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Abstract— In this paper, we propose a separated software
execution system (SSES) for software as a service (SaaS). The
main difference of the proposed SSES and virtual desktop
solutions such as Citrix XenDesktop is that 3D rendering
commands or graphic commands do not be executed at the
server part but they are delivered to client via the Internet. This
mechanism brings to reduces server’s overhead occurred from
multi-users service on 3D rendering applications. In performance
experiment, the proposed SSES gets a more stable frame rate
than existing virtual desktop solutions on multiple clients. In
particular, the SSES shows very high performance in term of
frequent screen changes. Also, as another issue, we propose a
smart mechanism that servicing software list is auto-updated by
processing software usage data.

Keywords— software as a service, on-demand service software,
cloud computing.

I. INTRODUCTION

Most of recent business applications use delivery
model of software as a service (SaaS), because it has
many strong points. Main benefits of the SaaS are
as follows.

e  When a company subscribes to a SaaS application, its
fee will depend on total used time without losing a
large initial investment.

e Traditional licensed software typically has to wait for
the next release. However, SaaS application can start
using it, as soon as a new feature appears in the
application.

e SaaS application ensures a convergence of interest
between customer and service provider.

e  The subscription of SaaS application can be canceled
or changed at any time.

e  SaaS application needs shorter deployment time than a
traditional one, because the SaaS application is already
up and running on the service server.
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We know that virtual desktop solution is a well-known
service delivery model and is used at various applications.
However, it is not efficient as multiple user service. The reason
is that server has a high overhead on 3D rendering service for
multiple users, because the server executes all related data
processing commands and graphic commands for 2D and 3D
and additionally sends the screens data of their results. To
solve this problem, we propose a new system denoted as
separated software execution system (SSES) for software as a
service. The proposed SSES can stably support multiple users
at the same time, through executing graphic commands at
client part.

In addition, most of service software offered from SaaS
server to client computers selected by the service provider or
system administrator and the service software are manually
updated by them. However, mid or large scale companies or
groups need to use the service software reflected their feedback.
Therefore, we propose a new smart updating mechanism for
solving the problem.

This paper is organized as follows. Section 2 presents the
related work. Section 3 proposes separated software execution
system (SSES). Section 4 presents smart auto-updating
mechanism for software as a service. Section 5 contains
various experimental evaluations. Section 6 concludes the
paper with directions for future works.

II. RELATED WORKS

In recent, with technic development of cloud computing
and virtual desktop, related software market is extended. The
commercial software are Citrix XenDesktop [1], Microsoft
RDP[2], VNC[3] and THINC[4]. We often use Microsoft
Remote Desktop Protocol (RDP) for delivery model of
Software as a Service (SaaS). The RDP provides remote
display and input capabilities over network connections for
Windows-based applications running on a server. The RDP
supports different types of network topologies and a multiple-
channel capable protocol that allows for separate virtual
channels for carrying device communication and server screen.
It delivers encrypted client mouse and keyboard information to
server. Also, RDP provides an extensible base and supports
separated channels for data transmission and provisions for
multipoint transmission.
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Well-known another solution of SaaS is using the Citrix
XenDesktop. Fig. 1 shows the overall workflow of Citrix
XenDesktop. All service applications are installed and are run
on its server. The server sends screens of application to various
client terminals such as phone, desktop PC, notebook, PDA
and mouse clicks and keystrokes occurred from client terminal
are delivered to the server. The merit of Citrix XenDesktop is
that applications can be accessed from most any device and
covering both wired network and wireless network. In
particular, the HDX (High Definition User Experience) of
Citrix XenDesktop enables to optimize the performance of
graphics-intensive 2D and 3D and media rich applications.
This capability offers the ability to leverage both software and
hardware-based rendering to assist with compression,
performance, and network efficiency.
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Figure 1. The workflow of Citrix XenDesktop

In other related services, OnLive[5] is specialized SaaS for
game application called as gaming-on-demand platform. Since
the game is executed on the OnLive server, the games are
synchronized, rendered, and stored on remote servers and its
screens just delivered to client computer via the Internet.
Because OnLive needs a 3 Mbit/s connection meets the
minimum system requirements, low-performance computer, as
long as it can play video, may be used to play any kind of
game.

Above-mentioned services, to be seen 3D rendered screens
in low performance client, compress and send result screens
executed in server [6][7][8]. In other words, they use
exclusively the GPU of graphic card of the server part for
processing 3D rendering commands. Such mechanism is hard
to service and manage extending many users.

III.SEPARATED SOFTWARE EXECUTION SYSTEM

The difference of the proposed SSES and previous related
services is that the SSES executes 3D graphic rendering
commands and graphic commands at the client computer. In
other words, graphic commands do not execute on remote
server but deliver via the Internet to client. Frequent screen
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changes or complex 3D rendering will cause an overload on
the server.

Fig. 2 shows the workflow of separated software execution
system (SSES). Its example is the status of calling
CreateWindowEx() command from the application. Detail
order for processing the CreateWindowEx() command in SSES
is following steps.

1. SSES server hooks graphic
(CreateWindowEx()) of application.

commands

2. SSES server delivers them via the Internet to SSES
client.

3. SSES client execute received graphic commands
(CreateWindowEx()).

4. SSES client sends mouse and keyboard information
(return value of executed graphic command, other
needed data) to SSES server.

5. A virtual window on SSES server is created by
CreateWindowEx() command.

6. Return virtual handle for real application of SSES
server.

- t
CreateWindowEx() Application
- 4Graphic
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.z Command
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“+¢£'Command
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Figure 2. The workflow of SSES

Fig. 3 shows the hooking mechanism of separated software
execution system (SSES). It is a type of using wrapper libraries.
When creating a wrapper, we make our own version of a
library that an application loads, with all the same functionally
of the original library that it will replace. When executed
application on SSES server calls graphic commands such as
CreateWindowEx(), Direct3DCreate9 and
D3D10CreateDevice, our SSES server hooking module
executes our wrapper library instead of original library.
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Figure 3. The hooking mechanism on SSES server

There are two working processes for separated software
execution. One process is for processing data-intensive
commands at server part and another process is for processing
graphic commands at client part. For it, each process uses
independent objects such as Windows handles or interfaces and
callback functions, but the independent objects have been
managed with a same handle value in order to interact between
two processes like Fig. 4.

o o | —
1 1 [r——
i I
i I
. I
e 1 —_—
Virtual Process Real Process
interface instance #1 0x00000001 interface instance #1
interface instance #2 | 0x00000002 | interface instance #2
interface instance #3 0x00000003 interface instance #3
[ ] [ J o
[ J ® o
[} [J °

Object Handle

Server Objects Client Objects

Figure 4. The management mechanism on common objects

The SSES has various modules such as hooking module,
common object management module, processing callback
function module, network protocol module, etc. Like this,
because the 3D rendering commands or graphic commands are
executed at the client part, the SSES reduces server’s overhead
on 3D rendering applications.

IV.SMART UPDATING MECHANISM

Another issue of this paper is smart updating mechanism
for SSES. Most of SSES or similar service systems are
composed of several servers for supporting a lot of users. The
server computers of them are placed at the special area such as
internet data centers (IDC), because many users demand the
quality-of service (QoS) of the service software, but it is hard
that the service provider continuously selects appropriate
service software at the appropriate time and updates them.
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Even if service software of SSES were initially well chosen,
there is a problem which unwanted software potentially
remains. To solve the problems, we collect user data on
software usage and we use the collected user data in order to
select appreciated software. To determine best service software,
we use skyline query [10] on multiple attributes of the
collected user data such as user usage time, user usage count.

Fig. 5 shows the example of a skyline query. A
general example is a list of hotels, each of which
has two attributes such as the distance from some
beach and the price of a hotel for on-line hotel
booking system. Clients may request skyline query
for hotel booking, which is as cheap as possible
while also near the beach. The hotel H; dominates
the three hotels, H,, Hs, and Hg since H; has smaller
coordinates than them in both dimensions. In
addition, H;, Hy, and H; not dominated by any other
hotels are the skyline for the requested skyline
query. Note that the hotels of the retrieved skyline
points are more meaningful than the dominated
hotels, but the skyline points do not have priority.
In case of high-dimensional data, as the number of
dimensions increases, the number of skyline points
increases substantially [20], [21]. The reason is that
the high dimensions reduce the probability that
some points dominate another point. When there are
too many skyline points, they are not useful in
recommendation services.

Dominated Area

?1d

Hotel L
Skyline

Distance

Figure 5. The example of a skyline query

We use top-n skyline query for it. The top-n skyline query
is to find more interesting n points among skyline results
retrieved from multiple attributed data. Some researchers have
studied to get more important or representative data from
skyline points according to user preference. X. Lin et al. [18]
investigated the problem of computing the top-n
representative skyline points. This was the first attempts to
develop efficient and scalable algorithms to solve the problem.
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It presents a dynamic programming based algorithm for a 2d-
space, but it is difficult to handle the problem for space with
dimensionality d 2 3. Yufei Tao et al. [19] proposed to solve
the problem which the formulation of top-n representative
skyline points [18] sometimes cannot capture the skyline
contour accurately. It is the distance-based representative
skyline, and it also develops several algorithms for computing
distance based representative skylines. However, it addressed
that the optimal representative skyline computation for higher
dimensional spaces is NP-hard. Chee-Yong Chan et al. [11,
19] introduced skyline frequency as a measure of
interestingness for points in the data set. The skyline
frequency of a point measures the number of subspaces in
which the point is a skyline. To get the top-n skyline query, we
use well-known k-dominant skyline query [11]. The notation
and related terms for k-dominant skyline are defined as
follows.

TABLE 1. NOTATIONS AND DEFINITIONS
Notation Definition
S The data set (Data points)
pq data points in S
D The dimension set (Attributes of data points)
d; ith dimension (1 <i < |D|)
p(d) ith dimension value of data point p
Dominate

Let p and g be two data points, where we denote the
values of p and q on dimension d; as p(d;) and q(d;). For
a dimension set D, p dominates q if Vd; € D, p(d;)) <
4(d) and 3d; € D, p(d) < (d) (I=i, j<|D)).

Skyline points
The skyline points are made up of those points that are
not dominated by any other points.

k-Dominate
A point p k-dominates another point q if p is better than
or as good as point q and is better in at least one of k-

dimensional subspaces (k <|D|).

k-Dominant skyline
The k-dominant skyline is defined as those points that
are not k-dominated by any other points.

The k-dominant skyline includes points that are not
dominated by any other points in terms of any k attributes. As
the value k is smaller, the k~-dominant skyline means more
important and meaningful data. Using this principle of k-
dominant skyline helps to determine more important and
meaningful software. In recent years, recommendation services
have explosively grown with the development of the world-

ISBN 978-89-5519—162-2

968

wide-web and the emergence of e-commerce, and they have
been used in various applications. Many people use a top-n
query in order to find or select more important and meaningful
data from very large amounts of data. The most used query in
the recommendation systems is top-n query. Note that several
attribute values of multidimensional (multiple-attributed) data
should be converted into one measure parameter using the
weight of each attribute, in order to generate the ranks In step 4,
service software list updater module finally updates or deletes
old service software. Software provider module of Software
providing site needs to install automatically the selected
software to SSES server.

Fig. 6 shows the workflow of smart updating mechanism
on SSES server. We can see that users of SSES service can
generally use two types of software such as normal software
and service software. The service software of SSES client is
offered by software provider of SSES server. On the other
hand, its normal software is downloaded from software
providing sites and it is directly installed and executed by
users. To collect and save user software usage information,
SSES Client includes two modules which are the user
software usage information collector module and its sender
module which saves them on the data server. We save
software name, software usage time, software install-time,
software uninstall-time and user profile. Also, we reprocess
the saved basic data to get average usage time, total usage
time, maximum usage time and minimum usage time of the
software, and save them on the data server too. In step 3 of Fig.
6, the role of service software list selector module is to select
top-n software using multiple attributed data of stored data
server.

SW Providing Site

SSES Client i i
r "
/ H Normal SW
QSW Provider
Normal Sw Merrerransnransarensarannaranrananranans® 3
_< 'R SSES Server
@ : k :
\ L L .
Service SW Service SW List
SW Usage o Service SW List | | |
Info Collector Updater
\ , SW Usage iyl Service SW List
\ “ Info Sender ~ Selector

Figure 6. The workflow of smart updating mechanism for SSES
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V. PERFORMANCE EVALUATION

In order to show the superiority of the proposed SSES, we
compared it with Microsoft RDP and HDX of Citrix
XenDesktop. We use SoftParticle, HDAO and GPUBoids
sample program as test programs. Fig. 7 shows screenshots of
SoftParticle, HDAO and GPUBoids sample program.
GPUBoids sample program create the illusion of flocks of
birds or bugs swarming around a light or fallen comrade.
HDAO sample program presents an innovative technique for
achieving high-definition ambient occlusion (HDAO). It
utilizes making use of the new shader model and it is used for
the condition of fixed screens. On the other hand, SoftParticle
sample program is a common program for creating volumetric
effects in games. They can be used to simulate such things as
fire, clouds, smoke, dust, glowing projectiles, magic spells, and
so on. It is used for the condition of frequent change screens.

GPUBoids

SoftParticles

Figure 7. The test programs for performance evaluation

We evaluate FPS (frame per second) of RDP and SSES in
term of single user like Fig. 8.

B MaxFPS M MinFPS

SoftParticle

GPUBoids

Local

0 50 100 150 200 250 300 350 400 450 500

Figure 8. FPS evaluation of SSES vs RDP / Local
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For it, we execute client and server program in same one
computer. The specification of the used computer is Intel Core
i7 3.20GHz, Memory 4G, NVIDIA GeForce GTX 480. When
frequent change screens or complex 3D rendering jobs are
needed at GPUBoids and SoftParticle, the FPS of SSES is
better than that of RDP. On the other hand, we can see that
RDP is better than SSES at HDAO (the condition of fixed
screens). Local evaluation means that each sample program
locally executes without additional modules.

Fig. 9 shows the FPS evaluation for multiple users. In this
evaluation, we separately execute client program and server
program in different computers. The specification of server
computer is Intel Core i7 2.8GHz, memory 4G, NVIDIA
GeForce GTS 250 and that of three client computes is Intel
Core i7 3.20GHz, memory 12G, NVIDIA GeForce GTX 480.

B MinFPS B MaxFPS

80
70
60
50
40 -
30
20 -
10 +

2 Users

GPUBoids

Figure 9. FPS evaluation of SSES vs RDP for multiple users

In Fig. 10, we evaluate FPS of HDX and SSES in terms of
separately executing client program and server program. HDX
server is Intel Core i7 2.93GHz, memory 16G, NVIDIA
Quadro FX 3800 ($750~$840). On the other hand, SSES
server is Intel Core i7 2.8GHz, memory 4G, NVIDIA
GeForceGTS 250 ($160~$200). Each client of HDX and
SSES is Intel Core i7 2.8GHz, memory 4G, NVIDIA
GeForceGTS 250. The FPS of SSES is better than that of
HDX in GPUBoids (the condition of frequent change screens).
In case of SoftParticle, the FPS of SSES is similar to that of
HDX, despite the condition that SSES server computer
($160~$200) has low specifications.

B AvgFPS

SoftParticle

GPUBoids

0 10 20 30 40 50 60 70

Figure 10. FPS evaluation of SSES vs HDX
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VI.CONCLUSION

Software as a Service (SaaS) is emerged as a new
technique for more convenient and economical way of
using software. Therefore, many business applications use
the delivery model of SaaS. To improve the capability of
the SaaS related applications, we have devised the smart
separated software execution system (SSES) which is more

. . . 8
effective on service for multiple users. In performance [£]
experiment, the proposed SSES shows a good scalability
which it gets more stable frame rate than existing virtual o
desktop solutions under various conditions. As another &
issue, we design smart updating mechanism for SSES and
we convince ourselves that it helps to automatically [10]
provide better service software for users. In the near future, (1]
the proposed smart updating mechanism will be applied to
various real applications and will be evaluated in various
environments. (2]
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