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1 Actions

Given an SVA property P, an instance of an action « that is placed in P,
and a word w. We need to define in which cycles a should be executed, and
if it is executed in a given cycle, how many copies of the execution there
should be. This documents considers only the first question: In which cycles
the action should be executed?

In this section we present some examples, which demonstrate the different
issues. In the reset of this document we will consider a single attempt, which
starts at the begining of the computation. For simplicity we use sequences
in most of the examples. First, we look at some simple examples. For a
cover property cover property (@ (posedge c) R ##0 (1, a) ), where
R is a sequence. Let w be a word and Lg be a local variable context.
Then, we expect a to be executed after the first prefix w' of w such that
w', Lo, L1 |= R for some Ly. Similarly for a property of the form cover
property (@ (posedge c) R; ##0 (1, «) ##1 R,), we expect a to be
executed after every prefix w' of w such that w', Ly, L1 = Ry for some L,
as long as the evaluation of the property is ongoing. Note that Re does not
describes when « should be executed, but does effect the termination of the
evaluation of the overall property.

Thus, when we have a strict partition of the property where one part
describe the computation before the action execution and the other describes
the computation after the execution, we can ignore the second part in the
decision when « should be executed. Other operators that keep the partition
of before/after simple are the first match sequence operator and, the |->,
not, and disable iff property operators.

In some cases a should be execute in more then one cycle, for example in
assert property (@(posedge clk) (a ##1 a ##0 (1, o)) [*1:$]
##1 b ##1 b). «o may be executed after multiple matches of a ##1 a
[*1:$] as long as they are not followed by a match to b ##1 b.

Thus, a condition for an execution of an action « after a prefix w’ is that
the overall assertion/cover property is still being evaluated at w’. More
precisely, an assertion is being evaluated at a cycle 7 as long as it has not
failed and has not succeed before the end of w'. We discuss the definition of



“has not failed yet” and “has not succeed yet” in details later.

1.0.1 Actions inside repetition

Consider the property cover property (@ (posedge c) (a ##1 a ##0 (1,
o) ##0Db ##1 b) [*1:$1##1 d) . We expect « to be executed after the prefix
w' of w such that w', Ly, L, [= a##1a. However, we also expect a to be exe-
cuted after prefixes such that w', Ly, L1 |= (a ##1 a ##0 (1, o) ##0 b ##1
b) [*1:$] ##1 a ##1 a aslong as the property is being evaluated. In general,
for every property of the form cover property (@(posedge c) Ri##1(R>
##0 (1,a) ##0 R3) [*1:8$] ##1 R,), « is executed after matches of the
sequence R; ##1 (R, ##0 (1) ##0 R3) [*0:$1##1 Rs.

1.0.2 Parallel sequences

Until now we consider only “single thread” sequences, which do not in-
clude the intersect, and, or operators. For subsequences that are be-
ing evaluated in parallel to the action execution, the definition of “has not
failed yet” and “has not succeed yet become more complicated. Consider
the property assert property (Q@(posedge clk)(a ##1 (1, «) ##1 b)
intersect c[*3]), we expect a to be executed after the second cycle, pro-
vided that w® |= a. However, what if w® [~ ¢? Should the subsequence
c[*3], terminate the evaluation of the sequence (a ##1 (1, «) ##1 b)? One
approach the tight approach is saying that once the two sequences are put
together with the intersect operator, they are no longer independent enti-
ties. Thus, the evaluation of R should be done in one piece and a failure of
c[*3] at cycle 1 should terminate the evaluation of (a ##1 (1, o) ##1 b)
without executing «.

The other approach, the loose approach is saying that the sequences are
independent, and the result of their evaluations should be conjoined only
after they end.

There are examples that support the tight approach, and others that sup-
port the loose approach. For example, consider the a sequence Ry, 4, which
identifies that a message was sent, and a sequence R, which identifies an
acknowledgment. The property assert property (@(posedge clk) Rgepng
[-> (Rger, ##0 (1, «) intersect 1[*0:10])), requires that for every
message there should be acknowledge that ends after at most 10 cycles. In
this case we would not expect « to be executed if the acknowledgment ends
after more than 10 cycles. For this example, we prefer the tight approach.

In another example consider a sequence R4, which identifies that a mes-
sage was sent to two addresses, and the sequences Rgcx1, and Rgcx2, which
identify acknowledgments from address 1 and address 2 respectively. Then,
the property assert property (Q(posedge clk)Rgeng |-> ((Rger1 ##0



(1, @) and (Rgo ##0 (1, B)))) requires that for every message, both
addresses will acknowledge. In this example, we would like the two sub
sequences “Rgcp1 ##0 (1, a)” and “Rgqo ##0 (1, 8)7, to be evaluated
independently, including an independent execution of « and 5.

The tight approach requires a more complicated definition. For properties
of the form P, and P, where « is placed in P;, we need to decide at every
cycle, whether P, has failed by that cycle. For a property of the form
assert property (@(posedge clk) P, or P, )) where « is placed in P,
« should be executed according to its place in P, provided that P, has
not succeed by that time. For sequences, a success of a match, does not
terminates other success, because they may have a different length, or a
different local variable context flowing out. Note, that we cannot simply
check that the overall assertion has not failed/succeeded yet. For example
consider a property of the form assert property (@(posedge) ((P; and
Py) or P3)) where « is placed in P;. Then, for every prefix we need to
check that P, has not failed yet, even if the overall property has not failed
yet because of Ps.

To summarize the examples above, the decision of when an action should
be execute depends on two definitions:

1. The strict prefix before the action. This part describes the computation
before the action execution. We need to define prefixes after which the
action may be executed.

2. The parts of the properties that describe when the action’s thread is still
being evaluated. This definition is different for the tight and loose ap-
proaches.

We need to define the relations has not failed yet and has not succeed yet
for properties, this definition is used in the second part. In this document
we define both the tight approach and the loose approach. A number of
combinations should be considered:

1. A key word which determine for each assertion which approach should be
taken.

2. The loose approach, with the exception that when the top level property
succeeds/fails all evaluations are being terminated.

3.Since properties cannot be joined, it may make sense to use the tight
approach for sequences, and the loose approach for properties.

The rest of this document continues as follows: First, we introduce the
pre_action function. This function maps sequences and properties in which
an instance of an action is placed into new sequences, such that the resulted



sequence matches the prefixes after which the action may be executed. This
function ignores the evaluation termination of the action’s tread. Next, we
define the relations = that defines which prefix has not succeeded yet,
and the relation = that defines which prefixes has not failed yet. Then,
we define in the functions live_tight and live_loose which map sequences and
properties in which an instance of an action is placed to sequences, such that
the resulted sequence matches exactly the prefixes after which the action’s
thread is still being evaluated according to the tight/loose appraoch respec-
tively. finally, we present two proposals, for the tight and loose approaches.

1.1 The pre_action function

We first define the pre_action function for sequences. The pre_action function
maps a sequence R and an instance « of an action placed in R, to a new
sequence R’ such that when R is evaluated with respect to a word w, «
may executed at the end of the prefixes w' that tightly satisfy R'. Since an
action that is placed in a sequence of the form R[*0] is not executed, we
assume that in the non-derived form, the action is not placed in this form
of a sequence.

Definition 1.1. Let R be a sequence and let @ be an action placed inside
R. we define an SVA sequence pre_action(R, «) as follows:

e pre_action( (1, a), a)=1.
e pre_action(b, a) is not defined because no action is placed inside b.
e pre_action(( R ), a)=pre_action(R, «).

e pre_action(( R; ##1 Ry ), a)= pre_action(R;, «) if a is placed in Ry and
( Ry ##1 pre_action(R2, «) ) otherwise.

e pre_action(( R; ##0 Ry ), a) = pre_action(R1, a) if « is placed in Ry
and ( Ry ##0 pre_action(Rz, «) ) otherwise.

e pre_action( ( R; or Ry ), a) = pre_action(R;y, a) if a is placed in R;
and pre_action(Ry, a) otherwise.

e pre_action( ( R; intersect Ry ), a) = pre_action(Ry, ) if a is placed
in Ry and pre_action(Rg, «) otherwise.

e pre_action(first match ( R ), a) = firstmatch ( pre_action(R, «) ).

e pre_action(R [*1:$], )= pre.action(R, ) or ( R [*1:$] ##1
pre_action(R, «) ).



We extend the pre_action function for properties. Thus, the pre_action
function maps a property P and an instance a of an action placed in P to
a sequence R’ such that when P is evaluated with respect to a word w, « is
executed exactly at the end of the prefixes w' that tightly satisfy R'.

e pre_action(disable iff ( b ) P, a) = pre_action(P, ).

> P ), a) = pre_action(R, «) if « is placed in R, and
> P ), a) = R ##0 pre_action(P, «), if « is placed in

® pre_action
pre_action
P.

(

e pre_action(not P, a) = pre_action(P, «).
(¢
(¢

e pre_action( ( P4 or P, ), a) = pre_action(Py, «) if « is placed in P;
and pre_action(P,, «) otherwise.

e pre_action( ( P, and P, ), a) = pre_action(Py, ) if « is placed in P;
and pre_action( P, a) otherwise.

1.2 The =% and =¥ relations

The =% and =¥ relations capture the notion of has not succeed yet and
has not failed yet respectively. For a property P, a word w and a local
variable context Lg, we have that w®*, Ly =<F P iff the evaluation of P
over the word w and local variable context Ly has not fail at the first £ + 1
cycles. Similarly, w%* Ly =9 P iff the evaluation of P over the word w
and local variable context L has not succeed at the first £ + 1 cycles.

We start with an auxiliary relation |=* such that w®*, Ly|=" R iff for
some L4 the evaluation of R with respect to w, Lg, L1 has not fail at the first
k + 1 cycles.

Definition 1.2. Let R be a sequence and Ly be a local variable context, we
define a relation = as follows:

e w, Ly = (1, a) iff w=¢€ or w, Ly, L1}=1 for some L.
o w,Ly = biff w=-¢€ orw,Ly,Li|=b for some L.
® W, L() |E<_ (R) zﬁw, L() |E<_ R.

o w, Ly = ( Ry ##1 Ry ) iff w, Ly |= Ry or for some zy = w and local
variable context L' we have, x, Lo, L'=Ry and y, L' |= Ra.

o w, Ly = ( Ry ##0 Ry ) iff either w =€, or wT, Ly |= Ry or for some
zyz = w such that |y| = 1 and a local variable context L', we have that
zy, Lo, L''=Ry and yz,L' = Rs.

¢ w LO |E<_ ( Rl or R2 ) Zﬁwi LO |E<— R1 or w, LO |E<_ RZ-



e w, Ly = ( R; intersect Ry ) iff w, Ly = Ry and w, Ly = Rs.

o w, Ly = firstmatch ( R) iff w, Ly |= R and for every zy = w and
Ly, such that |y| > 0, we have T, Ly, L; ER

o w, L |EH R [x0] ’iﬁw,Lo,L0|E R [*0]

o w, Ly |= R [*1:$] iff w, Ly |= R or for some zy = w and local
variable context L' we have x, Ly, L''= R [*1:$] and y, L'=¢ R.

Properties: If w, Ly |:<—S P then the property has not succeed yet. If w, Ly
=< P then the property has not failed yet. We define the =T relation
such that w, Ly =F P iff w, Ly |=° P and w, Ly =1 P.

e w, Ly =% R iff for every non empty prefir x of w and local variable
context Ly we have x,Lo,L; ER
w, Lo =1 R iff either w, Lo|=" R or there exists a non empty prefiz x
of w and L1 such that w, Ly, L1|=R.

o w, Ly =F R |-> P iff for every xyz = w, |y| = 1, and L' if 2y, Lo, L' =R
then yz, L' =<1 P.
w, Ly EC% R |-> P iff wT, Ly = R or for some xyz = w, |y| =1 and
L', we have that 2y, Ly, L' =R, and yz, Ly =5 P

® w, L() IZ(_S P1 and P2 iﬁw, L() |:(_S P1 or w, LO |:(_S P2.
w, L() IZ(_F P1 and P2 z'jfw, LO IZ(_F P1 and w, L() |:<_F PQ.

e w, Ly £°% Py or Py iff w, Lo =% P and w, Ly =75 P,.
w, Ly Y Py or Py iff w, Ly ESF PLoorw, Ly ESF P.

e w, Ly =% not P iff w, Ly =¥ P.
w, Ly IZ(_F not P iff w, Lg |:(_S P.

o w, Ly =F disable iff (b) P iff either w, Ly =" P or there exists
0 <k < |w| such that w**, Ly =<F P and w* = b.

w, Ly =% disable iff (b) P iff w, Lo =° P and for all 0 < k < |w|
s.t. w* |= b we have that w'*, Ly £ P.

1.3 Discussion of the =, =75, !, and the = definitions

The notion has not fail yet and has not succeed yet are already defined for
PSL and SVA, in the definition of the disable iff operator. There, an
evaluation of a property P with respect to local variable context Ly and a
word w has not fail in the first k& + 1 cycles iff w**T% Ly = P. We find



this definition un intuitive when the intersect operator is involved. For
example for the property P = (1 ##1 1 ##1 1) intersect (1 ##1 1), the
sub sequences do not fail until cycle 3 (according to both definitions), but
according to the definition that based on T%, the property P fail before the
first cycle. The new definition fail P only at cycle 3.

The following lemmas describe the relationships between the two defini-
tions, the lemmas are proved in Appendix A.

Lemma 1.3. Let R be an SVA sequence, let Ly be a local variable context,
and let w be a word, then if there are w', Ly such that ww', Ly, L1|=R, then
w, Ly ES R.

Lemma 1.4. Let P be an SVA property without the disable iff operator,
let Ly be a local variable context, and let w be a word, then if there w', Ly
such that ww', Lo, L1 = P, then w, Ly =% P, and if there w', L1 such
that ww', Lo, L1 |= P, then w, Ly = R.

To understand the problem with the disable iff operator, let us look
at the property disable iff (b) 1 intersect (1 ##1 1) and a word w such
that |w| = 1 and w® |= b. Then, for every w' and Lg in particular w' = €, we
have that ww' [~ disable iff (b) 1 intersect (1 ##1 1). However, w’ = b
and w, Ly =< 1 intersect (1 ##1 1). Thus, w, Lo =" disable iff (b)
1 intersect (1 ##1 1).

The source of the problem is that in the disable iff operator, the notion
of “P has not failed yet on w” is captured by wT* = P. This definition
fails the property 1 intersect (1 ##1 1) on the first letter of w although
non of the sub sequences fails there. We see this as unintuitive, and that
why according to the definition of = the sequence 1 intersect (1 ##1
1) fails only in the second letter.

The lemma holds when we use the following definition for the disable iff
operator.: w, Ly |= disable iff (b) P iff either w, Ly = P or there exists
0 < k < |w| such that w* |= b[Lo] and w*~1, Ly =<F P.

Lemma 1.5. Let R be an SVA sequence without the intersect and ##0
operators, let Ly be a local variable context, and let w be a word. Then w,
Ly = R implies that there are k > 0, Ly such that wT*, Ly, L, |=R.

The problem with the intersect operator was already discussed. To
understand the problem with the the ##0 operator consider the property P
= [*0] ##0 [*0]. Let w = € and Lg a local variable context. Then, since
w, Lo|= [*0], we have that w, Lo|= P. However, for every k > 0 and L,
we have that wT*, Ly, L J=P.

Lemma 1.6. Let P be a non degenerate SVA property without the intersect
and ##0 operators, let Ly be a local variable context, and let w be a word. If
w, Ly =<5 P, then w1¥, Lo, = P. If w, Ly =< R then wT¥, Ly, = P.



1.4 The live_tight function

The live_tight and the live_tightp functions characterizes the prefixes in which
the “action’s thread” is still under evaluation according to the tight ap-
proach.

Definition 1.7. Let w be a word such that |w| > 0 then pre(w) = w® (=2,

In other words pre(w) is w minus the last letter.

We define a new SVA sequence unary operator LV such that w, Ly, L1 | ELVR
iff pre(w), Lo |= R. Similarly, we define w, Ly, L1 = LVSP iff pre(w), Lo
=<5 P, w,Lg,L; = LVFP iff pre(w), Ly < P, w,Ly,L; = LVPP iff
pre(w), Lo =% P and pre(w), Lo T P.

Definition 1.8. Let R be a sequence and let « be an action placed inside
R. we define an SVA sequence live_tight(R, «) as follows:

live_tight( (1, @), a)=1.
e live_tight(b, @) is not defined because no action is placed inside b.
e live_tight(( R ), a)=live_tight(R, «).

e live_tight(( Ry ##1 Ry ), a)= live_tight(Ry1, o)##1 Ry if « is placed in
Ry and ( Ry ##1 live_tight(R2, «) ) otherwise.

e live_tight(( Ry ##0 Ry ), a) = ( live_tight(R:1, «) ##0 Ry ) if « is placed
in Ry and ( Ry ##0 live_tight(R2, a) ) otherwise.

o live_tight( ( Ry or Ry ), ) = live_tight(R1, @) if « is placed in Ry and
live_tight(Rs, a) otherwise.

e live_tight( ( R; intersect Ry ), a) = (live_tight(R1, a) intersect LV
Ry ) if a is placed in Ry and ( LV Ry intersect live_tight(R2, «) other-
wise.

o live_tight(first match ( R ), @) = first match ( live_tight(R, «) ).

o live_tight(R [*1:$], @)= livetight(R, ) or ( R [*1:$] ##1
live_tight(R, ) ).

Definition 1.9. Let P be a property and let a be an action placed inside P.
we define an SVA sequence live_tightp(P, a) as follows:

e live_tightp( R , a) = ( LV live_tight(R, «) ) intersect LVP R.

e live_tightp(( R |-> P ), a) = live_tight(R, o) intersect LVP (R |->
P ) if a is placed in R, and live_tightp(( R |-> P ), a) = (R ##0
live_tightp(P, o)) intersect LVP(R |-> P ), if « is placed in P.



o live_tightp((P; or P), @) = (live_tightp(P;, @) intersect LVS P,), if
a is placed in Py and live_tightp((Py or P»), a) = (live_tightp(P, )
intersect LVS Py), if « is placed in Ps.

e live_tightp((P1 intersect P»), a) = (live_tightp(Py, o) intersect LVF
Py)), if o is placed in P; and live_tightp((P; intersect P,), a) =
(live_tightp(P, o) intersect LVF P), if a is placed in Ps.

o live_tightp(not P, a) =live_tightp(P, ).

e live_tightp(disable iff ( b ) P, «) = live_tightp(P, «) intersect SVP
disable iff (b ) P.

1.5 The live_loose function

The live_loose and the live_loosep functions characterizes the prefixes in which
the “action’s thread” is still under evaluation according to the loose ap-
proach.

Definition 1.10. Let R be a sequence and let o be an action placed inside
R. we define an SVA sequence live_loose(R, ) as follows:

e live_loose( (1, ), a)=1.

e live_loose(b, «) is not defined because no action is placed inside b.
e live_loose(( R ), a)=live_loose(R, «).
(

o live_loose(( R; ##1 Ry ), a)= live_loose(R1, a)##1 Ry if a is placed in
Ry and ( Ry ##1 live_loose(Rs, a) ) otherwise.

o live_loose(( R; ##0 Ry ), a) = (live_loose(R;, «) ##0 Ry ) if « is placed
in Ry and ( Ry ##0 live_loose(R2, «) ) otherwise.

o live_loose( ( Ry or Ry ), a) = live_loose(R1, ) if « is placed in Ry and
live_loose( Rz, «) otherwise.
(

e live_loose( ( R; intersect Ry ), a) = ( livelloose(R1, ) if a is placed
in Ry and live_loose(Ry, «) otherwise.

e live_loose(first match ( R ), o) = first match ( live_loose(R, «) ).

e live_loose(R [*1:$], a)= live_loose(R, @) or ( R [*1:$] ##1
live_loose(R, «) ).

Definition 1.11. Let P be a property and let « be an action placed inside
P. we define an SVA sequence live_loosep(P, «) as follows:

e live_loosep( R , @) = ( LV live_loose(R, ) ) intersect LVP R.



live_loosep(( R |-> P ), a) = live_loose(R, «) intersect LVP (R |->
P ) if a is placed in R, and live_loosep(( R |-> P ), a) = (R ##0
live_loosep (P, «)) intersect LVP(R |-> P ), if o is placed in P.

live_loosep((P; or P,), a) = (live_loosep (P, ), if « is placed in Py and
live_loosep((P; or P,), a) = (live_loosep(P,, ) if « is placed in P;.
(

live_loosep((P; intersect P), a) = (liveloosep(Py, ), if « is placed
in P1 and live_loosep((P; intersect P,), a) = live_loosep(P, ), if a
is placed in Ps.

live_loosep(not P, ) =live_loosep(P, ).

live_loosep(disable iff ( b ) P, o) = liveloosep(P, o) intersect
SVP disable iff (b ) P.

Proposal 1 (tight): Let P be a property, a be an action, w be a word,

and Ly be a local variable context to the local variables flowing into P.
Then, the action should be execute iff there exists L; such that w, Ly, L1|=
(pre_action(P, «) and live_tightp(P, ) and LVP P).

Proposal 2 (loose): Let P be a property, a be an action, w be a word,

and Ly be a local variable context to the local variables flowing into P.
Then, the action should be execute iff there exists L; such that w, Ly, L1|=
(pre_action(P, «) and live_loosep(P, o) and LVP P).

2

examples

1.pre_action((a ##1 (((1,0)##1 o) [*1:$D##1 d), a)=

pre_action(a ##1 (((1,a)##1 c)[*1:$]), )=

(a ##1 pre_action((((1, a)##1 c) [*1:$]), a))=

(a ##1 ((1##1 ¢)[*0:$]) ##1 pre_action(((1,a) ##1 ¢), a)))=
(a ##1 ((1##1 ¢)[*0:$]1) ##1 pre_action((1, @), a)))=

(a ##1 ( ((1##1 c)[*0:$]) ##1 1))

For this example, we have live_tight((a ##1 (((1, @)##1 c¢) [*1:$1)##1 d), o)
= live_loosep((a ##1 (((1,a)##1 ) [*1:$D)##1 d), a) = LVP (a ##1
((1##1 c)[*1:$])##1 d) = {w | w match (a ##1 ((1##1 c)[*1:$])##1

d), and for every zy = w, we have that = does not match (a ##1 ((1##1
c)[*1:8])##1 d)}

Ry = (1##11)[*1:$]. Ro = 1 ##1 (1 ##1 1)[*1:$]. R3 = R; intersect

Ry. P =R; |-> (L)

For every w, Ly we have that w, Ly|=" R;.

10



For every w, Ly we have that w, Ly|= Rs.

For every w, Ly we have that w, L= Rs.

For every w, Ly we have that w, Ly =5 R3|->1.
For every w, Lo we have that w, Ly =< R3|->1.
pre_action(P, o) = Rz ##0 1.

live_tightp(P, a) = live_loosep(P, o) = R3 ##0 1.
For every w, Ly we have that w, Ly /=Rs##01.
Thus « is never executed.
Ry = (1 ##1 (1, a))[*1:$]. Ry = 1 ##1 (1 ##1 1)[*1:8]. R3 = R,
intersect Ry. P = R3 |-> 1.

For every w, Ly we have that w, Ly|=" R;.

For every w, Ly we have that w, Ly|=" Ra.

For every w, Ly we have that w, Ly|= Rs.

For every w, Ly we have that w, Ly =% R3|->1.
For every w, Ly we have that w, Ly =<1 R3|->1.
pre_action(P, ) = (1 ##1 1)[*1:$]

live_tightp(P, @) = ( live_tight(R3, «) ##0 1) intersect LVP P. Since
for every w and Ly we have that w,L; = LVP P, this is equal to
live_tight(Rs, o) ##0 1 = ( live_tight(R;, o) intersect LV Ry ) . Since
for every w and Lo we have that w,Lg= LV Rp, this is equal to
live_tight(Ry, =) (1 ##1 1)[*1:$].

Thus, a should be execute at all even cycles.
.P=1or (1##1 (1, a));
pre_action(P, ) = (1 ##1 1).

For every word w with and Lo we have that w, Lo|= pre_action(P, «) iff
|w| = 2.

For every word w and local variable context Ly we have that w, Ly = P
iff |w| = 1.

For every word w with and Lo we have that w, Lo =1 P iff |w| < 1.
Thus, « is never executed.

P = (1,a)[*1:$] ##1 0.

pre_action(P, ) = (1,a) [*1:$].

live_tightp(P, ) = 1 [*1:$] ##1 0.

11



Since for every word w and assignment Ly we have that w, Ly| =<
1[*1:$]1##10, o should be execute at every cycle.
6.P = (a [*1:8]) |-> (1 ##1 (1,«) ##1 1).
pre_action(P, @) = (a [*1:$]) ##0 1 ##1 1.
live_tightp(P, a) = live_loosep(P, o) = (a [*1:$]) ##0 1 ##1 1 ##1 1.

Let w be a word of length 8 such that a holds exactly at the first 3 letters.
Then for every Lo we have that only the first three nonempty prefixes w'
of w have w', Ly|= a[*1:$].

Every prefix w' and Lg satisfies that w', Ly =1 P.

The first 7 prefixes w’' and all Lg satisfy w’, Ly = P and the last 2
prefixes satisfy w’, Ly <5 P

Thus « is executed at cycles 2,3.4.

7.P = (a [*1:$1) 1-> ((1 ##1 (b,a) ##1 1) and c).
pre_action(P, a) = (a [*1:$]) ##0 1 ##1 b.
live_tightp(P, @) = (a [*1:$]) ##0 ((1 ##1 b ##1 1) and LVP c).
live_loosep(P, a) = (a [*1:$]1) ##0 1 ##1 b ##1 1.
8.P=(11->1)or (1 ##1 (1, @)).
pre_action(P, a) = (1 ##1 (1, o)).

For every word w and local variable context Lg, we have w, Lo =< 1 |->
1. For every local variable context Ly we have that only w = € satisfies
w, Lo =751 |-> 1.

Thus, « is never executed.

A proofs

Lemma 1.3 Let R be an SVA sequence, let Ly be a local variable context,
and let w be a word, then if there are w', L such that ww', Ly, L1|=R, then
w, Ly = R.

Proof: By induction on R:

e Base:

—ww', Lo, L1 |= (1, v =e). Then, |lww'| = 1. Thus, either w = € or
|w| =1 and w, Ly, L1 =R by the definition of |=¢, in both cases w, Ly
= R.

— ww', Ly, L1 |= b Then, |ww'| = 1. Thus, either w = € or |w| = 1 and
w, Lo, L1|=R by the definition of =, in both cases w, Ly = R.
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e Induction:

—ww', Ly, L1 E ( R) iff ww',Ly,L; = R. By induction w, Ly |=¢ R,
and thus w, Ly =< (R)

—ww', Ly, L1 |= ( Ry ##1 Ry ) iff there exist z, y, L' such that ww' = zy
and z, Lo, L' |= Ry and y,L', L1 = Ry . we distinguish between two
cases:
1.If w is a prefix of , then let w” be such that ww” = z. By induction

w, Ly = Ry and thus w, Ly = (R; ##1 Ry).

2. Otherwise, z is a prefix of w. Let w = zw", then w"w' = y. By
induction, w”, L' = Rg, thus w, Ly = (R; ##1 Ry).

—ww', Ly, L1 = ( Ry ##0 Ry ) iff there exist z, y, z, L' such that ww' =
zyz and |y| =1, and zy, Lo, L' |= Ry and yz, L', L1 |= Ry .
we distinguish between two cases:
1.If w is a prefix of zy, then let w” be such that ww” = zy. By induction

w, LO |E(_ R1 and thus w, L() |E<_ (R1 ##0 R2)

2. Otherwise, zy is a prefix of w. Let w = zw”, then w"w' = yz. By
induction, w”, L' = Ry, thus w, Ly = (R; ##0 Ry).

—ww',Ly,L1 E ( Ry or Ry ). Then, there exists L' such that either
ww', Ly, L' |= Ry or ww', Ly, L' |= Ry. By induction either w, Ly |=
Ry or w, Ly |= Ry, thus, w, Ly = (R; or Ryp).

—ww', Ly, L1 |= ( Ry intersect Ry ). Then, there exist L', L” such that
ww', Ly, L' |= Ry and ww', Ly, L" |= Ry. By induction w, Ly |= Ry
and w, Ly = Rp, thus, w, Ly =< (R; intersect R»).

—ww', Ly, L1 = first match ( R ). Then,

* ww', Lo, L1 |= R and thus w, Ly = R.

* if there exist z, y, L' such that ww' = zy and z, Ly, L' |= R, then y is
empty. Thus for every strict prefix z of w we have that z, Ly, L, /=R.

and thus w, Ly, =" first match(R).

—ww', Ly, L1 = R [*0]. Then w = € and thus w, Ly [= R [*0].

— ww', Lo, Ly E R [*1:%] iff  there exist L =
Lo,wl,L(l),wQ,L(g) cee ,wj,L(j) = L1 (] > 1) such that
ww' = wiws - --w; and for every i such that 1 < i < j, wi, Li_1), L
|= R. We distinguish between two cases:
1.If w is a prefix of wy, then let w” be such that ww"” = w. By induction

w, Ly = R and thus w, Lo = R [*1:$].

2. Otherwise, let 7 be the maximal integer such that wiws...w; is a
strict prefix of w. Let ww"” = wiws . .. w;w;11, and let w"” be such that
wiwy ... wiw" = w. Then w"w" = w;y1. By induction, w", L =
R, thus w, Ly =< Ry [*1:$].
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Lemma A.1. Let w, Ly, L1[=R. If w' results from w by changing zero or
more letters to T, then w', Ly, L1|=R.

Proof: By induction.
e Base:
—b. w, Ly, L1|=b iff |[w| = 1 and w° |= b[Lg] and L; = Lg. This implies
that |w'| = 1 and (w')? = b[Lo] and Ly = Ly iff w', Lo, L1 |=b
—(L,v = e). w,Lo,1E(l,v = e) iff [w| = 1 and w® = 1 and
L1 = Lo|dom(rg)—v Y (v, e[Lo,w°]). [if (w')® = T, then by our con-

vention L1 = Lo|qom(Lo)—v Y (v, €[Lo, (w')?])] [w'| = 1 and (w')° |= 1 and
Ly = L0|dom(L0)—v U (Uae[L()a (wl)O]) iff wlaL05L1|E(17U = 6).

e Induction:

- (R1) ’w,Lo,L1|E(R1) iff w,Lo,L1 |ER1 By induction ’w’,Lo,L1|ER1 iff
wl,Lo,L1|E(R1).

— (R1##1Rs). w, Lo, L1|=(R1##1Ry) iff there exist z,y,L st. w = xy
and z, Ly, L=R; and y, L, L1 |=R». By induction there exist z',y’, L s.t.
w' = z'y and 2, Ly, L=Ry and v, L, L1 =Ry iff w', Ly, L1[=(R1##1Ry)

— (R ##0Ry). w, Ly, L1|=(R1##0Ry) iff there exist z,y,2,L s.t. w = zyz
and |y| = 1 and zy, Ly, LER; and yz, L, L1|=Ry. By induction there
exist 2,9y, 2!, L s.t. w' = 2'y'2’ and |¢/| = 1 and z'y/, Ly, LER; and
y'z’, L, 1 |ER2 iff w', Lo, Ly |E (Rl##ORQ)

— (RiorRy). w, Ly, Li1|=(R10rRy) iff there exists L s.t. both
1. Either w, Ly, L=Ry or w, Ly, LI=Rs, and
2. L1 = L| 10w (dom(Lo),(R1 0T R2))

By induction both

1. Either w', Ly, LIER; or w', Ly, LIERy, and
2. L1 = L fiow(dom(Lo),(R10T Ry))

iff w', Lo, L1|E(R10rR2)

— (RiintersectRy). w, Lo, L1|=(R1intersectRy) iff there exist
L’,L” s.t. ’U},L(),L,|ER1 and ’lU,L(),L”|ER2 and L1 = LI|D/ U
L"|pn, where D' = flow(dom(Ly), R1) — (block((R;1intersectRy)) U
sample(Ry)) D" = flow(dom(Ly), R2) — (block((R;intersectRy)) U
sample(Ry)). By Induction, w',Lg,L'|=R; and w',Lgy,L"=R, iff
w', Ly, L1|=(R1intersectRy)

— firstmatch (R1). w, Ly, L1|=first match(R;) iff both
]_.’IU,L(),L1|ER1, and
2.1f there exist z,y, L s.t. w = zy and Z, Ly, LI=R;, then y is empty.
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By induction w., Ly, L1[=R;. For every z'y’ = w', if there exist 2',y’, L
s.t. 'y’ = w' and 2!, Ly, LI=R;, then, since a word with L as letter
cannot tightly satisfy, w’ = w, hence |¢| = |y| = 0 both

1. w', L(), L1|ER1, and

2.If there exist ', 5, L s.t. w' = 2"y’ and z’, Lo, LI=R1, then y' is empty
iff w', Ly, L1|=first match(R;)

— R[*0] w, Ly, L1|=R[*0] iff |lw| = 0 and Ly = Lg. Thus, |w'| = 0 and
Ly = Ly iff w', Lo, L1 =R [*0]

— R[*1:$]. w, Lo, L1|=R; [*1:$] iff there exist L) =
L(),’U)l,L(l),’LUQ, ...,’LU]',L(]-) = Li(j > 1) st. w = wiws...w; and
for every i s.t. 1 <4 < j, wy, Lj—1), L;)[ER1. By induction there exist
L(O) = Lo,w'l,L(l),w'Z,...,w;-,L(j) = Ll(j > 1) s.t. w' = w'lw'Q...w;- and
for every i s.t. 1 <4 < j, wj, L;—1), L) [ER1if fw', Lo, L1 | =Ry [*1: 8].

Lemma A.2. Let w,Ly = P. If w' results from w by changing zero or more
letters to T, then w', Ly = P.

Let w, Ly = P. If w" results from w by changing zero or more letters to
1, then w", Ly |~ P.

Proof: By induction.
o Base:

— For property R, we have that w, Ly = R iff for some 0 < k < |w| and
Ll, ’LUO"k, Lo, Ll |ER
If w,Ly = R, then Lemma A.1, implies that (w')%*, Ly, L;|=R, thus
w', L() |: R.
If w, Ly [~ R, then for every 0 < k < |w"”| we have that either (w")%* =
w%* in which case for every L; (w")%* Lo, L1 /=R, or (w")%* contains
a L in which case Lemma A.4 implies that (w")%* Lo, L; /=R. Thus
w”, L() b& R.

e Induction:

— w, Ly = disable iff (b) P iff either w, Ly = P or there exists 0 < k <
|w| such that w* |= b[Lg] and w®*~1T% L, = P.
If w,Ly = P, then by induction w',Ly = P and thus, w',Ly
disable iff (b) P.
If there exists 0 < k < |w| such that w* |= b[Lo] and w'*~1T¥ L, = P,
then by induction (w')* |= b[Ly] and (w')%*~1T¥ Ly = P and thus,
w', Lo = disable iff (b) P.
If neither w, Ly = P nor there exists 0 < k < |w| such that w* }= b[L]
and w¥*~1T¥ Ly = P. Then, by induction w", Ly [~ P and for every
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0 < k < |w| such that (w")¥ |= b[Lo], we have that w* |= b[Lg], thus
wP*~1T% Ly [~ P and by induction (w")%*~1T% Ly = P. Thus, w", Lg
£ disable iff (b) P.

—w, Lo = not P iff w, Ly [~ P.
If w, Ly = not P, then w, Ly [~ P. By Induction w’, Lo [~ P, and thus
w', Ly |= not P.
If w, Ly [~ not P, then w, Ly = P. By Induction w”, Ly = P, and thus
w", Ly = not P.

—w,Lyg = (R |->P) iff for every 0 < j < |w| and L; such that
Tl_lo’j,Lo,Ll |E Rl, wj",Ll |= P.
If w,Lo = (R |->P ). Let 0 < j < |w| and L; be such that
(u_J’)O’J, Ly, L [= R, then by Lemma A.4 w'™ = w%J, thus w’, Ly = P
and by induction (w')’, L; = P. This implies that w', Lo = ( R |-> P
).
If w,Ly = ( R |-> P ), then there exist 0 < j < |w| and L; such
that w9, Lo, L; = R and w/*,L; [~ P. Lemma A.l implies that
(fu;”)o’j,LO,Ll = R, and by induction (w")?+,L; £ P. Thus w", L
(R I|->P).

- UJ,LO ): P1 and P2 iffw,Lo IZ P1 and w,Lo }: P2.
If w,Ly = P, and Py, then w, Ly = P; and w, Ly = P,. By induction
w', Ly = Py and w', Ly E Py, and thus w, Ly = P, and P,.
If w, Ly £~ Py and Py, then for some i € {1,2}, w, Ly = P;. By induction
w", Ly £ P;, and thus w", Ly = P; and Ps.

- UJ,LQ ): P1 or P2 iff’w,LO |: P1 or ’LU,LO |: P2.
If w, Ly |= P, or Py, then for some i € {1,2}, w, Ly = P;. By induction
w', Ly = P;, and thus w', Ly = P; or Ps.
If w,Ly = Pi or Py, then w,Ly = P, and w, Ly = P,. By induction
w", Lo = Py and w", Ly [~ P», and thus w”, Ly [£<° Py or P,.

Lemma 1.4 Let P be an SVA property without the disable iff operator,
let Ly be a local variable context, and let w be a word, then if there w’, L,
such that ww', Lo, L1 [~ P, then w, Ly =° P, and if there w', L1 such that
ww', Ly, Ly = P, then w, Ly =<F R.

Proof: By Induction on P:

e Base:

— w, Ly |= R iff there exist 0 < j < |ww'| and Ly such that w®’, Ly, L, |=
R.

ww', Ly = R implies that for every zy = w we have that z /=R, thus,
w, L() IZ(_S R.
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ww', Ly = R implies that for some zy = ww' and some L, we have
z, Lo, L1|=R. We distinguish between two cases:
1.If z is a prefix of w then w, Ly = R and thus w, Ly =<1 R.

2.If w is a prefix of z, then Lemma 1.3 implies that w, Ly |=¢ R and
thus w, Lo =<F R.

e Induction:

—w, Ly = not P iff w, Ly [~ P.

If ww', Ly £ not P, then ww', Ly = P. By induction, w, Ly = P
and thus w, Ly =% not P

If ww', Ly |= not P, then ww',Lg = P. By induction, w, Ly =<° P
and thus w, Ly = not P.

w,Ly = (R |-> P ) iff for every 0 < j < |w| and L; such that
Tl_lo’j,Lo,Ll |E R, ’lUj",Ll )Z P.

If ww',Ly £ ( R |-> P ), then there are zyz = ww' , |y| = 1 and L'
such that £y, Ly, L'ER and yz,L' £ P. We distinguish between two
cases:

1.If w is a strict prefix of zy, then ww, Ly |[=~ R. By Lemma A.1
wT, Ly = R. and thus w, Ly }z‘_s (R I|->P).

2.If zy is a prefix of w, then for u such that xyu = w, we have that
yuw', L' £ P, and thus u, L' =% P. Thus, w, Ly =<° (R |-> P).
If ww',Ly = ( R |-> P ), then for every zyz = w and |y| = 1 and
Ly such that #y, Ly, L1 =R, we have that yzw', L; = P. By induction
yz, L1 =F P, thus w, Ly =< (R |-> P).

w,LO ): P1 and P2 iff w,LO IZ P1 and ’LU,LO ): PQ.

If ww', Ly = P, and Py, then for some i € {1,2}, ww', Ly = P;. By
induction w, Ly =° P;, and thus w, Ly F° P, and P,.

If ww',Ly = P, and P, then ww',Ly E P; and ww',Ly &= P;. By
induction w, Ly =F P, and w, Ly =<F Pp, and thus w, Ly =<F P,
and PQ.

U},LQ )Z P1 or P2 iff ’IU,LO ‘: P1 or ’IU,LO ‘: P2.

If ww',Ly £ Py or P, then ww',Ly # P, and ww',Ly [~ Pi. By
induction w, Ly =< P, and w, Ly =° P;, and thus w, Ly =% P
or P2.

If ww',Ly = P or Py, then for some i € {1,2}, ww',Ly = P;. By
induction w, Ly =< P;, and thus w, Ly =<1 P or Ps.

To understand the problem with the disable iff operator, let us look

at the property disable iff (b) 1 intersect (1 ##1 1) and a word w such
that |w| = 1 and w® |= b. Then, for every w’ and Lg in particular w' = €, we
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have that ww' [~ disable iff (b) 1 intersect (1 ##1 1). However, w’ = b
and w, Ly = 1 intersect (1 ##1 1). Thus, w, Lo =7 disable iff (b)
1 intersect (1 ##1 1).

The source of the problem is that in the disable iff operator, the notion
of “P has not failed yet on w” is captured by wT% = P. This definition
fails the property 1 intersect (1 ##1 1) on the first letter of w although
non of the sub sequences fails there. We see this as unintuitive, and that
why according to the definition of =" the sequence 1 intersect (1 ##1
1) fails only in the second letter.

Proposition A.3. For every sequence R and local variable context Ly, we
have that €, Ly = R.

The proposition can be easily proved with induction on R.
Lemma 1.5 Let R be an SVA sequence without the intersect and ##0
operators, let Ly be a local variable context, and let w be a word. Then w,
Lo |= R implies that there are k > 0, Ly such that wT*, Ly, L1|=R.
Proof: By induction on R:

e Base:

—w, Ly = (1, v =e) implies that either w = € in which case it can be
extended with T! or w, Ly, L1|=R where L; = {(v,e[Lg,w"])} U Lo|p.
In this case it can be extended with TC. In both cases wT¥, Lo, L; |= (
1,v=¢).

—w, Ly = b implies that either w = € in which case it can be extended
with T! or w, Lo, Lo|=b in which case it can be extended with T%. In
both cases wT*, Ly, Lo |= b.

e Induction:

—w, Ly |= (R)implies w, Ly |= R. By induction there exists k, L;
such that wT*, Ly, L1 |E R thus, wT* Lo, L1 = (R).

—w, Ly = ( Ry ##1 Ry ) iff w, Ly = Ry or for some zy = w and local
variable context L' we have, z, Lo, L' =R; and y, L' = Rs.
If for some zy = w and local variable context L' we have, z, Ly, L' =R,
and y, L' | =< Ry then by induction there are k, L; such that
yTk L' L1=R,. Thus, wT*, Lo, Li|= ( Ry ##1 Ry ).
If w, Ly |= Ry, then by induction there are k and L' such that
wT* Lo, ' =R;. By Proposition A.3, ¢, L'|=" Ry, and by induction
there are k' and Ly such that eT* L' L, I=Rs. Thus, wT*TF Lo, Ly =
( Ry ##1 Ry ).

—w, Ly |= (R; or Ry) implies w, Ly |=< Ry or w, Ly |= Ro.
By induction there are k and L; such that either wT¥, Lo, L' |= Ry or
wT* Lo, L' |= Ry. Thus, wT* Lo,L1 |= ( Ry or Ry ).
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—w, Ly |=¢ firstmatch ( R) iff w, Ly |= R and for every zy = w
and L1, such that |y| > 0, we have z, Ly, L1 /=R
By induction there are k& L; such that wT¥ Ly, L;|=R. Let k be the
minimal number such that there exists L; such that ’wTk,Lo,L1|ER,
then wT*, Ly, L1 |= firstmatch ( R ).

—w, Ly = R [*0] iff w = ¢ iff wT?, Ly, Ly |= R [*0].

—w, Ly = R [*1:$] iff either w, Ly = R, or for some zy = w and a
local variable context L' we have z, Ly, L''= R [*1:$] and y, L' = R.
If for some zy = w and L' we have z, Ly, L'l= R [*1:$] and y, L' |=¢
R, then by induction there are k and L such that yT* L' L;|=R. Thus
wTk Lo, Li|= R [*1:$].

If w, Ly | = R, then by induction there are k£ and L; such that
wT* Lo, L1|=R. Thus wT* Lo, Li|= R [*1:$].

The following Lemma is proved in [| (Lemma 5.1)

Lemma A.4. Let w be a word, Ly and Ly be local variable contexts, and R
be an SVA sequence. If w, Ly, L1|=R, then w does not contain the letter L.

Lemma 1.6 Let P be a non degenerate SVA property without the
intersect and ##0 operators, let Ly be a local variable context, and let
w be a word. If w, Ly =% P, then wl®, Ly, = P. If w, Ly =" R then
wTY, Lo, = P.

Proof: By Induction on P:

e Base:

—w, Ly =<° R implies that for every zy = w and local variable con-

text Li, we have z,Ly,L; /=R. Thus we have that w,Ly £ R. By
Lemma A.4, for every k > 0 and L; we have wl* Ly, L, /=R, thus
wl®Ly b~ R.
w, Lo = R implies either w, Lo |= R in which case, for every extension
w' and in particular w' = T%, we have ww', Ly = R. Or w, Ly|= R,
in which case Lemma 1.5, implies that there are T* and L; such that
wT* Ly, L1|=R, and thus wT¥, Lo |= R,

e Induction:

—w, Ly = R |-> P iff for every zyz = w, |y| = 1, and L', if
7y, Lo, L' =R then yz, L' =1 P.
Lemma A.4 implies that every k > 0 and L; we have wT¥, Lo, L; ER.
Let zyz = w be such that |y| = 1 and zy is a prefix of w. Then, for every
Ly, if 3y, Ly, L1 | =R, then yz, L; <Y P. By induction y2T% E P.
Thus wT¥, Ly = RI->P
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w, Ly E<S R |-> Piff wT, Ly =< R or for some zyz = w, |y| = 1 and
L', we have that 7y, Lo, L'’ =R, and yz, Ly =< P

IfwT, Ly = R, then Lemma 1.5 implies that for some & > 0 and L; we
have wTk, Lo, L1 |=R, thus w1k, Lo, L1|=R. Since P is non degenerate,
19, Ly [~ P, thus wl® [£ R |-> P.

If for some zyz = w, |y| = 1 and L', we have that zy, Ly, L'|=R, and
yz, Ly =<9 P, then by induction yz 1, L' £ P and thus, wl® [~ R
[-> P.

w, Lo = Py and P, iffw, Ly |=° Py or w, Ly [=° P,. By Induction
wl¥ Lo E Py or wl®, Ly = Py. Thus wl®, Ly [~ P and P.

w, Lo |:(_F P; and P, iff w, Lg |:<—F P; and w, Ly |:<—F P,. By
Induction wT¥, Ly = Py and wTY, Ly = P». Thus wT%, Ly = P; and
Ps.

w, Ly =% P or Py iff w, Ly =° P, and w, Ly =° P;. By Induction
wl¥ Lo [~ Py and wl¥, Ly = Po. Thus wl¥, Ly = Py or P.

w, Lo Y Py or Py iffw, Ly EF P or w, Ly =1 P,. By Induction
wT¥ Lo | Py or wT¥, Ly = P,. Thus wT¥, Lo |E Py or Ps.

w, Ly =% not P iff w, Ly =< P. By induction wT¥ | P. Thus
wl® = notP

w, Ly EF not P iff w, Ly =<° P. By induction w1* [£ P. Thus
wTY |=notP

w, Ly =1 disable iff (b) P iff either w, Ly =1 P or there exists
0 < k < |w| such that w**, Ly =<F P and w* |= b.

If w, Ly =< P, then by induction wT¥, Ly = P and thus wT¥, Ly =
disable iff (b) P.

If there exists 0 < k < |w| such that w®* Ly =< P and w* |= b.
Then, by induction w®*T¥, Ly = P. Thus, wT¥, Ly |= disable iff
(b) P.

w, Ly =% disable iff (b) Piffw, Ly =% P and for all 0 < k < |w|
s.t. w* |= b we have that w'*, Ly £<F P.

By Induction wl¥ Ly & P. For every 0 < k < |w| we have that if
w* = b, then w* Lo £<F P. By Lemma 1.4 w**T¥ Ly [~ P.
For every k > |w| we have that (wl¥)* Lo = b, Thus,w ¥, Ly f
disable iff (b) P.
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