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ABSTRACT

A timeshared microcomputer monitor for Intel B0s50
microprocessor systems development has been described.
Running on the Sycor 440 Clustered Terminal Processina
System, the monitor provides a virtual environment comcosed
of a console device, eight flopoy disk drives, and an 8080
microorocessor for up to four concurrent users. Virtual
floppy disk files on a five meqgabvte movable~-head disk
provide the system's primary auxiliary storaae medium.
Three different levels of access protection are availahle
for these virtual flopoy disk images. A commanc lanquaqe
processor has been included to support on=line modification
of the virtual environment. System recovery in the event of

a hardware or software failure is also supocorted by the

monitor.
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I. INTRQODUCTIOM

A. BACKGROUND

In the summer of 1976 the Computer Science Department at
the Maval Postgraduate School (NPS) acquired a Sycor Model
440 Clustered Terminal Processing System for use in tke '"FS
microcomputer laboratory. The Sycor 440 utilizes an Tntel
8080 LSI chip as the CPU of a special purpose microcomputer
system designed oprimarily for data entry apnlications. In
addition to the 8080 CP!, the 440 hardware configuration
includes a five meaabyte movable=-head disk, 64K of random
access memory (RAM), a cassette tape drive, ana four disolav
terminals consisting of a keyboard and cathode ray tuoe
(CRT) disolay device. Two peripheral devices are also
provided: a serial printer and an RS=232 compatikle
asyncronous communication interface.

As part of the Model 440 System, Sycor, Inc. suoplied a
comprehensive package of system software. Most of this
software was designed to support applications in the data
entry field which comprised the Sycor 440's primary
marketing target. In addition to the basic data entryv
packaae Sycor also supplied several orograms which exercise
the U40's capabilities more fully. These included 3
resident COBOL compiler? a cross=-compiler for PLMR, 3

relocatable version of the system dgevelopment lanauaqge PL/';

M' R TR . .




and a linking loader which combines relocatable segments of
COBOL or PLMR object code into an executable object module.

Prior to the arrival of the Sycor 440, the facilities
available in the HNPS microcomnuter laboratory consisted
primarily of two INTELLEC A&/MOD 80 microcomputer systems
designed for wuse in the develooment of software for tne
Intel 8080 chip processors. Both of these systems support
the CP/M (Control Program for Microcomouters) operatinag
system [2l. CP/M provides many software development tools
including a context editor, dvnamic debuager, and assembler
for the generation of 8080 object code [3-6]. However, CP/V
provides only a single display terminal interface, ano uses
flopoy disks as its auxiliary storage medium.

Nhile the Svcor 440 made a sianificant and welcome
addition to the hardware complement of the MFS microcomouter
laboratory, a great deal of effort was reauired to intearate
the new system into the current laboratory configuration and
to ensure that maximum benefit could be derived from the new
acquisition. The following paraaraohs summarize the aoals

and objectives of this effort.

B. GOALS AND OBJECTIVES

The primary goa) of the Sycor 440 integration effort was
to complete an investication of the desian and architecture
of the available hardware confiaquration, and the
capabilities of the existing software with an aye towards

the most feasible use of the Sycor 440 system in sucport of
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the tutorial and research activities of the NPS

microcomputer laboratory. It was felt that the Sycor 440
hardware had the capmability to support numerous applications
more generalized than the data entry function it was
designed and programmed to accomplish. In particular, the
cluster of four terminals suaqgested the agevelopment of 2
timeshared environment to support uo to. four simultaneous
users on a single Sycor 440, Such a timeshared system vould
provide an effective increase from two to six RURG CPi's
available for wuse in the microcomouter laboratory. This
increase would ao a lona way towards meetina the increased
demand for microcomputer research and develorment
facilitites at MNPS.

A secondary goal of the 440 integration effort was to
ensure that a well=defined, comoatibhle 1irterface was
established between the current laboratorvy configuration and
the newly acquired Sycor system., The objective here was
twofold: first, to achieve hardware compatibility between
the Sycor U440 and other computer systems available in the
lab, and secondly to achieve software compatibility between
the Sycor 440 and other systems which utilize the 8080 CPU
chip.

Achieving hardware compatibility deoended on tailorinag
the 440's asyncronous communication interface to the
requirements of existina systems, oarticularly the PUOP=11/50
which served as the central interface point for inter=
processor communication, It was anticicated that this

hardware interface could be easilv established without
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modification of the Sycor system.

Achieving software compatibility was viewed as a much
more difficult objective. This would involve developing an
environment which could support software that had alreaay
been written for other systems utilizing the 8080 CPU chip.
For proarams develooed at NPS this meant that the Sycor 440

environment must surpport a suitably modifiea version of

CP/M,

C. PROBLEM DEFTNITTION

The thesis oroject which eventually evolvea from the
Svcor 440 integration effort was develnoment of tne
Microcomputer Timeshared System (MTS), a software monitcr
for the Sycor 440 designed to support microcomputer svstem
development. The possibility of orovigina a virtual machine
environment was investicated, including the incorporation of
virtual device interfaces where practical. The Sycor 440
file system was to be utilized where possible in order to
reduce development time, avoid duplication of system
facilities, and allow the Sycor operating system to be used.
The man=machine interface at the terminals was to be simple,
flexible, convenient and incorporate the best features of
existing interactive systems at NPS, This system was to
provide a suitable interface for user proarams ana/or
overating systems to enable utilization of the Svcor d40
storage and peripheral devices by these proarams.

It was realized from ¢the oroject's irception that 2

12




microcomputer timesharina system is ideally implemented
through multiprocessing rather than multiorogrammina. The
use of LSI technoloay has made the CPU cost only a minor
factor in the total cost of a microcomputer system. A major
objective in the development of MTS was finding an
efficient, practical method of sharing hardware resources
other than the CPU. The unit costs of memory, fixed disks,
printers, terminals, and other oerinherals are major factors
in total system cost = the sharina of these resources was
the primary consideration.,

To achieve the project objectives, a survey of
timesharing concepts and implementations was conducted.
Particular attention was devoted to the current destian and
implementation techniques of virtual machine timesharing
systems to determine those features which could be 1ncluded
in MTS. This research included study of timesharing svstem
techniques associatea with processor management, memory
management, and device management. Those factors which
influenced the design of MTS are discussed in the next

chapter.
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I11. TIMESHARING CONCEPTS

The concept of timesharing computer system resources was
first demonstrated 1in the early 1960's. Since that time,
growth in the application of timesharing conceots to many
classes of system operational reauirements and desians has
occurred rapidlv. The timesharina field has matured mrow to
the point that one can recognize many common design aoals
and implementation concepts beinag used in a wide varietv of
systems. General characteristics of timesharing systems,
methods of implementation, and resource management
techniques were researched 1in order to igdentify concents

which could be appliecd to a microcomputer timeshared system.

A. CHARACTERISTICS OF TIMESHARING SYSTEMS

One of the original motivations for development of early
timesharing systems was ¢to obtain more efficient use of a
computer system's expensive operating time and resources
than was beina realized through batch environments.
Interactive or conversational timesharina imposes the
additional burden of keepina the "user" busy, as well as the
hardware. System resoonse time must be directlv
proportional to the user's expectations. Those tasks which
the user perceives as simole must result in rarcid resoonse

from the system. For examole, character echoing or inout

14




line editing miaht be expected to require no apnreciable

delay. On the other hand, the user would expect a large
proaram assembly or comoilation to take more time and
therefore some delay would be acceptable.

Another important consideration is that of system
protection. The independence of concurrently executina
processes must be maintained. Protection of the system from
user processes, as well as user processes from each other,
must be considered. Protection of system resources such as
the file system and 1/0 devices must be maintained. Svstenm
protection may be implemented at many levels, ©Doth in
hardware and software, Within the software system,
protection information for specific resources is normally
maintained in various tables associated with these resources
(161. Hardware mechanisms can be provided to support svstem
protection. For example, the use of bound reaisters to trao
invalid memory references could be implementea [(10]. The
operating system can be insulated from the user processes by
providing separate system states (e.g. system and wuser) or
other lockout mechanisms to identify when the system is
executing in the system rather than the user state.

Related to system protection are the important concepts
of system reliability and recoverability. The user exnects
the system to ooerate reliably and if a failure should
occur, to recover as smoothly and rapidly as opossible. That
isy recovery should preserve the user data and proorams
which were not related to the failure. The qocal in

designing recovery porocedures is to minimize the impact of
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the recovery mechanism on the system when it is operating
normally, yet ensure smooth and rapid recovery should a3

failure occur. i

B. VIRTUAL MACHINES

In recent years, the multiplexing of computer system
resources has been accomplished in some implementations by
utilizing the Virtual Machine Monitor (VYM) concent. A ViiM
is a special form of ooerating svstem that multiplexes only
the physical resources amona the users = no other functional
enhancements are orovidea [10)l. The concept is to oroguce
the effect of multiole bare machines which are identical to

the bare machine on which the VMM runs. Thus, each user ca~

select the operating system of his choice to run on his

"private" computer.

1. Virtual Devices
Under the VMM conceot, all I/0 is simulated. when 3
user program attempts to execute an I/0 instruction, control
is tranferred to the VMM yvia an interrupt. There are
normally three different situations which may arise:

(1) If the 1I/0 device physically exists and has been
assigned to that user program, the instruction may be
executed immediately without modification.

(2) If a similar T/0 device exists, the 1/0 commands are
appropriately modi fied and then executed. For
example, many small disks may be simulated by wusina

separate areas of a sinaole large disk.

16




(3)

and card readers,

such as printers

Certain devices,
may be extensively simulated using techniques such as

snooling (see Device Management) [10].

2. Hardware Requirements
The implementation of a opractical virtual machine
monitor requires that the host computer have certain

hardware characteristics:?

(1)

(2)

(3)

(4)

The instruction set should contain both privileaed and

non=privileaed instructions.

The host computer must have some wav of distinguishing

between the two types of instructions. That is, the

VMM must be made aware of any attemot by a wuser's

proaram to execute a orivileaged instruction, or change

This is normally satisfied bv

two separate states of operation,

its mode of operation.
establishing system
and user.

The VMM must be protected from the user proarams, i.e.

the memory assigned to the VMM must be protected in
both read and write mode.
The user programs must be protected or isolated from

each other. This means that memory or input/outout
devices assianed to one user orogram must be
inaccessible from any other wuser proaoram, wunless
proper safeguards are provided. Isolation and

protection of memory areas can be accomolished by some

form of memory protection or an address translation

(11l].

scheme




A machine which satisfies these requirements can ensure the

degree of control by the VMM necessary to avoid excessive

overhead in the translation or simulation process.

C. PROCESSOR MANAGFMENT

The task of processor management in the multiprogrammina
environment of a timeshared system involves the schedulina
and managina of multiole nrocesses in different stages of
completion. A process may exist in one of three states:
(1) running, (2) ready to execute, or (3) blocked penainn
the comoletion of I/0 or some other process.

A process is in the running state if it is executina
instructions. The ready to execute (ready) state describes
a process that is ready for execution but not currentliy
running due to the unavailability of the CPU. A hlocked
process is one which camnot run until some siqnal arrives to
unblock it, These wunblockina signals are referred to as
"wake=up" signals and change the status of a prccess from
blocked to the ready state. Such signals can come from many
sources: system oprocesses, user processes. hardware
interrupts, such as terminal communications eauipment, a
timer, or completion of a disk I/0 operation [16].

Since there is no guarantee that a process will bhlock
itself, timesharing systems must orovide a mechanism for
regaining control of the CPU from the currently runninag
process in order to provide all users with adequate resoonse

times. The lenath of time which a orocess is allowed to run

18
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before it is blocked is called a quantum or a timeslice.
The aquantum size is one of the most important parameters of
a schedulina algorithm, It mav be fixeo or wvariable,
depending on other parameters such as oracess size, nrocess
priority, or length of time the process last ran. Setting
quantum lengths is a function of the system chara;teristics
and workload, and can be determined only by experiment with

the actual system or by simulation [(16].

D. MEMORY MANAGEMENT

Memory manacement involves the memory allocation and
swapping functions. This includes keepina track of the
virtual memorvy space of each orocess in the system, whether
it is in main memory, auxiliary storaae, or both. The
complexity of this task may range from maintaininag
relatively few tables in support of a sinale canticuous
allocation scheme, to the maintaining of many memonrv
allocation data structures to support a virtual remory
implementation using demand=pagina or segmented memory
management schemes [10,16].

Swabping can be defined as moving processes between main
memory and auxiliary storaace in order to multiolex main
memory. Swapping time is the time it takes to complete a
swapping task. The multiproaramming of processes 1n A
timeshared system results in the swaoping time having a
major impact on the system's response time. There are two

important parameters of an auxiliary storage device that
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affect swapping times:

(1) The averaqe length of time required to access the
required block of information. This is called the
averaace access time.

(2) The time reaquired to transfer the block to and from
main memory. This 1is inversely proportional to the
transfer rate [16].

Early timesharing systems such as the Comepatible
TimeSharing System (CTSS) wused very simple allocation and
swapping strategies (101, Mo attemnt was made to overlao
the execution of one process with the swappina of another,
Only one complete process resided in memory at once ana all
processes were loaded relative to a constant fixed location.
That is, no dynamic relocation was used because no dynamic

relocation hardware was available on these sarly systems.

E. DEVICE MANAGEMENT

Device manaacement involves keeping track of the «aevice
resources, allocatina the device resources to a process.
initiating the 1/0 operation and reclaiming the resource (in
most cases the I/0 terminates automatically). Devices fall
into two general cateqories:

(1) Dedicated = those devices which are most efficiently
assigned to one wuser for a qgiven time period, even
though the user may not be able to utilize the aqevice

continuously. In this <category are tape drives,

printers, and card equioment.




Fry

(2) Sharable = those devices which, while allowing access
to only one crocess at a time, can rapidly complete
their service for individual orocesses and be aquickly
switched to service requests of other processes. In
this cateqory are such online auxiliary storage wunits
as drums, disks, and data cells (16].

The operation of some dedi;ated devices may be simulated
to provide more flexibility and improved responsiveness to
user requests, For example, the operation of orinting a file
on the oprinter could be transformed into a "wrive" onto a
disk (a virtual printer) where at some later time a second
routine would cooy the information onto the actual printer.
This process is called spooling, and allows (1) dedicated
devices to be shared, hence, more flexibility in schegulina
these devicess; (2) more flexih}lity in job scheauling; anAd
(3) improved synchronization of the soeed of the device and

the arrival rate of requests for that device (101,
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ITI. SYCOR 440 HARDWARE DESCRIPTTON

The Sycor 440 Clustered Terminal Processina System at
NPS is composed of a control unit containina a cassette tape
drive, four display terminals, a Centronix serial printer,
and a Sycor Model 340 Communications Terminal.

The control wunit s the heart of the 440 system.
Contained within a waist=hiah cabinet are random and contrcl
logic including two 8080 chips, 64K of random access memory
(RAM), interfaces for all oeripheral devices, a five
megabyte disk, as well as the cassette taoe drive.

One of the two 8080 chios located in the 440 control
unit serves as the system CPU. The 8080 instructionr set
consists of 78 data tranmsfer, érithmetic, lcaical, branch,
stack, 1/0, and machinre control instructions [(8). Tne Sycor
440 provides a comprehensive set of orioritized interrupots
including a timer, peripheral device, and auxiliary storage
device interrupts. Control information and data are passed
between the 8080 CPU and peripheral devices through the T/0
ports (referred to as latches in Sycor literature) provided
on the 8080 chip.

The second 8080 chip found in the control unit acts as a
controller for the mini=disk. The mini=disk is a sincle
platter, movable head disk blocked into S172 byte sectors.
There are 800 tracks on the disk with 13 sectors per track.

Data transfer between RAM and the mini=disk 1is via direct

e




memory access (DMA), The mini=disk controller communicates
with the host 8080 CPU throuah a 13 byte gisk control block
(DCB) located at a fixed location in memory.

Peripherals supoorted bv the Sycor 440 system include
synchronous and asynchronous communication devices, up to
eight display terminals, serial and line printers, and card
readers. The NPS configuration has four display terminals
consistina of a typewriter=like kevboard and CRT displayv
device. Each terminal displays a NPMA image of a 576 tyte
terminal buffer located in RAM, Keyboara input s
accomplished by software translation of a keyboard matrix
code into the corresoondina ASCIT <character code. For
hardcopy output the NPS 440 includes a Lentronix serial
matrix orinter.

Several different auxiliary storage devices rav Gte
attached to the Sycor 440 in addition to the mini=disk.
These include magnetic tave drives, cassette taoe drives,
and floppy disk drives. The NPS conficuration includes 2
cassette tape drive located in the control unit. This drive
provides compatibility between the Sycor 440 system and the
Model 340 debugaer.

The Model 340 Communications Terminal 1is a complete
system in its own right which is marketed by Sycor for
remote job entry (RJE) apolications [13). When utilized as
a hardware debuager, the 340 is augmented with 4K of PAM and
a backplane couplina to a special interface board in the 440
control wunit. The 340 debuqgaer is provided with a software

package which includes provisicons for loadina ana durpina
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hex format program files between cassette tape and 440 RAM,

examination and modification of individual locations in 440

memory, inserting breakpoints and traps in proarams

executing on the 440, and single=stepopina through a rrogram

executing one instruction at a time (19).
There are several hardware characteristics of the Sycor
440 system which strongly influenced the imolementation of
MTS. The most imoortant of these are:
(1) 6080 CPU architecture
(2) terminal design
(3) mini=-disk interface

(4) sinale=state CPU

A T A S AN

(S) lack of memory crotection

The impact which each characteristic had on the desian anZd
implementation of MTS is covered in chaoters [V and V. For
a more detailed discussion of Sycor 449 hardware

characteristics see Ref. 1.
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IVe MTS DESIGN

MTS was developed in order to integrate the Sycor 440
into the tutorial and research activities at NPS, The
oriainal problem definition given in section I.C provided
generai quidelines for accomplishing this objective.
Restated briefly, they were:

(1) MTS was to support 3 suitably modified version of CP/¥
in order to provide compatibilitvy with existina
software develooment facilities.

(2) MTS was to utilize features of the Sycor cperatina
system, notably the Sycor file system, wherever
possible in order to reduce develooment time, avoild
duplication of facilities, and allow the Sycor
operating svystem to be used.

(3) MTS was to provide a man=machine 1interface at the
terminals which was simple, flexible, convenient, ana
incorporated the best features of existina interactive
systems at MNPS.

The functions performed by an operating system may be
divided into the four major cateagories of processor
management, memory manaqement, file management, and device
management (101. The aeneral auidelines mentioned above
effectively eliminated file management from consideration 1n
the design of MTS. At the same time, the selection of CP/M

as the operating system hosted by MTS provided a familiar,
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well=defined model to use 1in determinina the operational
requirements of the system,

The following paraaraphs describe the final Ggesian
adopted for the Microcomputer Timeshared System from four
different points of view corresoondina to the four rmraior

interfaces which can be identified between MTS and its

operating environment. The internal view covers the
. | |
E functional components of the system and their |
;
interdepoendencies, The external view deals with the ]

relationshio between MTS and the Sycor U440 operatinag system.

3 The MTS environment as seen by a user proaram is described
in the user orogram View. The last of the four, termiral
user view, describes the interface between a terminal user
and MTS, and the command processor which Dbridges this

interface.

A, INTERNAL VIEW

1. VMM Concent |
i MTS was oricinally envisio;ed as a software
interface between the bare Sycor 440 machine anag uo to four
user tasks executing concurrently. In order to maintain
compatibility between the Sycor 440/MTS system and existinag
NPS microcomputer development facilitimes, each user task
would be provided with an operating environmenrt identical to
that found on the INTELLEC A/MOD R0 system.

It was recoanized that the Virtua! Machime Moritor

conceot oprovided ¢the simplest and most eleaant means of
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implementing such a software interface. A oroperly designed

VMM  could wutilize the mini=disk included in the Sycor 440
hardware configuration to simulate the operation of multinle
floppy disk drives and provide each user with a dedicated
virtual printer through soooling. Since the INTELLEC 8 and
Sycor U440 microprocessors are both based on the Intel 8080
CPU chip, the machine lanquage instruction sets of the twn
are 1identical and interpretive execution would rot ¢te
necessary. The virtual operating environment viewed by a
user task would be the same as that found on the INTELLEC
8/M0D 80, Additionally, the monitor itself woulag te
invisible to the user.

While the VMM conceot provided the igeal! solution in
theory, there were several hardware Jlimitations which
precluded its implemention. The discussion of the VWM
concept in chapter Tl lists four hardware characteristics of
the host computer necessary to implement a3 oractical virtual
machine monitor. These four characteristics are essential
in providina the reliability, intearity, and protection
required 1in a timesharing system. Unfortunately, the Intel
8080 chip processors satisfy none of these requirements.
The 8080 s a single state CPU. No distinction exists
between system and user modes of operation; consequently,
there is no need ¢to orovide both privileced and non=
privileaed instructions in the machine's instruction set.
This makes it impossible on the A0RQ to trap T/N
instructions executed by a user task, and means that all T/0

devices are accessible to whichever task currently controls

-4
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the CPU,

A more serious problem 1is the lack of memorv
protection. The ROR0 provides neither bound reaqisters nor
address translation hardware to detect memory references
outside the user task's address soace. This shortcomina not
only made the VMM conceot impractical, but had a noticeatle
impact on the design finally adopted.

Perhaps the stronaest argument for wusina the V&4
concept in imolementing a timesharing system s the
transparency of the VMM's operation to wuser tasks. Since
each user task is effectively running on an incegcendent bare
machine, the VMM imposes no restrictions on the user Gteyond
those imposed bv the machine's architecture. It was found
necessary in the desian of MTS ta comcensate for the
limitations of the RQ0B0 CPU by imoosing certain restrictions

on the freedom of user taskse.

2. MTS Monitor Conceot

MTS was designed to orovide a timeshared, virtual
8080 microorocessor environment for microcomputer systems
development. The term "virtual” is appropriate here because
the user actually interfaces with MTS for many services
normally provided by the hardware in a dedicated CPU
environment., A software interface between user proarams and
the Sycor 440 hardware was necessary in order to allocate
the hardware resources equitablyv and efficiently, while at
the same time satisfyina the service reaquirements of several

competing user tasks.
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The design of the MTS interface drew heavily on the
VMM concept. MTS was designed to multiclex only the
physical resources of the Sycor 440 system, i.e. memory, tne
CPU, auxiliary storage on the mini=disk, terminals, and
other peripheral 1/0 devices. No attempt was made to orovide
additional functional enhancements such as a file system or
software development tools. As stated in the aeneral
guidelines for the croject, it was expected that MTS would

supoort a suitably modified version of the CP/M operating

system, makina such enhancements redunagant.
i The NPS Sycor 440 hardware configuration dig not
include floppy disk as an auxiliary storaae medium. Since
floppy disks are provided by the INTELLEC 8/M0OD 60 systems,
and are necessary to run CP/M, it was decided to implement
virtual floooy disks and 4disk drives. Provisions were alsn
maae to‘exoand the system to include virtual crinters, carAd
readers, paoer=taoe readers, and other dedicated 1/0 devices
f at a later date.
As a timesharina system, MTS is characterized by the
following major features:
(1) the use of swapping to imolement multiproaramming
(2) the use of interrupt driven processor management hased
on a round=robin scheduling algorithm
(3) the use of virtual flopoy disks as the orimarv
auxiliary storaace medium
(4) the sharing of a single dedicated T/0 device bv
multiole users.

Each of these characteristics is discussed in getail in this
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and the following chanter.

3. Memory Management

The Sycor 440 provides 64K bytes of random access
memory. Slightly over 3K bytes of this is required for
terminal and cassette DMA buffers, a ROM bootstrap proaram,
a mini=disk control block, and interrunt processing. Tne
decision was made that a minimum of 48K contiquous bytes of
memory would be made available to user tasks with th=
remaining 13K bytes reserved for the resiadent portions of
MTS. This estimate of the amount of memory reauired by VTS
was based in part on the size of the CP/M operating svstem
and was intentionally aenerous to orovige sufficient memory
for future arowth and enhancement of MTS facilities.

Once a decisicn had been made on the amount of
memory available to user tasks it was necessary to select
the optimum method of mamaaing this memory space. This
decision also was stronaly influenceda by hardware
considerations. The Intel ROR0 CPU provides only a sinale
direct addressing mode. Since the Sycor 440 provides no
address translation hardware, the more advanced memory
management techniaues such as pagina and dyhamic
partitionina were infeasible. The only practical choices
seemed to be swapping or a static partitionina scheme.

The static ecartition approach was considered
carefully since it offered several advantages cver swapnina.
Most importantly, a memory manaqement technique whichk does

not involve data transfers between memory and auxiliary




storage would be much faster than Swapping. Static
partitionina offered the added advantage of simplicity.
Nith all user proarams resident in memory it would not ©be
necessary to maintain tables showina the disk addresses of
blocked or ready tasks.

There was a single overriding factor which
ultimately mandated the selection of swapoingc, a
timesharing system must maintain the integrity of al!
concurrently executing tasks. Since the Sycor 440 provides
no memory protection, this would be impossible if two or
more tasks were resident in memory simultaneously. MNot only
would it be impossible to prevent one task from accessing
another, it would be impossible to detect the occurrence of
a reference out of bounds.

The use of swapping provides physical as well as
logical separation of all wuser tasks in the system.
Associated with each of the four terminals is a mini=disk
file used to store a memory image of that terminal's current
task when it is waitirng for the CPU or blocked pendinao same
1/0 operation. At any given instant a task may reside on
the mini=disk in its swap file or in memory, but at no time
can two or more tasks be resident in memory simultaneouslv.

Swaopina also makes available to each task tne
entire U8K user area of memory as originally planned. tven
though few users will ever write a sinale proaram which
requires the entire 48K bytes, the adaitional memory does
enhance the operation of CP/M development tools such as the

text editor by allowing laraer butfers and fewer aisk
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accesses.

While the incorporation of swaopina into MTS did
solve the problem of mraintaining task integrity, it also had
the undesirable side effect of makina the mini=disk aata

transfer rate the limiting factor in system responsiveness.

Based on informal timina fiaqures orovided by Sycor, it w3as
estimated that as long as six seconds may be required
between timeslices to handle the swapping of two 486K bvte
tasks. This problem was recoanizea earlv in the gesian
phase of develooment and solutions were sought in several
areas. A partial selution to the probtlem is offered by an
improved mini=disk controller under development at Syccr as
this was written, Preliminary tests have shown that this
imoroved controller will improve the mini=disk transfer rate
oy a factor of from three and one-half to four over its

present value. 1

Several features have been included in the MIS
design to minimize the delay inherent in swappina. For
example, the system default size was limited to 16K bytes 1n
an effort to reduce the size of the memory imace which must
be transferred to the mini=disk. A user can specify 2
larger memory size if required, but, in the absence of an
explicit reauest for more memory, 16K bytes 1is assumeaq.
Consideration was also given to minimizing the freauency of
memory image transfers. The scheduler was desianed to defer
swaopina until it aetermined that a different memory image
was required to contirue processing. As an illustratinn,

consider the case of a single task active on the system. If
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swappina is not deferred, this sinale task will constantly
thrash back and forth between memory and the mini=disk. Bv
deferring each swap until it is absolutely necessary, tne
overhead due to swaopina becomes roughly oroportional to the

number of active tasks minus one, or zero for a sinale task.

4, Processor Management
An assumption basic to the entire MTS develooment
effort was that MTIS would suoport microcomouter systems
development. This assumption implies that at any one time
some of the tasks active on the system may reauire
relatively large amounts of CPU time while othkers may te !

blocked opendina terminal /0. 1In order to ensure that tne

CPU resource is allocated fairly to all active tasks it was
gecided to impiement an interrupt driven task scheauler,
Each task is allocated the CPU for a fixed interval of time
called a timeslice. A task retains control of the CPU until
a hardware timer generates an interrupt signalinag the
expiration of the task's timeslice. The timer interruot
handler then transfers contro! to the task scheduler tn
select a new task for execution.

Notice that interrupt processina is carriead out
independently of task scheduling. This could cause a
problem if 3 timer interrupt should occur while system code
is DbDeing executed. The task currently resicina in memory
would be swapped out reaardless of its status. This orntblem
was resolvea by desianino MTS to set a software lock each

time it is entered. The timer interruoct hanaler checks this

33




lock whenever a timeslice expires and suporesses SsSwarping

until the lockout condition has been cleared,

S5 Virtual Floopy Disks

The MTS virtual floppy disk drive provides auxiliary
storage for wuser proarams on virtual floopy disks. These
simulated hard-sectored disks have 128 bytes per sector, <26
sectors per track, and a maximum number of tracks getermined
by the size of the mini=disk file containina the disk imaae.
Each user has eight drives available for dedicated use,

A virtual floopy disk resides on a block of
logically contiguous mini=disk sectors. where a physical
floppy disk has a fixed capacity of 256K bytes, an NIS
virtual disk may have any convenient size. MTS assumes that
the disk image is made up of contiguous 178 bvte flopoy Cisk
sectors starting with track 0 sector 1, proceeagina throuah
the 26 sectors of track 0 to track 1 sector 1, and so on
until the virtual disk file is full,

In order to access a virtual floppy disk a wuser
program must provide MTS with a complete sector address and
the base address of a 128 byte DMA buffer in the wuser's
memory space. This buffer derives its name from the nature
of the data transfer operation: to the wuser program it
aopears that data is transferred between his program and the
virtual floppy disk by direct memory access.

A complete sector address consists of a virtual
drive number and the virtual disk sector and track numbers,

With this information MTS can calculate the offset of the

34




addressed sector in the mini=disk file, validate that the
addressed sector is within the file, anad read the mini=disk
sector into memory for transfer of the specified 128 bytes
to the user's DMA buffer.

The mapoping function wused to convert a compnlete
sector address into a mini=disk sector number is based on
two facts:

(1) The virtual floppy disk imaae is stored as a linear
array with the sector numher increasing most raoidly
and the track number increasing least rapidly.

(2) The mini=-disk file containing the virtual disk image
is a single contiauous block of S12 byte sectors.
Recognizina that the virtual disk 1imaae s stored as a
linear array, the offset of any virtual disk sector in the

file becomes

vs.offset = (26 * track.nr) + sector.nr.
Applying the fact that each 512 byte mini=disk sector may
contain up to four virtual floopy disk sectors, the file
offset and position of the specified virtual disk sector in
the mini=disk buffer can now be calculated.

file.offset = vs.nffset DIV 4

buf.pos = (vs.offset REM u) * 128
where DIV and REM represent integer division and remainder
respectivelv. Once the file offset is known, it is a simple
matter to add this value to the file's base sector number to
complete the mapoinac. Similarly, the buffer ocosition 15
added to the mini=disk buffer's base address to finc tne

current memory address of the specified virtual disk sector.
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B. PROTECTION AND RECOVERY

Thus far in the discussion of MTS desian features tne
topic of oprotection has already been encountered several
times. It has been stated that the inderendence of
concurrently executing processes must be maintained, and
that orotection is also necessary for the operating svstem
itself. Due to the architecture of the Syccr 440 system, a3
great deal of consideration was given to the protection
problem as well as the related topics of recovery and

privacye.

l. SVSfem

MTS maintains the independence of concurrently
executing user tasks by enforcina ohysical separation
throuah swapping. This technique is oractical and

effective, but only deals with part of the protection
problem. It is even more important that MTS itself cre
protected from user tasks. Situations in which a user task
may inadvertently overlay or modify pieces of system code
must be avoided. At best this could lead to a system crash
with varyina dearees of impact on all system users? at
worst, MTS could continue processina in an erratic fashion
which causes irrecoverable damaae to user files. The first
situation is immediately obvious to the system users’; the
second may aqo undetected for just lona enough to ©be
catastrophic.

The technique used to protect user tasks frem one

another cannot be apolied to this new problem, While it 1is
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feasible to make some sections of the system such as the

task scheduler or terminal command processor non=resident
and swap them in as required, there are other system
functions such as interrupt handlers which must be resident
at all times. One possible solution to the problem would te

storing all system code in read only memory with backup

copies of all system data maintained on the mini=disk, The
simplicity of this aooroach makes it aoccealinec, but
nevertheless impractical for reasons discussed in the
external vi of MTS cresented in section IV.C.!1.

After a great deal of consideration, no practical,
effective method of orovidina system orotection could te
found which did not involve imposina an unacceotable amount
of orotection overhead on the system, In lieu of 23
protection scheme it was decided to incoroorate a recovery
capability into the MIS design. It was felt that the
ability to recover aracefully from occasional inadvertent
system crashes would compensate somewhat for the lack of
adequate system protection.

Three different types of information were i1dentified
as being necessary to the imolementation of a recovery
capability. They were:

(1) a copy of each user task's latest memory image,

(2) copies of all current values for system controc!
variables and tables.,

(3) the identity of the task runnina whenr the crash
occurred.

The use of swapping made the first tyoe of information

37

-




|

readily available on the mini=disk with no additional action
required. . To this point in the design it had not been found
necessary to save the values of system control variables and
tables anywhere other than in memorv. This aeficiency was
rectified by introducina the concept of a system state biock
(ssB).

The SSB consists of a compact, contiguous data hlock
in the system area of memory containing all contreol data
defining the state of the system at each instant. The SSR
includes 1information such as the status of each user tosk,
virtual floppy disk assignments, the location of¢ each swao
file on the mini-disk, the identity of the task currentliy
allocated the CPU, and the protection attributes and
lecations of all virtual disk files. 1In order to have this
information available should recovery be reauirea, the SOoF
is copied to the recovery file whenever the state of tre
svystem chanaes.

Taken together, the four swap files and the recovery
file contain sufficient information to restore normal
execution after a3 system crash., The third item required for
recovery, the identity of the task causina the crash, is
needed to delete the faulty task from the svstem. The swao
file for this task contains a duplicate of the memory image
which has just caused the system failure. 1[f this same task
were reloaded, another system crash woulg likely occur.

One final point must be mentionead to complete tne
discussion of system protection, and that 1is access

protection. Most general puroose timesharing svstems emplov
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some type of code to identify individual or group wusers of-

the system. This code may be used in the collection of
utilization or accounting statistics, or simply to 1dentify
authorized wusers of the system, It was decided that the
access protection provided by such a code is not a necessary
requirement for MTS., The NPS microcomouter latoratory has
generally followed an open door policy which permits anyone
with an interest 1in microcomputers to use the available
facilities. Conforming to the spirit of tnis open 1lab

policy, access protection is not implemented in MTS.

2. Virtual Floppy Disks

The protecticn issue surfaced for the third time in
the implementation of wvirtual flooey disks. Im this
context, protection implies orivacy and security for virtual
floopy disk files.

From the viewcoint of privacy anad security of data,
floppy disks orovide an auxiliary storace meagium surpassed
by few others. The physical disk is small iin size and
convenient to carry or store, vet provides a storage
capacity of 256 kilobytes, eaquivalent to 1.6 <card sleeves.
When an individual finishes an operating session on & svstem
equipoed with floppy disk drives, he need only ophysically
remove the disk from the drive to provide whatever physical
protection the contents merit.

The virtual floopy disks orovided by MTS Ao not
afford the same dearee of orivacy or security as a physical

disk. With the Sycor 440 hardware confiquration which
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existed when this was written, it was not possible to copy a
virtual floppy disk 1image onto a ohysical disxk for
safekeeping.

In order to provide a limited degree of protection
for wvirtual floppy disks it was decided to rrovide three
different protection attributes for wvirtual floopy disk
files:

(1) no orotection = unlimited access for read or write

(2) restricted = unlimited access for read orly; write
access only if the file's protection key is known

(3) protected = read and write access only if the file's
protection key is known.

The first ootion, no protection, apclies to scratch
disks providea for temporary storaae or work space. JSuch
files should he available to any wuser 3s recuired. The
restricted attribute allows the owner of a aiven virtyel
disk file to make the contents of the file available to
others on a read only basis. This level of protection would
apply to the system disk containina the CP/M operatina
system. The protected attribute orovides complete
protection for a virtual disk file. No one other than the
file's owner or someone designated by the owner can access
the file either to read or write.

Since MTS doces not reauire wuser identification
codes, the orotection kev feature was adooted to i1dentifyv
the owner of a virtual disk file. A protection key mav be
any compbination of zero to four ASCII characters associated

with a virtual disk file when the restrictea or orotected
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attribute is set. The same protection key must be /SUDolied
by a wuser attemptincg to write to a restricted file or read

and write to a orotected file.

C. EXTERNAL VIEW

Wwhen the Sycor 440 Clustered Terminal Processina System
was delivered to the MNPS microcomputer laboratory, the
shipment included an extensive package of software 1in

addition to the hardware listed 1in chapter ) ) 1 The

existence of this software had a sianificant impact on the
design of MTS. The nature and extent of this imract 1s

discussed in the followina paragraohs.

1. Sycor 440/MTS lInterface
The Sycor 440 system demonstrates one way 1in which
microcomputer technology has been aoolied to commercial Jgata
processing. The 440 system js marketed for applications in
the field of data entry, 1in particular data entry at
locations remote from a central processina facility. This

intended aoplication 1is readily apparent in the software

t provided by Sycor = formatted and unformatted keyboard
g input, remote job entry, report generation, communications,

and on=site file enaquiry are prominently featured. The 440
f operating system and file management facilities also reflect
E the emphasis on data entry. Most of the oroarammina aids
E f which are imoortant in a system develooment environment are
not provided by the Sycor 440 software oackage. There is no

text editor, 8080 assembler, debugaing orcaram, or 8080 hex
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format loader. The operating system is larae, allowing only
limited memory space for user developed orograms. Further,
the mini-aisk file system s oriented around static
allocation of fixed size files.

The Sycor 440 operating system and associated
uFilify proarams are well suited to the data entry
application for which they were designed. At the same time,
they do not provide a suitable environment for microcomouter
systems develooment. This fact oborovided the initial
motivation for the develooment of MTS.

Once the decision had been reached to desian anAg
implement 3 separate system to suoport systems develorment
on the Svcor 440 hardware there were basically two options
ooen with regard to the Sycor supolied software:

(1) remove the Sycor operatina system and asscciated aqisk
files to make more memory and disk space available for
MTS
(2) design MTS so that toth systems might be available
concurrently.
Option 2 had the desirable effect of makina available a
resident COBOL compiler and a PLMR cross=compiler, btoth of
which are supported by the Sycor operatina system, Uption 1
allowed the greater flexibility in the cesign of MTS, but
reduced somewhat the overall capabilities of the Sycor
b 440/MTS comoination. The deciding factor in selectina the
second option for implementation was a desire to furnish the
system affordina the maximum potential for tuture

development while still meeting project goals.
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2. File System

The decision to make the Sycor operatinag system and
MTS concurrently available made it possible to imnlement MIS
without desianina a file system. The file management
facilities provided by the Sycor operatina system proved
adequate to handle swapping, recovery, and virtualized
floppy disks. Constraining each file to a oredetermined
fixed size was not difficult; in fact, this feature of the
Svcor file system simolified considerably the virtual cisk
mapping function on which the entire virtual floopy Cisk
design was based.

Four different tyces of files were included in the
final MTS design. They are:

(1) swap files = four files, one of which 1is associated
with each of tne four terminals, containing a user
program memory image

(2) recovery file = a sinale=sector file containing a
current copy of the system state block

(3) confiquration file = a single-sector file containina
the user defined name and protection attritute for
each virtual floppy disk

(4) virtual floopy disk files = a maximum of 32 different
files, each <ccntaining the image of a floppv disk as
described in section IV.A,S.

Three of these four file tyoes have been encountered tefore,
but the <confiquration file tyoe reguires some adaitional
explanation. MTS identifies virtual disks by a logical aisk

number in the range 0 to 31. Since each virtual flopoy disk
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actually resides in a mini=disk file created under the Sycor
operating system, there must be some mechanism for mappina a
logical disk number into 3 file name contained in the minj=
disk directory. There is an additional requirement that the
protection attributes assigned to various virtual disk files
be saved between MTS operatina sessions. Roth of these
functions are performed by the configuration file.

The confiauration file is made up of 32 entries of
thirteen bytes each contained on a sinale mini=disk sector.
Each entry is composed of a zero to eight bvyte filename, a
zero to four byte protection key, and a sinale ¢Gtvte
protection attribute, The loagical disk number for each
entry is simply the position of that entry within the file.

In order to reduce the number of mini=disk accesses

required to service virtual floooy disk [/0 requests, it was

decided to read the configuration fila into memorvy only

aaSsiada.

onces, during MTS initialization, and abstract the contents
into an internal data structure resident in memory. This
concept was expanded later to include the mini=disk file
directory as well. That too 1is read into memory durina

initialization and searched for all four MTS file types.

D. USER PROGRAM VIEW

The MTS user brogram interface <consists of a set of
service routines which may be <called by a user croaram
through a sinagle entry boint to perform terminal I1/0, access

virtual floopy disks, or modify the user's wvirtual
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environment. The design was heavily influenced by the C(CP/M
operating system which wuses a3 similar scheme for 1/0 (°]).
The use of explicit calls to MTS for I/0 was an wundesirable
limitation necessitated by the architecture of the RQ0R(Q CPL,
Since the 8080 is a sinale-state machine without privileaed
instructions, the hardware orovides no facilities for
trapping I/0 instructions.

A call to MTS takes the form

<value> = MTS(<fid>,<parm>),

The first argument, <fid>, is a number which identifies the
function to MTS. The <parm> araument may be a parameter
value, if only a single oparameter 1is required, or the
address of a parameter list if more than one is neeaed. In
each case, MTS returns <value> upon completion of the
requested operation. This returned value may be an ASCIT
character code, an error code, or 2ero if the value has nc
significance.

The services available to a wuser may be logicallv
divided into two types of calls on MTS: (1) system calls,
and (2) service calls. System calls handle creatina,
modifyin;, and deleting attributes of a wuser's virtual
environment., As a minimum, each user is provided with a
virtual system consisting of an B0B80 CPU, 16K bytes of RAM,
a terminal, and a single floppy disk drive with a read=onlv
copy of the cP/v operating system loaded. This
confiquration is the system default environment assumead when
the user loas in. Beyond that the user may request:

(1) additional memory up to a maximum of 48X bytes

as




(2) additional floppy disk drives up to a maximum of &
(3) attachment of any virtual floppy disk whose protection
key is known
(4) reboot of the user's system from drive A,
Each system call performs the .ame function for a user
program as the corresponding terminal system command
performs for the user at a terminal.

Service calls provide a user nrogram with access to the
terminal, virtual printer, and virtual floppv disks. The
details of the terminal interface are discussea more fully
in section IV.F, In the context of service calls, it 1is
important to note that attempting to read from a3 terminal
when no input is waitina will cause the reauestina task to
be swapped out and blocked until input is available.

Before a user procram can access a vcarticular virtual
disk, the wuser must attach that disk to one of the eioht
virtual disk drives, either by making a system call to MTS,
or entering the propoer system command at the terminal. Unce
a virtual disk has been attached, any sector within that
disk is accessed by scecifyina a comolete sector address and
a3 OMA buffer address. MTS orovides a service call to enter
each of the three components of a complete sector address or
the DMA buffer base address as well as additional calls to
read or write the specified sector.

In the section which discusses the VMM concert it was
mentioned that transparency ¢to the user 1S an imoortant
characteristic of a VMM, The attempt was made in the desian

of MTS to incorporate this same feature. Nue to the
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hardware constraints imposed by the 8080 CPU, this attempt

was not entirely successful. There are several nlaces in
the user orogram/MIS interface where the operation of MIS
could not be hidden. The necessity for exnlicit calls to
MTS for 1/0 services has already been mentioned. The manner
in which interruots are handled by the 8080 also impacts on
a user program. Since the only addressina mode provided by
the B80B0 s direct addressing, the fact that MTS angd a
user's program occuoy the same physical memory s apparent

to 3 user proaram by the limits on the user's address snace.

E. TERMINAL USFR VIEW

The primary interface between the terminal user and MIS
is provided by a command languaqe intercreter called the MI8
Command Processor (MCP), This interface oroviaes the user
with the facilities necessary to establish and modify thne
working environment. The user can gain access to MTS
through system commands at any time, even though currently
communicating with a subsystem such as CP/M or other
proarams. Access is accomplished by entering the
appropriate command at the terminal, terminated by the ERRPCR
RESET key. This sianals the MTS monitor that the input data

is a system command to be processed by MCP,

1. MTS/MCP Interface Design
One of the design consideratons for a command
processor in an interactive timeshared environment is

whether it shall be resident or non=resident. The actiors
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required to establish and modify the user's environment are
not normally time sensitive nmor continuously exercised by
the user. For these reasons, recent timesharing systems
have commonly implem~onted the command processor as a non-
resident task [16]. FEstablishing MCP as a non=-resident,
swappable task was given serious consideration. However,
one of the major Sycor 440 hardware Jlimitations affecting
the 1implementation of MTS was the relatively low gata
transfer rate between memory and the mini=disk (I.A.3). To
meet the goal of reasonable system rasponse, minimizinc the
number of swappina tasks became one of the M™MTS design
constraints,

The decision was made to desian MCP as a resident
but completely inderendent module of MTS, This corcept
makes the MCP/MTS interface essentially the same as thkat
between any users proaram and MTS, MCP affects changes in
the user's virtual environment by calls to MIS in the same
manner as would a wuser proaram, There are two pbrimary
differences between the MCP/MTS interface and a user
proaram/MTS interface:

(1) The entry port used by MCP is an internal MTS entryv
point. MTS also provides an external entrv point for
use by user procrams. The reaquirement for two entrv
points resulted from the decision to make the MCP 3
resident process. The distinction 1is necessary to
bypass the mechanism which blocks wuser proarams
requesting terminal input when the inout buffer s

empty.
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(2) MCP must save and restore the MTS system stack pointer
to ensure returning to the proper location in the MTS
monitor. User crograms do not directly interface with
the MTS moniter, and thus are not concerned with

savina and restoring its stack pointer.

The independence of data structures and system call
interface features were maintained for ease of implementina
MCP as a swappable image at some future time. Uiporaaina tne
Sycor 440 mini=disk controller speed and an increase in the
number of system commands available to the wuser would
justify implementing the MCP as a non=-resident swaproahle

task.

2. System Commands
Since the system command lTanguage 1is the terminal
users main ooint of contact with MTS, the features and
syntax were given careful consideration. The desian coals
were to develop a command lanquaqe which is easy to learn
and easy to use.
There are two basic sets of system  commands

available to the user., OUne set of commands allow the user

to establish and modify the environment. These include
linking the terminal to MTS (LOGIN)? specifvina virtual cisk
drives and virtual floppvy disks to be attached to the
environment (ATTACH)? changina the memory image Swap size
allocation (SIZE): and unlinkina from MTS (QUIT).

The second set of commands orovide the user with a

means of specifying protection attributes for virtual floorev
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disk files. These include adding the oprotection attricute
to a specified virtual floppy disk (PROTECf); addina tne
restricted attribute to a protected virtual florpy disk to
allow read access by other usaers (RESTRICT); and to remove
e

all previous orntection attributes from a virtual! flocpy
disk (UNPROTECT).

The function, syntax, oarameters, description and

associated error messaqes for each command are descrived 1n

detail in section D.3 of Appendix A.

F. TERMINAL INTERFACE DESISGN

The four terminals attached to the Sycor 440 system
provide the wuser with a CRT Adisolav and typewriter=like
keyboard for entering data. A brief description of the
terminal hardware is contained in chapter IIT. The factors
affecting the terminal interface desian included:

(1) Long delays between key deporession and apoearance of a
character on the terminal displav are unacceotabtle to
the user.

(2) The characters displayed at each terminal are a DMA
image of <characters located 1in the Svcor 440 main
memory.

(3) The terminals have very primitive hardware display
logic. Thus software is required to accomplish such
tasks as converting a keyboard matrix code tc ASCII
code for each key depression, tlinkina the current

position indicator (cursor)., and scrollina the
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display.

1. Design Decisions

MTS was desicned to provide a virtuel terminal

interface for orograms requesting terminal 170, This
interface simulates the operation of a serial hal f=dupliex
console device. For input of data, the wuser oprogram

requests characters one at a time throuah service calls to
MTS . If input is available, the next character is returned
to the requesting proaram. Outout is handled in a sirilar
fashion with the user proaram providing an ASCII character
code a8s an araument in the aporooriate service call. A
service call is made for each character to be dgisclayea.
For each request received by MTS, the character is displaved
by placing it at the current cursor position 1in tne
approoriate terminal's DMA disolay buffer. The only
characters not olaced in the display buffer on ocutput are:
carriage return (CR), which returns the cursor to tne
leftmost position of the current line; and line feed (LF),
which moves the cursor position down one line. The outout
of a data seauence is normally terminated by a Ck/LF
character combination. MTS also orovides a terminal status
service cal!l which allows a user orogram to test whether
input data is available for processina (D.3). This function
could be wused to test for a break kev indication curina
outout by the user orogram.

Due to the unavoidable delays 1in user oDrogram

resoponse caused by swapoinrg and agaravated by the relatively
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low data transfer rate of the mini=-disk, the MTS terminal
interface was designed to provide character echoina and
simple line editing. This ensured reasonable response times
to key activation by the user, even though his orogram was
not currently in memory. Each character key activated at a
keyboard results in the appropriate character beinag
displayed on the CRT by MTS., The line editing features are
discussed in section 3 below.

There are four S76 byte DMA terminal buffer areas
located in RAM, Thus, a 2304 byte area of the Sycor 440's
main memory has been allocated by the system hardware desian
for terminal disolay buffers, To take maximum advantaace of
this memory utilizaticn, the decision was made to wuse this
area as the inout holding buffer as well as the display
buffer. This eliminatea the need for aaditional input
buffers and the extra oprocessing time required to move A

completed input line to a separate buffer,

2. Display Description

The first 64 display character npositions of each
terminal are physically seoarated from the remainina S12
character positions by a blank line. This led to the
decision to reserve the first line for displav of status and
error messages., All inoput and output of data was to Dbe
accomolished 1in the remainina S5S12 <character positions.
Thus, each S76 byte terminal buffer 118 logically divided

into two separate buffers, as follows:

5e

T ——




T

0 STATUS LIME 63!

- - e e e e e

}///////////////////////‘///////////////3

1 0 o 631
N NS O e
T N e
ET98 + om AR e
TOASEERIE G e
FEr N N iy
T e e S e
R e ) i

The numbers are decimal and specitfy character positions
within the status line and display buffer.
The terminal status line is used by MTS to disglav
three types of status information:
(1) The current virtual arive and floopy disk assianments
for that terminal,
(2) The size of the user's swap imaqge, i.e. the amount of
memory space currently available.
(3) Error messaqge alerts oroduced by MTS system commands,
or resulting from wuser proaram calls on the DISPLAY
MSG service routine (see section F.2 of Appendix A).
The status line dispnlay format and contents are discussed 1in
detail in section E of Appendix A,
As indicated by the above format descriotion, the
display buffer can hold a maximum of S12 characters (8 lirnes

on the CRT)., As previously mentioned, this buffer not only




provides the display of characters but also acts as ar input

: buffer, holdina the input data wuntil the user's orogram

F requests it. Since MTS oprovides simple line eqgitina of

input data, this data can not be considerea availacle to the

user's program until an imput line termination character kas
been received by MTS., To establish an inmnput buffer for a
program, the user enters the data and terminates the lire Dv
hitting the NEXLINE or ENTER kevys on the kevboard. This
establishes that line as an 1inout buffer available for .
processina by the wuser's program. Note that the Lkev
combinations 'I/0 CTL M' or 'SHIFT CR' (on the number pad)

will also result in the termination of an input lire.

Either of these keys, as weli as MEWLINE and FLTER, may ©be
used fcr line termination.,

Once an inmput buffer has been establisheag tne user
may continue to input data on the next line, The user mav
use any of the line eaiting or other cursor control features
on this new line of inout data. However, this new line mav
not bag teroinated until the user's orogram has orocessed the
previous inout buffer (see terminal alerts below).

Each character output from the user's oprogram is
displayed at the current cursor oosition. Fach outout
results in all inout buffer pointers beina reset to the
character oosition at the end of the outcut data. Thus,
subseauent I1/0 will start at this point. This implies that
if the user had been in the middle of enterina data when the
outpout occurred, it must be reentered.

The MTS terminal interface orovices the user with
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either a visual or audio response to each key deorescion.
Normal visual response is provided by dismiay of the enterer
character (echoina) and/or movement of the display cursor.
The display cursor is a blinking underscore character which
marks the current position on the screen. Lata 1s always 4
entered and displayed at the current cursor position.
The audio responses consist of either a beer or

click at the terminal. A terminal ©beeo alert will De

generated for any of the followinag conditions:

(1) An inout buffer is waitina to be processed by tne j
user's oproaram and the terminal wuser attempts to !
terminate a new input line.

(2) An attempt is made tc move the cursor bhack ©Dast the

start of the current line. For example, attempting to

delete the previogus line or character after tne line

has been enterec by a termiration key will result 1n 3

beep.

The terminal click alert 1is associated with the

display scrolling feature. Since the display buffer also

acts as an inout buffer, scrollina the display when the S12

byte disolay buffer is full could destroy input data which

has not yet been orogessed. For examole, the user could be

entering a S12 character string. Upon termination of that

input line, MTS will prevent scrollina wuntil the wuser's
proaram has processed the first 64 characters. This ensures
that the input data is not destroyed by the scrolling

operation. This scrolling lockout is indicated to the user
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by a terminal click alert,

3. Terminal Key Functions
The terminal keys fall into five basiyc functional
groups:
(1) Character string keys = these are the alphanumeric and

special <character keys normally availahle to the user

for input of data. Alphabetic characters are entered

* and displayed in either upoper or lower case, decendina
on the key mode (see below). The tab key causes the
entry and disclay of a sopecial tab character, no
blanks are padded in for tabs.

(2) Entry mode kevs = these keys defire the interpretation
of keys for special functions or alphabetic uprer
case. These include the FUNCTION SELECT, I/0 CONTKOL,
anad SHIFT keys. In addition, the key combination
FUNCTION SELECT and C sets or clears the alphabetic
key entry mode to upoper or lower case. This functions
as a shift key lock because a ohvsical lock is not
provided with the terminal keyboarde.

(3) Line termination keys = these keys define the termi=
nation of an input line of data. Ilnput cata to be

processed by the user's oprogram must be terminated

with one of the followina keys or key combinations:

NEWLINE? ENTER? I/0 CTL M: or SHIFI CR. Their

Ma _ARE Lol L Al e L e i

function was discussed 1in the opreceeding sectinn.

Another termination key is ERROR RFSET, which

specifies that the input line 1t terminates 1s to oe




processed by MTS as a system command.

(4) Line editina and cursor control keys = these keys
provide the simple line editinao features such as line
delete (NEXT FMAT); <character delete (BACKSPACF);
clear screen (FS $ or I/70 CTL $); and move cursor left
or right (<== ; ==>),

(S5) Number pad keys = consists of 10 numeric diaits ana A8
ASCII control characters locateac on the richt side cf
the keyboard. - The digits function in the same manner
as the other numeric digits on the keyboard. The
ASCII control characters are displayed when the SkHTFT
key 1is deoressed in conjunction with the apporopriate
key. The only control character which affects the
disolay is SHIFT Ck (see line termination keys).

A1l terminal keys and their functions are descrivced in mare

detail in section D.2 of Appendix A.

G. CHOICE OF A PROGRAMMING LANGUAGE

Following the design ohase, it was necessary to choose
an aopropriate orogrammina lanquage to be wused 1n the
implementation ohase of development. An obvious reauirement
was that the languaae selected must supoport system
programming for the 8080 microprocessor. Other factors
involved 1in choosing a languaae for the MTS develooment
included the following:

(1) Efficiency of the code aenerated by the assembler or

compiler. An important consideration in any oreratina




system develooment is minimizing the amount of memory

and processinag time utilized by system routines.

(2)

(3)

(4)

(S)

Ease of access to machine resources (e.g. registers,
memory, 1/0 ports, stack, etc.) through the constructs
provided by the lanauage. This must be considered
whenever developing software which will be interfacina
with the bare machine.

The availability of the assembler or compiler for
development work. The turn=-around time for assemblv
or compile tasks and the debug aids orovided by a
language are imoortant factors.

The inclusion in the languaae of convenient control
structures and self-documentation features similar tno
those found in most hiagh=-level structured lancuaqos.
It has been shcwn that these features assist 1n ranoid
system developrent and checkout, straightforward
maintenance anc¢ modification, and a highly reliabie

system. It was envisioned that MTS would be enhanced

and modified extensively as the reaquirement for
adaitional microcomouter develooment facilities
increased. Thus, ease of future modification anA

maintenance was a prime consideration.

The ability of the assembler or comciler to Qgenerate
error free code was important for ease of coding,
testing, and oebuagina the system modules Gcurina

project development.
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There were three lanauages available at NPS which

supported programming for the 8080 microprocessor. The

f

following is a brief description of these lancuaages and

their advantaaes and disadvantages:

(1) 8080 Assembly Lanquage [8] - the assembly lanquage

(2)

developed for use with-the 8080 microprocessor. It
satisfied (1) and (2) above by orovicina efficient and
direct access to the machine rescurces. Item (3) was
satisfied because a resident assembler anad dynaric
debugqging tool were available on an TINTELLEC 8/MCD 80
microcomputer system for wuse during the project
development. The major limitation in usinc an
assembly languace is its failure to satisfy item (d4).

MLB80 [12) = a structured system orogrammina lancuaae
for the 8080 microprocessor developed as a3 thesis
project at NPS. It is comoosed of two indeperaent
languages: MB0 = 3 macro oriented language; and L&0 =
a machine oriented lanquage. It incorporates such
features as: control structures, similar to those
found in most high=level structured lanauages: allows
full wuse and control of the resources of the 5080
microorocessor through the use of algebraic notation
for machine=level register and data operations?
provides compile=-time features, such as expbression
evaluation, ccraitional comoilation, and macros; anAd
provides load=time facilities, such as the linkina of
precompiled orocedures into the object orogram

(aenerates relocatable code). It was als¢ availabhle
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as a resident cempiler on the INTELLEC R/MQOD R0, Thus
to some degree, MLB0O satisfied all the considerations
mentioned above except (5). That is, it had never
been used for a large system developrent and thus its
performance in that environment was untested.

(3) PL/M [9) - 3 high=level proaoramming lanauaage designed
to provide system proaramming for the B0&KO
microporocessor., It was desianmed to facilitate the use
of modern techniques in structured programmina. Thus,
it came the closest in satisfying consideration (4d)
above. However, its major disadvantace was 1n
generatina less efficient code and allocwina less
direct access to the machine resources than ‘the

oreceedina two langquaaqes.

After considering the advantaaces ana disadvantaaces of
the languaages available, the decision was made to utilize
MLB8) as the primary developoment lanauage for MTS., A subtask
of the thesis oproject was to test MLRO as a programmina
language in a large system development enviromnment., Results
of wusing MLBO, includina recommended enhancements to the
language and it's facilities, are included in the remaining

chapters.
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V. MTS TMPLEMENTATION

Top down system design and modular programming Aare

current software enaineerina concepts which stronnaly
influenced the desiqn and implementation of MTS. As each
soecific functional reguirerent of a timeshared

microcomputer system was identified, a new module was Aadded
to the MTS desian to satisfy the reauirement. An effort was
made to make each logical module an indepencent entityv
communicating with other svstem modules through a simple,
well=defined interface., This same conceot was also aocolied
to the implementation ophase of develocment. Each loaical
module was imolemented as a separate code module with tne
fewest possible number of intermodule linkages. Five
modules were needed to meet the obprocessing and resource
sharing requirements imoosed by timesharina. Ir aadition to
these code modules, a sixth declaration module was included
to define the underlying data structure.

Use of MLRO as the implementation lanauage for ™IS
affected the develooment orimarily in the area of module ang
data structure linkages., The problems encountered can be
attributed mainly to the limited memory size (loK) of the
INTELLEC B/MOD R0 whieh hosted *the MLR() compiler. Due to the
relatively small amount of work area available, many of trne
comoiler's tables and stacks were too small to satisfy the

demands of MTS, This size limitatinn forced a correscordinn
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limitation on the size of individual MITS modules and
submodules. The effect of forcina a decrease in the natural

size of the MTS program modules was to increase tke linkage

requirements between these modules. The ML8BOD comoiler
provides some link editina facilities, but does not
conveniently sunport the numerous linking reguirements

encountered in the development of MTS,

A, SYSTEM STATE BLOCK

The management functions performed by “IS may be divided
into task management and resource management. Task
management is concerned with the control and reccrd=keepinna
functions necessary to supoort uo to four concurrent tasks.
Resource manacement provides the same functions for tne
hardware resources of the Sycor 440, Roth tyres of
management involve recordina status information for later
use in processing control. Considered jointly, this status
information defines the state of the MTS svstem ana forms
the basis of the MTS data structure.

In the implementation of MTS it was found necessarv to
combine all status information into a logical and physical
block called the system state block (SSB). This arproach
was originally adooted to reduce the overhead of tne
recovery feature. The status information contained in the
SSB must be copied to a recovery file after each swap. 3y
consolidating this data into a compact, contiquous block.,

only a single mini=disk access was reauired.
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Subseauently, it was found desirahle to combine all
variables referenced by two or more MTS modules into 3
single declaration mocule with alobal sceome. This i1moroved
the readability of the source orogram, simnlitied proaram
debugaing, and facilitated maintenance of the system, The
SSB is loaically composed of three distinct elements:

(1) task control table = contains information on tne state
of each task and data reauirea to sSupport sSwacoing.
Each variable contains four entries = one for each of
the four terminal tasks.

(2) disk mao table = contains information on the Sstatus,
protection attributes, and mini=adisk location of all
virtual floooy disks. Each variable <contains 32
entries = one for each of the 32 possible virtual
floppy disks,.

(3) system control variables = single variables referencer
oy several modules, e.a. the swao lock and the numrber
of the task currently executing.

Each task control table and disk map table entry was
actually implemented as a named byte vector indexed by the

task number.

B. MONITOR MODULE

The monitor module 1incoroorates all of the task
management functions reauired by MTS into a pohysicallv anA

logically distinct module, Tneluded in this module are

routines which handle the loading of a task, schedulino a
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task for execution, swapping tasks between memory and the

mini=disk, and deleting a task after an i;irecoverable
hardware error. Due to the module size limitation imposer
by the 16K MLB80 compiler, it was necessary to divide the
monitor into utility and task management submodules for
compilation. A third submodule, containing the initial
proaram load routines, was included in the physical monitcor
moaule for reasons of convenience rather than loaical

continuity.

1. Utility Submocule
It was found convenient in the implementation of TS
to develop a arouoc of utility routines to handle recurrinag
primitive operations required to access entries in the
system state block. Since most 5S8 entries are ingexea Dy 3

either a task number or a virtual disk numter, a significant

savings in memory space was realized by replacina in=line
code segments with calls to a utility for indexina
operations. The convenience of having these primitives

available was offset somewhat by the necessity to compile

the utilities submodule independentliv of the <calliing

routines.

2. Task Manaaement Submodule
The life <cycle of a task in a multiproorammed
environment may be represented by a series of transiticons
between process states. Tt is the job of the operatinag
system to control and monitor these transitions [10). I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>