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Abstract—Instantiated containers of an application are dis-
tributed across multiple Physical Machines (PMs) to achieve high
parallel performance. Container placement plays a vital role
in network traffic and the performance of containerized data
centers. Existing container placement techniques do not consider
the container traffic pattern, which is inadequate. To resolve this
conflict, we investigate network traffic between containers and
observe that it exhibits a Zipf-like distribution. We propose a
novel container placement approach - Blender - by leveraging
the Zipf-like distribution. Based on network traffic correlation,
Blender employs RefineAlg and SplitAlg to divide containers of
applications into blocks, and place these blocks across virtual
machines. Blender exhibits two salient features: (i) it minimizes
inter-block traffic by arranging the containers that communicate
frequently in the same block. (ii) it achieves good load balanc-
ing by combining blocks according to the resource types they
require and distributing them across multiple PMs. We compare
Blender against two state-of-the-art methods SBP and CA-WFD.
The experimental results show that Blender significantly reduces
communication traffic. In particular, for the same number of
PMs, Blender reduces the traffic of SBP and CA-WFD by 22%
and 32%, respectively. Furthermore, with Blender in place, the
physical resources of hosting PMs are well balanced and utilized.

Index Terms—container placement, traffic-aware, load balanc-
ing, data centers, cloud computing.

I. INTRODUCTION

In containerized data centers, the microservice architecture
allocates the containers belonging to the same application in
various component, these containers distributed across multiple
Physical Machines (PMs) have to communicate with each
other to provide desired applications [1], [2]. Such a com-
munication between containers causes massive network traffic.
For example, a web application may traverse hundreds of
containers within a data center to obtain the result of a single
query request. It was demonstrated that intra-data center traffic
consumes nearly 70% of the network bandwidth, and 40-90%
of traffic are across racks [3], [4].

Traditional strategies focus on consolidating containers for
high availability, load balancing and financial cost saving [5],
[6]. Most existing traffic solutions [7], [1], [8] distribute con-
tainers across different PMs to achieve load balancing and
meet service continuity requirements. However, such a wide
distribution of containers has two disadvantages. First, it causes
a lot of unnecessary traffic. Second, it fails to leverage the traffic
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patterns for optimizing the network performance. It is reported
that the network traffic generated by microservices belonging to
the same application demonstrates a Zipf-like distribution [9],
[10]. Because assigning one container for one microservice
can achieve better performance [11], we can conclude that
the network traffic incurred by containers belonging to the
same application also demonstrates a Zipf-like distribution.
Additionally, the network traffic pattern in data centers depends
on the interactive behavior between different tasks instead
of service architecture used (i.e., microservice architecture),
we believe the above conclusion can be applied to the non-
microservice architecture scenarios.

To address the aforementioned issues, we propose a novel
traffic-aware container placement called Blender by leveraging
the Zipf-like distribution of container traffic. We design a
module called Refine&Split which relies on two sub modules -
Refiner and Splitter - to restructure the containers belonging to
the same application on a Descending Weight Sequence (DWS).
Refiner assigns the frequently communicating containers close
to each other. Splitter divides DWS into relatively independent
blocks based on traffic correlation. It is worth noting that
the ”block” in this paper refers to a data structure composed
of several containers, and the network traffic of intra- and
inter-block are intensive and negligible. Furthermore, an iterate
module is designed to facilitate load balancing by combining
blocks with different resource requirements.

It is noteworthy that containers are assigned on Virtual
Machines (VMs), and VMs are hosted on PMs. The main
contributions of this study are summarized as below:

• We classify containers into blocks according to their traffic
correlation. Specifically, the containers with strong traffic
correlation between each other are assigned to a block.
This container classification strategy generates intensive
intra-block traffic yet negligible inter-block traffic, aiming
to minimize the traffic cost of data centers.

• We formulate a mathematical container placement prob-
lem with the aim of minimizing the traffic cost of con-
tainerized data centers.

• We propose a traffic-aware container placement approach
(i.e., Blender) that strikes to achieve a balance between
traffic reduction and load balancing. Blender integrates
two important modules, namely, Refine&Split and Iterate.

986978-3-9819263-5-4/DATE21/ c©2021 EDAA



Splitter

CB CC CD

Container List
CA

Traffic Matrix

Container Usage 
GraphR

&
S 

M
od

ul
e

Power Monitor
Resource Monitor

 V1

CE

...
Set of PMs

Container Block Sequence(CBS)

Refiner

...S1 S2 SA

B1H B2H B1W B3H BkC...

Block Waiting QueueWarm Yes CBS is 
empty

It
er

at
e M

od
ul

e Initiate Module

Monitor Module

 V2 Vm...

Load BalancerNo Yes

Fig. 1. Architecture overview of the container placement system

Refine&Split module focuses on reducing the overall
traffic cost by refining the containers into several DWS
according to the application ID; Iterate module targets at
enhancing load balancing by distributing the blocks across
different PMs.

The rest of the paper is organized as follows. Section II
introduces related work. The design and implementation of
Blender are given in Section III. Section IV presents quan-
titative performance evaluation. Last, Section V concludes this
paper.

II. RELATED WORK

In the past few years, there has been a lot of work focusing
on network traffic and load balancing in modern data centers.
Li et al. designed a Virtual Machine (VM) placement approach
SBP to minimize the two costs. SBP recursively splits a group
of VMs into sub-groups and places these sub-groups on PMs
in a first-fit manner based on the amount of resources required
by each request. Lv et al. proposed a container placement
called CA-WFD to achieve traffic cost reduction and load
balancing [1]. Dzmitry et al. presented a task scheduler e-STAB
that emphasizing the role of communication fabric, to achieve
traffic load balancing and prevent network congestion [12].
Xie et al. proposed a network topology structure Totoro that
satisfies the design goals of scalability, high network capacity
and robustness [13]. Zhou et al. applied a workload skewness
strategy to reduce data loading traffic, aiming to improve the
energy-efficiency of clusters [14].

Summarizing the related work, there are some strategies have
been proposed to balance the traffic cost reduction and load bal-
ancing, but they only provide some simple placement schemes
that fail to consider the traffic correlation between containers.
As the number of containers increases, the pattern of inter-
container traffic become more ane more apparent, especially in
microservice architecture. Different from the existing works,
Blender reduces the traffic cost and achieves load balancing by
considering the container traffic pattern.

III. DESIGN AND IMPLEMENTATION

A. Architecture Overview

Blender consists of four modules, namely, the Initiate Mod-
ule, the Refine&Split Module, the Iterate Module and the
Monitor Module (Fig. 1). The Refine&Split Module focuses
on distributing the containers into various blocks aiming to
reduce traffic cost. Then, the Iterate Module strives to blend
and place these candidate blocks on VMs according to the
types of blocks, aiming to achieve load balancing. For example,
CPU-intensive blocks can be aggregated with memory-intensive
blocks. The Monitor Module tracks status information (i.e.,
resource utilization.) and feeds this information back to the
scheduler to adjust container placement decisions.

B. Formulating Traffic Reduction

To provide guidelines for Blender to place containers,
we mathematically formulate container placement. Container
pairs have communication only when they meet the condition
A(Ci) = A(Cj), i �= j, where Ci indicates the ith container
and A(Ci) represents the application ID to which the Ci

belongs. And we assume that traffic between containers is
mutual ( i.e., Dij = Dij), containers that do not serve the same
application have no traffic. Given the physical link distance lij
between two communicating containers Ci and Cj , the total
traffic cost can be calculated as:

CostT =
∑

∀Ci,Cj∈C

lij ∗Dij ∗ αij , (1)

where αij = 1 if A(Ci) = A(Cj), i �= j, else αij = 0. Recall
that Blender aims to (i) reduce traffic cost reduction (ii) while
achieving load balancing. Load balancing strategies should be
designed to flatten as many resources as possible onto the host.
In our model, the efficiency of load balancing is evaluated by
the resource utilization.

C. Initiate Module

The Initiate module constructs a container usage graph
based on the traffic matrix that created by leveraging the
Zipf-like distribution. The container usage graph illustrates
resource requirements of containers and the communication
relationships between the containers. For an application i, its
graph is represented as Gi(V,E). Each vertex corresponds to a
container, and the vertex weight indicates its resource demands.
The initiate module initializes edge weight as the traffic volume
between containers, E 〈CA, CB〉 represents the traffic volume
between containers A and B. After the container placement is
completed, Equation (1) is leveraged to calculate the traffic cost
of the data center.

D. Refine&Split Module

We delve into Refine&Split module which relies on two sub-
modules: Refiner and Splitter. Refiner first identifies, sorts, and
merges containers with the same application ID into a DWS
(such as Si in Fig. 1, where i indicates the ith application) by
using RefineAlg algorithm (see Lines 4 - 9 in Algorithm 1).
Second, Splitter divides each DWS into three tagged blocks,
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Algorithm 1 Refine&Split

1: function getIndex(start,end):
2: return i where (Ti − Ti−1) is MAX, i � (start, end)
3: for all A ∈ Application do
4: Summing all container’s degree value up
5: DWS ← DWS initialization function
6: LCPDWS ← DWS
7: for all c ∈ C and A(c) == A do
8: Update the DWS and LCPDWS
9: end for

10: x ← getIndex(0, 0.3∗LenDWS) // 30% of containers
11: y ← getIndex(x, 0.5∗LenDWS) // 50% of containers
12: Hot block ← [C1, Cx]
13: Warm block ← (Cx, Cy]
14: Cold block ← (Cy, CLen]
15: CBS ← CBS ∪ Hotblock ∪ Warmblock ∪ Coldblock
16: end for
17: return CBS

namely, Hot, Warm, and Cold block by using SplitAlg algo-
rithm (see Lines 10 - 14 in Algorithm 1), according to traffic
correlation of containers. In Fig. 1, BiH , BiW , and BiC indicate
the Hot, Warm and Cold block for application i, respectively.
Third, the tagged blocks of all applications are combined into
a Container Block Sequence (CBS).

1) Refiner: Given a set of containers, we first calculate the
total traffic by summing up all the traffic volume related to
each container. Second, we initialize a DWS by selecting the
top two containers with the highest traffic proportion. That is,
assume that the traffic proportion of the top two containers
Ci and Cj are

Dij

Ti
= A and

Dji

Tj
= B, respectively, where

Ti denotes the total traffic generated by Ci. In the meantime,
the Last Container Pair in DWS (LCPDWS) is initialized
as [Ci, Cj ] if A > B. Last, we identify the next container
pair with the second-highest traffic by traversing containers
that communicate frequently with the container pair stored in
LCPDWS. Once the pair of containers with the second-highest
traffic are located, we update the DWS. In the same breath, we
set the current LCPDWS to the newly found container pair for
the next iteration. Such a search and update iteration continues
until all containers of an application are sorted out (see Lines
7 - 9 in Algorithm 1).

2) Splitter: Guided by the traffic pattern of the Zipf-like
distribution, Splitter encapsulates the top x% (any value in
(0,30%]) frequently accessed containers as a Hot block. The
next y% (any value in (x%, 50%]) containers and remaining
containers are constructed as a Warm block and a Cold block,
respectively. The values of x and y vary for each DWS
(see Lines 10 - 14 in Algorithm 1). In this way, blocks of
various applications with different tags can be placed anywhere
without any worries in terms of traffic reduction because of the
negligible inter-block traffic. After the refining and splitting
phase, all application blocks are merged into a CBS, which is
used for block placement by the Iterate module.

E. Iterate Module

To place the containers in a well-balanced load manner,
another tag is assigned to each block to indicate its primary
type of the required computing resources (e.g., CPU intensive,
memory intensive, etc.). Given a block, the amount of MIPS
requests and the amount of the memory request from all
containers are divided by the unit of system resources, for
example, 18637 for MIPS and 2048 for memory, respectively.
Then, the block is tagged CPU intensive if the weighted CPU
request is larger than the weighted memory request, and vice
versa.

The Iterate module makes use of a two-round iteration
method to place blocks across VMs. In the first iteration,
Hot and Cold blocks that require different primary types of
resources are mixed to boost the overall resource utilization of
the VMs. Warm blocks from the CBS are temporarily pushed
into a waiting queue until the first iteration is accomplished.
Furthermore, a resource reservation mechanism is adopted to
guarantee there is enough capacity in the VMs to host the Warm
blocks in the second iteration. The second iteration is triggered
after the CBS is empty, the Warm blocks in the waiting queue
are inserted into the VMs, which improves the load balancing.
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Fig. 2. Comparison of the traffic cost with different algorithms across different
traces

IV. PERFORMANCE EVALUATION

A. Experiment Environment

In our extensive experiments, We implement Blender in
ContainerCloudSim [15]. We build a testbed which consists
of 250 heterogeneous PMs and 1,100 VMs with various types
of resources. We adopt an Alibaba cluster trace [16] and split
them into 11 parts (from Trace 1 to Trace 11) to validate our
Blender. To evaluate Blender, we compare our Blender with two
state-of-the-art strategies SBP [8] and CA-WFD [1], because
these two strategies are the most relevant to our Blender in
terms of application scenarios.

B. Performance Evaluation

Now, we are in the position to evaluate the performance
of our Blender. We compare the traffic cost and traffic skew
sensitivity of our Blender with existing schemes SBP and
CA-WFD. Fig. 2 plots the traffic cost of the three container
placement schemes on 11 traces, with Skew is set to 0.5, 2,
and 4, respectively.

Traffic Cost Reduction. Fig.2 reveals that Blender outper-
forms SBP and CA-WFD in terms of traffic cost; this trend is
consistent under the three skew conditions. For instance, Figs.2
(a) (b) and (c) show a similar trend, Blender achieves an average
traffic cost reduction of 20% and 30% compared with SBP and
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CA-WFD. Fig.2 also shows that regardless of the skew value,
Blender performs better on trace 1 than it does on traces 2 to
11. For example, compared with SBP and CA-WFD, Blender
reduces the traffic cost ranging from 52% to 55% and from
54% to 59%, respectively. On the other hand, with the increase
of the skew value, Blender outperforms SBP and CA-WFD.
This is because Blender integrates the frequently communicated
containers, thus reducing the price for communicating through
physical distances.

These results confirm that Blender successfully arranges
frequently communicated containers into a set of blocks and
distributes these blocks across VMs, which reduces the traffic
path length between the containers, thereby significantly cutting
off the traffic cost.

TABLE I
RESOURCE USAGE ACROSS DIFFERENT APPROACHES

Blender SBP CA-WFD
Average of CPU 62% 60% 52%

Variances of CPU 0.0088 0.0370 0.0145

Average of Memory 67% 67% 53%
Variances of Memory 0.0096 0.0148 0.0145

Number of active PMs 232 234 240

Load Balancing. Because the resource utilization of PMs
is a very good indication for the load balancing evaluation,
we investigate the CPU and memory utilization incurred by
Blender, SBP, and CA-WFD, with respect to different PM num-
ber. Table I shows that the average CPU utilization of Blender,
SBP, and CA-WFD are 62%, 60%, and 52%, respectively. The
memory utilization of the three approaches are 67%, 67% and
53%, respectively. Moreover, the number of active PMs are 232,
234 and 240, respectively. In contrast to SBP and CA-WFD,
Blender improves the resource utilization of PMs by using
the resource reservation mechanism for the first placement
iteration. Thus the Warm blocks with typical resource tag (CPU
intensive or memory intensive) can be inserted into PMs to
improve the resource utilization. Hence, the number of PMs
activated by Blender is lower than that of SBP and CA-
WFD. Additionally, we have noticed that the average memory
utilization of Blender and SBP are identical. This is because
we use the same traces to evaluate the three approaches, and
the VMs and PMs are heterogeneous. Therefore, the containers
that are placed in VMs with different processing ability incur
different resource utilization of PMs.

Furthermore, the variances of CPU utilization with Blender,
SBP, and CA-WFD are 0.0088, 0.0370, and 0.0145, respec-
tively, and the variances of memory utilization with the three
methods are 0.0096, 0.0148, and 0.0145, respectively. It shows
that the variances of resource utilization when using Blender
are much smaller than that of SBP and CA-WFD. This indicates
that in contrast to SBP and CA-WFD, the physical resources
of hosting PMs are well balanced and utilized when applying
Blender. This is because Blender is capable of combining CPU-
intensive and memory-intensive blocks into a single suitable
VM, which not only improves the resource utilization but also

achieves load balancing. This is consistent with the variances
of resource utilization.

V. CONCLUSIONS

In this paper, we proposed Blender, a holistic framework
that strikes to achieve a balance between traffic cost reduction
and load balancing by leveraging a Zipf-like distribution. We
conducted extensive experiments to evaluate the performance of
Blender. The evaluation results show that Blender significantly
outperforms two state-of-the-art methods SBP and CA-WFD in
terms of traffic cost, resource utilization, and robustly.
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