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Abstract: This paper describes how System Verilog-based 

methodologies, like Universal Verification Methodology 

(UVM), can be used to create a verification environment for 

verification of a communication bus protocol like ARM’s 

AMBA AHB-Lite Communication Protocol. The 

verification environment is built with the testbench 

components like the test, environment, agent, driver, 

sequencer, monitor, and scoreboard. The developed 

environment is used for testing the AHB-Lite Sequential 

and non-sequential (both increment and wrap of different 

burst sizes like 4-, 8- beat bursts) transfers.  The verification 

process followed to verify the protocol in this paper is based 

on having single bus master and a slave model which 

communicate with each other on the AHB-Lite bus.  
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I. INTRODUCTION 

AHB is a communication bus protocol, designed by ARM 

Ltd., in their AMBA 2.0 specification.  AHB-Lite is a subset 

of the AHB protocol and was introduced in the version 

AMBA 3.0. This subsection of the protocol simplifies the 
design for a bus with only a single master. Universal 

Verification Methodology is one the methodologies based on 

System Verilog, which is the most recent and a popular 

methodology used in VLSI industry for verification of the 

SoCs and Digital Systems.  OVM and VMM are some of the 

other methodologies that are followed in the industry.  With 

UVM being an industry standard now, this methodology is 

supported by all major simulator tools and hence testbenches 

written in UVM can be verified on any Simulator tool 

without any tool vendor-dependent issues. 

 
II. TESTBENCH ENVIRONMENT 

The AHB Testbench Architecture (Figure 1) consists of the 

following blocks, and is described in the top-down flow: 

 

A. Top-level Module: 

1. Instantiate the interfaces 

2. Declare and generate the clock signal 

3. Instantiate the Slave model 

4. Runs the desired test by calling the pre-defined 

UVM task run_test () 

 

 

 

 

 

 
Figure 1: Testbench Architecture for AHB 

 

B. AHB Test 

The Test class initiates the construction process by building 

the subsequent level of the hierarchy and initiates the stimuli 

by starting the main phase. The function of AHB test is to 

instantiate the AHB environment and configure it for running 

a particular testcase.  Specific test cases may be specified on 

the command-line as an argument to 

+UVM_TESTNAME=<Name of the testcase> 
AHB Environment : 

Instantiate and builds the two agents – Sequencer-Driver 

Agent and Monitor-Scoreboard Agent 

 
Agent-1:  Sequencer-Driver Agent 

Instantiates the Driver and the Sequencer (Figure 2) 

 Sequencer: Generates randomized sequences of 
transactions.  It routes sequence-item from a 

sequence where they are generated to/from a driver 

 Driver:  Fetches the sequences from the Sequencer 

through the TLM port and drives them into the 

DUT through the interface 

 

a. Builds and connects these components to the agent.  

b. Connects the agent to the DUT through the interface 

c. TLM Port connects the Sequencer with the Driver 
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Figure 2: Connecting Agent-1 with DUT 

 
Agent-2:  Monitor-Scoreboard Agent (Figure 3) 

Instantiates the Monitor and the Scoreboard 

 Monitor: Collects the outputs from the DUT through 

the interface and converts the pin level data into 

sequence items which are sent to components such 

as Scoreboard and Coverage collector. 

 Score Board :  The data that goes into the DUT and 

the output of the DUT are compared and verified to 

determine if the test passed or not  

a. Builds and connects these components to the agent. 

These components are built and connected in the 

agent 

b. Connects the agent to the DUT through the interface 

c. Monitor and Scoreboard are connected through the 

TLM Port 

 
Figure 3: Connecting DUT with Agent-2 

 

III. RESULTS 
Simulation Results of the AHB-Lite Bus Transfers: 

Basic verification of AHB-Lite protocol involved testing at 

least three different transfer types. 

1. Single (Non-Sequential) Transfer 

2. Sequential Transfers (byte, half-word, word, etc) 

a. Wrapping Bursts  

b. Incrementing Bursts  
Illustrated below are three waveforms, one each for the above 

mentioned transfer types.  Only either WRITE or READ 

operations are shown for simplicity. 

Single (Non-sequential) Transfer: 

This transfer type indicates that it is a non-sequential or 

single transfer (HTrans [1:0] = ”10”)).  This means that the 

address and the control signals are not related to the previous 
valid transfer. Single transfers on the bus are treated as bursts 

of one and hence the transfer type is Non sequential. The 

snapshot of the waveform below (Figure 4) for this transfer 

type confirms that it is a Single/Non Sequential Transfer. 

 
Figure 4:Single/NonSequential Transfer 

 

SEQUENTIAL Transfer: 

The transfers in this burst are SEQUENTIAL and the address 

is related to the previous transfer. The control information is 

identical to the previous transfer. HADDR is equal to the 

address of the previous transfer plus the size (in bytes) as 

indicated by HSIZE. In the case of a wrapping burst the 

address of the transfer wraps at the address boundary equal 

to the size (in bytes) multiplied by the number of beats in the 

transfer (either 4, 8 or 16). 

 
Incrementing Burst Transfer: 

In this mode of Burst Transfer, the incrementing bursts 

access the sequential locations of the HADDR and hence the 

address of each transfer in the burst is just an increment of 

the previous address.  The incrementing step is determined 

by HSize. 

 
Figure 5:Four-Beat Incrementing(HSize=Word) 

The waveform above (Figure 5) refers to Increment mode 

Burst Transfer for a 4-beat burst of word size. Notice the 

address incrementing by 4 since it is a 32-bit data.  It 

increments by 2 in case of half-word (16-bits) size data and 

by 1 for a byte, respectively.  In this case the address 

incrementing sequence 0x34  0x38  0x3c  0x40 etc. 
 

Wrapping Burst Transfer: 

In this mode of Burst Transfer, the burst wraps when it hits 

the address boundary. The address boundary is determined 

by multiplying number of beats in a burst with the data size.  
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HBURST determines no. of beats, while HSIZE indicates the 

data size. The waveform below (Figure 6) refers to the 

wrapping burst of 4-beats and of 32-bit/word data size. 

Notice the address incrementing by 4 since it is a 32-bit data, 
as is the case with incrementing burst transfer.  It increments 

by 2 in case of half-word (16-bits) size data and by 1 for a 

byte, respectively.  In this case the address incrementing 

sequence is 0x38  0x3c  0x30 0x34 and so on.  The 

address wraps back to 0x30 after hitting 0x3c every time. 

 
Figure 6: Four-Beat Wrapping (HSize=Word) Burst 

 

IV. CONCLUSION 

This paper has illustrated how a System Verilog 

Methodology, like UVM, can be used to verify a digital 

design, like an AHB-Lite protocol.  Each of the major AHB-

Lite transfers like Single (non sequential) transfer and 

sequential transfers (wrap and increment burst of 32-bit data 

size) have been verified with individual test cases.  All these 

test cases are run and verified using Mentor Graphics Model 

Sim simulator on Windows Platform. 
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