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ABSTRACT: In today’s world there in an ever-increasing complexity of System on Chip (SOC) Architectures with
numerous IPcores encompassing various functionalities.System Level Verificationof these IP’s is cumbersome process.
Owing to advancementin the VLSI Industry, standards were developed and one amongthem is Universal Verification
Methodology UVM in short. Usingthis methodology, Verification IP’s are developed to verify thecorresponding IP
cores and are reused as the need states. Thispaper deals with developing a Verification IP, for AMBA LowPower
Interface P-Channel Protocol using Universal VerificationMethodology.
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I.LINTRODUCTION

During the last decades, various verification techniquesor methodologies have been developed by EDA Vendorsfor
verification of ASIC Designs. Due to compatibility relatedissues from one vendor to another the need of the hour
statesthe usage of common, universally accepted Verification Platform.Thereby the standard adopted is Universal
VerificationMethodology (UVM).UVM is a standard to enable faster, easier development andsoftware reuse
throughout the semiconductor industry. It is aset of class libraries from which references can be derived or inferred and
is defined using the syntax and semanticsof SystemVerilog (IEEE 1800) (a unified Hardware Descriptionand
Verification Language).UVM is now an IEEE standardwhich is widely acceptedthroughout.The main idea behind
UVM is to help companies /industries developreusable, modular, efficient, and extensible testbench structures catering
tocomplex designs under test (DUT).This paper presents VIP developedusing UVM for the AMBA Low Power
Interface P-Channel Protocol.

AMBA (Advanced Microcontroller Bus Architecture) is anopen standard and registered trademark of ARM Ltd., which
was introduced in 1996. It is freelyavailable which is used for the connection andmanagement of functional blocks in a
system-on-chip (SoC).It facilitates right inceptive development of humongous multiprocessordesigns, with large
numbers of controllers andperipherals built upon them. In this project the protocol underconsideration is the AMBA
Low Power Interface P-Channelspecifications [3]. The two-low power AMBA specificationsare:

e  Q-Channel used where simple run-stop quiescence semantics are suitable.

e P-Channel used for management of complex power scenarios where multiple power transitions are involved.

II.PROBLEM DEFINITION

A usual approach for simulation is building a non-standardsv environment tailoring to our protocol needs which can be
done as starting phase to get basic functional overview of theprotocol. But as the complexity of the design increases
such

approaches tend to fail the feasibility and unable to cover thecorner cases, hence the UVM approach with appropriate
regressiontechniques can be deployed to solve larger intricaciesin the verification platforms.
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Fig. 1 Signal Mappings of the Power Controller and the Device

The UVM presents easier debugfeatures with much more increased parallelism involved. Wehave a power controller
Design under Test (DUT) which needs to be verified,upon response from the Device where a certain number
ofhandshake signals are involved between. The further details tothe same have been discussed in 111. Fig 1 shows the
signalsgroups and their directions for the Power Controller and theDevice.

111.PROPOSED SOLUTION

We have considered a master - slave based approach which enables us to understand the responsive of the mutually
coexistent system as shown in Fig 1. The Power Controller is the master which is the DUT designed or the modelled
RTL and VIP is developed for the slave that is the Device using standard UVM. The Programming Language used in
this project is SystemVerilog with main structuring from Object Oriented Programming Concept (OOPs). Here we
are checking the ACCEPT/DENY communication of the slave for the request from the master. For the corner case we
are checking an ILLEGAL transaction form slave to see the response form the master. The underlying details to the
same have been discussed in section IV.

IV. METHODOLOGY AND IMPLEMENTATION
4.1 MASTER DESIGN

Transition conditions Current State Next State Actions
ENABLE_REQ == P_STABLE P_REQUEST Drive PSTATE signal with new value
Drives PREQ signal 1
PACCEPT ==1 P_REQUEST P_ACCEPT Drive PSTATE signal with new value
Drives PREC signal 1
PDENY == P_REQUEST P_DENIED Drive PSTATE signal with new value.
Drives PREQ signal 1.
1 P _ACCEPT P COMPLETE Drive PSTATE signal with new value
Drive PREQ signal 0
PACCEPT ==0 P_COMPLETE P_STABLE Drive PSTATE signal with new value
Drives PREQ signal 0
1 P_DENIED P_CONTINUE Drive PSTATE signal with old value
Drive PREQ signal 0
PDENY == P_CONTINUE P_STABLE Drive PSTATE signal with old value
Drive PREQ signal 0

Fig. 2 The Master(DUT) is modelled based on the following conditions.
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Fig. 3 Corner case or ILLEGAL Scenario flow

Master is referred as designed under test or DUT in short. Fig 2 shows the state transition details of the master
designedusing SystemVerilog a Hardware Description and VerificationLanguage. The state transitions details are
designed keepingthe [3] as reference. A posedge clock and negedge resetis deployed. The system goes to stable state
upon RESETnassertion and upon deassertion further process is continuedaccording to the protocol specifications.Fig 3
show how an ILLEGAL scenario is dealt bythe master. Upon such an encounter the master moves to P_STABLE
STATE.

4.2 SLAVE DESIGN

A slave corresponding to the master has been developedusing the UVM Framework shown in Fig4. All references tothe
class libraries are derived from UVM 1.1d [4]. The slavesends PACCEPT and PDENY values upon request(PREQ)
from master. The sending of these values to master is done ina channelized manner which is referred to as transactions
inthe UVM context. The details of master-slave communication or handshake mechanism is discussed below.

Top

Test

Environment

Other Components

Virtual
Agent Sequencer

1 +
Sequencer

Monitor

Lt : :
I interface 1 Driver

Fig. 4AUVM framework

DutT 4

VAN

4.2.1 UVM DRIVER:
e An active entity which drives signals through Interface to the master(DUT).
e Transaction level objects is obtained from the sequencer by means of Sequencer-Driver Handshake
mechanism to drive them through the Interface handles.

Fig5 gives a brief overview of the steps involved in developinga driver class.The run phase of the driver is where
theactual logic of driver- master communication resides or happensthrough the virtual interface handle.Fig 6 show the
structuraldefinition of driver-monitor communication task, a continuousprocess built in the run phase of UVM
DRIVER.
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Fig. 5Flowchart of UVM DRIVER code

Fig. 6Task flow for driver and master communication in run phase of UYMDRIVER

4.2.2 UVM MONITOR:
e Asthe name suggests, it is responsible for capturing or recording the activity of the signals on the Interface.

e Ittranslates these activities into transaction level objects and broadcasts them to various other components like
scoreboard, coverages/collectors etc.

Fig7 shows the structuring of code for the UVM MONITORCclass.
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Fig. 7Flowchart of UVM MONITOR code

The highlighted parts in the Fig 6 and Fig 7 are class libraries or parent class where the driver and monitor codes
(references) are extended or derived from.

4.2.3 UVM SEQUENCE:
e It is made up of several data items which can be puttogether with several permutation and combination
tocreate varied interesting scenarios.
e They are executed by the assigned sequencer when a transaction request is made by tester.

task slave_basic_1_seq::body(); SVVerilog Testbench

req = p_channel_slave_transaction::type_id::create("req");
start_item(req);

// Randomize the sequence and start it on the sequencer.
if('reqg.randomize with {m_action==ILLEGAL_REQUEST; m_delay_before_action==0;})
begin
“uvm_fatal(get_type_name(), "[RAMD_FAILED]: Randomization failed due to wiolation of
transaction constraints.™)
end

finish_item(req);// till there is a item done from driver this will be hanging
get_response(rsp);

endtask : body

Fig. 8. Constraint Driven Randomization of a sequence defined in sequence body

task slave_basic_1_seq::body();
req = p_channel_slawve_transaction::type_id::create("req”);

“uvm_do_withfreq, {m_action==DENY_REQUEST; m_delay_ before_action==0; 1)

get_response(rspl;

endtask : body
Fig. 9. Constraint Driven Randomization of a sequence using UVM Macroas defined in sequence body
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Fig 8 shows setting of a transaction by the test writer. A failure of randomisation results in failure of execution of the
sequence therefore a uvm_ fatal reporting is being printed. Fig 9shows the same setting of transaction by using a uvm

macro.

4.2.4 UVM SEQUENCER:

It generates data transaction as class objects and passesthe sequences to the Driver for execution.
It does high level to low level translation for the Driver to understand the task need to be performed.

4.2.5 UVM VIRTUAL SEQUENCER:

It is used to have control of all the sequencers from central place.
It is efficient to use a virtual sequencer when test cases are to be run in parallel.

4.2.6 UVM AGENT:

It encapsulates the Driver, Sequencer and Monitor into single entity.
It instantiates and connects components inside it via the Transaction Level Modelling (TLM) Interfaces.

4.2.7 UVM ENVIRONMENT:

It is an encapsulation/wrapper class which can have multiple or single agents defined in them.
It contains scoreboards, coverage metrices and collectorsor top-level monitor checkers.

4.2.8 UVM TEST:

It is created as pattern to target checks and verify distinctparts of the design.
A Verification Plan is available which has the requisitetestcases defined to check the DUT.

4.2.9UVM TOP:

It is the root/base node in the hierarchy of UVM Framework.
It is like a static container encompassing all the componentsalong where instantiation of all the
verificationcomponents are done here.

V. RESULTS AND DISCUSSION

# Name Type Size WValue
B
# uvm_test_top testcase_1_test - @a72
2 m env p_channel_env - @475
# p_channel_slave_agent_0 p_channel slawve_agent - @452
£ slave_driver p_channel slawe driver - @ELT
£ m_p channel slave_item info_port uvm_analysis_port - @E40
# rsp_port uvm analysis_port - BEIZ
# seg item port uvm seq item pull port - Bez4
2 slave moniterx p_channel_slave monitor - @757
3 m_p_channel_ slave_item collected _port uvm _analysis_port - @7€d
3 slave_seguencer p_channel_ slave_seguencer - BE4E
2 rsp_export uvm_analysis_export - B€55
2 seg_item export uvm_seg_item pull_imp - @745
2 arbitration_gueue array o -

2 lock_gueue array o -

2 num last_regs integral 32 d1
2 num last_rsps integral 32 rdl1
2 scoreboard p_channel_scoreboard - gE0s
2 p_channel_slave_agent_0_driver_export uvm_analysis_export - @aal
2 p_channel_slave_agent_0_driver fifo uvm_tlm analysis_f£ifo £(T) - @234
] analysis_export uvm_analysis_imp - 2373
2 get_ap uvm analysis_port - @3€5
# get_peek export uvm_get_peek imp - @245
# put_ap uvm analysis_port - @357
Y put_export uvm_put_ime - @241
3 p_channel_slave_ agent_0_monitor_export uvm_analysis_export - @s2€
3 p_channel_slave agent_0_monitor_fifo uvm tlm analysis_fifo #(T) - @77
2 analysis_export uvm_analysis_imp - @sls
2 get_ap uvm_analysis_port - @sl10
3 get_pesk_export uvm_get_peek_imp - @754
2 put_ap uvm_analysis_port - g0z
2 put_export uvm_put_imp - g7se
3 wirtual seqguencer p_channel_wirtual_seguencer — @459
2 rsp_export uvm analysis_export - Bs0E
2 seq_item export uvm_seq_item pull_imp - @€00
# arbitration_gueue array ] -

] lock_gueue array a -

£ num last_regs integral 32 d1
# num last_rsps integral 2z rd1
B

Fig. 10Ports used in UVM Testbench as obtained from log file
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PRESTN
ENABLE_REQ)
PSTATE[3:0]
PREQ
PACCEPT
POENY
s[2:0]

# req p_channel_slave_transaction -

= m_action action_type_e 2

= m_delay_before_action integral 32

= begin_time 4 (o}

# depth 3z "dz

# parent sequence {name) 8 subSeq_o

= parent sequence {full name) &7 uvm_test_top.m_env.p_channel_slave_agent_0.sTlave_sequencer.subSeq_o0
#  sequencer 58 uvm_test_top.m_env.p_channel_slave_agent_o0.s]ave_sequencer

Fig. 12 ACCEPT Transaction creation as obtained from log file

W

p_channel_sTav
p_channel_s1

W_INFO p_channel_slave_dr
UVM_INFO p_c| nel_slave_dri

.slave_driver [p_channel_slave_driver] stored transaction
se_driver [p_channel_sTlave_dr ] Request not seen from master

*

# UIWM_INFO p_c-’a-’ne'l_:'lave_d'" ' _channel_slave_agent slave_driver [p_channel_slave_driver] Request not seen from master
# IhM_ nnel_slave_dri _channel_sTlave_agel slave_driver [p_channel_slave_driver] Reguest not seen from master
# UVM_INFI nhel_slave_driv /o p_channel_slave_agent slave_driver [p_channel_slave_driver] Reguest not seer master
# UIMM_INFO p_channel_slave_dr _channel_slave_age slave_driver [p_channel_slave_driver] Request not seen T master
# U_ nhel_sTlave_driwv _channel_slave_agel slave_driver [p_channel_slave_driver] Reqguest not seen from master
# UWM_IN nnel_slave_driver. nel_slave_agent slave_driver [p_channel_slave_driver] Reguest seen from Master

# IWM_IN nhel_slave_driver. nel_slave_age slave_driver [p chan-'e'\_s'la'\-e_dr'i'\-er]

*

UM _TNF
UWM_IN
U _
UVM_IN
UWM_IN
UVM_INFO

nnel_slave_monitor. s\
nhel_slave_monitor.s
nannel_sTlave_drive:

nhel_slave_agent_0.sTlave_monitor
nnel_slave_agent_0.slave_monitor
nel_slave_agent

W

[p_channel_sTave_monitor] Reguest MNoticed
p_channel_slave_monito _
slave_driver [p_channel_slave_driver] Reqguest not seen from master
nel_slave_agent slave_driver [p_channel_slave_driver] Reqguest seen from Master
nel_slave_age slave_driver [p_channel_slave_driver] Accept Passed
nhel_slave_agent_0.slave_moenitor [p_channel_slave_mon Request Noticed
nhel_slave_agent_0.slave_menitor [p_channel_slave_mon 1 Accept Seen
m_objection.svh(1267) @ 400: reporter [TEST_DONE] 'run' phase is ready to proceed to the "extract' phase

Fig. 13 uvm_info statements from log file for ACCEPT Transaction

*

nnel_slave_driver.
nnel_slave_driver.
nnel_slave_monitor. s

NWM_INFO p_channel_slave_monitor.
UWM_INFO wverilog_s uwvm-1.1d/src/base

a*

W

*

W

# --- UMM Report Summary ---

# =¥ Report counts by severity
# UWM_INFO : EE

==

Report counts by id
[Questa W] 3

[RNTST] 1

[TEST_DOKE] 1

[UWMTOR] 1
[p_channel_env] 1
[p_channel_slave_agent] 2
[p_channel_slave_driver] 7
[p_channel_slave_monitor] 7
[p_channel_slave_sequencer] 2

[p_channel_virtual_sequencer] 1

[testcase_1_test] i

[uvm_test_top.m_env.scoreboard] 2

= Note: $fimish : Jusr/share/questa/questasim/Tinux_x86_g&4/.
Time: 400 ns Iteration: 33 Instance: /p_channel_testbench_top
End time: 05:57:18 on Jun 11,2020, Elapsed time: 0:00:(
# Errors: 0, warnings: 17

L N

4k

4k

4k

4

4k

4k

erilog_src/uvm-1.1d

src/base/uvm_root. svh{430)

4

4k

Fig. 14. UVM Report summary as obtained from log file
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Fig 10 shows the details of ports used in the UVM Components. Constraint driven randomization of ACCEPT, DENY
and ILLEGAL transactionswere run in the simulator and results were verified for the same. Fig 11 shows the waveform
of the master (DUT)signals when simulation is carried out for ACCPET transaction. Similar waveforms are obtained
for DENY and ILLEGALas well. Fig 12 show log for the creation of ACCEPT Transaction item. We used uvm_info
statements as reporting mechanisms to check the overall UVM Process and for our readability purpose.Fig 13 shows
some of the info statements used in the driverand monitor module of the UVM Testbench. A UVM ReportSummary as
shown in Fig 14 is generated at end of simulationgiving counts of all the reporting’s used in the test program.

VI.CONCLUSION AND FUTURE SCOPE

The UVM Testbench was capable of randomizing all thenecessary test cases according to the verification plan
andresults were successfully obtained. The basic parts of the UVM Framework was well understood and learnings were
inculcated. Corner case was dealtand covered. The need for the Standard Verification Platformwhich helps mainly in IP
reuse, the flavour of pre-siliconverification and structured Verification Methodology was appreciated.

The future scope of the project can be extended to explorefurther intricacies in design which includes timings, clock
gating concepts,synthesis etc.With respect to UVM Testbench;scoreboards, coverage metrices and assertions can be
appendedto get deeper and wider insights of the complete protocol structure as well as to widen our horizon on UVM
Framework.
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