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Do Assertions Really Work? cadence

Assertions in real designs:

. : e 34% of all were found were identifi
Assertion Monitors 34% 34% ora bligsiwere fotincivere de. HMecioy
Cache Coherency Checkers 9% assertions on DEC Alpha 21164 project
Register File Trace Compare 8% [Kantrowitz and Noack DAC 1996]
Memory State Compare 7% . o i i
End-of-Run State Compare i 17% of all bugs were found were identified by
PC Trace Compare 4% assertions on Cyrix M3(p1) project.
Self-Checklng Test 11% [Krolnik '98]
Simulation Output Inspection 7% . .
Senonlnand s » 25% of all bugs were found were identified by
er % 5 0
assertions on DEC Alpha 21264 project.
Kantrowitz and Noack [DAC 1996] [Taylor et at.DAC 1998] . -
 50% of all bugs found were identified by
assertions on Cyrix M3(p2) project
[Krolnik ‘98]
_ - = « 85% of all bugs were found using over 4000
Assertion Monitors  25% assertions on HP
Register Miscompare 22%
Simulation "No Progress” 15% [Foster and Coelho HDLCon 2000]
PC Miscompare 14% . . . .
Memory State Miscompare 8% * 10,000 assertions in Cisco RTL project
Manual Inspection 6% [Sean Smith 2002]
Self-Checking Test 5% ) ; )
Cache Coherency Check 3%  Thousands of assertions in Intel Pentium
SAVES Check 2% .
project jsentiey 2001
Taylor et al. [DAC 1998] « Many other examples. . . . .

4 © 2003, Harry D. Foster. All rights reserved. Used here with permission.



Kinds of Assertions cadence]
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Assertions Assertions Assertions
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A Simple Example

* Two blocks A,B exchange data via

a common bus.

Reset j

Arbiter

f

RegA GntA

| A
Busy

Block A

o

T

ReqB GntB

<4 DRdy ¥

<4 Data >

Block B
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* A and/or B sends ‘Req’ to
the Arbiter.

e Arbiter does round-robin
scheduling between A,B.

* Arbiter sends ‘Gnt’ back to
A or B, making it Master.

* Arbiter sets ‘Busy’ while A
or B is Master.

* Master sets ‘DRdy’ when
Data is on the bus.

» Master sets ‘Done’ in the
last cycle of a grant.

* ‘Reset’ resets the bus.




Simple Example Bus Protocol

cadence

ReqA

GntA _

ReqB é

GntB

Busy

DRdy

Done

clk

* Block A makes two
requests to Arbiter

 Arbiter sends ‘GntA’
twice, making A Master.

* Block B makes one
request to Arbiter

* Arbiter sends ‘GntB’
once, making B Master.

 Arbiter sets ‘Busy’ until
after Master sets ‘Done’.

* Master sets ‘DRdy’ when
data is on bus

 Master sets ‘Done’
after each transfer.

* ‘clk’ controls sampling




Some Assertions to Check cadence]

* A Grant never occurs without a Request.
— never GntA && 'RegA
* If A (B) receives a Grant, then B (A) does not.
— always GntA -> 1GntB
* A (B) never receives a Grant in two successive cycles.

- never GntA && next GntA

* A Grant is always followed by Busy. T
- always GntA || GntB -> next Busy Re}*’* G"}A il R%‘B ane
* A Request is eventually followed by a Grant. Block A iDRdyi Block B
— always RegA -> eventually GntA M
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Assertion Languages
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SystemVerilog in a multi-lingual world

cadence

System-level

Transactions

@

Signal-level

RTL

&

Gate-level

=

PSL: Language neutral
SVA: SystemVerilog specific

PSL and SVA complementing each other

SystemC 2.1
C Interfaces VHDL 200x
Object Oriented Extensions ‘@’
Coverage
: SystemC 2.1 System
Dynamic Data Types scv VHDL 2000 Verilog
Port Interfaces &
. = VHDL 200x
TA Recording & Analysis
Constraint Randomization ‘e’
Assertions OVL/PSL OVL/PSL OVL/PSL, SVA OVL/PSL
Clocking Domains
: System
Static Data Types Verilog
Concise Language SystemC 1.0
Standard RTL VHDL 2000
Verilog 2001
VHDL Verilog
osci IEEE IEEE P
1076 1364
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PSL and SVA

« assert always req -> next eventually! ack;

( assert always req -> next never req before a

—~a

cadence

s TN

SystemC

VHDL

Verilog

SystemVerilog

* PSL acts as specification

— abstract

— language-independent

— declarative

« SVA acts as implementation

— SystemVerilog-specific

— encodes abstract assertion

— procedural

y

always @(posedge clk) disable iff Iresetn
assert property ( req |=> ##[0:$] ack );

always @(posedge clk) disable iff Iresetn
assert property
( req |=> 'req throughout ack [*->] );

1"



PSL and SVA
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PSL

assert always

( {req} |=> {[*]; ack} abort !resetn)
@(posedge clk);

assert always

( {req} |=> {req[=0] && ack [->]} abort Iresetn )
@(posedge clk);

1L

assert property ( req |=> ##[0:$] ack );

always @(posedge clk) disable iff Iresetn
assert property
( req |=> req[*=0] intersect ack [*->] );

always @(posedge clk) disable iff Iresetn ?

SVA

always @(posedge clk) disable iff !resetn
assert property
( req |=> 'req throughout ack [*->] );
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Correlation of SVA and PSL Features

Operators

sequence delimiters

zero or more

one or more

consecutive repetition

arbitrary repetition

"goto" repetition

sequence disjunction

sequence conjunction
length-matching sequence conjunction
a occurs in some cycle(s) during b

a occurs in every cycle during b
sequence concatenation (non-overlapping)
sequence concatenation (overlapping)
sequence same-cycle implication
sequence next-cycle implication
boolean implication

boolean bi-directional implication
always

never

eventually

next (family of operators)

until (family of operators)

before (family of operators)

interrupt (with success)

PSL SVA
L.} ()
riri
[+ [1:8]

[*count] [*range]
[=count] [=range]
[->count] [->range]
I

&

&&

within

{a[’]} && {b}

<>
always
never
eventually!
next*
until*
before*
abort

[*count] [*range]
[*=count] [*<range]
[*->count] [*>range]
or

and

intersect

within

throughout

#H#1

always
always not

disable iff

cadence

Notes

SVA borrowed from PSL, but added *
SVA borrowed from PSL, but added *

PSL v1.1 'within' = {[*];a;[*]} && {...}
PSL v1.1 might add 'throughout' also

OVA features
PSL features

Features resulting
from PSL/OVA
merging in DWG
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SVA /| PSL semantic alignment cadence|

* SVA and PSL have identical semantics where they overlap
— Sequences
— Sequence implication
— Disable/Abort
— Clocking

* A proof of semantic equivalence for non-derived operators has
been completed.

— Draft document now being reviewed for publication

14
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Tool Support
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PSL/Sugar Support

Cadence Incisive Verification
Platform

« Native compilation and execution
of PSL/Sugar assertions

» Optimizes PSL/Sugar assertions into
Incisive single kernel engine

« PSL/Sugar assertions are treated
as verification objects

* Interactive simulation & debugging:
breakpoints, interrogation, probing

cadence

Mentor Scalable Verification

Platform

* [...] Mentor Graphics Scalable
Verification platform [...] to include
standards support for all major
existing and emerging design
languages -- Verilog 2001, VHDL,
SystemVerilog (first phase of v3.1),
SystemC 2.0.1 (including SystemC
Verification Library 1.0) and the
Property Specification Language
1.0 (PSL)

« Monday October 27t 2003
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Incisive Assertion Browser
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Displayed: 34 |nactive: 34 (100

Begun: D (03]

Finished: 0 {035)

Filters

MNarme fFilter: I‘ * Madule Filter: I' | Instance Filter:

Displgy assertions with value: W Inactive @ Begun W Finished @ Failed

|

loptional)

ril SimYision: Assertion Browser 1 K .
Assertions are
Eile Edit View Windows Help o
fully integrated as
J B . Serd To: b W .
& | L " REDVEE first class objects
tal; 34 tive: 34 (10 ] NN inis VO et " P 3 -
Azsertion MName Meadule Inatance Current | Begun | Fini
State Count ol Breskpoint Mame: |
AddrHeldWhenMasterBusy |ahbCompliang rrlain.ahbMonitor_AElV.M 0 Ereak based an.
lncRwSizeDurinnAlll abhc i i j i i .
e el bl A rrﬁ?n.ahl:ul"."lo _ i ?nact?ve 0 Time ] Line ] Signal ] Caondition Aseertion ]
Addresy Assertlon Browser 3 Menitar_ABYV | inactive 0
Always . . inahbMaonitor_ABWV. inactive o +Add @Emwser -
Burstls dlsplays assertlon in.ahbManitar_ABY . inactive n ) - -
i i ) ) Assertion: Irnaln.ahl:ul"."lonltor_AEl".-".ahl:u_corr||:||.AddrHeIdWhenMasterElusy

Burstls States and Counts in.ahbManitor_ABY. inactive n
BusyAn inahbMaonitor_AEV. inactive o il

main.ahbMeniter ABY. inactive 0 State change _| Undefined _| Inactive @ Begun _| Finizhed W Failed

main.ahbMaonitar_ABY | inactive o

_I Stop only if this condition also is true:

o

. | Execute the following commands at each break:

& {]

@ | Always stop at breakpaint v|

@ | Keep breakpaint V|

(0.4 | Cancel | Apphy Help
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Incisve Debug Environment

cadence

shows up as events
on a probe.

Cursar

o |

azsert_fail_probe_1

Assertion activity

) — ssertion Browser 1 _i
Eile Edit DOUble'Cthlng rﬂ SimVision: Source Erowser 1 [../SDVAdvcon_2_11_03/ahbCompliance.v]
a’; [ on Assertlon name Send Too @ File Edit Wiew Select Format Simulation  Windows Help
brlngs up the \ | il Simulation Time: 270ns + 0
o1 Finist H o
; 2 (b%] Finishec — : :
it . 300 /7 {{ahbSize 1 == bitsle) &8 (shbaddr 1[0] == 1'k0YY || &Y
assertion source TN 91 s ({ghbSize 1 == pits32) &&= (ahbaddc i[1:0] == 2-b00)) ||
| | 1 82 /S {{ahbSize 1 == bitstd) &% (shbiddr 1[2:0] == 3°b0O00)) ||
" 3935/ {{ahbSize i == bits128) &% (ahbaddc_i[3:0] == 4°b0O000}) ||
MeverhoreThan 8WaitStatd ahb Compliang main.ahbia| fail 304 s {fahbSize 1 == hitsELE) &% (ahbaddr 1[4:0] == 5*bBO00OOOYY ||
395 |/ ((zhbSize 1 == bits512) &5 (shbaddr i[5:0] == 6°bOO00O0OOYY |
396\ fS {(ahbSize i == bits1024) &% (zhbaddc i[6:0] == T+b0O000OOOO))
BurstlsMotToolang ahbCaompliang main.ahbMa|finished 337
. . . a5a
BusyAndSeqheverFallowhg ahbCompliang main.ahbha| finished 300 /+ Behawior: always the mescinum rumber of wait states is 16 +/
wp 400 FS sugar property HewverMoreThanlEWaitStates = always
- — 401 |77 {(zhbReady i == 1}); {shbEeady i == 0)} |=:
wg SimVision: wd 402 |7/ {{ (ahbReady i == 0)[*0..15]}; (ahbReady i == 1} =
403 | fF abort (zhbResp i != OK&YT); /
Filterd File Edit Miew Explore Format  Simulation W = e y —
al
Mame| 5.7 Assertion failures | B [osbiects selected
Dizpla I

Goto-cause on
failure event
brings up the
assertion source

1s recorded as a

| 1 abject selected

transaction
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PSL/Sugar Consortium cadence|
... formed at DAC’03

* PSL/Sugar endorsement and 1

adoption is growing rapidly...
accellera

“Atrenta 15‘: i

—

SYNAPTICAD -

http://www.pslsugar.org/

“A Vendor-Neutral standard

that’'s open to anyone to use

and/or build tools around so

customers are not locked to a
fl single vendor”

MVA S JEDA Research
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Summary

« PSL is production proven and available today
« PSL and SVA are complementing each other

« SVA properties can be translated to PSL easily
— for export to other languages
— for clarity

« Customer have a choice
— use PSL today

— learn about SVA when required

cadencel
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