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A rose is a garden flowewhich has dot of
petals and a pleasant smell.

(English Language Dictionary)

Abstract

Dynamic Inheritance System (DIS) allows creations of objects andlif§gamong them
at run time. This enables artificial intelligencprograms modeling human reasoning
process to develop and use a hierarchieal of the world, separating concedi®m
details of specific situations.

Introduction

The importance of inheritance is nothing new. Object oriempgaoach t@rogramming
has proven to be superior tdhertraditional approaches imanyareas. However, the
concept of onentity being a specialized instangk or inheriting fromanother entity is
much more than just another approach to writing computer programs. It is treekafy
concepts irour understanding of the worldTwo examples illustrate thigoint. Thefirst
one is arEnglish language dictionayhere mostlefinitionsare in aform "X is Y where
[where clause]'meaning that X inheritall properties of Y except for, or in addition to
the propertiesnentioned irthe where clause. The secamadmple is a childvho sees an
unfamiliar object and asks a parent: "Mom, what is it@plying thatthe object must be
placed somewhere in the inheritance structure in his mind with an I1S-A relationship.

Dynamic Inheritance System for C++ Programs

What is DIS

The DynamicInheritance Systen(DIS) allows a class hierarchy to be builtran time.
This means thathe class hierarchyloes notneed to be created affidalized before a
program is compiledput it can bemodified, or evencreated from scratchduring
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execution of a program. This allowlgnamic systems like meuralnetwork or agenetic
algorithm tomodify the inheritance used in a program, opendtogprs forsuch algorithms
to model human understandingtbe world and process diuman learning and decision
making.

How to use DIS

DIS provides a set dtinctions that can be called fronCa+ program to createnodify,
and search a class hierarchy. The functemes(see DIS.H i\ppendix Afor complete
function declarations):

Object *new_object(char *object_name)

Object::set_superclass(Object *super)

Object::rm_superclass(Object *super)

Object::set_attrib(char *attrib_name, void *attrib_value)

Object::rm_attrib(char *attrib_name)

Object::get_attrib(char *attrib_name, Object **where)

The basic entity inDIS is anObject. Objects havéttributes. Each Attribute has a
name and a value. Aattribute'sname is acharacter string, and it&lue is a generic
pointer. Attributes are accessesing an Object and Attribute's name.h&M retrieving
thevalue of anAttribute, if the Attribute isnotfound in the Object, then Objects that the
current Objectnherits from(ancestors) are searched, andftig match ofthe Attribute

is returned. First the direct ancestors are searched (the ones the currentinDéjiest
from directly), then their direcncestors, and san. When searchinglirect ancestors of
an Object, they are searched in the reversed order in which they were added.

The last argument afet_attrib returns a pointer to the Object where the attribute
returned idefined. If this information isot needed, a NULL can be passed aslése
argument. Usinghe keywordPRIVATE in place ofthe last argument limits the search
for an attribute to searching the current object only.

For anytwo Objects one can alys be made direct ancestor of the othesyen if they
are already related. ThuBIS allows multiple inheritanceand even cycles.Any child-
ancestor link can be removed at any time.

Although an Attribute's value is a genepointer, it can be used tstore anything,
including a pointer to a function, allowing Objects to hanethodsor definedoperations,
without DIS having to do anything special for it.

Users use class Objectdmeate a C++ object for ea€iS Object,and then usenember
functions of Object tocreate and removenheritance linksbetween Objects, set and
remove Attributes, and traverse the inheritance structure.

For example, the following code creates an object and adds attributes to it:

dog = new_object("dog");
dog.set_attrib("has_tail", "yes");
dog.set_attrib("color”, "grey");
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The following creates another object antbkes it a subclass tiie prevously created
object dog:
poodle = new_object("poodle");

poodle.set_attrib("color", "black");
poodle.set_superclass(dog);

Gettingpoudle 's attributeshas_tail" and"color"  with get_attrib() works as
expected, returningyes" and "black"  respectively.

DIS Implementation

DIS is implemented using++ and the object oriented paradigmlote, however, that
inheritance built in DIS has nothing to do with inheritance in C++.

Each Object has, amomgherthings, aset of Attributes, a set of pointers @bjects it
inherits from (direct ancestors, or direct superclasses), and a set of pointers tot@djects
inherit from it (directchildren, or direct subclasseshll sets aremanaged with a Queue
class. When adttribute is assigned a value, it is addedtlie set of Attributes of the
Object if there is no attribute with the same nantligxObject or thevalue of an existing
Attribute is changed if theris. Each Attributeemains inthe Objectuntil it is explicitly
removed withrm_attrib()

Retrieving a value of amttribute requires traversing thaheritancestructure. A
temporary Queue is used to keep trackobjects that vl need to be searched. To avoid
searchinghe same Object multiple times,field visited (of long data type) is usedEach
time theinheritancestructure is traversed, a static countisited cntis incremented, and
visitedof all Objects being searched is assignisted_cnt Objects withvisited matching
visited_cntcan then be ignored because they have already been searchedthlsring
inheritance traversal. Thsetupavoids going througtall Objects atany timeand is
guaranteed to work at least 4,294,967,88&s. And if this becomes a limitatical| that

is needed is to go througli objects once in thatumber of inheritance searches aeset
visitedof all Objects to 0. (Afteall, if acomputer is used teimulate a human activity as
DIS is intended to, there is nothing wrong with it requiring to sleep sometimes.)

Sets management: supporting class QUEUE

The clasQueueimplements a doubly linkeqgueue ofanything, and is used to manage all
sets, orcollections of anyobjects, in DIS. Thdollowing functions are provided by
QUEUE:

QUEUE::insert_first(void *data)

QUEUE::insert_last(void *data)

QUEUE::remove(void *data)

A structure Q_LINK is used tstore pointers t@revious and next elements and the
pointer to data. The usean (and must) search the QUEBEmMents directlybut must
use QUEUE member functions to change anything in the QUEUE.
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Memory management: supporting class FREE_LIST

A classFREE_LIST is used foall memorymanagement needs. The idea is tuhén
frequent allocations and deallocations of elementh@$ame typere required, it is best
to allocate them in chunks when needed, and instead of returning them back to the
Operating System when no longer needed, keep therthéonext allocation requests.
This is exactly wat FREE_LIST does. FREE_LISAas a pointer to &hain of free
structures, andillocation requests argatisfied from that chain. Structures no longer
needed are returned back to ttain. Pointers that linthe chainare overlaid with the
structuresthemselves, as thegontents are noheeded whenhe structures are under
FREE_LIST control. Tcsatisfy an allocationequestvhen no morestructures aréeft in

the chain, a new chunkof userdefined number) oftructures is allocated from the
Operating Systemlinked into a chain, an@ne of thenewly allocated structures is
returned. Forexample, Q_LINKstructures are useektensively bythe QUEUECcIass.
Thus, it contains a declaration:

FREE_LIST free_q_links(sizeof(Q_LINK), 200)

creating FREE_LIST object fomanagingQ_LINK structureswhich allocates new
structures in chunks of 200. When a Q_LINK structure is needed, it is gotten by

free_qg_links.allocate()

When no longer needed, it is deallocated by
free_q_links.free()

This way of memory management lmsven to bevery efficient inDIS and manyother
programs withsimilar memory management needs. é#ffectively makesresources
required to allocate and deallocate structmegigible asmost requests amatisfied with
only a few simplepointer manipulations, doe®t need a garbage collector, and does not
experience any memory leaks.

Examples of DIS usage

A simple example (EXAMPLE.CPP)

This example illustratelsow thefunctions provided bpIS are to be usedAppendix E
provides a complete listing and output, which are self-explanatory.

Prototype layer (PROTOT.CPP)

The file PROTOT.CPRPmplementsanotherlayer between DISand a user program. It
provides a quick way tareate methods antst their activations, and is intended for
quick prototyping of programssing DIS. Thetarget is toeliminate the necessity of
creating a separate function the user program for each method in thkeritance
hierarchy. Examples of methods creationswbich are very muchsimplified by the
prototypelayerare methodsvhich only callother methodsand methodsvhich only print

a message.
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It also illustrates hovDIS can be extended to handlaeytype of data. The program in
OBSTACLE.CPP described later uses this layer.

The prototype layer includes the following functions:

func (fn, arg, flags)
which creates a structure to be usedhbgke to execute functiorfn as a method of an
Object. When used as

obj.set_attrib(meth_name, func (fn, arg, flags))
it creates a methadeth_name in objectobj which is implemented by functidn . The
functionfn will be called byinvoke with argumentrg  if methodmeth_name is
invoked (either on the objecbj itself, or on any ofts childrenwho do not have the
same method redefined). fligs includeF_OBJ_PTR, theimvoke will call function
fn with a pointer to the current object as tinst parameter. Ifn is NULL, arg will be
taken as the result of the method.fldfjs include F_GO_ONthe result of the method
will be treated as @aame of a function to be executéat a sequence of functions to be

executed with their namesparated by spaces, i. esaipt) on the current object. The
flags can be OR-ed together.

invoke (obj, meth_name)

executes a method namedrbgth_name in the Objecbbj .
rm_func (f_struct)

removes the structure createdfbyc()

Examples of the prototype layer usage:
obj.set_attrib("print_hello", func(printf, "hello", 0);
invoke(obj, "print_hello");

When print_hello method is invoked, printf isalled with "hello” as theonly
argument, andhello" will be printed. The alternativevhich does notuse the
prototype layer is:

/Il function print_hello prototype

void print_hello(void);

/l add attribute pointing to the print_hello function
obj.set_attrib("print_hello", (void *)print_hello);

/I call the function pointed to by "print_hello" attribute
((void (*)(void))(obj.get_attrib("print_hello", NULL)))();

1 function print_hello implementation
void print_hello()

printf("hello");
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Another example:
obj.set_attrib("say_hello", func(NULL, "print_hello",
F_GO_ON));
invoke(obj, "say_hello");

Theinvoke() call here assumes thiiere is a methodgbrint_hello addedusing the
prototype layer functions, and thggint_hello method is called.

And to remove a method created using the prototype layer:
if ((f = obj.get_attrib("say_hello", PRIVATE)) != NULL) {
rm_func(f);
obj.rm_attrib("say_hello");

This removes the methedy_hello  from Objectobj .
See OBSTACLE.CPP for more examples of the prototype layer usage.

Models of Analogical Reasoning Using DIS

DIS isintended for use witkystems that require modificationsttee class hierarchy "on
thefly". Examples ofsuch systemare programsying to simulate human reasoning and
decision makingprocess byitilizing the inheritancestructure that think is created in the
human mind(as it hasbeen described ithe Introduction). Here is how DIS could be
used by these programs (in fact, this is what DIS was originally intended for).

Running Into an Obstacle (OBSTACLE.CPP)

The situation here is a computer prograimulating apersonsolving a mathematical
problem. A person tries tapply simplemethods first, does it for sonine, and then
realizes that theroblem is more complicated than he expected. At this gogrgroblem

in his mind becomes associated with abstacleand he knows that to deal with an
obstacle he needs eitherwmrk harder olinvent something different (metaphoricagp
around. With DIS it means that there is an Obj@tistaclesomewherewhich becomes a
superclass of the mathetical problem at han¢the problem_becomean obstacle).This
Obstacleobject contains the knowledge relatedatibobstacles, that is thexistence of
two alternatives for overcoming an obstadly: harder andgo around However, both
try harderandgo aroundthen must be instantiated with respect tograblem at hand,
suggesting that the current object mhave specialized versions tf/ harder and go
around Thus, when a mathetical problem becomes an obstadty, harder can get
translated into integrating, argb aroundmay bereading atextbook. The program
OBSTACLE.CPP doesxactly this usind1S. A methoddo of my_diff_problem IS
repeatedly activated, but what it translates into depends dnhiétancestructure built
in DIS. As inheritance structure is modified whray_diff_problenbecomes a subclass of
Obstacle do method ofmy_diff_problemactivates thelo method in theDbstaclewhich
decides what to do with thproblem that has become an obstacle. The inheritance
structure forthis example is shown ithe Fig. 1. Note thagxactlythe same mechanism,
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problem

do:
b | first 5 times
obstacle try_harder
do: after that
solve
math_problem go_around
 This link is added when
. . my_problem becomes an
solve: " obstacle
display "differentiating" ’
diff_eq_problem) try_harder:
display “integrating"
go_around:

display "reading book” /

Inheritance link
(from subclass to superclass)

my_diff_problem

Fig. 1 Inheritance structure in OBSTACLE.CPP

with the sameObstacleobject, wil work in manyothersituationswhich areall classified
in a metaphorical sense as running into an obstacle.

The key line in this example is
my_diff_problem->set_superclass(obstacle);

Sincetheobstacle object has aefinition for the methodio, there is nspecificdo in
my_diff problem , and the inheritance link betweenmy_diff problem and
obstacle is the most recent one added, the do methatbsthcle object is the one
activated byengineas thedo method ofmy_diff_problem . Andthedo method in the
obstacle object has all the high level knowledge related to the obstacle concept.

Although in OBSTACLE.CPP it is programmed that fivst 5 attempts tosolve the
problemfail before theproblem becomes aBbstacle in a "real simulation" this W be
the job of a neurahetwork or anotheAtrtificial Intelligence algorithm. The regulado
(the one activatedvhen the currentproblem isnot an Obstaclg¢ will result in some
progress that il be monitored by a neuradetwork. \When thisprogress stops ispite of
the continuing efforts,the neural network wil associate thé@bstacle Object with the
current problem by adding an IS-A relationship between them using DIS.
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| Organism .
‘ \
| DIS |
\ . - , .

‘ "Brain" modifies object "Engine" uses DIS to ‘
\ hierarchy in DIS invoke a proper function ‘
‘ ' |
\ ‘
‘ \

/
/
'
‘ m @ '
‘ ‘
‘ '
'

Functions invoked by "Engine"

‘ n M "
Brain” analyzes through DIS affect the real world

the real world

| V Real World |

Fig. 2 Proposed organization of an Artificial
Intelligence program using DIS

The aboveexamplesuggests the organization shown in Fig. 2.rel world simulation
simulates some part of a real world that the simulated organism lives in. The organism can
examine the state of the real world, and its actions affesiindation. Thebrain part of

the organism modifieghe inheritancestructure in DIS. Thengine partinvokes ado

method usindIS which results in invocation of properfunction, which will modify the

real world simulation

Adjusting a Quantitative Value (ADJUST.CPP)

This example has to do with sucbhncepts asoo much not enoughdoing more and
doing less which apply to anytask involving a singlequantitative value affecting the
result. The goal is to throw a balhd make it travel exactihe specified distance. The
quantitative value that needs to be adjusted to acthevgoal is the efforapplied during
throwing.

This simulation followghe structure shown in the Fig. 2. h@hthefirst attempt does not
succeedprain decides that théaskinvolves adjusting @uantitative value, and adds an
inheritance link from the current task tifrow_ball_now object) to the
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do_quantitative
' do:

do: : do it
if result==TOO_MUCH set velocity based on do_it
do_less . effort
else if result==NOT_ENOUGH effort = 10
do_more *_This link is delta_effort= 2
else - added by -
done . brain
do_less: )
effort = effort - delta_effort

do_it N engine repeatedly activath

do_more: do method .
effort = effort + delta_effort throw_ball_now l Engine

do_it effort = (specific value for this task)
delta_effort= (specific value for this task)
result = (TOO_MUCH or NOT_ENOUGH)
Quant = "effort"

velocity
[ Brain ] Coord'nate[ Real World ]

Fig. 3 Inheritance structure and other
components in ADJUST.CPP

do_quantitative object, making do_more and do_less methodsavailable.
These methods are activated based on the result of the last atfeniptsexpressed in
terms of TOO_MUCH and NOT_ENOUGH. The process of thrommgplemented in
thedo_it method of thehrow object, setwelocityin thereal world simulation real
world simulationoutputs thecoordinate where the &ll landed, based on theelocity
brain monitoring the real worldactivity estimatesthe resulting coordinate decides
whether it is TOO_MUCH or NOT_ENOUGH, and sets tbsult attribute to indicate its
decision. The attributQuant with value "effort" points thedo_quantitative

object toeffort  attribute specifying thateffort  is thevalue to be adjusted. Fig. 3
illustrates the arrangement described above.

Sincethe estimation performed bigrain seems a general hidgével concept that can be
reused in many other situations, it is encapsulated iastimationobjectwhich is made a
superclass of the curremdsk when estimation is needed. It theeacts tobrain's
activation of methothink
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Conclusion

The work presentedhere illustrates hownheritance can be used in netidg human
understanding of the world, reasoning ahetision makingprocess,making possible
separation ohigh levelconcepts from details apecificsituations. The models described
provide set-ups for programsonteling analogical reasoning and metaphorical thinking,
and facilitate development of sugnograms. One of them, faeling-based system, is
being developed right now by Greg Chien.

The fact that DIS igmplemented irC++ and can be used from C/C++ programs makes it
efficient and easy to use in combination with many existing artificial intelligence programs.
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Appendix A. DIS interface, DIS.H

I* DIS.H
Dynamic Inheritance System

Written by Oleg Ostrozhansky, August 1994
*/

#ifndef _DIS_DEFINED_
#define_DIS_DEFINED_

#include <stdio.h>
#include "queue.h"

#define NAMESIZE 15

#define DIS_FUNC(x) ((int (*)(Object *, void *))(x))
#define DIS_FUNC2(x) ((int (*)(Object *, void *, void *))(x))

/I forward references
class Obiject;

/I attribute type
typedef enum {A_NONE, A_REGULAR, A_NEW} A_type;

extern Object **PRIVATE;
[* for use with Object::get_attrib: if PRIVATE is specified,
only searches attributes set for this particular instance */

class Attribute {

public:

char name[NAMESIZE];
void *value;

b
kkkkkkkkhkkkkkkhkkkkkkhkkkkx 1 *kkkkkkkhkkkkkkhkhkkkkkhkkkk
/ Object /

Object *new_object(const char *class_name);

class Object {
friend Object *new_object(const char *class_name);

public:
/l functions
Object(); I/l constructor
Object(const char *name); Il constructor

void set_superclass(Object *);

void rm_superclass(Object *);

A_type set_attrib(const char *name, void *value);

void rm_attrib(const char *attrib_name);

void * get_attrib(const char *attrib_name, Object **where = NULL);
/* returns value of an attribute and shows in which object it was found

if where == PRIVATE searches only attributes set for this Object

*/

Il variables
char name[NAMESIZE];
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private:
I functions
void init();

Attribute *find_attrib(const char *name, Object **where = NULL);

/I finds attribute and class to which it belongs
Il variables
QUEUE attrib;

QUEUE parents; Il superclasses
QUEUE children; I/l subclasses
long visited;

3

#define new_class new_object
Il for compatibility with earlier versions

#endif
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Appendix B. DIS implementation, DIS.CPP

I* DIS.CPP

Dynamic Inheritance System

Written by Oleg Ostrozhansky, August 1994

*/

#include <string.h>
#include <stdlib.h>
#include "freelist.h"
#include "queue.h"
#include "dis.h"

long visited_cnt = OL;
static Object *dummy;

Object *PRIVATE = &dummy;

FREE_LIST free_classes(sizeof(Object), 20);
FREE_LIST free_attributes(sizeof(Attribute), 100);

/***************** ObJeCt ****************/
Object::Object()

init();

Object::Object(const char *obj_name)

init();
strcpy(name, obj_name);

void Object::init()
{

attrib.init();

parents.init();

children.init();

visited = OL;
}

void Object::set_superclass(Object *cls)

{

parents.insert_first(cls);
cls->children.insert_first(this);

}
void Object::rm_superclass(Object *cls)
parents.remove(cls);

cls->children.remove(this);

}
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Attribute *Object::find_attrib(const char *name, Object **where)

static QUEUE search_gq;
static int first_call=1;

/I search attributes of this class
{
Q_LINK *g=attrib.head;

while (q!=NULL && strcmp(((Attribute *)(g->data))->name, name))
g=g->next;

if (q'=NULL) {
if (where != NULL && where = PRIVATE) *where = this;
first_call = 1;
while (search_g.head != NULL)
search_qg.remove(search_g.head->data);
return (Attribute *)g->data;

}
if (where == PRIVATE) return NULL;

/I search up the hierarchy, breadth first

if (first_call) {
if (search_g.head '= NULL) {
puts("Error: search queue not empty");
exit(1);

visited_cnt++;
first_call = O;

}
visited = visited_cnt;

for (g=parents.head; q!=NULL; q=g->next)
if (((Object *)(g->data))->visited != visited_cnt)
search_g.insert_last(g->data);

if (search_g.head != NULL)
return ((Object *)(search_qg.remove(search_g.head->data)))->
find_attrib(name, where);
else {
first_call = 1;
if (where != NULL) *where = NULL;
return NULL,;

void *Object::get_attrib(const char *name, Object **where)

Attribute *a;

a = find_attrib(name, where);
return a==NULL? NULL : a->value;

A_type Object::set_attrib(const char *name, void *value)

Q_LINK *g=attrib.head;
Attribute *a;

Page 14 of 29

12/04/94



Modeling Analogical Reasoning with DIS

while (q!'=NULL && strcmp(((Attribute *)(g->data))->name, name))
g=q->next;

if (q'=NULL) {
((Attribute *)(g->data))->value = value;
return A_REGULAR,

}

a = (Attribute *)free_attributes.allocate();
strcpy(a->name, name);

a->value = value;

attrib.insert_last(a);

return A_NEW,

void Object::rm_attrib(const char *name)
Attribute *a;

if ((a=find_attrib(name, PRIVATE)) != NULL)
attrib.remove(a);

}

Object *new_object(const char *name)

Object *c = (Object *)free_classes.allocate();
c->init();

strcpy(c->name, name);

return c;

}
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Appendix C. Queues management, QUEUE.H and QUEUE.CPP

QUEUE.H
1* QUEUE.H

QUEUE class
maintains a doubly-linked list of whatever

Written by Oleg Ostrozhansky, December 1993
*/

#ifndef QUEUE_DEFINED_
#define_ QUEUE_DEFINED_

class Q_LINK {
public:

Q_LINK *next, *prev;
void *data;

h

class QUEUE {
public:

/I functions

QUEUE(); /I constructor
void init();

/I all these functions return pointer to the argument

void *insert_first(void *); I/l insert in the beginning
void *insert_last(void *); // insert at the end

void *remove(void *); /I removes this element

Q_LINK *head, *tail;
k

#endif
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QUEUE.CPP

I* QUEUE.CPP

Implementation of QUEUE class

Written by Oleg Ostrozhansky, December 1993.
August 94, modified to use Q_LINK structures

*/

#include <stdlib.h>
#include "queue.h"
#include "freelist.h"

static FREE_LIST free_(q_links(sizeof(Q_LINK), 200);

QUEUE::QUEUE()

init();

void QUEUE::init()

head = tail = NULL;
}

void *QUEUE::insert_first(void *newjob)
{
Q_LINK *ql;

gl = (Q_LINK *)free_q_links.allocate();
gl->data = newjob;
if (head==NULL)
tail = q;
else
head->prev = ql;
gl->next = head;
gl->prev = NULL;
head = ql;
return newjob;

void *QUEUE::insert_last(void *newjob)
{
Q_LINK *ql;

gl = (Q_LINK *)free_q_links.allocate();
gl->data = newjob;
if (head==NULL)
head = ql;
else
tail->next = ql;
gl->prev = talil;
gl->next = NULL;
tail = ql;
return newjob;
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void *QUEUE::remove(void *job)

Q_LINK *cur=head;

while (cur = NULL && cur->data != job) cur = cur->next;

if (cur == NULL) return job;

if (cur==head)
head = cur->next;
else
(cur->prev)->next = cur->next;

if (cur==tail)
tail = cur->prev;
else

(cur->next)->prev = cur->prev;
free_q_links.free(cur);

return job;

}
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Appendix C. Memory management, FREELIST.H and
FREELIST.CPP

FREELIST.H
I* FREELIST.H

FREE_LIST class, manages allocation and feeing of elements
of the same class efficiently. If an element is allocated,

it is never freed back to the system, but it may be returned
back to free_list to be available for the next allocation.
Elements are allocated in chunks.

Written by Oleg Ostrozhansky, December 1993
*/

#ifndef FREELIST DEFINED_
#define_FREELIST_DEFINED_

#define DEF_ALLOCAT 10 /I default is to allocate in chunks of
/l 10 elements

class FREE_LIST {
public:
FREE_LIST(unsigned size, unsigned num = DEF_ALLOCAT); // constructor
[* arguments: size of each element, and optionally number of
elements in each chunk */
void *allocate();
/* returns a pointer to a free element, or NULL if unsuccessful */
void free(void *);
/* adds an element to the free list */

private:
void **head; /l head of the free list
unsigned elem_size; // size of each element
unsigned chunk; /I number of elements to allocate each time when
/l out of free elements in the list
3
#endif
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FREELIST.CPP
I* FREELIST.CPP

Implementation of free_list class
Written by Oleg Ostrozhansky, December 1993.

If TRACK_MEMORY is defined, all allocated memory chunks are
linked together into a linked list pointed to by mem_head
*/

#include <stdlib.h>
#include "freelist.h"

#ifdef TRACK_MEMORY
void *mem_head = NULL;

#define OFFSET sizeof(void *)
#define RECORD_MEM(m) { *((void **)m - 1) = mem_head; \
mem_head = (void *)((void **)m - 1); }

#else
#define RECORD_MEM(m)
#define OFFSET 0

#endif

FREE_LIST::FREE_LIST(unsigned size, unsigned num)

{
head = NULL;
elem_size = size;
chunk = num;

}

void *FREE_LIST::allocate()

unsigned i;
void **p;

if (head == NULL) {
/* allocate new chunk */
head = (void **)((char *)malloc(elem_size*chunk+OFFSET)+OFFSET);
RECORD_MEM(head);
if (head == NULL) return NULL;
p = head;
for (i=0; i<chunk-1; i++) { /l'link new elements
*p = (void *)((char *)p + elem_size);
p = (void **)*p;

*p = NULL;
}
p = head;

head = (void **)*p;
return (void *)p;

void FREE_LIST::free(void *p)

*(void ***)p = head,;
head = (void **)p;
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Appendix E. Simple example of DIS usage, EXAMPLE.CPP

I* EXAMPLE.CPP

Demonstrates DIS usage
*/

#include <stdio.h>
#include "dis.h"

Object child_1("child_1"), child_2("child_2");
Object parent_1("parent_1"), parent_2("parent_2"), grand_parent("grand");

main()

child_1.set_superclass(&parent_1);
child_2.set_superclass(&parent_1);

parent_1.set_attrib("color", "blue");
parent_2.set_attrib("color", "green");

printf("1: child_1 color: %s\n", child_1.get_attrib("color", NULL));
child_1.set_attrib("color", "purple");

printf("2: child_1 color: %s\n", child_1.get_attrib("color", NULL));
printf("3: child_2 color: %s\n", child_2.get_attrib("color", NULL));
child_2.set_superclass(&parent_2);

printf("4: child_2 color: %s\n", child_2.get_attrib("color", NULL));
printf("5: child_1 color: %s\n", child_1.get_attrib("color”, NULL));
child_1.rm_attrib("color");

printf("6: child_1 color: %s\n", child_1.get_attrib("color", NULL));

return O;

Output:

: child_1 color: blue

: child_1 color: purple
: child_2 color: blue

: child_2 color: green
: child_1 color: purple
: child_1 color: blue

U WNPE
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Appendix F. Prototype layer, PROTOT.H and PROTOT.CPP

PROTOT.H
I* PROTOT.H

PROTOTYPE layer of DIS
Written by Oleg Ostrozhansky, October 1994

*/
#define F_OBJ_PTR 1 /* function requires ptr to the object */
#define F_GO_ON 2 /* lookup the result */

#define Printf  (void *)_Printf

typedef struct {
void *func;
char *arg;
int flags;

} func_struct;

func_struct *func(void *f, void *arg, int flags);
void rm_func(func_struct *f);

char *invoke(Object *inst, char *func);

char *_Printf(char *);

PROTOT.CPP
/* PROTOT.CPP

PROTOTYPE layer of DIS, implementation

Written by Oleg Ostrozhansky, October 1994
*/
#include <stdio.h>
#include "freelist.h"
#include "dis.h"
#include "protot.h"

static FREE_LIST free_func_structs(sizeof(func_struct), 10);

func_struct *func(void *f, void *arg, int flags)
func_struct *x = (func_struct *)free_func_structs.allocate();
x->func = f;
x->arg = (char *)arg;

x->flags = flags;
return x;

void rm_func(func_struct *f)

free_func_structs.free(f);

}
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char *invoke(Obiject *inst, char *func)
{
char name[NAMESIZE];
char *script_ptr=func, *c;
func_struct *f;
char *return_val=NULL;

while (*script_ptr 1="0") {

/I get name of the next function to invoke

C = name;

while (*script_ptr ="' && *script_ptr = "\0")
*C++ = *script_ptr++;

while (*script_ptr =="")
script_ptr++;

*¢="0,

/I lookup the pointer to the function

if ((f=(func_struct *)inst->get_attrib(name)) == NULL) {
printf("undefined function: %s\n", name);
continue;

/I execute the function
return_val = (f->func == NULL)? f->arg :
(f->flags & F_OBJ_PTR)?

(*((char *(*)(Object *, char *))(f->func)))(inst, f->arg) :
(*((char *(*)(char *))(f->func)))(f->arg);

/l'if GO_ON, recursively process the result

if (f->flags & F_GO_ON)

return_val = invoke(inst, return_val);

return return_val;

}

char *_Printf(char *s)
printf(s);

return NULL,;
}
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Appendix G. Running into an obstacle, OBSTACLE.CPP

/*
Demonstration program for DIS (Dynamic Inheritance System)

Written by Oleg Ostrozhansky, August 1994
*/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include "freelist.h"
#include "dis.h"
#include "protot.h"

char *obstacle_do(Object *, char *);

main()

Object *my_diff_problem;
Object *obstacle, *c, *diff_problem;
inti;

puts("™**" _ DATE__" " _ TIME__ " ***");

¢ = new_class("Problem");

c->set_attrib("do", func(NULL, "solve", F_GO_ON));
c->set_attrib("solve", func(Printf, "solving a problem...", 0));
c->set_attrib("done”, func(Printf, "Done!", 0));

diff_problem = new_class("Diff equation™);
diff_problem->set_attrib("solve", func(Printf, "differentiating...\n", 0));
diff_problem->set_attrib("push_harder", func(Printf, “integrating...\n", 0));
diff_problem->set_attrib("go_around”, func(Printf, "reading book...\n", 0));
diff_problem->set_superclass(c);

obstacle = new_class("Obstacle");
obstacle->set_attrib("do", func((void *)obstacle_do, NULL, F_OBJ_PTR));

my_diff_problem = new_class("my problem");
my_diff_problem->set_superclass(diff_problem);

for (i=1; i<5; i++)
invoke(my_diff_problem, "do");

puts("Hmm. No progress. | think it is becoming an obstacle.");
my_diff_problem->set_superclass(obstacle);

while (linvoke(my_diff_problem, "do"))

puts("Got it!");
return O;
}
char *obstacle_do(Object *inst, char *x)

{
void *p = (void *)0;
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X =X; // to avoid compiler warning; arg is not used
p = inst->get_attrib("stuck_count”, PRIVATE);

if ((int)p<5) {
inst->set_attrib("stuck_count", (char *)p+1);
invoke(inst, "push_harder");
return (char *)0;

puts("Pushing harder didn't work. Have to go around.");
inst->rm_attrib("stuck_count");

invoke(inst, "go_around");

return (char *)1;

Output:

** Nov 27 1994 22:10:49 ***

differentiating...

differentiating...

differentiating...

differentiating...

Hmm. No progress. | think it is becoming an obstacle.
integrating...

integrating...

integrating...

integrating...

integrating...

Pushing harder didn't work. Have to go around.
reading book...

Got it!
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Appendix H. Adjusting a quantitative value, ADJUST.CPP

I ADJUST.CPP

Demonstration program for DIS (Dynamic Inheritance System),
throwing a ball and making it travel exactly the specified distance
by adjusting the effort

Written by Oleg Ostrozhansky, November 1994
*/

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include "freelist.h"
#include "dis.h"

#define throw throw_obj
/I throw is a reserved word in C++

/I results of estimation

#define NO_RESULT 0
#define TOO_MUCH 1
#define NOT_ENOUGH 2
#define CLOSE 4
#define WAY_OFF 8

/* Real World Interface */
struct {

int velocity;

int coordinate;
} real_world_if;

Object *do_smth, *do_quant, *estimate, *throw, *throw_ball_now;

void build_class_structure(void);

void engine(void);

void real_world(void);

void brain(void);

int do_smth_do(Object *obj, void *x);

int do_quant_do(Object *obj, void *x);

int do_quant_more(Object *obj, void *x);

int do_quant_less(Object *obj, void *x);

int estimate_think(Object *obj, void *current_value, void *compare_to);
int throw_do_it(Object *obj, void *x);

main()
puts("**" _DATE__ " " __TIME__ " **");
build_class_structure();
while (1) {
engine();

real_world();
brain();
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void build_class_structure()

{
do_smth = new_object("do_smth");
do_smth->set_attrib("do", (void *)do_smth_do);

do_quant = new_object("do_quant");
do_quant->set_attrib("do", (void *)do_quant_do);
do_quant->set_attrib("do_more", (void *)do_quant_more);
do_quant->set_attrib("do_less", (void *)do_quant_less);
do_quant->set_attrib("result”, NO_RESULT);

estimate = new_object("estimate");
estimate->set_attrib("think", (void *)estimate_think);

throw = new_object("throw");
throw->set_attrib("do_it", (void *)throw_do_it);
throw->set_attrib("effort", (void *)10);
throw->set_attrib("delta_effort", (void *)2);

throw_ball_now = new_object("throw_now");
throw_ball_now->set_attrib("goal”, (void *)50);

do_quant->set_superclass(do_smth);
throw_ball_now->set_superclass(do_smth);
throw_ball_now->set_superclass(throw);

void engine()

DIS_FUNC(throw_ball_now->get_attrib("do", NULL))(throw_ball_now, NULL);
}

void real_world()

real_world_if.coordinate = 2*real_world_if.velocity;

}

void brain()
int delta, result;

delta = (int)throw_ball_now->get_attrib("delta_effort", NULL);

throw_ball_now->set_superclass(estimate);

/I estimate relatively to delta

result = DIS_FUNC2(throw_ball_now->get_attrib("think"))
(throw_ball_now, (void *)real_world_if.coordinate, (void *)delta);

throw_ball_now->set_attrib("result", (void *)result);

throw_ball_now->rm_superclass(estimate);

if (throw_ball_now->get_attrib("Quant”, PRIVATE) == NULL) {
/l throw_ball_now is not a subclass of do_quantitative yet
throw_ball_now->set_attrib("Quant”, "effort"); /l balance "effort"
throw_ball_now->set_superclass(do_quant);
}
}
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int do_smth_do(Object *obj, void *x)

X=X;
return DIS_FUNC(obj->get_attrib("do_it", NULL))(obj, NULL);
}

int do_quant_do(Object *obj, void *x)

int result, delta;
char delta_name[NAMESIZE+7] = "delta_";
x=X; /I to avoid compiler warning

result = (int)obj->get_attrib("result”, NULL);

if (result == NO_RESULT) {
DIS_FUNC(obj->get_attrib("do_it", NULL))(obj, NULL);
return O;

}
strcpy(delta_name+6, (char *)obj->get_attrib("Quant"”, NULL));
delta = (int)obj->get_attrib(delta_name, NULL);

if (result & WAY_OFF)
delta *= 2;

else if (result & CLOSE)
delta /= 2;

if (delta == 0)
delta=1;

obj->set_attrib(delta_name, (void *)delta);

DIS_FUNC(obj->get_attrib((result & TOO_MUCH? "do_less" : "do_more"), NULL))
(obj, NULL);

return O;

}

int do_quant_more(Object *obj, void *x)

{
char delta_name[NAMESIZE+7] = "delta_";
int delta;
x=X; /I to avoid compiler warning

strcpy(delta_name+6, (char *)obj->get_attrib("Quant”, NULL));
printf("Doing more of %s\n", delta_name+6);
delta = (int)obj->get_attrib(delta_name, NULL);

obj->set_attrib(delta_name+6,
(void *)((int)obj->get_attrib(delta_name+6, NULL) + delta));

DIS_FUNC(obj->get_attrib("do_it", NULL))(obj, NULL);
return O;

int do_quant_less(Object *obj, void *x)

char delta_name[NAMESIZE+7] = "delta_";
int delta;
x=x; /I to avoid compiler warning

strcpy(delta_name+6, (char *)obj->get_attrib("Quant”, NULL));

printf("Doing less of %s\n", delta_name+6);
delta = (int)obj->get_attrib(delta_name, NULL);
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obj->set_attrib(delta_name+6,
(void *)((int)obj->get_attrib(delta_name+6, NULL) - delta));

DIS_FUNC(obj->get_attrib("do_it", NULL))(obj, NULL);
return O;

}

int estimate_think(Object *obj, void *current_val_arg, void *compare_to_arg)
{

#define current_value (int)current_val_arg

#define compare_to (int)compare_to_arg

int goal, result;

goal = (int)obj->get_attrib("goal”, NULL);

if (current_value > goal + compare_to*3)
result = TOO_MUCH | WAY_OFF;

else if (current_value > goal + compare_to)
result = TOO_MUCH,;

else if (current_value > goal)
result = TOO_MUCH | CLOSE;

else if (current_value == goal) {
puts("Done!");
exit(0);

}else if (current_value >= goal - compare_to)
result = NOT_ENOUGH | CLOSE;

else if (current_value > goal - compare_to*3)
result = NOT_ENOUGH,;

else
result = NOT_ENOUGH | WAY_OFF;

return result;

#undef current_value
#undef compare_to

}

int throw_do_it(Object *obj, void *x)
x=X; /I to avoid compiler warning

real_world_if.velocity = (int)obj->get_attrib("effort”, NULL);
printf("Throwing with effort %d\n", real_world_if.velocity);
return O;

}

Output:

*** Nov 28 1994 19:50:51 ***
Throwing with effort 10
Doing more of effort
Throwing with effort 14
Doing more of effort
Throwing with effort 22
Doing more of effort
Throwing with effort 26
Doing less of effort
Throwing with effort 24
Doing more of effort
Throwing with effort 25
Donel!
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