
ECHO-IV: ELECTRONIC COMPUTING HOME OPERATOR 20 FEB I 997 PAGE I 

ARCHITECTURE, PACKAGING 

AND ApPLICATIONS OF THE FIRST 

ELECTRONIC HOME COMPUTER: 

ECHO-IV 
ELECTRONIC COMPUTING HOME OPERATOR 

1966- 1975 

0AY SUTHERLAND 20 FEBRUARY I 997 



ECHO-IV: ELECTRONIC COMPUTING HOME OPERATOR 20 FEB I 997 PAGE 2 

_ARLY ISTORY OF LECTRONIC 

-OME OMPUTERS 

• AMATEUR COMPUTER SOCIETY (ACS) FOUNDED 

MAY I 966 (70 MEMBERS BY END OF YEAR) 

• SURVEY RESULTS FROM 0ANUARY I 968 ACS 

NEWSLETTER REPORTED ONLY TWO WORKING 

HOME COMPUTERS 

- ECHO-IV ELECTRONIC HOME COMPUTER (.JIM SUTHERLAND) 

- EL-65 PROGRAMMABLE DESKTOP CALCULATOR (HANS 

ELLENBERGER) 

• ECHO-IV RECOGNIZED AS FIRST ELECTRONIC HOME 

COMPUTER (OPERATIONAL APRIL 14, 1966) BY 

- IEEE ANNALS OF COMPUTING HISTORY (FALL I 994) 

- THE COMPUTER MUSEUM, BOSTON, MA (FALL/WINTER 1985 

REPORT) 
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r 

- - EGINNINGS 
• 

• I 959: WESTINGHOUSE PURCHASES AMPEX CORE 

MEMORY FOR US IN THEIR PRODAC-X PROCESS 

CON L COMPUtER PROTOTYPE 

• N 961 : PRODAC-X's ARE DELIVERED TO 

CUSTOMERS FOR ON SITE TESTS AND OPERATION 

• • 965: PRODAC-X IS UPGRADED, WITH ALL PARTS 

RE RNED TO WESTINGHOUSE' IN PITTSBURGH, PA 

• 1965: WESTINGHOUSE LOANS CORE MEMORY UNIT, 

Pt·)WER SUPPLIES AND PC CARDS' TO JIM 

Su ERa AND FOR EXPERIMENTAL USE 
, 

• 1966: ECHO-IV DESIGNED, BUILT, AND IN . 

OPERATION AT HOME 

, 
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- YSTEM IAGRAM 
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KITCHEN, MASTER BEDROOM 

POWER MEMO 

SUPPLY 

PROGRAM 
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CPU 
INPUT/ 

OUTPUT 

• 

MASTER BEDROOM 

ALARM CLOCK 

CONTROL PANEL 

FAMILY ROOM 

STEREO 

CONTROL 

PANEL 
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THERMISTAT 

lV·ANTENNA 

MAIN BASEMENT CABINET: 6' HIGH, 7' WIDE, '.5' DEEP 

, 
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r 

- lAG RAM 
• 

II 5-BIT DATA/ADDRESS BUS 

CON"_~OL 

UNliT 

I 2-BIT HOUSE q RUNt< (6 BITS DATA) 
, 

LIVING ROOM 1V 
CONTROL KEYBOARD 

OTHER 

PERIPHERALS 

CORE 

MEMORY 

• 

INPUT/ 

OUTPUT 

CHANNELS 

• 

• 

OTHER PROGRAMMER'S 

CONSOLE PERIPHERALS 
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r 

RITHMETIC NIT 

I 5 "1EBflr OATA/ADDRESS BUS 

z y 

E 

OV 

RIGHT SHIFT 

LEFT SHIFT 

No SHIFT 

COMPLEMENT 

• 

• 2 I 6 J..lS CYCLE TIME 

• ADDER PERFORMS: 

- ONES COMPLIMENT ADD 

- EXCLUSIVE OR OPERATION 

- AND OPERATION 

- I NCREMENTATION OF PROGRAM 

COUNTER REGISTER P 

• ENDAROUND CARRY (E) DESIGNATOR SET IF 
• 

CARRY OUT OF ADDER BIT I 4 OCCURS 

DURING ADD 

• 

• OVERFLOW (OV) DESIGNATOR SET IF 

- BIT 0 OF REGISTER A EQUALS " I " 
, 

BEFORE RIGHT SHIFT 

- SIGN OF SUM IS DIFFERENT T'HAN SIGN 

OF LIKE-SIGNED INPUTS 

• 
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, 

ESISTOR RANSITOR _OGle 
• 

ATES 

+24V -24V 

51KO 

6.2KCl 

6.2KO 

V
SASE 

2.4KO 

2N404 GERMANIUM 

PNP TRANSISTOR· 

• 

• SWITCHING TIME: 3-4 J..ls 
• GATE INPUTS: 3-6 

• OUTPUT FANOUT: 4 

• EACH NOR GATE TRANSISTOR 

IS ENCAPSULATED WITH ALL 

ASSOCIATED RESISTORS IN A 

SINGLE PACKAGE 

, 

• 

. 

leM 

• 
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r 
• 

-R BLEMS OLUTIONS 
• 

• IN MITANT FAILURE OF LOGIC GATES 

- IDUE TO DESIGN OF ENCAPULATED LOGIC GATE CIRCUIT BOARD 

- INiOTCHES IN CIRCUIT BOARD EDGE WERE INTENDED TO 

EIUMINATE A DR .. liNG STEP DURING MANUFACTURE 

- SoLDER JOINTS N CIRCUIT BOARD CONDUCTORS AND 

IRESISTOR LEADS FAILED DUE TO THERMAL CYCLING 

- WESTINGHOUSE DISCONTINUED THE NOTCHED CIRCUIT BOARD 
• 

DESIGN DUE TO EXCESSIVE FIELD FAILURES, AND REPLACED IT 

WITH A DRILLED CIRCUIT BOARD VERSION 

• 

• SOLUTIONS 

- "LOBOTOMIZE" LOGIC GATES AND RESOLDER CONNECTIONS 
• 

- TRACE FAILURES BY ADDING A PROGRAM COUNTER TRAP TO· 

HALT COMPUTER AT SPECIFIC ADDRESSES 

• 



, 
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,I 5 "'1ffif1r I[)ATA/ADDRESS BUS 

5 tBlllf" 

'BLOOK 
96l.JECT 

8 BIT 
WORD 

SELECT 

AlDDRlESS REGISTER 

CORE MEMORY 

ell 92 LOCATIONS 

IIINCtL'liJlOES PROGRAM 

COtUlN. ER P AN D 

REG~S"ERS A AND B 

MEMORY 1/0 
REGISTERS: 

"A" 

"B" 

r 

EMORY NIT 
• 

• AMPEX 4096-RQ-30A CORE MEMORY 

- ORIGINALLY 4096 LOCATIONS WITH 

30-BIT WORDS 

- ORGANIZED AS 8 192 LOCATIONS 

OF I 5-BIT WORDS 

- 32 BLOCKS OF 256 WORDS EACH 

- 6 JlS MEMORY CYCLE TIME 

- ORIGINAL COST IN I 959: 

$49,000 

• 

• PACKAGING 

- CORE MEMORY AND ASSOCIATED 

CONTROl LOGIC FILLED ONE 

ECHO-IV CABINET (6'x I. 75'x 1.5') 

- REQUIRED I 7, DIFFERENT POWER 

SUPPLIES, FILLING MOST OF ECHO-IV 
• 

POWER SUPPLY CABINET 
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EMORY 

II SIIll" IRLAINE WITH 64 X 64 4096 CORES 

y 

S 
E 
L 
E 
C 
"If" 

L 
~ 

N 
E 
5 

• 

SENSE LINE 

X SELECT LINES 

, 
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• 

PERATION 
• 

x 

• 

WRITE: 

INHIBIT 

LINE 

y 

SENSE 

LINE 

• 

I . DRIVE X AND Y LINES, WRITE DATA 

READ: 

I . DRIVE X ,AND Y LINES, WRITE ZERO 

2. MEASURE CURRENT ON SENSE LINE 
• 

3. SET INHIBIT IF NO CURRENT SENSED 

4. DRIVE X AND Y LINES, WRITE ONE 
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SSIGNED 

• 

ADDRESS 

000008 
000018 
000028 
000038 

000048 
000058 

I 
002778 

003008 

I 
003778 

r 
. 

ORE EMORY _OCATIONS: 

_ L CK "ZERO" 

CONTENTS 

P PROGRAM COUNTER 

ZERO CONSTANT 

B INDEX REGISTER 

A ACCUMULATOR 

• 

INTERRUPTED PROGRAM RETURN ADDRESS 

START OF INTERRUPI HANDLER 

I 
END OF INTERRUPT HANDLER 

START OF CONSTANTS TABLES 

I ' 
• 

END OF BLOCK "ZERO" 

, 

• 
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r 

ONTROL NIT 

T To OUII"UT 

CHANNELS 

IR 

INS1f1RiltJCnON REGISTER 

1166.6 KlHlz 

SVS1J1E1f'.'I 

eLOCt< 

INSTRUCTION 

DECODE AND 

CONTROL 

LOGIC 

CONTROL LINES FOR 

ARITHMETIC AND MEMORY UNITS 

AND I/O CHANNELS 

• 

• CONTROL UNIT INSTRUCTION CYCLE STEPS 
• 

- PROGRAM COUNTER INCREMENT 

- I NSTRUCTION FETCH 

- OPIIONAL ADDRESS INDIRECTION 

- OPIIONAL ADDRESS INDEXING USING B 
- EXECUTE INSTRUCTION 

• INSTRUCTION SET 

- I 8 INSTRUCTIONS 

- ~ISC APPROACH BY DEFAULT 

• CONTROL UNIT TIMING 

- I 2 CLOCK PERIODS PER STEP: 

STEP TIME 72 Jls 

- 3 TO 5 STEPS PER INSTRUCTION: 
, 

INSTRUCTION TIME 2 I 6-360 Jls 

- 0.0028 TO 0.0046 MIPS 
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NSTRUCTI ORMAT 

II 41- II 3 II 2 I I I 0 9 6 7 6 5 4 3 2 I 0 BIT NUMBER ' 

(OCTAL GROUPS) 
,I 113 COMMAND C ADDRESS 

, 

ADDRESS WITH I N 

256 WORD BLOCK 

I CURRENT PAGE 

o PAGE "ZERO" 

• 

I 5 MEMORY REFERENCED INSTRUCTIONS 

2 SHIFT INSTRUCTIONS 

I HALT INSTRUCTION 
• 

INDEX REGISTER FLAG 

(ADD CONTENTS OF B REGISTER TO ADDRESS BEFORE ACCESS) 

• 

INDRECT ADDRESS FLAG 

(USE WORD POINTED TO BY ADDRESS AS ADDRESS) 
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• 

NSTRUCTION 

CODE MNEMONIC 

011 

02 

03 

041-

05 

06 

07 
,108 

II II 8 

II 28 
II 3 8 

II 48 

II 58 

168 

178 

000006 

400008 

JMP 
JOV 
COM 

DCS 

SIP 
ENS 
ENA 
OUT 

INP 
JAN 
JAZ 
STA 
ADD 

EOR 

AND 

HLT 
LSH 

004008 RSH 

• 

DEFINITION 

JUMP TO Y + I 

JUMP TO Y + I IF OV FLAG I 

COM. '1 EMENT Y 
DECREMENT Y AND SKIP NEXT INST IF Y == - I AFTER DEeR. 

STORE P + I IN Y 

STORE Y IN B 
STORE Y IN A 

OUtPUT FROM A TO SPECIFIED CHANNEL 

INPUT TO A FROM SPECIFIED CHANNEL 

JUMP TO Y + I IF REGISTER A BIT 14 == 
JUMP TO Y + I IF A POSITIVE ZERO 

STORE A IN Y 

STORE A PLUS Y IN A 

STORE A XOR Y IN A 

STORE A AND B IN A 
HALT 

LEFT SHIFT A, BIT I 4 REPLACES BIT 00 

RIGHT SHIFT A, BIT 00 ENTERS OV FLAG 

I 

• 
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r 

NPUT UTPUT HANNELS 
• 

I 5-BIT DATA/ADDRESS BUS ) 

• 

, 

IIINPUT Z i T .. OUTPUT 
I , 

OHIANNELS CHANNELS 
ARITHMETIC CONTROL 

UNIT UNIT 
• 

3 18-348 ~OO 
INIERRUPI WORD ( I 5-BITS) , 3 I 8-358 

CONTACT ~IOa lOa CONTACT 
I 2-BIT HOUSE TRUNK 

OLOSURE CLOSURE 

~IOa 60a OUTPUTS IltNIP'U1"S 
KITCHEN KEYBOARD 

(75) {60~ . 

20a 
REAL-TIME CLOCK • 

OTHER 
~50a 

PAPER TAPE READER 
, 

CLOCKS AND 

PERIPHERALS 
00 

OTHER 

PROGRAMMER'S PAPER TAPE PUNCH/ PERI PHERALS 

KLEINSCHMIDT TELETYPE PRINTER 



, 
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• 
• 

-- ROGRAMMING 
• 

• WRI _ AND EDIT PROGRAMS ON PAPER FORMS 
• 

- TWO-PASS MANUAL COMPILE 

• INlnAL PROGRAMMING VIA FRONT PANEL CONSOLE 

- LAMPS DISPLAY CONIENTS OF REGISTERS AND MEMORY LOCATIONS 
• 

- 'CONDUCTIVE STYLUS PERMITS SETTING/RESE I liNG OF BITS 

- PUSHBUTTONS TO RUN AND HALT COMPUTER 
• 

• PROGRAMMER'S CONSOLE 

, - PROGRAMS KEYED IN AT KEYBOARD USING OCTAL CODES 

- PROGRAMS COULD BE READ FROM OR WRITTEN TO PAPER TAPE 
, 

• PAPER TAPE EDITOR • 
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r 

PPLICATIONS 
• 

• PROGRAMMER'S CONSOLE I/O 

- 'OCTAL PROGRAM INPUT FROM CONSOLE KEYBOARD 

- OCTAL DUMP TO KI EINSCHMIDT TELETYPE 

- iLOAD AND STORE PROGRAMS AND DATA ON PAPER TAPE 

• KITCHEN CONSOLE WORD-PROCESSING 

- IDocuMENTS TYPED ON IBM 735 SELECTRIC TYPEWRITER WERE 

STORED IN MEMORY AND AVAILABLE FOR REPRINTING LATER 
• • 

MENTS COUI D BE SAVED ON PAPER TAPE, READ IN LATER, 

AND PORTED DIRECTLY TO THE KITCHEN CONSOLE 

, FORMATTING CHANGES AND PAGE NUMBERS COULD BE 

AUTOMATICALLY ADDED TO PRINTED DOCUMENTS 
• 

- IN 1975, ECHO-IV WAS USED TO FORMAT A 5 I 6-PAGE BOOK ON 

ANALYSIS OF POST-REVOLUTIONARY WAR LAND GRANT SURVEYS 

.. 

• 



, 
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• 

--R BLEMS _OLUTIONS 

• EXCESSIVE POWER REQUIREMENTS 

- !lOGIC GATES AND I/O CHANNELS: I KW (24V AT . -40A) 

- 'CORE MEMORY AND ASSOCIATED POWER SUPPLIES: 2KW 

• SOLUTIONS: 

• 

- AUTOMATICALLY TURN COMPUTER ON/OFF ON DEMAND 

- LINK COMPUTER TO REAL-TIME CLOCK, TURN ON ONCE PER 

HOUR TO DO PERIODIC HOUSEKEEPING TASKS 

- ADD ACTIVATION BUTTONS AT PROGRAMMER'S CONSOLE AND 

KITCHEN CONSOLE TO POWER UP COMPUTER ON DEMAND 

-

• 



• 
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• 
• 

NTERRUPT -ROCESSING 
• 

• PROCESSOR INTERRUI+. ED 60 TIMES/SECOND BY 

-TIME CLOCK 

- 30 TIMES/SECOND: CHECK FOR PAPER TAPE READER OR PUNCH 

IINIERRUPT 

- II 5 TIMES/SECOND: CHECK FOR KITCHEN CONSOLE SERVICE 

IIHIERRUPT OR CHANGE IN REAL-TIME CLOCK LEAST SIGNIFICANT BIT 

(SECONDS) 
• • 

- 7.5 TIMES/SECOND: CHECK FOR PROGRAMMER'S CONSOLE 

TELETYPE INTERRUPT 

.: 7.5 TIMES/SECOND: CHECK FOR KEYPAD INPUT FROM 

PROGRAMMER'S CONSOLE, lV CONSOLE, OR MASTER BEDROOM , 

CONSOLE 
• 

• 

• 
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• 

PPLICATIONS • 

• 

• BCD CLOCK DRIVER 

- U TED HOUR FIE' 0 EVERY HOUR, AND INCREMENTED DAY FIELD 

'IIF NECESSARY 

• M CLOCK 

- CONTROL PANEL IN MASTER BEDROOM SET UNIQUE ALARM TIME 
• 

<.N BCD) FOR EACH DAY OF THE WEEK 

• S I E REO SYSTEM POWER 
• 

- COMPUTER ACTIVATED AND DEACTIVATED HOUSE STEREO SYSTEM 
, 

• 



• 
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• 

, 

PPLICATIONS 
• 

CONTROL 

- IKEYPAD IN LIVING ROOM CHANGED CHANNELS ON LIVING ROOM 

1J1EILEVISION, AND REPOSITIONED ROOF ANTENNA FOR OPTIMUM 

91'GNAL 

- lJV BlACKOUT PROGRAM DISABLED 1V ON SCHOOL NIGHTS 

• MUSIC/TONE GENERATOR 
• 

- SPEAKER BUILT INTO COMPUTER WAS PROGRAMMED TO PLAY SONGS 

• 

• PROBLEM SOLVING PROGRAMS 

- CALCULATION OF 2N FOR 0 < N < 400 , 

- CALCULATION OF SOLUTION TO "INSTANT INSANITY" COLOR- CUBE 

PUZZLE 

• 
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• 

• 

AGAZINE E SPAPER RTICLES 
• 

DATE MAGAZINE PAGE 

IDEc 1966 HOUSE &. GARDEN 30 
IDEc 1966 FAMILY WEEKLY 2 
'MAR 1967 EE: THE ELECTRONIC ENGINEER 36 
JJAN 1968 AM .... EUR COM P. SOC. NEWSLEIIER 4 
APR 1968 POPUlAR MECHANICS 77 
!FEB 1970 COMPUTERWORLD 12 
MAR 1970 DATAMATION 150 
FEB 1971 SCIENCE &. MECHANICS 66 
JJAN 1972 COMPUTERS &. AUTOMATION 20 

• 

~UL 1978 BYIE 64 
Nov 1984 CREATIVE COMPUTING 10 
FALL 1985 THE COMPUTER MUSEUM REPORT 18 

< 

FALL 1994 IEEE ANNALS OF COMPUTING HISTORY 59 

ASSOCIATED PRESS NEWS RELEASE ARTICLES 

JAN 1970 
JUN 1970 

I 23 NEWSPAPERS 77,000,000 eiRe. 

95 NEWSPAPERS 60,000,000 eiRe. 

• 

• 

, 
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• 

• 

DAY 
• 

• ECHO-IV RESIDES AT THE COMPUTER MUSEUM IN 

BOSTON, MA 

- [)ONATED TO THE MUSEUM IN I 984 

- Wn I BE MOVED TO A WEST-COAST VERSION OF THE COMPUTER 

MUSEUM IN SAN JOSE, CA, OPENING LATER THIS YEAR 

• My PARENTS LIVE IN MONROEVILLE, PA 
. 

- My DAD RETIRED FROM WESTINGHOUSE IN I 994 AFTER 38 YEARS 

OF SERVICE AND 25 PATENT AWARDS , 

- HE STILL TAKES ON HUGE COMPUTER PROJECTS JUST FOR FUN 

• 

• 
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