Extend Your Application’s Reach from 32-bit to 64-bit Environments —
Part 2: Porting Guidelines

By Chandrashekhar M, Director & CTO, S7 Softwar e Solutions

In Part 1 of thisarticle, we provided some background on 32- to 64-hit porting and
described some of the key congderations for porting. In thisarticle, we |l offer some
porting guiddines. In Part 3, wée ll look a a couple gpplications ported from 32- to 64-bit
environments.

Guiddinesfor Converting to LP64
Thefollowing guiddines are a consolidation of our experience and the best practices of
deve opers, plus suggestions by processor manufacturers.

Guiddine: Pay close attention to compiler warnings.

Mogt of the recent compilers generate warnings whenever there isatype mismatch. It is
aways agood idea to turn on these warnings. The flag varies from compiler to compiler
and from platform to platform; see the compiler’ s technicad documentation.

Guiddine: Do not assume int and Pointers are the same size

Sinceints and pointers are the same sze in the ILP32 environment, alot of code rdieson
this assumption. Pointers are often cast to int or unggned int for address arithmetic.
Instead, pointers could be cast to long because long and pointers are the same szein both
ILP32 and LP64 worlds. Rather than explicitly usng unsigned long, use uintptr t,
because it expresses the intent more closely and makes the code more portable, insulating
it againg future changes.

Code Example

char *p;

p = (char *) ((int)p & PAGEOFFSET);
S/J)aming: converson of pointer loses bits
Suggested use:

char *p;

p = (char *) ((uintptr_t)p & PAGEOFFSET);

Guiddine: Do not assumeint and long are the same size
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Because ints and longs were never redly diginguished in ILP32, alot of exiging code
uses them indiscriminately while implicitly or explicitly assuming thet they are
interchangeable. Any code that makes this assumption must be changed to work for both
ILP32 and LP64. While an int and along are both 32 bitsin the ILP32 datamodd, in the
LP64 datamodel, along is 64 bits

Code Example

intwating;
longw_io;
long w_swap;

waiting =w_io + W_swap;
%
warning: assgnment of 64-hit integer to 32-hit integer

Guiddine Sign extension

Sgn extenson is a common problem when converting to 64—hits. It is hard to detect
before the problem actudly occurs because lint(1) does not warn you about it.
Furthermore, the type converson and promotion rules are somewhat obscure. To fix Sgn
extengon problems, you must use explicit cagting to achieve the intended results. To
undergtand why sign extension occurs, it helps to understand the conversion rules for
ANSI C.

Two rules seem to cause the most Sign extension problems between 32-hit and 64-bit
integrd values

- Integral promoation. A char, short, enumerated type, or bit-fidd, whether sgned or
unsigned, can be used in any expression that calsfor anint. If anint can hold dl
possble vaues of the origind type, the vaue is converted to an int. Otherwise; it is
converted to an unsgned int.

- Conversion between signed and unsigned integer s. When a negetive sgned integer
is promoted to an unggned integer of the same or larger type, it isfirg promoted to
the Sgned equivdent of the larger type, and then converted to the unsgned vaue.

For amore detalled discussion of the converson rules, refer to the ANS C standard.
Also induded in this standard are useful rules for ordinary arithmetic conversons and
integer congants. When compiled as a 64-bit program, the addr varigble in the following
example becomes sgn-extended, even though both addr and abase are unsgned types.

Code Example
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%ocat test.c

struct foo {

unggned int base 19, rehash:13;
h
main(int argc, char *argv(])

{

Sruct foo &;

unsigned long addr;

abase = 0x40000;

addr = abase << 13; /* Sgn extengon herel */

printf("addr Ox%olx\n", addr);

addr = (unsgned int)(abase << 13); /* No Sgn extendon herel */
printf("addr Ox%olx\n", addr);

}

This 9gn extension occurs because the converson rules are applied asfollows:

1. abaseisconverted from an unsigned int to an int because of the integra
promation rule. Thus, the expresson abase << 13 isof typeint, but no Sgn
extenson has yet occurred.

2. Theexpresson abase << 13isof typeint, but it is converted to along and then
to an unggned long before being assigned to addr, because of Sgned and
unsgned integer promotion rules. The Sign extenson occurs when it is converted
fromanint to along.

% cc -otest64 -xarch=v9 test.c
% ./test64

addr Oxffffffff80000000

addr Ox80000000

%

When this same example is compiled as a 32-hit program, it does not display any sgn
extenson:

% cc-otedt32ted.c
% ./test32

addr 0x80000000
addr 0x80000000

%
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Guiddine: Use pointer arithmetic instead of address arithmetic

In generd, using pointer arithmetic works better than address arithmetic because pointer
arithmetic is independent of the data mode, whereas address arithmetic might not be. It
usudly leads to Smpler code aswdll.

Code Example

int*end;

int*p;

p=mdloc(4 * NUM_ELEMENTS);

end = (int *)((undgned int)p + 4* NUM_ELEMENTS);
%

warning: converson of pointer loses bits

Suggested use:

int*end;

int*p;

p = mdloc(szeof (*p) * NUM_ELEMENTYS);
end=p + NUM_ELEMENTS

Guiddine: Repack structures

Interna data structures in gppilications should be checked for holes. Since any long or
pointer fiedds will grow to 64 bits for LP64, you can use extra padding between fiddsin
the structure to meet aignment requirements. In the 64-bit environment on Intel
[tanium® 2 processor-based platforms, dl types of sructures are digned to e least the
gze of the largest quantity within them. A smple rule for repacking the Sructureisto
move the long and pointer fidds to the beginning of the sructure.

Code Example

struct bar {

inti;

long j;

intk;

char *p;

}; I* dzeof (struct bar) =32 */

Suggested use:
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struct bar {

char *p;

g

inti;

intk;

}; I* sizeof (struct bar) =24 */

Guiddine: Check unions
Be sure to check unions, because their fields might have changed szes between ILP32
and LP64.

Code Example

typedef union {
double _d;

long _I[2];
} It

uggested use:
typedef union {
double d:;
int_1[2];

X g

Guiddine: Specify type of congtants

Lack of precison can cause loss of datain some congtant expressons. These types of
problems are very hard to find. Be explicit about specifying the type(s) in your congant
expressons. Add some combination of {u,U,I,L} to the end of each integer congtant to
specify itstype. You might dso use cadts to specify the type of a congtant expression.

Code Example

inti=32

longj =1<<i; /* j will get Obecause RHS isinteger */
[* expression */

uggested use:

inti=32
longj =1L <<i;
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Guideline: Beware of implicit declaration

The C compiler from Sun WorkShop assumes atype int for any function or variable that
isusad inamodule and not defined or declared externdly. Any longs and pointers used

in thisway are truncated by the compiler’ simplicit int declaration. The gppropriate

extern declaration for the function or variable should be placed in aheader and not in the
C module. Any C module that uses the function or variable should then include this
header. If thisis afunction or avariable defined by the system heeders, the proper header
should ill beinduded in the code.

Code Example

%

int

main(int argc, char *argv[])
{

char *s = maloc(10);

strepy(s, "TEST™);

printf("%s\n", 9);

free(s);

return (0);

Compileit as. cc-g +DD64 test.c
Suggested use:

#incdude <gtdio.h>
Il #indude <gdlib.h> /* uncomment this line to resolve the core dump on HP 11.23 */

struct bar {
int j;
h
sruct bar *foo() {
gruct bar *p = (struct bar *)malloc(sizeof(struct bar));

p->j = 1000
return p;
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}
int main() {
druct bar *x = foo();
printf("%c\n”, x->j);
}

Guideline: sizeof() isan unsgned long

In LP64, sizeof() hes the effective type of an unsgned long. Occasiondly szeof() is
passed to a function expecting an argument of typeint, or isassgned or cast to anint. In
some cases, this truncation might cause loss of data

Guiddine Use cagts to show your intentions
Relationd expressions can be tricky because of converson rules. Y ou should be very
explicit about how you want the expresson to be evauated by adding casts wherever

necessary.

Guideline: Check format string conversion operation

The format strings for printf(3S), sorintf(3S), scanf(3S), and sscanf(3S) might need to be
changed for long or pointer arguments. For pointer arguments, the conversion operation
given in the format gring should be %op to work in both the 32-bit and 64-hit
environments.

Code Example

char *buf;
gruct dev_info *devi;

(void) sprintf(buf, "di%x", (void *)devi);

%

warning: function argument (number) type incongstent with formet
sprintf (arg 3) void *: (formet) int

uggested use:

char *buf;
druct dev_info *devi;
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Guiddine: Check for side effects of changes

One problem to be aware of isthat atype change in one areamight result in an
unexpected 64-bit converson in ancther area. For example, in the case of a function that
previoudy returned an int and now returns an ssize t, dl the calers need to be checked.

b

Guiddine: Check whether literal uses of long still make sense

Because along is 32 bitsin the ILP32 modd and 64 bitsin the LP64 modd, there might
be cases where what was previoudy defined as along is neither gppropriate nor
necessary. In this case, it might be possible to use amore portable derived type. Related
to this, anumber of derived types might have changed under the LP64 data modd for the
reason stated above. For example, pid_t remains along in the 32-hit environment, but
under the 64-bit environment apid tisanint.

mmary

Porting 32-hit code to a 64-hit environment is not atrivid undertaking, especidly if the
code was written without foresight of portability. The guiddines offered in this article
should help you find and correct the more troublesome code usages. In Part 3, we will
look a some examples of code ported to a 64-bit environmentt.
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