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�etailed information about robustness enhancements is given in Chapte 5 
Robustnes . " 

r , 

32-Bit File System Architecture 
The file system in Windows 95 has been redesigned to upport the h 

. . 

need� of the multitasking nature of its kernel. The changes present : :
ctenst.Jcs and 

provide many benefits to users and have the following results : 
ndows 95 

• 

• 

• 

Improved ease of use. Ease of u e is improved b the su 
because users no longer need to reference files b/ the Mii>c;-s o: �

o

�f 
filenames

structure Instead the 2 
. 1 ename 

. y can use up to 55 characters to identif th . d 
Ease of use is also improved by hidi th fil . y err ocuments.

ng e I ename extensions. 

ImJroved p�rf�rmance. As in Windows for W orkgroups 3 .11 file I/0
pe ormance is improved dramatically over Wind 

' . 
protected-mode code for reading information fr

ows 3.1 ?� fe�tunng 32-bit

file s_ystem, reading f
rom and writing to the dist::

d wnt.J�g mf?rmation t? the 

caching mechanisms (a full 32-bit code 
. . ce, and mtelligent 32-bit

the disk device). 
path is available from the file system to 

Improved system stability and reliability F 
as 32-bit protected-mode device dri ff

. �e system components implemented 

reliability over their MS-DOS d . ve
dri
rs _o er rmproved system stability and 

. ev1ce ver counte art b 
m protected mode for code executi d 

rp s ecause they can remain 

technology first implemented . W�n

d 

an because they leverage existing driver

Workgroups 3.11. 
10 m ows NT and also available in Windows for 

Architecture Overview 
Windows 95 features a layered file s stem 

. 
systems and provides a protected-mo

y
d th

ar
f
chitecture that supports multiple file 

re ]ti · 
e pa rom the appli ti 

su ng m improved file and disk I/O erl 
�a on to the media device, 

features are included in the new fil 
p orm�ce over Wmdows 3.1. The following 

• Win32 API support
• Long filename support
• 32-bit FAT file system
• 32-bit CD-ROM file system

e system architecture: 

: g
ynarnic �ystem cache for file and network I/0
pen architecture for future syst 

• Disk d 
. em support 

ev1ce driver compatibility with Windows NT
Figure 28 depicts the file system architecture used by Windows 95.
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32-blt FAT 
(VFAT) 

Installable FIie System (IFS) Manager 

32-blt CD FIie 
Syatem (VCDFS) 

Network 
Redirector 

Port Driver 

Block 10 Subsystem 

Input/Output Supervisor (IOS) 

Other Layers 

SCSI Stub 

Mlnlport 

Figure 28. The file system architecture

Third-party Ille 
system 

component 

The file system architecture in Windows 95 is made up of the following components :

• Installable File System (IFS) Manager. The IFS Manager is responsible for

arbitrating access to different file system components. 

• File system drivers. The file system drivers layer includes acce s to file 

allocation table (FAT)-based disk devices, CD-ROM file systems, and redirected

network device support.

• Block 1/0 subsystem. The block I/0 subsystem is responsible for interacting with

the physical disk device. 

Components of each of these layers are examined in the next three sections.

The Installable File System Manager

Under MS-DOS and Windows 3.1, the MS-DOS Int 21h interrupt is responsible for 

providing access to the file system to manipulate file information on a disk device . To 

support redirected disk devices, such as a network drive or a CD-ROM drive, other 

system components, such as the network redirector, would hook the Int 21h function

so that it could examine a file system request to determine whether it should handle the

request or the base file system should. Although this mechanism provided the ability to 

add additional device drivers, some add-on components were ill-behaved and 

interfered with other installed drivers.

Another problem with the MS-DOS-based file system was the difficulty in supporting

the loading of multiple network redirectors to provide concurrent access to different 

network types. Windows for Workgroups provided support for running the Microsoft 

network redirector at the same time as an additional network redirector, such as Novell

NetWare, Banyan VINES, or SUN PC-NFS. However, support for running more than 

two network redirectors at the same time was not provided. 

• • 
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The key to friendly access to disk and redirected devices in . . 

Installable File System (IFS) Manager. The IFS Mana er i 
Wmdo'"'.s 95 is the 

access to file system devices, as well as othe fil 
g s r�spons1ble for arbitrating 

r t e system device components. 

Fi le System Drivers 
Windows 95 includes support for the following file systems: 

• 32-bit file allocation table (VFAT) driver

• 32-bit CD-ROM file system (CDFS) driver

• 32-bit network redrr' t " . . 
ec or 1or connect1v1t t M' 

Windows NT Server, along with a 32-bi{ n� 
icroso�t network servers, such as 

NetWare servers 
twork redirector to connect to Novell 

In addition, third parties will use the IFS Mana 
concurrently supporting multipl d . ger API.s to provide a clean way of 

support and network redirector 
:
up

;:�� types and addmg additional disk device 

The 32-Bit Protected-Mode FAT File S t 
Th . . 

ysem 

e 32-bit VFAT driver provides a 32-bit r 
the file system stored on a disk It 

. I 
p otected-mode code path for manipulating 

smoother multitasking perform� 
ts �o ;e-e�trant and multithreaded, providing 

provided originally with Window:�or ;or�
-b1t file access d�ver is improved over that

MS-DOS-device drivers and hard d' k 
groups 3.11 and is compatible with more 

is controllers. 

Benefits of the 32-bit file access driver 
the following: 

over MS-DOS-based driver solutions include 

• Dramatically improved perfo 
• No conventional memory 

;1ance and real-mode disk caching 

• Better multitasking wh 
use (�epl�cement for real-mode SmartDrive) 

• D 
en accessmg mformati di 

ynarnic cache support 
on on sk with no blocking 

Under MS-DOS and w· d 
fr . m ows 3. 1, manipuJ ti f 

om the .disk is handled by the Int 2Ih MS 
�;; o th� FAT and writing to or reading 

code. Bemg able to manipulate the di k fil 
- function and is 16-bit real-mode 

::uces the need to transition to real 
:ocI e. system from protected mode removes or

ough MS-DOS, which results in a perl e m order to write information to the disk 

The 32-bit . . 
ormance gain for file 1/0 access. 

VFAT dnver mteracts with the bl 
acce�s to more device types than are su 

ock 1/0 �ubsystem to provide 32-bit disk 

provided for mapping to existing real m
pp

d
ort

di
e� by Wmdows 3.1. Support is also

system The b' . - 0 e sk drivers th t 
· 

. . 
: 

com matton of the 32-bit fil 
a may be m use on a user's 

m significantly improved disk and file 

�
O
e ac':ss and 32-bit disk access drivers results 

peuormance. 

The 32-Bit Cache
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The 32-bit VFAT work in conjunction with a 32-bit protected-mode cache 

(YCACHE) driver and replace and improves on the 16-bit real-mode SmartDrive 

di k cache oftware provided with MS-DOS and Window 3.1. The VCACHE driver

feature a more intelligent algorithm for caching information read from or written to 

a di k drive than SmartDrive, and re ult in improved performance when reading 

information from cache. The YCACHE driver is al o re pon ible for managing the 

cache pool for the CD-ROM File Sy tern (CDFS) and the provided 32-bit network 

redirectors. 

Another big irnpro ement VCACHE provide over SmartDrive i that the memory

pool used for the cache i dynamic and is ba ed on the amount of available free y tern

memory. U er no longer need to statically allocate a block of memory to et aside as a

di k cache becau e the y tern automatically allocate or deallocate memory u ed for 

the cache based on ystem u e. Because of intelligent cache u e, the performance of 

the ystem also scales better than with Window 3.1 or Windows for Workgroup 3.11.

The 32-Bit Protected-Mode CD-ROM File System

The 32-bit protected-mode CD-ROM file ystem (CDFS) implemented in Window 95

provides improved CD-ROM acces performance over the real-mode MSCDEX driver

in Windows 3.1 and i a full 32-bit ISO 9660 CD file system. The CDFS driver 

replaces the 16-bit real-mode MSCDEX driver and feature 32-bit protected-mode 

caching of CD-ROM data. The CDFS driver cache is dynamic and hare the cache 

memory pool with the 32-bit VFAT driver, requiring no configuration or static 

allocation on the part of the u er. 

Benefits of the new 32-bit CDFS driver include the following:

• 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 

• Dynamic cache upport to provide a better balance between providing memory to

run applications versus memory to serve a a disk cache 

If MSCDEX is pecified in the AUTOEXEC.BAT, the 32-bit CDFS driver take over

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

The use of MSCDEX i no longer nece ary under Windows 95. 

Users of CD-ROM multimedia applications benefit greatly from the new 32-bit CDFS.

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

ROM quicker, providing improved performance. 
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68 Introducing Microsoft Windows 95 

The Block 1/0 Subsystem 
The block I/0 ub y tern in Windows 95 improves upon the 32-bit disk access fast­
di k devic architecture in Window 3.1 and therefore improves performance for the 
entir file y tern and a broader array of device support. 

. hown in Figure 29 the components of the block 1/0 subsystem include the high­
I vel 1/0 Supervi or (IOS) layer, which provides an interface to the block 1/0 
, ub ystem for the higher layer components; the port driver, which represents a 
moo lithic di k device driver; the SCSI layer, which provides a standard interface and 
driver layer to provide device-independent control code for SCSI devices; and the 
C I mini-port driver, whi h contains the device-dependent control code responsible 

for interacting with individual SCSI controllers. 

Port Driver 

Block 10 Subsystem 

lnpul/Output Supervisor (IOS) 

01her Layers 

SCSI Layer 

Mlnlport 

Figure 29. The architecture of the block 1/0 subsystem 

Th block VO ub y tern provide the following support in Windows 95: 
• 

• 

• 

• 

fully Plug and Play-enabled architecture 

upport for mini-port driver that are binary compatible with Windows NT 

upport for Window 3.1 fa t di k drivers for backward compatibility 

Protected-mode driver that take over real-mode MS-DOS device drivers when 
afe to do o 

The ability to upport ex.i ting MS-DOS real-mode disk device drivers for 
compatibility 

The following ection examine the different areas that make up the block 1/0 
ub Y tern. The �pl�ati�n are provided to facilitate an understanding of the 

. omponent , beanng m mrnd that the configuration of the di k device driver layers is
1 lated from the u er. 

The 1/0 Supervisor 
The I/0 upervi or (10 ) provide ervice to file systems and driver . The IOS is re pon ible for the queuing of file ervice reque t an or routing the requests to the
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appropriate file system driver. The IOS also provides asynchronous notification of file 
system events to installed drivers. 

The Port Driver 

The port driver is a monolithic 32-bit protected-mode driver that communicates with a 
specific disk device, such as a hard disk controller. This driver is specifically for use 
with Windows 95 and resembles the 32-bit disk access (fast disk) driver used in 
Windows 3.1, such as the WDCTRL driver used for Western Digital compatible hard 
disk controllers. In Windows 95, the driver that communicates with IDE/ESDI hard 
disk controllers and floppy disk controllers is implemented as a port driver. A port 
driver provides the same functionality as the combination of the SCSI manager and the 
mini-port driver. 

The SCSI Layer 
The SCSI layer applies a 32-bit protected-mode universal driver model architecture 
to communication with SCSI devices. The SCSI layer provides all the high-level 
functionality that is common to SCSI-like devices and then uses a mini-port driver to 
handle device-specific 1/0 calls. The SCSI Manager is part of this system and provides 
compatibility support for using Windows NT mini-port drivers . 

The Mini-Port Driver 

The mini-port driver model used in Windows 95 simplifies the task of :'riting d�vice
drivers for disk device hardware vendors. Because the SCSI Stub provides the high­
level functionality for communicating with SCSI devices, disk devi�e hard�are . vendors need to create only a mini-port driver that is tailored to therr own disk device.
The mini-port driver for Windows 95 is 32-bit protected-mode code �d i� binary 
compatible with Windows NT mini-port drivers, another factor that �implifies the task 
of writing device drivers. Binary compatibility with NT also res�lts .m a  more stable
and reliable device driver because hardware vendors need to mamtam only �n_e code
base for device support. Users of Windows 95 al o benefit because many rmm-port 
drivers are already available for Windows NT. 

Support for IDE, ESDI, and SCSI Controllers 
Through the use of either a port driver or a mini-p�rt dri:er, support for a broad array
of disk devices will be available for Windows 95, mcluding popular IDE, �SDI, and 
SCSI disk controllers. User won't have to decide whether to use a port driver or a 
mini-port driver because the driver is provided ?Y the hardware vendor and 
configuration of the driver is handled by the Windows 95 system. 
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70 Introducing Microsoft Windows 95 

The Real-Mode Mapper 

To provide binary compatibility with real-mode MS-DOS-based disk device drivers 
for which a protected-mode counterpart does not exist in Windows 95, the block 1/0 
subsy tern provides a mapping layer to allow the protected-mode file system to 
communicate 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 1/0 requests from protected mode to real 
mode so that the MS-DOS device driver can perform the desired read or write 

operation from or to the disk device. An example of when the real-mode mapper 
would come into play is when real-mode di k-compression software is running and a 
protected-mode disk-compression driver is not available. 

Long Filename Support 

The u e of long filenames of up to 255 characters in Windows 95 overcomes the 

sometimes cryptic 8.3 MS-DOS filename convention and allows more user-friendly 
filename . MS-DOS 8.3 filenames are maintained and tracked by the system to provide 
compatibility with existing Win l6-based and MS-DOS-based applications that 
manipulate only 8.3 filenames, but as users migrate to Win32-based applications, the 
u e of 8.3 filename convention is hidden from the user. 

Long filenames are supported by extending the MS-DOS FAT file system and using 
bits and field that were previously reserved by the operating system to add special 
directory entries that maintain long filename information. Extending the MS-DOS

FAT layout, rather than creating a new format, allows users to install and use 

Windows 95 on existing di k formats without having to change their disk structure or 
reformat their drives. This implementation provides ease of use and allows future 
growth while maintaining backward compatibility with existing applications . 

Becau e Window 95 simply extends the FAT structure, long filenames are supported 
on diskettes as well as hard disks. If a file on a diskette that has a long filename is 
viewed on a computer that i not running Windows 95, only the 8.3 filename 

representation is seen. 

Figure 30 shows a disk directory with long filenames and their corresponding 8.3 
filename mappings on a computer running Window 95. 

Volume in drive C is MY HARDDISK 

Volume Serial Number is 1847-7161 

Directory of C:\LONGF!LE 

. <DIR> 05-11-94 10:34a . 

.. <DIR> 05-11-94 10:34a .. 

4THOUART XLS 147 05-11-94 12:25a 4th Quarter Analysis.xls
TEXTFILE TXT 147 05-11-94 12:25a TEXTFILE.TXT

( continued) 

Figure 30. (continued) 
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THISISMY DOC 147 05-11-94 12:25a this is my long filename.doc 

1994FINA DOC 147 05-11-94 10:35a 1994 Financial Projections.doc 

4 file(s) 588 bytes 

2 dir(sl 48,009,216 bytes free 

Figure 30. A directory listed from the command prompt, showing both 8.3 and 

long filenames 

Support for Existing Disk Management Utilities 

For existing disk management utilities to recognize and preserve long filenames, utility 
vendors need to revise their software products. Microsoft is working closely with 
utilities vendors and is documenting long filename support and its implementation as 
an extension to the FAT format as part 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 filena_me 

entries in the FAT format. However, no data is lost if the long filename entry 1s 
destroyed because the corresponding system-defined 8.3 filename is preserved . 

Hidden File Extensions 
Like Windows 3.1, Windows 95 uses file extensions to associate a given file type with 
an application. However, to make it easier to manip�late file_s, file extensions 
are hidden from users in the Windows 95 shell and m the Wmdows Explorer, and 
instead, icons are used in the UI in Windows 95 to differentiate the doc�_ents . associated with different applications. Information about file type �ssocia�ons is stored
· the Registry and the associations are used to map a given file with the icon that 
:presents the document type. (For compatibility reasons, �indows 95 mu�t tr�ck 
filename extensions for use with existing MS-DOS and Wm16-based appbcatlons.) 

In addition to hiding filename extensions in the Windows 95 sh�ll an� the �in�ows 
Explorer application developers can hide filenames from users m therr applications. 
Mechani�ms for hiding filenames are documented in the Windows_95 SDK. A good
Windows 95 application makes use of these mechanisms for handlmg files to be 
consistent with the rest of the Windows 95 environment. 

Additional File Date/Time Attributes 

To further enhance the file system, Windows 95 maintains additional date/ti�e 

attributes for files that MS-DOS does not track. Windows 95 tracks the date/tune wh�n

a new file was created, the date/time when a file was modifie?, and the date when a e

was last opened. These file attributes are displayed in the file s property sheet, as 

shown in Figure 31 on the following page. 
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• P1ope1t1es tot 1994 F111enc1al P10Ject1ons ID�

1994 Financial Proiections 

WordPad Document 

147 bytes [147 bytes] 

Wednesday May11 19941Q35
2

8AM 

Figure 31. The properties for a file, showing the new file date/time attributes 

Utilities vendors can take advantage of this additional date/time information to provide 
enhanced backup utilitie -for example, to u e a better mechanism when determining 
whether a given file has changed. 

Coordinated Universal Time Format 

MS-DOS ha traditionally used the local time of the computer as the time stamp for 
the directory entry 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 networks that operate across time zones. 

Exclusive Access for Disk Management Tools
Disk management utilities, such as disk defragrnenters, sector editors, and disk­
compression utilities, don't get along well with Windows 3.1. File system programs, 
such as CHKDSK and DEFRAG, require exclusive access to the file system to 
minimize the disk access complexities that are present in a multitasking environment
where disk 1/0 occurs. For example, without exclusive access to the disk, data
corruption might occur if a user requests that a disk operation move information on the
disk at the same time that another task is accessing that information or writing other
information to disk. However, Windows 3.1 and MS-DOS do not provide a means of 
controlling access to the disk, o users have been forced to exit Windows and enter
MS-DOS to run disk management utilities.
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The file system in Windows 95 has been enhanced to support the use of Windows­
based disk management utilities by permitting exclusive access to a disk device. 
Exclusive disk access is handled as part of the file system through a new API 
mechanism and can be used by utilities vendor to write Windows-based disk 
management utilities. Microsoft is encouraging third-party utilities vendors to use thi 
API mechanism to move existing MS-DOS-based utilities to Windows, and is also 
using it to deliver disk management utilities as part of Windows 95. 

For example, this mechanism is used by the Di k Defragmenter (Optimizer) utility 
delivered as part 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 background while 
users continue to work on their systems. 

DriveSpace Disk Compression 

Windows 95 provides built-in support for DriveSpace disk compression. Compatible 
with DoubleSpace and DriveSpace disk compression provided with MS-DOS, 
Windows 95 provides base compression in the form of a 32-bit virtual device driv�r 
that delivers improved performance over previously available real-mode compres ion 
drivers and frees conventional memory for use by MS-DOS-ba ed applications. Users 
of MS-DOS-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 provide� with . Windows 95 is GUI-based and provides the ability to compress a physical hard drive 
or removable floppy drive. The Compress a Drive dialog box, show� in Figure 33 on 
the following page, graphically depicts the amount of free space avrulable before 
compression and the estimated space available after compres ion. 

Disk Compression P-1@£1 r 

Drive Advanced Help 
-

Drives on this computer: 

,a 3 '/, Floppy (A:) 3 .5" Floppy drive I 

.J 5� Floppy (B:) 525" Floppy drive 

e:, Drive_d (D:) Physical drive 

:,.;;.) ,. 

-t,; .... � 

Figure 32. The DriveSpace disk compression tool 

.. 
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long f!ename dilecto,y 

MS-005 Name 1~4FINA DOC 
Created 'wednesdqy May 11 1994 10 35 28 AM 
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Compress a Drive lt!I 

Compressing duve C will make ,t appear large, and contain more tree 
space 

Drive C (now)=,......--_, 

Used Space 184 02 MB 

Qopaclty: 201 .97 MB 

Drive C (afte, compre1s1on) 

Free S�ce. 191.23 MB' 

Used S�e- 184.02 MB' 

Capacity 37525 MB' 

'estimated 

Figure 33. The Compress a Drive dialog box, which graphically di I 

free space 

sp ays 

System Capacity Improvements 
w- d 

a 
10. o�s 95 provid�s better system capacity for running MS-DOS and Winl6-basedpplica�ons than Wmdows 3.1. A number of internal enhancements to the base s stem�:;::�nt�rnal sy�tem re�ources from being exhausted as quickly as was possibie

rung multiple Wmdows-based applications under Windows 3.1 .
�:i

e
�:�

a
:ificial limitati�ns prese�t in Windows 3.1 were due to its architecture

had to run on an
s�c�;��8which were m turn largely due to the fact that Windows 3.1

be . n e_ 6-based computer. These limitations have for the most parten overcome m Wmdows 95 t th b 
d 1 

, o e enefit of users as well as ISVs and othereve opers. 

System Resource Limitation Improvements
Many users have encountered Out if M 
Windows-based applicati d 

o . emory error messages when running multiple

several megabytes of avai�
n
:1 

u� er Wmdows 3.1, even though the system still reports
because the system could 

a
t
\ ee mem�ry. Typically these messages were displayed 

function call due to lack o
;o \o�te an m�ernal �emory resource in a Windows API

avai a e space rn a region of memory called a heap.

Windows 3.1 maintains hea f 
heap is 64 KB . . . ps or system components called GDI and USER. Eachm size and is used for st . GDI allocated when an application calls a ;.

n

�
g or mem�ry object information

m ows API function. The amount of space 
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available in the combination of these two heap is identified as the percentage of 
system resources that �e free and is displayed in the About dialog box in Program 
Manager and other Wmdows applications, as shown in Figure 34. 

About Program Manager 

::!:Ii Program Manager 
, ,,, ; :::! Microsoft 'Windows for 'Workgroups 
,,,. MJ.Cll)S(Ff_ Version 3.11 

OK 

WINDOWS. Copyright� 1985-1993 Microsoft Corporation 

This product is licensed to: 
Brent Ethington 
M icrosolt Corporation 
Product Number: 

Memory: 7.918 KB Free 
System Resources: 59:t Free 

75 

Figure 34. The About dialog box in Program Manager in Windows 3.1, showing

free system resources 

The percentage of free ystem resources displayed in the About dialog box is 
calculated u ing an internal algorithm to represent the aggregate percentage of free 
memory in the GDI and USER heaps. When the free system re ource percentage gets 
too low, users commonly ee an Out 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, a number of the data structures stored in
the 16-bit GDI and USER heaps in Windows 3.1 have been moved out of the e heaps
and stored in 32-bit heap , providing more room for the remaining data element to be

created. As a result, system re ources decrease less rapidly in Windows 95 than they
did in Windows 3.1. 

For compatibility, not all object were removed from the 16-bit GDI or USER heap

and placed in a 32-bit heap. For example, some Windows-based applications

manipulate the contents of the GDI heap directly, bypassing the publi bed API

mechanisms for doing so, because their developers think direct manipulation increase

performance. However, because these applications bypass the Windows API 

mechanisms, moving their data from the existing heap tructures and placing them in

32-bit heap would cau e these applications to fail because of memory acces 

violations. 

Winl6-based and Win32-based applications u e the ame GDI and USER heaps. The

impact of removing selected items from the heaps wa clo ely examined and objects 

were selected ba ed on the biggest improvement that could be achieved while affecting

the fewest number of applications. For example, the GDI heap can quickly become full

because of the creation of memory-intensive region objects that are used by 

Free Space 17 95 MB 

; 
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application for creating complex images and by the printing subsystem for generating 
complex output. Region objects were removed from the 64 KB 16-bit GDI heap and 
placed in a 32-bit heap, benefiting graphic-intensive applications and providing for the 
creation 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 limit of 200 for these data structures in Windows 3.1, 
Windows 95 allow 32,767 menu handle 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 
improvements in Windows 95 that facilitate system cleanup of unfreed resources also 
relieve system resource limitations. When Windows 95 determines that the owner and 
other ended processes no longer need the resources in memory, Windows 95 cleans 
up and deallocates leftover data structures. The robustness improvements in 
Windows 95 are discussed in Chapter 5, "Robustness." 

Better Memory Management 

Windows 95 improves addressibility to provide better access to physical memory, 
as well as improves upon the swapfile implementation provided in Windows 3.1 to 
support virtual memory supplementation of physical memory. 

Linear Memory Addressing for 
Win32-Based Applications 

To support a 16-bit operating environment, the Intel processor architecture uses a
mechanism, called segments, to reference memory by using a 16-bit segment address
and� l�-b1t offset address within the segment. A egment is 64 KB in size, and
�pphcati?ns and the operating system pay a performance penalty when they access
informatio� a�ross e�ments. For 32-bit operating system functionality and Win32-
based applications, Wmdows 95 addresses this issue by using the 32-bit capabilities of
the Intel 80386 (and above) processor architecture to support a flat, linear memory mode. A linear addressing model simplifies the development process for applicationdev�lopers, removes the performance penalties imposed by the segmented memory architecture, and provides access to a virtual address space that permits the addressing
of up to 4 GB (� gigabytes, or 4 billion bytes) of memory. Windows 95 uses the flatmemory model mternally for 32-bit components and virtual device drivers .

Compatibility with the Windows NT Memory Model
�indows 95 us�s the same memory model architecture as Windows NT, providinghigh-end operatmg system functionality for the mainstream system. Windows 95 allows full use of the 4 GB of addressable men;iory space to support even the largest
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desktop application. The operating system provides a 2 GB memory range for 
applications and reserves a 2 GB range for itself. 

Virtual Memory Support (Swapfile) Improvements

77 

Windows 95 addres es problems and limitations imposed in Windows 3.1 by its virtual 
memory swapfile implementation. With Windows 3 .1, users were faced with a myriad 
of choice and configuration options for setting up a swapfile to support virtual 
memory. They had to decide whether to use a temporary swapfile or a permanent 
swapfile, how much memory to allocate to the swapfile, and whether to use 32-bit 
disk access to access the swapfile. A temporary swapfile did not need to be contiguous, 
and Windows would dynamically allocate hard disk space when it was started and free 
up the space when it was terminated. A permanent swapfile provide� the best . performance, but it had to be contiguous, had to be set up on a phys1c�l hard. disk, and
was statically specified by the user and not freed up when the user exited Wmdows . 

The swapfile implementation in Windows 95 simplifies the configuration task for the

user and, because of improved virtual memory algorithms and access methods,
combine the best of a temporary swapfile and a permanent wapfile. The swapfile m

Windows 95 is dynamic and can shrink or grow based on the operation� perfo�ed on

the system. The swapfile can occupy a fragmented region of the hard disk and 1t can be
located on a compressed disk volume. 

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

These settings can adversely aftect s}'stem pertormance and should be 
ad1usted only by advanced users and system admin1strat01s 

OK 

Figure 35. The simplified virtual memory settings 
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78 Introducing Microsoft Windows 95 

The Registry: A Centralized 
Configuration Store 

Windows 95 uses a mechanism called the Registry to serve as the central configuration 
store for u er, application, and computer-specific information. The Registry solves 
problems as ociated with the .INI files used in Windows 3 .1 and is a hierarchical 
database that stores system-wide information in a single location, making it easy to 
manage and support. 

Solutions to .INI Problems 

Windows 3.1 uses initialization (.INI) files to store system-specific or application-
pecific information about the state or configuration of the system. For example, the 

WIN.IN! file stores state information about the appearance or customization of the 
Windows environment; the SYSTEM.INI file stores system-specific information on
the hardware and device-driver configuration of the system; and various .INI files,
such as WINFILE.INI, MSMA1L.INI, CLOCK.INI CONTROL.INI, and 
PROGMAN.INI, store application- pecific information about the default state of 
an application. 

Problems with .INI files under Windows 3.1 for configuration management include the 
following: 
• 

• 

• 

• 

• 

• 

Information is stored in several different locations, including CONFIG.SYS, 
AUTOEXEC.BAT, WIN.INI, SYSTEM.INI, PROTOCOL.INI, private .INI files, 
and private .GRP files . 

. INI files are text-based and limited in total size to 64KB, and APis allow forget/write operations only . 

�ormat�on stored in .INI files is non-hierarchical and supports only two levels of information: key names broken up by section headings.
Many .INI files contain a myriad of switches and entries that are complicated toconfigure or are used only by operating system components.
.INI _file� p�ovide no mechanism for storing user-specific information, thusmaking it difficult for multiple users to share a single computer.
Configuratio_n information in .INI files is local to each system, and because no API �echan1sms are available for remotely managing configuration, managingmultiple systems is difficult. 

To solve these problems the R · try d · d · · · · , egis was es1gne with the followmg goals m rnmd:
• Simplify the support burden.
• Centralize configuration information.

Chapter 4 Base System Architecture 

• Provide a means to store user, application, and computer-specific information.
• Provide local and remote access to configuration information.

79 

The Registry is structured as a database of keys in which each key can contain a value 
or other keys (subkeys). As shown in Figure 36, the Registry uses a hierarchical 
structure to store text or binary value information and maintains all of the 
configuration parameters normally stored in the Windows system .INI files such as 
WIN.INI, SYSTEM.INI, and PROTOCOL.INI. Although similar in some ways to the 
Registration Database used in Windows 3.1, which served as a central repository for 
file associations and OLE registration information, the Registry in Windows 95 
extends the Registration Database structure to support keys that can have more than 
one value and also support data of different types. 

,;/ Registry Ed1lo1 - · l!!Uiii!I 

!3.eg,sl!y &.dil '{iew l:!eip 
B My Computer 

l!l HKEY _CLASSES_ROOT 
l!l HKEY_CURRENT_USER 
B-· HKEY _LOCAL_MACHINE 

l!l Config 
1±1 Enum 
B hardware 

l!l· CLASS 
8 devicemap 

l!l Network 
l!l· Security 
$ SOFTWARE 
l!l System 

l!l HKEY_USERS 
l!l· HKEY CURRENT CONFIG 

Figure 36. The hierarchy of the Registry, as displayed by the Registry Editor 

The Registry is made up of several .DAT files that contain system-specifi� information 
(SYSTEM.DAT) or user-specific information (�SE�.DAT). �yste�-spe�1fic 

information, such as the static reference to loading virtual device drivers is moved as 
appropriate from the SYSTEM.INI file to the Registry. 

System Switch Simplification 

Another improvement in Windows 95 over the Windows 3.1 use of .INI f.iles is related

to system switch simplification. Windows 3.1 supports several h�ndred_ different 

configuration switches that can be specified in system .INI files, mcluding WIN.INI

and SYSTEM.INI. With intelligent enhancements made to the system and bett�r 

dynamic configuration properties, Windows 95 has reduced the number �f entnes . 
normally associated with .INI files. These reducti�ns ?1�n't result from simply movmg

.INI entries to the Registry but by examining and Justifymg the presence of each and 

every one. 

- ~ --- - r.---

1 - -
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80 Introducing Microsoft Windows 95 

No .INI Files? 
Like CONFIG.SYS and AUTOEXEC.BAT, WIN.IN! and SYSTEM.IN! and 
application-specific .INI files still exist for compatibility reasons. The Win 16 APis 
for manipulating .INI files till manipulate .INI files, but developers of Win32-based 
applications are encouraged to use the Registry APis to consolidate application­
specific information. 

Many existing Winl6--based applications expect to find and manipulate the WIN.INI 
and SYSTEM.INI files to add entries or load unique device drivers, so Windows 95 
examines .INI files during the boot process. For example, the [386Enh] section of 
SYSTEM.INI is checked for virtuaJ device drivers. 

Role in Plug and Play 
One of the primary roles of the Registry in Windows 95 is to serve as a central 
repository for hardware-specific information for use by the Plug and Play system 
co�ponents. Windows 95 maintains information about hardware components and 
devices that have been identified through an enumeration process in the hierarchicaJ 
structure of the Registry. When new devices are installed, the system checks the 
existing configuration in the Registry to determine which hardware resources-for 
example, IR�s, 1/0 addresses, DMA channels, and so 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 APis use the remote procedure call (RPC) mechanism in Windows 95 
to provide remote_ ac�ess to Registry information across a network. As a result, desktop 
m�agement applications can be written to aid in the management and support of 
Wm�ows-based computers, and the contents of the Registry on a given PC can be 
quened over a network. Industry management mechanisms such as SNMP or DMI 
can easily be integrated into Windows 95, simplifying the �anagement and suppod 
burden of an MIS organizati F · , · · · 

. . . on. or more m1ormatJon about manageabihty and remote
admm1stratJon, see Chapter 9, "Networking." 

Better Font Support 

Font support in Windows 95 h b nh . . . . as een e anced to provide better mtegrahon with the 
UI and has been optimized 'o th 32 b. · . . .. 1' r e - 1t envrronment. It also provides capabilities 
such as font smoothing , , th h . 

. 1or 1onts at ave not previously been offered as part of a 
mamstream operating system. 
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The 32-Bit TrueType Rasterizer

The rasterizer component for rendering and generating TrueType fonts is enhanced in

Windows 95. The rasterizer is written as a 32-bit component, and delivers better 

fidelity from the mathematical representation to the generated bitmap, as well as better

performance for rendering TrueType fonts. 

In addition to performance enhancements, the new 32-bit rasterizer provides support

for generating complicated glyphs-for example, Han-and results in a faster initial

boot time in Windows 95 than in Windows 3.1 when many fonts are installed. 

. 
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CHAPTER 5

Robustness

Windows 95 improves on the robustness of Windows 3.1 to provide great upport

for running MS-DOS-based, Win16-based, and Win32-ba ed applications, and to

provide a high level of system protection from errant applications.

83 

Windows 3 .1 provided a number of mechanism to support 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, users could continue running in a way that allowed them to

save their work.

• Local reboot. Users could shut down an application that hung.

• Parameter validation for API calls. The system could catch many common

application errors and fail the API call, rather than allow bad data to be passed to

an APL

Just as the improvements in Windows 3.1 provided 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 improvements resulting in a more robust operating sy tern environment

than Windows 3.1 include:

• Better local reboot 

• Virtual device driver thread clean-up when a proces ends

• Per-thread state tracking

• Virtual device driver parameter validation
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84 Introducing Microsoft Windows 95 

Better Local Reboot 

The capability whereby users can end an application or VM that hangs 1·s all d 1 
b w· h w· 

C e a oca/ 
re oot. 1t mdows 3.1, users could perform a local reboot by pressing th th _ 
key CTRL+ALT+DEL combination. U er could pretty easily end errant VMs :ith

r

� 
local reboot reque t, but a local reboot request for a Windows-based appr tJ.. ft 
d"d 't d h w· d 

ica on o en 
1 n en t e errant 10 ows-based process or brought the entire system down. 

Window 95 greatly improve the local reboot support by providing a means t d 
M�-DOS-ba ed application running in a VM, a Win 16-based application 

° en an 

Wm32-ba ed application without bringing down the entire ystem Mo 

' or a
th . . reover, e 

pr�cess of cleanm� up the Y_ tern �er a local reboot is now more complete than for 
Wmdows 3.1. (This process 1s descnbed later in this chapter.) 

In :Yindow_s 3._l, when a user requests a local reboot, the system may identify the 
active appltcation as the application that has the focus of the local reboot r t · 
may report b k th th . eques , or it 

_ac at ere 1s no application in a hung or inactive state. In Windows 95 
the �stem d1 plays the Close Program dialog box, which identifies the tasks that are 

runmn� and the state that the ystem perceives each one to be in, as shown in Figure 

37. This level of detail affords the user much more flexibility and control over th 1 1
reboot than with Windows 3.1. 

e oca 

Close Pmgram � � 
: � I A I 

Microsoft Vr;ual C++ 
COMMAND 
Document· WordPad 
untitled · P a,nt 
EXPLORER 
SCM 

WARNING Pres rng CTRL+ALT +DEL again w,11 restart your 
computer You w� lose unsaved 1nformatro11 rn all programs 

that are running 

.End Task Cancel I 

Figure 37. The Close Program dialog box 

��pl���
i
;::u:;�::ntifi�d

d 
as "�ot responding" when they haven't checked the 

me sage queue whilt
er

� of _ time. Although some applications don't check the 

application check th 
pe ornung computationally intensive operations, well-behaved 

Winl6-ba ed applica
e
tJ_
message queue frequently. In Windows 95, as in Windows 3.1, 
ons must check the messa 1. . 

running tasks. 
ge queue to re mqmsh control to other 
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Try It! 

Perform a Local Reboot 

1. With a couple of applications running, press CTRL+AL T+DEL. You are presented
with a list of active applications. Applications that are hung are identified as Not

responding. 

2. Terminate one of the tasks by clicking End Task.

Virtual Device Driver Thread Clean-Up
Local reboot support is also aided by improved VxD 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 a local reboot to end a seemingly-hung 
application. For example, if an operation (such as a network operation in real-mode, a 
disk 1/0, or an asynchronous application reque t) ended abnormally because of another 

application-based error, Windows 3.1 sometimes couldn't clean up properly to free 
allocated resources and sometimes couldn't even return control to the user . 

Windows 95 improves system clean-up by providing each system VxD with the ability 
to track the. resources it allocates on a per-thread basis. Because most computer system 

functionality and support is handled in Windows 95 by VxDs rather than by real-mode 
code or BIOS routines, Windows 95 can recover from errors or situations that, under 
Windows 3.1, would require that the computer 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 VxD receives 
notification that the thread is ended. This notification allows the VxD to safely cancel 
any operations it is waiting to finish and frees any resources that the VxD previously 
allocated for the thread or application. Because the system tracks each VM, Winl6-
based application, and Win32 thread a a separate per-thread instance, the system can 
clean up properly at each of these levels, without affecting the integrity of the system. 

Per-Thread State Tracking 
To aid in system clean-up, resource tracking in Windows 95 is much better than in

Windows 3.1. In addition to tracking resources on a per-thread basis by system VxDs,

resources such as memory blocks, memory handles, graphics objects, and other system

items are allocated and also tracked by system components on a per-thread basis. 

Tracking these resources on a per-thread basis allows the system to clean up safely

when a given thread ends, either normally-at the user's request--or abnormally. 

Resources are identified and tracked by both a thread ID and the major Windows 

version number that is stored in the .EXE header of the application. 
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