
Funkcionalna verifikacija 

hardvera 

Predavanje I-II 



2 

Lecture Content 

 Introduction to Verification 

- The verification challenge 

- Mission and goals of verification 

- Cost of verification 

- The verification cycle 
 

 Verification Flow 

- Verification hierarchy 

- Strategy of verification 
 

 Fundamentals of Simulation Based Verification 

- Basic verification environment: a test bench 

- Observation points 

- Test benches and testing strategies 
 



Introduction to 

Verification 



4 

Introduction to Functional Verification I 

 Functional verification has become a major challenge in the chip and 

system design arena.  

 

 As engineers place more and more function in increasingly dense chips, 

the discipline required for successful chip and system verification has 

advanced.  

 

 As a result, the verification engineer, little known 10 years ago, has 

become a treasured member of the chip design team. 
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Introduction to Functional Verification II 

 The chip design process. 

 

 All silicon design starts with the customer’s 

requirements, which drive the general specification 

and architecture.  

 

 The chip components then take shape during the 

high-level design stage, followed by the register 

transfer level (RTL) implementation in a hardware 

description language (HDL; usually Verilog or 

VHDL).  

 

 Circuit design and timing analysis are based on 

the HDL, whereas functional verification explores 

the state space of the logic design to compare the 

implementation against the specification and 

design intent. 
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The Verification Challenge 

 Chip designs can easily consist of hundreds of thousands of lines of HDL.  

 

 A verification engineer’s job is to seek out problems in the HDL 

implementation, flagging flaws or bugs when the HDL does not act 

according to specification.  

 

 A verification engineer exposes these bugs by running complex 

simulations on the design.  

 

 The verification engineer faces two major challenges:  

- dealing with enormous state space size and  

- detecting incorrect behavior. 
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The Challenge of State Explosion 

 Typically, HDL contains thousands of latches, large arrays (RAM), and combinatorial logic, 

all of which control the behavior of the chip.  

 

 At a given point in time, a chip can be in any one of an enormous number of possible current 

states.  

 

 To verify exhaustively that a chip is functionally correct, the verification engineer would have 

the daunting task of checking that each possible current state and each possible input 

combination yields the correct next state. 

 

 To combat state space explosion, verification engineers break the problem down into smaller 

pieces.  

 

 Rather than verify the entire chip at once, the verification team will carve out subcomponents 

of the design and verify these pieces separately.  

 

 Once the smaller, more manageable pieces are verified, the team stitches the chip 

subcomponents back together and ensures that they work. 
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The Challenge of Detecting Incorrect Behavior 

 The second verification challenge is detecting when the design violates the expected 

behavior or specification.  

 

 With all of the possible transitions from one state to the next, the verification engineer must 

be able to identify whether or not the design acted correctly based on the current state and 

input. 

 

 In simplest terms, then, the verification challenge comes down to two fundamentals: 

- Drive the state transitions and input scenarios 

- Flag any incorrect behavior exhibited by the design 

 

 Verification engineers attack the challenge by using two fundamental methods:  

- simulation-based verification and  

- formal verification 
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Mission and Goals of Verification 

 Design teams manage the process of developing 

computer hardware by balancing the triple 

constraints: 

- Schedule: Computer product success depends heavily 

on hitting the marketplace at the right time. 

 

- Cost: At the same time, a company must endeavor to 

maximize the profit created by a digital hardware 

product. A key profit lever is to keep the manufacturing 

and development expense for a product at a minimum.  

 

- Quality: Customers expect that delivered products will 

meet quality standards. 

 

 Finding the correct balance of schedule, cost, and 

quality will depend on the product.  

 

 However, the balancing act is tricky, as optimizing 

for two of the constraints will often hurt the third.  

 

 For example, maximizing quality while minimizing 

schedule often inflates product cost. 
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Cost of Undetected Bugs 

 Figure on the right shows how the costs of 

undetected bugs grow over time.  

 

 If a bug is uncovered early during verification, it 

costs little to fix: the designer reworks the HDL and 

the verification team shows that the update fixed 

the original problem.  

 

 A bug found in a systems test, however, may cost 

hundreds of thousands of dollars: hardware must 

be re-fabricated and there is additional time-to-

market.  

 

 Finally, and most costly, a customer discovering a 

bug not only invokes warranty replacement or 

upgrades but may tarnish the image of the 

company or brand of products - a problem from 

which the company may never recover. 
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Increasing Verification Productivity 

 Because verification has such a strong effect on 

the triple constraints, it is prudent to track 

verification productivity.  

 

 The design team measures verification productivity 

by two factors:  

- schedule time and  

- quality of bugs found. 

 

 Increasing verification productivity reduces 

schedule and costs. The figure shows three 

possible “bug curves.”  

 

 The longest one stretches into the systems test, 

where engineers find the last bugs on the 

hardware.  

 

 Improvements in verification, depicted by the two 

other curves, will drive the bug discovery earlier, 

reducing schedule and costs. 
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Verification Engineer “Musts” 

 A strong verification team is an invaluable asset to a company that 

develops hardware.  

 

 The mission of the verification team is to remove all of the functional 

design problems as quickly as possible.  

 

 To do this, verification engineers must gain specific skills.  

 

 Successful verification engineers:  

- must understand the design,  

- must be able to work closely and cordially with designers,  

- must understand the strengths and weaknesses of the variety of verification 

tools at their disposal, and  

- must be able to use these tools efficiently to uncover the bugs in the design. 
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Cost of Verification 

 Functional verification is essential to the hardware design process.  

 

 How does the development team gauge just how many resources to put into verification?  

 

 Too few resources and the hardware will need multiple passes through the fabrication 

process, which costs orders of magnitude more dollars in time-to-market and development 

expenses than would allocation of enough verification resources.  

 

 At the same time, a design team does not want to over-invest in any area, including 

verification, as overinvestment would indicate costly redundancy.  

 

 Therefore, the development team must strike the right balance. 

 

 Verification resource costs fall into three areas:  

- engineering costs,  

- DA tools, and  

- time.  

 

 A successful verification effort requires appropriate investment in all three areas. 
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The Verification Cycle 

 The verification cycle proceeds in a clockwise 

direction, starting from the functional 

specification, a key delivery to both the design 

and verification teams. 

 

 After completing the verification plan based on 

the specifications, the entire engineering team 

reviews the plan to look for enhancements 

 

 Two stages in the process provide feedback to 

previous stages. These stages are the debug and 

regression stages in which the verification team 

detects problems either in the HDL or in their 

environment code. 

 

 The cycle proceeds through the manufacturing 

and systems test. 

 

 Once the team receives fabricated hardware, they 

evaluate the quality of their verification effort 

through escape analysis, which provides 

feedback into the process to plug holes in the 

verification environment. 



19 

 The functional specification describes the desired product. It contains the specification of the 

interfaces with which it communicates, the function that it must perform, and the conditions 

that affect the design.  

 

 The system architect determines the functional specification. 

 

 The functional specification is the foundation of the verification cycle.  

 

 While the designers implement the functional specification in HDL, verification engineers 

incorporate the functional specification into the verification environment.  

 

 This may seem redundant, but it is the foundation of verification.  

 

 A second implementation of the functional specification by the verification environment forms 

the cross-check in the cycle.  

 

 This redundancy ensures that the designer’s assumptions and implementation match the 

architect’s intent. 

Functional Specification 
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Create Verification Plan 

 A verification plan is crucial because it presents a detailed description of the verification 

effort. It answers the questions “what am I verifying?” and “how am I going to verify it?” 

 

 Verification plans include many of the following elements: 

- Specific tests and methods - define the type of environment that the verification engineers will create. 
 

- Required tools - list the software necessary to support the described environment. This list may drive 

requirements on the software procurement team or on internal software development teams. 
 

- Completion criteria - define the measurements that indicate that verification is complete. 
 

- Resources (people, hardware, and software) required and schedule details—tie plan to program 

management by estimating the cost of verification. 
 

- Functions to be verified - list the functions that will be verified at this level of verification. 
 

- Functions not covered - describe any functions that must be verified at a different level of the 

hierarchy. The verification of these functions will be specified in a different section of the verification 

plan. 

 



21 

Develop Environment 

 Once the verification plan is in place, construction of the verification environment begins.  

 

 Major components in the verification environment are stimuli and checking. 

 

 The verification environment is the set of software code and tools that enable the verification 

engineer to identify flaws in the design.  

 

 The software code tends to be specific to the design, whereas the tools are more generic 

and are used across multiple verification projects. 

 

 There are many different types of environments, including  

- deterministic,  

- random based,  

- formal based, and  

- test case generators.  

 

 Each of these environments has different mechanisms to create stimuli and check results 

against the DUV. 
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Debug HDL and Environment 

 The next step of the verification cycle integrates the verification 

environment with the HDL.  

 

 This is when verification engineers begin to debug the hardware by 

running tests.  

 

 As these tests run, verification engineers find anomalies and examine 

them.  

 

 Examination reveals the failure source, which will be either in the 

verification environment or in the HDL design. The anomaly occurs 

because the verification environment has predicted different behavior than 

has the HDL.  

 

 This is the payoff of the redundant path in the cycle. 
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Regression 

 Regression is the continuous running of the tests defined in the verification plan.  

 

 This is a required step in the verification cycle for two main reasons:  

- The first reason is that verification environments often have elements of randomization, which drive 

different input scenarios each time the team runs the test.  

 

- The second reason is that the team must repeat all tests after fixes have been applied to the design. 

 

 The failure occurrence rate drops as the verification cycle reaches the regression stage.  

 

 To uncover hard-to-find bugs, verification teams leverage large workstation pools, or “farms,” 

to run an ever-increasing number of verification jobs.  

 

 The randomization built into the environment enables new test scenarios on each of the 

jobs. 
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Fabricate Hardware 

 The design team releases the hardware to the fabrication facility when they meet all 

fabrication criteria.  

 

 Releasing a chip to the fabrication facility, or fab, is also known as the tape-out, a reference 

to the past when the design team stored the chip’s physical design information onto 

magnetic tape and sent it to the fabrication facility.  

 

 The chip design team uses a checklist, or tape-out criteria, to track all of the items, both 

physical and logical, that they must complete before sending the design to manufacturing.  

 

 Verification is a major part of the checklist, being the independent judge of the logical 

capabilities of the chip.  

 

 The verification team creates and maintains their portion of the tape-out criteria, initially 

basing it on the test plan. This tape-out criteria is the formalized requirements for the 

verification cycle.  
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Debug Fabricated Hardware 

 The design team receives the hardware once the chip fabrication completes and the 

manufacturing test of the chip has been applied (this validates that there are no physical 

defects that may affect the function).  

 

 The hardware is then mounted onto test vehicles or into the planned systems for these 

chips.  

 

 At this point, the hardware debug team (which often consists of designers and verification 

engineers) performs the hardware bring-up.  

 

 During hardware bring-up, further anomalies may present themselves. 

 

 The overall verification goal is to avoid finding bugs on the real hardware, as it is very 

expensive. 
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Escape Analysis 

 If bugs are uncovered during the hardware bring-up, then the verification team must perform 

escape analysis.  

 

 This often overlooked but critical part of the verification cycle ensures that the verification 

team fully understands the bug and the reasons why it was not discovered in the verification 

environments.  

 

 The verification team must reproduce the bug in a simulation environment, if possible, to 

confirm they understand the bug and to assess how the bug got through the verification 

stage and into the real hardware.  

 

 The team cannot assert that the bug fix is correct without reproducing the original bug in 

verification. 

 

 The escape analysis assessment feeds back to the beginning of the verification cycle, as the 

verification team learns from escapes.  

 

 Future hardware benefits from the learning, as verification test plans and environments are 

continually improved. This is the lessons-learned checkpoint. 
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Introduction 

 The verification team spends the majority of their time in two stages of the verification cycle:  

- develop verification environment and  

- debug hardware design language (HDL) and environment.  

 

 These two stages are at the heart of verification work, and at their foundation are 

hierarchical verification and the strategies for driving and checking designs under verification 

(DUVs). 

 

 A basic practice with a complex problem is to break the large problem into smaller, more 

manageable challenges. Verification accomplishes this by using the existing hierarchical 

structure of the design. Rather than verifying an entire system from the start, the verification 

team will first attack the smaller building blocks of the system before advancing to larger 

portions. 

 

 No matter where in the hierarchy a verification engineer works, the basic strategy of driving 

stimuli and detecting errors is vital to verification. With driving stimuli and detecting errors as 

the underlying requirement, it is useful to understand the roots of today’s verification 

methodologies.  
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Verification Hierarchy 

 Designers of today’s complex chips do not create 

“flat” HDL. Instead, designers divide the system 

and chips into logical units. These logical units 

usually, but are not required to, follow the 

architecture for the system and chip.  
 

 This common practice is called hierarchical 

design. 
 

 Hierarchical design allows a designer to subdivide 

a complex problem into more manageable blocks. 

The design team combines these more 

manageable blocks to form bigger blocks; these 

blocks are merged until the chip or system is 

complete. Figure on the right shows an example of 

a large, complex system. 
 

 Can verification capitalize on this inherent design 

style? The answer is “absolutely!”  
 

 The same factors that drive the design team to 

break a complex chip into simpler components 

also suggest that verification teams take 

advantage of the same hierarchical designs. 

A block diagram showing the multiple components of a large 

system. This system contains multiple processor boards, or 

nodes, hooked together with a backplane containing a bus 

adapter and system memory. 
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Levels of Hierarchy 

 Because designers divide the logic into 

hierarchical components, verification takes 

advantage of the same hierarchical boundaries, or 

“levels”. 

 

 There can be many levels of verification. 

Presented here are some typical levels, but actual 

implementations may have more or fewer levels 

depending on the complexity of the design.  

 

 The following list represents some potential levels, 

from lowest to highest: 

1. Designer 

2. Unit 

3. Core 

4. Chip 

5. Board and system 

6. Hardware/software co-verification 

 

 Figure on the right shows how the above 

hierarchical verification levels correspond to the 

large, complex system shown in the previous slide. 

A hierarchical diagram of the multiple node system from previous 

slide showing the system built from the lower-level components. 

The designer level contains the HDL building blocks. For space 

reasons, the figure only shows the lowest level of the cache unit. 

However, every chip has units, and every unit has designer level 

HDL. Each of the next levels -unit, chip, board, and system - 

stitch together multiple lower-level blocks. 
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Designers-Level Verification 

 The designer level (also called macro) is the lowest level. This level is often verified by the 

designer, hence its name. This level may be simply a “smoke test” in which the designer 

“certifies” the design’s use for the “real” verification environment.  

 

 The designer level of verification ensures that the design will load into the simulation engine 

and that the basic functions are correct. 

 

 The designer level tends to be very dynamic, especially at the beginning of a project. At this 

level, interfaces and functionality tend to change often. During the design phase, engineers 

often uncover problems that make altering or moving functions across HDL macro 

boundaries necessary, which, in turn, causes interfaces to change. 

 

 Because of the high number of designer level blocks in a system, it is not feasible to have a 

verification engineer verify each block independently. 

 

 However, the blocks at the most risk should have an independent verification effort. 
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Unit-Level Verification 

 In large and complex designs, unit-level verification is needed. In the previous system 

diagram, the DMA, ALU, FPU, and cache blocks are all units.  
 

 The unit contains multiple designer level pieces of HDL that are stitched together into units. 

Interfaces and function are more stable than at the designer level, because units tend to 

have formalized specifications and physical or timing contracts to which designers adhere. 
 

 Because interfaces and specifications are more stable, the verification team can create a 

more advanced environment (using randomized stimuli and autonomous checking). 
 

 To facilitate verification, the design should be partitioned so that the units have fully 

contained functions. These verification requirements are synergetic with the hierarchical 

design partitioning, which facilitates larger design efforts.  
 

 Although the purpose of the unit level is to verify fully the functionality of the unit, there may 

be certain functions that the verification team cannot verify here, such as function split 

across multiple units. 
 

 Once the unit level is verified, the verification engineer can proceed to higher levels of 

verification, knowing that the unit’s basic functionality is correct. The higher levels must then 

verify that the connectivity and interface protocols to and from the unit are correct. 
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Core-Level Verification 

 A core is a special, reusable unit which requires a complete functional specification with 

stable interfaces. Designers may use a core multiple times within a system and across 

multiple systems. They may create the core internally, or obtain it from an external source. 

 

 The verification of a core is a double-edged sword. The positive is that once verified, reusing 

a core should not add a burden to the verification effort. 

 

 The drawback to core-level verification is that because designers may use cores in many 

different applications across a system or multiple systems, the usage of each instance may 

be different.  

 

 This drives a broader verification effort because the verification team may not know all of the 

actual interface and application parameters in which the design team will place the core. 

 

 The verification cycle for a reusable core includes a regression suite, well-documented 

specification (functions and interfaces), coverage items (to help indicate what has been 

verified), and possibly verification scenarios (these scenarios are the ones in the regression 

suite). 
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Chip-Level Verification 

 The chip level is composed of multiple units. At this level, there are very well defined 

interface boundaries.  

 

 The purpose of this verification is to ensure that the units are properly connected and that 

the design adheres to all unit interface protocols.  

 

 However, there may also be functions that could not be validated at the unit level; these 

functions require full testing at the chip level.  

 

 The well-defined interface of a chip creates a huge advantage for the verification team at this 

level.  

 

 Designers must solidify the physical chip pin definitions early in the design process, giving 

the verification team a stable base on which they can create chip level test suites.  

 

 Although lower-level environments and designs tend to evolve throughout the project, chip-

level verification requires less maintenance. 
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Board and System-Level Verification 

 A board is a collection of chips that may also contain some discrete, “glue” logic (AND gates, 

OR gates, etc.).  

 

 The purpose of this level of verification is to confirm the chip interconnection, integration, 

and board design. 

 

 The definition of a system is different across industry segments and product lines. 

 

 The verification focus at the system level is that of interaction rather than particular functions 

buried inside a chip or unit.  

 

 As a result, a verification team working on a large ASIC or FPGA will assume that previous 

verification efforts on its units and cores specified, documented, and fully verified the lower 

levels below the system level.  

 

 Because the focus is on component interaction, the verification engineer assumes that the 

individual chips, cores, or units are functionally correct. 
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What Level to Choose? 

 Choosing which verification levels to use is not as easy as it may seem.  

 

 Although six levels of hardware verification were described above, most verification projects 

will use an appropriate subset of these levels based on the design details. 

 

 There are technical factors that help teams decide which levels to choose for a given design. 

These factors are highlighted here. 

- Always choose the lowest level that completely contains the targeted function. 

 

- Each verifiable piece should have its own specification document. 

 

- New or complex components need focus. 

 

- The appropriate level of control and observability drives decisions on which levels to verify. 

 

- Function may dictate verification levels. 
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Bug Rates and the Levels at Which They are Found 

 The amount of controllability and observability 

that the verification engineer has directly 

correlates to the ability to find bugs in the design.  

 

 Controllability indicates the ease at which the 

verification engineer creates the specific scenarios 

that are of interest. Controllability and the 

verification level of hierarchy are closely related, 

as shown on the top figure.  
 

 Observability indicates the ease with which the 

verification engineer can identify when the design 

acts appropriately versus when it demonstrates 

incorrect behavior. 

 

 The increased ability to find bugs at the lower 

levels fit nicely with the design cycle as well. 

 

 It is good practice to progress the verification focus 

from the lower levels to the higher levels over time, 

yielding bug rates and trends as shown in the 

bottom figure. 
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Strategy of Verification 

 The previous discussion of controllability and 

observability illustrates that the verification 

engineer divides work into two separate tasks:  

- driving (controllability) and  

- checking (observability) the design under test.  

 

 The two tasks correspond to the following basic 

questions a verification engineer must ask: 

1. Am I driving all possible input scenarios? 

2. How will I know when a failure has occurred? 

 

 These tasks are separate but must work together 

to succeed. A verification engineer captures a bug 

if the design inputs aggravate the failing condition 

and if a checker flags an illegal state. One is 

inadequate without the other.  
 

 Driving all possible combinations of inputs cannot 

uncover a bug if the checkers fail to identify the 

bad condition. Likewise, checking for all possible 

failures is futile if the drivers fail to stimulate the 

conditions that cause the failure.  Drivers and 

checkers are the yin and yang of verification. 
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Driving Principles 

 When charged with verifying a piece of design, the verification engineer should first read 

whatever documentation exists for that design. The first task is to understand all input and 

output lines. The verification engineer must then understand the design’s function and 

thereby be able to predict the outputs based on the inputs. It is important that the verification 

engineer obtain the input descriptions from a source other than the author of the HDL under 

test. 

 

 With the input definitions understood, the verification engineer begins to plan a stimulus 

strategy. The verification engineer will group multiple signals together based on their logical 

function. This is important because separate driving strategies for each set of grouped input 

signals will be developed. 

 

 In developing a stimulus strategy, the verification engineer must always remember the goal 

is to maximize the scenarios that the verification environment creates.  

 

 For control signals, this means ensuring that the environment exercises all possible 

commands and modifiers. For data busses, the environment should create a wide 

assortment of possible data patterns. It is especially important for the environment to 

exercise edge cases when data patterns are chosen. 
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Checking Strategies 

 Stimulus and checking are tightly coupled. Although the verification stimulus engines drive 

inputs, it is the checker’s job to ensure that the DUV behaves correctly based on the 

stimulus.  

 

 A DUV behaves correctly when it abides by the design specification and intended function. 

 

 There are four main sources of checkers. The design and architecture teams document 

these sources in various specifications, and the verification engineer must understand each 

of these sources to create environments that contain complete checking.  

 

 The four sources are as follows: 

-  The inputs and outputs of the design 

-  The context of the design 

-  The microarchitecture rules of the design 

-  The architecture of the design 
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Verification Checking Should not Reimplement the Design 

 The verification engineer must remain independent while maintaining a close working 

relationship with the design team.  

 

 This is especially important when checking code for verification is being created.  

 

 Although the verification engineer is allowed to know the design implementation, the 

checking code should not mirror the design algorithm. 

 

 The verification engineer must always start with the assumption that the design 

implementation is wrong.  

 

 If the checking code mirrors the design, the potential exists for the checkers to implement a 

bug in the same fashion that the design did.  

 

 This breaks the redundancy path and would cause the bug to go undetected, as both the 

design and checker results match. 
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Putting it All Together – The Three Simulation 

Commandments 

 The essence of verification lies in the fundamental completeness of the stimulus and 

checking components, and the use of these components across verification levels.  

 

 This foundation is so important that it comprises the three simulation commandments shown 

in the figure.  

 

 The commandments edict the highest quality of stimulus, checker, and monitor components 

and the appropriate time to move from one verification level to the next. 



44 

The General Simulation Environment 

 Figure shows the flow of the general simulation-

based verification environment.  

 

 The verification engineer writes a test case and 

supplies environmental data, such as initial values, 

to the simulation engine, and the designer supplies 

the logic description in the form of an HDL.  

 

 The environmental data may be required for both 

the test case driver and simulation engine.  

 

 A step called model-build compiles the HDL into a 

simulation model, which is the format that the 

simulation engine uses to step through cycles and 

reproduce the behavior of the design. 

 

 Simulation engines provide many types of outputs. 

Designers and verification engineers use these 

files to analyze the behavior of the DUV.  
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Basic Verification Environment: A Test Bench 

 The verification environment models the universe 

for the design and must support all actions that 

can happen to the design.  

 

 The basic environment, shown on the figure, 

consists of the design or logic that is being 

verified, stimulus components, monitor 

components, checking components, and 

scoreboard components.  

 

 This environment is referred to as a test bench. In 

general, a test bench is all the code used to 

create, observe, and check a pre-determined 

(“deterministic”) input sequence to the design.  

 

 The test bench, or environment, is a closed 

system, meaning that the top level of the test 

bench has no inputs or outputs. It is effectively a 

model of the universe from the design-under-

verification (DUV) standpoint. 

 

 Next, we will look at each component in the test 

bench. 
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Stimulus Component 

 The stimulus component manipulates inputs to the DUV. 

 

 Typically, the stimulus component code mimics the behavior of a neighboring design entity 

or entities.  

 

 In creating the stimulus component, the verification engineer should not model the entire 

behavior of the neighboring design component; instead, the stimulus component should only 

mimic the interface inputs to the DUV. 

 

 The stimulus engine must drive what the DUV is capable of accepting and not restrict itself 

to what the real neighboring design component might send.  

 

 This allows the verification engineer to exert a maximum amount of stress on the DUV. If 

possible, this stress level should exceed that which will ever occur in a customer 

environment.  

 

 By exceeding the limits of the design, the verification engineer is more likely to encounter 

seldom seen occurrences, called corner cases, in the DUV. These corner cases otherwise 

might never be seen until hundreds of trillions of cycles of hardware test. 
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Deciding What To Model 

 The verification engineer should use the design specification when 

deciding on what to model from a behavioral standpoint.  

 

 If the DUV does not have a specification, the verification engineer should 

interview the designer of the neighboring design component to 

understand the protocols. 

 

 The verification engineer should not rely on the DUV designer for 

interface protocol specification because this breaks the redundancy model 

built into the verification cycle. 

 

 There are two types of stimulus models:  

- initiators and  

- responders. 
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Initiators 

 An initiator is a stimulus model that will initiate a transaction or transactions to the DUV. 

 

 Typically, initiator consists from two components: 

- protocol component, that handles low-level bit manipulation into the DUV and 

 

- generation component, that supplies the higher-level request 

 

 The separation of the generation and protocol components is important because: 

- a separate protocol component allows the test case writer to think more about the transactions rather than focus on the 

bit-level manipulations, and 

 

- a well-defined interface between the generation component and the protocol component allows for substitution of 

generation components. 
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Responders 

 The second type of stimulus component, responders, reacts to outputs from the DUV and feeds stimulus 

back into the DUV.  

 

 The difference between an initiator and a responder is that the responder acts as a slave to the DUV. 

 

 Responder will only send stimulus back into the DUV as a result of a request, command, or other demand 

from the DUV. 
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Monitor 

 A monitor is a model that observes different aspects of the environment. Monitors are self-contained 

components that observe 

- Outputs of the DUV for protocol adherence 

- Inputs to the DUV for functional coverage analysis and scoreboard updates 

- Internals of the DUV for events of interest to the environment 

 

 At a minimum, the monitor must observe the outputs of the DUV. If the DUV does not adhere to the 

protocol, then the monitor must return an error. 
 

 The monitor can use collected information to generate functional coverage data. The stimulus components 

may use coverage information to adapt the stimulus for a more stressful or diverse DUV simulation.  
 

 A final job of the monitor is to provide post-simulation information to the verification engineer. The monitor 

should be able to record interface events to a runtime file, formatting it for readability and debugging 

assistance. 
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Checker 

 A checker is a special type of monitor that only collects DUV outputs. However, it validates that the 

design is working as intended from a functional standpoint, not just from a protocol standpoint. The 

checker may need knowledge from a monitor or scoreboard to accomplish its task.  
 

 The checker code compares expected results against actual outputs of the DUV. If the results match, the 

test case continues or completes successfully. If the results miscompare, the checker will write a failure 

message to a debug file, noting the actual and expected results along with other information needed to 

understand the failure. 
 

 Checkers monitor for various types of error types: 

- All requests receive responses (no lost data, commands, packets, etc.) 

- All outputs match predicted values (response codes, data, packets, etc.) 

- No superfluous output activity (outputs that do not correspond to any stimulus) 
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Scoreboard 

 In the simplest terms, a scoreboard is a temporary holding location for information the 

checker will require. 

 

 A checker can use a scoreboard in two ways. The main difference between the two methods 

centers on which component does the translation from inputs and expected outputs. The 

component that performs this function acts as the DUV reference model and contains the 

checking intelligence. 

 

 In the first method, the checker component contains the reference model. The scoreboard’s 

role is to examine the inputs for transactions to occur, capture pertinent information, and 

store the information for later use. 

 

 In the second method, the scoreboard is the reference model and does the expected result 

calculation based on the input stimulus it observes. When the checker observes DUV output 

events, it then queries the scoreboard for the expected data and performs the compare. 

 

 Either of the above divisions of work between scoreboard and checker is acceptable. 

However, it is important that the choice of reference model placement remains consistent. 

The same paradigm should be followed for all DUV checking throughout the environment. 
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Design Under Verification 

 The last component, the DUV, is the center of the verification environment and is also known 

as the unit under test (UUT) or the device under test (DUT). 

 

 Most of the other components interact with the DUV. If there are bugs in the DUV, the 

verification team must find them. 

 

 The DUV source is the HDL itself. This source HDL gets interpreted or compiled into the 

DUV model (depending on the tools and HDL source used), which the verification team uses 

for its simulation.  

 

 The DUV can represent a sole designer macro, a logical unit, a chip, or an entire system. 

Regardless of the level, the verification engineer must customize stimulus and checking 

components, scoreboards, and monitors to exercise and validate the particular DUV. 

 

 The abstraction level at which the DUV is described can be different as well. The source 

HDL may describe the function at the RTL level, gate level, transistor level, or even 

behavioral level (non-synthesizable).  
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Black Box 

 When all of the verification code is restricted to interfacing with external interfaces of the 

DUV, this is known as black box verification, because the verification environment is “in the 

dark” about internal details of the DUV. 

 

 The key to black box verification is the ability to predict the outputs based on the inputs. To 

do this, the specification must clearly explain the function of the DUV. 

 

 The black box environment has pros and cons:  

- The good points are that structural changes inside the DUV have little impact on the verification code, 

as the function is independent of implementation.  

 

- Furthermore, the ability to predict functional results based on inputs alone ensures that the reference 

model remains independent from the DUV algorithms. 

 

- On the other hand, because the black box environment can only control the inputs and observe the 

outputs, it lacks control and observation points.  
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White Box 

 The advantages and disadvantages of black box testing are reversed in the white box environment, 

which provides a full understanding of the internal structures of the DUV.  
 

 The verification engineer observes and places checking on internal signals, as well as models and 

predicts the behavior of internal queues, pipelines, state machines, and other portions of the 

microarchitecture. 
 

 A white box environment will flag a bug at its source, whereas the black box environment captures a 

failure indirectly as its symptoms appear on the DUV output.  
 

 White box verification has its drawbacks in the amount of maintenance required on the environment.  
 

 Verification environments coded in a white box paradigm must also take care to remain independent of the 

DUV.  
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Grey Box 

 Grey box verification is the combination of both black box and white box verifications.  

 

 In the grey box environment, the verification engineer monitors or observes some internal 

signals, which assist in validating the functional specification of the black box level; the rest 

of the DUV remains “in the dark.” 

 

 Grey box is typically the model used for most environments, mainly because some 

prediction of interface level results is nearly impossible without viewing an internal signal.  

 

 There are also certain test scenarios that are desirable but rarely occur without verification 

intervention inside the DUV structures.  

 

 Often, designs have counters used to initiate actions on a repetitive basis. In many cases, 

these counters “go off” after thousands or even millions of machine cycles. Although this 

may be only milliseconds on real hardware, it is an eternity in simulation cycles. To cause 

the counter-initiated event multiple times in a single test case, the verification engineer must 

overwrite the counter to a value close to its limit. This activity falls into the realm of grey box 

verification. 
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Test Benches 

 With the test bench environment and components defined, focus is now 

on the test case.  

 

 A test case constrains the stimulus components such that a specific 

function (or set of functions) within the DUV is targeted to be exercised.  

 

 We also call this deterministic testing, or a deterministic test bench, 

because the targeted function is determined before the test runs. 

 

 There are also self-checking test benches in which the test bench 

always performs checking regardless of the stimulus.  

 

 This allows for the functionality of the DUV to be checked regardless of 

the test case. 
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Deterministic Test Benches 

 

 Verification teams use deterministic test cases 

predominantly early in the verification cycle to 

prove basic DUV functionality.  

 

 An example of deterministic test case involving the 

cache design would be to ensure that particular 

sequences of operations maintain data coherency.  

 

 Coherency dictates that data requestors always 

get the latest copy of the data. This inherently 

implies that for every address in the system, there 

is only one current data value associated with that 

address.  

 

 In this cache design, a fetch cannot return data 

that does not represent the latest value for that 

address.  

 

 A verification engineer could write many 

deterministic test cases to verify coherency. 
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Self-Checking Test Benches 

 Placing the knowledge of the DUV’s function into the test bench environment is extremely 

advantageous as it automates the tedious checking process, which means that a user does 

not have to scrutinize every test case trace to ensure that it passes the functional criteria. 

 

 Because the test bench is the “universe”, all the knowledge needed for checking exists in the 

test bench.  

 

 The verification engineer codes that knowledge into the checkers and the scoreboard in 

order to make the environment self-checking.  

 

 There are different types of self-checking test benches: 

- Golden Vectors 

- Reference Model 

- Transaction Based 
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Golden Vectors 

 A golden vectors environment is a simple environment in which some knowledge base of valid output 

vectors is stored in the scoreboard.  

 

 The checking component compares the DUV results to this knowledge base by calling the scoreboard and 

requesting the expected vectors. 

 

 In most cases, the scoreboard is loaded at the beginning of the test with a known set of valid expect 

traces. 

 

 The advantage to this mechanism of checking is that the verification engineer can check all of the 

predicted result traces before running the simulation.  

 

 A disadvantage to this type of verification is twofold: the creation and the maintenance of the golden 

vectors. 
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Reference Model 

 The reference model calculates all expected outputs based on the input stimulus.  

 

 The reference model re-implements the function of the DUV, usually in a high level programming 

language or an HVL.  

 

 Because the reference model calculates the results for each cycle, it is also known as a cycle accurate 

model. 

 

 The main advantage to the reference model is the level of checking accuracy. Once the reference model 

is correct (and debugged), the verification team knows that the DUV is correct for every cycle.  

 

 This comes at a price, as this method has a maintenance overhead. The reference model must know the 

exact internal timing implementation of the DUV, which is very similar to white box verification except that 

the reference model has no probes into the design. 
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Transaction Based 

 A transaction-based environment is used for DUVs that have identifiable transactions in which commands 

and data are acted on and forwarded to appropriate output signals.  Many input/output (IO) protocol 

devices (such as Ethernet and PCI) that forward and route packets of data should use transaction-based 

checking. 

 

 The scoreboard keeps a record of all “current” transactions that have entered the DUV but have not been 

completed (or forwarded). The scoreboard must also perform any data reformatting.  

 

 On observing output signals, the checker component queries the scoreboard, usually with a transaction 

identifier, and receives the expected data.  

 

 The checker flags an error if the identifier does not match an outstanding transaction or if the command or 

data are not as predicted by the scoreboard. 
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http://www.ppt-vorlagen.de/

