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Abstract – Signal-flow graph (SFG) technique is a very 
useful tool for a hand analysis of a small and medium-
size networks and/or subnetworks of large systems. Last 
days, the SFG’s have been effectively used for the 
sensitivity solutions, too. This paper describes the 
comparison between two graph methods for derivation 
transfer function: the nullor modified Coates flow graph 
symbolic analysis and the transformation graphs for 
symbolic analysis. As is given, in some cases the 
transformation graphs are more useful thanks to their 
clarity than standard solving methods. 

Keywords-nullor model; modified Coates graph; 
transformation graph; sensitivity analysis. 

I. INTRODUCTION 

Symbolic circuit analysis is not a very popular 
method of circuit solving because its capacity is 
viewed as relatively limited. A useful extension is to 
add a sensitivity analysis feature [1].  

In general, most sensitivity analysis techniques 
require input as a transfer function that can be 
obtained by performing linear algebraic or graph 
operations. Several symbolic techniques have been 
developed to derive analytical expressions or to 
transform certain characteristics of a linear network 
[2], [3], [4], [5], [6], [7], [8]. Generally, the analytical 
sensitivity analysis would be much easier by using a 
symbolic approach than a numerical approach where 
computation cost is a key concern. 

II. NULLOR MODIFIED COATES FLOW GRAPH 

SYMBOLIC SENSITIVITY ANALYSIS METHOD 

Nullor-based models have been created with 
respect to the ideal behavior of the active devices [9]. 
In this case, an analogue network can be modelled 
with nullors and impedances. In the next step, a 
reduction of the nullor circuit complexity is 
implemented and some transformations of the initial 
modified Coates flow-graph are realized to the 
following rules: 

Rule #1: When a node k in the nullor circuit is 
connected to the common node by a norator, all 
incoming edges including the self-loop in vertex k are 
removed in the corresponding flow-graph. 

Rule #2: When a node k in the nullor circuit is 
connected to the common node by a nullator, all 

outgoing edges including the self-loop in vertex k are 
removed in the corresponding flow-graph. 

Rule #3: When norator is connected between a pair 
of nodes k and l in the nullor circuit, the ends of all 
incoming edges into vertex k, including the self-loop 
in vertex k, are moved to vertex l in the corresponding 
flow-graph. 

After we perform these rules, some vertices are 
incident with only incoming or outgoing edges and the 
Ii

th vertex has to be united to the undetermined 
outgoing (n-1)th vertex or the next determined nth 
vertex. 

A circuit example of the second-order high-pass 
filter, taken from [10], is shown in Fig. 1a to illustrate 
the described method. The equivalent nullor circuit N 
is composed and shown in Fig. 1b. An initial graph for 
the modified Coates flow graph (MCFG) for the part 
of the network is shown in Fig. 1c. After applying the 
rule of modification, the modified Coates flow graph 
follows, represented in Fig. 1d. Final graph after 
performing the rules for incoming branches is shown 
in Fig. 1e. 

The voltage transfer function )s(Tba
 is given by 

Mason’s formula (1) and the normalized sensitivity for 

this example 
)s(T

)s(Y
baS
1

 is given by (2) [11]: 
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III. USING THE TRANSFORMATION GRAPH METHOD 

FOR SENSITIVITY ANALYSIS 

Another method for a circuit solution is a 
transformation graphs method [12]. This method 
requires neither equivalent circuit with nullors. The 
foundation of this method was given in [13], [14]. The 
transformation graph of an operational amplifier and 
differential operational amplifier [14] is shown in 
Fig. 2. 



 

In other words, the reduction of the number of 
nodes in the network is represented in this case very 
simply by the graphical rule by the transformation 
graph. 
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Figure 1.  The second-order high-pass filter and its graph solution 
obtained by nullor modified method. 

Estimation of the transformation graph is given by 
the simplest formula (3): 

 αaY
~

aY VI ⋅⋅⋅=  (3) 

where Y
~

is the member of the initial Coates graph, Y 
is the member of the transformed graph. 

For comparison, the same circuit will be solved by 
this method.  

In the first step, the network must be drawn, as is 
realized in Fig. 3a. In the second step, an initial Coates 
flow graph is shown in Fig. 1b. In the next step, the 
transformation graph of the operational amplifier is 
drawn between corresponding nodes. 

The result, i.e. transformed graph is in Fig. 3c. The 
voltage transfer function )s(Tba

 is given by Mason’s 

formula (1) and the normalized sensitivity 
)s(T

)s(Y
baS
1

 is 

given by (2) from the transformed graph, as well in 
part II. 
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Figure 2.  Transformation graphs of operational amplifiers. 
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Figure 3.  The second-order high-pass filter and its graph solution. 

IV. USING THE SIMPLIFIED INVERTING AMPLIFIER 

GRAPH FOR SENSITIVITY ANALYSIS 

An operational inverting amplifier from Fig. 4a 
can be described by the Mason-Coates graph by the 
very known method [12], [13], [14], as is depicted in 
Fig. 4b. 

The graph can be described by the set of equations 
(4), where the first eq. described branches going into 
the node Vi, and the second one branch going into the 
node V2. 
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From the second equation is: 
2

1
V
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substitution into the first equation, will be where 
operational amplifier has infinity amplification factor: 
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Figure 4.  Inverting amplifier, its MC-graph and graph after 

simplification. 

Graph of the equitation (7), i.e. simplified inverting 
amplifier graph 

1122 VGVG ⋅=⋅−  is depicted in 
Fig. 4c. Thus, the full-graph solution of the circuit 
from Fig. 5a is in Fig. 5b. 
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Figure 5.  Full graph solution with simplified inverting amplifier 
graph. 

The voltage transfer function )s(Tba
 is given by 

Mason’s formula (1) and the normalized sensitivity 
)s(T

)s(Y
baS
1

 is given by (2) from the transformed graph, as 

well in part II. 

For example, we calculate sensitivity V

V

F
GS  (8) 
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V. CONCLUSION 

As can be seen by comparison of Fig. 1 and Fig. 3, 
namely Fig. 1e and Fig. 3c, the resulting graphs are 
identical. However, a clearly arranged set of 
transformation graphs (see Fig. 2) gives a much 
clearer solution. Thanks to its clarity, the graph 
method is a more suitable for a calculation of the 
sensitivity. This method requires neither equivalent 
circuit with nullors, i.e. nor auxiliary network 
transformation into nullors circuit (i.e. nor other rules 
for these transformations), nor rules for transformation 
a nullor circuit into Coates graph, and nor rules for 
modification Coates graph into modified Coates graph.  

As can be seen from Tab. 1, the transformation 
graph method requires fewer special rules and fewer 
steps. The sensitivity calculation is both challenging in 
both cases by (1) and (2). It is not listed in this paper 
for comparison, its foundation was given in [9] in 
detail. 

TABLE I.  COMPARISON OF BOTH METHODS 

The goal of the article was not a calculation of the 
sensitivity, but a comparison of some variants of the 
calculation. As is shown, the method of transformation 
graphs is, in some cases (one of which was described), 
much preferable and advantageous than the method 
based on nullor models. 

However, the simplified inverting amplifier graph 
method looks as the best, because it is the easiest, 
remembering the chart of the inverting amplifier is 
very easy, because it is logical. Feedback elements are 

Method Main rules Steps 

Nullor models 4 5 

Transformation graph 1 4 

Inverting amplifier graph 1 1 



 

drawn to their own loop, input elements are drawn to 
the input branch. 

Graph methods will probably continue to be an 
effective way of solving electrical circuits [1], [2], 
[15]. 
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