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Abstract - The key characteristics of the advanced extensible interface (AXI) are the primary emphasis of
this study. When checking the AXE | memory transactions, be sure to check the write address, write data,
write response, read address, and read data on each of the five channels. The verification process in this
work is carried out using a technique based on verification intellectual property cores (VIP). Using the
quantitative values of Busy Count, Valid Count, and its Bus Utilisation, the VIP design validates read and
write transactions from the same and different memory locations in the test environment that is modelled
using system verilog. One of the basic aspects validated in this work is the system connection throughout
write and read cycles.
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INTRODUCTION
for the design phase) because of the reusability of

are Used in Comphcated d|g|ta| deSlgnS as a reSUIt deS|gn Verlflcat|0n engineers dev|sed a Strategy
of the fast development of CMOS technology
and Computer Aided Design [1]. The

incorporation of these IP cores has contributed to

for checking the chip's operation using an
integrated  verification environment called

Verification IP (VIP) to circumvent this

the increaSing pOpulaI’Ity and eXtenSive Usage Of Cha“enge and |engthy tlme Span [7_10] In most

the SOC (System on Chip) architecture in many cases, the bus protocols that are used by

applications nowadays [2]. For data transfer and contemporary SOCs are

synchronisation, every SOC architecture also

employs bus protocols [4-6]. Therefore, the
functional verification process is so important
(i.e., it takes 70% of the time, compared to 30%

ABA, APB, and AXI stand for "Advanced

Peripheral Bus," "Advanced High Performance

Bus, and
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"Advanced Extensible Interface,” respectively.
The AXI bus protocol outperforms the other
two while using very
compared side by side. Therefore, the AMBA

AXI bus is an integral part of the internal

little power when

architecture of any single-board computer
design. It is common practice to conduct the
design's fault resilience and failure mode
analysis during functional verification. A
approach based on the verification environment,
using System Verilog in coverage enabled
mode, is suggested to circumvent the functional
verification process shag. Two tasks are

performed in  this  verification = mode
environment: (i) defining the test cases for the
device under verification (DUV) and (ii)
determining the number of test cases to analyse
in order to cover all the design's functions. By
detecting the code coverage and evaluating the
functional behaviour of the design for all test
cases, the coverage enabled mode makes it easy

to find design issues during verification.

EXISTING METHOD

AMBA-AXI BUS ARCHITECTURE

The Advanced
Architecture (AMBA) is a protocol for on-chip

Microcontroller Bus
bus communication developed by
The arm. The document details the requirements
for the on-chip interconnect that link the

functional blocks, peripherals, and CPU. These
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days, SOCs and FPGAs are best suited to be made to
use the AXI bus protocol architecture. This is because
of its big memory access, high level of backward
high bandwidth

capabilities, and ability to interface with sophisticated

compatibility with peripherals,

bridges. In addition, the AXI bus design has burst
mode access, unaligned data transactions, discrete
data channels, and distinct read/write data phases.
Here we have a look at the AXI protocol's bus design,
which is crucial for data transfer and synchronisation.
There are two stages to the establishment of data

transactions in this bus design, as

i) There is a read-only phase in the bus, and a write-
only phase. Following the master's explanations of the

relevant operational stages,

- settings for slaves.

READ TRANSACTION PHASE

While synchronising and communicating data, the
read data response (R) and read address (AR) signals
are used in the read transaction phase. The read
channel access and valid address (AR) are the first
components of a read transaction.

sent from the master to the slave in order to initiate
the transactions, and the slave in turn makes the
address available for communication by responding
with the signal AR ready. The master gets the
RVALID and read channel data signals after verifying
the address upon the arrival of AR ready. The master
then initiates read transactions and sets up channel
connection with a control signal and a valid RR
ready.Figur.1 is a schematic depicting the whole
design and functioning of the read transaction.
3
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One common way to check whether the DUV is
working properly in code coverage mode is to use the
verification environment. The suggested verification
environment includes the following parts: | Test-sulite,

— ARVALID p— S
M [READ CHANMNEL ACCESS/ADDRESS S ] WRITE C! ::v.m [
A AR AR| | N A AL g
§ ARREADY A S — k
T ¢ T e B Iy
_'\ E E A_ Master [:> R w WRITE CHANNEL DATA w E< Slave
Master R Slave b w P
fr— RVALID prem— o — e O
—V P P V— R Fe——swme — ?
READ CHANNEL DATA 0 T B |atmmcname resrovse B
0 |R R| & [ h— o
$ RRREADY T
[r— — Figure 2: AXI Write transactions
— — Il Virtual sequencer, Il Sequencer, IV Driver, V
Figure 1: AXI Read Transactions AXI-Monitor, VI Protocol checker, VII Bus Monitor,

VIII Coverage Collector, and XI Scoreboard.
Write Transaction Phase

First, there is the write address channel; second,
there is the write data channel; and third, there
is the write response channel, all of which are
used for write transactions. When the master is
in write address channel mode, AW control P o o
signals initiate communication. - -

Eiciat
I Checher

The master provides the slave the address and
channel control information that is both valid Corerace

and writeable. A valid AW is immediately

ready by the slave. Similar to how the master — "
initiates transactions in Write data channel Figure - 3 Verification Environment
mode with a WVLAID and Write channel data,

the slave acknowledges with a valid WREADY

signal thereafter. In a manner similar to that of

data and address mode, the master initiates a

transaction in write response channel mode by

use of the control signals BVALID. The slave

initiates communication by sending a valid

BREADY signal when it receives the control

signal. In figure 2, we can see how the write

transactions work.

PROPOSED VERIFICATIONENVIRONMENT
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Test-Suite: In a restricted random mode, the
test-suite includes all the test-cases that verify
the functioning and certain essential aspects
of the DUV. The test-case may be either a
direct random test-case or a limited random
mode. We run the test on the design and
analyse the results regressively. As a rule, it
has a collection of stimuli for executing the
design.

Virtual Sequencer: In most cases, the
sequencer will produce random sequences to
check the design's critical features. The
produced sequence is divided into two parts:
the top level sequence and the base level and
primitive sequences that relate to it
Consequently, the virtual sequencer checks
whether each subcomponent works by driving

or pushing it to follow the set of sequences.

Sequencer: The component known as a
sequencer is used to create sets of sequences.
Active and passive sequences are the two
main categories of the created ones. The
signal is driven by the active sequence, not
the passive. The sequencer creates and aligns
the sequence based on the functionality check

criteria.
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Driver: In order for other parts of the system to react
to the input stimuli, the driver must be present. This
component "drives" the input to the appropriate
blocks.

Monitor: The system keeps tabs on all component data
interactions and relays that information to the
coverage collector. To process the DUV signal points,
it has a virtual interface and a TLM port for analysis.
Protocol checker: This section checks the DUV's
functionality and, using the inputs' temporal
behaviour, the interface's compliance. Additionally,
we keep an eye on the results for every possible
permutation of the input sequences.

Bus monitor: The bus monitor links the master and
slave monitors and checks the functional functioning
of individual components. In the end, the coverage

collector stores all of the transactions in a database.

Coverage Collector: Coverage collector gathers
information on code coverage, including whether or
not the requested test-case covers the branch,
statement, and FSM in the DUV. During functional
verification, verification engineers often strive for

100% coverage.
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VERIFICATION PLAN

The coverage requirements are driven to be
met by the verification plan, which informs
that the property must be confirmed. In order
to accomplish the coverage and functionality
check, a solid strategy includes quantifiable
metrics and successful test-cases. You may
find out what needs verifying and how to
check it in the strategy for verification. I.
System connection during read and write
cycles; ii. Transaction routing; and iii. Data
integrity are the attributes that need to be
confirmed in this AMBA AXI verification.
Using the appropriate acknowledgment
signals, the system integration is monitored in
the system connection checking test. Then,
while planning the route, the efficiency and
utilisation of the buses check the data
occupancy structure. Lastly, at the end of each
step, we make note of the data integrity for
each transaction and run the functionality

check pass.

The covering of the following situations is
focused in the verifications plan of this AXI

protocol:
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Read phase
» Write Phase

» Write & Read Phase from same
address

» Write & Read Phase from different
address

» Overlapped transactions

To ensure the functioning, test cases are created for
each situation and simulations are run. To measure the
bus's efficiency, we look at its Valid Count, Busy
Count, and Bus Utilisation factor. If the bus is not
correctly validated in the relevant test-cases, then the
test-cases are adjusted to achieve the property checks.
Additionally, the verification process includes
analysing the DUV using a code coverage based
verification mode. If the analysis does not reach 100%
coverage, the test-case is modified to cover all the

code components of the design.
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RESUL TS & DISCUSSIONS

Here we go over the AMBA AXI protocol's
performance evaluation based on quality
metrics for data metrics, as well as the
outcomes of the simulations for the five
distinct test-scenarios. As a first step in
conducting the simulation analysis, the AXI
Master/Slave modules are modelled in System
Verilog and then merged with the simulated
test environment. To evaluate its performance
in limited mode, the DUV is connected with
the verification environment's sequencer,
interface, driver, and monitor. The Xilinx ise
is used to conduct the simulation once the top
module has been integrated with DUV. Here,
we have the test-case prepared for five
distinct scenarios: (i) the reading phase, (ii)
the writing phase, (iii) reading and writing
from the same address, (iv) reading and
writing from separate addresses, and (V)

overlapping transactions.

VERIFICATION OF READ PHASE

Using the AMBA AXI protocol's
Master/Slave configuration mode, the read
data transactions are checked at this step.

While processing transactions in the ready
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cycle, the following signals are checked and
validated: ARVALID, ARREADY, RVALID,
RREADY, RLAST, RDATA, and ARSIZE. The
primary components of the functionality check in this
case are two
| read the address, and ii read the response, are the
two channels of operation. At the high state values of
ARVALID and ARREADY, the read address channel
will retrieve the address on every positive edge of the
clock. The response will also go into high mode once
some time has passed, with signals on RVALID and
RREADY set to high values. When RLAST is high, it
means the read operation has completed its final
transaction. The number of read-only transactions is
indicated by the measured values of ARSIZE and
ARLEN. In order to ensure that the read phase is
functioning properly, a test-case is created and then
run via a simulation. As mentioned earlier, the read
mode operates with two channels, which are used to
monitor read address quality metrics, read channel
data, and channel response. The whole read phase

process is graphically shown as a waveform in figure

4.
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Figure 5: Write Phase Simulation Response

Figure 4: Read Phase Simulation Response

VERIEICATION OF WRITE PHASE The coverage report is 10 write and read
compare transaction compare to previous we

Master/Slave configuration AWID, AWADDR,  are more signals are covering and also 83.3%
AWLEN, AWSIZE, and AWVALID AND  will be cover the transactions.
AWREADY signal verification is part of the

AMBA AXI protocol's Write Phase, which is =2 hop 5 it <.
similar to the Read Phase. The three main JEP&:’W v 3 1?3 _ :15 ()
. . - axi_¢g... ax_cov 100.0% 100.0%
operations of the Write Phase are as follows: I. I W.O‘g‘ 21 oo0s I
Writing the address channel; Il. Writing the ,!%I:MID‘\‘ 21 s Y
. HIG... 100.0%
channel data; and IIl. Writing the response :ﬁw_fg___a‘,_w 5 wj %5
channel. In order to get the valid write address £) binl0.. 51 o I Y
: . b binMID. . 14 100.0%
with an acknowledgment AWID, th(? S|gna.ls gm@m ) ; 5
WVALID and WREADY go into a high logic -+ i P g.. a0 o 000% 100 100.0% (NN
i P 5] binL0.., ot 1000k I
state for every positive clock cycle._S_lmlla_rIy, ey ¥
when BVALID and BREADY transition high, ] binHG.. 31 0o I ¢/
the write response operation will occur. Each of ll (P21, a4 oo W6 MY
. . ] binl0... 31 w00 .
transaction causes the control signal AWLEN to ) bk, 11 oo
increase from its initial value of 0000, while the B} b HG. R ] m—

signal  AWSIZE shows the size of each
transaction. Figure 5 is a visual representation of
the Write Transactions. Fig 6: coverage report of 10 write read

transation
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The coverage report is 16 write and read Miew ftye fommy [0 [Sftd e i e
. . - ’b.;».mm'c.
transaction compare to previous we are more o - 0 g
signals are covering and also 91.3% will be 2 g i oo o wnY
] 1| Wiow 12 Pl o -
cover the transactions. [ i 124 o oo -
i Wi oL e/
_‘Mw A0 el i pwon s/
T i bal0 3 L |
¢ 1t W I W anEEy i iw;ﬂ‘ " {
. j ool ¢ LY
0 0P s WM i Wi 0 ¢ 1w
Eh:v'.\‘! V| m-l . ) LR Ll Mmoo -(
!’h‘ﬁf)ﬁ J | "k‘”v-{ ! .qbl"";;\ \ | o .'-‘l
LA LAy a1 LY
by (L ne W EED) | lafiyn R
LI iy ‘ - 0 s M T ml
Jhe o any | A O 2 1 00—
e - | B bt Y A
B L ac o Y | Ll P .Y
g !t N
Jhe |
L Dol iy
+ 0P ke oo o sy Fig 8: coverage report of 16 transaction repeat
LI oL animy/ 2ti
time
D! | v
A b B | oy
CONCLUSION

In order to prevent deadlocks, we suggested a

Fig 7: coverage report of 16 transaction ) )
resource allocation method and a plan to implement

The coverage report is 16 write and read the AXI protocol with tagged transactions. Results
compare transaction compare to previous we from simulations run under the AXI protocol using
are more signals are covering and also 75.0% the suggested RAG (Resource Allocation Graph)
will be cover the transactions. show the extensions for out-of-order transactions. By

using orbiter methods and multicasting, the system's
efficiency is enhanced.
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