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User requirements oriented service recommendation

for a cloud desktop
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University, Nanjing 210023, China)

Abstract: A cloud desktop is a new type of cloud service that can provide customizable

and shared resources. As a searchable cloud service, it can be configured to satisfy

individual demands. This paper presents a cloud desktop recommendation method based

on ontology, a description of user requirements, and matching from both resource providers

and consumers. In one case, the service functions and non-functional features of a resource

provider are analyzed, and ontologies are used to match user requirements with a candidate

desktop image to find a reliable cloud desktop. In another case, user requirements for

resource consumers are analyzed, and we utilize collaborative filtering methods to allow

the user to select an appropriate cloud desktop resource, avoiding potential deviations in
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user resource requests. Experimental results show that the proposed method improves the

accuracy of the cloud desktop in the resource discovery and selection process; moreover, the

proposed method can recommend more suitable data resources according to the potential

needs of users.

Keywords: user requirements; cloud desktop; semantic ontology; non-functional

property; service recommendation
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Cc5, �X�ÆEâÚ²L�¯�uÐ, �O�Eâ[1-2]×�/���+�uÐ, �5
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1.1 �ÑÖ��N

�ÑÖ~�
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O�Uå±	, ���;U
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^�=ÑÖ (Software as a Service, SaaS).
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(1) Vgz: �Néy¢­.�¯Ô^Ä��{?1ï�, �NVgz��ÄïÄé�

�+�¿Ø�6�ó!²���¸.

(2) ²(: Vg±9Vg�m�'XÑæ^²(�½Â.

(3) /ªz: �Næ^/ªz�ª¦�Åì�±n), ¿�Åì?n.

(4) ��: �N�N¥é+��£k�Ó@£�Vg8.

�N¼�+��k��£, ^±£ãVg9Vgm�'X, 3+�¥k�Ó@�ÚÃÜ

Â½Â.

1.2 �S¡

�,8c�é�S¡�ïÄkéõ, �´Ä�þÑ´'u�S¡�ÜÝ[8]Ú+nXÚ

��O[9], é�ké�S¡ÑÖuy�ïÄ. �©ë�
l WebÑÖ��Ý5ïÄ�S¡Ñ

Öuy��{, ¿�3ïÄ�L§¥�Ä
�S¡�g�A�.

ÄuDÚ�|¢Ú���ª¿ØUéÐ/÷v^r�I¦, ¤±kéõÆö¦^�N

Eâé�ÑÖuy?1ïÄ. Liu �<JÑ
��Äu�N��ÑÖuy�{[10], ù��.
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�. Karim �<JÑ�O��Õáu�ÑÖJøû��øAóä[12], =�^rÏL�øAó

ä?1�Âín. /Å|JÑ
�«�~·Ü(�z&E��Âu¢�.[13], =ÏL�ÑÖ

�£ã&E?1�ÂI5!J�, ,�¦^���þ�m�.O�¢Ú, z��ÑÖÑ´^
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Jø�½ö]
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�©©Ol]
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uyÚÀJL§¥�O(5,
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2.1 �N�ï

�S¡ÑÖ3õU�¡´Ä÷v^r�I¦, �±^�S¡ÑÖ+��Nä�Vg�

��{5¢y. 3+��Nä¥¦^ínÅ�gé?¿ü�ØÓ�Vg'X?1ín, ,�

¦�nÜVg½á5��qÝ. �S¡�N�ïÚ½Xã 1¤«,

Äk�(½�S¡�N+���, ùpUì�¬z�N�Og�, =�ïÕá!g�¹

|���N5�ï�N. �N¥ü��¬��#ØK�|¤�N�Ù¦�¬�Cz, �ØK

��¬z�N�N��£L«. �S¡´��AO��ÑÖ, ¡��´�ÑÖ+��f+�;

Ùg(½�S¡�9�Ø%Vgâ�´'uÄ:��Ú^����; 2gïáVgm��

g(�, X OS Ú Windows äk��g(�´IaÚfa�'X; ;�X´½ÂVgá5Ú

^ XML /ªz?1L«, 3�ï�N^��^�´ Protégé[14]; ��, é�S¡�N?1u

ÿ. UìþãÚ½, ïá�ü�f+��NXã 2Úã 3 ¤«.

2.2 �S¡õUI¦��ïÄ

�©ò�S¡3ÑÖ5þ¥%^õ�|�ª?1+n, 
�^r�¦�´ÏL=�¤

õ�|��ª5Ïé�S¡�, X��Ä]
����¹e, ^r�¦�±^����|L

« R=(Infrastructure, Software Facility), Ù¥, Infrastructure (IF) �LÄ:��XS�!ö
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�XÚ!^�!?nì, Software Facility (SF) �)mu^�!ÿÁ^�!�ú^��.

XML

ã 1 �S¡�N�ï6§ã

Fig. 1 Cloud desktop ontology construction flow chart
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Fig. 2 Infrastructure subdomain ontology

3Äu�N�Ä:þ, ÏLínÅ?1Vgín. ^r�¦ R �ÑÖ+n¥%��S¡

ÑÖS ?1VgÚá5�qÝ��, �ª�£÷v^rõUI¦��S¡8Ü. ��5¿�

´ IF ¥�VgÑ´7À�, 
éu SF¥�Vg´Uì^r¦^A½I¦Ä�?1|Ü, ¤

±^r��¦é SF¥�ëêêþ�^r�¦Ä�Cz.
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ã 3 ^���f+��N

Fig. 3 Software facility subdomain ontology

äN��S¡]
���qÝ�'O�úªXe, úª¥ α!β!λ�\�Ïf, Óaë

ê�Ú� 1.

(1) 3�N�.¥éäNü�Vg?1ín¿O�Vg�qÝ[15], úª�

Simcon(Rm, Sn) = β1
|super(R) ∩ super(S)|

|super(R)|
+ β2

|super(R) ∩ super(S)|

|super(S)|
. (1)

(2) 3�N�.¥é IF�ü�Vg?1ínI�O�êâá5�qÝ, O�úª�

Simdata(d1, d2, c) = 1 −
|d1 − d2|

|cmax − cmin|
. (2)

(3) éu��Ä:�� IF, ©O�O�ü�Vg�qÝÚêâ�qÝ. IF �nÜ�qÝ

O�úª�

IFsim(R, S) = α1Simcon(R, S) + α2Simdata(R, S). (3)

(4) SF ��qÝO�

Ï�^��� SF3��L§¥vk�9Vgá5���, ¤±��O�Vg�qÝ=

�, úª�

SFsim(R, S) =

m
∑

i=1

max(Simcon(Ri, Sn))

m
. (4)

(5) ÏL�qÝO��ª¦��ª^r�¦��S¡ÑÖ��ª�qÝ�, úª�

Csim = λ1IFsim + λ2SFsim. (5)
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3 Äu�õUá5µd�í��{

�©ÀJ5U!�^5!­½5!¦^Ýù 4 ��õUá55µd�S¡ÑÖ, §�

äN£ã
�S¡�A5, Xã 4 ¤«.

ã 4 �S¡��õUá5

Fig. 4 Non-functional attributes of a cloud desktop

1. 5U (Performance)

5Uá5�¹�AUå (Response Ability) Ú6�Ý (Fluency) ùü�Ýþá5½´f

á5.

�AUå: Ì��)^��A�m!?Ö�¤�mUå�£ã. T5U�I´¤�.

�I, �A�m��, 5U�$.

6�Ý: T�I´^r���N��", ��^N��?5L«, X excellent!good!

general!poor!bad�.

2. �^5 (Availability)

�^5�)°�5 (Robustness)Ú MTTF (Mean Time to Failure) ùü�Ýþ�I.

°�5: T�IL«A^^�3�1¥;ÉÉ~EU�~ó��Uå.

MTTF: T�IL«�A^^�3$1¥²þÃ�æ�m.

3. ­½5 (Stability)

�S¡Jø¥%��±�Ï�¹�5Ú­è5.

4. ¦^Ý (Use Degree)

¦^Ý=]
¦^Ç, �^ré�S¡]
�¦^þ��S¡]
oþ�'Ç, Ù¥,

]
�)�;!CPU�.

du^ré]
�¦� �Ú�S¡��ÑÖ�þ��É5, �é^r��¦?1õ

U��¿ØU4^r����Ü·��S¡ÑÖ, I�é8I^rÚ{¤^r�õUI¦

?1��, âUé��qI¦^r, 
��k�qI¦^r��õUá5µdâäkë�¿

Â. ¤±, �é�õUá5?1�N�ï. �õU�N�ï6§��ÑÖ]
�N�ï6§

�q.

3.1 �N�ï

�N¥��g(�ÏLVgm�'X�ï, 
'X�L«I�a!á5!¢~±

9ún5£ã, �
�Ð/Ny�õUá5Ýþ�I��g'X, �©ÏL�N�ï^
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� ProtégéxÑ�Vgm�'X, Xã 5 ¤«.
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ã 5 �õUá5+��N

Fig. 5 Non-functional attribute domain ontology

3.2 �õU�Â��

�õUá5£ã
��ÑÖ½�¬÷v¦^öõUI¦±	�Uå, �±léõ�

¡5£ã. �©l5U (Performance)!�^5 (Availability)!­½5 (Stability)±9¦^

Ý (Use Degree) ù 4 ��¡5£ã'u�S¡N���õUá5.

(1) ØÓ�þá5�µd�ªØÓ, Ó��á5�µdIO�´Ø���, ¤±�é^

rá5µd�?1þzÚ8�z[16].

lÑ.êâ´

qa,b = 1 −
IndexR

t − 1
, (6)

Ù¥, a!b ©OL«êâ8� a1 b �.

ëY5êâ�âá5�ØÓ�©�ü«: �«´¤�.ëêXd�, d�´�$�Ð;

,�«´�Ã.ëêX­½5,­½5�´�p�Ð. ùü«ëê�8�z©O��âúª

q− =











qmax − q

qmax − qmin
, qmax − qmin 6= 0,

1, qmax − qmin = 0,

(7)

q+ =











q − qmin

qmax − qmin
, qmax − qmin 6= 0,

1, qmax − qmin = 0

(8)

��.

(2) �õU�I�Ý
�E. éu^r�õU�¦ TF-QoS=((p1, w1), (p2, w2), · · ·, (pn,

wn)), Ù¥ÎÒ p L« property, w L« weight. ÏL��q^rQ²¦^S¡ÑÖ��õU

á5?1�Â�����÷v^���ÀS¡8[16].

^r�¦��À�S¡¿ØÑk�Ó�ëê, ¤±3�E��Ý
�, I�é�À�S

¡ÑÖ�á5ëê?1N�±÷v^r�¦�IO, N�Ú½Xe.
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1�, �â^r�¦� n��õUá5ëê, ©Û^r�¦��þá5ëê�ÿÀ�S

¡¥�õUá5ëê��Â���qÝ MDS (Matching Degree of Similarity), XJÿÀ�S

¡ÑÖ¥­��á5ëê�Â�qÝ���} (MDS=fail), KL²T�S¡ÑÖ¿ØU÷

v^r��õUI¦, òÙ3ÿÀ8¥íØØ, b�íØ��ÿÀ8S¡ÑÖ�m.

1�, òÿÀ8¥��S¡ÑÖá5ëê pUì^r�¦ëê�^S3Ý
¥ü�, ,

�òÝ
¥�ëê�²LþzÚ8�z?n, ��P� q, �ª/¤��IO�ê���Ý


. �õUá5ëê��L§�















q11 q12 q13 · · · q1n

q21 q22 q23 · · · q2n

...
...

...
...

qm1 qm2 qm3 · · · qmn















.

TÝ
L«�´�IVg�á5 (Ýþ�I)üS, Ù¥ mL«ÏL�Â�����S¡Ñ

Ö�ê, n L«^r�¦��õU�I�ê.

3.3 Äu�ÓLÈ��S¡uy

�^rI�¦^�S¡ÑÖ�, �±ÏL^r��Ñ\^rõUI¦, du�©Ú\


�q^r�õUá5µd�í��{, ¤±3^r�¦ R ¥�¹�õUI¦. òþã���

|=C�n�| R=(IF, SF, TF-QoS), äN�6§Xã 6¤«.

�S¡uy��6§Ú½Xe.

(1) 8I^r3��.¡¥��^rI¦ R, Ù¥�)]
I¦ IF!SFÚ�õUI

¦ TF-QoS, Ó�1\{¤^r�{¤P¹!µd.

(2) ò^r�¦ R �{¤^rõUI¦&E�?1ý?n.

(3) |^ínÅé^r�¦ R �{¤^rI¦&E3�Nä¥?1Vgín, ,�O�

Vg�qÝ. XJ�3I¦�q�^r (�q��uK�), K�1 (5), ò�q{¤^r�\

�qI¦^r8¥, ,�|^�Óg�8B��í�S¡8; XJ�{¤^rP¹���

�Null K�1e�Ú.

(4) XJvkõUI¦�q^r�{¤P¹, K8I^r���5þ¥%�S¡ÑÖ?

1õU��, u¢¤õò���ª]
��8, evk�'��(JKu¢�}.

(5) �qI¦^r8¥Ñ´8I^r'uõU�� (]
) ��q^r, d�q^r��

í�S¡8, 2éí�S¡8¥�ÑÖ?1�Â��, ÷v������ÀS¡8.

(6) é�ÀÑÖ8¥��S¡�õUá5µd�?1þzÚ8�z, ¿Uì^r���

¦éÑÖ��õUá5�?1\�O�, ���ªS¡.

(7) ÏLüSé�ªS¡8¥��S¡ÑÖUìnÜµ©?1üS, ���ªÑÑ.

3.4 �S¡í�6§¢~

�â�ÓLÈ�g�, �â�q^r�í�, 8I^r�±����í�S¡8. e¡

�Ñ�õUá5��äN¢~�O�L§.

(1) ^r�¦ R � TF-QoSÜ©: ^r�A��õU�¦ (�­)XL 1 ¤«.

(2) ÑÖSi � QoS Ü©: ÑÖSi ��õUá5±9á5µd� (\�O��(J), äN

XL 2 ¤«.
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(3) �S¡ÑÖ�õUá5�Â��: �â�Â��, ��^r�¦ R1!R2 ����

�S¡�L, XL 3 ¤«.

Y

N

N

Y

N

Y

R

ã 6 �S¡]
uy6§ã

Fig. 6 Cloud desktop resource discovery flowchart

LLL 1 ^̂̂rrr���õõõUUUááá555���������¦¦¦LLL

Tab. 1 User non-functional attribute weight request table

�¦ �AUå/�­ 6�Ý/�­ °�5/�­ MTTF/�­ ­½5/�­ ¦^Ý/�­

R1 0.2 0.3 0.1 0.4

R2 0.2 0.2 0.1 0.1 0.4

LLL 2 SSS¡¡¡ÑÑÑÖÖÖ������õõõUUUááá555���LLL

Tab. 2 Non-functional attribute value table for cloud desktop services

ÑÖ �AUå 6�Ý °�5 MTTF ­½5 ¦^Ý/%

S1 good 4 0.9 0.9 excellent 50

S2 excellent 5 0.85 0.75 good 40

S3 3 0.6 general 74

S4 poor 3 0.85 0.75 general 80

S5 general 3 0.9 general 55

S6 general 3 0.85 0.75 general 60
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LLL 3 ^̂̂rrr���¦¦¦������ÂÂÂ���������LLL

Tab. 3 Semantic matching list of user requests

�AUå 6�Ý °�5 MTTF ­½5 ¦^Ý/%

S1 good 4 0.9 0.9 excellent 50

S2 excellent 5 0.85 0.75 good 40

S4 poor 3 0.85 0.75 general 80

S6 general 3 0.85 0.75 general 60

(4) ¦ R1!R2 ��úõUá5��ÃþzÝ
�E, Ý
�

Q =









4 4 0.9 0.9 5 0.5
5 5 0.85 0.75 4 0.4
2 3 0.85 0.75 3 0.8
3 3 0.85 0.75 3 0.6









.

(5) é�'á5��8�zÑ, �ª���8�zÝ
, �

Q =









0.75 0.75 0.9 0.9 1.0 0.5
1.0 1.0 0.85 0.75 0.75 0.4
0.25 0.5 0.85 0.75 0.75 0.4
0.5 0.5 0.85 0.75 0.5 0.6









.

(6) ò R1!R2 ��­©O�\8�zÝ
, �ÀS¡éu R1 �nÜ�©O�, S2 > S1 >

S4 > S3, S¡ÑÖS2 �©�p. $�(J�

QoSR1
=











0.584

0.735

0.435

0.565











.

(7) �ÀS¡éu R2 �nÜ�©, S2 > S1 > S4 > S3, S¡ÑÖS2 �©�p. $�(J�

QoSR2
=











0.68

0.72

0.42

0.60











.

ØÓ�ÑÖµdÚ^ré�õUá5�­��¦éÀJ��Ü·�ÑÖé­�. 3L 2 ¥,

S¡ÑÖS2 �µd�é�p, ¤±^r R1!R2 �¦�u¢Ñ S2 ��U5ép.

4 ¢�µd�©Û

�©3þã�{�Ä:þ�O
���S¡u¢�.XÚ, ¿ÏL¢�©Û�y
TS¡

í��{�k�5.

4.1 ¢�e�

ã 7 �Ñ
�©�S¡ (Cloud Desktop Retrieval, CDR) u¢XÚ� IPO(Input, Process-
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ing, Output) ã.

guacamole

MySQL

ã 7 �S¡u¢XÚÄ:e�

Fig. 7 Cloud desktop retrieval system infrastructure

�S¡u¢XÚ�OÄu B/S+VDI e��., ��5þ^rI�¦^�S¡ÑÖ�, Äk

�ÏL CDR Jø�^r��Ñ\^r�¦^I¦, ,� CDR XÚ?n^r�¦¿í��'Î

ÜI¦��S¡ÑÖø^rÀJ, ��^rÀJ�ZS¡ÑÖ¦^¿�ÑÑÖµd. �â^r

I¦, ÑÖà�É�¦, �Ñ�'?n��£(J.

^r�±g½Â��Ä:��!^����]
I¦, �����õUI¦. �S¡u¢

XÚ�u¢õUXã 8 ¤«.

ã 8 ^rI¦J�.¡

Fig. 8 User requirement submission page

4.2 ¢��¸

ÿÁ¢�¥�ÑÖìÚ�S¡�^M��¸XL 4!L 5 ÚL 6 ¤«.

LLL 4 ÑÑÑÖÖÖìììMMM������¸̧̧

Tab. 4 Service hardware environment

a. CPU S� �/^� �/�k

4 � Dell ÑÖì R730 .Ò E5 2640V4 256/128 GB 4×600 GB+4×1.2 GB 2×NICs, 10 GB+2×NIC, 1 GB
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LLL 5 ÑÑÑÖÖÖììì���������¸̧̧

Tab. 5 Service configuration environment

a. ¶¡ ��

A^ÑÖì Tomcat 9.0

�¯\� CDR 3.0.3000

êâ¥ MySQL Server 2008 R2 sp2

N�ÑÖì License Server 11.14

LLL 6 SSS¡¡¡AAA^̂̂���¸̧̧

Tab. 6 Desktop application environment

A^^� A^^� A^^�

Office 2013 MySQL5.7 NetBeans

Photoshop c4 Npp PDF

Gvim Visual c+6.0 mathtype

Eclipse4.6 Endnote7 Visio

StarUML2 Note v8 mindManger

4.3 Äu�N�õUá5��¢�

(1) ¢�8�

3õUI¦�¡, ]
³¥�3�þõUaq�S¡º�, ^Äu�NEâé^rI¦?

1��, u¢�(J�Ã�N��{��O(.

(2) µdIO

µdIO´kÃ�N�µ'�ª. &Eu¢�µ��ª��´¦^öOÇ(Accuracy

Rate) Ú��Çùü�IO: �OÇ´�u¢Ñ�k�&EÓ�Üu¢&E�z©'; ��Ç´

�u¢Ñ��'&EÓXÚ¤k�'&E�z©'. æ^�OÇ5�y3kÃ�N�G¹eu

¢�S¡ÑÖ�O(Ç, �OÇ P úª�

P =
s

S
× 100%, (9)

Ù¥, s�u¢Ñ�ÎÜ^rI¦�ÑÖ, S��éÑ��ÜÑÖ.

(3) ¢�(J

¢�(JXã 9 ¤«.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
50 100 150 200 250

P

ã 9 �S¡ÑÖ�OÇ

Fig. 9 Cloud desktop service accuracy rate

ã 9 ¢�(JL², �X�S¡ÑÖêþØäO\, æ^k�N����{u¢'Ã�N

����{u¢��OÇ�p, Ï�æ^�N�±3�Âþ?1ín, XÚUJø�\�Uz�

��(J.
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4.4 Äu�N��õUá5µd¢�

(1) ¢�8�

3]
�¤à, ^régC�A^I¦LãäkØ(½5. �y©¥ÏL©ÛI¦�q^

r�¦^µd�^rí�Ü·�]
, UÄ;�^r]
�¦� �.

(2) ¢��{

�
�yXÚ´Äí�
Ü·�S¡]
, ¢�æ^^r�¯N���{, é�ª^r�

÷¿Ý?1ÚO. 3�5zÑÖÀJÅ�¥, �;�^r�¦ ���S¡ÑÖ����þ¯

K, �g¢�æ^^r÷¿ÝN�ÿÁ�ÚO�ª, 5�y�©¤¦^��õUá5µd�{�

k�5.

�g¢�æ^
3�N���ª?1ÚO, (Ü¯ògÄ���{, �éA½^r+N?

1
�þN�. Jø·��-y��±dáÚ�õ�^rë�N�, ~�Ã�¯òÚ;���

©ÙØþï�K�. ¯òSNXL 7 ¤«.

LLL 7 ¯̄̄òòòNNN���LLL

Tab. 7 Questionnaire

�S¡ÑÖ
�õUÝþ�I

�©
5U �^5 ­½5

S1 0.75 0.75 0.9

S2 1.0 0.75 0.85

S3 0.75 0.5 0.85

S4 0.25 0.5 0.9

S5 0.5 0.75 0.9

S6 0.75 0.5 0.85

¯òN�Ll^rg�'��3 ��õUá5?1ÚO, ù 3 ��I�LX^réÑÖ�

÷¿µd; ,�, 2�â�^ré�I�­��¦, ?1\�²þ.

(3) ¢�(J

ë��g¯òN��^r©�nó�|Ú©�|üa, dnó�Ú©�;���)�c?

�ÅÀJ 30 <� 240 <|¤, ©O�ü|ØÓ�¢�, �)Ø¹í��{�N�ÿÁÚ¦^�

©í��{�N�ÿÁ. z�<ÏLu¢XÚÀJ�S¡ÑÖ¿N�, ¦^�¤��ÑgC�÷

¿Ýµd, �±éA��õUÝþ�I. dd, �±��ü|ÿÁ3���I�÷¿Ýé'�¹,

äNXã 10 ¤«.

(4) ¢�©Û

±þü|©O¦^kí��ªÚÃí��ª?1�S¡N�ÿÁ. ^rë��UgCI¦

ÀJ��S¡þ, ?1�A^��ö�; ^ré¦^�z���S¡Ñk��÷¿Ýµd. 3�

S¡ÿÁêþ�4OL§¥?1êâÚO, ÏL�õUµdí��{, �±uyÀJí��S¡

�'Ãí��¹e�^r÷¿Ý�p.

5 o (

�S¡´Äu�O��J[z!©ÙªÚ8�zEâ�#.pé�A^. 8cpé�¥2

��3Ó�!õ�z�S¡ÑÖ. �é^rI¦��5z, �S¡í�´��­��A^I¦.

ÑÖ�þØ­½±9^réS¡]
ý�Øv¬��XÚÉ~�u)½�]
�L¤. �©J

Ñ
�«¡�^rI¦��S¡í��{, ò^ré]
�I¦lÄ:��Ú^���ü��

¡, Ú��xÑS¡]
õUÚ�õUI¦�+��N; 3]
Jøà, JÑ
ÏLL«Úµ�
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�S¡�'��õUá5, �^rJø��S¡A^��{; 3]
�¤à, JÑ
ÏL©Û�

q^rI¦�¦^µd, �^rJøÜ·�]
, ;�
^r]
�¦ ���). ��©�ï

�I¦+��NEÊ33¢��ã, ò5A(Ü¢SA^|µO\+��N�¢^5; �.XÚ

��OE'�{ü, �¿©�Ä�¢S�S¡²����, ±��±�Ü¢S�S¡�¬õU,

�XÚ?1��mu, ÀJ�r8¤��ª?1�Ü.
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ã 10 ^r÷¿Ýé'

Fig. 10 User satisfaction comparison
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