
g08* + g03* g06* 901 g01* g04* g06*
g011 g02* g04* g07* 1+ g03% g05* g07*
+ g03* g05* g08* g01* g0 g06* g08 +
0 04* g06* g0 4%
5 3*g04*g 4rg05% 06 g07*goll g02*g03* g05*g06307*908 .
g05*%g0 g07*g0 11 g05* g07*
g06*g0 g08*g0 g06* 908

g 7*908*g 11 g08%g01 +
g011 1+

g0l1*
g02*
03*
901*902*9 3%g04*
g01* g03* g06*
g03* g04* g07*
g01* g04* g05* gm5
g02* g05* g06*
g01* g03* g06* gm8
g02* g04* g08*
g01* g03* g07* gm2
g03* g04* g08*
g01* g04* g06* gm5
g02* g06* g07*
g01* g03* g07* gm8
g02* g06* g08*
g01* g03* g07* gm2
g02* g04* g08*
g05* g07* gm5
g06*g07*g08*gm8
g08*
gmé

+
+
+
¥
¥
¥
+
¥
¥

g01*
g02*
04*
901*g02*9 4%g05%*
g01* g03* g06*
g02* g04* g07*
g01* g03* g06* gm3 +

g02* g04* g08*
g04* g05* gm5

g05* g07*
g07* gm8

g08*
gm3

G01*G02%g03* 4
g04*g06 +
*g08* +

gm7 +

+ g01*
+ g02*
* 381ig02*33§1q°5*g07*
+ 901*g04*905*906*907*g08*q011
go2* 902*903*g06*907*g08*q011 N
901*382*904*qogg4*905*g08*9011 :
gol*9021903*905*g06*g0386*gm7 L
goz*g03*903*g04*906*g08*gm1 +
904*g05*905*g08*Qm4
907*g08*gm7
ml

g0l*g02* +

g03* +
g06*g07*

g08*g +

md +

g01*
02*
g02*g03*
g04*

g06*

g011*

gms> + g0
*
1%g02*

g03*

g05*g06*

g08*

gm7 +

g01*
g02*
0

301+g02+5 5%g06*

g01* g04* g07*

g04* g05* g08*

g05* g06* gm3 +
906*g07*GO8*gm7

g08* +

gm2 +

g01*
02*
901*g 2*g03*
903*g03*QO4*g04*906*
g04* g06* g0l11*
g02* g05* g07* gm7
g03* g06* g08* + g01
g05* g07*g0 gm5 + *g02*
g06*g07*go8*9m1 N g01*g03* g03%g04*
8* g0 g0 0
gmd 2% 5%g0 g08*
*

* q02*go3*qo4*g PO Sl i

g04x* g05* g08*
g05* g06* gméd +

g06* g08*
g07* gm7 +

g08*
gm3 +

g01*
901*902*g03*
g02* g04*
g01* g04* g07*
g02* g05* g011*
g01* g04* g06* gm8
g03* g05* g011*
g02* g04* g07* gm7
g03* g06* g011~*
g01* g04* g08* gm8
g02* g06* g011*
g02* g06* g07*g0 gm5
g03* g07* g011*
g02* g04* g08* gm5
g04* g05* g011*
g01* g05* g07*g0 gm5
g05* g07* g011*
g02* g06* g08* gm8
g05* g07* g011*
g03* g06* g08* gm3
g05* g07%g0 g011*
g01* g06* g08*g0 gm4
g02* g07* g011*
g02* g04* g08* gm3
g03* g05*g0 g011*
g01* g04* g06* gm4
g02* g06* gm3*
g01* g03* g07* gm7
g03* g06* gml*
g01* g05* g08* gm5
g02* g06* gmé*
g01* g03* g08* gm5
g02* g04* gm2*
g02* g04* g07* gmé
g03* g05* gm5*
g01* g04* g08* gm8
g02* g05* gm3*
g03* g08* gm7
g04* gml*
g06*9m7*gm7
gm8

+
+
+
+
+
+
+
+
+
+
+

g01*
qol*g02*903*
g02* g04*
g01* g04* g08*
g02* g06* g011*
901*g03*904*g05*q07*g01 gm7
GO2*g04*905*g06*g08*g01l*gm5
go1* g05* g0o8* 1*gm7
g03* go6* g011*
g02* g04* g07* gm4
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Zoom in to look at a few terms
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Vinp*g04*g08+g011*gml*gn3*gm7*gm8 + Vinp*g07*g08+g011*gml*gm3*gmd*gm8 +
Vinp*g02*g06*gml *gm3*gmd*gm5*gn7 + Vinp*g03*g06*gml*gm2*gmd*gm5*gm7 +

Vinp*g04*g06*gml *gn2*gm3*gm5*gn7 + Vinp*g05+g06*gml *gm2*gm3*gmd *gm7
4*gmS + Vinp*g02+g06*gml*gm3*gmd*gmS*gmg
Vinp*g03*g06*gml *gn2*gmd *gm5*gm8 + Vinp*g04*g06*gml*gm2*gm3*gms*gms
Vinp*g05*g06*gml *gn2*gm3*gmd *gn8 + Vinp*g02*g03*gml*gmd *gm5*gm7*gms
Vinp*g02#g04*gml *gn3*gmS*gnT*gmg + Vinp*g02+g05*gml*gm3*gmd*gm7*gmg
Vinp*g02*g07*gml *gn3*gmd *gmS*gng + Vinp*g02+g08*gml*gm3*gmd*gms*gm7
T*gm8 + Vinp*g03*g05*gml*gm2*gmd*gm7*gm8
Vinp*g03*g07*gml *gn2*gmd *gm5*gn8 + Vinp*g03*g08*gml*gm2+gmd*gms*gm7
Vinp*g04*g05*gml *gn2*gm3*gnT*gng + Vinp*g04*g07*gml*gm2*gm3*gms*gms
gm5*gm7 + Vinp*g05*g0T*gml*gm2*gm3*gmd *gm8
Vinp*g05*g08*gml *gn2*gm3*gmd*gn7 + Vinp*g07*g08*gml*gm2*gm3*gmd*gm5
Vinp*q02#g06*gml *gn3*gmd *gn7*gm8 + Vinp*g03+g06*gml*gm2*gmd *gm7 *gmg
gm7*gm8 + Vinp*g06*g0T*gml *gm2*gm3*gmd *gm8
Vinp*g02*g08*gml *gn3*gmd *gn7*gns + Vinp*g03+g08*gml*gm2*gmd*gm7*gms
Vinp*g04*g08*gml *gn2*gm3*gn7*gn8 + Vinp*g07*g08*gml*gm2+gm3*gmd *gmg

Vinp*g06*g07*gml *gm2*gm3*gm.

Vinp*g03*g04*gml *gm2*gm5*gm

Vinp*g04*g08*gml *gm2*gm3*

Vinp*g04*g06*gml *gm2*gm3*

e T

+

Vinp*g06*g0ll*gml*gm3*gmd*gm5*gm8 + Vinp*g06*g0ll*gml*gm3*gmd*gm7*gms +
Vinp*g08*g011*gml*gm3*gmd*gn7*gmg + Vinp*g06*gml*gm2*gm3*gma*gm5tgm7 +
Vinp*g06+anl +gm2+gn3+gmd s gms < 10+902 gl g3 *gnd g5+ an7 *gng_+

Vinp*g08*gml*gm2*gm3*gmd*

Vinp*g05*gml*gm2*gm3*gmd*gm7#gm + Vinp*g07*gml*gm2*gm3*gmd*gmS*gms +
gm5*gm7 + Vinp*g06*gml*gm2*gm3*gmd*gnT*gms +

Vinp*g08*gml*gm2*gm3*gmd*gm7*gn + Vinp*gml*gm2*gm3*gmd *gmS*gm7*gms)

/

(g01%g02*g03%g04*g0T*gmB 2 + gO1#g02+g03*g0a*gn7*gm8~2 + gO1*g02*g04*g07*gn3*gms~2 +
g02*g03*g04*g07*gml*gm8~2 + g0l*g02*g04*gm3*gm7*gm8~2 + qO2'g03*q0A‘gm]'gm7*qm8 2 +

g02*g04*g07*gml *gm3*gme~2 +

§02*g04*gml*gm3*gm7*gme~2 +

§02*g03*g04*g05*g06*g07 +

g01*g02*g03*g04*g05+g06*g08 + g01*g02*g03*g04*g05+g uﬂ*gns + g01%g02%g03*g04*g06*g07*g08 +

g01*g02*g03*g04*g05*g08*g011 + g01*g02*g03*g04*g06*g07*g011 + g01*g03*g04

907%g08 +

el
g02*g03*g04*g05*g06*g0T*g08 + g01*g02*g03*gD4*g07*g08*g011 + g01#g02*g03*g05*g06*g08*g011 +
g01*g02+g04*g05*g06+*g0T*g011 + g01#g02+g03*g06+g07+g08*g011 + g01*g02*g04=g05+g0T+g08*g01l +
g01*g03*g04*g05*g06+*g08*g011 + g02*g03#g04*g05%g06¥g07+g011 + g01*g02*g05*g06*g07+g08*g011 +
g01*g03*g04*g06*g0T*g08*g011 + g02*g03*g04*g05*g07*g08*g01l + g01*g04*g05*g06*g0T*g08*g01l +
902*g03*g05*g06*g07*g08*g011 + g03#g04+g05+g06+g07+g08*g011 + g01*g02*g03*g04*g05+g06+gm7 +

g01*G02+g03%g04*g06%g07*gm5 + g01¥g02*g04*g05+*g06*g07*gm3
g01*g02*g03*q04*g05*g06*gm8 + g01¥g02*g03*g04*g06*g08*gms
g01*g03*g04*g05*g06*g08*gm2 + gO1*g02*g03*g04*g05*g07*gm8
g01*G02+g03*g04*g07+g08*gm5 + gO1¥g02*g04*g05+g07*g08*gm3
g01*02+g03%g04*g06¥g07*gm8 + gO1*g02*g03*g04*g06*g08*gnT

+ g02+g03*g04*g05+*g06*g0T*gml +
+ g01%g02*g03*g05*g06*g0B*gmd +
+ g01*g02*g03*g04*g05*g08*gm7 +
+ g02+g03*g04*g05+*g07*g0B*gml +
+ g01%g02+g03*g06*g07+g08*gmd_+

g01*g03*g04*g06+*g07*g08*gm2 + gO1*g02*g03*g04*g06*g011*gms + gO1*g02*g03*g05*g06*g08*gm? +
g01*g02%g03*g06+g07*g08*gm5 + g01*g02*g05*g06+g0T*g08*gm3 + g02*g03*g05+g06*g07*g08*gml +
g01*G02+g03*g04*g07+g08*gm8 + gO1¥g02*g04+g05*g06*g08*gmT + gO1*g02*g04*g06¥g07+*g08*gmS +
901*G02*g05%g06+*g07+g08*gmd + gO1¥g04*g05*g06+g07*g08%gm2 + g01*g02%g03*g04*g05*g011%gm8 +
g01*02*g03#g04*g06¥g011*gm? + g01%g02+g03*g04*g08¥g011%gm5 + g01*g03¥g0d*g05¥g06*g08*gm7 +
g01*g03%g04*g06+g07*g08*gm5 + g01*g03*g05*g06+g07*g08*gmd + g0l*g04*g05+g06*g0T7*g08*gm3 +
g03*G04*g05%g06+g07#g08*gml + g02#g03*g04*g05+g06*g08*gmT + g02*g03*g04*g06*g0T+*g0B*gmS +
902*G03*g05%g06+*g07+g08*gmd + g02¥g04*g05*g06*g07*g08*gm3 + g03*g04*g05*g06¥g0T*g08*qm2 +

g01*g02*g03*g04*g07*g011 *gm!
g01*g02*g04+g05*g06*g011*gm
g01*g02*g04*g05*g07*g011*gm!
g01*g03*g04*g06*g08*g011 *gm!
g02*g03*g04*g06*g07*g011*gm!

901%g02+g06*g07+g08*g011*gm5

§02*g03*g04*g05*g07*g011*gm!
g02*g04*g05+g07*g08*g011*gm
g01*g05*g06*g07*g08*g011*gm:
§02*905*g06*g07*g08*g011*gm
903*g05*g06*g07*g08*g011*gm:
g01*g02*g04*g05*g06*gm3*gm7
g02*g03*g04+g06*g07*gml *gm5
901*g02*g03*g06*g08*gmd *gnS
g01*g03*g05*g06*g08*gm2*gmd
g01*g02*g03*g04*g07*gm5*gm8
g01*g02*g04+g05*g08*gm3*gm7
902*g03*g04*g05*g08*gml *gn7
g01*g02*g03*g04*g06*gmT*gms

8 + g01%g02%g03¥g04*g08¥g011*gm7
7 + g01#g02%g04*g06*g07+g011%gm5
8 + g01%g02+g04*g05+g08+g011+gm7
5 + g01*g03*q05%g06*g08*g011%gmd
5 + g02*g04*g05%g06*g07+g011%gm3
+ g01*g03*g04*g06+g08*g011*gn7
8 + g02#g03+g04*g05+g08*g011+gm7
3 + g01*g04*g05%g06*g08*g011%gm7
4 + g02%g03*g05%g06*g08*g011+gm7
3 + g03%g04#g05%g06+g08*g011+gm7
4 + g04*g05%g06¥g07#g08*g011+gm3
+ g01*g02*g04*gD6*g0T*gm3*gm5 +
+ g02*g04*g05+g06+g0T+gml*gm3 +
+ g01*g02*g04*g05+*g06*gm3*gm8 +
+ §02%g03*g04*g05+*g06*gml*gm8 +

+ g01*g02¥g03*g06*g08*g011*gnS
g01*g02*g03*g06*g08+g011*gm7
§01*g02+g04*g07*g08+*g011*gn5
902+g03*g04*g05*g06*g011*gn7
g01*g02*g05*g06*g08*g011*gm7
g01*g03*g06+g07*g08*g011*gmd
§02*g03*g04*g07*g08*g011*gnS
g01*g04*g06*g07*g08*g011*gmS
902*g03*g06*g07*g08*g011*gmS
§03*g04*g06+g07*g08*g011*gnS
+ g01*g02*g03*g04*g06*gm5*gm7 +
§02%g03*g04+*g05*g06*gml *gm7
g017g02*g03+g04*g06*gm5*gms
901*g03*g04*g06*g08*gm2*gm5
g01*g02*g03+*g04*g05*gm7 *gm8

e

.

+ g01*g02*g03*gld*g +
+ g01%g02*g04*g07+*g0B*gm3*gms +
+ g02*g03*g04*g07*g08*gml*gm5 +
+ g01*g02*g03*g06*g08*gmd*gm? +

g01*g02+*g g07*gm3*gm8
§027G03%g04*g05*g07*gml *gm8
902#g04%g05*g07*g08*gml *gm3
g01*g02*g04*g06*g07*gm3*gm8

[

[

CL*g03*g05*g07*g011*gmd*gmB*s + CL*g03*g05*g08*g011*gnd*gnT*s
CL*g04*g05*g07*g011*gm3*gmB*s + CL¥*g04*g05*g08*g011*gm3*gnT*s

CL*g01*g03*g04*gm2*gmS*gm8*s + CL*g01*g03*g05*gm2*gmd*gmB*s +
CL*g01*g03*g08*gm2*gmd*gmS*s + CL*g01*g02*g06*gm3*gm5*gm7*s
CL*g02*g05+*g06*gml*gm3*gm7*s + CL*g02*g06*g07*gml*gm3*gms*s
CL*g01*g02*g06*gmd*gm5+gm7*s + CL*g01*g03*g04*gm2*gm7*gms*s
CL*g01*g03*g08*gm2*gmd*gm7*s + CL*g01*g04*g06*gm2*gm5*gm7*s
CL*g01*g06*g07*gm2*gmd*gm5*s + CL*g01*g02*g03*gm5*gm7*gmB*s
CL*g01*g02*g07*gm3*gm5+gme*s + CL*g01*g02*g08*gm3*gm5+qm7+s
CL*g01*g04*g06*gm3*gm5+gm7*s + CL*g01*g05*g06*gm3*gmd*gm7*s
CL*g02+*g03*g05+*gml*gm7*gm8*s + CL*g02*g03*g07*gml*gm5*gmB*s
CL*g02*g05*g07*gml*gm3*gm8*s + CL*g02*g05*g08*gml*gm3*gm7*s
CL*g03*g04*g06*gml*gm5*gm7*s + CL*g03*g05*g06*gml *gmd*gm7*s
CL*g04*g05*g06*gml*gm3*gm7*s + CL*g04*g06*g07*gml*gm3*gm5*s
CL*g01*g02*g04*gm5*gm7*gme*s + CL*g01*g02*g05*gmd*gm7*gms*s
CL*g01*g02*g08*gmd*gm5*gm7*s + CL*g01*g04*g05+*gm2*gm7*gmB*s
CL*g01*g04*g08*gm2*gmS*gm7*s + CL*g01*g05%g07*gm2*gmd*gmB*s
CL*g01*g07*g08*gm2*gmd*gmS*s + CL*g02*g03*g06*gmd *gm5*gm7*s
CL*g02*g05*g06*gm3*gma*gm7*s + CL*g02*g06*g07*gm3*gmd*gm5+*s
CL*g03*g05*g06*gm2*gmd*gm7*s + CL*g03*g06*g07*gm2*gmd*gm5+*s
CL*g04*g06*g07*gm2*gm3*gmS*s + CL*g05*g06*g07*gm2*gm3*gmd*s
CL*g01*g03*g05+*gmd*gm7*gm8*s + CL*g01*g03*g07*gmd*gm5*gmB*s
CL*g01*g04*g05*gm3*gm7*gm8*s + CL*g01*g04*g07*gm3*gm5*gme*s
CL*g01*g05*g07*gm3*gmd*gmB*s + CL*g01*g05*g08*gm3*gmd*gm7*s
CL*g03*g04*g05*gml *gn7*gme*s + CL*g03*g04*g07*gml*gmS*gm8*s
CL*g03*g05*g0T*gml *gmd*gm8*s + CL*g03*g05+g08*gml*gmd*gm7*s
CL*g04*g05+*g07*gml*gm3*gmB*s + CL*g04*g05*g0B*gml*gm3*gm7*s
CL*g05*g07*g08*gml *gn3*gmd*s + CL*g02*g03*g04*gmS*gmT*gmB*s
CL*g02*g03*g07*gmd*gm5*gmB*s + CL*g02*g03*g08*gmd *gm5*gm7*s
CL*g02+g04*g07*gm3*gm5*gmB*s + CL*g02*g04*g0B*gm3*gm5+gm7*s
CL*g02*g05*g08*gm3*gmd*gm7*s + CL*g02*g07*g08*gm3*gmd*gm5+*s
CL*g03*g04*g07*gm2*gm5*gmB*s + CL*g03*g04*g08*gm2*gm5*gm7*s
CL*g03*g05+*g0B*gm2*gmd*gm7*s + CL*g03*g07*g0B*gm2*gmd*gm5*s
CL*g04*g05*g08*gm2*gm3*gm7*s + CL*g04*g07*g08*gm2*gm3*gm5*s +
CL*g01*g03*g011*gmd*gnS*gmB*s + CL*g01*g02*g011*gm5*gmT*gms*s
CL*g01*g06*g011*gmd*gm5+gmT+s + CL*g02*g06*g011*gm3*gms*gmT*s
CL*g01*g05*g011*gmd*gm7*gmB*s + CL*g01*g07*g011*gmd*gm5*gms*s
CL*g02*g03*g011*gm5*gn7*gmB*s + CL*g02*g05*g011*gm3*gnT*gms*s
CL*g02*g08*g011*gm3*gm5*gm7*s + CL*g03*g06*g011*gmd*gm5*gm7*s
CL*g05*g06*g011*gm3*gmd*gm7+*s + CL*g06*g07*g011*gm3*gmd*gm5*s
CL*g03*g05+*g011*gmd*gnT*gmB*s + CL*g03*g07*g011*gmd*gm5*gms*s
CL*g04*g05*g011*gm3*gm7*gm8*s + CL*g04*g07*g011*gm3*gm5*gm8*s
CL*g05*g07*g011*gn3*gmd*gmB*s + CL¥*g05*g08*g011*gm3*gnd*gnT*s
CL*g01*g03*gm2*gmd*gm5*gm8*s + CL*g02+*g06*gml*gm3*gm5+gmT*s +
CL*g01*g06*gm2*gmd*gmS*gm7*s + CL*g01*g02*gm3*gmS*gm7*gm*s +
CL*g02*g03*gml*gm5*gm7*gm8*s + CL*g02*g05*gml*gm3*gm7*gms*s +
CL*g02*g08*gml*gm3*gmS*gm7*s + CL*g03*g06*gml*gmd*gm5*gm7*s +
CL*g05*g06*gml *gm3*gmd*gm7*s + CL*g06*g07*gml*gm3*gmd*gmS*s +
CL*g01*g04*gm2*gm5*gm7*gm8*s + CL*g01*g05*gm2*gmd*gm7*gma*s +
CL*g01*g08*gm2*gmd*gmS*gm7*s + CL*g02*g06*gm3*gmd*gm5*gm7*s +
CL*g04*g06*gm2*gm3*gm5+gm7*s + CL*g05*g06*gm2*gm3*gmd*gm7*s +
CL*g01*g03*gm4*gmS*gm7*gmB*s + CL*g01*g04*gm3*gm5*gm7*gmB*s +
CL*g01*g07*gm3*gmd*gmS*gm8*s + CL*g01*g08*gm3*gmd*gm5*gm7*s +
CL*g03*g05*gml *gmd *gm7*gm8*s + CL*g03*g07*gml*gmd*gmS*gm8*s +
CL*g04*g05*gml*gm3*gm7*gm8*s + CL*g04*g07*gml*gm3*gm5+gma*s +
CL*g05*g07*gml*gm3*gmd*gmg*s + CL*g05*g08*gml*gm3*gmd*gm7*s +
CL*g02*g03*gmd *gm5*gm7*gm8*s + CL*g02*g04*gm3*gm5*gm7*gme*s +
CL*g02*g07*gm3*gmd*gmS*gm8*s + CL*g02*g08*gm3*gmd*gm5*gm7*s +
CL*g03*g05*gm2*gmd*gm7*gm8*s + CL*g03*g07*gm2*gmd*gmS*gm*s +
CL*g04*g05*gm2*gm3*gm7*gm8*s + CL*g04*g07*gm2*gm3*gmS*gma*s +
CL*g05*g07*gm2*gm3*gmd*gmB*s + CL*g05*g08*gm2*gm3*gmd*gmT*s +
CL*G01*011%gmd*gn5*gn7*gmB*s + CL*302*g011*am3*am5*an7*gns*s

T

CL*g07*g011*gm3*gmd*gn5*gm8*s + CL*g08*g011*gm3*gmd*gmS*gm7*s
CL*g06*gml*gm3*gmd *gnS*gm7*s + CL*g01*gm2*gmd*gmS*gmT*gm8*s +
CL*g01*gm3*gm4*gm5*gm7*gmg*s + CL*g03*gml*gmd*gmS*gm7*gmB*s +
CL*g05*gml*gm3*gmd*gm7*gm8*s + CL*g07*gml*gm3*gmd*gm5*gm8*s +

CL*g02*gm3*gmd *gm5*gm7*gm8*s + CL*g03*gm2*gmd *gmS*gm7*gm8*s +
CL*g05*gm2*gm3*gm4*gm7*gmB*s + CL*g07*gm2*gm3*gmd *gm5*gm8*s +
CL*g011*gm3*gmd*gmS*gm7*gmB*s + CL*gml*gm3*gmd*gmS*gm7*gm8*s + CL¥gm2*gm3*gmd*gms*gm7*gme*s)

tE et

+ CL*g03*g07#g08*g011*gmd*gn5*s
+ CL*g04*g07#g08¥g011*gm3*gmS*s
CL*g05*g07+g08*g011*gm3*gma*s + CL*g01*g03*g06*gm2*gmd*gm5+s + CL*g01%g02*g03*gmd*gm5*gm+s +

CL*g01*g03*g06*gm2*gmd*gm7*s
CL*g02*g03*g06*gml *gnS*gm7*s
CL*g01*g02%g03*gmd *gm7*gms*s
CL*g01*g03*g07*gm2*gmd *gmg*s
CL*g01*g05%g06*gm2*gnd *gmT *s
CL*g01%*g02*g05*gm3*gm7*gm8*s
CL*g01*g03*g06*gmd *gm5*qm7*s
CL*g01*g06%g07*gm3*gnd *gm5*s
CL*g02*g03*g08*gml *gm5*gm7*s
CL*g02*g07*g08*gml *gn3*gmS*s
CL*g03*g06%g07*gml *gmd *gm5*s
CL*g05*g06*g07*gml*gm3*gmd*s
CL*g01*g02%g07*gmd *gnS*gmg*s
CL*g01*g04%g07*gm2*gm5*gms*s
CL*g01*g05*g08*gm2*gmd*gm7*s
CL*g02*g04*g06*gm3*gnS*gmT*s
CL*g03*g04*g06*gm2*gm5+gmT*s
CL*g04*g05*g06*gm2*gm3*gm7+s
CL*g01*g03*g04*gm5*gn7 *gmg*s
CL*g01*g03*g08*gm4 *gm5*gm7*s
CL*g01*g04*g08*gm3*gmS*gmT*s
CL*g01*g07%g08*gm3*gmd *gm5*s
CL*g03*g04*g08*gml*gm5*qm7*s
CL*g03*g07*g08*gml *gnd *gmS*s
CL*g04*g07%g08*gml *gm3*gm5*s
CL*g02*g03*g05*gmd *gn7 *gm8*s
CL*g02*g04*g05*gm3*gn7*gmg*s
CL*g02*g05%g07*gm3*gmd *gms *s
CL*g03*g04*g05*gm2*gn7 *gme*s
CL*g03*g05%g07*gm2 *gnd *gmg *s
CL*g04*g05%g07*gm2*gm3*gm8 *s
CL*g05*g07*g08*gm2*gm3*gmd*s

e

+

CL*g04*g06*g011*gm3*gm5*gm7*s
CL*g03*g04*g011*gn5*gnT *gm8*s
CL*g03*g08*g011*gnd *gm5*gm7*s
CL*q04*g08*g011*gm3*gmS*gm7*s
CL*g07*g08*g011*gm3*gmd *gm5 *s

S

CL*g01*g03*g011*gnd *gnT*gm8*s
CL*q01*g04*g011*gn5*gnT*gm8*s
CL*g01*g08*g011*gmd *gnS*gm7*s
CL*G02*g07#g011*gn3*gn5*gm8 *s

4+

CL*g01*g03*gm2*gmd*gn7*gms*s +
CL*g01*g06*gm3*gmd *gnS*gmT*s +
CL*g02*g07*gml*gm3*gnS*gms*s +
CL*g04*g06*gml*gm3*gmS+gmT*s +
CL*g01*g02*gmd*gm5*gn7*gms*s +
CL*g01*g07*gm2*gmd *gn5*gms*s +
CL*g03*g06*gm2*gmd *gnS*gmT*s +
CL*g06*g07*gm2*gm3*gnd *gmS*s +
CL*g01*g05*gm3*gmd *gn7*gms*s +
CL*g03*g04*gml*gm5*gn7*gmg*s +
CL*g03*g08*gml*gmd *gnS*gmT*s +
CL*g04*g08*gml*gm3*gn5+gmT*s +
CL*g07*g08*gml*gm3*gnd *gmS*s +
CL*g02*g05*gm3*gmd *gn7*gms*s +
CL*g03*g04*gm2*gm5*gm7*gme*s +
CL*g03*g08*gm2*gmd *gnS*gmT*s +
CL*g04*g08*gm2*gm3*gn5+gmT*s +
CL*g07*g08*gm2*gm3*gma*gmS*s +
+ CL*g06

+ CL*g02*gml*gm3*gm5*gm7*gm*s +

CL*g06*gm2*gm3*gmd *gnS*gmT*s +
CL*g04*gml*gm3*gm5*gm7*gmB*s +
CL*g08*gml*gm3*gmd*gm5S*gm7*s +
CL*g04*gm2*gm3*gm5*gn7*gms*s +
CL*g08*gm2*gm3*gm4 *gm5*gm7*s +

*g011*gm3*gmd *gm5*gn7*s +




Individual product terms have product of 7 small-signal parameters

* Approximately 2000 factors in output characteristics
* Approximately 14,000 small-signal parameter appearances
* GB expression much longer

4 )

Vinp*g08*gml*gm2*gm3*gm4*gmb*gm/7+ Vinp*g06*gml*gm2*gm3*gmé4*gm7*gm8 +
Vinp*g08*gml*gm2*gm3*gm4*gm7*gm8 + Vinp*gml*gm2*gm3*gm4d*gmb*gm7*gm8)
/

(g01*g02*g03*g04*g07*gm872 + g01*g02*g03*g04*gm7*gm8°2 +
g01*g02*g04*g07*gm3*gm8°2 + g02*g03*g04*g07*gml*gm8"2 +
\gOl*gOZ*gO4*gm3*gm7*gm8A2 + g02*g03*g04*gml*gm7*gm8"2 + 4/

4 )
CL*g02*gm3*gm4*gmb*gm/7*gm8*s + CL*g03*gm2*gm4*gmb*gm’/*gm8*s +
CL*g04*gm2*gm3*gmb*gm/7*gm8*s + CL*g05*gm2*gm3*gm4*gm/*gm8*s +
CL*g07*gm2*gm3*gm4*gmb*gm8*s + CL*g08*gm2*gm3*gm4*gmb*gm7/*s +
CL*g01ll*gm3*gmé4*gmb*gm7*gm8*s + CL*gml*gm3*gmd4d*gmbS*gm/*gm8*s +
E?ﬁng*gm3*gm4*gm5*gm7*gm8*s) Yy
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GainAv =

(g01*
g03* g03*g04x
g04* g07*
901*g04*907*g01 gm2*gmg”
g02* g07* 1*gml* 2+
g04* gm2* gm8” g02*
g02* g07* gm3* 2 + g03*
g07* gml* gm8"2 g01* g04x*
g04* g011* gm3*gm! + g02 g03*g0 g07*gm
* ~
qol*g°7*9011*gml gm3* 82t g0ang0aa0 4xgm2* 1*gm8~2
g07*g gml* gm8~2 g03* 4%gml* gm7*gm8~ + g02*
282*907*gm§*9m3*92\23*gmgAQ * 903*(]824*907*(] gYT\7*tngA2z + q01*<303*g07*
S04r g0 *gm3* *gmg ™ + go1* *gO11 o omaramn g go11x
go4* g07*gm gma* 2 + g03* gml* gms~ G02*%g03* g07*gm gm1*
gol11* 1*gm2* gm8~2 g02*g0 gm2* gm7* 2 + g07* 2%gmad * gm8~2
g02* gml* gm3* + 2% g03*qg gmé * gm8~2 g02* gml* gm8~ +
gm1* gm3* gm8~ g03* ml* gm7* + g03* gma* P
2% gm3* gm 2 g0 gm4* gmg” go3* g011* gms”
go7* gma* 7*gm8” + g02 4*gml* gm7* 2+ G07* gml* 872 +
g01* gml*gm gm7* 2+ *g01 gm2* gm8 "2 g01*g0 g011* g7+
g03* 2*gm3 gm8"2 go7* 1*gml gm7* + g0 g04*gl gml* gm8 "2
g02* g04* *gm4 + 2% g011* *gm3 gm8» 2%g0 m2*g; gmax +
g0 g0 * N * 2 + 4% m3* gm8~
G01* 3*904*g05*g06*gogm8 I 903*gm1kgml*gm3* gm7*gm8~2 2*g03*gm1*gm3* gm7*gm8A§ 2 4
q01*q°3*904* 5%g07* Trgm2 + goll*gml§m2*9m4*qm4*gmsAz < 03 q07*gml*gm7*gm8A ‘
g04* g06* g08* g02* gm3* gm7* + g011* gm2* 2+
g05%* g07* gml + g03* gmd* gm8"2 g01* gml* gma*
q07*g08*9811*gm2 901*903*904*%5* gm7*m8~2 + 2*903“]2*9’“3*(; gm4*gm7*gm8A2 .
901 + g0 g0 + * m4 * gm8”"
ram2 + ggl*go3*gg*905*902:g07*gm1 2*9m1*gﬂéigm2*gm§T7*gmsﬂg 2t
3*g04* 4*g07* g011* + g01* gm3* gm7* +
g05* g08* gm2 + g03* gmd* gmg "2
g06* g011* g01* g04* gm7* +
g07* gm2 g03* g05* gm8”
901 3*g0 G07* 2+
1*gm2 4%g05* g08*
g08* gm2 +
g011*
gm2 +

g01*
g03*
04*
g01*904*g 4*g05*
g02* g05* g06*
g03* g06* gm2*
g01* g05* g07* gm7 +
g03* g06* gm2*
g01* g04* g07* gm3 +
g03* g05* gml*
g0l1* g04* g06* gmd +
g04* g05* gm2*
g02*903*g05*907*908*gm2*gm8 +
2%g0 g04* go8* gm7 +
3%g0 go7* gm2*
g04* g08* gm3
g05*g07* gml*g +
g08* mS +
gml*
gm2

g0l1~*
g03*
902*903*904*g06*
g02* g04* g07*
g04~* g05* gm2*
902*903*q05*q06*906*gm1*9m5 ¥
g01* g04* g07* gm7 +
g03* g05* gml*
g02* g04* g06* gm3 +
g03* g07* gml*
§02%g0 50405 908*gm2*qm5 N
+ 901*3*905* *g07* gm5 +
g03* g07*g0 gml*gm
904*%2*8*%\1* 8 +
g07* gmd +
gm2*
gm8

g01*
g03*
0
goz*goa*g 4%g06*
g04* g011*
g07* gm2*
g08~* gm5 +
gml*gm g01*
8 + g03*
g01* g05*
g03* g06*
g04*g0 g011*
g05*g011* gm2*gm4
gm2*
gm8 +
g01*
g03*
g04*g06*
g011*gm2*
gm7 +

g01*
g03*
g01*903*904*gos*
g01* g04* g011*
g04* g07* gm2*
g02* g05* g0l1* gm5
g03~* g06* gm2*
g01* g05* g011* gm8
g04* g06* gm2*
g03* g07* g011* gm7
g04x* g08* gml*
g03+*g0 905*q06*9011*gm gm8
g03* 5%g06* GO11* 2*gn5
g04* g07* gml*
g03+*g0 g05*q07*g011*gm gn8
g03* 4%g07* g011* 2*gm4
g04* g08* gm2*
g01* g07* g0l1* gm8
qol*gg3*qo6*383*9011*g$2*gm5
g02* 5*g06* *gm2* 1*gm8
g03* g07* gm4*
g02* g06* gm2* gm5 +
2% g05*g0 QO7*Gml*gm3*gm4
g03*g0 6*g07* gmé * +
g01* 5%g06* gml*g gm5 +
g03* go7* m3*gm
902*g03*905*q06* gml* 4 +
g01* g05* gm2* gm2*gm4
g03* g06* gm4*
g01* g04* gml* gm8 +
g03* g05* gm4 *
g01* g05%* gm2* gm8 +
g04* g07* gm7*
g01* g05* gm2* gm8 +
g05* g07* gm4*
g02*g0 907*g08*gm2*gm3*ng +
G02* 3%g04* gm2* o8 +
g03* g08* gm3*g;
902*g04*907*g08*gm1*gm5* md +
2%g03+ 0907*g08*gm1*gm4*Gm7 +
2*go4*9 4%g05* gml*gmg*ng +
g01* g05* g08* gm5
g04* g07* gml* +
g08* gm2*
902*%4*906*%7* gml*g; gm7
g01*903*go6*907*gm2*gmgf2kgm3
g02* g04* gml* gm8 +
2% g03*g04 g08*9m2*9m3*9ms
g03*g0 *g08* gm7* +
g01* 4%g07* gml*g gm8 +
g03* gos* m7*gm
qol*go3*go6*gol aml* 8 +
g01* g07* 1*gm2* gm2*gm8
g05* g011* gmé*
g02* g06*g0 gm2* gm7
g05* g011* gma*
g0l1* g06*g0 gm2* gm8
* *
GO1*gO4*908*g 1 gmhgm4 gm7
903*g07*908*goll*gmz*gm3*qm8
g04* g011* gm5*
g03* g06*g0 gm2* gm7
0 g05*g0 g011~* gmé*
g04* 6% gml* gms
g05* g011* gm5*
go2* go6* gm2* gm8
g03* g0l11* gma*
g08* gm2* gm7
g011* gm3*
gml*gm7*9m7
gm8

5
4
I
5
5
+
n
4
4
n

g01*
g03*
g01*903*905*908*
qol*q04*go4*qoa*goll*ng*
g01* g06* g0l1* gmé
g04~* g07* gm2*
g01* g05* g011* gm7
g05* g07* gm2*
g03* g07* g011* gm5
g04* g08* gm2*
g04*905*go5*%6*9011*ng*gmB
g03* g06* g011* gm4
g04* g07* gm2*
g03* g05* g011* gm7
g05* g08* gm2*
907*g08*9011*gm2*gm3
goll*gm2*9m7
gm4

+
g01*
+ g04*
q°3*q04*gggi906*go7*
q07*g08*9011*Gm2

g011* +

gm2 +

g01*
g0o3*
g02* g05*
2*g0g03*904*g06*907*
3*g0 go6* gm2*
g01* 4%g0 g07* gmd +
g03* 5%g06* gml*

901*g03*904*g05* g07%g gm5 +
902*go3*905*g07*907*gm2Tl*gm2
§02*g0 §04%g05 qog*ng*gmg -
+ g0 4*g05* *g08+ gmd +

+ 2*g03* 907*g0 gml*gm?7
gol*q03*go4*q06*8*gm1* +
g04* go7* gm3 +

g07* gml*

gOB*QmZ*ng
gm8

+ g01*
+ g03~*
+ ggi1903*gg32907*g011*
+ 901*g05*906*qog*q011*gm2*gm4
+ goz*go4*905*g07*QO11*gm2*gm4
+ q03*go3*906*g08*9011*qm2*Qm4
* g02*g04*906*g07*9011*gm2*gm7
+ 903*go3*907*g07*g011*gml*gmg
+ g04*g04*906*g08*9011*qm2*gm5
g05*907*g07*g011*gm1*gm8
QOS*g011*Gm1*gmB

gm2*
gm3

g0l
g03*g04*
g06*
gm2*
gm5*
gn7 + g0
1%g03*
g05*
g06*
gm2*gmd*
gm? +

g01*

902*904*g05*

902*g03*g04*g06*9m2*

g04* g06* gm3*

g05* gml* gm7 +
906*gm1*gm5*gm7

gm3* +

gm7 +

g01*

902*g04*906*

g02 g03*905*907*%2*

*g04* g06* gm3*

g06* gml* gm5 +
907*gm1*9m4*gm7

gm3* +

gm5 +

+

+
+

4
+ +
ot

+ +

2%
g03*
4+ 2% g04*g0
g04* g05*g0
g05* 6*gm
g06* 1*gm2*
907*gm1*gm€2;r*n7 T 2560
gms 3051904*906*
g03* g07*
g04* gml*
g06* gm2*

gm2* gm5
gm5* +
gm8 +

g01*
g04*
g02* 4%g05*
g04* g06*
g0l1~* g05* gm2*
g03* g06* gm3*
g01* g04* gml* gm8 +
g03* g07* gm3*
gol*g04*QOS*gog*gmz*gm5*gm8 ¥
g02* g05* gm2* gm8 +
g03* g08* gm4d*
g02* g04~* gm2* gm7 +
g03* g05* gm3*gi
g02* g05* gml* m7 +
g04* g07* gm7*
g02* g05* gml* gm8 +
g05* g07* gmé *g;
g07* gml* m8 +
g08* gm3*
gml* gm8 +
gm3*
gmé4 +

oo*
g03*
04*
g04*g07*
g08*

gml*gm2*

gm5 + 2%

g03*

g05*

g07*

g08*

gml*

gm2*

gmd +

g02*
2% Ogo3*904*
gOg 3%g04* g06*gml*
1%g03* g05*g06* gm5*
901*g03*904*g08* gml* gm8 +
go1* g07* gm2+ gm2*gm8
g04* g08* gm5*
g02* g07* gm2* gm7 +
g03* g08* gma*
g02* g04* gm2* gm5 +
g03* g07* gm3*
g02* g05* gml* gm5 +
g04* g08* gm5*
2% g05% gml* gm8 +
3% g08* gma*
g04* gml1* gm7
g05*g07* gm3* M
gml* gm7 +
gm2*
gm8

+

+

+
g01*
g03*
g04*

g06*

gm2*

gm7*

gn8 + g01x
g03*

g06*

g07*

gm2*

gmé*

gm8 +

g02*
g03*
g04*g06*
gml*gm7*

gm8 +

g02*
g03*g06*
g07*
gm1*gmd *

gmg +

2%
g03*g04*
g06*

g07*

gml*

gm2*

gm8 +

g01*

g03*g06*

g011*

gm2*gm4 *

gm5 +

g01*
03*
q02*g 3%g07*
g03* g08*
g07* gm2*
Goa*gml*qm4*Gm8

gm4d* +

gm8 +

g01*
04*
gog*g 4%g07*
g04* g08*
g07* gm2*
g08* gm3*
gml* gm8 +

gm3*
gm8 +

+
g01*
g03*
g04~*

g011*

gm2*

gm5*

gm8 + g01*g03*

g05*

g011*

gm2*

gm4*

gm8 +

g01~*
g03*
* g08*
g01*g03* 8*g011*
go1* g08* gm2*
g06* g011* gm4*
g0l g07* gm2* gm5
g04* g011* gm4 *
g0l g05* gm2* gm7
g05* g011* gm4 *
g02* g07*g0 gm2* gm5
g03* g011* gm7*
go3* g06*g0 gm2* gm8
g04* g011* gmé*
g03* g06* gml* gm8
g06* g011* gm7*
g04* g07*g0 gm2* gm8
g06* g0l11* gm5*
g02* g07*g0 gm2* gm7
g07* g011* gma*
g08*g0 gm2* gm5
g011~* gm3*
gml* gm5
gm3*
gm8

+ g01*
+ g03*
: 332?04*332?011*%2*
+ qo1*go3*90a*goll*gmg*gm7*gm8
* 901*904*907*%1l*gmh"“‘5*qm7
* g02*g05*908*g011*gm2*gm5*gmg
N 903*g06*g07*g011*gm2*gm5*qm8
* 904*905*906*g011*gm1*gm4*qm7
+ QO5*g05*906*g011*gml*gm3*gmg
* 903*GO6*907*g011*gm1*gm4*qm8
go4*905*qoll*gm2*gm3*qm8
goll*gmz*gm3*9m4
gm7*
gm8

+
+ +
e
+

+ +



g03*
903*g04*g06*
o0l g011*
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g04* g08* e ot
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g01* g08* Tiomy s
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=50 gOG*g07*Qm1*gm2* gm7 +
gOZ*gO4*gO6* gml*gm2 gm4d*gm7
2% 904*g06*gm2*gm3* .
20904+90 gml*gm gm5*9m8m5
Zrogian o 3*gm5* +
gml* o
g01*go4*gg5*gm2* gm2*qm4*8 +
331%333:%2*azéimgms
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g02* g04~* e e
g03* gml* e
302:903 qos*gml*gm5*9m7*gm8
g0z *g08+ gmé * gm8
go7* gml* e
g
2*g03* GOS*gml*gm3*gm5* "
2%G0 g04*g0 o e
P 3%g07* 8*gml* Sanen
900 gog*gml*ng*qu*S +
g01*g0 7*g08* BN o
g02* 4%g06* gml*gmz*gmugm
5 g04*g06*gm2*gm3* gm3*gm
g03*g06* gml*g oo :
oo o m3*gm7* 8 +
g04* ;
902*g04*908*gmgT1*gm2* Fond
2*%g03* goS*gml*gm3*gmgT4*gm8
gOl*gog07*g08* gm3*gm7*gm8 .
N gml* .
901*904*g011*gm2* gm2*gmg*8 :
g0
28§:%8*goﬁ:gm2*33§:w*gggs
qu*gO6*g011*gm2*gm4*gm7*gm8
gOz*go6*g011*gm2*gm4*gm5*gm7
903*908*qul*gml*gmB*ng*gm7
g04*906*g011*gm1*qm3*gm4*gm8
g05* gml* Fal
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906*908*q011*gm2*gm3*gm7*gm8
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CL* g06* g an
2% g01* e i
CL* g04* - 7
2% go1* gm2* i
c- 08+ gm5* gm7
2% g04* Fe s
CL* g06* e S
2% go1* gm2* e
c- 03+ gm3* gm7
2% g01* i -
CL* g07* o7 ans
2 N gm3* gm7*
CL* g05* o oo
2% g04* e e
c- J05% gmé* gm8
2% g05* o -
CL* g07* gn3” o
2% g02* gml* Snae
CL* g03* gm3 ans
2% g02* gmé* e
CL* g07* o> s
g03* gm3* s
g05* gne” ans
gm2* o
gm4*gm7*gm8
gm8

+
¥
+
+
+
+
+
+
¥
+
¥
¥
+
¥

MATLA
B
Solution Conti
nued 3:

2*C
*
s g01*
v g02*g0
2*CL*gol*g03* T
o T g07* gm5*
cu- J0oe g0l11l* gm8
2% g02* S oma-
CL* g05* e o
2% g01* g06*g0 e
e qoax g011* gm7
2% g01* I ons-
e Jose g011* gm7
2% g02* g08*g0 T
cL* g03* g an
2% g02* g07* Suoe
CL* g05* i ono
2% g03* g08*g0 e
CL* g05* g an
2% g04* I o
CL* g06* o oo
2% g03* g07*g0 oo
cL* g04* g ans
2% g03* g07*g0 o
CL* g05*% e ond
g04* g08*g0 Smas
s N gm8
g08*g0 e
g 11*gm3*gm7
gm7

+
+
+
+
+
+
+
+
¥
+
¥
+
+

2%C
1%
*
2*cw281*g02*908*
2%CL* g03* So11v
2% g01* go8* oma-
cL* go6* g a7
2% g02* go7* iy
CL* g06* e ons
o o g07* gm4*
CL* g04x* g ans
2% g01* g08* s
cL* go7* g an
2% g02* g08*g0 o
CcL* g03* o ons
2% g02* g08* e
cL* go7* g0 an
2% g03* g08*g0 T
ci- Toer g011* gm7
2% g05* g07* T
CL* g06* o ons
2% g03* g07*g0 e
cL* g04* g ane
2% g03* g08*g0 i
cL* g07* g a7
g04a* g08*g0 omae
907*908*g 11*gm4*gm7
gOll*gm3*gm5
gm5

2*C g m. md*gm5 + it m8 +
L* *g03* *gm2*gmd*gm5 *CL* * *g03*gm4* *gm8
0
g
g06
g!
g
2*CL
g
g02
g
g
gm5
g

2*CL*g01*g03*g05*gm2*gm4*gm8
L
1 3
2*CL*g01*g02*g06*gm3*gm5*gm7
2*CL*g02*g06*g07*gml*gm3*gm5
2
2*CL*g01*g03*g04*gm2*gm7*gm8
1
2*CL*g01*g04*g06*gm2*gm5*gm7
1
2*CL*g01*g02*g03*gm5*gm7*gm8
1
2
3
2*CL*g01*g05*g06*gm3*gm4*gm7
1
5
2*CL*g02*g05*g08*gml*gm3*gm7
2
2*CL*g03*g05*g06*gml*gm4*gm7
03
2*CL*g04*g06*g07*gml*gm3*gm5
4
2*CL*g01*g02*g05*gm4*gm7*gm8
1
2*CL*g01*g04*g05*gm2*gm7*gm8
1
2*CL*g01*g05*g07*gm2*gm4*gm8
1
5
2*CL*g02*g03*g06*gm4*gm5*gm7
2*CL*g02*g06*g07*gm3*gm4*gm5
2
2*CL*g05*g06*g07*gm2*gm3*gm4
5
2*CL*g01*g03*g07*gm4*gm5*gm8
2
3
2*CL*g01*g05*g08*gm3*gm4*gm7
1
05
2*CL*g03*g05*g08*gml*gm4*gm7
3
2*CL*g02*g03*g04*gm5*gm7*gm8
2*CL*g03*g07*g08*gm2*gm4*gm5

+
+
+

+ +
+
+
+
+
+
+
+
+
+
+ o+ o+ o+
+
+
+
+
+
+
+
+
+ +
+
+
+

+

2*C
L
o g01*
L g03*g0
*
2>~(:1,,kg[)2*g03“g P
2% g01* g06* oo+
e o gml* gm7
2% g01* e oo
CL* g03* o ond
o A g07* gm7*
CL* g05* g ano
2% g01* g06* i
CL* g02* e o
2% g01* oo o
cu- G0 gm3* gm7
2% g01* oo s
CL* g06* o o
2 S g07* gm5*
CL* g03* gns ans
2% g02* en o
CL* g07* gnt an
2% g03* oo on3-
CL* g06* o on
o 2o g07* gm3*
e q0er gml* gm5
2% g01* i oma:
CL* g02* o ond
o S go7* gm3*
e Joas gmé* gm4
2% g01* g07* e
CL* g05* a2 ans
2% g02* aer ona:
CL* g04* anz” an
2% g03* g06* s+
CL* g04* g7 an
2% g04x g06* s
cu- 05+ gm2* gm7
2% g01* g06* Fie
CL* g03* e o
2% g01* g04* i
CL* g03* g ans
2% g01* g08* e
e qoax gmé* gm8
2% g01* o oms-
CL* g07* g3 an
2% g03* go8* Sivg
CL* g04* e u:
2% g03* g08* s
CL* g07* gntt an
2% g04x g08* S
cL* g07* o ans
2% g02* g08* Sae
CL* g03* o ans
2% g02* oo oo
CL* g04* o ond
2% g02* g05* e
CL* g05* o ans
2% g03* 9o ona:
CL* g04* o ans
2% g03* go5* i
cu- 05+ gm2* gm8
2% g04* F one:
CL* g05* e oo
g05* g07* e
g07* a2 ans
gm2*gm3*gm8
gm4

+
+
+
+
+
+ o+

+
+
+
+ +

+
+
+ o+ + o+
+
+ o+

+
+
n
+
4
+
+
4
+
+

+

2*C
1%
o g01*
* go N
o BN 2*g011*
CL* g06* S
2% g01* oo s
CL* gQ07* g3 a7
2% g02* 9011~ s
CL* g05*g0 e o
2% g03* g011* o+
CL* g06* o ond
2% g06* g011* il
CL* g07*g0 e o
2% g03* R o
CL* gQ07* a3’ ans
2% g04* e o
CL* g07*g0 gme? ans
g05* g011* e
g08*g0 e ond
11* S
gm3*gm4*gm8
gm7

¥
¥
+
¥
+
+
+
+

+

2*C m m m
L*
*
2*CL*gOl S m5*gm7*gm
2% 901~ So11+
e g0a* gmé*
2% gol* g011* e
e G058+ gm5* gm8
2% g02* g011*gr gl o T
c- 2070 gm4* gm8
2% g04* e gmB* m
cL- J06+ gm3* gm7
2% g03* g011* s+
CL* g04* gmm3* m gm8
2% g03* g011* o
e G085+ gm5* gm7
2% g04* e m gm“ m
CL* g08* o o
g07* g011* e
90840 gm3* gm7
11 gm5*
gm3*gm4*gm7
gm5

2*CL*g02*g06*gml*gm3*gm5*gm7
L

2*CL*g01*g08*gm3*gm4 *gm5*gm7
2*CL*g02*g08*gm3*gm4 *gm5*gm7

+

¥
¥
+
+
+
+
+
¥
+
+
¥
+
¥
+
¥

2*CL*g01*g03*gm2*gm4 *gm7*gm8
2*CL*g03*g04*gm2*gm5*gm7*gm8

+

+
+
+
+
+
+
+ o+ o+ o+
+
+
+
+
+

+
+
+
+ +
+ o+ o+t
+
+ +
+

+
+ +
+ o+ o+ A+
+
+



MATLAB Solution Continued 4:

2*CL*g04*g05*gm2*gm3*gm7*gm8 + 2*CL*g04*g07*gm2*gm3*gm5*gm8 +
2*CL*g05*g07*gm2*gm3*gmd4*gm8 + 2*CL*g05*g08*gm2*gm3*gm4*gm7 +
2*CL*g01*g011*gmé4*gm5*gm7*gm8 + 2*CL*g02*g011*gm3*gm5*gm7*gm8
2*CL*g03*g011*gm4*gm5*gm7*gm8 + 2*CL*g04*g011*gm3*gm5*gm7*gm8
2*CL*g07*g011*gm3*gm4*gm5*gm8 + 2*CL*g08*g011l*gm3*gm4*gm5*gm7

2*CL*g04*g08*gm2*gm3*gm5*gm7 +
2*CL*g07*g08*gm2*gm3*gm4 *gm5 +
+ 2*CL*g06*g011*gm3*gm4*gm5S*gm7 +
+ 2*CL*g05*g011*gm3*gm4*gm7*gm8 +
+ 2*CL*g02*gml*gm3*gm5*gm7*gm8 +

2*CL*g06*gml*gm3*gm4*gm5*gm7
2*CL*g01*gm3*gm4*gm5*gm7*gm8
2*CL*g05*gml *gm3*gm4*gm7*gm8
2*CL*g02*gm3*gm4 *gm5*gm7*gm8
2*CL*g05*gm2*gm3*gm4*gm7*gm8

+
+
¥
+
+

2*CL*g01*gm2*gm4 *gm5*gm7*gm8
2*CL*g03*gml*gm4*gm5*gm7*gm8
2*CL*g07*gml*gm3*gm4 *gm5*gm8
2*CL*g03*gm2*gm4*gm5*gm7*gm8
2*CL*g07*gm2*gm3*gm4 *gm5*gm8

+

¥
¥
¥
¥

2*CL*g06*gm2*gm3*gm4*gm5*gm7
2*CL*g04*gml*gm3*gm5*gm7*gm8
2*CL*g08*gml*gm3*gm4*gm5*gm?7
2*CL*g04*gm2*gm3*gm5*gm7*gm8
2*CL*g08*gm2*gm3*gm4*gm5*gm7

¥
¥
¥
¥
¥

2*CL*g011*gm3*gm4*gm5*gm7*gm8 + 2*CL*gml*gm3*gm4*gm5*gm7*gm8 + 2*CL*gm2*gm3*gmé4*gm5*gm7*gm8) *s +
(2%g01*g02*g03*g04*g07*gm8~2 + 2*g01*g02*g03*g04*gm7*gm8~2 + 2*g01*g02*g04*g07*gm3*gm8~2 +
2*g02*g03*g04*g07*gml*gm8"2 + 2*g01*g02*g04*gm3*gm7*gm8°2 + 2*g02*g03*g04*gml*gm7*gm8"2 +
2*g02*g04*g07*gml*gm3*gm8~2 + 2*g02*g04*gml*gm3*gm7*gm8~2 + 2*g01*g02*g03*g04*g05*g06*g07 +
2*g01*g02*g03*g04*g05*g06*g08 + 2*g01*g02*g03*g04*g05*g07*g08 + 2*g01*g02*g03*g04*g06*g07*g08 +
2*g01*g02*g03*g04*g05*g06*g011l + 2*g01*g02*g03*g05*g06*g07*g08 + 2*g01*g02*g04*g05*g06*g07*g08 +
2*g01*g02*g03*g04*g05*g08*g011l + 2*g01*g02*g03*g04*g06*g07*g011 + 2*g01*g03*g04*g05*g06*g07*g08

+ 2*g02*g03*g04*g05*g06*g07*g08 + 2*g01*g02*g03*g04*g07*g08*g01l +

2*g01*g02*g03*g05*g06*g08*g011l +
+ 2*g01*g02*g04*g05*g07*g08*g011
2*g02*g03*g04*g05*g06*g07*g011 +
+ 2*g02*g03*g04*g05*g07*g08*g011
2*g02*g03*g05*g06*g07*g08*g011 +

+

+ o+ o+

+

2*g01*g02*g03*g04*g06*g07*gm5
2*g01*g02*g03*g04*g05*g06*gm8
2*g01*g03*g04*g05*g06*g08*gm2
2*g01*g02*g03*g04*g07*g08*gm5
2*g01*g02*g03*g04*g06*g07*gm8
2*g01*g03*g04*g06*g07*g08*gm2
2%g01*g02*g03*g06*g07*g08*gm5
2*g01*g02*g03*g04*g07*g08*gm8
2%g01*g02*g05*g06*g07*g08*gmd

+
¥
+
+
+
+
"
+
"

2*g01*g02*g04*g06*g07*g011*gm5 +
+ 2%g01*qg02*g04*g05*g08*g011*gm7
2*g01*g03*g04*g06*g08*g011l*gm5 +
+ 2%g02*g03*g04*g06*g07*g011*gm5
2*g01*g02*g05*g06*g08*g011l*gm7 +
+ 2%g01*g03*g06%g07*g08*g011*gma
2*g02*g03*g04*g05*g08*g011l*gm7 +
+ 2%g01*qg04*g05*g06*g08*g011*gm7
2*g01*g05*g06*g07*g08*g011*gm4 +
+ 2%g02*g05*g06*g07*g08*g011*gm3
2*g03*g04*g06*g07*g08*g011l*gm5 +

+

IR I A A A I

2*g01*g02*g03*g04*g06*gm5*gm7
2*g02*g03*g04*g05*g06*gml*gm7
2*g01*g02*g03*g04*g06*gm5*gm8
2*g01*g03*g04*g06*g08*gm2*gm5
2*g01*g02*g03*g04*g05*gm7*gm8
2*g01*g02*g04*g05*g07*gm3*gm8
2*g02*g03*g04*g05*g07*gml*gm8
2*g02*g04*g05*g07*g08*gml*gm3
2*g01*g02*g04*g06*g07*gm3*gm8
2*g02*g03*g04*g06*g07*gml*gm8
2*g01*g02*g06*g07*g08*gm3*gm5
2*g02*g05*g06*g07*g08*gml*gm3
2*g01*g02*g04*g07*g08*gm3*gm8
2%*g01*g04*g05*g06*g08*gm2*gm7
2*g02*g03*g04*g07*g08*gml*gm8
2%*g01*g03*g05*g06*g08*gmd*gm7
2*g01*g04*g06*g07*g08*gm3*gm5
2*g03*g04*g06*g07*g08*gml*gm5
2*g02*g03*g04*g06*g08*gm5*gm7
2*g02*g04*g05*g06*g08*gm3*gm7
2*g03*g04*g05*g06*g08*gm2*gm7
2*g04*g05*g06*g07*g08*gm2*gm3

2*g01*g02*g04*g05*g06*g07*g011

+

+ 2*g01*g03*g04*g05*g06*g08*g011

2*g01*g02*g05*g06*g07*g08*g011

+

+ 2*g01*g04*g05*g06*g07*g08*g011

2*g03*g04*g05*g06*g07*g08*g011
2*g01*g02*g04*g05*g06*g07*gm3
2*g01*g02*g03*g04*g06*g08*gm5
2*g01*g02*g03*g04*g05*g07*gm8
2*g01*g02*g04*g05*g07*g08*gm3
2*g01*g02*g03*g04*g06*g08*gm7

+

+
+
+
+
+

2*g01*g02*g03*g06*g07*g08*g011l
+
2*g01*g03*g04*g06*g07*g08*g01l
+
2*g01*g02*g03*g04*g05*g06*gm7
2*g02*g03*g04*g05*g06*g07*gml
2*g01*g02*g03*g05*g06*g08*gm4
2*g01*g02*g03*g04*g05*g08*gm7
2*g02*g03*g04*g05*g07*g08*gml
2*g01*g02*g03*g06*g07*g08*gm4

2*g01*g02*g03*g04*g06*g011*gm5 + 2*g01*g02*g03*g05*g06*g08*gm7
2%g01*g02*g05%g06*g07*g08*gm3 + 2*g02*g03*g05*g06*g07*g08*gml
2*g01*g02*g04*g05*g06*g08*gm7 + 2*g01*g02*g04*g06*g07*g08*gm5
2%g01*g04*g05*g06*g07*g08*gm2 + 2*g01*g02*g03*g04*g05*g011*gms
2*g01*g02*g03*g04*g06*g011*gm7 + 2*g01*g02*g03*g04*g08*g01ll*gm5 +

2%g01*g03*g04*g05*g06*g08*gm7 + 2*g01*g03*g04*g06*g07*g08*gm5 + 2*g01*g03*g05%g06%g07*g08*gmd +
2*g01*g04*g05*g06*g07*g08*gm3 + 2*g03*g04*g05*g06*g07*g08*gml + 2*g02*g03*g04*g05*g06*g08*gm7 +
2%g02*g03*g04*g06*g07*g08*gm5 + 2*g02*g03*g05*g06*g07*g08*gmd + 2*g02*g04*g05*g06%g07*g08*gm3 +
2*g03*g04*g05*g06*g07*g08*gm2 + 2*g01*g02*g03*g04*g07*g011*gm8 + 2*g01*g02*g03*g04*g08*g011l*gm7
+ 2%g01*g02*g03*g06*g08*g011*gm5

+ 2%g01*g02*g04*g05*g06+g011*gm7

2*g01*g02*g03*g06*g08*g011*gm7

+

+ 2%g01*g02%g04*g07*g08*g011*gm5

2*g01*g03*g05*g06*g08*g011*gm4

+

+ 2%g02*g04*g05*g06*g07*g011*gm3

2*g01*g02*g06*g07*g08*g011*gm5

+

+ 2%g02*g03*g04*g05*g07*g011*gm8

2*g02*g03*g04*g07*g08*g011*gm5

+

+ 2%g01*g04*g06*g07*g08*g011*gm5

2*g02*g03*g05*g06*g08*g011*gm7

+

+ 2%g03*g04*g05*g06*g08+g011*gm7

2*g03*g05*g06*g07*g08*g011*gm4d
2*g01*g02*g04*g05*g06*gm3*gm7
2*g02*g03*g04*g06*g07*gml*gm5
2*g01*g02*g03*g06*g08*gm4*gm5
2*g01*g03*g05*g06*g08*gm2*gm4
2*g01*g02*g03*g04*g07*gm5*gm8
2*g01*g02*g04*g05*g08*gm3*gm7
2*g02*g03*g04*g05*g08*gml*gm7
2*g01*g02*g03*g04*g06*gm7*gm8
2*g01*g03*g04*g06*g08*gm2*gm7
2*g01*g02*g03*g06*g08*gm5*gm7
2*g02*g03*g05*g06*g08*gml*gm7
2*g01*g02*g03*g04*g08*gm7*gm8
2*g01*g02*g05*g06*g08*gm4*gm7
2*g01*g04*g06*g07*g08*gm2*gm5

¥
"
+
"
+
"
+
¥
+
¥
+
+
+
"
+

;*gO1*qOZ*gO4*gO5*gO7*gOll*gm8
;*gOZ*q03*g04*gO5*gO6*gOll*gm7
;*gO1*q03*g04*gO6*g08*g011*gm7
;*gOZ*gO4*g05*907*g08*g011*gm3
;*g02*q03*g06*907*g08*9011*gm5

¥
2*g04*g05*g06*g07*g08*g011l*gm3
2*g01*g02*g04*g06*g07*gm3*gm5
2*g02*g04*g05*g06*g07*gml*gm3
2*g01*g02*g04*g05*g06*gm3*gm8
2*g02*g03*g04*g05*g06*gml*gm8
2*g01*g02*g03*g04*g08*gm5*gm7
2*g01*g02*g04*g07*g08*gm3*gm5
2*g02*g03*g04*g07*g08*gml*gm5
2*g01*g02*g03*g06*g08*gm4*gm7
2*g01*g03*g06*g07*g08*gm2*gm4
2*g01*g02*g05*g06*g08*gm3*gm7
2*g02*g03*g06*g07*g08*gml*gm5
2*g01*g02*g04*g06*g08*gm5*gm7
2*g01*g02*g06*g07*g08*gm4*gm5
2*g01*g05*g06*g07*g08*gm2*gm4

2*g01*g02*g03*g04*g011*gm5*gm8 + 2*g01*g03*g04*g06*g08*gm5*gm7

2*g01*g03*g06*g07*g08*gm4*gm5
2*g01*g05*%g06*g07*g08*gm3*gm4
2*g03*g05*g06*g07*g08*gml*gm4
2*g02*g03*g05*g06*g08*gm4*gm7
2*g02*g04*g06*g07*g08*gm3*gm5
2*g03*g04*g06*g07*g08*gm2*gm5

2*g01*g02*g03*g04*g011*gm7*gm8 +

+
"
+
¥
¥
¥

2*g01*g04*g05*g06*g08*gm3*gm7
2*g03*g04*g05*g06*g08*gml*gm7
2*g04*g05*g06*g07*g08*gml*gm3
2*g02*g03*g06*g07*g08*gm4*gm5
2*g02*g05*g06*g07*g08*gm3*gm4
2*g03*g05*g06*g07*g08*gm2*gm4



MATLAB Solution Continued 5:

2*g01*g02*g04*g06*g011*gm5*gm7 +
+ 2*g01*g02*g04*g08*g011*gm5*gm7
2*g02*g03*g04*g06*g011*gm5*gm7 +
+ 2*g01*g02*g06*g08*g011*gm5*gm7
2*g02*g03*g04*g05*g011*gm7*gm8 +
+ 2*g02*g04*g05*g07*g011*gm3*gm8
2*g02*g04*g07*g08*g011*gm3*gm5 +
+ 2*g01*g06*g07*g08*g011*gm4*gmb
2*g02*g05*g06*g08*g011*gm3*gm7 +
+ 2*g03*g05*g06*g08*g011*gm4*gm7
2*g04*g05*g06*g08*g011l*gm3*gm7 +
+ 2*g01*g02*g04*g06*gm3*gm5*gm7
2*g02*g04*g06*g07*gml*gm3*gm5
2*g02*g03*g04*g06*gml*gm5*gm8
2*g01*g02*g04*g05*gm3*gm7*gm8
2*g02*g03*g04*g05*gml*gm7*gm8
2*g02*g04*g05*g07*gml*gm3*gm8
2*g01*g02*g04*g06*gm3*gm7*gm8
2*g02*g04*g06*g07*gml*gm3*gm8
2*g02*g05*g06*g08*gml*gm3*gm7
2*g01*g02*g06*g08*gm4*gm5*gm7
2*g01*g06*g07*g08*gm2*gm4 *gm5
2*g01*g03*g06*g08*gm4*gm5*gm7
2*g01*g06*g07*g08*gm3*gm4 *gm5
2*g03*g06*g07*g08*gml*gm4*gm5
2*g05*g06*g07*g08*gml*gm3*gm4
2*g02*g05*g06*g08*gm3*gm4 *gm7
2*g03*g05*g06*g08*gm2*gm4 *gm7
2*g04*g06*g07*g08*gm2*gm3*gm5

B I i T T S S S e S S S

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

2*g01*g02*g04*g05*g011*gm7*gm8 +
+ 2*g01*g03*g06*g08*g011*gm4*gm5
2*g02*g04*g05*g06*g011*gm3*gm7 +
+ 2*g01*g03*g06*g08*g011*gm4*gm7
2*g02*g03*g04*g07*g011*gm5*gm8 +
+ 2*g02*g04*g05*g08*g011*gm3*gm7
2*g01*g04*g06*g08*g011l*gm5S*gm7 +
+ 2*g02*g03*g06*g08*g011*gm5*gm7
2*g02*g06*g07*g08*g011*gm3*gm5 +
+ 2*g03*g06*g07*g08*g011*gm4*gm5
2*g04*g06*g07*g08*g011*gm3*gmb
2*g02*g03*g04*g06*gml*gm5*gm7
2*g01*g02*g04*g06*gm3*gm5*gm8
2*g02*g04*g05*g06*gml*gm3*gm8
2*g01*g02*g04*g07*gm3*gm5*gm8
2*g02*g03*g04*g07*gml*gm5*gm8
2*g02*g04*g05*g08*gml*gm3*gm7
2*g01*g03*g06*g08*gm2*gm4*gm7
2*g01*g02*g06*g08*gm3*gm5*gm7
2*g02*g06*g07*g08*gml*gm3*gm5
2*g01*g04*g06*g08*gm2*gm5*gm7
2*g02*g03*g04*g08*gml*gm7*gm8
2*g01*g04*g06*g08*gm3*gm5*gm7
2*g03*g04*g06*g08*gml*gm5*gm7
2*g04*g05*g06*g08*gml*gm3*gm7
2*g02*g03*g06*g08*gm4*gm5*gm7
2*g02*g06*g07*g08*gm3*gm4 *gm5
2*g03*g06*g07*g08*gm2*gm4 *gm5
2*g05*g06*g07*g08*gm2*gm3*gm4 +

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+ 2*g02*g04*g06*g011*gm3*gm5*gm7 + 2*g02*g03*g04*g011l*gm5*gm7*gm8
2*g02*g04*g05*g011*gm3*gm7*gm8 + 2*g02*g04*g07*g011*gm3*gm5*gm8 +
+ 2*g01*g06*g08*g01ll*gmd*gm5*gm7 + 2*g02*g06*g08*g01l1l*gm3*gm5*gm7
2*g03*g06*g08*g011l*gmd*gmb*gm7 + 2*g04*g06*g08*g011l*gm3*gm5*gm7 +
+ 2*g06*g07*g08*g011l*gm3*gmd*gm5 + 2*g02*g04*g06*gml*gm3*gm5*gm7 + 2*g02*g04*g06*gml*gm3*gm5*gm8

2*g01*g02*g04*gm3*gm5*gm7*gm8
2*g02*g04*g07*gml*gm3*gm5*gm8
2*g02*g06*g08*gml*gm3*gm5*gm7
2*g01*g06*g08*gm3*gm4*gm5*gm7
2*g05*g06*g08*gml*gm3*gm4 *gm7
2*g03*g06*g08*gm2*gm4 *gm5*gm7
+ 2*g06*g07*g08*gm2*gm3*gm4*gm5

+ 4+ o+ o+ o+ o+

+
+
+
+
+
+
+

2*g02*g03*g04*gml*gm5*gm7*gm8
2*g02*g04*g08*gml*gm3*gm5*gm7
2*g01*g06*g08*gm2*gm4 *gm5*gm7
2*g03*g06*g08*gml*gm4*gm5*gm7
2*g06*g07*g08*gml*gm3*gm4*gm5

¥
¥
¥
¥
¥
2*g04*g06*g08*gm2*gm3*gm5*gm7 +

2*g02*g04*g011*gm3*gm5S*gm7*gm8 +

2*g01*g02*g04*g07*g011*gm5*gm8
+
2*g02*g04*g06*g07*g011*gm3*gm5
+
2*g02*g03*g04*g08*g011*gm5*gm7
+

2*g01*g05*g06*g08*g011*gm4*gm7
+

2*g03*g04*g06*g08*g011*gm5*gm7
+

2*g05*g06*g07*g08*g011*gm3*gm4d
2*g02*g04*g05*g06*gml*gm3*gm7
2*g01*g03*g06*g08*gm2*gm4 *gm5
2*g01*g02*g03*g04*gm5*gm7*gm8
2*g01*g02*g04*g08*gm3*gm5*gm7
2*g02*g03*g04*g08*gml*gm5*gm7
2*g02*g04*g07*g08*gml*gm3*gm5
2*g02*g03*g04*g06*gml*gm7*gm8
2*g02*g03*g06*g08*gml*gm5*gm7
2*g01*g02*g04*g08*gm3*gm7*gm8
2*g01*g05*g06*g08*gm2*gm4*gm7
2*g02*g04*g07*g08*gml*gm3*gm8
2*g01*g05*g06*g08*gm3*gm4 *gm7
2*g03*g05*g06*g08*gml*gmé*gm7
2*g04*g06*g07*g08*gml*gm3*gm5
2*g02*g04*g06*g08*gm3*gm5*gm7
2*g03*g04*g06*g08*gm2*gm5*gm7
2*g04*g05*g06*g08*gm2*gm3*gm7
2*g01*g02*g04*g011*gm5*gm7*gm8
+

2*g02*g04*g08*g011*gm3*gm5*gm?7
+

2*g05*g06*g08*g011*gm3*gm4 *gm7

2*g02*g04*g05*gml*gm3*gm7*gm8
2*g02*g04*g06*gml*gm3*gm7*gm8
2*g02*g04*g08*gml*gm3*gm7*gm8
2*g04*g06*g08*gml*gm3*gm5*gm7
2*g02*g06*g08*gm3*gm4 *gm5*gm7
2*g05*g06*g08*gm2*gm3*gm4 *gm7

2*g06*g08*g01l1l*gm3*gmd*gm5S*gm7 + 2*g02*g04*gml*gm3*gm5S*gm7*gm8 + 2*g06*g08*gml*gm3*gm4*gm5*gm7 +

2*g06*g08*gm2*gm3*gm4*gm5*gm7) )

* Difference Mode Gain has only approximately 1100 product terms
* Difference Mode Gain has approximately 7700 small-signal parameters in expression

« Extremely difficult to get insight into how this relatively simple circuit performs
from this solution

* This does not even include the common-mode gain expression !



Telescopic Cascode Op Amp with Mirror-connected Counterpart Circuit

* Previous analysis obtained almost by inspection
* Gain expressions were real simple
e Gain expressions provide major insight into operation

* Some assumptions were made to simplify analysis
= Vac=0 at “approximate axis of symmetry”
Matched left and right side transistors
Current mirror used to mirror left-side current to right side

How much more involved would an exact analysis be ?
Would an exact analysis provide additional insight ?



Telescopic Cascode Op Amp with Mirror-connected Counterpart Circuit

Vbp

Ag(s)= =m1
C 903 | 907
SUL + 901 Jo5

9m3 Im7

Ag (S)= “Im79m19m3
SCLIM79m3 * Im7903%1 + Im3905907

* Some assumptions were made to simplify analysis
= Vac=0 at “approximate axis of symmetry”

Matched left and right side transistors

Current mirror used to mirror left-side current to right side

» Difference Mode Gain has only approximately 1100 product terms
* Difference Mode Gain has approximately 7700 small-signal parameters in expression

How many product terms are present in the simplified analysis?
How many small-signal parameters are in simplified expression?

e Simplified Difference Mode Gain has 4 product terms
e Simplified Difference Mode Gain has 12 small-signal parameters in expression



Be careful about what you ask for, you may
be able to get it !

How important is it to develop good approximate
analysis methods for an op amp of this complexity?

* And many useful op amp circuits will have
much more complexity !!

Will you impress your boss if you use an “exact”
analysis?
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Stay Safe and Stay Healthy !







