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ABSTRACT

This final report describes work done under Part 1 of
the Advanced Development Prototype contract from 30 July
1968 to 30 January 1969. The result of this work is
ADEPT--a comprehensive information-processing system
implemented at SDC for operation on IBM 360 computers.
This report includes an overview of the current status
of the system, and a detailed description of Lhe three
major components of ADEPT: a time-sharing executive,

a data management component (consisting mainly of the
Time-Shared Data Management Systi'v), and a programmer's
package, which includes a JOVIAL compiler ealting,
debugging, and utility programs, a teletype interpreter
(TINT), and an Interactive Programming Support System.

Also included in this document are the names of staff
members assigned to each of the three major project
areas, as well as a listing of the documents produced
in each area during this reporting peri, Upon request,
referenced documents will be made available to appropriate

organizations.

i
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1. OVEIRvIEW

1.1 :NTRODUCTION

Work on the Advanc,,d Development Prototype (ADP) contract was begun in January
1967 for the purpose of demonstrating--in an operational environment-the
p~otential of automatic information-handling made pcs ;ible by recent advances i~i
computer technology, particularly advances in time-sharing executives and
general-purpose data management techniques. The result of th5s work is a large-
scale, multi-purpose system (known as A-DEPT), which operates ori IBM System 360
computers. The historical background and early development of this system can
be traced in the preceding reports in this series.*

The original ADP contract ?,as since been extended, and is currently being per-
formed~~~~~ intoprI Pr AP ended on 30 January 19'9; Part 2 (Computer-

Aided Command research program) is scheduled to run until 15 September L970.
This report covers work performed under Part 1. (A semiannual technial report
on Part 2 will be published in March 1969.)

The entire AD)7P svstem was onerational during this reporting period, and is
now bi used at four field installations in the Washington, D. C. area, as
well as at S11)c in S'anta !Ionica, The system was installed at the i~ational
Mi litary' Command SYstem .;upprort Center in May 11)b, at the Air Force Commnanl
lost in Au,-ust 1,)o:, Fino at two ocher Fgovernment agencies n Jarruarv 'JvY

.hee ou fel~l foitos collectively run AD;YP? from oS) to 1010 hours tier week,
rrnvrdphn- ai total of, some 45...) uors of time-shairing, service monthlY to these

sA-i, jro(_V(e ver i or-, of ;yvrr emco>npntos tbe cwe ftv qiila cteae

pr'Ito the vari oio field s ite!; r intltinwh ich i.s 7u-pervised! byv K

re r ; onne

information on the ADEPT sys !-tem was disseminated to the militar-, and govern-
mental communities throuigh at series of AIDI'- O S'ymposila. Thie first svmposium,.
which was heldl at 'DC Santat Monicn on 24 an! 2'5 April 1966, was attend'ed by
over "V'2 neople. S,'ponsored by ARPA and ",DC, it consisted o' a set of briefingF
on the operation ind capabilities of the system, and live demonstrations of

,!~or syvsten, comron-ts. Tw mor ADP- ypsia were held at Andrriw, Air
Force Hase, Mar'fland on 10 &-od 11 July l(Jt). These two sessionp* which veicrc
sponsored by SDIC, !ICA, and OASD)L Comptroller, were attended by more than 0()
people. 'iriefi ngs and demonstrat ions on the system were again presented.

* S SYS11 COMFON ENT 15

Ah ADEPT system c:onsists of three ina~or comp'._nents: a time-sharing
executive;- a data management system adapted fromSD' Time-Shared Da taf
Management S'ystem (TDMS). aind a programmer's nac7kawe. Each of these components
is discussed in turn below.

114
:~- ~~t '5 LW. 7''- ~ ~.l'50,andI 'TNTS'SS
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1.2.1 Time-Sharing Executive

The time-sharing executive of ADEPT consists of two major pieces, one called
the Basic Executive (BASEX), the other the Extended Executive (EXEX). BASEX
contains elementary functions such as an input/output processor, a scheduler
that permits the dynamic adjustment of priorities, an interrupt processor, ana
a basic sequencer. EXEX contains routines to interpret user ccnmands, file-
inventory routines, and various other aids for both progranming and nonporam-
minp users. The Extended Executive is an "open-ended" module that permits
expansion when recessary. ADEPT provides for multiple access to the computer
through P. variety of input/output devices, including typewriter keyboards, small
tabular displays, and cathode-ray-tube graphic ter-inals.

1.2.3 Data Management System

The data management portion of the ADEPT system consists principally of a set of
integrated programs designed to handle the most frequently performed data
management tasks. Included in this set are programs that allow the user to
describe the entries in a data base, load them into the machine, ask questions
about them,perfonr calculations on them, have them presented for his analysis,
obtain hard-copy reports, and update and maintain the data base. Several
related capabilities were also developed as part of the data management portion
of ADEPT; these include a procedure for integrating the data management features
of TDMS wlt' the ccmputational capabilities of JOVIAL, and a means for refor-
inatting existing data bases to TDMS format using the MLETA5 languaze.

1.2.3 Proramme 's Package

The third major component of the ADEF system is desi-,,ned to provide several
powerful tools f r proq -- mers with , .rying skill levels. For the #rofess'onal
progratimer, a JOVIAL compiler and a r imber of service rrograms includiug
editing anu iebugging routines) are provided. 7,or thc novice rrogruajmer who
may occasionally wish to use a computer to solve short, one-sht rroblers,
a user-oriented interpreter (TINT) is provided. In addition, ar integratel
system that provides extensive support to progrraners at all levels -is :-

developed a-s part of this portion of DEPI. 7his, stem--Ibase on '
Interactive irogrAmming 7uoport lvstem--wi. assist machine users in all ,
pr3grRMflinw processes, ranging from Program co- itin, e.itinw, exe-umti,Ir
and testing, through 1 rogram documentation.

I. . Hardware Configuration

The equipment included in th'e ADEP, svster -- rent.'y consists f a. -
160, 0 ccmputer with .i ,000 bytes of ,re memor,'; three selector channels fo
transfer of data between thr CFU and . rxn, Jisc, and tas storage aind - m, -
Plexor channel for trn7;fer of data to knd frc inter-ictiive terninfis ,l n t ',er
input/output equir1ent. A block. diaArn, of the current hardware conri rat, 'icr,
showing equipment model numbers, sreedi ., capacities, and levice afiressrs
nexadecimai) Is included as an ap-naix to this Iocument.
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1.3 PROJECT STATUS

During the six-month period ending 30 January 1969, the various ADEPT components
continued to operate reliably as an integrated system. At the same time, new
capabilities were added to many of the separate components, while program errors
and limitations were removed from others. The concurrent shakedown and extension
of the system reflected the responses of users at the several ADEPT installations.
Their suggestions for improving ADEPT capabilities are being evaluated. A
brief overview of the status of the three major ADEPT components is presented
in the paragraphs that follow.

Work on the time-sharing executive portion of ADEPT during this reporting period
continued to concentrate on adding new capabilities, while at the sane time
improving performance reliability. Nine more operational releases and experi-
mental pre-releases of the executive were made. The following major capabilities
are now provided by the ADEPT executive: a complete file cataloging subsystem,
pervasive security controls, an integrated Batch subsystem, dynamic memory
allocation, interactive symbolic debugging, support for a variety of interactive
devices, and an expanded command library of over 40 interactive (console) commands
and numerous program-called executive functions. The "exportability" of ADEPT

*. to new installations was increased by improving techniques for installation and
configuration control, system testing and quality control, and continued refine-

#ment of system fabrication techniques. Performance of the executive improved
during this period, due largely to the use of a new multi-queue scheduling
algorithm, a new scheduling command, imprvements in LOAD operation, and
increased SPAM file size.

TDMS, during this reporting period, evolved into a well defined and controlled
system. The functional capabilities of the system are now stabilized, and the
system is operating reliably at four military installations. Plans for the
addition of further capabilities have been documented. rour new releases of
TDMS were made during this reporting period, and one shortly after its close.
These releases provided considerable improvements in TDMS components, particu-
larly Generate, Query, and Compose. Work on TDMS is now being concentrated on
reducing the processing-time requirements, so that larger data bases can be
handled economically. In conjunction with the effort to speed up TDMS operations,
some redesign work is being done which will make it possible for TDMS 4o use
the new multi-volume file capability of the ADEPT executive. Finally, continued
progress was made in two areas related to the data management portion of the
ADEPT system: the data base oriented programming language work, and the adap-
tation of META5 for data base reformatting.

Work on the programmer's package component of the ADEPT system during this
reporting period was devoted largely to shaking down existing programs, removing
program "bugs", and documenting program usage. Several components of the pro-
grsmmer's package were used heavily by members of the ADEPT development team in
Santa Monica to write and check out system programs. Standrrd formats for file
identification and standard default options were developed and incorporated into

4100 NowWOMM
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most of the cqrnnonents of the rroarammers 5 ,ackawe. A nu7.ber of new VA
libraryv j~rocedures were writt-n, many ocf which are inten ued to li fy input
output through the Cataloger and SPAM, and to make strir ,gmaniou',iatior. fas --r.
S~everal new utility programs were written an!i checkel rut, andi some of the
existing utility nrograms w re re-worked. .,IN. was modified to allow saved
programs to be chanized using the editing aids p-roviied by PSand wo-rk was
begun on ->rovidinw a feature for copyine TINT yroizrams to be used later by
JOVIAL progranmers. IPiS was also improved during7 this rerorting period by
tightening" various parts of the code and bv adlina several new features, sucr.

as better error detection in the editing mode, provision for cutputtingz hard
copies of CRT displays, and automatic outprut of set- ,use information.

1. 4 )FA i2'11O WP

'The oraanization cf this report venerally parallels the logical structure of
the A.DEPT system; each o f the three ma.4or svster -omt:,nents is described irn a
separate .e cticn. Included in each section is a oenera. desriition pf tne
component, in! tne Irogress made in implementinz it durig the paRst six-month
perio-d. Also- inclrded are the names of staff ocob'ers mlncto the three

mac4cr rroec!. areas,* and a list of the jocu.ents;cone in eac-h area !jurinoz
this reporting period.
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2. TIME-SHARING LXECUTIVE

2.1 INTRODUCTION

The ADEPT executive is a general-purpose time-sharing system. The initial
system operates on a 360 Model 50 with approximately 260,000 bytes of core
memory, 4 million bytes of drum memory, and over 250 million bytes of disc
memory, shown graphically in Figure 1. With this machine configuration, ADEPT
is designed to provide responsive on-line, interactive service, as well as back-
ground service to approximately 10 concurrent user jobs. It handles a wide
variety of different, independent application programs, and supports the use
of large random-access data files. The design--basically a swapping system--
provides for flexibility and expansion of system functions, and grewth to more
powerful models in the 360 family.

ADEPT functions both as a batch processor (whereby programs are accumulated and
fed into the computer for operation one by one) and as an interactive, or on-
line, system (in which the user submits his requests directly to the machine
in real time simply by typing them on a console). The user first identifies
himself through the ADEPT console commands, End specifies his programs and data" files.

Viewed as a batch system, ADEPT allows jobs to be submitted to console operators
in some standard manner, or submitted from consoles via remote batch commands.
In either case, jobs are "stacked" for execution by ADEPT in a first-in/first-
out order. The stack is serviced by ADEPT as a background task, subject to the
priorities of the installation and the demands of "foreground" interactive users.
Viewed as an interactive system, ADEPT allows the user to work with a reactive
typewriter, allowing computer-user dialogue in real time. Via ADEPTs console
commands, the user identifies himself, his programs, and his data files, and
selectively controls the sequence and extent of operation of his Job in an ad
lib mt-nner. A prime advantage of the interactive use of ADEPT is that the
system provides for a library of service programs, later extendable, that
permit the user to edit data files, compile or assemble programs, debug and
eliminate program errors, and generally manage large data bases in a responsive
on-line manner.

2.1.1 System Architecture

The ar-chitecture of the ADEPT executive is that of the "kernel and the shell."

The "ernel," referred to as the Basic Executive (BASEX), handles the major
problems of allocating and scheduling hardware resources. It is small enough
to be permanently resident in low core memory, permitting rapid response to
urgent tasks, e.g., interrupt control, memory allocation, and input/output
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traffic The "shell," referred to as the Extended Executive ( nrovides
the int -ce between the user's aolication rrojram and the "kerrel." Tt

contains those non-urgent, large-tssk extensions of the basic "kernel" -rocesses

tht -re user-oriented rather than hardware-oriented; they mna, therefore, be
schpuled ar-d swooped.

C,.ORE ,.26M BYTES)

2303 DRUM
(3.9M BYTES)

2311 DISC PACKS
(7.25M BYTES PER PACK)

2314 DISC STORAGE
(207M BYTES)

2302 DISC STORAGE
(226M BYTES)

Figuro 1. Relative Capacity of Various ADEPT Direct-Access Storage
Media Availab. in Les than 0.2 Setcnas

The initial system that o erntes r-t FDC utilizes core, 2303 drum, 2311 anu 2"3l'
di-c packs, &nd " 303 dis, st'rage. The NMCSCSC system successfully utilizes P31.4
disc storage in lieu ot 2311 or 2302 discs. The architectue of the ADET
e:, cutive is such th.nt :t permits any comblnat'on of the above tyres of disc
storage in varying .mounts.
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The version of the ADE?' time-sharing system thus far developed has multinle
levels of control beyond the two-level kernel-shell" structure--i.e., it can
be thought of figuratively as a-n "onion skin." Figure 2 shows these relation-
shins grarhicallvy.

Beyond EXEX, "object systems may exist as subsy stems of ADET (without modlfi-
cation to E)X or BAS-X), thus f'urther distributing and controlling the resourcfs
of object rograms that forir stll another level of the system. The design ideas
embodied in ADEF- raralle! those of DilJkstra (TH.E. Multiprogrsrming System),
Corbato (MuLnc S, nd Lspson (SP, 9LL iystem). but differ in technioues of

inrlementation.

OTHER FUNCTIONS
/ N

OBJECT PROGRAMS

// / OBJECT SYSTEMS

/\

BASEE

Figure 2.Multiple Levels of Control in ADEPT
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The ADEPT executive Is designed to operate in the Lower ouarter of memory,

thereby providing three quarters of memory for aser programs. With the current
hardware configuration, ADEPT preempts the first 65,000 bytes of core memory,
the bulk of which is dedicated to BASEX. EXEX then operates in user memory in
a fashion similar to user Drograns. ADEPT is designed to onerate itself an4
user prowrans as a collectioL, of 4096-byte pages. BASEX is identified as cer-
tain pages that are fixed in main storage and that cannot be overlayed or
swapped. EXEX and other programs are identified as sets of pages that move
dynamically between main storage and swap storage (i.e., drum). It is necessary
to maintain considerably more descriptive information about these swapDable
programs than about BASEX. This descriptive information is carried in a set of
system tables that, at any point in time, describe the current state of tbP
system and each program.

ADET ,iews the user as a job consisting of some number of programs (up to
four for the 360/50H configuration) that were loaded at the user's request.
Implicitly, EXEX is considered to be one of these programs. Only one program in
the user's set may be active (eligibl.e to run) at t time. When ADEPT scheduling
determines that a Job may be serviced, the current lob in core is saved on swap
storage, and the active program of the next job is brought into core from swap
storage and executed for a maximum period of time, called a quantum. The rrocess
then repeats for other jobs. Figures 3 and 4 schematically depict these
relationships.

2.1,2 Basic Executive (BASEX)

Table 1 (below) lists the BASEX components and their general functions as of the
seventh and latest executive elease. These basic system components form an
integrated, non-reentrant, non-relocatable, permanently resident, core memory
package 16 pages long. They are invoked by hardware interrupts in response to
service requests by terminal users and their programs. Note the division of
input/output control into cataloged (SPAM and IOs), terminal (TWRI), and drum
(BXEC) activlties to permit local optimization for Improved system performance.
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Table 1. Basic Executive Components

Component Function

ALLOC Drum and core memory allocation

BXBUG Debugger for executive prograns

BXEC Basic seauence and swaT control

BECSVC SVC handlers for WAIT, TIMF, DEV2ICE,
STOF and 'ISMISS calls

EXEX Linkage routines for EXEX (BASEX/EXEX
interfaces); also services commands
DIALCFF, DIALON

INTRUP i'irst-level interrunt control

lOS Channel-progranm level input/outout
sunervisory control

SKED Scheduler

7PAM Tnput/outnut access methods to
cataloged storage

TWR T Terminal Inrut /outnut control

System Tables Resident system data areas for
communication table (COTAP), lozed-
in user's table (JOP), loaded.. orowrams
t bIe (POU), dr.m and core status
tables (DTT, ,, , and a varletv
of other tables
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PROG.

PROG.
2

0

Figure i. "-imrle Commutati.rn of User's Programs~

This 'igure i 11u:-,trater the relatinshi r et-Iween user'srrras
MIEX, and EAHX ach 7r'oke rerresents R 6vers ~ ,W'th

EXEX provi . ng the interface betweo-n liA'71K atni the har~iwftre
resour ces. h(- ma~ximum number of i nteractiv- *Insfr th4e

i6M 3N'Of confib7uration is ten.
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2.1.3 Extended Executive (EXEX)

Unlike the tight, closed z.ck'.ge of integrated SASUL components, EXEX is a
loose, op.en-ended collection of semi-autonomous progrems. Tabie 2 lists this
collection for Relea-e 7. EXZY in treated by BASEX as a user program, with
certain rrivileges, and each user is given his own "copy" of the EXEX. It is
transparent to the user that EXEX is reentrant and is being shared with other
users, excent for its data space (the iob envIronment Dages are uniue for each
user). This structure permits f...xibie modification and orderly expansion in a
ip-dular fashion. 7XEX is always scheduled like cther zser nrograms.

Table 2. Extended Executive Comoonents

2iontnt Function

BMON Batch monitor for control of bac&.ground job
execution

CAT Cataloger for file storase access c,,rt.ro ,
also services FORGET command

DBUG Debugger for non-executive (,iser; rrograms

LOGIN Ustr authenticatin ana lob creation

MBLOP ,,r S"PVIP) Libra-v of service commandi that arp
reentrant, interrurtible and scheduled:
APPEND, fHA ;2Y, CRE.ATDY, CYL,... -, F-'!"P
DRIVES:, IN:, TN- T...Is-.i O A''
LOAD and (TO VFPLAY , R' 7.AC. R-', p

R').'D, ,AVF, FARCV VAFY1' VAyON

9UN Remote batch lob suLI:mission control
servicin, co'imands UN ant CANCEl.

XXT O Libra-v of smai, 1 . execut Ie erv
cowra.n3s : 2 L :,, ikl!T ,Tv" 'ur\ ...

-A-, L 1 7, 1t '' ", UL!< ;IAR . -'

'r ne i nrul 'ut hnrdvare conriw--ra , n
nt time -: ys!en ntiatPn

-,T . Deflnen authorized uoriterninal set,-' iv
nrofIles rt tire of syste- itr-, la at on
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Coip onent Furztio

TEST Initializes system tables at time of system
initialization

SiSDATA Non-resident, shared, system data table for
dial messages and other common data, e.g.,
lists of all logged-in users; other non-

resident, .Job-specific tables also exist,

e.g., job environment page, Pushdown list
data page

2.2 PROGRESS

With the close of this reporting peiod, development of the experimental ADEPT

system under Part I of this contract came to a :lose. Further experimental

work in extending the ADEPT sy.:uem and related technologies will be carried out

under Part 2 of this contract (the ComTuter-Aided Com.and research program).

Thus this final report on the Part I work summarizes ADEPT executive capabilities

throiugh Pelease 7.1.

As in the rrevious reporting erlod, te three woals of executive caral +lity,

reliability, and performance were pursued in rara'lel, with rTrimary th-ist in

the first two areas. Of articular note is the zeasrure of success that has !ee'n

achieved with the problem o ADM!' 'exportability," ali!,ing rapid listall at".n

and reliable operation of the system in the field. e.g., at military loca'lns

in the W'ashington, D. C. area.

.I Capabi Ities

The carabilitles of the AD'FPr executive c nnInued to increase in an evolutionary

,nanner through the series of cTerational. releases and experimental Tre-reIeses.

Th, chronologic:al history of these releases u to the presert is l'sted bebow7

i e Iease Dae

Fe , er ) .,

. 12~l Febnua,-. 1 , "

rK r
v

' n eC
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Release Date

6.0 29 July 1968
6.1 5 August 1968
6.2 12 August 1968
6.3 9 September 1968
6.4 23 September 1968
6.5 7 October 1968
6.6 Superseded by 7X
7X 31 October 1968
7.0 16 December 1968
7.1 13 January 1969

The current release now possesses the following principal capabilities:
1. A complete file cataloging subsystem. The Cataloger manages

7- and 9- track tape drives, and 2302, 2311, and 2314 discs.
Via the Cataloger, a user may maintain his files on private
demountable storage volumes (i.e., tapes and disc packs) or
on public on-line (POL) storage (i.e., disc). These files may be
specified by the owner as Private (for his use only), Semi-Private
(for use by a specified comunity of users), or Public (for general
use). Furthermore, access to Public files can be limited by the
owner to read-only, write-only, or both read and write; access to
Semi-Private files can be limited by the owner to read-only,
write-only, or both read and write for each individual in the
specified comunity of users.

In concert with the Cataloger, system commands CHANGE, CREATE,
DELETE, FORGET, INIT, LISTF, and SEARCH permit users to inter-
actively (1) change any of the file descriptors and security
control parmeters of files they own; (2) create Need-to-Know
lists for Semi-Private files they own; (3) purge their files
from the file inventory; (1) cancel a mount request for a
private tape or disc volume; (5) initialize a scratch 2311 or
2314 disc pack (i.e., clear the volume's catalog and write a
volume label),for use with ADEPT; (6) display on their terminals
the current inventory of their files, all Public files, or all
files on a specified volume; and (7) search the file inventory
for the existence and location of a specified file, respectively%

As the largest single component of the ADEPT executive (65,000
bytes), the Cataloger was written in a new, experimental pro-
gramming language called MOL-3600, which satisfied the conflicting

MOL-360 (Machine-Oriented Language for the 360) is a "higher-level machine
language." It was developed under an ARPA-sponsored SDC research project on
metacampilers. (See TM 687/010/00, "Information Processing Techniques Semi-
annual Technical Sumary Report to the Director, ARPA.")
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demands for higher-level source language and flexible machine
code (i.e., code that provides access to non-standard hardware
features). The Cataloger design and checkout was considerably
enhanced by the use of MOL-360, while simultaneously showing the
validity of MOL compilers for difficult machine-dependent
programming. This success has encouraged further experimentation
with MOL for coding many system utility tools.

2. Pervasive security controls. Integrated throughout the ADEPT
executive are software controls for safeguarding security-
sensitive information. The conceptual framework is based upon
four "security objects": user, terminal, file, and job. Each
of these security objects is formally identified: user by an
up to 12-character name; terminal by its hardware address; file
by its 8-character name, form (e.g., binary program, card images,
etc.), owner-name, and volume number; and lob by its internal
job-table entry location. Each object is also described by a
three-tuplet security property: Classification (e.g., TOP SECRET,
SECRET, etc.), Need-to-Know, and Special Category (e.g., SIOP,
CRYPTO, etc.). At system initialization time, user and terminal
security properties are pre-stored by security officers via the
system component SYSLOG. SYSLOG also permits the association of
up to 64 passwords with each usero At LOGIN time, a user identifies
himself (his unique, up to 12-character name) and enters his
private password to validate his identity. The LOGIN component
of ADEPT validates the user and dynamically derives the security
three-tuplet for the user's job as a complex function of the user
and terminal three-tuplets. The Job's three-tuplet is subsequently
used as "keys" when access is made to ADEPT files. The file's
three-tuplet acts as the locks under control of the file subsystem.

File access Need-to-Know is permitted for Private, Semi-Private,
and Public use. With the CREATE command, a list of authorized
users and the extent of their access authorization (i.e., read-
only, write-only, read and write) can be established easily for
for Semi-Private files. Newly created files are automatically
classified with the job's three-tuplet security property. Through
.udicious use of the CHANGE comand, these properties may be
altered by the owner of the file.

Security controls are also involved in the control of classified
memory residue. Hardware and software memory protection is
extensively used. Software memory protection is achieved by
interpretive, legality checking of memory bounds for I/O buffer
trannfers, legality checking of device addresses for unauthorized
hard zare access, and other possible user program attempts to
seduce the operating system into violating security controls.
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3. An integrated Batch subsystem. The RUN command permits on-line
users to enqueue jobs into the single ADEPT Batch job stream.
Subject to various possible scheduling disciplines, the Batch
Monitor component of ADEPT services these Jobs in priority order
in the ADEPT background. (Interactive terminal-controlled jobs
are serviced in the foreground.) Remote job entry is thus
permitted.

4. Dyr:,mic memorX allocation. As a resource-sharing system, ADEPT
provides a wide variety of dynamic memory management capabilities
for user and system use. Memory management includes both core
and drum memory, allocated in pages of 4096 contiguous bytes.
The 2303 drum has an 800-page capacity, whereas the "H" size
core memory is viewed as 64 pages. The Allocator component of
ADEPT manages a page map for each program. The map reflects the
correspondence between drum and core pages, established initially
by the ADEPT SERVIS component at LOAD time. User programs may
manage their own page maps via a number of Allocator calls. To
acquire more drum and core pages than initially loaded, the
GETPAGE call may be invoked; to release pages, FREEPAGE call;
to permit page sharing, SHARE call; to modify (activate or de-
activate) the swappable set of program pages, ACTDEACT call;
and to copy the page map, the ESTACOP call. The user program
may also load additional pages from disc or tape via the SERVIS
calls APPEND and OVERLAY. Via these calls, skilled users can
achieve efficient use of time and memory. Most EXEX components
use these calls for just such purDoses.

The single most important performance aspect of ADEPT is in the
management of the drum memory by the Swapper component. By
marking only those pages changed (i.e., written onto) during a
program's time-slice, considerable reduction in swap time has
been attained. This technique for efficiently managing memory
is further described below (see Section 2.2.3).

5. Interactive symbolic debugging. ADEPT JOVIAL programmers can
ebug their programs on-line usinR symbolic item names and

statement labels as address parameters for the Display, Set,
Breakpoint, and Goto DBUG comands. This has been achieved by
allowing a compiler-produced dictionary to be loaded with the
program as the result of the SERVIS component LOADD command.
DBUG has been modified to use this dictionary for all symbolic
address references. DBUG can also be used for debugging in
machine language by use of absolute memory addresses and programmer-
defined display formats.
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6. Interactive devices. The prototype system at SDC has been
expanded to permit the use of a variety of interactive terminals.
It is possible to support Model 33/35 Teletypes, both local and
remote (hardvired or dialup), IBM 2741 and 1052 typewriters,
IBM 2260 and CCI cathode-ray tube devices. The amount of memory,
however, limits the number and variety of such terminals that can
be accommodated by a given system configuration. With all these
devices, users may correct typographical errors by line- or
character-level cancellation. In addition to these devices,

ADEPT supports the large IBM 2250 graphic display and the IBM 1053
hardcopy printer for the 2260 CRT.

7. Command Library. Over 40 interactive commands are available to
users. Although the three commands of LOGIN, LOAD (and) GO, and
LOGOUT are all that is necessary to use ADEPT, the expanded
command vocabulary provides more knowledgeable users greater
power and flexibility in their use of the system. In addition
to these console commands, a variety of service calls (SVC's) are
available to programs. Table 3 summarizes both console and pro-
gram calls.

2.2.2 Reliability

After achieving executive capabilities beyond those minimums needed for a
meaningful user environment (i.e., Release 3), emphasis was shifted toward
attaining higher system reliability. This goal was translated into the
following activities:

1. System fabrication. Better control was gained over the produc-
tion of new releases, thus minimizing errors of omission and
commission. The Load and Initialization Package (LIP) continued
to be the principal tool for system fabrication. Work on LIP
focused on cleaning up old features to make them work better or
simpler, and adding new capabilities. In the former area, the
structure of the master system deck was simplified by the
elimination of extra, unnecessary control cards. In the latter
area, LIP clears core (a confusing set of operator actions was
previously required); it also clears the protection keys prior
to system loading. LIP permits the dumping of disc and core
memory, and the listing of all system components.

2. Installation and configuration control. Work has gone into
greater parametric control of system decks for producing systems
for different hardware configurations (e.g., NMCSSC has no 2302,
and Air Force Command Post has no 2741 terminals).
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J r 9 Table 3. Summary of ADEPT Executive Functions (Con't.)

Cled

Function YPe of L'ternal/ FVC her
Int -.nent Enternal) j Dec. Hex. Description

READ B CQ _g:9 Rep ad inle of text from the user's IBM 27hI, Model ?3 or
3A Teletype, or 1W 2260.

REPLACE X E 31 22 (71hIs comnd ,,an be issued from the operator's terminal
only. ) Replace on-llne terminal with an off-llne terminal.
T urn the first unit (terminal) off-line and rerlace It with
the seconl! unit

Change security and catepory data of d unit.

Move a Job from one unit to another.

R E'ART' X,C 7 -This command can be issued from the operator's terinai only.)
Cause a "break key" operation for a specified terminal.
Usenil for awakening terminals hung u/ pa erroneous /0 peuse.

RESTORE X , .1L 2C Restore a program that w"n previously saved.

RESTORED X E, I 44 2C Restore a program that was previously saved and its associated
dictionary, J. any.

RER xC I 46 2E Return to the otiginal calling program

X.C E 18 3o Enqueue program for batch exeuction.

S (set) XC E 39 ?7 (A debugging comand.) Alter the contents of specifie4
portions of user's programs.

SAVE X P.1 43 2R Save an initially loaded program on a specified device.

SKARCH X F 31 22 Locate file in system cataloger.

Determine on which disc the file,."
: , 

is stored, if the
volume is not specified, all PlL volumes are searched. Of

SFABCH X I 38 16 (One of the CATALCX, functions.) Locate rile in system cataloger.

SPRVTO X E.I 31 22 Call the FXFiX 7-iRVI:' routine to locate programs, save
programs, change file descriptions, list files, list users,
chanrge equipment status, and Interrogate status of equip-
meet. See specIfic functions such as LOAD, CAVF, RFI"ITORF,
CHANOP, etc.

SRARE B 16 10 (One of the Allocator functlons.) Fchare Pages of (this)
calling Program by assigning some or all of Its pases to
other programs.

SKED X E (This command can be issued from the operator's terminal
only.) Force top priority s(hedultng to one specIfIed 'oh.

SKFD)OF X E (This -oemand can be issued from the or rator's terminal
only.) Return privilege loh to normal scheduling state.

SPAM B I il )R Call 1P1A.4 to read, -"wte, modify, delete. Position, or
search for records on a tare or disc file.

STATUS X,C F .. Provide Information on the status of named program
(pMgrM":nacel or lob which has the specified terminal

IOr., inl associated with it.

STO P flC F If there is no pn)rsl n.me parameter. stor current act icProgram, otherwise, at ' named rin ram.

STOF 0 00 00 :'top current active trogram.

SWAP XC I ,h 6 This call is used for forced swapping of program pages that
contain machine instrctlon which cannot he haadled bv the

Page marking routine. If a page Is seclfaIo marked as
as result of thin call, it wil be swappei fr0om core to the
drums at the end of user's uantua.

TIME BC E,I 19 13 Provide the curr-nt time and date.

USES X.C F.. Provide Information on the -urrent number o. sh55" ,sera.

VARY X F j4 ?2 (This comand can he Issue.: from the o! ator's terminal
only.) Varies non-ter minal devices on- off-line.

WAIT B o2 02 Wait for tlme. This call sicolfies a ml 'mum inte-va!
before the calling prrgrm shoold he reacheduled.

B - BASE , X - 'XrX, C Comand Library, F * 'xternaily called via ,oniole - marl.t - Internallv called via !V(.
0 Functions In , e Command Library that ire peruanently resident SAV'lFt or FXKfX o mponents are not assiened tic nmbers.
Of Sme function as blo except this one I esternallv called



30 January 1969 25 TM-3628/003/00

The system will accept 2303, 2311, and 2314 iiscs, 7- and 9-track
tanes, and a wide variety of terminals.

An ADEPT executive initilization function known as SYSDEF provides
a capability for specifying the input/output hardware configuration
of the system by means of contiol cards read in at the time of
system initilization. The control cards are placed at the head
of the run deck from which they are read by LIP and communicated
to ..YSDEF via the TEST component of EXEX. SYSDEF scans the cards
and initiliz-r the system tables an~d items for components TWBI,
lOS, CAT, BXEC, and INTRUP. These data define the quantity, type,
and locaion (i.e., device address) f drums, terminals, tapes,
discs, unit record equipnent, and other miscellaneous devices.
SYSDEF also designates the address of the operator's terminal, and
which devices shall be Permanent on-line (POL) disc storage for
the Cataloger.

Considerable effort was expended to eaze the operator's task in
initiating the system from a cold start. This process now takes
a maximum of five minutes, if every option is exercised. Communi-
cation with the operator via the 1052 typewriter was simplified.
H. has a number of options, which include varying devlces on/off-
line, initiating hardware status checks, clearinF and testing the
drums, initiating the security SYSLOG procedures, and setting the
date and time of day.

3. System Leing and tes' ,-.LLity control Siz_ e computer system develop-
ment is still an art, reliability can be achieved only through
e ,iricai analysis and operation. System errors generally fall
into one of four categories: design, coding, fabrication, or
hardware errors. Effective measures have been instituted in each
of these areas to promote effective system checkout and high
system operating reliability.

Des,'>gn errors are the most difficult to rectify, particularly
context-dependent design errors which appear intermittentiy during
system operation. Such errors are difficult to isolate inasmuch
as the error context is nearly impossible to replicate LP_0-steriori.
Techniques such as recording and trace histories are employed in
checkout, bu' these techniques have limited utility during orera-
I.. al use due to their high overhead costs in time nnd storage
resources. The decision to incorporate R debugging
capability JBXBU() into the resident (BASEX) . tive, however,
has paid handsome dividends. New releases can be intimately
protbed on-line for cause and effect, whenever system errors arisf
often the trouble can be fixed immediately, without requiring a
system restart. BXBUG is our first line of defense for diagnosis
and repair of context-dependent software errors.
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0u 7 second line of defense is the Discrepancy Report. This
procedural tool imposes a formel error reporting structure ;,-n all
system users. The cumulative data thus generated narrows the

search-space for the error's context. This prr"'edure was first
installed for the Release 7 executive and has helped isolate
over fifty errors, most of which were quickly resolved and repaired.

Coding and fabrication errors are much more easily detected than
design errors. They are simple to detect in the listings 'luring
pre-release checkout. Their causes include clerical mistakes,
incorrect use of fabrication tools (e.g., assembler, loaders,
LIP, etc.), and poor fabrication control. The development of a
stable set of benchmark and quality control tests has aided in
this task. Also, establishment of procedural controls for the
handling and maintenance of symbolic assembly nodulcos and run
decks has lowered the inci 4 ence of fabrioation errors and errors
induced by attempted fixes of other errors. It has also provied
In-depth backup in the everi. of' larae or loss of component files,
and has provided a formal mechanismr for generating current system
listings.

Hardware errors are now less catastrophic than in the last report-
ing neriod. The principal reason has teen the incorporation cr'

retry capability into the input/output !ociponentr. of the ADEF11

executive. Additional software to better sense and hanclle recover-
abie errors (including both hardu~are and user abuases) also con.-
tributes to the improvtment. Now. rather than causing a s ' stem'
crash, only the user-job, affected is aborted, while other users
continue unperturbed and often unaware of t*)e difficulties.
Finally, better pre -co'di tion ini. of the system. at initializatio-n
time oftern a' oiu5 trouble later or, with mnrinal cc.nponent5.
This is particularly true for rnarpcinal Irwr tracks which art
communicated to the Allocator so it can qvoii their all-ocation,

Finally, operation of the system in the face of localizedl peri-
pheral equipment difficulties is now possilble by recon figurat,!c r
of the system at the time of initializaticn with R and
dynamically during system operation with the VARYJWKC~ U

RHf2"ART coimmands.

2Lprational reliability data. Tablf. -, shows A""'? o.Perational
statistics for the Santa Moni ca 3t)' over a seven-month reri
One major trend is apparent: as tne AIDEPI executi Ve grrws Tort
Complex with successive version,; measures 'f r u n t ime fir

till failur-" tend to get lower &,nd 1jover. Co rr e s ron ( 1n ,I y, e ac
new version reqiuires more exten!74ve and longer checKo..t for

appropriate program }ualitv otrl For exftmple, the first rntr'.',
Mean Fun T:ime, snows 1. 3teadyV iec_'ne in system per forinarce fror
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Table 4. Experimental Santa Monica ADEPT-50 Operational Statistics

July 1968 through January 1969

Variable Jul. A. Sept. Oct. Nov. Dec. Jan.

Mean Run Time (min) 86 127 71 71 48 65 76

Mean Time Till Failure 68 10G 63 60 37 43 69

Median Time Till Failure 62 74 o0 27 22 21 40

Median, End-of-Day Run 125 166 75 86 60 87 123

% Hardware Terminations 31 30 23 27 39 15 14

% Software Terminations 31 34 56 42 39 54 31

Mean Recovery Time (min) 6 6 5 5 7 5 4.6

N(Sample of Computer Runs) 58 47 78 68 76 64 44

ADEPT Release 4 6.1 6.2 6.4 6.4 7.0 7.0

5 6.2 6.3 6.5 7.0 7.1

6.4 7.0

August through November. In December, when version 7.0 was
checked out for a relatively extended period, there was a sub-
stantial improvement from a low of 48 minutes in November to 65
minutes in December. This improvement continued through January
with the run-time variables showing increases of 15 to 100 percent
over their values in December. ADEPT performance for January was
significantly improved and is about the same as it was for Septem-
ber. The median time for the end-of-day run remains two to three
times higher than the median time till failure, thus indicating
the continuing existence of a daily system shakedown effort.
Note also that the percent of software failures has dropped
significantly.

These operational data underline the value of stringent and com-
prehensive quality control before a model is released, together
with a somewhat more relaxed pace for incorporating m&Jor new
features than has been the case in the past.
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The magnitudes of the numbers in Table 4 are low, but not sur-
prising, since these data were generated with the experimental
SDC Santa Monica hardware-software ADEPT configuration that is
used for system development. This system is constantly under-
going changes, as shown by the variety of ADEPT releases for
which data were collected. Typically, these releases undergo
months of operational use at Santa Monica before being shipped
to field installations. Initial reports from ADEPT field instal-
lations corroborate the expected high reliability of the executive.
Although recording similar to that performed at SDC is not per-
formed by field installations, typical runs of two to four hours
are the rule, limited usually by the facility's schedule, and not
the system's performance.

As of this writing, ADEPT Release 7.0 is operating at four field
installations in the Washington, D. C. area. The first field
installation of ADEPT, at the National Military Command System
Support Center (IWCSSC), took place in late May 1968, with
formal operatice . the first week in June, as scheduled. The
second fi-ld installation, at the Air Force Command Post (AFCP)
took place in early August 1968. The third and fourth systems
were brought up in January 1969 at-two other governent agencies.
These four sites each run ADEPT 20 to 25 hours weekly, providing
some 400 console hours of time-sharing service monthly (total).

Other "tests by fire" for ADEPT were achieved at three successful
ADEPT-50 Symposia, at which live system demonstrations were given
to hundreds of interested military and civilian personnel. The
symposia were held at SDC, Santa Monica on April 24 and 25, and
at Andrews Air Force Base, Maryland, on July 10 and 11.

2.2.3 Performance

Improving the system's performance is a continuing objective. Efforts are being
directed toward balancing the zquation of fast response time and high throughput
via improved scheduling. However, improving performance also requires that we
pay attention to details of user facilities--smoothness of man-machine dialog.
Finally, performance improvement implies continual reflection on internal system
design in an ongoing effort to lower system overhead. Measurement and recording
are the latest tools employed in these efforts.

In contrast to Release 2, Release 7.0 provided an approximate five-fold improve-
ment in throughput at a nominal cost in response time. The specific system
changes responsible for this improved performance iL:clude:

1. Dynamic page marking. Whenever a user program is swapped into
core, its pages are set in a read-only condition. As the pro-
gram executes, it periodically attempts to store date (write) in
its write-protected pages. The resulting interrupt is fielded by
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the system. After satisfying itself that the store is legal for
the program, the executive marks the target page as "written,"
turns off the write protect for that page, and resumes the
program's execution. Tho situation repeats for each additional
page written. At the ccopletion of the program's time slice,
the Swapper has a complete map of all the program,'s pages that
were changed. Only the changed pages are swapped out of core.
Preliminary measurement of this scheme shows that about 20 per-
cent of the pages are changed, and hence for every five pages
swapped in, only one need be swapped out, for a total swap of
six pages, rather than the full swap of ten pages (five in, five
out). The scheme thus makes the drum appear to be 40 percent
faster.

2. Improved scheduling. The current time slice is now a full two
seconds. This raises response time to about five seconds, but
it improves system throughput by lovering the swap frequency
(and hence swap overhead). In addition, programs are now re-
scheduled after an I/O request, if there is sufficient time
remaining in the time-slice. This technique has improved 2260
service dramatically. The scheduling algorithm now employs an
improved multi-queue disciplIne.

' The Release 7.0 scheduling algorithm was modified to handle two
levels of scheduling. Jobs that are in a "terminal I/O complete"
state get first preference in the schedule. Jobs in the second
level or background queue are run if there are no level-one jobs to
run. A job is placed in level two when the two-second quantum time
terminates its operation two consecutive times. Compute and I/0
bound programs are treated the same. A level-two job--when allowed
to run--is given a quantum interval equal to the basic quantum time
multiplied by the scheduling level (i.e., 2 sec x 2 = 4 sec). How-
ever, a level-two background job may be preempted after two seconds
for terminal I/0. Any operation a level-two job makes which termi-
nates its quantum prematurely will return it to a level-one status.
A Batch Monitor job never sinks below a level-two state. This new
algorithm has resulted in a noticeable improvement in Batch Monitor
job throughout and terminal response time for the full complement
of 10 users.

A new command, SKED, which is limited to the operator's terminal,
has been implemented. It has the effect of forcing top priority
for a job (the job stays at level one all the time). Only one such
job may run in this privileged scheduling state at a time. The
command form is:

/SKED terwina :nwnbe,
/SKEDOFT

p SKEDOFF removes the job from privileged scheduling.
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3. Buffered output. Interactive terminal output is nov buffered
by the system, thereby permitting some overlapped I/O and program
execution.

4, Priority SVC's. Priority processing of selected Allocator calls
has yielded a four-fold improvement in the speed of the LOAD
command, which makes heavy use of these calls. LOAD now loads
programs, eight pages at a time. With these changes it takes
about 30 seconds to load a large program (30 pages) with heavy
system usage. In addition, user programs are permitted a drum
memory of 128 pages, with 256 pages total, per job. A Job may
consist of up to four programs (including EXEX).

5. SPAM improvements. Recent improvements have lowered the overhead
for "position type" I/0 calls. With these improvements, SPAM
(the ADEPT Sequential Partitioned Access Method) can calculate and
pQsition disc heads directly to the proper file record. Previously,
a sequential search through all previous records on a track was
required. SPAM has also been modified to permit files containing
more than 256 logical cylinders and to permit I/O transfers of up
to 65,000-byte records.
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2.4 DOCUMENTATION

This section lists those documents describing the executive portion of the ADEPT
system that were produced during this reporting period. Some of the documents
listed below were released in SDC's "Note" series. These are internal working
papers only, and have not been cleared for open publication.

Baker, P. and Tschekaloff, A. Specifications for new ADEPT file structures.

SDC document N-23741/O71/00. 6 January 1969. 15 pp.

Describes a capability for handling multi-volume file structures.

Bleier, M. B. Reentrant public housefiles. SDC document N-(L)-23741/131/O0.
15 August 1968. 8 pp.

Describes the initial design criteria and requirements for reentrant
public housefiles.

Kennedy, P. R. User's guide for the ADEPT-50 time-sharing system, the programer's
package, and miscellaneous utility programs--Introductin to the series and
table of contents. SDC documents N-23759/000/07 thro, h 10. 30 July 1968
through 30 January 1969. 4 pp. each.

Introduces a document series that provides information on the use of
ADEPT system components; includes volume numbers, titles, and current
issue information.

Aranda, S. M. and Baker, P., S. ADEPT cataloger user's guide. SDC document
N-23759/002/03 and /03A. 8 October 1968. 60 pp.

Describes procedures to be followed in using the ADEPT Cataloger;
includes a discussion of Cataloger call procedures, request table
formats, and special terms used in connection with the Cataloger.

Tschekaloff, A. ADEPT SPAM user's guide. SDC document N-23759/004/03.
25 September 1968. 28 pp.

Provides instruction for ADEPT users on how to use SPAM for reading,
writing, altering, positioning, and searching for records in disc-
and tape-based file structures. Includes a discussion of procedures
for making SPAM calls, and request table formats.

Martin, R. ADEPT BXBUG user's guide. SDC document N-23759/005/00. 21 November
1968. 1o pp.

Describes how to use BXBUG, a BASEX component that provides a
debugging facility and input/output routine for the IBM 1052 console
typewriter (i.e. , the typewriter used by the computer operator).

A9
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Bleier, M. B. ADEPT SERVIS user's guide. SDC document N-23759/021/04.
10 October 1968. 57 pp.

Provides instruction for ADEPT users on how to use SERVIS, that portion
of the ADEPT-50 executive that enables users to load programs, save
programs, change file descriptions, list files, list users, change
equipment status, and interrogate the status of equipment. The on-line
commands and internal calls to SERVIS are described.

Bleier, M. B. ADEPT LOGIN user's guide. SDC document N-23759/023/01.
25 November 1968. 7 pp.

Instructs the prospective ADEPT Time-Sharing System user in how to
use the LOGIN command.

Kennedy, P. R. ADEPT user's reference card--release 7.
SDC document N-23759/061/00 and /01. 11 November 1968. 2 pp.

Provides the experienced ADEPT user with a quick reminder of system
command formats and other pertinent information.

Kribs, P. SYSDEF user's guide. SDC document N-23759/703/00. 7 November 1968.
6 pp.

Describes SYSDEF, which is an ADEPT Initialization function that
provides a capability for specifying the input/output configuration
by means of control cards at system load time.

Martin, R. ADEPT-50 release 7.0 operator's guide. SDC document N-23759/7o0/O.
12 December 1968. 13 pp.

Provides the computer operator and system programmer with information
for running and loading ADEPT 7.0.

Kennedy, P. R. ADEPT-50 ttme-sharing system bulletin: Introduction to the
series and table of contents. SDC document N-23853/000/03. November 1968. 2 pp.

Base volume of the N-23853 series. The bulletins in this series
announce pertinent information concerning the ADEPT-50 time-sharing
executive. This volume contains a table of contents for the entire
series.

Bleier, M. B. ADEPT-50 time-sharing system bulletin: Number 7--New SERVIS
command formats for Release 7.0. SDC document N-23853/007/00. 10 October 1968
4 pp.

Describes new SERVIS command formats.

Kennedy, P. R. ADEPT-50 time-sharing system bulletin: Number 8--Summary of
ADEPT functions through Release 7.0. SDC document N-23853/008/00 and /01.
15 November 1968. 30 pp.

Sumarizes all the ADEPT executive functions through Release 7.0.
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Kennedy, P.R. ADEPT-50 time-sharing system user's guide: Contents.
SDC document TM-3881/001/00. 26 December 1968. 12 pp.

Base volume for the TM-3881 series, which describes the use of the
ADEPT-50 Time-Sharing System, including the programmer's package.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: Sumary of ADEPT-50
executive functions. SDC document TM-3881/007/00. 26 December 1968. 31 pp.

Summarizes the executive functions available in the ADEPT-50 Time-
Sharing System.

Kennedy, P. R. ADEPT-5O time-sharing system user's guide: ADEPT-50 executive
function--APPEND. SDC document TM-3881/016/00. 8 January 1969. 11 pp.

Describes the use of executive function APPEND.
Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--CANCEL. SDC document TM-3881/032/00. 23 January 1969. 3 pp.

Describes the use of executive function CANCEL.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--CATALOG. SDC document TM-3881/034/00. 23 January 1969. 5 pp.

Describes the use of executive function CATALOG.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--CHANGE. SDC document TM-3881/038/00. 2 January 1969. 7 pp.

Describes the use of executive function CHANGE.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-5O executive
function--CLOSE. SDC document TM-3881/040/O0. 23 January 1969. 4 pp.

Describes the use of executive function CLOSE.

Kennedy, P. R. ADEPT-SO time-sharing system user's guide: ADEPT-SO executive
function--CPU. SDC document TM-3881/042/00. 27 January 1969. 3 pp.

DescrJbes the use of executive function CPU.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-SO executive
function--CREATE. SDC document TM-3881/044/00. 2 January 1969. 5 pp.

Describes the use of executive function CREATE.
Kennedy, P. R. ADEPT-5O time-sharing system user's guide: ADEPT-S0 executive
fuction--CYLS. SDC document TM-3881/O46/O0. 2 January 1969. 7 pp.

Describes the use of executive function CYLS.

Kennedy, P. R. ADEPT-SO time-sharing system user's guide: ADEPT-SO executive
function--DELETE. SDC document TM-3881/052/00. 16 January 1969. 9 pp.

Describes the use of executive function DELETE.
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Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPH-52 executive
flnction--DIAL. SDC document TM-3881/CYO/O0. 27 January 19t9. 3 rt.

Describes the use of executive "unction DIL.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ALEFT-50 executive
function--DIALOFF. SDC document r1-3h8!iQo0/O0. 27 Jnuary 19-9. 3 D.

Describes the use of executive function D.OFF.

Kernedy, P. R. ADEPT-50 time sharing system user's guide: Q-DEPT-50 executive
function--DIALON. SDC document 7',-38bi/062/00. 28 January 19o9. 3 pp.

Descr-ibes the use of executive funr-tion DIALON.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: A-DEFT-50 executive
function--DRIVES. SC do'cument T-3881/066/00. 16 January, 1969. 5 rp.

Describes the use of executive function DRIVES.

Kennedy, P. R. ADEPT-50 tie-sharing system user's guide ADEPT-50 exec'.tive
function--DRUMS. SDC docuent TM-3881/068/00. 29 January 1969. 3 pp.

Describes the use of executive function DRUMS.

Kennedy, P. P. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--FORGET. SDC docunent TM-3_81/076/00. 30 January 1969. 3 pp.

Describes the use c executive function FORGET.

Kennedy, P. R. ADEPT -50 time-sharing system user's guide: ADEPT-50 executive
functin--i . SDC document 1IM-3881/084/00. 30 January 1969. 3 pp.

Descr'ibes the use of executive function -10.

Kennecdy, P. R. PEPT-5O5 time-sharing system user's guide: ADEPT-- executive
fun.-tion--INIT (Operator's Console ,omm,-nd). SDC document TM-3881/i',6/00.
16 January 1969. 6 pp.

Descrit-s the use of executive function iNlI.

Kennedy, Y. R. ADLPT-50 time-sharing syster, user's guide: ADEPT-50 executive
f),nction--LIS'.F. SDC document TM-3881/088/0 . 22 January 1969. 8 pp.

Desc-ribes the use of executive function LISTF.

Kennedy, P. R. ADFI'-50 time-sharing system user's guide: ADEPT-50 executive
function--LI7TU. SDC document TM-3881/09C/O0. 17 January 1969. 3 pp.

Des-ribes the use of executive function LISTU.

Kennedy, 1. I. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--LOAD. SDC document TM-3861/092/00. 17 January 1969. 13 pp.

Describes the use of executive function LOAD.
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Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--!)ADD. SDC document .- 388i/091./O0. 20 January 1969. 4 pp.

Describes the use of the executive function LOADD.

Kennedy, P. R. ADER2-50 tii--sharing system user's guide: ADEPT-5O executive
function--0ArjG. SDC document '1V-3881/096/00. 20 January 1969. 4 pp.

Describes the use of the executive function LDADGO.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--&3rN. SDC document '-M-3881/098/00. 30 January 1969. 9 pp

Describes the use of the executive fu ction LOGIN.

Kennedy. P. R. ADEPC-50 time-sharing system user's guide: ADEPT-50 executive
funct ion--PEN. SDC document iM-3881/104 00. 24 January 1969. 26 pp.

Describes the use of the executive fuiction OPEN.

Kennedy, P. F. ADEPT-"0 time-sharing system user's guide: ADEFT-50 executive
function--ZVERLAY. SDC document 3-3881/106/00. 20 January 1969. 13 pp.

Describes the use of the executive function OVERLAY.

-Kenredy, P. R. ADEI'-5C time-sharing system user's guide: ADEPT-50 executive
u nction--REPLACE (Operator's Tonsole Command). SDC document TM-3881/11h/,00

22 January 1969. 7 pp.

Describes the use of the executive function REPLACE.

Kenn 1i, F. P. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--RESTORE. SDC document 2M-3881/118/00. 21 January 1969. 4 pp.

Describes the use of the executive function RESTORE.

Kennedy, P. R. ADEM-50 time-sharing system user's guide: ADEPT-50 executive
function--RESTORED. SDC document TM-3881/120/00. 22 January 1969. 4 pp.

Describes the use of the executive function REL:ORED.

Kennedy, P. R. ADEPT-50 time-sharing yster user's guide: ADEPT-50 executive
function--SAVEo SPC document TM-3881/128/00. 23 January 1969. 10 pp.

Describes the use of the executive function SAVE.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 execative
function--SEARCH. SDC document TM-3881/130/00. 22 January 1969. 9 pp.

Describes the use of the executive function SEARCH.

Konnh+,, P. P. ADPFP-50 tl-qhFtrinr st~ uspr's ulde: ADEPT-50 executive

function--SERVIS. SDC document T.M-3881/134/o0. 8 January 1969. 4 pp.

Describes the use of the executive function SERVIS.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: kDEPT-50 executive
Punctlon--VARY (Operator's Console Command). SDC document '±N-3881/154/o.

Describes the usc of the executive function VARY.
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Kennedy, P. R, ADEPT-50 time-sharing system user's guide: ADEPr-50 executive
function--SERVlE. SDC document TM-3881/134/00. 8 Janua.- 1969. 4 pp.

Describes the use of the executive function SERVIS.

Kennedy, P. R. ADEPT-50 time-sharing system user's guide: ADEPT-50 executive
function--VARY (Operator's Console Command). SDC document TH-3881/154/0?.
2t' January i~~.7 plp.

Describes the use of the executive function VARY.

Kennedy, P. R, ADEPT-50 time sharing system user's guide: TINT1.i user's
guide. SDC documert '-N-3881/502/00. I August 1968. 179 Dn.

A seif-instructional guide to TINT1.1, an interactive programming
system operating under control of the ADEPT-50 executive.
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3. DATA MANAGEMENT SYSTEM

3.1 ITRODUCTi ON

The data management component of the ADEPT system consists principally of' an
adaptation of the Time-Shared Data Management System (TDMS), combined with some
additional tools in the areas of a data base oriented programming language, and
the specialization of META5 to symbolic file conversions for TDMS.

Duri.w this reporting period, TDMS evolved into a well defined and controlled
system. The functional capabilities of the system have been documented, along
with new features scheduled for release in subsequent versions of TDMS. Th e

II

latest release, Version 5, was sent to the SDC Falls Church office as scheduled,
shortly after the close cf this reporting period. This release was installed at
the various military facilities using TDMS. Only one leature planned for

inclusion in Version 5 was delayed; this feature is expected to be shipped as
part of an interim release within a few weeks.

Each succeeding version of TDMS has proved to be more reliable than the pre-
ceding one, and the system is now in use at four militas installations in the
Washington, D. C. area. The versions released during this reporting period

and their release dates are:

Version Date

3 b Septenber 1966
3.1 16 October 1968
3.2) 1 November 1968

4 ;37 November 1968
5 t) February 19t&C

In addition to the' many improvements made to the sySte-L itself, procedu,.es were
established to hai Ile discrepancy reports fro user- and assure that discrep-
an-t are answered and errors corrected. Current reactions to TDMS by a
si. user population indicate that it is oFls with good reliability
and that it performs a variety of desired fuanct,-:ir'. The pri -- limitation at
present seems to be the speed of operation.

Work on TI)M* will continue under P'art 2 of this contract (the Computer-Aided
Command research program). More of the mphasis on TDMS will be placed on
reducing processing-time requirements, particularly for the Generate operation.
Improving the speed of Generate is expected to provide the sapability to
handle larger data bases in less time than is now possible. Also, the fo of
data bases is now being changed so that all records are of a single, fixed
leingt, thus making possible the use of the new multivolme file capability of
the ADEiT executive.
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3.2 F1ROGRESS

TDI<1 consists of' an integrated set of operations, e. 'h one of which is desu.ined
to do some part )f the total data management task facin a user. The operations
delivered with the ADEPP system are Define, Generate, Query, Comr'ose, Update,
Maintain, and Peformat. in addition, several utility programs useful in test 4n,

and analysis of TDUAS data bases have ' een created.

The sections that follow !3cuss the ma~lor TDIME., ope6rations, the i-rogress made in
implementing them, current capabiiiti-~ a~nn l1imitations of the systemTr, %nd nro(-
gress made in imr~lementing the other (non-ILiMS) data management tools,

3.2.1 Define

Define is the T[)MS operation tnirough which the user names and describes thre
structural relationships of his data. It is the first ope-ation the user musi t
perform when he actually starts to use TDM..

Virtually all of the capabilities of Define that were scheduled for imnlernentation
were working reasonably well at, the beginning of this reporting period. M o Ft o)f

the effort in this operation has been on rorrectinpg errors that werp unc-overed
as users tried out all the flexibility that was included in Define.

3.2. Generate

Glenerate lwhich was formerly known as Load) accevts a!, t 'ypes of data, in either
the hatch o~r Interactive mode, performs necessary -:alidity checks, an-d a'. :owfs
on- in .rrcr corrocti on, if desired. TIhe, cutput of 'he ;'ene. ,tte Operati on

a 'i'LPbi? data bae,' seif-defined file with self-defined entries and a, corrlettoly

inverted cross-index.

At the bep'inningr .,-f the reporting period, G7enerate was just beginnina t~o he ruin

success fu. y medium-si zed data baqe-. Liv the end ofthe reporting neril,

number of large (over I million-byte; data bases had been wenerated, ani--foc
standard operations--users were able to handle Generate with relative epse fini

a rini-um of assistance.

A numb-r of signi fi cant features were Incorporated in G'enerate during this
reporting period, including VALUE and FORMAT checking. on-line tyvpewriter in~t

on-line error correction, uid the abi litY to suspendl andt restart. Cons ilerl I,

effort wa-s also expended on develIoping the ADDON operation , whi ch was P Ian riod
for inclusion in Version ',. This capabilIity is operational . iuat is not chrecko 1
out well enoug7h to release. It is exrpeiied to be sthipred with Version '.I early,
in the next reporting period.
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Although G"enerat e 4 canable -1' producing TDMSC data bases, it currently places
some limitations on~ users who want to build large data bases cithin narrow time
con st rain t s. This situiation is receiving a good deal ofl attention and will be
allevirted ir the n~ear future.

~ue ry allows 'PDME users to retrieve dat~a from a TDMS data base in an ad hoc
f si nri. The mra~lor Comands--SHC)W, PRINT, an1 Di C I BE -- were workinr well- before
the release of Version 34. T1h'.s operation has een qjuite extensively used, and
the nuimber of rerorted errors has been very smiall; these errors have been fixed
quickl Y. During this reporting period, the main i uerv -arahilities were
included ir the Compose, Update, Maintain, and Display oprtinan h

following new features were incorporatei Prtonan h

* P!INTcommfands are now availanle without a WHERE or ?YdP clause,

* >)RMA'2 ano VlG outrut is now inci,.aed in -DESCRrBE.

* Conditional expressions na,, now contain multiple HAS modifiers.

'tie V'HOW logic has been inp-ovea and actual values may be used
in addition to V-numbers.

internal code cand logic improvements have been made to sneed up,
all Ohases of the operat~on.

rP coine cti~ with tlhe work on *ura c~rocedure called 51UTDATA hasben ee-
ojici w' er- rVA roizrarmers to eaFs; iv retrieve diata from a TDM ata

u sef-r Fpec'.al -urrose rianipulation. Ti s Tprocedure was roleased on schedlule
With Versinn

or pos e

t-Mrose is a comrehensive report generator. I iatopaeoeaIon the
first ppaRsp is thrit of 1es11gninz Ft report., in whic'h 'Compose acts in a hizhly
ir-oract ive f -shion With the user to design a report format acco)rding, to user
nt. r~i7t ons. ':he I tgu~we used in doing this lob if, extremely Pow-rful ft, ans
et has prov- I tI ho re lat ively eqsy fror peop Ie to Ifearn. The Second nhalse is1

tia in roducti o-n of the Ies ired report -it, i.:; analogous to a compile-and-

Alt........4of ,?opos v, operational for the Vers ion release of TY-*i
!severatl important f'eatures were not avai lablle until terlaeo eso

1. "ask of imrlemenntinw thcse Ifeatures was emphasized dur~ng this reporting;
pep r~ i Amongz the new features included through Version 5 are:

- A DL, cp aili ty
* ensiltivity to plage width of the interactiv'e console
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Multiple S3RK variables
Implementation of the format comar.nds: U'PACE, FEED, :HFT, a
MASK
A report modification capability
Implementation of the LINK command
Implementation of 2-rived variables

In additioi, to imr, aenting these features, a consiierable increase in the
running speed of Compose was atta:ned with the relea-e of 'er1' )n 1.

During the coming year, a number of feature-, vill be added to the -ornpose
oreration, including:

The LIMIT command
The PUIT command
The 'K token and accomranying features
The ability to use elements as operands in coruiitional exrre- o-ons
anywnere except in a ,UALIFY command
The PER DISTINCT modifier in statistical exrressions
The TAbLE command
The use of modified statistical expressions wittin derived
variables

.pdate

Update permits a user to dynamically chaznge, add, or delete single oues or
entire entries in a data base as it. exists on the Aisc. Thi7 creraiicn is an
extremely complex Iob, requiring lineage changes t.:rouhout the iota base ever.'
time an Update command is executed.

Most of Update was working in Version 3, with the excertion of the capabl:ties
to add and remove repeatii:g groups. &nd to check formats anto values on new
data items. .hese limitaticns have been corrected, and the work on Update 's
now mainly one of trackino down discrepancy reports and correcting errors
broug'ht about by .. foreseen conditions.

3.' . n Maintain

Maintain represents a signi ficant research effort within li . The intentio n
of this operation is to provide the user vith a generali:ed means fo~r merging,
subsetting, extracting, ordering, restructuring, rnd updating- data bases. The
Maintain programs are designed to accept one or two different data btsues, and
an on-line description of the desired output lata base, rules for the selestion
of data, and the transformations th-t art reqn,.ired. As with Corose, the ca'a-
bility to interactively describe a task on-lin-, savt it fo:' repetitive usp,
and modifv it as desired has been included.
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Qf the eight tasks originakly isolated as a meaingful set of gene; alized main-
tenance tasks, only batch Update and Copy-and-Cleanup have been scheduled for
inclusion in initial versions of TDNS. The Copy-and Cleanup task Is required
to reallocate snares in a lata base that has been extensively modified by use

of the Uoda4" operation. This task completed checkout in January and was
released with Version 5.

The batch Update task is aimed at handling large volumes of changes rather than

the small volumes expected to be handled on-line by Update. Most of the effort

during this reporting period has been aimed at getting the Batch Urdate task
checked out ad working on available test cases. The condition of Batch Update
is now such that users may begin to use it successfully; in so.-e cases it in
anticipated that users wili uncover errors which a lack of sufficient test

materials precludes uncovering during checkout. This operation will u.ndoubtedlv
require a good deal of user experience to help 'fine tune" it. All of the

caabilit~es that are necessary for full operation have been coded.

At the end of this reporting period, work had begun on the design of a third
_ask ,'ubsetJ.

Re7 e fo-mat

e'o r).at is intended to provide a straightforward method, of converting symbolic
'*,. areadv exists in machlne-readnble form into the numbered field data

t format rejuirenv the T'M Generate operation. The basic carabilit;es for

, Ijng ~th standard fixed fiel -s and indentured ixed-fleld Input tynes have
b fr-' eh cked cit and are wCrkI Jr both the N.C-,J and the Air Force Comm and

.., his caniii t' was ich ieveA w'tO, tue aid of several trips to toe Wash-
top area. The trips were used main> to help orerational users with Proceural

:nro;ram -rotAems. -ue to the availability of other tools kllkeDbL that

qc-'ocIfpish the s%e purpose as ',eforma', it is unclear whether further effort
on :'eforn t as it exists will e requrei

t a . a5e riented r jrai-,,, U .ut ag e

wr was aize 8t roviding a br*i;ge between the ccutational capabi Iiti es

'VI A .ran, I the data base manir ulat i.n ait'Ali 'M of A procedure -alled
ATA, ws .jeveloed]; it p its,.WVA. proramz'rs to retrieve data from a
.ntrt nqse for saeci- purpose m"n atot. his procedure -an be comi e:'

" ir T
°" 

a , . e r'rrn. into this A...lre uti Iizes the .uery language

users need not le rn new anizuae fos or express ioi-s . TA was

re't5f~sJ I; sohedule '-I th Version S of .
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.2 TA Adaptation

A special-purpose language (Known as DL) has been adarted from A* for .o
purpose of reformattinw symbolic data bases int- a form. acceptable to "'"'

DBL is intended for non-progr8armers, and thus is relatively non-procedural 'n
its use. lt alloys the user to describe the format of a data base ar.l those
format conversions he wishes to effect. He need not be well versed in -DMS
conventions, since the burden of actually perforning t , conversions is borne
by the DBL compiler. T:he language is simple enoUgh to be learned in a few _.ours
for most curTpses.

Currently, compilers for DBIL exist on the ibm1 oO5: and c-3- oom-uters, ani
rroduce output suitab>' for CSS-LUCID and TDM?, the output e-ected Jeferds
on the compiler selected. Numerous data bases were successfly converted
during this reporting period by users at the ,,.S';MC?, Air Force Commrand rost,
Air Force Academy, and the Reouthwest egional Educational -aboratory.

The 1B' language provides the user with all of the lin'iist'c features origir.y
intended. These features inclule:

An A ;',L-iike IE-statement wt>, the full comp-lement. of
logicai and relational operators

b nix integer arithmetic

L.oor Lnd iteration 7ontrol ,wjth Iao..-lean exr,,rsi ''s

where aes i red

Conversnor. iitss:t;at *tara sac ;.e ,c.el r

iricit 'Lnd exrlicit output '7,a-l eF

Latn struc-ures s-ch ms simp - variab-i e '. .;s. 5ta7c

t aoabi ity to perform any tasIs not es
DBL b t. hic c~ dnoqrm.. ., cc codeJ t '.{Z,

ow rams cv.i. ie~ in cone I' :irect ' ' '
asserbly la nguag<e

Maior emph asis lurin tisi rerortin- ro -  ,as pla .,d , .wns .fc, c to the ar> ,.Dci o corrri~ers. "reratirnai' exp~ence - ari ISP ... ~' n 'te h.rr * :nnie v r en.-.e w-aine- i4 in" *-s ! "i :rte t h

nte for m ore .i i ie..Icicumenttio n Or hn! .. c .''> ?At .Yt;io; "l-'' ,
ac. o i iqheA At present . ice -,..I.le e:ta f ' e
the rrogr -' overall ffiin'y was re:iy 'r-v --. ieei. ti .
possible 1 rroludce m.re e en ce o':,- r ;- rt le-" 'ic''.
in IB"> ; i< ,, :

At .reen, capabi iitv Jn I.: s i, >vae t: pro:ess .S'!: free f"-r..t
sections i ata base reformatting. ,m ,en~rat ir" ":xe -format .. t....

-- ~appears to ,b.e quite ii ffi .u *. wi ,.-TAr. as£ rr#5s.'" v sta.sis, an so t ,a'

capat iity flas n't bee;. adie

A %'{ ' i'' : : . x . r 7 ," ,r , . . -, - - '
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Improved error message and trace capabilities were coded for META6/360 to aid In
debugging. Error messages now give the name of the rule in which the error
occurred, in addition to the information previously given. The trace capability
indicates to the user when a rule has been entered, and the truth value of the
rule upon exiting it. These same META6 debugging aids can also be utilized by
those DBL users who are familiar with META6 and its conventions.
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3.A DOCUMENTATION

This section lists those documents describing the data management portion of the
ADEPT system that were produced during this reporting period. Some of the
documents listed below were released in SDC's "Note" series. These locuments
are internal worxing papers only, and have not been cleared for open publication.

Rybak, M. A. Implementation of MORE ayetv:te . SDC document N-(L)-23550/101/00.
30 September 1968. 6 pp.

Describes a new procedure, MORST, which has been added to SCAN for
implementing the feature MORE ayatem:tert in TDMS programs.

Peltz, M. TDMS data base checker. SDC document N-(L)-23550/180/O0.
29 August 1968. 5 pp.

Describes the TDMS Data Base Checker package, which is designed
to offer a user a variety of procedures, at his own discretion,
to check the validity of his data base and also to provide the
validity of his data base and also to provide for an on-line
printout of errors discovered and related entry data.

Peltz, M. TDMS data base printer. SDC document N-(L)-2Z550/181/00.
29 August 1968. 5 pp.

Describes the TDNS Data Base Printer package, which is designed to
provide an off-line or on-line printout of any or all of the central
tables of a TDM9 data base. At the user's discretion, selected records
fr' anY one central table can also be selected for printing.
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Peltz, M. and Rybak, M. A. E4OV: multiple disc file to tape copy program.
SDC document N-(L)-23550/607/O1. 7 October 1968. 7 pp.

Describes EMOV, which provides a capability to copy onto a
single tape reel up to 20 disc files under the ADEPT system.
This program bypasses the single file per tape limitation
currently in ADEPT by organizing the disc files as subfiles
(groups of records) on the tape.

DeSimone, P. A. The language specifications for the define operation of TDMS.
SDC document TM-3370/003/01. 7 October 1968. 23 pp.

Describes the Define operation of TDMS, which is used to
describe new data bases and to modify existing data base
descriptions. The language of the Define operation is
specified, and the user's interaction with the operation
is described.

Barsalou, R. H. The time-shared data management system interim user's guides.
SDC document TM-3849/0)0/02. 26 August 1968. 3 pp.

Establishes a documentation series for TDMS. This series
includes a set of interim user's guides for all TDMS
operations.

Barsalou, R. H. DEFINE interim user's guide. SDC document TM-3849/002/02.
26 August 1968. 19 pp.

Provides instructions for propsective users of the DEFINE
operation during the ytriod of initial familiarization.

Barsalou, R. H. SIZES interim user's guide. SDC document TM-3849/008/00.
23 August 1968. 8 pp.

Provides instructions for propsective users of the
SIZES program during the period of initial familiarization.

Fess, D. D. RETDMS interface specifications. SDC document TM-4131.
18 November 1968. 42 pp.

Instructs the prospective user on how to use RETDMS.
The purpose of RETDMS is to process user input statements,
identify TDMS language forms within the input statement
string, and provide identifying output component values
and information using data selected from the input TDMS
data base.
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Bleier, R. E. and Vorhauz, A. H. File organization in the S:DC tire-shared
data mnag~ement system TDMS). SDC docizient SIP-?907. 1 August 1968. 171

Describes the reason for the d'eieonm.entl of generalized file-
pro.--ssing systems and shows how file orwanIzation affects
the ov-rali functioning c-' file-procescing system-,s. Th,-
Tim,,-e-Shared D--ata Mwaagement System, (TDMS) is used to illustrate
one of' these file organizations.
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4. PROGFANCMER 'S PACKAGE

1 TRPO DU C:ION

The programmer's package developed for use in _ne kDEFT system contains four
elements for the professional progranmer: a compiler, a debugging capability,
an editir capability and a utility programn. A teletype interpreter, known as
TIN: * is also provided for the user who is not a professional progrgmmer. In
addition, an Interactive Prograx=ing Support System-hc ~ie hs aa

bilities into a single system--was developed.

jOViAL Compiler

JOVIA i s a general-purpose programming language well suited for a variety of
d-if fe rent applications, including scientific and engineerin .-obls involving
nuL-er.,c comutation, administrative problens invc Iving large data files, and
lowically comrplex vroblems involving symibolic data, Because of the ortional
c-ontrol1 it provides over the details of storage allocation, JOVIAL is especlally
suitable for troblems requiring an optimum balance between data storage and
prograrm exez iltlon time.

The JOVIL- comnll1er developed for use by the professional progrmey in the
ALEFT system has all of the capabilities of' Basia JOVIAL, as well as several
extra features requested by the initial users of the system. Some of these
adch itional, canablities include provision for longer literals an, the ability
to compile program segments irderendently and then combine these sepnents at
execution time. This compiler is compatible with a JOVIAL compiler de)-Iver-d
to the initial system users, which runs under their (05/360) operating system.

The debugging progrwn developed as part of ADEPT provides an on-line capability
for tie professional programmer to 'ook at and change his program and program
data during execution, and to s'w tch between "execution" and ' look- and-ch ange'
modes.

4,1.3 Editing Aid

T'he editing program provided in ADEFT gives the professional prograsrmer an on-
i..ne capability to maintain and modify his program in source language. It may
also be used to generate original. code. The editing commands available at
present are: COMPOS"E, IN~SERTi, MEPLACE, DELETE, MOVE, COPY, SEQUENCE, id
CHANGF, Also available are the utility commandis: DISPLAY, SAVE, and QUIT.



30 January 1969 4 ' , T- 3 fs2 8 j0 0

4.!.4 Utility Program

The utility program provides some basic program mainitenance services reeded by
the programmer--namely, card-to-tape and tape-to-printer and pupnh conversions.

4.1.5 TINT (Teletype !Literpreter)

T"INT is an interactive programing system aimed at the casual programmer who
has small-to-moderate sized programs. T uses a dialect of JOVIAL, and combines
i;echniques of compilation and interpretation.

TINT is designed to bridge the language gap between the computer and the non-
programmer user; it operates interpretively, on-line. The on-line nature of
the system makes it convenicrt to use. With TINT, the user can create, check
out, execute, modify, and re-execute a program directly from a remote telet-pe-_
and can often carrv out the entire programming process at a single sitting.
TINT is particularly suited to compact programs such as short mathematical
problems, subprogram checkout, and other "on'e-shot' rperations.

L-.i.6 Interacti roraming Support i. tem (IPSS)

The goal of the Interactive Programming Support System (IP"'7 Is to permit
of the programing processes--composition, editingerto, testing andi
docurientation--to be carried out as parts of a shlie, oridt.aivy
centered around an interactive compiler. Th'e system urnif'-s ztechnic'ies that
are usually embodied in separate fnincti-onal. progrpur,5 so that the progwrammer
need not know which particUlar crorcran is nio~iga splecific task. The
system, of course, is inten~oed for a time-snaring environment, with user
interaction via a CRTikeyboard cociscle or teletyrpewriter.

P)ROGPE~s

- ir~ .ll ofte ooets of the ADEF'r-50 programer's package were
operational prior to this reporting period, most of the effort on the programn.ner'-,
package during hi period was devoted to shakinpg down programs, removinw
program eorimproving functional capabilities, and documenting program usage.

he programmer s package was installed at several new milita, . facilities during7
this reporting period, as part of the total ADEPT-AO system. Thus far, use of
this nortion of the system has been low, since most ADEPT-50 installations have
been concentrating on learning to operate TDMS and the .JDEPT-50 executive. 'The
programmer's package was exclusively used during this Period, however, by members
of the AD .'PT development team in "Santa Monica. Relatively few program "bugs"
were found, and these were repaired quickly. Several1 discr~pancies in documents
were reported; these have been corrected. A number of users have suggested wIR ' S
of improving the usefulness of programmer's package components; these t>s
are beinp, evaluated.
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Somne effort was also devoted to creating a standard format for identifying
files, and a standard set of default options. Most of the componsents of the
progran-Lmer's package have been modified (or are being modified) to use these
standard. forms.

Finally, a number of utility programs and JOVIAL library procedures were developed
in this reportinig peid oto hc obeyond the scope of the original
contract. These programs are typically generated by ADEPT application programmers
as an open-ended set. Due to resource limitations, some of these procedures
wil-i have to be made available to the kDEPT community without full maintenance
support.

JOVIAL Cmie

~&ewr.of the JOVIAL compiler by ADEPT users turned up a number of errors
~ic~w~ ''er'.~i.The compiler staff also spent somne time working with
~er ~'rd~m&v ?:rrsof usage, as well as com--iler-induced errors. Cleanup

of ~ ~ : interfaces between the comiler and the executive, and among the
se~r-entz of the comiler itself received considerable attention. Several
ITvorovements in the quality of the obj~ect code were made, and a substantial
i.-rmrovement in code whlich branches forward was undertaken. Some improvement
in performance was obtained by increasingl the tape input/output buffer size.

The standard librarly for use during compilation was augmnrted by a large number
o," procedures iwhich perform simple tasks for the 0~~~mr ne series of
routines cov-rs a number of aspects Of 01put/OUtPUL and makes it easier for the
programmer to deal witn the executive's C>Rta-loger and SPAM prograas. Included
among these routines are:

Read or Write Interactive Terminal
C-Scan EBCDIC Image
Standard (1/0) Default Procedure
Set Cataloger Table File Identification Values
Check SPAM Return Codes

* SPAM Call
* Cataloger Call
* Check Results of Cataloger Operation

Position Opened File
Close File
Open File
Get Cataloger Table and Open or Close File
Read Next Seqjuentinl File jecord
Write Next 'Sequential File Record
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A second set of procedures provides string maniru',ati on capability. Among these
procedures are:

* Move Byte String
Compare Byte Strings
Exchange Byte Strings

* Set Byte String
* Zero Byte String

4 2 .2 Deb4 gngAi

The debugging aid has been almost fault-free, It has received cc-Hp- ,le use
and only a few very minor bugs turned up. The debugging function nas been
sirlit in two p~arts, to meet space requirements: one part resides in core us
part o-f the Basic ixecutive, while the larger part is stored with the Extended
Executive.

4.2.3 Editing Aid.

The editing aid has received minimal shakedown usage, mostly by' the qMCSPC and
ADEPT installation team, A few problem areas have turned up arnd are b eing
resolved. All of these were considered low Priority problems by the urers .

4.24 Uillt roram

The basic utility rrogran receivt-d very little usai7e. 1row',rimners seemed to
prefer othier programs which had fewer features, 1 t. were eas'er to use. A
number of bugs were found in these auxiliary prof-rams, aril since they were not
written as a set (.like the basic utility program itself), several incomratibilities
were found. Consequently, the utility area was reexamined, and consierable
work was nu- Into developing arid improving this area. D FbE--a program wh.Ich
moves data between toie card reader and other storage media--was considerahly
reworked. LISTER and FDMPI (File Dump)-.-program:- for printing various files--
we-- written and debugged. A program for producing a programmner-specific
library of f~ les on tape was also written and checked out. Finally, a tape .t -
tape COPY program was developed, arid is now being extended.

TINT has been modi fied so tnit saved prog-rams car. be charo'ed w .Ih the editing
id. TPhis i nvol ved moving the location of hesequence, number field. or~ KW R

begun on makin I n INT more useful Co Tu'lAL programners by prcvi ding# a commnarnA
that Will prIodulce a1 copy,' of a progra:". wri tter. in 'IINT wh icn is -,uitab'le !for
Conpilatiun. Most oIf the irieoMnFtibloLtiF,,- have b~een titxen c'&r ' of., and wo~rk)

nc resently joing into the READ Fand RPITE arp'as.
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4.2.6 1 n te r a cte PrIamn SpotSstm(

The program composition and editing phase of IPSS was used by the staff in
Santa Monica and given some shakedown by the instai1lation team in Wa:.>ington,
A number of errors were turned up and fixed. The IPSS program itself w&,, ran

through 4?SS.

Some work was invested in shortening various parts of the program t~o improve
performance or meet space requirements. Several new capabilities were added to

I ?SS. These include:

Automatic output of set/use information when the !set/used table
is filled, so that the table can be reused for new information.

Provision 'for accepting stat.ements continued in a separate input
either off-line or anr-line,

Improved error -atection the edit mode. (Sequences of
edited statements are treated as in the compose mode, and a
memory of explected sequences is maintained.)

* The Possibility of c-hanging a procedure declaration (number of
parameters or from procedure to function) was added. S'uch
.nanges were fo)rmerly impossible in IPS9.

*Acceptance of litto marks in input statements to reduce
repetitio'L typing.

*Provision for hard copies of the OPT either on-line or off-lire.

Work was begun on the next pha.-e of Ti--hooking comnilation and partial recomn-

pi lation capability to that of program composition anu editing. A one-nass
compiler under development by other members of the programier's package s;taff
was studied for its applicability to UPS'. Also under study was ttue poqsibility
of using the translator phase of the regular 0JOVIAl. compiler nnd modifying the
existingIS routines to perform the work n ormally done by a compiler geoerator.
The main problems are in providing the .ranslator wittu a partiI recompi lati -n

4.i STAFF

H. Jac-obs , "taft' Head
H. Rratman, Compiler ;tm Projiect 1,eader
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4.h DOCUMENTATION

This section lists those documents describing the programmer's package portion
of the ADEPT system that were produced during this reporting period. Some of
the documents listed below were released in SDC's "Note" series. These docu-
ments are internal working papers only, and have not been cleared for open
publication.

Sandin, N. A. JOVIAL (prJ5.3) compiler user's guide, SDC document N-23729/001/00.
5 November 1968. 84 pp.

Describes the use of the ADEPT-50 JOVIAL compiler. Includes a general
description of the compiler, a brief discussion of the language
forms processed, specific information for inputs, descriptions and
samples of outputs, file structures and locations.

McCabe, J. D. Move byte string procedure, STRINGM. SDC document N" 237k9./8CQ/Ci.

15 November 1968. 1 p.

Describes the use of JOVIAL procedure STRINGM.

Martin, H. G, Coded hollerith to integer function, NTGR. SC document
N-23729/1'O00. 15 July 1968. 2 pp.

Describes the use of JOVIAL procedure NTGR.

Martin H. I,. Read or write interactive terminal, TpYvNL SOC document ;>,72!
604/00, 15 July 1900. 2 pp.

Describes the use of JOVIAL procedure TRTNL.

Martin, H. (. Scan EBCDIC image, SKAN. SDC document I937.'/K.SO/U'<. I,
pp.

Describes the use of JOVIAL procedure SKAN.

Mathur, . IN. , A stajdard default prncedure, IDEFAULT. SC >-mn 0/Ow'/':'

13 August 190. 2 rp.

Describes the use of JOVTAL procedure [EFAULT.

Martin, 11. .. et cataloger table file identificat ion vlue . C
N- 7 'QI0 /00. 2J September I968U. 3 pp.

Describes the use of ' 'VIAL procedure :E'T'FIV.

Martin, i. S. Check .PAM return codes, "PAMCK. -D(' documeni -I C '0/S ,,
2 October 1)12. 2 pp.

Describes the use of JOVIAL procesure SCAMOK.
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Martin, H. G. SPAM call. SDC document IN-23729/81O/O0. 23 October !968. 2 D-,

Describes the use of JOVIAL procedure SPAMC.

Martin, H. G. 'Cataloger call., KAT. SDI dorument N-23729/611l!OO, 23 _t, ber 1968.
"r'Pp.

Describe,, -he- usp of JOVIAL procedure KAT.

Martin, H. G. Check -su..s of cataloger operation. ")DC document N-23729 141?/oo
.)Dctober 196b. D2 )

Des-ribes the use :nf J0VT.L pro-edure CATCH.

Mart~ H 6.Po i t, - orened rije. SDC dreument N-23729/8113/00. 23 coe-1)5

Desc- be-~ the us e c~ ,JOVIATL Yrocedure POSISHUN.

111t, . . r'are ,vte s trings procedure, STRINC ., SDC documient N-231":
'00. Ncwe)er J 6. .2 pp.

-ee :e uS,- '-'VYA7 procedure STH',GC.

k Cab, .L Ed~ai~ estr-ings proceaure, L:THIYIX. "'DC docum'ent ' .~~2

setle u'st' r v U prc ceuve~7i
eet bvie s~riiig .rs:ro,:R~IN", O -97~~y

~~~o,~~ er oe trc es# nf tVA 7r;clre0

.e-ri be:. f:, use ,f U2VJ Al. tProct, urp .2>0)N

.a.a(er Ie t x iro'edre 17CAI.§12douen -reuK I-

i.~~~~~ T(.t ~ j * Ip

r-1r i Lbes thne 1us oC 'CV1 IAL urocedure HP~

W : a er I'l -Nro,(d. r 2 ADTTATt doumn N

2e'-ibes the use f oI '-V.IA> p rr )cpilre IFN



30 Januar-y l101- 'I

Martin, H. 0. epd next sequentiai file record, REKADIS. SDC loc~lnent N u'37-DNj'
!()uo !0 ai,,_ary 1969. 41 pp.

Desc-ribes the use of JOVIAL procedure ,L:-')"

Martin, I: . Write next record in sequential Wie PITS. 'D _ doc-urent
NI 3 72 P .. 'O 10 January 1969. 3 pp.

Describes the use of J1OVIAL proce'Thre WRI-77

Bratrnan, 'H. and Perstein, 'E. (C. User's gui-e for N7-tr-tv nrracn

support sy stem. "".C document _N_13759/200/,--', 7 2c' t±-r 1 i. tn

Describes the use of IPSS to como ose , s --kc. and edlt
,JOVIAL rrogram. Inc'Ides a de-'oriptio n ofar' -cable tK
corrands.

Ferstein, E. C. and Bratman, Ii. User's uide f. ' inters 'tive rri,,'rno
support system)V UTsing the IBM 29150 CRT isp1av. )c c umen N-. ~7 /j 'ID

-ertember 1 3 r -S i.

r" ibes the use of _'P'S: on teIB I. '7~sria,' VCluI:
R dt'sc-=-tion o' arr'lic8cie , 'ornnands.

-verdio w. Us 'e"- vu' e t'or PEB. (ADEPT oE;' I h and Ii ng ~ i it v
zlorU e"Ime-t N-3- oc, j.~ >tbr t'

oe s c r- 'es ' us~e oDEBIE for .:'onv .nz car! 1 les from t 1e 1>-
1er' t ar, rl~ storage onothe rrnter , -ard Punc!1

irtrim is teuser to) list, DL), fi les un ter t viT ua r ir
R lis nof 'I Viqtrutllre alld 1, t i ons.

fat~~ . ~ *~' e~or ''"'V, fil 't-~ ut iV ct".

.eo r~ lce t e t; se c f~' for i inti r, i-tare oir Us c "I *, rfeoor v 7
o. i -n i vr o e -11n e n h iK or xlcla 'r.

in, .-In , F gercratet 'n 1al t, , 5;t wn, i f' : o row, n r fi!-- p

user , tn-v- rg'rea u i n

e'in i esf ' t'ri fcur r w.- r' ie5 C r ' a, i ran'

ran' ll' t r ro~s, iII'Ic~a- ~ j
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K~ennedy , P. ' he TINTIJ. I user's guide. '-)DC documsent Thi-388-5O 2/oQ)
A ugust , , Q~r

A -eif-- i truct'nnal gu"ie to -.1-1"T.1, an inttractive
prog 7r ng. system operating under 27c:.troI of the
A-DET7-50 execut 4 ,

Yartin, H. G. , .3nd Perstein, E. D. Program omDostion ard editing
wiLL. a' on-line lisplay. Pro eedings, '1)69 Fall Joint Computer 1 feren--e,

December it
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APPENDIX: ADVANCED DEVELOPMENT 11

2050-H coal

CPU RED CABINETS 256 K BYTES
READ AND WRITE PROTECT 120SEC
IPO M2920 F ETCH PROTECT20 

1C N R LU IALL TRANSFERS BETWEEN CPU, CORE, 2POIONRONUITTE3
AND/OR SELECTOR CHANNELS ARE 1100 L PM 136 154 BYTES IN PARALLEL, TRANSFERS TO AND BURST OR UNIV CHAR SET 06637FROM MULTIPL.EXOR ARE I BYTE (BIT PARALLEL) /MULTIPLEX ADAPTER 2540.1

moDE CARD READER,
SELECTOR SLECTOR SELECTOR JMULTIPL9OI.

CHANNEL 3 CANNEL 2 CHANEO 0I YE

ADAPTER

1(52-7
CONSOLE

BURST MOoD I
ONLY
%333K BYTES
PER SECOND
EACH i SRA(I BYTE WIDE) 2611203.1.M BYTE/SCPTASERRT

CONTROL. UNIT ATTACHMEDNT 2303-1 39 YECPCTDUM 8.6 M SEC AVERAGE ACCESS TIME

22 CHANNEL

SWITCH 2B41-1 CONTROL UNIT
p9loo - P ILE SCAN

*241-I CONTROL UNIT IM0 RECORD OVERFLOW
PiLE KCAN ATTACHMENT BI-SERIALRECORD OVERFLOW 0795

AVE ACCESS W/o 2=024 2311-1 2311-1 2311-1 2311-1MOVING HEAD - 17 MS; DiscWITH MOVI NO HEAD 120 MS STORAGE 1 1/2119V/292 193/293TRANSFER RATE 90/20 19/29143 K BYE/ICID- Disc DRIVESCAPACITY 226 M BYTES 7.25 M BYTE CAPACITY EACH
K3156 K BYTES/SEC TRANSFER RATE

AVERAGE ACCESS TIME 85 MSEC
20 DISC PACKS (11316) AVAILABLE

\ABSOLUTE VECTOR AND CONTROL
ALPHANUMERIC KEYBOARD 1245

2803I 2B3- I ATA ON K BUFFER 14992$0-1 97-1TRACK~i CHARACTER GENERATOR 1880CONTROL CONTPOL VRSION 7-CK]A IHTPN48

FUNCTION KEYBOARD 5855
238 K BYTES/SEC

286DUAL TAPCIES

28 /800 
BITS/I'Ct

SWITCH 2402-3 7 9-TRACK AND I 7-TRACK
ADDITIONAL 2264/38 90 If BYTES/SEC TRANSFER RATE
DRIVES 2402-3 285/X85 I.. 7/

13/6)
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