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(57) ABSTRACT 

A Scheduling governor that regulates the number of Sched 
uled tasks that are executed concurrently over a network 
computer System is presented. All task requests that are 
Scheduled to be executed within a pre-specified interval of 
time, are Serviced according to their priority. During heavy 
load times, the Scheduling governor prevents overloads of 
the processing resources of the host computer by limiting the 
number of concurrently executing Scheduled tasks to a 
pre-Specified capacity dimension. Task requests that are 
unable to be run due to the governed cap on the number of 
allowed concurrently executing processes are given a pri 
ority to be executed once one of the fixed number of 
execution slots becomes available. Accordingly, the Sched 
uling governor allows each Scheduled task to be executed as 
close to its Scheduled time as possible yet prevents System 
resource overload to improve efficiency and performance. 
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THREAD BASED GOVERNOR FOR TIME 
SCHEDULED PROCESS APPLICATION 

FIELD OF THE INVENTION 

0001. The present invention pertains generally to net 
work management Systems, and more particularly, to a 
method and System for governing the number of concur 
rently executing processes in a process Scheduler. 

BACKGROUND OF THE INVENTION 

0002 The maintenance of a computer network is typi 
cally performed under the control of a network management 
System. The network management System monitors the 
occurrences of certain events across the System, Such as 
network node utilization and disk I/O performance. To assist 
in network maintenance, reporting applications may be used 
to organize and present network event information into a 
format useful to the System administrator. These reports, 
depending on the type of information gathered, may be 
generated on a pre-determined Schedule, e.g., once every ten 
minutes, once daily, or once weekly. 
0003. In the prior art, scheduling applications that sched 
ule the execution of processes Such as report generating 
applications causes execution of the Scheduled applications 
to occur at precisely the time that they are Scheduled. This 
technique can be problematic. Due to the cyclical nature of 
work week timing, there is a very high propensity for 
requests to be clustered around certain times of the day. For 
example, it often makes Sense to generate daily reports at 
exactly midnight So that data used in generating those 
reports need not necessarily be saved from day to day. When 
too many processes are Scheduled at the same time, and 
hence concurrently run, the performance of the network 
System may be adversely impacted due to not enough System 
resources being available to Service all of the executing 
processes. System resources must then be time-shared 
according to a priority Scheme acroSS all executing pro 
cesses, resulting in very slow performance for all processes 
or at least those that have low priority. 
0004. Accordingly, a need exists for a method for gov 
erning the number of allowed concurrently executing pro 
ceSSes launched by the Scheduler, to thereby increase System 
performance in the face of a heavy Schedule load. 

SUMMARY OF THE INVENTION 

0005 The present invention is a thread-based scheduling 
governor that regulates the number of Scheduled tasks that 
are executed concurrently. The Schedule governor of the 
invention is implemented using threads. In the System of the 
invention, a task goes through a life cycle. In infant form, it 
is given a slot on the file System as a “request file'; it 
graduates from “in-file” form to “in-memory” form, where 
it is maintained as an idle thread in a priority-ordered queue. 
When the time comes for the task to be executed, the task is 
allotted a Space, if available, in a capped in-Service queue, 
where the task graduates from “in-memory” form to “pro 
cess execution' form. When a task is entered in the in 
Service queue, the thread launches the process(es) to accom 
plish the task, and monitors them for their completion. Upon 
completion of the monitored processes, the thread cleans up 
its in-Service queue entry to allow another pending task to 
occupy the regulated cap on dispatched processes. Accord 

Nov. 15, 2001 

ingly, a thread maintains control over a task, but System 
resources do not become dedicated to the processes required 
by the task until a proceSS execution slot in a capacity 
governed in-Service queue becomes available. 
0006. In accordance with the invention, all task requests 
that are Scheduled to be executed within a pre-Specified 
interval of time are serviced on a first-in first-out (FIFO) 
basis and use absolute, or "epoch’, time according to their 
Scheduled position in time. During heavy load times, the 
Scheduling governor prevents overloads of the processing 
resources of the host computer by limiting the number of 
concurrently executing processes to a pre-specified capacity 
dimension. Task requests that are unable to be run due to the 
governed cap on the number of allowed concurrently execut 
ing processes are deferred until one of the fixed number of 
execution slots becomes available. Accordingly, the Sched 
uling governor allows each Scheduled task to be executed as 
close to its Scheduled time as possible yet prevents System 
resource overload to improve efficiency and performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The invention will be better understood from a 
reading of the following detailed description taken in con 
junction with the drawing in which like reference designa 
tors are used to designate like elements, and in which: 
0008 FIG. 1 is a block diagram of a processing system 
in which the Scheduling governor of the invention operates, 
0009 FIG. 2 is a flowchart describing the steps per 
formed by the governed Scheduling System of the invention; 
0010 FIG. 3 is a diagram of the structure of an example 

file directory existing on a System; 

0011) 
file; 
0012 FIG. 5 is a data model of one preferred embodi 
ment of the invention; 
0013 FIG. 6 is a flowchart illustrating the steps per 
formed by a Search utility that registerS Schedule requests 
with the Scheduler process, and 
0014 FIG. 7 is a flow diagram of the method of opera 
tion of the data model of FIG. 5. 

FIG. 4 illustrates an example format of a request 

DETAILED DESCRIPTION 

0015 FIG. 1 is a block diagram of a processing system 
100 in which the scheduling governor of the invention 
operates. System 100 includes a service manager 102, a 
Solicitor function 104, a file directory system 106, a Priority 
Ordered queue 108, and an In-Service queue 110. Solicitor 
function 104 locates and queues task requests into Priority 
Ordered queue 108 as specified in file directory system 106 
which will be due to be executed within a time interval 
specified by service manager 102. Service manager 102 only 
accepts task requests from Priority-Ordered queue 108 that 
are due within the specified time interval. All other task 
requests are either discarded until discovered on a later 
search by Solicitor function 104. Task requests that are 
discovered by Solicitor function 104 to be scheduled within 
the pre-specified time interval are entered into Priority 
Ordered queue 108 in sorted time order, where one end of 
the queue represents the current time and the other end of the 
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queue represents the length of the time interval before the 
current time. Thus, tasks are transferred from Priority 
Ordered queue 108 to In-Service queue 110 on a first-in 
first-out (FIFO) basis. Service manager 102 manages an 
In-Service queue 110. In-Service queue includes n execution 
entries, where n is the pre-specified maximum number of 
Scheduled tasks that are allowed to be executed concurrently. 
When any execution entry in In-Service queue is empty (i.e., 
becomes available), Service manager 102 transfers the high 
est priority (in the preferred embodiment, priority is time 
ordered) task request from priority-ordered queue to the 
available execution entry in In-Service queue, and execution 
of the task request commences. When a task request com 
pletes execution, it is removed from the In-Service queue, 
and if its next execution time does not exceed the pre 
specified time interval of the Solicitor function 104, is 
re-entered into Priority-Ordered queue 108 in sorted posi 
tion. If its next execution time does exceed the pre-Specified 
time interval, the task request is discharged from memory 
and its lifecycle completes. 

0016 FIG. 2 is a flowchart describing the steps per 
formed by the governed Scheduling System of the invention. 
As shown, the steps performed include a first step 202 of 
discovering a task request that is due to be executed within 
the pre-specified time interval. Task requests that are dis 
covered to be Scheduled within the pre-specified time inter 
val are entered into a priority-ordered queue 108 in sorted 
time order in step 204. In-Service queue 110 is monitored in 
Step 206 until an execution entry in In-Service queue 
becomes available. Once an available execution entry is 
discovered, the highest priority task request from priority 
ordered queue is transferred to the available execution entry 
in In-Service queue in step 208. This is contingent on its next 
time due being less than or equal to the current time. In the 
preferred embodiment, the priority of a task request is 
measured in terms of time. In Step 210, execution of the task 
request commences. StepS 202 through 210 are repeated 
continuously. 

0.017. When a task request completes execution, as deter 
mined in Step 212, it is removed from the In-Service queue 
in step 214. It is determined in step 216 whether its next 
execution time exceeds the pre-specified time interval. If its 
next execution time does not exceed the pre-specified time 
interval, the task request is re-entered into priority-ordered 
queue in Sorted position in Step 204, and the cycle is 
repeated. If its next execution time does exceed the pre 
Specified time interval, the task request is discharged from 
memory in step 220. 

0.018 FIG. 3 is a diagram of the structure of an example 
file directory tree 300 existing in file directory system 106. 
File directory tree 300 illustrates the hierarchical storage of 
individual request files in the network file system. Each leaf 
directory, labeled in the illustrative embodiment as 
“Router”, “Nodes”, “Site”, “Subnet”, “Events by Severity”, 
and “Threshold Violations”, contains a request file, each of 
a name recognizable by the Search utility (i.e., Solicitor 
function 104), labeled “Request File” in FIG. 3, that con 
tain command lines for executing a particular task, and an 
accompanying Schedule, discussed in FIG. 4, indicating 
when to execute the task on a periodic basis. Each request 
file is accompanied, in the same directory where the request 
file is found, by all files necessary to execute the request. 
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0019 FIG. 4 illustrates an example format of a request 
file 400 that resides in file directory system 106. In accor 
dance with one embodiment of the request file format, the 
task to be performed and Schedule for performing the task 
are indicated according to a pre-defined format. A Schedule 
is placed on a line, e.g., 402, a command line executable 
program is placed on one or more next lines 404, and if 
required for execution, a command constructor code is 
placed on a line 406 following the command lines 402, and 
a command destructor code is placed on a line 408 following 
line 406 if it exists or lines 402 otherwise. In the preferred 
embodiment, the request file must include a Schedule line 
402 and a command line 404; however, their position within 
the file is not fixed. A set of utilities parses request file 400 
into a Set of name/value/attribute tuples of information. In 
the illustrative embodiment, the name/value/attribute tuple 
of line 402 of request file 400 would yield: 

0020 Name="schedule” 
0021 Value="10 O-23 * * *” 
0022. Attrubute="10 min after every hour” 

0023. A set of access control utilities is also provided to 
create a Semaphore file adjacent to the request file being 
parsed. Cooperating programs and threads yield to the 
presence of the semaphore file. Solicitor 520 and Service 
Manager 516, discussed with respect to FIG. 5, are 
examples of threads which cooperate. 
0024 FIG. 5 is a data model 500 of the implementation 
of a preferred embodiment of the invention. Data model 500 
is a Set of defined classes, implemented in the Java(E) 
programming language in the preferred embodiment, that 
are dynamically instantiated for the lifetime of the schedul 
ing thread. 
0025 Scheduler 502 is the starting point for Dispatcher 
Query 508 navigation. As DispatcherClient 506 objects 
make method calls on method server Socket of Scheduler 
502, they are serviced by Dispatched Thread 510 to perform 
the actual query in a thread within Scheduler 502. Dispatch 
erClients 506 are able to obtain information as to the Socket 
address port of their Scheduler 502, send it a class name and 
arguments to load a DispatcherOuery 508 on the server side, 
and with for the results to come back through the Standard 
output “stdout'. Dispatcher Threads 510 provide a thread of 
execution for DispatcherOueries 508 to perform their work 
within the process space fo Scheduler 502. Dispatcher 
Thread 510 is itself an instance of DispatcherQuery 508, but 
is unique in the Sense that it represents the head of the query. 
DispatcherOuery 508 is a query to be performed on Sched 
uler 502 identified to it through the Dispatcher Thread 510. 
0026 ServiceManager 516 is an abstract base class that 
provides the thread but relys on its derived implementaitons 
to know what file they seek and “know how” on how to 
Service them. Once request files are discovered that contain 
task requests for this object to perform, they are placed in a 
Priority Ordered Queue 550 to await dispatch to InService 
Queue 548 for execution. 

0027 Solicitor 520 is an abstract base class that always 
comes paired with a derived class of ServiceManager 516. 
AS ServiceManagerS 516 are instantiated, they are given an 
opportunity to load their Solicitor 520. A Solicitor 520 
Searches the filesystem for a request file of a predefined 
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name agreed upon with its ServiceManager 516. Solicitor 
520 typically looks for files that need to begin their program 
execution within a specified look ahead interval. 
0028 FIG. 6 is a flowchart illustrating the steps per 
formed by a solicitor 520 that registers schedule requests 
with the scheduler process. As shown, Solicitor 520 traverses 
the file directory tree in a step 602, typically using a 
depth-first Search, looking for request files. When a request 
file is found, in step 604 solicitor 520 registers the task 
request Specified in the contents of the request file with 
service manager 516. In the preferred embodiment, Solicitor 
520 registers the task request by determining if the task 
request is due to be Scheduled within a specified interval of 
time, and, if So, placing the task request in a priority ordered 
queue 550. The solicitor 520 determines whether any por 
tions of file directory tree remain to be searched in a step 
606, and repeats steps 602 and 604 until the entire file 
directory system 106 has been searched. In one implemen 
tation, a Solicitor function is employed to Seek out request 
files, all of a specific given name (e.g., request-properties) 
from a base directory Specified at runtime. For example, 
with reference to file directory tree 300, the solicitor func 
tion may be instructed to begin its Search from directory 
“Base Directory”. Solicitor function searches the tree, using 
a depth-first Search algorithm, for files having the name 
“request-properties”. When a file of this name is encoun 
tered, Solicitor 520 parses the contents of the file to retrieve 
the Schedule and command line for the process to be 
Scheduled. 

0029) RequestManager 556 is a derived implementation 
of abstract base class ServiceManager 516. RequestManager 
556 manages a set of ServiceQueue 546 known only to it and 
not to its base class, which assists it in keeping track of what 
State each job it is Servicing is in. Some jobs may be 
executing (i.e., exist in the InServiceQueue 548) while 
others may be waiting in line to be performed (i.e., exist in 
the Priority Ordered Queue 550). 
0030 ServiceQueue 546 is an abstract interface. Service 
Queue 546 requires that queues implemented to Service 
RequestManager 556 know how to properly add and remove 
entries in the RequestManager 556. AS entries are manipu 
lated, ServiceManager 516 must be notified of the changes 
as it keeps a list of current requests known in all queues. 
Both InServiceQueue 548 and PriorityOrdered Queue 550 
are derived from this object to enforce correct management 
of ScheduleEntries 540. 

0031 TimeEntry 536 is an object/data structure which 
defines a time Schedule in Segmented characteristics which 
complement the defined format of the request file. 

0032 ScheduleEntries 540 are maintained in Service 
Queues 546. ScheduleEntries 540 represent place holders 
for Requests 532. A ScheduleEntry 540 can be queried at 
any time to deterermine when it is “due” to be scheduled. 
The one incarnation of a ScheduleEntry 540 may be used to 
load and execute a unique Request 532 on the file System. In 
other words, the name of the ScheduleEntry 540 is the 
location of one unique Request 532 on the file system that 
may be manipulated as many times as necessary. Requests 
532 are lockable objects which have persistence in files of 
the file Systems. AS they are loaded through their construc 
tors, a lock is obtained through its base class FileAccessCtlr 
528. This safety measure is necessary in a multi-threaded 
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and multi-proceSS environment Seeking to modify and have 
Sole access rights. Requests 532 may be loaded to examine 
their contents or execute the command based on its pre 
scribed schedule. 

0033 FIG. 7 is a flow diagram of the method of opera 
tion 700 of data model 500. Solicitor 520 searches for 
request files. When a request file 702 is found, the request 
file 702 is parsed to extract the schedule and command line 
to be executed. The “next time due”, which is the next time 
the command is Scheduled to be executed, is calculated in 
step 704. If the request produced in step 704 meets the time 
criteria required for inclusion in the TimeOrdered Queue 
714, as determined in step 705, its ScheduleEntry (i.e., 
abbreviated form of the Request) is added to 
TimeOrdered Queue714 in step 708. In step 705, the next 
time due is compared to a lookahead interval to determine 

whether the ScheduleEntry 706 should be added to the 
PriorityOrdered Queue 714. The lookahead interval 710 is a 
pre-specified time interval. Solicitor 520 is a thread that 
wakes up every lookahead interval, discoverS request files 
on the portion of the System file directory that it is respon 
Sible for, and then goes to Sleep again until the beginning of 
the next lookahead interval. Solicitor 520 repeats this cycle 
as long as the Scheduling governor of the invention is 
running. If, in step 708, the next time due for the Schedul 
leEntry 706 is within the pre-specified lookahead interval, a 
priority in terms of time is associated with the ScheduleEn 
try 706 and it is added to the Priority Ordered Queue 714. In 
the preferred embodiment, Priority OrderedOueue 714 is a 
first-in first-out (FIFO) queue Sorted in order of time, and the 
priority associated with a given ScheduleEntry 706 is indi 
cated simply by the position of the ScheduleEntry 706 in the 
Priority Ordered Queue 714. In other words, the ScheduleEn 
tries 540 contained in Priority OrderedOueue 714 are posi 
tioned in the order in which they are to be launched by 
ServiceManager 516. If the next time due for the Schedul 
leEntry 706 is not due within the pre-specified lookahead 
interval, it is discarded from memory, or alternatively, is 
restored to its sorted position in the Priority Ordered Queue 
714. 

0034 ServiceManager 516 is a thread that wakes up and 
executes on a Schedule, e.g., every minute on the minute. 
When ServiceManager 516 wakes up, it compares the cur 
rent time, or launch time 720, with the next time due of the 
ScheduleEntries 540 contained in Priority Ordered Queue 
714. If the launch time 720 matches the next time due of a 
ScheduleEntry 540 contained in the time-ordered queue 714, 
ServiceManager 516 creates an instance 722 of a Request 
532 in a step 718. Service manager method communicates 
in steps 724 with ServiceQueue 546 to add Request 722 to 
InServiceOueue 750. If InServiceOueue 750 has an avail 
able execution entry, Request 722 is added to InService 
Queue 750 in step 748. If InServiceQueue 750 is full, 
meaning that the maximum number of concurrent processes 
are currently executing, Request 722 is returned to TimeOr 
dered Queue 714. In the alternative, Request 722 is added to 
a DeferredOueue 728. Just before ServiceManager 516 
thread goes to Sleep, it restores any existing Requests 722 in 
Deferred Queue 728 to Priority OrderedQueue 714. In this 
embodiment, Requests 722 that are unable to be added to 
InServiceQueue prior to their being due, do not get 
executed. Accordingly, arbitration of which Requests get 
executed when too many Requests are clustered around the 
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Same time due is left to the System administrator or Some 
other method of negotiation between competing interests. 
0035) When Requests 722 are added to InServiceQueue 
750, a Request thread is launched to execute the command 
associated with the Request 722. The Request thread moni 
tors the process that it has launched, and once the proceSS 
completes, the Request thread calls a request complete 
function in Step 734, which captures the process exit code, 
standard output file and standard error file. During step 734, 
the Request 722 is given an opportunity to be fed back into 
PriorityOrdered Queue 714 by determining in step 708 
whether its next time due is within the current lookahead 
interval. If it is not, the lifecycle of the thread of Request 722 
ends. In step 738 a remove function of ServiceQueue 546 
removes the Request 722 from InServiceQueue 750, which 
makes available an execution entry in InServiceQueue 750 
for another Request 722 from Priority OrderedOueue 714. 
0.036 When the scheduling governor is first started up, 
InServiceQueue 750 is created in step 744, having a size 
Specified by a user-defined capacity dimension 742. 
Capaicty dimension 742 operates as the governed cap on 
number of concurrently executing processes allowed at any 
given time. Accordingly, with respect to FIG. 1, the capacity 
dimension 742 is set to N, and In Service Queue 110 
comprises N execution entries. 
0037. It will be appreciated from the above detailed 
description that the Scheduling governor of the invention 
provides an effective method for limiting the number of 
Simultaneously Scheduled task requests to a maximum num 
ber of concurrently executing task requests. 
0.038 Although the invention has been described in terms 
of the illustrative embodiments, it will be appreciated by 
those skilled in the art that various changes and modifica 
tions may be made to the illustrative embodiments without 
departing from the Spirit or Scope of the invention. It is 
intended that the scope of the invention not be limited in any 
way to the illustrative embodiment shown and described but 
that the invention be limited only by the claims appended 
hereto. 

What is claimed is: 
1. A task Scheduling governor for a computer processing 

System comprising a plurality of tasks to be Scheduled to 
execute according to a respective associated Schedule, com 
prising: 

a priority-ordered execution queue comprising at least one 
task request, Said at least one task request comprising 
only said tasks that are due to be executed within a 
pre-Specified time interval, each Said task requests in 
Said priority-ordered execution queue comprising an 
asSociated priority indicating a priority of Said task 
request in terms of time; 

an In-Service queue comprising a plurality of execution 
entries, each Said execution entry comprising a task 
request that is commenced when Said task request is 
added to Said In-Service queue, Said task request being 
removed from Said In-Service queue upon completion 
of Said task request to make Said associated execution 
entry available, Said In-Service queue limited to a 
pre-Specified number of Said execution entries, 

a Service manager which monitorS Said In-Service queue 
and transferS Said task request present in Said priority 
ordered execution queue having Said associated priority 
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of highest rank from Said priority-ordered execution 
queue to Said In-Service queue when said In-Service 
queue comprises an available execution entry and Said 
priority-ordered execution queue is not empty; and 

a Solicitor function which discoverS Scheduled task 
requests that are due to be executed within Said pre 
Specified time interval and enterS Said discovered 
Scheduled task requests into Said priority-ordered 
execution queue. 

2. A method in accordance with claim 1, wherein: 

Said priority of Said task request is time-ordered priority. 
3. A method in accordance with claim 2, wherein: 

Said priority-ordered execution queue comprises a time 
ordered execution queue wherein Said task requests 
residing in Said time-ordered queue are arranged in 
order of priority in time. 

4. A method in accordance with claim 1, comprising: 
a deferred task queue, Said deferred task queue compris 

ing Said task requests due to be executed but not being 
is said In-Service queue. 

5. A method for limiting a number of concurrently execut 
ing Scheduled tasks in a computer System to a pre-Specified 
capacity dimension, Said method comprising: 

discovering a task request that is due to be executed 
within a pre-Specified time interval; 

entering Said discovered task request into a priority 
ordered execution queue, said discovered task request 
having a priority associated with it; 

monitoring an In-Service queue, Said In-Service queue 
comprising a plurality of execution entries equal in 
number to Said capacity dimension, each of Said plu 
rality of execution entries comprising either an avail 
able execution entry or an In-Service execution entry, 
each said In-Service execution entry comprising a task 
currently being executed by Said computer System; 

when Said In-Service queue comprises an available execu 
tion entry, transferring Said task request having a high 
est priority from Said priority-ordered queue to Said 
available execution entry in Said In-Service queue; 

commencing execution of Said transferred task request; 
repeating Said discovering task through Said repeating 

Step. 
6. A method in accordance with claim 5, comprising: 
when said task request in one of Said execution entries 

completes execution, removing Said completed task 
request from Said execution entry in Said In-Service 
queue, Said execution entry becoming an available 
execution entry. 

7. A method in accordance with claim 5, comprising: 
determining whether a next time due of Said removed task 

request exceeds Said pre-Specified time interval; 

if Said next time due does not exceed said pre-specified 
time interval, re-entering Said task request into Said 
priority-ordered queue. 


