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Abstract— The paper deals with implementation details of a
method for approximate symbolic analysis of linear circuits
based on nontrivial transformations of voltage and current
graphs. The method is based on eliminating the low-voltage
branches from ‘“high-voltage” loops and the low-current
branches from “high-current” cuts. This goes beyond the
simple edge deletion or contraction used in previous methods.
The paper describes a graph transformation for decreasing the
number of spanning trees and its computer implementation.

L INTRODUCTION

An arbitrary network function in the frequency domain of
lumped, linear and time-invariant circuits can be expressed
symbolically as

5", (P) +...+ 4o (P) o
s"r,(p)+...+1,(p)

where p = (p1, p2, - pk)T is a vector of the parameters of
network elements (network parameters), s is the complex
frequency, and g¢q«p), r(p) are the sum-of-product
expressions of network parameters. The complexity of (1)
grows exponentially with circuit size [1].

F(s,p)=

It has been found that the majority of symbolic terms can
be removed from large expressions without any significant
numerical error [2]. This is the basic principle of all
symbolic simplification methods, which are based on a
combination of symbolic and numerical analyses. Usually,
the approximated expression validity is checked numerically
at several points (f, p); in the frequency-parameter space.

The method described here belongs to the Simplification
Before Generation (SBG) class where graphs or matrices
representing the circuit are modified before the symbolic
analysis in order to decrease the number of symbolic terms.
A method, published as Sifting Approach [1], is based on a
heuristic algorithm consisting in eliminating the device
parameters from the numerator and the denominator
submatrices separately. Another method [2], called Two-
graph Simplification, deletes or contracts the edges of
voltage and current graphs constructed for the numerator and
the denominator separately.

We have proposed a different approach based on the two-
graph method. Instead of simply deleting or contracting the
graph edges it modifies the graph structure in order to
decrease the number of common spanning trees. Graph-
theoretical proofs were published in [3]. This paper deals
with an improved version exploiting the block
decomposition of graphs.

II. MOTIVATING EXAMPLE

Let us consider a simple circuit in Fig. 1, whose network
parameters are: Rz = 36kQ, r, = 4kQ, g,, = 35mS, R; = 4kQ.

Rp
+
Vin Vout
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Figure 1.

Simple small-signal model.

The exact formula for the voltage transfer ratio is

\% r
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As Rp>>r,, the formula can be further simplified. Let us
limit ourselves to the SBG methods only. Resistor 7, cannot
be simply removed or its terminal shorted. Both operations
would cause an unacceptable error.

The circuit can be solved by the two-graph method [4].
The determinant of the nodal admittance matrix is

detY = Zg(t)Y@ , 3)

(eT(Gy )T (G,)

where Y is the tree-admittance product of tree 7, T(Gy) and
T(Gy) are the sets of all spanning trees of voltage and current
graphs. The intersection 7(Gy)NT(G;) represents the

common spanning trees of Gy and Gy. &(f) = %1 is the tree
sign. The technique of augmented circuit [2] allows
computing both the numerator and the denominator at the
same time. Fig. 2 shows an example for voltage transfer.
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Figure 2. Augmented circuit for voltage transfer ratio.

The VCVS in Fig. 2 is represented by a suitable admittance
model [5]. The determinant of the admittance matrix is

A=A, +4A, ,and 4
A

K, ==% 5

vy ®)

Since 4 is a symbol, the terms belonging to A; or A, are easy
to recognize.

Fig. 3a shows voltage and current graphs for the
augmented circuit. Edges “1” and “4” model the VCVS [5].

a) voltage graph

current graph

o
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Figure 3. a) Original and b) modified graphs.

Let the voltage across input edge “1” be 1V. Then the
voltage across 7, is 0.1V. The voltage can be neglected in
loops 1-Gp-g, and 1-G-g,, but not in loop g, - g,. A simple
modification in Fig. 3b removes g, and g, from the “high-
voltage” loops only. The simplified formula for the voltage
transfer ratio obtained using (4) and (5) is then

K,=—2g R, . (6)

An inspection of the voltage and current graphs from Fig. 3b
shows that they represent a CCCS instead of r, and VCCS.

This simple example shows the basic principle of the
proposed method — selective removal of the low-voltage
edges from the “high-voltage” loops. Similar transformations
can be found for cuts of the current graph. The method will
be called topological simplification (TSBG).

III. ToPOLOGICAL SBG

A.  Graph Transformations

Let G be a graph. Then V(G) is a set of its vertices, E(G)
is a set of its edges, and T(G) is a set of its trees. The
incidence of edge e in graph G, p(e,G) = (i, /), assigns two

vertices i, j to edge e. An edge with the incidence (v,v) is
called selfloop. Graph G is said to be separable if there is a
vertex whose removal splits the graph into two or more
components. A block is a maximal nonseparable subgraph.

The basic operation of TSBG is the separation of a
connected subgraph [3].

Definition 1: Separation of a connected subgraph Gg from a
graph G is an operation that transforms G into

G'=GuUGs , (7

where G isa subgraph whose edge set is E(é) =E(G\Gy).
The incidence p(e,G) = (v;,v;) of any edge e€ E((N;) is

1

transformed into p(e, 5) =(f(v),f(v;)), where fis

V,

if veV(Gs)

v otherwise

C

f= < (®)
V. is an arbitrary but fixed vertex v, e V(G\Gg) NV (Gg).
The operations will be denoted as follows:

G=G=Gs, G=Gb>Gs. (9a,b)

Figure 4. Example of separation Gs = {e},ez,e3}:
a) original graph G; b) graph G = G = Gs; ©) G'=G> Gy-

Fig. 4 demonstrates the separation of Gs= {ey, e, e3}.
The transformation does not change the number of edges and
vertices and decreases the number of spanning trees of G’.
Proof can be found in [3].

B.  Loop and Cut Transformations

Let the circuit be represented by the current graph G; and
the voltage graph Gy with edges ey, e, ..., e,, whose weights
are the magnitudes of branch currents and voltages for a
particular frequency.

Let Ly, Ly,..., Ly < Gy be all the loops of the voltage
graph Gy. The voltage v(e;) of an edge e; € E(L;) will be
considered numerically negligible in loop Z; if

|v(e ; )| <y ,g(lﬁ)|v(h)| , (10)

where ey € (0, 1) is the threshold value. Such an edge is a
candidate for being removed from ;.

Let us assume that the voltage graph Gy can be
decomposed into two edge-disjoint subgraphs G\]f and G\%
and the condition
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max |v(e)| <ey max|v(e)| (1)
EEG

holds for any loop L < Gy that is contained in both
subgraphs. Then it is possible to remove the low-voltage

edges of Gy from high-voltage loops by the separation
G'y=Gy > Gy . (12)

In the example from Section 2, Gl\;:{gn,gm}. The

separation of a disconnected subgraph is
component-by-component.

performed

Figure 5. Fine-grained separations: a) original graph,
b) G Gg,0) G fe,ey,e5)-d) G {es,e5,e0)
e) G (GgUieg.ep.ent)s D G (Gg Uley,es,e6))-

Subgraph separation (12) can be divided into elementary
operations exploiting the block structure of both G\L, and

51/ . Condition (10) has been formulated for loops contained
in both subgraphs. Let us assume that G\L, is separable with
blocks B . As there is no loop contained in two or more

blocks, the separation of any block B,V , which is considered
the elementary operation, satisfies (10) as well. Graph
G,, =G, = GV may also be separable. The loops contained

in GV form disjoint subsets. It is easy to augment GV such

that the resulting graph 6,, becomes nonseparable.

Fig. 5b shows the separation of subgraph
Gs = {ey,e263,67,€3,€9} having two blocks (B, = {ey,es,e3} and
B, = 167,@8,69}) that can be separated 1ndependently, Fig.

5¢,d. G of two blocks (Bl {eg,es,e5},

Ez = {ein.e11,e12}). Augmenting G¢ by the complement of

consists

El or Ez results in nonseparable G', Fig. 5e.f.

It can be also shown that removing small-current
branches from high-current cuts leads to decomposing G
with respect to a threshold value ¢ € (0, 1) into two edge-

disjoint subgraphs GlH and GlL [3]. If for any loop L c Gy
contained in both subgraphs the condition

min |i(e) <&; min |z(e)| (13)
ecE(L) ecE(Gl

holds then it is possible to perform the separation

G\ =G> G} . (14)

C. Relation to classical methods
Let us consider the separation of an edge e. with
admittance parameter y. from a graph G , Fig. 6b.
G'=Gr e} . (15)

All the spanning trees of G’ contain the edge e.. Thus all
numerator and denominator terms contain y., which can be
evidently reduced. The separation is equivalent to y, —>oo.

ec €4 ec ey ec [
€ €
e e e 3 e e3
a) b) c)
Figure 6. a)Graph G; b) G'=G > {e)s ) G"'=Gp {e,}-

The separation of complement a =G\e, ofedge e,

G'=Gvfe,} (16)

always forms a self-loop in G’’. No tree can contain y.. The
separation is equivalent to y, — 0. Thus the methods of [1]

and [2] are just special cases of a more general TSBG.

IV. ALGORITHMS

The error-control strategy is similar to the method of [6].
Assuming m reference points the error criterion is

20log|E (o, .
ax 2008 E(@)|  arg(E(@,)
i=sl.m  AM Ao

;

(17)

€4

(‘01

where E(w)=F,(w)/Fp(w) and AM, ,

weights. F(w) and Fr(w) are approximated and reference
network functions, respectively.

Ag,, are inverse
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compute reference numerical solution;
while g5 < g0 {
generate all possible operations;
compute the error of each operation;
perform operation(s) with the lowest error,
update numerical solution and &4,

}

undo last operation;

Figure 7. Main cycle of simplification method.

The simplification algorithm is applied twice. First, it
performs the parametric simplification, i.e. the elementary
operations are p; = 0 and p, — o for each parameter. The

method of large-change sensitivity [7] is used for error
computation. This step substantially decreases the circuit
size. The cost is approximately O(rm n®), where n is the
circuit matrix order, 7 is the number of removed parameters,
and m is the number of reference points.

find a spanning tree with the lowest voltage-magn. product;
sort chords c; in ascending order;
S A= 0, Ss = @,
for i=1..(b-n+1) {
generate basic loop L; for chord c; ;

Sp=1{Sa,; 1S4, NL; #0};
if Sg is empty {

add L; to Sy;
} else {

U= (U SB’J-)U L;

remove members of Sg from Sy;

add U to Sa;
for all j
if max ‘v(e)‘ <éy max‘v(e) , add Sgjto Ss;
eeSy ; ecl;

Figure 8. Generation of elementary operations for Gy.

The next step consists in separating the subgraphs (or
their blocks) that fulfill (11) or (13), Fig. 8. Let the graph
(Gy or Gj) be connected and have n vertices and b edges.
Any spanning tree ¢ consists of exactly n-1 edges - twigs. The
remaining edges will be called chords [7]. A basic loop is
formed from one chord and some twigs. Let Sy and Sp be
auxiliary sets of subgraphs and Ss a set of candidates for
separation. The symbol Sy ; represents the i-th member of Sa.
The algorithm for the current graph is similar. Candidates are
generated for all frequency samples. The cost is
approximately O(m (n*+b)).

V. EXAMPLE ANALYSIS

The method is demonstrated on an analysis of a current-
feedback amplifier in Matlab. Parametric preprocessing
reduced the original 100 network parameters to 14. The
topological algorithm separated two subgraphs from the
voltage graph and one subgraph from the current graph. The

formula for voltage transfer was further simplified by means
of the SAG method [6].

TABLE 1. RESULTS OF SIMPLIFICATION STEPS
accuracy parametric | graph-based | SAG
AM,.y | allowed + 1dB @ 1kHz and 600kHz
actual 0.47dB@1kHz | 0.56dB@600kH] 0.21dB@1kHz
A@nax | allowed + 3° @ 1kHz and 600kHz
actual 2.4°@600kHz | 2.4°@600kHz | 3.0°@600kHz
# of numer. terms 44 4 3
# of denom. terms 232 65 46
# of parameters 14 14 14
runtime 4.9s 1.3s 0.9s
VeeQ
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Figure 9. Current-feedback amplifier.

CONCLUSION

The method of topological simplification allows reaching
a higher degree of simplification than the parameter-based
SBG techniques do. The result is a simplified circuit model
that is analyzed symbolically. An important property is that
the graph transformation is based on physical relations in the
circuit in contrast to the rather mathematical methods.

REFERENCES

[1] J.J. Hsu and C. Sechen, “DC small signal symbolic analysis of large
analog integrated circuits,” IEEE Trans. Circuits Syst-I, vol. 41, no.
12, pp.817-828, 1994.

[2] Q. Yu and C. Sechen, “A Unified Approach to the Approximate
Symbolic Analysis of Large Analog Integrated Circuits,” IEEE Trans.
Circuits Syst-I, vol. 43, no. 8, pp.656-669, 1996.

[31 Z. Kolka, M. VIk, D. Biolek, V. Biolkova, “Topology
Transformations for Symbolic Analysis”, Proc. of the 2006 IEEE Int’]
Midwest Symposium on Circuits and Systems, Puerto Rico, USA,
2006, pp. 200 — 204.

[4] W. Mayeda and S. Seshu, Topological Formulas for Network
Functions, Eng. Exp. Station, University of Illinois, Bulletin 446,
Urbana, 1957.

[5] M. VIk, Z. Kolka, “New Topological Approach to Simplification
Before Generation”, Proc. of 7th Int’l Workshop on Symb. Methods
and Applications to Circuit Design, Sinaia, 2002, pp. 120 - 123.

[6] R. Sommer, E. Hennig, and G. Droge, “Equation-Based Symbolic
Approximation by Matrix Reduction with Quantitative Error
Prediction,” Alta-Frequenza, vol.5, no.6, pp.29-37, 1993.

[7]1 J. Vlach and K. Singhal, Computer Methods for Circuit Analysis and
Design, 2nd edition, Van Nostrad Reinhold, 1994.

1142




	MAIN MENU
	Front Matter
	Table of Contents
	Author Index
	Keyword Index

	Search
	Print
	View Full Page
	Zoom In
	Zoom Out
	Go To Previous Document
	Help


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


