




























































































































































































































































































































































































































































































































































routine. The crippled leapfrog differs from the leapfrog in that 

the orders remain in fixed locations in the memory and intermediate 

results of the multiplication and division tests are retained. For 

transient errors, both an incorrect and correct copy of the test 

results will usually be printed. 

Printed Results. Separate routines are used for printing 

results of the multiplication ana division tests. In each case, 

eight results of an incorrect calculation are printed, followed by 

eight corresponding results of the same calculation repeated. For 

transient malfunctions, the second set of results is usually correct. 

Results are printed in the following order: 

MULTIPLICATION TEST DryrSION TEST 

1. a 1. Dividend a 

2. First half of product a b 2. Divisor b 

3· Sum of halves of product a b 3· Residue d 

4. Stored constant 1/2 4. alb xb - a 

5· b 5· alb xb (first half) 

6. First half of product -ba 6. Quotient alb 

7· Sum of halves of product -ba 7· Remainder 

8. Sum of half-product sums ab + (-ba) 8. - \first half alb x b - al 
- \second half alb x b I 
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10.6 THE FINAL TEST ROUTINE. This program was designed to 

give an over-all test to ORDVAC and was one of the routines used 

in the final acceptance tests. This program generates a set of 352 

pseudo-random numbers bi and stores them in successive memory 

positions Bi . It then performs multiplications and divisions of 

bi by bi + l' checking multiplication results by multiplying in 

both directions and checking division results by multiplying. If 

all of these are correct, the numbers are transferred to 352 other 

locations and the transfers are checked. If there is no failure, 

the process is repeated but on the transfer the numbers are each 

shifted one place thus utilizing different storage locations for 

each of the numbers. After 16 of thes e small cycle.s, the machine 

prints a number, counting in the sexadecimal system from a starting 

value of lLO and it takes 22 print cycles to run through the 352 

numbers. This is a large cycle. After 16 large cycles (about 81/2 

hours) the machine will reach an unconditional stop and must be 

started again. 

Table 10.1 lists some of the operations carried out during 

1 print cycle (about 81 seconds). 

ORDER 

Order Pairs 
Multiplications 
Divisions 
Additions 
Single shifts 
Printings 

Table 10.1 

NUMBER IN ONE PRINT CYCLE 

239,568 
22,528 

5,.632 
203~028 

1,492,608 
1 

Operations During One Print Cycle 



If there is a failure, the machine will stop. Upon being 

started again it will print the addresses Bi and Bi + 1 involved 

in the computation and stop. Upon being started again it will 

print the computations whicp disagreed and stop once more. Then 

upon being started it will enter a subroutine which systematicallJ 

chec~s the major orders qf the order code and stops if failures 

occur. 

The program is written so that the contents or h3 G~ ~ 

stop reveal the cause of the stop. These stops (all type 30 con

ditional stops except the 8 1/2 hour programmed stop, which is a 

20 stop) are given in Table 10.2. 

CONTENTS OF R3 

3 0 0 8 N L 5 0 0 J 

3008 N L 5 0 1 2 

3 0'0 8 N L 5022 

3 009 1 L 502 8 

3 0 0 9 9 L5 0 3 1 

3 0 0 9 1 L 5 044 

240 3 s 3 0 0 3 s 

3 009 S L 5 0 3 K 

3 009 J L 5 0 4 K 

3 0 0 9 L L 5 0 5 4 

b j x b j + IVS b j + 1 x bj~ rounded 

b j x b j + l' rounded vs unrounded 

(b j + 1 + b j ) x b j 

Bj + k ~ 1024 

j "7 16ciK during transfer 

b j .f: b j + k. Transfer failure 

Failure of 24 order 

Bj 71024 

j >' 160 during transfer check 

K72 NO 

¥ 160 sexadecimal - 352 decimal 

Table"10.2 Failures in Final Test 
Routine 
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Bj +~ - Q --- B.i+ ,<..-.-... +--t- \(bj -=- b J+I)" bJ+1 -bj 1 +2.--~J----t 1 b.) \ - I b J ... ,1 
+ 

Io....--------f • "'" I -- J ~---f 
~---J 

u 

f 
.... 
o 

+ 
I(. - 2 N ....... ---... '-' + I .;.. '" ..... -------4 

'---....IIttL..._~ 

'M'~--._tIt>IZINT CONTENTS OF~ __ ....-4 .... G 
~ . en:: ( CfJ ~ STOP. _ '::::::J 

BACI( TO 
U&R.OUTINE- 1'EST~""""'INDJCATED 

At1D2ESS. 

STOP PIW&LE.M. 

FIN'AL TEST I2OUTINE. FLOW DJAG12AM 



-.... 
. 1 

I Start I - m = KO _~J X. from tape to m I I j = 2-39 "I 1 

~ -
I h = 1 L_ 
1 I" 

2 

middle 40 digits 3 4 
2 .1 l - . J j = 2-39 J-~ 

of xi 2 j .... j 
r = xi+l "'1 I + '1 

to m+l V 
,h 

6 5 , 
I m+ 1_m L. + I 250 - (m + h) 1_ 

11+1-+1 I I' 1 r ... .. 
I STOP I 

FINAL TEST ROUTINE - RANDOM NUMBERS BLOCK DIAGRAM 
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FINAL TEST ROUTINE 



FINAL TEST ROUTINE 

MEMORY DESCRIPTION Page 2 TAPE ADDRESS 

80028 
3L4 

Store word from tape in lL 
4001L 

F08lL 3L5 . 
7501L 

10014 31,6 Square and put middle digits in 
35SL7 lL 

F03LK 3L7 4001L 

40140 3L8 L500J 

F03L9 3L9 4000J Count 1 to 39 

283LS 3LK 243L3 

19012 3LS L43L8 Increase storing address 
by 1 

403IB 3LN L03LF 

283F9 3LJ Test for end 
243L5 

402KO 3LF 
Constant for end test 

L500J 

K03LL 3LL 
Stop before starting problem 

30000 

243L3 0 
Stop inputting 

00000 

The words 3L4 to 3LL constitute the routine for generating the 
352 random numbers. The next 10 words on the tape are numbers 
used as starting values for the random numbers. 
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TAPE 

L50NJ 
400JS 

410JJ 
410J1 

L50N7 
400N5 

L40NL 
400J9 

4602S 
46006 

L40N( 
46007 

L5000 
400JL 

L5000 
40100 

F0900 
7JOJL 

40102 
Fd3JL 

7J100 
40104 

L0102 
40106 

L3106 
2800F 

300BN 
L500J 

FoBJL 
75100 

40102 
LOI04 

MEMORY 
ADDRESS 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

K 

S 

N 

J 

F 

L 

FINAL TEST ROUTINE 

DESCRIPl'ION 

K = lFO to JS 
A = 0 to JJ 

Q = 0 to J1 

j = 1 to N5 

BO + j = B j to J9 

Plant B in2S and 6 
j 

Plant Bj + 1 in 7 

Page 3 

Test -I b j x b j + 1 - b j + 1 x bjl 

To F if b j x b j + 1 = b j + 1 x b j 

To print and stop routine 
(rounded mult. failure) 

b j Xu b j + 1 to 102 

The vords in 8 through J test multiplication. 
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TAPE 

40106 
19026 

L2106 
28013 

3008N 
L5012 

L70JL 
1.2100 

28018 
L50JL 

40104 
66100 

7J100 
40102 

LOOJL 
40106 

19025 
L2106 

28023 
24022 

L5000 
LOOOO 

L7100 
1.20JL 

28023 
L5100 

40104 
660JL 

7JOJL 
40102 

L0100 
40106 

MEMORY 
ADDRESS 

10 

11 

l2 

13 

14 

15 

16 

19 

lK 

18 

IN 

1J 

IF 

1L 

FINAL TEST ROUTINE 

DESCRIPTION Page 4 

I I -39 
Te st - b j Xu b j + 1 = b j x b j + 1 +2 

To 13 if b j Xu b j + 1 ~ b j x b j + 1 

To print and stop routine 

I b j I - I b j + 11 to R 1 · 
To IS if Ib jl ~ Ib j + 11-
b j to 104 

- (b j + b j + 1) x b j + r- b j + 2 I I 
-38 

To 23 if ~ 0 
To 22 if <: 0 

Wasted 'Word 

b to 104 
j + 1 

(b. 1 of b.) x b. to 102 
J + J J 

Words 14-20 test multiplication against 
division. 
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TAPE 

19025 
L2106 

28023 
24022 

3008N 
L5022 

L50J9 
L40JS 

LOOJI 
4202S 

LOOJ3 
22026 

2402S 
LOOJ5 

28028 
24029 

30097 
L5028 

L50N9 
400Jl 

L50J7 
42028 

L5000 
40000 

L50N5 
LOON9 

40106 
28030 

L50N5 
L40N7 

400N5 
24003 

MEMORY 
ADDRESS 

20 

21 

22 

23 

25 

26 

27 

28 

29 

2K 

28 

2N 

2J 

2F 

2L 

FINAL TEST ROUTINE 

DESCRIPTION 

To 23 if ~ 0 
To 22 if< 0 

To print and stop rout ine 

B. + K - Q = B. kto Rl 
J J + 

Plant Bj + k in 2S 

Bj + k - 1024 to R1 · 
To 26 r when B. k = 1024 

J + 
To 2S if B j + k ~ 1024. 
(B - 1024) - 2-39 

j + k 

To 28 if ~ 0 
To 29 if < 0 

Page 5 

Stop. To 97 (word at 28 is printed) 
and stop again. 

Q =. 180 to Jl 

Plant Bl + k in 2S r 

Transfer b j to Bj + k 

j-n to 106 

To 30 if j ~n. 

j + 1 --+ j to N5. 

To 3 
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TAPE 

30099 
L5031 

410Jl 
L50N( 

400N5 
L40NL 

4603J 
L40JS 

LOOJl 
4203J 

LOOJ3 
28038 

240K2 
2403J 

LOOJ5 
2803K 

24038 
3003S 

3009S 
L503K 

L50N9 
400Jl 

L50J7 
4203J 

L5000 
Loooa 

40106 
L3106 

28045 
L503J 

MEMORY 
ADDRESS 

30 

31 

32 

33 

35 

37 

39 

3K 

36 

3N 

3F 

3L 

FINAL TEST ROUTINE 

DESCRIPTION 

-I j - nl to Rl 

Stop; then to 99, print j; 
stop again. 

Q = 0 to Jl 

j = 1 to N5 
BO + j = Bj to Rl 

Plant B. in 3J 
J 

B j + K - Q = B j + k to R1 • 

Plant Bj + k in 3J' 

Bj - 1024 in Rl 
To 38 if Bj ~ 1024 
To K2 where right shifts are 
performed to reduce RAR 

-39 B· - 1024 - 2 to R . 
J 

To 3K if~ 0 

To 3S if < 0 
'Wasted order. 

Page 6 

Stop; to 98, print contents of ~J; 
stop again. 

Q = 160 to Jl 

Bl + n~Bj + k 

Plant Bj + k in 3J' 

Compare b. with b 
J j + k. 

To 45 if ..;.. I b j - b j + kl ~ 0 



TAPE 
MEMORY 
ADDRESS 

46041 40 
42042 

F0800 
80828 

Ko042 
K0800 

80828 
24044 

30091 
L5044 

L50N5 
LOON9 

40106 
28049 

L50N7 
L40N5 

400N5 
K0033 

L2106 
28048 

3009J 
L504K 

L50J8 
L40N7 

400J8 
L10N9 

LOON9 
L40JS 

2804L 
24055 

41 

42 

44 

46 

48 

4K 

4s 

4N 

4J 

4F 

LOOJ5 4L 
28054 

FINAL TEST ROUTINE 

DESCRIPl'ION 

Print b j and b j + k 
They should agree. 

Wasted Order. 

Wasted Order. 

Page 7 

stop; to 91, print addresses 
Bj and Bj + k' and sto~ again. 

(j-n) to 106 

To 49 if j ~ n. 

j + l~j to N5 

To 33' 

- .I j - nl to RI • 
To 48 if ~ o. 
Stop; to subroutine when 
restarted. 

K + I~K to JS. 

To 4L if K ~ 2n 
To 55 if K ~ 2n 

K - 2n - 2-39 to Rl 
To 54 if ~ O. 
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FINAL TEST ROUTINE 

TAPE MEMORY DESCRIPTION Page 8 ADDRESS 

L50N9 
50 ~ K = n at JS 400JS o 0 

L50N( 
51 FA+ I __ A to JJ L40JJ 

400JJ 
LOON3 52 New A - AO 

28088 To FINAL PROBLEM STOP. . 
KOOOI 53 Start new cycle at 1'. 

3009L 
54 
~ Fail stop; to 9L, print K; 

L5054 stop again • 

L50N7 
55 

.J-- Begin count for sub cycle (prints 
24093 every 16th time) to 93. 

K0056 
L40N? 56 

1-

42088 ~ Print contents of 102 and 104 
F0902 57 and stop for examination. 

80828 
F0904 58 

80828 
3005S 59 

-
L40N7 

5K ~Plant proper address at 8s' 
42088 before entering subroutine. 1----- ~----- ----------------------------19001 

58 SUBROUTINE 
2205N 

3005J 
5N ~ Test positive sensing of C and C' 2805F 

3005F 
5J 3005F --

F9000 
5F 28060 

22060 41'-- Test negative sensing of C and C'. 
24061 5L 

1- -



FINAL 'mST ROUTINE 

TAPE 
MEMORY DESCRIPTION Page 9 
ADDRESS 

30061 60 30061 
-

L53LL 61 L03LL 

28063 62 
Test + 

30063 Fail stop ~ and (-) 

LOOJ5 orders. 

22064 63 

24065 64 
30065 Fail stop 

== 
Ll3LL 65 L43LL 

28061 66 Test -
30061 Fail stop 

.-.- and (+) 

LOOJ5 61 orders. 
22068 

24069 68 
30069 Fail stop 

=-
L13LL 69 L23LL 

2806s 6K 
Test + 

3006s Fail stop 
~ and-

LOOJ5 6s 
orders. 

2206N 

2406J 6N Fail stop 
3006J 

--
L33LL 
L63LL 

6J . 
2806L 

Test -

3006L 6F Fail stop 
4~ and + 

orders. 
LOOJ5 
22010 6L 

-
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FINAL TEST ROUTlNE 

MEMORY DESCRIPl'ION Page 10 TAPE ADDRESS 

24071 70 30071 Fail stop 
- . 

FOSLL 71 L53LL 

K0072 72 
30874 

30074 Test R 
30074 73 and A (-). 

28075 74 
30075 

L00J5 75 22076 

24077 76 
30077 Fail stop -
FoBJS 

77 Print K Normally occurs every 
80828 16th time. If a failure 

- causes an entry into this 
19026 78 subroutine, one or more 
00001 Ks vi 11 appear alike which 

will indicate this fact. 
00025 79 FOOOO 

28078 7K K0073 Test 

3007N 78 ~ 38 
19001 +-- 1 

~ 37 
1000K 7N FO 
OOOOS 

~ 1 
~ 10 

FOOOO 7J 4-- 11 
2207F -++ 37 

2407L +-- 37 

3007L 
7F 

19025 7L 00025 -



FINAL TEST ROUTINE 

MEMORY 'DESCRIPTION Page 11 TAPE ADDRESS 

FOOOO 80 22081 

24082 81 30082 -

L50J9 82 42083 

46084 83 L5000 

LOOOO 84 Test E 
22085 

4~ 

30086 and E' 

LOOJ5 85 

28087 86 24088 

30088 87 30088 --
24089 88 3008s 

KOoBs 89 ~ Test U and U' 
30088 

30086 8x 3008s 
-

20000 STOP PROBLEM. 8s 24000 Return to subroutine LINK 
-

42090 8N L5006 

46108 8J Print addresses B. and B. 1 
L5007 J J + 

4~ before printing errors in the 
10014 
42108 8F computation which used contents 

F0908 8L 
of Bj and Bj + 1. 

80828 -
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TAPE 

30056 
L5000 

F083J 
80828 

3005K 
L5044 

L40ICl. 
400Kl 

LOON3 
22095 

KOOOl 
410n 

L5094 
KOO5K 

'F0826 
80828 

3005K 
L5028 

Fo8N5 
80828 

3005K 
L5031 

F083J 
80828 

3005K 
L503K 

Fo8N5 
80828 

3005K 
L504K 

Fo8JB 
80828 

MEMORY 
ADDRESS 

90 

91 

92 

93 

95 

97 

99 

9K 

98 

9N 

9J 

9F 

9L 

-

-

FINAL TEST ROUTINE 

DESCRIPTION 

Print word with address Bj 

and B. k after printing 
J + 

contents of Bj + Bj + k 

Page 12 

--- C + l-"C 

C - 16 --- to 95' if 0 

Begin neW' subcycle if < 0 
o -.c 

--- To sub-routine 

-

--

--

--

-

~ Print word with address Bj + k 
in right half; stop, then to 
subroutine. 

~ Print j and stop, then to subroutine 
(should not exceed 160). 

Print word with addre s s B. + k 
~ in right half and stop; t~en to 

subroutine. 

Print j and stop (should not exceed 160) 
~ then to subroutine. 

Print K 



FINAL TEST ROUTINE 

TAPE 
MEMORY 
ADDRESS DESCRIPTION Page 13 

3005K KO 
L5054 

00000 Kl 
00000 Temporary Storage 

-
1003L 

K2 1003L 

1003L 
K3 

~ Correct for RAR 
K0037 -
00010 AO =(10)16 
00010 N3 

Thus the machine prints every 16th 

00000 
time and runs 16 large cycles of 

00000 N5 about 1/2 hour per cycle. 

00001 
N7 00001 

00160 n = (160)16 
00160 N9 

00000 NS 00002 

OOlFO NJ Xc = (lFO)16 
OOlFO 

0013L BO = (13L) 16 
0013L NL , 

00000 o or n 
00000 J1 

00400 
J3 (1024) 

00400 10 

00000 
J5 00001 . 

002KO B1 + n = (2KO)16 J7 002KO End of tape 

J9 Temporary Storage 
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TAPE 
MEMORY 
ADDRESS 

J8 

JJ 

JL 

100 

102 

104 

106 

loB 

FINAL TEST ROUTINE 

DESCRIPTION Page 14 

-- Te.!l1Porary storage. K increases by 1 each 
time and is printed every 16th time. Start 

- at 1LO .. 

~Temporary Storage 

--
~Store two numbers to be printed out. 

-
-- Temporary Storage 

__ Addresses Bj and Bj + 1 are 

planted here to be printed out. 
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SUBJECT INDEX 

A Flipflop, 142 
A Order, 100, 128, 151 
Accumulator, 9, 27, 54 
Actio~, 84 

-A-

Action Cycle., 78 
Action-regenerate Flipflop, 154 
Adder, 11, 59 
Adder-digit Resolver Test, 232 
Adder-digit Resolver Test Block Diagram, 234 
Adder-digit Resolver Routine, 236 
Adder Voltages, 60 
Addition, 11, 125, example o~ 22 
Address, 26 
Address Generator, 57, 83, 159 
Address Part of Order, 98 
Adjustment of Memory, 90 
Amplifier, Video, 82 
Analysis ·of Printout, 196 
"And" Circuit, 3 
Arithmetic, examples of, 22 
Arithmetic Control, 123 
Arithmetic Operations, 11 
Arithmetic Order, 99 
Arithmetic Register, 10, 27, 55, 56 
Arithmetic Stop Chassis!, 115 
Arithmetic Unit, 2, 9, 44, 45 
Arithmetic Unit, Malfunctions in, 198 
Astigmatism, 91 
Asynchronism, 100 

B Flipflop, 142 
Balance of Gates, 52 
Beam Positioning, 84 
Binary Decimal, 7 
Binary Numbers, 5 
Binary System, 4 
Black Clear, 54, 56, 58 
Black Gate, 53, 55 . 
Bleeder Chain, 88 

-B-
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C Flipflop, 142 
Carry Collapse Time, 119 
Carry Delay, 118 
Carry Propagate Time, 119 
Chassis Designations, 97 
Clearing, 48 

of' Rl , 123 
of' R

3
, 165 

Clear Driver, 65 
Clear Driver Driver, 136 
Clock, 78, 87 
Code, 25 
Commutator, 68 

-C-

Complement Gate, la, 64 
Complement Gate Driver, 66, 137 
Completion Flipflop,180 
Compl~tion Signals, 176 
Control, 3, 28, 95 

Interplay, 141 
Malfunctions in the, 199 
Transfer of', 146, 151 

Control Counter, 57, 166 
Control-operate Flipflop, 143 
Control-operate-run Switch, 191 
Control Panel, 191 
Control, Principles of' Operation, 100 
Control Register, 167 
Control Transf'er Order, 28, 100 
Counter, Control, 166 

Dispatch, 166 
Regeneration, 166 
Shif't, 112 

Conversion of Numbers, 9 
Crippled Leapf'rog Test, 248 
Crippled Leapfrog Routine, 249 

D.C. Turn-on, 211 
Decoding Chassis, 120 

-D-



Decoding Register, g9 

-D
Continued 

Decoding Register Flipflops, 122 
Delay Pulse, 173 
Delay Selector, 118 · 
Digit Resolver, 11, 62 
Dispatch Counter, 166 
Dispat(:h R~gister, 167 
Dividend, 16 
Divisions, 15, 133 
Divisions, example, 24 
Divisions, remainder, 16 
Divisions, rules for, 17, 133 
Diyisions, special cases, ·18 
Division Test, 248, 253 
Divisor, 16 
Double Gate, 50 
Doubli:ng of Numbers, 11 
Driver III, 138 
Driver, Clear, 65 
Driver, Complement Gate, 66 
Driver Driver, 136 
Driver, gate 65 

End-around Carry, 64, 125 
End.Connections, 138 

. Even Address Gate, 138 
Even Order Gate, 57, 137 

-E-

-F-

False Use Memory Signal, 148, 150, 152 
Fault, finding the, 195 
Filament Circuit, 211 
Filament Loads l 212, 213, 214 ' 
Final Test , 254 
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-F
Continued 

Final Test Flow Diagrams, 256 
Final Test Routine, 258 
Fixed POint, 4-
Flaw Test, 227 
Flaws, 89 
~lipflop, 3. 44-
Focus, 83 

Gate, Balanced, 52 
Gate, Double, 50 
Gate Driver, 65 
Gate, Even Address, 138 
Gate, Even Order, 57, 137 
Gate, Odd Address, 57, 137 
Gate, Odd Order, 57, 137 
Gating, 48 
Gating, Dispatch Counter, 110 
Gating ofR3, 163 
Green Clear, 54, 56, 58 
Gre'en Gate, 53, 55, 58 

Halving of Numbers, 11 
Have used Memory Signal, 153 

Incident Digit, 62 
Initiating Signals, 174 
Input, 2 
Input Circuit, 69 

-H':' 

-I-



-1-
Continued 

Input-output, 67 
Input-output Orders, 100.. 
Input Routine, 190 
Input Tape, 9 
Instructions, Handling of, 142 
Instruction Part of Order, 98 
Intensity, 83 
Interplay Control, 141 

-L-

Leapfrog Test, 242 
Leapfrog Test Block Diagram, 243 
Leapfrog Test Routine, 244 
Lefthand Order, 29 
Left Shift, 132 
List of Orders, 31, 32, 33, 34, 35, 36 

-M-

Maintenance, Memory; 90 
Maintenance, Routine, 182' 
Malfunctions in Arithmetic Unit, 198 
Malfunctions in Control, 199 
Mal:funct ions in Memory, 204 
Memory, 76 
Memory Adjustment, 90 
Memory Chassis Signals, 159 
Memory Chassis Test Procedure, 206 
Memory Clear Button, 192 
Memory Control Chassis, 141 
Memory Enable Signal, 153, 158 
Memory, Logical structure, 78 
Memory, Malfunctions in the, 204 
Memory, Printing out the, 195 
Memory, Signal=?, 80 
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-M
Continued 

Memory Synchronization Chassis, 141 
Multiplication, 14, 129 
Multiplication Correction, 15, 131 
M~tip1ication, example, 23 
Multiplication Roundoff, 15, l23 
Multiplication Test, 242, 253 
Modulo, 2, 6 

-N--

Negative MUltiplier Correction, 131 
Neon, Operating Panel, 192 
"Not" Circuits, 3 
Numbers Register, 10, 11, 27, 57 
Number Representation, 5 
Number System Used by ORDVAC, -4 

Odd Address Gate, 57, 131 
Odd Order Gate, 57, 137 
OP Turnover Enable, 135 
Operating Panel, 191 
Operating Procedure, 185 
Operating Test, 187 
"Or" Circuit, 3 
Order, 26 
Order, Instruction, 98 
Order Pairs, 189 

-0-
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