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Abstract 

During the entire phase of any project verification plays an 
important role. Most of the time and the effort are spend on 
verification. Transaction-level modeling (TLM) and Bus 
Functional modeling (BFM) are used in order to reduce 
this effort. Transaction-level modeling (TLM) is a 
technique used to describe the system by using the 
standard function calls which defines all the transactions 
which are required to verify the functionality of the system 
at the architecture level. Abstraction level rises by using 
this technique. Simulation speed and the modeling speed 
are more than the Register transfer level (RTL) Before 
building and testing the actual hardware a Bus Functional 
modeling (BFM) or Transaction Verification Models 
(TVM) are used to simulate the bus transactions. Standard 
buses enable the reusability of IP cores. Standard busses 
include AMBA from ARM, CORE CONNECT from IBM 
and others. There are various versions of AMBA like 
AMBA 1.0 to AMBA 5.0 in which AXI4 lite is an 
advanced extensible interface targeted for register style 
interface, it comes under AMBA4.0 specification. AXI4 is 
having excellent throughput, than AHB. 

This project introduces the development of AXI4 protocol 
and verifying the same by UVM based test bench which 
supports TLM modeling. 

Keywords: Transaction Level modeling (TLM), Advanced 
Extensible interface (AXI), Advanced Micro Controller 
Bus Architecture (AMBA), Methodology (OSVVM), 
Universal Verification Methodology (UVM), Verification 
Methodology Manual (VMM), Design under test (DUT). 

1. INTRODUCTION 

To meet the customer demands and the time to market 
always designers and the verification engineers look for 
methods which can reduce the effort as well as the time. 
Adopting Transaction-level modeling (TLM) technique 
and developing intellectual properties (IP) and flexible 
automated tools for design as well as verification are some 
of the methods which are targeted towards the same. 

 

 

In section 1 this paper gives an introduction to the protocol 
used, and the modeling methodology used to design and 
verify the protocol, in section 2 it explains the top view of 
the verification environment, in section 3 it explains the 
sequence flow in this environment, and then the simulation 
results, conclusion and the future work are explained. 

1.1 Introduction to BUS 

In the early days as each chip manufacture had their own 
bus, standardization of the bus become necessary to enable 
the reusability of the intellectual properties (IP).Many 
manufacturer developed standard busses among which 
some of them become very popular due to their 
performance, hierarchy and the advanced features. 

 Standard busses which become very popular are 
Advanced Micro Controller Bus Architecture (AMBA) 
from ARM, CORE CONNECT from IBM. Using these 
standards interconnects not only enables intellectual 
properties (IP) reusability, provides flexibility, 
compatibility. These interconnects have multi-layer 
architecture. Between masters and slaves it can be used as 
a crossbar switch. Developing and verifying these 
interconnects or the busses become important. Because of 
the availability of wide variety of intellectual properties 
(IP) from ARM and advanced intellectual properties (IP) 
from third party vendors for Advanced Micro Controller 
Bus Architecture (AMBA) bus, this is more popular than 
others. There are various versions of Advanced Micro 
Controller Bus Architecture (AMBA) from AMBA1.0 to 
AMBA 5.0 [9] .This project particularly concentrates on 
AXI4 Lite protocol which is under AMBA4.0.AMBA 3 
specification with five interface protocols forms AMBA 
4.0 specification. In February 2013 AXI 4 was released, 
this adds new optional properties like ordering in advanced 
extensible Interface (AXI), Cache behaviour in Advanced 
Coherency Extensions (ACE) and Digital Visual 
Messaging (DVM).  
 
 
 
 



 

 

A

T
 

 

1
m

A
(
d

1

U
M
v
M
m
M
m
v
(
f
A
p
o

                       

AXI4 protocol 

 Separa
addres

 Separa
contro

 By iss
can be

 If any
issues

 Regist
timing

 Byte s
unalig

 Subset
presen

 It has 
read a
respon

The main featu

 Burst 
 The le

same a
bit). 

 There 
 Data 

Non-c

1.2 Related w
modeling (TL

As per the surv
TLM) is bett

developing and

1.3 UVM [10]

UVM means U
Methodology (e
verification me
Methodology (U
methodology 
Methodology 
methodologies 
vendors. But 
UVM) was de

from various v
AMD, Cisco, 
productivity of
of this methodo

IJISET ‐ Intern

                       

main features 

ate channels ar
ss, data and con
ate phases are 
ol information. 
suing only the s
e achieved. 
y transaction i
, it support for 
ter stages can 
g closure. 
strobes are pre
gned data transf
t of AXI4 i.e A

nt. 
got five diffe

address, write d
nse. 

ures of AXI4 lit

length = 1 for 
ength of the da
as the width of

is no support f
accesses 

cacheable. 

work with Re
LM) 

vey paper [17]
er than Regis

d verifying an in

][11][12][13]

Universal Veri
eRM) was mai
ethodology (O
UVM) was der
(OVM) vers
Manual (VM
are developed
the Universal
veloped by Ac
vendors like M
Freescale, and

f verification e
ology are  

national Journal of

                       

are [2] 

re defined for t
ntrol informati
defined for add

start address bu

s out of order
completing su
be added to en

esent, can be u
fer. 

AXI4lite and A

erent channels 
data, write add

te are [2] 

all the transact
ata that is acce
f the data bus (i

for exclusive a
are Non-buf

spect to Tran

] Transaction-l
ster transfer le
nterconnect. 

[14] 

fication Metho
inly used to de

OVM).Universa
rived from Op
ion 2.1.1.and

MM).Most of 
d by the sepa
l Verification 
ccellera by taki
Mentor, Synop
d Intel. UVM
engineers. Imp

f Innovative Scienc

www

                       

transferring the
ion. 
dress, data and

urst transaction

r due to some
uch transaction
nable the early

used to support

AXI4 stream are

for read data
dress and write

tions. 
ssed should be
i.e. 32 bit or 64

access. 
fferable and

nsaction-level

level modeling
evel (RTL) in

odology Reuse
evelop theOpen
al Verification

pen verification
d Verification

the previous
arate simulator

Methodology
ing the support
psys, Cadence

M increases the
portant features

ce, Engineering & T

w.ijiset.com         

                       

e 

d 

n 

e 
. 

y 

t 

e 

, 
e 

e 
4 

d 

l 

g 
n 

e 
n 
n 
n 
n 
s 
r 
y 
t 
, 
e 
s 

2

3

4

5

6

7

8

Henc
adop

2. T
VER

 

UVM
are 
confi

Technology, Vol. 2

                       

                       

1. It is mainly
designs wh
SystemC.

2. It has a S
helps to ac

3. It support
constraine
stimulus 
functional
to cover a
resources 

4. It helps t
which is g
(i.e. where
functional

5. Even thou
supports v
emulation 

6. It improve
and is mor

7. The arch
Methodolo
each layer
Without 
configurab
componen
different d

8. The fram
Verificatio
Coverage-

ce these meth
ted in this proj

TOP VIEW O
RIFICATIO

Fig 1:  AXI4 Li

M test bench co
reusable. The
igured for dif

2 Issue 5, May 201

                       

                       

y used to write
hich makes use

System Verilog
chieve the reus
ts the random

ed based where
vectors along

l coverage and 
an unexpected b
are utilized to 
o develop a v

generic, reusab
e each compon
lity). 
ugh it is simu
verification wh

and hardware 
es the quality 
re transparent. 
hitecture of 
ogy (UVM) is
r has compone
modification 

bility can be 
nts, so that the
design under te
mework provi
on Methodolo
-Driven Verific

hodologies wh
ect to reduce th

OF UVM B
ON ENVIRO

ite UVM Test benc

nsists of verific
ese verificatio
fferent interfa

15. 

                       

        ISSN 2348 

e a test bench fo
e of Verilog, V

g classes Libr
sability. 
m verification 
e there is a gen
g with the f

the checkers. 
bug, and all th
the maximum 
verification en
le, scalable, an
ent has a clear 

ulation oriente
hich is based on

acceleration. 
of Verificatio

Universal V
s layered base
nts which can 

to the sou
done to each

ey can be reu
est (DUT).  
ded by the
gy (UVM) su

cation. 

hich support 
he effort and th

BASED AXI
ONMENT

ches and Environm

cation compon
on component
ace protocol o

                       

– 7968 

1108 

for all those 
VHDL, and 

rary which 

which is 
neration of 

features of 
This helps 

he compute 
extent. 

nvironment 
nd modular 
predefined 

ed, it also 
n assertion, 

on process 

Verification 
ed. Where 
be reused. 

urce code, 
h of these 
used across 

Universal 
upports the 

TLM are 
he time 

I4 LITE 

 

ments 

nents which 
ts can be 
or for any 

                



IJISET ‐ International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015. 

www.ijiset.com                                                                                                                     

                                                                                                                                                                          ISSN 2348 – 7968 

1109 
 

system and can be instantiated. All these have a consistent 
architecture. And can be used for simulating, driving, 
monitoring, collecting. 

The UVM environment contains virtual sequencer or 
multi-channel sequence this helps to provide the control of 
the test environment and synchronizes the timing and data 
between the different interfaces. 

In this project all the UVM components are configured for 
AXI4 lite protocol. 

2.1 AXI4 Lite UVM Verification Components  

Depending on the requirement UVM environment consists 
of various verification components. 

2.1.1 AXI4 Lite UVM Data item (Transaction): 

In an UVM environment the input to the device under test 
is called the data item. They might be transactions over the 
bus, data packets over the bus or instructions to the design 
under test (DUT).Data item have got fields and attributes 
depending on the specification. These data are generated 
according to the requirement and are send to the design 
under test (DUT). By using System Verilog constraints, 
constrained based random data can also be generated. This 
helps to achieve the coverage which is maximum. In this 
project “rand logic” data type is used to generate the data 
item randomly. i.e 

… rand logic S_AXI_AWREADY, 
rand logic S_AXI_WREADY, 
rand logic [0:0] S_AXI_BID, 
rand logic [1:0] S_AXI_BRESP, 
rand logic [0:0] S_AXI_BUSER, 
rand logic S_AXI_BVALID, 
rand logic S_AXI_ARREADY, 
rand logic [0:0] S_AXI_RID, 
rand logic [31:0] S_AXI_RDATA, 
rand logic [1:0] S_AXI_RRESP, 
rand logic S_AXI_RLAST, 
rand logic [0:0] S_AXI_RUSER, 
rand logic S_AXI_RVALID … 
 
2.1.2 AXI4 Lite UVM Driver: 

It is used to drive design under test (DUT).Depending on 
the requirement it repeatedly receives the data item on 
request from the sequencer and then samples before 
driving it to design under test (DUT).If the operation that 
needs to be performed is read and write, the signals like 
address, data, read or write, enable and others are 

controlled by the driver for all the clock cycles in which 
these operations are performed. 

// get_and_drive will get the random data from the 
Sequencer  
task axi4_lite_driver::get_and_drive(); 
begin 
//item is a transaction reference for the sequencer 
send_to_dut(item); //send the item to DUT 
end 
end task : get_and_drive 
// item. kind indicates different operations done by the 
driver 
case(item.kind) 
// AXI_Lite one sequence write operation(support single 
burst) 
WR_DATA: this.AXI_LiteM_1Seq_Write (input   [31:0]  
awaddr, input [31:0] wdata, input   [7:0] wait_clk_bready, 
input[7:0] wmax_wait); 
// AXI_Lite one sequence read operation (support single 
burst) 
AXI_LiteM_1Seq_Read (input   [31:0] araddr, input   [7:0]   
rmax_wait  ); 
// AXI_Lite Write address channel operation 
WAC:this.AXI_LiteM_WAC(input   [31:0]awaddr); 
// AXI_Lite Write data channel operation 
WDC:this.AXI_LiteM_WDC( input   [31:0]wdata, input   
[7:0]   wmax_wait ); 
// AXI_Lite write response channel operation 
WRC:this.AXI_LiteM_WRC(input[7:0] wait_clk_ready); 
//Read address channel operation 
AXI_LiteM_RAC( input   [31:0]  araddr) 
//read data channel operation 
WRDC:this.AXI_LiteM_RDC( input   [7:0rmax_wait); 
endcase 
WRC:this.AXI_LiteM_WRC(input[7:0]wait_clk_ready); 
 
2.1.3 AXI4 Lite UVM Sequencer 

It is used send and controls the data items to the UVM 
Driver. Even though it looks like a simple stimulus 
generator but it has got advanced features. That is random 
data item generated can be made constrained based, so as 
to capture all the unknown bugs in the design under test. 
These values generated can be made to have the 
distribution such that the coverage is maximum.  

Axi4_lite_sequencer is derived uvm_sequencerbase class. 
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