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Abstract

By in 2021, more than half of global enterprises already using cloud today adopt an all in cloud strategy [6]. Is today the world of mod-
ern infrastructure using digital transformation results cost effective approach? If yes, than how it has to be transformed and if No, than
what are the differences between approaches applied. The cost effective methodology and its implementation is primary approach to-
wards cost computing to bring effectiveness with the proper requirements and provides proper solution.

The productive learning with different approach is the vital requirement for today’s Cloud infrastructure building from student’s perspective
needs to be understood [13 - 15]. The paper aims in building and implementing the Lab infrastructure using developed model for cost
effective approach by comparing On-premise vendors with cloud vendors. The technology that is used for the experiment are open-source
and Proprietary. The paper results with the best approach used in cost computing methodology providing best solution for the given re-

quirement in academic environment.
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1. Introduction

Understanding Cloud infrastructure components and its functional-
ity is essential which is covered in the first section. It also covers
the “YGCIS’ methodology that is used for building Cloud infra-
structure for On-premise and public cloud. In second section the
paper covers the TCO using ‘YGCCS’ methodology for cost effec-
tive approach in different stages. These three stages of “YGCCS’
methodologies plays a major role in cost computing.
Implementation section covers cloud infrastructure implementation
on On-premises, public cloud with proper configuration, checklist,
and testing of lab requirement. Analysis section covers TCO cost
computing parameters of 'On-premises vendors' with 'off premises
vendors' for open-source category and proprietary with BCP cate-
gory. The result section in analysis covers cost effective and best
methodology approach for different requirement and operational
needs.

2. Problem statement

As per IDC the Cloud computing spending grew at 4.5 times the
rate of IT spending since 2009. It is expected to grow more than six
times in 2015 through 2020 [5]. The requirement and building of
advance lab in Academic for Cloud infrastructure building is a ma-
jor challenge and it impacts student’s productive learning. There are
some courses in computer science stream such as cloud computing,
advance cloud computing, cloud solution. This cloud courses con-
sists the topics such as TCO, ROI, computing methodology, where
hands-on approach is unavailable [7 - 10]. Due to this disadvantage

there is lack in labs building and creating advance lab for best pro-
ductive learning [16], [17]. If this learning is developed by students,
and then they have to face major challenges in industries on pro-
duction operations. As per the expanding digital transformation in
IT infrastructure is observed, it is lacking in Indian academic organ-
ization. Further this challenge should not lose the carrier opportu-
nities and proper direction toward the domain work as per academic
concern [3], [11], [12], and [18].

3. Cloud Infrastructure deployment model

The Cloud deployment model plays a vital role in Cloud
Infrastructure building [1], [2]. The On-premise private cloud is built
in the premises of the enterprise as shown in Figure 1. The important
components in On-premise private cloud infrastructure are
enterprise resources such as hardware, hypervisor which creates
virtual machines for deployment of operating system, applications;
network with proper high computing servers as shown in Figure 1.
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Fig. 1: Cloud Infrastructure Architecture.
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4. Cloud infrastructure building: implement-
ing ‘YGCIS’ methodology

In, private cloud infrastructure the resource availability is the major
challenge, if not meet than it becomes critical for the enterprise to
provide better solution. The challenge can be mitigated using the
public cloud infrastructure, where the availability is not the concern
but well planning for the resource utilization is important. For,
implementation of the experiment in academic environment the
‘YGCIS’ [YG-Cloud Infrastructure Solution] methodology is built
as shown in Figure. 2, where the configuration for the lab is consid-
ered from the Table. 1. Each student has a cluster access with avail-
able VM with the host machine that is connected through network
as shown in Figure. 2. The experiment using “YGCIS’ methodology
is built for advance lab where infrastructure and its resources play
a vital role [4].

Table 1: Batch Lab Configuration for ‘YGCIS’ Methodology
Batch Lab Configuration requirement

Sr . . Grou  Each Stu- Each
_ LAB Configuration b dent VM
1 Students 30 1 0
2 VM 100 3 1
3 CPU 180 6 2
4 RAM [GB] 300 10 315
5 Storage [GB] 5000 150 50
6 l(\l)\riv [Bandwidth MB]- 5000 167 50
g\v/v [Bandwidth MB]- 1000 30 10
Backup for BCP [GB] 1000 33 11
9 Archlve for Data Protec- 500 165 55
tion
I
gee | tooe [
(1]} $ 8§ /ﬁ
E E Network : q
M Cluster VM Host ‘
VM Cluster with VM Host On- Premise and Public Cloud

Fig. 2: “YGCIS’ Methodology: Cloud Infrastructure Building.

The lab configuration requirement is unique to all On-premise ven-
dor and cloud vendor, it only differs in storage while using BCP
solution due to the requirement for fault tolerance. The requirement
remains same from initial stage to final stage of experiment built. It
meets the advance lab requirement where additional resources if re-
quired becomes a challenge or creates a critical condition.

5. TCO: using ‘YGCCS’ methodology for cost
effective approach

The cost effective approach for Total Cost Ownership [TCO] is
implemented using ‘YGCCS’ [YG-Cost Computing Solution]
framework as shown in Figure. 3. The framework consists of three
stages. The first stage is for building of TCO computing framework
using parameters such as core requirement, compute, storage,
network, and IT labor by collecting required information from
different enterprise and different vendors as shown in table. 2. The
second stage is for infrastructure testing for different vendor’s that
collect all the cost details and making different categories as per the
stage 1 and computing the cost as shown in Table. 3 and 4.

The last stage is predicting analysis obtained through stage 2 for cost
effectiveness by different computing methods as shown in Figure. 3.
Thus the result obtained by implementing ‘Y GCCS’ methodology is
cost effective or not needs to be well observed and computed.

Table 2: TCO Primary requirement details for On-premises and Cloud Ven-
dors
TCO Primary requirement details for On-premises and Cloud Vendors

Layer Components Type l Type Il
TCO- Basic / Advance Advance Advance
Currency- INR INR INR
Environment Type- On- . Coloca-
A - On-premises -
premises / Colocation tion
Core Re- R_eglon- [_)atacenter/ Ser- Asia Pacific A_s_la Pa-
quirement vice Provider cific
Workload Type- General General General
|/ Other
Manual Input Yes Yes
Servers [Physical Servers
/ Virtual Machines] h W
Compute- Service Cate-
gory [DB / Non DB] bl bl
Environment- Physical / One Region Multi Re-
VM Y gion
. Window
Operating System [Guest ~ Open-source 0S and
OS] (6F] Open-
source OS
VM's 100 100
T Virtualization- Hypervi- VMware / VMware,
P sor Xen KVM Hyper-V
Host-
Virtualization- Host Host- CPU, CPU,
Core & RAM  Core &
RAM
Cores 2t05 2t05
RAM [GB] 35 35
Optimization CPU &
[CPU/RAM] aui RAM
Storage Type [SAN,
NAS, Local Disk, Object, SAN SAN
BLOB]
Disk Type [HDD, SDD] HDD HDD
Capacity [Raw Storage] 50-65 65
100%
Storage Backup % 30-50% [Business
Continu-
ity] 10 TB
Archive 10-20% 40-60%
GRS Geo Redundant No Yes
Storage [Enable or Not]
Networking Bandwidth
W [On-premise] 1 Gbps 1 Gbps
Bandwidth [Datacenter
Bandwidth] 5 g 5 g
Burdened Annual Salary
[Administrator and Data-  Average Average
IT Labor center Staff]
m??ber of VMs per Ad- 200 200

Table 3: Type I- Open-source use: On-premises vs. Cloud vendors
Type |- Open-source use: On-premises Vs. Cloud Vendors
On-premises Vendors Cloud Vendors

S ggg Pa- Vendor 1 Vendor2 i Vendor1l  Vendor2

r p Cost [?] Cost [?] Cost [3] Cost [3]
rameters

PR [pep—— 22,552,47 39,912,20 ;2,743,84

2 Eﬁta CeN™ | 4532385 4,234,485 | 0 0

3 !\r'fgtwork' 16,420,735 3,265370 | 0 0

4 Storage | 9,454,058 54’749'08 3551054 6,466,046
ITlabor | 7,433,194 6,722,334 | 3,795591 3,765,761
Total cost 130,115,88 31,523,75 ';'7,258,84 22,975,65

Table 4: Type II- Proprietary Use and BCP: On-premises vs. Cloud Vendors
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Type II- P_roprietary use and BCP: On-premises Vs. Cloud Vendors Cost Eff(z\l‘}l TCO_open_source (1.. N)) =
TP TETI s Vaniers Cloud Vendor Min(E},; TCO_op(L..N)), Min(E},; TCO_cv(L..N)) 7
S Comp Pa- Vendorl  Vendor2 | Vendorl  Vendor2
" rameters | COStRl  CostR] | Cost[R]  Cost[3] Where TCO_open_source is Total Cost of ownership for Open-
1 Compute 32,708.86 29,61956 | 27,70159 source, TCO_op is TCO On-premise, TCO_cv is TCO Cloud
P 6 1 8 Vendor.
o Datcen- g 76405 4234485 | 0 0 y
ter Cost Eff(¥Y; TCO_prop_bcp (1..N)) =
g Newwork- i gss010 505200 | 0 12,180,76 Min (%Y, TCO_prop(1..N)), Min(E}, TCO_bep(1..N)) )
ing ’ ! 4 Vi _prop{l..N)), V1 _bcp(l..
29,279,74  26,070,30 16,965,97
o SEES 0 6 R Where TCO_prop_bcp is Total Cost of ownership for Proprietor
IT labor 159,233 130,008 58,865 600,000 and BCP (Business Continuity Plan).
Total cost 28‘562’25 80‘559’56 34‘721‘95 59‘746‘73 Cost Eff(z\l\}1 TCO_cost_effm (1.. N)) =

Buiding and Infrastructure testing for Analysis and cost
| Imolementation different vendors effective approach |

Stage 1 Stage 2 Stage 3

Fig. 3: “‘YGCCS’ Methodology Framework for cost Effective Approach in
TCO.

6. TCO cost computing: cost effective model

The following equations are required for analysis of cost computing
and to find the cost effective model for best solution for different
enterprises.

¥, COMPUTE = Y, HW(1..N) + I, SW(L..N) +
TN PW(1..N) + 3V, VIRT(1..N) 1)

Where V is vendor, HW is Hardware, SW is Software, PW is Power
and VIRT is Virtualization.

¥N DC=3Y, DCR1(1..N) + XN, DCR2(1..N) +
¥¥1DCR3(1..N) + X¥; DCR..N(1..N) @

Where DC is Datacenter, DCR1 is Datacenter Resource 1 and so on.

YN NW = ¥N NWR1(1..N) + 3N, NWR2(1..N) +
TV NWR3(1..N) + I, NWR..N(1..N) ®)

Where NW is Network, NWR1 is Network Resource 1 and so on.

YN ST = ¥N STR1(L..N) + XN, STR2(1..N) +
¥V, STR3(1..N) + £, STR..N(1..N) )

Where ST is Storage, STR1 is Storage Resource 1 and so on.

YN ITL = 3N, ITLR1(1..N) + Y&, ITLR2(1..N) +
Y3, ITLR3(1..N) + ¥, ITLR..N(1..N) )

Where ITL is IT Labor, ITLR1 is IT Labor Resource 1 and so on.
Min(XY; TCO(1..N)) = Min(Z}; COMPUTE(1..N)) +
Min(XY; DC(1..N)) + Min(Z), NW(1..N)) +

Min(Zy; ST(1..N)) + Min(X}, ITL(1..N)) (6)

Where TCO is Total Cost of ownership.

Cost Eff(z\l\}1 TCO_open_source (1.. N)),

Cost Eff(; TCO_prop_bep (1..N)) 9)
Where TCO_cost_effm is Total Cost of ownership for Cost Effec-
tive Model.

7. TCO result

7.1. On-premises

The On-premises infrastructure for different vendors is shown in
Fig. 4. Most of the software’s used are open-source software due to
which the change in cost parameter can be observed. The more cost
is observed at compute level that is compared to other computing
parameters in Fig. 4. Between two vendors 19% of difference is ob-
served in open-source and 10% of difference in proprietary vendors
in On-premises.

Type I- Open Source: On-Premises

140,000,000
120,000,000

100,000,000

80,000,000

60,000,000

TOTAL COST [%]

40,000,000 -

20,000,000

0

Compute Data Center | Networking storage Widor | Towlcost
| 130115881

| Bis23.75%0

{Isemme ienidor 4 Cost [2] | 82,275,509 4532385 [ 16820735 454,058 7433184

= Vendor 2 Cost (2] | 52,552,478 4,234 485 :

TCO COMPUTING PARAMETERS

3,265,370 14,743,083 6,722,334

Fig. 4: Type I- Open-source: On-premises.

Type II- Proprietary use and BCP: On-Premises
B D00 e

70,000,000 ¢

60,000,000
£ | //
50000000 //
8 40,000,000
2 1 /
£ 30,000,000 |
P /
20,000,000 | /\\ /
10,000,000
—
9 Compute Data center Networking Storage 7'|abor: Totafcost
1 e Vigridor 1 Cost [3] | 32,708,866 5476405 938010 20,279,740 159233 68,562,254
] Vendor 2 Cost [3]| 29,619,561 4,234,485 505,200 26,070,306 130008 60,559,560
TCO COMPUTING PARAMETERS

Fig. 5: Type II- Proprietary: On-premises.
7.2. Single cloud vendor

The single cloud vendor with parameter such as web direct, one
year reserved VM, and three years reserved are considered for
stakeholder or enterprise requirement as per performance and cost
computing as observed in Fig. 6 and 7. There are minor differences
between different cost computing parameters.
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Type I- Open Source: Cloud vendor 1

40,000,000
35,000,000 =
& 30,000,000 /
& 25000000 — // —
8 20,000,000 —
I
£ 15,000,000 - /_
10,000,000
5,000,000 ,\//
0
Computa Datacenter. | Networking Storage Tlabor Totalcost
e Wb direct cost 29,912,200 0 0 3,551,054 3,795,598 37,258,845
1Year Reserved VM 24721632 o 0 3551,054 1,265,197 32058,277
3 YearReserved 16,568,781 [ o 3,551,058 3,795,501 23,915,426
TCO COMPUTING PARAMETERS

Fig. 6: Type I- Open-source: Cloud Vendor.

Type II- Proprietary use and BCP: Cloud vendor 1

40,000,000
35,000,000 | 7
30,000,000
< | /y
& 25,000,000 | 77
g 20,000,000 +
z 1 \ / /
£ 15,000,000
4 1 \ ]/
10,000,000 + A\ 7
5,000,000 '+ \ — /
0 Compute: Data center Networking Storage ishac Total
‘Webdirect cost 27,701,558 o o 6,961,454 58,865 34,721,857
—— 1 YearReserved VM| 203542971 0 o 5,961,488 10622 27534,087
3 Year Reserved 13181934 o o 6,964,494 58,865 20202,293
TCO COMPUTING PARAMETERS

Fig. 7: Type Il- Proprietary: Cloud Vendor.

7.3. Cloud vendor

The cloud vendors play a vital role in cloud infrastructure by allo-
cating resources as per the requirement of the enterprise. There is
more cost requirement in compute in open-source and compute with

storage in proprietary use that is observed in Fig. 7 and 8.

Type I- Open Source: Cloud vendors

40,000,000
35,000,000 //
30,000,000 /

\

25,000,000

v
% 20,000,000
g
2

15,000,000

A\
S /

\

10,000,000
5,000,000
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Compute Data center Networking Storage mizbor Tofalcost
[———Vendor1cost| | 29912,200 o o 355,054 | 3795501 37,258,845
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TCO COMPUTING PARAMETERS

Fig. 8: Type I- Open-source: Cloud Vendors.
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Fig. 9: Type II- Proprietary: Cloud Vendors.

7.4. On-premises vs. cloud vendor

Type |- Open Source use: On-Premises Vs. Cloud Vendors
140,000,000
120,000,000 /
¥ 100,000,000 — %
= ~——On-Premises cost Vendor 1 Cost
280,000,000 — =
8
2 Q000000 —— On-Premises cost Vendor 2 Cost
| 8 40,000,000 &
| 20,000,000 Cloud Vendors cost Vendor 1
| 0 cost
| \S& _\q} o ’b@ 0°& o"k = Cloud Vendors cost Vendor 2
| N, SRR s G cost
| & & & 9 SN
| &
| TCO COMPUTING PARAMETERS
L

Fig. 10: Type I- Open-source: On-premises vs. Cloud Vendors.

Type Ii- Proprietary use and BCP: On-Premises Vs. Cloud Vendors
80,000,000
70,000,000
& 60,000,000
E 50,000,000 // | | = On-Premises cost Vendor 1 Cost
8 20,000,000 /| | Bl
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P 20,000,000 Z\ // | R
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(¢ & & 18
TCO COMPUTING PARAMETERS

Fig. 11: Type |- Proprietary: On-premises vs. Cloud Vendors.
7.5. Result cost effective solution

The TCO cost effective solution is obtained using “YGCCS’ is ob-
served in Fig. 12 is impactful. The 54% cost difference is observed
between Cloud vendors and On-premise vendors in open-source
category. The important result observed in Fig. 12 is cost effective-
ness impact for all TCO computing parameters is high. The paper
results to opt for cloud vendors for open-source environment that is
observed in Fig. 12.

12000
100.00
80,00
®
£ 6000
B
& a000
23
8
20,00
0.00
Compute | DataCenter Networking Storage iabor Total cost
Vendor 1Cost % 772 | 235 877 4091 708 1477
——— Vendor 2 Cost % 4748 | 1531 8185 781 1557 3368
——Vendor 1 Cost % 7008 | 10000 | 10000 | _ 7780 | 5255 | = soos
——Vendor2Gost % 7735 10000 10000 5958 5282 77.95
Type |- Open Source use: On-Premises Vs. Cloud vendors Cost Effectiveness

Fig. 12: Type I- Open-soUrce: On-premises vs. Cloud Vendors.

The observation for cost effective solution using “YGCCS’ in Fig.
13 is impactful. The 22% cost difference is observed between Cloud
vendors and On-premise vendors in Proprietary with BCP category.
Therefore the paper comes with the result is to opt for cloud vendors
for proprietary using BCP environment that is observed in Fig. 13.

The TCO difference observed between the On-premise and cloud
vendors results that the cost of Compute is more in On-premise and
compute with storage is more in proprietary as per observation
obtained. The cloud vendors such as vendor 1 and 2 are more
effective compare to On-premise vendors that is observed in Fig.
10. and 11.

120.00
100.00
80.00
*
E 60.00
£ 000
%
8
8
20.00
0.00 2
[ Compute Data center Networking Storage T fabor Total cost
————Vendor 1 Cost % | 654 872 9278 554 | 75.50 37.82
Vendor 2 Cost % 1537 29.42 9611 1590 73.99 47.36
Vendor 1 Cost % | 2085 100,00 100,00 7754 8094 7787
e Vendor 2 Cost%|  100.00 100.00 630 4527 7.69 5185
Type Ii- Proprietary use and BCP: On-Premises Vs. Cloud Vendors Cost Effectiveness

Fig. 13: Type |lI- Proprietary: On-premises vs. Cloud Vendors.
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8. Concluding remarks and future directions

The overall cost effective solution using “YGCCS’ methodology is
impactful by 38% for Cloud vendors that are compared to On-prem-
ise vendors. The cost effective framework and its implementation
is useful in building Cloud infrastructure towards cost effective so-
lution. The future research and its study will be compared with
hybrid cloud and multicloud infrastructure for finding effective
solutions as per different requirements and the needs under
enterprise.

References

[1]

[2]

B3]

(4]

[5]

[6]
[71

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

R. Moreno-Vozmediano, R. S. Montero and I. M. Llorente, "laaS
Cloud Architecture: From Virtualized Datacenters to Federated
Cloud Infrastructures", IEEE Explore in Computer, vol. 45, no. 12,
pp. 65-72, Dec. 2012. https://doi.org/10.1109/MC.2012.76.

B. Dong, Q. Zheng, J. Yang, H. Li and M. Qiao, "An E-learning
Ecosystem Based on Cloud Computing Infrastructure,” 2009 Ninth
IEEE International Conference on Advanced Learning
Technologies, Riga, pp. 125-1, 21, 2009.
https://doi.org/10.1109/ICALT.2009.21.

India’s technology opportunity: Transforming work, empowering
people, McKinsey Technology, Media, and Telecom Practice,
December 2012.

Yogesh Ghorpade, H.S.Acharya, “Data Mining Performance
Parameters of Client Machine Under a Flat Network and Subnetted
Network”.2nd National Conference on Data Mining. ISBN: 978-93-
82880-25-7, January 2013.

IDC Report, "Worldwide Public Cloud Services Spending Forecast",
20 FEB 2017.

Gartner Report, "Cloud Computing Enters its Second Decade",
January 30, 2017.

Yogesh Ghorpade, S. Ghorpade, T. Bennur, H.S.Acharya “Server
Virtualization, A Cost Effective and Green Computing Approach
Towards Educational Infrastructure Management”. International
Conference on Cloud Computing and Computer Science IRAJ.
ISBN: 978-81-927147-2-1, May 2013.

Yogesh Ghorpade, T. Bennur, H.S.Acharya, “Server Virtualization:
A Cost Effective Approach towards Educational Infrastructure
Management “.Checkmate 2013 - 4th Annual International
Conference-"Artha Satya“ ISSN 2231-0290, February 2013.

Youry Khmelevsky, Volodymyr Voytenko, “Cloud computing
infrastructure prototype for university education and research”,
Proceeding WCCCE Journal '10, Article no.8 New York, USA,
2010. 5 https://doi.org/10.1145/1806512.1806524.

Yogesh Ghorpade, Networking Textbook on “Data Communication
And Computer Network” Suyog Publication Pune ISBN: 978-93-
5137-573-9, Jan 2013.

Yogesh Ghorpade, M. Shaikh, H.S.Acharya, “Educational
Infrastructure Management: Paravirtualization in the classroom”.
Allana Management Journal of Research. ISSN 2231-0290, July-Dec
2012.

Yogesh Ghorpade, T. Bennur, H.S.Acharya, R. Kamatchi, “Server
Virtualization Implementation: An Experimental Study for Cost
Effective and Green Computing Approach towards Educational
Infrastructure Management”, International Journal of Computer
Science Trends and Technology (IJCST) — Volume 3 Issue 6, ISSN
2231-0290, Nov-Dec 2015.

Anjali Jain, U.S Pandey, "Role of Cloud Computing in Higher
Education”, International Journal of Advanced Research in
Computer Science and Software Engineering, Volume 3, Issue 7,
ISSN: 2277 128X, July 2013.

Hong-Linh Truong, Tran-Vu Pham, Nam Thoai, "Cloud Computing
for Education and Research in Developing Countries”, IGI Global,
https://doi.org/10.4018/978-1-4666-0957-0.ch005.

Kiran Yadav, "Role of Cloud Computing in Education",
International Journal of Innovative Research in Computer and
Communication Engineering, ISSN(Online): 2320-9801, Vol. 2,
Issue 2, February 2014.

Mohamed K. Watfa, Vincent A. Udoh and Said M. Al Abdulsalam,
"An Educational Virtualization Infrastructure”, Springer: Cloud
computing  6th International ~Conference, Cloud Comp,
springer.com/978-3-319-38903-5, 2015.

BV Pranay kumar, Sumitha kommareddy, N.Uma Rani, "Effective
ways Cloud Computing can contribute To Education success",

Advanced Computing: An International Journal (ACI ), Vol.4,
No.4, July 2013.

[18] “Predictions 2016: Automation Drives Growth,” by Forrester

Research, November 2015.


https://doi.org/10.1109/MC.2012.76
https://doi.org/10.1109/ICALT.2009.21
https://doi.org/10.1145/1806512.1806524
https://doi.org/10.4018/978-1-4666-0957-0.ch005

