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Combinatoriall Combinatorial Assertions

8 assert_proposition, assert_never_unknown_async

Single-Cycle | Single-cycle Assertions
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OVL Release History and Major Changes

§ pre-Accellera, April 2003
8 Verilog updated in April, but VHDL still October 2002

§ v1.0, July 2005

8§ Changed: assert_fifo_index (no longer uses property_type in
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8§ v1.1, August 2005

§ New: assert_never_unknown

§ Changed:
8 assert_implication: antecendent_expr typo fixed
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8 v1.8, Oct 2006
§ Bug fixes



Contents

§ Introduction to Timing Diagrams
§ Timing Diagram Syntax & Semantics
§ Timing Diagram Template



Introduction: OVL Timing Diagram

Implication

1=
conditions
THEN
requirements

Each timestep
maps to a cycle

of clk

Clocking Scheme

Assertion Timing Diagram

ASSERT

forall t. assert _next #(0,1,1,0)
conditions imply

Naming

(OVL module and

parameter values

requirements { t+1
start_event [ Ne |
test_expr é

Conditions in blue
(and filled with dots).

Requirements in red.

|

“forall t” means
timestep { can be

any clock cycle

Must Always Hold

Values

Fails if test_expr
does not occur

exactly 1 cycle
after start_event

Failure



Introduction: Verification of Assertion

ASSERT e
forall . assert_next #(0,1,1,0) Imagine sliding the timing

conditions imply . . :
requirements t t+1 dlagram, plpgllne style, over
each simulation cycle ...

start_event(REQ) [ 7112

, ! ... If all conditions match,
test_expr(ACK) then all requirements must hold.

CLK + A A A A A A A A A A
REQ [T\
ACK 1V

Simulation might show this failure, Formal Verification would never

but only if stimulus covers back-to- pass this, and should show the
back REQs. failure with a short debug trace.




Template

ASSERT
forall 1 assert_xyz_10f2: (min<2) & (max> 1) signall
conditions imply

requirements L f+1 —  allwl=0.(min2) —jje— anyw2=0.(maxl) —»
signall o e G e X I ZIDEE )
signal?2 o T IS signal2 @)
signal3 B | S e [ Gt 0 s I ErrenD
\ /\ /{ IDLE X !=IDLE )
signall / / (: : :*: : :(!: signaIZ@t)
sTgna|2 signal1 [~ 56~ " {  1=(SEQ[BUSY) )
signal3 signal2 (_ “Addr :1(*Addr + 'Size ) K':OKAY signaIO@t+l>
signal4 — : K signald@t)
ck /_\_f/_\_f K~ % signalo@t+l)
K« T mgnai@el o K T signad@ul )
(T30 Signal2@t1 ) K- % _ signal0@t+1 )
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assert _al ways

#(severity_l evel
reset_n,

ul (clk,

property_type, nsg, coverage_level)
test _expr)

t est _expr must always hold

Single-Cycle l

ASSERT

forall t.

conditions imply

requirements

assert_always

t

test_expr

z

clk

8

} 2-val view

assert_always will
also pessimistically
fail if test_expr is X

=

Can disable failure

on X/Z via:
‘define OVL_XCHECK_OFF

=




assert al ways _on_edge

#(severity_|
ul (clk,

reset _n,

evel

edge_type,
sampl i ng_event,

property_type,
test _expr)

nsg,

coverage_| evel)

t est _expr is true immediately following the edge specified by the edge t ype parameter

ASSERT
forall t.
conditions imply
requirements

assert_always_on_edge #(0,1)

Rising
edge

|

sampling_event

test_expr

ASSERT
forall t.
conditions imply
requirements

T
assert_always

on edge
t

test_expr

~N

N

edge type=0
- (default is
no edge)

Jdenﬂcmto

assert_always

ASSERT
forall t.
conditions imply
requirements

assert_always_on_edge #(0,2)

2-Cycles l

sampling_event

test_expr

ASSERT
forall t.

requirements

assert_always_on_edge #(0,3)
conditions Imply |yl

t+1

: /
sampling_event

test_expr

|

|

Falling
edge

Any
edge



assert change

wi dt h, num cks, action_on_new start, property_type, msg, coverage | evel)
ul (clk, reset_n, start_event, test_expr)

#(severity_l evel,

(page 1 of 3)

t est _expr must change within num cks cycles of st art _event

ASSERT
forall t.
conditions imply
requirements

assert_change #(0,32,5,0) // ignore new start

t <«— allw=0..(num_cks-1) — t + num cks

}

n-Cycles

num_cks=5
action_on_new_start=0
('OVL_IGNORE_NEW_START)

r_state

start_event

/
test_expr

Will pass if test_expr

changes at any cycle:
t+1, t+2, ..., ttnum_cks

Fails if test_expr is stable

for all num_cks cycles.

: |
1 : Y 1
clk /_\_ﬁ If num_cks=5, window is exactly '/

N

4 clock cycles wide

r_state (auxiliary logic)

Differs to April 2003
From OVL version 1.0 the
check window spans the
entire num_cks-1 cycles.

<

I=num_cks

I==1

»

start_event

I=i-1

Auxiliary logic necessary,
to ignore new start,
Checking only begins

after start_event is true

and r_state==START. ;=




assert change

#(severity_level, width,
ul (clk, reset_n,

num cks, action_on_new start,
start_event, test_expr)

property_type, nsg,

coverage_| evel)

(page 2 of 3)

t est _expr must change within num cks cycles of st art _event

ASSERT
forall t. assert_change #(0,32,5,1) // reset on new start
conditions imply
requirements t «— allw=0.(num_cks-1) — t + num cks

strtevent [ N

e
test_expr \ * :;:;:;:;:;:;:;:;:;:tes;t;_:exp:r@:,:;:;:;:;:;:;:;:;:*!:test_expr@t)
_____ | =

e -\ J
clk /_\_ﬁ v /
; . If num_cks=5, window is exactly :

4 clock cycles wide

Differs to April 2003
From OVL version 1.0 the
check window spans the
entire num_cks-1 cycles.

7

}

num_cks=5

n-Cycles l

action_on_new_start=1
('OVL_RESET_ON_NEW_START)

} extra condition on start_event

‘reset on new start”
timing diagram does
not require auxiliary
logic (see note 2).

7




assert change

#(severity_level, wi dth, numcks,
ul (clk, reset_n, start_event,

action_on_new start,
test _expr)

property_type,

nsg,

(page 3 of 3)

coverage_| evel)

t est _expr must change within num cks cycles of st art

_event

ASSERT
forall t.
conditions imply
requirements {

assert_change #(0,32,5,2) // error on n

«— allw=0.(num_cks-1) —»

ew start 10f2

t + num cks

start_event

N

‘error on new start”
requires two timing
diagrams, with 2nd
being the same as
‘reset on new start” .~

+

ASSERT
forall t.
conditions imply
requirements

assert_change #0,32,5,1) // error on n

t «— allw=0.(num_cks-1) —»

ew start 20f2

t + num cks

start_event

/
test_expr

AN

ck N\ ; M /
; . If num_cks=5, window is exactly

4 clock cycles wide

}

n-Cycles

num_cks=5
action_on_new_start=2
('OVL_ERROR_ON_NEW_START)

} requirement on start_event

}

¥

Differs to April 2003

From OVL version 1.0 the
check window spans the
entire num_cks-1 cycles.

=

num_cks=5
action_on_new_start=2
("OVL_ERROR_ON_NEW_START)

condition on start_event



assert _cycl e_sequence

#(severity_level, numcks, necessary_condition, property type, nsg, coverage_level)

(page 1 of 2)

ul (clk, reset_n, event_sequence)
If the initial sequence holds, the final sequence must also hold (final is 1-cycle or N-1 cycles) n-CycIes l
ASSERT [ —— num_cks=3
forall t. assert_cycle_sequence #(0,3,0) }necessary_conditionzo
conditions imply |l ) (COVL_TRIGGER_ON_MOST_PIPE)
requirements { t+1 t+2
event_seq[2] [ Both timing diagrams
.............. are pipelined. They
event_seq[1] o )
— BRI do not require any
event_seq[0] / \ aUXiliary |OgiC.
=

. ! ! ! _
AGSERT [P ) Num_cks=3

forall t. assert_cycle_sequence #(0,3,1) necessary_condition=1
conditions imply e ('OVL_TRIGGER_ON_FIRST_PIPE)
requirements { t+1 t+2

oventseq2l [T )

event_seq[1] 4 \

/ \

event_seq[0]




assert _cycl e_sequence

#(severity_level, numcks, necessary_condition, property type, nsg, coverage_level)
ul (clk, reset_n, event_sequence)

(page 2 of 2)

If the initial sequence holds, the final sequence must also hold (final is 1-cycle or N-1 cycles)

n-Cycles l

forall t, assert_cycle_sequence #(0,3,2) necessary_condition=2
conditions imply ('OVL_TRIGGER_ON_FIRST_NONPIPE)
requirements { t+1 t+2

ASSERT }num_cks:?;

r state K- START: CHECK \

event_seq[2] [

event_seq[1]

event_seq[0]

r _state (auxiliary logic)

Need auxiliary logic,
to ignore subsequent
event_seq[num_cks-1]

event_seg[num_cks-1] g . ;
when non-pipelined. acce//era
i=num_cks i=i-1 =



assert _decrenent

#(severity_level, width, value, property type, msg, coverage_ | evel)
ul (clk, reset_n, test_expr)

If t est _expr changes, it must decrement by the val ue parameter (modulo 2w dth)

ASSERT
forall t. assert_decrement #(0,32,1)
conditions imply
requirements

~—+

—
+
H

test_expr ( *N -‘;(EiEiEiEiE!EﬁEZNiEiEiEiEi- } If test_expr changes ...

test_expr F (N-V) mod 2w } ... it must decrement by the value parameter

clk /_\_/_\_ﬁ test_expr is both a

condition and

Decrement is requirement at t+1.
allowed to wrap, i.e. Hence it appears on
arithmetic is modulo two rows. =
owidth

7

2-Cycles l




assert _delta

#(severity_l evel
reset_n,

ul (clk,

wi dth, mn, max,
test _expr)

property_type, nsg,

coverage_| evel)

If t est _expr changes, the delta mustbe m nand nmax

ASSERT
forall t. assert_delta #(0,32,1,2)
conditions Imply [y
requirements t t+1
_____ A —
testexprp_ _*N _ L N£D
test_expr Fmin D max

} If test_expr changes value by delta D ...

} ... then delta D must be within min/max limits

test_expr is both a
condition and
requirement at t+1.
Hence it appears on
two rows. =

2-Cycles l




assert _even_parity

#(severity_l evel

wi dth, property_type,

ul (clk, reset_n, test_expr)

nsg,

coverage_| evel)

t est _expr must have an even parity, i.e. an even number of bits asserted.

forall t.

|
ASSERT

c even Qaritx
conditions imply

requirements t

assert_

test_expr { even parity )

clk /_\_,

Single-Cycle l




assert fifo_index

#(severity_|
ul (clk,

reset _n,

evel , depth, push_w dth, pop_w

push, pop)

dth, property_type, nsg,

coverage_| evel ,

si mul t aneous_push_pop)

FIFO pointers should never overflow or underflow.

ASSERT o
forall t. assert_fifo_index
conditions Imply [y
requirements t t+1
/- - - = Y
pushn  *H 4
/- - - -
POp h _ iP_ _
) - — - n
cnty  *C C+H-P depth)
cnt

clk

R
O
+
I
A
R,

The counter “cnt”
changes by a (push-

pop) delta
cycle.

every

=

} Should not overflow
} Should not underflow

If simultaneous_push_pop
is low, there is an
additional check to
ensure that push and

pop are not both >1 >

2-Cycles l




assert _frame (page 1 of 5)
#(severity level, mn_cks, max_cks, action_on_new start, property_type, mnsg, coverage_level)
ul (clk, reset_n, start_event, test_expr)

t est _expr must not hold before m n_cks cycles, but must hold at least once by max_cks. n-Cycles l

ASSERT
forall t. assert_frame #(0,3,0,0) // ignore new start, max_cks=0
conditions imply—
requirements t-1 T «— allwl =0..(min_cks-1) —»
rstate [ START -~ X CHECK _ )
start_event |ooooiiiiii gy
test_expr \ /
N )
g i

start_event low at t-1,

but high at time t

r_state (auxiliary logic)

If min_cks=3, window w1 is
exactly 2 clock cycles wide

|

min_cks>0, max_cks=0
action_on_new_start=0
('OVL_IGNORE_NEW_START)

Shows min_cks>0 and
max_cks=0 (no upper

limit). Only checks that
test_expr stays low up
until t+(min_cks-1).

=

=1

ii<min_cks & test_expr ||
ii=max_cks & !test_expr

H=ii+1

Auxiliary logic necessary,
to ignore new rising edge
on start_event. The $rose
syntax indicates high now
but low in previous cycles=




assert _frame (page 2 of 5)

#(severity level, mn_cks, max_cks, action_on_new start, property_type, mnsg, coverage_level)

ul (clk, reset_n, start_event, test_expr)
t est _expr must not hold before m n_cks cycles, but must hold at least once by max_cks. n-Cycles l
ASSERT T min_CkS:O’ maX_CkS>O
forall t, assert_frame #(0,0,7,0) // ignore new start, min_cks=0 action_on_new_start=0
conditions imply [y (OVL_IGNORE_NEW_START)
requirements {-1 t «—any W2 = 0.(max_cks-1)—  t+w2
st f START ¥ T CHECK . A
start_event o)
test_expr \55§E§5§5§§§5§5§§§5§5§§§5§5§§§5E§5§5§E§5§5§E§5§5§E§5§5§E§5§5§E§5§5§5§5§§§5§5§§§5§5§§§5§5§§§)|’ ‘
N e \ g 2 e
; : . If max_cks=7 and min_cks=0, \—7‘
' ' " window w2 can be anything from " { v )

0 to 6 cycles wide test_expr must hold

by t+max_cks

Important to have
test_expr@t==1'h0
condition. Avoids extra
checking if test_expr

already holds attime t. >
- R accellera

r_state (auxiliary logic)

ii<min_cks & test_expr ||
ii=max_cks & !test_expr




assert _frame (page 3 of 5)

#(severity_l evel

ul (clk,

m n_cks, max_cks, action_on_new start, property type, nsg, coverage_level)
start_event, test_expr)

t est _expr must not hold before m n_cks cycles, but must hold at least once by max_cks. n-Cycles l
T
ASSERT
forall t. assert_frame #(0,3,7,0) // ignore new start, min_cks>0, max_cks>min_cks
Conditions Imp|y—
requirements {-1 { <all w1=0..(min_cks-1)-»peany W2=0.(max_cks-min_cksy® t+min_cks +w2
---------------------------------------------- ety
r_state .(;:;:;:;:;:;:;:;:;:;:;:STAR; pnRaRReiey, C_H_EC_K ___________ )
start_event |
test_expr oy

clk

\

\
’ ’ : Y ; Y / i
/_\_/_\_ﬁ If min_cks=3, window : Ifmax_cks=7and \—f
! ! ! )

AN J i\ )i

wlis exactly 2 clock ' min_cks=3, window w2 "\
cycles wide can be anything from 0 test_expr must
to 4 cycles wide hold by

t+max_cks

r_state (auxiliary logic)

=1

ii<min_cks & test_expr ||
ii=max_cks & !test_expr

—— accellerz




assert _frane

#(severity_l evel
ul (clk, reset_n,

m n_cks,

start_event,

max_cks,
test _expr)

action_on_new start,

property_type, nsg,

coverage_| evel)

(page 4 of 5)

t est _expr must not hold before m n_cks cycles, but must hold at least once by max_cks.

n-Cycles l

T
ASSERT
forall t. assert_frame #(0,3,7,1) // reset on new start, min_cks>0, max_cks>min_cks
Conditions Imp|y—
requirements {-1 { <all w1=0..(min_cks-1)-»peany W2=0.(max_cks-min_cksy® t+min_cks +w2
rstate oo START o} CHECK )
start_event )
test_expr \ oy
i i \ )i\ )
kT N\ N\ Y Y

r_state (auxiliary logic)

If min_cks=3, window
w1l is exactly 2 clock
cycles wide

can be anything from 0
to 4 cycles wide

If max_cks=7and
" min_cks=3, window w2 "

test_expr must

hold by

t+max_cks

ii<min_cks & test_expr ||
ii=max_cks & !test_expr

=1

I1=$rose(start_event)?1:ii+1

Auxiliary logic also

necessary for “reset on

new start”, but counter

resets to 1 on new rising

edge of start_event.

<




assert _frame (page 5 of 5)

#(severity level, mn_cks, max_cks, action_on_new start, property_type, mnsg, coverage_level)
ul (clk, reset_n, start_event, test_expr)

t est _expr must not hold before m n_cks cycles, but must hold at least once by max_cks. n-Cycles l
T
ASSERT
forall t. assert_frame #(0,3,7,2) // error on new start, min_cks>0, max_cks>min_cks
conditions imply
requirements t «— allwl = O..(min_CkS'l) —r anyW2:0..(max_cks-min_cks) t+ min_Cks+W2
__________________________ 1 _
r_state oo STARToq - CHECK R
ose_start_event -\ o

reg.

'[eS'[_expr \ R NI  4

AN JARN i

/

\

ok N\, g i M / 5
; . Ifmin_cks=3, windowwlis ' \—f

| | )

If max_cks=7 and min_cks=3, |
exactly 2 clock cycles wide ' window w2 can be anything from "\
0 to 4 cycles wide

test_expr must

hold by
t+max_cks
rose_start_event (auxiliary logic)
start_event r_start_event erroron neW SN
has an additional
Tk i{ requirement from t+1
C . .
}-rose_start_event | | (NO new rising edge acceller d
on start_event). =




assert handshake

#(severity_level, mn_ack_cycle,

max_ack_cycl e,

property_type, nsg, coverage_level) ul (clk, reset_n, req, ack)

req_drop, deassert_count,

max_ack_| engt h,

r eq and ack must follow the specified handshaking protocol

ASSERT
forall t.
conditions imply
requirements {-1

<«any wl=0..(max_ack_cycle-1)»

t+wl

n-Cycles l

assert_handshake #(0,0,3,1,1,1) // req cannot drop, deassert_count=max_ack_length

t+1+wl

eq N

ack |\:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-

A\

/

/

assert_handshake is
highly configurable.
This timing diagram
shows the most

If max_ack_cycle=3 and .
" min_ack_cycle=0, window wlis "
anything from 0 to 2 cycles wide

------------------------------ I

common usage. L=

Consider splitting up
more complex uses
into multiple OVL

(simplifies formal
property checking). />~

ack must rise by
t+max_ack_cycle



assert _inplication

#(severity_level, property_type, mnmsg, coverage_level)
ul (clk, reset_n, antecedent_expr, consequent_expr)

If ant ecedent _expr holds then consequent _expr must hold in the same cycle Single-CycIe l
|
o ooSERL [rassert Assertion will only fail
conditions implyw if consequent_expr is
requirements { low when
antecedent_expr [+ ) antecedent_expr
"""""""" holds. =
/ \

consequent_expr

; ; Assertion will trivially

cli /_\_ﬁ pass if conditions do
| not occur i.e. if

antecedent_expr=0.

=




assert _increnent

#(severity_|

evel , width, value, property_type,

ul (clk, reset_n, test_expr)

coverage_| evel)

Ift est _expr changes, it must increment by the val ue parameter (modulo 2% dth)

ASSERT
forall t.
conditions imply
requirements

assert_increment #(0,32,1)

~—+
—
+
H

test_expr

test_expr

F(N+V) mod 2

} Ift est _expr changes ...

} ... itmust increment by the val ue parameter

2-Cycles l

Increment is allowed
to wrap, i.e.

arithmetic is modulo
2Width_

test_expr is both a
condition and
requirement at t+1.
Hence it appears on

two rows. o

<




assert _never

#(severity_level, property_t
ul (clk, reset_n, test_expr)

ype, msg, coverage_ | evel)

t est _expr must never hold

Single-Cycle l

ASSERT
forall t. assert_never

conditions imply [
requirements t

test_expr

”
N

clk /_\_,

} 4-val view

assert_never will
also pessimistically
fail if test_expr is X

=

Can disable failure

on X/Z via:
‘define OVL_XCHECK_OFF

=




assert never _unknown
#(severity level, width, property type, nsg, coverage_level)
ul (clk, reset_n, qualifier, test_expr)

t est _expr must never be at an unknown value, just boolean 0 or 1. Sing|e-CyC|e l
T
ASSERT  |3ssert_never
forallt. N Often used as an
conditions imply [E=====y explicit X-checking
requirements t )
assertion
qualifier [
test expr {01 )}4-val view 7

clk /_\_ﬁ



assert _never _unknown_async
#(severity level, width, property type, nsg, coverage_level)
ul (reset_n, test_expr)

t est _expr must never go to an unknown value asynchronously (must stay boolean 0 or 1).

Combinatorial l

|
ASSERT
nooRL [assert_never | ..
forallt. [ khown asvic This is the
conditions imply [LEnOWn_asyng asynchronous

requirements t

version of the
test_expr ( 01 )}4-val view | clocked
assert_never_unknown. >

- NOT
' CLOCKED




assert next

#(severity_|
ul (clk,

reset _n,

evel, num cks,

start_event,

check_overl appi ng, check_mi ssing_start,
test _expr)

property_type,

neg,

(page 1 of 2)

coverage_| evel)

t est _expr must hold num cks cycles after st art _event holds

ASSERT
forall t.
conditions imply
requirements

assert_next #0,1,1,0)

t {+1

start_event

test_expr

clk

ASSERT
forall t. assert_next #(0,1,0,0)
conditions Imply
requirements t t+1
startevent [T\ ,
test_expr / \

num_cks=1
}check_overlappingzl
check_missing_start=0

num_cks=1
}check_overlappingzo
check_missing_start=0

} requirement on start_event

N Cycles l

start_event .

With check_overlapping
at 0, assertion will error if
there is a subsequent

<




assert next

#(severity_l evel
ul (clk, reset_n,

num cks,
start_event,

check_overl appi ng, check_mi ssing_start, property_type,
test _expr)

neg,

t est _expr must hold num cks cycles after st art _event holds

(page 2 of 2)

coverage_| evel)

ASSERT
forall t.

requirements

assert_next #0,1,1,1)

conditions Imply

t+1

num_cks=1
}check_overlappingzl
check _missing_start=1

test_expr

start_event [ )

} condition on start_event

+

“check missing start”
requires two timing
diagrams, which
together form an if-

and-only-if check.

ASSERT
forall t.
conditions imply
requirements

assert_next #0,1,1,1)

t

t+1

start_event |

test_expr

num_cks=1
}check_overlappingzl
check_missing_start=1

} condition on test_expr

N Cycles l




assert _no _overfl ow
#(severity_ level, width, mn, max, property_type, nsg,
ul (clk, reset_n, test_expr)

coverage_| evel)

If t est _expr is at max, in the next cyclet est _expr mustbe >m nand max

2-Cycles l

ASSERT
forall t.
conditions imply
requirements

assert_no_overflow #(0,3,0,7) }

t {+1

test_expr

The min and max
values do not need
to span the full range
of test_expr.

7

width=3
min=0
max=7/

Example can check
that a 3-bit pointer
cannot do a
wrapping increment

from 7 backto 0. /=



assert_no transition
#(severity level, width, property type, nsg, coverage_level)
ul (clk, reset_n, test_expr, start_state, next_state)

Ift est _expr equalsstart _state,thentest expr mustnot change to next state

2-Cycles l

ASSERT .
forall . assert_no_transition
conditions imply
requirements t t+1

test_expr (izist-art-:s-tate-:*!: next_state)

P




assert _no_underfl ow
#(severity level, width, min, max, property_type, msg, coverage | evel)
ul (clk, reset_n, test_expr)

If t est _expr isatm n, inthe next cyclet est _expr mustbe m n and < max

2-Cycles l

ASSERT
forall t.
conditions imply
requirements

assert_no_underflow #(0,3,0,7)

t | {+1

test_expr

clk

}

The min and max
values do not need
to span the full range
of test_expr.

7

width=3
min=0
max=7/

Example can check
that a 3-bit pointer
cannot do a
wrapping decrement

fromOto 7. [~




assert _odd parity
#(severity level, width, property type, nsg, coverage_level)
ul (clk, reset_n, test_expr)

t est _expr must have an odd parity, i.e. an odd number of bits asserted.

P
ASSERT assert_

forall t.

c odd Qaritx
conditions imply

requirements t

test_expr { odd parity )

clk /_\_,

Single-Cycle l




assert _one _cold

#(severity_ level, width, inactive
ul (clk, reset_n, test_expr)

property_type, nsg,

coverage_| evel)

t est _expr must be one-cold, i.e. exactly one bit set low

Single-Cycle l

T
ASSERT assert_ inactive=
forallt. one_cold ‘OVL_ONE_COLD
conditions imply -
requirements t

test_expr { one_cold )

clk /_\_,

|
assert_

one cold

ASSERT
forall t.
conditions imply
requirements t

Inactive=
"OVL_ALL_ZEROS

(0] one_cold )

test_expr

clk

Unlike one_hot and
zero_one_hot, just
one configurable
OVL is used for

one_cold. =
|
ASSERT " assert
forallt. one_cold
conditions imply
requirements {

test_expr

(max | one_cold)

clk

;

Inactive=
"OVL_ALL_ONES



assert _one_hot
#(severity level, width, property type, nsg, coverage_level)
ul (clk, reset_n, test_expr)

t est _expr must be one-hot, i.e. exactly one bit set high Sing|e-Cyc|e l

[
ASSERT 1" assert_

forallt. one_hot
conditions imply

requirements t

test_expr {  one_hot )

clk

8



assert _proposition

#(severity_level, property_type, mnmsg, coverage_level)
ul (reset_n, test_expr)

t est _expr must hold asynchronously (not just at a clock edge) Combinatorial l
|
for;‘l—?SERT assert This is an
' roposition
conditions implyL aSyn_Chronous
requirements { version of the
clocked
test_expr | )
assert_always =
. NOT |
. CLOCKED



assert _qui escent _state

#(severity_|
ul (clk,

reset _n,

evel , width, property_type,

state_expr, check_val ue,

nsg,

coverage_| evel)
sanmpl e_event)

st at e_expr must equal check_val ue on arising edge of sanpl e_event

ASSERT
forall t.
conditions imply
requirements

assert_quiescent_state

sample_event

State_expr

clk

Can also be checked
on rising edge of:

"OVL_END_OF SIMULATION
Used for extra check

at simulation end. Ve

2-Cycles l

Can just trigger at
end of simulation by
setting sample_event

to 1'b0 and defining:
'OVL_END_OF_SIMULATION




assert _range

evel, width, mn,

#(severity_|

ul (clk, reset_n,

test _expr)

mex, property_type, nsg,

coverage_| evel)

test _expr mustbe mnand nax

ASSERT
forall t.
conditions imply
requirements

P
assert_range

#(0,3,1,6)
{

test_expr

(min N max)

clk

|

width=3
min=1
max=6

Single-Cycle l




assert _tine

(page 1 of 2)
#(severity_level, numcks, action_on_new start, property type, nsg, coverage_level)
ul (clk, reset_n, start_event, test_expr)
t est _expr must hold for num cks cycles after st art _event n-CycleS l
ASSERT [ — num_cks=5
forall t. assert_time #(0,5,0) // ignore new start }action_on_new_startzo
conditions imply |l ) (COVL_IGNORE_NEW_START)
requirements { «— allw=0.(num_cks-1) —{ t + num cks
cstate CostART. Y CHECK T~ y in_y passes if test_expr
[ e e H Is high for all cycles:
start_event ;’;E;E;E;E;E;E;E;E;E;E;E;E;E;E) t+1, t+2, ..., t+num_cks
Fails if test_expr is low in
test_expr / \ _EXP
any of these cycles. =

clk /_\_,

r_state (aux

AN

J

lliary logic)

N

/ |
. If num_cks=5, window is exactly \—7‘

4 clock cycles wide

I=num_cks

start_event

I=i-1

Auxiliary logic necessary,
to ignore new start.
Checking only begins

after start_event is true accelle[‘a
and r_state==START. />




assert_tinme (page 2 of 2)
#(severity_level, numcks, action_on_new start, property type, nsg, coverage_level)
ul (clk, reset_n, start_event, test_expr)

t est _expr must hold for num _cks cycles after st art _event n-Cycles l

ASSERT _
forall t. assert_time #(0,5,1) // reset on new start
conditions imply
requirements { «— allw=0..(num_cks-1) — t + num cks
start_event [
test_expr i \
N -\ v /' e
; . If num_cks=5, window is exactly \—7‘
' ' 4 clock cycles wide ' '
ASSERT _
forall t. assert_time #(0,5,1) // error on new start

conditions imply

requirements t «— allw=0.(num_cks-1) —» t + num cks
sar event |\ ,
test_expr 4 )

e N |
clk /_\_ﬁ v /
; . If num_cks=5, window is exactly

4 clock cycles wide

num_cks=5
action_on_new_start=1
('OVL_RESET_ON_NEW_START)

}

For assert_time,
“reset on new start”
effectively perfoms
pipelined checking
(see note 2).

7

num_cks=5
action_on_new_start=2
('OVL_ERROR_ON_NEW_START)

}

} requirement on start_event



assert _transition

#(severity level, width, property type, nsg, coverage_level)
ul (clk, reset_n, test_expr, start_state, next_state)

Ift est _expr changes from st art _st at e, then it can only change to next st ate

ASSERT N

forall t. assert _transition

conditions Imply [y

requirements t t+1
test_expr K- start ‘state X1= start state) } If test_expr changes from start_state ...
test_expr l( next_state } ... it can only change into next_state

clk /_\_/_\_ﬁ test_expr is both a

condition and
requirement at t+1.
test_expr can remain Hence it appears on

in start_state (in two rows. =
which case the
condition at t+1 does
not hold). =

2-Cycles l




assert_unchange (page 1 of 3)

#(severity_level, width, numcks, action_on_new start, property_type, msg, coverage_ |l evel)
ul (clk, reset_n, start_event, test_expr)

t est _expr must not change within num cks cycles of st art _event n-Cycles l
ASSERT num_cks=5
forall t, assert_unchange #(0,32,5,0) // ignore new start }action_on_new_startzo
conditions imply ('OVL_IGNORE_NEW_START)
requirements { «— allw=0.(num_cks-1) —{ t + num cks
cstate U sTART Y CHECK _ ~~ ~l | Only passes if test_expr
S | =TT 1" is stable for all cycles:
start_event t+1, t+2, ..., ttnum_cks
— Fails if test_expr changes
test_expr ( * test_expr@t ) : —€Xp J
————— 1 I In any of these cycles.
AN )

clk /_\_, Y / 5
; . If num_cks=5, window is exactly \—7‘

4 clock cycles wide

r_state (auxiliary logic)

Need auxiliary logic to be
able to ignore new start.
TV Checking only begins

after start_event is true accellefa
i=num_cks i=i-1 and r_state==START. />




assert_unchange (page 2 of 3)
#(severity_level, width, numcks, action_on_new start, property_type, msg, coverage_ |l evel)
ul (clk, reset_n, start_event, test_expr)

t est _expr must not change within num_cks cycles of st art _event n-Cycles l

ASSERT
forall t. assert_unchange #(0,32,5,1) // reset on new start
conditions imply
requirements { «— allw=0..(num_cks-1) — t + num cks
start_event [ i
P
test_exprfy __* test_expr@t )

! ! !
clk /_\_ﬁ Y , /
; . If num_cks=5, window is exactly

4 clock cycles wide

ASSERT
forall t.
conditions imply

assert_unchange #(0,32,5,1) // error on new start

requirements t «— allw=0.(num_cks-1) —» t + num cks

sartevent {7\ ,
I—

testexprff _ _* test_expr@t )

e N |
clk /_\_ﬁ v /
; . If num_cks=5, window is exactly

4 clock cycles wide

num_cks=5
action_on_new_start=1
('OVL_RESET_ON_NEW_START)

}

For assert_unchange
‘reset on new start”

IS pipelined checking.
Don’'t need auxiliary
logic to express thisg>

num_cks=5
action_on_new_start=2
('OVL_ERROR_ON_NEW_START)

}

} requirement on start_event



assert _unchange

#(severity level, width, numcks, action_on_new start, property_type, nsg,

coverage_| evel)

(page 3 of 3)

ul (clk, reset_n, start_event, test_expr)
t est _expr must not change within num_cks cycles of st art _event n-Cycles l

ASSERT
forall t. INCOMPLETE #1:. assert_unchange #(0,32,5,0) // ignore new start
conditions imply
requirements | - num cks [«—all w1=0..(num-1)— t «—all w2=0..(num-1— t + num cks

start event | [ T

f————
test_expr N * test_expr@t )
_____ | — |

clk /_\_ﬁ

ASSERT
forall t. INCOMPLETE #2: assert_unchange #(0,32,5,0)

conditions Imply [y

requirements { «— allw=0.(num_cks-1) —> t + num cks
start_event [/ e s ey
j—————
testexpr [ _ _* test_expr@t+1 )

clk /_\_,

Both timing diagrams
are incomplete for
“ignore new start”, as
start_event=0 will
mask some errors! /=~




assert_wi dth (page 1 of 2)
#(severity_level, mn_cks, max_cks, property_type, nsg, coverage_|level)
ul (clk, reset_n, test_expr)
t est _expr must hold for between m n_cks and max_cks cycles n-Cycles l
ASSERT min_cks>1
forall t. assert_width #(0,4,0) // min>1, no max }r_nax_ckszo |
conditions imply : (just check min)
requirements { t+1 [« allwl=0.(min_cks-2) — t + min cks
test_expr ‘

_/

~—

Exactly min_cks cycles

ASSERT _ min_cks<2
forall t. assert_width #(0,1,6) // max>0, no min }max cks>0
requirements { t+1 e anyw2=0.max_cks — t+1+w2 ( )
BRI AR RN SRR RN
'IES'[_EXDF N Al
- ~ AN ~ )
From 1 to max_cks cycles De-assert by

t+max_ckst1
accellera



assert_wi dth (page 2 of 2)

#(severity_level, mn_cks, max_cks, property_type, nsg, coverage_|level)
ul (clk, reset_n, test_expr)

t est _expr must hold for between mi n_cks and max_cks cycles n-Cyc|es l
T —
ASSERT _ _ _
forall t. assert_width #(0,4,4) // min>1 and max==min
conditions imply—
requirements t t+1 [« alwl=0.(min_cks-2) —{ t+min cks | t+2+wl
test_expr ki 1\

!\ ' '

:

}:\ J
.
Same as assert_width #(0,4,0) Immediate de-assert
T —
ASSERT _
forall t. assert_width #(0,4,6) // min>1 and max>min
conditions imply
requirements t t+1  f—allwl — t + min cks [«—any wW3—t+2+wl+w3
test_expr |(§EEEEEEEEEEEEEEE52525252525%555555555z§z§z§z§z§z§z§z§z§z§ z§z§z§z§z§z§z§z§z§z§z§z§z§z§z§|\
\ ~ J \ ~ AN ~ J
0..(min_cks-2) 0..(max-min) De-assert by
t+max_ckst1



assert _w n_change

#(severity_l evel
ul (clk, reset_n,

wi dth, property_type, nmsg, coverage_level)
start_event, test_expr, end_event)

t est _expr must change between start event and end_event

Event-bound l

forall t. assert_win_change #(0,32)
conditions imply [y
requirements t «— any w=0.. — tE
fstate [ START % CHECK 1 — _
""""""""""""""""""""""" Will pass if test_expr
start_event [~ ) changes at any cycle
......................................................................................... ) . .
end_event (:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:)({:f:f:f:f:f:f:f:f:f:f:f:f:f:\; durmg window: t _1’
PRESDEDI h— Fails if test_expr is stable
test_expr f, * E;E;E;E;E;E;E;E;E;E;tés;t:_Eéxpr'@EtE;E;E;E;E;E;E;E;E*!:test_expr@t) for all cycles after start. />~
""" |

r _state (auxiliary logic)

end_event

Auxiliary logic necessary,
to ignore new start,

»

start_event

Checking only begins
after start_event is true

and r_state==START. ;=




assert_w n