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In this year we dedicated to establish a precise static
timing analysis (STA) tool on the formal verification
engine. Specifically, we accomplished four major subjects:
(1) we have implemented a static timing analysis tool
using backward signal propagation[1]. (2) We perform
false path checking on critical path in the circuit by
Boolean Satisfiability (SAT) engine. (3) If this path is true,
we will try to push the delay bound obtained in the STA
process by considering simultaneous input transitions of
the circuit. (4) If we get certain input patterns from STA
engine, then we can evaluate the new delay data by
dynamic timing analysis (DTA). In this way we can get an
accurate delay bound and solve the circuit false path
problem at the same time. Moreover, because we only
simulate several input patterns in the circuit, the
performance of our method would be better than
traditional DTA. In our experiments, we demonstrate that
our method can achieve both better performance and
accuracy than random simulation. As a result, we believe
that the test patterns we derived by the formal engine
would be useful and important to the post-layout timing
simulation stage.

Keywords : Timing analysis, timing simulation, critical
path, false path, formal verification engine, dynamic
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timing analysis, static timing analysis, multiple input
transitions.

Z ~dansd 2R b

Timing verification is a very important step in the
current IC design flow [2]. It analyzes the delays of all the
paths in the circuit under verification and checks whether
the most critical ones meet the timing constraints. In this
way, we can guarantee the circuit can function correctly.

There are two methods in performing timing analysis.
The first one is called Dynamic Timing Analysis (DTA).
DTA is a simulation-based approach that applies input
patterns/transitions to the circuit and observes the output
waveforms for the delay information. The advantage of
this method is that it can accurately compute the delay for
the applied pattern. However, since the number of
simulation patterns is exponential to the number of inputs
in a design, it is practically impossible to emulate all the
patterns to obtain the critical delay information for the
whole circuit.

Static Timing Analysis (STA), on the other hand, is
an alternative approach [3]. It is more popular than DTA
in timing verification because it does not require the user
to provide the input patterns yet still can achieve
reasonably accurate timing verification results with very
high speed and capacity. It usually adopts the table
look-up model for the cell delay calculation, where the
input transition time and load capacitance are two indices
for the delay table. Delay information and critical path are
then determined by composing the worst case of single
input pin transitions.

Although STA works well most of the time for the
circuit designers, it has some limitations. First, this method
usually leads into approximate results because it only
considers single input pin transition. In real-life circuit
operations, inputs can transit simultaneously. If we take
the multi-input transition effect into consideration, the cell
delay can be larger and thus the timing constraint may be
violated. Another limitation on STA s its capability in
detecting false paths. An example of a false path is as
shown in Fig 1. If the determined critical path is a false
path, we should try to find out another one whose delay
bound is next to the original one. Moreover, STA does not
provide test pattern to users. In the post-layout simulation
stage, users usually apply device-level simulation tools
such as SPICE with more accurate delay model. In other
words, they will need the input patterns that can simulate
the most critical delay situations.



False path

Onehot

Circuit

Fig.1 False Path Problem
In this project, we proposed a new algorithm in timing
verification. It combines the advantages of STA and DTA
as shown in Fig.2. We integrated the timing analysis and
formal verification technologies to improve the efficiency
and accuracy and at the same time provided a better timing
analysis tool to IC designers.

Our contributions include: (1) We consider multiple
transition delay model in order to approach the actual
delay bound. In our experiments, we demonstrate that our
method is more accurate in computing the critical path
delay by as much as 10% and 50% when compared to the
traditional STA and the random DTA, respectively. (2)
We use Boolean Satisfiability (SAT) engine [4] to verify
critical path from STA. If the critical path is false, timing
analysis to this path is meaningless. Our method can avoid
false alarm in timing analysis and report to user if there are
false paths from STA. (3) Our method also provides input
patterns for the most timing critical path delay [5]. In other
words, these patterns guarantee to witness a transition to
propagate along the critical path with the worst delay in
timing simulation. They can also be used in diagnose the

timing violations.
A DTA Our Target
Accuracy P
STA
>
Efficiency

Fig.2 Efficiency and Accuracy of Timing Analysis
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3.2 Timing Analysis Considering Multiple
Transitions

In this section we will describe the delay modeling,
explain our experiments and observations, and show how
we reduce the complexity in the simulation problem.

3.2a H-Spice Experiments to Collect Multi-Input
Transition Delay Table
Before we started developing our timing engine, we

had to conduct many experiments in Perl [6] and Spice [7]
for multi-transition ~ switch-level  simulations. By
enumerating various circuit constraints such as input
transition delays and equivalent gate-output load
capacitances, we got lots of data for delay time and
behavior in different operating conditions [8]. Following
are our summary and understanding about our external
experiments.

In our Spice experiments (Fig. 3), we found that the
transition time of single input pin and cell load capacitance
can not dominate delay behavior. Multi-transition inputs
sometimes lead to more critical delay. Actually the delay
information is according to several variables such as
transition time of all input pins, difference of all input
pins’ arrival time, and cell load capacitance. Different
compositions of these variables will result in different
delay behaviors.

Yy

Pin? /

Delay Time

Pinl

Arrival Time

Pinl =Pin2 =-AT Pinl -Pin2 = AT
Pinl ~Pm2 =0

Delay Time Delay Time

Arrival Time Arrival Time

Pinl -Pin2 =-AT Pinl -Pmn2=AT Pinl -Pm2 =-AT Pinl -Pin2 = AT
Pinl -Pin2 =0 Pinl ~Pin2 =0

Fig. 3 Timing Experiments with Multiple Input
Transitions

However, if we deal with all these variables directly,
the problem grows exponentially with circuit size and the
complexity of circuit components. In order to speed up our
performance and reduce evaluation complexity, we
combined STA and DTA in our method. We take
advantage of their benefits in timing analysis and convert
this problem into formal domain, solving false path
problem at the same time.

3.2b Multi-Input Transition Delay Calculation Model

As in most timing analysis algorithms, our timing
analysis method works on all paths located between prime
inputs and registers or between registers and prime output
(Fig. 4) in combinational circuits. In order to get an
accurate delay bound, we consider the possibility of signal
propagation with multiple transitions at some logic stage
or at prime inputs. That is, our delay model will depend on
more complex variables.



—/__ =
PI — = _ PO

e I L

n ]

Fig. 4 Simulation with Multiple Input Transitions

Our timing analysis method is the same as STA. It
does not need input patterns from the user. Instead, we use
formal engine to find out proper patterns or transitions
from all input patterns. By incremental Boolean
constraints propagation (BCP) and delay calculation, we
guarantee the correctness and robustness of our delay
model.

In this thesis we focus on the behavior and data
collection of 2-input gate. We introduce AND2, OR2,
NAND2, NOR2, INV and XOR2 gates into our
consideration. Note that binate gate XOR2 would not
propagate multi-transition signals so we just consider
single transition when we meet an XOR2 on the concerned
path. This is shown in Table.1. Considering constraints
such as zero, one, rise, and fall to input pins, the output
response would have 2”4 = 16 combinations as zero, one,
rise, and fall. Table.2 is the 2-input NAND gate
truth/transition table. However, we found that the
combinational response can be classified as stable zero,
stable one, rising with single input transition (Rs), falling
with single input transition (F;), rising with multiple
input transitions (Ry), falling with multiple input
transitions falling (F,), and hazard/glitch (*) as shown
in Tables below.

Table.1 2-Input XOR Gate Truth/Transition Table

0 1 Rise Fall
0 0 1 R F
1 1 0 F R
Rise R F 0 1
Fall F R 1 0

Green : Single input transition
Blue : Multiple input transitions

Table.2 2-Input NAND Gate Truth/Transition Table

0 1 Rise Fall
0 1 1 1 1
1 1 0 F R
Rise 1 F F *
Fall 1 R * R

Green : Single input transition
Blue : Multiple input transitions

Reducing the complexity of logic gate output
response is helpful for our delay calculations. Next step
we would try to define certain delay variables to our
timing model. As Table.3 shows, we have four kinds of

delay variables — gate input transition time, represented
as Tr, gate input signal arrival time, represented as Arr,
difference of input arrival times, represented as Darr or
Delta T, and finally the equivalent output load
capacitance, represented as Ceq. Notice that the Delta T
can be zero, positive, or negative.

Delay Variables Description
Transition Time ( Tr x) Transition time of input
pin
Arrival Time (Arr x) Aurrival time of input
signal

Difference of Arrival Times May be positive or
(Darror AT) negative

Load Capacitance ( Ceq) Output load for logic
gate

Table.3 Delay Variables and Description

3.2¢ Boundary Conditions

In Section 3.2 we have explained our delay variables.
As we know, the more variables to the delay calculation,
the more complexity in solving this problem. Fortunately,
difference of input arrival times (Darr) can be simplified
to reduce the delay variable combinations.

As Fig. 5 shows, when we consider 2-input unate
gate, difference of input arrival times has some extremes.
In one situation, we know that Darr can be treated as
positive infinite when Arrl — Arr2 > Tr2. In the other
situation, Darr can be viewed negative infinite when
Arrl—-Arr2 <-Trl.

Extreme of Darr means that considering multiple
input transitions is not necessary. Instead, the output
response would be the same as single input transition.
Sampling in the gap of Darr can help us to reduce the
complexity of delay calculation.

pin1
AT = Arr1 - Arr2 | o output
pin2
L AT P
1 — AT
pin1 —i : pint
AT=+o0: ; E.
= Arrl- Are2 = Tr2 pin2 — £ pin2 !
Outptﬁ——\-— outpm_/_—
3 pin1 : ~, pini
AT =-00: pin2 pin2 AT
2 Arrl - A2 <-Trl i i i
outpot—~, output

Fig. 5 Extreme of Delta T

3.2d Multiple Transition Timing Table

In the previous section we have explained the
variables for delay calculation. Now we talk about how we
implement it. As Fig.6 shows, for a 2-input unate gate, we
construct a 4-dimensional timing table with four variables.
Each variable have five indexes. Trl and Tr2 setup 5 x 5
= 25 timing tables. These timing tables have 5 x 5 = 25
delay information determined by Darr and Ceq.




Tr2-1 | Tr2-2 [ Tr2-3 | Tr2-4 [ Tr2-5 |
Tr1-1
Tr1-2
Tr1-3
Tri-4
Tr1-5

Darr1 | Darr2 | Darr3 | Darrd | DarrS
Ceql | |
Ceq2
Ceq3
Ceq4d
CeqbS

Fig. 6 Timing Table for Multiple Input Transitions
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4.1 Problem Definition

4.1a Input of Our Problem

Our timing analysis method needs gate-level design files,
including output load description. We also need both
single and multiple transition delay tables in the cell
library file to calculate delay information. Because there is
no library file with multiple transition tables now, we
construct it by conducting a great amount of SPICE
simulations.

4.1b Output of Our Problem

Our method would report various delay information
corresponding to each stage. It would report critical path
from either STA or DTA, current and maximum delay
bound through timing analysis, change of delay bound or
critical path, input patterns generated by SAT solver, and
run time and memory usage in this analysis.

4.1c Assumptions and Simplifications in Our Method

In order to quickly a prototype of our algorithm, we
consider only 2-input NAND gates. This is because that
multiple transition tables are much more complex than
single transition ones. Multiple input pins also leads to
complex permutations on input transitions. We construct
the prototype of our timing analysis method and hope that
this method can be performed in real cases in the future.

4.1d An lllustrative Example

An example to demonstrate the multi-transition effect on
the circuit delay is shown in Figure 7. The case “C17” is
composed of six 2-input NAND gates. Each gate has its
own load capacitance. In the figure we can see that the
critical path from STA is a true path and it is the same
critical one from our method. However, we can generate a
test pattern that has two transitions on inputs G2 and G4
and makes the delay bound more critical than STA.
Detailed experiments would be showed in following
sections.

STA Our Method
Delay Bound 6.9089%e-10 s 7.6646e-10 s
Input Pin Pﬁ?er
Gl Zero
G2 Rise
G3 One
G4 Fall
G5 Zero

Fig.7 Example for Test Case

4.2 Algorithm and Framework Architecture

4.2a Main Algorithm

Fig. 8 is the pseudo code of our main algorithm and
Fig. 9 shows its flow chart. We first parse circuit into the
predefined circuit base data structure. Next step we get the
initial critical path of the circuit by performing STA [8]
[9]. Before we add Boolean constraints to this path, we do
false path checking to guarantee this path is a true path
[10].

mainAlgorithm(){

01. Circuit construction;

02. Perform STA and get critical path from STA,;

03. False path checking to critical path

04. If (SAT) go to step 06;

05. Else Report false path, go to step 02 and
get next critical path;

06. For each gate in critical path

07.  Add proper Boolean constraints to this gate;

08. If (SAT) go to step 11;

09. Else go to step 07,

10. Solve a pair of input patterns from SAT solver;

11. Perform DTA;

12. If (critical path change) go to step 03

13. Else if (get new delay bound)  go to step 15

15. Stable, end;

}

Fig. 8 Main Flow Algorithm

After all constraints are confirmed, we can get a pair
of input patterns from SAT solver. In this way we can
verify timing information by performing DTA with these
patterns [11]. If critical path is changed, we should return
to previous stage and try again until we get a new delay
bound.
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Fig. 9 Flow Chart of Main Algorithm

4.2b Framework Architecture

Fig.10 is the developed framework architecture. It
contains several components such as front-end parser,
timing engine, and SAT engine.

Front-end parser parses circuit file and converts the
circuit into the defined circuit base data structure.

Timing engine is divided into STA and DTA. It
evaluates timing information and determines circuit
critical path.

SAT engine is composed of SAT solver and Boolean
constraints. It would be helpful for DTA and finding out
the critical patterns.

Circuit .

o

Boolean Constraints
& SAT engine : W static Timing Analysis
.

Result

Fig.10 Framework Architecture

4.3 Experimental Results

In this section we show our new timing analysis
experiments. We have several tables to point out delay
bound difference of STA and our new algorithm.
Moreover we have performed random simulations to the
same test cases, to figure out the relationship of efficiency
and accuracy.

4.3a Delay Bound Refinement with New
Algorithm

Table.3 is the delay bound refinement with our new
algorithm. We can see that our algorithm always finds out
more critical input constraints, that is, our method finds
out more critical delay bound that STA. Average
improvements now is up to 3 percentage.

Name+ GateLevels STA~ NTA« Daffe

(s)e (s)¢ (%o)e
C17e 630 6.91e-100 | 7.66e-10a ] 1090 |
C00le 14 f4e 9.2%-100 | 9.69e-100 4.3%»
Co02e 171 5¢ 1.08e-0%¢ | 1.07e-0% -
EnGen 3 3 3¢ B8/ 3e T.51e-090 False Pathe
RFn 9 3 11+ 584 11« 1.45e-080 | 14%e-0% 2.3%e

RnGen_15_4 10¢ 634100 1.16e-0%0 | 1.24e-0%¢ 6.9%e

Rn_20_10_15¢ 133/ 15¢ 2.28e-08¢ | 2.289e-090 0.4%e
EnGen 1000_200_10.| 36627 10+ 1.67e-0% | 1.71e-0%¢ 2.4%w
EnGen 4500_300_10.| 32727 100 1.2%9e-100 | 1.37e-08s 6. 2%
EnGen_2000_200_10.| 5801/ 10+ 1.77e-0% | 1.82e-08¢ 2.8%e
EnGen 100 1000_10.|  825%/10¢ | 2.87e-09¢ | 3.0e-03¢ 4. 5%
BnGen 6000100104 13418/ 100 | 1.64e-0% | 1.68e-08¢ 2.4%e
EnGen S000_300_10.| 15807/ 10¢ | 1.58e-0%¢ | 1.88e-09¢ %ae
FnGen 2000100104 19430/ 100 | 2.32e-0%0 | 2.32e-08¢ (%0
FnGen 1000_200 104 24418/ 100 | 277e-0% | 2.79e-08¢ 2.6%%e
EnGen 2800_300104 33361/ 10¢ | 2.68e-0% | 2.72e-0%¢ 1.5%
FnGen_S000_3W00104 37850/ 100 | 2.44e-0% | 2.48e-08¢ 1.6%

Table.3 Delay Bound of STA & New Algorithm
4.3b STA & Random Simulation

Table.4 is random simulation experiments. In these
experiments, delay bound is determined by random input
assignments. In order to move up delay bound, random
simulation needs to perform DTA more times. After time
expense, random simulation still can’t find the critical

delay bound.

Name~ Gate/Levele STA« Iterations+ RS« Diff«

(s} (s)e (%)
Cl7e 6/ 3 £.91e-100 11968+ 346e-100| 40 0%
C001e 147 4¢ 9.2%-100 11595+ 8.02e-100| 13740
C002e 17150 1.08e-09+ 12738+ | 8.92e-10¢| -17.4%w
EnGen 3.3 3¢ 8/3e 7.51e-090 10072 | 4.8le-100| -936%e
Rn_8_3_11¢ 58/ 11 1.45e-09+ 14950+ | 1.19e-09¢| -17.9%e

RnCen_15_4_10¢] 63/100 | 1.16e-092| 181350 | 9.65e-100| -16.8%
Rn 20 10 15¢ | 133/15¢ | 228e-09¢| 166260 | 140e-092 -386%e
RaGen JOOAD0. | 36627 10¢ | 1.67e-090 | 10850 | L25e090| -25.1%e
RaGen 4500300, | 3272/ 10¢ | 1.29-100| 19560 | 12Se092 _3.1%e
RaGen 20002010 | 5801/10¢ | 1776090 | 1221e | 162e-09¢| -8 5%«
BaGen JOOOD0. | 82597 10¢ | 2.87e-080 | 10650 | 200090 | -30.3%e
RaGen 000100010 | 13418710 | 1.64e-092| 1042Z¢ | 13e090| -20.7%e
RaGen 5000 5010 | 15807100 | 1888-090 | 23020 | 1.79e-090| -479%a
FaGen 0010 | 19480/ 102 | 2.32e-092|  1005¢ | 2.16e090| -6.9%e

RaGen 1000 20010, | 24418710 | 277e-092| 1738¢ | 237e09¢| -144%e

FaGen 2800 30010 | 33961/ 100 | 2.682-09¢| 20570 | 221090 17.5%e

RaGen 300030010, | 27850/ 102 | 2.4de-092| 15200 | 228e-09-| 6.6%e

Table.4 Delay Bound of STA & Random Simulation
Fig.11 is the delay bound histogram of three
algorithms. FSTA means our new timing analysis
algorithm (formal static timing analysis), and we can see
that delay bound magnitude is “FSAT > STA > random
simulation”. These results meet our purpose of new
algorithm.
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4.4c Timing Analysis with All Solutions

Previous section we have explained our binary
decision tree for side input pin Boolean constraints.
Through our experiments (Fig.12 & Table.5), we know
that the first solution is always with the most critical delay
bound, corresponding to other solutions.

1.20E-09
1.00E-09

8.00E-10 H M—— -
6.00E-10
4.00E-10
2.00E-10 H F<MNFM M M M H D H D B B

delay

0.00E+00

solution

Fig.12 C001.v All-Solution Delay Bounds

There is an observation. If we run our timing analysis
algorithm with all solutions, we will cost much time than
the one with one solution. This is because the SAT solver
would handle the most efforts during timing analysis. It
doesn’t make sense for our purpose and there are still
some cases which max delay bound is not the first
determined solution. In this way we must try to modify our
algorithm, to explore delay bound and perform SAT solver
with reasonable times.

Names Max Arrival | Solation «  Daffe Run One+ Run All~
Time (s)+ Number+ {%a)e (s} (s)e
Cl17e 7.66e-10+ le - 0.00¢ 0.00¢
C001e 9.69e-100 le - 0.01e 0.02¢
C00ze 1.07e-09+ @ E 0.02¢ 0.03¢
EnGen 3 3 3¢ -4 -4 - -4 -4
Fn 8 3 11+ 1.49e-09+ le - 0.02¢ 0.06¢
RnGen_15_4 10¢ 1.24e-09+ le - 0.01e 0.02e
Fn_20_10_15¢ 2.29e-09¢ le - 0.0% 0.48¢
FonGen_1000_200_10+ 1.71e-09+ le -8 1.25¢ 29.66¢
FonGen_4500_300_10+ 1.51e-09¢ S0 10. 2% 2.6¢ 56.28¢
FnGen_2000_200_104 1.82e-09+ le - 2.06¢ 178.53¢
FnGen_100_1000_10+| 3.0le09¢ 1a - 130 52.420
RnGen §000_100010+{  1.68e-09+ 1 - 5.88¢ 238.23¢
FnGen_5000_500_10.. 1.88e-09+ le - 8.02¢ 532.14»
RnGen 2000_ 100010, 2.32e-09¢ le - 9.34¢ 114.35¢
RnGen 1000 200010,  2.79e-09¢ le - 18.8# 242 56¢
RnGen 2800 3000 10.(  2,72e-09¢ le - 21.52¢ 1516.94¢
RnGen S000_30010.(  2.52e-09¢ S0 1.6%e 19.42¢ 2870

Table.5 Timing Analysis with All Solutions
4.4d Critical Path Refinement
Table.6 is the critical path refinement of test cases.
This table represents that our new algorithm can find out
false path problem and determine most critical path.

Name+ Gate/Levels | False Paths Change «
Critical Pathe

C17e 613 Maw Mew
Co0le 14/ 4o MNaoe Yese
CO0Ze 171 5¢ Moe Tese
EnGen 3 3 3« B/ 3a Tese )
REn 0 3 11¢ 5874 11a Maw Mew
RnGen_15_4_10¢ 63 10e MNoe MNoe
FEn_20_10_15¢ 133/ 150 Maw Mew
RnGen_1000_200_10¢| 3862 f 100 Noe Mow
EnGen_4500_300_10. 32727100 MNoe Noe
EnGen_2000_200_10. 5801710« MNoe Noe
EnGen 100100010, 22597 10« Moe Maw
FnGen_ €000 100 101 13418/ 10« Moe Maw
FnGen_S000_5W0_10. | 15807 / 10« Moe Maw
RnGen_2000_1000_104 19490 f 10~ MNoe Noe
EnGen_1000 200010, 24418/ 100 Maoe Naoe
EnGen 2500 300 101 33941/ 10« Moe Maw
RniGen_S000_3000010. 37850 10 Ne @ Moo

Table.6 Critical Path Refinement with Test Cases

4.4e Found Critical Input Constraints

Here we recorded input constraints with maximum
delay bound for all test cases. As Table.7 shows, these
input switches would be more complex than STA, and
actually STA can’t determine these input constraints.

Names I Zeros PI Ones FI Rises FI Fall~
C17e 2e 1e 1a 1e
Co0le 0e le 2e S0
CO02e 0a G 2e 3o
EnGen 3 3 3¢ --e - - e
Rn 9 3 11¢ 3a 5e Qe la
RnCen_15_4 10 10e 3o 1e 1o
Rn 20_10_15¢ 9o o 4o 10
RnGen_1000_200_10¢ 991e 3 1e S
RnGen_4500_30_10¢ 44930 4o 20 1a
FnGen_2000_200_10+ 19840 Be 30 5
RaGen_100_1000_10< 71e 92 4o 160
RnGen_8000_1000_10., 5980« le 4e S5
RnGen_000_S010.| 4983 40 0o To
RnGen_2000_1000_10., 19726 21e 20 S5
RnGen_1000_2000_10., 976e 14+ 30 Fe
RnGen_2800_3000_10., 2774¢ 20¢ 56 le
RnGen_3000_3000_10., 4982« Be 56 5

Table.7 Prime Inputs Constraints

4.4f Run Time Comparison

Table.8 is run time comparison of three algorithms. It
is quite obvious that random simulation costs the most
time, and our method is nearly as fast as STA.



Names Gate/Levels STA« NTA RS «
Time+ Time+ Time+

(s)+ (s} (s}

C17e 6130 0.00e 0.00s 2.22¢
Co0le 14 f 4e 0.01« 0.01e 541«
C002e 1715 0.02¢ 0.02¢ 221«

EnGen 3 3 3¢ 813 0,00+ --¢ 340
En 9.3 11¢ 381 11« 0.02« 0.02¢ 1074«
Enten_15_4 10+ 637100 0.01« 0.01e 12.33¢
Fn_20_10_15¢ 133/ 15¢ 0.08¢ 0.0% 34,860
RnGen 1000 200_10¢ | 3662/ 100 1.03¢ 1.25¢ 44 05+
BnGen 4500 30010 [ 3272/ 10¢ 091« 260 62,420
RnGen 2000 20010. [ 5801/ 10¢ 141 2.06¢ 59,940
RnGen 100100010, | 5259/ 10¢ 12.85¢ 130 29,810
BnGen 8000 1000101 13418/ 10« 231« 598 58910
RnGen_S000_50010. | 15807 f 10« 381« 8.02¢ 106.26+
RnGen 2000 1000104 13430/ 10+ 7630 9.34¢ 237.27¢
EnGen 1000 2000 10,1 24418 f 10« 17.91« 18.8¢ 107,84+
RnGen 2200 30010, 33961 (10« 1867« 21.52¢ 204.26¢
RnGen_S000 30010, 37850/ 10« 13.0¢ 19.42¢ 15582«

Table.8 Run Time Comparison
Fig.12 shows the expected tendency of STA, random
simulation, and our new algorithm. We can see that STA
has only constant delay bound. Delay bound of random
simulation and our new algorithm can be improved, but
simulation would cost much time. The value of our
algorithm are not only improving delay bound in short
time but also finding out critical input patterns for
post-simulation.
Delay Bound

FSTA S5TA simulation

Time

Fig.12 Tendency of Three Algorithms

I ~ Conclusion and Discussion

In this year, we implemented our proposed timing
analysis algorithm. Current framework can parse test cases
with net list format which is directly transformed from
verilog and our method supports 2-input gates
(and/or/nor/nand/xor) now. This method guarantees
accurate delay bound in this situation, solves false path
problem, and finds out critical test patterns for
post-simulation. These contributions are valuable because
current timing analysis tool don’t provide these functions.

We completed the prototype of our timing engine. It
provides user to perform STA, false path check, and
perform our timing analysis algorithm in order to find out
accurate delay bound with critical input constraints.

In the future we plan to do advance research for
proposed algorithm. We want to research delay behavior
with logic gate which fanin number is more than two. To
achieve this, current look-up-table methodology would not
work out because the table size would grow exponentially
and take too much effort to take care. Thus, a generalized

form of library might be required. If we have patience and
make effort to model this problem, hopefully it could be
solved. Furthermore a new format of technology file can
be established at the same time.

Our work will also contribute to the publications in the
coming year. We will target on the major EDA conference
such as International Conference on Design Automation
(ICCAD, deadline in mid-April) and Design Automation
Conference (DAC, deadline in late November). At the end,
the work will be summarized and submitted to selected
journals.
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