AT9-91-073 " - 1 LANGUAGE NEUTRAL OBJECTS Field
of the Invention This invention generally relates to inprovenents in object
oriented applications and nore particularly to providing standard
interactions 5 between various |anguages and -systens. Background of the

| nventi on .Armnguaé%’e"lo f?)ers of workstation software, obj ect-oriented
programming (or GOP). is increasingly recognized as an inportant new
progranm ng technology. It offers expanded opportunities for software 10
reuse and extensibility, with inproved programer productivity when
conpaxed to conventional software CEANGUEGETEEUTRBRIOBUECESS. Even so,

obj ect-oriented technol ogy has not effectively penetrated nmaj or commerci al

software products to date. In particul ar, .operating-systens have hesitated
to enbrace the new technol ogy. 15 Fiela °ﬂs€"\‘ﬁ m"eﬁ‘g}ﬂlynew pr ogr amm ng
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have hesitated to embrace the new technology.

15 . As with many new programming technologies, the early expressions of
OOP concepts focused on the creation of new languages and toolkits, each
designed to exploit some particular aspect. So-called pure object-
oriented languages, such as Smalltalk, presume a complete run-time
environment (sometimes known as a virtual machine) because their

20 semantics represent a major departure from traditional procedurally
oriented system architectures. Hybrid languages such as C++, on the
other hand, require less run-time support but sometimes result in tight
bindings between programs that provide objects and the client programs
that use them. Tight binding between object-providing programs and their

25 clients often require client programs to be recompiled whenever simple
changes are made in the providing programs. Examples of such systems are

found in US Patent 4,885,717; 4,953,080 and 4,989,132,

Because different languages and object-oriented toolkits emphasize
different aspects of 00OP, the utility of the resulting software is
30 freguently limited in scope. A C++ programmer, for example, cannot
easily use objects developed in Smalltalk, nor can a Smalltalk programmer
make effective use of C++ objects. Objects and classes implemented in
one language simply cannot be readily used from another. Unfortunately

when this occurs one of the major benefits of QOP, the increased reuse of



easily use objects devel oped in Smalltalk, nor can a Smalltal kLHH&:}SHEﬁEHASIBEEN
nake effective use of C++ objects. Objects and classes inple t ed iREPSAGED
| anguage sinply cannot be readily used from another. Unfortunately When
this occurs one of ”ﬁf maj or benefits of OOP, jhe increased reuse of - 2-
code, is ,severéfr?/'gclﬁ ailed. oject-oriented |‘anguage and tool ki t

boundari es become, in effect, barriers to interoperability. Summry of the
Invention It is an object of the present invention ﬁo anel i 05 one or
more di sadvant &gée. &f SeNersdyi oirtaried. AQbdechREiPEED 8"%@8%5‘1" %‘h

i nvept.i on t her @oinsdattiec beswd, ains yEfleet fharr:genehva&mwgomeﬂahtbﬁage speci fi c
interface definitions for one or nore of a plurality of programi ng

| anguages from a | anguage neutral gource ﬁger gr’g §a| d interface
definitions providing access to an°BBJ2EEt% TEed progr ami ng obj ect

said one or nore of Recqsdinglyi tir &¢ apPUg\aam?Pth&ﬁg’ﬁaﬁ@sPrﬁfsﬁbﬁP%‘?%gm (t&)
~storage neans fredefihorliafgudgeeddpangiirgébjeetiideinitderisCes r ogutaal seb)ofmeans
for processing, ;,poemge%r egrémaolﬁfeﬁg@o,@@y% orOHC EnP HARGAR, emluaﬁ?msugwrt
testing to detérmne for whic said pturality of |angtages sai d | anguage
specific |nterPaE‘IfeBe]fﬁnﬁFquSnslsa?‘éaﬁléﬁ]tﬁ red; and (d) neans for generating

| anguage specific interface definitions from sai d processes | anguage

neutral source progrrdBel Md saikdd defeetivedesk tAnguagns. irtentiodiarg t o anot her

aspect of the LovsBLiaRatang J 3.4l sslasetr, a%ng&gsrnéu@éleeﬁﬂtc@d:mﬂ&@

for generating execu rom or t?‘
pr ogr ammi ng!9 aRgfigEeHadrash (QTR) n@‘f“e‘“F'&%‘?@u‘éFﬁ@"“rféﬂt from ?)lﬁ’]l%li:t” Fhi tion,
said two or nDseogagegreiiwm Rgd|inpguages cemgilehaesidpnd By hhamenqriyeofidt hod
conpri si ng the ghepsr Of srhétce.a;sﬁgrsl@ § {RDOWAY & oRGeHtE AdheOBI R Ce FdRTt RN £108,
'n a syntax different; LLOMSA b0 O & rRIAUAFILN Y| ARIHALC P XREALES:
which is a collection of utility routines that convert the intermediate
15 form of the file into bindings that conform with the particular target

language. The bindings are input to the particular target language

compiler to generate object modules. Finally, object modules are link
edited to create a loadable module. The loadable module is available to

any application program requiring its unique object functionality.

20 Matter forming the subject of the present patent specification also
forms the subject of our European patent application claiming priority
from U.S. patent Applications 07/805,777 and 07/805,778 filed on 12
December 1992.

Brief Description of the Drawings
25 Figure 1 is a block diagram of a personal computer system in
accordance with the subject invention;

Figure 2 is a drawing of a SOM data structure in accordance with

the subject invention;

Figure 3 is a drawing of a SOM class data structure in accordance

30 with the subject invention;

Flgure 4 is a flowchart depicting a language neutral object

1nterface 1n accordance with the subject invention;
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generatl ng a plurality of interface definitions each follow ng the syntax
of one of said two or nore programm ng | anguages; merging obj ect '
i npl ement ation source code with one of said interface definitions to form

an -obj ect inpl emi,p; NgyA3r Ogram mergi ng object yse source code with a
di fferent one of saléi Interface definitions to form an object using
program conpiling said object inplenmenting programwth a first conpiler

to create executable godge ﬁgg C(}gp‘whlapg dggicqupéz)geﬁtnkusﬁa@ra%r%mfoh &€ an

second conpiler to cr e exe Br.| ef J&tlon f the
Dr awi -ags Fi gure ipmbcatlwpo‘&%“alsgﬁr chiegts a‘t“paé:f"gff’r?“‘é%l‘fbm éPe 1%m tHyentons
accordance with the subject invention; Figure 2 is a draw ng of SOM dat a
structure in accordanﬁfgu%tdh&mef§w8hesé depiRiid @Re cEegHibR of & hea ThMaviasg

of a SOM cl ass data str ur, t he subject invention;
Figure 4 is a fl 69vcaﬁﬁr?&é§‘tée |w§ }}%Sga é%@uggvg\‘\%{eﬂt ral object interface in

accordance wth the subject invention; AT9-91-073
3 Figure 5 issa flowchiure deps ct ifmgﬂqhakt mlepidt el therde taddeditdonpstryftion of a

appl i cation-usi ng. SOy QBLECHR ddtoREARE dRNACLHY ddbjbdte i ea; 1 nventi on;
Figure 6 is a flowhart depicting the creation o? a new SOM cl ass in

accordance with the subject invention;
_ Figure 8 is a flowchart depicting the detailed construction of a

new SOM generic class object in accordance with the subject invention;

Figure 9 is a flowchart depicting the detailed initialization of a

10 new SOM class object in accordance with the subject invention;

Figure 10 is a flowchart depicting the detailed initialization of a
Solf class data structure with offset values in accordance with the
subject invention;
i
Fiqure 11 is a 'flowchart depicting the detailed parent class
15 shadowing of a statically defined class hierarchies in accordance with
the subject invention;

Figure 12 is a flow diagram depicting the redispatch method in
accordance with the subject invention;

Figure 13 is a flowchart depicting the detailed initialization of
20 the offset value in a SOM class data structure for a single public

instance variable in accordance with the subject invention;

Figure 14 is a flowchart depicting the detailed control flow that
occurs when a redispatch stub is employed to convert a static method call

into a dynamic method call in accordance with the subject invention; and

25 Figure 15 is a flowchart depicting the detailed control flow that
initialize a method procedure table for a class in accordance with the

subject invention.



5 Figure 7 is a flowhart depicting the detail ed construction of a
new SOM cl ass in accordance with the subject invention; Figure 8 is a
flowchart depicting the detailed construction of a new SOM generic class
object in accorda th the subject inventign; Figure 9 is a flowchart
depicting the et |Ie§,I initialization of a 10 new SOM cl ass object in
accordance with the subject invention; Figure 10 is a flowhart depicting
the detailed initialization of a SOM cl ass data structure with of fset

val ues in accordance with the subject invention; 1gure 11 is a flowhart
depi€ting the detail ed parentetpiled DescriptionOf FhsfInyertish cal |y defi ned
cl ass hi erarchi es i Theatxo@nthznc ts \pirk Fetahky prdajtdcdd imutbatdopbextFofjane 12 is a
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i nvention; Fig
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AT9-91-073309 1/0 adapter 18 for connectlng per1ﬂhm§adelv§6ts[?§c¢lr ésptdb.gp ug.tsﬂiﬁ to
| nventi on The gaventi gnus|e§ ter rabl%ggra(i% o conQecttu‘? COF
operating syst B P B AT o tRRTACBM Ot BFEvaly dofe ?‘BI\?I
Cor por ation. AQuspribsentsaeikes B avitkdorhe0e 138n mpd(or §t‘EPé’p1‘$@treH“ieﬁf¢qegur e
devices such as a touch screen device (not shown) to the bus, a
communication adapter 34 for connecting the workstation to a data
15 processing network and a display adapter 36 for connecting the bus to a
display device 38. The workstation has resident thereon the 05/2 base
operating system and the computer software making up:this invention which
is included as a toolkit.
f i
Object-Oriented Programming is quickly establishing itself as an
20 important methodology in developing high quality, reusable code. The
invention includes a new system for developing class libraries and
Object-Oriented programs. This system is called the System Object Model
(sOM). A detailed description of object oriented programming, SOM, and a
comparison to other object-oriented languages is provided to aid in

25 understanding the invention.

INTRODUCTION TO OBJECT-ORIENTED PROGRAMMING
A new development in the software commﬁnity is Object~-Oriented
Programming. Object-Oriented Programming Languages (OOPL) are being used
throughout the industry, Object-Oriented Databases (0ODB) are starting
30 widespread interest, even Object-Oriented Design and Analysis (OODA)
tools are changing tﬁe way people design and model systems.

Object-Oriented Programming is best understood in contrast to its
close cousin, Structured Programming. Both attempt to deal with the same
basic issue, managing the complexity of ever more complex software

35 systeys. Structured Programming models a system as a layered set of
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5 1, which illustrates a typical hardware configuration of -a workstation
‘i n accordance with the subject invention having a central processing unit-
10, such as a conventional m.croprocessor, and a nunber of other units
I nt er connect eq‘ ¥ig -gysystembus 12. The wor ksst ation shown in Figure 1
i ncl udes a Random Access Menory (RAM 14, Read Only Menory (ROM 16, an 10
|/ O adapter 18 for connect.ing peripheral devices such as di'sk units 20 to
the bus, a user interface .adapter 22 r connectin keyboard.24, a nouse
26, a speaker égﬁtlgﬁﬁ g?g‘ﬂﬁﬁhe'rg?,e DA 6T aGFH’é’ﬁ%é'gr% AR PR Wi ces such
as..a. touch scrfeshioge\dash Yager repraaspting 2 hdaharslevglctieirefl b8 i on adapter 34
for connecti n@yétem. WEtkaé thire® Programmikdf Modeds HheC338enTg Petawddrk butd gaves

di spl ay adapt §f3 raaﬁwes%éd@ﬁ,ﬁgaéyg;tmsaiﬂ&o%m£a>6n¢evi ce 38. The

wor kst ati on has resrdent thereon t base operat.ing system and the
conput er software making up this invention which is included as a toolkit.
Obj ect - Oi ent ed Pr Objextminigniesl frogrhkminggiodels shiysgen msecd Sebvfacodp@rating

! rmor:ant net lfa»asutegy Like @emm%mrg&zgmrﬁggliitt in'iegel'sbls_ﬁiﬂa%e ?ﬂﬁlebehgbﬁoral

i nvention inc S em .developLng class libraries an

oj ect-Ori ent §§9€1§3g?£¥,.a %iélts?méy&%’é?ﬁeﬁ’gn@ghcgd the System (bj ect Model .
(SOM) . A det aPFedragaiy: | BWRPYRF 0808 Pexond ditrustused Breqyramnoniy 2t Mtraing a
conpari son t o totuseagolthecdhfamathdred taxpleryeofi s sgstam.ded to aid in 25
under standi ng the invention. | NTRODUCTI ON TO OBJECT- ORI ENTED PROGRAMM NG A

new devel ogent in_the sqft co Aty is. Object-COriented Programing.
G ect - o BNt ed pr BRiRS ORIFS G REEOTEY roghamping hoiB ks poth Hhe hehpelsAl Adl o
i ndustry, Obj dpfereptionabompiexBbs ©f & GTEEN. athe. susien tepdssdo tiedoughy batfer
interest, eveorgdnieed thlid antdwhle Sighlyawel 1 Anadristiure ' QO¥Ycati bbjeite

changi ng the W?%erﬂ@@@ygt&gsé&ngr%Liz%ﬁstt%gf'ar Ser ‘P&'nﬁx‘&&ﬁ&tand,

Pr ogram"n' ng 1§ est uynder st oo | nl contrast to.1ts close cous| n, ruct ured
Progranmi ng. B8RYF- HBEPA -+ P EBPINR ¢ (Feth oraanized) sE5tems A58 lepd S§PRe VERe
conpl exi t yl5of tevaade meuee conpl ex software 35 systens. Structured Progranm ng
model s a systemas a | ayered set of '
_Object-Oriented Programming envisions tHe dual issues of managing
!
informational and behavioral complexity as being closely related. Its
basic unit of organization is the object. Objects have some associated
data, which are referred to as an object's state, and a set of
20 operations, which are referred to as an object's methods. A method is
implemented by a subroutine. A class is a general description of an
object, which defines the data representative of an object's state, and
the methods for supporting the object.

OBJECT-ORIENTED PROGRAMMING IN C
25 Before examining SOM, consider Object-Oriented Programming in C;
this will lead us naturally into the SOM philosophy. Consider a data
structure definition containing information related to a generic stack.
The data structure encompasses a series of functions designed to operate
on a stack structure. Given a basic stack definition, multiple instances
30 of this data structure may be declared within our program.

A generic stack definition, in C, appears below:
struct stackType {
void *stackArray[STACK_SIZE];

int stackTop;
3% };



AT9-91-073 5 functional nodules. These nodul es
are built up in a pyramd |like fashion, each |ayer. representing a higher

| evel vi.ew of the system Structured Programmi.ng nodel's the systenis

behavi or, but .gives little guidance to nodeling the systenis information. 5
Obj ect - Ori ent &tob5295 i ng nodel s a system ag a set. of cooperating -
objects. Like Structured Progranmming, it tries to manage the behavi or al
conplexity of a system Object-Oriented Programm ng, however, goes beyond

Structured Programyn I LYyd to manage the i nfor mati onal
couplexity of sélns?t egnmcgOsat""gﬁlj'ytp gg]étjse bj ect-Ori ented Progranm ng

nodel s both the behavioral and infornmational conplexity of a system the
syst em tends tzodefindtixn bftat generigartiaglke dubdtdonidppedrswasstsi nply wel |
"structured". Because Ooj ect- Oiented systens are better organi zed, they

are easier to un enslan debug, ,puintain. .an \ r n| zed
systens al so lsg: dk té'ar?lxseR/'es 15 /ténaﬂ%c apd m&iu%gze 3 tl&\C}/\‘%'Jengt?ed Pr ogranm ng

envi si ons the méI*PPeéues of manAlite ‘F]r‘PF‘B‘P"nﬁff Gﬁ&?k'a’ﬁ/d behavi or al
conpl exity ss betauk stidsstackhel ated. Its basic unit of organization is the

obj ect. Objectg; Qﬁ,&g hEOMe associ 91;% flanRo g@gv\ﬁh* re referred to as an

object's state set of 20 operations are referred to as an
obj ect's mnet hod§tac Y’\‘E‘Fﬁtﬁf Fs inplenmented by a subroutine. A class is a
gener al descri pveih*oéxtEhergbtkct, which defines the data repr esent ative of
an object's state, and the rret hods for supporting the object.

OBJECT- ORI ENTE@S EW ramme Fs. cangu%%%me howI T‘J%ﬁ tf@ﬁg r({ror&'l@ gi'egg\f’ttgrp nSJn(;Ler

bj ect-Ori ent ror 'S "W Us naturally into the SOM
phi | osophy10 CopyskipP %1"653&%1 sf?ruel‘iﬂpéedé!’??ﬂrﬁl’?ﬁ4°\iont ai ni ng i nformation
related to a generic stack.

void pgsh(Stagk *thisStack, void *nextElement)
{
thisStack->stackArray[thisStack->stackTop] = nextElement;
thisstéck->stackT0p+4;
15 '} i i

A client program might use this stack to, say, create a stack of words
needing interpretation:

main()
{

20 Stack *wordStack;
char *subject = “Emily";
char *verb = "“eats";
char *object = "ice cream";
char *nextWord;

25 wordStack = create();
push(wordStack, object);
push(wordStack, verb);
push(wordStack, subject);
1% oo ¥/ ’

30 while (nextWord = pop(wordStack)) {

print£("%s\n", nextWord);
7% oL X/
;-
}



The data structure enconpasses a series of functions designed to operate on
a‘ stack structure. Gven a basic stack definition, nmultiple instances 30 of
this data structure may be. declared wthin our program A generic stack
definition, in C_ appears bel ow struct stackType- void : '

*stackArray[STACK SI ZE]; int stackTop; 35 }; AT9-91-073

6 typedef st r uchT%PLEN ype Stack; A defi n|t|on7of a generic stack functlon
appears next: Stack *create(), /* malloc and initialize a new
stack. */ void *pop( : /* Pop element off stack. */ 5 St ack
*thisstack); void push( /* Push anto stack. */ Stack

*thi sStack, void *nepHikl example) camtus@dptwgemwmbsemnriamagd Reodromming: h A

functions woul d (=17 0 > oD ele Pt i 6P [inSHALP | @emaears
bel ow. void pusﬁ%%t acks*thﬁgisgtag%k fl/0|l"l’§';’ljl&gt ElL emen Fionin °

t hi sSt ack- >st acki&meBH ohitbe Bdret apd fbe dtﬁtﬁ é’i(tsﬁ?%‘%fé B <stack> is an
t hi sSt ack- >ssacksbapler of 165 clags. A kstack cpntaimstveridgha e&&@"ﬁhl@Sm%kﬁY@ and
say, Create a SE&GKkﬂi»)’\Draﬂ& sﬂﬁﬁ‘&ytlgtﬂr@EQfeQﬁﬁsatdceElateW NkpushQ)>, aSdack
*wor dSt ack; char bj egt y AV
?#& metho 1s Yiké a function, but is designed to operate on an
obJect of a particular class. An object is a specific 1nstance, or
instantiation, of a class. The object <wordStack> is an object of class

10 <Stack>, or <wordStack> is an instance of a stack.

Every method requires a specific object on which it is to operate.
This object is called a target object, or sometimes a receiving object.
Notice that each method (except <create()>)
takes as its first parameter a pointer to the target object. This is
15 because a program may have many objects of a given class, and each are
potential targets for a class method. :

There are three important advantages of this t;pe of organization.
‘First, generic concepts are developed which can be reused in other
situations in which similar concepts are appropriate. Second, self-
20 contained code is developed, which can be fully tested before it is
folded into our program. Third, encapsulated code is developed in which
the internal details are hidden and of no interest to the client. A
client <main()> program need know nothing about the <Stack> class other
than its name, the methods it supports, and the interfaces to these
25 methods.

COMPARISON TO Ct++
Another beneficial comparison is between SOM and the most
widespread Object-Oriented programming language, C++. SOM has many
- similarities to C++. Both support class definitions, inheritance, and

30 overridden methods (dalled virtual methods in C++). Both support the

notion of encapsulation. But whereas C++ is designed to support stand-

alone programming:efforts, SOM is focused on the support of commercial

quality class libraries. Most of the differences between SOM and C++

hinge on this issue. C++ class libraries are version dependent, while
35 SoM class libraries are version independent. When a new C++ class

librafy is released,- client code has to be fully recompiled, even if the

changes are unrelated to public interfaces.



char *verb = "eats"; char *object =."ice creani; char *nextWrd; 25

wor dSt ack = create(); push(wordStack, object); push(wordStack, verb);
push(wordSt ack, subject); /* ... */ 30 - while (nextWrd = pop(wordStack))
{ printf("%\n", nextWord); /* ...*/ AT9-91-073

7 Thi s exanpl e gmngpersised to review (bject-Osgented Progranm ng. A class
Is a definition of an object. The definition includes the data el enents- of
the object and the nethods it supports. A <stack> is an 5 exanple of a

cl ass. A stack cont @mss.&,mtgaﬁ@ggg,ﬁﬁggtﬁ &figt eHek Alrigayge , atwd . Stmkil'g)p>) and

supposfs three nmethods, <cre ) > n p i ke
a function, but? eség'}fgsf‘ e%fmtr% a)f)’(!,raatn %ﬁ?g Ra eg ?BR i)lan%ﬁgl cuPlg cl ass.
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i nstance of ghSt a&ansEVae &Xntﬁﬁ%{l@grr l]!.énqe?n&.@bﬁ%gag Wtk SRl iR t¥eabnid 1S

to operate. i'S object is Cca ar get ject, or soneti-mes a receiving
obj ect. Notice neHat"@uR4? AENABU (except <create()>) takes as its first
paranmeter a pointer to the target object. This is 15 because a program nay

have many objects ofcea ;Q—be‘dls%ﬁiﬁal éuﬁlp&a%rafn@m@hemﬂoalmua.sgqeals for a

glr SZEII ;Tg": Ihgﬁ Trt]'nggp?su atelotnrI 5 JREE td%? ini ggn%ntvﬁrqef? must Q:I tselexgeed %

clients, typically include declarations for the private data and methods.
10 In SOM, the client never has to focus on these implementation details.
The client need see only the <.sc> files, which contains only public
information. C++ also provides a limited method resolution function.
SOM offers several alternatives, such as offset method resolution, name

lookup resolution, and dispatch résolution.

15 One other interesting difference between SOM and C++ is in its
notien of class. In C++, the class declaration is very similar to a
structure declaration. It is a compile-time package with no
characteristics that have significance at runtime. In SOM, the class of
an object is an object. The class object is itself an instantiation of

20 another class, called the metaclass. The class object supports a host of
useful methods which have no direct parallels in C++, such as
<somGetName()>, <somGetParent()>, and <somFindMethod()>.

INTRODUCTION TO SOM
0S/2 2.0 includes a language-neutral Object-Oriented programming
25 mechanism called SOM (for System Object Model). BAlthough it is
possible to write Object-Oriented programs in traditional languages, such
as the stack example, SOM is specifically designed to support the new
paradigm and to be used with both procedural (or non Object-Oriented)
"languages and Object-Oriented languages.

30 An important requirement of Object-Oriented programming is code
reusability. Typically, code reusability is achieved through the use of
class libraries. Today's library technology is limited in that class
libraries are always language specific. A C++ library cannot be used by
a Smalltalk programmer and a Smalltalk programmer cannot utilize a C++

35 1library. Clearly it is necessary to create a language-neutral object



First, generic-concepts are devel oped which can be reused in other
situations in which simlar concepts are appropriate. Second, self- 20
cont ai ned code i's devel oped, which can be fully tested before it is folded
into our program IﬂLﬁﬁf encapsul ated code is queIoped in which the

i nternal detai | 4747 dden and of no interest to the client. A client

<mai n()> program need know not hi ng about the <Stack> class other than its
name, the nethods it supports, and the interfaces to these 25 methods.
COVPARI SON TO Cwededno¥iHsh ¢asnbe juspd|tocersghs icdetf 1PrBEIRfcBiPPEOMTMNAYhe nost

w desfy ead bj eglrodgdaimeitige Danpuagy, aprodeguiad ngu tlgiect€OrienteBOM has nany ,
simlarities-to C++. Both support class definitions, inheritance, and 30
overridden nethods (gall.ed vi rtuaL nmet hod infC++‘)S. Oﬁt)‘? su§portt t he Qot ilon
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unrel ated to pulphrenti eRagsfarcesperclaglf9- 91- 073 _ :

8 C++ supports programm.ng in only one | anguage, C++. SOMis designed to

S“pPOFt many !anguagggc'aps h.(icra trgggrsatcla %@gﬂm%gﬁlgl @&L&o@ﬁéif@fﬁ@& clients.

defining, manipul ating, Snd el eas ng class’lioraries. 'S uSed to

define cl assks JhiF REPYRSHS clpents) fromsmaking changes imanimpleneskiidenvhich
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' need to know the internal data structures of the stack, there was no way
to prevent clients from looking at such implementation details. We could

15 discourage, but not prevent, clients from writing code which used, and

possibly corrupted, internal stack data elements.

Inheritance, or class derivation,.is a specific technique for
developing new classes from existing classes. This capability provides
for the creation of new classes which are more specialized versions of

20 existing classes. For example, we could create a <DebuggableStack>,
which is like a <Stack> class, but supports further debugging methods,
such as <peek()> for looking at the top value and <dump()> for printing a
complete listing of the stack.

Inheritance also provides code consolidation. So, for example, a
25 class defining <GraduateStudent> and <UnderGraduateStudent>, can
be consolidated into a third class, <Student>. We then define -
<GraduateStudent> and <UnderGraduate> as more specialized classes, both
derived from the common parent <Student>.

Inheritance introduces some additional semantics. A specialized

30 class is said to be derived from a more generalized class. The general
class is called the parent class, or sometimes, the base class. The

specialized class is called the child class, or sometimes, the derived
class. A child class is said to inherit the characteristics of its

parent class, meaning that any methods defined for a parent are



encapsul ation. C++ class definitions, which nust be released to clients,
typically include declarations for the private data and methods. 10 In SOM
the client never has.to focus on these i npl ‘ement ati on details. The client
need see only the <.sc> files, which contains only public information. C++
al so provides gqoigd sl met hod resol ution funcid on. - SOM of fers several
alternatives, such as offset met hod resol ution, name | ookup resol ution, and
di spat ch resol ution. g One -ot her interesti ng difference between SOM

and Ct+ is inifs &Q&bﬂ(}gcﬁieﬁhé’& For |f1chith. s ChAtRsd EhAALLARL Y Sh
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characteri stlcs<“!‘1’|%ﬁstﬂdol'\7§°§ﬁ“§ﬁ?ff E‘é‘h 8”&1‘13'?’6!‘18% <Fﬁ“‘ga§/€ %E%‘QSPV\‘I&S of an
obj ect is an olxutonatiddidycicuyire ppy atethads| desdafedain itheiranenimeniparent. 20
anot her class, called the netaclass. The cl ass object supports a host of

ful t hods whi l4 +
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technology is limte t cl I es ‘are guage cific.
A C++ library CRIffSt tRE i &d<Brprduatstindantt « the G6F taﬁalta vsmm 8fk
programer canrptiniStudeneInfo(Op+ i85invbkdst.ary. Clearly it is necessary to
create a | anguage-neutral object
DEFINING CLASSES IN SOM
15 The procéss of creating class libraries in SOM is a three step
process. The class designer defines the class interface, implements the
class methods, and finally loads the resulting object code into a class
library. Clients either use these classes directly, make modifications
to suit their specific purposes, or add entirely new classes of their
20  oun. '

In SOM, a class is defined by creating a class definition file.
The class definition file is named with an extension of "csc". 1In its
most basic form, the class definition file is divided into the following
sections:

25 1. Include section ]
This section declares files which need to be included, much like
the C <#include> directive.

2. Class name and options

This section defines the name of the class and declares various
30 options. '

3. Parent information

This defines the parent, or base, class for this class. Aall
classes must have a parent. 1If a class is not derived from any existing



1

AT9-91-073 9 nodel, which can be used to
create class libraries usable fromany progranm ng | anguage, procedural or
bject-Oriented. SOMintroduces three inportant features |acking in nost
procedural |anguages. These are encapsul ation, inheritance, and

pol ymorphism5 (referred to here as "override resolution”). |Inheritance
refers to a technique gf speci fying the shape d behavior of a class
(called a subclﬁggglé’ i ncrenental differences Trom another class (called
t he parent class or superclass). Encapsul ation refers to hiding

inplesentation details fromclients. Thi s _protect | i_en rammaki ng
changes in an i fAfs&stnflth dh W?Eﬁfic%{}gobeaabeefg%ld% %a"fe_e?cz’ltasf h%%ts{{)/b egln%' Eg?
exanpl e, in thecktsackfereatptre of Héichissimthe fdle ceprbiafor ded to the C
code. Although clients did not need to know the internal data structures of

t he stack, ther : to prevent clients fromlooking at such ,
i npl ementation %‘epg% g%%}(poul d 15 discourage, but not, pirﬂﬁ)\é'e‘r;}tg:i clients
I

fromwiting code wibdf Srstipn declapes & drte SIenpRte Fonfaing etk Hat a
el enents. | nbertiianekmssor Bgl Gefaullar datat canbe iascessepamily iby bethods @fetleor
devel opi ng new gl.agses from existing classes. This capability provides for
the creation of new classes which are nore specialized versions of 20
existing classes. For exanple, we could create a <Debuggabl eStack>, which
is |ike a <Stack>Metheds Segtionsupports further debuggi ng met hods, such as
<peek()> for | ooki ngrhaé deleidn0pedlak e matibds iong{ich dbjechy bAtthig casorgahet e

listing of the lphaL ] cegial OYd | At i va or
exanple, a 25 ¢ eggghdef%igﬁf%g‘f ga&glart&gg%d}e%cﬁ?%ﬁgg%ﬁ%gﬁ %L%%ug%ée)% u gﬁ%i

can be consdPi dtft BRY ChPES S1IMMtr o TORaIess SSESIAN- Filf HUHeYufFfe describes
<G aduat eSt udera nomriléritdyd ¢ t@demliratbessa sandoise sepdertdl belad.cl asses, both
derived fromthe common parent <Student>. |nheritance introduces sone

addi ti onal sens(g‘gls%%efﬁlﬁg_ﬁgiﬁﬂ.zeq Alentl@Ss is said to be derived froma
nore generalized class. ne gen'eraf
include <somobj.sc

class:
15 Student;
éarent:
SOMObject;
data: )
char 4id[16]; /* student id */
20 char name[32]; /* student name */
methods:
void setUpStudent(char *id, char *name);
-- sets up a new student.
void printStudentInfo();
25 -- prints the student information.
char *getStudentType();
== returns the student type.
char #*getStudentId();
-- returns the student id.

30 s How to Write a Method
Class methods are¢ implemented in the class method implementation
file. Each method defined in the method section of the class definition
file needs to be implemented. They can be implemented in any language
that offers SOM support. C is used for an exemplary language throughout

35 the specification. However, one of ordinary skill in the art will



cliass is called the parent class, or sonetines, the base class. The
specialized class is called the child class, or sonetines, the derived
class. Achild class is said to inherit the characteristics of its parent

cl ass, meaning that any nethods defined for a parent are AT9-91-073

10 automatically defined for a child. Thus, begguse <G aduateStudent> and
<Under Gr aduat e SATRt8Ht033are bot h derived from <Sfudent>, they both
automatically acquire any nmethods declared in their comon parent.” Override
resolution refers to invoked nethods being resol ved based 5 not_only.on the
name.qf the nethedizéuhatlasp mograming dapgusge Gantls substituted. ,The aFrt}éﬁEf.'t
This al l'ows us %ﬁ LelRhb GnPRineatstidn Site aBiudent]@s sios set\§orilghelavef i ne a
<printStudentlnto()> nmethod for <Student> and then override, or redefine,
the nethod in both <Under Graduat eSt.udent >, and <G aduat eSt udent >.. Overri de
resol ution resoflass Nathed Tanlementatign Bjdes o <BiHEePYSZeot object. If the
target object tj@Fins saudeBtyClass=Souwrhe <St udent > version of _

<print St udent nf{hzad Ssivavakams | f the target object type is a

<G aduat eSt udent >, the <G aduateStudent>-version of <printStudentinfo()> is
i nvoked. DEFI NI NG CLASSES I N SOM 15 The process of creating class
libraries in SOmtdtdcvoifirsedVrit¥denilocess. The cl ass designer defines the
class interface, i gphdenemsensdis, cthmgs*ivht thwas*naantl finally | oads the

resul ting obj ec code into a class library. Cients either use these

cl asses directly, Kk ificationsg to [ L hEy.C purposes, or
add entirely new nggégggﬁf t%ogltr%.f’%o omﬁig+eht%%§ﬂh£aé§§%g£j is defined by
creating a clibass detrapyfidsh iddse. The class definition file is named with
an extension of "csercpylmamks mame); basic form the class definition file is
divided into th«? fol |l ow ng

static void printStudentInfo(Student *somSelf{

{
15 StudentData *somThis = StudentGetData(somSelf);
printf (™ 1d : %s \n", _id);
i print£(" Name : %s \n", _name);
printf(" Type : %s \n", _getStudentType(somSelf));
3 .
20 static char *getStudentType(Student *somSelf)
{
StudentData *somThis = StudentGetData(somSelf);
static char *type = "student";
return (type):
25 }
static char *getStudentId(Student *somSelf)
{
StudentData *somThis = StudentGetData(somSelf):
return {(_id);
30 }

Notice that the method code appears similar to standard C. First,
each method takesi as its first parameter, a pointer (<somSelf>) to the
target object. This parameter is implicit in the class definition file,
but is made explicit in the method implementation. Second, each method

35 starts with a line setting an internal variable named <sowThis>, vhich is
used_By macros defined within the SOM header file. Third, names of data

elements of the target object are preceded by an underscore character



sections: 25 1. Include section This section declares files which need to
be included, much like the C <#include> directive. 2. O ass nane and
options This section defines the name of the class and decl ares various 30
options. 3. Parent information This defines the parent, or base, class for
this class. Al classes nust have a parent. If _a class is not derived from
any existing AT¥PO=0y8.073 13 11 cl asses, then
it's parent will be the SOM defined class <SOMXj ect>, the class
information of which is in'the file <sonobj.sc> 4. Data Section This
secti.an decl ar 8s".anJhedundererenednpanecEaprasenés H¢ Ippeagesmasro Flefined dn the By
default, datd gpdysbresdecesaed Gain)thbynerfhbdsoalﬁe @fivokbeé byl plseind an Meidasstore

Sect Thi | ) h
rg(s:plo(r)lg :B)S/ Zg‘?ghﬁn‘frqﬁF O%rﬂ?ehﬂg{; Ofanfe i&lﬁnﬂgsg&teﬁ {Hme J’Up%e@étﬁ§5 can

ec are I n.t SSEC'[IOI} Saj\élgllable 10
to any class cheadfor BeRsage Fesolpipnandhildsea pragnadner fE¥LBavingst9ipes a
non-deri ved 5<Stmﬂi=entaﬁdcf-lws§etaaﬂa 9% this pfaseshr bel ow. C ass Definition Fil e
<student.csc> include <sonobj.sc> class: 15 St udent; parent: SOMDbj ect;

" The first parameter of every methbd is always a pointer to the
target object. This is illustrated below in the method
<printStudentiInfo()> which invokes the method <getStudentType()> on its
target object.

10 SOM compiler generated <student.c>
#define Student_Class_Source
#include "student.ih"

static void éetUpStudent(
Student *somSelf, char *id, char *name)

15 .
StudentData *somThi; = StudentGetData(somSelf); i
}
static void printStudentInfo(Student *somSelf)
{
20 StudentData *somThis = StudentGetData{somSelf);
}

/* ...and so on for the other methods. */

) MECHANICS OF USING SOM ]
There are a set of files involved with each class which are
25 discussed below. The files have different extensions, but all have the
same filename as the class definition file, <Student> in our example.
These files are described below.

] Student Class Files
<student.csc> - This is the class definition file, as described earlier.

30 <student.sc> - This is a subset of the class definition file. It
includes all information from the <.csc> file which is public, including

comments on public elements. For the student example, <student.sc> would



i -

data: char id[16]; /[* student id */ 20 char nane[ 32]; /*

st'udent nanme */ nethods: void setUpStudent(char *id, char *nane); -- sets
up a new student. void printStudentinfo(); 25 -- prints the student

i nformati on. char *get Student Type(); -- returns the student type. char
*get Studentld(); -- returns the student id. 30

How to Wite a MEr #5878 ass net hods are i mpl em‘a"hted in the class method
i pl ement ation file. Each method defined in the nmethod section of the class

definition file needs to be inplenmented. They can be inplenented in an¥
| anguage -t hat oimcdyde spvYshingorrom E?‘i“é‘e%éﬂc’f srceRh WRelpfrAoftidng s £ile
throughout 35 isherempedibyi trat smncom;inwever one of ordinary skill in the
art will AT9-91- 073 : 12 realize that any

programming | an ua e can be supstitut.ed. The student, class .nmet hod
i mpl ement ati on ntdy GHHE. B2 Y %i 6‘%" E’gé ‘3th°3 tadng magEos

| npl enent ati on rﬁcesﬁarxs@ume Gnlb#d@mnhodStaMemceﬁ aubligodatecelementsc p£ickhe

"student.ih"gstakis. VoAt sEleURSIUEENnE1RledO8Nhny SO0 §5 thd1akass, danchar
*nane) St udent Dat gtedsgy 'Epesson comps udent Get Dat a(sorrSeI f); 10

St GCy(_ )Cre er.

<student.ih> - Similar to <student.h>, but it contains additional
information needed for implementing methods. This is the implementor's
version of the.<.h> file, and must be included in the class methods

10 implementation file. This file is created by the SOM compiler and should
not be edited. '

<student.c> - Contains the method implementations. 1Initially created by
the soM Eompiler and then updated by the class implementor.

BUILDING SOM CLASSES FROM OTHER CLASSES
15 There are two ways to use classes as building blocks for other
classes. These are derivation (or inheritance) and construction.

DERIVATION
In this example, <GraduateStudent> is derived from <Student>, its
base, or parent class. A derived class automatically picks up all of the
20 characteristics of the base class. A derived class can add new
functionality through the definition and implementation of new methods.
A derived class can also redefine methods of its base class, a process
called overriding. For example <GraduateStudent> adds
<setUpGranduateStudent()> to those methods it inherits from <Student>.
25 It overrides two other inherited methods, <printStudentInfo()> and
~<getStudentType()>. It inherits without change <setUpStudent()> and
<getStudentId()> from the <Student> base class.

The class deflnltlon file for <GraduateStudent>, <graduate.csc>, is set
forth below.

30 Class Definition File:
include <student.sc>
class:’

<graduate.csc>

GraduateStudent;



strcpy(_nanme, nane); } static void printStudentlnfo(Student *sontel f) 15
St udent Data *soniThis = St udent Get Dat a(sonSel f); printf (" I d

% \n", _id); printf(" Nane % \n", _name); printf(" Type
: % \n", _getStudent Type(sontelf)); 20 static char *get Student Type( St udent
*sontel f) Student Data *sonThis = St udent Get Dat a(sontel f); static char

*type = studen%.rg' 95557|3rn (type); 25 } static é&har *get Student| d(Student
*sontel f) 91- 07 13 * ". The

under scor ed narre repr esents a C language nmacro defined in the class header
file.. Fourth, :Ie% gs are invoked by placing an underscore "_" in front of
t he nethod naneP |s under scored nane represents a nacro for nmessage

resol uti on and shit¥fgrtig programer from having to 5 understand the details
of this process. The first paraneter of every nmethod is always a pointer to
the target objeg@ita.Thi s is illustrated belowin the method

<printStudentlnfo éhé ﬂy]les JinghedBd hoehe<gpt St udent Type()> on its
target object.

rg) g gen ratreg a‘<tset d%lé 530 efine
Student _d as$_ SOLﬁ”é‘é ;ﬂeﬁ’é st udengE AR SIS R %I d’set UpSt udent (
Student *sonSel f, char *id, char *nane)
' methods:

override printStudentInfo;

override getStudentType;

void setUpGraduateStudent('

10 char *id, char *name, char *thesis, char

*degree);
The method implementation file, <graduate.c>, is shown below.
Class Method Implementation File: <graduate.c>

#define GraduateStudent_Class_Source
15 #include "graduate.ih"

static void printStudentInfo(GraduateStudent *somSelf)
{

GraduateStudentData *somThis =
GraduateStudentGetData(somSelf);

20 parent_printStudentInfo(somSelf);
printf (" Thesis : %s \n", _thesis);
printf(" Degree : %s \n", _degree);
3
static char *getStudentType(GraduateStudent *somSelf)
25§ |
static char *type = "Graduate";

return (type);

} :
static void setlUpGraduateStudent(
30 GraduateStudent *somSelf, char *id, char *name,
char *thesis, char *degree)
{

GraduateStudentData *somThis = GraduateStudentGetData(somSelf);
_setUpStudent(somSelf,id, name);



15 { St udent Data *sonThis = St udent Get Dat a(sontSel f); 'static void

print St udent | nf o( St.udent *sorrSeI f) 20 St udent Data *somrThis =

St udent Get.Dat a( sonBel f) ;- ...and so on for the other methods. */

MECHANI CS OF USI NG SON There are a set of files involved with each class
whi ch are 25 drseusemd bel'ow. The files have1different extensions, but all
have the same filenane as the class definition file, <Student>.in our

exanpl e. These files are described bel ow. Student C ass Files <student.esc>
- This is the cl @gscpdf tnelsis ORnédisg; as described earlier. 30 <student.sc>

- Thiss«i s a subsggﬁ%fyé_&?rgé ?%IQLW;'I nition file. 't i ncl _udes al |
t c>

information from fch is public, including comments on
public el ements. For the st udent exanpl e, <student.sc> woul-d AT9-91-073
14 include everything from <student.csc> except the data section. This file

is created by the &ﬂ!hca{ravé&ﬁddéﬁwéﬁatwm rieed NoSirvokd thal drd gbndieRd@ioal i | €
whi ch cont ?1" nsf m%gFPosgnece Sary. t t rHYle <\E|r #lg%‘éé:en@ttjggg) fand access public
e d

data el erme 1 ass. rh any client of
t he cl ass, anGGﬁaéu%ﬁeééi‘%tbflr Rk 13%"@0% Fifudent2t YrRYEREN 0> - Sinmilar to
<st udent . h>, hhthnt$tt.ﬂ9ﬂiﬁ1&lf6\$)>aﬁ|£ko&‘bCﬁtﬂhtin@fﬁtnﬂ{d ecradesxksdudeat> i spptmmnt i ng,

met hods.  Thi s, rfél%oh”p'r 9£x Tor/ ‘i:?@é 99 Qhatd ﬁitngd}fa'mkg' ?QCLaHUéJ be

i ncl uded in th enenta lon T le is
created by thé“’é‘dﬁct Frpﬁﬁre?tséﬂ 'stﬁaf% h%s edited. <student.c> -

Cont ai ns the method inpl enent ati ons. In|t|aIIy created by
10 "A given base class can be used for more than one derivation. The

-class, <UnderGraduateStudent>, is also derived from <Student>. The class
definition file, <undgrad.csc>, is set forth below.

Class Definition File: <undgrad.csc>
include <student.sc>

i 15 class:
UnderGraduateStudent;

parent:
Student;

data: -
20 char date[16]; /* graduaticn_date */

methods:
override printStudentInfo;
override getStudentType;
void setUpUnderGraduateStudent(
25 char *id, char *name, char *date);

The method implementation file, <undgrad.c>, is set forth below.
Class Method Implementation File: <undgrad.c>

#define UnderGraduateStudent_Class_Source
#include- *undgrad. ih"



the SOM conpil er and then updated by the class inplenentor. BU LD NG SOM
CLASSES FROM OTHER CLASSES 15 -.-There are two ways to use classes as
bui I di ng bl ocks for other classes. These are derivdtion (or ‘i'nheritance)
and construction. DERI VATION In"this exanple, <G aduateStudent> is derived
from <St udent >, i,‘t%_s9 Qg’;se, or parent class. A dgLived class automatically

pi cks up all of BRe’8"2haracteristics of the base cl ass. A derived class
can add new functionality through the definition and inplenentation of new
met hods. A derived class, can.als fine methods of its base class, a
procgss. cal | ed ﬁé?’r"i H?’r?g?qfﬁf‘t'ﬁi%ﬁﬁﬁ 8{<G aduat eSt udent > adds -
<set UpG anduat eSt udndexgraduatestusient (fison¥sd€) it i nherits from <Student>. 25
It overrides twg.other inherited nethods, <printStudentlinfo()> and

<get St udent Type() >'UndL{Ci]riaQtEa%{egﬁfde%ﬁaEgLﬂsoﬁ'ﬁﬁgg—s <set UpSt udent () > and
e uden ase

<get Student1d()> from class. The class definition file
for <Graduat €St udent >UndegfragyatestudentGetatalspniedfis pel ow. 30 O ass
Definition File: <gracn@peirdstedentinfiofsomsslf)dent. sc> class: =

G aduateStudent;  AGr(91- 0314 pate : %s \n",. __dat_e%; 15 parent:

St udent ; dat a: c}har t hesi s[ 128] ; [* thesis title */ 5 char

degree[ 16]; /* graduate degree type */ nethods:
static char *getStudentType(UnderGraduateStudent *somSelf)

10 {
stati¢ char *type = "“UnderGraduate";
return (type):;
3
static void setUpUnderGraduateStudent(
15 UnderGraduateStudent *somSelf,char *id, char *name, char *date)
{
UnderGraduateStudentData *somThis =
UnderGraduateStudentGetData(somSelf);
_setUpstudent(somSelf,id, name);
20 strecpy(_date, date);
H

The second technique for building classes is construction.
Construction refers to a class using another class, but not through
inheritance. A good example of construction is the class <Course> which

25 includes an array of pointers to <Student>s. Each pointer contains the
address of a particular student taking the course. <Course> is
constructed from <Student>. The class definition file for <Course>,
<course.csc>, is- shown below.

Class Definition File: <course.csc>
30 include <somobj.sc>
class:

Course;

parent:
SOMObject;

35 data:

char code[8]; /* course code number */



override printStudentlnfo; override getStudent Type; void o
set UpGr aduat eSt udent ( 10 char -*id, char *nane, char *thesis, char
*degree); The .nmethod inplenentation file, <graduate.c> - is shown bel ow. :

G ass Method I nplenmentation. File: <graduate.c> #define

G aduat eSt udent Caassgp0g£e 15 #include "graduatjg.-ih" static void

print St udent | nf o( G aduat eSt udent *sonBel f) G aduat eStudent Data. *sonThis =
Gr aduat eSt udent Get Dat a(somSeI f); 20 parent pri nt St udent | nf o(sontel ) ;

printf(" Thesi s t hesj s Degr ee . U
\n", ..degree); } sfaatlc cﬁar [}"g)at St ud Z‘Lf}’ﬁr?éﬂé t/eSt udent *sonﬁelf) 25 {
static char *type <harg adnsiractor{dgly n/t tlyf)@’)“’t%’t seaching iy

set UpG aduat eSt udeit( 30credit; Graduat eSthmmbei*S:(ﬁniﬁehits e¢har *id, char
“nane, char *thesi g, chagapdiggyee) G aduat agtude bl Qa[ggh*/s

Gr aduat eSt udent Get Dat.a tsggls%{en usifiolfps} Ude” ?égg&ée%elgfg 7Ehe3| s):

AT9-91-073
strcpy(_degree, de{ﬂtee), enrollment; % number of enrolled students */

methods:

override somInit;

void setUpCourse(char *code, char *title, -
10 char *instructor, int credlt int capac1ty)

-- sets up a new course.

int addStudent(Student *student):;
-- enrolls a student to the course.

void dropStudent(char *studentld);
15 -~ drops the student from the course.

void printCourseInfo();

-~ prints course information.

Often classes will want to take special steps to initialize their
instance data. An instance of <Course> must at least initialize
20 the <enrollment> data element, to ensure the array index starts in a
valid state. The method <somInit()> is always called when a new object
is created. This method is inherited from <SOMObject>, and can be

overridden when object initialization is desired.

This example brings up an interesting characteristic of
25 inheritance, the "is-a" relationship between derived and base
classes. Any derived class can be considered as a base class. We say
that a derived class "is-a" base class. In the previous example, any
<GraduateStudent> "is-a" <Student>, and can be used anyplace we are
expecting a <Student>. The converse is not true. A base class is not a
30 derived class. A <Student> can not be treated unconditionally as a
<GraduateStudent>. Thus, elements of the array <studentList> can point
to either <Student>§, a <GraduateStudent>s, or a <UnderGraduateStudent>s.



} Oten an overridden nethod will need to invoke.the original nmethod 5 of
its parent. For exanple, the <printStudentlnfo()> for <G aduateStudent>
first invokes the <Student> version of <printStudentlnfo()> before printing
out the <G aduat eStudent’> specific information. - The syntax for this is
"<parent _Met hodNaums>§J, 023  can be seen in the <primt Student|nfo()> nethod.

10 A given base class can be used for nore than one derivation. The
cl ass, <Under G aduat eSt udent>, is also derived from <Student>. The class
definition file, <undghadchetf6d impLemeRtation el ebo Weoudsass <BRirisBidy,0ns et e:
<unqgg+.ad. csc> |n0g Uge pssidident . sc> 15 class: Under G aduat eSt udent; parent:
St udent; dat a: char’ date[16]; /* graduation date */ rret hods:
override pri nt St udent | nf o; override get Student Type; void

set UpUnder Gr aduat@i8ssidiethdd Piplementation Filwar <Joodrsecévar *nane,r char *date);
The met hod i np! engREflel @(ghrfsgl(g,asgmgé@d c> is set forth below d ass

Met hod | npl ene t?&in{: dFI $ denq:nggrad c> #defi ne

Under G aduat e ass ource” #i ncl ude ' undgrad i h" AT9-91-073
17 $#include "course.ih®

+ static void somInit(Course *somSelf)

{
CourseData *somThis = CourseGetData(somSelf);
10 parent_somInit(somSelf);
—code[0] = _title[0] = _instructor[0] =
_credit = _capacity ﬁ-_pnrollment = 0;
} .
static void setUpCourse(Course *somSelf, char *code,
15 char *title, char *instructor, int credit, int capacity)
{ .

’ CourseData *somThis = CourseGetData(somSelf);
~ strepy(_code, code);
strepy(_title, title);
20 strepy(_instructor, instructor);

_credit = credit;
_capacity = capacity;

} .

static int addStudent(Course *somSelf, Student *student)

25
CourseData *somThis = CourseGetData(somSelf);
if(_enrollment >= _capacity) return(-1);
_studentList[_enrollment++] = student;
return(0);

30 }

static void dropStudent(Course *somSelf, char *studentid)
¢ .
int i; ;
CourseData *somThis = CourseGetData(somSelf);
35 for(i=0; i<_enrollment; i++)
if(tstremp(studentId, _getStudentId(_studentList[i]))) {
—enrollment--;
for(i; i<_enrollment; i++)



static void printStudentlnfo( Under G aduat eStudent *sontel f) {
Under G aduat eSt udent Dat a *soniThis = 5

Under G- aduat eSt udent Get Dat a( sontel f); parentprint Student| nfo(sontel f);
printf(" Gad Date : % \n", _date); static char

*get St udent Type(ARde{grgduat eSt udent *sontel f) { static char *type =
"Under Graduate"; return (type); static void setUpUnder G aduat eSt udent ( 15
Under G aduat eSt udent *sontel f,char *id, char *pane, char *date) -

Under Gr aduat eSt udent Dat a Xsomihi. s, = ,Unde dent Cet Dat a(sonfel f) ;
set. UpSt udent (sontel f, i d‘sntg‘rgf%ﬁt?‘liﬂ_i] :‘%‘f%@%%ﬁ@gw date); } The second

techni que for buil di ngr‘ét‘ﬁ’é‘Ses is construction.. Construction refers to a
cl ass using another dl ass, but not through inheritance. A good exanple of
construction i sszghe cl ass <Course> which 25 includes an array of pointers

to <Student>s, ‘Each poinpter contain he addre f a particular student
taking the cour .ag%c(:g'ﬁf“ge?ﬁl?tsc%’éﬁfgf‘?‘ié?‘ér&ef rs8?'$e3§gudent>. The cl ass

definition file for <Course>, <course.csc> is shown below. C ass
Definition File: <coiy gg.csc> 30 include <sonobj.sc> class: Course; parent:
SOMbj ect ; CourseData *somThis = CourseGetData(somSelf):
printf(" %s %s \n", _code, _title);
10 printf(" Instructor Name : %s \n", _instructor):;
. printf(" cCredit = %d, Capacity = %d, Enrollment = %d \n\n",
’ _credit, _capacity, _enrollment); -
printf(" STUDENT LIST: \n\n");
for(i=0; i<_enrollment; i++) {
15 _printstudentInfo(_studentList{i]);
print£("\n");

; i
Notice in particular the method <printCourseInfo()>. This method
20 goes through the array <studentList> invoking the method
<printStudentInfo()> on each student. This method is defined for
<Student>, and then overridden by both <GraduateStudent> and
<UnderGraduateStudent>. Since the array element can point to any of
these three classes, it is impossible at compile time to determine what
25 the actual type of the target object is, only that the target object is
either a <Student> or some type derived from <Student>. Since each of
these classes defines a different <printStudentInfo()>
method, it is impossible to determine which of these methods will be
invoked with each pass of the loop. This is all under the control of
30 override resolution.

_ THE SOM CLIENT
To understand how a client might make use of these four classes in
a program, an exéhple is presented below in the file <main.c>. The
example illuminates object instantiation and creation in SOM, and how
35 methods are invoked. :

SOM client code: <main.c>
#include <student.h>

‘e



35 data: char code[ 8] ; [ * course code nunber */ AT9-91-073

18 char title[32]; /* course title */ char instructor[32]; [*
instructor teaching */ int credit; /* nunber of credits */
i nt capacity; /* maxi mum nunber of seats */ 5 St udent
*studentList[20]; /* enrolled student list */ int enrol | ment;

/* nunber -of em¥T@PE®78t udents */ nethods: oveltide somnit; void

set UpCour se(char *code, char *title, 10 char *instructor, int credit,
int capacity); -- sets up a new course. int addSt udent ( St udent *student);
-- exwel s a stihebide ocduree dour se. void dropStudent(char *studentld); 15
-- drops the stgdenigef E&rgd{lgn&'ﬁpursé. void printCourselnfo(); -- prints
course informat]on ten classes will want to take special sieps to
initialize thei oAy "aﬁ'&’b‘igb'l?ﬂ‘f£ > An instance of <Course> nust at | east

initialize 20 tmedné&knrol | ment> data el enent, to ensure the array index
starts in a gal{d state. The nethod <somnit()> is always called when a new

object is create i 8 Qd AL Sl ni,ted from <SOMbj ect >, and can be
overridden when %&ug%t ?Jr?l;tg?al Fé‘grts:eg%ﬂi)é desi red. '{pl s exanpl e brings up an

i nteresting char &paatettudept *3ane = Graduptegtucentieyi s o rel ationship

bet ween derived amndetgxsduateStudent *mark = UnderGraduat_eStudentNew();
_ _setUpCourse(course, "303", "Compilers ",
10 “Dr. David Johnson®, 3, 15);
_setUpGraduateStudent(jane,“423538","ﬁane érown",
“Code Optimization","Ph.D.");
_setUpUnderGraduateStudent (mark, *399542",
"Mark Smith", "12/17/92");
15 _addStudent(course, jane);
_addstudent{course, mark);
.:iprinéCourseInfo(course);

}!'[ i
A class is instantiated with the method <classNameNew()>, which is
20 automatically defined by SOM for each recognized class. Methods are
invoked by placing an underscore "_" in front of the method name. The
first parameter is the target object. The remaining parameters
illuminate additional information required by the method. When run, the
client program gives the output shown below.

25 Client Program Output
303 Compilers
Instructor Name : Dr. David Johnson
Credit = 3, Capacity = 15, Enrollment = 2

STUDENT LIST:

30 1d : 423538

Name : Jane Brown

Type : Graduate

Thesis : Code Optimization
Degree : Ph.D.

35 Id : 399542



cl asses. Any derived class can be considered as a base class. W say that a
derived class "is-a" -base class. In the previous exanple, any
<Graduat eStudent > "i s-a" <Student>, and can be used anypl ace we are
expecting a <Student>; The converse is not true. A base class is not a 30
derived class. AREESPL¥¥t > can not be treated uAonditionally as a
<G aduat eStudent>. Thus, elenents of the array <studentList> can point to
ei ther <Student>s, a <G aduateStudent>s, or a <Under G aduat eSt udent >s.
AT9-91-073. ~ Name '+ Mark smith 19 The nethod i nplenentation file
for «sourse>, . <Cour $gpeL>, | S:Ridefdaillatee! ow. C ass Method | npl enentati on
File: <course.c> #defipg.Llour Ss_Source ‘5 #include <student. h>
#i ncl ude "course. i hg stat?ec \'/oﬁ% }?09%1 nit(Course *sontel f) { CourseData
*sonlrhi s = Cour seGet Dat a(sontel f); 10 parent _sonm nit(sontel f);
_code[0] = _title[O] The chieht oborfrOputpud;illustrdids the oepaddd yesolution at
_ﬁnrOLI ment =-_sg;w3r3_siﬁ§ths di@f&eﬁ@:w@i}b?e&i%ﬁfg ’éﬁﬁatzﬁféafduac%aer B;?de, 15
char *title, char_sipstru [ el creg: e al.lsé ur seDat a
Coonhis = @urs%'&f%‘aﬂdagtﬁetéﬁg%ﬁ"f‘? '+ BBy CTMSEL B ) H4Ls e RipEeigrE on
title); 20 ¥rPEmA <PhdertPer odnd kepwsr thet oany; <Student> responds to a :
<printStudentInfo()> method. But the <printStudentInfo()> method that an
) <Un§erGraduate> responds to is different than the <printStudentInfo()>
10 method that a <GraduateStudent> responds to, and the two methods give

different outputs.

SOM Object Model
Figure 2 is a drawing of a basic SOM data structure in accordance
15 with the subject invention. Label 210 is a state data structure for a
particular object. The first full word at label 220 contains the address
of the object's method procedure table label 240. The rest of the state
data structure set forth at label 230 contains additional information
pertaining to the object. The method procedure table set forth at label
20 240 contains the address of the class object data structure 245 and
addresses of various methods for the particular object 250 and 260. The
address at 245 points to the class object data structure 248. All
. objects that are of the same class as this object also contain an address
that points to this method procedure table diagrammed at label 240. Any
25 methods inherited by the objects will have their method procedure
addresses at the same offset in memory as they appear in the method
procedure table as set forth at label 240 of the ancestor class from
which it is inherited.

Addresses of the blocks of computer memory containing the series of
30 instructions for two of the method procedures are set forth at labels 250
- and 260. Labels 270 .and 280 represent locations in a computer memory
containing the series of instructions of particular method procedures
pointed to by the addresses represented by labels 250 and 260.

The SOM Base Classes
35 Much of the SOM Object Model is implemented by three classes that
are part of the basic SOM support. Briefly these classes are:



_credit = credit; _capacity = capacity; } static int addSt udent(Courée

*sontel f, Student *student) 25 { CourseData *sonfThis = : :

Cour seCet Dat a(sontSel f); if(_enrollnent >= capacity) return(-1);

studentLi st[_enrol | mnent ++] = student; retur n(03; 30 } static void

dr opSt udent ( CodT@e°¥88%sel f, char *studentld) #nt i; CourseData *soniThis =

CourseCGetData(sontelf); 35 - for(i=0; i<_ enrollnment; i++) '

i f(!st tudent | d, t Student | d( _sStudentList[i ' I - -

f0|(~ (i; rfngﬁr &q%?@tmef:tﬁggyis lél%r;giggﬁg;tgosr::laésso Ia]l?l)gou{c]:aggersq Anr;egiassz

_stydentList[i jmust tet dekerbddds ffdm+Squobj @ttur Becusk flsclusses 9est descended from

o nt COGE[ S[‘)g{ mz %ms 3¢ €h§9r§§' I(:)he&%tt ahd t\g&lérf&?p@ﬁ &é?,ng lme;ahoas defined by
urse a(saonte ;o prin N () \n", ., code, % X

S T (r sty GOHGeRahe mpchqds of Songhedk 1k Bhe meytiadh o) anyPot, clase g

Capacity = %l, benevdriridden by the \cAkgses descended from SOMObject.

SOMClass - This class is the root meta class for all SOM meta classes. A
meta class is a class whose instances are class objects. SOMClass
provides the methods that allow new class objects to be created.

SOMClassMgr - This class is used to create the single object in a SOM
10 based program that manages class objects.

The three SOM base classes are defined below.

SOMObject
This is the SOM roét class, all SOM classes must be descended from
15 <SOMObject>. <SOMObject> has no instance data so there is no per-instance
cost to being descended from it.

SOMObject has the following methods:
Method: somInit
Parameters: -somSelf
20 Returns}.void
Description:

Initialize <self>. As instances of <SOMObject> do not have any
instance data there is nothing to initialize and you need not call this
method. It is provided to induce consistency among subclasses that

25 require initialization.

<somInit> is called automatically as a side effect of object
creation (ie, by <somNew>). If this effect is not desired, you can
supply your own version of <somNew> (in a user-written metaclass) which
does not invoke <SomInit>.

30 When overriding this method you should always call the parent class

version of this method BEFORE doing your own initialization.



_credit, _capacity, _enrollment); printf(" STUDENT LIST: \n\n"); for(i=0;
< enrollnent; i++) { 15 _printStudentInfo(_studentList[i]);
printf("\n"); Notice in particular the nethod <printCourselnfo()>. This
met hod 20 goes through the array <studentList> invoking the method
<print Student | r%gﬁ%f_ op each student. This netfjod is defined for <Student>,
and then overritdde By bot h <G aduat eSt udent > ‘and <Under G aduat eSt udent >.
Since the array element can point to any of these three classes, it is

i mpossible at conpile time to determ ne what 25 the actual type of the

t ar get.. obj ect iMethegdy §OMURARIY he target object is either a <Student> or sone
type derived frrarameSeuslcisongelsi nce each of these cl asses defines a

di fferent <prinfeghauientdiaf o() > nmethod, it is inpossible to deternine which
of these net host wiJ It.bQ i nvoked wi th each pass of the loop. ‘This is all
under the cont r6f°EP 3% override resol utjon. THE SON CLI ENT .To under st and
how a clientSnight rfiReinistaldpe (:9dsk PoUdnstanges@f TSANPIFFTGFAM V28Dl e
i s presented beinevarice ddta flelre iemadthiey.toTive inkdapize ard yor nesdenobigpBct

instantiation gidsGleRéd.ONrd Bs S idadedanae dRkIdRcyaRorighyietskseS@ANat
cli ent code: <nmln, c> '#_l.ncé.uage <tst udent . h> AT9-91-073
21 #incl ude <cdGASE T HPHEYUYE28Paduat e. h> #i ncl ude <undgr ad. h>

Use this method to clean up anything necessary such as dynamically
10 allocated storage. However this method does not release the actual
storage assigned to the object instance. This method is provided as a
complement to <somFree> which also releases the storage associated with a
dynamically allocated object. Usually you would just call <somFree> which
will always call <somUninit>. However, in cases where <somRenew> (see the
15 definition of <SOMC1as§>) was used to create an object.instance,
<somFree> cannot be called and you must call <somUninit> explicitly.

i . When overriding this method you should always call the p%rentclass
version of this method AFTER doing your own un-initialization.

Method: somFree
20 Parameters: somSelf
Returns: void
Description: .
Releases the storage associated with <self>, assuming that <self>
was created by <somNew> {or another class method that used <somNew>). No
25 future references should be made to <self>. Will call <somUninit> on

<self> before releasing the storage.

This method must only be called on objects created by <somNew> (see

the definition of <somClass>) and never on objects created by <somRenew>.

It should not be necessary to override this method. (Override
30 <somUninit> instead.)

Method: somGetClassName
Parameters: somSelf
Returns: Zstring

Description:



mai nN() Course *course = CourseNew(); G aduateStudent *jane =

.G aduat eSt udent New() ; Under Gr aduat eSt udent *mark =

Under G aduat eSt udent New(); _set UpCourse(course, "303", "Conpilers ", 10
"Dr. David Johnson", 3, 15); _setUpG aduateStudent (j-ane, "423538", "Jane
Brown", " Code C_xt)ti m zation","Ph.D."); .set UpUnggr G aduat eSt udent (mar Kk,
"399542", "MarR %r?ilf‘ﬁs, "12/17/92"); 15 _addst udent (course, jane);

addSt udent (course, mark); _printCourselnfo(course); A class is instantiated
with the method <cl assNameNew()>, which is 20 automatically defined by SOM
for each recogni zedReHUERS @ REknkeE Loathdsi RisREE PAPSHIERPRg 24n® dHer score "
in¥Tont of theendniied starieg. The dhonid npabermeressary to lwwerridgethisifeshed a¥he
remai ni ng par agptRke inkbivyl B e1a4kdbhieeP8 méthoQ! (FBkicONANEOUtS Qfdt bghel Heie .

met hod. When run, the client programgives the output shown bel ow. 25
Client Program Qutput 303 Conpilers Instructor Nane : Dr. David Johnson

Credit = 3, Capeldiody semdeClasg ol | nent = 2 STUDENT LI ST: 30 Id
. 423538 Narse Parameters:Jsumseld own Type .. Graduat e Thesi s . Code
Opti m zation DegliBfs. somc1abl L. 35 I d : 399542

Description: . .

Returns this object's class object.

Method: somGetSize
10 Parameters: somSelf

Returns: integer4

Description:

Returns the size of this instance in bytes.

Method: somRespondsTo _
15 Parameters: somSelf, somId Mid
i Returns: int !
Description:
Returns 1 (true) if the indicated method is supported by this
object's class and 0 (false) otherwise.

20 Method: somIsA
. Parameters: somSelf, SOMClass *Aclassobj
Returns: int
Description:
Returns 1 (true) if <self>'s class is a descendent class of
25 <Aclassobj> and 0 (false) otherwise. Note: a class object is considered
to be descended from itself for the purposes of this method.

Method: somIsInstanceOf
Parameters: somSelf, SOMClass *Aclassobj
Returns: int
30 Description:
Returns 1 (true) if <self> is an instance of the specified
<Aclassobj> and 0 (false) otherwise.

SOMObject methods that support dynamic object models. These
methods make it easier for very dynamic domains to bind to the SOM object

T



AT9-91-073 22 Nane Mark Smth Type
Under Graduate Grad Date 12/ 17/ 92 The client program output illustrates
the override resolution at 5 work in the different styles of displaying
<Under G aduat e>s and <G aduat eStudent>s. A <Course> thinks of itself as
contai ning an ?ﬂ_@%_ 3 <Student >s, and knows that any- <Student> responds to
a <print Studen 70() > method. But the <pri as udent I nfo()> method ‘that an
<Under Graduat e> responds to is different than the <printStudentlnfo()> 10
met hod that a <G aduat eSt udent> responds to, and the two nethods give

di f f.erent out pBfeEecdobreasdaskt KBefre methgdy determine; thy approgrifteamethedc SOM
dat a struct ur epravedaeoanihitben t81 it hwitthetha udyjgamdnts nspeeified. Thbalefall® is a

state data str ygdidhénth®iontoPahbiE el | The f4d.r ud 4 I el
220 contains tEg orof | Odgbdlﬁg%cﬁg F%lcseéuars% ;tlénB% ]]qgl Ikgﬁo.

hagq)r ess of ({he fb{;ec%l S
The rest of the Seary &ead Fatt dFe Haveveny PHhel: classes mIBFheRtR &P ns -
addi ti onal Pnf &arendnanic fom QF nkpokvp they wh§hectFor Téramplst,honk pewslepavéde abl e
set forth at |abdhpRbeRtttiowdifathse thpehadidiiRtSudall tHECIWsaBsrmObE @ethddat @
structure 245 e S RYEIA t hods, for. t he ticul a bj ect
350" and 260,  TheoLEBhe FoE badt it ihfl BallE MR WEa \Wic Y bE D BRLEE
248. Al'l object% 1P thedr grethpds divpetly sathexsthen; geing threudh) 3 dliseafchi n an
address that peathed. t Bowelres, @2l hedh@isossduéhbidlel Ehrdudg) thendigpatich| mdtabds240.
Any 25 net hodssomnpedviiaes abima1nesetbh £ Gkterthl lpri@dirds Bidt URI P4k’ ROREHT €
addr esses at thg,9aaeeplyf 36! o JIP[TLY, 8, LICY, ppear ), Lite method
procedure table as set Torth at Tabels A6 o1° PHECA FeE US| ass from whi ch
it is inherited. Addresses of the bl ocks of conputer nmenory containing the
series of These methods are declared to take a variable length argument list,

but like all such methods the SOM object protocol boundary requires that
the variable part of the argument list be assembled into the standard,

15 platform-specific, data structure for variable argument lists before the
method is actually invoked. This can be very useful in domains that need
to construct the argument list at runtime. As they can invoke methods
without being able to put the constructed arguments in the nérmal form
for a call. This is helpful because such an operation is usually

20 impossible in most high level languages and platform-specific assembler
language routines would have to be used.

Note: Different methods are defined for different return value
shapes. This avoids the memory management problems that would arise in
some domains if an additional parameter was required to carry the return

25 wvalue. SOM does not support return values except for the four families
shown below. Within a family (such as integer) SOM only supports the
largest member.

Method: somDispatchV
Parameters: somSelf,
30 somId methodld,
somId desériptor, .o
Returns: void .
Description:

Does not return a value.



30 instructions for two of the nmethod procedures are set forth at |abels
250 and 260. Labels 270 and 280 represent locations in a conputer nmenory
containing the series of instructions of particular nmethod procedures
pointed to by the addresses represented by |abels 250 and 260. The SOM Base
Classes 35 | apg-91ldygh of the SOM Qbject Mddgh is inplenented by three
classes that are part of the basiec SOM support. Briefly these classes are:

AT9-91-073 23 SOMbject - This class is the root
cl ass of- all Sg\ﬂh%ldass%:eu N At cl ass nmust be descended from SOMDbj ect .
Because al | cl asa8s: are g&acended from SOMbj ect they all inherit and

t her ef or e suppBfgame rr spetRSehs  demIifaer thedidomopfd descrirEPtet hods of
SOMXj ect | i kerétuensetinteterof any SOM cl ass can 5 be overridden by the
cl asses descengggrglgﬁrghscvuoj ect. SOMC ass - This class is the root neta

class for all SOVI S S_a.class 0S€ nsta es, are
cl ass objecPs. télgnsptaogq’aég q(“ﬁgtﬁgtjrfbgé e pRERALPANBEF Tty d'f' %j &cts

to be created. rm%s%&fr‘* -bythj quapt Hyscans ofs seunsg . decgamething athgy| thapmrect
in a SOM 10 . basagepr ogram t hat manages cl ass objects. The three SOM base
cl asses are defined bel ow. SOMbject This is the SOMroot class, all SOM |
cl asses nust be q’ﬁ cended from 10 <SOMbj ect>. <SOMbj ect > has no instance
data so there N&thg8: 58PPIsRatSMce cost to being descended fromit. SOMbj ect
has the fol | owPargmatarise dzemSaks, hemldgeathedld, MMeﬂrt’e}Pt@orrSelf 20 Returns:
voi d DESCrllptIMurns void *

Description:

Returns a data structure address in the normal manner that such
data is returned.

Method: somDispatchD
15 Parameters: somSelf, somId methodld, somId :descriptor
Returns: float8 '
Description: i i
Returns a 8 byte quantity in the normal manner that floating point
data is returned.

20 SOMObject methods that support development
The methods in this group are provided to support program

development. They have been defined in such a way that most development
contexts will find them easy to exploit. However, some contexts may need
to customize their I/O facilities. We have attempted to allow this

25 customization in a very portable manner, however not all contexts will be
able to perform the customization operations directly because they
require passing function parameters. We chose this approach because it
allows great platform-neutral flexibility and we felt that any provider
of development support would find it reasonable to provide the

30 customizations necessary for her/his specific development environment.

The chosen approach relies on a character output routine. An
external variable, <SOMOutCharRoutine>, points to this routine. The SOM
environment provides an.implementation of this routine that should work
in most development environments (it writes to the standard output

35 stream). A development context can, however, assign a new value to



~

Initialize <sel f> As instances of <SOMDbj ect > do not- have any instance
data there is nothing to initialize and you need not call this nmethod. It
is provided to induce consistency anong subcl asses that 25 require. -

initializationyreapud7ait> is called automaticggly as a side effect of
object creation (ie, by <somNew>). If this effect is not desired, you can
supply your own version of <somNew> (in a user-witten netaclass) which

does not i nvokessRQBdAkksutid® and therdfiCPed¥Ele il BGtduli sroB®¥sOtomou shoul d

al ways call the rent cl ass version 'S t hod, BEFQRE doi n our own
i ni t%aff'?‘ zati onP"g’aidi\sré‘Pg?ieﬁ’sz%l Support for &‘%“9 ehis as“"““‘e‘@' 24 Ngt Kod:

sonni nit Paraneters: sonBelf Returns: void Description: 5
(Un-initializeusaiol) sofirintsé@nces of <SOMDbj ect> do not have any instance
data there is g?;ameg%stgos%géipitial i ze and you need not call this method.
It is provided to 1 nduce copsi stency anong subcl asses that require
un-initial i Pat ReWMEs EOMMYs™ et hod to cl ean up anythi ng necessary such as
dynanmi cal | y 10Desdriiptimhed st orage. However this nethod does not rel ease the

act ual | storage assi ﬁé&%dddﬁoﬁmﬁmf&%ei :ﬂstvﬁ'ﬂﬁﬁa Bile$ mb’fq)did}ﬁi_ﬂ&m\i;im as

a conpl enent tQ_ <sonfree whi al,.sq sel gases S or a
dynamical |y al F5%°§Fg§°8b7bé’\§lp.&b§ u‘gjjf“f/{}/o'ghae\/\gﬁﬁag‘gjgJ%éf)eénggfa?gglgﬁ%gég ﬁtéﬁ '
Wil al ways caPbieesbrighrss name ppdiiar addrass s demiiiyer el ARRE N s ee t he

15 definition of <SOMCl ass>) was used to create an object instance,

<sonfree> %nnggugg:c%gb%s@fp you nmust call <sonmbninit> explicitly. Wen

overriding this netho ou shoul . d Imgys call the parentcl ass
: g Parameters:ysomSe{%, intzieve P

Returns: void
Description:
Uses <SOMOutCharRoutine> to write a detailed description of this
15 object and its current state. <level> indicates the nesting level for
describing compound objects it must be greater than or equal to zero.
211 lines in the description will be preceded b? <2*level> spaces.
This routine only actually writes the data that concerns the object
as a whole, such as class, and uses <somDumpSelfInt> to describe the
20 object's current state. This approach allows readable descriptions of
compound objects to be constructed. .

Geherally it is not necessary to override this method, if it is
overridden it generally must be completely replaced.

Method: somDumpSelfInt
25 Parameters: somSelf, int level

Returns: void
Description:
Uses <SOMOutCharRoutine> to write out the current state of this
object. Generally this method will need to be overridden. When
30 overriding it, begin by calling the parent class form of this method and
then write out a description of your class's instance data. This will

result in a description of all the object's instance data going from its
root ancestor class to its specific class.



versi.on of this method AFTER doi ng your own un-initialization. Method:
sonfFree 20 Paraneters: sonSelf Returns: void Description: Releases the
storage associated with <self> assum ng that <self> was created by
<somNew> (or another class nethod that used <somNew>). No 25 future
references should be made to <self>  WII call <sonmninit> on <self>
bef ore rel easi ngATH81x®78r age. This nmet hod nust &hly be called on objects
created by <somNew> (see the definition of <sonC ass>) and never on objects
created by <sonRenew>. It should not be necessary to override this nethod.
(Oves#wde 30 <somninit> instead.) MethodsoMCdas®et Cl assNane Paraneters:
;g”ge![f Ret ur ns: tZSt r%ﬂgt%iﬁé E_@ﬁin?!ﬂ'aclassAT?hanipjshe instalilxces of this c]:[asa
eturns a pointer.to | 5, obj ect C s's, nane, as a e e
Soring Tt ohoul G sRsc fi, fnd sBF 3poORiRy ADefedtel onk SATLAREe
i nvokes the cl asthisbflase' withelthigoerteradirnensFAlCTassElapsPatnelassARieckptifod:
sonCet Cl ass 55 Pa¢meeédr Thiss obfssl ébjieet uisnaniqiébetase it Desitsi i cluss Rétjects

this object's clazs £b) 86ic1adBObats ¥ikboB et 10 _EGIRTBIRE fonePaEEeI dsspata.
classObject). This class introduces the somNew and somRenew methods that
are used to create new instances of SOM objects. somNew applied to -
<SOMClassClassData.classObject> produces a new class object which can

10 then be initialized to become a particular new class. SOMClass can be
. subclassed just like any SOM class. The subclasses of SOMClass are new

metaclasses and can generate class objects with different implementations
than those produced by <SOMClassClassData.classObject>.

SOMClass is descended from SOMObject.
15 soMClass defines the following methods.

Method: somNew
Parameters: somSelf
Returns: SOMAny *
Description:

20 Make an instance of this class. When applied to
<SOMClassClassData.classObject>, or any other metaclass object, this will
produce a new class object; when applied to a regular class object this
will produce an instance of that class.

Method: somRenew
25 Parameters: somSelf, SOMAny *obj
Returns: SOMAny *
Description:
Make an instance of this class, but use the space pointed to by
<obj> rather than allocating new space for the object. Note: no test is
30 made to insure that <obj> points to enough space. <obj> is returned, but
it is now a poinger to a valid, initialized, object.

Method: somInitClass

Parameters: somSelf, Zstring className, SOMAny *parentClass, integer4

instanceSize, int maxStaticMethods, integer4 majorVersion, integer4_
35 minorVersion -

Returns: void



Returns: . integer4 Description: Returns the size of this instance in bytes.
Met hod: somRespondsTo 15 Paraneters: sonBSelf, somd Md- Returns: .int
Description: Returns 1 (true) if the indicated nmethod is supported-by this
object's-class and 0 (false) otherw se. 20 -Method: som sA Paraneters:
sonBel f, SOMO ag9-§A@h&ssobj Returns: int Descia ption: Returns 1 (true) if
<self>'s class is a descendent class of 25 <Aclassobj> and O (fal se)
otherwise. Note: a class object is considered to be descended fromitself
for the pur pose&esg;itl%é nmet hod. Method: sonislnstanceCt Paraneters:
sonelf, - SOM ass * Ias Refurns: int 30 Description: Returns 1 (true)
it <self>is an i nst]ii‘r’]ll':’éEl tﬁ%lfgpeci fi ed <Acl assobj > and 0 (fal se)

ot herwi se. SOMObj ect net hods t hat support dynam c object nodels. These

met hods nake it easi@@ré&en@syﬂim@lﬁh&ﬁom Psreh© diags) bo thie a4 Okt aaly

AT9-91-073 aesau1s20s BORBIEA (ROUATRY Y. These
nmet hods det er m ne t L igf):hﬁgh rciasaei e"trreet agl S or ¢ @;b e arggo elr?’call it vmth

the argument$ sHEEPIeE sﬂ%“d‘é%&ﬁ?*f“f’ﬁp@érﬂﬁf%t*b‘??t % RALRIREInodE @
provi ded in th|mrgha$§,ag Arp|spe¢:(f@|au¥j1ephgt must have already been created as a

p01nter to its class object is required.

<instanceSize> should be just the space needed for this class, it
is not necessary to consider the parent class's (if any) space
10 requirements. '

<maxStaticMethods> should be just the static methods defined by
this class, it is not necessary to consider the parent class's methods
(if any), even if they are overridden in this class.

<majorVersion> indicates the major version number for this
i ] [} » L}
15 implementation of the class definition, and <minorVersion> indicates the
minor version number.

Method: somClassReady
Parameters: somSelf
Returns: void

20 Description:

This method is invoked when all of the static initialization for
the class has been finished. The default implementation simply registers
the newly constructed class with the SOMClassMgr. Metaclasses may
override this method to augment the class construction sequence in any

25 way that they wish.

Method: somGetName
Parameters: somSelf
Returns: Zstring
Description:
30 Returns this object's class name as a NULL terminated string.

Method: somGetParent
Parameters: somSelf
Returns: SOMClass *



*

met hod by nanme and call it. However, other classes may choose to 5

i mpl ement any form of |ookup they wish. For exanple, one could provide an
i mpl ementati on of these nmethods that used the CLOS form of nethod
resolution. For donmains that can do so it will generally be nuch faster to
i nvoke their neifyads-odsrectly rather than goingathrough a dispatch nethod.
However, all nethods are reachable through the di spatch nethods. 10 SOM
provides a snmall set of external procedures that wap these nethod calls so
that the call e'rngyggﬁbﬂeygr do nethod resolution. These net hods are decl ared

to fakKe a variable | th wurent, List, but.like all such nethods the SOM
obj ect protocol boun!?grg?sr gié]%ipgge}tt ﬁké?sstﬂe 8\7'}3.#’ ilgbcfné HHES gmd ME.Laoieretde .
list be assenbled into the standard, 15 platformspecific, data structure
for variabl e argeureat soincdtelimbate the nethod is actually invoked. This
can be very usefilanbf dONR 814 hat need to construct the argunent |ist at
runtinme. As they can |_nvol§% %hﬁ%s ¥vithgut being able to put the

const ruct ed - & gBSBERE: EANCRESIRSPREIYFR m for a call. This is hel pful
because such anDegseiptionn is usually 20 inpossible in nost high |evel

| anguages and pl at f orgBuERE @l pdint &S TOMtHeC B dtad Hed e NBRUSCh uld have to
be used. Note: Different nethods are defined for di ffereﬁ%ﬁﬁgﬁﬁ""\?&ﬁm
shapes. This avoids the nenory managenent problens that would arise in sone
domains i f an aMethods AemSeRAasAPAE? was required to carry the return 25

val ue. SOM doeBarumetensppomSelfst sontlagdDasaStencmpe ¥cag the four famlies

shown bel ow.; W gBiin@. k@84l y (such as integer) SOMonly supports the
| ar gest nenber. _Met ho'(:i: sonDi spat chV Paraneters: sontel f, 30

som d net hodl d, PEEHB PR cri ptor, Returns: void Description: Does not
return a val ue. Sets the class' pointer to the static <c1assName>ClassData

structure.

Method: somDescendedFrom

15 Parameters: somSelf, SOMClass *Aclassobj
Returns: int
Description:

Returns 1 (true) if <self> is a descendent clags of <Aclassobj> and
0 (false) otherwise. Note: a class object is considereg to be descended
20 itself for the purposes of this method.

Method: somCheckVersion
Parameters: somSelf, integer4 majorVersion, integers minorVersion
Returns: int

Description:

25 Returns 1 (true) if the implementation of thig clasg g compatible
with the specified major and minor version number 3nd falge (0)

otherwise. An implementation is compatible with the specified version
numbers if it has the same major version number and a minor version
number that is equal to or greater than <minorVersion,,

30 version number pair (0,0) is considered to match any
method is usually called immediately after creating
verify that a dynamically loaded class definition i
using application.

The major, minor
version. This

the clagg object to

¢ compatible with a

Method: somFindMethod

35 Parameters: somSeff, somId methodId, somMethodPre- +5p



AT9-91-073 - .27 Method: sonDi spatchL Paraneters:
sontel f, som d nethodld, somd descriptor Returns: integer4 Description: 5
Returns a 4 byte quantity in the normal nmanner that integer data is
returned. This 4 byte guantity can, of course, be sonething other than an

I nt eger. Met hod, patchA Paraneters: sontS %f, som d nethodld, somd
descriptor 10 RK‘{urns void * Description: Retdfns a data structure address
in the normal manner that such data is returned. Method: sonDi spatchD 15
Paraneters: songtel f, sqn1d met hodl d, som d descr.iptor Returns: float8
DesgLi.ptd on: Refghugls 5 int byte quantity in the normal manner that floating
poi nt data is reeagrigtdon?0 SOMbj ect net hods that support

geve: OIOWE“'E T_fll_ﬁ met thJ;(ilxals3 |ﬂhet|kﬁb]§ogrpg'99eﬁ@§ aﬁé&‘ihé&ﬂwih& Sdsz:ﬂQéfbpf&gﬁ:ﬁ{Q .

evel opnen en in [ uch a e nen
contexts will f?%ag n@m eass<mto ex ft(%r'ﬁ&vﬂ@vé? rgecﬁ?rﬂh?fbrsﬁ{’ee g“‘ﬁﬁg”ﬁf&ar%o
cust omi ze t héi rig A&recdy |Gadisbde Ha(félﬂﬂ)t tqnpeturned vhen dhe mieithod procedure
custom zation iis a dispytqofumitlienmanner, however not all contexts will be

able to performthe custoni zation operations directly because they require

assin functlon ara}rreter We. chose this approach because it
P Y P he class does not support é%g specified method then <m> is set

to NULL and the return value is meaningless.

Returning a dispatch function does not guarantee that a class
10 supports the specified method; the dispatch may fail.

Method: somFindMethodOk
Parameters: somSelf, somId methodId, SomMethodProc **m
Returns: int
Description:
15 Just like <somFindMethod> except that if the method is not
supported then an error is faised and execution is halted.

Method: somFindsMethod
Parameters: somSelf, somId methodId
Returns: somMethodProc *
20 Description:
Finds the indicated method, which must be a static method defined
for this class, and returns a pointer to its method procedure. If the

method is not defined (as a static method or at all) for this class then
a NULL pointer is returned.

25 Method: somFindSMethodoOk
Parameters: somSelf, somId methodId
‘Returns: somMethodProc *
Description:

Just like <somFindSMethod> except that an error is raised if the
30 method is not defined for this class.

Method: somSupportsMethod
Parameters: somSelf, somId Mid
Returns: int

Description:



allows great platformneutral flexibility and-we felt that any provider of
devel opnent support would find it reasonable to provide the 30 :
custom zations necessary for her/his specific.developnent environnent. The
chosen approach r Iigs on a character output _routine. An external variable,
<SOMQut Char Roﬁq'ﬂgé),? points to this routine. 34he SOM envi ronnment provi des
an i-nplenentation of this routine that should vork in nost devel opment
environnments (it wites to the standard output 35 strean). . A devel opnent
context can, howeR&turnssdi ¢hivug) ddutheaindicated methed igsypparted by this class

28 <SQVCut Chasddut (fadse apehdreseby redefine -t he out put process. SOM
provi des ‘-no Special support for doing this assignnent. Method: sonPrintSelf
Paraneters: sontel.f 5 Returns: SOVAny * Description: Uses

<SOVDut Char RolfRSPRAs sPBeeiNmHMethods i of "string with i dentifying information
about this obParemeterie s¢mbekflt i npl enentation just gives the object's class
nane and i 5S retdeRssSihth nenory. <self> is reéturned. 10 Method: sonDunpSel f
Paraneters: spufglfpiohNt |evel Returns: void Description: Uses
<SOMQut Char Rout I ne> 't.0 mm#te detgilgd descr“ﬁﬁion oftppis ég oP;ect and
its current state. ReTUFRR &S roat @etheds FREEETTYY SURDYteR B HES FIThg :
conmpound obj ebrcdudingninherbredgnethods (bhthh statieand| dynemi®dro. All lines in the

description will be preceded by <2*| evel > spaces. This routine only
actually wit e erns the object as a whole, such as
cl ass, and us@%hégbﬁgﬁéﬁggé%}%ﬁfggtgo descri be the

Parameters: somSelf

Returns: integer4
Description:

Returns the total size of an instance of <self>. All instances of
<self> have the same size.

15 Method: somGetInstanceOffset
Parameters: somSelf
Returns: integer4
Description:
Return the offset in the body part of this object for the instance
20 data belonging to this class.

Method: somGetInstancePartSize
Parameters: somSelf
Returns: integer4
Description:
25 Returns the size in bytes of the instance data required for this
class. This does not include the instance data space required for-this

class' ancestor or descendent classes.

Method: somGe tNumStaticMethods
Parameters: somSelf -
30 Returns: int
Description:
Returns the number of static methods that this class has. This is

used by a child class in initializing its method table.



»

20 object's current state. This approach allows readabl e descriptions of
conpound objects to be constructed.. Generally.it is not necessary to -
override this nethod, if it is overridden it generally must be conpletely
repl aced. Method: sonDunpSel fint 25 Paraneters: sontBelf, int |evel Returns:
voi d Description: Uses <SOMOut CharRoutine> to wite out the current state
of this objedqirg-¢is0esally this nethod will nged to be overridden. When 30
overriding it, begin by calling the parent class formof this nethod and
then wite out a description of your class's instance data. This w |
resul4«in a description of all the object's instance data going fromits

root ancestor ass I peci fic cl ass. AT9-91-073
29 SOMC ass fﬁ?gol'ss'%"%eekgg@ﬁ?% aclass. That is, the instances of this cfass

are cl ass objfageneteyfeforitd£SOM environnent is created one instance of this
class with tireteniser suae tiwd@ealSOMCl assC assDat a. cl assObject> is 5 created.
This cl ass olyegetipkfortini que because. it is its own class object. That is,

SOMCl assC assDat a._c| assobj ect, == mcet Cl S ssCl assDat a.

ol 2550y 60y - Thi BeLRREc IFREP AT, £E 25 115 L R oPi R EARF O PRS0 Th
are used to dfethis alagsi s wparratsciAssS(IoHehjeet) shens Billleds aispnined- t o
<SOMCl assC assDat a. cl assObj ect > produces a new cl ass object which can 10

t hen be initialized particul ar new cl ass. SOMC ass can be
MAthdd0s bt DGR |

subcl assed j ust e ané11 ss. The subcl asses of SOMCl ass are new
met acl asses dROMEIATSeARPSSLE ¢l ass objects with different inplenentati ons
t han t hose prRetiuosd dopMeSONDAASSCl assDat a. ¢l assObj ect >. -

10 Description:
Returns a pointer to the method table of this class.

Method: somAddStaticMethod
Parameters: somSelf, somId methodId, somlId methodDescriptor,
somMethodProc *method, somMethodProc *redispatchStub, somMethodProc
15 ‘*applystub )
Returns: somHOffsét
Description:
Adds/overrides the indicated method, returns the value that should
be used to set the offset value in the class data structure for this
20 method name.

<methodDescriptor> is a somId for a string describing the calling
sequence to this method as described in <somcGetNthMethodInfo> defined in
the SOMObject class definition. "

<method> is the actual method procedure for this method

25 ._ <redispatchStub> is a procedure with the same calling sequence as
<method> that re-dispatches the method to one of this class's dispatch
functions.

<applyStub> is a procedure that takes a standard variable argument
list data structure applies it to its target object by calling <method>
30 with arguments derived from the data structure. Its calling sequence is
the same as the calling sequence of the dispatch methods defined in
SOMObject. This stub -is used in the support of the dispatch methods used



SOMCl ass i s descended from SOMbj ect. 15 SOMC ass defines the foll ow ng
nmet hods. Met hod: sonmNew Par aneters: 'sonSel f Returns: SOVAny * Description:
20 Make an instance of this class. Wen applied to

<SOMCl assCl assDat a. cl assbj ect >, or any other netacl ass object, this wll
produce a new cigssisect; when applied to a gegul ar class object this

wi || produce an instance of that class. Method: sonRenew 25 Paraneters:
sonBel f, SOMAny *obj Returns: SOVAny * Description: Make an instance of

this class, bUt% %gmé bﬁascs%@ce IBOéfgsggs memtl'fé)his%ai:a; REEcti b a8/ o Critlelan g

new space for t no test 1s e to insure that <obj>
points to enougf]“cé‘p%cfé'“cuef}b}@sl RATARE LAY Y ‘blﬁ‘f‘ff’t is now a pointer to a

valid, initialized, object. Method: somnitC ass Paraneters: sontSelf,
Zstring cl assl\la;mhom%e,erpaaeen&@oass i nt egér4 instanceSi ze, int

XL AT ONb DOy, sh S0P sbnSEE2" YRR bnoded 45kt hp B RAERYBST ON et urns

Initialize <8elReturngsaFeltt 0 ass> is the parent (or parent class) of this
class, it may beeskikigtibm: whi ch case it defaults to SOMDbj ect- (actual ly

This method can be used instead of <somAddStaticMethod> or
ksomAddDynamicMethod> when it is known that the class’ parent class
already supports this method. This call does not require the method

10 descriptor and stub methods that the others do.

Method: somGetMethodOffset
Parameters: somSelf, somId methodId
Returns: integer4
Description:

15 Returns the specified method's offset in the method procedure table

 assuming this is a static method, returns 0 if it was not. This value is

used to set ithe offset value in this class data structure. It should
only be necessary to use this method when a class used to define a method
that it now inherits.

20 Method: somGetApplyStub

Parameters: somSelf, somId methodId

Returns: somMethodProc *

Desctiption:-

Returns the apply stub associated with the specified method. NULL

25 is returned if the method is not supported by this class. An apply stub

is a procedure that is called with a fixed calling sequence, namely

(SOMAny *self, somId methodId, somld descriptor, ap_list ap) where <ap>

is a varargs data structure that contains the actual argument list to be

- passed to the method. The apply stub forwards the call to its associated

30 _method and then returns any result produced by the method.

SOMClassMgr

SOMClassMgr is descended from SOMObject.
SOMObject defines the following methods:



5 SOMDbj ect C assDat a. cl assObj ect .t he. cl ass object for SOMbject). If a.
parent class is specifed then it nust have. already been created as a
pointer to its class object is required. <instanceSize> should be just the
space needed for this class, it is not necessary to consider the parent
class's (if any) apagep780 _requi rements. <nmaxStagi cMet hods> shoul d be j ust
the stati.c methods defined by this class, it is not necessary to consider
t he parent class's net hods (if any), even if they are overridden in this

cl ass. <maj or Ver maj or version nunber for this 15
ﬁé{iﬁ ﬁ%ﬁéffxlnwfe

| nplerrentation o nition, and <m norVersion> jndicates
M nor version nuﬁﬁ‘@met%t' IS e Lo neenIdsHasslf parkalar ersigirset it 'Pié‘f’ﬁﬁf?mn' ,
void 20 Descri pgstoriing Hile net hod i s i nvoked when all of the static
initialization fRétdrhs: gbﬁ@lgsgas been finished. The default inplenentation
sinply regi ster Suésc?z 1§ on%/ constructed class with the SOMC assMyr.

Met acl asses nmay r his nethod to augnment the class construction

sequence in any 25 \A%ESF“f’ﬁ%ltthf [fdgssicbhectVERmble setstENsHassPa TR May result
sonBel f Ret urns: islynamig Desidng.pt IHthe Iass already Ratisksnsfilleb sisobjroceds
class name as a bl ¥t 13! 6bbe5tS 186aceMaid afhantHIEP 1308 W AREATVARICS: of

sombel f Returns: 0 ¥or maJor and minor version numbers bypass version checking.

10 Method: somFindClass
Parameters: somSelf, somId classId, int majorVersion, int minorVersion
Returns: SOMClass *
Description:
Returns the class object for the specified class. This may result
15 in dynamic loading. Uses somLocateClassFile to obtain the name of the
file where the class' code resides, then uses somFindClsInFile.

! Hethod: somClassFromId
Parameters: somSelf, somId classId
Returns: SOMClass *
20 Description:
Finds the class object, given its 1d, if it already exists. Does
not load the class. Returns NULL if the class object does not yet exist.

Method: somRegisterClass
Parameters: somSelf, SOMClass *classObj
25 Returns: void
Description:
Lets the class manager know that the specified class is 1nstalled
and tells it where the class object is.

Method: somUnregisterClass
30 Parameters: somSelf, SOMClass *classObj
Returns: int
Description:
Unloads the class file and removes the class from the SOM registry

Method: somLocateClassFile
35 Parameters: somSelf, somId classId, int majorVersion, int minorVersion



AT9-91-073 31 Description: Returns the parent
class of self if one exists and NULL ot herw se. Method: sonGetC assData
Paraneters: sonBelf 5 Returns: sonCl assDataStructure * Description:
Returns a pointer to the static <classNane>Cl assData structure. Mt hod:
sonSet O assDat arPeg1aoei ers: sonBel f, sonCl assDt aStructure *cds 10

Returns: void Description: Sets the class' pointer to the static

<cl assNanme>Cl assData structure. Method: sonDescendedFrom 15 Paraneters:
sonBel f, SOMCl aessSurndcl®atsity Returns:.int Description: Returns 1 (true) if

<self+i s a deq,gg&cig@ionql ass of <Acl assobj> and O (false) otherw se. Note:
a class object is c r.the oses of

nsl dered to be descended 2 itsel f_f ur )

this method. Met hod?e%ﬁ%@EWé?'bﬁ“?%ﬁa%é’i’e? classitel P‘?Pﬁ“ﬁfe’d‘gfﬂ“e&‘“tmn
maj or Ver si on, imeteger thentlans\eamei an tRetfile namé nt Subsdessepthaynuse2Bersion
Returns 1 (tgugumbdr iR coRseiNiAtdeividl tHai silelmme.i s conpatible with the
specified major and m nor version nunber and false (0) otherwi se. An

i mpl enentation is conpatible with the specified version nunbers if it has
the same maj or Hekhad:ospmiapdfdessiidea ni nor version nunber that is equal to
or greater tharacmetersicsonsedt, sthid ghassid, nimomajorVersion, int minorVersion,

Zstring file
Returns: SOMClass *
10 Description:
' Loads the class' code and initialize the class object.

~ Method: éomUnloadClassFile
Parameters: somSelf, SOMClass *classObj
Returns: int
15 Description:

Releases the class' code and destroys the class object

Method: somGetInitFunction
Parameters: somSelf
Returns: Zstring
20 Description: .
Supplies the name of the initialization function in the class' code
file. Default implementation returns (*SOMClassInitFuncName)().

Method: somMergelnto

Parameters: somSelf, SOMObject *targetObj
25 Returns: void '

Description:

Merges the SOMClassMgr registry information from the receiver to
<targetObj>. <tafget0bj>:is required to be an instance of SOMClassMgr or
one of its subclasses. At the completion of this operation, the

30 <targetObj> should be able to function as a replacement for the receiver.
At the end of the operation the receiver object (which is then in a newly
uninitialized state) is freed. Subclasses that override this method
should similarly transfer their sections of the object and pass this
method to their parent as the final step. If the receiving object is the

35 distinguished instance pointed to from the global variable



30 version nunber pair (0,0) is considered to match any version. This.
nethod is usually called inmediately after creating the class object to
verify that a dynami cally | oaded class definition is conpatible with a

usi ng application. Method: sonFindMethod 35 Paraneters: sontBelf, somd

met hodl d, somvet hodProc [err]m AT9-91-073

32 Returns: i ndTPO%eA73pti on: Finds the net hod3®rocedure associated with-
<met hodl d> for- this class and sets <n» to it. 1 (true) is returned when the
met hod procedure 5 is directly callable and O (false). is returned when the
et hod pr ocedusamclasskgeotsRat C BohidtasiNgObjekt ilshehetl rassiines tagioistipport the
speC|f|ed met hodl, %Q s> is set to NULL and the return value is

meani ngl ess. Returni na; a di spatch function does not guarantee that a class
10 supports the specified method; the dispatch may fail. Method:

sonfi ndMet hodCk Par anet er s: somSeI f MarmgivigdObject ddhes Somvet hodProc **m

Returns: int Descrijfel &ibjed® 1nvent:|.on ihpRdves iupdn ﬁ&%j&%&ﬂ@ﬂ&deKMﬁiqdebat
if the neth d otsgnot sla%porte

error s rai t
hal ted. Met SREA Mﬁf%de’ﬁﬁfﬁ?ﬁf‘éw? Pgo%é?fme%ﬁo mi. prre?%%g BJO Ret ur ns:
somvet hodPr oc inixdaliping thetdlass methnafs talle stnntane gise mrsgialyBreqedHtat be |
a static nethogksdeidta@vith each class implementation and by collecting the set of

method offsets into a single externally named class data structure. This

improvement reduces the complexities of managing a large list of external
10 wvariables, reduces the problem of creating unique names -(referred to as

name mangling), reduces the memory requirements and reduces the load time

of the generated execution module.

Figure 3 is a SOM class data structure-in accordance with the
subject invention. Label 310 represents a pointer to the class object
15 ° data structure set forth in Figure 2 at 248. Label 320 represents an
offset into the method procedure table set forth in Figure 2 at label 240
or into the objecﬁ's state data structure set forth in Figure 2 at label
230. sSimilarly, labels 330 and 340 represent additional offsets into the
method procedure table or into its state data structure. For additional
20 methods that are first defined in this class or methods that are
mentioned in the class release order section but defined by one of the
class' ancestor classes, or public instance variables defined by this
class, there are similar entries in the class data structure representing
offsets associated with this class as signified by the elipses and "N +
25 1" at label 350. The additional entry is necessary because of the first
entry represents a pointer to the class object data structure 248 in
Figure 2.

The order of the values in the class data structure is determined
by the order of the corresponding method or public instance variable name
30 in the release order section of the class OIDL file. Methods or public
data members defined in the class but not mentioned in the release order
section are ordered:after those mentioned in the release order section
and in the order in which they appear in the class OIDL file.

Object Interface Definition Language (OIDL)
35 The invention redefines language dependent object definitions as a
neutral set of information from which object support for any language is



for this class, and returns a pointer to its method procedure. If the
method is not defined (as a static nmethod or at all) for this class then a
NULL pointer is returned. 25 Method: sonFi ndSMet hodOk Par aneters: sonftel f,
som d net hodld Returns: somvet hodProc * Description: Just |ike

<sonti ndSMet.hg@s-s1xeept that an error is raiszd if the 30 nethod is not
defined for this class. Method: sonBupportsMethod Paraneters: sontelf,
somd Md Returns: int Description: AT9-91-073

33 ( Ee} ur )ns 1h( oY fded, | ﬁb%;u@%ca&e%frrﬁtfbmtmpaymemd dayad hnﬁbabasS and
al.se) otherw se. .. sqnizet Nu s_Par anef.e s
Returns: . int | currently supported
oberase (ARFARIPE AESYI0E. (IRDh P B FP S f““s o
by this cl ass,pronidesdthegbagilsefon generatingdeindbeg ﬁlketsa?}aé %
Met hod: SonGetlaagﬁa@ase@ @Se hHd ProvIEEs® 6bjezeszad fthRbt uem;tmmsegrelfqrred
Descri pti ong ﬁé QﬁaHL%)t OtEQJ:h VIBE £2le AWeirdS ! HACEmPiereSHitkPfachl to anslaances

of <sel f> have t e sape
- of SOM obJects.

OIDL files come in different forms for different languages. The
different forms enable a class implementer to specify additional
language-specific information that allows the SOM Compiler to provide

10 support for constructing the class. Each of these different forms share
a common core language that specifies the exact information that a user
must know to use a class. One of the facilities of the SOM Compiler is
the extraction of the common core part of a class definition. Thus, the
class implementer can maintain a language-specific OIDL file for a class,

15 and use the SOM Compiler to produce a language-neutral core definition as
needed.

i This section describes OIDL with the extensions to support C- f
language programming. As indicated above, OIDL files are compiled by the
SOM Compiler to produce a set of language-specific or use-specific

20 binding files.

The SOM Compiler produces seven different files for the C language.
# A public header file for programs that use a class. Use of a class

includes creating instance objects of the class, calling methods on

instance objects, and subclassing the class to produce new classes

25 = A private header file, which provides usage bindings to any private
methods the class might have.

# An implementation header file, which provides macros and other

material to support the implementation of the class.

# An implementation template, which provides an outline of the class'
30 implementation that the class provider can then edit.

# A language-neutral core definition

% A private language-neutral core file, which contains private parts

‘'of the class interface.



15 Method: sonCetl nstanceO fset Paraneters: sonfBelf Returns: -integer4
Description: Return the offset in the body part of this object for the

i nstance 20 -data belonging to this class. Method: somGetlnstancePartSize
Paranmeters: sonBSelf Returns: integer4 Description: 25 Returns the
size in-bytes a\@b-91r073 nst ance data required f@r this class. This does not

i nclude the instance data space required for-this class' ancestor or
descendent cl asses. Mt hod: somGet Nuntt ati cMet hods Paraneters: sontSel f 30
Returns: int Description: Returns the nunber of static nethods that this
cl ass-+has. —ThIS IS als b Il | ass | t e.
oS has 6512 068 Elle! fhat! 8554 Pubd kb ' Ackle ng‘eet EEadiei0Qtle A0k
Paranmet ers: sonSel PERRY @F4% Plsonmvet hodTab * Descri pti on: . Returns a
pointer to the nethod table of this class's parent class. |f,thIS class is

a_root class ( SOMCfioichydd et NohdashouieChétiftly Al sonCet O assitab

Par anmet er s: sonSe f
Include section;

Class section;

Release Order section;
Metaclass section;
Parent Class section;
Passthru section;

10 Data section; and

% % ® % R OB o®

Methods section.

_ Include section
'Thié required section contains an include statement tﬁat is a
15 directive to the OIDL preprocessor telling the compiler where to find the
class interface definition for this class' parent class, the class'’
i metaclass if the class specifies one,;and the private interface files for
any ancestor class for which this class overrides one or more of its
private methods.

20 Class Section
This required section introduces the class, giving its name,
attributes and optionally a description of the class as a whole.

Release Order Section
This optional section contains a release order statement that
25 forces the compiler to build certain critical data structures with their
items arranged in the order specified. This allows the class interface
and implementation to be evolved without requiring programs that use this
‘class be recompiled.

Release order applies to all method names and public data items.

30 If the release order of some method or public data item is not specified,
it will default to an implementation-specific order based on its
occurrence in the OIDL file. The introduction of new public data items
or methods might cause the default ordering of other public data items or
methods to change; programs using the class would then need to be

35 recompiled. )



Ret urns:. somvet hodTab * 10 Description: Returns a pointer to the nethod
table of this class. Method: somAddSt ati cMet hod Paraneters: sontelf, somd
met hodl d, somi d net hodDescri ptor, somvet hodProc-*net hod, = somvet hodPr oc
*redi spatchStub, somvethodProc 15 *applyStub Returns: sonmMX fset '
Description: Addsé gie(;_,ri des the indicated net ho?, returns the val ue that _
shoul d be used PEF4T9%he offset value in the &ass data structure for this
20 net hod nane. <methodDescriptor> is a sonlid for a string describing the
calling sequence to this nethod as described in <soncGet Nt hMet hodl nf o>
defined +n the SOMObj ect class definition. <method> is the. actual nethod -
procedure for this method 25 NerdeXupatsebSonb> i s a procedure with

the same calling seqpgRCE@SnaI"ELNALR pr?ffé%ﬁ‘tﬂja %qagﬁhﬁ§t§c@§sﬂegﬁﬁggtasggea

of this class's dispajch functions. <a > 1S a procedure

standard vari abf‘ﬂ“eag'(){rnﬁﬁ‘il°f‘?]slty'd%td§s%’18$ u? tBT)ﬁF??E‘ ?r F eSS AT e

obj ect by cal | i athexneamwentts 8gpuki its zelpudethis ¢dags/eihtier fanet hdfdatmetaclass
structure. |&s galspbiFié@JUes R £i:5itibe mist Be AncliiRdCAl bhd'dnsRMAUERCIsH. tHe
?Ithg;[ ggagﬁahggﬁ%%ggéc{}ggallg sspﬁ é:,f:%%?}) Tut\]eltsacfatslélb_of %hﬂ:sggaslsm ;;[arxlgnﬁs %Rggéklﬁ] R
sone cl asses. |Pec¢Pe8dses where the dispatch functions do not need such a
function this parameter may be null. Method: sonOverri deSMet hod

A class' metaclass can also be implicitly defined through the
10 combined use of the class attribute in the data section and the class
attribute in the method section. If either of these attributes are used,
then the metaclass section must be bypassed. In this case, the implied
metaclass will be a subclass of the metaclass of the parent class.

Parent Class Section
15 This required section specifies the class' parent class Hy
indicating the name and'optionally a description of the role of the
parent class in'this class' interéace. l

Passthru Section
This optional section provides blocks of code to be passed by the
20 compiler into various binding files. The contents of the passed
information are ignored by the compiler. Even comments contained in
passthru lines are processéd without modification.

Data Section
This optional section lists the instance variables for this class.
25 This section i s generally present only in the language specific version
of the class interface definition (a .CSC file). However, it must be
present in the public form of the class interface definition if the class
 contains public instance variables. ANSI C syntax is used to describe
these variables. .

30 2 Methods Section
This optional section lists the methods supported by this class.
ANSI C function-prototype syntax is used to define the calling sequence
to each method.



Paraneters: sontSelf, som d nethodld, som\VethodProc *nmethod 5 Returns: void.
.Description: This nethod can be used instead of <somAddSt ati cMet hod> or
<somAddDynam cMet hod> when it is known that the class' parent class already
supports this nethod. This call does not require the method 10 descri ptor
and stub net hods9+d1a073 he ot hers do. Method: s@nGet Met’hodOf f set Paraneters:
sonSel f, som d methodld Returns: integer4 Description: -15 Ret urns
the specified nmethod's offset in the nmethod procedure table assumng this
s a static method, returns Oif it vvassdip{; Iiu,s value is. used to set ithe

of fsel value in t hi a ruc poul d o necess to
use this nethod \/\/neih ﬁacs?g'p’(gé' Efagsjfelgef é‘e 0 tsﬁ'gﬁcﬁ aa‘%{" F1°r?0\7v in el%/l ts.
20 Method: sofdessadpto St $ad P8 indings sappseprieyer ,forsemarthﬂlﬁbcﬂregmwms.
somVet hodPr oc *lah¥pfagé i Prhe5oM Rompiles &ppliydpdithSthebosy2sotioallait piddacéha

specified g thmplesLse%%f bendifb €38 trlel ¢ %E@gﬂaﬁlﬁﬂgdﬁnﬁuﬁt supported by

this class. An apply stub 1s a procedure Is.Calléd wth a fixed -

cal ling sequence, nanely (SOVAny *self, somld nethodld, somd descriptor,
ap_list ap) where <&e cp@pldevaaparg*seSdm vaphasesur @ presompidatphisse anfeamct ual

argunent |i st Teﬁ1§§ioﬂaﬂn59d t In tthe iRkt @Hasel hprapddpilat vbadsoinbanislykée acal | -

to its associayg hﬁqs %inxllgi‘m{ %L&'gpéc*uégé’ 1@%&1’%%&6 fQYest he
met hod. SOMCl ass ass escend rom | €
defi nes t he foFPY lﬁthTquﬂfas ass information, comments and passthru lines. In the
10 second phase, one or more emitter programs run to produce the appropriate

language binding files. Two additional programs serve as preprocessors

for the SOM precompiler phase. The sequencing and execution of all of
these programs is directed by the SOM Compiler.

The output from the emitters, plus user-supplied logic for the
15 class' methods, are subsequently compiled by the C compiler and linked by
the 0S/2 linker to create a loadable module. Loadable modules can be
packaged in self-contained files or placed in a DLL so the class can be

used from many programs.

Referring to Figure 4, control commences at terminal 400 and flows

20 directly into function block 404 where a SOM language neutral object
interface definition (OIDL) 402 is input to the SOM OIDL compiler 404.
The SOM OIDL compiler parses the object definitions in OIDL into a
canonical form 406 to simplify the code generatidn process as input to

_ the target language emitter 410. The lénguage emitter 410 generates

25 language bindings 414 which include the class data structure depicted in
Figure 3. Control flows to the language compiler shown in function block
420 which receives additional inputs from the language applications 416
and the SOM bindings 412. The language compiler could be a C, Fortran,
Cobol or other compiler depending on user preference. Output from the

30 language compiler is an object file 422 which can be link edited with the
SOM runtime library for subsequent execution.

Figure 5 is a flowchart depicting a link, load and execution of an
application using SOM objects in accordance with the subject invention.
Processing commences at terminal 500 and immediately flows into function

35 block 530 for a dynamic link and load of the SOM objects 510 created in
Figure 4 at label 422 and the SOM run time library 520. Then, at



AT9-91-073 36 Met hod: sonfindC sinFile
Paranmeters: sontBelf, somd classld, int majorVersion, int mnorVersion,
Zstring file Returns: SOMClass * 5 Description: Returns the class object
for the specified class. This may result in dynamc loading. |If the class

al r eady eXi--'-StSA'IZJ-iQ:}I%3i s ignored, otherw se if3is used to |ocate and
dynam cally |1 oad the class. Values of O for major and m nor version nunbers
bypass version checki ng. 10 Method: sonFindC ass Paraneters: sontelf,

som d cl assl d, | N mn% oc\(‘e Ed Oy g%%{gfagﬁ; sr§hme5%eW{a§ inmg .g,s,s *

DesgLi.pti on: ur ns ass peci Ias
result 15 in l’;ﬁ?&ﬁ?’b °Ifd<‘fGF1"@rY {j§é§e%6ﬁfﬁg%ﬁ°§€]a§s§ﬁ ?%r o™ nCt Phlgi%%krre
of the filé whese ahdialethided' irc Gligureess.d@s 8.t hend Ufes Fsmiﬂh’n@lesmﬂi##mn

Met hod: sonC agg %rxgmﬂdpﬂ Qﬁmineﬁ.ﬁ £uR VISR Hlocks 889 Gna | dntidl Retterminat&DMEl ass

* 20 Description cl ass object, given its Id, if it already
exi sts. Doe$ nbtF “118%1%?’? g?% Returns NULL i f the class object does not

yet exist. Method: sonRegi st erCI ass Paraneters: sonSelf, SOMC ass *cl assObj
25 Returns: void Descriypdris@ér Ih@émntéreecCiaxsebjeat Agbented Brogtams t he

specified class is jﬂﬁ%t Q.Jsple@g &nghé quwéztii.én %@'tﬁliw?eﬁt@§&ooﬂﬂ;ﬁ6¢rm{eﬁts in-
object oriented applications and more particularly solving problems
arising from the independent evolution of object definition libraries and
10° the cbmputer applications that use them. '

The version independence processing isolates the executable binary
form of computer applications that use object definition libraries (also
called object class libraries) from certain changes in the
implementations or sﬁecification of the object definitions thatlnaturally

15 arise during the lifecycle of the libraries. Specffically, the following
changes can be made to an object definition w1thout comprom151ng its use
by the unmodified executable bihary form of a computer appllcat1on which
dynamically loads the object definition each time the application is
executed:

20 1) add new methods to an object definition;

2) move the point of definition for a method from a child class to its
parent class;

3) add to, delete from, or otherwise change the private instance data
associated with an object definition; and

25 4) insert a new class definition into a class hierarchy.

This processing is accomplished by the operation of an algorithm in
the memory of a processor employing several techniques as follows.
Method and instance offset are removed from application binary images.
" In static object models, such as the one defined in C++, an offset (an
30 integer number) into'; method procedure table is used to select a method
procedure for each particular method name. The offset depends on the
number and order of the methods of the class the method is defined in and

the number of methods defined by its ancestors.

This approach has the benefit of being a very fast form of method
35 resolution. However, in the prior art object models have placed these
offsets in the binary images of the applications that used a particular

-



Met hod: somnregi sterC ass 30 Paraneters: sontel f, SOMC ass *cl assObj
‘Returns: int Description: Unloads the class file and renoves the class from
"the SOM registry Method: sonlocateC assFile 35 Paraneters: sonfSelf, somd
classld, i nt maj or Ver si on, i nt m norVersion AT9-91-073

37 Returns: .%ng Jo7eescription: Real inplengptation supplied by

subcl asses. t i npl ementation returns the class nane as the file nane.
Subcl asses may use version 5 number info to-assist in der|V|ng the file
nanme. Met hod: dCl assFil e Parapeters | assl.d n

maj or Ver si on, I?Ihetn115 a]ﬁ'S?Vé'F?I' ng 29 b tff?"?feé'eg{g%ﬁr §°m‘§é?/dch %pggli%uoﬂ
Deserd ption: verng¥er [the qffsets redredhd ¢hangs-al i ze the cl ass obj ect. Met hod:
sonmnl oadCl assFil e Paraneters: sontel f, SOMJ ass ‘*classObj .Returns: int 15°

Description: Rel eagegohNeng! dgsets H%Qﬁ% @é’t‘idciﬁiﬁrn@éﬁoésh&eclc@ﬁ%c%& ¢io Met hod:
somGet | nit Funct Ig(ig mi%gx@yn%tagar Sstructure ff:r %%E:l!xj rc:r]].gss chatlrlle{i] q:he clas CJatg tion:
’
5 structure, detailed in the discussion of Figure 3. This data structure
. is given an external name and its contents are referred to in
applications. Each class data structure is initialized to contain the
appropriate offset values when a class object is initialized as detailed
in Figure 10. Thus each time an application is executed all the offset
10 values are recalculated based on the current definitions of the classes

used by the application.

Note that any references in an application's binary images to the
values stored in the class data structure contain offsets. However,
these offsets can remain constant across the four kinds of changes

:18 enumerated above. This is because the class data structure only contains
offsets for the me;hods defined in a particular class, not for offsetsiof
i methods inherited by the class. Thus, new methods added to a class can
have their offsets added at the end of the class data structure without
disturbing the positions of the offset values for methods.that wvere
20 already defined in the class.

The SOM Object Interface Definition Language (OIDL) contains a

Release Order Section, discussed in the section titled "SoM Object Model"
above. The release order section of OIDL allows the class implementor to
insure that new method offset values are added after the method offset

25 values for methcds already defined in a class. The release order section
in an OIDL file also causes an entry to be retained in a class data-
structure if one of the methods defined in the class is moved to a parent
class as highlighted in Figure 3. This entry is then initialized from
the parent offset value by a simple assignment statement that the OIDL

30 compiler adds the logic.initializing the class data structure as
described in Figure 10.

A similar problem arises with public instance data. An application
that accesses a public instance variable contained in one of the
application's object's state data structure must do so via a offset into

35 the object's state data structure. In the prior art, this offset was
contained in application‘s binary image. If this technique is employed,



Supplies the name of the initialization function in the class' code file.
Default inplenmentation returns (*SOMC asslnitFuncNane) (). Method:
som\vergel nto Paraneters: sonBSelf, SOMbject *targetObj 25 Returns: void
Description: Merges the SOMC assMyr registry information fromthe receiver
to <targetObj>._ <targetObj> is required to be an instance of SOMC assMyr
or one of itsAAny9%Ees. At the conpletion A% this operation, the 30
<t arget Obj > should be able to function as a replacenent for the receiver.
At the end of the operation the receiver object (which is then in a newy
uni nitjali zed themttdy dpplicatdon'sShirarasivege mhstt bevregenatatedi(viaet hod shoul d
S“ihm larly transtéeipilition) gt tigastrel offiet Whhkfels @RdtPasehdnhe Snnerichetd of
their parent t n ep.. Lf, .t 0
i st ngut shed Tasitanetd 85, Ak hiebl o MiteE°L sty © dhiiche; Batd Fadirgrenss,
38 SOMO assMyPObfHscte cBengasais vhe abpech' si amy ipstancsasataghaduty point to
<t ar get Gbj >. ‘Managi ng Obj ect Nanes The subject invention inproves upon past
obj ect oriented t eqhrioRUekisSproblien 46Udd1ired by HuUihgCMieS bifEe t NEUFESachOpullNET ¥
method for a gaL@é%aPi’ath' 'g:LeI %?%95 hbﬁa S}&%&:@%{E&héf@{. ﬁriﬁ\ﬂrer '%'d”?he‘“ aa
speci al procedure, assocl a’t_e Wi each class’i ement ati on, and by . ,
col | ecting t h&"swingofisrresigy- oFF%’éF&aﬁﬁfi)taas’éﬁ“_gg‘Fé sdpttatizpdntmeantaisss
dat a struct ur ¢he Tppsopriptevéfatt valaesichen tthe cdlasgplobjedti s ioftimdivedi ag a
large |ist of gexdiaedahn 2fyur¥a7 ad Q3. FREYICE&N! bﬁnepaplahﬁncgii&r £AkkdGited
uni que nangs Gf LT a0 LP A5ud1ATE: TRAOILIALS HaSdl GRS G TE P il etnitions
requi renents and T educes tRe" T 0atF e o € genherated executr on nodul e.
of the classes used by the application.

Remove object state data structure sizes from applications' binary images
When new instances of objects are created, a correct amount of

computer memory must be allocated to hold the object's state data

15 structure. 1In the prior art, the size of this block of memory was
contained in an applicatibn's binary image. If this technique is
employed, then the application's binaﬂy image must be regenerated (via
recompilation) any time the size of the object's state data structure
changes. In SOM, this value is available via a call to the object's

20 class object and therefore need not be contained in an application's
binary image. -

The techniques described above allow each of the four changes
previously highlighted to occur with respect to class definitions used by
an application without requiring that the application's binary image to

25 be regenerated.

Figure 6 is a flowchart depicting the creation of a new SOM class
in accordance with the subject invention. Control commences at terminal
600 which flows immediately into a test for a correct version number at
decision block 610 where a check is performed to verify the correctness
30 of the version number. If an incorrect version number is detected, then
a message is displayed in output block 612 and control is terminated at
terminal block 614. If a correct version number is detected, then
another test is performed at decision block 620 to determine if the SOM
class exists. If the SOM class exists, then processing is returned at
35 terminal block 622.



Figure 3 is a SOMclass data structure in accordance with the subject
irnvention. Label 310 represents a pointer to the class object 15 data
structure set forth in Figure 2 at 248. Label 320 represents an offset
into the nethod procedure table set forth in Figure 2 at |abel 240 or into
the object’'s stat% data structure set forth irl Figure 2 at |abel 230.
Simlarly, | ab8FE933Y3and 340 represent additi Snal offsets into the nethod
procedure table or into.i-ts state data structure. For additional 20

met hods that are first defined in this class or mit hods tha%z ar mantioped
in Lhe class rel easkf ShSOMTAEF glees RotaRtishat fRFisHR Blockn#Oe el @ tes
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39 provided. The neutral set of information is referred to as an Obj ect

Interface Definitiopjdup@3uage Edidhhrd@bpiticliPrnd e &Yba M tPublionr W iades
the basis for generating hinding.files that enable.programmng, .,

class 1n accordance wit ject invention.

15 commences at terminal 700 and flows immediately into function block 710
where a generic class object is created as detailed in Figure 8. Next,
the new géneric class is initialized to default values at function block
720 and detailed in Figlire 9. Then, at function block 730, the instance
data offset is initialized for the particular new class. Control flows

20 to function block 740 where the class data structure (Figure 3) for the
new class is initialized by assigning values representing each static
method for the new class as detailed in Figure 10.

At function block 750, 760 and 770 the pareﬁt class is set, the
class data is initialized and the class is registered. These steps
25 involve updating the new class data structure as detailed in the
discussion of Figures 2, 10 and 13. Finally, control is returned at
terminal 780.

Figure 8 is a flowchart depicting the detailed construction of a
‘new SOM generic class object in accordance with the subject invention.

30 Control commences at terminal 800 and immediately flows into function
block 810 where memory is allocated for the object. Then, a test is
performed at decision block 820 to determine whether the memory was
allocated. If an error is detected, then an appropriate error message is
displayed at output block 830 and processing is terminated at terminal

35 block 840. If no error is detected, then the default values of the
object are set at function block 850 and control is returned at terminal
block 860.



| anguages to use and provide SOM objects and their definitions (referred 5
to as classes). Each ODL file defines the conplete interface to a class
of SOM objects. ODL files come in different forms for different |anguages.
The different forns enable a class inplenmenter to specify additional

| anguage-specific.information that allows the SOM Conpiler to provide 10
support for comsgsaicdb?ng the class.” Each of tarese different forns share a
comon core | anguage that specifies the exact information that a user nust
know to use a class. One of the facilities of the SOM Conpiler is the
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t he cl ass m ght have. enent at 1 on whi ch provi des macros
and other material to support the inplenentation of the class. An
i npl enent at1®n t enpl&tae pavdnitcélass oddedowtaeristit [there inftiphevagisbles BO set to
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based upon the values from the parent class in function blocks 940, 950,
and 960. Then, in function block 970, the version number for the class
15 is set and error processing is performed in decision block 980. If an
error is detected, then an appropriate message is displayed at output
block 982 and processing terminates at terminal block 984. If no error

is detected, then control is éeturned at terminal block 990.

Figure 10 is a flowchart depicting the detailed initialization of a

20 SOM class data structure with offset values in accordance with the
subject invention. Control commences at terminal block 1000 and
immediately flows into function block 1010 where a loop commences with
the acquisition of the next static method. In function block 1020, the
new method id is registered with the SOM runtime environment. Then, a

25 test is performed to determine if the method has already been registered
in a parent class in decision block 1030. If the method has been
registered, then the method offset is overridden at function block 1032
and control passes to decision block 1070.

If the method has not been registered with any parent class, then a

30 test is performed to determine if the method has been defined in the
current class at @ecision block 1040. If the method has been defined,
then the existing offsets are employed at function block 1042 and control
is passed to decision block 1070. If the method has not been defined,
then memory is allocatéd and values are initialized in function blocks

35 1050 and 1060. 1In function block 1060 the offset is calculated by adding
the number of inherited static methods to the number of inherited static
methods processed to date by the class. Error processing is performed in



AT9- 91-073 40 An OS/2 .DEF file that can be
used to package the class in the formof an OS/2 DLL. ODL files can

contain the follow ng sections: Include section; 5 [err] Cl ass section;
[err] Rel ease Order section; [err] Met acl ass section; [err]
Parent C ass section; [err] - Passt hru section; 10 [err] Dat a

section; and [ &re391-073 Met hods section. | nclud® section This required
section contains an include statenent that is a 15 directive to the QDL
preprocessor telling the conpiler where to find the class interface
def i pi.ti-on-for debisiof /1 A86k 1070 cahd Glfams eridici<€ldasectedpithel as sapptogriiete| ass

spec fi €S one, yaghoh e, BELNMANE hDISbAE Brddd 8572l fla BIVLeBIGES Hayfleds Sad OF

which this class q Its prrva

O ass Section FRAEIALRIrrledo2ect AEESY) BHICH RTCELSERG 1EI°£§'§iet§gwaH§8Tefst??§rre
attributes and isperdmadedyatadeisdon (lpon 1080 thaletemine df anwaddigionrd| ease

Or der Secti g hetrodePidgaie Bs&@tsggﬁ, .COIf @die drel ddBShadibRod!, atiRient t hat
O oo hr cBRM st (3 Uunde RS B fiTb bt Unc LA, SHEUEIGN BF b Lbop.
thelr itenms arrange er

i nterface and Pﬁ'b?ré'ﬁ%t a?qtcb’ﬁltfé%% t@vEﬂ*%‘Eﬂva%?o‘ﬂh“Fe‘ﬁ’&Ff‘ﬂn@“b‘FBﬁT ans that -
use this class be reconpitarent ReaensShadowtiey appl i es to all nethod nanes and
public data itens.
Logic for providing a dynamic insertion of a replacement parent
10 class, referred to in object programming as a pafent class shadow, is
detailed in this section of the invention. This processing allows the
statically compiled definition of what parent class is linked to a
particular class at runtime to be dynamically altered during execution.
The ability to insert a new parent class into a statically compiled class
15 hierarchy offers more flexibility to maintain and.enhance existing code
after it has appeared in binary form. It also offers a new degree of
freedom for customizing code without access to source materials since
this result can be achieved without recompilation.

Prior art systems have inherent limitations associated with
20 statically linking derived classes and their parent classes. These
limitations include, computation of the size of the derived object state
data structure, initialization of thé derived method procedure table, and
the inability to provide access to a parent class' methods from within

the derived class' methods (called parent class resolution).

25 . The SOM object model removes these static references by having all
the parent class information available at runtime through the parent
class object. Thus, when the derived.class implementation needs

_information about the size of the parent class' state data structure, the
addresses of the parenf class' method procedures, or access to the parent

30 class' method procedure table (to support parent class resolution) an
appropriate call is placed to acquire the information from the parent
class object. The detailed processing to obtain this information are
given in Figures 7, 8, 9, and 10.

SOM introduces -a class manager for every SOM process. The class
35 manager is responsible for keeping a registry of classes. The class



30 If the rel ease order of some nmethod or public data itemis not
specified, it will default to an inplenentation-specific order based on its
occurrence in the ODL file. The introduction of new public data itens or
met hods m ght cause the default ordering of other public data itens or

met hods to change gaograns using the class would then need to be 35
reconpi | ed. 073 49 41 Met acl ass _
section This optlonal section specifies the class' netaclass, giving its
name and, optionally, a description of the reason for the netacl ass, or
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net acl ass mnll .a su ass e_net acl ass ass ar ent

e pare
Class Sectio Yl’B" ing calls il Eher §?.fhcf"%§f %‘Eﬂ?%ﬁgﬁf& pgﬁ‘éact&f“aggs"‘-ﬂ‘if ent
cl ass by i ndiventinggta isubstitutengd afeimntal dlpss 1@19?@@'{3@% forr thheoriginalof

the parent clcsss iifpldikstathias FolldWsCtHeagallobamySideps: Section This optional
section provides bl ocks of code to be passed by the 20 conpiler into

various binding file The contents of passed i nformgti on are i gnored
by the. corpi 'dr. | BT 2at BN BEn PRTIAIG A ToStPE) PPRBE SoR TPstEscd

W t hout ntﬂﬁ-&péégifgn determining a class object from a class name (i,e., changing
the implementations of somClassFromId, somFindClass, and
somFindClsInFile)

" B simple and useful way to do this is to add a method to register a
shadow class objecﬁ under an existing class name and then return the
15 shadow class obJect to the calling application in any subsequent calls to
somClassFromld, somFlndClass or somFindClsInFile where the shadowed name
is specified. '

2) Before creating any derived class objects that are to have a
shadowed parent class object, create an instance of the new class manager
20 class (as describéd in step 1 above), initialize it from the existing
SOMClassMgr instance (via the somMergeInto method), and then replace the
existing SOMClassMgr instance with the new class manager instance by

overriding the address of the existing SOMClassMgr instance in the SOM
runtime.

25 3) Still before creating any derived class objects that are to have a
shadowed parent class object, use the facilities of the application
specified class manager object to register the shadow class objects.

After the above three steps have been completed, derived class
objects can be created. They will be linked to the appropriate parent
30 shadow class objects. This will work because of the specific logic used
to iritialize a class object and link to its parent class object as
depicted in Figure 11. This logic consists of two basic steps:



Data Section This optional section lists the instance variables for this
class. 25 This section i s generally present only in the |anguage specific
version of the class interface definition (a .CSC file). However, it must
be present in the public formof the class interface definition if the

cl ass containsg&gb%1%7gnstance variables. ANSI C syntax is used to describe
t hese vari abl es??30" ' Met hods Section This
optional section lists the nmethods. supported by this class. ANSI C

function-prototype syntax is used to define the calli ng .gequence to-each
nmetpod. ~ -~ ATO- g)lfgqs;,.-a call is made to insure that the sta&k %&/I %iqaé?ntrﬁgasgw
Conpi | er translatjest thae HoleBlcreoted:e Thiki seirveso v imporSEAL PRERPSeENt 0 a set of
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phases - a pPeconpi |i@penestatien wWildha Linksh ikadbe hinay,dniqe ef tS‘ﬁase a
preconpil er reads angpaimityees a user-supplied class definition and
produces internediate output files containing binary class information,

comments and pagsthry Lines. .ln the 10. secqnd_ ph , r e tter
prograns run toa’ér oo#cé’.‘st"ﬁ%s 5’[%’5? JpFi &k &° sgn&ﬁa:?%tg‘?%&ﬁ%%ﬁlpggg t“I,'\(/"vcf)args
addi ti onal . progr ans obdeste hag bgee gegéeiesed 3’1ng ¢ §OM SARFDMBRAATHI Parchiglere
The sequenci ng and een@Chdxitostedf ocdursof t hese prograns is directed by the
SOM Conpi l er. The output fromthe emtters, plus user-supplied |logic for

the 15 class' nethods, are subseguently conpiled by.the C ¢ L.l er and

linked by tPA& o8/ 2 I¥nkks sf?)t"ﬁfg& “%{'"'?/B%f&gglcéa%a eé:.te}t”‘ésaad'iejlrgeF!ei:lL %eul es can

be _created (say by an application following the shadowing steps discussed
above) then a second attempt at this time is ignored.

2) Second, a call is made to the SOM class manager object to retrieve the
address of the appropriate class object based on the name of the derived

15 class' parent class. If the parent class has been shadowed then this
call will return the shadow class object.

The combination of the techniques and mechanisms described above
effectively isolate a derived class' binary image from any dependency on
the exact class of the class object that the derived class uses to

20 extract parent class data from.

Two restrictions must be observed when inserting a new class
between a child class and its parent class. First, the insertion must be
accomplished before any instances of the child class have been created.

25 Second, the inserted class must also be an immediate child of the
- original parent class. Because the SOM class manager is used as an
intermediary when establishing the relationships between classes at run
time, even a statically linked class can be shadowed in this manner.

Figure 11 is a flowchart depicting the detailed parent class
30 shadowing of a stdtically defined class hierarchies in accordance with
the subject invention. Control commences at terminal block 1100 and
immediately flows into function block 1110 where the statically defined
parent class object is created. Next, the shadow parent class is created
and used to override the statically defined parent class at function
35 blocﬁ 1120. Then, the child class is created as shown in function block



packéged in self-contained files or placed in a DLL so the class can be
used frommany prograns. Referring to Figure 4, control conmences at
termnal 400 and flows 20 directly into function block 404 where a SOM

| anguage neutral object interface definition (ODL) 402 is input to the SOM
O DL conpil er 4Q4.911/a93SOM O DL conpi | er parseg the object definitions in

O DL into a canonical ?orm406 to sinplify the code generation process as.

i nput to the target Ianguage em'tter 410. The | anguage emtter 410
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determine a specific method at runtime. In object models this is

15 referred to as dynamic.

The invention consists of a programming mechanism called redispatch
stubs toilameliorate the difference between static and dynamic models. A
redispatch stub is a small procedure with an entry point that can be
placed into a table of procedure entry points. The table of procedure
20 entry points are used in a static object model as a substitute for the
actual method entry point that is expected. The redispatch stub is
generated automatically based on the requirements of the dynamic object
. model. The redispatch stub converts the tall generated in the static
object model into the form necessary in the dynamic object model and
25 supplies any missing information in the process. Thus, if an object is
accessed from a static object model that is provided by a dynamic object
model, it can be represented to the static object model via a téble of
entry points which each indicate a particular redispatch stub.

Figure 12 is a flow diagram depicting the redispatch method in

30 accordance with the subject invention. Label 1200 is a state data
structure for a particular object. The first full word at label 1210
contains the address of the object's method procedure table label 1240.
The rest of the state data structure is set forth at label 1230 contains
additional information pertaining to the object. The method procedure

35 table set forth at label 1240 containing the addresses of various methods
for the particular object. All objects that are of the same class as
this object also contain an address that points to this method procedure



object oriented applications and nore particularly solving problens arising
from the i ndependent evol ution of object definition libraries and 10 the
conput er applications that use them The version i ndependence processing
i sol ates the executable binary formof computer applications that use
obj ect definitiqg djhraries (also called obj ec% class libraries) from
certain changes in the inplenmentations or spec %ication of the obj ect
definitions that naturally 15 arise during the lifecycle of the libraries.
Specifically, the faol.l owi ng changes can be nmade to an object definition
Wi t hout corrprorﬁag?"n "F??“‘ﬂg‘é aﬁylag’ﬁi {ﬁ%ﬂbd‘ﬁﬂ' é'aﬁ???ﬁciﬂl‘%ﬁitédlhyngwdﬁﬁcﬁﬁof a
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time the appli Gat tigsy bfpeaxeniitRé mefhod proceastd tudde Nt badgodth a0 10bd1EGbag
definition; 2) Vie gg é&gi. Ny 298 (f‘i?'r"i"ﬂk H 9P ifsoinhgrﬁgghhod froma child class
to its parent class; ‘5e add to, delete trom -or otherw se change the
private instance data associated with an object definition; and 25 4)
insert a newsclass dafthe figurei ntabel 12hGsontains ar pdipterTipsa pedicpatimgtuls
acconpl i shed byiszbe @pesAbpLhOdtuBNidla0figuénte) 6 1A uOBIFRE that appEr0GESSOr
P! 01 NG SVl RN 818G AFrdsflh O oyeE "ofk IELLESOAR SR BGhvedt e
removed from application binary 1’nages. In static object  node such as
the one defi nedethrdcsall dptepredkl o @nsehipnk'sProRIBES RifRAth £upetiondes
procedur e tabl eligstuseel ab BbebCi26Q. nFhhaddypse cddiabel{iR60ckech pradnterc b ahe
{fﬁt hO? narr;aho T%j@éﬁ"%?&is@@%@"@ﬁn&ﬂoﬁ hQam.Enmr smdbﬁ][cderhtaeé al Bespaeémiods of
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met hod 35 resdegtiiar meghed, bpsed an tthe RIrpmstess Pasaspdist the qefisPatch spiliced
these of fsets iTheidi@abanearys iinelele tHe imdthodipidentifiens & hatingsdedceaibing a
particul ar set of arguments passed to the identified method, and a data structure

15 containing the set of arguments.

Offset Values
Figure 13 is a flowchart depicting the detailed initialization of

the offset value in a SOM class data structure for a single public
instance variable. This logic sequence is repeated for each public

20 instance variable defined in a particular class (see the discussion of
the OIDL Data Section above). Control commences at the terminal block ‘
1300 and immediately flows into the function block 1310 where the offset
of the instance variable is calculated by adding the instance variable's
offset within this class' object state data to the offset of the

25 beginning of this class' object state data within the object state data
structure set forth in Figure 2 at label 230.

The beginning of the class' object state data is determined by

adding up the sizes of each of this class' ancestor classes' object state

" data. Control then passes to function block 1320 when the calculated

30 offset is stored intd the position in the class data structure as

determined by the position of the public instance variable's name in the
OIDL files Releask Order Section (see the OIDL Release Order section
above and Figure 3 above). Control then flows to the terminal block 1330
and the process is complete. |



AT9-91-073 44 object class, resulting in the
ré&qui rement to reconpile the application whenever the offsets required a
change. In SOM the offsets associated with methods are collected into a
single menory data structure for each class, called the class data 5
structure, detyghlfadeyf the discussion of Figuse 3. This data structure is
given an external nane and its contents are referred to in applications.
Each class data structure is initialized to contain the appropriate offset
val ues when a class object is initialized as detailed in Figure 10. Thus
each4+ne an application is executed all the offset 10 values are

recal cul ated based on the current defRedispatghsStibst he cl asses used by the
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rel ease order SR isofpliled sKacyip 1ike &t ypg She FgabstakiceRethpdiRyopedyrer ai ned
in a class darendtibndtlocle 1480 clepiats bdwe thee rbdidpatthhfl stubdcallst the oijest's s
noved to a paggsfateh dRehéd (4G AL EGhetibd F&EiELidn SR N absvel) N The
i tiali zed Tro0 Lhe PALSNGagl LR e RS MnAALIRLS Q32ISR0F R ShLar
15 as:required by the object's dispatch method. These values are
incorporated into the redispatch function definition when it is generated
by the 'SOM OIDL compiler. (Note: as ddtailed in the definition of the
SOMObject class above, all classes must support dispatch methods). The
object's dispatch method procedure determines which actual method
20 procedure should be called using an algorithm specific to the object's
class as shown in function block 1440.

SOM provides a default implementation of such an algorithm that
looks the method's identifier up in a table contained in the object's
class object to determine the address of a method procedure. Other

25 object models might use other algorithms. Control then passes to
function block 1450 where the methoa procedure determined in block 1440
is called. When the method procedure returns its return value if any is
returned to the original caller of the redispatch stub at terminal block
1460. The redispatch stub allows the original static method call to be

30 -converted to one of arbitrary dynamics without requiring any changes to
the application program that is manipulating the object.

Method Procedure Table Initialization
Figure 15 is a flowchart depicting the detailed control flow that
will properly initialize a method procedure table for a class that may
35 change the association of method procedures to method during the



30 conpiler adds the logic initializing the class data structure as
described in Figure 10. A simlar problemarises with public instance data.
An application that accesses a public instance variable contained in one of
the application's object's state data structure nust do so via a of fset
into 35 the ob3®cPl-978tate data structure. |[$dthe prior art, this offset
was contained in appltcation's binary inage. If this technique is enployed,
AT9-91-073 ' 45 then the application's binary

i mage nust be regentiocat&fl af \Epplicataspiusiig € chavg. t icontriolecaphéses ghanges

due «t-o- a changerdrhiddienfdck1 5t %;medqp{efiy%ow&nmf&gusn @@G&S&e{o where
cl asses' instance da.t ag{bgw re or duet

t he, object;, s own
i nstance data | ®RGht ated ﬁﬁﬁg(ﬂﬂuf‘?ﬂ Brﬁfggfegﬁ%ﬁg SBPWB 15{7 @Y ng
the of fset for ﬂdehaqsdbtq gonkain anaentdyl fori phe pddrebaiof thet-elasst Labﬂm% and
detailed in &i Osdich of @hel mk biode DSHeriigedlbf @dSfre@ by BRC Bladsass adedrdandd withir e

isinitialized I];%upggt a'd?:aht]ﬁ F*peglr PQJél_thteo Qch andﬂfgeﬁzmré he |"§%ﬁ°d

ObjeCt |S|n|t|a|ze et al ures eac t1ne an

application is ¥R dethepethof puogedirestable dsy 6‘?13?"‘@ b dss ceALEPaECh S8R on
the current defRedispagols ssfibg fer cinhesited e ddetyrnined bpptequedting . thRerfirew the

obj ect state dafjassi bHﬁédér@la%kze%eﬁ{%&PQH&afdroﬂ% ctas@asae bmssedl\hyrmaew
i nstances. O% %ﬁc%od\pﬁ]e O?) ?pg.llest a,?ghedgi.as%m)un 0 2135 GOH pl‘{'loe%uﬁenq:r Ypdrust

be all ocate tHoéture. rior
art, the size: Gl WPS”‘-’rﬂléFﬂ( srchefivihy okrgscohatdrmethedr afrnappl Mzm PaRses
binary inage. Ifo Edrctiéreebsdk]ussd ehaqatwadthoatteacédnee appld entrien’ Hrbtwary

| mage nust be rQgeneaLadof A RN L?&l&%@\ki"lﬁ ta!cqgarlt Q&ir%lsg%fof tbfass'

object's state data tructure anges. I's aval Vi a

a call to the JBfB" s ‘E’G”c‘?"aé%t dB] ’é’é’t"aﬁ?&“ﬁ’ie?%f‘ﬁ‘?eeanrégas‘?‘?éf lfé“'&(ﬁ‘?f’ﬁ?sﬁed

in an appli &at iigna gdispatch function slot as this would result in a infinite loop).
Finally control passes to the terminal block 1540 and processing is
 complete. ' '

While the invention has been described in terms of a preferred
embodiment in a specific system environment, those skilled in the art
20 recognize that the invention can be practiced, with modification, in
other and different hardware and software environments within the spirit
and scope of the appended claims.



binafy i mage. The techni ques described above all ow each of theffDHm;SHEEnyW$=B[Er
prievi ously highlighted to occur with respect to class definiti¢ns usREPDACED
an application without requiring that the application's binary '

be regenerated. Figure 6 is a flowhart depicting the creation of _a new SOV
class in accordance with the subject invention_ Control commences at

ternminal 600 VR CAYTY8ws i medi atel y into a t @St for .a cor fhisSheptdias Bean Replaced
nunmber at decision block 610 where a check is performed to

correctness 30 of the version nunber. If an incorrect .versi

det ected; then a message is displayed in 6laipst bl ock 612 and control Ts
termnated at termnal block 614. If a correct version nunber is detected,

then anot heg tgest II?\ Qﬁ;[efc% OQ%?@Pé‘éd dged ?l—&ﬂs%gc Q&Q h&&r%%@in@ te L?JeIie{?Qg

SOM cl ass eX| sts. ass exl rocessi I's ret
35 terninal blﬁtﬁ 1332’2 loada;g‘lm mg u rom a language neutral source program 45 |f the

SOM cl ass daescqmphsangsstoaagd@eam wnr tsltodngGﬂ(é ldnlgeageandurshl | |®up&r podgred, at
deci si on bl gck, §30cdnps P&t %g&?a@@elin & h& rsOWhELENES rﬁ%o&@w&gnm oapéa ¥6-

If it is not actiyve, .then the SOM Jnme environnent i s _.i nvok
%c 13%§e° WS A% iSPBIRIRHY rT&H‘SrY ik °‘H\a§§‘§ht or

function bl 8ckP®99ce JRESTRS
not, controf tlIrguideoemititer dec genaraty|inck s8dmdt phaghdakgdage kindémgsowhiah t he
SOM envi ronmenincaﬁdaeceﬁdsendiﬂaoskrueé&e bid Akar@r £ conpilfieeiedanddaga an
appropri at egMsqaged $o Eir‘ééﬁ&t efle %L?Q Ut PisaPlOfka42 and processing is

term nated at termhal an error I's not detected,.then control
passes to function block 650 10 Wnere a default netaclass is prepared
Next, a clads #s congethesk éor iganéuating en dblectk 1&Biables modilei fron Hiaﬁgwe 7.

Final |y, processitpgl issufct PFétfdm Alcohsridinpkhdlsesds 660.

3 (a) storing the language neutral source program;
4 (b) processing the language neutral source program and emitting
5 bindings;
6 {c) compiling the bindings and generating an object loadable
: 7 module.
i i
1 3. A method as recited in claim 2, including the step of looking up a
2 particular method name.
1 4, A method as recited in claim 2 or 3, including the step of looking
2 up a particular offset.

5. A method as recited in claim 2, 3 or 4, wherein step (b) includes
the steps of precompiling, emitting bindings and displaying
messages.

6. A method as recited in claim 2, 3, 4 or 5, including the step of

2 generating class data structures.
7. A method as recited in claim 2, 3, 4, 5 or &, including the step of

dispatching functions.
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v ! =
Figure 7 is a"flowhart depicting the detailed construction of faTHW'ﬁﬁWI HAS BEE
class in accordance with the subject invention. Control 15 cofmence8EBFACED
termnal 700 and flows imediately into function block 710 where a generic -
class object is created as detailed in Figure 8. Next, the new generic
class is initiMPr¥e@73o default values at fun®&ion bl ock 720 and detail ed
in Figure 9. Then, at function block 730, the instance data offset is
initialized for the particular new class. Control flows 20 to function
bl ock 740 where the class data st naANGUNGE NEPTRPIr @BJIBYTE or t he new class is
i niti-al i~zed by assigning values representing each static nethod_for the new
class as detailed in Figure 10. At funct hor% bltock 750, 760 and 770 the
parent class is set, the class data is i zed and the class is
regi stered. These 9t epkho@l5 syshenplané pupakem fry redefinindclanguaasadependentct ur e
as detailed inodjeet d\b?ﬁﬁsﬂr@na@fa Eé\gﬂ'&BSseQ ofl fnfommhtion fromalhligh obgexdtr ol is
returned atterm ne&: fZ%%mrFlag age n%l@d:}ngcpﬁg ttb&%gér? 'aﬂ@.lahg'@ qgt a' I ed

constructi o of"’R°h ass 0 in aGeor ance wth the.
subj ect i nvent‘ih@ﬁh%é Gbﬁt%“é?r%hﬂ%r’rée%a’a?d £8¢ FPrRALe8 06 a?f’(i‘r?fm@d?’é’t afsgP
flows into fungilieoshibhdekibd stvagevitbmetiiod infdrinatianetb fthe tehgetobprauege

Then, a test 'éomB?i JOEér%‘Eleé’LIe g Gpgeon fE’ieDCKrl-@Z&JEQt Cf&l@rll"s”l ffervbsdeperinkhe

menory was allo rror.Ls detected zth@ri aaqggr%ih@et@ error

nmessage is di sTﬂC %dmafreéﬁ'f STECHeBA% PR3 °BRy protese Teérmnated at

term nal 330 bFudkaB40t+, FPBORoorenprother ¢erRice a“@‘f?@ﬁ ‘t Yef ues
th Rid éd hesherePR Nt thE

of the object pdr@is@taratanbitfet had objaekpdgbanminly copgorel iMessagesirared at

term nal bl ock AL93 8]0 a 47 Figure 9
is afl omhartd%g’gf%etdl %g t%e Ei fgtlol aelol fn‘fstelral i zation of a new SOM cl ass

obj ect in accordance with the subject invention. Control

heet Has Been Replaced
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cdbmrences at terminal 900 and i medi ately enters a decision block 910 and a
test is perforned to detect if the parent class of the new SOM class 5

obj ect exists. If a parent class exists, then the parent class is
initialized in function block 912. Once the parent class is initialized,
then nenory for the class nane is allocated at function block 920. Next, a
test is perforned again to detect if the parent class of the new SOM cl ass
obj ect exists at decision block 930. 10 I f a parent class does not
exist, then initial variables are set to zed8as shown in function bl ock

932 ard control passes te function block 970. If a pa cl ass exi sts,
then the initial variables are updated based upon tAie val u fromthe
parent class in function bl ocks 940, 950, and 960. \Then, inffunction bl ock
970, the version number for the class 15 is set an§ ef¥lor fprocessing is
performed in deci shn block 980. [If an error is detyected,fthen an
appropriate messagé&is di splf lout put bl-ock 982\and processing -

term nates at termgal bl oc Ift no error is detegcte then control is
returned at termn bl ock 99®@ FlgLre 10 is a flowchprt depicting the
detailed initializaion of @_wSO\‘dclass data struc wi th offset

val ues in accorda?;mﬁ.e Qipj ediinvention. Contro] commences at '
term nal bl ock 1000 im’mdi%t@l y Lo nto function] bl ock 1010 where a
| oop comences wi t acqyi n fof thejnext static thod. In function
bl ock 1020, the new net hod |d§s reglsteneiwitht ime N
environment. Then, a 25 tedt s perfformgd|to detefm ne if e net ho@has
al ready been registered in d_parent Icl as§ {n decisjon bl 6'tlk 030. Ifgthe

met hod has been registered, then the nmetHofl of fset]is overrifpden at

function bl ock 1032 and cont es tq g¢lecisionf bl 107p. If the
nmet hod has not been registerjed wi®h fany parent claps,=tifen a] 30 test is
performed to detg e met hod has |b hedud & t hefj current cl ass
at decision bloc he &t h hag leen def}] ne@® a henjt he existing
of fsets are enpl ¢ye ti@tbl 4% and coptrol is pphssed to
deci sion bl ock 107q. Kif the s _not [been defi ned,
: 2
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then nenory is allocated and values are initialized in function bl ocks 35
1050 and 1060. In function block 1060 the of fset is cal cul ated by addi ng

t he nunber of inherited static nethods to the nunber of inherited static
nmet hods processed to date by the class. Error processing is perforned in
AT9-91-073 48 deci sion bl ock 1070, and if an
error is detected, then an appropriate nmes$ pge i s displayed at output block
1072 and proceSS|ng term.nates at term 1074. After error
processing is conpleted, another test is perfor d at decision block 1080
to deterimine if any additional 5 nethods requirejprocessing. If there are
addi ti onal nethods,- tﬁihcontrol o functijon bl ock 1010 for the next

iteration of the Ioop had W se, contr o termnal 1090 where
control returns. Parent C ass Shadow ng [Logic fo provjding a 21070
insertion of a replacenent parent 10 cl refefred tp in obj

programm ng as a parent class shadow, is
i nvention.. This proceSS|ng alloms the statlcal
what parent:class isg
dynam cally altered
class into a static

dareHy of | vor-el flexibility
Y has appeared in binary form

to source material s |since thijs rad@edt
reconpilation. PriorlLart _systlens "haveji
20 statically linking derived cl asses
limtations-include, conputation of t
data structure, initialization of the
the inability to provide access to a

|~ 310 o

320 START 1100
|_~330 -

CREATE STATIC PARENT
[~ 340 CLASSOBJECT . f— 110

FIG. 3 REGISTER SHADOW

N+1 " 350 CLASS OVER CREATED | 1120
" CLASS

4
CREATE CHILD CLASS }—1130

Y
1300
START 4 _ < RETURN ) ~1140

.. COMPUTE OFFSET - 1310
ekt o FIG. 11
STORE IN CEASS DATA
STRUCTURE | [ 1320

1
H
$

- Cans )"0 FIG, 13



t.he derived class' nethods (called parent class resolution). 25 The
- SOM obj ect nodel renpbves these static references by having all the parent
class information available at runtine through the parent class object.
Thus, when the derived class inplenentation needs information about the
size of the parent class' state data structure, the addresses of the parent
class' nethod procedures, or access to zEe parent 30 class' nethod
procedure table (to support parent claé resol ution) an appropriate call is
placed to acquire the information fromthe parent class object. The’

det ai:+d~processing to obtain this |nfornat|on are -given in Figures 7, 8,

9, "and 10. SOM i ntroduces a cl ass every SOM process. The class
35 manager is responsible for keepi

AT9-91- 073 402 construction code gener ated by
the SOM conpi |l er ks~W/t h the cl ass nhnager to establish the: relationship
between a cl ass ayid gyps e+ass—wherever—achi | d cl ass object is

creat ed. . The SOM{clomIeCTHrege i's QlDLlQWPJbEBe of _a—~dPhss which can be

subcl assed |ike a yDEFN1ey -S> Per i ved cl asses establish a
connection to thei NpaLf | ass objectlby making calls on the SOM C ass
Manager object. An appllcatlon desi gnerYwanting to substitute an alternate

class irnpl enmentation for the origing
foll owi ng steps: 1) Subcl ass SOVC| A< prthding a new set of

i i i < e | ass object froma class
sonCl assFrom d, sonfi ndd ass,

|y to do this is to add a net hod

return the 15 shadow cl ass objpct—tO LHE?&?TITHL application in any

LANGUA!
:subs_equent calls to X EMITTER /4_10

412 - 416
414 - "

LANGUAGE

SOM LANGUAGE
BINDINGS X X
BINDINGS APP

LANGUAGE X COMPILER 420

|

{OADABLE

OBJECT 422

Y

(_stop )40

FIG. 4



sond assFrom d, sonFindd ass, or sonFindd sInFile where the shadowed nane
I's specified. 2) Before creating any derived class objects that are to
have a shadowed parent class object, create an instance of the new cl ass
manager 20 class (as described in step 1 above), initialize it fromthe
exi sting SOMCl assMyr instance (via the somvergelnto nethod), and then
replace the existing SOMO assMyr instance '? ‘the new cl ass manager
i nstance by oggﬁrldlng t he ess of the e ting SOMCl assMgr instance in
t he SONIruntl . 25 3) p i ng any derived class objects
2 obj ect, use the facilities of the
to register the shadom/class
e_Neen conpl et ed—de -d cl ass

fe of t he spec ogiC used to

= & parent class obje¥t as depicted
in Figure 11. This Iogl c conpists of tyw basic step$: CLASSUBJEGFO73
50 1) First, a call 0 insure 1

hat the stat{cal SO\Naw(par gpt- 710
cl ass object has HBeen created. This seryes two inpol ) |t
creates a static refdﬂ@ﬁ&éOﬂBCEHECtsrizj},ymﬁme of the Statiially known '
parent class defi }tJ"“ husdasurin hat the par At crass o

i npl ementation will be i nke{i into the binary i mage|iNTIAUBE NEWCLASS | op-~ 7400)
It insures that tHe at Teast the starirtcgally known phrent class objeft has

been regi stered wift h {STARGARPI4CATION nanager- sfpj ect before th}a next step

obj ects. After [t h&0Koove t hrg
obj ects can be QQ%‘&QES They| wi | |

initialize a cla

occurs. 10 Lf the staticallv kno parent cl gss Ulﬂ ect—itas 4 r eady
been v - SET THE INSTANCE 73
|  DATAOFFSET  }—730
CREATE NECESSARY T
CLASSES & OBJECTS [~ 550
ADD EACH
Y STATIC METHOD |- 740
i RUN APPLICATION |~ 560 ¥
] LOOKUP UP 750
PARENTCLASS |
;
SET THE
FIG. 5 CLASSDATA | 760

v

REGISTERCLASS | 770

800 v

| ALLOCATE MEMORY {810
: FOROBJECT EIG. 7

NO
ERROR MEMORY STOP

SET DEFAULT __—850
VALUES FOR OBJECT {

! " FIG. 8
R RETUHNS 860 .




created (say by an application follow ng the shadow ng steps discussed
above) then a second attenpt at this tinme is ignored. 2) Second, a call is
nmade to the SOM cl ass manager object to retrieve the address of the
appropriate class object based on the nane of the derived 15 class' parent
.class. If the parent class has been shadowed then this call will return the
shadow cl ass obj ect. The conbination of ths éechni'qu'es and mechani sns
descri bed above effe ol a%(ﬁ a derived class' binary inmage from any
dependency on the ex uts e cl ass &?} ect that the derived cl ass
uses=¢¥e 20" extractgiparerdt class data fr wo rest ﬂ4Ct| ons nust be
ass and its parent

class. First, the in$erlionNust gesac | i dhed_hefore any instances of
the child class , ! 25VERSIONNG~> Topse ted class nust al so
be an i medi ate ause the SOM cl ass
manager i s used Ilshlng the rel ationshi ps
bet ween cl asses S even a statically |inked ¢lass can be shadowed
in this manner. ks a flowchart depicting the detailed parent
cl ass 30 shadow Iytes dofred cI a;gz hi erarchi es in accordance
with the subject I8 termnal block 1100 and
on bIoc l vvherethe statically defined

ﬁéed. Next, the shadow parent class is created
theystatically defined parent clggs at function 35

hCl astois' creat ed as showfan functi on bl ock

parent class objecy i
and used to overri
bl ock 1120. Then,

AT9-91-073 4436 e . R AL N_!i{ | ass
interrogates the SOMMENBEXISESe IGR@%T(,EéQMaB IME ENVIRONMENT Lt her t han
i i ass. Control returng at term nal block 1140.

644
ERROR
IN ENVIRON- LP STOP

SET DEFAULT METACLASS }—6%0

K
CONSTRUCTCLASS | 692

660 FIG. 6

YES
IN ENVIRON-
MENT

1270~ FIG. 12

110 11240 ~_ 1290 ]

1200~ 1230
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Redi spatch Met hod Stubs 5 A central aspect of object oriented
~progranmming is referred to as nethod resolution. This processing selects a
particul.ar nethod given an object, the nethod's id and the argunents passed
to the nmethod invocation. In many object nodels, such as the one used in

C++, method resolution consists of determning an offset into an object
specific-10 table of . procedure entry p0|'tg based on an analysis of the
nodel s as static. In other object nodels such as the one used in Smalltalk,
a mare. dynam c nmodel is usg o+ 8d0s of usi.ng the nanme of the object -
referred to as dynanlc nge in ention consists of a programm ng nechani sm
cal l ed redi spatch stubs™Ko anmgls
an ry point
that can be placed into <t aBABENF P> emnmlz@PARENT ta | e of
procedure 20 entry points ™3 EXRE abi.ect ondel Jas a substitute
generated automatically baseﬁocu‘Lhe requirenents ofl the dynami ¢ obj ect
nodel . The redi spatch stub conWerts the ‘cal | generated in the static object
any mssing information in QUASSNAMEESS.] Thus, if an object is accessed from
a static object nodel tTar s [rovraed by a dynanlc obj ect nodel, it can be
each indicate a parti cul di agram
depicting the redi spatch
met hod procedure table | abeYEQJ40. The rest of the sfate data structure is
set forth at |abel 1230 contai s additional informat|on pertaining to the
i ‘ i
CALC PARENT STATIC METHODS 950
CALC PARENT METHOD TABLE | __—960 '
-

programi s source code. This type of resolutlon is referred to in object

untine. In object nodels this is 15
dynam ¢ nodel s. A redi spal ch”st ub™
for the actual nethod entry that is expected he redi spatch stub is
nodel into the form nedessapyLOCATENe dijJGFI9200bj ect nodel and 25 supplies
represented to the stadlk Objett nodel-- vi a a table of entry BOIntS whi ch

b AR E@ .
invention. Label 1200 is aStEXNSTSIgied st NT EE? _obj ;
The first full word at | abelN\216 contalns ject's
obj ect. The nethod gr ULE%E.ED}\TAOFFSET 1940
Y
SET VERSION __—970

NUMBERS
980 l 984
ERROR > INTALIZATION "" |

NO 982

FIG. 9



35 table set forth at |abel 1240 containing the addresses of various

nmet hods for the particular object. Al objects that are of the sane cl ass
as this object also contain an address that points to this nethod procedure
AT9-91-073 52 tabl e diagrammed at | abel 1240.
Any nethods inherited by the objects will have theirr nmethod procedure
addresses at the sane offset in nenory as they appear- in the nethod
procedure table as set forth at |abel 1240 ‘@f18t he ancestor class from which
it is inherited. 5 In the flgure | abel 1250 contains a pointer to
a redispatch stub 1270. A redigp h _stub is a sequence of instructions
that appear as a nethod to a n However; the instructions
nmerely convert the nethod cal —=’cal | to an object's appropriate

di spat ch function ap |IIustrated'=t Iabel 1260. The address at |abel 1260
is a pointer to the] 10 ol atein function 1280. All SOM obj ects
have a dispatch fungtion. 00 1280 i npl enents an
algorithmto selectfa paru hsed. on.t he paraneters passed by

t he redi spatch stub] These paranegers incl ude the method' s identifier, a
string describing aj set o n assSkd to the identified nethod, and a
data structure 15 Fontai hi ts. Ofset Values Figure 13
is a flowhart depifting ialization of the offset value in
a SOM cl ass data structqu?g ingle public |nstance variable. This

| ogi ¢ sequence is rpepeate S j
a particular class [see thd
Control commences af the té
function bl ock 1310} where the™s{f s¢ .
by adding the instapce variablMOsYoffset within this class’
data to the of fset pf tht)40

or a

obj ect state

METHOD
ALREADY
DEFINED

YES 104
USE EXISTING OFFSET | —1042

ALLOCATE MEMORY FOR 1050
METHOD DATA "

Y

ASSIGN VALUES TO 1060
METHOD DATA & OFFSET " i

< ——
1070 l

1074
ERROR IN d
STATIC $=»( STOP
INITIALIZATION ‘IIIIII' )

ANY MORE
METHODS

1090
RETURN

FIG. 10



25 “beginning of this class' object state data within the object state data
“structure set forth in Figure 2 at | abel 230. The begi nning of the cl ass
obj ect state data is determ ned by adding up the sizes of each of this

cl ass' ancestor classes' object state data. Control then passes to function
bl ock 1320 when the calculated 30 offset is stored into the position in
the class data structure as determned by th sition of the public
instance variable's name in the ODL files Rel ease Order Section (see the
O DL Rel ease Order section above and Figure 3 above). Control then flows to

the termnal block 1330 and the process is conplete. AT9-91-073
53 *R&ti spat ch St ubs Flgu e 14 a flowhart depicting the detailed contro
fl ow that occurs when a is enployed to convert a static

met hod call into a dynamc nernod call. Control commences at the term nal
bl ock 1400 5 and |nned|atel floms into the function block 1410 where the
address of the redifparc geferm ned in the normal static nethod
resol uti on manner b Rﬁﬁéoﬁdd ess E@ored in the object's nethod
procedure table at ; |ﬁ he appropriate class data
structure at positiler Fi-Red--whed the cl ass was defined. 10

Control then passes to funct on bl ock 1420 where the redi spatch stub is
called exactly likg i tati c nethod procedure. Function bl ock
gt he object's dispatch nethod

ed _above). The redispatch stub
adds the nethod's i riptor to the call 15 as required by
t he object's dispat These val ues are incorporated into the

redi spatch function def} %ﬁf ijt is generated by the SOM O DL
conpiler. (Note: ag d '%Eh«gﬁ% qefi-nd3zpi on of the

(using normal nethqgd r

GET ADDRESS OF :
APPROPRIATE | 1440
METHOD PROCEDURE ;
CALL THE METHOD i
l f 460 |
"RETURN THE VALUE ALLOCATE THE METHOD
RETURNED BY THE METHOD PROCEDURE TABLE  |—1510
PROCEDURE IF ANY T
FILLITI' quH .
REDISPATCH 1520
FIG. 14 STUBADDRESS |~
INSERT THIS CLASS'
DISPATCH FUNCTIONS | _—1530
ADDRESSES

FIG. 15



-SCMDbj ect class above, all classes nust support dispatch nethodsigpi BEEMENT SHEES
obj ect's dispatch nmethod procedure determ nes which actual netfjod 20
pr.ocedure should be called using an al gorithmspecific to the r)maq‘@tzﬁAPngﬁ
class as shown in function bl ock 1440. SOyW.provi des a default |
i npl enentation of such an al gorithmthat oks the nethod's identifier up
in a table contained in the object's class object to determ ne the address
of a nethod procedure. Qther 25 object nodels m ght use other algorithns.
Control then passes to function block 1450 where the nethod procedure .
determ ned in block 1440 is called. Wien the nethod procedure returns its
return value if any is retur ndANGUAGE NEUTRAIL OBJEETSOf the redispatch
stub at term nal bl ock 1460. The redispatch stub allows the original static
met hod call to be 30 converted to one of arbitrary dynam cs w thout
requiri nﬁm@ges to the application programthat is manipulating the
obj ect. cedure Table Initialization Figure 15 is a flowchart
depicting the detailed control flowthat will properly initialize a nmethod
procedure tabl g for class that may 35 ¢ e +he associ ation .of t hod
procedures to Eﬁébm?gl?%dﬁ}"%@ @H@rograﬁlégrg&@%‘%n@ageigg BW%JS‘F dSfinitidns as
generatin age. Jef 1 Cenl 0L cq.gdefinl i or: .
B ur a i y AP SR oo bl GicB GbieA? el 1o Tanifec indIRAfig Supfort
said inte ﬁ@gnq%{]g"gg § O L ; n i ' d
progr amm F\’é obj ect &E*’s’aiﬁzd%ﬁ%y%? mi‘qg?ﬁgaﬁ&ﬂufsapﬁ%@ga?dgéd%%mnggenemw a
| anggggesbirﬂﬁigérfiw 2, (A4, 416y vtich 1@ dnsut f06ngs with| Agthokdeinferatition Stone! tadgdet
sou program (b) means for processing the stored | anguage neutral source
pr.ogranm (anpusageacompiter (426) fongedte adabjectfitee(420). The objeat fite (422 isthetdaftyr tifk
| anguages sai d | anguage specific interface definitions are required; and
edited to create executable programs. Target languages include C, Fortran, C++, COBOL or

any other compiled language whether or not the particular language has object programming

support. Messages are displayed on a display to aid a user.

Fig. 4




("d')""-f“r'reans for generating | anguage specific interface defini i pesLACEMESRSHEET
processes | anguage neutral source program for said determ neq | angdage4AR 897
The system of claim 1, wherein the interface definitions forlitmpfeal.. . DLe....cccuran

| anguages are required, and said neans for generating genera '
| anguage ,specific interface definitions. 3" A conputer inplenmented nethod
for generating executable code from p[O(t;rams witten in two or npre .

pr ogr anmi ngoA@ni§ seysly etailed, @Qbiestrpyientadlapgnage apd (eolkit bgupdaries PEFOIRS .t inon,
sai d two -OleffeBf, Daktidis i@ MterdPerabiligglages each having a syntax, the nethod
conprising the steps of: storing said | anguage neutral object definition,
In a syntax different fromsaid two or nore programm ng | anguage synt axes;
generating a plurality of interfsummalfiofithd bwentbach fol | owi ng the syntax
of one of said 0r y=TrecsMaTaph ' ' i

I mpl ement at i on #sz)gﬁarngébjg%ggdvig?%gone 0 uélglmé%?%t?o}flF;@g%gﬁrﬁ?{lsﬁg&m&t‘ggsfe& m
an obj ect ithPEARA ng program nergi ng obj ect use source code with a

different one ?{icc%?diﬂg it@bgqs ﬁ@@t_ dﬂifhb ih¥enEios there fis)dmlagbtdowmgm lf?li glﬁlerat}ng
program conpiling sal.d abject i.npl.enenting program Jir conpi | er
Do cr eat e dxEnenass wetiligantertae SERmRoR, forine br tipcot 4 pllrglits A progrmmipe
second conpangaagesofromea tangsage neutidl soured qurogramy BBidointdf®e definitions providing
55 Cl ai ns Yelo]] rd t s ' ' ;

Lo gener at 85538, fo a5 Shifi Bl $rBplaBiiping byt 85 A Bk B Hherl Y plialfy it
program 3 CSASFRAMENIAG langyagese CHMBHYNEOr storing the | anguage neutral source
program 4:§ REstase Richy fof RRIME| (Re angaadel ehifralidRic® progRRcess the source

rogramto roduce i nternediate ouiput files containing binary cl ass
Pnf gr mati o gmeans Gl;or procesggg tﬁe storecf I%nguage neutreﬁ source progci-am; y

(c) means for testing to determine for which of said plurality of languages said
language specific interface definitions are required; and

(d) means for generating language specific interface definitions from said processes
language neutral source program for said determined languages.

According to another aspect of the invention there is disclosed a computer
implemented method for generating executable code from programs written in two or
more programming languages based on a single language neutral object definition, said
two or more programming languages each having a syntax, the method comprising the
steps of:

storing said language neutral object definition, in a syntax different from said two
or more programming language syntaxes;

generating a plurality of interface definitions each following the syntax of one of
said two or more programming languages;

merging object implementation source code with one of said interface definitions to
form an object implementing program;

merging object use source code with a different one of said interface definitions to
form an object using program,;

compiling said object implementing program with a first compiler to create
executable code, and |

compiling said object use program with a second compiler to create executable
code.
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6 | anéuage emtter to generate in a second phase | anguage bi ndi ngs which 7
include a class data structure and neans for conpiling the | anguage 8

bi ndings to provide the object |oadable nodule. 1 2. A et hod for
generating an object |oadable nodul e from 2 | anguage 2 neutral source
program .conprising the steps of: 3 “(a) storing the | anguage
neutral source program 4 b) processi ng the | anguage neutral
source program and enitting 5 Brief Description of giedamargs 6 (c)

conpi ling the mlgﬁitenﬂfis alodke ARE A 0O adpers 2pdt &ORRNE irf accordance with the
nmodule. 1 3 A nethod as recited in claimZ2, including the step of

| ooki ng up sybjgct inventiony 5 ¢ j cul ar nethod nane. 1 4. A method as recited
in claim2 or Figurcludi narivingséfepSOM |datak stngetdre in accordampe awiginrthe Gubject
offset. 1 lngnuonA met hod as recited in claim2, 3 or 4, wherein step (b)

i ncl udes 2 the steps of precompiling, emtting b| ndi ngs and

di splayi ng 3  Figure 3 jfcx deaydng of a IOM clasa datat siaigtuge in aeoordance with the subject3,

4 or 5, inghyditieg; t he step of 2 generatl ng class data structures. 1
gl spat ﬁ\h :’Yﬁ;h? S épqr;ﬁ |1st 3 olwrc]:hacrlt eplctzmgg language neutra’l o%)_lne%{ 'ijnctiér?&etuqeacgér EnOf 2

with the subject invention;
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CLAIMS

1. A system for generatinga language specific interface definitions for one or more of
a plurality of programming languages from a language neutral source program, said
interface definitions providing access to an object-oriented programming object by said
one or more of a plurality of programming languages, comprising:
(a) storage means for storing the language neutral source program;
(b) means for processing the stored language neutral source program;
(c) means for testing to determine for which of said plurality of languages said
language specific interface definitions are required; and
(d) means for generating language specific interface definitions from said processes
language neutral source program for said determined languages.
2.  The system of claim 1, wherein the interface definitions for two or more languages
are required, and said means for generating generates two or more language specific
interface definitions.
3. A computer implemented method for generating executable code from programs
written in two or more programming languages based on a single language neutral object
definition, said two or more programming languages each having a syntax, the method
comprising the steps of: _

storing said language neutral object definition, in a syntax different from said two
or more programming language syntaxes;

generating a plurality of interface definitions each following the syntax of one of
said two or more programming languages;

merging object implementation source code with one of said interface definitions to
form an object implementing program,

merging object use source code with a different one of said interface definitions to
form an object using program; '

compiling said object implementing program with a first compiler to create
executable code, and _

" compiling said object use program with a second compiler to create executable

code.
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