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Transistors and Batch Systems
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JOB1 JOB2 JOB3
Tvpe of job Heavv compute Heavy [/O Heavy [JO
Duration > min 12 min 10 min
Memory required 50 M 100 M M
Need disk? No No Yes
Need termumal? No Yes No
Need printer? No No Yes
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Processor use
Memory use
Disk usc

Printer use
Elapsed time
Throughput rate

Mean response time
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30 min
6 jobs/hr

18 min
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67%
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67%
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Personal Compute$ ' & A " N

Ag<>h _ 1+ h vy > v
(MIPS).

Agl ' > " s h _~  z2z2
B -~ 8B v ~ 1 h > h ¢ h A L
s A . >h ' Lt h g e h ¢

Arh“w_'+ "h A " CEB " > AT ]

Aﬁ‘h{¢’h" h AR~ VAL ! )




Personal Computers
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A Mainframe operating systems

A Server operating systems

A Multiprocessor operating systems

A Personal computer operating systems
A Handheld operating systems

A Embedded operating systems

A Sensor node operating systems

A Realtime operating systems

A Smart card operating systems
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Application programs

- Beautiful interface

Hardware

-— Uqgly interface
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n A h < kernel/usermode(1/2)
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n A h < kernel/usermode (2/2)

A To mode register bit 0
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Transistors and Batch Systems
) / $END

_~———Data for program
/

/$LOAD /
b /
P A Fortran program //
P
|
/ $FORTRAN
AJOB, 10,6610802, MARVIN TANENBAUM //
/
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Middlewarebased Systems

Machine A Machine B Machine C

Distributed applications

Middleware services

Network OS Network OS Network OS
Services services services
Kernel Kernel Kernel

Network
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Monitor
Hard
Keyboard USB printer disk drive
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; Hard
VU] controller controller controller
Bus
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Execute
unit
Fetch Decode
unit unit
: Execute
Fetch | .| Decode || Execute Hbﬂlgf'ng o
unit unit unit utter
Fetch Decode
unit unit
Execute
unit
(a)
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Core 1 Core 2 cacne Core 1 Core 2
L2 L2
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Core 3| | Core 4 Core 3| | Core 4
L2 L2

(a) (b)
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Typical access time

Typical capacity

1 nsec Registers <1 KB

2 nsec Cache 4 MB
10 nsec Main memory 512-2048 MB
10 msec Magnetic disk 200-1000 GB
100 sec Magnetic tape 400-800 GB
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n- > . >h 1 A
Read/write head (1 per surface)
Surface 7 :
S
Surface 6 .
Surface 5 -
B
Surface 4 .
Surface 3 : -
&5 Direction of arm motion
Surface 2 :
Surface 1 >

Surface 0

- NC
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Disk drive
3 | Interrupt Disk
CPU ~ | controller controller

»

{L_‘ﬂ (—

¢ Current instruction

[ Next instruction

3. Return
1. Interrupt

A

2. Dispatch f
to handler \T

Interrupt handler <~

=
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