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The Verification Plan
Introduction

The Verification Plan
 The verification plan is a decisive factor for success.

 It defines both the functions that the verification team must attack and how
they will do their work.
 As the first step in the verification cycle, the team derives the entire
verification effort from this document.
 This document is a living document, owned by the entire design team, not
by any one person and not by the verification team alone.
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The Functional Specification
 The source of the plan is the functional intent and specification.

 The verification engineer must first understand the design under
verification (DUV) before determining how to verify it.
 The specification is the driving vehicle for this; it becomes the “law”.
 Many times, discrepancies arise between verification and design (these
manifest themselves as testcase miscompares).
 In these cases, the team will refer to the specification for the correct
behavior.
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The Verification Plan
Contents of the Verification Plan

Contents of the Verification Plan
 The verification plan consists of multiple sections, each articulating a critical component of
the verification workload. These sections describe both the technical requirements for the
verification environments and the project management needs.
 The technical requirements of the verification plan fall into the following major headings:
-

description of verification levels,
functions to be verified,
specific tests and methods,
coverage requirements, and
test scenarios (matrix).

 These sections describe, in detail, the strategy and construction of the verification
environments for the project.
 The project management sections of the plan have these major headings:
-

required tools,
risks and dependencies,
resources requirements, and
schedule details.

 These sections articulate the software, compute hardware, and personnel required to
complete the project on the required schedule.
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Description of Verification Levels
 The verification team’s first decision in verifying a design is to articulate the verification
levels.

 Depending on the complexity of each level, the verification team must choose to verify levels
independently or group levels together into functional components. This decision is based on
two factors.
- The first factor is the complexity of the individual component. Complex portions of the DUV require
their own verification.
- The second factor is the existence of a clean interface and specification to drive the component.
The ability to properly drive interface protocol and check for results is the key to verification and
requires a stable, documented interface.

 After defining the verification levels, the verification team will create verification plans for
each level.

 The following slides describe the components of a verification plan needed for each level.
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Functions to be Verified
 This section lists the specific functions of the DUV that the verification team will exercise.
 This section identifies everything that the team will verify.

 The list should be broken down into different areas:
- Critical functions
- Secondary functions
- Non-verified functions at this level

 The critical functions are those that the team must verify before using the design
elsewhere.
 The secondary functions include performance-related issues, functions that the designers
will enable in later versions of the chip, or function that has software backup.

 Non-verified functions indicate functions that the verification team will not exercise at this
particular level of verification. There are two reasons to ignore function at a particular level:
- The team has fully verified the function at a lower level and there will be further verification (for a sanity
check) in simulation at a higher level, and
- The function is not applicable at this level of verification.
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Specific Tests and Methods: Environment
 This section provides the details of the verification environments for each level of
verification.

 It is often helpful to include a block diagram showing the universe for the DUV, which is an
easy way to indicate the required components in the environment.
 It describes if the environment will treat the DUV as a black box, white box, or grey box.
 It also provides specifics on the verification strategy, including the amount of randomness or
determinism in a simulation environment.
 In addition, this section of the verification plan describes the checking strategy.
 The team needs to document the choice among golden vectors, reference model, and
transaction-based strategies.
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Coverage Requirements
 Coverage is the feedback mechanism that evaluates the quality of the verification
environment’s stimulus generation components. The verification environment provides
“quality control” on the DUV; coverage provides quality control on the verification
environment.
 This section of the verification plan describes the intended stimulus goals for the
environment. The goals should cover all of the functional stimulus requirements and ensure
that the stimulus components in the environment do what they should.

 The coverage goals may include the following:
-

The environment has exercised all types of commands and transactions.
The stimulus has created a specific or varying range of data types.
The environment has driven varying degrees of legal concurrent stimulus.
The initiator and responder components have driven errors into the DUV.

 Another good practice is to have coverage feedback for all environment checkers to verify
that the stimulus exercises all of the checking code.
 Unexercised individual checks indicate that there is a hole somewhere in the stimulus
components or in the plan.
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Test Case Scenario: Matrix
 A good verification plan should list all of the interesting test scenarios that will serve to verify
the design. This list is the test case matrix.

 Defining a preliminary matrix is necessary before starting the design and modeling of the
verification environment because every potentially valuable test should be enabled.
 Within the matrix, the verification plan should label each test, give a short description, and
contain a cross-reference to the function and coverage lists.

 As part of defining a verification plan, the verification team needs to specify the legal values,
illegal values, and corner cases of each input data element they want to generate.
 The following should be kept in mind when creating the matrix:
-

configurations to verify,
variations of the data items in the environment (this ties to the abstraction level),
important attributes of each data item,
interesting sequences for every DUV input port,
error conditions, and
corner cases.

 Corner cases deserve their own section in the test case matrix.
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Required Tools
 The required tools section contains the specification and list of the verification toolset, describing the
software (and potentially hardware simulation machines) needed to perform the plan. Some examples of
this are as follows:
-

Event simulation tools for units
Cycle simulation tools for chip (for performance reasons)
Formal verification tools
Assertion-based tools
Debuggers
Emulation hardware
Acceleration hardware
Co-simulation software
High-level verification languages (HVLs)
Libraries of functions

 Articulating the required tools is important because they could have a resource or monetary impact.
 New or different tools will drive more resources or inflate the schedule as the team learns the appropriate
usages.
 Inclusion of tools in the plan also serves to document software purchase requirements from electronic
design automation (EDA) vendors, as well as simulation engine estimates.
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Risks and Dependencies
 This section of the verification plan identifies critical threats to success and delivery
requirements that project management needs to track to closure.

 The complexity of today’s designs inherently contains verification risks. The verification team
depends on other teams to deliver information, tools, function, and intellectual property in
order to achieve success. This section articulates these items.
 The verification team manages risk through focusing on avoidance and by creating
contingency plans.
 Some common dependencies and risks are:
- Reliance on a separate verification team, such as a local team or an intellectual property (IP) vendor, to
pre-verify a lower-level core before chip- or system-level verification.
- Problems with new tools - delivery and start-up delays, integration with established tools, and
educational challenges.
- Architecture closure - the design team rarely supplies the complete and final specification before the
start of verification. This is both a dependency and a risk.
- Having the available resources to complete the work on schedule.
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Resource Requirements
 With the environment architecture and test scenarios in place, the team can estimate its
resource requirements.

 Resource requirements include not only people but also compute and license resources.
 Estimate of the required compute resources is calculated based on the length of one test
scenario and the estimated number of tests to run during the whole verification cycle.
 These numbers should be consistent with the time and computing resources available for
the project (the limiting factor could be central processing units or licenses available to the
project), which may drive requests for additional compute or license resources.
 When deciding on the length of tests, keep in mind that long tests might reach more
interesting DUV scenarios, but they are harder to debug when they fail.
 It may be more beneficial to have many smaller (more focused and easier-to-debug) tests
than a few long ones.
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Schedule Details
 The final portion of verification planning is to
document the timeline for each of the verification
activities.
 The first step is to create a high-level schedule
before filling in the details. It starts with a delivery
of the specification and completes with chip
release(s) to manufacturing.
 The schedule must allow enough time for each
level of hierarchy to test the function before the
next level starts.

High-level schedule showing the first half of the verification
cycle. The major checkpoints include design deliveries,
environment development, debug, and regression.

 A good practice is to start the next level of
verification when the bug rate from the lower level
has dropped. This ensures that the resources stay
focused on the most productive verification level.
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Verification Plan
Example
Calc1

Design Description I
 Calc1 is a RTL design implementation of a four-operation
calculator. The RTL can accept up to four simultaneous
operators from its four ports.
 Each request uses one of four input ports to send the
command and operand data. The four ports can each handle
a single command in parallel.
 Each command will receive a response from the calculator
design. Except in the case of an error condition, the response
will include the result of the operation.
 Top figure shows the input and output signals for Calc1.
 Each of the four Calc1 ports has two separate input busses
and two output busses.
 Table 1 shows the command and decode values for the 4-bit
command bus.
 Table 2 shows how the Calc1 design operates on the two
operands.
 Table 3 shows the possible responses for a given operation.
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Design Description II
 Figure shows a timing diagram of the command and response sequence for a single successful command
on Port 1. The command and first operand of data appear on the first cycle of the sequence, and the
second operand data follows on the second cycle. A few cycles pass, and the response appears on the
output of the design, accompanied by the result data.
 Each port may have one operation ongoing at a time. Once a port sends a command, it may not send
another command until it receives a response for the preceding command.
 Each port is independent of the others: all four ports may send commands concurrently or any
combination of commands across cycles.

 There is one ALU for adds and subtracts, and a second ALU for shift commands. Internal to the design is
a priority logic scheme that sends commands to one ALU or the other, depending on the command
decode. Calc1 services commands on a first-come, first-serve basis. Calc1 may service commands that
arrive on the same cycle in any order.
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Creating the Verification Plan for Calc1 –
Description of Verification Levels
 Calc1 is a simple design used as an initial introduction to simulation-based verification.
 Therefore, this design requires verification only at the top level of the DUV hierarchy;
furthermore, the available specification only describes the top-level interfaces.
 Verification at a lower level of hierarchy, such as the ALUs, would require an input and
output description of that subunit.
 However, if the people resources exist, it is better to do unit-level verification, thus placing
the priority logic and ALUs under a microscope of verification and allowing a higher level of
control and stress on the design.
 Furthermore, in real-world designs, it is common for one designer’s logic to be available
before others’ logic. If the priority logic HDL is ready for verification before the ALUs, the
priority logic unit-level verification can commence without waiting for the entire chip.
 This level of verification would add a dependency on the design team to document the unit
interfaces.
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Required Tools, Risks and Dependencies
 The tools inventory for Calc1 comprises a single software simulation
engine (and license to run it) and one workstation, a waveform viewer,
and a test case language or infrastructure.
 The language or infrastructure must communicate with the simulation
engine, which provides the means to drive the inputs, check the outputs,
and clock the model of the design, which is simulated by the engine itself.
 This exercise does not have risks worthy of documentation.
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Functions to be Verified and Test Scenarios: Matrix
 Because Calc1 is simple, we have combined the
functions to be verified and the test case scenarios
(matrix) sections of the verification plan.
 We list the details here in table format with a
reference number for crosschecking tests against
the verification plan.
 Certain test case requirements jump out at the
verification engineer.
 From the Calc1 design description, it is clear that
the verification engineer must create the following
basic tests as shown in Table 1.
 Beyond the basic functions described in Table 1
are a series of tests that involve scenarios that are
more complex (Table 2).
 Finally, there are generic tests and checks that are
applicable to all verification plans (Table 3).
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Specific Tests and Methods: Environment I
 Type of Verification: Black Box, White Box, Grey Box
- A verification engineer can create all of the functions listed under the functions to be verified section
by driving the chip inputs and can check most scenarios by monitoring the chip outputs. This would
indicate that black box checking is adequate.
- However, checkers placed on certain logic functions internal to the design might flag logic flaws faster.
These checkers include checks on internal queues or stacks, especially in the priority logic. This would
verify that no command leaves the state of the machine dirty (item 2.1 in the list of functions to be
verified).

- In addition, the environment could include checks that verify fairness in the priority logic by monitoring
the dispatch of commands to the ALUs (item 2.2 in the list of functions to be verified).
- These checkers indicate that grey box verification is appropriate.
- Therefore, all stimulus will be driven on the chip inputs, and most checkers will monitor the chip outputs.
The environment will contain a limited number of checkers on internal logic.
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Specific Tests and Methods: Environment II
 Verification Strategy
- Deterministic, random, and formal verification are all viable technologies for Calc1.
- However, formal verification could have trouble verifying correct ALU results across all 32 bits
simultaneously.
- A full-blown random environment might be overkill for this simple design, as the number of test cases
required to verify the functions is limited.
- Therefore, for the Calc1 exercise, the deterministic verification method is chosen.

 Randomization Controls
- Given the deterministic test case method, questions such as randomization controls become irrelevant.
- The test case writer will encode the input values and the expected outputs into the test case itself.
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Specific Tests and Methods: Environment III
 Abstraction Level
- The level of abstraction depends on the test case language.
- If the infrastructure exists, driving the Calc1 at the packet level is optimal for quickly coding test cases.
- Bottom figure shows an example test case with packet-level syntax.
- In the syntax, the infrastructure environment manages multiple tasks for the test case writer:
-

The first task for the infrastructure is translating the actual command decode values to bits (e.g., ADD = “0001”b).
The next task for the infrastructure is driving the bit-level values into the Calc1 design.
The infrastructure design also waits for the valid response before writing next command to the same port.
The infrastructure will also take care of resetting the logic and driving the clocks.

- An advanced Calc1 verification environment would include data prediction. If the infrastructure included
a golden model that predicts the result and response fields, it frees the test case writer from having to
“do the math.”
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Block Diagram of the Environment
 The test case parser reads the text-based commands
from the test case and converts them into packet
structures for the stimulus initiator.
 The initiator passes the packets into the model on the
designated port, performing the packet to bit-stream
conversion.
 When the interface driver transmits a command packet,
it also posts the command to a scoreboard, which
keeps track of commands currently under execution by
the Calc1 simulation model.
 As the Calc1 simulation model completes commands,
the output checker pulls the expected response and
expected data from the scoreboard for comparison to the
actual response.
 If there is a response or data mismatch, the test case
execution ceases and the output checker records both
the error and the actual versus expected data.
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Coverage Requirements, Resource Requirements,
Schedule Details
 Coverage goals for the Calc1 example are based on the tests defined in the functions to be verified
section, and the goals require that the verification tests create all of the cases described in that section.
 These goals are simple because the test scenarios in this design are able to be articulated. However, in
robust designs, coverage goals require greater effort and rigor in the verification cycle.

 For the Calc1 exercise, the resource requirements call for a single verification engineer. The compute
resources call for a single workstation on which the simulation engine runs.

 The schedule details for the Calc1 exercise are straightforward.
 In the case of the packet-level abstraction, the Calc1 verification engineer depends on the existence and
quality of the infrastructure.
 If necessary infrastructure already exists, a verification engineer should expect to complete the Calc1
design example in a single workday.
 Usually, the verification engineer must create the infrastructure or at least personalize it for the design
under test. If this is the case, extra schedule time is required.
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