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1 Running Formality
from SVF

Learning Objectives

This lab will introduce to running Formality.

After completing this lab, you should be able to:
e Setup a simple Design Compiler script to write out SVF

e Generate a Formality script from SVF using
fm_mk_script

¢ Run formality on the fm_mk_script generated script

G Lab
Duration:
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Lab 1

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 1-2 Running Formality from SVF
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Instructions

Use the SVF from a synthesis run to generate a Formality script and then do RTL to
gates verification

Task 1. Running synthesis

Run the synthesis

1.  Go into the labl directory

unix% cd labl

2. Inspect the Design Compiler synthesis script runl_de.tel

Question 1. Where 1s the SVF written to ?

3.  Run the Design Compiler script :

dec shell -f runl de.tel | & tee —i runl_de.log

Task 2.  Using the fm_mk_script

One can use the utility fm_mk_seript to generate the Formality script.

I.  Runfim mk script
fm mk seript -output my run_fin.tcl my ron/mR4000.svf

Running Formality from SVF Lab 1-3
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Lab 1

2.  Run the Formality script :

fin_shell -f my run fm.tel | & tee -i my run fm.log

Search down in the transcript my run_fm.log (or on the terminal)
for the line

FRRRRERRRS bRk kkkkiokkkk Yerification Results wkkkkkikibkikkikkikiskikikikikiknk

Question 2. Has the verification :
a) Succeeded (Passed )
b) Failed

¢) Been Inconclusive ?

3. Thescript my run_fm.tcl doesn’t quit out of fm_shell. Exit from the fm_shell
with the command exit

Congratulations you have just successfully completed your first
Formality run on this course!

Lab 1-4 Running Formality from SVF
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Answers / Solutions

Task 2. Using the fm_mk_script

Question 1.  Where is the SVF written to ?
The file my run/mR4000.svf .
This comes from the line set svf my run/mR4000.svf
Question 2.  Has the verification :
a) Succeeded (Passed )
b) Failed
¢) Been Inconclusive ?

Answer: a)

$okioiokiciocioiricobiopioioek ook Verification Results soksokkiokioksiionmssoriorkmionioiig
Verification SUCCEEDED

Running Formality from SVF Lab 1-5
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This page is left blank intentionally.

Lab 1-6 Running Formality from SVF
Synopsys Formality



Steps and GUI

Learning Objectives

G Lab
Duration:

Steps and GUI

This lab will introduce you to the Formality GUI and the
steps to verify a design

After completing this lab, you should be able to:

Invoke Formality GUI

Set guidance

Read in RTL design

Read in gate level netlist and technology libraries
Match and verify the design

Generate a TCL script to do the steps

Save a session file

Lab 2-1




Lab 2

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 2-2 Steps and GUI
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Lab 2

Instructions

Use the Formality GUI to verify the gate-level Verilog netlist against the golden
Verilog RTL. Be sure to include the SVF file. Afterward, modify the resulting
“fim_shell_command.log” file to become a Formality TCL script

Task 1. Invoking the Formality GUI

Invoke the Formality GUI by using the command “formality” or “fm_shell —gui” in
lab2

1. Invoke Formality

unix% cd lab2

unix% fm shell -gui

Steps and GUI Lab 2-3
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Lab 2

Formatit_y - TgpLgvél'Main.l

@ rile Edit View Designs Run ECO Window Help ®
— 1 I A DHC ;s malnNl 2
Reference |
. : — et Verification Not Run
Implementation
0._Guid_._ | 1. Ref. 2. Impl. 3 Setup 4_Match 5. Verify 6. Debug

'_|Use Auto Setup (must be set before loading files)
Files: Currently Loaded:

(] Guidance... Remove Clear Unload all

‘l E) Console X |
i -

Ready Shell State: setup .
Pt

Question 1.  What is the Formality mode or shell state on
invocation ?

Question 2.  From the presentation or Job AID what are the steps
to run Formality ?

Question 3.  Does your answer to Question 2 match the order of
the tabs in the GUI ?

Lab 2-4 Steps and GUI
Synopsys Formality



Lab 2

Question 4.  Which of these steps may be optional and why ?

Task 2. Setting the guidance

The verification in this lab will do RTL to gates verification. So two things you
will want to do is set the auto setup variable and the SVF.,

2. Set the Auto Setup in the GUI

Reference |

implementation

0.Guid. |  1.Ref ~ 2.mpl. |
Auto Setup (must be set before loading files)
Files:

Question 5.  What variable is changed by using Auto Setup ?

3.  Setthe guidance. The SVF is located at ./my_run/mR4000.sv{f

Use the browser to guidance to set the SVF file

— — -IErowse for Guidance ﬁ]es,l— — —
Formality (setup)> set synopsys_autc_setup true
true

| Log [[History]

[ Console X «

|Formality (setup)> ||P

Steps and GUI Lab 2-5
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Lab 2

Files:

aining/ces/n/FM_2018,06-SP2ab2/my_run/mR4000.svi

-

(] Guidance... | Remove Clear

& 0. Guid. 1. Ref. 2. Impl

¥ Use Auto Setup (must be set before loading files)

Files:

f Guidance... Remove Clear

Currently Loaded:

Load the files from the list at left

Unload All

Currently Loaded:
hining/ces/n/FM_2018.06-5P2/lab2/my_run/mR4000.svF

o »

|_ Unload All

The SVF is now loaded. You should now see a green tick in the Guidance tab.

(Optional) As soon as you set the guidance the SVF will be turned into an ASCII TCL

command file. You can see and read this file at :

Jformality svf/svf.txt

Task 3.

Read in the RTL design

The Verilog RTL files are located under the directory "#¢". The top-level design

name is "mR4000".

Click on the Reference tab to read in the RTL

Lab 2-6
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| Yo cud :! 2impl. || 3Bekip dmateh TS Varity

6 Dek

1. Read Design Files [2;39‘?&5&11“:5&:]_3‘5& Top Design :

TS

Currently Loaded:

- Preferences - —— Files | Files | Designs |

‘ Design Library: ‘ Source
—

| | |

|

|' Verilog Version—— h
| |_ Default 2009 >
| ® Default 2005 ol
|52 Default 2001

| Default 1995
| * | Netlist (automatic)

'l_ options... : (] verilog... -. Remove | Clear

Click on the browse Verilog tab

1.Read Design Files | 2. Readmsubr_aﬁas__l}__s_lit_w_pqgs_ggﬁ_l

Currently Loaded:

Verlog | Systemveriog | VHBL || 08 ;
Files Files Designs |

Preferences

Design Library: Source
|WORK v|

Verilog Version ———
' Default 2009

* Default 2005 >
" pefault 2001

_ Default 1995
“' - Netlist (automatic)

-1_ — OPHLI | E‘]_Veﬁeg.ﬂ ! Remove f Clegr ' !

i
v

[Browse for Verilog files. |

H &l Eonsole x |

And select all the Verilog files in the ./rtl directory

Steps and GUI Lab 2-7
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Lab 2

| 1.Read Design Files (2 Read DA Libraries | 3. Set Top Design | e R

| Verilog | SystemVerilog | ViDL | DB | DDC | Currently Loaded:
Preferences Files | | Files Eles_lgn_s )

| || Design Library: | Add Verilog Files X v
| oy — 1 i [
v|| = .
| el — " ‘ Look in: \Cl/globalygtseu...-sP2Aab2tl v| & = 4 . (@[] [
i Verilog Version Y |E Computer | :_ I_\Iame pla | _n___gi_zi_ ‘
O Default 2009 [ | |[:,_—] pusher | | (] aluv 3 ki
||| ® Default 2005 (] entrlv 8k
‘ O Default 2001 I |r—] ARV 9"‘
[P (] register.v 3K
|| |© Default 1995 | ' | =
| { 1
[ | i Netlist (automatic) | | ] = = A e —— z
=== [ 1| File name: [“alu.v* “cntrl.v* "r4000.v* "register.v* I __gpen']
(| Options... | | | Files of type:|Verilag Files (*.v *.vg *.vh *.vo *.vig) ¥ /cancel
Click on Open in the Add Verilog Files screen.
Then Load Files
Lab 2-8 Steps and GUI
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| 0. Guid. | 1. Ref, [~ 2impl ] 2setup 4: Match 5. Verify b bebug

1. Read Design Files 2. Read DB Libraries | 3. Set TopDesign

|| Verilog " systemverilog | VHOL | DB DDC| 3 Currently Loaded:

Preferences | Filas | | Files E:'__D'esigns_ '
‘DeSIgn Library: | fraining/ces/n/FM_2018.06-SP2ftab2nti/alu.v | ' | source v
‘ WORK v|| training/ces/n/FM_2018.06-5P2/lab2/rtl/cntrl.v ' |

| " | training/ces/n/FM_2018.06-5P2/lab2/rti/r4000.v

|
Verilog Version training/ces/n/FM_2018.06-SP2/lab2/rti/register.v ‘
QO Default 2009 '

| * Default 2005 Z |
| [||© Default 2001 [Load the files from the list at left.
[ |||~ Default 1995 | -

Netlist (automatic) || | g vine wmn

ER R J .

(?pt:ions... | ] verilog... | Remove | Clear

So it should now look like below:

1. Read Design Fijes 2‘ Read Da uhranes J 3 Set Top Design |

‘.-Ve"""g (s | Ve BEIITB5E] S Currently Loaded:

( Preferences———— Files | | Files | Designs | )
Designtibrary: || o N ‘ 'l I_Source_ v
f_WORK vl Jglobal/gtseun.. . /rtiregister.v

/global/gtseu0...b2/rtir4000.v
Jolobal/gtseu0l...ab2/tl/cntrl.v
/global/gtseu0i... Aab2/rtl/alu.v |

|. verilog Version — ' !
| Default 2009 J S

| |' Default 2005 ‘| ‘
|| Default 2001 | ‘

Default 1995 |

Methst {automatic) | |

e | | |
|||L___Options... ]| [ (Hveriog... || Remove Clear | |

The Verilog files have now been analyzed but not yet elaborated.

2. To elaborate the RTL click on the ‘3. Set Top Design’; Select under
‘2. Choose a Design’ mR4000 and then click o the Set Top button

Steps and GUI Lab 2-9
Synopsys Formality



Lab 2

| 1. Read Design Files | 2. Read DB Libraries (73" Set Top Desigi>) S e

1. Choose a library. 2. Choose a design, 3. Set and link the top design.

DWARE (Design Library) mAlu — ] =
DWO1 (Design Library)

DW02 (Design Library) Unresolved Modules
DWO03 (Design Library) mRegister O Treat as black boxes.
DWo04 (Design Library)

DWOS (Design Library)

DWO06 (Design Library) '
GTECH (Technology Library)

WORK (Design Library) ‘
|

|® Emit errors.

| search Designs

Set Reference

If things have gone as intended then should see as below

[3 File Edit View Designs Run ECO Window Help ® | X
Q

= B '.
a S —
Refatence . /WORK/MR4000
—— — SRR - ——— == Verification Not Run

implementation | B B

V’U_Gmd |mP!‘ | 3 Setup 4 Match 5. Venfty 6 Debug

_1.Read DesignFiles | 2.Read OB Libraries | 3. Set Top Design |

1. Choose a library. 2. choose a design. 3. Set and link the top design.
[DWARE (Design Library) | [MRTLWMUX_2_16 4| Set Top
DWO1 (Design Library) M_RTL_WMUX_2 2 '
|DW02  (Design Library) M_RTL WMUX_2 32 Unresolved Modules - - - -
| |DWO3  (Design Library) M_RTL_WMUX_3 32 Treat as black boxes.
|DWO04  (Design Library) | |M_RTL_WMUX_4_32 * Emit errors.
DWOS (Design Library) mAlu
|DW06  (Design Library) mGat
|FM_BBOX (Technology Library) MR4000 |
GTECH (Technology Library) | mRegister
|

WORK (Design Uibrary) ) —
Search Designs

- A o | | Set Reference

Notice the Reference now has a green tick against it (3); what the reference design
is currently set to (2) and the reference container is now available in the hierarchy
browser (1). (4) shows what the top design was set to.

If you expand you will see this also reflected in the transcript:

Lab 2-10 Steps and GUI
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Lab 2

Formality (setup)> set_top r:/WORK/mR4000
Setting top design to 'r:/WORK/mR4008"
| | Status: Elsborating design mR4G00
L Status: Elaborating desigm mCntrl
‘ $display output: Warning: Unknown State
Status: Elaborating design mAlu
Status: Elaborating design mRegister
| |Statﬁ5: Implementing inferred operators...
Top design successfully set to 'r:/WORK/mR4000°
Reference design set to °r:/WORK/mR40GO°

[ |1
v« i
Question 6.  In building the reference container for the RTL no
user technology libraries were read in. Will this
always be the case when reading in RTL?
Steps and GUI Lab 2-11
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Lab 2

Task 4. Read in the netlist and technology libraries

The Verilog gate-level netlist "mR4000_gates.v" is located under the directory
"my_run". The top-level design name is "mR4000". The technology library is
tcéa_chacore.dblocated under ‘lib’.

1.  Click on the Implementation tab and browse for verilog files

0. Guid. | 1, Ref. ”” ' 3. sewp 4, Match 5, 'Verily 5. Bebug

Q". Read Design File | R Read_ﬁm Libraries | 3.'_5%1_2:9 Design. |
|

Verilog | Systemverilog | VHOL | DB = DDC | Currently Loaded:
| | Preferences | Files Files |'D_e__§lgi'sl
Design Library: | - - - Source v
|[worx v;! | !
— |
Verilog Version I ‘ ‘
| {11 ~ Default 2009 | | b [
[ Default 2005 | |
| Default 2001
[ Default 1995 i | | |
[ Netlist (automatic). ! | l
Options... = Remove Clear | .
2.  Load the Verilog netlist at my_run/mR4000 gates.v
w2 0. Guid. _| 1. hef. | 2 ll;'l};l _| 3 Setlipn 4. Mateh 5. Verify 6 Dehlg
1. Read Design Files |_leead DB Libraries | 3. saﬁh;t:es_ig_'n ]
| Verilog [ Systemverilog | VHOL | 0B | DDC | Currently Loaded: |
[ Preferences ————— Files I Files | Designs L
Design Library; : | |WoRK =" vl
| Rk || > | |mRaoee
/ Verilog Version—— | | | '
— n ] Search; |
| Options... | (Wverilog.. | Remove Clear [ |
— = ———————— ———— —_
x i ead verilog -container i -libname WORK -85 { /global/gtseudl/gtseus/fmtraining/ces/n/FM_ 2!
e ‘/global/gtseuellgtseuG/fmtram1ng/ces/n/FM 2018.06~5P2/1ab2/my_run/mR4000_gates,v'
o« T—_ — S ——z —— ’_
§ | Log [ History |
O — — — —
l'.-:l lFarmahty (setup)> | -
Lab 2-12 Steps and GUI
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3.  Load the technology library at lib/tc6a_cbacore.db

1. Read Design files 2. Read DB Libraries> 3, Set Top Design |

Lab 2

| | Preferences | Files GTECH
Design Library: | :"_ o GTECH_ADD_AB
| | woRK v | GTECH_ADD_ABC
(¥) Determined by DB GTECH_AND?2
N . GTECH_AND3
¥)Read as a shared library | GTECH AND4
' > | GTECH_ANDS
| GTECH_ANDS
| GTECH_AND_NOT
' GTECH_AO21
| I — Search:
| !_ Remove Clear
(1/Read Design files | 2.Read DB Libraries | 3. SetTop Design | g
| : _— —
| | Preferences - —- Files CBA_CORE v
Design Library: | | an_:IZal‘.I R A
| |\work vi|| I |and2al B
| | @ Determined by DB | | and2a2
' ! and2bo
| @)Read as a shared library ‘ and2b1
' > |and2b2 '
‘ and2c0 I
I and2cl | 'I
'and2c2 vl
|
| - — e Search:
| (@oB.. |, Remove ! Clear | |

4.  Elaborate the design by setting the top of the design to mR4000. (There is in fact only

one design in this case)

Steps and GUI
Synopsys Formality
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Lab 2

|1, Read Design Files | 2. Read DA Libraries 3. Set Top DesigD|

1. Choose a library. 2. Choose a design. 3. Set and link the top design. ’

CBA_CORE {Technology Library) i ' w
GTECH (Technology Library) , '
' Unresolved Modules |

WORK  (Design Library) i
. QO Treat as black boxes. '

. ‘ * Emit errors. ‘

Search Designs

Set Implementation

[d File Edit View Designs Run ECO Window Help & @ B X
=8 k(7)) 0006 nlge
Refe N e r/WORK/MR4000
: = Verification Not Run
Implementatign [i./WORK/MR4000 A
. o.cuid | &iRef (2 Imp! — 3.5etup || a.Match || 5Verfy | & Debug

| 1. Read Design fifes | 2 Read 08 = -
1. Choose a library. 2. Choose a design. 3. Set and link the top design.
CBA_CORE (Technology Library} _';ﬁlj-ia_gou. '_ Set Top
|GTECH  (Technology Library)

|WORK  (Design Library) | .
| ‘ - — = L Treat as black boxes.
|

‘Libraties | et lop Dasign '_

|
‘ | Unrasolvad Moclules

Search Designs * Emit errors

| I | _ Set Implement;it}? )

v .
x‘ Formality (setup)> set top i:/WORK/mR4000 A |
E Setting top desmgn to '1 /WORK/mR46000 |—||
Stat X
Top design successfully set to 'i:/WORK/mR4060" |4 I v
a -
1 | P e e e — gl e B
§ Log |[Histary

“
-

If things have gone as intended you should now see that the implementation has
been successfully set (for example the implementation tab at 3 has a green tick)

Task 5. Match the design

For this design, as is quite often the case when you are using auto setup and SVF, no
additional setup is required. So we can go straight to matching.

Lab 2-14 Steps and GUI
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1.  Click on the matching tab and the run matching button.

Jo.cud | SLRef | <2umpl || 3setup |[CamMakch> || s.verfy | 6 Bebug

Compare Rule Setup | User Match Setup = Matched Points  Unmatched Points = Summary Liopc

Enter filter expression x "? o Set...
Searchvalue v/ Replace Value Type Design (il File...

@ Help

© Run Matching)

Click on OK when prompted.

2.  Examine the matching results summary. You may need to extend increase the height
of the log area to see the matching summary.

File Edit View Designs Run ECO Window Help & 28 X
S8 hh 006 LK) _
Reference |r:/WORK/mMR4000
i - — —— 8 Matching Completed
Implementation i:;/WORK/mR4000 B |
vo.Gud. || <1Refi | w2impl. | 3.Setup | a.Match || s.verfy | 6 Gebug
Compare Rule Setup | User Match Setup | Ma:tcfi_gd_l_’ola'_;'t"s_‘_j Uriﬁ'_iai:_;f:h_e_ﬂ ﬂ:o_i_ﬁl’s- ‘ 'sﬁrnmary' lpope] _
Enter filter expression - ¥(w e |
| — — _ lLl——_ QNEFIED
Search Value v Replace Value Type Design HArRnLS
| edHein |
| @ Run Matching| Get Loop Data
k| S o o — =)
X Matching Results
| | 350 Compare points matched by name
® Compare points matched by signature analysis
© Compare points matched by topology
| 34 Matched primary inputs, black-box outputs
9(9) Unmatched reference({implementation) compare points -
| o(8) Unmatched reference(implementation) primary inputs, black-box outputs
T 1 Ak ¢ s 2 b b v
% o - ] o e = >
2 | Log [ History
R — —_— —
E Formality (mateh)> || - I
Read Shell State: match
- I il -l B i il
3.
Question 7. How many compare points have matched ?
Steps and GUI Lab 2-15
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Question 8. How many compare points are unmatched ?

Question 9.  How do you know matching has run?

Question 10. Based on the matching is it sensible to continue to
the verify step and if so why?

Task 6.  Verify the design

1.  Click on the verify tab and the run verify button.

Reference |r:/AWORK/mR4000
Implementation [i;/WORK/mR4000

0. Guid, Z1Ref. || &22.1mpl. "3 Setup 4_Match 6. pebug

Set Don't Verify Setup | Set Venfy Setup Falling Poust= . | Abortsd Pants: | Unvenhed:Fomts | Loaons

\Enter filter exprassion

Matching Completed

Object Name Type |

Paints: 0 —
Venty Selectad Point Get Loop Data

Lab 2-16 Steps and GUI
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@ file Edit View Designs Run ECO Window Help & M A X

=8 RH QOO0

Reference |r/WORK/mR4000
——— — Verification Succeaded
Implementation I:IWORKILn_RiIO_OO

5 Verify | &.Debug

0. Guld. +71. Ret [ &@2,mp || 3sewp 4. Maten
| Falling Points | Passing Points | Abaited Paints | Unverfied Points  Sne Puinss Andlysss Leops o
Mm h V&
Type Reference rsize [Implementation liSize - 1A
1 DFF Instruction_reg_0_ Instruetion_reg_0_
2 | DFF Instruction_reg_10_ Instruction_reg_10_
3 | DFF Instruction_reg_11_ Instruction_reg_11_
4 | DFF Instruction_reg_12_ Instruction_reg_12_
5| DFF Instruction_reg_13_ Instruction_reg_13_ |
6 | DFF Instruction_reg_14_ Instruction_reg_14_ |
7 | OFF Instruction_reg_15_ Instruction_reg_15_
8 | DFF Instructlon_reg_16_ Instruction_reg_16_
9 | DFF Instruction_reg_17_ Instruction_reg_17_
10 OFF Instruction_reg_18_ Instruction_reg_18_
| 11| DFF Instruction_reg_19_ Instruction_reg_19_
| 12| DFF Instruction_reg_1_ Instruction_reg_1_ I
13 | DFF Instruction_reg_20_ Instruction_reg_20_ |
| 12! per Instruction jea 21 _ _nstgtion =a 21 ¥
Points: 350 Display names: O Original (® Mapped [ i@Analyrze’ A-r)-aly;e selected i’oinié;
Get Loop Data
ﬂ‘i' 1 console X
Ready Shell State: verify
And expanding the console :
; tQC““"_“T“‘tQt).“"“‘:‘t‘_.‘ Vﬁ_iflcation Result_s #*:‘t*#“"’##*“‘*‘t“““‘*“t’ B h A
Verification SUCCEEDED
ATTENTION: synopsys_auto_setup mode was enabled.
See Synopsys Auto Setup Summary for details.
Reference design: ri:/WORK/mR4060
Il Implementation design: i:/WORK/mR4000
| 350 Passing compare points
::“ Matched Compare Points BBPin Loeop  BBNet Cut Port DFF LAT TOTAL
W | essssrssrirrccccancsscscassstiorsrrtacrsassesresSerrsssstnmssesvsausissssssmcsessesssnrn
Z | passing (equivalent) 0 0 8 0 98 252 o 356
3 | Failing (not equivalent) 0 0 [} 0 ] -] [} 0 I
al AAXRRA SRR AALAER RV NGRSO EEETERACEERIR RS S ERRR LA ST ERAIBAERBBR S S AR b bR bEE ISRk b bR |
el v
P e —— — ¥
§ Log || History
S Farmality (verify)> 1
S, [Famality (verify)> || —— '
I -
Question 11.  Has the verification succeeded ? Where are two
places where you can see this ?
Question 12. How many passing points are there and is this the
same as the number of matched compare points ?
Steps and GUI Lab 2-17
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Task 7. Save a session file

It is always good practice in Formality to save a session file which can be restored

later.

Save a session file using the GUI File -> Save Session menu item to post_verify.fss

Exit out of the Formality using File -> Exit. Answer yes when prompted if you are sure
you want to exit.

Task 8. Re run the verification from scratch using TCL

The commands from the GUI verification have been recorded in the file fm_shell_command.log

In the UNIX shell copy the log file to runme.fms

cp fm shell command.log fm.tcl

Edit the file to remove the sourcing of start up files and use of full pathnames to make
the verification more portable

Lab 2-18

set synopsys auto_setup true

set_svf -append {./my run/mR4000.svf }

read verilog -container r -libname WORK -05

{ ./rtl/alu.v ./rtl/entrl.v ./rtl/r4000.v ./rtl/regi
ster.v }

set _top r:/WORK/mR4000

read verilog -container i -libname WORK -05
{ ./my_run/mR4000 gates.v }

read_db { ./lib/tcéa_cbacore.db }

set top 1i:/WORK/mR4000

match

verify

save_session -replace ./post_verify.fss
exit

Steps and GUI
Synopsys Formality
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3.  Run the Formality script :
fm_shell -f fm.tcl | & tee -1 fm.log

The verification should succeed.

Steps and GUI Lab 2-19
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Lab 2 Answers / Solutions

Answers / Solutions

Task 1. Invoking the Formality GUI

Question 1.

Ai E] Console X

Ready

What is the Formality mode or shell state on invocation?

setup

Shell State: setup

Question 2.

Question 3.

Reference

Implementation |

0. Guid. | 1.Ref. 2. Impl.

Question 4.

Lab 2-20

3 Setup 4 Match

From the presentation or Job AID what are the steps to run
Formality?

Guide ; read in reference ; read in implementation; setup ;
match; verify; debug

Does your answer to Question 2 match the order of the tabs

in the GUIL ?

5 Verify 6. Debug

For the correct answer: yes.

Which of these steps may be optional and why ?

Guide : Setting the SVF is strictly speaking always optional.
However when you are doing RTL to gates where the
synthesis has been done by DesignCompiler it is almost
always used.

Setup : The setup is optional in that you may not require any
manual setup .

Match : Is optional. If the match command has not been run
the verify command will run match before doing the
verification.

Debug :Optional : If the verification passes then there is
nothing to debug.

Steps and GUI
Synopsys Formality
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Task 9. Setting the guidance

Question 5.

Question 6.

What variable is changed by using Auto Setup ?

synopsys_auto_setup
You can see it echoed out in the GUT log file or unix shell.

To see it in the GUI log file you may need to expand the
console:

@El Console X |

Ready

Formality (setup)> set synopsys_auto_setup true
true

Log Hlstory_' -

[ console X <

Formality (setup)>

-~
]
[1]
Q.
<

The unix shell is obvious:

Inbuilding the reference container for the RTL no
technology libraries were read in. Will this always be the
case when reading in RTL?

No. For example you might have RAMs or PLLs or IO cells
instantiated in the RTL.

Task 5. Match the design

Question 7.

Steps and GUI
Synopsys Formality

How many compare points have matched ?

350

(Note this number doesn’t include the matched 34 input
ports . Getting ahead of ourselves :

report_matched_points -type input
will show the 34 matched input ports )

Lab 2-21
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Question 8. How many compare points are unmatched ?
0
Question 9. How do you know matching has run ?

The shell mode has changed to match

4
Log | History

Console

[

Shell State: match

]
m
1]
Q
<

Question 10.  Based on the matching is it sensible to continue to the verify
step and if so why?

Yes it is sensible to go to verify step. The matching looks
complete and clean.

Task 6.  Verify the design

Question 11.  Has the verification succeeded ? Where are two places
where you can see this?

Yes the verification has succeeded. You should be able to
see this in the status area in the top right of the GUI and in
the transcript.

Question 12,  How many passing points are there and is this the same as
the number of matched compare points?

350 passing points. Which is indeed the same as the
number of matched compare points

Lab 2-22 Steps and GUI
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Lab 2

[@ File Edit View Designs Run ECO Window Help & B %X
=08 Rhh OO0 TH@ A L2
Reference |r/WORK/mR4000 - - -
Implementaton | /WORK/MRAG0O
£0.Gud | imrer || &2imp || 3sep | aimeteh | siveny | 6.Debug
| Failing Paints | Passing Palnts | Aborted Points | Unvefiliad poiiits. | 10he Pemis  Ahalyees  Loob i :
i - o - - o | E 7| 2|
Type |Reference nSize Implementation li:Size A A
1| OFF Instruction_reg_0_ instruction_reg_0_ [
2| DFF instruction_reg_10_ Instruction_reg_10_ |
3 | DFF Instruction_reg_11_ Instruction_reg_11_
4 | DFF Instruction_reg_12_ instruction_reg_12
5 | DFF Instruction_reg_13_ Instnuction_reg_13_
| 6|DFF Instruction_reg_14_ Instruction_reg_14_ |
7 ‘ PFF Instruction_reg 15 _ Instruction_reg_15_ |
8 DFF Instruction_reg_16_ Instruction_reg_16_
9 | DFF Instruction_reg_17_ Instruction_reg_17_ |
| 10 DFF Instruction_reg_18_ Instruction_reg_18_
| 11|DFF Instruction_reg_19_ Instruction_reg_19_
12 | DFF Instruction_reg_1_ Instruction_reg_1_
‘ 13 | DFF Instruction_reg_20_ Instruction_reg_20_
14 | DFF ____Instngrtion_ren 21 = = Instmictian, ren 21 = — X
@ Dispiay names: O Original  ® Mapped (D Analyze | Analyze Selected Pointé
Get Loop Data
Al E] Console X
Ready Shell State: verify

.
Verification SUCCEEDET
= MTH spsY:_autn setup mode was enabled.
See Synopsys Auto Setup Susmary for details.

AESARRAAEEA IRt Yarif1¢AT10N RESULES FPESEadInnt et essrEstitesvanttins

A

Reference design: r:/WORK/aR4600
splenentation design: 1:/WORK/mR4000
| ssinq corpare points
E Matched Compare Points BBP4in Loop BBNet Cut Paort
'] P T T T L PR P P A —— . - ——
% Passing (equivalent) o 0 1] ;] 93
$ | Failing (not equivalent) ] 0 0 ] [} =
i aneany LA 124 LES 2 20 2 3 e *¥4e (I3 TTET L2 L1 3 |
2 v
_.', C T — ] &
§ Log | Histary |
S [Formality {verify)> ||
8- Lty yi= |l -
| = . —
Steps and GUI Lab 2-23
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3 Simple logic cones
and failing points

Learning Objectives

This lab will introduce you to some of matching and
debugging features of Formality by looking at easy to
understand examples

After completing this lab, you should be able to:

o Understand what information is contained in the pattern
window

e Be able to use probe points

G Lab
Duration:




Lab 3

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 3-2 Simple logic cones
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Instructions

A verification script has been provided to run the Formality verification.

Task 1. Looking at expected failures on a simple
example

1. Go to the lab3

unix% cd labs3

2.  Inspect the RTL fred_or.v and fred_and.vand you will see that fred_or is
just an ‘or’ function and fred_and is just an ‘and’ function. We will be
comparing these 2 pieces of RTL in Formality.

Question 1.  When one compares fred_or and fred_and,how
many compare points would you expect and of what

type ?

Question 2.  Apart from the compare points what else will match ?

Question 3.  For what input stimulus would a comparison of
fred_or and fred_and give different results ?

3. Inspectrunl_fm.tcl. This is comparing fred_orand fred_and.
4. Runrunl fm.tcl

unix% fm shell -f runl fm.tcl [& tee -i runl fm.log

5.  Observe that the verification fails



Lab 3

Question 4. Find all the places in the transcript where you can tell
that the verification has failed.

Question 5.  From the transcript and the command
report_matched_pointsconfirm your to Question 1
and 2.

Question 6.  Also use the report_failing_points and
report_passing_points commands to confirm the
details of the status of the compare points

6.  Use report_matched_points to confirm what Formality thinks is driving the
inputs of the logic cone of the failing point.

fim_shell (verify) report_matched_points -type port ${ref}/z

8.  (Optional) One can use the report_truth_table command to confirm what
Formality sees as the boolean function for the compare point.

Report t truth_table
r+/WORK/fred_or/z

Reference t re/WORK/fred_or
Implementation 3 i:/WORK/fred_and
Version + 0-2018,06-5P2

Date + Sat Sep 29 20:07:30 2018

Truth table for signal ; "z"

o o — —d
¢« PO —O

o

thokskskekekak End truth table sokkkek

9.  Start up the GUI

Lab 3-4 Simple logic cones
Synopsys Formality



fm_shell (verify) start_gui

10.  Pull up the pattern window for the failing point by under the debug tab by

110
selecting the failing point and then clicking on the Show Patterns icon——

 [E] File Edit View Designs Run ECO Window Help & B X
& =R khhH 000 @ A £
Reference I':/WORKjired_or

A — —— = — Verification Failed
Implementation 1://WORK/fred_and

0. Guid. ¥ 18 E? e &/ 2.1mpl. H | 329tup_ _.': Gatch 1 - S-.V_erﬂ i 6. l_)ebug_
| Failing Points _Pa-!ss'i'ng Points Ab'qﬂe-d Points. Unve;‘il‘:le.l_:-i-Pbi-nts Probe Points | Analysez  Loops
Enter filter expression B A P&
Type Reference r:Size Implementation i:Size +/- |

".l_Port z z

11. You should now see :

Patterns.1 - Failing: z/z : p
19 File Edit View Setup ECO Window Help | ® o X

> y . i

[T BT = -3 i I | ] ] >
[ #% #n o 61 #4 5 (L o = s s P ol % » PN o= >

( Compare point values for vector 1— ——
'R ERIE] 21 |
I - e i

(CIFilter pruned cone schematic inputs |_JRight justify inputs

|Enter filter expression R |'E Ini‘ 3 ‘ ‘ '
— : = — 12
‘Type v |Reference Implementation [+~ || | |
'Port a a Iz o
Port b b lo [2

Question 7. What are the input values for which the verification
fails ?

Question 8.  What are the output values in the reference and
implementation ?
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Question 9.  Are these the results you would expect given your
answer to Question 3 ?

12.  From the pattern window with vector one selected pull up the schematic for
the logic cones

Patterns.1 - Failin_g:“z/z

SN o
o4 File Edit View Setup ECO Window Help BE X
» »

Gl o]~ o] =

- Compare point values for vector 1-—————

Show Logic Cones|

B - (Por)| — 2|1 I

‘l z (Port) B = = -z |
-

(_)Filter pruned cone schematic inputs |_JRight justify inputs

|Enter filter expressian | |§[ o ) i

— —— — |f1\ 2

Type v |Reference Implementation |+/- l m

Port a a 1 Jo |

Port b b 101 ‘
S

Adjust the 2 schematics of the logic cones so that you can see all the logic
cone. (One way is Right Mouse Button : Zoom Full) . You should now see

Lab 3-6 Simple logic cones
Synopsys Formality



TopLevelConeSchematics.1- Fa_ilin_g ConeSchematics.1 - z/z

File Edit View Setup ECO Window Help

o Py "':'L l?\ £ ﬁ {‘ Y X x v @ %.lﬂi l’:_.I i g »‘—I«\; !“‘- = r;k % » = )
on Pattems.1 - Falling: 2/z2 X % Failing ConeSchematics1-2/z X i e———————— EE
Coloring: Cell|Standard v ! Net|Simulation Values ¥

Ready

Note that the RTL of the logic cone is represented as a gate level netlist and
the failing vector values are overlayed on the logic cones. ( If you click on
vector 2 in the pattern window, see that the values overlayed in the schematic
changes. Though here it is only the inputs that change as for both vectors the
output of or gate is 1 and and gate 0)

13. (Optional) Cross probe to the RTL
Select the OR gate in the Ref schematic and RMB  View -> View Source

S\ Zoom Full F
[ view - | View Source
TopLevelConeSchematics.1- FajlREytuciva View Object
File Edit View Setup ECO Window Help BTl L el TR View Dasign
WAl ARM LYY X ®] @ |8 Show Logic Cor
# Patterns.1 - Failing; z/z % | E Failing ConeSchem Cony N
Coloring: Cell|Standard ¥ | Net|Simulation
Expand Schematic Ctr+E
Reference==> C0O Prune/Restore »
Group/Jngroup L

% Hide/Show Supply Nets

« Highitght Loops
ECO »

=y Undo Last 24

«* Revert Shift 4.7

This take you to where the OR gate came from in the fred_or.v file :
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fred or.v !
1|:H|module fred or (a, b, z);
'| 2 input a;
| 3 input b;
4 ocutput z;
|'5
B3P assign z = a | b;
[ 7
8 [~ endmodule
9

14.  Quit out of Formality.

Task 2. Looking at expected failures on a second
simple example

We are now going to repeat the steps of Task 1 on a slighly more complicated
example. A verification script has been provided to run the Formality verification.

1. Inspect harry_3or.v and harry_2or.v you will see that harry_3or is a3 input
‘or’ function with the inputs and output registered. (That is if the RTL was
synthesized one would expect 4 flip-flops in the netlist — one for each input
and one on the output.). Similarly harry 2er is a 2 input ‘or’ function with
inputs and output registered. We will be comparing these 2 pieces of RTL in
Formality.

Try and answer as many of the below questions as you can in advance of
running Formality. If you do get stuck however continue to the next step
where we will be running Formality to confirm the answers.

Question 10. How many compare points and of what type would
you expect for harry 3or ?

Lab 3-8 Simple logic cones
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Question 11. How many compare points and of what type would
you expect for harry 2or ?

Question 12.  Which of these compare points will match between
harry 3or and harry_2or ?

Question 13.  Which of these compare will remain unmatched
between harry 3or and harry_2or?

Question 14.  Apart from the compare points what else will match
or not be matched?

Question 15. Which of the compare points will pass verification ?

Question 16. Which of the compare points will fail verification ?

Question 17.  For the points that fail what will be the input stimulus
that causes it to fail ?

Inspect run2_fm.tcl. This is reading in harry_3or and harry_2or.
Run run2_fm.tcl

unix% fm shell -f run2 fm.tcl |& tee -i run2 fm.log

Firstly let us look at how Formality has interpreted harry_3or. From
run2_fim.tcl you will see that harry_3or was read into the reference container.

Start up the GUI
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fm_shell (setup) start gui

Click on View Reference Hierarchy icon @

[3 File Edit View Designs Run ECO Window Help &
L SN KR I R YR

Refer4 Reference Design P_S or

Implementation ]i:MORKJharry_Zor

| oGud || &iRef. | «2.mpl. |

Constants [ Design Parameters \
\Enter filter expression

Type ~| Vvalue |

Select the harry3_or level of hierarchy and View Design

[ Find Matching
| View Object

View Design

fR File Edit View Designs Setup Window Help

=B Ruln)lee

View Instance Source
View Design Source

Reference Design | Design Libraries | Technology Librarit .
|_ Show Objects S = Set Reference = = =
| Ports: ([ Input |9 Set Constant 0 Inout
Primitives: () Register (] ¢ Set Constant 1
Cells: () FM Generated [| Remove Constant Black Boxes
- — : X Set Factor Point
'Search| ® Design Name O Instance Name | ) [ [Hide
- — Remove Factor Point =
]Reference: Instance |Design Insert Inversion library |
{E} harry_3or R harry 3 L harry_3or
L~ All instances hidden RETmeve [QVeipan L
Copy » |
You should now see
Lab 3-10 Simple logic cones
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B DesignSchematic.1 - r:/WéRWharry_3or_

® Schematic Edit View ECO Window Help BE X

cr_reg

That is 4 registers with 2 or gates between them. Let us pull up the Implementation Design
schematic. Repeat the above few steps but clicking on the View Implementation Hierarchy

icon !

The implementation design will look like
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o7 - .D.esignSchemei.tic-.-Z --_i_:/_W(SRK/harry_ZOr
Schematic Edit View ECO Window Help
de i S RN SV X 2SS X KA Re 3| 22 : gy

k-2 pa_s'i_gns_chematic.l—r:lWOR!Qhany_aor x| » DesignSchematic.ﬁ_-i:/WORK/harry_Zor X =@ b5

>—\
|
|

br_reg

Ready

Adjust your answers to questions 10 — 17 as appropriate if Formality’s interpretation of the
RTLs wasn’t what you were expecting.

Quit out the GUI (not the shell) for the moment

6. Run the match command

fm_shell (setup) match

7. You should now see the match summary

Lab 3-12 Simple logic cones
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8.

9.

FkioiokckiokkkkkicoskkR kR Rk ReR. Matching Results sdsokkiiokmiokmakickioksoriiokionirmok ik
4 Compare points matched by name

0 Compare points matched by sighature analysis

0 Compare points matched by topology

3 Matched primary inputs, black-box cutputs

1¢0) Unmatched reference{implementation?} compare points

1¢0) Urmatched reference{implementation? primary inputs, black-box outputs

Unmatched Objects REF IMPL
Input ports (Port 1 0
Registers 1 0

IFF 1 0

R AR O s sl st kst koSOl RO oK

To get a list of all the matched points :

fm shell (match) report_matched points

7 Matched points:
Ref DFF Name{Last? r:/WORK/harry_3or/ar_reg
Impl DFF Name{Last? i3 /WORK/harry_2or/ar_reg
Ref DFF MameflLast) r¢/WORKAharry_3or/br_reg
Impl DFF Mame{lLast? i:/NORK/harry_2or/br_reg
Ref IFF Name{Last? r:/WORK/harry_3or/z_reg
Impl DFF Name{lLast) i:/WORK/harry_2or/z_reg
Ref Port Mame{Last) r:/WORK/harry_3or/a
Impl Port Name{Last) i¢/WORK/harry_2or/a
Ref Port Mame{Last? r:/WORK/harry_3or/b
Impl Port Mame{Last) i:/WORK/harry_2or/b
Ref Port Name{Last) r&/WORK/harry_3orsclk
Impl Port Name{lLast) i:/WORK/harry_2or/clk
Ref Port Name{Last? r:/WNORK/harry_3or/z
Impl Port Mame{Last) i:/NORK/harry_2or/z

To get a list of all the unmatched points :

fm shell (match) report_unmatched points
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Lab 3-14

L T

SRRSO AR SRRSO AR OR MRS HOR SRRSO AR R
2 Unmatched points (2 reference, 0 implementation):
Ref DFF rtZW0RK harry_3or/or_reg
Ref Port r:/WORK/harry_3or/c

We are now in a position to confirm the answers to the following questions.
Note that an input port, though will be required to match, is not considered a
compare point — that is a compare point is at the end of a logic cone not the

beginning.

Question 10.

Question 11.

Question 12.

4

How many compare points and of what type would
you expect for harry 3or ?

5.
4 flip-flops (DFF) ar_reg, br_reg, cr_reg, z reg,

1 output port z

How many compare points and of what type would
you expect for harry 2or ?

4
3 flip-flops (DFF) ar_reg, br_reg, zr reg

1 output port z

Which of these compare points will match between
harry 3or and harry 2or ?

3 registers ar_reg, br reg, z reg

1 output port z

Question 13.

Which of these compare points will remain
unmatched between harry_3or and harry 2or?

Simple logic cones
Synopsys Formality



The register cr_reg

Question 14.  Apart from the compare points what else will match
or not be matched?

The input ports a,b will match
The input port ¢ of harry_3or does not match.

10. Let us look at the compare point z_reg. Use the report_unmatched_points
command to confirm that cr_reg is in the logic cone for z_reg but is
unmatched

fm shell (match) report_unmatched points \
r:/WORK/harry 3or/z_reg

If there is a functional path from an unmatched input to a logic cone compare
point then that compare point of the logic cone will fail verification.

So without running verify or looking at the details of the logic cone an
unmatched input may be indicative that the verification will fail.

11. Run the verify step

fm shell (match) verify

Statusy Verifying...
Compare point z_reg failed {is not equivalent

Rk okl Verification Results skkiekimnnkkiiiokdokioriiokkokirryk
Yerification FAILED

Reference design: ri/WORK/harry_3or
Implementation design: i:/WORK/harry_2or
3 Passing compare points

1 Failing compare points

0 Aborted compare points

0 Unverified compare points

Matched Compare Points BBPin Loop  BBNet Cut Port DFF LAT  TOTAL

Passing {equivalent’ ] 0 0 0 1 2 0 3

Failing {not equivalent} 0 0 0 0 ] 1 0 1
SRR AR Ao SR A Aok o sk sk oot sk ook ok sk sk sk ks sk ok ok skl ool sk

12. Runreport_failing_points and report_passing_points command
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fm_shell (verify) report failing points

1 Failing compare point (1 matched, 0 urmatched):

Ref IFF r+/NORK/harry_3or/z_reg
Impl IFF 11/WO0RK/harry_2ordz_reg

fm _shell (verify) report passing points

3 Passing compare points:
Ref DFF r:/WORK/harry_3or/ar_reg
Impl DFF 1$/WORK/harry_2ordar_reg
Ref DFF r$/WORK/harry_3or/br_reg
Impl DFF 11/W0RK/harry_2or/br_reg
Ref Port r:/WORK harry_3ordz
Impl Port 12/WORK/harry_2oriz

13.  You are now in the position to confirm the answers to the questions :

Question 15. Which of the compare points will pass verification ?
3 passing points. ar_reg,br reg, z
Question 16. Which of the compare points will fail verification ?

1 failing point. z_reg.

14.  Consider the list of matched compare points (answer to question 12) , passing
points and failing points

Question 18. Does the number of matched compare points equal the
sum of failing points and passing points ?

15. Let us now confirm the stimulus that shows the failure for the failing point
z_reg

Start up the GUI

Lab 3-16 Simple logic cones
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fm_shell (setup) start_gui

Select z_reg under the failing points of the Debug tab.

0.Gud. | &1LRef. [ «2umpl. [ 3.setup || 4. Match 5. Verify 6. Debug
Failing Points | Passing Points = Aborted Points- | Unverified Points  Fiobe Poinfs  BOlAar | Loops
Eunter filter expression h Ak 4K -3
Type Reference Ir:Size Implementation 1:Size +/-
1 |DFF Z_reg Z_req
110

And Show Patterns == for that point.

Patterns.1 - Failing: z_reg/z_reg
10 File Edit View Setup ECO Window Help @
A iy Sl S : @ - [l @Rl x @& » »

- Compare point values for vector 1—————————

114 2 reg (DFF, Loading 1)

Ll z e (DFF. Loading O [ SR SD 0_ |cLK |1

[TIFitter pruned cone schematic inputs |_|Right justify inputs

|Enter filter expression | % % | o
' — 1
Type ~ [Reference Implementation  [+/- ‘
|DFF ar_reg ar_reg 1lo]
DFF br_reg br_reg lo |
DFF cr_reg 1
Port clk clk "1 |
DFF z_reg z_reg o |
|
| o ’_ )

So the full answer is :

Question 17.  For the points that fail what will be the input stimulus
that causes it to fail ?

The failing vector has cr_reg has 1. If cr_reg was a
constant 0 z_reg would pass verification.

ar_reg and br_reg are 0 .If either or both were 1 that
would mask the 1 from cr_reg . That is, for example,
if ar reg was 1 z_reg would be 1 regardless of cr_reg.
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Lab 3-18

The clk is 1 — this just means that the z reg is being
clocked.

z_reg is in the stimulus because the value of z_reg
could depend on the previous state if for example it
wasn’t being clocked. Here it is a greyed out value
which means that you will get the failure for this
vector regardless of the registers previous state.

A few other things to note :

cr_reg is not in the logic cone of the implemention.

| DFF br_reg br_reg

DFF crreg < ——— |

il"'-O-|

This empty row in the implemention column is how an umatched input shows
up.

For this failing vector the reference is loading a 1 (eg clocking 1 on data pin)

The implemention is loading a 0.

z_reg (DFF. Loading 1) [&=

Il 2 reg (DFF. Loading 0)

SL stands for sychronous load — that is an enable pin for the register. If you
refer back to to RTL the registers don’t have an enable and therefore SL is a
constant 1 — that is the register is permantly enabled.

SD is the value on synchronous data pin. Here because the flip-flops don’t
have an enable or an asychronous reset the value of the SD will be the same
as the value loaded.

SL 1 Const SD|1_ |

SL 1 Const  sD|o |

Simple logic cones
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16.

17.

We know the cause of the failure — the unmatched cr_reg in the logic cone.
Let us see what the analyze points command thinks is the cause of the failure.

Go to the failing points list under the debug tab and click on the Analyze
button.

[@ File Edit View Designs Run ECO Window Help & ®
=0 Rh| @000 GHAQ A B8O

Reference [r/WORK/arry_3or
— — = — — Verification F¢
Implementation i/ WORK/harry_2or

0Gud || LRef. || 2impl | 3.Setup 4 Match || 5. Verfy 6. Debu
Failing Points | Passing Points | _Ab._oﬁg—'dp_gi.ﬁs;: um}énﬁed_pojr!ts ProbaBoints | analyses Loaps
[Enter filter expression Ak
[Type Reference r:Size Implementation I'Size +/-
1/BFF Zreg: 2.req

Points: 1 Display names: O Original @® Mapped Analyze Selected P

Get Loop Data

You should see the below which is a description cr_reg being unmatched in
the failing point z_reg. Note it says ‘globally unmatched’ that is cr_reg is not
matched to anything in the implementation at all .

ocGud | @iRet. || w2 mpl. || 3.setup | aMatch || Svenfy | 6.Debu
Failing Points | Passing Points | Aborted Paints | Unverified Points  “(9t Faite | Analyses | Loops
Possible Causes |* | pescription - Unmatched Cane Input:

- Unmatched Cone Input (1) Unmatched cone inputs result either from mismatched compare points
{1 ErWoRkharry Sorfcr reg or from differences in the logic within the cones, Only unmatched

inputs that are suspected of contributing to verification failures
are included in the report.

| The source of the matching or logical differences may be determined
using the schematic, cone and source views.

+ Unconstrained implementation input (0)
Rejected Guidance Command (0)

L Undriven Reference Signal (0)

— Required Input (0)

| Corrupting Supply (0) Recommendations:
Directly Undriven Reference Port (0) r/WORKMamy _3ot/cr_req
-~ Unmatched Blackbox Net (0) Is globally unmatched affecting 1 compare point(s):

Failing Blackbox Net (D)
Unretimed DesignWare Component (0)

o . ] ¢ L/WORKMhamy_2or/z_re
Missing Retention Register (0) v : fIy. 2o1/s feq

Let us investigate the logic cone with probe points. Return to the Pattern

window and click on the show logic cones icon g You may need to do
Expand Schematic (Ctrl+E) to see the full Ref cone.
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Note that the register cr_reg is in white — this is the way
the logic cone schematic indicates something is
unmatched.

Observe that the probe icons are currently greyed out... ,g = 7 asno net pairs
are currently selected in reference and implementaion.

Lab 3-20 Simple logic cones
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Click on the net of the output of the CO or gate in both reference and
implementation so that the net is selected.
x: e = 1 2 A IR]E &8 R A RNE S| X% >

& o111 .
' Net|Simulation Values VI

The probe icon - * should now no longer be greyed out. Click on it.

You should now see a set_probe_point command echoed out to the log file and a
prope point in the probe point list. Click on the Verify button on the probe point tab

0. Guid. « 1. Ref, I &2 Impl. 3. Setup i 4. Match S. Verify ! 6. Debug

Failing Points = Passing Points | Abortad Points | Unverified Points {_Probe Points ; Analyses  Loops -
‘Enter filter expression % *

Reference ir:Size /Implementation 1:Size +/- Status
1 frn_Nb[0] result NOT RUN

Points: 1  Display names: . Original ‘¢ Mapped Analyze Selected Pv::ints.nven selectad [Remove Alll Remove Selected

Get Loop Data
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One should see that the verification of the probe point passes.

Formality (verify)> set probe points r:/WORK/harry_3or/fm_Nb[O] i:/WORK/harry 2or/result ;
Set user probe between 'r:/WORK/harry_3or/fm_Nb[6]' and 'i:/WORK/harry_2or/result’

1

Formality (verify)> verify -probe

Reference design is 'r:/WORK/harry_3or’

Implementation design is ‘i:/WORK/harry_2or'

ok ook klook ok tobokok kb olokokkdokokk sk ok Probe Verification ResuLts  dorkkkorowkior s iorkon o dokok onkok %ok
Probe Verification SUCCEEDED

Reference design: r:/WORK/harry_3or
Implementation design: i:/WORK/harry_2or

1 Passing probe points
o o ook ok ok b ok ok ok o sk o o b bk sk ok o o ok ok ok o A b o ok o o ok ok o ok s ook b kot Ak ok ok ok ok o ok ko o e o b ok ok e ok o o s b A oo o o o o ok o o ok ke

1

In this case it was obvious the 2 nets were the same but in more complicated examples probe
points can be a useful debugging aid.

18.  Quit out of Formality.

Task 3. (Optional ) Looking at expected failures on
third simple example

In this section we will build on the previous 2 tasks by looking at an another example tom1.v
and tom2.v

1. Inspect the RTL toml.v and tom2.v . If, for example, you compare the 2 files
in tkdiff

unix% tkdiff toml.v tom2.v

15
reg ar, br,cr, dr: i; reg ar, br,cr, drs
aluays B(posedge clk) I IlE 4w @(posedge clk}
begin L7 begin
ar <= a3 18 ar <= a3
3 19 br <= bs
;i' or <= c3
dr <= d
22
end pi | ]
24 |
i o)
Walu alu trat (, ietruct{imstruct), nlaed, bibe) . 26 1 [P (TR R TIPS T T PR D) 3 TN 17 10 O (=) =
raghank Feghank_instl resultiresult), ratnirotnd, .olkdelkd, (zizdis I'.)_'n" raghark egberk, insbd, rosul Liremilt), Jretnirstnl, .clkic
28
a8
i
endmodule A wndhodale
a2
Lab 3-22 Simple logic cones
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3.

4.

One will see that the only differences between the RTL is that the a and b
input port connections to alu_inst have been swapped. In toml ais connected
to ar and b to br . In tom2 a is connected to br and b to ar.

Question 18. What will this difference cause to fail in verifcation ?

Run run3_fm.tel which compares the 2 RTL

unix% fm shell -f run3 fm.tcl |& tee -i run3_fm.log

We have a failing verification
AR S RSO A SRS ST oS KR O G R G SR T RO R MR MO SR AR O0  SR R HO HORIOEOR

Status: Verifying,..
Compare point reghank_inst/z_reg failed {is not equivalent}

RRRRRRER ko kokkkdkkkkk Verification Results seksekssokkiorkiokikkikadokkinsdoknks
Verification FAILED

Reference design: ri/WORK/tom
Implementation design: i3/WORK/tom
5 Passing compare points

1 Failing compare points

0 Aborted compare points

0 Unverified compare points

Matched Compare Points BBPin Loop BBNet Cut Port IFF LAT  TOTAL

Passing (equivalent) 0 0 0 0 1 4 0 5
Failing (not equivalent) 0 0 0 0 0 1 0 1
T ————————— e T T S B L LR RS S R L

Pull up the pattern window for the failing point.

r
Use the icon -l— (Most Required Inputs) to get the red of the failing vectors
to the top.
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Enter filter expression | % |F £ |
|Type ~ }Reference |Implementation +/- | .
DFF ar_reg ar_reg 1
|DFF” br_reg br_reg o
Port clk clk 1
Port instruct[0] instruct[0] ‘ o
Port instructf1] instruct{1] I
Port instruct[2] instruct[2] o
' Port rstn rstn (1
DFF cr_reg cr_reg |0
|DFF dr_reg dr_reg [ o
DFF reghank_inst/z_reg regbank_inst/z_reg 0

Observe that the both the failing vectors have instruct [2:0] as 010. And

ar_reg and br_reg have opposite values.

If one looks at the tom1 RTL
alw§fs 8(i0 or il or i2 or i3 or instruct )

begin
if (instruct == 3°b000 )
beqin
result = i0;
end
else if (instruct == 3°'b010)
beqin
result = i1;
end
else if (instruct == 3°h100)
beqgin
result = 12;
end
else
result = i3;
end

One sees that instruct 3°b010 is the branch where the result is i1. Let us put probe points on
these nets . One can pull these from the schematic but for ease of demonstrastration
tom_probe.tcl is provided.

5.

Lab 3-24

Inspect and then source tom_probe.tcl

\ 4
% | Formality (verify)> source ./tom probe.tcl

Set user probe between
Set user probe between

Pull up the probe point list

‘r:/WORK/tom/alu_inst/i6'
‘r:/WORK/tom/alu_inst/il’

Set user probe between 'r:/WORK/tom/alu_inst/i2"
Il | Set user probe between 'r:/WORK/tom/alu inst/i3'
o 1
@ Log | History | o Di. i
s L2 IR
¥
=]

and "1:/WORK/tom/alu_inst/iB"
and ‘i:/WORK/tom/alu_inst/il'
and 'i:/WORK/tom/alu_inst/i2'
and 'i:/WORK/tom/alu_inst/i3"

Simple logic cones
Synopsys Formality



0. Guid. || <" LRef I #20mpl. || 3.5etup | 4. Match 5, Venfy [ & Debu
Failing Points Passing Points | Aborted Paints __I.!n\{eﬁ'ﬁed_Pi_:mts-' Probe Points = fnaiyaon .
5

Enter filter expression

Reference r:Size {Implementation i:Size +[- Status
1 alu instio all_instio NOT RUN
2 alu_inst/il alu_instAl NOT RUN
3 alu_instfi2 alu_instA2 NOT RUN
4 alu_instA3 alu_instA3 NOT RUN
Points: 4  Display names: O Original @ Mapped nts|[Verify| invert Selucted Remove All| Rermove Sel

And run verify —probe

Observe the probe point i0, i2 , i3 pass verification but as expected il fails.

110

Select i1 and pull up the pattern window (ie select the failing probe point and e

deftl |

24 i1 (Cuthlet) B
. = left!0 I'

11 (CutMet) g

JFilter pruned cone schematic inputs (_IRight justify inputs

[Enter fitter expression| ¥ || £¢ |

— ———— 2
Type v |Reference |Implementat|

DFF  ar_reg ar_reg 1 o
DFF  br_reg br_reg o [1

Now one is debugging a smaller logic cone with just 2 inputs.

If one pulls up the logic cone schematic 'Ek_ for the failing probe point one sees the below.

Note one can use the “Maximize All Views” & or “Detach view” & to display the
schematic without sharing the view with the patterns.
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o Patterns.2 - Matched: i1fi1 x-_ % Matched ConeSchematics.1 -il/il X %“_—_ T =g

Coloring: cCell|Standard ¥ Net/Simulation Values ¥

References>>

It now becomes clearer that the registers have been swapped and if one looks at the hierarchy
crossing point (the diamond symbols ) one can see where this is :

br reg

ally inskfa

Which of course is same swap that we observed when compared the RTL with tkdiff,

Lab 3-26 Simple logic cones
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Answers / Solutions

Task 1. Looking at expected failures in the pattern
window

Question 1.  When one compares fred_or and fred_and how many
compare points would you expect and of what type ?
One compare point, z, of type port.

Question 2.  Apart from the compare points what else will match ?

The input ports a and b

Question 3.  For what input stimulus would a comparison of
fred or and fred and give different results ?

When a,b is is 1,0 or 0,1 the or function will have an
output of 1 the and gate will have an output of 0.

For 0,0 and the 1,1 fred or and fred and are the same.

Question 4. Find all the places in the transcript where you can tell that
the verification has failed?
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verify
Reference design is 'ri/WNORK/fred_or'
Implementation design is 'i:/WORKfred_and'

' Matching Results
1 Compare points matched by name
0 Compare points matched by signature analysis

0 Compare points matched by topology

2 Matched primary inputs, black-box outputs

0{0) Unmatched reference(inplementation) compare points

00} Unmatchqd referencef implementation) primary inputs, black-box outputs

S - FIEUING, 4 .
Compare point z failed (is not eq;IEEEEEEE::::>
] Verification Results
Yerification! FAILED

Reference design: ri/W0RKAfFred_or
Implementation designg i:/WORK/Fred_and
0 Passing compare points

0 Hborted compare points
0 Unverified compare points

Matched Compare Points BBPin Loop  BBMet Cut Part DFF LAT  TOTAL

Passing (equivalent) 0 ] 0 ] [ 0 ] 0
Failing (not equivalent) 0 0 0 0 L:l 0 0 1]

Info: Try the analyze_points command to see if Formality can determine potential
causes, or suggest next steps for a FAILED or IMCOMCLUSIVE verification,

See the man page for analyze_points usage and options,

Infot Formality Guide Files (SVWF) can improve verification success by automating setup,

In order:

1) Failing points will be echoed to the screen as ‘Compare point <point name> failed’
2) At the end of the verification you will have a line that says ‘Verification FAILED’
3) A line where ‘n Failing compare points’

4) The categorizationsummary of those failing points (Port, DFF (flip-flop)etc.)

5) The return value of the ‘verify’ command is 0.

Question 5. From the transcript and the report_matched points confirm
you’re to Question 1 and 2.

Lab 3-28 Simple logic cones
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fm_shell (verify)> report_matched_points

Report + matched_points
Reference ¢ riAW0RKAfred_or
Implementation ¢ i:/WORK/fred_and

Version + 0-2018,08-5P2

Date + Sun Sep 30 08:59:38 2018

2 Hatched points:

Ref Port Neme(Last) ri W0RK/fred_orfa
Impl Port Mame{Last) i:/W0RK/Fred_and/a
Fef Part Mame{lLast) r: WORKAfred_or/b
Impl Part Mame{Lazt) i:/WORK/fred_and/b
Ref Port Mame(Last) ri WO0RK fred_or/z
Impl Port Mame(Last) i:/WORK/Fred_and/z

Look in runl_fm.log or scroll up on the screen you should
see after the match command

natch

Reference design 1s ‘rT:/WORK/fred or’
Implementation design is *i:/WORK/fred and’
Status: Checking designs...

Status: Building verification models, ..
Status: Generating datapath components ...
Status: OQualifying datapath components ...
Status; Datapath qualification complete.
Status: Matching...

Sdsleluihd Ak k4 £ A4S ARk L LS 222 E+434: Matching Results ##+#+dddddttidits:
oints matched by name
etemze?? points matched by signature analysis
[lwfenpare points matched by topology
{2 Matchgll primary inputs, black-box outputs
Jte=tfmatched reference (implementation) compare points

0(0) Unmatched reference(implementation) primary inputs, black-box outj
B O T R L L1222t as = P Y L P L L L L e R R e L kA et

Question 7.  What are the input values for which the verification
fails ?

vector 1 read as a column ab 01
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r Compare point values for vector 1—— —
R —————————ls
I

_|Filter pruned cone schematic inputs (_IRight justify inputs

— — z 0

(Enter filter expression | E |F | £ | Je

. = : v | 1
‘Type v |Reference |Implementation| | ‘
'Port a a o |
Port b b 1|

Vector 2 read as a column a,b 1,0

¢ Compare point values for vector 1——

R XN 21
1 - 2o

[_Filter pruned cone schematic inputs [_]Right justify inputs

|Enter filter expression | "B |§"| o

. == 1|2

Type v |Reference Ilr’npIerr*uerﬂ:atit:ml

Port =& a 1{0

Port b b o \1}

Question 8.  What are the output values in the reference and
implementation ?

The reference is 1 and the implementation 0 for vector
1 and similarly for vector 2.

Lab 3-30 Simple logic cones
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Compare point values for vector 1

Ry o B T i
8 (Pore) I

(J)Filter pruned cone schematic inputs (] Right justify inputs

Enter filter expression | ¥, | '
= —— 1|2

Type v [Reference |Implementation| ‘
‘Port a a 1 o |
Port b b o [z ‘
| =

Question 9.  Are these the results you would expect given your
answer to Question 3. ?

Yes if you had the correct answers to Question 3.

Task 2. Looking at expected failures on a second
simple example

Answers to Question 10 — 17 in the text

Question 18. Does the number of matched compare points equal the
sum of failing points and passing points ?

Yes. Apart from a number of special circumstances
this will always be the case.
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4 Multiple Stage
Verifications

Learning Objectives

This will lab will focus on mutiple stage verification

After completing this lab, you should be able to:

e Be able to setup and debug a multistage Design
Compiler synthesis flow

G Lab
I_)yratlon:

Multiple Stage Verification Lab 4-1
Synopsys Formality



Lab 4

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 4-2 Multiple Stage Verification
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Instructions

In this lab we will running verificationsfor both end to end and single stage
verifications

Task 1. Running synthesis

First run synthesis.

1. Go to lab4

unix% cd lab4

2.  Inspect the DC script dc.tcl. Observe that there is a netlist and SVF written out
for each of the stages elaboration; first compile; test insertion and incremental
compile.

3.  Run synthesis

unix% dc shell -topo -f de.tcl | tee —i de.log

Task 2. Running end to end verification

Let us verify the RTL to the final netlist written out by the script mapped/STOTO.v

1. Inspect the script intended to run this verification fm_all.tcl

Question 1. Isthere any SVF missing to the set svf command in
fm_all.tcl ?

...............................................................................................

Correct the fm_all.tcl to add in any missing SVF.

Multiple Stage Verification Lab 4-3
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2.  Run the end to end Formality verification. Note the use of the switch —
name_suffix to identify the run.

unix% fm shell -name all -over -f fm all.tcl |[tee -i fm all.log

Note: The —name_suffix modifies the default name of some of the files
fm_shell creates.In the above command line, in particular, the ASCII SVF will
be written to formality all svf/svf.txt (instead of the default

formality svf/svf.txt)

With the correct SVF files pointed to, the verification should pass.

Task 3. Checking the timestamp information

Say there was a failing verification and there was some dispute as to whether
the SVF corresponded to the synthesis run.

1.  Grep the comments from the SVF from Task 2

unix% grep ‘#’ formality all svf/svE.txt

2. Note : In the dec.tcl for lines have been added to write out time information to
the transcript. Here this is for lab purposes, but it not uncommon to write out

such information . Grep this information from the dc.log (the transcript from
Task 1.)

unix% grep ‘~INFO’ dec.log

Confirm that within to within a few seconds the timestamp information
between dc.log and svf.txt matches.

Lab 4-4 Multiple Stage Verification
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Task 4.  Verifying the first compile stage

1.  Inspect the script intended to run the verification on first compile stage
fm_first.tel

Question 2. [s there any SVF missing to the set svf command in
fm_first.tcl ?

Run the verification and confirm it passes

unix% fm shell -name first —over—f fm_first.tcl |tee -i fm first.log

2. Inspect fin bug.tcl a verification that verifying the RTL to the first netlist
using all the SVF .

Question 3. Is
" Jelab.svf Jcompile.svf /dft.svf ./compile inc.svf"approp
riate SVF for verifying this stage?

3.  Without modifying fm bug.tcl run the verification

unix% fm shell -name bug-over-f fm bug.tcl |tee -1 f£m_bug.log

Confirm it still passes.

4. Do a diff between the 2 log files

unix% diff fm first.log fm bug.log

Multiple Stage Verification Lab 4-5
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And observe the difference in the method Formality has used to match up the
compare points.

< 75 Compare points matched by name
< 0 Compare points matched by signature analysis
> 50 Compare points matched by name

> 25 Compare points matched by signature analysis

In the fm_bug.tcl run the compare points no longer all match up by name.

Signature analysis is a method that Formality uses to match up compare points when
matching by name is not sufficient.

Question4.  Why would Formality no longer be able to match some points
by name ? (Hint : The dc.tcl script had a change name rule
that will radically alter the names of registers greater than 32
characters)

Confirm your answer to Question 4 by inspecting matched first bug.txt the output
of report_matched_points from fm_bug.tcl

Lab 4-6 Multiple Stage Verification
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Answers / Solutions

Task 1. Running end to end verification

Question 1. Is there any SVF missing to the set_svf command in
fm all.tcl ?

Yes. It is " /elab.svf ./compile.svf ./compile_inc.svf" it
should include the dft.svf. For example

set_svf "/elab.svf ./compile.svf ./dft.svf ./compile_inc.sv{"

Task 3. Checking the timestamp information

unix? grep '#' formality_all_svf/svf.txt
# fActive SYF file .relab,suf

# This file is automatically generated by Design Compiler

# Filename @ /global/gtzeuldl/gtseut/fmtraining/ces/n/FH_2018,06-5P2/1abd/elab, suf
# Timestamp : Sun Sep 30 09:37:32 2018

# IC Yersion: 0-2018,06-5P2 (built Sep 02, 2018)

m
i

#-———— Recording stopped at Sun Sep 30 089337333 2018

# Active SVF file ,/compile,swf

# Thiz file is automatically generated by Design Compiler

# Filename ¢ /global/gtseull/gtseub/fmtraining/ces/n/FH_2018,06-SP2/1abd/conpile,swf
# Timestamp : Sun Sep 30 09:37:34 2018

# DC Version: 0-2018,06-5P2 (built Sep 03, 2018)

e
W

#--—— Recording stopped at Sun Sep 30 09:37:42 2018
# Active SYF file ,/dft.svf

i
i

# This file is automatically generated by Design Compiler

# Filename ¢ /global/gtseudl/gtseub/fmtraining/ces/n/FH_2018,06-5P2/1abd/dft,svf
# Timestamp ¢ Sun Sep 30 09:37:42 2018

# DC Yersion: 0-2018,06-5P2 (built Sep 03, 2018)

4.
L

#--— Recording stopped at Sun Sep 30 (9:37:45 2018

# fActive SYF file ,/compile_inc,svf

# This file is automatically generated by Design Compiler

# Filename : /global/gtseull/gtseut/fntraining/ces/n/FH_2018,06-5P2/1abd/compile_inc,svf
# Timestamp ¢ Sun Sep 30 09:37:45 2018

# DC Version: 0-2018,06-5P2 (built Sep 03, 2018)

oy
I

#-——— Recording stopped at Sun Sep 30 (09:37:51 2018

unix? grep '"INFD' dc,log

INFO:Start of RTL read stage: Sun Sep 30 09:37:31 2018
INFO:Start of compile stage; Sun Sep 30 03:37:33 2018
INFO:5tart test insert stage: Sun Sep 30 09:37:42 2018
INFO:Start incremental compile stage: Sun Sep 30 03:37:45 2013
WFO:End of script: Sun Sep 30 09:37:51 2018

Multiple Stage Verification Lab 4-7
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Task 4. Verifying the first compile stage

Question 2.

Question 3.

Question 4.

Is there any SVF missing to the set svfcommand in
fm_first.tcl ?

No.

Is "./elab.svf ./compile.svf ./dft.svf ./compile inc.svf"
appropriate SVF for verifying this stage ?

No. dft.svf and compile_inc.svf should not be included.

Why would Formality no longer be able to match some
points by name? (Hint : The dc.tcl script had a change name
rule that will radically alter the names of registers greater
than 32 characters)

The change names in the dc.tcl will truncate all registers
names longer than 32 characters. This is quite a few as parts
of the design have been ungrouped. This is recorded in
compile_inc.svf. But these changes happen after the stage
we are verifying to.

If you look in matched_first bug.txt you will see compare
pointslike:

Ref DFF  Func(Last) r/WORK/STOTO/I MIDDLE_I DONT PIPELINE I RA 00
Impl DFF  Func(Last) i/ WORK/STOTO/I_ MIDDLE/I DONT_PIPELINE/I RANDOM/int1_reg[0]

Lab 4-8

The Ref has the truncated names from change names in the
SVF which are different from the names in the Impl .

Multiple Stage Verification
Synopsys Formality



5 Multi-voltage
Designs and UPF

Learning Objectives

This lab will be deal with some simple aspects of UPF and
Formality

After completing this lab, you should be able to:

e Describe some simple aspects of the Formality flow and
debugging for UPF designs

G Lab
Duragion:

Multi-voltage designs and UPF Lab 5-1
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Lab 5

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 5-2 Multi-voltage designs and UPF
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Instructions

Task 1. Inspecting source files and running synthesis

First let us be clear on the intent of the UPF

1. Go to lab5

unix% cd labs

2. Inspect the DC script runl_dc.tcl. Observe that the source UPF is top.upf and
the post-compile UPF written out of the script is top_postdc.upf

3.  Inspect the UPF and the RTL fred.v. For those not familiar with UPF the
intent to put the instance ul in module fred (which is the top of design) into a
switchable power-domain PD_SW.

Two key lines are :

set_isolation isol -domain PD_SW -clamp_value 1 -applies_to outputs

set_isolation_control isol -domain PD_SW -isolation_signal ul/iso -isolation_sense low -location
self

The intent is that when the isolation signal ul/iso is asserted (here active low)
the outputof power domain PD_SW will be clamped high.

4.  Run synthesis

unix% dc_shell —-f runl dc.tcl | tee -i runl_dc.log

Task 2. Running the verification

Let us run the verification on the synthesis results from Task 1

1.  Inspect the script runl_fm.tcl.

Multi-voltage designs and UPF Lab 5-3
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Question 1. How many UPF files are loaded in this script and into
which containers?

2. Run the verification

unix% fm shell -f runl fm.tcl | tee -i runl fm.log

Question 2. Has the verification passed?

Question 3. Is this verification sufficient for sign-off (Hint: Look in the
transcript for Warning and ATTENTION messages)?

3. Modify runl_fm.tcl to verify the design with the power domains not
constrained to be on. Confirm this also passes and the Warning and
ATTENTION messages identified in answer to Question 3 are no longer
present.

Task 3.  (Optional) Exploring the design

Let us confirm our understanding of how Formality is interpreting the UPF

1.  Reload the session file saved by runl_fm.tcl (runl_fim.fss)

2.  Run the command report_upf.

Lab 5-4 Multi-voltage designs and UPF
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Question 4.

Question 5.

Question 6.

Question 7.

What UPF objects has Formality added to the reference
container?

What UPF objects has Formality added to the
implementation container?

Explain the difference between the answers to Question 4
and 57

(Optional) What is the other difference between the source
UPF (top.upf) and post-DC UPF (top_postdc.upf) and how
will this show up in Formality ?

...............................................................................................

Task 4. Debugging with a known inserted bug

Let us see how a known inserted bug in the netlist shows up in Formality. As with
all learning how to debug an approach is to see how known bugs show up in the tool
so that later on one can isolate unknown bugs.

1.  Inspect the netlist fred_gates_bugl.v

2. ISOLORXI is an isolation cell. OR2X1 is a normal OR gate. Observe that in
the netlist has been hand modified to replace the ISOLORX1 cell for the z[3]

output of harry.

// ISOLORX1 snps PD1__isol_snps z 3 UPF_ISO
(.D(n[1]), ISO(n3), .Q(z[3]) );
OR2X1 ubug (.IN1(n[7]), .IN2(nl), .Q(z[3]));

Multi-voltage designs and UPF
Synopsys Formality
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When harry’s primary power is switched off the ISOLORX1 cell is still
powered. The OR2X1 cell is not and therefore will drive X.

3. Run the verification which uses fred gates bugl.v

unix% fm_shell -f run2 fm.tcl | tee -i run2 fm.log

Confirm that the verification fails. Note in order to illustrate some debugging
features we have set

set verification_insert upf isolation cutpoints false
in run2_fm.tcl - this will allow the X to propagate through isolation.

4.  There as many ways to debug this. We will explore several to illustrate some
of the features of the tool. A good one to allways try is analyze points —fail

20, Guid, /1. Ref. Y2.impl. |  3.setup [ amMatch |  s.venfy | 6. Debug

Failing Points = Passing Points | Aborted Points = Unverified Points  Frobe Points | Analyses | Loops

Possible Causes *|  Description - X Propagation Across Power Domain:

B X Source (1) An X is propagating from a design object in an ‘off power
“i:/WORK/fredfres_reg_3_A*dtf 00\*/AD_pd domain to an implementation compare point in an ‘on’ power domain.

& X Propagation Across Power Domain (1) This may indicate a problem with the UPF isolation strategies,

| =i:/WORK/fredul/z_reg_3 jcelll ’
Uncenstrained Implermentation Input (0) I/WORK/fred/ul/z reg 3 jcelll

Unmatched Cone Input (0) Propagates ‘X' across a pawer domain boundary in the cones for 1 compare
Rejected Guidance Command {0) point(s):

Undriven Reference Signal (0)

Required input (0) )

Corrupting Supply (0) e r:/WORK/fredfres req 3

Directly Undriven Reference Port (0) v

Recommendations:

It is pointing out two things: ‘X Source’ : The Impl failing point is getting an X. And
secondly ‘X Propagation Across Power Domain’ : Where it is drawing ones attention
to the z_reg_3 the cell driving the OR2X1 gate where we introduced the bug.

Both of these are consistent with the bug we introduced, and would be helpful in isolating
the issue in a context where we didn’t know what the issue was.

5. Let use explore another view of the failure. Pull up the pattern window for the
failing point in the GUI.

Lab 5-6 Multi-voltage designs and UPF
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| ¥ res rag 3 (DFF. Loading 1) SL 1 Const SD1 CLK )
|l 125 rag 3 Avdff 00\ 1DFF, Loading X) SL 1 Const SDIX CLKil AL O Canst 1AD {)(
TIFirer pruned cone schematic inputs | Right justify inputs

Enter filter expression y 3 4K - ]

1

Typa v [Reference |implementation |44

DFF cr_reg 3_ crreg 3 0

OFF powercontrol_instfiso_h_reg powercontrol_instAso_h_reg ]

DFF powercontrol_instpwren_h_reg powercontrol_instpowren_h_reg 0

Port VDD (Const 1) VDD (Const 1} i

Port. VSS [Const 1} V5SS {Const 1) 1

Port ck clk i

DFF res_reg_3_ res_reg_3_Avdff 00\¢ 0

DFF ul/z_reg_3_ ul/z_reg_3_ 0

Observe the following in the pattern window:

a) The failing vector is loading X in the Impl and 1 in the Ref. The X can be
indicative of an non-isolated power domain (Which is exactly what we
have done here by replacing the isolation cell with a normal gate )

b) Recall

set_isolation_control isol -domain PD_SW -isolation_signal ul/iso -
isolation_sense low -location self

The isolation control signal is active low. If you traced this back in the
RTL or in Formality this signal is driven by the register iso_h_reg. The
failing vector is with iso_h_reg O — that is when the power domain
PD SW should be isolated. Again this is consistent with the bug
introduced.

¢) Recall also the

create_power_switch swl -domain PD_SW -output supply port {out
VDD_SW} -input_supply port {in VDD} -control_port {ctr]l ul/pwren} -
on_state {statel in {ctrl}}

The power switch is on when ctrl is , high which traces back to the
pwren_h reg. That is in the pattern window , pwren_h_reg is 0, indicates
that the switch is off — which is again consistent with the bug introduced.
(That is the isolation cell has power, where the normal stdcell OR gate
does not.)

a) ,b), c) taken together is exactly what we expect the failing vector to be with the
bug that was introduced — ie when PD_SW power is off and isolated.

_) ]
»

6.  Pull up the logic cones for the failing point. .

Multi-voltage designs and UPF Lab 5-7
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7. There are several ways to debug the schematic. Expand the Impl schematic
(Ctrl-E) Highlight the net that is X at the Impl failing point connected to the
SD pin

Lab 5-8 Multi-voltage designs and UPF
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Including ul/ubug the OR gate we inserted for the isolation cell.

8.  Another useful thing we can do is group all by parent. In a small schematic
like this it may not be necessary — but in a larger logic cone it can be essential.

Use =2 to group all by parent for both the Ref

And the Impl

Notice that the z[3] pin is 1 in Ref on ul and X in the Impl.

9.  Another generally useful thing to do is use the matching tool @ . Here it
shows what we have already seen that the failing vectors does not match on
the ul hierarchy

Multi-voltage designs and UPF Lab 5-9
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Show matched points with —_— ‘
«| Different simulation values.
[_lidentical simulation values.

Matches outside of the complementary cone

Enter filter expression I'E | ¥
Reference Object |mplementation Object  Vval +/- Type [ % |
1 | ul/z[3] ulfz[31] 1iX hier out 0

10. If you have time explore some of the other GUI features - otherwise quit out
of Formality. Or re-run the verification and debugging with run3_fm.tcl
where we have left the variable verification_insert_upf_isolation_cutpoints
as it’s default.

Lab 5-10 Multi-voltage designs and UPF
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Answers / Solutions

Task 2. Running the verification

Question 1.

Question 2.

Question 3.

Multi-voltage designs and UPF
Synopsys Formality

How many UPF files are loaded in this script and into which
container ?

Two UPF files are used.

top.upf - the original UPF is loaded into the reference
container

top_postdc.upf - The UPF written out by DC — loaded into
the implementation container

Has the verification passed?

Yes.

Is this verification sufficient for sign-off ?

No. By default Formality verifies with the power domains
forced on.

Observe in the transcript

Reference design is 'r:/WORK/fred'
Implementation design is 'i:/WORK/fred'
Warning: All UPF supplies have been constrained to
their ON state and all reference PSTs
have been disabled
(verification_force_upf_supplies_on = TRUE)

And later :

Verification SUCCEEDED
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Lab 5-12

Question 4.

Question 5.

Question 6.

ATTENTION: Verification was run with all UPF
supplies constrained to their ON state. This is only a
partial verification result as it does not cover all
operational states.

What UPF objects has Formality added to the reference
container?

1 Power State Table
4 isolation cells

1 power switch

What UPF objects has Formality added to the
implementation container ?

1 Power State Table

1 power switch

Explain the difference between the answers to Question 4
and 57

The post-DC UPF top postdc.upf contains header
information that it is from DC.(Look at the top of the DC
written UPF, top_postdc.upf, and you will see a comment
line like :

#Generated by Design Compiler(0-2018.06-SP2) on Mon
Oct 820:17:50 2018

By default Formality assumes that the isolation cells (and
retention cells) will have been added to the netlist by this
stage if it has come from DC - and so won’t infer isolation
cells from the UPF in implementation.

Multi-voltage designs and UPF
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Question 7. (Optional) What is the other difference between the source
UPF (top.upf) and post-DC UPF (top_postdc.upf) and how
will this show up in Formality ?

If you compare the 2 UPFs :
diff -b top.upf top_postdc.upf

You will see the only substantive difference, apart from the
comment header mentioned in answer to Question 6, is the
lines :

set derived upf true

#Design Compiler added commands
connect_supply net VDD -ports { ul/U3/VDDG}
set derived _upf false

If you inspect the implementation logic cone for say res_reg_0_ (expanding
the schematic as necessary)

: Failing Points : Passing Points fj\i&ﬁr{éav!’qiuuH{"l]nuer'rﬁed“?uints frobe Fomts  Analyses  Loops

Enter filter expression AL 4E -
Type |Reference r:Size__molementation i-Size |+ |4
7 DFF cr_reg_3_ % Show Logic Cones | crreg_3_
g DFF powercontrol_instfiso_h_reg Show Selected Cone Sizes |_instfiso_h_reg
9 D_FF powercontrol_inst/pwren_h_reg show All Cone Sizes stipwren_h_reg
10 | DFF res_reg 0_ - res_reg_0_
11 DFF res reg 1 |ou Snow Pattems res_reg_1_
12 | DFF res_reg_2_ @ Show Matching Too! res_reg_2_ v
Points: 61 Display names: view Reference Object lyze  Analyze selectad Pomnts

View Implementation Object P

Change the cell colouring to ‘Power Domain’ and ‘Net
Coloring to ‘Supplies Always On’

Coloring: Cell Power Domain v NetiSupplies AlwaysOn ¥|

Cells: /PO_ACHN /PD_SW

Nets: Mon-Supply  Switchalle

Multi-voltage designs and UPF Lab 5-13
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Implamentation=== ul/3 (AQINVX 1 #PWR) (SAEDSONE MAX)

SNps =z 0 UPF IS0

G HDCUT

You will see the ul/U3 is a buffer for the isolation control
signal. It is connected to the top level power supply (VDD),
rather that the switchable power supply VDD_SW, because
of the connect_supply net VDD -ports { ul/U3/VDDG}

statement in top_postdc.upf.
Note this exactly what you want DC to do, as you want the

control signals of the isolation cells to be driven by non-
powered down logic when the intent is to isolate.

Lab 5-14 Multi-voltage designs and UPF
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6 Hard verification
and the SVP flow

Learning Objectives

The lab will introduce you to the SVP and also the
simplified verification flow

After completing this lab, you should be able to:
¢ Setup and run an SVP flow

e Setup and run a simplified verification mode flow

G Lab
Duration:

SVP flow Lab 6-1
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Lab 6

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 6-2 SVP flow

Synopsys Formality



Instructions

Task 1. Analyzing a INCONCLUSIVE session file

1. Go to the lab6

unix% cd labé

2. The Formality run runl_fim.tcl has already been run with log file runl_fim.log
and session file runl_fm.fss . Confirm from the log file that the verify was
inconclusive with about 64 aborted points.

(Note : For the purposes of the lab verification_effort_level is set ‘low’.
Normally one would set it to its default value ‘high’ — but having it low
allows the lab to complete in a short time and illustrate the hard verificalion
approaches.)

3.  Restore the session files runl_fm.fss

unix% fm shell -s runl fm.fss

4. Runanalyze points -all

Question 1.  What SVP commands is Formality recommending ?

Question 2.  What other approaches does analyze points mention
as a possible next step?

5. Use report_aborted_points to get a list of the about 64 aborted points.

SVP flow Lab 6-3
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6.  Quit out of Formality

Task 2. Re-running DC with the SVP commands

1. Cut-and-paste the SVP commands from Task 1 into runl_vp de.tcl
2. Run this updated DC script

unix% dc_shell -f runl vp dc.tcl | tee -i runl vp dc.log

3. Observe the (OPT-774) message in the DC transcipt

Information: 'ul/mult_31' will not be ungrouped because of the
verification_priority attribute set on it. (OPT-774)

4.  The synthesis run will take between 10 minutes.

Task 3. Re-running Formality with the SVP DC run

The script runl_vp_fm.tcl has already been written to verify the output of DC run
from Task 1.

1.  Runrunl vp fm.tel

unix% fm_shell -f runl vp_fm.tcl | tee -i runl vp fm.log

2. The Formality run will take about 20 minutes. When it has completed confirm
that the verification now passes.

Task 4. (Optional) Simplified verification mode

The DC run, runl_sm_dc.tcl has been setup to run in simplified verification mode

1.  Inspectrunl sm dc.tcl

Question 3.  What is the key difference between this run and the
original DC run, runl_de.tel ?

2. Run this DC script

Lab 6-4 SVP flow
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unix% dc shell -f runl sm dec.tcl | tee -i runl sm dc.log

3.  Observe the OPT-1701 messages
Information: Keep the hierarchy ul/ul that contains CRC logic. (OPT-1701)
Information: Keep the hierarchy u2/ul that contains CRC logic. (OPT-1701)
Information: Keep the hierarchy u3/ul that contains CRC logic. (OPT-1701)

There are threes very large CRC blocks in the design and DC has
automatically identified them and detuned the optimizations on these blocks
(ie not ungrouping them as it did in the original run)

The synthesis run will take between 10 minutes.

When the synthesis run has completed confirm that the Formality can verify
this run.

unix% fm shell -f runl sm _fm.tcl | tee -i runl sm fm.log

SVP flow Lab 6-5
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Answers / Solutions

Task 1. Look

Question 1.  What SVP commands is Formality recommending ?
current_design fred
set_verification_priority [ get cells { ul/mult_31 u2/mult 31
u3/mult 31} ]

current_design fred

Note the current_design commands here are redundant
as fred is the top level of the design ie current design
is already fred.

Question 2. What other approaches does analyze points mention
as a possible next step?

a) Recompiling with CRC logic isolated

Found 1 Potential CRC Module

This module contains XOR trees/chains that may be contributing

to hard verifications.

Try reducing the complexity by placing XOR structures in

individual modules and ensure that Design Compiler is not

ungrouping them by adding the following to the compile script:
set compile_isolate_crc_logic true

r:/WORK/fred in file /global/gtseu01/gtseus/fmtraining/ces/n/FM_2018.06/lab6/fred.v
Contains 5784 chained 'XOR' cells

If you look in detail at the RTL you will see that is
XOR logic followed by datapath, following by more
XOR logic. The SVP commands are trying to make
the datapath easier, the compile_isolate crc_logic is
trying to make the XOR logic easier to verify.

b) Alternate verification strategies

Lab 6-6 SVP flow
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Compare points that are aborted or unverified (due to logic cone complexity)
may potentially be resolvable using alternative solver strategies. See the
man pages for verification_alternate_strategy and verification_auto_session.
Formality provides alternate strategy scripts at
/global/apps/fm_2018.06-SP2/auxx/fm/strategy.
Usage: s(n).sh [ -s session_file ] [ -f script_file ]

Example:

[unix] $ shl.sh -s formality_auto.fss

Reloading the session file and setting the
verification alternate_strategy to one of the
options in that particular Formality release is
always a possible option for hard verification
issues - and has the advantage that one doesn’t
have to re-synthesize. If one has the option to
recompile in Design Compiler then in this
particular example SVP commands or isolation the
CRC logic is the more likely to be successful.

Question 3.  What is the key difference between this run and the
original DC run, runl_dc.tcl ?

set simplified_verification mode true

SVP flow Lab 6-7
Synopsys Formality




Lab 6

This page intentionally left blank.

Lab 6-8 SVP flow
Synopsys Formality



7 Debugging
Approaches

Learning Objectives

This lab will introduce you on a simple design the various
clues that Formality gives you about whether a design will
fail or why it has failed.

After completing this lab, you should be able to
e Debug simple synthesized designs

e Understand the clues available at the match stage

G Lab
Dyration:
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Lab 7

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.




Instructions

A verification script has been provided to run the Formality verification. The results
will then need to be debugged.

Task 1. Run the verification script

1.  Run Formality

unix% cd lab7

unix$ fm shell -f runme.fms |& tee -i runme.log

Question 1.  Did the verification pass ?

Question 2. If not, how many points failed ?

Question 3.  Were there any compare points left unverified and
if so why ?

Task 2. Transcript debugging

The transcript is always the first place to start debugging

Debugging Approaches Lab 7-3
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2,

Question 4.  Name two key areas in the transcript to look for
clues ?

Look at the SVF summary

runme.log (/global/gtseu0l/gtseu6/fmtraining/ces/n/FM_2018.06-5P2/lab7) - GVIM12 (on attoemt671)
Fle Edit Tols Syntax Buffers Window Help

BRSS9  »x B HPeE A 2Ey| @B
match
Reference design is 'r:/WORK/aes cipher top'
Implementation design is ‘i:/WORK/aes cipher top*
Status: Checking designs...
Warning: 86 (@) undriven nets found in reference (implementation) design: see formality.log for list (FM-399)
Status: Building verification models...
Status: Processing Guide Commands,..

b » Guidance Summary ===
Status
Command Accepted Rejected Unsupported Unprocessed Total
change_names H 23 1 ] 0 24
environment ¥ 4 6 ] 0 4
instance_map : 3 (2 0 0 3
inv_push : 16 0 0 8 16
mark i 4 ;] (2] 8 4
reg_constant g 24 -] ‘] ] 24
scan_input i [} 1 0 ] 1
uniquify : 33 a 0 o 13

Note: If verification succeeds you can safely ignore unaccepted guidance commands.

SVF files read:
aes_cipher,syf

Question 5. What in the SVF are rejected ?

Question 6.  Which of the rejected commands is likely to lead
to verification failure ? (Hint: Use the Job Aid or
presentation material)

R R R e N R LS Y

Look at the matching summary



File Edit Tools Syntax Buffers Window Help

22RE ¢ . B NP adH 20N g0
Status: Matching..[§

PR EEEE A A DR R IR FRREEFRREXBRRERFNE Hatching Results FRERFERY N FFE AR RXENFERE RS IV EF XIS
693 Compare points matched by name

® Compare points matched by signature analysis

® Compare points matched by topology

260 Matched primary inputs, black-box outputs

24(6) Unmatched reference(implementation) compare points

8(2) Unmatched reference(implementation) primary inputs, black-bex outputs

0(1) Unmatched reference{implementation) unread points

Unmatched Objects REF IMPL
Input ports (Port) ] 2
Registers 24 6

LAT [¢] 3
Clock-gate LAT [:} 3
Constrained X 24 [}

REREEER AR SRR RS RSP RERAF AR R AR E R R R AR R RE RS EkAREF R B RE AR AR SRR SIS RAERREF AN ER LK

Clock-gating latches if introduced during synthesis will be unmatched, that is
they are expected to be unmatched.

Question 7.  What is unmatched ?

Question 8.  If something is unmatched what related points
could fail ?

Task 3. Debugging in Formality GUI

¥ runme.log (/gIobal/gtseuOl/gtseuG/fmtraining/ces/n/FMk2018.06-SP2/Iab7) - GVIM12 {on attoemt671)

From Task 2 and looking at the transcript we have built up some clues as to
why we are getting failing verification. The next stage is to see what
Formality thinks the reason for failure.

Debugging Approaches Lab 7-5
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1. Restore the session file saved in the script after verify has been run. You can
use the command restore_session or the —s switch :

unix% fm_shell -gui -s verify.fss |& tee -i debug.log

2. Within the Debug tab run analyze

Formality - TopLevelMain.1

File Edit View Designs Run ECO Window Help & E 8 X
wH RH| OO0 QK B
Reference 'r./WORK!aes_cipher_top
—— — Verification Failed
Implementation i./WORK/aes_cipher_top - |
| «£0.Guid. || &?1Ref | #21mp. | 3 setup | 4 Match | 5. verify 6. Debug

| Failing Points | Passing Points | Aborted Points | Unverified Points  Probe Fointe Andlyerns  Loops
[Enter fifter expression N

. - _ Er %
@Type |Reference rSize |Implementation li.5ize | +- ‘§|
1 DFF bsv_done_reg bsv_dene_reg |
2 | DFF done_reg done_reg I
3 | DFF ...01/sbox1/dreg_reg_0_ ...01/sbox1l/dreg_reg 0_ I
4 | DFF ...01/sbox2/dreg_reg_0_ ...01/sbox2/dreg_req_0_ ‘ I
5 | DFF ...23/sbox1/dreg_reg_0_ ...23fsbox1/dreg_reg 0 _ =
6 | DFF ...23/sbox2/dreg_reg_0_ ..23/sbox2/dreg_reg_0_
7 | DFF us00/shox1/dreg_reg_0_ us00/sbox1/dreg_reg O_
B | DFF us00/sbox2/dreg_reg_0_ us00/sbox2/dreg_reg_0_ [
9 | DFF usD2/sbox1l/dreg_reg_0_ us02/shox1l/dreg reg_0_
10 | DFF us02/sbox2/dreg_reg_0_ us02/sbox2/dreg_reg_0_ "

Points: 20 Display names: . Original ‘¢ Mapped (] @Anayze Nanalyze Selected Points

Get Loop Data

Question 9.  Does one of the causes of failure identified ,
account for all 20 failing points, and is consistent
with the SVF and match summary?



Question 10. What is the suggested solution ?

3. Return to setup mode. (One can only apply constants in setup mode) Either

from the GUI :

& 0. Guid. 4. Match

1. Ret ¢2. Impl

Constants | Deslgn Palameters -

Enter fiter expressmn

Type V! Value

5. Venfy 6. Debug

Reverting to setup mode will destroy any matching and verification

results. Are you sure you want to do this?

# of constants: 0

Or just type the command setup at the command prompt

Se

4.  Apply the set_constant command suggested by the analyze_points command

| Formality [verify)> setup
1

Log 1 History |

[[ Console

Formality (setup)> UQ_C_o;sgant i:/WORK/aes_cipher_top/ftest_se 0

5. Run the match command

Question 11.

6.  Run the verify step

Debugging Approaches
Synopsys Formality

How has the match summary changed ?
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Question 12. Has the verification now succeeded ?

If yes quit out of Formality .

Task 4. Exploring some of debugging features

From Task 3 we know what the problem is with the initial failing verification.
Let us have a look at how that problem will look in some of the other
debugging features in the GUI.

Reload the failing verification run

unix% fm shell -gui -s verify.fss |& tee -i debug2.log

2. Go to the failing point list. Typically you want to debug the small size cone
first. Right mouse button to show all cone sizes

0. Guid 1 Ret 23 \mnl 1 Gani 4 Match || & Venty & Debug
—— 3 Show Logit Cones ==

Failing Points | Passing Pa! Show Selected Cone Sizes RIMS" b Beitits . Canales Lnids
sEnler filter expression v wi. *

.TypT Reference £H1 Show Pattems intation ISize 44 |&

1| DFF @ Show Matching Too! biv_done reg

2| OFF done_reg

3 | DFF w0/uD 1/ View Refarence Object fubl/choxlfdreg reg 0
| &|DOFF ul/uD1/si fu0l/sbox2/dreg reg 0_

5 | DFF unjuz3zsl View Implementation Object r:“!m‘uvdreo-mg‘o‘
I & | DFF U235 yjew Reference Source Iu23/sbox2/dreg_reg 0_

7 DFF usH0/s| us00/sboxl/dreg teg 0

8 | DFF uxD0/s| View Implementation Source usﬂnf&hux?!qu_reg'nt ¥
Paints: 20 Display ::: 3::;“"” | Qanniyze '_! Analyze Selected Points

® Analyze
jj|_E7 Consote 3 Anslyze Selected
Aeaty &2 Diagnone Shell State: verify
Diagnose Selected Points
Capy
¢ Show Line Numbers

3. The cone sizes are not huge. But lets try for a smaller one. Revert to the shell

and run for another 400 failing points :



set verification_failing point_limit 400

verify

4.  Repeat the ‘Show All Cone Sizes’ step. Click on ‘Size’ to order by size.

|Type Reference G‘;zeﬁlmplementation ]i:Size |4

L done_reg 15 RO L L 0
2 | DFF bsv_done_reg &5 bsv_dene_reg 51

3| DFF uD/ullfsboxl/dreg_reg_0_ 4827 ulfudl/sboxl/dreg_reg_0_ 1187

4 | DFF ubfu23/sboxl/dreg_reg_0_ 4828 u0fu23/sboxl/dreg_reg_0_ 1202

5 | DFF ub/u0l/sbox2/dreg_reg_0_ 4830 u0fubl/sbox2/dreg_reg_0_ 1215

5.  Select the smallest size cone register (done_reg) and pull up the pattern
window
=8 &y o00 | as@alhl &e

Reference :.r:[WO RK{aes_cipher_top

— — | Verification Fa

Implementation |i:/WCORK/aes_cipher_top

| Yo.cuid. | LLRet | @2.mpl. || 3.setup | 4.Mateh | 5.verty | 6. Deb

Failing Points | Passing Points | Aborted Points | Unverified Points  Probe Points  Analyses  Loo

Enter filter expression 1 v $
IType |Reference r:Size ~ |Implementation |i:Size +/-
1 |DFF done_reg 15 done_reg 52
2| DFF bsv_done_reg 85 bsv_done_reg 51
3 DFF ug/ubl/sboxl/dreg_reg_0_ 4827 uGfull/sboxl/dreg_reg_0_ 1187
| 4 ‘ DFF u0fu23/sboxl/dreg_reg_0_ 4828 u0fu23/sboxl/dreg_reg_0_ 1202

6. Some of the notable information that is visible :

done reg (GFF, Loadihg )

Right justify inputs

“"|Filter pruned cone schematic inputs :

| | %% % | | Lo
: ————— — — — — 1/2/3:4/5i{6/78:
Type v Reference pl +- ‘ ]l l ! i i
Port clk clk [TxTaToaiajaaia 1]
port clk2 170011700 1]
lport test se [f2 12 /2 ‘2 ]2 |2 11 13 |
IDFF us32/sbox2/dreg_reg_7_ 0 ojo 000 00
LAT us32/shox2/LOCKUP |lojolo olojo 00
DFF bsv_done_reg bsv_done_reg p oo 0310
DFF dent_reg 1 dent_reg_ 1 L1 0 000 10|
| Port Id I [lfoojo o 1101
Debugging Approaches Lab 7-9
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The some inputs to Impl logic cone are not in the Ref logic cone in particular the
port test_se and the latch us32/sbox2/LOCKUP:

| Port clk clk |
| Port clic2 |
| Port < - test se
| DFF us32/sbox2/dreg_reg 7_ |
LAT - I us32/sbox2/LOCKUP
DFF bsv_deone_reg bsv_done reg

There are several failing vectors, but they all have input value for test_se ias 1.

Port clk2 L0 0.1 L 0 01|
Port test_se l 10112113 ]1 ]2
DFF us32/sbox2/dreg_reg_7_ [ 9 j@ o [0 [0 |0 |0 |0

For all failing vectors , the value loaded by the reference is 0 , the value loaded in
the implementation is 1

Compare point values for vector 1 ——

dlone reqg (DFF, Loacding O

Question 13. Is the pattern window results consistent with a
failing cause of the test scan enable needs to be
deasserted ?

.................................................................................

7. Have a look a look in the pattern window at another failing point — say
us00/sbox1/dreg_reg_0_. If not obvious where us00/sbox1/dreg_reg 0 is in
failing point list one can use the fiter to say filter for the pattern us00/sbox1*

Failing Points | Passing Points | Aborted Points | Unverified Paints ke Pointe  Adalyecs  Laops
11500/sbox1/4 XH% H'?] o
| Type Reference |[rSize ~ [Implementation i:-Size |,|;.p|;,,|y fi|tel
s T 1

|13 | DFF usl2{sbox2/dreg_reg_0_ 4B76 usl2/sbox2/dreg_reg_0_ 1516 I



Failing Points {__I’asﬂig_P_rjint-s. .;ﬁ:rted'Points_!_' y_l_'_l'!_e_l'_f_f_i_E:_l:_l 'Pd_l_ljnts fimbe Points | Analyses  Loops

us00/sbox1/+ Y] i

- — — — ———— ———= XI —Y ﬁ_'
‘ ‘Type |Reference rSize ~ Implementation ii:Size | +/- |
1 | DFF us00/sbox1/dreg reg 0_ 4877 us00/shox1/dreg reg 0 1516

|| |
118 dreg reg 0 (DFF, Loading0) | = SL1 <onct  SDJO

| @ usi0/sbox)/dien reg 0 AYdif 00\ [DFF. Loading 1) SL 1 < onst SDIl

“JFilter pruned cone schematic inputs (] Right justify inputs

Enfer filter expression ' E]ﬁ

= = : —— = 1|/2/3|4/ 56|78
Type v |Reference Implementation +/- A
DFF Id_r_reg Id_r_reg Il #3 _':I. S jo o |0 |0 o
DFF ud/w_reg_0__24_ uO/w_reg_0__24_ o |0 'l |0 0|0 |1 |0
DFF ubfw_reg_0_25_ uO/w_reg_0_ 25_ 1111102 (0]
DFF uoIw_reg_0_26_ u0/w_req_0__26_ [ (2] __o__‘_o 11 [0 [0 |1
DFF Wojw_reg 0 27 u0fw_reg_0__27_ |[A]1le (1o (100
DFF ub/w_reg 0_ 28 uO/w_reg 0_ 28_ |1 (o2 |2 o 1o o
DFF udjw_reg_0__29_ u0/w_reg_0_ 29_ 11|01 |0 |0 !0 |1
DFF uo/w_reg_0_30_ u0/w_reg_0__30_ Iz Jojojojo 100
OFF ul/w _reg 0_ 31 uQ/w_reg_0__31_ 12 1 il 102 21
Port clk clk i jafrlafala|a
Port test_se 11jajafafafafa ‘
DFF us00/sbox1/dreg_reg_0_ us00/sbox1/dreg_reg_O_N.. 0 10 |0 _]n |01 |11
DFF us22/sbox1/dreg_reg_0_  us22/sboxl/dreg_reg 0_ o Jo [o [0 ]a|o]o]o
DFF usl0/sbox2/dreg_reg_0_ usl0/sbox2/dreg reg_O_ ‘ lo jo |0 jo i1 [0 |0 |1
DFF us32/sbox2/dreg_reg_0_  us32/sboxz/dreg_reg_0_ [o o lo ‘o_ 1 (oo |o

There are 1 unmatched points in the implementation — test_

Question 14. Again is the pattern window results consistent
with a failing cause of the test scan enable needs
to be de-asserted ?

...................... S T T T LT e R T R T R

8.  (Optional) Coming back to the first failing point done_reg which has
unmatched inputs
Question 15. How might us32/sbox2/LOCKUP and
us32/sbox2/dreg_reg_7 be related to the failing
point done_reg.

Debugging Approaches Lab 7-11
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Remove the filter, select done_reg and pull up the logic coen
File Edit View Designs Run ECO Window Help & & - X
®0 RH|O®OO6 m@ KN 86
Reference 'r:NVORK{ae;_cipher_tEp -

— R ] Verification Failed
Implementation |i./WORK/aes_cipher_top

</ 0. Guid. 1. Ref. 2. Impl. 3. Setup | 4. Match 5. Verify 6. Debug

Failing Paints [ Passi_ng Points Ahorted_Points ._Unven'fi_ed Pgin_t_s. Pribe Points  Analyses  Locps

o - X))

Type EReference rSize ~ !Implementation i:Size +/- 4
1 | DFF done_reg 15 done_reg 52
2 | DFF bsv_done_reg 85 bsv_done _reg 51
3 | DFF u0/ullfsboxlfdreg_reg_0_ 4827 u0/ubl/sbox1/dreg reg 0_ 1187 '
4 | DFF u0/u23/sbox1l/dreg_reg_0_ 4828 u0/u23/sboxl/dreg reg_0_ 1202 |
c | e VRN frhaw I fdran rans N aA902N WL AT fehAav T dran ram N 121K L

The schematic should look something like the below

done_reg

\AUff ooy

By default the technology cell for done_reg in the implementation has been
flattened. Let us group it into one level of hierarchy.

Expand the implementation schematic (Ctrl+E) or :




2% Zoom Full

View »
Find L]
Copy *
[ Expand S5chematic Cm+E|
Prune/Restore L3
Group/Ungroup L

% HidesShow Supply Nets

ECO L

done_reg/ykdff.00v*

(SEQ}

SL = synchronous load (enable)
" 5D = synchronous data

Type: DFF

leady I

Group the selected cell (Group/Ungroup -> Group Selected By Parent)

Debugging Approaches Lab 7-13
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X Zoom Full F
View 4

4 Set Probe

tlnverted Prole

19

2

Find >

Copy »

Expand Schematic Ctri+E

Prune/Restore 4

Group/Ungroup * | Group All By Parent Ctri+G
¥ HidesShow Supply Nets = Group Selected By Parent G
¥ Highlight Loops Ungroup Selected u

ECO M| = Push Group F
N T - == Pop Group Shift+P
¢ Revert Shift+Z

Itisnow clearer.

The S of done_reg is connected to test_se and the D1 pin to the output of LOCKUP
latch

gdona g

That would be consistent with S being a scan-enable pin and D1 the scan in pin.
So if our hypothesis is correct the net on DO should be equivalent to the SD
pin in the reference.

Select those 2 nets



With those nets highligted set_probe.

@ HH MoKl ge|[w]nr s

llat_lon Values Y| |Set Probe|

Go to the probe points tab and run verify probe.

¥0.Guid. | /1. Ref 7 2. Impl. 3.5etup | 4 Match || 5 verfy (" 6. Debug) |
" Failing Points | Passing Points | Aborted Paints | Unverified Points ((Probe Points [)analvees  Loog:

|.Enr-:-r filter expression '? ﬁ
‘ Reference rSize Implementation i:Size +/- Status |
1 fm_N45{0] N22 NOT RUN

Points: 1 Display names: > Original ®) Mapped Selectet :Emove Alllsmove Select

Debugging Approaches Lab 7-15
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The probe point verification should pass. That is the non-scan D input pin of the
implementation flip-flop is the same functionality as the SD pin in the

reference.
Reference r:Size  |Implementation i:Size +/- Status
1 ‘ fm_N45[0] N22 PASS
Quit out of Formality.

Task 5. Fully debugging at the match stage

Often one finds a way of getting verification to pass after running and
initially failing verification. And one of the purposes of this lab was to show
that ‘analyze’ could do this. However a more efficient way of doing this, with
a little experience, is to trap the issues, completely at the match stage

1. Reload the session from match stage from the original failing verification run.
If you examine runme.fms you will see this is called match.fss

unix% fm_shell -s match.fss |& tee —-i match.log

2.  Either from the original transcript or using report_guidance ~summary
examinine the SVF summary

3. Usethereport_svf_operation command to examine the rejected scan_input
command

Question 16. Why was the scan_input command rejected ?

4.  Use the report_unmatched_points command to identify the unmatched
points. Note there are some very useful switches on this command that
narrow down what the command reports



Question 17. What are the unmatched input ports?

5.  Copy the runme.fms to runme_mod.fms to add synopsys_auto_setup to be
true at start of script and rerun the the verification.

The verification should now succeed.

Question 19. With‘synopsys_auto_setup true’ does any
additional information appear in the transcript
referring to aes_cipher_top/test_se ?

Debugging Approaches Lab 7-17
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Answers / Solutions

Task 1. Run the verification script

Question 1.

Question 2.

Question 3.

Did the verification pass ?

No. In the transcript it has ‘Verification FAILED’

How many points failed ?

20

Were there any compare points left unverified and if so why?

544 . The failing point limit

(verification_failing_point limit) is 20 by default. That is
the number of failing points after which Formality will stop
verifying.

You can do, for example, in Formality printvar *limit*

to confirm this.

Task 2. Transcript debugging

Question 4.

Question 5.

Question 6,

Question 7.

Name two key areas in the transcript to look for clues ?

SVF summary

Matching summary

What in the SVF are rejected?

1 change_names command and 1 scan_input
Which of the rejected commands is likely to lead to
verification failure?

Scan_input

What is unmatched?



Question 8.

Task 3.

Falling Polnts  Passing Polits  Aborted Points | Unvertfled Palnts 100 Fail

Poszible Causes

(] Required Input (6}

[ unmatched Cone Input (19)

=] unc d tmpl iot Input (1)

1], LWORK/ees cipher topitest se
Rejected Guidance Command (0)
Undriven Reference Signal (0)
Corrupting Supply ()

1~ Directly Undriven Reference Port (0)

1 Unmatched Blackbox Net (0)

= Failing Blackbox Net (0)

!~ Unretimed DesignWare Companent (0)
Missing Retention Register (0)

X Source (0)

‘= X Propagation Across Power Domain (0)
Intemally Rounded Datapath Block (0)
Rejected Datapath Guidance Modute (0)
Hard Datapath Component Module (0)
Potential CRC Module (0)

RTL Source of X (0)

Question 9.

Question 10.

Debugging Approaches
Synopsys Formality

2 input ports
3 latches

If something is unmatched what related points could fail?

The matched points that have the unmatched points as
inputs.

Debugging in Formality GUI

Analyses |

Description - Unconstrained Implementation Input:
Unmatched input ports in the implementation typlcally result
from test logic insertion. Constraining the unmatched ponts
to B constant value may comect the failures,

Recommendntions:
| LAWORK aes cipher topitest =
{Inmatched i the mplementation cones for 20 compare point(s):

» L/WORKlaes cipher top/bsy dene 1eg

* |[JWORK/aes cipher top/done reg

« [ /WORKIaes cipher top/uD/uflisboxl/dreg reg 0
o PWORK/aes cipher topluliiullisbox didieg ey 0
o [ TWORKI#es ciphel top/ubluld/sborlidieg f2q O
o [TWORKJas_cipher top/uliu23jstoxidieg teg 0
o [ /WORKIaes_cipher top/usiiiisboxl/dreqg 1eg 0

o | WOREfaes cipher lapfusBi/sbox2jdreg reg 0

o [JWOHK aes_cipher top/usD2isboxlidteg rey O
« | WORKaes_cipher top/usi2isboxd/dreg reg 0
« 1 /WORNass ipher top/usl Mfshoxl/dreg reg O
s JWORN ars cipher tapfusld/sbox2/dreg reg ©
o 1 /WORK/aes cipher top/usldisboxliareg reg 0

o [ANORE aes aphar topfusl 2ciexdidreg reg 0
o | IWORKlaes cipher topjusl@/sbexlidreg reg 0
« [JWORN/aes cipher top/us2i/stexdidreg reg 0
« i fWORKIaes cipher toplus2i/stoxlidieg reg O

« | AWORK/aes cipher top/us2 2sbox2idreg teg 0

« (TWODRK/aes Opher top/us30/sboxnlidreg reg O
« WO aes cpher taplus2ishealidiey =g O

Try adding this command before verify:
set_constant L/WORKIass cipliet topi=st se 0

Does one of the causes of failure identified, account for all
20 failing points, and is consistent with the SVF and match
summary?

Yes. test_se has been identified as an unconstrained input. If
it is to do with test logic insertion then de-asserting what
looks like a scan enable port would be a way of getting the
verification to pass.

What in the suggested solution?

Lab 7-19




Lab 7

set_constant i:/WORK/aes_cipher_top/test se 0

Question 11.  How has the match summary changed?

Matching Results
693 Compare points matched by name

0 Compare points matched by sighature analysis

0 Compare points matched by topology

260 Matched primary inputs, black-box outputs

24(3) Unmatched referencelimplementation) compare points

0(1) Unmatched refersnce(implementation) primary inputs, black-box outputs
0(5) Unmatched reference(implementation) unread points

Unmatched Objects REF IMPL
Input ports {Port) 0 1
Registers 24 3

Clock-gate LAT 0 3
]

Constrained 0K 24

1 of the unmatched input ports and 3 LAT have gone from
the Unmatched Objects section. And the number of
unmatched implementation unread points has increased by
4.

Question 12. Has the verification now succeeded?

Yes

Task 4. Exploring some debugging features

Question 13. Is the pattern window results consistent with a
failing cause of the test scan enable needs to be
deasserted ?

Yes. The failing vector is with test se as 1.

Question 14. Again is the pattern window results consistent
with a failing cause of the test scan enable needs
to be deasserted ?

Yes. The failing vector is with test se as 1.



Question 15. How might us32/sbox2/LOCKUP and
us32/sbox2/dreg_reg 7 be related to the failing
point done_reg.

Given it is unmatched in the reference dreg_reg 7 could be
connected to the LOCKUP latch to the scan-in pin of done_reg

Task 5. Fully debugging the match stage

Question 17.  Why was the scan_input command rejected?

The scan_input command will only be accepted if the
variable synopsys_auto_setup is true. It was false in the
initial verification run.

report_svf_operation —status rejected —command scan_input

fm_shell {match)> report_svf_operation -status rejected -command scan_input

## SYF Operation 90 {Lines 478) - scan_input, Statust rejected
## Operation Ids 90
guide_scan_input \

-design { aes_cipher_top } \

-disable_value 0 \

-ports { test_se }

Info: guide_scan_input 90 {Line: 478) synopsys_auto_setup is false, ighoring Scan Input guidance,

4

Question 18.  What are the unmatched input ports?

test_se , test_si

Debugging Approaches Lab 7-21
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fm_shell (match)> report_unmatched_points -point_type input
2 Unmatched points (0 reference, 2 implementation):
Impl Port 1$/WORK/aes_cipher_top/test_se

Impl Port i¢/l0RK/aes_cipher_top/test_si

Question 19. What are the unmatched latches ?

fm_shell (match)> report_unmatched_points -point_type LAT -except_status clock_gate

3 Unmatched points (0 reference, 3 implementation}s

Impl LAT i$/NORK/aes_cipher_top/LOCKUP
Impl LAT 13/WORK/aes_cipher_topdusl2/sbox2/LOCKUP
Impl LAT i1/WORK/aes_cipher_top/us32/sbox2/LOCKUP

That is LOCKUP latches introduced during test
insertion.(LOCKUP latches are often used to avoid hold
violations when scanning between different clock domains
etc..)

Question 20. With‘synopsys_auto_setup true’ does any
additional information appear in the transctipt
referring to aes_cipher top/test se ?

During the match stage where processing the SVF Formality
echos out the constant applied.

match
Reference design 1s “ri/N0RE/zes_cipher_top”
Implementation desian is “1:/W0RK/aes_cipher_top”
Status: Checking desigrs,..
Warnings 80 (0) undriven nats §

nd in reference (implementation} designs see formality,log for list (FM-399)

S 5010
s: Processing Guide Commands,,.

{ Set “13/MORK/aes_cipher_top/test_se’ to constant 0

ool

Status

Command Accepted Rejected Unsupported Unprocessed Total
change_napes 3 23 1 0 0 24
arvironment 3 4 0 0 0 4
instance_map 1 3 0 0 0 3
inv_push 3 16 0 0 0 16
mark’ 2 4 0 0 0 4
rea_cohstant H 0 0 0 24
soan_input 2 ¢ 0 0 0 1
uniquify H 0 0 0 33

You can also see in the Guidance Summary that the scan_input command ( ie the
the setting of the constant ) has been accepted,



8 RTL and Netlist
Interpretation

Learning Objectives

This lab will address some of the debugging involved
reading RTL and netlists

After completing this lab, you should be able to:
¢ Debug black-box issues

o Debug synthesis RTL pragma issues

@ Lab
Duragion:

RTL and netlist interpretation Lab 8-1
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Lab 8

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 8-2 RTL and netlist interpretation

Synopsys Formality



Lab 8

Instructions

In this lab we will be looking at 2 typical problems you see reading in RTL

Task 1. Debugging black boxes

1. Go to labBa

unix% cd lab8/lab8a

2.  Run the existing Formality script

unix% fm shell —-f runme.fms |& tee —-i runme.log

3.  Check the transcript to see that the verification has failed.

As always check the SVF summary and the match summary

Question 1.  Is there anything in the SVF that will of itself cause a
failure ?

Question 2.  Is there anything in the matching summary that is
suspicious or will cause a failure ?

5. Do further checking of the transcript .

Question 3.  What warning messages relate to black boxes before
‘match’?

RTL and netlist interpretation Lab 8-3
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Question 4.  If you do a man on one of the warning messages FE-
LINK-2 what variable does it refer that controls how
missing modules are treated ? And what is this variable

set to in the script ?

..............................................................................................................................

6.  Restore the session file for the match stage (match.fss)

unix% fm shell -s match.fss

7. Run the command report_setup_status

Question 5. s the result of report_setup_status consistent with the
warning messages in transcript ?

8. Use the commands report_black_boxes and report_unmatched_points to
confirm the details of the missing module. (Hint: There are useful switches to

report_unmatched points:

report_unmatched points —point_type bbox
report_unmatched points —point_type bbox pin
report_unmatched_points —point type bbox_input
report_unmatched points —point_type bbox_output

)

9.  Take a copy of runme.fms to runme_mod.fms. Change the variable back to
it’s default value Error.

Lab 8-4 RTL and netlist interpretation
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set search path ". ./rtl ./libs"
read db -tech libs/tc6a_cbacore. db

set_svf mR4000. svf

#set hdlin unresolved modules black box
set hdlin unresolved_modules Error

read_verileg -r "\
cntrl. v \
register.v X
r4000. v \

set_top r:/WORK/mR4000

read_verilog -i mR4000.gates.v
set_top 1i:/WORK/mR4000

Confirm that the design now fails to elaborate.

unix% fm shell -f runme mod.fms |& tee -i runme mod.log

10. Given we have established that the RTL is missing the module for ‘alu’
further modify the runme_mod.fms to allow the design to elaborate. ( Hint:
Which file in ./rtl are we not reading in to the reference container?)

Re-run the script to check that the RTL now elaborates and that the
verification now passes.

Notice that there now no warnings; the SVF is accepted; and the matching is
clean. That is the missing RTL file was the root cause of all the issues in the
transcript.

Note: The important point: the warnings FE-LINK-2 appears earlier and is
easier to debug than the later match summary. If we had waited until verify
and analyze_points we would have got there in the end — but the runtime
would have been longer and the debug time would have longer. It would have
been easy post verify to hypothesize the issue was something else than
unmatched black-box and wasted time testing out that hypothesis. Most
debugging issues are simple and most simple issues are easy to debug — so
assume you are looking for something simple first. Sermon over.

RTL and netlist interpretation Lab 8-5
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Task 2. Debugging RTL pragmas

The verification in this lab will do RTL to gates verification where the RTL has
synthesis pragmas

1. Go to 1lab8b

unix% cd lab8/lab8b

2.  Run the existing Formality script . The verification will fail.

unix% fm_shell -f runme.fms |& tee -i runme.log

Question 6.  Check the transcript. Is there anything in the SVF
summary or match summary that indicates a problem ?

3.  Find in the transcript the following section

wiikkkkkkiek RTL Interpretation Summary sk
spkkpkikrkk Designg ri/WORK/mR4000

full_case ignored {7 total, 1 with unspecified cases}
parallel_case ignhared (7 total, 1 with overlapping cases)

Please refer to the Formality log file for more details,
RV W =oort hdlin misnatchesR
R SOKB HERRSR RO AR oo ook ok

Reference design set to “ri/WORK/mR4000”

Do what it suggests and add in the command report_hdlin_mismatches after
set_top on the reference, and run this in Formality.

Lab 8-6 RTL and netlist interpretation
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set search path ". ./libs ./rtl"

set mismatch message filter -warn "FMR_ELAB-115
FMR ELAB-116"

set svf default.svf

read db tcéa cbacore.db

read verilog -r "alu.v cntrl.v r4000.v
register.v!"

set top mR4000

report hdlin mismatches

Question 7.  Where does report_hdlin_mismatchesreport where
there could be a synthesis simulation mismatch in the
RTL code ?

Question 8.  What does report_hdlin_mismatches say would give
the same interpretation of the RTL as Design Compiler ?

4.  Inspect the RTL in the area suggested by report_hdlin_mismatches (Hint. The
answer to Question 7).

Question 9.  For what register states would the pragmas not be
justified ?

RTL and netlist interpretation Lab 8-7
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5. Letus assume that the RTL can not get into a state outside of the what the
pragmas suggest. Modify the runme.fms to add in

set hdlin_ignore full case false
set hdlin_ignore_parallel case false
Note : The other required settings:

set hdl set_mismatch message filter -warn \
"FMR_ELAB-115 FMR_ELAB-116""

were already in the script.

6.  Run the modified Formality script. Verification should now pass.

Lab 8-8 RTL and netlist interpretation
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Answers / Solutions

Status: HMatching...

Task 1. Debugging black boxes

Question 1. Is there anything in the SVF that will of itself cause a failure?

No. There are some rejected change names, datapath,
merge and replace commands — but nothing that will of
themselves cause a failure.

Question 2. Is there anything in the matching summary that is suspicious
or will cause a failure?

SRk Rk Rk Matching Results Rk R s kR kR
3438 Compare points matched by name

0 Compare points matched by signature analysis

O Compare points matched by topology

34 Matched primary inputs, black-box outputs

117¢0) Unmatched reference{implementation) compare points

33¢0% Unmatched referencetimplementation) primary inputs, black-box outputs

Unmatched Objects REF IMPL
Black-boxes {(BBox?} il 0
Black-box input pins (BBPinJ 117 0
Black-box output pins (BBPinJ 33 0

ekt ks kot o e R SR SRR HOROR AR R R R sk s oRoR SO RO R oK s ok ook

Yes. Unmatched black box objects in the reference.

Question 3. What warning messages relate to black boxes before
‘match’?

set_top r:/WORK/mR4000

Setting top design to ’‘r:/WORK/mR4000

Status: Elaborating design mR4000

Status: Elsborating design mCntrl ...

Varning: Cannot link cell ’/WORK/mR4000/alu’ to its reference design 'malu’. (FE-LINK-2)
§tatus: Elsborating design mRegister

Status: Implementing inferred operators...

Status: Creating black-box designs. ..

Created technology library ‘FM_BBOX’ in container ’r’ for black-box designs

Created black-box design ’‘malu’ in library *FM BBOX]

Varning: 1 blackbox designs were created for missing references. (FM-064)

Status: Attempting to resoclve unlinked cells by using black-bozes. ..

Varning: 150 black-box pins of unknown direction found; see formality.log for list (FM-Z
Top design set ko ’r:/WORK/mR4000' with warnings

Reference design set to ’'r:/WORK/mR4000’

RTL and netlist interpretation Lab 8-9
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There are several: FE-LINK-2 , FM-064, and FM-230

Question 4. If you do a man on one of the warning messages FE-LINK-
2 what variable does it refer that controls how missing
modules are treated? And what is this variable set to in the
script?

set hdlin_unresolved_modules black box

Question 5. If the result of report_setup_status consistent with the
warning messages in transcript ?

Yes. Observe there is one unresolved module in the Ref

Ports: 132(132)
Registers: 250(250)
Black boxes: 1(0)

- Unresolved modules : 1(0)
- User specified : 0(0)

Task 2. Debugging RTL pragmas

Question 6. Check the transcript. Is there anything in the SVF summary
or match summary that indicates a problem?

Is this case: no. Both the SVF and the match summary look
clean.

Question 7. Where does report_hdlin_mismatches report where there
could be a synthesis simulation mismatch in the RTL code?

Lab 8-10 RTL and netlist interpretation
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B e e RTL Interpretation Rewit_s A ek ok kskok ekl

kiR Nasign: 1 /H0RK/mR4000

full_case igrored (7 total, 1 with urspecified cases)

Formality has been directed to ignore the directive on

these ocourrences, which may lead to false differences:
File: /global/gtseudl/otseut/frtraining/ces/n/FHM_2018,06~5P2/1ab8/1ab8b/rt1/ 4000w, Linet 223

If you wish to interpret these (potentially disagreeing

with a logic simulator), update the following varisbles

and reload the design,

set hdlin_ignore_full_case false

lappend hdlin_warn_on_mismatch_message FHR_ELAB-115

parallel_case ignored (7 total, 1 with overlapping cases)
Farmality has been directed to ignore the directive on
these occurrences, which may lead to false differences:
File: /global/gtseu0l/gtseub/futraining/ces/n/FM_2018,06-5P2/1ab8/1abBb/rtl/ontrl, v, Linet 111
If you wish to interpret these (potentially disagreeing
with a logic simulator), update the following variables
and reload the design,
set hdlin_ignore_parallel_case false
lappend hdlin_warn_on_mismatch_message FMR_ELAB-116

Line 223 of rtl/r4000.v and line 111 of rtl/entrl.v
Question 8. What does report_hdlin_mismatches say would give the

same interpretation of the RTL as Design Compiler?

set hdlin_ignore full case false

set hdlin_ignore parallel_case false

Question 9.  For what register states would the pragmas not be
justified ?

PCSoucce 2’11

case (PCSource) // synopsys parallel case full _case
2'b00: PC= ALU result;
2'b01: PC = TargetReg;
2'b10: PC = {2'b00,PC[31:28],Instruction[25:0]};

Endcase

RTL and netlist interpretation Lab 8-11
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pTestInstFetch = 11'bxxxxxxxxxx1, pTestInstDcode = 11'bxxxxxxxxx1x,
pTestMemAddr = 11'bxxxxxxxxlxx,pTestLwMemAcss = 11'bxxxxxxx1xxx,
pTestWrtBack = 11'bxxxxxx1xxxx,, pTestSwMemAcss = 11'bxxxxx1xxxxx,
pTestRTypeExe = 11'bxxxx1xxxxxx,, pTestRTypeComp = 11'bxxx1xxxxxxx,
pTestBranch = 11'bxx1xxxxxxxx, pTestBranchComp = 11'bx1XXXXXXXXX,
pTestlumpComp = 11'bIXXXXXXXXXX,
reg [10:0] state;
casex (state) // synopsys parallel case full case
pTestInstFetch: begin
pTestInstDcode: begin
pTestMemAddr: begin
pTestLwMemAcss: begin

pTestWrtBack: begin

pTestSwMemAcss: begin

pTestRTypeExe: begin
pTestRTypeComp: begin
pTestBranch: begin

pTestBranchComp: begin
pTestlumpComp: begin

default: begin

Many states for which parallel case is not valid if those states are reachable.
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In this lab you will debug a simple issue with register
optimizations
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Lab 9

Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.

Lab 9-2 Sequential Design Transforms and SVF
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Instructions

In this lab we will running on a typical problem with sequential optimizations

Task 1. Constant register debug

1. Go to lab9a

unix% cd lab9/lab%a

2.  Run the existing Formality script

unix% fm shell -f runme.fms | tee -i runme.log

3.  Check the transcript to see that the verification has failed.
4.  As always check the SVF summary and the match summary

Question 1. Is there anything in particular rejected in the SVF guidance
summary that could cause a failing verification ?

Question 2.  Is there anything in the match sumary that is consistent with
the answer to Question 1.?

Question 3.  Given answers to questions 1) and 2) could you have
predicted the results of the verify step without running verify ?
5. Run

Sequential Design Transforms and SVF Lab 9-3
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report_svf_operation —status rejected —command reg_constant

Question 4.  What is the reason for the constant being rejected ?

6.  Letus check that the analyze_points thinks this missing register is
the cause of the problem. Run :

fm shell (verify)s> analyze points -failing

Lab 9-4 Sequential Design Transforms and SVF
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fm_shell (verify)> analyze_points -failing
Found 1 Urmatched Cone Input

Unmatched cone inputs result either from mismatched compare points
or from differences in the logic within the cones. Only unmatched
inputs that are suspected of contributing to verification failures
are included in the report.

The source of the matching or logical differences may be determined
using the schematic, cone and source vieuws,

r:/WORK/cre_insert/rs_crcblock_reg
Is globally unmatched affecting 5 compare point{s):
i3 /U0RK/crc_insert/crc_block/S0/q_reg
i2/WORK/crc_insertfcre_blocksS51/q_reg
i:/WORK/crc_insertscre_block/S2/q_reg
i¢/WORKcre_insert/ere_block/53/q_reg
i:/WORK/crc_insert/reset_crcd

Found 1 Rejected Guidance Command

The rejection of some SVF guidance commands will almost invariably
cause verification failures, For more information uset
'report_svf_operation —status rejected —command command_name

reg_constant

Found 1 Required Input

fi required input is one that is desighated as required

for all failing patterns for one or more cpoints and fans out

to more failing than passing points.

This implies that it may be driving downstream logic that is related to
the failure(s)

i¢/WORK/cre_insert/clk
Fans out to 4 failing and 10 passing points and has
logic value '1' for 4 compare point(s):
i:/WORK/crc_insert/cre_blocks/50/q_reg
i$/W0RK/cre_insert/crc_block/51/q_reg
i:/W0RK/cre_insert/erc_block/S2/q_reg
i +/W0RK/crc_insert/crc_block/S3/q_reg

Analysis Completed
1

Question 5.  Is the results of analyze_ points —failing consistent with our
observations of the SVF and matching summary ?

Question 6. s there a difference in the name of the register unmatched in
the logic cones of the failing point and the SVF constant
register that was rejected?

Sequential Design Transforms and SVF Lab 9-5
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7.  Letus look at the patterns for the failing points, say

crc_block/S0/q_reg

Compate point values for vector 1-

)8 o req (DFF, Loading o)

Crec

block/S0/q _regN\*dif.00\* (DFF, Loading 1) (S

: Filter pruned cone schematic inputs || Right justify inputs

Icrurer_ﬁtber ﬁxpn_sssian - S [ I"_-r'_| £ ol ‘
Type ¥ Reference [Implementation |- I | |
DFF cre_block/S3/q_reg  crc_block/S3/q_reg TI o
DFF rs_creblock_reg o |o|
| | Port clk clk ENES
Port data_fas data_fas o |1
| DFF cre_block/S0/q_reg  cre_block/S0/q_re. .. | 0 o
L

Question 7.  For what value of rs_crcblock_reg do you get a failing vector?

sesaesrsenann

Question 8.  Is the value consistent with the value in the rejected SVF ?

8.  Let us try verifying the design by forcing the register to be a constant
1.

fm shell (verify)s setup

fm_shell (setup)> set constant r:/WORK/crc_insert/rs crcblock reg 1

Question 9.  Does the verification now succeed ?

Lab 9-6 Sequential Design Transforms and SVF
Synopsys Formality



Lab 9

9.  From the above we have established that if the rs_crc_block_reg is a
constant 1 then the verification succeeds. This is notsufficent to
sign-off of the verification with as we don’t know whether the
register is indeed a constant.

A possible next step is to do single point verification. (Note: remember to
remove the constant ¢ remove_constant —all’ before you do the single point
verification. Setting somthing to a constant then verifying it is constant just
verifies that the set_constant command has worked )

fm shell (setup) verify r:/WORK/crc_insert/rs_crcblock reg -constantl

10. Another way forward is to modify the SVF.
Take a copy of the SVF directory

unix% cp -r formality svf my mod svf

Modify my mod_svf/svf.txt so change rs_crcblk_reg to rs_crcblock_reg

RE]

80

81

82 guide_reg_constant \

83  -design { crc_insert } X\
84 { rs_crcblock reg } \
85 {1}

86

87

11. Copy runme.fms to runme2.fms and edit runme2.fms to point to the
modified SVF. You will need the line :
set svfmy mod_svf/svi.txt

Run the verification. It should now pass.

Sequential Design Transforms and SVF Lab 9-7
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Lab 9-8

Rkl Rk kR Guidance Summary skl ok

Status

Command Accepted Rejected Unsupported Unprocessed Total
change_names : &/ 0 0 0

environment b4 3 0 0 0 3
instance_map : 2 0 0 0 2
mark . 2 0 0 0 2
reg_constant - 1 0 0 0 1
uniquify : 2 0 0 0 2

SVF files read:
my_mod_svf/suf , txt

SVF files produced:
formality_svf/
svf.txt
AR AR R ok ok ok A K R AR R o SR SRR R ok ook ok o s ook ke

Status: Matching,,.

AR Rk ARROR R Rk Rk R Rk ok Hatching Results skksokdkskmssknsonks sk ok sk ok an
38 Compare points matched by name

0 Compare points matched by signature analysis

0 Compare points matched by topology

4 Matched primary inputs, black-box outputs

1€0} Unmatched reference{implementation) compare points

0¢0) Urmatched reference{implementation} primary inputs, black-box outputs

Unmatched Objects REF IMPL
Registers 1 0
Constrained 1% 1 0

kiR okt o ol ko ol okok ool ok s s st sl oK o s RROR O Sotese sl SRARROIORRORH

12.  Another approach to this is to rename the object to what it was in the
SVF. So for example runme3.fms. This will pass using the original
SVF.

unix% fm shell -f runme3.fms | tee -i runme3.log

13.  (Optional) Modify the SVF so that the register is a constant 0 (rather
than a constant 1)

guide_reg_constant \
-design { crc_insert } \
{ rs_crcblock reg } \
{d3

Confirm that this is rejected :

Sequential Design Transforms and SVF
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fr_shell (verify)> report_svf_operation -status rejected —command reg_constant

Report ¢+ suf_pperation
-status rejected
-command reg_cohstant

Reference + rtAU0RK/ero_insert
Implementation & i:/UORK/crc_insert
Version + 0-2018,06-5P2

Date b

Sat Oct 6 14:04:58 2018

## SVF Operation 11 (Line: 83) - reg_constant, Status: rejected
## Operation Idy 11
guide_reg_constant

-design { cro_insert } N

{ rs_crcblock_reg F %

{0}

guide_reg_constant 11 {Line: 83) Retried with -replaced set to swfTrue,
Warning: guide_reg_constant 11 (Linet 83) Could not verify SWF constant O register;
2 W0RK cre_insert/rs_creblock_reg due to register pre-verification failure (FM-348)

Also note that that
report_svf_operation —summary ${ref}/crc_block/S0/q_reg

reports the rejected guide_constant.

Question 10. When the SVF was rejected because rs_crcblk reg was not
found would :

report_svf operation —summary ${ref}/crc_block/S0/q_reg
report this ?

(Try the report_svf operation —summary ${ref}/crc_block/S0/q_reg is the orignal
runme.fms run if not sure.)

Sequential Design Transforms and SVF Lab 9-9
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Answers / Solutions

Answers / Solutions

Task 1. Constant register debug

Question 1.

Question 2.

Lab 9-10

Is there anything in particular rejected in the SVF guidance
summary that could cause a failing verification ?

kiR kR kool Guidance Summary Rk Rk

Status
Command Accepted  Rejected Unsupported Unprocessed Total
change_names 8 7 Q 0 0 7
environment B 3 0 0 0 3
instance_map 4 2 0 0 0 2
mark 2 2 0 Q ] 2
reg_constant 4 0 1 0 0 1
uniquify : 2 0 0 0 2

Note: If verification succeeds you can safely ignore unaccepted guidance commands,

SVF files read:
crec_insert . svf

SVF files produced:
Farmality_svfd/
svf, txt
AR ORSK RS Ak o SRS KA o AR kSRR R o R

Yes — there is a rejected guide reg_constant.

Is there anything in the match summary that is consistent
with the answer to Question 1.?

SRR Rk Rk ok Rk R RNk Matching Results ssmskikkuoksionmpknkkmakin ko ks
38 Compare points matched by name

0 Compare points matched by signature analysis

0 Compare points matched by topology

4 Matched primary inputs, black-box outputs

1{0> Unmatched reference{implementation) compare points

0{0) Unmatched reference{implementation} primary inputs, black-box outputs

Urmatched Objects REF
Registers 1
DFF 1

otttk ook o ook kol soRaR ook ok st s b o okl skt sk sk bk otk sk b ol s ok

There is one unmatched DFF (flip-flop) in the reference.
This would be consistent with DC synthesizing a constant
register away.

Sequential Design Transforms and SVF
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Question 3. Given answers to questions 1) and 2) could you have
predicted the results of the verify step without running
verify ?

Yes.
Question 4. What is the reason for the constant being rejected ?

Formality couldn’t find that register to apply the constant to.

fu_shell {verify)> report_svf_operation -status rejected -command reg_constant

## SVF Operation 11 (Line: 82) - reg_constant, Status! rejected
## Operation Id: 11
quide_reg_constant %

-design { crc_insert } \

{ re_crcblk_reg ¥ 1

Info: guide_reg_constant 11 ¢(Lines 82} Cannot find master reference cell ’rs_crcblk_reg”.

Question 5. Arethe results of analyze points —failing consistent with our
observations of the SVF and matching summary?

Yes.

It has flagged two things:

1) That there is an input register that is not matched in the
cone of logic of the failing points

2) A more general point that a rejected reg constant will
usually lead to a failed verification.

Question 6.  Is there a difference in the name of the register unmatched in
the logic cones of the failing point and the SVF constant
register that was rejected?

Yes. The unmatched register
r:/WORK/crc_insert/rs_crcblock reg

The register in the SVF rs_crcblk_reg (ie blk not block)

Sequential Design Transforms and SVF Lab 9-11
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Question 7.  For what value of rs_crcblock_reg do you get a failing vector?

0

Question 8.  Is the value consistent with the value in the rejected SVF ?

It is the opposite value for which DC synthesized the register
away.

Question 9.  Does the verification now succeed ?

Yes

Question 10. When the SVF was rejected because rs_creblk _reg was not
found would :

report_svf operation —~summary ${ref}/crc_block/S0/q_reg
report this ?

No. Thatis Formality doesn’t knowrs_crcblk reg is in the
logic cone of ${ref}/crc_block/S0/q_reg.

Lab 9-12 Sequential Design Transforms and SVF
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Transforms

Learning Objectives
In this lab we will look at isolating bugs in a design and
seeing how one or more debugging features help you do
this.
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Duration:
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Introduction

Answers & Solutions

Each lab contains answers to all questions and results or solutions.

You are encouraged to verify your results by checking the Answers/Solutions
section at the end of each lab.
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Instructions

The general context and setup of the lab,is to mimic a real logic bug,is to synthesize
from slightly different RTL than what we are using in Formality.

Task 1. Isolating bug b1l

1. Go to lab10a

unix% cd labl0/labloOa

tom.v is the source RTL for Formality.

2. Gotobl

unix% cd bl

From the log file runl_fin.log one can see that the verification has failed with
1 failing point.

3.  Restore the session file runl_fm.fss

4.  Pull up the pattern window.

Question 1. Just from the pattern window what is the nature of the bug ?

5. Quit out of Formality

Task 2. Isolating bug b2

1. Go to b2

Other Design Transforms Lab 10-3
Synopsys Formality



Lab 10

7

unix% cd labl0/labloa/b2

From the log file runl fm.log one can see that the verification has failed with
2 failing points.

Restore the session file runl_fm.fss

Pull up the pattern window. Look at pattern window for each of the two
failing points.

Question 2. What is particularly suspicious about the pattern windows for
the two failing points ?

...................................................................................................

|
Pull up the logic cone schematics for failing point z_reg 0 .

Use 4 to group the hierarchy for both Ref and Impl. Observe that Ref
regbank inst/z reg 0 is driven by the hierachical pin alu_inst/result[0]
whereas in the Impl it is driven by alu_inst/result[1]

We wish to determine whether the bug is in regbank_inst or alu_inst. We can
do hierachical verification to do this. Quit out of the GUI but not the fm_shell.

From the fm_shell issue the command :

write_hierarchical_verification_script -dont_resolve failures\

-replace -path $ref/regbank inst/z reg 0  hier.tcl

8.
9.

Lab 10-4

source hier.tcl in fm_shell

Observe that regbank failed by the level of hierarchy above passed

Other Design Transforms
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SRR R R ARSI R o R AR R

Results of hierarchical verification script: hier,tcl
**************************************#**********************#**************#*******#*****#*******

Verification FAILEDS
Ref: r:/WORK/tom/regbank_inst {(instance of ri:/WORK/regbank}
Inp: i:/WORK/tom/regbank_inst (instance of i:/WORK/regbank’
Tue Mar 26 06:36:12 2013, 172MB (cumulative}, 0.02sec {incremental’}
Session filey ./fm_hier,.tcl.l.fss

Verification SUCCEEDED;
Ref: ri/WORK/tom (top?

Imp: i:/WORK/tom (top?
Tue Mar 26 0B6:36:12 2013, 172MB (cumulative?, 0.16sec {incremental’

This would suggest the problem is inside regbank

10. Restore the failing session created by hier.tcl

restore_session fm_hier.tcl.1.1ss
11. Look at the failing pattens forz reg 0 andz reg 1

Question 3.  From the pattern window is it now clearer what the issue is ?

12. (Optional ) Confirm the answer to Question 3 by using the set_user_match
command (Hint. You might need to remove_user_match put in by the
hierarchical verification script. Solution is in .solution/match.tcl )

13. (Optional ) Restore the original session runl_fm.fss and use cutpoints to
debug the issue rather than hierarchical verification. Hint. Solution is
in .solution/cut.tcl One is trying to reduce the size of the logic cone so that
the pattern window looks like this

|SL t sDIt {

[l reqgbank_instjz_teq 0 A*dff 004 (DFF, Loading 0) ACD SL 1 Caonut
" = o
~iFilter pruned cone schematic inputs :_!Right justify inputs
Enter lilter expression 4k 2% -

— 1|2
Type v Reference implementation +- |
Port  clk clk it |1
CutPin regbank_inst/result{0] | 1o
'Port  rstn rstn 1 1
CutPin . ~ regbank_instfresult{1] o1
iDFF regbank_inst/z_reg_0_ regbank_instiz_req_0_A*dH 00\ 00

Other Design Transforms Lab 10-5

Synopsys Formality



Lab 10

14.  (Optional) Restore the original failing session runl_fm.fss and use the ‘Matching
tool’ @ to help identify the problem

Hint. A useful setting in the ‘Match Tool” will be ‘Show points with matches
outside of the complementary cone’

One should be able to see that for the failing point z_reg 0 the Impl path goes
through inputs to alu_inst (eg alu_inst/a[1] ), throug output alu_inst/result[1] and
input regbank_inst/result[1] but doesn’t (greyed out) for the Ref. For z reg 0 the
Ref cone includes output alu_inst/result[0] and input regbank_inst/result[0] — but
doesn’t for the Impl (greyed out)

For z reg_1_ the above description is the opposite way round.

TopLevelConeSchematics.3- Match.3 -z reg 0 /z reg 0_
(@) File Edit View Setup ECO Window Help B 5 X

s

B
z
=

™o ey s U

Show matched points with ——— —— — —
Different simulation values.
Identical simulation values.
ches outside of the complementary cone. @ }

\Entar filter expression

Y IRie
Reference Object Implementation Object Val +/- Type %
1| alu_inst/a(1] alu_inst/al 1) 20 hier in 0
2| alu_inst/b[1] alu_inst/b[1) 0 hier in 0
3 alu_inst/c[1] alu_inst/c[1] 71 hier in 0
4 | alu_insty/d[1] alu_inst/d[1] /0 hier in 0
5 alu_inst/result{1)] alu_inst/result[1] ” hier out 0
6 regbank_inst/result[1] regbank_instfresult{1] 71 hier in 0
7 alu_instfresult[0] alu_instfresult{0] on hier out 0
8 regbank_inst/result[0] regbank_inst/fresult[0] on hier in 0

Match.4-2 reg 1 /z reg 1 =0
@ File Edit View Setup ECO Window Help i =
f i A AR LR PEBME N Al @G N € d| 5 »

Show matched points with — —-——--———— e S B R
|_|Different simulation values.
Identical simutation values.
tches outside of the complementary cone. '@ |

Enter filter expression Y ¥ &
Reference Object I Implementation Object | Val +/- ! Type %
1 alu_instfresult[0] alu_inst/result{0] 71 hier out 0
2 regbank_inst/result{0) regbank_inst/result[0] MmN hier in 0
3 alu_instbl1] alu_inst/b[1]) 0/? hier in 0
4 alu_inst/c[1] alu_inst/c[1] o/ hier in 1]
5 alu_inst/a[1] alu_inst/al1) 0/? hier in 0
6| alu_inst/result{1) alu_instfresult[1] on hier out 0
7| regbank_inst/result{1] regbank_instfresult{1] o7 hier in 1]
8 alu_instyd(1] alu_inst/d{1] o/? hier in 4]
Lab 10-6 Other Design Transforms
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Note whether it is 1/? or 0/2 in val column will depend on which pattern is selected
to overlay on hierarchy.

Task 3. Isolating bug b3

1. Go to b3

unix% cd lablo/labl0a/b3

From the log file runl_fm.log one can see that the verification has failed with
1 failing points.

Restore the session file runl _fm.fss

Use whatever method you feel is appropriate to narrow down the problem .
(Hint : There is no absolute right answer. Matching tool gProbe points,

Cut-point, Pattern Window; Hierarchical verification - will all get you there
in some combination.)

Question 4.  What is the b3 bug ?

Other Design Transforms Lab 10-7
Synopsys Formality



Lab 10 Answers / Solutions

Answers / Solutions

Task 1. Isolating bug b1l

Question 1. Just from the pattern window what is the nature of the bug ?

Compare point values for vector 1

)14 2 rea 6 (DFF, Async Clear) AS 0 Const SL sD|o CLK'0 AC 1

|l regbank_mnst/z reg 5 _A*dff.00\* (DFF, Async Set) AS'1 SL 5D 0 CLK 0

The flip-flop is mapped incorrectly. The Ref has a AC
(Async Clear) pin. The Impl has an AS (Async Set ) pin.
And it is failing when reset is asserted.

The only way you could legitimately get that transformation
is by inv_push. However if that had happened you would
also expect everything the register was driving to fail. We
only have one failing point here.

So for this bug pretty much diagnosed what the issue is
from the pattern window.

Task 2. Isolating bug b2

Question 2. What is particularly suspicious about the pattern windows
for the two failing points ?

z_reg 1 doesn’thave dr reg 1,br reg 1 ar reg_I in the Impl logic cone

z_reg_0 doesn’t have dr reg 1, br_reg 1 ar_reg 1 in the Reflogic cone

At this point if you were familiar with the RTL you could probably guess
what had happened.

Question 3. From the pattern window is it now clearer what the issue is ?

Yes. Pretty much so.

Lab 10-8 Other Design Transforms
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Enter filter exprasston ¥ * |
1| 2
Type v Reference Implementation +/-
Port clk clk 1 1
Port result{0] 1.0
Port rstn rstn 11
Port result[1] o 1
DFF z_reg 0_ z_reg_0_A*dff.00W 0 0 |

Somewhere inside regbank result[0] and result[1] bits have got swapped.
Notice the characteristic opposite failing pattern ie failing patterns when
result[0] and result[1] take opposite values.

Task 3. Isolating bug b3

Question 5.  What is the b3 bug ?

Anything that got you close to the difference between tom.v
and ../rtl/tom_b3.v

Note you are not typically going to be able to narrow it down
to individual gates — but you want to be able to narrow it
down to where it is in hierarchy and who is right Formality or
DC.

A possible route to debug b3 is .
1) analyze -failing
Nothing found. Always worth a try though.

2) Pattern window

Other Design Transforms Lab 10-9
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Compare point values for vector 1——— ——————— —— -3

SL 1 Const sDio [
AC O sk L H
(JFitter pruned cone schematic inputs () Right justify inputs
Enter filter expression b <E & B
| Type v Reference Implementation =+
| DFF ar_reg_0_ ar_reg_0_ | 1
OFF br_reqg_0_ br_reg 0_ 1
Port clk ck 11
Port instruct{o] instruct{0] 1
Port instruct(1] instruct{1] 1
Port instruct(2] instruct{2] 1|
Port rstn rstn 1|
DFF cr_reg_0_ cr_reg_O_ 0 |
DFF dr_reg 0_ dr_reg_0_ 0 |
DFF regbank_inst/2_reg_0_ regbank_inst/z_req_0... o |

Narrows it down a bit. It fails when those registers and
instruct input ports are a particular value.

3) Matching tool
Pattern value different on the output of alu_inst/result[0]

Show matched points with———— = —— —
| ¥ Different simulation values.
{_ldentical simulation values .
!Matches outside of the complementary cone. @

|Enter filter expression

- 2k 48 )

|' Reference Object | Implementation Object |  val +- 1  Type | % |
1 alu_instiresult{o] alu_inst/result{o] 0/1 hier out 0
2 | regbank_inst/result{0] regbank_inst/result{0] 0/1 hier in 0

One can then pull up the logic cones for alu_inst/result[0]
using “Show Selected Points”

| Referén:e t_);:uec; Irnpltm:untation Object . val +4- Type
1 alu_inst/resuh(o) alu_lnstiresultjo) ofL hier out
2 reg st N9 Show Selectad Points reg| ._mstiresult{0] on hier in
Copy Reference Name
Copy kmplementation Name
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Select the net attached to that already highligted hierarchical pin in both Ref and

¥

4) Probe point pattern window

Impl and add a probe

Verify the probe point created from 3) above. It will fail
(as you would expect from the ‘Matching Tool’. Pull up
the pattern window from the failed probe point.

Compare point values for vector 1

i) cunc) B eft o
{l result| 0] (CutNet) left|1
" IFilter pruned cone schematic inputs Right justify inputs

Entar filler exprossrion 1% :? a

1

Type v Reference Implementation +/-

DFF ar_reg_0_ ar_reg_0_ 1|

DFF br_reg_0_ br_reg_0_ 1 |

Port instruct[0] instruct{0] 1|

Port instruct{1) instruct{1) 1

Port instruct[2) instruct[2] 1

DFF cr_reg_0_ cr_reg_0_ 1]

DFF dr_reg_0_ dr_reg_0_ 0

« LANE | - >

The vectors are the same from 2) above except narrowed
down to looking at an output of alu_inst

One can check using the ‘Matching Tool’ on the probe
point that there is nowhere in the hierarchy where the

Other Design Transforms Lab 10-11
Synopsys Formality



Lab 10 Answers / Solutions

failing pattern simulation values are different for the
probe point

Match.2 - result{0)/result{0]
Ele Edit View Setup ECO Window Help
3 @ 5 o o | 3 x

B3 Patterns 2 - Matched: resultiOlyesutio] X | @ Match.2 - resultiolresut(0) X s E [

Show matched points with —
v Different simulation values.
| 1 lidentical stmulation values.
Matches outside of the complementary cone. | &)
| |
Enter filter expression ) 4 |EJ -3
Reference Object | Implementation Object | Val | +/- | Type | % |

That pretty much nails the difference to inside alu_inst

5) Fine grain isolation with constraints.

There is stuff you can do in the schematic to narrow it down further straight off.
However a possible approach is to simplify the starting point further with
constraints.

One knows that the failing vector is with instruct[2:0] as 1. Let us make that
explicit.

setup

set_constant -type port ${ref}/instruct* 1

set_constant -type port ${impl}/instruct* 1

verify

Rerun the probe verification and pull up the probe point schematic.

Expand the schematic in Ref and Impl and also ungroup the RSOP_SEL 8 block
in Ref and expand both Ref and Impl schematics

Lab 10-12 Other Design Transforms
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However if one zooms in one sees the symbols ‘c1’and
‘c0’ indicating constant 1 and constant O respectively. Some, if not all, of
these constants will have come from propagating the constants we put on the
instruct ports. Now it just a matter of working back in the logic cone of Ref
selecting the net of input to the gate that is constant and removing the subcone

(Key F6 or k’ )

One quickly sees that the the Ref logic cone is ar_reg_0 XOR br_reg 0 (A cl on
the input of C10 AND gate turns it into a buffer)

Other Design Transforms Lab 10-13
Synopsys Formality



Lab 10 Answers / Solutions

alu inst/i7[0]

Another way of tracing this is to change the net colouring

Coloring: Cell|Standard ¥ | Net|Constant Values v\

Standard |
‘Constant Values
Supplies On/Off
Supplies AlwaysOn
Constant Supplies
Simulation Values

to constant values

The non-constant net values will be coloured grey (high-lighted in white above).
Again one can see the path back to the XOR gate.

Repeating for the Impl one sees that the relevant gate is alu_inst/U14 .
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aly_inst/l14

alu_inst/U15/A is connected to alu_inst/a[0] alu_inst/U14/B is connected to
alu_inst/b[0] . Ul4 drives the NAND gate U31 (ie an inversion) so that just
leaves us with th functionality of

alu_inst/b[0] | to alu_inst/a[0] as an OR rather than the XOR functionality in the
Ref,

If one does tkdiff ../tom.v ../rtl/tom b3.v one sees that is indeed the difference.

i7[0] has changed from XOR (*) to OR (]) and the wire i7 is selected when instruct
is111.
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.74 assign 6 =g +d 2 |74

B :[F»m_ 75

76 76

77 T

76 always @{i0 or il or 12 or i3 or i4 or i5 or i6 or i7 or instru 78 always @€i0 or il or i2 or 13 or i4 or i5 or i6 or i7 or instru
79 begin g begin

80 if (instruct == 37h000 ) B0 if (instruct == 375000 )

61 begin 8L begin

82 result = i0: B2 result = i0;

83 end 83 end

84 else if {instruct == 3"b001) a4 else if  {instruct == 37b00L)
85 begin 12 begin

86 result = il: o6 result = i1}

87 end a7 end

88 else if (instruct == 3’b010} Lot else if  (instruct == 3’b010)
83 begin a9 begin

90 result = i2: a0 result = i2;

a1 end a1 end

92 else if (instruct == 3"b011) a2 else if  {instruct == 3"b011}
93 begin a3 begin

94 result = i3; 4 result = i3;

ki) end 195 end

96 else if {instruct == 3’b100} 195 else if  {instruct == 3’b100)
97 begin ar begin

98 result = id; 98 result = i4;

99 end 93 en

100 else if (instruct == 3"b101> (1010 else if (instruct == 3"b101)
101 begin 101 begin

102 result = i5; 102 result = i5;

103 end 103 end

104 else if (instruct == 3’b110} 104 else if {instruct == 3'b110)
105 begin 105 begin

106 result = iB: 1106 result = iB;

107 end 107 end

108 else 108 slse

1109 begin 109 begin

“110 result = i7; 110 result = i7¢

11 end 11 end

112 112

If you recall the failing pattern :

DFF ar_reg_0_ ar_reg 0_ |
DFF br_reg_0_ br_reg_0_ 1 |

and recall that the function an XOR differs from an OR
only when the inputs are both ‘1’ then once again the
features of Formality are all tellin a consistent story

5)  There is a command ‘diagnose’ that also automatically tries to isolate the
difference using the failing patterns.. Restoring the failed session (ie without
the constants applied) the results we get are simmilar to the above. That is
alu_inst/C51 and alu_inst/U14 are identified as possible problem gates.
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fm_shell (verify)> diagnose -r
Status: Diagnosing r:/WORK/tom vs i:/WORK/tom...
Status: Diagnosis initializing...
Status: Analyzing patterns...
Single error detected in reference design.
Number of error candidates: 11
Analysis completed
Status: Finding matching regions in implementation design...
Single matching region detected in implementation design.
Diagnosis completed
1
fm_shell (verify)> report_error_candidates

ke ok ok 3k ok 3k 3K sk sk ok ok ok ok ok ok ok ok ok ok ok sk sk ok sk Sk ok sk ok ok ok ok ok ok ke ok ok ok sk ok ok ok K okok Rk kK

Report : error_candidates

Reference  :r:/WORK/tom
Implementation : i:/WORK/tom
Version : 0-2018.06-SP2

Date :Mon Oct 8 11:57:32 2018

sk sk ok ok ok ok 3k 3K 3K e ok ok ok ok ok ok ok ke ok ok ok ok ok 3k ok sk ok ok ok ok ok ok ok ok ok ok sk ok sk ok sk ok ok ok kb ok Kok K

Single error detected in reference.
Recommended error candidate:
Prim alu_inst/C51

Alternate error candidates:
1. Prim alu_inst/EXTRA_SEL_11_ROOT_EXCESS/CO

2.Prim  alu_inst/EXTRA_SEL_11_ROOT_EXCESS/C2

And diagnosing the Impl :

fm_shell {verify}> diagnose
Status: Diagnosing i:/WORK/tom vs r:/WORK/tom...
Status: Diagnosis initializing...
Status: Analyzing patterns...
Single error detected in implementation design.
Number of error candidates: 4
Analysis completed
Status: Finding matching regions in reference design..."
Single matching region detected in reference design.
Diagnosis completed
1
fm_shell {verify)> report_error_candidates

sk sk ok oK ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok o ok ok sk ok ok ok ok ko sk ok ok K

Report : error_candidates

Reference  :r:;/WORK/tom
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Implementation : i:/WORK/tom
Version 1 0-2018.06-5P2
Date :Mon Oct 8 12:04:54 2018

ok s ok s 5ok o o o b o e ok o ok o ol s ool R Sk e S o o ol ol oo o o ok o

Single error detected in implementation.
Recommended error candidate:
Cell alu_inst/U12

Alternate error candidates:
1. Cell alu_inst/U14

2, Cell alu_inst/U31

3. Cell regbank_inst/z_reg 0_

Lab 10-18
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