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a computer system having this architecture.

A computer system having a client-server architecture
comprises a set of software modules known as clients and a
further set of software modules, known as servers, for
serving requests from the clients to run jobs. This type of
architecture enables jobs from the clients to be distributed
among the servers. - The servers may be of similar or
differing types. With this type of architecture, it is
desirable to provide a mechanism £for controlling the
scheduling of requests by the clients to run jobs on the
servers. _

According to one aspect of this invention there is
provided a computer . system having a client-server
architecture, said system comprising: a set of clients; a set
of servers for serving requests from the clients to run jobs;
means for managing requests from the qlients to run jobs on
servers; and means for loading jobs on to servers; said
reguest managing means being arranged to receive regquests
from the clients and, on receiving a request, to perform the
following operations: check if a server is free to run the
job; if a server is not free, put the job on a queue for jobs
each of which_is ready for egecution when a server becomes
free; and when a server is free to run a job, instructing
said job loading means to load a job on to the server.

The provision of a queue for jobs each of which is
ready for execution when a server becomes free enables the
computer system to deal with the situation where clients are
requesting jobs to be run on servers at a time when a server
is not free to run the jobs.

According to a second aspect of this invention there
is provided a computer system having a client-server
architecture, said computer system comprising: a set of

clients; a set of servers for serving requests from the
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resource is not free, put the job on a queue for jobs each of
which is waiting for a resource to -become free. _

According to a third aspect of this invention there is
provided a method of operating a computer system having a
client-server architecture, said computer system comprising
a set of clients and a set of servers for serving requests
from the clients to run jobs, for each request made by a
client to run a job on a server, said method comprising the
steps of: '

checking if a server is free to run the job; and

if a server is not free to run the job, putting the
job on a queue for jobs each of which is ready for execution
when a server becomes and _

when a server is free to run the job, loading a job on
to the server. '

According'to a fourth aspect of this invention there
is provided a method of operating a computer system having a
client-server architecture, said computer system having a set
of clients and a set of servers for serving requesfs from the
clients to run jobs; for each request made by a client to run
a job on a resource accessed by a server, said method
including the steps of: checking if the resource is free to
run the job; and, if the resource is not free, putting the
job on a gqueue for jobs each of which is waiting for a

resource to become free.

This invention will now be described in more detail,
by way of example, with reference to the drawings in which:
Figure 1 is a block diagram of a network manager and
associated element managers and local exchanges, the network
manager including a computer system embodying this invention;

. This Sheet Has Been RTlaced

T

y



each of which is ready for execution; and when jobs are

wai ting oW@3¢/BB6dLeue and a server becones free as a result PCT/GB9S/01705
conpletion of a previous job, to select as the next job to be | oaded onto a
server a job which is destined for the sane Besource as the previous job.
According to a second aspect of this invention there is provided a
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modules which form the transaction processing component of

5 the network manager of Figure 1 together with its
relationship to the other software components; |
each of Figures 4 to 6 is a flow chart illustrating
the operation of one of the modules of the transaction
processing component; '

10. Figure 7 is a block diagram of set of computers which
together form a computer system having a client-server
architecture; and

Fiéure 8 is a block diagram of the hardware components
of the network manager shown in Figure 1.

15 Referring now'to Figure 1, there are shown three local
exchanges 10, 12, 14 which form parf of a public
telecommunications network. Although not shown in Figure 1,
‘the local exchanges are connected to trunk exchanges and the
trunk exchangeé are all fully interconnected to each other.

20 The local exchanges 10, ‘12, 14 are managéd, respectively, by
element managers 16, 18, 20. The three element managers 16,
18} 20 are managed by a network manager 22. Although not
shown in Figure 1, each of the remaining exchanges of the
network is managed by a respective individual element

25 manager. The element managers are managed by further
network managers, not shown.

Because of the complexity of an exchange, each
exchange is provided'with an individual element manager. By
way of modification, the exchanges may be managed directly by

30 the network manager 22 without the intermediate use of
element managers. Element managers are also provided for the
other elements of the network, such as multiplexers, and each
of these element managers manages typically many individual
elements. ‘These further element managers are managed by one

35 or more further network managers, not shown.

The network manager 22 sends instructions to the

element managers for configuring the exchanges managed by
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operating state and pass this data to the network manager 22.
The network maﬁager 22 has a database in which is stored data
relating to the state of the exchanges.

The general arrangement of network manager 22, element

10 managers and exchanges managed by the element managers as
described above with reference to Figure 1 is well known to
those skilled in the art. By way of example, the local
exchanges 10, 12, 14'may'be System X exchanges manufactured
by GEC PleéSey Telecommunications plc. The network manager

15 22 is implemented as a computer. Thé main hardware components
of the computer which implements the network manager 22 are
shown in Figure 8. These comprise storage 60, a central
processing unit (CPU) 62, a visual display unit (VDU) 64, a
keyboard 66 and input/output ports 68.  The storage 60

20 comprises hard diéc memory, random-access-memory (RAM) and
read—only—memory‘(ROM). The software which controls the
computer is stored in storage 60. The software includes a
client-server architecture embodying this invention. The
software of the network manager 22 will now be described in

25 more detail with special reference to the client-server
architecture.

Referring now to Figure 2, there are shown the main
software components of the network manager 22. These
comprise a set of applidation programs 30, a user interface

30 32, a transaction processing component 34, a database 36 and
a communications stack 38. Although not shown, the
components also include the operating syste- for the computer
which implements the network mahager 22.

The application programs 30 are the programs which are

35 responsible for sending instructions to the element managers
and receiving data from them. The construction of such
programs for a_network manager is generally well known to
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of the netmogk nanage%&%u&g%ggggggggea;“the database mentioned above which

contains data relating to the operational state of the
exchanges. By way of example, the database 36 may be the
well known ORACLE database management system. The
communications stack 38 is respohsible for converting both
10 outgoing and incoming messages between the form used by the
network manager 22 and the form which is suitable for
transmission along the communication links which connect the
network manager 22 and the various element managers. The
.construction of communications stacks is generally well known
15 to those in the art and it is now usual for a communications
stack to be provided as a standard component of the dperating
system of a computer.
The application programs 30 generate requests for both
the database 36 and the communications stack 38 to pérform
20 _jobs. In the case of the database 36, the jobs take the form
of either requests to enter data into the database 36 or to
retrieve data from it. In the case of the communications
stack 38, the jobs take the form of requests to send messages
to the element managers. = The transaction processing
25 component 34 is responsible for‘scheduling the jobs and this
component will now be described in more detail with reference
to Figure 3.
Referring now to Figure 3, there are shown the
individual software modules which form +the transaction
30 processing component 34 together with the relationship of
theée modules to the other software components of the network
manager 22. These other componénts- comprise the user
interface 32; the database 36, the communications stack 38
and a set of client modules 50. In Figure 3, for reasons of
35 simpliéity, here are shown only three client modules 50 but,
in practice, there would be a much larger number of these
modules. In the present example, each of the client modules
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also has two servers 52 for accessing the database 36 and two
servers 54 for accessing the communications stack 38. Thus,

10 the servers 52 provide an interface to the database 36 and
the servers 54 provide an interface to the communications
stack 38. Thus, a request to run a jbb on one of the servers
52 also represents a reQuest to run the job on the database
36. The communications stack 38 is part of an interface to

15 the element managers 16, 18, 20 and, as will be recalled,
these element managers manage.the local exchanges 10, 12, 14.

'Thus, a request to run a job on one of the servers 54
represents, ultimately, a request to run the job on one of
the local exchanges. Thus, database 36 and the 1local

20 exchanges 10, 12, 14 fepresent resources accessed by the
servers. The servers 52 belong to a first type of sexrver and
the servers 54 -belong. to a second type of server. For
reasons of simplicity, only two servers are shown of each
type but, in practice, there will be more than two servers of

25 each type. : | .

The general function of each of the software modules
which form the transaction process in component 34 will now
be outlined and this will be followed by a detailed
description of each of these modules.

30 ) The module JBM is responsible for the management of
each request received from one of the clients 50. The module
JBM checks each request to see if the job can be executed
immediately. If it cannot be executed immediately, it is
placed on a gueue. if a job can be executed immediately, it

35 is passed to the module SMAN which loads it on to a server.
The module REG keeps a list of clients which have registered
with the transaction processing cgmponent 34 and from which
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by the servers 52, 54. The module ADB maintains details of
each executed job. The module TCM provides the user with
access to the modules JBM, REG, TARGET and ADB

In more detail, the module JBM receives the reguests
to run jobs from the servers 50. The steps for processing
each job request in the module JBM will now be described with
reference to Figure 4. '

On receiving a request to run a job from a client, in
a step S10 a check is made with the module REG to determine
if the client is registered with the transactioh processing
component 34. The purpose of this step is to prevent jobs
being run which are received by accident from clients which
are not registered. If the client is not registered,
processing of the job is terminated. If the client is
registered, in a step S11, a check is made with the module
TARGET to determine if the resource for which the job is-
destined is free. If the resource is not free, in a step
S12, the job is placed on a queue (the holding queue) of jobs
which are waiting for a resource to become free.

Some jobs are scheduled for executlon at a later time.
If lt is found in step S11 that the resource is £free, in a
step S12 a check is made to determine if the job is scheduled
for execution at a later time. If the job is scheduled for
execution at a later time, in a step S13 it is placed on a
queue (the gqueue of scheduled jobs) for jobs which are
scheduled for execution at a later time.

If in step S12 it is found that the job is ready for
immediate execution, in a Step S13 a check is made with the
module SMAN to determine if a server is free to run the job.
For each of the two types of server, the module JBM has a
queue (a ready queue) of jobs which are waiting for a server
to become free. If in step S13 it is found that a server is
not free to run the job, then in a step S14 the job is placed
on an appropriate one of the two ready queues. If in step
S13 it is found that a server is free to run the job, in a
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descrlbed
15 The first predefined crlterlon is simply that the next

job in the appropriate ready queue is selected as the next
job to be loaded onto the free server.
The second predefined criterion is that the next job
in the appropriate ready queue for the same resource as the
20 previous job is selected as the next job to be loaded onto
the free server. Thus, if the previous job was destined for-
local exchange 10, the module JUBM selects the next job in the
appropriate ready gueue foi the local exchange 10 as the next
job to be loaded onto the free server. If there is no job in
25 the appropriate ready queue for the same resource as the
previous job, the next job in the ready queue is selected as
the new job.
The third criterion is that the next job of the same
type, regardless of the resource for which it is destined, in
30 the appropriate ready queue is selected as the next job to be
loaded onto the free server. Thus, if the previous job was
to connect a new customer to a local exchange, the module JBM
selects the next job for connecting a new customer to a local
exchange as the next job to be loaded onto the free server.
35 If there is no job in the ready queue of the same type as the
previous job, the next job in the ready queue is selected as
the next job to be loaded onto the free server.
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those Sk'lled'déﬁé“ﬁégtto be loaded onto the free server. If there is no
5 job in the ready queue of the same type and destined for the
same resource as the previous job, then the next job which is
destined for the same resource as the previous job is
selected as the next job to be loaded onto the free server.

I1f there is no job in the ready queue destined for the same
10 resource as the previous job, then the next job in the ready
queue is selected as the next jdb to be loaded onto the free

server.

In the gueue of scheduled jobs, the jobs are arranged
in order by their scheduled times of execution. For the job
15 which is scheduled to be executed next, a timer |is

established. At the time at which the 3job should be
scheduled, further processing of the job commences at step
S13. '

As will also be explained below, when. a resource
20 becomes free, the module TARGET informs the module JBM. The
module JBM then removes the next job from the holding queue
which is destined for the resource which has become free and
processing of this job recommences with step S12.
The module JBM receives requests to run two types of
25 jobs. In the first type of jobs (attached jobs), the dlient
and server are connected together while the job is being xrun
on the server. In the second type of jobs (detached jobs),
the client and server are not connected while the job is run.
Detached jobs have the advantage that they can be run without
30 occupying the client. When the module JBM receives a request
to run a detached job, the details of the job are stored and
then retrieved when the job is unloaded from a server.
Referring now to Figure 5, there are shown the steps
which are performed by the module SMAN on receiving a request
35 from the module JBM to load a job on to a server. After
receiving a request to load a job on to a server, in a step
$20, the module SMAN loads the job on to a free server.
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Tessages the client from which the request came. Then, in a step S23,
the module SMAN notifies the module JBM that the job has been
10 completed and that'the server has become free. In a step
S24, the module SMAN notifies the module TARGET that the job
has been completed. The module TARGET uses this data to keep
count of the number of jobs which are being run on the
relevant resource. Finally, in a step S25, the module SMAN
15 notifies the module ADB that the job has Dbeen completed
together with the details of the job. The module ADB uses
this data to provide a log of completed jobs.
The module SMAN is also arranged to create and delete
servers. For each type of setver, the module SMAN maintaihs
20 a table of the existing servers of that type together with a
table containing the number jobs waiting in the ready queue
for execution on that type of server. The module SMAN is
arranged to maintain the number of servers of each type at an
optimum level for the number of Jjobs which are awaiting
25 execution. The procedure for achieving this for each ready
queue in shown in Figure 6. In a step S30, the number of
jobs on the ready gqueue is compared with the number of
servers for serving jbbs'on that queue. Using a criterion
pre-set by the user, the comparison is used to establish if
30 servers.should be created or deleted so as to achieve the
optimum number of servers. For example, the criterion could
- be that the ratio of-the number'of jobs in the ready queue to
the number of servers should be kept at a certain value.
Then, in a step S31, servers are created or deleted as
35 appropriate. _
As will be explained below, the user is able to
instruct the module SMAN to create and delete servers.
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the rel ationship of these nodules to the othe soft onent s, of
t he network nmanag&pe ZQdUleﬂﬁﬁﬁam%n?Eﬁln%oﬁp (éiﬁﬁ? wiieh are

usert f iln_terfr%@QOsl?cfé,retmgudﬁt a'h%e:zaﬁzsi&lﬁ.@@nﬁﬂ@d:@aéingsoshpﬁhe&& 34. as¢
a set of client nodules 5 gut for rea S Lcity,

there are showﬁséﬁﬁytgﬁrggd@ﬂlenEhhoaﬁﬁegsgﬁ fifad add agn 8?28? ngglfﬁ%¥eand
woul d be a nuchnspeger thenbéstof Abessplaineddebeye,| thendipteodntlérartsl és
each of thef?' %@ s@%gy&ﬁsthe module JBM each time it receives a request to

run a job from one of the clients.

For any resource, the number of jobs which can be run
at any one time efficiently is limited. The database 36 is
able to handle a relatively large number of Jjobs

10 simultaneously. In contrast; as the main function of the
local exchanges 12, 12, 14 is tToO process télecommunication
calls, the amount of computing capacity to run jobs requested
by the network manager 22 is limited and only a few of such
jobs can be run simultaneously.

15 The function of the module TARGET is to keep a count
of the number of jobs which are running on each resource and
also to maintain a threshold value for the maximum nuﬁber of
jobs which can be run on each resource. For each resource
the module TARGET maintains a list of jobs which are running

20 on it. When the module SMAN unloads a job from a server, it
notifies the module TARGET which then deletes the job from

~the list for the appropriate resource. As explained above,
when the module_JBM receives a request to run a new job, it .
checks with the module TARGET if the resource is free to run

25 the-job. The module TARGET then compares the number of jobs
running on that resource with its threshold value and thus
determines if the resource is free to accept a new job. If
the resource is free to accept a new job, the module TARGET
adds the job to the list for that resource and informs the

30 module JBM that the resource can accept a new job. If the
resource is not free to accept a new job, the module TARGET
informs the module JBM oi this. '

~ By using the module TCM, the user can change the
threshold value for each resource and also obtain a list of

35 jobs presently running on each resource.

The module ADB maintains a database containing details
of completed jobs. Each time a job is unloaded from a server
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- 6- 50 is one of the application prograns 30. By way of

nodi fi cat Wege/a3bee cl i ent nodul es could formpart of the PET GBS HGsON
processi ng conponent 34 and serve the function of interfacing to the

I ndi vi dual application prograns. 5 - {Bhe- transaction processing
conponent 34 conpri ses sof tware nodul es JBM SMAN, REG TARCET, ADB
and TCM As shown in Figure 3, the transaction processing conponent
34 al so haset modsrey cPYAR2 sfemdsacketaihy Die tdet adempl geedndobwro the
servers 54 for nBEGERS A1k { BRaCRNBISAL onapsl aderdl dHWSe allallle SO VALS
52 provide an |nterface to _the dat abase the servers provid

an interface téaﬁ:ﬁé’a@(?ﬁnun'lréﬁt iRle ADgt &éﬁ%@almm fﬁ-éﬁées‘imﬂiﬁlrwa
job on one of BBeasekVerSjobs. SAtakBe EARrEE5c846hadiAUEtalDsI HP tHhe § 9B

on the data%asgre transferred from the database to the files following a
selection procedﬁre established by the user. Thus, the
database requires only limited amount of data storage
capacity. By using the module TCM, the user can inspect the
data in the database and in the files. Thus, the module ADB

10 enables the user to monitor the performaﬁce of the
transaction processing component 34.

The module TCM provides the user with access to the
modules JBM, REG, TARGET and ADB. In the case of the module
JBM, it permits the user to inspect the jobs on each queue,

15 to delete jobs Zrom queues and to change the scheduled times
of execution for jobs on the gqueue of scheduled jobs. In the
case of the module REG, it permits the user to add and delete
clients from the list of registered client. In the case of
the module TARGET, it permits the user to inspect the jobs

20 running on each resource and also to change the threshold
value for the maximum number of jobs which can be run on each
resource. In thé case of the module ADB, it permits the user
to inspect details of the jobs stored on both the database
and the files and also to change the selection procedure for

25 transferring details of jobs from the database to the files.

Although the transaction processing component 34 has'
been described with reference to a network manager, it can be
used in any computer system which has a client-server
architecture. Figure 7 shows a set of computers 50, 51, 52

30 and 53 which are connected together by a telecommunications
network 54. As indicated by the dotted line, the number of
computers connected in this way can be greater. Both clients
and servers can be provided in any 6f'the'computers 50 to 53,
thereby providing the client-server architecture. 1In order

35 to control the scheduling of requests to run jobs between the
clients and servers, one of the computers, for example the
computei 50, is provided with a transaction processing



36. The conmuni cations stack 38 is part of an interface to 15 the el enent
managers 1®%046M36920 and, as will be recalled, these el empir/dBYIAFRSS
‘manage the | ocal exchanges 10, 12, 14. Thus, a request to run a job on
one of the servers 54 represents, ultimatlédly, a request to run the job
on one of the |local exchanges. Thus, database 36 and the |ocal
20 exchanges 10, 12, 14 represent_resources accessed by the servers.

The servers 52 Bor@egens a9$pe52liypsignleast vep 4Re trarsrctieneprpessing

bel ong, t0 a secenBbonkR® B4 NPt thdOlit dodLASONSi W1 SaEPLEELEYs, ONlY

two servers are shown of each type but, in practice, there wll be nore
than two servers of 25 each type. The general function of each
of the software nodul es which formthe transacti on process in conponent
34 will now be outlined and this will be followed by a detail ed
description of each of these nodules. 30 The nodule JBMis
responsi bl e for the managenent of each request received from one of
the clients 50. The nodul e JBM checks each request to see if the job

can be execut ed



I medi at el y.

~If it cannot be executed inmediately, it is pl aced on a
queue. If a job can be executed imediately, it 35 is passed to the nodule
SMAN whi cWO #3692t on to a server. The nodul e REG keeBETICHIHL708f

7
nunber

of

requests

10

15

20

25

30

35

bererigeEed

client's which hav gi=sterad with the transaction processing
conponent 34 and f dm‘NS\thHrr"-\Sd“N‘ - 14 -

e T I

1. A computer system having a client-server architecture,'
said svstem comprising: ’

a set of clients;

-a set of servers for serving requests from the clients

to run jobs;

means for managing requests from the clients to run
jobs on the servers; and '

means for loading jobs on to the servers;

said@ reguest managing means being arranged to receive
requests from the clients and, on receiving a request, to
perform the following operations:

check if a server is free to run the job;

if a server is not free, put the job on a queue for
jobs each of which is ready for execution when a server
becomes free; and '

when a server is freé to run a job, instructing said
job loading means to load a job.on to that server.

2. A computer system as claimed.in‘dlaim 1, in which, the
request managing means is arranged to select the next job to
be loaded onto a free server in accordance with a predefined

criterion.

3. A computer system as claimed in claim 1 or claim 2, in
which, on receiﬁing a request to run a job, said request
managing means is arranged to perform the additional
following operations:
check if the job is scheduled for execution at a time

in the future; and

if the job is scheduled for execution at a time in the
future, put a job on a gqueue for jobs each of which is
scheduled for execution at some time in the future.

4. A computer system as claimed in any' one of the
preceding claims, in which,- on receiving a request to run a
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jobs running on each of the resources accessed by the servers 52, 54. The

nodul e ADBvayod/eneed NS xeguted job. The md“'l‘i‘ﬂ(@ﬂsﬁﬁ%\é' des
the user with access ml] I"'rﬂ Hjm ﬂ YREG TARGET and ADB 5 In
nore detail, the nodul & JBMYyedmel ves+*th sts to run jobs fromthe
servers 50. The steps for processing each job request in the nodule JBM

w il now be described with reference to Figure 4. ' On

receiving a requy@stsHicH Ws aaeobi he@MaCld efdsodrtd 8¢69s$48 ByCheglerver,
made with the nodule REG to deternine if the client is r glsteredg\nth t he

10 transactloﬁaﬁ!tdocﬁggf‘ﬁﬁtco‘ﬁ?%ﬁ‘énf’934me%% dl?rp5§§afﬂge h|§°st%epr QR o the
prevent jobs folhewing wdditiicinaal eopex&ti/enlsby acci dent, from clients

whi ch are not registe I t IS regi St ce ng
of the job is term na%ﬁgt:k F’f theclr}fées(r?tdﬁg ﬁ%te ‘-qur cf? ajo‘g %i

a check is rfade with ifietiRgdHes oRARETLS ondst élrmemePUt ﬁheth@bresoar mlefu@r

which the job igg degdudneshds bEeqnikh tilke waqsa Ogceféf QOLeLBﬁs:-cel RoA ﬂec%me
step S12, the job i"s placed on a queue (the I ng queue) of jobs which

are wai ti n&rﬁ&r a resource to becore free Some jobs are
schedul ed for execution at a later tinme. it is found |n step S11
that the resource S %ree 'tea ste S13 a c?ecﬂ% .0 c %etermln )
the job i s °schedufe§OFBHtELeS l}‘tlo%m a1° %ft?tlme ejc%: :.nga

schedul ed flor detelEisen far maimtaigtiorg tdats 9m johst qursmmg ton schd apedamh
a queue (the queue f-esChRfPVhed d ORSLefQka by a server, for the or each
resource said database keeping a count of the number of jobs
being run on the resource and a threshold value for the
number of jobs which can be run on that resource.
15 .
6. A computer system as claimed in claim 5, 'in which,
said request managing means accesses said database in order
to check if a resource is free to run on a job.

20 7. A computer system as claimed in claim 5 or claim 6,
including means for pé.rmitting a user of the computer system
to set the threshold value for the or each resource.

8. A computer system as claimed in any one of the
25 preceding claims, further including means for creating and
deleting servers, said server creating and deleting means
being arranged to compare the number of jobs on the queue of
jobs ready for execution with the number of servers for
serving the jobs, and to create or delete. servers in

30 accordance with the result of the comparison.

9. A computer system having a client-server architecture,
said computer system | comprising:
a set of clients;
.35 a set of servers for serving regquests from the clients
to run jobs; '
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j obs which are schedul ed for execution at a later tine. If in
step S13 it is found that—thejob—is ady for inmmedi ate execution, in a
step S1 5WORHEIR2 | S Ie SMAN to det er mi ne RGT/GBYSANTS i s
free to run the Jmﬂﬁ#MimﬂE le two types of server, the nodul e
JBM has a queue 25 a rea JObS Whith are maltlng for a server

to becone free. In step S1 5 |t |s found that a server is not free
to run the job, then in a ste S1 6 the job is riate

, n appropri
one of the two ready QRARS.E9¥F ?‘ﬂnggbﬁgsfeguﬁt?sflie"&fi‘n(ﬂ’qlentt%atf‘?ar‘égr%ﬂps
is free to run thesépPPersn andtep S17, the nodule JBMinstructs the

nmodul e SMAN to |oad the job gn.tq t sery

expl ai ned bel ow with et senggrt g%a%%‘nr?od%e% S%%N t%se%rgeéé J%)oﬁ 5equsRt
run on a sehnﬂmamagisgumbeaée@eﬁmgnarmam&ﬁ&etobyechmVnD@MQ¥QE#$dfrom the
and-thi s modyl & J;]Psﬂté ntapns o&xh%d&qtulenglwrJ&eeapd%staMélmeéh@eeauguﬁs

a ] ob fron1? e app roprlate ready queue in accordance with a predefined
criterion and 3Job whlch is destined for a resource accessed by a server, to

perform the follow1ng operations;
check is the resource is free to run the job; and
if the resource is not free, put the job on a queue
10 for jobs each of which is waiting for a resource to become

_free.

10. A network manager for managing at least one element of
a telecommunications network, said network manager including

15 a computer system as claimed in any one of the preceding
claims.

11. A method of operating a computer system having a
client-server architecture, said computer system comprising
20 a set of clients and a set of servers for serving requests
from the clients to run jobs, for each regquest made by a
client to run a job on a server, said method comprising the
steps of: ' ' '
checking if a server is ﬁree to run the job; and
25 if a server is not free to run the job, putting the
job on a gueue for jobs each of which is ready for execution
when a server becomes and
when a server is free to run the job, lcocading a job on
to the server. '

30

| 12. A method of operating a computer system as claimed in
claim 11, in which the method includes the step of selecting
the next job to be loaded onto a free server in accordance
with a predefined criterion.

35
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8 instructs the nmodule SMAN to load it on to the free server. The

be | oadedcnrs 2 1 ec/ INHIIIY k™ he' nmau o row | FETRASS0lAR (O
”"1 ﬁmllmlll "llﬂulll Jinpalit-/l cul ar predefined criterion to

select, for each type
be used These four prede i ned "cri‘teri aiwll now 5 be described.

The first predefined criterion is S|nply that the next job in the
appropriate 13.readya guetitod Soﬁeilﬁé:iediﬁ@ %ihfeoxﬁp\étekoby*seebeaboadaﬁlmgat Q@n
the free server, econd, predef.ined_c riaon t hat the
next job in t K& 3phbrobrfat® glaid gaﬁ? ‘c%gﬁﬁ f §P*t RBC aﬁgqusgu?' e THE Pnd P
previous job ien saelw'eelrassehé mexhodoh ntQ udd. rige Hheadstligrionahesteps of:
server. Thus, if the dygeumi i?thZES Jptidedcheant B8dltor oFIRIGR 4f &

t he nodul e JBM sel ects the next e appropriate ready ‘queue or
the | ocal eXcHate 4 E@etﬁ\é‘-ﬁﬁi P88 to be | oaded onto the free server. If

there is no job in theE Y GRY Qe scPRAIVE YD @xdi iTHRY &S @Yt i3S thiae
future, putting the job on a queue for jobs each of which is
scheduled for execution at a time in the future.

10 14. A methoé of operating a computer system as claimed in
claim 11, claim 12 or claim 13 in which, for each request to
run a job which is destined for a resource accessed by a
server, the method includes the following additional steps:

checking if the resource is free to run the job; and

15 if the resource is not free, putting the job on a
queue for jobs each of which is waiting for a resource to
become free. |

1s. A method of operating a computer system having a

20 client-server architecture, said computer system having a set
of clients and a set of servers for serving requests from the
clients to run jobs, for each request made by a client to run
a job on a resource accessed by' a server, said method
including the steps of:. .

25 dhecking if the resource is free to run the job; and
if the resource is not free, putting the job on a queue for
jobs each of which is waiting for a resource to become free.
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previ ous job, the next job in the ready queue is selected as the new job. 1

5 loLbd criterion is that the next job of the s
regar dl ess‘;ﬁsdﬁyg resource for which it is destined, i na‘fﬁ’e!hﬁ%?‘&tﬁ% ate

ready queue is selected as the next job to be | oaded onto the free
server. Thus, if the previous job was to connect a new custoner to a

| ocal exchange, the nodule JBM sel ects thggnext job for connecting a
new custoner to a | ocal exchange as the next job to be | oaded 20 onto the
free server. If there is no job in the ready queue of the same type as the
previous job, the next job in the ready queue is selected as the next job
to be | oaded onto the free server.

Fig.1.
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The fourth predefined criterion is that the next job In the appropriate

ready quewgo9éodshe sanme type and destined for the same rgspEpsHyass t he
previous job is selecte %%K%l TTEXT ] F to be | oaded onto ‘the free

server. If there is no diﬁg BEENJY queue of the sanme type and
destined for the sanfe_resolfy the previous job, then the next job
which is destined for the sane resouBf as the previous job is

sel ected as the next job to be | oaded onto the free server. If there is

no job in the ready queue desti ned fOfFLhe me 10 resewH-ce _as the

previous job, then the next job in th§ i . quect ed as the
next job to be | oaded onto the free . . 'Server. . t he queue of
schedul ed jobs, the jobs are arranged in order by their schedul ed tines
of execution. For the job 15 which is scheduled toAbe exg¢gyted

next, a timer is est abl i shed. At the tine a ggi he job should
be schedul ed, further processing of the job copafenc at ep S13.

- NO CLIENT
REGISTERED
9

END

S11

IS :
NO RESOURCE X

s12 \ V?EE

PUT JOB ON YES
HOLDING QUEUE

/s s12
NO JOB

| . READY

S13 | | A

PUT JOB ON QUEUE .. |YES
OF SCHEDULED JOBS | . .
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As will also be explained below, when a resource 20 becones free, the
nmodul e TAR@Es/g3gd0r ns t he nodule JBM  The nodul e " JBM t 1GEIERY So% t he
next job fromthe hol di ng queue which is destined for the resource

whi ch has becone free and processing of this job reconmences with step
S12. The nodul e JBM receives requests to run two types of 25
jobs. In the first type of jobs (attachdi jobs), the client and
server.are connected together while thg=jobds being run on the
server. In the second type of jobs (d hed.j obs), the client and
server are not connected while the job_is run. Det ached j obs have the

advantage that they can be run withoyt ggAnCcqupying the client. \Wen the. . ..

nodul e JBM recei ves a request t tached job, the details of
the job are stored and then retrievegd when the job is unl oaded from a
server. Referring no ' 53 aig@dgshown the steps

whi ch are performed by the nodulife BQRAD lOBeONTNI ng ayequest 35 fromthe
nodule JBMto load a job on to g4 serveSERVERt er recei ving a request
to load a job 'on to a server, i . he nmodul e SMAN | oads t he
job on to a free server.

s21
WAIT FOR JOB
TO FINISH _/

'UNLOAD JOB S22
FROM SERVER -/

NOTIFY yBM | 5%

NOTIFY TARGET | S?*

— S25
NOTIFY ADM | S

{coMPARE NUMBER oF | S30
JOBS ON READY
QUEUE WITH NUMBER

OF SERVERS
CREATE OR DELETE s31
SERVERS —

k|
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- 10 - wookhge2 in a step S21, it waits for notificationpéfepaddiGes
server that the job has been conpl eted. When it receives =~ notification
that the job has been conpleted, in a step S22, it unloads a job from
the server. In the case of an attached 5 job, the job is unl oaded by
breaki ng the connecti on between the &®ent and the server. |In the case
of a detached j ob, the job is unloaded by transmtting the results of

the job to the client fromwhich the request came. Then, in a step S23,

Fig.7.
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t he nodul e SMAN notifies the nodule JBMthat the job has been 10 conpl eted
and- t hat twe9s/e3eeer has becone free. 1In a step S24, t hepdPgbso1 RPN
notifies the nodul e TARCGET that the job has been conpl eted. The nodul e
TARGET uses this data to keep count of the nunber of jobs which are
bei ng run on the rel evant resource. Finally, in a step S25, the nodul e
SMAN 15 notifies the nodule ADB that theg/g ob has been conpl eted

together with the details of the job. The nodul e ADB uses .this data to
provi de a | og of conpleted jobs. The nodule SMAN is al so
arranged to create and delete servers. For each type of server, the
nodul e SMAN rmai ntains 20 a table of the existing servers of that type
together with a tabl e containing the nunber jobs waiting in the ready
gueue for execution on that type of server. The nodul e SVMAN i s
arranged to nmaintain the nunﬁe+-€#-éﬁw*ﬁu f—each type—at an opt i mum
level for the number of jobs!whi@k are awaliting®B~25 exedution. The
procedure for achieving thisjifor_gdch ready in shown in Figure 6.
In a step S30, the nunber of jobsjon the rda eug is conpared with

t he nunber of

o)

PORTS

MEMORY
INPUT / OUTPUTS

X\“22

6
|/
6
|/

Fig.8.
CPU
KEYBOARD

VDU
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Coaptede el e
)

g jobs on that queue. Using_a criterion pre-set by

7 Y
i : _ nlpari son is used to establish if 30 servers should be
areat ed or del etleq so as to achieve the opt | THsSheARHeRepi@Ver s.  For
exhmll RAUGH9&rijt dri on coul d ~ be that the ratip r of jobs in
‘1 he ready queue jto t he nunber of servers shou HI Em ']a certain
alrte.. Then, ijp a step S31, ‘servers are creat as 35 _
DD DL ORI AL L nen sama o As will be explained below, the user is able to
i nstruct the nodul £ s§ SERVERS

This invention relates to a computer system having a client-server
architecture and also to a method of opérating a cohputer system having this
5 architecture. | | |
A cdmputer system having a client-server architecture comprises a set of
software modulés known as clients and a further set of software modules, known
as servers, for serving requests from the clients to run jobs on resources accessed
by the servers. This type of architecture enables jobs from the clients to be
10 distributed among the servers. The servers may be of similar or differing typés.
With this type of architecture, it is desirable to provide a mechanism for coﬁtrolling
the scheduling of requests by the clients to run jobs on resources accessed by the
servers. t
An example of a computer system having a .client-server architecture is
15 shown in US Patent 5,325,527.
According to one aspect of this invention there is provided a computer
system having a cl_ient-ser\iei' érchitecture; said system comprising:
~ a set of clients; | _ _
a set of servers for serving requests from the clients to run jobs on
20 resources accessed by the servers;
a job request manager for managing requests from the clients to run jobs
on the resources; and _ | | -
ajob Ioader_for loading jobs onto the severs; X
said job réquest manager being arranged to receive requests frbm the
25 clients to run jobs on the resources and the operate as follows:
on receiving a request to run a job on a_reSource, to check if a server is
free to accept the job; '
if a server if free.to accept the job, to instruct the job loader to load the
job onto the freé server; |
30 if no server is free to accept the job, to put the job on a 'quede for 'j_obs
each of which is ready for execution; and |
| when jobs are waiting on said queue and a server becomes free as a result
of completion of a previdus job, to select as the next job to be loaded onto a

server a job which is destined for the same resource as the previous job.
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11 \\'Lhe\ule REG mai ntains a list of clients which are

regi s er. ed vmth t he transacti on processing corrponent 34 B ng the
rodul erURsplacedan add and delete cli ¢ e |ist.
As exp” he list of clients i$ Fh rodlil e JBM
.each t S a request to run a job fraqj RESM =t ent s.
For any resource, the nunber of jobs which can berun at any one tinme

efficiently is limted. The database 36 is able to handle a relatively .

l'arge nunber of j OlGcaiig! {ABRREEHY ashabtCEINtHiR Fvendn [tAEreMBI proldaats ON
of the | ocal exchanges 10, 12, 14.is to process tel ecomuni cation :

call's, the AReHAE f ORBAPIY ieneOBRWEE iSY§tend h@@lngrmh?@b@rv%rq@rébttwuw qaitk
net wor k man f

oi mul ¢ ancoucy PURér SYstehTcbRfyrGRE Qe & LRMp orthd et ofslipef 36; 60
count of theemasberfromrh the clipmisstowhincjobaran resnuiceg amcessedhby els® seversanghidil so
to mai nt aj for t he maxi num nunber of jobs which can

hr,eshol d. v
be run on e%ﬁtﬁqf’gsc(?mpé'é;mg%F SEeR°fi5  resource the nodul e TARGET mai nt ai ns

a list of jobs whighrezering!Bed@es?toirun a job YMenrdsbercaPdbbekingdViN: yahends a
job froma server, it notifies the nodule TARGET whi ch then del etes

the job frorffecehfé’ 3Geept the iophe appropriate resource. As
if a server is free to accept the job, loadmg the job onto the server;

if no server is free to accept the job, putting the job on a queue for jobs
10 each 6f which is ready for execution;
| when jobs are waiting on said queue and a server becomes free as a result
of completion of a previous job, selecting as the next job a job whi'ch is destined -
for the source resource as the previous job; and ot
loading said next job onto said free server.
15 This invention. will now be described in more detail, by way of
example, with reference to the drawings in which: | _
Figure 1 is a block diagram of a network manager and associated element
manageré and local exchanges, the network manager including a computer system

embodying this invention;
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expl ai ned above, when the nodul e JBM recei ves a request to run a new j ob,

| 13/08/96 14s49ep RaEenRIvPE\28838 <900 dul e TARCGET if the resource is free to run the
j.ob. The nodule 20 TARGET then conpares the nunber of jobs running on that
resource with its t hreshol d value and thus determnes if the resource
is free to accept a new job. If the resource is free to accept a new
job, the nodul e TARGET adds the job to thé& list for that resource and
inforns the nodul e JBM that the resource can accept a new job. If the

;rg?igF;C?B:vls o@%hf ThE |ﬁ&r@cctfoﬁgtseﬂb%\@ahﬁtéi%rﬁ%q n@g%?f&%ﬁegﬁ%%}r Q&gﬂﬁot he
change t he t tumesho bd dmbnaeo‘tocustomen&airbmr‘e&dbcaleemhdn@é 20 vodll as linsirdctivhs of
R R T [ ¥ TN AP
JP CC)'Ib'/ égg?i)i?tglgdeidh@ﬁgé’s S they mana&@ r8§4r83ROtheir operating state and pass this
5 data to the network manager 22. The network manager 22 has a database in
which is stqred data relating to the state of the exchanges. '
The' general arrangement of network managér_ 22, element managers and
exchanges managed by the element managers as described above with reference |
_ to Figure 1 is well known to those skilled in the art. By way of example, the local
10 exchanges 10, 12, 14 may be System X exchanges manufactured by GEC Elessey
Telecommunications plc. The network manager 22 is implemented as a computer.
The main hardware components of the computer which implements the network
manager 22 are shown in Figdre 8. These corﬁ'ﬁrise a“store 60, a central
processing. unit (CPU) 62, a visual display unit (VDU) 64, a keyboard 66 and
15 input/output ports 68. The store 60 comprises hard disc memory, random-access-
memo.'ry {RAM) and réad-only-me_mory (.ROM). The software which coh_trols the
computer is stored in store 60 The software includes a client-éerver architecture
embodying this invention. The software of the network manager 22 will now be
described in more detail with spéci_al reference to the client-server architecture.
20 ' Referring now td Figure 2, there are shown the main software components
| of the nétwork manager 22. These comprise a set of application programs 30, a
user ihterface 32, a transaction pfocessing component 34, a database 36 and a
communications stack 38. Aithough not shown, the components also inciude the
operating system fc':-.r the computer which implements the network manager 22.
25 The application programs 30 are the programs which are responsible for
.se'nding instructions to the element managers and receiving data from them. The

construction of such programs for a network manager is generally well known to
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P12 - the modul e SMAN sends details of'mmﬁqemﬁﬁ to the
medabe 4B \arras\whre2483tiedre  ADB st or @5’ 't hese det A—tt-S dpt abase.

%he nodul e ADB al so maintains files containing gm #93 of {j bbs. At the
end of. each day, details of the jobs 5 are t anst ém hé dat abase
to the files following a sel ection procedyrg_e ylthe user.
‘Thus, the dat abase requires only liffited am)unt of data st rage
capacity. By using the nodule TCM the user c ~t g data in

t he database and in the files. Thus, the nodule ADB 10 enables the user to

moni tor t he 'BBYESF GARGE 3fcepird. The mqdie JARGHT keepscacsoupt ébﬁﬁ!ﬁ)ﬁéﬁ‘Pean
The modul e 76b4 poihdasn Ehen Lb?efhevw&ag?ﬁeeeﬁcewe& BS the Se.%fku'ses B TRES

TARGET and In the case of the np mts t he user
i nspect t he Medide o‘%cp%aemnméetalla_saftaacuet#@petqdobb frbmmmeérca\fncbromdes

change the SERELU! Gftn'dcdBSs to the modules JBM, REG, TARGET and ADB

5 ~ In more detail, the module JBM receives the requests to run jobs from the

servers 50. The steps for processing each job request in the module JBM will now
be described with reference to Figure 4.
| On receiving a request to run a job from a client, in a step S10 a check is
made with the module REG to determine if the client is registered with the
10 transaction processing component 34. The purpose of .this step is to prevent jobs °
being run which are received by accident from clients which are not registered. If
the client is not registered, processing of the job is terminated. If the client is
_registered, in a step'l S11, a check is made with the"lh'i:edule TARGET to determine
if the reseurce for which the job is destined is free. If the resource is not free, in a
15 step S12, the job is placed on a queue (the holding queue) of jobs which are
waiting for a resoutce to become free. '
Some jobs are scheduled for execution at a later time. If it is foﬁnd in step
S11 that the resource is free, in a step S13 a check is made.to determine if the job
is scheduled for execution at a later time. If the job is scheduled for execution at a
20 later time, in a step S14 it is placed on a queue (the queue of scheduled jobs) for
jobs which are scheduled for execution at a later time. '
If in step S13 it is fo.und that the job is ready for immediate execution, fn a
step S15 a check is made with the module SMAN to determine .if a server is free
to run the job. For- each of the two types of server, the module JBM has a queue
25 (a ready queue) of jobs Which are Waiting for a server to become free. If in step
S15itis found that a serveris not free to run the job, then in a step S16 the jOb is
placed on an appropriate one of the two ready queues. If in step S15 it is found
that a server is free to run the jOb |n a step S17, the module JBM instructs the
module SMAN to load the job on to the server.
30 As will be explained below with reference to the module SMAN, when a
job has been run on a server, it is unloaded from the server by the module SMAN
end-this module then informs theé module JBM. The module JBM then de-queues a

Ijqb from the appropriate ready queue in accordance with a predefined criterion and
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. _
of execution for jobs on the queue of scheduled jobs. 1In the case of
t ROSHD S REGIINABH 1t s the user to add and del ete clients fromthe
l.ist of registered client. 1In the case of t he nodul e TARGET, it
permts the user.to inspect the jobs 20 runni ng on each resource and also .
to change the threshold val ue for the maxi mum nunber of jobs which can
be run on each resource. In the case ®f the modul e ADB, it permts the
user . ~ to inspect details of the jobs stored on both the database.

and the fileg ﬁﬂ&’tsat'héc}PB IE AR d\Bad B GF 1 e REBSBAE 2 TiR'moddle JBM has

transferrlng det a romt tabase to the
Al t hough t hefaur aun@afhedmrnemémsseig:tmnﬂmnmm JGH thas Ioaded betma desscsérived

vvithreferenetoa it can n _any conputer .
O orh ot eTF g oS Bl TERO e bder B Bt cfor o bhe B RV B0 o
conput ers. 50par€i&ula53red§@né@@n§é’ndﬂ\tcﬁbe Q6d.COTHee6 tfegr pregetifel chteria will now -

t el ecomuni cat i ons network 54. As indicated by the dotted |ine, the

nunber of & be desstibgfers connected in this way can be greater. Both clients

and servers can-beypy ﬁYétd&gdéfheﬁiné/ntQFloﬁ @s:ﬁ?ﬂ@%aﬁ%e%x& fotPitr the apprB&‘i‘étEby

.prOV|d|ng the client-server architecture
ready queue is selected as the next job to be loaded onto the free server.

The second predefined cntenon is that the next job in the appropriate
reédy queue for the same resource as the previous job is selected as the next job

10 to be loaded onto the free server. Thus, if the previous job was destined for local
exchange 10, the module JBM selects the next job in the appropriate ready queue
for the local exchange 10 as the next job to be loaded bnto the free serv'er. If
there is no job in the appropriate ready queue for the same resource as the
previous job, the next job in the ready queue is selected as the new job.

15 The third criterion is that the next job of the same type, regardless of the
resource for which it is destined, in the appropriate ready queue is selected as the
next job to be loaded onto "the free server. Thus, if the previous job was to
connect a new customer to a local e*charige, the module JBM selects the next job
for connecting a new customer to a local exchange as the next job to be loaded

20 onto the free server. lf_thére is no job in'the ready queue of the same type as the
brevious job, the next job in the ready queue is selected as the next job to be

loaded onto the free server.
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35 to control the scheduling of requests to run jobs between the

CBI08AE t4:Wrieiratrotswend8483hae of t he conputers, for exanple the conput er
50, is provided with a transaction processing - WD 96/ 03692

PCT/ GB95/ 01705 - 13 - conponent
generally simlar to the transaction proce55| ng conponent 34 except
that it does not include servers. 11 '

The module REG maintains a list of clients which are registered with the
transaction processing component 34. By using the module TCM, the user can
add and delete clients and inspect the list. As explai'ned above, the list of clients is
accessed by the module JBM each time it receives a recuest to run a job from one

5 of the clients. _
| For any resource, the number of jobs which can be run at any one time
efficiently is limited. The database 36 is able to handle a relatively large number of
jobs Simultaneously. In contrast, as the main function of the local exchanges 10,
12, 14 is to process telecommunication calls, the amount of computing capacity to
10 run jobs requested by the network manager 22 is limited and only a few of such
jobs can be run simultaneously. ' ,
The function of the module TARGET is to keep a count of the number of
jobs which are running on each resource and also to Fhaintain a threshold value for
- the maximum number of jobs which can be run on each resource. For each
15 resource the module TARGET maintains a list of jobs which are running on it.
When the module SMAN unloads a 'job from a server, it notifies the. module
TARGET which then deletes the jcb from the list for the appropriate resource. As
explained above,. when the module JBM receives a request to run a new job, it |
.checks with the module TARGET if the resource is free to run the job. The module
20 TARGET then compares the number of jobs running on that resource with its
threshold value and thus determines if the resource is free to accept a new job. I
the resource is free to accept a new job, the module TARGET adds the job to the
list for that resource and informs the module JBM that the resource can accept a
new job. If the resource is not free to accept a new job, the module TARGET
25 informs the module JBM of this. _

By using the module TCM, fhe_user can change the threshold value for
each resource and also obtain a list of jobs presently running on each resource.

The module ADB maintains a database containing details of completed

jobs. Each time a job is unloaded from a server
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CLAI V5 1. A conput er system having a client- server " ar chi tecture,

sai d syste’m canprising: 5 -4 v a set.of clients;, — —————a set
f_se STat (}lng requests fromthe cllents to run }obs on
sed by the servers; 14 a | ob. ‘Fuexcphest Hasrtigt or
requests fyromthe cllents to run jobs on : land 10
36;(08199& ofdi ng jobs onto the severs; i equest
inged to receive requests fromthe o cC |ents to run jobs

ces and to operate as followsc

1. A computer system having a client-server architecture, said system
comprising: '
5 a set of clients;

a set of servers for serving requests from the clients to run jobs on
resources accessed by 'the servers; _
a job request managéf for managing requests from the clients to run jobs
on the resources; and _
10 a job loader for loading jobs ontb the severs;
said job request manager being arranged to receive requests from the
clients to run jobs on the resources and the operate as follows:
on receiving a request to run a job on a reé‘é’urce, ta'check if a server is
free to accept the job; .
15 if a server if free to- accept the job, to instruct the job Ioader to load the
job onto the free server; _
if no server is free to accept the job, to put the job on a queue for jobs
each of which is ready for execution; and
when jobs are waitiﬁg on said queué and a server becomes free as a result
20 of completion of a previous job, to select as the next job to be loaded onto a

server a job which is destined for the same resource as the previous job.

2 A computer system as claimed in claim 1, in which, on receiving a request
to run a job, said job request manager is arranged to perform the additional
25 following operations: | _
check if the job is scheduled for execution at a time in thé future; and
if the job is scheduled for execution at a time in the future, put the job on
a quede for jobs each of which is scheduled for execution at some time in the
future.
30
3. A computer system as clairhed in any one of the preceding claims, in
which, on receiving a request to run a job which is destined for a resource

accessed by a server, said job request manager is arranged to ‘perform the

following additional operations:
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HEEE est torun a job on a resource, to check if a server is
ej{job; 15 i f a server if-fTﬁmrffriﬁﬁﬁﬁﬁ—44u;4 ob,
nst ruct &&g j\o | oader to load the job onto server:
0 1AV6/! flrde to accept the job, 1® put the j,m lﬁi Mnt\/aj obs
of which_i epdy for execution; and iting
Ueue and alserver becones free as a result 20 of conpletlon of a
p eVIOUSﬁLQh*H{ﬁn ect as the next job to be |oaded onto a server a

Ich is estlne sane.resource as.the previous job. . 2.
A-comput er syst enfRfe df ﬁﬁ'&awfﬁed? fremte, r““ﬁthﬂ dgn recei vJ| ng a request
to run a job, saigthé AdsolRREIETot TRIBAGEE théjoérdnaﬁaed.léﬂ)r@ﬁﬁ@ddﬁ sthevhich is
addi tional 25 follow ng operations: check if the job is
schedul ed fwaitiagdeneirespuice & PeoRME freehe future; and : if the
job is schedul ed for execution at a tinme in the future, put the job on

a queue for jobs each of which is scheduled for execution at sonme tine in
t he Butdre. 38 computer system as claimed in claim 3, including a database for

maintaining data on jobs running on said resources, for each resource said
database keeping a count of the number of jobs being run on the resource and a

threshold value for the number of jobs which can be run on that resource.

10 b5. A computer system as claimed in_claim 4, in which, said job request

manager accesses said database in order to check if a resource-is free to run a job.

6. A computer system as claimed in claim '4_or"‘éfaim B, including means for
permitting a user of the computer system to set the threshold value for each

15 resource.

7. A computer system as claimed in any one of the preceding claims, further
including means for creating and deleting servers, said server creating and deleting
means being arranged to compare'the meber 6f jdbs on the queue of jobs ready
20 for execution with the number of servers for serving the jobs, and to create or

‘delete servers in accordance with the result of the comparison.

8. A network manager for a telecommunications network, said network
manager including a computer system as claimed in any one of the preceding

25 claims, and said resources including at least one exchange.

9. A method for operating a computer system having a client-server
architecture, said computer system comprising a set of clients and a set of servers
for serving requests from the clients to run jobs on resources accessed by the
30 servers, sald method compnsmg the steps of:
on recelvmg a request to run a job on a resource, checkmg if a server is .
free to accept the job;

if a server is free to accept the job, loading the job onto the server;
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3. ___A conputer systemas clained |n any one of the preceding clains, in
whi Th, on receiving a request to run a job which is destined for a resource

TR 5, ot e e e ey o

resourxceci stfrte to*run the job; and IS 8HFEE biss@EERs |[not
free, put the job on a queue for jobs each of whi i s BEPLAG&Dt i ng flor
resource to becone free. X

a

if no server is free to accept fhe job, putting the job on a queue for jobs
each of which is ready for execution;
when jobs are waiting on said queue and a server becomes free as a resuit
of completion of a previoué job, selecting as the next iob a job which is destined
5 for the source resource as the previous job; and

loading said next job onto said free server.

10. A method of operating a computer system as claimed in claim 9 in which,
for each request to run a job on a server, sa'id method includes the additional steps
10 of: '
checking if the job is scheduled for execution at a time in the future; and
if the job is scheduled for ekecution at a time in the future, putting the job
on a queue for jobs each of which is scheduled f3¥ execution at a time in the
future. |
15
11. A method of operating a computer system as claimed claim 9 or claim 10 |
in which, for each requést to run -a job which is destined for a resource accessed
by a server, the method includes the following additional steps:
checking if the resource is free to run the job; and
20 " if the resource is not free, putting the job on a queue for jobs each of

which is waiting for a resource to become free.
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5 4. . " A conputer, sysfem as claimed in claim3, includi ng a dat abase

for mai nt ai ni ng data on jobs running on said resources, for each
dat abase keeping .a count of the nunber of j obs being run
d a t hreshol d value for the nunber of jobs which can
esource. 10 5. A conputer system as clained in
y said job request 3/6manager accesses sai d database in
check ijff J]a resource is free to run a job. - 6. A conput er
atmed {in claim4 or cla igncl udi ng—Fe permtting
uter systemto se gaz eshol { vaBNb fgr each 1 5
A conputer systeém as cl ai ned =y’ one of the
precedlng cl ai s, “further i ncludi ng means for creafing and del eting

servers, said server creating and del eting . ’ S10

NO CLIENT

REGISTERED
?
END
S11

| ___NO RESOURCE
S12 - FREE -

- PUT JOB ON | YES

HOLDING QUEUE

/ S13

JOB N\,
READY

S14 \ .

PUT JOB ON QUEUE YES

OF SCHEDULED JOBS
15
IS
‘SERVER _

FREE

S16\
PUT JOB ON
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: S17
PUT JOB ON
SERVER

' AMENDED SHEET
IPEA/EP
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(57) Abstract

A network manager for a telecommunications network has a
client-server architecture. The software components of the network
manager include a set of clients (50) which form part of the
application programs of the network manager, a user interface
(32), a database (36) containing details of the network and a
communications stack (38) for communicating with exchanges
managed by the network manager. The clients (50) generate
requests to run jobs on servers (52) and (54). The jobs which are
Tun on server (52) are eventually destined for a resource in the form
of a database (36), while the jobs which are run on servers (54) are
eventually destined for resources in the form of exchanges. The
requests are initially passed to software module JBM. This module
then checks if the resource for which the job is destined is free
and, if not, puts the job on a holding queue. If the resource is free,
it checks whether the job is scheduled for immediate execution or
execution at a future time. If it is scheduled for execution at a future
time, it is put on a queue of scheduled jobs. If the job is scheduled
for immediate execution, the module JBM checks if a server is free
to accept the job. If no server is free, the job is put on a queue of
jobs awaiting immediate execution. If the server is free, the module
JBM instructs a module SMAN to load the job onto the free server.

(54) Titlee COMPUTER SYSTEM HAVING CLIENT-SERVER ARCHITECTURE
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if no FI e to accept the job, putting the_job onaqueuefor j obs -
each o mmm ﬁ!j for execution; 16

sai d queues an becones free as a resul t (S'f‘cgb‘rﬁﬂ'regehliﬁi'
previ ous job, sel ectl ng as the next job a job whidhis désﬁldAaM 1998
sanme resource as the previous job and c?ad1 g Sai-d-- X
onto said free ser, eratl ng a conput

d of
system as cl ai ned '}IHOC“feéY?ﬁ '§ ffeﬁ‘ Wn?‘iﬂ‘l"pt the J° ‘é‘?ﬁﬁh? uera ﬁ‘dﬁ‘#euf‘i’rédfsob
on a server,eazhidt \nmbhqgiréaaglfg,dgsech{]@n,addl ti onal st eps 10 of:

when jobs are waiting on said queue and a server becomes free as a result

of completion of a previous job, selecting as the next job a job which is destined
5 for the same resource as the previous job; and

loading said next job onto said free server.

10. A method of operating a computer system as claimed in claim 9 in which,
for each request to run a job on a server, said method includes the additional steps
10 of: o | o
checking if the job is scheduled for execution at a time in the future; and
if the job is scheduled for execution at a time in the future, putting the job
on a queue for jobs each of which is scheduled for execution at a time in the
future. .
15 : -
11. A method of operating a computer system as claimed claim 9 or claim 10
in which, for each request to run a job which is destined for a resource accessed
by a server, the method includes the following additional steps:
checking if the resource is free to run the job; and _
20 if the resource is not fr_e‘e, putting the job on a queue for jobs each of

which is waiting for a resource to become free.



checkl ng if the job is schedul ed for. execution at a tine in the future; and

if the Jgt_)__L_s__SLhe,dqu—eel——f—er—executlon at'qg time in the future, putting the
job  on a ueue fo , leach of “which is schedul ed for executlon at a
time in tqﬂ tll“ A met hod of f““';'; ----- —aconpuer
system as clal mlO i n whi cf ,RMMNW% thto
run a job wh whi ch i's destlned for a resource accessem a vy .8 t he
met hod i ncludes the foll owi ng additional &Lé&'ﬁ ‘ D'Jm ‘\9 é@i%if
the resource is free to run the job; and 20 et e T B S OUT GG | S

not free, putting the job on a queue for jobs each of - whlch s waiting
for a resourlce to Adecamputer esystem having a client-server architecture, said system

comprising:
5 - a set of clients; _
a set of servers for serving requests from the clients to run jobs on
resources accessed by the servers; : - _ .
a job request manager for managing requests from the clients to run jobs
on the resources; and
10 a job loader for loading jobs onto the severs;
said'job request manager being arranged to receive requests from the
clients to run jobs on the resources and to operate as follows:
on receiving a request to run a job on a resource, to check if a server is
free to accept the job;
15 if a server if free to accept the job, to instruct the job loader to load the
job onto the free server;
if no server is free to accept the job, to put the job on a queue for jobs
each of which is ready for execution; and
when jobs are waiting on said queue and a server becomes free as a result
20 of completion of a previous job, to select as the next job to be loaded onto a

server a job which is destined for the same resource as the previous job.

2. A computer system as claimed in claim 1, in which, on receiving a requést
to run a job, said. job request manager is arranged -to perfdrm the. additional
25 following operations:
check if the job is scheduled for execution at a time in the future; and
if the job is scheduled for execution at a time in the future, put the job on
a queue for jobs each of which is scheduled for execution at some time in the
future. |
30 _
3. A computer system. as claimed in any one of the preceding claims, in
which, on receiving a request to run a job which is destined for a resource
accessed by a server, said job request manager is arranged to perform the

following additional operations:



