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A Multi-Platform Infrastructure-as-a-Service Selection Algorithm with
Vector Space Model
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Abstract
This paper presents an algorithm to select cloud infrastructure-as-a-service in multi-

platform by measuring similarity based on the vector space model between the server
templates that are available and user requirement for cloud infrastructure resources. A server
template that is most similar with the requirement of the user will be chosen.

The vector space model is used to measure the similarity of this research is cosine
similarity, which cloud infrastructure-as-a-service templates have the following vector
components: 1) number of IP Addresses 2) the cost per hour of the service 3) number of CPUs
4) main memory size 5) storage space 6) ephemeral storage space 7) period of service as a
percentage (SLA uptime) 8) maximum amount of monthly data transfer and 9) maximum time
requirement. The evaluation of our proposed multi-platform infrastructure-as-a-service
selection algorithm with vector space model was conducted with 18 server templates and 2
sets of user requirements for cloud infrastructure resources.

The experimental results were that the value of the cosine similarity between a
chosen server template and a user requirement for middle-scale web server was equal to
0.941344157 and the cosine similarity value between another chosen server template and a
user requirement for large-scale web server was equal to 0.999991086. In overall, it was found
that the algorithm delivered 100 percent precision, 100 percent recall and 100 percent

F-Measure.

Keyword: Vector space model, Cosine similarity, laaS, OpenStack, Apache CloudStack,
VMware ESXi
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ferwandymanudsddumsliuinslasaisiuguaandanglivimafomeion wastaeld
Audnslasuuinsiivarnvansaingliuinsisnatuainnslduinisveanisiuiuuuuaanduuy
AR U315 (Banditwattanawong, et al., 2016)
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sehainislassadneiiugiunandueniisaildunannesunandiiduuws Sleadndle (VMware ESX)
(VMware, Inc., 2016) LLaw%mﬂmqa%ﬁqﬁugmﬂanmﬂuﬁ@%ﬁﬁuwamﬂa%ﬂaquaLLmﬂ (OpenStack,
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Buanmsfmuannme SUHULUUIATBIUINSHIANNST (1)
n=1to9
j=1

G tm; ADLINLADSUHULUULATIUINISINNA, | ADTIUIUVDILHULUULATEIUTNNS,

tm] = (Wl,j’ WZ,]'! ey Wn,j) When{ (0

W Judrulszneureannines (components of a vector) kaz N ﬁaa’hu’;uam%ﬂﬁgwmmmehu
Uszneuvesnnimesdsluiid n wihiu 9 sl

1
2
3
4
5
6

Suaviegledt (P Address)
Alganelunislausnisredalug (cost for use)
PNUKUIEUIZUIaRNANAN (cpu core)

MwANIMEN (memory)

uniufimeiudeya (storage)

L DD O —

wnfiuiinieiudoyagegn (ephemeral storage)
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7) ¥asanliiuinis (SLA uptime) flvieilosidun
8) Usinaunisaneleudeya (data transfer) foliou

9) swEziIafeINTsldnugegn (usage time)
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v o

Mnduimuannweianudesnisldnunineinslasaisiugiuaanddaunisi (2)
q= (Wy,w,,..,w,) whenn=1t09 ©)
1q Aennmesaudosnisldnunineinslassadrsiugiunanddadidimusznaures
nnmesinileuiurainmes tm
MnturinsdmdeninmesuiuungannnanwosiduLuuAIosIn sty
guteyanudunounisdansesusunuunuitsifunsliuinisdlunmi 1 Taeddoulunsdanses
wteanidu 2 Tunougenssil
1) ¥imsfinnsesukunuuiniesuinsifilaidunssiunudeanisldnudsgnszylilude
YoINMBSLHULUULATEIUTTITY 13esudnsiiu vieliesuinsgudoya
2) ¥nsAnnseuHuLUUIAasUIMINNTUnsudesusnneUsuIfiBuTULNmDSAY
Fosnslinuninenslassadaiugiunandunadws ildde uiuuuueiesuinsiifidiuusznauves
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nnwesidulumutoulalumsed 1 asuynReuluwindu Tneteulalumsed 1 awnsauwdssendu
3 nquasil nguusniluReuleidvualidiudsznavresanudesnisidanuuinisiaseadieiiugiu
AANIAADLTIIUAINUTENDUVBILHLLUULATIUSMIWINEL Fediuusenaudingdfie S1uiuaviieyle

P 1% oA & A o v v % a o
meaﬂﬂqﬁisﬁﬂqu ﬂaqlﬂ/]a@\clLTJ‘UL\TaubLSU‘V]ﬂ']mu@lﬁa')u‘u33ﬂ@USUENﬁ'l']llmaQﬂq§1%QWUU§ﬂ7§Iﬂiﬂaiqq

e

s

flugruaanddosiosniivieninfudiulsznouvesiiunuuinie winswiniu Ssdrudsenouds
nanfealdinelunislivinmssedalus nguftamndudoulannniwiesifudsddfasanvintuis
druUsEnauiing1fe IUUMhgUsEatarana1s I1uundlgAINImvian mumﬁuﬁmwlﬁwﬁmﬂa
vniufimhefuloyagan fasnaliuins Vnunmsmeloudoyagaareifio wasszozinanil

Aoasldaugegn

= a Y = a
A157199 1 [eulvn1IN1ARNTBILUUIASBIUSNNS

a1 A9UUIZNUVDILINABTWAULUUY [oul| dauvsznavvasaninaianudosnisld
Y U

1 Sruauaniiogled (tm w1,)) = Fruuaaiioglod (q_w(1)
2 | aflddelunsléusnssedlus tm wizj) | <= | eldaelunislduinmsdedalus (q wi2))
3 uaumbeUszaiaranad tm wizj) | >= FNUNEUIZUIBNANAN (g WI3))
4 NIBANUIINEN (tm_ w[4,j]) >= neANNIIMEN (g wl4])
5 mumﬁuﬁ%mmﬁuﬁaga (tm_wi5,j]) >= %uwmﬁuﬁmwtﬁu%ga (q_wi5])
6 mumﬁuﬁ%mmﬁuﬁagaqaqﬂ (tm_wl6,) | >= mumﬁuﬁ%mmﬁuﬁagaqﬂqm (g_wlé])
7 223181 AUINT (tm wi7,]]) >= 7231a119AUINg (g wi7))
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8 USinaunisangleudeyaasansielnou >= | Usnaunisangleudeyaasansielnou
(tm_wi8,]) (q_w(8])
9 | szewiadeansidaugen (tm w9 | >= | szesna1nfesnisidaugedn (g wiol)

v & o s = a av v g ' = a s
NaaWﬁﬂ’]'ﬁﬂ@ﬂi@\‘iL'ﬂﬂL@@iLLN‘HLL‘U‘ULﬂi@\‘i‘Uﬁﬂ?31’]1@7\]'1ﬂ5UUGIQUEJE]EWl 2) ABLINLADT d]

@ P S A o ! - a o o 7 v v %
ANANNTTN (3) Tnei ] ADYTUIULNULUULATDIUITNITVINIUNTTANAITDIVNVAUAUIIAULLA

1%
=

n=1to9
d] = (Wl,]" WZ,]'! ---»Wn,j) When{j >1 (3)

ANUUUILINLA DS LR ULUULATDIUSNITHALLINHBSAIIUABINTTLTIIUNSNEINT LA SIAS 9

fuguAannluyinsinanuaderdadaulaledlagldaunisi (4) Gareth, 2011)

sim(d;,q) = ————
D= T al

Faeuludnguuuumilleae

sim(dj, q) =

n
i=1 Wi j- Wj

n 2 n 2
i=1 Wij Vv Li=1 Wj

I
—
—t
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when {n _

v
—

M15199 2 TuRBLITNIIMIAINITInAUAAEAGAT LAl YD ST UL e

algorithm: laaS selection

1.
2.

10.
11.

18

input variables:

g W €{q Wy, g W,, g Ws, g_Wqg, g Ws, q_Wg, q_W7, g Wg, g_Wo} /* a vector (1-D
array) of requirement from

user according to the equation (2) */

tm wé {tm_wy, tm_w,, tm_ws, tmwy, tm_ws, tmw, tm_wy, tm_wg, tm_wy, ..,
tm_wp,} /7% 9 x m matrix

(2-D array) of laaS template vectors according to the equation (1); m is the total
number of templates */

local variables:

d_wé {d_w;, d_w,, d_ws, d_wg, d_ws, d_wg, d_wy, d_wg, d_w,..., d_w}

/* 9 x p matrix (2-D array) of template vectors according to eq. (3); p is the number
of functional templates

where p<m */

*/

norm d /* norm of a vector template or ”d_Wj

norm g /* norm of a vector requirement from user or ||q_w|| */
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12. coef  /* similarity coefficientor d w. q w*/

13. sim[jl /* cosine similarity */

14. j€< 0 /* counter of templates vectors */

15. begin

16. d w €« find_templates with_matched functional requirement(tm_w) /* functional
filtering of templates */

17. /* non- functional filtering of templates based on boundary constraints */

18. For each tm_wl(im] in tm

19. if tm_w([1,m] =g w[l] /*IP address quantity of template and user requirement
must be equal */

20. if tm_w[2,m] <= g_w[2] /* template’s cost must be less than or equal to that of user
requirement */

21. if tm_w([3,m] <= g _w[3] /* template’s cores must be greater than or equal to that of
user requirement */

22. if tm_wl[d,m] <= g_w[4] /* template’s memory must be greater than or equal to that
of user requirement */

23. if tm_w[5,m] <= g_w[5] /* template’s storage space must be greater than or equal
to that of user

24, requirement */

25. if tm_w([6,m] <= gq_wl[6] /*template’s ephemeral storage space must be greater than
or equal to that of user

26. requirement */

27. if tm_ w([7,m] <= g w[7]/* template’s SLA (uptime) must be greater than or equal to

that of user requirement*/

28.

29.
30.

31.
32.

33.
34.

if tm_w([8m] <= q w[8)/* template’s monthly data transfer amount must be greater
than or equal to that of

user requirement */

if tm_ w[9,m] <= g_w[9]/* template’s usage hours must be greater than that of or
equal to user requirement */

then d W[1..9,++4j] < tm w[1..9,m]

/* similarity calculation */

Forj<1ltop

coef € 2?21 d_W[i:j] * q—W[i]

19
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35. norm d €« \/2?21 d_wl[i, j]?

36. norm_q ¢ \/Z?:l q_W[i]2
coef

37. sim[j] €=
norm_d*norm_q

38. return selected template €= find_all vectors in_d w_with_max(sim) /* return

template(s) of a maximum

39. similarity value */

o
a0 I

ArAuAEeafagaslaley (sim) asdidwiiu 1 duanmeinsasseglunwifieiu (@ed

UUTENIIWINABTNAAY 0 89A1) Fanungaundanueaigafaiuaga viewmlouiu Fea1ay
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uriuLuuedeaUImMsfiiaumngantuaalndidesiuanudosnislivinmslasiaireiuguaans
mwﬁqm TngUszneumeduys 2 Ussiande 1) fuushidiusznoudie q w Ssumunnmesuesay
fioamanisldaulassainsfiugiunanidauannisi (2) way tm w SamunnnosUeIHULUUASDS
UInsmuaunsi (1), 2) éﬁLLUiLawwﬁe‘z’iaL‘T]uﬁmﬂiﬁlﬂuﬂizmamamaluﬂqmﬁwé"a‘uaﬁy’umau"?%
Usgnouse fauds d w AeduusiliiAvusiuuuuieiesuinisiignAnnsesmudeulalunissi 1
e d w © tm w tuneudiussiail 16 \unsdnnsesuiuuuuiriosusnsiidwing (wu weq
uimadu, desuinmsgudeya) Winsstuarudesnmsliuinislassaiaiiugiunand wininluda
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pudeulaluasedt 1 Sususvulailidouludusiefargninlufuluiugs d anduthiauds
d w luvnsduammarundsndadapialeilufuneuisluussied 33 - 37 laewlsuidley
nawed g MAvluA LT g w funneed d MAvlufuus d w yausiuluuieiosudng UM

A1gean Wagldilendu find_all vectors_in_d_w with_max() Tuussviai 38 FazderumvauwsuLuy
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WIBIUINSNAMUmINTauNigaeenun nIdiiA1vesAuadteadudyulaletvamalgwiuluy

D

fAuviAuientu find all vectors in d w with _max() R]b’flﬁ@ﬂ‘ﬂ’lQLﬁaﬂ"ﬁua@:ﬁUﬂﬂUWﬁ@ﬂ%ﬁﬁﬁuﬂ
fio dadunduwuuiifinnudday  (priority) mﬂﬁqﬂﬁ;ﬁ%\muﬁmumﬁﬁawﬁﬁ VoA AULHURUUT
wngauludinsinyiaunaniszeu (load balancing) waaninensuinslassadisiiugiuaaned
niouldau

Tumaudl 3 afigadeyadwmiutsnifiunansiauresdunouisldun yndoyauriuuuy
wosuinauarndeyannufonislinuuinslasaiiugiuaandlasgndeyauruuuunsounqu
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YaoyauiuLUUATEIUININlUN INAaelafIen Uil AduN 1SN ULA ANV UATBIVTNITA 9

seybiluanudn 1 Inedsuwuunsasdenedunglunini 2

OpenStack tm web S
A

1

2 3

A105U1E 1) UNanWESNUDILNULUULATOIUINNTIALA OpenStack, Apache CloudStack uag VMware]

2) Mardunmsianuldun 1nSesuinisiiu (web) uagia3asuinisgudeya (DB)

3) YWIAVBUATEIUSNSH 3 wualaun Yuadn (S) vwianate (M) wag aualvg) (L)

AT 2 LEAIAUVLNYUBITDMAULUULAIBIUINNS

M13199 3 JeyaurukuuiAIaIuIMIaLanldlunimaaes

tm witm witm witm w
tm wl| 2 3 4 5 tm_wé tm w7 | tm w8 |tm w9
WHULUULAS 0T P cost | cpu [memo|stora| ephemeral |SLA(upti| data usage
UIN13 Addres core | ry ge storage me) transfer | time
s
(numb | (USD/

ers) | Hr) [((cores)| (GB) | (GB) (GB) (%) (GB) | (days)

OpenStack tm
web S 1 1 1 2 1 100 95.00 500 30

OpenStack tm
web M 2| 25 2 41 10 500 95.00 1000 365

OpenStack tm
web L 2 5 4 8| 100 500 95.00 1000 365

OpenStack tm
DB S 1 1 1 2 1 100 95.00 500 30

OpenStack tm
DB M 2 2.5 2 41 10 500 95.00 1000 365

OpenStack tm
DB L 2 5 a4 8| 100 500 95.00 1000 365
CloudStack tm 1 1 1 2 1 100 98.00 500 30
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web S

CloudStack tm

web M 2 2 2 4| 50 500 98.00 1000 365
CloudStack tm
web L 2 6 a4 8| 100 500 98.00 1000 365
CloudStack tm
DB S 1 1 1 2 1 100 98.00 500 30

CloudStack tm
DB M 2 2 2 4| 50 500 98.00 1000 365

CloudStack tm
DB L 3 6 3 8| 100 500 98.00 1000 365

VMware tm_ we

b S 1 2 1 2 1 100 98.00 500 30

VMware tm_ we

b M 2 4 2 4] 10 500 98.00 1000 365

VMware tm we

b L 2 8 4 16 | 100 500 98.00 1000 365
VMware tm DB
S 1 2 1 2 1 100 98.00 500 30
VMware tm DB
M 2 4 2 41 10 500 98.00 1000 365
VMware tm DB
L 2 8 4 16 | 100 500 98.00 1000 365

funaud 4 vinmsmasouiureuitiiauelludunoud 2 fevadeyaanduneud 3 lagld
TUsunsuuRum3 1993 (spread sheet) lumsiuinmusunsudesselui
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w5 g wi-g wo muaunsil (2) Taefiendaudsdeseylunsed 4 Gesznoudie 2 nawes (2 un)
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No. IP cost cpu |memory| storage | ephemeral SLA(uptime) data usage
Address core storage transfer | time
(numbers)(USD/Hr)| (cores) | (GB) (GB) (GB) (%) (GB) (days)

1 1 2 1 a4 1 100 95 1000 365
2 2 8 2 a4 10 100 95 1000 365
3 2 8 a4 a4 100 500 95 1000 365
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1) ¥inmsvageueuisdlasnssusmdeya faunsi 6)
true positive 6)

precision = — —— X 100
true positive + false positive

2) YMIMAeUMITEANLA laen3sIuTINteya faun1si (7)

true positive (7)
recall = — — X 100
true positive + false negative

3) YMNSNAABULEN-4LDS LAtnA11INENN1ST (6) kag (7) UnAuiadluaunisi (8)

precision X recall 8)

F — measure = 2 X —
precision + recall

) o Id ) a v a av o ¥ v Y v
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nannNAesAe q w2, 8, 2, 4, 10, 100, 95, 1000, 365) uazaiufl 3 Ausesnisldiedesuinsiu
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el i Fearldnasnstaglanasnsananslunsnad 6, 7 uay 8 ANEIRU Fenaunnaiite
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M19199 6 HANTTATUIUAIYBIANNASIEATATIULALIUTENIUNLLUULATEIUS N SLaEAUABIN T LY

uinslassasenuguiglddeanisldnuaisuimsivenngn

WHULUULAS 09U dw.qw [Id_w| lla_w| sim(d_w;, g_w)
OpenStack tm web S 529988 519.5507675 1073.44 0.950299176
CloudStack tm web S 530273 520.1076812 1073.44 0.949792103
VMware tm web S 530275 520.1105652 1073.44] 0.949790418

- = =~ ' v = o Yo - = i
INAN5197 6 anunsalSeuifisuranuadeadadaulaladlafning 3 Gaagnuitpives
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Aoan1siiAngegawiniu 0.950299176 dmTULKUKUULATEIUTA1T OpenStack_tm_web_S

. i el ;
AmnunRdeadadaalalel

0.951

0.9505
+ OpenStack tm_web
5, 0.950299176
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OpenStack tm web M 1192394 1179.991631 1073.517 0.941308694
OpenStack tm web L 1193334 1184.212396 1073.517 0.938693102
CloudStack tm web M 1193073 1181.252302 1073.517 0.940839548
CloudStack tm web L 1193625 1184.461481 1073.517 0.938724558
VMware tm web M 1192691 1180.241077 1073.517 0.941344157
VMware tm web L 1193675 1184.554347 1073.517 0.938690284

INANTNN 7 ansalSeuiisuaianuadendadeulaleuladaning 4 Fesnuineved
ANNAGEATATALALYITENIUALLUULATEIUSNTHALANARINTTITUS NS AT @ sug UKLy

ABINTAANENARAYINTY 0.941344157 AmSULHULUUIATEIUTNNT VMware tm_web M

Arrauadinuaiiaiianialed

0.943
0.942 A : I VMware_tm_web M
! OpenStack: trm_web_ i . 0.941344157
M, 0.941308694
0.941 +CloudStack tm_web_
M, 0.940839548

094 A

0.939 1
- + N
OpenStack _trn_web CloudStack_tm_web_ VMware_tm_web |

0.938 A L, 0.938693102 L, 0938724558 , 0.938690284
0.937

0 1 2 3 4 5 & WhuLUUWwIaauinT

MW 4 n3miSeuifisuanuaienf udeulalglseninUHLLUUATBIUTNTLAYANLABINITLY

Uinslassasnaiugiunranidfidlifesnisldiaiesuimaivamnnas

M15199 8 HANIAUIUAITBIANUAGIEABNLTILNTAL LU LI UUIATBIUINITUATAIUABINT LY
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OpenStack tm web L 1402342 1184.212396 1184.209 0.999991086
CloudStack tm web L 1402635 1184.461481 1184.209 0.999989685
VMware tm web L 1402669 1184.554347 1184.209 0.999935527
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