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(57) ABSTRACT 

Provisioning resources in public cloud infrastructure to per 
form at least part of electronic design automation (EDA) tasks 
on the public cloud infrastructure. Performance metrics of 
servers in the public cloud infrastructure and performance 
history of a user’s past EDA tasks are maintained to estimate 
operation parameters such as runtime of a neW EDA task. 
Based on the estimation, a user can provision appropriate 
types and amounts of resources in the public cloud infrastruc 
ture in a cost-e?icient manner. Also, a plurality of EDA tasks 
are assigned to computing resources in a manner that mini 
miZes the overall cost for performing the EDA tasks. 
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EFFICIENT PROVISIONING OF RESOURCES 
IN PUBLIC INFRASTRUCTURE FOR 

ELECTRONIC DESIGN AUTOMATION (EDA) 
TASKS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) to co-pending US. Provisional Patent Application 
No. 61/319,224 entitled “Method or Apparatus for Auto 
mated Partitioning and Distribution of EDA Application 
Workloads betWeen Multiple Hybrid Public/Private Cloud 
Infrastructure to Increase Work?oW Ef?ciency,” ?led on Mar. 
30, 2010; co-pending US. Provisional Patent Application 
No. 61/319,219 entitled “Algorithm to Provision Compute 
Capacity on Public Clouds On-demand Based on Historic 
EDA Job FloW Characteristics to Reduce Cost of Infrastruc 
ture,” ?led on Mar. 30, 2010; co-pending US. Provisional 
PatentApplication No. 61/319,216 entitled “Method and Sys 
tem to Implement Least Infrastructure Cost for Executing 
EDA Simulation Workloads on Public Clouds,” ?led on Mar. 
30, 2010; co-pending US. Provisional Patent Application 
No. 61/319,206 entitled “A Method Or Apparatus For Pro 
viding Intelligent Session Licensing/Entitlement In A Large 
Scale Hybrid Public/Private Cloud Architecture For EDA 
Simulation Workloads,” ?led on Mar. 30, 2010; and co-pend 
ing US. Provisional Patent Application No. 61/389,094 
entitled “E?icient Provisioning of Resources in Public Infra 
structure for Electronic Design Automation (EDA) Tasks,” 
?led on Oct. 1, 2010, Which are incorporated by reference 
herein in their entirety. 

BACKGROUND 

[0002] 1. Field 
[0003] This disclosure relates generally to provisioning 
resources on public cloud infrastructure or hybrid cloud infra 
structure to perform electronic design automation (EDA) 
tasks. 
[0004] 2. Description of the RelatedArt 
[0005] An electronic design automation (EDA) refers to 
softWare tools or processes of designing integrated circuit 
(IC) devices With the aid of computing devices. An EDA 
process generally includes, for example, system design 
operations, logic design and functional veri?cation, synthe 
sis, netlist veri?cation, design planning, physical implemen 
tation, analysis and extraction, physical veri?cation, resolu 
tion enhancement, and mask data preparation. EDA tools 
dedicated to one or more of these tasks are commercially 
available from EDA tool developers such as Synopsys, Inc. of 
Mountain VieW, Calif. Generally, the EDA tool developers 
grant licenses to use the EDA tools in return for licensing fees. 
The licensing fees increase as the number and types of acces 
sible EDA tools increase. 
[0006] As more components are integrated into an IC 
device and more functions are accommodated in the IC 
device, some EDA task sets have come to require a large 
amount of computing and storage resources. Some EDA task 
sets may take days, Weeks or even months to accomplish. To 
reduce such an extended runtime or meet other constraint 
conditions, EDA task sets may be divided into multiple 
smaller EDA tasks and then executed on multiple computing 
resources (e. g., servers) in parallel. Some EDA tasks may take 
longer to ?nish While other EDA tasks may ?nish in relatively 
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short time. Also, accomplishment of an EDA task may be a 
prerequisite to performing another EDA task. Hence, a care 
ful planning of the EDA tasks is needed to accomplish the 
EDA tasks Within the constraint conditions. 
[0007] If computer resources are under-provisioned, the 
EDA task set may not be ?nished Within time. Hence, in many 
cases, redundant computing resources are provisioned to 
ensure that the EDA tasks are ?nished Within time. HoWever, 
over-provisioning computing resources increases the cost 
associated With the EDA tasks. 
[0008] Generally, the EDA task sets are performed inter 
mittently depending on the design cycle of the designer’s IC 
devices. During times When a neW IC device is not being 
developed, the developer’s servers or server farms may 
remain idle. If the servers or server farms are under-provi 
sioned, hoWever, there may be insu?icient resources When the 
designer is actively designing the IC devices. The large ?uc 
tuation in the computing demand as a result of the design or 
product cycle renders performing the EDA tasks entirely in 
private infrastructure inef?cient. 

SUMMARY 

[0009] Embodiments relate to provisioning computing 
resources in a public computing infrastructure to perform 
electronic design automation (EDA) tasks Where the comput 
ing resources are provisioned based on performance metrics 
of the computing resources. An EDA task set is divided into a 
plurality of EDA tasks at least part of Which is performed on 
the public computing infrastructure. The performance met 
rics represent performance characteristics of the computing 
resources associated With executing the EDA tasks. The per 
formance metrics alloWs estimation of operational param 
eters associated With the EDA tasks. Based on the estimation, 
appropriate types and number of computing resources may be 
provisioned, and thereby avoid over-provisioning or under 
provisioning of computing resources for the EDA task sets. 
[0010] In one embodiment, the performance metrics 
include a performance ratio and past or statistical perfor 
mance information. The performance ratio represents perfor 
mance characteristics of a computing resource in the public 
computing infrastructure relative to a reference computing 
device. The past or statistical performance information rep 
resents performance characteristics of the computing 
resource in past EDA tasks. 
[0011] Embodiments also relate to distributing EDA tasks 
to a plurality of Workers provisioned in the public computing 
infrastructure Where an EDA task is assigned to an already 
provisioned Worker or a neW Worker is provisioned in place of 
the already provisioned Worker based on cost associated With 
leasing the Workers. Whether the EDA task can be accom 
plished Within the remaining lease time of the already provi 
sioned Worker is considered in determining the assignment of 
the EDA task. 
[0012] The features and advantages described herein are 
not all-inclusive and many additional features and advantages 
Will be apparent to one of ordinary skill in the art in vieW of 
the ?gures and description. Moreover, it should be noted that 
the language used in the speci?cation has been principally 
selected for readability and instructional purposes, and not to 
limit the scope of the inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagram illustrating the architecture of a 
cloud computing system for performing electronic design 
automation (EDA) tasks, according to one embodiment. 
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[0014] FIG. 2 is a block diagram of a gateway server, 
according to one embodiment. 
[0015] FIG. 3 is a block diagram of a cloud provisioning 
system, according to one embodiment. 
[0016] FIG. 4 is a block diagram of a user client device, 
according to one embodiment. 
[0017] FIG. 5 is a ?owchart illustrating an overall process 
of provisioning resources on public cloud infrastructure, 
according to one embodiment. 
[0018] FIG. 6 is a ?owchart illustrating a process of evalu 
ating performance characteristics of private infrastructure 
and public cloud infrastructure, according to one embodi 
ment. 

[0019] FIG. 7 is a ?owchart illustrating a process of provi 
sioning components in public cloud infrastructure, according 
to one embodiment. 

[0020] FIG. 8 is a ?owchart illustrating a process of deter 
mining resources to be provisioned in the public cloud infra 
structure, according to one embodiment. 
[0021] FIG. 9 is a ?owchart illustrating a process of distrib 
uting a task, according to one embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0022] The Figures and the following description relate to 
preferred embodiments by way of illustration only. It should 
be noted that from the following discussion, alternative 
embodiments of the structures and methods disclosed herein 
will be readily recognized as viable alternatives that may be 
employed without departing from the principles of the dis 
closure. 
[0023] Reference will now be made in detail to several 
embodiments, examples of which are illustrated in the 
accompanying Figures. It is noted that wherever practicable 
similar or like reference numbers may be used in the Figures 
and may indicate similar or like functionality. The Figures 
depict embodiments for purposes of illustration only. One 
skilled in the art will readily recogniZe from the following 
description that alternative embodiments of the structures and 
methods illustrated herein may be employed without depart 
ing from the principles described herein. 
[0024] Embodiments relate to provisioning resources in 
public cloud infrastructure to perform at least part of elec 
tronic design automation (EDA) tasks on the public cloud 
infrastructure. Performance metrics of servers in the public 
cloud infrastructure and performance history of a user’s past 
EDA tasks are maintained to estimate operation parameters 
(e.g., runtime) of a new EDA task. Based on the estimation, 
appropriate types and amounts of resources can be provi 
sioned in the public cloud infrastructure in a cost-ef?cient 
manner. Also, a plurality of EDA tasks are assigned to com 
puting resources in a manner that minimiZes the overall cost 
for performing the EDA tasks. 
[0025] An operation parameter described herein refers to 
any parameter of interest to a user relating to one or more 
EDA tasks. The operation parameter for the same EDA task 
may vary depending on the provisioned computing resources. 
The operation parameter may include, but is not limited to, 
the runtime of the EDA tasks and an overall cost for perform 
ing the EDA tasks. 
[0026] A constraint condition described herein refers to an 
operation parameter that a user wants to restrict within a 
predetermined range. The constraint condition may include, 
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but is not limited to, the maximum runtime of the EDA tasks 
and the maximum overall cost for performing the EDA tasks. 
[0027] A performance metric described herein refers to any 
parameter indicative of the performance characteristics of a 
computing resource or a set of computing resource. The per 
formance metric may be, for example, a performance ratio of 
the resources and past or statistical information on previous 
runs of tasks. The performance metric can be determined, for 
example, by running a sample load on the computing 
resource, inferred from the con?guration of the computing 
resource (e.g., CPU type, RAM capacity, etc.) or based on 
previous performance characteristics for comparable tasks. 

Architecture and Overall Function of Cloud Computing Sys 
tem 

[0028] FIG. 1 is a diagram illustrating the architecture of a 
cloud computing system 100 for performing electronic 
design automation (EDA) tasks, according to one embodi 
ment. The cloud computing system 100 may include public 
cloud infrastructure 110, a cloud provisioning system 150, a 
user client device 170 and private infrastructure 160. In one 
embodiment, these components are located remotely from 
each other and communicate over channels established in a 

network (e. g., Internet). In other embodiments, some of the 
components of the cloud computing system 100 may be 
located on the same premise and communicate over a local 
area network (LAN). For example, the user client device 170 
and the private infrastructure may be located on the same 
premise. 
[0029] The public cloud infrastructure 110 includes, 
among others, computing resources and storage resources 
that may be provisioned for a user according to the user’s 
demand. The public cloud infrastructure 110 may be man 
aged by cloud vendors such as AmaZon.com, Inc. (of Seattle, 
Wash.) and RackSpace US, Inc. (of SanAntonio, Tex.). These 
vendors may charge customers for the metered use of com 
puting resources based on the time period and types of the 
leased resources. In many cases, the vendors charge fees for 
the lease of resource on an hourly basis. The public cloud 
infrastructure 110 may include more than one type of servers 
with different performance pro?les. Higher performance 
servers are likely to be charged at a higher price compared to 
lower performance counterparts. The resources in the public 
cloud infrastructure may be provisioned using an interface 
(not shown) provided by the vendors. The resources in the 
public cloud infrastructure 110 may be leased to multiple 
different users. 

[0030] The cloud provisioning system 150 is hardware, 
software, ?rmware or a combination thereof for provisioning 
resources in the public cloud infrastructure 110 to perform 
EDA tasks, as described below in detail with reference to FIG. 
3. The cloud provisioning system 150 provisions the 
resources for a user and allows the user to access the provi 
sioned resources. The cloud provisioning system 150 stores 
information associated with servers capable for performing 
an EDA task, cost structure of using the public cloud infra 
structure 110, and performance metrics of resources in the 
private infrastructure 160 and the public cloud infrastructure 
110. The cloud provisioning system 150 develops a provi 
sioning plan for deploying appropriate resources in a cost 
e?icient manner in the public cloud infrastructure 110. In one 
embodiment, the cloud provisioning system 150 is operated 
by EDA tool developers such as Synopsys, Inc. of Mountain 
View, Calif. Operating of the cloud provisioning system 150 
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by the EDA tool developers is advantageous, among other 
reasons, because the EDA tool developers possess knowledge 
and information associated with optimally provisioning 
resources for their EDA tools. 

[0031] The user client device 170 is hardware, software, 
?rmware or a combination thereof for interfacing with the 
user to perform EDA tasks, as described below in detail with 
reference to FIG. 4. For this purpose, the user client device 
170 communicates with the cloud provisioning system 150 
and the provisioned resources in the public cloud infrastruc 
ture 110. The user client device 170 may also communicate 
with private infrastructure 160 to perform EDA tasks on the 
private infrastructure 1 60. 
[0032] The private infrastructure 160 includes computing 
and storage resources that are privately operated by a user and 
are not accessible by other users. The private infrastructure 
160 in conjunction with the public cloud infrastructure 110 
forms hybrid cloud infrastructure. An EDA task set may be 
divided into multiple EDA tasks. Each EDA task can then be 
distributed to different resources in the public cloud infra 
structure 110 and the private infrastructure 160 for fast and 
cost-ef?cient processing. The private infrastructure 160 may 
include a performance tracker 134 that evaluates the indi 
vidual or collective performance characteristics of resources 
in the private infrastructure 160. 
[0033] In an alternative embodiment, the cloud computing 
system 100 does not include the private infrastructure 160. In 
this embodiment, all EDA tasks are assigned to and per 
formed on the public cloud infrastructure 110. 
[0034] The overall process of an EDA operation on the 
cloud computing system 100 is described herein. First, the 
user client device 170 receives EDA tasks and determines if 
the private infrastructure 160 can perform the EDA tasks 
within given constraint conditions (e. g., maximum runtime). 
If it is determined that the private infrastructure 160 is insuf 
?cient to satisfy the constraint conditions, a user manually or 
by using a planning algorithm divides the EDA task set into 
multiple EDA tasks. Each EDA task is then assigned either to 
the public cloud infrastructure 110 or the private infrastruc 
ture 160. In one embodiment, the cloud provisioning system 
150 reiteratively modi?es the assignment of tasks until all 
constraint conditions are satis?ed. In one embodiment, an 
optimiZation algorithm is used to identify optimal assignment 
of EDA tasks. The parameters associated with the optimiZing 
algorithms include, but are not limited to, are CPU (Central 
Processing Unit) use time, memory usage, initial resources 
requested and task parameters (e.g., requested memory per 
task and total licenses requested). 
[0035] After all EDA tasks are assigned to either the public 
cloud infrastructure 110 and the public infrastructure 160, the 
user client device 170 sends a provisioning request to the 
cloud provisioning system 150. The cloud provisioning sys 
tem 150 then communicates with the public cloud infrastruc 
ture 110 to provision resources forperforming the EDA tasks. 
After the resources are provisioned, the cloud provisioning 
system 150 hands over right to access the provisioned 
resources to the user client device 170. In one embodiment, 
the cloud provisioning system 150 replaces its credential with 
the user’s public key to allow the user to access the provi 
sioned resources. 

[0036] The user client device 170 then uploads EDA infor 
mation for selected tasks to the public cloud infrastructure 
110. After the EDA information is uploaded to the public 
cloud infrastructure 110, the tasks are executed on the public 
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cloud infrastructure 110. The EDA information refers to any 
information for performing the EDA task. The EDA informa 
tion may include, for example, netlist or other information 
associated with designing an IC device. 
[0037] While executing the EDA tasks, additional 
resources may be provisioned to increase the number of EDA 
tasks processed in parallel. Further, resources already provi 
sioned may be decommissioned to minimize the cost. After 
all of the EDA tasks are terminated, the results of the tasks are 
collected at the user client device 170. Then the session on the 
public cloud infrastructure is terminated to avoid incurring 
further leasing costs. 

Example of Provisioned Resources 

[0038] FIG. 1 also illustrates an example of resources pro 
visioned in the public cloud infrastructure 110. The provi 
sioned resources may include, for example, a gateway server 
124, a licensing server 130, a storage device 140, and workers 
120A through 120N (hereinafter collectively referred to as 
the “workers 120”). During the provisioning process, the 
cloud provisioning system 150 provisions appropriate servers 
and loads these servers with corresponding software pro 
grams and EDA tools. 
[0039] The gateway server 124 is hardware, software, ?rm 
ware or a combination thereof for performing various opera 
tions including, but not limited to, (i) communicating with the 
user client device 170, (ii) monitoring the operation status of 
the workers 120, (iii) distributing EDA tasks to the workers 
120, and (iv) requesting the provisioning of additional work 
ers, if needed. The gateway server 124 is described below in 
detail with reference to FIG. 2. 
[0040] The licensing server 130 authoriZes check-out of 
licenses for operating EDA tools that are deployed and oper 
ated on the workers 120. The licensing server 130 may be a 
proxy of a central licensing server 130 maintained and oper 
ated by an EDA tool developer. The licensing server 130 
imposes licensing restrictions such as the maximum number 
of EDA tools or the type of EDA tools that can be loaded onto 
the workers 120 at a time. The licenses are checked-in after an 
EDA task is terminated. 
[0041] The storage device 140 stores information associ 
ated with the EDA tasks. Access to the storage device 140 is 
shared by the workers 120. The storage device 140 may store, 
among other information, source data for initiating the EDA 
tasks and intermediate data generated by operations per 
formed at the workers 120. 
[0042] The workers 120 are hardware, software, ?rmware 
or a combination thereof for performing EDA tasks. An EDA 
task set is divided into a smaller EDA tasks and assigned by 
the gateway server 124 to the workers 120 for parallel pro 
cessing. The workers 120 are loaded with EDA tools and the 
user’s EDA information (e. g., netlist) for performing the 
assigned EDA tasks. In one embodiment, each worker 120 
has multiple slots where each slot can accommodate one EDA 
task. For example, each worker 120 has four slots to perform 
four EDA tasks in parallel. After initial provisioning of the 
workers 120, additional workers may be provisioned or 
decommissioned according to the workload. 
[0043] FIG. 2 is a block diagram of the gateway server 124, 
according to one embodiment. The gateway server 124 may 
include, among other components, a processor 218, a com 
munication module 222, memory 240 and a bus 232 for 
connecting these components. The processor 218 executes 
computer instructions stored in the memory 240. The com 
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munication module 222 is hardware, software, ?rmware or a 
combination thereof for communicating with other compo 
nents of the cloud computing system 100. In one embodi 
ment, the communication module 222 is embodied as a net 
work card. 
[0044] The memory 240 is a computer-readable storage 
medium for storing software modules. The memory 240 may 
include, among other modules, a performance manager 210, 
a task distributor 220 and an upload data assembler 230. 
Although these modules are illustrated in FIG. 2 as commu 
nicating directly with the workers 120, the cloud provisioning 
system 150 and the user client device 170, in practice, the 
software modules in the memory 240 communicates with the 
workers 120, the cloud provisioning system 150 and the user 
client device 170 via the communication module 222. Eur 
ther, one or more software modules in the memory 240 may 
be installed and be executed on a server other than the gate 
way server 124. 

[0045] The performance manager 210 monitors the perfor 
mance characteristics of EDA tasks on the workers 120. The 
performance manager 210 then sends performance metrics of 
the workers 120 or a group of workers 120 to the cloud 
provisioning system 150. The performance metrics may 
include, for example, runtime of the EDA tasks, CPU and 
memory utiliZation of the server and the task and resource 
utiliZation patterns. In one embodiment, the cloud provision 
ing system 150 processes the received performance metrics 
and stores the processed information as past or statistical 
performance information associated with the resources of the 
public cloud infrastructure 110. A user is likely to perform 
similar EDA tasks repeatedly over time. Hence, the previous 
performance characteristics of the resources on similar EDA 
tasks are a good source of information for estimating the time 
or resources needed for performing an upcoming EDA tasks 
within the constraint conditions. 
[0046] The task distributor 220 detects the workload and 
keeps track of remaining lease time of the workers 120. Based 
on the tracked workload status of the workers 120, the task 
distributor 220 assigns new EDA tasks to the workers 120. 
The process of distributing EDA tasks is described below in 
detail with reference to FIG. 9. The task distributor 220 may 
also communicate with the cloud provisioning system 150 to 
provision additional workers 120 or decommission unneces 
sary workers 120. The decommissioning may be performed 
by, for example, not extending the lease time of the worker. 
[0047] The upload data assembler 230 communicates with 
the user client device 170 to receive and assemble the EDA 
information from the user client device 170. The uploaded 
EDA information may be distributed to relevant workers 120. 
The user client device 170 and the gateway server 124 may 
communicate over multiple channels. The upload data assem 
bler 230 assembles segments of a ?le or multiple ?les com 
municated over the multiple channels for distribution. The 
assembled ?le or ?les may be stored in the storage device 140 
for access by the workers 120. 

Example Cloud Provisioning System 

[0048] Unlike typical operations generally performed on a 
public cloud infrastructure such as webpage hosting, some 
EDA tasks require high performance servers while other EDA 
tasks can be performed on low performance servers. The EDA 
users may not have su?icient knowledge or information to 
provision appropriate resources for EDA tasks in a cost 
effective manner. On the other hand, the EDA tool developers 
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may possess knowledge and information for provisioning 
necessary resources in a cost e?icient manner but EDA tool 
developers generally are not given access to the user’s EDA 
tasks or EDA information. The EDA tool developers also do 
not have information about the performance characteristics of 
the private infrastructure of the user. Hence, the cloud provi 
sioning system 150 receives and processes available descrip 
tion about the EDA tasks and information about the private 
infrastructure to provision appropriate types and number of 
resources in the public cloud infrastructure 110 su?icient to 
accomplish the EDA tasks within the constraint conditions 
while minimizing the overall cost associated with the provi 
sioned resources. 

[0049] FIG. 3 is a block diagram of the cloud provisioning 
system 150, according to one embodiment. The cloud provi 
sioning system 150 may include, among other components, a 
processor 368, a communication module 378, memory 308 
and a bus 380 connecting these components. The processor 
368 executes instructions stored in the memory 308. The 
communication module 378 enables the cloud provisioning 
system 150 to communicate with other components of the 
cloud computing system 100 via a network. The cloud pro 
visioning system 150 may also include other components not 
illustrated in FIG. 3 such as input modules or output modules. 
[0050] The memory 308 may store, among other software 
modules, a user database 310, a provision handler 320, a 
cloud infrastructure database 330, a performance calculator 
340 and a metrics database 350. The user database 310 stores 
data associated with users such as: the user identity, (ii) 
authentication information (e.g., password), (iii) an instance 
template 314 and (iv) usage metrics showing patterns of 
resource usage. 

[0051] The user identity in combination with the authenti 
cation information allows the users to log on to the cloud 
provisioning system 150. The instance template 314 
describes a default con?guration of resources to be provi 
sioned at the public cloud infrastructure 110 for a user. The 
instance template 314 can describe, for example, the number 
of maximum workers, the identity of user’s preferred public 
cloud vendor, master con?guration of resources (e.g., the 
gateway server 124 and the licensing server 130), geographic 
Zones associated with the user, and public keys of the users for 
accessing the public cloud infrastructure. 
[0052] The default con?guration of resources may be 
modi?ed depending on the EDA tasks or other information 
(e.g., constraint conditions) received from the user client 
device 170. 
[0053] The provision handler 320 determines the resources 
to be provisioned based on performance metrics of resources 
and the constraint conditions, as described below in detail 
with reference to FIG. 8. 

[0054] The cloud infrastructure database 330 stores infor 
mation associated with the public cloud infrastructure 110 
including, but not limited to, costs associated with different 
types or categories of resources available for lease in the 
public cloud infrastructure 110 and credentials for accessing 
the public cloud infrastructure 11 0, and the performance ratio 
representing performance characteristics of a computing 
resource in the public computing infrastructure 110 relative to 
a computing resource in private infrastructure 160. 
[0055] The metrics database 350 stores performance met 
rics associated with the performance characteristics of 
resources in the public cloud infrastructure 110 and the pri 
vate infrastructure 160. The performance metrics of the pri 



US 2011/0246653 A1 

vate infrastructure 160 or its component resources may be 
received from the performance tracker 134 (refer to FIG. 1). 
The performance metrics of the public cloud infrastructure 
110 or its component resources may be received from the 
gateway server 124 (refer to FIG. 1). The performance met 
rics can include performance information at one or more 

levels of granularity. The performance metrics may indicate, 
for example, (i) performance characteristics of a single 
server, (ii) performance characteristics of a subset of servers 
in public cloud infrastructure 110 or the private infrastructure 
160, and (iii) performance characteristics of collective 
resources in the private infrastructure 160 or public cloud 
infrastructure 110. The metrics database 350 also stores his 
tory or statistical information of a user’s previous EDA tasks 
performed on the private infrastructure 160 and/ or the public 
cloud infrastructure 110. 
[0056] The performance calculator 340 calculates a perfor 
mance ratio betWeen resources in the public cloud infrastruc 
ture 110 and the private infrastructure 160. The performance 
ratio represents the difference in the computing or processing 
performance characteristics of the resources in the public 
cloud infrastructure 110 and the private infrastructure 160. 
Since the performance characteristics of the public cloud 
infrastructure 110 vary depending on the provisioned 
resources, the performance calculator 450 may determine the 
performance ratio based on information about the provi 
sioned resources. The performance ratio may also have one or 
more levels of granularity. The performance ratio may indi 
cate the difference in the computing or processing capabilities 
of individual servers, a subset of servers or the provisioned 
servers as a Whole. The performance ratio may be measured 
using several atomic parameters or by a linear combination or 
mapping of several parameters to each other. The perfor 
mance ratio is also applicable to individual tasks, part of the 
tasks or to the entire set of tasks (i.e., Workload). 
[0057] In one embodiment, the performance ratio com 
puted at the performance calculator 340 is stored in the met 
rics database 350. The provision handler 320 may access the 
performance ratio stored in the metrics database 350 to esti 
mate the operation parameters When the EDA tasks are 
executed on the public cloud infrastructure 110 and the pri 
vate infrastructure 160. 

[0058] Also, the performance calculator 340 may convert 
performance metrics for comparison. If the performance met 
rics for resources in the private infrastructure 160 and the 
performance metrics for resources in the public cloud infra 
structure 110 are expressed in different terms, the perfor 
mance calculator 340 may convert the performance metrics to 
facilitate comparison and planning of EDA task allocation. 

Example User Client Device 

[0059] FIG. 4 is a block diagram of the user client device 
170, according to one embodiment. The user client device 
170 may include, among other components, a processor 402, 
a communication module 404, memory 408 and a bus 452 for 
connecting these components. The processor 402 executes 
instructions stored in the memory 408. The communication 
module 404 communicates With other components of the 
cloud computing system 100 via a netWork or a communica 
tion channel. The user client device 170 may include other 
components not illustrated in FIG. 4 such as an input device or 
a display device. 
[0060] The memory 408 may store, for example, a user 
interface 410, a cloud infrastructure interface 414, a parallel 
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communication module 418, a provision system interface 
422, a private infrastructure manager 426, a Workplace data 
base 430 and an EDA information repository 434. The user 
interface 410 alloWs the user to provide inputs and vieW 
information associated With the EDA tasks. In one embodi 
ment, the user interface 410 is an lntemet broWser. 
[0061] The cloud infrastructure interface 414 enables the 
user client device 170 to communicate With the public cloud 
infrastructure 110. The cloud infrastructure interface 414 
uses the user’s credential to access the resources in the public 
cloud infrastructure 110, initiates a session With the cloud 
infrastructure interface 414 to upload the EDA information 
from the EDA information repository 434 to the Workers 120 
in the public cloud interface 110. 
[0062] The parallel communication module 418 sends 
EDA information in the form of segmented data packets to the 
public cloud infrastructure 110 using multiple channels 
betWeen the public cloud infrastructure 110 and the user 
client device 170. The parallel communication module 418 
plans and coordinates communication of the EDA informa 
tion With the gateWay server 124. 
[0063] The provision system interface 422 communicates 
With the cloud provisioning system 150 to send provision 
requests and receive information for accessing the provi 
sioned resources. The provision system interface 422 may 
also send performance metrics of the private infrastructure 
160 to the cloud provisioning system 150. 
[0064] The private infrastructure manager 426 communi 
cates With the private infrastructure 160 to perform various 
operations (e. g., EDA tasks) on the private infrastructure 160. 
The private infrastructure manager 426 may also collect per 
formance metrics of the private infrastructure manager 426 
after an EDA task is terminated. The performance metrics is 
sent to the cloud provisioning system 150 via the provision 
system interface 422 to update past or statistical performance 
information related to performance characteristics of the pri 
vate infrastructure 160. 
[0065] The Workplace database 430 stores assignment of 
each EDA task to the public cloud infrastructure 110 or the 
private infrastructure 160. Based on assignment information 
of the Workplace database 430, the private infrastructure man 
ager 426 and the cloud infrastructure interface 414 upload the 
corresponding EDA information to the private infrastructure 
160 or the public cloud infrastructure 110, respectively. 
[0066] The EDA information repository 434 stores EDA 
information for performing the EDA tasks. The EDA infor 
mation may include, for example, the netlist of a circuit 
design and various design parameters associated With veri? 
cation processes. The private infrastructure manager 426 and 
the cloud infrastructure interface 414 selectively loads the 
EDA information to the private infrastructure manager 426 or 
the cloud infrastructure interface 414 as de?ned in the Work 
place database 430. 

Example Method of Provisioning Resources 

[0067] FIG. 5 is a ?owchart illustrating an overall process 
of provisioning resources in the public cloud infrastructure 
110, according to one embodiment. The costs associated With 
using resources in the cloud infrastructure, and information 
associated With the resources in the public cloud infrastruc 
ture 110 and the private infrastructure 160 are stored 502 in 
the metrics database 350 (refer to FIG. 3). The resource 
information includes, among others, the performance ratio of 
the resources and past or statistical information on previous 



US 2011/0246653 A1 

runs of EDA tasks on the public cloud infrastructure 110 and 
the private infrastructure 160. The process of evaluating the 
performance characteristics of resources is described below 
in detail with reference to FIG. 6. In one embodiment, a 
performance characteristic model is derived from the 
resource information. The performance characteristic model 
enables estimation or prediction of operating parameters for 
various con?guration of hybrid infrastructure. 
[0068] The cloud provisioning system 150 provisions 506 
the resources in the public cloud infrastructure 110 and 
executes 506 the EDA tasks on the public cloud infrastructure 
110 and the private infrastructure 160. The process of provi 
sioning the resources in the public cloud infrastructure 110 is 
described below in detail with reference to FIG. 7. 

[0069] After the EDA tasks are terminated, the provision 
handler 320 of the provision handler 320 collects 510 perfor 
mance metrics for the ?nished EDA tasks. Then the past or 
statistical performance information associated with the cur 
rent user is updated 514 in the metrics database 350. 
[0070] FIG. 6 is a ?owchart illustrating the process of 
evaluating performance characteristics of the private infra 
structure 160 and the public cloud infrastructure 110, accord 
ing to one embodiment. The performance tracker 134 
deployed in the private infrastructure 160 runs a benchmark 
test to determine the performance characteristics of the 
resources in the private infrastructure 160. The performance 
metrics are obtained as a result of the benchmark test and are 
then sent to the cloud provisioning system 150 via the user 
client device 170. The cloud provisioning system 150 
receives 602 the performance metrics from the user client 
device 170 and stores the performance metrics in the metrics 
database 350. 
[0071] The cloud provisioning system 150 may also 
execute a benchmark test on select resources of the public 
cloud infrastructure 110 to determine the performance met 
rics of these resources. The cloud provisioning system 150 
receives 606 the performance metrics from the public cloud 
infrastructure 110 and stores the performance metrics in the 
metrics database 350. 
[0072] The performance calculator 340 (refer to FIG. 3) of 
the cloud provisioning system 150 computes 610 the perfor 
mance ratio based on the performance metrics of the public 
cloud infrastructure 110 and the performance metrics of the 
private infrastructure 160. The performance ratio allows the 
provision handler 320 to estimate the runtime for executing 
an EDA task on the public cloud infrastructure 110 relative to 
the runtime for executing the same EDA task on the private 
infrastructure 160. The computed performance ratio is stored 
in the metrics database 350. 
[0073] FIG. 7 is a ?owchart illustrating the process of pro 
visioning resources in the public cloud infrastructure 110, 
according to one embodiment. In one embodiment, a user 
divides EDA tasks for performing on the public cloud infra 
structure 110 and the private infrastructure 160 based on one 
or more criteria. The criteria may include, but are not limited 
to, the total budget for an EDA task set, the maximum runtime 
of the EDA task set, and security risk associated with each 
EDA task. The user may allocate the EDA tasks with the help 
of a task allocation program executed on the cloud provision 
ing system 150 and/or the user client device 170. In another 
embodiment, assignment of each EDA task to the public 
cloud infrastructure 110 or the private infrastructure 160 is 
determined automatically at the provision handler 320 of the 
cloud provisioning system 150. 
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[0074] After the EDA tasks are assigned to the public cloud 
infrastructure 110 or the private infrastructure 160, the cloud 
provisioning system 150 receives 702 a request to provision 
resources in the public cloud infrastructure 110. The request 
may include description about EDA tasks to be performed on 
the public cloud infrastructure 110 and constraint conditions 
associated with the EDA tasks. Typical constraint conditions 
may include, for example, the maximum runtime of the EDA 
tasks, the maximum number of workers 120 provisioned, the 
maximum number or types of EDA tools to be loaded (subject 
to the number of purchased EDA licenses) and the maximum 
cost for provisioning the resources in the public cloud infra 
structure 110. 

[0075] The provision handler 320 determines 708 the con 
?guration of resources to be provisioned based on the perfor 
mance metrics stored in the metrics database, as described 
below in detail with reference to FIG. 8. The performance 
metrics may include, among others, the performance ratio 
and the past or statistical performance information. 
[0076] After the provision handler 320 determines the con 
?guration of resources to be provisioned, the provision han 
dler 320 communicates with the public cloud infrastructure 
110 to provision the resources. The provisioning operations 
may include, among other operations, (i) selecting servers or 
storage devices for provisioning, (ii) loading of software 
components to the servers, and (iii) establishing communica 
tion channels between the resources. 

[0077] After provisioning the resources, the provision han 
dler 320 replaces its credential with the user’s credential to 
allow the user to access the provisioned resources. In one 
embodiment, the provision handler 320 retrieves the user’s 
public key from the user database 310 and replaces the key 
used by the cloud provisioning system 150 with the user’s 
public key. 
[0078] FIG. 8 is a ?owchart illustrating the process of deter 
mining resources for provisioning in the public cloud infra 
structure 110, according to one embodiment. The provision 
handler 320 retrieves the instant template for the correspond 
ing user from the user database 310 and creates 802 a default 
cloud infrastructure pro?le for resources to be provisioned in 
the public cloud infrastructure 110. Then the provision han 
dler 320 receives 806 a list of EDA tools and EDA tasks for 
execution on public cloud infrastructure 110. 
[0079] The provision handler 320 then estimates 812 
operationparameters associated with executing EDA tasks on 
the provisioned resources as described in the cloud infrastruc 
ture pro?le. The operation parameters may include, for 
example, the number of EDA tool licenses, the overall runt 
ime of the EDA tasks, the number of workers, and the cost 
associated with performing the EDA tasks. The provision 
handler 320 may take into account information such as the 
performance ratio and past or statistical information of the 
public cloud infrastructure 110 to estimate the operation 
parameters. 
[0080] Then the provision handler 320 determines if the 
estimated operation parameters meets 816 the constraint con 
ditions. If the constraint conditions are satis?ed, then the 
cloud infrastructure pro?le is ?naliZed 820. 
[0081] Conversely, if at least one constraint condition is not 
satis?ed, provision handler 320 updates 824 the cloud infra 
structure pro?le. The updating of the cloud infrastructure 
pro?le may involve various changes in the cloud infrastruc 
ture pro?le. For example, if the cloud infrastructure pro?le 
fails to satisfy the maximum runtime, the cloud infrastructure 
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pro?le is updated to include additional Workers or replace 
lower performance Workers With higher performance Workers 
to shorten the overall runtime. If the maximum cost for pro 
visioning the resources is exceeded or the maximum number 
of licenses is exceeded, then the cloud infrastructure pro?le is 
updated to reduce the number of Workers or modify the EDA 
task plan to stagger execution of the EDA tools on the Work 
ers. The process then returns to estimating 812 the operation 
parameters and repeats the subsequent processes. The pro?le 
handler 320 attempts to provision less expensive resource, if 
possible. 
[0082] In one embodiment, the provision handler 320 
selects a cloud infrastructure pro?le that minimizes the over 
all cost from multiple candidate cloud infrastructure pro?les 
that satisfy the constraint conditions. Further, the provision 
handler 320 may alert the user if there is no cloud infrastruc 
ture pro?le that satis?es all of the constraint conditions. Vari 
ous optimiZation algorithms may be employed to determine 
the preferred cloud infrastructure pro?le. 
[0083] FIG. 9 is a ?owchart illustrating the process of dis 
tributing a task to Workers 120, according to one embodiment. 
The task distributor 220 (refer to FIG. 2) receives 902 an EDA 
task for execution on the public cloud infrastructure 110. The 
task distributor 220 then determines 906 provisioned Workers 
120 capable of performing the received EDA task and the 
leased time remaining on the provisioned Workers 120. Due to 
different hardWare con?gurations and loaded softWare com 
ponents, some EDA tasks may not be performed on loW 
performance Workers 120. Therefore, each Worker may be 
capable of performing one set of EDA tasks but not others. 
[0084] If it is determined that there is at least one provi 
sioned Worker available to perform the EDA task, the task 
distributor 220 compares 914 the cost for using the already 
provisioned Worker and the cost for provisioning a neW 
Worker. If the already provisioned Worker is an expensive 
resource and performing the EDA task on the already provi 
sioned Worker is likely to require extending of the leased time, 
it may cost less to provision a neW and less expensive Worker 
to replace the expensive Worker. Conversely, if the EDA task 
can be performed on the already provisioned Worker Within 
the current leased unit of time, then it may cost less to perform 
the EDA task on the already provisioned Worker because 
performing the EDA task on already provisioned Worker does 
not require any additional fees. When provisioning a neW 
Worker, the time and cost needed for loading EDA tools is 
taken into account. 

[0085] If it is determined 918 that the cost of provisioning 
a neW Worker is not less than using the already provisioned 
Worker, the task distributor 220 allocates 922 the EDA task to 
the already provisioned Worker. The EDA task may be added 
to the task queue for the already provisioned Worker, and then 
executed on the Worker When any slots in the Worker become 
available. 
[0086] Conversely, if it is determined 918 that provisioning 
a neW server 918 and decommissioning the already provi 
sioned Worker is more cost e?icient, the task distributor 220 
sends a request 926 to the cloud provisioning system 150 to 
provision the neW Worker. The cloud provisioning system 150 
then provisions the neW Worker. After provisioning the neW 
Worker, the task distributor 220 assigns 930 the EDA task to 
the neWly provisioned Worker. 
[0087] In one embodiment, the task distributor 220 moni 
tors the status of EDA tasks in the Workers 120 and dynami 
cally assigns the EDA tasks according to the status of the 
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Workers 120. Already provisioned servers may be decommis 
sioned While provisioning neW servers to perform the EDA 
tasks in a more cost-ef?cient manner. 

[0088] The foregoing description of the embodiments has 
been presented for the purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit to the 
precise form disclosed. Many modi?cations and variations 
are possible in light of the above teaching. 
What is claimed is: 
1. A method of provisioning computing resources for per 

forming a plurality of EDA tasks, comprising: 
receiving a request to provision computing resources in a 

public computing infrastructure to perform the EDA 
tasks, the public computing infrastructure including a 
plurality of computing resources selectable for provi 
sioning; 

receiving performance metrics of the computing resources, 
the performance metrics comprise a performance ratio 
and past or statistical performance information, the per 
formance ratio representing performance characteristics 
of a computing resource in the public computing infra 
structure relative to a reference computing device, and 
the past or statistical performance information repre 
senting performance characteristics of the computing 
resource in previous EDA tasks; and 

determining a pro?le representing a set of computing 
resources to be provisioned in the public computing 
infrastructure based on the performance metrics, the 
pro?le de?ning types and a number of computing 
resources to be provisioned, each type of computing 
resource associated With a different set of capable EDA 
tasks and a performance metric. 

2. The method of claim 1, Wherein the plurality of EDA 
tasks are partially allocated to private computing infrastruc 
ture and partially allocated to the computing resources in the 
public computing infrastructure, and Wherein the reference 
computing device corresponds to the private computing infra 
structure. 

3. The method of claim 1, determining the pro?le com 
prises: 

(a) generating an initial pro?le of computing resources for 
provisioning according to a default template; 

(b) estimating operation parameters associated With the 
initial pro?le of computing resources; 

(c) determining if estimated operation parameters corre 
sponding to the initial pro?le satisfy one or more con 
straint conditions; 

(d) updating the initial pro?le responsive to determining 
that the estimated operation parameters fail to satisfy at 
least one of the constraint conditions; 

(e) estimating operation parameters associated With the 
updated pro?le of computing resources; and 

(f) repeating (d) and (e) responsive to determining that the 
estimated operation parameters of the updated pro?le 
fail to satisfy at least one of the constraint conditions. 

4. The method of claim 3, Wherein the constraint conditions 
comprise a maximum total runtime for performing the EDA 
tasks. 

5. The method of claim 3, Wherein the constraint conditions 
comprise a maximum total cost for executing the EDA tasks. 

6. The method of claim 1, further comprising receiving a 
request to provision a computing resource after initiating at 
least one EDA task responsive to determining that provision 
ing of a neW computing resource to execute a pending EDA 
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task is less expensive compared to executing the pending 
EDA task on a provisioned computing resource. 

7. The method of claim 6, further comprising: 
determining a remaining lease time available on the provi 

sioned computing resource; 
determining Whether the pending EDA task can be accom 

plished Within the remaining lease time of the provi 
sioned computing resource; and 

receiving the request to provision the additional computing 
resource responsive to determining that the pending 
EDA task cannot be accomplished Within the remaining 
lease time and determining that less expensive comput 
ing resource capable of performing the pending EDA 
task is available for provisioning. 

8. The method of claim 1, further comprising replacing a 
?rst credential for accessing the provisioned computing 
resources With a second credential to enable a user to access 

the provisioned computing resources. 
9. The method of claim 1, Wherein the provisioned com 

puting resources comprise a gateWay server, one or more 
Workers and a license server, the gateWay server con?gured to 
communicate With a user client server accessed by a user and 
distribute the EDA tasks to the Workers, and the license server 
con?gured to manage types and number of EDA tools 
deployed in the provisioned computing resources. 

10. A computing resource provisioning system for provi 
sioning computing resources to perform an electronic design 
automation (EDA) tasks, comprising: 

a communication module con?gured to: 
receive a request to provision computing resources in a 

public computing infrastructure to perform the EDA 
tasks, the public computing infrastructure including a 
plurality of computing resources that can be selected 
for provisioning, and 

receive performance metrics of the computing 
resources, the performance metrics comprise a per 
formance ratio and past or statistical performance 
information, the performance ratio representing per 
formance characteristics of a computing resource in 
the public computing infrastructure relative to a ref 
erence computing device, and the past or statistical 
performance information representing operating per 
formance characteristics of the computing resource in 
previous EDA tasks; and 

a provision handler con?gured to determine a pro?le rep 
resenting a set of computing resources to be provisioned 
in the public computing infrastructure based on the per 
formance metrics, the pro?le de?ning types and a num 
ber of computing resources to be provisioned, each type 
of computing resource associated With a different set of 
eligible EDA tasks and a performance metric. 

11. The computing resource provisioning system of claim 
10, Wherein the provision handler is further con?gured to: 

(a) generate an initial pro?le of computing resources for 
provisioning according to a default template; 

(b) estimate operation parameters associated With the ini 
tial pro?le of computing resources; 

(c) determine if estimated operation parameters corre 
sponding to the initial pro?le satisfy one or more con 
straint conditions; 

(d) update the initial pro?le responsive to determining that 
the estimated operation parameters fail to satisfy at least 
one of the constraint conditions; 
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(e) estimate operation parameters associated With the 
updated pro?le of computing resources; and 

(f) repeat (d) and (e) responsive to determining that the 
estimated operation parameters of the updated pro?le 
fail to satisfy at least one of the constraint conditions. 

12. The computing resource provisioning system of claim 
10, Wherein the constraint conditions comprise at least one of 
a maximum total runtime for performing the EDA tasks and a 
maximum estimated total cost for executing the EDA tasks. 

13. The computing resource provisioning system of claim 
10, Wherein the communication module is further con?gured 
to receive a request to provision a computing resource after 
initiating at least one EDA task responsive to determining that 
provisioning of a neW computing resource to execute an EDA 
task is less expensive compared to executing the EDA task in 
a provisioned computing resource. 

14. The computing resource provisioning system of claim 
10, Wherein the provision handler is further con?gured to 
replace a ?rst credential for accessing the provisioned com 
puting resources With a second credential to alloW a user to 
access the provisioned computing resources. 

15. The computing resource provisioning system of claim 
11, Wherein the provisioned computing resources comprise a 
gateWay server, one or more Workers and a license server, the 
gateWay server con?gured to communicate With a user client 
server accessed by a user and distribute the EDA tasks to the 
Workers, and the license server con?gured to manage types 
and number of EDA tools deployed in the provisioned com 
puting resources. 

16. A management server in a public computing infrastruc 
ture for distributing electronic design automation (EDA) 
tasks to a plurality of Workers, comprising: 

a communication module con?gured to receive an EDA 
task; and 

a task distributor con?gured to: 
determine a remaining lease time available on a ?rst 

Worker, the ?rst Worker previously provisioned and 
capable of performing the EDA task; 

assigning the EDA task to the ?rst Worker responsive to 
determining that a co st for executing the EDA task on 
the ?rst Worker is not higher than provisioning a sec 
ond Worker and performing the EDA task on the sec 
ond Worker; and 

requesting provisioning of the second Worker responsive 
to determining that a cost of provisioning the second 
Worker and performing the EDA task on the second 
Worker is loWer than performing the EDA task on the 
?rst Worker. 

17. The management server of claim 16, further compris 
ing a performance manager for collecting information on 
performance characteristics of the plurality of the Workers 
after the EDA tasks are ?nished, and sending the collected 
information to a computing resource provisioning system. 

18. The management server of claim 16, Wherein the task 
distributor is further con?gured to: 

determine a remaining lease time available on the ?rst 

Worker; 
determine Whether the EDA task can be accomplished 

Within the remaining lease time of the ?rst Worker; and 
assign the EDA task to the ?rst Worker responsive to deter 

mining that the EDA task can be accomplished Within 
the remaining lease time of the ?rst Worker. 

* * * * * 


