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Before Operating Systems...

“Programmers at the console of a UNIVAC 1, National Museum of American History, Behring Center,


https://amhistory.si.edu/img/cobol/COBOL002-800.jpg
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“ldeas of fundamental interest”

Table 2 Fundamental Ideas

Major Phases Technical Innovations

Open Shop The idea of operating systems

Batch Processing Tape batching
First-in, first-out scheduling

Multiprogramming Processor multiplexing
Indivisible operations
Demand paging
Input/output spooling

Priority scheduling
Remote job entry

IV~ Timesharing Simultaneous user interaction
On-line file systems

\Y% Concurrent Programming | Hierarchical systems
Extensible kernels
Parallel programming concepts
Secure parallel languages

Vi Personal Computing Graphic user interfaces
VIT _Distributed Systems




Slow peripherals

HP 2631G Dot Matrix Printer Restoration (vintage 1978)


https://www.youtube.com/watch?v=54bu0bM0Qjo

The UNIX Time-
Sharing System

Dennis M. Ritchie and Ken Thompson
Bell Laboratories

UNIX is a general-purpose, multi-user, interactive
operating system for the Digital Equipment Corporation
PDP-11/40 and 11/45 computers. It offers a number of
features seldom found even in larger operating systems,
including: (1) a hierarchical file system incorporating
demountable volumes; (2) compatible file, device, and
inter-process 1/0; (3) the ability to initiate asynchronous
processes; (4) system command language selectable on a
per-user basis; and (5) over 100 subsystems including a
dozen languages. This paper discusses the nature and
implementation of the file system and of the user
command interface.
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1. Introduction

There have been three versions of UNIX. The earliest
version (circa 1969-70) ran on the Digital Equipment
Corporation PDP-7 and -9 computers. The second ver-
sion ran on the unprotected pppP-11/20 computer. This
paper describes only the ppP-11/40 and /45 [1] system
since 1t is more modern and many of the differences
between it and older UNIX systems result from redesign
of features found to be deficient or lacking.

Since pDP-11 UNIX became operational in February
1971, about 40 installations have been put into service;
they are generally smaller than the system described
here. Most of them are engaged in applications such as
the preparation and formatting of patent applications
and other textual material, the collection and processing
of trouble data from various switching machines within
the Bell System, and recording and checking telephone
service orders. Our own installation is used mainly
for research in operating systems, languages, com-
puter networks, and other topics in computer science,
and also for document preparation.

Perhaps the most important achievement of UNIX
is to demonstrate that a powerful operating system
for interactive use need not be expensive either iIn
equipment or in human effort: UNIX can run on hardware
costing as little as $40,000, and less than two man-
years were spent on the main system software. Yet
UNIX contains a number of features seldom offered even
in much larger systems. It is hoped, however, the users
of UNIX will find that the most important characteristics
of the system are its simplicity, elegance, and ease of use.

Besides the system proper, the major programs
available under UNIX are: assembler, text editor based
on QED [2], linking loader, symbolic debugger, compiler
for a language resembling BCcpL [3] with types and
structures (C), interpreter for a dialect of BaSIC, text
formatting program, Fortran compiler, Snobol inter-
preter, top-down compiler-compiler (T™MG) [4], bot-
tom-up compiler-compiler (YACC), form letter generator,
macro processor (M6) [5], and permuted index program.

There is also a host of maintenance, utility, recrea-
tion, and novelty programs. All of these programs were
written locally. It is worth noting that the system is
totally self-supporting. All UNix software is maintained
under UNIX; likewise, UNIX documents are generated
and formatted by the UNiX editor and text formatting
program.

2. Hardware and Software Environment

The pppP-11/45 on which our UNIX installation is
implemented is a 16-bit word (8-bit byte) computer with
144K bytes of core memory; UNIX occupies 42K bytes.
This system, however, includes a very large number of
device drivers and enjoys a generous allotment of space
for 1/0 buffers and system tables; a minimal system
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Ken Thompson and Dennis Ritchie explain Unix (Bell Labs)


https://www.youtube.com/watch?v=JoVQTPbD6UY
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Linux
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Context switching
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Virtual memory - demand paging

User memory Virtual memory Logical memory Physical memory Backing store

0...000

Logical Physical Valid?
page page

F...FFF

Adapted from Figure 10.4 of Silberschatz’s Operating Systems Concepts 10th Edition



Speak roughly to your little VAX,
And boot 1t when 1t crashes;

It knows that one cannot relax
Because the paging thrashes!
Wow! Wow! Wow!

I speak severely to my VAX,
And boot 1t when 1t crashes;
In spite of all my favorite hacks
My jobs 1t always thrashes!
Wow! Wow! Wow!



Monolithic versus micro-kernels
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Libraries

Keypad
Shared Memory

Figure 1. The Android software stack.




Solaris scheduling

% dispadmin - ¢ TS -g
# Time Sharing Dispatcher Configuration
RES=1000

# ts quantum ts tgexp ts slpret ts maxwait PRIORITY LEVEL

Thread Class 200 0 0 50 # 0
_ _ 200 0 0 50 - 1
Time sharlng (TS) 200 0 0 50 # 2
200 0 0 50 " 3

Interactive (lA) 200 0 0 50 #o
200 0 0 50 - 5

- 200 0 0 50 + 6

Real time (RT) oo ; ; i .
System (SYS) 40 38 0 58 # 48
: 40 39 0 59 " 49
Fair share (FSS) 40 .0 X o . 5o
_ R 40 41 0 59 # 51
Fixed pl"IOI"Ity (FP 40 42 0 59 # 52
40 43 0 59 4 53

40 44 0 59 # 54

40 45 0 59 i 55

40 46 0 59 n 56

40 47 0 59 - 57

40 48 0 59 - 58

20 49 32000 59 # 59
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Priority inversion

From https:/mars.nasa.gov/resources/8529/sojourner-yogi/



https://mars.nasa.gov/resources/8529/sojourner-yogi/

The cloud

Historical laaS EEN SaaS
Applications . Customer
Data
Runtime . Provider
Middleware
OS

Adapted from laa$S versus PasS versus Saas$, IBM Learn, hitps:/www.ilbm.com/cloud/learn/iaas-paas-saas



https://www.ibm.com/cloud/learn/iaas-paas-saas

Virtualisation - laaS
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https://eylenburg.github.io/os_marketshare.htm

Next season

A new Gresham Professor and a new series

Watch the website for detalls

Thanks and kudos to the Worshipful Company of Information
Technologists who sponsor these lectures.



