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1. 0 INTRODUCTION 

This paper is submitted in response to the software data requirer.:.entsrec:uested 

in the Statement of Work f01° the Data Computation Subsystem GrCiup (D . ..t· ... C··p_-66-

60S/WSL Items 2.2..3,.3, 2.2..3.7 and 2.2.3. S. _A..lthough total syste:-ns require-

ITlents are not known, the progranuning systf!m design recommended here satisfies 

all requirements that can presently be foreseen. Furthermore, the design is . 

flexible enough to' accommodate a wide' variation in thes e requirements without 

substantive change. 

1. 1 General Considerations 

For the purposes of this discussion it is assumed that the hardware configuration 

of the DCSG Guidelines (Document Number 3-449-0296) is a basis for the sys:cF.:.rn, 

that the two computers are identical, and that the software system applieS t'o Doth. 

These assumptions have been made only as a means of supplying detail, as the 

. system design is quite general and applies to any similar configuration. For the 

same reason, computers from the IBM 4 Pi line have been assumed for the _A..VE, 

, \vith a compatible IBM System/ 360 computer for the AGE. 

Analysis of the Guidelines has established the following rcqui::e:TIents as being of 

fundamental i:nportance in the systems design: 

.1.1.1. Each of the computer~ in the DCSG is capable of independent action and 

generally each is involved in separate modes of operation. Ho\vever, both must 

be able to operat~ in any 'mode, or even in several rnodes sirn~lt'l.neously. 

1. 1. 2 'The' action of both computers must be controlled exte:! .. nally, either by the 

operator or from the gr ound. Since flexibility ai· external interaction is of g:::-ea:: 



:"' 

.1 
'j 

j 

1 2. 
'1 

i 
I 

1 
i 
1 

importance, information rnust be supplied from within the system in order to 
I 
I 

1 
provide 'a basis for reasonable decisions. 

'j , 
1 1. 1. 3 A number of functions are cornmon to all modes of computer operat~on. 
i 
l 

.~ 
I 

Provision must be made to 'implement these overlapping iunctions 1 both sy;;;te.m 
I 
1 
] 

i 
and application, so as to optimize their utilization. 

1 
i 

I 
1.1.4 Program p14eparation (compilation, assembly, and checkout) should be 

I 
j 
'j doone on a ground based computer which is widely available to the applicaticn 

i 
'! programmers. An extensive software system is necessary in o:-der to facilitate 
i 

.j 
i 

i 
program preparation. 

~ 

i 
j 
j 

~ 
Consideration of thes e requirements has led to the design of an integrated 

i 
. J 

I 
programming system to support the operational programs . 

1 ., 
1 
j 1.2 The Programming System 

'1 
} 
j 

The programming system is. divided into two main areas: The Sp2..Ceb011 ne System, 

i 
~~j 

:l 
which is concerned with the execution 6f operational programs on the DCSC·, and 

-J 

, 
'l the Ground Support System, which is concerned vlith the preparation and testing 
> : 

.J 
. I 

~1 
of programs on ground based cor~puters . 

.~ 

j 
1 

·1 
Figure 1.2 illustrates the general organization of the Spaceborne System al1d the 

i 
} 

'1 
-i 

functional interface of software and hardware components of the DCSG \vith other 
l 
I 
:j 
j '.' vehicle subsystems. The hardware control units shown serve as :'nter:face3 

. ~ 
.j 
j 

·i 

l 
between the I/O channel and the attached devices. To control the:' 11 operation as 

i 
···f 
:j 
~ 

j 
well as the operation of the system and application programs, idc·.'ltical ex..;;c1.::civc 

1 
. ~ 

'.~ programs are resident in each computer. In order to minimize 'i:lle complexity of 

. the executive routines, and to reduce overhead required for control, prog14ams 

------- ......... _--_._--_._--.. -. __ ... _--------------------------
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J 
.1 
'j 
J 

lTIust submit to a certain arnount of discipline in their structure and operation. 
i 
1 .: 

-.I 

This dis·cipline is fully described in Section 2.0 of this docurnent, which covers 

',1 
1 
i 

the Spaceborne Systeln. 
1 
~ 

. 1 
'1 
1 

Analysis of the Ground Support System requirements has shown that r.l.'lany of 

1 
'1 
i 

these are met by the operating system for System/360. This operati~g systern 
'1 

.J 

J 
(0~/360) is a comprehensive system embracing a variety of programrning lan-

! 

guages and language processors as well as extensive library, editing and 

i 
1 

. ~ 
debugging facilities. Since OS/360 isa standard product of IBM, it ,is widely 

l 
1 

i 
known and readily available to the applications programmer. Two function.3 must 

.j 

'1 
be added to the Standard System. First, there must be a means of prepari::.'1g the 

l 

I 
final form of programs to be executed in the DCSG. Second, there must be a 

1 
method of. simulating the'operation to these progralTIS, in order to facilitate 

i 
j 

'J 
checkout. These additions provide a complete Grour.;.d Suppo:.-t System, 'which is 

'! 
; 
1 . discussed in detail in Section 3. O. 
J 
l 

1. 3 Implementation Plan 

The development and production of validated progran'1.s for a sysL:!:::'1. such as the 

DCSG requires a carefully developed and controlled, plan. The pl2.n must include 

,procedures to span the time from the state of requirements definition to the final 

i 
flight configuration, with milestones that provide a precise control over the 

I 1 

distinct areas of software development and testing. Section·4.0 discusses such 

I , 

I a plan in terms of the formal· milestone documentation and the s-ceps that s1-'_ou10. be 

followed to as sure orderly development of the flight prog:: .. a~s and. the suppo:-t 

software. 

---------------------_.....:....-_------------_ .. _-_ .•.. , ..... 
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5. 

1.4 Application Progl'ams 

Application programs are those which are executed in the .AVE to perform the 

data processing required for both. the Laboratory and Missio~ Modes. These 

programs are executed under the supervision of the Spacebo,rne System executive 

program, which interleav'es their execution where necessary to rneet real tirr ... e 

requirements. 

Section 5.0, which is a classified attachment to this report, discusses cOlnputing 

requirements for individual application programs. For Laboratory Mode pro-

grams the requirements were generated as the result of analyses based u~')on 

two principle sources: the preliminary definition of the prograr.c:..s given L:1 the 

DCSG Guidelines; and the Subcontractor Technical Di:cectives io~c sor-.. '1e of the 

individual functions. Estimates of computer storage requir erner~ts and p::cograr:1. 

. execution times a14 e provided, as well as functional and :TIath ilo',.vs. For Mission 

Mode programs the requirements and estimates have been ·provided by Ge:1eral 

Electric.' 

",', 

. --- .. _- ----._---,,-- .... ,,--_ .. -..... _---_. -----------------.. __ .... " ... " .. ,,----_ .. _,,_._-
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2.0 ' THE SPACEBORNE SYSTEM 

In contrast to previous spaceborne applications, which have involved co:.np1.:ters 

with limited capability dedicated to a small number of functions, the DCSC 

, application involves a complex environment with two computers supporting a 

number and variety of functions. Successful operation in such &.n environr ... "lent 

requires efficient overall utilization of the hal'dware, considerable operat:.onal 

I 
O. 

flexibility, and simplification of programming procedures. Experience h~.s show:l 

that these can be best obtained by centralizing system control in an exec~tive 

program. 'Consequently, the Spaceborne System is based upon such an organiza-

tion. 

Some of the specific, b'enefits which ar e realized by ac.opting executive cO:ll:rol 

ar e the following. 

2. O. 1 It 'provides for the insulation of app~ication prograr...1.s Il"Onl. hardwa'i."e 

configuration changes. Thus, hardware maybe incorporated to ~m.prove overall 

system performance without affecting the code involved in the ap::>lication :?rograr.:ls. 

For exarrlple, a computer system with a selector channel in addi"Cion to a. :.nulti-

plexor cha?nel may be necessary to meet peak I/O data Tate reqt.:.irernents. Such 

an addition can be made witho'ut the necessity of reprogramming the applications. 

2.0.2 It provides an internal environrnent in which functions caL be carried out 

simultaneously, yet independently. Hence, Mission mode and La.borato::y Venicle 

programs can operate in the sam~ computer when desired, and no speci:..l p.:.a:1n:ng 

in prograr: ... construction is required in order to do so. 
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i , 
.1 . . 
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.j 
1 , 7. 
j 
I 
1 
J 

2.0.3 The executive undcrta..ke:s ·i..he; loading and scheduling of programs for 
.j 

l 

:l 
·1 

execution. Only those programs required at anyone. time need be resident 
! 
1 
.~ 

-J 
in core storage. Hence, core storage requirements may be balanced against the 

\ 
,1 
1 factors of weight and power independently of the total number of p::·ogrc..rns '::equired 
1 
,1 
j 
1 

in the system. 
! 
j 

, 
1 2.0.4 C.en.t14alization of control functions eliminates a considerz..ble amount of. 

.! 

1 
! 
I 

redundant code. In addition, adjustments which may be required in control func-

I 
1 

1 

I 
tions are localized, and are not reflected in the application programs. Mo:::-eover, 

i 
-) 

1 
such u~iversal functions as external communication, power off control, and inspect 

~ 

1 and change, can be carried out in an orderly, uniform manner. 
j 

" : , 
1 
~ 2.0.5 Reliability of the ove14all operation is improved, since the executive can 

1 
detect component failure, and, within limits, compens.:;;xe :0:: such failure. 

.~ 

~ 
i 
I 
1 2. 1 Program Operation 
'1 
1 . 
1 

Program operation is concerned with two major areas: the actio:: of the exec1!tivc 

1 
J 
,j 
j 

in controlling operational progran1.s; and the structure required of such programs 
i 
I 
I 
'j 

to .allow for efficient operation. In this application the most sigr..i:ficant re~,uirement 
,1 
.; 

1 of operational programs is that they be executed at a p14edeterrnined rate, based 

" 

I 
I 
j upon real-time constraints. This requiremenLhas a substa.ntial effect on tnc or gz..ni-

"I 
J 

i zation of both the executive and the operatiqnal programs. 

1 
i 
I 

'-1 

1 
I 

To insure that the required rates are met, the executive progl~.3.::'l ~):::ovi'::es a. rr..ulb-
1 
j 
1 
3 

plexing procedure to allocate CPU time to the requested progra:.~'ls. The e:'':2cl:"Civ8 

itself is structured to operate in the rn.ultiplexing mode whenever possible. It 

. should be emphasized that the executive is responsible for this r.1.ultiplexin:l, ane 
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8 . 

the fact that several operational ?l'cg).-·ar:.!ls rnay be executing concurrently is of no 

concern to the progran1l1.1.er. 

2. 1. 1 Pro gram Structure 

To simplify the multiplexi:1g procedure and to reduce oveJ.:head whEe 

.maintaining flexibility I the operational programs are structured a~; shown in 

fi gu r e 2. 1. 1. 

PCB 
j 

i 
1 

~-- i 

COMMON 

Program 

Figure 2. 1. 1 

2.1.1.1 The Prog:!:arn Control Block (PC3) is gen.:::rated by th~ sys-

tern during program preparation and contains inrorn'1ation required to· 

properly exeC'l!:ce the progral"n. . This information governs both the ::--':-.I.\.llti-

plexing procedure and the flow of control. 

2.1.1.2 The Dictionary consists of pointers "co words within the 

program which are location dependent and. the::'1e:o:."e l'l~1:st be adjl:sted 

when the program is brought into core s::orag-:::ro-: eX2c\.:.tion, or relo-

cated during execution. The dictionary is also g2ne::'12:":~Ci by the sys"Ce:c1 

during the preparation process. 

~> -
.~ I . ~ 

2.1.1.3 'The Program COMMON area is the data are:3. \vhicl-' ... ::) usee. 

to communicate between segments of an executing pl"ogra:r::l. Tl:e s-::::ucture 

and size of this area is defined during prog11am preparation. 

_ .. __ .•. __ ......... _---------_._--------- ........ _ ... -._ ..... _ .......... ------
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2.1.1.4 The Prog:.:::~~:;:n consists of the actual instru'ctions to perform 

the required computations. These instructions ai:e the result of ccm.pila-

tion or assembly during the preparation process. 

2. 1. 2 Segments' 

In addition to this physical structure, the program is logically strl~ctured 

so that the executive receives control at specified intervals. This logical structuTe 

involves division of the program into sections whose execution tirne dO.0.S not exceed 

the interval. Such a section of the program is called a segment. 

2. L 3 Repetition Rate 

Each segment is also an entry point for the prog::ar..1. to receive co:atrol 

from the system. In order to meet processing requi:::e:.ne:.-;.ts, a cE.rtain nur.-:1oer of 

program entries must be made each second. This nurnbeT is called the Prograr.:l 

Entry Repetition Rate. It is provided during the preparatior:. phas 8 and is s'~ored 

in the PCB. The execu~ive examines the repetition rates :0:::: a..l::' prograr.:ls -'':0 be 

run concur~ently in order to interleave their execution. In addiLo::1 to this :nfo:--

mation, programs may request execution at particular tirne intel'vals, 0:- S ?ec:::c 

times . 

2. 1. 4 Flow Control 

Flow of control during execution is governed by n'leans 0:':: sequencE: con-

trol iniormatio'n contained in the Program. Control Block .. This in£orr.:latio:":. is p:40_ 

vided in the form of Sequence Control Statements dUl-ing progran1. ·~)repa::,:;,:.:iJ:-:. 

These statements direct the order in which segn'le:t' ... ts 2.1'13 execute:c. by p:::ovii::--.:.g 

the precedence relationships between segments and conditions dictating thej r ent:-y. 
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The order can be dynan'lically ~,,-~~;:;r~d during execution by means of triggers 

set by the executing scgrnents and tested by the executive. 

Use of the Sequence Control Statements permits a cornplicated prograrn 

to be described in a straightforward manner l and allows a flexibility in program 

n'1odification not otherwise obtainable. 

2. L 5 Links 

The repetition rate requirement for· executing programs applies to all 

segments of the program which are. resident in core storage at tr~e same t:.~e. 

Those programs which are too large to be contained entirely in core storage al?-Y 

be divide'd'.:into links, each of which can have a different repetition rate. Ir..c opera-

tion l a single link for the program is active at a time. Corn.mu:'1..:ation from link-

to-link is by means of the program COMMON area. Repetition l'ates are :''1ot r:lain-

tained across link boundaries l 'since a variable period o£ tirlle is required to load. 

each link. 

2 ? .... Executive Control 

Executive Control'i"sdivided into two parts,called the System. Z:..::ecutive c.,nd t1".e 

Basic Executive. 

2. 2. 1 The System Executive 

The System Executive provides overall supervision of p:::ogra.:::.. eX3c~tion 

and the logical interface between the internal and exter:1.al 
. , 

env:..l' O:1r:::-1en-cs . 

to initiate or terminate a program may come from ground. cont:..·ol,· I14 0r:::-: ::~;"e opera-

tor, from the system timer, or iron"l a currently active ?rogram. The Sys-:=errl 
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Executive honors these requ(;st::; 0,/ i::seH whenever possible. HOWCVC1', if they. 

would lead to time or space conflicts with active programs external control is 

asked to resolve the difficulty. 

Figure 2. 2. 1 shows the overall structure of the System Executive. The 

functions of the components are as follows. 

2. 2. 1. 1 Program Scheduler. The Program Scheduler determines' 

which of the active prograrns in the multiplexing loop is to be exec1.~ted 

during the next time increment. It also determines if requests to ,~dd 

programs can be honored. 

2.2.1.2 Segment Flow .. A...nalyzer. The Scgn'1ent Flo"lN .P-~nalyze:r· is 

activated at the cornpletion of execution of any pro gl~am. segment. .It de-

termines, by analysis of the pl~ogram Segment Flo'V! 'rable, the next seg-

ment to be executed in that progran'l, and updates the cor~'espondi::'lg 

Program .Control Block with the address of the entry point. 

2.2.1.3 System Timer. The System Tim.er monitors the list usee. :0 

initiate thos e functions whos e execution is bas ed :lpO::'l spe cified tirr:.e i:;.:cel·-

valse 

- --------------------------

2.2.1.4 Core,'Manager. The Core Manager maintains in£ol':(D .. '~tio::'l 

specifying the location and amount of unused co:::e storage. ..A...1so,:'f co::-e 

storage becomes fragr.nented so that there is not enough contiguous £::-1313 

core to load a given program, the Core Manage:: ,\;;.,:11 relocate eno-...:g)"'~ 

progran:s to provide the required space. 
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2. 2. 1. 5 

queue of load requests. It accesses the auxilial"y storage, initiali%,,';!s 

the Prograrrl Control Block, adjusts the location dependen"'.; quantities 

in the prograrrl 'text to their resident locatio'n, and indicates to the Sys-

terrl Executive that the program has been loaded. 

2.2.2 The Basic Executive 

The Basic Executive provides all services which are associated wi:~h 

access to physical devices and the synchronizatio:J. of the system. Its rY.l.ajor func-

tions include interrupt supervision, configuration control, and all asynchror,ous 

I/O. 

Figure 2.2. 2 shows the overall structure of the Basic Executive. The 

functions of the components are as follows. 

2.2.2.1 Physical Input/ Output. The Physical Input/ Output r01.Ltines 

are responsible for transrn.ission of inforrnation between devices ar..d COTe 

which is asynchronous with program execution. Included in this li~~t are 

the console, Data Adapter Units, and the auxiliary storag-:; unit. Reqt:ests 

for I/O, whethe14 from. the control systern or iron'1- the application ~ro-

grams, are queued and serviced on a first-in-iirst-out ba,sis for e;;'.ch 

device, with provision for a single level of priori::y, It is also t::'e lur:ction 

of the I/ a section to set flags in the Pro grar.C' ... Cor ... trol Block to ir..c.icate 

that r/o is in operation so 'that the ScheduL~r can bypass the progr::;.::,..':. The 

flags are reset at the conclusion of the I/O operation and the entry acc.ress 

for the prograrrl is supplied. 

-----------'''----------------------------,-,-------,-,---- ''''-', ,--------------
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2.3.1 

1 -- :::>. 

2.2.2..2. 

all interrupts \vhich the systerrl is required to sel'vice. These include 

input/output, external, program, machine check, and clock inter::upts~ 

2.2.2.3 Unit Control Blocks. The tables supply information connecting 

physical and logical devices, device status, and synchronizatior ... control. 

System in Operation 

Scheduling 

Every program in the systenl has associated with it one 1)£ four pcssible 

states. These states are: 

2.3.1.1 P,-ctive. The progran-: is currently in the e;;:ecutionlist, 

and its segmeJ."J.ts reCeive control acco:::ding to iJ::equency requirer:!.ents. 

2.3.1.2 Waiting. The program is waiting -:'or SOlT.!.e specifieC: event . 

. 'It will not receive control again until the event occur s. 

2.3.1.3 Dorn1.ant. The progran1. is in core stora.ge but is no·c in the 

execution list. It may be overla.id when loading another program. 

2.3.1.4. Inactive. The programis within the syster.(1 but is not i:1 

core storage. When its execution is required it n1.ust be loaded ::::-OL:l 

auxiliary storage. 

The ?rogram Scheduler maintains a list of po~nters to the PCB l S or . 

active and waiting programs. This list is used in cO:'1jurlction with a , "'I". 
scncc.u~:':1g 
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'j 

algorithrn. in order to clct(';::"'::l-!il~':'; ',,'L::'~~I: p.!.'ogralTl shall next receive control. The 

algorithm is designed to dist:l."ibute CPU tinlC to pro,grams in the m~_lltiplexin ~ 

loop in proportion to their repetition rates, and to intersperse the entries a:3 

evenly as possible. 

The selection 'proces.s is bas cd upon a distribution factor, Ii i' calcl.:le:.ted 

for each 'program at loop initialization. Ii there are n programs, this facto}: is 

given by 

A _ R 
t..1i - . r. 

1 

Where ri is the Program Entry Repetition Rate of program Pi' The number R 

is a normalizing factor which can be chosen arbitrarily in order to simplify comp"C:.-

, tations with the ~i' In this discussion, it will be assurJ.1.ed that 

R = r 1 r2 ... 1'n 

so that the fj. are all integers. 
1 

'Two counts are kept in the PCB of each program in the 100:.::>. 

2.3.1.5 p.. selection count, c., which is inter11 0 gc..tec. 1;0 deterrr..ir..e 
1 

program sequence. 

'2.3.1.6 An entry count, k., which is us ed to verify t:r~at the pr-J grar:l 
1 

has' received at least r. entries in anyone second. 
1 

'The loop is initialized whenever a program is added or deleted. In·~ti2.1i-

zation consists of recording the current clock tilne in each PCB, c':ilculat:ng, 

and setting 

for each program. 

b.. 
1 

k. ::; 0 
1 

, 
~ i' 



17. 

Then at each st2.gc, cl-~e :; :.; (f,2.C;;L:'::: 8 of. progran'1 execution is determined 

by s.electing the progralTI P. whose c· is a minimum. If there is r:1ore than one 
1 1 

'. such progran'1, the first one in the list is selected. For that program, and that 

program only, 

If the program. is active, it is given CPU time, If it is waiting, anGthc~ 

selection is made. The purpose of treating waiting programs this 'Nay is to er .. su:::-c 

th3:t they fit properly into the loop when they again becorne active. 

If the 'program is given CPU time, the entry count k. is increased by O:'1c. 
1 

It is compared against ri' and if equal, it is reset to zero and a te~)t rnade to con-

firm a' correct repetition rate. It the current time rninus the time pre:iliously re-

corded in the PCB is less than one second, the progr2.Yn received l'CS reques~ed 

number of executions. The De\V clock time is recorded in the PCB, and the selec-

tion process continues. This provides an active check on the opera.tion, anc. pe::-~its 

adjustment of the load to unusual conditions. 

Figure 2.3.1 exemplifies results obtained with the scheduling algo:::ithr.n. 

In this example, three programs, \vith repetition rates 4, 2; and 1 respec'C:"1ely J 

are initialized into the loop at time zero. After one cycle of selectio:::1, and ?2.r: 

of another, a fourth program, with repetition rate 3, is added to tr:..e loop. The eX-

ample shows the pattern of selection~ and the effect of the reinitialization p: .. ocess 

in smoothing thi s patte rn. 
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Figure 2. 7. 1·,· . , this Schedulel' \vhich illust::ates th(; 

operation in s on'1e detail. 

2.3.2. Se()'ment Flow ,-, 

The entry to a progran'l 15 dctc~n1.ined by the Segr.nent Flow ,Analyzer which 

interrogates an internal for:r:"1 of the £lOVI inforn'1ation supplied by L'1e pro~~c.:nr[" .. er . 

... ~ set of 32 triggers, unique to each program,indicates conditions 'which Z:.rc cur-

rently active in the prograrn. These triggers are set by the program, not -.::he sys-

tem.,- as the result of calculations which n'1ay affect the flow. The:.r use is optionZ:.l, 

and is intended to supply a convenient rDeans of directing alternate prograrr~ activity . 

.A.:n exal'nple of the use of these statern,;:;y:..ts is given in Section 3.3.3. 

Suppose for this exam.ple, that the segment flow ar:.2.1yz.;:;r has rec(::ived cont:--ol 101-

lowing the execution of Segrnent S2. The interna.l flow te:·;:t specifies that it then 

test trigger Tl to determine the ·next segment. Having dOIle so) it pla.ces t:-:e loca-

tion of the entry point of the chosen segrnent in a cell in the PCB. This ce2l always 

contains the location of the prograrn entry to be taken when the ;:·ograr..-:. r...e.:-:::: gai::--~s 

control. 

Figure 2. 7. 2. is a flow chart outlining operation of the Seg~ent Flo\v 

Analyz er, while Figure 2. 7. 9 shov/s details of the flow text \vhich a.ppea.r s ~r:. 1:..'1(; 

PCB. 

2..3.3 Pro graIn Control Block 

The Program Control Block contains the following ir .. :orrr. .. ation. 
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2.3.3.1 '. ':~ .·ll'lation, wnich includes the.: lin:( priority J 

the repetition rate, and Z:l. list 01 a.l~ links in the p::.'.ogloarn. The latt,.::::r is 

us ed by the pystern Executive to determine ~vhich link to lo;;;.d and e:.".::ecute. 

2.3.3.2 The Segment Flo\v Table. This table is generated clu::ing 

prepa14 ation from information in the flow control statem.er~ts. 

2.3.3.3 The Progl·an1. Sta.tus Indicators. 

2.3.3.4 Pointers which indicate: the location to whic:::--J.. control 

should proceed when the prograrn is l1.cxt entered; and the er~try in ';:n8 

. Segment Flow Table \vhich specifics the £lo~v arte:" the cor~'lpletion cf the 

current s egrnent. 

2.3.3.5 The Progranl. Tl"iggers. 

More deta.il on the Program. Control Block content will be Iou:'1.d in 

Figure 2.7.19. 

2.3.4 'System Flow 

The flow of control within the syster.:1 is gea14 ed. to the beginning a~~d. enG.lng 

of execution of program. segn'lents. Each segn1.ent l"etu:rns control 'co t118 sY:3':e::n 

either when its execution has been cornpleted or when waiti:-:g fOl" S O:-De ever:.:. 'I'i.1e 

following description of the flow of control assunl.es that control has.just oe.3n ::e-

turned to the .systern fl"OrD a pl·ograDl. segm.ent (l·c£e::: to Lew char"::; or Figure 2.7.3). 

2. 3. 4. 1 If return is frorn s egrncnt conl.ple"cion 1 the Scgme~t F] Q\V 

,}\.nalyzer is entered to dctc:rnl.ine the next segn-;.ent to execute :.or this 

~---'--------------------'-'-"".'''''-''-.''----'-'--- .. -.... --_.,._--_ ......... _-------
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prograrn .. Ii l'c.:i.;1.-'.:_·~·!. :.:: : .. '. ~ .. ':;::r: segment cnd, tho:.; :C(;tu:cn location viit};,:.::::' J. 

the segment has alrea..dy been s2-ved by the routi::"1e wlA.ich processed th,:::: 

event request. 

2.3.4.2 The Interrupt Supervisor is entel'ed to enable and se::-vice 

any pending interrupts. 

2.3.4.3 Control is given to the 1/0 routine to ackno\\rledge a.nc~ post 

completion or previous 110 requests. 

'2.3.4.4 The Systen1. Timer requests are entered into the sc~edulin~ 

queue. 

'2.3.4.5 Loading COITlpletions are recognized. 

2.3.4.6 Any prograrn terrnination requeSi: is processed. 

2.3.4.7 Program initia.tion requests are Dl-ocessed. 

2.3.4.8 

be executed. 

2.3.4.9 Control is given to the pTeviously dete::-miIl(;d segme::::,.t 

of that program. 

2.3.5 Core Management 

The Core Manager is activated v/hcn thel'e is a need to rin.d space ~:ol" 2.. 

program, or to free space when a program is cOD.'1pleted. 

., 
.\. 

--------------_ .... _._._ .. _._-_ ..... _---------
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The current status :.:;1' cc,:..':::. tltilization is n1aintZ!.incd in th,~ Core Usage 

List (see Figure 2.7.16 lor details). Core Icleanupl occurs only when nec3ssary, 

at· which time enough programs are relocated (moved to-ward low order core) to 

acquire the necessary ?pace. P:l:ogrc3.lns most used will then g:::avitate towz..rd 

low order core, minimizing the need for fUl·ther relocation. 

Action: of the Core Manager is illustrated in the flow chal'l: of Figl:.re . 

2. 3. 6 Interrupt Supervision 

Several different types of interrupts must be handled wiLl.in the system; 

. input/ output, external, progranl., machine check, and i:'l.terval tiL'1er. 

The I/O interrupts are disabled duri:1g the proce,ssing 01 a segrne:l.t. 

When control is returned to the system at the end of a:l.Y segY":::"le:r ... t , the·I/O ir:..-

terrupts are enabled for one instruction tinl.e. All pending ir .... s3rrupts which oc-

curred during the previous segment are then serviced. 

Unsolicited I/O interrupts are included in the gl"OUP 0: e:·:tel"'nal in-;:ey-

rupts. When such an interrupt occurs, it is acknowledged at onc..:;, and an ent:::-y 

is made in the program queue according to the priOl"ity fo:::- the type or :n"Ce:::-::."up-c. 

Control is then returned to the program s egrnent which was beir ... g pl."oces s co.. T:"e 

program associated with each interrupt is activated and scheduled: bet\veen s·(~:;;:~l.e:::::~·s •. 

Program interrupts, with the exception of over£lo\v, are tra~:sierred. 

: directly to the System Executive with an appropriate flag s ct. Ii the in-cer:·up: 



indicated an error, externa.l control is notified and can then elect to contir.:lle 

processing, or can term.inate processing in ol·der to initiate equlpnl.ent diQ.gr..ostics. 

Machine check interrupt indicates an equipment failure ~~~nd cont1401 is 

transferred to the Systen1. Executive with the proper flag set. 

The interval tim.er interrupt is serviced immediately, i:1. order to upda.te 

all system clocks. 

Interrupt proc'essing details are to be found in the now chart 0: F'igure 

2. 7. 5. 

2.3. 7 Asynchronous Input/ Output 

These requests are rnade within application program.s~ They ar(.; also 

made by the system in order to load programs from the auxiliary storage. 

basic macros provided for Input/ Output are:·. 

READ 

WRlTE 

W.AlT 

The operands of the READ and VVRITE 'instructions provide £01' t~.~e speci-

iication of device, word count, and location of data. The VlJ0..T l~'12.CrO is a syr..-

chronization device, indicating to the system that the progral~ i~3 to be placed in 

WAlT status until the I/O action is co:mplete. In this case, cont1401 is t:::a:.~sierred 

to the System Executive. In .the absence of a WP~T indication, cOD-crol is retu14:-.;.ec. 

to the segment as soon as the I/O request is queued. 

---------------------_._,----_._----_. __ ... _-----
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The r/o queue entry contains the following iniorn'l0..tion (see Figure 

2.7.14): 

2.3.7.1 The location and length of the I/O area; 

2.3.7.2 The location of the Program Control Blocl(; 

2.3.7.3 The pointer to the next queue entry (this chain e:-.:te:''1ds 

from the Unit Control Block for a device). 
" 

The procedure followed for the I/O request is shown'inFigure 2.7.6. 

Basically, the following actions occur: 

2.3.7.4 Structure the queue entry; 

2.3~7.5 Set flags in the Pro gram Control Block to indicate '~hat I/O 

is current, and that the storage area ca~not be :::elocated.; 

2.3.7.6 If the device is not active and a d2:ca p;:;.tl-'. is availac,le, 

initiate I/ O. If W.AlT is not speciiied in the request, r'eturn is ITl..aae to 

the program. Otherwise set flags in the Prog:::'2.rn Cor.:.:rol B~ock to in-

dicate that the prograDl is waiting, set the yetul'n entry, and l·et..lrn to 

the System Executive. 

The procedure followed between the proces sing of s eg:-.c.:.ents a~.I.d UPO:1. tl:.e 

occurrence.' of an r/o interrupt is as follows (for details, refer to -che :lOV'1 

Figure 2. 7. 5): 

2.3.7.7 ReDlove queue entry; 

2.3.7.8 

gram Control Block; 

2.3.7.9 Return control to the Systeln Executive. 
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2. 3.8 Pro grarn Loading 

Prograln loading is accomplished by a group of routines which cO:--:::J.:muni­

cate through a program request queue. Some of tr_es e routines operate as system 

subroutines, while others operate within the r...'"l.ultiplexing loop. The steps used to 

effect program loading are as follows: 

2.3.8.1 Requests to load a program are placed into the load request 

queue by means of a system subroutine. 

2.3.8.2 A subroutine examines the Progl"alTI Index (Figure 2.7. 17) 

and Core Residence List (Figure 2.7.18) to dete14 rnine if the prog:.:am is 

in core.· If so~ loading is complete, and the PCB location is retu.::ned to 

the System Executive. 

2.3.8.3 If not, a set of multiplexed routines access the auxiliary 

storage) obtain core for the PCB, a::'l.d bT~:'lg it in. The PCB lo.cation is 

g,iven to the System Executive for analysis . 

2.3.8.4 If the Scheduler deterr..0.ines :ha:c the ?YO g:::.~~:::n c~n fit into 

. the multiplexing loop, the Core Man?-ger is invoked to acquire the ~eces-

sary space, and the program is brought into core. 

2.3.8.5· A multiplexed l"elocation routine makes the neces sa-::y ad-

dress adjustments and notifies the System Executive that the :sn"ograrr: is 

ready for execution. 
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Flow charts illustr24.ting details of the loader operation &ore to be :found 

in Figures 2.7.7 and 2. 7. 8. The first of these covers the initiat:Lon procea 5, 

\vhich obtains the PCB for examination by the executive. The second covers 

action which occurs to complete the loading proces s. 

2.3.9 Core Storage Layout 

Figure 2.3.9 'indicates the overall layout of core storage duri:1g (;:xeci.1-

tion. Two areas not previously mentioned are us ed as follows. 

2. 3. 9. 1 Permanent Core Programs. In addition to the executive 

program, two types of programs reside permanently in core. First, 

there are programs which because of their associated response t:rnes 

must always be immediately available for placement in the multiplexing 

loop. Included in this category are some application progTar."lS, and such 

overlap functions as those associ2.:ted with external con'"lrnunica~ion. 

Second, there are common subroutines, such as sine and cosine, which 

are provided as system services 'in order to econornize on overall co:;.·e 

requirements. 

2.3.9.2 Universal COMMON. Program COMMON ~~rovides :::0:- co~-

munication between the segments and links of a given progra:-n... J:-.. ive:::-s2..l 

COMMON, on the other hand, provides for cOrl'"lrrluncation betv:.ree:l pro-

grams. It also provides residence for data, such as attitude and e?he-

mer:s information, which is updated periodically by res:dent Pl·o,;::·a::-,.I.'"ls 

for utilization by any program. 
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In contrast to prograr.:-.. COMMON the data structure of Univers&.l 

COMMON is detcrrrlincd by the requirements of the ovc:call systCIY.i.. 

Once this is speciiied, items may be accessed by the pl·ogram as fro:rn 

any other data area. The actual core location of Universal COMMON 

and program COMMON is of no concern to the ,programm.cr, since the 

system. loads these locations into pre-:deterlTIined registers prior to 

entry to any segment. 

2.4 Program Initiation 

Requests to initiate execution of a program may come rroIY.i. ground control, 

operator, the System Timer, or from an already active program. The requ8st 

is proces sed by the System Executive, which calls upon the Progra::.n Loz...der to 

determine the size of the program, its repetition rate, and its loca·cion. 

If the program cannot be scheduled without conflict, inforrD.ation is pyese:c.teci to 

external control.which specifies the type of conflict, and a list of active progra::TIs 

in~luding their size and their repetition yates. It"is expected tl:at this infor:::--n.atio:~. 

will be used either to discontinue some program or speciiy that the request be de-

layed. If no conflict exists, the loading process is carried out as previously des-

cribed. 

2. 5 System Initiation 

The structure ·of information on the auxiliary storage device is dictated in ,?c.::t 

by the requirem'ents of system initialization arid in part by the styucture of ::~le 

resident programs. Initial records contain not- only the resident system, bu: 2..:so 

the Unit Control 'Blocks which are associated with the I/O devices, the initial 
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location of free 'core, the definition of Universal COMMON, the list of initial 

progl.'an1.s to be p'rocessed by the Scheduler, and the Program Index. The pro-

posed structure is as· follows. 

2.5. l' Resident System, 

2.5.2 Initialization Record. 

2. 5. 3 Unit Control Blocks (see Figure 2. 7. 15). 

2.·5.4 Definitions offree core and Universal COMMON. 

2.5.5 List of initial programs to insert into the multiplexing 100-:>. 

2.5.6' Program Index, one entry per program, which cqntains the 

position of the Program Control Block, and its size (see Figu:-e 

2.7.17). 

2. 5. 7 ,Program Files. Each progran1. file consists of the PCB, .:l.nd 

the Relocation Dictionaries and texts of each link. 

System initiation, 'either as a cold startor to effect a restart, begins with 2..:rl 

Initial Program Load Sequence activated by the operator o:.~ by groi_:m_d cont::-ol. 

-----.. --.----------.-.------------
. The Resident System. is loaded irom the auxiliary storage cievice together \vith 

the initIalization record and the Unit Control Blocks. 

The Unit Control Blocks are examined to determine the equiprn2Y:.t coniigu:::2.tion. 

External ~ontrol 'may be re"quested at this point to -enter any deviatio:1S i'1:o:,'"r'~ the 

standard configuration due to equipment malfunction or other ope'1:2.tional CO::1-

straints. Such information is used to modify tlle Unit Contl"ol Blocks to reilect 
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the current configuration~ In addition, external contl'ol n"lay SU~y?~y ~'estart 

information. Next, the definitions of free core and Universal COMMON ane. 

the list of initial programs to be entered into the multiplexing loop arc ther.. 

loaded. The Program Index is exarnined to locate the required prograrDs. 

Once located, they are loaded from the auxilia~'y storage device a:~1.d entered. 

into the multiplexing loop. External control is then infor:..ned of the curren:: 

activity of the DCSG and 1S then free to enter reque :?ts to load and execute <~d-

ditional programs. 

The term.ination procedure, including program' requested power off" is 10c2.lized 

within the Sys-:em Executive. When a request for -'L:errnin2..tion is recieved c.n 

orderly shutdown procedure is initiated. In this procec.urc, infcT~natior.. is 

saved in order to effect a possible restart. Such information is r,~tained witl--:in 

the system ii the coniiguratioi1 per~"lits; otherwise, it is prese:.:.tcd to external 

control to be entere'd at some future time. 

2.6 System Overhead 

Estimates ior the processing times and core storage requil·cY"£' ... C:':'-';s of various 

system iunctions were obtained by analysis of the £lo'\v charts and tables Dl~esented 

in paragraph 2. 7, together with tl'ial programm.ing of cl'itical f'l:...11.ctioY'.:.s. '2,"'i:ne 

estimates are c.onfined to non-multiplexed iunctions, as OYlly tnes(;; are cri~ical 

with respect to overall operation. Space estimates) ho,\v8ver, include the c:'1."Ci::-e 

, resident system. 
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2. 6. 1 Execution Tinlcs 

The most significant system time is that expended in controlling the 

overall flow. This inters'egment execution time~ as explained in paragraph 

2. 3. 4, involves some routines which are always invoked~. and sor_'le which are 

invoked only upon the occurrence of certain conditions. Furthel~L'lOre, ex(;cution 

times vary with certain parameters, such as the number of entires in a queue,. 

or the number of programs in the multiplexing lo~? 

In order to obtain c::- clear picture of execution time, th erJ. , the charts 

are in two parts. The first part, Figure 2. 6. 1, shows the execution times for 

all routines which may be required. These times are given in te:..~rns of the num-

ber of instructions executed. The second part, Figure 2. 6. 2, surn:n.arizes the 

total execution time per second for several operational conditio:-:s which rD:g.:1i: De 

consideredtypical. Total execution times are based on an average instruction 

execution time of 5 miCl~OS econds. 
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ROUTINE 

INTERSEGMENT EXECUTION Tli'flES 

INSTRUCTIONS 
EXLCUTED 

Plow Control Driver 

Program Scheduler 
Basic 
Por each additional comparison 

Segment Flow .Analyzer 
Minimum 
Each operation performed in Segment 

Flow Table 

Interrupt and I/O Processing 
Interrupt Action 
Normal I/O Action 
Channel End' 
Device End 
Request End 

System Timer 
Update 

,. Each program requested 

Program Initiation 
Normal 
If time is not available 
If space is not available 

Program Termination 
Basic 
Return Core 
Return Time 

Program Scheduler Initialization 
Basic 

., . 

." 

Each program inExecution Lis.t 

..... 

F.ig·u re ' 2 . 6 . 1 
" 

:: " .,. 

20 

15 
. 6 

8 

22 

12 
40 
24 
15 
ILl 

.{ .... 
'0 
lQ ;. 

94 
175 
175 

10 
3,(; 
20 

10 

32 . 
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TYPICP~ OPER.e .. TING OVSltr-IE.A.D TIlvJ:::::S 

Example 1. Assumptions: Three programs executing concur[e::,,;,tly ·Vllt£-J. ~epe;c::'tion 

rates of 60, 30, and 10. One I/O request per progl·am J per second. 

The system components used, and the system time for one second is:' 

System Executive Driver 
Prog-ram Scheduler 
Segment Flow Analyzer 
Interrupt and I/O Processor 

Executed instrs. 

. 2000 
2480 

.2500 
1400 

8380 

Time ([rs) 

10 .0 
1'2~4 
i? ~ - ..... v 

7 .0 

41 .. 9 

Example 2. Assumptions: Three programs executing concur.rently vlith repeti.tio:1 
rates of 60 I 30 I and '10. Three r/o requests per progTCim I per sc:c'o::".t.d. 

The system time for one second is: 

System Executive Driver 
Program Scheduler. 
Segment Flow Analyzer 
Inter.:upt and rio Processor 

2000 
2840 
2500 
1980 

. 9320 

10.0 
14.2 
12.5 

-2._.9 __ 

45.6 

.. Example 3. Assumptions: Five programs executing concurtently vlith repetit:~on 
rates ot' 10, 20,' .40, 20 I 10.' Pour I/O requests per program, pe: seco::d. 

The system time for one second is: 

System Executive Driver. 
Program Scheduler 
Segment Flow Analyzer 
Interrupt and I/.o ~roces.sor .. 

2000 
3040 
2500 
2520 

10060 

10.0 
15.2 
; r; c:: 
_~.v 

i? ~ --=...::.._. v_ 

50.3 

Example 4. Assumptions: Five programs are run concurrently £0:- five m:'nUL:,3S I 

with one program termination and one program· initiatio:1 during i:.:.is 
interval ~ Four I/O requests' per program, per second .. 

. The system components used and the. total system execution times c.:-e c.S :oll:J'\vs: 

System Executive Driver 
Program Scheduler 
Segment Flow lulalyzer 
Interrupt and I/O Processor 
Program Termination 
Program Scheduler Initialization 
Program Initiation 

Average/ second 

600000 
912000 
750000 
756000 

64000 
340000 

96000 

3,516,000 

11,720 

Figure 2.6. 2 

3 .. J00 
.:;; J .SSO 
3,750 
3:728 

- 7:~'" 
.i.:IVV 

::'70 -_._-

-("'\ ~ 

,)0.0 
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CORE REQUIREMENTS 

Svstem Executive 

Routines 

Driver 
Program Scheduler 
Segment Flov"! ,Analyzer 
System Timer 
Program Loader 
Program Reloca tor 
Queue Management 
Core 'Management 
Opera tor Communication 
Program Initiation 

. Tables 

Program Reque st Queue " 
Program Execution List' 
Program Index 
Load Reque st Queue .', 
Sys tern Timer Queue 
Program Control Blocks 
Core Residence List 
Core Usage List 

Basic Executive 

Routines 

rio Request Processor 
Interrupt Action. 
Interrupt Processor 
I/O Select Routines 
Error Recovery Routines 
Supervisor Call Processor 

Tables 

Unit Control Blocks 
I/O Request Queue 
Interrupt Queue 
Interrupt Cells and Diagnose J..rea " 

NUMl3ER OF 
INSTRUCTIONS 

20 
120 

82 
28 

270 
40 

'47 
, 110 

75 
240 

1032 

76 
26 

110 
60, 
75· 
20 

367 

NUMS:::R OF 
V.JO?<.DS 

1239 

6 
10 
50 

4 
5 

200 
30 
20 

325 

. ·441 

173 
200 

36 
50 

':;62 

TOT.~ 2437 

Figure 2,.6.3 
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Exan1.ination of these chalets shows that flow cO':'1.t:r:ol ove::::head averages 

about 5% of the available CPU tirne. 

Other non"7multiplexed tinl.es which affect program operation: are those 

for I/O requests and 'Supervisor Calls for system services. The average nUY'[l-

'ber of executed instructions for these are: 

I/O Request 60 

Supervisor Call 10. 

2.6.2 -- Core Storage Requirem.ents 

Figure 2~ 6. 3 lists the core storage requirements for the executive rou-

. tines .. The word'count has been gene'rat'ed ,by as suming a conversion iactor oi 1. 2 

words per instruction. 

. 2.7 Flow Charts' and Tables 
. : . . . . .' , 

Collected in this paragraph are a num.ber of flow charts detailing operatio~l. of. t~e 

system, and descriptions of the iniormation content of the more irnporta:r:t -ca"":>les 

utilized by the system. 

The flow charts are: 

Program.' Scheduler 

2.:7.2 Segment Flow .Analy~er 

Overall System 'Flow 

2.7.'4 'Core Manager ,.' 

2.7.5 ·1/0 Interrupt Process'or 

--_. __ ._-_ .......... _---
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2.7.6 

2.7.7 

2,7.'S 

I/O Request Pro~essol~ 

Progran1. Loadel·,' Part 1. 

Program Loader, Part II. 

Table information is as iollows: 

2',7.9 Segment Flovv Tables 

'2.7.10 Program Request Queue 

2.7. 11 Program Execution List 

, 2.7. 12 Load Request Queue, 

2. 7. 13 Unit Request Queue 

:2.7. 14 I/O Interrupt Queue 

2.7,. 15' Unit Control Block 

2.7.16,' Core Usage List 

2.7.'17 

2.7. IS 

"2.7.19 

Pro gr a:rn' Ind eX" 

COT'e Residence List 

Pro'gram Control Bl~ck 
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1-'------------------· ... ·-~·~C~·~~-;~;T;····;~~~~;-~~·~_·~I~·~··~<:~·~~·l~·~_~1:-·---------··-----·-·--·,,····1 
FIELD 1 F·I~~D--;· .. r· . FI~L~-~I=-~;~D 4 .I ____ ~~~~~~.:~~.~.r ... ~ .... ~ .. ,: 

GO TO Sn FSn I Blank I Blank indicz..t(;s . 
lj Ri I· unconditional 

T· GO TO ill r---------i-----------.!-------------.. j-~-.. ----.----
, I 

AND 

OR 

R· 1 

T. 
1 

T. 
1 

R. 
1 

T. 
1 

T· 1 

I ! . R· I ! 1 , 

I 
1 

1 
1 

T. 
1 

T. 
1 

R· 
1 

T· 1 

R· 1 

R. 
1 

7---------+---------.. -------- ----,-.----

2 vvd s / s e g:c-lent 

i 
i 

END Blank Blank Blank I 
; I , _____ ••••• ,_ • ..: _________ • ___________ • _____ 1 

Sn Entry Point to Segn'lent n 

FS
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Seg:rnent Flow Table entry of flow des cription irom 
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R.' Internal bool~an trigger i to be used by the seg:::'.l.ent 
1 

flow analyzer 

TiProgram trigger i set by the applic2,tion prog::'~2..:rn 

Ti 'NOT I or complelnent of trigger i. 

Fi gu r e 2. 7 . 9 
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! . PROGRA?vl EXECUTION LIST , -_._--_._-_ .... - .... _-_._.--. __ .. _----_ .. _----_ .. 
Loc of PCB 

The Program Execution List cont2.ins pointers to the; :?rograrn 
Control Blocks of all programs in ACTIVE or Wl'.ITI.NG statu3. ; 

'1 or 2 words/entry. 

._--_.-
Figure 2. 7. 11 

LOAD REQUEST QUEUE 

Program I. D., Link No.. Loc2.tion 
Program Length (includes COMMON, PCB, Reloc2..ticn. 

Dictionary, Text). 

2 word sl entry 

Figure 2.7. 12 

--·-~~-··-....... ·· .. ·---·'"'·~~-·~' .. -'-"-·-·"~·~····~--·l 
UNIT REQUEST QUEUE ; 

(Relative) Loc. of next request 
Channel Command 
Channel Status Save }\rea 
Loc. of P14ogram. Control Block 
(Relative) Loc. of synchronizing cell 

8 words I entry 

Figure 2. 7. 13 

---'---"---"-~-

I/O INTERRUPT QUEUE 
.--.... '"--~-------~\ 

Loc. of interrupting unit I s DeB 

1 word/entry 
i :-______________________ . ___ .. i 

FiguTe 2.7. 14 



I • 

~ _________________ U_TN_l-_iI_T __ C_O __ ~_'1_'R_O __ L __ B_L_G_C __ ~( ________________________ ~ 
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Device type I Device Address I (Relative) Loc. of first request 
in Unit Request Queue 

. (Relative) Loc. of last request in Unit Request Queue, 
(Relative) Loc. of subchannel acti.vity cell 

Subchal:1nel unit chain, Device Status (Physical/Logi.cal) 

Device Dependent (Positionin~) Information 

One/Device 4 V'lords/Unit CO:l.trol Block 

Figure 2. 7 _ 15 

~----------------------------------------------------------~Y) 
CORE -uSAGE· r:.~ST 

Used/free indicator 
Non-Relocatable indicator 
:Area Length 
Origin of .luea 

1 word/ent"0j 

. Figure 2. 7 .16 

PROGRA..L\Il INDEX 

Program. I. D .. I . Location. 
Priority I Repetition Rate 
Program length (includes CiOMMON I. PCB; Relocatio::1 

Dictionary, Text) 

2 words/entry 

The Program Index can be divided into n equal sectiOf.:.S 01":.1"1 

one of which would reside in. core at any time ... 

2S entries always' in core. 

Figure 2. 7 . 1 7 

-I 
~----------------~----------------------: 

CORE RESIDENCE LIST 

Program I. D . .Loc. of PCB 

30 entries I 1 word/entry. 

! 
i 

----_ ... _--------------

I 
I 
I 
i 
i 

I 
I , 
\ 
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~.~--------------------~-------------------------------------------------~ 

PROGRP .. l'vJ: CONTROL BLOC=< 

Seg Entry Point (1) I Segment Flow Table Entry (2) 

Priority I Repetition Rate 

Program Length (inc~udes C01VlNiON I PCB JRelocatior.: Dictionary I Text) 

Program Triggers' 

Status Indicators (3) 

Clock Time 

Length of Segment Flow Table 
Length of Relocation Dictionary 
Length of COMMON 

7 words + Segment Flow Table +. Reloca tiOD Dic'ciona:y 

. Notes: . 

1 . Pointer to Segment currently being executed or to be 
executed. 

2. Pointer to Segment Flow Tcple entry \"lhich spec::'::'f:'s~ 

subsequent segments to be executed .. 

3 • Boolean triggers set by the system~ 

ACTIVE' 
. WAITING 
DORMANT 
I/O Cur.cent 
Insufficient execution rate. 

Figure 2.7 .19 

----------------------_. --_.--_.-----_ ... _----
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3.0 THE GROUND SUPPORT'SYSTE1VL 

3.1 General Requirer-Dents 

The purpos e of the Ground Support Systenl is "CO p:·ovi..d.::; a r.:.1.c;e,.:-:.3 

\\rhereby systern and applic2.tio~s p:~ogra::-.:.ls for the DCSG ce:.r'.. b:,; 

produced, tested~ and maintained 0:1 st2..j,~da:,·d ground ccrnpl..!"ce:r 

,equiprnent. In order to develop such a syster_~, 2..nd. p:-oce;d.l..!Te:s 

for its use, \vhich will result in the highest attainable level or 

confidence in the operation of the DCSG, it is neces S2.::::y to Dro~lidc: 

a comprehensive, integrated set of services \'v1'.ich relieve L"le ",':'::0-

gran1r.l.1.er of clerical den'1ands, while perr:::i"~";:i::.g £:.~eedo::-{l a:..:.c. fle}.::'-

bility in the organiza.tion and descyipticYl of a :p::oi:).:.e:::n. T:'J.e se::-vicc:s 

r equir ed can be grouped into the following :u.r.:.c"cior.:.a2. C2.:cegcric: s. 

3.1.1. Languages with which th.e prograr,['~::.:.;.er ex~):.~esses co::::~)uta-

preparation. control. 

3. 1.2 Language p::roces SOTS which translate so-u::;ce s-catemer.":s :'::':::0 

a form suitable for executior,;.. 

3.1.3 Libraries of source state::~ents~ vI}::ch 2..:: e avai.lable :o~: 

mod:fication and translation; o£ object prog:..;a:T~s, v!hich :-:'':2-.y .:)c; 

combined i.n various ways; and of prod.uc"~icn p::::ogr2.L'1S J:22..c..y :0-::: 

execution. 
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so. 

3.1.4 Editing routines \vhicb. provide aCcess to the hb::.-a.ri8::; a.nd 

implement the functions of upd2..ting, rDodifyin~) cOl'nbining, :'4cordcr-

ing, and docun1enting the info11 rnation. 

3.1. 5 .A... simulation eDvironmc:nt in which to eXecute tI-.:.e p:;.:og:carDs 

under conditions as nearly as possible identical 'co theiT aC'cual use. 

3.1.6 Check-out facilities to test and debug progralTls . 

. 3. 1. 7 .... A.n executive supervisor which e::.:ercis es cor...tTol ov\:;;-.:: tI'.:.e 

whole systeITl, and provides the rn echanislTI by whi.c~~ activi.t;/ is 

coordinated between the programmer, the services, and tbc operator. 

Such an assemblage or software and hardW2.T0 is c3.11ed. an 0tJcl4ating 

system .. 

Existing Operating Systerns 

. Operating systems of varying degr ees of sophistica.tio:.~ a::;:; 2 .. v2:i.lable 

desirable to use as much of a!1 existing standard system as 1:'ossi'o1e. 

First, the existing software represents a considerable inV8s"C:.-nenl: 

in time and r ... '1anpower which can effect a substantial saving 

overall development schedu.le. Second, additional in~~:)orl:a:::~l' ber.:.e:i:s 

result from the basic st.::..ndardi~ation ob'Cai:''leci irorn 3. widely usee. 

---_ ... _-----
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systcrn: ease of coordina.tion bctv/cen r(:motc gcog~"a.?hic2.l ~Gc2."'Cior:,s; 

recovery of programs developed fOT other applications; and si::-nplifi-

cati.on of user ~raining. 

FIowever J no ground syster.o ca:1 be us ed eX2..ctly as 1.t stand~i, becaus ~ 

i.n all such syster.os the designers have ignored the fact that the 

simulation environr:Ocnt (itcrn 3.1. 5) r:l2.y not be iden"~ical to the 

environn1ent of the ground operati.onal system. Hence, tl-.e syS"ccrr. 

processors produce code for ope:::"a"~io::.l. withi::.l. the g:."our..d co::-npute::, 

with 'linkages designed for opcl"ation 1.:T.:.cier i":::s ex,:;cl.ltlve SUl)e:."visor. 

Since ground-based executive routines a:::e :1.01: gea::ed. to :c.c.eet t}1e 

stringent real:..time demands of the ai~cDo:i.."ne er.:.viron:::::ent, :.,"ecovery of 

an existing syste:(D dictates two possi.ble courses o£ 2..ccio~-:.: rnocliiy 

the executive and the data r.nanagement facilities for :'s?2.cebo~:r:.e use; 

or, insert routines under the ground exe~cutive to 'c::ov-Lde 'cl-'_~ ,?:::"ope::: 

simulation environment and the editing feature s neCeS sa::."y 'co conve::~~ 

progra!Ds to the form required by aSix? .. cebol"l-:e system. 

With·A'VE equip,r.nent which is instruction se: cor:.:'Da.ti'jle \Vl'C.:h the ... ~G.:S 

equipment the first course is possible. It is, hCVleve::." , nc:-cne:: 

pr actical nor palatable. It is not p'l: a c~ical b8C3..US e t~.:.c; C:i.".. v-~:::'" O:""1:'-:12;::l::~:; 

are so different that the'resulting executiVe :-nus: be .... con1-.::;rO:'-:':'lS2 

suitable to neither. It is not palatable because :,"esultir:.~ 

is non-standard and hence require;:> e:x:craordinary r.:.12..i~1te:-:'3.nce D::'·OC(~-

dures of its own. 
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. ' 
The second c'ourse of a.ction is therefore pr9.posed c...S t:'lC:: rne"Chod of 

developing the .Ground SL!.PP01"t System. It is particul2.:~ly attrc...ct:'VE; 

here bcc<:l.use: 

3.2.1 The AVE equipment proposed is :nstructiol'l set co::-npc:.::ible 

'with the IBM System/360 family of cornputers. Tl-"-L!.s, the code 

generated by existing language proces SOl~S needs virtually no 

modification .. 

3. 2. 2 Operating System! 360 is a cornpr ehensive opc::ating syste:::.:. 

· embracing a variety of prograr~:.mirlg languages and la.nguage processc:::s 

as well as extensive library, editing, a::''lQ de~ugging facilitic:3. I-r: is 

maintained by IBM as a. standa:-d product. 

· 3. 2. 3 . Except for the Prograrn Control Block, -ene progr2.rD s·c:::.-uctu:-e 

us ed in the Spaceborne Syster.cl is identical ·co 'cha.t ob~ained wit!'.!. the 

standard facilities of OS! 360. Hence, the additio:'1c..l .::;d.iti:::g capa-

. i . 
bility required is minimal. 

3. 2. 4 The structure chosen :01" the S~)a.cebor~::e Executive Pl·og:~ar.:.:. 

· facilitates the development of the simulation environrnen-r.: o?eratir...g 

under OS! 360. 

, 
I i 
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'For these reasons. it is natural to build the Ground S"'Y"\'~'"'-'1' Cy~-,,~"-'Y\ , ............. ~i.....J.l..JU.l.. .... u ~ l,..~ ......... 

to function as a job within OS/ 360. The re:m2..1nde.r-D.i_this .. s.~ction __ . _______ _ 

discusses how· this can be done: the uce; o'~ t"ne C'·;:is'i-in·-r SYS1·"O.'(":"\. ,;-'",,-::. 
r,...J _..... - ~ ""'''' b uc ... J.J) :"'..i.J.C 

modifications required; the add.itional program s need.ed; z..nd the 

operation of the resulting system. 

3. 3 Progran1 Pr eparatioY".J. 

A most important function in the Ground Support Systern is C:.:.2 produc-

tion of programs for execution in both the Spaceborne and simulation 

environments. To do this, it is necessary to l:::ltroduce a processor 

which accepts as input both the output of OS/360 language processors 

and statements by the prograri1r ... '1er 'specifying the pTograr.:1 cO:'lst::uct:,O::1, 

and produces as output the desired prograT.:.l. This prograTn prepara·· 

tion proces sor is an editing routine which u'::iliz 25 existil':.g OS! 360 

facilities quite extensively. 

3. 3.1 OS/360 Language P:.·ocesso::.~ Ot::~:~ut 

The output of all language proces SOl'S in OS/ 360 is 2. -:.: eloca-

table r ... '1odule consisting of three parts: 

3.3.1.,1. The object code (relocatable);: 

3.3.1. 2. A. Relocation Dictionary w::ich Spi::c-:':'ies tl-:ose 

words in t~8 object code containing addresses which rnay 

need modi.fication; 
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3.3.1.3 _';'n Extc::::::al Syn'"lbol Dic-'sional"Y which s})(;ciiies 

those symbols not dcfin~d i:'"l ':.:he :'-J.'"lodu~e itself, and tl-':"OSe 

symbols which a:::e entry poi:'"lts ·~o be utilized by otl-'..er rt'.:.ociules. 

It should be noted that tl-;.e 0 bj Gct cede a:CJ.d Relocation Dictionary a:::-e the 

same as those used in 3pacebo:':'"le prog:.:c.:,-_"'...s. }uso, since '~;he outp"\1.·~ of. all 

processors has this iorlnat, :r::loG.ules J...·esulti:'"lg i:cor.:;. di£ie:,,'e:c.t sou::::C(; 

languages can be edited into a singl,~ p:·ogrc.i'l'1. without special C£fO::'4t. 

This pe rmits the pro g:c a:nr.C'.e r -Co utiliz e l"".:.'"lor e ·CDc.::l one lar.;.guc.g e ,\\Tithin 

the same prog14am, choosi:'''lg tl-;'e: one rnost suitable :01' ec.ch fa:-:cL:io:.'"l. 

3.3.2 The Linkagl3 Edit014 

Traditionally, loaders hav.::: been responsible both for l'esolving sy:,::."'...·.)O~ 

definition betvleen relocatable r':''lodules, 2.r...d fo:t binding the :cesulti:''1.g 

program ·to core locatio::.1.s. - "'-'j--' '0 " . ,. ,. ,-in v~.:>o l::lese IunC"Clons l.:..2.ve been s ep~l:"c..te.d> 

and the first fur:ction assigned as the:.>:esponsibility of the Linkage Ed.::to::. 

This editor will cOITlbine r.c.i.oclules f::.'o:.'"l'"l a va14iety of sou:-ces il:.to a single 

ITlodule of the same form. If t:l1.e resulting ;;:r..ocl\.:.le n2.S an Exte::'4:"'"lal S'fr.:'.;.ool 

Dictional'"y which contains only syste:.'"l'"l symbols and ent::y poin:s) :.:c. is 

a (relocatable) load module, and can Iur.ction indel)endently il'"l the ·sY:3"Cc:,-:,-: . 

. -...• ----- ------------------
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The flexibility obtainable by thi.s schen'Je is illus::rat8d i::. 

figure 3.3.2 , which shows the possible sources of Linkage Editor 

input, all of whi.ch can be utilized at the sarne time to pl·OCt';'C8 2. 

load module. 

3.3.3. The Preparation Language 

To produce a prograrn in the Spaceborne fOl·:::.nat, the pl"Cpara·.::::.on 

processor need only take a load module, 0-::: a set of sucn r.::.odules 

if the program is to be composed of lir.:-cs, E:xar.'Jir~e the Exte~":l2.1 

Symbol Dictionary and the preparation stz..ternents, a:r:.d produce a 

PrograrD. Control Block to replace the Exte:-nal SyrDbol Dictio::-:.ary. 

Load modules which a::e ir..put to the _?rep&.ra Iion proces s or 

contain only .entry p~ints and space.bo-rne:,s)"s-cen-;. syr:~801s, that 

Program COMMON, Universal COMMON, ar:d Hie sY:;:-:::1'bols. The 

entry points are present for one or t'\vo l·easons: ·clley '\\'21"';:; usee. 1.:.."". 

building the load r .. 'Jodules frOGl OL:her modules; or they are "Co seyve 

as segmen:t entry points. 

Th'" information that rnust be sup9lied by the pTog::·a:.."".n:Der is 

the followi.ng: the names of the seg:rnent entry poi.nts; the ?rog::ar.t). 

Entry Repetition Rate; the COITl90siti.on of a lin:-c; the s8g:."'...-:.en'c :lo'\v 

information. 

I i 
I : 

I \ 

._--_ ... _---------
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Preliminary studil3s ~lidi.c2.t(; that the 1angua~c i::.-... which thi.s 

information is suppli.cd should be non-procedu:;al, and re:quLl"e:S o:"'1ly 

a lninimum num·ber of statenlent type:s. These are: 

3. 3. 3.1. .A.. s tc:1 tCl"'Ilcnt '\v}-.o s e function is to id.:.::ntify th,;;; p rog::ar..1 

by 'name and defi.ne the correspondence be·cwee::.1. modules and 

Enks. 

3.3.3.2.· A staternent whose function is to identi.fy th::: segr::.e:::.';: 

entry points and to speci.fy the repetition rate for a li.:'1K. 

3.3.3.3, A staternent which sD~cifies how flow control loS to 

. proceed upon completion of a given segment. P_ set: oi such 

statements describes n~,e entire flow. For eX2.Y'_lple, i£ the 
-------------_._-----------

flow or control is symbolized by the diagra::-.i.": 

; \on 
1 ! 

r_J_1 _},:, s?, ~ ~ 0:: l 
1 I - :;,-~"'" -1 ._, ::;'::,' 
! j i." I ~ __________ ~I '~i __________ ~, 

._------.;...---:, 

I l 

-----" .. _--.... -----_. 



------------ -----

. , 

where S1 are the segment entry point narnes, and T1 l'epl'escn:s 

a condition as sociated with trigger one, the flow info:.'rnation 

content of the staternents would be 

BEGIN 

S1 ----""<:: ;,/u2 

S3 ----~:,END 

There is no requirement that these staternents be in 2.ny par-

ticular order, because the ordering is implied in the set as a 

whole. 

'3.3.3.4 A statern.ent to signify to the preparation pi~OCeSSol' 

the end of information. 

Defaul~' conventions are also established in order to sirnpli£y 

the programmer's usage of these state:nents. For exa::c:D.ple, the 

rrlechanisrrl for flow control is for the prograrnrner I said ar_c. at his COD-

venience. Since a simple sequential flow is com.m.on, thel'e should boE; :lO 

need to specify it. This, and sirn.ilar procedures, can DC arra::ged a;3 

the default conventions assumed by the processor. 

-._--...... _----- ---,----
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3.3.4 Operation of the Pl"eparL'.:.tion Proces sor 

The operation of the preparation P::'"OC8SS0r po:;:tion 0:.: 'che 

'Ground Support Sys tern then involves th,e lollovllng a.:tions or:. t:'1(; 

part of the programmer and the syster..'1. 

"languages ~ sets of state:-tnents wh~ch represent the cor.opu·:a-

tations des ired in a program. 

3.3.4.2 These sets are processed by syste:::-n lar...guag.::; 

processors to produce relocatable modules. Star...dard 

OS/360 procedures allow both t1-:.e source langL:age sta.te-

ments and the relocatable r .. :10dules to be placed b,'1 a library 

for later retrieval and usage. 

3.3.4.3. Having decid.ed upo:: the struct'..lre of a p!:o::;raY':", 

the pr ogramr:le r calls UDon the Linkag.::; 
, 

proa:lce loac. 

modules. The basic relocat:able Y'Dodules ;:-;.'1ay CO::'1e ::rom a 

", number ()f sources, for instance, t:'1.C lY'.:.put st:rear."1, ::nodule 

libraries, subroutir..e liol'aries, and outpu'c 0: la:'1gu2.ge 

processors. 

the modules 
. ., , , ., : ... ~ 

1n sucn a way t.:1a-c -cncre are 1'10 u:''1rcsOlv.::::1. 

symbol references u:;:-'.:.k:"1.own to the Spac(:corne Syst(;:Y'.'1, a:::.d. 

that at least one er..try poi:at na::.y.lC exists fOl' eve:.:y seg::::1e::1.::. 
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3.3.4.4 The Progran'l Preparation Processor is thc:r.. called. 

It reads the preparation language statern.ents, collects the 

appropriate load modules, and produces the final iOl'm. of the 

program. Again, the load module input may b.::: i:;:,or~ a resident 

library or may have been just l).L'ep~l'ed.--:2ur-the:r-m.oT.e-J-the----------I 

preparation statern.ents rn.ay 'chen'ls elves have COT.D.e from. a 

source statement file in the system. The output may be 

retained in system files, and rnay also be used imT.:l('.!diately 

in a simulation run. 

Finally, it should be emphasized that becau.3 e the Pz-eparation 

Processor runs within OS/360, all these processes r:::..ay be carried. 

out in a single machine run. 

3.4 Languages and Language Processors 

The previous discussion assumed that the l'elocatabl,;; 1~odule.3 

produced by the language processors were suitable for use ::1. -che Space-

borne System without change, and that all languages supported in 05/360 

were equally suitable for Spaceborne application. In pri:aci}'Jle -chis is 

Jr:ue J but in practice difficulties arise from sevel'al sources. 

First, the languages rnay lack rneans of exp::essing sO:.:ne il:.:-:.c-cio::. 

required by the system. Second, the languages may be too ::-ich, 

--------_ ..• _------"._-_. ---------_. __ . 
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allowing the' expre s s ion of functions whi.ch Te::OU: ~:c too :"-::''1L:c:: ove: r-

head for the spaceborne systclTI. Third, the processors r.:l2..,/ -,')~ .. odL:cc:: 

modules which depend upo::'''l systcrD. fa.cilitics not avai.lable in -:.:> .. ;,;; 

spacebornc system, or upon co:rnmu:lica.tion a.na linkage co~ve::-.tions 

foreign to it. Fourth, the code produced by a p::oce ss or 

effic ient enough for the appli.cai:i.ons. 

Consideration of these problerns has led ·~o the selection or th:c8c 

05/360 Language/processor cornoinations as tl:e basis :0:: Wl<'~:':'1g 

programs: the assembly syste:<n; FORTRAN IV; ar..d PL/l. T~-:.e· 

fo1:10wingparagraphs exar.:llne ';:he suitability of these co::-... -:bi.j.'"la"~ions 

in terms of the previously mentioned soure es of difficulty. 

3.4.1. The Assernbly System 

Beca us e of the ins tructio:r:. set c o:"l-:pati bili'cy -:)c'cwe er-. 'che: 

AVE and 5/360, the rnac::o-assembly syste:::-: 0: OS/360 is uS82."ale 

almost as it stands .. Three areas of cO:".:.flicc Wfll.Cn exisi: ar.::: l"'::2.dily 

handled. 

3.4.1.1 The pos s ibili i:y of AVE ins t::-uetio:.1.s :::ot in S /360 , 

such as direct I/O, is irnpleT.:."lentable by aclding to 'en8 :"_,:acro-

·instruction library, ar.:.d hence does not aff.:::ct the sys·:c~-:,,:. 

3.4.1.2' Machine instl"Ucti.ons in S/3 60 no~ ,,~ A VS, S·.:'::::-.;, 2..5 

the decimal set, are handled by c::'"C::2..--.:i.ng a S7)2,CC':JO:::::::::-':: ass2r:::'Qly 

--_._-_.----_._-------_ ..... _-_ .. ...... _-----.............. -- ... ---.... _----_ ...... _ .. ---" ......... -



. . 
" 

I ') 0_. 

mode in which usage of the offending inst11uction: _ is £lagg(;d. 

Since the assembler opC11atcs in several such n'lodes al:r'eady, 

addition of a new mode is a simple task. 

3. 4. 1. 3 Macro-instructions e::-:ist in the libTary v/r.ic}:. are 

strictly oriented to OS/360. Some, such as GETMP..lN, 

implement functions not available in the Space bo::ne Sy ster,{l. 

Others, such as :RE..A_D, expand according to linkage ar:d 

communication conventions which conflict with the Space-

borne System. Fortunately, the rnacro-ins"tl'uction lib::al'y 

is independent of the as s emblel·. Hence, switchir..g to a 

new library when in spaceborne assembly :mode p::ovides 

an easy solution to the problem. 

The programmer need not be awa::."e that the spaceoo::n3 

assembly mode exists. If his interrace is entirely with the G:'ound 

Support Supervisor (Section 3. 6), the assembler will be called through 

it, and the mode change and rnaCTO liora::cy switch will occu:: z..utom2.tica.lly. 

3.4. 2 The Compiler Systerns 

The OS/360 FORTR..AJ'J IV 12.nguage encornpasses iG.:\ ?ORTR}~\, 

including its mathematical subroutine provisions. This is 2. v:ell-l~no\v:;:1, 

widely us ed, thoroughly tested, high-level s cienti::"c p::cogrc..:C-Il::r:i:"lg 

- ._--- .. __ .----------. __ ._------._---------------
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l~ngua.ge. Its use is vc-::y desi.rable because expcri.e:::.ce has ~;how~ 

that compilers for this language can p-::oduce very eifi.cient COc.c I 

because it requires minin'1um trainir:.g fOl~ tr.e prog},:2..1-::.::"rner I <l::'l.C. 

because of the existence of a large body of chec~-(ed-ou.t prog:c"ac:s. 

FORTRAN iS I nowever l not adequate by L-cs.::;lf for tr.~ 

spaceborne applications. Its deficiencies ster."l froy-n its scienti:i.c 

orientationl \vhich limits cor:npu::ati.on aL-::.'"1ost exclusi.vely to Loating 

poi.nt. Apart from integers"1 there 2.:rc no language lacili.ti.es :0 desc:<be 

fixed point datal or to obtain fixed POil'lL: compu"C2.tion. For tl:,~s Tease:.'"'.., 

PL/l , which incorporates extensive :acili .. ~ies £0-': fixed poiEt COY-D~:Hl"C2.-

tion,. is suggested as a hi.gh-level languz..ge co:::npleY'Den"C to ::'--ORT:s.P.N. 

encompassing the functi.o11al capability of ?O:~ T:r(AN, C030L, ar..c.. 

ALGOL. Some of its storage allocation "Cechn~ques, SUC':1 as ":.0..05e 

for automatic variables, are si::::''1ply not suitable ::'0-': the Sp'::;;'C.880rr.:..2 

system; its data descri.ption capability is "COO elaborate IO:~ "CDe 

applicati.ons; some of its conve::.ycions cO::'lflict \V~:~ FO::\. 'I'~A~\J co::.ve::-

. tions. Clearly, theri l what should be 1.:..sed is sor.::e 11~ec.so:''l2;.ble: 

subset of PL/l rather than the f1.:..ll language. PTeE:''l'l~2":.a~y s::uc..:'es 

·indicate that such a subset .... nay be Tead~l y s.::: L::: ctecl ::: 1: 0::'-:::: seve:: :"c..l 

classes of statements available \vi.thi.n ?L/l, as de:i.::.:..ed. i.l-:' rr..2: I:S);i 

publication I PL/l Language Specifi.cati.ons I, fo:"r,n C28 - 6 371-2. 

~~~--- .. - ..... - ---------- .. _--_ .. _ ..... -." ... ----_ .. "." .... _--



Figure 3.4.2 specifi.es a subset wl:ich is dCCEl.ed desir;:::.t.lc:; for 

the application as presently defined: In 'choosing thi.s SUDS8t, o:'lly 

those features qf the langua~c we::e retained which were lc.;l:: tc 0C 

useful in the spaceborne applicc..tions. Tnu5, for eX2..Y'':1ple, rDost :i:-':8d 

point capability has been included, whi.le all nl.ultitasking cont1'ol 

has been ellrninated. 

As for the processors thernselves, both the 9L/l a:'l.Q :>_e 

FORTR .. t\N proces S014S gene:::ally produce cod.e which i.n!:erfaces 
.. , 

\,Vl.L:!".:. 

the system by means of calls upon library routi.r~es. Since tl'~ese 

library routines are incorpo:::ated into the p:::ogrc..ill only upon i:s 

final assembly by the Preparation Processo:", substitution car.:. "Je 

accomplished by the syste:cD at that stage. Cha::lges to the processors 

are the refor e quite n'linirDal. 

3.4.3 SegmeY'_t Definition 

The one :feature of the sD2..cebornc syste::.:'1 :.::'0: c.irec::ly ·,~rar:.sla-

not a procedural one, and is handled as :follows. 

3.4.3.1 All languages pr ovide for an entry pOLnt d8:~:1~ rio::, 

and hence for a segrDent entry (see Sect~on 3.3). 

I / 
0-..:. 
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FEATURES INCLUDED 

Assigr...rnent Statements 
Option 1, Scalar As signment 
\vith Pseudo-variables 

ONSOURCE 
ONCHAR 
SUBSTR 
UNSPEC 

Option 3, Structure As signn1.ent 

Option 4, Statement Label 
Assignment 

Control Statements 

C .. A..LL 
DO 
GO TO 
IF 
RETURN 
STOP 

Error Control Staten'1ents 

ON 

Input/ Output Sta tel'nents 

GET 
PUT 
DISPLAY 
OPEN 
CLOSE 

. List-directed transr.rll.ssion 
Edit-directed transmission 
Data lists with repetitive 

sp ec ifica tion 
Format 

'FEATU~ESEXCLUD=D 

Pseudo-variZ:.bles l.Yl 
Option 1 

CO~IPL:SX 

RSAL 
IlvlAG 
PRIORITY 

Option 5, ?oi:"l.ter As s ignY;:8:.'lt: 

CALL options 
TASK 
SVENT 
PRIORITY 

DELAY 
EXIT 

The ON o~Jtior.. SNAP 
SIGl\L-\L 
REVERT 

PUT 07y'cio:.,:s 
PAGE 

SKIP 

RE.AD 
\1VRITZ 
DISPLAY ontions 

DELETE 
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,Data Declaration Stater.nent::; 

DECLARE 

.Attributes -
BINARY/DECIMAL 
FIXED/FLOAT 
Precision 
String with ; 

LABEL 

BIT 
CHARACTER 

Dimension 'with signed 
decimal integer bounds 

ENTRY 
GENERIC 
BUILTIN 
RETURNS 
INTERNAL/EXTERNAL 
.. A...LIGNED/ P .. A...CKED 
DEFINED 
INITI.AL· 
FILE 
STRE.A...M 
INPUT 
OUTPUT 
PRINT 
ENVIRONMENT 
STRUCTURE 

Storage Allocation Stater.nents 

Program Structure Statements 

. PROCEDURE 
BEGIN 
END 
ENTRY 
DO 

...A.ttri. butc s -

REAL/ COlvl?LEX 
PICTuRE 
Str Lng Vli.-ch 

VA:s. 'lING 
PICTURE 

Astc:::-isk lC:':1g~h speci.£i.c2..::i.cns 

'I A C, •. :-( 
..- ....... ~-- ... ~. 

EVEl\,T 

Di.~ensi.on wi.t~ bour-cis th2.1.: c..re:: 
expressions 0:: asteri.sks 

SECONDARY 
ABNOR?vlAL/NOR2vfAL 
'OS~c'/"'c:;-'''''''c' ~'-' ~---' 1 ...... 

I I 
co. 

C, 7 A r,'"l T C / A"'''''''''' 0 '\. Ii ,:. ,....,.,. C / ,-. 0"'7 D 0 -:- . T .,..., n / ~ ___ ..L __ .,;.._UJ... 1.Vl ... _.L.!. V ~,_~\.. ~ ___ ~.!.-J 

CONTROLLED(poi.:.".J.tc:: -V2.::i.c..b~c;) 
.,.. T"·-r"';" 
.LJ.L':''''-~ 

RECORD 

BP.CK'NARDS 
EXCLuSIVE 
l<~EYED 

~nl'''l'\ 
~..[\.~..t:J 

PROC:SDU~:S Op·ti.Ol1 

RECTJ~SIV:S 

BEGIN ::r:eilCC"Clng s:o:::-c..ge 
allocation 

Figu~l:"(! 3. 4:. 2 PCi1:t II 

-----------------.•. -.---.---.... ---...... ----- ... _---...... --
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3.4.3.2. i\ll languages provide for a. systen"l retulT.I., 'IN~tn 

options. Selection of one of these as segrnent end involves 

no language changes. Als 0, its sigr~ificance is inte :;:opreted 

by the spaceborne executive, not the OS/360 executive, and 

so involves no system change. 

3.4.3.3 Trigger setting and resetting is done by SUbl'outine 

call or system return. All languages provide for thes E;. 
-----------------------

3.4.3.4 No language features exist for monitoring seg::.nent 

execution time. However, such monitoring is ope::::-ational 

and is performed by the sirnulator. 

Thus no changes in the languages or processo::cs are l~eq1.:.ired 

because of the segmenting conventions of the spaceborne program.s. 

3. 5 Simulation and Test 

Another important function or the Ground S~~:)port System is t~"le 

simulation of the spaceborne programs, both syste::n and application, 

in order to ensure valid ope::cation. For this pu:cpose, it is eS~3ential 

to execute the spaceborne for:n of these program~ in the .~GE ,;:;qu:'prne::t 

without substantive changes. Because of the instruction set ccr...--:pa-ci-

bility the programs can execute directly, but because of the eY' .. viron-

mental differences it is necessary to int140duce a set or l·outi:{~cs 

---. -_ ... _---_ ... -_ .. __ .-----
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'which \-vill mediate between the OS /360 ground enviro:,-:,::-.. '1cnt a:::ld l:~:(; 

internally created spacebornc environment. 

This set of rqutines, called the Sirnu.lat~on Processo::", also o?cra::c::s 

under OS/360. It divides naturally into two groups of iur.ctions. First, 

it exercises control over the set-up fo:" si.1TIulation, includ~ng i:::li~ia.:i.o::. 

of the silTIulation e11viro11rJ.'1ent, i11terpret2..~Lon of stat~r4'1eIlts wni.c:'1. 

specify data generation and debugging, a:::d conversion of suc:;' iY' .. :u:::'Yl2.-

tion into a torm suitable for use duri.ng SilTIulation. S(;conc., it :r:",:o::_itors 

the execution, acting to supply data, requests fror...:. ti-.. (; (si::-:rLllatcc) 

outside, and interrupts. It also collects the inforY' .. :.ation abou"C p::.:-ograr.::.: 

execution specified by the debugging requests, 0:" required. by 

spaceborne environl'nent. 

3; 5.1 The Simulation Supel~visor 

in the simulation envi:"onrnent, a Sir:""1ulatioY.;. Sup2rviso:.~ !os al\-vays i.r.. 

control. The key to this control lies in the segr.::.:en-c s-c~~uctu:.~e 0: tr_e 

programs, and the treatl'nent of p:-ivilieg.:::d i:('.s·c::uctio::1.s in 5/360. 

The former is used to ·gain entry -co m.6nito:.' o:?erational progl'a:y~S, 

collect debugging information, and effect inte:-rupts. The latter lS 

used to obtain control fro:rn the Basic Executive 0: the Sp2.cebo:!:Yle 

Syster .. '1 in order to handle data inse::tio:'l. 

--------------------_ ... -_ .. _-
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Consider, first, p:.tog:-ar.'1s rL:.:''1Y!:'ng ill the sir:':1L:.12..-~ion e:r.vi::o:.-.r.'1-::;Y.::c 

under the spaceborne executive prograrns. SiYlcC ".:}}(; si:cr.ulZ:..L:or LS iL:S (;if 

an OS/360 prograrD, it operates Ln the problel"::'1 p:cogTa:c.'1 S-::<=:.·..:8. !-icrlc8, 

when a program returns to tl-'.e SysteY::.'1 Executive via a SL:.pc:.c."viso: call, 

the interrupt is actually handled first by ·the OS/360 inter:::-upt sapcr-

visor .. This supervisor, recognizing the ca.ll as' a type oelong~:lg to 

the Sirnulation Supervisor, transfers control to i.t. Th('; SiY.::1u12 .. ..:i.on 

Supervisor then 

3.5.1.·1 Clocks the execution ti.me or thE: segrDer..:. 

3.5.1.2. Examir..es the list of reo ... uests foy cleouggi.:''lg. If 

debugging information is desired. at this poi:::11:, it is collec"::eci 

and output through standayd OS/360 YoutiY.:.es. 

3.5.1.3 Examines inforn:..atioYl wl'1ich rl'1c:.':{ have COY.l.:"C i::.:. vie:. 

the S/360 operator wl'lich is ir.:cenc.(:cl -:;0 Si:t:'Tu.late SO:':::"8 ext(';y::::.c:.l. 

'. process. Such inforlnation fo: E:xarDpl(';, y:..;.ay be a rec:-.:..;:;st :::0:: 

the execution of so:cne };)l"og:rar.n, which, if the syste::.~ \ve-.:e 1Y ... 

the air, would have been rnade by tr.e 2.stro:''l2.ut. 1.: s'l.c.~'l 

inforrnatio:1 is waiti:1g, it will exi.t to the Systcr.G Execu'~~v2 

as if an interrupt were pending. If not~ it \vi.ll :;,"etu::-~'l co:::~:c:'·o~ 

without such i.ndication. 

----,,-., .. ---_ .. _---.,.-
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Next, during the COU1"SI3 or sin'lulation execution, thl3 Basic 

Executive will get control to handle I/ O. Since the I/O in!::ltruc'l:ions 

are privileged" they will not be executed. .A.gain, an interrupt to th8 

OS/360 interrupt supervisor will occur, this time to indicate p:.:ivilc0ed ... _ 0 

instruction execution. In order lor the SiInulation Supel"visor to gc::t 

control at this point it is 0:1.1y necessary to supply a second level 

interrupt handler in OS/360 which enIal"ges the function of the ~:;l:andard . 

routine. No conflict with standard operation will a ris e frow_ tl-:is. 

In effect, then, there exists a simple mechanism fo:." s'l:.pervis-

ing the spaceborne execution during simulation without the necc:ssity 

for altering instructions in the programs. P...lso, since the SiY'[:.ula"c:.oY'.:. 

Supervisor operates under OS/360, it is able to utilize the full capabilit".1 

of the system. 

3.5. 2 Program T'est 

In general, progra:nrning erl"OTS can be put into three categol":e:3: 

syntax error s, which are mistakes in "ene grar.n.n'lar of the ?Togra::'''':''lD'ling 

language being used; mechanization errOl"s·;' which are r..'listak2s in 

translating an algorithm or solution frorn its origi:tlal statement i::''1to 2. 

programrning language; and logical errors, which are mistakes in ·ch'e 

generation of the algorithm or solution to a problenl, or possibly ir.. 

the problem statement itself. 
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Errors ,i.n syntax arc detected by lan~u2.ge processol's, 2.:.-:..d 

hence there are: no special requil·c~.t'lents on the sir.t'lul2.tor ior th,:;se. 

Certai.n kinds of mecnanization errors r ... ~ay 2.150 be detE;cted by 

language processors, parti,cularly those cor:.cer:''led wi.th flow and 

naming conventio:1.s. Unreachable portions 01: a progl·2.1-:"'l, and 

undefined or ambiguously de:fi.ned sy:"-:"'lools are of this class. I-L::l·e 

agai.n there is no requirel"l"lent upon the s i.m ula tor 101" s uc:'l diagnost~c 

informa tion. 

For logic errors, however, and IO:: e::-rors w:l.ich r.'1ay 2.::ise 

because of the dynamic er..vironment, the si:'~Dulato::- ::,,,:ust T.1.ake; 

provision for the user to insert test inforr.c.ation, and -Co ::-eceiv(; 

information about progra.rn flow and data tl~3..:'''lsforr.''latio:t:. :::..t V2.l·i:.us 

'stages. The internal processes for ha:..:..dEng this were desc:,·ibed. in 

Section 3.5.1. Externally, hOWeVE:l', "Cr ... E: Si~:'1ulatior. S--.:?ervi.so:::'- ::-:::'L.:.S-: 

be able to interpret state:.r:nents iroT".'1 tll.::: p:,·ogra::'::l.n'le::: .l-n -c.r.:.ree ~.:::":'l.gt:ages. 

3.5.2.1 A debugging language by v"hicl-:.. Ln.::: user ca.:-: r::ques-c 

items as areas to be displayed at :ne e::.-:..d of segr..:.,,:e:.~.t eXE;cutio:l, 

the flow of contro·l actually followed by the progY2.r ... :., 2.~-:.d 

trigger settings at various times. 
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3.5.2.2 A da.te;. ge::'10ra.tiol1 la:n.guagc by \vnich the 1.:SC: cc.:..r..:. 

conveniently describe the da.ta to 
, 
De 

of program executi.on. 

3.5.2.3 A simulation control langua.ge by which tl-".I.e us..:;: ca.:: 

specify the interconnection be·~wee:::--.!. val"ious prog:car.ns to be us ,::;d. 

in a simulation, and \vays i::.:. \vhich Pl'ofp.12.rns are to :esponc. 

dynan'1ically, in closed loop fashio::.:, to the executio:0 .... 

SpeciHcation of these .Languages requll'es further study. 

3. 6 Integration of the Ground SUppOr-I Syste::--D 

The previous discussions have coveyed i:.:1e :)a:'(;s of. 

. System in a sornewhat independent way. I-:oweve:c, ~~ 1.S cle2.:: I_1a.t lrl 

practice utilization of these par''cs will tend to oe inte11deper.:.c.en-;:. 0::'.8 

will \vant, for example, to be aole to prepare a. spa.c8bor:"1c p:.~ogra.n;. 

and cause a sirDulation of its execution in a. si:.1.g1e ::-.nachine :"1.:::J.. 

No special support effoyt is necessayy ir_ 0::o.e1" to do -~hi3, s i::ce 

activity could be treated as a job ste? wit11i.n t~e OS/360 definition. 

However, it is proposed that the enti.re GTound Su?port Sys(;e:.-. .:'l -be 

integrated under a single Ground SUPPOyt Sl:perViSo11

, vv'hic:"1, 2..5 :Ear 2..5 

OS/360 is concerned, is just another ope::-2.-~i.on2..1 pl'ograr-D.. ?:'·c::~::.:... 

prograr..nmer point of viev.T, this wi.ll el1.na:'1cc; efficie:"1cy beC2..US0 Q: L:l:e 

... -~-'''''' -'_."--"''"'-."""., ----_._. 
-.- -- •. ---- --_____________ • 11 ______ -- _._. _____ _ 
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necessity for fe\ver control ca:·ds. Fro:::-n a.n ov-:.;::-all i::s·c2.112..tio.:: 

point of view, ground suppo:·t op8ration, and the sta:'1d2..rdiz2..t~o:l 

of the mai.ntenance and docum(;nt&.tion of t:'l.(; S~)2..c(:Dornc: pr0.z:::-:::..-... ~s, 

is greatly simpli.fied. 

. .. _ ... _._ ...• _------_._- ... _---- ------_ .... _-------



4.0 IMPLEMENT./\.TION PLAN 

The developn'lent and production of validated progrc::.YYls for the ::JCSG 

requires a carefully developed Cl2l.d controlled implementation plz..::.l.. 

The plan must include procedures to span the time from inception to 

delivery of the operational prog:i.~ams, \vith milestones that provide c.. 

precise .control ove14 the distinct areas oi software developrnent. Such 

a plan is presented here. 

4. 1 Task Sequence 

The sequence of tasks required fOl' the implementation proced\.:r~ is 
---------------------

presented in the form of flow charts ~ figures 4.3 and 4.4, which COVer 

the areas of pr?gram development and program validation respectively ... 

These charts begin with definition of individual program require::."nents, 

and carry through to cornplete integration of all programs. 

The following is a block-by-block description of -ehe cl-.ar·cs. '?o:.· ease 

of reference, each block is identiiied in tvvo ways. In the uppe:: :::ighl:-

hand corner is a nurnber which correlates the block \vitl: a desCl-intive 

paragraph. In the lower right-hand cornel' are abbreviations o2.signa:ci.:c ... g 

the general area 01 responsibility. These are as follows: 

LV - Laboratory Vehicle 

MM - Mission Module 

OV - Orbiting Vehicle 

DCSG - Data Cornputation Subsysten'l G140Up 

"._-.- ... ". __ .. _----_."----_ .... " .. _",, ....... _._ ... ""--",,.-._---
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4. 1 ~ 1 Define Cornputc;r Prop:=-"c.r~ .... R(;C(L-,irc';:l.C:l"lts (Blocl.;:s 1.0 2.::-:.d 2..0) 

Ba~ ically, thr ee thirlgs lTIUS t be done: 

4. 1 . 1 . 1 Ana 1 y sis 0 f pro b 1 e m r e qui r c r~'l e n ~ S • T h 2.. 1: is) f;l C: 

identification of functions to be pe]:io:::::ncd, 2nd t~J.e 2.110:::-_1(;:"1."C or. 

specific tasks to the DCSG. 

4.1.1.2 The developrIle:1t of SysteY'l.1. equations. The ec:.-u.atio::..s 

requiied to implernent the DCSG assigned t2.s:~s are defiLed 2.:,,_d 

preliminary math/logic flows are dete::::ty~in(;d_ 

4. 1. 1. 3 The definition of accuracy requi~-8rn.(;nts and scluL:io~ 

rates. 

4.1.2 Ground Support Syst8rn. Specifications (Block 4.0) 

The complete syster.(l 0: s1.:pport software is designed 2.~,:d s:?eci::e::'. 

This includes the internal 'design of the progr2,rIls and ge11eraticl'l o£ C01TI-

plete external specifications. PrelirIlinary operating instructi.c:::.s 2.:::e 

publishe~ to aid in the developl-:""1ent of spaceocrne :En" ograrns. (
,.,.-..- r- -

I ;".r- , ''''ou,o",.., - _ .......... '-"'..... .. ........... 

Support System is outlined in Section 3. 0 of this p2.per. ) 

4.1.3 DCSG Spaceborne Syste:n SpecificatioY'"s (Block 4.1) 

Preliminary functional design of the Spaceborne Syste:.--:::.. :.s co:.'l1.-

pleted and documented. (The o2.sic outline of this design is desc:;:ioed 

.in section 2.0 of this paper). 

4. 1.4: Coo r dina te Com put erR e q Uil" e :"Y.:.8 n t s ~'~'Qi S"DDO-"-- p'"oa-·;::-·-·-, ~ ........ __ u,' _ L. - ...... --..1. ........ .L. .. __ ~ 

This activity is n'1.ainly a function of coo::cdin2.tior..~ conL:::"ol~ Z:.:1C 

dissemination of information. Ca:;.~eful exarniI:ation of the :::esl:~t.3 of 

... _. __ .. _. __ .-_ .. _ ... _- .•.. - ------. 
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system compatability, elirn,inatc duplication of eilort, 

specific subroutines. Support systern \vl"ite-ups 2.1"e rcle2.sed to user 

groups, and approval of all activity nl.ust be given belOl"e \vork con::i:lu(;s. 

4. 1. 5 Definition of Pr Ogl" aY:l In~er faCe S (310 cks 1. 1 a:'lc 2. 1 ) 

The interfaces between cornpute:: routines and extc:i.~n2.1 sigrlals 

are identified and clearly defined. Also identiiied aYe the io:! .. r.'l2.ts tv 

be used, the methods of access to cornrnon data, and any ::-es::rictiorls 

the interfaces impose upon the progyarns. 

4. 1.6 Math Flow Generation ar;.Q Si:~ul2.tion (Blocks 1.:2 and 2. 2) 

For each program, a rna"Ch and logic ilow is gcnel·at:ed, s:'y.c.l.ula:ed, 

and regenerated until a functionally optir.'luY'tl deii:::::.itio:-.;. is ootair .. c(L ClOSe,:;' 

loop, simulation is perfornl.ed on a gcneral pu::: .. pose COl'1'lputcr to ir_sure 

satisfaction of system requirements. Fl·OY'.tl this point 1:he eiiol": :::':"2.y 

proceed through block I. 7 as an integrated progr2.r.tl dev210p:~.'le:''lt~ or 

as several semi-independent e:io::: .. ~s. 

4. 1. 7 Test Progranl. Defi:l.ition (Blocl(s 1 .. 2 .. 1 2.~:d 2" 2. ~) 

This activity involves plau::ling ar ... c: de£i::.:'tio::'1 0: ".:cs·;: ~-cu·c:'::.;.cs a:-:..:3. 

data to fully exercise the DCSG program du::: .. ing so::: si:rr:.ul2..tio::.'l. The; 

.test programs also serve as inputs "Co the fl::. ........ ction2..l s:::-... 'lulatio:-::. c.;:;sc:: .. io-::c. 

in Blocks 1. 6. 1 and 2. 6. 1. 

4. 1.8 Math Flow Release (Blocks 1.3 and 2.3) 

The rr ... ath and logic £10\'1 is formally ::21eased a:-:d acce~)(;2dJ 2..:-;.Q 

becomes the basis for coding the: o:Je:r2.tio:-::'2.1 p:.·og:::a".:.'1.'ls; gc:.:.e:::."a:il'..g ::l:2 

test programs, and creating ._'- -··.--~:ctio::2.~ si~"Yl1..:.:.:.::io:1.. 
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4.1.9 Generate LOaD Clos'.lre T'cclY{1iqucs (Blocks l" 3. 1 2.r~cl 2. :~. 1) 

This activity is an extension of th8 closed 100"0 sin'1ulatio:'.1. ciene 

in Blocks 1.2 and 2.2. It provides two outputs lor USE; in later v2.1id2;."tion. 

The first output, indicated by the 1(;t~0::"s A .:lnd C or~ :~;.(; chart, provides 

environmental infol'lnation to the Systern Intcgl'atien Laberato::..·'! (SIL) 

checkout (Block 5.0) and the Hot Mock- Up U-EvlU) Cr.:.2ckout (Blec~( b .. 0), 

which allows a dynan'lic hardwar e checkout en an individual basis for 

each routine. The second output, indicated on the c:~.:.2.rt by t~e :!.(:;::~8rs 

Band DI provides dynamic environYTlental in.forInation 101' use i:.'1 ~~-:e 

soft checkout of the Laboratory Vehicle in:::egrated progl·ar.:::..s c..Ld the 

Mission Module integrated prograY'.ns (Blocks 5 i1. and 6.4). 

4. 1. 10 Detail Flow (Blocks 1. --1 and 2 u 4) 

The ~ath and logic flow is adc..pted ·~o -;:;1::.e :1atL:1'C ,... ''':' 

or l::..:.8 DCSG a:::'.:.d 

programming artifices peculiar- 'co the DCSG 2..re intyoc.uced. P-E COQ1:1g 

will be done ir om thi s de ta il flow. 

4.1.11 DCSG P D 1 (- - " ,,..' " ~ ... r ogralTI eve opY'Dent bloCl-cS 1.. J 2.1"10 2. 5) 

Processor (see 3.3). Specialized hand cnecks a::c ~sed to iSOl2."::-:; a:3 

lnany errors as possible before beginning sir-nulatio:1. 

4.1.12 Test Prograr.n Development (Blocks 1. s. 1 2.~,-c. 2.5.1) 

Test routines and data are developed £rol~ ::h-:; pl2.:-:'s g.:;:::..e::."a:ec. 

in B 10 c k s 1. 2. 1 a. nd 2 .. 2. 1. T est pro gr a Y-[l sa::.' 8 des i g~: -:;; d ;:: 0 -:; X 2: ::.' cis -:; tl1.2 

operational routine as co:r::.'l?letely as possible. 

------- -------- -"--"- "----
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4.1.13 DCSG ProQ"ranl Sir-[11:1ation (Blocks 1.6 cJ.nd 2..6) 

Using the DCSG Spaccborl1c Sys te:n a:l.d the t.::; s 'C p11 og::"aY'_'ls, the 

op ."'r::ltl'onal pro::rar."·' l'S .'='x.~,"c'~?~ed ~.(' .::>'!·l ,~'i';:: -""""'oa'·:...:::: ;'0 J.~ c.''':' '::o~ co-·-·c,... .. · ~r'~ ..... _ ~.......;:; .;:;_ _ .!. .... ___ ... ~ '-.!.'- -11:;..-" ("I,;;",(...:...!. .!..:. '"",L.. ~~ ... -

Iormance. These tests are soft si·[,D.ulatio::::.s, pCriOl"l-D.ed iirst CY'~ an OPe::"' ... 

loop basis and subsequently, whcl·e applicz:;)lc, on a closed loop ;:::-c.sis. 

4. 1. 14 Functional Sitnnla tioD (Blocks 1" 6. 1 a:-ld 2. 6. 1) 

In order to develop an. independent check of tr;.e trar..s:.-cio:;: i:::OTD. 

the released math and logic flow to the detailed ilow, ar_d to v8r::y ;::--... e 

progran'lming artifices used in Blocks 1.5 a:"'ld 2.5, tl';.e r81-:;aS8Q :-' .. :: .. ath 

and logic flow is functionally sirn.ulated on 2. ;8::-... e1'a1 PU11?OSe cor.;.-lputel1 

using the same test programs as the DCSG ?:::ograr-n sirr_u1at:'on. 

4 •. 1.15 Comparison (Blocks 1.7 and 2~7) 

The results of the DCSG Pl"Ogl"2.T .. 'l. s~:'''l'lulal:io::..s a:.'lc ::1:.8 £unc-cion2.l 

simulations are compared to ve11 ify that :'~esults are within 2.cceptable 

tolerances. This step co:{r..plete;3 'c'he d\:::velopY'.l.":.\:::n: ?hase. 

4.1.16 Develop DCSG Groul1d Suppor·c SO£·CW3.112 (B~ocks 1:.: .. 2 .:::. ') '1 \ _. -. - J 

out. These are then provided to the com..pu.:e11 prog:·a:::-n USe::::'S fvr their 

operational prograrnming activities. 

.._--------_ .. _----------------
4. 1. 1 7 Spaceborne Systen'l Development anc C:12Ckout (31ocks .~" 2 .. 2 8-: .c.:. 3) 

The Spaceborne Syster.:'l iY'.{~Dlen'len::aticn :s co:.~?lcted a::d 
., .. "': 

c.::ec~(cG 

out on the DCSG simulator. The Spaceborne Systen:.. is l'cqui:::8C: CU1·:.::g 

open loop DCSG prograT .. 'l sirnul2.::ior. (Blocks 1.6 and 2~ 6) 2..5 \V2::.1 as d--'::'1i::g 

hardware v.: .. :idation of the prog::'·2..1~·lS. 

-- ...... -. "---'-'_."'_ .. ' ... '''-'''.--~----......... ----------.. ~ .. '.'-'~.--- -_ ...... ----~~ --' 
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4. 1. 18 ,DCSG System Ch8c:~(cut Usir:.g Test &':''ld Cl18ckcut Pl'Og:"cJ,::-~,;'s 

(Blocks 4. 4 and .:1. 5) 

tional routines is, developed and validated with test P:::'1og:'1an1.s, for usc; 

at point G in Figure 4.4. This is accomplished as descl'ibed in figures 

4. 1 and 4. 21 which outline the five basic l8vels of DCSG CO:i.~pute:c 

. assembly and checkout and the r11.ain purpose of testing at each leveL 

The abbreviation key for these figures is as follows: 

CPU 
MGE 
KDU 
RCP 
P.SU 
CSC 
LVD ... A.U 

Central Proces sing Unit 
Maintel'lar...c e G:"10und Equipm..ent 
Keyboard Display Unit 
Ha:::"d Copy PTi:-!ter 
P.uxiliary Storage U~:'lit 

COlnputer Subsysten-:. Contyols 
Laborato11Y Vehicle Date:. .f\dap:e r Dr!it 

4. 1. 18. 1 At Level .A, all COn1l':(lUnic:a'cions with the ce:::'::y2.~ 

processing unit are through the lViGE \vhich provides cor.:.'c::ols 

, DCSG Main Storage fror..c. the MGE by r..c.eans or card. dec~,s or 

program tapes. 

79. 

4. 1. 18. 2 Level B~ testing extends to the inclusion into tI-... 2 S1:'o-

system of a previously Verified ?ux:'liary Sto::age 0:::::'::. Tl-:.e .SSU 

stores the kernel of the DCSG execu-cive 110uti::e, which 2..l~.O\\TS 

check programs to be transferred iror.n .? ... S'C' to D'1ain sto::.=:.,,;e 3:C 

--------------_.- .......... , ... , .. , .. __ ... ,., •. , .. _ .. 
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startup. The NiCE provides powe::.:, st2.:~:t-stop control, 2.:~d 

monitoring functions. 

4.1.18.3 Manual interfaces arc in-::::oc.uced to 'chc DCSG ::..t: 

Level e. lit t·1-- 1· s pOl'n"" <.}- -:-. } (C~ 'lC'. 7~'" . '" L.. •• c lY.!.. ~ -- required :fo:: 

iication of keyboard, display and p:1.1 i:'lte:: operc:.tioY'l.s.· ?oLo"\vi::-.. g 

this verification, this portion of :11(: S".losyster.::l (v/hich is (;qL.::'v-

alent to a normal EDPM installation) can be co::,.n.pletely c~leckec:. 

out by use of the keyboard, display and printer ~ This Ch2Cko·~t 

program is t~e first which will be available 10:::: il:chlsion i:.--;. the 

operational ASU. 

4.1.18.4 Level D testing brir.gs i::.1. the cOY".:.'l"0u::ation subsyste::.;.'"'.. 

controller. MGE involverDent is I~ecessary to chec~( tl'..::: esc-cpu 

combined operations and to sirDulate the con'lrr..and syster.r... :'::1t:2::"-

face to esc. The ASU checkout pr ogran'ls 3..:;'1 e es s e::,-:·cl2.11y :i:e 

same as at Level C. 

4.1.18.5, Level E introduces checko'C..t or the LVDAU, 2..::-.ci :-.ecce 

for this level are more cOr.::lplex than t::..ose "\vhien will be "".lsea fO:"1 

on-orbit testing, and 3..11 e of a SOTDC\vhat dii£ere::t natl:.::'C .. T2C 0:'.:.-

orbit te st pr ograrns will be ehe eked at this le:v.:::l as c. s er:.e s or. 

subtests. The MGE also simulate s tel.:::::rt:..c;t::::y a:."lC COl'r..:T.l.a-,:ci 1:-::13:::'1_ 

out of the orbiting DCSG. Cheekol:.t p:l:ogrn:-ns 2..t; this L~vel a:::e 
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I, 1 ,,; .... 

directly analogous to those required £01- the:; 2.11-systern t.:::st 

equipment group (.A..STEG) at DP~C. 

Milestones 1 through 8. (On-ol-bit check p:!.-ogr2.:-ns 2.re 2.1so :::cc;..,.:.iYed £0-::: 

Milestone 8). 

4. 1. 19 SIL Individual Progl-am Checkout (Bloc~.z: S. 0) 

Individual pyograITls which have complet8d the soft sirn·.::.lz..tion 

and checkout are exerciseci in the SIL envi:::-onr'Der.'l: 2.:~d verified i~:. fhe DCSG. 

Verification takes place on the actual DCSG cor ... "lputcl' v;ith as cOY'.:."lp18te 

a closure as possible through actual physic2.1 interf2.ces. Si:r:nu1at.:::C: 

environment will be provided through the genel-al pur-pose C01T.!.p'..::!.:er tied 

into the SIL complex, using prog:-ams "1 ' . -. ·1 
D ..... OCK 1.::;. _. 

4.1.20 SIL Test Pro,grams (Block 5.1) 

Pr ogran'ls are developed for the gene:::-3.l PU1'POS e SIL cor:lpu::el" to 

provide stimuli to the individual DCSG programs chcc~.z:ou"C. 

4. 1. 21 . Interface Simulator (Block 5. 2) 

In the SIL complex, rnany of tn.::: i::::.te:·£2.e.:::s to exte::-n2.::" c~evices 

must be sirnulated J requiring hardwal~e sir:.:.ulators and CO:"'Dpl:"C~l- :?rog::ay-,h,s 

for the SIL general purpose computer. Sirnulatol's rnust i:''lsure ,::;:8c:::ic2.~. 

and physical compatability betWeen the DCSG, t:'le clevie.::: oe::.::-.:.g si:-.. 'l·,,: .. la:ea., 

and the environmental data generation. 

4. 1.22 . Mis siGn Module Hot j\1ock- Up (Block b. 0) 

h ~ , ~ 1" '- - .,.. (,... 0 ) C (.:;C.l.,OU ...... ,~ ..... , ..... :l •• It cons:.~ ... ~ of i.r~div:'-::·. 
--------_._----_ .. _-_ ...... _. __ .. - . --............. -------_ .•.... _-------_._---_._ .. _-_._-_._------_. __ ._---.--..•. - .. -.-
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prograrrlS on a DCSG hal"d\var8 set:up. 

"-1.1'.23 I-IMU Test Prograrlls (Block 0.2) 

AgainJ 'this activity is 

vided to the SIL cOnlplex. 

4. 1. 24 LV Prograrn. lnte gration and SoL C~1ccko"'--~t (Block 5. ~1) 

At this point all LV pTog::"arns 201'13 i:-:tegrz..ted with each o'~:-~c:'4 a:-.. c 

with the Spaceborne System. A cornplete closed-loop soft si:'":::1.llla.,::icY'.:. 

is performed to insllre compatability a::ld prope:::: operatio:-:. Loc':) clos'l.:.:;:"-::; 

is provided as a result of the iniorl-:lation :;e.ne::-ated in 310ck 1 ~ 3. ~. 

, 4.1.25 MM Prograrll Integ14 (ltion ane. Soi';: Ch8C~(OU'[; (3~ock 6. ~) 

This activity involves tbe sar,tle operatior_ f01' 2Viission =\~od1l1e 

Block 5. 4. 

4.1.26 LV Program Integration 2nd Sri.. Checkol:'~ (3lock 5~3) 

Tbl"C actl"vl"f-y l·S ..... ",-,13 h~~~,.:Jw"""'·e c"y,ec!'ou··- ~o"·r·+--=·-·~n~-(":' 07 ?iO~l_;::; ,~ ,A. lIJ "'" L.~ .. .... cw ... u c:...... ... ..... '\. L. \..... 1r..A. ........ v_ ................ L.. _.:.....J_ ,'-_'- ..,..1.,-:.:. 

It involves' inte'grating all LV pr ogr 2."l.'D.S into the SIL che ckou.: facili:cy wi''::: . 

the Spaceborne System, and ve14 ifying proper one:"a:ior... 0::-1 a closed loop 

hardware basis. 

4. 1.27 MM Prograr.:.'l Intcf.?yatio:l. a:-:c1 :::-·EvfU Ch2Cko1..:t (31ocl( S. 3) 

This is the countel'part of Block 5.3 for the ?v..issio::.-.:. :.v~CC.l:L3 

programs. Cor..nplcte har d\,va:- c chcckou'~ is 0::" :h8 Ho: >![ock:.:? =;:-c:'~:'ty. 

----- ----------_ .............. __ .. __ .............. _----_ ... _-- .. _---_._--_. __ . 
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4. 1.28 Computer Pl'ogr.:lrn LV and )lNi In~c;Q:::2 .. cioE (Block -;.0) 

All LV and MM prograr:'ls and f:10 S?2.cc;bo::::ne Systc~['~ 2.:.:8 i:1t8g::::.:~t8cl 

into a complete n'lission progl'am package to IOl'n'l the cOlYlplc-cc ::;o£-:.~\va.l"e 

package for a particulal' rnission. Stl.'ict cont:'ollS n'laintained to insure 

the integrity of the package in the final launch configuration. 

4.1.29 Overall Soft Ch2Ckou.t of I::'1:egrat0Q Sys-se:CD (l21oc1·;.: 7.1) 

Final digital simulation of the cOl"l'lplctc package is pe~'£o::l-.'1ed 

at this point. P:4imary conce::::n is to aSS1.:::e corIl?2..:.:aoility of tl:e LV, MM, 

and Spacebo14ne System in the operational con£igul'at::'on, indep0nd2nt 0: 

the hardware. This is a closed loop sirr~ulation \vhic~ closely dl:.Dlica.t0S 

. the operational envir onment. 

4. 1.30 Overall SIL C~eckout of. lute grated Svs te:T... (310ck 7 . .2) 

This activity provides a co:rnp12te checkou·~ of. t~':.e integr2.ted 

program· package on the hard\vare. Tes·~s s::'::-.:-.:.il2.:::: to -C:-_OS2 in Bloc:~ 7 ·1 

are executed. Special emphasis is placed on l'U:r.:.:c.:.:'ng p::.'og::..'2..::-':-.5 ··.l:i::.c:.er 

real time co nditions (such as random inte::yup·~s, dy:12.::-.:.'lic :r e~ocz..tio:::~ 2.n.c 

device dependent 110 timings) and the sys ten'). is opel'ated il1 2. ::-Ilz..nnel' \vnicr;. 

duplicates the actual spaceborne con£iguratio~i 2.S closely Co:::- possibl:.::w 

·4.1.31 Release and Irnplerne::.--~tatio~l. 0: COY::l?lc·ce lV1i.ssiol1 ?2..C~~2.g8 (:Sloc:.: 8.0) 

This is the final contl'ol point fo:.' ·~he ?2..cl\:.age. At f:l.:'s ?oi::.--.:.:~ V3..~ic.2.-

so that all program material a.nd documentatio:i is :::8182..sed "CO -.:::..:: l~i..:::'::: :3::::e. 
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4.2 Milestones 

Milestones have been placed z;.t strategic l)oints, so that a clc2..:'~ p:Ctl:l~C 

of program progress may be obta.i~~ed. 

the Implementation Plan. .:.s follows to Figures 

4.3 and 4.4): 

4.2. 1 Mile stone 1 - Comput0r Pl' O~l· .:1rn Requir el"l'lents 

All requirements for the DCSG Sysi:ern, the Ground Supr~ort 

System J and the Spaceborne SysterD. have been defined. Do CU::-'Le:'"lts 

are generated detailing these requirer.n.ents. 

This docun'lent define s general math flo\v anc. Dlans £0:: il-.{~?le-

mentation and test. It is based upon Miles"Co~~e 1 and serves as ,;;. 

foundation for all future ef£ol~t. 

the ~unctions of the computer subsystem. 

This document provides a detailed ., r""- .. t..'" c.er;.l1.1·:.,lon 0: l.:ne 

ment will be initiated upon cornpletion of this c.ocuY'D.c:,--::::" 

n ,< 
0'-.;:. 

Coding for the -DCSG pTograrn 1--... as bee:l. cOlnpl(;'sed~ tl~c t(;s: p::cg::..'a::::,:3 

have been developed, and the system is ::..~ cady :~.:J:: 
. ~ . s :':~~i.3.. ::0:-_., 

--,-.. "_._-- ._" .,." .. ---------------



Il1dl'Vl'dually checked-o~.;.t and docu·rnC··ite,-i Cnl...,....,DU,7·;::.,~ '~I·oC·,~~·r-'"\:::' -,'~':' . .....J..... ........ ......, -.l.~ ""~_ ;;J- ~_ ~ ...... ~ .::..;.._ I..:. 

delivered. .i~t this point, progralTI dcvelopr-... 'l8nt is cOl-":"lpletc 2.:::.6 ::}:'8 ?rogr-Z!.Y'[;'s 

are presented for subsysten"ls validation. 

4. 2. 7 Mile stone 7 - Sub s ys ~cnJ.s Ch8Ckou'~ C or.npL::: t.::: 

All progralTIS and hardware have been integrated a:'1d validated 

through the subsystem level. The cornpllt8:r" prograrns a::e nO'll rec.dj fo:." LV a:-_cJ. 

MM integration. 

4.2.8 Milestone S - Release and Irnplern8Lca'cion of Con:pL::te ~~issio:-.!. Pac~-(2.C!e 

This is the final milestone and constitllteS the cOly.:.pledor~. of Z:..~_ 

program integration and testing. At this po:'nt, a cornpletely validarec.. 

set of programs is ready for :flight. 

--.---------.----- ---

.. _--..... _-_._--
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