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Abstract

The following is a description of the Annular Suspension Point-
ing System. This description is written using the Design Realization,
Evaluation and Modelling (DREAM) system, and its design description
technique, the DREAM Design Notation (DDN).




Appendix A contains a DDN description of the Annular Suspension
Pointing System. The information contained in this description was
derived from the NASA-produced report, "The Executive Software For the
Annular Suspension Pointing System," which appears as Appendix B. The
description is divided into four major sections.

The first secticn of Appendix A {System Overview) contains the
major units of the system, their interconnections. ani the event flow
between these units. Figure 1 corresponds to Figure 1 in the original
report, with the addition of three major units: analog sources, experi
ment computer, and the system operatcr. Additional communication paths
are also shown. [Each communications path is labeled with a number.
These numbers correspond to the CONNECTIONS given in the DREAM descrip-
tion. 1In addition, the EVENT DEFIHITIONS reference the communications
paths which the events use, by appending the pata number to the event
name. Finally, the legal event sequences are given in the DESIRED
BEHAVIOR section of ine description, using a regular expression type
notation. In this section, a shorthand, non-sta.dard, notation is
used to indicate the repetition of a seauence of events a specific
number of times.

The second section (LEVEL I1) describes the basic operations of
each of the major units of the system. The input and output ports are
identified, and an abstract model of the operation is given in terms
of the input and output.

In the third section (LEVEL 111), the notion of the internal
servicers P(1),P(2) and P(3) is introduced. The internal operation of
these servicers is not detailed. 7The logical interactinn between the
servicers and the input and output ports of the NASA standard space
computer is given.

The notion of the time intervals T(1), T{2) and T(3) is in-
troduced in the fourth section (LEVEL IV). Here we see the interactior
between the master timing pulse and the signals to the three processes
P(1}, P(2) and P(3).

In Appendix B, we have included a copy of the NASA-produced
functional specification of the Annular Suspension Pointing System.

The portions of the report which were captured by the DDN description
of the system are underlined.

Some portions of the NASA report contain very detailed descrip-
tions of sections of the system. This detail is not reflected in the
DDN desc-iption. Further elaborations of the DON description would
be required to capture this detail.

The DDN description does not capture the notion of the mode
(idle, coarse, fine, slew) of the system, and the details of the data
commwnicated between the system units is not given. The NASA report
does not contain enough information in these areas to allow further
elaboration.

In preparing the DON description, the concepts available in
DOM were adequate to describe most of this embedded computer system.
The only area that DDN does not adequately describe is the notion of
a specific interval of time.




Conpunic

FIGURE 1

ations paths between system components

analog
sources

A A
nasa 5 . 9 platform/
standard 4 | :;%Ltigﬂics control
space 1 assembl 10 electronics
computer ii k] y assembly

2l 15 8 13 1 21

) r
test remote
support acquisition platform
equipment i uni

i

system
operator

e |
' |

18

19

¢ - - -

4 experiment
computer

-4-

Appendix A:
DREAM Design Notation pDescription
of

Annular Suspencion Pointing System

et it

FRS-

oy




5o

SYSTEM OVERVIEW
Lannular suspension pointing system]: SUBSYSTEM CLASS;
DOCUMENTATION
The purpose of the ASPS is to control a platform which will be
flown on the space shuttle. Equipment (e.g., a telescope) will
be mounted on the platform and the ASPS will allow this equipment _
to be pointed in a given direction with extreme accuracy (14.84x10
radians) and this position maintained for extended periods (stability
+4.84~10-2 radians /sec) in the presence of shuttle disturbances.
END DOCUMENTATION;
QUALTFIFRS;
tl_per t2, t2 per t3
END QUALIFIERS;
SUBCOMPONENTS ;

nsscii  OF [nasa_standard_space _computer_ii],

dea Or [digital electronics assembly],

tse OF [test support_equipment],

rau OF [remnmte acquisition unit],

ec OF [experiment computer],

pea cea OF [platform electronics assembly_control_electronics_
assembly],

p OF [platform],

as Of [analog sources],

so 0F [system operator]

END SUBCCMPONENTS;

CONNECTICNS;
PLUG (nssciifdea outputs, dealnsscii inputs), 1
PLUG (nsscii|tse outputs, tse|nscii_inputs), 2

PLUG (dea|nsscii outputs, nssciildea inputs),
PLUG (dea|tl tick , nssciiftl _tick),
PLUG (dea|t2 tick , nsscii|t2 tick),
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SYSTEM OVERVIEU
PLUG {dea|t3 tick » nssciift3 tick),

PLUG (dea|pea cea_outputs, pea_cea|dea imputs),
PLUG (dea{rau outputs , rauldea inputs),

PLUG {pea cea|master timing pulse, dea|master_timing pulse),
PLUG (pea_cea|dea outputs, dea|pea_cea_inputs),
PLUG (pea cea|p_outputs, p|pea_cea_inputs),

PLUG (as|dea_outputs, dealas_inputs),

PLUG (rau|dea outputs, dea|rau_inputs),
PLUG (rau|ec_outputs, ec|rau_inputs),

PLUG {tse{nsscii_outputs, nsscii|tse_inputs),
PLUG (tse|so outputs, so|tse_inputs),

PLUG (ec|rau_outputs, rau]ec_inputs),

PLUG (ec|so outputs, so|ec_inputs),

PLUG (so|ec_outputs, ec|so_inputs),

PLUG (soltse outputs, tse|so inputs),

PLUG (plpea_cea_outputs, pea cea|p_inputs),
END CONNECTIONS;
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‘ SYSTEM OVERVIEW

SYSTEM OVERVIEY

[asps_operation]: EVENT CLASS; experiment_result returned to system operator 18: DESCRIPTION;

. EVENT DEFINITION; ; X . !
d The result of our experiment is returned to the system operator, i

system operator request_experiment 19: DESCRIPTION; at the operator console.
i This event corresponds to the system operator entering a END DESCRIPTION;
» request, at the operator console, to the experiment com-

puter. system cperator_request test 20: DESCRIPTION:

. This event corresponds to the system operator entering a re-
END DESCRIPTION: quest at the test console, to the test support equipment.

experiment computer_request platform action 17,13: DESCRIPTION: END DESCRIPTION:

In order to perform a given experiment, the experiment com-
puter must manipulate the platform in some predefined manner.

END DESCRIPTION: In order to perform a given tesi, the test support equipment
' must get certain data from the nsscii.

tse request action 15: DESCRIPTION;

dea_request_computation 3: DESCRIPTION; END DESCRIPTION:

Many times, computations must be performed before a requested . . . :
platform action can occur. nsscii result returncd 2: DESCRIPTION;

END DESCRIPTION; l:::p::’t;: from the nsscii is returned to the test support |
nsscii_computation result returned 1: DESCRIPTION; END DESCRIPTION: a
Computations supporting the platform are performed in the . < . g .
nsscii. Results are returned to the ded. test result returned to system operator 16: DESCRIFTINN. a
END DESCRIPTION The result of a test is returned to the system operator, at

the test console.

dea_request platform action 7,11: DESCRIPTION; END DESCRIPTION:

The platform is actually controlled by the pea/cea. master timing pulse 9: DESCRIPTION;

N SC N p . f3q:
END DESCRIPTION This pulse is generated every T{1} milliseconds.

latform , : :
platform responds 21,10:  DESCRIPTIOH END DESCRIPTION:

The platform responds to request from the pea/cea. t1 timing pulsc 4: DESCRIPTION;

END DESCRIPTION; his pulse is generated every T{1) milliseconds as a result
platform result returned to experiment computer 8.14: DESCRIPTION: of the master timing pulse.
The results of a high-level platform operation are returned to END DESCRIPTION:

the experiment computer. t2 timing pulse 5: DESCRIPTION:

END DESCRIPTION;

This pulse is generated every T(2)} milliseconds as a re<ult :
of the master timing pul<e. Note that T(2) milliseronds is :
an integral multiplie of T(1). .

END DESCRIPTION: ﬁ
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SYSTEM OVERVIEW

3 timing pulse 6: DESCRIPTION;
This pulse is generated every T(3) milliseconds as a result
of the master timing pulse. Note that T(3) milliseconds is
an integral multiple of T{(2).

END DESCRIPTION;
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SYSTEM OVERVIEW
DESIRED BEHAVIOR:

SHUFFLE(
REPEAT(
SEQUENCE ( (
SEQUENCE
SEQUENCE(master timing pulse 9, t1_timing pulse 4),'! P°7 2
t2_timing pulse 5).‘2»}’” 3
t3_timing pulse 6)],

REPEAT(
SEQUENCE(
system operator request experiment 19,
REPEATT
SEQUENCE (
experiment_computer requests platform action 17,13,
REPEAT
(SEQUENCE
{dea request computation 3,
nsscii_computation result returned 1)),
REPEAT
{ SEQUENCE
(dea_request_platform action 7,11,
platform responds 21,10)),
platform result returned to experiment computer £.14)),
experiment result returned_to_system operator 18)}),

REPEAT(
SEQUENCE(
system operator request test 20,
REPEATT
SEQUENCE(
tse request action 15,
nsscii_results returned 2)),
test result returned to system operator_16)))
END DESIRED BEHAVIOR;
END EVENT DEFINITION;
END EVENT CLASS;

END SUBSYSTEM CLASS;
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‘ LEVEL 11 LEVEL 11
k [svstem operator]: SUBSYSTEM CLASS; {experiment_computer]:  SUBSYSTEM CLASS: .
. ec outputs: OUT PORT; ray outputs: OUT PORT;
LHD PORT- END PORT;
. tse outputs: OUT PORT, so _outputs: OUT PORT;
] LHD PORT, END PORT;
ec inputs: 1IN PORT; rau_inputs: IN PORT;
thD PURT, EMD PORT;
] tse inputs: [N PORT; so_inputs: IN PORT;
s END PORT; END PORT;
1 operator:  CONTROL PROCESS; experiment:  COMTROL PROCESS;
; MODEL ; MODEL ;
ITERATE . ITERATE
SELECT RECEIVE so_inputs; I
(PERHAPS): SEND  ec outputs; SEND rau_outputs: '
(PERHAPS): SEND  tse_outputs; RECEIVE rau-inputs; Uy
END SELECT; SEND $0_outputs; {
SELECT END ITERATE:; b
(PERHAPS): RECEIVE ec inputs; &
{PLRIAPS) . RLCEIVE  tse inputs, EHD MODEL ; A
END SELECT; :
END CONTROL PROCESS: ;
‘ EHD 1TERATE,
END SUBSYSTEM CLASS,
o END MODEL :
FHU CONTROL PROCESS;
X FHD SUBSYSTEM CLASS;
!
}
i s ol il ﬁ,

¥
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LEVEL 11

{remote acquisition unit]: SUBSYSTEM CLASS:

dea _outputs: OUT PORT,
END PORT;

ec outputs: OUT PORT;
END FORT;

dea_inputs: IN PORT;
END PORT,

ec_inputs: IN PORT;
END PORT;

acquisition: CONTROL PROCESS;
MODEL +
ITERATE
RECEIVE ec inputs,
SEND dea outputs;
RECEIVE dea_inputs;
SEND ec_outputs;
FHD TTERATE,
END MODEL :
END CONTROL PROCESS,

END SUBSYSTEM CLASS;
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LEVEL 11

[platform]: SUBSYSTEM CLASS;

pea_cea outputs: OUT PORT:
END PORT;

pea cea_inputs: IN PORT.
N0 PORT;

platform: CONTROL PROCESS;
MODEL
ITERATE

QECEIVE pea cea inputs;
SEND pea_cea outputs;

END ITERATE;
END MODEL ;
END CONTROL PROCESS;
EMD SUBSYSTEM CLASS;

R .
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LEVEL 11
[analog sources]: SUBSYSTEM CLASS;

dea outputs: OUY PORT,
END PORT S

suource: CONTROL PROCESS;
MNOOEL &
ITERATE
SEND dea outputs;
END ITERATE,
END MODEL;
END COMTROL PROCESS;
END SUBSYSTEM CLASS;

TR
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LEVEL 1§
{test_support_equipmsent]: SUBSYSTEM CLASS ;

nsscii outputs: ONT PORT,

END PORT ;
s0 owtputs: OUT PORT;
END PORT ;
nsscii_inputs: [N PORT;
END PORT ;

so_inputs: 1IN PORT;
ENU PORT;

support: CONTROL PROCESS;
MODEL ;
JTERATE
RECEIVE so_inputs;
SEND nsscii outputs:
RECEIVE nsscii_inputs;
SEND s0_outputs;
END ITERATE;
END MODEL ;
END CONTROL PROCESS,

END SUBSYSTEM CLASS;




[platform electronics assemhly control electronics assembly]: SUBSYSTEM
Cl .

master timing pulse:
END PORT,
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LEVEL 1

0UT PORT;

dea outputs: OUT PORT;

END PORT,

p outputs: OUT PORT;
END PORT

dea inputs- [N PORT;
END PORT,

p inputs: [IN PORT,
END PORT,

control: CONTROL PROCESS;

MODEL ;
ITERATE
SELECY

(P 1APS):

{PLRHAPS) :

END SELECT,
END TTERATL,
LRD 1WDFL .
ENO CONTROL PROCESS;

END SUBSYSTEM CLASS:

SEND master timing pulse;

RECEIVE dea inputs;
SEND p outputs .
RECEIVE p inputs;

SEND dea outputs;
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LEVEL 1]

[nasa standard space computer ii]: SUBSYSTEM CLASS:

dea outputs: OUT PORT;
END PORT;

tse outputs: OUT PORT;
END PORT;

dea inpyts: [N PORT;
EmD POPT;

t) tick: [N PORT;
EMD PORT;

t2 tick: IN PORT;
ENO PORT;

t3 tick: iN PORT;
END PORT;

tse inputs: IN PORT;
IND PORT;

nsscii_executive: CONTROL PROCESS;
HOREL ;

perform initiclization;
SEND dea nutputs
RECLIVE dea_inputs
1TERATC
SELECY
(PERHAPS): RECEIVE 1 tick;
SEND dea outputs;
{PERHAPS ): RECEIVE t2 tick:
{PERMAPS): RECEIVE t3 tick:
(PERMAPS): RECEIVE t<e inputs;
SEND tce nutputs

END SELECT;
EMD ITERATE,
END MODEL ;
END COMTROL PROCESS:
END SUBSYSTEM CLASS;

R




(digital electronics assembly]: SUBSYSTEM CLASS:

nsscii outputs:

pea ces outputs:
rau outputs:
nsscié_inputs:

*
master timiny pulse: TN PORT,

pra cea inputs:

dea executive:
MODEL ;
ITERATE
SELECT
(PERHAPS ):

(PERHAPS ):

(TERHAPS):

END SELECT,
EMD ITERATE;
END $I0DEL ;
ENG CONTROL PROCESS,
END SUBSYSTEM CLASS;

-20-
LEVEL 11

CONTROL PROCESS:

RECEIVE master tiwing pulse;
SEND t1 tick;
SELECT
(PERMAPS) SEND 12 tick;
(PERMAPS) SEWD 12 tick;
SEND t3 tick;
END SELECT:

RECEIVE rau_inpuls;
MAYBE
SEND nsscii_outputs;
RECEIVE nsscii imputs;
END MAYBE ;
MAYBE
SEND pea_cea outpuls;
RECIEVE pea cea inputs;
END MAYBE ;

RECEIVE as inputs;
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‘ LEVEL I11 LEVEL I11
'[nasa_standard_space_computer ii]: SUBSYSTEM CLASS'

MODEL ;
SUBCOHPONENTS 3 perform initialization;
P 2. 03 OF Lproces e
END SUBCOMPOKENTS 3 [Tﬁgﬁ'gm
CONNECTIONS 3 (PERHAPS): RECEIVE tl1 _tick;

A SEND  pl initiate;
: PLUG (nsscii_executive|pl_initiate, pljinitiate), (PERHAPS ): gEﬁSWE [t)g*g:'l(i::i;ate'
PLUG (nsscii_executive|p? initiate, p2|initiate), (PERHAPS): RECEIVE t3 tick; ’
PLUG (nsscii_executive|p3 initiate, p3|initiate), (PERHAPS ): :Egg[vz g?‘l:.:.;;gta

SEND dea outputs;

PLUG (pl|complete, nsscii_executive|pl_complete), (PERHAPS): KECEIVE p2 compleie;

PLUG (p2jcomplete, nsscii_executive|pZ_complete),
PLUG (p3|complete, nsscii_executive|p3_complete) (PERHAPS): RECEIVE p3_complete;

. (PERHAPS): RECEIVE tse_inputs;
END CONNECTIONS SEND tse outputs;

nsscii_executive: CONTROL PROCESS;

END SELECT;
pl_initiate: LOCAL OUT PORT;

TEND PORT; END ITERATE;
- p2_initiate: LOCAL OUT PORT; END HODEL ;
h END PORTS END CONTROL PROCESS;
O p3_initiate: LOCAL OUT PORT;
END PORT;

‘ pl _complete: LOCAL IN PORT;
g END POKT

p2_complete: LOCAL IN PORT; %
END PORT;

p3_complete LOCAL IN PORT,
END PORT;
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LEVEL 111
(process]: SUBSYSTEM CLASS;

compiete: QUT PORT;
END PORT;

initiate: [N PORT;
END PORT;

process: CONTROL PROCESS;
MODEL ;
ITERATE
RECEIVE initiate;
perform operations;
SEND complete;
END ITERATE;
END MODEL ;
END CONTROL PROCESS;

END SUBSYSTEM CLASS;

TR ~
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LEVEL IV

‘[digital_electronics_assembly]: SUBSYSTEM CLASS'

QUALIFIERS:

tl_per t2, t2 per t3

ENO QUALIFIERS;
LOCAL SUBCOMPONENT ;

t1 pulses OF [0:: tl per t2],
t2 pulses OF [0:: t2 per_t3)

END LOCAL SUBCOMPONENT ;

dea_executive: CONTROL PROCESS;

MODEL ,

SET t1 pulses

T0 0;

SET t2 pulses T0 O;

ITERATE

SELECT
(PERHAPS ):

(PERHAPS):

(PERHAPS ):
EHD SFLECT;
END ITERATE;
END MODEL 5
END CONTROL PROCESS;

RECEIVE master_timing pulse;
SEND t1 tick;
SET tl_pulses TO tl_pulses + 1;
IF tl_pulses = t1 per t2 THEN
SET t1_pulses 10 0;
SEND t2 tick;
SET t2_pulses T0 t2 _pulses + 1;
IF t2 pulses = t2 per t3 THEN
SET t2 pulses TO 0;
SEND t3_tick;
END IF;
END 1F;

RECEIVE rau_inputs;
MAYBE
SEND nscii_outputs;
RECEIVE nsscii_inputs;,
END MAYBE
MAYBE
SEND pea_cea outputs;
RECEIVE pea cea inputs;
END MAYBE;
RECEIVE as inputs;
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1. I adosleitaon,

his dorurent attenpts to describe  the Anenlar Suspension Teinting
System  (£3P5) nardware facilities and the structure of the sof tuare
excrutive in sufficient detail that it can be used as an exanple of the

requirenents {or  concurreat  prograning  in LASA enbedded computer
systens., Tie harduare details are provided for those who are
unfaniltar with the peneral layout of the ASPL. This description s

intended to be accurate and every effort will be nade to ensure that it
correctly reflects the software currently beinyg written for the AGPS
enpineering nodet. The enginecering wodel is a gpround-based systen used
for testing. 7Inis is the {irst version of the software which will be
used. This desceiption is also intended to be complete in the sensc
that the functions of the softuare 1is defined in sufficicnt detail
(alheit informally’ that only wninor pararetric detafls are necded
befnre the software can he constructed.

Jwe eonnequenres of the fact that the softwire  deseribed i for oun
enpincering  medel are  that  the software 15 instrumented and the
oxistence of a huran operator is assuncd. The instrumentation s feor

performance evaluation and error asalysis. It will not be specified
gere siare 1t goes ant affect the ASIS executive fanction.

The purpose of the ASPS is to control a platforn which will be floun on
the Space Shuttle._ Lquipment {c.g. a telescope) will be nousted  on
the platform and the ASPS will allow this equipment to be pointed ip s
zaiven direction with extreme accuracy (+ or - 4, 8&-] radians) and this
position naintaincd for extended periods _(stability + or - 4.R4ech
radians_per sec.)_in<be presgace of Shuttle disturbances.
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L. WARDUARL CUNFIGURATIOL OF T4t SYSTILN

Fizure § shows the orgian.zation of the najor hardware units couaprising
the ASPS

Definitions:

a) ISt: lest_Support Equipnent. The TSE consists of a teruinsal and a
conputer, It wvill be used to jenerate various finputs {ron the operator
and display nmessapes to the operator for sround testing of the ASPS.

) XN55C I1:  NASS Standard Space Conmputer 1I. The NSSO 1] is basically
an Idgii Svsten 36h0 coaputer. le _will be used to carxy out the
computatjons which inplencat the control laws for the platform.

lectronics Assenbly. The DLA is an_ electronics
assenblvy bLased on a I~8u microprocessor which is  used as _ao 1/U

controlier for the NSSC 11. Figure 2 sliows the major hardware units of

the DEA.

d)y _PLA/CLA: _Platforn ILlectronics Assenbly/Control  Electromics
Asscnbly. The PLA__is the electronic assenbly on the platform which,
together with the CLA, is  responsible for_ woving; the platform and

sending position_information to the L5SC I].

e) RAU: Remate Acquisition Unit. The RAU provides 32 dipital  input

and 32 dipital output lines. It _is connected to the experiment
conputer 1.c.  the expertinent which 1s using, the ASPS, and__all 1/o

between the DLA and the experinment conputer is through the RAU,

The systen of interest for the executive consfsts of an  HNSSU M
conputer  commected to the DEAL. The DEA s cannccted to the WS85C 11 by
16 inputs, 16 ontput and sceveral control lines. During: flight all  1/0
to the LSSC T1 1s throuph the DEAL In the enplocering vodel, /0 o
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the LSS5C 11 can also be from the TS, Analuy data to or trom the
platforn is converted (A/i,D/A) in the -DLA and preprocessed in the DLA
before being sent to the USSC 1.

The experiment conputer sends platforn control covnands  (e.g.  point
telescope in a particular direction) to the DLA, which in_turs_requests
the  NSSC 11 to compute the control laws. This output is scnt throuph
the DLA_to _the PEA/CLA which moves the placforn.

The systen naster tining pulse is yenerated by the PLA and scnt to  the
RLo, This is a pulse every T(l) milliseconds_ wvliich is used {or

real-time tining. T(l) is a fixed integer whose _value has_ not _been
finalized.

HOTE: This pulse is pot sent directly to the H5SC Il.
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111, LSSC 1D CHAPACTLPISTICS

This scction provides a sunimary only and is uot intended to be
conplete. Full details of the machine can be obtained fron the
nardware reference nanual.,

The LASA Standard Space Conputer 11 {ISSC 11) is very nmuch like an 1Bl
Syster  30U. A thorough knouledge of S/360 is assuned in this suanary.
The 55¢C I1°s tnstructiou sct contains 83 of the 57 instructions from
the 5/360 Standard Sct. (Recall thac the Standard Set does not include
decimal, direct control, protection or floating point instructions.)
The exceptions arce HIO(9L), SIO(9C), TCU(YF), and TIO(ID). The
senantics of these B3 instructions are ideatical to 5/360 except for
the folloving areas:

(1) The S5/360 interval tiner at location 8G(decimal) is not
inplemented.

(2) Effective addresses are limited to 16 bits except for the LA(4L)
instruction which yencrates a 24-bit result.

Added to these H] instructions are three new instructiounrn:

Mnenonic uUpcode Format
Tiner Read and Set TIRS Ad . 133
?tart I/v slv AS RS
Set Storage Key SSE (113 RR
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The NSSC 11 supports a real-time clock and an  interval  oimer. The
real-time clock dis 32 bits long;, is incremented by | cach 12.64
nicroseconds and causes no interrupt on overflow. The f{nterval timer
is 16 bits long, 1s decrenented oy 1 each 112.04 nicroseconds and
gencrates an external interrupt un change of sign fron positive Lo
negative.

The clocks are read, or read and set, individually by the TIPS
instruction. Reading yields a timer vwvalue in a register. Setting
involves a value fron storage beiny placed in the tincr.

There are four kinds of 1/0. They are:

(a) Direct.

(b} Buffered.

(c) Direct Merory Access (DItA).

(d) External Interrupt.

Direct i/U constitutes transferring 16 bits of data to/fron the NSSC 11
fron/to the DLA via a 16 bit bus. Transfers of this type are the
result of the HSSC Il executing a SIU iastruction. HNote that this is
totally different fron the 510 instruction on 5/3060.

Buffered 1/0 is a ncans of performing block transfers of data to/fron
the HNSSC 11 memory in parallel with normal execution of the HSSU I,
When buffered 1/0 takes place, mewmory references and secquencing are
controlled by hardvare within the CPU but this does not interefere with
instruction execution. The NSSC Il has provision for up to 16 devices
to perforn bulfered 1/U. A fixed storage location is used on the NHSSC
Il to point to a buffered 1/0 device tahle with 16 entries. An centry
contains two words cach of which is a word count and address pair. One
word is for input and the other is for output. The werd connt s the
nunber of “words te be transferred and the address is the wain menory
buffer location. If the vrelevant word count is  positive when a
buffered 1/0 operation bepins, then the count ts decrenented and the
address is incrermented in the table entry as each word i< translerred.
When  the transfer is complete the word count will be zero (assuning ne
error). 11 the word count is inftially negative, the word count i
modified duriny the buffered 1/0 operation but is reset to tts orizinal
value wvhen the operation conpleces. The nnumber of words transicrred it
this case (s the absolute value of the word count. A buftered /0
operatton is inftiated using dircct T/0 (510 fnstruction) to send 1)

bttt i o " i - i bl ki L
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bits of data te the device which will perforn the operation,

Direct nenpry access is literally direct access of the KSSC Il memory.
Tue ASI'5S system doces not usc DAL

An external interrupt changes the state of the NS5SC 11 as a  result  of
an external stinulus and as such can be rejarded as an input mechanisn.
The ASPS systen docs not use external interrupts for data input.

Menory on the KSSC Il is protected in blocks of 1024 bytes. Storage
keys are two bits lonyg, and they are used for write protection only.
une bit is used to inhibit CPU and buftered 1/U storing and . the other
is wused to  inhibit ilA storing. Storage keys are set by the Set
Storape Ley (SSY) instruction, and also, follouing an interrupt, the
storage key of the first block of nemory is sct to allow CPU and
Buffcred I/U storing but inhibt MW storing. Ko other storage keys are
af fected by interrupts.

As well as the above, the KS3C Il is cquipped with a set of short
precision (16-bit) instructions which operate with l16-bit fixed point
twos corplenent nunbers. They are nanipulated in the lower half of the
general-pur,ose repisters and there is no sign extension as on a 5/3060.
A long precision fixed point (64-bit) instruction set {is available
al'so. An cven-odd register pair is used for holding 64-bit nunbers and
only ADD, SULBTRACT, COMPATL, LOAD and STURL instructiouns are provided.
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IV,  ASPS EXLUUTIVL FURCTIORAL DESCRIPTION.

The ASPS exccutive has_the prinmary goal of providing scheduling in real
tine of certain processes. There are threec tiue periods of _interest.

At__present they are 10 nillisceonds, 100 millisecornds and ! sccond but

these may be adjusted. These time periods will be referred to herce by
the  symbols T(1), T(2), and T(3), in mnillisccond time _ units.
Associated with _these time periods are three sets of processes, _The
sct  {Pr(l,f)) 1is associated with T(l), the set {P(2,j)) with 1(]) and
the set (P(3,§)) vith T(3). Certain computations nust be conpleted
every T(l) williseconds, others every T(2) milliseconds and still
others every I(J) milliscconds. I1(2) and T(3) are jinteger multiples of
(1), and T{J) is an_ integer multiple of T(2).

Tining is centered around an  1/0 interrupt {rom the DLA which_ is
derived from, but not coincident with, the systen naster timing pulse.
This interrupt will be penerated by the DLA every T(l) milliscconds
repardiess of what the NSSC 11 does, although the NSSC Il can mask it.
On__system  start-up, the AGPS  executive perforns _ _any  data
initializations which _are neccessary, sipgnals the DEA that
initialization is complete using direct 1/0, and them places the KSS
Il in the wait state with no processes active.

Processinpg bepins when the first 1/0 inierrupt arvives from__the DbLA.
Iron_ then on, P(1,j) must be coupleted every T(l), P(2,j) every T(2)
and P(3,]) every T(3) nillisecconds of real timc for sowmc j. Feal time
can be_thought ot as a sequence of T(3) time periods. Lach T(3) timc

period is broken into an integral nuwber of T(2) time periods, each
I(2) time periods is broken into an integral nunber of T(1) time

periods. The quantity j is called thee mode and a different

prucess is used for each mode. The node s the operating state of the
platform and currently U (f.e. the number of modes) is 4. They are
called 1DLE, COURSL, Flill. and SLEW. The system changes wode based on
certain inputs (see below) and only certain transitions are valid.

llode changes can only occur at the begining of a T(3) millisecond time
period.

The KSSC II interval timer is not used for any determination of

real time. It is used solely as a check on the systen master tining
pulse. At the begin..ng of each T(l) time period (f.e. follouing the
interrupt Prom the DLA) the interval timer is loaded with a value
sliphtly larger than T(1). If the timer ever expires them clearly an
error has occurred. For the inittal versfon ot the executive, if the
timer interrupt ever occurs, the system will not attempt to recover bat
merely inforw the operator and enter the wait state.

When the 1/0 interrupt at the beginning of T(1) cccurs the execntive is
entered. The DEA will already have completed a buffcred 1nput
operation and placed a total of L(IN) words {ntn the KSSL 1L nemory.
L{IN) 1s currently 3H. This block of data is In two parts. The farst
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L(IK)-2 wourds are data for process P(l,])) and the last 2 are input to
another process (see below). Prior to initiating P(1,J), these two
words are removed by the executive and used to build a table in a
scparate nenoty ared.

When P(1,]) coupletes, a table of outputs of length L(UUT) have been
produced. L(OUT) is currently 32. A direct output is sent by the
exccutive to the DLA uhiich then begins a2 huffered output operation,
i.e. the DLA removes the results of P(1,j) for fts oun use.

After the direct output has beem sent, part of P(2,j) is run. For
cvery j, the process P(2,j) oust be cospleted in a T(2) tinme period.
1t is organized as a series, of subprocesses which, when executed fn
series constitute the entire process P(2,J). These subprocesses will
bc denoted P(2,5,k). For every § and k, the process P(l,}) and
P(2,J.,k) can be executed sequentially in less than T(l) williseconds.
Clearly k has to be less than or equal to I(2)/T(]) in order to neet
the deadline. The breaking of P(2,j) into a series of subprocesscs is
not a requireoent but wcrely the process structure In  the present
design.

Uhen P(2,),k) completes, P(3,J) is resuncd. It continues to execute
unti] ecither:

(a) the next 1/U interrupt fron the DLA occurs or

(b) P{3,5) coupletes.

P(3,§) oust be completed in a T(3) time period. P(3,j) for the current
J is initiated at the beginning of each T(3) tioe period and following
the counpletion of P(3,J) the processor vill be in the wvait state {f
P(1,5) or P(2,]) ate not exccuting. P(3,j) operates on a table of data
which is constructed for execution i of P(3,)) durting ecxecution (-1,
The table is L(BACK) words long and is in fact constructed from from
the 2 vord blocks which were not imput to P(l,j) during the executions
of P(l,}) (see sbove). The {irst of these two words is a key and the
second is a data word. If the key is ncegative, the data vord is to be
frnored. If the key is positive it cousists of two parts. The first
is an index indicating vhere in the data table the data word belongs.
The second: part 1is an identifier indicating to which of several
possible tables the data word belongs. bBuring any given T(J) timc
period all of the dats words will be intended for the same data table.
1f the identifier changes during a given T(3) time period, an error has
occurred.

Switching of nodes can only occur between cxecution of P(3,§), i.e. at
wmost only every T(3) williscconds. OUne of the constituents of the data
table for P(3,]) is a mode chanpe fndication. This designates the node
which the systen vill be in for the next T(3) time period. Valld mode

transitions have not yet heen dectded,

In addition to real time managenment, the exccut fve aust respond to  the
other sources of iInterrupt on the HSSC L1, The wachine eheck and
progran interrupts arc both to be regarded as  crrors, and  processing
will consist of inforning the operator and putting the systes into the
wait state. Supervisor call interrupts oast provide supervisor
sorvices in the normal way and only two such services are presently
delined., They are:

(1) SVC code 55(hex) ~ Process P(3,§) has ended.

(2) SVC code AA(hex) - Process P(l,J) has ended.

Ixternal interrupts are to be regarded as errors except for the
interrupt gencrated by the operator fron the ISL. Frocessin: in this
case is currently undefined and so all external interupt proce-sing
consists of infocming the vperator and putting the system into the wait
state.
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SUPCARY ol T16t..

<

kefer to Fig. 3 for the systen timing:

(a) The PEA genc-ates a sync pulse every T(1l) mnilliseconds.

(b) Startiny at the trafling edge of the sync pulse, the DEA

{c) The DA intercupts the NSSU 11 when input is complete.

(d)} Tne NSS5C 1] computes with the data and deposits the ovutput
buffer.

(e) The %NSSC I1 thien signals the DIA to indicate that
available.

({) The DIA hegins to remove data from the cutput buffer in
1l.

(£) The KS5C 11 then performs the next scquential parts  of
nsec conputation.
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{(h) unce (g) ts conplete the USSC 11 reverts to back;round processiong.

{tv) Tie sequence repeats.
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