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Abstract
Recently, the issue of scalability and cost due to the rapid increase of user requests in the cloud platform environment has been
highlighted. In this paper, we propose a provisioning method that distributes and allocates user request to system in real time in
order to maximize resource utilization and minimize cost. The concept of FaaS (Function as a Service), which is a concept of cloud
platform service, is attracting new attention, and serverless micro service for this is attracting attention. We consider cost-efficient
resource allocation algorithm for serverless micro services for FaaS, which is one of cloud platform service concept, considering
characteristics of users request task is very irregular and unpredictable in cloud platform environment. To do this, we propose a
method that focuses on reducing system operation cost by applying on - line dynamic bin packing, which is a variant of well - known
bin packing method among existing job scheduling algorithms. And we analyze the lower and upper bounds of the competitive ratio
for the proposed technique through the analysis of the approximation algorithm, and finally try to evaluate the competitive ratio of
the proposed scheme.
Keywords
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So there are various practical difficulties in predicting and
preparing users' demands in a cloud environment in which a
service corresponding to the user needs to be provided in real
time. Providing resources according to the needs of these users
is called as automatic provisioning.
The proposed scheme can be classified into 'Resource Management
Aware Provisioning' based on 'Autonomic Architectures'. In
addition, load balancing can be achieved through virtual resource
migration in a cloud computing environment. However, a migration
method that does not consider the cost of migration or searching for
a resource suitable for a service type may reduce the availability,
In this case, delays or errors in cloud platform service processing
may occur, so care must be taken.[2]
As such, Automatic provisioning, which can save costs and improve
the user's convenience than existing computing environments.
In particular, this paper is a study on how to efficiently process
requests of users with high fluctuation characteristics through
cloud platform service. Existing researches related to this have
focused mainly on how to efficiently provide various applications
on the cloud platform in general terms. On the other hand, we
propose provisioning based on an online bin packing algorithm
to allocate a large number of user requests with a goal to obtain
minimum system maintenance cost with a minimum system
processing time in real time
In other word, we propose a method to reduce the number of empty
bottlenecks for packing. And we analyze our online dynamic bin
packing algorithm to solve the problem of having a minimal
processing cost by analyzing cost in consideration of a relatively
small size user request operation in a more resource - oriented
manner.
In order to do so, we use the system modeling and the competitive
analysis to find the upper bound of the competitive ratio, which
is the ratio of the cost of the proposed algorithm to the cost of
the proposed algorithm and a lower bound. Through the system
modeling, we conduct the experiment with the theoretical value
which is competitive ratio.

I. Introduction
Recently, FaaS (Function as a Service), a new type of cloud
platform service, has been introduced to solve the problem of
increase in maintenance cost of cloud platform, which is becoming
an increasingly important research issue, which has been caused by
the existing cloud platform service. For example, popular service
providers (eg, Amazon, Google, and MS) now offer FaaS, named
Serverless Micro-Service, to users for more flexible scalability
and cost savings. The service provider, which currently offers a
variety of public cloud platform services, is providing users with
services based on FaaS starting in 2014. For example, Amazon
supports Lambda, and Google and Microsoft provide Google
Function and Azure Function.[1]
In other words, it's actually possible to pay only what users
are using, which is an ideal goal when cloud computing is first
proposed. In the past, we had set up a virtual machine environment
somewhat more commonly than the actual required system
resources. But with serverless micro-service, users can reduce
the need for unnecessary resources and service providers can
lower the cost of maintaining the cloud platform service.
In this paper, we propose a new approach to solve the NP-hard
problem in order to deal with numerous micro-operations in the
FaaS cloud platform service environment. We propose a task
allocation scheme using online dynamic bin packing algorithm.
In addition, existing studies that apply the modified packing
technique focus on cost reduction through detailed cost-based
modeling while processing micro-operation requests in real-time,
compared to resource utilization.
In the cloud computing environment, cloud service providers(SP)
and users enter into a kind of agreement called service level
agreement (SLA). The goal of resource management is to
dynamically allocate resources that satisfy the negotiated
SLAs to tasks that the user requests. However, since the cloud
provider's available resources are virtualized, they can be changed
dynamically, and the user's needs to use the resources are very
diverse. Therefore, there is a need for a task allocation algorithm
that enables automatic and intelligent resource allocation based
on the SLA determined through negotiation between the service
provider and the user.
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with the online static bin packing model, item movement between
bins is not allowed, and the difference is that item rearrangement
within the bin is allowed.

II. Related Work
A. Online bin packing
The classical packing problem is a matter of putting several items in
a bin under certain constraints. One of the very classic optimization
problems is that there are a lot of variations depending on the
specific application. In the most basic packing problem, each
item is represented by a single scalar value, and all bins have a
fixed capacity. The sum of the items accommodated in each bin
can’t exceed the capacity of the bin, and the goal is to determine
the minimum number of bins needed to accommodate all the
items. In the field of computer system, it is used as an algorithm
to solve problems such as parallel task scheduling and resource
assignment problem.
In addition, the packing problem is known to be an NP-hard
problem. Only heuristic methods are the way to get accurate
answers to these problems. In theory, it is possible to know the
number of correct bins by a single execution of finite size and
number of items and bins. However, it is a theoretically possible,
and practically impossible, method that requires a great deal of
time. For this reason, research related to the packing problem
has been directed toward finding an approximation algorithm
that can find a value close to the optimal solution in a reasonable
amount of time.
A typical offline bin packing scheme is (First Fit)FF, (Next Fit)
NF, (Best Fit)BF, and (Worst Fit)WF. it refers to a technique of
packing all the items to be packed into a minimum number of
bins in a finite time while being sequentially inputted in a given
state. On the other hand, the online version of the bin packing
problem reflects more realistic scenarios rather than being given
one at a time.
Since the input is determined very unpredictably and arbitrarily,
not the fixed input, it is necessary to determine the placement of
the item at each point in time. Because of this nature, decisions
that have already been processed can’t be undone, which affects
the overall cost of the overall algorithm. Also, the dynamic version
of the online version, which will be mainly discussed in this paper,
additionally considers the departure of items at any time. This is a
more realistic model and is suitable for solving dynamic allocation
problems of computer resources (memory, storage).
FF, NF, BF and WF, which are offline bin packing algorithms, are
used as the existing algorithms for solving the online bin packing
problem. However, since the environment for inputting items is
different, FFD (First Fir Decreasing) applied to FF can’t be used
among offline blank packing methods. This is because the FFD
is required to sort the input items in the reverse order of size,
because in the online bin packing environment, information on
all the items inputted can’t be known.
In addition, a number of studies have been conducted on online
bin packing algorithms, and a study published in 2012 assumes
that any on-line bin packing algorithm has a general precondition,
the competitive ratio can’t be less than 1.54037.[3]
To sum up, online dynamic bin packing model exists assuming
that a bin of unit size is provided infinitely, an item arrives at an
arbitrary time, is allocated to a bin for a certain period of time,
and can start at an arbitrary time. The item size and arrival time
can be known only when the item arrives. Also, the sum of the
sizes of the allocated items of the bin should not always exceed
the capacity of the bin. The goal of solving the online dynamic
bin packing problem is to minimize the maximum number of bins
used all the time while satisfying all of the above conditions. As
© 2013, IJARCST All Rights Reserved
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B. Provisioning
In a cloud environment, service providers need to manage virtual
machines (VMs) to maximize their benefits and provide quality of
service (QoS) to their users. In this paper, we propose an optimal
resource allocation method considering various criteria such as
SLA, resource utilization, and types of user work requests to be
processed.
First, based on price, there is an advanced cost-based scheduling
[4] to efficiently map work on available resources. This research
measures the resource cost and computational performance of the
system and improves computation / communication ratios and
assigns them to the system through grouping of users according to
the processing capability of a specific cloud resource. In addition,
the framework FlexPrice [5] provides users with a variety of
pricing in terms of price and execution time, giving users the
flexibility to meet their needs by scheduling work according to a
user-selected quote. These studies have been conducted only in
terms of economic transactions and benefits between users and
service providers, so further research on the maintenance costs
of actual cloud platform services is needed.
The existing research on resource management has an adaptive
resource allocation scheme considering Burst-Workload in order
to maintain performance balance satisfying the SLA proposed by
Tai, J. Zhang, J. Li, J. Meleis, and W. Mi. [6] The proposed scheme
uses two states of Markovian Modulated Poisson Process(MMPP)
and allocates the task to the system according to the load without
burstiness, strong burst and normal, level.
There is also research on a combination auction-based mechanism
[7] for consumption, operating costs and carbon savings. This
technique is an algorithm for winner (user) determination and
payment calculation based on a linear relaxation based randomized
algorithm and a greedy algorithm. Likewise, the above studies
basically considered only the total number of operating cloud
data centers and resource utilization, so more detailed system
maintenance costs need to research
III. Proposed Scheme
A. Minimun Usage Dynamic Packing
As the cloud platform environment becomes more popular, the
need to expedite applications to meet exponentially growing user
demands will become increasingly important. It is also necessary
to reduce the costs associated with service-related tasks other
than immediate service-related work among service provider (SP)
service users, so a more detailed analysis of costs is necessary.
As mentioned, we propose a new method to handle user task
requests of a certain size or less in the cloud platform system in
terms of cost, unlike the conventional method that focuses on
finding the minimum number of bins based on the concept of online
bin packing. (Modified First Fit) algorithm, MUDP (Minimum
Usage Dynamic Packing (MUDP)), which is a modified First Fit
(MFF) algorithm
Also. Approximation algorithm for the minimum usage cost
obtained by the proposed method. Approximate solution to the
optimal solution is obtained through the problem solving method,
and the upper limit and the lower limit for the optimal solution
are mathematically proved.
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Table. 1 : MUDP Algorithm
Minimum Usage Dynamic Bin Packing Algorithm
1: for All itemArray[i] = 0.1, 0.2, .... , m do
2: for All binArray[j] = 1, 2, .... , n do
3: if ( itemsize + bin_level <= 1 )
4:
Pack item i in bin j.
5:
Break the loop and pack the next item.
6: end if
7: end for
8: if ( itemsize+bin_level > 1 )
9:
Open new bin(n+1 index) and pack item i.
10: end if
11: for All binArray[j] = 1, 2, .... , n do
12: if ( bin_level == 0 )
13:
Close j index bin
14: end if
15: end for
16: end for

Also, satisfying the following condition is expressed by the time
length of the total union of the time when the user requested job
is processed.

it is aimed to minimize the total system maintenance cost by
allocating the entire user request work to the system over time.
Below is the formula for total system maintenance cost.

Generally, in the existing bin packing theory, it is assumed that all
bins are open, that is, a certain number of bins are open without
assuming a standby state to receive an item. Item insertion decision
method is the same as existing First Fit. However, there are some
modification.

The performance of the online bin packing algorithm is generally
measured by the competitive ratio, which is considered as an
important criterion for evaluating the performance of the
approximation algorithm. The approximate algorithm is an
algorithm for solving NP-Complete or NP-Hard optimization
problems during polynomial time. It is an offline-based algorithm
that is often used to obtain an approximate solution in terms of
problem cost and time complexity. The competitive ratio, which is
the most important criterion in the approximation algorithm, is the
ratio of the value of the approximate solution to the value of the
optimal solution. This is expressed by the following equation.

•Modified First Fit : one or more open bins that can accommodate
the current item, places the item in the lowest-indexed open bin
that has room for it. and the bin used for item allocation is empty,
all items deleted at the specific time, the bin is not idle to wait for
the item to be allocated just close the bin as so saving the cost.
B. Preliminaries
According to the notations, each component has the following
relationship. The system resource requirement (maintenance cost)
to process the user request operation is defined as follows.

Competitive Ratio was introduced in the concept of competitive
analysis. Competitor analysis was introduced by Sleator and Tarjan
[8] to compare and measure the performance of the worst case
of online algorithm compared to the existing offline algorithm.
That is, the offline algorithm, knowing the entire input in advance,
can calculate the optimal solution for a given problem. The
computational complexity to find the optimal solution can be
very high and the optimal algorithm can’t be explicitly known,
but the minimum cost of the solution can be shown through a
comparison of performance
If there is a constant such that the online algorithm is for arbitrary
input for cost minimization problem, it is said that it is competitive
with the optimal off-line algorithm. Where and represents the cost
of the solution to the input and is a constant. In order to define
the MUDP algorithm competition ratio, the optimal cost that can
be processed by the offline algorithm considering Worst-Case is
defined as follows at a specific time t for the entire list of user
request work.

Table. 2 : Key Notations

Based on the above, we define the competitive ratio of the MUDP
algorithm as follows. The total cost(time) to process the entire
user request operation through the algorithm is less than or equal
to the optimal cost(time) to process all user requested operations
multiplied by a constant value. Here it is a constant and the
algorithm is said to be bounded.
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As can be seen in Fig 1, since the user task request comes in, it
always knows that the k bins is used to process the user request
task. Since the total cost of processing is the sum of the total used
bin size multiply user request processing time, the total cost of
the algorithm is:

IV. Competitive Analysis of MUDP
A. Lower Bound

We can see that the optimal cost of the algorithm can be allocated
to one bin as shown in Fig 1. In addition, since it has a very small
item size, it is summarized as follows.

The above is the ratio of the length of the user requested job
processing time that requires the longest processing time
compared with the length of the user requested job processing
time which requires the shortest processing time among all the
user requests.
Theorem 1. Algorithm (proposed Algorithm in this paper
Modified First Fit Packing criterion) has at least lower bound is

The competition ratio of the algorithm can be obtained by
dividing the total cost as defined above by the optimized cost.
The competitive ratio can be seen from the above formula as
follows.

To prove the above theorem 1, first define the minimum processing
time length of the user request operation. Also, according to the
definition above, the maximum processing time length of the
user request operation is . It is also assumed that the following
integer has the following condition.
		
Proof. Fig 1, it is assumed that At time 0, let
items of size
1/k arrive. it needs to open k bins to pack these items. Then, let
one item depart from each open bin at time . Next time period,
let k items of size 1/k arrive. It is easy to see that each of the k
new items will be assigned to a different bin. After that, let all the
“old” items (i.e., the items arrived at time 0) leave the system at
next period(third period). At last period, all the remaining items
leave the system

The right side of the above formula is summarized as follows.

It is shown that the proposed algorithm has a minimum value.
That is, the lower bound value of the competition ratio of the
MUDP algorithm is.
B. Upper Bound
First, it is assumed that only a small job having a size of a user work
request is smaller than a certain size. The following is an additional
definition of user request size and processing time for the analysis
of the upper bound on the competitive ratio.

: The resources allocated to each m bins are assigned to the
user task request R in the first-fit manner, and the processing time
(Usage period of bin)
: The start and end of processing time when a user task
request utilizes resources in each bin
For the total cost of processing user work requests
, define the following for user request work processing time:

Fig 1 : levels by a Modified algorithm.
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Theorem 4. If
satisfies.

: User requests inserted by Modified First Fit
In this paper, the size of the bin is assumed to be 1.

exists for all i,

is always

Based on the definition above, it can be seen that at least one user
request is processed in each bin.
In addition, since this research is based on Online Dynamic Bin
Packing, we consider the start time and end time of the user request
operation according to the definition in order to examine the total
cost. Likewise, for more sophisticated system modeling, there
are start and end times for actual user request tasks arriving at
the system and assigned to them. Therefore, we want to add the
definition as follows and draw additional theorem through it.
: The time at which the first new user request is assigned to
during
is defined as a reference time point.

In order to get the total system maintenance cost, it is first necessary
to analyze in detail the time that the user request operation is
processed. To do this, add the following definition.
: Before using new bin, the time point, which all of the available
capacity has been filled and the use of the bin has been closed

Theorem 5. It is
Fit algorithm works.

in each

Theorem 6. It is

depending on how the First
in each

.

Theorems 5. and 6. can be used to infer the following lemma 1.
Lemma 1. if i > 1, each
h < i and
.

Fig 2 : example of usage period
, : If you divide by
according to it.

it becomes a quotient

and a remainder

has at least one bin(bn) that satisfies

Proof. Assuming that all bh(h < i) are
in the reverse
of lemma 1, then the case
occurs. That is, the case of
occurs, which is contradictory to the fact that it was
defined earlier, so Lemma 2 is true.

The above definitions are summarized in the following
equations

We will define in more detail the virtual processing time for the
virtual bin and its internal processing time to calculate the related
work processing cost through modeling the work assigned to the
corresponding a upon arrival at the system.
Defines a virtual bin that has allocated the most recent
user request operation during .

(1)
For the detailed analysis, we summarize as follows. , We divide
each of them into unit time of the following constant size .+1)

:

Defines

is processed during

a

virtual time period during
which a user request operation
to
.

In order to make it easier to understand what is defined above,
we have shown in detail Fig. 4.

Fig 3 : Example of division and combination of unit time
As theorem can be seen from the above Fig. 3, we can see that
this holds true
Theorem 2. It is always satisfied with
for all i, j.
Theorem 3. It is always satisfied with
all i, j
.
www.ijarcst.com
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In addition, since the processing time must be at least , the
processing cost (resource usage) of the user work request assigned
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to is defined as follows.
(2)
If the p*, which is the time to allocate each item to the bin, overlaps,
that is, when the allocation occurs in the same time zone, it is
processed simultaneously on the system. The conditions under
which this occurs are as shown in Fig 4. The two overlapping
conditions belonging to each bin are
and
< at the same time. Based on this, the following lemma 2 can
be deduced.

We can divide both sides of the above equation by OPTtotal (R)
and summarize as follows.

Lemma 2. If
. and
are completely separated in time, but
there is overlapping time(
between
and the
associated
with
, the following conditions are always satisfied.

Thus, the upper bound of the MUDP algorithm competition ratio
( ) is

Proof. It is assumed that
and
are known by
theorem 4, let’s suppose the opposite case of
< .
and assume that
overlap each other. This indicates that
is conflict with
. So we
knows
Since this is a non-overlapping condition,
it must be true.
Lemma 3. In all bi to
hours at a particular time. There
are at most two s.

is smaller than

.

V. Experiment
Through experiments, we analyze the performance of the algorithm
by comparing the experimental results and the results that were
introduced in the previous research. In this paper, We will focus
on whether it shows performance.
A. Experimental Setup
Table. 3 : Simulation of H/W Environment

Proof. Suppose that there are
where overlap occurs
where g > k > j > i is formed. In addition, it can be seen that
all user requests require the minimum processing time, and that
+ and
+ are established by the
above-mentioned
. It can be seen that
+ is
defined by
. Therefore, it proves that the above theorems
are true because there are differences over

H/W
Element
CPU
MEM
HDD
LAN

If we rearrange equation (1) based on theorem 2., we can deduce
the following equation.

Spec
Intel XEON 2.4 Ghz
DDR3 128Gb
3TB
1000M

Table. 4 : Simulation of S/W Environment
S/W
Element
Host OS
Guest OS
Language

Spec
Citrix XenServer 7.0
Ubuntu 14.04(Kernel 3.2.0)
C++

Similarly, for various user task sizes allocated to the system, an
arbitrary integer is generated by the following equation, and then
the rule is normalized and inserted into the bin (the values Upper
and Lower are integers between 1 and 100 Value.)

As mentioned above in Equation (2), if each of the user request
unit processing time minimum processing time is recalled, there
is a maximum of two p* by applying the lemma 3. just mentioned
to the condition that the processing cost is at least
Assuming that the overlap occurs, the system processing cost used
in the overlaying is considered as one sum cost, and is summarized
in the following equation.

© 2013, IJARCST All Rights Reserved

when the size of the user task request

In addition, although the sizes of the items are different, the total
sum of the sizes of the items must be the same. This is because it
is possible to objectively compare the performance measurement
results of each algorithm by inputting items of various sizes by
setting the total sum of the sizes to be the same.
In order to fit the online dynamic bin packing model, an arbitrary
item is removed from each bin randomly for each 2k+1(k > 1)
th
Loop searching the entire array. For the modified operating
42
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condition of the MFF proposed in this paper If all the items that
existed in the bin used for the allocation in the corresponding
loop are left after the operation, the corresponding bin is removed
without consideration for packing the new item. (Array index
exception processing)
B. Analysis of existing techniques and MUDP
We attempted to obtain the average of the results of the competition
ratio by performing 1000 runs under the assumption that 50, 100,
and 1000 requests of the job size are sequentially received. In
addition, when the size of the action request is smaller than a
specific size, we divided into 4 types. Also, we tried to find the
worst case among the experimental values in each case.
The competitive ratio value of the online dynamic bin packing
model obtained from this experiment is the average value of
(current bin index value bin capacity / sum of item size) after
1000 runs.
Table 5,6,7 show the difference between the existing first blank
packing first fit according to the item size and the modified first fit
(modified) focused on cost efficiency Comparisons of competitive
ratio and their outcomes.
Table. 5 : Experimental results on First Fit(Item number: 50)

Table. 6 : Experimental results on First Fit(Item number: 100)

Table. 7 : Experimental results on First Fit(Item number: 100)

there is a slight increase in the competition ratio and the worst
value compared with the existing technique, but it is not a big
difference. That is, it can be seen that the modified condition does
not have a great influence on the optimization.
Also, Worst-case tends to appear as the item size is small and the
number of inputs is small. Through the above experiment, it can
be seen that the number of users requesting work in the cloud
platform environment assumed by this paper is lower than the
competition rate proved by the existing theory.
VI. Conclusions
In addition to Infrastructure as a Service (IaaS), Platform as a
Service (PaaS), and Software as a Service (SaaS), the concept
of Function as a Service (FaaS) has recently received renewed
attention. This refers to a service that processes individual user
request operations in a small unit of function rather than in a virtual
machine unit as in the conventional method. In other words, it is
necessary to study how to efficiently allocate many different very
small units of work for such serverless micro services.
In this paper, we study the characteristics of users request task in
the cloud platform environment is very irregular and unpredictable
in time, and a cost - effective resource allocation algorithm for
serverless micro services for FaaS, one of the concepts of cloud
platform service. We propose a technique to reduce system
operation cost by applying on - line dynamic bin packing, which
is a variant of well - known bin packing method among existing
job scheduling algorithms. In other words, if the existing bin
packing method aims to utilize the minimum bin, the proposed
method is a provisioning method that considers a more costly
aspect by minimizing the time of using the system infrastructure. In
addition, we analyze the competitive ratio of the proposed method
through the detailed system modeling and the analysis method of
the approximate algorithm for the user requested work time.
And we perform a basic experiment to measure the performance
of MUDP and the existing on-line bin packing algorithm. The
performance of the MUDP algorithm is analyzed through
comparative analysis of the competition ratio values that have
been proven in previous studies. It can be seen that, as in the
actual cloud platform service environment, as the number of user
work requests (items) is more than a certain number and the range
of the item size is smaller, it converges to the ideal competition
value 1.
As a further of this research, we propose a homogeneous system
based on the assumption that all bins have the same size and
capacity. Therefore, we propose a more general algorithm by
modifying the proposed algorithm for a heterogeneous system
environment. It is necessary to develop. We also investigate
the upper bound and the lower bound of the proposed MUDP
algorithm through a more detailed analysis.
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