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Functional Review Overview

It is well-accepted that code review is desirable

to ensure the quality of RTL designs. However,

from a management perspective, the lack of 

specific targets beyond coding guidelines often

makes it difficult to gain uniform participation,

and measure results. Furthermore, traditional

code review is incomplete in that it only consid-

ers the static RTL, rather than examining it in the

full context of how the code is exercised in the test

environment. 

A ‘functional review’ goes beyond a code review

to combine an RTL design and functional prop-

erties based on its tests; in a functional review 

a designer can examine the RTL in the context

of how it has been exercised. This paper will

show how two technologies, assertion synthesis

and debug automation, can be linked to allow

designers to achieve an efficient functional

review by providing a target for them to analyze

and capture their design intent.

Assertion Synthesis and Automated Debug 

Assertion synthesis that takes an RTL design

and its simulation runs as input and generates

assertion and coverage properties in standard

assertion languages such as SVA and PSL. The

properties are  guaranteed to hold for all of the

input simulation runs, and can capture the

behaviors of RTL design signals across entire

test suites. 

Assertion synthesis enhances existing simula-

tion, formal and emulation verification flows by

helping design and verification engineers to

uncover corner-case bugs, expose functional

coverage holes,  and increase verification

observability. Assertion synthesis allows design

and verification teams to implement assertion-

based verification in a timely and resource 

efficient manner, mitigating the risk of project

delays and defective silicon. 

An automatic debug system provides a platform

with an integrated design knowledge database

and design behavior visualization interface that

speed up the process for designers to compre-

hend their design and verification results

through automatic design correlating and trac-

ing technologies. The underlying database that

stores the verification results provides the 

crucial link between the verification tools and

debug environment. 

An automatic debug system allows a designer to

efficiently traverse RTL and have a “local” view

RTL signal values at any particular time in simu-

lation. Assertion synthesis generates properties

that capture a “global” view of the signals across

all simulation cycles. Combined with assertion

synthesis, an advanced automatic debug system

offers designers both the global view and the

local view of RTL signal behaviors and enables

effective functional review and comprehension.

BugScope Assertion Synthesis and Verdi

Automated Debug System Functional Review

Methodology

The methodology below combines NextOp’s

BugScope Assertion Synthesis with SpringSoft’s

Verdi Automated Debug System to perform an

effective functional review of the design. 

1. Run BugScope to generate NextOp proper-

ties for RTL modules under review.
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2. Load NextOp properties, RTL, and wave-

forms into the Verdi environment. 

3. Use NextOp properties as targets to drive

functional review. Each NextOp property

should be classified as an assertion or a

functional coverage property. When review-

ing each NextOp property, use the Verdi

source window to cross link signals in a

property with their corresponding RTL. Use

the Verdi waveform window to examine the

dynamic values of the signals if needed. A

bug in the RTL or testbench is often

exposed in the process.

4. Bind the classified assertions with RTL for

additional verification; leverage coverage

properties to guide additional test genera-

tion; and fix the bugs discovered during the

review.

The above functional review process will pro-

duce three set of deliverables: assertions, cover-

age properties and bugs.  The assertions capture

designer’s intent and the coverage properties

capture deficiencies in the testbench that should

be communicated to the verification engineers.

The following section highlights various types of

RTL bugs that have been found during function-

al review.

Case Studies: Bugs Identified from Assertion

Synthesis property review

Example 1: RTL code contains incorrect logic

that is difficult to see 

Code sample:

always @(posedge clk..) begin

if(load_cnt)

cnt_incr <= 1íb1;

else if(cnt == 71)

cnt_incr <= 1íb0;

if(cnt_incr) cnt <= cnt+1;

end

NextOp property:

cnt == íd72 |-> @cnt != íd73;  

Discussion:

The property is an assertion. The designer’s

intent is that whenever cnt is 72, in the next

cycle, cnt should be reset to zero and therefore

should never be 73. 

When reviewing the property along with its

RTL, the designer realizes that cnt is increment-

ed whenever load_cnt is asserted, and potential

overflow could occur. There are two errors in

the RTL:
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Fig. 1: Functional Review Flow diagram using BugScope and Verdi
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- The priority to load_cnt was incorrect.

- The code to latch load_cnt when cnt == 71

was missing to handle the scenario correctly.

The following diagram illustrates the buggy 

scenario. The property offers the designer an

orthogonal view of the RTL and enables him to

recognize the bug.

Example 2: RTL code is missing logic for certain

cases

NextOp property:

max_cell_size >= start_cell_size

Discussion:

When reviewing this property, the designer

points out that the start_cell_size is encoded

based on four different modes. 

• Mode1 : start_cell_size[15:0] is the true cell

size

• Mode2 : start_cell_size[7:0] is the true cell

size while start_cell_size[8] denotes wrap-

around

• Mode3 : start_cell_size[3:0] is the true cell

size while start_cell_size[4] denotes wrap-

around

• Mode4 : start_cell_size[1:0] is the true cell

size while start_cell_size[2] denotes wrap-

around

In Mode 2,3 and 4, start_cell_size can be bigger

than max_cell_size due to wrap-around bit. The

property holds only for Mode 1. The other

modes have not been tested. 

When the designer traces the fanout of

max_cell_size, a bug is found. The following

RTL code shows that the RTL for delta is miss-

ing logic to handle the wrap-around bit of

start_cell_size. The buggy code would have

caused the value of delta to underflow. 

Code sample:

wire [15:0]  delta = clear ? 16íh0 : (!sop ?

r_delta : max_cell_size ñ start_cell_size); 

Example 3: RTL code is buggy due to the interac-

tion of multiple modules

NextOp property:

start |-> r_state != RUN

Discussion:

In this example, BugScope helped the designer

to catch a bug where two different modules have

differing assumptions on the communication

protocol.

The state machine included 4 states: IDLE->

RUN-> WAIT-> PAYLOAD. The signal start

comes from another block, initiates the transac-

tion, and could only be asserted at IDLE state

according to the design assumption. 

Fig. 2: Timing Diagram to illustrate bug scenario

3
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When reviewing the properties, the designer

questions why a stronger assertion start |->

r_state == IDLE is not generated. By cross link-

ing with the waveform, the designer and verifi-

cation engineer find out that the start signal was

wrongly asserted by a neighboring block when

r_state == PAYLOAD. The state machine has

not been design to handle this case and start

was ignored. As a consequence, certain transac-

tions will be lost by the buggy design.

Key Elements of BugScope/Verdi Functional

Review Process 

The key features of BugScope and the Verdi 

system that enable an effective function review

are outlined below.

1. NextOp properties are distinct from one

another and provide an orthogonal view 

to the original RTL by incorporating test

information in addition to the static RTL. 

2. NextOp properties are concise and easy to

understand. By using internal RTL signals,

NextOp properties capture complex func-

tionalities without having to use complex

assertion language expressions. The func-

tional review is therefore focused on com-

prehending user’s RTL code and not on the

syntax of generated properties.

3. The Verdi system allows designers to click

on a NextOp property and immediately

cross probe to relevant part of the RTL

design. Designers can understand the 

Fig. 3: BugScope and the Verdi System cross-couple assertion and coverage properties with RTL code.

4



w
w

w
.N

ex
tO

pS
of

tw
ar

e.
co

m
w

w
w

.S
pr

in
gS

of
t.c

om

5. To reduce the learning curve associated

with assertion languages such as System

Verilog Assertions (SVA) and Property

Specification Language (PSL), the simple,

Verilog-like NextOp language is added as a

comment to the SVA.

6. The Verdi system’s assertion-based debug

capabilities facilitate quick traversal from

assertion failure to the related design activi-

ty. The Verdi system extracts, isolates, and

displays pertinent logic in flexible design

views, showing the inter-relationships

between the design, assertions, and test-

bench. The Verdi system’s assertion analyz-

er gives the details of the assertion evalua-

tion history for designers to quickly under-

stand how the assertion has been exercised. 

5

properties easily by highlighting the

BugScope property and automatically trac-

ing back to the appropriate signal in the

design to make their assessment. They can

display a window with NextOp properties

and drag the NextOp property to the Verdi

RTL source code window. The Verdi system

will automatically locate where the signal

has been defined within the RTL.

4. As shown in Figure 2, BugScope and the

Verdi system are linked to also provide the

design and verification teams with cross-

coupled views of the RTL code and wave-

form. All three elements, properties, RTL

code and waveform can also be displayed in

one window (not shown).

Fig. 4: BugScope & Verdi system cross-couple assertion and coverage properties with waveforms
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7. The Verdi system’s various and tightly syn-

chronized design views (including source

code, schematic, waveform…etc.) provide

intuitive design traversal capabilities for

designers to quickly understand their

design behavior.

In conclusion, NextOp BugScope Assertion

Synthesis and SpringSoft’s Verdi Automated

Debug System, when used together, create a

measurable, efficient target for design organiza-

tions to use for functional review. Designers 

utilizing BugScope assertion synthesis as part of

their Assertion-Based Verification process can

classify the properties as assertions and coverage

holes during this same review, enabling them 

to simultaneously identify coverage holes and

provide triggers for their simulation, formal or

emulation verification process.
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