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HP Compilersfor HP Integrity Servers

This document provides atechnical overview of the key features of HP compilers for HP
Integrity servers running the HP-UX 11i v2 or |ater operating system.




Understanding HP Compilers

HP Integrity servers use the Intel® Itanium® architecture, co-developed by HP and Intel,
which uses Explicitly Parallel Instruction Computing (EPIC). EPIC enables processorsto
take advantage of advanced compiler techniques and massive processor resources to execute
instructions faster and more in parallel than traditional RISC. HP compilers have been
designed in parallel with the architecture to exploit the benefits of this architecture for real
applications. In addition to the key features of HP compilers, this paper suggests how

devel opers can use HP compilers to unlock the performance advantages of Integrity servers.

HP offers afamily of compilers for Integrity servers, supporting the C, C++, and Fortran
languages. HP compilers share an overall design structure that facilitates the integration of
common functional components such as the code generator, optimizer, linker, and debugger.

The HP compiler structure (see Figure 1) begins with alanguage-dependent front end which
includes components for lexical, syntax, and semantic analysis of the incoming source code.
Each front end produces an intermediate-level representation of the program. The high-level
optimizer performs performance-enhancing optimizations of the intermediate code. The code
generator converts the intermediate representation into an instruction sequence nearly
appropriate for the target system. Finally, the low-level optimizer completes the generation
of machine code and performs additional transformations which improve performance.

HP-UX system libraries on Integrity servers are generally supersets of their counterparts on
HP 9000 systems based on the PA-RISC architecture. For example, the HP-UX C/C++ math
library for Integrity servers provides an API that isamajor superset of the PA-RISC library.
It includes all the C99/Unix 2003, Unix 95, and PA-RISC math functions for four
floating-point types. The functions provided for Integrity servers are generally faster, more
accurate, and more consistent in the treatment of exceptional cases than their PA-RISC
counterparts.

All HP compilers share acommon implementation of the code generator and optimizersin
order to maximize inter-operability between languages.

The HP compilersfor Integrity servers have already compiled millions of lines of C, C++,
and Fortran source code for HP-UX 11i, including HP-UX 11i itself. Much of this
compilation is at high levels of optimization. Hundreds of independent software providers
have used the HP compilers to make thousands of applications available on HP-UX 11i. HP
uses its compilers to tune performance of the SPEC2006 benchmark, which comprises atotal
of 29 applications, using advanced levels of optimization. These programs make extensive
use of sophisticated Itanium processor family features such as predication, speculation, and
data prefetching.
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Optimizing for Integrity Servers

The Intel Itanium architecture seeks to reduce execution time by maximizing
instruction-level parallelism—the concurrent execution of multiple instructions. It provides
three key features that enable the compiler to maximize instruction-level parallelism (ILP):

» predication
» gpeculation, both of control and data
e explicit parallelism

While support from the architecture for these featuresis critical, the compiler must exploit
these features to their utmost in order to deliver superior application performance.

Predication

Predication is the conditional execution of an instruction based on the setting of a boolean
value contained in apredicate register. The Intel Itanium architecture provides 64 predicate
registers that can be used to control the execution of nearly all instructions.

In the example below, both assignments to x can execute in the same cycle (because both
predicates are never simultaneously true), saving two instructions and at least one execution
cycle, and avoiding any risk of branch misprediction.

Example 1: Using predication

if (a==20) {
X = b5;
} else {
X = *p;
}

The compiler can use predication to transform control dependencies on branch instructions
into data dependencies on compare instructions.

Example 2: Code from Example 1 generated using branches

cnp. ne.unc pl,p0 = a,0

(p1) br L1 ;;
nov x =5
br L2 ;:;:

L1: Id x = [p]

L2:

The assignment to x that is executed is control dependent on the predicate (p1) in the first
branch instruction.




Transforming from control dependence to data dependence has two principal benefits:

» Removal of branches, which increases the number of instructions per cycle. For
example, by eiminating the branches in Example 2, both assignmentsto x can be
executed in the same cycle.

» Elimination of the misprediction penalty associated with branches. In a pipelined
processor, a branch presents a potential disruption in the pipeline flow. The
processor must predict whether a conditional branch is taken and must predict the
target, if it isindirect. An incorrect prediction flushes and restarts the pipeline. With
a deep pipeline and wide issue bandwidth, this represents a significant loss of
performance. On the Intel Itanium processor, for example, a branch misprediction
penalty is 9 cycles, representing 54 lost instruction issue opportunities. Even with
sophisticated branch prediction techniques, a small percentage of mispredicted
branches can tranglate into significant performance cost.

Example 3: Code from Example 1 generated using predication

cnp. ne.unc pl,p2 = a,0 ;;
(p2) nov X
(p1) Id X

5
[ p]

In Example 3, al branches have been eliminated and the assignments to x are now
data-dependent upon the compare that defines the qualifying predicate.

Control speculation

Control speculation is the execution of an instruction before the execution of all of the
conditions controlling its execution. Using control speculation, the compiler can generate
code which causes the program to execute conditional code concurrently with a guarding
condition, even ahead of a guarding condition, rather than waiting for the result of the
guarding condition evaluation. Such concurrency can significantly improve runtime
performance.

Example 4: Control speculation code

int a,b;
extern int *p;
extern int gl obal;
i f(condition) {
a = gl obal;
b ="*p + 2

Using control speculation, the HP compiler can cause the program to execute portions of the
two assignment statements in the t hen clause ahead of the condition.




Loads and arithmetic operations on integer variables are ideal candidates for control
speculation because they do not cause undesired side effects. A source code statement may
utilize loads, arithmetic operations, and stores. If the source code statement is guarded by a
condition evaluation, the loads and arithmetic operations can be speculated; any store
operations are dependent on the condition eval uation and cannot be speculated. Calls are also
exempt from control speculation.

Because the speculative load is being performed ahead of the guarding condition, itis
possible (for avariety of reasons) that the load might not be successful. Unsuccessful

specul ative loads result in a speculation token (called a NaT) in the target register. This NaT
token propagates through subsequent instructions. After the guarding condition isfinally
evaluated, the results of the speculated instructions are used if they are still needed. If any
NaT token isfound, arecovery code sequence is executed which recomputes the needed
results.

Example 5: Code from Example 4 using control speculation

Id.s tl =1[p] ;;

add b =1t1,2

cnp. ne.unc pl,p0 = condition,O ;;
(pl) chk.s tl, L2
L1:
L2: I d tl =1[p] ;;

add b =1t1,2

br L1

If the NaT bit on register t 1 is set, the chk. s instruction branches to the recovery code
located at L2. Recovery code reloads t1 without speculation, then recomputes the result in b.
(p1) is apredicate used to determine whether the result is needed.

A variety of factors could cause a speculative load to result in a NaT token and potentially
trigger the execution of recovery code. Loads from invalid addresses usually generate an
exception on atraditional architecture; speculative loads from invalid addresses result in
NaT. In addition, a missin the translation-lookaside buffer (TLB) on the control speculative
load usually resultsin aNaT when recovery codeis present. A TLB isacache of trandations
from virtual memory addresses to physical addresses and physical addresses to virtual
memory addresses.

Data speculation

Data speculation involves the early execution of aload prior to one or more store instructions
that both:

» preceded the load in origina program order.
* might write to the same memory location asisread by the load.

Data speculation can reduce the overall number of required cycles because it increases
instruction level parallelism.




Example 6: Using data speculation

int a,b
extern int *p;
extern int *q;
*p = a,

b =*q + 2;

Use of data speculation moves the last statement performing aload of * q above the store of
*p, even though * p and * g may be the same memory location.

The Intel Itanium architecture allows the compiler to exploit thistype of speculation safely
by providing afacility to dynamically identify address conflicts and by allowing the compiler
to trigger execution of arecovery code sequence when an address conflict is discovered
during runtime. The compiler utilizes the advanced check (chk. a) instruction that checks to
see if there have been any conflicting writes to the address accessed by the advanced load. If
such a conflict occurs, the advanced check branches to compiler-generated recovery code
where the load is reexecuted to ensure the correct value.

Example 7: Generated code for Example 6 using data speculation.

Id.a tl =[dq] ;;
add b =112
st [p] = a
chk. a tl, L2

L1:

L2: Id tl =[dqd] ;;
add b =112
br L1

Theload of * q is moved ahead of the store of *p. The chk. a checks for conflicting writes
to the location whose contents were loaded into t 1, and branches to L2 to correct them.

Explicit Parallelism

Explicit parallelism allows the compiler to take advantage of its knowledge of the program
semantics, combined with amodel of the processor resources, to generate groups of
instructions that can be executed in parallel (without requiring hardware dependency
analysis). Current processors can execute up to 6 instructions per cycle (2 bundles of 3
instructions each). Supported by alarge register file and multiple execution units, the
compilers are able to schedule multiple computations in parallel. With explicit “stop bits’ in
the instruction stream, the compilers indicate exactly which groups of instructions may be
executed in the same cycle. The compilers optimize the code to maximize the number of
parallel computations performed in each cycle, using the techniques of predication,

specul ation, and modul o scheduling of loops to increase the opportunities for parallelization.




What’'s New in the Compilersfor AR1003

The AR1003 (A.06.25) release of the HP compilers adds a number of new features,
including:

The default C compilation mode has changed from C89 to C99. To retain the
previous behavior, use the - AC89 command-line option.

The default C++ compilation mode has changed to full - AA, which now additionally
enables the option - W, - ansi _f or _scope, on, which will reduce porting
efforts by adhering to the C++ Standard.

Thenew - Ax option turns on support for severa extensions introduced by the
working paper for the next C++ standard (called C++0x). The - Ax option is
available only in C++ compilation mode and is binary compatible with the - AA
compilation mode. The following C++0x features are enabled by the - Ax option:

* Scoped enumeration types

* static_assert

* Extended friend types

* Rvauereferences

* Objectless references to non-static data members

* Defaulted and deleted functions

* In C++0x mode, aut o isalways atype specifier, no longer a storage-class
specifier

* Lambdas

Thefollowing C99 features have been added to the C++0x standard and are
available when compiling in C++0x mode:

* Mixed string literal concatenations

* Rulechanges related to determining the type of large literal constants
* Variadic macros

* _Pragma operator

In C++0x mode (that is, with - Ax specified) and in non-strict C++98 maode, extern
template can now be used to suppress the implicit instantiation of an entity.

Decimal Floating Point is supported in C++ mode (on HP-UX 11.31 systems only).

#pragma STDC FLOAT_CONST_DECIMAL 64 allows unsuffixed floating-point
constants to be treated as having type _Deci mal 64 when set to ON, or as having
type doubl e when set to OFF.

The OpenMP 3.0 directives #pr agnma onp t ask and#pragma onp
t askwai t aresupported.
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*  Several performance enhancements have been made for +OL. For example,
+Qdat apr ef et ch=di r ect isnow supported at +O1, and is the default at +OL.

* Non-template static data membersinitialized outside the class are no longer treated
as constants in strict mode. In non-strict mode, the behavior remains unchanged for
compatibility.

»  Enhancements are added to allow code to run well on current platforms and future
Poulson processors. A new option, +DSpoul son, isadded to generate more
optimal code for these processors.

» Thedefault blended scheduling model +DSbl ended has been changed to be a
combination of +DSnont eci t o and +DSpoul son.

* New diagnostic messages have been added, and existing ones enhanced.
* Version C.02.15 of HP Code Advisor. New featuresin this version include:
* New format for HTML report

* New diagnostics

* Enhancements to improve eff ectiveness of certain diagnostics

Per formance

In addition to these new features, the AR1003 rel eases delivers application performance
improvements. Compared with the AR0O809 release, the AR1003 release improves
performance by 0-2%.
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Understanding Key Features of the HP Compilers

The following sections describe each of these key features:
» “Standards compliance” on page 12
* “Compatibility” on page 13
» “Extensive application avail ability” on page 13
* “Faster development and debug” on page 13
» “Advanced low-level optimization” on page 14
»  “Profile-based optimization” on page 14
»  “Powerful high-level optimization” on page 16
* “Precise floating-point control” on page 21

» “Extensiveinline assembly” on page 23

Standar ds compliance

Each HP compiler adheresto defacto industry and international standards to enhance link
and runtime compatibility and source code portability. This adherence to open standards
protects the investment of application developers and provides rapid devel opment and
deployment of new applications. The HP C compiler is branded for compliance to ISO/IEC
1990 and on 11i Version 3 (11.31) Integrity systems, the UNIX 2003 standard, which
includes 1SO/IEC 9899:1999; the HP Fortran compiler adheresto ISO/IEC 1539-1: 1997; the
HP aC++ compiler islargely compliant with the | SO/IEC 14882 standard for the C++
language (including the C++ standard library).

All HP compiler code generation and data layout conforms to the Common Software
Conventions and Runtime Architecture (see Reference 9) for the Intel Itanium architecture. In
addition, the HP aC++ compiler code generation and data layout largely conformsto the
Common C++ ABI for the Intel Itanium architecture (see Reference 10)—with afew
documented exceptions.

The math library conforms to the specification in the ISO/IEC C99 standard, including the
annex for IEC 60559 (IEEE 754-1985) implementations and the annex for IEC
60559-compatible complex arithmetic. The compilers and math library adhereto the IEC
60559 (IEEE 754-1985) binary floating-point standard. They fully support three real IEC
60559 binary floating-point types: float (32-bit), double (64-bit), and long double or quad
(128-bit PA-RISC-compatible type). The C and C++ compilers and libraries additionally
support the IEC 60559 compatible, 80-bit, extended type in the Intel Itanium architecture
(see Reference 1). The C compiler and libraries for 11i Version 3 (11.31) support three IEEE
754-2008 decimal floating-point types, to the extent specified by draft ISO/IEC Technical
Report 24732: _Decimal32, _Decimal64, and _Decimal128.
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Compatibility

HP provides near-compl ete source code and makefile compatibility between its current line
of HP 9000 PA-RISC compilers and its new generation of compilers for easy migration of
source code and makefiles to Integrity servers. The PA-RISC compiler options are nearly
unchanged in the new compilers, while several new options provide access to the new
features avail able only on Integrity servers. Occasionally, it is necessary to introduce a minor
incompatibility in order to comply with standards or repair a defect. For more information,
see Reference 18 and Reference 19.

Built to run on Integrity systems running HP-UX 11i v2 and later, the ARO809 compilers
continue to provide significant compatibility with frequently-used features of the Tru64 C
and C++ compilers. In particular, the Tru64 C++ ARM diaect is provided, as thiswas the
default Tru64 C++ dialect through Version 5.

Extensive application availability

HP compilers support the compiler options and pragmas most often chosen by software
devel opers as essential for preserving and extending application availability. For example,
the HP compilers support both the widely used and traditional 32-bit data model and the
newer 64-bit data model where longs and pointers are 64 bits wide. The traditional 32-bit
datamodel isappropriate for many legacy applications which may not be 64-bit clean. Many
other compilers require the application to comply with the 64-bit data model which usually
requires a separate 64-bit migration step for legacy applications.

To extend the lifetime of new applications for Integrity servers, HP compilers provide
several code scheduling options. These options allow software providers to target a specific
processor model or to use a blended model that is suitable for all members of the processor
family.

Faster development and debug

Traditionally, compilers perform minimal optimization by default and no optimization when
debugging is specified. This approach is inappropriate for Itanium-based systems, where
unoptimized programs generally run about two to three times slower than when optimized at
+0L and four to five times slower than when optimized at +C2.

Some optimizations are also required for adebug build since 30 to 50% of theingtructionsin
an unoptimized code sequence are no- op instructions. Thisrelatively large number of

no- op instructions is due to the need to form three-instruction bundles, and the limited
number of bundle templates available. With optimization, the compiler is able to make much
more effective use of the bundle templates.

HP has significantly enhanced performance of code compiled for debugging by providing
+0L level of optimization by default. Optimizations performed at +Ol1 include common
sub-expression elimination, constant propagation, load store elimination, copy elimination,
register alocation, restricted basic block scheduling, and simple data prefetching. Care has
been taken to ensure that the program can still be debugged correctly; that is, that breakpoints
are at expected places and variables have expected values at breakpoints corresponding to
source lines.
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Advanced low-level optimization

At optimization level 2 (option +C2), HP'slow level optimizer takes full advantage of the
key features of the architecture. In addition to the local optimizations applied at +OL, the
optimizer applies Static Single Assignment (SSA)-based global value numbering (see
Reference 6), global code motion, value congruent instruction elimination to reduce the static
and dynamic number of instructions, aliased scalar promotion (see Reference 7), afast
version of interprocedural inlining using “tuned-down” heuristics, and SSA-based partial
redundancy elimination. Theloop optimizer performs data prefetching, sum reduction, scalar
replacement, strength reduction, post-increment synthesis and loop unrolling. Data
prefetching is automatically performed on loops where the optimizer is able to discern an
array reference pattern or linked-list traversal.

HP compilers divide application code into regions which form the unit of operation for
instruction scheduling. The instruction scheduler employs control speculation, data

specul ation, and predication to schedule the region as efficiently as possible, maximizing
instruction-level parallelism (see Reference 3). Where possible, given reasonable constraints
on compile time, innermost loops are subject to software pipelining. The software pipeliner
takes advantage of the special branches and rotating registers provided in the architecture to
generate software pipelined loops with little or no code expansion, even in the presence of
control flow and non-counted |oops (see Reference 5).

Profile-based optimization

HP is aleader in the delivery of profile-based optimization (PBO) (see Reference 2). PBO
data provides the compiler with branch-taken and routine execution frequency information as
an additional guide to optimization. In addition, it provides the compiler with data access
address strides and data cache miss information, used to guide data cache optimization and
scheduling. It also provides the compiler with loop iteration counts, used to guide loop
optimization. PBO can provide as much as a 30% performance improvement over +C2
optimization by tuning applications according to their typical execution characteristics. The
performance impact of PBO is even higher on Itanium-based systems than on traditional
RISC systems because the architecture provides alarger number of mechanisms to increase
instruction level parallelism based on application behavior.

Many compiler optimizations are enhanced by knowledge of the execution behavior of the
application.

» Certain optimizing transformations are performed on code regions. Profile data helps
these transformations select target regions to minimize region crossings within high
frequency execution paths.

» Selection of instructions within a region to speculate or predicate is more effective
when the compiler has more accurate information on relative execution freguencies.

» High-level optimizations such as loop optimization and procedure inlining can
greatly benefit from profile data to select particularly hot loops and call sites for
optimization.

» Theoptimizer can insert more efficient prefetches for linked-list recurrences, if the
PBO data indicates that the accesses have aregular stride.

14



» Cache utilization is enhanced by ordering global and static variables within the data
segment such that frequently accessed variables are placed close together.

» For loops that commonly iterate only afew times, asindicated by the loop iteration
count PBO data, the optimizer can “peel” off that number of iterations into
straight-line code. This can improve instruction level parallelism by allowing greater
scheduling freedom for the peeled instructions.

»  Scheduling is enhanced by accounting for data cache misses on integer accesses and
either reordering the loads or scheduling uses farther away.

On Integrity servers, the two-step PBO process can be done through the

+Opr of i | e=col | ect build, followed by the +Qpr of i | e=use build, similar to the
process on PA-RISC systems. The first step of the build (+Oprofile=collect) inserts
instrumentation code to collect edge weights, data access address strides, and |oop iteration
counts. When the binary is subsequently run, in addition to the profile data collected by the
instrumented code, HP Caliper samples load data cache profile information using the
performance monitor unit (PMU). All collected profile information is written into adatafile,
which is used by the compiler for the subsequent +Qpr of i | e=use build.

New for Integrity servers, HP compilers also provide profile-based optimization using
compiler options and source code pragmas. These options and pragmas fine-tune profile data
or substitute for profile datain situations where the collection of atypica application input
might be difficult. Some sources of difficulty include:

* Representative input data sets might not be readily available.

» Application or system configurations representative of al customer usage profiles
might not be practical to duplicate.

Theoption +Of r equent | y_cal | ed indicates to the compiler those functions that are
called relatively frequently. The option takesal i st or afi | enane as an argument; thefile
should contain awhite-space separated list of function names. Thef i | e option allows
function name lists to be generated through an automated tool.

Similarly, +O ar el y_cal | ed identifies those functions that are relatively rarely called.
Alternatively, thisinformation can be expressed through the source code using the
FREQUENTLY_CALLEDand RARELY_CALLED pragmas.

The ESTI MATED _FREQUENCY pragma is a block-scope pragma that indicates the estimated
relative execution frequency of the current block as compared with the immediately
surrounding block. This can be used to indicate the average trip count in the body of aloop,
or to indicate the fraction of time a then clause is executed. The pragma accepts a constant
argument which is the expected execution frequency or loop count.

15



Example 8: Typical use of the ESTI MATED FREQUENCY pragma

if (condition) {
#pragma ESTI MATED _FREQUENCY 0. 99

for (...) {
#pragma ESTI MATED FREQUENCY 4.0

} else {

}

In Example 8, the code inthet hen clause of thei f statement is expected to execute 99% of
the time (implying that the el se clause is executed 1% of the time). The loop is expected to
execute four iterations, on average.

The ESTI MATED _FREQUENCY pragma gives the developer fine-grain control over the
degree of control speculation used by the compiler around any given source code condition.
In addition, knowledge of the average loop iteration count can cause the compiler to
determine that data prefetching would not be effective.

The NO_RETURN pragma asserts to the compiler that the specified function does not return.
This alows the optimizer to simplify the control flow graph, enabling more aggressive
optimization and reduced pressure on the register stack.

Power ful high-level optimization

The HP high-level optimizer contains an interprocedural optimizer, a high-level loop
optimizer, and a scalar optimizer.

Theinterprocedural optimizer is enabled with the option - i po at optimization levels two or
higher (e.g. +O2 -i po). Optimization level four (option +O4) implies- i po. Theloop
optimizer is enabled at optimization levelsthree or higher (options +C8 and +O4). The scalar
optimizer is enabled along with the other high level optimizations.

Theoption - i po can be used to compile some or all of an application’s source files.
Compiling only some moduleswith - i po enables intermodul e opti mizations between those
files. In this mode, only parts of the application are analyzed during | PO by the compiler and
therefore the compiler has to make conservative assumptions about the rest of the
application. This can result in lost optimization opportunities.

For highest performance, it is beneficial to compile al of an application’s source files with
- i po; thisis called “whole program mode.” In this mode, the compiler can perform precise
analysis of an application, potentially resulting in better performance.

The high-level optimizer makes use of PBO information and is more effective when used in
combination with PBO (option +Opr of i | e=use), for example, PBO data improves
function inlining. PBO data can reveal the most likely callee at an indirect call site, allowing
the high-level optimizer to transform the indirect call into atest and a direct call.
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Theinliner framework has been designed to scale to very large applications. It uses anovel
and fast underlying algorithm and employs an elaborate set of heuristics to guide itsinlining
decisions.

Theinlining engineis also employed at +O2 for intra-module inlining. At this optimization
level the inliner uses tuned down heuristics in order to guarantee fast compile times.

Application performance benefits from interprocedural optimization in the following ways:

Insertion of inter-procedural data prefetches before call sites for data accessed
through dereferences of a pointer parameter to the call.

Interprocedural analysis of memory references and function arguments enables and
improves many optimizations; for example, it yields additional opportunities for
register promotion.

Consider this example:

void foo( int *x, int *y)

{
... =*; [/ load 1
*y o= /] store 1
... =* [/ load 2
}

Without any additional knowledge about the properties of the pointers x and y, the
compiler hasto issue a second load instruction (load 2), since the store (store 1) may
overwrite the content of the pointer x.

If, as aresult of interprocedural analysis, the compiler was able to determine that x
and y never alias (point to the same memory location), the compiler can promote the
value of *x into aregister and just reuse this register (load 2).

Function inlining exposes traditional benefits, such asthe reduction of call overhead,
the improvement of the locality of the executing code and the reduction of the
number of branches. More importantly though, inlining exposes additional
optimization opportunities because of the widened scope, which also enables better
instruction scheduling.

Thewhole call graph is constructed, enabling indirect call promotion, where an
indirect call is converted to a test and a direct call. Depending on the application
characteristics, and in the presence of PBO data, this can result in significant
application speedups (we have observed up to 20% improvements for certain
applications).

Dead variable removal allows the high level optimizer to reduce the total memory
requirements of the application by removing global and static variables that are never
referenced.

Recognition of global, static and local variables that are assigned but never used
allows the optimizer to remove dead code (which may result in additional dead
variables).
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» Conversion of global variables that are referenced only within a module allows the
high level optimizer to convert the symbal to a private symbol, guaranteeing that it
can only be accessed from within this module. This gives the low-level optimizer
greater freedom in optimizing references to that variable.

» Dead function removal (functions that are never called) and redundant function
removal (for example, duplicate template instantiations) help to reduce compile time
and improve the effectiveness of cross module inlining by reducing the working set.
Additionally, as the application’s total code size reduces, it will incur fewer cache
and page misses (resulting in potentially higher performance).

»  Short data optimizations. Global and static data allocated in the short data area can
be accessed with a more efficient access sequence. In whole program mode (- i po)
the compiler can perform precise analysis to determine if all global and static data
fitsinto the short data area and alocate it there. If the data doesn't fit, the compiler
can determine the best safe short data size threshold, enabling a maximum amount of
dataitems to be addressable more effectively.

Thisisan advantage over +O2 alone (without - i po). At optimization level +Q2 the
same optimization can be enabled with the option +Cshor t dat a,

+Oshor t dat a=<t hr eshol d>. However, this method istypically not adaptiveto
application change and evolution.

» For callsto external functions (function not residing in a binary) the linker
introduces a small cal stub. If the compiler knows that afunction call isacall to an
external function, it can inline the call stub, resulting in better performance.

The HP compilers support a mechanism that allows annotating function prototypes
with apragma (#pr agnma ext er n) marking those functions as external functions.
When used with the compiler option - m nshar ed (see” Choosing the link mode”
on page 26), the compiler can perform call stub inlining.

All thisisno longer necessary with - i po in whole program mode. In this model the
compiler knows which functions are defined by the application and which are
external and automatically marks functions appropriately.

* Interprocedural constant propagation enables more efficient code.

» Datalayout optimizations, including structure splitting and dead field removal, can
help reduce the working set of an application and thereby improve data cache
behavior. In its framework for interprocedural data layout optimizations, if the
compiler is able to determine that a given structure type can be modified safely, the
compiler may split a structure type into hot and cold parts, with the goal of reducing
cache and TLB penalties. This optimization has been greatly improved in the current
compiler and handles many additional cases, the +O nf o option can be used to
determine whether this optimization has been performed.

Although full interprocedural optimizations are only available in the presence of - i po or
+4, the compiler performs * lightweight” interprocedural optimization at +O2 and above.
This phase can improve performance of applications with frequent use of static variables and
functions. Lightweight 1PO enables the following optimizations:

* Dead function elimination for static routines.
 Dead variable eimination for static variables.
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* Address exposure analysis for static variables.

Theinterprocedural analysis phase is aso able to expose and warn on additional source
problems, for example, for variables that are declared with incompatible attributesin
different source files.

The HP compilers deliver many high-level math functions as high-performance
implementations in intermediate form (as IELF object files), allowing the compiler to inline
these functions. Thisresultsin the usual benefits gained from inlining, such as avoidance of
call overhead or broadening of scope, and can help the instruction scheduler hide load and
store latencies.

The high level loop optimizer has been significantly improved, and performs the following
classic loop optimizations based on array access patterns (the loop optimizer is enabled at
optimization levelstwo (+0O2) and higher):

* Loop interchange

* Loop distribution

* Loop fusion

* Loop unrolling

* Loop unswitching

* Loop cloning

* Paraldization

* Loop blocking

* Loop unroll-and-jam
» Scalar replacement

* Recognition of memset/memcpy type loops
* Looprerolling

These optimizations are designed to improve locality of array access, improving the
utilization of the data cache. Parallelization distributes the work of aloop body among
available processors.

The loop optimizer aso performs some new optimizations:

» Automatic parallelization. This optimization allows applicationsto exploit otherwise
idle resources on multicore or multiprocessor systems by automatically transforming
seria loops into multithreaded parallel code. When the +Oaut opar option is used
at optimization levelsthree (+O3) and above, the compiler automatically parallelizes
those loops that are deemed safe and profitable by the loop transformer. With
+Caut opar, the parallelized application will utilize all the processors or the
number of desired processorsindicated by the environment variable
OMP_NUM_THREADS. The default is+Onoaut opar , which disables automatic
parallelization of loops. Automatic parallelization can be combined with manual
parallelization through the use of OpenMP directives and the +Oopennp option.
When both +Copennp and +Caut opar are specified, then any existing OpenMP
directives take precedence, and the compiler will only consider auto-parallelizing
other loops that are not controlled by those directives.
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Figure 2: Build model for interprocedural optimization

* Loop multiversioning. Some loops can be optimized more aggressively by assuming
certain conditions, all of which may not be known at compile time. The loop
optimizer can clone these loops, introduce some runtime checks and optimize the
cloned loops more aggressively. At the executable runtime, the assumed conditions
are checked and the correct loop is executed.

* mal | oc combining. The optimizer can combine several small block allocations into
asinglelarge block allocation. Thisimproveslocality and reduces the cost of calling
the allocation routine.

The high level scalar optimizer performs expression simplification and canonicalization,
SSA-based dead code removal, copy propagation, constant propagation, and register
promotion, aswell as control flow optimizations and basic block cloning.

Theinterprocedural optimization framework (enabled with - i po at optimization level +O2
or higher) has been designed to scale to very large applications.

Fortunately, nothing changes from auser’s perspective; in particul ar, existing build processes
do not have to be modified. Since the PO and code generation are performed at link time, the
link time may increase significantly.

Theinternal build model differs slightly from the default build model and isillustrated in
Figure 2 (simplified for clarity).

The object files generated with - i po contain an intermediate representation of the user
code; these object files are called |IELF files. IELF files have been designed for fast access.

Compared to regular object files containing debug information (option - g), IELF filesare
typically larger by a factor of 3x. Compared to object files containing no debug information,
IELF files can be significantly larger, as they have to include, for example, complete type
information. This can be a strain on file systemsfor very large applications. The utility
elfdump allows determining whether a given object fileisan IELF file (generated with

- i po) or areal object file: the option - f , which displays the ELF file header, will report a
filetype of “HP_IFILE" for IELFfiles).
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Tablel

IELF files are not guaranteed to be compatible from one compiler release to the next. If your
application attempts to make use of old |ELF files, afull recompilation of your application
may be necessary after a compiler update.

IELF files are consumed by the interprocedural analysis and optimization phase which as
result generates a set of final temporary |ELF files containing the transformation results.
Great care has been taken to minimize the amount of core memory needed during |PO and to
ensure that the fastest algorithms are chosen (see Reference 11 and Reference 12).

The I PO phase also generates a temporary M akefile containing targets for translating the
temporary IELF filesinto real object files. Thistranslation is done with a standal one backend
called be, which contains the code generator and the low-level optimizer (in addition to the
high level optimizer). The PO phase executes make on the generated M akefile in parallel
mode, generating final object files required for the link of the application. This mechanismis
transparent to the user.

The default number of parallel be processesis set to the number of processors on a machine.
This number can be overridden by setting the environment variable PARALLEL (see the man
pages for mak e for more details).

This parallelization speeds up the time spent in code generation and low-level optimization
greatly on machines with multiple processors. For severa serial build processes (no parallel
make for the frontend parts) +O4 has been observed to be faster than +O2. However, in
general, we would expect +O4 to be no worse than 2x slower than +O2 (depending on the
application’s build mechanics and the build machines).

Precise floating-point control

HP compilers are designed to provide complete developer access to the uniquely powerful
floating-point features of the architecture. These features enable HP compiler-generated
floating-point code and the math library to be both highly accurate and well optimized under
default and general compiler options.

Under the - f pwi det ypes option, the C and C++ math library headers define names for
functions and macros involving the 80-bit floating-point type, and they define alternative
names for functions and macros involving the 128-bit long double type, as shown in Table 1.
The namesext ended and quad, which are industry convention, facilitate portability by
providing type names that are not dependent on the particular format of thel ong doubl e
type, which differs in implementation among different operating systems.

Floating-point type suffixes and macros

Type Name Function Suffix M acros

__float80 ext ended (definedin | w(e.g., | ogw) W(e.g., HUGE_VALW

(80-bit-type) mat h. h,fl oat . h, EXT_ (e.g., EXT_MAX)
conpl ex. h, and
stdlib.h)

| ong doubl e | quad (definedin g (e.g. | ogq) Q(e.g., HUGE_VALQ

or mat h. h,fl oat . h, QUAD (e.g., QUAD MAX)

__float128 conpl ex. h, and

(128-bit type) stdlib.h)
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HP C and C++ compilers provide a choice of three binary floating-point evaluation methods,
indicated by the - f peval ={f | oat | doubl e| ext ended} option. The option

- f peval =ext ended can facilitate importing programs from 1 A-32 platforms that employ
wide range and/or precision, and can generally improve robustness where narrower
evaluation would be sensitive to rounding error, overflow, or underflow.

f | oat , the default, selects the C99-specified eval uation method which evaluates
binary floating operations and constants to their semantic type.

doubl e selects the C99-specified eval uation method which evaluates float
operations and congtants to the wider range and precision of double and other
operations and constants to their semantic types.

ext ended selects a method that evaluates float and double operations and
constants to the wider range and precision of extended, and other operations and
constants to their semantic types.

In addition, the HP C compiler provides a choice of three decimal floating-point evaluation
methods, indicated by the - f peval dec={_Deci mal 32| _Deci mal 64|

_Deci mal 128} option, anaogous to their binary floating-point counterparts.

_Deci mal 32, the default, evaluates decimal floating operations and constants to

their semantic type.

_Deci mal 64 evaluates_Deci nmal 32 operations and constants to the wider range
and precision of _Deci mal 64, and other operations and constants to their semantic

type.
_Deci mal 128 selects a method that evaluates Deci nmal 32 and _Deci nal 64

operations and constants to the wider range and precison of _Deci mal 128, and
other operations and constants to their semantic types.

Several HP compiler options allow the devel oper to control the accuracy of floating-point
computation and the treatment of special values.

+Ofltacc={strict|default|limted|rel axed} controlsthe accuracy
of floating-point computations.

* strict disallows contractions, such as Floating Multiply-Add (FMA)
synthesis. This can also be expressed using #pr agma STDC FP_CONTRACT
OFF in the source code at the desired scope.

* def aul t, thecompiler’sdefault, allows contractions (FMA synthesis) as with
the C99 #pragma STDC FP_CONTRACT ON, but disallows any other
floating-point optimization that might change result values. Contractions are
acceptable in most applications, but can break those that depend on operations
being rounded to specific range and precision and (rarely) some that do not.

* |imtedislikedefault except that it also allows floating-point optimizations
(such assubgtitution of 0. 0 for x * 0. 0) that might impact the generation
and propagation of infinities, Not A Numbers (NaNs), and the sign of zero.

* rel axed indicates the characteristics of limited and allows floating-point
optimization (such as reordering of expressions, even if parenthesized) that
might change rounding errors. The option r el axed allows the compiler to
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invoke dlightly less accurate math functions to improve performance. The
relaxed option now implies+Cc x| i mi t edr ange; an explicit
+Onocxl i ni t edr ange option overrides the implication.

 The+GCsunr educt i on option alows the optimization of sum reductions,
regardless of the floating-point accuracy. Normally, sum reductions are only
optimized under +Of | t acc=r el axed for the C/C++ compilers (the Fortran
language standard allows them to be optimized by default). This option can be used
to allow sum reduction optimization under any setting of the+Cf | t acc option. Itis
useful for programs that do not require program ordering of the partial sums
involved in the sum reduction, but that require accuracy in other computations.
Alternatively, the +Onosunt educt i on option will disallow the sum reduction
optimization under any setting of +Of | t acc.

e The+Ccxlimtedrange optionindicates complex multiply, divide, and cabs
operations are not required to satisfy C99 infinity properties, and allows extended
and long double versions to be more likely to encounter undue over/underflow. This
functionality can also be chosen with #pr agnma STDC CX_LI M TED_RANGE
ONin the source code at the desired scope, and is implied by
+Of | tacc=rel axed.

* The+FPDoptionorthelibrary call f eset f | usht ozer o( 1) settheflush-to-zero
underflow mode.

Other options provide specialized characteristics of floating-point code and math library
functions.

The option +COf envaccess providesreliable use of <f env. h> functionality to access
floating-point control modes and exception flags. Thisfunctionality is also activated with the
#pragma STDC FENV_ACCESS ON in the source code at the desired scope.

The+d i brrer r no option provides math functions which set er r no, and return values
documented for HP PA-RISC and Unix 95 where these differ from C99 for IEC 60559
implementations. Alternatively, +Onol i brrer r no, the default, provides functions that do
not set er r no.

Extensive inline assembly

HP allows users to embed machine-level code within a C or C++ program using inline
assembly intrinsics. These intrinsics have an easy-to-use interface defined in

<machi ne/ sys/ i nli ne. h>. When this header fileisincluded, the compiler ensuresthe
correct values and use of inline instruction arguments.

A paper describing the use of theinline assembly intrinsicsis available online (see
Reference 17).
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Application Tuning

Tuning an application isbasically an iterative process with just two steps:

1. Determine the hot spots in the application or general performance issues with the

application.

2. Optimize the hot spots, attacking performance issues.

HP has devel oped several new tools for finding hot spots and characterizing application
performance on Integrity servers. The following sections describe the use of these tools and
other techniques for tuning application performance.

Profiling

HP provides two performance anaysis tools:

HP Caliper — provides access to severa types of performance data. HP Caliper
provides three levels of performance measurements, from application call graphsto
instruction-level events. Global measurements report total values for critical
performance elements such as cache and TLB misses, branch mispredictions,
pipeline stalls, instructions executed, and so on. Globa measurements are a quick
way to find performance problems. Sampled measurements report the same
performance metrics as global, but they are sampled during application runtime and
correlated to program locations. Precise measurements provide exact function call
counts, function coverage, call graph and basic block arc counts. HP Caliper operates
during application runtime and does not require the application be built with any
enabling compiler options. (For more information, see the references listed in
“Additional Information” on page 34)

HP-UX gprof —shows the hot procedures in the application and which hot paths call
those procedures. Using thisinformation, the devel oper can decide which procedures
or sections of the application could most benefit from tuning, either with compiler
options and pragmas or a gorithmic improvement. The - Gcompiler option isused to
instrument an application for gpr of .

HP Caliper includes two modes of operation (cgpr of and scgpr of ) that perform the same
measurements and reporting as gprof, but without the need to compile the source code
specially for measurement.
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Include header files

Legacy C applications frequently do not include header files for system libraries such aslibc
and libm. For example, <st di 0. h> should be included in any file that callspri nt f, but it
frequently is not. The default argument and return typesin C allow callsto many C library
functions with no explicit prior prototype or declaration, and these calls usually work finein
the traditional 32-bit data model where the default i nt type and pointer types are the same
size. Default types do not work for calling most libm functions. Some codes include their
own declaration instead of the header file for alibm function. Thisisallowed, but will inhibit
optimization (including inlining) of the call.

HP hasincluded in its HP-UX system header files a variety of pragmas that allow the HP
compiler to statically bind and optimize callsto library functions. The compiler bindslibrary
callsat compile-time whereit is safe to do so, asidentified by a#pragma BU LTI Nor
#pragma BU LTI N_M LLI inthe system header. Callsto these functions can be optimized
by the compiler; the compiler can inline the function, substitute acall to a faster routine, or
apply more aggressive optimizations around the call. The system header files aso include
pragmas that declare system library routines external so that calls to shared system libraries
may be optimized. These transformations provide significant performance gainsin some
applications.

Scheduling for the processor

Different members of the Intel [tanium processor family can have different resource
constraints, instruction latencies, and other scheduling criteria. HP compilers allow the
developer to optimize the application for a specific member of the processor family, or to
create applications which are suitable for any Itanium processor, using the

+DS{ bl ended] i t ani un2| nont eci t o] poul son| nati ve} compiler option.

» Thedefault option +DSbhl ended specifies code scheduling that runs reasonably
well on all implementations.

* The+DSpoul son, +DSi t ani un2, and +DSnont eci t 0 options select code
optimized for these processors.

e The+DSnont eci t 0 option also selects code optimized for the Montvale and
Tukwilaimplementations.

 The+DSnat i ve option asks the compiler to schedule code optimally for the
system type on which compilation is occurring.

HP will add new choices to the +DS series of options as new processors are introduced.

Use these options with care. An application compiled for one processor may run
sub-optimally on another processor. Code scheduled for the Intel Itanium 2

(+DSi t ani unR) processor may run noticeably slower (5—40%) on an Intel Itanium
processor than code compiled with the +DSi t ani umoption. The relative performance
difference will vary with the application; floating-point intensive codes tend to be more
sensitive to the scheduling model than integer codes. The +DSbl ended scheduling model is
a hybrid model that attempts to generate code that runs reasonably well on all existing
implementations, and it will continue to evolve as new Itanium implementations are rel eased.
In the AR1003 compilers, the +DSbl ended model is a combination of the

+DSnont ecit o and +DSpoul son models.
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It might be necessary to recompile applications for afuture member of the Intel Itanium
processor family in order to obtain optimal performance. Binary compatibility, however, is
assured regardless of the choice of scheduling option.

Choosing the link mode

By default, all HP compilers assume the - dynani ¢ option. The resulting object file uses
dynamic linking and can be included in a shared library. When the object file will be linked
into an executable rather than a shared library, the option - exec is appropriate. The - exec
option tells the compiler that all defined global symbols are resolved within the executable
itself, usually resulting in faster loads and stores. The option - m nshar ed directsthe
compiler to use archive libraries (when available), rather than shared libraries, to potentially
improve performance. It tells the compiler that all symbolswill be resolved within the
executable itself, except for those symbols declared with the appropriate pragmas in system
header files.

Increasing the page size

If your application incurs a high data or instruction TLB miss rate, requesting alarger virtual
memory page size for data or instructions can provide an additional performance gain. HP
Caliper can tell you if your application is experiencing ahigh TLB missrate. You can specify
large pages using the linker +pd and +pi options, or using thechat r (1) command. Itis
often worth testing awide range of page sizes, as application performance can vary
unpredictably.

Describing application characteristics

HP compilers support several options and function attributes that describe the coding style
used by the application. These options allow the compiler to make assumptions about the
behavior of the application. Following these coding guidelines can be time-consuming but
rewarding because these options often yield substantial performance gains.

 Theoption+Ot ype_safety={of f| i nmi ted| ansi | strong} describesthe
type of safety rules used by the code being compiled.

* of f isthedefault. It indicates aliasing can occur freely across types.

* |imted specifiesan observance of the ANSI aliasing rules with unnamed
objects treated for aliasing as though they are of unknown type.

* ansi gpecifiesan observance of ANSI aliasing rules with unnamed objects
treated as named objects.

* st rong specifiesthe ANSI aliasing rules, except that accesses through values
of character types are not permitted to touch other non-character objects and the
compiler assumes field addresses are not taken.

* Theoption +Onopt rs_t o_gl obal s declaresto the compiler statically-allocated
data (including file-scoped globals, file-scoped statics, and function-scoped statics)
will not be accessed through pointers. Conversely, the option
+Optrs_to_gl obal s assumesthat statically-allocated data can be accessed
through pointers.
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» Theoptions +Opar nsover | ap and +Onopar nsover | ap declare whether or
not function parameters may overlap with others. For Fortran, the default is
+Onopar nmsover | ap, which says that arguments will not overlap with one
another or with any variablesin common blocks. The option +Opar nsover | ap
allows such overlap. For C and C++, the default is+Opar nsover | ap, which
allows memory accessed indirectly through a pointer argument to overlap memory
accessed indirectly through another pointer argument, or to overlap
statically-allocated data. The option +Onopar msover | ap declares that no such
overlap will occur. The __restrict keyword (orrestri ct in C99 mode) may
also be used.

* Themal | oc attribute indicates that the return value of the given function either
points to amemory location or is anull pointer, that the returned memory can be
pointed to only by the returned pointer (not, e.g., by any global variable), and that no
other malloc calls can return the same memory location or a pointer to it. This
enabl es the compiler to make more aggressive aliasing assumptions about addresses
returned by the given function. For example:

void *nmymal loc(int i) __attribute__((malloc));
Many wrappers around malloc() obey these rules.

 Thenon_exposi ng attribute indicates that the given function does not cause any
addressiit can derive from any of its formal parametersto become visible after acall
to the function returns. An address becomes visible if the function returns a value
from which it can be directly derived, or if the function storesit in amemory location
that is visible (can be referenced directly or indirectly) after the call to the function
returns. This indicates that the compiler can make more aggressive aliasing
assumptions about addresses passed to the given function. For example:

void foo(int *pi) __attribute__((non_exposing));

Many wrappers around free() obey these rules. Many function that have nothing to
do with memory allocation also obey these rules.

The compiler alone cannot determine when these guidelines are followed, nor can it diagnose
violations of these guidelines. However, in whole program mode, the option

+J no] ptrs_to_gl obal s isnot necessary any more since the compiler will perform
analysisto detect whether statically allocated data are accessed through pointers. In addition,
the compiler will detect and warn about wrong uses of +Onopt rs_t o_gl obal s if whole
program mode is specified.
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Table2

General purpose tuning options and when to use them

Optimization Type When to Try Options
Include system Legacy C code which does not
header files include headers for all the

system library functions called
Optimizing for the Optimal performance on a +DSbl ended
processor specific processor +DSi t ani un®

Willingness to support
multiple processors

+DSnontecito
+DSpoul son

+DSnat i ve
Choosing the link Creating an executable rather - exec
mode than a shared library -m nshared
Preference for available
archived libraries.
Increasing the page | High data(or instruction) TLB | - W, +pi
size miss rate. -W, +pd

Removing recovery
code

Non-numerical application
which does not rely on signal
handling related to memory
accesses.

PBO data available to guide
control speculation.

+d no] recovery

Describing
application
characteristics

It is known that application
follows specific guidelines.

+d no]ptrs_to_gl obal s
+Q ype_safety
+d no] par nsover | ap
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Tuning with profile-based optimization
Profile-based optimization (PBO) is likely to be worthwhile if:
» Theapplication contains alarge number of control-flow branches.

» Theapplication contains a large number of indirect branches (for example, C++
virtual function calls) and the - i po option is used.

» HP Caliper data indicates high branch misprediction rates, high numbers of case
statement layout optimization opportunities, or large numbersof i f - convert
opportunities for hot branches.

* Representative input sets are readily available or the available profile data can be
translated into PBO options and pragmas.

» HP Caliper dataindicates poor data cache performance, and the application contains
linked-list traversals and/or large numbers of global or static variables.

* Theapplication contains loops that tend to iterate only a few times.

For integer code, PBO can be expected to achieve a 5-40% improvement in application
performance; floating-point code will generally see more modest improvements.

Tuning across program modules

The compiler option - i po reguests cross-modul e optimization (optionally in conjunction
with PBO). If HP Caliper data collected after using - i po shows an increase in instruction
cache and/or TLB misses, this probably indicates a bit too much inlining was performed. In
this case, the option +i nl i ne_| evel can be used to limit inlining.

Tuning floating-point numerical code

The performance strategies already mentioned can improve floating-point performance. For
example, optimization at +O2 or with PBO will speed up most floating-point code.
Optimization at +O8 further speeds up some code and can dramatically speed up
loop-intensive code. With option +Q03, the compiler performs additional optimizations such
as loop transformations (interchange, fusion, distribution, and so on) and moreinlining of
math library routines into user code. In particular, if HP Caliper indicates high data cache or
TLB missrates, the optimizations performed at +O3 can be highly beneficial.

At optimization levels +O2 and higher, the compiler inlines the more commonly used math
functions, including | og, exp, si n, and cos, provided that the proper header files are
included. This can substantially improve performance, particularly for calsin loops, and
does not affect function behavior.

The general optimization strategies heretofore can be applied without loss of floating-point
quality. Here are some additional suggestions:

»  Specific optimizations involving math library functions are done only if the source
file includes the math headers, such as <mat h. h>, that declare the function.

»  Thecompiler optimizes even under controlsfor special floating-point semantics (see
“Precise floating-point control” on page 21); however, these controls do restrict
optimization and may degrade the performance of code that does not require the
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behavior provided. For best performance, use#pr agna STDC FENV_ACCESS
ONin the smallest blocks that enclose the code for which it is needed, rather than
using the compile option +Of envaccess for the entire compilation unit. Similarly
use#pragma STDC FP_CONTRACT OFF in the smallest sensitive blocks and
compilewith +Cf | t acc=def aul t, rather than compiling with

+Ofl tacc=strict.

+0 i bner r no isbest used only if the compilation unit requires the math functions
to set er r no. Consider querying exception flags instead of er r no.

The-1:1i bm a option will link in an archive version of | i bmand result in more
efficient calling sequences. (Usingthe- W , - a, ar chi ve_shar ed option when
linking will have asimilar effect, but may cause the linker to select other archive
libraries where shared libraries may be preferred.)

The following techniques can provide significant performance gains, but can degrade the
application’s ability to deal with unusual or unexpected inputs. They are best suited to
performance-hungry applications that are known to run correctly on systems with arelaxed
floating-point model or that can be well tested.

+Of I tacc=li nmi t ed is appropriate when the application does not depend on a
specific treatment of infinities, NaNs, or the sign of zero. This option will not
substantially improve performance of most codes.

+Qcxl i m t edrange or #pragma STDC CX_LI M TED_RANGE ONare
appropriate in a C application which uses complex multiply, divide, or acabs()
function and the textbook formulas (without special consideration for overflow,
underflow, or infinite values) for these operations are acceptable. In HP-UX, the
fl oat and doubl e complex operations are implemented using wider internal
range and precision, aleviating problems of premature overflow or underflow.

+Of | t acc=r el axed can provide a performance gain over

+Of [ tacc=l i m t ed when the application meets the criteriafor

+Of I tacc=li m t ed, the application is known to run correctly with looser
floating-point models, and reproducibility of low order result bits is not essential.

+Gsunrt educt i on can provide a performance gain when the application contains
sum reductions that do not require strict ordering of their partial sums, but cannot use
+Of I tacc=rel axed.

+FPD oracal tof esetfl usht ozer o(1) aresuitable when the application is
tolerant of zero being delivered in lieu of denormal result values. Flush-to-zero mode
can significantly speed up some computations with thef | oat type.

The following techniques can provide significant performance gains when algorithms can be
redesigned or re-implemented in new code:

The 80-bit ext ended type arithmetic is essentially asfast asf | oat or doubl e.
The speed of an ext ended math function is typically about 0.7 times that of the
corresponding doubl e function. There may be an overall performance gain if the
extra precision and range allow the removal of branches to special code for handling
rounding errors and underflow and overflow conditions. In addition, the extrarange
and precision of the ext ended type can result in simpler, more robust application
code that is easier to maintain. Even the 128-bit long doubl e (quad) type, whose
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functions are typically within 0.25 times as fast as corresponding routines for
ext ended types, can be considered in high performance code where extreme
precision is needed locally.

» Replace portions of the implementation with inline assembly.

Allowing optimization flexibility

The compiler options+Cf ast and +Of ast er direct the compiler to usetypical collections
of aggressive optimization options that are safe for most applications. While the features
includedin +OF ast and +Of ast er may evolve from releaseto release, +Of ast currently
implies the following:

» +O2 requests level two optimization.

e +Onolimt alowsfull optimization of large procedures, possibly at the expense
of longer compile time.

« +Ofl tacc=rel axed (see"“Precise floating-point control” on page 21).
* +FPD enablesthe flush-to-zero rounding mode on the hardware.

» +DSnat i ve directs code scheduling specialized for the type of system on which
compilation is taking place (see “ Scheduling for the processor” on page 25).

e -W, +pi, 1IMand- W, +pd, 1Mcauses the application to utilize 1Mbyte
instruction and data virtual memory page sizes, respectively.

* -W, +mer geseg causes the dynamic loader to merge the data segments of shared
libraries loaded at runtime, which allows the kernel to use larger size page table
entries. Note that the use of this option increases the size of the Resident Set Size
(RSS) and may degrade the performance of short-lived programs.

Theoption +Cf ast er isan dliasfor +Of ast +0O4 and istherefore ideally suited for
cross-modul e optimizations.

Because both +Of ast and +Of ast er imply +Of | t acc=r el axed, they are not alone
appropriate for tuning floating-point code that requires more rigorous floating-point
behavior. However, they can be made appropriate by taking advantage of the compiler’s
general left-to-right option processing. For example, the command-line options +OF ast
+Of I tacc=stri ct tel thecompiler that the latter +Of | t acc=st ri ct overridesthe
earlier setting of +OF | t acc=r el axed imposed by +Cf ast . Likewise, +OF ast  +FPd
enables the default gradual underflow mode.

Using inline assembly

HP C and C++ inline assembly support allows the user to directly exploit powerful
assembly-level ingtructions that would otherwise be difficult for the compiler to generate
from source-level congtructs. Inline assembly isimplemented as an extension to C/C++.
Other than including an additional header file, no other changes are needed to useinline
assembly. For certain applications, the use of inline assembly can improve performance or
provide access to key functionality above and beyond that which the compiler alone can
provide:
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The performance of multimedia applications can be significantly enhanced with
inline assembly because the compiler cannot directly generate many of the most
beneficial multimediainstructions.

The HP-UX compilers and libraries make available most architectural floating-point
features through standard language features and natural extensions. The 80-bit

ext ended type, thef ma() functions and the inquiry macros, such asi si nf and
i sunor der ed, are al available using standard features and natural extensions.
However, writers of low-level floating-point codes will still benefit from judicious
use of inline assembly to access architectural features such asthef r cpa and
frsqrt a instructions, the 82-hit registers, and the alternate status fields.

For more information about inline assembly, see Reference 17.

Troubleshooting optimization problems

Occasionally, optimization can expose defects in an application that were hidden when the
application was compiled without optimization. Here are some representative examples:

Expressions that perform pointer arithmetic beyond the boundary of an object are
undefined according to the language standards. Use of such non-standard pointer
arithmetic to access data can result in failuresin 32-bit mode due to the compiler’'s
use of addp4 (add pointer) instructions. The add pointer instruction computes
addresses by adding an offset to a 32-bit pointer, which must point to the same
address region as the resulting pointer. If an application uses non-standard pointer
arithmetic, however, the compiler might not be able to enforce this condition,
resulting in incorrect pointer accesses. Usethe +Ocr oss_r egi on_addr essi ng
option to prevent this problem when an application cannot be rewritten to avoid such
pointer arithmetic.

Theoption +O ni t check will direct the compiler to detect and initialize all
uninitialized variables. Application code that contains uninitialized variables can
show unexpected behavior after optimization. Without this option, the compiler
attempts to detect and warn about uninitialized variables that are definitely
uninitialized along al paths. If avariableis uninitialized along only some pathsto its
use, by default these will not be detected and can result in errors.

Similarly, the option +Cpar mi ni t causes the compiler to initialize to zero any
unspecified function parameters at call sites. Without using this option, these
unspecified parameters can contain NaT tokens from previous computations that will
result in incorrect behavior if they are consumed (see “Control speculation” on
page 7).

According to the C and C++ language standards, signed integer arithmetic overflow
in user code results in undefined behavior. The compiler makes assumptions that
such overflow does not occur during some optimizations. For example, the compiler
will remove sign extension operations within loop bodies assuming that integer
accumulations within the loop do not overflow. A program that relies on certain
behavior for overflowing arithmetic operations may behave differently after
optimization. The user can suppress assumptions made by some compiler
optimizations regarding the lack of overflow with the

+0 nt eger _overfl ow=conservati ve option.
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Table3

When compiling an application that relies on specific floating-point rounding behavior,

+Of | tacc=stri ct isappropriate. By default, the only value-changing optimization the

compiler performs is the synthesis of contractions. The resulting value is generally more
accurate because it has not been subject to an intermediate rounding. However, some

floating-point applications rely on the intermediate rounding for correct results.

A developer can narrow down the scope of a problem in optimized code by linking together

subsets of the application’s object files compiled at the failing optimization level and at a
lower, working optimization level. A binary search on the object files with this method can
quickly isolate the object file causing the execution failure. If the object file contains more

than one C or C++ routine, another binary search on the routines within the source file using
#pragma OPT_LEVEL n canusualy identify the problematic routine. The OPT_LEVEL
pragma should always be used at global scope; it reduces the optimization level to the value
of the argument and that optimization level remainsin effect for the rest of the file or until set

again by another pragma. The +O0=nane option can aso be used to turn off optimization

for selected functions. For Fortran applications, thef spl i t tool will split asingle sourcefile

into multiple single-routine files.

Optionsand pragmas for troubleshooting problemsin optimized code.

Option Purpose
+0 ni t check Initializes all potentially-uninitialized
variables with zero.
+Oparmnit Initializes to zero any unspecified function

parameters at call sites, to avoid NaT values.

+Of I tacc=strict

Prevents all value-changing optimizations,
even contractions.

+Ccross_regi on_addr essi ng

In 32-bit mode, modifies the use of add
pointer instructions so that
non-standard-conforming pointer arithmetic
works properly, incurring some performance
cost.

+Q0=nane[, nane] . ..

Turns off optimization for the named
functions.

#pragma OPT_LEVEL n

C/C++ pragma which forces the compiler to
compile subsequent code (up to the next
opt _| evel pragma) at the given
optimization level. Can only specify an
optimization level which is equal or lower
than the optimization level from the
command-line.

+0 nt eger _overfl ow=
conservative

Suppress aggressive assumptions made by
the compiler regarding the lack of integer
arithmetic overflow in the program.
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Additional I nformation

The HP Developer and Solution Partner Program (DSPP) web site contains useful
information, including a number of “webinars’ on related topics, such as HP-UX compilers,
HP Caliper, and application performance tuning:

http://www.hp.com/go/dspp

Additional information about the ANSI C and C++ compilers is available at the following
locations:

http://www.hp.com/go/c

http://www.hp.com/go/cpp

Extensive documentation and technical usage notes on floating-point and math functions,
including the new decimal floating-point features, are available at:

http://www.hp.com/go/fp

Information about HP Code Advisor is available at:

http://www.hp.com/go/cadvise

Extensive documentation and technical usage notes on HP Caliper are available at:
http://www.hp.com/go/hpcaliper

Information about HP Wildebeest Debugger (WDB) is available at:
http://www.hp.com/go/wdb

34


http://www.hp.com/go/dspp
http://www.hp.com/go/c
http://www.hp.com/go/cpp
http://www.hp.com/go/fp
http://www.hp.com/go/cadvise
http://www.hp.com/go/hpcaliper
http://www.hp.com/go/wdb

References

(1]

(2]

(3]

[4]

(3]

(6l

[7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

Peter Markstein, Itanium processor family and Elementary Functions, Speed and Precision,
Hewl ett-Packard Professional Books, Prentice Hall, Inc., 2000.

Pettis, K. and Hansen, R.C., “Profile Guided Code Positioning,” Proceedings of the
SIGPLAN "90 Conference on Programming Language Design and Implementation,
SIGPLAN Notices, Vol 25, No. 6, June 1990.

R. Ju, K. Nomura, U. Mahadevan, and L-C. Wu, “A Unified Compiler Framework for
Control and Data Speculation,” Proceedings of PACT ’00, October 2000, pp. 157-168.

Robert Hundt, “HP Caliper: A Framework for Performance Analysis Tools,” |EEE
Concurrency Magazine, Los Alamitos, CA Oct-Dec 2000.

U. Mahadevan, K. Normura, R. Ju, and R. Hank, “Applying Data Speculation in Modulo
Scheduled Loops,” Proceedings of PACT ' 00, October 2000, pp. 169-178.

Vugranam C. Sreedhar, Roy Dz-Ching Ju, David M. Gillies, and Vatsa Santhanam,
“Translating Out of Static Single Assignment Form,” Proceedings of Static Anaysis
Symposium 1999: pp. 194-210.

V. S. Sastry and Roy D. C. Ju, “A new algorithm for scalar register promotion based on SSA
form,” Proceedings of the ACM SIGPLAN ’98 Conference on Programming L anguage
Design and Implementation (PLDI), pages 15-25, Montreal, Canada, 17-19 June 1998.
SIGPLAN Notices 33(5), May 1998.

David M. Gillies, Roy Dz-Ching Ju, Richard Johnson, and Michael S. Schlansker, “Global
Predicate Analysisand Its Application to Register Allocation,” Proceedings of M1CRO 1996,
pp. 114-125.

I A-64 Software Conventions and Runtime Architecture,
http://download.intel.com/desi gn/Itanium/D ownloads/245358. pdf, 2001.

C++ ABI Summary, http://www.codesourcery.com/public/cxx-abi, 2001.

Sungdo Moon, Xinliang D. Li, Robert Hundt, Dhruva Chakrabarti, Luis A. Lozano, Uma
Srinivasan, Shin-Ming Liu, “SYZY GY—A Framework for Scalable Cross-Module IPO,”
International Symposium on Code Generation and Optimization (CGO), 2004.

Dhruva R. Chakrabarti, Luis A. Lozano, Xinliang D. Li, Robert Hundt, Shin-Ming Liu,
“Scalable High Performance Cross-Module Inlining,” International Conference on Parallel
Architectures and Compilation Techniques (PACT), 2004.

J. Thomas, “Inlining of Mathematica Functionsin HP-UX for Itanium(R) 2,” Proceedings of
the 2003 CGO, The International Symposium on Code Generation and Optimization, IEEE
Computer Society, 2003.

T. Johnson, N. Mclntosh, R. Hundt, “ Optimizing |tanium-Based Applications,”
http://h21007.www?2.hp.com/portal/site/dspp/menuitem.863c3edcbedc3f3515b49¢1
08973a801/?ciid=c208dd324de02110dd324de02110275d6e10RCRD, 2004.

“Performance Tuning with HP-UX Itanium® Compilers” (Webcast),
http://www.presentati onsel ect.com/hp/, 2004.

“aC++ Version 6 Featuresto Improve Developer Productivity,”
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3edcbcdc3f3515b49¢c1
08973a801/?ciid=a408d300f 3f02110d300f 3f02110275d6e10RCRD, 2005.

35


http://devresource.hp.com/drc/resources/ia64rt-12-gen.pdf
http://download.intel.com/design/Itanium/Downloads/245358.pdf
http://www.codesourcery.com/public/cxx-abi
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=c208dd324de02110dd324de02110275d6e10RCRD
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=c208dd324de02110dd324de02110275d6e10RCRD
http://h21007.www2.hp.com/dspp/ne/ne_EventDetail_IDX/1,,835!0!,00.html
http://www.presentationselect.com/hp/
http://h21007.www2.hp.com/dspp/tech/tech_TechDocumentDetailPage_IDX/1,1701,8089,00.html
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=a408d300f3f02110d300f3f02110275d6e10RCRD
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=a408d300f3f02110d300f3f02110275d6e10RCRD

[17]

[18]

[19]

[20]

[21]
[22]

[23]

“Inline assembly for Itanium®-based HP-UX,"
http://h21007.www?2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49cl
08973a801/2cii d=4308e2f5bde02110e2f 5bde02110275d6e10RCRD, 2005.

“aC++ standard conformance and compatibility changes,”
http://h21007.www?2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49cl
08973a801/2ciid=2708d7c682f02110d7c682f02110275d6e10RCRD, 2004.

“C++ runtime environments (-AA and -AP) on HP-UX"
http://h21007.www?2.hp.com/portal/site/dspp/menuitem.863c3edcbcdc3f3515b49cl
08973a801/?ciid=eb08b3f1eee02110b3f1ece02110275d6e10RCRD, 2004.

“ISO/IEC C Technical Report 24732,”
http://www.open-std.org/jtcl/sc22/wgl4/www/docs/n1312.pdf, 2008.

|EEE Std 754-2008, Standard for Floating-Point Arithmetic, 2008.

Stefan Savage, Michael Burrows, Greg Nelson, Patrick Sobalvarro, Thomas Anderson,
“Eraser: A Dynamic Data Race Detector for Multithreaded Programs,” ACM Transactionson
Computer Systems, 1997.

“Debugging with GDB,”
http://h21007.www?2.hp.com/portal/downl oad/fil es/unprot/devresource/ Tool s/'wdb/d

oc/gdb58.pdf, 2008.

36


http://h21007.www2.hp.com/dspp/tech/tech_TechDocumentDetailPage_IDX/1,1701,3748,00.html
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=4308e2f5bde02110e2f5bde02110275d6e10RCRD
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=4308e2f5bde02110e2f5bde02110275d6e10RCRD
http://h21007.www2.hp.com/dspp/tech/tech_TechSoftwareDetailPage_IDX/1,1703,7274,00.html
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=2708d7c682f02110d7c682f02110275d6e10RCRD
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=2708d7c682f02110d7c682f02110275d6e10RCRD
http://h21007.www2.hp.com/dspp/tech/tech_TechDocumentDetailPage_IDX/1,1701,5520,00.html
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=eb08b3f1eee02110b3f1eee02110275d6e10RCRD
http://h21007.www2.hp.com/portal/site/dspp/menuitem.863c3e4cbcdc3f3515b49c108973a801/?ciid=eb08b3f1eee02110b3f1eee02110275d6e10RCRD
http://www.open-std.org/jtc1/sc22/wg14/www/docs/n312.pdf
http://www.open-std.org/jtc1/sc22/wg14/www/docs/n312.pdf
http://h21007.www2.hp.com/portal/download/files/unprot/devresource/Tools/wdb/doc/gdb58.pdf
http://h21007.www2.hp.com/portal/download/files/unprot/devresource/Tools/wdb/doc/gdb58.pdf
http://h21007.www2.hp.com/portal/download/files/unprot/devresource/Tools/wdb/doc/gdb58.pdf
http://h21007.www2.hp.com/portal/download/files/unprot/devresource/Tools/wdb/doc/gdb58.pdf

Symbols
+inline_level 29
_Decimal128 22
_Decimal32 22
_Decimal64 22

Numerics

11i Version 3 (11.31) 12
128-hit long double type 21
32-bit 13

64-bit 13

80 bit floating-point type 21

A
ABI 12
address conflicts 9
advanced check instruction 9
algorithms 30
analysis of incoming source code 4
analysis, interprocedural 17
application availability 13
applications

performance hungry 30
arithmetic and load operations 7
attributes

malloc 27

non_exposing 27
availability of applications 13

B
basic block cloning 20
benchmarks

SPEC2000 4
branch misprediction penalties 7
branches, removing 7

Cc
C++ ABI 12
C99 infinity properties 23
cache utilization 14, 15, 18
Caliper. See HP Caliper.
chatr 26
checking for conflicting writes 9
chk.a 9
code
generator 4

options for substantial performance gains 26

scheduling options 13
coding languages 4

Common Software Conventions and Runtime Architecture 12

compatibility 12
compiler options 15
complex arithmetic 12

conditional execution, boolean values 6

conditions, guarding 7, 8
conflicting writes, checking for 9
constant propagation 13, 18, 20
constants, evaluating 22
contractions, disallowing 22

control dependence, transforming to data dependence 7

control dependent execution 6
control speculation 7

controlling accuracy of floating point computation 22

controlling the degree of control speculation 16
copy elimination 13

copy propagation 20

cycles, reducing 8

D
data dependence, transforming from control dependence 7
data layout optimizations 18
data prefetching 14
evaluating effectiveness 16
data speculation 8
safety 9
dead code removal 20
dead field removal 18
dead function removal 18
dead variable removal 17
debug
faster 13
debugger 4
debugging 13
decimal floating-point evaluation methods 22
default optimization 13
development, faster 13
disallowing contractions 22
dynamic linking 26

E

efficient scheduling 14

elfdump 20

eliminating misprediction 7
embedding Assembly in C or C++ 23
estimating execution frequency 15
executing code concurrently 7
explicit paralelism 9

extending application availability 13

F
facilitating portability 21
failuresin 32-bit mode 32
features, key 12
fesetflushtozero 23, 30
finding hot spots 24
fine-tuning profile data 15
floating operations, evaluating 22
floating point computation, controlling accuracy 22
floating point control 21
floating point optimizations 22
floating-point numerical code, tuning 29
flush-to-zero 23, 30
-fpevaldec 22
fsplit 33
function arguments 17
function inlining 17
functions
frequently called 15
library, optimizing callsto 25
library, statically binding calls 25
rarely called 15

G

global code motion 14
GNU 12

gprof 24

37



guarding conditions 7, 8

H

high missrate, resolving 26
hot spots, finding 24

HP Caliper 24

HP Code Advisor 11

|
IEEE 754 12
IELF 19, 20
implementation, scheduling 25
improving locality 17
improving runtime performance 7
including header files 25
increasing instruction level parallelism 8
increasing the page size 26
indirect call promotion 17
industry standards 12
inline assembly, using 31
inlining 14, 17

callsto external functions 18
inlining of math library routines 29
instruction

level parallelism, increasing 8

selection 14
ingtructions

conditional execution 6
international standards 12
interprocedural analysis 17
interprocedural optimizer 16, 20
ISO/IEC 9899

1999 12

Itanium-based compilers, design structure 4

K
key features 12

L
languages, coding 4
level one optimization 13
level two optimization 14
libraries, math 4
libraries, system 4
link mode 26
linker 4
linking dynamically 26
load and arithmetic operations 7
load store elimination 13
locdity, improving 17
loop
low iteration count 15
optimization 14, 19
transformations 29
unrolling 14

M

math library 4

math library inlining 19
math library specifications 12

maximizing instruction-level parallelism 6

memory references 17

N
NaT 8, 32
tokens, unconsumed 32

o
open standards 12
operations
load and arithmetic 7
optimization
across modules 29
callsto library functions 25
debugging, for 13
default 13
floating point 22
interprocedural 16
level one 13
level two 14
loop 14, 19
short data 18
strategies 29
transformations 14
optimizer 4
options
+DSblended 25
+DSitanium 25
+DSitanium2 25
+DSmontecito 25
+DSnative 25, 31
+FPD 23, 30, 31
+mergeseg 31
+00 33
+Ocross_region_addressing 33
+Ocxlimitedrange 23, 30
+Ofast/+Ofaster 31
+Ofenvaccess 23
+Ofltacc 22, 30, 31, 33
+Qinitcheck 32, 33
+Ointeger_overflow 31, 32, 33
+Qlibcalls 31
+Olibmerrno 23, 30
+Onolimit 31
+Oparminit 32, 33
+Oparmsoverlap 27
+Oprofile=collect 15
+Oprofile=use 15, 16
+Optrs_to_globals 26
+Orarely_caled 15
+Osumreduction 23, 30
+Otype_safety 26
+pd/+pi 26, 31
-a,archive_shared 30
-dynamic 26
-exec 26
-fpevd 22
-fpwidetypes 21
-ipo 16
-minshared 18, 26
options for code scheduling 13

P

parallelism, explicit 9

partial redundancy elimination 14
penalties, branch misprediction 7

38



performance
general tuning options 28
redesigning algorithms 30
techniques for improving 30
using coding guidelines for 26
performance advantages
description 4
Performance Monitor Unit (PMU) 15
pipelining 14
portability 21
portahility of source code 12
post-increment synthesis 14
pragmas
ESTIMATED_FREQUENCY 15
extern 18
FREQUENTLY_CALLED 15
OPT_LEVEL 33
RARELY_CALLED 15
STDC CX_LIMITED_RANGE 30
STDC FENV_ACCESS 23, 30
STDC FP_CONTRACT 30
precise floating-point control 21
predicate register 6
predication 4, 6
prefetching
data 4
linked lists 14
preserving application availability 13
profile-based optimization (PBO) 14
benefits of 29
protecting your investment 12

R
rarely called functions 15
recovery code 8, 9

seguence 9
reducing

execution time 6

number of branches 17

required cycles 8
redundant function removal 18
register allocation 13
register promotion 17, 20
removing

branches 7

dead functions 18

dead variables 17

redundant functions 18
resource constraints 25
restricted basic block 13
rotating registers 14
routine execution frequency 14

S
scalar replacement 14
scheduling efficiently 14
scheduling implementation 25
sequence, recovery code 9
short data optimizations 18
software pipelining 14
source code

analysisof 4

portability 12

pragmas 15
SPEC2000 benchmark 4
specifications 12
speculation 4
control 7
data 8
standards
IEC 60559 12
ISO/IEC 14882 12
ISO/IEC 1539-1 1997 12
ISO/IEC 1990 12
standards, coding 12
Static Single Assignment (SSA) 14
statically binding calls to library functions 25
strength reduction 14
stride 14
structure splitting 18
sub-expression elimination 13
substituting profile data 15
sum reduction 14
synthesis, post-increment 14
system libraries 4

T
tokens, NaT 8
tools for performance analysis 24
transforming a control dependency 7
troubleshooting
32-bit mode 32
optimization problems 32
options and pragmas 33
unconsumed NaT tokens 32
uninitialized variables 32
Tru64 13
tuning
cross-module optimization 29
floating-point numerical code 29
general purpose options 28
including header files 25
Itanium-based applications 24

u

uninitialized variables 32
UNIX 2003 12

using inline assembly 31

\Y
value congruent instruction elimination 14
variables
converting global to local 18
never used 17
ordering 15
virtual memory page size 26

39



	Understanding HP Compilers
	Optimizing for Integrity Servers
	Predication
	Control speculation
	Data speculation
	Explicit Parallelism

	What’s New in the Compilers for AR1003
	Performance

	Understanding Key Features of the HP Compilers
	Standards compliance
	Compatibility
	Extensive application availability
	Faster development and debug
	Advanced low-level optimization
	Profile-based optimization
	Powerful high-level optimization
	Precise floating-point control
	Extensive inline assembly

	Application Tuning
	Profiling
	Include header files
	Scheduling for the processor
	Choosing the link mode
	Increasing the page size
	Describing application characteristics
	Tuning with profile-based optimization
	Tuning across program modules
	Tuning floating-point numerical code
	Allowing optimization flexibility
	Using inline assembly
	Troubleshooting optimization problems

	Additional Information
	References

