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5   Analog IC Design Environment 
Architecture 

Abstract. This chapter describes the implementation of an innovative design au-
tomation tool, GENOM which explores the potentials of evolutionary computation 
techniques and state-of-the-art modeling techniques presented in the previous 
chapters. The main design options of the proposed approach will be here described 
and justified. First, an overview of the design architecture main building blocks 
will be provided. Then, the optimization algorithm kernel, as well as, the imple-
mented functionalities are described. Finally, the design options are described in 
detail using experimental results on a few test cases.  

5.1   AIDA Architecture 

The GENOM optimization tool can be used as a standalone application, although 
it holds some functionality which can only be fully accomplished when it is part of 
the in-house design automation environment called AIDA [1]. AIDA, Analog In-
tegrated Design Automation, is an ongoing project for analog IC design automa-
tion at ICSG group IT/IST. A summary of this application architecture will be  
described next. 

5.1.1   AIDA In-House Design Environment Overview 

The AIDA platform, which includes a design flow core engine responsible for the 
design automation is illustrated in Fig. 5.1. The platform is structured in three lay-
ers: interface, application and data layer and implemented in several technologies, 
such as JAVA® for the design core, MySQL® for the databases and Swing® for 
the graphical user interface (GUI). The AIDA project implements a fully config-
urable design flow which introduces an increased level of flexibility and reusabil-
ity when compared to traditional design approaches. The flexibility is achieved by 
both allowing the designer to define his own hierarchical design organization and, 
simultaneously, the design flow for each design. The reusability is achieved by in-
troducing a highly organized data structure to store the entire design data allowing 
an easy reuse and retargeting of pre-design systems and predefined design flows. 
In addition, AIDA allows the interaction with other CAD tools such as circuit and 
system level optimizers like GENOM and layout generators [2-3].  
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Fig. 5.1 Conceptual view of AIDA environment architecture 

The AIDA platform implements a hierarchical methodology matching design-
ers’ approach by allowing the complete definition of the design flow tasks at each 
hierarchical level, as presented in Fig. 5.2 for a filter design case. The design flow 
definition is based on basic units of work: project specifications, topology selec-
tion, several units for device sizing and optimization and a last unit for characteri-
zation. In this project, GENOM acts as an external circuit and system level  
optimizer tool with well defined interface protocol. 

 

 

Fig. 5.2 AIDA design flow 
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The GUI facility of the AIDA platform, illustrated in Fig. 5.3, plays a key role 
in the definition of project specifications and topology selection required by  
GENOM.  

Through an intuitive user-friendly interface, the user specifies the design specs 
e.g., circuit class, performance specs, design constraints and technology. These 
specs, which may be introduced by the user or result from the synthesis in a higher 
hierarchical level, automatically restrict the set of available topologies. Then, the 
topology selection may be performed manually by the designer or automatically 
by an engine (if available) that evaluates the candidate topologies according to de-
sign specs. Next, the design flow, organized in several design stages, controlling 
the optimization process, as exemplified in Fig. 5.2, is defined and executed. Each 
design stage has the goal of setting a subset of the design parameters (W, L, C, R, 
etc). Therefore, each design stage corresponds to an optimization task submitted to 
the selected optimization engine, in our case the GENOM optimization engine, us-
ing HSPICE, to compute the design objective function. Moreover, the use of other 
design and simulation tools, if available, is also possible and only depends on us-
er’s selection. Although a design stage is considered an atomic operation for  
the user, during the design flow and at each control point between design stages, 
he may evaluate the design and redefine parameters, constraints or even change 
the predefined design flow.  

 

 
 

 

Fig. 5.3 GUI facility implemented in AIDA 
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5.1.2   Layout Level Tools 

The AIDA framework was designed to interact with CAD tools of different hier-
archical levels as described in the preceding section for the case of the analog cir-
cuit optimizer. In the future, this interaction will be expanded to the layout level 
for the layout verification and generation. In particular, the objective is to integrate 
the LAYGEN [2-3] tool illustrated in Fig. 5.4.  

 

Fig. 5.4. LAYGEN graphical interface 

The integration of the layout CAD tool in AIDA framework will allow the inclu-
sion of extracted layout parasitics and circuit reliability design rules, to be taken 
into account during the design process. The design process now supports the com-
pensation of layout parasitics implementing an iterative loop, involving circuit siz-
ing and the layout generation. Hence, the conformity of analog design specification 
will be verified taken into account the parasitics of physical implementation. 

5.2   GENOM System Overview 

The proposed design optimization tool represents an alternative to the traditional 
design flow, automating some steps of the design methodology. It covers some of 
the most time consuming tasks of analog design process at the circuit level, like 
circuit sizing and design trade-offs identification. The main building blocks of 
GENOM architecture depicted in Fig. 5.5 are decomposed into three units, the op-
timization kernel, the evaluation module and the application interface. 



5   Analog IC Design Environment Architecture 113
 

 

Fig. 5.5 E-Design environment architecture 

The GENOM optimizer kernel is based on an evolutionary algorithm (EA) ker-
nel with modified operators and an automatic control mechanism which supports 
the interaction with equation and simulation evaluation engines, so that the cost 
function evaluation is made either by behavioral models based on SVM or by 
electrical simulation, in this case, using Spice-like simulators. Additionally, GE-
NOM includes a distributed processing facility with a high degree of portability 
across a variety of machines, allowing the increase in computation efficiency 
when using cost expensive evaluations.  

The GENOM core is written in C, programming language, and implemented in 
a Linux environment, taking advantage of the efficiency and flexibility of C code, 
free development tools and platform. Although it is commonly used for algorithm 
development, C language has not traditionally been used to generate a graphical 
user interface (GUI) for applications. Hence, the front-end was implemented in an 
independent language platform, the Java™ using the Swing components. 

The tool functionality, extended by the addition of an E-Design front-end al-
lowing an incremental growth of the IC design database and an individual man-
agement of each project, will be described in the next sub-sections. 

5.2.1   Design Flow 

In order to support the analog IC design flow methodology and to provide an effi-
cient data management of the inputs and outputs from GENOM, a new design 
automation environment was developed as illustrated in Fig. 5.5. Like in many 
analog design automation environments, before the synthesis there is a preparatory 
stage where the production of user-defined equations (equation-based), training 
the learning machine for performance models, or incorporating design constraints 
take place. The design facilities also include the backtracking of the design proc-
ess, allowing the user to follow the evolution of the design process dynamically or 
just reporting the final solutions at the end of the optimization process. This feed-
back is extremely relevant once it provides the information that the designer needs 
to detect, identify and understand which are the performance bottlenecks for the 
circuit that is being designed. 
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Fig. 5.6 Conceptual view of the Input/Output from optimizer tool 

However, when not integrated in the AIDA environment, i.e., in the standalone 
operation, the user needs to provide and configure manually the necessary input 
files, depicted in Fig. 5.6, in a suitable form for the optimization process.  

 5.2.2   Input Data 

The aim of this phase is to provide and configure the necessary input files in a suit-
able form for the optimization process. In order to manage the complex structure of 
data involved in this project, a graphical interface seems a fairly option to guide all 
the input data process. The GUI interface, using spreadsheet-like data input forms, 
aid the designer to input data more easily, minimizing input errors and the setup time 
to define or redesign a new simulation strategy. In addition, it guides the user 
through a sequence of logic events and avoids the occurrence of compatibility errors. 
Through the graphical input interface the user defines the circuit class (amplifier, fil-
ter, A/D, D/A, etc), the performance specs (dc gain, gain bandwidth product, phase 
margin, slew rate, power dissipation, offset voltages, etc) of the analog cell which 
the designer wants to optimize, as well as the design constraints (corners, matching 
parameters, overdrive voltages and currents, etc) and the technology process.  
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Fig. 5.7 illustrates one stage of design specs introduced by the user; in this case it 
shows the definition of the performance measures required for this project. Accord-
ing to the introduced design specs, a candidate topology is manually selected from 
the circuit database as depicted in Fig. 5.8. If the design specs do not match any of 
the existent topologies, a new one have to be created and introduced into the system.  

 

Fig. 5.7 Performance parameters and measures facilities 

 

Fig. 5.8 Topology Selection 
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  <design_file>.cfr - Configuration file

# A line started by a charater "#" is a comment.
<TITLE>
Differential AmPop  
Version: November 16, 2007 - Author: F.M. Barros
# ---------------------------------------------------------------------------
# 1. Control Parameter Section
# ---------------------------------------------------------------------------
<CONTROL>
ProblemType 0     # 0 - Circuit simulation    1- Numerical optimization
OptimizationType 0     # 0 - Genetic algorithms    1- SVM (SA, ...)
# ---------------------------------------------------------------------------
# 2-Passing Parameter Section 
# ---------------------------------------------------------------------------
<PASSING_PARAMETERS>
Seed 99  # SEED – Integer number representing the SEED value ={1-10000}
Timer 2  # TIMER- Simulation time TIMER={SHORT=0, MEDIUM=1, LONG=2}
Quality 2  # Optimization QUALITY={COARSE=0, MEDIUM=1, FINE=2}
Stop 2  # STOP Criterion. STOP={Time=0, Convergence=1, Max_Generations=2}
Debug 1  # DEBUG    - Output text debugging. DEBUG={none=0, YES=1 }
Cluster 0  # CLUSTERS - Parallel Processing ={SERIE=0, PARALLEL=1}
Reports 0  # REPORTS  - Formats {TEXT=0, GRAPHICS=1, Both=2}
Activity 10  # ACTIVITY - Statistics data sampling frequency (for graphics)
StepAC 10  # STEPAC   - Update frequency of bode plots
inDirectory /home/IT/GENOM/workspace/circuits/00_Differential_Ampop
outDirectory /home/IT/GENOM/workspace/circuits/00_Differential_Ampop/RESULTS
# ---------------------------------------------------------------------------
# 3-Dependent Parameters Section 
# ---------------------------------------------------------------------------
<MEASURES>
9
gain_dc;gbw;phfp;phase_margin;ftcmfb;phfpcmfb;phasecmfb;power_a;iavdd
##
<CONSTRAINTS>
34
vov_m0a;vov_m0b;vov_m16;vov_m1a;vov_m1b;vov_m2a;vov_m2b;vov_m3a;vov_m3b
vov_m4a;vov_m4b;vov_m5a;vov_m5b;vov_m6a;vov_m6b;vov_m7a;vov_m7b
delta_m0a;delta_m0b;delta_m16;delta_m1a;delta_m1b;delta_m2a;delta_m2b
delta_m3a;delta_m3b;delta_m4a;delta_m4b;delta_m5a;delta_m5b
delta_m6a;delta_m6b;delta_m7a;delta_m7b
. . .

 

Fig. 5.9 Partial view of “design.cfr” 

At the end of the preparatory phase, five independent text files are created as il-
lustrated in Fig. 5.6. These constitute the configuration files required by GENOM 
kernel and are briefly described below. 

- “Design.cfr”: This file illustrated in Fig. 5.9 contains the configuration  
parameters used to control the optimization process, such as, the number of 
evaluations, the quality of solutions, the stop criterion, type of reports, etc. All the 
commands used in the configuration file are from the User Guide. This file does 
not include the commands to modify the behavior of the algorithm kernel. This 
task is restricted to authorized computer algorithms specialists. 

- “Design.spc”: This file holds the design specifications written in a familiar 
analog design syntax, using the traditional relational “min”, “max”, “less”, “great”, 
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“equal” operators and additional ones for specific constraints expressions such as 
“verify_bound(a,b,c)” illustrated in Fig. 5.10. 

- “Design.par”: The design parameters file depicted in Fig. 5.11 encloses the 
problem dimension and device names, bounds and step size for each optimization 
variable. 

- “Design.cir”: This is the circuit netlist file that describes the circuit connec-
tivity either in flattened or hierarchical mode. The optimization variables must be 
explicit marked with an underscore before the variable’s name as depicted in  
Fig. 5.12. This name must agree with at least one parameter of the design parame-
ters file. The format of this file should be compatible with the evaluation tool.  

-  “Corners.inc”: This is an optional input file that specifies the corners condi-
tions. This file showed in Fig. 5.13, will be included in the circuit netlist.  

- “Measures.inc”: This is a user-defined set of statements or commands that re-
trieve specific electrical measures from evaluation tool. It is a kind of interface be-
tween optimizer and the evaluation tool to acquire precise information data. This 
file, illustrated in Fig. 5.14, will be included in the circuit netlist.  

- Fabrication model: A fabrication model consists of values for different tran-
sistor characteristics needed by the simulator to develop a small signal model for a 
transistor. In a regular basis, this file is complied with standards and is dependent 
on the fabrication technology. In GENOM, a library of models aggregates some of 
the public technological models available. The technological file must be refer-
enced in <Design.cir> file, as illustrated in Fig. 5.15. 

 

Fig. 5.10 Partial view of  <design.spc> 
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Fig. 5.11 Partial view of <design.par> 

 

Fig. 5.12 Partial view of <design.cir> 
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<Corners>.inc - Corners File (HSPICE style)

* ------------------------
* 1. Corners file
* ------------------------
.ALTER @1 -> lib=slow; temp=-40 +50 +105; 

.protect
     .lib 'cmos035.lib' slow
     .unprotect
     .temp -40 +50 +105

.ALTER @2 -> lib=typ; temp=-40 +50 +105; 
    .protect

     .lib 'cmos035.lib' typ
     .unprotect
     .temp -40 +50 +105 

.ALTER @ -> lib=typ; temp=-40 +50 +105;  ...

 

Fig. 5.13 Partial view of the Corners file 

  

Fig. 5.14 Partial view of the measures file 

- Cost Function: This is a module that implements a parser in Lex and Yacc 
syntax [4] which automatically evaluate the performance of a set of candidate so-
lutions. It is independent from the problem and will be the subject for further dis-
cussion in sub-section 5.3.3.1.  
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  <Fabrication>.inc - Technology Process File (HSPICE style)

**************************
* Libs
**************************
.protect
    .lib '../../library/cmos035/cmos035.lib' typ/slow/fast

or
    .lib '../../library/UMC/HSPICE/telescopic/l18u18v.122' L18U18V_TT

or
    .lib '../../library/AMS/hspiceS/c35/wc49.lib' tm/wp/ws
.unprotect

 

Fig. 5.15 Technological model reference 

5.2.3   Output Data 

The output data provided by the GENOM tool includes the post-processing reports 
and evolutionary real time reports. The activation of each type of outputs is left to 
the designer choice. The post-processing reports include the evaluation of per-
formance parameters coupled with statistical information presented at the end of 
the optimization, using the data in the data structures generated during the optimi-
zation phase. Fig. 5.16 and Fig. 5.17 illustrate the type of documentation provided 
by the design automation environment. The GENOM outputs are divided in two 
great groups related with design data and process info.  

 

Fig. 5.16 Progress reports 
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Fig. 5.17 Performance reports from optimization 

Process info: This is the union of several statistical metrics gathered from opti-
mization (Fig. 5.16). It includes a huge amount of statistics data about runs,  
generations, evaluations and time. This data is spread in several thematic files, in-
cluding the evolution report file, corners file, bode plot file, etc. Optionally, the 
user can dispatch this info to screen reports for “online” validation purpose as it 
will be discussed in the next section. 

Design Data: This corresponds to the final results from the estimation process 
(Fig. 5.17). This includes the optimum values of the optimization variables, the 
performance parameter values and the satisfaction of constraints parameters for 
the best 32 individuals of the population. In addition, it provides information about 
the optimization problem progress. These values are confronted with the initial 
ones to infer about the fulfillment of the synthesis flow objectives. 

5.2.3.1   Progress Real-Time Reports 

GENOM produces and supplies the required data which allows the visualization 
of real-time reports in AIDA framework. The progress real-time reports are a  
set of visual tools available optionally to the user, which indicate the progress sta-
tus of evolutionary process in each generation. They consist of animated graphics 
of bode plot figures, the design space exploration figures and of the evolution 
curve of the cost function. The real-time environment is also represented by a  
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Fig. 5.18 Progress reports provided by the automation prototype 

built-in spec sheet that can display a simple pass/fail status, symbolized by 
green/red colors, of the performance parameters, constraints violations and corners 
satisfaction as illustrated in Fig. 5.18. 

5.2.3.2   Interactive Design 

Interactive design is an extended capability introduced to GENOM framework that 
allows an experienced designer to incorporate some basic knowledge about a cir-
cuit during the search process. With the feedback acquired from real-time progress 
reports, for example, comparing the initial specs against current measured results 
and taking into account the present context status of the optimization process 
(state of design variables, evolution curve, constraints violation and corners satis-
faction, etc.), the designer can use his knowledge or intuition to change the  
dynamic ranges of design parameters, set fixed values to genes of the current 
population (affix some genes of chromosome), etc, which shifts the course of op-
timization. Keeping constant values in some design variables has the effect of re-
ducing the number of search variables. One equivalent variation of this approach 
is done by the matching of some strategic transistors such as, the differential pairs, 
current mirrors, etc., and in some non-sensitive transistors because they do not 
have much impact on the functionality of the circuit. Both measures result in the  
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shrinkage of the design space and shortened run times. The advantage of this ap-
proach is that it is independent from the process, it captures the designer knowl-
edge and since it adapts to each individual’s knowledge, it is more flexible and 
can lead to efficient performances. Interactive design becomes a valuable optional 
tool in the presence of an experienced designer. 

5.2.4   I/O Interfaces 

The MPI interface block illustrated in Fig. 3.24 is composed by two independent 
types of communications. The hierarchical level interface is dedicated to future in-
tegration with LAYGEN tool. The network communication interface implements a 
local area multi-computer LAM-MPI interface (Fig. 5.19) used in the development 
of parallel applications over a network of heterogeneous computers as described in 
sub-Sect. 3.3.7. 
  

 

Fig. 5.19 Local area multi-computer system implemented with LAM-MPI 

As discussed in 3.3.7, the communication between parallel processes is handled 
by the Message Passing Interface (MPI). Therefore, it is necessary to download, 
compile and install the MPI library in the current environment according to in-
structions in “GENOM Users guide”. To make sure that distributed optimization 
environment is correctly configured and installed in a specific processing node, 
execute the “test-GENOM” script of Fig. 5.20:  
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Fig. 5.20  Testing GENOM distributed environment 

The latter script verifies if the optimization tool, as well as, the evaluation en-
gine are available in a specified processing node by trying to execute an applica-
tion, e.g.”genom” and “hspice”, on all nodes. The last test verifies if the secure 
“SSH” communications is configured to avoid passwords. If the test is successful, 
proceed with next sequence of commands to initiate the execution of parallel ap-
plication, the “genom” in the example illustrated in Fig. 5.21.  

 

Fig. 5.21 Testing GENOM ‘ssh’ communications 

In the first step, the user creates a file listing (“lamhosts”) the participating ma-
chines in the cluster and then activates the LAM network with “lamboot” com-
mand. “Lamhosts” is a text file that contains the names of the nodes, one per line, 
with the first one being the machine that the user is currently logged on to.  

The activation of GENOM is given by the “mpirun” command for the case of a 
filter optimization problem. With this invocation the application that is being exe-
cuted has the same pathname on all processor nodes. A more flexible approach is 
able to run different executable pathname on different nodes. This is achieved 
through a variation of the “mpirun” command and a new definition of “lamhosts” 
as described in Fig. 5.22. 

 

Fig. 5.22 Invocation of distributed GENOM application 
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For example, to run “genom” program on machine baltar, malacata and everest 
all Linux machines, and on estrela, a Solaris machine, the <lamhosts> file would 
contain now the following entries depicted in Fig. 5.23:  

 

Fig. 5.23 Lamhosts with the names of nodes and the pathname to the executable 

The second entry per line, here 0, 2, 1 and 1, is the number of additional proc-
esses that can be launched per each machine. Since the MPI run is started from 
baltar the master process runs on it, so it is advisable not to allow the execution of 
another process on it. The other nodes have associated one or two processes per 
machine. This approach presents several advantages because it is possible to apply 
efficient load management of computer power in unbalanced network. An unbal-
anced network occurs when the computer power distribution is not equally dis-
tributed between machines, either due to different machines or to machines with 
different loads. Balancing the number of processes according to the available 
computational resources reduces the overall optimization time.  

5.2.5   Evaluation Engine 

GENOM extends the optimization capabilities to some of the SPICE-like circuit 
simulators including the standard HSPICE and SPICE which share common char-
acteristics. These simulators are capable of reading their inputs and producing re-
sults in text file formats, as well as, being launched from the command line. Other 
simulators can also be supported as long as these characteristics occur. A detailed 
description of the entire mode of operation ranging from the moment a chromo-
some is ready for evaluation until it attains the cost function value is presented in 
section 5.3.3.  

5.2.6   Expansion of GENOM Tool 

The GENOM synthesis tool consists of a set of interconnected software modules 
which comprise the user interface, the evaluation engine, the distributing comput-
ing API and the learning machine beyond the optimization engine itself. These 
modules are called automatically when required by the synthesis flow. Preferen-
tially, AIDA uses a XML text description files to pass information between internal 
modules taking advantage of the intrinsic XML properties. The XML file format 
provides the developer with a clean, robust and human readability documented  
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target, allowing a much easier debugging as well as reading and exporting to other 
file formats. If the necessary software modules are developed, then the presented 
system can also be applied to different design environments or can even be inte-
grated in wider industrial applications. Fig. 5.24 depicts an excerpt of the configu-
ration interface file used by AIDA framework to setup some functionalities of the 
GENOM tool. 

 

/******************************************************************************/
                          interface.c - configuration file
                Copyright (C) 2005 by Manuel Barros, fmbarros@ipt.pt
/******************************************************************************/
#   This file contains the INPUT parameters to GENOM Optimizer- V.2
#   Using the command line:
# Ex: ../genom RcIdeal.cfr -s -hspice
 *******************************************************************************/

<?xml version="1.0"?>
<AIDA>
<GAPAR> # Optimization GA Algorithms under test
<num of runs> 20 #number of runs
<evaluations_max> 10000 #number maximum of evaluations
<initial_seed> 1000 #initial seed
<population_size> 64 #population size
<mut_rate_max> 0.25 #maximum mutation rate
<stop_criteria> 1 #"1=Maximum num_generation 2=1st solution 3=25 STAGNATED generations"
<convergence_lim> 10e-3 #Cost standard deviation limit for the convergence test
<update_report> 1 #1 = each generation 2= logaritmic 3= best changed
<num_of_runs> 20       #number of runs
<update_report> 1        #update reports
<ntotalsamples> 3000     #number of total samples
</GAPAR>
#
<KERNEL> # Optimization Algorithms under test
 ...
 ...
</KERNEL>
</AIDA>

/******************************************************************************/
interface.c - configuration file

                Copyright (C) 2005 by Manuel Barros, fmbarros@ipt.pt
/******************************************************************************/
#   This file contains the INPUT parameters to GENOM Optimizer- V.2
#   Using the command line:
# Ex: ../genom RcIdeal.cfr -s -hspice
 *******************************************************************************/

 

Fig. 5.24 Interface between GENOM and AIDA design automation environment. 

 
The Fig. 5.25 demonstrates a communication interface example resultant from 

the <update_reports> parameter specification defined in Fig. 5.24. At specific time 
intervals pre-defined by the user, it is carried out an update of the reports and the 
refresh of screen information. In the example above, <update_reports> is set to ‘1’ 
meaning an update in each generation (see Fig. 5.24 for other options). The infor-
mation delivered from the optimization tool intended for visualization purposes is 
treated by a parser that identifies pairs of keywords or tags (fSpecs.out, fEvolu-
tion_Curve.out, fCorners.out, fParameters.out). The information between those 
keywords is sent to the interface defined by the client (the entity that initiated the 
optimization order). Fig. 5.25 exemplifies one line of results sent from GENOM. 
The word “fSpec.out” is reserved and identifies the performance parameters and 
the following values have a precise syntax. The first argument specifies the itera-
tion of evolutionary algorithm and the next ones are the optimal values for the per-
formance in the same order of appearance as in the specs file (“design.spc”). 
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Fig. 5.25 Example of information delivered by GENOM 

5.2.7   Optimization Kernel Configuration 

This section presents the implemented approaches that support the optimization 
kernel. GENOM includes a kernel configuration file with commands to modify the 
behavior of the algorithm kernel. This task is limited to authorized computer algo-
rithms specialists. Fig. 5.26 depicts a sample of the configuration interface file 
“AGPAR.h” used to setup some GENOM functionalities.  

 Each line between <KERNEL> tags is represented by a set of attributes that 
defines a particular characteristic of the kernel. The example, depicted in Fig. 5.26 
defines the optimization of three different kernels, “GA-STD”, “GA-MOD” and  
 

 

Fig. 5.26 Optimization kernel configuration file 
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“GA-SVM”. At least one line should be presented for the correct functioning of 
GENOM. The command to execute a single optimization in 5 runs and respective 
simulation result is showed in Fig. 5.27. Each line depicts the run number, #Run, the 
number of evaluations in each run, #nEvals, final fitness value, #Fitness, simulation 
time, #wTIME, existence of feasible solution, #FEAS, and existence of a solution, 
“#SOLUTION”, found at generation, “found_@”. A feasible solution satisfies all de-
signer rules but may miss one performance requirement, on contrary, if a solution is 
found, all designer rules, as well as, all the performance specs are satisfied.  

 

 
RESULTS: 

 

Fig. 5.27 A single kernel configuration and results. 

5.3   Data Flow Management 

In a design automation tool there is a need to handle two types of data structures, 
one, to manage the circuit’s database and the other to manage the simulation data. 
A good definition of the data structure can lead to efficient data management and 
improvements in reusability. For instance, the simulation measures, the perform-
ance parameters database, the sub-circuits blocks, the testbenches and the techno-
logical files are likely to be shared or reused, avoiding the redefinition of circuit’s 
information. In the same way, the data management of simulation data from the 
synthesis process can also be improved due to the need to control and to establish 
relations between the huge amount of simulation data, normally, produced from 
the optimization process, the need to cope with the variety of file formats from 



5   Analog IC Design Environment Architecture 129
 

different simulators or even a simple access to the simulated data of a specific cir-
cuit simulation.  

In GENOM, the circuit’s database is managed externally by AIDA framework 
but the management of the simulation data is GENOM’s responsibility. When 
used as a standalone application, GENOM requires the input files illustrated ear-
lier in Fig. 5.6.  

The next two sections explain how GENOM manages the data and structures.  

5.3.1   Input Data Specification 

The preferential method to input all the data specification is through a GUI, oth-
erwise the required files have to be manually generated. The GENOM graphical 
user interface presented in Sect. 5.2.2 inherits some methods of AIDA framework, 
and, as a result, takes advantage of its technology, namely the data management 
and data structure used to create and maintain a circuit’s library. A multilayered 
architecture structure organized in tables with relational data, as illustrated in  
Fig. 5.28 and Fig. 5.29, is used to store the information concerning the circuits in-
troduced through the graphical interface and the data provided by the optimization 
tool for data visualization. The next screenshots show the input data specification 
of the filter depicted in Fig. 5.29. 

 

 

Fig. 5.28 The circuit and the parameter tables filled with data from an elliptic filter 



130 Analog Cir. and Sys. Optimization based on Evolutionary Computation Techniques
 

 

Fig. 5.29 2nd order Elliptic filter section and performance specs. 

Essentially, the insertion of a new circuit requires the electrical schematic, a 
netlist, a technological file, the device parameters, the sub-circuits, the perform-
ance parameters and the corresponding measure functions. There are a lot of pa-
rameters with different nature associated to a circuit, so all information was  
arranged (split) in a meaningful storage of well-structured information. The first 
layer consists in the insertion of elementary data that defines a circuit. The table, 
at the top of Fig. 5.28, for example, stores the key of circuit identifier (221), the 
name (Elliptic Filter of 2th Order), the category (Filter, OpAmp, etc) of the cir-
cuit, the type of circuit (Circuit, testbench, etc) and the behavior class (Low pass). 
The design parameter table, at the bottom of the Fig. 5.28, represents the parame-
ters table that characterizes each component from the netlist. There is a unique key 
that identifies each parameter (8239) plus the remainder characteristics and it is 
associated to the circuit where it belongs (circuited=221). This table is composed 
by a long list of parameters which includes a field that marks this component for 
optimization, another one indicates if the component is matched with any other or 
not (matchComponent) and the correspondent matching value (matchRelation), 
above others. 

The Fig. 5.30 shows the relational tables used to store the performance parame-
ter information. The definition of performance parameters which can be measured 
in a circuit constitutes one critical step in the GENOM development as will be ex-
plored in the next section. Meanwhile, it will be explained how performance pa-
rameters and function measures are treated in GENOM.  

The first step consists in the selection of the desired performance parameters 
(apmin, apmax, asmin and stop band frequency) for the chosen circuit, from the 
library of available performance parameters (see top table of Fig. 5.30). To avoid 
duplication of information, these parameters are stored in the table of design  
parameters composed by a unique identifier (id_designPerformance) and the per-
formance parameter identifier (performanceId), for example, the key 28 corre-
sponds to pass band maximum gain of the circuit in question (circuitId). The next 
fields are accounted for the definition of the global objectives of the circuit. For 
example, to specify that the pass band maximum gain of the filter in question 
should be inferior to 0.5 dB, the introduced values should be defined as the value  
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Fig. 5.30 Performance parameters and measures functions table 

“maximum” in field “relation” and the value 0.5 in the field “value”. The column 
“currentValue” is used to store the value generated by the simulation tool or  
optimization.  

The last step consists in the definition of the measure functions or simply 
measures which allow the determination of the performance parameter values. In 
the example considered above three measures for AC analysis are defined. The 
measures (id_measures) are associated to one circuit (circuitId) 221 and one per-
formance parameter. They are characterized by a specific name and defined (field 
“definition”) in HSPICE format.   

5.3.2   Evaluation/Simulation Data Hardware  

The quest behind GENOM tool is to provide the designer with an easy access to 
most relevant simulated data assent in a model of efficiency and precision of re-
sults. A block level representation of the simulation data flow in GENOM is ex-
hibited in Fig. 5.31.  

The data flow management is explained in three moments of simulation. The 
first three blocks of Fig. 5.31 cover the setup phase using the circuit management 
explained in the preceding section.  
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Fig. 5.31 The simulation data management system overview 

The second moment is achieved during circuit synthesis process. Here, a parser 
was created to interpret the language of a circuit specification file and automati-
cally compute the cost function value giving as input the performance parameters 
of the circuit and the formulations of the cost membership functions. The parser 
implementation was based in the Lex and Yacc [4] generation tools so that it is 
represented by a set of combined grammatical and lexical rules. 

The last moment involve the use of built in functions to filter, process and dis-
play statistical data from the optimization process either in text or in graphical 
mode. The primary advantage of text files is that they are very flexible and easy to 
use. They can be any length, and can accommodate the information to any type of 
layout and allow the use of database techniques to query a text file. 

The principal method of data access involving optimization algorithm and cir-
cuit simulator take advantage of the plotting facilities generally found in most 
electrical simulators. All output variables of interest can be printed in output files 
using the command “.PRINT” or equivalent. The data format of the response is 
generally organized in tabular form as depicted in Fig. 5.32. It shows the AC char-
acteristics of the magnitude of voltage and phase in the output node of a filter for a 
given range of frequencies.  

In order to access the data in a file, a file parser is implemented (file process 
block in Fig. 5.31). The use of file parsing techniques allows the extraction of any 
necessary information and its employment for later processing. GENOM provides 
built in functions to view the data in graphic mode version (bode plot characteris-
tics and the cost function evolution). In command mode version, only the  
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Fig. 5.32 AC analysis in the output node of a filter 

extracted plotting files are created, allowing its final treatment with external 
graphical tools like Avanwaves® [5] or CosmosScope® [5]. The optimization 
with HSPICE simulator has an extra option that can be automatically invoked to 
visualize the waveforms in CosmosScope®. The processing of data employing 
circuit simulators with the purpose of performance estimation employs the same 
general principle but will be explained next. 

5.3.3   Output Data 

The entire mode of operation ranging from the moment a chromosome is ready to 
evaluation until it attains the cost function value will be explained in the following 
steps and supported by Fig. 5.33. 

Step1 - As soon as a new candidate chromosome is submitted to evaluation 
process, a parser algorithm replaces the optimization parameters values in the tar-
get netlist with new ones corresponding to the genes of the chromosome. The 
“target.cir” netlist file is changed. 

Step 2 - The new circuit netlist is submitted to electrical simulator 
(SPICE/HSPICE) producing in the output file (target.out or target.lis) a long list 
of simulation data including the matrix of variables and values of interest, and 
normally the performance parameters resulting from the simulation. This point di-
verges from simulator to simulator. In SPICE the type of variables are within the 
scope of command “.PRINT”. The HSPICE simulator is more flexible because it 
incorporates a new command called measures, which gives the user more freedom 
to print and customize user-defined electrical specifications of a circuit. Actually, 
this is the preferred method to pass information between HSPICE and GENOM, 
since in the output file there is only the answer to the requested measures left, thus 
resulting in a compact file and allowing a more efficient access.  
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Fig. 5.33 The performance evaluation data flow 

Step 3 - Next, a set of built in functions extracts the data information matrix 
stored in one or more output files and sends it to cache memory structures for fast 
manipulation. When the required information is not explicit stored, a new built in 
function is created to compute its value. At the end of this step, all necessary pa-
rameters needed to compute the cost function, are organized in memory by the or-
der they appeared in targets specs file. 

Step 4 - Finally, the cost function value is automatically computed with the 
help of a new cost parser function based on the compiler Lex and Yacc (details in 
sub-Sect. 5.3.3.1). Simultaneously, it collects a set of statistical data that is impor-
tant to control the optimization algorithm, such as, the number of satisfied solu-
tion, the number of violated constraints, the corner’s information, etc.  

5.3.3.1   The Simulation and Equation Based Cost Function Parser 

This section explains the parser implementation behind the cost function computa-
tion. The main purpose of the parser is to create a mechanism able to interpret the 
language of a circuit specification file and automatically compute the cost function 
value giving as input the performance parameters of the circuit and the formula-
tions of the cost membership functions. The parser implementation was based in 
the Lex and Yacc generation tools so that it is represented by a set of combined 
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grammatical and lexical rules as illustrated in Fig. 5.34. The Lex description file 
identifies a series of symbols (logic and arithmetic operators), regular (mathemati-
cal functions and built in functions) and transforms them into tokens (reserved 
word for the language). Once this transformation is done, the YACC syntaxical 
analyzer interprets this stream of tokens and converts it into a meaningful gram-
mar. With this specification, the GENOM’s parser not only is able to interpret 
more traditional circuit specification files (based on logic and arithmetic operators, 
see “target.specs” in Fig. 5.35) but also specification files based on user defined 
equations (equation-based). The user defined equations can be expressed through 
basic mathematical functions (‘Fabs’, ’SIN’, ’SQRT’, ‘POW’, etc) or by more so-
phisticated built in functions such as ‘gain()’, ‘phase()’, ‘get_Value_Cache()’, 
min(), etc. For example, the function “double gain(double freq)”, finds the gain 
corresponding to frequency from the output file of a SPICE simulation. If the per-
formance measures are already in cache memory then the “get_Value_Cache()” 
function can be used instead.  

Fig. 5.35 gives a simplified macro view of the actions taken automatically by 
the parser machine to carry out a single performance parameter. When the 
“cost_Calc()” function triggers the process, the first line of the design specifica-
tion file is ready for parser analysis. The expression “(gain_dc>70)” is evaluated 
and the identifier “gain_dc” must be resolved first. Since “gain_dc” expression 
did not match any of the parser reserved word, it is interpreted as a performance 
parameter whose value should be read from memory with “get_Value_Cache()”. 
Then, the obtained expression ’90 > 70’ is resolved by executing a set of opera-
tions specified by the operator ‘>’. One of these operations performs a call to the 
membership functions that translate the impact of this measure in the overall  
performance. Then the process is repeated line by line until the end of the target 
specification file. 

 

Fig. 5.34 Cost function parser overview 
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Fig. 5.35 Processing of performance parameters 

The parser mechanism allows the implementation of a uniform methodology to 
access and manipulate data from several sources using simple structures, like the 
precedence of the operators, their layout, and other grammatical rules which may 
include built in functions. The use of built in functions allows the integration of 
new simulators maintaining always a common interface to evaluation of perform-
ance parameters. 

5.4   Conclusions 

This chapter discussed the design architecture, methodology and design imple-
mentation of GENOM optimizer tool. The main building blocks included in GE-
NOM are the optimization kernel, the evaluation module and the Graphical User 
Interface.  

The optimization kernel is available with several approaches including the GA 
standard approach, the modified GA-MOD and the hybrid approach GA-SVM in-
corporating a learning model based on SVMs.  

GENOM was designed to integrate SPICE like simulators, deal with equation 
based problems and interact with a learning SVM machine. A flexible parser ma-
chine was developed to maintain a common interface of the evaluation module al-
lowing the access and manipulation of data from different simulators.  

The graphical user interface that controls the inputs and outputs of the system 
allows the visualization of iterative progress reports.  With this feedback an ex-
perienced user can assume an active part in the optimization process because he 
owns some vital information that allows him to twinkle some design parameters 
during the search mechanism. 
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