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Verification Environment

= DUV: analog HW, digital HW + control SW
* Directed testing

= Stimuli generation "=
= Manual V/X?QEL;{D
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Design Under Verification (DUV)|

' I
Not practlcal. Testbench

DUV too complex!!
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Assertion Based Verification Environment

= DUV: analog HW, digital HW + control SW
= Stimuli generation

= Manual
= Constrained \ ‘ ) §>
ran d om C \ \% Manual
. . i> observation
enioms
) Generator
| |
Assertions “ Coverage
= Coverage Constraints Testbench verification

(which stimuli
are valid?)

progress)

What are assertions?
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= Capture the intended behavior of DUV

= Validate the behavior of a design Is it working correctly?
= Also referred as properties Executable comments

= Automate validation of the design against the specification.

= Advantages
= Support better testing and verification
= Reusable
= Portability
= Make debugging easier
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Assertions - Example
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= Required behavior
If req IS high,
then ijshould be high in next cycle
AND/done is high AND lerror is low
one cycle later.

clock

req

DUV

req

done

error
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SVA Assertions — Example
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SystemVerilog Assertions (SVA)

-property (@posedge clock) req |--(done && !error)J

Clock Period

Used to build

T I
i
Rising |, Falling edge dock | L LI L LT
edge /o2 rs *q .
HT:- i ] : 'l -I—h-l_ gnt I_l :
; ;' ow I T done : I_l
Clock Width :
If req is high,
then gnt should be high in next cycle
AND done is high AND error is low
O one cycle later.

Pre-conditions (antecedent)
Post-conditions (consequent)
Mainly for digital systems!
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What about analog
and digital systems
controlled by SW?

Used to build

Building blocks

Property
Declarations

Boolean
Expressions

build



Challenges for Mixed Assertions (1) JXU DR
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How to define time continuous properties?
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How to define frequency response properties?
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Challenges for Mixed Assertions (2)

Mixed-signal interface properties
E.g., Analog to Digital Converter

n, <IN ADC our| ‘UL« | S ' ' \ V
CLK- A ‘ i '
SYSREFT -sssssverssssssssssmsssessnssaseessnsss R o

SvSReF- z—f ---------------------------- S !
e |

54 : » .« Start of Multi-Frame (8B/10B) or Extended Multiblock (64B/66B)

DAO+-Y X X S? X S; X S,
2 e/
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Challenges for Mixed Assertions (3)
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Software + Mixed Signal Properties
DC-DC converter (Buck mode)

A

—

A} _

( sw1 sw3

‘ L Software L
mi m2 Converter
sw2 sw4

N

All together:

mixed assertions
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Requirements
a formal declarative language for expressing
properties
a mechanism for checking that the DUV
satisfies the properties

What we need
SystemC/AMS assertions language
All the building blocks from digital

Mixed assertions layer
Analog expressions
Mixed signal expressions
Software expressions
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Building blocks

Property
Declarations

Boolean

Expressions

Expressions

Mixed signal
Expressions

Software
Expressions

Mixed Ass. Layer




Mixed Assertions Based Flow
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Verification property definition

<
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Heterogeneous Systems Requirements

Analog propgrties Digital properties Software properties
(et S B, (digital signals) (events, variables)

frequency domain, slopes)

Mixed Assertion Language

¥

Functional Verification (Simulation)

Heterogeneous System (DUV)

Mixed Assertions Monitor
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Mixed Assertions Based Flow - Language
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Heterogeneous Systems Requirements
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O Analog properties
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Data structures
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Digital properties
(digital signals)

Software properties
(events, variables)
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Functional Verification (Simulation)

Heterogeneous System (DUV)

Mixed Assertions Monitor
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Application Programming Interface (API)

Digital
behavior

I

5

Interface/ gateway to a software component
Defines how other components or systems can use it
Components/systems rely only on the API
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Search Project SystemC-AMS Tools Run Window License Help

.gg&-jgjeoggcyg%-&-tp@-@v Quick Access | 2 F o B A5 (EDSEDA
N TEchnobges
B [€ test assertions.enp B i i i e e e e e e e e e e e e e e e o - — — = B E= outline 2 & Hierarchy = g
= 6 assertion_tree tri("trl",sig.default_event()); B R W e % ¥
trl <= IS_GREATER(i clkgen->cnt,10,1.6,5C US) % systeme.h
<= IS_LESS(i clkgen->cnt,20,1.0,5C US) L .
£ <= BEGIN ASSERTION SEQUENCE - =l ../assertion_lib/assertion_base.h

ul ../assertion_lib/assertion_fork.h

= sca_basic_libraries/coside_utilities.h

.
1640 <= REPORT_WARNING("Start of sequence")
191 <= BEGIN_ASSERTION_SEQUENCE
- 1 <= REPORT_WARNING("Start of sequence in Sequence") w1 sca_basic_libraries/coside_libraries.h

|
|
|
I
0 |
1 <= MY_ASSERTION_SEQUENCE(L clkgen->cnt) 8 ok
1£ <= REPORT_WARNING("End of sequence in Sequence") | G"( gen ‘
1 <= END_ASSERTION_SEQUENCE - (&' my_seq_assertion
1 <= !IS_EQUAL(i_clkgen->cnt,10) I @ my_seq_assertion(T&, std::string="", unsigne
1&‘8 EN?A:::‘;#IB:A::;:EIE;EM of sequence") I @7 my_assertion_sequence(T&, std::string="", unsi
1 <= | |
109 <= REPORT WARNING("Out of sequence") 1 # MY ASSERTION_SEQUENCE()
11 <= TRACE_ASSERTIONS(); | e sc_main(int, char*[]) - int
1]|l
112 |
1B assertion_tree tr2("tr2",0.5,5C US); |
1 tr2 <= IS_GREATER_EQUAL(i clkgen-»cnt,7) //check if cnt == 7 I Build Targets 22 = B8
11 <= CHANGED(L clkgen->cnt) //wait on next cnt change
116 <= IS_EQUAL(i clkgen->cnt,8) //check cnt is 8 I CRON S Sl
1]'; <= WAIT_ON_EVENT(sig.default_event()) //wait for event - (£ assertions
17 <= WAIT_ON_EVENT(sig.default event()) //wait for event | @ all
11p <= IS_EQUAL(i_clkgen->cnt,9) //check for cnt == O all (sing| )
120 <= AFTER(1.8,5C US) ffwait lus | all (singlecore
1 <= IS_EQUAL(i_clkgen->cnt,18) //check cnt ==10 I @ clean
1 <= REPORT_WARNING("Successful Sequence found") //now successful sequence found (@ distclean
173 <= TRACE_ASSERTIONS(); //print out sequence | (@ exe <LIB/FILE>
114 | libs (singlecore)
1 I @ th
13 assertion_tree tr3("tr3",1.0,5C USs,0.5,5C US); //trigger tree every us, start at @.5us
128 tr3 <= IS_EQUAL(i clkgen-=cnt,9) //check if cnt==9 |
1 <= | MY_ASSERTION SEQUENCE(i_clkgen-=cnt) //after this MY ASSERTION SEQUENCE should be successful |
1?0 <= REPORT_WARNING("Sequence after 10 is wrong") //otherwise it will be an error
131 <= TRACE_ASSERTIONS(); //print out errornous trace |
|
1
BConsale B |HProperties ~— ~— ~ ~ — T T T T T T T 7T T JR7EEZRIEEFITEE e H = B Kl Problems 4 Search 12 LR AS- Tl
- : <term.inated> (exit value: 0) test assertions.exe [SystemC AMS Application] fhome/hassan/qoside workspacejassertions/DEBUG/assertion_testftest assertions.exe (11/9/21, 7:35 AM) No search results available. Start a search from the search dialog...
1 Warning: trl: Start of sequence ]
S S er I O I l S 1 In file: assertion test/test assertions.cpp:100 1
1 In process: trl assertion_tree.trl process 17 @ 8580 us :
]
1 Warning: trl: Start of sequence in Seguence :
O u t l I ] In file: assertion test/test assertions.cpp:102 1
1 In process: trl assertion_tree.trl process 17 @ 8580 us 1
: 9ms cnt: 19 -- clk: 1 1 I
L wocninn oo cooce ot ocuons. !
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Summary and Outlook
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= Assertions lib for SystemC/AMS not available
= Running prototype

»= Syntax is work-in-progress

»= Closely follow SystemVerilog Assertions

= Analog and mixed-signal interactions
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