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Disclaimer:

The contents of this document are confidential, privileged, and only for the information
of the intended recipient and may not be published or redistributed.

The design example in this tutorial is not supplied. You need to use your own files to follow the
tutorial steps and instructions
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Introduction

Introduction

VC Formal uses TCL (Tool Command Language) scripts to tell it what to do. The script can define
the app within VCFormal that we want to use, the files we are working on, how we are mapping
them, the clock cycles, and more. Instead of diving into the details of TCL scripts, we will use
templates. One would then simply need to modify those templates to interact with VC Formal
as needed in their project.

To begin, you need to set up the VNCserver as shown in the previous tutorials and open the
Linux GUI. For better practices and to keep everything organized, we create a main folder for
the design we want to analyze, and in this case, | called mine “AEP_Example”. Don’t use spaces
when naming the files and folders.

Inside that folder, we create two folders: one is Design, where you put the actual Verilog or
SystemVerilog designs we want to analyze, and the other is Run, where we put the TCL that will
run the VCFormal AEP analysis for us.

< > | ¢ Home !
© Recent &% Applications Places  Files

- — - —

m <> 4| @y Home | AEP_Example run »
[ Documents © Rt
Desktop Documents Downloads FormalMo
¥ Downloads & ama
Musi — -
93 Music ‘ New Folder Shift+Ctrl+N D Documents
3 Pictures € ~ Downloads
design run

i® Trash Select All dd Music

Templates vcfmo Properties
© CentOs7 - Open in Terminal

Figure 1. Creating folders to organize design and TCL files.



Introduction

About and Usage of AEP
Auto Checks

The “AEP” app in VC Formal is used as an analysis tool for Functional Checks for RTL Structures
auto-checking a design for out-of-bound arrays, arithmetic
overflow, X-assignments, simultaneous set/reset, full case,
parallel case, multi-driver/conflicting bus, and floating bus
checks. Without the AEP app, these checks would each require
their own dedicated simulation tests, consuming lots of time
and energy.

The possible checks offered through the AEP app along with their descriptions are listed in
Appendix Table 1. This is a resource for you to know all the AEP checks that can be ran on your
design. Labeled under Switch in the table are the commands you will use in your TCL file to
reflect such analysis. To assign multiple switches, we can also use the + operator in such syntax:

-aep x_assign+set_reset

In this tutorial, we will simply be applying all the verifications on our design (recommended)
with the switch command.

Property (Analysis) Type Switch Description
All AEP Checks -aep all All possible AEP checks
Table 1.2. Example of “All AEP Checks” property type derived from Table 1 in the Appendix.




Design Files

Introduction

In the Design folder, you’ll put in the SystemVerilog design file. The TCL file will be put in the
Run folder. We suggest you name your folders with lowercase letters, as VC Formal is

case-sensitive.

+% Applications  Places  Files

#% Applications  Places

Files

< | > | 4 frHome | AEP_Example  design »

< | > 4 1 Home

AEP_Example  run  »

© Recent
r Home
[1 Documents

~ Downloads

train_Controller.sv

© Recent
r Home
[1 Documents

~ Downloads

run.tcl

Figure 2. Showing the SystemVerilog and TCL files in the correct folder locations.

Home | AEP_Example | design

train_Controller.sv

Open ~ | (A

train_Contraller.sv
AEP _Example/desigr

Save = = o x

// Synopsys VCFormal AEP App Example

output logic [2:
output logic [1:

logic [2:0] counter;

//State Register

if (reset) begin State <
counter <=3'b011;
end

shared track
State <= Next;

end
end

//Next State Logic
always_comb begin

// Portland State University - Train Controller Example

module [train Controller|(input logic clk, reset, sl, s2, s3, s4, s5,
output logic swl, sw2, sw3,

0] indicator,
0] DA, DB);

// Enumerate the states. Here I am using on hotkey for state encoding
enum logic [4:0] {AB_out=5'b0@001, A on2=5'b08018, B on2=5'b0O100,
A_stopped=5'bol000, B_stopped=5'bleooe} State, Mext;

always_ff @(posedge clk) begin //The reset signal is not here since it's a synchronous reset

= AB out;

else begin // in case of a reset, go to the initial state with A and B outside the

// Go to the next state with each positive clock edge
counter <=counter+3'blle;

SystemVerilog ~ Tab Width: 8 = Ln 15, Col 1 ~ INS

Figure 3. Example of the design we are using in this tutorial.

In order for VC Formal to map your design, you need to acknowledge and keep note of your
exact module name, as highlighted in Figure 3 above. This will come in handy when you create

your TCL file. To make things simple, we suggest naming your design file after its corresponding
module name (more on this in the TCL File section below).
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TCL File

Next, we will set up the TCL file. Below is the TCL file (Figure 4), which you can use as a template
for your functional checks on VC Formal.

JAEP _Examplefn

Cpen = | A s Save = = o X
# Portland State University VC Formal Team AEP App Tutorial

set fml appmode AEP @

# Run -aep all analysis on module "train Controller" in the file /design/train Controller.sv
set_fml _var fml_aep unique name true

read file -top|[train_Controller|-format sverilogl—aep alll—vcs F../design/train_C0ntroller.sv}

@ ® a
# Creating clock and reset signals

create clock clk -period 100
create reset rst -sense high

# Runing a reset simulation
sim_run -stable
sim_save reset

Tcl »  Tab Width: 8 - Ln 3, Col 20 - INS

Figure 4. Annotated TCL template file.

(1) Instruction that sets the appmode to AEP in VC Formal.

(2) Name of the main module as established in the Design file.

(3) The property type identifier switch name for desired AEP analysis (see Table 1 in Appendix).
(4) Design file location so VC Formal knows where to find the file.

As mentioned before, VC Formal is case sensitive, and in order for it to map your designs, you
will need to use the same module name in the TCL script (2) and the module name in the design
file. For example, we can see that our module name in the TCL script is the same as the module
name in the design file in Figure 3.

The file name (train_Controller.sv) can be named however you want.



Application Setup

Application Setup
There are multiple ways to invoke the VC Formal GUI and load the TCL script.

In this tutorial, we will show two methods for doing so. When using either method, it is

important that you open the terminal within the appropriate “Run” folder associated with the
AEP app.

e |nvoke VC Formal GUI, then manually load the TCL script in the application:

Svcf -gui
OR

e |nvoke VC Formal GUl and TCL script in one command:

Svcf -f run.tcl -gui or Svcf -f run.tcl -verdi
‘run.tcl’ is the name of the TCL file we are using. If your file name differs from this, you

will need to change it accordingly in this command.

The “-gui” switch opens VC Formal in the GUI, and it’s equivalent to the switch “-verdi”.

We will go through both of these methods in the following sections.



Invoking VC Formal GUI

To proceed with invoking VC Formal:

Application Setup

1) Inside the “run” folder, right-click the whitespace and choose “Open in Terminal”

2) Inthe terminal, type in the command:

vcf -gui

File Edit View Go Bookmarks Help

Mate Terminal

W FS

*

¢oBack v

2| | «|| sEQ_Example |[Run

File Edit View Search Terminal
bash-4.24 vcf -guif

# P

set :
|

run.tcl

[E Create Folder
|y Create Document 2

Arrange Items L

Figure 5. Invoking VC Formal in the terminal.

Note: You may have to wait a few seconds for the program to start up.

Help

You should then see the VC Formal GUI as shown in Figure 6 below. You can toggle between
showing Targets, Constraints, or both Targets and Constraints window by clicking the blue box

icon in the upper right-hand of the application (1).

EN=]g=]

It may look like any of these three icons:

ON

yel

%]

2

0 @ appmose:[rrv ~|

5l EEEEEETE

EAIEIE

<Verdi:nTraceMain:1>

File View OneTace Tools Window Help

s £ LA QI+t EvE Sin T -
VCERsklist & & _ O VCRGoallist

Task List P Time Max Cycie
Name  Progress Resul
Targets
Constraints: ALL
7] =

Insta...|Declarat.. [ /CF:TaskL.| *Srcl| VCF:GoalList

VC Formal Console

T \ "D =

Search ~|[ (P KE (@) - Line: [2 S|@ %

1 vc static

2 Vversion R-2020.12-8P2-7 for linux64 - Apr 03, 2022

3 Copyright (c) 2010 - 2022 Synopsys, Inc.

4 This software and the associated documentation are proprietary to Synopsys,

5 Inc. This software may only be used in accordance with the terms and conditions

6| of a written license agreement with Synopsys, Inc. All other use, reproductiom,

7 or distribution of this software is strictly prohibited.

8| +(@SML_WARNING-3): Wed Jan 25 12:53:17 2023: High network latency to these hosts:

vet>
@ Message | VC Formal Console

ldap (3000 ms)

S

DB
8 _0o
o] (L]

& _ O
—

[«

N vl

s o KA
5 ol eu

Figure 6. VC Formal GUI introductory screen.



Then load a TCL script by clicking on the E icon (2) as shown in Figure 6.

Next, select the “run.tc

III

file we have in the “run” folder:

Open TCL Project File x

Look In: :E Julweelina/AEP_Exarmplefrun j « o@

'

| 9 .certitudeGU
o |- vest rtdb
[ [ .certitudeGui | | veniLog
o 65 vest_tab i'
= 9 verdilog ‘ 5
File Name:  run.tcl Fiker: | =pri:=.tcl v |

l gpen[}“ Cancel J

Figure 7. Selecting TCL file.

Application Setup



Application Setup

Invoking VC Formal Along with TCL File:

To proceed with invoking VC Formal:

1) Inside the “run” folder, right-click the whitespace and choose “Open in Terminal”
2) Inthe terminal, type in the command:

vcf -f run.tcl -gui

«* Applications  Places  Files

{ > || 4 frHome AEP_Example run | »

©® Recent

New Folder
r Home Pacte
[ Documents Select All
run.tcl Properties
i, Download
M Open in Terminal

dd Music

Figure 8. Opening terminal in the ‘run’ folder.

Home AEP_Example run

ghonim@localhost:~/AEP _Example/run - o x

File Edit View Search Terminal Help
[ghonim@localhost run]$ vcf -f run.tcl -gui

run.tcl

Figure 9. Invoking VC Formal and TCL script in the terminal.

And that’s it!

10



Running Files

Running Files

After successfully invoking VC Formal GUI and loading the TCL script in the above methods, your
screen should have contents in the VCF:GoallList tab and look something like this:

<Verdi-Apex:nTraceMain:1> train_Controller train_Controller (../design/train_Controller.sv)

wi (a5

File View Source Onelrace Tools Window Help R String/Signal -&
E = 5 = = = == P N 4 e B B =@ - i = : =
ML @O 23 - B0e¢2DC00%R% @ M BTG % @ rwmuesaer |
vCERskist & & - O || VCFGoallist & -0
Tosktist ][] 7ime 120 ] Maxcyce |2 v | O] | B Ey Bx @ 4| @)L L]
Name Progress Targets: ALL
| status ] depth l name [ engine [ expression ] elapsed_time [ location I type ! state_re
...w_0_counter<_counter+3 b110_ ...ter + 3'b110); ...ontrollersw:23 | arith_oflow
I | trai n_Controller full_case_0_State State | ...ontroller.sv:43 | full_case
#' [trai n_tantro!ler.l’ull_case_l'_state I State " ..ontroller.sv:57 | 'full_'case
':I | ..._CDntmIIer.parallel;case_G_State State | ..ontroller.sv:43 | paraliel_cas! [
5 |...llerx_assign_0_indicator_3 bxxx ...ator = 3bxxx; | ..ontrollersv:63 | x_assign
= — 1 =
BT i | Total Properties: 5 - passed[0] - failed[0] - disabled[0] ; Constraints Enabled: 0
Insta...|DecIarat..|JCF:T39<|__| @ *Srcl:itrain_Controllersv | VCF:Goallist
VC Formal Console 48 .- 0O

Bule View Tools Window

|§ Line: :6‘! @ b 4

67| create clock clk -period 100
68 create reset rst -sense high

{source_objects} option of (create_reset} command.
70| # Runing a reset simulation
71 sim run -stable
72 [Info] SIM I CREATE: Create Simulation Model.
73 =im_save reset

69 /u/wcelina/AEP Example/run/run.tcl:12: [Error] TCL OBJECT NOT FOUND: No matching design object found for {rsat} in

D

74| 1
-
vef= = Dv
@ Message |vc Formal Console
Selected:

* @ & 5

Figure 10. Screen after loading TCL script.

Now, go ahead and run the verification analysis by clicking on the play [F] icon in the upper left

corner of the VCF:Goallist tab.

11



Running Files

Detecting Errors

x

<Verdi-Apex:nTraceMain:1> train_Controller train_Controller (../design/train_Controller.sv) w] L
File View Source Onelrace Tools Window Help R String/Signal -&

ME-L 8 ® 28 o BRe20000%L2 @ M 676 0® e whe |

VCERsitist & ¢ - O

Teskiist (][] e |12n | woxcyce | v | EE B Ry BX @4 8l [E]E) )
Name Progress Targets: ALL
[ status I depth | name | engine | expressiorl_l elaDse:I_ﬁmel location | type | state_re
® 1 ...w_0_counter<_counter+3 bl10_ b6 ...ter + 3'b110); 00:00:01 ..ontrollersw:23 | arith_oflow
I < |train_Controllerfull_case_0_State | tl State | 00:00:00  ..ontrollersv:43 | full_case
31' v 'iral"n_-Cann'o![er.full_case_i'_s'tate [ t1 | State | 00:00:00  ...ontrollerswis7 | 'l'ull_'case
4 v | ..._tnntﬁailer.parallel;case_O_State [51 State | 00:00:00  ..ontrollersv:43 | l:la.laliel_case [
5 x 0 | ..llerx_assign 0 indicator_3 bxxx b6 ..ator= 3bxxx; | 00:00:01  ..ontrollersv:63 |  x_assign
|- —— <
= i = Total Properties: 5 - passed] 3] - failed[2] - disabled[0] ; Constraints Enabled: 0 ; Min depth; 0 ; Max depth: 1 ; Run Time: 0:00:10
Insta...|DecIarat..|JCF:'I§9<|__| @ *Srcl:train_Controllersy VCF:GoalList |
VC Formal Console 4.0

Bule View Tools Window
|§ Line: | 77 @ b 4

77 [Info] FORMAL I _RUN: Starting formal verification for check fv

D

78 Id: 0 Goals: 5 constraints: 0 Block Mode: false

79 [Info] LIC UNUSED WORKERS: 8 unused worker(s) based on 1 license(s) checked out, and 4 workers requested.

BO Use 'set_grid usage' to maximize worker usage and improve performance, if there are sufficient compute resources to
SUPpPOIT MOre WOIKers.

81 Each runtime license supports 12 workers.

82 [Info] LIC RT CHECKOUT: VC Formal run time license checkout. Base:1 Arp:1.
83| [Info] BITLEVEL MODEL_STATS: Generated model with 123 gates, 5 inputs, 10 registers, 0 initial constraints, 0 constraints. [—
84 [Info] BITLEVEL_MODEL_STATS: Generated model with 73 gates, 5 inputs, 8 registers, 0 initial constraints, 0 constraints.

wvef> - Dv
@ Message |VC Fon'nalconsale|

® B & &

Figure 11. Screen after running TCL script and the status given = 8.

In Figure 11 above, we see three icons, one for parallel case and two for full case.

The signs here mean that the priority case on line 57 of our design has a full case and that

the unique case on line 43 has a full case, and only one unique case, so it can be checked in a
parallel fashion.

We also see two Iil icons; one for arithmetic overflow and one for x_assignments.

The Iil signs here mean that we have an arithmetic overflow on line 23 with our counter
signal. There is also an active x assignment in the design on line 63.

12



Running Files

On the left under Task List, we can see that VC Formal was given one task by the AEP app. You
can hover over the numbers under Result to see the results in detail. You may need to alter the
tab size by dragging the side panels or scrolling to the left:

Task List
MName Progress Result

H AEP k 0

Runtime[{HH:MM:55)
Total:12H; Run Time:0:00:10
Goals
Found:5
Passed: 3 (60.0%)
Proven:3
Failed:2 (40.0%)
Falsified:2
Checking:0
Inconclusive:D
Mok Run:0
Disabled:0
Constraints
bl Found:0
Disabled:0

12H | Max Cycl

nstance | Declaration =5

Figure 12. Results of the analyzed script.
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Running Files

Source Tracing
Source tracing is a great way to determine where exactly our errors lie and to get a deeper look

into what the issue is. To start, go ahead and double-click on an IEI icon.

We are going to double-click on the first EI (line 1) from Figure 11. You should then see a
generated waveform as shown below:

File Signal View Waveform Tools Window

| -l
Message | VC Fo!malCDns@icl *<nWave:3> trace 0.xml. replayfsdb.vf X

Figure 13. Examining the failed AEP check in our design.

On the left in Figure 13 above, we see Support-Signals in green text. Go down three lines to the
text that says counter[2:0] and right-click on it.

F_‘i Value Change Alt+Shift+V

- ——

'] ¥

= Set Radix » ko) [:3l

" Set Notation MY Leaa Al+Shift+. [

i Y cut Del &5 Connectivity  Alt+Shift+C ’
1 copy Chri+p Chain Driver  Alt+Shit+H |

Paste ns

o |

Bus Operations

Highlight...
Add/Remove
Logical Operation...

Figure 14. Pop-up from right-clicking on a signal.
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Running Files

As shown in Figure 14 above, this is the general method of source tracing:

Right-click the signal — Show OnceTrace Signals — Driver

You can also use the short-cut keys: ~ ALT + SHIFT + D

By tracing the source, we are essentially backtracking it to the driving signal of the output in
order to find the discrepancy. We then get these additional waveforms, showing the driving
signal of this “counter” signal, which is the previous counter value.

Figure 15. Tracing the source to find the discrepancy. After one trace.

15



Running Files

Resolving Errors

To see the code/design where this fault is resulting, we go to the type column in the
VCF:Goallist tab and double-click on arith_oflow.

<Verdi-Apex:nTraceMain:1> train_Controller train_Controller (../design/train_Controller.sv) - fhome/.../trace_0.xml.replay.fsdb.vf - o x
Fle View Source Onelrace Tools Window Help L stingssignal @
kR 2B 5 BOe*HC00%%
ﬁz@usfquppmuﬂE:AEPj ha N, By:|z|vE]E]u xins )
VCF:GoalList & _ 0
Task List E Time |12H | Max Cycle |-1 I <Enter name Match Value> j @ [ All v b4 2 I @ @
Name Progress Result Targets: ALL
[ AEp e 5:3:2:0 | status | depth name a| engine expression | elapsed_time | location | type | state reg | state n
1 » 1 ..w_0 counter<_counter+3 b110_ €l ..ter + 3'b110): 00:00:01 ..ontroller.sv; 23| arith_oflow I
E P train_Controllerfull_case_0_State 1 State 00:00:01 .ontrollersv43 | full case
E v train_Controllerfull_case_1_State 1 State 00:00:01 _ontrollersv:57 | full case
I » ..._Controller.parallel case 0 State u State 00:00:01 _ontroller.sv:43 | parallel_case
[5| x o _.ller.x_assign_0_indicator_3_bxxx b6 _.ator = 3 00:00:01 _ontrollersv:63 | x_assign
[ P

Constraints: ALL

Bl I} Total Properties: 5 - passed| 3] - failed[ 2] - disabled[0] ; Constraints Enabled: O ; Min depth: 0 ; Max depth: 1 ; Run Time: 0:00 06

Instance | Declaration | VCFTaskList *Srcltrain Controllersv| VCF:GoalList|

Figure 16. Under “type”, double-click on “arith_oflow”.

We are then taken to the part of the code that is causing this fault (arithmetic overflow), with
the operation highlighted in blue, and the signal highlighted in red.

File View Source Onelrace Tools Window Help R, —
ML @6 20 5 Dles0C00L 2@ M
BT ® k@ Appmode: |AEP :] [ ey [T~ [« 2)[o —

*Srcl:train_C ler(fu/ lina/AEP_E: le/design/train_Controller.sv) “Line: 23 !0 "E _”I:I

18] if (reset) begin S;&ate <= BB out;
| a 19 (;‘oun:er <=3'b011;

20 end
21 else begin // in case of a reset, go to the initial state with & and B outside the shared track
22 it}aate {= !:&xt; S/ Bo to the next state with each positive clock edge

a 23 counter
24
25 end

| P | | ) [ v

|nsta...|3ec|ara:i_.|.fCF;TaskL..[| *Srcltrain_Controllersv | VCEGoalList |

Figure 17. Identified errors within the Design file.

To fix this issue, we need to go alter our design file and make the following changes:
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Running Files

10/ logic counter; |

11|

12| // Erumecate the states, Here I am using on hotkey for state encoding

13{ erom logic [4:0] {AB_out=5'kL00001, A_on2=5'b00010, B_on2=5'h0O0100,

14 & _stopped=5'h01000, B_stopped=5°b10000} Stats, Mext;

15

16| J/fState Register

17| always_ff B(posedge clk) begin //The reset signal is not here since it's a synchronous reset
18] 1f (reset) begin State <= BB out;

19| counter <=3'h000;

20 end

21| else begin // in case of a reset, go to the initial state with & and B cutside the shared track
22 State <= Next; /4 Go to the next state with each positive clock edge

23 counter <=counter+3'h001;

i ]
*Srcl:train_Controller.sv | VCF:GoalList

Figure 18. Altered design file to fix the error on lines 10, 19, and 23 (compare with Figure 3).

<Verdi-Apex:nTraceMain:1> train_Conti
File View Source OneTrace Tools Window Help

" HE @ (] s @ 9| Edit Source File [E] 1
VCERskist L& _ 0

Task List 18
Name ngr_és .
_| fal 10 — a

Figure 19. To make changes to the design file in VC Formal, click on “Edit Source File”. Don’t
forget to save your changes.

Now let’s go look at the other incomplete task on line 5:

L] .

B @ Time |12H | Maxcyce |1 | <Enter name Match V... j Q] [g | APy IXE e [g] L_iﬂ [E‘ [ﬂ B] @

Targets: ALL
| status | depth | name | engine | expression | elapsed_time | location | type | state ref
I 1 x 1 ...W_0 _counter<_counter+3 bl10_ b6 .oter + 3'b110); |  00:00:01 .ontrollersv:23 | arth_oflow |
3 " |train_Controllerfull_case 0 State | t1 | State | 00:00:00 | ..ontrollersv:43| full case |
| v | train_Controller full_case 1 State | 48 | State | 00:00:00 | _.ontrollersw57 | full_case
|4 v ..._Controller. parallel case 0 State 4§ State | 00:00:00 | _ontrollersv43 | parallel_case |

..llerx assign 0 indicator 3 baoox ...atn 1 00:00:01 ...ontroller.sv.63

[

[z‘ Total Properties: 5 - passed| 3] - failed[ 2] - disabled[0] ; Constraints Enabled: 0 ; Min depth: 0 ; Max depth: 1 ; Run Time: 0:00:10 [a

I ’Srtl:train_Cmtrollenwl VCFGoall I5t| =nEditor4> train_Controllersv X |

Figure 20. Targeting the next error to resolve.

We are going to follow the same steps above to locate this error. As before, we will trace the
source back to the driving signal in order to find the discrepancy.

17



Running Files

File Signal View Waveform Tools Window
BFEin X B 6 0

] El 13 K1
@ Message (VC FDrrnaICDnsuIe| *<nWave:3> trace_4.xml.replayfsdb.vf X |

Figure 21. Looking into x_assign waveform.

File Signal View Waveform Tools Window
BFEin X B 6 0

] i E i f ]
@ Message (VC FDrrnaICDnsuIe| '-anavc:B:-tmcc_‘t.xml.repldy[sdb.vrX| 1

Figure 22. The waveform after tracing “indicator[2:0]” once.

B 4| Tme (120 | Maxcyce [a | | <enterm wnv... ~| [ O AMEy X E s (@ alS 5 el
) Targets: ALL ) ) ) o )
[ smatus | deptn name | engine | expression | elapsed_time | location | type | state red
| 1| b 4 1 ...w_0_counter<_counter+3 bl110_ b6 ...ter + 3'b110); 00:00:01 ...ontroller.swv:23 | arith_oflow
v train_Controllerfull_case 0_State tl State | o0:00:00 ontrollers:.43 full_case
v train_Controllerfull_case 1 State al State 00:00:00 ...ontroller.sv:57 full_case
4 v ..._Controller. parallel case 0 State f State 00:00:00 ...ontroller.sv:43 | parallel_case
5 “ ...llerx_assign 0 indicator_3 bxxx “m 00:00:01 | ...ontrollersv:63
il =
| Y | Total Properties: 5 - passed[ 3] - failed[ 2] - disabled[0] ; Constraints Enabled: 0 ; Min depth: 0 ; Max depth: 1 ; Run Time: 0:00:10 |¢

*Srclitrain_Controller sv VCFGoalList | <nEditor4> train_Controllersy X |

Figure 23. Double-clicking on the error type

18



Running Files

File View Source Onelrace Tools Window Help 9’ Sr[
ML @O0 2R G- eI 00L % @& @
ﬁZ@umommoﬂe:!ﬂle‘i,f__‘_ By: [F]~ [«] [»][0 x1ns

ignal &

vcEEsklist @ & _ O *Srcl:train Controller(/u/wcelina/AEP_E 1 ign/train_Contr ) | Line:[ 63 o2& _o
Task List a 58 AE_out: indicator= 3'b001; /f Indicator = decimal (1) when we're in AE out state
Name Progress | | %
| a 59 A_ong: indicator= 3'b010; /A Indicator = decimal (2) when we're in A_onZ state
®
a 60 B_onZ: indicator= 3'b011; /f Indicator = decimal (3) when we're in B_onZ state
®
a 61 A_stopped: indicator= 3'b100; #/f Indicator = decimal (4) when we're in A stopped state
x
a 62 B_stopped: indicator= 3'b101; /£ Indicator = decimal (5) when we're in B_stopped state
#
q B3 def o 3 or F // Indicator decimal (6) we're in an illegal
64 endcase
~ j
= = e I3
insta... [Declarati. | /CRBsKL. | *Srcltrmin_Controllersv| VCFGoalList| <nEditor:4> train_ Centrollersv X |

Figure 24. Identified errors within the design file.

File Edit Tools Window

BE-"- X268

LT priccity case (State)

58 BB _out: indicator= 3'b001; /f Indicator = decimal (1) when we're in AB out state
59 A onZ: indicator= 3'b010; /f Indicator = decimal (2) when we're in A onZ state

&0 E_on: indicator= 3'b011; Sf Indicator = decimal (3) when we're in B_onZ state

£1] A_stopped: indicator= 3'b100; S Indicator = decimal (4) when we're in A_stopped state
52| E_stopped: indicator= 3'b101; S/ Indicator = decimal (5) when we're in B_stopped state
63 default: indicator= 3'LilH; /f Indicator = decimal (6) when/if we're in an 1llegal state.
&4 endcase

£5) end

&6

67| endmodule -train Controller I

O R —.......-._-
| ’5rtl:train_Cultrollen9i| VCF.Goal.Istl =nEditor:4 > train_Controllersy * X |

Figure 25. Saving changes made to the design file.

Next, to complete our changes, follow the steps below to restart VC Formal.
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Running Files

Restarting VC Formal

We can restart VC Formal by clicking on . If you invoked VC Formal along with the TCL script
in the one-line command, then VC Formal will automatically load the same TCL file again. If you
invoked VC Formal without the TCL script, then you will have to manually load the script again.

Ale View Source Onelrace Tools Window Help

MO-L 6 20 5 Bde*0
ﬁ Z @e Appmﬂde:_ﬁ] j ’1 f.' By: |i|v_

Instance Restart VCST [Ctr+Alt+V]| & -0

Figure 26. Location of the restart button in VC Formal window.

After the application and TCL file is loaded, click the green play button and we should see no
errors.

VCRBskist & _ 0O
= Task List .!J[l| Time 12H Manycte -1 r<5'1ie- name Match V. J ;[_l | .A" !" x ! & |_Jlﬂ]La_.[:|&]é
Name Progress _ Targets: ALL
‘ status | depth | name | engine | expression | elapsed_time | location | type | state_reg | st
train_Controllerfull_case_0_State tl State 00:00:01 ..ontroller,sv:43 full_case
train_Controllerfull_case_ 1 State tl | State 00:00:01 ...ontroller.sw:57 full_case
._Controlier.parallel case 0 State | n | State 00:00:01 | ._ontroller.sv:43 parallel_case
i | P
|« FE— '/: D Total Properties: 3 - passed[3] - failed[0] - disabled[0] ; Constraints Enabled: 0 ; Run Time: 0:00: 07
nstan.. |Dec|arat |scrmsk. [ *Sreltrain ControllersleCF'GoalLls‘.|

Figure 27. Results after fixing errors and restarting VC Formal and reloading TCL script.

20



Appendix

Property Switch Description

(Analysis) Type

Arithmetic -aep arith_oflow Checks for arithmetic overflow. For example,
overflow when no limit is set on a counter.

Conflict bus checks

-aep conflict_driver

Bus contention, conflicting driver, or
x-propagating through a bus.

X_assignment
reachability

-aep x_assign

Verifies that x assignments to signals are
never activated.

Simultaneous
set/reset

-aep set_reset

Verifies that set and reset signals are never
asserted at the same time for asynchronous
set and reset sequential circuits.

Array boundaries

-aep bounds_check

Makes sure we are not accessing data in an
array outside the array boundaries.

Pragma Check
Priority Case

-aep full_case/priority_case

Generated from full case synthesis directive.
Case expression must match at least one case

item at every cycle.

Pragma Check

-aep parallel_case/unique_case

Generated from parallel case synthesis

Unique Case directive. Case expression matches only one
case item at every cycle.
Floating bus -aep floating_bus Only for tri-state drivers. Verifies at least one

driver is active at all times.

Multiple driver
bus

-aep multi_driver

Only for tri-state drivers. Verifies only one

driver is active at a time.

Single State
Starvation (SSS)

-aep fsm_sss

Checks for infinite wait in a single state. FSMs
can get stuck forever in a given state.

FSM Deadlock

-aep -fsm_deadlock

Checks for infinite wait in a single state.
Each state has its own deadlock assertion

FSM Livelock

-aep -fsm_livelock

Checks for FSM stuck between multiple states.
Each state has its own livelock assertion

FSM Unionlock

-aep -fsm_unionlock

Checks for any FSM locks, covering both
deadlock and livelock. Each state has its own
unionlock assertion

All AEP Checks

-aep all

All possible AEP checks

Table 1.1. AEP App Property Types. Identifiers and descriptions of all analyses offered.
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