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Executive Summary

Reuse is widely spread in the hardware design feavasconcerns all the involved
materials including properties. The goal of thisktes to develop sets of PSL
properties that can be reused for differing desighese properties cover essential
areas of hardware designs, protocols, FIFOs, stauttsonfiguration registers.

Purpose

The purpose of this document is to present theeo@nd use model of the
developed sets of PSL properties.

Intended Audience

This document is intended for designers or vetifitaengineers who need to
develop and verify hardware designs using PSL pt@se

Background

The concerned sets of properties are written imdstad PSL language [1].
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Glossary

AHB: The Advanced High-performance Bus, a part ofAh#a hierarchy of
buses specification.

Amba: The Advanced Microcontroller Bus Architecture, @K Limited 1999.

APB: The Advanced Peripheral Bus, a part of the Anibeaihchy of buses
specification.

Assertion: 1. A property that the DUVWas to fulfil. 2. In some contexts (e.g. in
dynamic verification), synonym of Property.

Assumption: A property that the DUWerification takes for granted; assumptions
are properties used to model input behaviours.

Behaviour: A succession of states of a design.
Block: A component in a design. A block may contain inséanof other blocks.

Design: A model of a piece of hardware, described in sharelware description
language (HDL).

DUV: Design Under Verification. That is the subjectlud erification process (it
has to be a model for the set of properties usedsertions.

Environment: The part of a system surrounding the DUV. Oftenresented in an
abstract form (i.e. describing only what is styicieeded to let the verification
converge towards a close result, passing or faileaying all the other information
left unspecified) it is described using the moadegjliayer of PSL.

FIFO: First In First Out. A component used in hardwarsigles for buffering and
flow control which consists of a set of read anéevpointers, storage and control
logic.

Formal Verification: Verification based on the usage of a formal techeidn
PROSYD context this is mainly used a synonym fodet@hecking

GDL (Generalized Description Language)

The modelling language of the IBM verification tspRuleBase PE and FoCs. Its
primary purpose is to describe the environmentdonal verification. However, it
is also used in conjunction with PSL to aid speaifion of a design. Also itis a
PSL flavour.

HDL (Hardware Description Language)

One of several specialized high-level languaged bgesemiconductor designers
to describe the features and functionality of claipd systems prior to handoff to
the IC layout process. HDL descriptions are usduabit the design
implementation and verification flows. Currentlgettwo standard HDLs in use
worldwide are Verilog HDL and VHDL. Several progeaey HDLs also exist,
mainly for describing logic targeted for vendor-sifie programmable logic
devices.

ITL (InTerval Language)

A formal property language used in OneSpin’s priypenecker. It corresponds to
a subset of PSL without the unbounded * operagm references [5], [6].
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Model Checking: The automatic or almost automatic verification graperty of
a model of a hardware component or in some cassaftwfare.

Property: A collection of logical and temporal relationshipstween expressions
involving design signals, that represents a séebfviours.

Property Checking: 1) Syn. of Model Checking. 2) (less usual) syimABV.

Protocol: A set of rules governing communication betweenigiggnts in a
system.

PSL (Property Specification Language)

The language for specification of designs upon WIHROSYD is based. It
comprises 4 different layers: Boolean, TemporaljfiGation, and Modelling, used
to express, respectively, propositions on evensésgaten time, temporal
relationships among propositions related to pogslliferent times, properties to
be proven or to be assumed for a given verificatiésh, and environment
behaviours. The Verification and Temporal layeesRSL constructs whereas the
Modelling and Boolean layers are based on the gyoftthe underlying HDL.
Thus PSL is said to come in various flavours amwhigh VHDL, Verilog and
GDL.

RAM: Random Access Memory. Type of memory of eleadevices that need
frequent updating used in computer to hold the nmgcode and data during
computation.

Specification: The process of defining the expected behaviour lndirdware
design.

Verification: The process of falsifying or verifying the furarial and performance
requirements of a design, be it chip, board oresgstMany different kinds of
verification tools are in use today, including slation, formal verification,
emulation and rapid prototyping.

Verilog

One of two standardized hardware description laggsiaised to specify the
structure and behaviour of electronic systems tutd format. Also it is a PSL
flavour.

VHDL (Very High Speed Integrated Circuit Hardwar e Description Language)

One of two standardized hardware description laggsiaised to specify the
structure and behaviour of electronic systemsxtutd format. Also it is a PSL
flavour.

Vprop: PSL construct - verification unit type containingtimng but assert
statement.

Vmode: PSL construct - verification unit type containingyanodelling code and
any PSL statement but assert statement.

Vunit: PSL construct most general type of verification unit containingy&SL
statement including assert statement and modeibdg.
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1 Introduction

The increasing System On Chip (SOC) complexitytame to market pressure has
imposed design reuse at the heart of the hardwass.fAs shown by the
methodology document on reuse-aware property dspegification, D1.1/2 [2]

the PSL properties play an important role in stiting the reuse process and
rendering it effective. As part of an IP distrilmrij the set of PSL properties can be
reused in SOC containing the IP. Furthermore egifip design feature can be
characterized by a set of standard signals andpP&lerties involving these
signals. These elements can serve as basis fep#ugfication, the implementation
and the verification of any IP comprising the featin question. Among the
features which concern most of hardware designsdig

* The interfaces / protocols. The interactions betwegrdware components
require a shared interface and follow protocolgsuexamples of hardware
bus protocols at SOC level are the ST proprietasydnd the Amba AHB
protocol [3].

* The data buffering components. They consist oftelFOs but also in
stacks. For a FIFO, the data are released accadithgir entering order in
the component. Conversely, for a stack, the latst habe added to the
component is the first one to be removed.

» The configuration registers. They constitute withidesign a
programmable area dedicated to storing informatitetted to the design
operating modes.

We developed for each of these features, a sebbfpPoperties associated to a
standard set of signals with the purpose to be dbymwerified.

Section 2 is about bus protocols following two aggmhes, the transaction-based
one promoted by OneSpin Solutions and the fundtiaie-based approach used
by ST. Both were applied to AHB. This section presdor each approach, the set
of resulting properties. Section 3 is dedicatetheoFIFO property set. Then
follows the stack one in section 4 and the confion registers property set in
section 5. Each section addresses first the prppettcontent and then the use
model. The document ends with four annexes eactaicamg the PSL code of the
concerned property sets.

Repository of PSL Sugar for common protocols / interfaces
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2 Bus protocols

This section deals with sets of predefined propertovering bus protocols. Two
development approaches can be followed resultigyandiffering property set
organizations, the functional rule-based approaeu by ST and the transaction-
based one initiated by OneSpin Solutions. The AAHB protocol was treated
according to both approaches and the developeafptsdefined properties are
reported hereafter.

Functional rule-based approach

The protocol specification defines both the streeand the semantics of the
protocol signaling information and its underlyimgrisactions. It also describes the
protocol rules in the form of behavioral relatiopshbetween the signals required
to vehicle the transactions. The functional ruledzbapproach consists to proceed
in a systematic way and identify in the protoca@dafication document the
statements or subsets of statements covering tekgm®nships. Each identified
rule is then captured in the form a PSL propertye $et of properties constitute an
alternative formulation of the unformal protocokspgication with a clear mapping
between the PSL properties and the rules deschibibe specification document.
Prior to PROSYD, this approach was followed by 8 T¢velop the PSL property
specification of the ST proprietary bus protocdieTapproach was then applied
within the framework of PROSYD to the Amba AHB probl considering its Lite
version [4] and focusing on the core part of th@geol. The arbitration related
aspects are out of this scope. The Lite versiamténded for AHB systems where
only one master is used. This excludes from tHeMHB specification the
request/grant handshake signals to the arbitetrenslplit/retry responses from the
slave.

Property set content

The AHB Lite protocol is articulated according taster and slave roles hence two
property subsets. Four groups of properties catidtimguished for the master
subset:

» legal transitions for the transfer type
» signal stability requirements during wait states
» well-formedness requirements of the burst trangasti

» structural requirements (involving the transfeesthe data bus width and
the addresses)

and three groups for the slave:

2« Bus protocols



response requirements in reaction to the mastgrésence of busy or idle
transfers)

response requirements at the initiative of thees(@v case of non okay
responses)

boundedness requirement for consecutive wait states

For the sake of clarity, the AHB signals are dedateupper case in the following.

Legal transitions for the transfer type

When HBURST is single and HTRANS is nonseq, natie for
HTRANS can only be idle or nonseq

When HTRANS is idle, it can only take idle or nogps@lue
After a busy transfer, HTRANS can only take busgenq value
After the first transfer of a burdd TRANS can only take busy or seq value

Signal stability requirements during wait states

The master must keep HWDATA constant until HREARYsampled
high.

When HTRANS is nonseq or seq, the master must KG&ANS constant
until HREADY high unless HRESP is not okay
When HTRANS is nonseq or seq, the master must KG&PANS constant
until HREADY high unless HRESP is not okay

When HTRANS is not idle, the master must keep HAD&Rstant until
HREADY high unless HRESP is not okay

When HTRANS is non or seq, the master must keep HERonstant
until HREADY high unless HRESP is not okay

When HTRANS is non or seq, the master must keep RiBUconstant
until HREADY high unless HRESP is not okay

When HTRANS is non or seq, the master must keeZB$8bnstant until
HREADY high unless HRESP is not okay

When HTRANS is non or seq, the master must keep®PEonstant until
HREADY high unless HRESP is not okay

Well-formedness requirements of the burst transactions

The number of beats is as expected for singlefeenanless response not
okay

The number of beats is as expected for 2 beat trarstfers unless
response not okay

The number of beats is as expected for 4 beat trarstfers unless
response not okay

Repository of PSL Sugar for common protocols / interfaces
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* The number of beats is as expected for 8 beat trarstfers unless
response not okay

e The number of beats is as expected for 16 beastdbimansfers unless
response not okay

« HWRITE must be kept constant by the master alobgrat unless
HRESP is not okay

* HSIZE must be kept constant by the master aldmgrst unless HRESP is
not okay

« HBURST must be kept constant by the master aldng st unless
HRESP is not okay

¢ HPROT must be kept constant by the master aldngst unless HRESP
is not okay

« HADDR must be kept constant by the master wh&@RANS is busy,
not at end of burst unless HRESP is not okay

* The number of consecutive cycles when HTRANS iglisi®ounded
* Bursts must not cross 1KB address boundary
» Beats addresses are correctly incremented in irergny bursts

* Beats addresses are correctly incremented in wrggpirsts

Structural requirements

» All transfers must be aligned to the address banndqual to the size of
transfer

* The master must never attempt a transfer of whizehis wider than the
data bus size

Response requirements in reaction to the master
» Slave must always provide a zero wait state okagarse to idle transfers

» Slave must always provide a zero wait state okagarese to busy
transfers

Response requirements at the initiative of the slave

* A non okay response requires two cycles

Boundedness requirement for consecutive wait states

» Every slave must have a predetermined maximum puwfbwait states

4 « Bus protocols



Use model

These properties were initially coded in PSL Vegiftavour. The first checking of
this code involved a beta version of Rulebase foatveoncerns the Verilog flavour
support. In order to permit further exploitatiorigteese properties in more flexible
conditions, it was decided at that time to contleetcode in question to GDL
flavour. The properties in PSL GDL flavour can berid in Annex A under the
form of two self-sufficient subsets a master ong arslave one. These subsets can
be reused to check the protocol compliance of amgiware design with an AHB
Lite interface. All properties are safety ones.lEggbset first contains the
properties that are required to hold under theraption that the environment of
the concerned design has a legal behaviour in tefotocol. Therefore the
subset contains in addition all the other side erigs turned into assumptions.

How to relate the properties to the design?

Any particular design model will have its own nanf@sthe signals involved in an
AHB Lite interface either master or slave. The wayelate these signals to the
appropriate predefined properties is as follows.

Each subset is expressed in terms of variabldsasimaster_htrans and macros
such as data_bus_size. Users of the subset douwlt the vmodes, vprops and
vunits containing the properties and environmestiagption expressed in terms of
these variables and macros. However, there isiaiti@i vmode
(“ahb_master_definitions” for the master subset‘ab_slave_definitions” for the
slave subset) consisting of definitions of thesgatdes and macros, and the user
can edit the right-hand side of these definitidnysentering the appropriate signal
name and parameter value, for example

define master_htrans := HTRANS;

The vmode containing these definitions is inherligdall the vunits containing the
properties.

The unedited definitions vmode supplied with thedry gives default values to
each variable, for example

define master_htrans := ones(2);

Thus the property subset does in fact consistg#lIBSL, and the vunits can be
loaded, and indeed run, by a verification tool. léger, the results are not of any
significance until the editing has been done.

The user has to edit the definition vmode of thestered subset i.e. either
“ahb_master_definitions” or “ahb_slave_definitionie whole subset is then
ready for use.

How to use the properties?

Only one AHB interface of a given design can bestiered at a time to be
formally verified.

The slave and master subsets share the same sgrirctusymetrical way which
gives for the master (resp. slave):

« the vmode “ahb_constants” containing all the AHBaating values

« the vmode “ahb_master_additional_variables” (resp.
“ahb_slave_additional_variables”) containing theafales that correspond

Repository of PSL Sugar for common protocols / interfaces
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to expressions frequently used in the propertiesdarectly based on AHB
interface signals

* the definition vmode “ahb_master_definitions” (resp
“ahb_slave_definitions”)

» the slave (resp. master) assumption vmodes eaghiofi being a slave
(resp. master) property turned into an assumption

* the vmode “ahb_slave_legal_behaviour” (resp.
“ahb_master_legal_behaviour”) inheriting all thave (resp. master)
assumption vmodes

« as many couple of vprop and vunit as master (idape) properties with
0 the vprop containing the property itself

0 the vunit inheriting the vprop, the vmodes
“ahb_slave_legal_behaviour” (resp.
“ahb_master_legal_behaviour”), “ahb_constants”,
“ahb_master_additional_variables” (resp.
“ahb_slave_additional_variables ")

All the default definitions in the definition vmoslare required to be edited
in order tobind the predefined property subset to the hardaasign of which the
AHB Lite interface is under check. This editing tade done as follows.

« Replace the default definitions of thata bus width, upper bound
number of consecutive wait states, upper boundoeumf consecutive
busy states macros with appropriate values cornepg to the considered
design

+ Replace the default definitions of all the AHB irfigee signal
variables with actual signals names of the coneiidesign

These configurations steps fully cover the AHB liiteerface under check but do
not take into account the environment assumptioatare related to interface
signals of the considered design, not part of thiBA.ite interface in question. As
they are specific to each considered design, thed#ional assumptions have to be
explicitly formulated by the user before running #hHB property checks.

This AHB property set was integrated to the ST flelich already comprised the
ST bus protocol property set. It contributes tmebgeneous protocol compliance
static checking solution for any IP HDL implemeraatwith an interface of either
protocol.

Transaction based approach

Rather than on rules and requirements, the stgpting in this approach is given
by the various transactions defined in the protomatl the goal is to capture the full
specification of the protocol in properties by faliming the conditions and effects
of each transaction.
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This work was performed at OneSpin, starting witbperties in the ITL language.
A full property set was developed, applied to oroglate, and reused for a different
module. This experience is reported below.

The initial goal of delivering reusable PSL codesvahandoned, for two reasons:
First, OneSpin’s business strategy puts less ermpbadSL support than initially
expected, and therefore first experiments on rease based on ITL (OneSpin’s
own property language)[5][6] rather than PSL. Selcdrturned out that re-use of
properties requires additional adaptation effatexdplained in the following
section — and this effort was beyond the availpbdgect resources.

Property set content

A set of properties covering all aspects of the AptBtocol was developed, using
OneSpin’s ITL language. We describe here the géapmoach taken, and the
problems encountered in this experiment.
The AHB protocol defines

e certain operations such as single transfer, inoct8, retry,

e certain generic signals such as HREADY, HTRANS, HGR,

HWDATA ...
e certain states allowing each operation
« the behaviour of these signals for each operation

The core idea of the transaction-based approdtiatigach such operation of the
protocol is translated to one ITL property, accogdio the following steps:

¢ Some general assumptions are made regarding tteepkgompliance of
the module’s environment, such as other moduldt®isame AHB bus,
e.g.
0 there is no reset during a transaction
0 The HREADY signal defines the sequence of phasswrding to
the AHB specification
« Additional knowledge about the reachable stateesmspecified and
proven as Invariant, and then used to help theviehgial proofs.
« Each property is of the type
ALWAYS ((StartingState and TriggerCondition)
->
((TransactionBehaviourl and NextStatel) or
(TransactionBehaviour2 and NextState2) or

(TransactionBehaviour_n and NextState n)).

* Here the TransactionBehaviours correspond to vaiti@nsfer types
identified by the HTRANS signal.

This is illustrated by the following example, whidlascribes, what can happen
when the module is in the “START_SINGLE” statesthan be either an idle
transaction, or any of SINGLE, INCR4, INCR8, INCRAGINCR as specified in
the AHB protocol.

theorem start_single_state2next_okay;
for timepoints:
ta=t+0,
td = ta + 1..MAX_WAIT_CYCLE_NUMBER;

Repository of PSL Sugar for common protocols / interfaces
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freeze:
new_data = HWDATA @ ta+1;

assume:
START_SINGLE_STATE(ta);
INPUT_CONSTRAINT;
INVARIANT;
HREADY_BEHAVIOUR(ta, td);
during [t_first, t_last] : HRESET ="1",
atta: HGRANT= "1}
during [ta+1, td] : HRESP = OKAY;

prove:
either
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
IDLE_BEHAVIOUR(ta, td);
IDLE_STATE(td);
or
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
START_BURST_BEHAVIOUR(ta, td, SINGLE);
START_SINGLE_STATE(td);
or
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
START_BURST_BEHAVIOUR(ta, td, INCR4);
START_INCR4_STATE(td);
or
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
START_BURST_BEHAVIOUR(ta, td, INCRS);
START_INCR8_STATE(td);
or
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
START_BURST_BEHAVIOUR(ta, td, INCR16);
START_INCR16_STATE(td);
or
LAST_BEAT_BEHAVIOUR(ta, td, new_data);
START_BURST_BEHAVIOUR(ta, td, INCR);
START_INCR_STATE(td);
end either;

end theorem;

All symbols in capital letters refer to macros whiefine the high-level concept
(operation, state). As an example, consider thawebr of the HREADY signal:

HREADY_BEHAVIOUR(t_address : timepoint;

t_data :timepoint) : asser tion :=
at t address : HREADY ="'1";
during [t_address+1, t_data-1] : HREADY ="'0;
at t_data : HREADY =1}

end HREADY_BEHAVIOUR;

While this example only refers to a signal of thdB\specification, ultimately the
behaviour needs to be mapped to a given implenientauch as in the following
example:

IDLE_STATE(tO : timepoint) : assertion :=

at t0: rBurst4Count_x = 0;

at t0: rlose_bus_true = 0;

att0: r_masterBusReq =0;

att0: r_masterTrans = AHB_HTRANS_IDLE;
att0: r_masterBurst = AHB_HBURST_INCR,;
att0: r_masterWrite =0;

att0: r_masterWrByteVal =0;

att0: rAddrPhase =0;

att0: rDataPhase =0;

att0: rRetryPending =0;

att0: rBusDmaErrResp = 0;

att0: rTransferDone =0;

att0: rDoneOnRetry =0;
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att0: rBusDmaDone =0;
end IDLE_STATE;

Use model

This section explains what is required to reusdridmesaction-based AHB
properties. As the above example shows, the badiesme macros are
implementation-dependent.

In addition, as the start_single_state2next_okapgnty shows, INVARIANTSs and
INPUT_CONSTRAINTS need to be taken into accourdroher to prove a property.
To summarize, re-use of this property set requiussomizing it to a given
implementation by:

e mapping the generic signal names

¢ mapping the generic states

» specifying input constraints

« finding design invariants.

OneSpin has used the concept outlined here topard different implementations
of an AHB interface. In each case, the effort feg tustomizing was between 6 and
8 person weeks (work done outside PROSYD). Thisasasidered too much for a
routine application. Further research is requicedutomate some of the
customizing process sketched above.

Comparison between approaches

The transaction-based approach and the rule-bamertbpresent two different ways
to structure the protocol rules. The latter folladws definition items of the protocol
functional specification whereas the former unfdiuks protocol starting from its
underlying transactions. Both approaches rely systematic way to achieve 100%
coverage of the protocol. The OneSpin Solutiontstegite provides a concrete
framework to meet this objective.

In terms of dependency on the considered desigmulle-based approach only
involves interface signals whereas the transadiesed one may require further
internal consideration of the design. This resultsore reuse flexibility for the
former approach.

Repository of PSL Sugar for common protocols / interfaces
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3 FIFO

Property set content

The set of properties consists of two groups: amgaining the essential properties
characterizing any FIFO, and one containing aduétig@roperties that may or may
not be requirements for a particular FIFO.

Essential properties

There are four essential properties of FIFOs:
* It must be possible for any number of writes tarize to the FIFO.
e At no time can there have been more reads thaesyrit
» If there have been more writes than reads, it tnegtossible for there to be
further reads.
» For each positive integer n, the data value ahttteread is equal to the
data value at the n-th write.
There is a separate PSL vunit for each of thegeepties. The second and third
properties ensure that there is a one-to-one qneience between reads and
writes; and then the fourth property ensures thatata values at any read is equal
to the data value at the corresponding write. Nwtwe do not include an explicit
property that there are no writes to the FIFO wihé&hfull — indeed, the size of the
FIFO does not need to be known. As long as thefoaperties above are satisfied,
the FIFO will be operating correctly. If a writeags when the FIFO is full, then
one of these properties will be violated; for exéanphe data may be lost, or it may
overwrite previous data, so that the fourth properviolated.

Additional properties

The additional properties fall into three categerie

* Protocol requirements of the specific environmdrihe FIFO (e.g. the
FIFO may not grant a write unless the environmgmnéquesting to write).
Such requirements are specific to the particulachkd the FIFO has
interfaces with, and will vary from case to case.

» Performance (e.g. latency between a write and dkee ltecoming available
for reading). In general, a FIFO can function cdilgewithout providing
any guarantee of minimum latencies; but such gteesmmay be
requirements in particular cases.
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« Status reporting (e.g. indicating whether the FiE@ill). A FIFO
may or may not have outputs that indicate sometabayt its status,
but if it does have such outputs, their values khba correct.

Use model

The property set code in PSL GDL flavour can beatbin Annex B.

How to relate the properties to the design?

Any particular design model will have its own nanf@sthe interface signals that
are relevant to the properties. The way to relase signals to the library
properties is as follows.

The properties are expressed in terms of variadles as data_in and of macros
such as data_width. Users of the library do nothdihe vunits containing the
properties expressed in terms of these variableseder, there is a vmode
consisting of definitions of these variables anatrog, and the user can edit the
right-hand side of these definitions, by enterimg &appropriate signal name and
parameter value, for example

define data_in := write_data;

The vmode containing these definitions is inherligdall the vunits containing the
properties.

The unedited definitions vmode supplied with thedry gives default values to
each variable, for example

define data_in := 0;

Thus the library does in fact consist of legal P&hd the vunits can be loaded, and
indeed run, by a verification tool. However, theukes are not of any significance
until the editing has been done.

Some variables represent not just signals, buttewerstates. For example, there is
a variable write_event representing the eventwfite to the FIFO; and there are
variables fifo_ready for_write, representing thet that the FIFO is in a position to
accept a write, and environment_ready to_writeresgnting the fact that the
environment is in a position to make a write. lagh cases, the definitions of the
variables may be expressions rather than just Isighlhe possible choices for such
expressions cover a variety of ways that data néer @and leave the FIFO:
» There may be different clocks for reads and writes
* It may be either the FIFO or the environment th&es the initiative for
reads or for writes; and the side that is not tgkire initiative may either
indicate willingness to participate as soon as ready, or only in response
to the initiative, or it may be obliged to partiatp when the other side takes
the initiative.
In all cases, a write event occurs when the vagmfifo_ready_for_write and
environment_ready_to_write are both 1 at a tickhefwrite clock, and similarly for
reads.

How to use the property set?
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The properties are contained in a number of vunitéch use variables that can be
defined in terms of signhal names and parameteesallhe user should edit the two
vmodes “fifo_definitions” and “fifo_optional_defitions”; the whole set of vmodes
and vunits is then ready for use.

The default definitions in the vmode “fifo_defimtis” should be edited as follows.

» If the FIFO size could be greater than 100, reptheedefault value of 100
for fifo_upper_bound by some number that you ardident is greater than
the actual maximum size of the FIFO. This uppemodoes not appear
directly in the properties; it is used to keep itwege of certain other
variables finite, and it does not have to be thaad-IFO size.

* Replace the default definitions of the data widtcro, and the data_in and
data_out variables, by the correct ones in ternteefctual design signals.

* Replace the definitions of write_clock and readcklby expressions in the
actual clock signals; for example, define write cklo= rose(clk_bus) if
writes are clocked on the rising edge of clk_bfimarites or reads are
asynchronous, leave the definition of write_clockesad_clock as 1.

» Provide definitions of fifo_ready_for_write and
environment_ready_to_write, as follows.

o If the environment makes a write by asserting seigeal w, and
and the FIFO has no signal to control whether thigevs made,
define environment_ready_to_write := w and fifo dydor_write
=1;

o If the environment has a signal w as above, buFtR©® has a
signal g such that the write can only be madeisfasserted, then:

o If the environment is allowed to wait for g to tssarted before
asserting w, define environment_ready_to_writeg:=>(w);
otherwise define environment_ready_to_write := w.

o Ifthe FIFO is allowed to wait for w to be asserbedore asserting
g, define fifo_ready_for_write := (w -> g); othese define
fifo_ready_ for_write :=g.

* Provide definitions of fifo_ready for_read and eowment_ready to read
in a similar way.

The default definitions in the vmode “fifo_optiondkfinitions” should be edited as
follows. If the relevant properties do not applythe particular FIFO, the default
definition can be left unchanged.

« If there is a requirement about the latency betwberFIFO not being full
and the FIFO accepting writes, or if there is dustautput indicating that
the FIFO is full, the exact FIFO size needs to be¥n. Define
exact_fifo_size appropriately. It should be the masm number of entries
that can have been written but not yet read.

» If there are protocol requirements on the signalgfants of reads and
writes, define the variables fifo_grant_write, fifgrant_read,
environment_request_write and environment_requeatl to be equal to
the appropriate signals.

» If there are requirements on the latencies betwéwm the FIFO is not
empty and when data becomes ready for readingstarden when the
FIFO is not full and when the FIFO becomes readynfiating, define the
read_latency and write_latency variables approglsialhe read latency
should be expressed as a number of read clocks;ytble write latency as a
number of write clock cycles.
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If there are signals indicating that the FIFO i, for empty, define the
variables fifo_full or fifo_empty to be equal tcetfe signals. By default, the
fifo_full signal is clocked on ticks of the writéock, and the fifo_empty
signal on ticks of the read clock. Change thesmitiehs if necessary.

There are now four vunits, in PSL GDL flavour, aintng properties that should
be checked for every FIFO. These are

fifo_write_liveness: the assertion fails if it's ggible for the FIFO to get in

a state where it refuses to accept any furtheewssrgven though the
environment is willing to read from it.

fifo_read_liveness: the assertion fails if thergehbeen more writes to the
FIFO than reads, but the FIFO refuses to accepfiattyer reads.
fifo_no_read_when_empty: the assertion fails if¢hiegave been the same
number of reads as writes, but the FIFO is wiliogccept a further read.
fifo_data_correpondence: the assertion fails ifdhi associated with some
read is different from the data associated withctireesponding write
(where the correspondence is given by the orddreofvrites and reads).

There are also several vunits containing additipnaperties that should only be
checked if they apply to the particular case:

fifo_write_grant_only on_request: the assertiofsfiiithe grant signal for
writes is asserted by the FIFO when the environrisembt requesting to
write.

fifo_read_grant_only_on_request: the assertios fhthe grant signal for
reads is asserted by the FIFO when the environisemt requesting to
read.

fifo_not_read_and_write: the assertion fails if HEO is asserting its grant
signal for both reads and writes simultaneously.

fifo_read_latency: the assertion fails if the in@rbetween a time when the
FIFO is not empty and the next time at which data loe read is greater
than the specified latency.

fifo_write_latency: the assertion fails if the intal between a time when
the FIFO is not full and the next time at whichadean be written is greater
than the specified latency.

fifo_full: the assertion fails if either the FIF® full and the fifo_full signal
is not asserted, or the FIFO is not full and tfe full signal is asserted.
fifo_empty: the assertion fails if either the FIFEOempty and the
fifo_empty signal is not asserted, or the FIFOasempty and the
fifo_empty signal is asserted.

These configurations steps fully cover the FIFOasraheck but do not take into
account the environment assumptions that are tetatmterface signals of the
considered design, not directly involved in the@®lproperties. As they are specific
to each considered design, these additional assumsgtave to be explicitly
formulated by the user before running the FIFO prgpchecks.
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4 Stack

stack pointer
R

This chapter gives reusable properties for verganstack design.

A stack is a contiguous block of memory that cargalata and an associated stack
pointer to indicate the top of the stack (with boétom of the stack at location 0).
Data can beushed onto the top of the stack popped off, as illustrated in the

figure below.

63 63 63
62 62 [PUsH 62
H POP H ZB H H
5 5 5
stack pointer
51 |, 4 —| 2B |,
stack pointer
FE |, —5| FE |, FE |,
4C 2 4C 2 4C 2
03 |, 03 |, 03 |,
12 |o 12 |, 12 |,

Figure 4-1 Example Operation of a Stack

The properties presented here have been verifiedweral different
implementations of a stack, each one containing\&l Biven by a model suitable
for property checking. Many of the properties carapplied to each
implementation as they only differ in a border ¢aseming what happens when
there is a simultaneous push and pop request.

Border cases often contain errors and so shouldyallve verified. Other border
cases to consider are what happens when the steadhpty or full, can an overflow
or underflow bug occur? A simple mistake to makemwhreating a stack is to
simply assert the empty flag when the stack poiisteero, but the stack pointer
can also be zero when the stack contains justitee ¢ell.
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Property set content
The basic properties for a stack are these:

* Reset Proof
* No-Operation Proof (stack unchanged)
* Read (Pop) (data taken off the top of the stack)
*  Write (Push) (data written onto the top of thelsta
Corner case and multiple-timestep properties ae tiescribed in the following

order:
* Stack Full

e Stack Empty
* Simultaneous Read + Write Proofs
* Write then Read-back Proofs

Each of these is briefly explained below, and tbeasponding PSL code in vhdl
flavour is given in annex C.

Reset Proof

Following a reset, a stack should be empty withsthek pointer at zero. (see
property: stack-rst)

Remarks:

e This is a synchronous reset, hence the reset taKest at time t+1.
However, if the standard clocking scheme is applteé same property
would hold for an asynchronous reset. In this dhseproperty could be
strengthened to prove the reset state at time t+dnd

 The memory and data output are not checked asintpemented with a
RAM that is not initialized following a reset. Hower, the design could be
modified such that the reset will disable the chdtect for one cycle
(which will set the data output to a default value)

No-Operation Proof

When a stack has no push or pop requests, thembader and the stack memory
should be unchanged. (see property: stack-nop)

A macro is used for the commitment so that it camésused for other properties.
This macro is itself described in terms of othecrna, as shown below.
Read (Pop)

When a stack is popped, the memory location astének pointer is read and the
stack pointer is then decremented. A pop is orbwedd if the stack is not empty.
(see property: stack-r)
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Remarks

A macro is used for the commitment so that it cameésused for other
properties.

* Aninvariant macro (s_ptr_range) is used to avoidhaalid debug
sequence in which the stack pointer starts abewadiximum. This is
proven separately in vunits stack_invariants_Rasdt
stack_invariants_Induct.

Write (Push)

When a stack is pushed, its stack pointer is inerged and data is written to the
memory location at the address of the new stackteo(i.e. one higher). A push is
only allowed if the stack is not full. (see progyedtack-w)

Remarks:

« A macro is used for the commitment so that it canréd-used for other
properties.

* Two invariant macros (s_ptr_range and sp_zero_ibt@nare used to avoid
invalid debug sequences. These are proven separatel vunits
stack_invariants_Reset and stack_invariants_Induct.

* This property is not quite complete, it does natfyehat all other memory
locations remain unchanged. This is proven with $bparate property
stack-conserve_ram.

Efficient Memory Conservation

A further property is required to prove the wrifgeoation. What's lacking from the
stack-w property is a check that aside from theweriteen cell, the rest of the
memory is unchanged. The stack-conserve_ram progiates that a memory
location can only change if it is written to.

Remarks:

* For simultaneous push and pop the pushed data ypagd the RAM.
Therefore the RAM is allowed to keep its value raftesh.

» Data are correctly written to the RAM if necessay proven with the
push and simultaneous push and pop properties.

* This property is generic because the maximum staltkess in the for
statement is expressed by a generic parameter.
Stack Full

When the stack is full a write cannot be perforrhatia read or NOP can occur.
Due to the use of macros for the read and NOP piiepgthis property is concise.
(see property: stack-full).

Remarks:
* The push request is don’t-care when the stacKlis fu
* This property also checks that empty and full cawen both be asserted.

* Two arguments to the stable_after_nop macro arstaot) they are empty
and full respectively.
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Stack Empty

When the stack is empty a read cannot be perfolbaed write or NOP can occur.
Due to the use of macros for the write and NOP gntggs, this property is concise.
(see property: stack-empty)
Remarks:

* The pop request is don’t-care when the stack isyemp

* This property also checks that empty and full cawen both be asserted.

« Two arguments to the commitment macros are thetaotssempty and
full.

Simultaneous Read + Write Proofs

A border case to consider is what happens whee ther simultaneous push and
pop. This is a distinguishing factor and can afteetdesign of the stack itself,
resulting in different architectures as discusseldw.

Alternative Stack Designs
1 push_overrides

This is a simple priority scheme, with the push serviced (unless the stack is full). (see
property: stack-rw_push_overrides)

»  Priority is on push unless the stack is full.

2 full_bypass

This stack can completely bypass the memory and route the push data to service the
pop request in the following cycle. It requires an input register that always stores the
incoming data and provide the one-cycle delay that a pop request would expect.
Although simultaneous, the push is effectively serviced just prior to the pop. This stack
ignores the full and empty flags (as the memory is not used). (see property: stack-
rw_full_bypass)

» For this property, the stack memory is bypassedtia@dnput data is output
on the next cycle i.e. the push data servicesadpe p

As the RAM is unchanged, the full/lempty signals don't have to affect the outcome.

3 safe_bypass

This stack is the same as full_bypass, but is seaso the full/lempty flags.
Separate properties are required for each desiggivan below. (see property:
stack-rw_safe_bypass)

* When the safe_bypass stack has a simultaneousapashop the stack is
normally bypassed, i.e. memory unchanged and fh ithata is output on
the next cycle. However, if the full or empty flage asserted then there is
no bypass. This behaviour is potentially safer bseahe interfaces to the
stack may be relying on such a response.

* The commitment for this property has a case amalgsi the full/empty
flags. The stack is only bypassed if the stacleither full nor empty.
Write then Read-back Proofs

An interesting check is that if you push data dh®stack in one cycle and then
read-back from the same location in a later cyblen the same data will be output
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(as long as there was no write or read in betwédrg .later cycle can either be the
very next cycle or could occur after a number off$0n between.

These checks play the role of sanity checks. Thpesties above prove the stack
completely. (see property: stack-w_rb)

The above property can be extended by allowingosmeore NOPs in between.
This is checked with a * operator in PSL. (see prop stack-w_rb_by3)

Use model

How to relate the properties to the design?

Any particular design model will have its own nanf@sthe signals involved in a
stack. The way to relate these signals to the gpjate predefined properties is as
follows.

Users of the subset do not touch the vunits coimigithe properties and
environment assumption expressed in terms of thasables. However, there is a
definition vmode (stack_definitions) consistingdgffinitions of the variables:

» interface signals push, pop, d_in, rst, empty, full
* Memory array memory
e Stack pointer s_ptr

The user can edit the right-hand side of thesenifiefins, by entering the
appropriate signal name and parameter value, fimple

define push := xyz_push;
The vmode containing these definitions is inherligdll the vunits containing the
properties.

How to use the properties?

All the default definitions in the definition vmodee required to be edited as
described above.

Furthermore, note that PSL does not define on wéthof traces the property is to
be checked, and the following choice was made hleeechecker should consider
an arbitrary starting state, i.e. not necessatést from reset. Otherwise the
properties as written here would not detect anyrfaiat later cycles, because no
explicit “always” is stated. When using a checkarting from reset, the properties
should be modified by wrapping them with an “alwaggerator.
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5 Configuration registers

Most HDL designs present a block that handles afsginfiguration registers

which affect the operation of the design. The fegisare usually dedicated a
specific interface to be accessed in read or maite.\Whey can also be updated by
other external input signals. The handling and rgameent of these registers obey
to common rules captured by the set of properissribed hereafter.

Property set content

The properties are of two types either relatedhéoregister functionality or
to the protocol requirements of the main interfliceugh which the registers can
be read and written. A section by section propeetcription follows.

Functional properties

» Reads return most recently written value.

For each register, it is expected that readinglitalways return its most
recently written value. If no writes occurred gimeset, its reset value is
expected to be returned. Any external input sigtreds affect the value of a
register will need to be taken into account inrwst recent written byte
description for the register.

* Reads from write-only registers always return 0.
Any write-only register will never yield its datate through register reads;
any attempt to do so will always return 0.

» Writes affect output signals.

For those registers that are writeable and affetgiud signals, the appropriate
property can be used to cover these cases. Thiaclane write-only

registers. Whether the new value of the outputadigppears in the same cycle
as the register write being completed, or in th®¥ang cycle, this will need

to be reflected appropriately in the property bingshe suffix implication or
the next suffix implication PSL operator.

» Changes in output signals solely due to writes.

This is the reverse of the previous property arsliees that there are no other
possible events that cause the output signalsaiogeh Whether there is one
cycle delay between the register write and the gbam the output signal or no

delay, this will need the use in the property & phev PSL built-in function or
not.
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» Output signals derived from current register daz iaputs.

If some input signals can also affect output sigifldr example interrupts),
then this property will need to be used and adafmedrecise description of
the effects.

Protocol requirements of the register interface

Such requirements are specific to the main interthough which the registers are
accessed.

The functional properties involve information thary from a design to another
and that are specifically provided by the functispecification document of the
considered design:

* main interface for register access

» list of external inputs that can update the regssfeoncerned registers and
involved values)

» list of the used registers, along with their adsless whether they are read-
only, read/write or write-only, their bit-width anldeir value on reset

« list of output signals affected by writes to registtogether with the way
they are influenced

Use model

The property set is based on the following intexfiamework defined by:
* two handshake signals, input signal req and oudiguial r_req
* two data busses, input data and output r_data
e aninput address bus addr

* astatus signal, output signal error

The majority of register access interfaces arecirad according to this
framework. Such is the case for the ST bus ty@det interface and the Amba
APB slave interface. If a register access interfacot compliant with this
framework, the property set needs to be adapteat@iogly but the required effort
is expected to be weak as the distance betweesirtheures should be small.

The property set code in PSL GDL flavour can beatbin Annex D.

How to relate the properties to the design?

Any particular design model will have its own nanf@sthe interface signals. The
way to relate these signals to the predefined ptigges as follows.

The properties set is expressed in terms of vasadlich as register_req and macros
such as data_bus_size. These variables and maerdefmed in two definition
vmodes “register_interface_definitions” and “regrstadditional_definitions”. The
former is dedicated to the interface signals aedigsign parameters whereas the
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latter captures the register names and addresseslass the validity and
effectiveness conditions of register use (writadresalid operation, valid adresss
and byte selection conditions).

The user can edit the right-hand side of thesenitigins, by entering the
appropriate signal name and parameter value, fompie

define register_req := REQ;

The vmodes containing these definitions is inhdriig all the vunits containing the
properties.

The unedited definition vmodes supplied with thedry gives default values to
each variable, for example

define register_req := 1,

Thus the property subset does in fact consistg#lIBSL, and the vunits can be
loaded, and indeed run, by a verification tool. ld@er, the results are not of any
significance until this editing has been done.

The user has not only to edit the right-hand sid@ée given definitions but also to
reproduce a certain number of these definitions.eemple, the definition of the
macro reg_i_addr (capturing the register name @nalidress) has to be replicated
as many times as there are used registers listibe ifunctional specification
document of the considered design.

How to use the properties?
The property set comprises:

» the vmodes “register_interface_definitions” anedister_additional
_definitions”

» the vmodes covering protocol assumptions

» the vunits dedicated to the protocol requirementsthe functional
properties

The two definition vmodes are required to be editedrder to bind the predefined
property set to the considered hardware desigrs. ddliting has to be done as
follows.

* Replace the default definitions of the macros asklrepper_bit,

address_lower_bit, address_width, data_bus_d#ta, upper_bit with
appropriate values corresponding to the consideesdyn.

* Replace the default definitions of the interfagmal variables with actual
signals names of the considered design.

* Replace the default definitions of the variablegeyread, valid_operation
with appropriate boolean conditions involving attesign interface
signals.

* Replace the default definitions of the macro regddr and the variable
byte j. Then reproduce them according to the fistsed registers and the
number of bytes allowed by the data bus width.

¢ Replace the default definition of the variable dahddress condition with
the appropriate boolean condition involving the roaceg_i_addr.

The supplied vmodes and vunits related to the pobdt@quirements do not need to
be edited by the user whereas all the other vanésubject to being edited.
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Any non protocol vunit refers to a given registed aequires to be replicated for
each register when it is applicable for the registbe replication must also be
made w.r.t. each byte or bit of the data bus whenapplicable for the vunit and
the register. The vunits that relate register tipousignal or input signal have as
well to replicated for each concerned output outrgignal.

The vunits with modelling code keeping track of thest recent written byte need
to be edited if the concerned register is affetiedxternal input signals. Any such
signals have to be taken into account in this miodetode.

The non protocol vunits are supplied in two waysammented and commented.
The uncommented vunits are valid PSL that can bevithout editing but not in a
significant way. They may require editing w.r.tetexternal input signals as
mentioned in the previous paragraph.

The commented vunits are based on specific infoomdbr the considered design.
Example of this information is the number and thmas of the input or output
signals in the case of the properties which relase signals to the registers. When
they are applicable for the considered designethasits need to be uncommented
and edited. The code of these vunits has to beteghaéth the actual names of the
concerned signals. The assertion statements thesageed to be updated to
precisely reflect the relationships between theceamed signals and the registers.
Such is the case for the vunits “writes_to_reg_feby bit_k_affect_outsigl” and
“outsig3_from_reg_i_and_insig”.

These configurations steps cover the whole logioypter of the configuration
registers under check but do not take into acctiwnenvironment assumptions that
are related to interface signals of the considdesilgn, not directly part of the
perimeter in question. As they are specific to eamtsidered design, these
additional assumptions have to be explicitly foratet by the user before running
the configuration register property checks.
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Annex A: AHB Lite protocol

Master property subset

vmode ahb_constants {

#define idle 0ooB
#define busy 01B
#define nonseq 10B
#define seq 11B
#define single 000B
#define incr 001B
#define wrap4 010B
#define incr4 011B
#define wrap8 100B
#define incr8 101B
#define wrapl6 110B
#define incrl6 111B
#define bits8 000B
#define bits16 001B
#define bits32 010B
#define bits64 011B
#define bits128 100B
#define bits256 101B
#define bits512 110B
#define bits1024 111B
#define okay 00B
#define error 01B
#define retry 10B
#define split 11B

}

vmode ahb_master_definitions {

#define data_bus_size 32

#define wait_states_bound 15

#define busy_bound 15

-- Replace these numbers by appropriate values

#define upper_data_bit (data_bus_size - 1)
define master_hclk := 1;

define master_htrans(1..0) := ones(2);
define master_hready := 1;
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define master_hresp(1..0) := ones(2);
define master_hburst(2..0) := ones(3);
define master_hsize(2..0) := ones(3);
define master_hprot(3..0) := ones(4);

define master_hwdata(upper_data_bit..0) := ones(dat

-- Replace ones by actual signal names

}

vmode ahb_master_additional_variables {

var transfer_size : {8, 16, 32, 64, 128, 256, 512,
assign transfer_size := case
master_htrans(2..0)=bits8 : 8;
master_htrans(2..0)=bits16 : 16;
master_htrans(2..0)=bits32 : 32;
master_htrans(2..0)=bits64 : 64;
master_htrans(2..0)=bits128 : 128;
master_htrans(2..0)=bits256 : 256;
master_htrans(2..0)=bits512 : 512;
master_htrans(2..0)=bits1024: 1024;
esac;

define effective_burst :=
(burst!=single) & !((burst = incrl6) & (transfer_si
I((burst = wrap16) & (transfer_size = 1024));

define effective_incr_burst :=
(((master_hburst(2..0)=incr) | (master_hburst(2..0)
(master_hburst(2..0)=incr8) | (master_hburst(2..0)=
I((burst = incrl6) & (master_htrans(1..0)_size = 10

define effective_wrap_burst :=
((master_hburst(2..0)=wrap4) | (master_hburst(2..0)
(master_hburst(2..0)=incr16)) &

I((burst = incrl6) & (master_htrans(1..0)_size = 10

var adr_incr : 1..128;
assign adr_incr := case
(transfer_size=8) : 1;
(transfer_size=16) : 2;
(transfer_size=32) : 4;
(transfer_size=64) : 8;
(transfer_size=128) : 16;
(transfer_size=256) : 32;
(transfer_size=512) : 64;
(transfer_size=1024) : 128;
esac;

var wrap_upper_addr_bit :1..9;

assign wrap_upper_addr_bit := case
master_hburst(2..0) = wrap4 & transfer_size =8:1
master_hburst(2..0) = wrap4 & transfer_size = 16 :
master_hburst(2..0) = wrap4 & transfer_size = 32 :
master_hburst(2..0) = wrap4 & transfer_size = 64 :
master_hburst(2..0) = wrap4 & transfer_size = 128:
master_hburst(2..0) = wrap4 & transfer_size = 256:
master_hburst(2..0) = wrap4 & transfer_size =512 :
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master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..
master_hburst(2..

esac;

0) = wrap4 & transfer_size = 1024
0) = wrap8 & transfer_size =8: 2
0) = wrap8 & transfer_size = 16 :
0) = wrap8 & transfer_size = 32 :
0) = wrap8 & transfer_size = 64 :
0) = wrap8 & transfer_size = 128:
0) = wrap8 & transfer_size = 256:
0) = wrap8 & transfer_size =512 :
0) = wrap8 & transfer_size = 1024
0) = wrapl16 & transfer_size = 8:
0) = wrapl6 & transfer_size =16 :
0) = wrapl6 & transfer_size = 32 :
0) = wrap16 & transfer_size = 64 :

0) = wrapl6 & transfer_size = 128:
0) = wrapl6 & transfer_size = 256:

0) = wrap16 & transfer_size = 512

sequence waiting = {((master_htrans(1..0)=busy) & !
[*];((master_htrans(1..0)=seq) & !master_hready)[*
((master_htrans(1..0)=busy) & master_hready)[*])};

sequence body =

{ waiting ; ((master_htrans(1..0)=s

master_hready)}:

sequence header = {(master_htrans(1..0)=nonseq) & m
(master_hburst(2..0)=single)};

sequence header4 = {(master_htrans(1..0)=nonseq) &
((master_hburst(2..0)=incr4) |
(master_hburst(2..0)=wrap4))};

sequence header8 = {(master_htrans(1..0)=nonseq) &
((master_hburst(2..0)=incr8) |
(master_hburst(2..0)=wrap8))};

sequence headerl6 = {(master_htrans(1..0)=nonseq) &
((master_hburst(2..0)=incr16) |
(master_hburst(2..0)=wrap16))};

sequence next_transaction = {(master_htrans(1..0) =
|(master_htrans(1..0) = nonseq)};

}

vmode assumption_zero_wait_state_okay_response_to_i

-- slave must always provide a zero wait state okay
-- transfers.

ASSUME
always((master_hready & (master_htrans(1..0)=idle))
-> next(master_hready & (master_hresp(1..0)=okay)))

}

vmode assumption_zero_wait_state_okay_response_to_b
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-- slave must always provide a zero wait state okay
-- transfers.

ASSUME
always((master_hready & (master_htrans(1..0)=busy))
-> next(master_hready & (master_hresp(1..0)=okay)))

}

vmode assumption_
first_cycle_of_not_okay_response_followed_by_second

-- A non okay response requires two cycles

ASSUME

always(('master_hready & (master_hresp(1..0) !=okay
-> next(master_hready &

(master_hresp(1..0)=prev(master_hresp(1..0)))));

}

vmode assumption_second_cycle_of _not_okay_response_

{

-- A non okay response requires two cycles

ASSUME
always((master_hready & (master_hresp(1..0)!=okay))
-> (Iprev(master_hready) & (prev(master_hres

}

vmode assumption_number_of_consecutive_wait_states_

-- every slave must have a predetermined maximum
-- number of wait states

ASSUME always (fell(master_hready) ->
next_a[0..wait_states_bound](Imaster_hready));

}

vmode ahb_slave_legal_behaviour {

inherit assumption_zero_wait_state_okay_response_to
inherit assumption_zero_wait_state_okay_response_to
inherit assumption_

first_cycle_of _not_okay_response_followed_by second
inherit
assumption_second_cycle_of_not_okay_response_after_
inherit assumption_number_of_consecutive_wait_state

}

vprop property_transfer_type_after_nonseq_single {

-- When hburst is single and htrans is nonseq, next
-- can only be idle or nonseq
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ASSERT
always(((master_htrans(1..0)=nonseq) & (master_hbur
-> next((master_htrans(1..0)=nonseq) | (master_htra

}

vprop property_transfer_type_after_idle {

-- When htrans is idle, it can only take idle or no

ASSERT
always((master_htrans(1..0) =idle)
-> next((master_htrans(1..0)=idle) | (master_htrans

}

vprop property_transfer_type_after_busy {
-- After a busy transfer, htrans can only take busy

ASSERT
always(((master_htrans(1..0)=busy) & master_hready)
-> next((master_htrans(1..0)!=nonseq) & (master_htr

}

vprop property_transfer_type_after_nonseq_burst {

-- After first transfer of a burst, HTRANS can only
-- or seq value

ASSERT

always(((master_htrans(1..0)=nonseq) & (master_hbur
master_hready)

-> next((master_htrans(1..0)=seq) | (master_htrans(

}

vprop property _hwdata_stable_until_hready_high {
-- The master must keep HWDATA constant until HREAD

ASSERT

forall d(upper_data_bit..0) in boolean :

always ((!master_hready &
(master_hwdata(upper_data_bit..0)=d(upper_data_bit.
master_hwrite)

-> next((master_hwdata(upper_data_bit..0)=d(upper_d
master_hready));

}

vprop property_htrans_stable_until_hready_high {
-- When htrans is nonseq or seq, the master must ke

-- constant until hready high unless hresp is not o

ASSERT
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forall d(1..0) in {seq, nonseq} :
always(('master_hready & (master_htrans(1..0)=d(1..
-> next((master_htrans(1..0)=d(1..0)) until master
(master_hresp(1..0) !=okay);

}
vprop property_haddr_stable_until_hready_high {

-- When htrans is not idle, the master must keep ha
-- until hready high unless hresp is not okay

ASSERT
forall d(31..0) in boolean :

always(('master_hready & (master_haddr(31..0)= d(31

(master_htrans(1..0) in {seq, nonseq, busy}))
-> next((master_haddr(31..0)=d(31..0)) until maste
(master_hresp(1..0) '=okay);

}
vprop property_hwrite_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- constant until hready high unless hresp is not o

ASSERT
forall d in boolean :

always(('master_hready & (master_hwrite=d) & (maste

{seq, nonseq}))
-> next((master_hwrite=d) until master_hready)) ab
(master_hresp(1..0) '=okay);

}

vprop property_hburst_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- constant until hready high unless hresp is not o

ASSERT
forall d(2..0) in {single,incr,wrap4,incr4,wrap8,in

always((!master_hready & (master_hburst(2..0)=d) &
(master_htrans(1..0) in {seq, nonseq}))

-> next((master_hburst(2..0)=d(2..0)) until master
(master_hresp(1..0) '=okay);

}
vprop property_hsize_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- constant until hready high unless hresp is not o

ASSERT

forall d in {8, 16, 32, 64, 128, 256, 512, 1024} :
always(('master_hready & (transfer_size=d) & (mast
{seq, nonseq}))
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-> next((transfer_size=d) until master_hready)) ab
(master_hresp(1..0) '=okay);

}

vprop property_hprot_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- constant until hready high unless hresp is not o

ASSERT

forall d(3..0) in boolean :

always((!master_hready & (master_hprot(3..0)=d(3..
(master_htrans(1..0) in {seq, nonseq}))

-> next((master_hprot(3..0)=d(3..0)) until master_
(master_hresp(1..0) =okay);

}

vprop property_number_of_beats_as_expected_for_sing
-- Number of beat as expected unless response not o

ASSERT
always ({header} |=> {waiting[*]; next_transaction}
(master_hresp(1..0) != okay);

}

vprop property_number_of_beats_as_expected_for_4_be
-- Number of beat as expected unless response not o
ASSERT

always ({header4} |=> {body[*3]; next_transaction})
(master_hresp(1..0) != okay);

}

vprop property_number_of beats_as_expected_for_8 be
-- Number of beat as expected unless response not o
ASSERT

always ({header8} |=> {body[*7]; next_transaction})
(master_hresp(1..0) != okay);

}

vprop property_number_of_beats_as_expected_for_16_b
-- Number of beat as expected unless response not o
ASSERT

always ({header16} |=> {body[*15]; next_transaction
(master_hresp(1..0) != okay);

}
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vprop property_hwrite_stable_along_burst {

-- Hwrite must be kept constant by the master alon
-- unless hresp is not okay

ASSERT

forall d in boolean :

always (((master_htrans(1..0)=nonseq) & master_hrea
(master_hburst(2..0)!=single) & (master_hwrite=d))
->next((master_hwrite=d) until ((master_htrans(1..
(master_htrans(1..0)= nonseq))))

abort (master_hresp(1..0) !=okay);

}
vprop property_hsize_stable_along_burst {

-- Hsize must be kept constant by the master along
-- unless hresp not okay

ASSERT

forall d in {8, 16, 32, 64, 128, 256, 512, 1024}:

always (((master_htrans(1..0)=nonseq) & master_hrea
(master_hburst(2..0)!=single) & (transfer_size=d))
->next((transfer_size=d) until ((master_htrans(1..
(master_htrans(1..0)= nonseq))))

abort (master_hresp(1..0) !=okay);

}
vprop property_hburst_stable_along_burst {

-- Hburst must be kept constant by the master along
-- unless hresp not okay

ASSERT

forall d in single,incr,wrap4,incr4,wrap8,incr8,wra
always (((master_htrans(1..0)=nonseq) & master_hrea
(master_hburst(2..0)!=single) & (master_hburst(2..
->next((master_hburst(2..0)=d(2..0)) until
((master_htrans(1..0)=idle) | (master_htrans(1..0)=
abort (master_hresp(1..0) !=okay);

}
vprop property_hprot_stable_along_burst {

-- Hprot must be kept stable by the master along a
-- unless hresp not okay

ASSERT

forall d(3..0) in boolean :

always (((master_htrans(1..0)=nonseq) & master_hrea
(master_hburst(2..0)!=single) & (master_hprot(3..0
->next((master_hprot(3..0)=d(3..0)) until ((master

| (master_htrans(1..0)= nonseq))))

abort (master_hresp(1..0) !=okay);

}
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vprop property_haddr_stable_when_master_busy {
-- Haddr must be kept stable when htrans busy not a

ASSERT

forall d(31..0) in boolean :

always( ((master_htrans(1..0)=busy) & (master_haddr
-> next((master_haddr(31..0)=d(31..0)) until
(master_htrans(1..0)=seq))) abort (master_hresp(1..

}

vprop property_number_consecutive_busy_is_bounded {

-- The number of consecutive busy transfers is boun

ASSERT always (rose((master_htrans(1..0)=busy)) ->
next_a[0..busy_bound]((master_htrans(1..0)=busy)));

}

vprop property_1KB_address_boundary_for_bursts {
-- Bursts must not cross 1KB address boundary

ASSERT

forall d(31..0) in boolean :

always (((master_htrans(1..0)=nonseq) & master_hrea
effective_burst & (master_haddr(31..10)=d(31..0)))
->next((master_haddr(31..10)=d(31..0)) until ((mast
idle) | (master_htrans(1..0) = nonseq))))

abort (master_hresp(1..0) !=okay);

}

vprop property_incrementing_burst_addresses {

-- Beats addresses are correctly incremented in inc

ASSERT

always ((master_hready & ((master_htrans(1..0)=seq)
(master_htrans(1..0)=nonseq)) & effective_incr_burs
-> (bvtoi(master_haddr(9..0)) <= (1024 — adr_incr))

ASSERT

always ((master_hready & ((master_htrans(1..0)=seq)
(master_htrans(1..0)=nonseq)) & effective_incr_burs
-> next (((master_htrans(1..0)=seq) | (master_htran
master_haddr(9..0)=(prev(master_haddr(9..0))+ adr_i

);
}
vprop property_wrapping_burst_addresses {

-- Beats addresses are correctly incremented in wra
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%forjin 1..7 do

ASSERT

always((master_hready & ((master_htrans(1..0)=seq)
(master_htrans(1..0)=nonseq)) &
effective_wrap_burst &

(wrap_upper_addr_bit = %{j}))
->next(((master_htrans(1..0)=seq) | (master_htrans(
((master_haddr(9..%{j+1})=prev(master_haddr(9..%{j+
(master_haddr(%{j}..0)=prev(master_haddr(%{j}..0))+
%end

ASSERT

always((master_hready & ((master_htrans(1..0)=seq)
(master_htrans(1..0)=nonseq)) &
Effective_wrap_burst &

(wrap_upper_addr_bit = 8))
->next(((master_htrans(1..0)=seq) | (master_htrans(
((master_haddr(9)=prev(master_haddr(9))) &
(master_haddr(8..0)=prev(master_haddr(8..0))+adr_in

ASSERT

always((master_hready & ((master_htrans(1..0)=seq)
(master_htrans(1..0)=nonseq)) &
effective_wrap_burst &

(wrap_upper_addr_bit = 9))
->next(((master_htrans(1..0)=seq) | (master_htrans(
((master_haddr(9..0)=prev(master_haddr(9..0))+adr_i

}

vprop property_address_alignment {

--all transfers must be aligned to the address boun
-- size of transfer

ASSERT
always ((transfer_size=16) ->
(fmaster_haddr(0)));

ASSERT
always ((transfer_size=32) -> (master_haddr(1..0)=z

ASSERT
always ((transfer_size=64) -> (master_haddr(2..0)=z

ASSERT
always ((transfer_size=128) -> (master_haddr(3..0)=

ASSERT
always ((transfer_size=256) -> (master_haddr(4..0)=

ASSERT
always ((transfer_size=512) -> (master_haddr(5..0)=

ASSERT
always ((transfer_size=1024) -> (master_haddr(6..0)

}
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vprop property_hsize_not_exceeding_data_bus_size {

-- the master must never attempt a transfer of whic h size
-- is wider than the data bus size

ASSERT
always (transfer_size <= data_bus_size);

}

vunit transfer_type_after_nonseq_single {

-- When hburst is single and htrans is nonseq, next value for htrans
-- can only idle or nonseq

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_transfer_type_after_nonseq_single;

}

vunit transfer_type_after_idle {
-- When htrans is idle, it can only take idle or no nseq value

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;
inherit property_transfer_type_after_idle;

}

vunit transfer_type_after_busy {
-- After a busy transfer, htrans can only take busy or seq value

ASSERT

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_transfer_type_after_busy;

}

vunit transfer_type_after_nonseq_burst {

-- After first transfer of a burst, htrans can only
-- take busy or seq value

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;
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inherit property_transfer_type_after_nonseq_burst;

}

vunit hwdata_stable_until_hready_high {
-- The master must keep HWDATA constant until HREAD

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property _ hwdata_stable_until_hready_high;

}

vunit htrans_stable_until_hready_high {

-- When htrans is honseq or seq, the master must ke
-- until hready high unless hresp is not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_hwdata_stable_until_hready_high;

}

vunit haddr_stable_until_hready_high {

-- When htrans is not idle, the master must keep ha
-- hready high unless hresp is not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_haddr_stable_until_hready_high;

}

vunit hwrite_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- constant until hready high unless hresp is not o

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_hwrite_stable_until_hready_high;

}
vunit hburst_stable_until_hready_high {
-- When htrans is seq or nonseq, the master must ke

until
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-- hready high unless hresp is not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_hwrite_stable_until_hready_high;

}

vunit hsize_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke ep hsize
-- constant until hready high unless hresp is not o kay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_hsize_stable_until_hready_high;

}

vunit hprot_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke ep hprot
-- constant until hready high unless hresp is not o kay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_hprot_stable_until_hready_high;

}

vunit number_of_beats_as_expected_for_single_transf er{
-- number of beat as expected unless response not o kay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_number_of_beats_as_expected_for_si ngle_transfer;
}

vunit number_of_beats_as_expected_for_4 beats_burst {

-- number of beat as expected unless response not o kay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_number_of beats_as_expected_for_4 beats_transfer;

}
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vunit number_of_beats_as_expected_for_8 beats_burst
-- number of beat as expected unless response not o

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_number_of_beats_as_expected_for_8_

}

vunit number_of_beats_as_expected_for_16_beats_burs
-- number of beat as expected unless response not o

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_number_of_beats_as_expected_for_16

}

vunit hwrite_stable_along_burst {

-- Hwrite must be kept constant by the master alon
-- hresp is not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_hwrite_stable_along_burst;

}

vunit hsize_stable_along_burst {

-- Hsize must be kept constant by the master along
-- unless hresp not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_hsize_stable_along_burst;

}

vunit hburst_stable_along_burst {

-- Hburst must be kept constant by the master along
-- unless hresp not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;
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inherit property_hburst_stable_along_burst;

}

vunit hprot_stable_along_burst {

-- Hprot must be kept stable by the master along a
-- unless hresp not okay

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_hprot_stable_along_burst;

}

vunit haddr_stable_when_master_busy {
-- Haddr must be kept stable when htrans busy not a

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_haddr_stable_when_master_busy;

}

vunit number_consecutive_busy_is_bounded {
-- the number of consecutive busy transfers is boun

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;

inherit property_haddr_stable_when_master_busy;

inherit property_number_consecutive_busy_is_bounded

}

vunit 1KB_address_boundary_for_bursts {

-- burst must not cross a 1KB address boundary
inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;

inherit ahb_slave_legal_behaviour;
inherit property _1KB_address_boundary_for_bursts ;

}

vunit incrementing_burst_addresses {
-- Beats addresses are correctly incremented in inc

inherit ahb_constant;
inherit ahb_master_definitions;
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inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;
inherit property_ incrementing_burst_addresses ;

}

vunit wrapping_burst_addresses {

-- Beats addresses are correctly incremented in wra

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_wrapping_burst_addresses ;

}

vunit address_alignment {

--all transfers must be aligned to the address boun
-- size of transfer

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;
inherit property_address_alignment ;

}

vunit hsize_not_exceeding_data_bus_size {

-- the master must never attempt a transfer of whic
-- is wider than the data bus size

inherit ahb_constant;

inherit ahb_master_definitions;

inherit ahb_master_additional_variables;
inherit ahb_slave_legal_behaviour;

inherit property_hsize_not_exceeding_data_bus_size;

}
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Slave property subset

vmode ahb_constant {

#define idle 0oB
#define busy 01B
#define nonseq 10B
#define seq 11B
#define single 000B
#define incr 001B
#define wrap4 010B
#define incr4 011B
#define wrap8 100B
#define incr8 101B
#define wrapl6 110B
#define incrl6 111B
#define bits8 000B
#define bits16 001B
#define bits32 010B
#define bits64 011B
#define bits128 100B
#define bits256 101B
#define bits512 110B
#define bits1024 111B
#define okay 00B
#define error 01B
#define retry 10B
#define split 11B

}

vmode ahb_slave_definitions {

#define data_bus_size 32

#define wait_states_bound 15

#define busy_bound 15

-- Replace these numbers by appropriate values

#define upper_data_bit (data_bus_size - 1)

define slave_hclk :=1;

define slave_htrans(1..0) := ones(2);

define slave_hready := 1;

define slave_hresp(1..0) := ones(2);

define slave_hburst(2..0) := ones(3);

define slave_hsize(2..0) := ones(3);

define slave_hprot(3..0) := ones(4);

define slave_hwdata(upper_data_bit..0) := ones(data _bus_size);
-- Replace ones by actual slave signal names

}
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vmode ahb_slave_additional_variables {

var transfer_size : {8, 16, 32, 64, 128, 256, 512, 1024},
assign transfer_size := case
slave_htrans(2..0)=bits8 : 8;
slave_htrans(2..0)=bits16 : 16;
slave_htrans(2..0)=bits32 : 32;
slave_htrans(2..0)=bits64 : 64;
slave_htrans(2..0)=bits128 : 128;
slave_htrans(2..0)=bits256 : 256;
slave_htrans(2..0)=bits512 : 512;
slave_htrans(2..0)=bits1024: 1024;
esac;

define effective_burst := (burst!=single) & !((burs t=incrl6) &
(transfer_size = 1024)) &
I((burst = wrap16) & (transfer_size = 1024));

define effective_incr_burst :=

(((slave_hburst(2..0)=incr) | (slave_hburst(2..0)=i ncré) |
(slave_hburst(2..0)=incr8) | (slave_hburst(2..0)=in crle))) &
I((burst = incrl6) & (slave_htrans(1..0)_size = 102 4));
define effective_wrap_burst :=

((slave_hburst(2..0)=wrap4) | (slave_hburst(2..0)=w rap8) |
(slave_hburst(2..0)=incr16)) &

I((burst = incr16) & (slave_htrans(1..0)_size = 102 4));

var adr_incr : 1..128;
assign adr_incr := case
(transfer_size=8) : 1;
(transfer_size=16) : 2;
(transfer_size=32) : 4;
(transfer_size=64) : 8;
(transfer_size=128) : 16;
(transfer_size=256) : 32;
(transfer_size=512) : 64;
(transfer_size=1024) : 128;
esac;

var wrap_upper_addr_bit :1..9;

assign wrap_upper_addr_bit := case

slave_hburst(2..0) = wrap4 & transfer_size =8 : 1;

slave_hburst(2..0) = wrap4 & transfer_size =16 : 2 ;
slave_hburst(2..0) = wrap4 & transfer_size =32 : 3 ;
slave_hburst(2..0) = wrap4 & transfer_size =64 : 4 ;
slave_hburst(2..0) = wrap4 & transfer_size =128: 5 ;
slave_hburst(2..0) = wrap4 & transfer_size = 256: 6 ;
slave_hburst(2..0) = wrap4 & transfer_size = 512 : 7;
slave_hburst(2..0) = wrap4 & transfer_size = 1024 : 8
slave_hburst(2..0) = wrap8 & transfer_size = 8 : 2;

slave_hburst(2..0) = wrap8 & transfer_size = 16 : 3 ;
slave_hburst(2..0) = wrap8 & transfer_size =32 : 4 ;
slave_hburst(2..0) = wrap8 & transfer_size =64 : 5 ;
slave_hburst(2..0) = wrap8 & transfer_size = 128: 6 ;
slave_hburst(2..0) = wrap8 & transfer_size = 256: 7 ;
slave_hburst(2..0) = wrap8 & transfer_size = 512 : 8;
slave_hburst(2..0) = wrap8 & transfer_size = 1024 : 9;
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slave_hburst(2..0) = wrapl6 & transfer_size =8 : 3
slave_hburst(2..0) = wrapl6 & transfer_size = 16 :4
slave_hburst(2..0) = wrap16 & transfer_size = 32 :
slave_hburst(2..0) = wrap16 & transfer_size = 64 :
slave_hburst(2..0) = wrapl6 & transfer_size = 128:
slave_hburst(2..0) = wrap16 & transfer_size = 256:
slave_hburst(2..0) = wrap16 & transfer_size = 512 :
esac;

sequence waiting = {

((slave_htrans(1..0)=busy) & !slave_hready)
[*];((slave_htrans(1..0)=seq) & !slave_hready)[*])
((slave_htrans(1..0)=busy) & slave_hready)[*])};

sequence body = { waiting ; ((slave_htrans(1..0)=se
slave_hready)};

sequence header = {(slave_htrans(1..0)=nonseq) & sl
(slave_hburst(2..0)=single)};

sequence header4 = {(slave_htrans(1..0)=nonseq) & s
((slave_hburst(2..0)=incr4) | (slave_hburst(2..0)=w

sequence header8 = {(slave_htrans(1..0)=nonseq) & s
((slave_hburst(2..0)=incr8) | (slave_hburst(2..0)=w

sequence headerl6 = {(slave_htrans(1..0)=nonseq) &
((slave_hburst(2..0)=incr16) | (slave_hburst(2..0)=

sequence next_transaction = {(slave_htrans(1..0) =i
|(slave_htrans(1..0) = nonseq)};

}

vmode assumption_transfer_type_after_nonseq_single

-- When hburst is single and htrans is nonseq, next
-- can only be idle or nonseq

ASSUME

always(((slave_htrans(1..0)=nonseq) & (slave_hburst
-> next((slave_htrans(1..0)=nonseq) | (slave_htrans

}

vmode assumption_transfer_type_after_idle {

-- When htrans is idle, it can only take idle or no
ASSUME

always((slave_htrans(1..0) =idle)
-> next((slave_htrans(1..0)=idle) | (slave_htrans(1

}

vmode assumption_transfer_type_after_busy {
-- After a busy transfer, htrans can only take busy

ASSUME
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always(((slave_htrans(1..0)=busy) & slave_hready)
-> next((slave_htrans(1..0)!=nonseq) & (slave_htran

}

vmode assumption_transfer_type_after_nonseq_burst {

-- After first transfer of a burst, HTRANS can only
-- or seq value

ASSUME

always(((slave_htrans(1..0)=nonseq) & (slave_hburst
slave_hready)

-> next((slave_htrans(1..0)=seq) | (slave_htrans(1.

}

vmode assumption_hwdata_stable_until_hready_high {
-- The master must keep HWDATA constant until HREAD

ASSUME

forall d(upper_data_bit..0) in boolean :

always (('slave_hready &
(slave_hwdata(upper_data_bit..0)=d(upper_data_bit..
-> next((slave_hwdata(upper_data_bit..0)=d(upper_da
slave_hready));

}

vmode assumption_htrans_stable_until_hready_high {

-- When htrans is nonseq or seq, the master must ke
-- until hready high unless hresp is not okay

ASSUME

forall d(1..0) in {seq, nonseq} :
always((!slave_hready & (slave_htrans(1..0)=d(1..0)
-> next((slave_htrans(1..0)=d(1..0)) until slave_h
(slave_hresp(1..0) !=okay);

}

vmode assumption_haddr_stable_until_hready_high {

-- When htrans is not idle, the master must keep ha
-- hready high unless hresp is not okay

ASSUME

forall d(31..0) in boolean :

always(('slave_hready & (slave_haddr(31..0)= d(31..
(slave_htrans(1..0) in {seq, nonseq, busy}))

-> next((slave_haddr(31..0)=d(31..0)) until slave_
(slave_hresp(1..0) !=okay);

}

vmode assumption_hwrite_stable_until_hready_high {
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-- When htrans is seq or nonseq, the master must ke
-- until hready high unless hresp is not okay

ASSUME

forall d in boolean :

always((!slave_hready & (slave_hwrite=d) & (slave_h
{seq, nonseq}))

-> next((slave_hwrite=d) until slave_hready)) abor
(slave_hresp(1..0) !=okay);

}

vmode assumption_hburst_stable_until_hready_high {
-- When htrans is seq or nonseq, the master must ke
-- until hready high unless hresp is not okay

ASSUME
forall d(2..0) in {single,incr,wrap4,incr4,wrap8,in

always((!slave_hready & (slave_hburst(2..0)=d) & (s
in {seq, nonseq}))

-> next((slave_hburst(2..0)=d(2..0)) until slave_h
(slave_hresp(1..0) !=okay);

}

vmode assumption_hsize_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- until hready high unless hresp is not okay

ASSUME
forall d in {8, 16, 32, 64, 128, 256, 512, 1024} :
always((!slave_hready & (transfer_size=d) & (slave

{seq, nonseq}))
-> next((transfer_size=d) until slave_hready)) abo

(slave_hresp(1..0) !=okay);
}

vmode assumption_hprot_stable_until_hready_high {

-- When htrans is seq or nonseq, the master must ke
-- until hready high unless hresp is not okay

ASSUME

forall d(3..0) in boolean :

always((!slave_hready & (slave_hprot(3..0)=d(3..0)
(slave_htrans(1..0) in {seq, nonseq}))

-> next((slave_hprot(3..0)=d(3..0)) until slave_hr
(slave_hresp(1..0) !=okay);

}

vmode assumption_number_of beats_as_expected_for_si

-- number of beat as expected unless response not o
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ASSUME
always ({header} |=> {waiting[*]; next_transaction}
(slave_hresp(1..0) != okay);

}

vmode assumption_number_of beats_as_expected_for_4
-- number of beat as expected unless response not o

ASSUME
always ({header4} |=> {body[*3]; next_transaction})
(slave_hresp(1..0) != okay);

}

vmode assumption_number_of beats_as_expected_for_8
-- number of beat as expected unless response not o

ASSUME
always ({header8} |=> {body[*7]; next_transaction})
(slave_hresp(1..0) != okay);

}

vmode assumption_number_of beats _as_expected_for_16
-- number of beat as expected unless response not o

ASSUME
always ({header16} |=> {body[*15]; next_transaction
(slave_hresp(1..0) != okay);

}

vmode assumption_hwrite_stable_along_burst {

-- Hwrite must be kept constant by the master along
-- hresp is not okay

ASSUME

forall d in boolean :

always (((slave_htrans(1..0)=nonseq) & slave_hready
(slave_hburst(2..0)!=single) & (slave_hwrite=d))
->next((slave_hwrite=d) until ((slave_htrans(1..0)
(slave_htrans(1..0)= nonseq))))

abort (slave_hresp(1..0) '=okay);

}

vmode assumption_hsize_stable_along_burst {

-- Hsize must be kept constant by the master along
-- unless hresp not okay

ASSUME

forall d in {8, 16, 32, 64, 128, 256, 512, 1024}:

always (((slave_htrans(1..0)=nonseq) & slave_hready
(slave_hburst(2..0)!=single) & (transfer_size=d))
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->next((transfer_size=d) until ((slave_htrans(1..0
(slave_htrans(1..0)= nonseq))))
abort (slave_hresp(1..0) !=okay);

}

vmode assumption_hburst_stable_along_burst {

-- Hburst must be kept constant by the master along
-- unless hresp not okay

ASSUME

forall d in single,incr,wrap4,incr4,wrap8,incr8,wra
always (((slave_htrans(1..0)=nonseq) & slave_hready
(slave_hburst(2..0)!=single) & (slave_hburst(2..0)
->next((slave_hburst(2..0)=d(2..0)) until ((slave_

| (slave_htrans(1..0)= nonseq))))

abort (slave_hresp(1..0) !=okay);

}

vmode assumption_hprot_stable_along_burst {

-- Hprot must be kept stable by the master along a
-- unless hresp not okay

ASSUME

forall d(3..0) in boolean :

always (((slave_htrans(1..0)=nonseq) & slave_hready
(slave_hburst(2..0)!=single) & (slave_hprot(3..0)=
->next((slave_hprot(3..0)=d(3..0)) until ((slave_h
(slave_htrans(1..0)= nonseq))))

abort (slave_hresp(1..0) !=okay);

}

vmode assumption_haddr_stable_when_slave_busy {
-- Haddr must be kept stable when htrans busy not a

ASSUME

forall d(31..0) in boolean :

always( ((slave_htrans(1..0)=busy) & (slave_haddr(3
-> next((slave_haddr(31..0)=d(31..0)) until (slave_
abort (slave_hresp(1..0) !=okay);

}

vmode assumption_number_consecutive_busy_is_bounded

-- the number of consecutive cycles when HTRANS is

ASSUME always (rose((slave_htrans(1..0)=busy)) ->
next_a[0..busy_bound]((slave_htrans(1..0)=busy)));

}

vmode assumption_1KB_address_boundary_for_bursts {
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-- burst must not cross a 1KB address boundary

ASSUME

forall d(31..0) in boolean :

always (((slave_htrans(1..0)=nonseq) & slave_hready
& (slave_haddr(31..10)=d(31..0)))
->next((slave_haddr(31..10)=d(31..0)) until ((slave
idle) | (slave_htrans(1..0) = nonseq))))

abort (slave_hresp(1..0) !=okay);

}

vmode assumption_incrementing_burst_addresses {

-- Beats addresses are correctly incremented in inc

ASSUME

always ((slave_hready & ((slave_htrans(1..0)=seq) |
(slave_htrans(1..0)=nonseq)) & effective_incr_burst
-> (bvtoi(slave_haddr(9..0)) <= (1024 — adr_incr)))

ASSUME

always ((slave_hready & ((slave_htrans(1..0)=seq) |
(slave_htrans(1..0)=nonseq)) & effective_incr_burst
-> next (((slave_htrans(1..0)=seq) | (slave_htrans(
slave_haddr(9..0)=(prev(slave_haddr(9..0))+ adr_inc

}

vmode assumption_wrapping_burst_addresses {
-- Beats addresses are correctly incremented in wra

%forjin 1..7 do

ASSUME

always((slave_hready & ((slave_htrans(1..0)=seq) |
(slave_htrans(1..0)=nonseq)) &

effective_wrap_burst &

(wrap_upper_addr_bit = %{j}))
->next(((slave_htrans(1..0)=seq) | (slave_htrans(1.
((slave_haddr(9..%{j+1})=prev(slave_haddr(9..%({j+1}
(slave_haddr(%q{j}..0)=prev(slave_haddr(%{j}..0))+ad
%end

ASSUME

always((slave_hready & ((slave_htrans(1..0)=seq) |
(slave_htrans(1..0)=nonseq)) &
Effective_wrap_burst &

(wrap_upper_addr_bit = 8))
->next(((slave_htrans(1..0)=seq) | (slave_htrans(1.
((slave_haddr(9)=prev(slave_haddr(9))) &
(slave_haddr(8..0)=prev(slave_haddr(8..0))+adr_incr

ASSUME

always((slave_hready & ((slave_htrans(1..0)=seq) |
(slave_htrans(1..0)=nonseq)) &
effective_wrap_burst &

(wrap_upper_addr_bit = 9))
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->next(((slave_htrans(1..0)=seq) | (slave_htrans(1.
((slave_haddr(9..0)=prev(slave_haddr(9..0))+adr_inc

}

vmode assumption_address_alignment {

--all transfers must be aligned to the address boun
-- size of transfer

ASSUME
always ((slave_htrans(1..0)_size=16) ->
(Islave_haddr(0)));

ASSUME
always ((transfer_size=32) -> (slave_haddr(1..0)=ze

ASSUME
always ((transfer_size=64) -> (slave_haddr(2..0)=ze

ASSUME
always ((transfer_size=128) -> (slave_haddr(3..0)=z

ASSUME
always ((transfer_size=256) -> (slave_haddr(4..0)=z

ASSUME
always ((transfer_size=512) -> (slave_haddr(5..0)=z

ASSUME
always ((transfer_size=1024) -> (slave_haddr(6..0)=

}

vmode assumption_hsize_not_exceeding_data_bus_size

-- the slave must never attempt a transfer of which
-- is wider than the data bus size

ASSUME
always (transfer_size <= data_bus_size);

}

vmode ahb_slave_legal_behaviour {

inherit assumption_transfer_type_after_nonseq_singl
inherit assumption_transfer_type_after_idle;

inherit assumption_transfer_type_after_busy;

inherit assumption_transfer_type_after_nonseq_burst
inherit assumption_hwdata_stable_until_hready_high;
inherit assumption_htrans_stable_until_hready_high;
inherit assumption_haddr_stable_until_hready_high;
inherit assumption_hwrite_stable_until_hready_high;
inherit assumption_hburst_stable_until_hready_high;
inherit assumption_hsize_stable_until_hready_high;
inherit assumption_hprot_stable_until_hready_high;
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inherit assumption_number_of_beats_as_expected_for_
inherit assumption_number_of_beats_as_expected_for_
inherit assumption_number_of_beats_as_expected_for_
inherit assumption_number_of_beats_as_expected_for_
inherit assumption_hwrite_stable_along_burst;

inherit assumption_hsize_stable_along_burst;

inherit assumption_hburst_stable_along_burst;

inherit assumption_hprot_stable_along_burst;

inherit assumption_haddr_stable_when_master_busy;
inherit assumption_number_consecutive_busy_is_bound
inherit assumption_1KB_address_boundary_for_bursts
inherit assumption_incrementing_burst_addresses ;
inherit assumption_wrapping_burst_addresses ;

inherit assumption_address_alignment;

inherit assumption_hsize_not_exceeding_data_bus_siz

}
vprop property_zero_wait_state_okay_response_to_idl

-- slave must always provide a zero wait state okay
-- idle transfers.

ASSERT
always((slave_hready & (slave_htrans(1..0)=idle))
--> next(slave_hready & (slave_hresp(1..0)=okay)));

}

vprop property_zero_wait_state_okay_response_to_bus

-- slave must always provide a zero wait state okay
-- to busy transfers.

ASSERT
always((slave_hready & (slave_htrans(1..0)=busy))
-> next(slave_hready & (slave_hresp(1..0)=okay)));

}

vprop property
first_cycle_of_not_okay_response_followed_by_second

-- A non okay response requires two cycles

ASSERT

always((!slave_hready & (slave_hresp(1..0) !=okay))
-> next(slave_hready &

(slave_hresp(1..0)=prev(slave_hresp(1..0)))));

vprop property_second_cycle_of _not_okay_response_af

-- A non okay response requires two cycles

ASSERT
always((slave_hready & (slave_hresp(1..0)!=0kay))
-> (Iprev(slave_hready) & (prev(slave_hresp(
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vprop property_number_of_consecutive_wait_states_is

-- every slave must have a predetermined maximum
-- number of wait states

ASSERT
always (fell(slave_hready) ->
next_a[0..wait_states_bound](!slave_hready));

}
vunit zero_wait_state_okay_response_to_idle_transfe

-- slave must always provide a zero wait state okay
-- to idle transfers.

inherit ahb_constant;

inherit ahb_slave_definitions;

inherit ahb_slave_additional_variables;

inherit ahb_master_legal_behaviour;

inherit property_zero_wait_state_okay_response_to_i
}

vunit zero_wait_state_okay_response_to_busy_transfe

-- slave must always provide a zero wait state okay
-- to busy transfers.

inherit ahb_constant;

inherit ahb_slave_definitions;

inherit ahb_slave_additional_variables;

inherit ahb_master_legal_behaviour;

inherit property_zero_wait_state_okay_response_to_b

}

vunit first_cycle_of _not_okay_response_followed_by
-- A non okay response requires two cycles

inherit ahb_constant;

inherit ahb_slave_definitions;

inherit ahb_slave_additional_variables;

inherit ahb_master_legal_behaviour;

inherit
property_first_cycle_of_not_okay_response_followed_

}
vunit second_cycle_of _not_okay_response_after_first
-- A non okay response requires two cycles

inherit ahb_constant;
inherit ahb_slave_definitions;

50 « Annex A: AHB Lite protocol

_bounded {

r{

response

dle_transfer;

r{

response

usy_transfer;

second_cycle {

by _second_cycle;

_cycle {



inherit ahb_slave_additional_variables;
inherit ahb_master_legal_behaviour;

inherit property_

first_cycle_of _not_okay_response_followed_by_second _cycle;
}
vunit number_of consecutive_wait_states_is_bounded {

-- every slave must have a predetermined maximum
-- number of wait states

inherit ahb_constant;

inherit ahb_slave_definitions;

inherit ahb_slave_additional_variables;
inherit ahb_master_legal_behaviour;

inherit property_number_of_consecutive_wait_states is_bounded

}
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Annex B: FIFO

vmode fifo_definitions {

#define fifo_upper_bound 100

-- could be bigger than actual FIFO size;

-- we just need some finite bound.

#define data_width 32;

-- Replace these numbers by appropriate values.

define data_in(data_width — 1 ..0) := zeroes(data
define data_out(data_width-1 .. 0) := zeroes(data_
-- Replace by actual signal names for read and writ

define write_clock :=1;

define read_clock := 1;

-- Replace by the expressions on which writes and r
-- If, for example, writes are clocked on the risin

-- the expression should be rose(clk_in).

define fifo_ready_for_write := 1;

-- Replace 1 by the appropriate signal name, e.g. w
-- If no grant from FIFO is required, leave as 1.

-- If grant is allowed to depend on request, replac
-- write_req -> write_gnt.

define environment_ready_to_write :=1;

-- Replace 1 by the appropriate signal name, e.g. w
-- If request is allowed to depend on grant, replac
-- write_gnt -> write_req.

define fifo_ready_for_read := read_gnt;

-- Replace 1 by the appropriate signal name,e.g. re
-- If no grant from FIFO is required, leave as 1.

-- If grant is allowed to depend on request, replac
-- read_req -> read_gnt.

define environment_ready to_read := 1;

-- Replace by the appropriate signal name, e.g. rea
-- If no request from environment is required, leav
-- If request is allowed to depend on grant, replac
-- read_gnt -> read_req.

define write_event ;=

environment_ready_to_write & fifo_ready_for_write
define read_event :=

environment_ready_to_read & fifo_ready_for_read &

52 « Annex B: FIFO

_width);
width);
e data.

eads are clocked.
g edge of clk_in,

rite_gnt.

e lbye.g.

rite_req
elbye.g.

ad_gnt.

e bye.g

d_req.
easl.
e by e.g.

& write_clock;

read_clock;



vmode fifo_optional_definitions {

-- definitions for properties that don’t have to ho
-- for all fifos; they may represent specific proto
-- requirements for a particular environment, etc.

#define exact_fifo_size 16
-- Replace by size of FIFO (number of data entries

define fifo_grant_write := 1;

-- Replace by the name of the grant signal for writ
-- fifo_grant_write may be different from fifo_read
-- if grant is allowed to depend on request, then f

-- is (write_req -> write_gnt), but fifo_grant_writ

-- write_gnt.

define fifo_grant_read := 1;

-- Replace by the name of the grant signal for read
-- fifo_grant_read may be different from fifo_ready
-- if grant is allowed to depend on request, then f
-- is (read_req -> read_gnt), but fifo_grant_read i

define environment_request_write := 1;

-- Replace by the name of the request signal for wr
-- environment_request_write may be different from
-- environment_ready_to_write;

-- e.g. if request is allowed to depend on grant, t

-- environment_ready_to_write is

-- (write_gnt -> write_req), but environment_reques
-- just write_req.

define environment_request_read :=1;

-- Replace by the name of the request signal for re
-- environment_request_read may be different from
-- environment_ready_to_read;

-- e.g. if request is allowed to depend on grant, t

-- environment_ready_to_read is

-- (read_gnt -> read_req), but environment_request_
-- just read_req.

#define read_latency O;

-- Replace by number of cycles of read clock betwee
-- data in the FIFO and when the data is required

-- to be available for reading.

#define write_latency 0;

-- Replace by number of cycles of write clock betwe
-- when the FIFO is not full and when the FIFO is r
-- available for writing.

define fifo_full := 0O;
-- Replace by name of output indicating that FIFO i

define fifo_empty := 0;
-- Replace by name of output indicating that FIFO i

define status_full_clock := write_clock;
-- Replace, if necessary, by expression on which fi
-- is clocked

define status_empty_clock :=read_clock;

Repository of PSL Sugar for common protocols / interfaces

col

it can hold).

es.

y_for_write; e.g.
ifo_ready_for_write
e is just

s
_for_read; e.g.
ifo_ready_for_read
s just read_gnt.

ites.

hen

t_write is

ads

hen

read is

n when there's

en any time
equired to be

s full.

s empty.

fo_full

Annex B: FIFO « 53



-- Replace, if necessary, by expression on which fi
-- is clocked.

}

vmode fifo_count_fifo_entries {
inherit fifo_definitions;
var number_of_fifo_entries : 0..fifo_upper_ bound -

assign
init(number_of_fifo_entries) := 0;
next(number_of fifo_entries) :=
case
(number_of_fifo_entries < fifo_upper_bound)
& write_event & !read_event:
number_of_fifo_entries + 1;
(number_of_fifo_entries > 0) & read_event & !
number_of fifo_entries — 1;
else : number_of_fifo_entries;
esac;

vmode fifo_count_entries_ahead {

-- We keep track of the number of entries in the FlI

-- distinguished entry, that occurs at an arbitrary

-- function element_has_entered rises.

-- This vmode should be used with a proprety where
-- occurs at the same time as element_has_entered r

inherit fifo_definitions;

var element_has_entered : boolean;
assign
init(element_has_entered) := 0;
next(element_has_entered) :=
case
element_has_entered : 1;
else : {0,1};
esac;

var entries_ahead : 0..fifo_upper_bound;

assign
init(entries_ahead) := 0;
next(entries_ahead) :=
case
lelement_has_entered & (entries_ahead > 0) &
lentry_event :
entries_ahead — 1;
lelement_has_entered & (entries_ahead <fifo_u
entry_event & lexit_event :
entries_ahead + 1;
element_has_entered & (entries_ahead > 0) & e
entries_ahead — 1;
else : entries_ahead,;
esac;
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}

vunit fifo_write_liveness {

-- If the environment doesn'’t refuse ever to read f
-- the FIFO must eventually be ready to accept wri

inherit fifo_definitions;
ASSUME always eventually! environment_ready to_read

ASSERT always eventually! fifo_ready_for_write & wr

}

vunit fifo_read_liveness {
-- If there are entries in the fifo, the FIFO must
-- be ready to let them be read.

inherit fifo_definitions;
inherit fifo_count_fifo_entries;

ASSERT
always
(!(number_of_fifo_entries = 0) ->
eventually! fifo_ready_for_read & read_clock)

}
vunit fifo_no_read_when_empty {
-- Can't read from FIFO when there are no entries i

inherit fifo_definitions;
inherit fifo_count_entries;

ASSERT
always ((number_of_fifo_entries = 0) ->
I(fifo_ready_for_read & read_clock));

}

vunit fifo_data_correspondence {

-- Focus on the data written the FIFO at one partic
-- time. If there are n entries in the FIFO at tha

-- then the nth subsequent read from the FIFO must
-- value.

inherit fifo_count_entries_ahead,;
define w := data_width;

ASSERT
forall v(w-1..0) in boolean:
{[*]; entry_event & (data_in(w-1..0) = v(w-1..0
rose(element_has_entered) ;
(exit_event & (elements_ahead = 0))[->]}
|->
{data_out(w-1..0) = v(w-1..0)};
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}
vunit fifo_write_grant_only_on_request {

-- Applies if FIFO is not allowed to ASSERT grant f
-- unless the environment is requesting.

inherit fifo_definitions;
inherit fifo_optional_definitions;

ASSERT

(always( fifo_grant_write ->
environment_request_write))@write_clock;

}

vunit fifo_read_grant_only_on_request {

-- Applies if FIFO is not allowed to ASSERT grant f
-- unless the environment is requesting.

inherit fifo_definitions;
inherit fifo_optional_definitions;

ASSERT
(always(fifo_grant_read -> environment_request_re

}

vunit fifo_not_read_and_write {

-- Applies if the FIFO is not allowed to accept rea
-- and writes simulaneously.

inherit fifo_definitions;
inherit fifo_optional_definitions;

ASSERT

never(fifo_grant_read & read_clock & fifo_grant_w
write_clock);

}
vmode fifo_environment_not_read_and_write {

-- Applies if the environment is not allowed to mak
-- and writes simultaneously.

inherit fifo_definitions;
inherit fifo_optional_definitions;

ASSUME

never(environment_request_read & read_clock &
environment_request_write & write_clock);

}

vunit fifo_read_latency {

-- Applies if the FIFO is required to make data ava
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-- for reading within a certain number of cycles of
-- the read clock, if it is not empty.

inherit fifo_definitions;
inherit fifo_optional_definitions;
inherit fifo_count_entries;

ASSERT
always
((number_of_fifo_entries > 0) ->
(next_e[0..read_latency](fifo_ready_for_read
@read_clock);

}

vunit fifo_write_latency {

-- Applies if the FIFO is required to become availa

-- for writing within a certain number of cycles of
-- the write clock, if it is not full.

inherit fifo_definitions;
inherit fifo_optional_definitions;
inherit fifo_count_entries;

ASSERT
always
((number_of_fifo_entries < exact_fifo_size) -
(next_e[0..write_latency](fifo_ready_for_writ
@write_clock);

}

vunit fifo_full {
-- Applies if there is an output signifying that th

ASSERT
(always
(fifo_full <->
(number_of_fifo_entries = exact_fifo_size)))
@ status_full_clock;

}
vunit fifo_empty {
-- Applies if there is an output signifying that th

ASSERT
(always
(fifo_empty <-> (number_of_fifo_entries = 0)))
@ status_empty_clock;
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Annex C: Stack

vmode stack_definitions {

define push ‘= my_push;

define pop = my_pop;

define d_in =my_d_in;

define rst = my_reset;

define empty = my_empty;

define full = my_full;

define memory = my_memory;

define s_ptr = my_stackpointer;

-- Replace the right side of these definitions by a ppropriate signals
}

vunit stack_rst {
inherit stack_definitions;
ASSUME rst ="1"
ASSERT {[*1]; s_ptr = B"0" and empty ='1"' and fu I1="0%
}
vunit stack_nop {
inherit stack_macros;
ASSUME pop ='0"and push ='0" and rst = '0';
ASSERT {[*1]; stable_after_nop};
}
vunit stack_r {
inherit stack_macros;

ASSUME pop ='1" and empty ='0" and push ='0"' and rst="'0"and
s_ptr_range;

ASSERT {[*1]; update_after_pop};

}

vunit stack_w {
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inherit stack_macros;

ASSUME push ="1" and full ='0" and pop ='0" and
s_ptr_range and sp_zero_if_empty;

ASSERT {[*1]; update_after_push};
}
vunit stack_conserve_ram {
inherit stack_definitions;
variable STP_t: unsigned (a_msb downto 0);
ASSUME {memory(s_ptr) /= d_in; memory(prev(s_ptr))

ASSERT push ='1"and full ='0";
}

vunit stack_full {
inherit stack_macros;
ASSUME full ='1" and rst ='0" and sp_zero_if_emp
ASSERT {empty ='0};
ASSERT {pop ='1"} |=> {update_after_pop};
ASSERT {pop /="1"} |=> {stable_after_nop};

}

vunit stack_empty {
inherit stack_macros;
ASSUME empty ='1"' and rst = '0" and sp_zero_if em
ASSERT {full ='0;

ASSERT {push ='1"} |=> {update_after_push};
ASSERT {push /="1"} |=> {stable_after_nop};

}
vunit stack_rw_push_overrides { -- simultaneous rea
inherit stack_macros;

ASSUME push ="1"and pop ='1"and rst = '0'
and s_ptr_range and sp_zero_if_empty;

ASSERT {full ='0} |=> {update_after_push};
ASSERT {full /="'0"} |=> {update_after_pop};

}
vunit stack_rw_full_bypass {

inherit stack_definitions;
inherit stack_macros;
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ASSUME push ='1"and pop ='1"and rst ='0";
ASSERT {[*1]; d_out = prev(d_in) and storage_uncha nged};
}
vunit stack_rw_safe_bypass {
inherit stack_macros;
ASSUME push ='1"and pop ='1"and rst ='0' and sp_zero_if_empty;
ASSERT {full ='0" and empty ='0"} |=> {d_out = pr ev(d_in) and
storage_unchanged};
ASSERT {empty = '1'} |=> {update_after_push};
ASSERT {full = '1"} |=> {update_after_pop};
}
vunit stack_w_rb {

inherit stack_definitions;

ASSUME {push ='1"and full ='0" and pop ='0" an drst="0"
pop ='1"and push ='0" and rst ='0'};

ASSERT {[*2]; d_out = prev(d_in, 2)};
}

vunit stack_w_rb_by3{
inherit stack_definitions;
verification_window = 5;
-- Note: the “verification_window” construct is

-- specific to OneSpin’s tool and can be deleted
-- when using other tools.

variable pushed: unsigned(d_msb downto 0);

ASSUME always stable(pushed);

ASSUME pushed =d_in;

ASSERT {{push ='1" and full ='0"' and pop ='0";

push ='0" and pop ='0' [*1 to inf];

pop ='1"and push ='0'} && rst ='0'[*]} |=> {d_ out = pushed};
}
vunit stack_invariants_Reset {

inherit stack_macros;

assume rst ="1"

assert {[*1]; s_ptr_range and sp_zero_if_empty};
}

vunit stack_invariants_Induct {

inherit stack_macros;
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assume s_ptr_range and sp_zero_if_empty;
assert {[*1]; s_ptr_range and sp_zero_if_empty};
}
vmode stack_macros {
inherit stack_definitions;

function s_ptr_range
return boolean
is
begin
return s_ptr <= a_max;
end;

function sp_zero_if_empty
return boolean
is
begin
if empty = '1" then
return s_ptr = B"0";
else
return s_ptr >=0;
end if;
end;

function storage_unchanged
return boolean
is
begin
return stable(s_ptr) and stable(memory) and stable( empty) and
stable(full);
end;

function stable_after_nop
return boolean
is
begin
return d_out = B"0" and storage_unchanged;
end;

function update_after_push
return boolean

is
begin
return d_out = B"0" and

empty ='0" and

memory(s_ptr) = prev(d_in) and

((prev(empty) ='1"and s_ptr = 0)

or (prev(empty) /="1"and s_ptr = prev(s_ptr) + 1)) and
((s_ptr = a_max and full = '1") or
(s_ptr /= a_max and full ='0");

end;

function update_after_pop
return boolean

is

begin
return full ='0' and
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d_out = memory(prev(s_ptr)) and
stable(memory) and
((prev(s_ptr) = B"0" and empty ='1"'and s_ptr = 0)
or (prev(s_ptr) /= 0 and empty ='0"' and
s_ptr = prev(s_ptr - 1)));
end;
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Annex D: Configuration registers

vmode register_interface_definitions {

#define addr_upper_bit 15
#define adr_lower_bit 2
#define adr_width 14
#define data_bus_size 32
#define data_upper_bit 31

-- Replace these numbers by appropriate values from

define register_req := 1;

define register_addr(addr_upper_bit..addr_lower_bit
ones(addr_width);

define register_data(data_upper_bit..0) := ones(32)
define register_r_req :=1;

define register_r_data(data_upper_bit..0) := ones(3
define register_error := 1;

-- Replace ones by actual design signal names

}

vmode register_additional_definitions {
#define reg_i_addr 6000H

-- Replace reg_i with actual register name
-- Replace value with its address
-- Reproduce this macro definition for each registe

define reg_i_read := register_req &
register_addr(upper_adr_bit..lower_addr_bit) =reg_
define reg_i_write := register_req &
register_addr(upper_adr_bit..lower_addr_bit) =reg_
-- Reproduce these two definitions for each used re

define valid_address := register_addr(upper_adr_bit
in {reg_i_addr

%
-- Complete register address set with all relevant
define byte j :=1;
-- Replace 1 by boolean condition involving actual

-- names
-- Reproduce this macro for each byte of data bus
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define write := 1,
-- Replace 1 by boolean condition involving actual design input
-- signal names

define read :=1;
-- Replace 1 by boolean condition involving actual design input
-- signal names

define valid_operation := 1
-- Replace 1 by boolean condition involving actual design input
-- signal

}

-- Protocol assumptions

vmode requests_not_retracted {
--Assumption: requests are not retracted

ASSIGN
next(register_req) :=
case
register_req & !register_r_req : register_r eq;
else : {0,1};
esac;

}
vmode request_data_stable {
--Assumption: request data do not change while wa iting for response

ASSIGN
next(register_data(data_upper_bit ..0)) :=
case
register_req & !register_r_req:
register_data(data_upper_bit..0);
else : nondets(data_bus_size);
esac;

}
vmode request_addr_stable {
--Assumption: request do not change while waiting for response

ASSIGN
next(register_addr(addr_upper_bit)) :=
case
register_req & !register_r_req :
register_addr(addr_upper_bit..addr_lower_bit);
else : nondets(addr_width);
esac;
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-- Protocol requirements

vunit requests_get_responses {
-- Requests are eventually answered

inherit register_interface_definitions;
inherit requests_not_retracted,;

ASSERT
always (register_req -> eventually! register_r_

}

vunit no_unsolicited_responses {
--No unsolicited responses

inherit register_interface_definitions;
inherit requests_not_retracted;

ASSERT
always (Iregister_req -> Iregister_r_req);

}

vunit response_after_request {
--Response comes at least 1 cycle after request

inherit register_interface_definitions;
inherit requests_not_retracted,;

DEFINE
new_req := register_req & (!prev(register_req)
prev(register_r_req));

ASSERT
always {new_req} |-> {Iregister_r_req};

}

vunit invalid_accesses_set_error {
--Invalid accesses always set error = 1

inherit register_interface_definitions;
inherit register_additional_definitions;
inherit requests_not_retracted;
inherit request_data_stable;

ASSERT

always {register_req & (!valid_operation | !val
register_r_req} |-> {register_error};

-- Functional properties
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vunitreg_i_read_byte j{
-- Reads always return the most recently written

inherit register_interface_definitions;
inherit register_additional_definitions;
inherit requests_not_retracted;
inherit request_data_stable;

#define data_bit_high 7
#define data_bit_low 0
-- Replace these numbers by values corresponding to

DEFINE
valid_read :=reg_i_read & byte_j & valid_ope
valid_write := reg_i_write & byte_j & valid_ope

VAR
most_recent_written_byte(7..0) : boolean;

ASSIGN
init(most_recent_written_byte(7..0)) := 0; --
next(most_recent_written_byte(7..0)) :=
case
valid_write & register_r_req :
register_data(data_bit_high..data_bit_low);
--  external_input: ...;
else : most_recent_written_byte(7..0);
esac;

ASSERT
always {valid_read & register_r_req} |->
{register_r_data(data_bit_high..data_bit
most_recent_written_byte(7..0)};

}

-- uncomment the case branch if needed

-- Replace external_input pattern occurrence by nam
-- actual input design signal

-- Complete modelling code related to most_recent_w
-- Reproduce this property for each relevant combin
-- of register and byte

vunit reads_from_wo_reg_return_0 {
-- Reads from wo_reg (a write-only register) alwa

inherit register_interface_definitions;
inherit register_additional_definitions;
inherit requests_not_retracted,;
inherit request_data_stable;

ASSERT
always {wo_reg_read} |->
{register_r_data(upper_data_bit..0) = 0};
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-- Reproduce this property for each write_only regi

--vunit writes_to_reg_i_byte_j_bit_k_affect_outsigl

-- Writes affect output signals

-- inherit register_interface_definitions;
-- inherit register_additional_definitions;
-- inherit requests_not_retracted;

-- inherit request_data_stable;

-- DEFINE
-- valid_write := reg_i_write & byte_j & valid_o

-- ASSERT

-- forall b in boolean:

-- always {valid_write & (register_data(bit_k) =
-- |=>{outsigl = b};

-}
-- Uncomment this vunit if needed

-- Replace outsigl pattern occurrences by name of r
-- output design signal

-- Replace bit_k occurrences by actual design bit p
-- Change ASSERTion code if needed

-- Reproduce this property for each relevant combin
-- of register, byte, bit and output signal

--vunit outsig2_change_due_to_reg_i_byte j write {

-- Changes in output signals solely due to writes

-- inherit register_interface_definitions;
-- inherit register_additional_definitions;
-- inherit requests_not_retracted;

-- inherit request_data_stable;

-- DEFINE
-- valid_write := reg_i_write & byte_j & valid_o
-- ASSERT
-- always {outsig2 = prev(outsig2)} |-> {prev(v

-}
-- Uncomment this vunit if needed

-- Replace outsig?2 pattern occurrences by name of r
-- output design signal

-- Reproduce this property for each relevant combin
-- of register, byte and output signal

--vunit outsig3_from_reg_i_and_insig {

-- Output signals derived from current register dat

-- inherit register_interface_definitions;
-- inherit register_additional _definitions;
-- inherit requests_not_retracted;
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-- inherit request_data_stable;

-- DEFINE

-- valid_write := reg_i_write & byte_j & valid_o peration;

-- VAR

-- most_recent_written_byte(7..0) : boolean;

-- ASSIGN

-- init(most_recent_written_byte(7..0)) := 0; - - reset value
-- next(most_recent_written_byte(7..0)) :=

- case

-- valid_write & register_r_req :

-- register_data(data_bit_high..dat a_bit_low);

-- external_input : ...;
--  else: most_recent_written_byte(7..0);
- esac;

-- ASSERT
-- always(most_recent_written_byte(4) & insig) = outsig3);

-}
-- Uncomment this vunit if needed

-- Replace external_input pattern occurrence by nam e of relevant
-- actual input design signal

-- Complete modelling code related to most_recent_w ritten_byte
-- Change ASSERTion code as appropriate

-- Reproduce this property for each relevant combin ation

-- of register, byte and input signal
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