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(57) ABSTRACT 

A method, an apparatus, and computer instructions are 
provided for determining data center resource availability 
using multiple time domain segments. A reservation class is 
provided that includes a start time, duration and the number 
of units required. A scheduled resource class is provided 
with an availability and an available method. The availabil 
ity method creates a set of segments for a list of reservations 
and iterates each segment to determine whether there are 
enough resources for the required units. The availability 
method then combines all adjacent reservations and removes 
reservations that are too short for the duration. The available 
method provides a way for user to determine if resources are 
available at and for a given time. A composite resource class 
is also provided for more than one scheduled resource with 
an availability and available method. 
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FIG. 8A 
public class Scheduled Resource implements Resource 

// ordered by start time / 800 
private java. util. List reservations = new java. util. Linked List(); 
//the number of resources that are Scheduled by this instance 
private int available; 
public static final long FOREVER = -1; 
// returns a list of availability as reservations, where each potential reservation is > = required duration 
// duration required is in milliseconds or can be FOREVER 
// StartSearch - earliest Start time 
// range - search range from start time, range can be FOREVER 
// note - you can test a reservation request against the result from an availability using the 
"available" method 
public java. Util. List availability(- 802 

int required Units, 
long duration, 
long startSearch, 
long range) 

{ 
java. util..List result = new java, util. Linked List(); 
A/ Create a Collection of Segments - Start/stop of reservations, and the Units needed in each One 
java. util. List segments, 
Synchronized (reservations) 

} 
//g0 through each Segment, keeping track of reSOUrces that have been Consumed (+"ve) or returned (-) 
// find all Segments that have enough resources for this reservation (without checking time) 
int allocation = 0; 
for (java. util. Listlterator i = segments.listIterator(); i.hasNext();) 
{ 

Segment Current = (Segment) i.next(); 
allocation + = Current.units; 
if (range = FOREVER 

88, duration = FOREVER 
8& Current time a startSearch + range) 
break; // done searching 

//create a reservation entry the length of this segment 
if (allocation + requiredUnits <= available)-N-806 
{ 1808 - 810 u-812 

// start the segment no earlier than the start Time required 
long SegmentStart = 

StartSearch a Currentime? StartSearch: Currentime; 
long segmentOuration; 
if (i.nextIndex() <: segments.size()) 
w=aa-/ 

TO FIG. 8B 

segments = -getSegments(reservations);1 804 
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FROM FIG. 8A 
as REAFsa 

{ 
Segment next = = (Segment) segments.get(i.nextIndex()); 
segmentDuration = next time - segmentStart; 
// trim the segment if it stretches past the end of the search 
if (segmentStart + segmentDuration 

> startSearch + range -- duration) 
SegmentDuration = 

StartSearch + range + duration - segmentStart, 

else 
segmentDuration = FOREVER; 

result.add ( 
new Reservation(- 

segmentStart, 
segmentOuration, 
required Units)); 

814 
800 

FIG. 8B 
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FIG. 8C 
// combine all of the adjacent reservations 

for (java. util. Listlterator i=result.listilterator(); i.hasNext();) 
{ 

Reservation Current= (Reservation) i.next(); 
if (li.hasNext()) 

break; // done Combining 
Reservation next = (Reservation) result.get(i.nextindex()); 
// COmbine these two 
if (current.endTime() = = next.getStartTime()) 
{ 

Reservation neWReservation; 
if (next.isForever()) 

newReservation= 
new Reservation (Current.getStartTime(), required Jnits), 

else 
new Reservation= 816 

new Reservation ( 
Current.getStartTime(), 
Current.getDuration() + next getDuration(), 
required Units); 

// get rid of the Current element 
i.remove(); 
// and the next, which have been COmbined 
i.next(); 
i.set(newReservation); 
// now go back to check the next segment 
i.previous(); 

} 
//else leave this Segment as is 

} 
//now throw out any potential reservations that are too short 
for (java. util..Listlterator i = result, listilterator(); i.hasNext();) 
{ 

Reservation Current = (Reservation) i.next(); 
if (Current, isForever() 

duration == FOREVER 818 
Il Current.getDuration() < duration) 
i.remove(); N-820 

} 
return result, - 822 
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FIG. 3D 
private static class Segment 

{ N-832 
public int units; // number of units available in this segment 

834- public long time; // start time of the segment 
public Segment(int units, long time) 
{ 

this. UnitS = Units; 
this. time = time; 

} N-836 
public boolean Overlaps(Reservation?, boolean isLast) 830 
{ 

if (isLast) 
return time < rend Time(); 

else 
return time d = r.getStartTime() 

&& (r. isForever() || time < r.endTime()); 
} 

} 
private static class Segments extends java. util. LinkedList 

public void addSegment(Segments) 
{ 

// keep the Segments in Order 
for (java. Util. Iterator i = this. iterator(); i.hasNext();) 
{ 

Segment c = (Segment) i.next(); 
842 - // if segments are identical, Combine them 

if (C. time = = S. time) 
{ 

C. Units + = S. units, 
return; 

} 838 
844 - else // insert new segment ahead of later Ones 840 

if (C. time d S. time) 
{ 

this.add (this.indeXOf(c), s); 
return; 

} 
} 
// else it's the last segment, add it at the end 
this.add (S); 
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850 

FIG. 8E ? 
public boolean available(Reservation r) 

java. util. List availability= 
availability.( 

r.getUnits(), 
r.getDuration(), 
r.getStartTime(), 
r.getDuration()); 

return availability.Size() = 0; 
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FIG. I.O.A. 
public class CompositeResource implements Resource ? OOO 
{ 

private java. util. Map reservations = new java. util. HashMap(); 
public List availability.( 

int requiredunits, 
long duration, 
long startSearch, 
long range) 

java. util. List result = new java. util. Linked List(); 
Synchronized (reservations) 
{ 

java.util. List() resourceAvailability = 
new java. util. List resources.length); 

// find availability of all resources that make up this composite 
for (int i = 0; i < resources.length; i++) 

reSourceAvailability = 
resourcesi.availability.( 

getUnitsForreSource(null, required Units), 
duration, 
StartSearch, 
range); 

// Now find the intersection of all resource availability 
// Start with the availability of the first resource 

1006 - java. util. List CurrentlnterSection = 
new java. util. Linked List(resourceAvailability (O); 1002 

// for each of the remaining resources, find the intersection with the Current list 
for (int i = 1; i < resourceAvailability.length; i----) 

1004 

if (CurrentlnterSection.size() == 0) 
break, 

// wer're done looking, there are no overlapping periods available 
java. util. List newlntersection = new java. util. LinkedList(); 
// intersect each current reservation against the resource 
for (java. util.lterator ri = CurrentlnterSection. iterator(); 

ri. hasNext(); 
) 1008 

Reservation r = (Reservation) ri.next(); 
newlnterSection.addA ( 

1010-N OverlapS(r, reSourceAvailabilityi), required Units)), 

// USe the trimmed reServations to Check the next reSOurce 
CurrentlnterSection = newlnterSection; 

1012-N- return CurrentnterSection; 
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FIG. IOB 
//find the intersection of the given reservation with 

// the list of availability 
// returns null if no Overlap found 
private java. util. List Overlaps( 

Reservation r, 
java. util. List availability, 
int useunits) 

java. util. List result = new java. util. ArrayList(); 
long startTime = r.getStartTime(); 
long duration = r.getDuration(); 
for (java. util. Iterator i = availability. iterator (): i.hasNext();) 
{ 1020 

Reservation resourceReservation = (Reservation) i.next(); 
// See if this reservation overlaps the One We're checking 
Reservation Overlap = r. Overlap (resource Reservation, USeunits), 
if(overlap = null) 

result.add (Overlap), 

return result, 

public boolean available(Reservation?) 
{ 

java. util..List availability = 
availability ( 

r.getUnits(), 
r.getDuration(), 1022 
r.getStartTime(), 
r.getDuration()); 

return availability.Size() = 0, 
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METHOD AND APPARATUS FOR DETERMINING 
DATA CENTER RESOURCE AVAILABLLTY 

USING MULTIPLE TIME DOMAIN SEGMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is related to commonly assigned 
and co-pending U.S. patent application Ser. No. 
(Attorney Docket No. CA920050018US1) entitled “Method 
and Apparatus for a Design Pattern for Automating Service 
Provisioning. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field 
0003. The present invention relates to an improved data 
processing system. In particular, the present invention 
relates to managing availability of resources in a data center. 
Still more particular, the present invention relates to deter 
mining data center resource availability using multiple time 
domain segments. 
0004 2. Description of Related Art 
0005. In a data center, automatic provisioning of 
resources requires systems or users to understand the avail 
ability of the resources. However, since these resources are 
mostly assigned from pools, it may be difficult to determine 
their availability. For example, when a user wants to sched 
ule resources, the user has to first determine the number of 
resources needed, the type of resources needed, the time 
period or duration for which the resources are needed, and 
the start time of the needed resource. Once the user gathers 
these requirements, the user has to determine based on the 
availability of resources from the pool whether the require 
ments may be satisfied. 
0006 Currently, the user has to have knowledge of the 
availability of the resources in the pool in order to make that 
decision. Alternatively, the user has to perform complex 
algorithms to determine resource availability. No existing 
mechanism is present that simply and automatically man 
ages and reports availability of resources from a pool. 
Therefore, it would be advantageous to have an improved 
method for determining resource availability in a data cen 
ter, Such that a list of potential time periods satisfying a 
given duration and resource can be generated for presenta 
tion in a management user interface to the user. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a method, an appa 
ratus, and computer instructions in a data processing system 
for determining data center resources availability. Respon 
sive to a query for a list of resource availabilities, the present 
invention creates a set of segments for a list of reservations. 
The query includes a number of required resources, a start 
time, and a duration. The present invention then determines, 
for each segment in the set, if resources are available based 
on a number of required resources. If resources are avail 
able, the present invention combines adjacent reservations 
and removes from the list of resource availabilities reserva 
tions having shorter durations than duration of the query, and 
returns the list of resource availabilities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
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itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 
0009 FIG. 1 depicts a pictorial representation of a net 
work of data processing systems in which the present 
invention may be implemented; 
0010 FIG. 2 is a block diagram of a data processing 
system that may be implemented as a server, in accordance 
with an illustrative embodiment of the present invention; 
0011 FIG. 3 is a block diagram of a data processing 
system in which an illustrative embodiment of the present 
invention may be implemented; 
0012 FIG. 4 is a diagram illustrating an exemplary data 
center, in accordance with an illustrative embodiment of the 
present invention; 
0013 FIG. 5 is a diagram illustrating an exemplary list of 
reservations in accordance with an illustrative embodiment 
of the present invention; 
0014 FIG. 6A is a diagram illustrating a list of segments 
created for each reservation in list of reservations 500 in 
FIG. 5 in accordance with an illustrative embodiment of the 
present invention; 
0015 FIG. 6B is a diagram illustrating a list of combined 
segments that are sorted based on start time in accordance 
with an illustrative embodiment of the present invention; 
0016 FIG. 7A is a diagram illustrating current resource 
allocation based on the list of segments in FIG. 6B in 
accordance with an illustrative embodiment of the present 
invention; 
0017 FIG. 7B is a diagram illustrating an exemplary set 
of segments built based on current resource allocation 700 in 
FIG. 7A in accordance with an illustrating embodiment of 
the present invention; 
0018 FIG. 7C is a diagram illustrating segment set in 
FIG. 7B after determination of resource availability in 
accordance with an illustrative embodiment of the present 
invention; 
0019 FIG. 7D is a diagram illustrating a diagram illus 
trating combined reservations is depicted in accordance with 
an illustrative embodiment of the present invention: 
0020 FIG. 7E is a diagram illustrating a remaining 
reservation in accordance with an illustrative embodiment of 
the present invention; 
0021 FIG. 8A is a diagram illustrating an exemplary 
implementation of the scheduled resource class in accor 
dance with an illustrative embodiment of the present inven 
tion; 
0022 FIG. 8B is a diagram illustrating an exemplary 
implementation of the scheduled resource class in continu 
ation of FIG. 8A in accordance with an illustrative embodi 
ment of the present invention; 
0023 FIG. 8C is a diagram illustrating an exemplary 
implementation of the scheduled resource class in continu 
ation of FIG. 8B in accordance with an illustrative embodi 
ment of the present invention; 
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0024 FIG. 8D is a diagram illustrating exemplary seg 
ment and segments class in accordance with an illustrative 
embodiment of the present invention: 
0.025 FIG. 8E is a diagram illustrating an exemplary 
implementation of the scheduled resource class in continu 
ation of FIG. 8C in accordance with an illustrative embodi 
ment of the present invention; 
0026 FIG. 9 is a flowchart of an exemplary process for 
determining availability of resources using multiple time 
segments in accordance with an illustrative embodiment of 
the present invention; 
0027 FIG. 10A is a diagram illustrating an exemplary 
composite resource class in accordance with an illustrative 
embodiment of the present invention: 
0028 FIG. 10B is a diagram illustrating an exemplary 
composite resource class in continuation of FIG. 10A in 
accordance with an illustrative embodiment of the present 
invention; and 
0029 FIG. 11A is a flowchart of an exemplary process 
for determining resource availability of a composite 
resource in accordance with an illustrative embodiment of 
the present invention; 
0030 FIG. 11B is a flowchart of an exemplary process 
for an intersection method for identifying a list of intersec 
tions in accordance with an illustrative embodiment of the 
present invention; and 
0031 FIG. 11C is a flowchart of an exemplary process 
for an overlaps method for identifying a list of intersections 
where current intersection candidate overlaps with resource 
availability in accordance with an illustrative embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0032. With reference now to the figures, FIG. 1 depicts 
a pictorial representation of a network of data processing 
systems in which the present invention may be imple 
mented. Network data processing system 100 is a network of 
computers in which the present invention may be imple 
mented. Network data processing system 100 contains a 
network 102, which is the medium used to provide commu 
nications links between various devices and computers 
connected together within network data processing system 
100. Network 102 may include connections, such as wire, 
wireless communication links, or fiber optic cables. 
0033. In the depicted example, server 104 is connected to 
network 102 along with storage unit 106. In addition, clients 
108, 110, and 112 are connected to network 102. These 
clients 108, 110, and 112 may be, for example, personal 
computers or network computers. In the depicted example, 
server 104 provides data, Such as boot files, operating 
system images, and applications to clients 108-112. Clients 
108, 110, and 112 are clients to server 104. Network data 
processing system 100 may include additional servers, cli 
ents, and other devices not shown. In the depicted example, 
network data processing system 100 is the Internet with 
network 102 representing a worldwide collection of net 
works and gateways that use the Transmission Control 
Protocol/Internet Protocol (TCP/IP) suite of protocols to 
communicate with one another. At the heart of the Internet 
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is a backbone of high-speed data communication lines 
between major nodes or host computers, consisting of thou 
sands of commercial, government, educational and other 
computer systems that route data and messages. Of course, 
network data processing system 100 also may be imple 
mented as a number of different types of networks, such as 
for example, an intranet, a local area network (LAN), or a 
wide area network (WAN). FIG. 1 is intended as an 
example, and not as an architectural limitation for the 
present invention. 
0034) Referring to FIG. 2, a block diagram of a data 
processing system that may be implemented as a server, Such 
as server 104 in FIG. 1, is depicted in accordance with a 
preferred embodiment of the present invention. Data pro 
cessing system 200 may be a symmetric multiprocessor 
(SMP) system including a plurality of processors 202 and 
204 connected to system bus 206. Alternatively, a single 
processor System may be employed. Also connected to 
system bus 206 is memory controller/cache 208, which 
provides an interface to local memory 209. I/O Bus Bridge 
210 is connected to system bus 206 and provides an interface 
to I/O bus 212. Memory controller/cache 208 and I/O Bus 
Bridge 210 may be integrated as depicted. 

0035 Peripheral component interconnect (PCI) bus 
bridge 214 connected to I/O bus 212 provides an interface to 
PCI local bus 216. A number of modems may be connected 
to PCI local bus 216. Typical PCI bus implementations will 
Support four PCI expansion slots or add-in connectors. 
Communications links to clients 108-112 in FIG. 1 may be 
provided through modem 218 and network adapter 220 
connected to PCI local bus 216 through add-in connectors. 
0036) Additional PCI bus bridges 222 and 224 provide 
interfaces for additional PCI local buses 226 and 228, from 
which additional modems or network adapters may be 
Supported. In this manner, data processing system 200 
allows connections to multiple network computers. A 
memory-mapped graphics adapter 230 and hard disk 232 
may also be connected to I/O bus 212 as depicted, either 
directly or indirectly. 

0037 Those of ordinary skill in the art will appreciate 
that the hardware depicted in FIG.2 may vary. For example, 
other peripheral devices, such as optical disk drives and the 
like, also may be used in addition to or in place of the 
hardware depicted. The depicted example is not meant to 
imply architectural limitations with respect to the present 
invention. 

0038. The data processing system depicted in FIG.2 may 
be, for example, an IBM eServer pSeries system, a product 
of International Business Machines Corporation in Armonk, 
N.Y., running the Advanced Interactive Executive (AIX) 
operating system or LINUX operating system. 

0039. With reference now to FIG. 3, a block diagram 
illustrating a data processing system is depicted in which the 
present invention may be implemented. Data processing 
system 300 is an example of a client computer. Data 
processing system 300 employs a peripheral component 
interconnect (PCI) local bus architecture. Although the 
depicted example employs a PCI bus, other bus architectures 
such as Accelerated Graphics Port (AGP) and Industry 
Standard Architecture (ISA) may be used. Processor 302 and 
main memory 304 are connected to PCI local bus 306 
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through PCI Bridge 308. PCI Bridge 308 also may include 
an integrated memory controller and cache memory for 
processor 302. Additional connections to PCI local bus 306 
may be made through direct component interconnection or 
through add-in boards. In the depicted example, local area 
network (LAN) adapter 310, small computer system inter 
face (SCSI) host bus adapter 312, and expansion bus inter 
face 314 are connected to PCI local bus 306 by direct 
component connection. In contrast, audio adapter 316, 
graphics adapter 318, and audio/video adapter 319 are 
connected to PCI local bus 306 by add-in boards inserted 
into expansion slots. Expansion bus interface 314 provides 
a connection for a keyboard and mouse adapter 320, modem 
322, and additional memory 324. SCSI hostbus adapter 312 
provides a connection for hard disk drive 326, tape drive 
328, and CD-ROM drive 330. Typical PCI local bus imple 
mentations will support three or four PCI expansion slots or 
add-in connectors. 

0040. An operating system runs on processor 302 and is 
used to coordinate and provide control of various compo 
nents within data processing system 300 in FIG. 3. The 
operating system may be a commercially available operating 
system, such as Windows XP, which is available from 
Microsoft Corporation. An object oriented programming 
system Such as Java may run in conjunction with the 
operating system and provide calls to the operating system 
from Java programs or applications executing on data pro 
cessing system 300. “Java’ is a trademark of Sun Micro 
systems, Inc. Instructions for the operating system, the 
object-oriented programming system, and applications or 
programs are located on storage devices, such as hard disk 
drive 326, and may be loaded into main memory 304 for 
execution by processor 302. 
0041 Those of ordinary skill in the art will appreciate 
that the hardware in FIG. 3 may vary depending on the 
implementation. Other internal hardware or peripheral 
devices, such as flash read-only memory (ROM), equivalent 
nonvolatile memory, or optical disk drives and the like, may 
be used in addition to or in place of the hardware depicted 
in FIG. 3. Also, the processes of the present invention may 
be applied to a multiprocessor data processing system. 
0042. As another example, data processing system 300 
may be a stand-alone system configured to be bootable 
without relying on Some type of network communication 
interfaces. As a further example, data processing system 300 
may be a personal digital assistant (PDA) device, which is 
configured with ROM and/or flash ROM in order to provide 
non-volatile memory for storing operating system files and/ 
or user-generated data. 
0043. The depicted example in FIG. 3 and above-de 
scribed examples are not meant to imply architectural limi 
tations. For example, data processing system 300 also may 
be a notebook computer or hand held computer in addition 
to taking the form of a PDA. Data processing system 300 
also may be a kiosk or a Web appliance. 
0044 Turning now to FIG. 4, a diagram illustrating an 
exemplary data center is depicted, in accordance with a 
preferred embodiment of the present invention. As shown in 
FIG. 4, in this illustrative example, data center 400 includes 
resources, such as, customer 402, server 404, Virtual Local 
Area Network (VLAN) 406, subnet 408, router 410, switch 
412, software products 416, load balancer 418, and data 
container 420. 
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0045 Customer 402 may be, for example, a client or an 
administrator who uses a data processing system, Such as 
data processing system 300 in FIG. 3. Server 404 may be 
implemented as a data processing system, Such as data 
processing system 200 in FIG. 2. Server 404 may also be 
implemented as an application server, which hosts Web 
services, or other types of servers. Router 410 and switch 
412 facilitate communications between different devices. 
VLAN 406 is a network of computers that behave as if they 
are connected to the same wire even though they may 
actually be physically located on different segments of a 
local area network. Subnet 408 is a portion of a network, 
which may be a physically independent network segment 
and shares a network address with other portions of the 
network. 

0046 Software products 416 are applications that may be 
deployed to a client or a server. Load balancer 418 spreads 
traffic among multiple systems such that no single system is 
overwhelmed. Load balancer 418 is normally implemented 
as Software running on a data processing system. Data 
container 420 may be a database, such as DB2 Universal 
Database, a product available from International Business 
Machines Corporation. 

0047 Data center 400, as depicted in FIG. 4, is presented 
for purposes of illustrating the present invention. Other 
resources, such as, for example, cluster of servers and Switch 
port, also may be included in data center 400. The mecha 
nism of the present invention manages availability of 
resources, including, but not limited to customer 402, server 
404, Virtual Local Area Network (VLAN) 406, subnet 408, 
router 410, switch 412, software products 416, load balancer 
418, and data container 420. 

0048. The present invention provides a method, an appa 
ratus, and computer instructions for determining data center 
resource availability. The processes of the present invention 
are performed by a processing unit that comprises one or 
more processors, such as processor 302 in FIG. 3., using 
computer implemented instructions, which may be located 
in a memory such as, for example, main memory 304. 
memory 324, or in one or more peripheral devices 326 and 
330 in FIG. 3. 

0049. In an illustrative embodiment, the present inven 
tion introduces three classes: a scheduled resource class, a 
composite resource class and a reservation class for a 
management resource. The scheduled resource class uses an 
integer value, known as “available', to represent the number 
of resources that are available for a given resource type, for 
example, the number of available identical servers in a pool. 
In addition, the scheduled resource class includes a list of 
“reservations' that have been made against the pool. A pool 
may includes a variety of resources including servers, rout 
ers, Switches, etc. 

0050. The composite resource class represents a set of 
diverse resources that combine to make up a complex data 
center resource. The composite resource class contains an 
array of the scheduled resources objects representing the 
resources used in the composite resource. 
0051. On the other hand, the reservation class represents 
a single time slot allocated for a scheduled resource. The 
reservation class uses an integer, known as “units’, to 
represent the number of units reserved for the time slot, for 
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example, the number of processors reserved. In addition, the 
reservation class includes a start time and duration of the 
reservation, for example, starting Friday for duration of five 
days. 

0.052 In an illustrative embodiment, the present inven 
tion provides a process that allows a user to query for a list 
of availabilities of a given resource and to Verify that a given 
reservation can be honored. Within the scheduled resource 
class, the present invention introduces two methods, an 
“availability' method that examines a list of reservations 
that have been made against the pool and an “available' 
method that checks if the resources are available at a given 
time of a reservation. 

0053) The “availability” method first creates a set of 
segments, which are calendar time periods for which the 
available resources are constant, from the list of reservations 
already made. The method creates a new segment when the 
number of resources available changes, that is when a 
reservation starts or completes. Next, for each segment in 
the set, the method determines if the number of resources 
available satisfies the request. The determination is made 
based on the number of units currently allocated, the number 
of units required, and the number of units available. If the 
number of resources available satisfies the request, the 
method creates a new reservation entry for the duration of 
the segment and adds the reservation to a list of reservations. 
0054 After a list of reservations is created, the method 
iterates the list and combines all adjacent segments. Subse 
quently, for each reservation in the list, the method checks 
the duration of the reservation to determine if it is shorter 
than the required duration. If so, the method removes the 
reservation from the list. Removing the reservation ensures 
that the reservation meets the duration requirement. Once 
reservations that failed the duration requirement are 
removed, the method returns the list of reservations that can 
meet the request. 

0.055 As described above, the present invention also 
provides an “available' method that checks if the resources 
are available at a given time of a reservation. The “available' 
method calls the “availability' method with parameter val 
ues that match the length of the “available' request. If a 
match can be found, Sufficient resources are available to 
meet the request. 
0056 Turning now to FIG. 5, a diagram illustrating an 
exemplary list of reservations associated with scheduled 
resources is depicted in accordance with an illustrative 
embodiment of the present invention. As shown in FIG. 5, 
list of reservations 500 includes number of units 502, start 
time 504, and duration 506 for each scheduled resource from 
A to F. Number of units 502 indicates the number of 
resources reserved, for example, 20 processors. Start time 
504 indicates the time when the reservation begins, for 
example, on Monday. Duration 506 indicates the length of 
the reservation, for example, for 5 days. 
0057. In this example, there are 6 scheduled resources in 

list of reservations 500: scheduled resources A, B, C, D, E, 
and F. Scheduled resource A is reserved for 1 unit starting at 
time slot 1 for 5 slots of time duration. Scheduled resource 
B is reserved for 2 units starting at time slot 3 for 4 slots of 
time duration. Scheduled resource C is reserved for 1 unit 
starting at timeslot 3 for 2 slots of time duration. Scheduled 
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resource D is reserved for 1 unit starting at time slot 7 for 4 
slots of time duration. Scheduled resource E is reserved for 
1 unit starting at time slot 7 for 3 slots of time duration. 
Scheduled resource F is reserved for 2 units starting at time 
slot 9 for 1 slot of time duration. 

0058 Also illustrated in this example is reservation chart 
508, which shows the duration of scheduled resources A to 
F in terms of the number of time slots each scheduled 
resource is reserved for. 

0059 Turning now to FIG. 6A, a diagram illustrating a 
list of segments created for each reservation in list of 
reservations 500 in FIG. 5 is depicted in accordance with an 
illustrative embodiment of the present invention. As shown 
in FIG. 6A, placeholder segment 600 is created at 0 time 
slot. For each reservation from A to F, two segments are 
created. One segment is created at the start of reservation for 
additional resources that are reserved and one segment is 
created at the end of the reservation for resources that are 
released. 

0060. In this example, segment As 602 is created at start 
of reservation for scheduled resource A, which starts at time 
slot 1 for additional 1 unit of resource. Segment Af 604 is 
created at the end of reservation for scheduled resource A, 
which ends at time slot 6 for 1 unit of resource that is 
released. Similarly, segment Bs 606 is created at start of 
reservation for scheduled resource B, which starts at time 
slot 3 for additional 2 units of resource. Segment Bf 608 is 
created at the end of reservation for scheduled resource B. 
which ends at time slot 7 for 2 units or resource that are 
released. With the list of segments created in this Figure, the 
start time and the number of units consumed and released for 
each reservation is easily identified. 
0061 Turning now to FIG. 6B, a diagram illustrating a 

list of combined segments that are sorted based on start time 
is depicted in accordance with an illustrative embodiment of 
the present invention. As shown in FIG. 6B, segments in 
FIG. 6A that have the same start time 620 are collected. The 
units of resources consumed and released are Summed 
together to give a number of delta units 622. Delta units 622 
indicate the change in units of resource for each new start 
time. 

0062. In this example, segment Bs 606 and Cs 610 in 
FIG. 6A has the same start time at time slot 3. Therefore, the 
units of resources consumed and released are Summed 
together (2+1), which gives 3 delta units. This means that at 
time slot 3, a total of 3 additional units are needed. Similarly, 
segments Bf 608, Ds 612, and Es 614 in FIG. 6A has the 
same start time at time slot 7. The units of resources 
consumed and released are Summed together (-2+1+1) to 
give 0 delta unit. This means no change of units at time slot 
7. Also, segments Ef 616 and Ff 618 in FIG. 6A has the 
same start time at time slot 10. The units of resource 
consumed and released are Summed together (-1+-2) to 
give -3 delta units. This means that 3 units of resources are 
released at time slot 10. 

0063. In addition to calculating delta units 622, for each 
new start time, a busy 624 and a number of available 
resources 626 is calculated based on the calculated delta 
units 622. For example, at time slot 1, a busy of 1 is 
calculated based on 1 additional delta unit calculated and 5 
units of resource is available as a result. Similarly, at time 



US 2006/0250977 A1 

slot 3, a busy of 4 is calculated based on 3 additional delta 
units calculated and 2 units of resource are available as a 
result. Finally, once all delta units 622 are calculated, the list 
of segments is sorted by start time 620. 
0064 Turning now to FIG. 7A, a diagram illustrating 
current resource allocation based on the list of segments in 
FIG. 6B is depicted in accordance with an illustrative 
embodiment of the present invention. As shown in FIG. 7A, 
current resource allocation 700 includes a time axis 702 
represent the time slots, starting from 0 to 11; and units axis 
704 representing the number of units of resource, starting 
from 0 to 8. 

0065 According to busy 624 and available 626 in FIG. 
6B in the previous example, at time slot 1, 1 unit of resource 
is busy while 5 units of resource are available. At time slot 
3, 4 units of resource are busy, while 2 units of resource are 
available. At time slot 7, 2 units of resource are busy while 
4 units of resource are available. At time slot 10, only 1 unit 
is busy and 5 units are available. 
0.066 Turning now to FIG. 7B, a diagram illustrating an 
exemplary set of segments built based on current resource 
allocation 700 in FIG. 7A is depicted in accordance with an 
illustrating embodiment of the present invention. 
0067. As shown in FIG. 7B, when the “availability” 
method is called, the method examines current resource 
allocation 700 in FIG. 7A and builds a set of segments with 
each segment representing a change of resource availability. 
In this example, segment set 710 includes 8 segments, with 
each segment representing resource availability of time slots 
that have the same number of resource available. For 
example, segment 712 has 6 units of resource available, 
while segment 714 has 5 units of resource available and so 
on. Once segment set 710 is built, the “availability' method 
determines for each segment in the set, if the number of 
resources available satisfies a new reservation request. The 
determination is based on the number of units currently 
allocated, the number of units required, and the number of 
units available. 

0068 Turning now to FIG. 7C, a diagram illustrating 
segment set 710 in FIG. 7B after determination of resource 
availability is depicted in accordance with an illustrative 
embodiment of the present invention. As shown in FIG. 7C, 
the “availability method iterates each segment in segment 
set 710 in FIG. 7B to determine whether the resource 
availability of each segment satisfies the new reservation 
request. This determination includes comparing the number 
of units allocated plus the number of units required against 
the number of units available. 

0069. In this example, the new reservation requires 3 
units of resource. Since segments 716 and 718 each only has 
2 units of resource available, segments 716 and 718 are 
eliminated. After overbooked segments are eliminated, the 
method creates a new reservation entry for the duration of 
the segment. The “availability' method then combines adja 
cent segments into a single reservation and reports time slots 
that can accommodate the new reservation request. 
0070 Turning now to FIG. 7D, a diagram illustrating 
combined reservations is depicted in accordance with an 
illustrative embodiment of the present invention. As 
depicted in FIG. 7D, adjacent segments 720 and 722, in 
FIG. 7C are combined to form segment 740. Similarly, 
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adjacent segments 724 and 726 in FIG. 7C are combined to 
form reservation 742. Finally, adjacent segments 728 and 
730 are combined to form reservation 744. 

0071. After segments are combined, the “availability” 
method checks the duration of each reservation in the 
reservation list to determine if it is shorter than the required 
duration of the new reservation request. If so, the method 
removes the reservation from the list and the list of remain 
ing reservations are returned. Turning now to FIG. 7E, a 
diagram illustrating a remaining reservation is depicted in 
accordance with an illustrative embodiment of the present 
invention. As shown in FIG. 7E, in this example, since the 
required duration is 3 time slots and reservation 744 only 
lasts 2 time slots, the “availability' method removes reser 
vation 744 and only reservations 740 and 742 remain. 
0072 Turning now to FIG. 8A, a diagram illustrating an 
exemplary implementation of the scheduled resource class is 
depicted in accordance with an illustrative embodiment of 
the present invention. As shown in FIG. 8A, scheduled 
resource class 800 includes availability method 802. When 
invoked, availability method 802 first creates a set of seg 
ments from a list of reservations 804. The set of segments 
are similar to segment set 710 in FIG. 7B. More detail 
regarding segments is discussed in FIG. 8D. 
0073 Availability method 802 then iterates each segment 
in the set and determines if the number of resources avail 
able satisfies the request 806. The determination is based on 
the number of units allocated 808, the number of units 
required 810, and the number of units available 812. This 
elimination of overbooking is illustrated in FIG. 7C. 
0074 Turning now to FIG. 8B, a diagram illustrating an 
exemplary implementation of the scheduled resource class 
in continuation of FIG. 8A is depicted in accordance with an 
illustrative embodiment of the present invention. As shown 
in FIG. 8B, if the number of resources available satisfies the 
request, availability method 802 creates new reservation 
entry 814 for the time duration of the segment. 
0075 Turning now to FIG. 8C, a diagram illustrating an 
exemplary implementation of the scheduled resource class 
in continuation of FIG. 8B is depicted in accordance with an 
illustrative embodiment of the present invention. As shown 
in FIG. 8C, after new reservation entries are created, 
availability method 802 combines all the adjacent reserva 
tions 816. The combined entries are illustrated in FIG. 7D. 
Finally, availability method 802 checks each reservation 
entry and determines if the duration of the reservation is 
shorter than the required duration 818. If so, availability 
method removes the entry from the list of reservations 820. 
The list of remaining reservations, similar to reservation 
entry 740 and 742 in FIG. 7E, is then returned 822. 
0076 Turning now to FIG. 8D, a diagram illustrating 
exemplary segment and segments class is depicted in accor 
dance with an illustrative embodiment of the present inven 
tion. As shown in FIG.8D, in this example implementation, 
segment class 830 is a part of scheduled resource class 802 
in FIG. 8A. Segment class 830 includes an integer value of 
units 832, which indicates the number of units available in 
a segment. Segment class 834 also includes time 834, which 
indicates the start time of a segment. Furthermore, segment 
class 834 includes overlaps method 836 that determines if 
the segment overlaps with a reservation. 
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0.077 Also in this example implementation, segments 
class 838 represent a set of segments. Segments class 838 
includes add Segment method 840, which combines seg 
ments if their start times are identical 842 or add a segment 
ahead of another if their start times are not identical 844. 

0078 Turning now to FIG. 8E, a diagram illustrating an 
exemplary implementation of the scheduled resource class 
in continuation of FIG. 8C is depicted in accordance with an 
illustrative embodiment of the present invention. As shown 
in FIG. 8E, in addition to availability method 802, sched 
uled resource class 800 also includes available method 850. 
Available method 850 merely calls the availability method 
802 in FIG. 8A to return true if parameter values match the 
length of the “available' request. A true means that sufficient 
resources are available to meet the request. 
0079 Turning now to FIG. 9, a flowchart of an exem 
plary process for determining availability of resources using 
multiple time segments is depicted in accordance with an 
illustrative embodiment of the present invention. As shown 
in FIG. 9, the process begins when the availability method 
of the scheduled resource class is invoked (step 900). Next, 
the method creates a set of segments from the list of 
reservations (step 902). 
0080. The availability method then retrieves the next 
segment from the set of segments (step 904) and makes a 
determination as to whether the number of units allocated 
plus the number of units required is less than or equal to the 
number of units available (step 906). If so, the method 
creates a new reservation entry for the time duration of the 
segment (step 908) and continues to step 910. Otherwise, the 
process continues to step 910. At step 910, the method 
determines if additional segment is present in the set (step 
910). If additional segment is present, the process returns to 
step 904 to retrieve the next segment. Otherwise, the method 
retrieves the next reservation entry from the list of reserva 
tion entries created in step 908 (step 912). 

0081. The method then makes a determination as to 
whether the end time of this entry is equal to the start time 
of the next entry, meaning that they are adjacent entries (step 
914). If they are equal, the method creates a new reservation 
entry for the combined segments (step 916) and continues to 
step 918. Otherwise, the process continues to step 918. As 
step 918, the method makes a determination as to whether 
additional reservation entry is present in the list (step 918). 
If so, the process returns to step 912 to retrieve the next 
reservation entry. Otherwise, the method retrieves the next 
reservation entry from the list of reservations combined 
created in step 916 (step 920) and makes a determination as 
to whether the duration of this reservation entry is shorter 
than the required duration (step 922). If so, the method 
removes the reservation entry from the list (step 924) and 
continues to step 926). Otherwise, the process continues to 
step 926. 

0082. At step 926, the method makes a determination as 
to whether additional reservation entry is present in the list 
(step 926). If so, the process returns to step 920 to retrieve 
the next reservation entry. Otherwise, the method returns the 
list of reservations (step 928) and the process terminates 
thereafter. 

0083. In addition to a single scheduled resource, multiple 
managed resource availabilities may be determined using a 
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composite resource class provided by the present invention. 
Similar to the scheduled resource class, the composite 
resource class includes an “availability method and an 
“available” method. The “availability” method first retrieves 
a list of resource availabilities from current reservations and 
all the resources that make up the composite resource. This 
is performed by invoking the individual “availability” 
method of each resource. 

0084. Once the list of resource availabilities is retrieved, 
the method first retrieves the first resource availability from 
the list as a current intersection candidate. For each of the 
remaining resource availabilities in the list, the method then 
invokes an intersection method to determine if an intersec 
tion exists. An intersection exists where the current inter 
section candidate overlaps with the remaining resource 
availabilities in the list. This overlap is determined by 
invoking an overlap method on each current intersection 
candidate. 

0085 Turning now to FIG. 10A, a diagram illustrating an 
exemplary composite resource class is depicted in accor 
dance with an illustrative embodiment of the present inven 
tion. As shown in FIG. 10A, composite resource class 1000 
may represent a resource type or a pool. Composite resource 
class 1000 includes availability method 1002, which 
retrieves a list of availabilities from current reservations and 
list of resources that make up the composite 1004. 

0086) Next, the method retrieves the first resource avail 
ability from the list as a current intersection candidate 1006. 
For each of the remaining resource availabilities in the list, 
availability method 1002 determines whether an intersection 
exists. This determination is made by invoking an intersec 
tion method 1008, which iterates each current intersection in 
the current intersection candidate to determine whether it 
overlaps with each resource availability in the list 1010. The 
overlaps method is described in further detail in FIG. 10B. 
If so, a list of intersections is returned to the intersection 
method for each candidate and a list of intersections is 
returned to the availability method for all current candidates. 
Thus, a list of current intersections is returned as a result 
1012. 

0087 Turning now to FIG. 10B, a diagram illustrating an 
exemplary composite resource class in continuation of FIG. 
10A is depicted in accordance with an illustrative embodi 
ment of the present invention. As shown in FIG. 10B, 
overlaps method 1020 determines if an overlap exists 
between each current intersection and each resource avail 
ability in the list. Overlaps method 1020 returns a list of 
overlaps. 

0088 Similar to the scheduled resource class, composite 
resource class 1000 also includes available method 1022. 
However, similar to available method 850 in FIG. 8D in that 
available method 1022 merely invokes availability method 
1002 in FIG. 10A to return true if parameter values match 
the length of the “available' request. A true means that 
Sufficient resources are available to meet the request. 
0089 Turning now to FIG. 11A, a flowchart of an 
exemplary process for determining resource availability of a 
composite resource is depicted in accordance with an illus 
trative embodiment of the present invention. As shown in 
FIG. 11A, the process begins when the availability method 
is invoked in the composite resource class (step 1100). Next, 
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the method creates a set of resource availabilities from 
current reservations and the list of resources that make up 
the composite (step 1102). 
0090 The method then retrieves the first resource avail 
ability from the set of resource availabilities created as the 
current intersection candidate (step 1104) and retrieves the 
next resource in the resource availability (step 1106). The 
method then identifies a list of current intersections which 
indicates intersections of current candidates and resource 
availability. This step is performed by invoking the inter 
section method (step 1108). More detail regarding the inter 
section method is discussed in FIG. 11B. Once the list of 
current intersections is identified, the method makes a deter 
mination as to whether additional resource is present in the 
resource availability (step 1110). If so, the process returns to 
step 1106 to retrieve the next resource from the resource 
availability. Otherwise, the process terminates thereafter. 
0091 Turning now to FIG. 11B, a flowchart of an 
exemplary process for an intersection method for identifying 
a list of intersections is depicted in accordance with an 
illustrative embodiment of the present invention. As 
depicted in FIG. 11B, the process begins when the inter 
section method is invoked (step 1120). Next, the intersection 
method selects the next intersection from the current inter 
section candidate (step 1122) and identifies a list of inter 
sections where current intersection candidate overlaps with 
resource availability (step 1124). This step is performed by 
invoking an overlaps method. More details regarding the 
overlaps method is discussed in FIG. 1C.. Once a list of 
intersections is identified, the intersection method makes a 
determination as to whether additional intersection candi 
dates are present (step 1126). If additional intersection 
candidates are present, the process returns to step 1122 to 
select the next intersection candidate. Otherwise, the inter 
section list is returned (step 1128) and the process terminates 
thereafter. 

0092 Turning now to FIG. 11C, a flowchart of an 
exemplary process for an overlaps method for identifying a 
list of intersections where current intersection candidate 
overlaps with resource availability is depicted in accordance 
with an illustrative embodiment of the present invention. As 
shown in FIG. 11C, the process begins when the overlaps 
method is invoked (step 1130). Next, the overlaps method 
selects the next resource availability from the list of resource 
availabilities (step 1132). 
0093. The overlaps method then makes a determination 
as to whether the next resource availability overlaps with the 
current intersection candidate (step 1134). If no overlap is 
found, the process continues to step 1138. If overlap is 
found, the method identifies where the current candidate and 
resource availability overlap and adds the intersection to a 
list of intersection (step 1136). The process continues to step 
1138. 

0094. At step 1138, a determination is made by the 
overlaps method as to whether additional resource availabil 
ity is present in the resource availability list (step 1138). If 
additional resource availability is present, the process 
returns to step 1132 to select the next resource availability. 
Otherwise, the list of intersections is returned to the inter 
section method (step 1140) and the process terminates 
thereafter. 

0.095. In summary, the present invention provides a sim 
pler solution to determine the availability of resources using 
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multiple time domains. With the scheduled resource class 
and the reservation class, a user may easily query for a list 
of availabilities based on required units, duration and start 
time. In addition, the user may also determine whether 
resources available at a given time. In this way, management 
and reporting of resource availability are greatly improved. 
0096. It is important to note that while the present inven 
tion has been described in the context of a fully functioning 
data processing system, those of ordinary skill in the art will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media Such a floppy disc, a hard 
disk drive, a RAM, and CD-ROMs and transmission-type 
media Such as digital and analog communications links. 
0097. The description of the present invention has been 
presented for purposes of illustration and description, but is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modifications and variations will 
be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best 
explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 
various modifications as are Suited to the particular use 
contemplated. 

What is claimed is: 
1. A method in a data processing system for determining 

data center resources availability, the method comprising: 
responsive to a query for a list of resource availabilities, 

creating a set of segments for a list of reservations; 
determining, for each segment in the set, if resources are 

available based on a number of required resources of 
the query; 

if resources are available, combining adjacent reserva 
tions and removing from the list of resource availabili 
ties reservations having shorter durations than duration 
of the query to form a final list of resource availabili 
ties; and 

returning the final list of resource availabilities. 
2. The method of claim 1, wherein the list of reservations 

includes resources that have been made against a pool. 
3. The method of claim 1, wherein the determining step 

comprises: 

determining if a number of available resources is one of 
greater than and equal to a Sum of the number of 
required resources of the query and a number of 
allocated resources; 

creating a first new reservation entry for duration of each 
segment if the number of available resources is one of 
greater than and equal to the Sum of the number of 
required resources of the query and a number of 
allocated resources; and 

adding the first new reservation entry to the list of 
resource availabilities. 
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4. The method of claim 3, wherein the combining step 
comprises: 

determining, for each first new reservation entry in the list 
of resource availabilities, if end time of the first new 
reservation entry is equal to start time of next reserva 
tion entry in the list; 

creating a second new reservation entry for a combined 
duration of the new reservation entry and the next 
reservation entry; and 

setting the second new reservation entry as the new 
reservation entry in the list. 

5. The method of claim 1, wherein the removing step 
comprises: 

determining, for each new reservation entry in the list, if 
duration of the new reservation entry is shorter duration 
than the duration of the query; and 

if duration of the new reservation entry is shorter duration 
than the duration of the query, removing the new 
reservation entry from the list. 

6. The method of claim 1, further comprising: 
responsive to a request for resource availability of a given 

time, determining if Sufficient resources are available 
for the request; and 

returning a true if Sufficient resources are available. 
7. The method of claim 1, further comprising: 
responsive to a query for a list of resource availabilities 

for a composite resource, creating a list of resource 
availabilities for the list of reservations; 

setting a first resource availability from the list of resource 
availabilities as a current intersection candidate; and 

identifying, for each resource availability in the list of 
resource availabilities, a list of intersections of the 
current intersection candidate and each resource avail 
ability. 

8. The method of claim 7, wherein the identifying step 
comprises: 

identifying, for each intersection of the current intersec 
tion candidate, an intersection where the current inter 
section candidate overlaps with each resource avail 
ability by invoking an overlaps method. 

9. The method of claim 8, wherein the identifying step for 
identifying an intersection comprises: 

identifying, for each resource availability in the list of 
resource availabilities, an intersection of the current 
intersection candidate and each resource availability. 

10. A data processing system comprising: 
a bus; 

a memory connected to the bus, wherein a set of instruc 
tions are located in the memory; and 

a processing unit connected to the bus, wherein the 
processing unit executes the set of instructions to create 
a set of segments for a list of reservations; determine, 
for each segment in the set, if resources are available 
based on a number of required resources of the query; 
combine adjacent reservations and remove from the list 
of resource availabilities reservations having shorter 
durations than duration of the query if resources are 
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available to form a final list of resource availabilities; 
and return the final list of resource availabilities. 

11. The data processing system of claim 10, wherein the 
processing unit, in executing the set of instructions to 
determine if resources are available, determines if a number 
of available resources is one of greater than and equal to a 
Sum of the number of required resources of the query and a 
number of allocated resources; creates a first new reserva 
tion entry for duration of each segment if the number of 
available resources is one of greater than and equal to the 
Sum of the number of required resources of the query and the 
number of allocated resources; and adds the first new 
reservation entry to the list of resource availabilities. 

12. The data processing system of claim 11, wherein the 
processing unit, in executing the set of instructions to 
combine adjacent reservations, determines, for each first 
new reservation entry in the list of resource availabilities, if 
end time of the first new reservation entry is equal to start 
time of next reservation entry in the list, creates a second 
new reservation entry for a combined duration of the new 
reservation entry and the next reservation entry; and sets the 
second new reservation entry as the new reservation entry in 
the list. 

13. The data processing system of claim 12, wherein the 
processing unit, in executing the set of instructions to 
remove from the list of resource availabilities reservations 
having shorter durations than duration of the query step, 
determines, for each new reservation entry in the list, if 
duration of the new reservation entry is shorter duration than 
duration of the query; and removes the new reservation entry 
from the list if duration of the new reservation entry is 
shorter duration than the duration of the query. 

14. The data processing system of claim 10, wherein the 
processing unit further executes the set of instructions to 
create a list of resource availabilities for the list of reserva 
tions responsive to a query for a list of resource availabilities 
for a composite resource; set a first resource availability 
from the list of resource availabilities as a current intersec 
tion candidate; and identify, for each resource availability in 
the list of resource availabilities, a list of intersections of the 
current intersection candidate and each resource availability. 

15. A computer program product in a computer readable 
medium for determining data center resources availability, 
the computer program product comprising: 

first instructions for creating a set of segments for a list of 
reservations responsive to a query for a list of resource 
availabilities; 

second instructions for determining, for each segment in 
the set, if resources are available based on a number of 
required resources of the query; 

third instructions for combining adjacent reservations and 
removing from the list of resource availabilities reser 
Vations having shorter durations than duration of the 
query if resources are available to form a final list of 
resource availabilities; and 

fourth instructions for returning the final list of resource 
availabilities. 

16. The computer program product of claim 1, wherein 
the second instructions comprises: 

first sub-instructions for determining if a number of 
available resources is one of greater than and equal to 
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a Sum of the number of required resources of the query 
and a number of allocated resources; 

second Sub-instructions for creating a first new reserva 
tion entry for duration of each segment if the number of 
available resources is one of greater than and equal to 
the sum of the number of required resources of the 
query and the number of allocated resources; and 

third sub-instructions for adding the first new reservation 
entry to the list of resource availabilities. 

17. The computer program product of claim 16, wherein 
the third instructions comprises: 

first sub-instructions for determining, for each first new 
reservation entry in the list of resource availabilities, if 
end time of the first new reservation entry is equal to 
start time of next reservation entry in the list; 

second Sub-instructions for creating a second new reser 
vation entry for a combined duration of the new res 
ervation entry and the next reservation entry; and 

third Sub-instructions for setting the second new reserva 
tion entry as the new reservation entry in the list. 

18. The computer program product of claim 17, wherein 
the third instructions further comprises: 

Nov. 9, 2006 

fourth Sub-instructions for determining, for each new 
reservation entry in the list, if duration of the new 
reservation entry is shorter duration than duration of the 
query; and 

fifth sub-instructions for removing the new reservation 
entry from the list if duration of the new reservation 
entry is shorter duration than the duration of the query. 

19. The computer program product of claim 15, further 
comprising: 

fifth instructions for creating a list of resource availabili 
ties for the list of reservations, responsive to a query for 
a list of resource availabilities for a composite resource: 

sixth instructions for setting a first resource availability 
from the list of resource availabilities as a current 
intersection candidate; and 

seventh instructions for identifying, for each resource 
availability in the list of resource availabilities, a list of 
intersections of the current intersection candidate and 
each resource availability. 


