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(57) ABSTRACT 

In one embodiment, functional system elements are added to 
an autonomic manager to enable automatic online sample 
interval selection. In another embodiment, a method for 
determining the sample interval by continually characteriz 
ing the system Workload behavior includes monitoring the 
system data and analyzing the degree to Which the Workload 
is stationary. This makes the online optimization method less 
sensitive to system noise and capable of being adapted to 
handle different workloads. The effectiveness of the auto 
nomic optimizer is thereby improved, making it easier to 
manage a Wide range of systems. 
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METHOD AND APPARATUS FOR ONLINE 
SAMPLE INTERVAL DETERMINATION 

BACKGROUND 

[0001] The present invention relates generally to comput 
ing systems, and relates more particularly to performance 
and systems management of computing systems. Speci? 
cally, the invention is a method and apparatus for online 
determination of sample intervals for optimiZation and con 
trol operations in a dynamic, on-demand computing envi 
ronment. 

[0002] FIG. 1 is a block diagram illustrating a typical data 
processing system 10. The data processing system 10 com 
prises a database server 100 Which serves one or more 

database clients 150. The database server 100 includes a 
plurality of memory pools 121-125 that is adapted to cache 
data in a plurality of storage media 111-119. Database agents 
101-109 access copies of storage media data through the 
memory pools 121 to 125 in order to serve the clients 150. 

[0003] Central to the performance of the data processing 
system 10 is the management of the memory pools 121-125. 
Increasing the siZe of a memory pool 121-125 can dramati 
cally reduce response time for accessing storage media data, 
since there is a-higher probability that a copy of the data is 
cached in memory. This reduction in response time, mea 
sured in terms -of saved response time per unit memory 
increase, is referred to as the “response time bene?t” (or 
“bene?t”). 
[0004] A bene?t reporter and a memory tuner operate to 
optimiZe the bene?t derived from the system 10. At regularly 
scheduled intervals (referred to as “sample intervals”), the 
bene?t reporter 130 collects measured output data (e.g., data 
indicative of system performance metrics) and transmits the 
data to the memory tuner 140, Which is adapted to adjust 
memory pool allocations, based on analysis of the measured 
output data, With the intent of reducing overall response time 
for data access. 

[0005] Due to the stochastic and dynamic nature of com 
puting systems, the siZe of these sample intervals can be 
critical. For eXample, too small a sample interval may yield 
an insuf?cient collection of samples, and signi?cant mea 
surement noise may be generated during optimiZation, 
resulting in controller-introduced oscillation. On the other 
hand, too large a sample interval may reduce the optimiZa 
tion responsiveness as measured by time-response charac 
teristics, such as system settling time. Effective online 
optimiZation therefore requires a substantially precise 
sample interval in order to provide fast response Without 
introducing unWanted oscillation. A draWback of conven 
tional systems for determining sample intervals, such as the 
bene?t reporter and memory tuner system discussed above, 
is that the determinations tend to be based on static Work 
loads. HoWever, in a dynamic, on-demand environment, the 
Workload characteristics and system con?gurations change 
drastically With time, and statically derived intervals may 
therefore yield less than optimal results. 

[0006] Thus, there is a need in the art for a method and 
apparatus for online sample interval determination. 

SUMMARY OF THE INVENTION 

[0007] In one embodiment, the present invention is a 
system for online determination of sample intervals for 
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dynamic (i.e., non-stationary) Workloads. In one embodi 
ment, functional system elements are added to an autonomic 
manager to enable automatic online sample interval selec 
tion. In another embodiment, a method for determining the 
sample interval by continually characteriZing the system 
Workload behavior includes monitoring the system data and 
analyZing the degree to Which the Workload is stationary. 
This makes the online optimiZation method less sensitive to 
system noise and capable of being adapted to handle differ 
ent Workloads. The effectiveness of the autonomic optimiZer 
is thereby improved, making it easier to manage a Wide 
range of systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] So that the manner in Which the above recited 
embodiments of the invention are attained and can be 
understood in detail, a more particular description of the 
invention, brie?y summariZed above, may be obtained by 
reference to the embodiments thereof Which are illustrated in 
the appended draWings. It is to be noted, hoWever, that the 
appended draWings illustrate only typical embodiments of 
this invention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally 
effective embodiments. 

[0009] FIG. 1 is a block diagram illustrating a data 
processing system in Which one embodiment of the present 
invention may be implemented; 

[0010] FIG. 2 is a block diagram illustrating the relation 
ship betWeen the interval tuner, the resource optimiZer, and 
the data processing systems according to one embodiment of 
the present invention; 

[0011] FIG. 3 is a How diagram illustrating one embodi 
ment of a method for online sample interval determination 
according to the present invention; 

[0012] FIG. 4 is a How diagram illustrating one embodi 
ment of a method for determining When to start interval 
tuning according to the present invention; 

[0013] FIG. 5 is a How diagram illustrating one embodi 
ment of a method for specifying modeling data that is 
suitable for interval tuning according to the present inven 
tion; 
[0014] FIG. 6 is a How diagram illustrating one embodi 
ment of a method for analyZing Workload and system 
characteristics and determining the sample interval accord 
ing to the present invention; 

[0015] FIG. 7 is a How diagram illustrating one embodi 
ment of a method for determining Whether a system resource 
allocation has reached a steady state according to the present 
invention; and 

[0016] FIG. 8 is a high level block diagram of the present 
invention implemented using a general purpose computing 
device. 

[0017] To facilitate understanding, identical reference 
numerals have been used, Where possible, to designate 
identical elements that are common to the ?gures. 

DETAILED DESCRIPTION 

[0018] In one embodiment, the present invention provides 
a method for online determination of a sample interval for 
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collecting measured output data of computing systems deal 
ing in dynamic (e.g., non-stationary) workloads. In one 
embodiment, the method is implemented in a data process 
ing system such as that illustrated in FIG. 1, and operates to 
adjust memory allocation to a plurality of memory pools. 
Since the total siZe of a system’s memory pools is ?xed, 
increasing the siZe of one memory pool necessarily means 
decreasing the siZe of another pool. Care must be taken in 
determining When and hoW frequently to adjust the alloca 
tions to the memory pools. If adjustments are made too 
frequently, the bene?t data can be corrupted by substantial 
random factors in memory usage; hoWever, because, the 
Workload varies over the time and the memory tuner needs 
to be responsive in determining the optimal memory allo 
cations, memory allocation adjustments must not be made 
too infrequently either. Determination of proper sample 
intervals is therefore critical. 

[0019] FIG. 2 is a block diagram illustrating one embodi 
ment of a data processing system 200 in Which a method for 
online determination of a sample interval may be executed 
according to the present invention. The system 200 com 
prises an interval tuner 210, a resource optimiZer 220, and a 
data processing system 230. The data processing system 230 
receives Workload 240 in the form of client requests, and 
transmits measured output data (in the form of a plurality of 
data points) to both the resource optimiZer 220 and the 
interval tuner 210. As described above, the measured output 
data is data indicative of system performance metrics, and in 
one embodiment, the measured output is bene?t informa 
tion. HoWever, those skilled in the art Will appreciate that the 
measured output data generally re?ects many different 
aspects of the data processing system 200. 

[0020] The resource optimiZer 220 functions in a manner 
similar to the memory tuner 140 in FIG. 1, and analyZes the 
measured output data collected from the data processing 
system 230 to determine neW resource allocations for the 
data processing system at speci?ed intervals of time. The 
challenge for the resource optimiZer is that different Work 
loads 240 Will affect the data processing system 230 differ 
ently, and Will thus require tuning at different intervals. The 
interval tuner 210 uses the measured output data collected 
from the data processing system 230 to determine the 
operating frequency (e.g., the sample interval for collecting 
the measured output data and the control interval for chang 
ing the resource allocation; generally, the sample interval is 
equal to the control interval) of the resource optimiZer 220. 
The interval tuner 210 is adapted to automatically select and 
adjust the sample interval in real time. 

[0021] For example, in one embodiment the Workload 240 
is an online transaction processing (OLTP) Workload. Since 
each of the transactions take less than a second to run, it may 
be reasonable for the resource optimiZer 220 to tune the 
resource allocation of the data processing system 230 every 
one or tWo minutes (or after several hundred thousand 
transactions). HoWever, the same resource optimiZer 220 
and data processing system 230 may need to handle different 
type of Workload 240, such as a decision support (DSS) 
Workload. Since the transactions from a DSS Workload 
usually take several minutes to run (e.g., some transactions 
can take up to half an hour to run), if the resource optimiZer 
220 Were to tune the data processing system 230 With the 
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same one or tWo minutes interval, it Would be performing 
intra-query tuning Which is much more dif?cult (and in some 
cases impossible). 

[0022] Furthermore, if the data processing system 230 is 
tuned too quickly, it Will cause unnecessary measurement 
and resiZing overheads. Alternatively, if changes are made 
too infrequently, the system Will exhibit poor response time 
to changing Workload demands. The Workload characteris 
tics and system con?gurations in a dynamic on-demand 
environment differ from customer to customer, and can 
change drastically during normal operation. 

[0023] FIG. 3 is a How diagram illustrating one embodi 
ment of a method 300 for determining sample intervals in a 
dynamic environment according to the present invention. In 
one embodiment, the method 300 is executed by the interval 
tuner 210 of the system 200. The individual steps 310-340 
in the method 300 are described in greater details beloW. The 
method 300 is initialiZed at step 305 and proceeds to step 
310, Where the method 300 collects measured output data. In 
one embodiment, the measured output data is bene?t infor 
mation. 

[0024] In step 320, the method 300 uses the measured 
output data to determine Whether to start interval tuning. 
Once the interval tuning process is started, the resource 
optimiZer (e.g., 220 in FIG. 2) is overridden and current 
resource allocations are ?xed. In step 330, the method 300 
determines Whether suf?cient measured output data has been 
collected for performing interval tuning. In one embodi 
ment, the collected measured output data is suf?cient if it is 
representative of system characteristics. In one embodiment, 
the determination of Whether suf?cient measured output data 
has been collected is made in accordance With a method 500, 
described in more detail beloW With regard to FIG. 5. If the 
collected measured output data is insuf?cient for interval 
tuning, the method 300 returns to step 310 and collects 
additional data. Alternatively, if the method 300 determines 
in step 330 that suf?cient measured output data has been 
collected, the method 300 proceeds to step 340, Where the 
method 300 analyZes the system Workload and characteris 
tics, as indicated by the collected measured output data, and 
determines a sample interval that is suitable for the system 
200 and Workload 240. 

[0025] The method 300 continually characteriZes the 
Workload behavior and statistically determines the sample 
interval based on the collected measured output data. This 
alloWs the resource optimiZer 220 to be less sensitive to 
system noise and to adapt to different Workloads 240, since 
interval tuning is conducted regularly during the period in 
Which automatic resource allocation is active for the data 
processing system 200. 

[0026] FIG. 4 is a How diagram illustrating one embodi 
ment of a method 320 for determining Whether to start 
interval tuning. The method 320 is initialiZed at step 400 and 
proceeds to step 402, Where the method 320 determines 
Whether a system Workload 240 exists. Since a Workload 240 
must exist (e.g., at least one of the measured output data 
must be non-Zero) in order for interval tuning to begin, if the 
method 320 determines at step 402 that a Workload 240 does 
not exist, the method 320 concludes that the system 200 is 
not ready for interval tuning. Alternatively, if a Workload 
240 does exist, the method 320 proceeds to step 404, Where 
the method 320 determines Whether the system 200 is 
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attempting to start interval tuning for the ?rst time. Those 
skilled in the art Will appreciate that at a particular time 
interval, some of the data points of the measured output data 
can be Zero; for example, one or more databases may not be 
needed by the database agents for handling the client 
requests. HoWever, in one embodiment, if all of the data are 
Zero, the Workload 240 most likely does not exist, e.g., the 
data processing system 200 is not connected to handle 
incoming Workloads 240. Since the Workload 240 does not 
exist, the interval tuning process should not be started. 

[0027] If the system 200 has completed interval tuning for 
the ?rst time, since the Workload may change over time, the 
system 200 may attempt to perform interval tuning again. 
Therefore, the method 320 proceeds to step 410 and Waits 
for the next scheduled interval tuning. 

[0028] If the system 200 is attempting to perform interval 
tuning for the ?rst time, the method 320 proceeds to step 406 
to determine Whether the system resource allocation has 
reached a steady state. In one embodiment, a steady state 
implies that the system 200 is Working in a normal operating 
state, so that the measured output (bene?t) data collected is 
representative of system characteristics and so that interval 
tuning is necessary. 

[0029] FIG. 7 is a How diagram illustrating one embodi 
ment of a method 700 for determining Whether the system 
200 has reached a steady state. The method 700 is initialiZed 
at step 702 and proceeds to step 704, Where the method 700 
determines Whether the resiZe amount falls beloW some 
minimum threshold, thereby implying that the system 200 
has converged and the system resource is not aggressively 
reallocated by the resource optimiZer 220 (that is, a steady 
state is reached). In one embodiment, the system resource is 
memory, and the resiZe amount is the percentage of memory 
reallocation With respect to the total available memory. If the 
resiZe amount is insigni?cant (e.g., beloW a threshold of 
0.5%), the system is assumed to have converged since less 
than 0.5% memory reallocation Will not signi?cantly impact 
system performance. If the method 700 determines that the 
resiZe amount does fall beloW the minimum threshold, the 
method 700 determines that the steady state has been 
reached or is close to being reached. Alternatively, if the 
method 700 determines that the resiZe amount does not fall 
beloW the minimum threshold, the method 700 proceeds to 
step 706. 

[0030] In step 706, the method 700 determines Whether a 
relatively small number of tuning intervals has passed since 
the start of Workload 240 and resource allocation from the 
resource optimiZer 220, thereby implying that convergence 
of the system 200 may not be possible With the current 
sample interval. In one embodiment, this “relatively small 
number” of tuning intervals is based upon the desired 
converging speed of the resource optimiZer. In one embodi 
ment, it is desirable for the resource optimiZer to converge 
at approximately tWenty intervals. If the method 700 deter 
mines that a relatively small number of tuning intervals has 
passed, the method 700 determines that the system 200 has 
reached a steady state, e.g., a normal operating state Where 
the system 200 can oscillate and not necessarily need to be 
converged. That is, the data collected at the steady state is 
representative of system characteristics and may be used for 
interval tuning purposes. 
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[0031] Thus, referring back to FIG. 4, if the method 700 
indicates that the system resource allocation has reached the 
steady state, the method 320 determines that the system is 
ready for interval tuning and proceeds to step 330 of FIG. 
3 (illustrated in further detail in FIG. 5). Alternatively, if the 
method 700 determines that the system 200 has not reached 
a steady state, interval tuning should not be started. 

[0032] FIG. 5 is a How diagram illustrating one embodi 
ment of a method 330 for determining Whether suf?cient 
measured output data has been collected for interval tuning. 
The method 330 is initialiZed at step 500 and proceeds to 
step 502, Where the method 500 determines Whether the 
system 200 is ready for interval tuning (e.g., based on the 
results obtained by the method 320 of FIG. 4). If the method 
330 determines that the system 200 is not ready for interval 
tuning, the method 330 returns to step 402 of FIG. 4 and 
repeats the method 320. If the method 330 determines that 
the system 200 is ready for interval tuning, the method 330 
proceeds to step 504 to determine Whether enough measured 
output data has been collected to perform interval tuning. If 
the method 330 determines that suf?cient data has been 
collected, the method 330 determines that the system 200 is 
ready for analysis of the measured output data, and proceeds 
to step 340 of FIG. 3 (illustrated in further detail in FIG. 6). 

[0033] Alternatively, if the method 330 determines that 
suf?cient data has not been collected, the method 330 
proceeds to step 506, Where the method 330 overrides any 
resource allocation decisions from the resource optimizer. In 
one embodiment, no resource reallocation is conducted 
While measured output data is collected for analysis (e.g., in 
step 340 of the method 300), thereby ensuring that the 
system 200 is able to base data analysis on a stable data set. 
This helps to remove autocorrelation of the measured output 
data due to closed loop tuning. Next, the method 330 
proceeds to step 508, Where a small sample interval is set. 

[0034] In one embodiment, a small sample interval siZe is 
used in order to shorten the data collection process, but still 
collect enough data points for analysis. In one embodiment, 
this “small” sample interval siZe is the minimum sample 
interval that can be reasonably applied in the data processing 
system. For example, a data processing system handling a 
combination of online transaction processing (OLTP) and 
decision support system (DSS) Workloads (e.g., transactions 
that may take less than a second or more than an hour) may 
select a minimum sample interval betWeen ?ve and thirty 
seconds. In one embodiment, this minimum sample interval 
is large enough to include doZens of transactions, but not too 
small in light of the resiZing time and central processing unit 
cycles. The method 330 then collects more measured output 
data in step 510 using this sample interval, and proceeds to 
step 340 of FIG. 3 (illustrated in further detail in FIG. 6). 

[0035] FIG. 6 is a How diagram illustrating one embodi 
ment of a method 340 for analyZing the Workload and 
system characteristics and determining the sample interval. 
The method 340 is initialiZed at step 600 and proceeds to 
step 602, Where the method 340 determines Whether the 
system 200 is ready for analysis of the collected measured 
output data. If the system 200 is not ready for data analysis, 
the method 340 returns to step 310 of FIG. 3, to repeat the 
method 300. If the method 340 determines that the system 
200 is ready for data analysis, the method 340 proceeds to 
step 604, Where the method 340 separates the “good” 
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collected measured output data from the data that may have 
been affected by an abrupt Workload change. To accomplish 
this separation, the method 340 separates the collected data 
into tWo groups (e.g., halves) and only analyzes the group 
With the smaller standard deviation. The method 340 then 
proceeds to step 606, Where, if the method 340 determines 
that the data processing system 200 reports more than one 
measured output data point for the purpose of resource 
optimiZation, the method 340 selects the measured output 
data group Whose standard deviation is the largest, for 
performing interval tuning. 

[0036] In step 608, the method 340 determines the sample 
interval based on the measured and desired statistical prop 
erties of the system 200. In one embodiment, the sample 
interval is determined by considering the con?dence of the 
measured output data. For example, given P measured 
bene?t samples from a database server, Which are repre 
sented by bene?t for i=1, 2, . . . , P, the sample mean is: 

[bene?t (l) + benefit (2) + + bene?t (P)] 
P 

(EQN. 1) 
mean benefit : 

[0037] and the sample standard deviation is 
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TABLE I 

Subset of table for determining T 

0.9 1 2 3 4 5 

0.95 12.706 4.303 3.182 2.776 2.571 
0.9 6.314 2.92 2.353 2.132 2.015 
0.8 3.078 1.1886 1.638 1.533 1.476 

[0041] In Table I, each roW corresponds to one con?dence 
interval (0.95, 0.0, 0.8, etc.) and each column corresponds to 
a degree of freedom (1, 2, 3, 4, 5, etc.), e.g., the number of 
measured bene?t samples. For example, if 90% con?dence 
in the accuracy of the measured data is desired, and the 
decision is based on P=3 measured bene?t samples, a T of 
2.353 is chosen. Increasing the con?dence (e.g., from 90% 
to 95%) Will result in a larger value for T; in addition, 
achieving a greater con?dence score Will require a larger 
sample interval. Decreasing the number of measured bene?t 
samples (e.g., from three to tWo) Will also result in a larger 
value for T, indicating that a larger sample interval is 
required. This is because a sample interval siZe that is 
determined based on a smaller sample is subject to more 

(EQN. 2) 
, {[benefit (I) — mean bene?t]2 + + [benefit (P) — mean bene?t]2} 

std benefit : 

[0038] Both the mean bene?t and the std bene?t values are 
used to calculate the interval siZe as folloWs: 

desired sample interval: (EQN- 3) 

[ [ std benefit 2 
— urr t am 1 ‘ t I 
desired con?dence range]] (0 en 8 p e m erva) 

[0039] Where “desired con?dence range” is an accuracy 
measure of the desired maximum difference betWeen the 
measured sample bene?t and the statistically “real” mean 
bene?t, and “current sample interval” is the sample interval 
that is currently used to collect bene?t data (e.g., bene?ts 
1-P). In one embodiment, the desired con?dence range is 
plus or minus 10% of the measured sample bene?t. In 
another embodiment, the desired con?dence range is plus or 
minus 20% of the measured sample bene?t. In one embodi 
ment, the bene?t data is noisy but the accuracy requirement 
is high, resulting in a large desired sample interval. Note that 
the random variable (bene?t-mean bene?t)/(std bene?t) 
folloWs the student distribution, Which is different to the 
normal distribution because mean bene?t and std bene?t are 
estimated. The constant T is used to compensate for the 
estimated bene?ts. Those skilled in the art Will appreciate 
that more details on student and normal distributions can be 
found in most statistics textbooks, including Walpole et al., 
Probability and Statistics for Engineers and Scientists, Pren 
tice Hall, 1997. 

[0040] For convenience, a subset of a table for determin 
ing T is illustrated in Table I. 

errors; to achieve the same con?dence level, a larger desired 
sample interval Would be required. 

[0042] FIG. 8 is a high level block diagram of the present 
dynamic resource allocation system that is implemented 
using a general purpose computing device 800. In one 
embodiment, a general purpose computing device 800 com 
prises a processor 802, a memory 804, a dynamic resource 
optimiZer or module 805 (e.g., capable of performing online 
sample interval determination) and various input/output 
(I/O) devices 806 such as a display, a keyboard, a mouse, a 
modem, and the like. In one embodiment, at least one I/O 
device is a storage device (e.g., a disk drive, an optical disk 
drive, a ?oppy disk drive). It should be understood that the 
dynamic resource optimiZer 805 can be implemented as a 
physical device or subsystem that is coupled to a processor 
through a communication channel. 

[0043] Alternatively, the dynamic resource optimiZer 805 
can be represented by one or more softWare applications (or 
even a combination of softWare and hardWare, e.g., using 
Application Speci?c Integrated Circuits (ASIC)), Where the 
softWare is loaded from a storage medium (e.g., I/O devices 
806) and operated by the processor 802 in the memory 804 
of the general purpose computing device 800. Thus, in one 
embodiment, the resource optimiZer 805 for allocating 
resources among entities described herein With reference to 
the preceding Figures can be stored on a computer readable 
medium or carrier (e.g., RAM, magnetic or optical drive or 
diskette, and the like). 

[0044] In further embodiments, resources may be shared 
among a plurality of clients, e. g., Web content providers, and 
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dynamic resource allocation and optimization may be pro 
vided to the clients according to the methods of the present 
invention. In such cases, the Workload of each individual 
client may be continually monitored so that resources allo 
cated to any individual client are suf?cient to meet, but do 
not greatly exceed, the needs of the client, thereby substan 
tially achieving optimal resource allocation. 

[0045] Thus, the present invention represents a signi?cant 
advancement in the ?eld of dynamic resource allocation. A 
method and apparatus are provided that enable a data 
processing system to dynamically determine a sample inter 
val for analyZing resource allocation by continually charac 
teriZing the system Workload. This makes the online opti 
miZation method less sensitive to system noise and capable 
of being adapted to handle different Workloads. The effec 
tiveness of a system resource optimiZer is thereby improved, 
making it easier to manage a Wide range of systems. 

[0046] While foregoing is directed to the preferred 
embodiment of the present invention, other and further 
embodiments of the invention may be devised Without 
departing from the basic scope thereof, and the scope thereof 
is determined by the claims that folloW. 

1. Amethod for determining sample intervals for resource 
allocations in a dynamic computing system, the method 
comprising the steps of: 

collecting measured output data indicative of system 
characteristics and variable Workloads; 

determining Whether to start interval tuning of the system; 
and 

analyZing the collected measured output data to determine 
a sample interval for the system. 

2. The method of claim 1, Wherein said determining step 
comprises: 

determining Whether suf?cient measured output data has 
been collected for interval tuning, prior to the start of 
measured output data analysis. 

3. The method of claim 2, Wherein additional measured 
output data is collected if the collected measured output data 
is not suf?cient. 

4. The method of claim 1, Wherein the measured output 
data is bene?t information indicative of system response 
time as a function of system resource allocations. 

5. The method of claim 1, Wherein the measured output 
data is collected for a ?Xed number of intervals. 

6. The method of claim 1, Wherein resource allocation is 
halted during the collection of the measured output data. 

7. The method of claim 1, Wherein the step of determining 
When to start interval tuning of the system comprises the step 
of: 

determining if a system is receiving a Workload. 
8. The method of claim 7, Wherein the system is not ready 

to start interval tuning if the system is not receiving a 
Workload. 

9. The method of claim 7, further comprising the step of: 

determining if the system is attempting to perform inter 
val tuning for the ?rst time, if the system is receiving 
a Workload. 
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10. The method of claim 9, further comprising the step of: 

determining if the system has reached a steady state, if the 
system is attempting to perform interval tuning for the 
?rst time. 

11. The method of claim 9, further comprising the step of: 

Waiting for a neXt-scheduled tuning interval, if the system 
is not attempting to perform interval tuning for the ?rst 
time. 

12. The method of claim 10, Wherein the system is ready 
for interval tuning only if the system has reached a steady 
state. 

13. The method of claim 11, Wherein the system is ready 
for interval tuning during the next-scheduled tuning interval. 

14. The method of claim 9, Wherein the system is pre 
sumed to be receiving a Workload if at least one data point 
of the collected measured output data is not Zero. 

15. The method of claim 10, Wherein the system has 
reached a steady state if data collected at the state is 
representative of system characteristics. 

16. The method of claim 2, Wherein the system is ready 
for analyZing the collected measured output data to deter 
mine a sample interval for the system if sufficient measured 
output data has been collected. 

17. The method of claim 2, Wherein the method further 
comprises the folloWing steps if sufficient measured output 
data has not been collected: 

overriding a current system resource allocation; 

setting a small sample interval; and 

collecting additional measured output data. 
18. The method of claim 1, Wherein the step of analyZing 

the collected measured output data to determine a sample 
interval for the system comprises the steps of: 

separating the collected measured output data into tWo 
groups, Wherein a group having a smaller standard 
deviation is selected for analysis; 

selecting a measured output data point With the largest 
standard deviation; and 

determining the sample interval based on measured and 
desired statistical properties. 

19. The method of claim 18, Wherein the sample interval 
is determined by considering a con?dence of the collected 
measured output data. 

20. The method of claim 19, Wherein a desired con?dence 
range is indicative of a desired maXimum difference betWeen 
a measured sample bene?t and an actual mean bene?t. 

21. A computer readable medium containing an execut 
able program determining sample intervals for resource 
allocations in a dynamic computing system, Wherein the 
program performs the steps of: 

collecting measured output data indicative of system 
characteristics and variable Workloads; 

determining Whether to start interval tuning of the system; 
and 

analyZing the collected measured output data to determine 
a sample interval for the system. 

22. The computer readable medium of claim 21, Wherein 
said determining step comprises: 
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determining Whether suf?cient measured output data has 
been collected for interval tuning, prior to the start of 
measured output data analysis. 

23. The computer readable medium of claim 21, Wherein 
the measured output data is bene?t information indicative of 
system response time as a function of system resource 
allocations. 

24. The computer readable medium of claim 21, Wherein 
the measured output data is collected for a ?xed number of 
intervals. 

25. The computer readable medium of claim 21, Wherein 
resource allocation is halted during the collection of the 
measured output data. 

26. The computer readable medium of claim 21, Wherein 
the step of determining When to start interval tuning of the 
system comprises the step of: 

determining if a system is receiving a Workload. 
27. The computer readable medium of claim 26, Wherein 

the system is not ready to start interval tuning if the system 
is not receiving a Workload. 

28. The computer readable medium of claim 26, further 
comprising the step of: 

determining if the system is attempting to perform inter 
val tuning for the ?rst time, if the system is receiving 
a Workload. 

29. The computer readable medium of claim 28, further 
comprising the step of: 

determining if the system has reached a steady state, if the 
system is attempting to perform interval tuning for the 
?rst time. 

30. The computer readable medium of claim 28, further 
comprising the step of: 

Waiting for a next-scheduled tuning interval, if the system 
is not attempting to perform interval tuning for the ?rst 
time. 

31. The computer readable medium of claim 29, Wherein 
the system is ready for interval tuning only if the system has 
reached a steady state. 

32. The computer readable medium of claim 30, Wherein 
the system is ready for interval tuning during the neXt 
scheduled tuning interval. 

33. The computer readable medium of claim 28, Wherein 
the system is presumed to be receiving a Workload if at least 
one data point of the collected measured output data is not 
Zero. 

34. The computer readable medium of claim 29, Wherein 
the system has reached a steady state if data collected at the 
state is representative of system characteristics and suitable 
for use in interval tuning. 

35. The computer readable medium of claim 22, Wherein 
the system is ready for analyZing the collected measured 
output data to determine a sample interval for the system if 
sufficient measured output data has been collected. 

36. The computer readable medium of claim 22, Wherein 
the method further comprises the folloWing steps if suf?cient 
measured output data has not been collected: 

overriding a current system resource allocation; 

setting a small sample interval; and 

collecting additional measured output data. 
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37. The computer readable medium of claim 21, Wherein 
the step of analyZing the collected measured output data to 
determine a sample interval for the system comprises the 
steps of: 

separating the collected measured output data into tWo 
groups, Wherein a group having a smaller standard 
deviation is selected for analysis; 

selecting a measured output data point With the largest 
standard deviation; and 

determining the sample interval based on measured and 
desired statistical properties. 

38. The computer readable medium of claim 37, Wherein 
the sample interval is determined by considering a con? 
dence of the collected measured output data. 

39. The computer readable medium of claim 38, Wherein 
a desired con?dence range is indicative of a desired maXi 
mum difference betWeen a measured sample bene?t and an 
actual mean bene?t. 

40. A method for providing an optimiZation service to a 
client for a data processing system receiving a variable 
Workload, the method comprising the steps of: 

collecting measured output data indicative of system 
characteristics and Workloads; 

determining Whether to start interval tuning of the system; 
and 

analyzing the collected measured output data to determine 
a sample interval for the system to evaluate resource 
allocations to said client. 

41. The method of claim 40, Wherein said determining 
step comprises: 

determining Whether suf?cient measured output data has 
been collected for interval tuning, prior to the start of 
measured output data analysis. 

42. The method of claim 40, Wherein the measured output 
data is bene?t information indicative of system response 
time as a function of system resource allocations. 

43. The method of claim 40, Wherein the step of deter 
mining When to start interval tuning of the system comprises 
the step of: 

determining if a system is receiving a Workload. 
44. The method of claim 43, further comprising the step 

of: 

determining if the system is attempting to perform inter 
val tuning for the ?rst time, if the system is receiving 
a Workload. 

45. The method of claim 44, further comprising the step 
of: 

determining if the system has reached a steady state, if the 
system is attempting to perform interval tuning for the 
?rst time. 

46. The method of claim 44, further comprising the step 
of: 

Waiting for a neXt-scheduled tuning interval, if the system 
is not attempting to perform interval tuning for the ?rst 
time. 

47. The method of claim 45, Wherein the system is ready 
for interval tuning only if the system has reached a steady 
state. 
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48. The method of claim 45, wherein the system has 
reached a steady state if data collected at the state is 
representative of system characteristics and suitable for use 
in interval tuning. 

49. The method of claim 41, Wherein the system is ready 
for analyzing the collected measured output data to deter 
mine a sample interval for the system if suf?cient measured 
output data has been collected. 

50. The method of claim 41, Wherein the method further 
comprises the following steps if suf?cient measured output 
data has not been collected: 

overriding a current system resource allocation; 

setting a small sample interval; and 

collecting additional measured output data. 
51. The method of claim 40, Wherein the step of analyZing 

the collected measured output data to determine a sample 
interval for the system comprises the steps of: 

separating the collected measured output data into tWo 
groups, Wherein a group having a smaller standard 
deviation is selected for analysis; 

selecting a measured output data point With the largest 
standard deviation; and 
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determining the sample interval based on measured and 
desired statistical properties. 

52. A computing system, comprising: 

a data processing system adapted to receive and process 
a variable Workload, Wherein the data processing sys 
tem is further adapted to generate measured output data 
indicative of data processing system characteristics and 
Workloads; 

a plurality of resources available to the data processing 
system for processing the Workload; 

a resource optimiZer coupled to the data processing sys 
tem and adapted for evaluating resource allocations in 
pre-de?ned intervals; and 

an interval tuner coupled to the data processing system 
and to the resource optimiZer, the interval tuner being 
adapted for evaluating the measured output data in 
order to determine the pre-de?ned intervals in Which 
the resource optimiZer evaluates resource allocations. 


