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OVERVIEW

Asse\[tions are properties or facts describing the required and forbidden behavior of a design. They are
GSESOdzi 6t S ALISOATAOI GAZ2ya¢ asdettian chedidiaclYoddfimtie2 NS R

design file.
1 Through usage assertion checkars referred to as assertiorier short
1 The term assertions and properties are often used interchangeably.
9 The prevalent language for writing assertions is SystemVerilog Assertion (SVA) language, a
specialized subset of SystemVerilog.
1 Assertions writte inthe SVA language are referred to as SVAs.
1 Assertion Based Verification (ABV) is the methodology for including assertions in the functional

verification process.

If the assertion fails during simulation the usenotified Depending on the sevéyiof the failure, it

could even stop the simulation. If the assertion does not detect a problem there are two possibilities.
The design is behaving correctly or the testbench did not cover the property. Therefore, cover
properties typically are includewith an assertion.The default condition used by Zocalo is to
automatically create a cover property for every assertidihroughout this paper, for brevity, the term
assertion means that a corresponding cover properindtuded

SystemVerilog to inatle ABV is viewed dise evolving standarthat can have major impact on reducing
verification time and cost. Various studies have shown that using ABV can reduce debug, now
representing 60% of the functional verification time and cost, by 50%. Indfpghe promise of ABV,
wide scale use has not materialized. ABYV is a difficult technology to implement and is perceived as
marginally cost effective. If it were easy everyone would have adopted it by now.

The objective of this paper is to:

, == ==

Understandhe issues limiting the use of ABV.
Define how Zocalo is addressing them.
Present an incremental approach for adapting ABV.
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Using Assertionis an ad bc process dependent on thekillanddesireof the designer or
verification engineer to provide assertions as part of the functional verification process.
Assertion Based Verification (ABY¥a systematic methodologgquiringthe use of assertions in
the functional verification flovandthe infrastructure to control and managbem.

Most surveys on using ABV reflesingassertionas opposed té&\BV
ASSERTION USE TODAY

The prevalent approach todayusing assertions onnead hoc basiby designers at the module or

FdyOdazylt ot201 €S6St YR GSNAFAOIGAZY Sy3AysSs$
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block level is more prevalent sinbegs at that level showing up during system level verificatem
result in a major schedule hit. Since designers are intimately familiar with the intent of the design a@
many are capable of coding simple 1 or 2 cycle SVAs, they are more likely to create and add assertigns.

Since assertion use is at their discretidmey are usually added-iime as part of the design file without
documentation
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Athigher levels up tthe system level, theseful SVAs typically requiaghigher level of complexity than
at the functionalblock level Temporal (time dependenpropertiesreflecting concurrency are the
norm. $ce the verification enginedypically cannomodify the design files, bind files are required.
Creating and managing bind filesaigabor intensive taskThe SVAearning curve can bsteep for
compkex temporal expressions; therefore assertion umseen on an ad hoc basis, is sparse. Certainly,
manycompanies have SVA coding experts that caadsggnedor situations wherghe need fora
complextemporal SVAs obvious. However, the broad base efifications engineers laskhe

expertise to writethis level ofassertions.

Only the larger companies are embracing ABV systematidasis focusing on more manageable
simple assertions at the block level and below. The broader base of chip desigarges recognize
the promise of ABV, but have not committed because of the effort required.

PerHarry Foster in his papéssertionBased Verification: Industry Myths to Realit{gsvited

¢ dz{i 2 NJ |-défies thensituation more bluntlyd X doXx &8 G KA G Kl G ! . £+ Aa YFAYy &aid
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verification methods. Unsuccessful teams tend to approach development in an ad hoc fashion, while

successful§ I Ya SYLX 28 | Y2NB YI GdNNBE t S@St 2F YSGK2R2f 2 :

Movingfrom ad hoc assertion ude full scaleAssertion Based Verificatipas depicted in Figure 1,
represents anajor hurdle.

Full Scale
ABV
Methodology

Simple SVAs on an ad hoc basis

Figure 1 Enabling ABV
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CHALLENGES OF ABVTECHNOLOGY

A systematic methodology for adding assertions requires four steps as shown in Figure 2.

Identig Assertion Eandidates

Code Assertions

—{ Debug Assertions

* Bind files

» Messaging to test bench
» Documentation and integration with
Verification Plan

Figure 2 Adding Assertions in a Systematic Methodology

Indentify Assertion Candidates

Although designers ari@ the best position todentify assertions candidates and use them often, are
their choices complete and objective? When using an ad hoc approach, the choices can be skewed to
simpler assertions based on assertions coding skills. Also the impact on design time is a nbjar inhi

to a complete assessment of assertion requirements.

If the designer or verification engineer is unfamiliar with the design as in the case of IP or legacy code,
becoming familiar enough with the designittentify the assertion candidates becomegaenmore

difficult and time consumingDependent on complexity of the design, this task is measured in days or
weeks.

A further challenge is if the company or project is considering or already committed to ABVcan
the effectiveness of ABV use beatyated in relation to thejuantity and quality of assertionssed?

Coding Assertions

The user must abstract and code the 'correct' properfine verification engineer and oftentimes the
designer must code complex expressiohBe SVA language is not intuitive and the tempexakression
operatorsand concurrencyre difficult to visualize. The skills required are costly to develop, difficult to
retain andinhibit the development of these more useful and powerful SVAs

010

Recogiringthe difficulty of coding assertions and the requirement for coding consistency for managi
them, Accellera, the industry standards organization developed Open Verification Library {O849.
libraries do not cover compleassertions, but do addss a major part of assertion requirements at the
block level. OVL represents the first effort to bring consistency and structure to assertion use. Each
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the major EDAveR2 NB K| & @ h #tynedftoitheiSsimulatianéeMdroNdhet and they are
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charge and are compatible with any of the leading simulators.

However, making use of assertion libraries tends to be time consuming and error pemebyHimiting

their acceptance. Additionally many designers consider assertion libraries as too inflexible. Since most
designers are capable of writing SVAs at the OVL level of complexity, in the world of ad hoc assertion use

(i.e.no bind files, no doumentation, minor if any debugdesigners will choose to write simple SVAs
over assertion library use.

AssertionDebug

After the usercodes a complex SVA properityis still very raw and unprover.o test the property, the
user must create gestbench to validatehat the property is correctFor a complexassertiorsthis can
be a major task and in mostisesmpractical. For this reason, the most commonly developed
propertiescontinue to be simple -2 cycle properties that require minimunedug, if any. Debug is
another major factor limiting thelevelopment of more useful and powerful SVAs.
AssertionControl

Under an ABV methodology, assertion control includes:

9 Assertions managed in separdties (bind files) that can be included withe design file during
simulation and removed.

1 Documentation of assertions to becluded as part of the verification plan.

1 Control of assertiongangingfrom disabling the SVASs, to changiragiables such as severity
levels preferably from théestbench.

1 Reporting error messages/events using the testbench message logger.

The major requirement to accomplish the preceding is packaging assertions in a consistent manner to
allow a level of automation.

vl ¥%Y%un Cwha Yh/ ! [ h

Zocalo Tech believes that automation is the enabler of AsseBased Verification and wide scale

acceptance is directly proportion to the level of automation. Automation from Zocalo Tech is provided
by Zazz that includes the following modules:

1 Zazz Bird Dog i Analyzes the design to find the most important candidate signals where
properties should be added. Signals that already have legacy properties are recognized and
automatically listed as assertion candidates.

1 Zazz Metrics - Shows the progress towards goals and the quality of added properties. If legacy
properties are part of the design cod, they are automatically included as part of the metrics.

1 Zazz Visual SVAT Enables creation and debug of any level of SystemVerilog Assertions (SVAS)
complexity without learning the language. Visual SVA completely eliminates the long learning

ok ‘ ZocaloTechApril 2010
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time typically associated with becoming proficient writing properties with the SVA language.
Visual SVA also provides dynamic controllability of assertions and parameter changes plus
automatic bind file management and documentation.

9 Zazz Assertion Library Support i Enables fast and easy use of assertion libraries. Supports OVL
and libraries from the major EDA vendors and automates bind file management and
documentation. Additionally support for custom assertion libraries is available.

Bird Dogand Metrics

Bird Dog and Metrics providie first steptowardsimplementing ABV by automatically identifying and
ranking potential assertion candidatesAheuristicalgorithmis used that wasleveloped on basis of
how a design or verification engineer would evaluate the need for assertions

The prevalent use of assertions today is designers adding simple one or two cycle SVAs on an ad hoc
basisoraddin@2 YYSy Ga 2NJ LN 3AYIFQa (G2 SyroftS Fdzi2aYFGAO Ay
Using only théBird Dog and Metriceapabilities can significantly increase tegel of productivityand

results for projects using thesmproaches.

Bird Dog

Bird Dogs critical forengineers unfamiliar with ABV since it provides guidance on which modules and
signals are most likely to benefit from the addition of assertions. Likewise, engineers experienced with
assertions are likely to discover new signalgtee tool analyzes the signal usage globally versus a
designer's tendency to focus on the module le¥r legacy code, performing a manual assessment of
assertion requirements for a complex functional block can take days versus minutes with Bird Dog.

Since assertions are rules describing how the design should behave, they are most useful for control
signals. As Bird Dog elaborates a design, it automatically analyzes the signals for control and data
characteristics and further factors in how the sigjisaused both within the module and across the

hierarchy. It assigns a score to each signal and then ranks the signal as an assertion candidate (its Global
Rank).They are then placed in buckets of the top 10%, 20%, etc., relative to importance. [[yyhea

top 20 to 30% othe candidates aradequatefor populatinga design.

Identifying the assertionsandidates and targeting a defined number to populate with
assertionsallows the project to scope the work required. Designers also gain a better
understanding of the code just by examining the design based on the output of BirdiDog.
some casesdesigners will recoda portion of their design to separate control and data
structures, resulting in logic that is easier to understand and debug

Itis emplasizedhatBirdDoghA & y 204 I aYIF3IAO YI OKAYySéd touséi R2Sa vy
or create assertions. It provides a starting pdintrigidly analyzing the design and reporting the results

to the user. The user makes the decisions on whaglsertions to provide. The analogy and thus the

name are akin to the role of a bird dog. The bird dog is part of the process of finding, flushing and

recovering the birds, but the hunter makes the decisions.

Once the candidates are identified@ird Dog provides several views of the signal rankings. The
hierarchy browser includes the number of candidates within each level of the hierarchy, enabling
engineers to quickly identify the modules that are more contnmaénted. Thus, engineers can quickly
focus on the portions of the design that benefit from assertions instead of spending time on less criti
modules.

ZocaloTecBApril 2010
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After selecting a module from the hierarchy, the user is presented with a list of candidates from within
that portion of the design in theandidate browser. Zazz Bird Dog lists each candidate signal along with
its associated rank and attributes such as whether the signal is a port on the module. Selecting a
candidate causes the source view to display the signal to allow the user to furtlestigate how it is

used in the design.

The Candidate Browser has two options that can be used to help filter signal candidates within the

KA SN} NOKe& o ¢CKS a1l ASNI NOKAOKt ¢ FAEGSNI aStSOoda | ff
collapses common nets (connected through module ports) into a single instance. These filters can be

used to identify the global control signals versus those of interest in the selected module providing

engineers the ability to quickly identify the signals nldsgly to benefit from assertions.

Assertion Candidates
¢ Include Al Candidates ¥/ Hierarchical View
Signal 3] |uri [Renk  [Bucket  [oks |[Factrs a
*| eop tx_dequeue 59 +10% Large fan-out
*| start_on_laned tx_dequeue 26 +10% Large fan-out
* next_ifg_8b_add tx_dequeus 19 +10% Large contral signal farin
* next_ifg_4b_add tx_dequeus 18 +10% Large control signal fan-in
*| next_ifg_deficit tx_dequeus 12 +10%, Large contral signal fan-in
txhfifo_rstatus xge_mac 11 +20% Large fan-aut
reset_xgmii_tx n xge_mac 10 +20% Highly used control signal
* next_eop tx_dequeue 10 +20% Large control signal far-in
txdfifo_rstatus xge_mac 8 +30% Highly used cantrol signal
* frame avallable tx_dequeue 7 +30%; Highly used control signal
txhfifo_wen xge_mac 6 +30% Highly used control signal
*| next_ifg_8b2_add tx_dequeus 5 +30%: Large contral signal fan-in =
txhfifo_wstatus xge_mac 5 +30%, Highly used contral signal
* byte ent tx_dequeue 5 +30% Highly used control signal
txdfifo_ren xge_mac 4 +40% Highly used control signal / Large fan-out
*| ifg_deficit tx_dequeue 4 +40% Large fan-out / Highly used cantral signal
* shift_crc_eop tx_dequeue 4 +40% Large control signal fan-in [ Highty used control signal
status local fault ctx |xge mac 3| -40%:+50% Highly used control signal
*| ifg_fb_add tx_dequeue 3] -40%:+50% Highly used control signal / Large fan-out
* next_txhfifo_wstatus |tx_dequeus 3| -40%:+50% Highly used control signal / Large fan-out
* shift_crc_cnt tx_dequene 3| -40%:+50% Highly used cantral signal / Large fan-out @
Figure 3 Bird DogViewer
Metrics

Equally importantas identifying assertion candidatieshe ability to provide metrics on the number and
guality of the assertions present in the desigvietrics provides the prajct team with an orgoing
progress report about the quantity and quality of the assertions added during the project versus the
target.

AsMetricselaborates the assertion populated design, it also counts the number of assertions touching
each signabithin the design. A summary of the number of assertions found at each level of the
hierarchy is displayed in the module browser, and a count of how many assertions that touch each signal
candidate is displayed in the candidate browser. As a resultheergs can quickly identify which

o
modules and signals are in need of further assertions. 3
N
Bird Dog also detects the quality of the assertions based on the density of the assertions within the E
design and their relationship to the candidate list and complexity <
g
5
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On a longer term basis, metric reports associated with compldesignsprovide a basis to measure
the value of using assertion&sthe companymovesfrom ad-hoc use ohssertionr to higher value
assertionsMetrics provides historical bas¢éo measurethe effectiveness of this ABV growth path.

Design EJEX\
@@‘7‘7‘ Clear priionst‘
Ve ; Assertion Assertion Instrumented Instrumented Instantiated p
}Hleravchy ‘ Sidnale Candidates %Candidates Candidates %Candidates ] e ‘ Checkers DELSY ‘
|5 @ demo 10124 1025 $10.1 55 %5.4 30 165 @ 0.55
- @ pj cpu 9990 1023 210.2 53 %5.2 30 165 @ 0.57
E- 1 iu 5321 472 %8.9 24 %5.1 17 49 @ 0.71
Bl ex 2462 224 %9.1 9 %4.0 6 11 @ 0.67
- 1 ifu 796 76 %9.5 5 %6.6 8 25 @ 1.60
E- 1 rcu 1140 74 %6.5 5 26.8 3 5@ 0.60
- i@ pipe 440 59 $13.4 5 %8.5 4 5@ 0.80
[ 1@ ucode 552 49 %8.9
=@ trap 188 40 %21.3
[ 1@ hold logic 60 29 $48.3
E- i@ fpu 2650 276 $10.4
G- cs 440 83 %18.9
=@ mult1 775 At %9.9
G- 1l exp 461 49 %10.6
- I inc 404 43 $10.6
Gl '@ man 285 42 %14.7
-1 rsa 325 34 %10.5
G- 1 prif 154 30 %19.5
G-Il nxs 42 10 $23.8
& 1 dcu 836 149 %17.8 10 %6.7 7 12 @ 0.70
B 1@ icu 764 85 $11.1 10 $11.8 7 100 @ 0.70
& @ smu 519 58 §11.2 3 %5.2 3 EC) 1.00]| =y
& 1@ dtag shell 233 10 %4.3 "
& @ pcsu 37 9 $24.3 1 LERE 1 1@ 1.00]|
& i@ dcram shell 168 3 23.6 A\
[ @ icram shell 113 5 4.4 -
& 1@ itag shell 119 4 3. | G}ﬁ

Figure 4 Metrics Viewer
Zazz Visual SVA

Zazz Visual SVA enables design and verification engineers to quickly code and debug assertions without
having to deal with the complexities of the SVA syntakust as Visual Basic did for the BASIC
programming language, Visual SVA raises the level ofraaisin for describing properties and
completely hides the complexities of using the SVA language. Visual SVA provides major productivity
enhancements for creating and debugging from simple to extremely complex propeetiesting

concurrency and tempal. Creating properties in Visual SVA is a combination of visually arranging
components or controls on a graphical canvas, adding Boolean expressions and then selecting attributes

and actions of those componentd. RRAGA2Yy I ff& | ff¢ 2 ks régiirBd far K 2 dza S
implementing ABV are automated.

A temporal view of the SVA property is created using -@madidrop techniques. Components and

controls are selected from a pallet and placed on the property canvas (window). The property canvas,
as shown irFigure 5, assumes that time increases from the left side to the right side, just like the

familiar waveform viewer. Concurrent execution threads are represented in the vertical direction, again
as in a waveform viewer. Visual SVA will automatically corthe components and controls, based

upon how they are arranged on the property canvas. Boolean expressions are entered into the
expression field utilizing the same expression builder that exists in Zazz OVL. Components and contfols
have default attribues associated with them, but may be changed by selecting from a dropdown list. &

Visual SVA dynamically creates the correct SVA code to describe the property and displays it in a coge

view panel. 5
(¢}

Figure 5 is an example of a typical Visual SVA completegiand an example @utomatically '§
S
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generated SVA code shown in Figure 6.

Figure 5 Visual SVA code

Figure 6 SVA Cod&xample
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