EE 435

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

Vic

Wide V,; and V range

Expected for catalog parts and
overall /0 in many applications

Vouta
— Vee

— Vss

Narrow Vgt and wide V,; range

Acceptable when followed by
high-gain stage

|
I
Vic

Narrow V,; and wide V4,1 range

Acceptable when ViC is fixed

VOUT A
— Vec

— Vss

Narrow Vcand Vg, range

Acceptable when V,; fixed and 3
followed by high-gain stage



Review from last lecture:

Signal Swing of Single-Stage Op Amp

Vout
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: Review f];om last | Cturc%:
Design space for single-stage op amp

V . .
TDD Performance Parameters in Practical

T il

+T A =
V?U : 1 + AS VEB’I
G et
T VoG )| Vees
P
SR=
y H 4 (Vbb —Vss)CL
ok Vour < Voo —V,
Vs ouT < VbD _‘ EB3‘
Vour > Vie =V

VC < VDD T VT1 o ‘VT?,‘ o ‘VEB3‘

\/ic > VT1 + VEB1 + VEB5 + VSS

Simple Expressions (7) in Practical Parameter Domain

Parameter Domain { Vggq Vegs Vegs P):

5



Laboratory Support

Offset Voltage

« Systematic Offset Voltage
 Random Offset Voltage

> Vour




Laboratory Support

Offset Voltage

« Systematic Offset Voltage
 Random Offset Voltage

> Vourt

Definition: The output offset voltage is the difference between the desired
output and the actual output when V,;,=0 and V. is the quiescent common-
mode input voltage.

Vica

v

VouTorfr = VouT - VoUTDES

Note: Voyrore is dependent upon V4 although this dependence is 7
usually quite weak and often not specified



Laboratory Support

1t Vour

Vica

v

Definition: The input-referred offset voltage is the differential dc input voltage
that must be applied to obtain the desired output when V. is the quiescent
common-mode input voltage.

Note: Ve is usually related to the output offset voltage by the expression

_ VouToFF

Ap
Note: Ve is dependent upon V - although this dependence is 8
usually quite weak and often not specified

VOFF



Laboratory Support

VorF (VA

1 Vour

v - VDD

When differential input op amps are biased with symmetric supply
voltages, it is generally assumed that the desired quiescent input voltage

Is OV and the desired quiescent output voltage is OV so V¢ is the differential
Input voltage needed to make V, ,1=0V.

The input offset voltage is comprised of two parts, a systematic component
and a random component

Vorr = Vorrsys*tVosr
10



Laboratory Support

Vorr Voo

I Vour

f - VDD

Vorr = VorrsystVosr

After fabrication there is no distinction made between Vyrrsys and Vygg and
simply Vgg is of concern

Vgr IS determined entirely by random variations in component values from
their ideal value and will only be seen in a simulation if deviations are
intentionally introduced (Monte Carlo Analysis if often used for predicting

VOSR)

It is expected that Vyrrqys Should be small (much smaller than Vy4g) and it

is the designer’s responsibility to make this small »



Laboratory Support

Vorr Voo

I Vour

f - VDD

Vorr = VorrsystVosr

It is not necessary to make Vygrsys =0 although this can and is often done
by making a minor tweak of matching critical parameters after the design of
the op amp is almost complete

Veesys €an also be set to 0 by using a degree of freedom of the amplifier
design variables but this is generally an unwise use of degrees of freedom
(although some textbooks including Martin and Johns in Sec 5.1 do this!)

12



LaboratoryVSupport

-

- VDD

(If no missmatch is introduced, will be seeing only effects of systematic offset)

By symmetry, to force V5,1 =0, it is necessary to have V;=0

* Making Vp3=0 sets [Vgg; |= Vpp + V1, and results in the use of one
degree of freedom!

« Making Vg5 so large will severely limit the voltage swing at V7

« This shows why it is not wise to use a degree of freedom to make

13
desired output voltage 0



Laboratory Support

VDD

- VDD

-
Va2 _‘[;| Mg

Can sweep a voltage in simulator at gate of M, to make Vq,7=Voyr pesiren

The value of Vg that makes V1=V pesis the systematic offset voltage

Can simply add the systematic offset voltage to input throughout rest
of the design phase and then remove after design is complete or tweak
at end of design to eliminate systematic offset.

14



Laboratory Support

Vbp
!

Vorr

n

- VDD

Usually Ve Will change if changes in any design variables are made
so re-simulation will be needed to get the correct value of V¢

If Ve is not included, ac simulation of open-loop amplifier will usually not
give desired results because small-signal models will be developed in simulator at
incorrect operating point (often even in incorrect region of operation)

Alternative is to do ac simulations by embedding op amp into a FB configuration
that will inherently compensate for offset voltage but issue of compensation must

be addressed for amplifiers with two or more poles 15



Where we are at:

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

« Two-Stage Op Amp

17



Inputs into Counterpart Circuit or Quarter Circuit

v v
Vout \ | Vout > P g — %
ﬁ Vout ‘U(JSUT
vg | =T Sl —
2 v, v, 2
| | Ves — F :I Ves

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 18



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 Voo
1 | v #ﬁ"*ﬁ
5 j%—\’?—{[f M, V |
— . V,J—'E/h V‘ MjF Vin ]
M, Vomors M, j%k Vin. > cursaii .
T ¢ (=)
|oves |
Mj E ~ C
#5)7 ° J7 |

Gain, BW, and GB expressions identical

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

« Both are widely used 19



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 V¢g,=.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

20



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' —— —— V, Vo
v F F v + + C
2 - VE V1 GM1V1§> |::| G1 $
lgs Ves 47
-G
A = M1
Ve ——GZM | " 2(G,+G,)
Ay =17 = — GG
YV, sC +G,+G BW =172
d L 1 2 C
L
GB =

21



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

22



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

23



Background

Determination of 2-port parameters

_________________________ 1

o— -—e
+ | o+
v, | Bz
|
|
— | | J—

Determination of {g.1, 9,5.9um1,02 }

Method 1 Open-Short Termination Approach

Method 2 Load Termination Approach

<
VWV
Q
Q
2
N
@
S
<
(<)
—/
VWV
<
N

24



Background

Determination of 2-port parameters

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

Method 1  Open-Short Termination Approach

TS ] a
+ -+ I
| TST
VTST@ V1 I % g <¢> g|\/|1V2 gM2V1 i) % : V2
: o1 902 [ 1
|
| _____ GeneralTwoPortNetwork |
Oy = — brst
" Visr
_____________________ r || | || |

|
: VTST
V I
Jo1 <D Im1V2 9M2V1<D gozé : 2
: —
General Two-Port Network |

By structural symmetry, repeat to obtain g,,; and g, 25



Background

Determination of 2-port parameters

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

Method 2 Load Termination Approach

+

|
|
|
VTST® V1 : : 2 L
1 S
]
|

________________________

|
!
Vi i 5901 (D V2 Inz2V1 D gozé
|
!
|

General Two-Port Network

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

26



Background
Recall Cascode Amplifier (dc current source bias)

Vour

M2
VBB—‘ M2 =

M
> 1 ViN
Vin

AY
A
O

L

A4

27



Background
Analysis of Cascode Amplifier (dc current source bias)

\
Vout ouT

e
Vs Im2V2 (D % 902

Ik
~ G

g'vh Vx i
Vin +
< V'N@ \V am1V+ (# g Jot

— T

N |
/
O

N

Vour (goz + SCL)+ 92V = V9,2
Vx (901 + goZ)+ gm1V1 - gm2v2 — VOUTgoz y
V, =-V,
V1 - VlN

Vy,V, and V, can be eliminated from these 4 equations 28



Background
Analysis of Cascode Amplifier

v Vour (@2 +SCL)+ 9V = Vi@,
Vy (901 + 902)+ 9m1V1 = 9m2 Vo = Vour9o2 >

M, ~ Cu
J{E V, =-V,

AY

Y V1 - VIN
i
Vin Vour (goz + SCL)_ Iin2 Vx = Vx9o2
e Vy (901 + goZ)+ Im1Vin + 9m2 Vx = VourYo:
VOUT _ —Om1 (902 + gm2) - ~Om19m2

VN SCL(901+92 +9m2) + 9192 SCLOm2 +901902

- IMmEQ

~ JoEq

29



High output impedance quarter-circuits

VDD

Vour

Vss

Cascode Amplifier

G = Goeq = Yo {h}

m?2

GM = ngQ = gm1
 Transconductance appears to be

unchanged (from basic single-device structure)

« Output conductance appears to have
been decreased !

A,(s)= —Im

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

GBE%
CL

AVO

12

But must verify in the practical parameter
domain to be sure! 30



Comparison of Basic Amplifier and Cascode Amplifier
Vour _ -G

Viy  sC +G ’ ’
General form for any Quarter Ckt ouT I ouT
J_ C|_ : CL
M l | f—{ Eﬁ’“ l

I Vi
v |
P M |
Vin :
I |
|
V _ I

ouT 91 B : Vout G
" sC_+g, LQ“J | VN SCL +0o1
gm2 l
[
1
I
[
- g
G = Joeq —901{ 02} : G =gy,

gm2 |
|
l

G, =
GM = ngQ = gm1 ' v gm1 31



High output impedance quarter-circuits

VBB__‘ M2 | =,

Vi @

Vss

v

Cascode Amplifier

(gm1]|:gm2:| GB
go1 goZ

AVO

112
12

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

ool J|u
VDDCL VEB1

Single transistor quarter circuit:

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

Substantial increase in dc gain

No improvement in GB but also

no deterioration in GB ! >



High output impedance quarter-circuits

.
1 E% \

ViN @ Quarter Circuit

Vour

v v

Cascode Amplifier
(small-signal equiv)

33



High output impedance quarter-circuits
VDD

Vour

V?”:M:*

RN

Quarter Circuit

/

Ms

I\

}7
}7

Counterpart Circuit

Cascode Amplifier

34



Telescopic Cascode Op Amp

DD

Vour — |VB1 —

Ms || [ M

el .
M, | | Ms
VOUT
- Vs
s o ]
Vin C_" i
R
Vi i l:'vh sz Vi
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
hox P P
* VOUT Veg s (:: 4 Ves
Vo 3 | M3 | Vot
VN F i CL J_CL FI IF iCL
G, Gum VTd G1, G _%
Vss e,
— GM 5°
AVOQC G GZM1
BW=E 7 (G, +G,)
C. sy GitGs
G C
GB=—X ‘
C, ) o5 - Cu
2C
-G L
A(s)= 4
5)=5c, 6 S

A(s)= 2
sC, +G, + G,

Note: Factor of 4 reduction of single-ended gain (for G,=G,) 36



Recall from earlier lecture:

-- The “differential” gain --

G

A U _ 2
O, sC +G, +G,

37



Telescopic Cascode Op Amp
ET A ‘sz

\l/DD gﬁé " G”'r”'gp ﬁ‘?* v ‘U_d:SCL+G1+GZ
v

VB1
| | I . :
Ms || [|_Ms Single-ended operation
VBZ
wy
Vour _ _
Ves L Gi=doac =
M3:]i | i Ms CL
Vi [ M M: i, - G2=gocc =
L
VB5 4”:'\/'11
y GM1=Imac =

38



Telescopic Cascode Op Amp

Single-ended operation

VDD
||VB1 'M
Veo SCL +Jo1 ~0° + go5 07
Mr | | M Im3 Im7
B - Vour
w _9Im1
| 1
ng| b T Ao* 903 ; Jo7
. v Jo1 * Jo5
Vin 4|l:M1 M; }7\/”; gm3 gm7
L
Vo A M GB = ggl
2 L

39



Telescopic Cascode Op Amp

\l/DD
= | Ver o
Ms | 1| Me
Vg2
L »| !
M; || | | Ms
Vour
Vi3
|\/|3:“ | i M, ~ C_
. 4
Vi Ve -y,
p
VBS 4* [: M 11
V

SS

(CMEB circuit not shown)

Ad(s)= 2

Single-ended operation

_9m1

Jo7
Om7

sCL +9o1 J03 4 Jo5

9m3
_9m1
Ao= 2

901903 * Jo5 So7
Im7

gml
2C,

« Large improvement in A,
* No change in GB

Om3

GB =

This circuit is widely used Il



Telescopic Cascode Op Amp

Vb
|
|VB1

Vour

- <
= o
=
7__
-5
] £ Tt |
= = =
o

4

<
z+
L

I L
=
S
BB

=<

=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) 41

=
==
[ ] [ ] [ ]

Current Mirror Bias

VSS



Telescoplc Cascode Op Amp

VDD
|
" .
Ms I I Ms M5l: I I 1|_Ms
w
W [ I =
Vbp Vout Voo Vour
V|33 L VB3
M3:] }_ l ll‘Jﬂ M CL Ms ] = l =L, M CL
IB l IB
.
i [ M i i w v
Vas l It Ves l It

Current Mirror Bias Current Mirror Bias

Vs Viss

Standard p-channel Cascode Mirror Wide-Swing p-channel Cascode Mirror

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



Telescopic Cascode Op Amp

(CMFB circuit needed)

_9m1
Aq(s)= 2
sCL +do1 Jo3 905 So7
Im3 Im7

VDD

Vs

(No CMFB circuit needed)

Aq(s)= S
C 903 | 907
SUL 901 Jo5
Im3 Im7

44



Telescopic Cascode Op Amp

YDD
=l ivm -
Ms || e
|\/BZ
: | v |,
VouT Vourt
VB3
oL ' [ ™M ¢
T e
VI-'N_ V|N
B
VB54| M1
Vss

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

45



Telescopic Cascode Op Amp

VDD
|
L, Ve
|V|5 I |—M6l/DS
Vi
| | T
M7_| |_M DSAT
Vour

46



Telescopic Cascode Op Amp

VDD
N |VB1 | VB5 4”; M11
Ms || [ M ' |
Ve2 Vin Vin
M, | | |<_|V| 4_| M M }*
Vour L O Vo Ves
—>
Va3 V.o Ms | I My +
;]| | I CL ouT Vout
VBZ
I I CL M7—i | i M8 CL
w " " T T
IN IN Vv
MS_I | i I[__ITMG
i - ,
VB54| Ms1 ‘ l
VSS VSS
n-channel inputs p-channel inputs

47



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 !!



Small-Signal model of Telescvopic Cascode Amplifier

gm5{v955 VSS gmBQ}gse +
Yos Jos Vst

Ver

N /M

qi
|;+T | &+

| & +
(o]
Z
'S
3
9
S
(o]
_/\/\/\/\_
-
&
K
'

+ + gm1‘vgsﬂ gm2vgsz + -
VN Vger 901 % %02 Vyeo \AY
— Vs1 —

+ Im11Ugst
Vgst1 Jo11

A bit tedious to obtain but really straight forward




Small-Signal model of Teles</copic Cascode Amplifier

<}_
|;+T | =+

| & +

&+
zt

Vi

+ gm11{vgs1
{Ugs11 9011

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

V1 (9or + 9oz + Gorr) = Vesaor + Vealoz + It (Vi = Vist )+ I (Vi = Vi)
Vss (9o1 + 9os ) + It (Ve = Vst ) = GoVs1 + 9osVer — ImaVes

Vs (Goz + 9oa ) + Iz (Vin = Vi1 ) = 962Vs1 + GoaVour —ImaVsa

Vour (SCL +Gos + 9as) ~ ImaVss + 9 5 (Ver —Vss) = 9oaVss + IosVss

Vo7 (97 + 9oz ) + Gimr (Ver — Vs ) ~9m3Vss = 9osVss + 9or Vs

Vss (Gos +Gos ) + ImsVs7 = Ims (Va7 = Vss ) + VourGos

V7 (Gos + 9o7 ) + ImsVsr = Iz (Ver —Visr ) + 9orVer

A bit tedious to obtain but really straight forward

Time required to obtain set of equations is quite small



Telescopic Cascode Op Amp with Mirror-connected Counterpart Circuit

VDD
1
Me [ M
M, |—1———] Ms
VDD
VB3
Msj‘L |
40
V|§4EM1

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 ?



Analysis of Telescopic Cascode Amplifier

Apply KCL at 7 nodes to obtain a set of 7 independent linear equations
Vsi(Go1 + 9oz + Jor1) = VsaGo1 + VsaToz + I (V/K/ -V ) t G m2 (V/X/ — Vs, )
Vss (901 + o3 ) + Gomt (Viv = Vi1 ) = GVt + GosViar = IimsVss
Vs (Goz + 9oa )+ Iz (Vin = Vi1 ) = 962Vs1 + GoaVour =~ ImaVsa
Vour (SC, +Jos + o) = ImaVsa +9 g (Vor —Vis) = GoaViss + GosViss
Vir (9or + 905 ) + Gz (Vor —Visr) = ImsVss = GoaVss + 9orVsr
Vos (oo +Jos ) + ImsVsr = Gms (Vor —Viss ) + VourJos
Vs7 (9os +9or) + IsVsr = I (Vor —Vier ) + IorVer

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

ay a, Aag Vs _gm‘l Im2 ]

a, a a V. g,, O AT
21 G 26 S3 1 A ° [V] — [G] ° [\//N]
a;, Ay a3 || Vsa 0 9w Vv - -
43 Qs Ay 47 Vs7 =10 0 l:\/IN:l ]
as, s, 85 Vss 0 0 W -V- — [A]_ ® [G] ° [\/IN]

8py g5 g5 o7 || Vor 0 0 ST

L az, Az ] _VOUT | _0 0 |

The A matrix has many 0’s which dramatically reduces complexity of solution
e 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

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

eqgqn3 = VS4* (gm4+g02+g04) +Vinn*gm2==VS1* (gm2+g02)+VOUT*g04;

egqnd4 = VOUT* (s*CL+g04+g08) +VG7*gm8==VS4* (gm4+g04) +VS8* (gm8+g08) ;

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

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

egn’7 = VS7* (gm7+gmb+g05+g07)==VG7* (gm7+g07) ;

eqn8 = Av==VOUT/Vinp;

sol=solve([eqnl,egn?,eqn3,eqgnd4, eqnb,eqgnb,eqgqn’,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;
egqn2 = VS3* (gm3+g01+g03)+gml1*Vdiff/2==VS1* (g0l+gml)+VG7*g03;
eqn3d = VS4* (gmd+g02+g04) -vVdiff*gm2/2==VS1* (gm2+g02)+VOUT*g04;
eqn4 = VOUT* (s*CL+g04+g08) +VG7*gm8==VS4* (gmd+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 si
mulatio
nr
esults using Symb
olic M
ath To
olbox

MA
TLAB Solution:

ysis with Vin+ and
nd Vin-

VOUTX

(=
g01*
g03*
g04*g07*gm2*
gm8~2
¥
g01*
g03* g03*
g04* g04*
g0l* g07* gm2*gm
g01*g03* 904*g87*gm2*gml*sz*g;*gm8A2 N
gol1* g04* g07*gm m3*gmd* 872 + g01+
g03* g05* g04x gml* 4 90 503
go4*907*g06*9011* gol*ggl*gmz*gmz*gm3*gm8A2 + goé*q03*gm2907*gm2*
m8”" *
gOs*gOll*gmz N g 3%g04* m3*gm7* 842 + 40 *g0a%gn amd*gm ?m4*qm8A
gm2 g0l1* g05* gm8”2 1* 1* 7*g) 2 +
+ g03* g06* + gm2* gm2* m8~2

901*g04*904*g05* g07*gm2 q07*qml*qm3*gm4*9m7*gm8A +

g05*g06*g08*9011*+ gol*qogm2*gm3*gm7*gm8A§ +

907*g011*gm2 i *g04x gmd*gm8~ +

gm2 + ggl*GO3*385*gO7*gO§ +

1% 4% *

g04* g06* gm2 +
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g01l*
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g01*904*g 7*gm2*
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g03*
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901*904*q05* 6*g07*
g03* g06* gm2*
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g05* g08* gm2 + g03*
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g08* gm7 * g0
gm2 + g03* 6%
*gm g01* g04* g07*
3+ g03* g05* gm2*
g03* g04* g06* gmd +

g04* g07* gm2*
g05* g08* gm8 +

g07* gm2*
g08* gm5 +

gml*
gm2 +

g01l*
*
901*903 go4*
g03* g06*
g01*903*q04*905*g011*gm2
g01* g05* g011* *gm5
g03* g08* gm2*
g0l* g04* g011* gm8
g04* g08* gm2*
g01* g06* g011* gm4
g04* g07* gm2*
903*904*qo5*908*g011*gm2 gm7
*
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g04* g07* gm2*
gol1* g07* g011* gm7
g03* g08*g0 gm2*
g01* g04*g0 g011* gm3
g04* g06* gm2*
g03* g05* gm2* gm5
g04* g06* gm5*
g04* g05* gm2* gm7
g05* g06* gm3*
g01* g06* gml* gm7
g04* g07* gm2*
g01* g05* gml* gm7
g03* g06* gm2*
g01* g04* gm2* gm3
g03* g07* gm3*
g01* g05* gm2* gm8
g04* g08* gm5*
g03* g05* gm2* gm8
g04* g08* gmé *
g03* g05* gm2* gm7
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g03* g08* gm2*
g01* g05* g011* gm8
go4* g06* gm2*
g03* g06* gm2* gm4
g04~* g07* gm4 *
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g01* g05* gm2* gm5 +
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g01* g07* gm2* gm8
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go3*305*go6*3011*9m2*3m4*gm8 + gol*904*g06*9011*gm2*9m4*qm7 + g01
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g05* g011% gm7* + g0 5%g0 11* m5*g] go1* g08* gm2*
g05* go7* gm2* gm8 4%g0 6*g0 gm2*g m8 + go6* g011* gm4*
go7* g011* gm4* + g0 6*g0 11* m4*g g01* g07* gm2* gm5
go1* go8* gm2* gm8 3*g0 7*g01 gm2* m7 + g04* g011* gma* +
g05* g011* gm3* + g0 4*g0 1* gmd*g g01* g08* gm2* gm7
g03* g06* gm2* gm8 3*g0 7*g01 gm2*g m7 + g07* g011* gm4* +
g05* gm2* gm3* + g0 5*g0 1* m3*gm g03* g08* gm2* gm5
g04* g06* gm3* gm4 4*g0 8*g0 gm2* 5 + g06* g011* gm5* +
go6* gml* gmé* + g0 5%g0 11% gm5* g05* g07* gm2* gm7
go1* go7* gm2* gm7 g01*g0 8*g0 gm2* gm8 + go6* g011* gm4* +
g04* gml* gm4*gm + g01* 3%g06* 11*gm2 gm4*gm7 g03* g07%g0 gm2* gm5 +
g03*905*qo6*qm2*gm2*qm3*g 7+ g03*906*g07* sz*gm4**gm3*gm + g03*q04*g08*g ll*ng*gm4*gm5
g01* g06* gm3* gm5 + g06* gm2* gm5* 7+ g07* g011* gm3* +
g03* gml* gm5* g05* g07* gm3* gm7 g04* g08* gm2* gmé
g01* g05* gm2* gm8 + g06* gm1* gm4* + g07* g011* gm5* +
g04* gm2* gma* g01* g07* gm2* gm5 g01* g08* gm2* gm7
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g01* g08* gm2* gmg + g04* gm2* gms* + go1* 3%g04* 1*gm2* gm8
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qOS*gml*gma*gm4*Gm8 4 gol*904*906*gm2*9m4*gm3*9m7 g03*g07*qog*gml*qm3*gm4*gm7 4
gm2* gm8 + g03* gml* gm7* + g04* g08* gm2* gms
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501%g0 g08*gm gmé*gm7 gmg + 1%g04* *gml* gm4* +
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gm5* g03* g08* gm2* gm8 +
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g07*g0 g011* gma* gm8
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g04*g0 g011* gm3* gm7
g0e* gm2* gm5*
g01* gml* gm3* gm7
g06* gm2* gma*
g05* gm2* gm3* gm5
g06* gm3* gm5*
g01* 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* gmé* gm8
g08* gm2* gm5*
g04* gml* gm3* gm7
g06* gm2* gmb*
g03* gml* gm3* gm7
g08* gm2* gm4 *
gml* gm3* gm5
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gm8

¥
¥
¥
¥
"
¥
¥
¥
¥
¥

+
R

g05*
06*
g03*30§*g011*gm2
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g06*
0
903*303191011*%2*
g04* g011* gm3*
g07* gm2* gma*
g05* g011* gma4* gm5
g08* gm2* gm5*
g011% gm3* gm8
gm2* gm5*
gm3*gm4*gm8
gm7

g01*
1*g06*
gm2*

gm3*
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gm7 +

g03*
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gm7 +

g05*
06*
903*g 6*gml*
g06* gm2*
g01* gml* gm3*
g03* gm2* gm4*
g01* gm2* gm4 * gm7
g07* gmé* gm5*
g03* gm2* gmS* gm8
g05* gm3* gm7*
g04* gml* gm4 * gm8
g05* gm2* gm5*
g05* gml* gmé * gm8
g07* gm2* gm7*
g01* gml* gm3* gm8
g06* gm2* gm7*
g06* gm2* gm3* gm8
g07* gm3* gm4 *
g04* gml* gm4 * gm8
g08* gm2* gm7*
gml* gm3* gm8
gm2* gm4*
gm3* gm8
gm7*
gm8

g01*
g011*
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4 goll*g 2*gmé*
g08*g0 gm2* gms*
g0l11* gm3* gm7*
g01* gm2* gm5* gms8 +
0 gm2* gm3* gm7* G06*
g05* o gmé* gm8 + g01
gml* m4 * g1 gm5* g05* 1*gm2
g06*gm1*gm2*gm3* m5*gm7* gm7 + g0 g011* *gm3*
gml* gm2* gm4* gm8 + 6*gml* gm2*gm gma*gm
gm2* gm3* gm7* g03* gm2* 3*g) 5%gm
901*g02*9m3*gm4*9m4*gm7*gmg £ g0 gml*gm gm3* m4*gm7 * 7
g02* g04* gm5* gm8 + 7*gml* 2%gma* gm4*gm5* gm8
g03* g07* gm7* g08* gm2* gm5* gm7
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02* g04* 4 * g08* gm2* gma*
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g01* g07* gml* 2 + g011% m2*gm 5%gm7 gm8 +
+ go02* gml*gm gma "2 go1* gm2* 3*gm4* *gm8
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*
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g05* g07*g0
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g02*
g0l* g03*
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gol*g02*903*g 4%g05*
g02* g04* g06*
g01* g04* g06* g07
g03* g05* g07*
g04* g06* g08
g05* g07*
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g02* g05* g06*
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g02* g05* g07*
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901*902*904*g05*905*908*9m4
g01* g03* gQ07* gm7
g02* g06* g08*
g02* g03* g07* gml
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g01* g03* g07* gm8
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0
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g02* g06*
g01* g03* g08*
g02* g06* g011*
g02* g04* g08* gm5
g03* g07* g011*
go1*902*g04*q05*908*901 gm7
go1* g05* go6* 1*gm5
g03* g06* g011%
g02* g06* g08*g0 gm7
g03* g07* g0l1*
g01*904*go4*907*g08*g01 gm7
g02* g06* g08*g0 1*gm4
g03* g07* g011*
g03* g06* g08* gm5
g04* g07* g011*
901*g02*906*g07*908*gol gm5
*
g02* g03* §08*g0 1*gm5
g03* g04* g011*
g01* g04* g06* gm5
g02* g05* gm5*
g01* g03* g06* gm7
g03* g04* gml*
g01* g04* g06* gm7
g02* g06* gm5*
g01* g03* g08* gm8
g02* g04* gm2*
g02* g04* g05* gm5
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g0l* g05* g07* gm8
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g02* g06* gm3*
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g04* g07* gml*
g02* g05* g08* gm3
g03* g06* gm3*
g04* g08* gm8
g07* gm2*
g08* gm7
gml*
gm8

+
+
+
+
+
+
44
+
+
+
+
+

+
¥
¥
+
¥
¥
¥
¥
¥
¥

g01*
g02*
g1+ 2%g04*
g02* g05*
g01* g04* g06*
g03* g05* g011%
g02* g04* g07* gm7
g03* g06* g011*
g01* g04* g08* gm8
g02* g06* g011*
g02* g06* g07* gm5
g03* gQ07* g011*
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g05* g07* g011*
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g05* gQ07* g011*
g01*g02* go6*g07*908*q01 gm4
goz*g03*go4*905* g08*g0 1*gm3
901*g02*904*g06*qo6*gm311*gm4
g01* g03* g07* gm7
g03* g06* gml*
g01* g05* g08* gm5
g02* g06* gmé *
g01* g03* g08* gm5
g02* g04* gm2*
g02* g04* g07* gm4
g03* g05* gm5*
g01* g04* g08* gm8
g02* g05* gm3*
g01* g03* g08* gm?7
g03* g04* gml*
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

g01*
1+g02*
g03*

g04*

g011*

gmb5*

gm8 +

g01*

g03*

g04*

g06*

g08*

gm5*

gm7 +

+
+
+
+
+
+
+
+
+

+

g06*
07*
qu*g T*gml*
gOl*gOG*Qm1*gm2*gm3*
0 m2* gm4*
gol*g 4*gm2*g 2*gm3* 4%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* gmé *
gQ07* gm2* gm4 * gm7
g08* gm3* gm7*
gml* gmé* gm8
gm2* gm7*
gm3* gm8
gmé4 *
gm8

+
+
+
4o+
+
+

+

+
+

g03*
g0

g07* Oll*gmg*

g011* gm4*

gm2* gm5*

gm3* gm7*

gm4* gm8

gmb5*
gm8

g01*

g02%g03*g0
4%

§077g08*

9011 +

I
+
+
+

g01*
g02*
g02* g03*
06*
g02*g03*904*g 6*g07*
g03* g05* g08*
g03* g04* §06* 9011
g04* g05* gQ07*
g05* g07* g011
g06* g08*
907*g08*9011
9011

+

+
+
+
+
+
+
+
+

g01*
g02*
g01* g04*
g05*
qol*g02*q03* 5%g06*
g02* g04* gQ07*
go1*902*g03*g04*go6*q08*gm3
g01* g04* g05* gm5

g02* g05* g07*
g03* g07* gm8

g04* g08*
g06* gm3

g08*
gm7

g01*
902*g03*
904*g06*

g011*

gm5 +

g01*
901*902*905*
g02* g06*
g0l1* g04* g07*
g04* g05* g08*
g05* g06* gm3

g06* g08*
g07* gm7

g08*
gm2
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¥
¥
¥
¥
¥

+
+

+

g01*
g02*g03*
g04*g08*

g011%

gm5

g01*
g03*
g02* g05*
g03* g06*
0 07*
902*g04*g 4*905*9 Txg08*
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gm3 +
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+
"
+
"
+
"
+

+
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g02*
g01* g04*
0
gol*g02*904*g 6%g07*
g03* g05* g011*
goz*@04*qo5*906*g08*9011 gms
gol*903*905*906*g08*901 *gm7
g02* g04* go7* 1*gm4
g03* g06* g011%
g01* g04* g08* gm3
g04* g05* g011*
goz*q03*qo5*906*g08*9011 gm?
g03*q04*g05*906*go8*901 *gm7
g04x* g05* g08* 1*gm7
g05* g06* g011*
g06* g08* gm7
go7* g011*
g08*g0 gm7
11%
gm3

+

"
+
¥
+
¥
+
+
+
+
+
¥
+
¥

g01l*
g02*
02* g04*
g02*g04* 4%g06*
g01l* g05* g07*
g02* g06* gm3*
g02* g04* g07* gm5
g03* g05* gml*
g01l* g04* g06* gm3
g02* g05* gm3*
g01* g03* g06* gm8
g02* g04* gml*
g02* g04* g08* gm8
g03* g07* gm5*
go1* g04* g08* gm7
g02* g07* gm3*
g01* g03* g08* gm5
g03* g06* gml*
g01* g06* g08* gm5
g02* g07* gma*
g02* g05* g08* gm7
g03* g06* gm2*
g01* g06* g08* gmé
g02* g07* gm3*
g01* g04* g08* gm7
g02* g06* gml*
g01* g06* g08* gm5
g05* g07* gm5*
g06* g08* gm7
g07* gm4 *
gos*gmz*ng
gmé

+

+
+
+
+
+
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+
+
+
+
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+
+
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+
+
+
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g01*
g03*
05*
g01*904*g 5%g06*
g03* g06* g08*
g04* g07* gmé*
g02* g06* g08* gm7
g03* g07* gm3*
g02* g04* g08* gm5
g04* g06* gml*
g03* go5* go8* gms
g04* g06* gm5*
g04* g05* g08* gm7
g05* g06* gm3*
g06* g08* gm7
g07* gm2*
qoa*gm2*9m7
gm3

g01*
03*
gol*g 3*g06*
903*g05*906*g07*g08*
g05* g07* gmé*
g02* g06* g08* gm5 +
g03* g07* gm3*
g02* g05* g08* gméd +
g04* g06* gml*
g03* g06* g08* gmé4 +
g04x g07* gm4*
g06* g08* gm7 +
g07* gm3*
g08* gm5 +
gm2*
gm5 +

§01%g02%g03*
g04*
g01l*gs

m7*

gmé + 90
1*g02*

g04*

g06*

g01l1l*gmS*
gm7 +

g01*
g04x
* g05*
g03*g04* 5*g06*
g04* g05* g08*
g05* g06* gm3*
g02* g06* g08* gm7
g03* g07* gml*
g02* g06* g08* gm7
g05* g07* gml*
g03* g06* g08* gm3
g05* g07* gm4 *
906*g07*g08*gm3*9m5
g08* gm4
gm2*
gmé

+
R

+

g01*
g02*
g0 g0
go§:g°3*goéig°5*901l*
g04* g08* gm7*
qoz*g03*go6*g07*9011*gm4*gm8 +
q02*g04*GO4*q05*g011*gm3*gm5 N Zgl*g02*go
ggl*g°4*385*q°7*3811*Gm7*gm5 * 905*903*goz:g°7*9011
g02* 6+ 11% gm8 *g0 g0 *
g03* g08* gm3* + g0 2*g0 6*g0 gm5*
g03* g06* g011* gm8 g02*g0 6%g0 11* gm8 +
g04x g08* gm5* + g0 3*g0 8*g0 gm5* g01*
g04* g06* g011* gm7 2%g0 4*g0 11* gm7 + g02*
g05* g08* gm5* + g0 4*g0 7*g0 gmsS* g02* g04*
g01* go6* g011% gm7 g01*g0 5%g0 11* gm7 + g04* g08*
g02* g08* gm5* + g0 5%g0 8*g0 gm5* g01* g05* g011*
g02* g04* g011* gm7 g02*g0 6%g0 11* gm8 + g03* g06* gm5*
g04* g06* gm3* + g0 5*%g0 8*g0 gm3* g02* go6* g011* gm?7
g02* g06* gm3* gm7 3*g0 6*g0 11* gm7 + g03* gog* gm3* +
g03* g07* gm5* + 5%G0 8*g0 gm4* g02* g04* g011* gm7
go1* g04* gml* gm7 g04*g0 g06*g0 11* gm?7 + g04* go8+ gma* +
g02* g06* gm3* + g02 g06*g0 8*g0 gm3* g01* g07* g011* gm7
g02* g04* gml* gm5 + *g03* 7*g0 11% gm7 + g06* g08* gm5* +
g03* g05* gm5* g01* g04* 8*g0 gm4* g02* g07* g011* gm7
g02* g04* gm3* gm8 g02* g06* 11% gm7 + go6* go8* gm3* +
g04* g05* gm7* + g02 g04x* gml* gm3* g03* go7* g011* gm5
go1* g05* gml* gm8 *g04 g06* gm5* gm5 + go6* go8* gmd* +
g02* g07* gm7* + g01* *g05* gm3* gm7 g05* g07* g011* gm5
g02* g04~* gml* gm8 g02* g06* gm5* + g0 goe6* g08* gm3* *
g04* g06* gm3* + g02* g0ax* gml* gm8 g02*g0 g07* g011* gm5
g02* g06* gm3* gm8 + g03* g07* gm3* + g0 g04*g0 g08* gm4* +
g05* g07* gm7* g02* g04x* gm3* gm8 g01*g0 5*g0 g011* gm5
g01* g06* gml* gm8 g04* g07* gm5* + g0 g03*g0 6*q) gm3* +
§02* g08* gm3* + g0l §05* gm1* gm8 g01*g0 906*g0 ml*g gmd
g01* g0o6* gml* gm8 *g03 G08* gm5* + g02*g0 8*g; m3*gm +
g06* g08* gm3* + g0 *g06* gnmi* gm8 g01*g0 g03*g0 m2*gm 7+
go1* g07* gma* gm? 1%g02* go8* gm3* + g02*g0 4%gm 4*gm
g03* g08* gm5* + g02* g06* gm2* gm? g02*g0 4*g0 5%gm 5 +
go1* g06* gm2* gm7 + g06* g08* gma* + g0 g03*g0 8*gm 7*gm
g06* g08* gma* go1 g07* gm3* gm7 g02*g0 4*g0 3*gm! 8 +
g03* g0o7* gmé* gm5 *g04 g08* gm5* + g04*g0 8*g 5*gm
g06* g08* gm5* + g02 *g06* gml* gm7 g02*g0 g07*g0 ml*g: 7+
g05+ g07* gm3* gm7 *g03 g08+ gm3* + g03*g0 8*g mS5 *gm
g06* g08* gma* + g0 *q04* gm2* gm5 g02* g04*g0 ml*gm 7+
g02* g07* gm1* gm5 1%g04* g08* gm5* + g03*g0 6%gm 3*gm
g05* g08* gmé * + g03* g06* gml* gm7 g01*g0 6*g0 1*gm 5+
g03* g06* gml* gm5 + g04* §08* gm7* + g0 2*g0 8*gm 7*gm
g05* g08* gm3* 404 g06* gm3* gm8 g01*g0 4*g0 1*gm 8 +
g04* g06* gm3* gmd + *gO5* g08* gm5* + g0 905*g0 8*gm 5*gm
g06* g08* gmé* 502 506* gml* gm7 g02*g0 g06*g0 3*gm 7+
g07* gm2* gm7 *g03 g08* gm5* + g04*g0 g08* 7*gm
g08* gmé4 * + g0 *g06 gm1* gm7 g01* g07*g0 gm2*g! 8 +
gm2* gm7 2*g0 *g08 gm3* + g05* gos* md*g;
gm3* + 6% * g g03* g06* gml* m7 +
gm5 + g03*906*g07*908*gm4*gm5* m7 + go4*q05*q06*g08*gm3*gm3*gm8
g05*g0 g07*g0 gm3*g; gm7 + g06* g08* gmé* +
g06*g07* OB*ng*gm4*gm5 N gog*g04*g07*g08*gm1*gm4*gm7 +
E 8*gm2*g$§igm5 + 383*g04*386*g08*g$1*gm3*g$; N
gmd + 4%g05* 6%g08* 3*gm5* +
g01* 06+ gm2* ogm7 +
g02* g08* gm5*
g04* gm2* gm7 +
g011* gm3*gm
gmS*gm7* 7+
gm8 +

g02*
g04*
go2*goj*906*g01
g02* go7* 1*gm3*
g0e6* g011* gm5*
g05* g08* gm3* gm7 +
g06* g011* gm5* g02*
gog* gm3* gm8 + g03*
g0l11* gm5* g0 g04*
gm3*g g7 + 2%g04* g011*
m4*gm7 g03* g08*g0 gm5*
+ g06* g011~* gm7*
g06* g08*g0 gm3* gm8

g07*g0 g011* gm5*
g08*g0 gm4* gm7

g011* gm5*
gm3* gm7

gm4 *
gm5

T

g02*

+ g04*
0

5 ggi:goe*gogzq01l*gm

g06*908*g011*gm3*gm7*gm8

goll*gmgigm5*gm7 +

gm5* +

gm7 +

n
g0
2*g04*g06*
gm
1*gm3*gmS*
an7 +

g02*
g04*
g02+ 4*g06*
g04x gml*
g02* g05* gm3*
g04* gml* gm5*
g02* g06* gm3* gm8 +
g04* gml* gm7* g01*
g04* g08* gm3* gm8 + g02*
g06* gml* gm7* g02* g04x
g02* g08* gm3*g gm8 + g04ax gm3*
g06* gml* m7*g g02* g07* gm5*
g05*g0 g08* gm3*gm m8 + g06* gml* gm7*
g06*g0 gm3* 5*gm g01% g08* gm3* gm8 +
e 8*9m2*3m4*9m5*g 7+ g05*g06*g08*gm1*gm3*gm5*gm8 N g02%g03
m3* m7 g0 gm3* gm5* *
gmé4 * + g0 6*g0 gm gm7 g02* g04*
gm?7 3%g0 8*gm 4%q + g04+* gml*
* * m5*

+ goe* 6*g08* 1*gm3*q 5*gm7 + gol*go6*g08*gm1*gm5*gm7*
g07*g0 gm2* m4 *g; g03* g08* gm3* gm8 +

go8* gm4 *g; m7 + g06* gm2* gm5*
gm2*gi m5*gm g06* g08* gmé4* gm7 +

m3*gm 7+ g07* gml* gm5*
4*gm g04* g08* gma* gm7 +

5 + g06* gml* gm5*
g02* g08* gm3* gm7 +

g04* gm2* gmé *
g011* gm3* gm5 +

gm3*gm5gm5*gm7

gm7* +
gm8 +

g06*
g06*ggg:go11*qm
CL*qg0 gm2* 3*gmd*
g0l1l~* gm3* gm5*
CL* go2* gm4 * gm7
g01* g03* gm5* +
cL* g02* g04* gm7 g02*g0
g01* g04* g06* + CcL* g04*g
CL* g02* g05* g07*s g01* ml*g
CL*gol*903*g04*g05*g06*907* + CL*901g02*gO3T3*gm5*g
g01* g04* g07* s + *g0 g04* m7*
cL* g02* g05* go08* CL*g0 g02*g0 g05* gms +
go1* g03* g07* s + g01*g0 3*g0 g06* g06*
cL* g02* g06* g08* CL*g0 g02*g0 5%g0 s + g08*
go1* g05* g07* s + g02*g0 3%g0 6*g0 cL* gml*
CcL* g02* g06* g011* CL*g0 3*g0 5%g0 T*s g01* gm3*
g02* g05* g07* s + g02*g0 4%g0 7*g0 + CL* g02* gmé*
cL* g03* g07* g011* cL* g03*g0 5%g0 8*s g01* go3* gm5*
g03* g05* g08* s + go1* g04*g0 6*g0 + CL* g02* g04* gm7
g04* g06* g011* cL* g03* 5%g0 T*s go1* g03* g05* +
g05* g07* s + go1* g04*g0 7%g08 + CL* g03* g04* g08*s
go6*g07*g011*s N CL*gol*g°3*gO4*g 5%g06 *s + CL*gOl*g02*g04*g05*go7*908* *
G0ll*s + CL*gO1*g03*904*g05*908*9811*5 ; Cgo1*g02*g03*g05*g06*q07*s +
CL* g04* g07* g011* L* g03* g06* s +
g03* g05* go8* s + g01* g05* g01
90 g0 g01 CL* g02* 1*
4*g05*90;:g08*9011is + cL*ggl*903*333*9038259011*2 :
908*9011*5 + cL*g 1%g04* 4*g06* 08*9011*
s + g02* g05* g07*g0 s
CL* g03* g06* g011*
g0l* g05* g07*g0 s
g02* g07* g011*
903*904*g08*g01 s
g06* 1*s
gm5*s +

o+

CL*
g01*
CL* g02*
03*
CL*gol*goz*g 3*g05*
g01* g03* g06*
CL* g02* g04+* gméd*s
g01* g03* g06*
CL* g02* g06* gm7*s
g02* g03* g07*
CL* g03* g05%* gméd*s
g01* g05* g06*
CL* g02* g06* gm7*s
g01* g03* g07*
CL* g02* g07* gml*s
golx g05% g08*
CL* g02* g06* gmd*s
g01* g03* g07*
CL* g02* g05%* gmé*s
g01* g05* g07*
CL* g03* go7* gm8*s
g03* g05* g08*
CcL* g04* g06* gm3*s
g01* g05* g07*
CL*g02 902*g04*g06*g07*gm4*s
*
CL* g03* g07* gml*s
g02* g04* g08*
CL* g04* g05*g0 gm5*s
g01* g05* g06*
g03* go6* gm7*s
g04x g07*
g05* gm3*s
g07*
gm8*s

+
+
+
+
+
+
4+
+
+
+
+
+

CL*
Lo
go1* g04*
CL* g02* g05*
go1* g03* g06*
CL* g03* g04* gm2*s
g01* g04* g08*
CL* g02* g05* gmb5*s
g01* g03* g08*
CL* g02* g06* gm2*s
g01* g03* g07*
g02* g04* gm5*s
g04* g07*
g05* gm8*s
g06*
gm7*s

CL*
01*
g01*g03*n
g04*

g07*

g08*

gm2*s +

CL*

g01*

1%g04*

g05*

g06*

g07*

gm2*s +

CL*
g01*
CL* g02*
03*
cL*gol*gO3*g 3*g05*
go1* g04* g08*
CL* g04* g05* gm7*s
g01* g05* g06*
CL* g02* g06* gm7*s
g01* g04* g07*
CcL* g02* g05* gm3*s
g02* g05* g07*
CL* g03* g07* gm8*s
g03* g04* g08*
CL* g04* g06* gméd*s
g01* g05* g07*
g03+ g06* gm5*s
904*g05*907*gm2*
g08* s
gmms

+

¥
¥
¥
¥
+

¥
¥
¥
¥
¥
¥
¥
¥
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g01*
CL* g02*
cL*gol*qOZ*gO3*904*
g0l* g03* g05*
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g01l* g05* g07*
CL* g02* g06* gm2*s
g01* g03* g07*
g02* g04* gm3*s
g04*g06*908*gm7*
g07* s
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CL*
g01*
CL* g02*
*
CL*gol*gO3*gO3 g07*
g02* g04* g08*
CcL* g03* g06* gm5*s
g01* g05* g07*
CL* g02* g07* gm5*s
g01* g04* g08*
CL* g04x* g05* gml*s
g02* g05* g08*
g03* g07* gm7*s
905*906*gog*gm2*
g07* s
gmd*s

CL*
g0l*g02*
g03*

g06*

g011*

gm5*s +

CL*
g0l*
G03*g04a*
g07*g08*

gm5*s

+

+
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+
.
¥
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CL*
g01*
EiigOZ*ggiig%*m
902*g03*904*g05*908*gm4*
go5*gO7*gO7*gms*s

g08* s

gmd*s

+ CL*
+ g01*
+ cLrgoargnargndgos:
g02*904*g04*905*g08*gm3*
g05*907*g08*gm7*s +
g08* s +
gm3*s
+

CL*

g03*
C g0

ciigoZ*gogig%*gw*

q03*q04*904*g07*GO8*gm1*

905*q07*q08*gm5*s +

g08* s +

gm2*s
+

CL*
g01*
CL* g02*
03*
CL*901*903*9 3%g05*
g01* g04* g011%
CL* g02* g06* gm8*
go1* g03* G011* s
CL* g03* g08* gm5*
g0l1* g04* g011* s
cL* g03* g05* qm7*
g01l* g05* g011% s
cL* g02* g08* gm8 *
g01* g05* g011% s
CL* g03* g08* gma*
g01* g04* g011* s
CL* g04* g08* gm7*
g02* g06* g011* s
CL* g03* g07* gm7*
g01* g06* g011% s
CL* g04* gQ07* gm5*
g02* g05* g011* s
CL* g03* g08* gm5*
g02* g05* G011* s
cL* g05* g07* gm7*
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CL* g02* gm3* gm8* L* 6% gmé * CL* g07*
go1* gma* gm5* s g02* gm2* gms gm8*s L*g0 7*g0
CL*g03 g07*gm2 gm5*gm7 gm7*s CL*g02*903*gm1*gm4*gm5**gm8*s CL*go4*g07*goll*gm4*
CL*g0 *905*gm2*gm4*gm *gm8*s CL*gO5*gOg*gml*Gms*gm7*qm7*s + CL*gozi*go8*g011*9m3*gm5*9m8*
CL*gOG*gO7*gm *gm4*gm5*gm8*s CL*gO1*906*gm1*gm3*gm5*gmg*s g06*gmlll*gm3*gm5*9mg*s
CL* 1*g05* 2*gm3* 5*gm7* CL* g04* gm3* gm7* *gm3* gm4*gm s
g03* gm3* gm4* s g01* gm2* gm4 * s gm5* T*s
CL* g04* gm4 * gm5* CL* g08* gm5* gm7* gm7*
g03* gml* gm7* s g04~* gm2* gm7* s s +
CL* g08* gm5* gmg* CL* g06* gmé * gm8*
CL*gO4*908*gml*9m4*gm7*gmg*s CL*gO1*903*gm2*gm3*gm5*gm7*s
g07* gml* gm5* s g01* gmé* gm5* s
CL* g08* gm3* gm7* CL* g07* gm5* gm7*
C g02*g0 gml*gm gmS*gm S CL*gO3*g05*gm3*gm4*gm7*gm8*s
L*g03* 5*gm3* 3*gma* T*s g04* gml* gm5* s
CL* g04* gmé* gm5* CL* g05* gmé * gm8*
CL*gOS*QOS*gmz*gms*gm7*gmg*s CL*905*g07*gm1*gm3*9m7*gm8*s
CL*gO4*908*gm2*gm4 gn7*gm s cL*goz*q03*gm1*gm3*gm7*gmg*s
go7* gm2* *gm5* 8*s g02* gma* gmé* s
CL*g0 g08*gm: gm3*gm gm7*s CL*gO3*907*gm3*gm5*gm7*gm8*s
SLageian 2*gm3* 5*gm7* e gma* qmg*
g05* gm3* gm4* s g04* gm2* gm5* s
CL*g02 g011* gmé4* gm5*s CL*gO5*905*gm2*gm4*gm7*gm8*s
cL* *gml* gm3*gm gms*g cL* g07* gm3* gm8*
go6* gm3* 4%gm7* m7*s + g01* gm2* gm7* s
CL*qO4*gm2*gm3*gm5*gm7* gm8*s CL*go3g01l*gm4gm3*gm4*gm8*s
CL*gog*gml*gm3*Gm4*ng*gmg*s * cL*g07*goll* gm5*gm79m8*s CL*g04*
CL*g04 gml*gm3 gm5*gm7 gm7*s CL*g06* gOll*gm4*gm5* *gm8*s CL*gO5*gO7*gm2*
cL* *gm2* *gmax *gm8* CL* gml* gm3*gm4 gm7*gm + CL* g08* gm3*
g0o8* gm3* gm5* s g01* gm3* *gm5* 8*s g02* gm2* gm5*
CL*gm2 gm2*gm gm5*gm gm7*s cL*g05*gm3*qm4*gm4*gm5* gm8* + CL*g0 g011*g gm3*gm4*9m8*s
Vinp* *gm3*gm3*qm4*gm7*gmg*s CL*g02*gm1*gm3*gm5*gm7*9m7*s s + CL*go4*g011*m3*gm5* an7s +
vin g02*g0 4*gm5* 5*gm7* cL* gm3* gma* gms* cL 8%g01 gm3*gm gm7*gm8 *
p*g0 3*g0 gm7* s g05* gm4* gm7* s go1* 1*gm 5*gm s +
+ Vi 2%g0 7*g01 gm8* CL* gm2* gm5* gm8* CL*g0 gm2*g; 3*gma* 7*gm8*
X * P, * s
v inp*g0 3*g04* 1*gml* s))*V g01l*g gm3*gm4*gm7*gmg*s cL* 3*gml* ma*gm5* gm5* ¥
v}np*g02*3*go4*gogm1*gm7* gm8~2 inn + (VTB*gm4*gm5gm7*gm8 s CL*gO7*9m1*gm4*qm5*gm7*gmggm7*s N
in g0 * gm8” Vi np* * * s
Vinp:g03*go;:goll*qgml*gmz*s 2+ vi;np*903§ 902*g03fm7*gm8f cL*gggigmz*ggj:gm4*g$;*Gms*s *
e 902*g03*90ll*gmiigm3*gﬁg8A2 + V?*goz*gggf*907*ggo4*go7f + cL*gmlgmz*ng*Gm5*gm7:gmg*s
~ 1 *
gml*gmd* gm4*gm8A2 + Vinng*QOZ*gog07*gm11l*gm1*gm1*gm8A2 gm3*gm4%m4*gm5*9m8*s
gm7*gm8” 2+ ving g03* 3*%g01 gma* meeas gms* gmB*s
872 + 7inp*g0 §04%g0 1*gml* gm8 2 + gm7*gm8
Vinp* 4*g07* 11*gml* gm7*g Vinp* *s +
902*90 go11* gm7* mg"2 + g02*
4%*gm gml* gm8~ g04*
1*gm gm3* 2+ g07*
3xgm7* gm8~2 + gml*gm3*
gm8~2 + Vi gm8~2
inp*g02*
g07*g
ml*
gm3*g;
m4*gm8 "
2

+
+
s
+
+

CL*gO1*
C g02*
L*g02* 2%gm3*
CL* g05* gm5*
g03* gml* gm7*
CL* g06* gm3* gm8*
g06* gml* gm7* s
CL* g07* gmé * gm8*
g01* gml* gm5* s
CL* g05* gm3* gm7*
g02* gm2* gma* s
CL* g06* gmé * gm5*
g05* gm3* gm7* s
CL* g06* gmé* gm8*
g0l* gm2* gm5* s
CL* g04* gm3* gm7*
g01* gm3* gma* s
CL* g08* gm5* gm7*
g03* gm3* gm7* s
CL* g07* gm4 * gm8*
g04* gml* gm5* s
CL* g07* gmé* gm7*
g05* gml* gm5* s
CL* g0g* gm3* gm8 *
g02* gml* gm5* s
CL* g04* gm3* gm8*
g02* gm3* gm4 * s
CL* g08* gm5* gm7*
g03* gm3* gm7* s
g07* gmé* gmg*
gm2* gm5* s
gmé* gm7*
gm5* S
gm8*s

+
+ +
+ +
+
+
++++
+
+ +
+
+
+
+
+
+
+
+
+
+
+
44
+
+
+
+
+

+

+

+ +
+
+
+
P
+
+
+
+
+

+
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¥
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MATLAB Solution Continued 5:

+ Vinp*g03*g04*gml*gm2*gm7*gm8"2 + Vinp*g03*g07*gml*gm2*gmd*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*gm4*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*gm4d*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*gm?7
Vinp*g02*g03*g05*g07*g08*gml*gm4
Vinp*g03*g04*g05*g07*g08*gml*gm2
Vinp*g02*g03*g04*g07*g08*gml*gm8

I

+

Vinp*g02*g03*g05*g06*g011*gml*gm8 + Vinp*g02*g03*g06*g07*g011l*gml*gm8
Vinp*g03*g04*g05*g06*g011l*gml*gm8 + Vinp*g02*g03*g07*g08*g011*gml*gm8
Vinp*g03*g04*g06*g07*g011*gml*gm8 + Vinp*g03*g04*g07*g08*g011*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*gmé*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*gm4*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 i T A e

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

Vinp*g02*g03*g06*g011*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*g01l*gml*gm3*gm8
Vinp*g02*g04*g06*gml*gm3*gm5*gm7 +
Vinp*g02*g06*g07*gml*gm3*gm4*gm5
Vinp*g03*g05*g06*gml*gm2*gm4*gm?7
Vinp*g04*g05*g06*gml*gm2*gm3*gm7
Vinp*g05*g06*g07*gml*gm2*gm3*gm4é
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*gm4*gm5
Vinp*g03*g04*g07*gml*gm2*gm5*gm8
Vinp*g03*g05*g07*gml*gm2*gm4 *gm8
Vinp*g03*g07*g08*gml*gm2*gm4*gm5
Vinp*g04*g05*g08*gml*gm2*gm3*gm7
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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MATL
AB
Solution Conti
nued 6:

Vin
p*g0
Vin 6%g07*
p*g04* g01
g08* 1*gml*
g011* gm3*
gml* gmé*
gm3*gm7*gm8 + Vino*
m8 + Vin§*g03*908*
g07* g011*
g08* gml*
g011* gm4*
gml* gm7*
gm3* gm8
gm4 * +
gm8 +

Vi
np*
Vlnp*goz*gOG*
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* gmé* 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* 11*gm

g011* 1*gm3*

gml* gm4 *

gm3* gm5*

gm4*gm7*gm8 + Vin

gm8 + Vin§:g06*9011

go6* *gml*

gml* gm3*

gm2* gm4*

gm3* gm7*

gm4* gm8
gm5* +
gm7 +

Vinp*
Vi g06*
v12p1q03*321:gm2*gm3*
Vlnp*go5*gm1*gm2*9m4*gm4*gm5*
Vlnp*QOS*gml*gmz*gm3*9m5*gm7*Qms
P qoa*gml*gm2*9m3*gm4*gm7*gmg
gm2*9m3*gm4*Gm5*gm8
% gm7* m7

gm8

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥

¥
¥
¥
¥
¥

Vi
np*
Vlnp*go3*906*
Vi g05* gml*
lnp*g02*906*gml*gm2*gm4*
Vinp* g06* gm2* gm5*
Vi g04* gml* gm3* gm7 +
inp* g06* gm3* gmé *
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* gm4 * gm8
inp* g05* gm3* gm7*
Vi g03* gml* gmé * gm8
inp* g08* gm2* gm5*
Vi g04* gml* gmé * gm7
inp* g07* gm2* gm7*
vi g05* gml* gmé * gm8
inp* g07* gm2* gm5*
Vi g07* gml* gm3* gm7
inp* g08* gm2* gm5*
Vi g03* gml* gm3* gm8
inp* g06* gm2* gmé4 *
Vi g06* gml* gm3* gm8
inp* g07* gm2* gm4 *
Vi g03* gml* gmé4 * gm5
inp* g08* gm2* gm7*
g07* gml* gm3* gm8
g08* gm2* gm4 *
gml* gmé4* gm8
gm2* gm7*
gm3* gm8
gm4*
gm8 +

+
+
+
+
+
.
+
+
¥
+
¥

Vinp*
Vin *gOZ*Qm *
Ving*go4*gmi*gm3*gm4*
Vinp*go7*gml*gmz*gm3*gm5*gm7*
Vinp*go6*gm1*gmz*gm3*gm5*gm7*gm8 +
gml*gmz*gmz*gm3*gm4*gm5*9m8 +
gm3*gm4*gmg*gm7*gm2 +
mS*gm7* m8 +
gm8)

/

(g01*
g02*
g02* g03*
qoz*g03*904* 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 gm7* + g02*
g01*g0 g04*g0 906*g0 9011 + g01%g02* 3xg04x gn8"2 + 902*g03* §04%g07*
gol*go§:g°4*gog:g06*qo;:gos + 9301*902*283*905%gg*g07*gogo1*902*g04*gm1*gqm3*Gm8A2
g02* g04* g06* g011 1*g02* 3%g0 6*g0 + g0 g03*g0 m7*gm +
g03* g06* go8* + g03* 4%g0 7%g0 g01*g0 4*g0 872
g05* g07* g011 g01* G04* 6*g0 8 + g02*g0 5%g0 +
g06* g08* + go2* g07* 7*g0 g01* g03*g0 6%g0
go7* g011 go2* go3* g08* 11 + g02* g04*g0 7+
g08* + g03* g06* g0 g01* g04x* g06*
0 g02* g04* g07* 11 1 g0 g07*

o gos*g03*q04*go5*go6*%8*@1011+ 901*gggf*g04*gg*906*go7§08 +
g°4*g05*gg5*g07*gg7*goll 903*g05f*g06*g07g08 .
6*907*g0§ig011 906*g08*g808 4
g011 11 +

g01*
g02*
0
301+g02+G 3*g04*
g01* g03* g06*
g03* g04* g07*
g01* g04* g05*g0 gm5
g02* g05* g06*
g01* g03* g06* gm8
g02* g04* g08*
g01* g03* g07* gm2
g03* g04* g08*
901*g02*904*g06*g06*g07*gm5
g01* g03* g07* gm8
g02* g06* g08*
g01* g03* g07* gm2
g02* g04* g08*
g05* g07* gm5
g06* g08*
g07*908*gm8
gmé

+
+
+
+
+
+
+
+
+

g01*
901*g02*904*
901*902*903*g05*q06*
g02* g04* g07*
g01* g03* g06* gm3 +
g02* g04* g08*
g04* g05* gm5
905*907*907*gm8
g08*
gm3

g01*g02* +

g03* +
g04*g06*

g08* +

gm7 +

N
g0l1*
+ g02*
. 901*902*g04*g05*
g01* g05* g07*
* go1*q°4*q05*g06*g07*g08*q01
go2*g0302*903*g06*q07*g08*goli +
* g04* g08* +
3811902*38§iq°5*g0235*906*q°11 +
502 goz*903*905*906*g07*qm%m7 T

*903*904*g04*905*g08*9m4 *
905*g07*908*gm7

g08*
gml

g01* +

g02*g03* N
g06*g07*

g08* +

gmd +

g01*
02%*
g02*g03*
g04*

g06*

g011*

gms + g0
*
1%g02*

g03*

g05*

g06*

g08*

gm7 +

g01*
g02*
0

301+302+5 5%g06*

g01* g04* g07*

g04* g05* g08*

g05* g06* gm3 +
g06*907*g08*gm7

g08* +

gm2 +

g01*
g02*
03*
901*g03*9 3%g04*
g03* g04* g06*
g04* g06* g011*
g02* g05* g07* gm7 +
g03*905*386*907*388*gm5 _g01vg02
6% 8* g01 *g0
g07* gml *g0 3%g0
g08* + g0 3*g0 go4*

gm4 2% 5% g08*
+ 902*903*904*g06*907* g011*gm5

g04* g05* g08*
g05* g06* gmd +

g06* g08*
g07* gm7 +

g08*
gm3 +

g01*
g02*
0
901*g02*g 3%g04*
g01* g04* g07*
g02* g05* g011*
901*g03*904*905*g06*g011 gm8
g02* g04* g07* *gm7
g03* g06* g011*
g01* g04* g08* gm8
g02* g06* g011*
g02* g06* g07* 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*g0 gm3
g05* g07* g011*
g01* g06* g08* 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* gm4*
g01* g03* g08* gm5
g02* g04* gm2*
g02* g04* g07* gmé
g03* g05* gm5*
901*g02*904*g05*908*gm3*gm8
g03* g08* gm7
g04* gml*
g06* gm7
gm7*
gm8

+
+
+
+
+
+
+
+
+
+
+

g01*
02*
gol*g 2*g03*
qol*goz*g04*go4*908*
g02* g06* g011*
g01* g04* g07* gm7
g03* g05* g011*
g02*904*g05*g06*908*901 gm5
qo1*g03*905*g06*903*g011*gm7
g02* g04* g07* 1*gm4
g03* g06* g011*
g01* g04* g08* gm3
g04* g05* g011*
g02* g05* g08* gm7
g03* g06* g011*
g03* g05* g08* gm7
g04* g06* g011*
g04* g05* g08* gm7
g05* g06* g011*
g01*g02* g06*g0 g08*g01 gm7
goz*g04*g04*goez*g08*9011*gm7
07* *
901*902*g05*g06*g 7T*gm3* gm3
g02* g04* g07* gm5 +
g03* g05* gml*
g01* g04* g06* gm3 +
g02* g05* gm3*
g01* g03* g06* gm8 +
g02* g04* gml*
g02* g04* g08* gm8 +
g03* g07* gm5*
g01* g04* g08* gm7 +
g02* g07* gm3*
g03* g08* gm5 +
g06*908*gm1*gm5
gm4 * +
gm7 +

g02*
0
Soi%e 3%g05*
g02* g06*
g01* g04* g07*
g02* g06* g08*
+ gol1* g03*904*g07*908*gm1 +
go1* g03*g04* go5* gm5 +
g04* g05* g011*
g02*903*g05*906* g06*g0 gms +
903*go4*904*go6*q07*gog*8*gm7 N
+ g01* g05* g07*g0 gm3 +
+ g02* g06*g0 g08*gm5
g01* g03* 7xg08* +
+ g02* g06* gm2
g01* g03* g08* +
+ g02* g06* g011*
g02* g04* g08* gm5
+ g03* g07* g011*
g01* g04* g08* gm7
+ g02* g05* g011*
g01* g05* g06* gm5
+ g03* g06* g011*
g02* g06* g08* gm7
+ g03* g07* g011*
g01* g04* g08* gm7
+ g04* g07* g011*
go2* go6* go8* gm4
+ g03* g07* g011*
g03* g06* g08* gm5
+ g04* g07* g011*
g01* g06* g08* gm5
902*goqoz*go3*907*g08*g011*gm5
go1* 3%g04* g°4*g06*g011*gm
g02* g05* gm5* 5
go1* g03* goe* gm7
g03* g04* gml* +
g01* 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*
g01* g05* g07* gm8
g02* g07* gml*
g04* g08* gm8
g06* gml*
g07* gm3
gm3*
gm8

+ +
+
it s+
+
+
+

+
+
.
+
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Solution Conti
nued 7:

g01*
g03*
gol*q02*904*q06*
go2* g03* g08*
g03* g06* gm2*
g01* g05* g08* gm7
g02* g06* gm5*
901*902*903*g04*908*gm1*gm7
g01* g05* g08* gm7
g04* g06* gm7*
g06* g08* gm8
g07* gma*
g08* gm7
gm2*
gm5

g0l1*
§02%g03*
g04*

g011*

gm5*

gm8 +

g01*

g03*

g04*

g06*

g08*g:

m5*

gm7 +

g01*

g03*

g05%g06*

g08*gma*

gm7 +

+
+
¥
+
+
+

g01*g03*
g01* g06*
02* g07*
q02*g 2%g05* 7%g08*
g03* g06* gm2*
g01* g06* g08* gmé
g02* g07* gm3*
g01* g04* g08* gm7
g02* g06* gml*
g01* g06* g08* gm5
g05* g07* gm5*
goe*g07*908*gm4*gm7
g08* gm5
gm2*
gm4

+
+
+
+
+
+

g02*
g03*
g01* g04*
g0
902*g02*906* 607+
g05* g07* gml*
gol*goz*g06*g07*g08*gm3*gm8
g01*904*g04*907*g08*gm1*gm5
g02* g05* g08* gm3
g03* g06* gm3*
g04* g08* gm8
g07* gm2*
GO8*gml*9m7
gm8

+
P
+

g01*
g03*
g01* g06*
05%* g07*
q03*g 5%g06* T*g08*
g05* g07* gm4 *
g02* g06* g08* gm5 +
g03* g07* gm3* g01*
g02* g05* g08* gmd + g04*
g04* g06* gml* g03* G05*
g03* g06* g08* gmé4 + g04* g06*
g04* 907+ gmé* *g04*g05* 508*
90 g08* gm7 g0 gm
6*g0 gm + g05* 6%q0 3*gm
7%g0 3*gm5 g02* g06*g0 g08*gs 7+
8*gm2*gms * 902*383*g06*go;*908*g$1*9m7 + g0L+g0avs0
+ 5%g0 * * g03* g06*
* g08* gm3 07%
g03*g05*qo§*907*go§*gm4*gm5 : 902*382*906*303*908*gm3*
907* gn3*g + g02* *g04* g08* gm5 +

go8* md + go4* g06* gml*
gm2*gm g03* g05* g08* gm5 +

4+ g04* g06* gm5*
g04* g05* g08* gm7 +

g05* g06* gm3*
g06* g08* gm7 +

g07* gm2*
g08* gm7 +

gm2*
gm3 +

g01*
g02*
g03*
g01*g02* 3*g04*
g02* g04* g011*
g03* g07* gm7*
g01* e g011* gm8
g02* g06*g0 gm5*
g02* g06* g011* gm8
g03* g08* gm5*
goz*904*904*907*g011*gm5*gm7
g0l1* g05* g011* gm7
g05* g08*g0 gm5*
g02* g06* g011* gm8
g05* g08* gm3*
g03* g06* g011* gm7
g05* g08*g0 gm4*
g04* g06* g011* gm7
g06* g08*g0 gm3*
g07*908*g 11*gm4*gm7
goll*gm3*9m7
gm5

g02*
g03*
901*902*g04*g06*
g02* g04* gml*
g04* g06* gm5*
g01* g05* gm3* gm7 +
g02* g06* gm5* g02*
g02* g04* gml* gm8 + g04*
g03* g07* gm3* g01* g05*
g02* g04* gm3* gm8 + g03* g06*
g04* g07* gm5*g; g01* g06* gml*
g01* g05* gml* m8 + g02* g08* gm3*
g03* g08* gm5* go1* g03* gm2* gm7 +
g01* g06* gml* gmg + g02* g04x* gm4 * g02*
g02* g08* gm3*g g02* g04* gm5* gm5 + g04*
g02*q06*906*908*gm2*gm4* n7 o+ goZ*gO3*g04*g08*gm3*gm7*gm8 g02*g0 g06*g07*
901*g04*907*g08*9m3*gm5*gm7 + 402 904*g07*908*gm1*gm5*gm7 * gol*g03*904*906*gm1*gm3*
902*go3*g06*g08*gml*gm3*gm7 N gozzgo3*904*908*gm1*gm5*gm7 + g02*g02*g04*gOS*gml*ng*gm5 +
qo1*904*g04*908*gm2*gm5*gm5 + g0l go3*@06*go6*gm1*gm3*gm5 N goz*gOB*g04*g05*gm3*gm7*gm8 +
903*904*906*gos*gm1*gm7*gm7 * goligoz*qo4*g08*gm1*gm7*gm8 : 901*go4*g05*g07*gml*Qm7*gm8 +
g°4*g05*g06*gos*gm3*gm5*gm8 + g02*go5*go6*g08*gm3*gm5*gm7 : g02*goz*go4*g06*gml*gm3*gm8 *
gOZ*gOB*go6*g08*Qm1*gm5*9m7 + gol*g°4*go7*908*gm2*gm7*gms + goZ*go4*g06*gO7*gm3*gm7*gm8 N
902*906*906*g08*9m1*gm3*9m7 + 403 905*q06*908*gm1*gm4*gm7 + gol*gog*g06*gog*gml*gm3*gms +
go3*906*g07*908*gm4*gm5*gm7 * gO41905*906*908*9m3*gm3*9m8 *+ g01*g0 *g06*gog*gml*gm3*gm8 +
g05*g06*907*g08*gm3*gm4*gm7 + goZ*gO6*g07*g08*gm1*gm4*gm7 + gol*g06*g07*g08*gm4*gm5*9m7 N
g07*g08*gm2*9m4*gm5 + go3*go4*q06*g08*gm1*gm4*qm7 N gol*go3*906*gog*ng*Qm4*gm7 +
gmz*gm3*9m5 + g04*904*g06*g08*gm3*gm3*gm5 + 903*906*g07*g08*gm4*gm5*gm5 N
gmd + 905+ g08* gms* + gO5* 6%g07* gm3* gm7 +
g01* g06* gm2* gm7 + g06* g08* gmé*
g02* g08* gm5* g02* g07* gml* gm5 +
g04* gm2* gm7 + g05* go8* gm4*
g011* gm3*g: g03* g06* gml* gm5 +
gm5* m7 + g05* g08* gm3*
gm7* g04* g06* gm3* gmd +
gm8 + g06* g08* gm4 *
g02* g07* gm2* gm7 +
g04* g08* gmé*
g06*g019m2*gm3*gm7 +
1*gm3*g) gm5 +
m5*g
m7 +

+
+
+

P
+
+
+

g01*
g02*
0 g04*
g01*g02* 4%g06*
g02* g04* g011*
g04* g08* gm5*
g01* g05* g011* gm7
g03* g06* gm5*
g02* go6* G011% gm?7
g03* g08* gm3*
g02* g04* g011* gm7
g04* g08*g0 gm4*
g01* g07* g011* gm7
g06* g08* gm5*
g02* g0o7* g011* gm7
g06* g08*g0 gm3*
g03* g07* g011* gm5
g06* g08+*g0 gmé*
g05* g07* g011* gm5
g06* g08*g0 gm3*
g07*908*g 11*gm4*gm5
goll*gm3*gm5
gm4

¥
¥
¥
¥
¥
¥
¥
¥
¥

+

g01*
g02*
g01* g04*
* g05*
902*g°3 G06* SxgOL1*
g04* g08* gm7*
g02* g06* g011* gm8
g03* g07* gma*
g02* g04ax* g011* gm5
g04* g05* gm3*
g01* g05*g0 g011* gm5
g04* g07*g0 gm7*
g02* g06* g011* gm8
g03* g08*g0 gm3*
g03* g06* g011* gm8
g04* g08*g0 gm5*
g04* g06* g0l11* gm7
g05* g08*g0 gm5*
g01* g06* g011* gm7
g02* g08*g0 gm5*
g04* g011* gm7
g06* gm3*
gm3* gm7
gm5*
gm7 +

+ +
4

PR
+
+

g02*
g03*
02* g04*
303*904*go§*9011*gm5*
g06* g011* gm7*
g08* gm3* gm8 +
g011* gm5* G02*
gmé* gm7 + g04*
gm5*g; g01* g05*
m7 + go6* g011*
g04* g08*g0 gm3*
g06* g011* gm7*
g08* gmé4* gm8 +
g011* gm5* g02%
gm3* gm7 + g04*
gm5*g) g02* g07*
m7 + g06* g011*
g05* g08*g0 gm3*
g06* g011* gm5*
gos* gm3* gm8 +
g011* gm5*
gm3* gm7 +
gmé4*
gm7 +

*
g06*g07*g08*
g011*

gm3*

gma*

gm5 +

g02*

g04*

g06*

gml*

gm3*gm5*

gm7 +

g02*

g04*

g06*

gml*

gm3*

gm5*

gm8 +

g01*g02*
02* g04*
g02*g04x 4*gm3*
g02* g07* gm5*
g06* gml* gm7*
g01* g08* gm3* gm8 +
g06* gml* gm5*gi g02*
g05* g08* gm3*g; m8 + g03*
g06* gm3* m5*g) g02* g04*
g03* g08* gm4 * m7 + g04* gml*
g06* gml* gm5* go1* g08* gm5*
g06* g08* gm3* gm7 + g06* gm1* gm7*
g07* gm2* gm4*g g03* g08* gm3* gm8 +
g02* g08* gmé* m7 + G06* gm2* gm5* G02%
g04x gm2* gm5*g; g06* g08* gma* gm7 + g04*
gml* gm3*g; m7 + g07* gml* g5 G02+ 505+
gm3* md*gm go4* gog+ gma* an7 + G0ax om1*
gmS*g 5 + g06* gml* gm5* §02% 506* gm3*
m7*g g02* g08* gm3* gm7 + g04* gml* gm7*
m8 + g04* gm2* gmd*g g04* G08* gm3* gns +
g06* g011* gm3* m5 + g06* gm1* gm7*
g08* gm3* gm5*g g02* G08* gm3* gn8 +
gmlx gm5* m7 + g06* gml* gm7*
gm3* gm7* g05* g08* gm3* om8 +
gmd > gm8 + go6* gm3* gm5*
gm5*g 06+ g08* gmd* gm7 +
m7 + g08* gm2* gm5*
g06* g011* gm3* gm7 +
go8* gm3* gm4 *
gm2* gmé* gm7 +
gm3* gm5*
gmé*gmS* gm7 +
gm7 +

CL*

g01*
0

CL*gOl*gogigo3*go4*

903*905*905*906*

g06* s

g07*s

CL*
g01*
EL*901*382*903*904*
L*g01* *g03* g05%*
g03* g04* g08*s
g04*905*g07*908*
g06* s
g07*
El

+C
T*
+ g01*
+ cL*gol*g02*903*
CL* g02* g04*
g01* g04* g06*g0
g02* g05* g07*s
g04*905*g06*907* +
g07* s +

g08*
s +

CL*
g02*
CL* g03*
g02* g04*
CL*gol*go3*904*go5*906*
CL*qol*gO3*g04*905*907*g°7*s
CL* g03* g05% g08*s
g01* go4* g06*
g03* g05* g011*
g04* g08* s +
g07* g0l11*
g08* s +
g01l*s
4
I
4

CL*
g01*
CL* g02*
g01* g03*
cT* 502+ 405%g0
g01* g03*g0 §06*g01
SL*gol*ggg*go3*gg;fos*901i:s + CL*
cL*gol*go *g04*g06*g°8*gol s+ CL*gOl*gO3*
ciigoz*gogigo5*qoe*g°7*qoliis + ch°1*902*38§*g05*g07
g01* g05* g07* s + g01* *g06* <G08
0 g0 901 cL* g02% 6 s
o 2*903*g021g08*q01115 + CL*gO1*@02*g05*g06303*9011*s+
g06*gm5*ss + cL*38§*903*3821g07*gogigo11*S*
' CL*GO1**304*g05*g06*q07*g011*s
g02* g06* g011*
g03* g07* s
g05* g01
g06* 1*s
gméd*s
L

CL*
g01*g02*
g03* n
g05*g07* +
g08*s +
+
+

CL*

g01*
g0

CL*gO3*903:gO5*907*

go5*907*g88*9011*

g08* s

g0l11*

S

s

CL*
g01*
0
251901*3021904*905*
0 g0
cL*gg%*903*302:904*gog:gm2*5
CL*gO1:g02*903*g05*g08*gm5*s
CL*gO1*902*g03*906*g07*Qm2*s
CL*g01*902*g04*904*g07*gm5*5
CL* g03* g05* gm8*s
g01* g04* g06*
g02* g07* gm7*s
903*905*908*gm2*
g08*g s
m7*s

CL*
CL*ggi:gOZ*gOS*
0
CL*gol*g02*903*g 4%g05*
CL*gol*gO3*g04*905*g08*gm8*s
CL*qg01 GO2*g05*906*g07*gm4*s
cL*gO11902*g03*g06*g07*gm2*5
CL*QO1*g02*904*g04*908*gm3*s
CL* g04* g06* gm7*s
g01* g05* g07*
g02* g06* gm5*s
903*g07*907*gm2*
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Zoom in to look at a few terms

Vinp*g06¥g07*g011*gml *gm3*gmd*gm8 + Vinp*g03*g08+g011*gml*gnd*gn7*gms +
Vinp*g04+g08*g011*gml *gn3*gn7*gmg + Vinp*g07+g08+g01l*gml*gn3*gma+gms +

Vinp*g02*g06*gml *gm3*gm4 *gm5 *gm7
Vinp*g04*g06*gml *gm2 *gm3*gmS *gm7
Vinp*g06*g07*gml *gm2*gm3*gmd *gm5
Vinp*g03*g06*gml *gm2 *gm4 *gm5 *gm8
Vinp*g05*g06*gml *gm2 *gm3*gmé *gmg
Vinp*g02*g04*gml *gm3*gmS*gm7 *gm8
Vinp*g02*g07+*gml *gm3*gm4*gmS *gm8
Vinp*g03*g04*gml *gm2 *gm5*gm7 *gmg
Vinp*g03*g07*gml *gm2 *gmd *gmS *gm8
Vinp*g04*g05+*gml *gm2*gm3*gm7 *gm8
Vinp*g04*g08+*gml *gm2*gm3*gmS5 *gm7
Vinp*g05*g08*gml *gm2 *gm3*gmé *gm7
Vinp*g02*g06*gml *gm3*gmd *gm7 *gm8
Vinp*g04*g06+*gml *gm2*gm3*gm7 *gms
Vinp*g02*g08+*gml *gm3*gm4*gm7 *gms

+ Vinp*g03*g06*gml *gm2 *gmd *gm5*gm7
+ Vinp*g05+*g06*gml*gm2 *gm3+*gmd * gm?
+ Vinp*g02*g06*gml*gm3*gnd *gms*gm8
+ Vinp*g04*g06*gml *gm2 *gm3*gms*gm8
+ Vinp*g02*g03*gnl*gnd *gns*gn7*gm8
+ Vinp*g02*g05*gml *gm3*gmd *gm7*gm8
+ Vinp*g02*g08*gml*gm3*gnd *gm5*gm7
+ Vinp*g03*g05*gml *gm2 *gmd *gm7*gm8
+ Vinp*g03+g08*gml*gm2*gmd *gm5*gm7
+ Vinp*g04*g0T*gml*gm2 *gm3*gms*gm8
+ Vinp*g05*g0T*gnl*gm2 *gm3*gmd*gm8
+ Vinp*g07+*g08*gnl*gn2*gn3*gnd*gms
+ Vinp*g03+g06*gml*gm2*gmd *gm7 *gm8
+ Vinp*g06*g0T*gml*gm2 *gm3*gmd *gm8
+ Vinp*g03+*g08*gml*gm2*gnd*gm7*gm8

Fh A h bkt

+

Vinp*g04*g08*gml*gm2*gn3*gm7*gmg + Vinp*g07*g08*gml¥gm2*gm3*gmd*gms

Vinp*g06*g011*gml *gm3*gmd*gm5*gm8 + Vinp*g06*g011*gml*gm3*gmd*gm7*gm8 +

Vinp*g08*g011*gml*gm3*gmd*gm7#gm8 + Vinp*g06*gml*gm2*gm3*gmd*gmS*gm7 +
Vinp*g06+gnl+gm2 gm3*gnd s gm5#gns L+ Vinp*g027gmlgn3gmd*gnstgnT*gm8 i

Vinp*g05*gml*gm2*gm3*gmd*gm7*gms + Vinp*g07*gml*gm2*gm3*gmd*gmS*gms +

Vinp*g08*gml*gm2*gm3*gmd*gm5*gm7 + Vinp*g06*gml*gm2*gm3*gmd*gnT*gmd +
Vinp*g08*gml*gm2*gm3*gnd*gm7*gné + Vinp*gml*gm2*gm3*gmd*gmS*gm7*gms)

/

(g01%g02+*g03¥g04*g0T*gmB 2 + gO1#g02+g03*g0a*gnT*gmd 2 + gO1¥g02*g04*g07*gn3*gns 2 +
g02*g03*g04*g07*gml*gm8~2 + g01*g02*g04*gm3*gm7*gm8~2 + g02*g03*g04*gml*gm7*gm8"2 +
g02*g04*g07*gml*gm3*gm8~2 + g02*g04*gml*gm3*gm7*gms~2 + g01*g02*g03*g04*g05*g06*g07 +

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

+ g01%g02%g03*g04*g06*g07*g08 +

g01*g02*g03+*g04*g05+*g08*g011 + g01¥g02#g03¥g04*g06*g0T*g011 + g01*g03+g0d*g05+g06¥g07+g08 +
g02*g03*g04*g05*g06*g0T*g08 + g01*g02*g03*g04*g07+g08*g011 + g01*g02*g03*g05*g06*g08*g011 +
g01%g02*g04+g05*g06#g0T*g011 + g01*g02%g03*g06*g0T*g08*g011 + g01%g02*g04*g05+g0T*g08*g011 +

901*g03*g04*g05+*g06+g08+*g

+ 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+g0T*g08*g011 + g01*g0d*g05*g06*g0T*g0B*g01L +
g02*g03*g05+g06*g0T*g08*g011 + g03*g04*g05+g06+g0T*g0B*g0L1 + g0l*g02*g03*g04*g05*g06*gmT +

g01*g02¥g03+*g04*g06*g0T*gm5 + g01*g02*g04*g05*g06%g07*gm3
g01*g02*g03%g04*g05*g06*gm8 + g01¥g02*g03*g04*g06*g08*gmS
g01*g03*g04*g05*g06*g08*gm2 + g01¥g02*g03*g04*g05*g07*gms
g01%g02+g03%g04+*g07*g08*gm5 + gO1*g02*g04*g05+g07*g08*gm3
g01*G02*g03%g04*g06¥g07+*gm8 + gO1¥g02*g03*g04*g06*g08*gmT

+ g02*g03*g04*g05+*g06*g0T*gml +
+ g01*g02¥g03*g05*g06+g08*gmd +
+ g01*g02*g03*g04*g05*g08*gnT +
+ g02+g03*g04*g05+*g0T*g08*gml +
+ g01*g02*g03*g06+*g0T*g08*amd +

g01*g03*g04*g06*g0T*g08*gm2 + g01*g02*g03*g04*g06%g011%gn5 + g01*g02*g03*g05+g06*g08*gm7 +

g01%g02*g03*g06+g07*g08*gmS + gO1*g02*g05*g06*g0T*g08*gm3
g01*g02¥g03*g04*g07*g08*gm8 + g01*g02*g04*g05*g06*g08*gm7
g01*g02*g05%g06*g07+g08*gmd + gO1*g04*g05*g06*g0T*g08*gm2

+ g02*g03*g05+g06*g07*g0B*gml +
+ g01%g02+g04*g06+g07+g08*gm5 +
+ g01*g02+g03*g04*g05%g011*gm8 +

g01*g02*g03*g04*g06*g011*gm7 + g01*g02*g03*g04*g08*g011*gm5 + g01*g03*g04*g05*g06*g08*gm7 +

g01*g03*g04*g06*g07*g08*gmS + g01*g03*g05*g06+g07*g0B*gmd
g03*g04*g05+g06*g07*g08*gnl + g02*g03*g04*g05+g06*g08*gm7
g02*g03*g05+g06*g07*g08*gnd + g02*g04*g05*g06+*g07*g08*gm3

+ g01%g04*g05*g06*g07*g08*gm3 +
+ g02%g03%g04*g06*g07*g08*gm5 +
+ g03*g04%g05*g06*g07*g08*gm2 +

g01%g02*G03*g04*g07*g011*gm + g01¥g02%g03¥g04*g08*g011%gmT + g01+g02*g03*g06%g08*g011*gmS
g01*g02*g04*g05*g06+g011*gmT + g01*g02#g04*g06*g07+*g011%gm5 + g01+g02*g03#g06%g08*g011*gm7
g01*g02*g04*g05*g07*g011*gm8 + g01#g02#g04*g05+g08*g011%gn7 + g01*g02*g04*g07+g08*g011*gm5
901*g03*g04*g06*g08*g011*gm5 + g01¥g03#g05+g06*g08*g011%gmd + g02*g03*g04*g05+g06*g011*gm7
§02*g03*g04*g06*g07*g011*gm5 + g02*g04*g05%g06*g07*g011%gm3 + g01+g02*g05*g06%g08*g011*gm7
g01*g02*g06*g0T*g08*g011*gm5 + g01#g03+g04#g06*g08+g011%gm7 + g01*g03*g06+g0T+g08*g011*gnd
902*g03*g04*g05+*g07*g011*gm8 + g02#g03+g04*g05+g08*g011*gm7 + g02+g03+g04*g07+g08*g011+gm5
§02*g04*g05*g0T*g08*g011*gm3 + g01*g04*g05%g06*g08*g011%gmT + g01+g0a*g06*g07*g08%g011*gmS
g01*g05*g06*g0T*g0B*g011*gmd + g02¥g03*g05%g06*g08*g011%gnT + g02+g03*g06*g07+g08*g011*gmS
902*g05*g06+*g0T*g08*g011*gm3 + g03*g04#g05+g06+g08*g011*gm7 + g03+g04*g06*g07+g08*g011+gm5
903*g05*g06+*g07*g08*g011*gmd + g04*g05+g06%g07+g08*g011+gm3 + g01*g02*g03*g04*g06*gm5+gm? +

g01*g02*g04*g05*g06*gm3*gn? + g01*g02*g04*g06*g07*gm3*gms
g02*g03*g04*g06*g0T*gml*gm5 + g02*g04*g05*g06*g0T*gml *gm3
901*g02*g03*g06*g08*gmd*gn5 + gO01¥g02*g04*g05*g06*gm3*gm8
§01%g03*g05+*g06+*g08*gm2*and + g02¥g03*g04*g05*g06*gml *gm8
g01*g02+*g03*g04*g07*gm5*gm8 + g01*g02*g03*g04*g08*gm5*gm7
g01*g02*g04*g05*g0B*gm3*gn7 + gO1*g02*g04*g0T*g0B*gm3*gms
902*g03*g04*g05*g08*gml*gn7 + g02*g03*g04*g0T*g08*gml *gns
§01*g02*g03%g04*g06*gmT+*gm8 + gO1*g02*g03+*g06*g08*gmd*gm?

+

+ g02*g03*g04*g05*g06*gml *gm7
+ g01*g02*g03*g04*g06*gm5*gm8
+ g01*g03+*g04*g06+*g08*gm2*gms
+ g01%g02*g03*g04*g05+*gnT *gm8
+ g01*g02*g04*g05*g0T*gm3*gm8
+ g02*g03*g04*g05*g0T*gml*gm8
+ g02*g04*g05*g07*g08*gml*gm3
+ g01*g02+g04*g06+*g07*gn3*gm8

[

[

CL*g03*g05*g07*g011*gmd*gmB*s + CL*g03*g05*g08*g011*gmd*gnT*s + CL*g03*g07*g08*g011*gmd*gms*s +
CL*g04#g05*g07*g011*gm3*gnB*s + CL*g04*g05*g08*g011*gm3*gnT*s + CL*g04*g07+g08*g011*gn3*gm5*s +
CL*g05%g07+g08*g011*gm3*gmd*s + CL*g01*g03*g06*gm2*gmd*gms+*s + CL*g01*g02%g03*gmd*gm5+gms*s +

CL*g01%g03+*g04*gm2*gmS*gm8 *s
CL*g01%g03*g08*gn2*gmd *gm5 *s
CL*g02#g05*g06*gml *gm3*gm7*s
CL*g01*g02*g06*gmd *gmS*gm7*s
CL*g01#g03*g08*gn2*gmd *gm7*s
CL*g01#g06+g07*gm2*gmd *gm5*s
CL*g01%g02*g07*gm3*gmS*gm8 *s
CL*g01#g04*g06*gn3*gmS*gm7*s
CL*g02#g03*g05*gml *gmT *gm8 *s
CL*g02#g05*g07*gnl*gn3*gm8*s
CL*g03*g04*g06*gnl*gnS*gm7*s
CL*g04*g05+*g06*gml *gm3*gm7*s
CL*g01#g02*g04*gn5*gnT*gm8 *s
CL*g01#g02+g08*gnd *gm5*gm7*s
CL*g01%g04*g08*gm2*gmS*gm7*s
CL*g01%g07*g08*gm2*gmd *gm5 *s
CL*g02#g05+*g06*gm3*gmd *gm7*s
CL*g03*g05*g06* gm2 *gnd *gn7*s
CL*g04%g06*g07*gn2*gm3*gm5 *s
CL*g01#g03+*g05*gnd *gmT *gm8 *s
CL*g01#g04*g05*gn3*gn7 *gm8 *s
CL*g01%g05+g07*gn3*gmd *gm8 *s
CL*g03*g04*g05*gml*gnT*gm8*s
CL*g03*g05*g07*gnl*gmd *gmg *s
CL*g04#g05+g07*gml *gm3*gm8 *s
CL*g05*g07*g08*gml*gm3*gmd *s
CL*g02*g03+*g07*gnd *gm5*gm8 *s
CL*g02#g04*g07*gm3*gm5*gm8 *s
CL*g02*g05*g08*gn3*gmd *gm7*s
CL*g03*g04*g07*gn2*gmS*gm8 *s
CL*g03*g05+*g08*gm2*gmd *gm7*s
CL*g04*g05*g08*gn2 *gn3*gn7*s

+ CL*g01*g03*g05*gm2*gm4 *gm8*s
+ CL*g01*g02*g06*gm3*gm5*gm7*s
+ CL*g02*g06*g07*gml*gm3*gmS*s
+ CL*g01*g03*g04*gm2*gm7*gm8*s
+ CL*g01*g04*g06*gm2*gmS*gm7*s
+ CL*g01%*g02*g03*gm5*gm7*gm8*s
+ CL*g01%g02*g08*gm3*gm5*gnT*s
+ CL*g01*g05+*g06*gm3*gmd *gn7*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*gmd *gnT*gmg*s
+ CL*g01*g04*g05*gm2*gm7*gm8*s
+ CL*g01*g05*g07*gm2*gm4 *gm8*s
+ CL*g02+*g03*g06*gmd *gm5*gm7*s
+ CL*g02*g06*g07*gm3*gmd *gm5*s
+ CL*g03*g06*g07*gm2*gmd *gmS*s
+ CL*g05*g06*g07*gm2*gm3*gmd s
+ CL*g01%g03%g07*gmd *gm5*gm8*s
+ CL*g01*g04*g07*gm3*gm5*gm8 *s
+ CL*g01*g05+*g08*gm3*gmd *gm7*s
+ CL*g03*g04*g07*gml*gmS*gm8*s
+ CL*g03*g05*g08*gml *gmd *gm7*s
+ CL*g04*g05+g08*gml*gm3*gm7*s
+ CL*g02#g03*g04*gm5*gnT*gm8*s
+ CL*g02*g03*g08*gmd *gm5*gm7*s
+ CL*g02+g04*g08*gm3*gm5*gm7*s
+ CL*g02%g07*g08*gm3*gmd *gmS*s
+ CL*g03*g04*g08*gm2*gm5*gm7 *s
+ CL*g03*g07*g08*gm2*gm4 *gm5*s
+ CL*g04*g07*g08*gm2*gm3*gmS*s +

A

CL*g01%g03*g011*gmd*gmS*gm*s + CL*g01*g02*g011*gm5*gmT*gms*s
CL*g01%g06*g011*gmd*gm5*gm7*s + CL*g02*g06*g011*gm3*gm5*gm7*s
CL*g01%g05*g011*gmd*gmT*gm8*s + CL*g01*g07*g011%gmd*gm5*gms*s
CL*g02*g03*g011*gmS*gm7*gm*s + CL*g02*g05*g011*gm3*gm7*gms*s
CL*g02*g08+g011*gm3*gmS*gm7+*s + CL*G03*g06*g011%gmd*gm5*gmT+s
CL*g05*g06*g011*gm3*gmd*gnT*s + CL*g06*g07*g011%gm3*gmd*gms*s
CL*g03*g05*g011*gmd*gmT*gmB*s + CL*g03*g07*g011*gmd*gm5*gms*s
CL*g04*g05%g011*gm3*gm7*gmB*s + CL*g04*g07*g011*gm3*gmS*gms*s
CL*g05%g07*g011*gm3*gmd*gm*s + CL*g05*g08*g011%gm3*gmd*gm7*s

CL*g01#g03*gm2*gnd *gm5*gm8 *s
CL*g01*g06*gm2 *gmd *gm5*gm7 *s
CL*g02*g03*gml *gn5*gn7 *gm8 *s
CL*g02*g08*gml *gm3*gmS*gm7*s
CL*g05%g06*gml *gn3*gmd *gm7*s
CL*g01%g04*gm2*gn5*gnT *gm8 *s
CL*g01*g08*gm2 *gmd *gm5*gm7*s
CL*g04*g06*gm2*gn3*gmS*gm7*s
CL*g01#g03*gmd *gn5*gmT *gm8 *s
CL*g01%g07*gm3*gmd *gm5*gmg *s
CL*g03*g05*gml *gnd *gnT *gm8 *s
CL*g04*g05*gml *gm3*gmT *gm8 *s
CL*g05%g07*gml *gn3*gmd *gm8 *s
CL*g02*g03*gmd *gn5*gnT *gm8 *s
CL*g02*g07*gm3*gmd *gmS*gm8 *s
CL*g03*g05*gm2*gnd *gnT *gm8 *s
CL*g04*g05*gm2*gn3*gnT *gm8 *s
CL*g05%g07*gm2*gm3*gmd *gm8 *s
CL*G01%g011%gmd

*gm5*gm7*gm8*s + CL*g02*

+ CL*g02+g06*gml*gm3*gm5*gmi*s +
+ CL*g01*g02*gm3*gm5*gm7*gm8*s +
+ CL*g02+*g05*gml*gm3*gm?*gm8*s +
+ CL*g03*g06*gml*gmd*gmS*gmT*s +
+ CL*g06*g07*gml*gm3*gmd*gmS*s +
+ CL*g01*g05*gm2*gmd *gm7*gm8*s +
+ CL*g02*g06*gm3*gmd *gmS*gm7*s +
+ CL*g05*g06*gm2*gm3*gmd *gm7*s +
+ CL*g01*g04*gm3*gm5*gm7*gmg*s +
+ CL*g01%g08*gm3*gmd *gm5*gmT*s +
+ CL*g03*g07*gml*gmd *gm5*gm8*s +
+ CL*g04*g07*gml*gm3*gm5*gm8*s +
+ CL*g05*g08*gml*gn3*gmd*gnT*s +
+ CL*g02*g04*gm3*gm5*gm?*gm8*s +
+ CL*g02*g08*gm3*gmd*gmS*gm7*s +
+ CL*g03*g07*gm2*gmd *gm5*gma*s +
+ CL*g04*g07*gm2*gm3*gm5*gm8*s +
+ CL*g05%g08*gm2*gm3*gmd*gnT*s +
011*gm3*gms*gm7*gn8*s

CL*g07*g011*gm3*gmd*gm5*gmB*s + CL*g08*g01ll*gm3*gmd*gmS*gm7*s

CL*g06*gml *gm3*gmd *gnS*gn7+s
CL*g01*gm3*gm4 *gm5*gm7*gm8*s
CL*g05*gml*gm3*gmd *gm7*gm8*s

CL*g02*gm3*gmd *gn5*gnT *gm8 *s
CL*g05*gm2*gm3*gmd *gm7*gm8 *s
CL*g011*gm3*gmd *gmS*gm7*gm8*s + CL*gml*gm3*gmd *gmS*gm7*gm*s + CL*gm2*gm3*gmd*gmS*gm7*gmg*s)

+ CL*g01*gm2*gmd*gm5*gm7*gm8*s +
+ CL*g03*gml*gmd*gm5*gm7*gmg*s +
+ CL*g07*gml*gm3*gmi*gmS*gm8*s +
+ CL*g03*gm2*gmd *gm5*gm7*gm8*s +
+ CL*g07*gm2*gm3*gmd*gm5*gm8*s +

CL*g01#g03*g06*gm2*gmd *gm7*s
CL*g02#g03*g06*gnl*gnS*gm7*s
CL*g01#g02+g03*gnd *gnT *gm8 *s
CL*g01%g03*g07*gm2*gmd *gmg *s
CL*g01#g05*g06*gm2*gmd *gm7 *s
CL*g01#g02+g05*gm3*gmT *gm8 *s
CL*g01*g03*g06*gmd *gmS*gm7*s
CL*g01#g06*g07*gm3*gmd *gm5 *s
CL*g02#g03*g08*gml*gm5*gm7*s
CL*g02#g07*g08*gnl*gn3*gm5*s
CL*g03*g06+g07*gnl*gmd *gm5*s
CL*g05%g06+g07*gml *gm3*gmd *s
CL*g01#g02*g07*gmd *gmS*gm8 *s
CL*g01#g04*g07*gm2*gm5*gm8 *s
CL*g01*g05+*g08*gm2*gmd *gm7*s
CL*g02*g04*g06*gm3*gmS*gm7 *s
CL*g03*g04*g06*gm2*gm5*gm7*s
CL*g04*g05*g06*gm2*gm3*gm7*s
CL*g01#g03*g04*gn5*gnT *gm8 *s
CL*g01#g03*g08*gmd *gm5*gm7*s
CL*g01#g04*g08*gn3*gmS*gm7*s
CL*g01%g07+g08*gm3*gmd *gm5 *s
CL*g03*g04*g08*gml*gmS*gm7*s
CL*g03#g07*g08*gml*gmd *gm5*s
CL*g04#g07+g08*gml*gm3*gm5*s
CL*g02*g03*g05*gmd *gm7*gm8*s
CL*g02#g04*g05*gm3*gnT *gm8 *s
CL*g02#g05+g07*gm3*gmd *gm8 *s
CL*g03*g04*g05*gm2*gnT *gm8 *s
CL*g03%g05+*g07*gm2*gmd *gm8 *s
CL*g04#g05+*g07*gm2*gm3*gm8 *s
CL*g05*g07*g08*gm2*gm3*gmd *s +
+ CL*g01*g03*g011*gmd*gm7*gm8*s
CL*g01*g04*g011*gm5*gnT*gm8*s
CL*g01*g08*g011*gmd*gnS*gm7*s
CL*g02*g07#g011*gm3*gn5*gm8 *s
CL*g04*g06*g011*gm3*gm5*gn7*s
CL*g03*g04*g011*gm5*gnT *gm8*s
CL*g03*g08*g011*gmd *gn5*gm7*s
CL*g04*g08*g011*gm3*gn5*gm7*s
+ CL*g07%g08*g011%gm3*gmd*gn5+s
CL*g01%g03*gm2*gnd*gnT*gm8*s +
CL*g01%g06*gm3*gmd*gmS*gnT*s +
CL*g02#g07*gml *gn3*gmS*gm8*s +
CL*g04*g06*gml *gm3*gmS*gm7*s +
CL*g01#g02*gmd *gn5*gnT *gm8*s +
CL*g01#g07+gm2*gnd *gmS*gm8*s +
CL*g03*g06*gm2*gmd *gmS*gm7*s +
CL*g06*g07*gm2*gn3*gmd *gm5*s +
CL*g01#g05*gm3*gnd *gnT*gm8*s +
CL*g03*g04*gml *gm5*gm7*gm*s +
CL*g03*g08*gml *gnd *gnS*gn7+s +
CL*g04*g08*gml *gm3*gmS*gm7*s +
CL*g07*g08*gml *gm3*gmd *gm5*s +
CL*g02*g05*gm3*gnd *gn7 *gn8*s +
CL*g03*g04*gm2*gm5*gnT*gm8*s +
CL*g03*g08*gm2*gnd *gmS*gm7*s +
CL*g04*g08*gm2*gn3*gmS*gm7*s +
CL*g07#g08*gm2*gm3*gmd *gm5*s +
+ CL*g06*g011*gn3*gnd*gm5*gnT*s +

e

P
At

+ CL*g02*gml*gm3*gm5*gm7*gm*s +
CL*g06*gm2*gm3*gnd *gmS*gm7*s +
CL*g04*gml*gm3*gn5*gnT*gm8*s +
CL*g08*gml*gm3*gmd *gmS*gm7*s +
CL*g04*gn2*gm3*gn5+gn7*gn8*s +
CL*g08*gm2*gm3*gnd *gmS*gm7*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*gm4*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*gmZ2*gm4*gmb*gm7/7*gm8*s +
CL*g04*gm2*gm3*gmb*gm/7*gm8*s + CL*g05b*gmZ2*gm3*gm4*gm7/7*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) y
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GainAv =

(g01*
g03*
g03*g04* g04+g07*
g01* g07* gm2*
g04* g011* gm8~2
g02* go7* gml* +
g04~* gm2* gm8 "2 g02*
g02* g07* gm3* + g03*
904*go7*g01 gml*qma*gmBAZ + gol*q03*qo4*907*
g01*go7*901iiqml*gm3?m8A2 T g02rg03 e e
g07*gr gml* gm8~2 g03* g04*gml* gm7*gm8” + g02*
222*q07*gmi*gm3*g3?3*gmsA2 * 903*qgg4*g07*g gm7*gm8A22 + 901*GO3*907*
g04* m1*gm3* *gm8~ + g01* *g011* ml*gm2* 4 g0 go3* g011*
g04x* g07*gm gm4* 2+ g03* gm1* gms~ g02%g03* g07*gm gml*
G011+ 1*gm2 gm8"2 g02* gm2* gm7* 2+ g07* 2*gmd * gmg "2
g02* gml* *gm3* + o g03*g gmé * gm8~2 go02* gml* gms* +
gml* gm3* gm8” g03* ml* gm7* + g03* gmd * 2 +
2% gm3* gm 2 g0 gm4* gmg” g03* g011* gm8~
g07* gma* 7*gm8 " + g02+ 4*gml* gm7* 2+ go7* gml+ 872
gl ~ +
qol*gong*ng* gm7*gm8 " 24 go7e 5011%g; gm2*9m7T8 P 301*g04* q01l*qm1*qm7*gm8A
g04* gm3*gmd* 2+ 2% g011* ml*gm3* gm8~2 g02*g04* gm2*gm3* gmd* 2+
g05*g0 gm8 "2 g03* gml* gm7* + 2% gml* gm7* gm8~2 +
6*g07* + g0 gml*gm gm3*gm gm8~2 g03* gm3* gm8~2
gm2 11* 2*gm. 4%gm8” + g0 g07* gm7* . +
+ g02 gml*gm 4%gm7* 872 + 3%g01 le*gmz*gma N
*g03* 3*gm4* gm8 "2 g01* 1*gml* gm4*
g04* gm7* + 2% gm2* gma* gmg”
g05*g06* mg"2 + 904*gmgm3*9m4* g‘“7*gm8A2 +
g07* 2%gml* 1*gm2* gm7*gm8” 2+
gml + gm2* gm3* 2 +
g01*g03 gm3*gm4*gm7*ngA
*g04* gm7* 2+
g05* gm8~2
g07* +
g08*
gm2 +

g02*
g03*g04*
g05*

g07*

g08*

gml +

g01~*

g03*

g04*

g05*g06*
g011*g

m2 + g0
1*g03*

g04*

g05%g08*

g011*g

m2 +

g01*
g03*
g04x*
g01*g04* 4%g06*
g05* g07*
g07* g011*
g08*g0 gm2 +
11*gs go1*
m2 + g03*
g03* g04x*
g04* g07*
g05* g08*
906*q07*9011*gm2

g011*
gm2

g01*
g03*
g01~* g04~*
0
902*g04*905*g 5%g06*
g03* g06* gm2*
g01* g05* g07* gm7 +
g03* g06* gm2*
g01* g04~* g07* gm3 +
g03* g05* gml*
901*g04*904*g05*906*gm2*9m4 +
g02*g0 g05*g0 gog*ng*ng +
guzrg03ani’ 7*g08* gm7 +
g03*g04* g07%g0 gm2*gm
g05* 8* 3+
g07* gml*gm
g08*g 5 +
ml*
gm2

g01~*
g03*
902*903*g°4*g06*
g02* g04* g07%*
g04~* g05* gm2*
902*903*905*q06*906*gm1*gm5 +
g01* g04* g07* gm7 +
g03* g05* gml*
g02* g04* g06* gm3 +
g03* g07* gml*
g02*g0 g04*g05 gOB*ng*ng +
+ 901*3*905* *g07* gms +
g03* g07*g0 gml*gm
g04*gog 8*gm1* 8 +
6%g07* gmd +
gm2*
gm8

g01*g03*
g04*g06*
g011*

gm2*

gm5 +

g01*g03*

g05*

g06*

g011*gm2x
gm4

g01*
g03*
g01* g04*
0
901*g°3*904*g 8*g011*
g04* g07* gm2*
go2* g05* g011* gm5
g03* g06* gm2*
g01* g05* g011* gm8
g04* g06* gm2*
g03* g07* g011* gm7
g04* g08* gml*
go3*g05*g05*906*g011*gm2*gm8
g03* g06* g011* gm5
g04* g07* gml*
g03* g05* g011* gm8
g04* g07* gm2*
g03* g07* go11* gmd
g04* g08* gm2*
g01* g07* g0l11* gm8
g03* g08* gm2*
g01* g06* g011* gm5
g05* g07* gml*
g02* g06* gm2* gm8
g03* g07* gmé*
g02* g06* gm2* gm5 +
2% g05* g07* gm3*
g03* g06* gml*g gmd +
g0 g07* m4 *
g01* 5*g0 gml* gm5 +
g03+ g06*g0 gm3*
902*g03*q05*g06*7*gm1*g gmd +
g01* go5* gm2* m2*gm4
g03* g06* gmé*
901*go3*904*g05*gm1*gm4*gmg +
901*g04*905*g07*GmZ*gm7*gm8 +
g01*g05*g05*907*gm2*Qm4*gm8 +
g02* g07* gm2* gm8 +
g03*, g08* gm3*
902*g03*904*g08*gm2*gm3*9m8 +
902*g04*g07*gog*gm1*qm5*gm4 +
2%g0 g07~* gml* gm7 +
3*g0 g08* gm4*
4*905*g09m1*gm3*qm5 +
8*gml*g gm5 +
m2*
gm7

n
+
+
n
n
"
n
+
+
n

g01*
g03*
05*%
301%503% 5%g08*
901*q04*904*g08*9011*gmz*
g01* g06* g011* gmé
g04* g07* gm2*
go1l* g05* g011* gm7
g05* g07* gm2*
g03* g07* g011* gm5
g04* g08*g0 gm2*
g04* g05* g011~* gm8
g05* g06*g0 gm2*
g03* g06* g011* gmé
g04* g07*g0 gm2*
g03* g05* g011* gm7
g05* g08* gm2*
907*908*goll*gm2*gm3
g011*§m2*gm7
gm4

+
g01*
+ g04*
90?23*q°4*§821906*q07*
902*903*g05* §07%g0 g011%
g03*904*go6*907*8*q°11*gm2
906*g07*9m2*gm4gm2

gml* +

gm5 +

2%
g03*
g04*
04*g05*

g06*

g07*

gml*

gm2 +

g01*
g03*
g01* g04~*
03* g05*
S02%0 3%g05+ 5%g07%
g03* g07* gm2*
g02* g04* g08* gmg +

g04* g05% gm2*
g05* g08* gméd +

g07* gml*
g08* gn7 +

gml*
gm3 +

g02*
903*g04*g07*
08*
g08*gml*
gmé_+ g0
1*g03*
g04*g05* + g0
g02*
g011l*gm2* + 2*g03*
gms g01* g04*
+ g03* g06*
go1* go4* go7*
g03* g07* gml*
g04* g08* gm8 +
go6* gm2*
g011* gm8 +
gm2*
gm7 +

+ g01*
+ g03*
: 33}?03*3832907*%11*
* 901*q°5*q06*908*q011*gm2*gm4
* 902*go4*905*907*q011*qm2*qm4
: 903*3821906*333:9011*gxgigm4
0
: 33§Ig03*§851907*goﬁigm1*322
+ gO4*g04*906*g08*GO11*gm2*Qm5
go5*907*go7*9011*gm1*gm8
gnggoll*gml*ng
gm2*
gm3

g01*
g03*g04x
g06*
gm2*gm5*

gm7 + g0

1%g03*

g05*

g06*

gm2*gmd *

gm7 +

g01~*
g04~*
3221903*3821g06*9m2*
g04x* g06* gm3*
g05* gml* gm7 +
go6*9m1*gm5*qm7
gm3* +
gm7 +

g01*

902*904*g06*

g02 gOB*QO5*gO7*gm2*

*g04* go6* gm3*

g06* gml* gm5 +
907*gm1*Qm4*gm7

gm3* +

gm5 +

+
+

+
+ +
R
+
+

2%
g03*
+ 2% g04*g0
go4* 5%g06
g05* *gm
906* 1*gm2*
go7*gm1*gmg‘l‘7 T 2%g0
gns * 30%1904*906*
g03* g07*
g04* gml*
g06* gm2*

gm2* gm5
gm5* +
gm8 +

g01*
g04*
g02* 4%g05*
g04* g06*
g01* g05* gm2*
g03* g06* gm3*
g01* g04* gml* gm8 +
g03* g07* gm3*
901*g04*905*g08*gm2*gm5*gm8 ¥
g02* g05* gm2* gm8 +
g03* g08* gm4*
g02* g04* gm2* gm7 +
g03* g05* gm3*
g02* g05* gml* gm7 +
g04* g07* gm7*
g02* g05* gml* gm8 +
g05* g07* gmé*
g07* gml* gm8 +
g08* gm3*
gml* gm8 +
gm3*
gmd +

g02*
g03%g04*
g06*
gml*gm5*

gm8 +

2%
g03*g04*
g05*

g06*

gml*gm2*

gm8 +

g01*
03*
gol*goi*904*gog*
g01* g07* gm2*
g04* g08* gm5*
g02* g07* gm2* gm7
g03* g08* gm4d*

gOZ*gO3*904*907*9m2*gm3ﬁm5 +
g02* g05* gml* gm5 +

g04* g08* gm5*
g05* gml* gm8 +

g08* gm4*
gml* gm7 +

gm3*
gm7 +

+

2%
g04*g05*
g07*
g08*gml*
+
gm2*gm3 + 2%g03*g04*
g01*g0 g07*
9 3*%04*g0908*gm1* o
6*gm2*qmgT2*gm5 3021904*g05*
gm8 + g03* go7*
g01* g05* gml*
g03* g07* gm2*
g06* g08* gm8 +
g07* gml*
gm2* gm2*
gméd*g; gm4 +
m8 +

g01*
g04~*
06*
g02*904*g 6*g07*
g01* g06* gm2*
g03* g07* gm3*
g02* g04x* gml* gm8 +
g03* g08* gm3* g02*
g04* gm2* gm8 + §03*
g08* gm7* 2% go4*
gml* gm8 + g03*g0 go6*
gm7* g01* g04*g0 gml*
gm8 g03* g06* gm7*
+ g0 90 g07* gm8
2*g03* 7*g08* gml*gm2* + g02*
+ g01* g07* gm2* gm8 g03*
g03 g08* gm4* + g0 g06*
rootr ogml*gf“‘l*gmg + 01 1*g03* g07*gml*
g011*gm2* gm8 + *g04* g06*g01 gma*
gm5* go2* g07* 1*gm: gm8 +
gmg + go4*§07*g08*gm2* 2%gm4*
g01* g08* gm3* gm5 +
g03* gml* gm8 +
g05* gm3*
g011* gm8 +
gm2*
gmé*
gm8 +

2%

g03*

go1* g04*g0
03+ T*

01%9 3*g06* g08*gml*
g03* g011* gm2*
g01* g07* gm2* gm8
g05* g011* gm4*
g02* g06* gm2* gm7
g05* g011* gméd*
g01* g06* gm2* gm8
g04* g011* gm4*
g01* g08*g0 gml* gm7
g07* g011* gm3*
g03* g08*g0 gm2* gm8
g04~* g011~* gm5*
g03* g06* gm2* gm7
g05* g011* gma*
g04* g06* gml* gm5
g05%* g011* gm5*
g02* g06*g0 gm2* gm8
g03* g011* gm4*
g08*g0 gm2* gm7
g011~* gm3*

gml* gm7
gm7*
gm8

+
n
n
+
+
n
n
¥
n
n

g01*
g03*
g08*
901*g03* 8*g011*
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MATLAB Solution Continued 5:

2*g01*g02*g04*g06*g01l1*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*g01l1*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 e i e o S S S e S

+
+
+
+
+
+
+
+
+
+
+
+
"
+
+
+
+
+

2*g01*g02*g04*g05*g01l1*gm7*gm8 +
+ 2*g01*g03*g06*g08*g011*gmé*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*g011*gm5*gm7 +
+ 2*g02*g03*g06*g08*g011*gm5*gm7
2*g02*g06*g07*g08*g011*gm3*gm5 +
+ 2*g03*g06*g07*g08*g011*gmé*gm5
2*g04*g06*g07*g08*g011*gm3*gm5 +
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*gmd*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*gmd*gm5 +
2*g03*g06*g07*g08*gm2*gm4*gm5 +
2*g05*g06*g07*g08*gm2*gm3*gm4 +

+ 2*g02*g04*g06*g011*gm3*gmb*gm7 + 2*g02*g03*g04*g011*gm5*gm7*gm8
2*g02*g04*g05*g011*gm3*gm7*gm8 + 2*g02*g04*g07*g011l*gm3*gm5*gm8 +
+ 2*g01*g06*g08*g01ll*gmd*gmb*gm7 + 2*g02*g06*g08*g01l1l*gm3*gm5*gm7
2*g03*g06*g08*g011*gmd*gm5S*gm7 + 2*g04*g06*g08*g01ll*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

+ o+t

+
+
+
+
+
+
+

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

+
+
+
+
T

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

2*g02*g04*g011*gm3*gm5*gm7*gm8 +

2*g01*g02*g04*g07*g011*gm5*gm8
+
2*g02*g04*g06*g07*g011*gm3*gm5
+
2*g02*g03*g04*g08*g011l*gm5*gm7
+

2*g01*g05*g06*g08*g011*gm4d*gm?7
+

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

2*g05*g06*g07*g08*g011*gm3+*gm4é
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*gm4*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*gm7
+

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*g011l*gm3*gmé4*gm5S*gm7 + 2*g02*g04*gml*gm3*gmS*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
e 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

VDD

Aq(s)= S
C 903 | 907
SUL + 901 Jo5

Im3 Im7

Aq (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?




\
5/'-/.. S
Nj)(((( L

Stay Safe and Stay Healthy !
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