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Abstract

In this report we introduce a new research effort in making abstract
state machines executable. The aim is to specify and implement an
execution engine for a language that is as close as possible to the math-
ematical definition of pure ASM. We present the general architecture
of the engine, together with a high-level description of the extensibil-
ity mechanisms that are used by the engine to accommodate arbitrary
backgrounds, scheduling policies, and new rule forms.
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1 Introduction

Abstract state machines are well known for their versatility in modeling com-
plex architectures, languages, protocols and virtually all kinds of sequential and
distributed systems with an orientation toward practical applications. The par-
ticular strength of this approach is the flexibility and universality it provides
as an abstract mathematical framework for semantic modeling of functional
requirements. This is invaluable when used to bridge the gap between infor-
mal requirements and precise specifications, for instance, in the earlier phases
of system design and during reverse engineering of requirements from imple-
mentations. This usage of ASMs has extensively been studied by researchers
and developers in academia and industry, leading to the establishment of a
solid methodological foundation providing practical guidelines for building ASM
ground models. Widely recognized applications include semantic foundations of
industrial system design languages like the ITU-T standard for SDL [5], the
IEEE language VHDL [2], programming languages like JAVA [7] and C# [1],
communication architectures, etc.

The research project we describe here focuses on the design of a lean, exe-
cutable ASM language, called CoreASM, in combination with a supporting tool
environment for high-level design, experimental validation and formal verifica-
tion (where appropriate) of abstract system models. We concentrate on control-
intensive software systems, especially, distributed and embedded systems and
related system design languages; we also consider sequential languages and syn-
chronous systems, and, to some extent, hardware related aspects. Specifically,
we are developing a platform-independent engine for executing the CoreASM
language and a graphical user interface (GUI) for interactive visualization and
control of CoreASM simulation runs. The engine comes with a sophisticated
and well defined interface and thereby enables future development and integra-
tion of complementary tools (e.g., for symbolic model checking and automated
test case generation).

Exploring the problem space for the purpose of writing an initial specifi-
cation calls for a language that emphasizes freedom of experimentation and
supports easy modifiability. Moreover, such a language must support writing
highly abstract and concise specifications by minimizing the need for encoding
in mapping the problem space to a formal model. In our work we address the
needs of that part of the software development process that is closest to the
problem space, as illustrated in Figure 1.

Model-based systems engineering naturally demands for abstract executable
specifications as a basis for experimental validation through simulation and test-
ing. Thus it is not surprising that there is a considerable variety of executable
ASM languages (see [3], Section 8.3) that have been developed over the years.
The most prominent one is AsmL (ASM Language)[6], developed by the FSE
group at Microsoft Research. AsmlL is an executable language based on the
concept of ASMs but also incorporates numerous object oriented features, thus
departing in this respect from the theoretical model of ASMs, and comes with
the richness of a fully fletched programming language. It also lacks any built-



Prbb_lem :

Abst act Spftware Model

Design CoreASM Ground model

Construction AsmL, XASM, ... Detailed ground model

Refinement

Coding Code

Implementation

Figure 1: Background and Motivation

in support for dealing with distributed systems. Its design was shaped by the
practical needs of dealing with fairly complex requirements and design specifi-
cations for the purpose of software testing; it can be thus said that its primary
concerns are toward the world of code. This has made it less suitable for initial
modeling at the peak of the problem space and also reduces the freedom of
experimentation.

The CoreASM language and tool architecture focus on early phases of the
software design process, and CoreASM primary concerns are toward the world
of problems. In particular, we want to encourage rapid prototyping with ASMs,
starting with mathematically-oriented, abstract and untyped models and grad-
ually refining them down to more concrete versions — a powerful specification
technique that has been exploited in [3]. In this process, we aim at maintaining
executability of even fairly abstract models. Another important characteristics
that differentiate our endeavor from previous experiences is the emphasis that
we are placing on extensibility of the language. Historical developments have
shown how the original, basic definition of ASMs from the Lipari Guide [4] has
been extended many times by adding new rule forms (e.g., choose) or syntactic
sugar (e.g., case). At the same time, many significant specifications need to
introduce special backgrounds', often with non-standard operations. We want
to preserve in our language the freedom of experimentation that has proved
so fruitful in the development of ASM concepts, and to this end we designed
our architecture around the concept of plug-ins that allows to customize the
language to specific needs.

An extensible, platform independent tool package (the language, its engine,
and the GUI) will be an asset both for industrial engineering of complex software
systems by making software specifications and designs more robust and reliable,

IWe call background a collection of related domains and relations packaged together as a
single unit.
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and for researchers that will be able to test in practice proposed extensions to
the basic ASM language.

2 Overall Architecture

The CoreASM engine consists of four components: a parser, an interpreter, a
scheduler, and an abstract storage (Figure 2). The interpreter, the scheduler,
and the abstract storage work together to simulate an ASM run. The engine
interacts with the environment through a single interface, called the control API,
which provides various operations such as loading a CoreASM specification,
starting an ASM run, or performing a single step.

The parser reads a CoreASM specification and provides the interpreter with
an annotated parse tree for each program. The interpreter then evaluates the
programs in the specification by examining all the rules and generating update
sets. The abstract storage manages the data model for the abstract state. In
particular, it stores the current state of the machine along with the history of
its previous states. . To evaluate a program, the interpreter interacts with the
abstract storage in order to obtain values from the current state and generates
updates for the next state. The role of the scheduler is to orchestrate the
whole execution process. In particular, for distributed ASMs the scheduler
is responsible for selecting the set of agents that will contribute to the next
computation step and coordinates the execution of those agents in that step.
The scheduler also manages cases of inconsistency of update sets generated in
a step.

The execution process of a single step in the CoreASM engine is as follows
(Figure 5):

1. The Control API sends a STEP command to the scheduler.



2. The scheduler gets the whole set of agents from the abstract storage.

3. The scheduler selects a set of agents that will perform computation in the
next step.

4. The scheduler selects a single agent and assigns it as the value of the self
in the abstract storage.

5. The scheduler then calls the interpreter to run the program of the current
agent (retrieved by accessing program(self) in the current state).

6. The interpreter evaluates the program.?
7. The interpreter notifies the scheduler that the interpretation is completed.

8. The scheduler then selects another agent in the selected set of agents.
If there are no more agents left, it calls the abstract storage to fire the
accumulated update set.

9. The abstract storage notifies the scheduler whether the update set has any
conflicts or it was successfully fired. This notification can lead to selection
of a different subset of agents to be executed in the step, or can be sent
back to the Control API.

3 CoreASM Components

In this section we present in more detail the basic components of the CoreASM
engine, together with their extensibility mechanisms. The architecture is par-
titioned along two dimensions (see Figure 3). The first one, that we already
presented, identifies the four main modules (parser, interpreter, scheduler, ab-
stract storage) and their relationships. The second dimension, that we will
discuss in Section 3.2, distinguishes between what is in the kernel of the system
— thus implicitly defining the extreme bare bones ASM model — and what is
instead provided by extension plug-ins.

The reader may notice that these two dimension correspond to what in
the ASM literature have been called modular decomposition and conservative
refinement respectively. In particular, our plug-ins progressively extend in a
conservative way the capabilities of the language accepted by the CoreASM
engine, in the same spirit in which successive layers of the Java [7] and C# [1]
languages have been used to structure the language definition into manageable
parts.

2This may include a series of interactions between the interpreter and the abstract stor-
age to get values from the current state, which in turn may require interpreting other code
fragments, e.g., for derived functions.
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Figure 3: Layers and Modules of the CoreASM Engine

3.1 CoreASM modules

The parser generates annotated abstract syntax trees for rules and programs of
a given CoreASM specification. Each node in these trees may have a reference to
the plug-in where the corresponding syntax is defined. For example in Figure 4,
there are nodes that belong to the backgrounds of sets, integers, and Booleans.
This information will be used by the interpreter and the abstract storage to
perform operations on these nodes with respect to the background each node
comes from.

The interpreter executes programs and rules. It obtains an annotated parse
tree from the parser and generates an update set. The interpreter interacts
with the abstract storage to retrieve data from the current state and gradually
creates the next update set. All the expressions are evaluated by the interpreter,
possibly calling upon a background plug-in to perform the actual evaluation.
Assignments are interpreted by evaluating the rhs of the assignment with respect
to the current state, evaluating the location addressed by the lhs, and generating
an update that will be returned as the result of the rule.

The abstract storage maintains a representation of the current state of the
machine that is being simulated. It provides interfaces to retrieve values from
a given location in the current state and to apply updates. In addition, it also
provides other auxiliary information about the locations of current state, such
as the ranges and domains of functions or the background to which a particular
function or value belongs to.

Finally, the scheduler orchestrates every computation step of an ASM run.
In a sequential ASM, the scheduler merely arranges the execution of a step:
it receives a step command from the control API, invokes the interpreter, and
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instruct the abstract storage to fire the update set (if consistent) when the inter-
preter finishes the evaluation of the program. It then notifies the environment
through the Control API of the results of the step.

For distributed ASMs, the scheduler also has to organize the execution of
agents in each computation step. At the beginning of each DASM computa-
tion step, the scheduler chooses a subset of agents that will contribute to the
computation of the next update set. The scheduler interacts with the abstract
storage to retrieve the current set of DASM agents, to assign the current exe-
cuting agent, and to collect the update set generated by the interpretation of all
the agents’ programs. Updates are then fired and the environment is notified
as for the previous case.

3.2 Plug-ins

In keeping with the micro-kernel spirit of the CoreASM approach, most of the
functionality of the engine is implemented through plug-ins to the basic ker-
nel. The architecture supports three classes of plug-ins: backgrounds, rules and
policies, whose function is described in the following.

e Background plug-ins provide all that is needed to define and work with
new backgrounds, namely (i) an extension to the parser defining the con-
crete syntax (operators, literals, static functions, etc.) needed for working
with elements of the background; (ii) an extension to the abstract storage
providing encoding and decoding functions for representing elements of the
background for storage purposes, and (iii) an extension to the interpreter
providing the semantics for all the operations defined in the background.

e Rule plug-ins are used to implement specific rule forms, with the basic
understanding that the execution of a rule always results in a (possibly
empty) set of updates. Thus, they include (i) an extension to the parser



defining the concrete syntax of the rule form; (ii) an extension to the
interpreter defining the semantics of the rule form.

e Policy plug-ins are used to implement specific scheduling policies for multi-
agent ASMs. They provide an extension to the scheduler, that is used to
determine at each step the next set of agents to execute?. It is worthwhile
to note that only a single scheduling policy can be in force at any given
time, whereas an arbitrary number of background and rule plug-ins can
be all in use at the same time.

Each class of plug-ins is characterized by an abstract interface, which is used by
the CoreASM engine to communicate with the plugin. A simplified version of the
various interfaces is shown in Section 4, whereas in the actual implementation
a number of additional functions are needed for management purposes.

In CoreASM, the resident kernel (see Figure 3) only contains the bare es-
sentials, that is, all that is needed to execute only the most basic ASM. As an
ASM program is defined to be a finite set of rules, the two domains of finite
sets and of rules are included in the kernel. Finite sets are represented through
their characteristic functions, hence functions and booleans are also included in
the kernel. It should be noted that the kernel includes the above mentioned
domains, but not all of the expected corresponding backgrounds. For example,
while the domain of booleans (that is, true and false) is in the kernel, boolean
algebra (A, V, —, etc.) is not, and is instead provided through a background
plug-in. In the same vein, while finite sets are in the kernel, infinite ones are
implemented in a plug-in, which provides expression syntax for defining them
(see the example in Figure 4), as well as an implicit representation for storing
such sets in the abstract state, and implementations of the various set theoretic
operations (e.g., €) that work on such implicit representation.

The kernel includes only two types of rules: basic update instructions (i.e.,
assignments) and import. This particular choice is motivated by the fact that
without updates there would be no way of specifying how the state should
evolve, and that import has a special status due to its privileged access to the
Reserve. All other rule forms (e.g., if, choose, forall), as well as sub-machine
calls and macros, are implemented as plug-ins.

Finally, there is a single scheduling policy implemented in the kernel, namely
the pseudo-random selection of an arbitrary set of agents at a time, which is suf-
ficient for multi-agent ASMs where no assumptions are made on the scheduling
policy.

The CoreASM engine is accompanied by a standard library of plug-ins includ-
ing the most common backgrounds and rule forms (i.e., those defined in [3]),
and by a set of specifications for writing new plug-ins that can easily be in-
tegrated in the environment. The latter must be explicitly imported into an
ASM specification by an explicit directive, while the former are automatically
imported in every specification by default.

3The policies in these plug-ins can also be called upon for implementing the choose-rule;
to this end, we provide an extended version of choose that explicitly declares which policy
to use.
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4 An ASM specification for CoreASM

4.1 The execution cycle

In this section we present a high-level specification of how CoreASM performs
one step of the simulated machine.* The structure of the specification is that of
a finite state automaton, as shown in Figure 5, whose current state is given by
the variable engineMode (which is used in a case statement that controls which
rules are executed). We present in the following the rules that are executed in
each state (identifying state names with rule names).

The first state entered is the ldle state of the Control API:

Control API
Idle =
if stepCommand then
Next (scStartStep)

This rule simply waits for a “step” command from the environment (e.g.,
an interactive GUI or a debugger), to start the actual computation. We use
the macro Next to transfer control to another state (values for engineMode are
tagged with a 2-letter prefix indicating the module the state belongs to).

The StartStep rule in the scheduler simply initializes updateSet (the set of
accumulated updates for the step) and agentSet (the current set of agents of the
simulated machine). The latter is then assigned a value in the RetrieveAgents
rule by querying the abstract storage module for the current value of agents

4The full specification, of course, models several other commands needed to implement a
complete execution environment.
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in the simulated machine. We model the query process through the abstract
function get Value(l) which takes a location and retrieves the value of the location
from the simulated state. We use the notation <term> to denote the quoted
variable or literal term term in the simulated machine.

The next rule, SelectAgents, chooses a set of agents to execute in the current
step; if no agents are available, the step is considered complete. Otherwise, the
ChooseAgent and ChooseNextAgent rules iterate over all selected agents. The
former invokes, for each agent, the SetChosenAgent rule, that will ultimately
come to the ChooseNextAgent rule. Computed updates are progressively added
to updateSet, and when all agents have been run, control moves to FireUpdateSet
in the abstract storage module.

Scheduler
StartStep =
updateSet := {}
agentSet := undef
Next(scRetrieve Agents)

RetrieveAgents =
agentSet := GetValue((<agents>, ()))
selectedAgentSet := undef
Next(scSelectAgents)

SelectAgents =
choose s with s C agentSet A |s| > 1 do
selectedAgentSet := s
Next(scChooseAgent)
ifnone
Next(caStepCompleted)

ChooseAgent =
choose a in selectedAgentSet do
remove a from selectedAgentSet
chosenAgent := a
Next(stSetChosenAgent)
ifnone
Next (st FireUpdateSet)

ChooseNextAgent =
add wvalue(root( chosenProgram)) to updateSet
Next(scChoose Agent)

Two rules in the abstract storage module take care of setting the chosen
agent (by assigning the value of self in the simulated machine accordingly)
and of retrieving the program associated with the chosen agent (by accessing
program(self) in the simulated state). Control then moves back to the scheduler
at the InitiateExecution rule.

11



Abstract Storage
SetChosenAgent =
SetValue((<self>, (), chosenAgent)
chosenProgram := undef
Next(stGetChosenProgram)

GetChosenProgram =
chosenProgram := GetValue((<program:, (<self>)))
Next(scInitiate Execution)

Following the footsteps of [3], we interpret a program by associating val-
ues (either elements of some domain or updates) and locations to nodes in the
abstract syntax tree of the program. Before actually starting the interpreter,
previously computed values are deleted by the InitiateExecution rule, and the ini-
tial position for the interpreter is set to the root node of the tree that represents
the current program (that is, the program of the current agent, as established
above).

Scheduler
InitiateExecution =
pos := root(chosenProgram)
forall n in nodes(chosenProgram) do
value(n) := undef
loc(n) := undef
Next(inEzecuteTree)

Due to space limitations, we do not include here the full specification for
the interpreter; we show instead its most interesting feature, that is the way
it interacts with rule and background plug-ins to delegate interpretation of the
associated extensions. As already discussed in Section 3.2, nodes of the parse
tree corresponding to grammar rules provided by a plug-in are annotated with
the plug-in identifier (the annotation is modeled by the plugin function). If a
node is found to refer to a plug-in, rules provided by that plug-in are obtained
through the pluginRule function and executed; otherwise, the kernel interpreter
rules (see Section 4.3) are used. As a result of the interpretation, value(pos) is
set to either an abstract value (for expression nodes) or to a set of updates (for
rule nodes).

12



Interpreter
ExecuteTree =
if value(pos) = undef then
if plugin(pos) # undef then
let R = pluginRule(plugin(pos)) in
R
else
KernelRulelnterpreter
KernelExpressionlInterpreter
else
if parent(pos) = undef then
Next(scChooseNextAgent)
else
pos := parent(pos)

After executing the programs of all the agents selected in the SelectAgents
state, all the updates will have been accumulated in updateSet. Control will
move from ChooseAgent to FireUpdateSet in the abstract storage module. The
latter checks the consistency of the updates (possibly interacting with the rele-
vant background plug-ins to evaluate equality), and either applies the updates
to the current state, thus obtaining the next state, or provides an indication of
failure.

Abstract Storage
FireUpdateSet =
if consistent(updateSet) then
ApplyUpdates
Next(scSuccess fulUpdate)
else
Next(scUpdateFailed)

In that case (UpdateFailed rule), a different subset of agents can be tried. If
all possible choices have been exhausted, the computation cannot proceed, and
control moves to the StepFailed state in the control API. If instead updates can
be applied successfully, the StepCompleted state of the control API is entered.

Scheduler
SuccessfulUpdate =
Next(caStepCompleted)

UpdateFailed =
if morePossibleSets then
Next(scSelect Agents)
else
Next(scStepFailed)

In both cases, the following control API rules notify the environment of the
success or failure of the step, and return to the Idle state awaiting for further

13



commands from the environment.

Control API
StepCompleted =
NotifyEnvironment (success)
Next(caldle)

StepFailed =
NotifyEnvironment(failure)
Next(caldle)

4.2 Notation

We specify the interpreter as a collection of rules (some embedded in the kernel,
others contributed by plug-ins) which traverse a parse tree while evaluating
values and updates. We state the following assumptions:

1. nodes in the tree are in the domain of the following (mostly partial) func-
tions:

e first : Node — Node, next : Node — Node, parent : Node — Node
are static functions that implement tree navigation®; by using these
functions, a rule can always access each of the children of a node, or
go back to its parent;

e class : Node — Class returns the syntactical class of a node (i.e., the
name of the corresponding grammar rule);®

e token : Node — Token returns the syntactical token represented by
the node (e.g., either a keyword, an identifier, or a literal value);

e value : Node — ValU Upd is the value (that is, the r-value) associated
to an expression nodes, or a set of updates associated to a statement
(rule) node;

e loc : Node — Loc is the location (that is, the l-value) associated to
nodes denoting functional applications;

e plugin : Node — Bkg is the plug-in associated to expression and
statement nodes, that is, the plug-in responsible for the parsing and
evaluation of the node.

2. a special variable pos holds at all times the current position in the tree;

3. we use a form of pattern matching to concisely denote complex conditions
on the nodes. In particular:

5We will silently skip over “empty” nodes, that derive from grammar productions only

involving a single non-terminal, as in Exp::=Id.
6
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we denote with e (expression) an unevaluated expression node; with
v (value) an evaluated expression node (that is, an expression node
whose wvalue is not undef); with r (rule) an unevaluated statement
node; and with u (update set) an evaluated statement node. We will
at times add subscripts to these variables, or use different names for
special cases that will be discussed as appropriate;

we denote with w a generic expression node (either evaluated or not),
and with y a generic statement node (either evaluated or not);

we denote with z an identifier node

we denote with [ (location) an evaluated expression for which a loca-
tion has been computed (that is, whose loc is not undef);

we use prefixed Greek letters to denote positions in the parse tree
(typically children of the current node, as denoted by pos) as in
if “e then °r where o and [ denote, respectively, the condition
node and the then-part node of an if statement;

rules of the form
(pattern) — actions

are to be intended as
if conditions then actions

where the conditions are derived from the pattern according to the
conventions above, and as fully specified in Table 1;

an unquoted and unbound occurrence of v, u, w or y in the action part
of such a rule is to be interpreted as the value of the corresponding
node; an unquoted and unbound occurrence of x as the token of the
corresponding node, and an unquoted and unbound occurrence of [
as the loc of the corresponding node.

Table 2 exemplifies how our compact notation can be translated into actual
ASM rules.

. the value of local variables (e.g., those defined in let rules) is maintained
by a env : Id — Val global dynamic function

. a static function bkg : Val — Bkg let us know, for any arbitrary value v,
which background plug-in manages the value, or whether it is native in
the core (if bkg(v) = undef).

Notice that, according to the rule ExecuteTree previously described, inter-
preter rules in the kernel or from plug-ins are only executed when value(pos) =
undef, i.e. when the current node has not been fully evaluated yet. Control
moves from node to node either by explicitly assigning to pos, or by setting
value(pos)to a value that is not undef, in that case, control is returned to the
parent of pos (unless an explicit assignment to pos is also made at the same

15



Abbreviation | Condition (lhs) Mention (rhs)

%e class(a) = Exp A value(a) = undef | «

>y class(a) = Exp A value(a) # undef | value(c)
Yw class(a) = Exp value(c)
A class(a) = Rule A value(a) = undef | «

“u class(o) = Rule A value(a) # undef | value(c)
Xy class(a) = Rule value(a)
o class(a) = token(a)
el class(a) = Exp A loc(a) # undef value(c)

a, f3 ete. first(pos), next(first(pos)), etc.

Table 1: Abbreviations in syntactic pattern-matching rules.

Compact notation

Actual rule

(if e then 7r) —

if class(pos) = Rule

A token(pos) = IfThen

A class(first(pos)) = Exp

A value(first(pos)) = undef

A class(next(first(pos))) = Exp

A value(next(first(pos))) = undef
then ...

(if ®v then #r|) —

if class(pos) = Rule
A token(pos) = IfThen
A class(first(pos)) = Exp
A value(first(pos)) # undef
A class(next(first(pos))) = Rule
A value(next(first(pos))) = undef
then ...

(if “v then Pu|) —

if class(pos) = Rule
A token(pos) = IfThen
A class(first(pos)) = Exp
A value(first(pos)) # undef
A class(next(first(pos))) = Rule

A value(next(first(pos))) # undef
then ...

if class(pos) = Rule
A token(pos) =

A class(ﬁrst(pos)) Id
A class(next(first(pos))) = Exp
A value(next(first(pos))) # undef

then

state(token(first(pos))) := value(next(first(pos)))

Table 2: Examples of how pattern matching notation is translated into ASM

rules.
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4.3 Kernel rules
4.3.1 KernelExpressionlInterpreter rules

As previously described, kernel rules implement the Boolean domain, assign-
ments and import statements. Literals (true, false, undef) are lifted to their
semantic counterparts:

KernelExpressionInterpreter

(true) — value(pos) := tt
(false) —  wvalue(pos) := ff
(undef]) — value(pos) := uu

The value of a simple variable is first looked into the set of in-scope local
variables, and if none can be found there, the abstract storage is queried for a
value (the result could be undef, that is lifted by the abstract storage to uu).
Function references are handled in a similar way, except that they cannot be
local variables. For elements of the state, the location is also stored in the
tree, for later possible use by the assignment rule. Here, the abstract function
getValue(l) (defined in Section 4.7) returns the value of location [ in the current
state of the simulated machine.

KernelExpressionInterpreter
(*x) — if env(x) # undef
value(pos) = env(x)
else let | = (z,()) in
value(pos) := GetValue(l)
loc(pos) :=1

(“x(Mwi,...,*w,)) —  choose i€ [l..n] with value(\;) = undef
pos = \;
ifnone
let I = (z, (w1,...,wn)) in
value(pos) := GetValue(l)
loc(pos) :=1

Notice that in the latter rule the arguments w; to the function f could
be either expressions or values. The rule specifies that all arguments must be
evaluated, without any specific order, to determine the location. While there are
still unevaluated arguments, the rule would set pos to the node representing the
unevaluated arguments; as soon as the evaluation of the argument is complete,
control return to the parent node (and thus, again to the same rule), until all
arguments are evaluated. At this point (ifnone branch), the location and values
of the function are computed and stored in the loc and wvalue for the node.

Also notice that functions for which an interpretation is defined in a back-
ground are not considered in the rules above, as the corresponding node will
have its plugin attribute set by the parser to the plug-in implementing the given
background, that will provide specific rules for computing the value (as shown
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in the rules of page 13). Plug-in provided rules for interpreted constants and
functions will typically follow the schema

(“x) — value(pos) := // interpretation of x
(“z(Mawi,..., w,)) —  choose i€ [1.n] with value(\;) = undef
Ppos = \;
ifnone
value(pos) := // interpretation of x (w1, ..., w,)

4.3.2 KernelRulelnterpreter rules

The kernel of the CoreASM engine only includes two rule forms: assignment
and import. Assignment is performed as follows:

KernelRulelnterpreter
(“w:="w) —  choose 7 € {a, B} with value(r) = undef
pos =T
ifnone
if loc(a) # undef
value(pos) := (loc(a), value(3))
else
Error(‘Assignment to non-loc’)

It is worthwhile to remark that the rule above does not syntactically con-
strains assignment to be performed exclusively to variables or functions: rather,
any plug-in can contribute new forms of expressions which, as long as they result
in a location, are deemed syntactically acceptable in the lhs of an assignment.

The import rule is defined as follows:

KernelRulelnterpreter

(import “z do °r) — env(x) := NewElement
pos := (3
(import “z do Pu) — env(z) := undef

value(pos) == u

The value of the imported element = does not have a background (or it is a
general background). The rationale is one cannot really import new elements
with a pre-defined structure (such as String, Integer, or a TCP/IP Message).
Either they are all in there from the beginning (e.g., Integers) or they need a
factory (a constructor) to construct them (to form the required structure).

In the above rule, the NewElement macro returns a unique value for the
imported element.

18



4.4 Standard background plug-ins

In this section we present the specification of a few background and rule plug-
ins that are part of the standard library of CoreASM. We recall that each
background plug-in provides an extension to the parser, an extension to the in-
terpreter, and an extension to the abstract storage; rule plug-ins do not provide
the latter. Here we present only the extensions to the interpreter; the corre-
sponding extensions to the parser can also be easily inferred by observing the
patterns used in the various rules.

4.4.1 A simple background: Booleans

The Boolean background provides operators implementing boolean algebra.
Since the corresponding domain {true, false} is already provided by the ker-
nel, this plug-in turns out to be remarkably simple.

BooleanBackground
unop “e
(unop
(unop “v)

—  pos=a
— value(pos) := unopg(v)
(w1 binop Pwa) —  choose A € {a, B} with value(\) = undef
pos = A
ifnone
value(pos) := binopg (w1, w2)

The unopg and binopy functions mentioned in the rules represent internal
function of the Boolean plug-in that perform the corresponding semantic oper-
ation (e.g., and, or, not).

4.4.2 The Finite sets background

The background for finite sets represent sets by their characteristic functions,
and provides a single literal (the empty set), constructors for sets, emptiness
test and some set-theoretic operations. Although not shown here, the plug-in
also implements the various enumeration functions that will be shown later and
that are needed to support choose- and forall-rules.

FiniteSetBackground

(0) — value(pos) := EmptySet
({Mwi,...,*w,}) —  choose i€ [l.n] with value(\;) = undef
pos = \;

ifnone

import s do
forall i € [1..n] do
member(s)(w;) = true
value(pos) := s
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Testing for emptyness or membership is trivial:

FiniteSetBackground
(empty “e) — pos = «

(empty “v) —  if dom(member(v)) = {} then
value(pos) := tt
else
value(pos) := ff
(“wi € Pwa) —  choose \ € {a, 3} with value(\) = undef
pos == A\
ifnone
if member(w2)(w1) then
value(pos) := tt
else
value(pos) := ff

Union, intersection, set difference are implemented as expected:

FiniteSetBackground
(“wr UPwa) —

choose ) € {a, 8} with value(\) = undef
pos == A

ifnone
import s from Set

forall z € dom(member(w:)) do

member(s)(x) := true
forall z € dom(member(w2)) do
member(s)(x) := true

value(pos) := s

(“wi NPws) —  choose ) € {a, 3} with value(\) = undef
pos == A
ifnone
import s from Set
forall z € dom(member(w:)) do
if member(ws)(z) then
member(s)(x) := true
value(pos) := s

(“wi \ Pw2) —  choose ) € {a, 3} with value(\) = undef

pos == A
ifnone
import s from Set
forall z € dom(member(w:)) do
if =member(wz)(x) then
member(s)(x) := true
value(pos) := s

Finally, equivalence and inclusion are implemented as follows:
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FiniteSetBackground
(“wirelopsers’w2) —  choose A € {a, 8} with value()\) = undef
Ppos := A
ifnone
if dom(member(w1)) relopsets
dom(member(wz)) then
value(pos) := tt
else
value(pos) := ff

4.5 Standard rule plug-ins

With the uttermost disregard for clarity, we can state that rule plug-ins provide
rules for executing rules; execution of such rules results in a set of updates being
the value for the rule node of the parse tree.

4.5.1 Basic rules

We initiate by presenting rule plug-ins for all the rule forms defined for Basic
ASMs; we will then introduce some plug-in for Turbo ASMs and finally some
custom plug-in for non-standard rules.

The semantics of the skip rule is simply to produce the empty set of up-
dates:

SkipRule
(skip ) — walue(pos) := {}
The most fundamental rule is the block-rule, specified as follows:”
BlockRule
(My1;...;*yn) — choose i € [1..n] with value(\;) = undef
pos = \;
ifnone

value(pos) == U1, .n) value(Xi)

Close in importance comes the if-rule. We accept a slightly extended syntax,
where the guard is not restricted to be a formula (as per Definition 2.4.14 in [3]),
but rather any expression that returns true. This guarantees that plug-ins will
be able to extend the set of allowable guards if needed. Notice that this approach

"We provide here a rule for an n-elements block, whereas one for a two-elements block
would suffice. Notice also that the same rule could be used for the alternative syntax R par Q,
meaning that P and Q are to be executed in parallel. Finally, also note that we are disregarding
here the scope constructors provided by the grammar — either relying on braces { } or on
indentation to express nesting are common choices.
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is conservative w.r.t. the standard definition, given that formulae in the sense
of [3] are indeed expressions (supported by the Boolean and Quantifiers plug-ins
in our standard library).

IfRule
(if e then °r) —  pos:=a
(if v then °r) — if v = tt then pos := (3 else value(pos) := {}
(if v then Pu) — value(pos) := u

(if “e then °r else 7))
(if “v then °r else 77|
(if ®v then Pu else 7r)
( 3 )

pos = «

if v = tt then pos := (3 else pos := v
value(pos) := u

value(pos) := u

Ll

r else "u

To show how the local environment is modified, we present the specification
of the let-rule:

LetRule
(let “z=Peinr) —  pos:=p
(let “z =Py in7r) — env(z) == v
pos =y
(let “z =Pvin Tu) — env(x) := undef // No nesting

value(pos) := u

4.5.2 choose and forall rules

The choose-rule combines modification to the local environment with a dele-
gation to the background plug-in providing the set-like structure among whose
elements we want to choose. We present here the simplest form of choose, with
no additional condition on the chosen value.®

8This, however, can be implemented by choosing in a set that already includes the condi-
tion.
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(choose “z € Pe do™r) —
(choose “z € Pv do'r) —
(choose “z € Pv do"u) —

(choose “z € Pe do”r ifnone

o
(choose “z € #v do”r ifnone °r

(choose “z € Pv do"u ifnone °r))

(choose “z € #v do”r ifnone °

u)

ChooseRule

pos = 3
if canChooseppg(,) (v) then
if emptyp g (v) then

value(pos) := {}

else
let t = chooseppg(,)(v) in
env(z) =t
pos =y
else

Error(‘Cannot choose’)
env(x) := undef
value(pos) := u

)
)

— pos := 3
if canChoosepy(,) (v) then
if emptypypge,) (v) then
Pos =0
else
let t = chooseppg(,)(v) in
env(z) =1
pos =y
else
Error(‘Cannot choose’)
env(z) := undef
value(pos) == u
value(pos) == u

—

—

—

The slightly more complete form of choose with an additional predicate can

be specified as follows:
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ChooseRule
(choose “z € Ber with Veq do‘er — pos := 3
(choose “z € By with Yes do‘er —
if canChooseppg(.,)(v) then
if emptyppg0.) (v) then
value(pos) := {}
else if canChoosePred(v)
let t = choosePredyyg.,)(v,7) in
if t # undef then
env(z) ==t
Ppos =0
else
value(pos) = {}
else
Error(‘Cannot choose’)

(choose “z € Pv; with Yes do’u) — env(z) := undef
value(pos) := u

This version, however, only works under the assumption that the background
plug-in providing v implements the choosePred function — that is, it can recur-
sively call back the interpreter to evaluate the predicate. A version that does
not require this capability can be obtaine by refining the rules above as follows:
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ChooseRule
(choose “z € Ber with Veq do‘;rD — pos := 3
alreadyTried(B) := {}
(choose “z € By with Yes do‘SrD —
if canChooseyyg(,)(v) then
if emptyppg.0) (v) then
*  walue(pos) := {}
else if canChoosePred(v)
let t = choosePredyyg.) (v,7) in
if t # undef then
env(z) ==t
pos := &
else
value(pos) := {}
else // The plug-in does not implement choosePred
let t = chooseNextyyq(,) (v, already Tried(F)) in
if t # undef then
alreadyTried(B) := alreadyTried(3) U {t}
env(z) ==t
pos =y
else
* value(pos) = {}
else
Error(‘Cannot choose’)

(choose “z € By with Yvs do‘sr[) — if v2 = tt then
Pos =0
else
ClearTree(7)
(choose “z € Pv; with Yvo do’u) — env(z) := undef

value(pos) := u

The macro ClearTree(a) simply assigns undef to value and loc of all nodes in
the subtree rooted at « (including the root).

A version of the choose-rule supporting both the with and the ifnone clause
can be easily obtained by substituting the lines marked with *» with statements
moving the control to the ifnone rule, as already shown.

The forall-rule is also similar; we show here only the simplest version with
no predicate, given that the refinement needed to implement the with clause is
similar to the one we have already discussed for choose.
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ForallRule

(forall “z € Pe do 1) — collectedUpdates(pos) := {}

lastEnumerated((3) := undef

pos = f3
(forall *z € Pv do 7r) —

if canEnumerateyyq,)(v) then
let t = enumerateNextyyq.,) (v, lastEnumerated(3)) in
if t # undef then

env(z) =1
lastEnumerated((3) :=t
pos 1=y
else
value(pos) := collectedUpdates(pos)

else
Error(‘Cannot enumerate’)

(forall “z € Pv do "ul) —
collectedUpdates(pos) := collectedUpdates(pos) U {u}
ClearTree(7)

4.5.3 Sequentiality, macros and iteration rules

Sequential execution of rules is modeled by the seq-rule. Since we want to model
the effect of evaluating the second rule in a sequence in the (hypothetical) state
that would be produced by applying the updates produced by the first rule, we
have to “simulate” the application of the updates, without really modifying the
state. This is obtained by using a stack of states, controlled by three macros:
Push copies the current state in the stack, Pop retrieves the state from the top of
the stack (thus discarding the current state), and Apply(u) applies the updates
in the update set u to the current state. Formal definitions for these macros are
given in Section 4.7. Based on the intuitive understanding of these macros, the
interpreter plug-in for the seq-rule can be specified as follows:

SeqRule
(%71 seq Pra)  —  pos:=a
(“u1 seq Pra) —  if consistent(u1) then
Push
Apply(u1)
pos =3
else
value(pos) := u1
(“u1 seq Puz) — Pop
value(pos) := u1 @ uz

The declaration and call of single rules (macros) are handled as follows. A
special constructor rule is used to quote a rule, obtaining a value (see Sec-
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tion 4.5.6 for notationally more convenient ways of treating macros):

MacroRule
(rule ®r) — import t do // we should put ¢ in Rules
body(t) == «
params(t) := ()
value(pos) :=t

(rule (Mzy,...,*z,) *r) — import t do
body(t) :=
params(t) := (x1,...,%n)
value(pos) :=t

Values obtained with the rule constructor (that is actually a A operator)
can be assigned or passed around as any other value. On values of type rule,
two operations can be performed: calling them as macros, or running them
as submachines. The difference between the two forms is that calling a macro
simply means executing its body (possibly with parameters substitution) and
collecting the resulting updates, whereas running a submachine results in an
entire encapsulated computation of the rule, that is iterated until completion,
as defined in [3] Section 4.1.2. We will see first the specification for macro calls,
while submachine calls will be treated in Section 4.5.4.

MacroRule
(call “e) —  pos:=«
(call “v) — let b = body(v) in
if b # undef then
if parent(b) = undef then
parent(b) := pos

ClearTree(b)
pos:=b
else

value(pos) := value(b)
parent(b) := undef
else
Error(‘Attempted call of a non-rule’)

The case of a rule with parameters is only slightly more complex. ASMs
differ from many other languages in that call-by-name is used for parameters
instead of the more usual call-by-value. In other words, actual parameters are
evaluated at the point of use (in the callee) rather than at the point of call (in
the caller). Due to the presence of seq-rules, the difference can be observable,
as parameters can be evaluated in different states. Hence, we have to substitute
the whole parse tree denoting an actual parameter (i.e., an expression) for each
occurrence of the corresponding formal parameter in the body of the callee.
Also, we need to make all the changes on a copy of the callee body, to avoid
modifying the original definition.

There are several static semantic constraints on valid rule declarations; for
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example, it is assumed that the formal parameters of a rule are all pairwise
distinct, and that the formal parameters are the only freely occurring variables
in the body of the rule (see [3], Definition 2.4.18). For simplicity, we do not
explicitly check for such conditions in our specification.

The following rules for the Macro plug-in describe how definitions and calls
for rules with parameters are handled.

MacroRule
(call “e(Meq,...,"e,)) —  pos:=a
(call ®v(Mey,...,*e,)) —  let b= body(v),
p = param(v),
A={(\,..., n) in
if b # undef then
if workCopy(pos) = undef then
let b = CopyTreeSub(b,p, A) in
workCopy(pos) := b’
parent(b’) := pos
pos := b’
else
value(pos) := value(workCopy(pos))
workCopy(pos) := undef
else
Error(‘Attempted call of a non-rule’)

The definition for the CopyTreeSub macro can be found in Section 4.7.

With the MacroRules plug-in, we have completely described the standard
library of the CoreASM engine for Basic ASMs. One of the main concepts
in Turbo ASMs is the notion of sequential composition and of iteration. For
sequential composition, the definition for seq provided by [3] as Definition 4.1.1
is actually identical to the one for Basic ASMs given by Table 2.2 (although the
latter is presented in structured operational semantics style, whereas the former
is given in denotational semantics style), hence our SeqRule plug-in already
provides all that is needed.

Iteration, however, requires a special treatment. The iterate-rule repeatedly
executes its body, until the update set produced is either empty or inconsistent;
at that point, the accumulated updates are computed (the resulting update
set can be inconsistent if the computation of the last step had produced an
inconsistent set of updates).
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IterateRule
(iterate “r) — Push
pos == «
(iterate “u) — if u = {} V —consistent(u) then
value(pos) := Diff Uu
Pop
else
Apply(u)
ClearTree(c)
pos = «

The non-standard while-rule can also be defined in a similar way. The
semantics of a rule while (cond)R is to iterate the execution of R until cond
becomes false, or R produces an empty or inconsistent update set. Thus, the
following equivalence holds:

while (cond) R = iterate if cond then R

The corresponding rule (which, as a matter of convenience, is implemented in
the same plug-in as iterate) is thus

IterateRule
(while (“¢) °r) — Push
pos 1= «
(while (“v) °r) —  ifv=ttthen
pos =3
else
value(pos) := Diff
Pop
(while (“v) Pu) — if u = {} V —consistent(u) then
value(pos) := Diff U u
Pop
else
Apply(u)
ClearTree(«)
ClearTree(3)
pos = «

Notice that other choices for the semantics of while were also possible: for
example, [3] in Example 4.1.4 presents a variant that does not terminate when
the update set produced by the rule is empty (their Example 4.1.2 is instead
consistent with our definition).

More generally, both iterate and while could also be defined to terminate
when the update set contributed by the body of the rule does not modifies the
state, i.e. s = s @ u. To our knowledge, this semantics has not been explored
and applied in practice.
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4.5.4 Submachine calls

The semantics of submachine calls differs from that of simple macros, in that
execution of the rule is iterated until the computation of the submachine is
complete, and only at that point the cumulative updates are collected and lifted
to the calling machine — which, effectively, sees the whole computation as a
single step. In this sense, the semantics of submachine calls is rather similar to
the semantics of XASMs turbo calls. To highlight this different semantics, we
use the keyword run instead of call for invoking sub-machines.

SubmachineCall
(run “e) —  pos:=«
(run “v) —  let b= body(v) in
if b # undef then
if parent(b) = undef then
Push
ClearTree(b)
parent(b) := pos
pos:=1b
else
if value(b) = {} V —consistent(value(b)) then
value(pos) := Diff
parent(b) := undef
Pop
else
Apply(value(b))
ClearTree(D)
pos :=b
else
Error(‘Attempted run of a non-rule’)

Notice that according to the above definition, when a machine terminates a
computation as a consequence of having generated an inconsistent set of updates
the previous consistent state is considered as the result of the computation. An
alternative semantics could be to incorporate the inconsistent updates in the
result set, thus implying that a submachine that terminates due to an inconsis-
tent set of updates being generated will produce an inconsistent set of updates
in the calling machine, too.

The rule for running a parametric submachine is a variation of the rule above,
with the addition that actual parameters are substituted for formal parameters
in the body of the machine, as we already did for macro calls. For the sake of
brevity, we do not present here the entire rule.

4.5.5 Local state, return values, and exception handling

Local state is introduced in rules by a special syntax ([3] page 169), which
introduces both function names for local state and their initialization by means
of rules. Updates made to these special locations are then discarded before
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returning the final update set to the caller. In the same spirit, return values are
simulated by designating a special location in the state, and by using the last
update to that location as return value.

We sketch here only the basic idea of how local state and return values are
handled. In particular, we omit the details of how local state initialization is
performed, based on the observation that a declaration of local state with ini-
tialization can be transformed into a declaration without initialization followed
by an explicit assignment (see Section 4.5.6 for details). The following rules
describe how local state is implemented:

LocalRule
(local A1f1 o A”‘fn in%) — pos = «
(local M2 in “ul)  — value(pos) == uw S {f1,..., fn}

where the & operator is defined as follows:

uSh={((fa),v) eu| f¢&h}

As for result values, the following rules apply:

ReturnRule

(*r return Pe) —  pos:=a
(“u return Pe) — Push
Apply(u)
pos = f3
(“u return "v) — Pop

value(pos) := v

Notice that these rules differ from the semantics given in [3] in Definition
4.1.7, where the result must be necessarily a single location (we allow for ar-
bitrary expressions instead). According to the rules sketched above, it would
not be possible to use any location of the local state in the expression to re-
turn. In fact, if we parenthesize the expression local x in r return e as in
(local x in r) return e then z would not be visible in e, whereas if we paren-
thesize it as local z in (r return e) then the part r return e would be an
expression, not a rule, and hence our semantics for local does not apply.

This, however, does not constitute a problem in itself, since our semantics
for return discards all the updates in the rule, and hence all the state changes
performed in the rule part of a return rule can be considered local. In this
sense, a return guarantees the absence of side effects. Overall, our semantics
seems more compositional than the one proposed in [3], thus we allow for this
minor departure. Notice that the return rule also provides for easy integration
of derived functions, and that the call rule returns a value when applied to a
macro whose body is a return rule. For example, we could define a derived
function as follows:

plus := rule (z,y) skip return z +y
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and invoke it with
five := plus(2, 3)

(the definition can be actually written as plus(x,y) = x + y using the simplified
syntax we describe in Section 4.5.6).

Finally, we specify the try/catch construct as follows:

ExceptionRule
Mg, doPra)  —  pos:i=a
zn doPra) —

if consistent(ur \ (u1 © {z1,...,2n}))

(try “r1 catch Mgy

(try “ui catch Mgy A

then
value(pos) := u1
else
pos:=
(try “ui catch ... gz, do Pus) —  walue(pos) := uz

4.5.6 Syntactic shorthands

In keeping with our tenet that CoreASM should be a concise and expressive
language, we define a number of special syntactic shorthands to simplify writing
specifications.

For rule declarations, we treat the form

T(T1,. .. 2p) =T
as
x:=rule (x1,...,2,) 7

(and analogously for the parameterless version). Moreover, we provide for the
explicit declaration of the intended use of a rule (either as macro or as a sub-
machine) in the definition of the rule itself. The following notation is used:

MacroShorthands
(macro “e)
(macro “v)

pos 1= «
if body(v) # undef then

isMacro(v) := true

value(pos) := v
else

Error(‘Non-rule cannot be a macro’)

—
—

(machine “e) —  pos:=«
(machine “v) —  if body(v) # undef then
isMachine(v) := true
value(pos) := v
else
Error(‘Non-rule cannot be a machine’)
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Declared as Treated as
a simple value a macro call a machine call

x:=rule r b'e call x run x
x:=macro rule r X run x
x:=machine rule r call x X

Table 3: Syntactic shorthands for macro and TurboASM declarations.

Hence, an unannotated occurrence of a value of type rule can be implicitly
treated as a call or a run without need for an explicit keyword, according to
standard ASM practice, as shown in Table 3.

This implicit treatment needs a refinement of the KernelExpressionInterpreter
macros for simple identifiers (e.g., ) and for functions (e.g., x(a)), which now
assume a different semantics if x refers to a macro or machine rule. For example,
the rule for a parameter-less identifier becomes

KernelExpressionInterpreter
(“xz) — if env(z) # undef
value(pos) = env(x)
else let | = (z,()),v = GetValue(l) in

loc(pos) :=1

if isMachine(v) = true then
MachineCall(v)

else if isMacro(v) = true then
MacroCall(v)

else
value(pos) := GetValue(l)

where the MachineCall and MacroCall macros consist essentially of the body of
the corresponding rules for call and run . The rule for z(eq,...,e,) is refined
in an analogous manner.

A similar approach is used for defining derived functions: the syntactic form

x(T1,...,xp) =€
is translated as
x := macro rule (z1,...,z,) skip return e

Regarding initialization of local state, we rely on the following syntactical
transformation:

local fi[Init;]...local fi[Inity] logal T ’ Jrin
Inity; ... Inity
body
seq body

A similar problem arises for the definition of the initial state of the machine.
We assume that initialization is done by explicit assignments, which are evalu-
ated in an “empty” state before the Main rule for the machine is called. The
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general top-level structure of a CoreASM specification is thus

let Init = rule;nit, Main = ruley,qin, R1 = ruley, ..., R, = rule,
in Init seq Main

Appropriate lexical means are provided to convert the notion of module into this
form of rule, which is then executed as usual. In particular, keyword markers
like init and main could be used to identify the initialization and main rules
in a CoreASM specification, with the understanding that in case several rules
are marked as init or main, these will be collected and executed in parallel
at appropriate times. If no rule is marked init, then the initialization rule is
skip (that is, no initialization is performed beyond what the various plugi-ins
provide as initial state). If no rule is marked as main, the the main rule is the
parallel composition of all the rules in the specification.

To facilitate simulation and debugging, the Control API provides an interface
through which external applications can select which rules are to be considered
as initial or main, regardless of the way they have been declared.

In the same spirit, a form of declaration of agent with contextual initializa-
tion of its program, which is given the shortened syntactical form

agent name = rule
is converted into an explicit import and assignment rule of the form

init import agent do
add agent to Agents
program(agent) := rule
name(agent) := name

Notice that, since the rule above is marked init, all agents will be already
present, with the corresponding names and programs, in the initial state of the
machine.

4.6 Extension rule plug-ins

In this section we present an example of non-standard plug-ins, i.e. plug-ins
that implement rules not introduced in [3].

4.6.1 Support for abstraction

CoreASM provides support for abstraction by allowing the specifier to omit the
body of a rule (most typically, a macro). This is obtained by providing a special
rule abstract that acts as a marker for the execution of a yet-to-be-defined
macro. The abstract rule includes an expression (most typically, a string) that
can be used to identify what the abstract rule is intended to do.
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AbstractPlugin
(abstract “e) —  pos:=«
(abstract “v) —  let ! = (abstractUpdates, (v)) in
value(pos) = {(I,tt)}

The way abstract rules works is the following. An abstract macro or sub-
machine is declared to have an abstract body, for example:

ABSTRACTMACRO := rule (x) abstract ‘Working on ’+ x
or, using the traditional syntax,
ABSTRACTMACRO(z) = abstract ‘Working on ’ + x

When ABSTRACTMACRO is invoked, the abstract rule will be executed, pro-
ducing an update to the designated shared function abstractUpdates — effec-
tively adding the value of the expression provided in the abstract declaration to
the set abstractUpdates. 1t is intended that, at each step, the environment will
read (possibly notifying the user) and clear the abstractUpdates set, that thus
will contain at each step, an informal abstract description of the updates that
are intended to be performed by the as-yet abstract rule.

4.6.2 Support for native method calls

For practical purposes, it might be useful to be able to call “native” methods®
that provides an escape mechanism from the CoreASM world.

As CoreASM already provides extension mechanisms for expressions and
rules (by writing appropriate plug-ins), we do not intend for native methods
to either generate updates sets or values. Rather, native methods are simply
actions to be performed outside the CoreASM environment, that in no way alter
the abstract state or the computation flow. They, however, can take arguments,
that for the sake of simplicity and without loosing generality we will consider
to be all strings.

The following rules specify the way native methods are called:

NativePlugin
(native “z1.%z9(Mey, ..., e,)) — choose i € [1..n] with value(\;) = undef
pos = \;
ifnone

let args = (sval(A1),. .., sval(An)) in
CallNative(z1, x2, args)
where sval(\) = string Value(value(X))

In the rule above, the two identifiers x1 and z2 are respectivily the fully qual-
ified name of a Java class, and the name of a static method of the given class.

9From the point of view of CoreASM, native methods are methods of Java classes; these
in turn can call really native methods, e.g. in C or C++, by using the JNI APIs provided by
Java.
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Hence, only static methods returning void can be called through the native in-
terface. A typical example of such a method would be System.out.println().

The syntax for invoking native methods is intentionally prominent, to en-
sure that calls to native methods stand out of the surronding context. Their
semantics is intentionally limited to pure actions, to make sure that a native
call cannot alter the ASM semantics of a specification.

4.7 State- and tree-manipulation macros

We model the simulated abstract state as a function abstractState : Loc — Val,
where locations are defined, as usual, by pairs of function names and arguments.
With this assumption, the macros for manipulating the state are as follows (we
are assuming asPtr = 0 in the initial state):

GetValue(l) =
if abstractState(l) = undef
return uu
else
return abstractState(l)

SetValue(l,v) =
abstractState(l) := v

Apply(u) =
forall (I,v) € u do
SetValue(l, v)

Push =
asStack(asPtr) := abstractState
asPtr:= asPtr+1

Pop =
abstractState := asStack(asPtr — 1)
asPtr:= asPtr — 1

Diff =
let s = abstractState, s' = asStack(asPtr — 1) in
return s — s’

Tree manipulations functions are used throughout the interpreter for various
house-keeping purposes. Here they are defined as TurboASM recursive rules:
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ClearTree(a) =
if o # undef then
value(@) := undef
loc(a) := undef
ClearTree(first(c))
ClearTree(next(a))

CopyTree(a) =
if a # undef then
let n = new(Node) in
first(n) := CopyTree(first(c))
next(n) := CopyTree(next(x))
class(n) := class(a)
token(n) := token(«)
plugin(n) := plugin(c)
return n
else
return undef

A specialized version of CopyTree called CopyTreeSub returns a copy of the
given parse tree, where every instance of an Id node in a given sequence (formal
parameters) is substituted by a copy of the corresponding parse tree in another
sequence (actual parameters). We assume that the elements in the formal pa-
rameters list are all distinct (i.e., it is not possible to specify the same name for
two different parameters). Also, formal parameters substitution is applied only
to occurrences to formal parameters in the original tree passed as argument,
and not also on the actual parameters themselves.

CopyTreeSub(a, (z1,...,2n), (A1,...,An))
if o # undef then
if class(a) = Id A i s.t. token(a) = x; then
return CopyTree()\;)
else
let n = new(Node) in
first(n) := CopyTreeSub(first(a), (x1,...,Zn), (A1,...,An))
next(n) := CopyTreeSub(nezt(a), (x1,...,xn), (A1,..., An))
class(n) := class(a)
token(n) := token(«)
plugin(n) := plugin(ca)
return n
else
return undef
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5 Conclusion

We have outlined in this document the design of the CoreASM extensible ex-
ecution engine for Abstract state machines. The CoreASM engine forms the
kernel of a novel environment for model-based engineering of abstract require-
ments and design specifications in the early phases of the software development
process. Sensible instruments and tools for writing an initial specification call
for maximal flexibility and minimal encoding as a prerequisite for easy modi-
fiability of formal specifications, as required in evolutionary modeling for the
purpose of exploring the problem space. The aim of the CoreASM effort is to
address this need for abstractly executable specifications.

Aiming at a most flexible and easily extensible CoreASM language, most
functionalities of the CoreASM engine are implemented through plug-ins to the
basic CoreASM kernel. The architecture supports plug-ins for backgrounds,
rules and scheduling policies, thus providing extensibility in three different di-
mensions. Hence, CoreASM adequately supports the need to customize the
language for specific application contexts, making it possible to write concise
and understandable specifications with minimal effort.

The CoreASM language and tool architecture for high-level design, exper-
imental validation and formal verification of abstract system models is meant
to complement other existing approaches like AsmL and XASM rather than
replacing them. As part of future work, we envision an interoperability layer
through which abstract specifications developed in CoreASM can be exported,
after adequate refinement, to AsmL or XASM for further development.
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