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ENERGY AND PERFORMANCE 
OPTIMIZING OBSCHEDULING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation application of and 
claims priority from U.S. patent application Ser. No. 12/961, 
633, filed on Dec. 7, 2010. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The field of the invention is data processing, or, 
more specifically, methods, apparatus, and products for 
energy and performance optimizing job Scheduling. 
0004 2. Description of Related Art 
0005 Electricity costs for powering and cooling the com 
puting infrastructure in data centers is increasing. The envi 
ronmental impact of Such powering and cooling is also 
increasing. In today's computing environments, a set of jobs 
(also called tasks) are often scheduled in one of two ways: to 
increase computational efficiency of processing the set of 
jobs or to decrease power consumption in processing the set 
of tasks. To date, however, no job scheduling is carried out 
that takes into account both computational efficiency and 
power consumption of a set of jobs. 

SUMMARY OF THE INVENTION 

0006 Methods, apparatus, and products for energy and 
performance optimizing job Scheduling in a data processing 
system are disclosed. In accordance with embodiments of the 
present invention, energy and performance optimizing job 
scheduling includes queuing a plurality of jobs; characteriz 
ing each of the plurality of jobs as one of hot or cold, thereby 
specifying a hot job Sub-queue and a cold job Sub-queue; 
iteratively for a plurality of schedules of the plurality of jobs, 
until estimated performance and power characteristics of 
executing jobs in accordance with a schedule meets pre 
defined selection criteria: determining a schedule for the plu 
rality of jobs in dependence upon a user provided parameter, 
the characterization of each job as hot or cold, and an energy 
and performance optimizing heuristic; estimating perfor 
mance and power characteristics of executing the jobs in 
accordance with the schedule; and determining whether the 
estimated performance and power characteristics meet the 
predefined selection criteria; if the estimated performance 
and power characteristics do not meet the predefined selec 
tion criteria, adjusting the user-provided parameter; and if the 
estimated performance and power characteristics meet the 
predefined selection criteria, executing the plurality of jobs in 
accordance with the schedule. 
0007. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular descriptions of exemplary embodiments 
of the invention as illustrated in the accompanying drawings 
wherein like reference numbers generally represent like parts 
of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 sets forth a network diagram of a data pro 
cessing system for energy and performance optimizing job 
scheduling according to embodiments of the present inven 
tion. 
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0009 FIG. 2 sets forth a flow chart illustrating a further 
exemplary method for energy and performance optimizing 
job Scheduling according to embodiments of the present 
invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

00.10 Exemplary methods, apparatus, and products for 
energy and performance optimizing job scheduling in accor 
dance with the present invention are described with reference 
to the accompanying drawings, beginning with FIG.1. FIG.1 
sets forth a network diagram of a data processing system for 
energy and performance optimizing job Scheduling according 
to embodiments of the present invention. A job as the term 
is used here may refer to any process that is to be executed 
(carried out) in a data processing system, where the execution 
of the job may increase temperature of the data processing 
system or increase power consumption of the data processing 
system. Ajob, for example, may be a thread of execution to be 
scheduled by an operating system and executed by a com 
puter processor, a query of database, an input/output request, 
data communications to be processed, a memory read or 
write, or other task carried out in a data processing system. A 
schedule as the term is used here is a specification of an order 
of execution of more than one job. 
0011. The data processing system of FIG. 1 is imple 
mented with automated computing machinery—a computer 
(152) that includes at least one computer processor (156) or 
CPU as well as random access memory (168) (RAM) 
which is connected through a high speed memory bus (166) 
and bus adapter (158) to processor (156) and to other com 
ponents of the computer (152). Although the data processing 
system in the example of FIG. 1 is depicted as a single 
computer (152) with a single CPU, readers of skill in the art 
will recognize that energy and performance optimizing job 
scheduling may be carried out in other forms of data process 
ing systems: massively parallel Super-computers, data cen 
ters, a computer with a multi-processor or co-processor, and 
so on as will occur to readers of skill in the art. 
0012 Stored in RAM (168) is a job scheduling module 
(126), a module of computer program instructions for sched 
uling jobs in an energy and performance optimizing manner. 
The job scheduling module (126) of FIG.1 may schedule jobs 
in an energy and performance optimizing manner in accor 
dance with embodiments of the present invention by first 
receiving and queuing (112) a plurality of jobs (116). The job 
scheduling module (126) may then characterize each of the 
jobs (116) as one of hot or cold, thereby specifying a hot job 
Sub-queue and a cold job Sub-queue. The job scheduling 
module (126) may characterize each of the jobs (116) as hot 
or cold in ways known to those of skill in the art. For example, 
each job may have a type—a write to memory, a read to 
memory, and so on, and each type of job may, in a thermal job 
profile, be associated with a characterization. As another 
example, a job may have been previously executed in the data 
processing system and data describing the power consump 
tion or ambient temperature of the data processing system 
during execution of the job may have been recorded, indicat 
ing whether the job is hot or cold relative to a predeter 
mined threshold. 
0013 The example job scheduling module (126) of FIG. 1 
may then, iteratively for a number of schedules (114) of the 
jobs, until estimated performance and power characteristics 
of executing jobs in accordance with a schedule (114) meets 



US 2012/0240123 A1 

predefined selection criteria (106): determine a schedule 
(114) for the plurality of jobs in dependence upon a user 
provided parameter (104), the characterization of each job as 
hot or cold, and an energy and performance optimizing heu 
ristic (102); estimate performance and power characteristics 
(108) of executing the jobs (116) in accordance with the 
schedule (114); and determine whether the estimated perfor 
mance and power characteristics (108) meet the predefined 
selection criteria (106). If the estimated performance and 
power characteristics (108) do not meet the predefined selec 
tion criteria (106), the job scheduling module (126) may 
adjust the user-provided parameter (104) and proceed to the 
next iteration. If the estimated performance and power char 
acteristics (108) meet the predefined selection criteria (106), 
the job scheduling module (126) may then execute the jobs 
(116) in accordance with the schedule (114). 
0014 Performance characteristics may be any description 
of execution performance of a particular schedule—time to 
complete the entre set of jobs when executed in accordance 
with the particular schedule, average time of execution per 
job when executed in accordance with the particular sched 
ule, and so on as will occur to readers of skill in the art. 
00.15 Power characteristics may be any representation of 
energy consumption related to executing a particular sched 
ule of jobs—average temperature of one or more elements of 
data processing system (e.g. CPU temperature) during execu 
tion of each job, peak temperature of one or more elements of 
the data processing system during execution of the jobs in 
accordance with the particular schedule, average power con 
Sumed per task, total power consumed in executing the jobs in 
accordance with the schedule, and so on as will occur to 
readers of skill in the art. 

0016. The term predefined selection criteria as used in 
this specification refers to a specification of acceptable power 
and performance characteristics of a schedule. Predefined 
selection criteria may be specified in various ways, including 
for example, as a range of acceptable power characteristics in 
association with a range of acceptable performance charac 
teristics, as a predefined threshold of power and performance 
characteristics, as a computer function that, when executed 
provides a Boolean result (e.g. “True' or False), and so on as 
will occur to readers of skill in the art. 

0017. A heuristic as the term is used here refers to a sched 
ule selection algorithm that operates at least partially in 
dependence upon a user-provided value. The term 'heuristic 
generally, outside of the scope of this specification, refers to 
experience-based techniques for problem solving, learning, 
and discovery. Heuristic methods are used to come to an 
optimal solution as rapidly as possible. Part of this method is 
using a "rule of thumb, an educated guess, an intuitive judg 
ment, or common sense. The user-provided value of the 
present specification is type of educated guess of Sorts—a 
starting point from which the schedule selection algorithm 
may determine or identify an optimal (or semi-optimal) 
schedule. 

0018. Also stored in RAM (168) is an operating system 
(154). Operating systems useful energy and performance 
optimizing job scheduling according to embodiments of the 
present invention include UNIXTM, LinuxTM, Microsoft 
XPTM, AIXTM, IBM's i5/OSTM, and others as will occur to 
those of skill in the art. The operating system (154) and job 
scheduling module (126) in the example of FIG. 1 are shown 
in RAM (168), but many components of such software typi 
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cally are stored in non-volatile memory also, such as, for 
example, on a disk drive (170). 
(0019. The computer (152) of FIG. 1 includes disk drive 
adapter (172) coupled through expansion bus (160) and bus 
adapter (158) to processor (156) and other components of the 
computer (152). Disk drive adapter (172) connects non-vola 
tile data storage to the computer (152) in the form of disk 
drive (170). Disk drive adapters useful in computers for 
energy and performance optimizing job Scheduling according 
to embodiments of the present invention include Integrated 
Drive Electronics (IDE) adapters, Small Computer System 
Interface (SCSI) adapters, and others as will occur to those 
of skill in the art. Non-volatile computer memory also may be 
implemented for as an optical disk drive, electrically erasable 
programmable read-only memory (so-called EEPROM or 
Flash memory), RAM drives, and so on, as will occur to 
those of skill in the art. 

(0020. The example computer (152) of FIG. 1 includes one 
or more input/output (I/O) adapters (178). I/O adapters 
implement user-oriented input/output through, for example, 
Software drivers and computer hardware for controlling out 
put to display devices Such as computer display screens, as 
well as user input from user input devices (181) such as 
keyboards and mice. The example computer (152) of FIG. 1 
includes a video adapter (209), which is an example of an I/O 
adapter specially designed for graphic output to a display 
device (180) Such as a display screen or computer monitor. 
Video adapter (209) is connected to processor (156) through 
a high speed video bus (164), bus adapter (158), and the front 
side bus (162), which is also a high speed bus. 
0021. The exemplary computer (152) of FIG. 1 includes a 
communications adapter (167) for data communications with 
other computers (182) and for data communications with a 
data communications network (100). Such data communica 
tions may be carried out serially through RS-232 connections, 
through external buses such as a Universal Serial Bus 
(USB), through data communications networks such as IP 
data communications networks, and in other ways as will 
occur to those of skill in the art. Communications adapters 
implement the hardware level of data communications 
through which one computer sends data communications to 
another computer, directly or through a data communications 
network. Examples of communications adapters useful for 
energy and performance optimizing job Scheduling according 
to embodiments of the present invention include modems for 
wired dial-up communications, Ethernet (IEEE 802.3) adapt 
ers for wired data communications network communications, 
and 802.11 adapters for wireless data communications net 
work communications. 
0022. The arrangement of computers and other devices 
making up the exemplary system illustrated in FIG. 1 are for 
explanation, not for limitation. Data processing systems use 
ful according to various embodiments of the present invention 
may include additional servers, routers, other devices, and 
peer-to-peer architectures, not shown in FIG. 1, as will occur 
to those of skill in the art. Networks in such data processing 
systems may support many data communications protocols, 
including for example TCP (Transmission Control Protocol), 
IP (Internet Protocol), HTTP (HyperText Transfer Protocol), 
WAP (Wireless Access Protocol), HDTP (Handheld Device 
Transport Protocol), and others as will occur to those of skill 
in the art. Various embodiments of the present invention may 
be implemented on a variety of hardware platforms in addi 
tion to those illustrated in FIG. 1. 
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0023 For further explanation, FIG. 2 sets forth a flow 
chart illustrating a further exemplary method for energy and 
performance optimizing job scheduling according to embodi 
ments of the present invention. The method of FIG. 2 includes 
queuing (202) a plurality of jobs (116) and characterizing 
(204) each of the plurality of jobs (116) as one of hot or cold, 
thereby specifying a hot job Sub-queue (216) and a cold job 
sub-queue (218). Queuing (202) a plurality of jobs (116) may 
be carried out in various ways including, for example, by 
inserting a description of each job into a list of jobs. Charac 
terizing (204) each of the plurality of jobs (116) as one of hot 
or cold, thereby specifying a hot job Sub-queue (216) and a 
cold job Sub-queue (218) may be carried out in various ways, 
including for example, by job type in accordance with a 
predefined thermal profile of job types. 
0024. The method of FIG. 2 also includes a portion carried 
out iteratively for a plurality of schedules (114) of the plural 
ity of jobs (116), until estimated performance and power 
characteristics (108) of executing jobs in accordance with a 
schedule meets predefined selection criteria (106). The itera 
tive portion includes determining (206) a schedule (114) for 
the plurality of jobs (116) in dependence upon a user provided 
parameter (104), the characterization (204) of each job as hot 
or cold, and an energy and performance optimizing heuristic 
(102); estimating (208) performance and power characteris 
tics (108) of executing the jobs (116) in accordance with the 
schedule (114); and determining (210) whether the estimated 
performance and power characteristics (108) meet the pre 
defined selection criteria (106). If the estimated performance 
and power characteristics (108) do not meet the predefined 
selection criteria (106), adjusting (214) the user-provided 
parameter (214) for a next iteration; and if the estimated 
performance and power characteristics (108) meet the pre 
defined selection criteria (106), executing (212) the plurality 
of jobs (116) in accordance with the determined schedule 
(114). 
0025. In the method of FIG. 2, determining (206) a sched 
ule (114) for the plurality of jobs (116) in dependence upon a 
user provided parameter (104), the characterization (204) of 
each job as hot or cold, and an energy and performance 
optimizing heuristic (102) may be carried out in various ways. 
In one possible way determining a schedule may include: for 
each possible schedule of the plurality of jobs, calculating: 

selecting the schedule minimum calculated () value. In the 
above equation O, is the average stretch value for the cold 
job sub-queue of the possible schedule for which () is calcu 
lated where the average stretch value represents the sum of 
times to complete execution of each job, in the possible 
schedule, preceding the final job in the cold job Sub-queue 
including the time to complete execution of the final job in the 
cold job Sub-queue, normalized by the time to complete 
execution of the final job in the cold job sub-queue. In similar 
manner, O, is the average stretch value for the hot job Sub 
queue of the possible schedule for which () is calculated, the 
stretch value representing the sum of times to complete 
execution of each job, in the possible schedule, preceding the 
final job in the hot job Sub-queue including the time to com 
plete execution of the final job in the hot job sub-queue, 
normalized by the time to complete execution of the final job 
in the hot job Sub-queue. In the example equation listed 
above, O' is the Sum of the times to complete execution of 
each job in the cold job sub-queue, in the order of the schedule 
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and ignoring hotjobs. Likewise, O, is the Sum of the times 
to complete execution of each job in the hotjob Sub-queue, in 
the order of the schedule and ignoring cold jobs. In the 
example equation above, w is the user provided parameter 
(104). 
0026. The times to complete execution of jobs with regard 
to O, O, O, and O't may be calculated from esti 
mations, from previously recorded data, and in other ways as 
will occur to readers of skill in the art. 

(0027. When is equal to 

2 
Pcold 

2 2 : Pold Piot 

where p is the average power consumption of execution 
the cold job Sub-queue and p is the average power con 
Sumption of executing the hot job Sub-queue, the schedule 
selected by the heuristic is a shortest hottest job first schedule. 
In another embodiment, when W is equal to 

2 
Phot 

2 2 : Pold Piot 

the schedule is a shortest coolest job first schedule. In this 
way, a user may selectively weigh a schedule to run cooler 
jobs first or hotter jobs first by careful selection of W. 
0028 Determining (206) a schedule (114) for the plurality 
of jobs may be carried out in accordance with another heu 
ristic in which, for each possible schedule of the plurality of 
jobs, determining (206) a schedule (114) include calculating: 

o= -(1 + or s: | C Cit 

and 

selecting, as the schedule for executing the plurality jobs, the 
schedule having a minimum calculated () value. In this 
example equation—this example heuristic—O is the sum of 
times to complete execution of the plurality of jobs in accor 
dance with the schedule, O is the sum of the times to 
execute each job in the cold job Sub-queue in accordance with 
the schedule: O is the sum of the times to execute each job 
in the hotjob Sub-queue in accordance with the schedule; and 
C. is the user-provided value. 
0029. As described above, the plurality of jobs may be 
characterized as one of hot or cold. In another embodiment, 
however, energy and performance optimizing job scheduling 
in a data processing system in accordance with embodiments 
of the present invention may include categorizing each of the 
plurality of jobs into one or more Sub-queues in dependence 
upon the jobs' power characteristics and in accordance with 
predefined categorization rules. That is, more than two Sub 
queues (hot or cold) may be employed, where each Sub-queue 
is associated with an average power consumption of a setjobs 
or an average temperature associated with a set of jobs. Cat 
egorization rules, as recited here, specify ranges of power 
consumption or temperature for each Sub-queue. In this way, 
energy and performance optimizing job scheduling in accor 
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dance with embodiments of the present invention may be 
controlled in a fine-grain manner. 
0030. In view of the explanations set forth above, readers 
will recognize that the benefits of energy and performance 
optimizing job scheduling according to embodiments of the 
present invention include: 

0031. Selecting a job schedule that provides optimal 
energy and performance characteristics in an efficient, 
optimal manner; 

0032. Providing a user some control over job schedule 
Selection with user selectable weighting parameters; and 

0033. Other benefits as will occur to readers of skill in 
the art. 

0034 Exemplary embodiments of the present invention 
are described largely in the context of a fully functional 
computer system for energy and performance optimizing job 
scheduling. Readers of skill in the art will recognize, how 
ever, that the present invention also may be embodied in a 
computer program product disposed upon computer readable 
storage media for use with any Suitable data processing sys 
tem. Such computer readable storage media may be any stor 
age medium for machine-readable information, including 
magnetic media, optical media, or other Suitable media. 
Examples of Such media include magnetic disks in hard 
drives or diskettes, compact disks for optical drives, magnetic 
tape, and others as will occur to those of skill in the art. 
Persons skilled in the art will immediately recognize that any 
computer system having Suitable programming means will be 
capable of executing the steps of the method of the invention 
as embodied in a computer program product. Persons skilled 
in the art will recognize also that, although some of the 
exemplary embodiments described in this specification are 
oriented to Software installed and executing on computer 
hardware, nevertheless, alternative embodiments imple 
mented as firmware or as hardware are well within the scope 
of the present invention. 
0035. As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident Software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
0036) Any combination of one or more computer readable 
medium(s) may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any Suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
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tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
0037. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0038 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
0039 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
combination of one or more programming languages, includ 
ing an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
004.0 Aspects of the present invention are described above 
with reference to flowchart illustrations and/or block dia 
grams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
0041. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0042. The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
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apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
0043. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0044. It will be understood from the foregoing description 
that modifications and changes may be made in various 
embodiments of the present invention without departing from 
its true spirit. The descriptions in this specification are for 
purposes of illustration only and are not to be construed in a 
limiting sense. The scope of the present invention is limited 
only by the language of the following claims. 

1. A method of energy and performance optimizing job 
scheduling in a data processing system, the method compris 
ing: 

queuing a plurality of jobs; 
characterizing each of the plurality of jobs as one of hot or 

cold, thereby specifying a hotjob Sub-queue and a cold 
job Sub-queue; 

iteratively for a plurality of schedules of the plurality of 
jobs, until estimated performance and power character 
istics of executing jobs in accordance with a schedule 
meets predefined selection criteria: 

determining a schedule for the plurality of jobs in depen 
dence upon a user provided parameter, the characteriza 
tion of each job as hot or cold, and an energy and per 
formance optimizing heuristic; 

estimating performance and power characteristics of 
executing the jobs in accordance with the schedule; and 

determining whether the estimated performance and power 
characteristics meet the predefined selection criteria: 

if the estimated performance and power characteristics do 
not meet the predefined selection criteria, adjusting the 
user-provided parameter for a next iteration; and 

if the estimated performance and power characteristics 
meet the predefined selection criteria, executing the plu 
rality of jobs in accordance with the determined sched 
ule. 

2. The method of claim 1 wherein determining a schedule 
for the plurality of jobs in dependence upon a user provided 
parameter, the characterization of each job as hot or cold, and 
an energy and performance optimizing heuristic further com 
prises: 
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for each possible schedule of the plurality of jobs, calcu 
lating: 

selecting the schedule having a minimum calculated w 
value, wherein: 

O. comprises the average stretch value for the cold job 
sub-queue of the possible schedule for which w is cal 
culated, the average stretch value representing the Sum 
of times to complete execution of each job, in the pos 
sible schedule, preceding the final job in the cold job 
Sub-queue including the time to complete execution of 
the final job in the cold job sub-queue, normalized by the 
time to complete execution of the final job in the cold job 
Sub-queue; 

O. comprises the average stretch value for the hot job 
sub-queue of the possible schedule for which () is cal 
culated, the stretch value representing the Sum of times 
to complete execution of each job, in the possible sched 
ule, preceding the final job in the hot job Sub-queue 
including the time to complete execution of the final job 
in the hot job sub-queue, normalized by the time to 
complete execution of the final job in the hot job sub 
queue, 

O comprises the sum of the times to complete execu 
tion of each job in the cold job Sub-queue; 

O' comprises the sum of the times to complete execution 
of each job in the hot job Sub-queue; and 

w comprises the user provided parameter. 
3. The method of claim 2 wherein: 
w comprises 

2 
Pcold 

2 2 : Pold Piot 

and the schedule comprises a shortest hottest job first sched 
ule, wherein 

p comprises the average power consumption of execu 
tion the cold job Sub-queue; and 

p comprises the average power consumption of execut 
ing the hot job Sub-queue. 

4. The method of claim 2 wherein: 
w comprises 

2 
Piot 

2 2 : Pold Piot 

and the schedule comprises a shortest coolest job first sched 
ule, wherein 
p comprises the average power consumption of execu 

tion the cold job Sub-queue; and 
p comprises the average power consumption of execut 

ing the hot job Sub-queue. 
5. The method of claim 1 wherein determining a schedule 

for the plurality of jobs in dependence upon a user provided 
parameter, the characterization of each job as hot or cold, and 
an energy and performance optimizing heuristic further com 
prises: 
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for each possible schedule of the plurality of jobs, calcu- O comprises the sum of times to complete execution of the 
lating: plurality of jobs in accordance with the schedule: 

O' comprises the Sum of the times to execute each job in 
the cold job Sub-queue in accordance with the schedule; 

() r - (1 + otold i. O. comprises the sum of the times to execute each job in 
C the hot job Sub-queue in accordance with the schedule; 

and 
and C. comprises the user-provided value. 

Selecting, as the schedule for executing the plurality jobs, 6-18. (canceled) 
the schedule having a minimum calculated () value, 
wherein: ck 


