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Declaration of Carmen Debord

I, Carmen Debord, declare the following to be true and correct to the best of my knowledge,

information and belief®

1. Ihave been employed by Thomson Reuters for 6 years, and I currently hold the title of
Senior Research Associate. My duties include document retrieval and legal research at the
courts and govemmental agencies in Washington, DC As such, I am familiar with the process
of searching for and locating documents in a library.

2. 1 was asked to locate a physical copy of the following:

e Brent Ethington, Introducing Microsoft Windows 95, published by Microsoft
Press, Redmond, Washington, 1995 (hereinafter, “Introducing Microsoft
Windows 95%).

Introducing Microsoft Windows 95

3. When searching for copies of books such as Introducing Microsoft Windows 95, I would
expect to locate them in a library. As is typical for a request for this sort of book, I was
able to find a copy of the requested book indexed in the online catalog of the Library of
Congress, which indicated that a copy of the desired volume was available. Ivisited the
Library of Congress, where a librarian provided me with the copy.

4. The Introducing Microsoft Windows 95 was in the condition I expected to find it. On
viewing the issue, I found no reason to suspect that it had been altered or was otherwise

inauthentic. The title page bears a stamp from the Copyright Office dated MAR 31,
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1995, which indicates to me that the book was received or processed by the Library of

Congress on March 31, 1995.

. After determining that I had located the correct edition of Introducing Microsoft

Windows 95 that had been requested, I scanned the cover of the book, the title page, the

copyright page, pages i-xxiv, and pages 1- 85 as requested.

. Attached as Appendix A is a true and correct copy of an excerpt of Brent Ethington,

Introducing Microsoft Windows 95, published by Microsoft Press, Redmond,

Washington, 1995.

. The scanned excerpt of Introducing Microsoft Windows 95 is as it was provided to me by

a librarian of the Library of Congress unaitered, including the Library’s date of receipt

stamp on the title page, which bears the date MAR 31, 1995.

. I hereby declare that all statements made herein of my own knowledge are true and that

all statements made on information and belief are believed to be true; and further, that
these statements were made with the knowledge that willful false statements and the like
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18
of the United States Code. I also understand that any willful false statement may

jeopardize the results of the proceedings in which this declaration is submitted.

I declare under penalty of perjury that the foregoing statements are true and correct.

Execusdon:___ 248 A @4/
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Carmmen Debord
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Introducing Microsoft Windows 85

Compatibility with existing hardware. The wide range of hardware available for CHAPT ER |
Windows 3, |—from scammers to plotters to fax modems to video capture boands— ) -
is enormoy, ly valuable to y ers. While providing support for new, easier-to-use

peripherals though Plug and Play, Windows 95 preserves the huge investment of The M'crosoﬂ wlndows

users and f; by comy y with existing peripherals

and their ag ociated device drivers. 0perating System Family
Performance equal to or better than that of Windows 3.1. In keeping with the

goal of adding value o exigting PC, without requiring additional hardware and

software, Windows 95 maiches or exceeds the performance of Windows 3.1 o

today’s average PC (386DX with 4 MB of RAM). As more memory & added 1o

the PC, performance scales faster than Windows 3.1, As a result, access to all the

new features in Windows 95 should not incur any performance penalty.

Safe, hassle-lree upgrade and migration. Windows 95 makes the upgrade
PIDCESS B oy &5 possible t_‘)' providing a_s‘“‘l’ program that installs cleanly e The Microsoft Windows operating system family provides users and developers with a
Windows 3. Windows 95 includes the Windows 3.1 Program Manager and Fle rich set of services that take full advantage of the broad range of available hardware
Manager so thit uers can migrite 10 the new user interface a1 their own pace platforms, from small form-factor portable systems to multiprocessor servers.
Wi el a o . Wi
Tt < Witalorla 95 715 oy beyomd making PC easiar 10,156 and make thom I|ndt:w\s 95 is for Iuycrs of Irtcl based desktop and laptop PCs. Windows NT :
- i 5 Waorkstation and Windows NT Server are advanced operating systems for workstation
truly ugable, A truly usable PC is more intuitive and automatic, integrates the latest
i : R 2 : v . R and network servers, respectively, and support both Intel and reduced instruction set
technologies, offers superior responsiveness and stability, and is compatible with R o e e o e S e (SMP),
today’s existing software and hardware. Windows 95 alyo aims to make the upgrade computing e et ¥ P ikt
and trangition easy, without pain and without loss of performance or capability. This The scaleable architecture of the Windows operating system family supports the same
book detadls the specific benefits of the many Windows 95 + und user interface. applications, and development wools across an ever-expanding range of
improvements over Windows 3.1. You'll see as you read through the chapters that the hardware. At the same time, the Windows operating systems meet the spectrum of
size and scope of Windows 95 is awesome, and that its features are worthy of its customer requirements, from productivity applications to powerful, ecure, mission-
MIESSIon. critical applications.

Windows 95 and Windows NT Workstation

Because it is not currently possible to have one operating system that fully exploits the
broad range of availeble hard the Mi Windows operating sysiem family,
shown in Figure |, has two distinct design points: one centered on mainstream
systems, and the other centered on leading-edge systems.

14
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Windows 95 AL

Windows NT

Figure 1. A consistent platform for devel deph and training

For mai Systems ( Iy rep by products such as subnotebook and
entry-level deskiop machines), Windows 95 delivers responsive performance fora
broad range of applications while conserving the amount of system resources used.
Windows 95 is designed for use on Intel-based PCs and supports the Intel B0386DX,
80486, and Pentium processors used in mainstream deSktop and portable PCs.

For leading-edge systems, Windows NT fully exploits the capabilities of the hardware
and provides the most advanced services for the most demanding applications.
Windows NT is designed for use on Intel-based and workstation PCs—for example a
MIP§ R4400 or Digital Alpha AXP-based system, a dual-processor workstation. or &
multiprocessor RISC server.

Because of the placed on new solutions, all major operating
system developers—including Microsoft, IBM. Sun (and most UNIX vendors) and
Nuydl—-t_mv: recognized the necessity of moving to a micro-kemnel architecture for
their - .‘,., perating sy* tems. Mi made this over five years
ago and h:sm shipping Windows NT to developef in July 1992 with general
availability in July 1993, This architecture allows vendors to enhance systems to
fespond 10 the rapidly changing requirements of evolving business solutions while
maintaining the flexibility needed 1o exploit new hardware and peripherals,

Both Windows 95 and Windows NT Workstation provi
S g provide a common base of
functional ‘?x“ required by all customers, including ease of use, power,

s i is d 1o and will deliver parity in
basic functionality (such as the user interface) to each platform as quickly as possible-
The differences between the two
Windows 95 is focused on
personal and business appl

¢ Platforms are a result of their different design goals.
making computing easier for anyone using a wide range of
ications on deskiop and portable computers. To protect their

15

Chapter 1 The Microsoht Windows Operating System Family 3

current investment. these users require the highest level of compatibility with today’s
applications and device drivers, Windows NT Workstation is focused on providing the
most powerflul deskiop operating system for solving complex business needs. For
developers; technicallengineering/financial users; and business operations application
users, Windows NT Workstation delivers the highest level of performance 1o support
the mast demanding business applications. It also provides the highest levels of
reliability. protection, and security for critical applications while exploiting the latest
hardware innovations, such as RISC processors and multiprocessor configurations.
This focus on solving business needs is also reflected in the emphasis on mainienance
and regular system updates

Over time, as mainstream systems become more powerful, technologies implemented
first in the leading-edge Windows operating system will migrate to the mainstream

system. technical i will appear first in the main fream
operating system becau ¢ of timing of release  or because some features improve ease
of use for general users. However, the guiding principle for product planning is that the
leading-edge operating system will provide a superset of the functionality of the
mainstream operating sysiem.

For application developers, Micro oft provide, only one Windows programming
platform, defined by Win32—ihe 32-bit Window_ application programming
imerface—and OLE. By ing a few simple guideli PETS CAN WTite A
single application that runs across the Microsoft Windows operating system family.
Optionally, developers can target a specific operating system whose functionality is
i to a particular application, but targeting is not 4 requirement.

Which Operating System?

isi i /i i stems to deploy
The decision about which of the Microsoft \3\ indows operating sy .
should be baged on the tasks tobe sccomplished. The two operating  ystems provide
8 niary set of capabilities that can date a broad range of usage

s Cenarios.

Windows 95 Usage Scenarios

The following examples illustrate scenarios where Window, 9515 the be t choice,

o Most office environments require people 1o perform a variety of gutm_ﬂ tasks,
such as word processing, database queries, OF spcends!w::_:nai ' 5, uSing
ductivi jons, such as the Mi ft Office suite. These people may
i 5 2 g E
;su be using applications that are specific 1o their pamcul:u_tm |mss.T_hmr ;
companies have an installed basc of personal computers, perip! eral devices :;:m
applications, and Windows 95 alloy them to maxintize their investment in

computing infrastructure.

|
_
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Many companiey have employees who spend & high percentage of their working
hourg away from the office—for example. at customer sites, in hotels, or out in
the field—and rely on personal computers 1o help them perform their job.
Windows 95 meets the reg of these mobile usen for the ssme
apphication and device ¢ bility as their office-based coll - but abo
places lower demands on their hardware. including amount of memory. banery
power. and use of disk space

Most users of computers in the home find them both chalkenging and unfriendly.
However. they want 1o be able to take advantage of new capabilities. such as
multimedia, and 1o extily access online information services. Windows 95 is ey
fior all family members to use, yet has the power to do what they want to do. Buth
insor the operating system are nch muluimedia capabilities: the highest levels of
compatibility for running MS-DOS-based applications. such as games: and
connectivity 10 information services, such as the Iaternet or other online services,
In addition. echnology such s Plug and Play allow some users to effortlessly add
new componenis. such as printers, modems. and other peripherals. o their
systems.

Windows NT Workstation Usage Scenarios

The following examples illustrate scenarios where Windows NT Workstation is the
best choice.

L gi wchentific i and other technical users often
need 10 use processing-intensive applications for data analysis and large design
activities Windows NT Workgution, with its wapport for SMP and its porability
10 high-performance platfonms, ~uch as those based on Pentium. Alpha. or
MIPS CPU can provide the performance of a leading-edge workstation or
TiRlcomputer & A fraction of the cost. Moreover. with Windows NT Workstation.
users can als run personal productivity applications on their gy stems.

For indusries that need 1o protect snsitive data or application filex sch s
banking and defe Windows NT Wiork provides 2 ecure deskiop. The
NTF3 file susem. bined with approp security p di helps prevent
wllmujnn_ud_x 5 10 s dems and data, and the wcurity model in Windows NT
K Vi designed to be compliant with C2-level cerification. With these
catures. 8 dngle Windows NT g stem can be shared by multiple wers and il
mantain wcunty for all fileson the sy stem. ;

Muny companie y require high fevels of availability and performance and canoot
affond dow ntime. regardless of which application ix running. Ofien thes types of
gems wre being “right- gzed” from mini and mainframe svsem« For example.
many manufacuring companies use 16-bit applications 1o manage their
ml:ll Iim\:iﬂ\ Windows NT Workgation. these Win |6-based

P Ofls can be munn eparate addre ss space= (often referred 1o 45 e
virmual mahine s), Th if one application fail s the other appli ”‘?‘
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continue to run. Windows NT Workstation also provides complete protection for
32-bit applications and automatic recovery (reboot, if necessary) if the system
poes down

Evaluating Windows 95

As you compare Windows 95 with other operating sysiem products on the market,
including Windows 3.1, you should examine the following areas to help identify the
operating system that best meets your needs and the needs of your system's users

Ease of use

Performance

Compatibility of device and application suppon
Support for networking and connectivity
Support for manageability and administration
Suppon for communications and messaging
Suppont for mobile services and remote access

In the following sections, we briefly discuss these evaluation criteria. The remaining
chapters in this book show how Windows 95 provides the best deskiop operating
system for mainstream platforms in each of these arsas,

Ease of Use

Itis 10 jook at the f-use aspects of an operating system from the
perspectives of both a novice and an expenienced user, Novice users include both
people who have never used a PC and peaple who have used one infrequently, ofien
because they find PCs intimidating. Novices might have mouble moving around the
user interface and might need more information or coaching—for example. from an
online Help system. Expenienced ssers generally interact with more areas of the
operating system than novice sers. and they demand flex ibility, speed, and power.

As you evaluate the ease of use of an operating system. it’s helpful to answer thee

questions:

+  [s the operating system easy to leam and use and efficient for the widet range of
ugers?
Can users discover new featres and new. more efficient way™ of performing tasks
as they become more expenienced?

Does the operating system make it casy for novice wsers o complete common
tasks, such as stanting new applications. wwitching between o ar more active
applications, or manipulating files?

Is the operating system flexible cnough that experienced users.can customize if 1o
reflect the way they interact with the computer?
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Performance

The term system performance refers to how the operating system performs overall
while performing a set of broad tasks—for example. running a group of applications
and programs that ar nomally run simultaneously. The term pedormiance also refers
to the ability of individual sysiem p s or subsystems 1o perform & more
namow yet of tsks—for example, file input/output (10) operations

Several available suites of benchmarks test the ability of eperating systems 1o complete
a set of mgks that are designed 10 mimic real-world wse of a particular PCloperating
system combination. These benchmark suites produce numbers that represent the
responsiveness of the operating system for a given set of commercially available
applications. You can run the same set of applications in your environment and use the
benchmark information to determine the relative performance of various operating
Sysiems.

However, benchmark suites don't tell the whole story. In addition to running
appin:xinn benchmark suites, you should isolate and separately test various
and sub: of the operating system to obtain low-level results that

md‘lmc how well the operating system can support the services used by applications
Arcas isolated and benchmarked on dalone PCs include the
perfonmance of the local file system for disk and file VO, the performance of the
graphics subsystem and video display drivers for graphics and text 1O, and the
pl:rfm'man:t of the printing subsystem fn( printing VO, In addition, you should test

poperating systems in rk for their ability o support
n:nmli 10 throughpat for the supporied network clients, as well as server

P {if supponied by the operating system).

All operating sysiems perform at their best oo a PC that hag the maximum amount of
RAM. However, most users” PCs have less than the maximum amount. You should
run performance tests against different hardware configurations, including memory
ranges from 4 MB 1 16 MB and PCs containing Intel 80386DX, 80486, and Intel
Pentium-based CPUs. Because different hardware resources deliver different
performance festing resilts, it"s important o tes not only on more than one PC
configuration, but alse on hardware that is currently mainstream in the indugtry.

As you evaluaie the performance of an operating system, it's helpful 10 answer these
questions:

*  Does the operating system perform well on 2 wide variety of hardware and
softwarne?

How well does the operating system complete benchmark tests on a site of
applications on a given handware plaform?

How welmocsu:eo!)cming system complese benchmark 1ests on individual
components and device drivers provided as part of the sydem?
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»  Does the operating system perform well as far as network connectivity for
supported network clients or provided network server functionality is concemned?

Compatibility of Device and Application Support

‘When it's time 1o replace an old operating system, a key question to consider is

“Can my company still use its existing hardware and softwane with the new operating
system?” Your company has probably invesied a large amount of money in
applications, printers, modems, and other PC-relaed penipheral devices, It"s impontant
to find out whether the replacement operating system can run with the existing
hardware and software.

It's also important 10 know how broad a range of devices is supponed by the operating
system you choose. No doubt, as your company grows, your ]wdw.u: needs will gww
too. Your choice of an opersting system should not ly restrict the peript
devices your company can buy later. The operating system you choose shoulci include
ample device drivers, not only to suppon the devices you currently own, but also those
you will buy in the future.

When examining device support of an operating system, consider the number of
devices the industry ds that the ng system suppons, and
compatibility with existing device drivers shipped with earlier operating systems or
with the devices themselves.

As you evaluate the device and applicati of an operating its helpful
10 answer these questions:

=  Does the operating system provide broad suppont for your company's existing
hardware and the associated MS-DOS-based and Windows-based device drivers?

Are devices easily recognized, installed, and configured by the operating sysiem?

Does the operating system allow you to run your existing MS-DOS-based or
Windows-based applications as well as MS-DOS 6.x or Windows 3.17

Dioes the operating system allow the easy exchangc of information among
applications, or does it support i ommunication
mechanisms?

Does the operting system provide services for new types of applications, such as
multimedia, remote access, and communications-related applications?

Support for Networking and Connectivity

In a corporate environment, an operating system must be able 10 provide network
support for a broad base of cliems. You should compare each operating system's

ability 1o suppor o yinat as well as how
successfully network functionality and other areas of the system, such as the user
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) imierfnce, are mieguted in each operating $%tem. Bear in mand that in general,
commpanies wte not belln: for the incorporation of proprictary ne twor L functionality in
i operating systan, The ¥ Mant B operating sy 1em w0 uppo rind udr -wide
standasds w0 that Mey don Tt By ' to rely on & Angle ‘endor o uppon a multivendor
environmenl.

As you evaluste thenet or kg support of nn operating 1vsem. 1" shelpful to mswer

these questions:
. * |5 Beoperaling vy %em an open, layered netw brking architecture Urat Tets you mix
o d match beatof-bread componcnts at ¢ very layer?

Dot the operating % %em ha ‘e built-in, nati % support for popular networ o

& * Dot fing %y%em natively support a Wide range of network tran sports,
= such 58 TCPP and IPX/SPX; indutry-wide communication protocols, aich a5
s RPC, NaBIOS | DCE, and named pipe®; and existing network device dandands,
= { sich as Npjis and Opir

Does the operating sysiem provide 8 Simple, consisient wser interface for
BCCEMing the petwork and using network resources?

Floes the dperating system spport an open architecture that allows third-party and
ol retwork operating *ystem vendors io easily integrate or add petwork connectivity
enhancem®nts or application suppon?

/ Support for Manageability and Administration

wre 0w one of the largest experfe® of an MIS organization. Medium and large
bi'in®ise” imvest tens of thoisands of dollars each year, not only on the hardware and
software for new and existing computer syStems, but also for setup and administration
u!ﬂm ‘y'wm. Cumently, the available tools for managing and administering PCs in
have litde I and almost no integration.

ST S iging PCs. These standards will mean betier and
% more integrated management wols for the network administrator, For an administrator
1 10 reap any benefics, however, the operaiing sysiem must support management

%‘lﬂhﬂlmnﬂ:ﬁnmwm ng 10 simplify system administration by
methods for

ﬂwmmnun standards i
Jasui ) fo'w ncs ng ar its infrastructure must be designed for
hwmnww bility and admiini i

¥ temy it's helpful w afiwer the following questions:

Do the operating syssem provide the tools and platform infrastructure for
mechanisms that adhere to existing industry standards,

management
L]
ek an SNMP. and ¥  flexible enough 10 support future standards, such as DMI?
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»  Does the operating system provide tools and mechani ns for MIS organizations

and administratoss (o customize and control the functionality and capabilities on
the deskiop?

«  Docs the operating system provide suppon for managing deskiop PCs remotely
over a network?

Support for Communications and Messaging

With the explosive growth of services such as CompuServe, America Online, and the
Internet, the increase in demand for &n operating system that provides access to online
and mail services has been dramatic. The suppon and services provided by an
operating. sysiem can open the duu' to the Information Age, allowing users to discover

new and possibiliti

As you evaluate the communications and messaging support of an operating system,
it's helpful 1o answer these questions:

+  Does the operating system suppon high-speed ications and backgs
multitasking capabilities?
*  Docs the upcnhug iyn:m provide suppon for mmnummlou hardware; for new
. such a5 sharing pnns [n: unified
device ion; and for i icati b

*  Docs the operating sysiem provide support for industry-standard messaging
services?

= Does d|= operating system provide broad communication and messaging
pabilities, such as faxing, dial-upacce,s and access 1o online
[ services, and i i ion access?

Support for Mobile Services and Remote Access

To realize scamless mobility, users must be able o easily communicate and remain
productive, whether they are in the office. at a customer site. or at home. Users must
be able 1o icate with and clients regardiess of their location. In
addition, transition, from home computer 1o porizble computer to office computer
mast not cause inernuptions in workflow, Including support for mobility services
as part of the operating sy, tem ensures tight integration and connectivity between
portable computers and deskiop PCs, allowing minimal work intermuptions as users
switch from one location andfor computer to another.

As you evaluate the support for mobile services of an operating system, s helpful 1o
answer these que, tior, :

*  Does the operating sysiem suppon remote acces s to the key service or
information you need on your corporate network?
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= Does the operating system have mobust suppon for the dynamic nature of mobie
hardware, such as PCMCIA, power management, and docking stations?

CHAPTER

1

An Overview of Windows 95

Windows 95 is an extremely feature-rich operating system. Virually every aspect of

Windows 95 reflects improvements over Windows 3.1 and Window:

for Workgroup®

This book discusses the areas of technology that make up Window® 95, focusing on
the following features, functionality, and components:

The Windows 95 user inerface

Base system architecture

Robustness

Support for mnning MS-DOS-based applications
Plug and Play

Device support

Networking

Sysiems management

Printing

Communications

Mobile computing services

Microsoft Exchange: e-mail, fax, and more

The Microsoft Network online information service
Multimedia services

Installation and setup of Windows 95
International language *upport

Accessibility

Applications and utilities

Where appropriate, each discus Son includes the following

.

A summary of improvements in Windows 95 over Windows 1. Thi *section
provides a quick overview of ways in which Windows 95 addre ¢ *Window "3.1
problems or improves upon Windows 3.1 functionality. These discussions also
apply to Windows for Workgroup § even though Window *for Workgroups may
not be explicitly identified

19



Key New Features

As you red fhis book, it ¢ important fo keep
hovow Windows O meets those neads. This se
fearores in Windows 95 and the problems 1

| s wide. they are
miptrvaments over Windaws 1.1 in the following arcas
¢ Enseof e
¢ Speed and power
o  Compatibiliny
The fesmueey are further organized by benefiting groop:

¢ Endusers
*  MIS organications

Ease of Use
For End-Users

For end-usen and MIS org alike, imp in ease of use in
Window « 95 fix the probieens idsati fied in Windows 3.1. For example. Jess-
experienced users found overlapping windows and tsks. such as minimizing and

g Windows plex, while more experienced wsers craved greater
efficiency. Rt the improvements go beyond simply solving these problems. by also
encompassing hardware, connectivity, and applications. Window s 95 offers these
sodutiony:

® A ntw ety interface (UT). A shower of improvements greatly enhance s ease of
learmng, usahulity. and efficiency for all users, no matter what their level of
expertise. Novice users can get staried more quickly, and experienced userscan
fully unlock the power o their PCs.

Plaig arid Piy, The goal of Plug and Play is simple: When 2 uger installs a new
hardware device, it works.

Léig filenam e, Sigmaling the end of cryptic B3 filename. long filenames are
Just one example of the many usahility improvements in Windows 95.

P
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For MIS Organizations

MIS find their jobs i g in difficulty as the number of PCs in

& given corporation grows more rapidly than their suppon staff. [n addithon, the
introduction of Windows 3.1 led 10 a senes of secunity, reliability, and management
issues because of its lack of d and lack of

infrastructure. The following features of Windows 95 attack these problems:

«  Built-in networking. Whether a company s running NetWare or Microsoft
networks; IPX/SPX, TCP/P or NetBEUI; NDIS or ODI, Windows 95 has native,
integrated suppont for its network. And addit LANs are casily sup d

The Registry. By holding all pertinent information about the installed
hardware, installed software, and user preferences and rights—and by exposing its
contents remotely through a wide variety of indusiry standard interfaces—SNMP,
DMI, Win32 plus RPC—ihe Registry provides the foundation for a highly
manageable PC.

User Profiles and System Policies. Windows 95 can provide different operating
system and Ul functionality depending on who has logged onto a PC. For
example, a network administrator can prevent a panicular user from deleting
program items no matier which PC that user logs onto, or the administrator can
enforce a policy that requires everyone in a panicular group to have password® of
at least six characiers.

Pass-through user-level security. A PC running Windows 95 can be configured
1o require that remote users and their passwords be passed through 10 and
validated by a NetWare server or Windows NT Advanced Server before those
users are allowed to carry out certain tsks, such as changing the PC's Registry or
accessing its files, either over the network or remotely. This user-level security
allows the existing network-based name space to be leveraged.

Network backup agents. Windows 95 includes agents that support industry-
leading server backup products, making it easier 1o back up information stored on
PCs throaghout the network.

Speed and Power

For End-Users

A major area of concem for end: i imp g the i ip with
which they use Windows. Users want 1o get their work done faster. Th:y want to be
able to run more than one application or computer process al & time instead of waiting
for their PCs 1o finish one task before starting another. They want o bt.nm effective
without sacrificing system stability or performance. And perhaps most |mpu|f|antot ull.
they want to escape the feeling that they take advamage of only a small fraction of
their PCs’ capabilities.
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The faflowing featuree of Windows 95 brng moes poser nd speed

*  Trus presenptive mubtitasking. Windoss 55 can precmen
mpacaums ety and efficiently

Senbeable performance. As the amount of RAM moresses
Wietndines 99 increases move rapadly than that of Wmdows 3
performance, 31-bit srchitecture of Windoss 95

Sepport fur 12-bit applications. Support for the Wis32 APl = Windows 9%
mezns that users can look forward 1o 3 new generation of easeer. more powerfal
msitstheeaded 31-but spplications.

the performance of

Increased robustness. New features mean grester robestness and peosection for
suistiog M5-DOS wnd Windows—based applications. and the highes: kevel of
prosection for new 32-bit Windows—based applications

Muhile computing anywhere. Windows 95 provides both a remaote networking
chient that allows dial-up access 1o eny network (including the Internet ) running
IPX/SIX, TCPAP of NetBELT over PPP. and a dial-in server that lets any PC
rummning Windows 95 act as u secure, single-line dial-in gaseway to a network.
Faster printing. The now 32-bit printing subsystem in Windows 5 means users
wpend less time waiting for print jobs 1o spool and finigh.

Migh-pert, P Both the vidoo play hack engine
(Wideo for Windows)and CD-ROM File system (CDFS) are new 32-bit
somponenty that deliver smwother video and sound reproduction.

Mars memory far MS-DOS-based app The use of p mode
device dy vers and file syviems in Windows 95 means users will moutinely have
140) KE vx murre of free conventional memory available in each AlS-DOS s ssion,
#ven i ey wre comnected o o network, using a CD-ROM drive, a mouse. and o
.

For MIS Organizations

Becuuse M8 | DO nd Windows were not designed for networked enviranments, their
ide n fhusse: environments can result in a string of problems well known to MIS
prifessionas. These problems include not having enough real-mode memory fo fin
Miisslon-critical MS-D0S-—hased applications, and instability under Windows 3.1—for

| becamse of the high.
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example, turning off a Novell NetWare server completely hangs all connected
machines running Windows.

The following features of Windows 95 are just some of the solutions that will make the
job of MIS organizations easier:

32-bit NetWare connectivity, Windows 95 includes a 32-bit network client for
NetWare that is fast and reliable and has a zero footprin in conventional memory.
Windows 95 also includes a similar client for Microsoft Networks,

Multiple network support. A PC running Windows 95 can have multiple
network clients (1o connect concurrently to 8 Novell NetWare server, &8 Windows
NT Server, and so on) and mu]l‘p]: lrauspaﬂs hnduiug LPX.I'SP‘X TCP.I'lP and
NetBEUT) loaded and running simul yina
helerogencous environment.

Universal infe ion client. Mi ft E: the universal inff

client provided with Windows 95, is integrated seambessly into the user interface
and provides a wide range of plug-in services, such as e-mail, online Services,
group applications, and so on. Thus the user has a single interface with the outside
world of i and the MIS has & single client that supports
multiple e-mail and other systems. Windows 95 includes suppon for Services such
as Mi it Mail for e-mail, Mi At Work fax software for faxing, and
Internet mail.

Compatibility
For End-Users

1f an operating system upgrade requires new sofiware, more memory, or new
hardware, then the upgrade's cost is far higher than just its purchase price. Currently,
ugers often have 1o wait a substantial amouant of time—usually until their next PC
purchase—before they can benefit from new technology. One of the biggest goal® of
Windows 95 was 10 make it possible for everyone o stay up o date with the latest
version of Windows.

The following features were included in Windows 95 with thisgoal in mind:
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Compatibility with existing MS-DOS-based and Windows-based applications.
Windows 95 works with and even improves today” * Software.

The same or better performance. Windows 95 runs PCs with at least a JR6DX
processor and 4 MB of RAM at least as fast as Windows 2.1 does—Tfaster in many
cases. Windows 95 requires no additional RAM to maintain performance.

Backwards mwll:lllly vrilh e-dsting hardware devices. Windows 95
SUppONs existing hil bling next
casicr-to-use hardware llr.wah Plug and Play.




For MIS Organizations CHAPTER 3
In term of cq t, MIS izations also have problems ding to & new operating

1,58, s, maiaing cwepBily vih csing asbwirsand e The Windows 95 User Interface

e “en more important, not anly because of the larger scale of the upgrade, but also
be < m e different operating systems might be used by different groups within the

organization. Having 1 support more than one operating system multiplies the
pni:il:rrk MIS ization face. MIS i also worry about the need to
migrate y cf (08 new operating system quickly, easily, and in an orderly way and
about retraining i ers.

Windows 95 addres, es these necds through the following features:

»  Network compatibility. In addition 1o its 32-bit Microsoft Client for Novell
NetWare networks, Windows 95 is compatible with existing real-mode network
clients and existing logon procedures, such as the scripts used by NetWare, When you first boot Microsoft Windows 35, you know immediately that the ofd world

% : of Windows running on top of MS-DOS is no more. Gone are the character-mode boat
A selfl-paced guided tour and Windows 3.1 help. Windows 95 offers 2 guided messages that held meaning only for a very small minority of computer users. Instead,
tour to help novice users and users new to Windows 95 find their way around. In you are graphically carried to the deskiop of the new Windows 95 user interface (L),
addition, an online help system that eases the transition of Windows 3.1 usersw
Window, 95 is only 2 mouse-click away.

More than any other part of the operating system, the Ul defines the user's overall
experience. The casier, more powerful, and more compelling the UL the betier the user
Inclusion of the Wi 3.1 Program Manager and File M: An

fieels about computing and the more productive the user is likely to be. A great Ul
explicit Windows 95 goal is 1o allow MIS organizations and users to 0 switch 1o the helps the computer industry grow because it makes computing easier and more natural
new uger interface at their own pace. In keeping with this goal, Windows 3.1 users for all people. from the novice user to the power user.
«<an opt to continue working with Program Manager and File Manager until they

feel comfortable with the new interface. This chapter discusses the design process that pmdmnd the Ulin Wm:iws 95 a:li
then d the comp of the UL, ized into the foll

=  Easy. Qutlines Ul features that make Windows 95 easy o leamn and use,
especially for those new to Windows.

Powerful. Outlines Ul features that make Windows 95 more powerful “efficient,
and customizable for the experienced Windows user.

Compatible. Outlines Ul features that make Windows 95 easy to leam and 1o use
for those familiar with Windows 3.1.

Designing the Windows 95 User Interface

The overarching goal of the Ulin Windows 95 is 10 make PCs even easier o use for
all people. Fulfilling this goal is a challenge because different people work in very
different ways, Novices want leaming how w perform a task 1o be casy, even at the
expense of effici . However, d users want to d with their PCs,
and they want efficiency and flexibility. In addition, users upgrading from Windows
3.1 want to make the transition without throwing out everything they have already
leamned.
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Windows 95 meets these disparate needs by being scaleable—that is, by being able
10 it the proficiency and preferences of the individual user. For novices. the most
common and essential features of Windows 95, such 2s launching an spplication, wek
switching, and finding a file, are easily “discoverable™ via the Taskbar, with its Stan
button and push-bution tsk hing. For d users, Wind " 95 promotes
efficiency, customizability, and control via such power-user capabilities & the
windw-;Expimr, rich secondary mouse-bunon clicking, properties sheets, and
shoncuts.

Design Methodology

The UL m Windows 95 was not construcied from a bluepsint drawn from a master

icn. [t stanted with clear ot . guiding design principles, and a skilled
team, The design process staried with the basic question, “How can the Ul in Windows
3.1 be improved ™ That question launched a continuous cycle of discarding obd ideas,
conceiving new ideas, and learning- iterating design-usability test-
redesign loop like the one shown in Figure 2

[T

Design

Figure 2. The design loop of Windows 95

Improving the Windows 3.1 User Interface

There was no shonage of information about how the Windows 1.1 UL might be
improved. The tble on the following page summarizes key findings.

The following mechanisms were used o compile this fecdback data:

*  Usability tests. The Microsoft Usahility Lab, described on the following page. is
primarily used for testing usability of new designs. However, 1o better understand
how peopleuse Windows 3.1 and to establish a bascline, several phases of iesting
were dedicated 10 Windows 3.1.

Focus groups. Several focus groups were conducted with different levels of users

1o identify the problems people have with Windows 3.1,

Educator feedback program. A team of Ul designers and testers visited 12
software educat ies. More than any other group of users,

software educalors understand the everyday usage challenges faced by novice and
users, The edk were asked questions such as, “What are the

23

Chapler 3 The Windows 95 User Interface 19

five hardest 1asks for students to leam in WindowsT™ and “What five changes
would you make 1o Windows to make it easier o learn™” The educators also te ged
prototypes of the Ul in Windows 95.

Suggestion database. Thousands of Ul suggestions from Windows 3.1 users and

corporate cusiomers were compiled and analyzed. along with bets-te ger Ul
fecdback.

Make It ... | Problem Areas

Easier to leam for novices |*  Window management {overlapping
and minimized windows) is
confusing.

Hierarchical views (like those in File
Manager) are confusing.
Double-clicking to launch
epplications is not discoverable.

Task switching is not discoverable
As aresuli, many USers NEVer run
multiple applications.

There is too much “middbe
management,” with confusing and
overlapping functionality between
Program Manager, File Manager,
Print Manager, Windows Sefup, and
Control Pancl.

More efficient and customizable for
experienced users

8.3 fikenames are restrictive,

The Ul is not customizshle

Network and copnectivity integration
5 poor,

Putting New Designs to the Test

Conducting extensive five tests in a varicty of scitings with a variety of subjects ha®
been key to engincering a staic-of-the-ant Ul A large portion of the total development
budget of Windows 95 has been expended on this critical activity, and Windows 95 is
probably the most usability-tesied product ever. The following methods have been
used to test the ULin Windows 95:

*  Formative testing in the Usability Lab. Conducted primarily in the
Pl ing Mi Usability Lab, testing collect’ data as test
subjects perform specific 1agks, such as launching a program, finding a file, and
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The Taskbar: Home Base

More than any other feature, the Taskbar, which is shown in Figure 4, exemplifies
the order-of-magninsde improvement in case of use and ease of learning of the Ul in
‘Windows 95, [t is the Ul's anchor. Its mission is i make 95 percent of what a typica
user wints 1o do with the operating system easy to accomplish at all times. The
Taskhar sarted out specifically as a program launcher and task switcher for novices
However, because of its dmplicity and power. the Taskbar is abso popular with
experienced users, who can take advantage of its many other capabilities

Figure 4. The Taskbar

Thetwo key festures of the Taskbar are the Stan button and push-bution task
switching, which are examined in the next two sections.

The Start Button: Up and Running in Seconds

Usability tess on Windows 3.1 have shown that launching Write 1akes a new
Windows user an average of nine minutes. With Windows 95, launching WordPad
takes & lew wker an average of three minutes. 1f only the wsers that launch WordPad
‘fi" the Start button (rather than by another means) are counted, the avernge launch
lime drops below one minute!

The maan reason for this dramatic 3x-9x speed improvement is the Start button, which

is shown in Figure 5. Without knowing about double clicking or complex hicrarchies,
a novice uer of Windows 95 can quickly launch a program and get to work

Figure 5. The Start button and its meny

However, the Start button is much

dt] more than a 5 fFici
capabilfiies include the following: iper-eificient program launcher. s
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Programs. The Stan bunon's Programs menu allows users 1o quickly launch

programs, This meno is the equivaleni of Program Manager in Windows 3.1, and
in fact, when a PC running Windows 3.1 is upgraded 10 Windows 95, the contents
of the program groups in Program Manager are ransferred 1o the Programs menu

Documents. The Start button's Documents menu contains a list of the lau 15
documents opened. This menu provides very quick access o the information most
recently worked with and helps prevent time-consumang and frustrating browsing
It also helps users think of their work in terms of documents (a concept known as
document-centriciry), rather than applications.

Settings. The Stan bution’s Settings menu allows users 1o quickly change or view.
the PC's seitings and options, including the Control Panel (for computer semings),
the Start menu, and the Printers folder. It also allows users 1o customize the
Taskbar 1o suit personal working preferences—for example, 1o specify which
programs should be included on the Stant button's Programs menu

Find. The Find item in Windows 95 goes far beyond the Search feature of File
Manager in Windows 3.1. Searches do need not conform o the *.* searching
syntax, and criteria such as last modification date, size of file, and actual text
within a document can be used to find information

Help. Help has been overhauled in Windows 93 and is easily accessible via the
Stari bution.

Run. The Stan button’s Run item provides enhanced command-line type
functionality.

Shotdown. The Shuidown item provides casily accessible and safe shutdown,
restart, and logofT.

Task Buttons: Task Switching Made Simple

Novices need 1o have powerful features presented 1o them in a Simple and compedling
way; othcrwise they won't use these feaures. Rescarch conducted with active
Windows users indicates that fewer than 50 percent frequently use morne than one
application at & time and cnly 20 percent frequently use ALT+TAB ta% switching.
These powerful features of Windows 1.1 are simply not discoverable.

The objective of the Taskbar is w make swirching among multiple applications as
simple as changing channels on 3 television set. Every open window has a button on
the Taskbar, allowing the user o see which documents and applications are currently
open. Switching applications is 2 simple matier of selecting the desired “channel™ on
the Taskbar. No more minimized program icons; no more disapg windows. The
user can see all the active tasks simply by looking at the Taskbar, the TV Guide of
Windows 95. When a task is minimized imo the Taskbor or maximized from the
Taskbar, animation helps new users understand “where™ the sk goe®
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Task buttons resize themselves automatically depending on the number of active tasks, Display the Start Menu
If the button get too small to be weful, the user can customize the Taskbar. In fact 2
host of other Taskbar configuration options allow the user to customize it in other
ways, including the following:

= Reposition. The Taskbar can be dragged to any perimeter position on the screen. “y comp““er: An EaSier Mwe‘
»  Resize. The width of the Taskbar can be widened by dragging its inside edge. for F“e Management and Brows}ng

File management and browsing n Windows 3.1 are not intuitive. Fewer than 55
percent of Windows users regularly we File Manager, and Fle Manager is e*pecially
confusing and intimédating for novice users.

*  Press CTRL+ESC, and the Start menu pops up.

= Auto Hide. The Taskbar can be hidden and made to appear on the screen only
when the mouse hits the screen edge, by selecting Settings and then Taskbar from
the Stant menu.

Designing a discoverable and comfortable model for browsing and file management

In addition to making task switching dramatically easier and more accessible viathe for the novice user has been & priority for the Ul design team because of the cheerved

Taskbas, the Ul in Windows 95 includes an updated version of the familiar ALT+TAB difficulties with Windows 3.1. Several significantly different designs have been tesied

“cool switch.” It now displays an iconic road map of all active tasks to prevent users and thrown out [n the course of this testing, the design team made the following

from getting bost in an infinite ALT+TAB loop, as was common under Windows 3.1. discoveries about basic file management and browsing:

Try It + Exposed hierachies e intimidating snd

o Dual-pane views—hierarchy on the left and contents on the right—are also
Customize the Start Button intimidating and unintuitive. Novices have difficully understanding the connection

1. Click Start, and then Settings, and then Taskbar. between the logical tres hierarchy pane and the contents pane.

An object-oriented Ul works well for basic tasks but not for complex ones. The
£ 20 i Moo propety sl begpalun s sl 2 general belief is that the more object oriented a Ul i, the casier it i 10 use.
Howewer, this is not the case. Although the direct manipulation of *creen objects
3. Closethe property sheet and check your new configuration by clicking the Srarr to achieve logical results is important for basic tasks (such as dragging a file from
tutton. a folder to the deskiop), direct manipulation 10 carry out more advanced tasks
. (such as dragging a file to a printer icon) is not intuitive. On the other hand,
Hint: You can also add a program to the Start button by dragging a shortcut defined selecting an object with the mouse and then browsing menus or buttons for actions
for the: program i the buton. to perform on that object is intuitive.
Test a Novice

Large icon views are much more comfortable than Hst views.

Find astopwaich and a friend or family member who is a computer novice.

2 Sit the novice down at a PC that i Wi i
26 & chean desking, 15 running Windows 95 with no programs loaded

Ask the novice to start an application that Bl
0 you know i listed on the Programs
meny. Note the time taken 1o successfully yart the application.

Try the same task on 2 PC running Windows 3.1,

(hnmmlimummpknellnm The 1 i
me using Windows 95 should be
the same or faster than the time using Windows 3.1, =

Whether novice users can find what they are looking for and whether they feel
comforiable and “grounded” along the way are the defining charactensticsof a
good browsing experience. Efficiency and speed are less imponant.

The My Computer defauh browsing model is the result of this westing. A folder or
drive can be opened by double-clicking it, or by selecting it and choosing Open from
the File menu. The defaul browsing model brings up a new window in large icon
view, & shown in Figure 6 on the following page.
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Figure 6. Browsing My Computer

To m:ray ad\-'ame:i users this behavior seems combersome. *Why not open in list
view? Ih_ey ask. “Why create a new window that Just clutiers up my screen™ “Why
¥ul open in a dual-pane view? It°s much more efficient for me.” “Why not turn the >
uuihnr':! by default™ All of these possible defuull models and mare were tested
hll‘u:!wsmm y and d:mded because they caused confusion and stress for novices.
i u;‘:::n: ]sl:ﬂwxs:}: are presented only with essential information and
¢ asily “pet to where they just 3
enmamlion Ly ¥ Just were, sa the defaull mode] was
:_i:nlze'tn\fed users can select from multiple configuration options by choosing Options.
e bncw men. Also ft_:t experienced tsers, Windows 95 has a very powerful
w“;r:mr;w\:ng apph?ln_on called the Windows Explorer. In addition, File
indows 3.1 is still availab) f
iRty ilable and can be run for backward

et i o b ks i o xctck i

respond Iosic:allm‘:| r‘:y. Folders can be created within folders. Files and folders

and pasted just |¥|‘b ing dragged and dropped. Files and folders can be cut,

and each windm‘v z:n e n’:’““ within applications can. Views can be cu

that view, The best MME? o it was lest configured and opens automaically in

explore it, or bemer 4 scover the capabilities of the default brow sing model is o
3 ¥et, walch a novice user explore it,
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Try It!
Browse Folders with a Single Window
1. Double-click My Compurer,

2. From the View menu, choose Gpiions. On the Folder propeny sheet, selea the
Browse folders with a single window thar follows you as you open each folder
option

3. Tum on the Toolbar by choosing Toolbar from the View menu.

4. Now double-click the icon for your hard drive. No new window opens,

Long Filenames: Greater Flexibility
When Naming Files

By far the most-requested file system feature since Microsoft first released M5-DOS
is support for long filenames, but until Windows 95 long filenames have not been
possible. Windows 95 allows filenames of up to 235 characiers. An example s shown
in Figure 7. Eliminating the nesd o conform 1o the 8.3 naming convention results in
obvious and large gains in usability. However, o ensure backward compatibality with
existing MS-DOS and Winl6-based applications, extensions have not been eliminated
entirely; they are simply hidden from view by defaalt

#)

Long File
Hame with Na
Extenmon
Figure 7. A sample long filename

Files can be renamed in place in Windows 95 by selecting the file, clicking the
filename, and typing the new name. The hidden fike exten sion is not affected when 3
file is renamed. Files can also be renamed from within the new comman dialog boxes,
including the Open and Save dizlog boxes.

Try It!
Display the File
From any folder, choose Options from the View menu.

Select the View tab,
Deselect the checkbox for the Dan't display M5-DOS file extensions for files that
are properly registered option.
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The Network Neighborhood:
Accessing Networking Features

Thi, section di;cu, se, how the network client in Windows 95 makes browsing
networks not only possible but eny, regardles, of the network provider (Windows
NT Server, Novell NetWare, Windows 95, and so on). For more desails about the
networking capabilities of Windows 95, see Chapter 9, “Networking.”

Network brow,ing is accomplished by means of the Network Neighborhood, which
41t on the deskiop and logically represents the resources not available via My
Computer. Ity icon is shown in Figure §

Hetwork
Neghbohood
Figure 8. The Network Neighborhood icon

Browsing the network via the Network Ny
hard disk

d i5 as easy as b g 3 local

*  Top-evel jon. The Network Neig can be configured by the
network sdministrator 1o display only those PCs, servers, and printers that are in
the user’s p. Top-level i insulates the user from
the vastness of larnge corporate networks. The user can siill browse the larger
network by opening Entire Network from within the Neswork Neighborhood
{Until Windows 95, browsing the larger network was not possible.) When a user
browses a erver, network connections are made without drive “mapping” (the
assigning of new drive letters 1o a specific network resource).

Systemwide support for UNC pathnames. This technology makes obsolete the
proce g of mapping drives and allows natural network browsing via the Network
._Nuwwrlmnd UNC pathname suppon allows a whole hast of usability
Improvements of which network browsing is just one

The Network Control Panel tool. Thi ytool consolidates all networking
configuration in one location, and thereby eliminates the difficulty of configuring
networking under Windows 3.1 and Windows for Workgroups 3.x.

Easy drive mapping. A Map Network Drive button on the Windows Explorer
and browsing window toolbars make drive mapping available in Windows 95

(Power u grs can also right-click M
¥ Compater.) M; drive
connection gin My Computer. - i

Networking und mghility. The UL in Windows 95 was designed from the ground
up with networking and remote access in mind, For example, when a file is copied
overa anrjlmlc {a modem connection}, the Copy dialog box includes an
Estimated time to completion status me sage
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Networking integration with new common dialog boxes. The new common
dialog boxes. which are standardized in applications that make use of them,
provide aconsistent way 1o open and save files on network resources as well as on
local drives. In addition, the Network Neighborhood can be browsed directly from
the common dialog boxes, and the majority of basie file management tasks can be
performed from them.

Try It!
Create a Shortcut to a Network Folder on the Desktop

I. Browse the Nenwork Neighborhood until you find an ofien-used network folder.

Point to the folder, hold down the right mouse bution. and drag the folder 1o the
deskiop.

Choose Create Shorreut Here,
Close the network window,

Double-click the shortcut. The network folder opens in 2 new window, The
shortcut will be available every time you boot Windows 95.

Use the UNC Path to “Run” a Favorite Network Folder

1. From the Start menu, choo®e Run

2. Type the full UNC path to your favorite network folder, uch as

WMETG\PROGRAMSSARAHB, and press ENTER. The folder opens in
a new window, with no drive mapping.

Create a New Folder from Within Common Dialog Boxes

1. Click the Srart button, and then choo e Programs, Accessories, and WordPad.
(WordPad is the word processing equivalent in Windows 95 of Write in Windows
3.1, It uses the common dislog boxes.)

From the File menu, choose Open, and click the Look i d-.mpduwrkl?m. which
provides acces $10 the entire PC hierarchy, including the Network. “Eighborhood.

From the File menu, choose Save, and click the CrcrlfeNrw.Fo\'Jfflron Unlike
in Windows 3.1, where you have to strt File Manager or exdt to the MS-DOS
command prompt to a create 2 new folder, you can creaie 3 fodder when you save

a document.
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The Recycle Bin: Easy Deleting
and Undeleting of Files

The Recycle Bin isan easly recognizsble metaphor for being ahle to “throw sway™
files and then recover them by simply removing them from the bin. Files deleted in
Window + 95, or deleted from the common dizlog boxes in application » that support
them, are moved to the Recycle Bin. Users can remove an item from the Recycle Bin
and drag or cut/copy/passe it to another location, or they can restore it 10 its original
location by choosing Undo Delete from the Edit menu

The Recycle Bin graphically indicates whether it is empty or containg ilems.
Information sbout “deleted™ item s is available in the Recycle Bin's details view, s
shown m Figure 9,

= Hecyel Bin

Figure 9. The Recyde Bin with deleted items and the Recycle Bin details view
showing additional information

Focus on Documents: Working the Way Users Work

OLE introduced the concept of “document-centricity™ by incorporating in-place
editing of objects. In a document-centric environment, the application window changes
and the document stays the same, %0 that ¥oftware works the way people work, mther
than vice-ver’a,

The Ulin Windows 95 picks up on the concept of document-centricity in the following
subtle but powerful ways:

Windows as views of objects. When the user opens an object from anywhere in
the UL a new window opens. Logically, the title of the new window is the same
as that of the object’s icon. For example, when the icon of a Microsoft Word
document called My Document is double-clicked from the anywhere in the Ul &
new window opens entitled My Documeni—Microsoft Word.
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« Document creation from within fakders and in the Windows Explorer. From

within any folder in Windows 95 or from the deskiop, users can create new files in
place by choosing New from the File menu and then selecting a file type. An jcon
like the one shown in Figure [0 is then crested to represent the new file. This
flexibility makes it very convenient 1o manage files based on projects, rather than
at the whim of an application.

Figure 10. The icon for a new Word document

Try It!

Create a New WordPad Document from Within a Folder

. Select a project folder in which you want to create a new WordPad document.
2. From the File menu, choose New and then select WordPad Document

3. Type a name and press the ENTER key

4. Double click the new document 1o open it in WordPad.

Hint: This functionality can also be accessed by right-clicking from within any folder
or on the deskiop.

Backtracking: Undoing File Operations

m, how many times have you said to yourself,
ntally deleting, renaming, moving. nrcfupying a
file that you didn’t intend to? Windows 95 has a simple answer for putting thlng::::‘\ﬂ
the way they were. Windows 95 providesa multilevel undo I'cl:uur: that allows u

undo one or more of their preceding actions. Users can unda file -k!wms.:_enms..
moves, of copies by simply choosing Undo from the Edit menu of any UT window, as
shown in Figure 11 on the following page.

When working with files on your sysiel
“| dign’t mean to do that!” after accide

T e R

. —

o




Figure 1. The Undo command on the Edit menu, which can be used to undo
Mle operations

Try It!

Undo a File Operation

1. Open afolder and select 4 file.

2 Rename the selected file.

3. From the Edic menu, choose Undo Rename 1o undo the rename operation.
Undo Multiple File Operations

1. Open afolderand select afile.

Rename the selected file.

Drag the file from the folder to the desktop.

Delete the file.

Go back to the folder you first opened.

o g

From the Edit menu, chod'e Uindo Delere 1o undo the delete operation.
. Choose Undo Move from the Edit menu 1o undo the move operation.
Choose Lindo Rename from the Edit menu 1o undo the rename operation

Wizards: Guides to Powerful Capabilities

Onginally developed in ications Giro in applicati
p up and used in apy such
;n:ukmwmmmm&w.wimm-mmmu-:mi:my
wf dum_ Mwwmmwdmﬂd but complex. functionality. The
mwmmmww-m:dumthmmmumm
way, il
4 Iml y, walk the user through a process like the one
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Figure 12. The Printer Installation Wizard, which walks the user through the
printer installation process

Windows 95 uses Wizards ghout the op alvmwpfssinamymatm
For example, Wizards are used 10 perfonm the following operations:

Displaying Setup options to the user during the Illuldilﬂoﬂ process
Adding a new device (o the sysicm. such i a printer or modem
Setting up remole access in thc N:_lwnrt Neighborhood

Creating a shortcut for an application

Installing o new application

C:eatin';sa Briefase for synchronizing file, between two PCs
Creating @ workgroup po,t office for u e with the Microsofi Exchange

e-mail client

RO R

ANew Help Engine: Accessible
and Useful Online Information

i 1ely retooled in Windows 95. Iluﬂgwlu\tueniw
e UOIHP:( 'I:yl significantly easier-o-use n:i casier-o-leamn Help

usahility testing and the res ! :
ayalelm.y‘ gitionally. it is now iy easier for indep Sfflgsﬂ-m
(15Vs) and corp 10 i and d:w;opm s 7
Following are brief descriptions of the major features ysiem
Windows 95

i It
«  Simplified interface. Helpin Windows 3.1 was difficult 10 feam and 10 usc.
had three main functions: szx.mxmyw b
not well organized and present t ':ivdm
functions to use when, Windows 95 belmz much mare intudl
a real reference book. Itonly has two Tabs!

|
1
|
|
|
|
|
i
]
|
]
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. S
«  The Contents tab. Organized like a book"s table of contents, the Contents tab A (Click the Progersics for Dispit) sioest bucerio wiovo ditely & it propeay
displays top level “chapiers” (iconically represented s books) from which users shect.
can “drill down™ 1o sublopice (iconically rep  as pages). Many chapters
also have Tips and Tricks subsections that have proved popular in lab testing. Transition Aids: Easy Migration
+ Short Help topics. Topics all it in ane small window, so users don't have to tothe Windows 95 User Interface
o e Sarge, complialed belp tnlormmilon: Windows 95 provides several aids for helping both b ers new to Windows and users
«  Shortcut buttons. New shorcut buttons make using Help even easier in of Windows 3.1 become productive quickly in the Windows 95 UL Usahility tests
Windaws 95. Some Help topics contain shortcut buttons. like the one shown in indicate that, with littke or no additional training, users can complete common tasks
step | in Figure 13, that tke users to the referenced area in Windows 95. For under Windows 95 as quickly as they did under Windows 3.1, or even quicker.
example, & user who is searching for help on how to change the date on a PC Windows 95 offers the following self-paced aids:
can “jump” right to the Clock Control Panel tool from within Help, o Quick tutorial of Wi 95, This tuieial Wwalks ubers Hiough the basics of
Windows 95 and covers topics such & staning programs, task swintching between
open windows, finding information on the local computer, and using the online
Help system. The witorial is designed for both novice users and experienced
To change the date on your Windows users and shows how o complete common tasks.
EotRTIRE «  Transition aids for Windows 3.1 users. The Help system provides additional
1 Cick here [ to view Date/Tine Help topics designed to make the transition to the UL in Windows 95 easier for
Propeties. Windows 3.1 users. These Help topics answer common que®fions 1o help users
2 Inthe Date e, szlect the comect familiar with the companents of Windows 3.1 quickly and easily find the
month, year, and day. | respective tools or commands in Windows 95
MNote 4
. formation in the online Help system. The Help sysiem in
Ty MRS e g iﬁﬂifﬁﬁnﬂmwn the iafcpition AEedd o crmpll the
identily when fles ans crested or < det i ' Troubleshoot
; desired 1ask, Topics include }4_uw To, Tips and Trv.:hs. and ing
categories. Help is always availsble and can be easily accessed by choosing Help
— = ' from the Start menu.

Figure 13. A Help shortcut button iin step 1)

* What's This? button. All Contol Panel 100l in Windws 95 have  ? button it Powerful Features
the right end of their title bars, When the user clicks this bunon, the pointer

dl_lmm:m“mmwk. Ciickinga_nynbject in the dialog box with this pointer Experienced users glean many of the same berefits from the taskbar and the Stan |
mhlw\!_t; Wul’“!?bﬂl Users can also access the question- button-—quickly launching a new program, quickly Switching 10 ancther sk, and o
pointer by right-clicking within a Control Panel 100l on—as novices. However, experienced users need more, including the following:
Try It! .

They nead a powerful way 1o browse and manage file hierarchies, whether they
are local or not.
Use Help's Shortcut Button to Change the Desktop Color
1. From the Start menw. choose Help. 8
) and
« They need fo be able to take shortcuts 1o get msks done mare quickly
2. Select the Index 1ab. effeisatly.

topic. *  They need to be able to do more.

+  They need 1o be able 1o customize the UL to it their needs and tastes.

3 Typedisplay. Doub&cmﬂnbxtgmmpinuw;wmwmx changing
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== |l @ e

: - o Dnve sizes and free space (even mapped network drives)are reported in My
The new Ul in Windows 95 definitely enables the experienced user 1o do more, as the

i, ol o ho Computer.
kA jowing ctions how. |
«  Descriptions of Control Panel tools ane provided. il |
The Windows Explorer: For File Management « Jobsin the print queue are listed in the Printer  folder
print qu | I
_ and Information Browsing - Comments on other computes in the Network Neighborhood can be viewed i
- Th:mw;"??m E"PI'::'I' ;t(m:l:" Fnl_glfr: I"‘;‘“ M"_:f:’u:”ﬁd bl :Fllc M.:nag:;: All the powerful right-click and properties features described in the next two sections
. Sten 115 powertul, xible, eilicient, and cxtensi| - It also solves many of ki N
M Manager's fundamental problems, such as having different windows for different A axppzied & e Windons Explorcs; | "J
1 drives. For many power users of Windows 95, the Windows Explarer will be the i | b
primary interface for navigating through information. Try It! | 1’
B 1 [ = % (£
Copy a File to a Different Drive Without |
Opening a New Window I M
1. Right-click My Computer and choose Explore. Maximize the window. I ' |
e 2. Select a file that you want to copy to a network or floppy drive. |
£ t
A - O faars bt Compary Leges 3. Move o the lefi pane in the Windows Explorer and use the + icons Lo the left d |
. .“". el i the folder and drive icons te find the network folder 1 which you want 10 copy
4 b M 8 the file, Do not click the destination folder. :
& . N Arimapen M W ~ :
Bieas 4. Go back o the right pane where the file is currently stored and drag or i
A feopyly the file o the i folder. i
4 .
Operations like this one could not be performed in Windows 3.1 without opening two
iy Figure 14 The Windows Explorer or more File Manager windows. i !
. m\vﬁz:::!u:ﬂ:;:: :lﬁndws Explorer is 10 experience it firsthand. R[ght-cﬂck to Create a New Folder | ‘E'
1 B8 of its major features: L I the Windows Explorer, right-click an unused space inside a folder in which you h 3
* Single view of a world of information. The Windows Explorer is the eyes of want [0 create 3 new folder. 11
: any PCrunning Windows 95. With it, users can view the entire namespace (all [ I
1 resources; Jocal or connected) from the equivalent of 10,000 fee, or they can 2. Choose New Folder. _|I
2} ;‘_“"“ down 10 the equivalent of 10 inches. My Computer and the Network | r
5 eighborhiood can be browsed and managed, quickly and easily. Shortcuts: For AOCBSSing Obiects i
; * Plexible und customizable. Via the Windows Explorer toolbar and the View Shortcuts ase an extremely powerful 0ol for nereasing cficicncy. They e cspeaily Hh
: menG, Users can view go[ckrmnn:nu in several ways, including lasge icon, small ful i worked environment, Users can creae a shoncul in any object, such a: l!
4 con, fist, and details views. Folder contents can easily be sorted by name, size, e e work folder, Control Pane) tool, or disk drive, and place it anywhere i
1ype, and modification date by selecting the column title. Users can ab o map file, program, nerw D’]_ ation. Opening the shortcut opens the object that the shortcut |
network drives from the Windows Explorer toolbar, o e T‘"_w 5 aﬂFw “:m\plel. .'P:'\“s: creates a shorcut 1o My Netwark Folder on I
is “pointing” to. For ex: 7 ning the shoricut
il E :‘lﬂ' i"wh about objects in details view. Details view provides a wealih 2 network server and drops the shoncut on ““mmﬁ jcons that have a
" context-sensitive information about folder contents. For example: actually opens My Network Hlld'; gmc::sm“ in Figure 15 on the following page. |
P 5 : F e v in the lower-left comer, H
. \ *  Filles retsin their identifying icons. small “jump” amow i |
#
= \ :
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l°.. i The shoriculs and folders are those that appear on the Programs menw Adding or
: i’;i deleting shoricuts and folders changes the items that appear on the menu.
%
# Shartcut 1o My E -
: N Mot properties: For Customizing All Objects
P . L Propenty sheets are a pervasive feature in Windows 95. All objects in the Ul carry
i Figure 15, Shortcut icons for a folder and a program context-sensitive properties that can be accessed and custonvized by choosing
a » > " Properties from the File menu or by right-clicking the object and choosing Properties.
- Sharkcuts are created by selecting an object and choasing Create Shortcut from the Good, consistent, easily accessible property sheets have been a favorite of power-user
| File menu or by right-clicking the object and choosing Create Shoricut. After creation, testers. Try the following examples to see how property sheets work.
W shoricuts can be renamed. If the shoricut is for an dbject that was created after
instaflation of Windows 95 and the object is renzmed, Windows 95 changes the 1
s shoncut definition to reflect the new name. For example, if s user creates a shorcw Tfy It!
§ on the local desktop 1o WServer\Share\Public Folder and the folder is subsequently
renamed, the shortcut will still work, A shortcut can be deleted without affecting the Rename a Hard Drive
: object ko which it paint . 1. In the Windows Explorer or My Computer, tight-click to select your hard disk and
x I shown |
£ Uses for shortcuts are virtually limithess, but the following are some common powerful choose Properges io oped A pooperty sheat e (ke one &y Fighee 16
4 uset for shorteuts: 2. [Inthe Label box, type a new name and choose OK. !
A ®»  Shortcuts in the Programs folder. Shorcuts are an extension of the icons tha 3. From the View mens, choose Refresh, “
v in Program Manager groups in Windows 3.1. The icons simply pointed to an
F executable file somewhere in the file system. In Windows 95, the icons that
3 appear on the Stant button” § Programs menu, which can be customized by 4
4 «choosing Settings and then Stan Menu from the Start menu, also appear as ¥
3 shartcuts in the Programs folder. When a shortcut is added 10 or deleted from the
1 Programs folder, it is also added 10 or deleted from the Programs menu. Asa
1 result, user® can keep shorcuts 1o all favorite programs in one central place,
regardies® of where the programs are actually stored. .|
b *  Shortcuts on the desktop. Power users can creale shoricuts to commonly |
4 scce’sed files, programs, drives, folders, and uti right on their desktops. This i
b capability i* especially powerful with network resources because no complicated i,
2 browsing or drive mapping i required 10 access network folders. I[# i
3 |
% & in apg A shoricut to a lasge file stored on the :H’
- network can be dragged to an e-mail message. When the message recipient
double-clicks the shoricut, the network file opens. This process is much more I|
! efficient than embedding the actial file in an ¢-mail message because the message I
o is smaller, and embedding shortcuts cuts down on file version proliferation. {
5
Try It! /(§

Discover Where the Start Button's Programs Menu Is Stored

*  From the Starr menu, choose Semings and then Start Menw. The Stan Menu folder,
which * a sub-folder of the Windows folder, opens. The Programs folder containg
the items that appear on the Stan button’s Programs menu,

Figure 16. The properties for a disk drive

T e T
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Share a Folder

1. [Inthe Windows Explorer, right-click a folder you want to make available o others
on your neswork and choose Properties.

L Select the Sharing tab,
3, Select Shared As, and then complete the other fields in this dialog box.
Customize a Shortcut Icon
1. Click the Stars button and choose Seftings and Start Menu.
Open the Programs folder,
Right-click any shortcut and choose Properties.
Select the Shortcur wb.
Click the Change fcon button,
Select a new icon for the shortcut and chooss OK.
From the View menu, choose Refresh.

Right-Clicking: For Performing Actions on Objects

Right-clicking, like prop isap text-sensitive feature of Windows 95.
(In this book. “right-clicking™ refers 1o clicking the secondary mouse button. Most
right-handed people set their mouse options to use the lefi button as primary and the
right button as secondary.) Usability tests have shown that right-clicking as a shoricut
way of performing common sctions on an object is a very popular power-user featuse,
However, in general, right-clicking is not a feature that novices discover or remember
50 the vast maj of functions that can be perfi d by right-clicking can also be
performed by choasing the cormesponding menu commands.

The power of right-clicking can be explored by carrying out the following examples.

Try It!

Right-Click the Desktop to Customize It
1. Right-click a blank space on the deskiop.
2. Choose Properties.

Minimize or Tile All Open Windows
1. Right-click a blank space an the Taskbar.
2. Choose Minimize All or Tile Horizontally.
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3. To undo this operation, right-click 8 blank space on the Tasthar and choose cither
Undo Minimize All or Undo Tile.

Create a Shortcut

1. Right-click an object for which you want to create 8 shoricut.
2. Choose Create Shortcut

Drag a File and Create a Shortcut

1. Right-click and drag a file from the Windows Explorer onto the deskiop. A menu
like the one shown in Figure 17 appears.

2. Choose Create Shorteun(s) Here.

Figure 17. The menu that appears when a file is dragged using the right
mouse button

Right-Click a Screensaver to Test It

1. Choose Find Files or Folders from the Start menu,

2 Type bezier and choose Find Now.

3. Right-click Bezier.

4. Choose Test.

Close a Task from the Taskbar

1. Right-click the Task button for & witidow or program you want 1o close.
2 Choose Close.

Access the Property Sheet for an Open Window

L Right-click the mini-icon in the upper-left comer of any window.

2  Choose Properties.
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The Control Panel: The Consolidated Control Center
The objective of the Control Panel is to consolidate all command, control, and
configuration functions in ane location. With Windows 3.1, these functions were
difficult o find, wse, and for example, video was changed in

Windows Setup, but & printer was installed by selecting the Control Panel’s Printers
icon. As shown in Figure 18, in Windows 95 distinct graphics make all important
functions instantly recognizable and previews are offered where appropriate.

Figure 18. The large icon view of the Control Panel in the Windows Explorer

The individual functions available through the Control Panel tool are discussed inthe
relevant sections of this book—for example, the Network tool is discussed in Chapter 9,
“Metworking.” However. one Control Panel waol, Display, controls the configuration of
the Ul in Windows 95 and allows users 1o customize the Ul itself. As shown in Figure 19,
its property sheet has the following four tabs:

*  Background. Allows pattern and wallpaper configaration and preview.

* S B Allows screen saver

iguration and preview.

*  Appearance. Allows configuration and preview of all of the user interface metrics

(fonts, siaes, colors, and 50 on).
Settings. Allows configaration of monitor resolution and color paletie size.

Chapter 3 The Windows 95 User intertace a || |

: T

Figure 19. The display properties

e o—— i e (s

|
Try It! 1
Switch the Display Resoluti s
Dynamic resol jtching allows the of the display to be changed it

i i indow! PC. This feature depends on
ithoit having to restan Windows 95 or rehol the
:evml factors, including the type of videa cand and the selected color paletie.

L. Choose Semings and then Control Panel from the Starr menu.
2. Open the Display icon. |
3. Select the Settings mb.

4. Set Color Palette to 256 colors and click Apply Now to restart your PC.
5. After your PC restars, repeat steps 1 and 2 10 reopen the Display icon.

i i card by sliding
6. Choose another video resolution that & supported by your i
the Desktop Area slider bar, For example, change the deskiop afea Size
640 x 480 to 1024 x 768,

e

=4

Click Apply Now.

MNow try playing an AV1clip.

35



“ Introducing Microsoft Windows 55

Finding Files or Folders: Easy and Efficient Try it!

A powerful new Find utility is built into Windows 95. As shown in Figure 20 and Save the Its ona C
Figure 21, it goes far beyond the minimal functionality of File Manager's Search
utility in Windows 3.1 1. Click the Srart bution, and choose Find and then Files or Folders

2. Type a partial string that you know will be present in many files, such a rep
or doc.

Select the Date Modified tah

Select Modiffed during the previous seven days.
Select the Advanced tab.

If necessary, select a file type.

Click Find Now.

When the find operation is complete, choose Save Search from the File menu
(Notice that because the Find feature is 32-bit preemptively multicasked, you have
control and can go perform other tisks while Find is running.) A Find Results icon
is automatically created on the deskiop.

Deuble-click the Find Results icon.

The Printers Folder: Consolidated Printer Control
Figure 21. Searching in Windows 3.1 The Printers folder, shown in Figure 22, offers one-stop shopping for printer

The Find wility i . and ¢ ion. It replaces the Print Manager and Printers
1 uility includes the following features: dialog box in the Windows 3.1 Control Panel, which is shown in Figure 23 on the

*  Partial name searches. Type rep in the Find Files Named window, and all files following page.
and folders with rep somewhere in their names ase found

1 Printers
Searches on last modification date. Because files can be searched on their last ¥
modification dates, users can perform searches such as Find all Word documents a
modified in the kst 3 days. @ Q § &

Full-text searches. Documenis containing specified text can be searched for. [Add Prrdei] HP Laserdel [l HP Laseual Tektiorns
U inoom 2481 s Phases PG|

Suving of search results. Complex or useful searches can be saved.

File management from the scarch Operations such as

file* or viewing file properties can be camied out within the results pane in the Figure 22 The Printers folder in Windows 95
same way as in the Windows Explorer
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Figure 23, The Printers dialog box in Windows 3.1
The Printer, folder is discus;ed in more detail in Chapter 11, “Printing.”

Font Settings: More Powerful Font
Management and Preview

The Fonts folder represents a single namespace in which all fonts used in the system
can be insalled or manipulated. (If any fonts are identified in the WIN.INI file,
Window, 95 moves them 1o the Fonts folder on startup, so all fonts in the system

re idein a ingle location. ) Different views of the Fonts folder present additional
information about the fonts installed in the system, as shown in Figure 24.

S A R

Coumsbiew  Couris ConmeMew  Spmbcl T bom
Bald Pk Fomar,

|| T
Trrhies  Wirghro
Foman ilde

Figure 24, The large lcon view of the Fonts folder

Openution gcan be performed on fonts in the same way they are performed on other file
sysiem objects. For exampie,  font can be removed from the Fonts folder by dragging
it 1o another location, a font can be deleted from the system by deleting it from the
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Fonts folder, and a font can be added 1o the system by dragging it from an
location into the Fonts folder.

Try It!
Preview the Fonts

1. Open My Computer and double-click the Fonts folder, or open the Fonts icon in
the Control Panel.

2. Right-click the font you want to preview.
3, Choosc Open. Samples of the sclected font are displayed and may be printed.

Quick Viewers: Examining Files
Without Opening Them

The Quick Viewers allow users to preview a file from the Ul without having 1o open
the application that created the file. In fact, users don't even have o have the
application that created the file on their system. As a nesult, documents can be sent
over a network or through e-mail. Figure 25 shows a quick view of a Microsoft Excel
worksheet.

Figure 25, A quick view of a Microsoft Excel worksheet

For more information about the Quick Viewers in Windows 95, see Chapter 20,
“Applications and Utilities.”
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R - Opening documents from a command-line

Try It

Quick-View a File Using cut/copy/pasie operations o integrale information from MS-D0S and
Windows—based applications

Scaling the ize of the M5-DOS command prompt

L Right-click an icon for a file created by a registered application—for example, a

bitmap, a text file, or a WordPad document s UNC pathname support

2 Choose Quick View. See Chapter 6, “Support for Running MS-DOS-based Applications.” for more

information
Compatibility

Compatibility is a requirement for Windows 95. It is a no-excuses, “no-brainer™
upgrade from Windows 3.1. Overall, compatibility is most important for third-party
software and hardware. However, it also applies to the UL The Ul in Windows 95
st be compatible with the way curment Windows and MS-D0S users work, and it
must scale itself to the level and preferences of individual users.

For Users of Windows 3.1

Of primary importance is that new U1 features be easy for current Windows 3.1
users io leam at their own pace. In addition, Ul visual elements and operations in
Windows 95 must be consistent, to the extent possible, with the elements users are

already familiar with in Windows 3.1. In addition 10 providing aids for users migrating
from Windows 3.1, Windows 95 also includes tools familiar 1o Windows 1.1 users. For
example, the system menu in the upper-left comer of most windows, and keyboard
shoncuts such 38 ALT+F4, ALT4TAB, CTRL4X, CTRL4C, and CTRL+V, are present in
Windows 95, casing the reg for g O

With minimal changes in appearance, Program Manager and File Manager run under
Windows 95 and are easily accessible via the Start button. As of this writing, the
designs for access and defanlt configuration of these Managers is not yet set. For
example, when a user who has upgraded boots Windows 95 for the first time, the
Program Manager window might be open. Or the Stant button might have a
Windows 3.1 Compatibility menu item that will launch Program Manager and File
Manager. Regandless of the final design, many help and leaming devices will be
specifically designed for the upgrade, such as a Click Here to Begin arrow that
z00ms to the Taskbar when the user first boots Windows 95.

For Users of MS-DOS

Users of the command line in MS-DOS won't have to give it up when they move 1o
the graphical UL of Windows 95. In fact, “command-line junkies” will find that the
usability and power of the M5-DOS command prompt have been dramatically

improved. New line fi dity includes the followi

*  Launching Windows—based applications

ng:
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CHAPTER

Base System Architecture

Ease on the surface requires power and speed at the core, and the modem. 32-bit
architecture of Windows 95 meets these requi Freed from the limitatioss of
MS-DOS, Windows 93 preemptivel ks for betier PC responsi fior
example, users no longer have 1o wait while the system copies files—and delivers
increased roby and p jon for appli Windows 5 also provides the
foundation for a new generation of easier, more powerful multithreaded 32-bit
applicuions. And most important, Windows 95 delivers this powes and fobustacss on
today's average PC platform while scaling itself 10 take advantage of additional
memoty and CPU cycles

The mission of Windows 95 is to deliver a complete, integrated operating sysiem that
offers modern, 32-bit operating sysiem technology and includes built-in comnectivity
suppart. In addition 1o the high-level mission of Windows 95, market requirements
dictate delivery of a high performance, robust, and completely backward-compatible
operating system that provides 2 platform for a pew generation of applications.

This chapter discusses the base sysiem architecture used by Windows 95, The base
architecture covers low-level system services fior managing Memory, aCCessing disk
devices, and providing robust support for running applications.

Summary of Improvements over Windows 3.1

Improvements made 10 the base architecture of Windows 95 result im many benefits to
users. Following is a summary of some of the key improvements:

» A fully integ
separate copy of MS-DOS has been eliminated.
Pr pti king and dinj mppmSyslmu,mivum
and smooth background processing have been improved-

Led 32-bit protected-mod ting system. The need for &
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Jl.bll instaliable file systems. Systems such 85 VFAT, CDFS, and network
di . provide better p u kof long
architecture thal supports future growth

and an open

T'ﬂ—bl device drivers. Avalable throughout the system, these drivers deliver
improved performance and intelligent memory use.

A complete 32-bit kernel. Included are memory management, scheduler, and
PrOCEss management

" 1 ide

and cleanup. This more stable and reliable
up after an ends or crashes

Mored e envi fi The need for users 1o tweak thei
y n i
system *is reduced. danids e

operting i 5o ch

Improved system capacity. Included are betier system resource limits 1o address

the peoblems Windows 3.1 users encountered when running multiple applications.

A Fully Integrated Operating System

The first thing that users of Windows 3.1 and MS: i i
¢ ¥ . -DOS will notice whe
:hl!lf cnmp':m is the lack of an MS-DOS command prompt from :hulr: :J'::; :n;nm;n
formerty have invoked Windows. Windows 95 is a tightly intey i
. v grated operating system
uul_lna:“sda:u‘a precmptive m\lllm:\s!upg kemel which boots directly into the ;tp:iﬂ::[
50 provides full compatibility with the MS-DOS operating system.

:‘::“\{':I‘:::'cc;nlmu‘“ of Windows 95 overcome limitations inherent in MS-DOS
: = 131, vau. these improvements do not come at the cast of
ompatibility with existing software, hardware, or computing environments.

A Preemptive Multitasking Operating System
1;hcjd: Ufﬂmopaming. System is 10 provide services to the applications running on

¥ and, ina i
+ 10 provide support that allows more
y. In Windows 3.1, multiple applications ran

P g manner. The Windows 3.1 operating system
sige quene every once in a while 1o allow the

than cne appl_iaslinn b run m;n‘rell[
5 s

required an application to check the mes
OPETANNG SySlem (o give control to other running applications. Applications that did

ﬂucha:knuumsequuwa&eq 1
: uent basis effecti
and prevented switching to another running task. e O o

Windows 95 i itaski
bt ;ﬂ:;:mw multitasking mechanism for running Win32-based
ke ki ke £ system takes control away from or gives control 1o
e e depending on the needs of the sysiem. Unlike Win16--based
i nvot need 10 yield to other running tasks in
. 'y manner. (Win 16-based applications are still
CLEENR ¥ reasons.) Windows 95 provides a

order 1o muktitask in & frie;
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mechanism called multithreading that allows Win32-based applications to take

d of the p i litasking nature of the operating system and that
facilitates concurrent application design In operating-system terms, a running Wini2-
based application is called a process. Each process consists of at Jesst a single thread.
A thread is & unit of code that can get a time slice from the gperating system 10 run
concurrently with other units of code It must be associsted with a process, and it
identifies the code path flow as the process is run by the operaling sysiem.
A Win32-based application can spawn (or initiate) multiple threads for a given
process. Multiple threads enhance the ap for the user by improving

and ziding £ 4 p

and resp

Because of the preemplive multitasking nature of Windows 95, threads of exccution
allow background code 1o be processed in & smooth manncr. For example, a word

P ing application (pr impl multiplé threads 10 enhance operation
and simplify interaction with the user. The application might have one thread of code
responding 1o the keys pressed on the keyboard by the user 1o enter chamctersin a
document, while another thread is performing background operations such as spell-
checking or pagination, and yet another thread is spooling a document to the prister in
the background.

Some available Windows 3.1 applications provide functionality similar to that just
described, However, because Windows 3.1 does not provide a mechanism for
pporti i ded applicati app developer has 10 implement
a threading scheme. The use of threads in Windows 95 facilitates the adding of

i i by their devel

P aof ion L0 app ¥

App that use multithread iques can also take of improved
processing performance available from a symmetric multiprocessing l_SMPl sysiem
running Windows NT, which allows different portions of the spplication code o Tun
on different processors simultaneously. (Windows NT uses a thread as the urit of code
1o schedule symmetrically among multiple processors.)

For information about how Windows 95 runs MS-DOS-based q;pt@ﬁnm ina
preemptive manner {as Windows 3.1 does today), Wh\lM app'hcam?ns_:u a
cooperative manner (as Windows 3.1 does today), and Mn!:«bg.u.d applications in
a preemptive manner (38 Windows NT does today) see later sections in this chapter.

No CONFIG.SYS or AUTOEXEC.BAT?

W indows 95 doesn’t need the scparaie CONFIG.SYS of AUm_XEQ.BAT file
required by MS-DOS and Windows 3.1, Instead, Windows 95 5 mﬂl.u_gmt ahoul
the drivers and settings it requires and auromatically loads the appropeiate driver
files or makes the appropriate configuration sellings during its boot process. Ifa
CONFIG.SYS or AUTOEXEC BAT file is ;rml.lhes:‘mnymﬂmﬁlﬁ are used
to set the global environment. For example, the default wlm:h path or urldelnm_ a
appearance of the command prompt can be defined by using the appmpnm uu;frss
the AUTOEXEC BAT file. While Windows 95 itselfl does not need a CONFIG.
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or ﬂ_tLl'I'UEJCEC.BAT file, compatibility is maintained with existing software or
environments that may requine one or bath of these files.

No MS-DOS?

Unlike W:ndw§ 3_.1 5 Windou; 95 is not dependent on real-mode operating system
mmpom:iw{or s interaction with the file system. However, the Windows 95 oot
sequence 4 begin by loading real-mode Operating System components that are
compatible with M5-DOS. During the boot sequence, suppart for losding any resl-
mode drivers and TSRs that are identified in a CONFIG.SYS ar AUTOEXEC,BAT
file is processed. Because these drivers explicitly look for or use MS-DOS application
suppon_,l!u m!.-mndn operating sysiem components of Windows 95 help maintin
£Cl'vlpanP||.|:}' with software that users already have on their system. After the real-
mode dnver\ are loaded, Windows 95 begins loading the protect-mode operating
sysrqn cm?amms. In some cases where 2 protect-mode Windows-based driver is
!'smwdud_. Windows 95 actislly removes real-mode drivers from memory. More
information about this subject is given later.

32-Bit Versus 16-Bit Components

x:::’:?ditda:::u: :iem:‘md:elivains compatibility with existing applications
a ze ‘Operating sy tem working set, and offeri
;?:ﬁﬁsr;:?cmwmm : :\}rcr Windows 3.1, Windows \lssums ncnmh’t:a’:i‘lm of
o n general, 32-bit code is provided in Windo 95 mi
the performance of the system, while 16-bix code bal e
: ‘ ances the requirements fi
md.::m; the s::;{llm ss;s;cm and maintaining compatibility \:'q:h elisti‘n‘: "
ot st y is also without a cost in terms

Tllidﬁiy! of Windows 95 deplays 32-bit code wherever

P Lok )
£ B A ot s

retained where it i Jrequired 1o maintin compatibility, or where 32.bit code woukd

it significantly improves
. Existing 16-bit code is

U0 syt s dvesdve P peocance Al

nvers

c;!g:::ms. are fully 32-bit, as sre all T Z;;:.“:r:}:mm s
nents (the keme! manage: the

dism?:ution ;(h;z—bil oizd\;:rsus 16-biy ”" Fw'lmm“ il

s code present in Wi 95 for system-level
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Figure 26. The relative code distribution in Windows 95

As shown in the figure, the lowest-level services provided by the operating system
kemel are provided as 32-bit code. Mast of the remaining 16-bit code consists of hand-
tuned assembly language, delivering performance that rivals some 32-bit code used by
other operating systems available on the market today. Many functions provided by
the Graphics Device Interface (GDI) have been moved to 32-bit code, including the
spooler and printing subsystem, the font msierizer, and the drawing opentions
performed by the graphics DIB engine. Much of the window management code
(User) remains | 6-bit 1o retain application compatibility.

In addition, Windows 95 improves upon the MS-DOS and Windows 3.1 environments
by implementing many device drivers as 32-bit protected-mode code. Virual device
drivers in Windows 95 assume the ionality provided by many real-mode MS-
DOS-based device drivers, eliminating the need 10 load them in M5-DOS, This
technique results in a minimal conventional-memory footprint improved performance,
and improved relizbility and stability of the system over M5-DOS-based device
drivers.

Virtual Device Drivers

A virtual device driver is a 32-bit, protected-mode driver that manages a sysiem
resource, such as a hardware device or installed software, so that more than one
application can use the resource at the same time. To understand Lhe improvements.
avaitable in Windows 95 over the combination of MS-DOS and Windows 3.1, it helps
10 have a basic understanding of what virtual device drivers (VxDs) are and the role
they play in the Windows 95 environment.

The term VD refers to a general vintual device driver, with @ representing the type of
device driver. For example, VDD is a virtual device driver fora di_!pll)“ﬂﬂ'ict. avViD
is a virtual device driver for a timer device, a VD is a virtual device driver fora




printer device, and 5o on, Windows uses virtual devices 1o support multitasking for
MS-D08-based applications, virualizing the different hardware componenis on the
system w0 make it appear to each MS-DHOS vinual machine (VM) that it is executing
on its own computer. Virual devices work in conjunction with Windows o process
interrupts and carry out MO operations for a given application without disrupting how
other apphications ran.

Vinual device drivers support all hardware devices for a typical computer, including
the programmable internspt controller (PIC), timer, direct- memory-access (DMA)
device, disk controller, serial ports, parallel ports, keyboard device, math coprocessor,
and display adapler. A virual device driver can contain the device-specific code
needed 10 carry out operations on the device. A vinual device driver is required for any
handware device that has scuable operating modes or retains data over any period of
time. In other words, if the state of the hardware device can be disrupted by switching
between multiple applications, the device must have a corresponding virtual device.
The virtual device keeps irack of the state of the device for each application and
ensures that the device is in the cormect state whenever an application continues.

Although most vinual devices manage hardware, some manage only installed
software, such as an MS-DOS device driver or a terminate-and ident (TSR)
puymh&ﬂnmvi:“ml devices often contain code that cither emudates the software or
engures that ware uses only data applicable 1o the currentl i icat
ROM BIOS, MS-DOS, MS-DOS device z‘r:]\tls. and TSRs wn\'i:erﬁxﬁxlmum.
routines and operating. ions that applications use 1o indireetly sccess
the hardware devices. Virtual device drivers are sometimes used lo improve the
performance of installed software—for example, the 80386 and compatible
microprocessors can run the 32-bit protected-mode code of a virtual device more
l.'l'l'asl.mlly than the 16-bit real-mode code of an MS-DOS device driver or TSR. In
addmo_n. performance is enhanced by eliminating ring transitions that result in
ﬂfﬂ:llll\g;i-“t i that access 16-bit real-mode services, becauge with
virtual device drivers, the system can stay in proteced-mode.

MS-DOS FAT file system
SmartDrive
CD-ROM file system
NNawww:crU drivers and network transport protocols
ctwork client redirector and network
Mouse driver sdipitn
P[;‘!S-DOS SHARE EXE TSR
sk device drivers including support for SCS1 devi
ces
DriveSpace (and DoubleSpace) disk COmpression
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In summary, in Windows 95 VxDs provide the following advantages:

» Improved performance as a result of a 32-bit code path and the elimination or
reduction of the need to swilch berween real and protecied mode
Reduced conventional memaory footprint by providing device driver and TSR
functionality as protected-mode components that reside in extended memaory
Improved system stability and reliability compared 1o MS-DOS device driver
counterparts

Vinual device drivers in Windows 95 can be identified by VXD extensions, and
virtual device drivers from Windows 3.1 can be identified by 386 extensions.

The System Architecture
Layout in Windows 95

Figure 27 illustrates the layout of the base system architecture for Windows 95
Components of the system are divided between Ring 0 and Ring 3 code, offering
different levels of system protection. The Ring 3 code is protected fn?m other running
processes by protection services provided by the Inte] processor anchitecture. The Ring
0 code consisis of low-lkevel operaling sysiem services such s the file system and the
virtual machine manager.
Ring 3 (System YM)
lblﬂllT [ . I =
I
L '.s,-m-mm_| ,;‘l | Ring3 | Ring3
w | == (MS-DOS || (MS-DOS
Formsl e VM) VM)
fiiey [ Wialé
window mgmt I

Wogd
Virtual Machine Manager |
Pager, Scheduler, DFMI server

Protect-mode file system
VFAT, CDFS, SCS1, Network.

| 4 ich supports

Figure 27. The integrated architecture of Windows 95, whi

:ui‘:ﬂnt. MS.DOS-hased, Winl6-based, and Win32-based applications
Win6-based, and Win32-based
discusses the provisions that the

Figure 27 also depicts the way that MSDOS—N&:!
applications run in the system. The fn!lu,nmg section
sysiem makes for running these applications.
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Support for Win16-Based Applications

Winl 6-hased { 16-bit) applications run together within a unified address space and nn
in a cooperatively multitasking manner, as they do under Windows 3.1. Win 16-based
applications benefit from the preemptive multitasking of other system components,
including the 32-bit peint and ications sub and the imp

in system robustness and protection from the system kemel in Windows 95.

Based on customer needs, resource needs, and market needs, three goals drove the
architectural design of Winl 6-based application support: compatibility, size, and

F Functionali j such as p ptively running Win 16-based
applications 1ogether in the Winl 6 subsystem or running Winl 6-based applications
in separate VMs, were considered, but each of the options considered failed to meet
the three design goals. The following discussion provides some insight into the:
architecture of Windows 95 as far as running Win |6-based applications in a fast,
stable, and reliable way is concerned.

Compatibility

Fgmaﬂd foremost, Windows 95 needs to nin existing Win 16-based applications
without modification. This factor is extremely important to existing users who want
to take advantage of the new functionality offered in Windows 95, such as 32-bit
networking, but don't want to have to wait until new Windows 95-enabled
applications are available on the market.

Windows 95 builds upon the Windows 3.1 platform to provide support for running
existing Winl 6-based applications and using existing Windows-based device drivers,
while providing support for the next ge ion of 32-bit applications and comp
Windows 95 exiends the Windows 3.1 architecture in areas that have liule or no
impact on compatibility, as well as enhances the architecture 1o deliver a faster, more
powerful 32-bit operating system.

While many newer compuier purchases are Intel 80486-based computers with 4 MB

:t &MB (or more) of memory, & high percentage of 803860 X-based computers with
MB of memory running Windows 3.1 are still in use, To support the needs of the
market, Windows 95 must run on a base platform of an Intel 80386DX~based
computer w_.h_‘ MB of RAM and Pprovide access 10 its new features and functionality
without requiring an upgrade of existing hardware or the addition of more RAM.

To meet its goals, Windows 95 i

s designed i
Nk e than Wi i designed to occupy a working set of components no

" reby ensuring that any Win | 6-based application runatn
; & peroeived speeden_ld MB or 8 MB (or greater) computer run:TLbe same (or 7
igher) speed under Windows 95 without suffering any performance degradstion. To

meet the size goals of Windows 95, Win!6-based applications run within a unified
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address space, resulting in linle overhead beyond that required by Windows 3.1 1o
suppon the running of Windows—based applications. Running in a unified address
pace allows Windows 95 not oaly to fit on a 4 MB computer, but also o perform
well, The architecture of Windows 95 includes inpovative design feames, such as
dynamically loadable VxDs, 10 decrease the working set of components gnd memory
requirements used by the operating system.

Meeting the size design goal {as well as meeting the compatibility goal) precluded the
strategics of ranning Win|6-hased applications in a separate VM (by running a
separate copy of Windows 3.1 on top of the operating sysiem, which would involve
paying a several megabyte “memory tax™ for each application) as O5/2 does, or of
emulating Windows 3.1 on top of the Win32 subsystem (which would also involve
paying a “memory tax” for running Winl 6-based applications) as Windows NT does.

Running Winl6-based applications in separate VMs is very expensive memory-wise.
This strategy would require separate GDI, USER, and KERNEL code in each VM that
is created, increasing the working set by as much as 2 MB for each Win | 6-based
application that is runming (25 is the case with 05/2 for Windows). On a computer with
16 MB or mare, this increase may not appear significant. However, bearing in mind
the existing installed base of computers, running Win | 6-hased apphications in their
own separate VMs in 4 MB of memory is impossible. and running them in & MB with
the level of performance observed and expected under Windows 3.1 is very difficult

Performance

i i fast o or faster than
Users expect their existing Winl6-based applications to run a3
they do under Windows 3.1. Both Winl6-based applications. and_MS-DOS-bud
applications benefit from the 32-bit architecture of Windows 95, including the
incressed use of 32-bit device driver components and 32-bit subsystems.

6-based applications run within & unified address space and inmmnlwn.hlhe.
:«:‘:m much ;spg“ do under Windows 3. 1. Running Wmls—blse_d applni::;n
separate VMs requires cither mapping. Winl 6 sysdem components in each ad :
space, as Windows NT does, or providing a separale cnwul‘_ each system mnm
in each address space, as OS/2 for Windows dioes. The Mum:al memory over o
required for Winl6 system components in cach VM to run & Winl 6-based appicati
his o negative impact on system performance.
Windows 95 balances the issue of system protection and robusiness w".h the dﬁ]ﬂT for
better system performance and improves on the system mbu!n:-sgf\v\m:o;; 1.
The improvements in this arca are briefly nisc\ISszduLm: next section an
described in greater detail in Chapter 5, “Robustness.

Protection

jons provides protection of the gysiem

The support for running Win |6-hased applicat Vi b soclh Undike

from other running MS-D0S-based ap
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Windows 3,1, an errant Win6-based application cannot easily b

a ¥ bring down the
system or other running processes on the system. While Win32-based upplications
benefit the ma t fi memory p ion, the rob i
:.;m ?{ewlu in a more stable and reliable operating environment than

Winl6-based applications run within a unified address space and ¢, ativel
multizask 25 they do under Windows 3.1, The improvements made mnll s:ym
wide m!_mslnw greatly enhance the system’s ability w recover from an errant
Spplication, and improved cleanup of the sysiem lessens the likelibood of application
emuss. General pvuu-.-nun fauls (GPFs) under Windows 3.1 are mast commenly
oans_ed by an spplication overwriting its own memory segments, rather than by an
Application overwriting memory belonging 1o another application. Windows 3.1 did
Gnu recover gracefully when a Windows—hased application crashed or bung. Whena

PFcau,t_ad the ;ystem w0 halt an application, the system commonly left allocared
TESOURCE; in memory, causing the system to degenerate.

Because of improved protection in Windaws 95 i

: R 2 . an ermant Winl 6-based icati

sl e ey . o oo g U
i Spphcaions. Al most, it can impact other running Winl6-baged

Robustness Improvements

;!::ll;iMMes! when nunning Winl6-based applications under Windows 95 is
o mwi;;m_\\'induws 3.1 W’x_nduws 95 now tracks resources allocated by
G-based applications and wes the information to clean up the system afler an

application exits i
me(i\emn:lm aboormally, thus freeing up unused resources for use by the

Rnb‘wussinwmamdiscum in Chapter 5, “Robusiness "

Support for MS-DOS-Based Applications

Chapter 4 Base System

e

Protection

running on its own individual computer 2nd allowing applications not designed 1o
multitask to run concumently with other applications.

Windows 95 provides a flexible environment for running MS-DOS-based
applications. In Windows 3.1, users sometimes needed 1o exit Windows 1o run
MS DOS-based applications that were either ill-behaved or required direct access
10 system MS-DOS-based i s improved in
Windows 95 (o the point that almost all MS-DOS-based applications should run
under Windows 95,

A derailed discussion of the improvements made to the support for running MS-DOS-
based applications within the Windows environment is provided in Chapier 6,
“Support for Running MS-DOS-based Applications.”™

In Windows, VMs are fully protected from one another, a5 well as from other
applications running on the sysiem. This protection prevents emant M5-DOS-based
applications fram overwrniting memary occupied or used by system components or
other applications. If an M5-DOS—based application aempls o access memory
outside of its address space. the system notifies the user and terminates the M5-DOS-

based application.

Robustness Improvements

System robusiness is greatly improved when running MS-DOS-based applications in
Windows 95. Robustness is discussed in Chapter 5, “Robustness.”

Support for Win32-Based Applications

Win32-based applications can fully exploit and benefit significantly fml!l the design
of the Windows 95 architecture. In addition, each Win32-based application runs in its
own fully protected, private address space. This strategy prevents Win32-hased
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her, from crashing running MS-DOS-based

tions from crashing each ot
agp Ieuics * Winl 6-based applications, or from crashing the

applications, from crashing running
Windows 95 system as a whole,
Win32-based applications feature the following Ienefits over Winl 6-based
applications in Windows 95 and over Windows 3.1

Preemptive multitasking
Separale message queucs

Flar addres Sspace
Compatibility with Windows NT
Long filename support




: ithout the limitations or design issues inherent in the ted
g software wil g segmented memory
*  Robu mess improvements: architecture used by MS-DOS and Windows 3.1

Preemptive Multitasking ibility with Windows NT

Unlike the i taski s s
\'«'il':d:ws ;?'D;:::‘:::';S“;hczs used by Wini6-based applications under Win32-based applications that exploit Win32 APls common 1o Windows 95 and
-2 i A ire p i Ititask ‘Windows NT can run without modification on either platform on Intel-based
Windows 9 i in indows
ﬂi::lacdwfsu- :‘J:::‘ ?‘1’8,’! tem kemnel is g ponsible for scheduling the ime computers. The commonality of the Win32 AP1 provides a consistent programmatic
mulita king MIIJL’; i:p] .lwm:g in the system, and support for preemptive interface and allows application developers o leverage a single development effort 1o
sppliikion o “u]m“'ﬂ“""’a" T eaneumment processing and prevents any one defiver software that runs on muliple platforms, It also provides scaleability of
'8 all system resources without permitting other tasks 1o un, applications and broadens the base of platforms available for running ISV or custom

Win32- ca ; ] e :
2 &mﬁm:x‘m&;ﬂ ;pboml.ly impl threads to improve the it applications with minimal additional effor.
. n the ystem. The use of threads by an licati Applicati to devel i ither under
improves the interacti p % 2 1 application P pers are ged to op either u

i tion with the wser and results in smoother multitasking operation. Windows 95 or under Windows NT and to test compatibility on both platforms.

Separate Message
Under Wigndou?:" iues Long Filename Support
message queue uih'elmml:“mm ihe point when an application checks the sysiem Win32-based applications that call the fike O functions supporied by the Win32 APL
run in i T 10 pass control o another sk, allowing that task 1o benefit from the ability to support and manipulste filenames of up to 255 characiers
docsn't check the messa with o additional development effort. To ease the burden of the application developer,
the Win32 APIs and common dialog suppon handle the work of manipulating long
filenames, and the file system provides compatibility with MS-DOS and other systems
by ically maintaining the traditional 8.3 filename.

Each Win32-based application has its ow
the behavior of other running tasks on ty
application hangs, or if anothe
AT,

N message quene and is thus not affected by y
¢ g Wity b S deuss. If 3 Winl-based Memory Protection
messagey inues o un preemptively and uﬁuﬁ? e o Each Win32-based application runs in its own private address and is protected by the
S8 DRy, S e system from other applications or processes that are running in the system. Unlike
Message queu i i = ervant Winl 6-based applications under Windows 3.1, emrant Win32-based applications
sueues are discussed in more detail in Chapter 5, “Robustaess.* under Windows 95 end only themselves, instead of bringing down the entire system if

Flat Add ress Space they attempt 1o access memory belonging 1o another awlx:\a!m.n_
The use of separate message queues for Win32-based applications akso ensures that

Win32-based sppiications benefit from improved pesformance and simpler constet the system continues to run if an application hangs or stops ing 1o messages or

because the: ina i
wgm’:;d ;‘:;:::';mmy ina lincar fashion, rather than being limited to the o
e e ecture used by MSDOSW Windows 3.1. To provide &
CPU architecture provides sumnl P:;‘am:;’ ™ Lﬂﬁl addressing model, the [ntel Robustness Improvements ustress
i e kaawmww s b wmiumk:;[;mmg, called Win32-based applications benefit from the highest level of system rob
: s e g e 8 performance arted under Windows 95. Resources allocated for each Win32-based application
for mapping memory ref; from the Pulations required by the processor :::?mt:denu rhread basis and are ﬁ e s
MEMOry skucture, to the physical ends. 1fan aPP“‘p:ﬁ““ s S :‘M'“::
The use of a lat sdress : hung application without affecting other ruaning tasks, and the system then cleans up
i 138 space by the 32.bit components in Windows 9:
pplications alows applicasi ice dri 4 i
2-based mamnmddevloedn\erdcwlwers to write
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Dezailed information about robustness enhancements is given in Chaper 5,
“Robustnes 7 '

32-Bit File System Architecture

The file sysiem in Windows 95 has been redesigned to Tappont the characienistics and
nezds of the multitasking nature of its kernel. The changes present in Windows 95
provide many benefits 10 users and have the following results:

= Improved ease of use. Ease of u'® i improved by the suppon of long filenames
because users no longer need to reference files by the MS-DOS 8.3 filename
a}nu:nm Instead they can use up 1o 255 characters to identify their documents.
Ease of use is alwo improved by hiding the filename exiensions.

Improved pr.ﬁnlrlnanu, As in Windows for Workgroups 3.11, file O

pz:’{x:mmc is improved dramatically over Windows 3.1 by featuring 32-bit

I;m- z‘.“-mcde _n:de for radmg.:pfmmuon from and writing information fo the
system, reading from and writing to the disk device, and intelligent 32-bit

caching mechanism 2 i
o d:é iy ns (& full 32-bit code path is available from the file system o

- bility and reliability. File s feo

L ystem

:;I:h:: pmmct:d_—moée device drivers offer improved system swbility and

= pm..:c’;:n:'; M;—chUS device driver counterparts because they can remain
for execution and because they I '

technology first implemented fn Wi s A

it 3.];' : plemented in Windows NT and also available in Windows for

Architecture Overview

Windows 95 features a
3 yered file system architecture th
il u al supports multiple file
2g.|un;h. i&l:‘\:s; Ea«:;:;n;og;(m;{wm the application 10 the m:d'm device,
N mance over W
features are included in the new file system .u\:'lilt([ll:'r et

Win32 APl support
Long filename support
32-bit FAT file system
32-bit CD-ROM file system
Drynamic system cache for
¥ file and network

gg_m m]:u:ecnu:r fior future syssem suppont "

isk device driver compatibility with Windows NT

Figure 28 depicts the file system architecture ised by Windows 95.
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inasalaiie Fhe Sysiem [IF5) Mstage

280160 Pl
B (VDA

Bioek 10 Subsystem

ATt B (08

Figure 28. The file system architecture

The file system architecture in Windows 95 is made up of the following components:
Installable File System (IFS) Manager. The 1FS Manager is responsible for
arbitrating sccess to different file system components.
File system drivers. The file system drivers layer includes acce 5 0 file
allocation table (FAT)-based disk dev ices, CD-ROM file sysiems, and redirected

network device support.
with

Block 110 subsystem. The block L0 subsystem s responsible for 0
the physical disk device.

Components of each of these layers are exami ned in the next three sECTRONS.

The Installable File System Manager

Under MS-DOS and Windows 3.1, the MS-DOS Int 21h interrupt is responsible for
providing access 10 the file system to manipulate file information on a disk device To
support redirected disk devices, sich as a nerwork drive or a CD-ROM drive, u|:hc_t
system components, such as the netwaork redirector, would hook the In1 21h function
$0 that it could examine a file sysiem request to determine whether it should hnm!l_c the
request or the base file system should. Although this mechanism prov jded the sbility 1o
add additional device drivers, some add-on components were ill-behaved and
interfered with other installed drivers

blem with the MS-DOS-based fille system was the difficulty in supporting

Anather i
nother prol 5 1o different

the lgading of multiple network redirectors 10 provide concurment acces:
network types. Windows fior Workgroups provided support for U ning the Mxmlwfl
network redirector al the same time as an additional pevwork redirector, such as Novell
NetWare, Banyan VINES, or SUN PC-NFS. However, support for running mere than
two petwork redirectors at the same Lime was not provided.




The key to friendly access to disk and redis

rected devices in Windows 95 i
Installable File System (IFS) Manager. The IFS Manager is responsible T:l :‘;n
access 1o file system devices, as well as other file system device components e

File System Drivers

Windows 95 includes suppon for the following file systems:
= 32-hit file allocation tzble (VFAT) deiver
*  32-bit CD-ROM file system (CDFS) driver

32-bit netwark redirector for connectivity 1 Microsoft network servers, such
&) as

Windows NT Server, al t
NetWare servers long with a 32-bit network redirector to connect to Novell

In additi ies wi
ion, third parties will use the IFS Manager APls to provide a clean way of

concurrently supporting mult & g -
support and network mfi,:m:::“‘m'n“ types and adding additional disk device

The 32-Bit Protected-Mode FAT File System

The 32-bit VFAT driver i

provides a 32-bit protected-mod ipulati
the filke sys':‘ur_sw?d on a disk. [t s also re-entrant and .:..mgfxfmrmzmm
pmmmuidgd ﬁn;ir::;:-:.s}ﬂm?ﬂ;n-hil file access driver is improved :Emiw
MS-DOS-device drivers and hard dick J:E.Tel"' bl

Benefits of the 32-bit file access dri
the following: driver over MS-DOS-hased driver solutions include

Dramatically improved performanc

o comvenional mm:ﬁm ance and ml;r:ud:laukig hiog
Better multitasking I‘h:nrcess'n:g infe
Dynamic cache support

on disk with ro blocking

Under MS-DOS i i
o Bm\:‘;nmfnll;tuhl:lp;—l&o; ?lmc FAT and writing to or reading
s | ! unction and i i -

",';s n:v::;: mmmlﬁuml:::hr::uk Oile system from pvmcl:e:i‘:x :m“:::w
reduces mode in order to write i i
through MS-DOS, which resulis in 5 wm:rg:nwl;h:f‘:l':obr!')“::::: i

The 32-bin VFAT driver i !

Al MK::;;S"W;: with the block 1/0 subsystem to provide 32-bit disk
provided for i 0 B are supported by Windows 3.1. Support is also
system. The combination of R i Ly e e i S
S o nof the 32-bi file access and 32-bit disk access drivers ot

o and file 1O perf

Chapter 4 Base System Architecture (1}

The 32-Bit Cache

The 32-bit VFAT work jn conjunction with a 32-bit proected-mode cache
(VCACHE) driver and replace and improves on the 16-bit real-mode SmanDrive
di k cache ltware provided with MS-DOS and Window 3.1 The VCACHE driver
feature & more intelligent algorithm for caching infoemation read from or writien &
anDrive, and re plt in improved performance when reading
information from cache The VCACHE driverisal ore ible for managing the
cache pool for the CD-ROM File Sy jem (CDFS) and the provided 32-bit network
redirectors.

Another hig impro gment VCACHE provide ovef SmanDxive i ‘mallh: memary.
pool used for the cache i dynamic and is ba &d on the amount of available free y tem
memary. U gr ;oo longer need 1o satically allocate a biock of memory to & aside’ss a
di k cache becau ¢ the y Jem auto matically allocate ot deallocate memdty 1 ed for
the cache based on ystem u £ Because of inelligent cache u &, the'performance of

\he ystem also scales better than with Window 3.1 or Windaws for Workgroup 3.11.
f

32-Bit Protected-Mode CD-ROM File System

The 32-bit protected-mode CD-ROM file \yswm{C‘DFS! implemented in Window 95
provides improved CD-ROM acces, performance over he real-mode MSCDEX driver
in Windows 3.1 andi a full 32-bit IS0 9660 CD file sysem. The CDFS driver
replaces the 16-bit real-mode MSCDEX driver and feature32-bit protected-mode
caching of CD-ROM data. The CDFS river cache is dynainic and hare the cache
memeory poal with the 32-bit VEAT driver. requining £ configuration of static

allocation o the par of the u er
Benefits of the new 32-bit CDFS driver include the following:

s No conventional memory used (replaces real-mode MSCDEX)

»  Improved performance over MS-DOS-based MSCDEX and real-mode cache

«  Better multitasking when accessing CD-ROM information. with no blocking

s  Dynamic cachey upport 1o provide a better balance between providing memory Lo
run applications versus memory 10 serve i a disk cache

1f MSCDEX isy pecified in the AUTOEXEC.BAT. the 31—hl.EDFS driver take cver

the role played by the MSCDEX ariver and communicates with the CD-ROM device.

The use of MSCDEX j no longer necg, ary under Windows 95,

Users of CD-ROM muliimedia applications benefit greatly from the new 12-bit CDFS.

Their multimedia applications U, moother and information is read from the CD-

ROM quicker, providing improved perfommance.
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approprinte file system driver. The 103 also provides asynchronous notification of file
The Block I/O Subsystem Syvem eves 0 e davers. ;
The block WO uby wtem in Windows 95 improves upon the 32-bit disk access fast-

dik devige architecture in Windowy, 3,1 and therefore improves performance for the The Port Driver

entit. filey ytem and a broader array of device support

The port driver is a monalithic 32-bit protected-mode driver that communicates with &

= As s hown in Figure 20 the p of the hlock 10 subsys include the high- specific disk device, such as a hard disk controller. This driver & specifically for use
Level O Supervigor (H05) layer, which provides an interface to the block VO with Windows 95 and resembles the 32-bit disk access (Fast disk) driver used in
sty ysiem for the higher layer components; the port driver, which represents a Windows 3.1, such as the WDCTRL driver used for Western Digital compatible hard
g lithic digk device driver; the SCSI layer, which provides a standard interface and disk controllers. In Windows 95, the driver that communicates with IDE/ESDI hard

driver layer io provide device-independent control code for SCS1 devices; and the disk controllers and floppy disk controllers is implemented as a port driver. A port
OF 551 mini-port driver, which contains the device-dependent control code responsible driver provides the same functionality as the combination of the SCSI manager and the
for interacting with individual SCS1 controllers mini-port driver.

eck 10 Subsysien

e The SCSI Layer

The SCSI layer applies a 32-bit protected-mode universal dnver model architecture

e 10 communication with SCS1 devices. The SCS1 layer provides all the high-level
functicnality that is common 1o SCSI-like devices and then uses a mini-pon driver 1o
\ - e handle device-specific 0 calls. The SCS1 Manager is part of this system and provides
] fo— compatibility suppon for using Windows NT mini-pont drivers
Fiigure 29, The archi of the block 10 The Mini-Port Driver .
The block 1A subsystem provides the following support in Windows 95: The mini-porn driver model used in Windows 95 simplifics the task of writing device

drivers for disk device hardware vendors. Because the SCSI Stub provides the high- ¥
level functionality for communicating with SCS1 devices, disk device hardware EF
vendors need to create only a mini-pon driver that is tailored 1o their own disk device. i

®  Afully Plug and Play-ensbled architecture

Support for mini-port drivery that are binary compatible with Windows NT

i The mini-port driver for Windows 95 is 32-bit protected-mode code and is binary i
*  Suppon for Windows 3.1 fagt digk drivers for backward compatibility compatible with Windows NT mini-pon drivers, another factor that simplifies the task
of writing device drivers. Binary compatibality with NT also resubts in a more stable H

Protected-mode drivers that take over real-mode MS-DOS device drivers when

and reliable device driver because hardware vendors need o maintain only one code
safe 1o do o

base for device support. Users of Windows 95 al% benefit because many mini-part =

The ability to swipport exi ing MS-DOS real-mode disk device drivers for arivers e already avallable: for Windows N,

compatibility

Support for IDE, ESDI, and SCSI Controllers

The following section s examine the different areas that make up the block 1O

aibiy gem. The explanations are provided to facilitate an understanding of the Through the use of either a pont driver or a mini-port driver, support for a broad amy
mponent s, beanng in mmd that the configuration of the di k device driver Layers is of disk devices will be available for Windows 93, including popular IDE, ESDI, and
B isotated from the user, SCSI disk controllers. User s won't have 1o decide whether 1o use a port driver ora
mini-port driver because the driver is provided by the hardware vendor and
The I/O Supervisor configuration of the driver is handled by the Windows 95 system.

5 _1:-:: o ':ppcl"’l xilog pc\m_uc s #rvice gto file systems and driver ¢ The 105 is
& pon Jble for the queuing of file grvice reque g san dubr routing the requests to the
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The Real-Mode Mapper

To provide binary compatbility with real-mode MS-DOS-based disk device dnvers
for which a protecied-mode counterpart does nod exist in Windows 93, the block LD
subsy, lem provides a mapping layer to allow the protecied -mode file system 1o
comemumicate with a real-mode driver as if it were a protected -mode component. The
layer; above and including this real-mode mapper (RMM) are protected-mode code,
and the real-mode mapper translates file MO requests from protected mode to real
maode so that the M5-DOS device driver can perform the desired read or write
operation from or #o the disk device. An example of when the real-mode mapper
would come inte play is when real-mode disk-compression software is running and a
provected-mode disk-conpression driver is not availshle

Long Filename Support

The use of long filenames of up 1 255 characters in Windows 95 overcomes the
sometimes cryptic 8.3 MS-DOS filename o and allows more friendly
filenames. MS-DOS 8.3 filenames are maintained and tracked by the system 1o provide
compatibility with existing Win 16-based and MS-DOS—based applications that
manipulate only 8.3 filerames, but as users migraie © Win32-hascd applications, the
uge of 8.3 filename conventions is hidden from the user.

Long filenames are supporied by extending the MS-DOS FAT file system and using
bits and fields that were previously reserved by the operating system to add special
directory entries thar maintain long filename information. Extending the MS-DOS
FAT layout, mther than creating a new format, allows users 1o insiall and use
Windows 95 on existing disk formats without having to change their disk structure or
reformat their drives. This implementation provides ease of use and allows fure
growth while mai backward il with existing applicat

Because Windows 95 simply extends the FAT structure, long filenames are supported
on disketies as wedl as hand disks. If a file on a diskeste that has a long filename is
viewed on a computer that iy not running Windows 95, only the 8.3 filename
Tepresentation is seen.
Figure 30 shows a disk directory with long filenames and their corresponding 8.3
filename mappings on a computer running Windaw. 95.

Volume tn drive C 13 NT HARBBISK

¥olume Serial Musber fs 1847-7161
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Figure 30, (comtinwed)

THISESNY DOC 147 @5-11-34 12:25a this i3 my long filenase.doc
1994FINA DOC 147 B5-11-94 18:354 1994 Fiasacia] Projectisns.see
4 filels) S8 bytes

T giris) 48.985.216 bytes free

Figure 30. A directory listed from the command prompt, showing both 83 and
long filenames

Support for Existing Disk Management Utilities

For existing disk management utilities 1 recognize and preserve long filenames, utility
vendors need 1o revise their software products. Microsoft is working closely with
utilities vendors and is documenting long filename suppon and its implementation as
an extension 10 the FAT format as pan of the Windows 95 Software Development Kit
(SDK).

Existing MS-DOS-based disk management utilities that manipulate the FAT format,
including disk defragmenters, disk bit editors, and some tape backup software, may not
recognize long filenames as used by Windows 95 and may destroy long filename
entries in the FAT format. However. no data is lost if the long filename entry is
because the pond! ¥ defined 8.3 filename is preserved.

Hidden File Extensions

Additional
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Like Windows 3.1, Windows 95 uses file extensions 1o associate a given file type with
an application. However, 1o make it easier to manipulate files, file extensions
are hidden from users in the Windows 95 shell and in the Windows Explorer, and
instead, icons are used in the Ul in Windows 95 to differentinte the documents
associated with different applications. Information about file type associations is stored
in the Registry, and the associations are used to map a given file with the icon that

P the d type. (For compatibility reasons, Windows 95 must track
filename extensions for use with existing MS-DOS and Win16-based applications.)
In addition 1o hiding filename extensions in the Windows 95 shell and the Windows
Explorer, application developers can hide filenames from users in their applications.
A for hiding are in the Windows 95 SDK. A good
Windows 95 application makes use of these mechanisms for handling files to be
consistent with the rest of the Windows 95 environment.

File Date/Time Attributes

To further enhance the file system, Windows 95 maintains additional date/time
attributes for fikes that MS-DOS does not rack, Windows 95 tracks the dateftime when
anew file was created, the date/time when a file was uneilie:ﬂ. and the date when a file
was last opened. These file attributes are displayed in the file's property sheet, as
shown in Figure 31 on the following page.




Figure 31. The properties for a file, showing the new file dateftime attributes

Utilities vendors can take ad of this additional date/ 7 on 1o provide
enhanced backup utilitics—for example, 10 uge a better mechanism when determining
whether a given file has changed.

Coordinated Universal Time Format

MS-DOS hag traditionally used the local time of the computer as the time stamp for
the directory enery of a file, and continues to use local time for files stored on the local
system. However, Windows 95 supports the use of the coordinated universal time
(UTC) format for accessing or creating information on network file servers. This
format provides the superior, more universal tracking of time information required

by netwiorks that opemie across time 20nes.

Exclusive Access for Disk Management Tools

Disk management wiilities, such as disk defragmenters, sector editors, and disk-
compression utilities, don't getalong well with Windows 3.1, File sysiem programs,
n_d\ 2 CHEDSK and DEFRAG, require exclusive access o the file sysiem 1o
minimize the disk access complexities that are present in a multitasking environment
wileﬂ'dasl: UO occurs. For example, without exclusive access to the disk, data
comiphion might occur if a user requests that a disk operation move information on the
disk at the same time that another ask is accessing that information or writing other
infarmation to disk. However, Windows 3.1 and MS-DOS do not provide a means of
controlling access 1o the disk,  users have been forced 1o exit Windows and enter
MS-DOS 1o run disk management utiliies.
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The file system in Windows 95 has been enhanced 1o suppon the use of Windows-
based disk management utilities by permitting exclusive access to a disk device.
Exclusive disk access is handled as pant of the file system through a new API
mechanism and can be used by uiilities vendor © write Windows-based disk
management utilities. Microsofi s encouraging third-party wilities vendors o use th®
API mechanism 1o move existing MS-DOS-based urilitics o Windows, and is also
using it to deliver disk management utilities as part of Windows 95.

For example, this mechanism is used by the Dk Defragmenter (Optimizer) utility
delivered as pan of Windows 95, Unlike the disk defragment utility used under the
combination of MS-DOS and Windows 3.1, the Disk Defragmenter in Windows 95
can be run from the Windows 95 shell and can even be run in the back ground while
users continue 1o work on their systems.

DriveSpace Disk Compression

Windows 95 provides built-in support for DriveSpace disk ion. Ci

with DoubleSpace and DriveSpace disk compression provided with MS-DOS,
Windows 95 provides base compression in the form of a 32-bit virtual device driver
that delivers img d perfi over previously available real-mode compres Ton
drivers and frees conventional memory for use by MS-DOS-ba%d applications. Users
of M5-DO5-based DoubleSpace and DriveSpace don’t need to change their existing
compressed volume file (CVF) and thus don’t need to take any special actions when
they install Windows 95,

As shown in Figure 32, the DriveSpace disk compression tool provided with
Windows 95 is GUI-based and provides the ability to compress a physical hard drive
of removable Moppy drive. The Compress a Drive dialog box, shown in Figure 33 on
the following page, graphically depicts the amount of free space available before
compression and the estimated space available afier compres Jon

T Dk Compenssion

Figure 32. The DriveSpace disk compression tool




Figure 33, The Compress a Drive dialog box, which graphically displays
free space

System Capacity Improvements

Windaws 95 provides betier system capacity for running M5-DOS and Winl6-based
applications than Windows 3.1. A number of internal enhancements to the base system
prevent intermal system resources from being exhausted as quickly as was possible
when running multiple Windows-based spplications under Windows 3.1,

Many of the antificial limitations present in Windows 3.1 were due to its architecture
ar internal data structures, which were in wm largely due 1o the fact that Windows 3.1
had 1o nm on an Ineel B0286-based computer, These limitations have for the most pan

been avercome in Wirdows 95, o the benefit of users as well as 15V and other
developers.

System Resource Limitation Improvements

Many users have encountered Our
Windows-based applications

of Memary error messages when running Multiple

nder Windows 3.1, even though the system still reports
lli':: memc‘uy. Typically ihese messages were displayed
s e an intemal memory resource in a Windows AP
function call due mbcknflvﬂlﬂcwinnuyonofmwzslledamp
Windows 3.1 maimains
heap is 64 KB in size
allocated when an

heags for sysiem components called GDI and USER,, Each
pd i used for storing GDI or memory object information
spplication calls s Windows API function. The amount of space
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available in the combination of these rwo heag¥ is identified a5 the percentage of
system resources that are free and is displayed in the About dialog box in Program
Manager and other Windows applications, as shown m Figure 34

Prog se Manage:
Mizroast Windsms b Work goups

Mcmearr Yessen 311
WHOOWE Coppaght ® 19851990 Mcioroh Comporabon

Thes product @ boemed 1
Hient Englon

Micionsht Corpo hon
Freduct Humber:

Memory. 7918 KB Frem
Sysiem flesonces 53X Frow

Figure 34. The About dialog box in Program Manager in Windows 1.1, showing
free system resources

The percentage of free system resources displayed in the About dialog box is
calculated using an internal algorithm to represent the aggregate percentage of free
memary in the GDI and USER heaps. When the free system re®ource® percemage gets
oo low, users commonly See an Cut of Memory error message, even though the
amount of free memory shown in the About dialog box is still quite high. This error
can result from low memory in either the GDI or USER heap (or both).

To help reduce the system resource limitation, 3 number of the data structures stored in
the 16-bit GDI and USER heaps in Windows 3.1 have been moved out of the ' heaps
and stored in 32+bit heaps, providing more room for the remaining data element*{o be
created, As 2 resull. system refources decrease less rapidly in Windows 95 than they
did in Windows 3.1.

For compatibility, not all objects were removed from the 16-bit GDI orU_SF_R heap
and placed in a 32-bit heap. For example, some Wi:mnv_rbutd wpp]_mmns
manipulate the contents of the GDI heap directly, bypassing the publi hed J\P_:I
mechanisms for doing so, because their devel k direct

performance. However, because these applications bypass the Windows ;\.PI _
mechanisms, moving their data from the existing heap ‘fructures and placing them in
32-bit heap swould cau % these applications to fail because of memary acces®
violations.

Win6-based and Win32-based applications u ' the ame G DI and _USER heaps. The
impact of removing selected items from the heaps wa sclo ly examined and d‘l]t(ls.
were selected ba ed on the higgest improvement that coukd DEM while affecting
the fewest number of applications. For example, the GDI heap can quickly become full
Ibecause of the creation of memory-intensive region objects that are used by
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applicationy for creating complex images and by the printing subsystem for generating
complex output. Region objects wers removed from the 64 KB 16-bit GDI heap and
placed in a 32-bit heap, benefiting graphi l lications and providing for e
crention of more smaller objects by the system. Windows 95 improves the system
capacity for the USER heap by moving menu and window handles to the 32-bit USER
heap. Instead of the total imit of 200 for these data structures in Windows 3.1,
Windows 95 allowy 32,767 menu handles and an additional 32,767 window handles
per process rather than system-wide.

In addition to moving information from the GDI and USER heaps, robustness
improvemends in Windows 95 that facilitae system cleanup of unfreed resources also
relieve system resource limitations. When Windows 95 determines that the owner and
other ended processes o longer need the resources in memory, Windows 95 cleans
up and deallocstes lefiover data structures. The robustness improvements in
Windows 95 are discussed in Chapser 5, “Robusiness.”

Better Memory Management

Windows 95 improves addressibility 1o provide betier access 1o physical memory.
a5 well s improves upon the swapfile implementation provided in Windows 3.1 to
suppon virnual memory supplementation of physical memory,

Linear Memory Addressing for
Win32-Based Applications

a 16-hi

PP perating , the Intel processor architecture uses a
mechanism, called segments, to reference memory by using 8 16-bit segment address
and a Ié_-bu offsct address within the segment. A segment is 64 KB in size, and
Ilppl!allﬂmmd the operating system pay a performance penalty when they access
m!urm.mofl across wegments. For 32-bit operating system functionality and Win32-
based spplications, Windows 95 addresses this issue by using the 32-bit capabilitics of
the Intel 80386 (and above) processor architecture 1o suppart a flat, linear memory
mode. A linear addressing model simplifies the development process for application
developers, removes the performance penalties imposed by the segmented memory
architecture, and provides access 1o a vinual address space that permits the addressing
of up 1o 4 GB (4 gigabytes, or 4 billion bytes) of memory. Windows 95 uses the flat
memary. model imernally for 32-bis components and virtual device drivers.

Compatibility with the Windows NT Memory Model

Windows 95 uses the same memor i 1 b
high-cnd - ! 2§ l_nuld architecture as Windows NT, providing

i for the mai sysiem. Windows 95
allows full use of the £ GB of addressable memory space 1o suppon even the larges;
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deskiop application. The operating system provides a 2 GB memory range for
applications and reserves a2 GB mnge for itself.

Virtual Memory Support (Swapfile) Improvements

Windows 95 addresses problems and limittions imposed in Windows 3.1 by its virmual
memory swapfile implementation. With Windows ), users were faced with & myriad
of choice, and configuration options for setting up a swapfile 10 support virtual
memory. They had to decide whether w0 use a temporary swapfile or a permanent
swapfile, how much memory to allocale to the swapfile, and whether to use 32-bit

disk access 10 access the swapfile. A emporary swapfile did not need to be contiguous,
and Windows would dynamically allocate hard disk space when it was staned and free
up the space when it was terminated. A permanent swapfile provided the best
performance, but it had to be contiguous, had to be set up on a physical hand disk, and
was slatically specified by the user and not freed up when the user exited Windows.

The swapfile implementation in Windows 95 simplifies the con figuration task for the
wser and, because of improved virtual memory algorithms and access methods,
combines the best of a temporary swapfile and a permanent swapfilc. The swaplile in
Windows 95 is dynamic and can shrink or grow based on the operutions performed on
the system. The swapfile can cccupy 3 fragmenicd region of the hard disk and it can be
located on a compressed disk volume.

Windows 95 uses intelligent system defaults for the configuration of vinual memaory,
relieving the user of the task of changing virual memory settings. Figure 35 shows the
simplified virtual memory configuration setings.

Addvancod Dptess

Figure 35. The simplified virtual memery settings
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1 . H «  Provide a means to store user, application, and computer-specific information.
The BegISt'rY‘ A Ce ntral IZEd »  Provide local and remote access to configuration information.
Configuration Store T g oo 4 g il 5 o sl i
or other keys (subkeys). As shown in Figure 36, the Registry uses a hierarchical

Windows 95 uses a mechanism called the Regintry to serve as the central configuration structure torstore text or binary value information and maintains all of the

store for u, er, apy and p pecific i ion. The Registry solves configuration parameters normally stored in the Windows sysiem .INI files such as

problems ag ociated with the INI files used in Windows 3.1 and is a hierarchical WIN.INL SYSTEN 1, and PROTOCOL.INL Altheugh similar in some ways to the

datahase that stores sysiem-wide information in a single location, making it easy o Regisiration Database used in Windows 3.1, which served as a central repository for

manage and support. file associations and OLE registration information, the Registry in Windows 95
extends the Registration Database structure o support keys that can have more than
one value and also suppon data of different types.

Solutions to .INI Problems

Wint.iuufsll uses initialization {.INT) files to siore systiem-specific or application-

5 Pecific information about the state or configuration of the system. For example, the
WIN.INI file stores stase i ion shout the apy or ization of the
Windows mvin:lnmﬁ_!'. the SYSTEMINI file stores system-specific information on
the hardware and device-driver configuration of the system; and various .INI files,
such as WINFILE.INI, MSMAIL INI, CLOCK.INI, CONTROL.INI, and
PROGMAN.INI, store application-,pecific information about the default state of

m application.

o Mgy Edios

Probiems with INI files under Windows 3.1 for configuration management include e - Mok
Tollowing: -8 Secuaty
12 & SOFTWARE
*  Information is s1ored in several different locations, including CONFIGSYS,
AUTOEXEC BAT, WININIL, SYSTEM.INIL, PROTOCOL INL, private .INI files,
and private .GRP files,

INI files are text-based and limited in total size 1o 64KB, and API
3 5 allow for
gethwrite operations only, Figure 36, The hierarchy of the Registry, as displayed by the Registry Editor

@ = Sy
& 8 EY_ SRS
. HEEY

- . = _ 7 The Registry is made up of several DAT files that contain system-specific information
::m"““_‘:'[’*“;: in INI files is non-hierarchical and supports only two levels of (SYSTEM.DAT) or user-specific information (USER.DAT). System-specific
ken up by section headings. information, such as the static reference 1o loading virtual device drivers 'is moved as

Many INI files contain a myriad of switches and entries that are complicated 1o appropriate from the SYSTEMLINI file to the Registry.

configure or are used only by Operaling system components. System Switch Si et

NI files peovide no mechanism for storing user-specific i X ystem Switch Simplification

making it dicult for multipe users 1 shave  sngle :':,,::.":?m"' i Another improvement in Windows 95 over the Windows 3.1 use of INI files s elsied
) to system swilch simplification. Windows 3.1 suppons several hundred different

Configuration information in NI files is Jocal 1o each system, and because no configuration switches that can be specified in system NI files, including WIN.INI

APl mechanisms are availabje for remosel i B i
AR ly managing configuration, managing =M.INI. With intelligent enhancements made to the system and befter
multiple systems s difficult :,:::.fm b o, Windows 95 the number of eniries

Ta solve these problems, i + s o X : il INI files. These reductions didn’t result from simply moving
) the Registry was designed with the following goals in mind: n‘-j'm'::iesm:u uumnc‘;:w A b:‘exmiu'ms and jusifying the prescice of each and
*  Simplify the support burden. sl

*  Centralize configuration information. e g
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No .INI Files? The 32-Bit TrueType Rasterizer Tt i e calacad
Like CONFIG.SYS and AUTOEXEC.BAT, WIN.INI and SYSTEM.INI and The rasterizer component for rendering u"d\g‘:m“w : rI)rcr hﬁ J::I‘::‘r"vfrr i
= ; s e g : S e Th a 5 L a 32-bu component, ans " AU
appla -specific IN for patibility reasons. The Winl6 2 ndows 95. The rasterizer is written & [ N
:;Pl-m.m::lﬁw:mlt\'ll;:rl;lz':l:m' c"‘m‘ o :IU\T;:Iels It:u): ff-“fpr ;[ \’.I'?nl}“\::m fidelity from the mathematical representation 1o the generated bitmap, as well as betier

P . but d 32- 3 e Tia T Tk

applications are encouraged 1o use the Registry APls 1o consolidate application- performance for rendering TrueType for
specific information

In addition to performance enhancements, the new 32-bit r.m:nrerp:uv}du .il.!pp)rll
ing com fyph | and results in a faster initial

Many existing Winl6-based applications expect o find and manipulate the WININ] for generating complicated ghyphs-—{or exan i e

and SYSTEM.INI files to add entries or load unique device drivers, so Windows 95 oot time in Windows 95 than in Windows 3.1 ¥

examines INT files during the boot process. For example, the |386Enh] section of

SYSTEM.INI is checked for virnsal device drivers

Role in Plug and Play

One of the primary roles of the Registry in Windows 95 is 1o serve as a central

pasitory for hard: pecific inf for use by the Plug and Play system
components. Windows 95 maintains information about hardware components and
devices that have been identified through an enumeration process in the hicranchical
structure of the Registry. When new devices are insmlled, the system checks the
existing configuration in the Registry to détermine which hardware resources—for
example, IRQs, V0 addresses, DMA channels, and 50 on—are not being used, so that
the new device can be properly configured without conflicting with a device already
installed in the system

Remote Access to Registry Information

Another advantage of the Registry for Win32-based applications is that many of the
Win32 Registry APls use the remote procedure call (RPC) mechanism in Windows %5
o provide remote access 1o Registry information across a network. As a result, deskiop
management applications can be written 1o sid in the management and suppon of
Windows-based computers, and the contents of the Registry on a given PC can be
queried over a network. Industry management mechanisms, such as SNMP or DML,
can casily be integrated into Windows 95, simplifying the management and support
burden of an MI: . For more fon about geability and remaote
see Chapter 9, “Networking ™

Better Font Support

Font supportin Windows 95 hys been enhanced to provide better integration with the
Ul and has been optimized for the 32-bit environment. It also provides capabilities
such as font smoathing for fonts that have not previously been offered as panofa
mainsiream operating system
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CHAPTER 5

Robustness

Windows 95 improves on the robusiness of Windows 3.1 10 provide great support
for running MS-DOS-based, Win 16-based, and Win32-based applications, and 1o
provide a high level of sysiem protection from errant applications.

Windows 3.1 provided a number of mechanisms to suppont a more robust and stable
environment over Windows 3.0, including the following:

«  Better resource clean-up. When an MS-DOS-based or Windows-based
application crashed, uscrs could continue nanning in a way that allowed them 10
save their work.

Local reboot. Users could shut down an application that hung.
Parameter validation for AP1 calls. The system could caich many commen

application errors and fail the AP1 call, rather than allow bad data to be passed 1o
an APL

Just a5 the improvements in Win dows 3.1 pravided a more robust and stable
environment than Windows 3.0, the improvements in Windows 95 provide an even
better environment.

System-Wide Robustness Improvements

System-wide improvemenis resulting in a more fobust operating sysem environment
than Windows 3.1 include:

=« Better local reboot

«  Vinual device driver thread clean-up when a process ends
«  Per-thread state wacking

s Vinual device driver parameier validation
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Better Local Reboot Try It!

The capability whereby users can end an application or VM that hangs is cafled a focal
nehoor. With Windows 3.1, users could perform a local reboot by pressing the three
key CTRL+ALT+DEL combination. Lies could pretty easily end errant VMs with a
local reboot requet, but 3 local reboot request 107 & Windows—based application often
didn’t end the ermant Window s-based process or brought the entire system down

Window, 93 greatly improves the local reboot support by providing a means toend an
MS-DOS-baged application running in a VM, 2 Win) 6-based application, ora
Win32-ba, ed application withowt bringing down the entire 5 ystem, Moreover, the
process of clearspg up the < wiem afier a local reboot is now more complete than for
Windows 3.1. (This process is described laser in this chapier.)

In Windows 3.1, when a user requests a local reboot, the system may identify the
active application as the application that has the focus of the Jocal reboot request, or it
may mport back thas there is no application in a hung or inactive state. In Windows 95,
the ystem digplays the Close Program dialog box, which identifies the 1asks that are
running and the state that the Jystem perceives each one to be in, as shown in Figure
37. Thas level of detnil affords the user much more flexibility and control over the lacal
reboot than with Windows 3.1

Figure 37. The Close Program dialog box

Applications are identified & “not responding™ when they haven't checked the

me  age queos for & period of time, Although some applications don't check the

me gage queve while performing i intensive vell-behaved
application  check the message queve frequendy. In Windows 95, as in Windows 3.1,

Winl6-ba gd applications must check the message quewe 10 relinguish control to other
TUNRINg tasks.
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Perform a Local Reboot

1. With a couple of applications running, press CTRL+ALT+DEL. You are presented
with s list of active applications. Applications that are hung are identified as Noe
responding

Terminate onc of the tasks by clicking End Task,

Virtual Device Driver Thread Clean-Up

Lecal reboot suppon i also aided by improved VaD thread clean-up when a given
process ends. With Windows 3.1, the system often couldn®t recover either if it was
running real-mode code, such as BIOS routines, when an application ended
abnormally, or if the user requested 3 local reboot o end a seemingly-hung
application. For example, if an operation (such as a network operation in real-mode, a
disk /D), or an asynchi reque®t) ended because of another
application-based error, Windows 3.1 sometimes couldn’t chean up properly to free
allocated resources and sometimes couldn't even return control 1o the user.

Windows 95 improves system clean-up by providing esch system VaD with the ability
to track the resources it allocates on o per-thread basis. Because most computer sysiem
functionality and support is handled in Windows 95 by VaDs rather than by real-mode
code or BIOS rowines, Windows 95 can recover from erroes or situations that, under
Windows 3.1. would require that the compater be rebooted.

When Windows 95 ends a given thread (because the user exited the application, a local
reboot was requested, or the application ended abnormally), each VD receives
notification that the thread is ended, This notification allows the VaD 1o safely cancel
any operations it is waiting to finish and frees any resources that the VaD previously
allocated for the thread or application. Because the sysiem tracks each VM, Winl 6
based application, and Win32 thread a5a separate per-thread instance, the system can
clean up properly at each of these levels, without affecting the integrity of the sysiem

Per-Thread State Tracking

To aid in system clean-up, resource racking in Windows 095 js much better than in
Windows 3.1. In addition to tracking resources on a per-thread basis by system ¥xDs,
resources such as memory blocks, memory handles, graphics objects, and dhtf system
items are allocated and also tracked by system components R & per-thread bnsu; >
Tracking these resources on a per-thread basis allows ﬂn system to clean up s: Ic ly
when a given thread ends, either normally—at the user’s requesi—aor ahnﬁm y.
Resources are identified and macked by both a thread 1D and dw major Windows
version number that is stored in the .EXE header of the application.






