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ABSTRACT

The subject of this thesis is the deve]opmént of a low cost
time share BASIC system which is capable of providing useful com-
puter services for both commercial and educationa1 users.

The content of this thesis is summarized as follows: First, a
review of the.historical work leading to the development of time
share principles is presented. Second, software design considerations
and related restrictions imposed by hardware capabilities and their
impact on system performance are discussed. Third, 10000 BASIC

‘operating system specifications are described by detailing user soft-

ware capabilities and system operator capabilities. Fourth, TSB
system organization is explained in detail. This involves presenting

TSB system modules and describing communication between modules. A

detailed study is made of the TSB system tables and organization of
the system and user discs. Fifth, unique features of 1000D BASIC
are described from a functional point of view. Sixth, a summary of
the material presented in the thesis is made. Seventh, the recom-
mendation is made that error detection and recovery techniques be

" pursued in order to improve system reliability.




CHAPTER I
INTRODUCTION

Time sharing is a technique of computef system software-
design which allows many users, located at remote terminals, to
. have simu]taneous éécess to a single central computer. Due to the
ext?eme1y fast processiﬁg speed of the computer in comparison with.
that of the términa]s, the computer is able to share its resources
émohg the users. .This makes it appear as if each terminal wa§
dfrect]y connected to its own separate computer. Even if one ter-
‘minal is rhnning a program requiring large amounts of computer time,
the other user terminals are required to wait only aAfew seconds for
the computer to process their progréms.

The‘objective of this thesis is to present an overall des-
-cription of one specific time share system. This system was devel-
oped by Wesfefn Telecomputing Corporation in order to provide Tow
cost computer services for both commercial and educational orgdhiz-

ations in Montana

HISTORICAL DEVELOPMENT OF TIME SHARE PRINCIPLES

The introduction of the minicomputer in the Tate 1960's

along with its- associated low cost-high performance peripherd]
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" equipment, caused the.data processing industry to undergo a massive
chanée. Early computek facilities emphasiied the need to create
powerful computer centers whose power Was mea;ured in terms of
physical dimensions such as number of central processors, amount of
main core memory avéi]ab]e, and number of peripherals attached. Such
thinking.1ead.to the creation of multi-million dollar computer systems
capable ofjﬁahdling tremendous quantities of problems and data.
However, the cost of such systems was prohibiti?e to smaller companies
and educational institutions.

With today's technologies of microminiaturization and large
scale 1ntegratj6n of circuits having reduced the size and cost of
computers, a new philosophy of data ﬁrocessing has emerged. Rather
than have Qﬁe extremely powerful computer faci]ity.to hahd]e all
problems, it is now more economical to Have several small processors,
each hand]ihg a specific problem. In'facf,‘in some cases the best
solution to a specific problem is to design a special purpose pro-
cessor'using'state of the art techniques rather than attempt to pro-
- gram & general purpose computer to perform the same fdnction.]
Historica]]y, muEh data processing was accomplished by pro-

~grammers writing programs to a particular customer's specifications,

1 Kampe, Thomas W., "The Design of a General- -Purpose Micro-
program-Controlled Computer with Elementary Structure," in omguter
Structures: Read1ngs and Examp]es, pp 341-347.
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entering the program with data cards into a batch processing
facility, and returning hours later to see if any error had occurred.
Omission of even a sing]e comma could mean the run produced no
" results. Additiona]]&, time was réquired to analyze the printout to
determjne if the algorithm written had actually performed the desired
task. If not, several more program runs, each printing diagnostic
information would be required before the program ran error free.
Such a broceduré was acceptable after a program had been fully written
and made free of logic errors. The program could then be run on a
routine basis. However, this procgdure is unacceptable to the pro-
'grammer since Tittle, if any, interaction with the program was allowed.
Another problem which was not handled by the Targe computing

system was that of the small or medium sized program_requiring
only several. seconds of combuter processing time. In most cases,
the person waited;several hours for his program to be run on the
computer even fhough actual execution time was less than a minute for
the entire pfogram. In many cases, the computer'é central processor
‘was fd1e,‘wh11e.it waited‘for the results of a previdus computation
to be printed. |

: Numérous,qttempts were made to solve the problem oflobtaining
‘maximuh uti]izatipn of a computer's resources in the early 1960's. ‘One
of the most effective éo]utions was .that of a time share system

developed at Dartmouth College by John G.'Kemeney,_Chairman’of the




Department of Mathematics, and Thomas E. Kurtz, Director of Com-
ﬁutation Center. Their idea, which was first proposed jn 1962, was
to design a program language which would be both simp]e“to-1earn yet
powerful enough to perform complicated tasks. The language was
imp]ehented in 1964 and was termed BASIC, for Beginner's All-

purpose Symbolic Instruction Code. Up to 40 simultaneous users were
allowed té communicate with the BASIC Language processor directly
thrqugh keyboard-printer terminals. A master program, called fhe
supervisory control or execufive, kept track of all communication
between the uﬁers and computef. It decided wholwas to run next, how |
Tong they were allowed to run, and performed the appropriate task
called upon.

An important feature of the Dartmouth BASIC system was that
the user was not required to be in the proximity of the computer in
order to run a program. Termina1sAéou1d communicate directly with

“the computer over regular telephone circuits. Thus, computer service
was never férther aWay than the nearest te]ephOne.

Thé;major advantage of a time share computer system over a
batch system is the ability of the programmer to'cbmmunicate directly -
with a "virtual processor" and have each 1line of code examined

- immediately upon entry in;o the computer. This allows for on-1ine
debugging of programs which is not possible on most batch’ systems.

Since the computer is being "shared" among many customers, the cost
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of computer services can be shared among the various. customers. This
allows even éma11 businesses to afford computer services. Finally,
communication with a time-sharé computer is on a real-time basis.

Data can be entered and ana]yéed immediately, with results printed

~on the user terminal in a matter of seconds rather than hours. This

capability of time share-gives a company the abiiity to ana]yzé data
on sales, invéhtory,,expenses, etc. and receivé up to the minute
company reports,‘such as cash flow or sé1es fore&asting.

The Dartmouth BASIC system, capable of supporting many términa]s,
required a substantial investment in terms of processors, discs, and
peripheral equipment. One of the first breakthroughs in terms of
providing a Tow cost but powerful BASIC Language processor was the
announcement -by Hewlett Packard Company of their minicomputer-based

2000A Time Shared BASIC System in 1969. The ZOOOA_Sysfem could

~generate up to 16 channels of BASIC for an investment of approximately

$100,000. The 20008 System generated up ‘to 32 channels of BASIC for
about tﬁe same initfa] ihve;tment. The on]y.major problem was that
the {nitial.system had limited disc space and additional disc space
was very ekpénsive.

In-1972, Western Telecomputing Corporation started_devefopment
of a HeW]ett—Packérd 20008 - based time shared BASIC system designed
around a new 1ow cost moving-head disc drive, the Hewlett Packard

7900A Design spec1f1cat1ons stated that the system should be capab]e
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of supporting up to 16 channels of BASIC, meet most of HP2000B Language
specificationé; providé large quant%ties‘of disc storage, and have
a total system cost of less thaf $40,000. The version of BASIC that
was developed.to meet these requirements was called the WTC-1000D

Time Share BASIC System.’

RELEVANCE OF PREVIOUS WORK

The WTC-T1000D time shared BASIC system described in this thesis,
is only one of the many variations upon the Dartmouth System as con- .
ceivéd‘by Kemeney and Kurtz. A study of all manﬁfacturers of computers
would show that each one has his own version of BASIC. Some ‘of these
are so powerful and have so many eﬁtensions that they tend to.obscure
the simp]icity of the origina1‘1anguage.

The syﬁtem described is organized almost identically to that of
HeWTett.Packard 2000B., That parficu]ar implementation of BASIC was
selected forrfwo reasons. The first is that the source tapes were
‘readi]y available. The second, and most 1mporfant,‘was that the 2000B
system had been documented and described in sufficient detail that

. modifications could be easily made and tested.
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ORGANIZATION OF REMAINING CHAPTERS

Chapter 2 discusses restrictions imposed upon the design of
the system in terms of hardware and performance requirements. A
discussion of terminology is presented to acquaint the reader with
various concepts underlying the principle of time sharing.

Chabfer 3 is a presentation of the operating system specifications
of 1000D BASIC. It presents an overview of the system from both the
user's point of view and the system operator's point of view.

,Chépte?'4 describes TSB System organization. It presents an
overview of TSB modu]és and describes communication between modules.
This chapter describes the organization 6f TSB tables and explains
their functions. Finally, an account of disc organization is given,
both for sysfem discs and user/library discs.

Chapter 5 is'a description of unique capabilities of 1000D
which were developed to enhance system operation or make the sysfem
:bettek fit the needs of commercial customers.

The concluding chapter 6 gives a summary and conclusion of 1000D
as a éo]ution to providing economical computing services to both‘
commeréial and educational users. Finally, several recommendations

for system improvement are presented and discussed.




CHAPTER 2
OPERATING SYSTEM REQUIREMENTS

In desTgning a computer_operating system, two types of
problems must be solved. 2 "The first type deals with intrinsic
problems or those which are inherent in the design itself. The
designer must Took at the function the software is to serve and
evaluate the réqufrements needed to implement that function. A

design consideration of 1000D BASIC was that it should perform a

.useful function for both commercial users and educational users.

This decision immediately created several design problems.
Comﬁercia] customers needed large files for storage of data and
would be using programs'requiring significant compute times.
Increased file access was needed and this would tend to tie thé
system up. Edgcationa] users demanded rapid response time to pro-
grams which would be mostly input/output bound. Access to large
data banks.wou1d not be required. Fina]]y} a system of user

security wod]d be required to prevent unauthorized access to a.

“user's private files by dnother‘user.

The second type of problem occurs when one attempts to solve

the first, that is technological problems arise. These problems

-2 Walsh, Larry, 2000C Course Notes, p. 10.
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can be Tooked upon as forming the constraints wifh which the system
designer is forced to work. For example, 1imiting the amount of
computer core memory implies an upper Timit to user program length.
Not all of the'system coding may fit in. memory so techniques must
be derived to move blocks of coding into core when they are to be
executed. These constraints force the system designer to carefully
consider various algorithms for making maximum use of the system
resources. | |

If the designer has decidéd upon a system language, BASIC
in this case, communication with the system must be considered.
Two levels of communication are required.3 One is a command lang-
uage. A processor for this language is then'required. This
processor is responsib]e'for handling system access, for control of
system resdurces, and for file and program control. The second |
1¢ve1 of commﬁnication is that of a program language. An inter-
preter for that language is required. This .is the processor which
executes program statements that control ff1e manipulations,
carries out ca]culations, and perform specific operations on data.

Other techno1ogicaT problems must be solved while planning
“the operating system. The hardware system must be separated by

software procedures into a number of virtual processors for

3 Ibid., p. 10.
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simultaneous USg by many users. Most importantly, such sharing of
resources must be done in a way that makes sharing of resources
"invisible" to all of the users. This places the requiremehtlthat
the system be highly organized. |
Sharing of resources 1mp1ies that a master program must

exist whose function is to determine which user will be allowed to
execute a command or perform a calculation. Such a program is
referred to as a scheduler. The time this program is running rather
than a user program is called overhead time. Overhead is the time
the system spends performing routines designed to implement the
sharing of résourcesﬁ It is time lost to the users since their
programs are idle when the scheduler is operating. It is impor-
.tant that the overhead time be kept‘to an absolute minimum in a
well organized system. Another function of .the scheduler is to
maximize utilization of system resources. This means the
scheduler should attempt to keep each hardware subsystem busy.and
insure that tHe system does not "bottleneck" because one regource
is overly busy while others remain idle.

| Response time or the amount of time required for the system
to respond to a.user command will increase as systemJuti]izatioﬁ
increases. THe system must wait for one user to complete é task
before it can allow a new user to start its own task. The tech-

nique of "tjme—s]icing"-a]]ows,thé computer to implement resource
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sharing among the users and reduce response time. This procedure
enables the computer t6 set an upper 1imit on the amount of time
a user's program may execute in core. If the program exceeds . this
Timit it is written back onto'a disc from core and the next user's

program is read from the disc into core and allowed to execute.

1000D SYSTEM SPECIFICATIONS

NTC-1006b BASIC was designed to run on a Hewlett Packard
2100 series computer. This section presents some of the design
specifications and constraints which were placed on 1000D.
.'Appendix A éontains a complete list of all hardware required to
operate the system.

1000D was designed as a smé]]-sca1e time-share system ﬁapab]e
of supporting up to 16 simultaneous users. In order to keep response
time of the system to 1éss than fiveléeconds, data communication
transfer rate was set to be in the 10 to 30 character per second
range. Faster rafes would force the scheduler to spend most of
its time character processing, leaving little time to execute usef '
programs. | '

. The most common timefshare terminal in use at the time of

system design'Was the ASR-33 teletype which operated at 10 characters

per second (110 baud). This terminal communicated in a bit-serial
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ASCII code. ,ASCII code was also the method of character represen-
. tation internally within the HP 2100 series computers. Hence, no
code conversion was required by the fnput/output processor. Figure
1 gives the format of the data words generated by a device operating
at 10 characters per second and by one operating at 30 characters
ber second.'l

The input/output procéss{ng routine required at the worst
case .15 milliseconds to procéss a single character. At an 1nbut
speed of 10 characters per second, the routine hés two bit 1ength§
‘to process a character wifhdut loss of data, or 18 mi]iiseconds.
It is obvious that at Teast 100 channels could be processed at this
speed. For terminals operating at 30 characters per second, timing.
- is more critical. The computer has only one bit 1eﬁgth or 3.33
milliseconds to process a charécter from each channel without lpss
of data. _Ca]cu]ations‘show that the computer can process at bést,
only 22 channels at 30 characters per segqnd. ‘Therefore,.a Full
system of bigh speed tefmina]s would tend to run much slower than
a full system of sTow speed terminals since mbst of the computer's
time would be spent processing characters.- |

Since_a]] éommunication from users to the sysfem'wou]d be
over telephone connections, a second design.cbnsideration was to
allow systém cbntro] of the telephone ;ircuits. There were three

reasons for doing so. - First, a person dialing a wrong number could
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START STOP STOP
BIT 0 1 2 3 b 5 6 7 BiT  "Bi¥

¢ 8 bit character code ..____ 5118 msec,

100 milliseconds

Data Word at 10 Characters per Second.

START STOP
BIT O 1 5 3 i 5 6 7  BIT

T 8 bit character code ——————3=3.33 l¢-
msec

£ 33.3 milliseconds S

Data Word at 30 Characters per Second.

Figure 1. Terminal Data Formats.
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tie up one of the channels, preventing others from accessing the
computef. To,sd]yé this'problem, the computer a]]Qws only a Eerfain
number of secbnds'for‘théfc$11ef to log oﬁ thé sysiem. If he fails
to do so, the 1ine is disconnected. Second, if the phones are on
a rotary call-in basis, a user can never be certain he will be able
to access a.pafticﬁlar channel if he is accidenta]ly-disconnected.
~ A data set monitpf in the system will log the user off the computer .
in the event his te]ébhone carrier signal is lost. Third, a use}'s
.te1ephone 1s'automat1ca11y placed babk on hook when he logs off,
making the channel immeQiately évai]ab]e to other users. .

The amount of user space available for programming is very
important to the:custbmer and-system:désigner. A customer would
. like to have unlimited program space. The system designer is aware
-that 1ohger:program a}eas mean the sy§tem will run siower since itl
takes longer to sWap users in and out of core. A compromiée‘was méde
in 1000D setting maximum program length to 4506 words, approximately
- 500 BASIC statéments. For longer programs, the user was given the
ability to "chain® programs together, resulting in virtually un-
limited program length. |

A final design consideration was that of selecting an optimum
amount of disc storage. Fixed head discs were ruled out since they
were very expensive and provided 1imited storage. However, access

time was very fast, in the 5 millisecond range.
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" A decision was made to utilize the Hewlett Packard 7900 and

7901 moving-head disc drives. Access time was in the 35 millisecond

range, fast for a moving head disc, and storage capacﬁfy.of a'singie

disc was roughly four times that of a fixed'head disc. Each moving-
head disc channel provided 203 tracks of 6144 words per track for a
total channel capacity of over 1.2 million words. This was enough

storage for approximately 960 medium-sized programs. 1000D allows

A up to four disc channels for a maximum capacity of over 4.8 million

words or épproximate]y 3840 programs.




CHAPTER III
.OPERATING SYSTEM PROCEDURES

Thé language processor of 1000D BASIC is the same as that .
for HPZOOOB.4 This is an extended version of the original Dartmouth

BASIC as first described by Kemeney and Kurtz.5

This chapter
summarizes the main features of BASIC from both the user's and

operator's view.:

USER SOFTWARE CAPABILITIES

Extended BASIC enab]eé theluser to perform complex matrix
operations in a single statement. Table T lists these operatioﬁs
and defines fhéir functfon, |

The working size of a matrix is defined by the program through
the_usé of ﬁIMENSION statements. For example, ﬁIM A (5,3), creates
a métrfx of:five rows :and three columns. These are maximum Timits
which may be dynamicé]]y redefined:in‘the program using the matrix

IDN, ZER, CON, READ, or INPUT functions. In the above example, MAT

4 Hewlett Packard Company, 2000B: A Guide to Time Shared BASIC, -
205 pp. R
5 Kemeney,  John G., and Kurtz, Thomas E., BASIC Programming, 122 pp.
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TABLE 1. BASIC MATRIX OPERATIONS.

Operation Example  Description

Addition  MAT C=A+B  Add matrix B to matrix A. Put
- o . result in matrix C.

Subtraction . MAT C=A-B Subtract matrix B from Matrix

A. Result in matrix C.

Multiplicafion MAT C=A*B Multiply matrix A by matrix B.
S ' -Multlply matrix B by scalar A.
Result in matrix C.

Inversion MAT C=INV(A) Generates matrix C as the in-
: ‘ verse matrix of A.

Transpoéition MAT C=TRN(B) Generate C as the transpose ma-

o , trix of B.
- ZERO , MAT A=ZER Set all elements-of matrix A
A : , equal to Zero. )
- Identity " MAT ‘A=IDN Generates A as the identity
' o matrix. ,
Initialize MAT B=CON Sets all -elements of matrlx B
_ . to one.
'READ " MAT READ C Reads data from program DATA -
, : statements into matrix C.
Input - '~ . MAT INPUT B Reads in elements of matrix B
' - .. from user terminal.
Print . MAT PRINT A Causes all elements of matrix
' A to be printed on user ter-

minal.

Note:  MAT READ may also input data from a user disc data
file. MAT PRINT may write data to a user disc data
file.. _ ' '
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A = CON (2,2), redefines A to be a hatrix of two rows and two columns.
-Matrices can only be redefined as being sma]ler than that set up by
the DIM statement. The maximum numbér of elements allowed in ;
matrix is 2000. An array of more than 2000 elements will produce
an error condition: _

| ~ BASIC contains §pecia1 variables and language elements for
mahipu1éting string qUantities.' These are a]phanumeric-ya1ueé rather
than numeric values.. String variables are defineé-in‘the system by
~ declaring a single letter (A through Z) followed by the dollar sign
(§). The physical Tength of the stfing variable musf be declared in
. a dimension statement. For example, bIM A$(36), sets up a string
Variabie A$ of 36 .elements. Maximum string length is 72 elements. A
:'striné va]Qe is a set of from'1 to 72 characters enclosed in quotes.
Most pfinting and non-printing characﬁérsAof'the ASCII code set are
va]jd stfﬁﬁg-characters. During execution of a program, the.logical
length of thé string is sef. This is'the count of the actual number
of ;haracters in the strfng. For example, the statement, A$ = "SAMPLE
STRING", has-a'logica1 length of 13 characters even though ﬁhe physical
length of A$ was specified as 36 elements. |

Subsfrings may be referenced by’the-qse of subscripted

variables. In the above example, A$(2,6) gives the second through
sixth-pharacter or "AMPLE“. BASIC allows strihg, substrings, and

string variables to be used with relational operators. They are com-
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pargd and ordered as entries are in a dictionary. For examb]e, the

following statements may be written:
100 "IF A$ = "TEST" THEN 400
200 IF- A$(4,6) < B$(7,8) THEN 500
The first statement will cause the program to go to statement 400
only if string A$ has four elements which are exactly "TEST".
The second example will go to 500 if the fourth and fifth

elements of A$ are alphabetically less than the seventh and eighth

. elements of B$. ‘Thus, BASIC allows string values to be read, printed,

compared, and sorted with very ]jtt]e programming effort required.
Twojspecia] features of extended BASIC are.the ability to

specify length of the terminal print line and ability to access. the

system clock. Use of the WIDTH command allows the usér to inform the

system that the terminal may print only 20 columns of data per line

- or up to 132 columns per line. Use of the TIM(X) function allows

a.program to.obtain the current minute, hour, julian day, and year
from the system real;time q]ockL This information is useful in
identifying mu]tip]g runs of the same program.or for reporting ruh
times of vérious programs. |

A serious limitation of 10000 BASIC ié its rather gﬁalf user
program area of 4500 words. Since some-of this area is used for
program overhead, program'1engths-genera]1y have a maximum length

of 3500 words) This is sufficient to store a BASIC program of rodgh1y
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. 500 statements. If arrays are dimensiqne&, the user Toses two
wdrds of prbgkam space for eéch e]eﬁent in the arfay. Commercial
programs are typically very long and .utilize large arrays for data
storage. Use df the BASIC CHAIN statement ai]owthhe programmer to
dividé one large brogram into many smaller segments which are
“stored on the disc.. As each segment of coding is needed, it is
called off the disc by the currently executing program. Pafameters
and other vaiues-may be passed from one program to the next through
COMMON.or data files. . Use of the CHAIN statement gives BASIC the
capability of handling prdgrams of virtually unlimited length.

A11 users. have access to two levels of 1ibrériés. The
first level is that of the system public library. These are pro-
grams and files saved on the disc by the master user, A000. Users
may get these programs from the disc,-1ist and punch them, modify
them, and execute tHem. Uﬁer A000 may protéct any program in the
.public Tlibrary. This makes them "run-only" to all other users.
Such a proéedqfe wouTld be used to prevent unauthorized copying of
proprietary software. A user also has access to a second ]eve] of
1fbraries, an individual user library. Programs and files stored
in an 1ndiy1dua1 Tibrary are accessible only by the owner.

The most powerful program function of BASIC is its versatile
file hand]ing capability. Users may create data fiies on the disc’

to allow for direct manipulation of 1arge‘vd1ume§ of data. Files
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may be of two forms: sequential or random access.

Séquentia] files are treated as seria]laccess storage devices.
A'program starts reading or writing data as a serial list of data
ftems from the physical beginning of the file aﬁd continues on an
element by element basis until either the physical end of file is
encountered or an end of data condition occurs. During a serial file
. write operation, the new data element is written jmmediate]y following
the previous data element. To retrieve an item from fhe file, the
program must start at the beginning of the file and. read through all
1tems-unti1vif comes to the desired data element.

Files may also be used in a random access mode. This enables
the brogram td break the file into a series of logical subfiles
that can be modified independently of each other. Each subfile is
a block of 128 words. |

Data may be written into a file in either numeric form or
string vériab]e form. String and numeric data may be randomly
mixed in any file. Use.of the TYP(X) functionlenables the program
to identify what type of data the next file item is during a f11é
read. Numeric data requires two words of sforage per number whereas
two string characters may‘be stofed in a single word.

File lengths are variable from 1 to 48 sectors. Each sector
| holds 128 words-of data. Maximum file length is 6144 words.- Each

program may reference up to 16 files at one time. This is equivalent
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to having immediate access to 98,304 words of additional data storage.
Any prdgfém may access an ‘unlimited number of fi]eé during éxecution
through the ASSIGN statement. THis statement allows a new file to
be referenced in the place of a previously defined file in the pro-
gram. |

The system allows users simultaneous-access of files. The
first user program to reference a file is-allowed read/write
privileges. A1l other users accessing the same file ‘are allowed
read-only access. Users whose account identification codes begin
with an A (A0OO through A99§) always are allowed read/write access
to the same files. |

This section ha§ described some of the more important
capabilities of extended BASIC. A complete descfiption of user

capabilities may be found in the WTC-1000D BASIC user's guide.

SYSTEM-OPERATOR SOFTWARE CAPABILITIES

The system operator is responsible for maintaining the TSB
system, addiﬁg_new accounts, modifying existing accounts, and re-
moving old accounts from the system. These functions are accomplished
through the system operator's conso]e'using special system commands

and through the user account A00O.

System control through user AO00 is restricted to two functions.
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Only programs stored under tha? account beﬁome,a part of the
public Tibrary, accessible to all users. Placing pfograms and.f11es
in this 11brary'is the primary function of A000. The second
function involves maintenance of a particular program in the qu]ic
library, the ”HELLQ" program. This program is automatically run
on the‘user's terminal following a successful attempt to log on
TSB. HELLO is a standard BASIC program whose function is to describe
the system, giVe the current'date and time, and print important
messages from the»system operator to the users.

" Primary system control takes place ihrough operator commands

entered on the system console. One function performed is that of

‘11miting access of system resources by the users. The system

operator cohtro]s resource allocation to up to 562 user accounts,
the maximum allowed by the system. This is accomplished by setting

restrictions on each account through operator commands. Each account

s assigned a un1que ID code and password required for system

access. The_operator also specifies a maximum number of minutes of
connect time allowed each user and additiona]jy, a maximum number of
sectors of disc storage the user is allowed. The passwoirrd, maximum
connect time and maximum disc storage‘ai1owed may be modified at

any time by the system operator. If required, an entire account

" may be removed from the system by an operafof,command.

The system oberator may request TSB to.generate reports
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useful for evaluating system utilization. The ROSTER command

generates a listing of currently active channels as shown in Figure

2.

ROSTER :
S231 .... AO00 AO000 .... C246

K341 B260 .... ....

Figure 2. . Example of ROSTER Command

The first 1line Tisfs, from Teft to right, the users logged
on terminals 0 through 7.- User 523] is on channel 2, user A0QO
is on channels 4 and 5, and user C246 is on channel 7. The second
. Tine 1is£ users on channe]s_8 through 15. User K341 is on channel 8.'
User B260 is on channel 13. Four dot§ indicate an 1nactfve cﬁanne].

A 1fstfng of all accounts with the total connect time used
to date and disc space used to date may be obtained With the REPORT
command. This command is used to generate a report for account
purposes. An example of the REPORT command output is given in

Figure 3.





































































































































































































































