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VLT |t's an SOC World

Number of Embedded Processor Cores

50%

45% /2% of ASIC designs contain embedded processors
59% of FPGA designs contain embedded processors

25%

20%

15%

10%

5%
0 1 2 3 4

5 or more
W 2012 ASIC m2014 ASIC m 2016 ASIC 2012 FPGA m® 2014 FPGA m 2016 FPGA

40%

35%

X

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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* UVM constrained-random is great
for block-level testing

— UVM Sequences model both /

external & internal behavior (((T)))

— Block tested standalone

* SOC-level tests driven by use-
cases

— Embedded SW drives the test -~

— Usually written in C v
e Still want to test the block

— Need to reuse test intent

— Coordinate with other traffic

Accellera PSWG ©2018 Accellera Systems Initiative 3



o228, Reuse of Test Intent ACross
Platforms/Users

* Single specification of
test intent is critical

* Define "scenario space"
by capturing:
— Interactions
— dependencies
— resource contention

* Abstraction lets tool
automate generation

— Multiple targets SIMULATION
— Target-specific
customization

Stimulus

FULL SYSTEM

Accellera PSWG ©2018 Accellera Systems Initiative 4
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DESIGN AND VERIFICATION™

Ryl Biggest Verification Challenges

Creating Sufficient Tests to Verify the Design d
(Coverage Closure)
Knowing my Verification Coverage
Managing the Verification Process
W 2016-FPGA
M 2014-FPGA
Time to Isolate & Resolve Bug
W 2016-ASIC
W 2014-ASIC
Time to Discover Next Bug M 2012-ASIC
Defining Appropriate Coverage Metrics
Other
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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228 Maximize Productivity by Separating
concerns

CONFERENCE AND EXHIBITION
H ° Seattle
iIrected. : — NoRTH
WASHINGTON

DAKOTA
MONTANA

start(Boston); 4 NN irmctom
drive(West, 190, Buffalo); :
if(!Canada)

]
Québec City
o
Ottawa Montreal
® o

MAI

Minneapolis
a
SOUTH WISCONSIN

DAKOTA

VERMONT

OREGON MICHIGAN oy
drive(West, 190, Chicago);
ETTS
drive(West, 180, Salt Lake City);
. . PENNSYLVANIA = NewYork

drlve(WeSt, |84, Portland); S . ILLINOIS INDIANA OHIO Philadoelphiao

o I ce NEVADA / 9 United States kit indiananolis WARYLAND |
A
Saz:ragnento A COLORADO R | WEST Washai;ngmn i

drive(North, 1190, Niagra Falls); SanFrgrisco
drive(West, ON403, Flint); B
drive(North, 175, Fargo);
drive(West, 194, Billings);
drive(West, 190, Ritzville);

.
Accellera PSWG ©2018 Accellera Systems Initiative 6



s, Maximize Productivity by Separating
concerns

Constrained-Random:
Québgccity
class drive; 3 /
. Poasend Ottawa Montreal
rand city e start, end; M | 82 ik
rand dir_e direction; = N\ !
endclass _ 9

WASHINGTON

OREGON

class directions;

task body; e e s
drive.go() with {start == Boston, e o viRa, -/ et
dir == West;} A—
while(drive.end != Portland) class drop_friend extends directions;
drive.go(); constraint Chi {start==Chicago -> dir inside [North, West];
endtask start==Chicago -> end==Minneapolis;}
endclass
constraint NoCanada{ class sightsee extends drop_friend;
start==Buffalo -> dir == West;} constraint DT {start==Minneangi
constraint Chi { constraint MR {start==
start==Chicago -> dir == West;} constraint MT {start==MtR
endclass

endclass

Accellera PSWG ©2018 Accellera Systems Initiative 7



228 Maximize Productivity by Separating
concerns w

CONFERENCE AND EXHIBITION
Seattle
o NORTH 1
DAKOTA . /
MONTANA P Québec City
INNESOTA ;
Ottawa Montreal
/ © o
[ RROIIS

Declarative:
start == Boston;

end == Portland; i
set_point(Minneapolis);
set_point(MtRushmore); AT
set_point(DevilsTower); =2t
set_preference(West); veoor N — o

san Fsg:c.g 9 KANSAY % WY JWEST /7 Washington

o
San Jose

Accellera PSWG ©2018 Accellera Systems Initiative 8



cesc o 2018 Modeling Portable Stimulus
Requires Abstraction —
* Begin with the end in mind LW

— Translating one language into another is hard @l
— Each target language has its own semantics M
vl c ]

e Abstraction lets us focus on common semantics
— Schedule well-defined behaviors
— Scheduling semantics allow scenario exploration

* Single partial specification expanded into multiple scenarios

Accellera PSWG 9 ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

pyeod 50, How Is This All Going to Work?

Abstract Portable *High-level test intent |
Stimulus Model

A 2

PSS Processing Tool : :
* Builds the semantic data model

PSS Solving _ * Assembles the static structure

Platform s
% Target-Platform Target-Platform
*Solves scheduling and Scenarlo' User Code
algebraic relationships Implementation
*"Gen time" to create T T
executable code Executable solution of User code seamlessly
*"Run time" for simulation the partial specification integrated

Accellera PSWG ©2018 Accellera Systems Initiative 10
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Dve2d What Portable Stimulus Is NOT

* NOT a UVM replacement
* NOT a reference implementation
* NOT one forced level of abstraction
— Expressing intent from different perspectives is a primary goal
NOT Monolithic
— Representations would typically be composed of portable parts
NOT Two standards
— PSS/DSL and PSS/C++ input formats describe 1:1 semantics
— Tools shall consume both formats
* NOT Just stimulus
— Models Verification Intent
— Stimulus, checks, coverage, scenario-level constraints

— Portable test realization

C
Accellera PSWG ©2018 Accellera Systems Initiative 11
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DESIGN AND VERIFICATION™

DY Projected Tool Flow
" DSL C++ )

action pss top { class pss_top : public action { .
do_a a; PSS_CTOR(pss_top, action)i S ra C a r‘ Ia
! r action handle<do a> af{

g{c ? E' action_handle<do_b> b{

dod ap action handle<do c» c{c”}; P

action_handle<do_d> d{*d”};

S S Specification

o a,
select |
parallel { ci d; }
fed dil

parallel { c, d },
sequence [ ¢, d }

Compile/
Link

Scenario model
+ Constraints

class uvm_sin|

int main(int argc, char **argv) {
/e

// Action execution realization
init_uart_rx(1);
gen_uart_traffic(1, 128); (:

// Action execution realization
init_uart_rx(2);
gen_uart_traffic(2, 27);

return @;

}

endtask
endclass

/1 Action execution realization

CO n Strai nt - Test Vi;fual task body();
Solver Solved Model Generator S, . UVM

rx(2);
gen_uart_traffic(2, 27);

Gen-time or Run-time

Accellera PSWG ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

DV :

CONFERENCE AND EXHIBITION

Hello, World

N
©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

hello
world

Hello World: Atomic Actions

component Qroups elements
for reuse and composition

action defines behavior

=

exec defines implementation

)

endclass

virtual task body () ;

Sdisplay ("Hello World");

endtask

Accellera PSWG

"ﬂcomponent pss_top {

,a4action|hello_world;a{

SV ] vwwuw
Sdisplay ("Hello World");

v" Reuse
v' Composition
v" Abstract behaviors

v’ Retargetable
Implementations

©2018 Accellera Systems Initiative




vl Hello World: Compound Actions

component pss_top {
action hello a {
exec body C = """
printf ("Hello\n") ;
}
action world a {
exec body C = """
printf ("World\n");

wiuwbw .,
14

Accellera PSWG

©2018 Accellera Systems Initiative 15
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

Hello World: Compound Actions

compound action
traverses other actions

action hello world a {

activity
defines scheduling

|

L

void hello_world;g_test_l
printf ("Hello\n")
printf ("World\n")

(hello_a|h;
world ajw;

activity |{

v Behavior encapsulation

v Behavior scheduling

N
Accellera PSWG

©2018 Accellera Systems Initiative 16
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DESIGN AND VERIFICATION™

vy Hello World: Data Flow Objects

component pss_to buffer defines data flow
bufferf*msg_buf { stream and state also defined
ran tring s;

/ data may be randomized

input defines flow requirement
action display—a { output t00
inputjmsg buf msg;

- "moustache" passes model
sxec body SV = 1 elements to templates
$display<"[{{msg-s}}]'{ P

j v' Complex data structures

v Data flow modeling

v' Constrained random data

v Reactivity

Accellera PSWG ©2018 Accellera Systems Initiative 17
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

Hello World: Data Flow Objects

component pss_top {

buffer msg buf {
rand string s;

}

action send a {

output msg bu

}

action he

msg |

o _world \a {

send?2;

sengs/a sendl,

splay a displ, disp2;

activity {

sendl;

action display a {
input msg buf é
exec body SV = """
Sdisplay ("{{msg.s

wiww
14

rspt—wttlr—{msg.s
send?;

dispZ2 with {msg.s
bind sendl.msg displ
bind send2.msg disp2

"Hello ";};
"World";};
.msg;
.msg;

v" In-line constraints

v’ Directed testing when desired

Accellera PSWG

©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

vy Hello World: Packages

pampagenhwppkgtép { on send a {
buffer msg buf { utput msg_buf msg;
rand string s;
} ion hello world a {
} end a sendl, send2;
component pss_top { isplay a displ, disp2;
import hw pkg::*; ctivity ({
action display a { sendl;
input msg buf msg; displ with {msg.s == "Hello ";};
exec body SV = """ send?;
Sdisplay ("{{msg.s}}"); disp2 with {msg.s == "World";};
e, bind sendl.msg displ.msg;
} bind send2.msg disp2.msg;

} v' Additional reuse and
} encapsulation

Accellera PSWG ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

CONFERENCE AND EXHIBITION

Accellera PSWG

Hello World: Inferred Actions

package hw _pkg {

buffer msg buf {
rand string s;

}
}

component pss_top {
import hw pkg::*;
action display a 2///

aCtion {1(*3‘](;{ a {
output msg bu

msg |

}

action heldo world a ({

seng”a sendl, sendZ;
splay a displ, disp2Z;

activity {

input msg buf|msg

exec body SV = """
Sdisplay (" {{msg.s

wiww
14

sendl;
displ|with {msg.s == "Hello ";};
send?;
disp2 with {msg.s == "World";};

v' Abstract partial specifications

©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

vt Hello World: Activity Statements

package hw _pkg { action send a {
? buffer msg buf { output msg_buf msg;
,i rand string s; }
AN } action hello world a {
. : component pss_top { display a displ, disp2;
import hw pkg::*; activity {
action display a { select | {
input msg buf msg; displ with {msg.s == "Hello ";};
exec body SV = """
Sdisplay (" {{msg.s disp2 with {msg.s == "World";};
$ )
S

}

/
Randomly choose a branch }/ }
} v’ Scenario-level randomization

Accellera PSWG ©2018 Accellera Systems Initiative



—.-228. ACtIVIty: Robust Expression of Critical

Intent o |
activity { : . .----.
That J— Action instance traversal , ,

do an_a;}+~— Anonymous action traversal
parallel {al, aZ2};

sequence {a3, ad}; .
select {a5, a6}; Subject to
schedule {a7, a8}; =—1 flow/resource

if (1 == 0) {a9;) constraints
else {al0;}
repeat (2) {all, al2};
foreach (arr([j]) {
al3 with {al3.val == arr([]j];};

v" Robust scheduling support  |EEEEEES N ? ,,,,,,

-
-
-
~ -

|

©-0-6-6-6666

Accellera PSWG ©2018 Accellera Systems Initiative 22
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DV

CONFERENCE AND EXHIBITION

Accellera PSWG

Hello World: Extension & Inheritance

Type extension
extendP'EO/mpgt pss_top { Inheritance

buffer hello buf : msg buf|*{

}

constraint {msg.s in["Hello", "Hallo"];}

action disp h : display a {

}

action hello a {

}

override {type msg_bﬁf with hello buf};

Override

output hello buf msg;

v Type extension

v Object-oriented inheritance

v' Type (& instance) override

©2018 Accellera Systems Initiative
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vt Hello World: Object Pools & Binding

extend component pss_top {
buffer hello buf : msg buf ({
constraint_{msg.s iﬁT"Hello", "Hallo"];}
}
action disp h : display a {
override_{type msg_bﬁf with hello buf};

}

action hello a {
output hello buf msg;

}
pool hello buf hello p;

bind hello p *;

v Constrain data paths

v’ Preserve intent

Accellera PSWG ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

Dveord Hello World: Scenarios

* * * *

action hello world a {

A activity {

¢ ——=—===

: sequence {
’ do disp h;
: do disp w;
S
v ) anonymous
} action
LT\ : traversal
"Welt" E "World" "Welt" i
@ v" Multiple scenarios from
simple specification
o) &

Accellera PSWG ©2018 Accellera Systems Initiative 25
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= Vi) 1 Id
DvCon Hello World: C++
package hw pkg { class hw _pkg : public package {
PSS CTOR (hw pkg, package);
buffer msg buf { struct msg buf : public buffer {
PSS CTOR (msg buf, buffer);
rand string s; rand attr<std::string> s {"s"};

} s

} b
type decl<hw pkg> hw pkg decl;

.
Accellera PSWG ©2018 Accellera Systems Initiative 26
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VL T T Hello World: C++

- 5
CONFERENCE AND EXHIBITION

class pss_top : public component ({

component pss_top {
PSS CTOR(pss top, component);

import hw pkg::*;
action display a { class display a : public action {
PSS CTOR (display a, action);
input msg buf msg; input <hw pkg::msg buf> msg {"msg"};
exec body Sv = """ exec e {exec::body, "SV",
Sdisplay ("{{msg.s}}"); "Sdisplay (\"{{msg.s}}\");"};
i

type decl<display a> display a decl;

class send a : public action {
PSS CTOR(send a, action);
output <hw pkg::msg buf> msg {"msg"};

J b7
type decl<send a> send a decl;

C
©2018 Accellera Systems Initiative 27
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action send a {

output msg buf msg;
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DESIGN AND VERIFICATION™

veort Hello World: C++

pool msg buf msg p; pool <hw pkg::msg buf> msg p {"msg p"};
bind msg p *; bind b {msg p};
action hello world a { class hello world a : public action ({
PSS CTOR (hello world a, action);
display a displ, disp2; action handle<display a> displ {"displ"},
disp2 {"displ2"};
activity { activity a {
select { select {
displ with {msg.s == "Hello "; displ.with (displ->msg->s == "Hello"),
disp?2 with {msg.s == "World";) disp2.with (disp2->msg->s == "World")

} }
} b
} i
type decl<hello world a> hello world a decl;
by
type decl<pss top> pss top decl;

.
Accellera PSWG ©2018 Accellera Systems Initiative 28



vt A Quick Recap: PSS Gives You...

v Reuse v'In-line constraints

v Composition v Additional reuse and encapsulation
v Abstract behaviors v Abstract partial specifications
v'Retargetable Implementations v Scenario-level randomization
v'Behavior encapsulation v'Robust scheduling support
v'Behavior scheduling v Type extension

v’ Complex data structures v Object-oriented inheritance

v’ Data flow modeling v Type (& instance) override

v Constrained random data v Constrain data paths

v Reactivity v Preserve intent

v’ Directed testing when desired v'Multiple scenarios from simple

specification
N
Accellera PSWG ©2018 Accellera Systems Initiative 29
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NNNNNNNNNNNNNNNNNNNNNNN

Block-to-System Example

N
©2018 Accellera Systems Initiative



IIIIIIIIIIIIIIIIIIIIIII

LTE = .
Modem 7 GPS
L A

CPU CPU

(((T)))/ ova_| '?'.‘A'V'l i Lot I

CDMA G
Modem Bluetooth
CPU CPU

>
WiFi c BU c NEC
Modem
BU BU BU ;Tl
Display Audio
K Processor Touchpad Codec Camera J
$ A A
v v v

ANVAVAN

2N
) &

System

Subsystem

Accellera PSWG ©2018 Accellera Systems Initiative 31
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DESIGN AND VERIFICATI OoON™

DVt Define Actions

 \What does the Modem do? * What does the External IP do?

— Recelve packet: rx — send packets
— Transmit packet: tx — receive packets
* What data flow objects does ¢ What does the Internal IP do?
the Modem use? — Store datStrs
— External Interface: packet — Retrieve datStrs

— Internal Interface: datStr

Accellera PSWG ©2018 Accellera Systems Initiative 32
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DESIGN AND VERIFICATION™

vy Define Data Flow Objects

enum defines a set of
Integral named constants

stream requires parallel
producer-consumer execution

rand fields are randomized

A\

-

~
- ~
- ~
- ~
- ~
- ~
- ~
PR ~o
-
- ~

~ -
~ -
~ -
~ -
~ -
~ -
VN -~
~ -~

—(enum]dir e {inb=0, outb};
_~lstream |datStr {

///,{rand dir e dir;
rand bit [7:0] length;

package data flow pkg{

rand bit [31:0] addr;
}

stream packet {
rand dir e dir;
rand bit [15:0] size;
bit [47:0] MAC src;
bit [47:0] MAC dst;

Accellera PSWG

©2018 Accellera Systems Initiative
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G E—— .
- N
| WS WS ]

CONFERENCE AND EXHISITION

The LTE Modem Component

function imports a

package modem funcs {
import data flow pkg::dir e;

procedural interface

procedural interface

passes elements
to/from exec blocks \

< N
Ite_c
o v

»(function] void set mode(dir e dir);

}

component lte c {
import data flow pkg::*;
import modem funcs::*;

action tx _a {
input datStr bPkt;
output packet pkt;
constraint {pkt.dir == outb; bPkt.dir == outb;}

exec body {
set;mode(pkt.dir)a

}
}

Accellera PSWG

©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

Pyl The VIP Components

. . R (e acie )
extvip_c Intvip_c
component extvip c { component intvip c {
import data flow pkg::packet; import data flow pkg::datStr;
action send a { action store a {
output packet pkt; input datStr pkt;
constraint {pkt.dir == inb;} constraint {pkt.dir == inb;}
} }
action receive a { action rtrv_a {
input packet pkt; output datStr pkt;
constraint {pkt.dir == outb;} constraint {pkt.dir == outb;}
} }
} }

Accellera PSWG ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

DYCSD Putting It together

/égiiop \\\ component pss_top {
.. ~ import data flow pkg::*;
extvip_c extvip ¢ xvip;

lte_c lte;

intvip c ivip;
\. Y

pool packet pkt p;
bind pkt p {xvip.*, lte.*};
pool datStr bPkt p;
bind bPkt p {ivip.*, lte.*};

<:::::§: action test {

activity ({
schedule {
do lte c::rx a;
do lte c::tx a;

}

Accellera PSWG ©2018 Accellera Systems Initiative
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DESIGN AND VERIFICATION™

DVCLLY Putting it together e Tte o irx a;

do 1te_c 1itx aj

- -~ - -~
- -~ - -~
- - -
- - - -~
- - - -
- -~ - -
- -~ - -~
- 1 ~ - -~
- -~ - ~
~ - -~ -
-~ - - -
-~ - -~ -
-~ -~
-~ - -~ -
-~ - -~ -
-~ - -~ -
- - -~ -
-~ - -~ -
-~ - -~ -
kT - T -
- I S - * pal
- -~ - -~
- ~ - -
- -~ -
- -~ - -
- - - ~
- -~ - 1 -~
- - - S~

-~ - -~ -
~~~ —“ ~~~ —’—
e - ~ -
-~ 1 - ~ 1 -
- - -~ -
-~ - bl -
-~ - -~ -
-~ 1 - -~ 1 -
~ - -~ -
bl - -~ -
~ - -~ -
Sa - -~ -
—’—'*'..
- —
6 —————cz ZAN SSSszoaa.
o - 4 \ —~— -
————— - ’ N .o T~
p— - 4 \\ -~ .
—_———— - ’ \ s~ Se——
- - ’ Sea ——
- - \ - -
- - V4 -
e - -~ -
‘___— - b \ -~ e ——
~-—_*
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Ryl Resources: Target-Specific Constraints

* What if the Modem is half-duplex?
— Prevent rx & tx from running in parallel

* PSS models target-specific resources
— May be assigned to an action for its duration
— Exclusive (locked) or non-exclusive (shared)

Accellera PSWG ©2018 Accellera Systems Initiative 38
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DVL J

CONFERENCE AND EXHIB 1T ON

The Modem Component + Resources

resource defines a
resource object \

component lte c {
import data flow pkg::@*
import modem funcs::*

\\qresource]mchan r {../* struct */};

pool defaults to size ==

lock declares
exclusive access

Arpool[1]|mchan r mchan_p,
bind mchan p *

action rx a {
input packet pkt;
output datStr bPkt;

*(lock]mchan_r mchan;

constraint {pkt.dir == inb; bPkt.dir == inb;}

Accellera PSWG

©2018 Accellera Systems Initiative
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rlk2.instance id !=
rlk3.instance_id;

* Actions may lock or share resources ®

— Actions that lock a given resource may not overlap ‘

— Actions that share a given resource may overlap

resource chan r {...};
pool [2] chan r chan p;
bind chan p {*};
action rlk a
lock chan r chan;
o}
action rsh a {
share chan r chan;

o}
* Atotal of size locking actions may execute
In parallel for a given resource pool

Accellera PSWG ©2018 Accellera Systems Initiative 40
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DV

CONFERENCE AND EXHIBITION

g

Solution S

g

pace

Mapping

action test top {
do a a; do b b;
do ¢ ¢c; do d d;
do e e; do f £f;

activity {
ay
b;
select {
parallel { c; d; }
{e; £}
}
}

}

action test top {
do b b;

do ¢ c;
B do f f;

activity {

b;
select {

t;

Cr

buffer )mbuf {..};

action do a {

actionl do g {

mbuf m;

Partial
Specifications
are Flexible

stream Jnstr {..};

action do c {

(input)mstr s;

actidp do d {

action Ho j {

mstr m;

14

Accellera PSWG

©2018 Accellera Systems Initiative
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DV

CONFERENCE AND EXHIBITION

Resolving

action test top ({
activity {

select {

a Partlal Specification

What combination of known
S ____ . actions will produce a buf of
the correct type?

What set of actions is needed to
support downstream requirements?

What set of actions will
produce a stream of the
correct type?

AN mcam~llAav~ DCAAIT

Are there any resource
conflicts that constrain the
possible scheduling?

—_—_—

©2018 Accellera Systems Initiative
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vl A Block-to-System Example

i

/ LTE

\ Modem

| 1 / CDMA E
BFM/ LTE CDMA
M

CPU Modem Modem \ odem
. . 6 WiFi

[ ) Modem

(((T)))/ :JlMA I ?,';AM l fllash

CPU CPU

CPU CPU

Power \
BU

GPS 09
<>

71 Bluetooth

: NFC
Camera
" l/
v

)

Subsystem

Accellera PSWG

Display | ‘ Audio |
K Processor Touchpad Codec
¢ (] 7

......... O )
9 zxcvbnmiE
w8 ¢ e e

System

©

©2018 Accellera Systems Initiative
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v Modem Sub-system

* Manage Voice Calls
* Can use either

— LTE Modem, OR F?’ FE’

— CDMA Modem - ‘f?j roop
* Both modems exchange common datStr data with hf%’... ol -Mf-f:-

Audio Codec _1__=
* Stream relationship between Modem and Audio o | é‘::d::

Codec:

— both must operate concurrently 0)

Subsystem

Accellera PSWG ©2018 Accellera Systems Initiative
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Rvesy Exec Block Types
Specify mapping of PSS entities to their implementation

test.c test.sh

#include <stdint.h> gcc -c test.c -DBARE_METAL
? void declared_func() {

;

void test_main() {
do_run_start();
fork_threads();
do_run_end();

pre_solve }
_ =~ Could be SV
constraint solving void threado() { \

or other language

run_start

pre_solve

constraint solving

/A step N
do_body();

'

Ahreadl() {

©

Could be multiple threads on one core,
or threads running on different cores

AScellera PSWG ©2018 Accellera Systems Initiative
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The CDMA Modem Component

more function iImports

package modem funcs {

function biE [47:0] CDMA MAC src();

» function bit [47:0] CDMA MAC dst();
function bit [31:0] CDMA;datq;buf();

}

component cdma c {
import data flow pkg::*;
import modem funcs::*;

non-random variables

pre-solve exec block runs
before randomization

\

p
cdma_c

~

DI

S

Accellera PSWG

action rx a {

input[packet

}

stream packet {

rand dir e dir;
rand bit [15:0] size;

( bit [47:0] MAC_src;
| bit [47:0] MAC_dst;

output datStr bPkt;

constraint {pkt.dir == inb; bPkt.dir == inb;}

(exec pre solve {
pkt.MAC src = CDMA MAC src();
pkt.MAC dst = CDMA MAC dst();

\

/

J

©2018 Accellera Systems Initiative
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The CDMA Modem Component

more function iImports

package modem funcs {
function bit [47:0] CDMA MAC src();
» function bit [47:0] CDMA MAC dst();

function bit [31:0] CDMA;datq;buf();

}
stream datStr {
component cdma c { rand dir e dir;

import data flow pkg::*;

rand bit_[7:0] length;

import modem funcs::*;

random variable

post-solve exec block
runs after randomization

\

p
cdma_c

~

DI

S

—»[rand bit [31:0] addr;]

}

action rx a {
input packet pk
output| datStrfbPkt;
constraint {pkt.dir == inb; bPkt.dir == inb;}

exec post solve {
bPkt.addr = CDMA data buf();

}

Accellera PSWG
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p

\

audio_c

The Audio Codec Component

S

Accellera PSWG

package audio_ funcs {
function void play(bit[31:0] addr, bit[7:0] len);
function void record(bit[31:0] addr):;

}

component audio_c {
import audio funcs::*;

action rec_a {
output datStr bPkt;
constraint {bPkt.dir == outb;
bPkt.length == 1024; }

exec body {
record (bPkt.addr) ;

}

©2018 Accellera Systems Initiative
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DYCLLD Putting It together

/4;;mp ‘\\ component pss_top {
Ite_vip : extvip_c | ‘cdma_vip : extvip_c | import data_flow_pkg::*;

extvip c lte vip, cdma vip;
lte c 1lte;

cdma c cdma;

audio c audio;

ction test {

ctivity {
chedule { > h‘f‘ 2
audio c: Jplay a;
extvip c: jreceive a; i
} 2 b
} MEM

Accellera PSWG ©2018 Accellera Systems Initiative 49
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Accellera PSWG

activity {
schedule {
do audio c::play a;

do extvip c::receive a;

©2018 Accellera Systems Initiative
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Y2 Layering In Power Scenarios

package power state {
function void radio on();
function void radio off();
enum radio state e { on, off }; DMA
State ﬂOV\_I ObjeCt —> state |radioState { Py B PHY
preserves perS|stent state rand radio_state_ e rstate; BFM/ LTE ] CDM/]
. CPU Modei ) Model |
initial used to set start constraint T e i
: »linitial] -> rstate == off; -Jf_ -"fl qu.
value of persistent state } I 4
ibﬂﬂhw
} MEM Audio
) Codec
extend component pss top { .. t
pool radioState radio p; 0=0)
bind radio *
\ P Subsystem

Accellera PSWG ©2018 Accellera Systems Initiative 51
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ﬂg;ﬂm

f . .
Ite_vip : extvip_c

audio_c

play ¢ rec

. R
cdma_vip : extvip_c

radio_p

R ————

A=

~

dma

Layering in Power Scenarios

/

Accellera PSWG

package power state ({

extend action lte c::tx a {
input radioState in s;

constraint

in_s.rstate == on;

extend action cdma c::tx a {
input radioState in s;

constraint

in_s.rstate

== on;

| PHY | PHY
BFM/ LTE CDM/
Modei ) Modei |

)

Subsystem
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Y2 Layering In Power Scenarios

outputs a radioState
flow object

may only run if previous
rstate was of £

set next rstate tO on

turn on the radio

extend component pss top {

action radio on a {

output

radioState out_ s;

onstraint

ou

constraint

out

rstate

exec body {

Accellera PSWG

» radio on() ;

}

.prev/rstate ==

== on;

off;

MEM

Subsystem
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Layering in Power Scenarios

outputs a radioState
flow object

may only run if previous
rstate was on

set next rstate to of £

turn off the radio

extend component pss top {

action radio off a {
redioState

onstraint

out_s;

ou .prev,rstate == on;

consfzaint
out rstate) ==

exec body {

Accellera PSWG

*lradio off ());

}

off;

MEM

Subsystem
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rstate==on

radio_on

radioState

rstate

‘ﬁ: |

Accellera PSWG

Layering in Power Scenarios

extend component pss top {

action radio idle a {
input radioState in s;

constraint in s.rstate == off; DM/

}

action test {
activity {
select {
do radio idle a;
schedule {
do audio c::play a;
do extvip c::receive;

Subsystem
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eyt UVM Tool Flow
@_top \

(o . . N\ 4 . . N
Ite_vip : extvip_c cdma_vip : extvip_c

Subsystem
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@_top

i . .
Ite_vip : extvip_c

~

- V=N
)
Ite_c —
Gl (@56 ]
N\ J ‘m, \ J BU

audio_c )
= . /

Subsystem
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Y=t Portable Stimulus Coverage

* Coverage constructs derived from SV
— Support cross, illegal, ignore and others
— Keyword is change from covergroup -> coverspec

Formalization of system

: : level scenarios and models
* Coverage is currently data-centric

— Monitor values and ranges on action/struct fields

Ability to formally describe
* More coverage types may be added ’ '

— Action Coverage

— Scenario (Action Sequence) Coverage
— Datapath Coverage

— Resource Coverage

of the legal
scenarios and attributes

N
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DvCord  Cover age

Accellera PSWG

— |

action setup modem {

enum direction e {TRANSMIT, RECEIVE, BOTH};
rand direction_e direction;

unsigned int baud rate;

unsigned int packet size;

unsigned bit [1:0] destination_addr;

exec body {... }

coverspec modem initialization (init modem) {
constraint baud len c {
if (direction == TRANSMIT) {
baud rate in [28000,3192704, 4196704];
}
}

baud: coverpoint init modem.packet size ({
bins size [28000 ... 4296704]/32;
}
dir : coverpoint transmit dir tx {
bins transmit = {TRANSMIT}
bins receive = {RECEIVE};
bins bidi = {BOTH};
}

transmit type invld : cross transmit dir tx, addr {
1;

ignore addr ? (direction == TRANSMIT)
}

address: coverpoint addr ;

©2018 Accellera Systems Initiative
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ovieioisi  Monitoring Coverage

* Stimulus monitoring

— Generation time tool can output what it
generated/scheduled
* As long as test “passes”, the coverage data is valid

Stimulus Coverage

* Runtime state monitoring

— Requires generation of monitoring code e trickbox| _
* May be C/C++ code running on target cpu 1 hfd
—e.g. data sent out “trickbox” mechanism
* May be “off-chip” monitoring via test ports

or other communication ports

BFM/

M
CPU Modem odem

y g Hy
ol

MEM DMA

Accellera PSWG ©2018 Accellera Systems Initiative 60



IIIIIIIIIIIIIIIIIIIIIII

LTE = .
Modem 7 GPS
L A

CPU CPU

(((T)))/ ova_| '?'.‘A'V'l i Lot I

CDMA G
Modem Bluetooth
CPU CPU

>
WiFi c BU c NEC
Modem
BU BU BU ;Tl
Display Audio
K Processor Touchpad Codec Camera J
$ A A
v v v

ANVAVAN

2N
) &

System

Subsystem
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* Reuse Sub-System Voice Call model

. . - (((W)))/ . DMA | DRAM I Flash Power \
* Add Streaming Video over Wifi i — __
« Add Text Message with Photo SNV 3 N | o oY
!-‘-!-;: 3 09
=H e
RN i

D splay Audi i
K Prdcessor Touchgs Code Came

T agwe rtyliop

e TR

5 e "BO0O0RGT O ))
B 9 z/xcvbnml@
o

P W@ ¢ e

System
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(((T)))/ A l I?RAM | flash
1
\ Mo le

. CPU CPU

\ Moge CPU CPU
- Fi
[ Mode

Power \
BU

GPS 09
<>

71 Bluetooth

N

=

FC
ra /

aaaaaaa

Dlsl lay To.u'chpad‘ I;l:dio |
K 2] - Cod
System
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Came
A
v
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RvCS Streaming Video over Wi

PSS ENUM (kind e, video, photo);F/,

~ declare randomizable enum

PSS CTOR (datBuf, buffer)

random attribute

class datBuf : public buffer ({
rand attr<kind e> kind {"kind"};F///////;

.}

constructor macro

class display c :W

PSS=CTOR(display_c, component) ;

class play a : public act

constraint

PSS CTOR(play a, action);
input <datBuf> dataf{*data'"};

constraint ¢ {data->kind == wvideo};

lock <screen> lk {"1lk"}
.}

type decl<play a> play d;

.
14

/ declare type

};

type decl<display c> display d;

Accellera PSWG

)

| Audio ‘
Touchpad Codec Camera /

A ) r'Y

i S S 2
o400 0
System

©2018 Accellera Systems Initiative 64



2018

DESIGN AND VERIFICATION™

RvCS Streaming Video over Wi

class screen : public resource {..};

class display c : public component {
PSS CTOR(display c, component);

Lock screen

class play a : public action {

PSS CTOR(play a, action

input <datBuf> dat ata"};

constraint c ta->kind == wvideo};

lock <screen> lk {"1lk"};
.}
type decl<play a> play d;

};

type decl<display c> display d;

Accellera PSWG

)

| Audio |
Touchpad Codec Camera /

A A
S S 2
g 00 O
System
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Text Message with Photo

-

~

-
camera

\ 1 y,
T

touchgad

1
T N
s¥
\ 1 /
T
1
1
1
1
1

by

comp_msg |
‘;

*xf\dma 5 }
Ccdma_p3

Accellera PSWG

()

DMA | DRAM I Flash

Power \

“BUSTF

GPS
C

NF

Display
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Ryl Text Message with Photo

component touchpad c {
action enter a {

output message msg; (((W)))/ DMA | DRAM I Flash || Power \

lock screen lk; “BusiF | “BusIF- § “BUSIF™ § “BusSIF~

7 | o} y_
} Modem g 3 GPS 1|'>7 ‘
} /] e
Modem :_ 3 Bluetooth 09

Display

i~ < WiFi a — 5 NFC
[ Modem
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Ryl Text Message with Photo

component pss_top {

action txt msg a { (((W)))/ DMA | DRAM l Flash || Power \

camera c::capture_a capture; e B S

touchpad c::enter a enter

cpu_c::send msg send; 3 GPs
3 Bluetooth

9
- O

bind capture.out photo send.in photo;
bind enter.out msg send.in msg;

activity { Bus|
capture; &mei
enter; -
send; 7'\
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Putting 1t all together

@_top

(te_vip : extvip_c

cdma_vip : extvip_c

=

() :
-
all

% 1 B

S i
>
[ .| Mod
-

L

DMA | DRAM | Flash
: -

r

|l
st 8
-

Al s6 3
11

- O
(@)
h)
c

¥

splay
essor

Power \

“BustF

Bluetooth

disng | disng § dlsng

GPS @

—
o
(o]
=3
o >
28
-
0
Q
3
(1]
L

A
vl v
b 09
System

OS2
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Putting 1t all together

camera |
\ ((( )))/ DMA l DRAM| Flash || Power \
/\ ) @& > T i - : “BusIF | BusIF
iouchpad ’ a m T h
L ] o 0§
\ J 7| . M o~
o Bmetooth )B
~orral L=l
} = (e, ]
comp_msg J o | ~| Mod
» 21 o ¥
!1 “tustF— | ~Busl § —Bustl — & —Busl —
EII Audi |I ll
Code Came

Ite cdma Display | 1 ouchik i I
Pr¢cessor
- 4
i * v

System
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Putting 1t all together

a—

—

camera

capture J
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touchpad
- _entery
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component pss_top {
// imports
// instantiations
// pools & binds

action test {
activity {
repeat (10) {
schedule {
do audio_c::play a;
do extvip c::receive;
do diplay c::play a;
do txt msg a;

Accellera PSWG

Putting 1t all together

=<

Power \
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DPyoosd Putting it all together

or any parallel or
serial combination

Accellera PSWG
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Ryl Introducing the Panel

* Faris Khundakjie, Intel, PSWG Chair

* Dave Brownell, Analog Devices, PSWG Secretary
* Sharon Rosenberg, Cadence

* Srivatsa Vasudevan, Synopsys

e Karthick Gururaj, Vayavya

* Tom Fitzpatrick, Mentor

* Adnan Hamid, Breker
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