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Abstract—Computer Aided Design (CAD) tools are commonly
adopted in the design, synthesis and simulation dligital circuits.
Switch-level simulation, logic synthesis, timing aalysis and
architecture optimizations are essential CAD toolsluring digital
IC design flow. However, the HDL coding, computatio
complexity and simulation time overhead makes the akign
turnaround time much longer. This drawback becomegritical in
digital circuit high-level synthesis and optimizaton algorithms
when design complexities, such as area cost andalglneed to be
efficiently and accurately evaluated within the algrithmic
iterations. To address this problem, this paper preents some
design automation techniques used during our digitalC design
algorithm development, which are helpful to reducethe design
and verification turnaround time. One design exampd using our
complexity evaluation model shows that the total gbrithm
computation time cost has been significantly reduckby 73.1%
compared with using the conventional HDL developmenand
simulation cycle.

Keywords-Design  Automation; Circuit
Simulation

Digital IC Design;

I.  INTRODUCTION
Digital integrated circuits (IC) have been widely apglie
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(MCM) block as an example. Section IV summarizes the
proposed methods.

Il.  AUTOMATION OF HARDWARE DESCRIPTIONLANGUAGE
CODING

A. Traditional Digital IC Design Flow using CAD

Traditional computer aided digital IC design process
mainly automate two processes, which are circuit design
process and design simulation. Circuit design proceases
realized by computer programs that are dedicated tondegig
specific circuit components. These programs take design
requirements as inputs and produce the circuit diagram
following specified algorithm or design methodologieBor
example, the program for designing multiple constant
multiplication (MCM) blocks takes quantized coeffitie as
inputs and generates the adder tree structure conedslers,
subtractors and shifters. The design simulation referthdéo
process of logic synthesis and simulation using tools sech a
Design Compiler and LeonardoSpectrum instead of fabrgatin
a real chip for performance evaluation. Fig. 1 iscavfchart
that summarizes the flow of a typical CAD design process
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been widely adopted due to its amazingly high efficieziog
reliability compared to traditional design methods. Further
improvement in the integration and level of automatioanie
of the key factors of exploiting the advantage of CAI4.
This paper will present two methods to increase theiefty
in the CAD design flow. Section Il discusses the automaifo
Hardware Description Language (HDL) coding process fo
circuit synthesis and simulation. Section Il presents th
acceleration of the iteration process between cirdagign
process and circuit performance evaluation. For bett
illustration of the methods mentioned in these two sestioe
use design algorithm for multiple constant multiplication

Fig. 1 Design flow of a typical CAD process for diégilC design

B. Automated Hardware Description Language Coding

Traditional computer aided digital IC design process
enables quick evaluation of circuit performance without
kabricating the circuit for every candidate design, Whic
Significantly reduces time and monetary cost. However, the
hardware description language (HDL) coding process
Shevitably occupies long durations of time, espegidibr
complicated circuits. Also, the coding efficiency ghgat
depends on the fluency of the HDL programmer. Therefoee,
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can consider automating the coding process by introducinigcreased. To formulate the relationship, for a ciredih an
automatic HDL code generators. estimated deviationge, in percentage from the design
requirement, the evaluation model should be accurate enough

For example, sysFIR [1] is a tool which takes the gieil such that

filter structure as input and generates the corresporuhitiol

code automatically. Designers need to bind their desigpputs e, @)
from algorithmic design program to the input of the HDL

generators. Fig. 2 is a flow chart that summarizesdissign  wheree.,, is the deviation of the evaluation model from the
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flow with an automated HDL coding process. real simulation in percentage.
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gate count than that of the most famous algorithms in MCM
block designing. After a quick round of investigation, faend
that the deviation of the logic gate count of our hrodtfrom
the most competitive algorithm is 3.8%&‘ =13.8%), Which
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Resul means that our evaluation model should not be over 3.8%
Fig. 2 Design flow of a CAD design with an autontat¢DL coding process  deviated from the real simulation result. By the cosulithalf
adders/subtractors with their complexity weightages in0ril8

. ACCELERATION OFCIRCUIT DESIGN ANDEVALUATION ~ CMOS libraries introduced in [2] , we successfully coléd
ITERATION PROCESS the average error of evaluaton model under 2.7%

. . . (‘g ‘< 2.7%), which is considered acceptable. With the help
During the design process, designers may need to aéerna ) o ) )

between designing, simulation, evaluation and desigff the pre-evaluation model, the majority of design eaton
modification. The utilization of commercial synthesimd WOrk is done within the Matlab program as part of the
simulation tools are largely constrained by the existencell ~ @lgorithm and hence largely reduced the design and simulation
libraries, operations in command prompt and computation timg/rnaround time. Fig. 3 is a flow chart that summarittes
If we are able to integrate the circuit evaluation it design  design flow with accelerated circuit design and evalnatio
process and reducing the times of synthesis and simultiteon, €ration processes.

overall design turnaround time can be further shortened. We used the proposed automation techniques in one of our

In this section, therefore, we propose an approximateWorkS which is to de5|gn_low—compIeX|ty digital FIR filteA
circuit evaluation method which is integrated into thetotal of 20 benchmark filter samples need to be ewadlat
algorithmic circuit design programs as an independent modul€uring the algorithm iteration. Each benchmark always needs
It is an approximated evaluation of design performanmu a {0 evaluated and modified more than 3 times to finatiee
serves as the feedback to modify the design. For exampfeolution. Instead of performing the conventional HDL
dynamic power consumption is correlated with complexity ofd€velopment and simulation for more than 20x3=60 times, we
the circuit, as well as critical path delay because Iodgéay used the evaluated comp_lexny by our proposed estimation
will cause more switching activities. For design ofwpe ~ Model. Only after the designs are finalized, we dgvehe

efficient MCM blocks, the evaluation criterion can beHDL and perform the logic synthesis. With the same
estimated as the equipment and software setup, the total development and

. . . . computation time using our approach has been significantly
ax(# of logic gate in the design)x(# of logic gate along reduced by 73.1% over the conventional exact simulatitims
the critical path) quality of the solutions did not drop much as the simati

The parameters: and § are the significance weightages of _results trend of our proposed algorithm still shows notdwo

contribution to dynamic power consumption, by totabgaist ~ MProvements over other competing algorithms.
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tradeoff between the quality of the evaluation methodthad o
speed of the development process. There can be multiple
trading-off strategies based on different design conterts F'n:;'izic
requirements. Here we propose a general evaluation modetf 9
design strategy. If a design largely fulfills the design Simulatior Verilog/
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highly accurate. However, for a design that margintilfjils Fig. 3 Design flow of a CAD design with an acceledcircuit design and
the requirements, the accuracy of the evaluation moddkriee evaluation iteration process
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