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FIGURE 9.1 
PCI with 3.3V and 

5V connections 

3.3V 
connection 

32-bit PCI 

5V 
connection 

it is the standard voltage used in laptops and mobile 
computers. Also, 3.3V is gaining increasing support in the 
desktop-computer world because of the popularity of 
power-conserving "Green" PCs. 

The mechanical specification for PCI cards ensures that 
the wrong card can't be plugged into a PCI slot. However, 
support for the two voltages is designed in such a way that 
it doesn't make them mutually exclusive: It's possible for a 
single PCI card to support both SV and 3.3V power. Some 
cards already have this support. 

Drivers: PCI promises to allow a single card to operate in 
many different hardware and system software environ­
ments, since nothing about the PCI hardware ties it to any 
particular microprocessor architecture. However, the issue 
of PCI drivers is a thorny one. 

A Power Macintosh with a PCI slot is a very different 
operating environment than a Windows-based Pentium-PC 
with a PCI slot. The hardware is identical, but the operating 
systems have completely different 1/0 architectures that 
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aren't even slightly compatible. The purpose of a PCI driver 
is to allow operating systems to use their standard APis to 
access the cards' features. But given multiple operating sys­
tems and hardware environments, how can the card know 
which driver is the right one? 

The answer is to store the PCI driver on a system's hard 

Open Firmware 

Open Firmware is the colloquial name 
for the IEEE standard number 1275-1994 
for boot firmware. Open Firmware's ances­
tor OpenBoot was originally developed at 
Sun Microsystems in 1988 when Sun was 
shipping machines based on three differ­
ent processor architectures. Sun needed a 
standard method for booting its systems 
that would work equally well on all of its 
systems. Version 1 of Sun's OpenBoot soft­
ware was introduced with Sun's 
SPARCstation 1 workstations. Version 2 of 
Open Boot, which is the version that the draft 
standard of Open Firmware was based upon, 
was first introduced with Sun's SPARCstation 
2 machines. 

Open Firmware is designed to provide 
an operating-system- and processor­
independent method for booting a com­
puter system. During the boot process, 
peripheral devices must be identified and 
their drivers loaded, and when all the 
hardware is initialized, the operating sys­
tem must be loaded and started. Once 
the operating system is launched, Open 
Firmware has completed its work. 

Since Open Firmware must be proces­
sor independent, its native language is 

interpreted and based on the program­
ming language Forth. Open Firmware 
drivers written in FCode, as Open 
Firmware's Forth derivative is known, can 
operate in any Open Firmware environ­
ment, since every Open Firmware imple­
mentation contains the FCode interpreter. 

When an Open Firmware-based sys­
tem boots and identifies the devices con­
nected to the system, it builds a device 
tree. This data structure contains entries 
for all devices that Open Firmware has 
identified. An operating system can later 
traverse the device tree to determine the 
available hardware. 

Open Firmware and PCI form a symbi­
otic relationship and allow PCI's multi­
platform driver problem to be solved. 
Since PCI is a platform-independent stan­
dard, there is no way of knowing in 
advance what kind of processor is avail­
able in the system that the PCI card is 
plugged into. Putting an FCode driver in 
the PCI card's ROM allows any Open 
Firmware-based system to initialize the 
PCI card and use it. 
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disk and have it load at boot time, instead of loading the 
driver from the card's ROM. It is certainly possible to store a 
card's driver(s) in ROM on the card itself, but in the future, 
including one driver for every PCI-capable hardware and 
operating-system configuration will be unworkable. The 
amount of ROM required for this would raise the card's 
price unnecessarily. Storing the driver on a local hard drive 
guarantees that the correct driver is loaded for the card, and 
it also allows easy upgrading of a card's drivers-much easier 
and less expensive than replacing a card's ROM. In this sce­
nario, the card's ROM must contain only the necessary 
information to allow the boot firmware of the system that 
the card is installed in to identify the card so that the cor­
rect driver can be loaded. The Open Firmware standard, a 
platform-agnostic scheme for booting a computer system 
and configuring its peripherals at boot time, has provisions 
to support this method of driver loading at boot time. 

PCI will bring high-speed peripherals back into line with 
the additional performance offered by the Power Macs' 
PowerPC processors. For Mac users, the switch to PCI is an 
all-around win: installation will be as hassle-free as with 
NuBus, performance will be higher, and card prices are likely 
to be lower, since PCI card manufacturers can build one card 
for all PCI markets and need only provide driver software 
for the Mac. 

FlreWire: FireWire is another new high-speed l/0 technol­
ogy that Apple has publicly committed to support. In the 
long run, FireWire may replace today's SCSI for access to 
external mass-storage connection. 

FireWire is the Apple-trademarked name for the IEEE 
draft standard P1394. FireWire's goals are to provide a low­
cost, high-performance, plug-and-play peripheral bus to 
connect a computer system and external high-speed periph­
erals. See Figure 9 .2. 



FIGURE 9.2 
FireWire 
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Compared to SCSI, FireWire has significant advantages: 

• Allows hot connections: You don't need to power down 
all devices on the bus to add one. 

• Fast : Current implementations provide throughput of 
98.3 megabits (roughly 12.3MB) per second. This is faster 
than today's Fast SCSI implementations. 

• Small: The connectors and cables are tiny when compared 
to SCSI cables. 

• Real-time: P1394 supports isochronous data transfers. 
This means that time-critical data, such as a QuickTime 
movie or digital video content, plays back over FireWire 
with no drop-outs. 

• Multiple masters: FireWire devices can commun icate 
and transfer data between themselves without the com­
puter system being the midpoint in the transaction. 
Data is transferred from point to point between th e 
devices. 

FireWire has some additional features that those familiar 
with the trials and tribulations of functioning SCSI buses 
will love. 

• Topology: FireWire doesn't need to be a strict ch ain as 
with SCSI. Any sequence of connections is fine, as long as 
the entire Fire Wire chain doesn't form a closed loop. 
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• Termination: No explicit termination is necessary; it's 
handled automatically. 

• No ID conflicts: FireWire devices identify themselves on 
the bus and arbitrate a free ID without user intervention. 

With these many features, FireWire appears to be the 
perfect external high-speed peripheral bus. The only current 
catch with Fire Wire is that support for it is beginning slowly. 
Manufacturers of mass-storage devices need to integrate 
FireWire interfaces into their controllers. Several companies 
have announced the availability of FireWire chip sets for 
this kind of application, but most vendors are waiting to see 
whether FireWire takes off before investing time and 
resources into this new technology. FireWire will remain 
dormant until some major computer and expansion-card 
manufacturers ship FireWire interfaces for popular computer 
systems. Without support for it on the system side, there's 
no sense in making peripherals for it. 

FireWire is a clearly superior technology and should 
have no problem supplanting SCSI in the long run. In the 
short term, however, it will be difficult to convince systems 
and peripherals vendors to support the new technology and 
produce sufficiently inexpensive solutions to get the migra­
tion started. 

The PowerPC Reference Platform 

The PowerPC Reference Platform is a hardware and system 
software specification developed by IBM and Motorola. Its 
purpose is to provide guidelines for the implementation of 
PowerPC-based personal computers, so that PowerPC-based 
systems from multiple vendors remain as compatible as pos­
sible with each other. 

Unlike many specifications, the PowerPC Reference 
Platform document doesn't go into the nitty-gritty imple­
mentation details of each of its features. The intent with the 
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specification is to provide a set of features for the lowest­
common-denominator PowerPC-based system. Exactly how 
the features are implemented is left up to the individual 
manufacturer. 

The PowerPC Reference Platform specification also 
includes details about a system-abstraction layer (SAL) of 
firmware that provides a standard API for operating systems 
to access Reference Platform hardware features. The idea is 
to be able to buy a shrink-wrapped Reference Platform oper­
ating system at the superstore of your choice and be able to 
install it successfully on any Reference Platform-compliant 
machine. 

The first batch of Power Macs does not comply with the 
Reference Platform. Their design commenced well before 
the Reference Platform effort got under way. Whether future 
Power Macs will comply with this standard is unclear. The 
specification requires every machine to have a parallel port, 
something for which there is no need at all in the 
Macintosh universe, and at this writing, the Reference 
Platform does not include support for the Apple Desktop 
Bus, which is used to connect keyboards, mice, and other 
input devices. 

There is in many quarters the hope that Apple will pro­
duce a Reference Platform version of the Macintosh system 
software, to broaden the Macintosh market significantly. 
Such a move would make a great deal of sense for the 
Macintosh market as a whole. And even if there were 
PowerPC clones capable of running the Mac OS, Apple's 
hardware would in all likelihood still be the best for running 
the Mac OS, because of the close integration of Macintosh 
system software with new hardware features such as the AV 
capabilities. 

No major PC vendors other than IBM had jumped onto 
the PowerPC Reference Platform bandwagon by mid-April 
1994. Numerous operating systems for the Reference 



208 The PowerPC Macintosh 

Platform were already being planned to support the stan­
dard PowerPC hardware, however, among them Microsoft's 
Window NT, IBM's Workplace OS, and SunSoft's Solaris. 

The long-term success of the Reference Platform is 
unclear. The idea of a standard PowerPC hardware specifica­
tion is a good one, but good ideas alone don't guarantee 
success. The basic OS support is there: IBM has a 
bridge/migration strategy for existing x86-based Windows 
users, and the rest is up to the buying populace. 

------- Hardware 

The initial version of the Reference Platform specifies a 6xx 
series central processor. It has provisions for all the stan­
dard l/0 ports such as SCSI, Ethernet, a parallel port, and 
even LocalTalk. There is no standard expansion bus, 
although it looks like PCI will be the de facto standard. The 
Reference Platform specification is so flexible that the aging 
ISA PC bus is supported for low-speed peripheral cards. In 
general, the Reference Platform prototype designs show 
philosophical similarities with current x86 PCs. Since x86 
users are the target market for these machines, it makes 
sense to provide as familiar a transition environment as 
possible. 

------· Software 

The software side of the PowerPC Reference Platform is in 
many ways more interesting than the hardware. Each 
Reference Platform system comes with enough firmware to 
initialize the hardware and load a compliant operating sys­
tem. The Reference Platform specifies the use of 1275-1994 
Open Firmware (described in the "Open Firmware" sidebar) 
for the initial startup process. Low-level drivers for periph­
eral devices can be provided either as FCode or in a specific 
operating-system-dependent form. 
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Once Open Firmware has brought the hardware up and 
tested it, it hands over control to the chosen operating system. 
It will be possible to install multiple operating systems on a 
Reference Platform machine and choose between them at 
startup time. This flexibility and OS agnosticism will aid the 
adoption of the PowerPC Reference Platform hardware. 
Large corporations-the desired early adopters, mainly 
because they buy many machines at a time-are more likely 
to investigate new hardware if it offers a clear benefit over 
their existing systems. The anticipated ability to buy a stan­
dard PowerPC-based personal-computer system and install 
operating-system software as users require is appealing to 
large organizations that like to minimize the number of dif­
ferent systems they must support. For this reason alone, 
Reference Platform hardware warrants careful consideration 
by existing x86-based organizations. 

Graphing Calculator 

The Graphing Calculator that ships with every Macintosh is 
more than just a demo application to show off how quick 
the PowerPC's floating point is. It's a harbinger of the type 
of software that's in development now. 

Although the calculator itself is useful enough to make it 
far more than a toy, its primary goal is to illustrate how user 
interfaces can benefit from the additional processing power 
afforded by the PowerPC. When you create a 3-D graph in 
the calculator, you can pick it up with the mouse and rotate 
the graph. On a 68k-based machine, an application like this 
would probably offer a wireframe rendition of the graph for 
rotation, since it would be too computationally expensive to 
rotate and redraw the entire graph. Not only does the 
Graphing Calculator allow the user to freely rotate the full 
nonwireframe graph, but the calculator is also recalculating 
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every point on the graph during the rotation. It's not just 
moving video data around. 

When a user types an equation in for the first time, the 
Graphing Calculator's display is a simple white space with­
out a hint of graphing capability. But when the user hits the 
graph button, the divider bar that separates the equation 
area from the graphing area moves up the calculator's win­
dow, gradually revealing the graph behind. The movement 
of the divider is smooth, and the graph behind it is drawn 
as the divider goes up. There's no quick redraw at the end; 
the calculator is drawing the graph bit by bit, like an open­
ing window shade that gradually reveals what's behind it. 

Developers take note: Power Macintosh isn't just about 
software that crunches numbers faster. The available com­
putational horsepower should be used to make Power 
Macintosh software even more user-friendly, more respon­
sive, and more interactive. Above all, now that it's available, 
the Power Macs' performance should be used. This doesn't 
mean that developers should be wasteful with the computa­
tional power available. Applications such as the Graphing 
Calculator are examples of software that appears simple to 
the user, but a lot of thought, effort, and engineering have 
gone into making it so. 

System Software 

Early in 1994, Apple outlined milestones for the future of 
Macintosh system software: System 7.5, Copland and 
Gershwin, and OpenDoc. Power Mac support is a given for 
all of them. 

------system 7.5 

System 7.5 is the first so-called reference release of Mac sys­
tem software since the introduction of System 7.1 and will 
be available in summer 1994. System 7.5 combines several 
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previously separate system-software products. It is the first 
reference release that contains support for the Power Mac. 
In fact, System 7.5 does not require system Enablers for any 
Macintosh CPUs that were shipped prior to the 7.5 release 
date. All the Enablers' functionality is now built in. 

System 7.5 contains new pieces of system software, 
including Apple's long-awaited QuickDraw GX software, 
which offers new imaging, type, and printing capabilities. 
QuickDraw GX runs native on Power Macs. System 7.5 also 
comes with Apple Guide, the first part of Apple's strategy to 
offer a more active help system on the Macintosh. System 
software as well as applications can now provide all their 
documentation in an electronic format that also includes 
built-in tutorials that show the user exactly how to perform 
specific tasks. Software developers have to provide the nec­
essary infrastructure to use Apple Guide to its fullest, but the 
user, especially those learning new software, will benefit 
tremendously from the software's ability to guide users 
through tasks. 

System 7.5 integrates a large amount of system software 
technology that has been released in bits and pieces since 
the introduction of System 7.1: 

• AppleScript 
• A new scriptable Finder that can be controlled with 

AppleScript 
• Macintosh Drag & Drop, which allows users to drag data 

between applications; for example, users can drag files 
from the Finder directly into open windows of some Drag 
& Drop-aware applications, obviating the need to use the 
Open item in the File menu 

• Threads Manager, which offers software developers the 
ability to have multiple threads executing within their 
software 

• QuickTime and the QuickTime PowerPlug 
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• Macintosh PC Exchange, which allows PC floppies and 
other removable media to be mounted in the Finder just 
like Mac disks 

• MacTCP, the Macintosh implementation of the TCP/IP 
protocol stack; users at organizations that use MacTCP no 
longer require separate software licenses 

• PowerTalk, the Macintosh implementation of the Apple 
Open Collaborative Environment; there will be no sepa­
rate System 7.5 Pro just for PowerTalk 

System 7.5 adds many small improvements, such as sup­
port for volumes larger than 2 gigabytes, in addition to the 
major enhancements listed here. Much of 7.5 was integra­
tion of existing technology, but the new features will both 
be helpful to Mac users and provide software developers 
with more opportunities to build easier-to-use products. 

------- Copland and Gershwin 

Copland and Gershwin are the code names for the next 
major releases of Macintosh system software. The ultimate 
goal is to move the Mac OS to a completely microkernel­
based system that provides, among other things, memory 
protection between processes, preemptive multitasking, and 
high-performance 1/0. As the Mac OS evolves away from 
dependence on the 68k architecture, more of the Mac sys­
tem software will become native, boosting performance for 
Power Mac users via new system software. 

Further details about these operating systems were not 
available at the time this book went to press. 

------- OpenDoc 

OpenDoc is a fundamental part of Apple's future software 
strategy, and even though it isn't dependent on the Power 
Macs, it will run on them and pave the way for a fundamen­
tal shift in software and use of personal computers. 
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In today's typical operating-system environments, docu­
ments are associated with specific applications, and multiple 
applications don't necessarily allow seamless integration of 
their different types of data in the same document. OpenDoc 
creates an environment where the document is the focal 
point for the user. A document is a virtual blank slate that can 
contain many different types of data. Each separate type of 
data is known as a part in OpenDoc parlance. 

In the OpenDoc world, large monolithic applications are 
a thing of the past. Instead, there are part editors, one for 
each type of part. In an OpenDoc environment, a user can 
create a word-processing part and embed a spreadsheet or 
graphic part within it, or have the two follow one another. 

OpenDoc is an open architecture managed by Com­
ponent Integration Labs (CIL), an independent organization 
whose sole purpose is to support the proliferation of 
OpenDoc. CIL will act not only as the central repository of 
OpenDoc knowledge, but also provide validation and certi­
fication services to guarantee that OpenDoc parts work 
together. OpenDoc will fail if parts from different vendors 
don't work together. The user will come to expect to be able 
to use any number of different part editors together in the 
same document. 

OpenDoc will be available on the Macintosh, Windows, 
OS/2, and some UNIX platforms. It uses technology devel­
oped at Apple as well as a technology from IBM. OpenDoc 
will be multiplatform from the outset and won't be limited 
to Macs at all. 

OpenDoc will change the economies of software pub­
lishing drastically, since smaller developers will once again 
be able to compete with the software giants on a part-by­
part basis. Since users can pick and choose the parts that suit 
their needs the best, they can use one vendor's word­
processing part editor with another's spelling checker and 
have them work together seamlessly. 
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Open Transport is the name for 
Apple's new network software architec­
ture for the Macintosh that will be 
released in fall 1994. Open Transport will 
be available for 68k Macs, and it will be 
the only native networking software for 
Power Macs. The Power Macs currently 
run all their networking software in emu­
lation. 

Open Transport (OT) will initially ship 
from Apple with support for the 
Appletalk and TCP/IP network protocols. 
Novell has announced plans to provide 
IPX/SPX support for OT, but at this writ­
ing, no announcements about availability 
had been made. 

Open Transport solves a large number 
of problems both for the user and for the 
developer. The big win for Power 
Macintosh users is that Open Transport's 
protocol stacks will run native on the 
Power Macs and support new features 
such as multihoming, the ability to use 
multiple network interfaces in the same 
Macintosh. OT will allow PowerPC-based 
Macs to be high-performance network 

The Future 

servers, since all the protocol processing 
is performed in the native code, and with 
the addition of multihoming, the net­
work interface ceases to be the bottle­
neck. OT will also provide backward 
compatibility and act like the familiar 
Apple Talk and MacTCP that software uses 
today. Existing AppleTalk and MacTCP 
software will be able to run with OT and 
benefit from OT's added performance 
without any need to change the software 
itself. 

For developers, Open Transport pro­
vides a single API that is applicable to all 
available OT protocol stacks. Today, 
developing AppleTalk-based software is 
quite different from the development of 
MacTCP-based software. With the intro­
duction of OT, development for any OT 
protocol stack will be virtually identical. 
Networking software can support multi­
ple protocol stacks quickly without any­
where near the effort required to develop 
for multiple protocol stacks on the Mac 
today. 

In the fast-moving computer industry, it's difficult to make 
predictions because things change so quickly. There are, 
however, some safe Power Macintosh-related assumptions 
that can be made. The 603, or a 603 variant will be used in 
PowerBooks and laptops from IBM's Power Personal Systems 
division as soon as 603s are available in volume and as soon 
as the hardware designs can be completed. The 603 will also 
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find its way into desktop machines from Apple and IBM's 
PPS. The 603 has a good price/performance ratio, despite its 
lower performance compared to the 601. 

Since the Power Macs aim to stay at the forefront of 
personal-computer performance, 604-based Macs will also 
be created as soon as 604s are available in sufficient quantities. 

Apple has gambled on the PowerPC, and it looks like it 
made a good bet. The alliance still seems to be functioning 
well, much to the surprise of most outsiders who would 
never have thought that three companies like Apple, IBM, 
and Motorola could work together without mishap. 

If native software ships quickly enough, both on Power 
Mac and on IBM's Power Personal Systems machines, it can 
begin to capture the large Intel market. Emulation is an 
excellent migration and bridge strategy, but in the long term 
it'll be the native apps that convert users. 

The future looks bright for Macintosh. The hardware is 
fast, the operating system is being overhauled to come up to 
speed with hardware developments, and for the first time in 
several years, there is palpable excitement in the Macintosh 
market. The sense of adventure has returned, as well as the 
desire to compete on even terms with an adversary that out­
numbers the Mac by nearly an order of magnitude. Intel 
realizes the threat that PowerPC poses to its leadership posi­
tion, and its advertising campaigns speak of its concern far 
more eloquently than any written analysis. The next 18 to 
24 months will determine whether the Macintosh survives 
against overwhelming odds, whether it remains a niche 
machine, whether it is completely overrun by Windows 
running on Pentium, or whether it succeeds in gaining sig­
nificant marketshare based on technical superiority and 
lower price/performance ratios. 



Resources 

f you are interested in learning more about microprocessor 
and computer architecture, or you are looking for a good ref­
erence on the subject, I cannot recommend the following 
book highly enough: 

Computer Architecture, A Quantitative Approach 
by John L. Hennessy and David A. Patterson 
Published by Morgan Kaufmann Publishers 
ISBN 1-55860-069-8 

IBM publishes a condensed version of PowerPC books I to 
III that also doesn't contain any nonpublic information. 
Anyone interested in knowing about the PowerPC architec­
ture in greater detail will find this book useful: 

PowerPC Architecture 
Customer Reorder Number 52G7487 
Available from IBM at 800/426-6477, or via fax at 
512/823-9467 

User manuals and technical summaries about the individ­
ual PowerPC microprocessors are available from IBM and 
Motorola. If you are outside of the United States, contact 
your local IBM or Motorola sales office. Within the United 
States, you can contact 
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Motorola Semiconductor Products Technical Respon­
siveness Center: 800/521-6274 

IBM Microelectronics: 800-POWERPC (800/769-3772) or 
via fax at 800-POWERfax (800/769-3732) 

Two new Inside Macintosh volumes are available if you're 
looking for more information about the system software 
available on the Power Macs: 

Inside Macintosh-PowerPC System Software 
ISBN 0-201-40727-2 
Inside Macintosh-PowerPC Numerics 
ISBN 0-201-40728-0 
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