Release Notes NIH Class Library Revision 3.0 Release Notes

INTRODUCTION

These are the release notes for Revision 3.0 of the NIH Class Library, the version of the
library described by our book Data Abstraction and Object-Oriented Programming in C++
by Keith E. Gorlen, Sanford M. Orlow, and Perry S. Plexico (ISBN 0471 92346 X),
published by John Wiley and Sons.

Thisrelease of the NIH Class Library contains the following classes:

NIHCL---Library Static Member Variables and Functions
Object---Root of the NIH Class Library Inheritance Tree
Bitset---Set of Small Integers (like Pascal’s type SET)
Class---Class Descriptor
Collection---Abstract Class for Collections
Arraychar---Byte Array
ArrayOb---Array of Object Pointers
Bag---Unordered Collection of Objects
SeqCltn---Abstract Class for Ordered, Indexed Collections
Heap---Min-Max Heap of Object Pointers
LinkedList---Singly-Linked List
OrderedCltn---Ordered Collection of Object Pointers
SortedCltn---Sorted Collection
KeySortCltn---Keyed Sorted Collection
Stack---Stack of Object Pointers
Set---Unordered Collection of Non-Duplicate Objects
Dictionary---Set of Associations
| dentDict---Dictionary Keyed by Object Address
| dentSet---Set Keyed by Object Address
Date---Gregorian Calendar Date
FDSet---Set of File Descriptors for Usewith sel ect (2) System Call
Float---Floating Point Number
Fraction---Rationa Arithmetic
| nteger ---Integer Number Object
| terator ---Collection Iterator
Link---Abstract Class for LinkedList Links
LinkOb---Link Containing Object Pointer
Pr ocess---Co-routine Process Object
HeapPr oc---Process with Stack in Free Store
Stack Proc---Process with Stack on nai n() Stack
L ookupK ey---Abstract Class for Dictionary Associations
Assoc---Association of Object Pointers
Assocl nt---Association of Object Pointer with Integer
Nil---The Nil Object
Point---X-Y Coordinate Pair
Random---Random Number Generator
Range---Range of Integers
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Rectangle---Rectangle Object
Scheduler ---Co-routine Process Scheduler
Semaphor e---Process Synchronization
Shar edQueue---Shared Queue of Objects
String---Character String
Regex---Regular Expression
Time---Time of Day
Vector ---Abstract Class for Vectors
BitVec---Bit Vector
ByteVec---Byte Vector
ShortVec---Short Integer Vector
I ntVec---Integer Vector
L ongVec---Long Integer Vector
FloatV ec---Floating Point Vector
DoubleVec---Double-Precision Floating Point Vector
Ol Oifd---File Descriptor Object /O r eadFr on() Formatting
Ol Oin---Abstract Class for Object I/O r eadFr on() Formatting
Ol Oistream---Abstract Class for Stream Object I/O r eadFr om() Formatting
Ol Onihin---Stream Object I/0 r eadFr on() Formatting
Ol Oofd---File Descriptor Object /O st or eOn() Formatting
Ol Oout---Abstract Class for Object 1/O st or eOn() Formatting
Ol Oostream---Abstract Class for Stream Object I/0 st or eOn() Formatting
Ol Onihout---Stream Object I/0O st or eOn() Formatting
ReadFromTbl---Tables used by Object /O r eadFr on()
StoreOnThbl---Tables used by Object I/O st or eOn()

CHANGESBETWEEN OOPSV2R2 AND NIHCL R3.0

This section highlights the most significant changes that have been made since the previous
release. It isby no stretch of the imagination complete.

Library name changed from " OOPS" to " NIH ClassLibrary"” (NIHCL)

Since there's too many things called "OOPS' these days, we' ve changed the name of our
library to the "NIH Class Library”. All file and C++ names containing "OOPS" have been
changed, often just by substituting "NIHCL" for "OOPS".

ClassNIHCL

With the introduction of static member functions and (useful) static member variables in
R2.0, it is now possible to eliminate most global names. In R3.0, we've gathered many
previously global functions and variables and made them static members of a new class,
NI HCL, which isthe base classof Obj ect . Here'salist of the public functions:

static class N HCL {
1.,
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public: /1 static menber functions
static unsigned char charBitMask(int i);
static unsigned short shortBitMask(int i);
static unsigned int intBitMask(int i);
static unsigned char bitCount(int i);
static unsigned char bitReverse(int i);

static void initialize(); /1 library initialization
static bool initialized(); /1 library initialized?
static void setError(int error, int sev ...);

} NIHCL_ init;

Since all NIH Library classes inherit these members, their member functions can use these
names without needing to specify a scope qualifier, except to resolve ambiguities. However,
non-member functions and member functions of classes not derived from NI HCL can
access them with the NI HCL scope qualifier; for example:

NI HCL: : set Err or (ERROR_CODE, DEFAULT) ;
Optional support for multiple inheritance

The NIH Class Library can be compiled to support Multiple Inheritance (M) by defining the
preprocessor symbol M . All classes linked together in a program must all have been
compiled with the same M option setting. The major effect of this switch isthat al classes
derived from Obj ect specify it as a virtua base class. Since C++ does not permit a
pointer to a virtual base class to be cast down to a pointer to a derived class, the new
DECLARE_MEMBERS macro defines an overloaded family of static member functions
named castDown() that can perform this conversion. (If M is not enabled,
cast Down() becomes an ordinary pointer cast.)

The cast Down() functions all call the function _cast Down() to perform the pointer
conversion. If a class has only a single base class, it uses the DEFI NE_CLASS and
DEFI NE_ABSTRACT_CLASS preprocessor macros as before, and these generate an
implementation of _cast Down() suitable for the single inheritance case. If a class has
multiple  base classes, it uses the new DEFI NE_CLASS M and
DEFI NE_ABSTRACT _CLASS M macros, which do not generate _cast Down() ---the
class provider must supply a definition as described in Tenpl ate_c.

All readFrom() constructors must specify the r eadFr on() constructor for the virtual
base class Obj ect intheir initidization lissswhen M isenabled. See Tenpl at e_h for
details.

If you use virtual base classes in conjunction with the NIH Class Library, you must take care
when implementing the deepCopy() and storeOn() operations that a virtual base
class's member variables are only deepened or stored once. The library provides the
functions deepenVBase() and storeVBaseOn() to help with this. Call
deepenVBase() instead of deepenShal | owCopy() to deepen the member variables
of a virtual base class, and call st oreVBaseOn() instead of st orer() to store the
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member variables of avirtual base class.
DECLARE_NMEMBERS macro

The new DECLARE_MEMBERS preprocessor macro generates the declarations for the
class descriptor and most of the member functions that all NIH Library classes must provide,
including:

private:

static O ass classDesc; /1 class descriptor
publi c:

cl assnane* cast Down( Obj ect *);

const cl assnane* cast Down(const Cbject*);

cl assnane& cast Down( Obj ect &) ;

const cl assnane& cast Down(const Cbject&);

static const C ass* desc(); /1 return class
descri ptor

static classnane* readFron(O G n&);

static classnane* readFrom( O G fd&);

cl assnane(A G n&) ; /1 readFrom)
constructors

cl assnane(d Oout &) ;

virtual const C ass* isA() const;

virtual Object* shall owCopy() const;

virtual void* _castdown(const O ass&) const;
pr ot ect ed:

voi d deepenVBase();

voi d storeVBaseOn(d Oof d&) const; /1 store virtual base
cl ass

voi d storeVBaseOn(d Qout & const;
private:

static nject* reader(A G n& strnj;

static ohject* reader(O G fd& fd);

The DECLARE_MEMBERS macro takes a single argument, the name of the class being
declared.

New implementation of Process classes

In R3.0, class Process has two derived classes, St ackProc and HeapPr oc, which
serve as the base classes for client processes. St ackProc and HeapProc differ in
where a process's stack is located when the processisrunning: a St ackPr oc hasits stack
located on the real stack in the stack segment, while a HeapPr oc has its stack in the free
storage area in the data segment. A context switch of a St ackPr oc involves copying the
active part of the current process's stack into a save area, then copying the saved stack of the
new process onto the real stack. A context switch of a HeapPr oc involves simply
resetting the processor’s stack pointer and frame pointer registers to point to the new stack,
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so a St ackProc context switch is much slower than a HeapPr oc context switch.
However, using HeapPr ocs tends to break debuggers, which usually can’'t cope with the
bizarre stack location, so programs using them are difficult to debug. Also, the stack area for
a HeapPr oc must be specified when it is constructed, and must be large enough to hold the
largest stack that can occur anytime during execution. In contrast, the stack save area for a
St ackPr oc grows in size if necessary and must only be large enough to hold the largest
stack in use when the process is suspended. Thus, the tradeoff is debuggability and reduced
memory requirement vs. speed.

Fiddling with the stack area and machine registers is something you can’'t do directly from
C++, so processes are inherently non-portable. The R3.0 implementation of the Pr ocess
classes attempts to use the C library routines setj np(), | ongj np(),and al |l oca()
to do context switching. While this works on many machines, you may need to write your
own versions of these routines for machines on which it doesn’'t. See the section on
PORTING THE PROCESS CLASSESfor instructions.

External cl ass_classnameidentifierseliminated

The class descriptor for each class no longer has an external identifier of the form
cl ass_classname. Instead, the class descriptor is a static member variable of each class,
and the inline static member function desc() returnsits address.

Changesto Object I/O

Previous releases of OOPS have a fundamental problem in the way they handle object 1/0
for classes with member variables that are class instances. For example, consider an OOPS

class X with amember variable of class M where Mis also an OOPS class:

class X : public BASE {

M m /1 a menber class instance
M p; /1 a nmenber pointer to a class instance
int i; // a fundanental type

/...
}s

Previousreleasesimplement X: :storer () and X:: X(i strean®&, X&) asfollows:

void X :storer(ostrean& strm

{
BASE: : storer(strm;

m storeOn(strnj;
p- >storeOn(strm;
strm<< i << " "

}

void X :X(istrean&strm X& where)
(strm where)
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{
this = &where;
readFron(strm"M, nj;
p = (M)readFron{(strm"M);
strm>> i;
}
void X :storer(FileDescTy& fd)
{
BASE: : storer(fd);
m st oreOn(fd);
p- >storeOn(fd);
storeBin(fd,i);
}
void X : X(FileDescTy& fd, X& where)
(fd, where)
{
this = &where;
readFronm(fd,"M, m;
p = (M)readFron(fd,"M);
readBin(fd,i);
}

The problem is that this constructor first initializes musing the M : M) constructor, then
calls readFr on(), which overwrites this initialized instance with an instance constructed
by reading st rm We didn't notice this bug earlier because, in practice, the problem occurs
only in classes Rect angl e and Shar edQueue, and has no obvious consequences. The
worst that is likely to happen is that M : M) alocates some memory that never gets
reclaimed.

Unfortunately, the fix requires some widespread changes. But, it turns out that numerous
other improvements become possible. The new format for storer() functions and
readFr om() constructors when not using Ml is:

void X :storer(O Oouté& strm

{
BASE: : storer(strm;
m st or eMerrber On(strm ;
p- >storen(strm;
strm << i;

}

void X : X(AO O n& strm
(strm, n(strnm

{
p = M:readFrom(strm;

Page 6 May 25, 1990



Release Notes NIH Class Library Revision 3.0 Release Notes

strm>> i;

}

void X :storer (O OCof d& fd)
{
BASE: : storer(fd);
m st or eMerrber On(f d) ;
p- >storeOn(fd);
fd<<i;

}

void X : X(O GO fd& fd)
© (fd), m(fd)

{
p = M:readFronm(fd);
fd>>i;

}

The new format is simpler and consistent---storer () functions aways cal
BASE: : storer() and X X(A G n&) constructors always call
BASE: : BASE( Ol Qi n&) .

Public r eadFr on() constructor

Since other classes in general must have access to X: : X( O O n&), it must be public
instead of protected, requiring a change to all header files.

Changesto r eadFr om()

As explained previoudly, callsto readFrom() that specify the third argument overwrite
an initialized instance of aclass. Since thisis generally a bad thing to do, the third argument
to readFron() hasbeen eliminated; thus, r eadFr onm() will only return a pointer to an
object. This form of readFron() was used to initialize member class instances. These
must now be initialized viathe r eadFr onm() constructor in the initializer list, as shown in
the example. When converting old programs, these callsto r eadFr on() will be flagged
as errors because the three argument form of r eadFr on() isno longer defined. Note that
when you change the r eadFr om() constructor, you must also change the corresponding
storer() function to store the member using storeMenber On() rather than
storeOn().

In previous releases, the second argument to r eadFr on() was an optional hame of the
class of object that was expected to be read. If the object read was of a different class,
readFrom() raised an error. Beginning with this release, r eadFron( O O n&), and
readFrom( O QO f d&) are static member functions of each class which will also accept
derived classes of the specified class, just as C++ allows a pointer to a derived class to be
used instead of a pointer to a base class. The global functions r eadFr on(i stream

const char* classnane) and readFrom(int fd, const char*
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cl assnane) have been eliminated.
i stream&replaced by O O n&

The type of the first (and now only) argument to the constructors called by
readFron(i strean®) has been changed from an i stream& to an O O n&. This
avoids naming conflicts with other constructors. Also, O O n isan abstract base class, and
al input operators are virtual functions, so you can customize the Object I/O format by
defining your own derived classes. O G streamand O Oni hi n implement a format
similar to the old OOPS format.

ost ream& replaced by O Oout &

The type of the argument to the st or er (ostream&) function has been changed to an
O Oout & O Oout isan abstract base class, and all output operators are virtual functions,
SO you can customize the Object 1/O format by defining your own derived classes.
A Costreamand O Oni hout implement aformat similar to the old OOPS format.

Automatic separators output by O OCostream : oper at or <<()

It is no longer necessary to explicitly output a space after each number written in a
storer (A Oni hout & function. Class O Qostream reimplements
oper at or <<() to supply the space automatically.

Fi | eDescTy&replacedby O O f d& O Cof d&

The type of the argument to the st or er (Fi | eDescTy&) function has been changed to
an O Oof d&. and the argument to the r eadFrom( Fi | eDescTy&) function has been
changedtoan O G fd& A G fd and O Oof d are not abstract classes, and their 1/0
operators are not virtual functionsasin O O n and O Oout , so using them does not incur
the overhead of avirtual function call for each member variable.

Changeto readFron( O O n&)

Encountering EOF during readFron({O O n&) is now always an error. Previous
releases returned ni | if the input stream wasinitially at the EOF. r eadFrom{ O O n&)
now behaveslike readFronm( O O f d&) always has.

storeBi n() replaced by O Oof d: : operator<<() and O Oof d: : put ()

The function storeBin(Fil eDescTyé&, type) has been replaced by
O OCof d: : operator<<(type) and the function storeBin(FileDescTy&,
type*, unsigned) hasbeenreplacedby O Cof d:: put (type*, unsigned).
readBi n() replacedby O G fd::operator>>() and O G fd:: get()

The function readBin(Fil eDescTyé&, type) has been replaced by
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OO fd::operator>>(type) and the function readBin(FileDescTy&,
type*, unsigned) hasbeenreplacedby O Q fd:: get (type*, unsigned).

read Cstring() replacedby O QG n::getCstring()

Thefunction read_Cstring() hasbeenreplacedby O G n::getCstring().
store_Cstring() replacedby O Oout: : put Cstring()

Thefunction store_Cstring() hasbeenreplaced by O Qout: : put Cstring().
READ_OBJECT_AS_BI NARY eliminated

The READ_OBJECT_AS Bl NARY macro has been eliminated. Replace it with code to
read member variablesindividually using >>and get () .

STORE_OBJECT_AS_BI NARY eliminated

The STORE_OBJECT_AS_ Bl NARY macro has been eliminated. Replace it with code to
store member variables individually using << and put () .

Changesto the DEFI NE_CLASS macro

The new version of the DEFI NE_CLASS macro has hooks for supporting multiple
inheritance. Before calling the DEFI NE_CLASS macro, you must define three preprocessor
symbols: BASE_CLASSES, MEMBER_CLASSES, and VI RTUAL_BASE_CLASSES. As
an example, suppose you are writing the implementation of a class with the following
declaration:

class X: public A public virtual B {
C c; // Cis a class
D d; // Dis a class
/Il...

1
Set the symbol BASE_CLASSES to a list of the addresses of the class descriptors for the
base classes of the class you are defining. These must be in the same order as they appear in
the class declaration:

#defi ne BASE CLASSES A::desc(), B::desc()
Set the symbol MEMBER _CLASSES to alist of the addresses of the class descriptors for any
member variables of the class that are NIH Library classes. These must be in the same order

as they appear in the class declaration:

#defi ne MEMBER _CLASSES C.:desc(), D::desc()

Page 9 May 25, 1990



Release Notes NIH Class Library Revision 3.0 Release Notes

If aclass has no class members, define MEMBER CLASSES, but give it no value.

Set the symbol VI RTUAL_BASE CLASSES to a list of the addresses of the class
descriptors for the virtual base classes of the class you are defining. These must be in the
same order as they appear in the class declaration:

#def i ne VI RTUAL_BASE_CLASSES B: : desc()

If a class has no virtual base classes, define VI RTUAL_BASE CLASSES, but give it no
value.

Now you are ready to call the DEFI NE_CLASS macro:

DEFI NE_CLASS( cl assnhane, version,identification,initorl,initor2)
Classname is the name of the class you are defining.

Version is the version number of the class you are defining. It should be changed whenever
the format of the information written by the st or er () function changes such that older
versionsof readFr on() cannolonger interpret it correctly.

Identification is a character string that identifies the revision level of the implementation of
the class. It is simply stored in the class descriptor where you can retrieve it by calling the
function Cl ass::ident (). The identification parameter is intended for use with a
revision control system such as RCS or SCCS. NIH Library classes specify it as the string
"$Header $", which RCS replaces with the revision identification.

Initor1 and initor2 are pointers to functions you may supply to perform initialization for the
class, for example, initializing st at i ¢ datathat the class uses.

DEFI NE_ABSTRACT_CLASS

Abstract classes should use the new macro DEFI NE_ABSTRACT _CLASS instead of
DEFI NE_CLASS. DEFI NE_ABSTRACT _CLASS has the same arguments as
DEFI NE_CLASS; the only difference is that the r eader () functions it generates do not
reference the class's object I/O constructors, and shal | owCopy() is defined as a
derivedC assResponsibility().

Changeto Cl ass: : cl assNane()

The function cl assNane() returns the name of the class of the object to which it is
applied. Inpreviousreleases Cl ass: : cl assNane() doesnot do this. Instead, it returns
the name of the class described by the class object to which it is applied. This release
eliminates this inconsistency: cl assNanme() returns " Cl ass" when applied to an
instance of class Cl ass. The new function Cl ass: : name() returns the name of the
class described by an instance of class Cl ass.
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New member functionsof class C ass

Cl ass** baseC asses() returns a zero-terminated array of pointers to the class
descriptors of the base classes of this class.

Cl ass** nmenber Cl asses() returns a zero-terminated array of pointers to the class
descriptors of the member classes of this class.

Class** virtual BaseC asses() returns a zero-terminated array of pointers to the
class descriptors of the virtual base classes of this class.

unsi gned | ong signature() returnsthe signature of this class. The signature of a
class is computed by hashing the signatures of this class's base and member classes and the
version number of thisclass. Itiscurrently used by st oreOn() /readFr onm() to prevent
obsolete versions of objects from being read.

const C ass* C ass::|ookup(const char* nane) returns a pointer to the
class descriptor object for the class with the specified name. Cl ass: : | ookup() returns
0if the name is not found.

Changesto copy(), shal | owCopy(),and deepCopy()

In previous releases, shal | owCopy() made a bitwise copy of an object, and
deepCopy() first made a shalow copy of an object, and then called the virtual function
deepenShal | owCopy() to convert the shallow copy to a deep copy. Each class
remplemented deepenShal | owCopy() to handle any pointer member variables
contained in instances of its class.

The problems with this approach are that (1) it is usually unsafe to make a shallow copy of
an object that contains pointers, and (2) with Release 2.0 of the AT&T C++ Trandator,
objects may contain compiler-generated pointers which deepenShal | owCopy() cannot
handle easily and portably.

The following changes have been made in an attempt to solve these problems:

Each class now reimplements the virtual function shal |l owCopy() to cal the
initialization constructor X: : X(const X&) to make a shallow copy of an object. The
implementation of shal | owCopy() is the same for al classes and is generated
automatically by the DEFI NE_CLASS macro:

nj ect* cl assnane: : shal | owCopy()
{

return new cl assnane(*this);

}

bj ect : : deepCopy() dtill cals the virtual function deepenShal | owCopy() to
convert a shallow copy, now made by the initialization constructor, to a deep copy. Since
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the shallow copy is no longer a simple bitwise copy, you may need to change
deepenShal | owCopy() for some classes.

In previous releases, copy() defaulted to deepCopy() since it was unsafe for genera
use. Beginning with this release, copy() defaults to shal | owCopy() as it doesin
Smalltalk-80. Also, Obj ect : : deepCopy() isnolonger avirtual function.

New function dunpOn() and changesto pri nt On()

To make the print On() function more useful in application programs, it has been
changed to print minimal formatting information, the idea being that this can frequently be
added by an application to suit its specific needs. The virtual function dunpOn() has been
added to assist in debugging by printing more detailed information than print On().
Qbj ect: : dunmpOn() prints the name of an object’s class, a left square bracket ("[ "),
calls printOn(), then prints a matching right square bracket and a newline ("] \ n").
Col | ection:: dunpOn() does the same, except that it applies dunpOn() to all
objects in the collection instead of calling printOn(). Other classes reimplement
dunpOn() to print more appropriate information.

By default, dunpOn() sendsitsoutputto cerr . A default argument has also been added
to print On() sothatitwritesto cout by default.

Changesto class Li nk
Constructor Li nk(const Li nk&) changedto Li nk(Li nk*)

The constructor Li nk(const Li nk&), which constructs a Li nk that points to the
argument Li nk, has been replaced by the constructor Li nk( Li nk*) . This change was
necessary so that shal | owCopy() could call the constructor Li nk(const Link&)
to make a bitwise copy. We suggest temporarily commenting out the declaration of this
constructor in the file Li nk. h and recompiling the programs that depend upon it so you
can easily detect and change the code using Li nk(const Link&) to use the new
Li nk( Li nk*) constructor instead.

As aresult of this change, Li nk:: shal | owCopy() is now enabled and will return a
bitwise copy of a Li nk.

New function i sLi st End()

Class Li nk has a new member function bool i sLi st End(), which you must use to
check for the end of a Li nkedLi st instead of checking for a pointer to Ni | . Compile
your program with - DM to find the places where you need to make this change.

Changestoclass It er at or

Iterator::shall owCopy() now produces a shallow copy with a pointer to the same
collection bound to the original instead of to a shallow copy of the collection bound to the
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original, asin prior releases. |terator::deepCopy() works as before: it produces a
deep copy with a pointer to a deep copy of the collection bound to the original.

The member variable Cbj ect* st at e has been added, which collection classes can use
to associate additional state information with an |t erat or. For example, a collection
class implemented as a tree structure can use st at e to pointtoa St ack used to maintain
the state of a traversal of the tree. The destructor for class |t er at or calls anew virtual
function, doFi ni sh(), which a class that uses st at e can reimplement to delete the
state object whenthe 1t er at or isdestroyed.

The st oreOn() format has changed as aresult of these modifications.

The function Qbject* Ilterator::operator()() has been added to return a
pointer to the current object, or O if there is none.

Changestoclass Di cti onary

The return type of assocAt (), renpveAssoc(), and renoveKey() has been
changed from LookupKey& to LookupKey* for consistency with the return types of
similar functions. Di cti onary: :assocAt () returnsOinstead of ni | if the key is not
found.

const argumentsto member functions

In previous versions , it was possible to convert, or "widen", a pointer to a const object
into a pointer to a non-const object by adding the const object to a collection class and
then removing it:

nj ect* f(const Objecté& co)

{
Orderedd tn c;

c.add(co);
return c.renmove(co);

}

C++ R2.0 now issues error or warning messages when a const pointer is converted into a
non-const pointer. To eliminate these problems, the const arguments to some functions
such as add() have been changed to non-const arguments. These changes affect classes
Assoc, Li nkQn, and the collection classes.
If youneedtoadd a const object to acollection class, you must use an explicit cast:

c. add((Obj ect & co);
Changeto Bag: : renove(const Object &)

Bag: : renpove(const (bject & now returns O until last occurrence removed instead
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of the address of the argument to eliminate "widening" of the const argument.

shoul dNot | mpl enent () functionsnow private

Virtual member functions that a class reimplements to call shoul dNot | npl enent ()
have been made private so that the compiler can give an error message if a client program
attempts to apply the function to an instance of the class.

Changeto class Stack

When a St ack is converted to another type of collection, the objects in the St ack are
added to the collection from the top of the stack down. Previous releases added them
bottom-up.

Changesto classHeap

The new member function Heap::renovel d(const Object& alows you to
remove the object that isthe same (i.e. i sSane( ) ) asthe argument object froma Heap.

Iterating over a Heap now visits the objects in the heap in sorted order, from smallest to
largest. Previous implementations visited the objects in heap order. This affects the order in
which pri nt On() liststhe objectsina Heap, for example.

Changesto classLinkedList

The new member function Li nkedLi st::renovel d(const Cbject &) alowsyou
to remove the object that is the same (i.e. i sSame() ) as the argument object from a
Li nkedLi st.

Changesto class L ookupK ey

The virtual function Obj ect* LookupKey: :val ue() const has been replaced by
two virtual functions

virtual QObject* value();
virtual const Object* value() const;

to prevent obtaining a non-const pointer from aconst LookupKey.
Changesto class Arraychar
The constructor for class Ar r aychar now initializes each element of the the array to O.

The virtual function r enmoveAl | () has been implemented, which resets each element of
the array to O.

Changesto class Assoc
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The virtua function Obj ect* Assoc::value() const has been replaced by two
virtual functions

virtual QObject* value();
virtual const Object* value() const;

to prevent obtaining a non-const pointer from aconst Assoc.
Changesto class Assoclnt

The virtual function Qbj ect* Assoclnt::val ue() const has been replaced by
two virtual functions

virtual Object* value();
virtual const nbject* value() const;

to prevent obtaining a non-const pointer from aconst Assocl nt .

CHANGESBETWEEN OOPSV2R1 AND OOPSV2R2

Class name changes

The name of class Arrayobi d isnow ArrayQb, the name of class Li nkobi d isnow
Li nkOb, and the typedef obi d has been removed. Just change all occurrences of
Arrayobi dto ArrayCb, Li nkobidto Li nkOb,and obi dto Object*.

Type bool now i nt

Type bool hasbeen changed from char to i nt for compatibility with X V11.

New String class

There is a new, more efficient implementation of class String. Thenew Stri ng class
is compatible with the old St r i ng class except for the following:

String(char c, unsigned | =1);
IS now:

String(char& c, unsigned | =1,
unsi gned extra=DEFAULT_STRI NG _EXTRA)

The argument unsi gned ext r a has been added to most of the String:: String()
constructors to allow the programmer to give a hint as to how much space to alocate in the
string for additional characters. When properly used, this can reduce the number of calls
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made to the memory allocator.

Assignment to substrings has changed dlightly. The old String class handled an
assignment to a substring such as:

String s = "abcdef";
s(0,2) = "123"; /1 result is 12cdef

by truncating the source string to the length of the destination substring. An assignment such
as.

s(0,2) = "1"; /1 result is 1\Ocdef
would cause a null byte to be inserted in the destination substring.

The new Stri ng class replaces the target substring with the source string, adjusting the
length of the target string if necessary. Thus

String s = "abcdef";
s(0, 2) "123"; /1 result is 123cdef

and:

s(0, 2)

" /1 result is lcdef
Changesto Class Process
Aninterfaceto sel ect (2) has been added:

voi d Process::sel ect (FDSet & rdnmask, FDSet & w nmask, FDSet & exmask) ;

PORTING THE PROCESS CLASSES

This section describes the steps to follow if you want to be a pioneer and port the Pr ocess
classes to a new machine/operating system.

If your target system provides the C library routines setjnp(), | ongjnp(), and
alloca(), and if the implementation of setjnp()/l ongjnp() operates by
saving/restoring all of the machine's volatile registers (as they do on the Sun-3, Sun-4, and
IBM RT/AQS), then the port should be very easy; otherwise, you'll need to write versions of
these routines in assembly language that behave as expected.

To find out how your setj np()/l ongj np() works, either look at the source code for
these routines (if you're fortunate enough to have it) or use the debugger to disassemble
them. A data structure of type j np_buf , defined in set j np. h, ispassed as an argument
to these routines. If your setj np() just savesadl the volatile registersin it to be restored
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later by | ongj np(), then you're probably in luck---all you need to figure out are the
offsetsin the j np_buf structure where the PC (Program Counter), SP (Stack Pointer), and
FP (Frame Pointer) registers are saved.

Next, look at ni hcl confi g. h and locate the place where it defines the machine-specific
inline functions SETJMP(), LONGIMP(), SETIMP(), _LONGIMP(), ENV_PC(),
ENV_SP(), and ENV_FP() . These define the interface to the Process classes. For
example, here are the definitions for SunOS 4.0 on the Sun-3:

#i f def SUNOS4

#i f def nc68000
typedef jnp_buf JMP_BUF

inline int SETIMP(JMP_BUF env) { return setjmp(env); }
inline void LONGOMP(JMP_BUF env, int val) { longjmp(env,val); }
inline int SETIMP(JMP_BUF env) { return _setjnp(env); }

inline void _LONGIMP(JMP_BUF env, int val) { _longjnp(env,val); }
i nli ne unsi gned& ENV_PC(JMP_BUF env)
{ return (unsigned&) env[3]; }
i nline unsi gned& ENV_SP(JMP_BUF env)
{ return (unsigned&env[2]; }
i nline unsi gned& ENV_FP(JMP_BUF env)
{ return (unsigned&) env[15]; }
#endi f

1. ..
#endi f

Add an #if .. #endif section for your machine and define the ENV_PC(),
ENV_SP(),and ENV_FP() functions to return a reference to the appropriate word in the
JMP_BUF array.

If your machine doesn’t use both an SP and FP, then you'll aso need to add some machine
dependent C++ codeto HeapPr oc. ¢ to relocate only the one actually used. See the code
for the 1 bnD32 in HeapPr oc. ¢ asan example.

If your system has both setjnp()/l ongjnp() and _setjnp()/_|ongjnmp(),
define SETIMP(), LONGIMP(), _SETIMP(), and _LONGIMP() to cal the
corresponding routine. If your system doesn't have the " " versions, check your
documentation to see if your setj nmp() /l ongj np() saves and restores the signal mask;
if so, define _SETJMP() and _LONGIMP() to cal setjnp() and | ongj np(),
respectively. Seethe code for SUNOS3 as an example.

If your setjnp() and | ongj np() do not save and restore the signal mask, you'll need
to provide versions that do. Define JMP_BUF to be a struct that consists of a j np_buf
plus whatever other members you need to save the signal mask. Then define _ SETIJMP()
and LONGIMP() tocal setjnp() and | ongj np() using the j np_buf part of a
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JMP_BUF, and define SETJMP() and LONGIMP() to do the same, but in addition to
savelrestore the signal mask using the other members of a JMP_BUF. See the code for the
nt 300 as an example.

If your setjnp()/l ongj np() do not work by saving/restoring all volatile registers (as
on the VAX), you'll need to write versions with different names that do, and call these
instead from the interface functions.

If you succeed in porting the Pr ocess classes to a new machine/operating system, we'd
appreciate a copy of the code for inclusion in future releases.

AT&T C++ TRANSLATOR RELEASE 2.00/2.1 BUGS

Releases 2.00 and R2.1 of the AT& T C++ Trandlator have a few bugs that we had to insert
work-arounds for in the NIH Class Library. These are conditionally compiled based on the
definition of preprocessor symbols beginning with BUG . If you are using the NIH Class
Library to test a Release 2.00 or 2.1 -compatible C++ compiler, we suggest that you edit the
master Makef i | e to define these symbols:

# Di sable AT&T R2.0/R2.1 bug work-around code
#BUGDEFS =
BUGDEFS = - DBUG bC2728 - DBUG 38 - DBUG 39 - DBUG OPTYPECONST

YACC STACK OVERFLOWS

The preprocessor symbol BUG_TQOOBI G controls compilation of code we had to insert to
avoid "yacc stack overflow" errors in the SunOS 3.5 C compiler. Release 2.0 produces very
complicated expressions for the inline copy constructors it generates for deeply-derived
classes. Explicitly defining non-inline copy constructors solves the problem. If you areaC
compiler vendor, please make your tables big enough to handle the C code generated by the
AT&T C++ Trandator!

COMPILING UNDER AT& T C++ TRANSLATOR RELEASE 2.1

R3.0 of the NIH Class Library has been tested with Release 2.1 of the AT& T C++ Trandator
under SunOS 4.0. The following subsections summarize the changes required when
compiling with R2.1.

I nconsistent declarations of alloca() in header files

The header files supplied with R2.1 declare al | oca() with areturn type of voi d* in
all oca. h and char* in mal | oc. h, so you get an error message from the compiler
when both of these files are included in the same compilation unit. We solved this problem
by changing the return type of the declaration of al | oca() in mal | oc. hto voi d*.
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Warning and error messages dueto #pragmasin SunOS 4.0 header files

The C compiler occasionally issues warning messages such as the following when compiling
the output of the AT& T C++ Trandator (both R2.0 and R2.1) under SunOS 4.0:

"fusr/include/CC/sys/signal.h", line 38: warning: function name expected

This is because C++ doesn’t understand the #pragma directives it encounters in some
system header files, so it just passes them through to the C compiler. The warning message
results because C++ eliminates or moves the C function declarations that the pragnma
references. Another problem is that the C++ header files use #defi ne to temporarily
rename system functions when they include the vendor’s C header files as a way to hide the
effects of the vendor’'s C declarations for these functions. Unfortunately, this garbles the
function namesin the #pr agma directives also.

Under R2.0, the #pr agma problem just results in warning messages, but under R2.1, the C
compilation occasionally fails with an error message. We manually made a new, self-
contained version of /usr/incl ude/ CC setj np. h with the following pragma at
the end:

/*

* Routines that call setjnp have strange control flow graphs,
* since a call to a routine that calls resume/longjnm wll
eventual |y

* return at the setjnmp site, not the original call site. This
* utterly wecks control flow analysis.

*/

#pragma unknown_control _fl ow si gsetjnp, setjnp, _setjnp)

This eliminates the error messages, but not the warning messages. It would probably be no

worse to simply remove the #pr agmas altogether, since they don’'t seem to be having the
intended effect, and that would eliminate the warning messages al so.

C++ Trandator +p option broken

The +p option produces spurious errors under R2.1. Edit the master Makefi | e to not use
the +p option when compiling with R2.1:

# C++ flags
# NOTE: Disable +p option when conpiling with AT&T R2.1
#CCFLAGS = +p
CCFLAGS =
Optional support for nested types
You can optionally define the preprocessor symbol NESTED TYPES to cause the NIH
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Class Library to use nested types under R2.1. Edit the master Makef i | e asfollows:
# Conpile with nested types (works with AT&T R2.1 and GNU C++)

#NESTED_TYPES =
NESTED_TYPES = - DNESTED_TYPES
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