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Name Date Transistors Microns Clock speed Data width MIPS
1974 6,000 6 2 MHz 8 bits 0.64
1979 29,000 3 5 MHz 16 bits, 8-bit bus 0.33
1982 134,000 1.5 6 MHz 16 bits 1
1985 275,000 15 16 MHz 32 bits 5
1989 1,200,000 1 25 MHz 32 bits 20
Pentium 1993 3,100,000 0.8 60 MHz 32 bits, 64-bit bus 100
Pentium 11 1997 7,500,000 0.35 233 MHz 32 bits, 64-bit bus ~300
Pentium 111 1999 9,500,000 0.25 450 MHz 32 bits, 64-bit bus ~510
Pentium 4 2000 42,000,000 0.18 1.5 GHz 32 bits, 64-bit bus ~1,700
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" RoleofanO erating System

e User Interface
— GUI

e Application interface
e Memory Management

e Time Management
— Multitasking, virtual machine handler
e File System Manager
e Programming interface
— API’s, ActiveX
e Hardware Interface
— Device Drivers, VXDs

e Multimedia Framework
— Video for Windows, DirectX




Space and Time Management

e Intel Hardware Processing Mo
— Real mode

— Protected mode
— Virtual 8086 mode

e Operating System Multiprocessing Mod
— Time sharing

— Cooperative multitasking
— Preemptive multitasking
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Figure 18-1: This diagram shows a PC with 16MB of RAM (540K of conventional memaory plus
15744K of extended memory = 16384K plus 384K of UMBS, for a total of 16768Kj. EMS
memory is taken from the extended memory by using EMM386.exe or other third-party memory
mmmisgmmoosm\smmhwmmoosmmmmssw.



Comparative 0S Architectures: 77e memory model of each operating ‘

Windows 3.1 embodies trade-offs between performance and protection that hark
Back to the days of the 285. While it provides good parformance for Win6 applice
tions, DOS applications, real-mode device drivers, and virtual device drivers (VxDe
it offers almost no peotection against badly behaved applications.

4GB
The segmented memory space of a Win16

application is visible 1o and addressable by all
other Win16 applications. Operating-system
karnel DLLs and VxDs are also visible to all
applications. This design, where a single pool
of memory is shared among applications and
the 03, provides fast performance as AP calls
to system DLLs do not entail ring transitions
or context switches, The clear disadvantage is
that any application can scribble on memory
belonging to other applications or opesating-
system companents, patentialy bringing
down the whole system.

Win16 applications are cooperatively
multitasked. Under this system, the applica-
tion, rather than the operating system, 15
responsible for giving up control to the next
application. A crashed or mishehaving
program can keep all others from recening
SYStEM reS0Urces.

Windows 95 strikes & balance amang perfdrmance, compatibility, and robusiness.
It offers fast execution of Win32, Win16; and DOS applications, and it can use real-
mode device drivers, While it offers hetter crash protection than Windows 3.1, it
remains vulnerable on several fronts.

Addresses between 2GB and 4GB are mapped
into the address space of each Win32 applica-
tion and are shared by all processas.

Addresses betwesn 368 and 4GB contain the
Ring 0 components, including virtual device
drivers (VxDs), the virtual machine manage-
ment subsystem, and the fite management
subsystem. This memory area is visible to and
writable by Win32 apps.

Addresses betwaen 268 and 3GB contain all
Ring 3 Windows system DLLs, such as Kemel,
(501, and User, as well as any Win16 applica-
tions.

All 16-bit Windows apglications run here
in a shared address space, where they are
cooperativety multitasked. This virteal 16-bit
Windows machine is subject to the same
vulnerabilities as Windows 3.1,

268

Betwaen 4MB and 2GB, each Win3Z app sees
a private flat address space; itcannot see any
other Win32 processes, Errors occurring here
can usually b trapped without bringing down
the operating system.

=

Addresses from 0 bytes to 4MB ace shared by
all processes. This is requiced for compatibili-
ty with real-mode device drivers, TSRs, and
some 15-bit Windows applications, but
makes it possible for any procass to corrupt
components residing in those addresses.
While the first 84K is not addressabie by
Win32 applications, it can be addressed and
potentially corrupted by 16-bit applicatinns‘.J
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Windows 98 Layers
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