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.
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- 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 tu be high-lighted (22).

- The language 18 weakly typed, the five basic types being
byte, word, double-word, 1integer 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 18 not achieved.

- There 18 no equivalent of the Pascal Repeat-Until statement
and arrays are all subscripted from zero, which can lead
to logical difficulties and some inflexibility.

wWhile 1mplicit 1nitialization of variables 1s supported, explicit
initializa*tion has Dbeen adhered to, since the feature 18 not
always available 1I1n other languages.

The coding then, 1i1n addition to being an implementation of the
design, also complements the design description of chapter 4. It
can be used as low-level program description code, for re-
impiementation 1in 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, in terms of processes and resources
has been fully adhered to. Concurrent processes have Dbeen
implemented as tasks, while the mutual exclusivity of resource
access has been attained through the use of regions.

Appendix B contains the coding listings. The code for the file
server 1s distributed over a number of files. Rather than
presenting a single listing of the entire program with all of 1ts
inclusions, each file 1s presented separately 1in the appendix,
and ordered to correspond with the description of the design 1in
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 externa) resources (the Network-server
interface), 1internal resources, and processes, Execution merely
involves invoking the initialization process - which will
initialize resouvces and 1initiate the other processes.

The program aiso 1includes 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.§. of passwords) and concatenation
(e.8. to construct file names ), are not available in PL/M.
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9:3.4 Processes

The concurrent processes of the design - processes for queue
producing, disk-reading, disk-writing, completing-sends, and the
node servers - are 1mplemented as tasks coded as PL/M procedures.

They are initiated as tasks by the initialization procedure,
which 18 called by the file server main code. The node-server
tasks are created by the queue-producing task, when it receives
requests from a node for which a server does not yet exist.

when tasks are created, they are assigned a stack segment, data
segment and a pointer to the first instruction of the new task.
In this sense they become running instances of a particular
sequence of code. This allows multiple tasks to concurrently
execute the same code, but with separate data and stack areas,
This feature has been utilized 1n the code for the node-server
processes, which therefore has to be re-entrant.

Sub-processes within the above processes, have also been coded as
procedures. They are activated by ordinary procedure calls from
tasks. The disk-open process 1s a sub-process to both the node-
server and initialization processes (listing 1in Appendix B.5).
Node-server sub-processes are grouped 1into ‘'request’ procedures
(3rd  -level, c¢f Appendix B.4.3.4), which 1interpret requests for
each available function, and the ‘’serving’ procedures (4th-level,
cf Appendix B.4.3.3), which perform actions required by the
drd-level functions.

5.3.2 Scheduling o2f Tasks

A simple strategy for the scheduling of tasks was taken as a
first step. It was based on the disk being the critical resource
and limiting performance of the file server. The Disk-Read
Process was given the highest priority, and will take control
whenever 1t ¢ not waiting for the disk or for a read request.
Even at full .cad, 1t should spend sufficient time walting for
disk accesses, allowing the other tasks take control.

The other tasks (Disk-Write, GQueue-Producer, Complete-Sends and
all Server tasks) were given equal priority. A running task loses
control when 1t has to queue to access a resource. It will also
yleld control when 1t must wait for something to happen to a
resource before continuing (e.g. A server task must wait if 1its
node's queue has no entries, or for the cache to have certain
tracks marked present by the disk-read process). In this case 1t
ylelds control by sleeping for a zero time length, which has the
effect of placing the task at the rear of the queue of tasks
which are ready to run.

This use of the sgleep state gives these tasks a polling type
characteristic, When 1dle, they do not wait wuntil an event has
happened, but continuaily become active to check whether an event
has happened.
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5.3.3 Resources

Resources have been coded as collections of data structures, and
the procedures which operate on these data structures. The
requirement, that processes only affesct the resource data
structures through the operations provided, has been adhered to
in  the code.

Static allocation of memory for resources was preferred. However,
large data Dblocks 1in the cache and sector pool, were allocated
dynamically with requests for 1RMX se¢ments - this was done at
the 1initialization of the resources. Uynamic allocation was also
necessary to obtain segments which could be used to send disk
read requests via a mailbox.

Regions have been wused to achieve mutual exclusion, for resources
used by more than one task. A process must receive access to the
re*gion Dbefore performing operations on the resource, after which
it must release this region. This leads to two restrictions which
were considered when coding.

- Each task must release a region as soon as possible, since
other processes may be awaiting access to a rergource. This
especially means that while accessing a resource, disk
operations must be avoided.

- when a task requires access to more than one region
simultanenusly, 1t must request access 1i1n a specific order

and release the region in reverse order. If this
convention 18 not adhered o, such nested access can lead
to a deadlock problem - where two tasks each require the
region to which the other task has access before they can
proceed.

Semaphores which can also implement mutual exclusion, were not
used because of the following Jlimitations.
= Low priority tasks which currenuiy have control of the
semaphore, do not have their priorities raise¢ i1f a higher
priority task 1s waiting for the semaphore.
= A task can Dbe suspended even while 1t 18 accessing a
semaphore,
This means that high priority tasks (e.g. the Disk-Read task) can
be delayed indefinitely, while a lower priority taszk has control
of the semaphore. These limitations do not apply to regions
(21, pp9-3).

In the Common Disk Open process, 1t was necessary to nest
access's Lo regions. First the Common Information Resource must
be accessed, and then the Open Tables Resource, s0 that the
Common Information file 18 not wused again, betore the application
18 attached to the Application Map. Since this 18 the only
instance of nested regions, deadlock will not occur (cf:24,
Pp9-5, for further discussion of the deadlock of nested regions)
However, any further development requiring nested regions, must
maintain this order of accessing 1i.e. the Common Software
Information Resource before the Open Tables Resource,

- 87 -



CHAP!T R 5 - Implementation

5.3.4 Queue Resources

—_—

Extensive use of mailboxes could not be made, since the queues of
the external resources need to bhe accessed by the network process
which runs on a different processor and not under the |1(RMX
operating system. These queues were constructed with a fixed
pool-size 1n static memory.

The Disk-Read Queue was fully implemented wusing an 1RMX mai'box
and the mallbox operations of Send$Message and ReceijvesMessage. A
segment has to be dynamically created for each request sent from
the cache +to the Disk-Read Process.

5.3.5 External Resources

The external resources comprising the network interface are

shared between two processors - that of the file server computer,
and the network interface umt which performs the network
process The shared data struccures are located 1in the file

server’'s memory, to which the network processor has direct
access. The two processes must have their own set of operators
which they employ to operate on the data structures, Operators
required by the network process have bYeen included 1in listings
for the sakKe of completeness.

The external resources also have regions guarding the exclusivity
of the resource from multiple server tasks. However, 1t was not
possibie to use regions to achieve mutually exclusive access

between the file server and network processes - the network
process runs on 1ts own processor, and not under the iIRMX
operating system. Instead, a system of three semaphores was

used, whose Jocations 1in the f{ile server's memory are Known by
the network processor.

Mutual exclusion was applied only to the accessing of critical
control variables in the resource - in a multi-processing
env.ronment, 11t would Dbe nefficient to exclude access to the
whole resource [18) The operators used by the file server and
the network processes must gain access Lhrough the semaphore,
before they update the r2source's control variables, These
operators therefore include the routines to gailn access through
the semaphore,

The file server and network processor each have two
access-related routines, Cne routine requests access for the
process and the other releases the semaphore, There are three
semaphore variables, One indicates whether the file server has or
18 requesting access, and another whether .he network has or 1s
requesting access. The third 1ndicates whether the resource 1s
currently being accessed,

There 18 a set of these semaphores und semaphore access routines,
for the Network Input QGQueue, Network Output Queue and the Sector
Pool (cf: Appendices B1.4, B2, and B.1.3)., Semaphore access
routines required by the network process have been i1ncluded 1in
listings for the sake of compleireness. The mechanics of obtaining
access can be described in PDL as follows:
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VAR x Access Semaphores »

81 Boolean » 18t Process has or 18 requesting access

S? Boolean x 2nd Process has or 18 requesting access «

83 Boolean «x Access to the resource has been granted
to one of the Processors =«

PRCCEDURE: Process-i1sAccess

» This process 18 g.ven priority = normally the consumer
BEGIN:
IF » 2nd Process 1is not requesting access i.e. S2 : False «
THEN:
n ist process requests access - S{ = True =
REPEAT:

» Wait until the 2nd processes request is decided
UNTIL: » S2 1s false CR 83 18 true - 2nd process
has backed off or has gaired access «

IF « 2nd process has since gained access i.e. S2 : true

THEN: » The &nd process has access =~ Si := False «x
ELSE' » Grant access - 83 = True =«
« Return the value of St - True 1f access 1s granted «

END: Process-i1$Access

PROCEDURE: Process-i$Release

BEGIN:
83 it False
S1 = False

END: Process-1$Release

PROCEDURE: Process-2s$Access
* Normally the producing process «

BEGIN:
IF « st process 18 not requesting access i1.e. Si = False «
THEN:
% 2nd process requests access - S2 = True
IF » 1st process has since requested access 1.e. Si:True
THEN » Back-o’¥ to allow 1st access - 82 :: False «
ELSE » Grant access - 83 :: True;
» Return the value of S2 - True 1f access 1s granted «

END: Process-2$Access

PROCEDURE: Process-2$Release

BEGIN:
83 : False
f2 : False

END: Process-2$Release

Each process nas its own exclusive semaphorc which 1indicates that
It has requested access, but the third semaphore indicates that
access has been granted. Three semaphores are necessary, to take
into account the complete asynchronousity of the two processes.
One  process may advance any number of steps while the ather
advances Just one, The above algorithm deals with the
complication that a process may request access, check that the
other process 18 not requesting access, but by the time it has
set Its semaphore the other process has s.nce requested access,
or may even have received access.
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5.3.6 1/0 Operating System Features

The Extended 1,0 system (L10S) was wused both for disk operations
involving pseudo-disk files and for the files containing data
used by the system. All system calls are therefore synchronous,
and tasks wait for completion of a disk operation before
requesting another (1.e. disk operations were not overlapped).

Buffering was not wused on pseudo-disk file operatiuns., Instead,
tracks are read from the files directly toc the required place 1n

the cache. This avoids the 1nefficiency of copying long Dblocks
of data from buffers to the cache, after they have been read
from disk. The cache performs 1ts own prefetching strategy.
Buffering was used for the data filles of the user- and

common-disk information, and configuration resources,

File access protection, provided by the opera‘ing system, has not
been utilized, since it strictly coni.rols access of d'fferent
Jobs to a file. The file server 1s a single Jjob and all 1ts tasks
have access to its files. Access and protection features of
pseudo disks are provided at the application level.

The connections to file and directory locations, required 1in the
Open Disk Map and Open Application- Map (of the Open Tables
Resource) and the Current User Recoru, are provided via tokens.
The textual names of locations can be discarded after making
these connectione.

The granularity of pseudo-disk files was added as an extra fiela

in the characteristics of an application, allowing optimum
granularity to be chosen for each. (It should be a multiple of
two (PC) floppy disk tracks - 1ie. 9 Kbytes - c¢f: Sect 5.3.8).

5.3.7 Use of Other IRMX Features

The file server was <treated as a single Jobd in the 1iRMX system,
containing all available memory. It sets 1tself up as a Jjob, 1in
the ’'main’ code prior to calling the 1nitialization process.

An 1RMX semaphore was wused for synchronization when passing
parameters to a newly created node-server task. The semaphore
allows the task to access a common variable of the queue-
producing task, to determine which node-number it . to serve.

5.3.8 Alterations Lo the Desigr

An alteration was necessary 1n 1implementing the cache, due to a
discrepancy R the sector-size of the server's disk, and of
client floppy wu.iSks. At the client , (in MSDOS), the sector -size
i1s 512 bytes, while for the servers disk 1t 1s 1024 Dbytes. It 1s
therefore 1mpossible to read a single track (or an odd number of
tracks), or to write a single sector of the pseudo-disk, to the
server's disk efficiently. The basic data unit of the cache has
therefore been changed to a double-track, which 18 a whole number
of sec’ors on the server's disk. When writing from cache, an even
number of sectors are written, w.alch coincide with the server
disk’s sectors.
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5.4 FUTURE WCRK

The file server was never fully i1mplemented, since during the
project, the physical interface of the network on which the
server 1s based, was abandoned. This floppy disk drive interface
was the entire motivation for the architecture of a file server
based on pseudo-disks. The resulting limitations due te floppy
disk size and requests for entire tracks 7 Chapter 2),
infiuenced the File Server's design.

With the limitations/restrictions imposed by the floppy disk
based tnterface removed, the file server's design could b»
revamped. However (as argued in chapter 7), there might still be
merit in retaining the underlying attachment/detachment mechanism
required for floppy diskKs.

If the server was further implemented, either as is or with
changes, the following areas would need attention,

A major problem was encountered with the implementation in PL/M
0f multiple node-server processes. Such code is required to be
re-enterable, for multiple tasks to use the same code segment.
This entails that storage for variables is allocated on the
task's stack, and not 1n a static data segment, However,
procedures declared tc¢ be 'REENTRANT’, are not allowed to contain
nested procedurss [22, pp 8-10). Code for the serving process,
contains many levels of nested procedures, and it could not be
re-written as a single, very long procedure,

A solution would be to include 1in the server program, multiple
copies of the node-server process, with different names. A singie
task would be :reated ifor each copy of the code. However, such a
solution 1involves including about 40 copies of this process -
which would far exceed currently available mewory. It could
nevertheless be used as a temporary solution, by including a few
coples of the process, to allow testing of the file server.
Ultimalely, the system would have to be re-coded 1in a Janguage
which fully supports re-entrancy.

Scheduling of tasks could be ir roved. Scheduling could be made
more efficient 1 f 1ts polling characteristic were transformed
into an interrupt characteristic, where a task waiting an event
suspends itself wuntil 1t s resuimed by another task. Although
disk reading 1is of higher priority than that of writing, once the
Disk-Write process has control it should be allowed to perform a
number of writes to a pseudo-disk before the disk head 1s allowed
to move elsewhere. A semaphore could be used 1n disk operations
to achieve this. Another possible extension s to allow task
priorities to be flexible, The write task priority could be
increased when the length of the write list in the cache gets too
large, to allow 1t to deal with many write operations.
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Only the 1interactive serving process of the minimal rile server
has been coded. The proje t never reached the testing phase, so
extensive testing is stal) necessary and thie requires the
existence of the data files for applications and wusers. Off-line
management functions through which these files can be created and
modified must still be written - essentially this involves
standard database editing features. Integrated testing within the
network can then be performed and performance evaluated -
however, actual performance measurements will require some
interpretation, since file server performance 18 heavily reliant
on caching (cf:section 2.3.3), while the cache size 1is nominal.
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The central function of the file server 1s the exchange of tracks
and sectors Dbetween clients and the pseudo-disk files on the
server's disk. As such, the minimal functions required of the
file server have Dbeen identified as thos® involved with exchange
of disk data, establishing wuser connections and the swapping of
disks attached to drives,

However, other issues remain, such as the provision of printing
services, the collection of student files for marking by the
analysis machine and a condense-and-compact function for
eliminating fragmentation within the pseudo-disks. in addition,
for the server to be used In a more universal context outside the
specialized education environment, 1t would Le desirable that it
can be extended to support a variety of functions associated with
high level servers (cf Section 1.3).

This chapter attempts to establish how these functions could be
implemented, and 1if they are feasible, In all of this 1t 1is
important that the efficiency of data transfer 1s not effected
through these functions overloading the capabilities of the
server machine,

6.1 COMPACTION AND THE CORTIGUITY OF ’'DISKS'

The 1implications for performance due o0 fragmentation within the
pseudo-disks was discussed in section 2.3, and the need for a
condense facility to remove this fragmentation was established.
At the same time the pseudo-disk files can be compacted so that
they contain only that part of the disk which contains data.

Compaction involves reorganizing sectors within the pseudo-disk,
and altering file structure information (e.g. directory
information), to reflect the new order. The compaction algorithm
1s therefore heavily dependent on Kknowledge of the file system of
an operating system, so that this facility should only be
provided for operating systems which would be widely used on the
system.

In M7-DOS this involves finding each file on the pseudo-disk, and
choesing new contiguous clusters for the file, The starting
cluster 1in the file entry 1n 1ts containing directory and the
file allocation table (FAT), must be corrected. Ideally one would
have two copies of the pseudo-disk in memory - the original, and
one for storing the corrected disk. The latter (an be copied to
the pseudo-disk file when it 18 complete. A less memory intensive
approach might have to be used.

Compaction need only be pertformed on disks which have been

updated when a disk 1s opened for writing, the disk-ID must be
logged n a file recording all pseudo-disks which have been
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The centra! function of the file server 1s the exchange of tracks
and sectors Dbetween clhients and the pseudo-disk files on the
server's disk. As such, the minimal functions required of the
file server have Dbeen identified as those i1nvolved with exchange
of disk data, establishing wuser connections and the swapping of
disks attached 1to drives.

However, other 1ssues remain, such as the provision of printing
services, the collection of student files for marking by the
analysis machine ana a condense-and-compact function for
elininating fragmentation within the pseudo-disks. In addition,
for the server to be used In a more universal context outside the
specialized education environment, 1t would be desirable that 1t
can Dbe extended to support a variety of functions associated with
high leve| servers (cf Section $.9)

This chapter attempts to establish how these functions could be
implemented, and 1f they are teasible. In all of this it 1is
important tha' the efficiency of data transfer 18 not effected
through these functions overloading the capabilities of the
server machine

£ 1 COMPACTION AND THE CONTIGUITY OF ‘DISKS’

The implications for performance due to fragmentation within the
pseudo-disks was Jiscussed I1n section 2.3, and the need for a
condense facility to remove this fragmentation was established.
At the same tUime the pseudo-disk files can be compacted 8o that
they contain only that part of the disk which contains data.

Compaction involves reorganizing sectors within the pseudo-disk,
and altering file structure information (e.g. directory
information), to reflect the new order. The compaction algorithm
is therefore heavily dependent on Kknowledge of the file system of
an operating system, S0 that this facility should only be
provided for operating systems which would be widely used on the
system

In MS5-DOS this involves finding each $ile onr the pseudo-di*K, and
choosing new contiguous clusters tor the file, The starting
cluster in the file entry 1I1n 1ts containing directory and the
file allocation table (FAT), must be corrected. Ideally one would
have 1two copies of the pseudo-disk 1n memory - the original, and
one for storing the corrected disk. The latter can be copied to
the pseudo-disk file when 1t 18 complete. A less memory intensive
approach might have to be ured,

Compaction needa only be performed on disks which have Dbeen

updated, when & disk 1s opened for writing, the disk-ID must be
logged in a file recording all pseudo-disks which have been
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altered. A compaction task would operate 1i1n the background, where
a disk-ID 1s dequeued and the compaction algorithm performed 1f
the disk 18 not 1in use,

6.2 ANALYSIS MACHINE LIKNK

Part of the envisaged system 1s a machine for the analysis of
student programs. This would include the marking of test
solutions, and provision for on-line analysis as an aid during
laboratory sessions. The analysis machine has to use the file
server to obtain the wusers' files and to return the results of
the analysis to students. However, whereas the analysis process
1s performed on files, the linkK 1s not file-based, but orientated
to the provision of pseudo-disks.

The analysis machine could obtain the wusers files by switching
students' pseudo-disks 1uto 1ts drives from which 1t can read the
files to Dbe analysed, and on which it can record 1ts results.
Although this 18 the simplest approach to implement, some
complications arise,

= The files to be analysed will need to have a standard name
s0 that the analysis machine can locate them on the
student's pseudo-disk.

- Pseudo-disks have the characteristic of allowing only single
access 1n write mode. This 18 satisfied during the marking
of tests, but when analysis 1s required as an on-line aid,
both the student and the analysis machine rcquire write
arcess to the student's pseudo-disk. This means that the
request for analysis shouid result in the user's disk
being switched out of his drives and only switched back 1in
once the analysis 18 complete. This leads to undesirable
'dead-time' for the user.

= The analysis machine needs to read files from the pseudo-disk
and thus wiil have to be running the same operating system
as that wunder which the wuser's pseudo-disk 18 used. Since
t'e analysis software runs under MSDOS [2), only MSDOS

pseudo-disks could oe analysed. Currently this presents no
problem since all student assignments are associated with
MSDOS, but ' 4 18 undesirable to preclude future
assignments based on other operating systems. Instead 1t
would be preferable that a file “ irrespective of the
operating system in which 1t was produced - and not a

pseudo-disk, be passed for analysis.

Alternatively, mechanisms must be provided which 2'low single
files to be sent for analysis. The complication 18 h v to achieve
this given the block-orientated nature of the link.

One possible method would be to copy the required file to an
improper pseudn-disk, The concept of an 1mproper pseudo-disk was
introduced to achieve a directory disk which could bpe accessed
under any operating system (cf section 3.2.7). Such a disk dces
not contain files stored according to a particular operating
system’'s file system, but contains a single file stored on
consecutive sectors of the disk. Reading of and writing to the
disk require direct sector accesses. When reading the file, there
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1§ no way of determining how many sectors i1n the file, and where
the file ends - which may be midway through a sector. Therefore,
when the file 18 written, the first bytes should contain the
byte-length of the file,

wWhen a user |issues a request for analysis, he specifies the file,
A temporary pseudo-disk 1s created on the server - wi'hin an
analysis section and named after the user and the file name - and
1§ attached to one of the user's free drives. The required file
1§ copied to the disk, which 1s then switched out of the drive,
and the name logged 1Into a list of {iles awaiting analysis. Once
the analysis machine 1is ready, 1t attaches the disk to one of 1ts
drives and coples the file across to 1its own disk. The temporary
pseudo-disk 1s then deleted.

Returning the results of the analysis, 18 a rough reflection of

the above, Once complete, a new 1mproper disk 1& created - with
its name based on that o the original request - and the result
file {from the analysis copied to 1t. The user can at any time
1ssue a request to recover the results of the analysis - the

attempt will adli i f the analysis 18 not vyet complete. 1t
successful, the result file 1s copied to the wuser's disk, and the
result disk i1s deleted.

This removes the problems of being tied into a particular
operating system, the need for standard file names and of user
'dead~time’',

6.3 PRINTING SERVICES

It 1s desirable to have a nhigh speed printer as a shared resource
on the networkK. This necessitates a printing service presented to
each node, which schedules (and Keeps isolated) individual
printing requirements.

Once agailn however, printing, which 18 byte or file oriented, has
to Dbe achieved on block structured linkK.

It 18 attractive to trap the printer output at each node
computer, and redicect this to the server, so that the network
18 transparent to existing software which uses the printer.
However, 1t would be exceedingly inefficient for the network, if
each byte sent to the printer was sent as a message to the server
(since each messages entalls writing a sector).

In addition, 1t 183 1mportant that parts of printouts from
different nodes are not interleaved, Instead, 1L I8 necessary
that the entire print 13 accumulated before 1t 18 released for
printing. This consideration does not exist in single user
situations, where software sends data to the printer as it
becomes availaole. The user will have to 1issue a command to
pertorm the print of what has been accumulated.
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The suggested approach 18 to have a single fi e improper
pseudo-disk attached to a drive at the client, which 1s dedicated
for printing purposes. Once again, the first part of the data can
be used t¢ 1indicate the length of the printout.

A routine at the client would have to trap and accumulate 1in

memory, any datez sent to the printer, As sufficient data 1is
accumulated, sectors can be written to the current position on
the print disk. wWhen the wuser 1sfues a command to complete

printing, the remaining data 1i1n memory can be written to the
print disk, and the correct length of the printout 1inserted at
the start of the disk. A ccmmand 18 then sent to the file server,
requesting 2 printout.

when the server receives the request, 1t must rename the file
holding the pseudo-disk of the wuser's print disk and enqueue this
file for printing. (A new pseudo-disk file must be created for
the user's print disk).

Printing at the server 1involves dequeuing a file, interpreting
its length, and sending 1t byte by byte to the printer.

64 FILE TRANSFER

—_—— ——_——— =

As mentioned, the service 18 oriented towards the provision of
pseudo-disks and not the transference of files, Yet certain file
manipulation can sometimes not be achieved directly within this
approach

A means of file transfer using a single file 'improper’
pseudo-disk was introduced, for the collection of student's files
to be analysed, and for printing purposes. This same technique,
can be wused to allow the transfer of files between different
cperating systems and between differ=~nt users. The ‘'improper'’
18K 18 used as an intermediary. Since the transfer 1s not
node-to-node, but by way of the file server, the transference of
files Dbetween wusers can be well controlled from the server. This
would allow transfers to be jrevented during tests.

An alternative 18 to allow requests to the file server to refer
to files on the pseudo-disk. Although the server views a
pseudo-disk as a single file, it would be possible, given
Knowledge of the file structure on the pseudo-disk, to extract
particular files, This feature could be provided for the
most-used operating systems, where intra-pseudo-disk manipuiation
based on Knowledge of the file structure 1§ already necessary, to
achieve compaction and contiguity (cf section 6.1),

This would allow the collection of files for analysis and the
printing of files to be achieved somewhat more efficiently, Using
this approach, a request would specify the file, which the server
could extract from the pseudo-disk, and send directly for
prinuing or analysis, The former method 1involved the user copying
the file from his user disk to another, single file, pseudo-disk.
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Effectively, this means that the file 1s transferred first to the
user and then back to the file server, before the file was sent
for printing or analysis.

6.5 SHARED DATABASES

Presently, concurrent use of disks 18 confined to when the users
require read-access only. This places limitations 1in support oOf
shared data-bases, where simultaneous access with the possibility
of update, 18 necessary.

Support of shared data-bases would generally entail allowing for
the concurrent access and update of these data-bases, by
different users. Such concurrency control 18 given considerable
support i1n high level file-servers (3, pp359, pp370). Thus, while
concurrent update was not in the original scope of the
educational application, 1t 1s desirable that the system can Dbe
upgraded to support 1t should 1t become necessary - particularly
1f the system 18 to have more general application.

Te allow the concurrent update of a pseudo-disk, 1t Is necessary
to ensure that a single consistent view of the disk 18 maintatned
on the network. This means that the distributed system of caching
(1.e. caches at the disk emulators of client nodes) must Dbe
disabled for all disks supporting shared update, These caches
allow the proliferation of multiple versions of the tracks of a
pseudo-disk, since tracks held at an emuiator would not Dbe
affected when another client updates those tracks at the file
server,

Section 1.3.7 introduced the two-phase locking mechanism used to
achieve synchronization of concurrent accesses. Here ‘'locking'
obtains exclusive access to a region of data, while ‘unlocking’
releases the region, Software must adhere Lo the following
characteristic for accessing regions,
- Request the required data region(s). If successiul, the
server locks the regions against further accoss.
= Complete the ‘'transaction’ on the region,
Release the region(s)
Once released, the data at the client must be considered void,
and any further transactions 1involving 1it, must require another
request tc the file server.

This locking protocol can be used for concuLrrency control in the
access of pseudo-disks, There are however some limitations 1in
what can constitute a data region,

File-locking s unsuitable, because the link 18 disk-based, and
the +file server 18 1gnorant of what constitutes a file at the
client, This obviously precludes any regions which are portions
of a file, sucn as database records within a f{ile. Regions which
can be controlled by the server, must therefore be physical
blocks on the pseudo-disk - either the entire disk, a fixed block
(track or sector), or a variable sized Dblock.
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