Digital Verification

Budi Murty

Aug 1, 2023 cadence



Introduction

Budi has been working with Cadence since 2006 started as
an Application Engineer. He has wide experience on
verification technologies along with the Cadence platforms
like - Xcelium, vManager and Safety. He has worked in
closed collaboration with different customers around the
globe to optimize the verification cycle in terms of
regression throughput, automation, coverage closure, etc.
Currently, he is working as Sr. AE Manager managing AE
team working on different Cadence verification tools.
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Verification Platform - Overview
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Functional Verification Methodologies
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Results
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Verification Environment

Verification Environment
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Coverage Hierarchy

Metrics-Driven Verification

& Metrics_Formal_Sim B @ o.o 7 . ) E Y O Q - @
* Code coverage D e
a Verification Hierarchy & - st tabs G -
. Metrics N Name Combined Average Grade sl @ Relotve Elem !=
- This method assesses how well the test cases test the e
. . > B Types T 62.65% Ex U8 Name ”
intended behavior 8 s s, |=
. . 4 §top W] 55.32% ¢
- The extent to which they execute the design I —
» {8 RAM_12Bx16_TEST_INST ] 71.38%
» 1 RAM_256x16_TEST_INST ) 78.79% -
{} TOSP_DS_CS_INST ] 74.08% © D]
{ DATA_SAMPLE_MUX_INST ) 84.02% Showing 0 items
CD‘-‘EI"BQE {8 DIGIT_REG_INST =] 40.56% Details s -
» 1 RESULTS_CONV_INST ] 49.99% o
1t TOSE ALY | meiTwi™
¥ v Block Coverage
Code Functional & Blocks & _ <) Source
Coverage Coverage I [ A=zsTire srnezlive ZmmE - Overall Average Grade «
10 filter 10 filter 10 filter 10 filter)
; 1 : code bllock - 12I : lﬁ‘ 1 - [+] can_countery x dkmy =
—I Code Coverage I o Control-Oriented =2 true part of 15 o El e{)s:gin
Functional Coverage =3 false part of 20 1 21 100% case ({Ioad, dispense }) #/ parallel_case
_l Bloc k Co\’erage I =4 a case item of 23 = 1 22 . 2'b10:_ i
. —s 2 case item of 25 mo gi & 100% 2&;8?]':_ total +cans;
- Data-Oriented =6 true part of 26 mo 25 faMIX if (total'=0)
ErEﬂCh CENE'.TEQEE Fumtional Coveraw =7 implicit else 25 nu 26 0 0% éotal=t0ta|—1 .
=38 implicit default 21 1 2 o4 i CESE==
] 28 6100%  if (total==0)
_I Statement Coverage I =9 code block 28 = 29 & 100% empty <=1;
=10 true part of 29 =t 310 e oo egﬁpty =i
_| Expression Coverage I =11 false part of 31 =1 32 " end !
Expression Coverage Toggle Coverage
—  Tooole Coverage | =
BEJ Coverage Table [k a && (binside {(c | d), (e &), (f ==g)}) a - Variables
Ex UNE Name Range E:::g”e .

. UNR Ind I . no filter no filter no filter
—I FSM Coverage I e Ui Index 12 M o ] empty

¥ 100%

Gl o ] =K — fnd dispense | m— '

k32 , o mo i load 100%
3 . . mo fnq cans [7:0] I/ 04

fin rst 100%

. find clk 100%

Showing 3 items
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M etn CS' D ”Ve n Ve r|f| Catl O n Covergroup Coverage

.
* Functional coverage " [ ———
Ex U rerall  Overall Average Grade  Name Enclosing Entity g Abstract _Ecpand
I Ex UMk Name Overall Average Grade
18/64(2.. [ 28.12% B reg_model.uart_ctrl_rf.ua_div_latchO.wcov uvm_pkg = I
- Focuses on the functional aspects of a design s B B s
1/64(1... [C—J1.56% B reg_model.uart_ctrl_rf.ua_div_latchl.weov uvm_pkg & auto[4:7] 100%
- - - 0/64(0%) 1/ 0% & reg_model.uart_ctrl_rf.ua_div_latch1.rcov uvm_pkg o5 auto[8:11] I 0%
- Helps in verification goals set by a test plan O/oTM 0% B e s o e =
0/8(0%) 1IC—10% B reg_model.uart_ctrl_rf.ua_fifo_ctrlwcov uvm_pkg o auto[16:19] 100%
@ 8/16(50.. EEEDD 53.57% I reg_model.uart_ctrl_rf.ua_lcrwcov uvm_pkg :]Ej & auto[20:23] 100%
0 D
| Functional Coverage | Showing 19 items I Showing 64 items
] & lems | @ reg modeluart_ctrl_rf.ua_div_latchO.rcov & - [E] Details 2 div_val
Ex U Name Overall Average Grage Overall Covered v Attributes Source
l ¢ _ Overall Average Grade ~
& div.val ] 4531% 29/64(45.31%) =
R uart_ctrl_reg_modelsv  x uvart_monitorsv x
10.1 Data-Oriented 10.2 Control-Criented 320 covergroupwrcg
- o 33 option.per_instance=1;
Functional Coverage Functional Coverage a0 Oyl Ceoverpokt O Val VakISTOT
35 endgroup
36 @ covergroup rd_cg:
37 option.per_instance=1;
" " ) N 380 div_val : coverpoint div_val.value[7:0];
10.1.1 Defining a Covergroup I 10.2.1 Functional Coverage Points in PSL 39 endgroup R ——
40

10.1.2 Defining Coverpoints and Coverpeint Bins

| 10.2.2 Functional Coverage Points in SVA

TATTt

10.1.3 Defining a Cross 4 @ Verification Metrics [ 89.17% = Sassert.sv x
10.1.4 Covergroups in Classes b & Types I 59.17% 6 always #1 clk=-clk;
4 i Instances [ 59.17% 7

10.1.5 Predefined Coverage Methods and 4 T assert immediate ] 20.17% : EL“;ES@{P‘“MSE clk)

Options P CHECK_REQ_ WHEN_GNT 100% 10 if (grant == 1) begin
11 CHECK_REQ_WHEMN_GNT : assert (grant && request) begin
12 current_time = $time;
13 $display ("Seems to be working as expected at time %0t".current_time);
14 end else begin
15 current_time = $time;

: 16 #1 $error("assert failed at time %0t", current_time);
Merging of Coverage Database : e

18 end
19 end

Block-level merged )
Assertion Coverage

SoC b 3 E coverage database
= BLK1 BERs=R
- D =
BLK1 BLK2 _
pb g = )
p iy BLK2 RER =R = SoC-level merged
T— = — coverage database
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Gate-Level Simulation GLS Flow
- Simulation of a netlist, with or without gate delays

. . . . . Testbench Verification Lintin
- To ensure that the desired functionality is not lost in the :
translation from high-level RTL to low-level gate Logic
. . uivalence
implementation  Creck
« GLS is done after the synthesis of the RTL code or post-P&R
« Timing Annotation Gate-Level Netlist
o SpECIfIC BlOCk ATPG Pattern Simulation STA
- SDF (Standard Delay Format)
. SDF Sample Design with sequential and combo blocks
SDF Content —
- 10 PATH Compraneran *3.0%) IN1 m out
. TIMING CHECK T e e ol
(PROGRAM  "Weritime") FF1 L(D‘;’I':"z FF2 Lf)‘;'l’f’} FF3 fﬁ';fzt; FF4
. & =
e 0 ] | i i i

(TIMESCALE 100 ps)

ouT3
Cell 1 (CELL (CELLTYPE "DFF")

(IHSTAHCE a.b.c)
{DELAY (ABSOLUTE

(IOPATH (posedge clk) q (2:3:4)(5:6:7))
¥

FF5
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Debugging Methods

 Cod

o

e traversing

ode debug at each simulation time

- Waveform Debug

nalyzing dependent signals

ransaction, Mnemonic

« Schematic Tracing

* Aha

rivers and Loads

onnectivity verification (GLS)

lyzing Simulation log

ithout running the simulation

iIme traversing

Desgn Pack

Path: _ST6_GL_inst

Hierarchy Name

PharaohsSerpent

Elo ]

+ O Design0_inst [ARRE]
bege Designo_intf @B
473 Designt E B
» O Channelo_Inst L]
» O Channeli_Inst (o]
» O Channel2_inst B 8
» &5 Channels inst (oGl
» 2 Channela_inst B
» & Channels_inst (o=
» O Channelé_inst 0 B8
40 Channel7_inst (o]
»O 01.CHISTOBUSSPL [
»O DI CHISTIGENAD [ B
»O 01 CHISTLINOUTS. [ B
PO DICHISTIBUSSPL [ [
»O DICHISTAGENAC [ B3
» D D1_CHT_ST5_GL (o=
40 D1 CHISTo GLInst [ &
»a 0 ol
v [ v
ro 2
»O 13
b4
rO 15
» 16

6 o[+ 0 |[momms o] B B3

i1l Signal Name

g oul[150] % Y NoFite .

o) BFies. £ % Falt H SL]
PharaohsSerpentsv = iy w a3
Ve @ S O ? o). |8
begin a8
S n 1 aut = {widthi1'b0)};
- b for lindes = O: index = inputs. inde:
cloe K begin
qo0 h1 out |= {width{sellindex!}¥} & inl
ab1 ho end
as2 m end
p o endradil e
qb ho .
qo5 1 module mux (nux out,
qb6 it bl
Qo7 no e
qoe " din 1,
qbo h1 sell;
qo10 " 5
qo R P WiETH = 4
o2 n
1 . b
12 n output [AIOTH-1:0] nux sut:
qoia ho 1
15 i imput [ WIDTI-1.0] din O
4 ' n
reset ho Anput {WIOTH-10] din 1
sig in[150] *hebon
sigoutl150]  Hce9a imput el
1 @
0} ja} n|
21 items @ (0causes. 0 leads) 3 (01 L

T ¢ aaaq [}

a
1 0bjects selected

SjznQ @ @

- Message
Sirmustion Time (fs)
1.450.000. 000
1,460,000, 800
1,460,000, 000
1,910,000, 800
1,550,860, 605
1,599,060, 606
2,619,008, 800
2,619,008, 800
2,619,008, 800
2,619,008, 800
2,050,008, 800
2,050,008, 800
2,670,000, 800
2,130,000, 800
2.150. 000,000
2.170. 000,000
2,170,000, 000
2,210,000, 000
2,250,000, 000
2,350,000, 000
2,370,000, 000
2,390,000, 000

COOGOODRRE R R EERRD OO D B
EEEEEEEEEEEEEEEEEEEEEE e

™ 2390,000,000
Pharaohs.

Mesage
Pharachs serpent
Pharaohsserpent
Pharaohsserpent
Pharaohsserpent
PharaahsSerpent
Pharashs Serpent

XSLA: YELASRTST
XSL: E,ASRTST
XSL: E,ASRTST
18: *E.ASRTST
18: *E.ASRTST
xsL: *E.ASRTST
xsLe: *E.ASRTST

Desagno_intt
Designl_intt
Desagnz_iner
Designz_intt
Besignl_intt
Besignd_intl

SE.ASRTST (. ./rt1/PharachsSerpent .
SE.ASRTST (. ./rt1/PharachsSerpent .
SE.ASRTST (. ./rt1/PharachsSerpent .sv.90270]
SE.ASRTST ({../rt1/PharachsSerpent.sv.93605) : (tise 2010 KS) Assertion PharashsSer —
SE.ASRTST (. ./rt1/PharachsSerpent.sv.13874] : [tise 2650
SE.ASRTST (. ./rt1/PharachsSerpent.sv.74548] : [tise 2050
SE.ASRTST (. ./rt1/PharachsSerpent .sv.70935]
SE.ASRTST (../rt1/PharachsSerpent.sv.56268] : [time 2130
(. -/FTU/PharachsSerpent . 5v.25171) : (tise 2150 KS) Assertion PharsohsSer —
i (time 2170 NS) Assertion Pharachisers —
(tise 2170 K5) Assertion PharsohsSer —
(time 2210 NS) Assertion PharaohsSers —
[ -/FEU/PharachsSerpent .5v. 60950) : (tise 2250 NS) Assertion PharsohsSer —
(. -/FtU/PharachsSerpent .5v.20000) : (tise 2350 NS) Assertion PharsshsSer —
(. -/rtU/PharachsSerpent .sv. 33767) : (tise 2370 NS) Assertion PharsohsSer —

(. /PtU/PharachsSerpant . sy, 1224
[ /FtU/PharachsSerpent . sv. 5341
[ /FEU/PharachsSerpant . sv. 4059

% EeE

drive_item - Driving new packet for
arive_Ltem - Driving new packet for
drive_item - Driving new packet for
arive_item - Driving new packet Tor
drive_item - Driving new packet for
drive_iten - Driving new packet for

46713)

PharachsSerpent Designd_intf.drive_item - Driving new packet for

in 4] @

18 clacks
18 clocks
15 clocks
16 clocks
18 clocks
22 clecks

22 clocks

¥ HDLSY [¥]SC

31645): (tine 2810 WS) Assertion PharashsSer —
(tine 2610 KS) Assertion PharsshsSer —
(tine 2010 KS) Assertion PharsshsSer —

WS) Assertion PharschsSer —
WS) Assertion PharschsSer —
(tine 2076 KS) Assertion PharashsSer —
WS) Assertion PharschsSer —

x P .
scope: © &
DI_CHI_STI0_SYS_TASKS D1 CHL STI0 SYS TASKS inst(.clock (9UE_LITY ¢k} . +reseE(aut_intr.reset). .510_in($1q Ut sEO(15:0
wire [15:0] !lﬂ.OHY STl
DL_CHI_STA1_TERN_in) DL CHI STLL TERN 10 15t(.clock(dut_intr cik). -resetisyt_imte.reset). .s19_in(s1g out stie[is:e]
D1_CH1_ST12_GEN_AOT_INTF_STRCT DI CHI STI2 GEN ADT TWTE STACT inst{.clock(dut_intf.clk}. -reset{dut_intf reset), .sip_i
wire mEart etk =
asaign Bssert clh = dut_tntf.clk & $time » 2000ns:
= Viasit ¥ Enecker: sssart proparty (a{presdpe aisert €1} 'gisumknown (319 sut)})

endmodule

module D1_CH2_STO_GL{iAput wire clock, iaput wire reset. input 115:0) sig_in. eutpat wire [15:0] 5ig_out):
eq clear = 1
o
arf I0f cleiclear). <lkiclock). .d(sig_in[1S1). .alsig_outlo]). .ab(abd))
wire aol.
arf I1{cleielear). <lkiclock). dfsig_in[14]). .alsig_sutil]}. .ab(abl))
wire gb2
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Debugglng MethOdS High-Performance

GUI (Launching,
Analysis/Search

= INDAGO END SIMULATION TIME: &0 DEBUG TIME: 10,000,000 »
Post Process

SMARTLOG X SOURCE

% Y - aa €2 B2 % || t-F Q- i
to K- | verbosity = rr—r—r—r—r{§s Domain [v] e [¥] HDLASV [v]SC E PharachsSerpent.s: x 1+ @
(. Keep - Message - + B8 Scope: O PharaohsSerpent Desi I £a
» B e TR Messge : .

D1_CHB_ST12_PARAM_EXPLOSION D1 CH8 ST12 PARAM EXPLOSION inst(.clock(dut_intf.clk), .reset(dut_intf.reset), .sig_in(sig

UVM_INFO - Packet

Ha

ut st13;

- - ho = *hl he 0
req uve_seq_item 1128 D1_CHB_ST13_PARAM_EXPLOSION D1 CH8 S5T13 PARAM EXPLOSION inst(.cleck(dut_intf.clk). .reset(dut_intf.reset), .sig_in(sig

addr integral ] ‘hd4 hO = 'hl ho .
P 1,998 headerl integral ] ‘h78 D1_CHB_ST14 INOUTS D1 CH8 ST14 INOUTS inst(.clock(dut_intf.clk), .reset(dut_intf.reset), .sig in(sig out st13([15:0]).
m . e header2 integral B hel
header3 integral 8 ‘he?
datag da(integral) 16 - h0—+ x X
1e1 integral 8 *hl wire assert clk = 0;
1] integral B 'hal hO - x hO = ‘hl
3] integral 8 ‘hs assign assert clk = dut_intf.clk & §tine > 2000ns;
QUlel Show More., . t : r
y 4« ® oM@ 1.99,,, PharaohsSerpent .Design@_intf.drive_item - Driving new packet for 22 clocks . - . -
Iaunch « @ % m2.000... xmsim: *E,ASRTST (../rtl/PharachsSerpent.sv,31045): (time 2010 NS) Assertion PharachsSerpent.Design E4 sig out X checker: assert property (@(posedge assert clk) '$isunknown (Sig out))
o & [ 2,010, xmsim: *E,ASRTST (../rtl/PharachsSerpent.sv,46713): (time 2010 NS) Assertion PharachsSerpent.Design endmodule

xmsim: *E,ASRTST (../rtl/PharaohsSerpent.sv,90270): (time 2010 NS) Assertion PharaohsSerpent.Design

Supportlng . -.‘:il:]z.em.‘:.

v v e [1 2.010....\ Xmsim: *E,ASRTST (../rtl/PharaohsSerpent.sv,93608): (time 2010 NS) Assertion PharaohsSerpent.Design
debug tOO|S » % fr [0 2.050.... Xmsim: *E,ASRTST (../rtl/PharachsSerpent.sv,13074): (time 2050 NS) Assertion PharachsSerpent.Design SO rce Browser

v O @ [ 2,050, i *E.AY sertion PharachsSerpent.Design wodule D1_CH9_STO_TERN_inj t wire [15:0] sig_in, output wire [15:0] sig_out):

v & f [ 2.070,... |Xmsimi *E.AS . o sertion PharaohsSerpent.Design

v o [ 2.130,... |XmEsim: ¥E.AS Hyperllnked Log Flle sertion PharaohsSerpent.Design I J a1

» © f [ 2,150, ..  Xmsim: %E,AS sertion PharachsSerpent.Design reg hdl_sige;

reg hdl 1:

v 3 W [] 2.170.,., xmsim: *E,ASRTST (../rtl/PharachsSerpent.sv,1224): (time 2170 NS) Assertion PharachsSerpent.Design :JI hﬂlii:r o]
@ ] @ o
Showing 330 items (@ (0 causes, 0 leads) 3 (0]

HIER DEBUG

n TestBench Packages « 4+ W | [ miosemoe /| B B |oesvame 2000000000 w || B[] @ % = B o wa aaa

Path: annel8_inst.sig_out[15:0] = ~ ¥ No Filter -
Hierarchy Name i 4 Signal Name Value

4 {3 Designl_inst =

. ] assert_clk
« » By sig_out[150]

» {F Channel0_inst

Channell_inst
- . P sig_out_X_checker inactive = failed

« » By sig_out_sto[150] ‘haB3f = 'heb2
« v By sig_out_st1[15:0]

‘haB3f — ‘heb2

Chamee ns Navigation of
Channel7_inst
Channel8_inst i i
Channel9_inst DeSIgn/TB Hlerarc y
Channel10_inst
b i+ Designi_intf
» O3 Design2_inst
b 4@ Design2_intf

. Other Scopes
1} trans_global

RORRQOORAORR

» &) sig_out_st8[150] ‘hes3a
« » @ sig_out st3[150] ‘h3acs
« » By sig_out_st10[150) ‘h3acs
« » By sig_out_st11[15:0]
« » By sig_out_st12(15:0]
« » By sig_out_st13[15:0]
~» [ Compilation Units (1) = e dur intf Besig o
[ (DO

Showing 21 items

@ & 0

Showing 18 items Jn1_inst

Waveform Window

cadence’ Thread
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Formal Verification

Checks exhaustive if a model meets a given spec

- Model: Synthesizable RTL
- Spec: Properties (Assertions and Covers)

Formal Analysis

- Formal tests all possible stimuli, one cycle at a time

Properties

- Formal checks properties as it is walking through stimuli

Constraints

- Not all input stimulus combinations are legal
- Assume properties tell formal what is legal

2

Formal Property
Verification App

« Block-lavel or end-to-

end properties

+Interactive debug, what-

if & constraint setting

= High performance and

capacity

PN

DESIGN

Design Coverage
App
+Provides formal
coverage metrcs
+Analyzes property set
completeness
+Shows verification
from bounded proofs

&

Superlint (AFL) App

» Automatic RTL checks
« Overflow, dead code,

Ivelock/deadlock. ..

*Integrated waiver

handling and debug

&

Sequential Equivalence

Checking App

+Sequential, temporal &

functional equivalence

+Reference versus

madified RTL

+ Side-by-side debug
«Full chip capacity

RTL
Design

a
X-Propagation
Verification App

= Automatic property
generation

+ Unexpected X
detection & debug

Q
Clock Domain
Crossing App
« Full structural and
functional checks
+ Metastability injection
flow with Xcelium™

+ State-of-the-art graphical
debug & waiver handling

Formal Flow _

Visualize™
waveform

9D

Formal Property Verification

JasperGold w/Visualize™

CSR

Control/Status
Register Verif. App

= IP-XACT input
« Comprehensive

access policy checks

« Standard &

proprietary protocols

A

Functional Safety
Verification App

« Formally analyzes
fault categonzation

* Complementary to
Xeelum Safety

+ Graphical debug &
full reporting

« Excel or IP-XACT input
+ Sub-system and chip-

«Verfies power-aware

Formal proo:

UNR

Coverage
Unreachability App

= Proves reachability of
coverage holes

+ Simulation coverage DB

G2
Connectivity
Verification App

level connectivity

» Conditional, and RTL inputs
combinational or = No formal expertise
sequential connections  required

#
4 4
(N L
Low Power Security Path

Verification App Verification App
«Identifies secure data

formal modsl leakage paths

*RTL and power «Verifies data sanctity
intent file inputs & fault-tolerant

= Structural, functional, security

& sequence checks
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Regression Environment

Create plans, Analyze metrics, Launch jobs, view Track progress, Dashboards
Link to TB and specs and Coverage Results triage data Subm|t reports Reports, Launch

vManager vManager vManager vManager vManager
Planning Analysis egressio Tracking Web
( ( ( ( {
| vManagerT'V' = Verlflcatlon Management ‘
| | API |‘ Planning | | Execution Data
b Management
- /m N
vManager vPlan @ Xcelium® Simulation Tracking Data
Check —> X
VAPI ec | _ Web Data Source
VIP p Tracking ~ Saved Coverage
| ™ . Regressions Data
BatCh VPIan I JaSpeI’ Formal RegreSS|0nS User-Defined Views
. DatallF ABVIP | N —
User-defined metrics /
 ALM Metrics / Views Perspectives
« Custom | AVIP | vPlan Palladium® XP / Z1 T—>
AP P EE

Coverage Files Log Files
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