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Special flowchart symbology has been used to identify and
cross-reference program kernels and the various types of partition­
ing within kernels. The following depicts and explains this symbology.
The "Entry Point" column shows the symbol used for entry into each
type of program block, and the corresponding "Calling Symbol" indi­
cates how that type of program block is called from some other flow­
chart. The label"A-xx" references the flowchart where the Ilcalled"
program block is described. If there is no label, the program block
was not coded and no flowchart is provided.

Entry Point Calling Symbol Type of Program Block

Ext. Entry

NAME

NAME

NAME

External entry point to
a program kernel. Called
from some other kernel.

Internal entry point to
a subprogram within a
kernel. Called only from
within the ke rnel.

NAME

Indicates a program block
A-xx which is coded in-line onr----------,

the coding sheets but is
shown on a separate flow-
chart solely for clarity of
documentation. It is not
a separate subprogram.

Entry
NAME

Interrupt
(None)
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Entry to logic which is
executed on occurence of
the interrupt NAME.



Flowchart symbols internal to a program block have con­
ventional inte rpretations as follows:

Process

o
(Return)

Decision

Input/Output

On-Page ConnE;lctor

Return to calling
program at point of
call

The term "Note x" on a flowchart identifies a note at the end of the
kernel descriptions.
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A. 2.4 Flowchart Notes

Note I

The ·program. entry point EGPI is utilized to activate
the interrupt handling routines for SPL and CLASP.
The statem.ents within it are not executed during the
activation process but are m.erely arm.ed (readied)
for execution in response to the associated interrupts.
For HAL the entry is used to schedule the interrupt
handling tasks.

Note 2

The Tim.er I interrupt handler for CLASP and HAL
does not determ.ine which of the Switch Selector
m.odules is to receive control. Since these languages
restrict a program. m.odule to a single entry point,
control is pas sed to a com.m.on entry point of the
switch Selector Processor which then internally decides
which function is to be perform.ed.
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instructions in the sequencer control tables were simply modified as
required.

Since programming in a higher 1eve11anguage makes it im­
practical, if not impossible, to "execute" a table or to modify in-
st ....uctions, the sample coding of the Non-Interrupt Sequencer was
implemented through testing of status indicators as described in the
preceding paragraph (A. 3. 1).

A. 3.3 Flowchart Notes

Note 1

The Non-Interrupt Sequencer flowchart is general in
the sense that it applies to any mission phase. Actually
the kernel, as coded, contains two separate programs
for the boost and coast mission phases.
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NON-INTERRUPT SEQUENCER

Note 1

y

N

y

Figure A-3
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A.4 Periodic Processor

A. 4. 1 Description of Operation

Certain tasks in the Saturn Flight Program must be executed
rer-etitively at a fixed frequency but require neither stringent timing
accuracy nor synchronization with other tasks. An example is a task
which compresses data as a function of time. The scheduling of
such tasks is performed by the Periodic Processor as a function of
the operating system.

The Periodic Proces sor is invoked by the Non-Interrupt
Sequencer following the execution of each enabled application task.
Consequently, the timing accuracy with which it is capable of sched­
uling tasks is no better than the execution time required by the long­
est Non-Interrupt Sequencer subtask. Since this time resolution is
relatively low, tasks with execution frequencies exceeding five times
per second or with stringent timing accuracy requirements should be
scheduled by the Interrupt Processor, through the Timer 1 and Timer
2 schedulers.

The Periodic Processor utilizes control tables containing
timing information for each periodic application task and status in­
dicators similar to those of the Non-Interrupt Sequencer (paragraph
A.3). The Periodic Processor first examines the status indicator
for an entry and then, if the task is enabled, it compares the task
execution interval with the time elapsed since its last execution. If
the task is enabled and is due to execute, it is invoked by the Periodic
Processor. When the task completes execution and returns control,
or when the task for a given entry is not invoked, the Periodic Pro­
cessor continues on to the next table entry. Upon reaching the end
of the table, control is returned to the Non-Interrupt Sequencer.

A. 4. 2 Unique Language Characteristics Required

The Periodic Processor requires the capability to access
data from control tables.
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A. 5. 3 Flowchart Notes

Note 1

Since CLASP and HAL do not perrnit multiple entry
points for a module, the MEP05 module must call the
MEP10 module for these languages rather than trans­
fer control to it as shown in the flowchart •
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mathematical expressions including built-in functions (LOG, SQR T,
SIN, ATAN, etc.), it also demonstrates vector and matrix opera­
tions. It requires capabilities for coding vector expres sions and
for performing such functions as dot product and vector rotation.

A. 6. 3 Flowchart Notes

Note 1

The dashed connector from the entry point to the first
block indicates the omission of the phasing portion of
IGM which was not coded.
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Figure A-6a
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IGZ53

ITERATIVE GUIDANCE MODE
(continued)
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Figure A-6c
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ITERATIVE GUIDANCE MODE
(continued)
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Figure A-6d
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A. 7 Digital Command System (DCS)

A. 7. 1 Description of Operation

The Digital Command System provides communication facili­
ties fo r receiving commands and data transmitted from ground sta­

tions. Capabilities exist for controlling flight program timing,
navigation, guidance, targeting, and sequencing functions from the
ground and for requesting specific program data to be telemetered
to the ground.

Each DeS function, as received by the DCS software task,
consists of a mode command to identify the function, followed by a
variable number of data commands depending on the requirements of
each function. The DCS task is initiated by the Interrupt Processor
in response to the hardware indication that input data has been re­
ceived. When a mode command is received it is tested for validity
and legality and then analyzed to determine whether or not data words
are required to perform the as sociated function. If data is required,
the DeS task returns control to the operating system and is reinitiated
as each data command is received. Each data word is aho tested for
validity and legality as it is received. When all data for a given func­
tion has been received, or if a function does not require data, the
appropriate module is activated to proces s the function. Upon the
detection of errors in the DCS inputs, error mes sages are formulated
and transmitted back to the ground and the function is not activated.

The coded kernel does not include the various application mod­
ules which are invoked to perform the requested functions. Only the
central, coordinating portion of the overall DCS is demonstrated.

The format of DCS input data is shown in Table A-I along with
a list of functions in Table A-2 and error codes in Table A-3.

A. 7.2 Unique Language Characteristics Required

The DIgital Command System has requirements to perform
real time I/O. It reads the DCS Input Register to obtain the incom­
ing data ang the Discrete Input Register to examine the bit which
stipulates whether the DCS input data is a mode command or a data
word for a previous mode command. It also writes to the Discrete
Output Register to issue the com.m.and reset pulse for the Command
Receiver.
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DCS INPUT FORMAT

S 1 2 3 4 5 6 7 8 9 10 11 12 13

LVDC
Bit Position

S - 5
6

7 -13
14 -25

Significance

DCS mode or data command
Sequence bit
Complement of bits S-6
Unused

Table A-I
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Mode
Comm.

Status
Code

DCS FUNC TIONS

No. Data
Words Function

05

10

11

12

13

14

17

20

22

25

31

33

34

45

52

53

54

55

60

05

10

11

12

13

14

17

20

22

25

31

33

34

45

52

77

77

77

60

o

1

35

2

2

3

o

o

1

o

35

o

o

o

6

o

o

o

o

Maneuver inhibit

Time base update

Navigation update

Generalized switch selector

Sector dump

Telemeter single memory location

Time base 8 enable

Terminate

Maneuver update

Execute alternate ;:;equence 6D

Target update

Execute communication maneuver

Execute evasive maneuver

Inhibit coolant control valve

S-IVB IIU lunar impact

Switch CCS antenna system to omni

Switch CCS antenna system to low gain

Switch CCS antenna system to high gain

Transposition, docking, and extrac­
tion enable

Note: The Mode Command comes from bits S-5 of the input command.
The Status Code is the telemetered status word. Both are
represented in octal.

Table A-2
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Error Code
(Octal)

04

10

14

20

24

34

44

54

60

64

74

DCS ERROR CODES

Description

Orbital Mode/Data bit is invalid; data corn.rn.and was
received when a rn.ode corn.rn.and was expected.

True corn.plern.ent te st failed for rn.ode corn.rn.and;
inforrn.ation bits 7 -13 are not the corn.plern.ent of
bits S-6.

Mode corn.rn.and invalid; the rn.ode corn.rn.and received
is not defined for this rn.ission.

Orbital Mode / Data bit is invalid; rn.ode corn.rn.and
was received when expecting a data corn.rn.and.

Mode corn.rn.and sequence bit incorrect; the sequence
bit received was 1 instead of O.

Unable to is sue generalized switch selector corn.­
rn.and function at this tirn.e; the last requested
generalized switch selector corn.rn.and function has
not been is sued.

True corn.plern.ent te st failed for data corn.rn.and; in­
forrn.ation bits 7-13 are not the corn.p1ern.ent of bits S- 6.

The tirn.e of irn.p1ern.entation of a navigation update or
target update corn.rn.and is less than 10 seconds in the
future.

Data corn.rn.and sequence bit incorrect; the sequence
bit rn.ust begin with 1 and alternate frorn. 1 to 0 in
each sequential data corn.rn.and of a set.

A DCS prograrn. is in progress at this tirn.e; however,
no rn.ore data is required; only a terrn.inate rn.ode
corn.rn.and can be processed at this tirn.e.

The rn.ode corn.rn.and received is defined for this rn.is­
sion but is not acceptable in the present tirn.e frarn.e.

Table A-3
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DIGITAL COMMAND SYSTEM
(continued)
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Return
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DCS error
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Return

Figure A-7c
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A.8 Accelerometer Processing

A. 8. I Descriptions of Operation

The accelerometers attached to the inertial platform of the
vehicle provide data which serve as the basis for performing naviga­
tion during boost phases of a mission. Accelerometer Processing,
as its name implies, reads the accelerometers and refines the data
into a form suitable for updating vehicle position and velocity.

During periods when it is enabled, Accelerometer Proces sing
is executed once each iteration of the flight program background loop
by the Non-Interrupt Sequencer (paragraph A. 3). It first inhibits
interrupts, reads the accelerometers for all three platform axes,
re.ads the real time clock, and then releases the interrupts. Inter­
rupts are inhibited to insure that the input data are all obtained at a
given point in time rather than separated in time by the execution of
an interrupt-driven task.

Before the input data can be used for navigation, each acceler­
ometer reading is subjected to three tests. Each reading provides two
pulse counts for redundancy. These pulse counts are subtracted from
the pulse counts of the previous computation cycle to obtain two delta
readings which represent the change in vehicle velocity along that
axis during the previous computation cycle. The two delta readings
are then compared and if they disagree by more than two pulses, an
error indication is set. The delta closest to a predicted value is
selected for further proce s sing.

A zero test is performed next to detect an unchanging <;Lcceler­
ometer. Finally, a reasonableness test is performed in which the
actual delta is required to fall within a band of plus or minus fifty
percent of the predicted value enlarged by a reasonableness constant.
If a reading does not pass the reasonablenes s test, it is J,"eplaced by
a backup value derived from an internally calculated acceleration
profile. Error indications are set to indicate failure to pas s any of
the tests.

After the tests are performed, the readings are used to calcu­
late vehicle acceleration and to update vehicle velocity.

An additional function performed by the Accelerometer Proces­
sing ker;nel is the calculation of mission time at the time the acceler­
ometers are read.
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Figure A-8b
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ACCELEROMETER PROCESSING
(co.ntinued)
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A. 9 Minor Loop

A. 9. 1 Description of Operation

Vehicle attitude control is performed by the Minor Loop. In
general terms, attitude control consists of determining actual attitude
as indicated by vehicle sensors, calculating the attitude correction
required to achieve the desired attitude specified by a guidance task,
limiting the correction command, and is suing properly formatted
attitude control commands to the vehicle control system.

To maintain vehicle stability, the Minor Loop is executed
twenty-five times per second during boost phases and ten times per
second in orbit. These high frequencies require the Minor Loop to "Qe
scheduled via the high-priodty timer of the Interrupt Broces sore

Vehicle attitude angles for yaw, pitch, and roll are sensed
by inertial platform resolvers which measure the angles between
the platform gimbals and the mounting frame. A fine and a coarse
(backup) :resolver are provided for each gimbal. The fine resolver!?
are selected until repeated errors cause a switch to be made to the
backup resolvers. Each resolver contains redundant counter read ..
ings and a disagreement indicator which are used by the Minor Loop
for validity checking.

After reading a resolver, the Minor Loop performs disagree­
ment processing to select the proper counter. Reasonableness tests
are then performed to detect invalid zero readings or an unreasonably
large change from the previous reading. In the event that both counters
of a resolver are bad, or if the selected counter fails the reasonable­
ness tests, the corresponding vehicle attitude angle is not updated
and the previous attitude control command is reissued. Error indica­
tors are set to identify the type of failure. If the occurrence of re­
solver failures exceeds predefined frequencies, a switch is made to
the corresponding backup resolver. Backup failures result in guid­
ance reference failure indications and the last valid attitude command
is issued repeatedly for the remainder of the mission.

Resolver readings which have been determined to be valid
are converted to internal units and used to determine actual vehicle
attitude. The actual attitude is then compared with the desired atti­
tude and the difference is used to calculate attitude error commands
to be is sued to the attitude control system. Before the commands
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are issued, however, they are liznited to not exceed rate and znagni­
tude tolerances.

A special entry point in the Minor Loop is provided for flight
siznulation tests so that ladder profiles znay be generated.

A. 9. 2 Unique Language Characteristics Required

While not specifically required, an indirect I/O capability
would be useful. In the Minor Loop it znay be desirable to read
either fine or backup giznbals depending upon whether or no't pre­
vious giznbal failures have occurred, or it znay be desirable to not
issue a read coznznand at all as in a repeatable flight siznulation test
run. An indirect I/O capability is not znandatory since tests could
be znade to deterznine the type of I/O required. However, in a pro­
grazn such as the Minor Loop where tizne is of utznost iznportance,
such tests would iznpose tizning penaltieso

Techniques are required for insuring that a given aznount of
tizne has elapsed between the issuance of giznbal read coznznands o
Since the prograInIner loses sight of execution tizne in a high level
language, the language should provide a zneans for deterznining such
delta tiznes and for specifying required tizne delayso

The relatively high execution frequencies of the Minor Loop
(25/second in boost and lO/second in orbit) znake zniniznizing execu­
tion tizne particularly desirable for this kernelo The ability to direct
the coznpiler to zniniznize execution tizne, even at sozne cost in in­
creased zneznory requireznents, would be useful if the flight coznputer
processing tizne capacity was near saturation.

A. 9. 3 Flowchart Notes

Note 1

The Flight Siznulation entry to the Minor Loop (MMLOO)
is coded as a separate subroutine in CLASP, CMS-2, and
HAL since these languages restrict a prograzn znodule
to a single entry point. It then calls the norznal Minor
Loop (MML20) rather than transferring control to a point
within it as shown in the flowchart.
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MINOR LOOP
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MINOR LOOP
(continued)
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A.lO Switch Selector Processor

A. 10.1 Description of Operation

Certain hardware functions of the Saturn vehicle are activated
by the flight program via the is suance of switch selector output com­
mands. The Switch Selector Processing task functions in much the
same way as the Events Processor, in that it utilizes a predefined
table containing the switch selector commands and their as sociated
times for issuance. The time of activation for a given entry is used
to schedule the Switch Selector Processor via the high-priority timer
of the Interrupt Processor.

However, the process of issuing a switch selector is more
involved than the function of initiating tasks performed by the Events
Processor. The issuance of a single switch selector function requires
at least five II o operations to be performed:

0 Hung stage test

0 Is sue stage and address

0 Verify address

0 Issue read command

0 Reset read command

In addition, if the hung stage test fails, a forced reset must be issued
before the stage and address is issued. Also, if an address verifica­
tion fails, a forced reset must be issued followed by the issuance of
the stage and complemented address. Depending on the type of veri­
fication error, the system may be reconfigured to issue future switch
l3electors via different circuitry.

Hardware restrictions require timing delays between com­
mand issuance. Since the switch selector delays are on the order
of ten to twenty-five milliseconds, the Switch Selector Processor re­
schedules itself for execution at the proper time and returns control
to the operating system. The interval is too long to be accomplished
through an in-line delay.

In addition to the nominal sequence of switch selector functions,
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proV1SlOn is made for alternate sequences which can be activated as
specified by other application tasks. Depending on the type of alter­
nate sequ'ence, the alternate switch selector functions will be issued
instead of, or intermixed with, tho se of the nominal sequence.

Numerous entry points exist for the Switch Selector Proces­
sing kernel. Most of the entires are used for scheduling its various
functions via the Timer 1 Scheduler as discus sed above. Three ad­
ditional entries are used to request an alternate sequence, to issue
a forced reset, or to initialize Switch Selector Table pointers for a
new time base.

A. 10.2 Unique Language Characteristics Required

Requirements for an indirect I/O capability and for me<;l.sur­
ing short time periods are similar to those discussed for the Minor
Loop (see paragraph A. 9.3).

Although the decision-making statements are a common
feature of nearly all programming languages, special emphasis on
them here is warranted due to the unusually large number of decisions
made in the Switch Selector Processor. This kernel places a pre­
mium on language capabilities which enable the programmer to ex­
press complex decision sequences in a logical and concise manner.
The extent to which a language provides such capabilities contributes
directly to the elimination of program logic errors and to an improve­
ment in readability. Decision tables are particularly useful in this
environment.

Another relatively common characteristic of the Switch
Selector Proces sor is the manipulation of data at the bit level. It
utilizes features for setting, resetting, and testing bits in status /
control words and also for formatting and analyzing I/O data words.
These functions require a language to provide bit- string handling
facilitie s.

Also required is the ability to access data from tables. A
subroutine is utilized to select the next switch selector command to
be issued from one of a number of tables. Since alternate sequences
can be interspersed and/or interleaved' with switch selectors from
the nominal sequence, the subroutine must be able to jump from table
to table based on sequence decisions made by other programs.
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A. 10.3 Flowchart Notes

Note I

Switch Selector Proces sing consists of a number of
interrelated functions, some of which use common
program logic. In order to miniITlize program dupli­
cation, the functions were all cOITlbined into a single
prograITl ITlodule and invoked via multiple entry points
as shown in the flowcharts. The kernel was actually
coded that way in SPL. However, for the other three
languages, where ITlultiple entry points are not allowed,
a common entry point (MSSOO) was utilized wherein con­
trol was transferred to the appropriate function. The
decision logic for this transfer of control is not shown
on the flowcharts but in each of the three languages
(CLASP, CMS-2, and HAL) it consisted of a COITl-
puted GOTO.
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SWITCH SELECTOR PROCESSOR
(continued)
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SWITCH SELECTOR PROCESSOR
(continued)

N

N

Set flag
for no
condition

Maintain
ICR status ­
word SS
channel B

Set bit in
MC24 SS
channel B
selected

Save the
computed
feedback
word

Store
complement
stage and
address
word

A-10k
MSS55

SS read
time check

SS4000

Use
computed
feedback

0060

Return

Delay

A-lOc

Restore
interrupt
inhibit
status

Delay for
DOM
telemetry

Figure A-lOj

-61-







Ext. Entry
MSS80

A-Ian

Delay for
DOM
telemetry

Return

SWITCH SELECTOR PROCESSOR
(continued)

SSTUPD

Update time
in time bas
biased

Return

Figure A-Ian
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A.ll Task Keying (ATMDC)

A. 11.1 Description of Operation

Task Keying is an operating system function as sodated with
priority task scheduling; it is the process of entering information
concerning a task into a Priority Control Table to enable the task
to be dispatched (initiated) on a priority basis. The information in­
cludes such items as task priority level, the in-core address of the
task, and initial register contents for the task.

Since multiple tasks can usually be keyed for execution on a
given priority level, various techniques are used for stacking the
additional entrie s. In the ATMDC operating system, the Priority
Control Table (Table A-4) holds a single entry for each priority level.
Additional entries are stored in a Priority Overflow Table (Table A-5)
with all entries for a given priority level chained together.

Requirements for task keying vary with the design of the opera­
ting system. For the ATMDC Flight Program, tasks are keyed in
response to events (interrupts or discretes), based on time, or as
requested by another application task.

A. 11.2 Unique Language Characteristics Required

The Task Keying kernel requires facilities for formatting and
accessing tables. Techniques for linking the overflow entries together
in an efficient manner are also desirable.

The kernel also implies a requirement for the capability to
identify the task to be keyed. The keying process itself does not re­
quire it since the Task ID is simply stored into a table. However,
since this is done for the express purpose of dispatching the task (pas­
sing control to it) at a later time, the Task ID must provide the means
by which the task can be located in core.

A. 11. 3 As sumptions Made During Coding

Several assumptions were made for the purpose of organizing
the control tables. It was assumed that there were ten priority levels
in the operating system and that twenty-five entries in the overflow
table would suffice. Also, it was assumed that three hardware registers
required saving for each task. These assumptions affect only the size
of the control tables and could be easily adjusted.
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PRIORITY OVER FLOW TABLE

Entry a

Entry 1

Ent:ry 2,

Entry M

,

Overflow
Chain Link

Task ID

"

Notes:

1) The Overflow Chain Link has the same meaning- as its counter­
part in the Priority Control Table. A value of zero indicates
end of chain.

2) The Task ID also has the same meaning as its counterpart in
the Priority Control Table. A value of zero indicates that the
entry is not currently assigned.

Table A-5
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A. 12 Glossaries

The Glossary Tables provided in this paragraph document
most of the names declared in the flight program coding. These
glossaries are provided as an assistance to reading the flight pro­
gram listings in Appendix B. It also documents assumptions made
abpl,lt system-defined names.

A. 12. 1 Input/Output Glossary

Table A-6 contains names and brief descriptions of external
clevices accessed by the flight program kernels. The File Names
are the parnes used in the actual Input/Output statements. In the HAL
coding it is flssumed that these names are assigned by the system and
are known to the compiler, because of HAL's device-oriented input/
output. In SPL the names assigned by the system cannot be used
directly in Input/Qutp\lt statements; a FILE statement must be used
to define input/<;mtput arguments in terms of system-assigned names.
Therefore, for SPL the Device Names of Table A-6 were assumed to
be assigned 1:;>y the system, and the File Names were declared through
the FILE statement. In CLASP and CMS-2 input/output is indicated
'by comments rather than statements of the language.

A. 12.2 Interrupt Glos sary

Table A-7 contains names of computer interrupts which were
assumed to be assigned by the system. The Description identifies
the L VDC interrupt corresponding to the Interrupt Name.

A. 12.3 Data Glos sary

Table A-8 contains names and brief descriptions of common
data items declared in the kernel coding. Minor deviations appear
in the listings such as break characters in HAL names, and trunca­
tion of some names to meet CLASP's eight-character limitation.
However, these deviations are easily as sodated with the correspond­
ing names listed in the Data Glossary.
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INPUT /OUTPUT GLOSSAR Y

File Name

CLOCK
DBG
DCS
DIR
DOM
DOR
DOS
EMR
ICR
SS
SSFB
TIMl
TIM2
XACC
XBGIM
XGIM
XLAB
YACC
YBGIM
YGIM
YLAD
ZACC
ZBGIM
ZGIM
ZLAD

Device Name

TIMER
DOMBUGIM
DCSINREG
DISINREG
SSDOM
DISOUTRES
DISOUTSET
EMREG
ICREG
SSREG
SSFDBK
TIMERl
TIMER2
XACCEL
XBACKUP
XGIMBAL
XLADDER
YACCEL
YBACKUP
YGIMBAL
YLADDER
ZACCEL
ZBACKUP
ZGIMBAL
ZLADDER

Table A-6
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Description

Real time clock
DOM backup gimbal
Digital command system input
Discrete input register
Switch selector DOM output
Reset discrete output register
Set discrete output register
Error monitor register
Internal control register
Switch selector command output
Switch selector feedback
Timer 1 counter
Timer 2 counter
X-axis accelerometer
X-axis backup gimbal
X-axis fine gimbal
X-axis ladder
Y-axis accelerometer
Y-axis backup gimbal
Y-axis fine gimbal
Y-axis ladder
Z-axis accelerometer
Z-axis backup gimbal
Z-axis fine gimbal
Z -axis ladder





Data Name

CHIBARSTEER
COSTHETA

DCSDATACOUNT
DCSDATCT
DCSERLIM
DCSERmm
DCSINDX
DCSMODE
DCSMSTAT
DCSSTCOD
DELTAL3
DELTAVVP
DELTA2
DFACQ
DFDBF
DFDTL
DFILE
DFILI
DFIL2
DFIL3
DFLT
DFMDI
DFSMC
DFTBCEP

DFTUP
DFWV

DFZER
DGSSM
DGST2
DKAPI
DKMIR
DKTI
DLPRL
DLPTL

DATA GLOSSARY

Description

CHI bar steering in progress flag
Cosine of angle between pseudo-nodal

vector and descending node
Input data word count
Table of function data word requirements
Limit on errors for a given function
Error tags
Table index derived from mode command
Mode command table
Function status table
Function telemetry status code table
Correction to velocity-to-be gained
Estimated velocity to be gained
IGM intermediate parameter
Acquisition gain indicator
Disagreement multiplexer failure flag
Sector dump in progress flag
Flight program status word
Timer 2 interrupt level in progress indicator
External interrupt level in progress indicator
Timer I interrupt level in progress indicator
Flight/sim flight indicator word
Flight mode indicator
Steering misalignment flag
Time base change indicator for events

processor
Time update waiting indicator
Flag which indicates state of water valve

(open or close)
Zero test enable flag
Switch selector function to be scheduled
Timer 2 function to be scheduled
Flight phase status table
Minor loop initial rate
Timer from GRR when time base I was set
Periodic processor task rate table
Periodic processor task delta T table

Table A-8
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Data Name

DLTTL
DPHII
DPHIT

DQST2
DTBID
DVAC
DVACT

DVASW

DATA GLOSSARY
(continued)

Description

Timer 2 task execution time table
Rate of change of range angle
Rate of change of predicted terminal

range angle
Timer 2 function to be en queued
Time base indicator
Accelerometer reading
Real time clock (R TC) reading associated

with DVTAS
Switch Selector Request status

DVAI
DVA2
DVA3
DVA4
DVA5
DVA6
DVCA

DVCC
DVD
DVDA
DVDB
DVDC
DVDGS

DVDM
DVDPM

DVDT

DVEMR
DVEOF

Coefficients used to convert the attitude
corrections from the inertial platform
frame to the body frame

Average of present and past Minor Loop
commanded CHI at the time of major
computer cycle accelerometer read

Commanded CHI used in Minor Loop
Intermediate velocity change parameter
Optisyn A change in velocity
Optisyn B change in velocity
Delta CHI
Count of disagreement bit hardware

failures
Measured velocity of platform
Mask word that specifies which DIN's are

to be processed when they change from
OFF to ON

Elapsed time between current and previous
major computer cycle accelerometer
readings in seconds

Error Monitor Register
Engine out multiplication factor for backup

F 1M calculation

Table A-8
(continued)
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Data Name

DVERT
DVF
DVFMC
DVFOM

DVFOR
DVG
DVHDA
DVHDB
DVIA5
DVICR
DVIH
DVLDB

DVLRC

DVMAS
DVMC4
DVMC5
DVMC6
DVMC7
DVMFR
DVMLD
DVMLR

DVMLT
DVM05
DVM06
DVP
DVPTG

DVRC

DVRE
DVRTC
DVSST
DVTAS

DA T A GLOSSAR Y
(continued)

Description

Time error associated with time update
Expected platform velocity change
Generated acceleration (backup)
Total vehicle acceleration determined

from accelerometer readings
Thrust of vehicle (backup)
Gravity acceleration
Count of A multiplexer failures
Count of B multiplexer failures
Temporary storage
Internal Control Register
Interrupt inhibit image
Ladder converter B selection rate per

second
Ladder ramp commanded CHI update

counter
Mass of vehicle (backup)
Mode Code 24
Mode Code 25
Mode Code 26
Mode Code 27
Mass flow rate of vehicle (backup)
Minor Loop
Number of minor loops per computation

cycle
Execution time for next minor loop
Rate limit for ladders inMinor Loop
Magnitude limit for ladders in Minor Loop
Flight phase indicator
Previous periodic proces sor execution

time
Accelerometer reasonablenes s test

constant
Gimbal failure count
Real time clock at last time update
Switch selector execution time
Mis sion time at major computer cycle

accelerom.eter read in seconds

Table A-8
(continued)
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Data Name

FSSAC

FSSIO
FTADV
FTGOP
GS
GSTlM
GT
qv

GVSTAR

GVT
Jl
Jl2
JZ
.]"3
J3p
KCCT4

KCCT8

KMU
KT
Kl
K2
K3
K4
LYP
Ll
L12
L2
L3
L3P
MS4
M4V

DA T A GLOSSAR Y
(continued)

De scription

Switch selector processing in progress
flag

Flag for issuing or bypassing SS I/O
Normal or clas s 4 table advance flag
Time base 6 second opportunity flag
Gravity acceleration in plumbline system
Timer 1 function to be scheduled
Terminal gravity acceleration magnitude
Gravity acceleration in injection plane

system
Estimated average gravity acceleration

for remaining boost flight path
Terminal gravity acceleration vector
IGM intermediate parameter
IGM intermediate parameter
IGM intermediate parameter
IGM intermediate parameter
IGM intermediate parameter
Nominal computation cycle length during

first S4B CHI bar steering
Nominal computation cycle length during

second S4B CHl bar steering
Gravitational constant
Cosine (THETAT)/RT
Coefficient of IGM steering equation
Coefficient of IGM steering equation
Coefficient of IGM steering equation
Coefficient of IGM steering equation
IGM intermediate parameter
IGM interm.ediate p.arameter
IGM intermediate parameter
IGM intermediate parameter
IGM intermediate parameter
IGM intermediate parameter
Rotation matrix from S-system to 4-system
Rotation matrix from 4-system. to V-system

Table ..(\-8
(continued)
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Data Name

VSSRT
VSSTM
VSSW
VSTG
VSTGO
VT
VTD
VTOLD
VV

VVT
VOCK
V4

DAT A GLOSSAR Y
(continued)

Description

Switch selector time of issuance
Temporary SS time storage
Bias time
Powered stage temporary storage
Time-to-go to next SS function
Terminal velocity magnitude
Elaps ed time into launch window
Events processor previous event time
Velocity in injection plane coordinate

system
Terminal velocity vector
Gimbal angle zero test constant
Velocity in 4- system

Table A-8
(continued)
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(BLANK)
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SPL C(1MI'4QN DATA DECLARATIONS

FILE. VBGIM DEVICE = VBACKUP
FILE YGIM DEVICE • VGIMBAL •
FILl VLAD DEVICE • YLADDER
FILE ZACC DEVICE = ZACCEL •r I l. f:. ZBGIM DEVICE:: c ZHACKlIP
FILl: ZGIM DEVICE • ZGIMAAL
FIl.l: ZLAD OEVICE I: ZLAODF:Q
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SPL KERNEL 2 INTERRUPT PROCESSING

GP25. .MNUOO "NAVIGATION UPDATE IMPL (NOT CODED) ,, GOTO EGP12
GP26. .MEEOO "TIME BASE 8 ENABLE (NOT CODED) , , GO TO EGP12
GP27. .MCMOO "PHASE 2/4 CONTROL MOD (NOT CODED) ,, GOTO EGP12
GP28. .MCM10 "PHASE 2/4 CONTROL MOD (NOT CODED) , , GO TO EGP12
GP29. .MCM20 "PHASE 2/4 CONTROL MOD (NOT COOED) , , GOTO EGP12
GP30. .MEPWM "WATER METHANOL ACTIVATE(NOT CODED) ,, GOTO EGP12
GP31. .MEROO "EXTRA ACCELEROMETER RD (NOT CODED) ,,
EGP12. .EGP18 "SCHEnULE NEXT TIMER 2 FUNCTION"

DFIU • 'INACTIVE'
UNLOCK T2INT
END, , ' ,

, 'RESPONSE fOR EXTERf'JAL 2 INTERRUPT ' ,,, ' ,
ON EX2INT
LOCK T1INT.T2INT.EX1INT.EX2INT.EX3INT.EX4INT.EX5INT.EX6INT.

EX7INT.EX8INT.EX9INT
READ CLOCK.DVTEX "READ REAL TIME CLOCK"
DFIL2 • DfIL3 • 'ACTIVE'
.MDP28 "SC INITIATION OF S2/S4B SEPARATION (NOT CODED)"
DfIL2 = DFIL3 = 'INACTIVE'
UNLOCK "RELEASF. PREVIOUSLY ENABLED INTERRUPTS"
END,,

"RESPONSE FOR EXTERNAL 4 INTERRUPT, ,
, ,
,,
,,

"RESPONSE fOR EXTERNAL 5 INTERRUPT
, ,
, ,

ON EX4INT
LOCK T1INT.T2INT.EX1INT.EX2INT,EX3INT,EX41 NT,EX5INT,EX6INT,

EX7INT,EX8INT,EX9INT
READ CLOCK,DVTEX "READ REAL TIME CLOCK"
DfIL2 • DfIL3 = 'ACTIVE'
.MTB50 ' 'S4B ENGINE OUT (NOT CODED)"
DfIL2 • DfIL3 • 'INACTIVE'
UNLOCK "RELEASE PREVIOUSLY ENABLED INTERRUPTS"
END , ,

,,,,
ON EX5INT
LOCK T1INT,T2INT.EX1INT,EX2INT.EX3INT,EX4INT,fX5INT,EX6INT,

EX7INT,EX8INT,EX9INT
READ CLOCK,DVTEX "READ REAL TIME CLOCK"
DfIL2 • DfIL3 • 'ACTIVE'
.MTB30 "SIC OUTBOARD ENGINE OUT (NOT CODED)"
OfIL2 • DfIL3 = 'INACTIVE'
UNLOCK "RELEASE PREVIOUSLY ENABLED INTERRUPTS"
END, ,

"RESPONSE fOR ExTERNAL 6 INTERRUPT
I I

ON EX6INT
LOCK T1INT,T2INT,EX1INT,EX2INT,EX3INT,EX4INT,EX5INT,EX6INT,

EX7INT.EX8INT,EX9INT
READ CLOCK.DVTEX "READ REAL TIME CLOCK"
DfIL2 • DfIL3 • 'ACTIVE'
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SPL KERNEL 2 INTERRUPT PROCESSING

, )
Y, )

• Y)

• ( , Y,

, (Y ,
, ( ,
, ( ,

.(, , Y)
,(Y, Y, y)

ENABLED INTERRUPTS"

LAND MSKRTC) RSH 2

EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
E.XIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
EXIT

TllNT
"RELEASE PREVIOUSLY ENARLED

INTERRUPTS EXCEPT TIMER 2"
" !'"XIT EGP20"
"RELEASE PREVIOUSLY

EQ 'ACTIVE'
EQ 'ACTIVE'
EQ 'ACTIVE'

"EGP20"
FXTERNAL
EXTERNAL
EXHRNAL
EXTERNAL
f::X TI:. RNA L
EX TI:: RNA L
EXTERNAL
EXTE.RNAL
EXTERNAL
EXTE.RNAL
EXTI:.RNAL
EXTI:.RNAL
EXTI:.RNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
F:XTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL

OVERT. TEMP1 - DVRTC LAND 3
DVTMM • DVTMM + (TEMPI - DVRTC
DVRTC • TEMPl - DVERT
DVTRR • DVTHM - DVTMR
CONDITIONS

DFIL3
DFIL2
DFILt

ACTIONS
UNLOCK
UNLOCK

RETURN
ELSE UNLOCK
END
RETuRN
.HTSOO
.MMLOO
.MML20
.1'15505
.1'15530
.1'15540
.M5S50
.MS555
.M5550
.1'15570
.MSSAO
.HUMOO
.MLR10
.MEPOO
• MTT 10
.MNUOO
.MEEOO
.MCMOO
.MCM10
.MCM20
.MEPWM
.MEROO
.MDP28
.MTH50
• rHA30
.MTR40
.Mosao
, 'EGP l' ,

PROr.
PROC
PROC
PROC
PROr.
PROC
PfWC
PROC
PROC
PROC
PRnc
""ROC
PfWC
PROC
PROC
PfWC
PROC
PROC
I"ROC
PROC
PROc
PROC
PROC
PROC
PROC
PROC
PfoiOC
TERH
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SPl KERNEL 4 PERIODIC PROCESSOR

START

ENDDA TA

PP1.
PP2.
PP10.
PP20.

PROC
PRoe
PROC
TERM

.PERPROC "PERIODIC PROCESSOR"
ITEM VPPOT FIXED 0

READ ClOCK.TEMP "READ REAL TIME CLOCK"
DVPTG • (TEMP - VPPOT LAND MSKRTC) RSH 2
VPPOT • TEMP
FOR I • 0 BY 1 UNTIL 3

IF PPSTAT(I.) EQ 'OUT' GOTO PP20
DLPTL(I) • DLPTL(I) + DVPTG
IF nLPTL(I) LS DLPRL(I) GOTO PP20
GOTO ( • PP1. PP2•• ) I
.MPC50 "50 SEC DATA CaMP (NOT CODED)" GOTO PP10
.MPC60 "60 SEC DATA COMP (NOT CODED)" GOTO PP10
.MPC99 "lOa SEC DATA CaMP (NOT CODED)"
DLPTL< 1) :I 0

END
RETURN "PERPROC"
.MPC50 EXTERNAL EXIT
.MPC60 EXTERNAL EXIT
.MPC99 EXTeRNAL EXIT
, 'PERPROC' ,
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CLASP COMMON DATA DECLARATYONS

START I I CLASP KERNELS I I

DECLARE FIXED, X
DKRTCSEC 10 CONSTANT :I 4063.4Q2, X
DKMIR lJ CONSTANT • .040*DKRTr.SEC, X

DKTI'l 0 CONSTANT II: .OO413*DKRTCSEC, X
OKTl 10 , X
DLPRL(3) -2 r.ONSTANT=(50.*DKRTCSEC,6n.*DKRTCSEC,100.*DKRTCSEClX
DLPTL (:3 l -l2 , X
DL TTL (t:::' ) -2 , X
DVACT (J , X
DVAl 4 X
lWA2 4 X
DVA3 4 X
DVA4 4 X
DVA5 4 X
DVA6 4 X
DVCA 0) 2b , X
Dvec (3 ) 2b , X
DVpC (:3 ) 1::; , X
DVDA (3 ) 7 , X
DVDFl (j) 7 • X
DVDC (3 ) 2b

"

X
r)VDM (3) 11 , X
I'lVOT 23 , X
DVEOF 25 , X
OVERT 0 , X
DVF (,3) 7 , X
nVFMC 19 , )(

f')vFOM 19 X
OVFOR -1 , X
DVG (3) 21 , X
DVMAS :3 , X
IWMFR 5 X
DVMLD U , X
[lVMLR 19 , X
DVMlT -2 , X
IWM05 0 X
DVM06 0 , X
DVPTG -2 • X
DVRC (:3 ) 7 , X
r,VRTC 0 X
DVSST -2 , X
DVTAS 10 , X
DVTB lu , X
IWTD {J X
nVTEX 0 , X
PVTGB -2 , X
QVTH (3) 25 ., X
DVT! 10 , X
DVTMM -2 , X
nVTMR -2 , X
nVTRB -2 , X
DVTRR -2 , X
DVTRS -2 , X'
DVTT 1 0 , X
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CLASP UTILITY ROUTINES

x

ENDTHEN GOTO TR25

LOCK T1INT,T2INT,EX1INT,EX2INT,EX3INT,EX4INT,EX5INT,EX6INT,
EX7INT,EX8INT,EX9INT

DIRECT
"READ CLOCK INTO VTIM"

END
IF VTIM - DVTD LAND MSKRTC GQ OKTD
UNLOCK TlINT
AOTO TR20
DIRECT

"SET MODE REG wITH MSKTMC4' I

TP2!'i.

TR20.

END
DVTD • VTIM + KTELBIAS

EXIT "UTR24 1 '
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HAL COMMON DATA DECLARATIONS

DVMlT,
DVM05,
DVM06,
OVP,
OVPTG,
DVRE ARRAY(3),
OVRTC,
OVSST,
OVTD,
OVTEX,
OVTGB,
DVTMM.
DVTMR,
DVTRB,
DVTRR,
DVTRS,
DVTT 1,
DV2TG,
EPTINDX.
GSTlM,
ITEMP,
IITOlD;

DECLARE BIT(t),
APSTAT ,
ARSTAT ,
CC15TAT,
CSS,. AT ,
CTSTA T •
DFACQ •
DFDBF •
DFDTl ,
DFIL1 ,
DFIl2 •
'DFIL3 •
DFPI-lC •
DFSMC ,
DFTBCEP,
DFTUP •
DFWV
DFZER ,
OKAPI ARIUY(4),
DTSTA T •
DPSTAT ,
DVSTAT ,
EBSTA T ,
HSSTAT •
IGSTA T ,
MSSTA T •
NEST AT ,
OGSTA T •
PASTA T
PGSTAT •
PPSTAT ARRAY(3),
RSST AT •
SASTA T •
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HAL COMMON DATA DECLARATIONS

MSKMC7LOG
MSKMC70MG
MSKMC7T6D
MSKRTC
MSKRTCRESET
MSKSCCO
MSKSSACQU
MSKSSCLSl
MSKSSCLS3
MSKSSCLl
MSKSSCL3
MSKSSDCS
MSKSSDCT
MSKSSECSV
MSKSSECSl
MSKSSGNSS
MSKSSHIG
MSKSSHS
MSKSSLI
MSKSSLOG
MSKSSNSENf)
MSKSSOMB
MSKSSREAD
MSKSSRESET
MSKSSSBHI
MSI<SSSBLO
MSKSSSBOM
MSKSSSCC
MSKSSSIVB
MSKSSSNA
MSKSSSPEC
MSKSSSSB
MSKSSS4CO
MSKSSS4Cl
MSKSSTB6A
MSKSSTB6B
MSKSSTB6C
MSKSSTB6D
MSKSST3A
MSI<SST6C
MSKSSWV
MSKSSI'/VC
MSKSSwVO
MSKSSZFSF
MSKTMCO
MSKTMCl
MSKTMC2
MSKTMM3
MSKTMC4
MSKT21NT

COCT'010000000'>,
COCT'020000000'>,
(OCT'100000000'J,
COCT'000031776'J,
COCT'007777540'J,
COCT 1000100000 1 >,
COCT'000000004'J,
COCT'000003770'J,
(OCT'077774000'J,
(OCT'040000000'J,
COCT 1l00000000'J,
COCT1eOOOOooOO'J,
COCT'405400000'J,
COCT 1 002000000'>,
COCT'001000000'J,
COCT'040000000'l,
COCT!100720000'J,
COCT 1 003770000'>,
COCT'000000002'>,
COCT'100520000 l J,
COCT ' 377777776 ' l,COCT ' l00070000 l l,
COCT l 4000000no l >,
COCT'200000000

'
>,

COCT ' Ol0000000
'
J,

COCT l 020000000 l J,
COCT!004000000 l l,
COCT 1l00310000'l,
COCT 1020230000'>,
COCT'135770000 l >,
COCT'200000000

'
J,

COCT'174000000 l J,
(OCT'400000000'l.
(OCT'000000400 ' l,COCT ' 000002000'l,
(OCT'000001000'l,
COCT 1 l00000000'J,
COCT'000200000 l >,
COCT l 000400000'l,
COCT 1 004000000'J,
COCT'003000000'J,
COCT 1 l01050000'>,
(OCT 1 l01450000 l J,
COCT I 002000000'J,
COCT'700000000

'
J,

(OCT I 710000000 l >,
COCT

'
720000000'J,

COCT I 730nOOOOO l J,
COCT I 74000nOOO ' J,
COCT

'
l00000000'>J
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s
C

E
TR2!51

CLOSE

HAL UTILITY ROUTINES

READ (CLOCK) VTIMJ
IF BIT (VTIM - DVTO) >- OKTO

14 TO 26
ENABLE TIMER 1 INTERRUPT
GO TO TR20:

WRITE (MODREG) MSKTMC4J
OVTO - VTIM + KTELBIASJ
UTR24;

... 180-

THEN GO TO TR25J





HAL KERNEL 1 INITIALIZATION

C
C
C

GP002.

GP0020;
E

S

ENABLE TLC AND TIMER 1 INTERRUPTS

CALL GP002;I*ACTIVATE THE NEXT MISSION PHASE*I
CLOSE I'1PAOO;
PROGRAM:I*MISSION PHASE CONTROL AND ACTIVATION ROUTINE*I
DECLARE FGNC 8IT(1);
DECLARE VTO INTEGER:
IF DVP > 4 THEN J I*HALT WHEN EXECUTION IS COMPLETEO*I.
IF DKAPI

DVP-l
THEN DO;

CALL EGP20:I*START PHASE TIME REFERENCE*I
DO CASE DVPJ

GO TO INP1J,
GO TO INP24;
Gf) TO INP1JJ
GO TO INP24:

END;
E.ND;

. ELSE DO;
DVP • DVP + 1;
GO TO GP0020:

E
It-JP1JI

E.

END;· . . . . . .
ARSTAT,APSTAT,DPSTAT,NESTAT,CC1STAT.MSSTAT.EBSTAT • TRUE;· . . . . . . . .
SASTAT,DVSTAT.TCSTAT,PASTAT,TTSTAT,IGSTAT,HSSTAT,OGSTAT,TGSTAT,

·[ p P 5'T ATl • FALSEI

• •
CTSTAT, DTSTAT • FALSE,
WLPTLl • 0;

•• ••
RS5TAT,CS5TAT,TB1STAT,TB57STAT,PG5TAT m FALSE:
[flL.PTL] • 0;

· . . .
OFIL1, DFIL2, DFIL3, DFPHC • FALSE;

RELEASE PREVIOUSLY ENABLED INTERRUPTS

CALL NONINT5EQ1;I*PAS5 CONTROL TO PHASE 1/3 NON-INTERRUPT SEQ*I

(NOT CODED)*I

•
£T2STA Tl I: FALSE;
•
T2STA T I: TRUE.;

1
CALL MINDD;I*PERFORM PHASE 1/3 APPLIC PGM INIT
CALL EGP1R; I*SCHEDULE NEXT TIMER 2 FUNCTION*I

f

s

f.

E
INP241

C
c
r.

F

F

E

•
[PP5TA Tl I: TRUE J

·[T25TAT] m BIT(0,1,1,1,0,0,1,1.1.1,1);
CALL MIN10;I*PERFORM PHASE 2/4 APPLIC PGM INIT (NOT COOEO)*I

-182-




























































































































































