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1. INTRODUCTION
The analysis of  timing parameters of  integrated 
circuits (ICs) is a standard task of  ICs design 
flow. The methods of  static timing analysis 
(STA) are usually used to solve it. They allow 
analyzing the performance of  an integrated 
circuit under given timing constraints. STA 
provides information about critical paths in a 
circuit, i.e. those on which the greatest delay 
is observed during signal propagation, and 
at what highest clock signal frequency the 
functionality of  the circuit is not violated.
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STA methods have several advantages over 
earlier IC timing analysis methods such as the 
use of  input signal vectors. However, with 
the reduction in the size of  integrated circuit 
components and the accompanying increase 
in the complexity of  design tasks, the features 
of  classical STA methods become the reason 
for their efficiency decrease. For example, to 
obtain a spread of  timing characteristics of  
a circuit by use of  traditional STA methods 
it is necessary to calculate the timing 
characteristics several times for different 
parameters variations of  the circuit elements. 
To cover all possible options it is necessary 
to perform timing analysis 2n times, where n 
is the number of  parameters. In practice, the 
assumption is made that if  the circuit works 
correctly under the worst conditions, then 
under typical conditions its functioning will 
not be disturbed, so the analysis is usually 
carried out only for the best and worst cases. 
Although this assumption is correct, it must 
be considered that the worst case implies the 
worst values of  all parameters at the same 
time, which is an unlikely event. Because 
of  this, often the result obtained by means 
of  classical STA methods turns out to be 
excessively pessimistic.

There are several directions in the 
development of  methods to eliminate the 
shortcomings of  static timing analysis. First, 
to reduce the pessimism and minimize the 
complexity of  the STA, false paths analysis 
methods [1] are used. Secondly, there is a 
direction that uses statistical distributions to 
describe the spread of  the timing parameters 
of  an integrated circuit - statistical static 
timing analysis (SSTA) [2]. Thirdly, in recent 
years, STA VLSI methods based on artificial 
intelligence (AI) approaches have been 
developed. The purpose of  this overview 
is to systematize the modern scientific 
experience concerning the above approaches 

to the evaluation of  the timing parameters 
and characteristics of  digital integrated 
circuits. The paper presents a comparative 
analysis of  intellectual and classical STA 
methods.

2. STATIC TIMING ANALYSIS. TERMS 
AND DEFINITIONS
Let us consider the mathematical apparatus, 
the main terms and definitions used to 
formulate and solve the problem of  VLSI 
timing analysis. To represent an integrated 
circuit in STA methods, a timing graph 
model is commonly used. The timing 
graph is a weighted directed acyclic graph 
G = {V, E}, where the set of  elements 

i Vν ∈  represents the vertices of  the graph, 
and the set of  elements eij = (vi, vj), e E∈  
represents its edges. Each edge eij = (vi, 
vj) starts from the vertex vi and ends in 
the vertex vj. Each vertex vi of  the timing 
graph G corresponds to an electrical node 
of  the circuit. Each edge eij represents a 
delay between vertices vi and vj, and the 
weight of  this edge dij corresponds to the 
value of  this delay. The number of  edges 
entering the vertex vi is called an in-degree 
and is denoted by d+(vi), and the set of  such 
edges is called a fanin of  vi (fanin(vi)). The 
number of  edges outgoing from the vertex 
vi is called the outdegree and is denoted by 
d–(vi), аnd the set of  such edges is called 
fanout of  the vertex vi (fanout(vi)). A path 
p in a graph G is a sequence of  edges in 
the graph where the end of  a previous 
edge is the beginning of  a new edge. The 
delay dij of  the path pij can be obtained by 
sum of  all the weights of  the edges and 
the delays of  the vertices along this path.

The Arrival Time (AT) of  vi is the maximum 
time required for signal to reach v i. It is 
calculated as the sum of  the maximum delays 
on the path from the primary inputs of  the 
circuit to the vertex vi. The required time (RT) 
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is the time for which the signal must reach 
the vertex vi to satisfy the timing constraints 
specified by the user. Transition Time is the time 
required for an element to switch its logical 
state when the signal at the previous node of  
the circuit changes. The critical path is the path 
between the input and output of  the circuit, 
on which the greatest signal delay is observed. 
Slack is the difference between RT and AT. 
A positive slack value means that the circuit 
satisfies the user's timing constraints, while a 
negative slack value means that the delay on 
the critical path is too big and the path needs 
to be optimized.

Consider the example circuit in Fig. 1a. 
The timing graph for this circuit is shown 
in Fig. 1b (the vertex delay values are shown 
in parentheses, and the weights of  the edges 
are written near them). The arrival time of  
the signal is calculated from the inputs of  the 
circuit to the outputs.

The required time RT propagates in the 
opposite direction from the circuit outputs 
to the inputs (Fig. 2a). The slack is calculated 
last, due to AT and RT should be known to 

calculate it. As one can see from Fig. 2b, the 
greatest delay is observed on the path d → h → 
y → f, and the slack at node f is Slack(f) = RT(f) – 
AT(f) = 7 – 6.8 = 0.2.

One of  the problems of  traditional STA 
methods is that the timing graph doesn’t 
consider the logical structure of  the circuit. 
This shortcoming can potentially lead to false 
paths appearing among the critical paths. 
A false path is a path in the timing graph 
the signal along which will not pass for any 
input combination of  signal values. Due to 
false critical paths, the result of  STA can be 
unnecessarily pessimistic.

3. STATISTICAL STATIC TIMING 
ANALYSIS
As noted earlier, STA is performed for 
two extreme cases of  variations in the 
parameters of  internal subcircuits (for 
example, standard cells) of  the analyzed IC. 
The input data for such an assessment is 
formed by characterizing the IC subcircuits 
in PVT (Process, Voltage, Temperature) 
corners corresponding to the best and worst 
conditions for the functioning and physical 
implementation of  these subcircuits. 
Although variations in macro parameters, 
such as temperature or supply voltage, can be 
approximated by characterizing subcircuits 
in several PVT corners, variations in local 
parameters, which include degradation 
phenomena or fluctuations in technological 
parameters of  elements during production, 
cannot be fully considered due to their 
diversity. According to [3], the number 
of  simulation runs required to cover all 
possible sources of  variation in the form of  
process parameters is in the range of  27–
210. For earlier semiconductor fabrication 
processes, incomplete consideration of  
technological parameters did not have a 
large impact on the results of  deterministic 
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                     a                                       b
Fig. 1. A logic circuit (а) and the arrival time on the timing 

graph (b).

                     a                                       b
Fig. 2. Required time (а); the critical path and a slack 

for it (b).
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STA, however, with a decrease in the size 
of  circuit devices, it becomes the reason for 
excessively pessimistic results.

These problems can be partly solved 
by using statistical static timing analysis 
(SSTA). SSTA uses random values of  delays 
and variations of  environment parameters 
(voltage and temperature) and process 
parameters (fluctuations of  structures and 
interconnections), which are characterized by 
probability density function. The result of  
this analysis is the distribution of  the timing 
characteristics of  the circuit, which makes it 
possible to estimate the actual clock frequency 
as well as the process yield due to given 
restrictions on timing characteristics.

SSTA methods can be divided into two 
groups. Methods of  the first group are 
focused on the analysis of  signal propagation 
paths (Path-based SSTA, PBA) [4]. The 
disadvantage of  these methods is that they 
must be applied repeatedly to all elements 
of  the set of  analyzed paths, which leads 
to their high computational complexity. The 
methods of  the second group are aimed at 
analyzing blocks of  subcircuits (Block-based 
SSTA, BBA, also Graph-Based Analysis, 
GBA). The computational complexity of  
these methods is usually linear in the number 
of  blocks in the circuit, but the accuracy is 
lower.

The difference in approaches is shown 
in Fig. 3a,b. The number of  paths increases 
significantly as the number of  vertices in the 
timing graph increases. Moreover, the greater 
the connectivity of  vertices in the graph, the 
more paths need to be analyzed in the PBA 
approach (Fig. 3a). At the same time, in the 
block approach, the complexity of  analysis 
depends only on the number of  vertices of  the 
graph representing the scheme. In addition, 
PBA methods analyze each path individually, 
while in the BBA approach, the analysis is 

performed in one continuous pass in the 
direction from the inputs of  the circuit to its 
outputs (Fig. 3b).

According to [5], the following idea is often 
implemented in commercial STA software. 
The block-oriented approach can be used to 
preliminarily analyze the circuit and obtain 
critical paths, which are then further analyzed 
using the PBA approach.

Two operators [5] are used in SSTA: addition 
and maximum of  distributions. Addition for n 
independent normal distributions P1, P2, ..., Pn 
with means μ1, μ2, ..., μn and standard deviations   
σ1, σ2, ..., σn is calculated as follows:

1
( , ) ( , ),n

i ii
P Nµ σ µ σ

=
=∑

2
1 1

,  = ,n n
i ii i

µ µ σ σ
= =

=∑ ∑
where N(μ, σ) is the normal distribution with 
mean μ and standard deviation σ.

For correlated distributions, the total 
standard deviation takes the following form:

1 1
 = ,n n

ij i ji j
pσ σ σ

= =∑ ∑
where pij is the correlation coefficient between 
delays of  elements i and j.

As noted in [5], the application of  
the maximum operation does not always 
have an obvious solution. If  two normal 
distributions P1 and P2 and with means μ1 
and μ2 and standard deviations σ1 and σ2, 
respectively, are independent and do not 
intersect, or two normal distributions have 
a strong dependence, and their standard 
deviations are comparable, i.e. σ1 ≈ σ2, then 
for μ1 > μ2, max(P1, P2) = P1. However, in 
the case when two normal distributions 
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Рис. 3. Path based analysis (a) and block based analysis (b).
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intersect, they are highly correlated, and 
their standard deviations are difficult to 
compare, or two normal distributions are 
independent but intersect, the result of  
their maximum operation may be a non-
Gaussian distribution, that makes statistical 
timing analysis more difficult. This means 
that special attention should be paid to the 
study of  the operation of  the maximum of  
random variables in statistical static timing 
analysis. At the same time, according to the 
authors of  [5], the result of  the maximum 
distributions in SSTA in a form different 
from the normal distribution is a rare 
situation and, as a rule, has little effect on 
the final result of  SSTA.

4. INTELLIGENT METHODS OF 
STATIC TIMING ANALYSIS
One of  the important problems of  static 
timing analysis, as noted earlier, is excessive 
pessimism due to the influence of  false 
critical paths. Several works of  foreign 
and Russian researchers are devoted to the 
critical paths identification in the timing 
graph. In particular, the work [6] uses the 
resolution method, which can be called the 
simplest version of  the intellectual approach 
to solve this problem.

The resolution method is used to derive 
new rules from a set of  existing ones. It is 
used in artificial intelligence systems and is 
the basis of  Prolog programming language. 
Having given timing constraints and an initial 
set of  trivial logical implications of  circuit 
elements, the authors of  [6] derive new 
implications using the resolution method and 
find logical-timing contradictions in signal 
propagation paths. Logical implications 
represent relations between the circuit 
nodes in the following form. If  the node a 
equals logical zero, then the node b equals 
one. When a logical-timing contradiction 

is detected, the algorithm proposed in [6] 
leaves this path and does not take it into 
account. The results of  the simulation using 
this method demonstrate that it is possible 
to reduce the delay estimate by more than 
50% for a number of  circuits.

The work [7] is also devoted to the 
false paths elimination problem in STA. 
It proposes algorithms for false paths 
identification based on the analysis of  the 
past and current states of  the circuit nodes 
using a program for automatic test sets 
generation. In [7], three algorithms for 
false paths are implemented and compared. 
The result of  the work is a decrease in the 
number of  critical paths by ~33%.

The algorithms used in work [7] were 
also considered in [8]. Paper [8] presents a 
comparison of  the results of  timing analysis 
using STA without false path identification, 
STA with false path identification, SSTA 
without false path identification, SSTA 
with false path identification, and STA and 
SSTA using neural networks [9]. The neural 
network architecture used by the authors has 
1 hidden layer with 20 neurons, 1 input layer 
and 1 output layer. The operation of  the 
neural network considered such parameters 
as the number of  inputs and outputs of  
the analyzed circuit, the number of  logic 
elements, the number of  interconnections, 
power consumption, and the number of  
gates on a critical path. The results of  
the work show that the signal arrival time 
calculated using SSTA is, on average, 7% 
less than that obtained using STA.

For most of  the test circuits, neural 
network analysis was faster than traditional 
SSTA, and the accuracy of  the results 
turned out to be higher. However, it should 
be noted that the report on the results in 
[8] is sketchy and requires extension and 
discussion.
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The use of  neural networks for statistical 
static timing analysis is also described in 
the article [10], where the distributions of  
parameters that affect the result of  STA are 
considered as discrete values. Under these 
conditions, the authors draw attention to the 
problem of  the operation of  a maximum of  
two discrete distributions. They also pointed 
out that the addition operation for distributions 
can lead to an explosive growth in the number 
of  sampling intervals of  the distribution 
function as we move deeper into the timing 
graph, which results in an exponential increase 
in computational complexity.

To solve these problems, the authors of  
[10] propose to replace the standard operations 
of  addition and calculation of  the maximum 
with an approximation of  these operations 
created using deep learning. According to 
their assumptions, this will allow one to 
approximate the result with high accuracy 
and linear computational complexity. The 
experimental calculations carried out showed 
an average error of  0.7% for the mathematical 
expectation and 2.56% for the standard 
deviation for the proposed method compared 
to the Monte Carlo method. At the same time, 
the acceleration was 20.7 times on average 
compared to standard solutions.

A combined approach based on PBA and 
machine learning methods was proposed in 
[11]. Although graph-based timing analysis is 
significantly faster than path-based analysis, 
the slack estimation in GBA methods is 
unnecessarily pessimistic. In this regard, 
the paper [11] proposes the use of  machine 
learning methods to predict the PBA result 
based on the GBA result. The basic unit of  
analysis in the work is the so-called bigram, 
which combines two consecutive circuit 
elements (cells) on a timing path.

During the formation of  the predictive 
model [11], a set of  electrical and physical 

features of  a bigram unit that can affect 
PBA-GBA divergence was evaluated. These 
parameters include:

1) transition time of  the first cell in a bigram 
unit;
2) transition time of  the second cell in a 
bigram unit;
3) arrival time of  the first cell in a bigram 
unit;
4) transition time ratio (TR) of  the first cell 
in a bigram unit;
5) arrival time of  the second cell in a bigram 
unit;
6) drive strength of  the first cell in a bigram 
unit;
7) drive strength of  the second cell in a 
bigram unit;
8) functionality of  the first cell in a bigram 
unit;
9) functionality of  the second cell in a 
bigram unit;
10) fanout of  the first cell in a bigram unit;
11) load capacitance of  the first cell in a 
bigram unit;
12) accumulated transition time ratio of  the 
first cell in a bigram unit;
13) propagation delay of  the second cell in 
a bigram unit.
According to the results of  [11], the 

exclusion of  at least one of  these items can 
lead to a decrease in the prediction accuracy by 
2% to 27%.

The method [11] is based on nonlinear 
models of  classification trees [12] and 
regression trees. Regression trees were used to 
calculate signal arrival times for each bigram 
based on the GBA results, and classification 
trees helped to determine the divergence 
between the PBA and GBA results based on 
the training dataset. In comparison with GBA 
methods the results obtained during testing 
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demonstrate the reduced pessimism while 
maintaining low computational complexity. 
On average, the decrease in the difference 
between PBA and GBA in the estimation of  
signal arrival time was 26.6%.

The problem of  correlation of  results 
obtained by the STA software from different 
vendors is studied in [13]. It is a question 
of  interest due to the fact that the software 
tools of  leading companies (providing the 
so-called “golden” industry standard STA 
results) are expensive, therefore to purchase 
them and to update regularly is not always 
possible. Thus, there is a need to distinguish 
both between "gold standard" STA tools 
and their cheaper (or freely available) 
counterparts, and between different versions 
of  them.

The authors of  [13] proposed a method 
based on machine learning to predict the 
results of  one STA software tool based on the 
results obtained by another one. The method 
was set up based on the following parameters 
of  the analyzed ICs:

1) effective load capacitance;
2) total coupling capacitances;
3) wire ground capacitance;
4) wire resistance;
5) cell input slew;
6) cell output slew; 
7) cell delay;
8) wire delay;
9) total stage delay; 
10) flip-flop setup time;
11) path slack.
In [13], a set of  linear and nonlinear 

machine learning methods (least squares 
regression (LSQR), artificial neural networks 
(ANN), support vector machine regression 
with a radial basis function kernel) and 
random forests [14] were used. For each of  

the models, the authors selected the method 
that best reduced both the root-mean-
square spread and the difference between 
the maximum and minimum deviations of  
the results of  the two compared software 
for STA. It is noted that LSQR regression 
and ANN show less efficiency compared 
to random forests and support vector 
regression for the problem of  minimizing 
the range of  deviations. The ANN-based 
model is the most effective at modeling setup 
times and cell delays. The support vector 
machine regression performs well when 
modeling interconnect and cascade delays. 
The random forest model provided good 
results for slack calculation. To implement 
these models, the built-in Matlab vR2013a 
toolkit for ANN, the LIBSVM library for 
the support vector machine in Matlab [15], 
and the implementation of  a random forest 
in Matlab with an open source code [16] 
were used.

The authors of  [13] achieved a decrease 
in the divergence of  up to 6.6 times for the 
calculated values of  the signal setup time and 
delays of  the circuit elements, considering the 
signal integrity (SI) analysis and the spread of  
on-chip variation and up to 4 times without 
SI.

With a decrease in the size of  elements 
in microelectronics, the problem of  signal 
integrity in the STA becomes more and more 
relevant. Most often, STA is performed for 
digital signals, however, any digital signal is 
analog in nature, and it is a subject to similar 
effects (crosstalk, power supply noise, etc.) 
that become stronger as the size of  the layout 
elements decreases. Performing STA with 
regard to SI is a laborious task, and software 
tools capable of  performing this type of  
analysis are usually available at a higher price. 
Due to this, in [17], the electrical and logical 
parameters that lead to the time difference 

NANOELECTRONICS CLASSICAL AND INTELLIGENT APPROACHES FOR 
VLSI STATIC TIMING ANALYSIS: AN OVERVIEW



34

No. 1 | Vol. 14 | 2022 | RENSIT: Radioelectronics. Nanosystems. Information technologies

between classical STA and STA with SI were 
analyzed. The obtained parameters were used 
to train a neural network with the following 
structure: 1 input layer, 2 hidden layers, each 
of  which contains the number of  neurons 
up to twice the number of  input parameters, 
and 1 output layer. In addition, the support 
vector machine with a radial basis function 
was used for modeling. To combine the results 
of  the analysis using a neural network and 
the support vector machine, hybrid surrogate 
modeling was used, the basics of  which are 
given in [18].

The practical part of  work [17] consists 
of  three experiments. The first one was 
performed to validate the delay and transition 
time prediction model. The average error 
for transition time and delay in absolute 
terms was 0.6% and 1.4%, respectively, 
compared to the STA method with signal 
integrity. The worst case error was 8.8% 
for transition time and 6.9% for delay. In 
the second experiment, the reliability test 
of  the model was carried out by calculating 
the timing characteristics for variants of  
test circuits that were not used in a training 
dataset. As a result of  the experiment, the 
average prediction error was 2.6%, and in 
the worst case it was 12.3%. In the third 
experiment, the accuracy was compared 
with the previously mentioned model [13]. 
The model proposed by the authors of  [17] 
shows a much smaller error.

Another important application of  STA 
methods is the evaluation of  the timing 
characteristics of  circuits at various stages of  
the ICs design flow. Thus, in [19], the issue of  
timing analysis of  implementations of  user 
circuits based on the data of  the placement 
procedure is considered. Interconnection’s 
routing makes a significant contribution 
to the timing characteristics, that’s why it 
is necessary to use a pessimistic estimate 

at all stages before routing to ensure the 
correct functioning of  the IC. The authors 
of  [19] suggest using machine learning 
methods to reduce the pessimism of  timing 
analysis characteristics at the placement 
stage. When forming models and training 
machine learning algorithms, the following 
parameters were considered:

1) the output capacitance of  the driver (the 
output capacitance of  the previous logic 
element) and the sink capacitance (the input 
capacitance of  the load).
2) The distance between the driver and 
the target. According to [19], the vertical 
and horizontal distance from the driver is 
proportional to the interconnection delay.
3) Max driver input slew.
4) Location of  sink other than the target.
Due to the fact that machine learning 

requires a fixed number of  input parameters, 
the work uses the average value of  the 
location of  the remaining sinks along x and y 
coordinates, as well as their spread.

The paper [19] compares three machine 
learning methods for solving the problem: 
1) the Lasso linear regression algorithm; 2) 
artificial neural network; 3) random forest. 
The training was performed on the STA 
data applied to already routed circuits. The 
problem of  false paths in this approach 
is considered indirectly using the STA 
algorithm used to prepare the training data. 
Testing was performed  on the same test 
circuits as training, but resynthesized with 
changed parameters to obtain a different 
implementation of  the circuits. As a result, 
the random forest method showed the 
smallest standard error in both the delay 
estimate and the transition time estimate. 
In the work, a comparison was made with 
a commercial STA software tool, according 
to which the proposed method based on 
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machine learning showed the best result. 
It was confirmed not only by comparing 
the calculated delay, which turned out to 
be closer to the real values, but also by a 
smaller spread of  the timing parameters 
of  the circuit compared to the results of  
commercial software for STA.

A study of  the dependence of  the timing 
characteristics of  the circuit on the supply 
voltage is presented in [20]. Its main thesis 
is that the difference in supply voltage 
has the greatest impact on the difference 
in delays when working under different 
PVT conditions. As we noted earlier, the 
characterization of  elements is usually 
performed for several PVT corners, and 
it does not cover all possible variations of  
both technological and macro parameters. 
The authors of  [20] suggest using machine 
learning to perform STA with different 
power supply voltages.

The method [20] is based on a 
convolutional neural network [21] with the 
assumption that the task of  determining the 
path delay is similar to the task of  computer 
vision. Thus, images in computer vision 
tasks are represented as a three-dimensional 
tensor (W, H, C), where W is the image 
width, H is the image height, and C are the 
color channels of  the image. By analogy 
with this, the characterization corners 
can be represented as a three-dimensional 
tensor (P, V, T), where P are the variations in 
the technological parameters of  electronic 
components, V are the variations in the 
supply voltage, and T are the variations in 
temperature. For modeling, the authors of  
the work used the linear regression method, 
the Lightgbm method [22], and an ensemble 
of  these two methods. Two experiments 
were performed in [20]. The first one was 
dedicated to the path delay prediction for 
one value of  the supply voltage based on STA 

for another value of  the supply voltage at the 
same value of  parameter P. The ensemble of  
methods showed the best result among the 
others with a maximum error of  less than 
4.9%. In the second experiment, the path 
delay was predicted for a given value of  the 
supply voltage with given variations of  the 
process component P based on STA with 
other parameters of  the supply voltage and 
variations in the technological parameters 
of  electronic components. The maximum 
error in this case was 7.9%.

5. DISCUSSION OF STA 
INTELLIGENT METHODS
Among the presented works on the use of  
artificial intelligence for solving STA problems, 
various types of  neural networks are mostly 
often proposed. This conclusion is also 
supported by works that are not considered in 
detail within this overview, given in Table. 1. At 
the same time, ANNs are not a universal way 
to solve any STA problems. There are several 
works [11,14,16,17] devoted to the study and 
comparison of  the results of  several machine 
learning methods for particular STA problems. 
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Table 1
Application of intelligent approaches to the problems 

of static timing analysis of integrated circuits
Object STA task Solution method Ref.

Noise analysis

STA considering 
power supply 
noises

Neural network, 
support vector 
machine, 
LSBoost

[23]

Correlation of 
results of the 
STA

STA considering 
variations in 
path delays 
when modeling 
at different 
corners of 
characterization

Neural network

[24]

Correlation of 
STA results under 
different modeling 
conditions

Multiple Linear 
Regression

[25]

Transistor 
Degradationв

Timing Prediction 
with Transistor 
Degradation

Feedforward 
Neural Network

[26]

STA runtime 
reduction

STA with parallel 
data processing Neural Network

[27]
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As it turned out, in most of  these works, the 
best result is provided by an ensemble of  
methods (for example, a combination of  the 
linear regression method and the Lightgbm 
method in [20], a neural network and the 
support vector machine in [17]). Also, good 
results are demonstrated by methods based on 
the “Random Forest”, which is an ensemble of  
decision trees. Presumably, ensemble methods 
show more accurate results compared to 
single methods due to their better behavior 
in conditions of  insufficient training data. In 
addition, due to the variety of  mathematical 
dependencies contained in their composition, 
ensemble methods are able to take into account 
the nonlinear nature of  the problems of  timing 
analysis.

The most cautious thesis, deduced on 
the basis of  modern scientific and technical 
experience, can be formulated as follows. 
Each task of  static timing analysis requires 
careful selection of  an appropriate intelligent 
method or a combination of  them, as well 
as careful study of  the way the training and 
test data sets are formed. Currently, a unified 
methodology for solving STA problems based 
on AI methods has not been formed.

6. CONCLUSION
The article considers the application of  classical 
and intelligent approaches to the problem of  
timing analysis of  integrated circuits. One of  
the frequent problems solved in modern works 
is to reduce the pessimism of  the results, which 
is inherent in the methods of  static timing 
analysis. A small part of  the work is devoted 
to the acceleration of  STA without significant 
loss of  accuracy.

Great interest in the application of  
intelligent methods to the timing analysis of  
IC is observed on the part of  foreign scientists, 
while there are very few Russian-language 
studies on this topic. Presumably, the reason 

for this lies in the fact that for a long time 
domestic enterprises and microelectronics 
development centers had used exclusively 
foreign proprietary software and there was no 
urgent need for own developments.

An analysis of  the existing scientific and 
technical literature helped to identify promising 
areas for future research. These include the 
elimination of  the influence of  false paths, the 
reduction of  the pessimism, a detailed study of  
the operations of  addition and the search for 
the maximum of  the distributions of  variations 
in the technological and macro parameters 
of  the IC, the consideration of  the noise 
factor and the signals integrity observation, 
establishing correlations between the results 
of  timing analysis at different stages of  IC 
design, as well as between different, including 
proprietary, software for timing analysis, or in 
intermediate PVT corners.
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