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Lesson Outline

s UNIX (and the C Language)
s The Pascal Language

s Cray Research

s Integrated Circuits

s The Diskette (a short detour)

s Microcomputers (a.k.a, Home or Personal Computers)
Processor Chips

Altair 8800 and IMSAI 8080

Microsoft

Digital Research

Apple I and Il

Commodore “PET”

TRS-80 (Model 1)

Visicalc

WordStar

s The DEC VAX



UNIX (and the C Language)

u  Ken Thompson and Dennis Ritchie of AT&T Bell Labs:
 Worked on Multics project at MIT
 Thompson wrote “Space Travel” game for GE-645

o After returning to AT&T, rewrote “Space Travel” on unused PDP-7
In PDP-7 assembler, with help from Ritchie

* Led to building a new OS for the PDP-7

v Unics (a pun on Multics), 1969
e Also written in PDP-7 assembler
* Included:

OS “Kernel” (basic core of the OS)
Hierarchical File System

Shell (command interpreter)

Small utility programs

e Supported 2 concurrent users



UNIX (and the C Language)

v Portto PDP-11

« Thompson & Ritchie promised to add text processing if given a PDP-11
To simplify patent documenting and application process

* Ported to PDP-11 and renamed to UNIX in 1970
Officially “UNIX Time Sharing System”
Included text editor and formatter (roff)
“runoff” had been a CTSS, then a Multics text formatter utility

- Note: UNIX was very short on memory, so most command names were
cryptic abbreviations:

Is (list), rm (remove), cp (copy), mv (move), etc.
- Evolved into “troff”, first electronic publising program with typesetting
- All written in PDP-11 assembler language
* In 1973, UNIX was rewritten in C Language
Except for low-level, machine-dependent part still in assembler
Allowed for easy “porting” of OS to other systems (“port” as in “port”able)
UNIX was now technically ready to be distributed to others



UNIX (and the C Language)

v Wide-spread use of UNIX

o AT&T could not sell computer “equipment”
Part of agreement to allow phone monopoly
 Made it available to universities (and some businesses) for nominal cost
Also, to US Government
Included source code, of course
- Not common for “proprietary” Oses

 UC Berkeley and BSD (Berkeley Software Distribution)
Berkeley received a UNIX source tape in 1974
- After visit from Ken Thompson
UNIX was significanly rewritten and enhanced at Berkeley
- Added many features and utilities
Including access to ARPAnet (forerunner of the InterNet)
- Much work was done by Bill Joy, later co-founder of SUN (1982)
Funded by ARPA
- Berkeley began to distribute its own versions of UNIX, BSD:
1BSD, 1977; 2BSD, 1978; 3BSD (VAX/UNIX or vmunix) 1979, etc.
- Eventually led to non-AT&T versions of “UNIX”
Based on final BSD version, 4.4BSD, released in 1995
NetBSD, FreeBSD (Mac OS X), OpenBSD

“daemon”



UNIX (and the C Language)

v Wide-spread use of UNIX

 Now two major branches of UNIX
AT&T (Bell Labs) UNIX, BSD UNIX (or just “BSD”)

UNIX became a favorite tool of Universities
Small, fast, portable
Source code accessible
- Ideal tool for CS study (much like Linux today)

Also became popular with minicomputer vendors
Perfectly suited to that size machine
Very capable
Easier than developing proprietary OS
Students were often already familiar with UNIX, and ready to use it
Many University projects spun off to businesses
SUN - Standford University Networked workstation project
- Andy Bechtolsheim from Standford
- Bill Joy from UCB (with BSD code)

Even Microsoft had a version of UNIX (XENIX) based on BSD



UNIX (and the C Language)



UNIX (and the C Language)

u C Language History

« CPL - Cambridge Programming Language — University of Cambridge
Combined Programming Language - U. Cambridge & U. London
- 1963 - implemented on Titan at Cambridge, and on Atlas at London
- Influenced by Algol 60, but more like PL/I or ADA in concept

« BCPL - Bootstrap Combined Programming Language
Martin Richards, University of Cambridge, 1966

- Simpler version of CPL, primarily for writing systems programmin
rQ%omp‘?ers P y gsy prog J

- First implemented on CTSS (7094) in 1967 for Project MAC at MIT
« B -"B"from first letter of BCPL (or maybe "Bon")
Ken Thompson, 1969/1970
- "BCPL in 8K ... and filtered through Thompson's brain" - Ritchie
- Early systems programming language for Unix, typeless

« C -"C"fromB+1, or second letter of BCPL (left unspecified)
Dennis Ritchie, 1971
- Grew out of need for types in B (Originally called "NB*: "New B")
- Became the systems programming language of Unix



UNIX (and the C Language)

u« C Language Attributes
« “Medium-level language” or “portable assembler”
Closer to machine instructions than most “High-level” languages
Ideal for systems programming, but also used for applications
Only hand-tuned assembler programs tend to be faster (not always)

Structured programming influenced by Algol

Small set of basic operations
A “small” language

Allows low-level memory operations using pointers
Both a strength (very useful!), and a weakness (can run amok!)
- Pointers removed from Java

Includes a “preprocessor”
For defining macros, including files, etc.



UNIX (and the C Language)

u« C Language Today
 ANSI C “standard” (1989)
« Ported to (available on) to almost all processors and operating systems
» Currently one of the most used and popular languages ever
n! (n Factorial) in C
Int n, result;

c

for (result=1; n>=1; n--)
result *= n;

s Descendents:
e C++
Object-oriented extensions to C

- Originally just pre-processor macros
e Java

Based on simplified C++
o Others
Objective C (Mac OS X, GNUstep), C# (MS .NET)



The Pascal Language

u Developed by Professor Niklaus Wirth of ETH (1970)

Named after French mathematician Blaise Pascal
Very “clean”, well-structured general-purpose language

Based on ALGOL, and predecessor to Modula-2 and Oberon
Wirth was involved in specification of ALGOL

A Niklaus Wirth joke:

“Whereas Europeans generally pronounce my name the right way,
Americans invariably mangle it into 'Nick-les Worth'. This is to say
that Europeans call me by name, but Americans call me by value.”

Very popular early microcomputing language

UCSD Pascal (p-system)
Borland Turbo Pascal (compiler) (now available for free!)

“n Factorial” in Pascal:

var _
n, result: integer;
result := 1;

while n >= 1 do begin
result := result * n;
n:=n- 1;

end;



Cray Research

u In 1973, Seymour Cray left Control Data Corporation

u  Founded his own company: Cray Research, Inc.
* Cray built some of the world's largest and fastest "super" computers.
u In 1976, built Cray-1 supercomputer prototype
« 200,000 integrated circuits
« 100 million floating point operations per second (100 MFLOPS)
* Shipped to LANL for trial
« Sold to National Center for
Atmospheric Research (NCAR)
for $8.9 Million in 1977
u  Eventually more than 80 Cray-1
systems were sold by 1982
e $5-8 Million each
u  Cray X-MP (1982)
e 800 MFLOPS
u Cray Y-MP (1988)
o« 2.7 GFLOPS ()



Integrated Circuits (ICs)

u A Circuit is.

» A set of electrical/electonic components that together perform
some function

Usually made up of switches (tubes or transistors), along with
resistors and capacitors, diodes, perhaps other components

A vacuum tube-based circuit A transistor-based circuit



Integrated Circuits (ICs)

u An integrated circuit is:

* A complete circuit built from one piece of silicon (or other
semiconductor, such as germanium)

Multiple transistors, and/or capacitors, resistors, etc.
» Usually packaged to be attached to a circuit board of some type

Dual Inline Package (DIP) Surface Mount Package



Integrated Circuits (ICs)

u History

* Inlate 1950s, industry and military (in particular) were looking for
more dense, more reliable, lighter weight, and less power-
consuming electronic circuits

* In September of 1958, Jack Kilby of Texas Instruments
demonstrated a full circuit (an oscillator) built from a transistor
and several other components on a single slice of germanium
(another semiconductor material)

All of the components were fabricated on
the germanium slice
Components were connected by tiny wires
(added after fabrication)
Kilby filed a patent for a "Solid Circuit" in February of 1959
He received 4 patents in this area (and a total of > 50 in his carreer)
- Including the portable calculator and
the thermal printer
He received the Nobel Prize in Physics in 2000



Integrated Circuits (ICs)

u History

* In January of 1959, Robert Noyce of Fairchild was working on a
similar problem

(Noyce was one of Shockley Semiconductor’s “Traitorous Eight”,
and later was co-founder of Intel)

He knew of Kilby’s patent, but wanted to take a different approch:

- Build not only the comonents but also the interconnections on
the semiconductor as part of fabrication

- He carefully wrote a patent on the “Unitary Circuit” that did not
infringe on Kilby’s patent

In Ap{il of 1961, Noyce received the first patent for an integrated
circui

- The patent office was still reviewing Kilby’s application
Noyce eventually received 16 patents in the area of semiconductors

He received the National Medal of Science in 1980, and the National
Medal of Technology in 1987

s Kilby and Noyce are general!%/ regarded as having separately
iInvented the integrated circui



Integrated Circuits (ICs)

« 1C Fabrication:

Wafer Production
Grow silicon crystal, cut & polish slices
Wafer Fabrication
Thermal Oxidation or Deposition (SiO,)
Photolithography (photo-masking)
Etching

Doping (p-type or n-type)
Repeat several times (until all active devices are formed)
Dielectric Deposition and Metallization
Passivation
Testing
Assembly
Diamond sawn into chips

Wire bonding
Encapsulation



Integrated Circuits (ICs)

v Wafer Fabrication:

v An IC in cross-section:



Integrated Circuits

u Moore’s Law”

Gordon Moore, in 1965:
Observed that the number
of transistors on a chip
doubles every 2 years

In 1975, he projected a

doubling only every 2 years
But was quoted as
saying every 18 months

This projection was later called “Moore’s Law”

u Levels of Circuit Integration:

SSI — Small Scale Integration: less than 100 transistors

MSI — Medium Scale (late 1960s): up to 3000 transistors

LS| — Large Scale (mid 1970s): tens of thousands of transistors
VLSI — Very Large Scale — (1980s): millions of transistors
...and beyond (ULSI, etc.)



Integrated Circuits (ICs)

v Kinds of ICs
« Simple components (logic gates, transceviers, decoders, adders, etc.)
* Processors (ALUs, complete systems)
« Memory (DRAM, ROM, EPROM, etc.)
Dual-core Opteron (2005)

Pentium (1993) 233 million transistors, 199 mm?2
3.1 million transistors



The Diskette (a short detour)

u«  Commonly known as the Floppy Disk:

* Invented by IBM for loading microcode into System/370 CPUs
Originally 8 inches in diameter

* In 1976, Jim Adkisson of Shugart Associates met with An Wang (of
Wang Labs)

WangLfe!t that 8 inches was too big; he wanted a diskette about the size of
a cocktail napkin

The napkin turned out to be 5% inches square, so Adkisson designed a
drive for that size

- Originally held 110KB
The 5% inch drive became the standard for personal computers
- Until the Macintosh popularized the 3%z inch format in 1980s

 Notes:

Alan Shugart, founder of Shugart Associates:
- Had worked on disk drives for IBM in San Jose
- Went on to found Seagate Technologies in Scotts Valley
An Wang, founder of Wang Laboratories:
- Studied with Howard Aiken at Harvard; received Ph.D. in 1948

- Invented magnetic core memory technology in 1949
Sold patent to IBM for $50,000 to help fund his company



Microcomputers

u By the early 1970s, enough transistors could be put on a chip to
build a small processor. But why? Who would buy it?

u In 1971, Intel was approached by a Japanese company, Busicom:

* Busicom wanted Intel to design several specialized chips for different
versions of pocket calculators

e Ted Hoff (12t Intel employee) realized it could be done with one
generalized chip and specific programming for each calculator model

He was inspired by simple computers like the PDP-8 and IBM 1620
Would be slower than a dedicated circuit, but fast enough for a calculator
Intel made memory chips, so program memaory was not an issue

» Frederico Faggin (later a founder of Zilog) led the circuit design

» Robert Noyce negotiated a deal to supply Busicom chips for lower cost
In exchange for Intel having rights to market those chips elsewhere

* Result was first programmable microprocessor, the

4-bit Intel 4004

contained approximately 2,500 transistors
(almost same as the 3,000 tubes in the Univac I)



Microcomputers

u  Other chips were needed with 4004 (and follow-ons):
e ROM, RAM, I/O functions
e Laterin 1971, Intel introduced the EPROM
Erasable, Programmable, Read-Only Memory
u 1IN 1972, Intel followed the 4004 with the 8008

» 8-bit processor orginally designed for a mainframe-attached terminal
Instruction set actually specified by Computer Terminal Corp. (Datapoint)

 Could address 16KB of main memory

v In 1974, Intel announced the 8080 >

* More advanced 8-bit processor
Backward compatible with 8008
Could address more memory (64KB)
Required fewer support chips (6 vs. 20)
« Contained about 6,000 transistors, ran at 2 MHz clock speed
» First microprocessor whose capabilities approached a minicomputer:
Both instruction set and memory addressing
» Original cost: $360 each (because of IBM System/3607?)
« Used in first real Personal Computer:
MITS Altair 8800 (more later...)



Microcomputers

u  Other popular 8-bit and 16-bit processors

* Motorola 6800 (1974)
Segmented memory architecture (ugly!)

¢ MOS Technology 6502 (1975)
MOS Tech founded by former Motorola Engineers
- Copied MC6800 and created MOS 6501, sued by Motorola
- Changed pin layout, created MOS 6502
Charged only $25 per chip!
o Zilog Z80 (1976)
Zilog founded by Frederico Faggin and others from Intel

Z80 was an improved, faster version of 8080
- Ran 8080 software
- Easier to program and to build circuit boards around

Eventually the most popular 8-bit processor architecture

* Intel 8086/8088 (1978/79)
16-bit versions of 8080 architecture
8088 had an 8-bit data bus
- Easier and cheaper to build circuits for
- Chosen for the IBM PC (lots more later...)



Microcomputers

u 1IN 1975, MITS (Micro Instrumentation ans Telemetry Systems) in
Albuquerque, NM, introduced the "Altair 8800"

Advertised in Popular Electronics as a Home Computer

Designed by Ed Roberts, built from a kit, and sold for $397

The Altair used an 8080 microprocessor chip

Had 256 bytes of memory (upgradable to at least 12KB for BASIC)
Beginning of the famous S-100 bus, and also of Microsoft BASIC



Microcomputers

. IMSAI 8080 (1975)

 MITS had problems with supply and quality control of Altair 8800
But had published S-100 interface specs, so others could build cards
 |IMSAI 8080 (IMS Associates, Inc., San Leandro, owned by Wm. Millard):

Similar to the Altair 8800, including S100 bus
$931 assembled, $599 as a kit

Could run Altair (MS) BASIC; with floppy drive could run, CP/M (more later...)
More rugged and professional-looking than the Altair, and...

painted “IBM Blue”



Gates and Allen on school PDP-10

Microcomputers

u  Micro-Soft (1975)

At Harvard, Bill Gates and Paul Allen read the
Popular Electronics article on the Altair 8800

They decide to write a BASIC interpreter for it
Send a letter to Ed Roberts claiming to have a BASIC interpeter

“We have available a BASIC language interpreter that runs on MCS-8080
series computers. We are interested in selling copies of this software to
hobbyists t rourctlh_ you. It could be supplied on cassettes or flopp%/ disks to
use{s c%f your Altair series microcomputers. [...] If you are interested, please
contact us.

Roberts says he will license and sell it if it works

Gates and Allen (with some help) write an 8080-based BASIC interpreter
on the university system, then punch it onto a paper tape
They have never touched or seen a real Altair

Allen flies to Albuquerque
Writes a paper tape loader routine on the plane

Loads BASIC tape, it works the first time!
First computer language ever written for a
microcomputer

Roberts agrees to license it

Gates and Allen move to Albuquergque and
soon start “Micro-Soft”



Microcomputers

u  Micro-Soft
« Altair BASIC sells for $500 (without a MITS memory card, less with one)
Much pirating of the software (see Question below)

In 1976, Gates writes to all of the computer magazines, asking users not to
pirate his software — to no effect

At this time, Gates’ BASIC is exclusively licensed to MITS
- No “official” version for IMSAI 8080
- However, copies were available that worked

« Company officially became “Microsoft” in 1976
» Microsoft eventually regained the rights to sell its BASIC elsewhere
Began to build interpreters for other machines
- Including Apple Il, TRS-80, etc.
* With ties to MITS broken, company moved in 1979
To Bellevue, WA, near Gates’ home town of Seattle
« Steve Ballmer joined in 1980
Friend from Harvard & eventual President of Microsoft

u  Question: Since the BASIC Language was in the public domain, and
since Gates & Allen used a government-funded school computer
to write their version, did they have the legal right to sell it?



Microcomputers

u Digital Research Inc. (DRI, originally “Intergalactic Digital Research”)

* Dr. Gary Kildall
Ph.D. in CS from University of Washington
Professor at Naval Postgraduate School in Monterey
Consulted for Intel, wrote versions of PL/I for the 4004 and 8008 CPUs

- Called language PL/M (Programming Language for Microprocessors)
Wrote first version of Control Program for Microprocessors while at Intel
- What became the CP/M Operating System began in 1973
- Intel was not interested in “computers”, but in chips
- Resigned form NPS and founded Digital Research in 1976
In Pacific Grove, CA
« Altair and similar machines with diskette drives needed an OS
Kildall originally sold CP/M through magazine ads
« CP/M became most popular (de-facto standard) OS for microcomputers
By 1977, ran on almost all 8080 and Z80-based systems
At that time, Digital Research was a bigger company than Microsoft
* DRI also published language compilers, as well as MP/M, etc.
C, Pascal, COBOL, FORTRAN, BASIC, and others



Microcomputers

u

Apple 1 (1976)

Board and software designed/built by Steve Wozniak
Apple Computer formed by Woz and friend Steve Jobs

Based on the $25 MOS 6502
The cheapest processor then available (8080 was $179)

Keyboard, Video, and Cassette Tape interfaces
8KB of RAM, “Breadboard” area and expansion connector, no case
Debuted at Home Brew Computer Club in Palo Alto

200 built, 175 sold for list $666.66 at The Byte Shop in Mountain View
Also sold koa-wood cases



Microcomputers

u Apple ][ (1977)
e Also based on the 6502
4KB-48KB of memory

* Integer BASIC in ROM
Written in machine language by Steve Wozniak
In 1978, Apple introduced more advanced Applesoft BASIC from Microsoft

e 40-column, UPPER CASE ONLY display
Could be modified for lower case

* 8 expansion slots

« Expanded ROM monitor
» Color graphics and sound
e Sold for $1298

* Regis-McKenna Agency designed a new
logo for new Apple Computer Inc.

* Apple Computer moved from Job’s garage
to Stevens Creek Blvd. in Cupertino



Microcomputers

u Apple ][ (Continued)

By late 1977, Apple needed:
Better data storage and retrieval
Something to differentiate the Apple ][ from the PET and TRS-80:

- These were less expensive, had built-in video monitors, and
had better cassette tape storage

Wozniak studied floppy drives, and designed a much simpler,
software-driven floppy controller than was normally used:

- IWM (Integrated Woz Machine)

Apple initially bought drives from Shugart, but switched to Alps
Electronics (of Japan) to lower cost

A simple disk operating system was built

The Disk ][ was introduced in July, 1978
- With DOS 3.1

Cost $495 to $595 per drive

u  The Apple ][ line continued until the Lisa and

then the Macintosh in 1984
o Apple ][ Plus (1979), lle, lic, IGS



Microcomputers

u  Apple Computer, Inc.

Jobs and Wozniak in 1975 Wozniak and Jobs, 2005
(with Blue Box, prior to Apple 1)  (at MacWorld Expo, SF)

v Steve Wozniak and Steve Jobs were awarded the National Medal
of Technology by President Reagan in 1985



Microcomputers

v Commodore PET (Personal Electronic Transactor) 1977
« Based on KIM-1 architecture
MOS Technology development system
« MOS Technology 6502 processor
Copy of Motorola 6800
 4KB or 8KB memory
» Built-in cassette drive (Datasette)
« Small, wretched keyboard
“Chiclets keyboard”
* Built-in Commodore BASIC
o Later versions had:
More memory

Larger keyboard
External tape and floppy drives



Microcomputers

u TRS-80 (Tandy Radio Shack Z80 computer) 1977
o Zilog Z80 CPU (nice clean architecture!)
 4KB or 16KB memory (expandable to 48KB)
« External cassette drive
« 5% floppy drives available in 1978, added TRS-DOS (could run CP/M)
* Radio Shack’s most expensive product ever at $599
o 2 options for BASIC in ROM

4K Tiny BASIC (freeware port)
12K Microsoft BASIC

 Tandy was unsure of market
Initially built only 3,000 units
Sold 10,000 first in month,
55,000 in first year
Eventually sold more than 250,000
Model Is by 1982

* Followed by Models II,11I, V. etc.
* |IBM PC had many similarities (but
had expansion slots like Apple ][)



Microcomputers

v VisiCalc - “A Visual Calculator for the Apple II”
« Dan Bricklin conceived of an “electronic spreadsheet” while at Harvard
Business School in spring of 1978
Wrote prototype in Apple BASIC, showed it to a prospective publisher

« With friend Bob Frankston, incorporated Software Arts in early 1979
Frankston had worked on Multics at MIT, did most of the implementation
Bricklin did most of the design

« Made agreement with Dan Fylstra of Personal Software to market the
product

* Announced at National Computer Conference
New York, June 1979

« This was the original “Killer App”:

It gave “hon-computer” people a real reason to
buy a computer — especially businesses

Predecessor of all spreadsheet programs



Microcomputers

v VisiCalc - “A Visual Calculator for the Apple II”
* VisiCalc was ported to virtually every microcomputer made
Including the IBM PC, when it appeared

« Spawned a host of imitators:
SuperCalc, MultiPlan (from Microsoft, the predecessor to Excel)

« Eventually, Lotus 1-2-3 on PC displaced VisiCalc
But was itself displaced by Excel under Windows

u Personal Software sued Software Arts over money percentages

e Lawsuit did not help either company stay in business
* The assets of Software Arts were finally purchased by Lotus



Microcomputers

v WordStar

« At IMSAI, Seymour Rubenstein was Director of Mktg.,
and John Robbins Barnaby was a programmer
Barnaby worked on extentions to CP/M
CP/M had a line editor, ED, which Barnaby didn’t like
- He wrote a replacement, NED (New ED) in assembler (vs. PL/M)
And added a full-screen mode and cursor control

* Rubenstien left IMSAI in 1976, founded MicroPro International

- Wanted to build a CP/M-based word processor

Persuaded Barnaby to join him

They released WordMaster (1976) and SuperSort (1977)

Barnaby wrote a more capable word processor, WordStar in 1978
- Included word wrap, margins, and printing functions

Sold about $.5M per month through Computerland
- (Computerland was owned by IMSAI founder William Millard)

 WordStar was very successful through mid-1980s

Eventually succumbed to WordPerfect and MS Word, WYSIWYG
editors, and bad management decisions and acquisitions



The DEC VAX

v PDP VAX 11/780 (1977)

« VAX: Virtual Address eXtension (of the PDP-11 architecture) (pl. VAXen)
Early versions included a compatibility mode for PDP-11
o 32-bit “Supermini” Computer, 32-bit (4GB) virtual address
DEC's largest system architecture
Architecture remained popular into the 1990s (many models/technologies)
e Could run various operating systems:
UNIX (various flavors)
VMS — advanced OS designed for the VAX
- (see next page)



The DEC VAX

s VMS (Virtual Memory System) Operating System
e Multi-user, vitural memory
Features included:
Built-in computer networking (originally DECnet, later TCP/IP)
Symmetrical, asymmetrical, and NUMA multiprocessing
An operating system capable of distributing computation across a LAN
A rich, highly-reliable distributed file system
Integrated database features
Support for many computer languages
« Design and implementation led by
Dave Cutler
Earlier designer of RSM-11M
Later designer of Windows NT
» Later renamed “OpenVMS”
* Ported to DEC Alpha and lItel Itanium

* Now available for free to “hobbyists”







