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JERRY SCOTT KICKENSON. An Interface Description Language Assertion Checker.
(Under the direction of RICHARD T. SNODGRASS.)

The Interface Description Language (IDL) is a notation for describing abstract properties of
data structures that are passed among cooperating programs, I[DL allows a user to specify a
data structure in terms of a graph of attributed nodes. A tool, the IDL translator, generates
readers and writers that map between specific internal representations of the structure in a tar-

get programming language and the abstract external representation.

However, IDL has its shortcomings. The structuring component of IDL does not allow the
user to specify certain properties of the abstract structure he or she might wish to specify, such
as that the structure is a binary tree. In addition, it does not provide a means to specify con-
straints on the values of particular attributes of the nodes in the structure. The [DL assertion
language allows the user to express such specifications and constraints. The IDL assertion
checker is a tool that automatically checks that instances of an IDL structure satisfy the

specifications and constraints expressed in the assertion language.

Qur thesis is that a useful tool to verify assertions expressed in the assertion language can be
implemented. This doucument and the implementation it describes are a demonstration of this

thesis.
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CHAPTER 1

Introduction

The Interface Description Language (IDL) is a notation for describing the data structures
passed between cooperating processes in a large system. IDL can define any structure that can be
expressed as a graph. The language is at a higher level than conventional programming
languages, and so is easier to understand. A tool, the IDL translator, maps the IDL descriptions
into the equivalent code in a target programming language, The readers and writers necessary to
map the IDL descriptions to and from the internal representation of the structures are automati-
cally generated. In addition, the translator defines several macros to manipulate the data struc-
tures. These macros are framed in terms of the higher level IDL description, so the user need not
think in terms of the specific programming language’s view of the data. He may always view the
data from the abstract IDL viewpoint.

IDL cannot describe all characteristics of a data structure. Features of the graph, such as
that the graph is a tree, or that no node has more than a certazin number of children, cannot be
expressed in IDL. Specifying the values of attributes in the IDL graph cannot be done within
DL,

To allow the user of IDL more control over the structures he creates, the assertion language
was proposed [4]. The language permits the user t0 express specifications about the IDL structure
or the values of attributes within the structure. A tool, the assertion checker, can then automati-
cally check the validity of these specifications on particular structure instances.

The assertion language is meant to serve as a specification language for IDL and as a
debugging tool. After formally specifying the characteristics of the input and output structures of
a process, the user would then run the process on a particular input instance, producing an output
instance. The assertion checker would then be run on the instances, reporting on any assertions
that were not satisfied and offering as much information as possible to aid the user in discovering
why the assertion was not satisfied.

Formal verification of programs would be ideal. However, it is our position that formal
verification of large programs is well beyond the state of the art. Our thesis is that a useful asser-
tion checker tool is both feasible and practical. This document supports the thesis by describing a
working implementation of an assertion checker. Efficiency was not a primary goal of the cumrent
implementation. We were most interested in demonstrating the feasiblility of the tool. However,
we describe how the cwrrent implementation can be further improved and made more efficient.

1.1. Previous Work

IDL is a direct descendant of the Linear Graph package of the Production Quality
Compiler-Compiler{PQCC) project at Camegie-Mellon University. Lamb describes several other
projects involved in intermediate representations or automatic generation of data structures. [4]

IDL itself was specified and partially implemented at Carnegie-Mellon University in 1981.
It was used as the Diana intermediate representation of Ada 2] and has been employed in several
industrial projects since 1981. An assertion checker was not part of any of these implementations.



More recently, an implementation of an IDL translator has been accomplished at the
University of North Carolina at Chapel Hill.

As far as we know, an assertion checker of this type had not been written before, However,
Lamb outlined possible data structures and algorithms a checker might use [4].

1.2. OQutline of the Thesis

Part II is a tutorial inoduction to the assertion language and its use. Part III describes the
current implementation of the assertion checker, reports the measured performance of the checker,
and recommends ways to improve the current implementation. Part IV concludes the document
and suggests future research and work.

1.3. Conventions Used in This Document

Words or phrases that denote important concepts will be printed in italics on first appear-
ance. These words and phrases are collected in an index at the end of the text and the page
number of the definition appears in bold in the index.

All syntactic definitions are given in extended Backus-Naur Form (BNF). Angle brackets
(**<>"") surround the name of a non-terminal. Braces (“‘{}'") are used 10 group elements of a pro-
duction; a trailing asterisk (“**'"} following braces indicates zero or more occurrences; a trailing
plus (*“+"") indicates one or more occurrences; a trailing question mark (“°?"") indicates an
optional item. Reserved words are shown in bold. Examples are shown in £ixed width.
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CHAPTER 2

Introduction

2.1. Overview

The IDL Assertion Language is a sublanguage of IDL (Interface Description Language). It
permits the user of IDL to make assertions about the IDL structures he has written and the values
of attributes within those structures. A program called idicheck can then automatically check the
validity of these assertions on particular structure instances.

This document is a tutorial introduction to using the assertion language and idlcheck. First,
basic features of the assertion language will be described, along with examples of their use. An
explanation of how to use the assertion checker will be provided. Second, a complete example of
a small IDL specification with relevant assertions will be presented. Some more advanced
features will be introduced. The process by which the assertions were composed will be
explained. Third, brief descriptions of the most advanced features of the assertion language will
be presented. Finally, appendices contain the complete specification for the example presented in
chapter 3 and several examples of assertion checker output.

This tutorial has been written for the practicing computer scientist. Experience with pro-
gramming in some high level language is assumed. In addition, the reader should be familiar with
IDL, at least to the level covered in A Tutorial Introduction to Using IDL(6]. The structure
specification examples used in this tutorial are drawn from that document.

2.2. Purpose of Assertions

The assertion language is meant to provide both specification and verification facilities to
IDL.

As a specification language, the assertions provide a means for the programmer to specify
precisely what it is he wants to be true in his data structures. By using the assertion language,
communication between members of a programming team or between future and present pro-
grammers is improved. Maintenance of large programs is eased, since the maintainer may look at
the assertions to ascertain exactly what is supposed to be done, rather than attempting to figure this
out by directly reading code or comments (which are often sparse, incomplete, and imprecise). In
addition, writing assertions serves to hone the programmer’s thinking about a particular problem,
since to write significant assertions requires a thorough understanding of the problem. Finally, the
assertions provide a guide to the writing of the code. Assertions are given in terms of the [DL
structures. Programming in the IDL system involves manipulating these structures. Thus, well
written assertions state precisely what changes of the IDL structures must be done by the code.

As a verification language, assertions provide a debugging aid. Once the assertions are
written, instances of data structures can be checked automatically. No longer does the program-
mer have to scan manually through pages of output to ensure that there were no errors. Errors will
be found and reported.



The following figure illustrates where the assertion checker tool fits in with the other IDL
system tools, Rectangles denote data, ellipses denote executable code, and arrows denote input
and output of IDL instances.

IDL IPL _ Symbol
spec | Translator Table

input output
[DL instanc IDL instancs

Assertion '
Checker

Assertion
Failure Log

In the above figure, assertions are placed-in the IDL specifications (IDL spec). The user writes
some of the code (in particular, the implementation of the algorithm). Everything else is gen-
erated automatically. The translator produces much of the code and the Symbol Table. The
Assertion Checker generates the Assertion Failure Log, which is a report of any user assertions
found to be false.



CHAPTER 3

Basic Use of the Assertion Language

3.1. Example Specification

The following example will be used to illustrate use of the assertion language. The example
is taken from [6].

-=Specification for the customers structure.

Structure customers Root customer_list Is

End

customer_list => list : Seq Of Customer;

Customer ::= commercial_ customer | Government_customer;
Customer => name : String,
address : String,
active : Boolean,
customer_number : Integer,
balance : Rational;

commercial_customer => industry_code : Integer;
Government_customer ::= state_customer | federal customer;

state_customer => state_code : Integer;
federal_customer => agency_code : Integer:;

--Specification for the transactions structure.

Structure transactions Root transaction_list Is

transaction_list => 1list : Seq Of Transaction;

Transaction :1:= credit | debit;
Transaction  => customer number : Integer,
date : Integer,
amount : Rational,
tax_status : Set Of Tax_code;

credit => ;
debit => ;

Tax_code ::= local_sales_tax



| state_sales_tax
| federal_sales_tax;

local_ sales_tax => ;
state_sales_tax => ;
federal sales_tax => ;

End

~-=-Specification for the bills structure.
Structure bills Root bill list Is
bill list => list : Seq Of bill;

bill => billee : Customer,
amount : Rational:

Customer ::= commercial_customer | Government_customer;
Customer => name : Stxing,

address : String,

customer number : Integer:

commercial_customer => industry code : Integer;

Government_customer ::= ztate_customer | federal customer;
state_customer => state_code : Integer;
federal customer => agency_code : Integer;

End

--Specification for the billing process.
Process billing Inv billing Is

Pre customers_in : customers;

Pre transactions_in : transactions;
Post customers_out : customers;

Post bills_out : bills;

End

3.2. Basic Assertions With Quantifiers

Assertions always begin with the keyword Assert. The simplest assertions to make concern
the values of specified attributes within a structure. These assertions may appear anywhere within
the structure to which they refer, although it is often clearer to group all assertions together. It is
possible to assert a property about a single object, For example, to assert in the customers
structure that the customer [ist is not empty, we could write:

Assert Size(Root;list) c= 0y

Root refers to the root of the structure in which the assertion appears. Here, the root of the cus-
tomers structure is of type customer_list. Thus, Root.list is a sequence of



Customer. The assertion states that the size of this sequence is not zero.

Usually one wishes to assert about all objects within a structure of a certain type, This is
done using quantifiers. There are two variants of the quantifier, The ForAll variant asserts that
the body is true for all objects within the structure in which the assertion appears, of the specified
type. For example, we might wish to make some assertions about the customers structure.
First, all customer numbers should be greater than or equal to one. A negative customer number
would signify an input error. We would assert this as:

Asgert ForiAll C Ian Customer Do C.customer number >= 1 Qd:

The name C is an iterator that will take on successive values of the specified object type, which
hereis Customer. The body of the quantifier states that the customer_number attribute of C(C
is of type Customer) is greater than or equal to one. The period (.) indicates the extraction of
an attribute, (This paralleis the => symbol in the IDL specification.) Since the ForAll variant is
used, we are asserting that the customer_number attribute of all objects of type Customer
have the described property.

The Exists variant asserts that the body is true for at least one object within the structure in
which the assertion appears, of the specified type. For example, to assert that at least one custo-
mer is active, we could write:

Assert Exists C In Customer Do C.active = True Od;

The body of a quantifier, whether ForAll or Exists, is a boolean entity. Despite the use of
the Do...0d form, nothing is done. We are asserting what must be true. Note also that the type of
the iterator, specified immediately after the keyword In, must be a valid type in the IDL
specification. A valid type is any node or class name (but not attribute names) or a basxc type
(Integer, Rational, String, Seq Of <type>, or Set Of <types).

Boolean operators such as And, Or, and Not may be used. For example, we wish to assert
that the state_code of every state_customer is between 1 and 50, inclusive. We could write:

Assert For2All sc In state customer Do
sc.gtate_code >= 1 And
sc.state_code <= 50

Od:

Nesting of quantifiers is allowed. For example, we wish to assert that no two distinct custa-
mers have the same customer number. This could confuse billing and credits. We would assert as
follows:

-- No duplicate customer numbers
Assert ForAll ¢l In Customer Do
ForAll c2 In Customer Do
I£f ¢l "= c2 Then

cl.customer_ number “= c2.customer_number
Else True Fi
od od;
The symbol ~= means ‘“‘not equal to”’. The two iterator names must be distinct when using

nested quantifiers. Here the names used are ¢l and c2. Od appears twice at the end. Each
occurrence of a quantifier must be ended by its own Od.

Similar assertions on attribute values might be made in the transactions structure and
the bills structure. For instance, we could assert in the transactions structure:

Assert ForAll t In Transaction Do t.customer number >= 1 0d;



In the bills structure, we might wish to be certain that the amount of all bills is positive, We
could then assertin the bills stucture:

Assert ForAll b In bill Do b.amount > 0 Cd;

The assertion language supplies a few built-in functions that are useful. The function Size
was used above. It returns the number of objects in a set, sequence or collection (described
below) or the number of characters in a string. Other functions will be introduced below.

String constants are characters enclosed within quotes. For example, we wish to be certain
that an important customer named IEM is in our customer list,. We would then assert:

Assert Exists C In Customer Do C.name =° IBM" 0d;

3.3. Assertions within Processes

The above assertions concem particular structures. They are thus placed inside the structure
to which they refer. It is also possible to make assertions within process specifications. In this
way, one can make assertions about the relation of output structures to input structures.

For example, in the process billing, there is an instance of the customers structure
read in and an instance of the customers structure written out. The information within these
instances should remain unaltered, except pethaps for the balance attribute of Customer. We
could assert this as follows (within the process specification);

-- Customers output match customers input.
Assert Forall c¢_in In customers_in:Customer Do
ForAll c_out In customers_out:Customer Do
If c_in.customer_number = c_out.customer_ number
Then
¢_in.name = c¢_out.name And
c_in.address = c_out.address aAnd
c_in.active = c_out.active
Else True Fi
od od;

The specified iterator types in the above quantifiers are prefixed with a port name followed by a
colon. The prefix specifies the name of the port associated with the structure instance the asser-
tion is referring to. In the above example, the first quantifier is referring to all objects of type
Customer in the structure associated with the port named customer_in. The second
quantifier is referring to all objects of type Customer in the structure associated with the port
named Customer_out. These structures must both contain the type specified (here Custo-
mer). The use of these port prefixes is allowed only within a process specification, since structure
specifications do not have ponts, Clearly, a port with the name specified in the prefix should exist
if the assertion is to make sense.

In the last example the customer number and balance attributes were not men-
tioned. This is because the If condition guarantees that the customer number attribute is
equal, and the balance attribute may be legitimately altered owing to transactions being processed.
In addition, the industry code, state_code, and agency_ code atiributes were not
mentioned. These should remain unaltered also, but they are not attributes of the entire class
Customexr. They are attributes of particular node members of that class. Thus statements about
them cannot be made within the context of the entire class. For example, to assert:

-- Bad Assertion!

Assert ForAll c In Customer Do
c.customer number > (¢ And
¢.industry code > 0 oa;



would result in an error, because c is of type Customer, which does not necessarily have an
industzry_code attribute. If one wishes to make an assertion about such an attribute, one must
write an assertion specificaily targeted toward that class of ncde containing the attribute, For
example, we could assert:

Assert FordAll cc_in In customers_in:commercial_customer Do
Forall cc_out In customers_out:commercial customer Do
If cc_in.customer number = c¢c_out.customer_ number
Then
cc_in.industry_code = cc_out.industry code
Else True Fi
od od;

Since commercial_customer is a member of the Customer class, we can refer to the
customer_ number attribute of ¢c_in and cc_out, which are of type Customer. Since
we have specified cc_inand cc out as type commercial _customer, we can now also
refer to an :.ndustry code auribute. Similar assertions could be made about the
state_code for objects of type state_customer and the agency_code for objects of
type federal customer.

- As another example, we can assert that every transaction refers to a customer.

== Each transaction refers to a customer
Aszserxt ForAll t In transactions_ in:Transaction Do
Exizts ¢ In customers_in:Customer Do
t.customer_number = ¢.customer number
0d od;

3.4. Definitions

Some assertions we might wish to make can get more complicated than the examples above.
To simplify the formation of these assertions, the assertion language allows one to create
definitions, and then use these definitions in assertions.

3.4.1. Value Returning Definitions

The simplest definition returmns a value. For example, we wish to assert that the balance of a
customer on output from our billing process is equal to the balance the customer had on input plus
any credit received through transactions. We are specifying the behavior of our program. The
total credit a customer receives is the sum of all credit transactions for that customer. This sug-
gests creating a definition that will take as arguments a customer and the list of transactions and
return the total amount of credit for that customer. Such a definition could then be used in the
assertion we wish to make about the customer’s balance. The definition could take the following
form: :

Define Total_Credit (c:Customer, TList:Seq Of Transaction) =
If Size(TList) = 0 Then 0
OrIf Head(TList).customer number = c.customer_number
and
Type (Head(TList)) Same transactions_in:credit Then
Head(TList) .amount + Total Credit (c,Tail{TList))
Else Total_ Credit (¢,Tail{TList))
Fi;

The keyword Define must introduce any definition, The definition takes two arguments. The first
is of type Customer and the second is a sequence of Transaction. If the size of the tran-
saction sequence is 0, then there are no transactions. The definition then returns 0. Otherwise, if
the transaction at the head of the sequence has the same customer number as the customer,



meaning that this transaction deals with this customer, and the transaction is of type credit (the
Type function returns the actual type of a class object) we add the amount of this transaction to
the total craedit of the remaining transactions (the Tail function returns the sequence that is the
argument without its head). If the transaction does not concern this particular customer or the
transaction is not a credit, then we return the total credit of the remaining ransactions cnly.

The definition of Total Credit is recursive. It is guaranteed to stop since the
definition is applied to a smaller collection each time it is called (the Tail of a sequence is always
smaller than the sequence itself, if the sequence is non-empty), and the definition does not call
itself when an empty sequence (of size Q) is encountered.

The operator Same was used in the Total_ Credit definition. When comparing two
objects or values, the operator = is used. When comparing two collections of objects, the opera-
tor Same is used. The function Type returns the collection of ail objects in the structure instance
that are of the same type as the function argument. A class or node name returns the collection of
all objects in the structure instance that are of the same type as the class or node. Thus in the
definition of Total_Credit, Type(Head(TList)) and credit both return collections
of objects and must be compared with Same rather than =,

With this definition in hand, we can now make the assertion that the balance of 2 customer
at output is the balance the customer had at input plus any credit it received,

-~ All customers are properly credited.
Assext FordAll c¢_out In customers_out:Customer Do
ForaAll c_in In customers_in:Customer Do
If c¢_in.customer number = ¢_out.customer_ number
Then
c_out.balance = ¢_in.balance +
Total Cred;t(c in,
transactions_in:Root.list)
Else True Fi
od od;

The meaning of the above assertion should be clear except for two points. First, note the Else
True. An If clause must have an Else clause attached., Here, if the customer numbers are not
equal, then the program is fine. So we assert True in the Else clause. Second, the reserved word
Root was used. Root refers to the root object of the specified structure. If no structure is
specified, it refers to the root object of the structure in which the assertion or definition appears.
Here, the port prefix transactions_in specifies we mean the root of the structure associated
with the port transactions_in, which is the transactions structure, The root of this
structure is of type transaction_list. This type has an attribute of type Seq Of Tran-
saction. Thatis why the Root.list is specified as an argument. This dotted expression has
type Seg Of Transaction since the specified root has an attribute called list that has
this type.

In the Total_Credit definition, Orlf was used. The OrIf form is a shorthand that is
recommended. Every use of If must be ended with a Fi. Use of OrIf does not require a Fi. Thus
Orlf is preferable to Else If.

As another example of the use of definitions, we can use a definition to help us assert that
the number of bills generated equals the number of debit transactions. We can create a definition
that will return the number of debit transactions.

Define Num debits(TList: Seq Of Transacticn) =
If Size{Tlist) = 0 Then 0
Orif Type(Head(TList)) Same transactions_in:debit Then
1 + Num_debits(Tail{TList))
Else Num debits(Tail(TList)) Fi:

With this definition, we can now assert:

10



Assert Size(bills_out:Root.list} =Num_debits(transactions_in:Root.list);

Assertions may often be written in several ways. For instance, the above assertion could
have been written without using the Num_debits definition:

Assert Size(bills_out:Rooct.list) =
Size(transactions_in: debit);

3.4.2. Collection Réturning Definitions

Definitions may also return collections of objects as opposed to values. Such definitions can
prove to be useful. For instance, one may define a collection of objects not explicitly defined in
the IDL structure, and then make some assertion about the objects in the collection. For example,
we wish to assert that a bill is generated for each debit transaction. First we can define a definition
that returns the collection of all objects that are debit transactions. Then we can assert that there
exists a bill for each of these transactions.

Define Debits(TList:Seq Of Transaction) =
If Size(TList) = 0 Then Empty
OrIf Type(Head(TList)) Same transactions_in:debit Then
Head (TList) Union Debits {Tail{TList))
Else Debits(Tail(TList)) Fi;

The usual set operations (including Union, used above) are available to use with collections of
objects that exist explicitly in the IDL structure specification or that are defined in the assertion
language. If the transaction sequence is empty, the definition returns Empty. This denotes the
empty collection, or the collection of no objects. Returning 0 would not make sense in this con-
text, since the definition is returning a collection of objects.

We may now make our assertion:

~-— A bill is generated for every debit transaction
Assert ForAll deb In Debits(transactions_in:Root.list) Do
Exists b In Members(bills out:Root.list) Do
b.billee.customer_number = deb.customer number And
b.amount = deb.amount
od od;

The above assertion makes use of the collection returning definition, and the two level deep dotted
expression. b.billee is of type Customer. Thus, b.billee has an attribute called
customer_number, and the reference to b.billee.customer number is permitted.
Members is a supplied function that takes a set or sequence (as here) and produces the collection
containing ail objects in that set or sequence. Use Members whenever you are interested in the
objects contained in a set or sequence, rather than the set or sequence as a single object.

With the Debits definition above, there is yet another way to assert that the number of
bilis equals the number of debit transactions:
Assert Size(bills_out:Root.list)
= Size(Debits{transactions_in:Root.list)):;

3.5. Use of the Assertion Language within Unix

There are three programs you need to be concerned with. They are idic, assertcodegen, and
idicheck,

1



idle is the DL translator, Once you have written the IDL specifications for your process,
use idlc to create the necessary source and object files, including the IDL symbol table, The sym-
bol table is produced by the IDL translator with the -s option. It contains all the semantic informa-
tion contained in the original IDL specification, but in a structured form. The symbol table is used
by assertcodegen to generate code that idlcheck will mterpret. idicheck takes as input instances of
the input and output of a particular run of the user’s process as well as the code generated by
assertcodegen, and produces an error log. This error log will report any assertions that were false,
as well as information about the values of the expressions leading to the false assertion.

The IDL specifications for the bﬂhng proc&s described above are in a file called
billing.idl. The Unix command:

idlc billing.idl-s billing.symboltable

will create the IDL source (billing.h) and dbject {(billing.o) files the user will link with
his algorithm (billing.algorithm} ., as  well as the symbol table
(billing.symboltable) needed by the assertion code generator. Next, the command:

assertcodegen billing.symboltable-o billing.check

will create the code that the assertion checker will interpret and place it into the file
billing.check. Assuming the linked user’s process code is in billing, the user will run
billing on a particular input data instance (here, a customer list and a-transaction list), creating
output (here, an updated customer list and a billing list). Each separate structure must be placed in
its own file, If the input customer list is in the file inl, the input transaction list is in the file
in2, the output customer list is in the file out1l, and the output billing list is in the fle ocut2,
then the final Unix step is:

idicheck customers in:inl transactions_in:in2
customers_out:out 1 bills_out: out2 billing. check -e error _log

The names before the colon for each file is the name of the associated port as declared in the IDL
specification for the billing process.

The assertion checker will check the assertions on the particular input and output indicated
and write the error log out to the file error_log.

The input and output must be in the ASCII External Representation Language. This is
automatically the case when working within the IDL system,

The above process may be abbreviated with Unix pipes. Thus, the three command steps
may be condensed into:

idlc billing.idl-s- | assertcodegen |{ idicheck
customers_in:inl transactions_in:in2
customers_out:outl bills_out:out2 billing.check -e error_log

If you do not make any assertions about a structure, then the file associated with that struc-
ture need not be present. At least one file must be present, or why are you checking assertions?

More information on the Unix IDL commands may be found online in the manual pages.
The pages of interest are IDLC(1), ASSERTCODEGEN(1), and IDLCHECK(1) (see appendix
D).
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CHAPTER 4

Full Example

In this chapter, another IDL structure and process specification will be given. Various
assertions will be written. The basic ideas will be reviewed, as well as:some more advanced ideas.

4.1. Example Specification

The following is a specification that will be used to provide examples of assertions. The
structure is taken from [6].

The structure represents the parse tree of one integer-valued function. The process will fold
constants within the body of the function, and output the function with constanis folded. The
specification follows:

- Speciﬁication for the constant folding process
Structure parse_tree Root func Is

fune => name : String,

params : Seq Of formal,

def : Exp;
formal => name : String;
Exp => gonst | formal | Cperation:
Operation ::= bin_op | un_op;
Operation => op : Operator,

left : Exp:;

bin_op => right : Exp:
un_op => ;

Operator ::= plus | minus | times | div;
plus =>; minus =>; times =>; div =>;

ceonst => val : Integer;
End
Process constant_fold Inv parse tree Is

Pra input : parse_tree;
Post output : parse_tree;

End



4.2. Overloaded Definitions

First, we wish to assert that the structure output is actrally folded. We make the following
assertion:

Assert Folded (cutput:Root.def);

The prefix output before Root indicates that we are asserting about the root of the structure at
the port called output, and not about the root of ali structures.

In order for the definition to make sense, we must define what we mean by Folded, The fol-
lowing overloaded definition of Folded does the trick:

Define Folded(e:const) = True;
If the expression is just a constant, then it is clearly folded.
Define Folded(e:formal) = True;
If the expression consists of only a formal name, then we say it is folded.

Defina Folded(e:un op) = ,
If Type(e.left) Same output:const Then False
Else Folded(e.left) Fi;

If the argument of a unary operator is a constant, then the expression is not folded, since the con-
stant ¢could be operated on o produce a single constant, So if the type.of the argument is a con-
stant, the expression is not folded. If the argument is not 2 constant, then the unary expression is
folded if its argument is folded.

Define Folded(e:bin op) =
If Type(e.left) Same ocutput:const And
Type (e.right) Same ocutput:const
Then False .
Else Folded(e.left) And Folded({e.right}
Fi;

In a binary expression, if the operands are both constants, then the expression is not folded, since
the operands could have been operated upon to produce a single constant expression. Otherwise,
the binary expression is folded if both its operand expressions are folded.

Folded must be defined for each kind of expression. Thus Folded is overloaded. By over-
loaded, we mean allowing a single function name have different meanings that are dependent on
the number and type of its arguments. Each instance of the functicn takes care of one possible
kind of expression. Folded is called in the assertion with the argument Root.def . The type of this
argument is Exp. Since every node type in the Exp class (const, formal, un_op, and
bin_op) appears as a formal argument of an instance of Folded, all is well. Overloaded
definitions allow one to use the same name for a related group of definitions that serve the same
purpose, but for different types of arguments.
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The use of an overloaded definition is preferable to writing one definition instance that con-
tains If clauses. One might have defined Folded as:

== This is bad style!

Define Folded(e:exp) =
If Type({e) Same const Then True
OxrIf Type(e) Sama formal Then True
QOrIf Type(e) Same un op Then ...
Else ...
Fi;

This method is more inefficient than the use of overloaded definitions. In addition, it can lead to
semantic errors if the translator is unable to determine for certain the types of certain constructs,
which is more often the case within If clauses. To avoid this worry, and to gain efficiency, use
overloaded definitions rather than If clauses,

Next, we would like to assert that in the constant folding process, the value of the function
has not been inadvertently changed. So we assert:

Assart Value (input:Root.def) = Value (output:Root.def);

It follows that we must define what we mean by the value of an expression. As above, we use an
overloaded definition. Each instance will take care of one type of expression.

Define Value(e:const) = e.val;
The value of a constant is stored in its val attribute.
Define Value{e:formal) = 1;

The value of 2 formal node is set to 1. This is done because the value of a formal name is not
known. It is just required that whatever vailue we assign to it, that value does not make the value
of an expression the formal name is contained in equal to the value of another expression it would
not normally be equal to. Any integer except zero would do.

Define Value{e:un_op) =
If Type(e.op) Same input:plus
Then Value{e.left)
Else -1 * Value(e.left)
Fi;

The value of a unary expression is the value of the unary operator’s argument if the operator is
unary plus. Otherwise the operator must be vnary minus, and the value of the expression is -1
times the value of the argument,

Define Value{e:bin op) =

If Type{e.op) Same input:plus

Then Value{e.left) + Value(e.right)
OrIf Typel{e.op}) Same input:minus

Then Value{e.left) - Value{e.right}
OrIf Type{e.op) Same input:times

Then Value(e.left) * Value(e.right)
Else Value({e.left) [/ Value(e.right)
Fi;

The valye of a binary expression is the value resulting from applying the particular binary opera-
tor to the values of the operands.
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The above definition of Value is recursive in two of its instances. It is guaranteed to stop
since all expressions will eventually evaluate to a constant or formal expression. The instances of
Value for these types are not recursive.

4.3, Cyclic Definitions

The function parse trees that the constant folding process takes as input and produces as
ottput must be trees. However, the IDL specification for the parse tree does not restrict the struc-
ture 10 a tree. The Operation class has an attribute left thatis of type Exp. Itis not stated
in the specification that the particular Exp pointed to by this attribute cannot be: an instance of
Exp closer to the parse tree root or on the other side of the root. In other words, cycles and cross
branches are permitted, if not intended. In effect, there is nothing to prevent the parse *‘tree’’
from not actually being a tree. Such a strange instance of a parse tree could cause problems. Thus
we wish to assert that the parse_tree structure is a tree.

Forming a precise assertion that a graph fulfills the requirements of a tree is not a trivial
task. A few definitions will be useful. First, the immediate descendants of a node will be dafined.
This definition will take as an argument a node of type Exp. Since Exp is a class, and different
kinds of Exp have different definitions of immediate descendants, an overloaded definition is
called for. Exp nodes of type const and formal are leaves, and thus have no immediate
descendants. The immediate descendant of a un_op node is its left atiribute. The immediate
descendants of a bin_opnode areits left and right attributes. This is reflected in the fol-
lowing overloaded definition:

Define IDesc(n:const) = Empty;
Define IDesc{n:formal) = Empty;
Define IDesc(n:un_op) = n.left:
Define IDesc(n:bin_op) = n.left Union n.right;

In the following tree, the immediate descendants of a are <b, c> (where < > specifies an
object collection). The immediate descendants of < are <d, e>. Nodes b, d, and e have no
immediate descendants.

/ \e

Next we will define the descendants of a node as the reach of its immediate descendants.
The reach of a node will be defined as the union of the node itself with its descendants. For exam-
ple, in the tree pictured above, the descendants of a are <b, ¢, d, e>. Thereach of a includes
the nodes <b, ¢, d, e, a>. To define descendants, we make use of the definition of reach, and
to define reach, we make use of the definition of descendants. Such definitions are called cyclic.
Under certain restrictions, such definitions are guaranteed to make sense. In the assertion
language, they should be prefixed by the keyword Cyclic. The definitions would be expressed as
follows:
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Cyelic Define Desc{n:Exp) = Reach(IDesc(n))}:
Cyclic Define Reach{(n:Exp) = n Union Desc{n);

Asserting that the structure is a tree may be expressed as three subsidiary assertions. First, we
assert that the reach of the left and right attributes of a bin_op node do not intersect.
This will guarantee that no cross branches exist.

Asgert ForAll n In bin op Do
Reach(n.left) Intersect Reach({n.right) Same Empty 0Od;

In the example tree, nodes a and ¢ are of type bin_op, since they have two children each.
The reach of a.left is the reach of b, which is < >, The reach of a.right is the reach of
<, which is <e, d, e>. Thus the assertion is true for node a. The reach of <.left and the
reach of ¢.right are both < >, and so the assertion holds for < also.

Second, we assert that no node is a descendant of itself, This will guarantse the absence of cycles.
Aggert ForAll n In Exp Do Not(n Sub Desc ()} od;

The reserved word Sub denotes the collection subset operator. A quick look at the example tree
shows that this assertion is true for that tree.

Finally, we assert that all nodes are reachable from the root definition. This will guarantee that
there are no disjoint components in the tree,

Asgert Reach(Root.def) Same Exp:

The reach of the root of the example tree (a) was listed above. Indeed, it is the entire tree (i.e. ail
expressions).

The IDL translator will automatically check for cyclic definitions. Thus, if the Cyclic key-
word is left out, the translator will put it in for you and apprise you of this. You should be aware
when you write cyclic definitions, however, since they carry with them two important restrictions.
First, they must return collections, not values. Second, they cannot contain an If clause within
their bodies. These restrictions guarentee that the function is monotonic, which in turn guarantees
that its evaluation will terminate [4]. The checker will let you know if you break either of these
restrictions.

Cyclic dafinitions are useful, as above in asserting that a structure is a ree. However, their
use is not always necessary. Most assertions you will probably wish to make should be realizable
without resort to cyclic definitions.

4.4. Unix Commands

The following Unix commands will run the assertion checker on the assertions for the con-
stant folding procass. If the IDL specifications for the constant folding process are in a file called
constant_fold.idl, the parse tree instance to be input is in a file called fn, and the parse tree output
by the process is in a file called ouwt, the sequence of commands would be:

idlc constant_fold.idl-s symboltable

assertcodegen symboltable -0 generated code
idicheck input:in output:out generated code -¢ error_log
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The list of errors, if any, will now be in the file error_log. _
Altemnatively, one could use Unix pipes and condense the three commands above into:

idlc constant_£fold.idl -s- | assertcodegen |
idicheck input:in output:out -2 error_log
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CHAPTER §

ADVANCED FEATURES

5.1. Private Definitions

Private definitions are those written by the user in a programming language such as C, Pas-
cal, or Modula-2. They allow the user to express his definitions in a language other than the asser-
tion language. A user may find this desirable if the assertion language does not prove suitable for
a particular definition the user would like to make,

The body of the definition must be placed in a file that is identified to the assertion checker
by using the -P option with idicheck. Within the specification, a private definition is declared by
stating a return type. When the checker sees such a definition, it will look in the indicated file for
the definition’s body, and execute that body. Control will then return to the checker.

5.2, Naming Assertions
It is possible to name assertions. For example:

Range check Assert ForiAll CF In federal_customer De
CF.agency_code <= 100 0d;

Range_check is the name of the assertion. The naming of assertions is necessary if one wants
to make use of the Without statement in an IDL specification. For instance, if the output of a pro-
cess has the same structure as the input, but certain assertions shouid no longer hold in the output,
one could state in the output specification:

Without Range_check:

This assertion would then not be checked in the output sructure, though all other assertions would
be. In addition, naming assertions also improves communication between pecple.
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CHAPTER 6

Overview of Implementation

Implementation of the assertion checker is divided into three major phases. Each phase
communicates with the others through IDL structures. Figure 1 displays the phases and their
interactions. Ellipses denote programs and rectangles denote data structures,
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The front end and semantic analysis phases of the IDL translator deliver an intermediate
symbol table to the semantic analysis phase of the checker. Assertions at this point are
represented as abstract syntax trees. The assertion semantic analyzer outputs the symbol table. All
information contained in the intermediate symbol table is preserved. The symbol table has added
semantic information about assertions. Figure 2 (next page) displays detailed relationships :
between the several phases of the front end and semantic analysis. Each box represents a module -
in the entire process. Triangles at the edge of boxes represent IDL ports, where structures are read -
in or written out. Triangles pointing into a box represent readers, and triangles pointing out -
represent writers.

The ListerSystem is a tool that lists errors in IDL, specifications and points to the sourceposi-
tion where the error occurred. It reads the file containing the IDL specification (INfile) and a
file containing information about the types of errors and messages associated with the errors:
(INerrorinfo). .

The parser parses the IDL specification, including assertions. It is written in Lex, YACC,:
and C. Its input is the IDL specification (INfile). The parser outputs the abstract syntax tree
representation of the IDL specification (QUTast).

SemanticAnalysis analyzes the IDL structure, excluding assertions. It inputs the abstract
syntax tree produced by the parser and outputs two structures. The firstis OUTtargetinis an
instance of the target code to be produced. It goes to codegen, which produces code for the IDL
structures in the target language. The second structure output is the intermediate symbol table
{(QUTintST). This structure is read by the assertion semantic analyzer (semanticassert).

This module semantically analyzes assertions and outputs the symbol table (QUTST). All
modules. output error instances to mergeErrors, which collects all the emor instances from all
modules and sends them back to the lister, which creates a listing of all errors found.
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Code generation creates a postfix code representation of the assertions that will be directly
interpreted by the interpreter. The code is added to the symbol table, which is output to the inter-
preter. :

Finally, the interpreter takes the information in the symbol table (which now includes
postfix code as well as attributed tree representations of the assertions) and interprets each asser-
tion. Qutput is an assertion failure fog listing assertions that were not satisfied and information
about values of intermediate expressions in unsatisfied assertions that might help the user discover
why the assertion was not satisfied. )

Figure 3 displays the relationships between the modules of the assertion checker. These
modules include the assertion code generator, the interpreter, and the lister. The CodeGenerator
reads the symbol table (INST) and generates the code (OUTCode) that the Interpreter executes.
The interpreter inputs the generated code (INCode) and the structure instances and outputs a list
of failed assertions (QUTerrs) with information about the failed assertion that can aid the user in
discovering why the assertion failed. The Lister lists the failed assertions and associated messages

in an assertion failure log.
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The following chapters describe in more detail the implementatons of the three phases.
Chapter 2 describes semantic analysis, chapter 3 describes code generation, and chapter 4
describes interpretation. Although assertion failure log generation is a part of the interpretation
module, its description is given its own chapter.
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CHAPTER 7

Semantic Analysis

7.1. Description

The assertion language is described by a strongly typed expression gramxﬁar. Semantic
analysis involves type checking, name resolution, overloading analysis, and cyclic analysis.
These will be discussed below.

Expressions in the assertion language may have types integer, rationzl, string, boolean,
node, set or sequence of any of the above types, and object collection. A node type is a user
defined type that is declared as an IDL node. In the case of object collections, semantic analysis
must determine the possible types of the objects in the ¢ollection. There should be no mntime
type errors. If the semantic analyzer cannot be certain that the types of the parts of an exprassion
will make sense at runtime, then an error is retuned. For example, the assertion '

Agsert ForaAll c In Customer Do
If Type(c) Same commerclal customer
-Then c¢.industry code = 10
Else True Fi
od;

would not be accepted. The control variable - ¢ iterates over all nodes of type Customer,
Although the node commercial customer has an atribute called industry code, not
all Customer nodes do. Therefore, the semantic analyzer cannot be certain that the control
variable will have the named attribute. An object missing an attribute would cause a runtime
error, and so the above assertion is semantically incorrect.

Control variables, formal arguments, type expressions with no port specified, and parame-
terless definition references cannot be distinguished by the parser. They are recognized only as
names, Semantic analysis must resolve these names before typing them,

A quantifier is active if its body is currently being typed. Active quantifiers are kept on a
stack. When a name is encountered, it is checked against the control names for all active
quantifiers. If no match is found, the name is then checked against the names of all formal argu-
ments in the active definition, if a definition body is currently being typed. (At most one definition
is active at a time, The scope of formal names is local to the current definition.) If the name is still
not bound, the names of all definitions that have no parameters are searched. If this fails, the
name is assumed to be a type expression. The structure is searched for a node that has the same
name as the name the analyzer is attempting to bind. If no node exists, the search for a binding is
ended and a semantic error is reported,

Applications are examined to determine which definition they are referring to. The parser
does not distinguish between applications of the language supplied functions (Members, Head,
Tail, Size, and Type) and user defined functions. Semantic analysis makes this distinction, and in



the case of user defined functions determines which definition (and if possible, which instance) the
application refers to. Applications must also refer to a declared function, and the types of the
actual arguments in the application must match the types of some instance of the function or the
union of the instances.

For example, given the overloaded definition

Define CodeOf (c:commercial customer) = c¢.industry_code;
Define CodeCf(c:state_customer) = c.state_code;
Dafine CodeCf (c:federal_customer) = c.agency_code;

the following assertions are both semantically correct:

Assert PorAll ¢ In state_customer Do
CodeQf (c) >= 1 od:

Assgert ForAll ¢ In Customer Do
CodeOf {c) >= 1 Cd:

The first assertion is correct because the actual argument is of type state_customer, which is
the type of the formal argument of one of the instances. The second assertion is also correct
because, although there is no single instance whose formal argument type matches the actual
argument’s type (Customer), the union of the formal types (commercial_customer,
state customer, and federal customer) includes the actual argument type. Here, the
union of the instance formal types is exactly the actual argument type.

Overloading of user defined functions are checked. Instances of the same definition must be
disdnguishable by the number or types of their formal arguments. For example, the definition

Define Codelf (¢c:Customer) = c.customer_number;
befine CodeQf {c:commercial custemer) = c.industry code;

is semantically incorrect. The instances are not distinguishable because an argument of type
commercial customer matches both instances. At runtime it would not be known which
instance to apply.

A singleton collection is a collection that is known at compile time to contain exactly one
object. Singleton collections may act as values in expressions. The most common examples are
dot expressions, which formally denote collections. The expression ¢.customer number
above means the value of the customer number, and can be used in arithmetic expressions. It is
also correct to state an assertion about the object c.customer_number, that is, the collection
containing the customer number (a collection containing one integer). For example, the expres-
sion c.customer number Union c.industry_code results in a collection containing
two integers (if the integers are distinct). The semantic analyzer must allow singleton collections
as operands of value operators while disailowing other collections. It does this by examining the
kind of operator to determine if a value or collection is required. If the operator requires a value,
and an operand is a collection, then the collection is checked to see if it is 2 singleton collection.
The following collections, and only the following, are singletons: formal parameter names,
quantifier control variabies, Root, Head, dot qualification of any of these forms, and If expres-
sions where all expressions following Then and Else are one of these forms.

A cyelic definition is a definition that may call itself indirectly in the course of evaluating its
body. Cyclic identical calls are permitted. A cyclic definition must return an object collection,
but semantic analysis must determine the types of the objects in the collection. Since the body of
a cyclic definition may include cyclic identical calls, care must be taken to ensure that typing
stops. The collection of types is initialized to null (the empty set). The body of the definition is
typed, with the set of types retumned by any cyclic call assumed to be null. This process is then
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repeated with the set of types returned by a cyclic call set to the result of the last typing. Typing
continues until the set of types returned does not grow. Since cyclic definitions are ensured to be
monotonic {see [4], appendix A), this method will find all types returned. The curreni implemen-
tation does not handle cyclic definitions. ‘

7.2. Algorithm

The semantic analyzer recursively descends the abstract syntax tree. Leaf expressions are
typed prior to expressions closer to the root.. The root (the assertion body) is last to be typed. The
typing procedure is a long C switch statement. Each case handles a different kind of expression.

Noncyclic definitions are typed first. A directed call graph is created. Nodes are definitions
and an arc from definition A to definition B indicates that definition A cails definition B. A depth
first search is then performed on the call graph to determine if any of the noncyclic definitions are
indeed in a cycle. If so, they are reclassified as cyclic. A reverse topological sort is then per-
formed on the call graph. This provides the order in which the definitions must be typed. The
definition typed first is that which calls no other deﬁmuon Since these are noncyclic definitions,
the call graph is guaranteed to be noncychc

Cyclic definitions are then typed as explained above. (Cyclic type checking is not yet
implemented.)

Each definition is then checked to ensure that all instances of the same definition return the
same type. Finally, the bodies of the assertions themselves are typed in the order the assertions
were written. The typing process is repeated for each structure and process in the IDL
specification.
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CHAPTER 8

Code Generation

The code generator produces postfix code semantically equivalent to the attributed expres-
sion tree representation of the assertion body. The postfix code is represented as an array of one
byte integers. In the implementation language C, the code is an array of characters. Appendix C
contains 2 detailed description of the code.

The expression tree is recursively traversed. Code is generated for a node’s children before
it is generated for the node itself. Most of the operation of the penerator is straightforward. For
example, the assertion

Asgert Size(Root.list) = 2 And
Head (Root.list) Sub Government customer;

would result in the postfix code
Root | .list size [ 2] = [ Root | .list | Head | Gov't customer |
1 2 3 4 5 6 7 8 9
Sub And EndAssert
10 11 12

The number underneath the instruction is the instruction’s index in the code array. Each instruc-
tion is represented by one byte integers, except for those instructions that must reference an attri-
bute. Such instructions cannot be coded by one byte. For examples, the dot operator has an attri-
bute name, which can be any string, Type expressions have a type reference. Since the user may
define his own types (node types), there may an indefinite number of these type references. Appli-
cations have a definition reference, and there may be an indefinite number of definitions. Integer,
string, and rational tokens refer to far more possiblities than can be encoded in one byte. To deal
with these attributes, (ive arrays are associated with each structure or process. The code generator
places string names, types, definitions, integers, and rationals into these amrays. The generated
code contains two-byte pointers into these arrays. This allows for 64K distinct objects of each
type.




The actual code would be (the number in parentheses is the index of the instruction)

Instruction . Integer Code
{1} Root 8
(2) .list 6310
(5) size 55
6) 2 210
©) = 32
(10) Root 8
{i1) .1list 6310
{14} Head 52
(15) Gov’ t_customer 910
{18)Sub 14
{1%) And 20
{20) EndAssert : 66

The instructions with two extra bytes are those with attributes. 1ist has an index into the
string name array where the name "list" will be found. Gov’t_customer has an index into
the type array.

Interpretation of the code proceeds left to right. An evaluation stack keeps track of the
interpretation. Some instructions (for example, Root, 2, Gov’t_customer) result in a value being
pushed on the evaluation stack. OCther instructions pop the appropriate number of arguments and
push the resuit, "For example, Size pops one value off the evaluation stack and pushes the size
of that value. And pops two values, and pushes True if the conjuction is true, False other-
wise. All assertions are ended by the instruction EndAssert. This instruction pops the evalua-
tion stack and returns the value, which is either True or False.
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An If expression such as

Agsert If Size(Rook.list) = 3
Then Head(Root.list) .name = ™ATT"
Else True Fi;

would resuit in the code
Root | .list 3 = | JFALSE 23 Root | .list | Head | .name
1 2 3 4 5 6 7 8 9 10|
"ATT" = JUMP | 28 True EndAssert
11 12 13 | 14 15 16

The instruction jfalse jumps to the location specified in the next instruction if the top of the

evaluation stack is False. The instruction jump is an unqualified jump.

The actual byte codes would be (the number in parentheses is the index of the instruction)

Instruction Integer Code
(1) Root 8
(2) .1list 6310
(53 310
@)= 32
{9) jfalse 50230
(12) Root 8
(13) .1list _ 6310
(16) Head ' , 52
{17) .name 6320
(20) "ATT" 430
23 = 26 -
(24) jump 48280
(27) True 5
(28) EndAssert 66

The extra bytes after the jump instructions are absolute indexes in the code arrzy where execution

should continue.
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The quantifier expression

Assert FordAll ¢ In Customer Do
¢.customer_number >= 1 Od;

wauld result in the code
_ Customer ForAll ¢ | .customer number | 1 | 5= | /
endForAlll
1 2 _3 4 5 6 7
5 EndAssert T
8 9

The actual code for this assertion would be (the number in parentheses is the index of the instruc-
tion} :

Instruction Integer Code
(1) Customer 910

(4) Forall 57
(Sye 611

(7) .customer number 6310
(10) 1 1

(11) >= : 31

(12) endForall 5950
(15) EndAssert 66

The two extra bytes after endForAll instruction represent an absolute index in the code array
where the quantifier begins. The extra byte after the control instruction ¢ is the control’s nesting
level, which is the nesting depth of the quantifier to which the control variable belongs. The
Customer instruction will create the collection of all nodes in the structure of type Customer.
ForAll sets up the execution of the quantifier body by placing the first object in the Customers
collection where the control variable can get it. The instruction c takes one of the objects in the
collection of Customers and pushes it onto the evaluation stack. The body of the quantifier is then
executed. The endForAll instruction pops the evaluation stack, If the result is False, then
the ForAll is false, and the interpretation of the ForAll is stopped. If the resultis True,
the current object in the Customers collection is removed, and control returns to the instruction
indexed by the instruction after the endForAll.

Detailed explanations and examples of interpretation of code are provided in chapter 4 of
this part. Special considerations in code generation will now be discussed.

Many instructions may take several different types of operands. For example, the equality
operator may compare operands of type node, integer, rational, string, boolean, set, or sequence.
The code generator examines the types of the operands of each operator and generates an instruc-
tion specific to those types of operands. For example, the expression c.customer number
< 10 results in the instruction num_less, which denotes the less-than relation on numeric
operands (integers or rationals), The expression c.name = "ATT" results in the insiruction
sir_less, which denotes the less-than relation on string operands, Since the interpreter will not
have to examine the types of the operands before operating, it is faster.

If an assertion is found to be not satisfied, the assertion checker will print cut an assertion
failure log containing information about the values of intermediate expressions leading to the
unsatisfied assertion. The assertion failure log generator will need to walk down the expression
tree (in a prefix manner), and yet have information about the result values of expressions which
are interpreted in a postfix manner. To make this possible, the code generator saves in each node
of the expression tree an index in the generated code array where that expression’s code ends. It

K) |



is at this point that the result of the expression is known. For more information about assertion
failure log generation, see chapter 5 in this part.

Code generation is implemented with one recursive procedure. The procedure is one long
switch statement. Each case handles one kind of expression. Code is generated for the operands
of an operator before it is generated for the operator itself by recursively calling the code genera-
tion procedure for each operand. The result is postfix code.
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CHAPTER 9

The Interpreter

The code generation phase of the assertion checker creates a sequence of interpreter instruc-
tions for each assertion and the body of each IDL definition instance. The interpreter can then be
viewed as a virtual machine executing these instructions.

Instructions are represented by one byte integers. Attributes are represented as two addi-
tional bytes following the instruction they are associated with. These bytes are formed into a full
size integer that serves as an index into an array containing pointers to the actual attributes. There
are five of these arntribute arrays, one each to contain integers, rationals, strings, type references,
and definition references. The instruction sequence is represented as an array of bytes.

There are several auxillary data structures used by the interpreter: the runtime stack, the
quantifier collections list, and the control array. We will describe each below,

The interpreter machine makes use of a runtime stack, Each instruyction the machine
encounters in the array results in some action involving the runtime stack and sometimes further
actions involving a list of collections maintained in order to interpret quantifier instructions.

A quantifier specifies a collection of objects over which its control variable will iterate, The
quantifier collections list is a sequence containing the collections for all active quantifiers. An
active quantifier is one whose body is being executed. As quantifiers are encountered during
interpretation, the iteration collections for the quantifiers are appended to the rear of the quantifier
collections list. Collections toward the end of the list are more deeply nested than those toward
the start. When a quantifier has been interpreted, it is no longer active and its iteration collection
is removed from the quantifier collections list. If no quantifiers are currently being interpreted, the
quantifier collections list will be empty. The collection associated with a quantifier which has just
been interpreted is always the last collection in the quantifier collections list {at the rear), since the
most recenily completed quantifier is the most deeply nested.

A control array is used to implement the interpretation of control variables. The control
array contains objects or collections, and is implemented as an array. When a control variable
reference is encountered, the object or collection in the control array at the position pointed to by
the control’s level attribute is pushed onto the runtime stack. This allows a control reference to be
replaced with its actnal value in constant time. The control amray is modified whenever a
quantifier evaluation begins and ends. Formals use a control array similarly. The control array for
formals is modified whenever an application evaluation begins and ends.



In order to clarify the operation of the interpreter, we will trace the contents of the runtime
stack and control array as two different assertions are interpreted.

The first example is the assertion

Assert Size(Root.list) = 2 And
Head(Root.list) Sub Govenment customer;

The code generated for this assertion is

Root | .list Size 2 | = | Root | .list | Head | Gov’t customer |
1 2 3 4 [ 5 6 7 8 9 -

Sub And EndAssert

10 11 iz

The string reference array contains the string “1ist”. The type reference array coniains the type
Government_customer. Initially, the runtime stack and control array are empty. Figure 4
shows the state of the runiime stack after the execution of each operation, Objects are identified
by their Iabels; which are identifiers beginning with the character "L’ and followed by one or more
digits. The coniro! array is not used in interpreting this assertion (there are no quantifiers), so it is

not shown.

The execution proceeds as follows { TOS refers to Top-Of-Stack and the number in parentheses
indicates the order in which the instruction is executed):

(1) Root Push the root object of the structure,

(2) .1list Pop the stack. Push the list attribute of TOS.
(3) 3ize Pop the stack, Push the size of TOS.

(42 Push the integer 2.

(5= Pop the stack twice. Push FALSE since 223,
(6) Root Push the root object of the structure,

(7) .1list Pop the stack, Push the list attribute of TOS.
(8) Head Pop the stack. Push the head of TOS.

{9) Gov’'t_ customer
(10) Sub

(11) And

Push the collection of all Gov’t_customer nodes.

Pop the stack twice. Push FALSE since {1.2} is not a subset of
{L3LA4}. _

Pop the stack twice. Push FALSE since both values popped
are false.
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{L1}

<I2L3L4>

2

{L1}

FALSE

FALSE

<L2L3 14>

FALSE

{L2}

{L3 L4}

FALSE

{L2}

FALSE

FALSE

10

FALSE

11

Figure 4
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The second example is the following assertion that contains a quantifier:

Assert ForAll C In Customer Do
C.customer_number < 2 0d;

The code generated for this assertion is:

Customer { ForAll

customer number | 2 | <

enﬁForAll EndAssert

1 2

C
3

4 516 B 8

Figure § displays the state of the runtime stack and control array after: the execution of each
instruction. The quantifier collections list, while important, is not shown, The execution proceeds

as follows:

(1} Customer
(2) ForAll

3c
(4) customer_ number

(5)2
{6) <

() endForall

3)c

(4) customer_ number

2z
6 <

(7} endForall

(8) EndAssert

Push the collection of all Customer nodes.

Pop the runtime stack. Remove an object from TOS and place
it in control array at level 1. Place moedified TOS on end of
quantifier collections list.

Push the object found in the control array at levei 1.

Pop the runtime stack. Push the customer_number attribute of
TOS onto the runtime stack.

Push the integer 2 onto the runtime stack.

Pop the runtime stack twice. Push TRUE onto the runtime
stack since 1 <2.

Pop the runtime stack. Since TOS is true, remove another ob-
ject from the Customers collection, found on the end of the
quantifier collections list, and replace the object in the control
array at level 1 with the new object. Resume control at in-
struction 3,

Push the object found in the control array at level 1.

Pop the runtime stack. Push the customer_number attribute of
TOS onto the runtime stack.

Push the integer 2 onto the runtime stack.

Pop the runtime stack twice. Push FALSE onto the runtime
stack since 2 is not less than 2.

Pop the runtime stack. Since TOS is false, push FALSE onio
the runtime stack. The quantifier is not satisfied.

Pop the stack. Return TOS, which is False as the result of
the interpretation. End the assertion interpretation.

The object for which the quantifier failed is still in the control array. This is useful for production
of the assertion failure log, as will be discussed in chapter 5 of this part.
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i
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3
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1 L2 TRUE
5
L3 L3
7
2
2 L3 2
9
2
FALSE L3 FALSE
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Figure 5
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The interpreter consists of one long switch staterent. Each case executes a different instruction,
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CHAPTER 10

Assertion Failure Log Generation

When the assertion checker finds an assertion that is not satisfied, it prints an assertion
failure log containing information about the values of the intermediate expressions leading to the
unsatisfied assertion. The assertion failure log should contain information that could be useful to
the user in discovering why the assertion was not satisfied, yet not contain so much irrelevant
information that the useful information is hidden. '

The assertion failure log is generated through a preorder traversal of the expression tree.
The traversal depends on the availability of certain information saved during code generation and
interpretation.

During code generation, each subexpression is provided a pointer to the position in the code
array where that expression’s code ends. It is at this position that the interpreter determines the
result of that subexpression, since the code is postfix. Whenever the mterpreter stacks a result on
the run stack, it also saves this result in a resuit array. This array is the same size as the code
array, but holds run stack entries, not instructions. The result is stored in the resuit array at the
same index as the instruction that produced the result is stored in the code array. Thus, a subex-
pression in the tree points not only to the end of its code in the code array, but also to the position
in the result array where the value of its result is stored.

As the assertion failure log routine traverses the expression tree, it decides whether to print
information about each subexpression (and by extension, subexpressions of that subexpression).
Information about a subexpression is printed if that subexpression was not satisfied, unless it is
part of a negation (Not), in which case the subexpression is printed if it is satisfied. Determining
whether a subexpression was satisfied involves looking in the result array at the position saved
during code generation,

Results of non-boolean subexpressions are also saved in the result array. - Information about
these subexpressions is printed if the subexpression is part of an unsatisfied expression (or
satisiied if part of a negation).

Objects are represented by their labels, which are strings beginning with the character L,
followed by cne or more digits. Sets and collections are enclosed in curly brackets ({ 1)
Sequences are enclosed in pointed brackets {< >).



Figure 6 illustrates the relationships between the varitous data structures for the example
assertion:

Assert Size(Root.list) = 2 And
Head (Root.list) Sub Government_customer Od;

Dotted lines denote descendant node relationships in the expression tree, while solid lines denote
that the expression contains the index in the code array of the instruction pointed at.

[
- - w\

Hoot
i y
Cov't,
code Roat .liat Size 2 = Root .1iat Head Sub | And
Sustoner
resulf {L1} <L2 L3 L4> 3 2 F {L1} <L2 L3 L4> {L2} {L3 L4} F F
Figure 6

The pointer from the integer literal 2 is not shown because it is not used by the log generation
routine, There is no need to print the result of a literal expression (excepting Root).
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To improve readability, the error message is indented. Information about an expression is
indented by a number of levels equal to the depth of the expression in the tree. In addition, the
value of an expression is preceded by the symbol > (because) if the expression is farthest left at
its level, and by the symbol & (and) if the expression follows another expression at the same
level. The output produced for the above assertion, assuming that the assertion was not satisified
and that both operands of the conjunction were false, is:

Assertion 1s false.
> And not satisfied.
> Equality not satisfied.
> Size is 3
> .1ist is { < L2 L3 L4 > }
> Root is { L1 }
& Subset not satisfied.
> Head is { L2 }
> .1list is { < L2 L3 14 > }
> Root is { L1 }
& Government customer is { L4 L3 }

Quantifier operators {ForAll and Exists) are handled a little differently. The quantifier
expression contains the index of the end of quantifier instruction. The result of the quantifier exe-
cution is placed in the result array at this index by the end of quantifier instruction, The end of
quantifier instruction also places the object that caused the quantifier to be false (in the case of a
ForAll) or to be true (in the case of an Exists) in the result array at the succeeding index.
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Figure 7 illustrates these relationships for the assertion:

Assert ForAll C In Customer Do
C.customer_number <= 2 0d;

cuatomar.
nunber

ki -
code Customer ForAll C castomer. L= endForAlt
number
resuli {L2 L3 L4) L4 3 F F L+
Figure 7
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CHAPTER 11

Recommended Improvements to the Current Implementation

This chapter describes several recommendations for improving the current implementation.
These involve either implementing features of the language that are not yet handled, or methods to -
increase the speed of execution of the interpreter.

The current implementation includes all features of the IDL assertion language as described
in [3] excepting cyclic and private definitions,

Cyclic functions and private definitions should be implemented. They are part of the
language definition, and add expressive power to the language, Of the two, the implementation of
cyclic functiens is more important, It also appears to be fairly involved.

As now implemented, the interpreter evaluates the body of a definition each time it is called.
The result of the call is placed on the runtime stack, but not otherwise saved. Thus, the result
value will be lost after further interpretation, and the next time the definition is called, the same
_ evaluation will take place. This re-evaluation is wasteful, especiaily if the evalution requires a
time consuming walk through an entire IDL structure. A straightforward attempt at a solution to
this problem is to cache results returned by definition body evaluations, Performance analysis
should be done to determine the optimum size of the cache,

1t is our feeling that caching would dramatically improve the performance of the checker on
many assertions and would not be difficult to implement.

Implementation of the Type function and type expressions is slow, To collect all objects in
an IDL structure with a given type, the entire structure is traversed. Each object is encountered
and its type compared to the given type. If matched, the object is placed in the collection. Slow
implementation of Type and type expressions is especially a problem since both Type and type
expressions are expected to be widely used.

Lamb [4] suggests linking all objects of the same type as the objects are read in by the IDL
reader. Then implementation of Type and type expressions would involve finding one object of
the correct type and then following pointers. This would speed up interpretation at the cost of
slowing down input of structure instances. However, the speed gained in interpretation may be
more than that lost in reading.

Increasing the speed of the implementation of type expressions is very important. Type
expressions are heavily used and can involve hundreds of objects. Modifying the reader, how-
ever, may be difficult,

If the suggestion to include the abbreviation for Type (x) Sub Y in the language is
accepted, then the most common use of the Type function would be eliminated, and the slow
implementation of Type would be less of a problem.

Binary operators acting on integers and rationals should be subdivided into more instruc-
tions. In the present implementation, relational opeators such as greater than are translated
into different instructions by the code generator if the types of the operands are string as opposed
to numeric. All numeric operands map to the same instruction. We recommend new instructions
that depend on whether the operands are integer, rational, or both. For each of the relational and
arithmetic operators, the following instructions should be added: both_integer,



both_rational, integerLeft_rationalRight,and integerRight_
rationalleft. This improvement could be implemented simply and quickly.

The assertion failure log provides information to aid the user in discovering why a particular
assertion was not satisfied. The algorithm that generates the failure log suppresses some informa-
tion that would not be useful. For instance, if a conjunction is not satisfied, informadon regarding
only the operand that was not satisfied is provided. However, redundant information may still be
reporied, For example, if a quantifier is not satisfied, the log reports for which object the
quantifier is not satisfied, and then reports that object again when providing information on the
body of the quantifier, An improved algorithm would report the object only once.

Suppressing redundant information is a convenience. An algorithm that suppresses ail
irrelevant information might not be worth the trouble. Some middle ground would probably be
most practical.

The assertion failure log denotes a collection by listing the labels of the objects in that col-
lection. Collections may be very large. Currently, the log stops listing objects after fifteen have
been printed out, and then prints three periods (. . .) if there are more. An improved-version would
allow the user to see the remaining objects if desired. This facility is fairly important, and should
be given a higher priority than the suppression of redundant information described above,
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CHAPTER 12

Conclusion

Qur thesis is that a useful IDL assertion checker tool can be implemented. This document
describes the implementation of the checker tool. The existence of a functional implementation
serves to prove our thesis.

We have also demonstrated that the assertion language can be strongly typed at compile
time. That is, it can be guaranteed that there will be no runtime type errors when running the
checker tool. Further, strong typing does not limit the expressive power of the assertion language.

In addition, we have shown that useful information can be automatically provided by the
interpreter. This information can aid the user in discovering why a particular assertion was not
satisfied.

Although not ignored, efficiency was not of primary interest in the current implementation,
We have discussed improvements to the current implementation that would improve performance,

Finally, we believe that the checker can be a useful tool in aiding the debugging of large
systems programs developed with the Interface Description Language.



CHAPTER 13

Future Research

This chapter presents several recommendations for future research and improving the asser-
tion checker. The recommendations are split into two groups: those that are extensions to the
language and those that are changes to the semantics of the language,

13.1. Language
The form

Type(x) Sub ¥

is expected to occur often. The formal meaning of the above construct is to assert that the collec-
tion containing all objects of the same type as x is a subset of the collection containing all objects
of the same type as Y. The object x is usually a control variable or formal argument, and the
object Y is usually a type expression. ‘A user would most likely wish to assert that the type of the
object x is ¥, but the language forces the above expression. A more natual way of expressing
the meaning of this construct would be:

x Is ¥

‘We suggest that this abbreviation be adopted.

Lamb points out [4] that there is no way in the assertion language to create a subset of a col-
lection that contains all objects in the collection possessing a certain property. He proposes a con-
struct to produce such a subset. We agree with the need for the construct, but propose a simpler
syntax. The new construct is a variant of the Forall operator. Like ForAll, it iterates over a col-
lection. Unlike ForAll, it returns a collection rather than a boolean value. The proposed construct
is:

Select x In <exp> Do <body> 04

<exp> must return a collection. <body> must return a boolean. The Select returns the collection
containing all objects in <exp> that make <body> true.



Conditional execution of assertion expressions, dependent on the type of an object, is
expected to be widely used. Because the assertion language is strongly typed, the use of the If
expression is not always sufficient to express simple assertions a user might wish to make. For
example, given the IDL declaration

exp u=leaf | inner;
leaf => depth : Integer;
inner => left . exp, right : exp:;

the definition. of the immediate descendants of a node of type exp would have to be overloaded.
The definition

Define [Desc(e:exp) = If Type(e) Sub leaf Then Empty
Else e.left Union e.right Fi;

is natural but semantically incorrect, since e might be a leaf, which has no left or right attributes.
We propose adding the following Case construct:

Case <name> Is <exp0>
<typel> Do <expl> Od
<type2> Do <exp2> Od

{Otherwise Do <expn> Od}?
End

<name: i3 bound to <exp0>, and is local to the Case statement. If the type of <rame> is
<typel>, then execute <expl>. Inside <expl>, <name> is typed to <typel>. If the type of
<name> is <typel>, then execule <exp2>. Inside <exp2s, <name> is typed to <fype2>. Other-
wise, execute <expn>,

Each <rype> must be 2 type that <name> can have. If Otherwise is missing, then all types
that <name> can have must be specified in the <fype> list. <name> cannot appear in the Other-
wise expression, <expn>. The types of all the <exp>s, other than <exp(>, must be the same.
This type is the type of the entire Case expression.

With the new construct, the definition could be
Define IDesc(eiexp) = CasexIse
leaf Do Empty Od
inner Do x.left Union x.right Od
End;
Similarly, quantifier assertions may be made in a more natural way.

No expressive power is added to the language. The proposed change makes the language more
naturd and convenient,
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13.2. Semantics

The semantics of the dot operator are not ¢lean. The problem arises in dealing with attri-
butes of a class as opposed to attributes of the specific members of the class. For example, con-
sider the following IDL specification:

A::=B | C:
B => x : Integer ;
C => x : String ;

The meaning of expression A.x is not clear. Is it a collection of Integer or of String? Right
now, the language allows A.x, since every member of A has an attribute x. The result is a col-
lection containing objects of both types. Both these types must satisfy any further type checking
the dot expression is involved in, We recommend making A.x a semantic error, since the class
A does not explicitly have an attribute x%.. A.z would be semantically correct only if an explicit
attribute declaration existed:

A => z : Boolean ;

Here, the result of A.z is a collection of type Boolean.

Implementation of semantic checking of dot expressions would be simplified if the above
semantics were adopted. It would no longer be necessary to check all descendants of a class for
the given attribute. Subsequent type checking involving the dot expression would also be
simplified, since the resulting collection of a dot expression would contain objects of at most one

type.
This recommendation was proposed by John Nestor,

The semantics of the Type function in process assertions is not clear. In a structure asser-
tion, Type returns the collection of all objects within the structure that are of the same type as the
objects in the function argument. In a process assertion, it cannot be determined which structure
{or all structures) is meant. We feel that the use of Type in a process assertion never has the same
meaning as in a structure, Rather, a user would intend to assert that a particular object is a certain
type. We therefore propose that Type be allowed only within a structure assertion, and that the x
Is Y construct be used in process assertions.

438



PartV

Appendices



Appendix A

Formal Definition of the Assertion Language

1., Introduction

This document includes the formal syntax of the IDL assertion sub-language and the infor-
mal semantics of that language. The grammuar is from [3], and is in extended BNF.

IDL data structures are set up as graphs. The nodes of the graphs contain attributes whose
values are integers, rationals, booleans, strings, nodes, sequences, or sets. Assertions provide a
means (o express restrictions on the structure of the IDL graph -itself, the values of specified attri-
butes within the graph, or to relate conditions in a structure read on an input port to conditions in a
structure written on an output port.

The syntax of assertions is as follows:

<assertion> . =  <assertstmbs | <definition>
<assert stmt> = { <name>}? Assert <expression>

A definition is a user created entity which returns some value. Definitions are discussed in Section
3. The optional assertion name is used to identify the assertion for humans and to permit the
appearance of the assertion in a Without clause, The expression must be of type boolean, since
assertions are either true or false.

2. Expressions

Expressions form a conventional expression grammar with operator precedence levels, "Or
and Union have the lowest precedence and ““*'* and ‘‘/*” have the highest precedence. The syn-
tax is as follows:

<expression> = <lexp> | <expression> <lop> <lexp>
<lop> = Or | Union
<lexp> i= <2exp> | <lexp> <20p> <2exp>
<2op> = And | 1Intersect
<2exp> = { Not }? <3exp>
<3exp> u= <dexp> | <3exp> <3op> <dexp>
<3op> = =] "=}l <] <={ > | > | In |
Same | Pgub | Sub
<dexp> = { <4op> 1?7 <Sexp> | <dexp> <dop> <Sexp>
<4op> = + | -
<Sexp> = <primary exp> | <5Sexp> <50p> <primary exp>
<Sop> = * f 7
<primary exp> = { <name>: }? <type>
| <literal>
| { <expression>)
| <primary exp> . <name>
| <name> ( <actuals> )
[ «if expression>
| <quantified expression>
<literal> = True | False
[ { <name>:}? Root
|  Empty
| <integer> | <rational> | <string>
<actuals> = <expression> { , <expression> }*
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There are two broad kinds of types an expression may have. IDL types include integer, boolean,
rational, string, set, sequence, and node. The other kind of type is an object collection type.

A set is an IDL object which consists of an unordered group of IDL objects of some type.
A sequence is an ordered list of IDL objects of some type. The component type of a set or
sequence cannot be a set or sequence. An object collection is produced by assertions. It consists
of objects of any IDL type. Its properties are similar to the IDL set type, but operations associated
with the object collection type are distinct from those associated with the IDL set type.

2.1. Literals

boolean the values Truaor False

integer the standard integer type; the syntax is identical to
that in the ASCII External Representation Language
{31

string sequence of ASCII characters between quotes. Any

ASCII character may be represented, including print-
able characters, blanks, and non-printable control
characters; the syntax is identical to that in the ASCII
External Representation Language [3].

Empty denotes the empty object collection

Root denotes the collection containing only the root node
object of the structure in which the expression ap-
pears. ‘

<type> denotes the collection of ail objects of the speciﬁed

type in the structure in which the expression appears.
This expression cannot appear in a process assertion,

<name> where name is a quantifier name (see Section 2.7).
Denotes the object currently assigned to the
quantifier.

2.2, Infix Operations On Yalues
Operations on values of IDL types are straightforward, They include:

* hoolean: =, ~=, And, Oz, Not

*integer & rational: =, =, <, <=, >, >=, +, -, *, /
*string: =, "=, <, <=, >, >=

*set: =, =, In

* sequence: =, ~=, In

* collection: In
*node: =, "=

Most of these operations should be ¢lear. Two booleans, integers, rationals, or strings are equal if
they have the same value. Two sets are equal if they contain the same objects. Two sequences
are equal if they contain the same objects in the same order. Two nodes are equal if they are the
same object. A string is less than a second string if it is lexicographically less than the second
string, using the lexicographic ordering defined by the ASCII character set. An object is In a set
or sequence if it is an element of that set or sequence. An object is In a collection if it is contained
in the collection.
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2.3. Infix Operations On Object Collections

Typically, the system designer will create definitions (described in Section 3) using object
collection type operations to create a collection of objects, and then make some assertion about the

collection.

The following forms specify object collections:

<portname: ; <type>

<portname> : Root

Union
Intersect

<primary exp> . <name>

Same

Sub

Psub

2.4. Prefix Operations
<name> (<actuals>)

denotes the collection of all objects in a structure
of the specified type. The expression must appear
in a process declaration and refers to the structure
associated with the named port.

» denotes a collection containing only the root node
object of a structure. The expression must appear
in a process declaration and refers to the structure
associated with the named port.

object collection union. The operands must con-
tain objects of the same type.

object collection intersection. The operands must
contain objects of the same type.

of an object collection containing only node ob-
jects returns an object collection contzaining all
objects associated with the specified attribute of
all nodes in the original object collection. Each
node object in <primary exp> must have <name>
declared explicitly as an attribute.

two object collections are the same if and only if
they contain exactly the same objects. The asser-
tion language forces one to distinguish between
object collections and IDL types. If 2 and b are
object collections, then the form a = b is semanti-
cally incorrect,

object collection subset,

object collection proper subset,

denotes an application of a user defined definition
(see Section 3). <name> is the name of the definition
to apply. <actuais> is an ordered list of arguments 1o
the defintion.

The following are supplied functions:

Head ( seq )

seq must be of type sequence. Head returns the first
object in seq.
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Members ( seforseq ) setorseg must be of type set or seguence.
Members returns the object collection containing the
objects in the set or sequence seforseq.

Size{ arg ) arg may be of type string, set, sequence, or collec-
tion. If a sting, Size returns the length of the
string. If a set, sequence or arbitrary collection,
Size returns the number of objects in the set, se-
quence or collection. If a singleton collection (a col-
lection that must coniain exactly one object), then
Size remms the size of the object contained in arg,
which must be a siring, set, or sequence.

Tail{ seqv ) seqv must be of type sequence. Tail returns the
sequence obtained by removing the first object in
seqv.

Type( r ) n must be an object collection. If in a structure,

Type returns the object collection containing all ob-
jects in that structure with the same type as those in
the object collection n. If in a process, Type refurns
the type of the object(s) in the object collection .

2.5, Object Collections as Values

Value operations may operate on object collections if it can be determined at compile time
that the collection will consist of exactly one object. The value of a singleton collection is the
value of the object in the collection. Only the following object collections may be used as
operands of value operations: a quantifier name (see Section 2.7), a formal parameter within a
definition body, the {<name>:}? Root form, the Head form, the dot qualification of one of
these forms, and If expressions where all expressions following Then and Else are one of
these forms.

2.6. If Expressions
An  If expression has the syntax:
<if exp> 1= If <expression> Then <expression>

{ OrIf <expression> Then <expression> }*
Else <expression> Fi

The OrIf clause is semantically equivalent to an Else If£. Syntactically, though, the OrIf
clause does not need to be closed by a Fi while each Blse If clause does, The expressions

following If and OrIf£ must be of type boolean. The expressions following Then and Else
must be of the same type.

2.7. Quantifiers
Quantified expressions have the syntax:
<quantified exp> ;= { Forall | Exists }<name>

In <expression> Do <expression> Qd

The expression following In must be an object collection type. The <name> is an iterator which
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is assigned individual objects from the collection returned by the <expréssion> foilowing In and
may be used only within the Do = 0d expression. Despite the Do, the expression between
Do and Od must be of type boolean. Nothing is ‘‘done’. It simply expresses a property which
all objects (the ForAll variant) or at least one object (the Exists variant) in an object collec-
tion must have. The expression following In must be an object collection type. The expression’
between Do and Od must be of type boolean.

3. Definitions

Definitions are used by the designer to create collections of objects about which assertions
may be made, The syntax is:

<definition> <privateDefinition> | <IDLdefinition>
<privateDefinition> = Define <name> {<formals>}?
Returns <type>

3
[]

<[DLdefinitions> = { Cyclic }? Define <name>
{<formals>}? = <expression>
<formals> = (<formal> {, <formal>}*)
<formal> = <name>: <type>
There are three kinds of definitions.

A private definition specifies a return type and its body must be linked with the assertion
checker. This allows the body to be expressed directly in a target programming language, such as
C.

Non-cyclic definitions, in which the keyword Cyclic is omitted, return values or object
collections. Recursion is permitted, but the definition may not be cyclic, i.e. its evaluation must
not involve a recursive call with the same arguments as on a previous call, termed a cyclic identi-
cal call.

Cyclic definitions, in which the keyword Cyelig is specified, return object collections. A
cyclic definition may call itself indirectly in the course of evaluating its body. Cyclic identical
calls are permitted. The result of a cyclic definition call is the minimum fixed point solution [4].
The body of a cyclic definition may not include an If expression. This restriction ensures mono-
tonicity and thus the existance of a minimum fixed point result.

A definition need not have any parameters.

Overloading of definitions, in which the meaning of the definition depends on the types of
its arguments, is allowed, provided the different versions of the definition can be distinguished by
formal parameters. Two definition instances are distinguishable by their formal parameters if
there is no set of arguments whose types match the formal parameter types of both instances,
Instances of the same definition must return the same type.

Definitions are invoked with the <name:> (<actuals>) form of <primary exp:> (see Section
2.4). The type of each actual expression must match the specified type of the comesponding for-
mal parameter of exactly one instance of the declared definition.

The type of a definition is the type following Returns if the definition is private, or the
type of the expression, the definition body, following the ““="" sign if the definition is an IDL
definition, :
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4. Conclusion

The syntax and semantics described here are the same as that described in [3] with the fol-
lowing exception;

The Members function may take either a set or 3 sequence object as an argument and
returns the collection of objects in that set or sequence. Originally, Members toock only
a set as argument, :

The Size function may take an object collection as an argument as well as sats and
sequences. Originally, Size took only a set.or a sequence as argument;

The In operator may take a collection or sequernce as its right operand as well as a set.
Originally, In took only a set as right operand,

The meaning of the Type function within a process assertion was not originally made
clear. It does not make sense to give it the same meaning as within a structure, There-
fore, the semantics of Type within a process assertion has been changed. Within a pro-
cess assertion, Type returns the type of the objects in its argument. Type may be used
with the binary operator Same to assert that an object is the same as a given type. We
feel that this "fix" is inelegant, and recommend that a more permanent change be made

{(see chapier 13).
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Appendix B
IDL Specifications

This appendix contains the IDL specifications for the three processes involved in assertion
checking: semantic analysis, code generation, and interpretation. Each: specification was
translated with the IDL Translator {57 to create code and macros used in the implementation of the
assertion checker.



1. Semantic Analysis

—- include the intermediate symbol table produced by the IDL
-- translator
#include "/usr/softlab/src/idlc/spec/IDLIntSymbolTable.idl”

-~ IDL Symbol Table produced by IDL translator after semantic
- analysis of assertions

—

Structure IDLSymbolTable Root scope
From IDLIntSymbolTable Is

Without definition => formals,
IDLdefinition => body,
privateDefinition => returnType;

-= Add a set to store definitions

structure_process => defStore : Set Of definition;
~~ Add a new definition structure
definition => overload : Set Of Instance,
deftype : typeTred;
Instance ::= idlInstance | privateInstance:
Instance => formals : Seq Of formal:

idlInstance => body : expression;

privateInstance => returnType : typeTree;

-- Add type attribute to all expressions
expression => exp_type : typeTree;
—- Add new types of expressiocns
expression ::= control | defnRef | formAxg :
-— control variable for a quantified expression

contrel => owner : quantifier,
name : String;

~- name which references a definition
-- if the instance can be specified, do so

defnRef => name : String,
reference : DefOrInst,
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arguments : Seqg Of expression;
DefOrInst ::= definition | Instance;
-- a formal argument in a definition

formArg => name : String,
actual : formal;

== Add collection types to typeTree

typeTree ::= collection | notype;

collection ::= singleton | arbitracy;

collection => cbject_type : typeTree;

singleton =>; arbitrary =>;

notype =>:
~- BAdd structure for supplied functions, which have been
- separated out from other applications

expression ::= SuppliedFunc:

SuppliedFunc ::= members | head | type | size tail:

!
members=>; head=>; type=>; size=>; tails=>;

SuppliedFunc => argument : expression:

- ) ASSERTIONS

-- The type of an assertion body expression must be boolean
Assert ForAll A In assertion Do
Type {(A.body.exp_type) Same bool 0d:

-~ The sets of all quantifiers must have type object cecllection
Assert ForAll Q In quantifier Do
Type (Q.set.exp type) Sub collection Od;

-- The body of all quantifiers must be of type boolean
Assert ForAll Q In quantifier Do
Type (Q.body.exp_type) Same bool od:

—-— All applications must have the same name as some definition
Assert ForAll App In application Do
Exists D In definition Do
D.name.name = App.name.name Od

od;

-- Supplied functions must have certain kinds of arguments

Assert ForAll func In SuppliedFunc Do
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If Type{func) Same members Then
Type {func.argument.exp type) Same set Or
Type (func.argument .exp_type) Same seq
OrIf Type(func) Same head Then
effective type (func.argument .exp type) Same seqg
OrIf Type({func) Same size Then
Type (func.argument.exp_type) Sub collection Or
effective type (func.argument.exp_type} Same str Or
effective_type(func.argument.exp_type) Same seq Or
effective_type (func.argument.exp type) Same set
QOrIf Type(func) Same tail Then
effective_type (func.argument.exp_type) Same seg
Else True Fi
Od;

-+ The test expression of all conditienals must have type boolean
Assert ForAll C In conditional Do
Type(C.test.exp_type) Same bool 0d;

Assert ForAll EP In expressionPair Do
Type (EP.test .exp_type) Same bool 0d4;

~= The expressions following ‘then’ and ‘else’ in all conditionals
— must have the same type
Asgert ForAll € In conditional Do
Type(C.then.exp type) Same Type(C.otherwise.exp _type) Cd:

Define OrIfType (OF:Seqg Of expressionPair) =
If Size(OF) = 0 Then
Empty
Else Type (Head(OF) .then.exp_type) Union
OrIfType (Tail(OF)} Fi;

Assgert ForAll C In conditional Do
If size(C.orif) > 0 Then
Type(C.then.exp_type) Same OrIfType(C.orif)
Else True Fi 0d:

-— The type of the entire conditional should be the same as that
- of the expression following the ‘then’
Assert ForAll C In conditional Do
Type (C.exp_type) Same Type(C.then.exp type) Qd;

-— The following assertions involve correct types in bkinary and
- unary expression operands

int Union rat:

]

Define Numeric
Define NumCrsString Numeric Union str;
Define NumUnaryOps UnaryPlus Union UnaryMinus;
Define CollectionOps = union Union intersect Union same Union
subset Union propSubset:
Define ValueOps = ArithmeticOps Union BoolCps Union
RelationalOps Union NumUnaryOps:
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Define BoolOps = and Union or;

Define ArithmeticOps = plus Union minus Union times Union
divide;

Define RelationalCps = less Union lessEg Union greater Union
grtrEq Union equal Union notEqual;

-- Types operands of binary expression must have
-=- gertain types
Agsert ForAll B In binary Do

If Type(B.op) Sub BoolOps Then _
effective type (B.left.exp_type) Same bool And
effective_type (B.right.exp type) Same bool

OrIf Type(B.op) Sub RelationalQOps Then
effective type (B.left.exp type) Sub NumOrString And
effective type (B.right.exp type) Sub NumOrString

OrIf Type(B.op) Sub CollectionOps Then
Type (B.left.exp type) Sub collection And
Type (B.right.exp_type) Sub collecticn

OrIf Type(B.op) Same inSet Then
{ (effective_type (B.right.exp type) Same set Or
effective type(B.right.exp type) Same seq) And
effective type (B.left.exp type) Same
component_type (B.right.exp_type))
Cr
Type {B.right.exp_ type) Same arbitrary

Crif Type(B.op) Sub ArithmeticOps Then
effective_type (B.left.exp type) Sub Numeric And
effective_type (B.right.exp type) Sub Numeric S

Else True

Fi 0d;

-- Types arguments of unary expressions must have
Assert ForAll U In unary Do
If Type(U.op} Sub NumUnaryOps Then
effective_type(U.body.exp_type} Sub Numeric
Else effective_ type(U.body.exp type) Same bool Fi 0d;

-~ effective type is the type of the actual object{s).
-- references are tracked down to get the type of the referenced object

Define effective_type(t:basic) = Type(t);
Define effective_type(t:SetOrSeq) = Type (t):
Define effective_ type(t:user) = Type(t};
Define effective type{t:arbitrary) = Typel(t):

Define effective_type(t:singleton) Type (t.object_type);
Define effective type(t:notype) = Type (t);

-~ component type is the type of the component of a set or seguence
-—- empty if not a set or sequence

Define component_type{t:SetOrSeq) Type (f .component) ;
Define component_type({t:basic) = Empty;

Define component_type{t:user) Empty;

Define component_type(t:arbitrary) Empty;

it
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Define component_type({t:singleton) = component_type(t.cobject tyo=):

Define component_type(t:notype) = Empty;

A collection may be an operand of a binary value operator if it
is assured of containing a single cbiject

Assert ForAll B In binary Do
If Type(B.op) Sub ValueOps Then
is single object(B.left) And
is_single_object (B.right)
Else True Fi .
od;

A collection may be an operand of a unazy opeator if it
is assured of containing a single object

Assert ForAll U In unary Do
is single_object (U.bedy) ©d;

definition of what it means to be a single object or a
collection assured of containing a single object

Define is_single_object (x:expression) =
Not (Type({x.exp type) Same arbitrary):

Two sequences of formal arguments are distinct if their heads ars
distinct and their tails are distinct

Define Distinct {a:Seq Of formal,b:Seq Of formal) =
If Size{a) "= Size(b) Then
True
Else If Size{a) >= 1 Then

Distinct (Head(a),Head (b)) Or Distinet(Tail(a),Tail(x):

Else False
Fi
Fi;

Two formal arguments are distinct if the type of neither is
included in the other

Define Distinct{a:formal,b:formal) =
Not ( (Type(a.type) Sub Type(b.type)) Or
(Type (b.type) Sub Type(a.type)) }:

Different instances of the same definition must be distinguishable
by the number or types of their formal arguments

Assert ForAll D In definition Do
Forall I1 In Members(D.overload) Do
ForAll I2 In Members(D.overlcad) Do
If I2 = Il Then
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Distinct (Il.formals,I2.formals)
Else True Fi
od
od
od;

End =-- IDLSymbolTable

Structure SemAssert_inv _
From IDLSymbeclTable IDLIntSymbolTable Is

structure_process => quantStack : Seq Of quantifier,
defseq : Seq Of definition,
invariants : Set Of structure;

-— Add unknown type to typeTree
== (used to prevent cascading error messages

typeTree ::= unknown;
unknown =>;

-- structures to handle cyclic graph search
-- and reverse topological sort of noncyclic definitions

definition => calls : Set Of definition,
revcalls : Set Q0f definition,
cycle : Boolean,
visit : Boolean,
index : Integer:;

End -- SemAssert_inv

Process SemanticAssert Inv SemAssert_inv Is

Target C;
Pre IntSymbolTable : IDLIntSymbolTable;
Post SymbolTable : IDLSymbolTable;

End -- SemanticAssert
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2. Code Generation

-— include the symbol table, the intermediate symbol table
#include "../seman/IDLSymbolTable.idl”
#include "/usr/softlab/src/idlc/specs/IDLIntSymbolTable.idl™
Process GeneratePostfix Is

Target C;

Pre SymbolTable : IDLSymbolTable:;
Post PostfixCode : Postfix;

Restrict * To Create, Destroy, foreachinSEQ, foreachinSET,
inSET, retrievelastSEQ, removelastSEQ, appendrearSEQ;

End =-- GeneratePostfix

Structure Postfix Root scope
From IDLSymbolTable Is

-- Add a nesting level attribute to quantifiers
-- used by code generator

quantifier => nest_level : Integer;
-- Add a postfix code version of expression body to assertions
assertion => postfixBody : Seq Of Integer:

-- When available, make code an array
«- For assertion.postfixBody Use array;

-- Add a postfix code version of expression body to definition
- instances

idlInstance => postfixDefn : Seg Of Integer;

-~ Postfix code entry is an integer code for an instruction

-=- When available, make code an array
-—- For idlInstance.postfixDefn Use array:

-- Add an integer attribute to each expression which points to
-— position in runtime code array where expression’s code begins
-- {( used in printing out error messages on non-satisfied assertions

expression => valuepos : Integer;

-- Each structure and process has arrays holding strings, integers,
-- and rationals refered to by instructions

structure_process => string_refs : Seg Of String,
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integer_refs : Seq Of Integer,
rational_refs : Seq Of Rational,
type refs : Seq Qf typeTree,
define_refs : Seq Of definition:

-~ When available, miake reference lists arrays

-—For
-—For
-—For
-=For
-=For

End

structure_process.string refs Use array;
structure_process.integer_refs Use array;
structure_process.rational_refs Use array;
structure process.type_refs Use array;
structure_process.define refs Use array;

-— Postfix
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3. Interpretation

~- Include symbol table, intermediate symbol table, code

-+~ generation structures and idldata {structure instance)
#include ™. ./seman/IDLSymbolTable.idl"

#include "/usr/scftlab/src/idle/specs/IDLIntSymbolTable.idl”
#include "../codegen/gencode.idl”

#include "/usr/softlab/src/specs/idldata.idl”

Structure check_inv Root inv_root
From Postfix IDLdata Is

inv_root => pfcode : scope,
collection_store : Seq Of collection,
runstackentries : Seqg Qf runstackEntry:
- struc_store : PortStruc;
runstackEntry ::= collection | IDLVALUE | TVALUE | FVALUE ;
collection => objects : Seq Of IDLVALUE;
TVALUE =>; FVALUE =>;

End =-- check_inv

Process Check Inv check_inv Is

Target C;
Pre Code : Postfix;
Pre data_in : IDLdata:
- Post an error log printed to standard out or designated file

Restrict * To Create, Destroy, addSET, foreachinSET,
ithinsEQ, inSET, emptySET:

Restrict runstackEntry To Create, Destroy, foreachinSEQ,
ithinSEQ, inSEQ, retrievefirstSEQ, appendfrontSEQ,
removefirstSEQ;

Restrict ceollection To Create, Destroy, foreachinSEg,
ithinSEQ, inSEQ, appendrearSEQ, removelastSEQ ,
retrievelastSEQ, emptySEQ: :

Restrict IDLVALUE To Create, Destroy, foreachlnSEQ,
ithinSEQ, inSEQ, appendrearSEQ, removelastSEQ,
foreachinSET, inSET, retrievefirstSEQ,
emptySEQD;

Restrict PortStruc To Create, Destroy, foreachinSEQ,
appendrearSEQ:

‘Restrict attrDesc To Create, Destroy, foreachingig,
foreachinSET, ithinSEQ, inSEQ, inSET, appendrearSEQ,
removelastSEQ ;

Restrict NT To Create, Destroy, foreachinSEQ:

Restrict SYMBOL To Create, Destroy, foreachinSEQ;

Restrict assertionStatement To Create, Destroy, foreachinSEQ:;

Restrict formal To Create, Destroy, ithinSEQ, foreachinSEQ:
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End -- Check




Appendix C

Interpreter Virtual Machine Instructions

This appendix describes individual interpreter machine instructions. The instructions are
grouped according to the nature of their operation and the type of their operands. On the left is the
name of the instruction, The number preceeding the instruction is the integer code for that
instruction. On the right is a verbal description of the instruction. Below the instruction name is a
notational description of the runtime stack before and after execution of the instruction. Only the
relevant portion of the stack (the top few elements) is shown. Some instructions have attributes as
well as stack operands. Atiributes, with type specified after a colon, are in parentheses to the right
of the instruction. Attributes are represented in the code array as two byte integers, which index
an array containing the attribute itself. In the remainder of this appendix, whenever stack is men-
tioned, only the relevant portion at the top of the evaluation stack is meant.

The stack before execution is represented on the left of the description. This is followed by
a colon (:), followed by a representation of the stack after execution of the instruction. Each
representation of the stack is enclosed within angle brackets (<>). Within brackets, the stack
grows towards the top from left to right. Individual operands are separated by commas (,) and
vertical bars (]) indicate exclusive alternatives (one or the other value, but not both). The operand
closest to the right bracket (>) is the top-of-stack (TOS). The operand to the left of TOS is TOS-
1. Brackets that do not enclose any operands represent an empty evaluation stack.

The following type abbreviations are used:

int integer

rat rational

str string

bool boolean

set set

seq sequence

node node

coll collection

num int | rat

value int | rat | str | bool | set [ seq | node
def definition

instance instance of a defintion

type num | bool | str | node | set of <type> | seq of <type>

The format of this description is taken from the desciption of the UCSD Pascal P-code
machine [1].
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Literals

0 integerzero
1 integerone

2 integer(i:int)
<><int>

3 rational(r:rat}
<>l<tat>

4 string(s:str)
<S>

5 true
<>»:<bool>

6 false
<>:<hool>

7 empty
<>1<coll>

8 root
<si<node>

9 typeExpression(::type)

<>:<coll>

Collection Infix Operators

10 root{portname:str)

<>:<node>

11 portExpression{portname:str,i:itype)

<>:<coll>

Collection Binary Operators

12 union

<coll,coll>:<coll>

13 intersect

<coll,coll>:<coll>

Push the integer 0
Push the integer 1

Push the integer i 7

Push the rational r

Push the string 5

Push TRUE

Push FALSE

Push the empty collection

Push the collection containing only the root node ob-
ject of the structure in which root appears.

Push the collection containing all objects with- the

type specified by ¢. The objects are taken from the
structure in which the typeExpression is found.

Push the collection containing only the root node ob-
ject of the structure associated with the port specified
by portname.

Push the collection containing all objects with the
type specified by r. The objects are taken from the
structure associated with the port specified by port-
name,

Collection union, Push the union of collections TOS
and TOS-1.

Collection intersection. Push the intersection of col-
lections TOS and TOS-1.
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14 subset
«coll,coll>:<bool>

15 propsubset
<coil,coll>:<bool>

Arithmetic Binary Operators

16 plus
<UM,RUM><num>

17 minus
<num,aums:<nums

18 times
<NUNL UM <TUIn>

19 divide
<NUM, MM <>

Boolean Binary Operators

20 and
~<hool,bool=:<bool>

2lor
<bool,bool>:<bool>

Relational Operators on Strings

22 str_less
<§tr,str>:<bool>

23 str_lessEq
<str,sir>:<bool>

24 str_greater
<str,str>1<bool>

Collection subset. Push the boolean result of TOS-1
is subset of TOS.

Collection proper subset. Push the boolean result of
TOS-1 is proper subset of TOS.

Addition. Add TOS into TOS-1 and push the result.
If either of the operands is rational, the result will be
rational, Otherwise, the result will be integer.

Substraction. Subtract TOS from TOS-1 and push
the result. If either of the operands is rational, the
result will be rational. Otherwise, the result will be
integer.

Muitiplication. Multiply TOS into TOS-1 and push
the result. If either of the operands is rational, the
result will be rational. Otherwise, the result will be
integer.

Division, Divide TOS into TOS-1 and push the
result. If either of the operands is rational, the result
will be rational, Qtherwise, the result will be integer,

Boolean AND. Push the boolean result of TOS-1
AND TQS.

Boolean OR. Push the hoolean result of TOS-1 OR
TOS.

Less-than refation. If TOS-1 is lexicographically less
than TOS, as defined by the standard ASCII ordering,
push TRUE. Otherwise push FALSE.

Less-than-or-equal relation, If TOS-1 is lexicograph-
ically less than or equal to TOS, as defined by the
standard ASCII ordering, push TRUE. Otherwise,
push FALSE,

Greater-than relation. If TOS-1 is lexicographically

greater than TOS, as defined by the standard ASCII
ordering, push TRUE. Otherwise push FALSE.
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25 str_grirEq
<str,str>1<bool>

26 str_equal
<str,str>:<bool>

27 str_notEqual
<str,str>:<bool>

Greater-than-or-equal relation. If TOS-1 is lexico-
graphically greater than or equal to TOS, as defined
by the standard ASCII ordering, push TRUE. Other-
wise push FALSE.

Equivalence relation. If TOS-1 is lexicographicaly
equivalent to TOS, as defined by the standard ASCII
ordering, push TRUE: Otherwise push FALSE.

Non-equivalence relation. If TOS-1 is not lexico-
graphically equivalent to TOS, as defined by the stan-
dard ASCII ordering, push TRUE. Otherwise push
FALSE.

Relational Operators on Integers and Rationals

28 num_lessEq
<qnumnums:<bool>

29 num_less
<num,nunme:<bool>

30 num_greater
<aum,nums:<bools>

31 num_groEq
<num,num:s:<bool>

32 num_equal
<num,aum>;<bool>

33 num_notEqual
<num,nums:<bool>

Relational Operators on Booleans

34 bool_equal
<bool,bool>:<bool>

35 bool_notEqual
<bool,bool>:<bool>

Relational Operators on Sets

36 set_equal
<set,set>:<bool>

Less-than-or-equal relation. Push the boolean result
of TOS-1 £ TOS.

Less-Than relation, Push the boolean result of TOS-1
< TOS.

Greater-than relation. Push the boolean result .of
TOS-1 > TOS.

Greater-than-or-equal relation. Push the boolean
result of TOS-12 TOS.

Equivalence relation. Push the boolean result of
TOS-1 = TCS.

Non-equivalence relation. Push the boolean result of
TOS-1 #TOS,

Equivalence relation. If TOS and TOS-1 are both
TRUE or both operands are FALSE, push TRUE.
Otherwise push FALSE,

Non-equivalence relation, If TOS and TOS-1 are
both TRUE or both operands are FALSE, push
FALSE, Otherwise push TRUE.

Equivalence relation. If TOS and TOS-1 contain ex-
actly the same objects, push TRUE. Otherwise push
FALSE.
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37 set_notEqual
«<set,set>:<bool>

Relational Operators on Sequences

38 seq_equal
<seq,seq>;<bool>

39 seq_notEqual
<seq,seq>:<bool>

Relational Operators on Node Objects

40 node_equal
<node,node>:;<bool>

41 node_notEqual
<node,node>:<bool>

Miscellaneous Relational Operators

42 same
<coil,coll>;<bool>

43 inSet
<num | str | bool | node,set>:<bool>

44 inSeq
<num | sir | bool | node,seq>:<bool>

44 inCollection
<num | sir| bool | node,coll>:<bool>

Unary Operators

46 unaryMinus
<L <AUM

47 not
<bool>:<booi>

Jumps

48 jump(loc:int)
<>

Non-equivalence relation. If TOS and TOS-1 do not
contain exactly the same objects, push TRUE, Other-
wise push FALSE,

Equivalence relation. If TOS and TOS-1 contain ex-
actly the same objects in the same order, push TRUE.
Otherwise push FALSE.

Non-equivalence relation. If TOS and TOS-1 do not
contain exactly the same objects in- the same order,
push TRUE. Otherwise push FALSE.

Equivalence relation. If TOS and TOS-1 are the
same object, push TRUE. Otherwise push FALSE.

Non-equivalence relation. If TOS and TOS-1 are not

the same object, push TRUE. Otherwise push
FALSE.

Equivalence relation for collections. If TOS and
TOS-1 contain exactly the same objects, push TRUE.
Otherwise push FALSE,

Set inclusion. If TOS-1 is a member of TOS, push
TRUE. Otherwise push FALSE.

Sequence inclusion. If TOS-1 is a member of TOS,
push TRUE. Otherwise push FALSE,

Collection inclusion. If TOS-1 is a member of TOS,
push TRUE. Otherwise push FALSE.

Unary minus. Multiply TOS by -1 and push the
result. The type of TOS will remain the same.

Boolean negation, If TOS is TRUE, push FALSE, If
TOS is FALSE, push TRUE,

Jump to the location in the code array indexed by loc.
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49 jtrue(loc:int)
<hool>:<>

50 jfaise(loc:int)
<bool>:<>

System Function Calls

51 members
<set | seq>:<coll>

52 head
<seq>:<num | str | bool | node>

53 tail
<seq>i<seq>

54 str_size
<Str>;<int>

35 setorseqorcoll_size
<set | seq>:<int>

56 type
<coll>:<coll>

Quantifier Operators

57 forall

<coll>i<>

58 exists
<coll>i<>

59 endForAll(return:int)
<bool>:<bool> | <>

Jump to the location in the code array indexed by loc
if TOS is TRUE.

Jump to the location in the code array indexed by loc
if TOS is FALSE.

Push the collection containing the objects contained
in TOS.

Push the first object in TOS.

Push the sequence obtained by deleting the first in
object in TOS.

Push the number of characters in TOS.

Push the number of objects contained in TOS.

For each object in TOS, create a collection contain-
ing all objects of the same type as the object in TOS.
Push the union of these collections,

Remove the first cbject of TOS and place it in the

“control stack at the current offset. Increment the

offset. Insert the modified TOS onto the end of the
quantifier collections list.

Remove the first object of TOS and place it in the
control stack at the current offset. Increment the
offset. Insert TOS onto the end of the quantifier col-
lections list.

If TOS is FALSE, remove the last entry of the
quantifier collections list and push FALSE. If TOS is
TRUE and the last entry of the quantifier collections
list is empty, remove the last entry of the quantifier
collections list and push TRUE. If TOS is TRUE and
the last entry of the quantifier ¢ollections list is non-
empty, remove the first object of the last entry of the
quantifier collections list, place it in the control stack
at the current offset-1, and jump to the position in the
code indexed by return.
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60 endExists(return:int)
<bool>:<bool> | <>

61 control{level:int)
<»i<value>

62 formArg(pos:int)
<>:<values

Miscellaneous Operators

63 dot{aur:str)
<coll>:<coll>

.64 application(refiinstance | def i:int)
<{value}'>:<value | coll>

65 return
<>

66 endAssertion
<bool>:<>

If TOS is TRUE, remove the last entry of the
quantifier collections list and push TRUE. If TOS is
FALSE and the last entry of the quantifier collections
list is empty, remove the last entry of the quantifier
collections list and push FALSE. If TOS is FALSE
and the last entry of the quantifier collections list is
non-empty, remove the first object of the last entry of
the quantifier collections list, place it in the control
stack at the current offset-1, and jump to the position
in the code indexed by refurn.

Push the object located in the control stack indexed
by current offset + level.

Push the object located in the definition's argument
list at position pos. -

Push the collection containing all objects that are as-
sociated with the attribute (specified by the name attr)
of all objects in TOS. For each object in TOS, there
will be exactly one object in the result collection.

If ref is of type def, then determine which instance of
the referenced definition applies to this application.
Instances are determined by matching number and
types of acmal arguments with number and types of
formal arguments. Evaluate the user-defined
definition instance specified by ref, applied to the
correct number of arguments (specified by ) at the
top of the stack. Push the result returned by the in-
stance evaluation.

Signals end of a definition instance evaluation. Re-
turn TOS,

If TOS is TRUE, the assertion is true. If TOS is
FALSE, the assertion is false. Report the result.
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APPENDIX D
UNIX Manual Pages and Shell Scripts

This appendix contzins the Unix manual pages and the Csh shell scripts for the assertcode-
gen program, which generates code for the assertion checker, and the idlcheck program, which
interprets assertions given generated code and particular instances,
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ASSERTCODEGEN (1-IDL)  UNIX Programmer’s Manual ASSERTCODEGEN

NAME
assertcodegen - the IDL assertion code generator
SYNOPSIS
assertcodegen [option]
DESCRIPTION , ,
assertcodegen generates the code which the assertion checker(idlcheck) will: executs.
Input is the symbol table generated by the IDL translator with the -5 option (idic -5 sym-
boltable). The symbol table is assumed to be from stdin uniess the -i option is used.
Output is a file containing appropriate postfix code which the checker can interpret, as
well as the original symbol table. The structure of this output will conform to the IDL
specifications in assertcontrol(5-IDL). The output goes to stdout unless the -0 option is
used,
CPTIONS
-i filename
The symbol table is to be found in filename
-0 filename
: The output is to 20 to filename
SEE ALSO
Kickenson, J. A Twtorial to the IDL Assertion Language
idlc(1-IDL), idicheck(1-IDL), assertcontrol(5-IDL)
FILES
fusr/softlab/bin/assertcadegen
-the IDL assertion code generator
fusr/softiab/bin/idlcheck
-the IDL assertion checker
fusr/softlab/sre/assertcodegen/specs/assertcontrol -
-the IDL specifications for the assertcodegen process
AUTHORS
Jerry Kickenson, Richard Snodgrass
University of North Carolina at Chapel Hill
DIAGNOSTICS :
The diagnostics produced by assertcodegen are intended to be self-explanatory.

74



IDLCHECK (1-IDL) UNIX Programmer’s Manual IDLCHECK (1-IDL})

NAME

idlcheck — the interface description language (IDL) assertion checker

SYNOPSIS

idlcheck [oprion) ... [portname:structure_instance ... assertioncontrol

DESCRIPTION

assertioncontrol is a file containing the assertion control code produced by the assertion
code generator (assertcodegen). If assertioncontrol is '-*, the assertion control code may
be found in: standard input,

The input and/or output structure instances of a particular run of a process must be indi-
cated by specifying the name of a file containing the external representition of an
instance. The user must also indicate which port of his process each structure instance is
associated with. This is done by separating the portname from the structure instance by a
colon. There may be any number of input or output instances, except that there must be
at least one instance (input or output). If *-' appears after the colon, this indicates that the
structure instance associated with the port is found in standard input. Multiple instances
may be designated with '-’, Each instance will be read in order from standard input.

‘The input and output must be in the ASCII external representation language. Files pro-
duced by IDL processes will be in this form.

The checker will produce an error log indicating any false assertions, with diagnostics to
aid in pinpointing the errors. The error log is printed to stdout unless the -e option is
used. :

OPTIONS

¢ filename
Read the generated code from the file filename

-¢ filename

Write the error log to filename rather than to stdout.
-w .
Suppress error messages. Write out only satisfied/not satisfied.

-P privatedefs

The bodies of private definitions are found in privatedefs.
EXAMPLES

Assume specs contains the IDL specifications for the process:

Process example [s
Pre: inl :structure in;
Pre: in2 : structure_in;
Post: outl : structure_out;
Post: out2 : structure_out;
End

Assume that the input structure instances for the specific run are in I1 and [2 and
that the output structure instances for the specific run are in O1 and O2.

1. (using files)
idlc specs -s symboltable
assertcodegen symboltable -0 assertioncontrol
idlcheck inl:11 in2:12 out1:01 out2:02 assertioncontrol

2. (using pipes)
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idlc specs -s - | assertcodegen | idlcheck ini:11 in2:12 out1:01 out2:02 -

SEE ALSO
Kickenson, I. A Tworial 10 the IDL Assertion Language
idlc(I1-IDL}), assertcodegen(1-IDL), assertcontrol(S-IDL)
BUGS
Private definitions are not supported.
AUTHORS
Jerry Kickenson
University of North Carolina at Chapel Hill
DIAGNOSTICS
The diagnostics produced by idicheck: are intended to be self-
explanatory.
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#!1/bin/csh =f
# 3hell script for assertcodegen program

set usage = "usage: assertcodegen [-i symboltable] {-o generated_ccdel"
set oflag
set ofile
set iflag
set jfile

set gen = /usr/softlab/src/assertcodegen/gen
while ($#argv > 0)

switch ($1)
case =13
set iflag = "-i"
shift
if (Stargv > 0) then
set ifile = §1
else
echo "Susage®
exit 1
endif
shift
breaksw

case =o:

set oflag = *-o"

shift

if {(S#argv > 0) then
set ofile = 351
/bin/rm -£ Scfile

else
echo "sSusage"
exit 1

endif

shift

breaksw

default:
echo "Susage”
exit 1

endsw
end

if {("Siflag"” == "-i") g& ("Soflag”™ == "=-a")) then
Sgen < §ifile > Sofile
else if ("Siflag® == "-i"} then
$gen < Sifile
else if ("Scflag" == "-o") then
$gen > Scfile
else
jgen
endif

exit Sstatus
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#!/bin/esh -f
#Shell script for idlecheck program

set echo

set usage = "usage: idlcheck [option]... [port:structure)
set eflag

set efile

set cflag

set cfile

set strucs = °%

set temp

set chk = /usr/softlab/src/idlcheck/check
while (S#argv > 0)

switch (51)
case -c:

get ¢cflag = "-c*

shift

if ($#argv > 0} then
set cfile = 31

else
echo "jusage”
exit 1

endif

shift

breaksw

case -e:
set eflag = "-e*
shife
if {$#argv > 0} then

set efile = §1
/bin/rm =f Sefile
else
echo "Susage®
exit 1
endif
shift
breaksw

case -wi
set strucs = "$strucs §1v
shift
breaksw‘

default:

if{31 == *:%) then
set temp = ‘echoc $1 | sed *s/:/ /g’°
set strucs = "Sscrucs Stemp”

else
echo "Suysage"
exit 1

endif

shift

endsw
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end

if ("$cflag" == "-c" z§ "Seflag" == "-e)
$chk $strucs < $cfile >& Sefile
else if ("Scflag" == "-¢") then
$chk $strucs < $efile
else if ("jeflag” == "-e"} then
3chk $strucs >& Sefile
else
$chk Sstrucs
endif

exit S$status
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APPENDIX E
Example Checker Output

This appendix contains a full example IDL specification with assertions and an actual output
of the assertion checker on specific instances of the input and output structures. In order to illus-
trate the assertion failure log, the instances were known to have errors.

-— Example IDL specification
Structure customers Root customer list Is

-~ There is at least cne customer
Al Assert Size(Root.list} ~= 0;

customer_list => 1list : Seq Of Customer;

Customer :1=  commercial_customer
| Government_customer;
Customer = name : String,
address : String,
active : Boe¢lean,
customer number : Integer,
balance : Rational;

A2 Assert ForAll C In Customer Do C.customer number = 1 0Od;
A3 Assert Exists C In Customer Do C.active = True 0d;

-= No duplicate customer numbers
a4 Assert ForAll cl In Customer Do
ForAll c2 In Customer Do
If ¢l "= c2 Then
cl.customer number = ¢2.customer number
Else True Fi

0d od;

A5 Assert Exists C In Customer Do C.name = "IBM" Od;
commercial_ customer => industry_code : Integer;
Government_customer ::= state customer

| federal customer;
state_customer => state_code : Integer;

A6 Assert Forall sc In state_customer Do

sc.state_code »= 1 And sc.state code <= 50 Cd;
federal customer => agency_code : Integer;
End

Structure transactions Root transaction_list Is
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transaction_list => 1list : Seq Of Transaction;

Transaction ti= credit [ debit;
Transaction => customer_ number : Integer,
date . : Integer,
amount : Rational,

tax_status : Set Of Tax code;

Tl Assert ForAll t In Transaction Do t.customer number >= 1 0d;

credit =
debit =>
Taz_code $1= local_sales_tax

| state_sales tax
| federal sales_tax;

local_sales_tax =3
state _sales_tax ->
federal sales_tax => ;

]

bl

End
Structure bills Root bill list Is
bill list: => list : Seq Of bill:

bill => billee : Customer,
amount : Rational;

Bl Assert Forall b In bill Do b.amount > 0 0d;

Customer 1i= commexcial customer
| Government customer;
Customer =3 name : String,
address ¢ S$tring,

customer number : Integer;
commercial_ customer =>  industry_code : Integer;

Government_customer ::= state_customer
| federal_ customer;

state_customer =3 state_code : integer:
federal customer => agency code : Integer;
End

Process billing Is

Target C;

Pre customers_in : customers;
Pre transactions_in : transactiocns:
Post customers_out : customers;
Pogt bills out : bills;
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Pl

p2

B3

P4

P5

Ps

-~ Customers output match customers input
Assert ForAll c_in In customersg_in:Customer Do
ForaAll ¢_out In customers_out:Customer Do
If c_in.customer number = c_out.customer_number Then
c_in.name ~= ¢_out.name And
¢_in.address = c_out.address And
¢c_in.active = c_ out.active
Else True Fi -
0d 0d;

Assert ForAll cc_in In customers_in:commercial customer Do
ForAll cc_ out In customers_ out : commercial customer Do
If cc_in. customer_pumber = cg_out. custOmer_pumber Then
cc_in.industry code = cc_out.industry code
Else True Fi
od od;

-- Bach transaction refers to an actual customer
Asgert ForAll t In transactions_in:Transaction Do
Exists ¢ In customers_in:Customer Do
t.customer number = c.customer number
0d 0d;

Define Total_Credit (c:Customer, TList:Seq Of Transaction) =
If Size(TList) = 0 Then 0
OrIf Head(TList) .customer number = c.customer_number
And Type (Head (TList)) Same transactions_in:credit
Then Head(TList).amount + Total_Credlt(c,Tall(TLlst))
Else Total Credit({c,Tail(TList))
Fi;

-- All customers are properly credited
Assert ForAll c_out In customers_out:Customer Do
ForAll c¢_in In customers_in:Customer Do
If c_in.customer number = ¢_out.customer_ number Then
c_out.balance = ¢_in.balance +
Total_Credit (c_in, transactions_in:Rcot.list)
Else True Fi
0d Qd;

Define Num _debits(TList: Seq Of Transaction) =
If size(TList) = 0 Then 0
Qrlf Type(Head(TList))} Same transactions_in:debit Then
1 + Num debits (Tail(TList})
Else Num_debits (Tail (TList}) Fi:

Assert Size(bills_out:Root.list) =
Num_debits(transactions_in:Root.list);

Assert Size(bills out:Root.list) = Size(transactions_in:debit);
Define Debits(TList: Seg Of Transaction} =
If $ize(TList) = 0 Then Empty

OrIf Type{Head(TList)) Same transactions_in:debit Then
Head (TList) Union Debits(Tail (TList)})
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Else Debits (Tail(TList)) Fi;

~- A bill is generated for every debit transaction
P7 Assert ForAll deb In Debits{transactions_in:Root.list) Do
Exists b In Members(bills_out:Root.list) Do
b.billee.customer_number = deb.customer_number And
b.amount = deb.amount
Cd od;

P8 Assert Size(bills_out:Root.list)
= Size(Debits(transactions_in:Roet.list)};

End == billing
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Output of the checker:

Assertion Al in customers_in is true.
Assertion A1 in customers_out is true.
Assertion A2 in customers_in is false,
> FORALL is not satisfied when C is L3
> Customeris { L4L312}
& Equality not satisfied.
> .customer_numberis {2}
>Cis{L3}
Assertion A2 in customers_out is false.
> FORALL is not satisfied when C is L12
> Customeris { L13L12L11 }
& Equality not satisfied.
>.customer numberis {2 }
>Cis {L12}
Assertion A3 in customers_in is true,
Assertion A3 in customers_out is true,
Assertion A4 in customers_in is true,
Assertion A4 in customers_out is true,
Assertion A3 in customers_in is true.
Assertion A3 in customers_out is true,
Assertion A6 in customers_in is tfue.
Assertion A6 in customers_out is true,
Assertion T1 in transactions_in is true,
Assertion B1 in bills_out is true.
Assertion P1 is false.
> FORALL is not satisfied when ¢_in is L2
> Customeris {L4L3L2}
& FORALL is not satisfied when ¢_out is L11
>Customeris { L13L12L11 }
& Conditional is not satisfied.
> Equality is satisfied.
> .customer_numberis {1}
>c_inis {12}
& .customer_numberis { 1}
>c outis{L11}
& And not satisfied.
> And not satisfied.
> InEquality not satisfied.
> .name is { Innovation, Inc. }
>¢_inis {L2}
& .name is { Innovation, Inc. }
>c_outis {L11}
Assertion P2 is true,
Assertion P3 is true.
Assertion P4 is true.
Assertion P§ is trye,
Assertion P6 is true,
Assertion P7 is true.
Assertion P8 is true.
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;
|
|

*

Title: Semantic Analysis of Assertions

Filename: " kickenso/softlab/seman/symbol.c ¥
Author: Jerry Kickenson <kickenso@unc>

Department of Computer Science

University of Nortth Carolina »

Chapel Hill, NC 27514
Copyright (C) The University of Nornh Carolina, 1985 *
All rights reserved. No part of this software may be sold or *

distributed in any form or by any means withoul the prior written *
permissior of the SoftLab Software Distribution Coordinator. *

* # % % & % & FF R R R EE H N R R KB A %N

Report problems to softlab@unc (csnet) or
softlablunc@CSNET-RELAY (ARPAnet) *
Direct all inquiries o the Softl.ab Software Distribution *
Coordinator, at the above addresses. *
Function: main driver for semantic analysis of assertions *
main x_type *
. —
#include "SemanticAsserth"
#include <stdio.h>
#include "macros.h”
extern FILE *errorfile; _
BOOLEAN recursion; /* trile if a body includes recursion */
main(arge,argv)
int arge;
char *argv(};
scope symboiTable; /* root of symbol table */
SEQSYMBOL 35p; /* iterators ... *
SYMBOL S8
SEQassertionStatement Sas;
assertionStatement  as;
SETdefinition Sdefn;
definition defn;
SETInstance Sin;
Instance inst;
expression Xx_type(); /* typing function %/
definition mindef(); /* noncyclic definition

with lowest order that has
not beer typed yet ¥/

SETstructure invs; /* set of invariants ¥/

SETdefinition Y;

definition Y;

int P

int num_noncyclic; /* pumber of noncyclic
. . definitions */

BOOLEAN . defcall; /* true if a definition is

being typed
SETdefinition Sdef,84d;

definition def d;

*

*f



String defname;

int index;
FILE ~ *fopen(;
for(index=1;index<argejindex++)

if(streq(argv[index},"-¢"))
errorfile = fopen(argv[++index],"w");

}

/* read in intermediate symbol table */

symbolTable = IntSymbolTable(sidin);
inve = NULL;
/* collect invariant structure names */
foreachinSEQSYMBOL(symibolTable->symbols,SSP,SP)
t if(typeof(SP) == Kprocess)

addSETstructure(invs,SP. Vprocess->invariant);
1

/* analyze ail structures and processes which are not invariants  */
foreachinSEQSYMBOL (symbol Table->symbols, SSP,SP)

{

{
if(iinSETstructure(invs,SP. Vstructure))
{

/* collect definitions into defStore )
add_definitions(SP);

/* collect all definitions that a definition calls */
/* used to check that a noncyclic definition is, in fact, noncyclic .
/* and to prepare noncyclic definitions for topological sott */

foreachinSETdefinition(SP.Vstructure->defStore,Sdefn,defn)
defn.IDLclassCommon->calls = NULL;
findcalls(SP);

/* mark all definitions as part of a cyele or not *
findeycles(SP);

/* check noncyclic definitions - if in a cycle change to
a cyclic definition and issue a message io that effect */

foreachinSETdefinition(SP.Vstructure->defStore, Sdef,def)
if(typeof(def) == Knoncyclic && def.IDLctassCommon->cycle)
{

Warning!(800,def.IDLclassCommon->sourceposition,
def.IDLclassCommon->name->name);

/* copy noncyclic attributes 1o a new cyclic definition */

deframe = mailoc(strlen(def.IDLclassCommon->name->name)+1);

strepy(defname,def. IDLclassCommon->name->»name);

Sin = def.IDLclassCommon->overload;

def.Veyclic = Neyelic;

def. Veyclic->name = NnameToken;

def.Veyclic->name->name = malloc(sirlen(deframe)+1);

strepy(def.Veyclic->name->name,defname);

def.Vcyclic->overload = Sin;

Sdef->value = def;



/* reverse topological sort of noncyclic definitions */
topsort(SP);

/* make pass through noncyclic definitions *f

foreachinSETdefinition(SP.Vstructure->defStore,Sdefn,defn)
defn.IDLciassCommon->visit = FALSE;

num_noncyclic = number_noncyclic(SP.Vstructure->defStore);
for(p = I;p <= num_norcyclicp++)

defn = mindef(SP.Vstructure->defStore); -

M type noncyclic definitions - cyclic checked later */

/* analyze bodies of definition instances *
foreachinSE TInstance(defn.IDLclassCommon->overload,Sin,inst)
{

if(typeof(inst) == Kidllastance)
{

recursion = FALSE;
defecall = TRUE;
‘check(inst. VidlInstance->body); :
if(typeof(inst. VidlInstance->body.IDLclassCommon->exp_type)
= Kunknown)

defn. IDLclassCommon->>deftype = inst. Vidilastance
->body.IDLclassCommon->exp_type;
if(recursion) type_recursion{defn,
inst. VidlInstance->bady);
}

}

foreachinSETInstance(defn.IDLclassCommon->overicad,Sin, inst)
if(typeof(inst. VidiInstance->body.IDLciassCommon->exp_type)
=a Kunknown)
{

Llype_recursion(defn,inst. Vidlinstance->body);
insL.VidlInstance->body.IDLclassCommon->exp_type
= defn.IDLclassCommon->deitype;

* type cyclic definitions *f
*44+4+ NOT YET IMPLEMENTED +4-++++*/
* for now, remove all cyclic definitions */
foreachinSETdefinition(SP. Vstructure->defStore,Sdef,def)
if(typeof(def) == Kcyclic)
removeSETdefinition(SP. Vstructure->defStore,def);

/* remove definitions from assertion list - they are now stored in defStore */
foreachinSEQassertionStatement(SP. Vstructure->assertions, Sas,as)
if(typeof(as) != Kassertion)
removeSEQassertionStatement(SP. Vstructure->assertions, as);

/* check that all instances of the same definition have the same type */
check_instance_types(SP);

/* type bodies of assertions */
defcall = FALSE;
foreachinSEQassertionStatement (SP. Vstructure->assertions,Sas, as)



if(typeof{(as) == Kassertion)
check(as.Vassertion->body);

}
else /* invariant - just clear assertions */
SP. Vstructure->assertions = NULL;

}

/* analyze processes i
/* parallels analysis of structures */
else if(typeof(SP) == Kprocess)

{

/* coliect definitions into defStore  */
add_definitions(SP);

/% collect all definitions that a definition calls */
/* used to check that a noncyclic definition is, in fact, noncyclic 2t
/* and to order noncyclic definitions for typing */

findcalls(SP);
/* mark ail definitions as part of 2 cycle or nol */
findcycles(SP);

/* check noncyclic definitions - if in a cycle change to
4 cyclic definition and issue 2 message (o that effect */

foreachinSETdefinidon(SP. Vprocess->defStore,Sdef, def)
if(typeof(def) == Knoncyclic && def.IDLclassCommon->¢ycle)
{

“Warming (800,def IDLclassCommon->sourceposition,
def.IDLclassCommon->name->name);

* copy noncyclic attributes to a new cyclic definition ¥/

defname = malloc(strien{def.IDLclassCommon->name->name)+1});

strepy(defname,def.IDLclassCommon->name->name);

Sin = def. IDLclassCommon->overload:

def Veyclic = Neyelic;

def.Veyclic->name = NnameToken;

def.V cyclic->name->name = malloc{strien{defname)+1);

strepy(def. Veyclic->name->name,defname);

def.Vcyclic->overload = Sin;

Sdef->value = def;

1

/* reverse topological sort of noncyclic definitions */
topsort(SP);

/* make pass through noneyelic definitions .
foreachinSETdefinition(SP.V process->defStore,Sdefn,defn)
defn.IDLclassCommon->visit = FALSE;

num_noncyclic = number_noncyclic(SP. Vstnucture->defStore);
for(p = 1;p <= aum_noncyclic;p++)
{

defn = mindef(SP.Vprocess->defSiore);
/* analyze badies of definition instances */
foreachinSETInstance(defn. D! classCommon->overicad,Sin,inst)

if(typeof(inst) == KidlInstance)
{
defcall = TRUE;

recursion = FALSE;
check{inst. VidlInstance->body);

if(typeof(inst VidiInstance->body.IDLclassCommon->exp_type)



t= Kunknown)

defn.IDLclassCommon->deftype = inst. VidlInstance
->body.IDLclassCommon->exp_type;
if(recursion) type_recursion(defn,
inst. Vidllnstance->body);

}
) }
foreachinSETInstance(defn.IDLclassCommon->overload, Sin,inst)
if(typeof(inst. Vidilostance->body.IDLclassCommon->exp_type)
== Kunknown)
{
type_recursion(defn,inst. Vidlinstance->body);
inst. VidiInstance->body. [DLclassCommon->exp_type
= defn.[DLclassCommon->deftype; -
1

1~ type cyclic defintions *
444+ NOT YET IMPLEMENTED 44t/
/* for now, remove all cyclic definitions »/
foreachinSETdefinition(SP.V process->defStore,Sdef,def)
if(typeof(def) == Kcyclic)
removeSETdefinition(SP.Vprocess->defStore, def);

/* remove definitions from assertion list - they are now stored in defStore */
foreachinSEQassertionStatement(SP. Vprocess->assertions,Sas,as)
iftypeof(as) = Kassertion) -
removeSEQassertionStatement(SP. Vprocess->assertions,as);

f* Check that all instances of 2 definition return the same type */
check instance_types(SP);

/* type bodies of assertions *
defcall = FALSE;
foreachinSEQassertionStatement(SP. Vprocess->assertions,Sas,as)
if(typeof(as) == Kassertion)
check(as. Vassertion->body);

/* output symbol table */

SymbolTable(stdout,symboiTable, TWOPASS);

} /* of main */

o o e e g s s
. X_lype

* Function whicls types expressions.

* Recursively cails itseif as it types subexpressions

* Retumns a typed expression that is the semantic meaning of the*
* given expression.

-
-

* . E 3
* Last Revised: June 10, 1986 *
- P - PR L1 f

expression x_type(exp,SP,defcall,defn,inst,as)

expression exXp; /™ expression o type */

SYMBOL 5P, /* structure or process */

BOOLEAN defcall; /* true if typing a definition */



definition
Instance

defn;

/* definition being typed(if definition) */

inst;  /* instance whose body is being typed */

assertionStatemnent  as;

{

if(defeall)

/* assertion or definition being typed */

SEQexpressionPair  Sorif;

expressionPair

typeiree
typeTree
int

typeTree

typeTres
typeTree
typeTree

typeTree
ing
BOOLEAN

expression
SEQexpression
SETdefinition
SETdefinition
definition
BOOLEAN
BOOLEAN

iat
SEQexpression
expression
SETString
SETString

SEQquantifier
SEQquantifier
SEQquantifier
quantifier
SEQformal
SEQformal
formal
SETdefinition
SETInstance
Instance

SETpont
port

iat

BOOLEAN
BOOLEAN
BOOLEAN
BOOLEAN
String

int

ep;

left_type; /* type binary left subexp */
right_type;/* type binary sight subexp */
boper; /* binary operator *
/* returns type of object in
singieton collection  */

value();

type_name(); * returns user type with
a given name *f
obj_typel: 7 type of objects in
collection ¥/
obj_type2; /* iype of objects in -
collection */
arg_type; /* type argument of function */
uoper; /* unary operator *
OK; /* is type OK?
arg; /* application argument  */
saveargs; /* application arpuments ¥/
defSet: /* iterators ... ¥y
Sdef;
def: .
found; /* has definition been found?*/
foundl;
argType; /* another argument type %/
Sexp; /* iterators .., *f
a
wider; /* type to widen to  */
widearg; /* type to be widened*/
quantSik;
quantSeq;
Squant;
L H
formSeq;
Sform;
LA
defSL;
Sin;
in;
Spts /* iterators ... *
pt;

references;/* number of objects a single
name refers to )

form; /* ig expression a formal */
contri; /* is expression a control */
df; /* is expression a definition */
. te; /™ is expression a type exp */
tempname;/* name of a name expression

or application */
position; /* sourcepasition of assertion
or definiiton */

position = defn.IDLclassCommon->sourceposition;

else

position = as.]DLclassCommon->sourceposition;

#f



/* type each kind of expression o
switch (typeofiexp)) {

case Keonditional:

/* type subexpressions of the cozditional... */
check(exp. Vconditional->test);

if(typeofiexp. Vconditional->test.]DLclassCommon->exp_type)
1= Kbool)
Wamning0(701,position);

check(exp.Veonditional->then);
check{exp.Vconditional->otherwise);

1* type all OrIf expressions »
foreachinSEQexpressionPair(exp. Veonditional->orif,Sorif ep)
{

check{ep->test);

check(ep->then);

/* test subexp must be boolean *
if(typeof(ep->test.IDLclassCommon->exp_type) != Kbool)
‘WamingQ(701,position);
* Orif-then subexp must have same type as then subexp */
if( typeof(ep->then.IDLclassCommon->exp_type) I=
typeofiexp. Vconditional->then.IDiclassCommon->exp _type)
&& typeoi(ep->then.IDLclassCommon->exp_type) '= Kunknown
&& typeof{exp.Yconditionai->then.IDLclassCommon
-»exp_type) = Kunknown
&& !{numeric(ep->then.]DLclassCommon->exp_type) &&
numeric{exp. Vconditional->then.IDLclassCommen
->exp_type)) ) :
{ Waming0(702, position); K(ci):}
} .
1* type of then subexp must be same as efse subexp */
if( typeof(exp.Vconditional->then.IDLcfassCommon->exp_type) !=
typeof(exp.Vconditional->otherwise.IDLclassCommon->exp_type)
&& typeof(exp. Veonditional->then.IDLclassCommon->exp_type)
!= Kunknown
&& typeof(exp. Veonditional->otherwise. IDLelassCommon
>eXp_type) != Kunknown
&& Ynumeric(ep->then.IDLelassCommon->exp_type) &&
aumeric(exp. Y conditional->then.IDL classCommon
->exp_type)) )
{Warning0(702,position); K(c2);}

/* set type of conditional */

if(typeof(exp.Vconditional->then.IDLclassCommon->exp_type)
= Kunknown && typeof{exp.Vconditional->then) != Kempty)
exp.Vconditional->exp_type = exp. Veonditional->
then.IDLclassCommon->exp_type;
else if(typeof{exp.Vconditional->otherwise.IDLclassCommon
-»exp_type) != Kunknown &&
typeof{exp.Vconditional->otherwise) != Kempty)
exp. Veonditionai->exp_type = exp. Veonditional->
otherwise.[IDLclassCommon->exp_type;
else foreachinSEQexpressionPair(exp.Veondilional->orif, Sorif ,ep)

if(typeof(ep->then.IDiclassCommeon->exp_type)
= Kunknown && typecof(ep->then) = Kempty)
exp.Veonditional->exp_type = ¢p->
then.[DLclassCommon->exp_type;



break;

case Kquantifier:

/* Keep a record of all quantifiers *
if(typeof(SP) == Kstructure)
appendrearSEQquantifier(SP. Vstructure->quantStack,
exp.Vquantifier);
eise
appendrearSEQquantifier(SP.Vprocess->quantStack,
exp. Yquantifier);
exp. Vquantifier->control->exp_type.Vsingieton =
Nsingleton;
/® type set subexp and body */

check{exp.Vquantifier->set);

exp.Vquantifier->control->exp_type.Vsingleton
->object_type = exp.Vquantifier->set.IDLclassCommon
->exp type;

/* set subexp must be a collection *f
ifitypeof(exp.Vquantifier->seL. IDLelassCommon->exp_type)
= Ksingleton && typeof(exp. Vquantifier->set.
IDLclassCommon->exp_type) != Karbitrary)
Warning((703,position);

check(exp. Vquantifier->body);

/* body of quantifier must be type boolean */ -
if{typeof(exp.Vquantifier->body.IDLclassCommon->exp_type)
= Kbool)
Waming((704, position);

exp.Vquantifier->exp_type.Vbool = Nbool;

/* remove quantifier from record of quantifiers */
if(typeof(SP) == Kstructure}
removelasiSEQquantifier(SP.Vstructure->quantStack);
elze
removelastSEQquantifier(SP.V process->quantStack);

break;
case¢ Kbinary:
boper = typeof{exp. Vbinary->op);
/* type left and right subexps *f
check(exp. Vbinary->left);
check(exp. Vhinary->right);

left_type = exp.Vbinary->left.IDLclassCommon->exp_type;
right_type = exp. Vbinary->right IDLclassCommoen->exp_type;

/* sinpleton collection may be operands of value operators,
in which case type is type of object in collection %/

il(}(boper == Ksame {| boper == Ksubset |} boper == KpropSubset
}| boper == KTunion || boper == Kintersect))

[if(typeof(left_Lype) == Ksingleton)
left_type = value(left_type);



if(typeof(right_type) == Ksingleton)
right_type = value(right_type);
}

/* Handle errors in types of operands for various operators... */
if(boper == Kand || boper == Kor)
{

if{(typeof(left_type) != Kbool &&
typeofileft_type) !'= Kunknown) ||
(typeof(right_type) != Kbool &&
* typeof(right_type) != Kunknown))
Warning0(705, position);

exp.Vbinary->exp_type.Vbool = Nbool;
}

if(boperamKless || boper==KlessEq |} boper==Kgreater ||
boper==Kgrufq )

OK = TRUE;

if{(typeof(left_type) I= KTint &&
typeof(lefi_type) != Krat &&
typeof(left_type} 1= Ksir &&
typeof(leit_type) '= Kunknown) ||
(typeof{right_type) != KTint &&
typeof{right_type) != Krat &&
typeof(right_type) != Kstr &&
typeof{right_type) != Kunknown))

OK = FALSE;

if(!OK)
Warning0(706,position);
else
if(}{typeof(right_type) == Kstr))
Warning0(707,position);

exp. Vbinary->exp_type.Vbool = Nbool;
H

if(boper == Kequal || boper == KnotEqual)

if(typeof(left_type) == Karbitrary &&
typeof(right_type) == Karbitrary)
Warning((708, position};
else
iftnumeric(left_type))

H(!numeric{right_type) &&
typeof(right_type) != Kunknown)

Warning({709,position);
}
else
if(anumeric(right _type) && typeof(left_type) != Kunknown)
Warning((709,position);
else

if(typeof(left_type) != typeof(right type) &&
typeof(left_type) = Kunknown &&
typeof{right_type} != Kunknown)
Waming((709,position);

exp. Vbinary->exp_type.Vbool = Nbool;

if(boper==Ksame || boper=«Ksubset || boper==KpropSubset)



if((typeof(left_type) != Ksingleton
&& typeof(leflt_type) 1= Karbitrary
&& typeof(left_type) != Kunknown) ||
{typeof{right_type) l= Ksingleton
&& typeof(right_type) 1= Karbitrary
&& typeof(right_type) != Kunkaown})
Warning((710,position);

exp. Vhinary->exp_type. Vbool = Nbool;
}

if(boper==KTunion §§ bopera=Kiniersect)

OK = TRUE;
if((typeof(left_type) != Ksingleton
&& typeof(left_type) != Karbitrary
&& typeof(left_type) != Kunknown) ||
(typeofiright type} != Ksingleton _
&% typeof{right_type) != Karbitrary
&& typeof(right_type) '= Kunknown))

OK = FALSE;
if(!OK) :
Warning0(710,position);
else
{

if(typeof(left_type) == Ksingleton)
obj_typel = left_type.Vsingleton->object type;
¢lse if{typeof(left_type) == Karbitrary}
obj_typel
= left_type. Varbitrary->object_type;
else
obj_typel.Vunknown = Nunknown;

if(typeof(right_type) == Ksingieton)
obj_type = right_type.Vsingleton->cbject_type;
else if(typeof(right_type) == Karbitrary)
obj_type2
= right_type.Varbitrary->object_type;
else
obj_type2 Vunknown = Nunknown;

if(typeof{obj_typel) != Kunknown &&
typeof(cbj_typel) != Kunknown &&
typeof(obj_typel) {= Knotype &&
typeof(obj_type2) != Knolype)
if(typeofiobj_typel) != typeof{obj_type2))
Warning0(711,position);
}

exp.Vbinary->exp_type. Varbitrary = Narbitrary;
iftypeof(left_type) == Ksingleton)
exp. Vbinary->exp_type.Varbitrary->object_type
= left_type.Vsinglelon->object_iype;
else if(typeof(left_type) == Karbitrary)
{

if(typeof(left_type. Varbitrary->object type)
!= Kaotype) .
exp.Vbinary->exp_type.Varbitrary->cbject_type
= left_Lype. Varbitrary->object_type;
eise
exp. Ybinary->exp_type.Varbitrary->object_type
= right_type. Varbitrary->object_type;
}
else
exp. Vbinary->exp_type.Varbitrary



->object_type.Vunknown = Nunknown;

if(boper == KinSet)
{

OK = TRUE;

if{typeof(right_type) = Kset &&
typeof{right_type) != Kseq &&
typeof(right_type) l= Karbitrary &&
typeof(right_type) I= Kunknown)

OK == FALSE;
Waming0(712,position);

}
if(OK && typeof(right_type) == Kset)

{
if(typecf(left type) im
typeof(right_type.Vset->component) &&
typeof(leit_type) = Kunknown)
‘Warning0(713,position);

}
else if(OK && typeof(right_type) == Kseq)

{ .
if(typeof(left_type) != :
typeof(right_type.Vseq->component) &&
typeof(left_type) != Kunkrown)
-Warning0(7 14,position);
}

exp.Vbinary->exp_type. Vbool = Nboal;
i3

if(boper==¥plus || boper==Kminus ||
boper==Ktimes || boper==Kdivide)
{
if{(typeof(left_lype) = KTint &&
typeof(left_type) != Kt &&
typeof(left_type) != Kunknown) ||
(typeof(right_type) '= KTint &&
typeof(right_type) l= Kral & &
typeof(right_type) != Kunknown))
Warning((715,position);

if(typeof(left_type) == Kunknown &&
typeof{right_type) == Kunknown)
exp. Vbinary->exp_type.Vunknown = Nunknown;
else
if(typeof(left_type) == Krat J}
typeof(right_type) == Krat)
exp. Vbinary->exp_type.Vrat = Nrat;
else exp.Vbinary->exp_type. VTint = NTint;
}
breal;

case Kunary:
uoper = typeof{exp. Vunary->op);

/* type body of unary exp .
check(exp.Vunary->body);
arg_type = exp. Vunary->body.IDLclassCommon->exp_type:

/* singleton collection may be argument of value operator,
in which case type is type of object in collection  */



if(typeof(arg_type) == Ksingleton)
arg_lype = value(arg_type);

#* Check for enor in operand type
if(uoper == KUnaryPlus [} uoper == KUnaryMinus)

if{{typeofiarg_type) '= KTint |
typeof(arg_type) != Krat) &&
typeof{arg_type) != Kunknown)
Waming0(716,position);
}
¢lss if(typeofiarg_type) = Kbool &&
typeof(arg_type) !« Kunknown)
Warning0(717,position);

exp. Vinary->exp_type =
exp. Vunary->body.IDLclassCommon->exp_type;

break:

cass Kapplication:

/* save arguments and then type them ~
saveargs = exp. Vapplication->arguments;
foreachinSEQex pression(saveargs,Sexp,a)
{

check(a);

&xp—)mﬂe LN
}

/* save application name */ .
tempname = malloc(strien(exp.Vapplication->name->name)+1);
strepy(tempname,exp. Vapplication->name->name);

retrievefistSEQex pression(saveargs,arg);

found = FALSE;

#* check if application is a supplied function *f
if{streq(exp. Vapplication->name->name, MEMBERS))
{

found = TRUE;
exp.Vmembers = Nmembers;
exp.Vmembers->argument = arg;
exp.Vmembers->exp_type.Varbitrary = Narbitrary;
arg_type = arg.]DLclassCommon->exp_type;
if(typeof{arg_type) == Ksingleton)
arg_Lype = arg_Lype.Vsingleton->object_type;
i(typeof(arg_type) == Kszt)
exp. Vinembers->exp_type. Varbilrary->objest_type
= arg_type.Vset->component;
else if{typeof{arg_type) == Kseq)
exp.Vmembers->exp_type. Varbitrary->object_type
= arg_lype.Vseq->component;

eise
{
exp.Vmembers->exp_type. Varbilrary->cobject_type.Vuaknown
= Nunknown;
Warning((718,position);
}
}
else

if(streq(exp. Vappiication->name->name, HEAD)}

)



found = TRUE;
exp.Vhead = Nhead;
exp, Vhead->argument = arg;
exp.Vhead->exp_type.Vsingleton = Nsingleton;
if(typeofiarg.IDLclassCommon->exp_{ype) == Kseq)

exp. Vhead->exp_type, Vsingleton->object type

= arg.JDLelassCommon->exp_type.Vseq->component;

else if(typeoi(arg.IDLclassCommon->exp_type) == Ksingleton)
{

if(lypeof(arg.lDLclassCmnmn~>exp_type.Vsinglcton
->object_type) == Kseq)
exp.Vhead->exp_type.Vsingleton->object _type .
= arg.JDLclassCommon->exp_type. Vsingleton

->object_type.Vseq->component;
else
{
exp. Vhead-»exp_type. Vsingleton->object_type.
Vunknown = Nunknown;
Warning((7 19, position);
1
}
else
{
exp.Vhead->exp_type. Vsingleton->object_type. Vunknown
= Nunknown;
Warning({719,position);
}
}
¢lse

if(streq(exp. Vapplication->game->aame, TYPE))
{

found = TRUE;
exp.Viyps = Niype;
exp.Viype->argument = arg;
exp. Viype->exp_type.Varbitrary = Narbitrary;
iftypeof(arg.IDLclassCommon->exp_type) == Ksingleton)
exp. Viype->exp type.Varbitrary->object_type
= arg.IDLclassCommon->exp_type.
Vsingleton->object_type;
else if(typeof(arg.IDLclassCommon->exp_type) == Karbitrary)
exp.Viype->exp_lype.Varbitrary->object_type
= arg.]DLclassCommon->exp- lype.
Varbitrary->object_type;

else
{
exp. Viype->exp_type. Varbitrary->object_type. Vunknown
= Nunknown;
WarningO(720, position);
}
}
else

if{streq(exp. Vapplication->name->name,SIZE))

found = TRUE;

exp.Ysize = Nsize;

exp. Vsize->argument = arg;

exp.Vsize->exp_type.VTinl = NTint;

it
typeof(arg.IDLclassCommon->exp_type) == Kstr ||
typeof{arg.IDLclassCommon->exp_lype) == Kset |
typeof(arg.IDLclassCommon->exp_type) == Kseq |
typeof(arg.IDLclassCommon->exp_lype) == Ksingleton ||
typeof(arg.IDLclassCommon->exp_lype) == Karbitrary))

Waming0(721,position);



iftypeof(arg.IDLclassCommon->exp_type) == Ksingleton)
i
typeofiarg.IDEclassCommon->exp type.Vsingleton
->object_Lype) == Kstr ||
typeof(arg.IDLclassCommon->¢xp_type.Vsingleton
->object_type) == Kset }|
typeof(arg.IDLclassCommon->exp_type. Vsingleton
->cbject_type) == Kseq))
Warning0(721,position);
}
else
if(streq(exp.Vapplication->name->name,TAIL))
{

found = TRUE;
exp.Viail = Niail;
exp. Viail->argument = arg;
exp.Vtail->exp type.Vseq = Nseq;
if(typeof(arg. IDLelassCommon->exp_type) == Kseq)
exp. Viail->exp_type.Vseq->component
= arg.]DLclassCommon->exp_type. Vieq->¢omponent;
else if{typeof(arg.IDLclassCommon->exp_lype) == Ksingleton)
if(typeof(arg.IDLclassCommon->exp_type. Vsingleton
-ijeﬂ_type) - Kseq)
exp. V@ail->exp_type.Vseq->component
= arg.IDLclassCommon->exp_type. Vsingleton

<>object_type.Vseq->component;
else
{
exp. Vtail->exp_type.Vseq->component. Vunknown
= Nunknown;
Warning0(722,position);
}

}

/* if in a definition, check for recursive call */
if(tfound && defcall)

if(typeof(defn) == Knoncyclic)
if(streq(tempname,defn. Vaoncyclic->name->name))

recursion = TRUE;

found = TRUE;

exp. VdefnRef = NdefnRef;

exp.VdefnRef->name = malloc(strien(tempname)+1);
strepy(exp, VdefnRef->name,lempname);
exp.VdefnRef->arpumenis = saveargs;
exp.VdefnRef->reference.Vdefinition = defn;
exp.VdefnRef->exp_type. Vunknown = Nunknown;

* if not a supplied function,
check if an existing definition applies »f
if(tfound)
{
if(typecf(SP) == Kstructure)
defSet = SP.Vstructure->defSiore;
else
defSet = SP.Vprocess->defStore;

/* look for declared definition with same name */
foreachinSETdefinition{defSet,Sdef,def)

foundl = FALSE;



if(streq(tempname,def. IDLclassCommon->name->namie))

{
found = TRUE;
found]l = TRUE;
exp.VdefnRef = NdefnRef;
exp.VdefnRef->name = mailoc(strien(temprame)+1);
strepy(exp. VdefaRef->name,tempnamey);
exp.VdefnRef->arguments = saveargs;
exp.VdefnRef->reference.Vdefinition = def;
exp.VdefnRef->exp_type

= def.IDLclassCommon->deftype;
1
/* if defn found, check argument types */
if(found1) ‘

{
if{icheck_arg_types(def,exp.VdefnRef->arpuments))}
Warning 1(723, position,tempname);

}

}

r* if not defimition, check if type widening */
if(!found)

if(typeof(SP) == Kstructure)
{

arg_type = type name(exp.Vapplication->name->name,
SP.Vstructure);

if(type_in_structure(arg_type,SP.Vstructure))

{

found = TRUE;
reach(&wider,arg_type,TRUE);
reach(&widearg,typeof(arg.IDLclassCommon->exp_type,
TRUE);
if(include(wider,widearg)}
exp.Vapplication->exp_type = arg_type;
else
Warning((732,position);
}
}
else /* process */
/* Widening not yet supported in processes.
Parser must be modified to allow colons
in applications. */

/* if nothing matches ... */
if (found)

Warningl(724,position,exp. Vapplication->name->name);
exp. Vapplication->exp_type. Vunknown = Nunknown;

}

break;

case Kdotted:
check(exp. Vdotted->lefl);
dot_Lype{exp,position);
break;

case KtypeExpression:
exp. ViypeExpression->exp_type. Varbitrary = Narbitrary;




exp. VtypeExpression->exp_type. Varbitrary->object_type
= ¢xp.ViypeExpression->type;

if(typeof (SP) == Kstructure)
{

/* Parser will rot return a type expression unless the
port is specified, so we know there must be an emor */
if(typeof(exp. VtypeExpression->portName) != KTvoid)
Warning((725,position);
}

else /* a process port expression */

found = FALSE;
foreachinSETport(SP. Vprocess->ports,Spt,pt)
ﬁ(ﬂmq(pt.lDLclassComnwn-mame,exp.VtypeExptwmn
->portName. VnameToken->name)}
found = TRUE:

if(!found)
Waming((726,position);

else /* check port to see if it contains type */

{
found = FALSE;
foreachinSETport(SP. V process->ports,Spt,pt)
{

if(streq(exp. VtypeExpression->portName, Vname Token
->name,pt.IDLclassCommon->name))
if(type_in_structure{exp. ViypeExpression->

type,ptI DLciassCommon->data))
found = TRUE;
}
if{found = FALSE)
Waming0(727 position);
}
H
break;

case KnameExpr:

tempname = mal!oc(stﬂen(exp VnameExpr->name)+1);
strepy(lempname,exp. VnameExpr->name);

saveargs = NULL;
found = FALSE;

form = FALSE;
contri = FALSE;
df = FALSE:
te = FALSE;

/* if within a definition, check if name is a formzal param */
if(defcail == TRUE)
foreachinSEQformal(inst. IDLclassCommon->formals,Sform,f}

if(streq(f->name->name,lempname))

exp.ViormArg = NformArg;

exp. ViormArg->name = malloc(strien(tempname)+1);

strepy(exp.ViormArg->name,tempname);
exp.ViormArg->actual = f;
exp.ViormArg->exp_type.Vsingleton = Nsingleton;
exp. ViormArg->exp_lype.Vsingleton->object_type

= f->lype;

form « TRUE;

found = TRUE;



/* check if control var for quantifier */
if(found)
{

#{typeof (SP) s= Kstructure)

quantStk = SP.Vstrnucture->quantStack;
else

quantStk = SP.Vprocess->quantStack;

foreachin SEQquantifier(quantStk, Squant,q)
if(streq(tempname,q->control->name))
{ ;

exp.Vcontrol = Ncontrol;
exp. Vecontrol->name = malloc(strien(tempname)+1);
stropy(exp. Vcontrol->name, tlempname);
exp.Vcontrol->owner = q;
exp. Veontrol->exp_type. Vsingleton = Nsingleton;
if(typeof(q->set.[IDLclassCommon->exp_type)== Karbitrary)
exp.Veontrol->exp_type. Vsingleton->object_type
= g->seL1DL classCommon->exp _type. Varbitrary
->cbject_type;
else
exp.Veontrol->exp_type.Vsingleton
->object_type.Vunknown = Nunknown;

conirl = TRUE;
found = TRUE;

/* if in a definition, check for recursive call ¥/
if{ifound && defcall)

if(typeof(defn) == Knoncyclic)
if(streq(tempname,defn. Vnoncyclic->name->name))

recursion = TRUE;

found » TRUE;

df = TRUE;

exp.VdefnRef = NdefnRef;

exp.VdefnRef->name = malloc(strlen(tempname)+1);
strepy(exp. VdefnRef->name,lempname);
exp.VdefnRef->arguments = saveargs;
exp.VdefnRef->reference. Vdefinition = defn;

exp. VdefnRef->exp_type.Vunknown = Nunknown;

/* check for a parameter-léss definition */
if(found)

{
if{typeof(SP) == Kstructure}

defSt = SP.Vstructure->defStore;
eise

defSt = SP.Vprocess->defStore;

foreachin SETdefinition(defSt,Sdef,def)




if(streq(def.IDLclassCommon->name->name,tempname))

{
4f = TRUE;
exp.VnameExpr->exp_type.Yunknown = Nunknown;
foreachinSETInstance({def. IDLclassCommon->overioad,Sin, in)
if(len({pGenList)(in.IDLclassCommon->formals))uw()
{

exp.VdefnRefl = NdefnRef;
exp.VdefnRef->name « malloc(sirien(tempname)+1);
strepy(exp. YdefmRef->name, tempname);
exp.VdefnRef->arguments = saveargs;
exp.VdefnRef->reference. Vinstance = in;
exp.VdefnRef->exp_type

= def.IDLclassCommon->deflype;

}
}
}

/* name must refer o a type expression  if not found above */
if{!form && !contr] && !dr)

{

Warning (728, position);

exp. VnameExpr->exp type. Varbitrary = Narbitrary;

exp. VoameExpr->exp_type. Varhitrary
->object_type.Vunknown = Nunknown;

1

else /* look for user type in structure %/

{
arg_lype = iype_name(tempname,SP.Vsiructure);
if(type_in_structure(arg_type,SP. Vstructure))
{

te = TRUE;
exp. VtypeExpression = NtypeExpression;
exp.VtypeExpression->portName. VTvoid = NTvoid;
exp. ViypeExpression->type = arg_type;
exp.ViypeExpression->exp_type. Varbitrary
= Narbitrary;
exp.VtypeExpression->exp_type. Varbitrary
->»object_type = arg_Lype;
}

else

exp.VnameExpr->exp_type.Vunknown = Nunknown;
Warning0(729,position);
}

break;

case Kroot:
exp.Vrool->exp_type.Vsingleton = Nsingleton;

if(typeof(exp. Vroot->portName) == KTvoid}
{

if(typecf(SP) == Kstructure)
exp.Vroot->exp_type. Vsingleton->abject_type
= lype_name(SP. Vstructure->root.
IDLclassCommon->name,SP. Vstructure);
else /* in a process without a port specified */ '



Warning((731,position);
else /* portis sp;ciﬁed */
if(typeof(SP) =a Kstructure)
¢ Wamning((725,position);
¢lse /* within a process */

found = FALSE;
foreachinSETport(SP. Vprocess->ports,Spt,pt)
{

if(streq(pt.IDl classCommon->name,
exp. Vroot->portName. Vaarne Token->name))

found = TRUE;
exp.Vroot->exp_type. Vsingleton->object_type
= type_name(pt.IDLclassCommon->data
-»root./DLclassCommon->name,
pt.IDLclassCommon->data);
}

1
if(!found)
Warning({726,position);

break;

case Kempty:
exp. Vempty->exp_Lype.Varbitrary = Narbilrary;
exp. Vempty->exp_type. Varbitrary->object_type.Vootype
= Nnolype;
break;

case Kirue:
exp. Vtrue->exp_type.Vbool = Nbool;
break;

case Kfalse:
exp.Vialse->exp_type.Vbool = Nbool;
break;

case KintegerToken:
exp. VintegerToken->exp_type.VTint = NTint;
break;

case KrationalToken:
exp. VrationalToken->exp_type.Vrat = Nrat;
break;

case KstringToken:
exp. VatringToken->exp_type.Vsir = Nstr;
break;

default:
break;
} /™ end of switch */

return(exp);
} /* End of x_type ¥/
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Function: routines used by the type checking procedure *
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#include <stdio.h>
#include "SemanticAsserth”
#include "macros.h"

B i A n S AR n s s e e,

hd dot_type types dot expressions *

* .

. Last revised: May 25, 1986 *
L] L]
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dot_type(x,position)

expression x; /* dot expression 1o lype */
int position; /* sourceposition of assertion or definition
in which dot expression appears */
{
NonTerminal ot: /* nonterminal that is type of
left expression */
BCOLEAN TypeOK; /* is type a user defined type? */
BCOLEAN found;  /* has autribuie been found? */
SEQSYMBOL Ssy;
SYMBOL sY;
TypeOK = FALSE;

if(typeof(x.Vdotted->left. IDLclassCommon->exp_type) == Ksingleton)
{

if(typeof(x.Vdotted->ieft.IDLclassCommon->exp_type. Vsingleton
->object_type) == Kuser)
{

of = x.Vdotted->left. IDLclassCommon->exp_type. Vsingleton
-»>object_type.Vuser->NT;
TypeOK = TRUE;
x.Ydotted->exp_type.Vsingleton = Nsingleton;
}

1
else if(typeof(x. Vdotted->left.IDLclassCommon->exp_type) == Karbitrary)
{

if(typeof(x. Vdotted->lefL IDLclassCommon->exp_type.Varbitrary



->object_type) == Kuser)

ot = x,Vdotted->left. IDLelassCommon->exp_type. Varbitrary
->object_type.Vuser->NT;

TypeOK = TRUE;

x.Vdotted->exp_type.Varbitrary = Narbitrary;

}
}
if(TypeOK)
{
iftypeof{nt) == KNodeNT || typeof(nt) == K(lassNT)
/* check all attributes of class and node aontermirals for
a match-with specified attribute *
if(typeof{nt.IDLclassCommon->locals) == Kscope)
{
found = FALSE; _
foreachinSEQS YMBOL (nt.IDL.classCommon->loeals. Vscope->symbols,Ssy,sy)
{
if{typeof(sy) == KAunbute)
if(streq(sy. V Attribute->name,x.Vdotled->right->name})
{
found = TRUE;
if(typeof(x.Vdotted->exp_type) == Ksingleton)
X.Vdotted->exp_type.Vsingleton->object _type
= sy.VAttribute->type;
else
X Vdotted->exp type.Varbitrary->cbject_type
= sy.VAttribute->type;
}
}
}
if(Mfound)
{
Warning0(?50,positicn);
x.Vdotted->exp_type.Varbitrary = Narbilrary;
x.Vdotted->exp_type.Varbitrary->cbject_type.Vunknown = Nunknown;
}
}
else
Wamning0(750,positior);
X.Vdotted->exp_type.Varbitrary = Narbitrary;
X.Vdotted->exp_type.Varbitrary->object_type.Vunknown = Nunknown;
}
}
eise
{ .
x.Vdotted->exp_type.Varbitrary = Narbitrary;
x.Vdotted->exp_type.Varbitrary->object_type.Vunknown = Nunknown;
Waming({751,position);
}

F e e L o & L

* reach place in the given set strings representing all types  *

* reachable from the given type. Used to expand class *

. types into their constituent node types. *

L]

hd Last revised: Aprl 14, 1986
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reach(t,inclnewset)



typeTree /* type that does the reaching */

SETString *incl; /% set in which to place type representations */

BOOLEAN newset; /* TRUE if new set, FALSE if add to set */
{

SEQNT Sat;
NT ot
SETString nt_reach(;/* reach for nonterminals */

if(newset)
*incl « NULL;

switch (typeof(t)) {
case Kbool:
addSETString(*inc,BOOL);
break;

case KTint:
addSETString(*incl,INT);
break;

case Krat:
addSETString(*inci,RAT);
break;

case Kstry
addSETString(*inel,STR);
break;

cass Kset:
addSETString(*incl, SET);
break;

case Kseq:
addSETString(*incl,SEQ);
break;

case- Kuser:
if(typeof(t.Vuser->NT) = KClassNT)
{2ddSETString(*incl,t Vuser->NT.IDLelassCommon->name); }

else

* class type - irace down nonterminai descendants */
foreachinSEQNTI(L. Vuser->NT.VClassNT->descendants,Snt,nt)

*incl = at_reach(nt,*ind);

break;

case Ksingleton:
reach(t. Vsingleton->object_type,incl,1);
break;

case Karbitrary:

break;

}

F e i B e o PR W R ST S S Y
’ »

. nt_feach places in the given set the string

. representations of types reachable through the

* given nonterminal.

L

* Last revised: April 14, 1986
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SETString nt_reach(n,i)
NT n; /* nonterminal doing the reaching ¥/
SETString j; /* set in which to place type represetations ¥/



SETString strset;
SEQNT Sat;
NT nt;
if{len( (pGenList)i} =w 0)
strset » NULL;
else
strset = i;
if(typeof(n) 1= KClassNT)
" {addSETString(strset,n, IDLclassCommon->name); }
eise

foreachinSEQNT{n. VClassNT->descendants Sat,ng)
strset = nt_reach(nt,strset);
return(strset});

‘m

. common determines whether two sets of strings have*
* any elements in common

n
®

Last revised: April 19, 1986
/
common(s1,s2)
SETString s1,s2;
{
BOOLEAN com; /* result */
SETString Sst; -
String s
com = FALSE;
foreachinSETString(s2,5st,st)
if(inSETString(s1,st))
com = TRUE;
return{com);
}
F B A i E T S  tt s AR R
* include determines whether the set of strings 31 *
* includes the set 52 .
[ ]
* Last revised: April 19, 1986
EL LY ] - » » WA e i ] [
include(s1,52)
SETString 51,52;
{ .
BOOLEAN comy;
SETString Sst;
String st;
com = TRUE;
foreachinSETString(s2,5st,st)
if(tinSETString(s1.st))
com = FALSE;
return{com);
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* check_arg_lypes checks types.of a list of arguments *
. against the formal types of the *

* declared declaration i
*

* Last revised: April 19, 1986

. ey

check _arg_types(defa,arglist)
definition defn; /* definition declared */
SEQexpression arglist;  /* list of arguments ¥/

BOOLEAN cont; /* continue */
SETInstance Sin;

Instance in; -

int n; /* used by cailed routine */
iy i;

format arg F; /* formal argument */
expression arg_ac; /* aciual argument */

SETString incl;

SETString inc2;

SETString Ss;

String 8;

n=I;

cont = TRUE;

/* first check if there is an instance for which the arguments
are not distinct by type; if so, then arguments check out */

foreachinSETInstance(defn. ] DLclassCommon->overioad,Sin,in)

if(cont == TRUE)
if(!distinct_arg(in.IDLclassCommon->formals,arglist,n))
cont = FALSE;
1

/* if first check fails, check if the union of instance types
for each argument includes the type of the actual argument */
if(cont == TRUE)

{
for(i=1;i<=len((pGenList)arglist);i++)
{

inci = NULL;
inc2 = NULL;

if{cont = TRUE)

foreachinSETInstance(defn.IDLclassCommon->overload,Sin,in)
if(len((pGenList)arglist) == len({pGenList) in,
IDLclassCommon->fonrmals))

ithinSEQformal(in.IDLclassCommon->fonmals.i,arg_f);
reach(arg_f->type,&inci,0);

}
ithinSEQexpression(arglist,i,arg_ac);
reach(arg_ac.IDLclassCommon->exp_type,&inc2,1);

if(tinclude(incl,inc2})
cont = FALSE;
}
}

if{cont == FALSE)

return(FALSE); /* arpuments still do not check out */
cise

return(TRUE); /" arguments check out */



}

else
retun(TRUE);  /* arguments check out immedialely */

}

e A o L AR A e as oo
* distinct_formal determing whether two sets of formal *

. argumenis can be distinguished by length*

* or by Lypes

*

* Last revised: April 19, 1986

P /

distinct_formai{form1,form2,i)

SEQformal forml form2; /* formal arguments to check ¥/
int i /* nurnber of formal being checked */
{
formal argl,arg2;
SETString incl,inc2;
if(len((pGenList)form1) != len((pGenList)form2))
‘Tetam(TRUE);
else
if(i > len((pGenList)form1}}
reumn(FALSE);
else
{
ithinSEQformai(forml,i,argl);
ithinSEQformal(form2,i,arg2);
rezch(argl->lype, &incl,1);
reach(arg2->type, &inc2,1);
if(inSETString(inc], UNKNOWN} || inSETString(inc2, UNKNOWN))
{
return(TRUE);
}
else

if{(common(inc!,inc2))
retura(distinct_formal(form1,form2, ++i));
else
return(TRUE);

F e a2 e AR aa o b s

. distinct_arg determine whether a set of formal arguments *
» and a set of actual arguments can be *
. distinguished by length or types *
]
. Last revised: April 19, 1986
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distinct_arg(form,args,i)

SEQformal form; /* formal arguments to check  */
SEQexpression args; /™ actual arguments */
int i /* number of formal being checked *
{

formal arg_formnal;

expression arg_actual;
SETString incl,inc2;

*



if(len{(pGenList)form) != len{(pGenList)args))
rewrn{TRUE);
else
if(i > len({pGenList)form))
reum(FALSE);
else
{
ithinSEQformal(fonm,i,arg_formal);
ithinSEQexpression(args,i,arg_actual);
reach(arg_formal->type,&incl,I);
reach(arg_actual.IDLclassCommon->exp_type,&inc2,1);
H(InSETString(inc], UNKNOWN) || inSETString(inc2, UNKNOWN))

{
return(TRUE);
}
eise
if(include(incl inc2)}
return{distinct_arg{form,args,++i));
else
return(TRUE);
H
}
}
F A e e B e N A St R s
. len return the length of a generic list .
»
> Last revised: April 19, 1986 *
* !
len(list)
pGenList [ist;
{
int length;
pGenlList listptr;
listptr = list;
length = C;

while(listptr '= NULL)
{

length++;
listptr = listptr->next;

return(length);
}
D s aa o B L AR s ans s E o S
» type_namereturns the user type with the given name .
- »
* Last revised: May 25, 1986 *
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typeTree lype_pame(iname,St)
String tname;  /* name of user type */
structure St; /* structure */
{

typeTree resuit;

SEQSYMBOL syms; /# list of symbols in which 10 search for

non-termunal %/

SEQSYMBOL Ssy;
SYMBOL sY;



BOOLEAN found; * True if non-terminal is found */
char *malloc();

result. Vuser = Nuser;

resuit Vuser->DT = NoameToken;

result. Vuser->DT->name = malloc(strlen{tname)+1);
strepy(result. Vuser->DT->name,name);

if{typeof(St->locals) == Kscope)
syms = St->locals. Vscope->symbols;

found = FALSE;
foreachinSEQS YMBOL.(syms, S5¥,5y)
{

switch (typeof(sy)) {

case KNodeNT:
if(streq(sy.IDLclassCommon->name,tname))
{

found « TRUE;
resuit, Vuser->NT.VNodeNT = sy.VNodeNT;
}
break;
case KClassNT:
if(streq(sy.IDLclassCommon->name,tname))
{

found = TRUE;
resuit. Vuser->NT.VClassNT = sy.VClassNT;
}
break;
case KPrivateNT:
if(streq(sy.IDLclassCommon->name,tname))
{

found = TRUE:
result, Vuser->NT.VPrivateNT = sy, VPrivateNT;
}
break;
default:
/* no action */
break;
}
}
return(rasult);
}
L T o b o o o ST SR A ST S P P ST A S
» value return the type of the cbject in a singleton collection *
-
- Last revised: May 25, 1986
L ] » l*‘*t*##.‘i**t‘tt*#*itlt/
typeTree value(t)
typeTree 1; /* type that is know to be a singleton collection */
typeTree result;

if{typeof(t) == Ksingleton)

result = LVsingleton->object_type;
else

result. Vunknown = Nunknown;

redurn(result);
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* type_in_structure  returns TRUE if the given type is found  *

> in the given structure, FALSE otherwise  *

» L]
* Last revised: May 25, 1936 b
P . . * )

type_in_structure(t,st)

typeTree ; /% type to find */
structure  st; /* structure in which to look for type */
{

BOOLEAN result;
SEQSYMBOL  Ssy;
SYMBOL sy;

result = FALSE;

if(typeof(st->locals) == Kscope && typeof(t) == Kuser)
foreachinSEQSYMBOL (st->iocals, Vscope->symbals, Ssy,sy)

{
if{is_sonterminal(sy) &&
streq(sy.IDLclassCommon->name.t. Vuser->DT->name))

result = TRUE;
}
return(result);
}
T o e i L L T T  n R m e o e e
* is_nonterminal returns TRUE if the given symbol is a *
- nonterminal, FALSE otherwise -
E »
- Last revised: | May 25, 1986 . *
. ek - PTIL L * 7
is_nonterminal(s)
SYMBOL s; /* gymboti to test ¥/
{
if(typeof(s) == KNodeNT [| typeof(s) == KClassNT || typeof(s) == KPrivateNT) retum(TRUE};
else
return(FALSE);
}
F i o e e 2 A a s e
. pumefi¢ returns TRUE if the given type is integer or *
* rational .
L] *
* Last revised: May 31, 1986 .
EE LI Y1 2Lt . ® kR (21 ] LE L] f
aumenc{t)
typeTree &;
{
if(typeof(t) == KTint || typeof(t) == Krat)
return(TRUEY;
else
return(FALSE);
}
B i e o R e o S S B B 1 1 T S ML BT R A R
* type_recursion type all recursive references of a definition *
* to itself *

* : b



* Last revised: June 11, 1986
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type_recursion(def,body)
definition def; {* definition that had 2 recursive call */
expression body; /* body of recursive definition %/
{

SEQexpressicnPair Sep;

expressionPair  ep;

SEQexpression  Sarg;

expression arg;

switch (typeof(body)) {

case Kconditional:

type_recursion(def,body. Veonditional->test);
type_recursion(def,body.Vconditional->then);
type_recursion(def,body. Vconditional->otherwise);
foreachinSEQexpressionPair(body, Veonditional->orif,Sep,ep)
{
type, tecursion(def,ep->iest);
type_recursion{def,cp->then);
}
break;

case Kquantifier:
type_recursion{def,body. Vquantifier->set);
type_recursion{def,body. Vquantifier->body);
break;

case Kbinary:
type_recursion{def,body. Vbinary->left);
type_recursion(def,body. Vbinary->right);
break;

case Kunary:
type_recursion(def,body. Vunary->body);
break; ‘

case Kdotted:
type_recursion{def,body. Vdotted->lef1);
break;

case KdefnRef:
foreachinSEQex pression(body. Vapplication->arguments,Sarg,arg)
type_recursion{def,arg);

if(streq(body. VdefnRef->name,def.IDLclassCommon->name->name))
body.VdefnRef->exp_type = def.IDLclassCommon->deftype;
break;

default;
/* no other expressions can inciude a definition cafl */
break;

} /* end of switch */



F R o R Es ma s s o
Title: Semantic Analysis of Assertions -
Filename: “kickenso/softlabv/seman/symbol3.c
Author: Jerry Kickenson <kickenso@UNC>

Department of Computer Science

University of North Carolina

Chapel Hill, NC 27514

Copyright {C) The University of North Carolina, 1985

All rights reserved. No part of this sofiware may be sold or *
distributed in any form or by any means without the prior written
permission of the Softlab Softwars Distribution Coordinator, *

softlab@une (csnet) or
softlablunc@CSNET-RELAY (ARPAnet)
Direct all inquiries to the SoftLab Software Distribution

Coordinator, at the above addresses.

Report problems to

Function: routines to handle definitions

* &% B oK & & & % R * R RN R R RE R W

*f

#%  Revision Log:
* SLog: symbold.c,y §

* Revision 1.1 86/03/24 22:11:19 kickenso

* Initial revisicn

»

Edit Log:
May 25 1985 (kickenson)

* & # *

#+ & x #

e

ELZE T ] » L bt 2 EEL L3 s o o o oo ek e i’
#include <stdio.h>
#inciude "SemanticAssert.h”

#include "macros.h”

B R EEm a N aaams s s S o b E S
add_definitions

collect all definitions together in the defStore set for each

structure and process;

while doing this, coilect instances of an overioaded definition *

together and check that such instances can be distinguished by

formal zrgument types

*x
-

May 25 1986

Last revised:
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add_definitions(SP)

SYMBOL 5P, /* structure or process */
{
SEQassertionStlatement Sas;
assertionStatement  as;
SEQassertionSLatement asserts;  /* lists of assertions ¥/
SETdefinition storedDefs; /* list of defininitions */
BOOLEAN new:; /* True if the instance is a
new definition *f
BOOLEAN OK; /* Truee if overloaded instances
are distinct *
Instance mewinst; /* creale a new instance */
int n;



SETdefinition Sdef;

definition def;

SETInstance Sin;

Instance in;

SEQformal Sf;

formal f;
if(typeof(SP) == Kstnicture)

asserts = SP.Vstructure->assertions;
clse

asserts = SP.Vprocess->assertions;
storedDefs = NULL; '
foreachinSEQassertionStatement(asserts,Sas,as)
{

if(typeof(as) == Kcyelic)

{ i

new = TRUE;

OK = TRUE;

I* check to see if there is already a definition with the
same name - if so check for distinguishable formal types */

foreachinSETdefinition(storedDefs,Sdef,def) _
if{streqg(as. Veyclic->name->name,def.]DLclassCommon->name->name))

{
new = FALSE; E
foreachinSE TInstance(def. IDLclassCommon->overioad,Sin,in}
if{distinet_formal(as. Veyclic->formals,
inDLclassCommon->formals) = TRUE)

CK = FALSE;
Waming((755,def.IDLclassCommon->sourceposition);

if(OK == TRUE)  /* add new instarce to definition */

{
newinst. Vidi[nstance = NidlInstance;
rewinst, VidlInstance->formals = as.Veyclic->formals;
pewinst VidlInstance->body = as.Veyclic->body;
addSETInstance(def.]DLclassCommon->overioad,newinst);
}
}

if(new == TRUE) / add new definition to defStore */
newinst. VidlInstance = Nid!Instance;
newinst.Vid{Instance->formals = as, Veyclic->formals;
newinst. Vidllnstance->body = as.Veyclic->body;

addSETInstance(as, Veyclic->overioad,newinst);
addSETdefinition(storedDefs,as. Veyclic);

if(typeof(as) == Knoncyelic)
{

new = TRUE;
OK = TRUE;

/* check to see if there is aiready a definition with the
same name - if so check for distinguishable formal types */



foreachinSETdefinition(storedDefs, Sdef,def)
if{streq(as.V noncyclic->name->name,def. IDLclassCommon->name->narne})

{
new = FALSE;
foreachin SETInstance(def. IDLelassCommon->overload,Sie,in)
if{distinct_formal(as.Vnoncyclic->formals,
in.IDLclassCommon->formals) = TRUE)

OK = FALSE;
Warning0(755,def.IDLclassCommon->sourceposition);

}
if(OK == TRUE) /* add new instance to definition */
{

newinst. VidlInstance = Nidllnstance;

newinst. VidlInstance->formals = as, Vnoncyclic->formals;
newinst, Vidlnstance->body = as. Vnoncyclic->body;
addSETInstance(def.]DL classCommon->overload,newinst);
removeSEQassertionStatement (asserts,as);

} .

if(new == TRUE) /* add new definition to defStore */

{
newinst, VidlInstance « NidlInstance;
newinst VidlInstance->formals » as. Vnoncyclic->formalis;
newinst. Vidiinstance->body = as.Vaoncyclic->body;
addSETInstance(as. Vnoncyclic->overload,newinst);
addSETdefinition(storedDefs,az. Vaoncyclic);

}

if(typeof(as) == KprivateDefinition)

{
new = TRUE;
OK = TRUE;

/* check to see if there is already a definition with the
same name - if so check for distinguishabie formal types */

foreachinSETdefinition(stored Defs,Sdef,def)
if(streq(as. VprivateDefinition->name->name,
def.IDLclassCommon->name->name))

tew = FALSE;
foreachinSETInstance(def.[DLclassCommon->overload,Sia,in)
if{distinct_formal(as. VprivateDefinition->formals,
in.IDLclassCommon->formals) !« TRUE)

OK = FALSE;
Waming((755,def.]DLclassComrnon->sourcepaosition);

if(OK == TRUE) /* add new instance to definition */
{ .
mewinst. Vprivatelnstance = Nprivatelnstance;
newinst. Vprivatelnstance->return Type

= as.VprivateDefinition->return Type;
addSETIastance(def.IDLdassCommon->overload newinst);

H

H

if(new == TRUE)} /* add new definilion to def{Store */



AR

newinst. VprivateInstance = NprivateInstance;
newinst. Vprivatelnstance->retumType
= as,VprivateDefinition->retumType;

addSETInstance(as, VprivateDefinition->overicad,newinst);

addSETdefinition(storedDefs,as. VprivateDefinition);

if(typecf(SP) == Kstmcture)
SP.Vstructure->defStore = storedDefs;
else
SP.Vprocess->defStore = storedDefs;

B e e e e e e e s e D )

check_instance types checks that all instances of the same
definition return the same Lype

Last revised: May 25, 1986

*

check_instance_types(SP)
SYMBOL SP; * sinucture or process */

{

SETdefinition Ds;
SETdefinition Sdefa;

definition defn;
SETInstance i Sin;
Instance in;

if(typeof(SP) == Kstructure}

DS = SP.Vstructure->defStore;
else

DS = SP.Vprocess->defStore;

foreachinSETdefinition(DS,Sdefn,defn)
{
if{typeof(defn) != KprivateDefinition)

foreachinSETInstance(defn.]DLclassCommon->overload,Sin,in)

{

if(typeof(in. VidlInstance->body.IDLeclassCommon->exp_type)
1= typeof(defn.]DLeclassCommon->defiype))
‘Waming0(756,defn. IDLciassCommon->sourceposition);
else /* sumne type ~ check collections */

iftypeof{defn.IDLclassCommon->deftype} == Ksingleton)
{ R

if(typeof(defn.] DLclassCommon->deftype. Vsingleton
->object_type) !=
typeof(in. VidlInstance->body.]DLclassCommon
~>exp_type.Vsinglelon->object_type))
Waming0(757 defn.IDLclassCommon->sourceposition);

}
eise if(typeof(defn.IDLclassCommon->deflype) == Karbitrary)
{
if(typeof{defn.IDL.classCommon->defiype. Varbitrary
->object_type) !=
typeof(in. Vid!Instance->body.IDLclassCommon
->exp_type.Varbitmry->object_type) &&



typeof(in. Vidilnstance->body.!DLclassCommon
->e¢xp_type. Varbitrary->object_type) l=
Knotype)
Warmning0(757.defn.IDLclassCommon->scurceposition);
1
}
}
¢lse /* private definition */
foreachinSETInstance(defn. ID LelassCommon->overload, Sin,in)

{
if(typeof(in. Vprivaielnstance->retumType)
l= typeof(defn.IDLclassCommon->defiype))
Waming0(756,defn. IDLclassCommon->sourceposition);
else /* same type - check collections */
iftypeof(defn.IDLclassCommon->deftype) == Ksingleton)
if(typeof(defn.[DLclassCommon->deftype. Vsingleton
->object_type} !=
typeof{in. Vprivatelnstance->return Type.
Vsingleton->object_type))
Waming0(757 defn.IDLclassCommon->sourceposition);
}
else if{typeof(defn.IDLclassCommon->deflype) == Karbitrary)
if{lypeof{defn.IDLclassCommon->deftype.Varbitrary
->cbject_type) I=
typeof(in. Vprivatelnstance->return Type.
Vatbitrary->object_Lype))
Warning0(757 defn. IDLclassCommon->sourceposition);
}
}
}
¥
}
P¥b bbb bbb bbb bbb bbb b o b bbb bbb bbb bbb bbb
* findcatls Store with each definition the definitions it *
* cails
L]
* Last revised: June 10, 1986
. - . - .
findcalls(SP)
SYMBOL Sp; /* structure or process */
{
SETdefinition defs; /* definitions stored with structure
or process */
SETdefinition Sd;
definition d;
SETInstance Sin;
{nstance in;

if(typeof(SP) == Kstructure)

defs « SP.Vstucture->defSiore;
eise

defs = SP.Vprocess->defSiore;

foreachinSETdefiniion(defs,5d,d)
foreachinSETInstance(d.IDLclassCommon->overload,Sin,in)
if(typeof{in) == Kid!Instance}
trackealls{d,in. Vidllnstance->body defs);
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* trackcails track down all definition calls made in the *
* given definition body. *
E
® Last revised: June 10, 1986
PIE TR L33 1F ] L ,
trackcalis(def,body,storedDefs)
definition def /* definition whose calls are to be recorded */
expression body; * body to tmck through »f
SETdefinition storedDef's; * list of definitions in structure/process */
{

SETdefinition 5d;

definition d;

SEQexpressionPair Sep;

expressionPair  ep;
SEQexpression  Sarg;
expression ang:

switch (typeof(body)) {

case Kconditional:
trackcalls(def,body. Vconditional->test storedDefs);
trackcalls(def,body. Vconditional->then,storedDefs);
trackealls(def,body. Vconditional->otherwise,storedDefs);
foreachinSEQexpressionPain(body. Veonditional->orif,Sep,ep)
{
trackcalls(def,ep->test storedDefs);
trackcalls{def,ep->then,storedDef3);
}
break;

case Kquantifier:
trackealls(def,body. Vquantifier->set,stored Defs);
trackcalls{def,body. Vquantifier->body storedDef5);
break;

case Kbinary:
trackcalls(def,body. Vbinary->lefi,stored Defs);
trackcalis(def,body. Vbirary->right,stored Defs};
break;

case Kunary:
trackealls(def,body. Vunary->body,stored Defs);
break;

case Kdotted:
trackealis(def,body. Vdotted->ieft,storedDefs);
break;

case KnameExpr:
/* check if a definition */
foreachinSETdefinition(storedDefs,Sd,d)
if(streq(body.V nameEx pr->name,d.1DLclassCommon->pame->name))
addSETdefinition{def.IDLclassCommon->calls,d);
break;

case Kapplication:

foreachinSETdefinition(storedDef5,5d,d)

if(streq(body. Vapplication->name->name,
d.IDLelassCommon->name->name))
addSETdefinition(def. IDLclassCommon->calls,d);

foreachinSEQexpression{body. Vapplication->arguments,Sarg,arg)
trackealls(def,arg,storedDefs);

break;



default:
/* no other expressions can include a definition call */
break;

} 7* end of switch */

}
int cyclesize; /* number of definitions in a cycle, used to
distinguish cycles of only 1 def (recursion)
from real cyclic definitions *f
* Global to findcycles and dfs_cycle */
e e n Lkl n b B Rl an e ma et LS LS
* findcycles- mark all definitions in the given structure or »
. process that are pari of a cycle .
- &
* Last revised: June 12, 1985 *
L] ' ]
* Algorithm adapted from Aho,Hoperoft,Ullman, *
* "Data Structures and Algorithins” *
/
findeycles(SP)
SYMBOL SP;
{
SETdefinition S4;
definition d,df;
SETdefinition  defs,Sdf}
int order = 1;
definition maxindex(};
if(typeof{SP) == Kstructure}
defs = SP.Vstructure->defStore;
else

defs = SP.Vprocess->defStore;

/* order the definitions in reverse order */
foreachinSETdefinition(defs,Sd,d)

if(}(d.IDLclassCommon->»visit))
dfs_topsort(d, &order);
H

/* reverse all cail arcs in the graph */

foreachinSETdefinition(defs,Sd,d)
foreachinSETdefinition{d.IDLclassCommon->calls,Sdf df)
addSETdefinition(df.]DLelassCommon->reveails,d);

/* mark ail definitions involved in a cycle */
foreachinSETdefinition(defs,Sd,d)
d.IDLclassCommon->visit = FALSE;

while(left_tovisit(defs))
{
d = maxindex(defs);
cyclesize = 0;
dfs_cycle(d);
if(cyclesize == 1)
d.IDLclassCommon->cycle = FALSE;
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= left_tovisit returns TRUE if the given set of definitions*

hd has at least one unvisiled member *

* -
b Last revised: June 12, 1986

, '

left_tovisit(defs)

SETdefinition defs; /* definitions to Iook for unvisited def in */

{
SETdefinition  Sd;
definition d;
BOOLEAN result;
result = FALSE;
foreachinSETdefinition(defs,Sd,d)

if(}(d.IDLelassCommon->visit))
result = TRUE;

return(result);

}

.

B e B o e L a2

* maxindex retum the definition in the given setof  *
. definitions with the highest index that is also .
. unvisited. *
- .
* Last revised: June 12, 1986 : *
Frrey PTTT ) l#i!
definition maxindex(defs)
SETdefinition defs; /* set of definitions to search */
{
SETdefinition Sd;
definition d;
definition result;
int maxsofar = 0;
foreachinSETdefinition(defs,Sd,d)
if(dIDLclassCommon->index > maxsofar &&
t(d.IDLclassCommon->visit))
{
maxsofar » d.IDLclassCommon->index;
result = d;
}
refurn(resuit);
}

o o T a2 R

* dfs_cycle depth first search of a DAG modified to *

* mark nodes that are in a cycle .
-

* Last revised: June 12, 1985

EEL L) Rk » » L1 L - L3 !!*'ﬂ**"l




dfs_cycle(def)

definition def; /* definition to mark as cyclic or not */
{

SETdefinition 5d;

definition d;

defIDLclassCommon->visit = TRUE;
def.IDLclassCommon->cycle = TRUE;
cyclesize++;

foreachinSET definition(def.IDLclassCommon->revcails,5d,d)
if(1(d IDLclassCommon->visit))
dfs_cycle(d,cyclesize);

{

H
P+4+*+++++*+++++++++++++++++++*++++++++++*++++*++++++++++++++++++++++++
. topsort reverse topological sort of definitionsin ~ *
* given structure or process. DAG arcs are *
* defirition catls. *
»
. Last revised: June 10, 1986
. /

topsort(SP)
SYMBOL SP; - /* structure or process */

SETdefinition Sd;

definition d;

SETdefinition  defs;

int order = 1; /* order of definition */

iftypeof(SP) == Kstructure)

defs = SP.Vstructure->defStore;
else

defs = SP.Vprocess->defSlore;

foreachinSETdefinition(defs,5d,d)
d.IDLclassCommon->visit = FALSE;

foreachinSETdefinition(defs,Sd,d)
if(typeof(d) == Knoncyclic}
if(}{d.IDLclassCommon->visit))
dfs_topsort{d,&onder);

Ll e o A o o e it s S
. dfs_topsort depth first search modified to do a reverse *

* topological sort *

-

hd Last revised: June 10, 1986 .

AR R e AR ok o A N O . » tt!*ﬂl*t*t*it/

dfs_topsort(def,order)

definiion def; /* definition that is node of DAG */
int *order;  /* order of definition */
{

SETdefinition Sd;

definition d;

def.IDLclassCommon->visit = TRUE;
foreachinSETdefinition(def.IDLclassCommon->calls, Sd,d)



if(1(d.IDLclassCommon->visit))
dfs_topsort(d,order);

def.IDLclassCommon->index = (*order)++;

}

F e e o b B B T L e o s
. mindef retumns the noncyclic definition that has  *

* the lowest order number and has not yet been .

* typed.

[ ]

. Last revised: June 10, 1986

ey r
L)

definition mindef(defs)

SETdefinition defs; /* definitions from which to find minimum */
{
SETdefinition S4;
definition d;
definition result;
int minsofar = 1000;
foreachinSETdefinition(defs,5d,4)

if( (e.IDLclassCommon->index < minsofar) && typeof(d) == Knoncyclic
&& (d.IDLclassCommon->visit) )

{
minsofar = d.IDLclassCommon->index;
result = d;

}

resuit.IDLclassCommon->visit « TRUE;
returnéresuit);

B I e e T o B o T LA o ol 2 ST A S WAPRISY

* number noncyclic  retumns the number of noncyclic .

* definitions in the given set *
*

* Last revised: Jure 10, 1986

[Pt} 1Y !

number_noncyclic(dels)

SETdefinition defs; /* set in which to count noncyclic definitions */
{

int result;

SETdefinition 84d;

definition d;

result = Q;

foreachinSETdefinition(defs,Sd,d)
if(typeofi{d) == Knoncyclic)
resulte+;

return{result);

#
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* *
Title: Postfix Code Generation for Assertion Checker *
Filename: " kickenso/softlab/codegen/codegen.c -
Author: Jerty Kickenson <kickenso@unc> *
Department of Computer Science *
University of North Carolina -
Chapel Hill, NC 27514 *

Copyright (C) The University of North Carolina, 1985 *

All rights reserved. No pari of this software may be sold or *
distributed in any form or by any means without the prior wriiten ®
permission of the SoftLab Software Distribution Coordinator. *

Report problems to softlab@unc (csnet) or *
softlabunc@CSNET-RELAY (ARPAnet) ¥
Direct all inquiries to the SoftLab Software Distribution -
Coordinator, at the above addresses, =

Function: main driver for code generation for assertion checker *

# £ 8 & B & & ¥ % #H ¥ X F B K B E N O* ¥ &

*/

SHeader: gencode.c,v 1.7 85/12/19 12:47:15 kickenso Exp $

”* * #&  Revision Log:
* SLog:  gencode.c,v $

* Revision 1.7 B3%/12/19 12:47:15 kickenso

* This version works! Exhaustive testing will follow.

®

* Revision 1.6 85/12/17 12:18:03 kickenso

* handles all expresgions - compiles

* pext: ruatime checking

L ]

* Revision 1.5 85/1715 13:19:30 kickenso

* idlc version - still must add quantifiers & conditionals

-

* Revision 1.4 85/12/08 21:44:21 kickenso

* pointer o postfix array now passed 1o gencode procedure
Y

* Revision 1.3 35/12/08 15:21:04 kickenso
* this version compiles!

]

* Revision 1.2 85/12/08 15:07:07 kickenso
* created main driver

* Revision 1.1 85/12/08 14:27:02 kickenso

* Initial revision

*

* x
* Edit Log: *
*  December 8§, 1985 (kickenson). *

> *
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#include <stdio.h>
#include "GeaeratePostfix.h"
#include "instructions.h”

#define gencode(BOD,PF) generatecode(BOD,PF,in,SP)
#define streq(s1,s2) stremp(sl,s2) == 0

typedef int Operation;



typedef char BYTE;
typedef SEQInteger SEQOperation;
typedef int boolean;

int level = O;
SEQInteper loc_stack = NULL;

int currentpos = 0;

main(}

{
scope sty
SETString
SEQSYMBOL
SYMBOL
SEQassertionStatement Sas;
assenionStatement as;
SETdefinition
definition
SETInstance
Instance

Operation

/* read in symbol table *
st = SymbolTable(stdin);

invs = NULL;
/* collect invariant structure names

/* level of 2 nested quantifier  */
/* stack of ‘code array locaticns,
used by conditionals

*/

/% current position in code amay */

/* input symboitable */

invs; /* iterators ... *f
SSYMBOL;

SP;

def;
Sin;
ing

ea; /* endAssertion entry in code

.

foreachinSEQS YMBOL(st->symbols, SSYMBOL.,SP)

{
if(typeof(SP) =« Kprocess)
addSETString(invs,SP.Vprocess->invariant->name);
}
/* generate code for all assertions and definition instance bodies *f

foreachinSEQS YMBOL(st->symbols,SSYMBOL,SP)

/* first handle structures, excepting invariant structures*/

if(typeof(SP) == Kstructure)

if(1inSETString(invs,*SP.Vstructure->name))

foreachinSEQassertionStatement(SP. Vstructure->assertions,

Sas,as)

if{typeof(as) == Kassertion)
{

currentpos = 0;
gencode(as. Vassention->body,

&(as.Vassertion->postfixBedy));

*

addtocode(ENDASSERTION, & (as. Vassertion->postfixBody));

}

" foreachinSETdefinition( SP. Vstructure->defStore,Sdef, def)

if(typeof(def) == Kcyclic)
foreachinSETInstance(def. Veyclic->overload,Sin,in)



{
currentpos = (;
gencode(in. Vidinstance->body,
&(in. VidlInstance->postfixDefn));
addiocode(RETURN, & (in. VidlIastance->postfixDefn));

}
elise if{typeof(def) == Knoncyelic)
' foreachinSETInstance(def. Vnoncyclic->overioad, Sin,in)

{
currentpos =0;
gencode(in. VidlInstance->body,
&(in.Vidilnstance->postfixDefn));
addiocode(RETURN, & (ia.VidIInstance->poatfixDefn));
}
}
}
/* now handle processes *
if(typeof{SP) =m Kprocess)
{
foreachinSEQassertionStatement(SP. Vprocess->assertions,
Sas,as)
if(typeof{as) == Kassertion)
{
currentpos = 0;
gencode(as. Vassertion->body,
&(as. Vassertion->postfixBody));

addtocode(ENDASSERTION, &(as. Vassertion->pastfixBody));
1

foreachinSETdefinition(SP. V process->defStore, Sdef def)
{

if(typeof(def) == Kcyclic)
foreachinSETInstance(def. Veyclic-»overioad,Sin.in)
{
currentpos = 0;
gencode(in. VidiInstance->body,
&(in. VidlIpstance->postfixDefn));
addiocode(RETURN,&(in. VidlInstance->postfixDefn));

H
else if{typeof(def) == Knoncyclic)
foreachinSETInstance(def. Vnoncyclic->gverload,Sin,in)

{
cumrentpos = 0;
gencode(in. VidlInstance->body,
&(in.VidiInstance->postfixDefn));
addtocode(RETURN, &(in.VidiInstance->postfixDefn));
}

* write out table with generated code ircluded */
PostfixCode(stdout,st, TWOPASS);

} 7* end of main */

L s e o o e )
generatecode generates postfix code equivalent to the given .
expression tree. Method uses a recursive tree *
traversal. Resulting code is an array of one*
byte integers (C char), Maximum size of amy *
1000,

* B ¥ ox & ®



* Last revised: June 7, 1986 .
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generatecode(body,code_array,in,SF)
expression body; /* expression ree ¥/
SEQOperation *code_armay; /* generated code passed back up ¥/
Instance  im; /* definition instance */
SYMBOL SK; /* structure/process  */
{
Operation op; /* appropriate operator */
BYTE hi; /* high byte of reference index */
BYTE lo; * low byte of referstice index */
int index;  /* index into string, rational, ete. armay */
SEQexpression  Sarg; * iterators ... *
expression arg;
double atof();
int startpos;  /* start position in code ammay
of quantifier '
int loc; /* location to be saved *f
int iH /* iterators ... */
SEQexpressionPair Sep;
expressionPair  ep;
int loc_count » 0; /* saves locations for OtIf
conditionals */ -

int : tipe;

/* generate code for different types of expressions */
switch (typeof(body))  { '

case Kupary:
gencode(body. Vunary->body,code_array);

/* determine operator type */

if(typeof(body. Vunary->op) == KUnaryPlus);
/* no action need be taken */

if(typeof(body. Vunary->op} == KUnaryMinus)
op = unaryMinusOp;

if(typeof(body. Vunary->op) == Knot)
op = notOp;

if(typeof(bedy. Vunary->op) != KUnaryPlus)
{
body. Vunary->valuepos = currentpos;

addtocode(op,code_array);
}

break;
case Kbinary:

gencode(body. Vhinary->left,code_armmy);
gencode(body. Ybinary->right,code_armay);

if(typeof(body. Vbinary->right) != KformAmg &&
typeof(body. Ybinary->right} != Kcontrol)

if(typeof(body. Vhinary->right. IDLclassCommon->exp_type)
== Ksingleton)
tipe = typeof(body. Vbinary->right.IDLclassCommon



->exp_type.Vsingleton->object_type);
else
tipe = typeof(body. Vbinary->right. IDLclassCommon->exp_type);

else
tipe = typeof(body.Vbinary->right IDLclassCommon->exp_type);

/* determine operator type ¥/
switch (typeof(body. Vbirary->op)) {

case Kand:
op = andOp;
break;

case Kor
op = orOp;
break;

case KTunion:
op = unionOp;
break;

case Kintersect:
op = intersectOp;
break;

cass Kplus:
op = plusOp;
break;

op = minusOp;
break;

case Ktimes:
op = timesOp;
break;

case Kdivide:
op = divideOp;
break;

case Kless:
r* determine which type of < opeator */
if(tipe == Kstr)
op = str_lessOp;
else
op = num_lessOp;
break;

case KlessEq:
/* determine which type of <= operator */
if(tipe == Ksir)
op = str_lessEqOp;
clse
op = num_léssEqOp;
break;

case Kgreater:
/* determine which type of > operator */
i(tipe == Kstr)
op = str_greaterOp;
eise
op = num_greaterQp;
break;



case KgnirEq:
* determine which type of >= operator */
if{tipe == Kstr)
op = str_grirEqOp;

op = num_gryEqOp; -
break;

else

case Kequal:
/* determine which type of equal operator */
switch (tipe) { .
case Kbool:
op = hool_equalOp;
break;

case KTint:
op = aum_equalOp;
break;

case Knat:
op = num_equalOp;
break;

case Kstr:
op = sir_equalOp;
break;

case Kset:
op = set_equalOp;
break;

case Kseq:
op = seq_equalOp;
break;

case Ksingleton:
op = node_equalCp;
break;

}

break;

case KnotEqual:
/* determine which type of “= operator */
switch (tipe) {
case Kbool:
op = bool_notEqualOp;
break;
case KTint:
op = num_notEquaiOp;
break;
case Krat:
op = aum_notEqualOp;
break;
case Kstr:
op = str_notEqualOp;
break;
case Kset:
op = sel_notEqualiCp;
break;
case Kseq:
op = seq_notEquaiOp;
break;
case Ksingleton:
op = nede_notEqualOp;
break;
1
break;

case Ksame:
op = sameOp;
break;

case KinSet:



/™ determine which kind of Ia operator */
switch (tipe} {
case Kset:
op = inSetOp;
break;
case Kseq:
op = inSeqOp;
break;
case Karbitrary:
op = inCollectionOp;
break; .
}
break;

case Ksubset:
op = subsetOp;

case KpropSubset:
op = propSubsetOp;
break;

}

body. Vbinary->valuepos = currentpos;
addtocode(op,code_array);
break; -

case Kdotted:
gencodecbody. Vdotted->left,code_armay):

op = dotOp;
body. Vdotted->valuepos = currentpos;
addtocode(op;code_array);

/* calculate index into string reference array */
index = add_String(SP,body. Vdotted->right->name);
hi = (char) (index >> 8);

lo = (char) index;

addtocode(lo,code_army);

addtocodethi,code_array);

break;

case KiypeExpression:
if(typeof{body . ViypeEx pression->poniName) == KT void)
{

op = typeExpressionOp;
body. ViypeExpressicn->valuepos = current pos;
addtocode(op,code_array);

/* calculate index into type refercnce armay */
index = add_type(SPbody. ViypeExpression->type);
hi = (char) (index >> §};
lo = (char) index;
addiocode(lo,code_armay);
addtocade(hi,code_array);
}
else  /* port name is present *
{
op = portExpressionOp;
body. ViypeExpression->valuepos = currentpos;
additocode(op,code_array);

/* calculate index into type reference amay */
index = add_type{SP body. VtypeExpression->type);



hi = (char} (index >> 8);
0 = (char) index;

addtocode(lo,code_armay);
addtocodechi,code_array);

/* caloulate reference into string reference array */
index = add_String(SPbody.ViypeExpression
->portName. VnameToken->rame);

hi = (char) (index >> 8);

lo = (char) index;

addtocode(lo,code_array);

addiocodethi,code_ammay);

}

break;
case KdefnRef:

/* generate code for all arguments of the application */

foreachinSEQexpression(body. VdefnRef->arguments, Sarg,arg)

gencode(arg,code_armay);

op = applicationOp;
body. VdefnRef->valuepos = currentpos;
addtocode(op,code_amay);

#* calculate index into definition reference array */
index = add_definition(SP,body.VdefnRef->reference);
hi = {char) (index >> 8);

lo = {char) index;

addtocode(lo,code_array);

addtocodethi,code_array);

/* enter number of arguments into code armay */
op = len{(pGenList}(body. VdefnRef->arguments));
addtocode(op,code_ammay);

break;
case Kapplication:

/* this is really type widening *
/* ignore application and generate code for argument */

retrievefirstSEQexpression(body. Vapplication->arguments,arg);

gencode(arg,code_array);
break;

case KintegerToken:

if(atoi(body. VintegerToken->integer) == 0)

{
op = ZeroOp;
body. VintegerToken->valuepos = currentpos;
addtocode(op,code_amay);

}

else

if(atoi(body. VintegerToken->integer) == 1)

op = CneOp;
body. VintegerToken->valuepos = currentpos;
addtocode(op,code_atray);

op = intToken;
bedy. VintegerToken->valuepos = currentpos;



addtocode{op,code_armay);

/* calculate index into integer reference armray */
index = add_Integer(SP aloi(body. VintegerToken->integen));
hi = (char) (index >> 8);
lo = {char) index;
addtocode(lo,code_armay);
addtocodehi,code_armay);
}
break;

¢ase KrationalToken:

op = ratToken;
body. VrationaiToken->valuepos = currentpos;
addtocode(op,code_array);

/* calculate index into rational reference array */

index = add_Rational(SP,atof(body.Vrational Token->mational));
hi = (char) (index >> 8);

lo = (char) index;

addtocodeflo,code_array);

addtocode(hi,code_array);

break;

case KstringToken:

op = strToken;
body. Vstring Token->valuepos » currentpos;
addtocode(op,code_array);

/* calculate index into siring reference array */
index = add_String(SP,body. VstringToken->string);
hi = (char) (index >> 8);

{0 = (char) index;

addtocode(lo,code_array);
addiocode(hi,code_array);

break;

case Kroot:
if(typeo{(body. Vroot->pontName) =« KTvoid)
{
op = RootOp;

body. Vroot->valuepos = cumrentpos;
addtocode(op,code_array);

}
else  /* port name is present */
{

Op = portRooctOp;

body, Vioot->valuepos = currentpos;
addtocode(op,code_array);

/™ calculate index into string refercnce array */
index = add_String(SP,body. Vroot->portName. VnameToken->name);
hi = (char) (index >> 8);
lo = {char) index;
addiocode(lo,code_array);
addtocodechi,code_armay);
}

break;
case Kempty:

op = emptyOp;
body. Vempty->valuepos = currentpos;



addtocode(op,code_amay);
break;

case Kirue:

op = trueOp;

body. Virue->valuepos = cumrentpos;
addtocode(op,code_array);

break;

case Kfalse:

op = falseQp;
body.Vfalse->valuepos = currentpos;
addtocode(op,code_array);

break;

case Kmembers:

gencode(body. Vmembers->argument,code_array);
op = membersOp; :

body. Vmembers->valuepos = currentpos;
addtocode(op,code_array);

break;

casg Khead:

gencode(body. Vhead->argument,code_amay);
op = headOp; '
body. Vhead->valuepos = currentpos;
addtocode(op,code_armay);

brezk;

case Kiype:

gencode(body. Vtype->argument,code_array);
op = typeOp;

body. Vtype->valuepos = curmrentpos;
addtocode(op,code_array);

break;

case Ksize:

gencode(body, Vsize->argument,code_array);
if(typeof(body. Vsize->argument. IDLeclassCommon->exp_type)
== Ksingleton)
tipe = typeof(body. Vsize->argument.IDLclassCommon
->exp_type.Vsingleloa->object_type);
else
tipe = typeof(body. Vsize->argument.IDL.chssCommon->exp_type);

if(tipe == Kstr)
op = str_sizeOp;
else
op = setseq sizeOp;

body. Vsize->valuepos = currentpos;
addiocode(op,code_array);
break;

case Ktail:

gencode(body. Vitail->argument,code_array);
op = tailOp;

body. Viail->valuepos = cumentpos;
addiocode{op,code_array);

break;



case Kquantifierz

levels+; /* increment nesting level */
body. Vquantifier->nest_level = level;

/* generate code for collection quantifier will iterate over ¥/
gencode(body, Vquantifier->set,code_array);

if(typeof(body. Vquantifier->op) == Kfomll)

op = forallOp;
else

op = existsOp;
addiocode(op,code_array);

/* save start positioa for "return” statement that will be
inserted at erdquantifier operator */
Startpos = CUrTentpos;

/* generate code for body of quantifier */
gencode(body. Vquantifier->body,code “amay);

body. Vquantifier->valuepos = currentpos;

#* End operator will return to start position if there are

more objects in the quantifier set *
if(op == forallOp)
{

op = endForAll;
addtocode(op,code_array);
op = startpos + 1;
addtocode(op,code_array);

3
else
{
op = endExists;
addtocode(op,code_armay);
op = startpos + 1;
addtocode({op,code_array);
}
level—; /* decrement nesting level *
break;

case Kconditional:

body. Veonditional->valuepos = currentpos;
gencode(body. Veonditional->test.code_array);

op = jfalse;

addtocode(op,code_amay);

/* save current location to back insert later *f
loc = currentpos;

addtocode(foc,code_array);

gencode(body.Vconditional->men,code_.an~ay);

0p = jump;
addiocode(op,code_array);

* stack location of jump to backinsert exit position at
end of conditicnal */
appendrearSEQInteger(loc_stack,currentpos);



loc_count++; /* increment count of how many positions
to backinsert into later *f

addtocode(currentipos,code_armay);

backinsert(currentpos,loc,code_army);

/* handle Orif pairs */
foreachinSEQexpressionPair(body. Veonditional->orif Sep,ep)
{

gencode(ep->test,code_armray);

op = jfalse;

addtocode(op,code_array);

loc = curreatpos;

addtocode(loc,code_array);
geacode(ep->then,code_amray);
op = jump;
addtocode(op,code_array);
appendrearSEQInteger(loc_stack,cutrentpos);
loc_countw+;
addtocode(currentpos,code_amay);
backinsert(currenipos,loc,code_array);

}

gencode(body. Vconditional->otherwise,code_array);

/* backinsert exit location to all saved jump operator locations */
for(i=1;i<=loc_countji++)
backinsert{currentpos,pop(dloc_stack),code_array);

break;

case Kcontrol:

op = controiOp;
body.Veontrol->valuepos = currentpos;
addtocode(op,code_armay);

/* insert level of control operator */

op = body.Vcoatrol->owner->nest_level;
addtocode(op,code_array);

break;

case KformArg:

op = formArgOp;
body.VformArg->valuepos = currentpos;
addtocode(op,code_array);

/* insert position of formal arg in list of declared args */

op = position(body. VformArg->actual,in.IDLclassCommon->formals);
addtocode(op,code_armay);

break;

} /* end of generatecode */

e i a2 B O Lk At e

* addiocode adds operator to code armay *
-



. Last revised: April 14,1986 *

PTT Y P 1
addtocode{entry,code)
int entry; /* operator to add */
SEQInteger *code; /* code array */
{
appendrearSEQInteger(*code,entry);
CUmentpos++; /* increment current position in code amay */
}
F T P e RS A e Y
e backinsert insert location into a former location - .
* used to avoid backtracking - *
3 £
* Last revised: April 14, 1986 *
FT1¢% 1 L ’n
backinsert(11,12,code)
int I1; /* location to insert */
int 12; /* location where to insert */
SEQInteger *code;  /* code amray ¥/
{
int i;
pGenList temp;
temp = (pGenList)(*code);
for(i=1;i<al2;i++)
temp = temp->next;
temp->value = {1 + I;
}
F e B e L R i S S A ST A A SRR WS
* pop pop a stack of integers *
» *
* Last revised: April 14, 1986 .
e hd !
pop(stack)
SEQInteger *stack; * stack to be popped %/
{
int result;

retrievelastSEQInteger(*stack,result);
removelastSEQInteger(*stack);

return(resuit);
}
I bt bb bbb deb b p deeded b b o bbb e e b e e e oot bt
. len lea returns the length of a generic list >
L]
. Last revised: April 14, 1986
EELLE LR L L] ] ok t 1 =¥ - ] !
len(list)
pGenList list; /* list to get length of */
{

int result;

pGenList listptr;

listptr = list;
result = 0;



while(listptr '= NULL)
{

result++;

listptr = listptr->next;

return{result);

* position  returns the position of a formal argument in a *
* list of declared formal arguments *
. Last revised: Aprii 14, 1985

Py ¥

position(form,declared_args)

formal form; * formal to find position of */
SEQformal declared args; /* list of formal arguments */
{

SEQformal Sf:

formal f;

int result;

int i

i=l;

result = G;

foreachinSEQformal(declared_args,Sh.f)

H(f == form) result = i;

Ik

}

return(result);
}
B B m B B s
. add_Stringadd a string to string_refs amay and return *
* its position -
-
. Last revised: April 14, 1986
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add_String(SP,str)

SYMBOL 3P, /* structure or process containing string_refs array */
String stry /* string to add */
{

int result;

if(typeof(SP) == Kstructure)
{

appendrearSEQString(SP. Vstructure->string_refs,str);
resuit = len((pGenLst)(SP.Vstmcmre-)slring_refs));

}
else
{
appendrezrSEQString(SP.Vprocess->string_refs,str);
result = len((pGenList)(SP. Vprocess->string_refs));
}
return{result);
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. add_Integer add an integer lo integer_refs array and return »
* its position b
]
* Last revised: April 14, 1986
* {

add_Integer(SP,num)
SYMBOL, SP; {* structure or process conlaining integer_refs amray */
int nurn; ™ integer to add ¥/
{

int result;

if(typeof(SP) == Kstructure)

{

appendrearSEQInteger(SP. Vstructure->integer_refs,num);
result = len((pGenList)(SP.Vstructure->integer,_refs));

1
else
{ _
appendrearSEQInteger(SP.Vprocess->integer_refs,num);
result = Jen((pGenList)(SP.Vprocess->integer_refs));
}
retum(resuit);
1
PPttt bebedrebebepireeeboirbedobede bbb A b e
* add_Raticnal add a rational to rational _refs armay and =~ *
* retura its position *
¥
* Last revised: Aprit 14, 1986
» *® W L » Lt lﬂ*’
add_Rational(SP,num)
SYMBOL 3P; /* structure or process containing rational _refs array */
float num; /* rationa o add */
{
int resuit;
if(typeof(SP) me Kstructure)
{
appendrearSEQfloat(SP. Vstructure->rational _refs,num);
result = len((pGenList)(SP.Vstructure->rational_refs));
}
else
{
appendrearSEQfloat(SP.Vprocess->rational_refs,num);
result = len{(pGenList)(SP. Vprocess->mational_refs));
1
return(result);
}
F s ]
. add_type add a type to type_refs ammay and *
* return its position *
L]
* Last revised: April 14, 1986
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add_type(SP,t)
SYMBOL SP; /* structure or process conlaining lype_refs array */
iypeTree t; /* 1ype to add ¥/



int resull;
if{typeof(SP) == Kstructure)
{

appendrearSEQtypeTree(SP. Vstructure->type_refs,t);
result = len((pGenList)(SP. Vstructure->type_refs)};

}
else
{
appendrearSEQlypeTrea(SP. Vprocess->ilype_refs.t);
tesult = len((pCenList)(SP.Vprocess->type_refs));
}
return(result);
}
P :
* add_definition add a definition 1o define_refs amayand *
- return its position .
*® »
* Last revised: April 14, 1986 *
LE L2 !
add_definition(SP,d)
SYMBOL SP; /* structyre of process conitaining define_refs amay */
definition d; * gefinition o add */

{
int result;
if(typeof(SP) == Kstructure)
{

appendrearSEQDefOrlnst(SP. Vstructure->define_refs,d);
result = len((pGenList)(SP.Vstructure->define_refs));

}

else

{
appendrearSEQDe{Orlnsi(SP. Vprocess->define_refs,d);
result = len({pGenList)(SP.Vprocess->define_refs));

}

return(result);
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Report problems to
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Title: Instructions for Assertion Checker

Filename: ~ kickenso/softlab/codegernvinstructions.h
Author: Jerry Kickenson <kickenso@UNC>
Department of Computer Science

University of North Carolina
Chapel Hill, NC 27514

Copyright (C) The University of North Carolina, 1985
All rights reserved. No part of this software may be sold or *

distributed in any form or by any means without the prior written -
permission of the SoftLab Software Distribution Coondinator. *

softlab@unc (csnet) or
softlablunc@CSNET-RELAY (ARPAnet)

Direct ail inquisies to the SoftLab Software Distribution
Coordinator, at the above addresses.

Function; integer codes defined for checker instructions

#define ZeroOp
#define OneOp
#define intToken
#define rtToken
#define strToken
#define tueQp
#define falseOp
#define emptyOp
#define RootOp
#define typeExpressionQOp
#define portRootOp 10
#define portExpressionOp
#define unionOp

#define intersectOp 13
#define subsetOp 14
#define propSubsetOp
#define plusOp

#define minusOp

#define timesOp

#define divideOp 19
#define andQp

#define orOp

#define str_lessQp 22
#define str_lessEqOp 23
#define str_greaterOp 24
#define str_grirEqQOp 25
#define sir_equalOp 26
#dsfine sir_notEqualQOp
#define num _lessEqOp
#define num_lessOp 29
#define num_greaterOp
#define aum_grirEqOp
#dafine num_equalOp32
#define num_polEqualOp
#define bool_equaiOp34
#define bool_notEqualOp
#define set_equalOp 36
#define set_notEquaiCp
#define seq_equalOp 33
#define seq_notEqualOp
#define node_equaiOp
#define node_notEqualOp

N
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D00 - Ov

30
31

33
is
7
39

40
41
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#dzfine sameOp

#define inSetOp

#define inSeqCp
#define inCollectionOp
#define unaryMinusCp
#define 20tOp

#define jump

#define jtrue

#define jfalse

#define membersOp 51
#define headOp

#define tailOp

#define str_sizeOp 54
#define setseq_sizeOp55
#define typeQp

#define forallOp 57
#define existsOp 58
#define endForAll 59
#define endExists 60
#define controlOp 61
#define formArgOp 62
#define dotOp

#define applicationOp64
#define RETURN

#define ENDASSERTION

56

&a
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Title: Interpreter for Assertion Checker .

Filename: " kickenso/softlab/check/check.c »

Author: Jerry Kickenson <kickenso@unc> *
Department of Compuler Science *
University of North Carolina -
Chapel Hill, NC 27514 *

*
Copyright (C) The University of North Carolina, 1985 .

All rights reserved, No past of this software may be soid or *
distributed in any form or by any means without the prior written i
pemission of the SoftLab Software Distribution Coondinator. *

® B % % K & 4 % R & ® B R R K%K KK RN

Report problems to softlab@une (csnet) or ®
softlablunc@CSNET-RELAY (ARPAnet) .
Direct all inquiries to the Scftlab Software Disiribution *
Coordinator, at the above addresses. ®
-
Function: main driver for interpreter for assertion checker .
E
*
- o

static char resid = "SHeader: check.c,v 1.8 86/04/09 08:37:43 kickenso Exp §”

F e e a1 e o o o TR e
* Revision Log: ' *
» Slog: checkc,v $

* Revision 1.8 8&04/09 08:37:43 kickenso

* modifying for integer byte codes

»

= Revision 1.7 8&/01/12 22:24:34 Xkickenso

* rawrole code to handle Type function

E

* Revision 1.6 85/12/27 14:15:11 kickenso

* added code to handle noncyelic definitions

-

* Revision 1.5 85/12/25 15:07:08 kickenso

* Added code to handle all operators excepl formal args & applications
=

* Revision 1.4 85/12/24 17:07:31 Kkickenso

* Added supplied functions

* modified code to make all literals standard ...Desc as in idlData

»

* Revision 1.3 85/12/24 12:50:44 Xickenso

* Added more operators

-

* Revision 1.2 85/12723 16:37:35 kickenso

* added code (o handle binary operators

*®

* Revision 1.1 85/12/23 12:05:25 kickenso

* [ajtial revision

L] a2
» -

lasngnssn » » ] » RN RS R RR R R

#include <stdio.bc>

#include "Checkh”

#include "macros.h”

#include "./codegen/instructions.h™”

typedef int Operation;
lypedef char BYTE;
typedef SEQInteger SEQOperation;



#define stack(x,y)  stack_obj{x,y,code pos-1);
#define MAXSTRUCS 10 /* maximum number of structures that ¢an
be read in for one process ¥/

runstackEntry runtime _result{1000]; /* armay which saves results of ali
intermediate expressions. Used by
routine that generates error log ¥/
FILE *errorfile;

main(arge,argv)
int arge;
char *argvil;
{

runstackEntry  interpret(); /* interpret may return a postfix code
entry if a definition is interpreted */

scope code; / postfix code struciure *f

FILE *in; /* specific instances of structures */

strue alstrues{MAXSTRUCS]; /* 3l structures read */

struc in_data; /* one instance of a read struciire *

SETString invs; /* set of invariant structure names *}

SEQSYMBCL SSYMBOL; / iterators ... */

SYMBOL ASymbol;

SEQassertionStatement Sas;

assertionStatement as;

SEQOperation Spfc;

Operation pie;

SETpart Spt;

port Pt

IDLVALUE forms[50]; /* holds formal arguments */

int stindex;

int numstruc; /* number of instances ¥

FILE *fopen();

char *mailoc();

boolean suppress; /* true il detailed error
messages should be
suppressed */

suppress = FALSE;

/* read in postfix code *
code = Code(stdin);

/* read in atl structure instances %/

numstruc = -1;
for(stindex=1;stindex<argc;stindex++)
{
if(streq({argv{stindex],"-w"))
suppress = TRUE;
else
{
in_data.portname = malioc(strlen(argv[stindexi)+1);
strepy(in_data.portname,argv(stindex]);
if(streq(argv{++stindex},"-"))
in_data.st = data_in{stdin);
else

if{(in = fopen(argv(stindex],"r")) == NULL}
fprintf(stderr,”File %s cannot be opened for reading.0,
argv[stindex]);
in_data.st = data_in(in);

}



allstrues(++numstruc] = in_data;
}

invs = NULL;
/™ collect all invariant siructure names and add structure names
to structure instances */

foreachinSEQS YMBOL(code->symbols,SSYMBOL,ASymbal)
if(typeof(ASymbol) == Kprocess)
{

addSETString(invs,ASymbol. Vprocess->invariant->name);
for(stindex =0;stindex<=numstrue;stindex++)
foreachinSETport(ASymbol. Vprocess->ports,Spt,pt)
if(streq(pt.IDLclassCommon->name,
allstrucs(stindex }. portname))
{

allstrucs[stindex].stname =
malloc(strien(pt.IDL classCommon->data->name)+1);
strepy(alistrucs[stindex].stname,
pt.IDLclassCommon->data->aame);

/* interpret all assertions *f
foreachinSEQS YMBOL(code->symbols,SSYMBOL.,ASymbol)

/* first handle assertions within structures, excepting invariants */
if(typeof(ASymbol) == Ksizucture)

if(linSETString(invs, ASymbol. Vstructure->name))

foreachinSEQassertionStatement{ ASymbol. V stjucture->assertions,
Sas,as)
if(typeof(as) == Kassertion)
{

stindex = 0;
while(stindex <= numstruc)

if(streq(ASymbol. Vstructure->name,
allstrucs{stindex}.stname))
check(as, Vassertion->postfixBody,

as.Vassertion->name,ASymbal,
as.JDLclassCommon->sourceposition,
a8, Vassertion->body);

stindex++;

}
}
}
/* now handle assentions within procasses */

}
else if{typeof{ASymbol) us Kprocess)
{ .

foreachinSEQassertionSlatement{ASymbol.Vprocess->assertions,
Sas,as)
if(typeof(as) == Kassertion)
{

check(as.Vassertion->postfixBody as.Vassertion->name,
ASymbol,as.]DLclassCommon->sourceposition,
as.Vassertion->body);



3 /* end of main */
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* interpret  interpret assertion code in given code array.”
* Retum result, Interpretation of an assertion™
* code armay always resuits in a boolean value. *
* Interpretation of a definilion instance code *
* armay may result in any runstack eatry type.*
* If an assertion returns false, an error hd
* tog describing the failed assertion is *
* generated. The error log generation involves -
* a walk of the expression tres. *
» - L
* Last revised: June 7, 1986 *
-ul]
ruastackEntry interpret(body,zame,SP,spos,forms,alistrucs,
numstruc,stindex,tree,suppress)
SEQInteger body; /* code array to be interpreted */
nameOrVoid name; /* asgertion name, if any *f
SYMBOL SP; * structure/process assertion is in ¥/
int spos; /* sourceposition of assettion */
IDLVALUE forms(]; /* list of definition arguments - used
when interpreting definition instance body */
stiue allstrucs[]; / array of structure instances */
int numstruc; /* number of structures in allstrucs ¥/
int slindex; /* index of structure in allstrucs */
expregsion tree; /* expression tree for assertion - used in
: generating error log */
boolean suppress; /* TRUE if emor log should be suppressed */
{
runstackEntry pop(; /* pop the runlime stack */
runstackEntry get_object(); /* returns object in a

singleton collection */

SEQruastackEntry runstack = NULL;  /* run time stack *f

int
Operation
IDLVALUE

SEQInteger

IDLVALUE

SEQIDLVALUE

runstackEntry
runstackEntry -
ruastackEntry

code_pos = 1; /* code array position*/
entry; /* current entry in code */
coatrolArray[50];  /* holds values controls
will take on *f
controlRetum = NULL; /* return points in contrel
array after applications */
offset = 0; * offset in controlArray */
numcontrol = 0; /* number of objects in control
amay */
level; /* level of control reference «f
nestlevel = 0; /* nesting level of quantifier %/
formofTset = 0; /* offset in formalArray */
numargs = (; /* number of arguments in
formalAmay *
pos; #* position of formal in
formal ammay *
formal Amray(50}; /* holds values formals
will take on *f
args = NULL; /* application arguments */
opl; /* operand */
op2; /* operand */
result; /¥ result ¥/



SEQcollect quantsets = NULL; /* stores quantifier sets */
collect qs;
SEQIDLVALUE Sobj; /* iterators ... */
IDLVALUE obj;
IDLVALUE obj2;
int i3
SEQattrDesc Sad;
attrDesc ad;
SETString Ss;
String 5
int hilo; ./ high,low bytes of reference index */
int index; /* index into reference array ¥/
pGenList listptrl; /* temporary to hold sets,sequences */
pGenList listpe2; /* " *f
int eg,eeq; /M temporary to hold current value of
T/E for equality/inequality ¥
IDLVALUE hed; * holds value of head of a sequence */
SETString types; /* holds all types reachable from a
another type, which may be a class */
IDLVALUE arg; /* a single arpument *
runstackEntry argrun; /* argument when on runstack */
idlinstance instance; /* definition instance »
idiinstance findinstanca(); /* finds instance of a definjtion
which applies to arguments %/
IDLVALUE unstack_to_value();
/* iranslates mnstack entry to
equivalent IDLVALUE */
runstackEalry value to_runstack();
* transiates IDLVALUE to equivaient
runstack entry *f
nodeDesc stre; /* structure instance *f
SEQString string_refs; /* string references  */
SEQInteger integer_refs; /* integer references */
SEQMoat rational_refs; /* rational references */ .
SEQtypeTree type_refs; /* type references %/
SEQDefOrinst  define_refs; /* definition references ¥/
ing int_value; /* integer value *f
float rat_value; /* rational value *
String str_value; /* string value */
typeTree type_vaiue; /* type value ./
DefOrinst def_value; /* definition value %/
SEQinteger Sn;
init o;

/* initialize control and formal return arrays */
append{rontSEQInteger(controlReturn,0);

/* assign correct reference arrays */
if(lypeol(SP) == Kstructure)
{

string_refs = SP.Vstructure->string_refs;
integer refs = SP.Vstructure->integer refs;
raticnal_refs = SP.Vstmcture->rational _refs;
Llype_refs = SP.Vstructure->lype refs;
define_refs = SP.Vstructure->define_refs;

string_refs = SP,Vprocess->string_refs;
integer_refs = SP.Vprocess->integer_refs;



raticnal_refs = SP.Vprocess->rational_refs;
type_refs = SP.Vprocess->type_refs;
define_refs = SP.Vprocess->define_refs;

/* get first code operator */
ithinSEQIntegen(body,code_pos++,entry);

r* ENDASSERTION ends an assertion interpretation.
RETURN eads a definition instance interpretation. */

while(entry != ENDASSERTION && entry != RETURN)
{
switch (entry) {

case ZeroOp:
result. VintegerDese = NintegerDese;
resuit. VintegerDesc->value = 0;
stack(result,&runstack);
break;

case OneOp:
resuit. VintegerDese = NintegerDese;
result. VintegerDesc->value = 1;
stack(resuilt, &runstack);
break:

/* binary operators */
case uaionOp:

result Veoilect = Ncollect;

op2 = pop(&runstack); -
opl = pop(&ruastack);
foreachinSEQIDLV ALUE(op1. Veollect->objects,Sobj,obj)
appendrearSEQIDLV AL UE(result. Veollect->objects,o0bj);
foreachinSEQIDLV ALUE(op2.Vcallect->objects,Sobj,0bj}
if(linSEQIDL Y ALUE(resuit. Veollect->objects, obj))
appendrearSEQIDLVALUE(result Veollect->objects,obj);

stack(resuit,&runstack);
break;

case intersectOp:
result, Veollect = Neollect;

op2 = pop(&runstack);
opl = pop(&runstack);
foreachinSEQIDLV ALUE(op1.Vcollect->objects,Sobj,obj)
if(inSEQIDLY ALUE(op2. Vcollect->objects,obj))
appendrearSEQ!DLYALUE(result. Vcollect->objects,obj);

stack(result, & runstack);
break;

case plusOp;

op2 = pop(&mnstack);
opl = pop(&runstack);

/* singleton collections %/

if(typeof(opl) == Kcollect)
opl = get_object(opl);

if(typecf{op2) == Kcollect)
op2 = get object(opl);



if(typeof(opl) == KrationalDesc)

result. VrationalDesc = NrationaiDesc;
if(typeof{op2) == KrationalDesc)
result. VrationalDesc->value = opl.VrationalDesc->value +

op2.VrationalDesc->value;
else _
resuit. VrationaiDese->vaiue = opl.VrationalDesc->vaiue +
op2.VintegerDesc->vaiue;
}
else

if(typeof(op2) == KrationalDesc)
{

result. VrationalDesc = NrationaiDesc;
result. VrationalDesc->value = opl.VintegerDesc->value +

op2.VretionalDesc->value;
}
else
result. VintegerDesc = NintegerDesc;
result, VintegerDesc->value = opl.VintegerDesc->value +
op2.VintegerDesc->value;
}
}
stack(resuit, & munstack);
break;
case minusOp:
opZ = pop(&nunstack);

opl = pop{&runstack);

/* sinpleton collections */

if(typeoi(opl) w= Kcollect)
opl = get_object(opl);

if(typeof(op2) == Kcollect)
op2 = get_object{op2);

if(typeof(opl) == KrationalDesc)
{

result. VrationalDese = NrationalDesc;
if(typeof(op2) == KrationalDesc)
result. VrationalDesc->vaiue = opl.VrationalDesc->value -
op2.VrationalDesc->value;
¢lse
result. VrationalDesc->vaiue = opi.VrationalDesc->value -
op2.VintegerDesc->value;
}

else
if(typeof(op2) == KrationaiDesc)
{
result. VrationalDesc = Nrational Desc;

result. VrationalDesc->value = opl.VintegerDesc->value -
op2.VrationalDesc->value;

}
else
{
result, VintegerDesc = NintegerDesc:
result. VintegerDesc->value = opl.VintegerDesc->value -
op2.VintegerDesc->value;
}

}

stack(result,& runstack);



break;
case timesOp:

op2 = pop{&runstack);
opl = pop(&nunstack);

/* singleton collections */

if(typeof(opl} == Kcoilect)
opl = get_object(opl);

if(typeof(op2) == Kcollect)
op2 = get_objeci(op2);

if(typeof(opl) == KrationalDesc)
{

resuit.VrationalDesc = NrationalDesc;
if(typeof(op2) == KrationaiDesc) .
resuit. VrationalDesc->value = opl.VrationalDesc->value *
op2.VrationalDesc->vaiue;
elss

result VrationalDesc->value = opl.VralionaiDesc->value *
op2.VintegerDesc->value; |

}

else
if(typeof(opl) == KrationalDesc)
{

result, VrationaiDesc = NrationaiDesc;
result. VrationalDesc->value = opl.VintegerDesc->value *

op2.VrtionaiDesc->value;
H
else
{ .
result. VintegerDesc = NintegerDesc;
result. VintegerDesc->vaiue = opl.VintegerDesc->value *
op2.VintegerDesc->value;
1
}
stack(result,&runstack);
break;
case divideOp:

op2 = pop(&runstack);
opl = pop(&mnstack);

* singleton collections */

if{typeoi{opl) == Kcollect)
opl = get_object(opl);

if(typeof(op2) ww Kcollect)
op2 = get_object{op2);

result. VrationalDesc = Nrational Desc;
if(typeaf(opl) == KrationaiDesc)

if(typeof(op2) == KrationaiDesc)
result. VrationaiDesc->value = opl.VrationalDesc->value /
op2.VrationalDese->value;
else
result. VrationalDesc-»value = opl.VrationalDesc->value /
op2.VintegerDesc->value;
}

else

if(typeof(op2) == KrationalDesc)
resuit. VrationalDesc->value = opl.VintegerDesc->value /



op2.VrationalDesc->value;

else
result. VrationalDesc->value = opl.VintegerDesc->value /
op2.VintegerDesc->value;

}

stack(resuit,&ninstack);

break;

case andOp:
©0p2 « pop(&munstack);

opl = pop(&runstack); -

* singleton collections */

if(typeof(opl) == Kcollect
opl = get_object(opi);

if(typeof(op2) =« Kcollect)
op2 = get_object(op2);

if(typeof(opl) == KTVALUE && typeof(op2) == KTVALUE)
result. VTVALUE = NTVALUE;

else
resul. VFVALUE = NFVALUE;

stack(result, & runstack):
break;

case orOp:

op2 = pop(&runstack);
opl = pop{&runstack);

/* singleton collections */

if(typeof{opl) == Kcollect)
opl = get_object(opl);

if(typeof{op2) =w Kcollect)
op2 = get_object{op2);

if(typeof(opl) == KTVALUE || typeof(op2) == KTVALUE)
result. VTVALUE = NTVALUE;

else
result. VFYALUE = NFYALUE;

stack(result,&runstack);
break;

case sir_lessOp:

op2 = pop{&runstack);
opl = pop{&runstack);

/* singleton collections */

if(typeof(opl) == Kcollect)
opl = get_object(opl);

if(typeof{opl) == Kcollect)
op2 = get_object(op2);

if(stremp{opl. VstringDese->value,op2. Vstring Desc->value) < 0)
result. VTVALUE = NTVALUE;

else
resul. VEVALUE = NFYALUE;

stack(result,&runstack);
break;



case num_lessOp:

op2 = pop(&ninstack);
opl = pop(&munstack);

/* singleton collections */
if{typeof(opl) == Kcollect)
opl = get_object{opl);
if{typeof(op2) == Kcoilect)
op2 = get_object(op2);
if(typeof(opl) == KrationalDesc)
if(typeofi{op2) == KrationalDesc)
{

if(opl.VrationalDesc->valus < op2.VrationalDese->value)

result. VTVALUE = NTVALUE;
else
1esuit. VFVALUE = NFVALUE;
}
else
{
if{opl.VrationalDesc-»value < op2.VintegerDesc->value)
resuit. VTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;
}
}
else
if(typeof(op2) == KrationalDesc)
{
if{opl.VintegerDesc->value < op2.VrationaiDesc->value)
result. VTVALUE = NTVALUE;
else
result. VFVALUE « NFVALUE;
}
else
{
if(opl.VintegerDesc->value < opl.VintegerDesc->value)
reselLVTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;
}
}
stack(resuit, &runstack);
break;

case str_lessEqOp:

op2 = pop(&runsiack);
opl = pop(&runstack);

/* singleton collections ¥/

if(typeof(opl) == Kcollect)
opl = get_chject(opl);

if(typeof(op2) == Kcollect)
op2 = get_object(op2);

if{stremp(opl. VstringDesc->value,0p2. VstringDesc->value) <= )
result. VTVALUE = NTVALUE;

eise
result, VFVALUE = NFVALUE;

stack(result, & runstack);
break;



case num_lessEqOpe

op2 = pop(&runstack);
opl = pop(&rnunstack);

/* singleton collections */

if(typeof(opl) == Kcollect)
opl = get_object(opl);

if(typeof{op2) == Kcollect)
op2 = get_objeci(op2);

if(typeofopl) == KrationalDesc}
{
if(typeof(op2) == KrationalDesc)
{
if(opl.VrationalDesc->value <= op2. VrationalDesc->vailue)
result. VTVALUE = NTVALUE;
eise
result. VFVALUE = NFVALUE;
}
else
{
if(opl.VrationalDesc->value <= opl.VintegerDesc->value)
result. VTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;
}
}
else
if(typeof{opl) == KrationaiDesc)
{
if{opl.VintegerDesc->value <= op2. VrationalDesc->value)
resul, VTVALUE = NTVALUE;
else
resul. VFVALUE = NFVALUE;
}
else
{
if{opl.VintegerDesc->value <= op2.VintegerDesc->vzlue)
resuit. VTVALUE = NTVALUE;
else
resuit. VFVALUE = NFVALUE;
}
}
stack(resuit, &runstack);
break;

case sir_greaterOp:

op2 = pop(&mnstack);
opl = pop(&runstack);

/* gingleton coilections */

if{typeof(opl) == Kcoilect)
opl = get_object{opl);

if(typeof{op2) == Kcollect)
op2 = get object(op2);

il(stremp(opl. Vsiring Desc->value,0p2. Vstring Desc->value) > 0)
result. VIVALUE = NTVALUE;

else
result. VEVALUE « NFVALUE;

stack(result, &runstack);
break;



case num_greaterQOp:

op2 = pop(&runstack);
opl = pop(&runstack);

/* singleton collections */

if(typeof(opl) == Kcollect)
opl = get_object(opl);

if(typeof{op2) == Kcollect)
op2 = get_object(op2);

if(typeof(opl) == KrationaiDesc)
" iftypeof(op2) == KrationalDesc)
if(opl.VrationaiDesc->value > op2.VrationalDesc->value)
result. VTVALUE = NTVALUE;
else
resuit. VFVALUE = NFVALUE;
}
else
{ .
if{opl.VrationalDesc->value > opl.VintegerDesc->value)
result. VTVALUE = NTVALUE;
else
result VEVALUE = NFVALUE;
}
}
else
if(typeof(op2) == KrationaiDesc)
if(opl.VintegerDesc->value > op2.VrationalDesc->value)
result. VTVALUE = NTVALUE;
else
result, VEVALUE = NFVALUE;
}
else
if(opl.VintegerDesc->value > opl.VintegerDesc->value)
result. VTVALUE = NTVALUE;
else
resuit. VFVALUE = NFVALUE;
}
}
stack(result, & runstack);
break;

case str_gnrEqOp:

op2 = pop(&mnstack);
opl = pop(&munstack);

* singleton collections */

if(typeof(opl) == Kcollect)
opl = get_objeci(opl);

if(typeof(op2) == Kcollect)
op2 = get_object{op2};

if{stremp{opl. VstringDesc->value,op2. Vstring Desc->value) >= ()
resul, VTVALUE = NTVALUE;

else
result. VFVALUE » NFVALUE;

stack(result,&runstack);
break;



case num_grrEqOp:
op2 = pop(&runstack);
opl = pop(&rmunstack);

/* singletor collections */

if(typeof(opl) == Keollect)
opl = get object(opl);

if(typeof(op2) == Kcoilect)
opZ = get_object(op2);

if{typeof(op!) == KrationalDesc)
{

if(typeof{op2) == KrationalDesc)
{

if{opl.VrationalDese->value >w 0p2. VrationalDesc->value) -
resuit. VIVALUE = NTVALUE;
eise
result. VFVALUE = NFVALUE;

if(op1.VrationalDese->vaiue >= op. VintegerDesc->value)
resull, VTVALUE = NTVALUE:

eise
result. VFVALUE = NFVALUE;

if(typeof(op2) =« KrationaiDesc)
{

if{opl.VintegerDesc->value > op2 Vrational Desc->value)

result. VTVALUE » NTVALUE;
else
result. VFVALUE = NFVALUE;
}
else
{
if(opl.VintegerDesc->value >= op2.VintegerDesc->value)
result. VTVALUE = NTVALUE;
eise
result. VFVALUE = NFVALUE;
}
}
stack(resuit,&runstack);
break;

case bool _equalOp:

op? = pop{&ruastack);
opl = pop(&runstack);

/* singleton coilections */

iftypecf(opl) == Kcollect)
opl = get_object{opi});

if(typeof(op2) =w Kcollect)
op2 = get_object(op2);

if(typeof(opl) == typeof({op2))
result. VIVALUE = NTVALUE;

else

resul. VEVALUE = NFVALUE;

stack(resuit,&runstack);

break;



case num_equalOp:

op2 = pop{(&runstack);
opl = pop(&runstack);

/ singleton coliections */

if(typeof(opl) == Kcollecl)
opl = get_objectiopl);

if(typeof(op2) == Kcollect)
op2 = get_object(op2);

if(typeof(opl) == KrationalDesc)
{

iftypeof{op2) == KrationalDesc)
{
if(opl.VrationaiDesc->value == op2. VrationalDesc->value)
result. VTVALUE = NTVALUE;
else .
result. VFVALUE = NFVALUE;
}
else
{
if(opl.VrationalDesc->value == op2. VintzgerDesc->value)
r2sullLVTVALUE = NTVALUE;
else
resultl. VFVALUE = NFYALUE;
}
}
¢clse
if(typeof(op2) == KrationalDesc)
{ _
if(opl.VintegerDesc->value == op2.VrationalDesc->value)
resuit. VTVALUE = NTVYALUE;
else
resull. VFVALUE = NFYALUE;
H
else
{ .
if(opl.VintegerDesc-»>value == op2. VintegerDesc->vaiue)
result. VTVALUE = NTVALUE; '
else
result. VFVALUE = NFVALUE:
}
}
stack(result, & runstack);
break;

case str_equalCp:

op2 = pop{&runstack);
opl = pop{&runstack);

/* singleton collections */

if(typeof{opl} == Kcollect)
opl = get_object(opl);

if(typeof(op2) == Kcollect)
op2 = get_object(op2);

if(streq(opl. Vstring Desc->value,0p2. VstringDesc->value))
result. VTVALUE = NTVALUE;

else

resull. VEVALUE = NFVALUE;



stack(result,&runstack);
braak;

case set_equalOp:

op2 = pop(&runstack);
opl = pop(&suanstack);

* singleton collections */

if(typeof(opl) == Kcoilect)
opl = get_object{opl);

if(iypeof{op2) == Kcollect)
opZ = get_object(op2);

eq = FALSE; * i3 one object in the other set? *

eeq = TRUE; /* do both sets contain the same objects? */
listptrl = (pGenList){opl.VsetDesc->vaiue);

lisiptr2 = (pGenList){(op2.VsetDesc->value);

/* is every object in 1st set aiso in 2nd set? */
while(listptr] = NULL && eeq == TRUE)
{

while(listpts2 = NULL)
{

iflistptrl->vaiue == listpr2->value)
eq = TRUE;
listptr2 = listptr2->next;

)]
ifteq == FALSE)
eeq = FALSE;
eq = FALSE; ‘
listptrl = listpiri->next;
}

if(eeq == FALSE)
result. VEVALUE = NFVALUE;
else
{
eq = FALSE;
listptrl = (pGenList)(opl.VsetDesc->value);
listptr2 = (pGenList)(op2.VsetDesc->value);

/® is every cobject in 2nd set also in st set? */
while(listptr2 ' NULL && ¢eq == TRUE)
{

while(listptr] = NULL)
{

if(listptr2->vaiue == listptr2->value)
eq = TRUE.
fistptr] = listptrl->next;
}
if(eq == FALSE)
eeq = FALSE;
eq = FALSE;
fistptr2 = listptr2->next;
}

if(eeq == FALSE)

resulL VFVALUE = NFVALUE;
else

result VIVALUE = NTVALUE;

}

stack(result,&runstack);
break;

case seq_equalOp:



op2 = pop(&runstack);
opl = pop{&nnstack);

/* singleton coilections */

if(typecf(opl) == Kcollect)
opl = get_objectopi);

if{typeof(op2) == Kcollect)
op2 = get_object(op2);

listptr] == (pGenList)(opl.VsequenceDesc->value);
listptr2 == (pGenList)(op2.VsequenceDesc->value);

eq = TRUE;

/* if lengths are unequal, sequences are not equal */
if{lenglistptrl) != len(listptr2))
result. VEVALUE = NFVALUE;
else /* are objects in corresponding positions in each
sequence the same? */

{
while(listptr] = NULL && listpu2 != NULL)
if{listptrl->value != listptr2->value)
eq = FALSE;
listptr] = listptri->next;
listptr2 = listptr2->next;
}
if(eq == FALSE)
resuit VFVALUE » NFVALUE;
else
resuit. VTVALUE = NTVALUE;
}
stack(result, &runstack);
break;

case node_equalOp:

op2 = pop{&runstack);
opl = pop(&runstack);

if(streq(opl.VnodeDesc->labet,0p2. VaodeDese->label))
result. VIVALUE = NTVALUE;

clse
result, VFVALUE = NFVALUE;

stack(result,&runstack);
break;

case bool_notEquaiOp:

op2 = pop(&runstack);
opl = pop{&runstack);

/* singieton coilections */

if(typeof(opl) == Keotlect)
opl = get_object(opl);

if(typeof{op2) == Kcoilect)
op2 = get_object{opd);

if(typeof(opl) != typeof(op2))
result. VTYALUE « NTVALUE;
else
result. VFVALUE = NFVALUE;

stack{result,&renstack);



break;

case num_notEqualOp:

op2 = pop(&runstack);
opl = pop(&runstack);

/* singleton collections */

if(typeofiopl) == Kcollect)
opl = get_object(opl);

if(typeof{op2) == Kcollect)
op2 = get_object(op2);

if{typeof(opl) == KrationalDesc)
if(typeof{op2) == KrationalDesc)
{

if(opl.VrationalDesc->valizs 1= op2.VrationalDesc->value)

resull. VTVALUE = NTVALUE;
else
resul. VEVALUE = NFVALUE;
}
else
{
if(opl.VrationalDesc->value = op2.VintegerDesc->value)
result. VIVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;
}
H
else
{

if{typeof(op2) =« KrationaiDesc)
{

if{opl.VintegerDesc->value 1= op2.VrationalDesc->value)

resuit. VTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;
}
else
{
if(opl.VintegerDesc->value = op2.VintegerDesc->value)
result. VTVALUE = NTVALUE;
eise
result, VFVALUE = NFVALUE;
}
}
stack(result,&runstack);
break;

case str_notEquaiOp:

op2 = pop(&runstack);
opl = pop{&runstack);

/* singleton coilections */

if{typeof(opl) == Kcollect)
opl = get_ohject(opl);

if(typeof(op2) == Kcollect)
op2 = get_objeci(op2);

if(!streq(opl. VstringDesc->vaiue,op2. Vstring Desc->vaiue))
resull. VTVALUE = NTVALUE;
else



result. VFVALUE = NFVALUE;

stack(result,&runstack);
break;

case s¢t_notEqualOp:

op2 = pop{&runstack);
opl = pop(&nuastack);

I* singleton collections */

if(typectiopl) == Kcollect)
opl = get_object(opl);

if(typeof(op2) == Kcollect)
op2 = get_object(op2);

eq = FALSE; /* is one object in the other set? */

eeq = TRUE; /* do both sets contain the same objects? */
listptrl = (pGenList)}{opl.VsetDesc->value);

listptr2 = (pGenlist)(op2. VsetDesc->value);

/* is every object in 1st set also in 2nd set? */
while(listptrl != NULL && eeq == FALSE)

while(listptr2 = NULL)
{

if(listptrl->value == listptr2->vaive)
¢q = TRUE;
listptr2 = listptr2->next;

}
if(eq == FALSE)
eeq = FALSE;
¢q = FALSE;
listptrl = listptrl->next;
}

if(eeq == FALSE)
result. VTVALUE = NTVALUE;
else
{
eq = FALSE;
listptrl = (pGenList){opl.VsetDesc->value);
listptr2 = (pGenList)(op2.VsetDesc->value);

/* i3 every object in 2nd set also in 1st set? */
while(listptr2 != NULL &é& ceq == FALSE)

{
while(listptr] '= NULL)

ifQlistptr2->value == listptr2->value)
eq = TRUE;
listptr} = listpirl->next;

}
if(eq == FALSE)
eeq = FALSE;
eq = FALSE;
listptr2 = listptr2->next;
}

if(eeq == FALSE)

result VTVALUE = NTVALUE;
else

result. VEVALUE = NFVALUE;

!

stack(result,& nunstack);
break;



case seq_notEqualOp:

op2 = pop(&runstack);
opl = pop{&runstack);

/* singleton collection */

if(typeof{opl) == Kcollect)
op! = get_object(opl);

if(typeof(op2) == Kcollect)
op2 = get_object(op2);

listptrl == (pGenList)(opl.VsequenceDesc->value);
listptr2 == {pGenList)(op2.VsequenceDesc->value);

eq - T'RUE:

if(len(listptel) = len(listptr2))
resuit. VTVALUE = NTVALUE;

elss
while(listptr] {= NULL && listptr2 1= NULL)
{

if(listptri->value ! listptr2->value)

eq = FALSE;
listptrl = listptrl->next;
listptr2 = listptr2->next;
}
if(eq == FALSE) .
result. VTVALUE = NTVALUE;
else
result, VEVALUE = NFVALUE;
}
stack(result,&runstack):
break;

case node_notEqualOp:

op2 = pop(&rmunstack);
opl = pop(&runstack);

if(!streg(opl. VaodeDesc->label,0p2. Vnode Desc->label))
resul, VTVALUE = NTVALUE;

else
resul.,VFVALUE = NFVYALUE;

stack(result, & runstack):
break;

case sameQOp:

op2 = pop(&runstack);
opl = pop{&runstack);

eq-TRUE;

/* check for Type operand */
if{typeof{opl) != Kcollect || typeof{op2) = Kcolieet)
{

if(typeof(opl) == Kcollect)
retrievefirstSEQIDLVALUE(op1. Veollect->objects,obj);
else
obj = runstack_to_value(opl);
if(typeof(op2) == Kcollect)
retrievefirstSEQIDLV AL UE(op2. Veollect->objects,obj2);
else



obj2 = runstack to_value(op2);

if(typeof(obj) 1= typeof(ohj2))
eq = FALSE;
clse

if(typeof(obj) == KnodeDesc)
if(!streq(obj. VaodeDesc->name,obj2. VnodeDesc->name))
eq = FALSE;

if(typeof(obj) wm KsetDese)
if({set_subset(obj. VsetDesc->value,
ohj2.VsetDesc->value)
il Tset_subset(obj2. VsetDesc->value,
abj. VsetDesc->value))
eg = FALSE;

iftypeof(oby) == KsequenceDesc)
if{!seq_subset(obj.VsequenceDesc->value,
_ obj2.Vsequence Desc->value)
i} Iseq_subset(obj2.VsequenceDesc->value,
obj.VsequenceDesc->value))
eg= FAI.SE;

}

}

else /* both operands are coilections */

{

/* if lengths unequal, collections are not same */

if(len({pGenList)(opi.Vcoilect->objects)) 1=
len{{pGenList){op2. Vcollect->objects)))

eq = FALSE;

else /* check that each is included in the other */

foreachinSEQIDLV ALUE(opl. Veollect->objects,Sobj,obj)
if(1inSEQIDLVALUE(op2. Veollect->objects,0bj))
eq = FALSE;
if(eq == TRUE)
{

foreachinSEQIDLV ALUE(op2. Veotlect->objects,Sobj,obj)
if(2inSEQIDLV ALUE(op2. Vcollect->objects,obj))

eq = FALSE;
}
}
}
if(eq ey TRUE}
resuit. VTVALUE = NTVALUE;
else
result. YVFVALUE = NFVALUE;
stack(result,&runstack);
break;
case inSetOp:

op2 = pop(&unstack);
opl = pop(&runstack);

/* singleton coflections */

if(typeof(opl} == Kcotlect)
opl = get_cbject(opt);

if(typeof(op2) == Kcollect)
op2 = get_objeci(opl);

eq == FALSE;

if(typeof(opl) == KintegerDesc)



if(inSETIDLVALUE (opl.VintegerDesc,0p2. VsetDesc->value))
¢q = TRUE;
if(typecf(opl) == KrationaiDesc)
if{inSETIDLY ALUE(opi. VrationalDesc,0p2. VsetDesc->value))
eq = TRUE;
if(typeof(opl) == KstringDesc)
if(inSETIDLVALUE(op1.VstringDesc,0p2: Vset Desc->value))
eq= TRUE;
if(typeofiopl) == KbooleanDesc)
H(InSETIDLVALUE(opl.VbooleanDesc,0p2. VsetDesc->value))
eq = TRUE;
if(typeof{opl) == KnodeDesc)
if(inSETIDLVALUE(opi.VnodeDesc,0p2.VsetDesc->value))
eq = TRUE;

if(eq == TRUE}

result. VTVALUE » NTVALUE;
eise

result. VFVALUE = NFVALUE;

stack{result, & runstack);
break;

case inSeqOp:

op2 = pop(&runstack);
opl = pop(&runstack);

£* siggleton coilections */

if{typeof(opl) w= Kcollect)
opl = gat_object(opl);

if(typeof(op2) == Kcollect)
0p2 = get_object(op2);

eq wm FA.UE;

if(typeof(apl) == KintegerDesc)
if(inSEQIDLV ALUE(op1. VintegerDese,0p2. VsequencaDese->value))
eq = TRUE;
if{typeof(opl) == KrationalDesc)
if(inSEQIDLV ALUE(opl. Vrational Desc,op2. VsequenceDesc
->»value))
¢q = TRUE;
if(typeof(opl) == KstringDesc)
ifinSEQIDLY ALUE(op1. Vstring Desc,0p2. VsequenceDesc->value))
eq = TRUE;
if(typeof(opl) == KbooleanDesc)
ifinSEQIDLYV ALUE(op1. VbooleanDesc,0p2. VsequenceDesc->value))
¢q = TRUE;
if(typeof{opl) == KnodeDesc)
if(inSEQIDLV ALUE(op1. VnodeDesc,op2. VsequenceDesc->value))
eq = TRUE;
if(eq —— TRUE)
result. VTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;

stack(resuit,&runstack);
break;

case inCollectionQp:

op2 = pop{&nnstack);
opl = pop(&runstack);

/* singieton collections */



/* Unary operators*/
case unaryMinusOp:

opl = pop{&runstack);

/* singleton coilection */
if(typeof(opl) == Kcollect)
opl = get_object(opl);

if(typeof(opl) =« KrationalDesc)
{

result, VrationalDesc = NrationalDesc; _
resuit. VrationalDesc->value = -1*(opl.VrationalDesc->value);

else
{
result. VintegerDesc = NintegerDesc;

result. VintegerDesc->value = -1 * (opl. VnntegerDesc->value).
}

stack(result, & runstack);
break;

case notOp:
opl = pop(&runstack);

/* singleton collection */
if{typeof(opl) == Kcollect)
opl = get_object(opi);

if(typeof(opl) == KrationalDesc)
if(typeof(opl) == KTVALUE)
result, YVEVALUE = NFYALUE;
else
resuit. VTVALUE = NTVALUE;

stack(result,&runstack);
break;

/* Jump operations *
~ cass jurap:

ithinSEQInteger(body,code_pos++entry);
code_pos = enlry;
break;

case jtrue:

ithinSEQInteger(body,code_pos++,eniry);
opl = pop(&runstack);
if{typeof(opl) == KTVALUE)
code_pos = enkey;
break;

case jfalse:

ithinSEQInteger(body,code_pos++entry);
opl = pop(&runstack);
if(typeof(opl) == KFVALUE)
code pos = entry;
break; .

/* Literal entries  */
case intToken:



if(typecf{opl) == Kcoilect)
opl = get_object{opl);

eq == FALSE;

if(typeof(opl) == KintegerDesc)
1f(inSEQIDLV ALUE(opl. VintegerDesc,op2. Veollect->cbjects))
eg= TRUE;
if(typeof{opl) == KmtionalDesc)
if(nnSEQLDLVALUE(opl VrationalDesc,
op2.Veoilect->chjects))
&q = TRUE;
if{typecf(opl) == KsiringDesc)
i(hSEQlDLVALUE(opI VstringDesc,0p2. Veollect->objects))
eq = TRUE;
if(typeof(opl) == KbooleanDesc)
if(inSEQIDLYV ALUE{opl. VbooleanDesc,op2. Vcollect-> objects))
¢q = TRUE;
if(typeof{opl) == KnodeDesc)
if(inSEQIDLY ALUE(opl. VnodeDesc,opz.VcolIect-meects))
eq = TRUE;

iffeq == TRUE)

result. VTVALUE = NTVALUE;
else

result VFVALUE = NFVALUE;

stack(result, &runstack);
break;

case subsetOp;

0p2 = pop(&munstack);
opl = pop(&ruanstack);
eq= TRUE; )
foreachinSEQIDLY ALUE(opl.Vcotlect->gbjects,Sabj,ob{)
ifinSEQIDLY ALUE(op2.Vcallect->objects,obj))
eq = FALSE;

if(eq =» TRUE && len((pGenList)(opl.Veollect->objects))
<= len((pGenList)(op2. Veolleet->objects)))
result. VTVALUE = NTVALUE;
else
result. VFVALUE = NFVALUE;

stack(result, &runstack);
break;

case propSubsetOp:

-op2 = pop(&runstack);
opl = pop(&runstack);

eq = TRUE;
foreackinSEQIDLYV ALUE(op 1. Veollect->objects,Sobj,obj)
if(linSEQIDLVALUE(op2. Veollect->objects,obj))
eq = FALSE.

if(¢q == TRUE && len((pGenList)(opl.Vcollect->objects))
< len((pGenList)(op2. Veollect->objects)))
result. VTVALUE = NTVALUE;
eise
result, VFVALUE = NFVALUE;

stack(result,& runstack);
break;



/* get index into integer ammay */
ithinSEQInteger(body,code_pos++,l0);
ithinSEQInteger(body,code_pos,hi);
index = (hi << 8) | lo;

/* retrieve value */
ithinSEQIntegen(integer_refs,index,int_value);
result. VintegerDesc = NintegerDesc;

result VintegerDesc->value = int_value;

code_pos—; /* decrement for accurale runtime_result entry ¥/

stack(resuilt, &runstack);
code_pos = code_pos + 2; /* adjust to next operator */
break; : : :

case ratToken:
* get index into rational array */
ithinSEQIntegen(body,code_pos++,l0);
ithinSEQInteger(body,code_pos,hi);

index = (hi << 8) | lo;

/* retrieve value %/
ithinSEQflcat(rational_refs,index,rat_value);
resuit. VrationalDesc = NrationalDesc;
result. VrationalDesc->value « rat_value;

code_pos—; /* decrement for accurate runtime_result entry */
stack(result,&runstack);

code pos = code pos+2; /* adjust to next operator */
break;

case strToken:

* get index into string array ¥/
ithinSEQInteger(body,code_pos++,l0);
ithiaSEQInteger(body,code_pos,hi);
index = (hi << 8) | lo;

/* retrieve value */
ithinSEQString(string_refs,index,str_value);
result. VstringDesc = NstrinpDesc;

result. Vsiring Desc->vaiue = str_value;

code_pos—; /* decrement for accurate runtime_result entry */
stack(result,&runstack);

code_pos = code_pos+2; /* adjust 10 next operator */
break;

case trueOp:

result VTVALUE = NTVALUE;
stack(result, &runstack);
break;

case faiseOp:
result VEVALUE = NFVALUE;
stack(result,&runstack);
break;
case emptyOp:
result. Vcollect = Ncollect;

resuit. Veollect->objects = NULL;
stack{result, & nunstack);



break;
case RootOp:
result, Veollect = Neollect;

get_structure(&strc,allstiucs, stindex);
appendrearSEQIDLV ALUE(resuit. Vcollect->objects,strc):
stack(result,&runstack);

break:
case portRootOp:
resuit. Veoliect = Neollect;

/* get index into string armay */
ithinSEQInteger(body,code_pos++,i0);
ithinSEQInteger(body,code_pos,hi);
index = (hi << 8) | lo;

/% retrieve value */
ithinSEQString(string_refs,index,str_value);

get_struciure_port(&stre,str_value,allstrucs, numstruc);
appendtearSEQIDLV ALUE(resuit. Veollect->objects,strc);

code_pos—;
stack(resuit,&runstack);
code_pos = code_pos + 2;
break;

/* Supplied Functions */
case membersOp:

opl = pop(&runstack);
if(typeof(opl) == Kcollect)
apl = get_object(opl);

result. Yeollect = Neollect;
if(typeof(cpl) == KsetDesc)
foreachinSETIDLV ALUE(opl. Vset Desc->value,Sobj,0bj)
appendrearSEQIDLVALUE (resuit, ¥ collect->chijects,obj);
else /* sequence argument */ _
foreachinSEQIDLV ALUE(opi.Vsequence Desc->value,Sobj,obj)
appendrearSEQIDLVALUE(resulz. Veoliect->objects,obj);

stack(resuit, &runstack);
break;

case headOp:

result. Vcollect = Neollect;
opl = pop(&runstack);

/* singletont collect */
if(typeof(opl) == Kcollect)

opl = get_object(opl);
retrievefirstSEQIDLV ALUE(opl. VsequenceDesc->value, hed);
appendrearSEQIDL YV ALUE(result. Veollect->objects,hed);

stack(result,& runstack);
break;

case tailOp:



opl = pop(&mnstack);

/* singleton coilect */
if(typeof(opl) == Kcoilect)
opl = get object(opl);
result. VsequenceDesc = NsequenceDesc;
result. VsequenceDesc->value = NULL,
for(i=2;i<=len({(pGenList}{op1.VsequenceDesc->value));i++)

ithieSEQIDLV ALUE(opl. VsequenceDesc->value,i,obj);
appendrearSEQIDLVALUE(result. Vsequence Desc->value,0bj);

stack(result &runstack);
break:

case str_sizeOp:
opl = pop(&runstack);

/* singleton collect */
if(typeof{opl) == Kcollect}
opl = get_object{opl); _
result. VintegerDesc = NintegerDesc;
result. VintegerDesc->value = strien(opl. VstringDesc->value);

stack{result,&runstack);
break;

case setseq sizeOp:
opl = pop(&runstack);

* singleton collect with set or sequence object */

if(typeof(opl) == Kcollect)
if(len((pGenList)(opl. Veollest->objects)) == 1)
{

retrievefirstSEQIDLVALUE(opl. Veollect->objects,obj);
if(typeof{obi) == KsetDesc ||
typeof(cbf) == KsequenceDesc)
opl = get_object{opl);
}

" resuit. VintegerDesc = NintegerDesc;

if{typeof(opl) == KsetDesc)
result.VintegerDesc->value =
lea((pGenList)(op1.VsetDesc->value));

if(typeof(opl) == KsequenceDesc)
result.VintegerDesc->vaiue =
len((pGenList)(cpl.VsequenceDesc->value));

if(typeof(opl} == Kcollect)
resuit.VintegerDesc->value =
len({pGenList)(op1. Vcoliect->objects));

stack(result,&runstack);
break;

case typeCp:
opl = pop(&runstack);

/* if Type is in process, then lypename is meant since
a coilection doesn’t make sense */

if(typeof(SP) == Kprocess)

{



retrievefirstSEQIDLV ALUE{opi.Vcoilect->objects,obj);
result = value_to_nunstack{obj);
}

else

tesult. Veollect = Neollect;
get_structure(&stre,allstrucs,stindex);
foreachinSEQIDLYV AL UE(opl. Veoilect->objects,Sobj,obj)

/* coliect puts objects in structure struc that
are of same type as obj */
collect_{obj,stre, &(result. Veollect->objects));
untouch(strc); /* collect marks nodes - must unmark */
}
}

stack(resuit, & runstack);
break;

case dotOp:
opi = pop{&munstack);

/* get index into string amay %/
ithinSEQInteger(body,code_pos++,lo);
ithinSEQIntegertbody,code_pos,hi);
index = (hi << 8) | lo;

/* retrieve value %/
ithinSEQString(string_refs,index.str_value);

result.Vcollect = Ncoilect;
foreachinSEQIDLY ALUE(opl. Veollect->abjects,Sobij,0b7)
{
/* get all attributes with same name as dot name */
foreachinSEQattrDesc(obj. Vnode Desc->attributes,Sad,ad)
{
if(streq(str_value,ad->name))

appendrearSEQIDLV ALUE(result. Vcoltect->
objects,ad->value);

code_pos—; /* decrement for accurate runtime_resuit entry */
stack(result,&runstack);
code_pos = code_pos + 2;- /* adjust to next operator */

break;

case typeExpressionOp:
/* get index into type amray */
ithinSEQInteger(body,code_pos++,lo);
ithinSEQInteger(body,code_pos.hi);
index = (hi << 8} { lo;

/* retrieve value */
ithinSEQtypeTree(type_refs,index,type_value);
result.Veollect = Neollect;

/* get all types reachable from given type */
/* (type may be a class node) ¥/
reach(lype_vaiuve,&types);



foreachinSET String(types,Ss,5)

/* convert string name of type to equivalent cbject */
string_to_object(&obij,s,type_value);
get_structure{ &strallstrucs,stindex);
* coilect objects in struclure stie of same Lype
as obj */
collect (obij,stre,&(resuit. Veollect->objects));
untouch(stee); /* collect marks nodes - must unmark */
1

code_pos—; /* decrement for accurate runtims_result .
entry */

stack(result, &runstack); :

code_pos = code_pos + 2; / adjust 1o next operator */

break;

case portExpressionOp:

/* get index into type array */
ithinSEQIntegen(body,code_pos++,l0);
ithinSEQInteger(body,code_pos++,hi);
index = (hi << 8) | lo;

I* retrieve value %/
ithinSEQtypeTree(type_refs,index,type_value);
result.Veoilect = Neollect;

/* get all types reachable from given type */
/* (type may be a class node) */
reach(type_value,&types);

/* get index into string amay ¥/
ithinSEQInteger(body,code_pos++,lo);
ithinSEQInteger(hody,code_poshi};
index = (hi << 8) | lo;

/* retrieve value */
ithinSEQString(string_refs,index,str_vahe);
/* sir_value is port name ¥/

foreachinSETString(types,Ss,s)

{
/* convert string name of type 10 equivalent object */
string_to_object(&obj,stype_value); ’
get_structure_pori(&stre,str_value,allstrucs,numstruc);
* coilect objects in structure struc of same type

as obj */

collect_{obij,stre,&(resuit, Veolleet->objects));
untouch(strc); /* collect marks nodes - must unmark */

1

code_pos = code_pos - 3; /* decrement for accurate
runtime_result entry */

stack(result, & runstack);

code_pos = code_pos + 4; /* adjust 1o next operator */

break;

case forallOp:

opl = pop(&runstack);

/* store iterator coliect in new object so that
original won’t get clobbered */
op2.Vcollect = Neollect;
foreachinSEQIDLVALUE({opl.Vcollect->objects,Sobj,obi)
appendlrontSEQIDLVALUE(op2. Veollect->objects,obj);



* get first object to iterate with */
retrievefirstSEQIDL V ALUE (op2. Veollect->objects,obj);
removefirstSEQIDLVALUE(op2. Veoliect->abjects);

/* place object into control array */

controlArrayfnestlevel++] = obj;

nUMControl++;

* place rest of collection set on quantifier
collections list */

appendrearSEQcollect(quantsets,op2. Veollect);

break;

case existsOp:

opl = pop(&runstack);

/* store iterator collect in new object so that
original won't get ciobbered 4/
op2.Veollect = Ncollect, ‘
foreachinSEQIDLV ALUE(opl. Veollect->objects,Sobj,obi)
appendirontSEQIDL VALUE(op2. Veollect->objects, obj);

/™ get first object to iterate with */
retrievefistSEQIDL V ALUE(0p2. Veollect->objects,obj);
removefistSEQIDLV ALUE(op2. Veollect->objects);

/* place object into control ammay */
controlAmay[nestievel++] = obj;
TUMEODLIOE+=+;
appendrearSEQcoilect(quantsets,op2, Veollect);

break;

case endForAll:

/* get retum point */
ithinSEQInteger(body,code_pos,entry);

opl = pop(&runstack);
if(typeof{opl) == KFVALUE) /* body is false! %/
{

removelastSEQcollect(quanisets);
result VFYALUE = NFVALUE;
stack(result, & runstack);

/* place object that caused failure in result array */
runtime_result{code_pos] =

value to_runstack(controi Array[niestevel-1]);
nestlevel—;
code_pos++;

eise /* body is true */
{
retrievelast SEQcollect{quantsels,gs);
/* if not more to check, quantifier is true */

if(emptySEQIDLY ALUE(gs->objects)) /* set is empty */
{ B

removelastSEQcollect(quantsets);
result. YTVALUE = NTVALUE;
stack(result, &runstack);
nestlevel—;
code_pos++;

}

else /* go get next in set */

retrievefistSEQIDLV ALUE(gs->objects,obj};
removefistSEQIDLVALUE((gs->objects);
controlArrayinestevel-1] = obj;



code_pos = entry;
}

}
break;

case endExists:

ithinSEQIntegen(body,code_pos,entry);

opl = pop(&runstack);

if{typeof(opl) == KTVALUE) /* body is true! */
o

removelastSEQcollect(quantsets);

result. VIVALUE = NTVALUE; .

stack(result,&runstack); -

/* place object that satisfied Exists in result ammay %/

runtims_result{code_pos] =
value_to_runstack(controiArmay{nestlevel-1]);

nestlevel--; -

code_pos++;

}

elss /* body is false */

{
retrievelastSEQcollect(quantsets,qs);
/* if not more to check, quantifier is false */
if(emptySEQIDLVALUE(qs->objects)) /* set is empty */
{

removelastSEQcollect(quantsets);
resuit. VTVALUE = NTVALUE;
resuit. VEVALUE = NFVALUE;
stack(result,&runstack);
nestievel—;

else /* go back to get next in set */

{
retrievefirstSEQIDLVALUE(qs->objects,obj);
removefirstSEQIDL Y ALUE(gs->objects);
controiArray(nestlevel-1] = cbj;

code_pos = entry;

3
break;

case controlOp:
result. Veollect = Neollect;
1* get level */
ithinSEQInteger(body,code_pos,level);

/* gel offset into control zmay. */
retrievefirstSEQInteger(controlReturn,offset);

/* retrieve object */

obj = controlAmay{level-offset-1];
appendrearSEQIDLY ALUE(result. Vcollect->objects,obj);

stack(resuit, & runstack);

code_pos++;
break;

case formArgOp:

result. Veollect = Neoilect;
/* get position of actual argument */
ithinSEQInteger(body,code_pos++,pos);

/* retrieve actual argument */
arg = forms{pos-1];



appendrearSEQIDLY ALUE(resuit. Veollect->objects,arg);

stack(result, &runstack);
break;

case applicationOp:

f* pet index into definition armay */
ithinSEQIntegen(body,code_pos++,10);
. ithinSEQInteger(body,code_pos++,hi);
index = (hi << 8) | lo;

/% retrieve value */ .
ithinSEQDefOrinst(define refs,index,def_vaiue);

/* get number of arguments */
ithinSEQInteger(body,code_pos++,aumargs);
- args = NULL;
/* get arguments */
for(i=numargs-§ ;i>w0;i-)

argrun = pop(&mnunstack);

if(typeof(argrun) == Kcollect)
argrun = get object{argrun);

arg = munstack to_value(argrun);

/* place in array to pass to interpreter */

formalAmayl[i} = arg;

/* place in sequence to pass lo routine that
finds instance that matches arguments */

appendfrontSEQIDLVALUE(args,arg);

}

/ structures o handle recursion */
appendfrontSEQInteger(control Retum,numcontroi); -
numcontrol = ;

if(typeof(def_value) == Kidilnstance)

instance = def_value. Vidilnstance;
else / must find instance */

instance = findinstance(def_value,args);

result = interpret(instance->postfixDefn,
nanmie,SP,spos,formal Armay,
allstrucs,numstc, stindex, tree);

code_pos = code_pos - 3;
stack{result, &ninstack);

code_pos = code_pos + 3;
removefirstSEQInteger(controlReturn);
break;

} 7* end of swiich */

/* get next code operator */
ithinSEQInteger(body,code_pos++.entry);
} /* end of while loop */

result = pop(&runstack);

if(entry == RETURN) /* just interpreted a definition body -
retum resuit */

{

}

else /* interpreted an assertion body */

retura(resuit);



{
K{Assertion completed);
/* Find out whether assertion is true and report */
if(typeof(result) == KFVALUE)
{

if(typeofiname) == KTvoid)

if{typeof(SP) == Kstructure)

fprintf(stderr,” Assertion in %s is false.0,
allstrucs{stindex}.portname);

cise

fprintf(stderr,” Assertion is false.0);

if{Isuppress)

print(tree,0,FALSE,0); /* generate error log */
}
else

{

H(typeof(SP) == Kstructure)

fprintf(stderr,” Assertion %s in %s is faise.0,
name. VnameTok
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Title: Supporting Routines for Assertion Checker

Filename: - kickenso/softlab/check/check2.c *
Author: Jerry Kickenson <kickeaso@une> *
Department of Computer Science *
University of North Carolina *
Chapel Hill, NC 27514 ®
-
Copyright (C) The University of North Carolina, 1985 -

All rights reserved. No part of this software may be sold or  *
distributed in any form or by any means without the prior written *
permission of the SoftLab Software Distribution Coondinator. *

*®
Report problems to softlab@unc (csnet) or *
sofllablunc@CSNET-RELAY (ARPAnet) *
Direct ail inquiries to the SoftLab Software Distribution .
Coordinator, at the above addresses. ®
*
Function: Supporting routines for interpreter for assertion checker b
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*f
static char resid = "$Header: check2.c,v 1.3 85/12/27 14:15:57 kickenso Exp §°
#include <stdio.i>
#include "Check.h”

#include "macros.h"
#include "./codegen/instructions.h”
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* stack_obj stack a minstack entry on the runstack and *
he place entry in given position in result amray *
-
* Last revised: April 14, 1986
ELI T - P X Y
stack_obj(obj,stk,pos)
runstackEntry obj; /* object to stack */
SEQrunstackEntry  *stk; /* runstack*/
int pos; /* position in result array to place cbject */
{
extern runstackEatry runtime _result(];
appendfrontSEQrunstackEntry(*stk,obj);
runtime_result{pos] = obj;
}
B e G aas s N e P o L S SN S
* pop pop the rastack *
L ]
* Last revised: Apri 14, 1986
» i L L] EL L Lt - » ‘l**‘***t**‘itt[
runstackEntry pop(sik)
SEQrunstackEntry  *stk; /* nunstack */
{

runstackEntry retval;

retrievefirstSEQrunstack Entry(*stk, retval);
removefirstSEQrunstackEntry(*stk);
return{retval);



}

B L n e m  a  nE e e n
* len len returns the length of a generic list *
Ed *

* Last revised: April 14, 1988 *

ey v £

len(list)
pGenlList list; /* list to get length of */
{

int length;

pGenList Histptr;

listptr = list;
length = 0;

while(listptr ta NULL) -
{

lengthe+;
listptr = listptr->next;
}

retumn(length);

B R i L R RAEAsa s o e
. reach place in the given set strings representing all types  *
reachable from the given type. Used o expand class *
types into their constituent node types. *

* & % &

Last revised: June 7, 1986 *
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reach(t,incf)
typeTree t; /* type that does the reaching */
SETString *incl; /* set in which to place type representations */

{

SEQNT Sat;
NT nt;
SETString nt_reach();/* reach for nonterminals ¥/

*incl = NULL;

switch (typeof(1)) {
case Kbool:
addSETString(*incl, BOOLY);
break;

case KTint:
addSETString(*incl,INT);
break;

case Krat:
addSETString(*inc!,RAT);
break;

case Kstr:
addSETString(*incl, STR);
break;

case Kset:
addSETString{*inc),SET);



break;

case Kseq:
addSETString(*incl, SEQ);
break;

case Ksingleton:
reach(L. Vsingleton->object_type,incl);
break;

case Kuser: .
if(typeof(t. Yuser->NT) != KClassNT)
{addSETString(*inct,t Vuser->NT.IDLclassCommon->name); }
else
/* class type - trace down nonterminal descendants */
foreachinSEQNT(t Vuser->NT. VClassNT->descendants,Snt,af)

®

*incl = nt_reach(at,*incl);
break;
}
} .
F o o B o o o B
* nt_reach places in the given set the string .
b representations of types reachable through the *
* given nonterminal, *
L
* Last revised: April 14, 1986
" . . » ;
SETString nt_reach(n,i)
NT n; /* nonterminal doing the reaching */
SETString i; /* set in which to place type represetations ¥/
{
SETString strset;
SEQNT Sut;
NT oi;
if(len{ (pGenList)i} == 0}
strset = NULL;
else -
strset = i;
if(typeofin) '« KClassNT)
{addSETString(strset,n. IDLclassCommon->name); }
else
foreachinSEQNT(n. VClassNT->descendants,Satnt)
strset = nt_reach{nt,strset);
return(strset);
}
E i o T A G he s s e TSRS
* collect place in the given collection all objects in  *
» given structure of the same type as the given »
* object.
*
* Last revised: April 14, 1986
A% » LEELE L1 L) et Tt » tﬂ*iﬂi'r

collect_(obj,data,coilects)

IDLVALUE obj; /* get objects with same type as this object */
rodeDesc data; /* structure */ :

SEQIDLVALUE *collects; /* collection in which to place found objects %/
{

SEQattrDesc Sad;



attrDesc ad;

SETIDLVALUE Ssetval;
IDLVALUE val;
SEQIDLVALUE Ssequal;

iftypeof(obj) = KnodeDesc) /* object is a basic type or set or sequence */
{

if(NodeTouched(data) == 0)

{
MarkTouched{data);
foreachinSEQattrDesc(data->attributes,Sad,ad)
{ y

if(typeof(ad->value) == typeof{obj))
{

if(typeof(obj)} == KsetDesc)
/* get only sets with same component type *f

if(sel_subset(ad->value.VsetDesc->value,
obj. VeetDesc->value))
appendrearSEQIDLV ALUE((*cotlects),
. ad->value);

}

else

if(typeof(obj) == KsequenceDesc)

 get only sequences with same component type */

i(seq_subset(ad->value.VsequenceDesc->value,

obj.VsequenceDesc->vaiue))
appendrearSEQIDLVALUE((*coilects),
ad->value);
}
else
appendrearSEQIDLV ALUE((*collects),ad->valie);
else

1 follow path down structure %/
if(typeof(ad->value) == KnodeDesc)
coliect_({obj,ad->value. VnodeDesc,collects);

}

}

¢lse /* object is a node */

{

/* if node has same name, place in collection */
if(NodeTouched(data) == Q)

MarkTouched(data);
if{streq{obj. Vnode Desc->name,data->nzme))
appendrearSEQIDLVALUE((*collects),data);

/* follow nodes down structure 4/
foreachinSEQattrDesc({data->attributes,Sad,ad)

if(typeof(ad->value) == KnodeDesc)
collect_(obj,ad->vaiue. VnodeDesc,collects);
else

if{typeof(ad->value) == KsetDesc)
foreachinSETIDLVALUE(ad->value. VsetDesc->value,
Ssetval,val)

if(typeof(val) == KnodeDesc)
collect_(obj,val. VnodeDesc,collects);

if(typeof(ad->value) == KsequenceDesc)




foreachinSEQIDL.VALUE((ad->value.VsequenceDesc->value,
Sseqval,val)
if(typeof(val) == KnodeDesc)
coilect_(objval.VnodeDese,collects);

}
untouch(data); /™ unmark nodes markeq by pmcédute collect */

B o e i B o o o e e o e
untouch unmark all nodes in given structure .

* R NG e

Last revised: April 14, 1986 *

ha £

untouchinode)
nodeDesc node; /* structure to be ummarked */

{

SEQattrDesc Sad;
atirDesce ad;
SETIDLVALUE Setidl;
SEQIDLVALUE Seqidl;
IDLVALUE idl;

iftNodeTouched(node) tw 0)
{
UnmarkTouched(node);
foreachinSEQattrDesc(node->attributes, Sad,ad)

if(typeof(ad->value) =« KnodeDesc)
untouch(ad->value. VnodeDesc);

R E o A o e o L e
* findinstance return the instance of the given definition *
which matches the given arguments i .

* * ¥

Last revised: April 14, 1986 *
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idlInstance findinstance(def args)

definition def; /* definition */
SEQIDLVALUE args; /* arguments o match */
{

idlInstance retval;

int OK;

int i

Instance in;

SETInstance Sin;

formal f;

runstackEntry a;
foreachinSETInstance(def. DL classCommon->overload,Sin,in)
if(len((pGenList)args) == lea{(pGenList)(in.IDLclassCommosn->formals)))

OK = TRUE;
/* check that each argument matches the formal by type %/



for(i=1;i<alen((pGenList)args)i++)

ithinSEQfommal(in. IDLclassCommon->formals,i,f);
ithinSEQIDLVALUE(args,i,a);
if(ttype_match(a,))

OK = FALSE;

}
if(OK == TRUE) .
retval = in.VidiInstance;
¥

return(retval);
}

¥ bbb bbb bbb bbbt bbb e

d type_match return TRUE if the type of the given argument -

* matches the type of the given formal *

*x &
* Last revised: April 14, 1986

ek P . z

type_match(arg,form)
IDLVALUE arg; /* argumnent */
formai form; /* format ¥/
{
booleanretval;
String  argtype;
String translate();/* string equivalent of IDL type */
SETString Ss;
String 3;
SETString incl;
SETSlIring incil,incl2;
SETIDLVALUE So;
IDLVALUE o;

inc!l = NULL;
inct2 = NULL;
retval = TRUE;
arptype = translate(arg);

r* types match if type of 'argumenl is included in the set of afl
types reachable by the formal type */

switch (typeof(arg)) {
case KsetDesc:
if(typeof(form->type) = Kset)
retval = FALSE;
else /* component lypes must match */

reach(form->type. Vset->component, &inel1);
foreachinSETIDLV ALUE(arg. VsetDesc->value, So,0)
addSET String(inci2 Imnsiate(o));
if(tincludes(incil,incl2})
retval = FALSE;
}

break;
case KsequenceDesc:
if(typeof(form->type) !'= Kseq)
retval = FALSE;
else /* component types must match */

reach(form->type. Vseq->component,&inc! 1);
foreachinSEQIDLV ALUE({arg. VsequenceDesc->value,S0,0)
addSETString(incl2 iranslate(a));
if(tincludes(inell,incl2))
retval = FALSE;



break;
defauit:
reach(form->type,&indl);
if{linSETString(incl,argtype))
retval = FALSE;
break;

return(retval);

i o T e e e o L B o ol A o o = ST S

* includes retums true if the first argument includes *
* all members of the second argument .
. »
* Last revised: April 14, 1986
includes(s1,s2)
SETString s1,52;
{

boolean retval;

SETSuing Ss;

String 5;

retval = TRUE; .

foreachinSETString(s2,5s,s)

if({inSETString(s1,5))
retval » FALSE;
- return(retval);

}
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* translate returns the string equivalent of the IDL type *
* ®
* Last revised: April 14, 1986
A o Y R e """',

String translate(arg)
IDLVALUE arg; /* argument whose lype we want translated */
{

String result = NULL;
char  *malloc();

switch (typeof(arg)) {

case KbooleanDesc:
result = matloc(5);
strepy{result, BOOL);
break;

case KintegerDesc:
result = malloc(4);
strepy(result, INT);
break;

case KstringDesc:
result = malloc{4);
strepy{result, STR);
break;

case KrationalDesc:
result = malloc(4);
strepy(result, RAT);
break;



case KsetDese:
result = malloc(4);
strepy(result, SET);
break;
case KsequenceDesc:
result = malloc(4);
strepy(result, SEQ);
break;
case KnodeDese:
resuit = malloc{strica(arg. VnodeDesc->name)+1);
strepy(result,arg. VnodeDesc->name);
break;
defanlt:
break;

return(resutt);

F e e e e o  m o L e e

* get_object returns the the object the given collection  *
* contains. The collection must be & singleton -
* collection. *
*
. Last revised: April 14, 1986
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runstackEntry get_object{coll)
runstackEntry coll; * collection {0 get object from */
{

/* coll is known to be a singleton collection */

IDLVALUE temp;

runstackEntry result;

/* put object into temp */
retrievefirstSEQIDLY ALUE(coll. Vcollect->objects,lemp);

/* coerce collection into that cbject */
switch (typeof{temp}) {

case KintegerDesc:
result VintegerDesc = NintegerDesc;
resuit. VintegerDesc->value = temp.VintegerDesc->vaiue;
break;

case KntionalDesc:
result. VrationaiDesc = Nrational Desc;
resuit. VrationalDesc->value = temp. VrationalDesc->value;
break;

case KbooleanDesc: .
resuit. VbooleanDesc = NbooleanDesc;
result VbooleanDesc->value = temp, VbooleanDesc->value;
break; :

case KstringDesc:
result, VstringDesc = NstringDesc;
result VstringDesc->value = temp, VstringDesc->value;
break;

case KsetDesc:
result. VsetDesc » NsetDesc;
resuiLt. VsetDesc->value = temp.VsetDesc->value;
break;

case KsequenceDesc:
result. VsequenceDesc = NsequenceDese;
tesull.VsequenceDesc->value = temp. VsequenceDesc->value;
break;

case KnodeDesc:
result. VnodeDesc = NnodeDesc;




}

result. VnodeDesc->name = temp. VrodeDesc->name;
resuit. VnodeDesc->attributes = temp. VnodeDesc->attributes;
result. VoodeDesc->label = temp. VnodeDese->label;

break;

return(result);

B aasme o o o e R amE eSS e S
rustack_to_value retums the runsiack eatry equivalent *

L 3

* & ®

io the given IDLVALUE

Last revised: April 14, 1936 *

IDLVALUE

mﬁstack_to_value(obj)

ruastackEntry obj; /* object to get rustack equivalent of */

{

IDLYALUE retval;

switch (typeoffobj)) {

}

case KintegerDesc:
retval.VintegerDesc = obj. VintegerDese;
break;

case KrationaiDesc:
retval. VrationalDesc = obj. VrationalDesc;
break;

case KbooleanDese:
retval.VbooleanDesc = obj. VbooleanDesc;
break;

case KstringDesc:
retval. VstringDesc = obj. VstringDese; -
break;

case KsetDesc:
retval, VsetDesc = obj.VsetDesc;
break;

case KsequenceDesc:
retval.VsequenceDesc = obj.VsequenceDesc;
break;

case KnodeDese:
retval.VaodeDese = obj.VnodeDesc;
break;

case KTVALUE:
retval. VbooleanDesc = NbooleanDesc;
retval, VhooleanDesc->vajue = TRUE;
break;

case KFVALUE:
retval. VbooleanDesc = NbooleanDesc;
retval, VbooleanDesc->value = FALSE;
break;

default:/* collections cannot be function arguments */
break;

return(retval);

B R B T LA s e o O S
value lo_runstack  returns the IDLVALUE equivalent of the  *

*

*

given runstack entry *

Last revised: April 14, 1986 *
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runstackEntry value_to_runstack(val)
IDLVALUE val;
{

runstackEntry retvai;

switch (typeof(val)) {

case KintegerDesc:
retval.VintegerDesc = val.VintegerDese;
break;

case KrationalDesc:
retval, VrationalDesc = val.VrationalDesc;
break;

case KbooleanDesc:
retval. VbooleanDesc = val, VhooleanDesc;
break;.

case KstringDesc:
retval. VstringDesc = val.VstringDesce;
break;

case KsetDesc:
retval.VsetDese = val. VsetDesc;
break;

case KsequenceDesc:
retval. VsequenceDesc = val. VsequenceDese;

break;
case KnodeDesc:
retval. VnodeDesc = val.VaodeDese;
break;
}
return(retval);
1
F e A o o o o o s T T T
* set_subset returns TRUE if the first argument is a subset *
* of the second
]
* Last revised; April 14, 1986 )
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set subset(set,set2)
SETIDLVALUE setl,se12;

{
boolean resuit;
SETIDLVALUE Sval;
IDLVALUE val;
SETString Sname;
String name;
SETString incil = NULL;
SETString incl2 = NULL;
String translate(); .
result = TRUE;

foreachinSETIDLVALUE(set1,Sval,val)
addSETString(incl 1, translate(val));

foreachinSETIDLVALUE(set2,Sval,val)
addSETString(inci2 translate(val));

foreachinSETString(incll,Sname,name)
if(linSETSuring(incl2 name))
resuit = FALSE;



return(result);
}

F R i s s 2 A
. seq_subset returns TRUE if the first argument is a subset .
of the second

t ]
*
* Last revised: April 14, 1986
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seq_subset(seql,seq2)

SEQIDLVALUE seql,seq2;

{
boolean result;
SEQIDLVALUE  Sval;
IDLVALUE val;
SETString Sname;
String name;
SETString incll = NULL;
SETString incl2 « NULL;
Siring translate();

resuit = TRUE;

foreachinSEQIDLY ALUE(seq1,Sval,val)
{
name = transfate(val);
addSETSiring(incl1,name);
}

fareachinSEQIDLY ALUE(seq2,Sval, val)
{ .
name = translate(val);
addSETString(incl2,name);
}

foreachinSETString(inci1,Sname,name)
if(tinSETString(inci2,name))
result = FALSE;
return{resuit);

B R B A e o B L i s o T e &

* string_to_object passes back the IDLVALUE object .

* equivalent to the type represented by *
* the given string. .
-

* Last revised: April 14, 1986
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string_to_object({obj,s,Lval)

IDLVALUE *gbj; /* object passed back through here */
String s; {* string representation of type %/
typeTree tval; /* actuai type - needed for set/sequence types */
{
IDLVALUE vai;
SETString St;
String 4
SETSlring comp types; /* component types of set/sequence %/
if(streq(s,BOOL))

(*obj).VbooleanDese = NbooleanDesc;



}

I*
*
=
-
*
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else
if(streq(s,INT))
{*obj).VintegerDesc = NintegerDesc;
else
if(streq(s,RAT))
(*obj).VrationalDesc = NrationalDesc;
else
if(streq(s,STR))
(*obj). VstringDesc » NstringDesc;
else

if(streq(s,5ET))
/* must put appropriate component types into objest */

(*obj).VsetDesc = NsetDesc;
reach(tval, Vset->component,&comp_Lypes);
foreachinSETString(comp_types.St.t)

{ )
string_to_object(&val,t tval);
addSETIDLVALUE((*obj). VsetDesc->vaiue, vai);

.1

}
else
if(streq(s,SEQ))

/* must put appropriate component types int object */

(*obj).VsequenceDese = NsequenceDesc;
reach(tval. Vset->component,&comp_types);
foreachinSETString(comp_types,St.t)
{
string_to_object(&val,t tval);
appendrearSEQIDLV ALUE((*obj). VsequenceDesc->value,val);

}

else

(*obi).VnodeDesc = NnodeDesc;
(*obj).VnodeDesc->name = s;

}

B o o o e o e L e

get_structure pass back the structure at the position given*
by the index. Structure is found in
the given list of structures. *

Last revisad: April 17,1986 *
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get_structure(ste,allstrucs,index}
nodeDesc *sic; /* structure to pass back */

struc
int

{
}

allstrucs(]; /* list of all structure instances */
index; /* index of structure in allstrucs */

*sic = allstrucs[index].st;

L T i g o R  an e SN S

* # % % % #

get stmcture port  pass back the structure associated *
wilh the given port. Structure is*
found in the given list of structures *
Last revised: April 17, 1986
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get_structure_port(sic,name,ailstrues,num)




nodeDesc *stc; /* structure to pass back */

String
struc
int

name; /% name of port ¥/
allstrucs([]; /* list of all structure instances */
num; /* aumber of structures in allstrucs *

int i;
for(i=0;icanum;i++)

if(streq(alistrucs{i]. portname,name))
*ste = allstrucsfi].st:
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Title: Error Log Printer for Assertion Checker *

Filename: “kickenso/softlab/check/errorprint.c *

Auvthor: Jerry Kickenson <kickenso@unc> *
Department of Computer Science *
University of North Carolina *
Chapel Hill, NC 27514 *

Copyright (C) The University of North Carolina, 1985 *

All rights reserved. No par!-of this software miy be sold or " *
distributed in any form or by any means withoul the prior written *
permission of the SoftLab Software Distribution Coordinator. *

Report problems to softlab@unc (csnet) or
softlablunc@CSNET-RELAY (ARPAnet) *
Direct all inquiries to the SoftLab Software Distribution &
Coordinator, at the above addresses. b
Function: Prints error log for unsatisfied assertion on stout  *
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*
*
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#include <stdio.h>
#include "Check.h”
#include "macros.h”

#define NONBOOL -1

#define writeO(str) fprint{stderr,str)

#define writel(str,s1) fprintf(stderr,str,s1)
#define write2(str,s1,52) fprintf(stderr,str,s1,52)

extern runstackEntry runtime_result[1000];

F b e aa s ]

. print print aa ervor log reporting values of intermediate .

- expressions in the given expression tree. *

* *x
* Last revised: June 7,1986 *
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print(exp, TF,ind,head)

expression exp; /* expression to be printed */

boolean TF; * print only if True(T) or False(F) */

int ind; /* indentation ievel */

int head; /* header - 0 is ">'(because), I is *&’ (and)*/

{

Siring nameof();
String  entry_to string();
String  type to_siring(;

int pos; /* position ie runtime result array */
int boolvalue; /* boolean value of result *

char temp_str{80];

int p;

boclean  found;
SEQexpressionPair  Sep;
expressionPair ep;



/* get position in result array where result of expression is */
pos = exp.]DLclassCommon->valuepos + 1;

iftypeof(runtime_result{pos]) == KTVALUE)
boolvalue = TRUE;
else if{typeof{runtime result(pos]) == KFYALUE)
boolvalue = FALSE;
else
booivalue « NONBOQL;

switch (typeofiexp)) {

case Kbinary:
/* if valus of expression is boolean, print only if it
agrees with given truth value (TF) .

if{boolvalue == FALSE && boolvalue == TF)
{
indent(ind);
headerthead);
writel("%s not satisfied.0,
nameof(exp. Vbinary->op));
print(exp. Vbinary->left, FALSE,ind«1,0);
if(typeof(runtime_result{exp. Vbinary->
left.IDLetassCommon->valuepos + 1])
== KTVALUE)
print(exp. Vbinary->right FALSE,ind+1,0);
else
print(exp. Vbinary->right, FALSE,ind+1,1);

}
elss if(boolvalue == TRUE && boolvalug == TF)
{ R
- indent(ind);
header(head);
writel("%s is satisfied.0,
nameof{exp.Vbinary->op));
print{exp. Vbinary->leit, TRUE,ind+1,0};
if{typecf(runtime_result(exp. Vbinary->
leftIDLclassCommon->valuepos + 1])
== KFVALUE)
print(exp.Vbinary->right, TRUE,ind+1,0);
else
print(exp. Vbinary->right, TRUE,ind+1,1);

}
elsz if(booivalue == NONBOOL)
/% print all non-boolean expressions */

{
indent(ind);
header(head);
strepy(temp_str.entry_to_string(
runtime_resuit{pos]));
write2("%s is %s.0,nameof (exp. Vbinary->op),
temp ste);
print(exp. Vbinary->left, TRUE,ind+1,0);
print{exp. Vbinary->right, TRUE,ind+1,1);
}
break;
case Kunary:

/* if boolean Not, print if value agrees with
passed truth value (TF) ./
if(typeof(exp. Vunary->op) == Knot)

{
if(boolvalue == TF)



{
indent(ind);
header(head);
if{fbooivalue «= FALSE)
{

writeQC'NOT is not satisfied.0);
print{exp.Vunary->body, TRUE,ind+1,0);

eise /* boolvalue = TRUE*/

writeO("NOT is satisfied.0);
print(exp.Vunary->body,FALSE,ind+1,0);

}

}

else /* print non-boolean minus always */
indent(ind);
headen(head);

stropy{temp_str,entry_to_string(
runtime_result[pos]));
writeI("INVERSE is %s.0,temp_str);
print{exp. Vunary->body, TRUE,ind+1,0);
}
break;

case Kdotted:

indent(ind);

header(head);

/* get attribute name */ -

strepy(temp_str,entry to string(runtime_result{pos]});

write2(".%s is %s0,exp. Vdouted->right->name,
temp_str);

print(exp. Vdouted->left, TRUE,ind+1,0);

break;

case KtypeExpression:

indent(ind);

header(head);

/* get type name */

strepy(temp_str.entry to_string(runtime_resultpos]));

write2("%s is %s0,type to_string(exp. ViypeExpression
->type)lemp_str);

break;
case KdefnRef: -

indent(ind);

headerthead);

/* get result of application */
strepy(temp_str,entry_to_string(runtime_result{pos]));
write2("%s returns %s0,exp. VdefnRef->name,temp_str);
break;

case Kroot:

indent(ind);

headerthead);

strepy(temp_str,entry to_string(runtime_resuit[pos]));
writel("ROOT is %sOtemp_str);

break;

case Kmembers:



indent(ind);

header(head);

strepy(temp _strentry_to_string(runtime_result[pos]);
write1"MEMBERS are %s0,temp_str);

print{exp. Vmembers->argument, TRUE,ind+1,0);
break;

case Khead:

indent(ind);

headerthead); )
sircpy(temp_streniry to_string(runtime_result{pos]));
writel("HEAD is %sQtemp _str); .

print{exp. Vhead->argument, TRUE,ind1,0);

break;

case Ktype:

indent(ind);

header(head);

strepy(lemp strentry_to string(runtime_result[pos]));
writel("TYPE is %s0,temp_str); -

print(exp. Vtype->argument, TRUE,ind+1,0);

break;

i
case Ksize:

indent(ind);

header(head);
strepy(temp_str.entry_to_string(runtime_result{pos]));
write I("SIZE is %s0,lemp_str);

print(exp. Vsize->arpument, TRUE, ind+1,0);

break;

case Ktail:

indent(ind);

headerthead);
strepy(temp_strentry_to_string({runiime_resuit[pos]));
write1("TAIL is %s0,temp_str);

print{exp. Viail->argument, TRUE,ind+1,0);

break;

case Kquantifier:

/* print expression only if value agrees with
passed truth value (TF) */
if(boolvaiue =m TF && boolvajue == FALSE)
{
indent{ind);
header(head);
if(typeof(exp. Vquantifier->op) == Klomll)
{

* get name of object for which ForAll failed */
strepy(lemp_sitentry o string(
runtime_result[pos+11));
write2("FORALL is not satisfied when %s is %s0,
temp_sir);
prirt{exp. Vquantifier->set, TRUE, ind+1,0);
print{exp. Vquantifier->body FALSE, ind+1,1);

else /* Exists operator =
writeQ(" EXISTS is not satisfied.0);
!

if(boclvalue =« TF && booivalue == TRUE)
{

et



indent(ind);

headerthead);

ifttypeof(exp. Vquantifier->op) == Kforail)
{

writeO('FORALL is satisfied 0);
}

else

r* get name of object for which Exists was
satisfled */ ’
strepy(temp_strentry_to_string(
runtime_resuit{pos+11));
write2("EXISTS is satisfied when %s is %s0,
exp. Yquantifier->control->name,
temp_str);
print(exp. Vquantifier->set, TRUE,ind+1,0);
print(exp. Vquantifier->body, TRUE,ind+1,1);
¥
}

break;
case Kconditional:

indent(ind);
header(head);
if(tbocivalue == TRUE && booclvalue == TF)

writeQ{"Conditional is satisfied.0);

}

else if{(boolvalue == FALSE && hoolvalue == TF) ||
(boolvalue == NONBOOLY))

{

writeQ("Conditional is not satisfied.0);

p = exp.Vconditional->test. IDLclassCommoen
->valuepos;

if(typeof(runtime_result{p+1]) == KTVALUE)

print(exp. Vconditional->test, TRUE,ind+1,0);
print{exp. Vconditionai->then, FALSE,ind+1,1};

found = FALSE;

foreachinSEQexpressionPair(
exp.Vconditional->orif, Sep, ep) {

if(tfound)

{
p = ep->testIDLclassCommon->valuepos;
if{lypeof(runtime_resuit[p+1]) == KTVALUE}

print(ep->test, TRUE,ind+1,0);
print{ep->then, FALSE,ind+1,1);
found = TRUE;
}
}
}
}

if(!found)
" print{exp. Vconditional->ctherwise,
TRUE,ind+1,0);
}

break;

case Kcontrol:



indent(ind);

headerthead);
strepy(temp_str.entry_to_string(runtime_result{pos]);
write2("%s is %sd,exp.Vcontrol->name,temp_str);
break;

case KformArg:

indent(ind);

headerthead); -

strepy(iemp_streeniry_to string(runtime_result{pos]));
write2("%s is %s0,exp.ViormArg->name,temp_str);
break; :
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* indent indent the given amount of levels. One level *

* is 4 spaces. : *

L ] ]

N Last revised: April 14, 1936 b
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indent{x)

int X; /™ indent level */

{

int i;

for(i=] di<=d* X i+4)
fprintf(stderr,” ™);

F s e e o R ek e e o e S

* header print the symbol ">' (because) or '&’ (and) *
* depending on whether the given argumeni is *
* O()orl (&) .
* *
* Last revised: April 14, 1986 *
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header(head)
int head; / header code %/
{
if(head == 0)
fprintf(stderr,”> *);
eise
fprintf(stderr,”& ");
}
B R o B e E O ]
* nameof return the string equivalent of the given  *
* operator *
. *
* Last revised: April 14, 1986 *
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String nameof(op)
binaryOp op; /* pperator to get string equivalent of */



switch (typeof(op)} {

case Kand:
return(" And");
break;

case Kor:
return("Or");
break;

case KTunion: -
retum("Union");
break;

case Kintersect:
retum("Intersection™);
break;

case Kplus:
retumn("Sum’);
break;

case Kminus:
return{"Difference™);
break;

case Ktimes:
return("Product”);
break;

case Kdivide:
return("Quotient™);

- break;

case Kless:
return("Less");
break;

case KlessEq:
retumn("Less_Eq");
break;

case Kgreater:
return("Greater'');
break;

case KgrirEq:
remmn("Greater_Eq™);
break;

case Kequal:
return("Equality™);

case KnotEqual:
retum("InEquality™);
break;

case Ksame:
return("Same™);
break;

case KinSet: :

return("Set Inclusion™);
break;

case Ksubset:
return("Subset’™);
break;

case KpropSubset:
return(“Proper Subset");
break;

F e n s e e T T S R A S



» entry_to_siting relums a string equivalent of the®
* given runstack entry *
E 3
* Last revised: April 14, 1936
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String entry_to_string(eniry)
runstackEntry entry; * runstack entry, to get string equivalent of */
{
char temp(30]);
IDL.VALUE val:
SEQIDLVALUE  Swal;
int i
int o
/* fill temnp array with Null characters */
for(i=0;i<=795i++)
templi] = * °;
switch (typeof(entry)) {
case KintegerDesc:
sprintf{temp,” %d" entry. VintegerDesc->value);
break;
case KrationalDesc:
sprinif(temp,” %f" entry.V rtionaiDesc->value);
break:
czse KstringDesc:
sircpy(temp,entry. VstringDesc->vaiue);
break;
case KbooleanDesc:
if(entry.VbooleanDesc->value == TRUE)
strepy(temp,"TRUE™);
else
strepy(temp,"FALSE™);
break;
case KnodeDesc:
strepy(temp,entry. VoodeDesc->1abel);
break;
case KsetDesc:

strepy(temp,”{ ");
foreachinSETIDLVALUE (entry. VsetDesc->value,Sval,val)
{
strea(temp,entry_lo_string{val));
strcat(temp,” ");
1
streat{temp,"}");
break;
case KsequenceDesc:
strepy(temp,™< );
foreachinSEQIDLY ALUE(entry.VsequenceDesc->value, Sval,

val)
{
strcat(tempentry_to_string(val));
streat(temp,” ");
}
streat{temp, ">"};
break; -
case KTVALUE:
strepy(temp, " TRUE™);
break;
case KFVALUE:
strepy(temp,"FALSE");
break;
case Kcollect:

strepy(temp,”{ );
o=



foreachinSEQIDLV ALUE( (entry. Veollect->objects,
Sval,val)
{

n4+;
if(r <= 15)
{

strcat(temp,entry_to_string(val));

stecat(temp,” ")
1
}
if(n < len((pGenList)(entry.Veollect->objects)))
streal(temp,”..");
streat(temp,” });
break;
H
reurn{temp);
}
F e e AR At e e s o O S o
* type_to_string return a string equivalent of the * .
* . given type *
*
* Last revised: April 14, 1986

String  type_to_string(t)
typeTree t; /* type 1o get string equivalent of */
{

switch (typeof®® {

case KTiat:

return("INTEGER"™);
case Krat:

return("RATIONAL™;
case Kstr:

return("STRING™);
case Kbool:

retumn{"BOOLEAN™;
case Ksat:

retum{"SET™);
case Kseq:

return("SEQ");
case Kuser:

returnt. Yuser->DT->name);
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Title: Interpretation of Asserticns

Filename: ~ kickenso/softlab/seman/macros.h *

Author: . Jerry Kickenson <kickenso@UNC>
Department of Computer Science *
University of North Carolina »
Chapel Hill, NC 27514

Copyright (C) The University of North Carolina, 1985 »

All rights reserved. No part of this software may be sold or  *
distriblited in any form or by any means without the prior written *
permission of the SoftLab Software Distribution Coordinator. *

Report probiems to softlab@unc (csnet) or ‘ *
softlablunc@CSNET-RELAY (ARPAnet) *
Direct all inquiries to the Softl.ab Software Distribution ®
Coordinaior, ai the abave addresses. »

Function: macros used by all phases of assertion interpretation *
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#include <stdio.h>

#define K(stn) fprintf(stderr,"str G);
#define check(3,N,SP,POS,TREE} interprey(X,N,SP,POS, forms,allstrucs, numstrue, stind

#define streq(sl,s2) stremp(sl,s2) ==0
#define error(str) if(pass >= 2) fprintf(stder,str)

typedef int boolean;

typedef struct { /* structure instance */
nodeDesc st} /* pointer to oot of siruclure instance ¥/
String portname; /* name of port associated with structure */
String stname;  /* name of structure */

} struc}
#define BOOL "bool”
#define INT "int"
#define RAT "rat"
#define STR st
#define SET "set”
#define SEQ "seq”
#define HEAD "Head"
#define MEMBERS "Members"
#define TYPE "Type"
#define SIZE "Size"
#define TAIL "Tail”

#define UNKNOWN "Unknown”

#define strequal(s!,s2) !stremp(sl,s2)
#define COMMENT -1

#define EXTENSION-2

#define WARNING -3

#defire RECOVERABLE -4

#define SERIQUS -5

#define FATAL -6



#define Comment((n,spos)
#define CommentI(n,spos,al)
#define Comment2(n,spos,al,a2)

#define Extension0(n,spos)

ErrHandler(COMMENT,n,5pos,"™,"™)
ErrHandler{tCOMMENT n,spos,al,™)
ErrHandler(COMMENT,8,5p0s,21,a2)

ErrHandlen(EXTENSION, 1,5pos,™,"™)

#define Extensioni(n,spos,al) ErrHandler(EXTENSION,n,spos,al,™)
#define Extension2(n,spos,al,a2) ErrHandle(EXTENSION,n,spos,al,a2)

#define WarningO(n,spos) ErrHandler(WARNING,n,5pos,™,™
#define Warningl(n,spos,al) ErrHandler(WARNING,n,spos,al,™)
#define Warning2(n,spos,ai,a2) ErrHandler(WARNING, n,5pes,al,a2)
#define RecoverableQ(n,spos) EnHandleRECOVERABLE n,5pos,™,"™)
#define Recoverablel(n,spos,al) ErrHandler{(RECOVERABLE,n,spos,al,™)
#define Recoverable2(n,spos,a} a2) ErrHandle RECOVERABLE n,spos,al a2)
#define SeriousO(n,spos} ErrHandlen(SERICUS,n,spos,™,™)
#define Seriousl(n,spos,al} ErnrHandlen(SERIOUS,n,spos,al,"™)
#define Serions2(n,spos,al,a2) ErrHandler(SERIOUS,a,5p0s,a1,a2)
#define FatalO(n,spos) ErrHandlern(FATAL.n,spos,"","™)

#define Fatall(n,spos,al) ErrHandlenFATAL n,spos.al,™)

#define Fatal2(n,spos,al,al) ErrHandlen(FATAL,n,spos.al,a2)





