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Introduction 
The 64-bit Intel® Xeon™ processor extends the choices for organizat ions developing and deploying 

enterprise appl ications based on Oracle Database* 10g. This architecture joins the Intel® Itanium® 

Processor Family as a compel l ing value proposit ion for large-scale data-driven appl icat ions. Each of 

these processor famil ies provides outstanding performance, as detai led on Intel's performance Web 

page. This art ic le provides decision makers and developers working with Oracle solut ions with the 

background to dif ferentiate functional ly between the two types of 64-bit Inte l® architecture, as wel l  

as to take the next steps toward deciding upon a deployment platform. 

The scalable 64-bit Intel Xeon processor MP-based server platform with the Intel® E8500 chipset 

provides faster system responsiveness and performance than the previous generat ion. In addit ion to 

enabl ing servers to run 64-bit operating systems and appl ications, breaking through the 4GB 

memory l imitat ion that constrains 32-bit platforms, systems based on the 64-bit Intel Xeon 

processor also run 32-bit appl ications natively, on the same server as 64-bit appl icat ions. This 

f lexibi l i ty al lows a single machine to meet a wide variety of needs, support ing each with high 

performance and scalabi l i ty. 

The Intel I tanium 2-based systems cont inue to be the platform of choice for migrat ion from 

proprietary RISC platforms, and they are Intel 's premiere platform for the largest and most 

demanding enterprise solut ions. The I tanium Processor Family's expl ic i t ly paral le l  architecture, 

massive caches, and other heavy-duty processing capabi l i t ies wi l l  continue to make it  Intel's 

highest-performing and most rel iable server platform for many years to come, for the very largest 

enterprise workloads. Deciding between the 64-bit  Inte l Xeon and Itanium 2 processor platforms 

requires an understanding of the architectural advantages of each, as wel l  as the abi l i ty to test 

solut ions on each platform. The tools and support provided by Intel help you get the best 

performance possible out of ei ther platform. 

Oracle Database 10g: Built on and for Intel Architecture 
Very early in the design cycle for Oracle Database 10g, teams from Intel and Oracle began working 

together to tune the platform for 64-bit Intel archi tecture. These same teams had achieved 

substantial  performance gains during the development of Oracle 9i*,  in part through the use of the 

Intel® Compi lers. Bui lding on those performance gains, the teams appl ied substantial ly more 

aggressive optimizat ions with the compilers, pushing performance higher with ever-growing 

workloads. That process is ongoing, and it  continues to bui ld performance with each successive 

Oracle re lease. 

One key component of tuning Oracle 10g with the Intel  Compiler was the use of prof i le-guided 

optimizat ion (PGO), which involves instrumenting the code to a l low gathering of information during 

execution about how often each piece of code is accessed. This process al lowed frequently 

accessed passages of code to be placed in close proximity to each other. That placement 

substantial ly reduced code branching and shrank code size, al lowing better use of cache resources 

than would otherwise be possible. As a result,  the development teams achieved substant ial  

increases in the eff ic iency of instruct ion fetching, contr ibut ing to overal l  performance gains. 

The Intel and Oracle teams also achieved performance gains during the development of Oracle 10g 

by means of interprocedural optimizat ion ( IPO) on the Inte l Compilers. IPO creates information f i les 
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about each program module to determine potent ia l  benef i ts that can be achieved by inl in ing 

functions. By placing functions inl ine to their cal l ing location, the teams increased the placement of 

related functions close together, further reducing code branching, as wel l  as decreasing the need to 

set up parameters for function cal ls. 

Another signi f icant area of optimizat ion and development in the Oracle 10g l i fecycle has been 

Linux*-speci f ic work on such areas as huge-memory page sizes. The abi l i ty to take good advantage 

of huge page sizes in 64-bit systems, which tend to have large amounts of system memory, is a 

substantial  contr ibutor to overal l  system performance. Intel provided optimizat ion assistance in 

support of Oracle's continuing pioneering work in this and other areas, including the development of 

loaders, dr ivers, and a scheduler that benef i t  Oracle users as wel l  as the Linux community in 

general. 

Because Oracle 10g optimizat ions targeted Intel processors at each phase of the development 

l i fecycle, high performance on Inte l architecture is l i teral ly an integral  part of  the database design. 

Compi ler optimizat ions such as those achieved by PGO and IPO have had the further benef it  of 

making those optimizat ions control lable at compile t ime. That degree of control enables Oracle to 

apply separate, processor-specif ic optimizat ions to dif ferent versions of the database platform. 

Thus, i t  is relat ively simple for Oracle to provide individual ly optimized distr ibut ions for dif ferent 

Intel® processor platforms. 

Oracle Workload Advantages on the 64-bit  
Intel Xeon Processor 
The Oracle development teams worked to enable high performance on Intel® Extended Memory 64 

Technology ( Intel® EM64T), which underl ies 64-bit Intel  Xeon processors, long before those 

processors were introduced. The result is that Oracle 10g is tuned specif ical ly for this platform, 

providing very high levels of performance for Oracle-based appl icat ions in the enterprise. A 

part icular focus of this development ef fort was to enable optimal ut i l izat ion of Intel EM64T on very 

large Oracle workloads, including those in the context of gr id computing. 

The abi l i ty of  64-bit Intel Xeon processors to nat ively access memory in excess of the 4GB l imit put 

in place by 32-bit processors enables this platform to ecl ipse the performance of previous 

generat ions of Intel Xeon processors. The 64-bit Intel Xeon processor MP can access up to one 

terabyte of memory, al lowing i t to place massive amounts of data in on-board memory, where the 

system can access i t  without recourse to swap or paging f i les. The fast access to that data af forded 

by this increase in system memory vast ly increases the performance of the system. These 

processors a lso have very high clock speeds and fast f ront-side buses that further enhance the 

abi l i ty of the platform to meet the needs of enterpr ise database appl icat ions. 

Database appl ications are highly threaded implementat ions that benef it  wel l  from paral le l  execution 

resources. Like i ts predecessors in the Inte l Xeon processor family, the 64-bit Intel Xeon processors 

support Hyper-Threading Technology 1 (HT Technology), which enables simultaneous execution of 

                                                           

1 Hyper-Threading Technology requi res a computer  system wi th an Inte l® Pent ium® 4 processor support ing 
HT Technology and a Hyper-Threading Technology enabled chipset,  BIOS, and operat ing system. Per formance 
wi l l  vary depending on the speci f ic  hardware and sof tware you use.  See 
ht tp://www. inte l .com/info/hyperthreading for more in format ion including deta i ls  on which processors support  
HT Technology 
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two threads by a single physical processor. By exposing two logical processors to the operating 

system, each of which works on i ts own thread, the processor is able to substantial ly reduce idle 

resource t ime, improving performance. This hardware optimizat ion works together with the 

optimizat ion of the Oracle 10g platform and of individual software appl ications that execute on top 

of that platform to create integrated solut ions that generate optimal performance. 

The emerging generat ion of mult i -core Inte l Xeon processors advances the paral le l izat ion afforded 

by HT Technology to the next level.  Dual-core processors place two separate execution cores on a 

single processor die. Thus, whi le the processor st i l l  f i ts into the same standard motherboard socket 

as previous generat ions, i t  contains two complete ly separate sets of execution resources, each of 

which functions independently of the other. Furthermore, each of those cores can support HT 

Technology, which creates an extraordinary processing engine for the needs of Oracle-based 

appl icat ions. Future generat ions of 64-bit Intel Xeon processors wi l l  incorporate more than two 

processing cores on a single processor die, which promises increased headroom for the future. 

Itanium 2-Based Servers Support the Largest Oracle 
Implementations 
For massive Oracle based implementat ions, as wel l  as the migrat ion of solut ions from proprietary 

RISC architectures, the Itanium Processor Family provides mainframe-scale execution resources 

with extraordinary scalabi l i ty, rel iabi l i ty, and return-on-investment prof i le. The Oracle 10g 

development teams carr ied out many optimizat ions for the Itanium architecture, part icular ly with 

regard to improving the eff ic iency of memory management and branch predict ion. Such advances 

add to the nat ive robustness of the si l icon platform to support the largest workloads with premium 

levels of performance. 

In addit ion to being able to access massive amounts of memory, the Itanium 2 processor has very 

large L1, L2, and L3 caches, a high-speed front-side bus, and it  is designed from the ground up to 

operate in systems based on large numbers of processors. The Itanium 2 microarchitecture is based 

on Expl ic i t ly Paral le l  Instruct ion Computing (EPIC), which al lows the simultaneous execution of up to 

six instructions, in two bundles of three instructions each. These character ist ics give i t the abi l i ty to 

execute instruct ions at a very high rate, which corresponds to h igh performance, part icular ly in the 

highly threaded environments that are common on based on Oracle-based appl ications. 

Other key architectural character ist ics that add to the abi l i ty of  I tanium 2-based systems to achieve 

high performance on Oracle workloads include the fol lowing: 

•  Pred ica t ion .  The Itanium 2 processor has the capabi l i ty to implement condit ional execution 

using a mechanism known as predicated instructions. This capabi l i ty enables the processor 

to execute both branches of a piece of code and to discard the result that is not needed. By 

selectively applying predicat ion, the processor ef fect ively reduces the number of branches in 

a piece of code, removing the performance def ic i ts associated with having to wait for a new 

sequence of instructions to pass al l  the way through the execution pipel ine in cases of 

branch mis-predict ion. 

 

Even though predication necessari ly requires execution of computations whose results are 

discarded, the I tanium architecture performs i t as a 'zero-cost' operation. Predication is a 

powerful mechanism for reducing the usual performance def ici ts associated with very 
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branchy code such as that typical ly associated with database appl ications. Moreover, s ince 

i t  effect ively reduces the number of branches in the appl icat ion, predication makes larger 

basic code blocks, which also contr ibutes to higher performance. 

•  Branch pred ic t ion .  Another mechanism that processors use, branch predict ion, consists of 

est imating the most l ikely outcome of code branches and col lect ing al l  of the instructions 

that wi l l  be needed after the branch executes in an instruction cache. Assuming that the 

predict ion is correct, the processor has access to al l  of the instruct ions that are needed 

after branch execution, and it  can proceed more swift ly. The accuracy of branch predict ion 

is therefore very important to appl ication performance. 

 

The Itanium 2 microarchitecture supports communicat ion of branch information from the 

compiler to the processor. This capabi l i ty enables branch predict ion to be more accurate, as 

wel l  as reducing the performance def ic its associated with remaining branch mis-predict ions. 

Oracle and Intel engineers worked together closely to tune the implementat ion of compiler-

to-processor communicat ion in Oracle 10g, another substant ial  performance measure, which 

complements predicat ion. 

•  Specu la t ion .  By moving cost ly operations such as cache loads out of their normal sequence 

during program execution, speculat ion enables the processor to complete these operat ions 

in advance of when they are needed. Al though these operations st i l l  take the same amount 

of t ime that they would otherwise, their outcome is avai lable to support dependent 

processes sooner. That avai labi l i ty prevents idle processor cycles that would otherwise 

occur whi le a port ion of the execution engine waited for the speculated operat ion to 

complete. 

These and other character ist ics of the Itanium Processor Family make these processors wel l-sui ted 

to handl ing the very largest enterprise workloads. For this reason, I tanium architecture is widely 

deployed in high-performance computing environments at scienti f ic and commercia l  research 

faci l i t ies a l l  over the world. The dual-core members of the Itanium Processor Family, which are 

scheduled to be introduced by the end of 2005, promise to extend the benef its associated with the 

Itanium 2 processor even further. 

Development Tools and Services from Intel 
Intel  of fers an extensive suite of software development tools, including compilers, analyzers, 

performance l ibrar ies, and threading and cluster tools, which enable developers to create world-

class software appl icat ions. Intel® Software Development Products work with a variety of 

development environments, operat ing systems, industry-standard development tools, and leading 

processor manufacturers.  With every purchase of an Intel Software Development Product, users 

receive one year of technical support and product updates from Inte l® Premier Support, an 

interactive issue-management and communicat ion Web site. This premium support service al lows 

users to submit questions, download product updates, and access technical notes, appl icat ion 

notes, and documentation. 

The Intel Early Access Program al lows enterpr ises to obtain access to emerging hardware platforms 

before they are introduced to the general publ ic. This program can al low you to test appl icat ions on 

both 64-bit Intel Xeon processors and Itanium 2 processors with var ious workloads, to gauge 
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performance under laboratory condit ions to determine speci f ic siz ing requirements for your 

solut ions. These systems are avai lable on a shared or dedicated basis over a secure Internet 

connection, as wel l  as through on-si te instal lat ion of test systems. 

Just as the Oracle platform i tsel f  benef ited from col laborat ion between hardware and software 

development teams at Intel ,  many organizations that deploy Oracle appl ications benef i t  f rom 

consult ing services to assist them in moving to 64-bit Intel archi tecture. Intel® Solut ion Services is 

Intel  Corporation’s worldwide professional services organizat ion, helping enterprise companies 

capital ize on the ful l  value of Intel® architecture through consult ing focused on architecture 

transi t ions. Intel Solut ion Services uses its foremost expert ise in Inte l archi tecture and next-

generat ion technologies, as wel l  as i ts strong key industry al l iances with Oracle and others, to 

design cost-effect ive, leading-edge solut ions that help del iver superior business results.  

Conclusion 
Developers and decision makers who work with Oracle-based appl ications can benef i t  dramatical ly 

from the unprecedented level of tuning for Intel architecture that went into the development of 

Oracle 10g. The ongoing col laborat ion between Intel and Oracle wi l l  cont inue to make the most of 

Intel  hardware platforms as they are introduced. Oracle developers should use Intel Software 

Development Products in the development of their appl icat ions and benefi t  from robust optimizat ion 

r ight out of the box, as wel l  as tuning automation from other Intel Software Development products 

such as the Intel® VTune™ Performance Analyzer and the Intel® Performance Librar ies.  

Solut ion and enterprise architects should consider joining the Intel  Early Access Program in order to 

take ful l  advantage of test ing on leading-edge platforms, before they are introduced. This access is 

invaluable to enabl ing decision-making about which platform is best for a given implementat ion, as 

wel l  as for tuning for the latest platform features. Those enterprises that need assistance for the 

largest chal lenges should also consider contact ing Intel Solut ion Services, whose engineers are 

avai lable to put cost-ef fect ive solut ions to work using the most up-to-date tools, techniques, and 

architectures. 

Intel  EM64T and mult i-core processing add substantial ly to the choices avai lable for 64-bit 

enterprise platforms. The advent of 64-bit Intel Xeon processors provides modern enterprises with 

an industry- leading, highly scalable platform with very high price/performance and scalabi l i ty for 

mainstream solut ions. I tanium 2-based servers continue to yield extremely high performance for 

massive-scale solut ions that demand mission-crit ical performance, stabi l i ty, and scalabi l i ty. Intel has 

announced a roadmap with more than 15 mult i-core products in the next few years, which 

encompass both these product famil ies that wi l l  benef i t  the Oracle platform even more.  
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Additional Resources 
The fol lowing Web pages provide points of departure for further inquiry into the main topics 

discussed in this art ic le: 

•  Strategic Al l iance Between Oracle and Inte l ensures that present and future generat ions of 

products from both companies wi l l  be engineered together for the highest levels of 

compatibi l i ty and performance. 

•  64-bit Intel Processor-based Solut ions offer compel l ing business and IT advantages, 

whether you are migrating your 32-bit appl icat ions to 64-bits, or replacing expensive and 

proprietary RISC-based platforms. 

•  Intel  Software Development Products are a ful l  sui te of tools that can help developers easi ly 

create faster software on Intel  archi tecture. 

•  Intel® Mult i-Core Processors can be expected to dr ive a new era of server performance and 

f lexibi l i ty, providing platforms that can better handle escalat ing workloads and rapidly 

evolving usage models. 
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