CHAPTER 4 - Process-Resource Decoposition

4.4.2 INITIALIZATION PROCESS: Further Decomposition

Initialization can be separated 1into two processes:

- Preparation of the File Server: Initializing the server's
internal and external resources and 1tsS processes.

= Configuring the File Server: Loading data which modifies (and
optimizes) the functioning of the file server according to
expected conditions or periods of use,

4.4.21¢ Resource Preparaticn Process (Fig 4.4.2a)

This process performs the initialization operation on all first
tevel resources and trose comprising the network interface. It
also ihitiates the queue-producing, disk-read, disk-write and
rack-send completion processes, The server processes for each
node, however, ure 1nitiated from the queue-producing process,
when 1t first receives a request from that node, It has the
tollowing characteristic:

PROCESS: Initialization
BEGIN:
» Initialize the 1st level and network-interface
resources
» Perform the Configuration Process «
» Initiate concurrent processes
END: Initialization

4.4.2.2 Configuration Process (Fig 4.4.2b)

Configuration entails using current selections for any flexible
characteristics of the file server, The process has to read the
configuration file, and determine settings such as the default
operating system. It also reads the ID-numbers of the disks which
are most often used. Each of these disks are opened and will
remain so for the duration of the sessfion, saving time when a
user requests one of these disks. Al any stage, the disks are
open at Jeast once, s$o0 that the di: are never actively cleared
from the cache. It has the following characteristic:

PROCESS: Configuration
BEGIN:
* Read the default operating system from ConfigsFile «
« Call the Commons$Disk$Open .rocess to open the disks
0ot the default operating :ystem «
* For each disk-1D listed in t > ConfigsFile «
* KRead the disk-ID
» Call the CommonsDisk$Open process «
END: Configuration
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4.4.3 NODE-SERVER PROCESS: Further levels of Decomposition

The fiie server 18 not only required to provide disk data, but
must provide functions for attaching different pseudo-disks to a
node's «~ives. Therefore the server must maintain an 1mage of the
drives for the node which 1t 1s serving. It must also Kkeep
information on the user currently at 1ts node. Each function
provided to the wuser can be seen a& a process at this level.

4.4.3.1 Node-Server Process: Sub-Processes

The 1ndividual node-server process can be divided 1into processes
for initialization of the node-server, decoding of requests, and
with separate processes to handie requests for each of the
functions provided to users.

4.4.31.14 Initialization Process (Fig 4.4.3a)

The process reads the node number which it must serve, after it
has been initiated. | initializes internal resources and
connects the default operating system to the drives.

PROCESS: Initialize Node-server
BEGIN:
Read (NodesNumber)
« Inform Producer process Node number has been read «
« Initialize the DrivesMap Resource «
« ZerosCurrentsSettings - for Current User Record «
* Attach default operating system L0 node's drives «
END: Initialize Node-Server
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4.4.3.1.2 Decoding Frocess (Fig 4.4.3b)

Decoding 1s a continual process reading requests, identifying the
function requested, and running the process which handles this
function. It has the following characteristic:

PROCESS: Decode Request

CEGIN:
Repeat: Forever
REGIN:
Dequeue (Node -G 2ue)
» Interpret and process request «
CASE: % Fn 1dentifies request as «
Reads$Track: « CALL ReadsTrack »
wWritesSeclor: *« CALL WritesSect
SignsOn: » CALL 8SignsOn =«
S1gns0Of¢. » CALL SignsOff «
AttachsCommonsDisk: w» CALL Attach$Commons$Disk «
AttachsUsersDisk: « CALL AttachsUsersDisk «
DetachsDrive: « CALL DetachsDrive «
Rqst$s08: » CALL Rgsts0S
END:
END:

END: Decode Request

44313 Read-Track: Fequest Handling Process (Fig 4.4.3c)

This must interpret and process a request for a track off one of
the drives. The process must first identify which pseudo-ulsk 1is
connected to the drive, It has the following characteristic:

PROCESS: Reads$sTrack
BEGIN:

*» Interpret the request: It identifies the Drive, Head
and PC-Track to be read at the node «»

v« Identify which disk is connected to this drive and
convert the PC_Track + Head to a single track offset
in the Pseudo-disK's file 1mage

* Fetch the required track to Lhe cache «

» Wait until the track 18 1n the cache «

» Enqueue an output message, containing the:

Function: Same as& the request function
CachesCroup: Tracks$Group 1in cache containing this
track - used to later wupdate the cache.
Drive, PC-Track, Head: as supplied 1n the request
TracksPos: location of track data in cache memoryws
END: Reads’irack
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4.4.53.1.4 Write-Sector: Request Handling Process (Fig 4.4.3d)

This process handles requests to wupdate a pseudo-disk with sector
data. It has the following characteristic:

PROCESS: WritesSect
BEGIN:

» Interpret the request: It 1dentifies the Drive, Head,
PC-Tiack and sector which was written to, and the
Sector Pool entry containing the data

» Identify which disk 1s connected to this drive and
convert the PC_Track + Head to a single track offset
in the Pseudo-disk’'s file 1mage «x

» Fetch the required track to the cache «

*» Wait until the track 1is in the cache «

» Cache_Performs$Write - copy the data from its sector
pool entry to 1its po®'tion in the cache

« Release the sector entry back to the Sector Pool «

END: WritesgSect

4.4.314.5 Si1gn-0On: Request Handling Process (Fig 4.4.3e)

This processes a request to attach a user to the system and allow
him access to his Jisks, and any software to which he 1s allowed
acress. It has the following characteristic:

PROCESS: SignsOn
BEGIN:
*» Interpret the request: It provides the UsersNum and
the password of the wuser signing on »
» Read User’'s characteristics from Usersinformation
resource, and verify the password «
IF: » Successful - 1.e. password matches «
THEN:
« Copy data from entry in Usersinformation to
Current User Record «
» CALL Attachs0OS - attach the Operating System
specified as Init$0S 1n User Record «
*» Enqueue an output message, containing the:
Function: Same as the request function
Status: Whether request was successful
User information such as the category of access,
the operating system and maximum user disks «
END: SignsOn
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EIG 4.4.3 (d-f) - DECOMPOSITION OF THE NODE-SERYER PROCESS
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4.4.31.6 Si1gn-0ff: Request Handling FProcess (Fig 4.4.31)

The sign off function disconnects a wuser from the node, which
must be reset to 1ts 1nitial state before the wuser was attached.
It has the following characteristic:

PROCESS: SignsOff

BEGIN:
» Remove linkK 1n User Record to location of wuser disks «
» CALL ZerosCurrents$lettings - Reset User Record «

« CALL AttachsOS for the default Operating System «
END: SignsOff

4.4.314.7 Attach-Common-DisK: Request Handling Process

(cf: Fig 4.4.38) The process handles a request to attach a common
disk to the node's drives. If the file number requested 1s an
application number, then all disks 1n the application must be
attached. It successful, the disk 1s attached to the first free
drive, or 1f multiple disks were reguested, to sequential drives.
It has the following characteristic:

PROCESS: AttachsCommonsDisk
BEGIN:
« Interpret tne request: It contains the File number,
load type and read/write 1indicator desired «
« CALL CommonsDisk$Attach - open the disks, verify
access and attach disks to available drives «
IF: % Successful AND Loads$Type 1is Immediate «x
THEN: » Prefetch first set of disk's tracks to cache «
» Enqueue an output message, containing the function,
the status, the first drive to which a new disk was
attached, and the quantity of drives attached «
END: AttachsCommons$Disk

4.4.31.8 Attach-User-Disk: Request Handling Process

(cf: Fig 4.4.3h) When a user signs-on, all the user disks are
attached to drives. However, disks may be disconnected and
recuired later. The request contains the number of the wuser disk
required, not a disk's file number. If zero, 1t means that all of
the user's disks must be connected. It has the following
characteristic:

PROCESS: AttachsUsersDisk
BEGIN:
*» Interpret the request: It contains the number of the
user disk and the read/write indicator desired x
» CALL UsersDisk$Attach =~ verify wuser has the disk(s),
open the disk(s) and attach to available drives
* Enqueue an output message, containing the function,
trhe status, the frst drive to which a new disk was
attached, and the quantity of drives attached «
END: AttachsUsers$Disk
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4.4.31.9 Detach-Drives: FRequest Handling Process

(cf: Fi1g 4.4.31) This processes a request to detach disks from a
node's drives, The request specifies the starting drive and the
quantity of drives to detach disks from. It has the following
characteristic:

PROCESS: DetachsDrives
BEGIN:
» Interpret the request: It contains the first dr  and
the quantity of drives from which to remove di.is «
» CALL Dr.vesMap_Detach «
END: Detachs$Drives

4.4.3410 Change-Operating-System: KRequest Handling Frocess

(cf: Fi1g 4.4.3)) The process handles requests for a change 1n
operating system. It has the following characterist:c:

PROCESS: RqstsC
BEGIN:
» Interpret the request: It contains the number of the
operating system desired
IF: » The requested operating system 1is not current =«

THEN:
* Current.OS$Num :: Rgst$0S «
» CALL AttachsOS - Detaches all drives, attach (he

operating system with a directory disk and user
disks. If an error occurs, attach default 0.8, «x
END: Rqsts$0S
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4.4.3.2 Node-Server FProcess: Local Resources

The node-server process must have local resources which reflect
the current status of the lLink. This 1ncludes an 1image o~ which
d :Ks are connected to the client's drives, the characteristics
ot the current user, and the current outstanding request,

4.4.3.24 Drive Map

This resource maps each of a node's disk drives, to the open disk
entry of a pseudo-disk currently connected to the drive. There 1s
a similar map maintained at each node's network interface
=~ although here, the drives are mapped to the file numbers of
pseudo-disks (cf:section 3:3) Clearly, any change in the
server's map must be coupled to changes at the node's map.

Data Description

DrivesArray: Consists of an array, with an entry for each
drive. Each entry shows the Open Disk Number (in the Open
Disks Map) of the pseudo-disk connected to this drive,

FPermsDrivesLimit: Any drives below this limit cannot have their
disks detached - the Ilimit must first be lowered. This is
used to ensure that there 1s always an operating system disk
connected as a node's first drive.

Operators

Init. This sets each drive as unattached, and the Permanent
limit  to zero.

Crunch: This 1s wused to tidy up after detachments. Attachments
are shifted to different drives until all the drives with
attached disks, are the low-numbered drives,

Set$Perm: This sets the PermsDrivesLimit to the highest-
numbered attached drive, making all the currently attached
disks ‘'permanent’ - 1.e. they cannot be removed via a detach
operation.

Attach-Disks: This takes the given open disk entry and quanti‘y
required, and locates sufficient free sequential drives -
this may require that the DNDrivesArray be crunched. The open
disk number (and sequential disk numbers, for quantities
greater than one) are attached to the drive(s).

Detach-Drives: Given a starting drive and a quantity, this will
remove disks from the specified drives - however permanent
drives will not be removed, It clears the entries 1n the
DriveMap, waits for any disks open for writing to be flushed
from the cache, and marks each of the disks closed 1in the
Open Disk Map.
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4.4.3.22 Current User Record

This 18 a single record used to store a user's characteristics
once he has signed-on - information is obtained from the
Usersinformation resource,

Data Description

There 1is a single record with the following items:

UsersNum: User number of the current user.

AccesssContig: Category of wuser -~ used Lo determine access to
applications.

MaxsQty: The quantity of user disks allowed for this user.

OSsNum: The current operating system 1n use, and connected to
the bootable drive,

UsersFilesNum: File numbers for each wuser disk are constructed
from the wuser number (cf: section 3.2.3 and fig 3.2.3.4).
DirsConnect: A link to the location of the wuser's disks >n the

server's disk.

Operators

Read and write uperations are available. An operator Zeros
CurrentsSettings resets each 1tem in the record .0 its default
value.

4.4.3.2.3 Current Requost

This stores the current request while It 18 being processed. Its
structure 1s that of an unstructured array, since each of the
requests has a different structure, The first entry 1is the
request function,
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4.4,3.3 Node-Se) ver Process: Furiher Sub-Processes

Further decomposition 18 required of those request handling
processes which 1invoive the attachment of disks. Processes can be
1solated which manage operations on resources to open user

® disks, attach user or common disks, and attach an operating
system. (A process to manage opening common disKs has already
been tdentified external.y to the node server). These form
sub-processes of request-oriented processes, which interpret the
action required by requests.

fhe ] The operations can fail at any stage (e.§. 1f access 18 denied),
requiring that the resources be restored to their original
states. Such complications are not presented (n the process
behav.our descriptions given. The sub-processes are tllustrated
in figure 4.4.3.3(a-d), and the modified request handling
processes in figure 4.4.3.3(e~)).

4.4.3.31 Attach QOperating System (Fig 4.4.3.3a)

This process manages operations required to connect an operating
® system to a node's drives. It must use the operating system

number to obtain the application containing the disks for running
I the operating system, and attach these disks. If a user 1s

connected, it must also attach a directory dai1sk  (for this
operating system and the user’s category), and the wuser's disks.
It has the following characteristic:

o PROCESS: Attachsos
BEGIN:
» Set Perms$Drive$Limit to zero «
» CALL DrivesMap_Detach - for all drives «
» Delete link in User Record to user disk locations -
disks for a different operating system are located
o in a different place «
» CALL Commons$DisksAttach - for the O0S8's file number «
IF: = No User 1is currently connected «»
THEN: » CALL DrivesMap Set$Perm «
‘ ELSE:
| *» CALL CommonsDisk$Attach for the directory disk «
) » CALL DrivesMap SetsPerm «
IF: » QGuantity of disks allowed user 1is not zero «
THEN:
‘ n Attach User airectory «
* Attach each user disk for write access «
END: AttachsOS

R
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4.4.3.32 User-Disk Attachment Frocess (Fig 4.4.33b)

This process manhages resource operations required to attach a
user disk to the first darive avallable. It invokes the
UsersDisksOpen, to first open the diskKs. It has the following
characteristic:

PROCESS: UsersDisksAttach
BEGIN:
» Receive the parameters of the request:
Disk: 1 .cicates which of the wuser disks 18 required
ReadsWrite: The read/write indicator of the disks «
» Check that the maximum user disks allowed for the
current user 18 not exceeded «
*« Construct a file number from the user number and Diskx
IF: (Disk : 0)
THEN: » All user disks for this user will be attachedx
ELSE: » A single wuser disk will be attached «
Repeat: » F.™ each daisk to be attached «
BEGIN:
» CALL UsersDisksOpen «
» CALL DrivesMap_Attach «
END:
* Return the first drive connected, the quantity
connected, and the status «
END: UsersDisksAttach

4.4.3.33 Common-Disk Attachment Process (Fig 4.4.3.3¢)

This process manages resource operations required to attach a
user disk to the first drive availlable, It invokes the
CommonsDisksOpen, to first open the disks. It has the following
characteristic:

PROCESS: CommonsDisk$Attach
BEGIN:
*« Receive the parameters of the request:
File$Num: File number of disks required
Loads$Type: Type of load required (Immediate/Flat)
Readswrite: The read/write 1ndicator of the diske
OS$Num: The operating system of the caller
AccesssConfig: The caller's category of access «
» CALL Commons$Disk$Open «
IF: % Successful «
THEN:
» CALL DrivesMap_Attach «
* Return output parameters: the first drive connected,
the gquantity connected, and the status «
END: Commcn$Disk$Attach
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44334 User-Disk Openin; Frocess (Fig 4.4.3.3d)

This process manages resource operations required to open a user
di1sk - making 1! availabte tc¢ be connected to a drive. It has the
following characteristic:

PROCESS: Users$DisksOpen
BEGIN:
» Receive the parameters of the request:
FilesNum: File number of the wuser disks required
ReadsWwrite: The read/write indicator of the disks «
x Search for File number in Open Disk Map »
IF » Disk 18 in Mao «
THEN:
* Mark Disk open in Open Disk Map fur the type of
access requested by Readswrite "»
» Wait until OpsTable_DiskssReady 1s true for this
disk entry 1.e ready for wuse
ELSE:
« CALL OpsTable_DisksAttach - create entry in the
Open Disk Map, for this disk «
» Mark disk open in the Open Disk Map for the type
of access required by ReadsWrite «
» HDs$Attach_OpensCreatesFile - 1link entry to file «
» Return the first drive connected, the quantity
connected, and the status »
END: UsersDisksOpen
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FIG 4.4.3.3 (i.3) - FURTHER DECOMPOSITION: NODE-SERVER PROCESS
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> IMPLEMENTATION OF THE MINIMAL FILE SERVER

The computer chosen or  preliminary 1mplementation of the file
server was an Intel] System 86/330A, The disk capacity of 30
Mbytes and RAM capacity of about 260 Kbytes after the operating
system has Dbeen loaded are 1nadequate for ~ruggested disk storage
and cache requirements. However, 1t was chosen on the basis of
its availability and that of a multi-tasking operating system,
the 1RMX~-86. Multi-tasking facilitates exploiting the natural
concurrency of the application, where a virtual serve 18
provided to each node 1n the network. The processes 1solated 1n
the design are readily performed concurrently, without the need
to 1mplement a complex scheduling algorithm.

54 THE 1RMX OPERATING SYSTEM

_—_ ===

The 1RMX 86 operating system 18 a multi-tasking real-time system
for the Intel 1APX 8086 microprocessor - enhanced versions exist
tor later Intel chips such as the 1RMX 286R for the 1APX 80286
(19, pp  390).

A Dbrief overview of the operating system 1s given here, with
particular attention to the features used 1i1n the file server. A
comprehensive overview 1s given in the Intel Introduction to the
IRMX operating system ([20), and [Tucker, 19).

The 1RMX 86 1s designed as a modular operating system, with a
layered architecture, allowing it to be configured to contain
Just the sub-systems required by the application. It consists of

the following sub-systems -~ all except the nucleus are optional:
= The Nucleus '3 the heart of the operating system providing
support for multi-tasking, multi-programming, mutual

exclusion, synchronization and inter-task communication.

= The Basic 1/0 System provides file management and the device-
independent 1nterface to 1nput and ou'put devices.

- The Extended 1,/0 System 1s an extens.on to the basic 1/0
system providing a simpler, more easilly used 1interface to
1/0 devices.

= The Human Interface provides an interface with a terminal-
baseq user, and support for an extensive range of
comm.: 1s,

= The Te., inal Handler allows a terminal to be used without
using the 1/0 system or Human interface.

- The Application Loader allows an application to load programs
and overlays from disk,

The operating system has an object-oriented design [19, pp 387).
A user creates and manipulates objects, referencing them via a

16-bi1t token, allocated by the system, The nucleus supports
seven objects = tasks, Jobs, segments, mailboxes, semaphores,
regions and extensions. The following sections cover each of

these object: and disk input/output features.

-5_1..



CHAPTER 5 - Implementation

- 78 B | Jobs

Jobs are the environments 1i1n which tasks operate. They provide
support for multi-programming - the ability to run 1n 1isolation,
more than one application simultaneously. 1asks 1n an application
are grouped 1i1nto a Jjob where they are protected from tasks 1in
atherr Jobs. Each Job has !ts own memory pool from which memory
i1s allocated when 1its tasks create objects. Each job maintains an
object directory which can be used to provide 'run-time binding’
-~ data shared between tasks 1in different jobs, through a task
cataloguing an object wunder  textual name which 18 Known by the
other task. The other task can obtain the token for the object
from the )Job's object directory, using this textual name.

S48 Tasks

Tasks are the active objects 1n a system. They are executed
concurrently, but only one task will actually be running at any
time.

A task 1s always 1n one of five execution states - asleep,
suspended, asleep-suspen ed, ready, and running.

- A task 1s asleep 1f 1t 1s waiting for a request (for an
operating system function) to be satisfied. Most requests
allow a task to specify the length of time which 1t s
prepared to wait. A task can also put 1itself to sleep for
a specified time-length,

-~ A task can be placed I1n the suspended state by another task
or by susperding itself. Each task has a suspension depth
reflecting the number of ‘'suspends' outstanding against
it The resume operation reduces this suspension <d.pth. A
task leaves the suspended state once it has a zero
suspension depth.

= The asl/eep-suspended state occurs when 4 Sleeping task 1is
suspended, It  will leave this state either when 1its
sleeping time expires, or another task resumes 1it.

- A task 18 ready 1 f it 18 not asleep, suspended or
Asleep-suspended,

= Only one task can be 1in the running state. This will always
be the task 1n the ready state which has the highest
priority.

A task has a priority associated with it - an 1integer value
between 0O (High) and 255 (Low). The priority 1s used in the task
queues of objects, and for the scheduling of tasks.

The scheduling algorithm 18 priority-based and pre-emptive., This
means that the system always executes the hignest priority task
which 18 ready to run. If another task with a higher priority
becomes ready, 1t pre-empts the current task.
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8.4.3 Segments

Occasionally a task needs additional memory. The nucleus provides
calls for allocating and de-allocating memory in objects called
segments. A segment 18 a contiguous Dblock of memory dynamically
allocated from a )Jobs memory pool. The token assigned to a
segment is the base address of ‘hat segment,

S5.1.4 Mailboxes

A mailbox 18 an object which provides for message queueing. it 1is
used to pass a token for an object from one task to another.
There are two queues, one for tasks wailting to receive objects,
and the other for the object tokens sent, Object queues are
processed first-in/first-out, while the task queue can bhe either
FIFO or priority-based - specified when the mailbox is c.eated, A
mailbox has a high-performance fixed-size object ryeue whose
memory space 18 permanently allocated when the matilbox 1s
created. Once 1ts size 1s exceeded the nucleus must allocate more
space, thereby slowing queueing operations.

9.4.95 Semaphores

Semaphores enable tasks to send signals to other tasks. A
semaphore 18 a custodian of abstract ‘'units'. Tasks request or
release a specific number of units, The semaphore allccates units
according to how many it has in 1its custody, It has a queue for

tasks walting to Dbe allocated wun:its. This task queue can be
either FIFO or priority-based - determined when the semaphore 1s
created, The semaphore can be wused to implement inter-task

synchronization and mutual exclusion,

$.1.6 Regions

A Region 1s an object that guards a specific collection of shared
data. Each task awaits its turn at accessing the region. Once it
gains access, the task cannot be suspended or deleted by other
tasks, wuntil 1t surrenders access. The Priority of the task that
has access, 1s raised temporarily if another higher priority task
18 requesting access. Nesting of regions (1.e, a task accessing
two regions simultaneously) can cause deadlock, where one or more
tasks permanently lock each other out of required resources
(21, PE9-5].

- 8 Extension Objects

)
It 1s possible to create customized objects which have the same
protection and control provided to {RMX standard objects. These
objects are called extension objects, Any instance ot an
extension object 1s called a composite object.

d
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5148 I/0 Features

The Basic 1/0 system provides the user with device-independent
1/0. It has two layers. The device driver provides the interface
between the hardware controller and the 1/0 system - there 1s a
device driver for each peripheral 1n the system. The file driver
provides the interface Dbetween user tasks and the 1/0 system,
through the provision of system calls. It supports two file
interfaces. The physica! file interface 1s wused on devices such
as printers and terminals which do not have a file structure,
althe''2h 1t can be used on disk devices as well. The named file
inte ‘e provides file organization on mass-storage devices.

Hierarchical file structuring 1s supported, This means that any
number of levels of directories are allowed, where 2 directory
contains files and/or further sub-directories. This aids choosing
unique file names, and provides quicKk-access, logical filing.

Fi1le access control 1s also provided. The job in which a file 1is
created owns the file This Job can specify other jobs which may
access this file, and exactly wha. type of access (read/write)
they are allowed.

Control over file fragmentation 1s also provided for, by allowing
each file to have 1ts own granularity. Space on the storage
device 1s allocated to this file according to this granule size,
This allows the wuser to trade off speed versus wasted device
space, both of which increase with larger granularity.

As mentioned, the 1RMX operating system has two input/output
sub-systems, where the extended 1/0 system provides a simpler
interface with synchronous 1/0, automatic buffering, and the

overlapping of 1/0 operations. It can perform read-ahead and
write-behind operations using 1ts buffers, on the assumption that
mostly sequential 1/0 operations are required. This 18 not

efficient for random-access 1/0 operations.

The Basic 1/0 system provides more flexibility, It allows a
customized buffering technique to be implemented. It also
. eguires synchronization between 1/0 and processing, allowing one
explicit control over overlapping 1/0 operations.

5.2 CODING PHILOSOPHY

The FL/M programming language was used due to 1ts availability on
the system. PL/M 1§ a high-~level, block-structured language
supported on Intel products. However, 1t 1s confined to the Intel
Corporation, which 1is an 1mportant concern for portability and
maintainability, Since final deployment of the file server 1is
unlikely to be on this machine and may not be in PL/M, the code
has been purposely structured to resemble PASCAL, to aid
understanding and translation.
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Some points on PL /M, need to be high-lighted [22).

The language is weaKly typed, the five basic types being
byte, word, double-word, integer and real. Arrays and
structured types are supported, although structures within
structures are not.

Character strings and their manipulation are not directly
supported.

Variable parameters are supported by passing a pointer to

the variable to the procedure, although abstraction of
purpose is not achieved.

- There is no -equivalent of the Pascal Repeat-UntU statement
and arrays are all subscripted from zero, which «can lead
to logical difficulties and some inflexibility.

While implicit initialization of variables is supported, explicit
mitializa* ion has been adhered to, since the feature is not
always available in other languages.

The coding then, in addition to being an implsmentation of the
design, also complements the design description of chapter 4. It
can be used as low-level program description code, for re-
implementation in another language or system. The listings also

provide the detailed data descriptions for resources, which were
not included in chapter 4, to avoid duplication.

5.3 CODING THE DESIGN

The structure of the design, /n terms of processes and resources
has been fully adhered to. Concurrent processes have been
implemented as tasks, while the mutual exclusivity of resource
access has been attained tirough the wuse of regions.

Appendix B contains the coding listings. The code for the file
server is distributed over a number of files. Rather than
presenting a single listing of the entire program with all of its
inclusions, each file is presented separately in the appendix,

and ordered to correspond with the description of the design in
chapter 4.

The file server 'main code’ (listing in Appendix B.2.1) combines
all  of these parts into a single program, through statements to
include the files for external resources (the Network-server
interface), internal resources, and processes. Execution merely
involves invoking the initialization process - which will
initialize resources and initiate the other processes

The program also includes files for global literal definitions,
the external procedure definitions of operating system calls
used, and a set of simple string functions. The string functions
required for comparison (e.g. of passwords) and concatenation
(e.g. to construct file names ), are not available in PL/M,
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