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TITLE 

BACKGROUND JOB PROCESSING FRAMEWORK 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This applications claims the benefit of priority of the Indian Patent 

Application No. 2344/DEL/2015 filed on July 30, 2015, the entire contents of 

which are incorporated herein by reference. 

BACKGROUND 

[0002] 	Many enterprise software applications are designed as web-based 

applications ("web applications") so that they can be accessed from anywhere 

and/or using almost any processing device that can run a web browser. A web 

application comprises client-side components and server-side components that 

communicate with each other using protocols including the HTTP protocol. 

Client-side components of a web application are typically responsible for handling 

the user interface by presenting (e.g., displaying) information to the user through a 

user interface on the user's access device, receiving user input, etc. Server-side 

components are responsible for tasks including either itself generating or obtaining 

information from data sources to be presented to the user in accordance with 

received inputs. 

[0003] 	Enterprise web applications typically run many different types of 

background jobs that are subject to various resource and time constraints. For 

example, an investor relations application ("IR application") designed primarily to 

provide services for an enterprise's investment advisors may be required to 

support concurrent jobs for handling user interface inputs from multiple users, 

receiving current investment information from external sources, downloading 
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investment research reports, receiving estimate information regarding financial 

products, processing investment alerts, email, logging, etc. The typical mix of 

jobs vary in applications and/or in time, in many ways including the duration of 

jobs, the number of jobs of a particular type, the frequency of occurrence of jobs, 

etc. A number of scheduling frameworks exist for scheduling jobs for execution. 

However, with evolving applications having different types of jobs and end user 

needs, improved scheduling frameworks for handling various job mixes are still 

desired. 

COPYRIGHT NOTICE 

[0004] 	A portion of the disclosure of this patent document contains material 

which is subject to copyright protection. The copyright owner has no objection to 

the facsimile reproduction by anyone of the patent document or the patent 

disclosure, as it appears in the Patent and Trademark Office patent file or records, 

but otherwise reserves all copyrights whatsoever. 

SUMMARY 

[0005] 	According to some example embodiments, a server system comprising 

at least one memory, and a processing system having at least one processor is 

provided. The processing system configures a job database having a plurality of 

job entries, and concurrently executes a plurality of job schedulers independently 

of each other. Each job scheduler is configured to schedule for execution jobs in 

the jobs database that are of a type different from types of jobs others of the 

plurality of job schedulers are configured to schedule. The processing system also 

causes performance of jobs scheduled for execution by any of the plurality of 

schedulers. 

[0006] 	The plurality of schedulers may include an on-demand scheduler 

operating to schedule jobs of a first type according to an on-demand basis, a short- 
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interval scheduler operating to schedule jobs of a second type occurring 

repetitively at intervals of less than a predetermined duration, and a scheduled-job 

scheduler operating to schedule jobs of a third type at predetermined specific times 

or at intervals greater than the predetermined duration. The on-demand scheduler 

and the short-interval scheduler are periodically executed based upon respective 

timers, and cause jobs of the first type and the second type, respectively, to be 

performed without an additional scheduling step. Jobs of the third type are 

performed in accordance with a scheduling algorithm 

[0007] 	A job may be determined to correspond to one of the different types of 

jobs according to an urgency and/or a frequency with which the job is to be 

executed. 

[0008] 	The on-demand job scheduler can include at least a high priority 

scheduler and a low priority scheduler, where the high priority scheduler is 

configured with job processing capabilities greater than the low priority scheduler. 

The on-demand job scheduler can be configured to allocate a first number of 

threads to the high priority job scheduler and a second number of threads, less than 

the first number of threads, to the low priority job scheduler. 

[0009] 	The high priority job scheduler and the low priority job scheduler can be 

each respectively configured to access a job entry in the job database, add a job 

corresponding to the retrieved job entry to an in-memory queue, and cause 

servicing of jobs from the in-memory queue. 

[0010] 	The high priority job scheduler can be configured to determine whether 

its current processing capacity before the retrieving and adding, and to perform the 

retrieving and adding only if the processing capacity is determined to be above a 

specified threshold. The current processing capacity may be determined based 

upon current occupancy of the in-memory queue associated with the high priority 

job scheduler. 

3 



WO 2017/019826 PCT/US2016/044383 

[0011] 	The short-interval job scheduler can be invoked at intervals of a first 

duration, where the first duration is determined based upon configured execution 

intervals of a plurality of job configurations. The execution intervals may be 

specified in an XML file including the plurality of job configurations. 

[0012] 	The scheduled task scheduler is configured to cause performing of a job 

at a time determined according to a scheduling algorithm 

[0013] 	Each job may include an object implementing an execute method, 

wherein a corresponding of the plurality of schedulers invoke the execute method 

in order to run the job. 

[0014] 	The plurality of schedulers may be spawned by a same Windows® 

service. Each of the schedulers may be configured to transmit a heartbeat, where 

the Windows service determines a health of each of the schedulers based on the 

heartbeats. 

[0015] 	Each of the schedulers is implemented as an agent having a respectively 

configured thread pool. 

[0016] 	Another example embodiment provides a method which includes 

configuring, in a memory communicably coupled to a processing system having at 

least one processor, a job database having a plurality of job entries. The method 

also includes concurrently executing, on the processing system, a plurality of job 

schedulers independently of each other, each job scheduler configured to schedule 

for execution jobs in the jobs database that are of a type different from types of 

jobs others of the plurality of job schedulers are configured to schedule. Still 

further the method includes causing performance of jobs scheduled for execution 

by any of the plurality of schedulers. 

[0017] 	Another example embodiment provides a non-transitory computer 

readable storage medium having stored thereon instructions which, when executed 

by a processing system having at least one processor, causes the processing system 
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to perform operations. The operations include configuring, in a memory 

communicably coupled to the processing system, a job database having a plurality 

of job entries. The operations also include concurrently executing a plurality of 

job schedulers independently of each other, each job scheduler configured to 

schedule for execution jobs in the jobs database that are of a type different from 

types of jobs others of the plurality of job schedulers are configured to schedule. 

Still further the operations include causing performance of jobs scheduled for 

execution by any of the plurality of schedulers. 

[0018] 	This Summary is provided to introduce a selection of concepts in a 

simplified form that are further described below in the Detailed Description. This 

Summary is intended neither to identify key features or essential features of the 

claimed subject matter, nor to be used to limit the scope of the claimed subject 

matter; rather, this Summary is intended to provide an overview of the subject 

matter described in this document. Accordingly, it will be appreciated that the 

above-described features are merely examples, and that other features, aspects, 

and advantages of the subject matter described herein will become apparent from 

the following Detailed Description, Figures, and Claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 	FIG. 1 illustrates an example computing environment in which an 

enterprise web application such as the example IR application can be run in 

accordance with some embodiments; 

[0020] 	FIG. 2 schematically illustrates some aspects of the scheduling 

framework shown in FIG. 1, according to some embodiments; 

[0021] 	FIG. 3 illustrates an example class model that can be used in some 

example embodiments for the scheduling framework shown in FIG. 2; 
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[0022] 	FIG. 4 illustrates an interface class and an abstract class for 

implementing each background job in the system, according to some 

embodiments; 

[0023] 	FIG. 5 illustrates a class framework for a scheduler for on-demand jobs, 

according to some embodiments; 

[0024] 	FIG. 6 is a schematic illustration of an execution environment for on- 

demand scheduler agents, according to some embodiments; 

[0025] 	FIG. 7 illustrates a process for on-demand schedulers, according to 

some embodiments; 

[0026] 	FIG. 8 illustrates an example XML configuration file for use by a short- 

interval job scheduler, according to some embodiments; 

[0027] 	FIG. 9 illustrates a flowchart of a process performed by a short-interval 

scheduler to configure its timer firing interval, according to some embodiments; 

[0028] 	FIG. 10 illustrates a flowchart for a process for a short-interval 

scheduler, according to some embodiments; 

[0029] 	FIG. 11 illustrates a portion of an example XML configuration file for a 

scheduled agent, according to some embodiments; 

[0030] 	FIG. 12 illustrates an example adapter class that may be used by a 

scheduled agent to use and/or adapt to a third party scheduler, according to some 

embodiments; 

[0031] 	FIG. 13 shows an example table of job type to machine mapping, 

according to some embodiments; and 

[0032] 	FIG. 14 shows an example block diagram of a hardware architecture for 

the systems shown in FIG. 1, according to some embodiments. 
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DETAILED DESCRIPTION 

[0033] 	The embodiments described herein relate to scheduling jobs of a 

plurality of types in an enterprise web application. In some example 

embodiments, a plurality of schedulers, each scheduler programmed to schedule a 

type of job different from the other schedulers, are started. By each concurrent 

scheduler operating, independently from the other schedulers, to improve (e.g., 

optimally perform) scheduling of background jobs having certain common timing 

requirements and/or other common characteristics, the entire mix of jobs can be 

more efficiently scheduled for execution (e.g., to be run by a processor) while 

satisfying the time constraints of each type of job. This may achieve significant 

efficiency gains over conventional scheduling techniques where, in an application, 

many types of jobs were being handled by a single type of scheduler. 

[0034] 	The embodiments described herein may be used to improve the overall 

performance of an enterprise web application such as, but without limitation, the 

example IR application noted above. As noted above, the IR application may have 

many types of concurrently executing jobs at any particular time. For example, on 

a server system running the web application, numerous background jobs may be 

started to handle communications with the many client-side user interfaces. Other 

jobs may include obtaining, processing and delivering financial information, 

database queries, research reports, estimates, news, alerts etc., from external 

services; email sending and receiving; file sending and downloading; logging; and 

system maintenance etc. 

[0035] 	FIG. 1 illustrates an example computing environment 100 in which an 

enterprise web application such as the example IR application can be run in 

accordance with some embodiments. In computing environment 100, client 

system 102 and a server system 104 communicate with each other over a network 

108 to enable the use of a web application, such as, for example, the IR 

7 



WO 2017/019826 PCT/US2016/044383 

application. It should be appreciated that the network 108 can comprise a network 

of interconnected computing devices, such as the Internet. The network 108 can 

also comprise a local area network (LAN) and/or include a peer-to-peer 

connection between the client system 102 and the server system 104. 

[0036] 	The web application includes a client-side web application component 

("client-side application") 110 that is executed on the client system 102 and a 

server-side web application component ("server-side application") 112 that is 

executed on the server system 104. The client-side application 110 may be 

executed within a user interface application 114 such as, for example, a browser 

114. A dashboard 128, which operates as a user interface and/or landing page 

(e.g., the first page bought up when a user visits the IR application), may be a part 

of client-side web application 110. The dashboard 128 may, for example, provide 

summarized information for various aspects of the web application in respective 

widgets. The server-side application 112 may be executed by a web server 116 

and/or application server 118 of server system 104. Web server 116 performs 

functionality such as implementing the HTTP protocol and communicating with 

the web browser 114 (described in further detail below) in the client system 110 

via HTTP. Data items relating to the web application, such as, for example, 

configuration and/or performance data, user access, etc., may be stored in a 

database 120 of the server system 104. Application server 118 can, for example, 

execute server-side (or "backend") application services. In performing the web 

application, the web server 116 and/or the application server 118 may access one 

or more external data sources 122 over network 108 in order to obtain information. 

In some embodiments, the web server 116 and the application server 118 may 

operate as one process (or a same group of processes). 

[0037] 	The client system 102 can include software components for performing 

processing related to applications defined according to the multiple single page 
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application (SPA) or other architecture. As a non-limiting example, the client 

system 102 may have a web browser application 114 consisting of, at least, a 

rendering module, a networking module and a JavaScript module (not shown 

separately). The rendering module can implement functionality for the graphical 

display and rendering of web pages. It can, for example, generate graphical data 

that corresponds to the HTML and/or DOM that defines a web page processed by 

the web browser 114. This graphical data can, potentially after further 

modification/transformation by the operating system of the client system 102, be 

displayed on a display of the client system 102. Alternatively or additionally, 

whenever it is described in this document that the client system 102 

renders/displays a web page, the rendering/displaying module may perform 

functionality related to the rendering/display of the web page. The networking 

module can implement the HTTP protocol, and be used to handle various HTTP 

messages between the client system 102 and the web server 116 in the server 

system 104. Alternatively or additionally, whenever it is described in this 

document that the client system 102 communicates using HTTP, the networking 

module may handle the HTTP aspects of such communications. The JavaScript 

module can be used to execute JavaScript scripts, manipulate JavaScript objects, 

modify the DOMs of web pages loaded at the web browser application 114, and 

perform other functionality related to JavaScript. The JavaScript module may be, 

for example, a JavaScript engine, a JavaScript virtual machine, a JavaScript 

runtime, or any other type of software module capable of executing JavaScript 

instructions. Alternatively or additionally, whenever it is described in this 

document that the client system 102 performs functionality related to JavaScript, 

such functionality may be handled by the JavaScript module. 

[0038] 	A scheduling framework 124 may be used to schedule the various jobs 

that handle aspects of the web application and other jobs that handle system tasks 
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relating to the server system 104. For example, various parts of the web 

application may write entries into job queues and/or job database 126, from which 

the scheduling framework 124 according to embodiments would service those 

jobs. 

[0039] 	Although one client system 102 is shown in FIG. 1, it will be 

understood that server system 104 may communicate with any number of client 

systems, such as client system 102, in order to provide services related to the web 

application to users of those client systems. Also, although shown as one system 

104, persons of skill in the art will understand that the server system may include 

any number of single- and/or multi-processor computers that are communicably 

interconnected. In some embodiments, the server system 104 may be run in a 

server farm and/or cloud services environment. The components of the server 

system 104, such as web server 116, application server 118, database 120, server- 

side web application 112, scheduling framework 124 and the job queues/job 

database 126 may accordingly distributed over a plurality of processors and/or 

computers. 

[0040] 	FIG. 2 schematically illustrates some aspects of the scheduling 

framework 124 shown in FIG. 1, according to some embodiments. The 

scheduling framework 200 comprises at least three scheduling agents 204, 206 and 

208, that run concurrently with each other. Each of the scheduling agents 204, 

206 and 208 is configured to handle jobs of a particular type or group of types 

which is different from the types of jobs handled by the other scheduling agents. 

In some embodiments scheduling agent 204, 206 and 208 are configured to handle 

first, second and third job type groups (each of one or more job types) such that 

there is no overlap in job types between the scheduling agents. Handling a job 

includes, based upon an entry found in a job queue/job database (e.g., 126 in FIG. 

1) for a particular job to be executed, causing the execution of that particular job 
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by a processor. For example, one of the scheduler 204-208 may handle a job in 

job queue 126 by retrieving an entry for a file download job from the job queue 

126, and causing the execution of a corresponding file download job on a 

processor. The scheduler 204-208 may cause the execution of the job by either 

itself starting, or causing a helper process to start, the execution of the job on a 

selected processor. 

[0041] 	Scheduling agent 204 is configured to handle on-demand jobs, and will 

be referred to herein as the on-demand scheduling agent (or on-demand scheduler) 

204. On-demand scheduler 204 is configured to handle on-demand jobs. That is, 

on-demand scheduler 204 is configured to handle jobs that are should be processed 

on an "as soon as possible" (e.g., "run now or as soon as possible") basis. 

Typically, in environments such as the IR application, user interface interactions 

require processing on an on-demand basis. For example, the web application may 

be driven to minimize the response time perceived by the user when interacting 

with the user interface (e.g., dashboard 128), and would thus require the user 

interface inputs are handled frequently and instantaneously or near instantaneously 

(e.g., with the minimum delay). Example jobs initiated by the user via the user 

interface may include generation of reports, and/or research reports download, 

jobs for pdf stitching in response to user requests, and the like. 

[0042] 	Scheduling agent 206 is referred to herein as the short-interval 

scheduling agent (short-interval scheduler), and is configured to handle jobs that 

require to be run repetitively in relatively short intervals. For example, sending 

and receiving email, writing to log files (e.g., logging user interactions), 

downloading frequently updated information from subscribed services, updating 

information from external data sources displayed on the multiple widgets on 

dashboard 128 etc. 
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[0043] 	Scheduler agent 208 is referred to herein as the scheduled agent. The 

scheduled agent is configured for handling jobs that are relatively infrequently run. 

These may include one-time jobs that can be scheduled for a future time, and 

repetitive jobs that are run with a relatively large repeating interval (e.g., hours). 

Example scheduled tasks may include system cleanup jobs, daily backup of the 

web application, search (e.g., includes building an index in hourly or daily 

intervals based on which free-text search can be performed). 

[0044] 	The agents 204-208 are spawned by a single process during system 

and/or web application startup. In an example embodiment, a Windows 

ServicesTM job, host 202, started when the web server 104 starts up the server-side 

web application (e.g., the server-side application processing for the example IR 

application) spawns the three schedulers 204-208. Host 202 may subsequently 

operate to stop the schedulers 204-208 upon receiving a user command and/or the 

web application being shut down. Having a single process spawn the agents 204- 

208 makes deployments and configurations easier when multiple job servers are 

present as is usually the case in enterprise systems, and thereby improves 

maintainability. Having a single process also helps to enable or disable a 

particular type of agent 204-208 on a machine based on need through a centralized 

configuration rather than conditional deployments, and gives more flexibility to 

adjust based on requirements. 

[0045] 	Each of the schedulers 204-208 may regularly communicate with, or 

logs an entry to, a database 210 at a configurable interval. The system (or host 

102) may use these communications and/or entries as a heartbeat mechanism to 

monitor the status of each of the schedulers. For example, if any particular 

scheduler fails to update a corresponding heartbeat 216 at the database 210 for a 

configurable interval, host 102 which monitors the database at regular intervals 
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may determine that that particular scheduler is no longer active, and may startup 

an instance of the corresponding scheduler. 

[0046] 	Database 210 may also include job entries 218. The job entries 218 

represent jobs to be executed. An entry for a particular job may be in database 

210 as database entries and/or in one or more job queues. For example, each job 

operating in the web application (e.g., web server, application server, email server, 

logging application) may enter into database 210 (or enqueue into job queue in 

database 210) entries representing jobs that are required to be run. Each entry 

may, for example, identify the type of job (e.g., a job type identifier) and the 

parameters (if any) required for performing the job (e.g., location and filename of 

file to be downloaded, send/receive email from queue requires no parameters, 

etc.). 

[0047] 	At least some of the schedulers 204-208 are driven by timers 212. For 

example, the on-demand scheduling agent 204 and the short-interval scheduling 

agent 206, are both triggered by configured timer firing. Each of 204 and 206 

executes, or causes the execution of, jobs for which it is configured when its 

respective timer fires. The timer firings may be considered as checkpoints in the 

agents 204 and 206 to see if more jobs can be processed. 

[0048] 	Scheduler 208, however, is scheduled, in that it determines the 

execution time for each of its jobs in accordance with a scheduling algorithm In 

some example embodiments, the scheduled agent 208 relies upon an off the shelf 

scheduling component such as, for example, Quartz.Net®. An adapter 214 may be 

used for interfacing with the off the shelf scheduling component, and a separate 

database 215 may be used for the scheduled jobs (e.g., for keeping job entries for 

scheduled jobs). 

[0049] 	FIG. 3 illustrates an example class model that can be used in some 

example embodiments for the scheduling framework 200. Each of the schedulers 
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204-208 are derived from an abstract agent class 302. The abstract class 302 

provides for a heartbeat timer 312 and methods 314 and 316 to start the heart beat 

timer and to check whether the heart beat timer has expired, respectively. An 

agent type 318 is provided so that each of the agents 204-208 can be identified as 

to whether it is an on-demand, short-interval or scheduled agent. The abstract 

class 302 also provides a run method 320 that is implemented by each of the 

classes derived from the abstract class in order to run a corresponding scheduler. 

[0050] 	The on-demand scheduling agent 204 may be created in accordance 

with the on-demand agent class 304 which derived from abstract class 302. On- 

demand agent class 304 includes a timer 322, a high priority job manager 324, and 

a low priority job manager 326. The separation of high priority job manager and 

the low priority job manager helps avoid pre-emption or starvation of certain low 

priority jobs even when there is an abundance of high priority jobs to be run. The 

operations of high priority job manager and the low priority job manager are 

further described below. 

[0051] 	The short-interval scheduling agent 206 may be created in accordance 

with the short-interval scheduling class 306. The short-interval agent class 306 

includes a timer 332, a list of jobs to be executed 334 and an execution summary 

336. The agent can maintain a list of jobs executed and the amount of work done 

by each job in the execution summary 336. The execution summary 336 enables 

the execution details of jobs to be buffered by the agent and then written in a batch 

to database in the background. Because, short interval jobs are typically jobs that 

run very frequently, updating their status real time in the database would add a 

significant amount of network traffic and would slowdown the agent. 

[0052] 	The timer in the short-interval agent class may be preconfigured, or may 

dynamically change over time. Upon determining that it is time to run a particular 

job type (e.g., email send/receive job) based upon the configured repetition 
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interval, the short-interval scheduler may poll a job database and/or a email queue 

to determine whether there are any pending emails to be sent or received and 

accordingly spawn one or more tasks to handle the emails to be sent or received. 

[0053] 	The scheduled agent 208 may be created in accordance with the 

scheduled agent class 308. The scheduled agent class 308 includes a scheduler 

342, for using a third-party scheduler such as Quartz.net  for scheduling. 

Scheduling may include the use of complex algorithms to determine an optimal 

scheduled time for each job. A job type id 344 in the configuration helps the 

QuartzJobAdapter to instantiate the corresponding job class. A mapping may be 

maintained between the job type id and the class to instantiate in a configuration. 

The scheduled agent may also include a method 346 to remove unauthorized jobs. 

For example, such removal may be based upon a list of jobs that can run (e.g., is 

authorized to run) on the machine is supplied from a configuration, when the agent 

is initialized. 

[0054] 	FIG. 4 illustrates an interface class iJob 402 and an abstract class job 

404 that implements the iJob 402 class. Each job that is to be run on the server 

system 104 is required to implement the interface iJob 402 and/or inherit from 

abstract class 404. Then a scheduler may run a job by calling its implemented Run 

method. 

[0055] 	FIG. 5 illustrates a class framework for the on-demand scheduler agent 

204. The onDemandAgent class 502 may be used for creating the on-demand 

scheduler agent 204. As noted above in relation to class 304 in FIG. 3, the 

onDemandAgent class 502 may include two job managers — a high priority job 

manager 504 and a low priority job manager 506. 

[0056] 	The high priority job manager 504 and a low priority job manager 506 

may each be created using a job manager class 510. The high priority job manager 

and the low priority job manager perform all the job processing on behalf of the 
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on-demand scheduler agent. By having plural priority levels within the class of 

on-demand jobs, embodiments enable providing improved response times for the 

most time critical jobs. For example, the certain user interface requests, such as 

display of real-time or near real-time financial information upon user demand, 

may be prioritized over other on-demand jobs like pdf stitching of several files and 

large file downloading. 

[0057] 	Of course, in addition to or as an alternative, on-demand jobs can be 

prioritized according to criteria other than just the job type. For example, the pdf 

stitching job for a particular user or a particular class of user may be designated as 

a low priority on-demand job whereas the same type of job for another class of 

user many be designated as high priority. This provides for a great amount of 

scheduling flexibility that can be achieved through configuration. 

[0058] 	The job manager class 510 field job priority 512 may be used to 

represent whether a manager is a high priority job manager or a low priority job 

manager. Each manager many also be configured with a job queue 514 to which it 

has access to, and from where it retrieved jobs for execution. A maximum 

concurrency level 516 is specified for each type of manager. The concurrency 

level represents the number of concurrent threads the manager is authorized (or is 

configured) to start. In effect, the priority can be controlled by providing the high 

priority job agent with a higher level of concurrency than the low priority job 

agent. Job manager 510 may maintain a shared task factory 518 which is passed 

to each job runner 512 instance. The job runner may internally use a task from the 

shared task factory to execute a job. This can help job manager 510 to monitor the 

number of tasks created and their status, and thereby control concurrency. The 

task scheduler 520 may be a configuration class where the maximum degree of 

parallelism can be configured, which is then supplied to task factory 518. 
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[0059] 	The job manager class 510 is also provided with a method 522 for 

filling the queue from which the manager subsequently obtains jobs for execution, 

and a method 524 for processing jobs. 

[0060] 	The job manager may run each job with a separate job runner, 

represented by the job runner class 512. Each job manager may have a number of 

job runners concurrently processing jobs. The number of job runners started by a 

job manager may be limited to the maximum concurrency level configured for that 

job manager. The job runner class 512 provides a method for synchronous 

execution of jobs 532 where the particular job runner running a job will wait until 

the job is completed, and a method for asynchronous execution of jobs 534 in 

which the particular job runner will return before the actual job has completed. 

The asynchronous execution may be desirable for long running jobs such as file 

downloads. An updateJobQueueWithJobStatus 536 in each job runner updates 

back the corresponding job queue entry with the execution status — success/failure, 

completion time, agent, machine name, etc. This can be used by the requester of 

the job to check if the job completed or not. For example, the user interface 

component which requested for a report to be created may be informed of the 

completion of the creation of the report using the updateJobQueueWithJobStatus 

536 in the corresponding job runner 512. 

[0061] 	FIG. 6 is a schematic illustration of an execution environment 600 for 

the on-demand scheduler agents. The execution environment 600, which may be 

part of server system 104, may include one or more processing units 602 (e.g. 

processing units 602a and 602b) that are communicably connected. The 

processing units may be individual cores of the same processor, or separate 

processors on that same computer or physically separated computers. Each 

processing unit may have access to a separate memory and/or a common memory. 
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Each processing unit 602 may have access to one or more in-memory queues 610 

(e.g., in-memory queues 610a and 610b) used for on-demand jobs. 

[0062] 	Each processing unit 602 may have running on it an on-demand 

scheduler agent 608 (e.g., agents 608a and 608b) and/or may have running on it 

one or more of high priority job managers and one or more low priority job 

managers for on-demand jobs. 

[0063] 	A configuration database 604 may provide one or more job 

tables/queues in which jobs to be executed are written to by the various 

applications. The schedulers may pickup jobs to be run from these job 

tables/queues. 

[0064] 	XML configurations 606 may provide configurations for job schedules 

etc. For example, XML configurations may specify that a job to write logs be 

executed every 5000 millisecond. When an appropriate scheduler determines that 

it is time to run the job to write logs, it determines from the database 604 the 

actual logging entries to be written. 

[0065] 	In some embodiments, the database 640 is shared by all processing units 

602 in the scheduling framework. The in-memory queues for on-demand jobs, on 

the other hand, may be in the local memory of each processing unit. 

[0066] 	FIG. 7 illustrates a process 700 which may be used by on-demand 

scheduler agents for scheduling on-demand jobs according to some embodiments. 

For example, each of a high priority job manager and a low priority job manager 

may perform process 700. 

[0067] 	Process 700 may be continually executed by a running high priority job 

manager or a running low priority job manager based upon a timer firing. For 

example, process 700 is entered by each high or low priority job manager when 

that job manager starts up. After entering process 700, the job manager may wait 

for a timer firing (e.g., a signal indicating a timer expiration). In example 
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embodiments, an on-demand job timer is configured at 5 seconds. That is, the on- 

demand job timer will fire (e.g. expire) every 5 seconds until terminated. 

[0068] 	At operation 702, a timer firing signal is received, and an iteration of 

processing on-demand jobs is commenced. The timer, as noted above, may be a 

timer shared by all on-demand job scheduling agents and/or on-demand job 

managers on a particular processing unit, or, in some embodiments, each on- 

demand scheduling agent may have its own timer. 

[0069] 	At operation 704, an amount of free capacity in the in-memory queues 

used by that on-demand job manager is determined. Each job manager maintains 

one or more in memory queues from which it (the job manager) retrieves job to be 

run by a job runner. The size of the in memory queues may be configurable. 

There may also be a configurable re-fill threshold associated with each in-memory 

queue, representing a minimum portion of the in-memory queue that is occupied 

(i.e., populated by jobs) before the corresponding job manager refills the in- 

memory queue with jobs from the job database. 

[0070] 	At operation 706 the determined in-memory queue free capacity to a 

concurrency threshold for the job manager. As described above, separate 

concurrency levels can be set for the high priority on-demand job manager and the 

low priority on-demand job manager. At operation 706, the amount of free in- 

memory queue capacity is compared to the concurrency level for the job manager. 

[0071] 	At operation 708, based upon the comparing of the amount of free in- 

memory queue capacity is compared to the concurrency level, a determination is 

made as to whether new jobs can be added to the in-memory queue. 

[0072] 	If the determination at 708 results in a yes, then, at operation 710, new 

jobs are retrieved (e.g., removed) from the database and added (e.g., written to or 

enqueued) to the in-memory queues. The number of jobs added may be based, at 
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least in part, on the capacity of the in-memory queues and/or a configured 

maximum portion of the capacity of the queues to be used. 

[0073] 	For example, consider a situation where the concurrency level for a high 

priority job manager is set at 100, indicating that the high priority on-demand job 

scheduler may have up to 100 concurrently running jobs. The corresponding in- 

memory queue may have a maximum capacity of 200, indicating that the queue 

can hold up to 200 jobs at a time. Also assume that at operation 704 it is 

determined that the free capacity corresponds to 120 jobs. 

[0074] 	Now, after at operation 706, the comparison of the free capacity to the 

concurrency level is made, it may be determined at operation 708 that up to 120 

new jobs may be added to the in-memory queue. With that many jobs, the entire 

capacity of 200 jobs of the in-memory queues may be filled. Alternatively, a 

configuration setting may specify that no more than 120 jobs are filled at any time 

by adding jobs from the database. When such a configuration of a threshold 

lowered from the maximum capacity is provided, only up to the configured 

threshold will be filled with jobs retrieved from the database. Thus, at any time, 

the on-demand scheduler may have some excess capacity which may be used for 

running jobs that the system may allow running without going through the job 

database, such as, for example, additional jobs created by already running jobs 

which require fast response times. 

[0075] 	The above process (process 700) enables scheduler agents to cooperate 

across separate processing units in order to optimally schedule jobs. 

[0076] 	FIG. 8 illustrates an example XML configuration file 800 for use by a 

short-interval job scheduler, such as short-interval job scheduler 206, according to 

some embodiments. For example, upon startup and/or at regular intervals, the 

short-interval job agent 206 may read the configuration file 800 from a memory. 
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[0077] 	The configuration file 800 specifies the types of jobs to be run by the 

short-interval scheduling agent and when such jobs should be run. Each job to be 

run may be specified in one line entry. For example, a line entry may include a 

name of the job 802, a job type 804 and the interval at which to run the job 806. 

[0078] 	FIG. 9 illustrates a flowchart of a process 900 which may be performed 

by a short-interval scheduler to dynamically configure its firing interval, such as, 

for example, short-interval scheduler 206. 

[0079] 	Process 900 may be performed by the short-interval scheduling agent 

206, upon startup and/or at predetermined regular intervals. It may also be 

invoked when a change is made to a configuration, such as, for example, by 

adding a job to the XML configuration 800. 

[0080] 	After entering process 900, at operation 902, the minimum repetition 

interval from the jobs listed in the configuration may be determined. For example, 

considering the jobs listed in file 800 in FIG. 8 as an example, the 1000 

milliseconds for dash board queue processing job and the 1000 millisecond for the 

alert dispatcher job may be determined as providing the minimum repetition 

interval. 

[0081] 	After determining the minimum repetition time at operation 902, the 

short-interval job timer may be configured to the determined time at operation 

904. 

[0082] 	By causing process 900 to be run when any new job is added, or an 

existing job is changed, for example, in the configuration file, the short-interval 

job scheduler may dynamically configure its timer for changing job mixes. 

[0083] 	FIG. 10 illustrates a flowchart for a process 1000 that a short-interval 

scheduler, such as short-interval scheduler 206, may perform to schedule jobs. 
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[0084] 	After entering process 1000, the short-interval scheduler may wait for a 

timer firing. The timer may be preconfigured and/or dynamically configured as 

described in relation to FIG. 9. 

[0085] 	At operation 1002, a signal is received indicating the firing of the timer. 

Upon detecting the firing of the timer (e.g. by receiving the corresponding signal), 

process 1000 enters into the rest of the process. 

[0086] 	At operation 1004, the next execution times are updated. For example, 

the short-interval scheduler agent may maintain a list of jobs in memory. The list 

may include an entry for each active short-interval job type, and its next execution 

time. At operation 1004, the next execution time for each entry may be 

decremented by the duration of the current short-interval job timer. For example, 

if the short-interval job timer is currently set to fire every 20 seconds, then at every 

firing the next execution time for each entry is decremented by 20 seconds. 

[0087] 	At operation 1006, it is determined whether any jobs have execution 

times less than or equal to 0. In some embodiments, the determination may be 

whether any jobs have execution times less than or equal to some predetermined 

non-zero threshold. 

[0088] 	If the determination at operation 1006 for any jobs is positive (i.e., next 

execution time is less than or equal to 0 or a threshold), than at operation 1008, 

each such job is handled by the short-interval scheduler. As noted above, handling 

a job may include causing the job to be run. In some example embodiments, each 

job that is to be executed, a helper may be launched to run the job. 

[0089] 	After operation 1008, for each of the jobs that have their next execution 

times is less than or equal to 0 or a threshold, the next execution time is updated 

based upon its repetition interval. For example, if a job is listed as having a 

repetition interval of 5000 millisecond, then after its current launch, its next 

execution time is set to 5000 (or, if the current next execution time has 
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decremented below 0, then the new next execution time may be set compensating 

for the amount decremented below 0). 

[0090] 	After operation 1010, an iteration of processing has been completed, 

and process 1000 may wait for the next timer firing. 

[0091] 	FIG. 11 illustrates a portion of an example XML configuration file 1100 

for a scheduled agent, such as, scheduled agent 208, according to some 

embodiment. For example, upon startup, scheduled agent 208 may read the XML 

configuration file 1100 to determine the jobs to be scheduled and their scheduling 

parameters. 

[0092] 	The configuration file 1100 may include, for each job to be scheduled, a 

job description portion 1102 and a trigger information portion 1104. The job 

description portion 1102 may identify the job name, job group, a job type which 

may be used to identify the scheduler and/or the interface to the scheduler (e.g., 

adapter for the Quartz.Net  scheduler), and job data including a job type identifier 

and whether or not this is a batch job. 

[0093] 	The trigger portion 1104 specified how the job, identified in the 

corresponding job description part 1102, is to be triggered. 

[0094] 	FIG. 12 illustrates an example adapter class 1200 that may be used by a 

scheduled agent to use and/or adapt to a third party scheduler, such as, the 

Quartz.Net  adapter. Providing an adapter enhances the configurability of the 

system. For example, by providing an adapter, a new and/or additional scheduler 

can be used by merely modifying the adapter, rather than changing the jobs etc. 

[0095] 	With many scheduling modules (e.g. Quartz.Net) a more efficient and 

consistent performance in scheduling may be achieved by, as in these 

embodiments, providing the scheduling component with a more uniform job mix. 

This is made possible in some embodiments because, even though the web 

application may have jobs of a variety of job types active, the other schedulers 
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(e.g., on-demand and short-interval schedulers) which are concurrently running 

provide scheduling for jobs with characteristics that are significantly different 

from those scheduled by the scheduler. Embodiments also provide an advantage 

that the scheduling for job does not require to be handled by a developer, and can 

be commonly handled by the framework in the embodiments while requiring the 

developer to merely provide the job type. 

[0096] 	Moreover, because a separate scheduler is provided for each type or 

group of types, embodiments can configurably change (pre-configuration or 

dynamic configuration) the number of threads allocated on each processing unit, 

and thereby control the level of service provided to each type of job. 

[0097] 	The on-demand agent which, in embodiments, is used to run user- 

initiated jobs, typically when the user is using the web application online (e.g., 

create a report based on the criteria that the user selected) typically needs higher 

thread allocation so that users so that the time for user to obtain results is 

reasonably short or optimal. The on-demand agent can also be used to distribute 

the processing load from a scheduled job. For example, assume that there is a job 

scheduled to run at 4:00 PM everyday which processes records in a feed file that is 

to arrive daily at around the same time. If the number of records to be processed is 

large and unknown, having a single job processing the all the records is very 

inefficient. Therefore, based on the number of records to process, a certain number 

of jobs that process these records are added to the on-demand job queue. Since, in 

some example embodiments, the on-demand queue is distributed, these jobs will 

be picked up by any server that is free to process jobs. Thus a fair distribution of 

load can be achieved. 

[0098] 	The short interval agent enables running of jobs that need to be run very 

frequently without the overheads of a scheduler or queue. These typically include 
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jobs that listens to a queue and are processed on a first come first serve basis. 

These jobs are typically always running with very short idle times. 

[0099] 	Another advantageous feature of the scheduled job agent in some 

embodiments is batching. A flag "IsBatch" in an XML configuration file for short 

interval jobs can be used to control how each job is executed. The default value of 

this flag may be set to false in which case, the QuartzJobAdapter queues a job with 

the configured job type id key parameter into the on-demand queue (instead of 

executing the job). If the IsBatch flag value is true, it indicates a batch job and 

there is some batching of individual jobs involved. In this case the job with the 

job type id key parameter is run immediately. This job is typically a batcher job 

which adds a number of jobs into the on-demand queue based on the number of 

items to be processed. 

[00100] 	The embodiments are particularly advantageous in web applications. 

Most web applications require some kind of background processing to offload 

CPU-intensive tasks from web server. Alerting, reporting, sending emails, 

logging, etc. are some common features of any modern web application. This 

framework handles all kinds of job processing required for a web application. The 

on-demand agent specifically is designed to cater to dynamic job requests from an 

online user to give the best user experience possible without long wait times. 

[00101] 	FIG. 13 shows an example machine to job type mapping table 1200 that 

may be used in some embodiments. The mapping 1300 may be used by agents, 

during the scheduling, to cause execution of jobs only on certain authorized 

machines based upon the particular job types. Cleanup of jobs that are not 

authorized for a particular machine may be undertaken by a scheduled process, 

such as that described above in relation to the scheduled job agent. 

[00102] 	FIG. 14 shows an example block diagram of a hardware architecture for 

the system 100 according to some embodiments. The client system 1410 
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communicates with a server system 1400 via a network 1440. The network 1440 

could comprise a network of interconnected computing devices, such as the 

internet. The network 1440 could also comprise a local area network (LAN) or 

could comprise a peer-to-peer connection between the client system 102 and the 

server system 1000. 

[00103] 	The example client system 1410 and server system 1400 could 

correspond to client system 102 and server system 104 as shown in FIG. 1. That 

is, the hardware elements described in FIG. 14 could be used to implement the 

various software components and actions shown and described herein with 

reference to FIG. 1 etc. For example, the client system 1410 could include at least 

one processor CPU 1431, at least one memory 1432, at least one input/output 

device I/O 1433, and a component for generating and displaying a user interface 

UI 1434. The I/O device 1433 can be all encompassing and could include a 

communication device, such as a transceiver for sending and receiving data (e.g., a 

wireless transceiver, a wired transceiver). I/O device 1433 could also include an 

interface for connecting a non-transitory computer readable storage medium to the 

client system 1410 to send and receive data. 

[00104] 	It should be appreciated that the combination of elements in client 

system 1410 could be used to implement the example web browser application 

114 shown in FIG. 2. For example, the memory 1432 could load the files 

associated with the application (e.g., HTML, XML, JavaScript files) and the CPU 

1431 could be used to operate the rendering module, networking module, and 

JavaScript module discussed above to generate the application. Likewise, the I/O 

device 1433 could be utilized by the networking module to fetch the various 

elements comprising the SPA from the server system 1400. 

[00105] 	Server system 1400 also comprises various hardware components used 

to implement the software elements for server system 104 as shown in FIG. 2. For 
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example, server system 1400 could also include hardware components of at least 

one processor CPU 1421, at least one memory 1422, and at least one input/output 

device I/O 1423. The I/O device 1423 can be all encompassing and could include 

a communication device, such as a transceiver for sending and receiving data (e.g., 

a wireless transceiver, a wired transceiver). I/O device 1423 could also include an 

interface for connecting a non-transitory computer readable storage medium to the 

server system 1400 to send and receive data. In one example embodiment, I/O 

device 1433 of the client system can perform communication via the network with 

I/O 1423 of the server system. 

[00106] 	Similar to client system 1410, the server system 1400 could implement 

the components for generating the application. For example, the memory 1422 

could be used to store the information in database 120 as well as the components 

and files utilized by web server 116 and application server 118. The CPU 1421 

could be used in executing the software necessary to generate the respective 

modules that are requested by and transmitted to the client system 1410. For 

example, CPU 1421 could be used to generate the necessary modules created by 

application server 118. Likewise, I/O device 1423 can be used by the web server 

116 to transmit the different application elements to the client system 1410. Of 

course, these examples are non-limiting and the system envisions utilizing the 

hardware elements in a variety of aspects. 

[00107] 	In the examples described herein, for purposes of explanation and non- 

limitation, specific details are set forth, such as particular nodes, functional 

entities, techniques, protocols, standards, etc. in order to provide an understanding 

of the described technology. It will be apparent to one skilled in the art that other 

embodiments may be practiced apart from the specific details described below. In 

other instances, detailed descriptions of well-known methods, devices, techniques, 

etc. are omitted so as not to obscure the description with unnecessary detail. 
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Individual function blocks are shown in the figures. Those skilled in the art will 

appreciate that the functions of those blocks may be implemented using individual 

hardware circuits, using software programs and data in conjunction with a suitably 

programmed microprocessor or general purpose computer, using applications 

specific integrated circuitry (ASIC), and/or using one or more digital signal 

processors (DSPs). The software program instructions and data may be stored on 

computer-readable storage medium and when the instructions are executed by a 

computer or other suitable processor control, the computer or processor performs 

the functions. Although databases may be depicted as tables below, other formats 

(including relational databases, object-based models, and/or distributed databases) 

may be used to store and manipulate data. 

[00108] 	Although process steps, algorithms or the like may be described or 

claimed in a particular sequential order, such processes may be configured to work 

in different orders. In other words, any sequence or order of steps that may be 

explicitly described or claimed does not necessarily indicate a requirement that the 

steps be performed in that order. The steps of processes described herein may be 

performed in any order possible. Further, some steps may be performed 

simultaneously despite being described or implied as occurring non- 

simultaneously (e.g., because one step is described after the other step). 

Moreover, the illustration of a process by its depiction in a drawing does not imply 

that the illustrated process is exclusive of other variations and modifications 

thereto, does not imply that the illustrated process or any of its steps are necessary 

to the technology, and does not imply that the illustrated process is preferred. 

[00109] 	Various forms of computer readable media/transmissions may be 

involved in carrying data (e.g., sequences of instructions) to a processor. For 

example, data may be (i) delivered from a memory to a processor; (ii) carried over 

any type of transmission medium (e.g., wire, wireless, optical, etc.); (iii) formatted 

28 



WO 2017/019826 PCT/US2016/044383 

and/or transmitted according to numerous formats, standards or protocols, such as 

Ethernet (or IEEE 802.3), ATP, Bluetooth, and TCP/IP, TDMA, CDMA, 3G, etc.; 

and/or (iv) encrypted to ensure privacy or prevent fraud in any of a variety of ways 

well known in the art. As used in this document, the term "non-transitory 

computer readable storage medium" includes a register, a cache memory, a ROM, 

a semiconductor memory device (such as a D-RAM, S-RAM, or other RAM), a 

magnetic medium such as a flash memory, a hard disk, a magneto-optical medium, 

an optical medium such as a CD-ROM, a DVD, or Blu-Ray Disc, or other type of 

device for non-transitory electronic data storage. The term "processing system" as 

used in this document means at least one of a CPU, GPU, ASIC, FPGA or other 

hardware circuit for executing instructions, such as, for example, the software 

programs comprising the above described web application. 

[00110] 	When it is described in this document that an action "may," "can," or 

"could" be performed, that a feature or component "may," "can," or "could" be 

included in or is applicable to a given context, that a given item "may," "can," or 

"could" possess a given attribute, or whenever any similar phrase involving the 

term "may," "can," or "could" is used, it should be understood that the given 

action, feature, component, attribute, etc. is present in at least one embodiment, 

though is not necessarily present in all embodiments. 

[00111] 	While the technology has been described in relation to AngularJS, this 

is done for ease of description; it is to be understood that the technology described 

in this document is applicable in the context of other SPA technologies, other web 

technologies, and/or any other software technology. 

[00112] 	While the technology has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 

understood that the technology is not to be limited to the disclosed embodiment, 
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but on the contrary, is intended to cover various modifications and equivalent 

arrangements. 

30 



31 

 

CLAIMS 

 

1. A server system for scheduling jobs of a web application, comprising:  

at least one memory; and  

a processing system having at least one processor, the processing system being configured to 

perform operations comprising:  

 spawning a plurality of job schedulers by a single process during a startup of a web 

application, wherein each of the plurality of job schedulers is implemented as an agent having a 

thread pool;  

 configuring, in the memory, a job database having a plurality of job entries having different job 

types;  

 concurrently executing the plurality of job schedulers independently of each other, each job 

scheduler configured to schedule for execution of jobs in the job database that are of a particular type 

different from other types of jobs others of the plurality of job schedulers are configured to schedule, 

wherein the plurality of schedulers include an on-demand scheduler operating to schedule jobs of a 

first type according to an on-demand basis, a short-interval scheduler operating to schedule jobs of a 

second type occurring repetitively at intervals of less than a predetermined duration, and a scheduled-

job scheduler operating to schedule jobs of a third type at predetermined specific times or at intervals 

greater than the predetermined duration; and  

 causing performance of jobs scheduled for respective execution by each of the plurality of 

schedulers.  

 

2. The server system according to claim 1, wherein (1) the on-demand scheduler and the short-

interval scheduler are periodically executed based upon respective timers, and cause jobs of the first 

type and the second type, respectively, to be performed without an additional scheduling step, and (2) 

jobs of the third type are performed in accordance with a scheduling algorithm.  

 

3. The server system according to claim 1, wherein a job is determined to correspond to one of the 

different types of jobs according to an urgency or a frequency with which the job is to be executed.  

 

4. The server system according to claim 1, wherein the on-demand job scheduler comprises at least a 

high priority job manager and a low priority job manager, and wherein the high priority job manager is 

configured with job processing capabilities greater than the low priority job manager.  

 

5. The server system according to claim 4, wherein the on-demand job scheduler is configured to 

allocate a first number of threads to the high priority job manager and a second number of threads, 

less than the first number of threads, to the low priority job scheduler manager.  

 

6. The server system according to claim 5, wherein the high priority job manager and the low priority 

job manager are each respectively configured to:  

 access a job entry in the job database;  

 add a job corresponding to the retrieved job entry to an in-memory queue; and  

 cause servicing of jobs from the in-memory queue.  

 

7. The server system according to claim 6, wherein the high priority job manager is configured to 

determine its current processing capacity before the retrieving and adding, and to perform the 

retrieving and adding only if the processing capacity is determined to be above a specified threshold.  

 

8. The server system according to claim 7, wherein the current processing capacity is determined 

based upon current occupancy of the in-memory queue associated with the high priority job manager.  
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9. The server system according to claim 1, wherein the short-interval job scheduler is invoked at 

intervals of a first duration, and wherein the first duration is determined based upon configured 

execution intervals of a plurality of job configurations.  

 

10. The server system according to claim 9, wherein the execution intervals are specified in an XML 

file including the plurality of job configurations.  

 

11. The server system according to claim 1, wherein the scheduled task scheduler is configured to 

cause performing of a job at a time determined according to a scheduling algorithm.  

 

12. The server system according to claim 1, wherein each job includes an object implementing an 

execute method, wherein a corresponding of the plurality of schedulers invoke the execute method in 

order to run the job.  

 

13. The server system according to claim 1, wherein the plurality of schedulers is spawned by a same 

Windows service.  

 

14. The server system according to claim 13, wherein each of the plurality of schedulers is configured 

to transmit a heartbeat, and wherein the Windows service determines a health of each of the plurality 

of schedulers based on the heartbeats.  

 

15. A method for scheduling jobs of a web application comprising:  

 spawning, on a processing system having at least one processor, a plurality of job schedulers 

by a single process during a startup of a web application, wherein each of the plurality of job 

schedulers is implemented as an agent having a thread pool;  

 configuring, in a memory communicably coupled to the processing system a job database 

having a plurality of job entries having different job types;  

 concurrently executing, on the processing system, the plurality of job schedulers 

independently of each other, each job scheduler configured to schedule for execution of jobs in the 

database that are of a particular type different from other types of jobs others of the plurality of job 

schedulers are configured to schedule, wherein the plurality of schedulers include an on-demand 

scheduler operating to schedule jobs of a first type according to an on-demand basis, a short-interval 

scheduler operating to schedule jobs of a second type occurring repetitively at intervals of less than a 

predetermined duration, and a scheduled-job scheduler operating to schedule jobs of a third type at 

predetermined specific times or at intervals greater than the predetermined duration; and  

 causing performance of jobs scheduled for respective execution by each of the plurality of 

schedulers.  

 

16. A non-transitory computer readable storage medium having stored thereon instructions which, 

when executed by a processing system having at least one processor, causes the processing system 

to perform operations for scheduling jobs of a web application comprising:  

 spawning, on the processing system, a plurality of job schedulers by a single process during a 

startup of a web application, wherein each of the plurality of job schedulers is implemented as an 

agent having a thread pool;  

 configuring, in a memory communicably coupled to the processing system, a job database 

having a plurality of job entries having different job types;  

 concurrently executing the plurality of job schedulers independently of each other, each job 

scheduler configured to schedule for execution of jobs in the job database that are of a particular type 

different from other types of jobs others of the plurality of job schedulers are configured to schedule, 
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wherein the plurality of schedulers include an on-demand scheduler operating to schedule jobs of a 

first type according to an on-demand basis, a short-interval scheduler operating to schedule jobs of a 

second type occurring repetitively at intervals of less than a predetermined duration, and a scheduled-

job scheduler operating to schedule jobs of a third type at predetermined specific times or at intervals 

greater than the predetermined duration; and  

 causing performance of jobs scheduled for respective execution by each of the plurality of 

schedulers. 


