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Digital Content Creation Market
According to IDC research, the digital media market has grown 139%
in the past three years. Its presence has infiltrated every area of digital
output from movies to videogames to corporate presentations. Much
of the NT workstation growth in this segment can be attributed to
advances in 3D graphics, which have moved at three times the pace of
Moore’s law. In 1999, branded personal workstation1 shipments into
the digital media space accounted for more than $600 million in 
revenue, and the market is still growing. The sector is expected to have
a revenue compound annual growth rate (CAGR) of 20% from 2000
to 2004. However, animators, game developers, and video producers
alike have been pushing the limits of today’s platforms to the breaking
point. The largest challenges currently facing digital media creators
using today’s architectures are:

• Insufficient real addressable memory

• Insufficient memory throughput

• Inadequate floating-point performance

• Insufficient overall system performance

Today, digital content creators on the cutting edge are looking for
increased headroom, bandwidth, and floating-point performance that
can bring their art to a new level.

The digital media market is characterized by five subsegments: 2D/3D
animation and rendering, video editing and compositing, streaming
media, game development, and multimedia/Web authoring. Of these
subsegments, applications for the first four will benefit most from the
increased real addressable memory, floating-point performance, and
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1 IDC defines branded personal workstations as NT-based systems, using x86 or
Alpha processors, which are marketed as workstations, have minimum graphics
requirements, and offer a higher level of application certification and customer
service than a desktop does.



memory bandwidth. Game developers, although essentially a distinct
set of users, employ techniques from both the animation/rendering
and video editing disciplines. As such, they face the same challenges as
3D animators and video editors.

A few years ago, the first branded personal workstations emerged on
the scene. The price was right, but the technology could not compete
with the performance of traditional workstations.2 For the next three
years, the digital media market continued to be dominated by RISC-
based machines. Since then, however, usage of NT-based workstations
has surpassed that of traditional workstations in the digital media 
market. Branded personal workstations will continue to drive growth
in this space.

Early on, the relatively prohibitive prices of Unix systems kept small
animation and game development houses from entering the market.
Armed with the relatively less expensive, 32-bit capable, NT-based
workstations, content creation houses were able to buy more systems
and employ more digital artists. 

The landscape of today’s digital media market remains dichotomous.
The largest and most complex problems, such as film compositing and
volumetric rendering, are being tackled by multiprocessor, 64-bit
capable, memory-laden, Unix-based workstations and servers. More
manageable tasks, such as 3D animation and multimedia authoring,
are being completed on NT-based workstations. 

Although large, traditional workstations do an excellent job of han-
dling the most challenging of digital media tasks, the attached price
tag can be prohibitive. However, while current NT workstations are
much less expensive, they are also resource-constrained. This affects
their ability to manage large data sets, create models at full resolution,
and render effectively in real time.

3D Animation and Rendering
Many animators already feel the restrictions of a 32-bit architecture.
Memory availability, floating-point performance, and I/O bandwidth
are among their most pressing concerns. However, a 64-bit architec-
ture offers a compelling solution to these problems: increased perfor-
mance through more floating-point accuracy and registers and more
addressable memory because of longer word lengths. Both will benefit
the digital media end user.
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processors, with a minimum level of graphics and a high level of software 
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In addition, leading 3D animation packages such as Discreet’s 3D 
Studio MAX, Alias|Wavefront’s Maya, Softimage’s XSI, and NewTek’s
LightWave 3D are all being ported to IA-64. Although the 4GB real
memory limit currently achievable with a 32-bit architecture is enough
for the majority of digital content creation (DCC) applications, those
end users tackling the largest 3D animation tasks require more head-
room. Independent software vendors (ISVs) employ unwieldy software
solutions to handle the lack of addressable memory. The resulting 
segmentation often lessens overall performance. To compensate, a 
majority of time is spent working with wireframe renderings, which
strain system resources less than rendering at full resolution. However,
working with wireframe models hampers animators’ peak creativity. 
Animators require systems that have increased memory addressability,
better floating-point performance, and larger bandwidth. The EPIC
architecture and 64-bit capability of Itanium represent Intel’s solution to
these problems, and as a result, many ISVs are porting their software 
packages to run on it.

The ISVs that are porting their products want to utilize the improved
floating-point performance and additional addressable memory afforded
by 64-bit architectures. Free of the complexities of memory segmenta-
tion solutions, they hope to simplify their software and focus energy on
increasing creative functionality. End users need applications to enable
them to render at full resolution in real time and special effects software
that will enhance existing tools. 

Right Hemisphere, a software company that specializes in paint tech-
nology, is planning to offer a new version of Deep Paint 3D exclusively
for Itanium. The software will have new features for 3D painting and
texture mapping, which are designed to take advantage of a higher
level of floating-point performance.

Another ISV is taking advantage of these benefits to improve its rendering
software. Volume Graphics has ported VGStudio MAX, its volumetric
rendering application, and VGL 3.0, its volume rendering toolkit, to run
on Itanium. Both VGStudio MAX and VGL 3.0 are built on a scalable,
software-based processing architecture meant to capitalize on the paral-
lelism and bandwidth promised by Intel’s EPIC architecture. End users
will see performance boosts in 3D Voxel graphics and image processing.

mental images, whose rendering software mental ray is utilized by most
major digital media ISVs, has already ported and optimized its 
software for Itanium. Like software from Volume Graphics, mental
ray’s performance is directly related to floating-point accuracy and the
underlying bandwidth of the system. 

Faster I/O results in overall system performance gains. Naturally, if 
a processor can retrieve data from memory more quickly, it is able 
to perform more calculations, and software works better. With
increased I/O and bandwidth, animators will be able to work at full 
resolution. This will help them to create better, more realistic models.
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Larger addressable memory, better floating-point precision, and
increased bandwidth will all lead to better overall system performance.
However, end users want more than a faster system. They require
hardware and software tools that will enhance their productivity. A 64-
bit architecture can answer many of the challenges faced by animators
using current classes of branded personal workstations.

Video Editing and Compositing
Many features of 64-bit capable machines that are beneficial to animators
are also useful for those in the video editing field. Memory addressability,
increased front-side bus speed and bandwidth, and improved I/O will all
be important. The level of computational complexity runs the gamut in
the video editing field. Users in this space range from serious hobbyists
and small videographers all the way to large production houses in 
Hollywood. In each instance, larger addressable memory and increased
overall system performance will be welcome. 

When filmmakers need to add special effects to a movie, they rely on
video compositing software to combine two or more images into a 
single frame. It has been said that Sony Pictures, in creating an anatomi-
cally correct version of Kevin Bacon’s body in the movie Hollow Man,
used video compositing software to create complex shots with multiple
layers of texture. A 64-bit capable machine was necessary to handle the
large data sets and perform the geometric calculations to make Hollow
Man realistic. 

Most video compositing software packages, which perform computa-
tionally intensive operations to render effects in real time, benefit not
only from the larger amount of real addressable memory but also from
floating-point performance. 

Streaming Media
Streaming media is an area within the digital media arena that is still in
its infancy but is growing faster than the overall market. Some growth is
coming from home enthusiasts, but much of the interest in streaming
media creation is from up-and-coming Internet companies that want to
lure audiences to their Web pages with slick mini-movies and audio
clips. In order to stream media, all data must be encoded and decoded.
The encoding process is inherently computationally intensive. 

Currently, workstations used for preprocessing and encoding video to
create streaming media content are often configured with costly, 
dedicated graphics acceleration hardware. These digital signal processor
(DSP)-based products function as a coprocessor that performs the float-
ing-point arithmetic necessary to convert analog information into 
a digital format. The very act of digital signal processing requires the 
use of a data compression/decompression technique. High floating
points can accelerate the algorithms responsible for encoding and 
decoding data.
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The next challenge for this market is to remove the need for DSPs
entirely and have an on-chip host. Companies are working on media
preprocessing automation to further increase the performance of
streaming media specifically for Itanium-based platforms.

Itanium’s Technical Computing Capabilities
In technical computing, once you get the answer, it is no longer interesting.
— Ancient Cybernetic Proverb

Applications areas such as DCC have historically placed some of the
greatest performance demand on computer processors. In technical
computing, the solution of one problem inevitably leads to a set of
new and more complex problems; that is, the demand for 3D lighting
and geometry is followed by the demand for photorealistic graphics.
The complexity of the next generation of problems drives requirements
for more powerful and complex tools — including computer proces-
sors. Thus the terms technical computing and high-performance com-
puting have become virtually synonymous. 

DCC applications, much like traditional technical applications, begin
with mathematical models of physical phenomena, products, artistic
images, and so on, and then they simulate the effects of different 
physical forces, perspectives, and so forth on the model in an effort to
determine how the modeled object will behave in the real world. 

This modeling and simulation process leads to a number of require-
ments for computer processor architectures in such areas as floating-
point performance, memory performance, and support for large data
sets. This section briefly reviews these requirements and provides an
overview of Intel’s strategy for meeting these requirements with its 
Itanium processor. 

Floating-Point Performance 
Floating-point performance equates to raw speed for precise calcula-
tions — how many adds, multiplies, divides, and so forth the system
can perform in a given amount of time. Floating-point performance is
a function of the ability to perform floating-point operations in paral-
lel and the cycle time for the processor to execute these operations. On
the Itanium this number is increased by functional units that can 
perform two operations in a single pass. The Itanium is configured
with two floating-point functional units known as floating-point mul-
tiply add calculations (FMACs). These units can multiply two values
and add that result to a third value. (Multiply/add operations are at the
heart of many technical calculations such as matrix multiplies.) Thus,
an Itanium running at 800MHz can produce four floating-point results
a cycle for a peak 64-bit performance rating of 3.2 billion floating-point
operations per second (GFLOPS).
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The Itanium architecture also includes two single-precision (32-bit)
FMACs that are tuned for 3D graphics performance and can each 
perform an additional four floating-point operations per cycle for a
6.4GFLOPS single-precision rating on an 800MHz processor.3

It is important to note that these performance numbers will automati-
cally increase with each step-up of clock rates in the Itanium processor
family. In addition, the Itanium architecture is designed to allow future
versions of the processor to be configured with additional FMACs.

The above analysis presents a best-case scenario in which the functional
units are always busy. Although computer processors can maintain peak
performance for only brief periods, Intel has incorporated a number 
of features in the Itanium architecture that help to maximize sustained 
performance. These include: 

• Pipelined functional units. Arithmetic operations generally
require more than one machine cycle to complete. A pipelining
scheme is used to allow the FMACs to produce results each cycle.
The arithmetic operations are broken into a set of independent
steps, each requiring one machine cycle to complete. The FMACs
perform arithmetic operations in an assembly-line fashion, with
each step accepting data from the previous step and sending
results to the next step. Thus, after the pipeline is full, a result is
produced each cycle.

• Dual-function arithmetic units. A secondary benefit of the dual-
function FMAC strategy is that the processor is able to use both
functional units even when the distribution of adds and multiplies
is biased toward one operation. For example, if a section of code
performs only additions, both FMACs can be employed on the
task. In contrast, a system with separate addition and multiplica-
tion functional units would use the adder but would have to leave
the multiply unit idle. 

• Large register sets. The Itanium is configured with 128 floating-
point registers. The more data that is directly available to the
FMACs, the less likely a functional unit will stall due to lack of
data. In addition, the large register sets provide a buffer for the
memory system to move data in and out of memory. 

• Internal parallelism. The Itanium can issue up to six instructions
per cycles in a fixed set of combinations of four integer arithmetic/
logical operations, two load/store operations, two floating-point
operations, and three branch operations. The ability to execute 

Itanium-Based Solutions in the 
Digital Content Creation Market

3 The advantage of double-precision or 64-bit operations over single-precision or
32-bit operations is that the former allow larger sets of calculations to be per-
formed before accumulated round-off errors begin to affect the accuracy of final
results. 64-bit systems produce full 64-bit results each cycle; a 32-bit system
running at the same clock speed generally requires two cycles to produce the
same 64-bit results.
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multiple operations not only keeps as much of the processor work-
ing as possible but also allows for the pre-fetching of data from
memory into registers and cache, thus minimizing processor stalls
due to data unavailability. The processor also enables a load-double
pair instruction to feed the processor with a balance of a memory
operation per floating-point operation.

• Compiler support for parallelism. The Itanium was designed 
to allow for closer coordination between the processor and the 
compilers that generate the machine instructions for the processor.
Three instructions are bundled along with a template field where the
compiler can provide “hints” to the hardware on the interactions
between the instructions. These hints are used by the processor to
schedule instructions in real time and for pre-fetching of data for
future operations.

Memory Performance — Keeping the Processor Fed
A large fraction of technical applications is memory-bound rather than
compute-bound — that is, the speed of the memory system ultimately
determines the speed of the application. Ideally, the memory system
will move data in and out of the processors fast enough to keep the
floating-point functional units from stalling for lack of data.

Memory performance is measured in terms of both latency (i.e., how
many cycles it takes to get data from memory to the processor and, in so
doing, fill cache lines for subsequent data requests) and bandwidth (i.e.,
how many bytes of data can be moved in a cycle). Current systems archi-
tectures use memory hierarchies to address both latency and bandwidth
issues. Hierarchies consist of a main memory and several layers of caches,
and they trade off memory speed for size and cost. A small, fast cache is
located “close” to the registers and functional units and can supply data
at roughly the rate the processor calls for it. Data is staged through suc-
cessive levels of cache, with each level holding more data and running
somewhat slower until main memory is reached.

At the base of the Itanium hierarchy is main memory, which can vary
in size and speed depending on individual system configurations and
the system bus (or chipset) that connects the Itanium processors to
memory and I/O subsystems. The processor can read or write bytes of
data to/from memory every bus cycle; thus, for a 133MHz bus, the
memory bandwidth is 2.1GBps. The 460GX chipset, which supports
the Itanium processor, also has the ability to write an additional
2.1GBps from I/O to memory, for a total of 4.2GBps memory band-
width. The Itanium processor uses a 4MB L3 (level 3) cache for quick
access to large data structures such as texture maps for digital content
applications. The L3 cache communicates with the 96KB L2 cache
and the register file, moving data at 12.6GBps (16 bytes per 800MHz
system clock) and with a 24 cycle latency for floating-point numbers.
The L2 cache feeds data directly into the floating-point registers at a
rate of 32 bytes of data per clock tick and with a 9 clock latency. 
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Although the L1 cache is by-passed by floating-point data, it is worth
noting that it is divided into a 16KB instruction cache — L1I — and a
16KB integer data cache — L1D. Both caches operate on a 2 clock 
latency and provide fast, localized access for integer instructions and data.

Support for Large Data Sets
The Itanium processor is Intel’s first 64-bit architecture. As such, it
opens up new opportunities for Intel-based systems in technical 
markets. Scientific and engineering problems grow in two directions.
First, more advanced analysis of current problems requires more detailed
models, thus requiring larger, more detailed data sets. Second, next-
generation problems tend to involve more complex product designs or
attempt to model more complex phenomena, and thus require large
data sets to describe the problems (e.g., to replace a wind tunnel requires
the integration of computational fluid dynamics [CFD] airflow, thermal
analysis, physics, and chemistry into a single analysis that is 1,000 times
more complex than today’s computers are capable of processing).

The requirements to operate on larger data sets generate in turn
requirements for computer systems to provide larger real and virtual
memories. A computer system’s addressable memory is usually deter-
mined by the size of its integer or address registers. 32-bit architectures
can directly address 4GB of either real or virtual memory. Beyond this
limit, some form of memory segmentation must be employed. 

64-bit architectures can in theory address about 1019 (1019) bytes of
data, a number that is so large that it defeats the authors’ ability to
describe it in meaningful terms. The important point is that 64-bit
systems allow computer systems to expand memory virtually indefi-
nitely without having to resort to some form of segmentation. This
large memory space has two major advantages for technical users:

1. Increased applications performance. A major bottleneck for many
technical applications is the time spent in swapping data between
disk and memory — access to data on disk is roughly an order of
magnitude slower than memory. The large memories provided by
64-bit systems — up to 1.8TB on the Itanium (the 460GX enables
64GB of physical memory; other original equipment manufacturer
[OEM] systems can enable larger memory) — allow applications
to keep more of the problem set in memory, thus reducing the
amount of time spent reading and writing disk files. In the best
case, the entire problem can be moved into memory transforming
an “out of core” problem into an “in core” problem.

2. Simplified programming model. The larger real and virtual 
memories afforded by 64-bit architectures enable applications devel-
opers to design programs without having to divide the problem into
smaller, memory-sized segments and then develop a code to manage
those segments. 

Itanium-Based Solutions in the 
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IDC Analysis
Itanium is just the first iteration of Intel’s EPIC architecture. Although it
is not the only 64-bit architecture in the workstation market, it does 
provide some interesting solutions for the digital media market: explicit
parallelism, speculation, and floating-point arithmetic. An additional
benefit is that it maintains backwards compatibility with existing 
IA-32 processors. 

Some digital media users will move from 32-bit branded workstations to
ones using Itanium. However, transitions to new architectures are never
easy and rarely happen overnight. One very important aspect that will
help Intel in this transitional period is that it has forged many partner-
ships with operating system providers, ISVs, and graphics card vendors.
With so many third-party vendors already showing support for Itanium,
end users can be assured that if they decide to use IA-64-based work-
stations, they will have plenty of options from which to choose.
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