Computing at the
Psychometric Lab

Royal McBee (later General Precision) LGP-30

. s ’7Think desk-sized computer — N
The Psychometric Lab’s

first computer; ‘
$30,000-$40,000

Y

4K 31-bit words (16KB) drum memory,i0.0I7 sec multiply, paper tape I/O -

3

Univac | 105
UNC-CH?’s first computer; $2-3,000,000

The JOHNIAC at RAND, 1950s
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Royal McBee (later General Precision) LGP-30

Univac | 105

A complete UNIVAC 1105
computer system required
160 kW of power and an
air conditioning unit with
a power of at least 35
tons (123 kW) for cooling
input water. The
computer system weighed
63,753 lb and required a
room 49 x 64 x 10 ft. The
floor space for the
computer was
approximately 3,752 ft?;
the power, refrigeration
and equipment room was
approximately 2,450 ft2.




“Magnetic Core”
memory, enlarged:
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$3-5,000/mo.
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IBM 1130

8K (4K-32K) 16-bit words core memory,
3 microsecond memory access,

punch card input, line printer output,
around $40,000.

I don’t know his exact age, but he speaks of having
programmed an 1BM 650 computer.

IBM 7090, transistorized version of the tube-based 709

IBM 1403 Line Printer

Printed for 1130s
and 70%4s, ...




IBM 1403 Line Printer

Printed for 1130s
and 7094s, and
could play music:

Or draw pictures ...

Digital Equipment Corporation (DEC) PDP-8 Digital Equipment Corporation (DEC) PDP-I |

Thompson (Unix) and Ritchie (C) use a PDP-11

Translating Languages

‘ English: Display the sum of A times B plus C.

|

‘ C++: cout << (A*B + C); ‘

|

Assembly Language: Intel Machine Language:
mov eax,A A1 00000000
—
mdud' B c F7 25 00000004
add eax,
call Writelnt 03 0500000008
E8 00500000




C source file fact.c

#include <stdio.h>
void main(int argc, char *argv[]) {
int i, result;
result = 1;
for (i = 1; i<6; i++) {
result = result * 1i;

printf ("Result is: %d.\n",result);

C source file fact.c
binary file fact.o (produced by: gcc -c fact.c;
#include <stdio.hdumped by: od -x fact.o)

void mainCintosat6io 7645 4eas” 65021 020010000 0000 0000 0000
nt 1, reslgopdo20 0001 0002 0000 0001 0000 0000 0000 0000
result = 1;0000040 0000 0234 0000 0000 0034 0000 0000 0028

for (i = 1:;0000060 qu.?(z)g% 002e 7368 7374 7274 6162 002e

; :
- 7465; 002e 726 6461 7461 002e 7379
result = 8g§g%ggt6d7416162 002e 7374 7274 6162 002e 7265

0000140 6c61 2e74 6578 7400 2e63 6f6d 6d65 6e74

printf ("Reo000160i 6000 0000\ 0de3rbf88] £027 a044 227 a048
} 0000200 9010 2001 d027 bfe8 9010 2001 d027 bfec
0000220 d007 bfec 80a2 2005 0480 0004 0100 0000

0000240 1080 000c 0100 0000 d007 bfe8 d207 bfec

0000260 4000 0000 0100 0000 d027 bfe8 d007 bfec

0000300 9202 2001 d227 bfec 10bf fff2 0100 0000

0000320 1300 0000 9012 6000 d207 bfe8 4000 0000

0000340 0100 0000 81c7 e008 81e8 0000 0000 0000

0000360 5265 7375 6c74 2069 733a 2020 2564 2e0a

0000400 0000 0000 0000 0001 0000 0000 0000 0000

0000420 0400 fffl 0000 0001 0000 0000 0000 0000

0000440 0400 fffl 0000 0000 0000 0000 0000 0000

0000460 0300 0003 0000 0008 0000 0000 0000 0000

0000500 0000 0002 0000 0000 0000 0000 0000 0000
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L L
Language 1 source code % Language 2 source code

ompiler front-end for language

piler front-end for language 2

Lexical Analyzer (Scanner) Lexical Analyzer (Scanner)
Syntax/Semantic s,

yntax/Semantic
JAnalyzer (Parser) |Analyzer (Parser)

Intermediate-code
|Generator

Intermediate-code
tor

Non-optimized
Yonopimzeg /mmmm
Intermediate-code
fOptimized
Intermediate Code'
Target-1 -
Code Generator B9 nerator
‘ Target-1 machine code l Target-2 machine code

a a8

23

C source file fact.c LLL3:
1d  [%fp-20], %00
. assembler language file fact.s cmp %00, 5
#include (produckd tby:fgce -5 fact.o ble .LLE
. . . . op
void main(int.argc, char %argv[]b {LLa
int i fact.c" nop
» gbd ebhited. : O e, w0
= = .global .umul %fp-24],
resul t .sec ]1"o’n o . 1d  [%fp-201, %ol
for (i'= tl;",}@ﬁ;';" i++) { call .umul, 0
resulgs révutc = 1; nop
.asciz st %00, [%fp-24]
. "Result is: %d.\n" LS
printf &iRastlt 15: \%d.\n , ragu %201, %0
} "L text" add %00, 1, %ol
.align 4 st %ol, [%fp-20]
.global main b .LL3
.type nop
main,#function LLL4:
.proc sethi %hi(.LLCO), %ol
020 or %01, %10(.LLCO), %00
main: 1d [%fp-24], %ol
1#PROLOGUE# 0 call printf, 0
nop
save %sp, -120, %sp .LL2
! #PROLOGUE# 1 ret
st %i0, [%fp+68] restore
st %il, [%fp+72] LLfel:
mov 1, %00 .size
st %00, [%fp-24] main, .LLfel-main
mov 1, %o .ident
st %00, [%fp-20] "GCC: (GNU) 2.95.2 19991024 (release)”
20
Librar y(contairs extra
code, such & 10
Source code: functions, graphics, etc)
- Pascal(.pas), C++ (cpp).
C(.c), FORTRAN (for)
Editor Compiler Linker (binds allthe
(create and (converts source object code fiks
modify code into machine together and add Executzblefile:
code) code) extra inform ation) - nanr e.exe (for PC)
- nanr e (for Uni)
S —— F R S ——— 4
Assembly code: Errorsiwarnings |
- 8086 (Lasm) '
'
Editor Assambler H
(create and (converts assembly Object code: 5
modify language into - rant e.obj (for PC) '
code) machine code) - aaw 2.0 (for Uni) !
i
Intepreted languages:
- Java(,java), HTML( html),
BASIC (.bas)
o Interpreter
(ﬂi:;:o;n d (Converts language Program
modiy into machine gut
operations when el
code) 4
program is run)
22
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IBM 7094 System, circa 1965

This system was at Columbia University

32K 36-bit words (147KB) memory, 0.5MHz clock, no disks (tape I/O)
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Progra g dn‘le‘ on punched cards Memory was

magnetic “core” that
cost about $1/
bit;that would be
$32billion for today’s
standard 4GB

Entire 7094 systems
cost $2.5-4million (that
would be $15-24million
now), or rented for
about $70,000/month
($415,000 now)
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These computers were the stuff of story and myth...

The IBM 360 Series
created the “byte” (8 bit
alphanumeric characters),
EBCDIC, and went on to
the 370s, 303xs, 308xs and
3090s before the death of

the mainframe

Multilog was written
to run on KU’s
Honeywells
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Frederick Brooks
headed the design
project for the
IBM 360 series

Brooks subsequently
recounted his experience
on that project in a book,
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The Mythical Man-Month, ; s
which is the bible for THE
software engineering and MYTHICAL
design...

and he founded the MAN-MONT

Computer science FREDERICK P. BROOKS, JR.
department at UNC-CH

Everything is connected
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Multilog was subsequently

ported from the Honeywell

to IBM’s VM/CMS system

(the birthplace of BITNET—

“Because It's There NET”),

DECVMS for VAXen, the Frederick Brooks gave a

IBM PC’s MS DOS (and the great invited address when

Mac OS, but don't tell) he received an award from
the ACM

| borrowed heavily from

Brooks’ address for my
Psychometric Society
presidential address
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Moore’s Law - 2005

Transistors
Per Die
101

Itanium™ 2 Processor

Itanium ™ Processor
Pentium® 4 Processor
Pentium® Il Processor
Pentium®Il Processor
Pentium® Processor
486™ Processor
386™ Processor

4 1965 Data (Moore)
Memory
@ Microprocessor
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Source:tel

Moore’s Law
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Moore’s Law

The Fifth Paradigm Logarithmic Plot

Calculations per Second per $1,000
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10000

The “Winchester”
“hard disk” has been
perhaps most
resilient

1000

100

10
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Moore’s Law for RAM Speed: Cray Research, Inc.
Faster
RAM speed limited at 50 nanos econds
by speed of light and Proximity to CPU
Hardware
Speed
Lightspeed:
o approximately 300,000,000 m/second
lower
1970 1280 1900 2000
Time

CPU clock:
3 GHz, so 3,000,000,000 cycles/second
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Qi uplo assoriave nsmuchon Cache 32 KB,
2B ety TLE-IK, 7 L2 pes et

Processors in the Nehalem family: T T [
Two-twelve cores Dk St
731 million transistors for 4 cores "’":“""“" - —

Ixcani
13367

Integrated memory controller,
DDR3 SDRAM
Simultaneous multithreading
The following caches:
32 KB LI instruction and
32 KB LI data cache per core
256 KB L2 cache per core
4-12 MB L3 cache (2MB/Core)
shared by all cores
Second-level branch predictor
and second-level translation
lookaside buffer
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