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Abstract: With the increasing popularity of microservice architecture, there is a growing need to deploy
service-based applications efficiently in cloud environments. Traditional cluster schedulers often fail to
optimize service placement adequately, as they only consider resource constraints and overlook traffic
demands between services. This oversight can lead to performance issues such as high response times and
Jjitter. To address this challenge, we propose a novel approach to optimize the placement of service-based
applications in clouds. Our approach involves partitioning the application into segments while minimizing
overall traffic between them, and then strategically allocating these segments to machines based on their
resource and traffic demands. We have developed a prototype scheduler and conducted extensive
experiments on test bed clusters to evaluate its performance. The results demonstrate that our approach
surpasses existing container cluster schedulers and heuristic methods, significantly reducing overall inter-
machine traffic and improving application performance.
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L. INTRODUCTION
Microservice architecture is a relatively recent trend that is rapidly gaining popularity in the field of application
development. The architecture in question is gaining popularity dueto the fact that it improves the overall scalability
and robustness of the system, it reduces complexity by making use of lightweight and modular services and provides
flexibility to embrace a wide range of technologies. A strategy for designing a single application as a collection of small
services, each of which operates in its own process and communicates with lightweight mechanisms (for example,
HTTP resource API), is referred to as the microservice architectural style. This is according to the definition of
microservices, which can be found at https://martinfowler.com/tags/microservices.html. As a result, the application is
made up of a number of services, which are referred to as service-based applications. These services collaborate with
one another to deliver intricate functionality. A significant number of developers have the intention of transforming old
monolithic programs into service-based applications. This is because of the benefits that microservices architecture will
provide. For example, an application for online shopping may be essentially segmented into product service, cart
service, and order service. This configuration has the potential to significantly enhance the application's productivity,
agility, and resilience. On the other hand, it also presents difficulties. When setting up a cloud-based service-based
application, the scheduler has to carefully plan when each service, which may have different resource needs, will run on
each of the distributed compute groups. Also, the network connection between the different services needs to be well
managed, since the way they talk to each other has a big effect on the quality of service (for example, how fast a service
responds). Because of this, it is becoming more and more important to make sure that service-based applications work
the way they should, especially when it comes to how well the networks between the services work.
A lot of complicated, distributed services are used in service-based applications, which usually need more computing
power than a single machine can provide. A group of connected computers or cloud computing platforms are often used
to run service-based apps. An example of one of these platforms is Amazon Elastic Compute Cloud (EC2), which can
be found at https://aws.amazon.com, Microsoft Azure, which can be found at https://azurgsaterqsoft.com, or Google
Cloud Platform, which can be found at https://cloud.google.com. What's more, contai / )
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cuttingedge technology that effectively hides the running environments of software components and services. This
makes it much easier to move apps between cloud environments and makes them work better. In order to successfully
install a service-based application in the cloud, it is necessary to take into consideration a total of numerous crucial
criteria. To begin, the application's services frequently have a variety of resource requirements, including those for the
central processing unit (CPU), memory, and disk space. At the same time as it is responsible for providing unified
functionalities, the underlying machine must guarantee that there are sufficient resources to execute each service. It is
difficult to allocate resources to each service in an efficient manner, and the difficulty of this task increases when the
cluster is comprised of computers that are different from one another. Second, the application's services frequently have
traffic needs among them as a result of data exchange, which necessitates careful handling of the situation. As a result
of the fact that the response time of a service is directly influenced by the traffic condition associated with that service,
poor management of the traffic needs can result in severe performance degradation. Taking into account the traffic
demands, a solution that is obvious is to place the services that have big traffic demands among them on the same
machine. This can accomplish intra-machine communication and limit the amount of traffic that occurs between
machines. Nevertheless, due to the limited resource capacity of the computer, it is not possible to co-locate all of these
services on each other. Therefore, the placement of applications that are dependent on services is extremely hard in
cloud environments. Cluster schedulers are required to properly position each service of a service-based application in
relation to the resource demands and traffic demands of the application in order to achieve the desired level of
performance for the application.
Over the last decade, the number of public cloud providers has increased significantly. It is now possible to rent
resources located in one or more data-center. Such an infrastructure can satisfy the needs of a large number of users, but
it does have the downside that data must be moved (and often stored) in these shared data-centers, raising doubts about
the privacy of the data and, potentially, its ownership (for instance, in the case of providers going out of business).
Data-centers are not alone in taking advantage of technological progress: user devices, including personal computer and
set-top boxes, have ever increasing computing and storage capabilities. Computer networks offer higher data rates to
the wider public, with the spread of Fiber to the Home (FTTH) solutions and high speed wireless networks. Thanks to
all this, it is conceivable for the devices hosted on the user premises to offer services to their owners, even remotely.
Such a solution has the added advantage of addressing the data privacy and ownership issues mentioned above. An
obvious shortcoming of such an approach is that it introduces two single points of failures, namely the user device and
the corresponding network connection.
Either one can fail, rendering the service unavailable remotely. While modern hardware is reasonably reliable, such a
solution is no match for the public cloud providers that can offer highly available services thanks to their redundant
infrastructure. A possible solution to overcome these limitations is for several users to cooperate, by pooling their
individual resources to form a larger (redundant) system. A few devices (for instance between 10 and 20) can already
be enough to significantly increase the availability and, potentially, the performance with respect to a single device. As
an example, let us consider a sport club, whose members would like to share pictures and other materials related to the
club activities. One member decides to use the storage space available on one of his devices connected at home to let
other members store and retrieve their photos. When comparing this solution with the service provided by a public
platform, two limitations stand out. First, as these devices are provisioned for individual usage, they might not have
enough local resources (CPU, storage, network) for a larger number of users. In our example, the storage space and the
residential network will become bottlenecks as members of the club are uploading and browsing more photos. The
second limitation comes from the lower availability of these on-premise devices. The photo-sharing storage will be
unavailable anytime the device is powered off or experiencing a network outage. If multiple members of the sport club
are willing to share their devices and network connectivity, they could significantly improve the situation, provided
they have a large enough variety of network providers and usage patterns. Extended functionalities like generating
thumbnails and presenting them in a web gallery can be offered to the community as the different devices contribute to
the application with their computing and networking resources. Members of the community will fully benefit from the
cooperation between the devices as the application can be distributed over these devices. Many frameworks for
me[6], Nebulas[4],
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top of the user provided devices where applications embedded inside virtual machines can be deployed and managed
the same way as in a data-center. Such solutions however tends to be complex as they have to adapt to devices and
networks which are much more heterogeneous and with a lower availability rate than the infrastructure of a data-center

II. PROBLEM STATEMENT
The problem addressed in this paper is the suboptimal placement of service-based applications in microservice
architectures within cloud environments. Traditional cluster schedulers often overlook the intricate balance between
resource constraints and traffic demands between services, resulting in performance inefficiencies like high response
times and jitter. To enhance system efficiency and scalability, there is a critical need to minimize inter-machine
communication overhead while strategically allocating services based on their resource requirements and traffic
patterns. This paper aims to tackle these challenges by proposing novel partition and packing algorithms to optimize
resource allocation and reduce communication overhead, ultimately improving the overall performance of service-
based applications in cloud environments.
Table 1. Notation and Description.

Notation | Description

M Set of heterogeneous machines in the cluster: M={m1,m2,....mM}

M Number of machines: (M =

R Set of resource types: R={r1,r2,...,rR}

R Number of resource types: (R =

Vi Vector of available resources on machine Vi=(v1i,v2i,...,vRi)

vji Amount of resource 7j available on machine mi

S A service-based application composed of a set of services:
S={s1,s2,....sN}

N Number of services in the application: (N =

Di Vector of resource demands of service
Di=(d1i,d2i,...,dRi)

dji Amount of resource 7; that service si demands

T Matrix of communication traffic between services:
T=[tifIN*N

tij Traffic rate from service si to service sj

X A placement solution:

X=[xij]N*xM, where xij=1 if service si is placed on machine mj, otherwise 0xij=0

III. MODEL DESCRIPTION
In our model, we consider a cloud computer cluster composed of a set of heterogeneous machines M={ml,m2,...,my; },
where IM=|M]| is the number of machines. We also consider R types of resources R={r,r,,...,rx} available on each
machine, such as CPU, memory, and disk. For each machine m;, we represent its available resources as a vector)
Vi=(v1i,v2i,...,vRi),

Wher eVjigenotes the amount of resource rjavailable on machine m;.

In the Infrastructure as a Service (IaaS) or Container as a Service (e.g., Amazon ECS) models, users specify the
resource demands of virtual machines (VMs) or containers when submitting deployment requests. Thus, the resource
demands are known upon the arrival of service requests. We consider a service-based application composed of a set of
services S={s;,S,,...,Sn} to be deployed on the cluster, where |[N=|S]| is the number of services. For service si, we
represent its resource demands as a vector Di=(d,;,d;,...,dr;), Where dj; denotes the amount of resource r; that service s;
demands. We denote the traffic between services as a matrix T=[t;]NxN, where t; represents the traffic rate from

x;=1; otherwise, x;;=0.
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To achieve the desired performance of service-based applications, our objective is to minimize the overall traffic
between services placed on different machines while considering their multi-resource demands. This objective is crucial
because network performance directly influences the overall performance of data-intensive services, especially when
frequent data transfers occur between services. Given the traffic situation, our goal is to minimize inter-machine traffic
by strategically placing services to mitigate network latency or congestion. Although placing services with high traffic
rates on the same machine can improve network performance, resource constraints limit the feasibility of this approach.
Therefore, we aim to find a placement solution that minimizes the overall traffic between services placed on different
machines while satisfying their resource demands. We formulate our objective as follows: Minimize the sum of the
traffic rates between pairs of services placed on different machines:

HvD)y D ) 224=1,q/p tij. xip.xjq
Subject to the following constraints:
Each service must be placed on exactly one machine:
Yihixij =1 1(Vie{l2...,N})

The resource demands of services placed on a machine must not exceed its resource capacities:
N

inj- dki < vkj (vj € {1,2,...,M},Vk € {1,2,...,R})
i=1
Binary decision variables for service placement:
x;€{0,1}(Vie{1,2,...,N},VjE{1,2,... ., M})
This objective seeks to minimize the overall traffic between services on different machines while ensuring that each
service is placed on a machine that can satisfy its resource demands.

Placement Algorithm

In this section, they will discuss the algorithms that we have designed and proposed for this study. The purpose of our
algorithms is to locate a placement solution that will minimize the amount of traffic that occurs between machines
while simultaneously satisfying the requirements of many resources. (1) Application partitioning based on contraction
methods, (2) heuristic packing with traffic awareness, and (3) placement finding with threshold adjustment are the three
principal components that comprise the design of our methodology.

Application Partition

To begin by normalizing the quantity of accessible resources on machines and the resources that services demand to be
a fraction of the maximum ones. This is done in order to accomplish the goal of making the values of various resources
similar to one another and easy to manage. It is our understanding that the term vmax—j refers to the greatest quantity of
resources 1j that are accessible on a system.

v i = max (vj)
T T geian, M AL

Then the vector V; of available resources on machine m; and the vector D; of resource demands of service s; are

i

normalized as:

1 2 R
V. = Vi Vi Vi
i s 5
Vmax-1 VYmax—-2 Vmax-R
1 2 R
p = % dj d;
i

b 9
Ymax—1 Vmax-2 Vmax-R

Then begin partitioning the service-based application once the normalization process is complete. First and foremost,
they inquire about the number of various components that make up the application. In order to identify the number of
parts when executing partition algorithms, they provide a threshold a. The demands placed on many resources by a
variety of services have led to the establishment of this threshold. The threshold represented by the symbol a represents
the upper limit of the resource demands of partitioned portions. In order to ensure that the g gate resource demands
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carry out partition algorithms in a continuous manner. Using a threshold o that falls within the range of 0 to 1,
considering that the resource demands have been normalized, it ensures that every part that has been partitioned can be
packed into a machine simultaneously. Presented in Figure 3 is an illustration of an application partition that has a
threshold of a equal to zero. Each component's overall demands for both the central processing unit (CPU) and memory
do not exceed 0.5, as shown in the figure. The binary partition and the k partition are two partition algorithms that are
present, both of which are based on the contraction method. These algorithms are given a threshold a.

< Part 1\

CPU: 0.3 \ Ve ’P-ar:: ~ \

CPU: 0.1+0.2+0.2=0.5
MEM: 0.2+0.1+0.1=0.4

N \‘
‘/Partz o l

MEw: 03 [ /
\ 0.

Figure 1. Application partition with threshold o= 0.5.

Binary Partition

The "Binary Partition" and "K Partition" algorithms both aim to partition a service-based application into smaller
sections based on resource requirements and a given threshold.

Binary Partition Algorithm:

Initialization:

Start with the entire application represented as a single partition, denoted as P = {S}.

Iterative Partitioning:

Continuously check the resource requirements of each component connected to the current partition (P).

If a part (Si) in the partition exceeds the resource threshold (o) and contains more than one service, it undergoes binary
partitioning.

Graph Construction and Contraction:

Build a graph (G = (V, E)) based on the part Si, where nodes represent services and edge weights indicate traffic rates.
Repeatedly perform the contraction method to find a minimum cut (Gmin) in the graph, ensuring efficient partitioning.
Partition Adjustment:

Divide the part Si into two pieces ({Sx, Sy}) according to the minimum cut (Gmin).

Repeat this process until the resource demands from each component do not exceed the threshold a or until no
component contains more than one service.

K Partition Algorithm:

Initialization:

Start with the entire application represented as a single partition, denoted as P = {S}.
Iterative Partitioning:

Continuously check the resource requirements of each component within the current partition (P).

If a part (Si) in the partition exceeds the resource threshold (a) and contains more than one service, increase the number
of partitions (k).

Graph Construction and Contraction:

Build a graph (G = (V, E)) based on the application S.

Perform the contraction method multiple times (n"2k—2 log n) to achieve a low k-cut with high probability.

Partition Adjustment:

Divide the application into k sections ({S1, S2,..., Sk}) based on the minimum k-cut f&mmin) obtained from the
contraction algorithm. / S
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Repeat this process until the resource demands from each component do not exceed the threshold a or until no
component contains more than one service.

The Heuristic Packing approach aims to efficiently allocate each component of the application onto heterogeneous
computers, given a partition of the application. Since the problem resembles a multi-dimensional bin packing problem,
which is known to be NP-hard, finding the optimal solution within a polynomial time frame is not feasible, especially
when dealing with a significant number of services.

Greedy Heuristics Used:

Traffic Awareness Heuristic: Prioritizes machines based on minimizing traffic rates between services.

Most-Loaded Heuristic: Prioritizes machines based on their load situation, aiming to improve resource efficiency by
packing components onto the most loaded machines.

Algorithm Overview:

Matching Factors Calculation:

For each part (Si), calculate two matching factors:

tf (traffic factor): Sum of traffic rates between services in part Si and services already packed into machine mj.

ml (load factor): Scalar value indicating the load situation between the resource demand vector of part Si and the
available resources on machine mj.

Heuristic Prioritization:

Initially prioritize machines based on tf to minimize traffic between machines.

If tf factors are identical, prioritize machines based on ml to improve resource efficiency.

Placement Solution:

If it's determined that all components of the partition can be packed into machines, return the placement solution.
Otherwise, return null, indicating that not all components could be packed.

Placement Finding

Algorithm 5: Threshold Determination

Initialization:

Set the initial threshold value a to 1.0.

Define a step value A (default is 0.1).

Threshold Adjustment:

Iterate from a large threshold value towards smaller values.

In each iteration:

Partition the given application S using either the binary partition or the k partition algorithm with the current threshold
a.

Save the most recent partition results to prevent duplicates.

Placement Solution Attempt:

For each partition obtained:

Attempt to pack every component of the partition into machines using the heuristic packing technique.

Threshold Adjustment Logic:

Starting with a higher threshold a result in fewer partition sections and potentially fewer traffic rates between them.

The algorithm iterates from large to small thresholds, likely aiming to find a balance between partition granularity and
traffic minimization.

IV. EXPERIMENTAL METHODOLOGY
Cluster: For the purpose of conducting tests, we establish two distinct testbed clusters in ExoGENI. They employ thirty
virtual machines (VMs) that are identical to one another, each of which has two CPU cores and six gigabytes of random
access memory (RAM). The second cluster is comprised of ten virtual machines (VMs) with two CPU cores and six
gigabytes of random access memory (RAM), and ten VMs with four CPU cores and twel ) es of RAM. There
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are 30 virtual machines (VMs) in the homogeneous cluster and 20 VMs in the heterogeneous cluster, but the total
resource capacity is the same for both clusters.

Workloads: When conducting the tests, they make use of synthetic applications so that we may evaluate the offered
methods in a variety of diverse settings. Taking into account the size of the testbed cluster, we are able to produce
service-based applications that are made up of 64, 96, and 128 services respectively. The CPU demand of each service
is evenly selected at random from the range [30,100], where 100 represents one CPU core and the memory demand is
selected at random from the range [100,300], where 100 represents one gigabyte of random access memory (RAM).
This is done for the size of 64. For a size of 96, the need for the central processing unit (CPU) is selected at random
from the range [20,67], and the need for memory is selected at random from the range [67,200]. In the case of a size of
128, the demand for the central processing unit (CPU) is selected at random from the range [15,50], and the demand for
memory is selected between [50,150]. To the extent that these ranges are accurate, the total resource requirements of
various application sizes are roughly equivalent to one another. Ten thousand instances are generated for testing
purposes for each and every application size. For the purpose of ensuring that the application graph is connected,
everyone has come to the conclusion that the traffic needs between services will be generated with a chance of 0.05.
Additionally, the traffic rate will be distributed according to a log-normal distribution, with the mean being 5 Mbps and
the standard deviation being 1 Mbps. The work [14] reveals that the log-normal distribution offers the best match to the
traffic in the data center, which is the reason why this option was chosen.

V.IMPLEMENTATION
In the initial scheduler's implementation, two distinct configurations emerge from the proposed algorithms: BP-HP
(Binary Partition - Heuristic Packing) and KP-HP (K Partition - Heuristic Packing).The BP-HP configuration relies on
the Binary Partition algorithm for partitioning the application and subsequently utilizes the Heuristic Packing algorithm
to efficiently allocate resources to each partition. This approach emphasizes simplicity and efficiency, making it
suitable for applications where straightforward partitioning and practical resource allocation are prioritized.
The two approaches that we provided for application partitioning resulted in the existence of two different
configurations. Binary partition (BP) and heuristic packing (HP) are the foundations upon which BP-HP is built.
Historical packing and k partition (KP) are the foundations of the KP-HP algorithm.
Baselines: The composite Software as a service (SaaS) placement problem has been the subject of a significant amount
of research efforts [6,15], as was indicated earlier. Nevertheless, they aim to achieve placement for a particular group of
predetermined service components on the market. The most significant thing to note is that the generation of a
placement solution using these metaheuristic-based approaches typically takes minutes or even hours, especially for
large-scale clusters. This is something that would be impossible to accomplish using an online response. The problem
of traffic-aware virtual machine deployment is the subject of another research work [16,17]. On the other hand, existing
solutions are dependent on a particular network topology, whereas our technique is not dependent on the topology of
the network. As a result, they have decided to evaluate our scheduler in comparison to the following schemes:
Kubernetes Scheduler (KS):In order to maintain a balanced utilization of the cluster's resources, the default scheduler
in Kubernetes [18] container cluster has a tendency to distribute containers evenly across the cluster. To be more
specific, we add a soft affinity, which is also known as pod affinity in Kubernetes, to the services that have traffic
between them. This is done because the scheduler would attempt to deploy the services that have affinity between them
on the own machine.
First-Fit Decreasing (FFD): it is a simple and commonly adopted algorithm for themulti-dimensional
been packing problem [19]. FFD operates by first sorting the services in decreasing order according to a certain
resource demand and then packs each service into the first machine with sufficient resources.
Best-Fit Decreasing (BFD): it places a service in the fullest machine that still has enough capacity. BFD operates by
first sorting the machines in decreasing order according to a certain resource capacity and then packs each service into
the first machine with sufficient resources. As an example, consider the Multi-resource Packer (PACK) heuristic [4]. Its
basic premise is to schedule services in a way that maximizes the dot product of service resource demands and machine
resource availability.
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Random (RAND): it randomly picks a service in the application and then packs it into the first machine with sufficient
resources.

Comparison with Baselines

Figure 4 illustrates the successful placement ratio of various strategies across two distinct clusters. This ratio reflects the
proportion of successfully placed applications out of the total number of applications requested, indicating the
effectiveness of each algorithm in identifying placement solutions for all involved services. Among the strategies,
RAND exhibits the poorest performance due to its lack of a heuristic for service packing. Conversely, KS prioritizes
balancing resource consumption across the cluster, while PACK aims to align resource demands with availability. FFD
and BFD outperform KS and PACK, attributed to their success in multi-dimensional bin packing problems.
Comparatively, BP-HP and KP-HP perform similarly well, marginally outperforming other strategies. This is largely
attributed to their iterative partitioning and packing approach with varying thresholds, which increases the likelihood of
discovering placement solutions. The most-loaded heuristic employed in the packing algorithm facilitates compact
service delivery. In the homogeneous cluster, the successful placement ratio increases with the quantity of services
provided. This phenomenon arises because while the total resource demands of applications remain consistent across
different sizes, smaller applications exhibit higher resource demands per service, exacerbating resource fragmentation
issues.

Cluster With Homogeneous Machines
100 T T

Sucessful placement ratio{%)

G4 96 128
Mumber of Services in the application

Figure 2. Comparison of successful placement ratio of different scheme in homogeneous machine
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Figure 3. Comparison of successful placement ratio of different schemes in heterogeneous machine
Figure 3 and Figure 4 present the average ratio of co-located traffic for each of the alternative methods, with error bars

indicating the highest and lowest possible comparisons. This ratio denotes the amount
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services deployed on the same machine relative to the total traffic. Higher co-located traffic ratios signify more
effective placement solutions in reducing inter-machine traffic.

Table 2 presents the co-located traffic ratio (%) of various schemes in both homogeneous and heterogeneous clusters.
For the homogeneous cluster, BP-HP demonstrates the highest average co-located traffic ratio at 47.2%, followed
closely by KP-HP at 44.2%, indicating effective placement solutions. In contrast, traditional schemes like KS, FFD,
BFD, PACK, and RAND exhibit significantly lower average ratios ranging from 22.1% to 9.4%. The variability in
ratios is evident across schemes, with BP-HP and KP-HP showing a wider range of values compared to the other
methods. In the heterogeneous cluster, BP-HP maintains a higher average ratio of 49.1% compared to KP-HP's 24.2%,
indicating their effectiveness in handling diverse resource constraints. Overall, BP-HP consistently outperforms other
schemes in cluster types, highlighting its efficacy in reducing inter-machine communication and optimizing resource
allocation in microservices architectures.

Cluster With Heterogeneous Machine
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Avg.Co-located traffic ratio(%)

64 96 128
Mumber of Services in the application

Figure 4. Comparison of average co-located traffic ratio of different schemes in homogeneous machine
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Figure 5. Co-located traffic ratio (%) of different schemes in heterogeneous machine
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Figure 6.I1lustrates the successful placement ratio on the homogeneous cluster when employing the BP-HP algorithm
with varying threshold values for a.
Table 2 displays the percentage of co-located traffic for various schemes

Impact of Threshold a

This section discusses the impact of the threshold o on the placement of service-based applications. To illustrate, the
threshold a is held constant while applying the BP-HP algorithm to a cluster containing homogeneous machines. Figure
6 illustrates the successful placement ratio for various a values. For instance, when a is set to 0.5, BP-HP achieves a
placement solution for 77% of applications comprising 64 services. However, as a increase, the successful placement
ratio tends to decrease. Beyond o values exceeding 0.7, only a limited number of applications can be effectively placed.
The observed trend can be attributed to the relationship between a and the partitioning process. Higher a values lead to
fewer parts in the partition, resulting in larger average resource demands per partition. Consequently, packing these
components into machines with multiple resource constraints becomes more challenging. Figure 7 further illustrates the
impact of o on the average co-located traffic ratio, with error bars representing the range of ratios. This visualization
demonstrates that the co-located traffic ratio tends to increase as o becomes larger. However, higher a values also pose
challenges in terms of application pack ability.
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Figure 7. Average co-located traffic ratio on the homogeneous cluster by using BP-HP with different values of
threshold a.

VI. OVERHEAD EVALUATION

The estimation of overhead is conducted by measuring the algorithm's runtime and comparing it with results from KS
and RAND algorithms. A Python implementation of the KS scheduling algorithm is provided for comparative purposes.
The experiments are executed on a dedicated server equipped with an Intel Xeon E5-2630 2.4 GHz CPU and 64 GB of
RAM.For the heterogeneous cluster, Figure 8 illustrates the average algorithm runtime for various schemes, with error
bars representing the maximum and minimum runtimes. RAND exhibits low overhead due to its straightforward nature,
while KS is slightly more complex as it handles service affinity and employs predicated rules and prioritization policies.
Baseline algorithms are simpler compared to BP-HP and KP-HP, which are more sophisticated and consequently have
larger overheads. Moreover, the algorithm's runtime is significantly influenced by the threshold o value, with a
substantial difference observed between maximum and minimum runtimes. Higher o values result in fewer iterations,
while lower a values lead to more iterations. However, both BP-HP and KP-HP are able to provide solutions within
seconds for a variety of requirements, making them suitable for online scheduling, especially for applications with
fewer than one hundred services. Additionally, the application partitioning step is identified as the most time-
consuming component, suggesting that the algorithm's runtime for large-scale clusters with the same number of
services would not significantly differ.
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VII. CONCLUSION

In conclusion, our research has addressed the challenges associated with service placement in microservice
architectures within cloud environments. Through the development and evaluation of novel partition and packing
algorithms, we have made significant strides in optimizing resource allocation and minimizing communication
overhead. Firstly, we introduced two partition algorithms, Binary Partition and K Partition, both leveraging a well-
designed randomized contraction algorithm. These algorithms effectively identify high-quality partitions of service-
based systems, laying the groundwork for efficient resource allocation. Furthermore, we incorporated the most loaded
heuristic and traffic awareness into the packing process, ensuring that applications are packed as efficiently as possible.
By considering both resource demands and traffic patterns, our packing algorithms minimize inter-machine
communication and improve overall system performance.

Through extensive evaluation on testbed clusters, we demonstrated the effectiveness of our proposed algorithms. Not
only did they improve the ratio of successfully placed applications on the cluster, but they also significantly reduced co-
located traffic, thereby enhancing system efficiency and scalability. While our algorithms incur some overhead, our
evaluation indicates that this overhead is acceptable within real-world scenarios. With careful consideration, we have
determined that our algorithms are suitable for practical deployment, offering tangible benefits in terms of resource
utilization and communication efficiency.Looking ahead, we aim to further enhance our implementation by exploring
problem-specific optimizations and incorporating dynamic resource management techniques. By adapting to evolving
resource dynamics and addressing more complex scenarios, we can continue to improve the effectiveness and
applicability of our algorithms in real-world cloud environments.
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