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INTRODUCTION TO ACE-S/C

OBJECTIVES

To familiarize the student with ACE-S/C concepts and requirements.

INTRODUCTION

The development of new manned spacecraft systems has increased the complexity of
tasks relating to integrated acceptance testing and preflight checkout of complex space-
craft systems and subsystems. The magnitude of the Apollo spacecraft checkout re-
quirements precludes the use of conventional testing methods. The initiation of test
stimuli and the analysis of the resulting test data by conventional test equipment and
methods would be time consuming, costly, and would reduce the reliability of the test

effort because of possible human error.

To minimize these problems, an advanced, integrated checkout and display system,
which provides for centralized programed control of spacecraft checkout operations,
was developed. This advanced checkout system is called Acceptance Checkout

Equipment - Spacecraft (ACE-S/C). The ACE-S/C ground station can accommodate

independent subsystem and/or integrated system testing in either manual, semiauto-

matic, or automatic operational modes. Large quantities of test data can be processed

and displayed in real time as well as recorded for post-test analysis.

-

ACE-S/C PROGRAM OBJECTIVES

The objectives of the ACE-S/C program are to:

a. Provide advanced checkout and display equipment for MSC. “lo
Provide universal checkout equipment.
Provide optimum man-machine interface.

Provide continuity into future programs.

(e SE = R e I o 5

Insure spacecraft and checkout equipment compatibility.

LOCATIONS OF ACE-S/C EQUIPMENT

ACE-S/C ground stations are installed at the following locations for the purposes indicated:
a. Merritt Island Launch Area (MILA), Merritt Island, Florida - ACE-S/C will |
be utilized to conduct the complete range of subsystem and integrated system
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testing from receipt of the spacecraft modules through spacecraft/launch ve-
hicle mating and final prelaunch checkout.

b. Manned Spacecraft Center (MSC), Houston, Texas - ACE-S/C will be utilized
in the testing of spacecraft and astronauts in simulated space and lunar en-
vironments. Reliability assessment data will be derived from extended space-
craft operations at MSC.

c. Grumman Aircraft Engineering Corporation (GAEC) Facility, Bethpage,

New York - ACE-S/C will be utilized for subsystem and integrated system
testing of the Lunar Excursion Module (LEM) during the various stages of
factory assembly and checkout.

d. North American Aviation Corporation (NAA) Facility, Downey, California -
ACE-S/C will be utilized for subsystem and integrated system testing of the
Command Module (CM) and Service Modgle (SM) during the various stages of
factory assembly and checkout.

ACE-S/C SYSTEMS REQUIREMENT

The ACE-S/C ground station operates in conjunction with the spacecraft during check-
out via the Digital Test Command System (DTCS) and the Digital Test Measurement
System (DTMS). The DTCS receives, decodes, and converts digital test commands
from the ACE-S/C ground station and the DTMS codes and multiplexes the response of
the spacecraft subsystems to digital commands for transmission to the Acﬁﬁi—

ground station for processing.

The ACE-S/C ground station is divided into three primary areas: the computer room,
the control room, and the terminal facility room. The MQ_E} contains the
data acquisition subsystem, the computer subsystem, and data transmission equip-

ment. The control room (Figure 1) contains consoles, data display system, and part
_————

of the command generation equipment. The terminal facility room contains patching

_facilities, parts of the command and data dis;.;»lay subsystems, and timing equipment.

~ Specifically the ACE-S/C ground station can perform the following functions:

a. Provide the control, display, data processing, and recording required to con-
trol spacecraft stimuli equipment. '

b. Receive, process, display, and record spacecraft parameter data derived
from spacecraft ground and flight telemetry systems.

c.” Provide self-check and calibration capacity for itself and related equipment.

2 ; : FOR TRAINING PURPOSES ONLY
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FEATURES OF ACE-S/C

The ACE-S/C system was deVeloped to check out a broad range of complex spacecraft.
In its present application ACE-S/C is being utilized to perform the complete range of
spacecraft testing from factory checkout to launch. In accomplishing its assigned task
in the Apollo program, the ACE-S/C system:

a. Completely tests integrated systems and independent subsystems.

b. Provides any desired degree of test automation.

c. Processes large quantities of data for real-time display.

d. Adapts to any system or test mode by means of software changes.

The following additional advantages are accrued through the utilization of ACE-S/C:
a. Provides for astronaut participation and launch control.

Tests across system interfaces.

Uses flight telemetry equipment.

Minimizes cabling by serial transmission of commands and data.

Has built-in self-check capability.

1 i © e - o

PROGRAM AND INTERFACE REQUIREMENTS

To generate the required command and display computer programs and the appropriate
decommutator programs, computer programers must be provided with detailed infor-
mation concerning the specific command functions assigned to various control con-
soles, measurement limits, and display devices to be used for the various measure-
ments. This information is provided to the programers in the Test Operation
Programing Requirements document. This document takes the form of punched cards
and defines the configuration of the ACE-S/C equipment and the content of the computer
and decommutator programs.

Upon receipt of the programing requirements, the programers generate an assembly
program. This assembly program is used to assemble the test operation program by
calling up existing routines and subprograms from the master file or program

library tape.

A central program library of official ACE-S/C computer programs, subprograms,
and subroutines is maintained. The program library contains a master card file for
each program. This file is reproduced into master program magnetic tape, and from
these tapes, a working library tape is prepared.

4 B FOR TRAINING PURPOSES ONLY
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The library tape contains all programs, subprograms, and subroutines in common use
at a specific ACE-S/C facility. Provisions are made to replace, insert, or delete
routines from the library tapes during all phases of operation including test prepara-

tion, checkout, and spacecraft test operations.

PERSONNEL REQUIREMENTS

Operator personnel will be supplied by the using agency to man the various operational
consoles. These operator personnel will initiate the various tests to be performed by
the spacecraft and in turn will evaluate the test results by monitoring the display de-

vices located in the control room.

FOR TRAINING PURPOSES ONLY 5
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POSITIONAL NOTATIONAL NUMBERING SYSTEMS

OBJECTIVES

1. To review decimal, binary, and octal numbering systems.

2. To teach method of converting from one system to another.

INTRODUCTION

As man emerged from a totally primitive state, his progress was paced by the develop-
ment of alphabets and number systems. Of the many number systems developed, prob-
ably the most commonly used base, or radix, was ten - which you recognize as the
basis of the familiar decimal system. Possibly this radix was selected because man
has ten fingers and ten toes and it was a natural and familiar concept on which to base

a number system,

For the purposes of this course, we will be concerned with three numbering systems:
(1) decimal, (2) binary, and (3) octal, having base numbers of 10, 2, and 8, respec-
tively. Emphasis will be placed on the binary system, since its base of two admits

only two digits, and this fact adapts it ideally to electronic computational devices.

The history of computing devices goes back several centuries, but it is only in recent
years that electronic component development made possible the tremendous speeds and
capacity of modern computers. The greatest contributions to this effect were the de-

velopment of the transistor and the refinement of pulse and digital techniques.

The development of complex computing machines was greatly enhanced by Boolean
algebra principles. This practice enabled engineers to mathematically analyze new

circuitry prior to fabrication.

Since the decimal numbering system is used by all of us daily, it is very familiar., It
consists of ten symbols (0 through 9) and, therefore, has a radix of 10, Inapositional,
notational system such as the decimal system, each digit of the number is recognized
by the position that it occupies. The positional value of the first order in the decimal
system is 1; the second is 10; the third is 100, etc. The first-order digit, which has
the lowest value, is considered the least significant digit (LSD). The digit that has the
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highest value is the most significant digit (MSD). In the decimal number 23, the LSD
is represented by the symbol 3 and the MSD by the symbol 2. When counting in a num-
ber system, two rules apply. First, each time a count of 1 takes place, the symbol in
the first order changes to the next symbol in a repetitive sequence. By adding a 1 to 4
in the decimal system, the symbol changes to 5. Second, each time an order of a num-
ber changes from the highest symbol in the system to 0, a count of 1 is sent to the next
highest order. For example, adding a 1 to a 9 in the decimal system changes the first
order to 0 and adds 1 to the second order, giving numerical 10, Thus, when the posi-
tional value that is attached to each decimal order is known, the exact value of each
digit in a decimal number can be determined. The procedure, for the decimal number
40, 811 is as follows:

Fx100 = 1x 1 = 1
Y x 10" =L x 10 = 10
B.x 100 =8 x 00 = 800
0x 10° = 0x 1000 = 0000
4 x 10° = 4 x 10000 = _40000

40811

In summary, the decimal numbering system represents numbers which are a sum of
the powers of 10 with each position weighted by a digit between 0 and 9. There are
many other numbering systems besides the decimal system. Two of t.hese; the octal
and binary, are of special importance because of their application in computational devices.

EXPLANATION

In digital computers the binary system is most commonly used. Binary digits are re-
ferred to as "bits." Since only two symbols are used, the radix of the binary system
is two. Thus, thebinary system represents quantities as a sum of the powers of 2,
where each order of 2 is weighted by either the digit 0 or 1. A binary number is inter-
preted from the least significant digit (LSD) to the most significant digit (MSD) in in-
creasing powers of 2. In binary counting the rotating sequence is 0, 1,0, 1,0, ... etc.

Thus, a binary word (number) will appear as a series of 1's and 0's where the highest
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order will be larger than other 1's added together. An example of a simple binary
‘ count with decimal equivalents is as follows:

Decimal Binary

0001
0010
0011
0100
0101
0110
0111
1000
1001
1010

W 0 = O G P W N =

[
o

The decimal number 7 is 0111 in binary. If the LSD (the extreme right-hand bit) is
equal to 2 to the 0 power, the second bit is equal to 2 to the 1st power, the third equal

to 2 to the 2nd power, and the fourth is equal to 2 to the 3rd power (e.g., 0111, can
be evaluated as follows:

‘ B e B |

1x2 = 2
R e
0x2° = o
Sum = 7

therefore, 01112 is equal to Wiy

It may be seen now how the highest order 1 is larger than the other 1's added together.
If it is desired to know the decimal value of a large binary word, it is necessary only

to add the values of the bits where a 1 is present. For example:

£ 4 3 = 1 (@]
Postbion Malas - 210 5o 8o gh g DaR e g cat iy e

Binary 0 1 : gt 1 1 1 0 1 0 1
Decimal 0 512 256 O 64 32 16 0 4 0 1
@ N e, b 7

Thus, the binary word 01101110101 represents the decimal equivalent 885,
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Whereas the binary system is used in the computer itself, the octal system is generally

used for writing data for insertion into the computer. The great advantage of the octal ‘
system is the ease with which conversion may be made from and to binary numbers.

The octal system is directly related to the binary system, as it represents the sum of

the powers of 8, and 8 is the decimal number 2 to the third power (23). In the octal

system there are eight symbols: 0, 1, 2, 3, 4, 5, 6, and 7. In octal counting, the ro-

tating sequence is 0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, ... etc. Each time the order

changes from 7 to 0, the next higher order receives a count of 1. For example,

7 + 1 = 10 in the octal system. The symbols 8 and 9 have no significance in the octal

system, as seen in the following chart.

Decimal Octal Decimal Octal
1 1 [ 13
2 2 12 14
3 3 13 15
4 4 14 16
5 5 15 17
6 6 16 20
7 7 17 21
8 10 i 22
9 11 19 23

10 12 20 24

The use of coded binary in data processing is simpler from a design and cost standpoint
and is generally used. Note that the binary number 101010101010 has little significance
until it is converted to either adecimal or an octal number. In octal coded binary the

12 bits are broken down into groups of three (101-010-101-010) and then read directly
as an octal number (5-2-5-2). This is the octal representation of the binary number

and is used to denote addresses, instructions, and operands.

This guide will be concerned with the following three categories of numerical conversions:
a. Conversion of octal and binary numbers to their decimal equivalents.
b. Conversion of decimal numbers to either their octal or binary equivalents.

c. Conversion of octal numbers to binary and binary numbers to octal.

4 FOR TRAINING PURPOSES ONLY
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For the first two categories, first the general rules are described; then the rules are
applied to the octal and binary systems. (Refer to the rules while following the exam-
ples.) The third category is a special condition and the two conversions of this cate-

gory are described, followed by application and explanation.

Conversion of Octal and Binary Numbers to Their Decimal Equivalents

To convert any nondecimal number to its equivalent, carry out the following steps:

a. Arrange the digits of the number vertically, with the least significant
digit at the top of the column and the most significant digit at the bottom.

b. Note the radix of the nondecimal number and write the radix next to each
of the digits of the number.

c. To each of the radix numbers of step b, apply the decimal exponents 0, 1,
2, 3, etc.

d. Expand the powers of step c.

e. In each order multiply the digit of the number together with the expanded
powers of step d to obtain the positional value for that digit.

f. Add all the positional values to obtain the equivalent decimal number.

Following the above rules, the octal number 51043 is converted to its decimal

equivalent as follows:

Step a Steps b and ¢ Step d Step e
(Step a x Step d)
LSD 3 8° = 1 3
4 gt = 8 32
0 8% = 64 0
i 8> - 512 512
MSD 5 8* = 4096 20480
, Decimal® 21027 (Step f)
S10Y¥3
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Again following the rules, the binary number 1101011 is converted to its decimal

equivalent as follows:

Step a Steps band ¢ Stepd Step e
(Step a) x (Step d)
LSD 1 2° 1 1
1 2* 2 2
0 2° 4 0
1 2° 8 8
0 2* 16 0
1 9" 32 32
MSD 1 2% 64 _64

Decimal - 107 (Step f)

Conversion of Decimal Numbers to Either Their Binary or Octal Equivalent

To convert a decimal number to its octal or binary equivalent, carry out the following

steps:

a.
b.

Write the decimal number to be converted.

Write the decimal radix of the system to which the decimal number is to

be converted.

Divide the decimal number by the radix. This division will result in a quo-
tient and a remainder. Write the quotient below the decimal number and
write the remainder to the right of the quotient. The first remainder is the
least significant digit of the new number.

Divide the quotient of step ¢ by the radix to obtain a second quotient and a
remainder. Place the new quotient beneath the quotient obtained in step c
and place the new remainder below the remainder obtained in step ¢. This
remainder is the second order digit of the new number.

Repeat step d over and over again until the quotient of a division is 0. The
remainder obtained for this division is the most significant digit of the new

number. This completes the conversion.

FOR TRAINING PURPOSES ONLY
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Following the above rules, the decimal number 21027 is converted to its octal equiv-

alent as follows:

Step b Step a Step e
8 21027 3 LSB stepc
(step a divided
2628 by step d)
328 -
41 0
1
0 5 MSD; the octal
equivalent
is 51043

Following the above rules, the decimal number 107 is converted to its binary equiv-

alent as follows:

Step b Step a Step e
2 107

93 1 LSD stepc
(step a divided
by step d)

26 1

13 0

06 g

03 0

01 1

0 1 MSD; the binary

equivalent is
1101011

Conversion of Binary to Octal/Octal to Binary

If the first eight binary numbers have been memorized, the binary-to-octal and octal-
to-binary conversions are very easily carried out, To convert a binary number to its
octal equivalent, carry out the following steps:
a, Arrange the binary number in groups of three digits, starting from the right-
most digit. These groups are referred to as triads.
b. For each triad, write the octal equivalent (which is also the decimal equiv-

alent), treating each triad as if it were an octal order. This gives
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410-0(102) FOR TRAINING PURPOSES ONLY Study Guide

the octal equivalent. Using these steps, the binary number 110011101
converted to its octal equivalent as follows:

Step a: 110 011 101 Binary
Step b: 6 3 5 Octal Equivalent

To convert an octal number to its binary equivalent, the above steps are

carried out in reverse as follows:

Step a: 5 3 6  Octal
Stepb: 101 011 110  Binary

To show all possible cases, the binary 111, 110, 101, 100, 011, 010,
001, 000 is converted to its octal equivalent as follows:

Step a: 111 110 101 100 011 010 001 000
Step b: 7 6 5 4 3 2 1 0

The four basic arithmetic operations are addition, subtraction, multiplication, and
division. In general, all arithmetic operations involve three numbers. One num-
ber is the one that is being operated upon. This is generally referred to as the
operand. The second number is the one that operates on the operand. This is
generally referred to as the operator. The third number is the one produced by
the operation. This is called the resultant. For each of the four arithmetic oper-
ations there are specific expressions for the general terms operand, operator,
and resultant. These, together with the conventional way of writing, are as follows:

General Term Specific Term

Addition Subtraction . Multiplication Division

Operand: Augend Minuend Multiplican Dividend
Operator: Addend Subtrahend Multiplier Divisor
Resultant: Sum Difference Product Quotient

In practice, the term "operand" is generally used to refer to all of the above. Arith-
metic operations are carried out in computers with binary numbers. Each of the four

arithmetic operations is discussed in turn.

8 FOR TRAINING PURPOSES ONLY
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Binary Addition

Binary addition table:

0 1 10

0 0 1 10
1 e ) 11
10 L0l e 00

To add binary 1101 to 1001, the table is used in the following manner:

a. Arrange the numbers for addition -

1001 augend
+1101 addend

b. Take the first order. From the table it can be seen that its sum is 10X. The

first order of the sum is 0 and the carry is 1.

+

+ carry
1001
+1101
0

c. Take the second order. The sum of the second order is 1 with no carry to
the third order.
v

1001
+1101
10

d. Take the third order. The sum is 1 with no carry.

v
1001
+1101
110

e. Take the fourth order. The sum is 10. The fourth order sum is 0 with a 1

carry to the 5th order.
V

1001 augend
+1101 addend
10110 sum

When an addition table is not available, the following rules will be helpful.
Ty 0 0200
2 k¥ gi=g

3. 1 +1 =0 andaltocarry tothe next highest order.
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Binary Subtraction

The subtraction of one binary number from another, 10110 from 11000101, for exam- ‘

ple, is carried out in the following manner:
a. Arrange the numbers for subtraction -

11000101 minuend
- 10110 subtrahend

b. Take the first order. Because the first order minuend is a 1 and the first

order subtrahend is a 0, their difference is 1.
¢

11000101
=~ 10110
i

c. Take the second order. Note that because the minuend is a 0 while the sub-
trahend is a 1, borrowing is required. In the binary system a special rule
for borrowing is as follows:

1. Add 10 to the minuend in the order in which borrowing is required (in

this case the second order) and then subtract. The result is:

'

10
11000161
10110

10

2. Then consider the next higher order minuend. The rule is to change the
number (if it is a 1, change it to a 0, and if it is a 0, change it toa
1). Note that, in the latter case, borrowing is done from a 0 to the next
higher order, which is impossible; therefore the borrowing process must
continue to successive higher orders of the minuend until a 1 is reached.
This case is considered in the fourth step. Because the minuend of the
next higher order (the third order) is a 1, change it to a 0. The result is
then as follows. (Note that no further subtraction can be performed until
this is done):

010
1100181

10110
11

d. Take the third order. As in the second order, borrowing is required.
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Therefore, add 10 to the third order and subtract; the result is as follows:
+
1010
11000741
10110
111
Consider the next higher order, the fourth order. But note that, in this case,
because the number is a zero, it is impossible to borrow from the fourth or-
der. Therefore, change the 0 to a 1 and go on to the next higher, or fifth
order. As in the fourth order, the number is a 0; therefore, it is necessary
to change the 0 to 1 of this order and of the succeeding orders until a 1 is
reached. In this example, a 1 exists in the seventh order. Now change that

1 to a 0; the borrowing process is thus complete and the result is then as

follows:
y
0 1 1 11010
11491 H1 minuend
10110 subtrahend
10101111 difference

The result can readily be checked by adding the subtrahend to the difference.
This addition should equal the minuend.

Complements

The analog of the 10's complement in the binary system is called the 2's complement.
This is generated by subtracting the number to be complemented from a power of bi-
nary 10. The analog of the 9's complement in the binary system is called the 1's com-
plement. This can be generated by subtracting the number to be complemented from a
series of 1's. Inpractice, theprocess of generating the 1's complement is very simple.
Each bit (binary digit) of the binary number is inverted; each 1 becomes a 0, and each
0 becomes a 1. This is a very easy operation to carry out in computers, and is
one of the great advantages of the 1's complement. In computers, the 2's complement
is formed by adding a 1 to the 1's complement.

To carry out binary subtraction using complements (example: 11010 subtracted from

101101), perform the following steps:
a. Arrange the numbers for subtraction;

101101 minuend
- 11010 subtrahend

FOR TRAINING PURPOSES ONLY 11




b. Obtain the 1's complement of the subtrahend by changing each 0 to a 1 and
each 1 toa 0. Then add 1 to the 1's complement to obtain the 2's complement. .

011010 subtrahend
100101 1's complement of subtrahend
ik 1
100110 2's complement of subtrahend
c. In the subtraction arrangement, replace the subtrahend with its 2's comple-
ment and carry out binary addition.
101101 minuend

+100110 2's complement of subtrahend
1010011

d. Drop the extreme left-hand digit 1, the end carry, toobtain the true difference.

101(3011
10011 difference

e. Check that this is the correct difference by adding this difference to the orig-
inal subtrahend. The sum obtained in this manner is equal to the original
minuend.

10011 difference

11010 subtrahend
101101 minuend

Binary Multiplication

The binary multiplication table is presented here:

The multiplication of binary 1101 by binary 1011 is carried out in the following manner:
a. Arrange the numbers for multiplication:

1101 multiplicand
x1011 multiplier

b. Carry out the multiplication of the multiplicand by the first-order multiplier.

Since the multiplier is 1, there are no carries and the multiplicand need only

be transferred to provide the first-order product.

+

1101 multiplicand i
1011 multiplier :
1101 first-order product

|
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c. Carry out the multiplication of the multiplicand by the second-order multi-
plier. Since the second multiplier order contains a 1, all that is required is
that the multiplicand be transferred and shifted one place to the left to provide

a second-order product.

&

1101 multiplicand
1011 multiplier
1101 second-order product

d. Carry out the multiplication of the multiplicand by the third-order multiplier.
Since this order contains a 0, and the multiplicand is not transferred, the result-
ing order product is 0. Note that, for step e, however, the shift must be

accounted for.

{
1101 multiplicand
x1011 multiplier
1101 first-order product
1101 second-order product
0000 third-order product

e. Carry out the multiplication of the multiplicand by the fourth-order multiplier.
Since this order contains a 1, the multiplicand is transferred and shifted to
provide the fourth-order product. Note that the third-order shift is also in-
cluded. (Note that, in a digital machine, only two numbers are added together
at any one time; the third number is added to the resulting sum of the firsttwo.)

1101 multiplicand

1011 multiplier

1101 first-order product
1101 second-order product

0000 third-order product
1101 fourth-order product

f. Add the order products to get the final product.

1101 first-order product
1101 second-order product
0000 third-order product
1101 fourth-order product
10001111 final product

In binary multiplication, carries do not arise. The order of multiplication is either by
a0orbyal. Ifitis bya0, the order product is also 0. If it is by a 1, the order
product is the same as the multiplicand. Besides this, all that is necessary in binary
multiplication is that each order product be shifted one place to the left. After the
order products are suitably shifted, their sum provides the desired final product. The

operation of binary multiplication is an add and shift operation.
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Binary Division

In binary division note that, in general, there are only two possible cases. Either the
divisor will go into the dividend or it will not. If the first case is true, enter a 1 in
the quotient. If the second case is true, enter a 0. The next step is to subtract the
divisor from the MSB side of the dividend. The resulting difference is then divided
again by the divisor, and the appropriate entry is made in the quotient. The above

steps are repeated until the desired accuracy is obtained.

The following problem illustrates the paper and pencil method of doing binary division.
Divide 11110 by 101 using the following method:

a. Arrange the numbers for division

uotient
101 | 11110

divisor dividend

b. Divide the dividend by the divisor and make the appropriate entry in the

quotient.
1

101 | 11110

c. Subtract the divisor from MSB side of dividend:

1

101 | 11110
101
10

d. Bring down the next bit from the dividend:

1
101 | 11110
101x
101

e. Repeat steps 2, 3, and 4 until the remainder is zero or until the desired

accuracy is achieved.

110
101 | 11110
101xx
101
101
0

14 FOR TRAINING PURPOSES ONLY




Study Guide FOR TRAINING PURPOSES ONLY £10-00102)

f. The answer may be checked by multiplying the quotient and divisor to obtain
the dividend.

101 divisor
110 quotient
1010
101
11110 dividend

Ordinarily in a digital computer, division is accomplished by sequentially subtracting
and shifting. The quotient is then formed by evaluating the difference that is obtained
for each subtraction. The machine method will be further developed during the Data

Processing Course.
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16

oL N=

17

68
137
274
549

0 AN =

16
33
67
134

268
536
073
147

294
589
179
359

719
438
877
755
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TABLE OF POWERS OF 2

2% 210

1 010

2 1. 0.5

4..:2,,025

8 3 0125

16 4 0062 5

32 5 0031 25

64 6 0015 625
128 7 0.007 812 5
256 8 0003 906 25
T 9 0/001 953126
024 10 0.000 976 562 5
048 11 0.000 488 281 25
096 12 0.000 244 140 625
192 7 13 "-0.000 1220703125
384 14 0.000 061 035 156 25
768 15 0.000 030 517 578 125
536 16 0.000 015 258 789 062 5
072 17 0.000 007 629 394 531 25
144 18 0.000 003 814 697 265 625
288 19 0.000 001 907 348 632 812 5
576 20 0.000 000 953 674 316 406 25
152 21 0.000 000 476 837 158 203 125
304 22 0.000 000 238 418 579 101 562 5
608 23 0.000 000 119 209 289 550 781 25
216 24 0.000 000 059 604 644 775 390 625
432 25 0.000 000 029 802 322 387 695 312 5
864 26 0.000 000 014 901 161 193 847 656 25
728 27 0.000 000 007 450 580 596 923 828 125
456 28 0.000 000 003 725 290 298 461 914 062
912 29 0.000 000 001 862 645 149 230 957 031
824 30 0.000 000 000 931 322 574 615 478 515
648 31 0.000 000 000 465 661 287 307 739 257
296 32 0.000 000 000 232 830 643 653 869 628
592 33 0.000 000 000 116 415 321 826 934 814
184 34 0.000 000 000 058 207 660 913 467 407
368 35 0.000 000 000 029 103 830 456 733 703
736 36 0.000 000 000 014 551 915 228 366 851
472 37 0.000 000 000 007 275 957 614 183 425
944 38 0.000 000 000 003 637 978 807 091 712
888 39 0.000 000 000 001 818 989 403 545 856

FOR TRAINING PURPOSES ONLY

25
625
812

906
453
226
613

806
903
951
475

410-0(102)

5

25

125
562 5
281 25

640 625
320 312 5
660 156 25
830 078 125
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0000
o
0117
(Octal)

Octal
10000
20000
30000
40000

60000
70000

1000
1o
1777
(Octal)

0000
1o
0511
(Decimal)

Decimal
4096
8192

12288
16384
20480
24576
28672

0512
10
1023
(Decimal)
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410-0(102)
OCTAL-DECIMAL INTEGER CONVERSION TABLE
0 1 2 3 L 5 6 7 0 1 2 3 4 5 6 7
0000 | 0000 000! 0002 0003 0004 0005 0006 0007 0400| 0256 0257 0258 0259 0260 0261 0262 0263
0010 | 0008 0009 0010 0011 0012 0013 0014 0015 0410| 0264 0265 0266 0267 0268 0269 0270 0271
0020 ( 0016 0017 0018 0019 0020 0021 0022 0023 0420 0272 0273 0274 0275 0276 0277 0278 0279
0030 | 0024 0025 0026 0027 0028 0029 0030 0031 0430 0280 0281 0282 0283 0284 0285 0286 0287
0040 | 0032 0033 0034 0035 0036 0037 0038 0039 0440/ 0288 0289 0290 0291 0292 0293 0294 0295
0050 ( 0040 0041 0042 0043 0044 0045 0046 0047 0450/ 0296 0297 0298 0299 0300 0301 0302 0303
0080 ( 0048 0049 0050 0051 0052 0053 0054 0055 0460| 0304 0305 0306 0307 0308 0309 0310 03N
0070 ( 0056 0057 0058 0059 0060 0061 0062 0063 0470| 0312 0313 0314 0315 0316 0317 0318 0319
0100 | 0064 0065 0066 0067 0068 0069 0070 0071 0500| 0320 0321 0322 0323 0324 0325 0326 0327
0110 | 0072 0073 0074 0075 0076 0077 0078 0079 0510{ 0328 0329 0330 0331 0332 0333 0334 0335
0120 | 0080 0081 0082 0083 0084 0085 0086 0087 0520( 0336 0337 0338 0333 0340 0341 0342 0343
0130 | 0088 0089 0090 0091 0092 0093 0094 0095 0530| 0344 0345 0346 0347 0348 0349 0350 0351
0140 ( 0096 0097 0098 0099 0100 0101 0102 0103 0540| 0352 0353 0354 0355 0356 0357 0358 0359
0150 | 0104 0105 0106 0107 0108 0109 0110 0111 0550| 0360 0361 0362 0363 0364 0365 0366 U367
0160 [ 0112 0113 0114 0115 0116 0117 0118 0119 0560 0368 0369 0370 0371 0372 0373 0374 0375
0170 | 0120 0121 0122 0123 0124 0125 0126 0127 0570| 0376 0377 0378 0379 0380 0381 0382 0383
0200 ( 0128 0129 0130 0131 0132 0133 0134 0135 0600( 0384 0385 0386 0387 0388 0389 0390 0391
0210| 0136 0137 0138 0139 0140 0141 0142 0143 0610| 0392 0393 0334 0395 039 0397 0398 0399
0220 | 0144 0145 0146 0147 0148 0149 0150 0151 0620| 0400 0401 0402 0403 0404 0405 0406 0407
0230 | 0152 0153 0154 0155 0156 0157 0158 0159 0630| 0408 0409 0410 0411 0412 0413 0414 0415
0240 | 0160 0161 0162 0163 0164 0165 0166 0167 0640| 0416 0417 0418 0419 0420 0421 0422 0423
0250 ( 0168 0169 0170 0171 0172 0173 0174 0175 0650 0424 0425 0426 0427 0428 0429 0430 0431
0260| 0176 0177 0178 0179 0180 0181 0182 0183 0660 0432 0433 0434 0435 0436 0437 0438 0439
02/0 0184 0185 0186 0187 0188 0189 0190 0191 0670 0440 0441 0442 0443 0444 0445 0446 0447
0300 0182 0193 0194 0195 019 0197 0198 0199 0700 0448 0449 0450 0451 0452 0453 0454 0455
0310| 0200 0201 0202 0203 0204 0205 0206 0207 0710 0456 0457 0458 0459 0460 0461 0462 0463
0320 ( 0208 0203 0210 0211 0212 0213 0214 0215 0720 0464 0465 0466 0467 0468 0469 0470 0471
0330 | 0216 0217 0218 0219 0220 0221 0222 0223 0730( 0472 0473 0474 0475 0476 0477 0478 0479
0340 | 0224 0225 0226 0227 0228 0229 0230 0231 0740| 0480 0481 0482 0483 0484 0485 0486 0487
0350 | 0232 0233 0234 0235 0236 0237 0238 0239 0750 0488 0489 0490 0491 0492 0493 0494 0495
0360 | 0240 0241 0242 0243 0244 0245 0246 0247 0760 0496 0497 0498 0499 0500 0501 0502 0503
0370 | 0248 0249 0250 0251 0252 0253 0254 0255 0770 0504 0505 0506 0507 0508 0509 0510 0511
o 1 2 3 a 5 6 7 (1] 1 2 3 4 5 6 7

1000 ( 0512 0513 0514 0515 0516 0517 0518 0519 1400| 0768 0769 0770 0771 0772 0773 0774 0775
1010 | 0520 0521 0522 0523 0524 0525 0526 0527 1410| 0776 0777 0778 0779 0780 0781 0782 0783
1020 | 0528 0529 0530 0531 0532 0533 0534 0535 1420 | 0784 0785 0786 0787 0788 0789 0790 0791
1030 | 0536 0537 0538 0539 0540 0541 0542 0543 1430| 0792 0793 0794 0795 0796 0797 0798 0799
1040 | 0544 0545 0546 0547 0548 0543 0550 0551 1440 | 0800 0801 0802 0803 0804 0805 0806 0807
1050 | 0552 0553 0554 0555 0556 0557 0558 0559 1450 | 0808 0803 0810 0811 0812 0813 0814 0815
1060 | 0560 0561 0562 0563 0564 0565 0566 0567 1460 | 0816 0817 0818 0819 0820 0821 0822 0823
1070 | 0568 0563 0570 0571 0572 0573 0574 0575 1470 | 0824 0825 0826 0827 0828 0829 0830 0831
1100 [ 0576 0577 0578 0579 0580 0581 0582 0583 1500 | 0832 0833 0834 0835 0836 0837 0838 0839
1110 | 0584 0585 0586 0587 0588 0589 0590 0591 1510 | 0840 0841 0842 0843 0844 0845 0846 0847
1120 | 0592 0593 0594 0595 0596 0597 0598 0599 1520 | 0848 0849 0850 0851 0852 0853 0854 0855
1130 [ 0600 0601 0602 0603 0604 0605 0608 0607 1530 | 0856 0857 0858 0859 0860 0861 0862 0863
1140 [ 0608 0609 0610 0611 0612 0613 0614 0615 1540 | 0864 0865 0866 0867 0868 0869 0870 0871
1150 | 0616 0617 0618 0619 0620 062! 0622 0623 1550 | 0872 0873 0874 0875 0876 0877 0878 0879
1160 | 0624 0625 0626 0627 0628 0629 0630 0631 1560 | 0880 0881 0882 0883 0884 0885 0886 0887
1170 | 0632 0633 0634 0635 0636 0637 0638 0639 1570 | 0888 0889 0890 0891 0892 0893 0894 0835
1200 | 0640 0641 0642 0643 0644 0645 0646 0647 1600 | 0896 0897 0898 0893 0900 0901 0902 0803
1210 | 0648 0649 0650 0651 0652 0653 0654 0655 1610 0904 0905 0906 0907 0308 0909 0910 0911
1220 | 0656 0657 0658 0659 0660 0661 0662 0663 1620 | 0912 0913 0914 0915 0916 0917 0918 0919
1230 | 0664 0665 0666 0667 0668 0669 0670 0671 1630 | 0920 0921 0922 0923 0924 0925 0926 0827
1240 [ 0672 0673 0674 0675 0676 0677 0678 0679 1640 | 0928 0929 0930 0931 0932 0933 0934 0935
1250 ( 0680 0681 0682 0683 0684 0685 0686 0687 1650 | 0936 0937 0938 0939 0940 0941 0942 0943
1260 | 0688 0689 0690 0691 0692 0693 0694 0695 1660 | 0944 0945 0946 0947 0948 0943 0950 0851
1270 | 0696 0697 0698 0699 0700 0701 0702 0703 1670 | 0952 0953 0954 0955 0956 0957 0958 0959
1300 | 0704 0705 0706 0707 0708 0709 0710 0711 1700 ( 0960 0961 0962 0963 0964 0965 0966 0967

- 1310 | 0712 0713 0714 0715 0716 0717 0718 0719 1710 0968 0969 0970 0971 0972 0973 0974 0975
1320 | 0720 0721 0722 0723 0724 0725 0726 0727 1720 0976 0977 0978 0879 0980 0981 0982 0983
1330 ( 0728 0729 0730 0731 0732 0733 0734 0735 1730 0984 0985 0986 0987 0988 0983 0990 0991
1340 ( 0736 0737 0738 0739 0740 0741 0742 0743 1740| 0992 0993 0994 0935 0996 0997 0998 0999
1350 ( 0744 0745 0746 0747 0748 0743 0750 0751 1750 | 1000 1001 1002 1003 1004 1005 1006 1007
1380 ( 0752 0753 0754 0755 0756 0757 0758 0759 1760| 1008 1008 1010 1011 1012 1013 1014 1015
1370 | 0760 0761 0762 0763 0764 0765 0766 0767 1770| 1016 1017 1018 1019 1020 1021 1022 1023
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2000
to
21
(Octal)

Octal
10000
20000
30000
40000
50000
60000
70000

3000
to
m
(Octal)

410-0(102)
OCTAL-DECIMAL INTEGER CONVERSION TABLE
(1] 1 2 3 4 5 6 7 (1] 1 2 3 4 5 6 7/
2000 (1024 1025 1026 1027 1028 1029 1030 1031 2400 | 1280 1281 1282 1283 1284 1285 1286 1287
2010 | 1032 1033 1034 1035 1036 1037 1038 1039 2410 [ 1288 1289 1290 1291 1292 1293 1294 1295
2020 (1040 1041 1042 1043 1044 1045 1046 1047 2420 [ 1296 1297 1298 1299 1300 1301 1302 1303
2030 | 1048 1049 1050 1051 1052 1053 1054 1055 2430 | 1304 1305 1306 1307 1308 1308 1310 1311
2040 | 1056 1057 1058 1059 1060 1061 1062 1063 2440 | 1312 1313 1314 1315 1316 1317 1318 1319
2050 | 1064 1065 1066 1067 1068 1069 1070 1071 2450 | 1320 1321 1322 1323 1324 1325 1326 1327
2060 | 1072 1073 1074 1075 1076 1077 1078 1079 2460 | 1328 1329 1330 1331 1332 1333 1334 1335
2070 | 1080 1081 1082 1083 1084 1085 1086 1087 2470 | 1336 1337 1338 1339 1340 1341 1342 1343
2100 | 1088 1089 1090 1091 1092 1093 1094 1095 2500 | 1344 1345 1346 1347 1348 1349 1350 1351
2100 | 1096 1097 1098 1093 1100 1101 1102 1103 2510 | 1352 1353 1354 1355 1356 1357 1358 1359
2120 (1104 1105 1106 1107 1108 1109 1110 1N 2520 | 1360 1361 1362 1363 1364 1365 1366 1367
2130 {1112 1113 1114 1115 1116 1117 1118 119 2530 | 1368 1369 1370 1371 1372 1373 1374 1315
2140 (1120 1121 1122 1123 1124 1125 1126 1127 2540 | 1376 1377 1378 1379 1380 1381 1382 1383
2150 | 1128 1129 1130 1131 1132 1133 1134 1135 2550 | 1384 1385 1386 1387 1388 1389 1390 1391
2160 | 1136 1137 1138 1139 1140 1141 1142 1143 2560 | 1392 1393 1394 1395 1396 1397 1398 1399
2170 | 1144 1145 1146 1147 1148 1149 1150 1151 2570 | 1400 1401 1402 1403 1404 1405 1406 1407
2200 | 1152 1153 1154 1155 1156 1157 1158 1159 2600 | 1408 1409 1410 1411 1412 1413 1414 1415
2210 | 1160 1181 1162 1163 1164 1165 1166 1167 2610 | 1416 1417 1418 1419 1420 1421 1422 1423
2220 | 1168 1169 1170 1171 1172 1173 1174 1175 2620 | 1424 1425 1426 1427 1428 1429 1430 1431
2230 | 1176 1177 1178 1179 1180 1181 1182 1183 2630 | 1432 1433 1434 1435 1436 1437 1438 1439
2240 | 1184 1185 1186 1187 1188 1189 1190 1191 2640 | 1440 1441 1442 1443 1444 1445 1446 1447
2250 [1192 1193 1194 1195 1196 1197 1198 1199 2650 | 1448 1449 1450 1451 1452 1453 1454 1455
2260 (1200 1201 1202 1203 1204 1205 1206 1207 2660 | 1456 1457 1458 1459 1460 1461 1462 1463
2270 (1208 1209 1210 1211 1212 1213 1214 1215 2670 | 1464 1465 1466 1467 1468 1469 1470 1471
2300 (1216 1217 1218 1218 1220 1221 1222 1223 2700 | 1472 1473 1474 1475 1476 1477 1478 1479
2310 (1224 1225 1226 1227 1228 1229 1230 1231 2710 | 1480 1481 1482 1483 1484 1485 1486 1487
2320 | 1232 1233 1234 1235 1236 1237 1238 1239 2720 | 1488 1489 1490 1491 1492 1493 1494 1495
2330 (1240 1241 1242 1243 1244 1245 1246 1247 2730 | 1496 1497 1498 1493 1500 1501 1502 1503
2340 (1248 1249 1250 1251 1252 1253 1254 1255 2740 | 1504 1505 1506 1507 1508 1519 1510 1511
2350 (1256 1257 1258 1259 1260 1261 1262 1263 2750 | 1512 1513 1514 1515 1516 1517 1518 1519
2360 (1264 1265 1266 1267 1268 1269 1270 1271 2760 | 1520 1521 1522 1523 1524 1525 1526 1527
2370 |1272 1273 1274 1275 1276 1277 12718 1279 2770 | 1528 1529 1530 1531 1532 1533 1534 1535
0 1 2 3 & 5 6 7 0 1 2 3 4 5 6 7
3000 [1536 1537 1538 1539 1540 1541 1542 1543 3400 | 1792 1793 1794 1795 1796 1797 1798 1799
3010 | 1544 1545 1546 1547 1548 1549 1550 1551 3410 | 1800 1801 1802 1803 1804 1805 1806 1807
3020 | 1552 1553 1554 1555 1556 1557 1558 1559 3420 | 1808 1809 1810 1811 1812 1813 1814 1815
3030 | 1560 1561 1562 1563 1564 1565 1566 1567 3430 | 1816 1817 1818 1813 1820 1821 1822 1823
3040 | 1568 1568 1570 1571 1572 1573 1574 15/5 3440 | 1824 1825 1826 1827 1828 1829 1830 1831
3050 | 1576 1577 1578 1579 1580 1581 1582 1583 3450 | 1832 1833 1834 1835 1836 1837 1838 1839
3060 | 1584 1585 1586 1587 1588 1589 1590 1591 3460 | 1840 1841 1842 1843 1844 1845 1846 1847
3070 | 1592 1593 1594 1595 1596 1597 1598 1599 3470 | 1848 1849 1850 1851 1852 1853 1854 1855
3100 (1600 1601 1602 1603 1604 1605 1606 1607 3500 | 1856 1857 1858 1859 1860 1861 1862 1863
3110 1608 1609 1610 1611 1612 1613 1614 1615 3510 | 1864 1865 1866 1867 1868 1869 1870 1871
3120 (1616 1617 1818 1619 1620 1621 1622 1623 3520 | 1872 1873 1874 1875 1876 1877 1878 1879
3130 (1624 1625 1626 1627 1628 1629 1630 1631 3530 | 1880 1881 1882 1883 1884 1885 1886 1887
3140 (1632 1633 1634 1635 1636 1637 1638 1639 3540 | 1888 1889 1890 1891 1892 1893 1834 1895
3150 (1640 1641 1842 1643 1644 1645 1646 1647 3550 | 1896 1897 1898 1899 1900 1901 1902 1903
3160 |[1648 1649 1650 1651 1652 1653 1654 1655 3560 | 1904 1905 1906 1907 1908 1908 1910 1911
3170 |1656 1657 1658 1659 1660 1661 1662 1663 3570 | 1912 1913 1914 1915 1916 1917 1918 1919
3200 |1664 1865 1666 1667 1668 1669 1670 1671 3600 | 1920 1921 1922 1923 1924 1925 1926 1927
3210 |1672 1673 1674 1675 1676 1677 1678 1679 3610 | 1928 1929 1930 1931 1932 1933 1934 1935
3220 |1680 1681 1682 1683 1684 1685 1686 1687 3620 | 1936 1937 1938 1939 1940 1941 1942 1943
3230 |1688 1689 1890 1691 1692 1693 1694 1695 3630 | 1944 1945 1946 1947 1948 1943 1950 1851
3240 (1696 1697 1698 1699 1700 1701 1702 1703 3640 | 1952 1953 1954 1955 1856 1957 1958 1959
3250 |1704 1705 1708 1707 1708 1709 1710 1711 3650 | 1960 1961 1962 1963 1964 1965 1966 1967
3260 (1712 1713 1714 1715 1716 1717 1718 1719 3660 | 1968 1969 1970 1971 1872 1973 1974 1975
3270 |1720 1721 1722 1723 1724 1725 1726 1727 3670 | 1976 1977 1978 1979 1980 1981 1982 1983
3300 (1728 1729 1730 1731 1732 1733 1734 1735 3700 | 1984 1985 1986 1987 1988 1989 1990 1991
3310 (1736 1737 1738 1739 1740 1741 1742 1743 3710 | 1992 1993 1994 1995 1996 1997 1938 1999
3320 [1744 1745 1748 1747 1748 1743 1750 1751 3720 | 2000 2001 2002 2003 2004 2005 2006 2007
3330 (1752 1753 1754 1755 1756 1757 1758 1759 3730 | 2008 2009 2010 2011 2012 2013 2014 2015
3340 |1760 1761 1762 1763 1764 1785 1766 1767 3740 | 2016 2017 2018 2019 2020 2021 2022 2023
3350 (1768 1769 1770 1771 1772 1773 1774 1775 3750 | 2024 2025 2026 2027 2028 2029 2030 2031
3360 (1776 1777 1778 1779 1780 1781 1782 1783 3760 | 2032 2033 2034 2035 2036 2037 2038 2039
3370 |1784 1785 1788 1787 1788 1789 1790 1791 3770 | 2040 2041 2042 2043 2044 2045 2046 2047
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1024
to
1535
(Decimal)

Decimal
4096
8192

12288

16384

20480
24576
28672

1536
to
2047
(Decimal)
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4000
o
4111
(Octal)

Octal

10000
20000
30000
40000
50000
60000
10000

5000
o
511
(Octal)

2048
n
2549
(Decimal)

Decimal
4096
8192

12288
16384
20480
244516
28612

2560
0
30
(Decimal)
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410-0(102)
OCTAL-DECIMAL INTEGER CONVERSION TABLE
4] 1 2 3 4 5 6 7 0 1 2 3 4 & 6 7
4000 | 2048 2049 2050 2051 2052 2053 2054 2055 4400 | 2304 2305 2306 2307 2308 2309 2310 2311
4010 | 2056 2057 2058 20%9 2060 2061 2062 2063 4410 | 2312 2313 2314 2315 2316 2317 2318 2319
4020 | 2064 2065 2066 206/ 2068 2069 2070 2071 4420 | 2320 2321 2322 2323 2324 2325 2326 2321
4030 | 2072 2073 2074 2075 2006 2077 20/8 20/9 4430 | 2328 2329 2330 2331 2332 2333 2334 2335
4040 | 2080 2081 2082 2083 2084 2085 2086 2087 4440 | 2336 2337 2338 2339 2340 2341 2342 2343
4050 | 2088 208Y 2090 2091 2042 2093 2094 2095 4450 | 2344 2345 2346 234 2348 2349 2350 2351
4060 | 2096 2097 2048 2099 2100 2100 2102 2103 4460 | 2352 2353 2354 2355 235 2357 2358 2359
4070 | 2104 2105 2106 2107 2108 2109 2110 2101 4470 | 2360 2361 2362 2363 2364 2365 2366 2367
4100 | 2112 2113 2114 2115 2116 2117 2118 2119 4500 | 2368 2369 2370 2311 2312 2313 2314 2315
4110 | 2120 2120 20122 2123 21124 2172% 1126 112 4510 | 2376 2377 2378 2319 2380 2381 2382 2383
4120 | 2128 2129 2130 2131 2132 2133 2134 2135 4520 | 2384 2385 2386 2387 2388 2389 2390 2391
4130 | 2136 2137 2138 2139 2140 2141 2147 2143 4530 | 2392 2393 2394 2395 2396 2397 2398 2399
4140 | 2144 2145 2146 2147 2148 2144 2150 2151 4540 | 2400 2401 2402 2403 2404 2405 2406 2407
4150 | 2152 2153 2154 2155 2156 2151 2158 2159 4550 | 2408 2409 2410 2411 2412 2413 2414 2415
4160 | 2160 2161 2162 2163 2164 2165 2166 2167 4560 | 2416 2411 2418 2419 2420 2421 2422 2423
4170 | 2168 2169 2170 2170 2012 2113 2114 2115 I 4570 | 2424 2425 2426 242) 2428 2429 2430 243
4200 | 2176 2117 2178 2119 2180 2181 2182 2183 4600 | 2432 2433 2434 2435 2436 2437 2438 2439
4210 | 2184 2185 2186 2187 2188 2189 2130 2191 4610 | 2440 2441 2442 2443 2444 2445 2446 244)
4220 | 2192 2193 2194 2195 2196 2197 2198 2199 4620 | 2448 2449 2450 2451 2452 2453 2454 2455
4230 | 2200 2201 2202 2203 2204 2205 2206 2207 4630 | 2456 2457 2458 2459 2460 2461 2462 2463
4240 | 2208 2209 2210 2211 2212 2213 2214 2215 4640 | 2464 2465 2466 2467 2468 2469 2470 2471
4250 | 2216 2211 2218 2219 2220 2221 2222 2223 4650 | 2472 2473 2474 2475 2416 2477 2418 2479
47260 | 2224 2225 2226 2221 2228 2229 2230 2231 4660 | 2480 2481 2482 2483 2484 2485 2486 2487
4270 | 2232 2233 2234 2235 2236 2231 2238 2239 4670 | 2488 2489 2490 2490 2492 2493 2494 2495
4300 | 2240 2241 2242 2243 2244 2245 2246 2241 4700 | 2496 2497 2498 2499 2500 2501 2502 2503
4310 | 2248 2249 2250 2251 2252 2253 2254 2255 4710 2504 2505 2506 2507 2508 2509 2510 2511
4320 | 2256  22%1 2258 2259 2260 2261 2262 2263 4720 2512 2513 2514 2515 2516 2517 2518 2519
4330 | 2264 2265 2266 2261 2268 2269 2210 2211 4730 | 2520 2521 2522 2523 2524 2525 2526 2527
4340 | 2212 2213 2214 2215 2216 2211 2218 2219 4740 | 2528 2529 2530 2531 2532 2533 2534 2535
4350 | 2280 2281 2282 2283 2284 2285 2286 228] 4750 | 2536 2537 2538 2539 2540 2541 2542 2543
4360 | 2288 2289 2290 2291 2292 2293 2294 2295 4760 | 2544 2545 2546 2547 2548 2549 2550 2551
4370 | 2296 2297 2298 2299 2300 2301 2302 2303 4770 2552 2553 2554 2555 2556 2557 2558 2559
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
5000 | 2560 2461 2562 2563 2564 2565 2566 2567 5400 | 2816 2817 2818 2819 2820 2821 2822 2823
5010 | 2568 2569 2570 2571 2512 2513 2514 2515 5410 | 2824 2825 2826 2827 2828 2829 2830 2831
5020 | 2576 2511 2578 2579 2580 2581 2582 2583 5420 | 2832 2833 2834 2835 2836 2837 2838 2839
5030 | 2584 2585 2586 2587 2588 2589 2590 2591 5430 | 2840 2841 2842 2843 2844 2845 2846 2847
5040 | 2592 2593 2594 2595 2596 2597 2598 2599 5440 ( 2848 2849 2850 2851 2852 2853 2854 2855
5050 | 2600 2601 2602 2603 2604 2605 2606 2607 5450 | 2856 2857 2858 2859 2860 2861 2862 2863
5060 | 2608 2609 2610 2611 2612 2613 2614 2615 5460 | 2864 2865 2866 2867 2868 2869 2870 2871
50/0 | 2616 2617 2618 2619 2620 2621 2622 2623 5470 | 2872 2873 2874 2875 2876 2877 2878 2879
5100 | 2624 2625 2626 262) 2628 2629 2630 2631 5500 | 2880 2881 2882 2883 2884 2885 2886 2887
5110 | 2632 2633 2634 2635 2636 2637 2638 2639 5510 | 2888 2889 2890 2891 2892 2893 2894 2895
5120 | 2640 2641 2642 2643 2644 2645 2646 2647 5520 | 2896 2897 2898 2899 2900 2901 2902 2903
5130 | 2648 2649 2650 2651 2652 2653 2654 2655 6530 | 2904 2905 2906 2907 2908 2909 2910 2911
5140 | 2656 2657 2658 2659 2660 2661 2662 2663 5540 | 2912 2913 2914 2915 2916 2917 2918 2919
5150 | 2664 2665 2666 2667 2668 2669 2670 2671 5550 | 2920 2921 2922 2923 2924 2925 2926 2927
5160 | 2672 2673 2674 2675 2676 2677 2678 2679 5560 | 2928 2929 2930 2931 2932 2933 2934 2935
5170 | 2680 2681 2682 2683 2684 2685 2686 2687 5570 | 2936 2937 2938 2939 2940 2941 2942 2943
5200 | 2688 2689 2690 2691 2692 2693 2694 2695 5600 ( 2944 2945 2946 2947 2948 2949 2950 2951
5210 | 2696 2697 2698 2699 2700 2701 2702 2703 5610 2952 2953 2954 2955 2956 2957 2958 2959
5220 | 2704 2705 2706 2707 2708 2709 2710 2711 6620 | 2960 2961 2962 2963 2964 2965 2966 2967
5230 | 2112 27113 2114 2115 2716 2717 2718 2119 5630 | 2968 2969 2970 2971 2972 2973 2974 2975
5240 | 2720 2121 27122 2123 27124 2125 27126 2121 5640 2976 2977 2978 2979 2980 2981 2982 2983
5250 | 2728 2729 2730 2731 2732 2133 2734 2735 5650 | 2984 2985 2986 2987 2988 2989 2990 2991
5260 | 2736 2737 2738 2739 2740 2741 2742 2743 5660 ( 2992 2993 2994 2995 2996 2997 2998 2999
5270 | 2744 2745 2746 2747 2748 2749 2750 2751 5670| 3000 3001 3002 3003 3004 3005 3006 3007
5300 | 2752 2753 27154 2755 21% 2757 2758 2759 5700| 3008 3009 3010 3011 3012 3013 3014 3015
5310 | 2760 2761 2762 2763 2764 2765 2166 2167 5710| 3016 3017 3018 3019 3020 3021 3022 3023
5320 | 2768 2769 2770 2771 2772 21713 2114 2115 5720 3024 3025 3026 3027 3028 3023 3030 3031
5330 | 2776 27717 27718 21719 2780 2781 27182 2783 5730| 3032 3033 3034 3035 3036 3037 3038 3039
5340 | 2784 2785 2786 2787 2788 2789 2790 27191 5740 3040 3041 3042 3043 3044 3045 3046 3047
5350 | 2792 2793 2794 27195 2796 2797 2798 27199 5750 3048 3049 3050 3051 3052 3053 3054 3055
5360 | 2800 2801 2802 2803 2804 2805 2806 2807 5760 3056 3057 3058 3059 3060 3061 3062 3063
5370 | 2808 2809 2810 2811 2812 2813 2814 2815 5770| 3064 3065 3066 3067 3068 3069 3070 3071
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410-0(102)
OCTAL-DECIMAL INTEGER CONVERSION TABLE
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
6000 | 3072 3073 3074 3075 3076 3077 3078 3079 6400 | 3328 3329 3330 3331 3332 3333 3334 3335 6000
6010 | 3080 3081 3082 3083 3084 3085 3086 3087 6410 | 3336 3337 3338 3339 3340 3341 3342 3343 o
8020 | 3088 3089 3090 3091 3092 3093 3094 3095 6420 | 3344 3345 3346 3347 3348 3349 3350 3351 6777
6030 | 3096 3097 3098 3099 3100 3101 3102 3103 6430 | 3352 3353 3354 3355 3356 3357 3358 3359 (Octal)
6040 | 3104 3105 3106 3107 3108 3109 3110 3111 6440 | 3360 3361 3362 3363 3364 3365 3366 3367
6050 | 3112 3113 3114 3115 3116 3117 3118 3119 6450 | 3368 3369 3370 3371 3372 3373 3314 3375
6060 | 3120 3121 3122 3123 3124 3125 3126 3127 6460 | 3376 3377 3378 3379 3380 3381 3382 3383
6070 | 3128 3129 3130 3131 3132 3133 3134 3135 6470 | 3384 3385 3386 3387 3388 3389 3390 3391 Octal
10000
6100 | 3136 3137 3138 3139 3140 3141 3142 3143 6500 | 3392 3393 3394 3395 3396 3397 3398 3399 20000
6110 | 3144 3145 3146 3147 3148 3143 3150 3151 6510 | 3400 3401 3402 3403 3404 3405 3406 3407 30000
6120 | 3152 3153 3154 3155 3156 3157 3158 3159 6520 | 3408 3409 3410 3411 3412 3413 3414 3415 40000
6130 [ 3160 3161 3162 3163 3164 3165 3166 3167 6530 | 3416 3417 3418 3419 3420 3421 3422 3423
6140 [ 3168 3163 3170 3171 3172 3173 3174 3175 6540 | 3424 3425 3426 3427 3428 3429 3430 3431 0000
6150 [ 3176 3177 3178 3179 3180 3181 3182 3183 6550 | 3432 3433 3434 3435 3436 3437 3438 3439 60000
6160 | 3184 3185 3186 3187 3188 3183 3190 3191 6560 | 3440 3441 3442 3443 3444 3445 3446 3447 70000
6170 | 3192 3193 3194 3195 3196 3197 3198 3199 6570 | 3448 3449 3450 3451 3452 3453 3454 3455
6200 | 3200 3201 3202 3203 3204 3205 3206 3207 6600 | 3456 3457 3458 3459 3460 3461 3462 3463
6210 [ 3208 3209 3210 3211 3212 3213 3214 3215 6610 | 3464 3465 3466 3467 3468 3469 3470 3471
6220 | 3218 3217 3218 3219 3220 3221 3222 3223 6620 (3472 3473 3474 3475 3476 3477 3478 3479
6230 | 3224 3225 3226 3227 3228 3229 3230 3231 6630 | 3480 3481 3482 3483 3484 3485 3486 3487
6240 | 3232 3233 3234 3235 3236 3237 3238 3239 6640 | 3488 3489 3490 3491 3492 3493 3494 3495
6250 | 3240 3241 3242 3243 3244 3245 3246 3247 6650 | 3496 3437 3498 3499 3500 3501 3502 3503
6260 | 3248 3243 3250 3251 3252 3253 3254 3255 6660 | 3504 3505 3506 3507 3508 3509 3510 3511
6270 | 3256 3257 3258 3259 3260 3261 3262 3263 6670 | 3512 3513 3514 3515 3516 3517 3518 3519
6300 | 3264 3265 3266 3267 3268 3269 3270 3271 6700 | 3520 3521 3522 3523 3524 3525 3526 3527
6310 | 3272 3273 3274 3215 3216 3217 32718 3219 6710 [ 3528 3529 3530 3531 3532 3533 3534 3535
6320 | 3280 3281 3282 3283 3284 3285 3286 3287 6720 | 3536 3537 3538 3539 3540 3541 3542 3543
6330 | 3288 3289 3290 3291 3292 3293 3294 3295 6730 | 3544 3545 3546 3547 3548 3549 3550 3551
6340 | 3296 3297 3298 3299 3300 3301 3302 3303 6740 | 3552 3553 3554 3555 3556 3557 3558 3559
6350 | 3304 3305 3306 3307 3308 3309 3310 3311 6750 | 3560 3561 3562 3563 3564 3565 3566 3567
6380 | 3312 3313 3314 3315 3316 3317 3318 3319 6760 [ 3568 3569 3570 3571 3572 3573 3574 3575
6370 | 3320 3321 3322 3323 3324 3325 3326 3327 6770 | 3576 3577 3578 3579 3580 3581 3582 3583
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
7000 | 3584 3585 3586 3587 3588 3589 3590 3591 7400 (3840 3841 3842 3843 3844 3845 3846 3847 1000
7010 | 3592 3593 3594 3595 3496 3497 3598 3599 7410 | 3848 3849 3850 3851 3852 3853 3854 3855 10
7020 | 3600 3601 3802 3603 3604 3605 3606 3607 7420 | 3856 3857 3858 3859 3860 3861 3862 3863 17717
7030 | 3608 3609 3610 3611 3612 3613 3614 3615 7430 [ 3864 3865 3866 3867 3868 3869 3870 3871 (Octal)
7040 | 3616 3617 3618 3619 3620 3621 3622 3622 7440 | 3872 3873 3874 3875 3876 3877 3878 3879
7050 | 3624 3625 3626 3627 3628 3629 3630 3631 7450 | 3880 3881 3882 3883 3884 3885 3886 3887
7060 | 3632 3633 3634 3635 3636 3637 3638 3639 7460 | 3888 3889 3890 3891 3892 3893 3894 3895
7070 | 3640 3641 3642 3643 3644 3645 3646 3647 7470 (3896 3897 3898 3899 3900 3901 3902 3903
7100 | 3648 3649 3650 3651 3652 3653 3654 3655 7500 3904 3905 3906 3907 3908 3909 3910 391
7110 | 3656 3657 3658 3659 3660 3661 3662 3663 7510 | 3912 3913 3914 3915 3916 3917 3918 3919
7120 | 3664 3665 3666 3667 3668 3669 3670 3671 7520 (3920 3921 3922 3923 3924 3925 3926 3927
7130 | 3672 3673 3674 3675 3676 3677 3678 3679 7530 | 3928 3929 3930 3931 3932 3933 3934 3935
7140 | 3680 3681 3682 3683 3684 3685 3686 3687 7540 3936 3937 3938 3939 3940 3941 3942 3943
7150 | 3688 3689 3690 3691 3692 3693 3694 3695 7550 | 3944 3945 3946 3947 3948 3949 3950 3951
7160 | 3696 3697 3698 3699 3700 3701 3702 3703 7560 | 3952 3953 3954 3955 3956 3957 3958 3959
7170 | 3704 3705 3706 3707 3708 3708 3710 3711 7570 | 3960 3961 3962 3963 3964 3965 3966 3967
7200 | 3712 3713 3714 3715 3716 3717 3718 3719 7600 | 3968 3969 3970 3971 3972 3973 3974 3975
7210 | 3720 3721 3722 3723 3724 3725 3726 3127 7610 | 3976 3977 3978 3979 3980 3981 3982 3983
7220 | 3728 3729 3730 3731 3732 3733 3734 3135 7620 | 3984 3985 3986 3987 3988 3989 3990 3991
7230 | 3736 3737 3738 3739 3740 3741 3742 3743 7630 | 3992 3993 3994 3995 3996 3997 3998 3999
7240 | 3744 3745 3746 3747 3748 3743 3750 3751 7640 | 4000 4001 4002 4003 4004 4005 4006 4007
7250 | 3752 3753 3754 3755 3756 3757 3758 3759 7650 (4008 4009 4010 4011 4012 4013 4014 4015
7260 | 3760 3761 3762 3763 3764 3765 3766 3767 7660 |4016 4017 4018 4019 4020 4021 4022 4023
7270 | 3768 3769 3770 3771 3772 3773 3774 3715 7670 (4024 4025 4026 4027 4028 4029 4030 4031
7300 (3776 3777 3778 3779 3780 3781 3782 3783 7700 (4032 4033 4034 4035 4036 4037 4038 4039
7310 | 3784 3785 3786 3787 3788 3783 3790 3791 7710 (4040 4041 4042 4043 4044 4045 4046 4047
7320 | 3792 3793 3794 3795 3796 3797 3798 3799 7720 4048 4049 4050 4051 4052 4053 4054 4055
7330 | 3800 3801 3802 3803 3804 3805 3806 3807 7730 |4056 4057 4058 4059 4060 4061 4062 4063
7340 (3808 3809 3810 3811 3812 3813 3814 3815 7740 (4064 4065 4066 4067 4068 4069 4070 4071
7350 3816 3817 3818 3819 3820 3821 3822 3823 7750 (4072 4073 4074 4075 4076 4077 4078 4079
7360 | 3824 3825 3826 3827 3828 3829 3830 3831 7760 (4080 4081 4082 4083 4084 4085 4086 4087
7370 (3832 3833 3834 3835 3836 3837 3838 3839 7770 |4088 4089 4090 4091 4092 4093 4094 4095
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Study Guide 410-0(102)
OCTAL-DECIMAL FRACTION CONVERSION TABLE
OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC
000 000000 100 125000 200 250000 300 375000
001 001953 101 126953 201 251953 301 376953
002 003306 102 128906 202 253906 302 378906
003 005859 103 130859 203 255859 303 380859
004 007812 104 132812 204 257812 304 382812
005 009765 105 134765 205 259765 305 384765
006 011718 106 136718 206 261718 306 386718
007 013671 107 138671 207 263671 307 388671
010 015625 110 140625 210 265625 310 390625
011 017578 11 142578 21 267578 311 392578
012 019531 112 144531 212 269531 312 394531
013 021484 113 146484 213 271484 313 396484
014 023437 114 148437 214 273437 314 398437
015 025390 145 150390 215 275390 318 400390
016 027343 116 152343 216 277343 316 402343
017 029296 117 154296 217 279296 317 404296
020 031250 120 1566250 220 281250 320 406250
021 033203 121 158203 221 283203 321 408203
022 035156 122 160156 222 285156 322 410156
023 037109 123 162109 223 287109 323 412109
024 039062 124 164062 224 289062 324 414062
025 041015 125 166015 225 291015 325 416015
026 042968 126 167968 226 292968 326 417968
027 044921 127 169921 227 294921 327 419921
030 046875 130 171875 230 296875 330 421875
031 048828 131 173828 231 298828 331 423828
032 050781 132 175781 232 300781 332 425781
033 052734 133 177734 233 302734 333 427734
034 054687 134 179687 234 304687 334 429687
035 056640 135 181640 235 306640 335 431640
036 058593 136 183593 236 308593 336 433593
037 060546 137 185546 237 310546 337 435546
040 062500 140 187500 240 312500 340 437500
041 064453 141 189453 241 314453 341 439453
042 066406 142 191406 242 316406 342 441406
043 068359 143 193359 243 318359 343 443359
044 070312 144 195312 244 320312 344 445312
045 072265 145 197265 245 322265 345 447265
046 074218 146 199218 246 324218 346 449218
047 076171 147 201171 247 326171 347 451171
050 078125 150 203125 250 328125 350 453125
051 080078 151 205078 251 330078 351 455078
052 082031 152 207031 252 332031 352 457031
053 083984 153 208984 253 333984 353 458984
054 085937 154 210937 254 335937 354 460937
055 087890 155 212890 255 337890 355 462890
056 089843 156 214843 256 339843 356 464843
057 091796 157 216796 257 341796 357 466796
060 093750 160 218750 260 343750 360 468750
061 095703 161 220703 261 345703 361 470703
062 097656 162 222656 262 347656 362 472656
063 099609 163 224609 263 349609 363 474609
064 101562 164 226562 264 351562 364 476562
065 103515 165 228515 265 353515 365 478515
066 105468 166 230468 266 355468 366 480468
067 107421 167 232421 267 357421 367 482421
070 109375 170 234375 270 359375 370 484375
071 111328 171 236328 27 361328 374 486328
072 113281 172 238281 272 363281 372 488281
073 115234 173 240234 273 365234 373 490234
074 117187 174 242187 274 .367187 374 492187
075 119140 175 244140 275 .369140 375 494140
.076 121093 176 246093 276 .371093 376 1496093
077 123046 177 248046 A 373046 377 498046
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410-0(102)

OCTAL-DECIMAL FRACTION CONVERSION TABLE
OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC
000000 000000 000100 000244 000200 000488 000300 000732
000001 000003 000101 000247 000201 000492 000301 000736
000002 000007 000102 000251 000202 000495 000302 000740
000003 000011 000103 000255 000203 000499 000303 000743
000004 000015 000104 000259 000204 000503 000304 000747
000005 000019 000105 000263 000205 000507 000305 000751
000006 000022 000106 000267 000206 000511 000306 000755
000007 000026 000107 000270 000207 000514 000307 000759
000010 000030 000110 000274 000210 000518 000310 000762
000011 000034 000111 000278 000211 000522 000311 000766
000012 000038 000112 000282 000212 000526 000312 000770
000013 000041 000113 000286 000213 000530 000313 000774
000014 000045 000114 000289 000214 000534 000314 000778
000015 000049 000115 000293 000215 000537 000315 000782
000016 000053 000116 000297 000216 000541 000316 000785
000017 000057 000117 000301 000217 000545 000317 000789
000020 000061 000120 000305 000220 000549 000320 000793
000021 000064 000121 000308 000221 000553 000321 000797
000022 000068 000122 000312 000222 000556 000322 000801
000023 000072 000123 000316 000223 000560 000323 000805
000024 000076 000124 000320 000224 000564 000324 000808
000025 000080 000125 000324 000225 000568 000325 000812
000026 000083 000126 000328 000226 000572 000326 000816
000027 000087 000127 000331 000227 000576 000327 000820
000030 000091 000130 000335 000230 000579 000330 000823
000031 000095 000131 000339 000231 000583 000331 000827
000032 000099 000132 000343 000232 000587 000332 000831
000033 000102 000133 000347 000233 000591 000333 000835
000034 000106 000134 000350 000234 000595 000334 000839
000035 000110 000135 000354 000235 000598 000335 000843
000036 000114 000136 000358 000236 000602 000336 000846
000037 000118 000137 000362 000237 000606 000337 000850
000040 000122 000140 000366 000240 000610 000340 000854
000041 000125 000141 000370 000241 000614 000341 000858
000042 000129 000142 000373 000242 000617 000342 000862
000043 000133 000143 000377 000243 000621 000343 000865
000044 000137 000144 000381 000244 000625 000344 000869
000045 000141 000145 000385 000245 000629 000345 000873
000046 000144 000146 000389 000246 000633 000346 000877
000047 000148 000147 000392 000247 000637 000347 000881
000050 000152 000150 000396 000250 000640 000350 000885
.000051 000156 000151 000400 000251 000644 000351 000888
000052 000160 000152 000404 000252 000648 000352 000892
.000053 000164 .000153 000408 000253 000652 000353 000896
.000054 000167 000154 000411 000254 000656 000354 000900
000055 000171 000155 000415 000255 000659 000355 000904
.000056 .000175 000156 .000419 000256 000663 000356 000807
000057 000179 000157 000423 000257 000667 000357 000911
.000060 .000183 000160 000427 000260 000671 000360 000915
.000061 000186 .000161 000431 000261 000675 000361 .000919
.000062 000190 000162 000434 000262 000679 000362 000923
.000063 .000194 .000163 000438 000263 .000682 000363 .000926
.000064 000198 000164 .000442 000264 000686 000364 000930
000065 000202 000165 000446 000265 000690 000365 000934
.000066 .000205 .000166 000450 000266 000694 000366 000938
.000067 .000209 .000167 .000453 000267 .000698 000367 .000942
.000070 .000213 .000170 .000457 000270 .000701 .000370 000946
.000071 .000217 000171 000461 000271 000705 .000371 .000949
.000072 .000221 .000172 000465 000272 000709 000372 .000953
.000073 .000225 000173 000469 000273 000713 000373 .000957
.000074 000228 .000174 000473 .000274 000717 000374 .000961
.000075 .000232 .000175 000476 .000275 .000720 .000375 .000965
000076 .000236 .000176 .000480 .000276 000724 .000376 .000968
000077 .000240 000177 .000484 .000277 .000728 .000377 000972
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OCTAL-DECIMAL FRACTION CONVERSION TABLE

OCTAL DEC OCTAL DEC OCTAL DEC. OCTAL DEC
000400 000976 000500 001220 000600 001464 000700 001708
000401 000980 000501 001224 000601 001468 000701 001712
000402 000984 000502 001228 000602 001472 000702 001716
000403 000988 000503 001232 000603 001476 000703 001720
000404 000991 000504 001235 000604 001480 000704 001724
000405 000995 000505 001239 000605 001483 000705 001728
000406 000999 000506 001243 000606 001487 000706 001731
000407 001003 000507 001247 000607 001491 000707 001735
000410 001007 000510 001251 000610 001495 000710 001739
000411 001010 000511 001255 000611 001499 000711 001743
000412 001014 000512 001258 000612 001502 000712 001747
000413 001018 000513 001262 000613 001506 000713 001750
000414 001022 000514 001266 000614 001510 000714 001754
000415 001026 000515 001270 000615 001514 000715 001758
000416 001029 000516 001274 000616 001518 000716 001762
000417 001033 000517 001277 000617 001522 000717 001766
000420 001037 000520 001281 000620 001525 000720 001770
000421 001041 000521 001285 000621 001529 000721 001773
000422 001045 000522 001289 000622 001533 000722 001777
000423 001049 000523 001293 000623 001537 000723 001781
000424 001052 000524 001296 000624 001541 000724 001785
000425 001056 000525 001300 000625 001544 000725 001789
000426 001060 000526 001304 000626 001548 000726 001792
000427 001064 000527 001308 000627 001552 000727 001796
000430 001068 000530 001312 000630 001556 000730 001800
000431 001071 000531 001316 000631 001560 000731 001804
000432 001075 000532 001319 000632 001564 000732 001808
000433 001079 000533 001323 000633 001567 000733 001811
000434 001083 000534 001327 000634 001571 000734 001815
000435 001087 000535 001331 000635 001575 000735 001819
000436 001091 000536 001335 000636 001579 000736 001823
000437 001094 .000537 001338 000637 001583 000737 001827
000440 001098 .000540 001342 000640 001586 .000740 001831
000441 001102 000541 001346 .000641 001590 000741 001834
000442 001106 000542 001350 .000642 001594 000742 001838
000443 001110 .000543 001354 000643 001598 000743 001842
000444 001113 000544 001358 000644 001602 000744 001846
000445 001117 000545 001361 000645 001605 000745 001850
000446 001121 .000546 001365 000646 001609 .000746 001853
000447 001125 000547 001369 .000647 001613 .000747 001857
000450 001129 000550 001373 000650 001617 000750 001861
000451 001132 000551 001377 000651 001621 000751 .001865
000452 001136 000552 001380 000652 001625 000752 001869
000453 001140 .000553 .001384 000653 001628 000753 001873
000454 001144 .000554 001388 .000654 .001632 000754 001876
000455 001148 000555 001392 .000655 001636 .000755 .001880
000456 001152 000556 001396 .000656 .001640 .000756 .001884
.000457 001155 .000557 001399 .000657 .001644 .000757 001888
000460 001159 000560 001403 000660 001647 .000760 001892
.000461 001163 000561 001407 000661 001651 000761 .001895
.000462 001167 000562 001411 000662 001655 .000762 001899
000463 001171 .000563 001415 .000663 .001659 .000763 .001903
000464 001174 .000564 001419 .000664 001663 .000764 .001907
.000465 001178 000565 .001422 .000665 001667 .000765 .001911
.000466 001182 000566 .001426 .000666 001670 .000766 .001914
000467 001186 000567 .001430 .000667 001674 .000767 .001918
.000470 001190 000570 001434 000670 001678 .000770 .001922
000471 .001194 000571 .001438 000671 .001682 .000771 .001926
000472 001197 .000572 001441 .000672 001686 000772 .001930
000473 .001201 .000573 .001445 .000673 .001689 000773 .001934
.000474 001205 000574 001449 .000674 .001693 000774 .001937
.000475 001209 .000575 .001453 000675 001697 .000775 .001941
.000476 001213 .000576 .001457 000676 001701 000776 001945
.000477 .001216 .000577 001461 .000677 .001705 .000777 .001949
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ACE-S/C FUNCTIONAL DESCRIPTION

QBJECTIVES
To familiarize the student with:
a. ACE-S/C system data flow.
b. Major subsystem identification.

c. Function and interface relationships of various equipment.
d. Operating characteristics.

INTRODUC TION

The ACE-S/C Operator's Manual contains a functional description of the ACE-S/C.

The student should read Chapter 1 of the AC E-S/C Operator's Manual and study the
ACE-S/C system block diagram wall chart.
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ACE-S/C PHYSICAL DESCRIPTION

OBJECTIVES

To familiarize the student with the physical identification and layout of the Acceptance
Checkout Equipment - Spacecraft.

INTRODUC TION

GENERAL

The ACE-S/C equipment is divided into four physical areas: the control room, the
computer room, the terminal facility room (usually shared by two or more ground
stations), and the launch implacement area or spacecraft test area. This arrangement
provides for logical equipment grouping and separation of personnel concerned with
different aspects of system operation. Certain subsystems, of necessity, cut across
these physical boundaries. Portions of these subsystems will, therefore, be found in
more than one of the four areas.

CONTROL ROOM EQUIPMENT

The control room contains the primary controls and displays of the ACE-S/C station.
These are arranged in a series of consoles, grouped according to functional space-
craft systems, providing a central location for stimulating and monitoring the perform-
ance of each spacecraft system.

The system consoles are arranged in the following groups: (Not all groups may be
used in any given ground station.)
a. Test Conductor Console (TC).

b. Instrumentation Console (Inst).

c. Communications Console (Comm),

d. Environmental Control System Console (ECS).
e. Fuel Cell and Cryogenics Console (FC and C).
f. Power and Sequential Console (Pwr and Seq).

g. Guidance and Navigation Console (G&N).
h, Stabilization and Control (Stab and Cont).
i. Propulsion and Reaction Control System Console (Prop and RCS).
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j. Aeromedical System Console.

k. Thermostructures Facility Console.

COMPUTER ROOM EQUIPMENT

The computer room contains the Digital Acquisition and Decommutation Equipment
(DADE), the command and display computer complex, the DTVC's, a roll-chart re-
corder group (at some stations this may be located in the terminal facility room),
magnetic tape recorders, time interface units, and the ACE-S/C station checkout

equipment,

The computer complex includes two computer consoles, two compute modules (the
command and display computers), three auxiliary memory modules, three auxiliary

/

input modules, and associated peripheral equipment.

The ACE-S/C checkout equipment includes a PCM simulator, an event recorder, and
several analog recorders. The computer complex console contains START modules,
displays, and controls employed in ACE-S/C station checkout as well as for monitor-
ing system performance. An event distribution, recording, and patching unit is pro-

vided to drive the computer room event displays.

Wall clocks, displaying real and countdown time, and voice communication equipment

are also provided in the computer room,

TERMINAL FACILITY ROOM EQUIPMENT

The terminal facility room provides a flexible interface between the remote space-
craft test areas and the ACE-S/C stations. It also provides certain support and inter-
facing functions within the stations.

The terminal facility room contains the terminal patch facility, the timing group, cer-

tain alphanumeric display system units, the CUE unit, and voice communication units.

The terminal patch facility serves as the external interface for all ACE-S/C station
input and output data li,nes. It also permits the ACE-S/C control rooms and computer
rooms to be cross-patched from one system to another. (Normally, the ACE-S/C sta-
tions will operate independently of each other; however, by means of cross-patching

within the terminal facility room, any computer room can operate with any control room.)
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The timing group is composed of a time code generator, which drives various real-
' time displays in the stations, and countdown generators (one for each station), which

drive countdown displays.

The SGS unit and (at locations where it is required) the DCCU are located in the ter-
minal facility room. This equipment provides an interface between the display com-

puter in the computer room and the CRT displays in the control room.

SPACECRAFT AND SPACECRAFT TEST AREA EQUIPMENT

The spacecraft and spacecraft test area contain the interface equipment that completes
the checkout loop between the spacecraft and the ACE-S/C station. The interface
equipment consists of Digital Test Command Systems (DTCS) and Digital Test Mea-
surement Systems (DTMS).

The carry-on DTCS is physically located near the spacecraft and consists of a
receiver-decoder, baseplates, and relay and DAC modules. The external DTCS and

the Service Equipment (S/E) DTCS are physically located adjacent to the spacecraft. LXTERNAL

The S/E DTCS interfaces with ground support equipment in the vicinity of the space-
‘ craft to provide remote control of command/service module or lunar excursion

‘module.

The carry-on DTMS is physically located in the spacecraft and consists of three signal
conditioning and sampling units and one pulse code modulation subsystem. The S/E
DTMS system is physically located adjacent to the spacecraft and consists of the ex-
ternal signal conditioning unit and service equipment adapter. The data interleaver

is located adjacent to the spacecraft.

ACE-S/C PHYSICAL CONFIGURATION AT NORTH AMERICAN AVIATION, INC,,
DOWNEY, CALIFORNIA

Three ACE-S/C ground stations are installed in Building 290 at North American Avi-
ation, Inc., to accomplish acceptance checkout of the Apollo command and service

modules, The equipment locations at these stations is shown in Figure 1.

ACE-S/C PHYSICAL CONFIGURATION AT GRUMMAN AIRCRAFT ENGINEERING
CORPORATION, BETHPAGE, NEW YORK

‘ Two ground stations are located at Grumman Aircraft Engineering Corporation to test
the lunar excursion module. Figure 2 shows the equipment location at this installation,
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ACE-S/C PHYSICAL CONFIGURATION AT NASA MANNED SPACECRAFT CENTER,
IHHOUSTON, TEXAS

Two ACE-S/C ground stations are installed at MSC, Houston to support the command,
service, and lunar excursion modules in simulated lunar missions, These stations
are installed in Building 32. The equipment layout is shown in Figure 3,

ACE-S/C PHYSICAL CONFIGURATION AT MERRITT ISLAND LAUNCH
AREA, FLORIDA

Five ACE-S/C stations are located in the O&C Building at MILA to accomplish receiv-
ing and launch readiness checkout of the command, service, and lunar excursion
modules. Figure 4 shows the equipment layout at this location,
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Figure 4. ACE-S/C Equipment Layout at
Merritt Island Launch Area,
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DATA ENTRY EQUIPMENT

OBJECTIVES

To familiarize the student with:

a. Modes of operation.

b. Data entry/computer interface.

c. Theory of operation (block diagram).

d. Controls displays.

e. Confirmation codes.
INTRODUCTION

The data entry equipment is an integral part of the uplink loop and serves as a commu-
nications link between the test operator and the ACE-S/C computer complex. This
equipment permits the simultaneous initiation of individual data and/or test commands
to the computer. The computer processes these inputs, generates and transmits the
‘ test commands to the Digital Test Command System (DTCS), and returns the status of

the test commands to the data entry equipment for display and operator evaluation.

The data entry equipment consists of six basic units:

a, Communications Unit Executor (CUE).

b. Junction Box (J-Box).

c. Relay Start (R-START).

d. R-START (Enclosure).

e. Computer Communications Start (C-START).
f. Keyboard Start (K-START).

The Selection To Activate Random Testing (START) modules are mounted in the con-
trol room consoles and are connected to CUE by means of J-Boxes, which are also lo-
cated in the consoles. The data entry equipment operates under program control of
the uplink computer. The CUE is the heart of the data entry equipment and serves as
the interface between the START modules and the computer. The CUE can be selected
for any one of four modes of operation by the uplink computer. The CUE normally
. operates in the manual mode; whereby, the operator manually inéérts a test command
1n:co a START module. The START module is then executed, the CUE interrupts the
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computer main program, and then transfers the START module mformatmn into the

computer memory The remaining three modes of operation are identified as auto-

puter 1nterrogates specific START modules under program control; malntenance mode,

where the computer can communicate with the Command Monitor Unit (CMU) via the
CUE; and the standby mode, which is defined as the idling mode of the CUE.

e ———

EXPLANATION

GENERAL

The data entry equipment makes it possible for a plurality of operators to initiate,
simultaneously, test commands for the uplink computer to process. The subsystem

is configured as shown in Figure 1, with the various START modules being the most
basic item to the system. As shown in the diagram, each J-Box can service sixteen
START modules in two groups of eight each. In a similar fashlon the CUE serv1ces
s1;<teen J —Boxes also in two groups of eight each, so that the system can accommodate
a total of 256 START modules. A

There are three distinct types of START modules: R-START modules, which provide
for manual control of discrete events or for subroutine callup; C-START modules,
which provide for manual selection of computer subroutines and the parameters re-
quired by the subroutines; and a single K-START module, which provides manual and
automatic means of inserting information into the Apollo Guidance Computer (AGC).

Refer to Section 1 of the ACE-S/C Operator's Manual for detailed operating instructions.

Figure 2 is a functional block diagram of the data entry equipment, which illustrates
the functional relationships between the various components making up the data entry
equipment. This figure also shows the control signal and data flow that exists between

the CUE and the uplink computer.

R-START

Each R- START module provides the operator with a means of manually initiating test
commands that control individual relay action in subgroups of four at a time. In other
words, there is a one-to-one correspondence between a given function switch and a
relay in the sensor stimulation equipment of the DTCS. The operator sets the status

of the relays under his control by depressing the proper combination of function switches
on the R-START modules (see Figure 3). The lower half of the back-light, split-legend
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function switches illuminates to provide the operator with a visual indication of the

test command just inserted. The operator then depresses the XEQ switch sending a A, ‘
signal to the CUE that inhibits any C-START modules from being executed until all

executed R-START modules have been serviced (see Figure 3). wGroup and urﬁt ti'ans-

AN lators in the CUE generate an enabling signal that permits the R-START to transmit
JM\*- v _an execute signal to the CUE. This execute signal performs three basic functions:
'\Aﬁ 4 oy a. Stops the CUE scanner on the address of the R-START.

(%\3.,\} b. Gates the setting of the four function switches and the three least significant

bits of the module address to the J-Box.
wc}fi;v ; c. Causes the CUE to generate an Interrupt 30 to the uplink computer.

(‘i W3

: The J-Box adds the next four bits of address and the CUE adds the last or most sig-
nificant bit. The four function bits from the R-START and the eight-i)i—‘tﬂscannerkad—
dress are combined into a 12-bit word that is transferred to the computer on its com-
mand. Normally the response of the system to an execute will be the illumination or
nonillumination of the upper half of the function switches, matching them to the state
that had been set manually by the operator. The correspondence between the upper

~and lower portions of the function switches indicate to the operator that his command

was successfully transmitted and accepted by the DTCS equipment. In response to

certain predetermined conditions, the START modules may be logically isolated or
SEALed from the system by commands originating in the computer. The Select Ex-

tend Allocate Lockout (SEAL) command causes the lower position of the XEQ switch

S>3

to illuminate, informing the operator of the SEAL condition.

Figure 4 illustrates the relationship of the R-START module to the remainder of the
data entry equipment and also shows the signal and data flow between the START mod-
ules and the computer. The input control signals to the START modules originate in
the computer. Their function is described as follows:
a. SEAL - This signal inhibits the addressed START module from transmitting
an execute signal to CUE.
b. REMOVE SEAL - The REMOVE SEAL signal is used in two ways: to either
reset the CUE or to gate a confirming response to the START module.
c. UNIT SELECT - This signal is generated when the scanner count is the same
as the address for a particular START module.
d. Q - This signal is transmitted when the data entry equipment is in the auto-
matic mode of operation and enables preselected patterns of digital informa-
tion in the R-START to be transmitted to the CUE for subsequent transfer to

the computer.
6 FOR TRAINING PURPOSES ONLY
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e. Four response code bits, F1 through F4, light the corresponding upper halves
of the indicators when the relays are latched.

The four data bits from the computer via CUE are fanned into the four-bit receiver sec-
tion of the addressed START module and are gated to the storage unit by the remove
SEAL signal. From there the data bits are gated to the function light latches. Inother
words, the status of the upper half of the function switches always indicates the condi-
tion of the relays which they control. A lighted indicator corresponds to a relay latch
condition.

C-START MODULE

The C-START panel contains ten 12-position selector switches, ten displays which in-
dicate the selector switch settings, an XEQ switch indicator, Power On indicator, and
four function indicator lights. Each individual switch position provides a four-bit
binary-coded-decimal (BCD) (8-4-2-1) code for transmission to the computer. Thus,
the command output of a C-START module is a 40-bit message. This output is used
for setting discrete voltages in the D/A converters of the DTCS and to modify prepro-

gramed subroutines.

The sequence of C-START operation is as follows:

. a. The operator sets up a predetermined code by means of the selector switches
and verifies his selection by observation of the display on the C-START panel.

. b. When he is satisfied that the correct sequence of characters has been selected,
he enters them into the computer by depressing the XEQ switch, which causes
illumination of the upper half of the XEQ switch.

c. The response of the system to a C-START execute will be to extinguish the

upper half of the XEQ switch and to illuminate the four function lamps into

codes that indicate various responses to the C-START command.

Figure 5 is a block diagram of a C-START module. As seen in the diagram, it is com-
posed of function select switches, BCD converters, project indicators, and logic gating

circuits.

Figure 6 illustrates the relationships of the C-START module to the remainder of the
data entry equipment and also shows the signal and data flow between the START mod-
ules and the computer.

8 FOR TRAINING PURPOSES ONLY
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The logic involved in the operation of the C-START module is analogous to the
R-START. An execute signal is generated by depression of the XEQ switch and is
gated out of the module by the unit select enable signal from the CUE scanner.
Whereas the R-START module produces only one 12-bit word, the C-START module
generates four 12-bit words for each execute. Word transmission is controlled by the
"C'" and ""D" word selection signals. The execute signal is used to gate the 40 data bits
and the three least significant digits of the address out of the C-START module and
into the appropriate J-Box. :

Normally, module selection is on a first-come-first-served basis. However, priority
logic inhibits the selection of C-START modules until all waiting R-START units have
been serviced.

Unlike R-START modules, verification of a C-START is a function of the computer
program and indicates tothe operator, through the four function lights on the C-START
panel, various combinations of lights with each defining a separate or distinct condi-

tion. The C-START verification codes are illustrated in Figure 7.

The SEAL, remove SEAL, unit select, and Q signals perform the same function as in
the R-START.

K-START MODULE ”
/- GTPER

The K-START module is a digital input device that supplies information to the com- ;%
puter from manually operated keyboard switches or automatically from a paper tape . A {
] R T CowW

f‘eader when selected by the operator. The K-START panel contains a pushbutton 1 key- g

board six tape control swnches a tape 1nput dlsplay, three status d1sp1ays, and a o & W

bagk,oLZAﬂA.GC_elent d1§p1ays Figure 8 is a functional block diagram of a K-START 7 g
module.

The data transinitted consists of four 12-bit words. The first word contains the 8-bit 2H A e
address of the K—START and a bit indicating whether the input is from key or tape.
. The second word contains the 5-bit data word, the stop and skip bits for tape input, s
and an odd parity bit, which indicates odd parity for the five data bits. The third and

fourth words are all zeros. Table 1 shows the configurations of the 5-bit data words

when using keyboard control. Table 2 shows the four-bit words as they are transmitted

when using the tape input, and Table 3 shows the four 12-bit words that are transmitted

when using the keyboard input. -

FOR TRAINING PURPOSES ONLY 11
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Table 1

K-START Keyboard Word Format

Key Codes Data Bits Pa(l(';gi)Bit

0 10000 0

1 00001 0

2 00010 0

3 00011 &

4 00100 0

5 00101 1

6 00110 1

T 00111 0

8 01000 0

9 01001 1
Verb 10001 1
Noun 174 1°1.% 0
- 11010 0

- 11011 1
Enter 1:1°1:0: 0 0
Clear 1411170 1
Release 1100 1 0
Error Reset 10010 1

Table 2

K-START Tape Input Word Format

Bit
t(?%tla}E 211 210 29 28 27 26 25 24 23 22 21 20
Word @l [ pYosi =iy oy ey it Yo layend ) s 0 00 8]
Word 2] 0 08 B0 =0 W XS S e R £ XX
Word 3] 10 rt0n 00500005 10EH 0520 0000
Word 4 |20 500 1000 20 210 7100 0070000 -0,::0
Y = Address
X = Data
W = Parity

14
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Table 3
‘ Word Format, Key

Data Bit gll 510 4° 98 o7 26 95 9% 93 92 ol o°

to CUE
Word Tl ¥ aeiYes Ve ¥ YiceNe oY - i IR0 0020 a0
Word 2:3570 % 00) 38002100 W 2055000 S X - aXex
Word 350 - 05200 5007 0L N0 07055405 100 50
Word 4= 055 50502 508 0,5 050 105 H0L" =000

TAPE INPUT

When the K-START module is in the Tape Input Mode, the tape reader delivers one
8-bit word to the K-START (Figure 9) and halts until it is commanded to read the next
character word. Figure 10 shows the tape format and channel allocations. Channels 4
through 8 contain the five data bits used as the command. Channel 1 contains the par-
ity punch for odd parity recognition of the five data bits. Channel 2 is the skip punch
that, when punched, causes the tape reader to ignore that frame and to move to the
next frame. Channel 3 contains the stop punch that, when punched, causes the tape

. motion to halt at that particular frame. A hole in the stop channel also causes the
LOAD/INH switch to be set to the INH position, the TAPE/KEY switch to be set to the
KEY position, and the indicator lamps (Figure 11) to display the 8-bit data word that
is read from the tape. A hole in both the stop and skip channels causes the tape to
travel to the next frame.

When the 8-bit word is delivered to the K-START from the paper tape reader, the word
is then reassembled in the manner shown in Table 2. The resultant four 12-bit data
words are then transmitted to the CUE.

KEY INPUT

In the key mode, the 5-bit character words are generated as a result of the depression
of the keyboard switches on the K-START control panel. The 5-bit word configurations
with the resultant parity bit are shown in Table 1. The transfer of the data words an?
the exchange of control signals between the K-START module and the CUE is the same

as the tape input operation.

FOR TRAINING PURPOSES ONLY 15
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Channel No.
1 0 Parity
2 0 Skip
3 0 Stop
S o Sprocket
4 0 Most Significant Bit )
5 0
6 0 > 5-]33::) I]‘?iata
7 0
8 0 Least Significant Bit J

Figure 10. Tape Format

Depressing a given key automatically transmits the four 12-bit data words to the CUE.
The K-START module encodes the key code output to eight bits, as in the case in the

tape input mode. However, the skip and stop bits are zeros in the key mode of
operation.

J-BOX (Figure 12)

The sixteen J-Boxes provide the interface between the START modules and CUE. Each
J-Box supplies power to the two groups of eight modules associated with it. Each
J-Box generates the 16 unit select signals (Figure 13), which are transmitted to the
START modules associated with the J-Box by ANDing eight unit select and two group
select signals. Also, each J-Box has a BCD switch that generates the three bits of

the J-Box address, which is inserted in the address portion of the 12-bit data trans-
fer from the START to the CUE. The J-Box also decodes a group "0'" or '"1" bit to be
inserted. The CUE will generate the patch "'0" or "'1'" bit.

COMMUNICATIONS UNIT EXECUTOR

The CUE serves as a central addressing and control unit between the START modules
and the 160G computer. This unit controls the two-way communications path over
which pass the START module data and/or test commands and the computer responses.
a. Scanning - A scanning counter, located within the unit, sequentially interrogates
all 256 START addresses. If the presence of a START execute signal is sensed,
the scanning ceases and an interrupt is sent to the computer. CUE causes the
contents of the START module, as well as its address, to be gated to the computer.

FOR TRAINING PURPOSES ONLY 17
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J-Box

Figure 12.
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b. Command Encoding - CUE encodes commands for introduction to the com-

puter, such as START module data and address bits and status response codes.
It determines which interrupt signal is to be generated and transmits it to the
computer. It decodes the computer instructions (external function codes) into
proper timing and operating sequences.

c. When in the maintenance mode of operation the CUE allows the computer to

communicate with the Command Monitor Unit (CMU).

Figure 14 is a block diagram of the CUE. This unit is composed of timing, scanner,
unit and group translators, a control section, decode logic, and transmit/receive
electronics. A self-contained power supply provides the dc voltage necessary to the
logic operation.

The CUE scanner, which is used to generate sequential START module addressing,
consists of a three-stage, gray code counter followed by an eight-stage binary counter.
The three-stage, gray code counter receives its inputs from a 100 kc oscillator. The
gray code counter counts down the clock pulses and in turn drives the binary counter.
The output of the binary counter is utilized to develop the addresses of the various
START modules in the data entry system. The most significant bit (27) of the scanner
address is used to define patch 1 or patch 0 of the CUE. Bits 2':2 through 2é are used
to decode the group selection and bits 2S2 through 22' decode the unit selection. As the
scanner counts, it sequentially interrogates each START module looking for an execute
signal.

COMPUTER GENERATED FUNCTION CODES

General

The CUE interprets and reacts to the following External Function (EF) codes from the
computer. All EF codes are in octal notation, and the CUE is selected by a code of
the form 37 XY. The 37 determines that the computer selected CUE. XY defines
specific functions to be performed.

External Function Codes

The following are external function codes:
a. 3700 Status Request - On request of this instruction, CUE transmits a status
response code to the computer. Table 4 contains the status response codes

for the data entry equipment.
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b. 3701 SEAL - A response is not returned to the computer if the remote device
takes too much time in processing the data, the computer issues a SEAL
command. This command isolates or inhibits the use of that START
module.

c. 3702 Select Standby Mode - The standby mode is the idling mode of operation;

however, CUE will not generate interrupts.

d. 3703 Select Manual Mode - The manual mode is the normal working mode of

operation for the CUE. The CUE is capable of transmitting data and/or com-
mands in this mode of operation.

e. 3704 Remove SEAL - The remove SEAL instruction is used in two ways: to

remove the SEAL condition in a particular START module or to gate a con-
firming response to the START module.
f. 3705 Compare - The logic of the CUE contains compare circuitry by which

the address is checked for errors occuring during transmission between the
CUE and the computer. It is used only if the original test data is of a critical
nature.

g. 3706 Input Request - The computer selects the CUE for input by using the in-

put instruction. This enables one or four 12-bit data words to be transmitted
to the computer.

h. 3707 Select Maintenance Mode - This mode of operation allows the computer
to transmit two 12-bit words of data via the CUE to the CMU for display and
operator evaluation.

i. 3710 Select Automatic Mode - The selection of the automatic mode of opera-
tion permits the computer to select a particular START unit and to select
which particular data word it wishes to interrogate.

j» 3711 Read Scanner Address - The computer under program control can at any

time issue a read scanner address instruction. Upon receipt of this com-
mand, the CUE automatically transmits the 8-bit address currently generated

by the address scanner logic to the computer.

The 160G computer communicates with the CUE via external function codes and control
signals (see Figure 15). The CUE will receive, decode, and act upon these external
function codes. If the computer requests a status reply, the CUE will transfer a sta-

tus word to the computer, which indicates a specific condition as described in the pre-
ceding listing.
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Table 4
Status Response Codes

Bit Position Description

(e}

Terminal Fault
Manual Mode
Address Compares
CMU Filled

Data Compares
Standby Mode

Spare

=)

N

w

(S

u

o

Spare

o N

Spare

Q

Interrupt 30
Interrupt 40
CUE Generated Interrupt

NMHNNNNNNNNNN
(o]

[
)

COMMAND MONITOR UNIT

The CMU displays malfunction information pertaining to the DTCS, the computer
peripheral equipment, and the data entry equipment. The data, which represents the
nature of the malfunction, is generated by the ACE-S/C uplink computer and trans-
ferred to the CMU via the CUE for display (see Figure 16). The status information
depicted by the CMU provides a means for operating personnel in the computer room
to correlate digital test command malfunctions with the data entry equipment in the
ACE-S/C control room, and also to take the appropriate action pertaining to computer
peripheral equipment malfunctions. Only the equipment malfunctions that can be de-
tected and handled by the computer will be displayed on the CMU. In the event of a
data entry malfunction (CUE and START), the CUE scanner address will be displayed
indicating the point during the scanning process the malfunction occurred.

The CMU is located in the computer complex console (Unit 154) in the computer room.

The command monitor unit has the capability to display the status of 16 computer
peripheral equipments (see Figure 17). Each peripheral has an assigned indicator
and will be lighted by data from the computer room upon the detection of a malfunction
in that area. The indicator will only depict that a malfunction has occurred and not

24 : FOR TRAINING PURPOSES ONLY /
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the nature of the malfunction. The types of peripheral equipment that can be monitored

and displayed are listed as follows:

28

Uplink Peripherals

a.
b'

dc

1 typewriter.

3 data transmitter and verification converters.

2 magnetic tape transports.
1 card reader.

Downlink Peripherals

1 typewriter.

1 data transmitter and verification converter.
2 magnetic tape transports.

1 line printer.

2 X-Y plotters.

1 card punch.

1 card reader.
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DATA PROCESSING

OBJECTIVES

To familiarize the student with:
a. The overall operation of the 160G computing system.
b. Computer system programing.
c. Operation of the 169G-3 memory unit.
d. Operation of the 171G-3 input/output unit and associated peripheral devices.

e
PART I - COMPUTER FUNCTIONAL DESCRIPTION

The Acceptance Checkout Equipment - Spacecraft (ACE-S/C) ground station contains

a data processing system that consists of two general-purpose Control Data Corpora-
tion 160G digital computers and associated peripheral and data transmission equip-
ment. The two 160G computers are identical and are identified by their assigned func-
tion within the overall ACE-S/C system. Basically, the ACE-S/C system is divided
into two functional loops: (1) the uplink or command loop and (2) the downlink or dis-
play loop. The uplink computer processes commands recewed from the data entry
equipment, i.e., R- START C- START and K—STAR'T/modules which interface with
the computer through the CUE After the commands are processed, the uplink com-
puter transmits them to the receiving equipment in the test bay via a data transmission
system. The spacecraft's reactions to the commands are monitored by sensors and
the resulting signals S are c_ommgtgted on a PCM telemetry carrier and returned to the
decommutation equipment located in the computer room. The downlink data is then
presented to the second 160G computer for tolerance checks, conversion to engineer-

ing units, and distribution to the downhnk data transmission system for routing to the

>d1splay eqmpment This computer can also cause the data to be recorded for post-test
analysis. :

To fully understand the functional operation of the 160G computing system, it is neces-

sary to first understand basic computer concepts. A general-purpose digital computer
consists of four maJor sections: (1) memory, @) arithmetic, (3) control, and (4) input/

one of these major sections. Figure 1 is a block diagram of a general-purpose digital

FOR TRAINING PURPOSES ONLY B




N
Memory ' Control —
Section Section ?
| =
—_
Address Selection | Program Location S
(S) Register Counter (P Register) Py
| ~
Memory Memory I Main Timing [nstruction
Unit Timing | Control Decoder
o | b
) o
{ =
— |
= = |
» | ; |
—
£ z ‘
2 Memory Restoration | S Instruction =
(7] Register ] (F) Register 4
5 @
c » I -
= o SR ER G St D e elS o SRR TR TR R i e ot At Tl T e c
b -] Arithmetic | Input /Output =
o Section A Section b4
w o]
m | "
w —> Exchange Register 1 m
0 v
b4 | o
= r4
=< Input /Output :
| Register
Arithmetic |
Register
To and From
4 b Peripheral
| Equipment
I Legend:
> Adder fi g 1/0 Timing Control
: Data

Figure 1. Digital Computer Block Diagram




FOR TRAINING PURPOSES ONLY 410-0(106)

computer showing these major sections. The following paragraphs present a functional

description of each major section and its relationship to the other sections.

MEMORY

The memory section of a computer is composed of an array of permanent or semi-
permanent storage devices as its primary element. In modern high-speed computers,
this device has generally been the ferrite core. The ferrite core has the capability of
retaining information in one of two magnetic states, making it capable of storing one
bit (binary digit) of information (see Figure 2A). The magnetic properties of the core
allow it to maintain a magnetic state without the application of power (see Figure 2C)
and enable this state to be changed upon the application of a magnetic field of the proper
intensity and direction. The core can be switched from one magnetic state to the other
very rapidly, approximately 1 to 2 microseconds. Since the cores are small is size
(30 mils or so in outside diameter), a memory containing 100,000 cores or more can

be built into a package not much larger than a textbook.

A common configuration for a core memory has 4096 cores mounted in a 64 by 64 ma-
trix on each of a number of planes; the number of planes will be equal to the number

of bits (length) of the word to be stored. Each plane stores one bit of the data word in
any one of 4096 locations, as determined by the address associated with that data word.
A memory composed of 13 planes of 4096 cores each then could store 4096 13-bit data
words. The complete memory for a computer would be made up of one or more of
these banks of memory.

Each core in a plane is threaded by four wires: a horizontal drive line, a vertical
Qriyg line, a sense line, and an inhibit 11n; .W For each plane of thevm-emory described
thére are 64 horizontal drive lines, each threading 64 cores; 64 vertical drive lines,
each threading 64 cores; a single sense line, threading all 4096 cores; and an inhibit
line threading all 4096 cores. To complete the wiring of the memory, the corres-
ponding horizontal drive lines of each plane are connected together in series electric-

ally, and the corresponding vertical drive lines of each plane are connected together
in series.

A given memory address, specifying a single core in each of the 13 planes, is selected
by translation of the output of the address S register to select one horizontal drive line
and one vertical drive line. Only one core in each plane is threaded by the selected

horizontal and vertical drive lines and is, therefore, the core selected by that memory
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address. When information is to be stored in memory or read out of memory, a half
current (a current having only approximately one-half the amplitude required to switch
a core) is applied to the selected drive lines.

All the cores that are threaded by only one of these wires will be disturbed by a cur-
rent that is not sufficiently large to switch the cores, while the single core on each
plane that is threaded by both of these wires will be disturbed by a current that is of
sufficient amplitude to switch the magnetic state of the core.

During the readout of information from the memory, the magnetic state of each of the
selected cores is switched to the zero state. If the selected core was initially in the
one state, a voltage will be induced in the sense line when the core is switched to the
zero state. If the selected core was initially in the zero state, it remains in that state
and virtually no voltage is induced in the sense line. Therefore, by examining the
sense line at an appropriate time after the drive lines are energized, it can be deter-
mined whether the selected core contains a zero or a one. The voltage pulses on the
sense lines are amplified, shaped into standard logic pulses, and gated into the Z (data)
register from whence they are transmitted to the other sections of the computer\ as »

needed. This method of reading the information from a core memory is known as de-
structive readout.

In a memory with destructive readout, the circuitry associated with the memory auto-
matically takes the word from the Z register after readout and restores it in the se-
lected cores in memory during the write portion of the memory reference. During the
write operation, the direction of current through the selected horizontal and vertical
drive lines is in a direction opposite to that during the read operation. Thus the se-
lected core on each plane will be set to a one state unless an inhibit current equal to

a half current and in a direction opposite to that of the write current is applied to the
inhibit winding of the plane. The inhibit current is controlled by the contents of the

Z register, and, therefore, a zero is written into memory for those data bits of Z that
are a zero.

For a computer operation which is to write new information into memory, the memory
again goes through both a read and a write cycle. During the read cycle, however, the
transfer of information from the sense amplifiers to the Z register is inhibited. In-
stead, the Z register is set by a transfer of data from the computer or an input/output
chassis to the Z register. During the write portion of the memory reference, then,

the new information is written into the selected memory location.
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The selection of the horizontal and vertical drive lines is controlled by the address
associated with the word. Six address bits are necessary to select one of the 64 hor-
izontal drive lines, and six address bits are necessary to select of the 64 vertical
drive lines. The time from the initiation of a memory reference cycle until the infor-
mation is in the Z register is known as the access time of the memory; the time re-

quired for the complete memory reference is known as the memory cycle time.

A typical computer memory is constructed of a number of these 4096-word banks of
memory. The address is then composed of more than 12 bits. The upper bits are
decoded to determine the bank of memory to be referenced, while the lower 12 bits

specify the location in the selected memory bank.

In summary, the memory section requires only three things from the control section
of the computer. These are:
a. A transfer into the memory address register of the number indicating which
word in memory is to be selected.
b. An indication of the direction of the transfer of the word, either into or out of
the memory.
c. A signal to start the memory cycle, which in turn will energize the appropri-
ate selection and drive signals to perform the transfer.

ARITHMETIC

The arithmetic section contains the circuitry necessary to perform mathematical and
logical calculations on information. For this purpose, it has several registers to hold
numbers and wired-in logic to allow the mathematical and logical manipulations of the
numbers. The operation of any digital circuitry follows a pre-arranged set of logical
steps. The logical operations of the arithmetic section of the computer are simpleb
combinations of these logical steps, while the arithmetic operations are more compli-
cated combinations of these basic steps. The shifting of an operand left or right in a

register is one of the simpler applications of these basic steps.

The arithmetic section obtains the timing signals necessary to perform its various
functions from the control section and, also, obtains the information on which it per-
forms its various functions from the memory section. The results of its functional
operations are generally transferred back to the memory section for storage in core

memory.
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The heart of most computers is the adder. Arithmetic, as previously mentioned, is
one of the more difficult operations to perform with the basic logical steps available
in a digital computer. The adder, which performs an addition (or, by an inversion of
one operand, a subtraction) in a near minimum time and with a near minimum of ac-
tive components, is an optimum combination of these basic logical functions. It so
happens that if certain control signals are not activated as two operands flow through
the adder, various logical combinations of the two operands result; various logical
instructions come essentially free, if the adder is in the arithmetic section. Multiply,
divide, and shift instructions also make use of this adder portion of the arithmetic

section.

CONTROL

The words stored in the memory of a computer can be classified as either instruction
words or data words. The program of a computer consists of one or more series of
instruction words; the control section of the computer reads these instruction words
one by one and executes the instruction specified. If by mistake, a data word is read
by the control section instead of an instruction word, the computer has no way of know-
ing that it is not an instruction word; the control interprets the bits of the word as an
instruction and executes whatever instruction is specified. (This is why the operation
code 00 is interpreted as a stop instruction in many computers; if the program jumps
by mistake to a section of memory which has neither data nor instructions in it, the

program will stop.)

The control section has the primary function of providing timing signals for the various
internal information transfers. It provides these timing signals by translating or de-
coding the numerical computer instruction which it receives from the memory core
storage. The instruction (word or words) is held in an instruction register, frequently
referred to as the F register, while the translation and execution is taking place. The
control section has its own register to determine the location in memory where each
instruction is to be found. This register is called the program address register, ab-
breviated as P register. Since the computer instructions are found in sequential mem-
ory locations, the P register is incremented each time an instruction is executed. In
some computers the incrementing is done by using the adder, and, in others, special
circuitry is provided for this purpose.

The control section requires a signal from the computer operator to start; once this is

done, it relies on instruction information from the core memory to determine which of
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the control and timing signals it should generate. These signals regulate the the flow
of information at all times within the computer and also control the initiation of infor-

mation transfer external to the computer.

INPUT/OUTPUT

The Input/Output (I/0) section provides the temporary storage facility for information

being transferred into or out of the computer. Incomingrinformation is retained by the

1/ O section until that information has been stpréd in core memoiy\.-&fézgﬁﬁnforma—

tion is retained by the I1/0 section until the receiving device is able to >acc>ébft"i—tfmThe
" 5 T i S AN S e —— -”‘-——_\\
timing for information transfers is provided from within the I/O section, but it is initi-

ated by the control section. A primary function of the I/O section is one of compen-
sating for the vastly different information flow rates found in the computer and external
peripheral devices. It enables a computer, operating at transfer rates of several hun-
dred thousand words per second, to communicate with peripheral devices operating as

slowly as several words per second.

COMPUTER PROGRAMING

At the present state of the art, the term "Electronic Brain' for a general-purpose
digital computer is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>