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Abstract

In this paper we survey major problems faced by EDA
toolsin tackling deep submicron (DSM) design challenges
like: crosstalk, reliability, power, and interconnect dom-
inated delay. We discuss the need for rethinking quality
models used in EDA toolsto allow early and reliable plan-
ning, estimation, analysis, and optimization. Key design
quality metrics from a CAD tool perspective are surveyed,
and methodol ogiesand directions are proposed for the next
generation design automation tools, intended to meet the
challenges ahead. |deas such as forward synthesis, incre-
mental synthesis, system-level interconnect prediction and
planning, and their implications on design quality, design
tool architecture, and design methodol ogy are explored.

1. Introduction

Asthecomplexitiesof VLS circuitsincrease, thecrucial
role of electronic design automation toolsin virtually every
aspect of VLS| circuit design is undeniable. Larger de-
signsrequire much greater designer productivity to achieve
reasonable design schedules and costs, and this dictates a
grester role for EDA tools. In addition, as the chips be-
come larger, geometries get smaller, and clock frequencies
increase, on-chip interconnect gains increased importance
[45]. Issueslikewire-congestion and routability [144, 176],
crosstalk and coupling noise [55, 162, 174], transmission-
line behavior [45, 131], power consumption [20, 99, reli-
ability and yield [82, 85], and their interrelation are crucial
factors in designing next generation EDA tools. Further-
more, the intense competition, and the unending desire to
get new productsfrominception of theideastothe market in
the shortest amount of time, is driving the electronic design

automation strategiststo reconsider their modelsand reform
their methodologies [17, 18, 38, 77, 114, 115]. Semicon-
ductor scaling limits are forcing designers to look to novel
circuit and design techniques and to reduce design guard-
bands to maintain performance growth, al of which drivea
need for grester modeling complexity and accuracy in EDA
tools.

Traditionally, EDA tools have been divided into more
or less independent realms, namely, system-level, high-
level, logic-level, and layout-level [102], each with itsown
set of synthesis, verification, and analysis tool-set, which
were more or less unaware of the underlying overall pic-
ture linking them to one-another and to the final design. A
typical design process would consist of design specifica
tion, followed by manua or automated system-level syn-
thesig/anaysigverification, the result of which would be
handed over (the wall) to go through high-level synthe-
sis/analysig/verifications and so on, until the layout of the
design is available. If the design did not meet its tim-
ing/power/ area/noise constraints there would be a back an-
notation step and the whol e process or part of it would have
to be redone, resulting in a major waste of design effort and
increased time-to-market.

With the exponential growth of circuit complexities, the
importance of early planning and understanding the differ-
ent trade-offs earlier inthe design cycleis an absolute must.
The interaction of various quality metrics such as delay,
power consumption, crosstalk and coupling noise, reliabil-
ity, wireability and wire-congestion, and understanding and
modeling of these interactions gains more and more impor-
tance as the race for smaller feature sizes continues. In
today’s competitive marketplace a design whichisincorrect
or significantly sub-optimal design according any of these



design quality metrics is not economically viable, hence al
must be considered as design transformationsand optimiza
tions are being made.

A typical design methodology, targets one or two quality
metrics, like area and delay, and considers other perfor-
mance criteriaonly as after-thoughts. The synthesisprocess
is done with only the primary objectives in mind. Other
performance metrics are considered only late in the de-
sign process and are optimized mainly by loca modifica-
tionsto improve secondary quality criteria. However, since
theselocal optimizationsoften resultin unacceptable quality
degradation from the standpoint of one of more important
performance constraints, a time and resource-hungry iter-
ation becomes inevitable, generaly with no guarantee of
convergence.

For al these reasons it is crucial to have a seamless
synthesis/anaysig/verification environment where the im-
portant quality aspects of the design can be monitored and
optimized acrossthevariouslevel sof thedesign abstraction.
More importantly, it is absolutely vital to have reasonably
accurate prediction and estimation tools to allow the early
expl oration and pruning of the design space and to minimize
and ultimately eliminate back annotation and time consum-
ing iterations.

In this paper, we survey the key design quality metrics
from a CAD tool perspective, and propose methodologies
and directionsfor next generation design automationtool sto
meet the challenges ahead. 1deas such asforward synthesis,
incremental synthesis, system-level interconnect prediction
and planning, tool interoperability, and their implicationson
the design quality and design automation methodology will
be explored.

2. Important Design Quality Measures and
Their Interaction

Inthissection, we discussvarious established and emerg-
ing design quality metrics, and the main challenges of EDA
tools to effectively predict, analyze their interactions, and
optimizethem inthe DSM era.

2.1. Area

Areaof digital circuitsisone of thefirst quality measures
for VLSI design which has been studied. Estimation and
mini mi zation of thecircuit areatranslatesto reduction of the
cost of silicon needed to implement the circuit. Moreover,
there are secondary effects, like packaging cost [8], average
interconnect length [43, 47], which have been studied inthe
context of area estimation.

Early studies on area estimation date back half a century
towork by Shannon [147] and Muller [107] which relatethe
asymptotic complexity of Boolean functionsto their number
of inputs. Other researchers have studied the relationship

between the area complexity and entropy of the Boolean
networks [29, 39, 75, 124]. Recently, research on area
complexity of digital circuits has been revitalized in the
context on system-level interconnect prediction [43, 44] and
high-level power estimation [111, 112].

There are severa important factors, however, which
have been largely neglected in the area estimation litera-
ture. Many of these factors have to do with various de-
sign performance trade-offs and constraints, for example,
the drive strength constraints at the chip/block output and
the timing/delay constraints. Clearly, tightening these con-
straints, would require a more aggressive set of optimiza-
tion steps such as gate resizing, cloning, or buffer insertion,
which have direct consequences on the chip area require-
ments[36, 40, 79, 97, 158]. Such scenarios show the depen-
dence of thefinal chip areaon such performance constraints.
Proper understanding and modeling of such dependence is
important in designing realistic and practical area estima-
tion and optimizati on techni ques needed for next generation
EDA tools.

2.2. Congestion and Wireability

Generdly, the most time consuming step in the layout
phaseistherouting step. Hard routing instanceswould take
much longer time to complete, and can result in routing so-
[utionswhich are highly suboptimal, with ineffective usage
of the routing area. Hence, it isimperative that the routing
complexity, or the wiresbility of the design is considered
earlier inthe design cycle.

Previousresearch on the congestion and wiresbility have
focused on package and image capacities [66], FPGA
technology mapping [3, 145], FPGA routing and rout-
ing architectures [122, 179, 184], printed-circuit board de-
signs [33], post-placement routability analysis [62], place-
ment for wireability [73], rewiring [23], and planar layout
routability [71, 91, 92].

With the growing role of the interconnect in the overal
system performance the wireability and congestion gains
increased importance. A highly congested region causes
longer routing due to various wiring conflicts and con-
straints, in turn lowering circuit performance. Furthermore,
wire congestion hasimplicationson thereliability and yield
of the circuit. Highly congested areas have higher potential
for crosstalk and coupling noise as well, which can boost
potential of failure and lower circuit reliability [87, 95].
Moreover, bridging defects are more likely in regions of
high wire density [28, 65, 85]. Therefore, it isincreasingly
important to model and predict wireability and wire conges-
tion during the early stages in the design process.

2.3. Crosstalk and Coupling Noise

Crosstalk and coupling noise] 148] caused by the switch-
ing on adjacent interconnects boost failure mechanisms in
high performance | Cs[87, 95]. For example, coupling noise



can cause functiona errorsby inducing incorrect signal val-
ues on logic lines. Moreover, induced noise may cause
extrapower consumption on signal lines due to momentary
glitches within the logic. This indicates that crosstalk and
coupling noise can and have del eterious effects on the long-
term reliability of VLS| circuits [150, 162]. In the DSM
technol ogies coupling effects play an even more significant
rolebecause of the decrease in wire-spacing and theincrease
in wirethickness employed to reduce the parasitic intercon-
nect resistance [162]. Thisiscompounded by theincreasing
role of the interconnect parasitics on performance criteria
such as delay and power consumption [8].

Hence, to optimize circuit performance in the DSM
regimes we need early estimation and optimization mech-
anisms for crosstalk. Although low-level models and esti-
mation mechanisms for coupling noise are relatively well
understood [132, 182] thereisalot of room for higher level
estimation of crosstalk mechanisms. One road block to at-
taining higher level estimates is the extreme dependence
of coupling noise on tempora and spatia signal correla
tions[30]. Hence, most of the crosstalk estimation, analysis
and optimization algorithms have focused on static noise.

Investigations have been reported on estimation and op-
timization of crosstalk at the globa routing [105, 118,
181, 185], detailed routing [155, 165, 174], and post-
routing [24, 155, 143] stages.  Recently, Chen and
Keutzer [30] have proposed a mechanism for considering
tempora and functional information to eliminate fal se tran-
sition combinations and thereby overcome inaccuracies in
static noise analysis.

24. Delay

Delay isakey performancefactor inthemodern VLS de-
sign practices. The main driving forces for delay optimiza-
tion are micro-processor and real -time Application-Specific
Integrated Circuit (ASIC) designs. Delay optimizationisin-
herently more difficult than area optimization because area
isan aggregate metric, which causes various over and under
estimates to cancel one another and results in an aggregate
result that is potentially more accurate than the area estima-
tion of individual components, while delay is a path-based
metric which is much more sensitive to itsindividua com-
ponents.

Early delay optimization study focused on minimizing
the delay in a unit delay model [14, 56], which assumes
unit delay for logic gates and zero delay for interconnects.
These techniques aim to minimize the maximum number of
logic gates a ong any path from the inputsto the outputs, or
between registers. Such a delay model is mostly used for
technology independent delay delay optimization.

Themain problemwithtechnol ogy independent logicop-
timization isthat it ignoresinterconnect delays, which tend
to dominate the total path delay in DSM designs[77]. And
although afew of these systems consider gate fanout [156],

which has significant impact on the path and stage delay,
many do not [158]. The problem is compounded when us-
ing static timing analyzers which over-estimate the delay
through ignorance of false paths[16, 5, 84, 133].

Although, there has been considerable research on delay
optimization[40, 46, 177], thisproblem has not been under-
stood very well yet. Whilethere are afew path-based opti-
mization techniques [26, 46, 79], most of the research in the
literature hasfocused on net-based techniquesto simplify the
problem formulation. Slack and budgeting algorithms have
been proposed to trand ate the path-based timing objectives
to a net-based optimization problem, with much simplified
objectivefunction [64, 110]. There have aso been iterative
techniques which use post-layout delay and time-criticaity
information to perform re-budgeting and re-synthesis[157],
placement modifications [101] or rewiring [72]. There are
two problems with such an approach. First, because of the
locality of the optimization techniques applied there is no
guarantee that the circuit delay will converge to globa or
even local minima. Second, the efficient implementation of
such iterativetechniquesrequirestruly incremental capabil-
itiesfor the logic and layout synthesis algorithms, which is
rarely the case in typical synthesis environments.

The increasing role of interconnect in total delay isren-
dering many of the simplifying assumptionsinvalid, result-
ing in ashiftin the main stream performance driven synthe-
sistoward increased interactions between high-level, logic,
and layout synthesis reams.

2.5. Power Consumption

Theadvent of persona and portable computing and com-
munication devices and the desire for longer battery life,
the heat dissipation bottleneck in highly integrated circuits,
increasing clock frequencies, and environmental considera-
tionsare among the main driving forces to push power con-
sumption as a major performance criteriain modern VLSI
design[20, 99, 119].

Approaches to power consumption minimization pro-
posed in the literature include system and architectural
level techniques such as bus-encoding [12, 117, 153], hard-
ware/software partitioning[67, 90], multiple supply voltage
designs [22, 126, 168], and power management and sleep
mode exploitation techniques [152, 52, 53, 125], register
transfer level techniques such asclock gating [13, 113, 163]
and power conscious alocation and binding [21, 86], logic-
level transformations such as activity-driven gate and logic
decomposition and technology mapping [164, 166, 167],
precomputation-based techniques [4, 34, 78, 104], layout-
level techniques such as gate and wire sizing [40, 57,
138, 173], and power conscious placement and partition-
ing [169, 172] and circuit-level techniques such as dual
threshold and low power logic families [178, 187], adia-
batic and charge recovery circuit families [6, 183], dual-
edge-triggered flip-flips [123], and circuit techniques for



low-power data path elements[1, 81].

Arguably, the most effective way to reduce power con-
sumption in CMOS technology is to lower the supply volt-
age, which exploits the quadratic dependency of dynamic
power on voltage. Reducing the supply voltage, however,
leads to increased delay and decreased clock speed. To
satisfy the contradicting requirements of high performance
and low power, variable-voltage design methodol ogieshave
recently been developed. At higher levels of design ab-
straction, the system can be made to operate at different
points along power vs. delay curve by varying supply
voltage [126]. At lower levels, instead, dual-voltage ap-
proach can be used for low power without degrading per-
formance [25]

2.6. Yidd and Manufacturability

Imperfectionsinthel C fabrication process, resultinyield
reduction and manufacturing defects, whose severity grows
with a variety of issues such as the circuit size and density.
Furthermore, severe operational conditions, e.g., excessive
temperature and noise can boost the failure mechanisms,
and hence reduce device lifetime. Therefore, the devel op-
ment and use of yield prediction, analysis and enhancement
techniques and mechanisms at the design stage is econom-
icaly jugtifiable. These techniques are aimed at boosting
the tolerance of the design to manufacturing defects by in-
corporating a variety of logic (e.g. redundancy addition)
and layout (e.g., floorplan modification and wire spreading)
modifications. These techniques are surveyed in [82].

2.7. Interactions Among Obj ectives and Cost Func-
tions

EDA tools use different cost functions to improve the
design quality. The cost function used in optimization may
not be exactly the same measurement in quality (area, de-
lay, power consumption, etc.). For instance, wirelengthis
usually used to optimize the layout area and congestion is
used to optimize the routability. Different cost functions
used by EDA tools interact with each other to some ex-
tent. Most of them are globally consistent. Intuitively,
partitioning circuits (i.e. using a net-cut objective) helps
to reduce wirelength and minimizing wirelength is equiva-
lent to minimizing congestion globally [176]. There have
been different heuristicsto optimizedifferent cost functions.
KL-FM [54, 76], CLIP [48], and hMetis [74] are among
those to optimize the net-cut objective; GORDIAN [80],
TimberWolf [146], and NRG [140] are examples of tools
that optimize wirelength. Due to the nature of different
cost functions, some are much easier to optimize than oth-
ers. For instance, partitioning tools can handle very large
designs faster than placement tools by an order of magni-
tude. It isreported that partitioning heuristics can be used
in placement to speed up the optimization procedure [141].
Similarly, awirelength objective is found to be very useful

in minimizing congestion in placement [176].

Many useful optimization algorithmstarget a cost func-
tion which does not exactly match the design quality ob-
jectives. Often these quality objectives can be trandated
into weightings on the cost function used by the optimiza
tion algorithm, in many cases with multiple design objec-
tives being mapped to a single optimization cost function.
For example, a placement a gorithm which minimizes wire
length can use a net weighting based on net criticality and
net switching frequency to simultaneoudly optimize delay
and power consumption. There may be many dternative
mappings between a design objective and a cost function,
e.g., different ways to apportion delays along a path [110],
and thus the trangl ation process can result in an overly con-
strained and sub-optimal design.

Better understanding of interactionsamong different cost
functions helps us steer EDA agorithmsin the right direc-
tion. However, the interactions between other optimization
objectives such as delay, power, clock skew, and noise are
not well understood. Fundamenta understanding of these
concepts and their interactions are necessary to improvethe
quality of EDA tools.

With the current limited understanding of these issues,
designers and CAD tools devel opers often must settle for
rule-based and ad hoc techniques. For example, arulemight
indicatetypical interactionsbetween clock-skew, power, de-
lay, area, congestion metrics: minimizing clock-skew can
potentialy reduce glitch power and delay, while increas-
ing area and congestion, or use of multiple supply voltages
would potentialy increase area and delay, while minimiz-
ing the power. Thus, aloca change which might adversely
impact critical metrics in the changed region would be dis-
alowed.

Another issue of growing importance which magnifies
the significance of understanding interactions among these
quality metrics is the inevitable presence of process vari-
ations [82]. This is particularly important for metrics like
clock skew which are not single-ended constraints, and can
be tolerated only within certain range.

3. Promising Directionsin EDA Tool Develop-
ment

In this section, we will propose some of the research
directions that we find appropriate and most promising to
address the main challenges and short-comings of current
EDA toolsand methodologies,.

3.1. Increasing I nteraction Between Physical, L og-
ical and Functional Design Abstractions

In the last few years, the research community has wit-
nessed increasing levels of interactions between physical,
logical, and functional realms in the synthesis of VLS cir-
cuit and systems. The motivations, as mentioned earlier,



include: increased and increasing importance of intercon-
nects on the key performance criteria, minimized time to
market, more efficient exploration of design solution space,
and more accurate information on which to base synthesis
decisions. Various approaches with varying levels of inter-
actions between the synthesis and layout phases have been
proposed. We can classify these techniques into several
classes:

Gain-Based Synthesis: One of the recent directionsin
the synthesis area, is the constant-delay synthesis or gain-
based synthesis [116] based on the theory of logicd ef-
fort [159], which performs the gate sizing based on log-
ica effort, electrica effort, and timing constraints. The
succeeding layout phase, isthen performed with additional
timing and capacitance constraints to meet the initia gate
sizing decision. The interaction between synthesis and lay-
out iskept at aminimum and isachieved through generation
of additional timing and capacitance constraints during the
synthesis phase, for the succeeding layout stage. Success-
ful application of this approach requires appropriate circuit
libraries[11, 42].

Layout-Friendly Synthesis: Here, synthesis is more
concerned about the layout implications. However, little or
no companion layout information is used during synthesis,
or if there is usage of some layout companion, no such in-
formation is passed onto the succeeding layout phase (e.g.
throughthegeneration of |ayout geometric constraints). The
wireplanning of [59] is an example which can be classified
into this category. The authors, use the placement of 1/0
pins to achieve alayout-friendly logic factorization. Other
approaches belonging to this class include layout friendly
logic extraction of [171, 170], and logic replication ago-
rithms[50, 70, 100], which are typicaly combined with the
min-cut partitioning[19, 61, 76, 83, 137].

Layout-Driven Synthesis: This class, includes those
approaches in which synthesis is performed with a com-
panion, possibly rough, layout/placement of various pieces
of the logic. As the synthesis decisions are made, nodes
may get created and/or deleted, and the companion lay-
out may need to be updated to reflect these changes. The
benefit of having a companion layout view is access to a
more redlistic estimates about the interconnect parasitics.
This would allow the synthesis phase to make better de-
cisions, while optimizing the logic. Examples of research
which can be classified in this category are the technol-
ogy mapping agorithms of [98, 121], the logic extraction
techniquesof [31, 69, 120], the reproduci ng placement prob-
lem of [139], and the layout-aware RTL binding a gorithm
of [180]. Other techniques in this category are those ap-
proaches in which logic optimization and resynthesis trans-
formationsare applied during thelayout phase. Asthename
suggests, the synthesis decisions are driven by the current
layout configuration, and the design quality or performance

constraints. Rewiring agorithms of [23], the congestion
alleviation resynthesis algorithm of [94], and other tech-
niques reported in [72, 103, 109, 108, 154] are additional
techniques we can classify here.

Integrated Synthesisand L ayout: Thisclassrepresents
the ultimate integration of the synthesis and layout phases.
Due to the prohibitive complexity of the problem, only par-
tial integrationresultshave been addressed in the past, which
have barely scratched the surface of the possibilitiesin this
direction. Theintegration of floorplanning, linear placement
and technol ogy mapping phases for area or delay minimiza-
tion have been reported in [96, 134, 135, 136]. The inte-
gration of logic and layout phases for pass-transistor logic
designs has been reported in [106].

Synthesis-Driven Layout: This category consists of
those techniques which perform layout optimization moves
either within the synthesis phase, or in a post-layout phase
where synthesis and layout optimizationsare applied to im-
prove the design or meet the performance constraints. The
floating steiner point problem of [139], linear placement
modification of [94], and logic resynthesis approach of [93]
are examples of techniquesin this category.

Synthesis-Friendly Layout: This class consists of lay-
out synthesis algorithms and environments which is capa
ble of withstanding functional and/or logic changes, with
minimal disruption to the layout. That is, layout synthesis
should be performed in the presence of inaccurate or in-
complete datain away that the result isresistant to change.
The previous approachesin thisclass [10, 175] have barely
scratched the surface, and there is much room for further
investigationin this area

3.2.System L evd I nterconnect Prediction and Plan-
ning

Thegrowing significance of interconnect and itsimplica
tionson variousopti mizationand verification EDA taskshas
caused reconsideration of many assumptions and method-
ologies. Parallel to the effortsto integrate various synthesis
and layout optimization techniques, researchers have iden-
tified a need for early estimation of and planning for the
interconnect to allow more predictable design behavior in
the DSM design methodol ogies.

The advent of deep submicron era has placed addi-
tional pressure on floorplanning to account for intercon-
nect [27, 37, 129]. Floorplanning needs to be used in the
heart of many synthesis applications. Designers want to
evaluate the effects of early design decisions on the final
layout. The reduction in device sizes has led to theintegra:
tion of microprocessor and chip-set. Quick floorplanning
tools are needed in this domain as many different combina-
tions exist for the chip-set. With large systems (hundreds
of modules) Simulated Annealing based floorplanners fail.
Ranjan et. d. [129] have discussed the fast prediction of
floorplan metrics. They have proposed a constructive tech-



nique for predicting quality of the floorplan. In this work
they exploit flexibility in the representation of modules to
construct fast floorplans. Their results show that by their
constructive prediction (as opposed to statistical prediction)
approach they can estimate the quality of the final floorplan
(e.g., routability and delays) within 5-10% accuracy. Chen
et. a. [27] use a multi-stage simulated annealing approach
to combine floorplanning and interconnect planning. They
use atemperature adjustment scheme to obtain smooth tran-
sitions between different stages of the simulated annealing
algorithm. Cong et. a. [37] combines buffer block insertion
during interconnect-driven floorplanning.

3.3. Integrated and I ncremental Synthesis

Most real-life VLS| system design projectshaveto meet a

variety of often conflicting design performance constraints.
Therefore, as the complexitiesof VLS| systems grow, it be-
comesincreasingly important to explore design alternatives
and compare various trade-offs at various stages in the de-
sign process. There is a wedlth of literature in the area of
incremental and dynamic data structures and algorithms. In
the following subsection, we intend to briefly survey them
briefly and noteon their potentia use for theimplementation
of anincremental EDA tool.
Dynamic and Incremental Data Structures and Algo-
rithms: Frequently, small changesin theinput of aproblem
arelikely to cause correspondingly small changesin the out-
put. It is, therefore, natural to attempt to identify the part
of the output which needs to be updated and update it to
produce new output. Incremental computationis especially
useful in any context in which an object is being designed
or defined gradually, and needs to be processed repeatedly
throughout its design process. VLS circuit design is a per-
fect example for such ascenario.

Many of the VLSI CAD problems can be modeled as

(hyper)graph or tree problems (see for example [102, 68,
89, 130, 142, 149, 151, 186].) Various incremental and
dynamic agorithms have been proposed for (hyper)graphs
and trees [68, 130, 151, 186] It is therefore, worthwhile
to study theincremental graph and tree algorithms and data
structures[2, 9, 32, 51, 58, 127] in the context of EDA cad
tools.
Incremental Design Exploration: To eiminate the po-
tentially divergent design iterations EDA tools need to per-
formincrementa design modification aswell asincremental
analysis and estimation of the results. Issues like back-
tracking without having to recalcul ate (from scratch) where
we have come from and some check-point management gain
increased importance in such a scenario [156].

Incremental algorithms for synthesis and layout are
needed when design undergoeslocal or incrementa change.
Often these local changes are made to correct loca errors
or to make local improvementsin one or more of the design
quality metrics. Such local incremental design modifica

tion algorithms can be used to explore several aternative
corrections or optimizations, and can be joined with incre-
mental quality metric analysis agorithmsto ensure that the
complete design cost function is considered and all design
congtraint are met. Constructive agorithmsusually are not
suitable for incrementa design changes due to their global
nature, and because it is often difficult to map all neces-
sary design quality constraints and cost functionsinto such
algorithms. On the other hand, in many situations, mecha-
nisms are needed to control the portions of the design that
are exposed for optimization [15].

Many iterative algorithms such as simulated annealing
and force directed algorithmscan be easily modified to han-
dlie incremental placement and floorplanning. Most state-
of-the-art placement algorithms are based on the top-down
hierarchical approach. In the hierarchica approach, incre-
mental placement is done by traversing severa hierarchical
levels. A small number of research results in the area of
incremental layout have been reported in the recent past,
focusing on floorplanning [41], placement [35], and FPGA
routing [49, 128]. Incremental |ogic optimization has been
studied in [15, 160], while[7] addresses BDD optimization
using an incremental sifting algorithm. [161] presents an
incremental approach for FSM traversal in the sense that
the reachable states can be incrementally updated as local
changes are made to the design. An incrementa timing
analysis algorithmis presented in [88]. Finally, aretiming-
based incremental scheduling modification algorithm has
been presented in [63].

Previous research and development effort on EDA tools
that would allow incremental design modificationand would
provide incremental analysis and optimization mechanisms
efficiently is very scattered and incomplete. Comprehen-
sive study of incremental agorithms and solutions in the
context of EDA CAD tool development is an open area of
research withagreat deal of potentia. Asour understanding
of the off-line and constructive agorithms gain acceptable
maturity, we have to face the challenge of devising efficient
techniques to handle incremental design modificationsin a
comprehensive manner. Proper understanding and active
participation in the incremental and dynamic data structure
research and devel opment would gain increased importance
in such a scenario.

3.4. Interoperability and Standar dization

The presence of multiple design constraints, the interac-
tion of various quality measures, and the increasing pres-
sures to achieve performance closures in the shortest time
arekey driving forces for devel opment of multi-faceted, in-
cremental design anaysis and optimization engines which
would alow the observation and optimization of various
performance metrics across different levels of the design
abstraction. Moreover, the unification of carefully designed
guery mechanisms and programming interfaces between



these engines and the outside world is a key enabler for
tool interoperability, which is of increasing importance in
the EDA CAD industry.

Both the semiconductor and the EDA industries have
started to recognize the increasing importance and the cru-
cia role of tool interoperability for continuous growth of
electronics industry in the DSM era. The majority of cur-
rent EDA practices attempt to facilitate a plug-and-play,
tool-to-tool interface between an ever increasing suite of
different tools.

Standard ASCI | file exchange formats have enabled ade-
gree of tool interoperability in the past, but are inadequate
to support the degree of tool interaction needed to support
DSM designs, where incremental design exploration and
optimization play a central role. To address these short-
comings, and to provide an industry-wide standard to fa
cilitate tool interoperability, industry trends are pointing to
in-memory procedural interfaces between tools and data-
bases. If such standards are not adopted the alternative will
be proprietary procedura interfaces from EDA vendors, al-
lowing tight integration between tool sfrom one vendor, but
inhibiting development of design solutions drawing tools
from multiple sources.

Perhaps, the greatest imperative of all for EDA standards
is to alow integrated logical and physica design through
an open tool flow architecture, exemplified by the Chip Hi-
erarchical Design System (CHDS) [17], and its Technical
Data standard (CHDStd) [60]. CHDS, which is funded by
the semiconductor companies, isthe only open architecture
methodol ogy supporting DSM design needs. The open ar-
chitecture of CHDS creates an environment allowing users
to integrate various tools as required by their large and di-
verse design flow requirements. The communication be-
tween the tool sisfacilitated through programming interface
layerswhich create a bridge between tool sthat might not be
able to communicate directly otherwise, hence the burden
of communicating through ASCII files, and the bottleneck
thereof, is essentially removed.

4. Conclusion

In this paper, we surveyed design quality metricsfrom a
CAD tool perspective, and studied their interactions. Var-
ious shortcomings of the current EDA tools and method-
ologies to tackle the DSM design chalenges were dis-
cussed and several promising remedies such asunified func-
tional/logical/physical synthesis, incremental and integrated
synthesis and optimization, and system-level interconnect
planning and prediction are surveyed, and their implications
on design automation practices and methodol ogies are ex-
plored.
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