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Agenda

N\
‘ Challenges of Cache Coherency in SoC Verification

‘ Scalable Testbench Generation
\

‘ Rapid Functional Stimulus Generation & Coverage Closure
|

‘ System Level Coherency Checkers

‘/ Smart Debugging to improve Turnaround time (TAT)

‘ End-to-End Automated Performance Verification
/



Cache Coherent SoC Design

Cascaded Coherent interconnects across multiple chips
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Verification Challenges of Cache Coherent SoC
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Scalability : Automated SoC Testbench Generation

Reduce Time-to-first-test from Weeks to Hours

SoC Interconnect Testbench
Synopsys VIP

Virtual Sequencer

« SoC environment

. b DUT ]
generation reading the
DUT topology OR
Verdi
KDB i VC Auto
Testbench
W Cache Coherent Interconnect 1
Cache Coherent Interconnect-2
¢

AMBA
Test Suite

« Both passive & active
RTL replacement




Predefined Scenarios for Coherency Verification

ReadNoSnp Connectivity sequences
WriteNoSnp

Transaction type

Non-snooping

Multi chip Coherent Random Traffic

ReadClean Blocking Alternate Load & Stores
ReadNotSharedDirty

ReadShared Multichip Concurrent transactions
ReadUnique
CleanUnique
MakeUnique Unaligned Address
ReadOnce E
WriteUnique
WriteLineUnique

Coherent

Exclusive accesses

Master

Port Config
. Agent/Group
Memory update WriteBack
WriteClean — covarane ACE RVP Environment
WriteEvict Calloacks e
EViCt -~ R Sequences Cong;::rmion
Cache Maintenance CleanShared ACE ACE-Lite
Clean I nval |d Master[0] Master{2]
Makelnvalid g
gl Int t Env/G
Sequencer/ nterconnect Env/Group
DVM Generator

Barrier

Snoop During Memory Update
Overlapping Address
Exclusive Reads

Exclusive Writes

Y

ACE-Lite

Slave[0]




Cache Coherency across Interconnects

Performing coherent operation in shareable location

CPU Cluster2

Shared L2

Resp ReadShared .
ReadShared

Cache Coherent Interconnect 1

L3

Cache Coherent Interconnect 2

L3



System Checks for Coherency

Maintain coherency across
caches

Coherency across master cache
between chips

Issuing Snoop transactions

Sequencing transactions

Data integrity between snoop
and coherent transactions

Coherency across master cache
and Interconnect cache

CPU Cluster2

L2 u :5 Shared

l Resp

Shared

Resp ReadShared
ReadShared

Cache Coherent Interconnect1

Cache Coherent Interconnect 2

KR U5

CPU Cluster-x CPU Cluster-y




Single Chip -CHI System Monitor

Perform Check across CMN600/650/700

-

System Env

ACE- ACE- ACE- ACE-
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AMBA 5 CHI

System Monitor




Single Chip CHI System Monitor

» Performs system checks across interconnect ports

« Main categories of System Level checks:

» Correctness of mapping between coherent transaction and snoop
transactions

« Correctness of sequencing between coherent and snoop transactions

« Correctness of response to coherent transactions based on response to
snoop transactions

» Data integrity between coherent transactions and snoop transactions
« Coherency between master caches

» Data integrity across transaction data

 Slave Routing Check



System Coherency Challenge across Chips

Cascaded Coherent interconnects across multlple chips

I/O Coherent
== Master

______________________________________________________________________

Cache Coherent NoC Bridge Cache Coherent NoC
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Multi-Chip Coherent System Monitor

Performs System Level checks across interconnect ports

System Env

CHI
Agent

CHI CHI

Agent @ Agent

ACH' t ACE-Lite WACE-Lite WACE-Lite M ACE-Lite ACE-Lite
gen Master Master Master Master Master
. ) f { 1

AMBA 5 CHI ACE-Le ACElite ACE-Lite ACE-Lite ACE-Lite

Multi Layer Cascaded Coherent Interconnzcts

)

Multi Chip System Monitor

Last Level Cache Last Level Cache

CHI AXl14




Multi Chip CHI System Monitor

» Performs system checks across interconnects

* Main categories of System Level checks:

» Correctness of mapping between coherent transaction and snoop
transactions

» Correctness of sequencing between coherent and snoop transactions

» Correctness of response to coherent transactions based on response to
snoop transactions

» Data integrity between coherent transactions and snoop transactions
« Coherency between master caches

» Data integrity across transaction data

 Slave Routing Check



Coverage Closure across the System

Protocol Specification to Verification Plan Closure

o . A3.4.1 Add 34 T
Speclflcatlo ress structure
n Sectio

subsequent transfers in the

A burst nmmust not cross a 4]

A3.A1 Address structure
Burst length
Functional Coverage
Burst Length

Burst Size
Functional Coverage

Burst Type
Functional Coverage
Burst Type

A3.4.4 Read and write response structure
Functional Coverage
To verify ‘Response
Interconnect cross for
To verify b Response T
Interconnect cross for Rea

_axi_awburst_awlegq
roup:*::svt_axi_port_mes

Feature
Description

Percentage
Coverage

Specification
Explanation

6 uvm_test top.env.amba system _eny 0.chi system]0] trans chi e num outstanding xacts from diff s id_wrt src id of current txn which received dbidrespord

@nutﬁtanding_xacts_im m i stc_urt current ten which received dhidrespord
« M svt amba_uym_pka:svE chi system_monitor issue e def cov_callhack:frans chi_e snp_xacts to_other m with_mismatch ns bit when_m_vact received_dbidrespord resp

+ B sut amba_uvm_pky-svt chi_system monitor issue e df cov_callback-trans chi_m f ports chi_m f ports concurrent non overlapping_chi_e m f xacts with chi m f xacts

+ 6 sut amba_wvm_pky-svt chi system monitor issue e def cov_callbacktrans chi m f ports chi_m f ports concurrent overlapping chi e m f xacts with chi m f atomic yacts

« G svt amba vm_pkg::svt chi system monitor issue e def cov callback:trans chi m f ports chi rm f ports concurrent overlapping chi e rm f xacts with chi m f xacts

JG <t amha tum nba-eut chi cvetem manitor iczie & def e rallhark-trane hio m f narte chi moionarte eancurrant nan avarlanninn chi & o fovarte with rhi B m i vartke

The AXI protocol is burst-based. The master begins each burst by dnving control information and the address of
the first byte in the transaction to the slave. As the burst progresses, the slave must calculate the addresses of

group S{INST_GROUP_COV_attr}:
*::svt_axi_port_monitor_def_cov_callback::trans_cross_axi_a

group S{INST_GROUP_COV_attr}:
*:isvt_axi_port_monitor_def_cov_callback::trans_cross_axi_a

group S{INST_GROUP_COV_attr}:
*::swt_axi_port_monitor_def_cov_callback::trans_cross_axi_a
whburst_awlen_awaddr_awsize**S${INST_NAME_attr}_trans_cr

Coverpoint
Reference

-

-

-

‘group:’::svt_axi_poﬂ_monitor_def_cov_calIback::trans_cross‘
bresp.bresp
. L or_def_cov_calIback::trans_:ross‘
xi_arburst_arlen_rresp.rresp
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Verification plan mapped to
Functional Requirements

« Mapped to specification sections
« Targeted Application sub-plans

« Back annotate coverage data to show

progress

« Identify Coverage holes

Configuration aware
Functional coverage model

« Scenario coverages for connectivity
» Application specific scenario coverage

» Predefined transaction coverage



Quickly Identify the Source of Bugs

Verdi Protocol Analyzer and Memory Protocol Analyzer

Protocol-aware transactions & attributes

Synchronize time with waveform viewe  Waveform
SmartLog, etc. Viewer

Link transactions to signals

Testbench

Hierarchy '@ . -~

Find bugs quicker i

Gain insight into memory operations

<Smartlogid>
Window

Fle Rue Tme Yiew Tools
£ | (S [ K= (@) - [¥] 21625000

- " SmartLog

simuite_directed testiog X

o

{OBJECT_HUM(1) PORT_ID(B) TYPE(READ) COHERENT XACT_TYPE(READNOSNOOP) ID(0)

} Transaction started
| o _RACT } Transaction started

1797 ) 27975000 uvm_test_top.env.axi_system_env,slave[0] [send_read data] {0BJECT NUM(1) PORT_TD(0) TYPE(READ) COHERENT XACT_TYPE(READNOSNOOP) 10(@) SECURE(1) ADDR(308 } Transaction ended
1798 ) @ 27975000; uvm_test_top,env.axi_sysfem_env.master[0] [receive_read data] {PBJECT NUM(T) PORT_ID({) TYPE(READ) GOHERENT XACT TYPE(READNOSHOOP) ID(B) SECURE(1) ADDR(308) } Transaction ended with rresp

1795 () @ 21625000 uvm_test_top.env.axi_system_env.master[] [send_read_addr] SECURE(1)

| ADDR(300)
1796) 21625000: uvm_test_top.env.axi_system_env.slave[0] [receive read addr] {OBJECT AUM(1) PORT ID(0) TYPE(READ) COHERENT XACT TYPE(READNOSNOOR) ID(@) SECURE(1) ADDR(300)

<SmartLon4> |Instance |Dedaration |

SnWave: 2= jremotes, [amba Svifth s Sut uvim basic sysfiest top fsd Q4] |o|x
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S @ U master O AMBA.. 1 SendTime | 27975000
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Smart Debug using Protocol Analyzer

Coherent to Snoop Association error

19 4 RE’Q_F“t [ 339763763242 - 339763763242 ]
= = ambas_system env -
j = ax-ri’__s:sttem__o 200 (CMO_Clean Invalid [ 339763763242 - 339320264424
+ < axi_system_1
L e o 21 2 REQ Flit [ 339778263958 - 339778263958 |
=¥ G 1LAMBA SVT CHLSVT] | u
+1- || | Observed_Link FSM u
] o] E cache = 22
+ v 3 st chi_link_fsm_activate__ ]
+- v T svt_chi_link_fsm_stop_state = RO £
=% 3 svt chi_protocol_dat _flit L 23 HACT SanakEIrl\fahd [ 339792264540 - 339798765448 I
¥ € Rx_DAT VC =
« & Tx_DAT_VC oHF =
= ¥ 3 svt_chi_protocal_req flit H 24 fr SMP_Flit [ 339792264540 - 339792264540 |
¥ & REQ_VC H
g Set Search Attribute (on vovipD) 4 -
Search Type T
26 FuT REQ_F|it [ 339858205174 - 339858265174 ]
Any Transaction ® By Atnbute

By Atnbutes

Attribute

Fundtian Descnption O rabiad 3
byte _enable hat_atinb Check whether transaction has this attn [] 1 0 0 0 0
byte_snable has_relation Check whether transachion has parentic  [] I Identlfylng Overlapplng transaCtlonS
cache_line_count has tag Cheok whether ransaction hat tag &x

cache ling mre IS unfmish Chedk whether transachon it unfinished

cache stashing enable has ermor Chedck whether transaction has UM ERI

cachelinesize aligned adde ' '

1 swt chi request readnosnp transaction [ 184750033896 - 197587964550 |

2
-";_I:rd_r!r'l.'u, 5 enable
channel k& 3
check addr gverap -

comp_te_dbid_fit_delay | 4 svt chi_request wr writenosnpptl transaction [ 195483137290 - 195510032226 ]
compack Tollows readneceipl

[addr==564 " WEOD && addre=564'hE 3 &6 (JheginTime=25%800 &5 31 7400)

Advance Search criteria




Complete Performance Verification

Using ARM Adaptive Traffic Profile

User provides test profile

» Defines test grouping,
sequencers, traffic
profiles
& resources

Virtual Sequencer

e
.

VC VIP AutoPerformance

Verdi generates AMBA traffic to
VC VIP Auto SoC —m Performance match profile
Performance Analyzer
AMBA VIP built-in traffic rate
‘ ‘ “ adapter & arbiter drive profile
on DUT

4
. mEa

SoC Testbench

User analyzes performance
simulation results with Verdi
Performance Analyzer



Defining a Performance Test

VC VIP AutoPerformance

Test Profile

Each Group is
executed sequentially

The Traffic Profiles
in a given Group are

executed concurrently Sequencer

Traffic [ Traffic
Profile Profile

Sequencer

P P

A Synchronization
Specification
coordinates the
execution of Traffic
\_ Profiles within a Group

Multiple Resource
Profiles can be
associated with a
sequencer

Sequencer

: Resource Profile |||

Sequencer

RP RP

<traffic profile xmlns="http://www.Synopsys.com/vc speedtest axi traffic profile">

<!-- This initiates device memory WRITE transactions to
sequential address from 32'b0160 0060 -->
<master>
<axi
total_num_bytes="4696"
xact_size = "64"
xact_action = "STORE"
xact_gen_type = "FIXED"
xact_type = "WRITENOSNOOP"
cache_gen_type = "RANDOM"
cache_type_min = "4'booee"
cache_type_max = "4'booel"
prot_gen_type = "FIXED"
prot_type_fixed = "SECURE"
addr_gen_type = "SEQUENTIAL"
base_addr = "'h2084 0066"
addr_xrange = "'h2006 0000"
addr_twodim_stride = "'h206C 0600"
id_gen_type = "FIXED"
id_min="16"h6"
id_max="16"h6"
qos_gen_type = "RANDOM"
qos_min="8"'h4"
Blos_max="8"hf"
data_gen_type = "RANDOM"
data_min = "64'h0"
data_max = "64'hffff ffff"
artv = "FIXED"
artv_min = “1"
artv_max = "1"
awtv = "RANDOM"

awtv_min = "1"
awtv_max = "4"
rbr = "g"
rla = "1"
aw = "1"
wbv = "1"
br = "@"
ba = "1"
/>

CHI/ACE Traffic

Profile




Traffic Profile Performance Test

cache_type range
indicates device type
transactions

<?xml version="1.0" encoding="utf-8"?>
<traffic profile

<master>
<axi
total num bytes="4096"
xact size = "64"

xact action = "LOAD"
xXact gen type = "FIXED"

ct type = "READNOSNOOP"
cache gen type = "RANDOM"
cache type min = "4'b0000"
cache type max = "4'b0001"
prot gen type = "FIXED"
prot type fixed = "SECURE"
addr gen type = "SEQUENTIAL"
base addr = "'h4000 0000"
addr xrange = "'h4002 0000"
addr twodim stride = "'h400C 0000"
id gen type = "FIXED"
/>

</master>

</traffic profile>

xmlns="http://www.synopsys.com/vc_ speedtest axi traffic profile">

Initiates device memory

WRITE transactions to

sequential address from

32'h4000_0000

addr_twodim_ stride is not
applicable since
addr_gen_type is sequential
user could also opt not to
specify it at all

~

S




Test Profile CHI & AXI Control

—
— | <group name="memory writes">
<sequencer instance="uvm test top.env.amba system env O.chi system[0].rn[0].rn xact seqr" Sequencers
name = "rn 0 sequencer"> .
<traffic profile path="mem_;o;mal_writes_sequential_l_profile.xml" fOf' writes
\ name="mem normal writes sequential 1 profile"/>
Define </sequencer> - B - - —
memory <sequencer instance="uvm test top.env.amba system env O.chi system[0].rn[l]. rn xact seqgr"
c name = "rn 1 sequencer">
writes <traffic profile path="mem normal writes sequential 2 profile.xml"
name="mem normal writes sequential 2 profile"/>
</sequencer> _
<sequencer instance="uvm test top.env.amba system env 0.axi system[0O].master[2].sequencer"
name = "master 2 sequencer">
<traffic profile path="mem normal writes sequential 2 profile.xml" N
name="mem normal writes sequential 2 profile"/>
</sequencer> Synchronizatio
<!-- Synchronization specification -->
<synchronization specification> n
<output event name="processor 1 end of profile" -
output event type="end of profile"
sequencer name="rn 0 sequencer"
traffic profile name="mem normal writes sequential 1 profile" />
</synchronization specification> <!-- Group: memory reads -->
</group> -
— | </test _profile>




Write Latency Observed at a Slave

This port of the Interconnect is connected to the Memory Controller

ace_trans_write_latency

55000 4
50000 —
45000
_. 40000
2 35000
]
T 30000
=
F 2s000 4
o
3 20000
15000
10000
5000 |
u =

500000 1000000 1500000 2500000 3000000 3500000 4500000 5000000 5500000
requasl_iims (| 00ps)
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Violation
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E{E Fram To x 100ps = gl i} |_:_£|
Ee Metrics Results

AT m]# . Max_Latency as per
ace trans write_blocking_ratio bar archltecture 40000

=]
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P

e
v
o | ace trans wnte latency
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Analyze & Debug Performance Violations

Verdi Performance Analyzer for latency, bandwidth & throughput violations

02151 [o]x] Pre-defined metrics

Hle.Mew ool Mindon =R » Latencies, bandwidths, counts,
= xips 2 il (] Y etc
Hier.TreeiMetricsIResultsi :|Deta||s
Metric > L latency regquest time respo
axi_ctrans_min_write_late... 550000 21707350000 21708!]
axi_ctrans_read_hyte_count 500000 21709750000 21710

. X axl _trans_write_latency : ] . :
t d_outstandi... e — - i 300000 21764300000 21765 _
:::::t:::z::::d:f:qi:sll 5100000 21765750000  21770: Supports user deflned metrICS

ig] | 1700000 21773350000 217751

art

axi_ctrans_write_byte count Line C

axi_ctrans_write_outstandi... - 2250000 21775100000 21777 e Based on SQL query
axi_ctrans_write_request ... 7] -4350000 21777400000 217817
axi_trans_read_byte count 7000000 - 3650000 21781500000 217554 Statements
axi_trans_read_latency 1350000 21552500000 2158635i
axi_trans_write_byte_count 5000000

. O e i

- cummans . : Appl traints to detect
axi_cinst read_bus_bandw E 4000000 | 550000 21902350000 219031 . . Cons raln S 0 e eC
axi_cinst_read_byte_count o 350000 21903050000 21903 V|O a |OnS
axi_cinst read request co... 3000000 750000 22147950000 22148
axi_cinst read_request pe... 2000000 - H 4200000 22149300000 22153?
axi_cinst_write_bus_band... 2750000 22153550000 2215a]
axi_cinst_write_byte count | 1000000 300000 22156350000 221561

ax_cinst write_request c... o

i A 1 nn Annn =nnn r n canAnAn

@ Message |*<nWawe:2>test top.fadb ONESearch!<PerformanceAnalyzer:3>

M | e GUI charts to visualize distributions
o & violations

Q)2

=1
=]

_[o]x]

File “iew Strearmn Transaction Tools Window V= T H | t' t th I t d
= - o BE(EE I @ 5 o N : race violations 1o the reiate
8 4= U:iE_Eh} &G xlps = 2 5] & © t t
Hier. Tree|Quick Filter|Protocals| |Details|call Stack ransactions
Hier tao Aftribute value I
= $trans_root Flabel "axi_mmaster_write_trans...
= vIP 1 FbeginTime 21883900000 E r.f I’t d
=l eny 1 FendTime 21590350000 Xport pe Ormance repo S an
+ ahb_bus_enwv 1k = R
—I'armba_system env 3f Ftype Transaction Charts
#-ahb_system_0D 1 port_id 4]
+ apb_system_0 of addr 64'sh12605381be31e89352
— axi_systermn_0 3

data "0x45, 0x7f, Oxd8, 0x34, 0...

Veloe i ' Batch mode support to regress
multiple tests



