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Abstract 

The Interface Description Language (IDL) is a notation foe describing abstract properties of 

data structureS that are passed among cooperating programs. IDL allows a user to specify a 

data structure in tenns 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 abstr:let structure he oc 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 IDL 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. 

Our 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 certain number of children, cannot be 
expressed in IDL. Specifying the values of attributes in the IDL graph cannot be done within 
IDL. 

To allow the user of IDL more control over the structures he creates, the assertion language 
was proposed [4]. The language permits the user to express specifications about the IDL strucrure 
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 current 
implementation. We were most interested in demonstrating the feasiblility of the tool. However, 
we describe how the current 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 Carnegie-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. Outline of the Thesis 

Part II is a tutorial introduction to the assertion language and its use. Part ill describes the 
current implementation of the assertion checker, reports the measured perfonnance 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 Fonn (BNF). Angle brackets 
(" <>") surround the name of a non-terminal. Braces (" {} ") are used to 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 fixed width. 
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CHAPfER 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 idlch4c/c can then automatically check the 
validity of these assertions on panicular structure instances. 

This document is a tutorial inttoduction 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 inttoduced. The process by which the assertions were composed will be 
explained. Third, brief descriptions of the most advanced features of the assenion 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
gr:unm.ing 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 or 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 figu re 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 IDL 
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 
spec 

Symbol 
Table 

Assertion 
1------IFailure 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. 
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CHAPfER 3 

Basic Use of the Assertion Language 

3.1. Example Speclftcatioo 

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

--Specification f or the customers structure . 

Structure customers Root customer_list Is 

End 

customer_list • > list : Seq Of Customer; 

Customer ::• commercial_customer Government_customer; 
Customer •> name : Strinq, 

address : Strinq, 
active : Boolean, 
customer_number : Integer, 
balance : Rational ; 

commercial customer •> industry_code Integer; 

Government_customer ::• state customer I federal_customer ; 
state customer •> state_code : Integer; 
federal_customer •> agency_code : Integer; 

--Specification f or the transactions structure. 

Structure transactions Root transaction_list Is 

transaction l ist •> list : Seq Of Transaction; 

Transaction ::• credit I debit; 
Transaction •> customer number Integer, 

date : Integer, 

credit •> ; 
debit •> 

amount : Rational, 
tax status : Set Of Tax_code; 

Tax code ::• local_sales_tax 

: 



End 

state_sales_tax 
federal_sales_tax; 

local_sales_tax => ; 
state_sales_tax => ; 
federal_sales_tax => 

--Specification for the bills structure. 

Structure bills Root bill_list Is 

End 

bill_list ~> list : Seq Of bill; 

bill => billee : Customer, 
amount Rational; 

Customer ::- commercial~customer Government_customer; 
Customer a> name : String, 

address : String, 
customer_number : Integer; 

commercial_customer => industry_code Integer; 

Government_customer ::= state_customer I federal_customer; 
state customer => state code : Integer; 
federal_customer => agency_code : Integer; 

--Specification for the billing process. 

Frocess billing Inv billing Is 

Pre customers_in : customers; 
Pre transactions_in : transactions; 
Fost 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 suucture. These assertions may appear anywhere within 
the suucture 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 list is not empty, we could write: 

Assert Size(Root.list) -= 0; 

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 
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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 For AU 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: 

Assert FerAl~ C In Customer Do C.customer_number >= 1 Od; 

The name c is an iterator that will take on successive values of the specified object type, which 
here is 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 parallels the => symbol in the IDL specification.) Since the For AU 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 For All or Exists, is a boolean entity. Despite the use of 
the Do ... Od fonn, 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 basic type 
(Integer, Rational, String, Seq Of <type>, or Set Of <type>). 

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 ForAll sc In state_customer Do 
sc.state_code >= 1 And 
sc.state_code <= 50 

Od; 

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

No duplicate customer numbers 
Assert ForAll cl In Customer Do 

ForAll c2 In Customer Do 
If cl -= c2 Then 

Od Od; 

cl.customer_number - c2.customer number 
Else True Fi 

The symbol -=means "not equal to". The two iterator names must be distinct when using 
nested quantifiers. Here the names used are cl 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 Od; 
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In the bills structure, we might wish to be certain that the amount of all bills is positive. We 
could then assert in the bills structure: 

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

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 irnponant customer named IBM is in our customer list. We would then assert 

Assert Exists C In Customer Do C.name =" IBM" Od; 

3.3. Assertions within Processes 

The above assertions concern 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 perhaps 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 

c_in.name = c_out.name And 
c in.address = c out.address And 
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 ports. 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 attributes were not 
mentioned. These should remain unaltered aiSo, but they are not attributes of the entire class 
Customer. 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 > 0 And 
c.industry_code > 0 Od; 
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would result in an error, because c is of type customer, which does not necessarily have an 
industry code attribute. If one wishes to make an assertion about such an attribute, one must 
write an assertion specifically targeted toward that class of node containing the attribute. For 
example, we could assen: 

Assert ForAll cc_in In customers_in:commercial_customer Do 
ForAll cc out In customers out:comrnercial customer Do 

If cc:=in.customer_numb-;;r = cc_out.customer_number 
Then 

cc_in.industry_code = cc_out.industry_code 
Else True Fi 

Ocl Od; 

Since commercial customer is a member of the customer class, we can refer to the 
customer_numberattribute of cc_in and cc_out, which are of type Customer. Since 
we have specified cc _in and cc _out as type commercial_ customer, we can now also 
refer to an industry code attribute. 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 
Assert ForAll t In transactions_in:Transaction Do 

Exists c In customers_in:Customer Do 
t.customer_number = Cocustomer_number 

Od 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 returns 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(c,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, 
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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 credit 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 transactions only. 

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 0) 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 all 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, 'l'ype(Read(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 a customer 
at output is the balance the customer had at input plus any credit it received. 

-- All.customers are properly credited. 
Assert ForAll c_out In customers_out:Customer Do 

ForAll c in In customers in:Customer Do 
If ~iri.customer_number = c out.customer_number 
'l'hen 

c_out.balance = c_in.balance + 
Total_Credit(c_in, 

transactions_in:Root.list) 
Else 'l'rue. 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 assen 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 pon prefix transactions in specifies we mean the root of the structure associated 
with the pon 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. That is why the Root .list is specified as an argument. This dotted expression has 
type Seq Of Transaction since the specified root has an attribute called list that has 
this type. 

In the Total Credit definition, Orif was used. The Or If form is a shonhand that is 
recommended. Every -use oflf must be ended with a Fi. Use of Orlf 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 assen 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 Transaction) = 
If Size(Tlist) = 0 Then 0 
Orif 'l'ype(Read(TList)) Same transactions_in:debit Then 

1 + Num_debits(Tail(TList)) 
Else Num_debits(Tail(TList)) Fi; 

With this definition, we can now assen: 
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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:Root.list) = 
Size(transactions_in: debit); 

3.4.2. Collection Returning 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)l 
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 Mambers(bills out:Root.list) Do 
b.billee.customer nwru)er = 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.,~>ustomer_number is permitted. 
Members is a supplied function that takes a set or sequence(as here) and produces the collection 
containing all 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 
bills 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 idle, assertcodegen, and 
idlcheck. 
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idle is the IDL translator. Once you have written the IDL specifications for your process, 
use idle 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 asserteodegen to generate code that idleheek will interpret idleheek 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 
asserteodegen, and produces an error log. This error log will repon 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 billing process described above are in a file called 
billing. idl. The Unix command: 

idic billing.idl-s billing.symboltable 

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

assertcodegen billing. symbol table -o billing. check 

will create the code that the assertion checker will interpret and place It mto 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 outl, and the output billing list is in the file out2, 
then the final Unix step is: 

idicheck customers in:inl transactions in:in2 
customers=out:outl bil!s_out:-;;ut2 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: 

idic billing . idl -s - 1 assertcodegen 1 idlcheck 
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(l), ASSERTCODEGEN(l), and IDLCHECK(l) (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 constants folded. The 
specification follows: 

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

End 

func => name : String, 
params : Seq Of formal·, 
def : Exp; 

formal => name : St:ing; 

Exp => const I formal I Operation; 

Operation : := bin op 1 un op; 
Operation => op :-Operator, 
left : Exp; 

bin_op => right Exp; 
un_op => 

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

canst => val : Integer; 

Process constant_fold Inv parse_tree Is 

Pre input 
Post output 

End 

parse_tree; 
parse_tree; 



4.2. Overloaded Definitions 

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

Assert Folded(output: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 all structures. 

In order for the definition to make sense, we must define whatwe mean by Folded. The fol­
lowing overloaded definition ofF olded does the trick: 

Define Folded(e:const) = ~rue; 
If the expression is just a constant, then it is clearly folded. 

Define Folded(e:formal) =~rue; 

If the expression consists of only a formal name, then we say it is folded. 

Define Folded(e:un_op) = 
If ~ype(e.left) Same output:const ~hen 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 to 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 a constant, then the unary expression is 
folded if its argument is folded. 

Define Folded(e:bin_op) = 
If ~ype(e.left) Same output:const And 

~ype(e.right) Same output:const 
~hen 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 function 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 canst Then True 
Orif Type (e) Same formal Then True 
Orif Type(e) Same un_op Then ..• 
lUse 
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: 

Assert 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 a 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 value 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 unary 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 Type(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) I Value(e.right) 
Fi; 

The value 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 
output must be trees. However, the IDL specification for the parse tree does not restrict the struc­
ture to a tree. The Operation class has an attribute left that is of type Exp. It is 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 assen that the parse_tree structure is a tree. 

Fanning 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 defined. 
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 attribute. The immediate 
descendants of a bin_op node are its 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 c are <d, e>. Nodes b, d, and e have no 
immediate descendants. 

a 

d 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, c, d, e>. The reach of a includes 
the nodes <b, c, 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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Cyclic 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 -

Assert ForAll n Xn bin op Do 
Reach(n.left) Intersect Reach(n.right) Same Empty Od; 

In the example tree, nodes a and c 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 
c, which is <c, d, e>. Thus the assertion is true for node a. The reach of c .left and the 
reach of c. right are both<>, and so the assertion holds for c also. 

Second, we assert that no node is a descendant of itself. This will guarantee the absence of cycles. 

Assert i'orAll n In Exp Do Not (n Sub Desc (n)) 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 th.at 
there are no disjoint components in the tree. 

Assert 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. all 
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 definitions are useful, as above in asserting that a structure is a tree. 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 process. If the IDL specifications for the constant folding process are in a file called 
constantJold.idl, the parse tree instance to be input is in a file called in, and the parse tree output 
by the process is in a file called out, the sequence of commands would be: 

iillc constant fold.idl-s symboltable 
assertcodegen symr,oltable -o generated code 
iillcheck input: in output:out generated_code -e error_log 
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The list of errors, if any, will now be in the file e"or _log. 

Alternatively, one could use Unix pipes and condense the three commands above into: 

idle constant_fold. idl-s • 1 assertcodegen 1 
idlcheck input:in output:out -e error_log 
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CHAPTER 5 

ADVANCED FEATURES 

5.1. l'rivate 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 idle heck. 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 ForAll CF In federal_customer Do 
CF.agency_code <= 100 Od; 

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 should 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 structure, though all other assenions would 
be. In addition, naming assenions also improves communication between people. 
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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. 

Intermediate 
Symbol Table 

Symbol 
Table 

Semantic 
l---1 Errors 

Symbol Table 
w/Postfix Code 

Figure 1 
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Failure 
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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, Y ACC,, 
and C. Its input is the IDL specification (INfile). The parser outputs the abstract syntax tree 
representation of the IDL specification (OUTast). 

SemanticAna/ysis analyzes the IDL structure, excluding assertions. It inputs the abstract 
syntax tree produced by the parser and outputs two structures. The first is OUTtargetin is 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 
(OUTintST). This structure is read by the assertion semantic analyzer (semanticassert). 

This module semantically analyzes assertions and outputs the symbol table (OUTST). All 
modules output error instances to mergeErrors, which collects all the error 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. Output is an assertion failure log 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 (OUTerrs) 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 implementations 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 granunar. 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, rational, 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 detennine the possible types of the objects in the collection. There should be no runtime 
type errors. If the semantic analyzer cannot be certain that the types of the parts of an expression 
will make sense at runtime, then an error is returned. For example. the assertion 

Assert ForAl~ c In Customer Do 
If Type(c) Same commercial customer 
~Then c.industry_code = 10-
E~se True Fi 
Od; 

would not be accepted. The control variable c iterates over all nodes of type Customer. 
Although the node commercial customer has an attribute 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 pon 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 irs 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 CodeOf(c:state customer) = c.state_code; 
Define CodeOf(c:federal_customer) = c.agency_code; 

the following assertions are both semantically correct 

Assert ForAll c In state_customer Do 
CodeOf(c) >• 1 Od; 

Assert ForAll c In Customer Do 
CodeOf(c) >= 1 Od; 

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 
distinguishable by the number or types of their formal arguments. For example, the definition 

Define CodeOf(c:Customer) = c.customer_number; 
Define CodeOf(c:commercial_customer) = 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 appiY. 

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 c. 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 disallowing 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 a singleton collection. 
The following collections, and only the following, are singletons: formal .parameter names, 
quantifier control variables, 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 cyclic definition is a definition that may call itself indirectly in the course of evaluating its 
body. Cyclic identical calls are perntitted. 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 returned 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 current 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 calls 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 definition. Since these are noncyclic definitions, 
the call graph is guaranteed to be noncyclic. 

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 a 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 generator is straightforward. For 
example, the assertion 

Assert 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 I 
l 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, five arrays are associated with each structure or process. The code generator 
places string names, types, definitions, integers, and rationals into these arrays. The generated 
code contains two-byte pointers into these arrays. This allows for 64K distinct objects of each 
type. 
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The actual code would be (the number in parentheses is the index of the instruction) 

Instruction 
(1) Root 
(2) .list 
(5) Size 
(6) 2 
(9) -
(10) Root 
(11) .list 
(14) Head 
(15) Gov' t_customer 
(18) Sub 
(19) And 
(20) EndAssert 

Integer Code 
8 

63 10 
55 

210 
32 
8 

63 10 
52 

9 l 0 
14 
20 
66 

The instructions with two extra bytes are those with attributes. list 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. Other instructions pop the appropriate number of arguments and 
push the result. "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 

Assert I£ Size(Root.list) = 3 
Then Head(Root.list) .name 
Else True Fi; 

would result in the code 

Root .list 3 = JFALSE 
1 2 3 4 5 

"ATT" 

23 
6 

"ATT" - JUMP 28 True EndAssert 
11 12 13 14 15 16 

Root .list Head 
7 8 9 

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 
(1) Root 
(2) .list 
(5) 3 
(8) = 
(9) jfalse 
(12) Root 
(13) .list 
(16) Head 
(17) .name 
(20) "ATT" 
(23) = 
(24) jump 
(27) True 
(28) EndAssert 

Integer Code 
8 

63 l 0 
310 
32 

50230 
8 

63 10 
52 

63 20 
430 
26 

48 28 0 
5 

66 

The extra bytes after the jump instructions are absolute indexes in the code array where execution 
should continue. 
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The quantifier expression 

Assert ForAll c In Customer Do 
c.customer_number >= 1 Od: 

would result in the code 

Customer ForAl1 c .customer: 
endForAlll 

1 2 3 4 

5 EndAssert 
8 9 

number 1 >= I 

5 6 7 

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

Instruction 
(1) Cus.tomer 
(4) ForAll 
(5) c 
(7) . customer number 
(10) 1 -
(11) >= 
(12) endForAll 
(15) EndAssert 

Integer Code 
910 

57 
61 1 

63 10 
1 

31 
59 so 

66 

The two extra bytes after endForA11 instruction represent an absolute index in the code array 
where the quantifier begins. The extra byte after the control instruction c 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. 
FcrAll 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 result is 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 instruction 
str _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 out 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 
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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 vinual 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 attribute 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 auxiliary 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 instruction 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 recently 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 actual value in constant time. The control array 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 12 

The string reference array contains the string,"list". The type reference array contaios the type 
Government customer. Initially, the runtime stack and control array are empty. Figure 4 
shows the state-of the runtime stack after the execution of each operation. Objects are identified 
by their labels, which are identifiers beginning with the character 'L' and followed by one or more 
digits. The control 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 
(2) .list 
(3) Size 
(4) 2 
(5) = 
(6) Root 
(7) .list 
(8) Head 
(9) Gov' t customer 
(10) Sub -

(11) And 

Push the root object of the structure. 
Pop the stack. Push the list attribute of TOS. 
Pop the stack. Push the size of TOS. 
Push the integer 2. 
Pop the stack twice. Push FALSE since 2"' 3. 
Push the root object of the structure. 
Pop the stack. Push the list attribute of TOS. 
Pop the stack. Push the head ofTOS. 
Push the collection of all Gov't customer nodes. 
Pop the stack twice. Push FALSE since {L2} is not a subset of 
{L3 L4}. 
Pop the stack twice. Push FALSE since both values popped 
are false. 

34 

! 



{Ll} 

1 

2 

3 

4 

<L2L31A> 
FALSE 

7 

FALSE 
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FALSE FALSE 
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{L2} {L2} 
FALSE FALSE 

8 9 

FALSE 

11 

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

Assert ForAll C In Customer Do 
C.customer_number < 2 Od; 

The code generated for this assenion is: 

Customer customer number endForAll EndAssert 
l 4 7 8 

Figure S 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 

(3) c 
(4) customer_ number 

(5) 2 
(6) < 

(7) endForAll 

(3)C 
(4) customer_ number 

(5) 2 
(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 I. Place modified TOS on end of 
quantifier collections list 
Push the object found in the control array at Ievell. 
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 I. 
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 onto 
the runtime stack. The quantifier is not satisfied. 
Pop the stack. Return TOS, which is False as the result of 
the interpretation. End the assenion interpretation. 

The object for which the quantifier failed is still in the control array. This is useful for production 
of the assenion failure log, as will be discussed in chapter 5 of this part. 
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The interpreter consists of one long switch statement. 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 interpreter stacks a result on 
the run stack, it also saves this result in a result array. This array is the same size as the code 
array, but holds run stack entries, not instructions. The result is stored in the result 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 
satisfied if part of a negation). 

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



Figure 6 illustrates the relationships between the various 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 ttee, while solid lines denote 
that the expression contains the index in the code array of the instruction pointed at. 

' ' ' ' 
lioat · 

= 

' ' l.iat 

' 
2 Head 

I 

dot: 

' ' ' ' ' 

Sub 

u.at 

code Root .U.st Si.ze l Root .liat Head 
Cov•t_ 

cuatom.r 
Sub Ancl 

ruult (Ll} <L2 L3 Li> 3 2 F (Ll} <L2 L3 Li> (L2} (L3 Li} 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 is false. 
> And not satisfied. 

> Equality not satisfied. 
> Size is 3 

> .list is { < L2 L3 L4 > } 
> Root is { Ll } 

& Subset not satisfied. 
> Head is { L2 } 

> .list is { < L2 L3 L4 > 
> Root is { Ll } 

& Government_customer is { L4 L3 

Quantifier operators (ForAII 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 
For All) 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: 
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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 intetpreter. 

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 pan of the 
language definition, and add expressive power to the language. Of the two, the implementation of 
cyclic functions 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. Th.is re-evaluation is wasteful, especially 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 detennine the optimum size of the cache. 

It 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 improvementcould 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, information regarding 
only the operand that was not satisfied is provided. However, redundant information may still be 
reported. 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 all 
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 

Our 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 fuwre 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 Y 

is expected to occur often. The fonnal 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 Y, but the language forces the above expression. A more natual way of expressing 
the meaning of this construct would be: 

X Is Y 

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 For All, it iterates over a col­
lection. Unlike For All, it returns a collection rather than a boolean value. The proposed construct 
is: 

Select x In <exp> Do <body> Od 

<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 ::= leaf I inner; 
leaf=> depth: Integer; 
iMer => left : exp, right: exp; 

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

Define IDesc(e:exp) = IfType(e) Sub /eafThen Empty 
Else e./eft Union e.righi Fi; 

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

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

{Otherwise Do <expn> Od}? 
End 

<name> is bound to <expO>, and is local to the Case statemeni. If the type of <name> is 
<typel>, then execute <expl>. Inside <expl>, <name> is typed to <typel>. If the type of 
<name> is <type2>, then execute <exp2>. Inside <exp2>, <name> is typed to <type2>. Other­
wise, execute <expn>. 

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

With the new construct, the definition could be 

Define IDesc(e:exp) = Case xIs e 
leaf Do Empty Od 
inner Do x.Ieft 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 
natural and convenient. 

47 



13.2. Semantics 

The semantics of the dot operator are not clean. 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 I 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. 
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Appendix A 

Formal Definition of the Assertion Language 

1. Introduction 

This document includes the fonnal syntax of the IDL assertion sub-language and the infor­
mal semantics of that language. The grammar 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 to 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> 
<assert stmt> 

::= <assert stmt> I <definition> 
::= { <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 pennit 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 fonn a conventional expression grammar with operator precedence levels. ·Or 
and Union have the lowest precedence and "*" and "I" have the highest precedence. The syn­
tax is as follows: 

<expression> 
<lop> 
<lexp> 
<20p> 
<2eXp> 
<3exp> 
<30p> 

<4exp> 
<40p> 
<5exp> 
<50p> 
<primary exp> 

<literal> 

<actuals> 

::= 
::= 
::= 
::= 
::= 
··-.. -
::= 
.. _ 
.. -
::= 
::= .. _ .. -
.. = 

.. _ .. -

.. _ .. -

<lexp> 1 <expression> <lop> <lexp> 
Or I Union 

<2exp> I <lexp> <2op> <2exp> 
And I Intersect 

{ Not } ? <3exp> 
<4exp> I <3exp> <3op> <4exp> 

= I "= I < I <= I > I >= I In 
Same I Psub I Sub 
{ <4op> } ? <5exp> I <4exp> <4op> <5exp> 
+ I -
<primary exp> 1 <5exp> <Sop> <primary exp> 
* I I 

{ <name> : } ? <type> 
I <literal> 
I ( <expression> ) 
I <primary exp> • <name> 
I <name> ( <actuals> ) 
I <if expression> 
I <quantified expression> 
True I False 

I { <name> : } ? Root 
I Empty 
I <integer> I <rational> I <string> 
<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 

integer 

string 

Empty 

Root 

<type> 

<name> 

the values ~rue or False 

the standard integer type; the syntax is identical to 
that in the ASCll External Representation Language 
[3]. 

sequence of ASCII characters between quotes. Any 
ASCII character may be represented, including print­
able characters, blank$, and non-printable control 
characters; the syntax is identical to that in the ASCII 
External Representation Language [3]. 

denotes the empty object collection 

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

denotes the collection of all objects of the specified 
type in the structure in which the expression appears. 
This expression cannot appear in a process assertion. 

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

2.2. Infix Operations On Values 

Operations on values of IDL types are straightforward. They include: 

• boolean: =, ·=, And, Or, Not 
• integer & rational: =, =, <. <=, >, >=, +, -, *, I 
*string: =, -=, <~ <=, >, >= 
*set: =, -=, In 
• sequence: =, ·=, In 
• collection: In 
*node: =, -= 

Most of these operations should be clear. Two boo leans, 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 

On.ion 

Intersect 

Same 

Sub 

Psub 

2A. 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 containing 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 a 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. <actuals> is an ordered list of arguments to 
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 ( setorseq ) 

Size ( arg ) 

Tail ( seqv ) 

Type( n ) 

2.5. Object Collections as Values 

setorseq must be of type set or sequence. 
Members returns the object collection containing the 
objects in the set or sequence setorseq. 

arg may be of type suing, set, sequence, or collec­
tion. If a suing, Size returns the length of the 
suing. 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 contain exactly one object), then 
Size returns the size of the object contained in arg, 
which must be a suing, set, or sequence. 

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

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 returns 
the type of the object(s) in the object collection n. 

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 op~rations: 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> ::= 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 Else 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> ::= { ForAl.l Exists } <name> 
In <expression> Do <expression> Od 

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 <expression> following :tn and 
may be used on! y within the Do - Od expression. Despite the Do, the expression berween 
Do and Od must be of type boolean. Nothing is "done". It simply expresses a proj!erty which 
all objects (the ForAll variant) or at least one object (the Exl.sts variant) in an object collec­
tion must have. The expression following In must be an object collection type. The expression 
berween 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> 

<formals> 
<formal> 

::s <PrivateDefinition> 1 <IDLdefinition> 
::= Define <name> {<formals>}? 

Returns <type> 
::= { Cyclic }? Define <name> 

{<formals>}? = <expression> 
::= (<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 Cyc~i.c 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 Cycli.c 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 :tf expression. This restriction ensures mono­
tonicity and thus the existence 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 march 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 corresponding 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 a sequence object as an argument and 
returns the collection of objects in that set or sequence. Originally, Members took only 
a set as argument. 

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

The In operator may take a collection or sequence 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 chapter 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 [5] to create code and macros used in the implementation of the 
assertion checker. 
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1. Semantic Analysis 

-- include the intermediate symbol table produced by the IDL 
-- translator 
ifinclude "/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 : typeTree; 

Instance ::= idlinstance I 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 expressions 

expression ::=control I defnRef I formArg; 

control variable for a quantified expression 

control => 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 : Seq Of expression; 

DefOrinst ::=definition I Instance; 

-- a formal argument in a definition 

formArg => name 
actual 

String, 
formal; 

Add collection types to typeTree 

typeTree ::=collection I notype; 

collection ::=singleton I arbitrary; 

collection => object_type : typeTree; 

singleton =>; arbitrary =>; 

notype =>: 

Add structure for supplied functions, which have been 
separated out from other applications 

expression ::= SuppliedFunc; 

SuppliedFunc ::=members I head I type I size I tail; 
members=>; head=>; type=>; size=>; tail=>; 

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 Od; 

The sets of all quantifiers must have type object collection 
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 seq 

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 

Orif Type(func) Same tail Then 
effective_type(func.argument.exp_type) Same seq 

Else True Fi 
Od; 

The test expression of all conditionals must have type boolean 
Assert ForAll C In conditional Do 

Type(C.test.exp_type) Same bool Od; 

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

The expressions following 'then' and 'else' in all conditionals 
must have the same type 
Assert ForAll C In conditional Do 

Type(C.then.exp_type) Same Type(C.otherwise.exp_type) Od; 

Define OrifType(OF:Seq Of expressionPair) 
If Size(OF) = 0 Then 

Empty 
Else Type(Head(OF) .then.exp_type) Union 

OrifType(Tail(OF)) Fi; 

Assert ForAll C In conditional Do 
If Size(C.orif) > 0 Then 

Type(C.then.exp_type) Same OrifType(C.orif) 
Else True Fi Od; 

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) Od; 

The following assertions involve correct types in binary and 
unary expression operands 

Define Numeric = int Union rat; 
Define NumOrString Numeric Union str; 
Define NumUnaryOps UnaryPlus Union UnaryMinus; 
Define CollectionOps union Union intersect Union same Union 

subset Union propSubset; 
Define ValueOps = ArithmeticOps Union BoolOps Union 

RelationalOps Union NumUnaryOps; 
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Define BoolOps = and Union or; 
Define ArithmeticOps = plus Union minus Union times Union 

divide; 
Define RelationalOps = less Union lessEq Union greater Union 

grtrEq Union equal Union notEqual; 

Types operands of binary expression must have 
certain types 

Assert 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 RelationalOps 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 collection 

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)) 
Or 
Type(B.right.exp_type) Same arbitrary 

Orif Type(B.op) Sub ArithmeticOps Then 
effective_type(B.left.exp_type) Sub Numeric And 
effective_type(B.right.exp_type) Sub Numeric 

Else True 
Fi Od; 

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 Od; 

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) 
Define effective_type(t:SetOrSeq) 
Define effective_type(t:user) 
Define effective type(t:arbitrary) 
Define effective-type(t:singleton) 
Define effective=type(t:notype) 

= Type(t); 
= Type(t); 
= Type(t); 

Type(t); 
Type(t.object_type); 
Type(t); 

component type is the type of the component of a set or sequence 
empty if not a set or sequence 

Define component_type(t:SetOrSeq) 
Define component_type(t:basic) 
Define component_type(t:user) 
Define component_type(t:arbitrary) 
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= Empty; 

= Empty; 
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Define component_type(t:singleton) 
Define component_type(t:notype) 

= component_type(t.object_typel: 
Empty; 

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

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 unary opeator if it 
is assured of containing a single object 

Assert ForAll U In unary Do 
is_single_object(U.body) Od; 

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 are 
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 

Fi; 

Distinct(Head(a),Head(b)) Or Distinct(Tail(a),Tail(2! • 
Else False 
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 Il In Members(D.overload) Do 

ForAll I2 In Members(D.overload) 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 IDLSymbolTable 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 Of definition, 
cycle Boolean, 
visit Boolean, 
index In~eger; 

End SemAssert_inv 

Process SemanticAssert Inv SemAssert inv Is 

Target C; 
Pre IntSymbolTable 
Post SymbolTable 

End -- SemanticAssert 

IDLintSymbolTable; 
IDLSymbolTable; 
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2. Code Generation 

-- include the symbol table, the intermediate symbol table 
Hnclude " .. Iseman/ IDLSymbolTable. idl" 
Hnclude "/usr/softlab/src/idlc/specs/IDLintSymbolTable.idl" 

Process GeneratePostfix Is 

Target C; 
Pre SymbolTable 
Post PostfixCode 

IDLSymbolTable; 
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 Seq 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 : Seq Of String, 
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integer refs 
rational refs 
type refs 
define_refs 

Seq Of Integer, 
Seq Of Rational, 
Seq Of typeTree, 
Seq Of definition; 

-- When available, make reference lists arrays 
--For structure_process.string_refs Use array; 
--For structure_process.integer_refs Use array; 
--For structure_process.rational_refs Use array; 
--For structure_process.type_refs Use array; 
--For structure_process.define_refs Use array; 

End -- 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/softlab/src/idlc/specs/IDLintSymbolTable.idl" 
tinclude • .. /codegen/gencode.idl" 
tinclude "/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 : Seq Of runstackEntry; 
struc_store : PortStruc; 

runstackEntry ::• collection I IDLVALUE TVALUE I 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 
Post an error 

: IDLdata; 
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 collection To Create, Destroy, foreachinSEQ, 
ithinSEQ, inSEQ, appendrearSEQ, removelastSEQ , 
retrievelastSEQ, emptySEQ; 

Restrict IDLVALUE To Create, Destroy, foreachinSEQ, 
ithinSEQ, inSEQ, appendrearSEQ, removelastSEQ, 
foreachinSET, inSET, retrievefirstSEQ, 
emptySEQ; 

Restrict PortStruc To Create, Destroy, foreachinSEQ, 
appendrearSEQ; 

Restrict attrDesc To Create, Destroy, foreachinSEQ, 
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 
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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. Attributes, 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 (I) 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 
rat 
Str 
boo! 
set 
seq 
node 
coli 
num 
value 
def 
instance 
type 

integer 
rational 
string 
boolean 
set 
sequence 
node 
collection 
int I rat 
int I rat 1 str 1 boo! I set I seq I node 
definition 
instance of a defintion 
num I boo! 1 str I node I set of <type> 1 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) 
<>:<rat> 

4 string(s:str) 
<>:<str> 

S true 
<>:<boob 

6 false 
<>:<boob 

7 empty 
<>:<coli> 

8 root 
<>:<node> 

9 typeExpression(t:type} 
<>:<coli> 

Collection Infix Operators 

10 root(porlname:str) 
<>:<node> 

II portExpression(porlname:str,l:type) 
<>:<coli> 

Collection Binary Operators 

12 union 
<coll,coll>:<colb 

13 intersect 
<COil,coll>:<COlb 

Push the integer 0 

Push the integer 1 

Push the integer i 

Push the rational r 

Push the string s 

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 1. 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 porlname. 

Push the collection containing all objects with the 
type specified by 1. The objects are taken from the 
structure associated with the port specified by pori-
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 
<COll,COll>:<bOOI> 

Arithmetic Binary Operators 

16 plus 
<num,num>:<num> 

17 minus 
<num,num>:<num> 

18 times 
<num,nulll>:<nulll> 

19 divide 
<num,num>:<num> 

Boolean Binary Operators 

20and 
<bool,bool>:<booi> 

21 or 
<bool,bool>:<bool> 

Relational Operators on Strings 

22 str_less 
<Str,Str>:<bool> 

23 str _IessEq 
<Str,str>:<bool> 

24 str _greater 
<str,str>:<booi> 

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

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. 

Multiplication. 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. Otherwise, the result will be integer. 

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

Boolean OK Push the boolean result of TOS- I OR 
TOS. 

Less-than relation. 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 _grtrEq 
<Str,str>:<booi> 

26 str equal 
<Str,sif>:<bOOI> 

27 str notEqual 
<Str,sir>:<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 lexica, 
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 
<num,num>:<bool> 

29 num less 
<num,num>:<booi> 

30 num _greater 
<num,num>:<bool> 

31 num_grtrEq 
<nurn,nuiTl>:<bool> 

32 num_equal 
<Ilurn,nulll>:<hool> 

33 num notEqual 
<num,num>:<bool> 

Relational Operators on Booleans 

34 boo! equal 
<bool,bool>:<bool> 

35 bool_notEqual 
<bool,booi>:<bool> 

Relational Operators on Sets 

36 set equal 
<set,set>:<bool> 

Less-than-or-equal relation. Push the boolean result 
ofTOS-1 :!:TOS. 

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

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

Greater-than-or-equal relation. Push the boolean 
result of TOS-1 ~ TOS. 

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

Non-equivalence relation. Push the boolean result of 
TOS-l.,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. IfTOS 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>: <boob 

Miscellaneous Relational Operators 

42same 
<Col!,coli>:<bool> 

43 inSet 
<num 1 str 1 booll node,set>:<booi> 

44inSeq 
<num I str I booll node,seq>:<bool> 

44 inCollection 
<num I str 1 booll node,coll>:<bool> 

Unary Operators 

46 unaryMinus 
<nuill>:<nulll> 

47 not 
<booi>:<boob 

Jumps 

48 jump(/oc:int) 
<>:<> 

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

Equiv3Ience 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. IfTOS is TRUE, push FALSE. If 
TOS is FALSE, push TRUE. 

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

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

System Function CaDs 

51 members 
<Set I seq>:<coll> 

52 head 
<Seq>:<num I str I booll node> 

53 tail 
<Seq>:<Seq> 

54 str_size 
<SU'>:<int> 

55 setorseqorcoll size 
<Set I seq>:<int>-

56 type 
<COil>: <COli> 

Quantifier Operators 

57 fora!! 
<COll>:<> 

58 exists 
<COil>:<> 

59 endForAII(relurn:int) 
<bool>:<bool> 1 <> 

Jump to the location in the code array indexed by /oc 
ifTOS is TRUE. 

Jump to the location in the code array indexed by Zoe 
ifTOS 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 object of TOS and place it in the 
conlrol 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 

1f 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 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-!, and jump to the position in the 
code indexed by return. 
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60 endExists(return:int) 
<booi>:<bool> I<> 

61 control(level:int) 
<>:<value> 

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

Miscellaneous Operators 

63 dol(attr:Str) 
<eoll>:<coll> 

64 application(ref:instance 1 def,i:int) 
. I 

<{value} >:<value I coli> 

65 return 
<>:<> 

66 endAssertion 
<boob:<> 

If TOS is 1RUE, remove the last entry of the 
quantifier collections list and push 1RUE. 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-!, and jump to the position 
in the code indexed by return. 

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 actual 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 i) at the 
top of the stack. Push the result returned by the in­
stance evaluation. 

Signals end of a definition instance evaluation. Re­
turn TO$. 

If TOS is 1RUE, the assertion is true. If TOS is 
FALSE, the assertion is false. Report the result. 
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APPENDIXD 

UNIX Manual Pages and Shell Scripts 

This appendix contains 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', execute. 
Input is the symbol table generated by the IDL translator with the -s option (idle -s sym­
boltable). The symbol table is assumed to be from stdin unless 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 -o option is 
used. 

OPTIONS 
-i fi/e1UlJnl! 

The symbol table is to be found in filename 
-o file1Ullni! 

The output is to go to filename 
SEE ALSO 

FILES 

Kickenson, J. A TUJorial to the IDL Assertion Language 
idlc(l-IDL), idlcheck(l-IDL), assertcontrel(5-IDL) 

/usr/softlab/bin/assertcodegen 
-the IDL assertion code generator 

/usr/softlab/binlidlcheck 
-the IDL assertion checker 

/usr/softlab/src/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. 
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IDLCHECK (1-IDL) UNIX Programmer's Manual IDLCHECK (1-IDL) 

NAME 
idlcheck- the interface description language (IDL) assertion checker 

SYNOPSIS 
idlcheck [option] .•• [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 representation 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 ASCIT 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 
-cfilename 

Read the generated code from the file filename 

-efilename 
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 Is 
Pre: in! : structure in; 
Pre: in2 : structure -in; 
Pose out! : structure_ out; 
Pose out2 : structure_ out; 

End 

Assume that the input structure instances for the specific run are in II and 12 and 
that the output structure instances for the specific run are in 0 I and 02. 

I. (using files) 
idle specs -s symboltable 
assertcodegen symboltable -o assertioncontrol 
idlcheck inl:ll in2:12 outl:Ol out2:02 assertioncontrol 

2. (using pipes) 
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idle specs -s ·I assertcodegen I idlcheck inl:Il in2:I2 outl:OI out2:02-

SEE ALSO 

BUGS 

Kickenson, J. A Tutorial to the IDL Assertion Language 
idlc(l-IDL), assertcodegen(l-IDL), assertcontrol(5-IDL) 

Private definitions are not supported. 
AUTIIORS 

Jerry Kickenson 
University of North Carolina at Chapel Hill 

DIAGNOSTICS 
The diagnostics produced by idlcheck are intended to be self­
explanatory. 

76 



~!/bin/csh -f 

# Shell script for assertcodegen program 

set usage.,. "usage: assertcodegen (-i symboltablel [-o generated_codeJ" 
set oflaq 
set ofile 
set iflaq 
set ifile 

set gen ~ /usr/softlab/src/assertcodeqen/qen 

while ($iarqv > 0) 

end 

switch ($1) 

case -i: 
set iflaq ~ "-i" 
shift 
if ($tarqv > 0) then 

set ifile • $1 
else 

echo "$usage" 
exit 1 

endif 
shift 
breaksw 

case -o: 
set oflaq = 0 -o". 
shift 
if ($targv > 0) then 

set ofile = $1 

/bin/rm -f $ofile 
else 

echo "$usage" 
exit 1 

endif 
shift 
breaksw 

default: 

endsw 

echo "$usage" 
exit 1 

if ( ("$iflag" "'"" "-i") && ("Soflag" 
$gen < Sifile > $ofile 

else if ("$iflag" == "-i") then 
$gen < Sifile 

end if 

else if ("$oflag" :::= "-o") then 
Sgen > Sofile 

else 
$gen 

exit $status 
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#! /bin/csh -f 

#Shell script for idlcbeck program 

set echo 

set usage""' •usage: idlcheck (option] ••• (port:structure) ... -c code" 

set eflag 

set efile 

.set cflaq 
set cfile 

set strucs • "'"' 
set temp 

set chk ~ /usr/softlab/src/idlcheck/check 

while ($#argv > 0) 

switch ($1) 

case -c: 
set cflag = •-c" 
shift 

if ($iargv > 0) then 

set cfile ""' $1 

else 
echo •$usage" 

exit 1 
endif 

shift 

breaksw 

case -e: 

set eflag "" "-e 11 

shift 

if ($targv > 0) then 

set efile "" $1 

/bin/rm -f $efile 

else 

echo "$usage" 

exit 1 
endif 

shift 

breaksw 

case -w: 
set strucs 

shift 
breaksw 

"$strucs $1" 

default: 

endsw 

if($1 =- *:*) then 

set temp = 'echo $1 I sed 's/: I /g' ' 

set strucs = "$strucs $temp" 

else 

echo '1 $usage" 

exit 1 

endif 

shift 
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end 

if ("$cflag" =• "-c" && "$eflag" •• "-e••) then 

$chk $strucs < Scfile >& $efile 
else if ("$cflaq•• == "-c") then 

$chk $strucs < $cfile 
else if ("$eflag" ~~ "-e") then 

$chk $strucs >& $efile 
else 

$chk $strucs 
endif 

exit $status 
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APPENDIXE 

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 one customer 
Al Assert Size(Root.list) ·= 0; 

customer_list => list : Seq Of Customer; 

Customer ::= commercial_customer 
Government_ customer; 

Customer -> name : String, 
address String, 
active Boolean, 
customer_number Integer, 
balance Rational; 

A2 Assert ForAll C In·customer Do C.customer_number l Od; 
A3 Assert Exists C In Customer Do C.active = True Od; 

-- No duplicate customer numbers 
A4 Assert ForAll cl In Customer Do 

ForAll c2 In Customer Do 
If cl ·= c2 Then 

Od Od; 

cl.customer_number ·= c2.customer_number 
Else True Fi 

AS 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 Od; 

federal_customer => agency_code : Integer; 

End 

Structure transactions Root transaction_list Is 
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transaction_list 

Transaction 
Transaction 

=> list : Seq Of Transaction; 

::= credit I debit; 
=> customer_number : Integer, 

date : Integer, 
amount : Rational, 

tax_status : Set Of Tax_code; 

Tl Assert ForAll t In Transaction Do t.customer_number >= 1 Od; 

End 

credit 
debit 

Tax_code 

~> 

~> 

::= local_sales_tax 
state_sales_tax 

I federal_sales_tax; 

local_sales_tax ~> : 
state_sales_tax ~> ; 
federal_sales_tax => 

Structure bills Root bill_list Is 

bill_list 

bill 

=> list Seq Of bill; 

=> billee : Customer, 
amount : Rational; 

Bl Assert ForAll b In bill Do b.amount > 0 Od; 

Customer : := commercial customer 
I Government_customer; 

Customer => name : String, 
address String, 
customer number Integer; 

commercial customer => industry_code Integer; 

Government_customer ::= state_customer 
federal_ customer; 

state customer => state_code : Integer; 

federal_customer => agency_code : Integer; 

End 

Process billing Is 
Target C; 
Pre customers in 
Pre 
Post 
Post 

transactions in 
customers out 
bills out 

customers; 
transactions; 
customers; 
bills; 
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-- Customers output match customers input 
Pl 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 

c_in.name -. c_out.name And 
c in.address = c out.address And 
c:in.active = c~Out.active 

Else True Fi 
Od Od; 

P2 Assert ForAll cc in In customers in:commercial customer Do 
ForAll cc out In customers out:commercial customer Do 

If cc_in.customer_number-- cc_out.custoier_number Then 
cc_in.industry_code • cc_out.industry_code 

Else True Fi 
Od Od; 

Each transaction refers to an actual customer 
P3 Assert ForAll t In transactions in:Transaction Do 

Exists c In customers_in:Customer Do 
t.customer number = c.customer_number 

Od Od; -

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)l Same transactions in:credit 
Then Head(TList) .amount+ Total_Credit(c,Tail(TList)) 

Else Total_Credit(c,Tail(TList)) 
Fi; 

-- All customers are properly credited 
P4 Assert ForAll c out In customers out:Customer Do 

ForAll c_in-In customers_in:Customer Do 
If c_in.customer_number = c_out.customer_number Then 

c_out.balance = c_in.balance + 
Total_Credit(c_in, transactions_in:Root.list) 

Else True Fi 
Od Od; 

Define Num_debits(TList: Seq Of Transaction) = 
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; 

PS Assert Size(bills out:Root.list) = 
Num_debits(transactions_in:Root.list); 

P6 Assert Size(bills_out:Root.list) = Size(transactions_in:debit); 

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)) 
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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.custorner_number And 
b.amount • deb.amount 

Od Od; 

PS Assert Size(bills out:Root.list) 
• Size(Debits(transactions_in:Root.list)); 

End -- billing 
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Output of the checker: 

Assertion Al in customers in is true. 
Assertion A 1 in customers-out is true. 
Assertion A2 in customers -in is false. 
> FORALL is not satisfied -when C is L3 

> Customer is { L4 L3 L2 } 
& Equality not satisfied. 

> .customer number is { 2 } 
>Cis{L3} 

Assertion A2 in customers out is false. 
> FORALL is not satisfielwhen C is L12 

> Customer is { L13 L12 Lll } 
& Equality not satisfied. 

> .customer number is { 2 } 
>Cis{U2} 

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 AS in customers -in is true. 
Assertion AS in customers-out is true. 
Assertion A6 in customers-in is ttue. 
Assertion A6 in customers-out is true. 
Assertion T1 in transactions in is true. 
Assertion B 1 in bills out is true. 
Assertion Pl is false:-
> FORALL is not satisfied when c in is L2 

> Customer is { L4 L3 L2 } -
& FORALL is not satisfied when c out is Ll1 

>Customer is { L13 Ll2 Ll1}-
& Conditional is not satisfied. 

>Equality is satisfied. 
> .customer number is { 1 } 

>C inis{L2} 
& .cuStomer number is { 1 } 

> c out is{ Lll} 
& And not satisfied. 

> And not satisfied. 
> InEquality not satisfied. 

> .name is { Innovation, Inc. } 
>C inis{L2} 

& .name is { Innovation, Inc. } 
> c out is { Lll } 

Assertion P2 is true.-
Assertion P3 is true. 
Assertion P4 is true. 
Assertion P5 is true. 
Assertion P6 is true. 
Assertion P7 is true. 
Assertion P8 is true. 
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Supplementary Appendix 

Program Listings 



I*++++++ I I I I I I I I I I I I I I I I I I I I I I I+ I I I I I I I I I I I I I I I I I I I++ I I I I I I I I I I I I I I I++++ 

• 
• Title: Semantic Analysis of Assertions • 
• Filename: · kickensol softlab/ semantsymbol.c 
• Author: Jerry Kick:enson <kickenso@unc> 
• Department of Computer Science 
• University of Nol1h Carolina 
• Chapel Hill, NC 27514 
• 
• Copyright (C) The University of Nol1h Carolina, 1985 • 
• 
• All rigbls ROserved. No part of this software may be sold or • 
• distributed in any fonn or by any means withOUI the prior written • 
• pennission of the Solllab Software Distribution Coordinator. • 
• 
• Report problems to softlab@unc (csnet) or 
• sofllab!unc@CSNET-RELAY (ARPAnet) 
• Direct all inquiries to the Softl.ab Sotlwam Distriblllion • 
• Coordinator, at the above addresses. 
• 
• Function: main driver for semantic: analysis of assertions • 
• 
• main x_type 
• .................................................................... , 

#include "SemanticAssert.h" 
#include <Stdio.h> 
#include "macros.h'" 

extern FILE *errorfile; 
BOOLEAN recursion; I* lrile if a body includes recursion *I 

main(argc.argv) 
int argc; 
char *argv(]; 
{ 

• 

• 

• 
• 

• 

scope symbolTable; /* root of symbol table *I 
SEQSYMDOL 
SYMBOL 
SEQassertionStatement 
assertionStatement as; 
SET definition 
definition defn; 
SETinstance 
Instance inst; 

expression x_typeQ; 
definition ntindefQ; 

SET structure 

SET definition 
definition y; 
int 
int 

BOOLEAN 

SETdefinition 
definition def,d; 

SSP; I* iterators ... *I 
SP; 
Sas; 

Sdefn; 

Sin; 

I* typing function ., 
I* noncyclic: definition 

with lowest order that has 
not been typed yet ., 

invs; I* set of invariants ., 
Y; 

p; 
own_ non cyclic; I* number of noncyclic: 

definitions •1 
defcall; I* true if a definition is 

being typed 

Sdef,Sd; 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

., 



String 

int 
FILE 

fot(index•l;index<argc~ndex++) 
{ 

if(stieq(argv[lndex],"-<1')) 

defname; 

index: 
•ropenO; 

enodile • fopen(argv(++index),"w''); 
l 

I* read in intennediate symbol !able •1 

symboiTahle • IntSymboiTable(Sidin); 

invs ·NULL; 

t• coUect invariant structure names */ 
foreachiaSEQSYMBOL(symboiTahle->symbols,SSP.SP) 
{ 

if(typeof(SP) •• Kprocess) 
addSETstruCIW'e(invs,SP. V process-> invariant); 

} 

I* analyze aJI stnictures and processes which are not invariants *I 
foreachinSEQSYMBOL(symboiTable->symbols,SSP,SP) 
{ 

if(typeof(SP) •• Ksuuctwe) 
{ 
if(!inSETsttucture(invs,SP. V strucblre )) 
{ 

t• collect definitions into defStore *I 
add _definitions(SP); 

I* collec;t all definitions that a definition calls *I 
I* used to check that a noncyclic definition is, in fact. noncyclic */ 
I* and to prepare noncyclic definitions for topological sort */ 

foreacbinSETdefinition(SP.Vsuucture->defStore,Sdefn,defn) 
defn.IDLelassCommon->calls • NULL; 

findcalls(SP); 

I* mark all definitions as part of a cycle or not */ 

findcycles(SP); 

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

foreachinSETdefinition(SP.Vstructure->defStore,Sdef,del) 
if(typeof(del) •• Knoncyclic && def.IDLelassCommon->cycle) 
{ 

Wamingl(800,def.IDlclassCommon·::>SOun:eposition, 
def.IDLclassCommon·>name->name}; 

I* copy noncyclic attributes to a new cyclic definition */ 
defname • maUoc(strlen(def.IDLclassCommon->name->name)+l); 
strcpy(defname,def.IDLclassCommon->name->name); 
Sin • def.IDLclassCommon->overload; 
def.Vcyclic • Ncyclic; 
def.Vcyclic->name .. NnameToken; 
def.Vcyclic->name->name. malJoc(strlen(defname)+l); 
strcpy(def.Vcyclic->name->name,defname); 
def. V cyclic->overfoad • Sin; 
Sdef->value • def; 



} 

I* revene topological sort of noncyctic definitions *I 
topsort(SP); 

/* make pass through noncyclic definitions ., 
foreachinSETdefinition(SP.VstnJcture->defStore,Sdefn,defn) 

defn.IDLclassCommon->visit • FALSE; 

num noncyclic • number noncydic:(SP.Vstructwe->defStore); 
fot(p-• l;p <- num_noncydic;p++) 
{ 

} 

defn • mindef(SP.VSIIUcUire->defStore); 
I* type noncyclic definitions - cyclic checked later */ 
I* analyze bodies of definition instances */ 

foreachinSETinstance(defn.IDLclassConunon->overload,Sin,inst) 
{ 

} 

if(typeof('mst) .. Kidllnstance) 
{ 

recursion • P ALSE; 
defcall • TRUE; 

check(iut. Vidlln->body); 
if(typeof(iDSL Vidllnstanc:e->body.IDLclassCommon->exp _type) 

!· Kunknown) 
{ 

} 
} 

defn.IDLclassCommon->defiype • iDSL Vidllnstance 
->body.IDLclassCommon->exp_type; 

if(recursion) type_ Je<:Ursion( defn, 
inSL Vidllnstance->body); 

foreachinSETinstance(defn.IDLclassConunon->overload,Sin,inst) 
if(typeof(iDSL Vidllnstance->body.IDLclassCommon->exp _type) 

•• Kunknown) 
{ 

} 

type_ recursion(defn,insL Vidllnstance->body); 
inst. Vidllnstance->body.IDLclassCommon->exp _tyre 

• defn.IDLclassCommon->deflype; 

!* type cyclic definitions */ 
!*+++++ NOT YET IMPLEMENTED ++++++*I 
I* for now, remove all cyclic definitions */ 
foreachinSET definition(SP. V structure->defStore,Sdef,def) 

if(typeof(def) •• Kcyclic) 
removcSETdefinition(SP.Vstructure->defStore,deO; 

I* remove definitions from assertion list - they are now stored in defStore */ 
foreachinSEQassen.ionStatemenl(SP. V structure->assertions,Sas,as) 

if(typeof(as) !• Kassertion) 
removeSEQassertionStalement(SP. Vstructure->assertions,as); 

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

1• type bodies of assertions *I 
defcall • FALSE; 
foreachinSEQassertionSI.alemenl(SP. V st.ructure->assertions,Sas,as) 



} 

if(typeof(as) •• Kassenion) 
check(as. Vassenion->body); 

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

} 

I* analyze processes */ 
I* parallels analysis of structtues */ 
else if(typeof(SP) - Kprocess) 
{ 

I* collect definitions into defStoro *I 
add_ defillitions(SP); 

I* collect all definitions that a definition calls *I 
I* used to check that a noncycUc definition is, in fact, noncyclic •t 
I* and to order noncycUc defillitions for typing *I 

findcalls(SP); 

I* mark aU definitions as part of a cycle or not •t 

findcycles(SP); 

I* check noncyclic definitions Q if in a cycle change to 
a cyclic definition and issue a message to that effect *I 

foreachinSETdefinition(SP.Vprocess->defStore,Sdef,deO 
if(typeof(deO •• Knoncyclic && def.IDLclassCommon->cycle) 
{ 

} 

Wamingl(800,deflDLclassCommon->sourceposition, 
def.IOLclassCommon->name->name); 

I* copy noncyclic attributes to a new cyclic definition */ 
defname • maUoc(strlen(def.!DLclassCommon->name->name)+l); 
strcpy(defname,def.IDLclassCommon->name->name); 
Sin • def.IDLclassCommon->overload; 
def.Vcyclic ... Ncyclic; 
def.Vcyclic->oame • NnameToken; 
def.Vcyclic->name->name • malloc(strlen(defname)+l); 
strcpy(def. Vcyclic->name->name,defname); 
def.Vcyclic.>overload. Sin; 
Sdef->valuo • def; 

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

I* make pass through noncyclic definitions *I 
foreachinSETdefiDilion(SP.Vprocess->defStore,Sdefn,defn) 

defn.IDLclassCommon~>visit- FALSE; 

num_noncyclic • number_ noncyclic(SP. Vstructure->defStore): 
for(p • l;p <• num_noncyclic;p++) 
{ 

defn • mindef(SP.Vprocess->defStore); 
I* analyze bodies of definition instances *I 

foreachinSETinstance(defn.IDl..cJassCommon~>overJoad,Sin,inst) 

{ 
if(typeof(inst) •• Kidllnstance) 
{ 

defcall • TRUE; 
recursion • FALSE; 

check(insL Vidiinstanco->body); 
if(typeof(insl Vidllnstance->body.IDLclassCommon->exp_type) 



!• Kunknown) 
{ 

defn.IDI.olassCommon->defiype • inst. Vidllnstance 
->body.IDI.olassCommon-:>exp _type; 

if( recursion) type_ recursion(defn. 
insL Vidllnstance.>bcdy); 

} 

} 
} 

} 
foreacbinSET!nstanao(defn.IDI.olassCommon->overload,Sin,inst) 

if(typeof(UisL Vidllnstanoe->body.JDI.olassCommon-:>exp _type) 
- Kunknown) 

{ 
type_roausion(defnJnst. Vidllnstance->body); 

inst. Vidllnstance->body.IDI.olassCommon-:>exp _type 
• defn.IDLclassCommon->defiype; 

} 

I* type cyclic defintions */ 
!*+++++NOT YET IMPLEMENTED +++++*/ 
I* for now, remove all cyclic definitions*/ 
foreachinSETdefinition(SP. V pn:x:ess->de!Store,Sdef,del) 

if(typeof(det) - Kcyclic) 
removeSETdefinition(SP. Vprocess->defStore,del); 

I* remove definitions from assertion list .. they are now stored in defStore */ 
foreachinSEQassertionStatement(SP. V process->assertions,5as,as) 

if(typeof(as) !• Kassertion) 
removeSEQassertionStatement(SP. V process->assertions,as); 

I* Check that all instances of a definition rerum the same type */ 
check _instance _types(SP); 

I* type bodies of assertions */ 
defcail • FALSE; 
foreachinSEQassenionStatement(SP. V process-->assertions,Sas,as) 

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

} 

I* output symbol table */ 

SymbolTable(stdout,symboiTable,TWOP ASS); 

} /* of main •t 

/*++++++II I I I I I I I I I I I I I If I I I II I I I II I I!++++++++++++++++++++++++! I II I I I I I+ 
• x_type 
• Function which types expressions. • 
• Recursively calls itself as it types subexpressions • 
• Returns a typed expression that is the semantic meaning of the • 
• given expression. • 
• 
• Last Revised: June 10, 1986 .........................•.•..........•.....................•........... , 
expression x_type(exp,SP,defcall,defn,inst,as) 
expression exp; /* expression to type */ 
SYMBOL SP; /* structure or process */ 
BOOLEAN defcall; /* true if typing a definition */ 

• 

• 
• 



definition 
Instance 
assertionStatement 
{ 

defn; 
inst; 
as; 

I* definition being typed(if definition) *I 
I* instance whose body is being typed •r 

t• assertion or definition being typed •t 

SEQexpressionPair Serif; 

if(defcall) 

expressionPair ep; 

type Tree 
type Tree 
int 
type Tree 

type Tree 

type Tree 

type Tree 

type Tree 
int 
BOOLEAN 

expression 
SEQexpression 
SETdefinitioa 
SET definition 
definition 
BOOLEAN 
BOOLEAN 
iot 
SEQexpression 
expression 
SETString 
SETString 

SEQquantifier 
SEQquantifier 
SEQquantifier 
quantifier 
SEQfonnal 
SEQfonnaJ 
fonnal 
SET definition 
SET!nstance 
Instance 

SET port 
port 

int 

BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
String 

int 

left_type; I* type binary left subexp •1 
right_type;l• type binary right subexp •1 

boper; I* binary opemtor •1 
value(); I* returns type of object in 

singleton colle<tion *I 
type _llllllle(); I* returns user type wilh 

a given name 
obi_typel; I* type of objec:ls in 

obj_type2; I* type of objec:ls in 

arg_ type; I* type argument of function *I 

collection *I 

uopor. I* unary operator •1 

arg; 

def; 

saveargs; 
det'Sel; 
Sdef; 

OK; I* is type OK? 

I* application argument 
t• application arguments 

,. iteraton ·-

., ., ., 

., 

found; I* bas definition been found?* I 

a; 
wider. 
widearg; 

q; 

in; 

argType; 
Sexp; 

found!; 
I* another argument type *I 

,. iteraton ·- ., 

I* type to widen to *I 
I* type to be widened*/ 

quantSlk; 
quantSeq; 
Squant; 

fonnSeq; 
Sform; 
f; 
defS~ 
Sin; 

Spt; 
p~ 

I* iterators .•• ., 

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

fonn; I* is expression a formal */ 
contrl; /* is expression a control *I 
df; /* is expression a definition *I 
te; I* is expression a type exp */ 

tempname;t• name of a name expression 
or application */ 

position; /* sourceposition of assertion 
or definiiton */ 

position • defn.IDLclassCommon->sourceposHion; 
else 

position • as.IDI..classCommon->sourceposition; 

., 



I* type each kind of expression 
switch (typeof(exp)) { 

., 
case Kconditional: 

} 

I* type subexpressions of tho conditional... *I 
cbeck(exp. V conditional->test); 

if(typeof(exp.Vconditional->test.IDI cJassCommon->exp_type) 
,_ Kbool) 

WamiDg0(701,position); 

cbeck(exp. V conditional->then); 
cbeck(exp.Vconditional->ctherwiso); 

1• type all Orlf expressions • I 
fonoacbiDSllQexpressionl'aiJ(exp. V conditional->orif,Sorif,ep) 
{ 

cbeck(ep->lest); 
cbeck(ep->then); 

,. test subexp must be boolean *I 
if(typeof(ep->test.IDLclassCommon->exp _type) !• Kbool) 

WamiDg0(70t,position); 
,. Orlf-then suboxp must have same type ns then subexp *I 
if( typeof(ep->then.IDLclassCommon->exp _type) !• 

typeof(exp. Vconditional->then.IDLclassCommon->exp _type) 
&:&: typeof(ep->then.IDLclassCommon->exp _type) !• Kunlmown 
&:&: typeof(exp. Vconditional->then.IDLclassCommon 

->exp_type) !• Kuoknown 
&&: !(numeric(ep->then.IDLclassCommon->exp_type) &:&: 

numeric(exp. Vconditional·>then.IDLclassCommon 
·>OXp _type)) ) 

{Waming0(702,position); K(cl);} 

I* type of then subexp must be same as else subexp *I 
if( typeof(exp. V conditional·>then.IDLclassCommon·>exp _type} !• 

typeof(exp. Vconditional->ctherwise.IDLclassCommoo->oxp _type) 
&:&: typeof(exp. Vconditional->then.IDLclassCommon->exp _type) 

!· Kunknown 
&&: typeof(exp. Vconditional->otherwiso.IDLclassCommon 

->exp_type) !• Kunknown 
&:&: !(numeric(ep->then.IDLclassCommon->exp _type) &:&: 

numeric(exp. V conditional~>lhen.IDLclassCommon 
·>exp_type))) 

{Waming0(702,position); K(c2);} 

I* sel type of conditional */ 

if(typeof(exp. Vconditional->then.IDLclassCommon->exp _type) 
!• Kunknown &:& typeof(exp.Vconditional·>then) !• Kempty) 
exp. Vconditional~>exp_type • exp. Vconditional·> 

lhen.IDLclassCommon->exp _type; 
else if(typeof(exp. Vconditional~>otherwise.IDLclassCommon 

·>exp_type) !• Kunknown &:&: 
typeof(exp. Vconditional·>othetwise) !• Kempty) 

exp. Vconclitional~>exp_type. exp.Vconditional·> 
otherwise.IDLclassCommon~>exp type; 

else foreachinSEQexpressionPair(exp.Vconditional~>orif,Sorif,ep) -
{ 

} 

if(typeof(ep->then.IDLclassCommon->exp _type) 
!• Kunknown &&: typeof(ep->then) !• Kempty) 
exp. Vconditional·>exp_type • ep-> 

then.IDLclassCommon·>exp _type; 



break; 

case Kquantifier: 

I* Keep a record of all quantifiers */ 
if(typeof(SP) •• Kstructure) 

appendrearSEQquantifiet(SP. Vstructure->quantStact, 
exp. Vquantifier); 

else 
appendrearSEQquantifiei(SP.Vproc:ess->quantS!act, 

exp. Vquantifier); 

exp. Vquantifier·>control-:>cxp _type. Vsingleton • 

t• type set subexp aud body 
check( exp. V quantifier->set); 

exp. Vquantifier->control-:>cxp _type. Vsingleton 

Nsingleton; 

., 

->object_type • exp. Vquantifier->set.IDLclaaaCommon 
-:>cxp_type; 

fO set subexp must be a collection °/ 
if(typenf(exp. Vquantifier->seLIDI..classCommon·:>cxp _type) 

I• Ksingleton && typeof(exp. Vquantifier->set. 
IDLclasaCommon-:>cxp_type) !· Karbitrary) 

Waming0(703,position); 

cbeck(exp. Vquantifier->body); 

t• body of quantifier must be type boolean •t · 
if(typenf(exp.Vquantifier->body.IDLclassCommon->exp_type) 

!· Kbool) 
Waming0(704,position); 

exp. Vquantifier·>exp _type.Vbool • Nbool; 

t• remove quantifier from record of quantifiers •t 
if(typenf(SP) •• Ksi!Ucture) 

removelastSEQquantifiei(SP. V structure->quantS!ack); 
else 

removelastSEQquantifiei(SP.Vpmcess->quantStack); 

break; 

case Kbinary: 
boper • typeof(exp. Vbinary·>op); 

1• type left and right subexps 
check(exp. Vbinary->left); 
check( exp. Vbinary·>right); 

., 

left_type • exp.Vbinary·>lefLIDlclassCommon·>exp_type; 
right_type • exp. Vbinary->righLIDLclassCommon->exp _type; 

I* singleton collection may be operands of value operators, 
in which case type is type of object in collection •t 

if(!(boper •• Ksame II boper •• Ksubsetll boper •• KpropSubset 
II boper .. KTunion II boper •• Kintersect)) 

{ 
if(typeofOeft_type) •• Ksingleton) 

left_type • value(left_lype); 



} 

if(typeof(right_type) •• Ksingleton) 
right_type • value(right_type); 

I* Handle errors in types of operands for various operators. .. */ 

if(boper - Kand II boper - Kor) 
{ 

} 

if((typeof(left-type) ,_ Kbool && 
typeof(left_type) !• Kunknown) II 

(typeof(right_type) ,_ Kbool && 
typeof(right_type) !· Kunl:nown)) 

Waming0(70S,posilion); 

oxp.Vbinaty->eXp_type. Vbool• Nbool; 

if(boper-•Kiess II boper-•KiessEq II boper-Kgreater II 
boper-KgnrEq) 

{ 

} 

OK •TRUE; 
if((typeof(left_type) !· K1int && 

typeof(left_type) I• Krat && 
typeof(left_type) I• Kstr && 
typeof(left_type) !• Kunknown) II 

(typeof(right_type) !• K1int && 
typeof(right_type) !· Kru && 
typeof(right_type) !• Kstr && 
typeof(right_type) !· Kunknown)) 

OK • FALSE; 

if(!OK) 
Waming0(706,position); 

else 
if(typeof(left type) •• Kstr) 

if(!(typeof(right_type) •• Kstr)) 
Waming0(707 ,position); 

oxp. Vbinary->exp _type. Vbool • Nbool; 

if(boper •• Kequalll boper •• KnotEqual) 
{ 

} 

if(typeof(lefi_type) •• Karbitrary && 
typeof(right_type) •• Karbitrary) 

Warning0(708,position); 
else 
if(numeric(lefi _type)) 
{ 

} 
else 

if(!numeric(right_type) && 
typeof(right_type) !• Kunknown) 

Waming0(709,position); 

if(numeric(right_type) && typeof(left_type) !• Kunknown) 
Waming0(709,position); 

else 
if(typeof(lefi_type) !• typeof(righl_type) && 

typeof(left _type) !• Kunlcnown && 
typeof(right_type) !· Kunknown) 

Waming0(709,position); 

exp.Vbinary->exp_type.Vbool• Nbool; 

if(boper-•Ksame II boper••Ksubset U boper••KpropSubset) 



{ 

} 

if((typeof(left_type) !• KsingletoD 
&& typeof(left_type) !• Karbitmy 
&& typeof(left_type) !• Kunknown) II 

(typeof(right type) !• Ksingleton 
&& typeof(right_type) !· Karbitmy 
&& typeof(right_type) !· Kunknown)) 

Waming0(710,position); 

exp. Vbinary->exp _type. Vbool • Nbool; 

if(bope-KTunion II boper-•Kintersec:t) 
{ 

OK •TRUE; 
if((typeof(left type) !· KsingletoD 

&i typeof(left_type) !• Karbitmy 
&& typeof(left_type) !• Kunknown) II 

(typeof(right_type) ,_ KsingletoD 
&& typeof(right_type) !• Karbitmy 
&& typeof(right_type) !• Kunknown)) 
OK ·FALSE; 

if(!OK) 
Waming0(710,position); 

else 
{ 

J 

if(typeof(left_type) •• Ksingleton) 
obi_typel • left_type. Vsingleton->object_type; 

else if(typeof(left _type) •• Karbitr.uy) 
obj_typel 

•left_type. Varbitr.uy->object_type; 
else 

obj_typel. Vunknown • Nunknown; 

if(typeof(right_type) •• Ksingleton) 
obj_type2 • right_type. Vsingleton->object _type; 

else if(typeof(right_type) •• Karbitrary) 
obi_type2 

• right_type. Varbitr.uy->object_type; 
else 

obi_type2 Vunknown • Nunknown; 

if(typeof(obj_typel) !• Kunknown && 
typeof(obj_type2) !• Kunknown && 
typeof(obj_typel) !• Knotype && 
typeof(obj_type2) !• Knotype) 

if(typeof(obj_typel) !• typeof(obj_type2)) 
Waming0(7ll,position); 

exp.Vbinary->exp_type.Varbitrary • Narbitr.uy; 
if(typeof(left_type) •• Ksingleton) 

exp. Vbinary->exp _type. Varbitrary->object _type 
• left_type. Vsingleton->object_type; 

else if(typeof(left_type) •• Karbitrary) 
{ 

} 

if(typeof(left _type. V arbitrary->object _type) 
!· Knotype) 

else 

exp. Vbinary->exp _type. Yarbitrary->object_type 
• left_ type. Varbittary->object_type; 

exp. Vbinary->exp _type. Varbitrary->object _type 
• right_ type. Varbitrary->object_type; 

else 
exp.Vbinary->exp _type. Varbiuary 



->object_type.Vunknown. Nunknown; 

} 

if(boper •• KinSel) 
{ 

} 

OK ·TRUE; 
if(typeof(right_type) !· Kset && 

typeof(right_type) !· Kseq &;&; 

typeof(right_type) !- Karbiuary &;&; 

typeof(right _type) !· Kunknown) 
{ 

} 

OK·•FALSE; 
Waming0(712,position); 

if(OK &;&; typeof(right_type) •• Kset) 
{ 
if(typeof(left-type) !· 

} 

typeof(right_type. Vset->component) &;&; 
typeof(left_type) !• Kunknown) 

Waming0(713,position); 

else if(OK &;&; typeof(right_type) •• Kseq) 
{ 
if(typeof(left _type) !• 

} 

typeof(right_type. Vseq-xomponenQ &;&; 

typeof(left_type) !• Kunknown) 
·Waming0(714,position)i 

exp.Vbinary->exp_type.Vbool• Nbool; 

if(boper-•Kplus II boper-·Kminus II 
boper-•Ktimes II boper••Kdivide) 

{ 

} 
break; 

case Kunary: 

if((typeof(left_type) !• KTint &;&; 

typeof(left type) !• Krat &;&; 

typeof(left=type) !• Kunknown) II 
(typeof(right_type) !• KTint &;&; 
typeof(right_type) !• Krat &;&; 

typeof(right_type) !• Kunknown)) 
Waming0(715,position); 

if(lyf"iof(left_type) •• Kunknown &;&; 
typeof(right_type) •• Kunknown) 
exp.Vbinary->exp_type. Vunknown. Nunknown; 

else 
if(typeof(left _type) •• Krat II 

typeof(right_type) •• Krat) 
exp.Vbinary->ex.p_type. Vrat. Nrat; 

else exp. Vbinary->exp_type. VTint .. NTint; 

uoper. typeof(exp. Vunary->Op); 

I* type body of unary exp */ 
cheok(exp.Vunary->body); 
arg_type • exp.Vunary->body.IDLctassCommon->exp_type; 

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



if(typeof(arg_type) •• Ksingleton) 
arg_type • value(arg_type); 

/* Check for error in operand type 
if(uoper •• KUnaryPlus ttuoper - KUnaryMinus) 
{ 

} 

if((typeof(arg_type) !• KTmt II 
typeof(arg_type) !· Kral) && 
typenf(arg type) !· Kunknown) 
WamiDg0(716,position); 

else if(typeof(arg_type) !- Kbool && 
typeof(arg_type) I• Kunknown) 

Waming0(717,position); 

exp. Vunary->exp_typo. 
exp. Vunary->body.IDLclassCommon->exp_type; 

break: 

caso Kapplicalion: 

I* save arguments and then type them */ 
saveargs • exp. Vapplication·>arguments; 
foreaclUDSEQexpression(saveargs,Sexp,a) 
{ 

} 

cbeck(a); 
Sexi»value • a; 

I* save application name */ 
tempname • malloc(strlen(exp. Vapplication->name->name)+l); 
sttcpy(tempname,exp. VappJication-;>name->name); 

retrievetim.SEQexpression(saveargs,arg); 

found • FALSE; 

I* check if application is a supplied function *I 
if(stteq(e.xp. Vapplication->name->name,MEMDERS)) 
{ 

} 

found .., TRUE; 
exp. Vmembers • Nmembers; 
exp. Vmembers->argument • arg; 
exp.Vmembers-->exp type.Varbitrary • Narbitrary; 
arg_type • arg.IDLciiissCommon->eXp_type; 
if(typeof(arg_type) •• Ksinglcton) 

arg_type • arg_type.Vsingleton->object_type; 
if(typeof(arg type) •• Kset) 

exp. Vmembers->eXp_type. Varbiuary->object_type 
• arg_type.Vset->componenl; 

else if(typeof(arg_type) •• Kseq) 

else 
{ 

} 

exp. Vmcmbers->exp_type. Varbillary->object_type 
• arg_type.Vseq->component; 

exp. Vmembers->exp _type. Varbitrary->object_ type. Vunknown 
• Nunknown; 

Waming0(718,position); 

else 

if(streq(cxp. Vapplication->name·>name,HEAD)) 



{ 

} 

found • TRUE; 
eotp. Vhead ~ Nhead; 
exp. Vhead·>argwnent • arg; 
exp.Vhead->exp_type.Vsingleton • Nsingleton; 
if(typenf(arg.!DLolassCommoo->exp _type) - Kseq) 

exp. Vhead->exp _type. Vsingleton->object _type 
• arg.!DI.classCommon->exp _type. Vseq-:x:omponen~ 

else if(typenf(arg.IDI.classCommon->exp_type) •• Ksingleton) 
{ 

} 
else 
{ 

} 

if(typenf(arg.IDI.classCommon->exp_type. Vsingleton 
->objed _type) •• Kseq) 

exp. Vhead->exp _type. Vsingleton->objed _type 

else 
{ 

} 

• arg.IDI.classCommon->exp _type. Vsingleton 
->object_type. Vseq-:x:ompon~ 

exp. Vhead->exp_type. Vsingleton->object_type. 
Vunknown • Nunknown; 

Waming0(719,position); 

exp. Vhead->exp _type. Vsingleton->object _type. Vunknown 
• Nunknowu; 

Waming0(719,position); 

else 

if(stroq(exp.Vapplicalion->name->name,TYPE)) 
{ 

} 

found. • TRUE; 
exp. Vtype • Ntype; 
exp. Vtype->argument • arg; 
esp.Vtype->exp_type.Varbiuary • Narbitr.ny; 
if(typeof(arg.!DI.classCommon->exp_type) •• Ksingleton) 

exp. Vtype->exp _type. Varbitrary->object _type 
• arg.lDLclassCommon->exp_type. 

V singleton->ob ject_ type; 
else if(typeof(arg.IDI.classCommon->exp _type) •• Karbitrary) 

exp. Vtype->exp _type. Varbittary->object _type 

else 
{ 

• arg.IOLclassCommon->exp _type. 
Varbitrary->object_type; 

oxp. Vtype->exp _type. Varbitrary->object_type. Vunknown 
• Nunknown; 

Waming0(720,position); 

else 

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

found • TRUE; 
exp.Vsize • Nsize; 
exp. Vsize·>argument • arg: 
exp.Vsize·>exp_type. V1int. NTint; 
if(!( 

typeof(arg.!DLclassCommon->exp _type) •• Kstr II 
typeof(arg.IDLclassCommon->exp _type) •• Kset II 
typeof(arg.!DLclassCommon->exp_type) •• Kseq II 
typeof(arg.IDLclassCarrunon->exp _type) •• Ksingleton II 
typeof(arg.!DLclassCommon->exp_type) •• Karbitrary)) 

Waming0(72l,position); 



if(typeof(arg.IDLclassCommon->exp _type) •• Ksingleton) 
if(!( 

typeof(arg.IDLclassCommon->exp _type. Vsingleton 
·>object _type) •• Kstr II 

typeof(arg.IDLclassCommon->exp _type. Vsingleton 
->object _type) •• Kset II 

typeof(arg.!DLclassCommon->exp_type.Vsingleton 
->object_type) •• Kseq)) 

Waming0(72l,pnsition); 
} 
else 
if(streq(exp. Vapplication->oame->name,T AIL)) 
{ 

} 

famd• TRUE; 
exp.Ytail· Ntail; 
exp. Vtail->argument • ars; 
exp.Vtai!->exp_type. Vseq • Nseq; 
if(typeof(arg.IDLclassCommon->eXp_type) - Kseq) 

exp. Vtail->exp _type. Vseq->compnnent 
• arg.IDLclassCommon->exp _type. Vseq->compnnent; 

else if(typeof(arg.IDLclassCommon->eXp_type)- Ksingleton) 
if(typeof(arg.IDLclassCommon->exp _type. Vsingleton 

->object_type) •• Kseq) 

else 
{ 

} 

exp. Vlail·>exp_type.Vseq->compnnent 
• arg.!DLclassCommon->exp_type. Vsingleron 

->object _type. Vseq->compnnen~ 

exp. Vtau->exp _type. Vseq->componenL Vunknown 
•Nuoknownj 

Waming0(722.pnsition); 

I* if in a definition, check for recursive caJI */ 
if(!foond && defcall) 
{ 

} 

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

} 

recursion • TRUE; 
found '"" TRUE; 
exp. VdefnRef • NdefnRef; 
exp.VdefnRef->name. malloc(strlen(tempname)+l); 
strcpy(exp. VdefnRef->name,tempname); 
exp. VdefnRef->arguments - saveargs; 
exp. VdefnRef->reference.Vdefinition • defn; 
exp.VdefnRef->exp_type.Vunknown • Nunknown; 

1• if not a supplied function, 
check if an existing definition applies 

if(!foond) 
{ 

if(typeof(SP) •• Ksuucture) 
dcfSet • SP. V structure->defStore; 

else 
defSet • SP.Vprocess->defStore; 

I* look for declared definition with same name *I 
foreachinS ETdefinition( dcfSct,Sdef,det) 
{ 

foondl • FALSE; 



} 
} 

if(stteq(tempname,def.!DI.classCommon->name->name)) 
{ 

J 

found • TRUE; 
found! • TRUE; 
exp.VdefnRef • NdefnRef; 
exp.VdefnRef->name • malloc(strlen(tempname)+l); 
stn:py(exp. VdefnRef->name,tempname); 
ex.p. VdefnRef·>arguments • saveargs; 
exp.VdefnRef->reference.Vdefinitioa • def; 
exp. VdefnRef->exp _type 

• def.IDI.classCommon->deftype; 

I* if defn found, c:heck IQIIUIIOnt types •1 
if(foundl) 
{ 
if(!check _arg_types(def,exp. VdefnRef->arguments)) 

Wamingl(723,position,tempname); 
} 

I* if not definition, check if type widening •1 
if(!found) 
{ 

} 

if(typeof(SP) - Kslructwe) 
{ 

} 

arg_type. type_name(exp.Vapplication->name->name, 
SP. Vstzuctwe); 

if(type _in_ struotwe(arg_type,SP. V stzuctwe)) 
{ 

} 

found • TRUE; 
reach(&wider,arg_type,TRUE); 
reach(&wideargJypeof(arg.IDLclassCommon->exp _type, 

TRUE); 
if(include(wider,widearg)) 

exp.Vapplication->exp_type • arg_type; 
else 

Waming0(732,position); 

else I* process •t 
I* Widening not yet supported in processes. 

Parser must be modified to allow colons 
in applications. •t 

I* if nothing matches ... •t 
if (!found) 
{ 

} 

Waming1(724,position,exp. Vapplication->name->name); 
exp.Vapplication->exp_type.Vunk.nown • Nunknown: 

break; 

case KdoUed: 
check( exp. V dotted->left); 
dOI_type(exp,position); 
break; 

case KtypeExpression: 
exp. VtypeExpression->exp _type. Varbitrary • Narbitrary; 



exp. VtypeExp,.ssion->exp_type. Varl>itraJy->object_type 
• exp. VtypeExpression~>type; 

if(typeof(SP) •• KstNcture) 
{ 

} 

t• Parser will not reUJm a type expression unless the 
port is specified, so we know there must be an enor */ 
if(typeof(exp. VtypeExpression->portName) !• KTvoid) 

Waming0(725,positioo); 

else J$ a process port expression •t 
{ 

} 

found • FALSE; 
foroaebioSETpott(SP.Vp...,..._,.ports,Spt,pt) 

if(streq(pt.!Dl.classCommon->name,exp. VtypeExprosi'Jon 
->portName. VoamoToken->oame)) 

fowtd • TRUE; 

if(! found) 
Waming0(726,positioo); 

else I* check port to see if it eo01aios type •t 
{ 

} 

found • FALSE; 
forea<bioSETport(SP.Vprocess->ports,Sp~pt) 
{ 

} 

if(streq(exp. VtypeExp=ioo->portName. Voa1110Tokeo 
~>name,pt.IDLcJass:Conunon~>name)) 

if(type _in_ Slnlcture( exp. VtypeExpressioo-> 
type,pt.IDLc!assCommoo->data)) 
found • TRUE; 

if(fouod • FALSE) 
Wamiog0(727,positioo); 

break; 

case KnameExpr: 

tempoame • mal!oc(strlen(exp.VnameExpr->oame)+l); 
strcpy(tempoame,exp.VnameExpr->oame); 
saveargs • NULL; 
found • FALSE; 

form • FALSE; 
eootrl • FALSE; 
df• FALSE; 
te. FALSE; 

1• if within a definition, check if name is a formal param */ 
if(defcall •• TRUE) 

foreachioSEQformal(inst.IDLclassCommon->formals,Sform,l) 
{ 

if(streq(f->name->name,tempname)) 
{ 

} 

exp.VformArg. NformArg; 
exp. VformArg->name • malloc(strlen(tempname)+l); 
stn:py(ex p.VfonnArg·>name,tempname)i 

exp. VfonnArg->actuaJ • f; 
exp. VformArg->exp _type. V singleton • Nsingleton; 
exp. VformArg->exp _type. Vsingleton->ob ject_type 

• f->type; 
fonn • TRUE; 

found • TRUE; 



} 

I* check if comrol var for quantifier*/ 
if(!found) 
{ 

if(typeof(SP) •• KS!Ncture) 
quaniStl: • SP.VSINcture->quantSiack; 

else 
quaniStl: • SP. Vproc:ess->quaniSiack; 

fOJOaChinSEQquanlifieJ(quantStk,Squant,q) 
{ 

} 

} 

if(SUOQ(tempnamo,q->eonuol->name)) 
{ 

} 

exp. V c:ontrol • Ncontrol; 
exp. VconUOI->name • malloc(S!rlen(tempname)+l); 
Slll:py(exp. Vcontrol->name,tempname); 
exp.Vcontrol->Owner • q; 
exp. Vconuol->exp _type. Vsingleton • Nsingleton; 
if(typeof(q->set.IDLclassCommon->exp_type)•• Karbilr.lry) 

exp. VcolllrOI->exp _type. V singleton->object _type 

else 

• q->seLIDLclassCommon->exp _type. Varbilr.lry 
->object_type; 

exp. VcolllrOI->exp _type. V singleton 
->object_ type. Vunknown • Nunknown; 

comrt • TRUE; 
found • TRUE; 

I* if in a definition, check for recursive call*/ 
if(!found && defcall) 
{ 

} 

if(typeof(defn) •• Knoncyclic) 
if(streq(tempname,defo. Vnoncyclic.>nam~>o>name)) 
{ 

} 

recursion • TRUE; 
found • TRUE; 
df• TRUE; 
exp.VdefnRef. NdefnRef; 
exp. VdefnRef->name - malloc(strlen(tempname)+l); 
strcpy(exp. VdefnRef->name,tempname); 
exp. VdefnRef->arguments • saveargs; 
exp.VdefnRef->reference. Vdefinition • defn; 
exp. VdefnRef->exp_type.Vunknown. Nunknown; 

J* check for a parameter-less definition *I 
if(!found) 
{ 
if(typeof(SP) •• Kstructure) 

defSt • SP.Vstructure->defStore; 
else 

defSt • SP.Vprocess->dcfStore; 

foreachinSET definition( dcfSt,Sdcf,dcO 



{ 

} 
} 

if(streq(def.IOLclassCommon->name->name,tempname)} 
{ 

} 

df., TRUE; 
exp.VnameExpr->exp_type.Vunknown • Nunknown; 
fo..achinSET!nstance(def.IDLclassCommon->overload.Sin,iD) 

if(len((pGenList)(in.IDLclassCommon->fonnals))•..O) 
{ 

J 

exp. VdefnRef • NdefnRef; 
exp. VdefnRef->name • malloc(strlen(tempname)+l); 
SI!Cpy(oxp. VdefnRef->name,tempname); 
exp.VdefnRef->arguments - saveargs; 
exp. VdefnRef->reference. Vlnstance • in; 
exp. VdefnRef->exp _type 

• def.IDLclassCommoa->deftype; 

I* name must refer to a type expression if not found above */ 
if(lfonn && lcontrl && ldl) 
{ 

l 

if(typeof(SP) •• Kprocesa) 
{ 

J 

Waming0(728,position); 
exp. VnameExpr->exp_ type. Varbitrary • Narbitrary; 
exp. VnameExpr->exp_type. Varbitrary 

->cbject_type.Vunknown • Nunknown; 

eJse I* look for user type in struclure */ 
{ 

} 

arg_type • type_name(tempname,SP.Vstructure): 
if( type _in_ strueture(arg_type,SP. V structure)) 
{ 

l 

te • TRUE; 
exp.VtypeExpression • NtypeExpression; 
exp. VtypeExpression->portName. VTvoid • NTvoid; 
exp.VtypeExpression->type. arg_type; 
exp. VtypeExpression->exp _type. Varbitrary 

• Narbiuary; 
exp.VtypeExpression->exp _type. Varbitrary 

->object_type • arg_type; 

else 
{ 

} 

exp.VnameExpr->exp_type.Vunknown,. Nunknown; 
Waming0(729,position); 

break; 

case Krooc 
exp. Vroot->exp _type. Vsingleton • Nsingleton; 

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

if(typeof(SP) •• Kstructure) 
exp. Vroot->exp _type. Vsinglcton->object_type 

• type_ name(SP. V structure->root. 
IDLcJassCommon->name,SP.Vstructure); 

else/* in a process without a port specified •t 



} 

Waming0(731,position); 
} 
else I* port is specified */ 
{ 

if(typeof(SP) •• Kstructure) 
{ 

Warning0(72S,position); 
} 
else /* within a process */ 
{ 

} 

found • FALSE; 
fcneacl!inSETport(SP. Vproces~->pons,Spt,pt) 
{ 

} 

if(suoq(pLIDl.classCommon->....., 

{ 

} 

exp. Vroot->portName. VnameTolcen->name)) 

found • TRUE; 
exp. Vroot->exp_type. Vsingleton->object _type 

• type_ name(pLIDLcl...Conunon->data 
->root.IDLclassConuno~t->oame, 
pLIDLclassCommon->data); 

if(!found) 
Warning0(726,position); 

case Kempty: 
exp. Vempty->exp_type. Varbitrary • Narbitrary; 
exp. Vempty->exp_type.Varbitrary->object_type. Vnotype 

• Nn01.ype; 
break; 

case Ktrue: 
exp. Vtrue->exp_type.Vbool,. Nbool; 
break; 

case Kfalse: 
exp.Vfalse->exp_type.Vbool· Nbool; 
break; 

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

case KntionalToken: 
exp. VrationalToken->exp _type.Vtat • Nrat; 
break; 

case KstringToken: 

default: 

exp. VstringToken->exp_type. Vstr • Nstr; 
break; 

break; 
} /* end of switch •1 

rewm(exp); 
} 1• End of x_type •1 



/* I I !Ill I\ I·, Ill I I '• IIIII I llllllllllllllllll++lll I I II 1++11 II II II II II I I I++ 

• 
* Title: Semantic Analysis of Assertions • 
• Filename: • kickeDSIYsoftlablseman/symbol2.c 
• Author: Jeny Kickenson <kickenso@UNC> 
• Department of Computer Science 
• University of Nonh Carolina 
• O!apolllil~ NC Z7Sl4 
• 
• Copyright (C) The University of Nonh Carolina, t98S • 
• 
• All rights reserved. No part of lhis soflwate may be sold or • 
• distributed in any fonn or by any means wilhout lhe prior wriuen • 
• pennission of lhe Sofil.ab Soflwate Distribution CooRiiaator. • 
• 
• Report problems to sotuab@unc (csnet) or 
• sotuab!uuc@CSNET-RELA Y (ARP Anet) 
• Direct aU inquiries to tho Sofil.ab Software Distribution • 
* Coordinator, at the above addresses. 
• 
• Function: routines used by lhe typo checking procedure • 
• 
• •••...••......•......••...•••.........••......•......•............•• , 
#include <sldio.h> 
#include "SemanticAssert.h" 
#inelude "macros.b" 

• 

• 

• 
• 

/*I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I t I I I I I I I I I I I I I I I I I I I I I I I I I 

• dot _type types dot expressions • 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

• • 
* Last revised: May 25, 1986 • ........................•............................................... , 
dot _type(x,position) 
expression x; I* dot expression to type */ 
int 

{ 

position; /* sourceposition of assertion or definition 
in which dot expression appears */ 

NonTenninal nt; I* nontenninallhat is type of 
lefi expression */ 

BOOLEAN 
BOOLEAN 
SEQSYMBOL 
SYMBOL 

TypeOK; 
found; 
SSYi 
sy; 

I* is type a user defined type? *I 
I* has attribute been found? *I 

TypoOK • FALSE; 

if(typoof(x.Vdotted·>lefi.IDLciassCommon·>exp type) •• Ksingleton) 
{ -

) 

if(typeof(x. Vdotted->IefLIDLclassCommon->exp _type. Vsingleton 
·>object_typo) •• Kuser) 

{ 

) 

nt • x. V doued->IefLIDlclassCommon->exp _type. V singleton 
->objecl_type. Vuser->NT; 

TypeOK • TRUE; 
x. Vdotted->exp_type.Vsingleton • Nsingleton; 

else if(typeof(x. Vdotted->lefLIDLclassCommon->exp _type) -- Karbitrary) 
{ 

if(typeof(x. Vdotted->left.IDLdassCommon->exp _type. Varbitrary 



) 

{ 

} 

->object_type) •• Kuser) 

111 • x. Vdotted->left.IDLolassCommon->exp _type. Varbitrary 
~>object_ type. Vuser·>NT; 

TypeOK • TRUE; 
L Vdotted->exp_type.Varbitrary • Na.Ibitnry; 

} 

if('l'ypeOK) 
{ 

} 
else 
{ 

} 

if(typeof(nt) - KNodeNT lftypeof(nt) •• KClassN'I) 
I* c1tec1< all attributes of class and node nonterminals for 

{ 

} 

a matdt-with specified attribute •1 

if(typecf(nt.IDLolassCommon->locals) - Kscope) 
{ 
found • FALSE; 
foreacbinSEQSYMBOL(nLIDI..olassCommon->locals. Vsccpe->symbols,Ssy ,sy) 
{ 

} 

if(typeof(sy) •• KAnribute) 
if(streq(sy. V Attribut•>name,x. VdoUed->right->narne)) 
{ 

} 

found • TRUE; 
if(typeof(x. Vdotted->eXp_lype) •• Ksingleton) 

x. Vdotted->exp _type. Vsingleton->object_type 
• sy. V Attributo->type; 

else 
x. Vdotted->exp _type. Varbitrary->objea _type 

• sy. V Attributo->type; 

} 
if(!found) 
{ 

Waming0(7SO,position); 
x. Vdotted->exp _type. Varbitrary • Narbitrary; 
L Vdoued->exp _type.Varbitrary->objcct_type.Vunknown - Nunknown; 

} 

else 
{ 

Waming0(750,position); 
x. Vdotted->exp_type.Varbitrary • Narbitrary; 
x. Vdotted->exp_type.Varbitrary->objea_type. Vunknown • Nunknown; 

) 

x.Vdotted->exp_type.Varbitrary • Narbitrary; 
x. Vdoued->exp _type. Varbilrary->objea _type. Vunknown • Nunknown; 
Waming0(75l,position); 

!*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• 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. • 
• 
• Last revised: April 14, !986 •..•••........•...••......••..........••......................••••...... , 
reach(t,.inc~newset) 

• 
• 



I* type that does the reaching */ 
I* set in which to place type representations */ 

typeTree ~ 
SETSlring *inc!; 
BOOLEAN newset; /* TRUE if new set, FALSE if add to set *I 
{ 

} 

SEQ NT 
NT 
SETString 

if(newset) 

Snt; 

·~ nt_reach:Q;/* reach for nontennioals */ 

*incl • NULL; 

switob (typenf(t)) { 
caseKbool: 

addSETString(*incl,BOOL); 
bnak; 

case KTmc 
addSETString(*inci,INT); 
broak; 

caseKm: 
addSETSiring(*incl,RA11; 
bnak; 

caseKstr. 
addSETString(*incl,STR); 
b ... k; 

caseKsec 
addSETString(*inci,SE'J1; 
bnak; 

caseKseq: 
addSETString(*incl,SEQ); 
break; 

case Kuser: 
if(typecf(t.Vuser->N1) !• KClassN1) 

{addSETString(*incl,L Vuser->NT.IDLclassCommon->name);} 
else 
I* class type · trace down nontenninal descendants */ 

foreachinSEQNT(LYuser->NT.VClassNT->desoendants,Sn~nt) 
*incl• nt_reach(nt,*incl); 

break; 

case Ksingleton: 
reach(L Vsingleton->objea._type,incl, 1); 
break:; 

..... Karbitrary: 
break; 

} 

!*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• nt_ reach places in the given set the string • 
• representations of types reachable through the • 
• given nontenninal. • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
SETString nt reach(n~) 
NT - n; I* nontenninal doing the reaching •1 
SETString ii t• set in which to place type rcpresctalions •; 

• 
• 



{ 
SETString strse~ 
SEQNT Sat; 
NT n~ 

if(len( (pGenList)i) •• 0) 
strset • NUll.; 

else 
strset - i; 

if(typeof(n) !• KCassNT) 
{addSETString(strset,n.IDLclassCommon->name);} 

else 
fORaCbinSEQNT(a. VCassNT->descendants,Snt,nl) 

strset • nt_roach(nt,stnet); 
retum(strset); 

} 

f*1111 I I Ill I Ill I I I IIIII I I I II I II I I I I I II II II I I II IIIII I I Ill IIIII I I I I I I II II I 

• common detennines whether two sets of strings have* 
• any elements in corilmoa. 
• 
• Last novised: April 19, 1986 •••••.•..•.••.••....•..•••.....•.••.•.....•••.........••.•.•......•••.•• , 
common(sl,s2) 
SETString sl,s2; 
{ 

} 

BOOLEAN 
SETString Sst; 
String 

com• FALSE; 
foreachinSETString(s2,Sst,sl) 

if(inSETString(s l,st)) 
com• TRUE; 

retum(com); 

com; 

f*++++++ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I 

* include detennines whether the set of slrings sl * 
• includes the set s2 * 
• 
• Last revised: April 19, 1986 •..........•............................................................ , 
include(sl,s2) 
SETSlring sl,s2; 
{ 

BOOLEAN 
SETString Sst; 
String 

com•1RUE; 

st; 

foreachinSETSlring(s2,Sst,st) 
if(!inSETSlring(s 1 ,st)) 

com • FALSE; 

return( com); 

com; 

• 
• 
• 

• 
• 



/*11 1111111 IIIII Ill Ill IIIII I Ill I I 111111+++-f.+++ll 111111 Ill I 1111111 II+++++ 

• check_ug_types checks types-of a list of arguments • 
• against the fonnal types of the • 
• declared declaration • 
• 
• Last revised: April 19, 1986 ...•....•...........•..•...................••••.......•......•.........• , 
check_ arg_types(defn,arglist) 
definition defn; I* definition deolared */ 
SEQexpression arglist; /* list of arguments */ 
{ 

cant; ~ continue */ 
Sin; 

BOOLEAN 
SETinstance 
Instance in; 
int n; t• used by called routine •t 
in& i; 
formal arg r; ,. formal argument., 
expression arg_ ac; J* acuiaJ. argumeot •I 
SETString inc!; 
SETString inc2; 
SETString Ss; 
String s; 

D • 1; 
cant • TRUE; 

I* first check if there is an instance for which the uguments 
are not distinct by type; if so, then arguments check out */ 

foreachinSET!nstance(defn.IDLclassCommon->Overload,Sin,in) 
{ 

} 

if(cont•• TRUE) 
if( !distinct_ arg(in.ID LclassCommon-> fonnals,ar&Jis~n)) 

cant • FALSE; 

I* 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•l;i<-len((pGenList)ar&Jist);i++) 
{ 

} 

inc! • NULL; 
inc2 • NULL; 

if(cont • TRUE) 
{ 

} 

foreachinSETlnstance( defn.ID LclassCommon->overload,Sin ,in) 
if(len((pGenList)arglist) •• lcn((pGenList) in. 

IDLclassCommon->fonnals)) 
{ 

ithinSEQformal(inJDLclassCommon->formals.i,arg f); 
reach(arg_f->type,&inci,O); -

} 
ithinSEQexpression(arglist,i.arg_ ac); 
reach(arg_ac.IOLc.lassCommon->exp_type,&inc2.1); 

if(!include(inc l,inc2)) 
cant • FALSE; 

if(cont •• FALSE) 
retum(FALSE); I* arguments still do not dteck out *I 

else 
retum(TRUE); t• arguments check oul *I 

• 
• 



} 
else 

retum(TRUE); /* arguments check out immedialely */ 

} 

/*till! Ill I I I 11111111 I I I I I I I I I I I I II I Ill! I II I II I I II II I I I I I I !Ill I Ill II I II+ 

• distinct formal determine whether two sets of formal * 
• - uguments can be distinguished by length* 
• or by types 
• 
• Last !eVised: Apri119, 1986 ........................................................................ , 
distinct fonnal(fonnl,form2,i) 
SEQfoiiiw fonnl,fonn2; I" formal argwnents to check •t 
int i; /* number of fonnal being checked */ 
{ 

} 

formal argl,arg2; 
SETStriog iocl,inc2; 

if(leo((pGeoList)fonnl) I• leo((p<leoList)fonn2)) 
returo(TRUE); 

else 
if(i > leo((p<leoList)fonnl)) 

~eturo(FALSE); 

else 
{ 

} 

ithioSEQformal(fonntJ,argl); 
ithioSEQfonnal(fonn2,i,arg2); 
~each(argl->type,&incl,l); 

~eacb(arg2->type,&inc2,1); 

if(ioSETStriog(iocl,UNKNOWN) II inSETString(inc2,UNKNOWN)) 
{ 

return (TRUE); 
} 
else 
{ 

if(commoo(iocl,ioc2)) 
return( distinct _formal( form l,fonn2,++i) ); 

else 
retum(TRUE); 

} 

/*1 II I I I II I I I I I I I I II II++++++++++++++++++++++! I I I I!!+++++++++++++++++++++ 
• distinct_ arg detennine whether a set of fonnal arguments • 
• and a set of actual arguments can be • 
* distinguished by length or types • 

• 
• 
• 

• • 
• Last revised: April 19, 1986 • ...•.................................................................... , 
distinct arg(fonn,args,i) 
SEQfoiiiw fonn; I* fonnal arguments to check: */ 
SEQexpression args; I* actual arguments *! 
int i; I* number of fonnal being checked ., 
{ 

fonnal arg_formal; 
expression arg acwal; 
SETString incl.inc2; 



} 

if(len((pGenList)fonn) !• len((pGenList)args)) 
return (TRUE); 

else 
ifQ > len((pGenList)fonn)) 

retum(FALSE); 
else 
{ 

l 

ilhinSEQfonnal(fonn,i,ug_fonnal); 
ilhinSEQexpression(args,i,arg_ actual); 
reac:h(azg_fonnal->type.&incl,l); 
reac:h(atg_ actual.lDLclassCommoD->exp _type,&inc:2,1); 
if(inSETString(incl,UNKNOWN) II inSETString(inc2,UNKNOWN)) 
{ 

return(TRUE); 
} 
else 
{ 

if(include(incl Jnc2)) 
rotum(dislinct_ arg(fonn,args,++i)); 

else 
rotum(TRUE); 

} 

/*t I I I II II I II II I I I II I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I 

• len return the length of a generic list • 
• 
• Last revised: April 19, 1986 ..••••.••.•.•.•••....•••.....•••....••.•....•••...........••••...••••... , 
len(list) 
pGenList list; 
{ 

int 
pGenList listptt; 

listptr • listi 
length • 0; 

length; 

while(listptr !• NULL) 
{ 

length++; 
listptr • Iistptr->next; 

} 

retum(length); 
} 

/*+I I I II I I I I I++++ I II II I II I I!+++++++++++++++++++++++++! I I I I II!+++++++++++ 
• type_namereturns lhe user type with the given name • 
• 
• Last revised: May 25, 1986 ........•.....•.....•................................................... , 

type_ name(tname,St) type Tree 
String 
structure St; 

tname; /* name of user type *I 

{ 
I* structure •t 

typeTree result; 
SEQSYMBOL syms; 

SEQSYMBOL Ssy; 
SYMBOL sy; 

t• list of symbols in which to search for 
non-terminal 

• 
• 

• 
• 

•J 



} 

BOOLEAN 
char 

found; 
*mallocQ; 

I* True if non·tenninal is found *I 

resuiL Vuser • Nuser; 
result. Vuser·>DT"" NnameToken; 
resu!L Vuser->DT->name • malloc(strlcn(tname)+l); 
sm:py(rosu!L Vuser->DT ->name,tname); 

if(typeof(St->locals) •• Kscope) 
&)'DIS • St->locals. Vscope->symbols; 

fouud • FALSE; 

foroac:hinSEQSYMBOL(syms,Ssy,sy) 
{ 

} 

switoh (typenf(&)')) { 

} 

case KNodeNT: 
if(stroq(&)'.IDl.clusCommnn->namo,tname)) 
{ 

} 
break; 

fouud • TRUE; 
rosuiL Vuser·>NT.VNodeNT • &)'.VNodeNT; 

case KC!a&&NT: 
if(stroq(sy.IDLclassCommon->name,tname)) 
{ 

} 
break; 

found • TRUE; 
nosu!L Vuser->NT.VCiassNT • &)'.VCiassNT; 

case KPrivateNT: 
if(stroq(sy.IDLclassCommon->name,tname)) 
{ 

} 
break; 

default: 

found • TRUE; 
result.Vuser->NT.VPrivateNT .. sy.VPrivateNT; 

I* no action */ 
breaki 

retum(result); 

/*++++++II I I I I I I!+++++++++++++++++++++++++++++++++++++! I I I II It+++++++++ 
• value return the type of the object in a singleton collection • 
• 
• Last revised: May 25, !986 .....•..........................•..•........•..............••........... , 
typeTree value(!) 
type Tree t; I* type that is know to be a singleton collection *I 
{ 

type Tree result; 

if(typenf(t) •• Ksingleton) 
result • L Vsingleton->object_type; 

else 
result. Vunknown • Nunknown; 

n:tum(resull); 
} 

• 
• 



/*1111111111111111111 llllllllllllllllllll+++++llllllllllllllllll !++++++++++ 

• type_ in_ structure returns TRUE if the given type is found • 
• in the given structure, FALSE otherwise * 
• 
• Last ~vised: May 25, 1986 •.....••...........•••...................................•.....••••..... , 
type-in-structure(~st) 
type Tree ~ 1• type to find •1 
struCIIUO st; 1• struCIIUO in which to look for type *I 
{ 

} 

BOOLEAN 
SEQ SYMBOL 
SYMBOL 

result • FALSE; 

result; 
Ssy; 
sy; 

if(lypeof(st·>loc:als) - Ksc:ope && typeof(t) •• Kuser) 
fo=chinSEQSYMBOL(st->locals. Vscope->symbols,Ssy,sy) 
{ 

if(is_nonterminal(sy) && 

} 

retum(result); 

streq(sy.IDLclassCommon->name,L Vuser->DT->name)) 
result • TRUE; 

• 
• 

/*111 Ill II II IIIII II I 111111111111111111111111 1111111111111111111111 t++++++ 

* is nontenninaJ returns 1RUE if the given symbol is a • 
* - nontenninaJ, FALSE otherwise • 
• 
• Last revised: May 25, 1986 ..•....•............•..•••....•.........•••.......................•••... , 
is nontenninal(s) 
SYMBOLs; 
{ 

I* symbol to test *I 

• 
• 

if(typeof(s) •• KNodeNT II typeof(s) •• KCiassNT II typeof(s) •• KPrivaleNT) 
else 

~tum(TRUE); 

retum(FALSE); 
} 

I*++++++ I I I I I I I I++ I I II I I I I I I!!+++++++++++++++++++++++++++++++++++++++++++++ 

• numeric returns 1RUE if the given type is integer or • 
* rational * 
• 
• Last revised: May 31, 1986 ....•....................••.................................•........... , 
numeric(!) 
typeTree t; 
{ 

} 

if(typeof(t) •• KTint II typeof(t) •• Krat) 
n:tum(TRUE); 

else 
n:tum(F ALSE); 

• 
• 

/*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

• type_recursion type all recursive references of a definition * 
• to itself • 

• • 



• Last revised: June 11, 1986 ..••••.•..........•....•.••..........•.•.••••.•.•.................••••.• , 
typo_ recursion( def,body) 
definition def; 
expression body; 

I* definition that had a recursive call */ 
I* body of recursive definition */ 

{ 

} 

SEQexprossionPair Sep; 
exprvssionPair ep; 
SE~prossion Saqr. 
expression 

switdl (typoof(body)) { 

case Kcoaditional: 
typo_ recursion(def,body. V conditionai->test); 
typo _recursion(def,body. Vconditionai->lhea); 
type _recursion(def,body. Vconditional->otherwise); 
foreadliaSEQexpressioaPair(body. Vconditionai->orif,Sep,ep) 
{ 

type_ recursioa(def,ep->test); 
typo_ recursion(def,ep->lhen); 

} 
break; 

case Kquantifier: 
typo_ recursion( def,body. V quantifier->set); 
typo_ recursion(def,body. V quantifier->body); 
break; 

case Kbinary: 
typo _IOCWSion(def,body. Vbil13!)'->left); 
typo_=union(def,body.Vbinary->right); 
break; 

case Kunary: 
typo_ =union(def,body. Vunary->body); 
break; 

case Kdotted: 
typo _=union(def,body. Vdotted->lefl); 
break; 

case KdefnRef: 
foroachiaSEQexpression(body.Vapplication->arguments,Sarg,a'l!) 

typo_ recunion( def ,arg); 

if(sueq(body.VdefnRef·>name,def.IDlclassCommon->name->name)) 
body. VdefnRef->exp _type a dcf.IDL<:IassCommon->deftype; 

break:; 

default: 
I* no other expressions can include a definition call *I 
break; 

} /* end of switch */ 

• 



1*++++++1 II I I I I I I I I II I I I II I+++++++++++++++++++++++++++ II I I I I I++++++++++ 
• 
• Title: Semantic Analysis of Assertions 
• Filename: • kickensolsoftlablseman/symbol3.c 
• Author: Jerry Kickeuson <kickenso@UNC> 
• Department of Computer Science 
• University of North Carolina 
• O.apel Hil~ NC 27514 
• 
• Copyright (q The University of Nonh Carolina, !985 
• 
• AU rights reserved. No part of this software may be sold or • 
• distributed in any fonn or by any means without the prior written 
• permission of the Softlab Software Distribution Coordinator. • 
• 
• Report problems to sofUab@uDc (csnet) or 

sofUab!unc@CSNET-RELAY (ARPADet) 
Direct all Inquiries to the Sot\Lab Softwano Distribution 

• 
• 
• 
• 

Coordinator, at the above addresses. 

• Function: routines to handle definitions 

• 
• 

• 

• 

• 

• 

• 

******************************************************************* *I 

••••••••••••••••••••••••••••••••••••••••• 
• SLog: symbol3.c,v S 
• Revision 1.1 86'03124 22:11:19 kickeoso 
* Initial revision 
• 
• 
• Edit Log: 
• May 25 1985 (kickenson) 
• 

Revision Log: 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *I 

#include <stdio.h> 
#include "SemanticAssert.h" 
#include "macros.h" 

• 

• 

• 
• 

/*1 I I I II I 1++++++1 I I I I I I II I I 1+++++1 I I I I I II I I I II I I I II I++++++++++++++++++++ 
• add definitions 
• collect all definitions together in the defStore set for each • 
* structure and process; • 
• while doing this, collect instances of an overloaded definition • 
• together and check that such instances can be distinguished by • 
• formal argument types • 
• 
• Last revised: May 25 1986 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 

add definitions(SP) 
sYMBOL SP; t• structure or process *I 
{ 

SEQassenionStatemen£ Sas; 
assenionStatement as; 

asserts; I* lists of assenions *I 
storedOefs; I* list of detininitions */ 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

• 
• 
• 
• 

• 

• 
• 

SEQassertionStatement 
SETdetinition 
BOOLEAN new; 1• True if the instance is a 

BOOLEAN 

Instance 
int 

new definition *I 
OK; I* True if overloaded instances 

are distinct *I 
newinst; /* create a new instance */ 

n; 



SET definition Sdef; 
definition def; 
SETinstance Sin; 
Instance in; 

SEQfonnal Sf; 
fonnal f; 

if(typeof(SP) - Kstructuro) 
assens- SP.Vstrueture->assertions; 

else 
asserts - SP.Vpn>c:eSS->assertioos; 

storedDefs - NULL; 

foreachinSEQassertionStalement(asserts,Sas,as) 
{ 

} 

if(typeof(as) - KcycUc) 
{ 
new • TRUE; 
OK-TRUE; 

I* chec:k to see if lh'"" is already a definitioa with the 
same namo - if so check for distinguishable fonnal types ., 

foroacbinSETdefinition(storodDefs,Sdef,def) 
if(streq(as. Vcyclic->name->name,def.!Dl.c:lassCommon->name·>name)) 
{ 

} 

new • FALSE; 
foroacbinSETinstance(def.lDI.c:lassCommon->overload,Sia,in) 

} 

if( distinct _formal(u. V cyclic->fonnals, 
ia.IDI.c:tassCommoa->formals) !· TRUE) 

{ 

} 

OK • FALSE; 
Warning0(755,def.lDI.c:lassCommoa·>sourc:eposition); 

if(OK •• TRUE) /* add new instance to definition */ 
{ 

newinst. Vidllnstance • Nidllnstance; 
newinst. Vidllnstance->fonnals • as. Vcyclic->fonnals; 
uewinst. Vidllnstance·>body • as. Vcyclic->body; 
addSETinstance(def.IDLc!assCommon->overload.newinst); 

if(new •• TRUE) /* add new definition to defStore •t 
{ 

} 

newinst. Vidllnstance • Nidllnstance; 
uewinst. Vidllnstance->fonnals • as. VcycliC->fonnals; 
newinst. Vidllnslallce->body • as. Vcyclic->body; 

addSETinstanc:e(as. Vcyclic->overload,newinst); 
addSETdefinition(storedOef s,as. V cyclic); 

if(typeof(as) •• Kaoncyclic) 
{ 
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 *I 



} 

foreacl!inSETdefinition(storedDefs,Sdef,deO 
if(screq(as. V noncyclic->name->name,def.IDLclassCommon->name->name)) 
{ 

} 

new • FALSE; 
foreacl!inSETinstance(def.IDLclassCommon->overload,Sin,in) 

if(dislinc:t formal(as. Vnoncyclic->formals, 
- iD.JDLclassCommon->fonnals) I• TRUE) 

} 

{ 

} 

OK ·FALSE; 
Waming0(7SS,def.JDJ..clasaCommon->soun:eposition); 

if(OK •• TRUE) JO add •ew instance to definition */ 
{ 

newinst. Vidllnstauce • Nidllostaace; 
newiDst. VidiiDSiaJlee..>fonnals • u. Vnoncyclic->fonnals; 
newinSL Vidllnstance-->body .. as. Vnoncyclic-->body; 
addSETinstance(defJDLdassCommon->overload,newinst); 
IOIIIOVeSEQassertionStatemeot(asserts,as); 

if(new .. TRUE) JO add new definition to detstore *I 
{ 

} 

newinsl. Vidllnsrance • Nidiinstance; 
newinst. Vidllnstanco->fonnaJs • as. Vnoncyclic->fotmals; 
newinst. Vidllnstanco->body • as. Vnoncyclic->body; 

addSETinstance(as. Vnoncycli~>overload.newinst); 
addSETdefinition(storedDefs,as. Vnoncyclic); 

if(typeof(as) •• KprivateDefinition) 
{ 
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 */ 

foreacl!inSETdefinition(storedDefs,Sdef,deO 
if(.stteq(as. VprivateDefinition·>name->name, 

def.IDLclassCommon·>name->name)) 
{ 

} 

new • FALSE; 
foreachinSETinstance(def.IDLclassCommon->overload,Sin,in) 

if( distinct_fonnal(as. V pri vateDefinition->formals, 
in.IOLclassConunon->fonnals) !• TRUE) 

} 

{ 

} 

OK • FALSE; 
Waming0(75S,def.IDLclassCommon->sourceposition)~ 

if(OK •• TRUE) /* add new instance to definition •1 
{ 

newinst Vprivatelnstance • Nprivatelnstance; 
newinst Vprivatelnstance->retumType 

• as. VprivateDefinition->retumType; 
addSETinstance(def.IDLclassCommon->overload,newinst); 

if(new •• TRUE) I* add new definition to dcfStore *I 
{ 



} 
} 

} 

} 

newinsL Vprivate!nstance • Nprivate!nstance; 
newinst. Vprivate!nstan~>retumType 

• as. VprivateDefinition->retumType; 

addSETinstance(as. VprivateDetinition->overload,newinst); 
addSETdefinition(storedDefs,as. VprivateDefinition); 

if(typeof(SP) •• Kstnlelwe) 
SP.Vslnlc:tuno->defStore • storedDefs; 

else 
SP.Vproce11 >defStore • storedDefs; 

/*I I I II I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I Ill I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• chect_instance_types checks that all instances of lho same • 
• definition return the same type • 
• 
• Last "'vised: May 25, 1986 ........................................................................ , 
check _instance_ types(SP) 
SYMBOL SP; I* SlniCII1Ie or process */ 
{ 

SET definition 
SET definition 
definition 
SET!nstance 
Instance 

OS; 
Sdefn; 

defn; 
Sin; 
in; 

if(typeof(SP) •• Kstructure) 
OS • SP. Vstructure·>defStore; 

else 
OS • SP.Vprocess->defStore; 

fo..,.chinSETdefinilion(OS,sdefn,defn) 
{ 

if(typeof(defn) !• KprivateOefinition) 
foreachinSETinstance(defn.IDLclassCommon->overload,Sin,in) 
{ 

if(typeof(in. Vidllnstance->body .ID LclassConunon->ex p _type) 
!• typeof(defn.lOI.classCommon·>deftype)) 

Waming0(756,defn.IDLclassComrnon->sourceposition); 
else/* same type- check collections •t 
{ 

if(typeof(defn.lOI.classCommon·>deliype) •• Ksingleton) 
{ 

} 

if(typeof(defn.lOI.classCommon->deftype.Vsingleton 
->object_type) !• 

typeof(in. Vidllnstancc->body.IDLclassComrnon 
->exp _type. Vsingleton->object_type)) 

Waming0(757 ,defn.IDLclassCommon->sourceposition); 

else if(typeof(defn.lDI.classCommon->deliype) - Karbitrary) 
{ 

if(typeof( def n.IDLclassCommon->deft ype. ¥arbitrary 
->object_type) !· 

typeof(in. Vidllnstance->body.IDl...classCommon 
->exp_type.Varbitrary->objed_type) && 

• 
• 



l 
} 

} 
} 

} 

typeof(in. Vidllnstance->body.IDLclassCommon 
->exp _type. Varbitrary->object _type) !• 
Knotype) 

WarningOf/57 ,defn.IDLclassCommon·>sourceposition); 

else I* private definition °/ 
foreachinSET!nstance(defn.IDLclassCommon->overload,Sin,in) 
{ 

} 

if(typeof(in. Vprivaielnstance->returnType) 
I• typeof(defn.IDLclassCommon->defiype)) 

Waming0(756,defn.IDLclassCommon->souroeposition); 
else/* same type - ohcck collections •t 
{ 

} 

if(typeoC(defnJDLclassCommon·>defiype) •• Ksingleton) 
{ 

iC(typeof(deCn.IDLclassCommon->defiype. Vsingleton 
->object type) !· 

typeof(in. Vprivatelnstance->retumType. 
Vsingleton->object type)) 

Waming0(757 ,defn.IDLclaSscommon->souroeposition); 
} 
else iC(typeof(defn.!Dl.classCommon->defiype)- Karbilral)') 
{ 

} 

if(typeof(defn.IDLclassCommon->defiype. Varbitral)' 
->object type) !-

typeof(in. Vprivatefnstance->rewmType. 
Vaibilral)'·>object type)) 

Waming0(757 ,defn.IDLct:iSscommon->souroeposition); 

!*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• findcalls Store with each definition the definitions it • . ~~ . 
• • 
• Last revised: June 10, 1986 ....•••..•.......•........•............................................. , 
findealls(SP) 
SYMBOLSP; 
{ 

SET definition 

SET definition 
definition 
SETinscance 
Instance 

I* structure or process */ 

defs; 

Sd; 

/* definitions stored with structure 
or process */ 

d; 
Sin; 
in; 

if(typeof(SP) •• Kstruclllre) 
defs • SP.VstJUcture·>defSLore; 

else 
defs - SP.Vprocess->defStol'ej 

foreachinSETdefinition(defs,Sd,d) 
foreacltinSETinstanc:e(d.IDLclassCommon·>Overload.Sin,in) 

if(typeof(in) - Kidllnstance) 
trackcalls(d,.in. Vidllnstance->body,defs); 

• 



/*1 1111111111 11111111 II II I IIIII 1111111 I 111111111111 I 1111111 I Ill II Ill I+++ 

• trackcalls track down all definition calls made in the * 
• 
• 
• Last revised: 

given definition body. 

June 10, 1986 

• 

.•.•••••...•...................................................•..•••••. , 
llaekcalls(def,body ,storedDefs) 
definition def; I* definition whose calls are to be recorded */ 

I* body to uack lhiough */ expression body; 
SET definition storedDefs; I* 1isl of definitions in stru<:llllelproc:ess */ 
{ 

SETdefinition Sd; 
definition d; 
SI!QexpRssionPair Sep; 
expressionPair ep: 
SEQexpRssion S~ 
expRssion ~ 

switcb (typeof(body)) { 

case Kconditional: 
llaekcalls(def,body. V conditional->test,storedDefs): 
llaCkcalls(def,body. V conditional->lhen,storedDefs); 
trackcalls(def,body. V conditional->olherwise,storedDefs); 
foteaehinSEQexpressionPair(body.Vconditional->orif,Sep,ep) 
{ 

llaekcalls( def,ep->lest,stOredDefs); 
llaekcalls(def,ep->lhen,storedOefs); 

} 
btoak; 

c:ase Kquantifier: 
uaclo:alls(def,body. Vquantifier->set,storedDefs): 
lr.lclo:alls(def,body. V quantifier->body ,stOredDefs); 
break; 

case Kbinary: 
lr.lclo:alls( def,body. Vbinary->left,storedDef s); 
lr.lclo:alls(def,body.Vbinary->righ~storedDefs); 
break; 

case Kunary: 
lr.lclo:alls( def,body. Vunary->body ,storedDef s); 
break; 

case Kdoued: 
lr.lclo:alls(def,body. V dotted->left,storedDefs); 
break; 

case KnameExpr: 
I* check if a definition */ 
foreachinSETdefinilion(storedDefs,Sd,d) 

if(streq(body.VnameExpr->name,d.IDLclassCommon->name->name)) 
addSETdefinition(def.IDLclassCommon->calls.d)i 

break; 

case Kapplication: 
foreachinSETdefinilion(storedDefs,Sd,d) 

if(streq(body.Vapplication->name->name, 
d.lDlclassCommon->name->name)) 

addSETdefinition(def.IDLclassCommon->calls.d); 
foreachinSEQexpression(body.VappJication->arguments,Sarg.arg) 

uackcalls(def,arg,storedDefs); 
break; 

• 
• 



} 

default: 
I* no other expressions can include a definition call */ 
break; 

} /* end of switch *I 

int cyclesize; Ji' number of definitions in a cycl~ used to 
distinguish cycles of only I def (rocursion) 
from real cyclic definitions *I 

JO Global tofindcycles and dfs_cyclo •t 

/*11111111 II 11111111111 I I IIIII IIIII 111111 I II II I I II II I I II 111111 I Ill I I I Ill 

• tiadcycles· mart aU definitions in the given stnJcture or * 
• process that are part of a cycle • 
• 
• 
• 
• 
• 

Last revised: Juno 12,1985 

Algorithm adapted from Aho,Hopcroft,llilman, 
"Data Structures and Algorithms" 

• 
• ........................................................................ , 

findcyoles(SP) 
SYMBOLSP; 
{ 

SET definition 
definition 
SET definition 
int 
definition 

Sd; 

defs,Sdf; 

if(typeof(SP) •• Kstructure) 

d,df; 

order • 1; 
maxindexO; 

defs • SP.VstnJcture->defStore; 
else 

defs- SP.Vprocess->defStore; 

I* order the definitions in reverse order *I 
foreacbinSETdefinilion(defs,sd,d) 
{ 

} 

if(!(d.IDLclassCommon->visit)) 
dfs _ topsort(d,&order); 

!* reverse all call arcs in the graph */ 

foreacbinSETdefinilion(defs,Sd,d) 
foreachinSETdefinition(d.IDLclassCommon->calls,Sdf ,dl) 

addSETdetinition(df.IDLclassCommon->revcalls,d)i 

1• mark all definitions involved in a cycle •1 
foroacbinSETdefinition(defs,Sd,d) 

d.IDLclassCommon·>visit • FALSE; 

wbile(left tovisit(defs)) 
( -

} 

d • maxindex(defs); 
cyclesize • 0; 
dfs cycle(d); 
if(cYctesize •• 1) 

d.IDLclassCommon·>cycle - FALSE; 

• 
• 
• 



} 

/*t I I I I I I I I I I II I I I I I II I I I I I I I II I I I I I I I I I 1 I I I I I 1++1 I I I I I I I I I I I I I!+++++++++ 

~ left tovisitretwns TRUE if the given set of definitions* 
• - bas at least one unvisited member * 
• 
• Last revised: June 12, 1986 ••••••.•••..•.••.•......•..........•....•••.....................•••.•.•• , 
left tovisil(defs) 
SET definition defs; I* definitions to look for unvisited def in */ 
{ 

} 

SETdefiDilioa 
definition 
BOOLEAN 

result • FALSE; 

Sd; 
d; 
result; 

foteaehiaSET detiailioa(defs,sd,d) 
if(!(d.IDLclassCommoa->visit)) 

result • TRUE; 

mum( result); 

• 
• 

/*1 I I I I I I I I I I I l I I I II II I II I I I I I I I I I I I I I II I I I I I I I I I I I' I I I I I I I I I I I I I I I I I I I I I I I 

• maxiaclex renun the definition in the given set of • 
• definitions with the highest index that is also 
• unvisited. 
• 
• Last revised! June 12, 1986 

• 
• 

....•••••.•••.......••••....................................••.•.•.•..•. , 
definition maxindex(defs) 
SETdefinition defs; 
{ 

I* set of definitions to search */ 

} 

SETdefiDilioa 
definition 
definition 
int 

Sd; 
d; 
rosul~ 
maxsofar • 0; 

foreacbiaSETdefiDilioa(defs,Sd,d) 
if(d.IDLclassCommon->index > maxsofar && 

!(d.IDLclassConunoa->visit)) 
{ 

} 

maxsofar • d.IDLclassCommon->index; 
result • d; 

retum(result); 

/*++++++I I I I I II I I I I I II I I I I 1+++++1 I I I I I Ill++++++++++++++++++++++++++++++ 
• dfs cycle depth first search of a DAG modified to • 
• - mark nodes that are in a cycle • 
• 
• Last revised: June 12, 1985 ........................................................................ , 

• 
• 

• 
• 



dfs cye1e(de0 
defi"Dition defi 
{ 

/* definition to mark as cyclic or not */ 

} 

SET definition 
definition 

Sd; 
d; 

defJDLclassCommonM>visit • TRUE; 
def.IDI..c1assCommon->cyele • TRUE; 

cyclesize+.t.; 

fOJeaellinSETdefinidon(def.IDI..c1assCommon->reveaUs,Sd,d) 
lf(!(ci.IDI..classCommon->visit)) 

dfs _ eye1e(d,eye1esize); 

/*ttl I I II I I I Ill I I IIIII Jill Ill I IIIII I I I I II I I II I I I I II I I I II I I II II I I I I I I I I~+ 

* topsort reverse topological sort of definitions in * 
• given structure or process. DAO an::::s are * 
• definition call& * 
• 
• Last revised: June10,1986 ••••..••.•..••.....•••....••......•...••....••.....••....••.....•••...•• , 
topsort(SP) 
SYMBOLSP; 
{ 

I* SUUCtUre or process *I 

} 

SET definition 
definition 
SET definition 
in1 

Sd; 

defs; 

if(typeof(SP} •• Kstn~Cture) 

d; 

order • 1; I* order of definition*/ 

defs • SP.Vstrucrure.>defStore; 
else 

defs • SP.Vprocess->defStore; 

fOJeaellinSETdefinition(defs,Sd,d) 
d.IDLclassCommon->visit • FALSE; 

foreaehinSETdefinition(defs,sd,d) 
if(typeof(d) •• Knoneyelie) 

if(!(d.IDI..c1assCommon->visit)) 
dfs _ topsort( d,&order); 

~Ill I I I I!++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
* dfs _ topsort depth first search modified to do a reverse * 
• topological sort 
• 
• Last revised: June 10, 1986 

• 

••••.•...•.......•....••••...•.....•••....•.....••......•.•....•......•.• , 
dfs topsort(def,order) 
definition def; J* definition that is node of DAG *I 
int 

SET definition 
definition 

•order; /* order of definition */ 

Sd; 
d; 

def.IDLclassCommon->visit. TRUE; 
foreachinSETdefinition(def.IDlclassCommon->calls,Sd,d) 

• 
• 

• 
• 



} 

if(!(d.IDLclassCommon->visit)) 
dfs _ topsort(d,oJder); 

def.IDLclassCommon->index • (*order)++; 

/*1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• 
• 
• 
• 
• 

mindel 

Last revised: 

returns the noncyclic definition that has * 
the lowest order number and has not yet been 
typed. 

June 10, 1986 

• 

........................................................................ , 
definition mindef(defs) 
SETdefinition defs; I* deDnitions from which to find minimum*/ 
{ 

SET definition 
definition 
definition 

Sd; 
d; 
resul~ 

inl minsofar • 1000; 

foreachinSETdefinition(defs,Sd,d) 
if( (d.IDLclnssCommon->index < minsofar) && typeo((d) •• Knoncyclic 

&& !(d.1DLclassCommon->visit) ) 
{ 

} 

minsofar • d.IDLclassCommon->index; 
result. d; 

resu!LIDLclassCommon->visit • TRUE; 
return( result); 

/*+++++++++++I I I I I I I+++++++++++++++++-++++++++++++++++ I I I I I I I I I I I+++++++ 
• nwnber noncyclic returns the number of noncyclic • 
• - definitions in the given set • 
• 
• Last revised: June 10, 1986 ......••..........•.•.........••...........•.•.............•.........••. , 
number noncyclic(defs) 
SETdetiDition defs; 
{ 

int 
SET definition 
definition 

result; 
Sd; 

t• set in which to count noncyclic definitions */ 

d; 

result • 0; 
foreachinSETdefinition(dcfs,Sd,d) 

if(typeof(d) •• Knoncyclic) 
result++i 

retum(result); 

• 
• 
• 

• 
• 



/*Ill I 111+++1111111111111111111+++++1111111 I 11111111111111111 I I I IIIII+++ 
• 
• Title: Postfix Code GeneJation for Assertion Checker • 
• Filename: -kickenStYsoftlablcodegenJcodegen.c. 
* Author: Jeny Kic.kenson <kickenso@unc:> 
• Department of Computer Science 
• Univm.ity of Nonb Carolina 
• Chapel Hill, NC 27514 
• 
• Copyright (C) The University of North Carolina, 1985 • 
• 
• AU righls reserved. No part of this so- may be sold or • 
• distributed ill any form or by any means without the prior written • 
• pennissioa of lhe Sot\Ub SoftwaR Disuibutioo Coordinator. • 
• 
• Report problems to softlab@uoc (csnet) or 
• softlab!unc@CSNET-RELAY (ARPAoet) 
• DIRct all inquiries to tho Sot\Ub SoftwaR Distributioo • 
• Coordinator, at the above addresses. 
• 
* Function: main driver for code generation for assertion checker 
• 
• 

• 

******************************************************************* *I 

$Header: geocode.c,v 1.7 85112119 12:47:15 kiclcenso Exp $ 

• 

• 

• 
• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

I* •••••••••••••••••••••••••••••.o••••••••••••••••••••••••••••••••••••• ** Revision Log: 
• SLog: geocodo.c,v $ 
• Rovisioo 1.7 85/12/19 12:47:15 kiokenso 
• This versioo works! Exhaustive testing will follow . 
• 
• Revision 1.6 85/12/17 12:18:03 kiokenso 
• handles all expressions .. c.ompiles 
• nexC runtime c:heck.ing 
• 
• Revision IS 851!2/15 13:19:30 kickenso 
* idle. version - still must add quantifiers & conditionals 
• 
• Revision 1.4 851!2/08 21:44:21 kiokenso 
• pointer to postfix anay now passed to gencode procedure 
• 
• Revisioo 1.3 851!2/08 IS:2!:04 kickenso 
• this version compiles! 
• 
• Revision 1.2 851!2/08 15:07:07 kickenso 
* created main driver 

• Revision 1.1 85/12108 14:27:02 kickenso 
• Initial revision 
• 
• 
• Edit Log: 
• December 8, 1985 (kickenson). 
• •.•••.......•...................................................... . , 
#include <stdio.h> 
#include "GeneratePostfix.h'' 
#include "instruaions.h'' 

#define gencode(BOD,PF) generatecode(BOD,PF,in,SP) 
#define su.q(sl,s2) strcmp(sl,s2) •• 0 

typedef int Operation; 

• 
• 
• 
• 



typedef char 
typedef SEQ!nteger 
typedef int 

BYTE; 
SEQOperation; 
boolean; 

int level• 0; 
SEQ Integer lac_ sracl: • NULL; 

!" level of a nested quantifier */ 
I" Slack o(code array locationa, 

used by conditionals 
int currentpos • 0; I* current position in code anay */ 

mainO 
{ 

scope 
SET String 
SEQSYMBOL 
SYMBOL 
SEQassertionStatement 
assertionStateme:ot 
SET definition 
definition 
SETinstance 
Instance 

Sas; 
as; 
Sdef; 

I" input symboltable •t 
invs; /* iterators ... 
SSYMBOL; 
SP; 

def; 
SiD; 
in; 

., 

Operation ea; I* endAssertion entry in code */ 

I* read in symbol table */ 
st • Symbo!Table(stdin); 

iovs • NULL; 
I* collect invariant structure names */ 
foreachinSEQSYM!lOL(st·>symbols,SSYMllOL,sP) 
{ 

if(typeof(SP) •• Kpmcess) 
addSETString(invs,SP. Vprocess-->invariant·>name); 

} 

t• generate code for all assertions and definition instance bodies */ 
foreachinSEQSYMllOL(st·>symbols,SSYMllOL,SP) 
{ 

I* first handle structures. excepting invariant structures*/ 
if(typeof(SP) •• Kstructure) 

if(!ioSETString(iovs. *SP. Vstnacture·>name)) 
{ 

foreachioSEQassenionStatement(SP. V structur&->assertions, 
Sas,as) 

if(typeof(as) .. Kassenion) 
{ 

} 

currentpos • 0; 
gencode(as. Vassertion·>body, 

&(as. Vassenion·>postfixBody)); 
addtocode(ENDASSERTION,&(as.Vassenion->postfixllody)); 

foreachioS ET definition( SP. V structure->defStore.Sdcf.deO 
{ 

if(typeof(del) •• Kcyclic) 
foreachinSETinstance( def. V cyclic->overload,Sin,in) 

., 



} 

} 
} 

{ 

} 

currentpos • 0; 
gencode(in. Vidllnstanc:e->body, 

&(in. Vidllnstance·>postfixDefn)); 
add!ocode(RETIJRN,&(in. Vidllnstance->postfixDefn)); 

else if(typeof(del) •• Knoncyclic) 
foreachinSETinstance(def. Vnoncyclic->overload,Sin,in) 
{ 

} 

cumntpos .o; 
gencode(in. Vidllnstanc:&->body, 

&(in. Vidllnstance->postfixDefn)); 
addtocode(RETURN,&(iD. Vidllnstance->postfixDefu)); 

1• now handle processes */ 
if(typeof(SP) •• Kprocess) 
{ 

} 

foroachinSEQasseruonStatemenl(SP. Vproc:ess->assertions, 
Sas,ns) 

if(typeof(as) - Kassertion) 
{ 

} 

cum.atpos·Oi 
gencode(u. Vasseruon->body, 

&(as. Vassertion->postfixBody)); 
addtocode(ENDASSERTION,&(as. Vassertion->postfixBody)); 

foroachinSETdefinitioD(SP. Vprocess->defStore,Sdef,del) 
{ 

} 

if(typeof(del) •• Kcyclic) 
foroachinSETinstancc( def. V cyclic->overload,SioJn) 
{ 

} 

aurentpos • 0; 
gencode(in. Vidiinstance·>body. 

&(in. Vidllnstance->postfixDefn)); 
add!ocode(RETURN,&(in. Vidllnstance->postfixDefn)); 

else if(typeof(del) •• Knoncyclic) 
foreacbinSETinstance(def. V noncyclic-->overload,Sin,in) 

{ 

} 

currentpos • Oi 
gencode(in. Vidllnstance->body, 

&(in. Vidllnstance->postfixDefn) ); 
addtocode(RETIJRN,&(in.Vidllnstaoce->postfixDefn)); 

r- write out table with generated code included */ 
PostfixCode(stdout,st,1WOPASS); 

} I* end of main •t 

/*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• 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 amay • 
• 1000. • 
• • 
• • 



• Last revised: June 7, 1986 .........•........•..........•.........•...................•.•....••.... , 
generotecode(body,code array Jn.SP) 
expression body; - I* expression tree */ 
SEQOperation *code_array; 
Instance in; 

I* generated code passed back up*/ 
I* detinition instance */ 

SYMBOL SP; I* StiUCturelproc:ess */ 
{ 

Operation 
BYTE 
BYTE 
int 

op; I* appropriate operator*/ 
I* high byte of reference index */ 
I* low byte of reference index */ 
index; I* index into string. rational, etc. anay */ 

SEQexpression Sarg; I* itemors ... 
arg; 

., 
expression 

double atofQ; 

int startpos; I* start position in code array 
of quantifier 

int loc; I* location to be saved 
int 
SEQexpressionPair 

i; I* iterators ·-
Sep; 

expressionPair ep; 

int 

int 

loc _count • 0; 

tipe; 

I* saves locations for Orif 
conditionals 

I* generate code for different types of expressions */ 
switeh (typeof(body)) { · 

case Kunary: 

gencode(body. VW!ary->body,code _ anay); 

I* determine operator type *I 
if(typeof(body.Vunary->op) •• KUnaryPius); 

I* no action need be taken */ 
if(typeof(body.Vunary->op) •• KUnaryMinus) 

op • unaryMinusOp; 
if(typeof(body.Vunary->op) •• Knot) 

op • notOp; 

if(typeof(body.Vunary->op) !• KUnaryPius) 
{ 

} 

body.Vunary~>valuepos • currentpos; 
addtocode(op,code _array); 

break; 

case Kbinary: 

gencode(body. Vbinary·>left,code _array); 
gencode(body. Vbinary->ri ght,code _ana y); 

if(typeof(body. Vbinary->right) !• KfonnA!ll && 

{ 
typeof(body. Vbinary->right) !· Kcontroi) · 

if(typeof(body. Vbinary->rightiDLclassCommon->exp _type) 
•• Ksingleton) 
tipc • typeof(body.Vbinary->righLIDLclassCommon 

., 

., 

., 

• 

., 



->exp_type.Vsingleton->object_type); 
else 

} 
tipe • typeof(body.Vbinary->righLIDLclassCommon->exp_type); 

else 
tipe • typeof(body.Vbinary->righLIDLclassComrnon->exp_type); 

I* detennine operator type */ 
switch (typeof(body. Vbinary->op)) { 

coseKand: 
op •aodOp; 
break; 

case Kor. 
op • orOp; 
break; 

cue KTunion: 
op • unionOp; 
break; 

cue Kintmect: 
op - intersectOp; 
break; 

case Kplua: 
op- plusOp; 
break; 

cueKminua: 
op • minusOp; 
break; 

case Ktimea: 
op • timesOp; 
break; 

case Kdivide: 
op • divideOp; 
break; 

case Kless: 
/* detennine which type of< opeator *I 
if(tipe •• Kstr) 

op • str JessOp; 
else 

op • num JessOp; 
break; 

case KlessEq: 
1• detennino which type of<- operator *I 
if(tipe -- Kstr) 

op • str _lessEqOp; 
else 

op • num _IessEqOp: 
break; 

case Kgreater: 
I* detennine which type of> operator •t 
if(tipe •• Kstr) 

op • str _greaterOp; 
else 

op • num _greaterOp; 
bn:ak; 



case KgrtrEq: 
I* determine which type of >• operator*/ 
if(tipe •• Kstr) 

op • str _grtrEqOp; 
else 

op • num _grtrEqOp; 
break; 

caseKequal: 
I" delennine which type of equal operator •t 
switch (tipe) { 

break; 

caseKbocl: 
op • bool_ equaiOp; 
break; 

case KT'mt: 
op • num _equa!Op; 
break; 

case KJ31: 
op • num_ equaiOp; 
break; 

case Kslr: 
op • str_equaiOp; 
break; 

case Kset: 
op • set_ equaiOp; 
break; 

case Kseq: 
op • ""L.. equaiOp; 
break; 

case Ksingletoa: 

} 

op • node_ equalOp; 
break; 

case KnotEqual: 
I* detennine which type of · • Opetator •t 
switch (tipe) { 

break: 

case Kbool: 
op • bool_notEquaiOp; 
break; 

case KTint: 
op • num_notEquaiOp; 
break; 

case Krat: 
op • num _ notEquaiOp; 
break; 

case Kstr: 
op • str _ notEquaiOp; 
break; 

case Ksec 
op • set_notEqualOp; 
break; 

case Kseq: 
op • ""L.. notEquaiOp; 
break; 

case Ksingleton: 

} 

op • node_ notEquaiOp; 
break; 

case Ksame: 
op • sameOp; 
break; 

case KinSet: 



I* detennine which kind of In operator *I 
switch (tipe) { 

bleak· • 

case Kset: 
op • inSetOp; 
break; 

case Kseq: 
op • inSeqOp; 
break; 

case Karbitrary: 

} 

op • inCoUectionOp; 
bleak; 

caseKsubset: 
op • suhsetOp; 
bleak; 

case KpropSubset: 

} 

op • propSubsetOp; 
break; 

body. Vbinary->valuepos • currentpos; 
addtooode(op,code _amy); 
break; 

genoode(body. Vdotted->left,code _am~y); 

op- doiOp; 
body. Vdoued·>Yaluepos "'currentpos; 
addtooode(op,code _amy); 

I* calculate index into string reference array */ 
index • add String(SP,body.Vdotted->right->name); 
hi • (char) (lndex » 8); 
lo • (char) index; 
addtocodeOo,code _amy); 
addtooode(hi,code array); 
break; -

case KtypeExpression: 

if(typeof(body.VtypeExpression->pnnName) •• KTvoid) 
{ 

op • typeExpressionOp; 
body.VtypeExpression·>Valuepos • currentpos; 
addtocode(op,code _amy); 

I* calculate index into type reference array */ 
index • add_type(SP,body.VtypeExpression->type); 

hi • (char) (index » 8); 
lo • (char) index; 
addtooode(lo,code amy); 
addtocode{hi,code: array); 

else t• port name is present *I 
{ 

op • portExpressionOp; 
body.VtypeExpression·>valuepos • currentpos; 
addtocode( op,code _array); 

I* calculate index into type reference array •t 
index • add _type(SP,body. VtypeExpression->type); 



} 

hi • (char) (index» 8); 
to • (char) inde.ti 
addtoccde(lo,code amoy); 
addtoccde(hi,code.:: amoy); 

I* calculate reference into string reference array •t 
index • add_ Slring(SP,body. VtypeExpression 

->p::mName. VnameToken->name); 
hi • (char) (index» 8); 
lo • (char) index; 
addtoccde(lo,code_array); 
addtoccde(hi,code_array); 

break; 

case KdefnRef: 

I* generate code for all arguments of the application */ 
foreachinSEQexpression(body. V defnRef->aigUII~enrs,Sarg,arg) 

gencode(arg,code _array); 

op • applicalionOp; 
body. VdefnRef->valuepos • cumntpos; 
addtocode(op,code_array); 

I* calculate index into definition reference array */ 
index • add_definition(SP,body.VdefnRef->reference); 
hi • (cbar) (index» 8); 
lo • (cbar) index; 
addtocode(lo,code array); 
addtocode(hi,code.::array); 

I* enter number of arguments into code array */ 
op • len((pGenUst)(body.VdefnRef->arguments)); 
addtocode(op,code _array); 

break; 

case Kapplication: 
I* this is really type widening */ 
I* ignore application and generate code for argument •t 

retrievefirstSEQexpression(body. Vapplication->arguments,arg); 
gencode(arg.code array); 
break; -

case KintegerToken: 

if(atoi(body.VintegerToken->integer) •• 0) 
{ 

} 
else 

op • ZeroOp; 
body.VintegerToken->valuepos • currentpos; 
addtocode(op,code_array); 

if(atoi(body. VintegerToken->integer) •• 1) 
{ 

} 
else 
{ 

op • OneOp; 
body.VintegerToken->vaiuepos • currcntpos; 
addtocode( op,code _array); 

op • intToken; 
body. VintegerToken->valuepos - currcntpos; 



addtocode(op,code _array); 

I* calculate index into integer reference amy */ 
index • add Integer(SP ,atoi(body.VintegerToken->integer)); 
hi = (char) (index» 8); 
lo • (char) index; 
addtooode(lo,code array); 
addtocode(bi,code: array); 

} 
break; 

case KrationalToken: 

op - ratToken; 
body. VratioualToken->valuepos • cunentpos; 
addtocode(op.oode_anay); 

I* calculate index into rational reference anay */ 
index • add Rational(SP ,atof(body. VralionaiToken->rational)); 
hi • (char) (index» 8); 
lo • (ohar) index; 
addtocode(lo,code _array); 
addtooode(hi,code array); 
break; -

case KstringTokeu: 

op • strToken; 
body. VstringToken->valuepos • currentpos; 
addtooode(op,oode _ anay); 

I* calculate index into string reference amy */ 
index • add String(SP,body.VstringToken->string); 
hi • (char) (index» 8); 
lo • (ohar) index; 
addtocode(lo,code _array); 
addtocode(hi,code _ana y); 
break; 

case Krooc 

if(typeof(body.Vroot->poi\Name) •• KTvoid) 
{ 

} 

op. RootOp; 
body. Vroot->valuepos • currentpos; 
addtocode(op,code _array); 

else /* port name is present *I 
{ 

} 

op • portRootOp; 
body.Vroot->valuepos. currentpos; 
addtooode(op,code_array); 

I* c:alculale index into string reference array */ 
index • add_ String(SP,body. Vroot->portName. VnameToken->name); 
hi • (char) (index» 8); 
lo • (char) index; 
addtocode(lo,code anay); 
addtocode(bi,code =anay); 

break; 

case Kempty: 

op • emptyOp; 
body. Vempty->valuepos • currentpos; 



addtocode(op,code_anay); 
break; 

case Ktrue: 

op • trueOp; 
body. Vtnle->valuepos • currentpos; 
addtocode(op,code _ anay); 
break; 

case Kfalse: 

op - falseOp; 
body. Vfalse->Yaluepos • cunentpos; 
addtocode(op,code _array); 
breaki 

case Kmembers: 

genoode(body. Vmemben->argument,eode _ am1y); 
op - membersOp; 
body.Vmembers->valuepos • cwrentpos; 
addtocode(op,code_am~y); 

break; 

case Khead: 

gencode(body. Vhead·>argument.code amy); 
op • headOp; -
body. Vhead->valuepos • currentpos; 
addtocode(op,code_anay); 
break; 

case Ktype: 

genoode(body. Vtype·>argument,oode ilmly); 
op • typeOp; -
body. Vtype->valuepos .. currentpos; 
addtocode(op,code_am~y); 

break; 

case Ksize: 

gencode(body. Vsize->argumeot,code array); 
if(typeof(body.Vsizc->argumenLIDLCiassCommon->exp_type) 

•• Ksingleton) 

else 

tipe • typeof(body. Vsize->argumenLIDLclassCommon 
->exp _type. V singleton·>ob ject _type); 

tipe • typeof(body. Vsize->argumenLIDLclassCommon·>exp _type); 

if(tipe -- Kstr) 
op • str _ sizeOp; 

else 
op • setseq_ sizeOp; 

body. Vsize->valuepos • currentpos; 
addtocode(op,code _ am1y); 
break; 

case Ktail: 

gencode(body. Vtail->argument,code array); 
op • taiiOp; -
body. Vtail->vaJuepos • currentpos; 
addtocode(op,code_anay); 
break; 



case Kquantifier: 

level++; J* increment nesting level */ 
body.Vquantifier->nest_level. level; 

J* generate code for collection quantifier will iterate over •1 
gencode(body. Vquantifier->se~code _array); 

if(typeof(body.Vquantifier->op) •• Kfo~all) 
op • f0!3110p; 

else 
op • existsOpi 

addtccode(op,code_array); 

~ save start position for ••renun" statement that will be 
inserted at endquantifier operator*/ 

startpos • currentpos; 

I* generate code for body of quantifier */ 
gencode(body. Vquantifier->body,code _amy); 

body. Vquantifier->valuepos • ourrentpos; 

I* End operator will return to start position if thete are 
more objects in the quantifier set */ 

if(op •• forallOp) 
{ 

} 
else 
{ 

} 

level-; 

break; 

op • endForAil; 
addlocode(op,codc_array); 
op • startpos + 1 ; 
addtocode(op,code _array); 

op • endExists; 
addtocode(op,code array); 
op • startpos + 1; -
addtocode(op,code _array); 

J* decrement nesting level 

case Kconditional: 

body.Vcondilional->valuepos. currcntpos; 
gencode(body. Vconditional->tcst,code _array); 

op • jfalse; 
addlccode(op,code _array); 

., 

I* save current location to back insert later */ 
Joe • currentpos; 
addtocode(loc,code_ amy); 

gencode(body. V conditional->then,code _array); 

op • jump; 
addtocode(op,code_array); 

I* stack location of jump to backinscrt exit position at 
end of conditional */ 

appendrearS EQ lnteger(loc _ staclc,currentpos); 



toe_ count++; I* increment count of how many positions 
to backinsen into later */ 

addtocode( amentpos,code _array); 

baclcinsert( currentposJoc,code _array); 

I* handle Orlf pairs •1 
foreachinSEQexpressionPair(body. Vconditional->orif,Sep,ep) 
{ 

} 

gencode(ep->test,code _array); 
op • jfalse; 
addlQcode(op,code_ array); 
loc • cumntpos; 
•ddtocode(loc;code_amy); 
gencocle(ep->then,code _array); 
op •jump: 
addlncode(op,code_anay); 
appendlearSEQlnteger(loc _ stack,cunentpos); 
toe count++; 
adciincode(currentpoe,code _array); 
baclcinsert(currentposJoc:,code _array); 

gencode(body. Vconditional->otherwise,code _array); 

I* backinsert exit location to all saved jump operator locations */ 
for(i•l;i<•loc: count;i++) 

baclcinS.rt(currentpos.pop( &lac_ stack),code _array); 

break; 

case Kcontrol: 

op • controiOp; 
body. Vcontrol·:>valuepos • currentpos; 
addloc:ode(op,code _array); 

I* insert level of control operat.or *I 
op • body.Vcontrol·:>owner->nest level; 
addtocode(op,code array); -
break; -

case KfonnArg: 

op • fonnArgOp; 
body.VfonnArg·>valuepos • currentpos; 
addtocode( op,code _array); 

I* insert position of fonnal arg in list of declared args •t 
op • position(body.VformArg·>actual.in.IDlclassCommon->fonnals); 
addtococle(op,oode array); 

break; -

} /* end of gener.atecode */ 

/*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• addlocode adds oper.ator to code array • 
• • 



• Last ~evised: April 14,1986 •...••••......•••••.....••••.........................••......•....•••..• , 
addtocode( entry,code) 
int entry; 
SEQ!nteger *code; 
{ 

I* operator to add *I 
!* code array 

appendrearSEQ!nteger(*code,ently); 

., 
currentpo&++; /* increment current position in code anay *I 

} 

• 

/*1 II I I I Ill I Ill Ill II II I I Ill II I I I II II II I I I I I I I I I I I I I I II I I I I I I Ill I I I I II I I I I I I 

• backinsen. insert location into a fanner location • 
• used to avoid bactuacking • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
backinsert(ll,l2.eode) 
int 11; 
int 12; 
SEQ!nteger *code; 
{ 

} 

int i; 
pGenl.ist temp; 

temp • (pGenl.ist)(*eode); 
for(i•l:i<-12~++) 

temp • temp->next; 

temp->value ,. 11 + I: 

I* location to insert */ 
I* location where to insert */ 
I* code array */ 

• 
• 

/*+I ill I II II 1++++-1+++++1 I I II 11++++++++++++++++++++++++11111111 I I Ill++++++ 

• pop pop a stack of integers • 
• 
• Last revised: April 14, 1986 • ............•....•........•......•......•....................•.•......•. , 
pop( stack) 
SEQ!nteger 
{ 

int 

•stack; 

retrievelastSEQinteger(*stact.result); 
removelast.SEQinteger(*stack); 
retum(result); 

} 

I* stack to be popped *I 

• 

/*+++I I I I I I I I I I I I I II I II II I I I I I I I I I I++++++++++++++++++++++++++++++++++++++++ 
• len len returns the length of a generic list • 
• 
• Last revised: April 14, 1986 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 

len(list) 
pGenList list; 
{ 

I* list to get length of *I 

int 
pGenList listptr; 

listptr • list; 
result • 0; 

result; 

• 
• 



} 

whUe(listplr !• NULL) 
{ 

result++; 
listptr • listptr·>next; 

} 

retum(result); 

l*ltllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

• position returns the position of a formal argument ill a • 
• list of declaJod fonnal arguments • 
• 
• Last revised: April14, 1986 ........................................................................ , 
position(form,declared _ args) 
fonnal fonn; t• formal to find position of *I 
SEQfonnal declared_args: /*list of fonnal arguments */ 
{ 

} 

SEQfonnal 
fonnal 
int 
int 

i. li 
result • 0; 

Sf; 
f; 
result; 
i; 

foreac:hinSEQfonnal(declared args,Sf,J) 
{ -

if(f •• form) result • i; 

} 

retum(result); 

/*++++I I I I I I I I II I I I I II I I I I I 1++++~++++++++++++++++11 I I I I I I I+++++++++ 
• add_ String add a string to suing_ refs array and return • 
• its position • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
add_ String(SP,Sir) 
SYMBOLSP; 
String str; 
{ 

int 

I* structure or process conlaining string refs array */ 
,. string to add *I -

result; 

if(typeof(SP) •• Kstructwe) 
{ 

} 
else 
{ 

} 

appendrearSEQString(SP. V structure->string_ refs,slr); 
result •len((pGenList}(SP.Vstructure->string_refs)); 

appendrearSEQString(SP. V process-> string_ refs,str); 
result • len((pGenList)(SP.Vprocess->string_refs)); 

retum(result); 

• 
• 

• 
• 



f"llllllllllllll+lllllllllll+++llllllll+++lllllllll+++lllllllllll I 111111 

"' add_Integer add an integer to integer_refs array and return "' 
"' its position "' 
• 
• Last revised: April 14, 1986 ....•••....•........••......•.......................•..............•.... , 
add _Integer(SP,num) 
SYMBOL SP: I* stzucture or process containing integer refs may */ 
iDt num; I* integer to add *I -
{ 

} 

inl resull; 

if(typeof(SP) •• Kstructure) 
{ 

} 

else 
{ 

} 

appendrearSEQlnteger(SP. VstJUCIUre·>integer_refs,num); 
result • len((pGenl.ist)(SP.Vstructure->integer_refs)); 

appendrearSEQlnteger(SP.Vprocess->integer_refs,num); 
result •len((pGenl.ist)(SP.Vprocess->integer_refs)); 

return( result); 

/*1 I II I I I I Ill I I ill I I Ill I I I I II II I I Ill I I II II I I I I I II I I I II Ill I Ill I I I II II I I I+ 

• add_ Rational add a rational to rational_ refs anay and • 
* reblm its position • 
• 
• Last revised: April 14, 1986 
............................................................................ , 
add Rational(SP ,num) 
SYMBOL SP; I* structure or process containing rat.ional_rcfs anay */ 
float num; /* rational to add */ 

{ 

} 

int result; 

if(typeof(SP) •• Kstructure) 
{ 

} 
else 
{ 

) 

appendrearSEQfloat(SP. V structure·>rational_ refs,num); 
result • len((pGenl.ist)(SP.Vstructure->rational_refs)); 

appendrearSEQt1oat(SP.Vprocess·>rational_refs,num); 
result • len((pGenList)(SP. Vprocess->rational_refs)); 

retum(result); 

~++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
* add _type add a type to type_ refs anay and * 
• return its position • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
add _type(SP,t) 
SYMBOLSP; 
typeTree t; 

I* structure or process containing type_ refs anay */ 
!* type to add */ 

• 
• 

• 
• 

• 
• 



{ 

} 

int result; 

if(typeof(SP) •• Kstn~<ture) 
{ 

} 
else 
{ 

} 

appendrearSEQtypeTree(SP.VstNctwe->type_refs,t); 
result •len((pGenList)(SP.VstructUJe•>type_refs)); 

appendrearSEQtypeTree(SP. Vprocoss->type _ refs,t); 
result • len((pGenList)(SP.Vproceso->type_refs)); 

relllm(result); 

f*1111111111111111111111111111 11111111 Ill 11111111111111111111111111 I++++++ 

* add_ definition add a definition to define_ refs array and * 
• return its position • 
• 
• Last revised: April 14, 1986 ••••••.••.......•..•.•••••••..•••......•................•...•••••.•••••• , 
add definition(SP,d) 
SYMBOLSP; 
definition d; 
{ 

int 

I* structure or process containing define_refs array*/ 
I* definition to add *I 

result; 

if(typeof(SP) •• KstNcture) 
{ 

} 

} 
else 
{ 

} 

appendrearSEQDefOrlnst(SP. Vslructure->deftne _ refs,d); 
result • len((pGenList}(SP.Vstructure·>define _refs)); 

appendrearSEQ DefOrlnst(SP. V process· >define_ refs,d); 
result • len((pGenList)(SP.Vprocess->define_refs)); 

retum(result); 

• 
• 



fi' II Ill 1111111 II II 111111111 1111111 111++++++++++11111 I II II IIIII II 1111111 

• 
• Title: Insuuctions for Assertion Ctecker 
* Filename: • kicketlSOr"softJab/codegentinstructions.h 
• Author: Jerry Kickenson <kick:enso@UNC> 
• Department of Computer Science 
* University of North Carolina 
• Chapel Hill, NC 27514 
• 
• Copyright (C) The University of Nonh Canllina, 1985 
• 
• An rights reserved. No part of this soitwaRO may be sold or • 
• disiributed in any form or by any means without the prior wriUen 
• permission of the Sot\Lab Sottwan. Distribution CoonlinatDr. • 
• 
• Report problems to softlab@unc (csnet) or 
• softlab!unc@CSNET-RELA Y (ARP Anet) 
• Direct all inquiries to the Sot\Lab Software Distribution 
* Coordinator, at the above addresses. 
• 
• Function: integer codes defined for checker instructions 
• 
• 

• 
• 

• 

• 

• 

• 

******************************************************************* *I 

#define ZeroOp 0 
#define OneOp I 
#define intToken 2 
#define 10tToken 3 
#define strToken 4 
#define trueOp S 
#define falseOp 6 
#define emptyOp 7 
#define RootOp 8 
#define typeExpressionOp 9 
#define ponRootOp 10 
#define ponExpressionOp 11 
#define unionOp 12 
#define inlersectOp 13 
#define subsetOp 14 
#define propSubsetOp 1S 
#define plusOp 16 
#define minusOp 17 
#define timesOp 18 
#define divideOp 19 
#define andOp 20 
#define orOp 21 
#define str_lessOp 22 
#define str _lessEqOp 23 
#define str_grealerOp 24 
#define str _grtrEqOp 2S 
#define str _ equaiOp 26 
#define str _ notEqua10p 27 
#define num _lessEqOp 28 
#define num 1ess0p 29 
#define num jreaterOp 30 
#define num _grtrEqOp 31 
#define num_equa10p32 
#define own_ ootEquaJOp 33 
#define boo1_equa10p34 
#define bool_notEqualOp 35 
#define set equalOp 36 
#define se( notEquaiOp 37 
#define seq_ equa10p 38 
#define seq_ notEquaiOp 39 
#define node_ equaiOp 40 
#define node_notEquaiOp 41 

• 

• 
• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 



#define sameOp 42 
#define inSetOp 43 
#define inSeqOp 44 
#define inCollectionOp 45 
#define unaryMinusOp 46 
#define notOp 47 
#define jump 48 
#define jtrue 49 
#define jfalse so 
#define membersOp 51 
#define headOp 52 
#define taiiOp 53 
#define str _ sizeOp 54 
#define setseq_ sizeOpSS 
#define typeOp 56 
#define forallOp 57 
#define existsOp 58 
#define endForAll 59 
#define endExists 60 
#define contro!Op 61 
#define fonnArgOp 62 
#define dotOp 63 
#define application0p64 
#define RETURN 65 
#define ENDASSERTION 66 



/*tIll! 11111111111 11111111++++++++11 I 1111111+++1111111111111111111++++++ 

• 
* TitJe: Interpreter for Assertion Checker • 
* Filename: • kickensolsoftlab/check/check.c • 
"' Author: Jerry K.ickenson <kickenso@uno 
• Departmelll of Computer Science 
* University of Nonh Carolina • 
• Cltapel Hill, NC 27514 
• 
• Copyright (C) Tho University of North Carolina, 1985 • 
• 
• AU rigbts reserved. No part of this soClwano may be sold or • 
• distributed in any form or by any means wilhout lho prior wriuen • 
• ponnission of lho SoiiLab Software Distribution Coordinator. • 
• 
• Report problems to softlab@unc (csnet) or 
• softlablunc@CSNET-RELAY (ARPAnet) • 
• Direct all inquiries to lho SoiiLab Software Distribution • 
* Coordinator, at the above addresses. • 
• 
• Function: main driver for interpreter for assenion checker • 
• 
• ..••••.......••.......•••...•.••••.....•.•••......••.......•.••.... . , 

st:llic char n:sid • "$Header: check.c,v 1.8 86/04/09 08:37:43 kickenso Exp $" 

t-1 I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I f I I I I I I I I I I I 

• Revision Log: 
• SLog: check.c,v $ 
• Revision 1.8 86/04109 08:37:43 kickenso 
• modifying for iuteger byte codes 
• 
• Revision 1.7 86/01112 22:24:34 kickenso 
• rewrote code to handle Type function 
• 
• Revision 1.6 85112127 14:15:11 kickenso 
• added code to handle noncyclic definitions 
• 
• Revision 1.5 85/12125 15:07:08 kickenso 
* Added code to handle all operators except fonnal args & applications 
• 
• Revision lA 85112124 17:07:31 kickenso 
• Added supplied functions 
• modified code to make all literals standard .•• Desc as in idiData 
• 
• Revision 1.3 85112124 12:50:44 kickenso 
• Added more operators 
• 
• Revision 1.2 85/12123 16:37:35 kickenso 
• added code to handle binary operators 
• 
• Revision 1.1 85112123 12:05:25 kickenso 
* Initial revision 
• 
• 
1 ••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••• , 

#include <Stdio.h> 
#include "Check.h" 
#include "macros.h" 
#include ".Jcodegen/instruclions.h" 

typedef int 
typedef char 
typedef SEQ!nteger 

Operation; 
BYTE; 

SEQOpe111tion; 

• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

• 

• 



#define stack(x,y) slack_ obj(x,y,code _JJ0&-1); 
#define MAXSTRUCS 10 I* maximum number of stnletures that can 

be read in for one process *I 

run slackEn try nmtime_resuit[lOOO]; /0 anay which saves results of ali 
intennediale expressions. Used by 
routine that generates error log */ 

FILE •errorfile; 

main(argc,argv) 
int argc; 
chat *argv[]; 
{ 

runstackEntry interpret();/* inlerpm may return a postfix code 
entry if a definition is interpreted */ 

scope code; I* poslfix code struc1t1no •t 
FlLE *in; I* specific instances of suuctures */ 
suuc allstrucs{MAXSTRUCS]; t• all stnu:twes read*/ 

struc in_ data; I* one instauce of a read structure ., 
SETString invs; 
SEQSYMDOL SSYMDOL; 
SYMBOL ASymbol; 
SEQassertionStatement Sas; 
assertionStatemeo.t as; 
SEQOperation Spfc; 
Operation 
SET port 
pon 

IDLVALUE 

int 

pt; 

*fopenO; 
*mallocQ; 

I* set of invariant strucwre names 
I* iteraton ·-

pfc; 
Spt; 

fonns[SO]; t• holds formal arguments */ 

stindex; 
nwnstrue; I* number of instances int 

FILE 
char 
boolean suppress; r• true if detailed error 

., ., 

., 

messages should be 

suppress • FALSE; 

I* read in postfix code •t 
code • Code(stdin); 

I* read in all structure instances */ 

numstruc • ·1 ; 
for( stindex•l ;stindex <argc;stindex++) 
{ 

if( streq(argv[stindex ], "-w")) 
suppress • TRUE; 

else 
{ 

in_data.portname • malloc(strlcn(argv[stindex))+l); 
strcpy(in _data. portname,argv[ stindex ]); 
if(streq (argv[ ++Stindex)," ·")) 

in_data.st • data_in(stdin); 
else 
{ 

suppressed •t 

if((in • fopen(argv(stindex],"r")) •• NULL) 
fprintf(stderr,"File %s cannot be opened for reading.O. 

argv(stindex]); 
in_data.st- data_in(in); 

} 



ailslrucs[++numstruc) • in_ data; 
} 

} 

invs • NULL; 
I* collect all invariant structure names and add structure names 

to structlU'e instances */ 

foreachioSEQSYMBOL(code->symbols,SSYMBOL,ASymbol) 
{ 

} 

if(typeof(ASymbol) •• Kproc:ess) 
{ 

} 

addSETString(invs,ASymbol. Vprocess->invariant->name); 
for(stindex..Q;stindex<-nllll1Sirue;otindex++) 

foreaohioSETport(ASymboi.Vprocess->pons,Spt,pt) 
if(streq(pt.IDLclassCommon->name, 

allstrucs[stinclex).ponname)) 
{ 

} 

allstnJcs[stindex).stname • 
malloc(strlen(pt.IDLclassCommon->data->name)+l); 

stn:py(allstrucs[stindex).stmme, 
pt.IDLclassCommon->data->name); 

I* interpret all assertions *I 
foreachioSEQSYMDOL(code->symbols,SSYMBOL,ASymbol) 
{ 

} 

I* first handle assertions within structures, excepting invarianlS */ 
if(typeof(ASymbol) •• Kstructure) 
{ 

if(!inSETString(invs.ASymboi.VslrUcture->name)) 
{ 

} 

foreachinSEQassertionStatcment(ASymbol. V suucture->assertion~ 
Sas,as) 

if(typeof(as) •• Kasscrtion) 
{ 

} 

stindex • 0; 
whiJe(stindex <• numsuuc) 
{ 

} 

if(streq(ASymboi.Vstructure->name, 
allstrucs[stindex ).stname)) 

check( as. Vassertion·>postfix.Body, 
as.Vassertion->name.ASymbol, 
as.IDLclassCommon->sourcepositioo, 
as. Vassertion->body): 

stindeX++i 

I* now handle assertions within processes *I 
} 
else if(typeof(ASymbol) •• Kprocess) 
{ 

foreachinSEQassertionStatement(ASymbol.Vprocess->assenions, 
Sas,as) 

if(typeof(as) •• Kassenion) 
{ 

} 

check( as. V assertion->poslfixllod y ,as. Vassertion->name, 
ASymbol.as.IDLclassCommon->sourceposition. 
as. Vasscrtion->body); 



} 

} /* end of main*/ 

/*++++++I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• interpret interpret assertion code in given code am.y. • 
* Return resuiL Interpretation of an assertion • 
• code amy always results in a boolean value. • 
• loterprolalioll of a definition instance code • 
• amoy may rosu1t in any lUJISiaOk euuy type. • 
* If an assertion rewms false, aa enor • 
• log describing the failed assertion is • 
• generated. The emx" log generation involves • 
* a walt of the expressioa tree. • 
• 
• Last revised: June 7,1986 ........................................................................ , 
runsrackEnuy 

SEQ Integer 
nameOrVoid 
SYMBOL 
int 
IDLVALUE 

struc 
int 
int 
expression tree: 

boolean 
{ 

runstackEntry 
runstackEntry 

interpret(body,name,SP,spos,fonns,allstrucs, 
nllll1SirUC,stindex,tree,suppress) 

body; I* code array 10 be interpreted */ 
name; I* assertion name, if any */ 
SP; I* sttucturelprocess assertion is in */ 
spos; I* soureeposition of assertion */ 
fonnsQ; /* list of definition arguments • used 

when interpreting definition instance body */ 
allstrucsO; I* amoy of structure inSiances *I 
numstruc; I* number of structures in allstnlCS *I 
stindex; I* index of stn1CtUre in aJlstrucs */ 
I* expression tree for assertion - used in 

generating error log *I 
suppress; I* TRUE if error log should be suppressed */ 

popQ; 
get_objectQ; 

I* pop the runtime stack •t 
I* returns object in a 

SEQnmstackEntry runstack • NULL; I* run time stack 
singleton collection */ ., 

inl code _pos • 1; 
Operation entry; 
IDLY ALUE contro1Array[50]; 

I* code array position*/ 
I* current entry in code •t 

I* holds values controls 
will take on 

SEQ Integer controiRetum • NULL; I* return points in control 
array after applications */ 

I* offset in controiArray •1 
I* number of objects in control 

int 
int 

int 
int 
int 
int 

int 

IDLVALUE 

SEQ IDLY ALUE 

runstack.Entry 
runstackEntry 
runstackEntry 

opl; 
op2; 
result; 

offset • 0; 
nwncontrol • 0; 

level; 
nestleveJ • 0; 
fonnoffset • 0; 
numargs • 0; 

pos; 

fonna1Amy{50]; 

args • NULL; 

array */ 
I* level of control reference *I 
I* nesting level of quantifier •t 

1• offset in fonnaiAnay */ 
I* nwnber of arguments in 

fonnaiArray 
I* position of fonnal in 

fonnal array 
I* holds values fonnals 

will take on 
I* application arguments */ 

I* operand *I 
I* operand *I 
I* result */ 

• 
• 

., 

., 

., 

., 



SEQcollect 
collect 

SEQ IDLY ALUE 
IDLVALUE 
IDLVALUE 
int 
SEQaurDesc 
attrDesc 
SETString 

qs; 
quantsets • NULL; I* stores quantifier sets *I 

Sobj; 
obj; 
obj2; 
i; 
Sad; 
ad; 
Ss; 

r- iterators ... ., 

String s; 

int 
int 

pGenList 
pGenList 
int 

IDLVALUE 
SETS !ring 

IDLVALUE 
runstaekEntry 
idllnstance 
idllnstance 

IDLVALUE 

runstaekEntry 

nodeDesc 

SEQString 
SEQ Integer 
SEQ float 
SEQtypeTree 
SEQDefOrlnst 
int 
ftoat 
String 
type Tree 
DefOrlnst 

SEQ Integer 
int 

hi,lo; 
index; 

I* high,low bytes of ..terence index */ 
I* index into reference anay */ 

I* tempor.uy 10 hold sets,sequences *I Ustptrl; 
listpU2; 
eq,eeq; 

I* " ~ 
I* tempor.uy 10 hold current value of 

TIF for equality/inequality */ 
hod; 
types; 

I* holds value of head of a sequence */ 
1* holds all types reachable from a 

another type, wbich may be a class */ 

arg; I* a single argument •t 
argnm; /* argument when on runstack */ 

instance; I* definition instance */ 
findinstanceQ; /* finds instance of a definition 

which applies to arguments */ 
runstack _to_ valueQ; 

value_ to_ runstackQ; 

I* translates runstaek entry 10 
equivalent IDL VALUE 

I* translates IDL VALUE 10 equivalent 
nmstack entry */ 

stre; I* structure instance 

string_ refs; t• string references */ 
integer_refs; /* integer references •t 
rational refs; I* rational references */ 
type_refs; I* type references */ 

define refs; /* definition references */ 
- int value; I* integer value */ 

rat value; I* ;..tiona! value */ 
str:value; /*string value */ 

type_ value; I* type value 
def_value; 1• definition value *I 

So; 
n; 

., 

., 

I* initialize control and fonnal return arrays *I 
appendfrontSEQlnteger(controlRetum,O); 

I* assign comet reference arrays */ 
if(typeof(SP) •• Kslructure) 
{ 

} 
else 
{ 

string refs • SP.Vstructure~>string n:fs; 
integef. refs- SP.Vstructure~>integ~ refs; 
rational refs - SP.Vstructure~>ratiomii refs; 
type refS • SP.Vstructure->type refs;­
deftrie _refs • SP. Vstructure->define _refs;. 

string refs • SP.Vprocess-->string refs; 
integef _refs • SP. Vprocess->integ-;r_refs; 

., 



) 

rational_ refs • SP. Vprocess->rational_refs; 
type_refs • SP.Vprocess->type_refs; 
define_ refs • SP. Vprocess->define _refs; 

I* get first code operator */ 
ilhinSEQlnteger(body ,code _poS++,entry); 

I* ENDASSERTION ends an assertion interpretation. 
RETURN ends a definition instance interpretation. */ 

wbile(entry !• ENDASSERTION && entry !• RETIJRN) 
{ 

switch (entry) { 

case ZeroOp: 
resulL VintegerDesc • NintegerDesc; 
resulL VintegerDesc->value • 0; 
stack(resul~&nmstack); 

break; 
case OneOp: 

resulL VintegerDesc • NintegerDesc; 
resulL VintegerDesc->value • 1; 
stack(resul~&nmstack); 

break; 

I* binary operators • I 
case unionOp: 

resulL V collect • Ncollect; 

op2 • pop(&runstack); 
opl • pop(&nmstack); 
foreacbinSEQIDL V ALUE(opl. V collect->objects,Sobj,obj) 

appendrearSEQIDLV ALUE(resuiL Vcollect->objects,obJ); 
foreachinSEQIDL V ALUE(op2. Vcollect->objects,Sobj,obj) 

if(!inSEQIDL V ALUE(result. V collect->objects,obj)) 
appendrearSEQIDLVALUE(resuiL Vcollect->objects,obj); 

stack(resul~&runstack); 

break; 

case intersectOp: 

resuiL Vcollect • Ncollect; 

op2 • pop(&nmstack); 
opl • pop(&runstsck); 
foreachinSEQIDL V ALUE(opl .Vcollect->objects,Sobj,obj) 

if(inSEQIDLV ALUE(op2 Vcollect·>abjects,obj)) 
appendrearSEQIDLV ALUE(resuiL Vcollect->objects,obj); 

stack(resul~&runstsck); 

break; 

case plusOp: 

op2 • pop(&runslack); 
opl • pop(&runstsck); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 



if(typeof(opl) •• Krationa!Desc) 
{ 

resuJLVrationalDesc. NrationaJDesc; 
if(typeof(op2) •• KrationaiDesc) 

resulLVrationalDesc·>value • opl.Vrationa!Desc-->value + 
op2. V rationalDesc->value; 

else 
resuJLVrationalDesc.>vaJue • opl.VratiooalDesc->vaJue + 

} 
else 
{ 

if(typeof(op2) •• KrationalDesc) 
{ 

rosuiL VrationaiDosc • NrationalDosc; 

op2. VintegerDesc->vaiue; 

resulL VrationaJDesc:->value • opl. VintegerDesc-->value + 
op2. VtationaiDesc->value; 

} 
else 
{ 

result VintegerDesc • NintegerDesc; 
result. VintegerDesc->vaJue • opt. VintegerDesc->value + 

} 
} 

sta<:k(rosul~&rtiiiSiack); 

break; 

case minusOp: 

op2 • pop(&runsta<k); 
opl • pop(&ruustack); 

I* singleton collec:tions •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollecl) 

op2 • get_objoct(op2); 

if(typeof(opl) •• KrationaiDesc) 
{ 

resu.IL VrationaiDesc • NrationalDescj 
if(typoof(op2) •• KrationaiDesc) 

op2. VintegerDese->value; 

result VrationaiOesc->vaJue • opt. VrationaJOesc->value­
op2. VrationaJOesc->value; 

else 

} 

result VrationaiDesc->value '"' opl. VrationalDesc->value­
op2.VintegerDesc->value; 

else 
{ 

} 

if(typoof(op2) •• KrationaiDesc) 
{ 

} 
else 
{ 

} 

result VrationaJOesc • NrationalDesc; 
result Vnuiona1Desc->value • opl.VintegerDesc->vaJue­

op2.Vrationa1Desc->value; 

resuiL VintegerDesc • NintegerDesc; 
resuiL VintegerOesc->value- opl.VintegerDesc->value­

op2.VintegerDesc->value; 

stack(resul~&runstack); 



break; 

case timesOp: 

op2 • pop(&runslack); 
opl • pop(&nmslack); 

I* lillglelOn collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KtatioaalDesc) 
{ 

result. Vr.lliona!Desc • Nr.llioaalDesc; 
if(typeof(op2) •• Kr.llionalDesc) 

result. Vrationai0esc;.>value • opl.VrationalDesc-->value • 
op2. VrntionalDesc·>valUej 

else 
resulLVrationaiDesc·>value • opl.VrationalDesc.>value • 

op2.VintegerDesc->value; 
} 
else 
{ 

if(typeof(op2) •• Kr.llionaiOesc) 
{ 

resuiL Vr.llionaiDesc • Nr.llionaiDesc; 
resulLVrationalDesc->value • opl.VintegerDesc->value • 

op2. VrntionaJDesc->value; 
} 
else 
{ 

resulL VintegerDesc • NintegerDesc; 
resulLVintegerDesc->value • opl.VintegerDesc->value • 

} 
} 

Slaek(resul~&runstack); 

break; 

case divideOp: 

op2 • pop(&runslack); 
opl • pop(&runslack); 

I* singleton collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

resuiL VrationaJDesc • NrationaiDesc; 
if(typeof(opl) •• KmtionaiDesc) 
{ 

if(typeof(op2) •• Kr.nionaiDesc) 

op2. VintegerDesc->value; 

resulLVrationaiDesc->value • opl.VrationaiDesc->value I 
op2.Vrationa1Desc->value; 

else 
resuiL VrationaiDesc->value • opl.VrationaiDesc->value I 

op2. VintegerDesc->value; 
} 
else 
{ 

if(typeof(op2) •• KmtionaiDesc) 
resuiL VrationaiDesc->value • opi.VintegerDesc->value I 



op2. VrationalDesc->vaJue; 
else 

resuiLVrationalDesc->value,. opl.VintegerDesc->value 1 

} 

stack(resul~&runstack); 

break; 

case andOp: 

op2 • pop(&runstaclt); 
opl • pop(&runstaclt); 

I* singletoa collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_ object(op2); 

op2. VintegerDesc->value: 

if(typeof(opl) •• KTV ALUE && typeof(op2) •• KTV ALUE) 
resuiL VJV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

case orOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

,. singletoa collections *I 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KTV ALUE II typeof(op2) •• KTV ALUE) 
resu1L VJV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(resul~&runstaclt); 
break; 

case str _JessOp: 

op2 • pop(&runstaclt); 
opl • pop(&runstack:); 

1• singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_objcct(op2); 

if(strcmp(opl. Vstring0esc->value,op2. VstringDesc->value) < 0) 
resuiL VJV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(result,&runstack); 
breal:; 



case num _lessOp: 

op2. pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_objecl(opl); 
if(typeof(op2) •• Kcollcct) 

op2 • get_objecl(op2); 

if(typeof(opl) •• Krationa!Desc) 
{ 

} 

if(typeof(op2) •• KrationalDesc) 
{ 

} 
else 
{ 

} 

if(opl.VrationalDesc->value < op2. Vrationa!Desc->value) 
resu!L VTV ALUE • NTV ALUE; 

else 
resu1L VFV ALUE • NFV ALUE; 

if(opl. VrationalDesc->value < op2. VintegerDesc->value) 
resu!LVTVALUE • NTVALUE; 

else 
resu!LVFVALUE • NFVALUE; 

else 
{ 

} 

if(typeof(op2) -- K131.ionalDesc) 
{ 

} 
else 
{ 

} 

if(opl. VintegerDesc->value < op2. VrationaiDesc->value) 
resu!L VTV ALUE • NTV ALUE; 

else 
nosulLVFVALUE • NFVALUE; 

if(opl. VintegerDesc->value < op2. VintegerDesc-->value) 
resulL VTV ALUE • NTV ALUE; 

else 
resulL VFV ALUE • NFV ALUE; 

stack(tesu!L&runstack); 
break; 

case str _lessEqOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_objecl(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(strcmp(opl. VstringDesc->value,op2 VstringDcsc->value) <,. 0) 
resulL VTV ALUE • NTV ALUE; 

else 
resull.VFV ALUE • NFV ALUE; 

stack(result.&runstack); 
break; 



case num _IessEqOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KrationaiDesc) 
{ 

} 

if(typeof(op2) •• KrationaiDesc) 
{ 

} 
else 
{ 

} 

if(opi.Vrationa!Desc.->value <- op2. Vrationa!Desc->value) 
result. VTV ALUE • NTV ALUE; 

else 
resu!L VFV ALUE • NFV ALUE; 

if(opl. Vrationa!Desc.->value <• op2. VintegerDesc·>value) 
mulL VTV ALUE • NTV ALUE; 

else 
resu!LVFVALUE • NFVALUE; 

else 
{ 

} 

if(typeof(op2) •• KrationaiDesc) 
{ 

} 
else 
{ 

} 

if(opl.VintegerDesc->value <• op2 VrationalDesc->value) 
resu!L VTV ALUE • NTV ALUE; 

else 
resu!LVFV ALUE • NFV ALUE; 

if(opl.VintegerDesc->value <• op2. VintegerOesc->value) 
RSUIL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(resulL&runstack); 
breakj 

case str _greaterOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections *I 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollecl) 

op2 • get_object(op2); 

if(strcmp(opl. VslringDesc->value,op2 VstringOesc->value) > 0) 
resuiL VTV ALUE • NTV ALUE; 

else 
RSUIL VFV ALUE • NFV ALUE; 

stack(resuiL&runstack); 
break; 



case num _greaterOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KrationaiDesc) 
{ 

} 

if(typeof(op2) .. Krationa!Desc) 
{ 

} 
else 
{ 

} 

if(opl. Vrationa!Deso->value > op2. Vrationa!Desc->value) 
rosu!LVTVALUE • NTVALUE; 

else 
rosu1L VFV ALUE • NFV ALUE; 

if(opl.VrationaiDesc->valuo > op2. VintegerDesc->value) 
rosu!L VTV ALUE • NTV ALUE; 

else 
rosu!LVFVALUE • NFVALUE; 

else 
{ 

} 

if(typeof(op2) •• Krationa!Desc) 
{ 

} 
else 
{ 

} 

if( opt. VintegerDesc->value > op2. VrationaiDesc->value) 
rosu!L VTV ALUE • NTV ALUE; 

else 
result. VFV ALUE • NFV ALUE; 

if(opl.VintegerDesc->value > op2.VintegerDesc->value) 
resuiL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(resul~&runstack); 

break; 

case str_grtrEqOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2. get_object(op2); 

if(strcmp(opl. VslringDesc->value,op2. VstringDesc->value) >• 0) 
resuiL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack:(result.&nmstack); 
break; 



case num _ptrEqOp: 
op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KrationaiOesc) 
{ 

} 

if(typeof(op2) •• KrationaiOesc) 
{ 

} 
else 
{ 

} 

if(opl.VrationaiDesc->value >• op2 VrationaiDesc->value) 
IOSUIL vrv ALUE • NTV ALUE; 

else 
IOSUIL VFV ALUE • NFV ALUE; 

if(opi.VrationaiDesc->value >- op2 VintegerDesc->value) 
IOSUILvrYALUE • NTVALUE; 

else 
IOSUIL VFV ALUE • NFV ALUE; 

else 
{ 

} 

if(typeof(op2) •• KrationaiOesc) 
{ 

} 
else 
{ 

} 

if(opi.VintegerOesc·>value >• op2 VrationaiOesc->value) 
IOSUIL vrv ALUE • NTV ALUE; 

else 
resuiLVFV ALUE • NFV ALUE; 

if(opl.VintegerDesc->value >• op2. VintegerDesc->value) 
result. vrv ALUE • NTV ALUE; 

else 
IOSUIL VFV ALUE • NFV ALUE; 

stack(resul~&runstack); 

break; 

case bool_equa!Op: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

t• singleton collections •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• typeof(op2)) 
resuiL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(result,&runstack.); 
break; 



case num_equaiOp: 

op2 • pop(&nmstack); 
opl • pop(&nmstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(typeof(opl) •• KmtionaiDesc) 
{ 

if(typeof(op2) •• KntionaiDesc) 
{ 

} 
else 
{ 

} 

if(opl.VntionaiDesc->value •• op2. VrationaiDesc->value) 
...WL VTV ALUE • NTV ALUE; 

else 
...WLVFV ALUE • NFV ALUE; 

if(opl.VrationaiDesc->value •• op2. VintegerDesc->value) 
...WL VTV ALUE • NTV ALUE; 

elso 
...WLVFV ALUE • NFV ALUE; 

} 
elso 
{ 

} 

if(typeof(op2) •• KrationaiDesc) 
{ 

} 
else 
{ 

} 

if(opl.VintegerOesc·>value •• op2. VrationalDesc.>value) 
...WL VTV ALUE • NTV ALUE; 

else 
result. VFV ALUE • NFV ALUE; 

if(opl.VintegerDesc·>value •• op2 VintegerDesc·>vatue) 
...WL VTV ALUE • NTV ALUE; 

else 
result. VFV ALUE • NFV ALUE; 

stack(resulL&runstack); 
break; 

case scr_equalOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

t• singleton collections •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(streq( op 1. V stringDesc:·>value,op2 V strin gDesc-> value)) 
result. VTV ALUE • NTV ALUE; 

else 
resulL VFV ALUE • NFV ALUE; 



stack(resul~&runstack); 

break; 

case set_equaiOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

fO singleton collections •t 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

eq • FALSE; t• is one object iD !he o!her set? •t 
eeq • TRUE; t• do both sets contaiD !he same objects? •t 
listplrl • (pGenList)(opl. VsetDesc->value); 
listptr2 • (pGenList)(op2. VsetD...,.>value); 

,. is every object in 1st set also iD 2nd set? •1 
while(listptrl !• NULL && eeq •• TRUE) 
{ 

} 

wllile0istptr2 !· NULL) 
{ 

} 

if(listptrl->valuo - listptr2->valuo) 
eq • TRUE; 

lislptr2 • listptr2->nex~ 

if(eq •• FALSE) 
eeq • FALSE; 

eq • FALSE; 
llstptrl • listplrl·>next; 

if(eeq •• FALSE) 
result. VFV ALUE • NFV ALUE; 

else 
( 

} 

eq • FALSE; 
listptrl • (pGenList)(opl. VsetDesc->value); 
lislptr2 • (pGenList)(op2.VsetDesc->value); 

tt' is every object in 2nd set also in 1st set? •t 
while(listptr2 !• NULL && eeq •• TRUE) 
{ 

while(listptrl !• NULL) 
( 

} 

if(listptr2->value •• listptt2->value) 
eq • TRUE; 

listptrl • listptrl->next; 

if(eq- FALSE) 
eeq • FALSE; 

eq • FALSE; 
Jistptr2 • listptr2->next; 

if(eeq •• FALSE) 
resuiL VFV ALUE • NFV ALUE; 

else 
resuiL VTV ALUE • NTV ALUE; 

stack(result,&runstack); 
break; 

case seq_ equalOp: 



op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opl • get_objecl(opl); 
if(typeof(op2) •• Kcolleot) 

op2 • get_ object(op2); 

listplrl •• (p(lenList)(opl. VsequenceDesc->value); 
listpll2 - (p(lenList)(op2. VsequenceDesc->value); 

eq • TRUE; 

I" if lengths are unequal, sequences are not equal •1 
if(len(listp<rl) !• len(listpll2)) 

resulL VFV ALUE • NFV ALUE; 
else /* are objects iu corresponding positions in each 

{ 

} 

sequence the same? •t 

while(listptrl I• NULL && listptr2 !·NULL) 
{ 

} 

if(listptrl->value !• listptr2->value) 
eq • FALSE; 

listptrl • listptrl·>next; 
listpll2 • listplr2->nex~ 

if(eq •• FALSE) 
tosu!L VFV ALUE • NFV ALUE; 

else 
resulL VTV ALUE • NTV ALUE; 

stack(resul~&runstlck); 
break; 

case node_ equalOp: 

op2 • pop(&runstack); 
opt • pop(&runstack); 

if(streq(opl. Vnode0esc->label,op2. VnodeDesc->label)) 
resulL VTV ALUE • NTV ALUE; 

else 
resulL VFV ALUE • NFV ALUE; 

stack(resul~&runstack); 

break; 

case bool_notEqualOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collections */ 
if(typeof(opl) •• Kcollect) 

opt • get_object(opl); 
if(typeof(op2) •• Kcollecl) 

op2 • get_object(op2); 

if(typeof(opl) !• typeof(op2)) 
resuiL VTV ALUE • NTV ALUE; 

else 
result. VFV ALUE • NFV ALUE; 

Slack(result,&runstack); 



break; 

case num _ notEqualOp: 

op2. pop(&runstack); 
opl • pop(&runstacl:); 

I* singleton collections •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(lypeof(op2) •• KcoUect) 

op2 • get_object(op2); 

if(typeof(opl) -- KrationaiDesc) 
{ 

} 

if(typeof(op2) •• KrationaJDesc) 
{ 

} 
else 
{ 

} 

if(opl. VrationaiDesc->value I• op2. VrationaJDesc·>value) 
reauiLVTVALUB • NTVALUE; 

elso 
reaulLVFVALUB • NFVALUB; 

if(opl. VrationaiDesc->value !• op2. VintegerDesc->value) 
reauiL VTV ALUB • NTV ALUB; 

else 
resuiLVFVALUE • NFVALUE; 

else 
{ 

} 

if(typeof(op2) •• KrationaiDesc) 
{ 

} 
else 
{ 

} 

if(opl.VintegerDesc~>value ! .. op2. VrationalDesc·>value) 
resuiL VTV ALUE • NTV ALUE; 

else 
result. VFV ALUE • NFV ALUE; 

if(opl. VintegerDesc·>value !• op2. VintegerDesc->value) 
reauiLVTVALUE • NTVALUE; 

else 
result. VFV ALUE • NFV ALUE; 

stac:k(resul~&runstack); 

break; 

case str_notEqualOp: 

op2 • pop(&runstack); 
opt • pop(&runstack); 

I* singleton collections •t 
if(typeof(opl) •• Kcollecl) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

if(!streq( op 1. V stringDesc-> value,op2 V stringDesc->value)) 
resuiL VTV ALUE • NTV ALUE; 

else 



...WLVFVALUE • NFVALUE; 

stack(...Wt,&runstack); 
break; 

case set_ notEqua!Op: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I" singletOD collections •1 
if(typed(opl) .. Kcollect) 

opl • get_objecl(opl); 
if(lyped(op2) - Kcollect) 

op2 • get_objecl(op2); 

eq • fALSE; I* is one object in lhe other set? */ 
eeq • TRUE; I" do botb seu contain tbe same objects? 0 / 

listptrl • (pGenl.ist)(opl.VseiD<sc->value); 
Ustplr2 • (p0enUst)(op2 VsetDesc->value); 

I* is every object in 1st set also in 2nd ·set?*/ 
while(listptrl I• NUll && eeq •• FALSE) 
{ 

} 

while(listptr2 I• NULL) 
{ 

} 

if(listptrl->valuo .. listptr2->value) 
eq • TRUE: 

listptr2 • listptr2->nex~ 

if(eq .. FALSE) 
eeq • FALSE; 

eq • FALSE; 
listptrl • listptrl·>next; 

if(eeq •• FALSE) 
result. VTV ALUE • NTV ALUE; 

else 
{ 

} 

eq • FALSE; 
listplrl • (pOenUst)(opl.VsetDesc->value); 
listptr2. (p0enUst)(op2.Vset0esc->value); 

I* is every object in 2nd set also in 1st set? *I 
while(listptr2 !• NULL && eeq •• FALSE) 
{ 

} 

while(listplrl !• NULL) 
{ 

} 

if0istptr2->value •• listptr2->value) 
eq • TRUE; 

listptrl • listptrl->next; 

if(eq .. FALSE) 
eeq • FALSE; 

eq • FALSE; 
Jistptr2 • Iistptr2->next; 

if(eeq •• FALSE) 
resuiL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(result,&runst.ack); 
break; 



case seq_noLEquaJOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

I* singleton collection */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

listpitl •• (pOenUst)(opl.VsequenceDesc->Yalue); 
listp112 •• (p0enUst)(op2. Vsequencellesc->value); 

eq. TRUE; 

if(len(listpitl) !· len(listpll2)) 
rosu!L VTV ALUE • NTV ALUE; 

else 
{ 

} 

wbile(listptrll• NULL && listp112 !·NULL) 
{ . 

} 

if(listptrl·>value !• listp112->value) 
eq • FALSE; 

listptrl • listptrl->ncxt; 
llstpll2 • listptr2->next; 

if(eq •• FALSE) 
resuiL VTV ALUE • NTV ALUE; 

else 
rosu!L VFV ALUE • NFV ALUE; 

stack(result,&runstack); 
break; 

case node_notEquaiOp: 

op2. pop(&runstack); 
opl • pop(&runstack); 

if(!streq(opl. VnodeDesc->label,op2. VnodeDesc->label)) 
resuiL VTV ALUE • NTV ALUE; 

else 
resuiL VFV ALUE • NFV ALUE; 

stack(result,&runstack); 
break; 

case sameOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

eq. TRUE; 

I* check for Type operand •1 
if(typeof(opl) !· Kcollect II typeof(op2) !- Kcollect) 
{ 

if(typoof(opl) •• Kcollect) 
retrievefirstSEQIDLV ALUE(opl. Vcollect->objects,obj); 

else 
obj • runstack_to _ valuc(opl); 

if(typoof(op2) •• Kcollect) 
retrievefirstSEQIDL V ALUE(op2. V collect->objects,obj2); 

else 



} 

obj2 • nmstack_to_value(op2); 

if(typeof(obj) !• typeof(obj2)) 
eq • FALSE; 

else 
{ 

} 

if(typeof(obJ) •• KnodeDesc) 
if(!streq(obj.VnodeDe,.,.>IWile,obj2. VnodeDeS<>o>name)) 

eq • FALSE; 

if(typeof(obj) •• KsetDesc) 
if(!set subset(obj.VseiDesc->value, 

- obj2. VsetDesc->value) 
II !set subset(obj2. VsetDesc->value, 

- obj.VsetDesc->value)) 
eq • FALSE; 

if(typeof(obj) •• KsequenceDesc) 
if(!seq_ subset( obj. V sequenceDeS<>o>value, 

obj2. VsequenceDesc->value) 
11 !seq_ subset(obj2. VsequenceDesc·>value, 

obj.VsequenceDesc->value)) 
eq • FALSEi 

else I* both operands ano collections */ 
{ 
I* if lengths unequal, collections are not same */ 
if(len((pGenList)(opl.Vcollect·>objects)) !• 

len((pGenUst)(op2. Vcollect·>objects))) 
eq • FALSE; 
else I* check that each is included in the other •t 
{ 

} 
} 

foreachinSEQIDLV ALUE(opi.Vcollect·>objec:ts,Sobj,obJ) 
if(!inSEQIDLV ALUE(op2.Vcollect->objects,obj)) 

eq • FALSE; 
if(eq •• TRUE) 
{ 

} 

foreachinSEQIDLV ALUE(op2. Vcollect->objects,Sobj,obj) 
if(!inSEQIDL V ALUE(op2. Vcollect->objects,obj)) 

eq • FALSE; 

if(eq •• TRUE) 
result. VTV ALUE • NTV ALUE; 

else 
resulL VFV ALUE • NFV ALUE; 

stack(result,&runstack); 
break; 

case inSetOp: 

op2 • pop(&runstsck); 
opl • pop(&runstsck); 

t• singleton coUections •1 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollecl) 

op2 • get_object(op2); 

eq •• FALSE; 

if(typeof(opl) •• KintegerDesc) 



if(inSETIDL V ALUE(opl. VintegerDesc,op2. VsetDesc->value)) 
eq • TRUE; 

if(typeof(opl) •• KrationaiDesc) 
if(inSETIDL V ALUE(opl. Vrationa1Desc,op2. VsetDesc->value)) 

eq • TRUE; 
if(typeof(opl) •• KstringDesc) 

if(inSETIDL V ALUE(opl. VstringDesc,op2. VsetDesc->value)) 
eq • TRUE; 

if(typeof(opl) •• KbooleanDesc) 
if(inSETIDL V ALUE(opl. VbooleanDesc,op2. VsetDesc->value)) 

eq • TRUE; 
if(typeof(opl) •• KnodeDesc) 

if(lnSETIDL V ALUE(opl.VnodeDesc,op2. VsetDesc->value)) 
eq • TRUE; 

if(eq -TRUE) 
nosult.VTVALUE • NTVALUE; 

else 
nosuJt. VFV ALUE • NFV ALUE; 

stack(esult,&runstacl<); 
breaki 

case inSeqOP' 

op2 • pop(&:runstack); 
opl • pop(&runstaek); 

I* singleton collections *I 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
if(typeof(op2) •• Kcollect) 

op2 • get_object(op2); 

eq •• FALSE; 

if(typeof(opl) •• KintegerDesc) 
if(inSEQIDLV ALUE(opl. VintegerDesc,op2. VsequenceDesc->value)) 

cq • TRUE; 
if(typeof(opl) •• KrationaiDesc) 

if(inSEQIDLV ALUE(opl. Vrationa1Desc,op2. VsequenceDesc 

eq • TRUE; 
if(typeof(opl) •• KstringDesc) 

·>value)) 

if(inSEQIDLV ALUE(opl. Vstring0esc,op2. VsequenceDesc->value)) 
eq • TRUE; 

if(typeof(opl) •• KbooleanDesc) 
if(inSEQIDL V ALUE(opl. VbooleanDesc,op2. V sequenceDesc->value)) 

eq • TRUE; 
if(typeof(opl) •• KnodeDesc) 

if(inSEQIDL V ALUE(op I. VnodeDesc,op2.VsequenceDesc->value)) 
eq • TRUE; 

if(eq •• TRUE) 
mulL VTV ALUE • NTV ALUE; 

else 
mulL VFV ALUE • NFV ALUE; 

stack(result,&:runstack); 
break; 

case inCollectionOp: 

op2 • pop(&:runstack); 
opl • pop(&:runstack); 

I* singleton collections •1 



t• Unary operators*/ 
case unaryMinusOp: 

opt • pop(&runstack); 

/* singleton collection */ 
if(typeof(opl) •• Kcollect) 

opt • get_obje<t(opl); 

if(typeof(opl)- Krationa!Desc) 
{ 

result. VtalionalDesc • NrationalDesci 
resulL Vrationalllesc->value • ·l*(opl. Vrationalllesc->value); 

} 
else 
{ 

result. VintegerDesc • NintegerDesc; 
result. VintegerDesc->value • -1 • (opl. VintegerDesc->value); 

} 

stack(resul~&runstack); 

breaki 

case notOp: 

opt • pop(&runstack); 

I* singleton collection •t 
if(typeof(opl) •• Kcollect) 

opt • get_obje<t(opl); 

if(typeof(opl) .. Krationa!Desc) 
if(typeof(opl) •• KTV ALUE) 

mulL VFV ALUE s NFV ALUE; 
else 

r.suiL VTV ALUE • NTV ALUE; 

stack(resul~&runstack); 

break; 

t• Jump operations •t 
case jump: 

ithioSEQlnleger(body,code_poS++,entry); 
code _pos • entry; 
break; 

case jtrue: 

ithioSEQinteger(bod y ,code JlOS++,entry); 
opt • pop(&runstack); 
if(typeof(opl) •• KTV ALUE) 

code _pos • entry; 
break; 

case jfalse: 

ithinSEQinteger(body,code_pos++,entry); 
opt • pop(&runstack); 
if(typeof(opl) •• KFV ALUE) 

code_pos • entry; 
break; 

1• Literal entries •t 
case intToken: 



if(typeof(opl) •• Kcollect) 
opl • get_ object(opl); 

eq •• FALSE: 

if(typeof(opl) •• KintegerDesc) 
if(inSEQIDLY ALUE(opl. YintegerDesc,op2. Ycollect->objects)) 

eq • TRUE; 
if(lypeof(opl) •• KrationalDesc) 

if(inSEQIDLV ALUE(opl. Yrationa!Desc, 

eq • TRUE; 
if(lypeof(opl) •• KSiringDesc) 

op2. Ycollect->objects)) 

if(lnSEQIDLV ALUE(opl. YSiringDesc,op2. Ycollect->objects)) 
eq •TRUE; 

if(typeof(opl) •• KbooleanDesc) 
if(inSEQIDLY ALUE(opl.VbooleanDesc,op2. Yco!Iect->objects)) 

eq • TRUE; 
if(lypeof(opl) •m KnodeDesc) 

if(inSEQIDLV ALUE(opl. YnodeDesc,op2. Ycollect->objects)) 
eq • TRUE; 

if(eq -TRUE) 
result. YTV ALUE • NTY ALUE; 

else 
result.YFYALUE • NFYALUE; 

suck(resul~&ru11SL11cl<); 
break; 

case subsetOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

eq • TRUE; 
foreachinSEQIDLV ALUE(opl. Ycollect->objects,Sobj,obj) 

if(tinSEQIDL VALUE( op2.Y collect->objects,ob j)) 
eq • FALSE; 

if(eq •• TRUE && len((pGenList)(opl.Vcollect->objeets)) 
<• len((pGenList)( op2. Y collect->objeets))) 

resuiL YTV ALUE • NTY ALUE; 
else 

resulLYFY ALUE • NFV ALUE; 

stack(resul~&runstack); 

break; 

case propSubsetOp: 

op2 • pop(&runstack); 
opl • pop(&runstack); 

eq • TRUE; 
foreachinSEQIDL Y ALUE(opl. Ycollect->objects,Sobj,obj) 

if(!inSEQIDL V ALUE(op2. Ycollect->objects,obj)) 
eq • FALSE; 

if(eq •• TRUE && len((pGenList)(opl.Ycollect->objects)) 
< len((pGenList)(op2. Ycolloct->objects))) 

resuiLVTYALUE • NTYALUE; 
else 

result.YFYALUE. NFV ALUE; 

stack(resul~&runstack); 
break; 



t• get index into integer amy •1 
ilhioSEQlnteger(body,code_pos++)o); 
ithioSEQlnteger(body,code _pos,hi); 
index • (hi « 8) llo; 

f* retrieve value •t 
ilhinSEQ!nteger(integer _ refs,index,int _value); 
resuiL VintegerDesc • NintegerDesc; 
resuiLVintegerDesc->value • int_value; 

code _pol-i ,. decrement for accurate runtime_ result entry •1 
Slaek(resul~&:rut!Slaek); 

code _pos - code _pos + 2; fO adjust to next openuor */ 
break; 

case r.uTokea: 

fO get index into rational amy •1 
ithioSEQinteger(body,code _pos++)o); 
ithinSEQ!nteger(body,eode _pos,hi); 
index • (hi « 8) llo; 

,. retrieve value •1 
ithioSEQftoal(rational_ rofs,index,rat _value); 
result. Vrationa!Desc • NrationalDesc; 
result. VrationalDesc->value • rat_ value; 

code _pos-; 1• decrement for accurate runtime_ result entry •J 
Slaek(result,&runstack); 
code _poa • code _poa+2; J* adjust to next operator •t 
break; 

case strToken: 

f* get index into string array •t 
ilhioSEQ!nteger(body,code_pos++,lo); 
ilhioSEQlnteger(body,code_pos,hi); 
index • (hi « 8) llo; 

1• retrieve value •1 
ilhioSEQString(string_ refs,index,str _value); 
resulL VstringDesc • NstringDesc; 
resulL VstringDese->value • str _value; 

code_pos-; 1• decrement for accurate runtime_result entry •t 
SlliCk(resul~&:runslack); 

code _pos • code _poS+2; t• adjust to next operator •t 
break; 

case trueOp: 

resulL VTV ALUE • NTV ALUE; 
SlliCk(resul~&:runstac:k); 

break; 

case faJseOp: 

resulL VFV ALUE - NFV ALUE; 
stack(result.&runstack); 
break; 

case emptyOp: 

resuiL Vcollect • Ncollect; 
resuJL Vcollect->abjects • NULL; 
stack(result,&runstack); 



case RootOp: 

resuiL Vcollect • Ncollect; 

get stnlctwe( &stre,allstnles,stindex); 
apP;nc!RarSEQIDLV ALUE(resuiLVcollect->obje<ls,strc); 
stack(result,&tunstacl:); 

...., portRooiClp: 

resuiL Vcollect • Ncollect; 

,. get index into string am.y */ 
ithiuSEQinteger(body ,code _pcs++,lo ); 
ithinSEQinteger(body,code _pos,hi); 
index • (bi « 8) llo; 

I* retrieve value *I 
ithinSEQString(strin!L refsJndex,str _value); 

get_ stnlctwe _port( &stn:,str _ value,allstrucs,numstruc); 
appendrearSEQIDLV ALUE(resuiL Vcollect·>objects,strc); 

code_pos-; 
stack(result,&tun-k); 
code _pos • code _pos + 2; 
break; 

I* Supplied Functions */ 
case membersOp: 

opl • pop(&runslack); 
if(typeof(opl) ~- Kcollcct) 

opl • get_object(opl); 

resuiL Vcollect • Ncollect; 
if(typenf(opl) •• KsetDesc) 

foreachinSETIDL V ALUE(op I. VsetDesc->value,Sobj,obj) 
appendrea.SEQIDL V ALUE(resuiL V collect->objects,obj); 

else/* sequence argument •t 
foreachinSEQIDL V ALUE(opl. VsequenceDesc->value,Sobj,obj) 

appendrearSEQIDLV ALUE(result. Vcollcct->objects,obj); 

slack(resul~&runslack); 

break; 

casehendOp: 

resuiL Vcollect • NcoUed; 
opt • pop(&runslack); 

I* singleton collect •t 
if(typeof(opt) •• Kcollect) 

opt • get_object(opl); 
retrievefirstSEQIDL V ALUE(opl. VsequenceDesc->value,.hed); 
appendrearSEQIDLV ALUE(resulL Vcollect->objects,hed); 

slack(result,&runslack); 
break; 

case tailOp: 



opl • pop(&ruostack); 

I* singleton collect */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
resulL VsequeoceDesc • NsequenceOesc; 
resuiL VsequenceDesc->vaJue • NULL; 
for(i·2~<-Ieo((pGeoUst)(opl. VsequeoceDesc->value));i++) 
{ 

ithinSEQIDLV ALUE(opl. VsequeoceDesc->valueJ,obj); 
appeodzearSEQIDLV ALUE(resulL VsequeoceDesc->value,obj); 

} 

stack(result,&runstack); 
break; 

case str _ sizeOp: 

opl • pop(&Rinstack); 

JO singleton collect */ 
if(typeof(opl) •• Kcollect) 

opl • get_object(opl); 
resulL VintegerDesc • NintegerDesc:; 
resulL VintegerDesc->value • strleo(opl. VstringDesc->va!ue); 

stack(resuJl,&RIDstack); 
break; 

case setseq_sizeOp: 

opl • pop(&R!Dstack); 

I* singleton collect wilh set or sequence object */ 
if(typeof(opl) •• Kcollect) 

if(len((pGeoList)(opl.Vcollect->objects)) •• I) 
{ 

} 

retrievefirstSEQIDLV ALUE(opl. Vcollect->objects,obj); 
if(typeof(obj) •• KsetDesc II 

lypeof(obj) •• KsequeoceDesc) 
opl • get_object(opl); 

result. VintegerDesc • NintegerDesc; 

if(typeof(opl) •• KsetDesc) 
result. VintegerDesc->value • 

!eo((pGeoList)( op I. V setDesc-> value)); 

if(typeof(opl) •• KsequenceDesc) 
result. VintegerDesc->vaiue • 

len( (pGenList)( op I. V sequenceDesc->value) ); 

if(typeof(opl) •• Kcollect) 
result. VintegerDesc->value • 

len((pGenList)(opl. Vcollect->objects)); 

stack(result,&ruostack): 
break; 

case typeOp: 
opl • pop(&runstack); 

I* if Type is in process, then typename is meant since 
a collection doesn't make sense */ 

if(typcof(SP) •• Kprocess) 
{ 



} 

retrievefirstSEQ!DL V ALUE(opl. Vcollect·>objects,obj); 
result • value_ to_ runstack( obj); 

else 
{ 
resu.IL V collect • Ncollect; 
get SlrUCIUre( &strc,allstrucs,stindex); 
fo,;.d>inSEQ!DLV ALUE(opl. Vcollect->objects,Sobj,obj) 
{ 

} 
} 

to collect puts objects in structute struc tbat 
ate of same type as obj */ 

collect_(obj,stn:,&(rosu!LVcollea->objects)); 
untouch(stn:); to collecl marks nodes- must unmark*/ 

stack(rosull,&runstack); 
break; 

case dotOp: 

opt • pop(&runstack); 

to get index into suing array */ 
ilhinSEQinteger(body,code_pos++,lo); 
ilhinSEQinteger(body,code_pos,hi); 
index • (hi « 8) llo; 

I* retrieve value */ 
ilhinSEQString(string__ refsJndex,str _value); 

resulLVcollect • Ncollect; 
foreachinSEQIDLVALUE(opl. Vcollect->objects,Sobj,obJ) 
{ 

} 

I* get aJJ attributes with same name as dot name */ 
foreachinSEQaurDesc( ob j. V nodeDesc->attributes,Sad,ad) 
{ 

} 

if(streq(str_ value,ad·>name)) 
( 

J 

appendrearSEQIDLV ALUE(resulL Vcollect-> 
objects,ad->value); 

code _pos-; I* decrement for accurate runtime _result entry */ 
stack(result,&runstack); 

code _pas • code_pos + 2;· I* adjust to next operator *I 

break; 

case typeExpressionOp: 
t• get judex into type array *I 
ithinSEQlnteger(body,code_poS++,lo); 
ilhinSEQlnteger(body,code _pos,hi); 
index • (hi « 8) 1 lo; 

t• retrieve value */ 
ithinSEQtypeTree(t ype _ refs,indcx,type _value); 
result. Vcollect • Ncollect; 

I* get all types reachable from given type */ 
I* (type may be a class node) *I 
reach(type _ value,&types); 



foreachiJISETString(types,Ss,s) 
{ 

} 

t• convert string name of type to equivalent object */ 
string_ to_ object( &obj ,s,type _value); 

get_ stnlcture( &strt;allstlUCs,stindex); 
I* collect objects in structure strc of same type 

as obj */ 
collect (obj,stn:,&.(resulLVcollect->objects)); 
umoocii(strc); I* collect marks nodes - must unmark */ 

code_po .... i I* decremem for accurate runtimo_result. 
eauy*/ 

lllaek(mult,&.tullstad<); 
coclo_poa • code _pea+ 2; !"adjust to next operator*/ 
break; 

case portExpressionOp: 

,. gel index into type amy */ 
ithinSEQinteger(body,code _pc>S++,Io); 
ithinSEQlmeger(body,code_poS++,hij; 
index • (hi << 8) llo; 

I* retrieve value */ 
ithinSEQtypeTree(type _ .. rs,index,type _value); 
mulL Vcollect • Ncollect; 

,. get aU types reachable from given type */ 
,. (type may be a class node) */ 
reach(type_ value,&.types); 

I* get index into string amy *I 
ithinSEQlnleger(body,code _pc>S++Jo); 
ithinSEQlnteger(body,code_pos,hi); 
index • (hi « 8) llo; 

I* retrieve value */ 
ithiJISEQString(string refsJndex,str value); 
I* str _value is port na"ine */ -

foreachinSETString(types,Ss,s) 
{ 

} 

I* convert string name of type to equivalent object */ 
suing_ to_ object( &obj,s,type _value); 
get_ structure _port(&stre.str _ value,allstrucs,numstruc); 
I* collect objects in suucture struc of same type 

as obj *I 
collect (obj,stn:,&.(result.Vcollect->objects)); 
untoucii(stn:); /*collect marks nodes - must unmark *I 

code _pos • code _pas - 3; /* decrement for accurate 
JWltime_result entry •t 

stack(resul~&.runslac:k); 

code_pos • code_pos + 4i t• adjust to next operator *I 
break; 

case foraUOp: 
opl • pop(&.runslack); 

I* store iterator collect in new object so that 
original won't get clobbered */ 

op2.Vcollect • Ncollcctj 
foreachinSEQ!DL V ALUE(opl. V collcct->objects,Sobj,obj) 

appendfrontSEQ!DL V ALUE(op2. Vcollect->objeas,obj); 



I* get first object to iterate with */ 
retrievefirstSEQIDL V ALUE(op2. V collect-:>objects,obj); 
nomovefirstSEQIDL V ALUE(op2. Vcollect->objects); 

I* place object into control array *I 
contro!Anay[nestlevel++] • obj; 
numcontrol++; 
JtJ place rest of collection set on quantifier 

collections list •t 
appendnoarSEQcollect(quantsets,op2. Vcollect); 
bnoak; 

case existsOp: 

opl • pop(&nmstack); 

I' stono iterator collect in new object so that 
original won't get clobbered •t 

op2. Vcollect • Ncollect; 
foreac:binSEQIDL V ALUE(opl. Vcollect-:>objects,Sobj,obj) 

appendfrontSEQIDL V ALUE(op2. Vcollect->objects,obj); 

I' get first object to iterate with •t 
retriovefirstSEQIDLV ALUE(op2. Vcollect-:>objects,obj); 
mmvofirstSEQIDL V ALUE(op2. Vcollect->objects); 

,. place object into control array */ 
contmlAmy[nestlevel++J • obj; 
numcontrol++; 
appondnoarSEQcoUect(quantseiS,op2. Vcollect); 

bnoak; 

case ondForAII: 
I* get return point */ 
ithinSEQlnteger(body ,code _pos,entry); 

opl • pop(&runstack); 
if(typeof(opl) •• KFV ALUE) t• body is false! •t 
{ 

} 

removelastSEQcollect( quantsets); 
resuiL VFV ALUE • NFV ALUE; 
stack(result,&runstack); 

I* place object that caused failure in result array */ 
runtime_result[oode_pos] • 

value to runstack(oontrolAnay[nesUevel-1]); 
nestleveJ:.; -
code_poS++; 

else/* body is tnle */ 
{ 

rotrievelastSEQcollect(quantsets,qs); 
I* if nor. more to check. quantifier is tnle •t 
if(emptySEQIDLV ALUE(qs-:>objects)) t• set is empty •t 
{ 

} 

removeJastSEQcollect( quanlSelS ); 
nosult. VTV ALUE • NTV ALUE; 
stack(result,&nmstack}; 
nestlevel-; 
code_pos++i 

else I* go get next in set *I 
{ 

retrievefillitSEQIDLV ALUE(qs->objects,obj); 
nomovefirstSEQIDLV ALUE(qs-:>objects); 
controiAm.y[nesllcvel-1] • obj; 



} 
break; 

} 
code _pos • entry; 

case endExists: 

ithinSEQinteger(body,code _pos,entty); 
opl • pop(&runstaok); 
if(typeof(opl) •• KTV ALUE) /* body is true! */ 
{ 

} 

emovelasrSEQoolleot( quantsets); 
111SU!L VTV ALUE • NTV ALUE; 
staok(111SU!t,&nmstaok); 
,. place objec:t that satisfied Exisu in 111SU!t amy *I 
nmlime _111SU!t[code _pos) • 

value to nlliSiaOk(oonlrolAmly[nestlevel·lll; 
nestlevel~; -
cod.OJOS++j 

else ,. body is false */ 
{ 

} 
break; 

RtrievelastSEQooUeot(quantsets,qs); 
,. if not more to <hook, quantifier is false */ 
if(emptySEQIDLVALUE(qs->objec:ts)) /*set is empty*/ 
{ 

} 

emovelastSEQoollect( quantsets); 
111SU!L VTV ALUE • NTV ALUE; 
111SU!L VFV ALUE • NFV ALUE; 
staok(esul~&runstaok); 
nesdevel-; 

else 1• go back to get next in set */ 
{ 

} 

etrievefirstSEQIDLV ALUE(qs->objeoiS,obj); 
removefirstSEQIDLV ALUE(qs->cbjeots); 
controlA.rray[nestlevel-11 • obj; 

code _pos • entry; 

case eontrolOp: 
rcsulL Veollect • Nc:ollect; 
I* get level *I 
ithinSEQlnteger(body,oode _posJevel); 

I* get offset into control amy *I 
etrievefirstSEQinteger(controlReturn,offset); 
I* retrieve object */ 
obj • c:oolroiAmly[level+offset-1); 
appendrearSEQIDL V ALUE(resuiL V colleot·>cbjects,obj); 

stack(resul~&runstack); 

c:ode _pos++i 
break; 

case fonnA!gOp: 

resuiL Vcollect. Neollect; 
!* get position of actual argument */ 
ilhinSEQlnteger(body,oode_poS++,pos); 

1• retrieve actual argument •1 
arg • fonns[pos·l); 



appeudzearSEQIDLV ALUE(resulL Vcollect·>objects,arg); 

Slack(resul~&runstack); 

break; 

case applicationOp: 

I* get index into definition array */ 
ilhinSEQlnteger(body,code_pos++Jo); 
ilhinSEQintege~y,code _poa++,hi); 

index • (hi « 8) 1 lo; 

I* retrieve value */ 
ithinSEQDefOdDSI(define _ refs,index,def _value); 

,. gel number o( arguments ., 
ithinSEQinteger(body ,code _poa++,numargs); 

· args • NULLi 
I* get arguments •1 

for(i•numargs-l;i>·O~-) 
{ 

} 

argrun • pop(&nlllstack); 
if(typeof(argrun) - Kcollect) 

argnm • get object(argrun); 
arg • runstack _ iO _ value(argrun); 
I* place in amy to pasa to interpreter •1 
fonnalArray[iJ • arg; 
/ 0 place in sequence to pasa to routine !bat 

finds inSlallc:e that matches arguments */ 
appendfrontSEQIDL V ALUE(args,arg); 

t- suuctures to handle recursion */ 
appendfrontSEQinteger(conttolRetum,numcontroO; 
numcontrol • 0; 

if(typeof(def_ value) •• Kidllnstance) 
instance • def value. Vidllnstance; 

else/* must find instance *I 
instance • tindinstance(def _ value,args); 

result • interpret(instance->postfixDefn, 
name,SP ,spos,fonnaiArray, 
allstrucs.numstruc,stindex,tree ); 

code _pos • code _pos - 3; 
Slack(resul~&runstack); 

code _pos • code _pos + 3; 
removefirstSEQinteger(controiRetum); 
break; 

} /* end of switch •t 

I* get next code operator*/ 
ithinSEQintege~y,code_pos++,entry); 

} /* end of while loop */ 

result • pop(&runstack); 
if(entry •• RETURN) 

{ 

} 
retum(result); 

I* just interpreted a definition bOO.y ~ 
return result */ 

else/* interpreted an assertion body •t 



{ 
K(Assertion completed); 

I* Find aut whether assertion is true and report */ 
if(typeof(result) •• KFV ALUE) 
{ 

if(typeof(name) •• KTvoid) 
{ 

if(typeof(SP) •• Kstructure) 
fprintf(stderr," Assertion in %s is false.O, 

allstnJcs[stindex].portname); 
else 
fprilllf(stderr," Assertion is false.O); 

if(lsupp .... ) 
print(tree,O,FALSE,O); /* gener.de error log *I 

} 
else 
{ 
if(typeof(SP) -- KstructU111) 
fprintf(stderr," Assertioa %sin %a is false.O, 

name. VnameTok 



/* lllllllllllllllllllllllllllllll IIIII 111+++++++++++1111 I 111111++++++++ 

• 
* nue: Supporting Routines for Assertion Checker • 
* Filename: • Jdckensa'softlab/checktdleck2c • 
* Author: Jerry Kickenson <kickenso@unc:> 
* Department of Computer Science 
* University of Nonh Carolina 
• C!apel Hlll, NC 27514 
• 
• Copyright (C) Tho University of Nonh Carolina, 1985 • 
• 
• All rights reserved. No part of this softwate may be sold or • 
• dislributocl in any fonn or by any moans wilhout ihe prior written • 
• pennission of iho Softl.ab Software Distribution Coordina10r. • 
• 
• Report problems 10 softlab@unc (csnet) or 
• softlab!unc@CSNET·RELAY (ARPAnet) 
• Direct all inquiries 10 ihe Softl.ab Software Distribution • 
* Coordinator, at the above addresses. 
• 
• Function: Suppqrting routines for interpreter for assertion checker • 
• 
• 
••••••••••••••••••••••••••••••••••••••••••••*********************** *I 

swic char n:sid • "$Header. checlc2.c,v 1.3 85/12127 14:15:57 kickeoso Exp $" 

#include <sldio.h> 
#inclUde ''Otect.h" 
#include "macros.h" 
#include "Jcodegenlinstrocti.ons.h" 

• 

• 
• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

/*1 I I I I I 11+1 I I I I I J J I II J II I I I II I++++++++++++++++++++++++++++++++++++++++++ 
• stack obj stack a runstack entry on the runstack and • 
• - place entry in given position in result array • 
• 
• Last revised: April 14, 1986 

·······································~································! 
stack_ obj( obj,stk,pos) 
nmstackEntry obj i 
SEQrunstackEotry 0 stk; 
int pos; 
{ 

extern runstackEntry 

I* object to stack */ 
I* runstack*/ 

I* position in result array to place object *I 

ruotime_result[]; 

appendfrontSEQruoslackEotry(•stk,obj); 
nmtime_resuJt{pos) • obj; 

} 

/*+II Ill I' I Ill' 1111 I llllll !+++++++++++++++++++++++++++++++++++++++++++++ 

• 
• 
• 

pep pep ihe ruostack 

Last revised: April 14, 1986 

• 

........................................................................ , 
runstackEntry 
SEQrunstackEntry *stk; 

pep(slk) 
I* runstack */ 

{ 
nmstack.Entry ret val; 

retrievetirstSEQrunstackEntry(*stk,retval); 
removefirstSEQrunstackEntry(*stk); 
return(retval); 

• 
• 

• 
• 



} 

/*tIll 111111111111 111111111 I II II Ill Ill I J II 1111++++++++111 111111 Ill Ill++++++ 

• len len returns the length of a generic Jist * 
• • 
• Last revised: April 14, 1986 • ........................................................................ , 
len (list) 
pGenList list; 
{ 

I* list to get length of *I 

} 

int 
pGenUst 

listplr - list; 
length • 0; 

length; 
listptr; 

wbile(lislplr I• NULL) 
{ 

length++; 
listplr • listplr->next; 

} 

n>tum(length); 

/*1 I I I I I 11111111 I I II 11111111111 I I II I I ill II II II I I I Ill 111111 Ill I I 111111 II I I 

* reach place in tbe given set strings representing aU types • 
• reachable from the given type. Used to expan4 class • 
* types into their constituent node types. * 
• 
• Last revised: June 7, 1986 ..•••.........•••............••...•.........................•••......... , 
reach(t)ncQ 
typeTree t; 
SETString *incl; 
( 

SEQ NT 
NT 
SETS Iring 

*incl • NULL; 

/* type that does the reaching */ 
I* set in which to place type representations *I 

sm: 
n~ 
nt_ reachQ;/* reach for nontenninals */ 

switch (typeof(t)) ( 
case Kbool: 

addSETString(*incl,BOOL); 
break:; 

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

c:ase Krac 
addSETString(•inci,RA 1); 
break; 

c:ase Kstr: 
addSETString(*incl,SI"R); 
break; 

case Kset: 
addSETString(•incl,SE'I); 

• 
• 



} 

break; 

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

case Ksingleton: 
reach(L Vsingleton-Xlbjea_typeJncl); 
break; 

case Kuser: 

} 

if(typeof(L Vuser->N'J) !• KCiassN'J') 
{addSETString(*inci,LVuser->NT.IDLclassCommon->name);} 

else 
I* class type - lr.lce down nonteiminal descendants *I 

foreachinSEQNT(L Vuser->NT. VCiassNT->descendants,Sn~nt) 
*incl. nt_reach(nt,*ind); 

break; 

/*1 I I II I II II I II I I Ill I I I II IIIII I II Ill I I I I I I II I II II II I I I II I I Ill I I I I II I I II I 

* nt_ reach places in the given set the string • 
• representations of types reachable through the • 
* given nonterminaL • 
• 
• Last revised: April 14, 1986 ••...................•.........•......•...•......•.••.......•.•.••...••. , 
SETString nt reach(nJ) 
NT - n; I* nontenninal doing the reaching*/ 
SETString i; /* set in which to place type represetations */ 
{ 

} 

SETString strse~ 
SEQNT Snt; 
NT nt; 

if(len( (pOenList)i) •• 0) 
strset • NULL; 

else 
Slrset - i; 

if(typeof(n) !• KCassN'J') 
{ addSETString(strse~.IDLclassCommon->name);} 

else 
foreachinSEQNT(n. VCassNT->descendants,Sn~t) 

strset • nt reach(nt,strset); 
retum(strset); -

• 
• 

/*++++++++++++++++II II I I I I I I II I!+++++++++++++++++++++++++++++++++++++++++ 

• coltect place in the given collection an objects in • 
• given structure of the same type as the given • 
• object. 
• 
• Last revised: April 14, 1986 ...........................•............................................ , 
collect (obj,data,collects) 
IDLY ALUE obj; I* get objects with same type as this object *I 
nodeOesc data; I* structure */ 
SEQIDLVALUE *coll~cts;/* coltection in which to place found objects*/ 
{ 

SEQattrDese Sad; 

• 
• 
• 



attrDesc 
SETIDL VALUE 
IDLVALUE 
SEQIDLV ALUE 

ad; 
Ssetvali 
val; 
SseqvaJ; 

if(typeof(ObJ) !• KnodeDesc) I* object is a basic type or s<t or sequence */ 
{ 

if(NodeTouched(data) •• 0) 
{ 

MarkTooched(data); 
foiOachinSEQaUrDesc(data->aunoutes,Sad,ad) 
{ 

if(typeof(ad->value) •• typeof(obj)) 
{ 

if(typeof(obj) •• KS<!Desc) 
,. get only sets with same comp:JneDl type */ 
{ 

) 
else 

if(set subset(ad->value. VsetDesc->value, 
- obj.VS<IDesc->value)) 

appendroarSEQIDLV ALUE((*collects), 

if(typeof(obj) •• KsequenceDesc) 

ad->value); 

I* get only sequences with same component type */ 
{ 

) 
} 

} 

) 
else 

if( seq_ subset(ad->value. VsequenceDesc->value, 
obj.VsequenceDesc->value)) 

appendrearSEQIDLV ALUE((*collects), 
ad->value); 

appendrearSEQIDLV ALUE((*collects),ad->value); 

else 
I* follow polth down structure •1 

if(typeof(ad->value) •• KnodeDesc) 
col1ect_ ( ob j,ad~>value. V nodeDesc,collects); 

else I* object is a node •t 
{ 
I* if node has same name, place in collection •t 

if(NodeToucbed(data) •• 0) 
{ 

Marlr.Touched(data); 
if(streq(obj.VnodeDesc->name,data->name)) 

appendrearSEQIDL V ALUE((*collects),data); 

1• follow nodes down structure •t 
foreachinSEQaUrDesc( data->aUributes,Sad,ad) 
{ 

if(typeof(ad->value) •• KnodeDesc) 
collect_ ( ob1ad->value. V nodeDesc,collects); 

else 
{ 

if(typeof(ad->value) •• KsetDesc) 
{ 

} 
else 
{ 

foreachinSETIOl VALUE(ad->value.VsetDesc->value, 
Sset val, val) 

if(typeof(val) •• KnodeDesc) 
collect_ ( obj, val. V nodeDesc,collects); 

if(typeof(ad->value) •• KscquenceDesc) 



} 
} 

} 

untouch(dala); 

J 

l 
} 

foreachinSEQIDLV ALUll(ad->value.VsequenceDesc->value, 
Sseqval,val) 

if(typeof(val) •• KnodeDesc) 
collect _(obj, val. VnodeDesc:,collects); 

I* IIDltla1'k nodes nwked by pro<edUIO collect */ 

r-1 II I I I I I I I I II I I I I I I II II I I I I I I I I II I I I I I I I I I II I I Ill I I I II I I II II I I II II I II I 

* untoocb unmark all nodes in given structure • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
untcuch(node) 
nodeDesc node; I* SlrUclliRo to be ummarked */ 
{ 

} 

SE:QattrDesc 
attrDesc 
Sll11DLV ALUE 
SEQIDLV ALUE 
IDLVALUE 

if(NodeTouchecl(node) !• 0) 
{ 

Sad· • 
ad· • 
Setidl; 
Seqidl; 
idl; 

UnmarkTcuched(node); 
foreadlinSE:QaurDesc(nod .. >allributes,Sad,ad) 
{ 

} 
} 

if(typeof(ad->value) •• KnodeDesc) 
untouch(ad->value. VnodeDesc}; 

• 
• 

/*1 II I I I I I I I I I I I I I I I I I+++++++++++ II I I I II 1++++++++++1 I I II I I I II I I I II I I I++++ 
• findinstance return the instance of the given definition • 
* which matches the given arguments • 
• 
• Last revised: April 14, 1986 .....•.................................................................. , 
idiinstance findinstance( def,args) 
definition def; /* definition •t 
SEQIDL VALUE args; t• arguments 10 match •t 
{ 

idllnstance 
int 
int 
Instance 
SETinstance 
fonnal 
runstackllntry 

f; 
a; 

reLval; 
OK; 
i; 
in; 
Sin; 

foreachinSETinstance(def.IDLclassCommon->Overload,Sin,in) 
if(len((pGenList)args) •• len((pGenList)(in.IDLclassCommon->fonnals))) 
{ 

OK • TRUE; 
J* check that each argument matches the fonnal by type •t 

• 
• 



} 

} 

for(i•l;i<•len((p(len!.ist)args);i++) 
{ 

} 

ithinSEQfonnal(in.IDLclassCommon·>fonnals.i,f); 
ilhinSEQIDL V ALUE(args,i,a); 
if(!type _ match(a,f)) 

OK • FALSE; 

if(OK - TRUE) 
ret val • in. Vidllnstance; 

retum(retval); 

/*11 I I I I I I I II II I I I II 1111111 I II I I 111111111 Ill Ill I I I I I II II I I Ill I 111111 I II I 

• typo_ mat<:h retum TRUE if lhe type of lho given argument • 
* matches the type of the given formal • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
typo mat<:h(arg,form) 
IDLVALUE arg: 

fonn; 
I" argument *I 
I" fonnal */ fonnal 

{ 
booleanretval; 
String argtype; 
String translateQ;/* string equivalent of IDL typo */ 
SETString Ss; 
String s; 
SET String 
SET String 
SETIDLVALUE 
IDLVALUE 

incll • NULL; 
incJ2 • NULL; 
retval • TRUE; 

incl; 
incll ,inc12; 
So; 
o; 

argtypo • translate(arg); 

I* types match if type of argument is included in the set of all 
typos reachable by the fonnal typo *I 

switch (typoof(arg)) { 
case KsetOesc: 

if(typoof(fonn->typo) !· Kset) 
retval • FALSE; 

else/* component types must match*/ 
{ 

reach(fonn·>type. Vset·>component,&.incll); 
foroachinSETIDL V ALUE(arg. VsetDesc->value,So,o) 

addSETString(incl2,translate(o)); 
if(!includes(incll,incl2)) 

ret val • FALSE; 
} 
break; 

case KsequenceDese: 
if(typoof(fonn->type) !- Kseq) 

ret val • FALSE; 
else/* component types must match *I 
{ 

reach(fonn->type. Vseq->component,&incll); 
foreachinSEQIDL V ALUE(arg. VscquenceDcsc->value,So,o) 

addSETSLring(incl2,translate( o) ); 
if(!includes(incll,incl2)) 

ret val • FALSE; 

• 
• 



default: 

} 

retum(retval); 
} 

) 
break; 

reach(fonn->type,&incl); 
if(!inSETString(incl,argtype )) 

retval • FALSE; 
break; 

/*1 I I I I I II I I I I I I I I I I Ill I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II II I I I I I I I I I I I 

* includes retuml true if the first argument includes • 
• all memben of the second argument • 
• • 
• Last revised: April 14, 1986 • ........................................................................ , 
includes(sl,s2) 
SETString sl,s2; 
{ 

} 

boolean 
SETString Ss; 
String 

retval; 

s; 

retvaJ • TRUE; 
foreachinSETString(s2,Ss,s) 

if(!inSETString(sl,s)) 
retval • FALSE; 

rerum(retval); 

,. ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• translate rewms the string equivalent of the IDL type • 
• 
• Last revised: April !4, 1986 .••••.....•.•....•...••••......•.••.........•...•.........•.•••.•.....•• , 
String llanslate(arg) 
IDLVALUE arg; I* argument whose type we want translated*/ 
{ 

String result • NULL; 
char *mailocQ; 

switch (typeof(arg)) { 
case KbooleanDesc: 

result • malloc(S); 
stn:py(result,BOOL); 
break; 

case KintegerDesc: 
result • malloc(4); 
stn:py(resui~INI); 

break; 
case KstringDesc: 

result • malloc(4); 
stn:py(resui~STR); 
break; 

case KrationalDesc: 
result • malloc(4); 
stn:py(resui~RA1); 

break; 

• 
• 



} 

case KsetDesc: 
result • malloc(4); 
stn:py(resui~SET); 
break; 

case KsequenceDesc: 
result • malloc(4); 
stn:py(resui~SEQ); 

break; 
case KnodeDesc: 

result • malloc(slrlen(arg. VnodeDesc·>name)+ I); 
stn:py(resul~arg. VnodeDesc·>name); 
break; 

default: 
break; 

} 
nolllm(resull); 

J* I II I I I I I I I I I I I I I I I II I I I Ill I I I I I 11 I I I 11 t 1 It II I I I I I I I I I I I I I Ill I I I I I I I I I I 

• get_ object returns the the object the given collection • 
• contains. The collection must be a singleton • 
• collection. • 
• 
• Ust revised: April 14, 1986 •....•••....••••.....•••••....••••......••••..............••.••....••.•. , 
runstackEntry 
runstackEntry 
{ 

gel object(coll) 
cotE I* collection 10 gel object from *I 

I* colt is known to be a singleton collection */ 

IDLVALUE 
runstackEntry 

temp; 
result; 

I* put object into temp */ 
relrievefirstSEQIDL V ALUE(coll. Vcollcct->Objects,temp); 

I* coerce collection into that object */ 
switch (typeof(temp)) { 

case KintegerDesc: 
resulL VintegerDesc • NintegerDesc; 
resulL VintegerDesc->value .. temp. VintegerDesc->value; 
break; 

case KllllionaiDesc: 
result VrationaiDesc - NrationalDesc; 
result VrationaiDesc->value • temp.VrationaiDesc->value; 
break; 

case KbooleanDesc: 
result VbooleanOesc • NbooleanDesc; 
resuiL VbooleanDesc-.>value • temp. VbooleanDesc·>value; 
break; 

case KstringDesc: 
result VstringDesc • NstringDesc; 
resulL VstringDesc->value • temp. VstringDesc->value; 
break; 

case KsetDesc: 
result VsetDesc • NsetDesc; 
resuiL VsetDesc·>value • temp.VsetDesc->value; 
break; 

case KsequenceDesc: 
result VsequenceDesc • NsequenceDesc; 
resuiL VsequenceDesc->value • temp. VsequenceDesc->value; 
break; 

case KnodeDesc: 
result VnodeDesc .. NnodeDesc; 

• 
• 



} 

} 

resulLVnodeDesc·>name • temp.VnodeDesc.>name; 
resulLVnodeDesc->aUributes • temp.VnodeDesc.>aUributes; 
resulLVnodeDesc->label• temp.VnodeDesc·>label; 
break; 

retwn(result); 

/*1 I I I I I I I I I I Ill I I II I I I I I I II II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1.1 I I I I I I I I I I 

• rustack_to_value returns the runstack entry equivalent " 
• to the given IDLVALUE • 
• • 
• Last revised: April 14, 1986 ...............•...............•...............•..............•••....... , 
IDLVALUE 
nmstackEntty 

!UIIstal:k_to _ value(obj) 
obj; /* object to get IUSlaCk equivalent of *I 

{ 

IDLVALUE retval; 

switch (typeof(obj)) { 
case KintegerDesc: 

} 

relval. ViolegerDesc • obj. VintegerDesc; 
break; 

case Kr.ttionaiDesc: 
retVal VrationaiDesc • obj. Vrat.ionaiDesc; 
break; 

case KbooieanDesc: 
relval. VbooleanDesc • obj. VbooleanDesc; 
break; 

case KstringDesc: 
relVaL VstringDesc • obj.VstringDesc; 
break; 

case KsetDesc: 
retval. VsetOesc • obj.VsetDesc; 
break; 

case KsequenceDesc: 
rewai.VsequenceOesc • obj.VsequenceDesc; 
break; 

case KnodeDesc; 
retvai.VnodeDesc • obj.VnodeDesc; 
break; 

case KTVALUE: 
ret val. VbooleanDesc • NbooleanDesc; 
retvaJ.VbooleanDesc-->value • TRUE; 
break; 

case KFV ALUE: 
relval. VbooleanDesc • NbooleanDesc; 
retvai.VbooleanDesc.>value • FALSE; 
break; 

default:/* collections cannot be function arguments *I 
break; 

retum(retval); 

• 

~+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

• value_to_runstack returns the IDLVALUE equivalent of the • 
• given runstack entry 
• 
• Last revised: April 14, 1986 

• 
• 
• 



•..••.........................•....•...•.•.•.••......................... , 
runstack.Entry 
IDLVALUE 
{ 

value_ to_ runstack(val) 
val; 

} 

IUnstackEntry retvaJ; 

switch (typeof(val)) { 
case KintegerDesc: 

} 

retval. VintegerDesc • val. VintegerDesc; 
break; 

case KrationaiDesc: 
retval. VntionaiDesc • vaL VrationaiDesc; 
b...t; 

case KbooleanDesc: 
retval. VbooleanDesc • val. VbooleanDesc; 
break; 

case KstringDesc: 
Rtval. VstringDesc • vaLVstringDesc; 
break; 

caseKsetDesc: 
JOtval. V setDesc • val. V setDesc; 
break; 

case KsequenceDesc: 
retval.VsequenceDesc • val.VsequenceDesc; 
break; 

case KnodeDesc: 
retvai.VnodeDesc • val.VnodeDesc; 
break; 

retum(retval); 

/*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
* set subset returns TRUE if the first argument is a subset • 
* - of the second * 
• 
• Last revised: April 14, 1986 •.•••••........••••••..•.........•.................•.••••..•..•......... , 
set subset(setl,set2) 
SETIDLV ALUE setl,set2; 
{ 

boolean 
SETIDLVALUE 
IDLVALUE 
SETString Sname; 

result; 
Sval; 
val; 

String name; 
SETString incll • NULL; 
SETString incl2 • NULL; 
String translateO; 

result • TRUE; 

foreacltinSETIDL V ALUE(seti,Sval, val) 
addSETString(incll,rranslate( vaJ) ); 

foreacbinSETIDLV ALUE(set2,Sval,val) 
addSETString( inc12,translate( val)); 

foreachinSETString(incll,Sname.name) 
if(!inSETString(incl2,name)) 

result • FALSE; 

• 
• 



renun(result); 
} 

f'ttlllllllllllllllllllllll+++lllll I 111!1111+++++11 I Ill I 11111111111 I I I II 

• seq_ subset returns TRUE if the first argument is a subset * 
* of the second 
• 
• Last revised: April 14, 1986 ........................................................................ , 
seq_ subset( seq I ,seq2) 
SEQIDL VALUE seq l,seq2; 
{ 

} 

boolean 
SEQIDLVALUE 
JDLVALUE 
SETString Sname; 

resul~ 
Sval; 
val· • 

String name; 
SETString incll • NULL; 
SETString incl2 • NULL; 
String tmtslateO; 

result • TRUE; 

foreacbinSEQJDLV ALUE(seql,Sval, val) 
{ 

} 

name • lr.lnslate(val); 
addSETString(incll,name); 

foreacbinSEQJDLV ALUE(seq2,Sval, val) 
{ 

} 

name - tmtslate(vaQ; 
addSETString(incl2,name); 

foreacbinSETString(incii,Sname,name) 
if(!inSETString(incl2,name)) 

result • FALSE; 
rewm(result); 

~++++++++++++++!I 1 I If I I I!++++++++++++++++++++++++++++++++++++++++++++++ 
• string_to_object passes back the IDLY ALUE object • 
• equivalent to the type represented by • 
• the given string. • 
• 
• Last revised: April14, 1986 .....••........................................................•........ , 
string to object(obj,s~val) 
IDLY ALUE *obj; I* object passed back through here *I 
String s: /* string representation of type */ 
typeTree tval; /* actual type . needed for seUsequence types •t 
{ 

IDL VALUE val; 
SETString St; 
String t; 
SETString comp_types; 

if(streq(s,DOOL)) 

/'• component types of set/sequence •t 

(*obj). VbooleanOesc • NbooleanOesc; 

• 
• 
• 

• 
• 



} 

else 
if(su.q(s,INT)) 

(*obJ).VintegerDesc • NintegerDesc; 
else 
if(su.q(s,RAT)) 

(*obJ).VrationalDesc • NrationaiDesc; 
else 
if(mq(s,sTR)) 

(*obj). V stringDesc • NstringDesc; 
else 
if(Sireq(s,SET)) 
t> must put appropriate component types in10 object •t 
{ 

} 

(*obj).VsetDesc • NsetDesc; 
....:h(tval Vset->component,&comp _types); 
foreac:hinSETString( comp _ types,St,t) 
{ 

string_IO _ object(&val~~~); 
addSETIDLV ALUE((*obj). VsetDesc->value,val); 

} 

else 
if(su.q(s,SEQ)) 
t> must put appropriate component types int object •t 
{ 

} 
else 

{ 

} 

(*obj).VsequenceDesc • NsequenceDesc; 
....:h(tval Vset->componen~&comp_types); 
foreacbinSETString(comp _types,St,t) 
{ 

string_IO _object( &val~~val); 
appendrearSEQIDL V ALUE((*obj). V sequenceDesc->value,val); 

} 

(*obj).VnodeDesc • NnodeDesc; 
(*obj).VnodeDesc->name • s; 

/*+++++++++I I II I I I II I I I II I I I II I I I I I I I I+++++ I II I I I I!++++++++++++++++++++++ 
• get stJUcture pass back the strucwre at the position given* 
• by the index. Strudure is found in • 
• the- given list of structures. • 
• 
• Last revised: April17,1986 •....................................................................... , 
get stmcture(stc,allstrucs,index) 
nooeoesc *stc; ,. stnlcture to pass back ., 
struc allsuucsO; /* list of all structure insrances */ 
int index; /* index of stnJ.d.ure in allstrucs */ 
{ 

•stc • allsuucs[index].st; 
} 

• 
• 

/*++++++I I I I I I I+++++++++++++++++++++++++++++++++++++++ I I I I I I!++++++++++++ 
• get_ structure _port pass back the structure associated • 
• with the given porL Structure is • 
• found in the given list of struc:tures • 
• • 
• Last revised: April 17, 1986 • ........................................................................ , 
get_ struc:ture _port(stc:,name,aUstrucs,num) 



nodeDesc •stc; 
String 

t• structure to pass back */ 
name; ~ name of port */ 

suuc 
int 
{ 

} 

aJJstJucsO; I* list of aU suucture instances */ 
num; t• number of structures in allstrucs 

int i; 

for(i·O;i<•num;i++) 
if(streq(allsuucs[i].portname,name)) 

*SIC • allsuucs[i].st; 

*I 



/*+++++++++++I 11111111+1111111111111111++++++++++++++111111111 11111111 

• 
• 
• 
• 
• 
• 
• 
• 

Title: Error Log Printer for Assertion Checker 
Filename: • kickens<Ysoftlab/ check/errorprinLc 
Author: Jerry Kickenson <kickenso@unc> 

Department of Computer Science 
University of North Carolina 
Otapel Hill, NC 27514 

• Copyright (C) The University of Nonh Carolina, 1985 
• 
• All rights reserved. No part of Ibis software may be sold or • 
• distributed in any form or by any means wilhout lhe prior wriuen 
• pennission of lhe Sofil.ab Software Distribution Cooldinator. • 
• 
• Report problems 10 softlab@unc (csnet) or 
* sofllab!unc@CSNET·RELAY (ARPAnet) 
• Direct all inquiries 10 lhe SoiiLab Software Distribution 
• Coordinator, at the above addresses. 
• 
• function: Prints error log for unsatis1ied assertion on stout • 
• 
• 

• 

• 

• 

• 

··············•····•·••••··•··•···················•·••••••••••••·•• ., 

#include <Stdio.h> 
#include "Check.h" 
#include ••macros.b'• 

#define NONBOOL ·I 

#define writeO(str) 
#define writel(str,sl) 
#define write2(str,sl,s2) 

fprinlf(stderr,slr) 
fprinlf(stderr,slr,s I) 
fprinlf(stderr,slr,sl,s2) 

extern runstackEntry runtime_result[IOOO); 

• 

• 

• 
• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

/*++++++++++++++I I II II I II I++++++++++++++++++++++++++++! I I I II I I+++++++++++ 
• print print an error log reporting values of intenned.iate • 
• expressions in the given expression tree. • 
• 
• Last revised: June 7,1986 ........................................................................ , 
print(exp,1F Jnd,head) 
expression exp; /* expression to be printed */ 
boolean TF; I* print only if Truem or False(F) *I 
int ind; /* indentation level */ 
int bead; /*header- 0 is '>'(because), 1 is'&.' (and)*/ 
{ 

Siring 
Siring 
Siring 
int 
int 
char 

nameofQ; 
entry to stringQ; 
type _!o _slringO; 
pos; /* position in runtime result amy 
boolvalue; I* boolean value of result *I 
temp_str[80]; 

int Pi 
boolean found; 
SEQexpressionPair Sep; 
expressionPair ep; 

., 

• 
• 



/* get position in result array where result of expression is */ 
pes • exp.IDLclassCommon·>Yaluepos + li 

if(typeof(runtime_result[pos]) •• KTV ALUE) 
boolvalue • TRUE; 

else if(typeof(runtime_result[pos]) •• KFVALUE) 
boolvaJue • FALSE; 

else 
boolvalue • NONBOOL; 

switch (typeof(exp)) { 

case Kbinary: 
I* if value of eJ<presaion is boolean, print only if it 

agrees with given lrUth value (TF) •1 

if(boolvalue •• FALSE && boo! value •• TF) 
{ 

} 

indenl(ind); 
beader(head); 
wrilel("%s not satisfied.O, 

nameof(exp. Vbinary->op)); 
print(exp. Vhinary->lell,FALSE.ind+l,O); 
if(typeof(runtime _ result[exp. Vbinary-> 

left.ID!.classCommon->valuepos + I]) 
••KTVALUE) 
print(exp. Vbinary->right,F ALSEJnd+ 1,0); 

else 
print( exp. Vbinary->right,F ALSE,ind+ 1,1 ); 

else if(boolvalue .. TRUE && boolvalue •• TF) 
{ 

} 

indent(ind); 
header(head); 
writel("%s is satisfied.O, 

namcof(exp. Vbinary->op)); 
print(exp. Vbinary->left,TRUE,ind+ 1,0); 
if(typeof(runtime _result[ exp. Vbinary-> 

left.IDLclassCommon->valuepos + I]) 
•• KFVALUE) 
print(exp. Vbinary->right,TRUE,ind+I,O); 

else 
print(exp.Vbinary->right,TRUEJnd+l,l); 

else if(boolvalue - NONBOOL) 
I* print all non-boolean expressions *I 
{ 

} 
break; 

case Kunary: 

indenl(ind); 
header(head); 
stropy(temp _ str,entry _to_ string( 

runtime result[pos])); 
write2("%s is %s.o7nameof(exp.Vbinary->op), 

temp str); 
print(exp. Vbinary->left,TRUEJnd+I,O); 
print(exp. Vbinary->righ~ TRUE,ind+l,l); 

I* if boolean Not. print if value agrees with 
passed truth value (TF) *I 

if(typeof(exp.Vunary->op) •• Knot) 
{ 
if(boolvalue •• TF) 



{ 
indent(ind); 
header(head); 

} 
} 

if(boolvalue •• FALSE) 
{ 

} 

wrileO('NOT is not satisfied.O); 
prinl(exp.Vwwy->body,TRUE,ind+I,O); 

else /* boolvalue • TRUE*/ 
{ 

wrileO('NOT is satisfied.O); 
prinl(exp. Vwwy->body,FALSE,ind+I,O); i 

} 

else /* print non-boolean minus always */ 
{ 

} 
b..ak; 

indent(ind); 
header(head); 
stn:py(temp _ str,entry _to_ string( 

runtime_ resuit[pos])); 
writel("INVERSE is %s.O,temp_str); 
print(exp. Vunary->body,TRUE,ind+I,O); 

case Kdoued: 

indent(ind); 
header(head); 
I* get attnOUle name */ 
stn:py(temp _ str,enlry _to_ string( runtime_ result[posD); 
write2(".%s is %s0,exp. Vdoued·>right->name, 

temp_str); 
print(exp.Vdoned->left,TRUEJnd+I,O); 
break; 

case KtypeEx.pression: 

indent(ind); 
header(head); 
I* get type name *I 
strcpy(temp _ str,enlry _to_ slling(runtime _result( pos])); 
write2f"%s is %sO,type _to_ slling(exp. VtypeEspression 

->type)~emp_str); 

case KdefnRef: 

indent(ind); 
header(head); 
I* get result of application */ 
strcpy(temp _ Slf,entry _to_ slring(runtime _ result(pos))); 
write2("%s reLUms %sO,exp. VdefnRef->name,temp_str); 
break:; 

case Kroot 

indent(ind); 
header(head); 
stn:py(temp _str,enuy _to_ slling(runtime _result[pos])); 
writei("ROOT is %s0,temp _str); 
break; 

case Kmembers: 



indenl(ind); 
header(head); 
strcpy(temp _ str,entry _to _string(runtime _result[ pas])); 
write1C'MEMBERS are %sO,temp _ str); 
print(exp. Vmembers-:>argument.TRUE,ind+l,O); 
break; 

case Khead: 

indenl(ind); 
header(head); 
stn:py(temp _ str ,eltiry _to_ string(tuntime _ resull[pos])); 
write1("HEAD is %s0,temp_str); 
print(exp. Vhead->argument,TRUEJnd .. 1,0); 
break; 

case Ktype: 

indenl(ind); 
header(head); 
stn:py(temp _ str,eniry _to_ string(tuntime _ result[pos))); 
write1("TYPE is %sO~emp_str); · 
print(exp. Vtype->argument, TRUE,ind+ 1,0); 
breaki 

case Ksize: 

case Ktail: 

indenl(ind); 
header(head); 
stn:py(temp _ str,enuy _to_ string( runtime_ result[pos))); 
write1('SIZE is %sO,temp_str); 
print(exp. Vsize->argument, TRUEJnd+1,0); 
break; 

indent(ind); 
header(head); 
stn:py(temp _str,enuy _to _string(runtime _result[pos])); 
write1('TAIL is %s0,temp str); 
print(exp. Vtai1->argument, TRUE,ind+ 1,0); 
break; 

case Kquantifier: 

I* print expression only if value agrees with 
passed truth value (TF') *I 

if(boolvalue •• TF && boolvalue •• FALSE) 
{ 

} 

indent(ind); 
header(head); 
if(typeof(exp. Vquantifier->op) •• Kforall) 
{ 

I* get name of object for which For AU failed */ 
strcpy(temp _ str,enuy _ ro _string( 

runtime result[poS+1])); 
write2("FORALL is not Satisfied when %sis %sO, 

temp_str); 
print(exp. V quantifier->set, TRUE,ind+l,O); 
print(exp. V quantifier->body ,F ALSE,ind+l,l ); 

else /* Exists operator */ 

write()(" EXISTS is not satistiedO); 

if(boolvalue •• TF && boolvalue •• TRUE) 
{ 



indent(ind); 
header(head); 
if(typeof(exp. Vquantifier->op) - Kforall) 
{ 

} 
else 
{ 

writeO(''FORALL is satisfied.O); 

to get oame of object for which Exists was 
satisfied ., 

stn:py(temp _ su,enuy _to_ string( 

} 
J 

b...t; 

runtime_ result(poS+ I])); 
write2("EXISTS is satisfied when 'K>s is 'K.sO, 

exp. Vquantifier-><ontrol->name, 
temp_su); 

print(exp. Vquantifier->set,TRUE,ind+I,O); 
print(exp. Vquantifier->body,TRUE,ied+l,l); 

case Keonditional: 

{ 

inclent(ind); 
header(head); 
if(boolvalue •• TRUE && boolvalue •• TF) 
{ 

writeO("Conditional is satisfied.O); 
} 
else if( (boo! value - FALSE && boolvalue -- TF) II 

(boolvalue •• NONilOOL)) 
{ 

writeO("Conditional is not satisfied.O); 
p. exp.Vconditional->tesLIDLclassCommon 

->valuepos; 
if(typeof(runtime_result[p+l]) •• KTV ALUE) 

print( exp. V conditional->test, TR UE,ind+ 1,0); 
print(exp. V conditional->then,F ALSE,ind+ 1,1 ); 

} 
else 
{ 

} 

found • FALSE; 
foreachinSEQexpressionPair( 

exp.Vconditional->orif, Sep, ep) { 
if(!found) 
{ 

p • eJ'"'>lesLIDLclassCommon->valuepos; 
if(typeof(runtime_result[p+l]) •• KTVALUE) 
{ 

} 

print( •(>'>test, TR UE,ind+ 1,0); 
print(e(>'>then,FALSE,ind+ 1,1); 
found • TRUE; 

if(!found) 

} 

break; 

case Kcontrol: 

print(exp. Vconditionai->Otherwise, 
TRUE,ind+l,O); 



} 

} 

indent( inc!); 
header(head); 
stn:py(temp _str,entry _to _string(runtime_ resul~pos])); 
write2(''%s is %sO,exp. V control->name,temp _ str); 
broak; 

case KfonnArg: 

indent(ind); 
header(head); 
stn:py(temp _ str,entry _to ..;string( runtime_ result[pos]) ); 
write2(''1&s is 'l&sO,exp. VfonnArg->name,temp _str); 
break; 

/*1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• indent indent the given amount of levels. One level "' 
• is 4 spaces. 
• 
• Last revised: Aprill4, 1986 •........•.................•.................•••..........•.......••.... , 
indent( X) 
int x; I* indent level */ 
{ 

} 

int i· • 
for(i•l ;i<-4*Xii++) 

fprinlf(stderr," ")i 

• 
• 
• 

/*1 II I I I I I+++ I I I I I I I I I+++++++++++++! I I II I I I!+++++++++++++++++++++++++++++++ 
• header print the symbol '>' (because) or '&' (and) • 
* depending on whether the given argument is • 
• 0 (>) or 1 (&) 

• 
• Last revised: April 14, 1986 .......•................................................................ , 
header(head) 
int head; I* header code */ 
{ 

if(head -- 0) 
fprintf(stderr,"> '); 

else 
fprintf(stdeiT." & "); 

} 

/*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
• nameof return the string equivalent of the given • 
• operator • 
• 
• Last revised: April 14, 1986 ........................................................................ , 
String nameof(op) 
binaryOp op; I* operator to get string equivalent of *I 

• 
• 
• 

• 
• 



{ 

} 

switch (typeof(op)) { 

} 

case Kand: 

case Kor: 

return(' And"); 
break; 

retum('Or'1; 
break; 

case KTunion: 
retum("UDion'1; 
break; 

case Kintersect: 
retum('lntersection'1; 
break; 

case Kplus: 
retum('Sum'1; 
break; 

cue Kmiuua: 
retum('Difference"); 
break; 

case Ktimea: 
retum('Product"); 
break; 

case Kdivide: 
retum('Quotient"); 
break; 

case Kless: 
retum('Less'1; 
break; 

case KlessEq: 
retum('Less _ Eq"); 
break; 

case Kgreater: 
retum('Greater"); 
break; 

case KgrtrEq: 
retum('Greater _ Eq"); 
break; 

case Kequal: 
retum('Equality"); 
break; 

case KnoiEqual: 
retum('lnEquality''); 
break; 

case Ksame: 
return('' Same"); 
break; 

case KinSet: 
retumf"Set Inclusion"); 
break; 

case Ksubset: 
retum('Subser'); 
break; 

case KpropSubseC 
retum('Proper Subset"); 
break; 

!*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



• 
• 
• 

entry_ to_ string returns a string equivalent of the* 
given nmstack entry • 

• Last revised: April 14, 1986 •.•......•................•......•....•..........................•.••... , 
String entry _to_ string( entry) 
nmstackEntry entry; /* runstack entrY. to get string equivalent of *I 
{ 

cbar 
IDLVALUE 
SEQIDLV ALUE 
int 

tcmp[SO]; 
val; 
Sval; 
~ 

int n; 

I" 1111 temp array wilh Null characters •t 
for(i.Oti<•79;i++) 

temp[i] • ' '; 

swileh (typeof(entry)) { 

case KintegerDesc:: 
sprintf(temp,"%4' ,entry. VintegerDesc->value); 
bmak; 

case KntionalDesc: 
sprintf(temp,"%f' ,entry. V rationa!Desc->value ); 
break; 

case KstringDesc: 
sucpy(temp,entry.VstringDesc->value); 
bRat; 

case KbooleanDesc: 
if(entry.VbooleanDesc->value •• TRUE) 

strcpy(temp,"TRUE''); 
else 

break; 
case KnodeDesc: 

strcpy(temp,"F ALSE''); 

sttcpy(temp,entry. VnodeDesc->label); 
break; 

case KsetDesc: 
strcpy(temp," { "); 
foreachinSETIOL V ALUE(entry. VsetOesc->value,Sval,val) 
{ 

sttcat(lemp,entry _to_ string(val)); 
strcat(temp," "); 

} 
sttcat(temp,"}"); 
break; 

case KsequenceDesc: 
strcpy(temp,"< '1; 
foreachinSEQIDLVALUE(entry.VsequenceDesc->value,Sval, 

val) 
{ 

} 

sttcat(temp,entry _to _string(val)); 
strcat(temp," ''); 

Sln:at(temp,">")i 
break; 

case KTV ALUE: 
sttcpy(temp,"'TRUE'"); 
break; 

case KFV ALUE: 
strcpy(temp,"F ALSE''); 
break; 

case Kcollect: 
sttcpy(temp,"{ '); 
n • 0; 

• 
• 



} 

retum(lemp); 

} 

foreachinSEQIDLY ALUE(enUy. Vcollect->objec:ts, 
Sval,val) 

{ 

} 

D++i 
if(n <s IS) 
{ 

} 

strcat(temp,entry _to_ string(val)); 
sucat(temp," "); 

if(n < len((pOenList)(enUy.Vconect->objects))) 
strcat(temp," ·-"); 

stn:at(lemp,"}"); 
break; 

/*t I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I II I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I 

* type_ to_ string return a string equivalent of the • 
• given type • 
• 
• Last revised: April 14, 1986 •.••.••................••.........................•...•....••........... , 
String 
typeTtee 
{ 

) 

type_ to_ string(t) 
t; /* type to get string equivalent of *I 

SWitch (typeof(t)) { 

} 

case K.Tint: 
retum('!NTEGER"); 

case Krat: 
retumC'RATIONAL'1; 

case Kstr. 
return(' STRING"); 

case Kbool: 
retum('BOOLEAN"); 

case Kset: 
retum('SET1; 

case Kseq: 
retum('SEQ"); 

case Kuser: 
reblm(L Vuser->DT->name); 

• 
• 



/* IIIII II II J I JIll II II J II II Ill llll+++++i-1111 1111111111111111111111111111 

• 
• 1itle: Interpretation of Assertions • 
* Filename: • kickenSO"softlablsemanlmacros.h 
* Author: Jerry Kickenson <kickenso@UNC> 
* Department of Computer Science 
* University of Nonh Carolina 
• C!apel Hill, NC 27514 
• 
• Copyright (C) Tho University of NOI1h C.rolina, 1985 • 
• 
• All rights reserved. No part of this software may be sold or • 
• disuibutod in any fonn or by any means without the prior written • 
• pennission of the SoftLab Software Distribution Conrdinator. • 
• 
• Report pmblems 10 softlab@unc (csnet) or 
• softlab!unc@CSNET·RELAY (ARPAnet) 
* Direct all inquiries to the SoftLab Software Distribution • 
* Coontinator, at the above addresses. 
• 
• Function: macros used by all phases of assertiou interpretation • 
• 
• 
******************************************************************* *I 

#include <Sidio.h> 

#define K(str) fprintf(stderr,"str 0); 
#define cbeck(X,N,SP ,POS,TREE) interprel(X,N,SP ,POS,forms,allstrucs, 

#define streq(sl,s2) strcmp(sl,s2) •• 0 
#define enor(str) if(pass >• 2) fprintf(stderr,str) 

typedef intboclean; 

typedef struct { /* structure instance *I 
nodeDesc st: I* pointer to root of structure instance */ 
String portname; I* name of port associated with structure *I 
String stDame; I* name of stnu:ture *I 

} struc; 

#define BOOL ''bool" 
#define !NT "int" 
#define RAT "rat" 
#define STR "str'' 
#define SET "set" 
#define SEQ "seq" 

#define HEAD 
#define MEMBERS 
#define TYPE 
#define SIZE 
#define TAIL 

"Head" 
"Members" 
''Type" 
"Size" 
"Tail" 

#define UNKNOWN "Unknown" 

#define strequal(sl,s2) 

#define COMMENT 
#define EXTENSION ·2 
#define WARNING 
#define RECOVERABLE 
#define SERIOUS 
#define FA TAL 

!strcmp(sl,s2) 

-I 

-3 
-4 
-S 
-6 

• 

• 

• 
• 

• 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

numstruc,stind~ 



#define CommentO(n,spos) 
#define Commentl(n,spos,al) 
#define Comment2(n,spos,al,a2) 

En-Handler( COMMENT ,n,spos,'m ;m) 
ErrHandler(COMMENT ,n,spos,al,"j 
ErrHandler(COMMENT ,n,spos,al,a2) 

#define ExtensionO(n,spos) ErrHandler(EXTENSION,n,spos,"",'m) 
#define Extensionl(n,spos,al) ErrHandler(EXTENSION,n,spos,al,'~) 

#define Extensioo2(n,spos,al,a2) ErrHandler(EXTENSION,n,spos,al,a2) 

#define WarningO(n,spos) 
#define Warningl(n,spos,al) 
#define Warning2(n,spos,al,a2) 

#define RecoverableO(n,spos) 
#define Recoverablel(n,spos,al) 
#define Recoverable2(n,spos,al,a2) 

#define SeriousO(n,spoe) 
#define Seriousl(o,spos,al) 
#define Serious2(n,spos,al,a2) 

#define Fala!O(n,spos) 
#define Falall(n,spos,al) 
#define Falal2(n,spos,al,a2) 

EnHandler(W ARNING,n,spos,''" ,''") 
ErrHandler(W ARNING,n,spoe,al,"j 
ErrHandler(W ARNING,n,spoe,al,a2) 

ErrHandler(RECOVERADLE,n,apos, "","') 
ErrHandler(RECOVERADLE,n,spos,al,"j 
ErrHandler(RECOVERADLE,n,spos,al,a2) 

ErrHandler(SERIOUS,n,spos,"" ,"") 
ErrHandler(SER!OUS,n,spos,al, "j 
ErrHandler(SERIOUS,n,spos,al,a2) 

ErrHandler(FATAL,n,spos,"","j 
ErrHandler(FATAL,n,spoe,al,"") 
ErrHandler(F ATAL,n,spoe,al,a2) 




