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Our role In Verification
Our Technology
Open Interoperability

Behavior-Based Debug
—Verdi™
— Extending with Assertions

Behavior Query
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Design Better

Open Interoperability

¢

« Waveform database Other Tools

APIs

— Writer for detection tools
— Reader for analysis tools

 Design database APIs
— Writer for adding data
— Reader for tools

* Visualization tool
control API

— TCL functions for every
command, and more

 Simulation control API

— Debug system as
simulator GUI

slasled

Simulators

Nowas

s - 1

L ]
L ]




Design Better

= Behavior-Based Debug

« Builds on top of design knowledge architecture
— Includes all traditional structure-based views and operations
— Applies synthesis and formal technologies

« Behavior analysis engine is the heart of the new
approach
— Infers formal logic model from HDL and assertion source
— ldentifies control/data path, separates active/inactive logic

e Behavior Exploration

« Assertion-Driven capabilities align with assertion-based
verification

— Trace from assertion trigger/pass/fail data to assertion source to
HDL source

— View assertions in waveforms, source browser, hierarchy
browser

— Check assertions post-simulation using signal dump data
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Design Better

== \ferdi™- Behavior-Based Debug System
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e Assertions Usage Model

In-lined
Module-level
Assertions
intermixed
with
Verilog
External

Chip-level
Assertions
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Design Better
Debug Faster

Assertion Extensions and Technology

KDB extensions to store definitions and relationship
to design
— Sufficient for transactions

FSDB extensions to store results during verification —
pass/fail/ongoing
— Sufficient for transactions

Assertion-specific display mechanisms
— Waveforms
— Source with annotation
— Hierarchy browser
— Requires further extensions for transaction support

Nowas




Design Better
Debug Faster

Assertion Import

Cefault Directory:;
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File | View Zource Trace Tools W Design Files:
T o T fdaddjenkuo_liao/DEMOY erlog/RTL/ALLUE. Ova Delete
Impart Design... fdaddjenkun_liao/DEMOM erilog/RTL/E . kernel ava
Reload Design L faddenkun_liao/DEMOS erilog/RTLAB Jsource. ova Delete Al
Wiews Import Log
Compile Design... M
EDEI.d simulation Results.. IfdaEfjenkuD_liau:u.r’]]EHD.r"-.-'er‘iIDQKRTLKBJSDurce,wa
Close Simulation Results 3 il
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Load Property Simulation Results... EE ﬁgﬁ;g I ClwvericomLog ¥ PY.ova
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Design Better
Debug Faster

File Wiew Source Trace Tools Window Help

=o] x|

| = | B .| B -’|Eﬁ. ﬁ‘ Selected:
33| module EMEECIR, IDE. PC, CH, alu_mode, bu
Bl system 34 51, ALU, T¥R. error_outd:
: i_Bdkernel (BJkernel) 35| input [1:01 IR:

; i_BJsource {BJsource)
Bl i_cpu (GPL)
BL I_ALUB (ALUB)

- 8] 3 Assertions

checgb

] i_CCU (Ccu)
5 i_PCU {(PCLY

o I_pram (pram)

Q@ iornic7  double 42
ialuauy  click /43

' 44

45

46

input. [7:01 IDE;
input [7:0] PC:
input. [4:01 CH:
irput [2:01 alu_mode:
input [2:0] bus_mode?
ry_mode s
input c
input reset:
output 51

output [7:01 ALU: =— - .
output [7:01 [HR: File View Source Trace Window Help

=0l x|

47| output error_out: =
48 ‘@"@‘HE- (8 B
49| reg [7:01 IXR: 1
50| reg [7:01 THR_tmp 2| scope system,i_cpu,i_ALUM £
d 51{reg [7101 ACC_tmp 2 clock posedge clk
¥ 4 evert tel = a && b
= N |5 5 event te? = posedge =@
source file "PCILu" E event te3 = if (matched tel) then te2:
zource file "alu,w" 7
zource file "Blkernel,v" 8 azzert BEEl ¢ check{ted):
2] ¥
o 103
11
12| scope system,i_cpu,i_CCU {
13 clock pozedge clk £
14 event ted = posedge ci
15 event. tef = d:
16 event teb = if {matched ted) then teb:
17
18 asgert checkd 1 checkiteBl:
19 i
201 ¥
2101
] [

1
-]
W

El

L ]

Assertion Management and Control
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Interfacing to Assertion Tools:

Interactive Control APIs

e Client/Server model

— For each selected assertion

e VCS™
— Enable/Disable
— Register callback

e Other

— Ovasim shared library

e Direct invoke
— Novas Checker (runs on design trace)
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0« INterfacing to Assertion Tools:

Debug Faster

Interactive Control APls (VCS)

The OVA Engine The Client
ovaRegisterClient()
L~ E 4
Cva_ClientlD
ovahddEngListener({clientlD, eventlD, ovaFProcessStateEvent. userData)

Vi r 4

Cva Bool
ovaAddAssertListener({clientlD, eventlD, ovaProcessAssertEvent, userData)

Vi 4

Cwva_Bool

ovaProcessStateEvent(eventlD, time, userData) .
OVA « Verdi

ovaFrocessAssertEventieventlD, time, assertionlD, attemptlD, userData)

"l
ovaloAction(clientlD, actionlD, userData)
o~ K 4
Cva Bool
ovaFirstAssert{clientlD)
F_1 K 4

COwa |D

ovahAssertDoAction(clientlD, action|D, assertlD, attemptlD, userData)
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Design Better

=osse Capturing and Storing Assertion Results

Extend the var type in FSDB with assertion:
— Event (a.k.a. temporal expression)

— Check

— Forbid

Var has signal and clock hooks
— event el = a #[3] b;
e a
b
» clock
Var value is composed of
— A time period [begin_time end_time]
— A result [success/failure/ongoing/explosion/unknown]

VCS FSDB dumper extended to support assertion

results
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Design Better
Debug Faster

NIL)

Assertion Source Annotation

File Wiew Source MWindow Help

lal® Bt &

‘ By £ -+ - |4o5o % 1ng

1
2| scope system, i_cpu, i_ALUM {

8 clock pozedge clk 4
E3

4 event tel = a && b
x 1 o
4 event tel = pozedge =@
*
5 event. tTE = if i{matched tel} then te2:
-
7 t check{te3):
a8 T
=l
10

11| scope system,i_cpu,i_CCU £

12 clock posedge ?}k i

13 event. t?4 = pozedge gf
14 event teh = df
» o
15 event. tef = if (matched ted) then teb:
> | 0
16 aszert checkd i checkiteB):
¥ b4
17 ¥
18] >

EL

For temperal expression:

[ : TRUE (fire event)

% FALSE (no event)
MF Mot Found
MY Mo value

LE : Under Evaluation

For assertion:
4 | SUCCESS
¥ | FAILURE
MF - Mot Found
WY D MO Walue
UE : Under Evaluation

L ]
L ]
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Design Better

~ Visualization and Statistics
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Design Better

~=— Data Search and Traversal
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Design Better
Debug Faster

NIL)

Double-Click, Drag & Drop

B <Disbihoyan TracoMamid> systamid_ef =10] ]
File View Source Trace Tools Window Help
| mEE 8 A& R seten:
33| module SHIE IR, IDB. PC. CH, alu_node, bu
Big ] systen A 34 51, AU, DR, error_outd:
i I_BJkernel (Ekermel) 1 ut [1:07 TR=
IIIJ |_Bdsource (BJsource, ... ut [7:01 1DB:
B l_cpu (CPU) t (7301 PC2
B4 L ALUB (ALUB) " [4:0] CH
CR lu_mode:

e
E AT ML
i o input clocks I
2 inpUL resetd
4 output 51z - |00] X
h i 45| putput [F:00 ALU: _l
o “'TC}”? 46| output. [7z0] Ixr; ENe View Sourch
o) g (pran, g .
output error_out: o, n r féﬂ' 'ﬁ
3
i £
3
i
5
e file "PCU.w" 5 then te2:
e File "alu,w" r
ce File "Blkernel " B  chack{tadls
q i
10 ¥
1n
12| scope system.i_cpu.i _CCU £
= R 13 clock posedos clk £
' Wave:2 enkuo. hac/DEM i -tk = poripeos
Bl View Waveform Analog Tools A 15 svant tef = di
15 event teb = if (matched ted) then te5:
DymE@ o 17
k| M ig art checkd § check{taB);
19
20
i |
¥
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Design Better
Debug Faster

 Load and view
assertion source
— View assertion/design
association
— Trace assertion
“drivers” and “loads”
across design
o Cause-and-effect
details
 Assertion check

— Check assertions
without re-running
simulation

NIL)

Debugging With Assertions

—|<Verdi:nTraceMain:1> th_CPUsystem.i_CPUsystem.i_CPU CPU (src/CPU.v) — /homey/.../CPU/merged.f - | |

File Exploration Wiew Source Trace Tools Window Help

g i_Bdsource (Bsource 162
& [ i_CPUsystem (CPUsy

163|begin

o T T O B R e S AR .f|ﬁ' Hh | Selected: (1) AuBuf[7:0]
B)"i_f 4—+|5?5 % 1ns
3 160 I
3 [ th CPUsyster
[ T_BJkemel (BJkemel) 161(// Progran Counter

always @{posedge %LOCKS or negedge F1%ESET)

<D src/CPULv (1200 L ATUBUFCATUBUFD,

#oly srofCPULY(1B7D: PC= #1 AluBuf:

®L> srofCPULv(194): TR= #1 AluBuf;
#th_CPlUsysten.i_CPUsystem.i_CPU : 2 load(s],

#<D> sro/ALUB.v(BED: ATuBuf = 0;

#4Ds grofALUB. w(BED: AluBuf = #1 Alulut;

#<Ly src/@LUB. v(33): always @(ResultBusMode c |

D3 i_cPu (2PL)
Hi o 164 if (1RESET)
~alE ey || 185 PC = 0;
% i_CCU (CCLy 166 else 1'f(I?C_10ad)
<1 _PCU (PCLY ;
g L_pram (pram) ME? I?C= #
168|end
169
170/ // Accunulator Resis | —|«Verdi:nTraceText:2> th_CPUsystem.i_CPUsystem.i_CF - | |
171 always @(posedge CLO|File Wiew Source Window Help
L]
172/ begin a‘@ at f‘ﬁ' 2
v 173 if (!FfESET) | scope th_CPUsystem.i_CPUsystem.i_cPU £
7
o i Bl assert [@QEN: check{e_INC); Must ALWAYS succeed !
[ 2> th_CPUsysten.i_CPUsystem.i_cPU.ATuBuf[7:0] /* re g b &

clock negedge CLOCK4

12 event e_INC: if {PC_load &% (OpBusMode == E°hD2}) then
13 A1uBuf == past(AluBufl + 1;

14

18 3

16| 3
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Design Better

Behavior Query

-

- - 7ﬂ<Verdi:nTraceMain':1> th_CPUsystem.i_CPUsystem.i_CPU CPU (src/CPU.v) — /home/.../_CPU/merged.ﬂ i \J
 View assertion st

<Verdi:tFlowGraph:4= Statement Flow Graph
@‘ | r§9| | File ¥iew Trace Taools Window Help

e 100 @ | ' .
r Sult Ey:_f' i + » | B ® 0O @ [T 525 #1ns | Clock: o CLOCK4

B g th_CPUsystem
] I_BJkernel (BJkern

. g 1_BJsource (BJsou
—_ VI eW B [ I_CPUsystem (CPL

B{0 i CPU (CPLY
=

assertion/design o

| iLPCU (PCL)

* Behavior Query

<Verdi:nWave:3> /home/bassam/DEMO/BehaviorQuery/CPU/merged.fsdb | - |J|
File Signal Wiew Waveform analog Tools Window Help

— Where do | start s s s e e

: A mﬂ
tracing?

— What range of time
IS relevant?

— Which signals are
relevant ?
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