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ABSTRACT 

 

This paper describes how SystemVerilog and Verification Methodology Manual (VMM) were 

effectively used to verify a complex wireless application that was based on the IEEE 802.16 

standard (© 2008 IEEE).  

 

The verification effort was successful in catching a large number of bugs, and achieving 

verification closure by the use of functional coverage and self-checking testbench architecture.  

 

One of the main issues with the testbench development was addressing challenges associated 

with verifying applications such as wireless, audio and video encoding/decoding algorithms, etc. 

Typically, such applications process large amount of information arranged in space and time. 

This is usually achieved by Fourier transforms or related DSP techniques that are inherently 

complex in nature.  

 

The Design Under Test (DUT) in this case was also complex, and verifying it was challenging. 

For example, the random stimulus generator was required to generate highly interrelated, large, 

and complex data frames for wireless transmission/reception. The scoreboard was required to 

compare multiple flavors of data between the DUT and golden reference model effectively. The 

DUT had a large register set and testing it using conventional methods would have been a time 

consuming and laborious process. The verification schedules were also very aggressive.  

 

This paper attempts to describe how an informed use of VMM and its next-generation 

application -- Register Abstraction Layer (RAL), object-oriented concepts, and SystemVerilog 

features such as constrained randomization and Direct Programming Interface (DPI) helped 

overcome these challenges. 
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1. Introduction  

WiBro (Wireless Broadband) is a Wireless Broadband Internet Technology being developed by 

the South Korean Telecom Industry. This technology is based on IEEE 802.16e (Mobile 

WiMAX ) standard (© 2008 IEEE). 

 WiBro adapts TDD for duplex operation, OFDMA for multiple access, and 8.75 MHz as a 

channel bandwidth. WiBro was devised to overcome the data rate limitation of mobile phones 

(for example CDMA 1x) and to add mobility to broadband Internet access (for example ADSL 

or Wireless LAN).  

The base stations for WiBro devices will offer an aggregate data throughput of 30 to 50 Mega 

bits per Second and cover a radius of 1-5 km allowing the use of portable internet usage. 

Notably, it will provide mobility up to 120 km/h (74.5 miles/h) compared to Wireless LAN, 

which has mobility up to 4 km/h and Mobile phones, which have mobility up to 250 km/h. 

 

2. DUT and Protocol Overview 

 

The DUT was the base station of a wireless broadband mobile application. It was based on the 

IEEE 802.16 Part 16: Air Interface for Fixed Broadband Wireless Access Systems standard; 

specifically the Wireless Metropolitan Area Network - Orthogonal Frequency Domain Multiple 

Access Physical Layer Device (WirelessMAN-OFDMA PHY) standard (© 2008 IEEE).  

It mainly consisted two blocks-- Uplink PHY (UL) and Downlink PHY (DL). 

The UL was based on the Time Division Multiple Access (TDMA) burst transmission. It 

transmitted the data over a number of timeslots. Each burst was designed to carry variable-length 

MAC Protocol Data Units (PDU). These timeslots could be assigned for multiple uses such as 

registration, contention, guard, or user traffic. The MAC layer controlled these number of time 

slots and could vary it over time for optimizing the performance. The transmitter randomized the 

incoming data, encoded it and mapped the coded bits to a Quadrature Phase Shift 

Keying(QPSK), 16 Quadrature amplitude modulation (QAM) (optional), or 64-QAM (optional) 

constellation. 

 

The downlink channel is time division multiplexed, with the information for each Subscriber 

Station (SS) multiplexed onto a single stream of data and received by all SSs within the same 

sector. The downlink PHY included a Transmission Convergence sublayer that inserted a pointer 

byte at the beginning of the payload to help the receiver identify the beginning of a MAC PDU. 

Data bits coming from the Transmission Convergence sublayer were randomized, FEC encoded, 

and mapped to a QPSK, 16 quadrature amplitude modulation (QAM), or 64-QAM (optional) 

signal constellation. 

 

 

2.1. OFDMA Semantics 

Slot and Data Region 

A slot in the OFDMA PHY requires both a time and subchannel dimension for completeness and 

is the minimum possible data allocation unit. 



SNUG Boston 2008                                       6             Verifying Designs for Wireless-Broadband Applications 

                                                                                         Using SystemVerilog and Next Generation VMM 

The definition of an OFDMA slot depends on the OFDMA symbol structure, which varies for 

uplink and downlink, for FUSC and PUSC, and for the distributed subcarrier permutations and 

the adjacent subcarrier permutation. 

¶ For downlink FUSC using the distributed subcarrier permutation, one slot is one 

subchannel by one OFDMA symbol. 

¶ For downlink PUSC using the distributed subcarrier permutation (defined in IEEE std 

P802.16Rev2/D4  8.4.6.1.2.1 (© 2008 IEEE)), one slot is one subchannel by two 

OFDMA symbols. 

¶ For uplink PUSC using either of the distributed subcarrier permutations, one slot is one 

subchannel by three OFDMA symbols. 

¶ For uplink and downlink using the adjacent subcarrier permutation, one slot is one 

subchannel by one OFDMA symbol. 

 

In OFDMA, a Data Region is a two-dimensional allocation of a group of contiguous 

subchannels, in a group of contiguous OFDMA symbols. This allocation may be visualized as a 

rectangle, such as the 4 × 3 rectangle shown in  Figure 1. 

 

 

Figure 1 Example of a data region that defines an OFDMA allocation (Reproduced with 

permission from IEEE std P802.16Rev2/D4 IEEE draft Standard for Local and Metropolitan Area Networks 

- part 16:  Air Interface for Broadband Wireless Access Systems, Copyright 2008  IEEE.  All rights reserved.) 

 Segment 

 

A Segment is a subdivision of the set of available OFDMA subchannels (that may include all 

available subchannels). One segment is used for deploying a single instance of the MAC. 
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Permutation Zone 

 

Permutation Zone is a number of contiguous OFDMA symbols, in the DL or the UL, that use the 

same permutation formula. The DL subframe or the UL subframe may contain more than one 

permutation zone. 

 

2.2. Frame structure 

The user data in OFDM PHY is exchanged in a frame-based structure. A frame consists of 

uplink sub frame and downlink subframe. 

 

Figure 2  (Example of OFDM frame structure with TDD) shows a typical PHY frame structure. 

 

 

Figure 2 Example of OFDM frame structure with TDD (Reproduced with permission from IEEE 

std P802.16Rev2/D4 IEEE draft Standard for Local and Metropolitan Area Networks - part 16:  Air 

Interface for Broadband Wireless Access Systems, Copyright 2008 IEEE.  All rights reserved.) 
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Following relevant sections are quoted from the IEEE 802.16 standard in order to illustrate the 

unique frame structure the DUT needed to implement. 

 

This directly influenced the constraint modeling explained in Section 4.3 

 

A downlink subframe consists of only one downlink PHY PDU. A downlink PHY 

PDU starts with a preamble, which is used for PHY synchronization. The 

preamble is followed by a FCH burst. The FCH burst is one OFDM symbol long 

and is transmitted using BPSK rate ½ with the mandatory coding scheme. The 

FCH contains DL_Frame_Prefix to specify burst profile and length of one or 

several downlink bursts immediately following the FCH. A DL-MAP message, if 

transmitted in the current frame, is the first MAC PDU in the burst following the 

FCH. 

The FCH is followed by one or multiple downlink bursts, each transmitted with 

different burst profile. Each downlink burst consists of an integer number of 

OFDM symbols. Location and profile of the first downlink burst is specified in 

the Downlink Frame Prefix (DLFP). The location and profile of the maximum 

possible number of subsequent bursts is also be specified in the DLFP. The 

protocol needs that at least one full DL-MAP must be broadcast in burst #1 within 

the Lost DL-MAP Interval. Location and profile of other bursts are specified in 

DL-MAP. Profile is specified either by a 4-bit Rate_ID (for the first DL burst) or 

by DIUC. 

The DIUC encoding is defined in the DCD messages. HCS field occupies the last 

byte of DLFP. If there are unused IEs in DLFP, the first unused IE must have all 

fields encoded as zeros. 

 

An Uplink subframe consists of contention intervals scheduled for initial ranging 

and bandwidth request purposes and one or multiple uplink PHY PDUs, each 

transmitted from a different SS. An UL-MAP message follows immediately either 

the DL-MAP message (if one is transmitted) or the DLFP. Further if UCD and 

DCD messages are transmitted in the frame, they follow immediately the DL-

MAP and UL-MAP messages. 

 
(Reproduced with permission from IEEE std P802.16Rev2/D4 IEEE draft Standard for Local and Metropolitan Area 

Networks - part 16:  Air Interface for Broadband Wireless Access Systems, Copyright 2008 IEEE.  All rights 

reserved.) 
 

2.3. OFDMA data mapping 

DL:  

a. Segment the data into blocks sized to fit into one OFDMA slot. 

b.  Each slot shall span one subchannels in the subchannel axis and one or more OFDMA 

symbols in the time axis, (see Figure 3for an example). Map the slots so that the lowest 

numbered slot occupies the lowest numbered subchannel in the lowest numbered 

OFDMA symbol. 
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c.  Continue the mapping so that the OFDMA subchannel index is increased. When the 

edge of the data region is reached, continue the mapping from the lowest numbered 

OFDMA subchannel in the next available symbol.  

 

UL:   

 

The UL mapping consists of two steps. In the first step, the OFDMA slots allocated to each burst 

are selected. In the second step, the allocated slots are mapped.  

 

Step 1ðAllocate OFDMA slots to bursts.  

a. Segment the data into blocks sized to fit into one OFDMA slot.  

b. Each slot shall span one subchannel in the subchannel axis and one or more OFDMA 

symbols in the time axis. Allocate the slots so that the lowest numbered slot occupies the 

lowest numbered OFDMA symbol in the lowest num-bered subchannel.  

c. Continue allocating such that the OFDMA symbol index is increased. When the edge of 

the UL zone (which is marked with Zone IE) is reached, continue allocating from the 

lowest num-bered OFDMA symbol in the next available subchannel. 

d.  An UL allocation is created by selecting an integer number of contiguous slots, 

according to the ordering of Items a-c. This results in the general Burst structure shown 

by the gray area in Figure 3. 

 

 Step 2ðMap OFDMA slots within the UL allocation.  

a. Map the slots so that the lowest numbered slot occupies the lowest numbered subchannel 

in the low-est numbered OFDMA symbol.  

b. Continue the mapping so that the subchannel index is increased. When the last 

subchannel is reached, continue the mapping from the lowest numbered subchannel in 

the next OFDMA symbol that belongs to the UL allocation. The resulting order is shown 

by the arrows in Figure 3. The subchannels referred to in this subclause are logical 

subchannels, before subchannel renumbering in the DL, and before applying the rotation 

scheme and the mapping indicated by UL allocated subchannels bitmap in UCD for the 

UL.  
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Figure 3 Example of mapping OFDMA slots to subchannels and symbols in the TDD 
(Reproduced with permission from IEEE std P802.16Rev2/D4 IEEE draft Standard for Local and 

Metropolitan Area Networks - part 16:  Air Interface for Broadband Wireless Access Systems, Copyright 

2008 IEEE.  All rights reserved.) 

3. Legacy Verification Setup 

A legacy verification setup was used to verify previous generations of this DUT. There were two 

main components in this environment ï a golden reference model developed in C++ and a 

conventional Verilog Testbench. 

 

3.1. Golden Reference model 

The zero delay C++ reference model was developed and maintained using Microsoft Visual 

Studio® in the Visual C++ environment by the software development team in Samsung. This 

team was not involved in developing and maintaining the Verilog Testbench.  

This model had two separate sub-modules, one each for UL and DL sub-blocks of the RTL. Each 

submodule had an identical use model that is described in this section. 

 

The reference model read-in a configuration file for the OFDMA PHY frame, and based on the 

configuration parameters, would output a plain-text file containing a set of registers and address 

values. The reference model would also output expected values of various operations in DL or 

UL frame transmission. Inverse Fourier Transform(IFFT), Windowing, etc., were examples of 

such operations. 
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 Creating the configuration file was a multi-step process. The following example explains this 

process. 

 

Step 1: Defining the scenario. 

A sample scenario is shown in Table 1. This scenario depicts five zones apart from the Frame 

Control Header(FCH)/preamble zone, and they are all Partial Usage of Subchannels 

(PUSC)  zones with Single Input Single Output (SISO), Multiple Input Multiple Output(MIMO), 

and BeamForming (BF) configuration. 

 
     

  FCH & DL - MAP Data 1  Data 2  Data 3  

Permutation  PUSC PUSC PUSC PUSC 

Config  SISO SISO MIMO BF 

DL_PermBase  0 xxx  xxx  xxx  

PRBS_ID segment ID  segment ID  segment ID  segment ID  

 

Table 1 Sample configuration scenario 

 

Step 2: Defining the frame structure. 

The frame structure had to be defined manually.  

Figure 4  shows the frame structure for the scenario described in step 1. This frame structure has 

bursts from #0 to #63 divided into five zones. These bursts also have variable sizes, and the 

frames may not have any data between two bursts.  Regardless of the individual values, this 

frame structure had to confirm with description given in Section 2. 
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Figure 4 Sample burst placement 

Step3: Define configuration parameters. 

The configuration parameters defined various properties of an individual burst as well as its 

relative position in the frame. 

This process helped in achieving consistent results and overcome the time consuming, repetitive, 

and error-prone task of defining a single valid configuration for the DUT Moreover, as the 

configuration file was the sole data point, it helped in troubleshooting mismatches between RTL 

simulation and the reference modelôs results. 
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  Burst Number 

of Slots 

Symbol 

Offset 

SubCH 

Offset 

# of 

Symbol 

# of 

SubCH 

MCS MIMO 

Type 

Dimension 

Map 

BF 

Type 

 FCH 0 4 1 0 2 4 1 0 1 1 

 MAP 1 26 1 4 2 30 2 0 1 1 

 Data 2 56 3 1 4 28 0 0 2 1 

 Data 3 7 3 1 4 28 3 0 3 1 

 Data 4 7 3 8 4 28 4 0 3 1 

 Data 5 7 3 15 4 28 5 0 3 1 

 Data 6 7 3 22 4 28 6 0 3 1 

 

Table 2 Sample output configuration file 

 

3.2. RTL testbench setup 

The RTL Testbench setup was based on conventional Verilog simulations. The Verilog 

Testbench consisted of DUT initialization routines, and monitoring blocks that collected the 

DUT response to given set of configuration values. The monitors would output this response to a 

set of plain text files. 

Therefore, the following multi-step process was followed even in the UNIX environment: 

Step1:  The plain text register files, which were generated by the reference model, were 

transferred via FTP to the UNIX environment. 

Step2:  The DUT was initialized with a given set of register values. 

Step3: The DUT was simulated for the desired time and the monitoring response was collected 

in a set of plain text files. 

Step4:  The UNIX ñdiffò utility was used to compare the simulation results with the output of 

reference model. 

 

The entire process of creating a valid test vector, simulating the DUT with that vector, and 

comparing the results with the reference model had several drawbacks. For example: 

¶ Creating even a single test vector (configuration file) was very time consuming and error 

prone due to its repetitive nature, and complex interrelationships of frame components. 

¶ Judging how much verification had to be done was not easy as the process lacked 

randomization and indicators for completeness and quality of the verification effort.  

¶ Fixing portability issues caused by the heterogeneous setup, which was spread over two 

computing environments -- MS Windows and UNIX, was an additional task. It often 

required multiple engineers for a single simulation run. 

¶ Verifying a bug in the reference model or the DUT was tough as the architecture of the 

Testbench was not self-checking in nature. 

 

4. Verification using SystemVerilog and VMM 

The verification environment setup using SystemVerilog and VMM solved most of the issues 

mentioned in previous section. It also reused several systems and logic blocks from the legacy 

environment with little or no modification. The existing golden reference model, the 

initialization routine, and the protocol-dependant monitoring logic were the main components 

reused in this solution.  
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VCS 2006.06-SP2 was used throughout the lifecycle of this development and use. 

 

Figure 5 shows the SystemVerilog and VMM setup for the DL-block. The UL sub-block was 

also verified using an identical setup. 

 

 

 

Figure 5 Environment architecture for DL  

 

4.1. Testbench components 

4.1.1. Environment, Interfaces and Initialization  routines 

The verification environment also used interfaces for connecting the DUT with the program 

block. The use of interfaces, particularly the modport constructs, allowed easy logical grouping 

of related signals. It also avoided races between the Testbench and the design. 

The environment class was a top-level Testbench block that encapsulated sub blocks such as 

random configuration generator, monitor, scoreboard, driver BFM, etc. 

The environment consisted of various specific tasks for randomization of configuration, 

randomization, initialization routines, etc. The simulation flow in the top level environment was 

based on the flow advocated by VMM and is shown in Figure 6 . 
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Figure 6 Environment tasks execution flow 

 

4.1.2. Environment Configuration and Random Configuration Generator 

      The configuration class in the verification environment consisted of elements for two main 

purposes:  

¶ Controlling the simulation scenarios that included single or multiple OFDMA frame 

simulations and normal/RFIC mode simulations. 

¶ Defining OFDMA frame parameters identical to those described in section 3.1, Step 3. 

See section 4.3 for more information on how these elements were modeled, and defined using an 

informed use of SystemVerilog data types. . 

The randomized parameter values were then suitably written to an ASCII file. Since the values of 

these parameters were available within the SystemVerilog environment scope ïuntil randomized 

again for the next OFDMA frame, these values were easily accessed by the rest of Testbench 

components such as monitor. 
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4.1.3. Monit or 

The monitor block, collected the following information for DL: 

¶ Windowing output on the Tx bus: This is the complete frame transmitted by the DUT 

based on the configuration parameters. 

¶ Internal buffer values before transmission but after calculation of FFT and sounding 

operations. 

For UL module, the monitor collected the output of the Fast Fourier Transformation (FFT) stage 

of the DUT. 

In both DL and UL monitors, the data was collected from the bus or buffer, and then packed into 

a transaction object. 

 

4.1.4. Use of vmm_notify and vmm_log 

At every salient step in simulation during such monitoring activity, a rich set of vmm_notify  

events was provided. 

Various log messages at those and other interesting steps during the monitoring activity were 

also provided. The log messages varied in the severity level from DEBUG (most verbose 

severity) to WARNING and ERROR (a regression simulation typically outputs only WARNING 

and ERROR level messages). 

For example, in a least verbose simulation run, monitoring messages at symbol level data 

monitoring were output, while in a most verbose mode, all steps in collection of every 

transaction of every symbol were output. Therefore, use of notification events, suitable severity 

levels of vmm_log messages greatly simplified the protocol level debugging and maintenance of 

monitoring logic. 

 

4.1.5. Use of vmm_callback 

The monitor was derived from vmm_xactor class. It also provided a rich set of callback 

functions. With the help of these callback functions, the following functionality was easily 

implemented: 

¶ Scaling from a single frame simulation to a multi-frame simulation. 

¶ Implementing a call to data-comparison function in the scoreboard. 
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Figure 7 Multi -frame simulations using callback functions in monitor 

 

The flow diagram for this callback function is depicted in Figure 7 

The advantage of using a callback was that the core monitoring logic was unchanged despite of 

the extra functionality needed to be executed on top of this core logic. This also made separating 

the monitor, scoreboard, or any related components easy in cases where they had to be reused in 

another block level verification effort. 

Callbacks also allowed easy customization of the verification environment without modifying 

the core monitoring logic. This was achieved by defining the custom callback functions per test-

suite basis while the default implementations of these functions were empty.  
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SV:  

// Bit - vector used for storing the data - stream received from C - side.  

bit[31:0] packedBitArr[2];  

typedef struct packed{  

  byte  a;  

  byte  b;  

  byte  c;  

  int  d;  

  byte  e;  

} dpi_struct;  

 

function void export_func(input bit[31:0] pba[2]);  

   dpi_struct s_c2sv;  

 

// We unpack the data bit - bit (the width depends on the data type of 

the SV  

// Struct, e.g. "byte" data will consume 8 - bits while an int will 

consume 32 - //  bits etc.)  

 

    s_c2sv.a = pba[1][31:24];  

    s_c2sv.b = pba[1][23:16];  

    s_c2sv.c = pba[1][15:8];  

    s_c2sv.d = { pba[1][7:0] , pba[0][31:8] };  

    s_c2sv.e = pba[0][7:0];  

endfunction  

 

C:  

void c_main()  

{  

    dpi_struct  s_c2sv;  

    unsigned int ui[2];  

// Assign the values to C - struct members  

    s_c2sv.a = 1;  

    s_c2sv.b = 2;  

    s_c2sv.c = 3;  

    s_c2sv.d = 4;  

    s_c2sv.e = 5;  

// pack the struct bit - by bit  

// into an integer array  

// Array of int will consist of 32 bits for each integer element.  

//  Therefore array of 2 int elements in C will be representing the 64 

bits.  

// Hence, we can easily pack 5 struct elements into 2 - deep int array,  

    ui[0] =(s_c2sv.d << 8) + (s_c2sv.e);  

    ui[1] =(s_c2sv.a << 24) +  

           (s_c2sv.b << 16) +  

           (s_c2sv.c << 8) +  

           (s_c2sv.d >> 24);  

// Call the export - DPI task passing the int - array as an argument  

    export_func( ui);  

}  

}  

 

Figure 8 Passing unpacked struct using DPI-C 
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4.2. Use of SystemVerilog DPI for  scoreboard comparison 

The scoreboard class in the verification environment was a passive component; that is, unless 

data was passed to it from the monitor class, no comparison took place. 

 

4.2.1. Passing unpacked structs 

T he verification environment used DPI for collecting the data from reference model. It collected 

the following data: 

¶ Configuration registers value in UL 

¶ Reference model output values for FFT and Windowing transmission ï These output 

values were stored in the verification environment as soon as the reference model 

returned the control (in zero time) back to the verification environment (See Figure 8). 

In order to be able to perform easy comparison or further processing of the data from the 

reference model, this was packed in a ñstructò. However, the layout of SV structures may not 

map to a C structure, so it was necessary to pack these manually into an array of n-bit wide 

elements. 

This made it necessary to have additional code for packing and unpacking present in the C-

domain as well as SV-domain. 

The  pseudo code in Figure 8  explains how this was achieved. 

 

4.3. Modeling Constraints 

The use of constraints to generate a valid set of configurations for every simulation run was one 

of the most important requirements of this verification environment.  

As shown in Figure 4 a typical randomly generated configuration vector consisted of the 

following components: 

¶ Group 1: Zone parameters for every DL zone such as type of zone, start and end symbol 

co-ordinates of the zone. 

¶ Group 2: Zone parameters for every UL zone. 

¶ Group 3: Burst parameters such as number of slots per burst, number of sub-channels, 

number of symbols, MIMO types. 

¶ Group 4: PDU parameters. 

All these configuration parameters had a unidirectional dependency on each other. There were 

also interdependencies between parameters of individual components. For example, the number 

of slots in a given burst could not exceed total burst area specified by the start and end symbol 

coordinates. The maximum number of slots also depended on the type of zone the given burst 

was in (e.g. burst placed inside a PUSC zone could not have slots that were odd multiple of 2 

etc.) 

Therefore, randomizing all the parameters posed a tough mathematical challenge. To solve this, 

various randomization schemes were attempted, and finally the following scheme was found to 

work adequately. 
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4.3.1. Solving only related parameters together 

This scheme took advantage of the parallel constraint solver mechanism inside VCS. For 

example, parameters of PDU (group 4) had a dependency on Group 3 parameters. Group 3 

parameters depended on Group 2 parameters, while Group 1 parameters did not depend on any 

other variable in the configuration. The hierarchy of the configuration class, therefore, included 

instances of class-objects that were grouped accordingly. 

Apart from dependency of variables, another unique aspect was that the number of variables 

solved together was large. So the complexity increased exponentially at every step of 

randomization. For example, a typical configuration included the following parameters: 

¶ 5 DL zones 

¶ 3 UL zones 

¶ 64 bursts 

Another typical scenario was as follows: 

¶ 5 DL zones 

¶ 32 bursts spread over these 5 zones. 

¶ 0-96 PDUs per burst with total PDUs not exceeding 96. 

In such scenarios, randomizing complex arrays of related objects was unavoidable. Specifically 

since there was dependency of previous burst on the next burst element, or previous PDU on the 

next PDU element etc., randomizing each class object individually would have added 

considerable code (for calculating the interdependency) to the overall generation scheme. 

Also, without randomizing large arrays together, a finer control over constraints on configuration 

parameters would have been lost. 

 

 

 

Figure 9 Partitioning the randomization problem 
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 As shown in the Figure 9 above, a selective and step-by-step randomization was chosen. This 

scheme showed distinct advantages: 

¶ Since the constraint solver solved relatively less number of variables (only related 

variables), the randomization at each step was done quickly. 

¶ This also reduced mathematical complexity in the constraints 

¶ The functional coverage on the configuration parameters showed very satisfactory 

distribution of results over available solution space. 

One of the main drawbacks of this scheme was  the loss of finer grain control over the test-case 

level constraints. This was mainly because the complete randomization was not done together. 

However, with careful partitioning of the randomization variables, this could be minimized. 

 

4.4. Use of Register Abstraction Layer 

The DUT consisted of a large register set. During the development of verification environment, 

there were periodical changes to the register set. The RALF specification allows for such 

modifications with minimal effort. Therefore, use of RAL provided a consistent and scalable 

mechanism to manage this functionality in the verification environment. 

 

4.4.1. RAL Format (RALF)  

The RAL format (RALF) allows for specifying the DUTôs register set using the following 

means: 

¶ Abstraction: Use of symbolic names instead of burnt-in addresses 

¶ Hierarchy: Field, register, block, (sub) system 

¶ Instantiation: Easy replication of a ñprototypeò 

¶ Protection: Access rights and fixed behavior, e.g. Reset values 

Once the DUTôs register set was described in RALF, the ralgen tool was used to automatically 

convert the RALF description into SystemVerilog classes and methods constituting the RAL 

model.  

Figure 10 shows a section of RALF and corresponding SystemVerilog code. For each element of 

the RALF memory specification ï field, register, block, or system ï there was a corresponding 

class in the RAL model. There were also methods that abstract the read and write operations on 

such elements. 

With this level of abstraction for accessing the registers with ñnameò for doing ñreadò or ñwriteò 

operations, the verification engineers did not have to deal with signal level access for register-

related access. To accomplish this, the BUS master was instantiated in the vmm_rw_xactor class, 

and in an extension of the vmm_rw_xactor::execute_single() method, the generic 

vmm_rw_access transactions were translated to appropriate bus transactions. Combining the 

RAL model with the physical-level transactions that perform the read and write operations was 

the essential step for setting up a RAL-based verification environment. 

The top-level environment class was derived from vmm_ral_env, containing an instance of the 

RAL model as well as vmm_rw_xactor transactors that establish the communication between the 

RAL model and the Bus functional model through a vmm_rw_access_channel. Such a RAL-

based verification environment seamlessly matched the VMM-based Verification Environment 

approach. 
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Figure 10 RAL classes autogenerated using ralgen script 

 

4.5. Functional coverage model 

With a complex protocol and possibly thousands of random scenarios generated, use of 

functional coverage provided easily measureable metrics of the verification effort to the team 

management. It also guided the verification to identify the untested and tested parts of the design. 

   

4.5.1. Use of cumulative and instance based coverage 

The functional coverage model was targeted for judging the quality of the random generator. 

Therefore, the functional coverage model was defined as an integral part of configuration class 

definition. Following code shows a sample cover-group definition in DL configuration class 

  


