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(57) ABSTRACT 

An improved method and system for performing dynamic 
online multi-parameter optimization for autonomic comput 
ing systems are provided. With the method and system of the 
present invention, a simplex, i.e. a set of points in the 
parameter space that has been directly sampled, is main 
tained. The system’s performance With regard to a particular 
utility value is measured for the particular setting of con 
?guration parameters associated With each point in the 
simplex. A neW sample point is determined using the geo 
metric transformations of the simplex. The method and 
system provide mechanisms for limiting the siZe of the 
simplex that is generated through these geometric transfor 
mations so that the present invention may be implemented in 
noisy environments in Which the same con?guration settings 
may lead to different results With regard to the utility value. 
In addition, mechanisms are provided for resampling a 
current best point in the simplex to determine if the envi 
ronment has changed. If a suf?ciently different utility value 
is obtained from a previously sampled utility value for the 
point in the simplex, then rather than contracting, the 
simplex is expanded. If the difference betWeen utility values 
is not suf?cient enough, then contraction of the simplex is 
performed. In addition, in order to alloW for both real and 
integer valued parameters in the simplex, a mechanism is 
provided by Which invalid valued parameters that are gen 
erated by geometric transformations being performed on the 
simplex are mapped to a nearest valid value. Similarly, 
parameter values that violate constraints are mapped to 
values that satisfy constraints taking care that the dimen 
sionality of the simplex is not reduced. 
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DYNAMIC ONLINE MULTI-PARAMETER 
OPTIMIZATION SYSTEM AND METHOD FOR 

AUTONOMIC COMPUTING SYSTEMS 

PROVISIONAL APPLICATION 

[0001] This application is related to, and claims the bene?t 
of priority to, US. Provisional Patent Application 60/486, 
306 ?led on Jul. 11, 2003, Which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention is directed to an improved 
computing system. More speci?cally, the present invention 
is directed to an improved method and system for dynami 
cally determining con?guration values for improved perfor 
mance in an autonomic computing system based on geo 
metrical simplex transformations in the underlying multi 
dimensional parameter space. 

[0004] 2. Description of Related Art 

[0005] The success of service-oriented Information Tech 
nology, such as Autonomic Computing, On-demand eBusi 
ness and eCommerce, depends critically on the ability to 
provide information, goods, and services in a fast, ef?cient 
and cost-effective fashion. Unfortunately, the increasing 
complexity of the computing systems necessary to provide 
these services is rapidly outstripping human ability for 
system operation. This is especially true When it comes to 
optimiZation of system parameters for these complex com 
puting systems. 

[0006] The fundamental dif?culties in real-time optimiZa 
tion of system parameters in large complex systems arise 
from a number of sources. In many situations, a good model 
of the system and the Way the system interacts With the 
World is not available (or may be too expensive to obtain). 
The lack of such a system model prohibits the use of 
sophisticated analytical and simulation tools for online (i.e., 
real-time) or offline optimiZation of the system parameters. 

[0007] The problem is further compounded by the fact that 
there may be multiple parameters that have to be optimiZed 
simultaneously to improve system performance. Since a 
model of the system is not accessible, there is little under 
standing of the relative importance of the different system 
parameters (in terms of hoW each parameter effects the 
system’s performance) and of the potential nonlinear inter 
actions betWeen the different parameters (in terms of their 
combined effect on the system’s performance). 

[0008] In situations Where a model of the system is not at 
hand, one Widely adopted technique is to sparsely sample the 
multidimensional parameter space (say, in a regular grid-like 
manner) and adopt the parameter setting that provides the 
best performance among the sampled points. Unfortunately, 
due to the curse of dimensionality, the number of necessary 
samples increases exponentially With the number of param 
eters to be optimiZed. Thus, even for a small set of param 
eters, the cost and time needed for a reasonable sampling of 
the multidimensional parameter space may be too prohibi 
tive. Moreover, for these reasons, such sampling and opti 
miZation cannot be performed dynamically in real-time. 
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[0009] In addition, a system’s behavior may be stochastic 
in nature and/or it may operate in a noisy and dynamic 
environment, such that similar system con?guration param 
eters may result in very different overall performance mea 
sures or utility values. Thus, the ability to use historical data 
to infer a system model is seriously jeopardized, especially 
in a dynamic environment Where demand or the load that is 
placed on the system is changing continuously over time. 

[0010] In spite of all the above dif?culties, it is the 
administrator’s job to (re)con?gure the system parameters 
and improve the system’s performance (as measured by a 
given metric) While the system is in operation. This calls for 
neW methods and apparatus for dynamic, online, multi 
parameter optimiZation that can automatically and quickly 
con?gure and tune system parameters Without human inter 
vention. The focus of such methods is not necessarily on 
determining the provably optimal parameter settings, but on 
?nding reasonably good solutions reasonably quickly. Such 
methods are likely to play a fundamental role in Autonomic 
Computing, On-demand eBusiness and eCommerce system 
Where there is a signi?cant bene?t in providing superior 
performance in unpredictable complex environments. 

[0011] KnoWn mechanisms used to perform off-line multi 
parameter optimiZation include the Direct Search methods, 
and its variants (e.g., simplex algorithm and pattern search). 

The popularity of such class of methods exist because they tend to Work Well in practice, (ii) they can often avoid 

pitfalls that can afflict more elaborate methods, and (iii) they 
are simple and straightforWard to implement; thus they can 
be applied almost immediately to many nonlinear optimi 
Zation problems. These methods do not need to explicitly 
calculate derivative or gradient information in the parameter 
space. Typically, these methods maintain a set of points 
(called the simplex) that is obtained by directly sampling the 
parameter space. In addition, these methods use a variety of 
techniques for steep descent (but not necessarily methods of 
steepest descent) to arrive at near optimal solutions. 

[0012] Unfortunately, a direct application of the Direct 
Search method (and its variants) to automatically con?gure 
and optimiZe system parameters in Autonomic Computing 
systems is likely to fail for a number of reasons. First, Direct 
Search methods (and its variants) do not Work in dynamic 
environments, Where the demand or the load on the system 
is changing continuously over time, and Where the same 
parameter settings can provide different performance mea 
sures at different times. Direct Search methods Were 
designed for static problems and have no built-in mechanism 
to handle dynamic environments. 

[0013] Second, Direct Search methods Work only for 
deterministic problems Where there is no noise either in 
measurements of the system’s performance on in the sys 
tem’s dynamics. Direct Search methods make the funda 
mental assumption that the same parameter setting is alWays 
going to provide the same performance measure. In noisy or 
stochastic environments, Where such an assumption is not 
valid, Direct Search methods can fail dramatically in ?nding 
good solution regions quickly. 

[0014] Third, Direct Search methods make certain 
assumptions about the nature of the parameters being opti 
miZed. Typically, Direct Search methods (and the variants) 
are designed to handle problems With either all real-valued 
parameters or all integer-valued parameters. In most sys 
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tems, parameters come in both ?avors, and it is necessary to 
con?gure and tune both types of parameters simultaneously. 
In such scenarios, existing Direct Search methods, and the 
variants, can fail spectacularly since they fail to take the 
differences in the underlying granularity of the parameter 
space into account. 

[0015] Fourth, Direct Search methods, and the variants, 
cannot handle relational constraints betWeen the parameters 
being optimiZed. In many problems of system con?guration 
and optimiZation, there exist constraints that involve one or 
more parameters. For example, a set of constraints could 
indicate that: 

x1+x2+x3=1.0 constraint # 1. 

O<x1<=1.0 constraint # 2. 

O<=x2<= 1.0 constraint # 3. 

O<=x3<= 1.0 constraint # 4 

[0016] Where x1, x2, x3 are the system con?guration 
parameters. Direct Search methods, and the variants, Were 
designed for unconstrained problems and are highly inef? 
cient in ?nding good parameter settings in constrained 
optimiZation problems. Thus they have not been employed 
in online constrained optimiZation problems. 

[0017] Finally, Direct Search methods, and the variants, 
suffer from a number of pathological failure modes that 
prevent their direct application in many types of optimiZa 
tion problems. For example, in problems With real-valued 
parameters, the siZe of the simplex can become in?nitesi 
mally small; limiting the Direct Search method’s ability to 
track changes in the optimal parameter settings in dynamic 
environments. On the other hand, in problems With discrete 
or integer values, the simplex can easily get stuck in a rut 
Where the Direct Search method is unable to decide on a neW 
point to sample. This pathological failure mode limits Direct 
Search method’s ability to explore promising regions in 
parameter space. 

[0018] Therefore, it Would be bene?cial to have an 
improved system and method for performing dynamic 
online multi-parameter optimiZation for autonomic comput 
ing systems that does not suffer from the draWbacks of the 
Direct Search methods discussed above. cl SUMMARY OF 
THE INVENTION 

[0019] The present invention provides an improved 
method and system for performing dynamic online multi 
parameter optimiZation for autonomic computing systems. 
With the method and system of the present invention, a 
simplex, ie a set of points in the parameter space that has 
been directly sampled, is maintained. The system’s perfor 
mance With regard to a particular utility value, ie opera 
tional characteristic, is measured for the particular setting of 
con?guration parameters associated With that point in the 
simplex. AneW sample point is determined using the mecha 
nisms of the present invention that Will hopefully provide an 
improved system performance With regard to the utility 
value. The neW point is determined by applying geometric 
transformations to the points in the current simplex. These 
geometric transformations may include re?ections, exten 
sions, contractions, expansions and translations. 

[0020] The present invention provides mechanisms for 
limiting the siZe of the simplex that is generated through 
these geometric transformations so that the present invention 
may be implemented in noisy environments in Which the 
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same con?guration settings may lead to different results With 
regard to the utility value. In addition, the present invention 
further includes a mechanism for resampling a current best 
point in the simplex to determine if the environment has 
changed. If a suf?ciently different utility value is obtained 
from a previously sampled utility value for the point in the 
simplex, then rather than contracting, the simplex is 
expanded. If the difference betWeen utility values is not 
suf?cient enough, then contraction of the simplex is per 
formed. 

[0021] In addition, in order to alloW for both real and 
integer valued parameters in the simplex, the present inven 
tion provides a mechanism by Which invalid valued param 
eters that are generated by geometric transformations being 
performed on the simplex are mapped to a nearest valid 
value. This may lead to a reduction in dimensions of the 
simplex hoWever. Thus, in order to avoid the reduction in 
dimensions of the simplex, the present invention provides a 
mechanism for checking to determine if the dimensionality 
of the simplex Would be changed by the execution of a 
particular geometric transformation prior to applying the 
geometric transformation. If a neW point generated by the 
geometric transformation Would result in a reduction in the 
dimensionality of the simplex, the current point that is the 
basis for the geometric transformation is perturbed by a 
small amount and the dimensionality check is performed 
again. 

[0022] Moreover, in order to handle constrained optimi 
Zation problems, the present invention translates neW points 
generated by geometric transformations that violate one or 
more constraints to the boundaries of the feasible region 
Where all constraints are satis?ed. The mechanism of the 
present invention uses a gradient that is based on a penalty 
value that is proportional to the distance betWeen an infea 
sible point and its corresponding feasible setting. This 
gradient is used to move aWay from the infeasible region to 
a feasible boundary point. 

[0023] These and other features and advantages of the 
present invention Will be described in, or Will become 
apparent to those of ordinary skill in the art in vieW of, the 
folloWing detailed description of the preferred embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
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: 

[0025] FIG. 1 is an exemplary block diagram of a distrib 
uted data processing system in Which the present invention 
may be implemented; 

[0026] FIG. 2 is an exemplary block diagram of a server 
computing system in Which the present invention may be 
implemented; 
[0027] FIG. 3 is an exemplary diagram illustrating the 
methodology used by prior art Direct Search algorithms to 
identify an optimum set of con?guration parameters in a 
simplex that generate an optimum utility value; 
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[0028] FIG. 4 is an exemplary diagram of geometric 
transformations that may be performed to a simplex to 
identify a more optimal point at Which con?guration param 
eters Will generate a better utility value; 

[0029] FIG. 5 is an exemplary diagram illustrating the 
methodology used by an exemplary embodiment of the 
present invention to identify an optimum set of con?guration 
parameters in a simplex that generate an optimum utility 
value; 
[0030] FIG. 6 is an exemplary block diagram of a 
dynamic on-line multiparameter optimiZation device in 
accordance With one exemplary embodiment of the present 
invention; 
[0031] FIG. 7 is a ?oWchart outlining an exemplary 
operation of the present invention; 

[0032] FIG. 8 is a ?oWchart outlining a process by Which 
a neW point is checked to determine if invalid parameter 
values are associated With the neW point and then correcting 
such invalid parameter values; 

[0033] FIG. 9 is a ?oWchart outlining an exemplary 
operation for determining Whether a neW point violates any 
constraints and correcting the neW points so that they remain 
Within constraints; and 

[0034] FIG. 10 is a plot of penalty value versus number of 
iterations for tWo experimental applications of the present 
invention to the logger subsystem of the Gryphon system 
Where no faults are injected into the system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] The present invention provides a mechanism for 
determining optimum con?guration parameters for auto 
nomic computing systems, on-demand eBusiness and 
eCommerce systems, and the like. As such, the present 
invention is especially Well suited for determining con?gu 
ration parameters of server computing systems in distributed 
data processing environments. Therefore, in order to provide 
a context for the description of the preferred embodiments of 
the present invention, the folloWing FIGS. 1 and 2 are 
provided as a brief description of an exemplary distributed 
data processing system and a server computing system in 
Which, or for Which, the mechanisms of the present inven 
tion may be implemented. 

[0036] With reference noW to the ?gures, FIG. 1 depicts 
a pictorial representation of a netWork of data processing 
systems in Which, or for Which, the present invention may be 
implemented. Network data processing system 100 is a 
netWork of computers in Which the present invention may be 
implemented. Network data processing system 100 contains 
a netWork 102, Which is the medium used to provide 
communications links betWeen various devices and comput 
ers connected together Within netWork data processing sys 
tem 100. NetWork 102 may include connections, such as 
Wire, Wireless communication links, or ?ber optic cables. 

[0037] 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 ?les, operating 
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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 
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 maybe 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 FIG. 1 is intended as an 
example, and not as an architectural limitation for the 
present invention. 

[0038] 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. 

[0039] 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 boards. 

[0040] 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. 

[0041] 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. 

[0042] 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, 

NY, running the Advanced Interactive Executive operating system or LINUX operating system. 

[0043] It is assumed that the server 104 or 200 provides a 
service-oriented information technology service such as 
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autonomic computing, on-demand eBusiness or eCom 
merce, or the like. Furthermore, it is further assumed that the 
oWner/operator of the server 104 Wishes to optimiZe the 
operation of the server 104 so that the services offered via 
the server 104 are provided in a fast, ef?cient and cost 
effective fashion. As a result, the mechanisms of the present 
invention are utilized to ensure proper con?guration of the 
server 104 so that an optimum operation of the server 104 is 
achieved. 

[0044] In the prior art, an administrator of the server 104 
may manually recon?gure the server 104 based on historical 
data, to change the con?guration parameters in hopes of 
obtaining a better operation of the server 104. HoWever, 
because of the complexity of the interaction of con?guration 
parameters, it is often not possible for the human adminis 
trator to accurately identify the optimum con?guration. In 
addition, because the server 104 operates in a dynamic 
environment, the optimum con?guration for one set of 
conditions may not be the optimum con?guration for 
another set. 

[0045] Alternatively, the administrator may make use of a 
static off-line analysis, such as Direct Search methods or 
their variants, in an attempt to achieve an optimum con?gu 
ration for the server 104. An exemplary diagram illustrating 
a Direct Search methodology is provided in FIG. 3. As 
shoWn in FIG. 3, the Direct Search methodology involves 
obtaining a simplex of points. Asimplex is a set of points in 
parameters space that have been directly sampled. That is, 
each point in the simplex represents a particular setting of 
con?guration parameters and a vertex of the simplex. For a 
function of n parameters, a set of n+1 function values 
evaluated at n+1 points in parameter space de?nes a simplex 
in n dimensions. In tWo dimensions, i.e. n=2, the simplex 
Would be a triangle. In three dimensions, i.e. n=3, the 
simplex Would be a tetrahedron. 

[0046] For example, a vertex point may be established for 
a combination of a particular set of con?guration parameters 
of a server, autonomic system, eBusiness or eCommerce 
system, or the like. These parameters may include, for 
example, With regard to the logging subsystem of the 
Gryphon system discussed hereafter, groWth threshold, 
reclaimed space, suspend threshold, ration of chunk siZe and 
message siZe; With regard to the Apache sever discussed 
hereafter, max-client and keep-alive, and the like. 

[0047] At each vertex point, a utility value of interest is 
measured, or a function of the parameters is evaluated, in 
order to ascertain the resulting utility value obtained by 
con?guring the system using the corresponding parameter 
values at that vertex point. This utility value is a perfor 
mance value that is to be optimiZed. For example, this utility 
value for a particular setting of the parameters may include 
a Weighted linear function of the measured response time, 
latency, cleaning overhead, and variation of log space usage 
in the logging subsystem of the Gryphon system discussed 
hereafter, and the like. 

[0048] Thereafter, the geometric transformations of re?ec 
tion and extension are performed to transform the simplex 
based on continued identi?cation of vertex points that result 
in better utility values. Once no better utility value is 
obtainable via re?ection and extension, contraction and 
shrinking may be performed to identify a vertex point that 
provides the optimum parameter settings for the system. 
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[0049] FIG. 4 provides a diagram illustrating the geomet 
ric transformations used to transform a given simplex in an 
attempt to arrive at an optimum vertex point. In order to 
begin the geometric transformations, the vertices are rank 
ordered in terms of their utility value. This alloWs the 
identi?cation of the highest utility value point PH, second 
highest utility value point PZH, and Worst utility value point 
PL, and the centroid C, or average, of all the points. 
Re?ecting the highest point PH through C then generates a 
neW point. Re?ection is carried out according to the folloW 
ing equation: 

[0050] Where a is a positive constant called the re?ection 
coef?cient. 

[0051] The utility value at this neW point PR is then 
measured. Based on the measured utility value, a determi 
nation is made as to Whether additional re?ection or exten 
sion of the simplex is in order. If the measured utility value 
for the neW point is betWeen the measured utility value for 
the loWest valued point PL and the second highest valued 
point PZH, then PR replaces PH in the simplex, and a neW 
iteration of re?ection is performed. The neW point obtained 
from the extension is determined based on the equation: 

[0052] Where c is the extension coef?cient and is greater 
than 1. If the measured utility value at this neW point PE, or 
the function value FE at this neW point PE, is less than the 
measured utility at the loWest valued point PL in the simplex, 
then PE replaces PH in the simplex. OtherWise, PR replaces 
PH. The next iteration then begins With the neW simplex 
generated from the above operations. 

[0053] If the re?ected point is still Worse than every point 
in the simplex, i.e., PR>PH or PR>P2H, the simplex contracts, 
under the assumption that the optimum point lies inside the 
simplex. Contraction generates a neW point closer to the 
centroid C on the side Which holds the most promise. For 
example, if FR<FH, the contracted point lies betWeen C and 
PR. If FH<FR, the contracted point lies betWeen C and PH. 
Contraction is de?ned by the equation: 

[0054] Where P_ is either PH or PR, Whichever has the 
loWest utility or function value, and b is the contraction 
coef?cient, e.g., a number betWeen 0 and 1. If the utility 
value of the contracted point PC, ie the value Fc, is less than 
the utility value at point P_, then Pc replaces PH and a neW 
iteration begins. 

[0055] If Fc is greater than the utility value at point P_, the 
contraction has failed, and the entire simplex shrinks by the 
parameter d, retaining only PL. Thus, each point in the 
simplex (except PL) is replaced by 

[0056] The algorithm then continues With the next itera 
tion. These steps of the Direct Search algorithm are illus 
trated in FIG. 4 for a simplex consisting of three vertices. 

[0057] As discussed previously, While the Direct Search 
methodology Works Well for static off-line problems, they 
tend to fail When applied to dynamic on-line environments. 
The present invention solves the problems associated With 
the application of Direct Search methods to dynamic on-line 
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environments by providing improvements to the Direct 
Search methodology that compensate for the dynamic and 
noisy nature of the on-line environment. The present inven 
tion modi?es and extends Direct Search methods to over 
come all of the limitations of knoWn Direct Search methods 
and employs a neW dynamic, online, multi-parameter opti 
miZation method for the self-con?guration and self-tuning of 
Autonomic Computing systems. 

[0058] FIG. 5 is an exemplary diagram illustrating a 
methodology of one exemplary embodiment of the present 
invention. As in the Direct Search method, the present 
invention does not explicitly calculate derivative or gradient 
information in the parameter space. The present invention 
maintains a simplex, i.e., a set of points in the parameter 
space that has been directly sampled. For each point in the 
simplex, a utility value representative of the system’s per 
formance is measured for the particular setting of con?gu 
ration parameters associated With that point in the simplex. 

[0059] As in Direct Search methods, the basic objective is 
to sample neW points in the hope of replacing the Worst point 
in the simplex (i.e., the con?guration setting With the Worst 
utility value or performance measure) With a neW point that 
has higher utility than the best point in the simplex. The 
position of the neW point to be sampled is determined by 
applying geometric transformations to the points in the 
current simplex. 

[0060] In order to be able to perform dynamic, online, 
multi-parameter optimization to Work, it is necessary to 
determine When and When not to apply the various geomet 
ric transformations. The present invention provides mecha 
nisms for determining When to apply such geometric trans 
formations. For example, if a re?ection on the simplex 
provides a neW point that returns a utility value higher than 
that of any point in the current simplex, then the next 
transformation (called extension) extends the simplex in the 
same direction of the neW point With hope of ?nding a neW 
point that has even higher utility. Typically, in Direct Search 
methods, When all other transformations of the simplex have 
been exhausted, and none have produced a point With higher 
utility or better performance measure than the current best, 
then the siZe of the simplex is reduced by contraction. 

[0061] The motivation here is that since the exploratory 
transformations outside the simplex failed to improve upon 
the current best solution, it is time to look inside the simplex 
to search for better solutions. This usually Works ?ne in 
deterministic or static problems Where any given point in the 
multi-dimensional parameter space returns one and only one 
utility value. Unfortunately, in noisy or dynamic environ 
ments, this type of contraction on the simplex severely 
inhibits the Direct Search method’s ability to continue the 
search for better solutions as the method goes into a tailspin 
and contracts the simplex over and over again. In noisy 
environments, the simplex may contract to a point that is 
noWhere close to optimal parameter settings. On the other 
hand, in dynamic environments, the simplex may contract to 
a point that no longer represents a good setting of parameters 
under the current conditions. 

[0062] Thus, it is imperative in dynamic and/or noisy 
environments to limit the siZe of the simplex from becoming 
too small, and thus being unable to track changes in the 
environment, or, conversely, becoming too big and miss 
regions of high utility inside the simplex. The present 
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invention provides a mechanism for assigning an upper and 
loWer threshold to the dimensions of the simplex that limits 
the siZe to Which the simplex may be extended, expanded, or 
contracted. The upper and a loWer thresholds on the siZe of 
the simplex are based on domain knoWledge (e.g., threshold 
values suggested by the system designer or system admin 
istrator based on his or her knowledge of the system) and can 
be decided upon in advance and stored as parameters of the 
methodology of the present invention. For example, the siZe 
of loWer threshold may be determined by the loWest reso 
lution of signi?cance (or availability) for each of the param 
eters. Similarly, the region that includes the highest and 
loWest possible values of all the parameters may determine 
the upper threshold on the simplex siZe. 

[0063] In FIG. 5 the upper threshold on the siZe of a 
simplex is illustrated by the bounding box surrounding the 
simplex. As shoWn in FIG. 5, re?ection and extension of the 
simplex may be performed such that the resulting simplex is 
Within the bounding box established by the highest and 
loWest possible values of all the parameters. Thus, for 
example, if the parameters are x, y and Z, the bounding box 
includes the highest and loWest possible values for the 
parameter x, y, and Z. If the result of a geometric transfor 
mation is that the neW point lies outside the bounding box, 
then the neW point is remapped to the closest point on the 
boundary. 

[0064] With regard to the loWer threshold on the siZe of the 
simplex, a threshold value may be provided that limits the 
amount of contraction of the simplex that is permitted. Thus, 
When contraction of the simplex is performed, a determina 
tion may be made as to Whether the contraction Would result 
in a simplex that has one or more sides that have a length that 
is smaller than the loWer threshold. In such a case, parameter 
values may be mapped to closest points on a simplex 
boundary that meets the loWer threshold requirements. 

[0065] To handle dynamic environments, the present 
invention extends Direct Search methods by alloWing for the 
geometric transformation of expansion on the current sim 
plex. Before committing to simplex contraction as a result of 
the other geometric transformations not resulting in a better 
utility value, the present invention re-samples a neW set of 
points. For example, the current best point, current n number 
of best points, and the like, in the simplex could be resa 
mpled. As an example, in a preferred embodiment of the 
present invention may resample only the current best point. 
If a signi?cant difference in the performance measure (or 
utility value) is found betWeen the neW and the old mea 
surement, then it is assumed that the environment has 
changed, and the simplex is expanded to track the change in 
the environment (unless the simplex siZe has reached an 
upper threshold). Thus, each point in the simplex (except PL) 
is replaced by 

[0066] Where m is the expansion coef?cient greater than 
1.0. By preventing the simplex from contracting and forcing 
the sampling of neW points, the present invention alloWs the 
simplex to climb uphill even if the underlying utility land 
scape is changing over time. On the other hand, if the neW 
and the old measurement do not differ by a signi?cant 
amount, contraction of the simplex is alloWed (unless the 
simplex siZe has reached a loWer threshold). Whether a 
difference betWeen the neW and the old measurement is 
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signi?cant or not is determined through domain knowledge 
and the system administrator can set the “signi?cance” 
threshold in advance. 

[0067] Similarly, in noisy or stochastic environments 
(With White or colored noise), the present invention uses 
domain knowledge before deciding upon the geometric 
transformation to apply on the simplex. The implication here 
is that the true utility value of a point in the simplex is said 
to be different than that of another point in the simplex only 
if the data, i.e., the measured utilities of the sampled points, 
suggests a statistically signi?cant difference in the tWo 
measured values. Thus, if it is knoWn that in a noisy system, 
repeated measurements of utility values for any particular 
con?guration folloWs normal distribution, then standard 
statistical tests can be applied to determine, With a certain 
con?dence level, that the utility value of a simplex is greater 
(or lesser) than the utility value at another vertex in the 
simplex. 
[0068] Additional information necessary to test for statis 
tical signi?cance (such as Whether noise is White or colored) 
can be acquired beforehand, and the level of signi?cance can 
be set in advance based on the critical nature of the system 
and its environment. Once the points in the simplex are 
ranked With the help of the above method, all of the 
geometric transformations on the simplex, including re?ec 
tion, extension, contraction, and expansion can be applied as 
before to search for better parameter settings. In addition to 
the above, the present invention provides mechanisms for 
alloWing both real-valued parameters and integer-valued 
parameters in the simplex. While the simplex can be de?ned 
as usual With real and integer valued parameters in each 
con?guration, operations on the simplex have to be de?ned 
more carefully as geometric transformations on the current 
simplex may result in a neW point With impossible or illegal 
parameter values. For example, if a system has real-valued 
parameters x1 and x2, and an integer-valued parameter x3, 
operations on the simplex may results in a neW setting of 
parameters: 

[0069] This is a problem in that parameter x3 is no longer 
an integer. 

[0070] The present invention solves this problem by map 
ping the setting of the integer-valued parameter to the 
nearest integer or the nearest legal value. In this example, x3 
Would be mapped to 2, and the point that is actually sampled 
is determined to be: 

[0071] While this mapping is simple to implement and 
Works in general, it introduces another problem Where the 
simplex is inadvertently reduced by one or more dimen 
sions. Consider three parameter con?gurations Y1, Y2, and 
Y3, ranked according to decreasing utility, Which constitute 
a three dimensional simplex in tWo-dimensional space: 

1: Y1={x1=20.0, x2=10) 

2: Y2={x1=10.0, x2=10) 

3: Y3={x1=15.0, x2=20) 

[0072] Note that x1 is a real-valued parameter While x2 
alloWs for only integer values. NoW suppose some transfor 
mation on the simplex results in a neW point at: 
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[0073] Which is remapped to: 

Y4'={X1=15.0, x2=10} 
[0074] in order to respect the fact that x2 can assume only 
integer values. If this point Y4‘ is noW sampled and included 
in the simplex in place of Y3, then all three points in the neW 
simplex (Y1, Y2, Y4‘) become co-linear (as they all lie on 
the line x2=10). Once the dimensionality of this simplex is 
reduced, it can only search along the x2=10 in the future. 
None of the geometric transformations can restore the 
original dimensionality of the simplex and the simplex is 
forever limited to searching in the reduced parameter space. 

[0075] In problems With integer-valued parameters, before 
accepting any neW point, the present invention checks to 
make sure that the dimensionality of the simplex remains 
unchanged. This is guaranteed by con?rming the non 
colinearity of the neW point against all pairs of points in the 
current simplex. If the neW point happens to reduce the 
simplex dimension, then it is perturbed by a small random 
amount, and the linearity check is performed again. Thus in 
the above example, Y4‘ could be remapped to: 

[0076] in order to avoid the co-linearity of x2. By adding 
this small amount of random perturbation, exploration of the 
parameter space is effectively encouraged and the tendency 
of the simplex getting stuck in endless cycles is avoided. 

[0077] To handle constrained optimiZation problems the 
present invention translates a new point that violates one or 
more constraints to the boundaries of the feasible region 
Where all constraints are satis?ed. HoWever, a naive 
approach to this translation is liable to lead to reductions in 
the simplex dimension, and thus, special attention is 
required to handle the constraints. 

[0078] Consider the problem With the folloWing con 
straints: 

x1+x2+x3=1.0 constraint # 1. 

0.0<=x1<=1.0 constraint # 2. 

0.0<=x2<=1.0 constraint # 3. 

0.0<=x3<=1.0 constraint # 4 

[0079] The ?rst point to note is that although there are 
three parameters, the present invention takes advantage of 
the constraints to simplify the parameter space to be 
searched. Since x3=1.0—x1—x2, the present invention can 
simply search in the space of tWo parameters, namely x1, 
and x2, While respecting all the constraints. 

[0080] NoW consider a neW point Y5={x1=0.5, x2=—0.2} 
found through some geometric transformation of the current 
simplex. Since x2<0.0, the present invention can translate 
Y5 to Y5‘={x1=10, x2=0.0} to ensure satisfaction of con 
straint #2. HoWever, it is not too dif?cult to realiZe that such 
a series of simple translations might result in a co-linear 
simplex Where all points lie on the line x2=0.0. 

[0081] The present invention avoids this problem by not 
re-mapping the coordinates of Y5 to those of Y5‘. HoWever, 
the utility value assigned to Y5 is set equal to the utility 
value of the con?guration parameters for Y5‘ (Which is 
directly sampled), minus some penalty value. In a preferred 
embodiment, this penalty value is a quadratic function of the 
distance betWeen Y5 and Y5‘, although other penalty values 
may be used Without departing from the spirit and scope of 
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the present invention. This technique allows all the geomet 
ric transformations to be applied Without modi?cation. On 
the other hand, mapping of the utility value minus the 
penalty discourages search in the infeasible regions. Since 
the magnitude of the penalty is proportional to distance 
betWeen the infeasible point and its corresponding feasible 
setting, the simplex can infer this gradient information and 
move aWay from the infeasible region. 

[0082] Thus, the present invention improves upon knoWn 
Direct Search methods by including mechanisms for limit 
ing the siZe of the simplex generated through simplex 
geometric transformations in order to ensure that the sim 
plex remains at a siZe that ensures that the simplex is large 
enough for the mechanisms of the present invention to be 
able to track changes in the environment and small enough 
to identify regions of high utility Within the simplex. More 
over, the present invention provides a mechanism for per 
mitting expansion, rather than contraction, of a simplex 
When a determination is made that changes in the environ 
ment have occurred. In addition, the present invention 
provides a mechanism for selecting geometric transforma 
tions to be applied based on Whether differences in the utility 
values of simplex points are statistically signi?cant or not. 
Furthermore, the present invention provides a mechanism 
for permitting the inclusion of real and integer valued 
parameters in the simplex and ensuring that geometric 
transformations on such a simplex do not result in invalid 
points being utiliZed or a reduction in the dimensionality of 
the simplex. Also, the present invention provides a mecha 
nism for ensuring that neW points identi?ed by the geometric 
transformations of the simplex do not violate established 
constraints and avoid reduction in dimensionality of the 
simplex. 

[0083] FIG. 6 is an exemplary block diagram of a 
dynamic on-line multi-parameter optimiZation device in 
accordance With one exemplary embodiment of the present 
invention. The elements shoWn in FIG. 6 may be imple 
mented in hardWare, softWare, or any combination of hard 
Ware and softWare. In a preferred embodiment, the elements 
shoWn in FIG. 6 are implemented as softWare instructions 
executed by one or more processing devices. 

[0084] In addition, the on-line multi-parameter optimiZa 
tion device may be implemented in the autonomic comput 
ing system being con?gured using the on-line multi-param 
eter optimiZation device, or may be a separate device from 
the autonomic computing system that is being con?gured. In 
a preferred embodiment, the on-line multi-parameter opti 
miZation device is integrated With the autonomic computing 
system and operates in consort With the autonomic comput 
ing system. 

[0085] As shoWn in FIG. 6, the on-line multi-parameter 
optimiZation device includes a controller 610, an autonomic 
computing system interface 620, a con?guration parameter 
setting device 630, a utility value measurement module 640, 
a simplex geometrical transformation module 650, a thresh 
old and constraint storage module 660, a constraint violation 
and dimensionality reduction avoidance module 670, and a 
historical data storage device 675. The elements 610-675 are 
in communication With one another via the control/data 
signal bus 680. Although a bus architecture is shoWn in FIG. 
6, the present invention is not limited to such and any 
architecture that facilitates the communication of control/ 
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data signals betWeen the elements 610-675 may be used 
Without departing from the spirit and scope of the present 
invention. 

[0086] The controller 610 controls the overall operation of 
the on-line multi-parameter optimiZation device and orches 
trates the operation of the other elements 620-675. The 
autonomic computing system interface 620 provides an 
interface through Which utility measurements may be made 
and con?guration parameters may be modi?ed in accor 
dance With the mechanisms of the present invention. 

[0087] Con?guration parameter setting device 630 per 
forms the necessary functions for setting the con?guration 
parameters of the autonomic computing system so as to 
obtain utility values for simplex vertex points. The con?gu 
ration parameter setting device 630 may interface With 
hardWare and/or softWare of the autonomic computing sys 
tem to set the con?guration parameters of the autonomic 
computing system. This may include, for example, modify 
ing a con?guration ?le of the autonomic computing system, 
interfacing With device drivers and changing their settings, 
changing settings in an operating system of the autonomic 
computing system, interfacing With servlets or running 
applications to change their operational parameters, setting 
values Within registers of a netWork adapter, and the like. 

[0088] The utility value measurement module 640 inter 
faces With the autonomic computing system to measure 
utility values for a particular setting of con?guration param 
eters. For example, the utility value measurement module 
640 may, in response to setting of con?guration parameters 
to a particular set of values, obtain information about a 
performance characteristic of the autonomic computing sys 
tem over a period of time in Which that setting of con?gu 
ration parameters is valid. This information may then be 
reduced to a utility value, such as by a statistical calculation, 
e.g., averaging, standard deviation, determining a median, 
etc. This utility value may then be stored in association With 
the con?guration parameter settings as the utility for a 
particular point in the simplex. 

[0089] The simplex geometrical transformation module 
650 performs the simplex geometrical transformations of 
re?ection, extension, contraction, and expansion, as dis 
cussed previously. This module 650 performs the bulk of the 
methodology set forth above With regard to performing the 
geometric transformations and determining neW vertex 
points that may identify a better utility value. 

[0090] The threshold and constraint storage module 660 
stores the threshold information for de?ning the limits of the 
simplex and the constraints established for the simplex. This 
information is used by the simplex geometrical transforma 
tion module 650 to determine if a neW point violates the 
threshold boundaries and is used by the constraint violation 
and dimensionality reduction avoidance module 670 to 
determined if the constraints are violated by a neW point 
identi?ed through geometric transformation. 

[0091] In operation, the controller 610, upon the occur 
rence of an event, initiates a recon?guration of the auto 
nomic computing system. The event may be, for example, a 
periodic event that occurs automatically, such as the elapse 
of a certain amount of time since a last recon?guration of the 
autonomic computing system, the current time equaling a 
scheduled time for recon?guration, a detected degradation in 
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performance With regard to a particular measured metric, or 
the like. In addition, the event may be the input of an 
instruction from an administrator indicating that a recon 
?guration of the autonomic computing system is in order. 

[0092] The controller 610, in initiating the recon?guration 
of the autonomic computing system, instructs the simplex 
geometrical transformation module to begin an optimiZation 
procedure such as that described above. It is assumed that 
the initial simplex has been generated by monitoring of the 
operation of the autonomic computing system. HoWever, if 
a simplex is not currently available, an initial simplex may 
be generated by instructing the con?guration parameter 
setting device 630 to set the con?guration parameters of the 
autonomic computing system to a particular set of values 
and then instructing the utility value measurement module 
640 to measure a utility value for this setting of con?gura 
tion parameters. This may be done a plurality of times to 
obtain vertex points for the initial simplex. 

[0093] The simplex geometrical transformation module 
650 may then perform re?ection on the initial simplex to 
identify a neW point at Which a utility value is to be 
measured. A determination is then made as to Whether this 
neW point violates any established thresholds in the thresh 
old and constraint storage module 660. If so, appropriate 
modi?cations to the neW point are made as described above. 
In addition, any necessary modi?cations to the neW point 
value because of integer and real values being present in the 
simplex are made While ensuring that the dimensionality is 
maintained. This may require the aid of the constraint 
violation and dimensionality reduction avoidance module 
670 in ensuring that the dimensionality of the simplex is 
maintained. 

[0094] The simplex geometrical transformation module 
650 then instructs, via the controller 610, the con?guration 
parameter setting device 630 and the utility value measure 
ment module 640 to set the con?guration parameters to 
those corresponding to this neW point and measure the utility 
value for this point. A determination is made as to Whether 
the utility value for the neW point is a better utility value than 
the current best utility value in the simplex. If so, a deter 
mination is made as to Whether any constraints are violated 
by this neW point. If not, then the neW point replaces the 
point With the Worst utility value. If so, then the neW point 
is modi?ed as discussed previously to ensure that no con 
straints are violated and the dimensionality of the simplex is 
maintained. 

[0095] The operation then continues in the manner previ 
ously described above With continued iterations until stop 
ping criteria are met. At that time, the best utility valued 
point in the simplex is selected as the optimum con?guration 
parameter setting for the autonomic computing system. The 
con?guration parameter setting device 630 is instructed to 
set the con?guration parameters of the autonomic computing 
system to these neW values. The operation is then put back 
to sleep until the next event occurs. 

[0096] The historical data storage device 675 stores the 
prior con?guration parameter settings and their correspond 
ing utility values for the autonomic computing system. Thus, 
the con?guration parameter settings that Were being used by 
the autonomic computing system as Well as their corre 
sponding utility values are stored in the historical data 
storage device 675 prior to the above optimiZation opera 
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tions being performed. Each time the optimiZation opera 
tions are performed, additional entries may be added to this 
historical data storage device 675 indicating the con?gura 
tion parameters that Were being used prior to the optimiZa 
tion and their corresponding utility values. In this Way, a 
historical representation of the change in con?guration 
parameters may be built. 

[0097] The con?guration parameter settings and their cor 
responding utility values stored in the historical data storage 
device 675 may be used for many different purposes. For 
example, these historical con?guration parameter settings 
may be used to build a model of the operation of the 
autonomic computing system so as to get a better under 
standing of hoW the autonomic computing system operates 
in a dynamic and noisy environment. NeW domain knoWl 
edge may be obtained through analysis of the con?guration 
parameter setting historical data, e.g., statistical stability 
analysis, pattern analysis, etc. Patterns of con?guration 
parameter settings may be identi?ed in this historical data in 
order to provide greater insight as to the most probable 
optimiZed values for particular time periods of operation in 
the dynamic and noisy environments. These patterns may be 
used to help guide the search for optimum con?guration 
parameters using the above methodology. Aplethora of other 
uses of the historical con?guration parameter setting infor 
mation may be made Without departing from the spirit and 
scope of the present invention. 

[0098] FIGS. 7-9 are ?oWcharts that illustrate exemplary 
operations of the present invention When performing on-line 
multi-parameter optimiZation for use With autonomic com 
puting systems. It Will be understood that each block of the 
?oWchart illustrations, and combinations of blocks in the 
?oWchart illustrations, can be implemented by computer 
program instructions. These computer program instructions 
may be provided to a processor or other programmable data 
processing apparatus to produce a machine, such that the 
instructions Which execute on the processor or other pro 
grammable data processing apparatus create means for 
implementing the functions speci?ed in the ?oWchart block 
or blocks. These computer program instructions may also be 
stored in a computer-readable memory or storage medium 
that can direct a processor or other programmable data 
processing apparatus to function in a particular manner, such 
that the instructions stored in the computer-readable 
memory or storage medium produce an article of manufac 
ture including instruction means Which implement the func 
tions speci?ed in the ?oWchart block or blocks. 

[0099] Accordingly, blocks of the ?oWchart illustrations 
support combinations of means for performing the speci?ed 
functions, combinations of steps for performing the speci 
?ed functions and program instruction means for performing 
the speci?ed functions. It Will also be understood that each 
block of the ?oWchart illustrations, and combinations of 
blocks in the ?oWchart illustrations, can be implemented by 
special purpose hardWare-based computer systems Which 
perform the speci?ed functions or steps, or by combinations 
of special purpose hardWare and computer instructions. 

[0100] FIG. 7 is a ?oWchart outlining an exemplary 
operation of the present invention When performing on-line 
multi-parameter optimiZation of con?guration parameters 
for use With an autonomic computing system. As shoWn in 
FIG. 7, the operation starts by obtaining an initial simplex 
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(step 710). The utility values for the vertex points of the 
simplex are then determined (step 715). A geometric trans 
formation based on the vertex points in the simplex is 
performed so as to ?nd a neW point to investigate (step 720). 
The utility value at this neW point is then determined (step 
722). 
[0101] A determination is made as to Whether the neW 
point lies outside established thresholds for the siZe of the 
simplex (step 725). If so, the neW point is mapped to a 
nearest point on a threshold boundary of the simplex (step 
730). Thereafter, or if the neW point does not lie outside a 
threshold boundary, a determination is made as to Whether 
the utility value at this neW point is better than a current best 
valued point in the simplex (step 735). If so, then the Worst 
valued point in the simplex is replaced by the neW point 
(step 740) and the operation returns to step 715. If the utility 
value of the neW point is not better than the current best 
valued point in the simplex, then a determination is made as 
to Whether the neW point is Worse than every other point in 
the simplex (step 745). 

[0102] If the neW point is not Worse than every other point 
in the simplex and all geometric transformations besides 
contraction has not been applied, a different geometric 
transformation is used to obtain a neW point (step 750) and 
the operation returns to step 722. If the utility value of the 
neW point is Worse than every other point in the simplex and 
all geometric transformations besides contraction has been 
applied, the utility value at the current best valued point in 
the simplex is re-sampled (step 755). Adetermination is then 
made as to Whether a difference betWeen the neWly sampled 
utility value for the best valued point and the previous utility 
value for the best valued point is signi?cant, i.e. greater than 
an established threshold (step 760). If so, it is determined 
that the environmental conditions have changed and thus, 
the simplex is expanded (step 765). The operation then 
returns to step 715. If the difference betWeen the utility 
values is not signi?cant, then contraction of the simplex is 
alloWed to identify a neW point (step 770). A determination 
is then made as to Whether a stopping criteria have been met 
(step 775). If not, the operation returns to step 722. If the 
stopping criteria have been met, the best valued point in the 
simplex is returned and used to con?gure the autonomic 
computing system. 

[0103] It should be appreciated that the utility value of 
interest is dependent upon the particular implementation of 
the present invention and may be selected by an adminis 
trator as the value that is sought to be optimiZed. Moreover, 
the terms “better”, “best”, “Worse” and “Worst” are relative 
terms that may take on different meaning based on the 
particular utility values being optimiZed. Thus, for example, 
a “better” utility value With regard to response time Would 
be a loWer overall value, ie 0.3 seconds is better than 0.5 
seconds. HoWever, for a utility value of number of packets 
processed per cycle, a higher value Would be better than a 
loWer value. Even though these terms are relative, one of 
ordinary skill in the art is Well aWare of What constitutes 
“better” and “Worse” With regard to the particular utility 
values selected for optimiZation. 

[0104] Within steps 720, 730, 750, 765, and 770, addi 
tional functionality according to the present invention may 
be performed in order to ensure that the neW points identi?ed 
by these operations do not result in invalid values, values 
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that violate constraints, or values that reduce the dimension 
ality of the simplex. FIG. 8 is a ?oWchart outlining a process 
by Which a neW point is checked to determine if invalid 
parameter values are associated With the neW point and then 
correcting such invalid parameter values. As shoWn in FIG. 
8, the operation starts by identifying a neW point (step 810). 
A determination is made as to Whether any integer valued 
parameters have been transformed to a real value (step 820). 
If so, the real value is mapped to a nearest integer value (step 
830). A determination is then made as to Whether the 
mapping of the real value causes a reduction in dimension 
ality of the simplex (step 840). If so, a small amount of 
random perturbation is added to the mapped value (step 
850). Thereafter, or if there are no integer values trans 
formed to real values (step 820) or the mapping does not 
cause reduction in dimensionality of the simplex (step 840), 
the neW point is stored (step 860) and the operation termi 
nates. 

[0105] FIG. 9 is a ?oWchart outlining an exemplary 
operation for determining Whether a neW point violates any 
constraints and correcting the neW points so that they remain 
Within constraints. As shoWn in FIG. 9, the operation starts 
by identifying a neW point (step 910). A determination is 
made as to Whether any parameter values of the neW point 
violate an established constraint (step 920). If so, the values 
that are in violation of a constraint are mapped to nearest 
values that satisfy the constraints (step 930). For example, 
the point may be assigned a utility value that is equal to the 
utility value of the nearest point that satis?es the constraint, 
minus a penalty value. A determination is then made as to 
Whether the mapping of the values causes a reduction in the 
dimensionality of the simplex (step 940). If the neW point 
does not violate a constraint (step 920) or the mapping does 
not reduce the dimensionality of the simplex (step 940), the 
neW point is stored (step 950). The operation then termi 
nates. 

[0106] Thus, the present invention provides a mechanism 
for dynamically optimiZing autonomic computing systems 
by analyZing, on-line, the con?guration parameters and their 
resulting utility values of the autonomic computing system 
to determine the optimum settings of these con?guration 
parameters. With the present invention, an autonomic com 
puting system may be periodically recon?gured so that 
optimum operation of the autonomic computing system is 
achieved. 

[0107] One type of autonomic computing system for 
Which the present invention may be utiliZed is the logging 
and recovery subsystem of the content-based publish-sub 
scribe (pub-sub) system called Gryphon, available from 
International Business Machines, Inc. 

[0108] Gryphon is deployed as a redundant overlay net 
Work of brokers for ?ltering and routing messages from 
publishers to subscribers. The Gryphon project has devel 
oped scalable algorithms for rapidly ?ltering messages 
through large numbers of overlapping ?lters, and to selec 
tively route messages in a multi-hop netWork to those 
neighbors that are on a path toWards matching subscribers. 

[0109] Recently, a guaranteed delivery (GD) service for 
exactly one delivery of messages to subscribers has been 
implemented in Gryphon. Informally, each publisher in the 
system is the source of an ordered event stream. Guaranteed 
delivery ensures that any subscriber Who remains connected 
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to the system sees a gapless ?ltered subsequence of this 
stream, starting from an initial point in time. Asubsequence 
of the event stream is said to be gapless if for any tWo 
adjacent events in this stream, there is no event in the 
original stream that is betWeen these events and matches the 
subscriber’s ?lter. The guarantee must be honored in the 
presence of broker failures and link failures. More informa 
tion about the Gryphon system and the logging and recovery 
subsystem may be found in Bagchi et al., “Design and 
Evaluation of a Logger-based Recovery Subsystem for 
Publish-Subscribe MiddleWare,” International Symposium 
on Performance Evaluation of Computer and Telecommu 
nication Systems (SPECTS 2002), San Diego, Calif., Which 
is hereby incorporated by reference 
[0110] The system con?guration, the Workload character 
istics, and the failure characteristics of the brokers or the 
links betWeen the brokers can all vary Widely from one 
deployment of the Gryphon system to another. The logging 
and recovery subsystem (hereafter referred to as the “logger 
subsystem”) Within Gryphon has several different control 
parameters and for any particular Gryphon deployment, 
substantial manual tuning and system knoWledge is neces 
sary to determine the settings that result in better perfor 
mance. Naturally, this assumes that performance metrics of 
interest have been de?ned a priori. 

[0111] The present invention Was applied to the logger 
subsystem of Gryphon With the purpose of autonomically 
tuning the control parameters of the logger subsystem for 
superior performance in failure-free conditions and under 
failure injection conditions. With the application of the 
present invention to the logger subsystem of Gryphon, three 
metrics are de?ned that capture important performance and 
resource utiliZation characteristics of the Gryphon system as 
Well as the logger subsystem. Four control parameters that 
have the most signi?cant impact on the logger subsystem’s 
performance under typical Workload conditions are utiliZed 
in the optimiZation performed by the present invention: 
groWth threshold, reclaim, suspend threshold, and ration of 
chunk siZe and message siZe. The optimiZation mechanism 
of the present invention is utiliZed to search the parameter 
space to ?nd control parameter settings that result in 
improved performance in the Gryphon system. 
[0112] As mentioned above, the four control parameters 
used in the application of the present invention to optimi 
Zation of the logger subsystem are groWth threshold, 
reclaim, suspend threshold and ratio of chunk siZe and 
message siZe. The groWth threshold (g) is a control param 
eter that de?nes When a cleaner task is scheduled to run. 
Thus, for eXample, the groWth threshold may designate that 
the cleaner task is scheduled to run When the log siZe groWs 
by more than the threshold of g % betWeen tWo consecutive 
measurements of the siZe of the log space. 

[0113] The reclaim control parameter (r) identi?es the 
amount of log space that is reclaimed When the cleaner task 
is scheduled. That is, for eXample, the cleaner task may 
reclaim r % of the most recent measure of the log siZe from 
the log space. 

[0114] The suspend threshold (s) identi?es When Writes to 
the log are suspended. Thus, for eXample, the cleaner task 
typically runs concurrently With the normal Writes to the log. 
HoWever, if the log siZe groWs by more than s % of the last 
sampled log siZe during the cleaning, all further neW Writes 
(as opposed to cleaning Writes) to the log are suspended. 

Jan. 13, 2005 

[0115] The ratio of chunk siZe and message siZe (Z) is a 
measure of the relative siZe of the chunks of log space being 
allocated and deallocated to the siZe of the messages being 
used by the publishing clients. That is, the logger subsystem 
manages the physical log space through allocation or deal 
location of disk space in units of a chunk-siZe Which is a 
tunable parameter in the subsystem. There are relationships 
betWeen the control parameters that must be adhered to in 
order to obtain proper operation of the logger subsystem. For 
eXample, r must be greater than g so that the cleaner tasks 
can reclaim at least as much log space as it has groWn. 
OtherWise, the log siZe Will groW in an unbounded fashion 
leading to a throttling of the Writes to the system. Similarly, 
s must be greater than g. If this condition is not met, normal 
Writes to the system Will be suspended When the cleaner task 
is scheduled to run. These constraints are important in that 
they reduce the siZe of the search space of the parameter 
values that must be explored. 

[0116] The effects of these control parameters on the 
logger subsystem is measured With regard to three perfor 
mance metrics Which capture the essential performance and 
resource utiliZation characteristics that are of interest to a 

user of the Gryphon system. These performance metrics 
include variation of log space usage, cleaning overhead, and 
latency. Variation of log space usage. (v) is the ratio of the 
standard deviation of the disk space usage to the mean disk 
space usage. Since the cleaner task is scheduled only inter 
mittently, the siZe of the disk space utiliZed by the logger 
subsystem can vary over time. A large variation Would 
require over provisioning of storage space in the system and 
Would also result in oscillatory behavior of the system. 

[0117] Cleaning overhead (c) represents the overhead 
associated With the cleaning of the log space. The cleaning 
of the log space can be looked upon as an overhead in the 
system that reduces the bandWidth available to the normal 
Writes. The value c denotes the measure of the overhead due 
to cleaning and it is de?ned as the ratio of the number of puts 
due to cleaning to the total number of puts to the system. 

[0118] Latency (l) is the difference betWeen actual latency 
and the latency in the system under ideal conditions, i.e. 
When there is no overhead due to the cleaning tasks. When 
the cleaner task is executing, the normal Writes contend With 
the cleaning Writes leading to an increase in latency for the 
normal Writes. In particular, the overhead due to the logger 
subsystem results in a time delay betWeen the initiation of a 
put to the Gryphon system and the time When both the 
corresponding Write has been committed to stable storage 
and the call-back has been returned from the logger sub 
system. 

[0119] From a system designer or a system administrator’s 
vieW, the above three metrics highlight the con?icting 
requirements for performance and resource utiliZation in the 
Gryphon system. 

[0120] To characteriZe the overall behavior of the Gry 
phon system for a particular setting of the four control 
parameters, a scalar penalty measure P is de?ned that is a 
function of the three performance metrics: 

Where 

Fc(c)=c if c<O.2; EXp(c) otherwise 
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[0121] and WV, WC, W1 are the positive Weights assigned to 
the three metrics in determining P. In a typical deployment, 
latency l in the Gryphon system Will be the most important 
criterion folloWed by the cleaning overhead c, giving 
W1>Wc>WV. The functions fV and fC emphasiZe the goal of 
maintaining the system in parameter regimes Which return 
loW values of v and c, respectively. 

[0122] In the application of the present invention to the 
logger subsystem, the three parameters g, r and s are 
restricted to only integer values in the range 0% to 100% 
subject to the tWo constraints mentioned earlier. For the 
control parameter Z, a ranged of values betWeen 64 and 1280 
is utiliZed assuming that typical messages range in siZe from 
10 Bytes to 2000 Bytes, With the chunk siZe remaining ?xed 
at 128 Kbytes. 

[0123] The optimiZation system and method of the present 
invention Was applied to the control parameters and metrics 
described above under the above conditions. The optimiZa 
tion system and method Was applied With no faults being 
injected and With faults being injected. The results of the 
application of the present invention are shoWn in FIG. 10. 
FIG. 10 shoWs the time-series of penalty values obtained in 
tWo typical experiments Where the present invention Was 
used for online optimiZation of the control parameters With 
Gryphon running under fault injection conditions Where the 
Gryphon system Was experiencing message delays. The 
initial values of the control parameters are chosen close to 
the estimated best settings of the logger subsystem. 

[0124] FIG. 10 shoWs that the initial iterations of the 
experiments are associated With large ?uctuations in the 
penalty values as the present invention explores the space of 
control parameters. Once the present invention ?nds good 
parameter regions, the ?uctuations tend to die doWn and the 
system converges to similar penalty values and control 
parameter settings for different starting points. FIG. 10 also 
shoWs that, in spite of the noise associated With the penalty 
measure, the present invention is able to ?nd penalty values 
that are, on average, superior to penalty values associated 
With the estimated best settings of the control parameters. 
For this experiment, the present invention ?nds the folloW 
ing near-optimal values: 

[0125] GroWth (g)=25% 

[0126] Reclaim (r)=27% 

[0127] Suspend (s)=49% 
[0128] Ratio Chunk/Message=119 Bytes 

[0129] The penalty values obtained in the above experi 
ment are much higher than in the fault-free case. Also the 
parameter settings obtained by the present invention at the 
end of the runs are different from those in the fault-free case. 
Hence, if the system Were manually tuned under fault-free 
conditions, the system performance Would no longer be 
optimal if the runtime environment had failures. This under 
scores the need for the present invention. 

[0130] Another type of autonomic computing system for 
Which the present invention may be utiliZed is the Apache 
v1.3 Web server. Apache v1.3 on Unix is structured as a pool 
of Worker processes monitored by a master process. The 
master process monitors the health of the Worker processes 
and manages their creation and destruction. The Worker 
processes are responsible for handling the communications 
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With the Web clients as Well as performing the Work required 
to generate the responses to the requests from the Web 
clients. AWorker process handles at most one connection at 
a time, and it continues to handle only that connection until 
the connection is terminated. Thus, the Worker is idle 
betWeen consecutive requests from its connected client. 

[0131] There are tWo main parameters to control the 
response time of the Apache Web server: MaxClients and 
KeepAlive Timeout. The MaxClients parameter limits the 
siZe of this Worker pool, thereby imposing a limitation on the 
processing capacity of the server. Ahigher MaxClients value 
alloWs Apache to process more client requests. But if 
MaxClients is too large, there are excessive resource utili 
Zations that degrade performance for all clients, i.e., longer 
response time. The Apache “KeepAlive Timeout” tuning 
parameter controls the maximum time a Worker process can 
remain in the “User Think” state before its client connection 
is closed. If KeepAlive is too large, CPU and memory are 
underutiliZed since clients With requests to process cannot 
connect to the server, and so the clients experience long 
response times. Reducing the timeout value means that 
Workers spend less time in the “User Think” state, and more 
time in the “Busy” state. Hence, CPU increases and the 
response time decreases. If the timeout is too small, the TCP 
connection terminates prematurely and reduces the bene?ts 
of having the persistent connections. The extra overheads 
can make the user response time longer. 

[0132] The optimiZation system and method of the present 
invention Was applied to control the MaxClients and Kee 
pAlive Timeout parameters in the Apache Web Server to 
minimiZe the response time of the system under simulated 
static and variable load conditions. As in the Gryphon 
system, present invention Was successfully able to ?nd 
parameter settings that resulted in superior performance than 
those obtained from the default parameter settings of the 
Apache Web Server v1.3. 

[0133] Thus, the present invention provides an improved 
system and method for performing dynamic online multi 
parameter optimiZation for autonomic computing systems 
that does not suffer from the draWbacks of the knoWn Direct 
Search methods. The present invention expands upon Direct 
Search methods to provide additional functionality that 
permits the modi?ed Direct Search methods to be applied to 
dynamic and noisy environments, such as eBusiness and 
eCommerce type systems operating on-line on a netWork, 
such as the Internet. 

[0134] 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 as a ?oppy disk, a hard 
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis 
sion-type media, such as digital and analog communications 
links, Wired or Wireless communications links using trans 
mission forms, such as, for example, radio frequency and 
light Wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual 
use in a particular data processing system. 
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[0135] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modi?cations 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 modi?cations as are suited to the particular use 
contemplated. 
What is claimed is: 

1. A method, in a data processing system, for determining 
con?guration parameter value settings for a computing 
device to optimiZe an operational characteristic of the com 
puting device, comprising: 

obtaining a simplex of points, Wherein each point in the 
simplex represents a set of con?guration parameters for 
the computing device; 

performing a geometric transformation on the simplex of 
points to identify a neW point to investigate; 

sampling the operational characteristic at the neW point; 

determining if the operational characteristic associated 
With the neW point is Worse than a value of the 
operational characteristic for each point in the simplex 
of points; 

determining a set of points in the simplex that need to be 
resampled if the neW point is Worse than a value of the 
operational characteristic for each point int he simplex 
of points; 

resampling the operational characteristic at each of the 
points in the set of points; and 

determining a neW simplex based on the resampled opera 
tional characteristic of points in the set of points. 

2. The method of claim 1, Wherein the set of points 
comprises a best point in the simplex of points, and Wherein 
determining a neW simplex based on the resampled opera 
tional characteristic of points in the set of points includes 
determining Whether to expand or contract the simplex 
based on the resampling of the operational characteristic at 
the best point in the simplex of points to obtain the neW 
simplex. 

3. The method of claim 1, further comprising: 

extending the simplex in a direction of the neW point if the 
operational characteristic of the neW point is better than 
values of the operational characteristic for each point in 
the simplex of points. 

4. The method of claim 1, further comprising: 

assigning an upper threshold and a loWer threshold to a 
siZe of the simplex; and 

limiting expansion or contraction of the simplex based on 
the assigned upper and loWer thresholds. 

5. The method of claim 4, Wherein the loWer threshold on 
the siZe of the simplex represents a loWest resolution of 
signi?cance for each of the parameters of the simplex. 

6. The method of claim 4, Wherein if one or more of the 
con?guration parameter values associated With the neW 
point violates one of the upper threshold and loWer thresh 
old, the neW point is mapped to a point closest to the neW 
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point Whose associated con?guration parameter values sat 
isfy the upper threshold or loWer threshold. 

7. The method of claim 2, Wherein determining Whether 
to expand or contract the simplex based on the resampling 
of the operational characteristic at the best point in the 
simplex of points includes: 

comparing a resampled operational characteristic value 
for the best point to a previous operational character 
istic value for the best point; and 

determining Whether to expand or contract the simplex 
based on a difference betWeen the resampled opera 
tional characteristic value and the previous operational 
characteristic value. 

8. The method of claim 7, Wherein if the difference is 
greater than a threshold, the simplex is expanded. 

9. The method of claim 7, Wherein if the difference is not 
greater than a threshold, then the simplex is contracted. 

10. The method of claim 1, Wherein con?guration param 
eter values for points in the simplex may include both real 
and integer con?guration parameter values. 

11. The method of claim 10, further comprising: 

checking the dimensionality of the modi?ed simplex 
obtained by expanding or contracting the simplex; and 

not performing the expansion or contraction if the modi 
?ed simplex Would have a different dimensionality 
from the simplex. 

12. The method of claim 1, further comprising: 

converting con?guration parameter values of the neW 
point to one of integer and real values based on a value 
type for the con?guration parameters; 

checking the converted con?guration parameter values to 
determine if a dimensionality of the simplex is changed 
by the conversion of the con?guration parameters; and 

setting the converted con?guration parameter values of 
the neW point that result in a change in the dimension 
ality of the simplex to converted con?guration param 
eter values that do not reduce the dimensionality of the 
simplex. 

13. The method of claim 12, Wherein setting the converted 
con?guration parameter values of the neW point that result 
in a change in the dimensionality of the simplex to converted 
con?guration parameter values that do not reduce the dimen 
sionality of the simplex includes: 

setting the converted con?guration parameter values to 
converted con?guration parameter values that equal the 
converted con?guration parameter values minus a pen 
alty value. 

14. The method of claim 13, Wherein the penalty value is 
a quadratic function of a distance betWeen an original 
con?guration parameter value of the neW point and the 
converted con?guration parameter value. 

15. The method of claim 1, further comprising: 

using con?guration parameter values of the best point in 
the simplex to con?gure the computing device if no 
improvement of the simplex is obtainable. 

16. A computer program product in a computer readable 
medium for determining con?guration parameter value set 
tings for a computing device to optimiZe an operational 
characteristic of the computing device, comprising: 
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?rst instructions for obtaining a simplex of points, 
Wherein each point in the simplex represents a set of 
con?guration parameters for the computing device; 

second instructions for performing a geometric transfor 
mation on the simplex of points to identify a neW point 
to investigate; 

third instructions for sampling the operational character 
istic at the neW point; 

fourth instructions for determining if the operational 
characteristic associated With the neW point is Worse 
than a value of the operational characteristic for each 
point in the simplex of points; 

?fth instructions for determining a set of points in the 
simplex that need to be resampled if the neW point is 
Worse than a value of the operational characteristic for 
each point int he simplex of points; 

sixth instructions for resampling the operational charac 
teristic at each of the points in the set of points; and 

seventh instructions for determining a neW simplex based 
on the resampled operational characteristic of points in 
the set of points. 

17. The computer program product of claim 16, Wherein 
the set of points comprises a best point in the simplex of 
points, and Wherein the seventh instructions for determining 
a neW simplex based on the resampled operational charac 
teristic of points in the set of points include instructions for 
determining Whether to expand or contract the simplex 
based on the resampling of the operational characteristic at 
the best point in the simplex of points to obtain the neW 
simplex. 

18. The computer program product of claim 16, further 
comprising: 

eighth instructions for extending the simplex in a direc 
tion of the neW point if the operational characteristic of 
the neW point is better than values of the operational 
characteristic for each point in the simplex of points. 

19. The computer program product of claim 16, further 
comprising: 

eighth instructions for assigning an upper threshold and a 
loWer threshold to a siZe of the simplex; and 

ninth instructions for limiting expansion or contraction of 
the simplex based on the assigned upper and loWer 
thresholds. 

20. The computer program product of claim 19, Wherein 
the loWer threshold on the siZe of the simplex represents a 
loWest resolution of signi?cance for each of the parameters 
of the simplex. 

21. The computer program product of claim 19, Wherein 
if one or more of the con?guration parameter values asso 
ciated With the neW point violates one of the upper threshold 
and loWer threshold, the neW point is mapped to a point 
closest to the neW point Whose associated con?guration 
parameter values satisfy the upper threshold or loWer. 
threshold. 

22. The computer program product of claim 17, Wherein 
the instructions for determining Whether to expand or con 
tract the simplex based on the resampling of the operational 
characteristic at the best point in the simplex of points 
include: 
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instructions for comparing a resampled operational char 
acteristic value for the best point to a previous opera 
tional characteristic value for the best point; and 

instructions for determining Whether to expand or contract 
the simplex based on a difference betWeen the resa 
mpled operational characteristic value and the previous 
operational characteristic value. 

23. The computer program product of claim 22, Wherein 
if the difference is greater than a threshold, the simplex is 
expanded. 

24. The computer program product of claim 22, Wherein 
if the difference is not greater than a threshold, then the 
simplex is contracted. 

25. The computer program product of claim 16, Wherein 
con?guration parameter values for points in the simplex may 
include both real and integer con?guration parameter values. 

26. The computer program product of claim 25, further 
comprising: 

eighth instructions for checking the dimensionality of the 
modi?ed simplex obtained by expanding or contracting 
the simplex; and 

ninth instructions for not performing the expansion or 
contraction if the modi?ed simplex Would have a 
different dimensionality from the simplex. 

27. The computer program product of claim 16, further 
comprising: 

eighth instructions for converting con?guration parameter 
values of the neW point to one of integer and real values 
based on a value type for the con?guration parameters; 

ninth instructions for checking the converted con?gura 
tion parameter values to determine if a dimensionality 
of the simplex is changed by the conversion of the 
con?guration parameters; and 

tenth instructions for setting the converted con?guration 
parameter values of the neW point that result in a 
change in the dimensionality of the simplex to con 
verted con?guration parameter values that do not 
reduce the dimensionality of the simplex. 

28. The computer program product of claim 27, Wherein 
the tenth instructions for setting the converted con?guration 
parameter values of the neW point that result in a change in 
the dimensionality of the simplex to converted con?guration 
parameter values that do not reduce the dimensionality of 
the simplex include: 

instructions for setting the converted con?guration 
parameter values to converted con?guration parameter 
values that equal the converted con?guration parameter 
values minus a penalty value. 

29. The computer program product of claim 28, Wherein 
the penalty value is a quadratic function of a distance 
betWeen an original con?guration parameter value of the 
neW point and the converted con?guration parameter value. 

30. The computer program product of claim 16, further 
comprising: 

eighth instructions for using con?guration parameter val 
ues of the best point in the simplex to con?gure the 
computing device if no improvement of the simplex is 
obtainable. 




