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IP to SoC hardware/software integration and
verification flows—Cadence methodology and focus

Applications
(Basic to Angry
Birds)

Midc_ileware _ :
(Graphics, Audio) Hybrid Hardware/Software |

OS and Drivers Integratlon i
(Linux, Android) :

Bare-Metal SW

Software-

— Debug Driven |
Formal Coverage Closure Verification |

Applications Connectivity

Formal-Assisted

and Management

Sequential Equiv.

Security Path .
TEMIDesIgn Register Verification UVM e/SV !

and Verification — Coverage_ i
_Power-Aware Verification BiFha :

A Functional Verification Verification

Design Bring-Up '

Metric-Driven Verification Planning

Silicon
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IP to SoC pre-silicon verification platforms

Virtual Platform
and Hybrid

Hardware
Emulation or
FPGA Prototype

SoC Hardware/Software Integration Verification and Architecture Analysis

Gate-Level Verification

SoC Hardware/Software Use-Case Verification

Hardware
Acceleration and
Emulation

SoC IP Integration Verification

SoC Interconnect UVM e/SV Metric-Driven Verification and Performance
Analysis

Subsystem UVM e/SV Metric-Driven Verification
Simulation and

Formal

IP UVM e/SV Metric-Driven Verification

Spec Silicon
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A system-centric look at a modern SoC

Bare-metal software

M any I PS ’ Software
- Standard I/O Applications
— Wifi, USB, PCI Express® (PCle®), etc.

— System infrastructure
— Interconnect, interrupt control, uart, timer

— Differentiators
— custom accelerators, modem...

Communications L3

. Communications L2
Middleware

Communications L1

Operating Systems (OS)

RTOS

Drivers Dri
rivers

DSP software
power, security

Bare metal software
Init Software for boot,

Firmware / HAL Firmware / HAL

Many cores N
— Both symmetric and asymmetric e
o BOth homogeneOUS and -A”. . .. L ‘ = memo'nnec abric , . Mobile
heterogeneous 1 1 — T 1 communications
software stack
I_-|igh SQeed, General- Low Sﬂeed
Lots of software - R S S
— Part of core functionality S—

— Communication stack, DSP software, GPU
microcode...

— User application software
infrastructure
— Android, Linux...
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SoC-level verification and validation requirements

Scope User

(Integration) . Hardware Software Verification Software POSt.'S'“.Con
Architect . Test Validation
Middleware Developer Developer Engineer

(Graphics, Audio,

etc..)

Engineer Engineer

= How to communicate/share use cases between users

OS and Drivers

B;gfewhvﬂaerf' = How to create and reuse use cases from IP to SoC

SoC (Hardware +

Software) = How to use C code to execute natively on many cores and communicate
between cores

Sub-System

<
%2)
-
Q
e
[
L
ju
O
>

= How to run use cases across platforms and run more constrained random
variants on faster platforms

Virtual Platform m FPGA Prototype Silicon Board

atform

Horizontal Reuse
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The solution: Perspec System Verifier

Scope User

. Hardware Software Verification s POSt_ Slll_con
Architect ) Test Validation
Developer Developer Engineer . :
Engineer Engineer

(Integration)

Middleware
(Graphics, Audio,
etc..)

OS and Drivers lt lt u lt lt lt
Abstract Model with Reusable Use Cases
SRIENEEESOIEE Powerful Solvers

SoC (Hardware +
Software)

b
%
>
Q
o
[
L
T
@,
>

_ Syste m Ve rlf' e r Multi-Core Verification OS

Multi-Cluster 3D DSP Boot
Apps Processors | GFX AN Proc
1

Virtual Platform FPGA Prototype Silicon Board

Platform

Horizontal Reuse
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Automated use case verification

Desired Scenario:

Re-generate the code for
Decode video from the DDR derivatives, spec changes,

SLN and show on the display g etc...
Models -

R

Abstract Tests Target C test

08

® CouFelesve APaE o inone e v eng
& vPlan B s

contiulle

oy
Speaker Microphone »
=2 DS -

Perspec solver checks the Coverage model is auto-
feasibility of the goals created and pruned for
statically reachable scenarios

Perspec™ System Verifier automatically and exhaustively

completes the goals in to full legal scenarios
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Example use case
Translating end-user use case to system-level bare-metal actions

Solver randomly selects Solver schedules show
Solver randomly selects . o
leqal video source and legal attributes of and transmit in parallel as
End-user use case: -9 video stream and required by use case and
VideoStream Souice memory buffer adds decode to display
Mobile phone requirement:
view a video while uploading it @ oot
data.kind VIDEQ
(6 words) : datnsicn 1
I data.video_format AV
(i@ video_stream_t v datavideo_resolution MED
data kind VIDE}>/ Q_i0: capture [175] data.video_frame_rate 11
data.size 14 i dnera_c DVE.camera data.aspect_ratio ra_4_3
data.video format AVl proc_tag  proc_gpx out_mem data.audio_format MP3
(7 video_stream_t (5 mem_buff t datavideofresolution  MED /0 location DDRO
datavided frame_rate 11 / “~mem_seg.size 0x0000000e
5 / B
out_ch in_mem Solver: data.asppct_ratio ra_4 3 ’/ ~mem_seg.addr 0x00002544
COﬂSIraIned data augio_format MP3 s ~mem_seg.addr_enabled  TRUE
- ~mem_seg.alignmen
© a3 show © a0: transmit random data P II \\\ o g Ibg : tdd : 00000000
and control . ot £h I . inmern e fEe eSS
ﬂ display_c ? - ﬁ modem_c 7 ﬂoW out_c /, | \\ i ol ~mem_seg.abs_high_addr  OxffffT
-~ ~ i ~mem_seq.block_tag DDRO
proc_tag ? FresfEy ¥ - B 3 ~mem_seg.polic random
© i1: decode_to_display [179] © a3: show [182] @ a0: transmit [185] "memise::xd:de N —
£ gpx_c DVE gpx £E display_c DVE.display £E modem_c DVE.modemn "mem:seg.sk\p_alln_catmn FALSE
proc_tag proc_gpx proc_tag proc2 proc_tag proc3
& I _-
s I -7

|

: UML Activity Diagram
System-level bare-metal actions:
Capture a video with camera using graphics processor and save it to a memory buffer in DDRO in AVI format with medium
resolution and MPEG3 audio with 4x3 aspect ratio then transmit the video using the modem and processor 3 while
processor 2 shows the video on the built in display being streamed by the graphics processor of the video already saved in
DDRO memory buffer
(66 words)
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Use-case verification flow with Perspec engine

SLN Model

Resources,
actions, C code
templates

4

Debuggers
(C/Design debuggers, etc.)

|

|
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Step #1. Capture topology and system actions

SLN Model

Resources,
actions, C code
templates

4

Display controller m
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Step #2. Capture abstract use case >> solve for
concrete use case(s) >> analyze gentime
coverage

SLN Model

Resources -
X ’ Pers eC {2 i Name Overall Average Grade Overall Covered
actions, C code P

£ generated — 2725 (8%)
templates & endes 0 0125 (0%)
7 ® mem buff ¢ Q Q % generated I 0% 0734 (0%)
it 10: capture [96] 2 ended 0% 0734 (0%)
£ generated I—o% 0734 (0%)
in_mem @ cemera ¢ DVE.camera £ ended I—o% 0734 (0%)
proc_tag  proc_gpx & generated I—o% 0 /34 (0%)
& ended I—o% 0734 (0%)
f \ a0: decode_to_display £ generated T 53.35% 173 (33.33%)
£ ended I—o% 0747 (0%)
Llea Cacna © gpxc i out_mem Z generated —115% 2724 (8.33%)
0/ 24 (0%)

Desired Scenario: Wi e b & ereed =

out_ch

Decode video from the DDR Q Smenl o = Cnelem

% video_stream_t

H i & it-ch
and show on the display s ath O
out_ch =5}
e i Name (Overall Average Grade (Overall Covered
I gpx_c DVE.gpx I} display_c DVE.display ¥
al: show - - ]
proc_tag proc_gpx proc_tag proc2 & kind 1 20% 1/5 (20%) =
@ display c ? & size [— 1720 (5%)
proc_tag ?

Abstract Use Case

Q? Concrete Use Case Gentime coverage of use case
>

Showing 2 items

I
-
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Step #3. Generate tests for specific platform(s)

SLN Model
Resources,
actions, C code
templates

[

P
-. . -

Concrete Use Cage

I

/* Entry poiat for SYR execution of processor proc_gpx *f
void sln_main_0{void) {

/™ Entry point for SVR execution of processor proc? =/
void sln_main_2{void) {

£+ Code for scenario: caprure id: 106 processor procZ */

[ processor procd waiting for @ sync action” message from protessor proc_gpsx
while (1) { slnp_mbaox_harvest_merm(4, 0} if (sIn_read_int_mail(d, 0x0) > 0) break; SLMNP_YIELD(}; |

/* Code for alishow 103 declared at line 118 in vamm_kase */

{

swr_fast_message0_4(13) /* start action msg ™/

/T #message(NONE “Executing: jdisplay_cishow") at line 96 in @amm_host_execs™f
svr_fast_massage0_4{14 }
yamm _rand _delay()
{
int buf_size = SLM_RANDOM(0,10%  // Sample buf_size
}
svr_fast_massage0_4(15) /* End action msg */
¥
i

I processor procd waiting for a syac action” message from processor proc_gpx *f
while (1) { slnp_mbaox_harvest_merm(4, 0} if (sIn_read_int_mail(1, 0x0) > 0) break; SLMNP_YIELD(); |

Generated C Code
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Step #4.

File View Radix Help

<+ 4 K P

SmartLog

Y- o fa =] 7! | |
to | »| decode_to_display 2 x
Keep v Message -+ +H BEE qm
[ B & @ Simulation Message -
- Time (fs) s

[ ® ¢y [ 16,000,000 SVR: (1) decode to_display [136] Start
[ ® 7 [0 16,000,000  SVR: (10) 10:receive [12616[136] procl:
[ ® 7 [ 18.000,000 SVR: (11) 10:receive [1261g[136] procl:
@ 3 [] 7,395,000,000 SVR: (12) 10:receive [12616[136] procls
® (¢ [ 7.478,000,000 SVR: (13) al:show [133]@[13
@ 3 [ 7.489,000,000 SVR: (14) al:show [133]@[136] Wec2>> £
® % [ 7.534,000,000 SVR: (7) a@:decode_to_display [
@ 17 [ 7,541,000,000 SVR: (8) a0:decode_to_display [138]N1:
[ ® ¢ [ 13.990,000,.. SVR: (9) a0:decode_to_display (130]@[1}
[ ® 7 [0 14,313,000, SVR: (15) al:show [133]@[136] procz== £ Ol P
[ ® 7 [ 14,313,000,... SVR: (2) decode to_display [136] End puctog  procge
® @ 14,313,000, SVR report summary: 1 scenarios, 3 act]
® [ 14,313,000,
ol D]

Shaming 15 ftems

201 decads te_display [130]

Reusing existing coverage nodel . /cov

8 solutions

Y {0 recelve (1261
I modem < DVE.madem

pros tag procl

b sl show (1331
T dlisplay_c OVE display

proc_tag proc2

Run tests and debug

|BFiles... ~ £

[r swr_debug utilsin  x  svrsoctestc  x abE
# Code for a1ishow 133 declared at ke 118 in yamm_base =
1
svr_fast_message0_a(13) Start action meg E|
= #+ #message(NONE, "Executing: idisplay_cishow"), at line 96 in @yamm_host_execs —
swr_fast_message0_a(14 );
= d_delay();
2 y{amm,ran |_dlelay() B beessor proc_gpx *f
=] it buf_size = SLN_RANDOMID,10); /# Sample buf size iI(0, 0x0] > 0) break; SLNP_YIELD(} |
= Q
svr_fast_message0_a(15);+ £nd sction msg +
B
I
. . o
#E processor proc2 waiting for a 'sync action' message from processor proc_gps ¥
while (1) { sinp_mbox_harvest_mem({4, 2); if (sn_read_int_mailt2, 0x0) > 0) break; SLNP_YIELD(); } S
+ e 96 in @amm_host_execs™/
3 ~
H
= =
@ o]
L] ) [IMatch case hd

. Waveform 1 - SimVision
Eile Edit View Exglore Fomat Verification Windows Help

- bressor proc_gpx *f
cadence’iy, gx0) > 0) break; SLNP_YIELDE), |

1 | P Tinen | - [r4315.000. =16 o | o8 b | Tine: 82 [0 Tamz000000=] Gh 2 D5 | m gy

@ Baseline =0
EF|Eursor-Bassline = 14,313,000,000f

@v Cursor
fiscode to_dicplay [1%6]

0 ceoeive (126 JA[135]

Debug from UML activity diagram
synchronized with source, waveform
and log messages

ADsbug_Location = 7,335,000,0007

21 chow (183 ]a[135]

20: decode_to display [130]a[135]

Jode

5

0 ohjects selected
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Perspec Modeling
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Modeling elements

« Component: Functional unit groups
actions and resources

« Action: Abstract operation of
function

« Token: Include information for pre-
conditions and outcomes

* Place: Defines interaction of tokens
and actions (memory, channel,
lock)

« Extend: Extending functionality of
actions, components, and tokens

component config timer c {
timer setup : memory of timer t;
state fsm : memory of fsm state t;
action timer interrupt a {...};

b

action timer interrupt a {
timer : to timer setup;
next : to state fsm;

b

type name t in [AO,Al,A2,A3,B0];

token timer t {
name : name t;
mode : [stop,Up,Continuocus, UpDown] ;
interrupt : [ENABLE,DISABLE];
channel : uint [0 .. 7];

1

extend DVE |
child mem : memory[l] of power mode t;
child tim : memory[*] of timer t;
bind config timer.timer setup == tim;
};

extend timer interrupt a ({
constraint next.state == enter lpm;

I
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Modeling with Perspec System Verifier
System language notation (SLN)

S S G S

N ¥
4

— ®
18 © 2015 Cadence Design Systems, Inc. All rights reserved. C a d e n C e




Constraints

extend timer interrupt a {

constraint timer_ name

|

constraint next.state == enter lpm; &

constraint timer.mode in [Up, UpDown];

constraint timer.compare in [0 0xFF];

constraint timer.channel == 0 ?
(timer.ccie interrupt == ENABLE && timer.interrupt == DISABLE) :
(timer.ccie interrupt == DISABLE && timer.interrupt == ENABLE);

table | )

fname | #type | #number |#channel | #wakeup source; if ... then ..else

Ao | A | 0 | 5 | TAOD ;

Az | A | 2 | 2 | TA2 ;

L3 | A | 3 | 5 | TAZ ’

BO | B | 0 | 7 | TBO ;

} with { // if then

<$fname> => timer.type

wakeup.wakeup source

in a list

<ftype> &&
<fnumber> &&
timer.channel <= <#channel> &&

timer.number

<¥wakeup source>;
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C-code generation

Input: a code template is always connected to an action.

extend timer interrupt a |

exec body C#: B

_enable interrupts();

Timer start<(timer.mode) >Mode (
TIMER <(timer.name)> BASE,

TASSEL < (timer.clock source)>,
TIMER CLOCKSOURCE DIVIDER 1,

< (he;{timer . compare) ) >,
TIMER TAIE INTERRUPT <(timer.interrupt)>,
TIMER CCIE CCR0O_INTERRUPT <(timer.ccie interrupt)>, | Output:

TIMER SKIP CLEAR Generated code
)i

nd #;
g

_enable interrupts():

Timer startUpDownMode (
TIMER BO BASE, TASSEL ACLK,
TIMER CLOCKSOURCE DIVI DE‘.R_l ;
0x29,

TIMER TAIE INTERRUPT DISABLE,

TIMER CCIE CCRO_INTERRUPT ENABLE,
TIMER SKIP CLEAR
) ;

Perspec
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Code generation

wr testc

Fuolatibe virt 14_t ink_count;

=)
M #pragrna vectar=TIMERD B0 VECTOR
H_interrupt woid TIMER_BO_ 1SR Ivaid]
=

= TE_successi):

5
=)

3 nt_count=1:

F#  Timer_stop [TIMER_BO BASE 1
H  _low_power_mode_coff_on_awit():

=}
static void sw_gsat_lom_a_scerano_start_S1iveid) {

_erable_interrupts(];

-

exec header C #:
//Ccode
end #;

exec below_header C #:

//Ccode
end #;

Reference to SLN code

i~

exec body C #:
[/ /Code
end #;

k;###f#f,ff
/

Tirer_startlpDownMode (TIMEA_BO_BASE, TASSEL__ACLK.TIMER_CLOCKSOURCE _DRACER_1,0x77 TIMER_TAIE_INTERALIFT_DISABLE TIMER_CCIE_CCRO_INTERRLUIFT_EMAELE TIMER,_SKIP_CLEAR):

|

=

)

3 Trrer_disableCapturaComparemterrupt (TIMER_BO_BASE TMER_CAPTLRECOMPARE _REGISTER_2):
- A _

3 nt_count=0;

3

F _ low_powsr_mode LI

3

= i (in_court == 1) {

= TB_succass]); "l-—
F  }else{

El TE_arrorl);

=

=)

exec body C #:
//Code
end #;
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Public Success Stories
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ST TRD: Verify GPU modified for SoC power

management

+ New bug typeg
» Missing Isolati
+ Control Seque
+ Retention schg
* Memory corruy
* Power sequen
+ Software/Hard
* Power On Reg

- Verification tea
+ Create Power

* Run dynamic ¢

* Add power chd

« We deliver g
* need for
» Tests are

* We have cre
» Atest ben

* [P Pow
*IPtop 4

* An IP API

» Retenti
* Clock, 1

&7

e ougmented

*[n our GPU

* More pows
* More com
+ Specificat

* Creating a t
* Not possiblg

* We have dg
+ Most of the
+ Other powsg

T sebtions
CREIEY |

b = o test_gpu_provider 1

<73

]

Hame.

Results

Higher coverage in less time than manual tests
development

—All 192 generated tests are different and cover all states
— Covering transition we did not think off
— Estimated manual effort to reach same coverage: 192

days

Lines of Develop | Maintenance Nb tests

code ment (each change) /Day
Manual 20 days 3 to 4 days

(100)(20}
Perspec 192 800 10 days 1 day 19.2
Ratio 0.4 19.2
&7

T SIMPITY aepuyg aidrysis or
failing tests

- Need for automation to create tests for all possible state

=7

+ Some Power MONMOI/CNECKET

&7

]
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Texas Instruments: SoC verification flow

Cadel

Motivation

+ Complexity:
— SoCs become more and more complex with &
— Verfication can consume up to 80% of the de
— Mainly verification involves multiple parties an
— To handle this on a typical SoC project a very

+ Structured MSP430 verification flow

— Feature-driven verification eplan based

— Several thousand test case written directed
— Prone to faults in the planning phase

— Too high manual effort

Generated test low poy

i1 entel

1 power mode t

Flow comparisons

METRICS | Perspec MSP430 Verification Flow

time effort | modeling/ update script adaption / update reuse | modeling / update script adaption / update reuss
(units) 10 /5 I 1 10 7 8 T
manpower | modeler and user person write and update test cases
complexity |individual scenarios understandable | difficult

visibility scenano understanding/ traceability plan overview

readable same style, one define multi use depends on writer

editable centralized update change all affected files
portability | easy, replace one file high manual effort

coverage | functional system + execution execution coverage

debug differentiated debugging traditional debugging

number shall be limited by coverage every test cases written manually

15

{I TEXAS INSTRUMENTS

pre

)

=
o a1
exit lom & 145]

% fem atate t °

b by
% e busy @

14

J;a TEXAS INSTRUMENTS

+ Motivation for a new tool Perspec System Veérnmerwmormerocus-ormr:

— Simple system model to prove the concept

— Seamless integration into our existing environment
— Generation of pipe cleaner test cases (auto generated)

— Comparison to our today's existing approach

+3 TEXAS INSTRUMENTS

{I TEXAS INSTRUMENTS
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ST CPD: Complex SoC scenarios

« Consumer market
» Embed many proc
+ Support most adva

+ Huge and complex

« Verification metho
+ Bare metal, with al

+ Target tests reuse

+ From IP to SoC
+ Over various So
+ Over CPU mode
+ From SoC to So
+ Atest could requirg

+ Such verification 1

* Need to configure
+ Configuration of |
+ Configuration of C

+ Need to synchron

+ Need to manage |
« Constraints on C d
» Synchronization b

» Need to track mer

« Solver handles p
operations
« write_data, do_pd|

« |P instances used
block address ang

« Allow to generate
+ Coverage

« Complex aspects
generated C codsg

« synchronization b
operations

« self-checking

3 simultaneous
memcopy actions

T~

& a0: copy_del
B smlswopsc
proc_tag

nut_rnam

G sl merm buff ¢
T peie_senfig b mem_seg block_tag
e s=q acer

in_eani

A aT do._
3 Peiee

pros_tag|

+ PCle model
+ 1000 lines: 1/3 model, 2/3 template
* 4 wk, mostly reverse engineering

+ CPU model
» 1dte fill CSV and provide configuration details

« Achievements for PCle
» Coverage on test generation m
» Easier maintenance
+ Multi instances tests IW

- 10 Coherency with PCle EEd

Conclusion

» Self checking tests generated, with parallel data flows involving multiple CPUs and

PCle instances

» Next Opportunities

+ Promote vertical reuse and get IP provider delivering Perspec model
» Build derivative system tests at SOC level, combining with other Ips

ﬁ » Standardizing through Accellera Portable Stimulus WG
7

it ougmented

&7

e cugrmented

Manually writing and debugging such tests is challenging

=7l

+ |O Coherency verification is one of the hot topics addressed in our

recent SoCs

&7

e ougrmented
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Connecting it together

oherency use case [ | 1) Cache transactions]

Userl ency — =

r N
%‘ 2. Power down

_— /

M' H -",";: on in_region in_ragion . \
3. Cache transactions

User3 4
T —— : 4. Power up

Power shutdow

4

\

N/

\ i S . J

f

- 5 i B ~ . \
5. Cache transactions

Power shutdown use case
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Perspec System Verifier

Productivity
10X improvement for complex SoC

test creation
Scope User
(Integration) Post-Silc
Abstraction - = =
Audio,etc.. I ) i Q i ~ ] 4 .

UML-style use-case diagrams

Abstract Model Enabling Reusable Use Cases, Solvers,
and Automatically Generated Software Tests

Automation
System use-case test generation

Scheduling, Interprocessor
Communication, Runtime
Randomization

Portability
Reuse across all execution platforms
Measurement

SoC-level hardware/software
coverage metrics
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Micro-kernel runtime environment

« Perspec™ System Verifier has ability to manage resources, parallel
actions, and test scheduling
— Before C code is created, automatic planning of the scenario takes place
— In the C code, sync points are added between cores and testbenches VIP
— Resources availability is also managed in runtime

* Perspec sync is done via an abstract mailbox
— Modeled in layers to support multiple communication schemes, e.g., memory, sockets,

GPIO, etc...
— Thread safe to enable multiple cores and same-time communication
— Small in size and efficient PROSPEE WIEEr S e

core0 corel core0 corel

« Some of the applications of this infrastructure
— Sync of any activity across languages and platforms
— Unified analysis and debug
— Runtime coverage and checking
— Control external VIP/component
— Print messages from the embedded cores

core2 core3 core2 core3
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Perspec Libraries
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Perspec libraries

Many SoCs have many common characteristics
— Typically have CPUs, caches, memories, low-power features, etc...
— Enables capturing a general set of SoC model building blocks

Cadence provides pre-built libraries for Perspec™
— Reduces modeling effort and time for customer
— Models follow good coding style, built for reuse

Perspec System Methodology Library (SML)
— Captures system modeling including memories, processors, etc...
— Customer uses spreadsheet template to configure for specific SoC

Example: Perspec library for ARM® Architecture
— Captures configurable cache, MMU, and low-power models

cadence



Coherency verification challenges

Intra-cluster

Softwar

Firstly intra-cluster cache tests are
needed to cross-cover MOESI states
of L1 and L2 caches

y TyTTeTTT
e
Thread I
PR | S ——— | e o = = = = [ S— J
GIC-408 I_ ™| DVFSCLK/PSO
I__ __I__ __I____i____l = == Domain
#1 #2 il # | — )
L D
| e | 1| mauor t Customer || LI K/PSO Domain
| I I Customer DMA
A53 Cluster Cluste GPU i | ADB EDE —
I 12 Cache I : i i I | Coherent Masters
| [ ——
I
| [ | | SV —— i
— [[ADB }—— [(ADB } = [[ADB ] = [ADB }* |y [ Non-Coherent
‘ . . Masters
S4 S3 S2 S1 SO o -
CCI-400 or Customer CCl | !
]
|
= ADB }=[ADB } = <[ ADB |+ =[ ADB } = = = = — — - I
| Y !
i NIC-400 (2x1) I
F3 F2 F1 FO I | I
TZC-400
I I I I ! o T !
| |
i |
DMC-400 or Customer | I
DDR Controller i |
L |




Coherency verification challenges
Intra-cluster

| | L Firstly intra-cluster cache tests are
| | needed to cross-cover MOESI states
| | I of L1 and L2 caches
\ |
‘ Software Software | : y y YT
Thread Thread "
e T m— — | e ™1 | Now add inter-cluster cache tests to
T stress L2 through adjacent snoop
\C-40( .
L traffic.
| ? I I | : —
42 L 8 11| vauor i I | CLK/PSO Domain
Customer || [
I I I Customer i DMA
I COI 1| ADB } ADB —_—
I I i I | Coherent Masters
| | | t ; .
I I I J S'\I"JM I_ _I Non-Coherent

— B | —— | ADB | = 1 ADB
. . Masters
S2 S1 tso

CCI-400 or Customer CCI ‘

—{AoB }—[ADB } — [ADB } ~[[ADB ]}~ — = = — = - v
NIC-400 (2x1)

| | | | TZC-400

i
>
O
@
1
|

DMC-400 or Customer
DDR Controller
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Pra——
Pra——
pa—
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Coherency verification challenges

Critical coherent I/O

Software
Thread

Software
Thread

MALI or i
Customer i
GPU

Firstly intra-cluster cache tests are needed
to cross-cover MOESI states of L1 and L2
caches

= TyoTeTTT |

Now add inter-cluster cache tests to stress
L2 through adjacent snoop traffic.

)./|VADBJI:
| |_|'

Need to create some software thread to
create 1/O coherency scenario

Non-Coherent

= B | = | ADB I
— .. Masters
S1 ‘so S -
tomer CCI ‘ !
|
|
=1 ADB ADB ADB = =[ADB } = = = = — — - I
| A 4 I
I I NIC-400 (2x1) I
| F3 F2 F1 FO ] | !
I TZC-400
| : : I | I ADB }—— I
|
: 1 1 1 1 ‘ |
| | |
| DMC-400 or Customer |
| DDR Controller i |
e e o o o o o e e e e e e e e e e e e e o e l I ®




Coherency verification challenges

Firstly intra-cluster cache tests are needed
to cross- cover MOESI states of L1 and L2
caches

e oyseeT 1

Ha #Ha
——————————— ) | [ ——
w2 | w2 | E
|
Softwar Softwar
e e )
Thread Thread d
-— e - -— e - Sp——_— — L ] o —— — — — — .— —
1C-40¢

Now add inter-cluster cache tests to stress
L2 through adjacent snoop traffic.

#1 #2

AS57\@¥ster

L2 Cache

Customer.

Need to create some software thread to
create 1/O coherency scenario

I === Non-Coherent

l Mactozs

=1 ADB }—| ADB | —

F3 F2

TZC-400

DMC-400 or Cust&mer
DDR Controller

-} -—----—-

e

Extreme stress is now introduced with
further threads on both clusters

Ll P

NIC-400 (2x1)

- 1 ADB

N




I/O coherency verification challenges

#4

#4

——————————— ) i |y = v v
m DMA L System I
| PCle I| Control ARMV8
I = || Processor : Mobile
: ! 7 ! Example
Software Software | |
Thread Thread | NB-490 | Sy5tem
S —§ I E— = - "E—— a I S ———
1C-40¢ |_ _| DVFS CLK/PSO
I—— __I__ __I____i____l = == Domain
22| vauer | ' I | CLK/PSO Domain
#3 #4 i Customer || — —
| I I Customer DMA
A53 @uster A57\Wister I GPU i | B ADB —
I L2 Bliche I L2 Cache i . - - rnhmmrq
| I | i | Need to test 1/O coherency for ALL
I A B _I_ |__ = L = . peripherals that generate sharable
transactions
S4 S2 S1
CC I I
|
|
= _ADB }—=| ADB } = -LARB J——— = — =~ v :
|
| I NIC-400 (2x1) ]
I F3 F2 i) | I
I I I TZC-400 I
: F— (a8 }—+ I
|
I 1 1 | !
| \ |
| DMC-400 or Cust&mer |
I DDR Controller i I
L |




Power shutoff verification challenges

need

Power

J #4 | I #a4 l and
___________ -—‘ I__————————-.I———— Clock
Control
‘ m m | DMA LCD PCle I » System Soc;tnwraore ARMv3
\ Control .
I I Mobile
\ I Processor i
| I ) ! I I Example
Software | I System
Yy
System Control Processor controls I NI-400 I
clocks, power, and resets. To be . » e o e == I S —— J
confident the system is robust, we T ——
) LJicjaod DVFS CLK/PSO
to exercise all therange of legal Pt fd | ! | Domain
power shutoff (PSO) scenarios and L | i I o
traffic that goes with them - “ 2 1 MALor i . I | CLK/PSO Domain
| Customer i u;t'\c;r:er | ==
A53 @uster A57@ister GPU i | B | ADB I —
[ ey o L e | I | Coherent Masters
1 I [ | ' ——
l I I i l === Non-Coherent
= |_ARB - —_ANB | *= B_}* 11
. . Masters
S4 S2 S1 o -

DMC-400 or Cust&mer
DDR Controller

big.LITTLE with Dynamic Voltage

Frequency Scaling (DVFS) creates potential
hazards through the combinations of clock
frequencies. Need to drive the SCP and

coherent traffic to cover all the clock
combinations
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Perspec library for ARM Architecture

* Set of operations to manage the ARM compute cluster
—Memory management
—Page table handling, virtual address

—Predefined actions that user can use in their program
—Write Data, Read data, Copy data

—Caching operation
—True Sharing

—False Sharing
—1/O Coherency

—Low power

 Takes a description of the system in a spreadsheet and
Creates system scenarios
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Perspec library processor configuration tables

« Zero modeling is required since CPU and memory sub-system models
are automatically generated from library by reading system
configuration tables (shown below)

[+[=]

—i]

W |~ o || B w e

=

=1
= |12
* |13
- |14

15
16
17
18
19
20
21
22
23
24

* |25
= |26
* | 27
- |28
- |29
= | 30
S )

32
33
34
35
36
37

Memory blocks

Processors, names, clusters,
coherency
Pages, virtual address (VA),
physical address (PA), size
Processors to memories
accessibility/restrictions

[ )

A B c D E F °
[/systeminfo ]
Processor Info
//Processor Tag Cluster Tag Processor ID Cluster ID Cluster ID
#tag #cluster #core_id #cluster_id #cachaeability o
cored_0 clusterld o o cachable
corel O clusterd 1 o cachable
core2_0 clusterld 2 o cachable
core3_0 clusterd 3 o cachable
core0_1 clusterl 4 1 cachable °
corel 1 clusterl 5 1 cachable
core?_1 clusterl 6 1 cachable
core3_1 clusterl 7 1 cachable
Memory Info
//Memory Tag Enabled Start Address End Address Cacheabl Exclusive-able Alignment
#mem_block #enabled #base_addr #end_addr #cacheable #exclusive_able #alignment
DDR1 TRUE 80000000 BFFFFFFF TRUE TRUE 1
DDR5 TRUE 0 JFFFFFFF TRUE TRUE 1

MAIR Settings

#index #outer_non_tr #outer_write_back |#outer_read_allocate |#outer_write_allocate |#inner_non_tr #inner_write_back |#inner_read_allocate |#inner_write_allocate
0 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

1 FALSE TRUE FALSE FALSE FALSE TRUE FALSE FALSE

2 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

3 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

4 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

5 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

& TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

7 TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

Default Page Table \

#va #pa #mem_block isize #isecure #tsharable #MAI ]

o o DDRS 1024M FALSE outer_shareable o

40000000 40000000 DORS 1024M FALSE outer_shareable 4 Tables Can be extended to add
80000000 80000000 DDR1 1024M FALSE non_shareable 1

more design specific attributes
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Perspec library use model

Step #4: As needed model
SoC-specific subsystems

(e.g., PCle controller), data
movers (e.g., DMAS), user
defined power states, etc...

Step #1: Fill in the standard
SML and Coherency tables

\ User model J

Step #2: Load the SML
bring-up environment +
user boot code

Step #5: Use the composer to
write tests that combine built-
In scenarios with user-defined
scenarios and actions

Step #3: Use the composer
to write scenarios and use-
cases: Memory, coherency,
power, and DVM, tune the

built-in coverage as needed

No modeling effort
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Pre-defined basic software operations

- Basic software operations

Write: write_data

Generates data and writes it into the memory

Copy: copy_data

Copy data from one area to another

Read: read check data
Read data from previously written area
Checks against the reference model

 Main control knobs

Alighment
Data size

Memory block/address

) a2: write_data [1387]

sml_sw_ops_cDVE.sw_ops

proc_tag b_corel

out buff

Ty sml_mem_buff t

“mem_seg.addr Ox2eac94al

“merm_seg.block_tag DDRO

in_buff

© al: copy _data [1390]
f£ sml| sw_ops cDVE.sw_ops

proc_tag |_core0

out buff

e sml_mem_buff t

“rmem_seg. addr Oxflcace0s
“mem_seg.block tag DDR3

in_buff

al: read_check data [1393]

sml_sw_ops_c  DVE.sw_ops

proc_tag main_core
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Advanced software operation: All processors to
all memories

_— T w T
- # , B
— - # L —
A A a - -
0 al25: write_dsta [778]) 4= O a02d4: write_dsta [796] o all5: write_data [B14] TR 0 al®: write_data [822]
L sl sw_ops_c DWE.sw_ops iCF sl sw_ops_c DVE.sw_ops {EF sml_sw_ops_c OVE.sw_ops i sl sw_ops_c DVE.sw_ops
proc_tag b_core3 proc_tag b_corel proc_tag b_cored proc_tag rnain_core
| | 1 |
out_buff I out_buff 1 l:ll-rt_hu‘f'l: qut_II:u-FF

| 1 [ [

% sml_mern_buff 1 | % sml_mern_buff_t % sml_mern_buff 1 7 sml_mern_buff 1
“merm_seg.addr x2d72d768 ! “merm_seg.addr OxfETelddd “merm_seg.addr Ox426e21b0 “merm_seg.addr Oz 27220«
“merm_seqg.block_tag DDRO : “merm_seg.block_tag DDR2 “merm_seq.block_tag DDR2 rnerm_seq.block_tag DDR1

in_buff I I in_buff|
¥ ¥ *
o 8125 read check_dsta 777 o m115: read check_data [799] © a124: read check_dasta [217] Dlﬂ:e rent
ops HE srml_sw_ops_c OVE.sw_ops e srml_sw_ops_c CVE. sw_ops
— proc_tag b_corel proc_tag b_core0 v processors
" — r - — -
e *-a. - =
- . -~ e
Different i =t
. |
memaories +
T =
=T -<
" L4 S -
O ab2E: write_dsta [272] O a0l6: write_dsta [231] O a010: write_dsta [909])
sl sw_ops_c DVE.sw_ops & sml sw_ops_c DVE.sw_ops & smlsw_ops_c DVE.sw_ops
proc_tag | core2 proc_tag | corel proc_tag | cored
[ | 1
nLrt_erf'F | I:ILI‘t_I:ILI‘H [ |:||.rt_|:|'|.rFF
] | |

T sl mern_buff_t | T senl_rmern bt T seol_mern buff_t

“merm_seg.addr Oxfha2dado |I. “rmerm_seg. addr Ox 4059552 “rmern_seg. addr O 2cTEFEES

“merm_seg.block_tag DDR2 II “rmern_seg.block_tag DDR2 “rmern_seg.block_tag DDR1

in_burf I in_buff | in_biff
1 L 1
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Coherency—False Sharing

o adnhi: eecheshan_bock | 171]
B} smi_sw_ops ¢ DVEsw_ops
jproc_tag el core?
I

I
¥

O adnhi:mall_ra_cache |173]
] cdn_conerency_ops_c DVEcachs_ons
3 proc_tag cpued_core?
I
|
L

O a0 exchsher_reberen | 173]

2 smi sw_oms_c CVESw_ops

o proc_tag cpull_cone?
|

|
¥

o a2bih: mall_ra_cache | 191]
B} cdn_coherency ops_c DWEcache_ops

proc_tag oo _cone?
|

|
k

o abi: Pl nw_cachn 193]
(B cdn_conerency_ops_c DVECache_ops
cpell_core?

© ad1i: check_cache_neghon | 211]
[ cdn_conerency_ops_c DVECachs ofs
9 proc_tag cpull_cared

= azBRImall ra_cache (179]
W] cdn_coherency_ops_c DWEcache oms
7 proc_tag cpul_core?

I

|
¥

O a2esh: eechusher_nebease | 181]
CVE sw_ops
cpul_cane?

I

|
T

o a2e ol ra_cache | 205]

B smi_sw_omx_c
o proc_tag

1B} cdn_coherency ops_c DWEcache_ops
proc_tag cpul_core?
I

|
T

o a2egn Pl ra_cache | 207]

T SE— Processors run
\ B cdn_conherency_ops_c DVEcache oms .
' o et o in parallel

o a?adumull_ra_cache | 183]
I cdn conerency ops_c DVEcache_ops

|

I

I

O jproc_tag cpud_cored :
I

|

L

Processors
split cache

[B) cdn_coherency_ops_c DWVEcache oms
L ¥_Om 5
T proc_tag

B} cdn_coherency_ oms_c
o proc_tag

B cdn_coherency_ops_c DWVECaC

pul.core2(R)
pul_core2(R)
pul_core2(w)
pul_core2(w)
pul_core2(w)
pul_core2(w)

pul_core2(w) Pt cores i)
pul_core2® [l o 1" coredow)

pul_core2(W)
pul_core2(w)
pul_core2(W)

pul_core2(W)
pul_core2(w)

pul_core2(w)
pul_core2(w)
pul_core2(R)
pul.core2(R)
pul_core2(W)

pul.core2®) 1_core2(R)
pul_core2(R) %,
pu1_core2qw)|f|[€PU2-core2®

pul_core2(W)
pul_core2(w)

pul_core2(w)
pul_core2(®)

pul_core2(R)
pul_core2(R)
) put.core2® (Il o core2cw)

pul_core2(w)

ol raend



Coherency — True Sharing Scenarios

Processors run
in parallel

adBE3: copy data [1458] adB879: copy data [1461] adB87: copy data [1464;
& sml_sw_ops_c DWVE.sw_ops fEE smil_sw_ops_c DVE.sw_ops ik sml_sw_ops_c DWVE.sw_ops
proc_tag cpul_corel proc_tag cpul_corel proc_tag cpul_corel
ad908: copy data [1467] ad900: copy data [1470] ad904: copw data [1473
£ sml_sw ops_c DVE.sw_ops fEE sml_sw_ops_c DVE.sw_ops fEE sml_sw ops_c DVE.sw_ops
proc_tag cpul_carel proc_tag cpul_corel proc_tag cpul_caorel
ad925: copy data [1476] ad921: copy data [1479] ~Copy_data [1482; dlﬁerent t” I les
i sml_sw_ops_c DWVE.sw_ops ZCE smil_sw_ops_c DVE.sw_ops L DWVE.sw_ops
proc_tag cpul_corel proc_tag cpul_cored
12 14 15 17 18 19 21 72 / 23 25 26
Cpud_core 1{W) Cpul_coreQ0Wy | Icput_careQ{n)
Craul_cored{i) cpud_care Liwh [cput_core QR || [cpud_cora@ (i cpud_coreQdR) ||Icpud_coreliR)
xEeh5 0 Cpud _core LOW) (cpud_coreQ(R) Cou0 _cored(R) [cpul_cored(w) | cpul_coreQ(EY|coud _coreQiw jcput_core 107 | [Cpu D _coreQw)
cpuld_careQiR) [Cpud_core 1{00 Cpuld_careQ{i [cput _cored(R) || [cpul_cored cpud_core 1R} jcpul_coreQiR) [icpul_cored(R)
cpul_core(iR) cpud_core LiR) [cpul_cored{) | (cpud_core AR) Cpul_coreQ0W) | |Icpul_careQ{n
CaChe couo_corel(R) couo_core L) ||lcpuo_core (R
. croul_core0ng
LIneS cpoul_coredfin Craul_cored{iy cpud_care Liwh [cpul _core Qg Cud_core 1o cpul_cored{R) |
% 996780 Cou0_core0iR) |lcpu_core 10wy [cpul_coreQiE) |(cpud_cored(w)cpul _coreQ(R) [cpul_coredif) |cpu_cored(n)|cpul _coredik) Cou0_core 10w b
cpul_careddn |cpud_core 1(R) [cpud_care 1OW) | (cpud_core0(R)||cpud_core LOWY [cpud_care LEW) | cpuO_core0(R) | [Cpul _corafiin cpu0_care LR) |
cpul_corediR) cpud_core((Ry cpuld_core LiR) [cput_cored(R) cpul_carediR) CauQ _corediun
cpu0_core LiR)
r Lddddaaaddddy I r L r r L r r L r r
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Perspec debug capabilities

Abstract debug using
UML activity diagram

Tools Time Units SmartLlog Help

IDA - Incisive Debug Analyzer

Smart log filtering,
stepping, and searching

Starred

Notes... | SLG Debugger " Q, search...

/

/

Time (fs)

Simulatior Text

o

%, s1: send_uart %, s2: send_enet

& ug: gen_buffer

put_dats

() packet_data

tmfo"— élg_batch—@lsi SLG (86) batch 0: Execute info: random_order = 0, random_actions = 0, randam_da\n:
started - slg_batch-@15) SLG (72) batch 0: START

(info - slg_batch-@15) SLG (92) batch 0: [C MULL] In slg_os_start_main_loop_hook
(info - slg_batch-@15) SLG (78) batch 0: Starting run #0 ifrom 1) Test index = 0
(started - slg_test-@49) 5LG (79) test 14: START

(info - slg_test-@49) SLG (B0) test 14: Run starts with seed = 12345

(started - my_test-slg_scenario_action-@67) SLG (62 scenario 32: START

(info - my_test-slg_scenario_action-@67) SLG (63) scenario 32: Starting scenario for :my_test-15

(started - my_test-@50) SLG (2) action 15: START

(ended - my_test-@50) SLG (3} action 15: END

(started - send_uart-@51) S5LG (27) action 16: START

(ended - send_uart-@51) SLG (28) action 16: END
rted - send_enet-@54) S5LG

(ended - send_enet-@54) SLG (5) action 19: END

1 action 19: START

get_data 4 \

i ) [+]

Showing 71 items

(& us: sort_buffer (& eg: gen_buffer

put_data - E—

i b4 x
Lt A © packet_data ( = slg_runtime_log_reader.e rslg_msg_db.e |
577 i
H
ACTION: {
@ get_data o) msg_started{MEDIUM, subj.get_sdm_id(),subj) {
et R L) CEAEAED .parent = subj.get_sdn_parent();
get_data puit_dita frofriuart f e fromzenet ” -body_text = my_body_text;
& b uart_tx @ : wip_get_uart_data (& et enet_tx (& : vip_ge ] 7/ T T
Q ‘%/ =l [ Match Case
/
/
emacs: slg_debugger.sh |#48299 /@ Thread #1 iL sys-@1 Show Legend Bar

Lock-step execution of activity
diagram, log, C code, and waveform
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