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FOREWORD 

4 This report is a description of the Whirlwind 

electronic digital computers under development at 

the Servomechanisms Laboratory of M. I. T. for 

the Office of Naval Research. The arithmetic na¬ 

ture and the physical nature of the computers are 

covered briefly, and the block diagrams for the 

prototype computer WWI are discussed in some 

detail. 

The report consists of two volumes: Volume 1 

contains the text and Volume 2 the drawings. 
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PROGRAM 
TIMING 

OPERATION 
TIMING 

[ 

OPERATION; ADD ad 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT; A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGI3TER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SION 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGI8TEH 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOG* PULSES TO TIME DIST. 

OT 102.02 

GT 102.03 

GT IO3.OI 

GT IO3.O2 

or lou.oi 
GT 104.02 

OT 301.01 

GT 201.02 

GT 203.02 

GT 203.03 

GT 305.OI 

GT 305.02 

GT 601.01 

GT 102.01 

GT 102.02 

GT 103.02 

GT 203.01 

GT 203.02 

GT 203.03 

GT 3OI.OI 

GT 301.02 

GT 301.04 

GT 3OI.O5 

GT 302.02 

GT 302.03 

GT 302.04 

GT 302.20 

OT 303.0Í 

GT 304.04 

GT 304.05 

GT 304.07 

GT 304.08 

rr 306.01 
FF 307.OI 
FF 307.02 

FF 3O8.OI 

CONTROL TIME PULSES 

I2345678I234 

■ 1 
1 1 

■ 1 
1 
1 

1 
1 1 1 

1 1. 1 
1 X 
1 X 

1 
1 

1 1 1 
1 1 1 

1 1 
1 ft 

1 1 1 1 
1 

1 JL 
1 1 

1 1 1 

1 
1 
1 

1 

1 

1 

1 
1 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

Figure 72 

TIMING FOR ADD 
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OPERATION; CLEAR AND ADD oa 

PROGRAM 
TIMING 

OPERATION 
TIMING 

CONTROL TIME PULSES 

12345678 1231* 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REOISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REOISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTEH TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST 

Figure 73 

TIMING FOR CLEAR AND ADD 



OPERATION: SUBTRACT au 

PROORAR 
TIMING 

OPERATION 
TIHINO 

CONTROL TIKE PULSES 

123456781234 

PROORAM COUNTER TO BUB 

PROO. COUNTER Tp CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGI3TER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROORAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGI3TER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 

Figure 74 

TIMING FOR SUBTRACT 



OPERATION: OLEAR AND SUBTRACT oe 

PROORAR 
TIHINO 

OPERATION 
TIHINO 

CONTROL TIKE PULSES 

123^5678 l S I * 

PROORAM COUNTER TO BUS 

PROO. COUNTER TO CHECK RESISTER 

BUS TO PROORAM RESISTER 

PROORAM RESISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAOE SWITCH 

STORAOE SWITCH TO BUS 

STORAOE READOUT 

STORAOE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK RESISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAOE SWITCH 

CLEAR A-REOI3TER 

CLEAR PROORAM REOISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROORAM COUNTER 

PROGRAM COUNTER TO BUS 

PROORAM REOISTER TO BUB 

BUS TO STORAOE 

STORAOE READOUT 

STORAOE TO CHECK REOISTER 

BUS TO A-REOISTER 

A-REOISTER TO BUS 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REOISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A-REOISTER SION 

COMPARE 

multiply 

SHIFT LEFT 

SHIFT RIOHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REOISTER 

CLEAR STORAOE 

CLEAR PROORAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 

OT 102.02 

OT 102.0? 

OT IO3.OI 

OT IO3.O2 

OT IOL.OI 

OT 104.02 

OT 201.01 

OT 201.02 

OT 203.02 

OT 203.03 

OT 305.OI 

OT 305.02 

OT fiOl.Ol 

OT 102.01 

OT 102.02 

OT IO3.O2 

OT 203.OI 

OT 203.02 

OT 203.03 

OT 3OI.OI 

OT 3OI.O2 

OT 301.04 

OT 3OI.O5 

OT 302.02 

OT 302,03 

OT 302 

OT 302. 

OT 303. 

OT 304. 

OT 304. 

OT 304. 

OT 304. 

FF 306. 

FF 307. 

FF 707. 

FF 30g. 

OT 309. 

OT 5OO, 

OT 6OO. 

OT 6OI.OI 

Figure 75 

TIMING FOR CLEAR AND SUBTRACT 



OPERATION: MULTIPLY ANC ROUNDOFF' mr 

PROGRAM 
TIMING 

OPERATION 
TIMING 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DI3T. 

CONTROL TIME PULSES 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

Figure 76 

TIMING FOR MULTIPLY AND ROUNDOFF 



OPERATION: MULTIPLY AND HOLD FULL PRODUCT mh 

PROGRAM 
TIMING 

OPERATION 
TIMING 

CONTROL TIKE PULSES 

23*56781234 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REOISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: a-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

bUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 

GT 102.02 

GT 102.03 

GT IO3.OI 

GT 103.02 

GT 104.01 

GT 104.02 

GT 201.01 

GT 201.02 

GT 203.02 

GT 203.03 

GT 305.OI 

GT 305.02 

OT 601.01 

GT 102.01 

GT 102.02 

GT 103.02 

GT 203.01 

GT 203.02 

GT 203.03 

GT 3OI.OI 

CT 30I.OP 

GT 301.04 

GT 30I.05 

GT 302.02 

GT 302.03 

GT 302.04 

GT 302.20 

GT 303.OS 

GT 304.04 

GT 304.05 

GT 304.07 

GT 304.08 

FF 306.OI 

FF 307.OI 

FF 307.02 

FF 30S.01 

GT 309.06 

QT 5OO.OI 

GT 600.04 

GT 6OI.OI 

1 1 

1 1 
1 1 

1 
1 

1 
1 11 1 

1 1 1 
1 1 1 
1 1 

1 
1 

1 1 
i 1 1 

1 1 
1 1 

1 i 1 
1 

ï 1 
1 1 

I 1 1 1 

1 
1 
1 

1 

1 
1 

1 
1 

1 

1 

1 
1. 

1 

1 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

Figure 77 

TIMING FOR MULTIPLY AND HOLD FULL 
PRODUCT 



OPERATION; DIVIDE a» 

PRCORAM 
TIMINO 

OPERATION 
TIHINO 

CONTROL TIKE PULSES 

123^5678123^ 

PROORAM COUNTER TO BUS 

PROCÏ. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROORAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGI3TER 

A-REGISTER TO BUS 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST 

Figure 78 

TIMING FOR DIVIDE 



OPKHATlOMi TRANSrat TO 3TOIUOE ta 

PROORAM 
TIMING 

OPERATION 
TIMING 

CONTHOU TIKE PULSES 

I ? } K >j 6 7 ?! 1 ? 3 4 

PROORAM COUNTER TO BUS 

PROO. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROORAM REGISTER TO HUB 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO SiEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROORAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTEH 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SION 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LIFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUB TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 

UT iOI'.OP 

OT 10,'. 03 

OT 103.01 

GT 10).02 

GT 10^.01 

GT lO't.O? 

GT 201.01 

GT 201.02 

OT 20).02 

GT 203.0J 

OT 30B.01 

GT )0r).0 

GT fOl.Ol 

OT 102.01 

GT 102.02 

GT IO3.O2 

OT 203.01 

GT 203.02 

GT 203.03 

OT 3OI.OI 

OT 301.02 

GT 301.04 

GT 3OI.O5 

GT 302.02 

GT 302.03 

GT 302.04 

OT 302.20 

OT 303.0« 

GT 304.04 

GT 304.05 

OT 304.07 

GT 304.08 

FF 306.OI 

FF 307.OI 

FF 307.02 

FF 30S. 

OT 309. 

GT 5OO. 

GT 6OO. 

GT 6OI. 

I. DELAY 1/2 

Il DELAY 1/2 

DELAY 1/2 

DELAY 1/ 

Figure 79 

TIMING FOR TRANSFER TO STORAGE 



OPERATION: SHIFT RIGHT er 

PROGRAM 
TIMING 

OPERATION 
TIMING 

CONTROL TIME PULSES 

123*56781254 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REOI3TER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-RIGI3TER TO BUB 

SUBTRACT. A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGH 

ACCUMULATOR SIGN 

A-REOISTEH SIGN 

COMPARE 

MULTIPLY 

SHIFT LUT 

SHIFT RIGHT 

DI'WE 
SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUB TO CHICK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST 

OT 102.02 

GT 102.03 

GT IO3.OI 

GT IO3.O2 

GT 10*. 01 

GT 104.02 

GT 201.01 

GT 201.02 
GT 203.02 

GT 203.03 

GT 305.OI 

GT 305.02 

GT 60I.OI 

or ior.01 
GT 102.02 

GT IO3.02 

GT 203.01 

GT 203.02 

GT 203.03 

GT 3OI.OI 

GT 501.02 

GT 301.014 

GT 3OI.O5 

GT 502.02 

GT 302.03 

GT 302.04 

GT 302.20 

GT 303.0« 

GT 304.04 

or 304.05 
GT 304.07 

or 30U.08 
pp 306.01 

FF 307.01 
FF 307.02 

FF 30S.01 

or 309.06 
GT 5OO.OI 

GT 600.04 

GT 601.01 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

Figure 80 

TIMING FOR SHIFT RIGHT 



OPERATION; SHIFT LEFT si 

PROORAR 
TIKI NO 

OPERATION 
TIMINO 

CONTROL TIKE PULSES 

1 23¼ 567s 123^ 

PROORAK COUNTER TO BUS 

PROO. COUNTER TO CHECK REOISTER 

BUS TO PROORAK REOISTER 

PROORAM REOISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUB 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUB 

STORAGE READOUT 

STORAGE TO CHECK REOISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REOISTER 

START DELAY COUNTER 

ADD TO PROORAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR 3TORAOE SWITCH 

CLEAR A-REOISTFR 

CLEAR PROORAM REOISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROORAM COUNTER 

PROORAM COUNTER TO BUS 

PROORAM REOISTER TO BUS 

BUS TO STORAOE 

STORAOE READOUT 

STORAOE TO CHECK REOISTER 

BUB TO A-REOISTER 

A-HEOISTER to bus 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD; A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REOISTER 

ACCUMULATOR TO B-REOISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A-REOISTER SION 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIOHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUB TO CHICK REOISTER 

CLEAR ACCUMULATOR 

CLEAR B-REOISTER 

CLEAR STORAOE 
CLEAR PROORAM COUNTER 

OT 102.02 

or 102.03 
OT I03.OI 

QT 103.02 

OT 104.01 

OT 104.02 

OT 201.01 

OT 201.02 

OT 203.02 

OT 203.03 

OT 305.OI 
OT 305.02 

OT 6OI.OI 

OT 102.01 

OT 102.02 

OT 103.02 

OT 203.OI 

OT 203.02 

OT 203.03 

OT 301.01 

OT 301.02 

OT 301.04 

OT 301.05 

OT 302.02 

OT 302.03 

OT 302.p4 

OT 302.20 

OT 303.08 

OT 304.04 

OT 304.05 

OT 304.0? 

OT 304.08 

FF 306.OI 

FF 307.OI 

FF 307.02 

FF 308.01 

OT 309.O6 

OT 5OO.OI 

OT 600.04 

OT É01.01 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

SPECIAL CARRY 

STOP CLOCK PUMES TO TIME DIST. 

Figure 81 

TIMING FOR SHIFT LEFT 



'■ 

PROGRAM 
TIMING 

OPERATION 
TIMING 

OPERATION; SUBPROGRAM Bp 

CONTROL TIKE PULSES 

123456781234 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DEIAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACOUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUB TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DI3T. 

GT 102.02 

GT 102.03 

OT IO3.OI 

GT 103.02 

OT 104.01 

OT 104.02 

GT 201.01 

GT 201.02 

OT 203.02 

GT 203.03 

OT 305.OI 

GT 305.02 

GT 60I.OI 

GT 

1 1 
1 1 

1 ■ 
1 
1 

1 
1 1 1 

R 1 1 
1 1 
1 1 

1 
1 

1 1 i 
J L_ 9 1 

1 R 
1 JL ^ 

1 1 14 

1 
1 1 

1 1 
1 1 1 1 

1 

1 

i 

3 

; 
4- 

J 
s 
L 
1 
? 
1 
6 
1 
4 
1 

1 

DEIAY 1/2 

DELAY 1/2 

Figure 82 

TIMING FOR SUBPROGRAM 



OPERATION! COMPARE op 

CONTROL TIME PULSES 

12345678123^ 

PROORAM 
TIMINO 

OPERATION 
TIMINO 

PROORAM COUNTER TO BUS 

PROC. COUNTER TO CHECK RÏOI8TER 

BUS TO PROORAM REOI8TEÄ 

PROORAM REOISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUB 

BUS TO STORAOE SWITCH 

STORAOE SWITCH TO BUB 

STORAOE READOUT 

STORAOE TO CHECK REOISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROORAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAOE SWITCH 

CLEAR A-REOISTER 

CLEAR PROORAM REOISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROORAM COUNTER 

PROORAM COUNTER TO BUS 

PROORAM REGISTER TO BUS 

BUS TO STORAGE 

STORAOE READOUT 

STORAOE TO CHECK REOISTER 

BUS TO A-REOISTER 

A-REOI3ÏER TO BUS 

SUBTRACT: A-RE0I3TER TO ACOUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR to bus 

ACCUMULATOR TO CHECK REOISTER 

ACCUMULATOR TO B-REOISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A-REOISTER SION 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIOHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

arithmetio check 

BUS TO CHICK REOISTER 

CLEAR ACCUMULATOR 

CLEAR B-REOISTER 

CLEAR STORAOE 

CLEAR PROORAM COUNTER 

SPECIAL CARRY 

STOP CLOOf PULSES TO TIME DIST 

OT 102.02 
QT 102.03 

OT IO3.OI 

OT 103.02 

OT 104.01 

OT 104.02 

OT 201.01 

OT 201.02 

OT 203.02 

OT 203.03 

OT 305.OI 

OT 305.02 

OT 60I.OI 

OT 102.01 

OT 102.02 
QT 103.02 

OT 203.01 
OT 203.02 

OT 203.03 
OT 3OI.OI 
OT 301.02 
OT 301.04 

OT 3OI.O5 
OT 302.02 
OT 302.03 
OT 302.04 

OT 302.20 

OT 303.0« 
OT 304.04 

OT 304.05 
OT 304-07 
OT 304.08 
FF 306.01 

FF 307.OI 
FF 307.02 

FF 308.01 

OT 3O9.O6 
or 500.01 
OT 600.04 

OT 601.01 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

delay i/e 

Figure 83 

TIMING FOR CONDITIONAL PROGRAM 



OPERATION ¡ TRAN87ER DWITfl td 

PROORAM 
TXKIlfa 

OPERATION 
TININO 

CONTROL TIKE PULSEO 

12J45678I2J* 

PROORAM COUNTER TO BUS 

PROO. COUNTER TO CHECK REGISTER 

BU# TO PROORAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAOE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROORAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REOISTER 

CUCAR PROORAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUB 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUB TO A-REGISTER 

A-REOISTER TO BUB 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

a-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR StORAOr 

CLEAR PROGRAM COUNTER 

SPECIAL CARRE 

STOP CLOCK PULSES TO TIME DlST. 

Figure 84 

TIMING FOR TRANSFER DIGITS 



OPERATION; SPECIAL ADD m 

PR 00 RAM 
TIKINO 

OPERATION 
TIMINO 

CONTROL TIKE PULSES 

23*5678123* 

PROORAM COUNTER TO BUS 

PROO. COUNTER TO CUECE REM STER 

BUS TO PROORAM REOISTER 

PROORAM REOISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO 8TORAOE SWITCH 

BTORAOE SWITCH TO BUS 

STORAOE READOUT 

8T0RA0E TO CHECK REOISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REOISTER 

START DELAY COUNTER 

ADD TO PROORAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAOE SWITCH 

CLEAR A-HKOISTER 

CLEAR PROORAM REOISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROORAM COUNTER 

PROORAM COUNTER TO BUB 

PROORAM REOISTER TO BUB 

BUS TO STORAOE 

STORAOE READOUT 

STORAOE TO CHECK REOISTER 

BUS TO A-RE0I3TER 

A-REOIBTER TO BUS 

SUBTRACT: A-REQISTER TO ACCUM. 

ADD: JL-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUB 

ACCUMULATOR TO CHICK REOISTER 

ACCUMULATOR TO B-REOISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SION 

A^REOISTER SION 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIOHT 

DIVIDE 

SPECIAL ADD 

BUB TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUB TO CHECK REOISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAOE 

CLEAR PROORAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 

OT 102.02 

OT 102.03 

OT 103.01 

OT 103.02 

OT 10*.01 

OT 10*.02 

or 201.01 

OT 201.02 

OT 203.02 

OT 203.03 

OT 3O5.OI 

OT 305.02 

OT 60I.OI 

OT 102.01 
OT 102.02 
OT 103.02 

OT 203.01 
OT' 203.02 
OT 203.03 

ar 301,01 
or 301.02 

OT 301.0* 

oí 301.05 
or 302.02 
OT 302,03 
OT 302.0* 

or 302.20 
OT 303.0« 
OT 30*.0* 

OT 30*.05 
OT 30*.07 
OT 30*.OS 

FF 306.01 

FF 3O7.OI 

FF 307.02 

FF 308.01 

OT 309.O6 
OT 500.01 
OT 6OO.O* 
w 601.01 

DEUX 1/2 
DEUY 1/2 

DEUX 1/2 

DEUY 1/2 

HH!,, 

Figure 85 

TIMING FOR SPECIAL ADD 



OPERATION; STORE AND DISPLAY od 

PROGRAM 
TIMING 

OPERATION 
TIMING 

CONTROL TIME PULSES 

123^56781234 

PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS T0 CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 

BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STOPPAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LIFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCt PULSES TO TIME DIST. 

GT 102.02 

GT 102.03 

OT IO3.OI 

GT 103.02 

GT 104.01 

OT 104.02 

GT 201.01 

Oft 201.02 

GT 203.02 

GT 203.03 

OT 305.OI 

GT 305.02 

GT 6OI.OI 

GT 102.01 

GT 102.02 

GT IO3.O2 

OT 203.01 

GT 203.02 

GT 203.03 

OT 3OI.OI 

OT 301.02 

GT 301.04 

OT 3OI.O5 

GT 302.02 

GT 302.03 

GT 302.04 

GT 302.20 

GT 303.08 

GT 304.04 

GT 304.05 

GT 304.07 

GT 304.08 

FF 306.OI 

FF 307.OI 

FF 307.02 

FF 3O8.OI 

GT 309.06 

GT 5OO.OI 

GT 600 

GT 6OI. 

04 

01 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

DELAY 1/2 

Figure 86 

TIMING FOR STORE AND DISPLAY 
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