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INTRODUCTION

The Keyboard and Display System Program processes digital
information exchanged between the Apollo Guidance Computer (AGC)
and the computer operator. The initiation for these exchanges can

be caused by operator action or by internal computer programs.

The modes of operation are as follows:

1. Display of Internal Data. Both a one-shot display
and a periodically updating display (called monitor)

are provided.

2. Loading External Data. As each numerical charac-
ter is punched in, it is displayed in the appropriate

Display Panel location.

The data involved in both loading and display can be presented
in either octal or decimal form, as the operator indicates.
If decimal is chosen, the appropriate scale factors are supplied

by the program.

3. Program Calling and Control. The Keyboard System
is used to initiate a class of routines which are concerned
with neither loading nor display. Typical of this class
are test routines and system routines. Certain of these
require instructions from the operator to determine

whether to stop or continue at a given point.

4. Changing Major Mode. The initiation of large scale

mission phases can be commanded by the operator.

The inputs to the Keyboard and Display Program are from the



direct-wire keyboard and the remote keyboard which transmits via
Uplink. Both of these inputs are accomplished character-by-character.

In addition, there are internal machine program requests of the Key-
board and Display Program.
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CHAPTER |

INPUT/OUTPUT INTERFACES OF THE KEYBOARD AND
DISPLAY SYSTEM PROGRAM

The external inputs to the Keyboard and Display System
Program are the direct wire Keyboard and the Uplink| The out-

put is the Electroluminescent Display Panel.

1.1 Direct -wire Kevboard.

The Keyboard contains the following characters: VERB,
NOUN, * -, the numerical charcterd from 0 through 9, CLEAR,
ENTER, ERROR LIGHT RESET, and KEY RELEASE. Each of
the characters is represented by a 5 bit binary code (see Appen-
dix I)] The Keyboard code is transmitted to the computer over
a 5 wire link and is placed into bits 1-5 of the input register
INO|

Each depression of a Keyboard button activates INTERRUPT
#4 (KEYRUPT), as well as places the key code into INO|] This
KEYRUPT program picks up the key code and enters a request to
the Executive Routine for the program which decodes and digests
the key code (CHARIN). Then a RESUME is executed, termin-
ating the KEYRUPT.

1. 2 UPLINK Inputs.

The Uplink| is the digital telemetry system which sends
information from the ground to the airborne computer. Each
time a word is received by the Uplink] INTERRUPT #4 (UPRUPT)
is activated. UPRUPT picks up the transmitted code (these codes
are the same as key codes) and enters a request to the Executive
Routine for the program which decodes and digests the key code
(CHARIN). (See Appendix VI. | Then a RESUME is executed,

11



terminating the UPRUPT. Note that CITARIN makes no distinction

between inputs from the Keyboard and inputs from the Uplink|

There is a toggle switch which is used either to accept
Uplink| inputs, or to block the Uplink| In the blocked position,

the operator has chosen not to accept any keyboard type of input
from the ground.

1. 3 The MARK Button.

When the MARK button is depressed, a "'1'l is placed in
bit 15 of INO and KEYRUPT is activated. The MARK part of
KEYRUPT picks up and stores seven quantities] three IMU

angles, two Optics angles, and double precision time. The
KEYRUPT is then terminated with a RESUME]

1] 4 The Display Panel.

1. 4. 1 Description.

The Display Panel consists of 24 electroluminescent sec-
tions arranged as in Fig. 1- 1. Each section is capable of dis-
playing any decimal character or remaining blank, except the 3
sign sections (R1S| R2S| R3S)] These display a plus sign, a
minus sign, or a blank. The numerical sections are grouped to
form 3 data display registers, each of 5 numerical characters;
and 3 control display registers, each of 2 numerical characters.
The data display registers are referred to as RIl, R2, R3. The

control display registers are known as Verb, Noun, and Major
Mode.

The Major Mode display register is used to indicate which
phase of the mission or large system program is operating. The
Verb and Noun display registers are used to indicate the activity
of a smaller class of programs, such as displays, loads, etc.
These may be initiated by keyboard action, or from within the

computer by program action.

12




1] 4. 2 Activation.

Each Display Panel character is controlled by a group of
5 latching relays. Once these relays are activated, the appro
priate character remains visible on the Display Panel until the
state of these relays is changed. The 5-bit relay codes for

each numerical character are listed in Appendix |I.

All the information necessary to operate the Display Panel
is transmitted from the computer through the output register
OuUTO. Two Display Panel characters are activated by QUT( at
a time. Bits 1-4 (bit 1 is the low order bit) of OUTO operate
the right character of the selected pair; bits 61 10 operate the
left character of the pair. Bit 11 is used for special one-bit
functions, such as signs, flash, etc. Bits 12-15 (bit 15 is
the high order bit), which are known as the Relayword code, se-
lect the appropriate pair of Display Panel characters. See Ap-
pendix | for details.

1. 4. 3 Timing.

The 15-bit word which activates a pair of characters in
the Display Panel is placed into OUT0O by DSPOUT, a program
operating in the Interrupt mode. DSPOUT is part of a larger
Interrupt program called T4 RUPT (INTERRUPT #3)] T4 RUPT
is activated approximately once every 60 milleseconds. Every
second T4RUPT (or approximately 120 milleseconds) calls
DSPOUT. Thus, at maximum activity, two numerical characters

and a sign may be updated on the Display Panel every .13 seconds.

1.4.4 Display Panel Buffer.

DSPOUT obtains the 15-biff word to be placed in OUTO
from an Il-register buffer called DSPTAB. Each DSPTAB
register contains the information to activate a pair of numerical

characters (and perhaps a special single bit function, such as

13



sign) in the Display Panel. By retaining this information, the
DSPTAB reflects the present state of the entire Display Panel.
Thus it is possible to compare new information with that already
displayed and to place new data in OUT0O only when they differ.

14
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MD1

MD?2

MAJOR MODE

VD1 VD2 ND1 ND2
VERB NOUN

R1S R1DI R1D2 R1D3 R1D4 R1D5
R1

R2S R2D1 R2D2 R2D3 R2D4 R2D3
R2

R33 R3D] R3D2 R3D3 R3D4 R3DB5
R3

Fig. | -1. Display Panel
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CHAPTER 2

KEYBOARD USE OF THE KEYBOARD AND DISPLAY SYSTEM

The Keyboard and Display System Program can be initiated
either by external manipulation of the Keyboard or by internal com-
puter program action.

2.1 Functions of Keyboard Buttons and Display Panel Lights

The numerical buttons 0 through 9] +| - are obvious.

The VERB button indicates that the next 2 numerical char-

acters punched in are to be interpreted as the Verb Code.

The NOUN button indicates that the next 2 numerical char-

acters punched in are to be interpreted as the Noun Code.

The ERROR RESET button turns off the alarm lights on the
DSKY panel. If any of these alarm lights remains on, it indicates

that the condition causing the alarm persists.

The ENTER button is used two ways:

1 to execute the Verb /Noun combination appearing in
the Verb and Noun lights.

2. to accept the data word just loaded.

The CLEAR button is used during a data loading sequence to
blank the data display register (R1] R2, or R3) being used. It allows

the operator to begin loading the data word again.

The KEY RELEASE button gives the operator’'s permission

for internal programs to use the Keyboard and Display Panel
Program.

The KEY RELEASE light is turned on when an internal pro-
gram attempts to use the Keyboard and Display Panel but finds that
the operator has not released it for internal use. Pressing the KEY

RELEASE button performs this release.

i
i
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The CHECK FAIL light is turned on when the operator per-
forms some improper sequence of key depressions. A common
example is an attempt to execute an undefined (spare) Verb or

Noun Code.

The Verb/Noun Flash turns the Verb and Noun lights on and
off about once per second. It is used to indicate that some action is

required of the operator (usually the loading of data).

2.2 Keyboard Operating Format

The basic language of communication between the operator
and the Keyboard and Display System is a pair of words known as
Verb and Noun. Each of these is represented by a 2 character
octal number. The Verb code indicates what action is to be taken
(operation); the Noun code indicates to what this action is applied
(operand). Typical Verbs are those for displaying, loading, etc.
Nouns usually refer to a group of erasable registers within the
computer memory. The Verb codes are listed in Appendix IlI;

the Noun codes in Appendix Ill.

2.2. 1 Standard Verb-Noun Activation Procedure

The standard procedure for the execution of a keyboard

operation consists of a sequence of 7 key depressions.

VERB V.V, NOUN N | \j ENTER

The VERB key depression blanks the Verb lights on the Display
Panel (VD1 and VD2)| and clears the Verb code register within
the computer. The next two numerical characters punched in
are interpreted as the Verb code (VI, K(J in octal). Each of
these characters is displayed in the Verb lights on the Display

17



Panel as it is punched in. The NOUN key operates similarly for
the NOUN lights and Noun code register.

The depression of the ENTER key causes the performance
of the Verb-Noun combination appearing in the lights at the time
of depression. Thus it is not necessary to follow any order in
punching in the Verb or Noun code. They may be done in re-
verse order, or an old Verb or old Noun may be used without
repunching it.

No action is ever taken in performing the Verb-Noun
combination until ENTER is pressed. If an error is noticed
in either the Verb code or the Noun code before the ENTER is
pressed, correction is simple. Merely press the VERB or
NOUN key and repunch the originally intended code, without
necessarily changing the other. Only when the operator has
verified that the desired Verb and Noun codes are in the lights
should he press the ENTER key and exccutd the Verb-Noun
combination.

2. 2. 2 Further Procedure for Data Loading.

If the Verb-Noun combination being executed requires
data to be loaded by the operator, the flash will be turned on
after the Enter which initiated the Verb-Noun execution. This
flash turns the Verb and Noun lights off and on about once per
second. Data is loaded in 5-character words and is displayed
character-by-character in one of the 5-position data display
registers R!] R2, or R3 as it is keyed in. Numerical data
is assumed to be octal, unless the 5-character data word is
preceded by a plus or minus sign, in which case it is considered
decimal. Decimal data must be loaded in full 5-numerical

character words (no zeros may be suppressed); octal data may
be loaded with high order zeros suppressed. If decimal. is used
for any component of a multi-component [.nad Verb, it must be
used for all components of that Verb. No mixing of octal and

18




decimal data is permitted for different components of the same
Load Verb. (If this is violated, the Check Fail Alarm is turned on.

The ENTER key must be pressed after each data word.
This tells the program that the numerical word being punched in
is complete. The flash is turned off after the last ENTER of a

loading sequence is pressed.

2] 2. 3 Acceptance of Keys.

The numerical keys, the CLEAR key, and the sign keys
are rejected if struck after completion (final ENTER) of a data
display or data load Verb. At such time, only the Verb, Noun,
Enter, Error Light Reset, or Key Release are accepted. Thus
the data keys are accepted only after the control keys have in-

structed the program to accept them.

Similarly the plus (+] and minus (-] keys are accepted
just before the first numerical character of R1, R2, or R3 is

punched in, and at no other time.

The 8 or 9 key is accepted only while loading a data word
into R1] R2] or R3 which was preceded by a plus or minus sign.
(If this is violated, the Check Fail Alarm is turned on. |

If more than two numerical characters are punched in
while loading the Verb, Noun, or Major Mode code, or more
than five numerical characters, while loading a data word, the

excess characters are not accepted.

2. 2.4 Release of Keyboard and Display System.

The Keyboard and Display System Program can be used by

internal computer programs as a subroutine (see Chapter 3). How-

ever, any operator keyboard action (except Error Light Reset)
makes the Keyboard and Display System Program busy to internal
routines.  The operator has control of the Keyboard and Display
System until he wishes to release it. Thus he is assured that

data he wishes to observe will not be replaced by internally

19
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initiated displays. In general, it is recommended that the operator
release the Keyboard and Display System for internal use when he
has temporarily finished with it. This is done by pressing the Key
Release button. (Verb 35, Release Display System, is included
for early Display Panels which had no Key Release button. | For
more details, see Chapter 3.

If an internal program attempts; to use the Keyboard and
Display System, but finds that the operator has used it and not yet
released it, the Key Release light is turned on. When the operator
finds it convenient, he should strike thel Key Release button to allow

the internal program to use the Keyboard and Display Panel.

2.3 General Verb, Noun Conventions.

2.3. 1 Noun Conventions

A Noun code can refer to a device, a group of computer
erasable registers, a group of counter registers, or may serve
merely as a label. A label Noun refers to no particular compu-
ter register, but conveys information by its Noun code number
only. The group of registers to which a Noun code refers may
be a group of 1, 2, or 3 members. These are generally re-
ferred to as 1-| 2-, or 3-component Nouns. The component is
understood as a component member of the register group to
which the Noun refers. The machine addresses for the regis-
ters to which a Noun refers are stored within the computer in
Noun Tables. This will be described in more detail in Chapter 4.

There are two classes of Nouns: Normal and Mixed. A
Normal Noun is one whose component members refer to compu-
ter registers which have consecutive addresses, and whose com-
ponent members all use the same scale factor when converted to
decimal. A Mixed Noun is one whose component members refer
to non-consecutive machine addresses, or whose component mem-
bers require different scale factors when converted to decimal,
or both.

20




The Nouns which refer to counter registers are primarily
intended to be used with Display Verbs. They are not normally
loaded, but the capability exists and may be useful in special
applications. Some Nouns refer to registers intended for com-
mand numbers (i. e.|] a desired new angle command). These
are intended primarily to be used with Load Verbs, but may be
displayed if desired.

2. 3.2 Verb Conventions.

As discussed in Section 2. 3. 1, a single Noun code re-
fers to a group of 1-, 2-, or S-component members. It is
the Verb code that determines which component member of the
Noun group is operated on. Thus, for instance, there are
5 different Load Verbs (see Appendix 1I). Verb 21 is required
for loading the first component of whatever Noun is used there-
with; Verb 22 loads the second component of the Noun; Verb 23,
the third component; Verb 24, the first and second components
of the Noun; and Verb 25 loads all three components of the Noun.

A similar component format is used in the Display and Monitor
Verbs.

2. 3. 3 Decimal Conversion.

When decimal is used in loading or displaying data, con-
version is done by interpreting the number as a fraction. For
other than fractional representations, scale factors are applied
after the fractional conversion to binary when loading and be-
fore the fractional conversion to decimal when displaying. The
scale factors for Nouns that are to handle decimal data are kept
in Noun Tables within the computer. These Noun Tables also
keep information on how many component members are associ-
ated with each Noun that handles decimal data. @ The details for

these Noun Tables are found in Appendix V.
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When the Decimal Display Verb is employed, all the com-
ponent members of the Noun being used are scaled as appropriate,
converted to decimal, and displayed in. the data display registers.
This Decimal Display Verb is the only exception to the component

selection feature of Verbs.

If decimal is used for loading data of any component of
a multi-component Load Verb, it must be used for all compo-
nents of that Verb. Thus no mixture of decimal and octal data
is permitted for different components of the same Load Verb.
(If this is violated, the Check Fail Alarm is turned on. )

2.4 Data Loading.

Whenever any data is to be loaded by the operator, the
Verb and Noun lights flash. This flashing occurs when the load-
ing of data is required by procedures initiated either by opera--
tor keyboard action or by internal program action. Also, the
appropriate data display register (R1] R2] or R3) is blanked,
and the internal computer storage register is cleared in antici-
pation of data loading. Each numerical character is displayed
in the proper data display register position as it is punched in.
Each of the data display registers (R1] R2, R3) can handle 5
numerical characters (sign is optional). If an attempt is made
to key in more than 5 numerical characters in sequence, the
sixth and subsequent characters are simply rejected. They do

not write over the last valid character.

The plus (+] and minus (-) keys are accepted only when
they precede the first numerical character of R1| R2, or RS3.
The signs are simply rejected if punched at any other time. |If
the 8 or 9 key is punched at any time other than while loading
a data word which was preceded by a plus or minus sign, it is
rejected and the Check Fail Light is turned on.

As data is loaded, it is temporarily stored in intermedi-

ate buffers. It is not placed into its final destination, as specH
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ified by the Noun code, until the final ENTER of the load se-

guence is punched in.

2.4. 1 The CLEAR Button

The CLEAR Button is wused during data loading to remove
errors in R1] R2, or R3. It allows the operator to begin loading
the data word again. It does nothing to the Major Mode, Noun, or
Verb lights. (The Noun lights are blanked by the NOUN key; the
Verb lights, by the VERB key. | In the following discussions, the
term Clearing Function will be used to mean: blanking the data
display register of interest and placing +0 into the internal stor-
age register associated with that display register.

For single component Load Verbs or “Machine Address to
"

be Specified Nouns, the CLEAR button depression performs the
Clearing Function on whichever register is being loaded, pro-
vided that the CLEAR is punched before the data ENTER. Once
the ENTER is depressed, the CLEAR does nothing. The only
way to correct an error after the data ENTER for a single com-

ponent Load Verb is to begin the Load Verb again.

For the 24 or 3-component Load Verbs, there is a backing
up feature of CLEAR. The first depression of the CLEAR key
performs the Clearing Function on whichever register is being
loaded. (The CLEAR may be pressed after any character, but
before its ENTER. | Consecutive depressions of CLEAR perform
the Clearing Function on the data display register above the
current one,. until Rl is cleared. Any attempts to back-up

beyond RI are simply ignored.

The backing-up function of CLEAR operates only on what-
ever data is pertinent to the Load Verb which initiated the load-
ing sequence. For example, if the initiating Load Verb was a

load second component only, no backing-up action is possible.

23



2. 4. 2 Loading Sequence.

The normal use of the flash is with a Load Verb. In
multi -component load situations, the appropriate single compon-
ent Load Verbs are flashed one at a time. Thus the computer
always instructs the operator through a loading sequence. For
example, consider a three-component loading sequence. The
operator (or the internal program, for that matter) initiates the
sequence by punching in VERB = 25, “load 3 components of:”
(any noun will do). The Verb code is changed to 21, “load first

"and the flash is turned on. Verb 21 continues

component of:, '
to be flashed as the operator punches in the first word of data.
When the ENTER is pressed, the Verb code is changed to 22.
Flashing continues while the operator punches in the second data
word. When ENTER is pressed, the Verb code is changed to

2 3, “load third component of ''| and zgain the flash continues while
the third data word is punched in. When ENTER is pressed, the
flash is turned off, and all three data words are placed in the lo-
cations specified by the Noun. Notice that throughout the chang-

ing of the Verb codes, the Noun code was left unchanged.

There are two special cases when the flash is used with
Verbs other than Load Verbs.

Case |I. Machine Address to be Specified.

There is a class of Noun available to allow any machine
address to be used. These are called “Machine Address to be
Specified” Nouns. When the ENTERH which causes the Verb-
Noun combination to be executed senses a Noun of this type, the
flash is immediately turned on. The Verb code is left unchanged.
The operator should load the 5-octal-character complete mach-
ine address of interest. It is displayed in R3 as it is punched
in. If an error is made in loading the address, the CLEAR

may be used to remove it. Pressing ENTER causes continua-
tion in executing the Verb.

24




Case Il. Change Major Mode

To change Major Mode, the sequence is: | VERB| 37| ENTER.

This causes the Noun display register to be blanked and the Verb
code to be flashed. The 2-octal-character Major Mode Code should
then be loaded. For verification purposes, it is displayed as it

is loaded in the Noun display register. The ENTER causes 1) the
flash to be turned off, 2) a request for the new Major Mode to be
entered, and 3) a new Major Mode Code to be displayed in the

Major Mode display register. See Mission Plan for further

details.

2.4.3 Conclusion of Loading

During data loading sequences, the flash is turned off
only by three events: 1) the final ENTER of a load sequence,
2) the VERB =Terminate, 3) the VERB = Proceed Without Data.
It is important to conclude every Load Verb by one of the above
three, especially if the load was initiated by program action
within the computer. |If an internally initiated load is not con-
cluded validly, the program that initiated it may never be re-

called.

The “Proceed Without Data” Verb is used to indicate that
the operator is unable or wishes not to supply the data requested,
but wishes the initiating program to continue as best it can with
old data. The “Terminate” Verb is used to indicate that the
operator chooses not to load the requested data, and also wishes
the requesting routine to cease operation. See Chapter 3 for
further explanation. The decision for what to do is left to the

internal program.

2.5 Program Initiation.

There is a class of programs of larger scope that the

data loading and display programs which the Keyboard can call.

25




This class is typically concerned with system testing and opera-
tion. Of course, some of these programs will need to display
data or request the loading of data or commands by means of the
Keyboard and Display Program. The details of this will be
described in Chapter 3.

The group of Verbs that perform this general program
calling is called the Extended Verbs. Their Verb codes are in

the range 40-77. The pertinent programs are called directly
upon ENTER as part of the Keyboard and Display Program
Executive Job, and with its same priority. The Verbs that call
programs of relatively short duration should be executed directly
and then should end the Keyboard and Display Program with a
TC ENTRET. Those of longer duration should place a request
to the Executive Routine for the main body of the program and end
the Keyboard and Display Program with a TC ENTRET. The
Keyboard and Display System is released before the Extended
Verbs (codes 40-77) are called, so that they may use the Key-
board and Display System Program.

2. 6 Data Monitor.

There is a class of Verbs called Monitor Verbs which
displays data every one second. Once a Monitor Verb is
executed, the data in the Display Panel continues to be updated
until the Monitor is turned off.

The Monitor is turned off by: Verb 34 (Terminate), an
internal program initiation of the Keyboard and Display System
Program (a NVSUB call that finds the Keyboard and Display
System available), and by Fresh Start.

Monitor action is suspended (but not ended) by the de-
pression of any key, except Error Reset. Monitor action con-
tinues after the Keyboard and Display System is released. Thus

it is possible to suspend a monitor while the operator loads some

26




data, or requests another display; and to return to the original

monitor when his intervention is concluded.

If a second monitor is requested by the operator while an
earlier monitor is still active, the second monitor takes over the

first, which ends. Thus multiple monitors cannot occur.

2.7 Miscellaneous Restrictions and Cautions in Loads

and Displays

This section contains certain important restrictions to
operation and facts about loading and displaying, some of which have
not been discussed elsewhere. Familiarity with them is necessary
for proper understanding of operation.

A) In octal display and monitor verbs and allload verbs,
the component number of the verb must not exceed the
number of components in the noun. If this condition is
violated, the Check Fail light is turned on when the ENTER
is pressed to execute the verb/noun combination.

This feature is included to prevent the situation in
which the operator attempts to load too many data words for
the noun he has selected and changes registers that do not
belong to that noun. Since it seems wise to make displays
consistent with loads, display verbs are similarly

restricted.

All “machine address to be specified” nouns are con-
sidered 1 component, except noun 01, which may be used

with any verb.

B) The scale factoring for seconds, hours, gyro degrees,
position, velocity, and time in weeks is handled so that the
full range of 5 decimal characters may be used. This makes
it necessary to treat these quantities as greater than single
precision in octal; that is, two consecutive erasable regis-

ters are involved in the decimal scale factoring. The
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numerically greater address is treated as the minor part;
the numerically smaller address is treated as the
major part. Note that this is not a full double
precision operation where 10 decimal characters would
have to be handled.

Octal load verbs place +0 into the major part
register, and place the octal data word loaded into the
minor part register. Octal display verbs show only the

minor part.

The above is also true of “machine address to be spec-
ified” nouns with these scales. To get at both the major and

minor parts in octal, noun 0 1 must be used.

C) In multi-component load verbs, no mixing of octal and
decimal data is permitted. The data words loaded must be
either all octal or all decimal. If not, the Check Fail light
is turned on when the final ENTER of the set is pressed.

No data is loaded into the final destinations. At this point,
the flash is already turned off. Therefore to effect the
correct load, it is necessary to key in VERB XX ENTER

and begin the loading process again.

D) In loading decimal data, it is necessary to supply 9|
numerical characters (and sign, of course) for each data
word before its ENTER. If not, the Check Fail light is
turned on when the ENTER is pressed for the offending
word. The Flash is left on and thd Verb Code is not ad-
vanced| Thus it is possible to supply the missing numer-
ical characters and press the ENTER again for the same
data word. Or the CLEAR key may be used if the operator

wishes to begin loading the offending data word again.

E) Machine addresses loaded by the operator must be
octal. If a machine address is loaded in decimal, the

Check Fail light is turned on when the address is entered.

90
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At this point the flash is off. In order to correct the ad-
dress, it is necessary to strike the ENTER again to re-

execute the Verb -Noun combination.

F) If the decimal display or decimal monitor verb is
used with an “octal only'' noun, the Check Fail light is

turned on. If any attempt is made to load decimal data
with an “octal only” noun, the Check Fail light is turned
on.

When the Check Fail light is turned on during the

loading of data, the state of the flash indicates whether it

is necessary to begin the loading sequence again (by| re-
executing the Verb-Noun combination) or if it is possible
to use the CLEAR key to remove the offending data word
and simply continue with the rest of the data load. If the
flash is off when the Check Fail light comes on, it is nec-
essary to strike thed VERB key again and supply the Verb

Code to begin the execution of the loading sequence again.

2.8 Required Operator Responses to Internally Requested Action

Whenever an internal program requests operator action,
the flash is turned on to indicate this fact. It is very important
that the operator perform one of the legitimate responses, for
the internal program may be in an idling condition while awaiting
the operator’'s response. If he does not respond properly, the

internal program may never be recalled.

2.8. 1 Response to Internally Initiated Load Request

This is the most usual event in this class. It has been
thoroughly discussed in Section 2.4. 3. The load verb situation

is the model upon which the other situations in this section have
been based.
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2. 8. 2 Response to Internally Initiated Display with Flash

The

initiating program wishes the operator to indicate his

acceptance of the displayed data. The operator may:

A)

B)

C)

Correct the data. He performs the appropriate load
verb sequence. Upon the final ENTER, the re-
questing program is recalled.

Perform V33E (Proceed Without Data). This indi-
cates his acceptance of the displayed data, and his
desire for the initiating program to continue without

further information from him.

Perform V34F (Terminate). The operator wishes
the requesting program to cease operation. The
decision for what to do is left to the requesting

program.

2. 8. 3 Response to Internally Initiated “Please Perform” with

Flash

This is usually used with the Noun “Checklist” and a coded

number for the requested action is displayed in register R1]

A)

B)

C)

Striking ENTER indicates that the requested action
has been performed (similar to data in, under a

load situation).

V33E (Proceed Without Data). The operator chooses
not to perform the requested action, but desires the
requesting program to proceed as best it can with-
out further activity from him.

V34Kl (Terminate). The operator chooses not to per-
form the requested action and desires the requesting
program to cease operation. The decision for what

to do is left to the requesting program.

]




2.8.4 Response to Internally Initisted "Please Mark" with mlash

Thig is very similar to the "Pleage Perform' case, If the
operator wishes the requesting program to get by with fewer than
the requested number of MARKS, he presses ENTER {under the
"Please Mark' Verb). If he has supplied the proper numbet of
MARKS, the requesting program displays '"Please Perform' aad
he indicates complete acceptance by ENTER {under the "Please
Perform').

The "Mark Reject" Verb (or button, when availshle)
merely cancels the last MARK.

V33E, or V34E (under 'Please Mark') have similar
meanings as described in Section 2. 8. 3.
Movre detail on MARK and "Please Mark" Verb iz best

obtained from the Mission Plan.



CHAPTER 3

NTHRNALUSE OF KEYBOARD AND DISPLAY SYSTEM PROGRAM
The Keyboard and Display 5 Systern Program 18 y available
o other internal computer programs in its entirvety for subroutine
use. Use is limited to routines operating under bixecutive Routine
control. Routines operating in the Iaterrupt Nicde raay not use the
Keyboard and Display Program as < subroutine.
The Verb and Noun Codes themselves are used as the lan-
guage for communicating hebween other internal programs and the
Kevhoard and Display System Program. Any Verb-Noun cormbina

tion available to the Keyboard can be called by inte rnal roulines.

1 Interlocks for Internal Use of Keyboard and Display Program

It is necessary to place certain limits on when an internal
rowtine maay use the Keyboard and I)'-_sp.i.ay Program. This is nec~
agsary to preveat the situation in which an internally initiated pro-
cedure might write over data in the Display Panel that the operator
has not had time to digest.

The two interlocks are: an operato rfinternal inferlock,
and an internal/internal interlock,

‘e ope rator/inte rnal intevlccek (called DB OCK) is made
busy to internal routines by any keyboard activity {except Grror
Light Reset). It remains busy antil it is "released’' by the Key

Relsase button or by certain spe vcial Verbs., See Section 3.3.2.

The internalf/internal interlock (called GRABLOCK) is
made busy to other internal routines once any internal routite has
"grabbed' the Display System. It remains busy until 10 seconds :
after the grabbing routine has "frped' it. These preocedures will

be described in detail in bSection 3. Js

“This time has been shortened to 1. 75 seconds for flight 202.
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B "l"y;p_}wu Calling Seguence for Intery
Display System
& complete calling sequance for typical internal use of the
Keyboard and Display System Program is:
L, TC GBABDBF
s Return here if Display Sysiem is already
grabbed.
Lit2, Return here means you have Display Sysien
grabbed.
M, TC NVEUB {(with Verb-Noun code in A register)
M1 Refurn here if Display System is busy
{operator),
M2, Beturn here ailer execution of Yerbs Noun,
while

used more than once

NVSUE may be
Display Sysiem i grabbed.

TC FREEDSP
Calling Keyboard and Display Program for

3.2 Details of
=

iy G

Sequence shown in Section 3,
-

Internal s
retarn option will

,,,_111 1,L_3
Also the formats ¢

&g

The details oi t
deacribed here,

7ill be

==
b
—ts

be expiained.
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3.3.1 "GRABBING' the Display System (GRABDSP)

Any internal voutine that wishes to use he Keybeard and
Display Program must first "GR. AB" the Display System by exe-
cuting a TC GRABDSP, (This routine is in dirvectly accessible
fixed memory. ) If the TC GRABDSP was done at locatien L, the
return is to LA1 if the System is already grabbed (GRAB LOCK 18

busy), I GRABLOCK shows that the Keyboard and Display Jystem

is free, the return is to L+2, indicating that the ealling routine
now has the System grabbed.

The decision for what to do if the Keyboard and Display
gvstem is found already grabbed is lelt to the calling routine., It
may uge an optional routine called CRABUSY, which enters it into
5 list waiting for the Reyboard and Digplay Systera to be freed, or

it may prefer fo continue and atierapt toe TC GRABDSP again later.
The calling sequence for the optional GRABULY 18t

CAF WARECADR

TC GRABUDBY
CRABUSY is in directly accessible fixed memory. It puts the
calling JOB to sleep, and eaters the specified CADR into a waifing
list, This CADR is the location at which you wish your JUB to
wake up when the Display System 18 freed, The list is searched
and the CADR's are called in the sequence they were inserted
according to the following convention. Affer a TC FREEDSP, the
internal/internal interiock (GRABLOCK) is kepl busy for 10 L-;.ecm'lds_f:"
after which a CADR is called from the list and the JOB waked up.
This 10-second del ay insures that all infernally initiated informa-

tion for display will be visible.

There is a special entrance to FRABUSY called PREGEBSY
tor roulines in banks that wish the CADR of 1+ {Location from

which the TC PREGBSY was doue) to be eritered in the list.

1

“This time has been shortened to 1.75 seconds for flight 202
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. 2 Internal (,,LLJI.LI g of a uerm’h.raun Combination (NVSUB)

!

'he communicator for calling the Keyboard and Display
Program is called NVSUB. It is in directly accessible fixed
mamory. Any Verb-Noun combination available to the Keyboard
can be called by NVSUB. Thbhe format is to place a word in the

"

A pewister with the 6-bit Verb code in bits 7-12 and the 8-bif Noun

G
code in bits 1-8. The TC NVSUB causes the Verb code to be dis
played in the Verb lights, the Noun code to be displayed in the
Moun lights, and the Verb-Noun combination to be executed.
Notice that the Verb 00 and Noun 00 are both illegal codes, it
punched in by the operator. Advantage is made of thiz fact in
the fellowing situation. If the preogram calling NVSUB wishes fo
display a Verb code without executing it, or to display a Noun
code without executing it, the contents of A should be set so that
the other 6 bits are all zero, Thus to display the Vero code only,
bits 1-8 are set to 0, and the Verb code is placed into bits 7-12,
To display the Noun code only, bits 7-12 are set to 0, and the
Moun code is placed into bits 1-8. The entire action of NVSUE is
taken as a subroutine of the program that called NVSUB. Thus
NVSUB is run as part of the same Executive Job that called
NVSURB, and with the same priority.

If the calling routine wishes to use one of the "Machine
Address to be Specified” Nouns, it is necessary only to preload
MPACT +2 with the appropriate Machine Address before the
TC NVEUB.

The Keyboard and Display System is mady busy (DSPLOCK]
to internal users when theve is any Kayboard activity (except
Error Light Reset), It remains busy until i is released by the
Key Release batton or by the foliowing Verbs: Release Display
Systern {33), which is included for early versions of the Keyboard
which have no Key Release button; Proceed Without Data (33);
Terminate {34); Fresh Start (36); Request Executive (20); Re-

cuest Waitlist (106): also by all the Verbs with codes 40-77 (these
L 7] % \



are the so-called Extended Verbs)

if the TC NVSUB was done at location M, the return is to
M + 1 if the Keyboard and Display System is busy {(DSPLOCK is
bugy). If DSPLOCK shows that the System 1s available, ihe re-
turn is to M + 2, after the Verb«Noun combination has been exe~
cuted. If the Keyboard and Display System is available, but in
the execution of the Verb-Noun combination some alarm condi~
tion is found {such as use of an undefined Verb or Noun code,
ot certain other gituations impossible during normal operation--

e Section 5. 1), then an ARBORT is caused (with code 01501

displayed).

The decision for what to do if the Keyboard and Digplay
System is found busy is left to the cailing routine. It may use
an optional voutine called NVSUBUSY, whichenters it into a list
waiting for the Keyboard and Display System to be released.
Or it may perfer to continue and attempt the TC NVSUB again
later.

The calling sequence for the optional NVSUBUSY is:

CAF WAKECADR

TC NVSUBUSY

NVSURBUSY isindirectly accesible fixed memory. It puts the
calling JOB %o sleep, enters the specified CADR on the top of
the waiting list, and turns on the "Key Release'' light, telling
the operator to release the Display System for internal use.
Thiz CADR is the location at which you wish your JOB to wake

up when the Display System is released.

The waiting list is searched by all internal occurrences
of the "Free' Display System but only by those external occur-
rences of the '"Release' Disgplay System which are in response

to use of the NVSUBRUSY routine.



‘There is a special entrance to N VSUBUSY ealled PRENVBSY

for poutines in banks that wish the CADR of (Location from which
the TC PRUNVBSY was done) « 2 to be ente red in the list.
3.3.3 "FREBING' the Displa System (FREEDSEP)
nJ - e —
An internal routine that has successtully "grabbed” the

Keyboard and Display System rmay execute an unlimited number of
calls to MVSUB before "free ing 'the System to other inte rual users
by executing a TC FREEDSP (This routine is in directly acces-
gible fixed memory.) If the TC FREEDSFE was done at location N,

the return is to N+ L.

After a TC FREEDSP, GRABLOCK is kept busy tor 10

seconds. after which a CADR is called from the list and the cor-
responding JOB waked up. The CADR's are called in the ovrder
they were inserted, except thal any CADR that may have been
laced in the list by NVSURBUSY is called First, This is done to
ensure that a routine which has "grabbed’ the System, but has
found NVSUR busy (due to keyboard action by the operator) and
has nsed NVSUBUSY will be called before other routines that

find the system already grabbed.

3.4 Keyboard and Display | ysivm helease

The "Key Release! Light (alsc krnown as Release Display
Systern) is turned on to indicate to the operator that some inter-
nal program has attempted to use NVSUB, and found the Keyboard
and Display System busy., Thus the ope srator should release the
Keyboard and Display System by pre sing the Key Release button
(or by performing Verb 35 on those -:aa-rly keyboards which have
no Key Release button).

eIy

Note ¢ the waiting list associated with GRABUSY and

NVSUBUSY is searched by thoge occurrences of the '"Release’’
Display System which are in response to the use of the NVSUBUBY
~ i

routine, I the Display System ig released at any time othe

£

l W
Lot
ot
=
ax
o
et

vl
T
e
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following an internal use of NVSUBUSY, the list is not searchad

even if there are some CADR's in the list dus o the use of GRABUSY.
These will be called after tlie vroutine that has the System grabbed

periforms a Free Display System.

Fe3 {qferrzd‘l" {111 tla‘ted Loads

It a loading operation is called by NVSUB, some additicnal
facts should be pointed out. 1If the Keyboard and Display System
is available, the Load Verb is displayed along with the Noun and
the flash is turned on. When everything is set up fc receive data
frorm the operator, NV3UD returns to M+ 2 of the calling routine.
Now there is a relatively long time until the completion of the
load, The option of what to do at this point is left to the calling
routine, There are essentially two courses of action.

3.8, 1 Initiating Programs that Keep Control
—— = ] ks L

Some programs that place requests through NVSUR for
data to be loaded will wish to retain control of the computer while
the operator loads the data. These can inspect the contents of an
erasable register called LOADSTAT to determine when the data

is complete. The conditions of LOADSTAT are:

0 Waiting for data.

+NZ The Verb "Proceed Without Data' has been
keyed in.

- NZ The Verb "Terminate" has been keyed in,

« 0 The data toad has been completed.

3.5.2 Initiating Programs thai Relingquish Control

Some programs that place requests through NVSUB for
data to be loaded will desire to give up contrel of the computer
until the data has been leaded. These will be recalled as soon as
the data load is completed, if they follow the procedure ocutlined
below,

A routine called ENDIDLE is provided in directly acces-

sible fixed storage. It puts the current Executive Job to sleep,



and stores away the logation from which the initiating routine did
4 TC ENDIDLE {call this location P}, It also makes NVBUB bugy
to other internal programs. [se of ENDIDLE allsws other
fwecutive Jobs to be run while the actual data loading is taking
place

L3

Neesll to the routing that called ENDIDLE is made at the
end of the loading sequence, when the Ver '“'I‘Grm:i_na.te” is
keyed in, oy when the Verb "Proceed Without Data ' is keyed in.
The reoall is o

For "Terminate. "

-
fia

il

2 o

E T

(i)

For '"Proceed Without Data.

for ata In.

L5

P
The recall is made by way of an Executive Routine request to
wake up the voutine that did the TC ENDIDLE. NVSUR is made

available just belore recall.

3.6 Other Uses of ENDIDLE

As discussed in Section 3.5, 2, the primary use of ENDIDLE
is while an internal program is waiting for data that it requested
to be loaded (with an actual load verb). Experience hus shown that
there are several situations in which internal programs wigh to
wait for certain operator actions before continuing in their solution
These programs may uge ENDIDLE, but they must lurn the flash

on to indicate to the cperator that he must respond.

3.6.1 Use of ENDIDLE with Display Verbs

A routine going to NVSUR with a display verb may then turn
on the flash, and go to ENDIDLE. This is dene when the program

wishes the operator to indicate his acceptance of the dis played data
A) If the operator wishes to correct the data, he may
parform the appropriate load verb sequence. Upcn

the final ENTER, the requesting program ig re-

30
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By If the operater wishes to accept the displayed data,
he strikes V33E (Proceed Without Data). This indi-
cates hig desire for the initiating program to con-
tinue without further information from him. The
requesting program is rvecalled at P + 2

&) It the operator mayv wish the requesting program fto
cease operation, he strikes V34E (Terminate). The
equesting program is recalled at P + 1. Whether
or not il ceases to operale is decided by the prograin

itsell at this point.

3.6.2 Use of ENDIDLE with "Please Perform"

A routine may display the Please Perform Verb usually
with the Noun "'Checklist' and a coded number for the action it
wishes to be performed in Register Rl. The flash must be turned
on. Operator responses are:

A) ENTER to indicate the requested acfion hag been

taken. Recall is to P + 3 (similar to data in, undex

a load situstion).

B) V33E (Proceed Without Data). The operator chooses
not to perform requested action, bui wighes the re~
questing program to continue as best it can without
further activity from him.

) V34E {(Terminate). The operator chooses not to per~
form the requested action, and wishes the requesting
program to cease operation. The decision for what

to do is left to the requesting program,

3.6.3 1se of ENDIDLE with '"Please Mark"

This is very similar to the "Please Perform' case. If the
operator wishes the requesting program to get by with fewer than

the requested number of MARKS, he presses ENTER {(under the



) - i g P : T L ; ¢
Please Mark™ Verb). I he has supplied the proper number of

MARKS, the requesting program digplays 'Plaase Perforrm ' and
L 5 M 2 : 2

he indicates complete acceptance by ENTER {uader the "Pleass
Perform "),

The "Mark Reject" Verb (or bution, when available)
merely cancels the last MARK, More detail on MARK and the

"Please Mark" Verb is available from the Mission Plan,
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CHAPTER 4

PROGRAM DESCHIPTION

The AGC Keybeard aand l'.)i-.-'spla\,- Program, as currenily
implemented, comprises nearly 2,000 words and occupies ihe
majority of two banks of AQGC fixed memory. The listing of the
program contains a significant amount of documentary
information and is regarvded as the prime reference
tor the program's description. Thig chapter attempts
to give a broad functional description of the program
flow and logic to aid in the understanding and use of the

routine.

Figure V-1 gives a fur wotional block diagram and illustrates
the three principle divisions of the program:
1. Input Charaecter Processing.
2. Command Execution.

3. Display,

4,1 Iaput Character Processing.

The partg of the progranm which process inpul characisrs are.

1. KEYRUPT., The routine triggeredby the Keyhoard
Interrupt which reads the input character and activates
the Executive Routine part of the I&{‘y") oard Routine
{(CHARIN).

5 NUM. The part of the routine which processes
numerical characters.

3. The various control character processots including:
NOUN, VERB, CLEAR, ERROR BESET, +, -, and

KEY RELEASE.



Descriptively the NOUN and VBB keys indicate that new
command paramelers are to be entered and the program initializes
s

the proper registers to accept these parameiers.

The + and » keys are used to set register DECBRNCH,
which directs NUM how to accept input numerical characters,

3

The function of CLEAR has been described in Chapter
This function is implemenied by nsing the state of regisier CILPASSE
as a oncs-pass gate, Inibially CLPASS is +0, ag get by an ENTER.
When CLEAR is actuated, the "blank current register' paih is

PASS is incremented. A sscond CLITAR then will

i) 1—

taken and O
take the ather branch (CLPASSII) and do the backing up. Ii,
however, a sign or numeric character intervened, CLEPASS s d
have been reset to +0. A special cage i8 required for the single-
component loads since these can not be allowed to back up. These
verba then sef CLPASS te a larpge negative number which prevents
the backing up path from being entereaq.

The funciion of ERROR BRESET is clear from the flow chart.

The ENTER key iz used in two distinet ways:
L. As an execute gignal implving that the operaior
nits the current noun-verk command to he executad.
This ceourg when REQDET is pogitive and is the normal

ENTER function.

2. As a data-entered signal implying that the cperator
hag completed a numerical input word. This aeceurs
when REQRET is negative, OSince data is entered

only in regponse to & daia request, the routines which
do this requesting {e. g., REQDATZ) set REQRET
n_egative. The Enter routine, when it takes the ''data

sl

in" path (ENTPASSHI), lsaves REQRET positive so



that succeeding ENTER's will be interprsted in the

tirst category unless another load request has occurred.

Numerical input is processed by the NUM routine,which
asgzembles input characters in oue of 5 possible buffer registers,
NOUNREG, VERBREG, X, ¥, or ZREG, depending on the previous
control characters or the load command, The buffer register used
is determined by the state of DSPCOUNT, so that there is a 1-1
correspondence befween the input buffers and the displays. &8
numerical data is accepied, it ig also digplayed via the DSFIN
subroutine. NUM accepis aither octal or decimal input.
Octal input is assembled by cycling so that leading zeras
are not required. Decimal input ig accepted as if the decimal
point were to the far right until overflow ov the fifth character is
in; thig ia then converted to {rac tional form and stored to double

precigion. Five characters must be punched in for decimal.

4.2 Command Execution,

' it LRI = 2t 2 .
Whenever an 'execute Verb-Noun ENTER occursg, the

particular command routine implied by the Verb-Noun codes

executed. This process takes place in two stages:
1. Noun Translation.

9. Verb Execution,

The Noun transiation phase decides whether the Noun is Nor-
mal or Mixed, looks up the machine address for the given Noun
and stores it in NOUNADD, tests if the Noun address is to be
entered or incremented, and does as much preliminary processing

as possible before branc hing on the Verb code.

After the Noun translation phase, a full fan on the Verb code
is executed and a particular Verb routine is entered. These fall
into three general categories:

1. Display and Mo r Commands.

2., Load Commands.

._\'\.:...
L



1 TSIt T I T
1 Monitor Verps

The bagie flow of control for decimal display i
1 All component data pick up from referenced

registery inte a temporary buffer.

4. Tor ¢ach cr;m;‘:‘;‘j:‘;a:nt in turn:
. Seale factor look up

L. Sealing routine look up.

¢. Spale and display,

The logic is complicated by the difference between Mixed

and Normal Nouns, sipce the Noun Tables 1o gac

formats (Appendix IV}
tion is implemented by providing a

The monitoring func
The Monitor

Monitor Verb corresponding to each Display Verb.
execution consists of thrae bhagic parts:
1. The MONITOR routine, entered via the verblian,
saves the Noun and Verb codes and the machi
corresponding to the Noun (in case it was a "Machine Ad-

dress to be Specified” Noun) and makes a Waitlisi request

for MONREQD.

g address

“ The MONREQ routine is merely a seneduling rouiine

which produces an Executive call to MONDO every | sec.

3. The MONDO routine causes execution of the equivalent
Display Verb and Noun combination whenever it 1s called.

Tt firat tests DSPLOCK {the operator/internal interlock)

to enable keyboard activity to suspend (but not end)

monitotring action.






£ 3 Subroutine Use,

Ay eniry routine WYSUB has been provided fo make
the routines of the Keyboard and Display System availa
to programs as wall as the Keybeard., The use and philosphy has
boen previously described, The siruciure of the program is
gstraightforward and, in effect, depends on having an erasable
register BENTRET as the exit instruction for all Keyboard and
Display routines, When they are initiaied by the Keyboard, this
register iz preset to TC ENDOFIOE; when they are initiated by
NVSIR, it is get to NVSUBEND where a return is made to the

calling routine.

The mechanigm for handling internally requestad loads
Has been previously desceribed,
4, 4 Digplay Output Routines.

The electrolumingscent Digplay Panel is pericdically updatsd
by INTERRUPT #3 (T4RUPT) to the DSPOUT routine. This routine
(Fig. V-2) maintaing a correspondence between an internal buffer
{DSPTAR) and the lights by driving the controlling relays via OUTO
whenaver the states of the buffer and lights differ.

To censerve Interrupt time, the programs which make
entries {0 the DSPTAB (e, g., DSPIN) always test that;

1. The new entry represents a change from the previous

enfry.

2. The previous entry had already been displayed (as
opposed to awaiting dizplayl.
Only if both conditions are satisfied is the DSPOUT counter (NOUT)
inpremented., Hence c{MNOUT) is the number of DSPTAB entries which

must be sent out to make the Display Panel correspond to the butfer,

The differentiatiocn between a DSFTAR entry which has been
Y



displayed and one waiting to be displayed is maintained by the

sign of the entry. Positive entries have already been displaved,
while their complements represent new information waiting to be
displayed. When DSPOUT sends a word to OUTG, it changes the

DSPTAB entry sign from negative to positive to indicate this.

As can be seen by following the flow chart, a safety play
is incorporated to guard against looping. Whern the counter (DSPCNT)
which is used to step through the display table reaches zero the

second time, then there must be no negative entries in DSPTARB so

NOUT is set to zevo and the program exits
4.5 Interlock Control,

Interlock between external (keyboard) and internal routine
use of the Keyboard and Dispiay System is controlled by tne
following routines:

1. GRABDSPF, GRABRUSY

2. NVSUBUSY

3. FREEDSP, FREEWAIT, FREDSPDO

4, RELDSP
The effect and use of these programs has been described in Chapter
3.

Logically the interlocking is accomplished by controlling
the states of 2 registers, DSPLOCK is the operator/internal
interlock and has 2 states: external activity or no external activity.
GRABLOCK is the internal/internal interlock and has 3 states

1. +0 no internal control (system is available).

2, #1 internal control assumed by some routine.
Others rmust wait.
3, 42 internal control assumed by some routine, but

pre-empted by external activity, When
external user releases the Display System, the
internal routine is re-activated (JOBWAKE) and
GRABLOCK is reset to +.



CHAPTER 9
ATLARMS AND SPECIAL CONTROLS

The Keyboard and Disvlay System Program akes uge of
the Program Check Fail Light (alaso known as Illegal Crder). It
ig also concerned with the Key Release Light (also known as
Release Display System), the lash, and the Brror Light Reset
Rutton. This chapter will describe the way the Keybeard and
Display System Program inakes use of these alarins and controls.

B, 1 1 rogram Check F ‘411_J_ught (Illegai Order_}_.'

The Program Check Fail Light is turned on by the Key-
woard and Display Program when it encouniers some improper
operating condition. If the Keyboard was the initiator, it does
4 TC ENDORJOB; if some internal program was the iaitiator, an

ABORT is caused {(with code 01501 displayed).

The conditions which cause the Keyboard and Dizplay
Program to turn on the Program Check Fail Light are:
i An input code cther than those listed in Appendix ]
received from the Keybeard.
2. The contents of the register used to determine which

Display Parel character is to be lighted has exceeded i
ik,

3. An 8 or 9 was punched in while loading a word that was
not precedad by a plus or minus sign.

4. An undefined Verb or Noun code has been used. The
Verb 00 or Noun 00 are always illegal if puniched into the

Keyboard.
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3. A decimal number which is numerically too large for
the scale factor assigned to the current Noun has been
loaded through the Keyboard.

8. The dp decimal display Verb has been used with a
Mixed Noun.

-

af compenents in the noun (see Section 2. 7).

8. Octal and decimal data is mixed while performing a
multi-component load verb (see Section 2. 7).
3 Fewer than 5 numerical charvacters are supplied in
loading decimal data {see Section 2. 7).
10. A machine address is loaded in decimal (see
Section 2. 7).
1, A decimal display or decimal monitor verb is used
with an "octal only" noun., Decimal data is loaded into an

"octal only" noun (see Section 2. 7).

3.2 Key Release (Release Display System).

The 1illumination of the Key Release light indicates that
some internal program has attempted tec use the Keyboard and
Display System Program and found it busy due to operator action.
The operator should press the Key Release bulton {or execute
Verb 35 in those keyboards which have no Key Release buiton)

when convenient,

5.3 The Verb, Noun Flash.

The Verb and Noun lights are flashed to indicate that some
action is required of the operator (usually the loading of data). Tt
18 turned off by any of the usual load sequence conclusions:

I. Finishing the load sequence (for non~load situations,

e Section 2.8).

Punching in Verb 33, Proceed Without Data.

(i)

3, Punching in Verb 34, Terminate.

l. The component nurnber of the verb exceeds the number
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The Error Light Resst button serves two functions. By
direct wire, it turns off the non-program computer alarm lignts
on the Display Panel, By program action, it takes the following
action related to the Digplay Panel: the Program Check Fail
light is turned off, the UPLINK Activity light is turned off, the
Telemetry Fail light is turned off, the Program Alarm light is
turned off, the DSPTARB buffer is checked for proper format and
corrected if necessary. Algo, the following program action not
related to the Display Panel ig taken: Endpulses are unblocked;
the BErrupt lock ta reset; the C Relays corresponding to IMU Fail,
CDU Bail. and PIPA Fail are reset.

The Fresh Start Program ig initiated either by lhe auto-
matic restart circuitry or by Verb 36. IL takes the following

action in regard to the Keyboard and Display Systewns: turng off

“

the Digplay Panel Alarm lights, turng off the Key Release lis
planks the Display Pan el Data and Control Registers, releases
the Display System (DSPLOCK), frees the Display System

(CRABLOCK), and terminates the Monitor. It also initializes

much of the program conlrol software.

A
it



APPENDIX 1

INPUT/OUTPUT CODES

1.1 Keyboard Input Codes.

Thege codes enter the computer through bits 1-5 of INO.
The M3B is placed in bit 5; the 158, in bit 1.
MSB ISP

i 10000
. 00001
2 00010
3 00011
4 00100
5 00101
6 00110
7 00111
8 01000
9 01001
VERB 10001
ERROR RESET 10010
ABORT 10011
KEY RELEASE 11001
i 11010

11011
ENTER 11100
CLEAR 11110
PRI 11111

g
i)



[hese codes are placed in QUT0. There are two possible
orientations, For the right chavacter of a pair, the MSRE is
placed in bit 5; the LSB, in bit 1. For the left character of &

3

pair, the MBE is placed in bit 10; the LSB, in bit 6,

MSH LSB
Blank CC000
0 10101

ey
=
Y
—
—
i

7 L0612
8 LS

o
w



[.3 Relayword Format for QUTO,

Rits 15-12 it 14 Ritc 10 6 Hits 5-1
1011 MD1 M2
1019 FLASH VD1 VD3
1001 ND1 ND2
1000 UPACT R1D1
0111 +R1S R1D2 R1D3
0110 ~R18 R1D4 R1D5
010! +R28 R2D1 BIDY
0100 -R28 R2D3 R2D4
0011 R2D5 R3D1
0010 +R3S RED2 R3D3
0001 -R38 Rabd R3D5

The Display Panel Output Buffer (DSPTAB) follows this

same format with respect to the low order 11 bits.
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APPENDIX 1i

VERBS

B e

H

02
03
04

e
h

o]
o

l.1 Ordinary Verbs

e e e . A VAL

Display (in octal} lst component of:

Digplay (in octal) 2nd component of;

Digplay {in cetal) 3rd component of;

Display (in octal) 13t and 2nd cornponents of;
Display (in octal) 1st, Znd, and 3rd com~-
ponenta of:
Display (in decimal) all component(s) of:

DF decimal display

Enter Request to Waitlist

Monitor (in octal) 1st component of:

Monitor (in octal) 2nd coraponent of:

Monitor (in octal) 3rd component of:

Monitor (in octal) 1st and 2nd components of;
Menitor (in octal) ist, 2nd, and 3rd com-

ponents of:

Monitor (in decimal) all component{s) of:

Monitor DF Decimal
Enter Bequest to Executive

18t combponent of:

CR
&5

Display

Location

A S 3 e i

El

Rl

Rl

RI. B2

R, B2, R3
As
appropriats

Ri, R2

Rl

gppropriate

R1l, RZ

Rl
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o

caoea
-3 o

Display
Function Liocation

Ry

Load 2nd component of: R2
1.0ad 3vd component of: R3
Load lst and 2nd components of: R1, RZ
l.oad lst, 2nd, =nd 3rd components of: R1l, R,
Spare

Spare

Spare

s
=

Bank Display
Bump displays [::-.{R‘.J:) into R3, c{R1) into R?]

Proceed without Data
Terminate

Release Display System
Fresh Start

Change Major Moede to:

L
o

=]
At
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i

i

CF

e |
it

&n
[oy]

Bxtended Verbs

ero {used with noun ICDU or OCDU oaly)

4

Coarge Align {used with noun ICDU ar OCDU onl

Fine align IMU

Liock MU

Sei IMU {o Attitude Control

Set IMU to Re-entry Control

Return IMU to Coarse Align

Turn Optical Tracker On (nof in use yet)
Pleage Perform

Please Mark

MARK Reject {(ungilbutton is available}
Free {(used with Noun ICDU or OCDY only)
Pulse Torque GYRO's

Align Time

Perform Banksum

Perform System Test

Prepare for Standby

Revover from Standby

Spare

Spare

Spare

Spare

Spare

SDare

Spare

Spave

¥

Spare

Spare

a7
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76

Spare

Perform I/O Operation

Ipdate State Vecior

Abort RBoost



Verb Descriptions.

12,1 Ordinary Verbs

Verbs 01-G5

Verb 06

Yerb 07

Perform octal displays of cata.

Performs decithal digplay of data. The
scale factors, types of seale factor routings,
and component information are stored within
the rnachine for each Noun which is required

to digplay in decimal,

Perforiris a double precision decimal display
of data. It does no scale factoring, It merely
performs a 10 character fractional decimal
conversion of two congeculive erasable reg-
isters using Rl and R2 (the sign is placed in
the R1 sign pesgition; the RZ sign position is
blank). It cannot be used with Mixed Nouns.
[ts intended use ig primarily with 'Machine

Address to be Specified’ Nouns.

Enters request to Waitlist Routine for any
machine address with any delay. This Verb
aasumes that the desired number of 10 mille-
gecond units of delay has been loaded into the
low order bits of the Prio/Delay register

{Noun 28). This Verb is used with the "Ma-
chine Address to be Specified"” Noun. The
complete address of the desired location is then

punched in. See Section 2, 4.2, Case L

Update data displays every second.

LAl
L)



YVerb 20 Enters reqguest to Executive Routine for any
machine address with any prio rity. This
Verb assumes that the desired priority has
been loaded into bits 10-14 of the Prio/Delay
register (Noun 26). This Verb is used with
the Noun "Machine Address to be Specified. "
The complete address of the desired location
is then punched in. See Section 2. 4.2, Case 1.

Verbs 21-25 Perform data load. Octal quantities are un-
signed., Decimal guantities are precaded by

ator - =g

Verb 31 Bank Display. This Verb is included to per-
mit displaying the contents of fixed memory
in any bank, Its intended use is for checking
program ropes and the BANK position of

program ropes.

Lo
2

Verb Display Shift. TUseful for preserving an ex-
isting display of a quantity while digplaying
another quantity,

Verb 33 Proceed Without Data, Informs routine re-
questing data to be loaded that the operator
chooses not to load fresh data, but wishes
the routine to continue as best it can with
old data. Final decision for what action
should be taken is left to requesting routine,

Verb 34 Terminate. Informs routine requesting
data to be loaded that the operator chooses

not to load fresh data, and wishes the routine

60
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erb 325

to terminate., Final decision for what action
shouid be taken is left to requesting routine
If Monitor is on, it is turned off.

Releases Keyboard and Display System for
internally initiated use. Performs the same
function as the Key Release button. It is in-
cluded for use with those early keyboards
which have no Key Release button.
Initializes the program control software and
the Keybeard and Display System Program
See Section 5,5 for details.

Changes to New Major Mode. See Ssction
2.4,2, Case II for details.



e Extended Verbs

Verb 50

Verhs 51, 52

Verbs H3-54

Must be used with Noun 20 (ICDU) or
Noun 35 {OCDU) only.
Must be used with Noun 20 (ICDU) or
Noun 55 {OCDU) only.

Call programs that perform the indi-
cated G&N System procedure.

Thig verb is used only by internal routines
that wish the operator to perform a
certain task. It should never be keyed

in by the operator. It is usually used

with Noun 25 (Checklist). The coded
number for the Checklist Item to be per-
formed is displayed in register Ri by the
requesting routine.

Once the operator has performed the
requested action, he should press ENTER
to indicate that the Checklist Item has
been performed. If he wishes not to per-
form the requested action, he should key
in the Verb '"Proceed Without Data. ' (see

Section 2. 8. 3)

Verb 51 is used only by internal routines
that wish the operator to MARK., It
should never be keyed in by the operator.
The operater can reject the last MARK by
Verb 52 (Mark Reject) or by pressing the
Mark Reject button when it is available,
(see Section 2,17, 4)

Call programs that perform the indicated

G&N System procedure,



e e e Pt o

Verb 55 Requeats the loading of A'T {in seconds).
When this data has been entered, the
contents of the time couniers are updated.

in order to align time, if i3 necesgsary
i be able to digplay time as of a given
command with a minimum of uncertainty
in fetching the time counters. Noun 85
has been altered so that it displays a
Sampled Titne. The time counters are
sampled for this noun in Keyrupt, Uprupt,

and in the interrupt section of the

tmoniior.
Yerb 56 Cauges the Belf Check Program 1o per-

form the sum check of the fixed memory
Verb 57 Calls the program that performs the
G&N System Test.
Verbsa 60, 61 Are included to correct TIMEL and
TIMES after a period of low power op-
cration when the AGC clocks are not
unping, but IN1 (the 24 hour tivne couriter)
is maintained.
At least 1.5 seconds before the compuie?
i put in standby mode, the ope rator
punches in:
v 60 E (Prepare for standby)
After the computer is put back in the

tull power mode, the operator punches in:

vV 61 E {Recover from standby).

ENTER is punched in.

63



Verb 75

Verbd 76

Verb 77

Calls program that performs certain

manual input/output options.

Calls program that allows the State
Vector to be updated.

Calls Boost Abort program

64
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1.

3

Noun Desecriptions

HI. 3.1 Normal Nouns

Noun 08

Nounsg 01-07

Noun 15

Nouns 16-17

Not in use

The machine address for these nouns is

not stored within the machine, but is sup-
plied by the operator. This allows any
address o be lpaded, displayed, or monitor-
ed. When ENTER is pressed with one of
these nouns, the Flash is activated, but
the Verb is leff unchanged, This indicates
to the operator that he should type in the 5
character OCTAL address, followed by an
ENTER, It is displayedin B3, and the
Flash is turned off., Thereafter, the exec-
ution of the Verb continues, just as in the
case of any other noun. Seven different
"Machine Address to be Specified' nouns
are provided so that any of the decimal
scale factors may be applied to the contents

of any machine address,

This is used to increment the machine ad-
dress already specified. It is useful for
loading or displaying a group of consecutive

addresses. OCTAL only,

These nouns refer to the time counters
TIME1, TIMEZ, and are not normally
loaded. If decimal is desired, Noun 16
gives seconds modulo 1000 (maximum
+999. 69 seconds); Noun 17 gives hours up

te a machine maximum of 745, 65 hours. ¥

* Since this noun refers to counter registers, it is not

normally loaded, However, the capability exists and
loading may be useful in special applications.
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Noun 20 Thig refers to the 3 ICDU counters, They
are not normally loaded. If decimal is
desired, the form is XXX, XX degrees
(maximum of +359. 99).°

Noun 21 This refers to the 3 PIPA counters, and
18 net normally loaded, In decimal, regis-
ter contents arve presented as whole daci-
mal, representing the number of PIPA
counts {maximum +18, 383). *

Nouhn 22 This refers to the desired platform angle
registers (THETAD), (Decimal scale,

+358. 99 degrees maximum, )

Noun 23 This refers to the Temporvary Data Bulfer.

{Decimal scale +£359. 99 degrees maximum,)

Noun 24 This refers to the Temporary Data Buffer,
{Decimal scale, +999. 99 seconds maximum.
Nivam 25 Usually used with Verb 50, described in

oection II. 2, 2. Refers to Temporary
Data Buffer. (If decimal is desired, whole

tcaleis used. )

e
[}

Noun This Noun is to be preloaded with the de-
sired PRIORITY for use with VERB 20
(REQUEST EXECUTIVE); with the desired
DELAY, when ugsed with VERB 10 (RE-
QUEST WAITLIST), OCTAL is to be used
for the PRIORITY,; decimal whole scaling
& provided for the DELAY, '

>

* Since this noun refers to counter regiqfﬂ‘rfj, it is not

normaliy loaded, However, the capability exists and
loading may be useful in spsecial dppi}.ual.w_on
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Noun

Noun

FNoun
Noun
Noun

Noun

Noun

Noun

a9

310

31

+0 loaded iuto this Noun causss the idls

th

job to be done for Executive Backup.

~NZ loaded into this Noun causes the AGT
Self Check routine to be done for the

Executive Backup indefinitely

+NZ loaded into this Noun causes the AGC
Self Check rouiine o be done for the
Executive Backup N times, where N is the
Number loaded. (If decimal iz usad, whole

number scale, )

Refers to the Temporary Data Buffer,
[ntended for star identification numbers.
The decimal scale for each is whole.
This Noun is usually used with Verb 51,
described in Section II. 2. 2,

Used to display system failure conditions,
A coded number to identify the failure is
displayed in R1. The address of the last
malfunction detected by the Self-Check
program (if appropriate) is displayed in
RZ. The number of times the Self~-Check
program has detected a malfunction {if
appropriate) is displayed in R3 {Octal

ornly).

Refers to TDEC. Scale ig time in weeks,
Refers te TET. Scale is time in weskas.
Refers to MEASQ. Scale is position.

Refers to ROLL, PITCH, YAW. Scale

i3 regular degrees.
Landmark data. Oetal only.

Refers to the temporary data buffer.

Scale ig Vg,

-4
I



Noun 52 Refers to GBIAS registers. Scale is
Gyro Bias Drift

Noun 53 Refers to ADIAX registers. Scale is

Gyro Axis Acceleration Drift.

Noun 54 Refers to ADSRAX registers. Scale is

Gyro Axis Acceleration Drift.

1. 3. 2 Mixed Nouns

Mixed Nouns are those whose components refer to non-

consecutive addresses or have different scale factors.

Noun 55 Refers to the OCDU counters. (Decimal
scale: X OPTICS scale is +359. 99 degrees

maximum. Y OPTICS scale is either

+179.99 degrees maximum, or t-89.999
degrees maximum. See Section |IIl. 2)"'1
Noun 56 Refers to Temporary Data Buffer. Noun

is used by internal routines to display
the OCDU angles and time (seconds) when
an unrequested Mark is performed.

(Optics decimal scale is same as Noun 55. |

Noun 57 Refers to the desired optics angle regis-
ters (DESOPTX, DESOPTY)| (Optics
decimal scale is same as Noun 55. |

Noun 60 Refers to IN3, WASKSET, OLDERRI

Noun 61 Refers to Temporary Data Buffer. Scales

are elevation in degrees, degrees.

4 Since this noun refers to counter registers, it is not
normally loaded. However, the capability exists and
loading may be useful in special applications.
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Nouns 62-64

Noun 65

Noun 66

Noun 67

Noun 70

Noun 71

Noun 72

Noun 73

Noun 74

Noun 75

Refers to each of the ICDU and OCDU

counters separately, and time counter
(in seconds). The ICDU decimal scales
are +359] 99 degrees maximum. (Optics
decimal scales are same as Noun 55. ):11

Refers to TIMELl] TIME2 counters. (Dec-
imal scales: hours scale, +745] 65 maxi-

mum; seconds scale, +999. 99 maximum. )"1

Refers to Temporary Data Buffer. Dec-

imal scales are whole, fractional, whole.

Refers to the desired delta GYRO angle
registers (OGC)| Decimal scale is
XX. XXX degrees.

Refers to the PBIAS registers. Scale is
PIPAl bias.

Refers to the PIPASCF registers. Scale
is PIPAl scale factor error.

Refers to the DELR registers. Scale is

position.

Refers to the DELVEL registers. Scale
is velocity.

Refers to TDEC, MEASQ, MEASMODE.

Scales are time in weeks, position, whole.

Refers to the Temporary Data Buffer, and
DELTAQ. Scales are position, velocity,
position.

4 Since this noun refers to counter registers, it is not

normally

loaded. However, the capability exists and

loading may be useful in special application.
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Noun 76

Noun 77

Refers to the Temporary Data Buffer.

Scale is position.

Refers to the Temporary Data Buffer.

Scale is velocity.
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APPENDIX 1V

NOUN TABLE FORMAT

IV. 1 Code Numbers.

The Noun Tables contain the information necessary to per-
form scale factoring of decimal data in loading and display. There
is a Component Code Number, which indicates how many
component members belong to the given Noun; a Scale
Factor Routine Code Number, which indicates what
Scale Factoring Routine should be used with this Noun;
and a Scale Factor Constant Code Number, which indicates
what scaling constant should be applied for this Noun. Of course,
Mixed Nouns require a separate Scale Factor Routine Code and a

separate Scale Factor Constant Code for each component.

Component Code Number

00000O0 1 component
00001 2 components
o0oo010 3 components

Scale Factor Routine Code Number

00000 Octal only

00001 Fractional

00010 Degrees (XXX. XX)

00011 Arithmetic Scale Factor

00100 Arithmetic Double Precision (multiplies by
‘_J.Hw*l at end)

00101 Arithmetic Double Precision

00110 Y Optics Degrees

00111 Arithmetic Double Precision (shifts left by
7 at end)
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Scale Factor Constant Code Number

00000 Whole

Time in Seconds (XXX. XX)
00001 Time in Hours (XXX. XX)
00010 Degrees
00011 Gyro Degrees
00100 Gyro Bias Drift
00101 Gyro Axis Acceleration Drift
00110 PIPA Bias
00111 PIPAl Scale Factor Error
01000 Position
01001 Velocity
01010 Time in weeks
01011 Elevation degrees
0110 0 Vg for 202

These Code Numbers, together with the machine addresses per-
tinent to each Noun, are combined in the Noun Tables: NNADTAB,
NNTYPTAB, and IDADDTAB (necessary for Mixed Nouns only).

IV. 2 Noun Tables--Normal Nouns.

swavtae [ E

+0, Not in use
-NZz, Specify Machine Address

- 0, Increment Machine Address

15 11 10 6 5 1
NNTYPTAB COMP# S. F. ROUTY#|S. F. CON#

IV. 3 Noun Tables--Mixed Nouns.

15 11 10 |
NNADTAB COMP # IDADDREL

+0, Not in use
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NNTYPTAB

3-component noun
or

2 =~ component noun
or

1 -component noun

IDADDTAB

(IDADDREL)— [5.F|

3-component

or

15
(HMUJDRHL)¢Tb|S.E.

2-component

or
(IDADDREL)

3-component

15 11 10 6 5 1

S.F.CONH#H{F.COA?H|S.F.CONH

1110

//////////////!S F. “““IS FCoNTH

EILALD D

W//////////////f//////////// sFconm

15 | 11 10 1
ROUT L] =

15 11 10 1

S. F. ROUT24# E2

15 11 10 1

S. F. ROUT37 E3

11 10 !
ROUT1# =

15 11 10 !
S. F. HOUWQﬂ E2

11 10 1
r J!MHI] EIl

15 11 10 1
s.F.1u3U12ﬁ| E2
15 11 10 1
S. F. ROUT3# E3
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APPENDIX V

PROGRAM FLOW DIAGRAMS
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ABC Keyrup_l_l INPUT NUMERICAL
KEYBOARD CHARACTER Numerical CHARACTER
Uprupt PROCESS ING DISPLAY
/L = ’ ASSEMBLY
Telemetry DEC/BIN CONV
+
1
E'oeuanr CONTROL
oo CHAR ROUTINES
Error Reset INITIALIZATION
Key Release AND SEQUENCH
CONTROL
Execute Enter
Verb-Noun /\ Enter Data \ord
A4
! Address  Loads ¥
NOUNTRANSLATION [* r}
ADDRESSES
NOUN COMPONENTNOS
TABLES SCALE  FACTORS
! 1 SCALE ~ ROUTINES
| VERB  EXECUTION Data Loads
AGC
= DISPLAY
Display Load _| PANEL
DISPLAY  PANEL
Monitor UPDATER
Program I
Call DISPLAY
SUBROUTINES .| DISPLAY
Extended INCLUDING BUFFER
Verbs BIN/DEC CONV
Initialization
Fig. V-I Keyboard and display block diagram.
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DSPOUT

— 0 CTDSRUET

Update
Displays

NOUT-NOUT-1 ‘

DSRUPTEM- -0

DSPCNT-DSPCNT + (-0)

To Prevent +0

!

DSPSCAN

TEST
SIGN OF
DSPTAB

+  Already Displayed

- Not Yet _ .
Displayed | =il =
\(0 Need To
1 Reset
[ 1 Counter.
DSPTAB + i =-DSPTAB + |
FORM OUTOl WORD
FROM LOW 11 BITS OF
DSPTAB + RELAY WORD "0 | DSRUPTEM = +0 |
CODE IN HIGH 4 BITS DSPCNT =—10
SEND TO OUTO i
ANDD I SPBUF S:sds id et Flag
Through
Table Every Table Entry
MOLT == 4=() Has Been Checked
So Reset NOUT
,
———( LVDSRUPT )
Fig. V-2 DSPOUT flow diagram.
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APPENDIX VI

UPRUPT OPERATION

An UPRUPT is executed when a 15 bit Uplink] message is
assembled in register UPI,INK| The UPRUPT program reads this
15 bit word and tests for WiVl format. (This is a 5 bit keycodgq
message, its complement in the middle 5 bits, and the original in
the high 5 bits. )

If the WWWl test is passed, an executive request is placed
for CHARIN to digest the 5 bit key code. If the WWW test is
failed, the TM Fail light is turned on and a program interlock is
activated to block further acceptance of Uplink messages. This
interlock is freed by sending the Error Light Reset code through
the UPLINK/| It is important to send a string of at least 15 zeroes
before the Error Light Reset to clear out any “ones” that might
be left in UPIINK| due to falling out of synch.

The UPLINK|I ACTIVITY light is turned on by all UPRUPT's]|
It is turned off by Key Release. Therefore, it is good practice to
send the Key Release code at the end of a sequence of P, NK]

transmissions.
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Internal

R. Alonso
Arnow (Lincoln)
Battin
Baxter

. Bowditch/F. Siraco
Bowler
Boyce
Boyd
Byers
Cherry
Cluett
Coppd
Coleman
Crisp
Cushman
Dahlen
DeLisld
Duggan
Dunbar
Euvrard
B. Feldman
. Felleman
Felix
Flanders (MIT/ KSsC)
. Filene
Fleming
Gauntt
Gediman
Gilmore
Grant

. Green (10)
D. Grief
Eldon Hall

D. Hanley
W. Heintz

PN rmenDE N TETOEOMESODEMZODI >0 VD

James

>om -

TOIDEOCOBOAACP»P-“0>=ssP»P>02r "

E-1905

DISTRIBUTION LIST

Hemker (MIT/NAA)
Hickey]

Hoag

Hopkins

Houston

B. Johnson
Johnston

Katz

Kosmala (3)

Koso

. Kramer
. Kupfer

Laatd
Ladd
Larsen
Larson
[LaPointd (25)
Lawrence (MIT/GAEC)
J. Lawtonl (10)
M. Lawton (MIT/ MSC)

Martinage
Mayo
McNeil

McKernl
Mudgett

Millard
Miller

John Miller

C.
J.
J.

E.
W.

Muntz
Nevins
Nugent
Olsson
Patterson

OEPIrIDITIIECHETEMEAETSZO0EMBEOTREZTOLZ

. Petersen

Reasor (MIT/MSC]
Richter (MIT/ MSC)
Rhode
Samuelian
Sarmanian
Schmidt
Schmidt
Scholten
Schwarm
Sciegienny
Scolamiero
Sears
Shillingford
Shotwell (MIT/ACSP)
Shuck
Sitomer
Smally|
Srebnik (MIT/GAEC)
Stameris
Stone
Suomala

. Tanner
. Therrien

Toth
Trageser
Weatherbee

. Werner (MIT/NAA)

White
Wilk
Wolff

Woodbury|

. Wrigley

Yankovich

Apollo Library (2]
MIT/IL Library (&)



External:

W. Rhine (NASA/MSC) (2]
NASA/RASPO (1)
L. Holdridge (NAA /MIT) (1]
T. Heuermann (GAFRC/MIT) (1)
AC  Electronics (10)
Kollsman (10)
Raytheon (10)
Major H. Wheeler (AF'SC/MIT) (1)
MSC: (25 + 1R

National Aeronautics and Space Administration
Manned Spacecraft Center

Apollo Document Distribution Office (PA?2)
Houston, Texas 77054

LRC: (2]

National Aeronautics and Space Administration
Langley Research Center

Hampton, Virginia

Attn: Mr. A. T. Mattson

GAEC: 3 + 1R]

Grumman Aircraft Engineering Corporation
Data Operations and Services, Plant 25
Bethpage, Long Island, New York

Attn: Mr. E. Stern

NAA: (18 + 1R

North American Aviation, Inc.

Space and Information Systems Division

12214 Lakewood Boulevard

Downey, California

Attn: Apollo Data Requirements ARSY
Dept. 41-096-704 (Bldg 6)

NAA RASPO: (1]

NASA Resident Apollo Spacecraft Program Office
North American Aviation, Inc.

Space and Information Systems Division

Downey, California 90241

ACSP RASPO: (1)

National Aeronautics and Space Administration
Resident Apollo Spacecraft Program Officer
Dept. 32-31

AC Electronics Division of General Motors
Milwaukee 1, Wisconsin

Attn: Mr. W. Swingle



Mr. Il. Peterson

Bureau of Naval Weapons
¢/o Raytheon Company
Foundry Avenue
Waltham | Massachusetts

Mr. S. Schwartz

DOD, DCASD, Garden City
605 Stewart Avenue

Garden City, L. I, New York
Attn: Quality Assurance

Mr. DD/ F. Kohls

AFPRO (CMRKKA)

AC Electronics Division of General
Milwaukee 1, Wisconsin 53201

Motors
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