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A method and related apparatus and planner are provided.
The method comprises receiving information about relation-
ship of activation items in a plurality of virtual machines as
well as information including activation item descriptive
parameters. In addition, the method comprises of steps of
optimizing an activation order of the activation items in said
virtual machines according to said relationship among the
activation items and generating an activation logical file
according to the optimized activation order and said activa-
tion item descriptive parameters.
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activation logical file 123

activation item 1: 1231
--activation item descriptive parameters e
--dependence relation

P 1232

activation item 2:

--activation item descriptive parameters

--dependence relation

A2>A3>A1;B3>B2>B1;C3>C2>C1
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S701: receiving the dependence relations among the activation
items in a plurality of virtual machines and the activation item
descriptive parameters

S702: optimizing the activation order of the activation items in
the virtual machines according to the dependence relations among
the activation items

S703: generating an activation logical file according to the
optimized activation order and the activation item descriptive
parameters

End

Fig.7
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VIRTUAL MACHINE DEPLOYMENT
PLANNING METHOD AND ASSOCIATED
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/325,097 filed Dec. 14, 2011, which claims
priority under 35 U.S.C. §119 from Chinese Patent Applica-
tion No. 201010577047.2 filed in China. Each of said appli-
cations is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to virtual machine
technology, and more specifically to a virtual machine
deployment planning method and associated apparatus.
[0004] 2. Description of Background

[0005] At present, the computer virtual machine technol-
ogy is increasingly widely used, especially in a distributed
environment. A virtual appliance corresponding to a virtual
solution is divided into a plurality of virtual machines, i.e.,
virtual images. The virtual machines may be located in a same
physical entity (e.g. a same computer) or in different physical
entities.

[0006] FIG. 1 is a block diagram showing a processing
device (e.g. computer) in the prior art. The processing device
1 comprises a virtual machine deployment and activation tool
11, virtual machines 12 and associated activation parameter
profiles 13. The virtual machine deployment and activation
tool 11 is used for creating and deploying the virtual machines
12 and coordinating activation of the virtual machines 12. The
virtual machine 12 comprises an activation engine 121, acti-
vation items (activation scripts) 122 and an activation logical
file 123.

[0007] The activation item 122 is a script compiled for a
task that must be performed in the virtual machine 12. For
example, ifa web application server, a network and a database
are to be deployed in a virtual machine, three scripts of
ConfigWAS, ConfigNet and ConfigDB can be compiled for
the virtual machine.

[0008] FIG. 3 shows contents of the activation logical file
123 in the prior art, comprising descriptive parameters of the
activation items and dependence relations among the activa-
tion items. The descriptive parameters of the activation items
are different from the activation parameters saved in the acti-
vation parameter profile 13. The activation parameters refer
to those parameters that are required for activating the acti-
vation items, e.g., specific values of network IP addresses
required for activating the network. The descriptive param-
eters of the activation items describe which activation param-
eters are needed, e.g. describing “needing network IP
addresses”, but are not concerned with specific values.

[0009] As for the dependence relations among the activa-
tion items, as an example, as shown in FIG. 8A, the activation
of the activation item B2 deployed on the virtual machine B
depends on the activation of the activation item C2 deployed
on the virtual machine C and the activation item B3 deployed
on the virtual machine B; in turn, the activation of the activa-
tion items A2 and A3 deployed on the virtual machine A
depends on the activation of the activation item B2 deployed
on the virtual machine B.
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[0010] The activation parameter profile 13 is a document
for storing specific activation parameter values required for
activating the activation items. The activation engine 121 is
used for activating the activation items 122 in the virtual
machine 12. It reads the specific activation parameters in the
activation parameter profile 13 and invokes activation items
122 associated with the activation parameters when reading
the associated activation parameters. The descriptive param-
eters of the activation items in the activation logical file 123
describe which activation parameters are required for activat-
ing the activation items. It provides a basis for specific values
of which activation parameters are to be stored in the activa-
tion parameter profile 13.

[0011] FIG. 2 shows a process to be undergone before the
virtual machine 12 is instanced on a physical entity, compris-
ing: a creation phase, a deployment phase and an activation
phase. The creation phase is a phase to install the activation
engine 121, the activation items 122 and the activation logical
file 123 comprised in the virtual machine into the physical
entity. In a step S1, an image building tool 111 installs the
activation engine 121 onto the physical entity. In a step S2, the
image building tool 111 installs the activation items 122
compiled by the user onto the physical entity. In a step S3, the
developer compiles into the activation logical file the activa-
tion item descriptive parameters and the dependence relations
among the activation items. As shown in FIG. 1, in an
instance, the step S1 may be executed by an activation engine
installer 1111, the step S2 may be executed by an activation
item installer 1112, and the step S3 is artificially executed by
the developer, that is, there lacks an automatic execution tool.

[0012] The basic framework of the virtual machine 12 has
been created through the virtual machine creation phase.
However, the activation of the activation items 122 further
needs specific activation parameters which are obtained
through the virtual machine deployment phase. In a step S4,
a deployment tool 112 generates a deployment parameter
collection page for user deployment. In a step S5, after the
user inputs the activation parameters, the deployment tool
112 receives the user inputted activation parameters. In a step
S6, the deployment tool 112 generates the activation param-
eter profile 13 containing the user inputted activation param-
eters.

[0013] The activation of the activation items 122 can be
performed only by use of the activation parameters in the
activation parameter profile 13 in combination with the acti-
vation items 122. As shown in FIG. 1, in an instance, the step
S4 may be executed by an activation parameter collection
page generator 1121, the step S5 may be executed by an
activation parameter receiver 1122, and the step S6 may be
executed by an activation parameter profile generator 1123.

[0014] The activation phase is a phase for customizing
required operating systems, networks, application resources
and etc. for the virtual machines. The activation items created
in the creation phase can be instanced only in the activation
phase in combination with the activation parameters in the
activation parameter profile 13. Since the activation logical
file 123 stores the dependence relations among the activation
items, the activation engine 121 must make reference to the
dependence relations while invoking the activation items 122.
The activation engine randomly selects an order of activating
the activation items 122 inside the virtual machine on the
premise that the dependence relations are not violated, but the
order is not necessarily optimal. There lacks in the prior art a
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technique capable of automatically optimizing the activation
order of the activation items 122 inside the virtual machines.

[0015] An activation coordinator 113 is responsible for,
after an activation item in the virtual machine has been acti-
vated, notifying activation items depending on the activation
item in other virtual machines of the start of activation. As
shown in FIG. 8A, the activation of the activation item Bl
deployed on the virtual machine B depends on the activation
of the activation item C2 deployed on the virtual machine C.
Therefore, after the activation engine in the virtual machine C
activates the activation item C2, it notifies the activation coor-
dinator 113 of that the activation item Bl in the virtual
machine B that depends on the activation of the activation
item C2 can be activated. The activation coordinator 113
notifies the activation engine in the virtual machine B of the
activation of the activation item B 1.

[0016] A problem existing in the prior art is that, in the step
S3, it is the developer that compiles in the activation logical
file the activation item descriptive parameters and the depen-
dence relations among the activation items. That is to say, the
user must be proficient in compiling the activation logical file,
as is difficult for those inexperienced users.

[0017] In addition, since in the prior art, the activation
engine randomly selects an order of activating the activation
items 122 inside the virtual machines on the premise that the
dependence relations among the activation items in the acti-
vation logical file are not violated, the order is not necessarily
optimal. Consequently, it is desirable to implement a tech-
nique capable of automatically optimizing the activation
order of the activation items inside the virtual machines.

SUMMARY OF THE INVENTION

[0018] The shortcomings of the prior art are overcome and
additional advantages are provided through the provision of a
virtual machine deployment planning method and related
apparatus and planner. The method comprises receiving
information about relationship of activation items in a plural-
ity of virtual machines as well as information including acti-
vation item descriptive parameters. In addition, the method
comprises of steps of optimizing an activation order of the
activation items in said virtual machines according to said
relationship among the activation items and generating an
activation logical file according to the optimized activation
order and said activation item descriptive parameters.

[0019] Additional features and advantages are realized
through the techniques of the present invention. Other
embodiments and aspects of the invention are described in
detail herein and are considered a part of the claimed inven-
tion. For a better understanding of the invention with advan-
tages and features, refer to the description and to the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter which is regarded as the inven-
tion is particularly pointed out and distinctly claimed in the
claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention
are apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:

[0021] FIG. 1 is a block diagram showing a processing
device (e.g. computer) in the prior art.
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[0022] FIG. 2 shows a process to be undergone in the prior
art before the virtual machine is instanced on a physical
entity, which essentially corresponds to the block diagram of
FIG. 1.

[0023] FIG. 3 shows contents of the activation logical file in
the prior art.
[0024] FIG. 4 is a block diagram showing a processing

device according to an embodiment of the invention.

[0025] FIG. 5 shows a process to be undergone before the
virtual machine is instanced on a physical entity according to
an embodiment of the invention, which essentially corre-
sponds to the block diagram of FIG. 4.

[0026] FIG. 6 shows contents of the activation logical file
according to an embodiment of the invention.

[0027] FIG. 7 is a flow chart showing a virtual machine
deployment planning method according to an embodiment of
the invention.

[0028] FIG. 8A shows an instance of the dependence rela-
tions among the activation items in the virtual machines.
[0029] FIG. 8B shows another instance of the dependence
relations among the activation items in the virtual machines.
[0030] FIG. 9A shows a virtual machine whole dependence
relation tree corresponding to the instance of FIG. 8A.
[0031] FIG. 9B shows a virtual machine whole dependence
relation tree corresponding to the instance of FIG. 8B.
[0032] FIG. 10 is a block diagram showing a virtual
machine deployment planner according to an embodiment of
the invention.

DESCRIPTION OF THE INVENTION

[0033] Inthe following discussion, a great amount of con-
crete details are provided to help thoroughly understand the
present invention. However, it is apparent to those of ordinary
skill in the art that even though there are no such concrete
details, the understanding of the present invention would not
be influenced. In addition, it should be further appreciated
that any specific terms used below are only for the conve-
nience of description, and thus the present invention should
not be limited to only use in any specific applications repre-
sented and/or implied by such terms.

[0034] Operating principles of an embodiment of the inven-
tion are described briefly first with reference to FIGS. 4-6.
FIG. 4 differs from FIG. 1 in adding to the image creation tool
111 a virtual machine deployment planner 1113, for auto-
matically compiling the activation logical file 123, such that
those users who are not proficient in compiling the activation
logical file can also perform the creation of the virtual
machine, thus improving user friendliness. Other portions of
FIG. 4 are substantially similar to those of FIG. 1.

[0035] FIG. 5 differs from FIG. 2 in replacing the step S3
with a step S3'. In the step S3', the virtual machine deploy-
ment planner 1113 generates an activation logical file con-
taining activation item descriptive parameters, and an activa-
tion order of the activation items in the virtual machines,
which is optimized according to the dependence relations
among the activation items. In the prior art, the activation
engine randomly selects the activation order of the activation
items inside the virtual machines on the premise that the
dependence relations among the activation items in the acti-
vation logical file are not violated. So the order is not neces-
sarily optimal. However, according to an embodiment of the
invention, automatic optimization of the activation order of
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the activation items inside the virtual machines is achievable.
Other portions of FIG. 5 are substantially similar to those of
FIG. 2.

[0036] FIG. 6 differs from FIG. 3 in that, in addition to
descriptive parameters 1231 of the activation items and
dependence relations 1232 among the activation items, the
activation logical file 123 according to an embodiment of the
invention further contains an optimized activation order of the
activation items inside the virtual machines, which is deter-
mined by the virtual machine deployment planner 1113. For
example, A2>A3>A1 represents that, in the virtual machine
A, first the activation item A2, then the activation item A3, and
finally the activation item A1 are activated. In this way, when
the activation engine 121 activates the activation items in the
virtual machine A, it does not randomly select an order but
activates the activation items according to the optimized acti-
vation order A2>A3>A1.

[0037] FIG. 7 is a flow chart showing a virtual machine
deployment planning method according to an embodiment of
the invention. In a step S701, the dependence relations among
the activation items in a plurality of virtual machines and the
activation item descriptive parameters are received. One
implementation thereofis to provide an interface to enable the
user to input the dependence relations among the activation
items in the plurality of virtual machines and the activation
item descriptive parameters. Then, the user only needs to
input through the interface the dependence relations among
the activation items in a plurality of virtual machines and the
activation item descriptive parameters, without the need of
learning how to compile the activation logical file 123, which
greatly simplifies the user’s operation and reduces basic skills
necessarily possessed by the user. Of course, the reception
can also be implemented by any other well known receiving
means in the art.

[0038] Inastep S702, the activation order of the activation
items in the virtual machines is optimized according to the
dependence relations among the activation items. As an
implementation, it can be implemented by, but not restricted
to the following process. Firstly, an initial planning order of
the virtual machine is determined.

[0039] Inanimplementation, if a number that activation of
an activation item in a virtual machine depends on activation
of an activation item in another virtual machine is larger than
a number that activation of an activation item in the another
virtual machine depends on activation of the activation items
in the virtual machine, it is determined that the activation of
the virtual machine as a whole depends on the activation of
the another virtual machine; if not, it is determined that the
activation of the another virtual machine as a whole depends
on the activation of the virtual machine. Then, a whole depen-
dence relation tree is drawn according to the determined
dependence relations of activation of the virtual machines.
The initial planning order is determined according to an order
from a virtual machine which is most independent on to a
virtual machine which is most dependent on in the whole
dependence relation tree. An order of activating the virtual
machines which are equally dependent on is arbitrarily
selected.

[0040] As an instance, as shown in FIG. 8A, the activation
of the activation items A2 and A3 in the virtual machine A
depends on the activation of the activation item B2 in the
virtual machine B, the activation of the activation items B1
and B2 in the virtual machine B depends on the activation of
the activation item C2 in the virtual machine C, and the
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activation of the activation item B3 in the virtual machine B
depends on the activation of the activation item C3 in the
virtual machine C. Since the number of the activation items in
the virtual machine A whose activation depends on the acti-
vation of the activation items in the virtual machine B is 2, and
the number of the activation items in the virtual machine B
whose activation depends on the activation of the activation
items in the virtual machine A is 0, it is determined that the
activation of the virtual machine A as a whole depends on the
activation of the virtual machine B. Due to similar reasons,
the activation of the virtual machine B as a whole depends on
the activation of the virtual machine C. Therefore, the whole
dependence relation tree as shown in FIG. 9A can be drawn.
In the whole dependence relation tree of FIG. 9A, the virtual
machine which is at the bottom layer and is most independent
on is the virtual machine A, and the virtual machine which is
at the top layer and is most dependent on is the virtual
machine C. The finally determined initial planning order is
A>B>C.

[0041] As another instance, as shown in FIG. 8B, the acti-
vation of the activation items A2 and A3 in the virtual
machine A depends on the activation of the activation item B2
in the virtual machine B, and the activation of the activation
item B1 in the virtual machine B depends on the activation of
the activationitem A2 in the virtual machine A. The activation
of the activation items B1 and B3 in the virtual machine B
respectively depends on the activation of the activation items
C2 and C3 in the virtual machine C, and the activation of the
activation item C1 in the virtual machine C depends on the
activation of the activation item B2 in the virtual machine B.
The activation of the activation item D3 in the virtual machine
D depends on the activation of the activation item B1 in the
virtual machine B. Since the number that activation of an
activation item in the virtual machine A depends on activation
of an activation item in the virtual machine B is 2, and the
number that activation of an activation item in the virtual
machine B depends on activation of an activation item in the
virtual machine A is 1, it is determined that the activation of
the virtual machine A as a whole depends on the activation of
the virtual machine B. Due to similar reasons, the activation
of'the virtual machine B as a whole depends on the activation
of the virtual machine C, and the activation of the virtual
machine D as a whole depends on the activation of the virtual
machine B. Therefore, the whole dependence relation tree as
shown in FIG. 9B can be drawn. In the whole dependence
relation tree of FIG. 9B, the virtual machine which is at the
bottom layer and is most independent on is the virtual
machine A, D, so either of the two can be selected as the first
one preceding the other in the initial planning order. The
virtual machine which is at the top layer and is most depen-
dent on is the virtual machine C. The finally determined initial
planning order is A>D>B>C.

[0042] The above only shows an implementation of deter-
mining the initial planning order of the virtual machine, but
the invention is not restricted to the implementation. It is
obvious for those skilled in the art benefited from the present
disclosure to determine other implementations for determin-
ing the initial planning order of the virtual machine.

[0043] Subsequently, the activation order of the activation
items inside the virtual machines is optimized with respect to
each virtual machine, according to the initial planning order
of the virtual machines. In an implementation, all possible
other activation orders of the activation items that do not
violate the dependence relations are listed with respect to



US 2014/0337844 Al

selected virtual machine. For all possible activation orders of
the activation items, on the premise that the determined acti-
vation order of the activation items inside other virtual
machines is unchanged, an optimal overall deployment simu-
lation parameter is found according to deployment simulation
parameters of the activation items. The activation order of the
activation items corresponding to the optimal overall deploy-
ment simulation parameter is determined as the optimized
activation order of the activation items in the virtual machine.
[0044] Still taking the instance of FIG. 8A for example, in
the instance of FIG. 8A, the finally determined initial plan-
ning order is A>B>C. The activation orders of the activation
items inside the virtual machine are randomly determined for
the virtual machines A, B and C as: A3>A2>A1; B3>B1>B2;
C1>C2>C3, respectively.

[0045] First the virtual machine A is selected. For the vir-
tual machine A, all possible other activation orders of the
activation items that do not violate the dependence relations
are: A2>A3>Al, and A2>Al1>A3. It is assumed that
B3>B1>B2 and C1>C2>C3 maintain unchanged. The acti-
vation time serves as the deployment simulation parameter.
For example, A1(3-5) in FIG. 8A represents that the activa-
tion time of the activation item A1 is 3 to 5 minutes. Through
simulation, it can be finally deduced that, the overall activa-
tion time of the virtual machines A, B and C in case of
A2>A3>A1, B3>B1>B2, C1>C2>C3 is 56.56 minutes. The
overall activation time of the virtual machines A, B and C in
case of A3>A2>A1, B3>B1>B2, C1>C2>C3 is 56.57 min-
utes. The overall activation time of the virtual machines A, B
and C in case of A2>A1>A3, B3>B1>B2, C1>C2>C3 is
56.58 minutes. Therefore, it is determined that A2>A3>A1 is
the optimized activation order of the activation items in the
virtual machine A.

[0046] Then the virtual machine B is selected. For the vir-
tual machine B, other all possible activation orders of the
activation items that do not violate the dependence relations
are: B1>B3>B2 and B3>B2>Bl. It is assumed that
A2>A3>A1 and C1>C2>C3 maintain unchanged. Through
simulation, it can be finally deduced that, the overall activa-
tion time of the virtual machines A, B and C in case of
A2>A3>A1, B3>B1>B2, C1>C2>C3 is 56.55 minutes. The
overall activation time of the virtual machines A, B and C in
case of A3>A2>A1, B1>B3>B2, C1>C2>C3 is 56.57 min-
utes. The overall activation time of the virtual machines A, B
and C in case of A2>A3>A1, B3>B2>B1, C1>C2>C3 is
54.48 minutes. Therefore, it is determined that B3>B2>B1 is
the optimized activation order of the activation items in the
virtual machine B.

[0047] Then the virtual machine C is selected. For the vir-
tual machine C, other all possible activation orders of the
activation items that do not violate the dependence relations
are: C1>C3>C2, C2>C1>C3, C2>C3>C1, C3>C1>C2, and
C3>C2>Cl1. It is assumed that A2>A3>A1 and B3>B2>Bl1
maintain unchanged. Through simulation, it can be finally
deduced that, the overall activation time of the virtual
machines A, B and C in case of A2>A3>Al, B3>B2>B1,
C1>C2>C3 is 54.55 minutes. The overall activation time of
the virtual machines A, B and C in case of A2>A3>Al,
B3>B2>B1, C1>C3>C2 is 45.44 minutes. The overall acti-
vation time of the virtual machines A, B and C in case of
A2>A3>A1, B3>B2>B1, C1>C2>C3 is 54.48 minutes. The
overall activation time of the virtual machines A, B and C in
case of A2>A3>A1, B3>B2>B1, C2>C3>C1 is 52.39 min-
utes. The overall activation time of the virtual machines A, B
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and C in case of A2>A3>A1, B3>B2>B1, C3>C1>C2 is
43.55 minutes. The overall activation time of the virtual
machines A, B and C in case of A2>A3>A1, B3>B2>B1,
C3>C2>C1 is 40.57 minutes. Therefore, it is determined that
C3>C2>Cl1 is the optimized activation order of the activation
items in the virtual machine C.

[0048] The above only shows an implementation of deter-
mining one by one the optimized activation orders of the
activation items inside the virtual machines. However, the
invention is not restricted to the implementation. It is obvious
for those skilled in the art benefited from the present disclo-
sure to use other implementations for determining one-by-
one the optimized activation orders of the activation items
inside the virtual machines. For example, possible activation
orders of all activation items can be listed for the selected
virtual machines, without consideration of the dependence
relations. However, since those activation orders that violate
the dependence relations cannot generate simulation results
in the simulation, they are naturally eliminated from selec-
tion.

[0049] Subsequently, the optimized activation orders of the
activation items are re-optimized. The function of re-optimi-
zation is that, in the above optimizing process, the optimiza-
tion is performed on the premise that the determined activa-
tion orders of the activation items inside other virtual
machines maintain unchanged, but the activation orders of the
activation items inside other virtual machines are randomly
determined and thus are not optimal, so the final optimization
result is affected. Therefore, re-optimization is preferable.
[0050] Inanimplementation, the process returns to the first
virtual machine in the initial planning order. Then, the pro-
cedure of listing other all possible activation orders of the
activation items through optimizing the activation order of the
activation items in the virtual machine is executed, and it is
judged whether the optimized activation order of the activa-
tion items in the virtual machine is changed or not. Then the
next virtual machine in the initial planning order is selected,
and the procedure of listing other all possible activation
orders of the activation items through optimizing the activa-
tion order of the activation items in the virtual machine is
executed, and it is judged whether the optimized activation
order of the activation items in the virtual machine is changed
or not, until it is judged that the number of times that the
activation order is not changed reaches n where n denotes a
total number of the virtual machines.

[0051] Still take the instance of FIG. 8A for example. The
process firstly returns to the virtual machine A. The procedure
of listing other all possible activation orders of the activation
items through optimizing the activation order of the activation
items in the virtual machine is executed. The final simulation
result shows that, A2>A3>A1 is still the optimal activation
order. Then a similar process is repeated for the virtual
machine B. The final simulation result shows that,
B3>B2>B1 is still the optimal activation order. A similar
process is repeated for the virtual machine C. The final simu-
lation result shows that, C3>C2>C1 is still the optimal acti-
vation order. Since the optimal activation orders maintain
unchanged for three times, A2>A3>Al1, B3>B2>B1 and
C3>C2>C1 are the re-optimized optimized activation orders.
[0052] In another implementation, it does not judge
whether re-optimization is paused or not according to the
number of times that the optimized activation order is
changed, but simply returns to the first virtual machine in the
initial planning order, and the process of optimizing the acti-
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vation order of the activation items inside the virtual
machines is performed as above once again from the first
virtual machine to the last virtual machine. Of course, the
implementations for re-optimizing the activation order of the
activation items are not restricted to the above two implemen-
tations. Other implementations are also apparent to those
skilled in the art benefited from the above two implementa-
tions. As an implementation, the deployment simulation
parameters may be stored in advance.

[0053] As another implementation, the deployment simu-
lation parameters may be input by the user. The invention
receives the user inputted deployment simulation parameters
for simulation to determine the optimized activation order.
The process of determining the optimized activation order has
been described above in combination with the activation time.
However, it is apparent to those skilled in the art that, other
deployment simulation parameters such as failure probabil-
ity, network condition, failure recovery probability can be
used for determining the optimized activation order. In addi-
tion, a combination of two or more of the activation time,
failure probability, network condition, failure recovery prob-
ability can be used for determining the optimized activation
order. Two or more of the deployment simulation parameters
may be weighted to compute a composite deployment simu-
lation parameter, and the optimized activation order of the
activation items in the virtual machines can be determined
according to the composite deployment simulation param-
eter.

[0054] Subsequently, the activation logical file is generated
according to the optimized activation order and the activation
item descriptive parameters. As shown in FIG. 6, the activa-
tion item descriptive parameters and the finally determined
optimized activation orders inside the virtual machines are
automatically written in the activation logical file.

[0055] FIG. 10 is a block diagram showing a virtual
machine deployment planner 1113 according to an embodi-
ment of the invention. The virtual machine deployment plan-
ner 1113 comprises receiving means 901, activation order
optimizing means 902 and activation logical file generating
means 903. The receiving means 901 receives the dependence
relations among the activation items in a plurality of virtual
machines and activation item descriptive parameters. The
activation order optimizing means 902 optimizes an activa-
tion order of the activation items in the virtual machines
according to the dependence relations among the activation
items. The activation logical file generating means 903 gen-
erates an activation logical file according to the optimized
activation order and the activation item descriptive param-
eters.

[0056] The activation order optimizing means 902 com-
prises initial plan order determining means 9021, and IN-
virtual-machine activation order optimizing means 9022.
Optionally, the activation order optimizing means 902 further
comprises activation order re-optimizing means 9023. The
initial plan order determining means 9021 determines an
initial planning order of the virtual machine. The IN-virtual-
machine activation order optimizing means 9022 optimizes
the activation order of the activation items inside the virtual
machines with respect to each virtual machine, according to
the initial plan order of the virtual machine. The activation
order re-optimizing means 9023 re-optimizes the optimized
activation order of the activation items.

[0057] The initial plan order determining means 9021
determines the initial plan order of the virtual machines based
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on the following criterion: if a number that activation of an
activation item in a virtual machine depends on activation of
an activation item in another virtual machine is larger than a
number that activation of an activation item in the another
virtual machine depends on activation of an activation item in
the virtual machine, it is determined that the activation of the
virtual machine as a whole depends on the activation of the
another virtual machine; if not, it is determined that the acti-
vation of the another virtual machine as a whole depends on
the activation of the virtual machine; a whole dependence
relation tree is drawn according to the determined depen-
dence relations of activation of the virtual machines; the
initial planning order is determined according to an order
from a virtual machine which is most independent on to a
virtual machine which is most dependent on in the whole
dependence relation tree, wherein an order of activating the
virtual machines which are equally dependent on is arbitrarily
selected.

[0058] The IN-virtual-machine activation order optimizing
means 9022 comprises: a whole activation order determiner
90221 and an IN-virtual-machine activation order optimizer
90222. The whole activation order determiner 90221 lists all
possible activation orders of the activation items that do not
violate the dependence relations for the selected virtual
machines. The IN-virtual-machine activation order optimizer
90222 finds out an optimal overall deployment simulation
parameter according to deployment simulation parameters of
the activation items, on the premise that the determined acti-
vation order of the activation items inside other virtual
machines is unchanged, for all possible activation orders of
the activation items, determines the activation order of the
activation items corresponding to the optimal overall deploy-
ment simulation parameter as the optimized activation order
ofthe activation items in the virtual machine, and instructs the
virtual machine selector to select the next virtual machine.

[0059] The optimized activation order re-optimizing means
9023 comprises a re-selector 90231, a re-optimizer 90232, a
change recorder 90233, and an end judger 90234. The re-
selector 90231 re-selects the first virtual machine in the initial
plan order. For the selected virtual machine, the re-optimizer
90232 lists other all possible activation orders of the activa-
tion items that do not violate the dependence relations, finds
out an optimal overall deployment simulation parameter
according to deployment simulation parameters of the acti-
vation items, on the premise that the determined activation
order of the activation items inside other virtual machines is
unchanged, for all possible activation orders of the activation
items, and determines the activation order of the activation
items corresponding to the optimal overall deployment simu-
lation parameter as the optimized activation order of the acti-
vation items in the virtual machine. The change recorder
90233 records in case where the optimized activation order of
the activation items in the virtual machine is changed. The
end judger 90234 ends the re-optimization in case where the
number of times that the recorded optimized activation order
is not changed reaches n where n denotes a total number of the
virtual machines. Optionally, the virtual machine deployment
planner 1113 further comprises a deployment simulation
parameter collector 904, for receiving the deployment simu-
lation parameters.

[0060] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as a system,
method or computer program product. Accordingly, aspects
of the present invention may take the form of an entirely
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hardware embodiment, an entirely software embodiment (in-
cluding firmware, resident software, microcode, etc.) or an
embodiment combining software and hardware aspects that
may all generally be referred to herein as a “circuit,” “mod-
ule” or “system.” Furthermore, aspects of the present inven-
tion may take the form of a computer program product
embodied in any tangible medium of expression having com-

puter usable program code embodied therein.

[0061] Any combination of one or more computer usable or
computer readable medium(s) may be utilized. The computer
usable or computer readable medium may be, for example,
but not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus,
device, or propagation medium. More specific examples (a
non-exhaustive list) of the computer readable medium would
include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a ran-
dom access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a transmis-
sion medium supporting for example the Internet or Intranet,
oramagnetic storage device. Note that the computerusable or
computer readable medium even may be paper or other suit-
able medium on which programs are printed, and this is
because the programs can be obtained electronically by elec-
trically scanning the paper or other medium, and then be
compiled, interpreted or processed appropriately, and be
stored in a computer memory if necessary. In the context of
this document, a computer usable or computer readable stor-
age medium may be any medium that contains, stores, com-
municates, propagates, or transmits a program for use by or in
connection with an instruction execution system, apparatus,
or device. A computer useable medium may include a data
signal with computer usable program code embodied therein,
propagated in baseband or as part of a carrier wave. The
computer usable program code may be transmitted using any
appropriate medium, including but not limited to wireless,
wireline, optical fiber cable, RF, etc.

[0062] Computer program code for carrying out operations
for aspects of the present invention may be written in any
combination of one or more programming languages, includ-
ing an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

[0063] Aspects of the present invention are described
below with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
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a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified in
the blocks of the flowchart illustrations and/or block dia-
grams.

[0064] These computer program instructions may also be
stored in a computer readable medium that can direct a com-
puter or other programmable data processing apparatus to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instruction means which implement
the functions/acts specified in the blocks of the flowchart
illustrations and/or block diagrams.

[0065] The computer program instructions may also be
loaded onto a computer or other programmable data process-
ing apparatus to cause a series of operational steps to be
performed on the computer or other programmable data pro-
cessing apparatus to produce a computer implemented pro-
cess such that the instructions which execute on the computer
or other programmable apparatus provide processes for
implementing the functions/acts specified in the blocks of the
flowchart illustrations and/or block diagrams.

[0066] The flowchart illustrations and block diagrams in
the figures illustrate the architecture, functionality, and opera-
tion of possible implementations of systems, methods and
computer program products according to various embodi-
ments of the present invention. In this regard, each block in
the flowchart illustrations or block diagrams may represent a
module, program segment, or portion of code, which com-
prises one or more executable instructions for implementing
the specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted in
the blocks may occur out of the order noted in the figures. For
example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of
the block diagrams and/or flowchart illustrations, and com-
binations of blocks in the block diagrams and/or flowchart
illustrations, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and com-
puter instructions.

[0067] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0068] The corresponding structures, materials, acts, and
equivalents of all means or steps plus function elements in the
claims are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
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modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the inven-
tion and the practical application, and to enable those of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particular use contemplated.
[0069] While the preferred embodiment to the invention
has been described, it will be understood that those skilled in
the art, both now and in the future, may make various
improvements and enhancements which fall within the scope
of the claims which follow. These claims should be construed
to maintain the proper protection for the invention first
described.
What is claimed is:
1. A virtual machine deployment planning method com-
prising the steps of:
receiving information about relationship of activation
items in a plurality of virtual machines; said information
also including activation item descriptive parameters;

optimizing an activation order of said activation items in
said virtual machines according to said relationship
among said activation items; and

generating an activation logical file according to said opti-

mized activation order and said activation item descrip-
tive parameters.

2. A virtual machine deployment planning method accord-
ing to claim 1, wherein the step of optimizing an activation
order of said activation items in said virtual machines accord-
ing to said relationship among the activation items further
comprises:

determining an initial planning order of the virtual

machines; and

with respect to each of said virtual machines, optimizing

said activation order of the activation items inside the
virtual machine according to said initial planning order
of said virtual machines.

3. A virtual machine deployment planning method accord-
ing to claim 2, wherein the step of optimizing an activation
order of said activation items in said virtual machines is
according to determining any dependence in relationship
among said activation items. comprises: re-optimizing the
optimized activation order of the activation items.

4. A virtual machine deployment planning method accord-
ing to claim 3, wherein the step of optimizing an activation
order of said activation items in said virtual machines is
according among said activation items further comprises:
re-optimizing said optimized activation order of the activa-
tion items.

5. A virtual machine deployment planning method accord-
ing to claim 2, wherein the step of determining an initial
planning order of said virtual machines further comprises:

determining if a number of activation item in a virtual

machine which depends on activation of an activation
item in another virtual machine is larger than a number
of an activation item in another virtual machine which
also depends on activation of an activation item in said
virtual machine,

further determining if the activation of said virtual machine

as a whole depends on the activation of another virtual
machine and if not, also determining if said activation of
another virtual machine as a whole depends on said
activation of said virtual machine;
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constructing a whole dependence relationship tree accord-
ing to determined dependence relations of activation of
said virtual machines; and

determining initial planning order according to an order
from a virtual machine which is either most independent
or dependent on any virtual machine by examining said
relationship tree, wherein an order of activating said
virtual machines which are equally dependent on is arbi-
trarily is selected.

6. A virtual machine deployment planning method accord-
ing to claim 3, wherein the step of optimizing said activation
order further comprises:

a) determining and listing all possible activation orders of
said activation items that do not violate any dependence
relations between selected virtual machines,

b) finding for all possible activation orders of said activa-
tion items, an optimal overall deployment simulation
parameter according to deployment simulation param-
eters of said activation items, said overall parameter
determined on premise that any determined activation
order of said activation items inside other virtual
machines remains unchanged; and

¢) determining the activation order of the activation items
corresponding to said optimal overall deployment simu-
lation parameter as said optimized activation order of the
activation items in the virtual machine.

7. A virtual machine deployment planning method accord-
ing to claim 6, wherein the step of re-optimizing said opti-
mized activation order of said activation items further com-
prises:

d) returning to a first virtual machine in said initial planning

order;

e) executing the steps a) to ¢) and judging whether said
optimized activation order of said activation items in
said virtual machine is changed or not; and

f) selecting a next virtual machine in said initial planning
order and executing step e) until it is judged that said
number of times that said activation order is not changed
and/or until it reaches n items, where n denotes a total
number of the virtual machines.

8. A virtual machine deployment planning method accord-
ing to claim 7, further comprising: receiving said deployment
simulation parameters.

9. A virtual machine deployment planning method accord-
ing to claim 6, wherein said deployment simulation parameter
is one selected from a group consisting of: activation time,
failure probability, network condition, and failure recovery
probability.

10. A virtual machine deployment planning method
according to claim 9 wherein said deployment simulation
parameters are two or more selected from said group consist-
ing of: activation time, failure probability, network condition,
and failure recovery probability, wherein two or more of the
deployment simulation parameters are weighted to compute a
composite deployment simulation parameter, and the activa-
tion order of the activation items in the virtual machines is
determined according to the composite deployment simula-
tion parameter.

11. A virtual machine deployment planer comprising:

receiving means for receiving dependence relationships
among activation items in a plurality of virtual machines
and activation item descriptive parameters;
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activation order optimizing means for optimizing an acti-
vation order of said activation items in said virtual
machines according to the dependence relations among
said activation items; and

activation logical file generating means for generating an
activation logical file according to said optimized acti-
vation order and the activation item descriptive param-
eters.

12. A virtual machine deployment planner according to
claim 10, wherein said activation order optimizing means
further comprises:

an initial planning order determining means for determin-
ing an initial planning order of said virtual machines;
and

an IN-virtual-machine activation order optimizing means
for, with respect to each of the virtual machines, opti-
mizing said activation order of said activation items
inside said virtual machine according to said initial plan-
ning order of said virtual machines.

13. A virtual machine deployment planner according to
claim 11, wherein said activation order optimizing means has
an activation order re-optimizing means for re-optimizing the
optimized activation order of the activation items and wherein
said initial planning order determining means determines an
initial planning order of said virtual machines according to
said following criterion:

determining if a number of an activation item in a virtual
machine which depends on activation of another item in
another virtual machine is larger than a number an acti-
vation item in another virtual machine and if so then
determining if said activation of the virtual machine as a
whole depends on said activation of the another virtual
machine;

if said number is not larger, then determining said activa-
tion of another virtual machine as a whole depends on
said activation of the virtual machine if said number is
not larger;

drawing a whole dependence relationship tree according to
determined dependence relationship of activation of
said virtual machines; and

determining said initial planning order according to an
order from a virtual machine which is most independent
on to a virtual machine which is most dependent on in
whole dependence relationship tree, wherein an order of
activating the virtual machines which are equally depen-
dent on is arbitrarily selected.

14. A virtual machine deployment planner according to
claim 12, wherein said IN-virtual-machine activation order
optimizing means further comprises:

a whole activation order determiner for listing all possible
activation orders of the activation items that do not vio-
late the dependence relations, with respect to selected
virtual machines; and

an IN-virtual-machine activation order optimizer for, with
respect to all possible activation order of the activation
items, finding out an optimal overall deployment simu-
lation parameter according to deployment simulation
parameters of the activation items, on premise that said
determined activation order of said activation items
inside other virtual machines is unchanged, and deter-
mining said activation order of the activation items cor-
responding to said optimal overall deployment simula-
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tion parameter as said optimized activation order of the
activation items in said virtual machine.

15. A virtual machine deployment planner according to
claim 13, wherein said activation order re-optimizing means
further comprises:

a re-selector for re-selecting a first virtual machine in said

initial plan order;

are-optimizer for listing other all possible activation orders
of said activation items that do not violate the depen-
dence relations with respect to the selected virtual
machine, with respect to all possible activation orders of
the activation items, finding out an optimal overall
deployment simulation parameter according to deploy-
ment simulation parameters of the activation items, on
said premise that said determined activation order of
said activation items inside other virtual machines is
unchanged, and determining said activation order of the
activation items corresponding to said optimal overall
deployment simulation parameter as the optimized acti-
vation order of the activation items in the virtual
machine;

a change recorder for recording in case where said opti-
mized activation order of the activation items in said
virtual machine is changed; and

an end judger for ending the re-optimization in case where
number of times that a recorded optimized activation
order is not changed reaches n where n denotes a total
number of the virtual machines.

16. A virtual machine deployment planner according to
claim 14, further comprising a deployment simulation param-
eter collector for receiving the deployment simulation param-
eters and wherein said deployment simulation parameter is
one selected from the group consisting of: activation time,
failure probability, network condition, and failure recovery
probability.

17. An image creation tool comprising:

an activation engine installer for installing an activation
engine in a virtual machine;

an activation item installer for installing activation items in
said virtual machine; and

a virtual machine deployment planner.

18. A virtual machine deployment and activation tool
according to claim 17, wherein said image creation tool fur-
ther comprises:

an activation engine installer for installing an activation
engine in a virtual machine;

an activation item installer for installing activation items in
said virtual machine; and

a virtual machine deployment planner.

19. A processing apparatus comprising:

a virtual machine deployment and activation tool;

a plurality of virtual machines each comprising an activa-
tion engine installed by an activation engine installer,
activation items installed by an activation item installer
and an activation logical file generated by a virtual
machine deployment planner; and

an activation parameter profile coupled to said virtual
machine, wherein activation parameters in the activation
parameter profile are stored by a deployment tool.

20. The processing apparatus of claim 19 wherein in case

an activation item has been activated, said activation engine
sends a notification message to the activation coordinator.
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