1 SYSTENIAND METHOD FOR OPTI M ZI NG TEMPLATE OBJECT FI LES FI ELD Oﬁ“ﬁHEQW%m
| NVENTI ON The invention relates to the field of information handl4 832 -
systens, and, nore particularly, to a system and net hod for opt|n1 I 'ng
tenpl ate object files used by program code executing in the information
handl ing system BACKGROUND OF THE I NVENTION In an object-oriented
programnmi ng | anguage, such as C++, a class tenplate defines the |ayout and
operations for unbounded sets of related types. Tenpl ates provide a
strongl y-typed "macro" facility, and pronote source code re-use. For
exanple, a single class tenplate for a_stack m ght provide a comon
definition for a stack of integers, a stack of floats, or a stack of
pointers to char strings. A tenplate may be used by an individual program
to i npl enent an object, such as a stack. Rat her than witing code to
I npl ement the stack, the programmer can sinply use a stack tenplate. Thus,
tenpl ates reduce %g . ur code that Dpro need to wite,
and pronote code %g-gﬂ‘)#ﬁé ’8‘%’(‘%] 'Pﬁf{wlﬁﬁp’?@%ﬁ%& at es is
that while the object code for dlfferent tenpl ate cl ass declaratlons may be
simlar, or even identical, the op;@Gi d?oéﬁn'fhﬁgﬁrxbﬁused wher e possible, .
for each di fferent tenplate class declaration. This neans that every tint a
programer defines and uses a different stack class, the

The invention relates to the field of information

handling systems, and, more particularly, to a system and
method for optimizing template object files used by program
code executing in the information handling system. '

BACKGROUND OF THE INVENTION

In an object-oriented programming language, such as C++,
a class template defines the layout and operations for
unbounded sets of related types. Templates provide a
strongly-typed "macro" facility, and promote source code
re-use, For example, a single class template for a stack
might provide a coi'n_mon definition for a stack of integers, a
stack of floats, or a stack of pointers to char strings. a
template may be used by an individual program to implement an
object, such as a stack. Rather than writing code to
implement the stack, the programmer can simply use a stack
template. Thus, templates reduce the amount of source code
that programmers need to write, and promote code reuse.

The problem with the implementation of templates is that
while the object code for different template class
declarations may be similar, or even identical, the object
code is not reused, where possible, for each different
template class declaration. This means that every tinc a
programmer defines and uses a different stack c¢lass, the



2 tenpl atexcode is inserted into the program This results in duplicate
code being included in the program Consequently, it would be desirable to
have a system and net hod for reusing code, where possible, to reduce the
size of the program It would al so be desirable to have a system and net hod
for reusing code which would have a negligible inpact on the efficiency of
t he code. 3 SUMVARY OF THE | NVENTI ON Accordingly, the present invention
provi des a system and nethod to reuse code, and thus save code space within
a program A conpiler and a |linker work together to decide which object
code to reuse, for inplenentation of tenplate classes, and other repetitive
code segnents. The conpiler notes in the object file which functions are
generated fromtenplate code, or other repetitive types of code. An
intelligent Iinker then attenpts to match code, and. in the cases where the
code matches, sinply elimnates nultiple versions of the sanme code by
aliasing the function nanes. The conpiler can reduce the amount of [|inker
sear ching by stePPIRte q8fa e LBEerirthdptentrk RECRERTc o i psudtR in

' duplicate code being included in the program. : .

Consequently, it would be desirable to have a system and
method for reusing code, where possible, to reduce the size of
the program. It would also be desirable to have a system and
method for reusing code which would have a negligible impact
on the efficiency of the code. ’



met hod (nate that a method is a procedure or routine associated with a
class). Festing will show whether the CRCis sufficient or if the Ilinker
needs to performa nore exact match. One of the enbodi nents of the
invention is as sets of instructions resident in an information handling
system The system and nethod of the pyesent invention can be used by any
conpiler and linker to optimze generated object code. One advant age of
the invention is that code is optimzed so as to save code space in a
program Anot her advantage of the present invention is that true code

reuse i s made possible wi thout sacrificing programefficiency. 4 BRI EF
DESCRI PTI ON OF TEE DRAW NGS The foregoi ng and ot her features and advant ages
of the present invention will becone nore apparent fromthe detail ed

description of the best node for carrying out the invention as rendered
below. In the description to follow, reference wll be made to the

acconpanyi ng draw ngs, where lik ﬁm@ &ﬁﬁ nor € used to identify
|i ke parts in the various views and I'n wh |gure 1 is a block diagram

of an information handling system capabl e of executing the optim zation
met hod of the presexdcdrdi@gllypréheiPpitesent invention provides a system and

method to reuse code, and thus save code space within a
program. A compiler and a linker work together to decide
which object code to reuse, for implementation of template
classes, and other repetitive code segments.

The compiler notes in the object file which functions are
generated from template code, or other repetitive types of
code. 2n intelligent linker then attempts to match code, and.
in the cases where the code matches, simply eliminates
nultiple versions'of the same code by aliasing the function
names. The compiler can ‘teduce the amount of linker searching
by storing a cyclic redundancy check (CRC) code with each
method (note that a method is a procedure or routine
associated with a class). Testing will show whether the CRC
is sufficient or if the linker needs to perform a more exact
match.

One of the embodiments of the invention is as sets of
instructions resident in an information handling systemn.

The system and method of the present invention can be
used by any compiler and linker to optimize generated object
code, One advantage of the invention is 'that code is
optimized so as to save code space in a program. Another
advantage of the present invention is that true code reuse is
made possible without sacrificing program efficiency.



Figure 2 i a flow chart depicting the steps of conpiling and |inking
code., 5 DETAILED DESCRI PTION OF A PREFERRED EMBODI MENT OF THE | NVENTI ON
The .invention may be inplenmented on a variety of hardware pl atforns,
i ncludi ng personal conputers, workstations, mni- conputers, and mainfrane
conputers. Many of the steps of the neghod of the present invention may be
advant ageously i npl enented on parallel processors of various types.
Referring now to Figure 1, a typical configuration of an infornmation
handl i ng systemthat may be used to practice the novel nethod of the
present invention will be described. The conputer system of Figure I has at
| east one processor 10. Processor 10 is interconnected via systembus 12 to
random access nmenory (RAM 16, read only nmenory (ROV) 14, and input/out put
(I/0O adapter 18 for connecting peripheral devices such as disk units 20,
tape drives 40, and printers 42 to bus 12, user interface adapter 22 for
connecti ng keyboard 24, nou i t 7 7b, speaker 28,
m crophone 32, and/or other§g§§$ $§ﬁ%§£§§3§&d§€§8%33§g@ﬂ“%% a touch screen
device 29 to bus .12, communication adapter 34 for connecting the .
I gf or mat Lon handl i nghey $beaybHnd & BtAePCEEStRBs" 8hUOREvartiihed D7 he
adapt er _ Orpggggggtiﬂy%ngggn will become more apparent from the detailed
description of the best mode for carrying out the invention as
renderad below. In the description to follow, reference will
be made to the accompanying drawings, where like reference
numerals are used to identify like parts in the various views
and in which: '

Figure 1 is a block diagram of an information handling
system ‘capable of -executing the optimization method of the
present invention; and

Figure 2 is a flow chart depicting the steps of compiling
and linking code..



12 to; disptay device 38. Conmmuni cation adaptor 34 may |ink the system
depi‘cted'in Figure 1 with hundreds or even thousands of similar systems, or
ot her devices, such as renote printers, renpote servers, or renote storage
units. The invention will be described with reference to optim zing C++
tenpl ate object files. However, the systea and nethod of the present

I nvention may be used with any conpiler, and any type of repetitively
gener at ed code. 6 An exanple class tenplate definition for a stack is
illustrated by the foll ow ng C++ code: #ifndef _STACK TPL H #define

STACK TPL H tenpl ate<class T> class-stack { private: T v; T* p; int sz;
public: stack(int); stack(); void push(T); -

'DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
OF THE INVENTION

The .invention may be implemented on a variety of hardware
platforms, including personal computers, workstations, mini-
computers, and mainframe computers. Many of the steps of the
method of. the present invention may be advantageously
implemented on parallel processors of various <types.
Referring now to Figure 1, a typical configuration of an
information handling system that may be used to practice the
novel method of the present invention will be described. The
computer system of Figure 1 has at least one processor 10.
Processor 10 is interconnected via system bus 12 to random

f access memory (RAM) 16, read only memory (ROM) 14, and
input/output (I/0) adapter 18 for connecting peripheral
devices such as disk units 20, tape drives 40, and printers 42
to bus 12, user infgrface adapter 22 for connecting keyboard
24, mouse 26 having buttons 17a and 17b, speaker 28,
microphone 32, and/or other user interface devices such as a
touch screen device 29 to bus 12, communication adapter 34 for
connecting the information handling system to a data
processing network, and display adapter 36 for connecting bus
12 to display device 38. Communication adaptor 34 may link
the system depicted in Figure 1 with hundreds or even
thousands of similar systems, or other devices, such as remote
printers, remote servers, or remote storage units.

The invention will be described with reference to
optimizing C++ template object files., However, the syctem and
method of the present invention may be used with any compiler,
and any type of repetitively generated code.



T pop(); ipat getSize(); #endif Note that the identifier T represents the

tenplate ‘type.

The class inplenentation for the above stack is as follows:

t enpl at e<cl ass T>stack<T>::stack(int s) v = p = new T[sz=s]; tenpl ate<cl ass

T>st ack<T>::-stack()
stack<T>::push(T a) *p++ = a ; } tenpl

return *(--p);

7 delete [] v;

unsi gned short *pUSHORT

} tenpl ate<class T> void

e<class T> T stack<T>::pop ()
tenpl ate<class T> int stack<T>::getSize() {
Different declarations (i.e.
defined as follows: #include "stk.h" typedef char

return sz;.

tenpl ate classes) of this class tenplate are

*pCHAR; typedef

An example class template definition for a stack is

illustrated by the following C++ code:’

#ifndef _STACK_TPL H
#define _STACK_TPL H

template<class T>
¢lass .stack

{
private:
T* v;
T* p;
int sz;
public:
stack(int);
“stack();
void push(T);
T pop(); *
int getsSize();
}:
fendif

Note that the identifier T represents the template type.

template<class T>stack<T>::stack(int )

{

Vv = p = new T[sz=s];

template<class T>stack<T>:: stack()

{

The class implementation for the above stack is as follows:



typedef ing *plI NT; typedef unsigned int *pU NT; stack<unsigned

int> dummyQ(10); stack<int> dummyl (10); 8 st ack<unsi gned
short> dummy2n(10); stack<pCHAR> dumy3(10); stack<pUSHORT>
dummy4(10); stack<pl NT> dummy5(10); stack<pUl NT>

dummy6(10); The stack class for integenps can be used as follows: #i nclude
<i ostream h> #include "stk.h" int main(void) { stack<int> s(10); cout <<
"Pushi ng the sequence of nunbers: 2 4 1 3\n"; s.push(2); s.push(4);
s.push(i); s.push(3); cout << "Popping the nunbers:expecting 3 1 4 2\n";
cout << "Sequence from Pop operations: n; cout << s.pop() <<

"~ delete {] Vv;

template<class T> void stack<T>::push(T a)

{
*p++ = a ;

template<class T> T stack<T>::pop ()

{
return *(--p):;

template<class T> int stack<T>::getSize()
{

return sz;.

Different declarations (i.e. template classes) of this
class template are defined as follows:

#include "stk.h"

typedef char ) *pCHAR;
typedef unsigned short *pUSHORT;
typedef int *pINT;

typedef unsigned int *pUINT;

stack<unsigned int> dummyo0 (10) ;
stack<int> dummyl (10);



cout << s, pop() << cout << s.pop() [err[ [err] cout << s.pop() << '\n';
return 0;° Wien code is conpiled, C++ conpilers typically repeat the code
for each nmethod (e.g. push, pop, etc.) even if it is independent of the
type (i.e. int, char, etc.) used for the tenplate. In sone cases, the code
does need to be differont 9 because8of differences in the type used in
the tenplate cl ass decl arati on. However, in many cases the code wll be
identical, or nearly identical. For exanple, the generated assenbly code
for the pop() nethod for each of the different types is shown bel ow

unsi gned int: popstackXTU FV proc nov ecx,eax nov eax,[ecx+04h] |ea:
edx, [ eax-04h] nov (ecx+04h], edx nov eax, eax,|[04h] ret popstackXTU _Fv
endp int; -

stack<unsigned short> dummy2 (10);

stack<pCHAR> dummy3 (10) ;
stack<pUSHORT> dummy4 (10) ;
stack<pINT> dummyS (10) ;
- stack<pUINT> . dummyé6 (10) ;

The stack class for integers can be used as follows:

#include <iostream.h>
#include "stk.h"
int main(void)
{
stack<int> s(10);
cout << "Pushing the segquence of numbers: 2 4 1 3\n";
s.push(2);
s.push(4);
s.push(1) ;~
s.push(3); )
cout << "Popping the numbers:expecting 3 1 4 2\n";
cout << "Sequence from Pop operations: ";
cout << s.pop() << ' ' ;
cout << s.pop() << ' ' ;
cout << s.pop() << ' ' ;
cout << s.pop() << '\n';
return 0;

When code is compiled, C++ compilers typically repeat the
code for each method (e.g. push, pop, etc.) even if ii i
independent of the type (i.e. int, char, etc.) used for the
template. In some cases, the code does need to be diffe:uut



popstackXTi _Fv proc nov ecxeax Mywv eax, [ecx+04h] |ea edx,[eax-04h] nov
[ ecx+04h] edx nmov eax, [ eax-04h] ret popstackXTi _Fv endp unsigned short:
pops_tackXTUs_Fv proc nov edx, eax push ebx 10 nmov ecx, [ edx+04h] xor
eax, eax |l ea ebx,[ecx-02h] nov [edx+04h],ebx pop ebx nov ax,[ecx-02h]
ret pop_stackXTUs_Fv endp pop_stackXTcgFv proc nov edx, eax push ebx

because of differences in the type used in the template class
declaration. However, in many cases the code will be
identical, or nearly identical.

For example, the generated assembly code for the pop ()
method for each of the different types is shown below:

pop_stackXTUi_Fv proc
nov ecx,eax

‘mov eax, {[ecx+04h]
lea: edx, [eax-04h]
mov {ecx+04h},edx
movi eax, [eax-04h]
ret

pop_stackXTUi_Fv endp
int:
pop_stackXTi Fv proc
mov ecx,eax

mov eax, [ecx+04h]
lea edx,[eax-04h}
mov [ecx+04h]},edx
mov eax, [eax—-04h]
ret

pop_stackXTi Fv endp

unsigned short:
pop_stackXTUs_Fv proc
mov edx,eax

push ebx



nov iX, [£dx+04h] xor eax,eax lea bx,[ecx-Ah]. nmov [edx+04h], ebx pop
ebx ‘mov “al ,[ecx-A h] ret popstackXTcFv endp Note that the generated code
for unsigned int and int is exactly the same. This is not unexpected as the
size of the type is the sane (i.e. 4 bytes each). The code, for unsigned
short and char is different, as expected, because an unsigned int is only
two bytes in size and a char is only one byte in size. As shown below, the
generated code for all the pointer types are the sane, as is the code for
unsigned int and int: pointer to unsigned int: pop stackXTPU FV proc
nov ecx, eax nov eax, [ ecx+04h] | ea edx, [eax-04h] nmov [ecx+04h], edx nov
eax, [ eax- 04h] ret '

mov ecx, [edx+04h]
xXor eax,eax

lea ebx,(ecx~02h]
mov [edx+04h],ebx

pop ebx
mov ax, [ecx-02h]
ret

pop_stackXTUs_Fv endp

char:

pop_stackXTc Fv proc

mov edx,eax

push ebx

mov cx, [edx+04h] ' f
¥or eax,eax

lea bx, [ecx~01h].

mov [edx+04h],ebx:

pop ebx
mov al,{ecx-01h]
ret

pop_stackXTc_Fv endp

Note that the generated code for unsigned int and int is
exactly the same. This is not unexpected as the size of the
type is the same (i.e. 4 bytes each). The code for unsigned
short and char is different, as expected, because an unsigned
int is only two bytes in size and a char is only one byte in
size.

As shown below, the generated code for all the pointer
types are the same, as is the code for unsigned int and int:



popstackXTPUi Fv endp pointer to int: pop_ stackXTPi Fv proc nov ecx, eax nov
eax[ ecx+04h] | ea edx, [ eax-04h] nov [ecx+04h], edx nmov eax, [eax-04h] ret
pop_stackXTP_Fv endp pointer to unsigned short: pop_stackXTPUs_ Fv proc nov
ecx, eax nov eax, [ ecx+04h] |ea edx[eax-04h] nov [ecx+04h], edx nov
eax, [ eax-04h] ret popstackXTPUsFv endpqq 12 pointer to char: pop_
stackXTPc_ Fv proc nbv ecx, eax nov eax,[ecx+04h]

pop_stackXTPUi_Fv proc
mov ecx,eax

mov eax,[ecx+04h]

lea edx,[eax~04h]

mov [ecx+04h],edx
mov eax, [eax~-04h]

ret

pop_stackXTPUi_Fv endp

int to_int:
pop_stackXTPi_Fv proc '

mOV ecx,eax

mov eax, [ecx+04h] ) d
lea edx,[eax-04h] '
mov f[ecx+04h],edx

mov eax,[eax-04h]*

ret

pop_stackXTPi_Fv endp

{nt ! s 3 short:
pop_stackXTPUs_Fv proc
mov ecx,eax
mov eax, {ecx+04h]
lea edx, (eax-~04h]

- mov [ecx+04h],edx
mov eax, {eax-04h]
ret
pop_stackXTPUs_Fv endp



| ea ,edxfeax-04h] 1. nov [ecx+04h], edx nmov eax, [ eax-04h] ret
pop’'stackXTPc_Fv endp The generated code for the getSize() nmethod is al so
the sane regardl ess of which tenplate class is declared. I n addition,
the generated code for the <constructor and destructor nmethods are the
same regardl ess of which tenplate clasg,is declared. Two principles arise
fromthese exanples: 1. The generated code is the sane if the tenplate type
is not used in the method. 2. The generated code is usually the sane if the
size of the tenplate types is the sane. Based on the above principles, the
present invention provides a system and nethod which can be used by
conpilers and linkers to reuse object code, where possible, for
i npl ementati on of tenplate classes. The conpiler notes in the object file
whi ch functions are generated fromtenplate code. The intelligent |inker
then attenpts to match code, and in the. 13 cases where the code
mat ches, sinply elimnates nultiple versions of the sane code by aliasing
t he function nanes. The

peinter to char:

pop_stackXTPc_Fv proc

MmOV ecx,eax

mov eax, [ecx+04h]

lea edx,{eax-04h]

1. mov [ecx+04h),edx

mov eax,[eax-04h]

ret

pop_stackXTPc_Fv endp

The generated code for the getSize() method is also the
same regardless of which template class is declared. In
addition, the generated' code for the constructor and
destructor methods are the same regardless of which template
class is declared.

\

Two principles arise from these examples:

1. The generated code is the same if the template type is
not used in the method.

2. The generated code is usually the same if the size of
the template types is the same.

Based on the above principles, the present invention
provides a system and method which can be used by compilers
and 1linkers to vreuse object code, where possible, for
implementation of template classes. The compiler notes in tho
object file which functions are generated from template codc.
The intelligent linker then attempts to match code, and in tha



conpid er ,can reduce the anount of |inker searching by storing a. cyclic
redundancy check (CRC) with each nethod. Testing with various test

cases wi |l show whether the CRC is sufficient, or if the Iinker needs to
performa nore exact match. The actual inplenentation will of course be
conpi | er specific, however, an exanpleqgs illustrated below with reference

to Figure 2. The present |nvent|on I's especially beneficial when optim zing
class tenplates in which the nethods perform data mani pul ati on not directly
tied to the tenplate type. A conmon exanple is collection classes in which
nost ‘net hods are concerned with wal king the collection, and only a few

net hods deal wth adding, deleting or finding elenents in the -
collection. In addition, inplenmentations of class libraries nay be nodified
to derive the nost benefit fromthe described optim zation. For exanple,
parameters that are tenplate types can be converted to pointers before

calling a rel at t un t
t he vvrgpper funécétgf\édan %el n f?rgg%t At%ﬂg%éh teﬁgEe Eﬂiﬁzﬁgéé% e?‘?%??g‘l' now
to Figure 2, a%*&&so?f%é}?pﬁ@ﬁgc%ﬁﬂj by; ald H‘Pfhg’aﬁﬂést-heThe
present i nvent icompdiler b#n desacebtite dRouhtdot hankemé&dﬂl@%ebﬂr%toﬁ;ﬁ@urce
file 104 is praqge reproce n ec
parser 108, gn éi@%ie geénaélgaatag'r 91%8‘3gﬁ ié&i’?r é‘%’%‘c%s%r&%&gg k'? € rF%cker
and parser 108,%iy ¥a¥doyenctestor cesesprdiceshow whether the CRC is
sufficient, or if the linker needs to perform a more exact

match. The actual implementation will of course be compiler
specific, however, an example is illustrated below with
reference to Figure 2.

The present invention is especially beneficial when
- optimizing:class templates in which the methods perform data
manipulation not directly tied to the template type. A common
example is& collection ¢&lasses in which most methods are
concerned with walking the collection, and only a few methods
deal with addlng, deleting or finding elements in the
collection.

In addition, implementations of class libraries may be
modified to derive the most benefit from the described
optimization. For example, parameters that are tenmplate types
can be converted to pointers before calling a relatively large
implementation function. This results in only the wrapper
function being different for each template type.

Referring now to Figure 2, a method of éompiling and
linking code according to the present invention will be
described. During the compile phase 102, a source file 104 is
processed through a preprocessor 106, a syntax check:iyr ang
parser 108, and a code generator 110. The preprocesscy 106,
syntax checker and parser 108, and code generator 110 preduce



14 a synbol table 112. The generated code is then optim zed 114 and an
object file 116 is produced. During the |inking phase 118, one or nore
object files 116 are |inked together by being processed through a
preprocessor 120 and an executabl e generator 122. Synbol table 124 is
used for resolving linkages (i.e. collﬁpting gl obal names and resol ving
them. In addition, synbol table 124 is also used to collect and store al
comment records found. The comrent records are used to identify tenplate
obj ect code, and are described nore fully below Finally, an executable
code nodule 126 is created. For the purposes of this exanple, assune the
stack tenplate inplenentation is in a file referred to as STK CPP, and the
foll owi ng code snippet is froma source file 104, referred to as TEST. CPP:
#i ncl ude <i ostream h> #i nclude "stk.h" stack<int> i(10); stack<unsigned
short *> s(10); i.push(l); i.push(2); unsigned short j = 1; s.push (&); |
- a symbol table 112. The generated code is then optimized 114
and an object file 116 is produced.

During the linking phase 118, one or more object files
116 are 1linked together by being processed through a
preprocessor 120 and an executable generator 122. Symbol
table 124 is used for resolving linkages (i.e. collecting
global names and resolving them). In addition, symbol table
124 is also used to collect and store all comment records
found. The comment records are used to identify template
object code, and are described more fully below. Finally, an
executable code module 126 is created. :

For the purposes of this example, assume the staci
template implementation is in a file referred to as STK.CPP,
and the following code snippet is from a source file 104,
referred to as TEéT.CPP:

- #Finclude <iostream.h>
#Finclude "stk.h"

stack<int> i(10);

stack<unsigned short *> s(10);

i.push(1);

i.push(2);

unsigned short j = 1;

s.push (&j); .

j = 2;

s.push (&j);

cout << i.getSize() << "elements in integer stack\n";
cout << s.getSize () <<



S.push (&, ; cout << i.getSize() << "elenents in integer stack\n[err]; cout
<< s.get Sifze () << 15 "elenents in unsigned short pointer stack\n"; Wen
TEST.CPP is conpiled, three object files 116 are produced, one for TEST. CPP
and one for each of the different invocations of the stack tenplate cl ass.
Assune that the tenplate file objects §or each of the two separate

I nvocations are naned STK1. OBL and STK2.OBJ. During the conpiler phase 102,
the conpiler adds a coment record to each object file for each tenplate
function. The exact point at which the conpiler adds the conment records

wi ||l of eourse be conpiler-dependent. The comment record contains the
tenplate filenanme, |ine nunber, function name and CRC (or checksunm) for the
obj ect code. For exanple, STKLl.OBJ contains: filenane | i ne nunber

CRC function STK1. OBJ 1 8D23 _C stack FV STK1. 0BJ
6 CAA1 D stack Fv STKI. CBJ 10 3ALF

push stack Fi STK1. OBJ stack XTi Fv

STX1. OBJ 20 “elem&@ﬂa in &BF§&%¢ %Ekmﬁﬁﬂ%ﬁ&?skkz"

contal ns:

When TEST.CPP is compiled, three object files 116 are
produced, one for TEST.CPP and one for each of the different
invocations of the stack template class. Assume that the
template file objects for each of the two separate invocations
are named STK1.0BJ and STK2.0BJ.

During the compiler phase 102, the compiler adds a
comment record to each object file for each template function.
The exact point at which the compiler adds the comment records
will of course be compiler-dependent. The comment record
contains the template filename, line number, function name and
CRC (or checksum) for the object code. For e:::ample, STK1.0BJ

contains:
filename lire number CRC function
STK1.0BJ 1 8D23 | _C_stack Fv
STK1.OBJ 6 CAAl _D_stack_Fv
STK1.0BJ 10 3A1F | push_stack Fi
STK1.0BJ 15 4A2C pop_stack_XTi_Fv
STK1.0BJ 20 1CAD getsi ze_stackXTi_Fv

and STK2.0BJ contains:



16 fil enane l i ne nunber CRC function STK2. OBJ 1

8D23° "¢ stack_ Fv STK2. OBJ 6 CAAL D stack Pv
STK2. OBJ 10 3ALF push stack FPUs STK2. OBJ .15
4A2C pop_ stackXTPUs_Fv STK2. OBJ 20 1CAD getSi ze_

stackXTPUs_ FV During the preprocessor ,step 120 of the |inker phase 118,
the linker stores these conmment records in synbol table 124. During the
execut abl e generation step 122 of the |inker phase 118, the comment records
in the object files are searched for common tenplate code. The exact point
in step 122 where this searching takes place will be linker-specific. The
speed of this search is inproved by using the CRC. If two CRC codes are
equal, it is very likely that the bytes of code used to generate the CRC
codes are also the same. Thus, if the linker. finds matching CRC codes, it
will then conpare the actual instructions to determne if the underlying
code is the sane. If a match is found, the |inker creates a duplicate set
of entry points in the executable code that aliases the found function and

adj usts the adf%giaggméo the TiqW.T HRGhd.OoN Tape- TH Al&td8acr! bed examlp
t he mappi ng wo :
. STK2.0BJ 1 8D23 _C _stack _Fv
STK2.0BJ 6 CAAl _D_stack_Fv
STK2.0BJ 10 321F push_stack_FPUs
STK2.0BJ . 15 4n2¢C pop_stackXTPUs_Fv
STK2.0BJ 20 1cap getSize_stackXTPUs_Fv

During the preprocessor stép 120 of the linker phase 118,
the linker stores these comment records in symbol table 124.
During the executable generation step 122 of the linker phase
118, the comment records in the object files are searched for
common template code. The exact point in step 122 where this
searching takes place will be linker-specific. The speed of
this search is improved by using the CRC. If two CRC codes
are equal, it is very likely that the bytes of code used to
generate the CRC codes are also the same. Thus, if the linker
finds matching CRC codes, it will then compare the actual
instructions to determine if the underlying code is the same.

If a match is found, the linker creates a duplicate set
of entry points in the executable code that aliases the found
function and adjusts the addresses to the new function name.
In the described example, the mapping would now.be:



17 fil enane l i ne nunber CRC function STK1. OBJ 1

8D23° " 'C_ stack_ FV STK1. 0BJ 6 CAA1 D stack_ Fv
STK1. GBJ 10 3AlF push-stack_ Fi STK1. OBJ 15
A4A2C  pop_ stack_ XTi _ Fv STK1. OBJ 20 1CAD Get Si ze_
st ackXTi _Fv STK2. OBJ 1 17 8D23 _C stack_ Fv STK2. 0BJ
6 CAA1 _D:-stack_ Fv STK2 . 0OBJ 10 3ALF
pushst ackFPUs STK2. OBJ 15 4A2C pop_st ackXTPUs_Fv
STK2. OBJ 20 1CAD get Si ze stackXTUs Fv The dupli cates

comrent records for STK2.0BJ are al so invalidated, as object STK1l.OBJ has
been used for"resolving all synmbol nanes and references. filenane

| i ne nunber CRC functi on STK2. OBJ . ----
STK2. OBJ - ---- STK2. 0BJ

---- STK2. 0BJ - ---- STK2. 0BJ _
---- In the exanple shown, 50%of the code has boon elimnated,

t hus saving significant code space. For each of the stack functions (i.e.

constructor, desy e e PUST 1% number | cRc | function
STK1.0BJ 1 8D23 _C_stack_Fv
STK1.0BJ 6 : CAAl _D_stack_Fv
STK1.0BJ 10 3ALF push_stack Fi
STK1.0BJ . 15 4A2C pop_stack XTi Fv
STK1.0BJ 20 1CAD | GetSize stackXTi_Fv
STK2.0BJ 1 8D23 _C_stack_Fv
STK2.0BJ 6 caAl _D_stack_Fv
STK2.0BJ 10 3A1F push_stack FPUs
STK2.0BJ is 4A2C pop_stackXTPUs_ Fv
STK2.0BJ 120 ’ 1CAD getSize___stackXTUs_____ﬁF#

The duplicate comment records for STK2.0BJ are also
invalidated, as object STK1.0BJ has been used for resolving
all symbol names and references.

filename line number CRC function
STK2 .0BJ -

STK2.0BJ - -

STK2.0BJ - -

STK2.0BJ -

STK2.0BJ -

In the éxample shown, 50% of the code hae Dbeen
eliminated, thus saving significant code space. For cach of

the stack functions (i.e. constructor, destructor, push, pop,



18 and -getSize), there is only one entry point in the executable code. For
exanple, 'd@ call to push an integer onto the integer stack (i.e. i.push(1)
and i.push(2) in the original source code) will call the sanme executable
code as will a call to push a pointer to an unsigned short onto the pointer
to unsigned short stack (i.e. s.push(&,) in the original source code). For
every function where the sets of instructions are the sane, only one set of
instructions is present in the executabl e nodule. Al though the invention
has been described with a certain degree of particularity, it should be
recogni zed that elements thereof nmay be altered by persons skilled in the
art without departing fromthe spirit and scope of the invention. One of

t he enbodi nents of the invention can be inplenmented as sets of instructions
resident in the random access nenory 16 of one or nore conputer systens
configured generally as described in Figure 1. Until required by the

conputer system the.set of instructions may be stored . in another conputer
readabl e menor3nd etSizahp| thene dshaply AneKkeRETY Loigt iR Bhe SXaFtRR1RenDr y
such as an optésad. diFrek egimeMentauahllSt pash &DiRGbger icntcotha irtegpy di sk

for eventual u ' . Tl oppy,. di drj.ve.. , e « 1RS Lons
can be stored ?ﬁa%)ge?lné%rbr%‘%?étgﬁat haenr cld%%{‘g?{ a#g]h?rrléanéﬁﬁj’t iy ?\9&% Eg
| ocal area netGRA%) ovidl wFalkl Jfhe spsuaXecutakle ,20de @S (1Hiddndt cadfeko
desired by thepwsiera @wEintelrl sl an uheiqndd Wehbrtk apptecthéepointer to
unsigned short stack (i.e. s.push(&j) in the original source
code). For. every function where the sets of instructions are
the same, only one set of instructions is present in the
executable module.:

Although the invention has been described with a certain
degree of pafticularity, it should be recognized that elements
thereof may be altered by persons skilled in the art without
departing from the spirit and scope of the invention. One of
the embodiments of the invention can be implemented as sets of
instructions resident in the random access memory 16 of one or
more computer systems configured generally as described in .
Figure 1. Until required by the computer system, the set of
instructions may be stored in another computer readable
memory, for example in a hard disk drive, or in a removable
memory such as an optical disk for eventual use in a CD-ROM
drive or a floppy disk for eventual use in a floppy disk
drive. TFurther, the set of instructions can be stored in the
memory of another computer and transmitted over a local area
network or a wide area network, such as the Internet, when
desired by the user. One skilled in the art would appreciate
‘that the physical storage of the sets of instructions
physically changes the medium wupon which it is stored
electrically, magnetically, or chemically so that the madiuvw
carries computer readable information. The invention is
limited only by the following claims and their egquivalents.



that the physical storage of the sets of instructions physically changes

t he ‘edi um upon which it is stored electrically, magnetically, or
chemcally so that the nediuv. carries conputer readable infornmation

The invention is |limted only by the following clainms and their

equi val ent s. 19 CLAIMS 1.. A nethqg of generating an executable
program conprising the steps of: conpiling one or nore source files to
generate an object file for each source file; searching each object file to
determne if there are one or nore repeated sets of instructions; and
l'inking the object files together to create an executabl e nodul e, wherein
t he executabl e nodul e contains one copy of each repeated set of

i nstructions. 2. A nmet hod according to claiml, wherein said conpiling
step further conprises the step of adding a comment record to each object
file.. 3. A nmet hod according to claim2, wherein said coment record
contains a nane and a | ocation of one or nore potentially repeated sets of
i nstructions. 4. A et hod accordingdilﬁgain12,.wherein sai d comment
record contains a file nane, a |line nunmper, a cyclic

1. A method of generating an executable program, comprising
the steps of:

compiling one or more source files to generate an object
file for each source file;

searching each object file to determine if there are one
or more repeated sets of instructions; and '

linking the object files together to create an executable
module, wherein the executable module contains one copy of
each repeated set of instructions.

: 2. A method according to claim 1, wherein said compiling
step further comprises the step of adding a comment record to
each object file..

3. A method according to claim 2, wherein said comment
record contains a name and a location of one or more
potentially repeated sets of instructions.

4, A method according to claim 2, wherein said comment
record contains a file name, a 1line number, a cyclic
redundancy check, and a function nanme.

5. A method according to claim 1, wherein said compiling

step further comprises the step of calculating a cyclic
redundancy check code for every potentially repeated set of

s




redundancy. check, and a function nane. 5. A met hod according to claim1,
wheréin said conplllng step further conprises the step of calculating a
cyclic redundancy check code for every potentially repeated set of

i nstructions. 20 6. A nmet hod according to claim5, wherein said
searching step conprises the steps of:ziearching each object file to
determne if there are oné or nore matching cyclic redundancy checks; and

i f matching cyclic redundancy checks are found, conparing the sets of

i nstructions associated with the matching cyclic redundancy checks to
determne if the sets of instructions are identical. 7. A et hod
according to claiml1l, wherein said |linking step further conprises the steps
of: creating a duplicate set of entry points in the executable nodule
for each repeated set of instructions found during said searching step; and
adj usting addresses of one or nore function calls in the executabl e nodul e,

to transfer corgt rol tﬁerl:pxngQSc&?cﬂ/né) ftéi éleapeatsed ﬁereﬂi é&c{ réjecatrc?ung

step comprises the steps of:

searching each object file to determine if there are one
or more matching cyclic redundancy checks; and

if matching cyclic redundancy checks are found, comparing
the sets of instructions associated with the matching cyclic
redundancy checks to determine if the sets of instructions are
identical.

7. A method according to claim 1, wherein said linking step
further comprises the steps of:

creating a duplicate set of entry :points in the
executable module for each repeated set of instructions found
during said searching step; and d '

adjusting addresses of one or more function calls in the
executable module\to transfer control to the one copy of a
repeated set of instructions.

AR



21 8.: « An information handling system conprising: one or nore processors,
stordge neéans; input/output neans; display neans; one or nore inmages of an
operating systemfor controlling operation of said processors; neans for
conpiling one or nore source files to generate an object file for each
source file; means for searching each ghject file to determne if there are
one or nore repeated sets of instructions; and neans for |inking the object
files together to create an executabl e nodul e, wherein the executable
nodul e contai ns one copy of each repeated set of: instructions. 9. An

i nformati on handl i ng system according to claim@8, wherein said neans"for
conpiling further conprises neans for adding a comment record to each
object file. 10. An information handling systemaccording to claim?9,
wherein said comment record contains a name and a | ocation of one or nore
potentially repeated sets of instructions. 11. An information handling

e |1ne nuftver 3 Permeti S didheiis RRERE, cHREFLELERT P TS 2 1% an
i nf or mati on handl i ngoRg e MORECR¥AFRFAXFicl ai m 8, wherein said neans f.or
conpiling further cogggﬁgggsmgaggﬁ for
input/output means;
display means;
one or more images of an operating system for controlling
operation of said processors; '
means for compiling one or more source files to generate
an object file for each source file;
! neans for searching each object file to determine if
there are one or more repeated sets of instructions; and
means for linking the object files together to create an
executable module, wherein the executable mcdule contains one

copy of each repeated set of instructions.

9. An information handling system according to claim 8,
wherein said means‘for compiling further comprises means for
adding a comment record to each object file.

10. An information handling system according to claim 9,
wherein said comment record contains a name and a location of
one or more potentially repeated sets of instructions.

11. An information handling system according to claim 9,
wherein said comment record contains a file name, a 1line
number, a cyclic redundancy check, and a function name.

12. An information handling system according to claim 8,

wherein said means for compiling further comprises means for
calculating a cyclic redundancy check for every potentiaily

* ¢ L M s *

repeated set of instructions.



cal cul ati ng a cyclic redundancy check for every potentially repeated set of
I nstructions. 22 13. An information handling system according to claim
12, wherein said nmeans for searching conprises: neans for searching each
object file to determine if there are one or nore matching cyclic
redundancy checks; and if .matching cycl22c redundancy checks are found,
means for conparing the sets of instructions associated with the matching
cyclic redundancy checks to determne if the sets of instructions are
identical. 14. An information handling systemaccording to claim9, wherein
said nmeans for linking further conprises: neans for creating a duplicate
set of entry points in the executable nodule for each repeated set of

i nstructions found during said searching step; and neans. for adjusting
addresses of one or nore function calls in the executable nodule to
transfer control to the one copy of a repeated set of instructions. 23

15. A corrputer-{seadaAbl irrxTPd' i Ori%rnidii ng:system according to claim 12,
wherein said means for searching comprises:
means for searching each object f£ile to determine if
there are one or more matching cyclic redundancy checks; and
if matching cyclic redundancy checks are found, means for
comparing the sets of instructions associated with the
matching cyclic redundancy checks to determine if the sets of
instructions are identical.

14. An information handling system according to claim 9,
wherein said means for linking further comprises:

~ means for creating a duplicate set of entry points in the
executable module for each repeated set of instructions found
during said searching step; and

means. for adjusting addresses of one or more function

calls in the executable module to transfer control to the one
copy of a repeated"‘\‘set of instructions.

R LN



means tor ,conpiling one or nore source files to generate an object file for
each‘soutce file; neans for searching each object file to determne if
there are one or nore repeated sets of instructions; and nmeans for |inking
the object files together to create an executabl e nodul e, wherein the
execut abl e nodul e contai ns one copy of ,gach repeated set of instructions.
16. A conputer-readabl e nedi um according to claim15, wherein said neans
for conpiling further conprises neans for adding a coment record to each
object file. 17. A conputer-readabl e nmedi um according to claim 16, wherein
said coment record contains a nane and a |ocation of one or nore
potentially repeated sets of instructions. 18. A conputer-Teadabl e nedi um
according to claim 16, wherein said comment record contains a file nane, a
| i ne nunber, a cyclic redundancy check, and a function name. 19. A
conput er -r eadabl e medi um according to claim 15, wherein said neans for
conpiling further conprises nmeans for calculating a ¢yclic redundancy check
for every potentfal |} qupterdreadable imedipnctSPYMFisiBI: A conput er - r eadabl e
medi um accordi ng t o wdaAsSNEDS, cOEINENg 6d drNRerS soacechi TdE P Gefpiatas:

neans for searqgin ngglé¥¥ e%% fggght od@%&effﬂéua if there are one or nore.
mat chi ng cyclic Pe ancy EhéC s, an !

means for searching each object file to determine if
there are one or more repeated sets of instructions; and

means for linking the object files together to create an
executable module, wherein the executable module contairis one
copy of each repeated set of instructions.

16. A computer-readable medium according to claim 15, wherein
said imeans for compiling further comprises means for adding a
comment record to each object file.

17. A computer-readable medium according to claim 16, wherein
said comment record contains a name and a location of one or
more potentially repeated sets of instructions.

18. A computer-readable medium according to claim 16, wherein
said comment record contains a file name, a line number, a
cyclic redundancy check, and a function name.

19. A computer-readable medium according to claim 15, wherein
said means for compiling further comprises means for
calculating a cyclic redundancy check for every potentially
repeated set of instructions.

20. A computer-readable medium according to claim 19, wherein
said means for searching comprises:
means for searching each object file to detemuine if

there are one or more matching cyclic redundancy checks; and

.//
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24 if. mat ghing cyclic redundancy checks are found, neans for conparing the
sets ‘of 'IAstructi ons associated with the matching cyclic redundancy checks
to determine if the sets of instructions are identical. 21. A
conput er -readabl e nedi um according to claim15, wherein said neans for
l.inking further conprises: nmeans for crpgating a duplicate set of entry
points in the executable fnodule for each repeated set of instructions found
during said searching step; and neans for adjusting addresses of one or
nore function calls in the executable nodule to transfer control to the one
copy of a repeated set of instructions.

if matching cyclic redundancy checks are found, means for
comparing the sets of instructions associated with the
matching cyclic redundancy checks to determine if the sets of
instructions are identical.

21. A computer-readable medium according to claim 15, wherein
said means for linking further comprises:

means for creating a duplicate set of entry points in the
executable module for each repeated set of instructions found
during said searching step; and

means for adjusting addresses of one or more function
calls in the executable module to transfer control to the one
copy of a repeated set of instructions.
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