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Introduction

A The challenges for fully verifying encoder and decoder designs:

I How to cover all possible data coming into the encoder

I How to cover all possible random faults if the design should correct them?

A A case study: BCH encoder and decoder design @pencorewebsite.

I The function of BCH: Fix up teb random faults injected to the transmission lines from
the encoder to the decoder.
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VerifyingBCHDesignUsing Property Checking

A Property checking flow:
RTL II - Questa
Counterexamples
m Properties ‘ =T
A The functions of BCH

PropCheck
1. Whenthere is no errordout should be the same alinanderror_detectedshould be 0.

2. When %bit or 2-bit random errors are happening on the lines to DEC inputs, the errors can be
detected, anderror_detectedshould be 1.

3. When Xbit or 2-bit random errors are happening on the lines to DEC inputs, the errors can be
corrected, anddout should be the same a#in.
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Inserting Random Faults

A Define anundrivenwire foo. Whena bit offoois 1,QuestaPropCheck
directivenetlistcutpointinserts an error to onéata transmlssmmne

A Formal verification automatically considers 1.6 .

all possible values for thendrivenwire foo. X BB [ changed
] . _ - ~ signal slice
Insert_errors.do original 1
— signal slice
set DATA_WIDTH 16 1
set ECC_WIDTH 10 ("conditon |

set WIDTH [expr $DATA WIDTH + $SECC_WIDTH]
for {set 1 O}{$ i <$WIDTH}{ incr i}{
if{$ i <$DATA_WIDTH}{
netlist cutpoint ddn \[$i\] -cond (foo\[$i\]) -driver ~din\[$i\]}
else {
netlist cutpoint  d syn\[[expr{$ i-$DATA WIDTH}\] -cond (foo \[$i\])\
-driver ~e_syn\[[expr{$ i-$DATA WIDTH]| \]}} ] 2020

NNNNNNNNNNNNNNNNNNNNNNN

/-ﬁ .
accelerd)

SYSTEMS INITIATIVE © Accellera Systems Initiative 5



Writing Properties In SVA

A Translate the properties to executable SVA assertions.

I foo controls the number of faults injected to the transmission lines between the

encoder and the decoder

check_no_error : assert property (@($ global clock )

foo== 0| -> ~ error_detected );
check_error_detection . assert property (@($ global clock )

($ countones (foo)==1|| $ countones (foo)==2) | -> error_detected );
check_error_correction . assert property (@($ global clock )

$countones (foo)<=2| -> dout ==din);
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Verifying BCH Design With QueB@pCheck

A The script to run QuestBropChecks as follows. Thimsert_errors.do

fille Inserts randonerrors.

gverify -c -od log -do " \
do insert errors.do; \
formal compile -d ecc wrap;\
formal verify; \

exit"

vlog -sv -f gft files/flist.vl

Compile RTL source files.

Read in the tcl file for inserting errors

Build formal model, and run formal analysis

A The verification result:

* Name
@ wem check error_correction
© wem check_error_detection
® check_no_error
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Sanity Waveforms

A The sanity waveforms of the propertjreck error_detection

L) ecc_wrap_sva.v

11
12 assign d_din din;
8] (0]
13 assign d_syn = e_syn;
coO (8]
14
is bch_dec_enc_univ_top #(.P_D WIDTH(DATA_WIDTH)) ]
16 enc Prmary Clocks Primary Clocks
17 g ! Pnmary Resets Primary Resets
18 d_1(din),
0 = Property Signals Property Signais
19 p_o(e_syn) // width for 16 is 10 r_d ted
(9] s -
20 = ) ntrol Pont Signals Control Point Signals
g; = Contributors Contributors
o
23 bch_dec_dcd_univ_top #(.P_D WIDTH(DATA _WIDTH)) = —
24 dec '
25 8 ( -~
26 d_i1(d_din), o
O =
27 ecc_1(d_syn), -
cO
28 .msk_o(mask),
o "
29 err_det_o(error_detected) ~ oo oo -
30 = ) I
31
32
33 assign dout = d_din N mask;
0O 8) ()
a4 o)
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The Schematic View

A The Schematic View shows the inserted faults.
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The Flow Of SLEC

A The flow of SLEC (Sequential Logic Equivalent Checking)

I The SLEC tool automatically maps the inputs of DUTO and DUT1 and ties them
together

I The SLEC toalitomatically maps theutputs of DUTO and DUT1 and verifies
their equivalency.
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Verifying BCH Design Using SLEC

A The design versiospedis the BCH design without faults
A The design versiomplis theBCH desigwith randomfaults
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Verifying BCH Design Wi@uesta SLEC

A The script to run Questa SLEC to verify BCH design:

|
Compile RTL source files
I
Configure spec and impl versions

vlog -sv —-f gft files/flist.vl
querify -c -od log slec -do "\
slec configure -spec -d ecc wrap;\
slec configure -impl -d ecc wrap;\

netlist wire const 0 -width 1 -module ecc wrap -driver l'bO;\‘.Deﬁneconﬂantﬂgnms-
netlist wire const 1 -width 1 -module ecc wrap -driver 1'bl;\

do gft_files/inject-errors.do;\ Read in the tcl file for inserting errors
slec map {spec.din impl.dout} —-target;\ | |

slec map {spec.const 1 impl.error detected} -target;\ Define equivalence targets
slec map {spec.error detected impl.const 0} -target;\ |

slec compile;\
slec verify;\

Build formal model, create SLEC targets,
and run formal analysis

exit" |
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Inserting Random Faults

A Injecterrors.do file:

SYSTEMS INITIATIVE

set DATA WIDTH 16
set ECC_WIDTH 10
set WIDTH [expr $DATA WIDTH + S$ECC WIDTH]

## Define undriven wire foo
netlist wire foo -width SWIDTH

## Insert random errors to {d syn, d din}
for {set i 0} {$1 < SWIDTH} {incr i} {
if {51 < $DRTA_WIDTH} {
netlist cutpoint impl.d din\[$1i\] -cond (fool\[$1i\]) -driver ~spec.d din\[S1\]
} else {
netlist cutpoint impl.d syn\[[expr {$i-$DATA WIDTH}]\] -cond (fool\[$i\]) \
-driver ~spec.d syn\[[expr {$i-$DATA WIDTH}]\]

}

## Constrain foo: inject 1 or 2 bit errors
netlist property -name assume foo -assume {S$Scountones(foo)==1 || Scountones (foo)==2}

2020
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The Verification Results With Questa SLEC

A The verification results:
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