












































































































































































































































































































































































































































































































































































































































































































































































































































11 A Look at Some Windows CE Configurations

we had a stealth marketing approach—we did not promote this product at
all. The goal was to underpromise and overdeliver.

The original WinPad applications supported handwriting input. Byron Bishop, an early
member of the WinPad team, kept a pad of notepaper, produced for the development team,
based on this UI design. This screen shot appears in a history of the Handheld PC written
by Robert O’Hara.

As we move toward developing smaller and smaller screens, I think we
will diverge farther and farther from the Windows UI. The Palm-size PC
creates a new form factor, a smaller size, with a portrait mode screen, no key-
board, and handwriting recognition, very much like a smaller version of
what WinPad was going to be. The Palm-size PC is really back to what WinPad
was going to be all along. The hardware’s gotten smaller and more power-
ful and we're finally completing what we set out to do five years ago.
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The Palm-size PC configuration of Windows CE is very similar to the Handheld PC but
does not include the OLE storage options or support for TrueType fonts.

The Palm-size PC is also the first Windows CE device to offer wireless
communications. It will initially support one-way radios—that is, pager
cards. We're not going to just handle simple messaging in which someone
sends you a page and it appears in the Inbox as a message. We’ve gone be-
yond that functionality to create the Mobile Channels architecture for inte-
grating web content and delivering web content updates via the pager card.

Right now we’ve got the one-way radio down. Give us time and we'll
have two-way radios in the same form factor, which starts to get very, very
interesting. You can find all the movies and starting times within five blocks
of you, all the French restaurants in a particular neighborhood. I think this
whole new location-based assistance has potential. You can have “to-do
lists” based on place. The next time you walk into the hardware store, the
device can turn on, beep, and say, “Remember, you wanted to buy nails.” We
can create spontaneous local wireless networks. So now when you're in a
meeting, you can say, “OK, let’s meet Tuesday afternoon at 3:00,” and the other
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Palm-size PCs—the other people in the room—become the default attendees.
You can print to the nearest printer in the building, and the device will tell you
where that printer is. These devices actually will become assistants and will
 make things easier for you by being aware of where they are.

THE HANDHELD PC

Cathy Linn

I'had fun preparing for the first Handheld PC Design Review because I hadn’t
presented to a group in a while. I was working with Bill [Mitchell]. He was
running the infrared demo where we transfer the business card information
back and forth, and I was doing the talking. We practiced several times, and
of course, nothing worked quite right. I was holding the H/PC that was
being projected onto the big screen, and somebody was teasing me, calling
me a great Vanna White.

This was our first public H/PC presentation, our first time showing
external people what we had developed. We thought, “This demo is awe-
some; this will blow them away!” But when we actually gave the talk, we
got an unexpected reaction. The audience was dead, completely dead. Now
I've given enough talks to know that sometimes a speaker can be flat, but
there was nothing wrong with this talk; it was a high-energy talk.

® @D

The Internet Inbox Calendar Contacts Tasks

2y

Microsoft
Pocket Word

My i
Documents

L

Recycle Bin

The Handheld PC 1.0 shipped with Microsoft Pocket Word, Pocket Excel, and Pocket
Internet Explorer among its standard applications. Microsoft Pocket PowerPoint and
Pocket Outlook were added for Handheld PC 2.0.
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We discovered later, in talking to them, that they

‘were all in shock. We hadn't participated in any pre-

announcements or marketing, and nobody expected

working devices. They figured it would take us another

three years. And instead, we suddenly showed up with

. this device that had working apps and the SDK. The

developers in the audience were stunned: “What are we

going to do? We’ve got to rearrange everything we're
doing now because we’ve got to have apps for the H/PC.”

Our strategy was exactly the right approach because if we’d gone with
vaporware, the attendees would have said, “There they go again; it's another
WinPad.” But our product was so far along and they’d never heard of it
before, and that really blew them away.

When I first joined the team, I worked for Steve Isaac on the Pulsar,
which was like the Star Trek communicator—way far out there, way cool,
but not something you could ship in a couple of years. As we merged [with
WinPad], we transitioned over several weeks and started to think about the
standard Windows UL The Ul design strategy became: “How do you map
Windows 95 onto a handheld device? How do you map a device that
doesn’t have a mouse but a stylus?” After a few weeks, we started getting
very excited about it. Our attitude became, “We are so cool; we are Win-
dows in your hand; look at this—we’re Windows 95! You can take us with
you, plug us in, and come back synchronized.” Life became very produc-
tive at that point.

When I came to Pulsar, I was going to be a technical resource because

Cathy Linn

the PM team at that time was very Ul-oriented. Eventually it just became
obvious that, OK, I'm the manager. That initial core group was really focused
“and so productive that from a manager’s point of view, the group was ideal
to manage. Everybody was great, incredibly hardworking. I used to be a
professor, so I really liked watching the PMs grow. It was a lot like grad
school, where you supervise your students and then you walk away and
they can do it. That was fun.
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This list represents a Handheld PC based on the version 2.0 OS release. Not all OEMs
offer products based on the 2.10 release, so you must examine each particular product to
determine which OS version is supported.

We had a fairly technical PM team; it really does take technical expertise
to gain the developers’ respect. Jeff Blum was a key person, a very dedicated,
intense, organized person with a strong technical background. Will Vong
came in as our industrial designer, responsible for a tremendous workload
not only for our product but for other products, too, and pulled it off. Kevin
Shields didn’t have a traditional computer science background—he got his
degree in Political Science and had worked in Russia—but he had the abil-
ity to think analytically. And we told him, “Look, this is the type of person
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you're going to be working with and this is what you have to do.” And he
was able to gain the respect of the developers. Very diverse PM group, an
incredible group. ’

We had that across the board. Laura Martinez is the type of person
who very quietly gains your respect. She had the ability, in a very nonthreat-
ening way, to ask exactly the right technical question. For a short time she
was working with Dave Wecker, who's a fun, loud, off-the-wall, shouting
type of guy, and that interaction was intereéting to watch. Dave would have
an idea, and without talking to anybody, he’d spend the weekend writing
code and show up with it Monday morning. The code wouldn’t have been
spec’ed, and the UI wouldn't fit at all, and Laura would have to tell him to
change things. He would yell and scream but then the next day he’d have
it changed to what she said. Lots of different personalities and different tech-
niques for interacting, and yet we all were able to pull together.

As I think back on it, the amount of work these people put in was in-
credible. I can remember leaving at 9:00 some nights, and I was the first of
the PM group to leave. They worked incredible hours all weekend.

No matter how burned out and tired I was, though, when I started show-
ing the H/PC to somebody else, the adrenaline started flowing. If some-
body needed to know something about the H/PC, I gave them the short,
45-minute, in-your-office description; they’d say “Wow! Cool!” and every-
thing would start flowing. I would be instantly reenergized. I wish the other
PMs could have had more of that; we all needed that. The launch at Comdex
was the ultimate experience. We were the busiest booth around, and people ‘
were coming from a thousand different directions, and they were so im-
pressed and so positive about it that it was just a real high. I knew at the time.
I said, “This is really exciting. This is why we did it.” ‘
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RESOURCES

Topic

Resource

Selecting modules and components
Input method manager (IMM) and
input method editor (IME)

Marketing case studies and
Windows CE evaluations

Windows NT 4.0 Terminal Server
and Windows-based terminals

The Sega Dreamcast system
DirectX programming

Using the Handheld PC

Developing for the Handheld PC
and the Palm-size PC

The Auto PC

Microsoft Windows CE Embedded
Toolkit for Visual C++ 5.0

http:/fwww.microsoft.com/windowsce/
http:/fwww.microsoft.com/ntserver/

http:/fwww.microsoft.com/windowsce/
dreamcast/

Inside DirectX, by Bradley Bargen and
Peter Donnelly (Microsoft Press, 1998)

Introducing Microsoft Windows CE for the
Handheld PC, by Robert O'Hara (Mi-
crosoft Press, 1997)

Microsoft Windows CE Platform SDK

Microsoft Auto PC Software Develop-
ment Kit
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T his chapter discusses possible future directions for Microsoft Windows CE.
It doesn’t need much introduction, except perhaps to explain why a chapter
about the future contains so much about the past. As a famous writer once explained:
“The past is never dead. It's not even past.”

Frank Fite looks at the immediate future to discuss system software features
in the next releases of Windows CE. Dave Wecker discusses hardware enhancements
that we can expect to see in the next year or-two. Harel Kodesh looks at the impor-
tance of TV-based devices in the home and the shift in Microsoft customer demo-
graphics from people who are computer-savvy to people who are intimidated by the
computer. Brad Silverberg talks about the organizational and management chal-
lenges ahead for the Windows CE team. Tandy Trower describes current and future
high-bandwidth social user interfaces. Microsoft architect Edward Jung discusses
some of the ideas present at the birth of Windows CE that were ahead of their time
and still await implementation. He also discusses the benefits of a single program-
ming model for all Microsoft Windows and Windows CE devices.

D amm—

FUTURE SYSTEM SOFTWARE
Frank Fite

The next releases of Windows CE will have expanded processor support.
Right now, we run on a good number of processor architectures and distinct
chips, but there are many more we don’t run on, and a lot of new features
are coming out on processors that we can’t yet take advantage of. Another
big area for us in the future will be multimedia. As Windows CE is embed-
ded in multimedia platforms, we’ll provide more support for DirectX.

Yet another area of growth for us is better and better
connectivity. We have pretty good connectivity now with
the basic protocols, which let you dial up or hook up to
Microsoft Windows NT: TCP/IP, PPP, RAS. We have pro-
grams for the Windows NT side that enable you to access
APIs on the Windows CE side and move bits back and
;mnk Fite forth. Connectivity right now is really good, but a lot of

Windows NT developers want to use Windows CE clients
in a spread-out network program that has object-oriented methodologies
and tools that we don't yet support. Right now, we have COM support, but
we support only those objects that are local on our machine and local to a
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process. With Distributed COM (DCOM), you can have all the objects
throughout your network talking to one another. So we're currently working
with DCOM and RPC so that in the future we can move to the new object
model for Windows NT—COM+.

It is important to us to be able to hook into Windows NT BackOffice
applications. We’d like third parties who work on other operating systems
to connect their server applications to Windows CE too. We’d like Windows
CE to work with as many systems as possible.

We already offer real-time, and we will be adding more features that
customers of real-time operating systems want. Offering more components
is always a good thing because we can provide more features, but helping
people put the components together is really critical. We will be making
componentization much easier for people. The tool set, which is critical for
both componentization and for real-time functionality, should include sup-
port for enhanced debugging, better basic monitoring, and performance
monitoring—all those perks that hardcore embedded designers really want.
We can’t provide all these enhancements by ourselves. We hope to get a lot
of help through partnerships with third parties, who will see the value in our
OS and make money selling their tools for our OS. We’ll need all their help.
The general-purpose embedded market is a big, varied market. Niche mar-
kets exist in there; people have expertise in different areas; tools are avail-
able for different kinds of products. We're not going to meet the need of
every customer in evefy product area, but where we do, we want to have the
best tool support possible.

FUTURE DEVICE HARDWARE
Dave Wecker

I'm principal engineer for all of Mobile Products, so I have technical and
architectural responsibility for everything under Bill’s [Bill Mitchell’s] orga-
nization—the Auto PC, the Palm-size PC, the Handheld PC—anything not
attached to a TV set. We're looking at how to add more storage to various
devices.

The first of the storage options being made available is Compact Flash.
These cards currently come in sizes of up to about 30 MB, and next year they
will be up to 60 MB or so. A Compact Flash memory card is identical elec-
trically to a PCMCIA card. It’s missing eight data lines and eight address
lines, but otherwise it’s identical to the PC Card; the same driver works for
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both. It’s fast, relatively speaking; it’s nonvolatile; it doesn’t need a battery.
The problem is, Flash memory isn’t cheap. When you get into 100-MB Flash
memory cards, you get into a price that’s a little more expensive than people
would like. ‘

In the Palm-size PC, the OEMs built a Compact Flash
slot that has a bump. We've tried to promote a new stan-
dard—a Type 2 Compact Flash—that enables us to do a
couple of things, the most important of which is allow
wireless devices. The form factor of the current device,
. which is about 3.3 millimeters in height, isn't big enough.
Dave Weker The new one, which is 5 millimeters, is actually big enough

to insert electrical components other than memory cards.
You can pop in a pager card, for example. Some companies are building
modems, and we already have an Ethernet card that plugs in at the regular
Type 1 form factor. If the Type 2 becomes popular, you'll see more and more
devices. I think I/ O devices in the Compact Flash form factor will be more and
more interesting.

Anew device named the Clik!™ drive from Iomega is 40 MB, and it will
be out in a 100-MB size this year. It's very cheap, but you've got to spin the
media, so drive requires more battery power and the access time is slower.
We're talking dollars per disk at most instead of hundreds of dollars for Flash
drives. The media and the drive around it is relatively large—the drive is
bigger than the whole Palm-size PC device—so using this is more of a possi-

bility in larger PC companion devices.

Some interesting products are coming in very small, fixed, optical drives.
Hundreds of megabytes on a little piece of plastic that costs less than a dol-
lar per media chip. One idea is to use this as a replacement for a Walkman
because it has no moving parts, meaning that it is completely shock resis-
tant. Initial drives will be read-only and probably fit in a Type 3 PCMCIA
slot. Again, these drives aren’t really applicable to smaller devices for the time
being, but they will shrink dramatically. And if you increase the power—use
a new technology or organic LEDs—you might be able to make the drives .
read/write. There’s also new rotating optical media coming, which looks to
be very high density.
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BATTERY TECHNOLOGY

One of the problems is power. The problem with rotating media is you pay
for it in power. For instance, the HP [Hewlett Packard] color H/PC has a
lithium ion battery. It doesn’t take size AA. So I think you're also going to
see a lot more in the way of bigger batteries, especially in the larger PC
companion devices. And as soon as you use bigger batteries because people
want an 8-hour continuous run, you'll be able to put these little disks in a
Windows CE device. I don’t think it’s at all unreasonable to expect to see
bigger batteries within the next year.

In terms of the Handheld PCs and Palm-size PCs, battery life isn’t as big
a problem because most of them are going to rechargeables if they haven’t
already. Typically a user pops the device into a cradle to synchronize, and
every time she does, the battery recharges. There have also been some very
recent advances in zinc air battery technology, which offers five times the
battery storage of alkalines.

WIRELESS

Wireless communication is also going to affect storage. If you can just pull
the information you need off the Net or off the air as you need it, why should
you locally store anything except the page you're looking at? This year we're
supplying one-way communication, mainly because we want to fit the tech-
nology into the smaller size. I can put a one-way pager into the Compact
Flash form factor. When you go into two-way, unfortunately things get big,
and you need a transmitter and power for it.

But we will start growing these devices into phones. Either the Palm-
size PC has a phone in it, or the phone has the Palm-size PC software in it—
take your pick. In the future, you'll see both. Once you have that technology,
you have full two-way capabilities: digital PCS services, short messaging
services, and the like. As soon as I go to digital PCS, I can do full data up and
down besides doing regular speech. And again, add more battery to the de-
vice and now you’ve got a full phone. There’s no reason I can’t browse the
web, retrieve books, and do all this other stuff. Just grab what I need. We
already handle email with two-way. Besides paging, we’ll also do full wire-
less email.
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The point is, with the OAL and the driver model we have, anyone can
write a driver for these various devices. Software isn't holding them back,
which is great: As soon as the technology is developed, we can enable it almost
instantly. Also, once developers write a driver for one Windows CE device, the
same core is underneath all the devices. The developers can run this driver
in the car, on Palm-size PCs, on H/PCs—it doesn’t matter; it’s all Windows
CE. The driver model is the same, which of course makes life much easier.

So, in general I don’t think there’s any problem with all these new
devices coming. We support them; we enable them; and they’re all Win32.

GROWING THE WINDOWS CE TEAM

During the first few years, we were very conscious of staying focused. People
came to us with all kinds of ideas: “Oh, let’s do this thing” and “Let’s do that
thing.” I vetoed all of them because I wanted the team completely focused
on that first device. Staying on track enabled everybody to be totally commit-
ted and motivated, giving that initial device its greatest chance for success.

A good way to kill opportunities is to try to do too
much too soon. You end up with too many teams that
don’t have enough people. You don’t have enough re-
sources; you don’t have enough management; you don’t
have enough focus. You end up signing too many con-
tracts, and then your managers are always flying around
talking to this guy or that guy explaining why this is late
or why we can’t do that. You have to learn how to say no.
You have to maintain a kind of iron-fisted focus on the initial devices and
stay close to those OEMs. You just have to say, “Okay, let’s get those first ones
out the door. Let’s make those successful, and then we’ll broaden our focus.”

It was tight. People worked really hard, but we made it, and I think it
has proved to be an extremely high-quality operating system. Happy part-
ners, you know. If you look back at the history of WinPad, you’ll see that the
partners weren't very happy. The products didn’t get delivered; the prod-
ucts didn’t meet expectations; we had to get out of a lot of contracts. We had
to clean up a lot of messes. In contrast, the original partners of Windows CE

Brad Silverberg
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are still around, and we have added new partners. People are pretty happy
with the way things have turned out. And a lot of that success does come
from a really clear sense of what we wanted to build, the initial project fo-
cus, the discipline, and learning to say no.

You know, Harel [Kodesh] is really the guy. I was around in the begin-
ning to help put the WinPad and the Pulsar teams together. I was in the
tough situation of having to name somebody to head the new group; both
the WinPad guys and the Pulsar guys wanted to run the group. You just have
to bet on one person, so I spent a lot of time with Harel and a lot of time with
some of the other folks and decided to bet on Harel. I wanted him to do the
job, and I was going to provide him with advice, feedback, direction, and
mentoring; I wanted to help him grow: build the team, build the product,
build the relationships, and grow. And I think that succeeded. He’s got a very
strong team with good products. Probably the most rewarding part for me
is seeing how people exceed your expectations, even when you have high
expectations. )

It’s gotten to the point now where Windows CE is a pretty hot part of
the company to work in. It wasn’t that way when we started. There were a
lot of skeptics in the company who told us why we would never succeed.
But today, you know, there’s a lot of excitement. The quality of people work-
ing there is very high and they have the ability to attract even more good
people. I think that’s a testament to Harel and the job that he’s done to stake
out a vision, build a team, and provide real leadership. One indicator of
successful projects is how many of the original people are still around—you
can see how many people from the original team are still there.

I think the group has a really good sense of teamwork. You can iden-
tify with what I mean: a sports team can have a lot of talented players, but
if those players aren’t really dedicated to the team, the team doesn’t typically

-end up winning. When members of the team understand that the team—the
product—comes first, they experience a kind of selflessness. Whenever a
problem comes up, anybody who can help just does whatever he or she can
to solve it. :

As we move into the future, our challenge will be to maintain that fo-
cus. Good managers should groom people underneath them who can take
on individual projects and demonstrate the same level of focus and disci-
pline. Managers need to be able to decide which projects to pursue while
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continuing to make the technology investments, both the conservative ones
to ensure that the near-term and medium-term projects succeed and the
more speculative ones that deal with concepts such as voice and handwriting
recognition.

Wmpows CE 1IN THE HOME

Over the last few years, we realized that there are three distinct markets for
Windows CE: embedded systems, the mobile area, and high-end graphics
systems—TV screens.

Some of the design wins for embedded systems are going to be generic
designs for us: We simply give people the embedded toolkit and let them
build a system. For these generic systems, we don’t provide any Ul You can
do whatever you want with the shell. You can have our shell or somebody
else’s shell or no shell. But for the other markets, we realized that to be stra-
tegic we need to claim the domain. In the markets where we are 100 percent
committed, 100 percent involved, we come up all the way from actually
testing some of the devices to building the Ul For example, in the TV mar-
ket, we are driving the strategy; this is where we just take leadership and
really drive all the aspects of the business. '

The TV screen is the most prominent screen in the
house, not just because it’s a big screen—it’s probably
the only 20-something-inch screen that you have at your
home—but because it’s in a strategic place. The TV is al-
most like the fireplace of ancient times. It's a social event;
the whole family gathers around. Even if the TV screen
Harel Kodesh isn't perfect (it’s interlace and not progressive scan,

which is much more friendly for computers or consumer
information appliances), it’s still the only thing like it in the home and we're
not going to start changing consumer preferences. Rather than just create an-
other, completely different industry, we're going to work with the TV indus-
try to provide data services. ‘

The TV cable and the satellite cable are the two prominent, high-
bandwidth inputs into the home, and we need an information appliance that
terminates the network. There are a couple of ways to go about that. One is
to take the PC and add TV-related features. The other is to subset the PC
functionality for people who want to mix Internet with broadcasting or who
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want to play games. We intend to play a very dominant role in this market
by making sure that we understand what consumers need, that these types
of devices exist; and that we work with prominent players, everyone from
game companies to cable companies.

We will take advantage of whatever technology is available for the trans-
mission, whatever is developed for connectivity. Other groups at Microsoft
are trying to advance the state of the world in that area. ADSL (asynchronous
digital subscriber line) will be available; IP telephony will be supported on
these boxes. But if for some reason ADSL doesn’t come in the next three
years, we'll still be able to get value out of Windows CE devices. We take the
simple approach that we will work with whatever is available.

We also recognize the need to create new technologies and adopt ex-
isting technologies from Microsoft. So for instance, Windows CE is adopt-
ing DirectX, our game API. In our case, this is going to be optimized even
beyond the PC. Because the device is an information appliance, we don’t -
ship the same code to people using graphic accelerator x and people using
graphic accelerator y. We can optimize the heck out of the software to work
really well with a specific system.

The biggest question is how to make our software easier to use as the
demographic landscape of users of Microsoft products changes. Our mar-
ket is changing from computer-savvy people to people who are intimidated
and don’t know how to plug the various components together.

The way PC software is built today, everybody has to be a do-it-your-
self mechanic. With PCs, you have to open the hood once in a while. With
Windows CE, we don’t require people to open the hood—ever. There is no
hood. Our ideal model is service-based boxes, where somebody on the other
side of the cable or wire makes sure that you get everything you need and
that it is easy for you to use.

THE NEW INFORMATION ENVIRONMENT

Tandy Trower

With PC technology, we were limited to sitting at our desks to gain in-
formation. But Windows CE is now to the point where we’re not limited.
Wherever I am, I have access to information. Sitting in my car, walking down
the hall, sitting down at my desktop, sitting at an electronic whiteboard—
the information can move to any of those spaces. Before, I had to go to the
information. Now the information is all around me; it can accompany me.
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Technologies now exist that enable me to commu-
nicate on a larger bandwidth; I can send you a piece of
mail, and you can receive it without going back to the
office. All this means a very rich form of interaction, a
rich convergence of information, coming in to the user as
well as going out from the user. The Windows CE plat-
form provides the potential to get to a place where my in-
formation space is ubiquitous.

I see possibilities where the appropriate information comes to me based
on where I am and the task I'm performing and the device I'm interacting

Tandy Trower

with. In my car driving down the road, I might want travel and map in-
formation, or hotel and restaurant databases. In the kitchen, I might get infor-
mation on recipes or pull up my shopping list. In my family room, I have
access to online videos or what’s playing next. In other situations, the same
information might be accessible to me but won't be the primary information.
The information adapts to me and my environment.

Another interesting area for these portable devices is understanding
how to display information that is appropriate for the devices. It’s likely that
portable and handheld devices will always have smaller screen capacities
than desktop systems. Developers should be able to annotate objects for
display so that an object, like a web page, will know where it’s being dis-
played, automatically adjust itself to the form factor, and display appropri-
ate information for the device. A www.sidewalk.com pagé on a large desktop
screen knows it has a lot of room and knows how to lay out its objects; a page
viewed under Windows CE automatically rearranges itself or scales down.

Getting to smaller screens isn’t just a matter of scaling everything
down, it’s really a matter of asking: “What information is important to dis-
play in this form factor, and what is the best way to lay it out?” Microsoft is
in the process of developing technologies that will help developers make
those decisions.

LINGUISTIC INTERFACES

I can talk in general about directions that I think the Windows interface will
go. The interface will support more modalities than the click-and-drag types
of interaction we have today. Certainly, direct manipulation of the user in-
terface has been a fundamental feature of the overall Windows interface.
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This interface is very intuitive for the user. People understand how to click
onicons and drag items in the interface because these actions relate to their
real-world experiences.

This kind of direct manipulation isn’t going away, but we’re going to
extend and enhance that interface and provide linguistic interfaces that take
advantage of speech and natural language capabilities, and perhaps gesture
and handwriting forms of interaction as well.

One of my ongoing projects right now is called Microsoft Agent. It
enhances the modalities of the interface by allowing applications to create
a sense of social presence on the PC. That major component of the human-
computer relationship has been missing. We’ve focused on the cognitive
aspects of communication—what we can remember, how we parse visual
information. What this inquiry has totally left out of the picture, however,
is an acknowledgement that human beings are social animals. When we talk
with one another, we exchange nonverbal cues all the time. Like, I'm talking
to you right now and you're nodding your head. If I was saying something
that you didn’t understand, you’d probably give me a puzzled expression.
You might tense up. Your body posture tells me a lot about how interested
you are in what I'm saying. We pass a whole set of social cues back and forth.

Microsoft’s first attempt with the social interface was called Microsoft
Bob. Although that product failed in the marketplace, its goal, I believe, was
absolutely correct: to provide a focal point for communication between us-
ers and their PCs. The second-generation effort was the Microsoft Office
Assistant in Microsoft Office 97. Microsoft Agent is the third generation, and
it usually takes Microsoft about three generations to get things right. So
being immodest for a moment, I think we’re getting it right this time.

Microsoft Agent is an open system; any developer can write to the API,
which is simple but very rich in that it allows developers to put interactive
characters on the screen. Those characters can be used for any purpose: as a
focal point for user assistance, like you see in Office; as tour guides; as shop-
ping assistants; as a means of support—rather than calling in to a support
line, you query the support character.

Or the characters could be used simply for entertainment purposes.
I've seen a couple of applications for Microsoft Agent in traditional computer
games, like Reversi or chess. The difficulty is personifying the computer, so
the model is fuzzy. Some of these games have just added an animated char-
acter that reacts to your moves. For example, after you make your move, the
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character scratches its head or displays a disgruntled look because it didn’t
like your move. But that changes the whole dimension of the interaction.
Now you are getting information that you would traditionally get only from
another human being. This type of interaction is not necessarily a system
requirement, because you could certainly play chess against the computer
without it, but it adds an extra, more natural dimension to the interaction.
And that’s really what Microsoft Agent is designed to do.

We think enhancing the communication channel this way will help us
introduce speech into the interface. Several studies show that speech works
much better when it has a focal point. I theorize that those results have to
do with the mental model users create when interacting with the computer.
If you're talking to your computer and all you're seeing on the screen is your
normal GUI interface, you build this mental model: “Wow, this is my com-
puter; it’s supposed to get everything right; it’s the model of precision; it
shouldn’t make any mistakes.” But as with most recognition technologies,
there are breakdowns; mistakes will happen. Breakdowns occur in human
conversations as well, but we use a variety of different strategies to repair
the breakdowns. One of them is social feedback. If I start speaking gobbledy-
gook, you'll give me a very puzzled expression that lets me know immedi-
ately that you don’t understand; you don’t have to say a thing. You don’t
have to put up an invasive dialog box. All you have to do is give me a puzzled
look, and I'll know that I'm probably not communicating at that point.

Speech combined with social cues creates a much more natural model,
which we learn by communicating face-to-face with each other. From the day
we’re born, we look up into our parents’ faces and try to read them. A num-
ber of studies show that children are happier when presented with images
of faces as opposed to just any image. Facial expressions are important to us.
It’s not impossible to communicate without having a face in front of us—we
do it all the time over the phone or listening to the radio. And we can create
a social presence without necessarily putting a face on the screen. The clas-
sic example is HAL from “2001.” Clearly HAL was a personality, and yet
he didn’t have a face. His personality was expressed in other ways: in the
way he spoke, in the way his presence was established. But face-to-face vocal
communication is one of the highest bandwidth communications that hu-
mans have. With Agent, we're trying to create the same high-bandwidth
experience.
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Character, speech, and natural language understanding are part of the
linguistic interface. Some of the decision theory research investigates how
to understand user intent. I think as systems grow to have more memory
capacity and richer processors, we’ll see expanded opportunities to include
smart interfaces. The software will be able to model the user’s intent, offer
to perform tasks on the user’s behalf, and learn which patterns of tasks the
user will delegate to the software.

You see some of this functionality in the Microsoft Office applications:
if you repeat a certain sequence, Office automatically offers the same se-
quence to you. For example, in Microsoft Excel, when you enter dates into
three columns and you tab to the next column, Excel offers to put the date
in the fourth column automatically. Or consider the smart spelling capabili-
ties that you see in Microsoft Word: when you type teh, Word interprets that
you really meant to type the and automatically corrects your spelling. If
Word'’s correction is not what you intended, you back up and you change
it; Word doesn’t try to change it again. I think building a Bayesian belief
network about what the user is doing will become important.

THE FUNDAMENTAL THINGS APPLY

The basic principles of user interface design don’t change. When designing
for interaction, the fundamentals apply. For example, keeping the user in
control is important. One of the lessons we learned with Microsoft Bob is
users want to be able to control their interaction with characters. One prob-
lem with Bob was the ever-present character. Although we are social ani-
mals, we need privacy and we need to work on our own. When the character
was constantly present, people felt the interface was condescending, because
it implied, “You always need assistance, so I'll always be here, and you can’t
dismiss me because you're not skilled enough to know how to do things on
your own.” There wasn’t enough user control.

Microsoft’s three generations of social interfaces: characters from Microsoft Bob,
Microsoft Office, and Microsoft Agent serve as the focal point of the user interface.
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With Microsoft Agent, we’ve given the user more control over the in-
terface. If the user doesn’t want to see a character ever again, she can click a
check box and none of Agent’s characters will show up in her face. Users can
also control other aspects, too, such as turning off speech input or output in
environments where theyre not effective. Some people simply don’t like that
form of interaction. They work better unassisted, without any other person-
alities around them at all. So users always have to be able to control and
personalize the interface.

The principle of consistency holds up for the CE platform just like it
does for the desktop platform. Users are most comfortable with things that
remain relatively consistent with what they expect. You can allow a certain
amount of variation as long as the fundamental principle of interaction works
the same. For example, I show you five different designs for a button and
as long as each looks like a button, you understand their function and you
care less about their differences. But as soon as the functionality of something
familiar changes, you get confused.

And this all gets back to why we use metaphors in the interface. Meta-
phors are intended to provide cognitive bridges from what a user knows to
anew experience. As human beings, that’s how we learn new situations, by
conscious and unconscious comparisons to previous experiences. You don’t
have to be rigid about staying with the metaphor, but you want to be con-
sistent enough to provide a bridge to a new experience.

THE SINGLE PROGRAMMING MODEL

Edward Jung

When we started the Advanced Technology division, one of our big goals
was insurance against sea changes: “What could wipe out Microsoft? In the
same way that CDs wiped out vinyl records, what could do the same thing
to Microsoft?”

Certainly one possibility is that somebody’s speech
interface becomes very usable and takes over, and every-
one gears their hardware and tailors their apps to this
new speech interface. Everything that we’ve got today
will fade in importance; all the action and innovation will
happen somewhere else. That’s what will kill us. As a

’ . .
Edward Jun software company, we're so dependent on innovation

happening on our platform.
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Steve Ballmer’s mantra back at the time we started the Advanced Tech-
nology division was, “Windows everywhere, Windows everywhere.” So we
had off-site meetings about how to get Windows everywhere. Certainly one
of the form factors that we were thinking about then was the handheld form
factor. One of the first projects, Pulsar, was based on two underlying ideas:

¢ Atraditional, larger-form factor PDA with handwriting recogni-
tion.

¢ Awallet PC that would hold electronic money (e-cash). Think of
it as a really, really fat smart card.

The wallet PC functions were centered around purchasing and pager
messaging. If you went shopping, it could hold your credentials, help you
find things to buy, and keep track of all that for you. Some studies that cir-
culated even suggested that the money supply, M1, could be affected if you
had e-cash floating around as opposed to dollar bills!

We originally believed that electronic wireless communications would
be fairly prevalent and that e-cash was right around the corner. A lot of the
early architectural and technical work for Pulsar was based on these con-
cepts, which didn’t materialize as fast as we thought they would. And when
they did come into play, they were extremely expensive. Even today, widely
available wireless communication is measured on a per-minute basis. And
e-cash doesn’t look like it’s going to happen very soon.

(Another area where we really guessed wrong for Pulsar was memory.
When we started, memory was cheap and looked like it was going to get
really cheap. Of course, as we all know, in the mid-1990s memory actually
got quite expensive compared to the other parts of a PC. Now it’s cheap
again, but it leveled off for a while before it dropped again. So this idea of
an operating system that did more than just the bare minimum turned out
to be expensive and noncompetitive. That memory price hurt us. Oddly
enough, we also guessed wrong when memory prices were high. We em-
barked on a project called Talisman, which was all about trading off memory
for CPU to get amazing graphics and sound. Of course, just about the time we
were ready to release that technology, the price of memory dropped through
the floor. So that was a case where we bet wrong on one side and then we
bet wrong on the other side. It just shows how tricky it can be to try to plan.)

After Pulsar merged with WinPad and became the Handheld PC, and
as we got more and more into the project, we had a lot of really interesting
ideas that never panned out. Some of the wireless packet radios and pagers
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were running at roughly the same frequency, so we had this idea that the
pager radio would turn on the wireless radio. The reasoning was, batteries
for wireless radios last six or seven hours, but the batteries for pagers last a
couple of weeks. You would get a page and that page would turn on your
wireless radio, and then you could wire some connectivity so you wouldn't
eat up your battery.

So all those ideas about the design of the Palm-size PC—its form factor,
its size, the handwriting capability—those were all ideas we had at Microsoft
back in 1994, and I'm sure those ideas also existed at Apple and a billion
other places that we won’t know about. In this industry, every idea is basi-
cally the same idea over and over again, just in a different context. It's really
the timing of the idea that’s important. So many things we do today are ideas
we had a long time ago, but the timing just wasn’t right. If you lay out the
history of Pulsar and the H/PC, it’s really interesting to see how we change
and adapt and remold our initial ideas, and how the infrastructure changes.

- When you talk to OEMs about why they were interested in Windows
CE, you find out that establishing a standard enables them to get access to
a lot of applications that they don’t want to write. They want to be experts
at their hardware or running their distribution channel. They don’t want to
write every single app out there. If you open it up for anyone to write the
apps, you win. It’s that simple.

Of every dollar spent on software innovation by a venture capitalist or
by a bank, the largest fraction of that dollar should go into innovation. When
everyone spends 50 cents on the dollar for the same work, they’re wasting
money. Before we created Windows, developers had to write every printer
driver and every graphics hardware driver. This amounted to huge devel-
opment, test, and support costs, which the developers had to pay. It made
software much more expensive, and it also capped innovation for printers
and graphics and input devices, because the IHVs had to try to sell appli-
cation developers on writing drivers for their devices. It was inefficient. If
innovators have to replicate everything from top to bottom again and again,
they never get anywhere. But if you always build up the standard, one layer
at a time, and move forward, your innovation wins. Windows gave you a
programming model where you wrote to an abstraction and all those driv-
ers were handled for you. Microsoft took on the onus of testing a lot of the
drivers and gave people a standard to test against.
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The computing experience that really helps augment your choices in
life—that’s what we want to make as available to you as possible. If you can
put it in your pocket or carry it around, and it has enough surface area for
a UL, it should be a Windows CE device: a tablet, a notebook computer, a
wallet. A wallet makes a lot of sense, if we can make it strong enough to
avoid breaking when you sit down. It should be something you can carry
around with you at all times.

Windows CE is going to straddle a wide range of user interfaces, and
it will also straddle a huge disparity of bandwidth—sometimes highly
asymmetric, sometimes symmetric and huge, sometimes symmetric and
tiny. You don’t want to download your entire inbox over a slow wireless
network that costs 15 cents a minute. Notions of priority and importance
have to get measured against the cost of moving that message. For example,
it makes no sense to send a humongous graphic to a wallet device.

One challenge we’d really like to address in the next several years is
how to enable people to develop for these different devices without writing
a separate application for each one. Writing a bunch of separate applications
will ultimately stifle our innovation. We want to tell developers, “Write to
this abstraction.” We’ll handle getting the code onto devices the size of a
wallet and the size of a whiteboard so that developers don’t have to hand-
code and test every configuration. Ultimately, we want to say this: “Hey,
here’s one programming model for all those devices.”

One example of that single programming model running with in-
house technology is Microsoft’s Sidewalk.com; I think we want to get technol-
ogy like Sidewalk into our Windows programming model down the line.
Sidewalk is built in such a way that an application developer can describe the
intention of what she wants to show the user so that it will be rendered ap-
propriately on different form factors. By changing a driver, Sidewalk ren-
ders a down-level HTML client, HTML with ActiveX controls, or DHTML,
so the authors don’t have to change any of their back-end content. That’s
a big win for Sidewalk in terms of keeping to their editorial publishing
schedule and managing their workflow without the worry of how the in-
formation is rendered.

Sidewalk was done in SGML, a predecessor of XML, because XML did
not exist at the time. XML is certainly becoming the industry-standard for
describing your information, and applications will probably continue to use
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XML in the future. The developer on the back end describes the capabilities
of the application, and a run-time library figures out from those capabilities
what you want to show. That information gets rendered in XML, the XML
goes across the wire, gets bound to a style sheet, and gets displayed.

Web servers

Mainframes,
databases

Desktop PCs,
Windows CE
devices

XML and related standards allow you to define tags that indicate the logical role of
your data, rather than only its formatting information. Microsoft is currently promoting
the use of XML in a three-tiered architecture. Information passes between databases,
Web servers, and end users at a desktop or Windows CE device. The XML content can
be translated to HTML so that the logical information can be rendered appropriately
for that device.

You can do a lot with only XSL or the style sheet languages and bind-
ing to logical tags, but there’s a limit. Sidewalk, for example, supported a
telephony interface. To create an adaptive telephony interface, you have to
be very careful. Your rules are based on the length of the utterances and the
assumption that the user can remember 7 plus or minus 3 items. The way
you navigate through the data using a telephony interface is totally differ-

276



12 The Future of Windows CE

ent from the way you would navigate through an HTML page. So a renderer
that can handle a telephony interface requires different kinds of information
than you would tend to see in style sheets, which are usually geared to vi-
sual presentation.

Another interesting challenge involves your schedule and email. How
would you convert it from the full size of the desktop display to less than
one-eighth of your screen, or even less? You can't just miniaturize it. You
have to be smart about what data you throw away. Style sheets aren’t usu-
ally powerful enough to do that kind of work. They’re not good at filtering
how much data you want to see.

We're also faced with the challenge of figuring out how adaptable the
device really has to be and which markets go for the different form factors.
That’s what we're doing today. We did the same research with Microsoft
Office: we understood which apps were used by whom and we understood
their relative importance. That was great input when we integrated it all. It
told us what features had to go into our scripting programming language,
VBA, and where to emphasize Office assistance. Same thing with Windows—
we had several years of DOS under our belts helping us understand graph-
ics cards and what people thought about layered pixels, the color model, and
pixel blocks versus true bitmaps. We can learn a lot from the market.

In the next few years, we're going to have a greater understanding of
the different form factors and how people use them, and that’s going to give
us information on how to build this new programming model.

RESOURCES

Topic Resource

DCOM, COM+, RPC The Platform SDK, available through the Microsoft
Developer Network (MSDN); http://www.microsoft.com/

msdn/ ]

DirectX Inside DirectX, by Bradley Bargen and Peter Donnelly
(Microsoft Press, 1998)

WebTV http:/fwww.webtv.com

Microsoft Agent http:/finetsdk/workshop/imedia/agent/

XML, XSL, and XQL http:/fwww.microsoft.com/xml/
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IReplStore, 144, 146
LoadBitmap, 84
Loadlcon, 84
LoadImage, 84
LoadLibrary, 38, 114, 128,
210
LoadString, 84
MountDisk, 75
MoveFile, 75

 MsgWaitForMultipleObject,

92
Notify, 75
ObjectNotify, 146
OEMGetExtensionDRAM,
113
OEMInit, 112-13
OEMInterruptEnable, 114
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functions, continued

OEMReadDebugString, 125

OEMWriteDebugString, 125

ReadDisk, 76

ReadFile, 74

ReadFileWithSeek, 75

RemoveDirectoryW, 74, 75

ReportStatus, 146

SendMessage, 81, 87, 89, 90,
91, 92.

SetActiveWindow, 93, 94

SetEndOfFile, 75

SetEvent, 115

SetFileAttributes, 75

SetFilePointer, 75

SetFileTime, 75

SetFocus, 93

SetForegroundWindow, 93,
94

SetWindowPos, 94

SHCreateShortcut, 181, 182

ShellExecuteEx, 181, 182

SHGetFilelnfo, 181

SHGetShortcutTarget, 181,
182

StartDoc, 131

StartPage, 131

UnmountDisk, 75

VirtualAlloc, 119, 126

VirtualCopy, 119, 125, 126

VirtualFree, 125

WriteDisk, 76

WriteFile, 74

WriteFileWithSeek, 75

G

GDI (graphics device
interface), 22, 31, 37-38,
96-106

base objects, 97-99

basic description of, 80

components, 105-6, 105

display drivers and, 129

embedded customers and,
233

GWE and, 80, 81-82,
95-100, 105-6

porting to new hardware
and, 129, 132

GDI (graphics device
interface), continued
primitives and, 99-100
terminals and, 236
GDI32 library, 80
GDIOBJ calls, 97
GetActiveWindow function, 94
GetCurrentLevel method, 197
GetDeviceKeys function, 127
GetDiskFreeSpace function, 75
GetDiskInfo function, 76
GetFileAttributes function, 75
GetFilelnformationByHandle
function, 75
GetFileSize function, 75
GetFileTime function, 75
GetFocus function, 94
GetltemData method, 197 -
GetMessage function, 38, 88,
89, 90-92, 91
GetMouseMovePoints
function, 170, 171
GetObject method, 97
GetObjectType method, 97
GetObjTypelnfo function, 146
GetPixel primitive, 99
GetTickCount function, 113
GetVerbosityCount method,
197
Ginsberg, Michael, 11, 63,
158, 208, 221
on data storage, 64-68,
72-73
talent of, Silverberg on, 5
work on kernel code, 43,
48, 56-60
glyphs, 104-5
GPE (graphics primitive
engine), 109, 129-30, 129
graphics. See also GWE
(Graphics, Window
Manager, Event
Manager)
GWE and, 97, 103-4
palettes and, 102-3
primitives, 99-100, 109,
129-30
printing and, 31, 131-32
Gregory, Kimberly, 17, 230,
231-35
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GUI (Graphical User
Interface), 204, 224, 226,
270
GUIDE structure, 172
GWE (Graphics, Window
Manager, Event
Manager), 31, 180-82,
219
Auto PC and, 241, 242
basic description of, 79-106
calling, 52
componentization in, 95-96
functionality overview,
83-85
kernel and, 51-53
managing input and, 92-95
native drivers in, 112
Palm-size PC and, 248
porting to new hardware
and, 113
Sega Dreamcast video
game system and,
237-38
subsystem, porting of, 219
touch panel events and,
249
“User” part of, main
components of, 87

H

handle
locks, 52-54
tables, 67-68
handwriting recognition,
170-74, 171, 248,
250-53
hard dependencies, 96
hardware
porting to new, 107-32
requirements, 10
heap operations, 10-11, 208,
212
design of, 64-68, 68
object store elements in, 64
testing, 6667
Heap Walker and, 208, 212
Hewlett Packard, 5
HFONT, 104
Hills, Norman L., 233
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Hitachi D9000 Development
System, 187, 191-92, 197,
218
HKEY_LOCAL_MACHINE
Registry key, 127, 128
home, devices in, 24-26,
266-67
Horn, Scott, 205, 225-27
H/PC (Handheld PC), 6, 27,
34 .
basic description of, 253-57
browser architecture, 159
communications and, 136,
140
componentization and, 22
configurations and, 230-35
development tools and,
213, 215, 216-17, 223
embedded systems and, 16
Far East versions of, 154
fonts and, 105
future device hardware
and, 261, 263-64
industrial design and, 18
kernel and, 49
Linn on, 3, 253-57
modular operating systems
and, 8
palettes and, 103
porting to new hardware
and, 113
Pulsar and, 273-74
programming interfaces
and, 11, 12
shells and, 154, 161, 181-82
standard applications, 254
testing embedded systems
and, 18688, 190-95,
199-200
user interface and, 155,
157-60, 159, 163-66
HTML (Hypertext Markup
Language), 15, 21, 159,
274-77
authoring, support for, 135
Dynamic (DHTML), 275
Mobile Channels and,
149-51
Palm-size PC and, 248
shells and, 160-62

HTTP (Hypertext Transfer
Protocol), 12, 32, 135, 276
Hullender, Greg, 154, 170-74
HwxACLValid function, 173
HwxCreate function, 172
HuwxEndInput function, 174
HwxGetResults function, 173
HuwxInput function, 173
HwxProcess function, 173
HuwxResultsAvailable function,
173
HuwxSetGuide function, 172
Hydra, 235

I

ICA (Citrix), 236
IDE (integrated development
environment), 13, 204,
205, 208, 226
IHVs (independent hardware
vendors), 29, 143, 245,
274
Plug and Play system and,
12728
production of the DDK for,
14
provision of peripherals
by, 27
IME (Input Method Editor),
170, 175-76, 238
IMM (Input Method
Manager), 171, 238
Increment method, 97
Infrared Data Association
(IrDA), 135, 139-40, 216
infrared serial ports, 247. See
also serial ports
initialization
files, 62-63
handwriting recognition
and, 172, 173
OAL functions for, 111
porting to new hardware
and, 111-12, 114-15
InitObjType function, 146
input. See also IME (Input
Method Editor)
* managing, 92-95, 171, 238
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input, continued
modes, 247-53

InstallDriver function, 128

Intel processors, 7, 113. See
also processors

interfaces, basic description

of, 12

internal heap, 63, 64-68, 70.
See also heap operations

international applications,
174-81

Internet Explorer browser.
See Microsoft Internet
Explorer browser

interprocess communication
(IPC), 6, 43

InterruptDisable function, 116

InterruptDone function, 114,
116, 117, 122

. InterruptEnable function, 117

interrupt handling, 54-55,
110
InterruptInitialize function,
114-16.
interval timers, 111
I0CTLs, 76, 77
IP (Internet Protocol), 125,
267
IPC (interprocess communi-
cation), 6, 43
IrDA. See Infrared Data
Association (IrDA)
IReplObjHandler function,
144, 146, 147
IReplStore function, 144, 146
IReplStore interface, 144
Isaac, Steve, 18, 162, 254
ISRs (interrupt service
routines), 31, 58-59,
120-23
Morris on, 108, 115-17
routing of interrupts to, 7
ISTs (interrupt service
threads), 119-23, 126
Fenwick on, 108, 114-15
interrupt handlers in, 7
ISVs (independent software
developers), 3, 26, 29, 73,
161
ActiveSync interfaces and,
146-48
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ISVs (independent software
developers), continued
RAPI and, 149
ITV team, 3, 6, 43-45
IUnknown interface, 12

J

Java (Sun Microsystems), 39,
205, 207
embedded customers and,
231-32, 233-34
Virtual Machine (VM), 33,
207, 231
JIT (just-in-time technology),
216
JTAG technique, 209
Jung, Edward, 260, 272-77

K

Kanz, David, 108-9, 135
on networking, 14243
on PC Card Services,

125-26 :
Kath, Randy, 204, 205-9, 234
kernel, 6-7, 10-11, 23, 209,

241

basic description of, 31,
41-60

GWE and, 80

interrupt handling and,
54-55

ISRs and, 7

-level debuggers, 124-25

loader and, 59-60

lookup tables, 116

OAL functions for, 111

portability and, 55-59

porting to new hardware

and, 109, 111-12, 114,

119, 124-25

protection and, 49-50
Sega Dreamcast video
game system and,

237-38

startup sequence, 113
KernelStart, 112-13
kiosks, 234

Kitowicz, Tony, 6, 157-60,
163
Kodesh, Harel, 5, 15, 44, 265
on information appliances,
20, 21-23
Mitchell on, 25
on Windows CE in the
home, 266—67
Kummert, Ted, 20, 24, 34, 230
on embedded devices, 28
on the Sega Dreamcast
video game system,
237-38

L

LANSs (local area networks),
33,137,142
Lapadula, Anthony, 81, 109
on display drivers, 128-30
on the GDI, 96-106
latency, 58, 120-21
linguistic interfaces, 268-69
Linn, Cathy, 18, 162, 230
on the H/PC, 3, 253-57
on the interface between
marketing and develop-
ment teams, 17
Lister, A. M., 9
LoadBitmap function, 84
loader, 59-60
Loadlcon function, 84
LoadImage function, 84
LoadLibrary function, 38, 114,
128, 210
LoadString function, 84
localization, 178-81, 184-85
logging, 65-66, 197
logical AND operation, 52
Log method, 197
logo program, 187-88
loops, 58 .
IParam parameter, 88

M

McCarthy, Jim, 186
McDevitt, Michael, 162
McLain, Jay, 135, 149-51
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Macleod, Kenneth, 204,
209-11
Makefile.def, 220-21
makefiles, 220-21
Make utility, 8
Makimg tool, 222-23
MAPI (Microsoft Messaging
API). See Microsoft
Messaging API (MAPI)
Martinez, Laura, 256
MaskBIt, 97
Masters, Steve, 154, 167-70
Mathur, Sharad, 8-9, 20, 158,
186, 221
on data storage, 63, 64-68,
69-72
on GWE, 80, 81-82
on tools for the compo-
nentized operating
system, 189-90
on the Windows CE
operating system, 34
Mazall configuration, 218
MDD (Model Device Driver),
108, 117-19, 118. See also
- device drivers
memory. See also heap
operations; kernel; RAM
(random access
memory); ROM (read-
only memory)
buffers, 23,27,42,45,52,
56
caches, 104
data storage and, 63, 71-72
embedded devices and, 27
footprints, 100
GWE and, 84-85, 100, 104
mapping, 10, 126
modular operating systems
and, 7-8
out-of-memory dialogs,
84-85
porting to new hardware
and, 110, 126
requirements, 30, 33
updating, in the calling
process, 53
virtual, 10, 50, 51-52, 55-56
Menezes, Arul, 154, 181-82
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menus, implementation of,
83-84, 83
message
handling, 80, 85, 86-92, 89
-passing paradigm, 11
MFC (Microsoft Foundation
Classes). See Microsoft
Foundation Classes
(MFEC)
Mgbase component, 105
Microsoft Access, 63, 189, 214
Microsoft Agent, 269, 271-72,
271
Microsoft At Work operating
system, 28-30
Microsoft BackOffice, 261
Microsoft Bob, 269-71, 271
Microsoft Excel, 12, 246. See
also Microsoft Pocket
Excel
repeating sequences in, 271
user interface and, 156
Microsoft Foundation Classes
(MFCQ), 12, 13, 204-5
Microsoft Internet Explorer
browser, 12, 33-34, 249.
See also Microsoft Pocket
Internet Explorer
browser
communications and, 136,
140-42
development tools and,
209-11
Mobile Channels, 135,
149-51, 230, 249, 253
palettes and, 100
Palm-size PC and, 249
shells and, 160-62
user interface and, 155
Microsoft Messaging API
(MAPYI), 63, 69
Microsoft NetMeeting, 236
Microsoft Note Taker, 230
Microsoft Office, 15657, 269,
271 )
Microsoft Office Assistant,
269
Microsoft Outlook, 69,
14445, 147. See also
Microsoft Pocket
Outlook

Microsoft Pocket Excel, 130,
144, 253. See also
Microsoft Excel

Microsoft Pocket Internet
Explorer browser,
160-61, 253. See also
Microsoft Internet
Explorer browser

Microsoft Pocket Outlook,
230, 253. See also
Microsoft Outlook

Microsoft Pocket Word,
143-44, 253. See also
Microsoft Word

Microsoft Visual Basic, 13, 33,
204, 206-7, 209-15, 226

application design, 214-15,
214

data storage and, 63

embedded customers and,
231-32

programming resources, 39

Microsoft Visual C++, 30, 39.

 See also Embedded
Toolkit for Visual C++

development tools and,
205-11

modular operating systems
and, 9

programming resources, 39

Microsoft Visual J++, 13, 204,
206-7, 209, 215-17

Microsoft Visual Studio, 14,
205, 208

Microsoft Web site, 231

Microsoft Windows 3.1, 4, 57,
137

Microsoft Windows 95, 165,
205

code page concept, 178

communications and, 136,
138

decision to create an
interface resembling, 6

development team, size of,
3

GWE and, 80, 81, 84, 94,
100

interface, similarity of the
Windows CE interface
to, 2

palettes and, 100
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Microsoft Windows NT, 34,
191, 205, 223-24
communications and, 136,
138, 142
DDI (Display Driver
Interface), 99-100, 109,
128-29
DDK (Device Driver Kit),
8, 14, 109, 130, 204, 217,
226
development team, size of,
3
display drivers and, 128-29
embedded customers and,
234
future system software
and, 260, 261
GWE and, 81-84, 94, 100
kernel and, 43-44, 49,
55-57
modular operating systems
and, 8 '
palettes and, 100
similarity of Windows CE
to, 31
Terminal Server, 235
Microsoft Word, 11, 156, 191.
See also Microsoft Pocket
Word
Palm-size PC and, 246, 248
repeating sequences in, 271
Miller, Mark, 135, 136-42
Mincomm configuration, 218
Mingdi configuration, 218
Mininput configuration, 218
Minkern configuration, 218
Minshell configuration, 218
Minwmgr configuration, 218
MIPS processors, 113, 216,
225. See also processors
the kernel and, 44, 45, 49
Nk.exe and, 44
mission statement, 2-3
Mitchell, Bill, 34, 6, 11, 135,
160
on connecting to the
desktop, 14344
on mobile devices, 20,
24-26
MMU (memory management
unit), 23
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Mobile Channels, 135, 149-51,
150, 230, 248, 252

Mobile Computer Products,
135

Modem.inf, 140

modems, 140, 249

modular operating systems,
2,7-9,11

Monsanto, 231

Montague, Mike, 3, 13, 43,
4648

Monte Carlo profiling, 110

Moore’s Law, 30

Morris, Larry, 108, 115-17

Motorola, 7, 249

MountDisk function, 75

MoveFile function, 75

msf component, 211

Msgque (Message queue)
component, 86-92

MsgWaitForMultipleObject
function, 92

multiuser support, 24143

N

native drivers, 121-23. See
also driver(s)

NDIS (Network Driver
Interface Specification),
33, 135, 142-43, 143, 187

NDIS Test tool, 187

NetBEUI, 137

NetBIOS, 137, 142

NetMeeting (Microsoft). See
Microsoft NetMeeting

Nguyen, Kieu, 186, 188,
199-200

Nk.bin, 222-23

Nk.exe, 6, 42, 45, 80, 112

NLS (national language
support), 11, 177

no-compile strategy, 178-79

Note Taker (Microsoft). See
Microsoft Note Taker

Notify function, 75

NSTL (National Software
Test Lab), 188

(@)

ObjectNotify function, 146

Odinak, Gilad, 43, 44-45

OEMGetExtensionDRAM
function, 113

OEMInit function, 112-13

OEMlInterruptEnable function,
114

OEMReadDebugString

" function, 125

OEMMWriteDebugString
function, 125

Office (Microsoft). See
Microsoft Office

Office Assistant (Microsoft).
See Microsoft Office
Assistant

O’Hara, Robert, 250-53

OLE (Object Linking and
Embedding), 13, 144, 245

development tools and,
204, 209-11, 210
OLE32 components, 211

OMAC (Open Modular
Architecture Controller),
232

Outlook (Microsoft). See
Microsoft Outlook

P

palettes, color, 81, 100-103
Palm-size PC, 18, 27, 166,
211, 230
basic description of, 246-53
communications and, 142,
149, 150 -
future device hardware
and, 261-64
hardware design, 247
Mathur on, 34
modular operating systems
and, 8
natural input modes for,
247-53
O’Hara on, 250-53
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Palm-size PC, continued
programming interfaces
and, 12
shells and, 154
taskbar, 166
testing embedded systems
and, 194-95
PAP (Password Authentica-
tion Protocol), 135
Parsons, Jeff, 63, 73-78
PC Cards, 62, 108-9, 125-26,
128
PC Card Services, 109, 125-26
PCI bus, 239-40
PCMCIA interface, 135, 188,
231, 261-62
device drivers and, 32, 113,
116-21, 125-26
file systems and, 23, 73
power cycling and, 76
TAPI and, 140
PDD (Physical Device
Driver), 108, 117-19,
219-20
Pegasus, 5
pens, 99-100, 171-72
Perry, William, 232
Petzold, Charles, 80
Pittsburgh Police Depart-
ment, 230, 232
platform-independence, 119
Plug and Play, 109, 127-30
PNAPI (Position and
Navigation API), 244
Pocket Excel (Microsoft). See
Microsoft Pocket Excel
Pocket Internet Explorer
browser (Microsoft). See
Microsoft Pocket
Internet Explorer
browser
Pocket Outlook (Microsoft).
See Microsoft Pocket
Outlook
Pocket Word (Microsoft). See
Microsoft Pocket Word
pointers, 48, 52, 70
Polygon primitive, 99-100
Polyline primitive, 99
polymorphism, 98
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portability, 2, 7, 55-59
porting
development tools, 123-25
for easy adaptability,
110-15
to new hardware, 107-32
POS (point-of-sale) terminal,
234
PostMessage, 37, 87, 88, 89, 94
power ‘
management, 111, 241
transitions, 76-77
primitives, graphics, 99-100.
See also GPE (graphics
primitive engine)
printer drivers, 131-32, 131
priority inversion, 57
processors, 7, 9-10
AMD processors, 7, 52, 208
ARM processors, 7, 225,
237
Auto PC and, 239, 240, 244
development tools and,
215, 225-26
embedded systems and,
16, 27
integrating new, mile-
stones and, 196
Intel processors, 7, 113
kernel and, 42, 44, 55, 56
MIPS processors, 44, 45,
49, 113, 216, 225
requirements, 30
RISC processors, 27, 209
Strong ARM processor, 225,
234
testing embedded systems
and, 188, 192, 198-200
voice interfaces and, 167
profiling, 111
Project Properties dialog box,
212
PROPIDs, 69-71
protection, 49-50
PSLs (protected server
libraries), 50-55
Pulsar, 34, 250, 254, 273-74
Miller on, 136, 142
Montague and, 43, 46-47
Odinak and, 43, 44-45

Pulsar, continued

program, cancellation of, 5,

29,162
Ul and, 18, 162
Vong on, 162
PVB application, 215

Q

QA (quality assurance) team,
186-87, 192-98
quality metrics, 198

R

R4300 registers, 209
RAD (rapid application
development), 14-16,
234
Radiant, 231, 234
RAM (random access
memory). See also
memory
data storage and, 62, 64-65,
72-73
development tools and,
206, 213, 216, 220
embedded systems and, 16
footprints, 82
kernel and, 42, 48,
51-52
porting to new hardware
and, 123
requirements, 31
testing embedded systems
and, 200
user interface and, 158
RAPI (Remote API), 135,
148-49, 148
rapid development, 14-16,
234
RAS (Remote Access
Services), 12, 135, 238,
248
Kanz on, 142
Wu on, 136
RCs (release candidates), 187
RDP (Remote Desktop
Protocol), 236
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ReadDisk function, 76
ReadFile function, 74
ReadFileWithSeek function, 75
RealizePalette, 97, 102
Rectangle primitive, 99
redundancy, in the toolkit,
11,22,23
RegisterAFS service, 73
Registry, 10-11, 208, 212
communications and, 141
data storage and, 63, 64, 72
HKEY_LOCAL_MACHINE
key, 127,128
Plug and Play and, 127
Registry Editor, 212
remote debug shells, 123-24
Remote Object Viewer, 208
RemoveDirectoryW function,
74,75
ReportStatus function, 146
RF technology, 28, 244 -
RISC processors, 27, 209. See
also processors
RLE (run-length encoding),
132
RNI (Raw Native Interface),
216
ROM (read-only memory),
10, 30-31, 220, 240. See
also memory
communications and, 136,
138
componentization and, 85
data storage and, 62, 72-73
embedded systems and,
16, 208, 216
footprints, 82
kernel and, 42, 44, 48,
49-52
modular operating system:
and, 8 :
porting to new hardware
and, 112
testing embedded systems
and, 190
usage, minimizing, 50-54
voice interfaces and, 168
Romimage tool, 222-23
ROP (raster operation), 97,
130
Roundrect primitive, 99-100



Index

RPCs (Remote Procedure
Calls), 13, 43-44, 4748,
148

Run button, 182

S

SAPI (Speech API), 169, 244
scalability, 39
screens. See also screens,
touch
calibration, 85
startup, 85
screens, touch, 85, 239
drivers for, 113, 121-22
events from, handling,
94-95, 95, 249
Palm-size PC and, 247
user interface and, 163
SDKs (software development
kits), 14, 30
development tools and,
204, 207, 213, 226
GWE and, 80
handwriting recognition
and, 172
Palm-size PC and, 249
voice interfaces and, 168
Seattle Mariners Baseball
Club, 230, 232
Sega, 230, 237-38
SEH (structured exception
handling), 55-56
SelectObject method, 97, 98
SendMessage function, 81, 87,
89-92, 90
SendSystemData method, 197
serial ports, 111, 113, 116-17,
122-24, 247
SetActiveWindow function, 93,
94
SetEndOfFile function, 75
SetEvent function, 115
SetFileAttributes function, 75
SetFilePointer function, 75
SetFileTime function, 75
SetFocus function, 93
SetForegroundWindow
function, 93-94, 93
SetltemData method, 197
set-top boxes, 3, 28

SetWindowPos function, 94

Sharpe, Tim, 165

SHCreateShortcut function,
181, 182

Shell, Scott, 160-63

ShellExecuteEx function, 181,
182

shells, 33-34, 51-52, 153-84

Shetter, Martin, 81, 109

on display drivers, 128-30
on the GDI, 96-106

SHGetFilelnfo function, 181

SHGetShortcutTarget function,
181, 182

Shields, Kevin, 255

shutdown, 76

Sidewalk.com, 268, 275

Silverberg, Brad, 4-5, 29, 45,
260, 264-65

Silverstein, Lila, 162

single programming model,
272-77

SIP (soft input panel), 166,
166, 248, 248

slot model, 51-52

soft dependencies, 96

soft input panel (SIP), 166,
248

Solitaire, 230

Sony Corporation, 20

speech recognition, 169,
242-44. See also voice
interfaces

SQL Server, 63

SRAM, 73, 128, 200, 233

Start button, 166

StartDoc function, 131

StartPage function, 131

startup screens, 85

Stirrat, Chris, 204, 211-15

StretchBIt, 101-2

StrongARM processors, 225,
234. See also processors

synchronization functions, 31

Sysgen (system generation)
tool, 8, 38, 220-22, 221.
See also system
generation

SYSINTR interrupt value,
115, 116

SYSINTR_SERIAL interrupt
1D, 114
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system generation, 8, 35-36,
35-36. See also Sysgen
(system generation) tool

Szot, Keith, 204, 215-17

T

Talisman project, 273
TAPI (Telephony API), 12,
14042
taskbar, 159
task manager, 182
task tracking, 111
TCI (Tele-Communications,
Inc.), 20
TCO (total cost of owner-
ship), 235
TCP/IP (Transmission
Control Protocol/
Internet Protocol), 32,
135-40, 143, 206
IrDA infrared communica-
tions and, 139-40
Winsock API and, 137-38
TDI (Transport Device
Interface), 139
television appliances, 3,
21-23, 28, 190, 266-67
terminals, 235-37
testing
components, 189-91, 191
configurations, challenge
of, 190-95
with the DDTK (Device
Driver Test Kit), 186-87,
197, 200-201
DRTs (developer regres-
sion tests), 195-98
embedded systems,
185-202
internal heaps, 66-67
representation of, in
matrices, 191
selecting configurations
for, 194
strategies, 187-88
usability, 18, 155-57, 156
verifying layers during,
192
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THREAD_PRIORITY_
NORMAL, 57, 120
THREAD_PRIORITY_
TIME_CRITICAL, 57,
120, 121
threads, 31, 66, 67
borrowing, 50
communications and,
137-38
GWE and, 81, 87-95
kernel and, 4243, 48,
50-59
porting to new hardware
and, 120-21
timestamps, 146-47
timing issues, 122-23
TLB (translation look-aside
buffer), 23, 27, 42, 45, 56
toolbars, 6, 84
toolkits. See Embedded
Toolkit for Visual C++;
Embedded Toolkit for
Windows CE (ETK)
touch screens, 85, 239
drivers for, 113, 121-22
events from, handling,
94-95, 95, 249
Palm-size PC and, 247
user interface and, 163
transaction support, 64, 65-66
Trower, Tandy, 154-55, 260,
267-71
Trussel, Bryan, 186, 190-93
TTS (text-to-speech), 154, 169
Tuner Control API, 244
Turner, Frederick Jackson, 17
Tux test, 201 :

U

UDP (User Datagram
Protocol), 234, 238
UI (user interface), 153-84,
215
general design consider-
ations for, 154-55
optimizing, for small
devices, 163-65
Palm-size PC and, 246, 251

UNC (universal naming
convention), 62

unconscious carry, 136

Unicode character set, 71-72,
178, 181

Unimodem, 140

United States Marine Corps,
230, 231, 232, 233

UNIX, 115, 225

UnmountDisk function, 75

URLs (Uniform Resource
Locators), 149, 150

usability testing, 18, 155-57,
156

USB (Universal Serial Bus),
108, 128, 24041, 245. See
also buses

User, 37, 81-82, 86-92

User Assistance group, 18

\"

Vail Resorts, 230, 232

validation, 146-47

VAPI (Vehicle Control and
Information API),
244-45

video game systems, 230,
237-38

video memory, 103—4. See also
memory

VirtualAlloc function, 119, 126

VirtualCopy function, 119,
125, 126

VirtualFree function, 125

virtual memory, 10, 50, 51-52,
55-56. See also memory

Visual Basic (Microsoft). See
Microsoft Visual Basic

Visual C++ (Microsoft). See
Microsoft Visual C++

Visual J++ (Microsoft). See
Microsoft Visual J++

Visual Studio (Microsoft). See
Microsoft Visual Studio

VM (Java Virtual Machine),
33,207, 231

voice interfaces, 154, 166-70,
230. See also speech
recognition
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Voice Recorder (Microsoft),
230 ’

Volk, Patrick, 230, 239-46

Vong, William, 18, 162-67

1%

WaitForMultipleObject
interrupt, 55, 57, 58
WaitForSingleObject interrupt,
55,57, 114
WDM (Windows Driver
Model), 237
Web browsers. See Microsoft
Internet Explorer
browser
Wecker, Dave, 230, 256, 260
on future device hardware,
261-64
on the Palm-size PC,
24649
Wilson, Callie, 199
Win32 API set, 2-6, 10-13, 22,
140-42
Auto PC and, 241
communications and, 134
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