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A QUICK AREA ESTIMATION METHOD FOR RTL COMPILERS

A quick area estimation method for designs generated by RTL compilers which is based
on polynomial interpolation is proposed. It is applied to in industrial RTL compilers. This
paper shows that the processed method provides higher accuracy, than other quick area
estimation methods for RTL compilers.
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Introduction. The use of memory cores in system-on-chip (SOC) designs is
growing rapidly [1], and the design decisions, made early in the design process,effect
the entire chip design process. Embedding many memory cores per chip helps create
powerful SoCs suitable for today’s memory-hungry applications, but it brings with it
the problem of memory test and repair. Traditional approaches to memory test and
repair do not effectively manage the complexity of today’s SoCs and the soaring cost
of test. To address these challenges, semiconductor IP vendors have introduced a new
type of IP called infrastructure IP (IIP). IIP functions like mini testers embedded in a
chip. Examples of IIP include built-in self-test (BIST), built-in repair-analysis (BIRA),
built-in self-repair (BISR), and error correcting codes for embedded memories [2, 3].
Implementation of the infrastructure is done in a form of a hierarchy of RTL
Compilers [4].

One of the most important quality characteristics of RTL descriptions generated
by RTL compilers is the area [5]. The accurate area estimation method for RTL
descriptions generated by RTL compilers is logic syntheses [6], While providers of the
commercial synthesis tools are increasingly focusing on SoC design, their tools
usually implement a top-down approach that requires the SoC designer to fully define
the function of a developed system, repeatedly decompose coarse-grained functions
into smaller subfunctions, and then map them into the available library HW cores.
Using such a methodology, the physical design characteristics can be estimated only
in the final stages of design [7]. In case of RTL compilers, when many instances are
generated, this method [6] is time consuming and inefficient. A fast area estimation
tool is useful for near-immediate feedback of design feasibility and the effect of circuit
modification [8]. There are a lot of works related to this issue. Paper [8] represents a
method for fast, high-level area estimation using the constant-delay paradigm and a
zero-slack algorithm, but as the characterization phase becomes more complicated, the
current method of hand analysis quickly becomes too tedious and error-prone. Paper
[9] represents a method which is based on use of the Boolean network concept, and
defines an area complexity measure which is invariant across the different BN
(Boolean Network) representations of the same design. The average error of this
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method is 24.5%. Paper [10] proposes a methodology to estimate the circuit area,
minimum and maximum leakage current, and maximum power-up current, introduced
by leakage reduction using sleep transistor insertion, for any given logic function.
Compared to time-consuming logic synthesis and gate level analysis, the average
errors for circuits from a leading industrial design project are 23.59%. Paper [11]
offers a method for area estimation, which is based on transforming the multi-output
function to an equivalent single-output function. The average error in area estimation
was 21.07%.Paper [12] represents an equation-based macro-modeling technique for
high-level area and power estimation on FPGAs. Paper [13] proposes area and power
estimation models for IP core based FPGA implementations. Using curve fitting and
non-linear regression methods, the models derived. [12, 13] methods provide enough
higher accuracy for area estimation of IP core based FPGA implementations. Previous
works represent methods which are typical for different design with given high-level
description. In [14] and [15] the author offers a better way to estimate the area of RTL
compilers than the above mentioned ones. Paper [14] represents a quick area
estimation method, which is based on regularity of structure of schemes generated by
RTL compilers. This method is based on approximation.The author mentions that a
variety of approximation types is available: linear interpolation, polynomial
interpolation, the least square estimation, etc. In [14, 15] the linear interpolation is
considered. The maximum achieved estimation error is 15%. Our aim is to reduce the
maximum error. We would like to explore how the results would be in case of
polynomial interpolation. Hence, in this paper we represent a quick area estimation
method which is based on polynomial interpolation and the maximum estimation error
is 10 %. This method provides higher accuracy than [14, 15].

1. Methodology. Paper [4]mentions that theseRTL compilers are template based.
They usually consist of templates that describe a parameterized hierarchy of modules
and interfaces (interconnections) between them and a generation engine. The template
input is a vector of input parameter values which defines features and a structure of
design instances to be generated, and the output of the template is a RTL description
with functionality corresponding to the given input.

Input parameters can be categorized by the following three types [4]:

- Functional

These parameters control optional features/options of design. They affect the
design structure by means of inclusion or exclusion of certain design components in
the output RTL.

- External interface

They parameterize HDL identifiers (module/wire/reg/instance) in a RTL
description for customization of the generated RTL design to an external interface.

- Scalability

These parameters affect the design structure by increase or decrease of certain
designcharacteristics including but not limiting the register bit-width, number of
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words (in memories), number of cores (e.g. in SoCs). The structural and functional
changes of scheme are bringing to quality characteristics changes.

Paper [14] represents a quick area estimation method which is based on regularity
of the structure of schemes generated by RTL compilers. There are functional
dependencies between quality characteristic (in this case gate-count) of parameterized
schemes generated by RTL compilers and input parameters. By finding out analytical
representation we can estimate the area of scheme generated by RTL compilers for
chosen values of parameters. As the analytical representation of function is unknown,
[14] proposes to apply corresponding approximate function. The author mentions that
a variety of approximation types is available: linear interpolation, polynomial
interpolation, the least square estimation, etc. In [14, 15] papers the linear
interpolation is considered. This paper shows that functional dependencies in case of
some parameters are not linear. So for approximation of theme we use polynomial
interpolation [16], which represents not linear dependence between argument and
function. We added interpolation points to receive more exact approximate function.
As a result, by adding interpolation points and applying polynomial interpolation, we
processed a more accurate quick area estimation method for RTL compilers. The
method has been applied to industrial RTL compilers and the maximum achieved
generation error is 10%.

2.Test and Repair infrastructure for embedded memories. Fig. 1 shows a SoC
which consists of STAR (Self Test and Repair) memory systems [2]. These test and
repair systems are usually embedded on-chip to diagnose failed memory bits and
repair the failed memory in real-time using the redundant resources (row or columns,
or both) in the memory. It contains memories with wrappers, processors, server and
fuse box. Each component has its own functional meaning [2, 3].
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Fig.1. Test and Repair infrastructure
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The wrapper contains address counters, registers, data comparators, and
multiplexers [2]. It operates as an interface between processor and memory. The
wrapper associated with each memory works with processor to perform memory test
and repair as well as to allow normal memory functions.

Processor has key test and repair functions: a BIST(Built-In Self-Test)engine to
create memory-specific test patterns; a BIST diagnostic engine to analyze and identify
the failure; BIRA (Built-In Repair-Analysis), the repair and redundancy allocation
logic with algorithms to reconfigure the memory rows; and columns to be
topologically efficient post-repair. The processor enables test and repair possibility by
using IEEE P1500 standard interface.

The fuse box stores memory reconfiguration signature. The contents of the fuse
box correspond to the repair signature that is loaded into the corresponding memory
for repair.

The server builds the top level design infrastructure utilizing low level processsors,
wrappers and memories.

In hierarchy of RTL compilers the modules of processor, wrapper and server are
represented in the form of separate RTL compilers for each type of memory. Each
specific instance of the infrastructure is defined via assignment of specific values to
parameters of compilers and generates of components and subcomponents for each
level [4].

Paper [14] mentions that by analyzing the structure of design some regularities
(number of words, number of bits, etc.) are found, and the area of STAR Memory
systems have dependencies on some of the memory input parameters. This regularity
allows to process quick area estimation method for RTL compilers.

3. Implementation details. The method described in this paper has been applied
to processor and wrapper modules of STAR Memory Systems, as the method
described in [14, 15]. So we also figure out those parameters that cause drastic
variations in numbers of gates for STAR Memory Processor and Wrapper
compilers.Gate count of RTL compilers depends on functional and scalability
parameters of STAR Memory systems.

Experimental results are obtained through logic synthesis using Synopsys DC [6].
The sets of parameter values are used as interpolation points. Experimental results
confirm supposition that in case of some parameters researched dependencies are not
linear.Corresponding approximate functions have been got after polynomial
interpolation [16].

The experimental results are represented in instance of wrapper (Fig. 2).

As a result of polynomial interpolation, the obtained approximate functions are
embedded in area estimation script represented in TCL language [14, 15]. In order to
verify the accuracy of developed methodology, we used the method represented in
[14, 15] (Fig. 3).
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Fig. 4 shows a script calculated (with polynomial and linear interpolation) and
synthesized results comparison estimate, when the behavior of parameter is not
linear.As it can be seen in those segments, where the behavior of parameter is not
linear, polynomial interpolation makes more accurate approximation than linear
interpolation. Hence, in those cases by using polynomial interpolation it will be
possible to make more accurate area estimation.
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Fig.4. Wrapper area comparison chart in Synthesized and Script Cal culated (with polynomial
and linear interpolation) cases for SRAM type memory

Conclusion.The behavior of input parameters of RTL compilers is researched. It
is shown, that in case of several parameters their behavior is not linear. A quick area
estimation method is processed for RTL compilers of STAR memory systems, which
is based on polynomial interpolation. This method compared with other quick area
estimation methods [14, 15] for RTL compilers provides higher accuracy. The
maximum generation error is achieved 10%.
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L.U. UULSPrNUsuL
RTL UNUNPL3USACUEP UUYGIBUP UMUQ SLU2USUUL UGENY

Uhpjuyugynud £ RTL Ynduyhjjuwnnpubph dhgngny ghutpugqué RTL ujwpuqpnipinii-
ubph dwljpbuh wpwq quuhwwndwt Ukpnn, npp hhduqws E ynjhundhwy htnbkpynyughuygh
Jpu: Uju thnpdwpllly E wppynitwpbpuljuwt RTL ndyhyuwnnptbph dpu: 8nyg E wpgnud,
np Upwljdws dbkpnnp, hwdbdwwnws RTL §nduhpjuwnnpubph duybkpbup quuhwndwt wy Uk-
panutinh htwn, wywhnynwd £ wdbh pupdp donmpinii:

Unwigpuyhlr punkp. RTL Yndyhpyuwnnp, dwlbpby, punipwghp, yuwpwdbnp, wynhun-
dhwhtnbkpynyughwu:

JLA. MAPTUPOCSH
METO/] BBICTPOI OLIEHKH ITOIIAIM J1JIA RTL KOMITUJISATOPOB

[Ipennaraercst MeTo1 OBICTPOH OLIEHKH IUIOMIAAN cXeM, reHepupyembix RTL kommuisaTo-
paMH, KOTOPbI OCHOBaH Ha MOJIMHOMHAIBHON MHTEpIOMINKUU. MeToa ObUT IPUMEHEH B IPO-
MmbinieHHbIX RTL xomnmsatopax. [lokaszano, uto pa3paboTaHHBIH MeTOA obecrieunBaeT Oolee
BBICOKYI0 TOYHOCTb ITI0 CPAaBHEHHIO C IPYTMMH METOIaMH OBICTpON OLICHKH IUIOIIAIH JUIS
RTLxomnunsTopos.

Knirouegvie cnosa: RTL xoMnumisTop, IUIOMIAnb, XapaKTEpPUCTUKA, IapaMeTp, IMOIHHO-
MHaJIbHasl UHTEPHOJISILIUS.
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