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ABSTRACT Serverless computing allows developers to create workflows for complex tasks through the
composition of serverless functions. Current serverless workflow engines rely on master-side pattern which
do not permit direct interaction between consecutive serverless functions in the workflow. In this paper,
a decentralized worker-side pattern is proposed that provides better performance by allowing consecutive
functions to flow from the current node to the next without first having to interact with the master controller.
It treats the serverless workflow as a whole unit and uses a locality strategy to optimize performance.
This approach is implemented in a workflow engine called BriskChain to demonstrate its effectiveness.
Experiments using both synthetic and real application workflows show that BriskChain requires significantly
reduced runtime overhead compared with OpenWhisk and Apache Composer, two open-source serverless
platforms.

INDEX TERMS Serverless workflow; Function as a service; Worker-side pattern

I. INTRODUCTION

Serverless computing is a cloud computing paradigm that
offers a promising approach to software development. It is
based on functions that are self-contained, stateless, and fine-
grained. This approach, also known as Function as a Service
(FaaS), is gaining popularity due to its many benefits. Many
cloud server companies offer their own proprietary serverless
platforms, including Amazon Web Services (AWS) Lambda,
Google Cloud Functions, and IBM Cloud Functions, to name
just a few. Open-source serverless computing platforms, such
as OpenWhisk and OpenFaaS, are also gaining popularity.
Some experts predict that serverless computing will dominate
the next generation of cloud systems [1].

In serverless computing, developers combine a number
of functions into workflows through a workflow engine to
create their application logic. A workflow engine manages,
schedules, and monitors action tasks according to predefined
rules. Currently, most serverless workflow engines rely on
a centralized master-side pattern, where a powerful work-
flow engine acts as the master that schedules and allocates
tasks and resources to many workers or serverless function
tasks. This pattern has several disadvantages. Most notably,
it imposes a high scheduling overhead. Furthermore, it is
very inefficient for workflows that involve substantial data
movements between serverless functions. This is because
Cloud vendors typically impose quotas on the input and out-

put data size for each serverless function, which limits direct
data transfer between them. Although this problem could
be solved by using external databases for temporary data
storage and delivery [2], data transfer is still time-inefficient
due to the high latency of database access. Consequently,
such workflow engines face challenges in managing intensive
interactions between smaller tasks [3].

To address these issues, this article proposes a decentral-
ized worker-side pattern that significantly reduces commu-
nication overhead in serverless workflows. With this pat-
tern, each worker task could transmit its state directly to the
next worker in the workflow, eliminating the need to route
it through the master controller. A decentralized workflow
engine called BriskChain has been implemented on the basis
of this pattern for latency-sensitive and interactive serverless
computing. BriskChain schedules serverless workflows as a
whole unit, similar to a single serverless function, which
abides by the substitution principle [4]. There is no distinc-
tion between serverless function tasks and workflow tasks,
which allows the entire workflow be scheduled like a normal
serverless function. BriskChain is built on an open-source
FaaS system called OpenWhisk. It provides two extensions
to OpenWhisk – the BriskChain runtime and the embed-
ded controller. The BriskChain runtime is a containerized
sandbox that can handle not only normal serverless function
requests, but also functions in the workflow. The embedded
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controller is responsible for allocating workflow resources. It
also implements a close-locality optimization strategy that put
sandboxes of the workflow on the same host to remove remote
interactions between workflow functions, thus enhancing ef-
ficiency.

The contributions of this paper are as follows:

• A decentralized client-side pattern is proposed for
serverless workflow that reduces communication over-
head and improves data transfer efficiency between
workflow nodes.

• A workflow engine, called BriskChain, was imple-
mented based on the worker-side pattern with a runtime
and embedded controller as extension to OpenWhisk.

• BriskChain was experimentally tested.

The rest of this paper is organized as follows. A brief
review of current practices in serverless computing, focusing
on function composition and workflow engines is presented
in Section II. It also gives an overview of master-side and
worker-side patterns. Section III describes BriskChain, our
proposed decentralized serverless workflow in detail. An
evaluation of the performance of BriskChain, using both
synthetic and real application workflows, is provided in Sec-
tion IV. This is followed by Section VI that concludes this
article with some suggestions for further research.

II. RELATED WORKS
A. SERVERLESS WORKFLOW OPTIMIZATION
Some recent research on serverless computing have focused
on optimizing the performance of workflows, particularly
in terms of enhancing resource efficiency and reducing la-
tency. Wen et al. presented a system called StepConf that dy-
namically configures serverless function workflows to meet
Service Level Objectives (SLOs) and optimize resource us-
age [5], [6]. StepConf includes a configuration-aware func-
tion prewarming mechanism to reduce cold start overhead. It
optimizes memory size for each function step in the workflow
and takes inter and intra-function parallelism into considera-
tion. In [7], a retention-aware container caching mechanism
is introduced to address the startup latency problem. The
proposed Online Retention-aware Distributed Caching (O-
RDC) algorithm optimizes both container caching and re-
quest distribution across distributed edge nodes, leveraging
their heterogeneous resources to reduce overall system costs.
By keeping containers in memory for subsequent requests,
the approach significantly reduces cold-start latency and en-
hances the responsiveness of serverless functions.

Heterogeneous (CPU and GPU) batching for multi-SLO
Deep Neural Network (DNN) inference has also been ex-
plored in complex serverless applications. Chen et al. [8]
introduced HarmonyBatch, which reduces the overhead as-
sociated with individual function invocations by batching
tasks together. This approach balances resource utilization
and ensures efficient execution of complex workflows.

These advancements in dynamic configuration, caching
mechanisms, resource management, and batching strategies

collectively contribute to the optimization of serverless func-
tion workflows. By focusing on the entire workflow rather
than individual functions, these approaches enhance the ef-
ficiency and performance of serverless computing platforms,
making them more suitable for complex, multi-function ap-
plications. These developments provide a robust foundation
for further innovations that aim to fully harness the potential
of serverless computing in diverse application domains.

B. MASTER-SIDE AND WORKER-SIDE PATTERNS
Although strategies such as dynamic configuration, caching
mechanisms, and resourcemanagement play a significant role
in serverless workflows, researchers are recently exploring
new methods for optimization in this field from the perspec-
tive of serverless working patterns. Specifically, in contrast to
the traditional centralized master-side workflow engine, they
have investigated decentralized worker-side pattern-based
workflow engines.
The master-side pattern relies on a centralized, robust

workflow engine as the master, responsible for tasks such as
scheduling, resource allocation, and task balancing. Conse-
quently, numerous workers (tasks) operate under the manage-
ment of this master. Currently, the majority of workflow sys-
tems adopt themaster-side pattern approach [9]–[12]. Related
studies include, but are not limited to, works in [10]–[14].
Under the master-side pattern, the workflow engine faces

significant scheduling overhead and frequent data interaction
pressure from numerous serverless function workers. Each
task (worker) within a workflow operates as a serverless
function, necessitating frequent communication with its re-
mote master. If a serverless function needs to transfer data
to another function, it must first route the data through the
master. A study conducted by [15] compared three com-
mon communication patterns—broadcast, aggregation, and
shuffle—across both VM-based and FaaS solutions. In their
research, VM instances process and combine data locally
before sending it to another host. In contrast, every server-
less function with a payload must interact frequently with
its distributed master side. Figure 1 shows the difference in
broadcast patterns for both systems. For a VM system with N
hosts, the communication complexity is O(N). However, the
complexity is O(N × K) for the FaaS system, where K is the
number of functions per host [15].

VM-Based FaaS-based

Task HostRemote call Local call

FIGURE 1. The Communication Path of Broadcast Pattern in VM and FaaS
Based System
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Furthermore, the significance of effective communication
patterns becomes even more pronounced within intricate,
fine-grained serverless systems. A serverless application typi-
cally comprises a web of complex interactions among smaller
tasks [16]. Within workflows, the interplay between func-
tions necessitates seamless collaboration. However, prevail-
ing master-side patterns tend to impose undue burdens on
these fine-grained functions, particularly in terms of internal
interactions [3]. This issue is further exacerbated in scenarios
involving serverless workflows. In such contexts, the amalga-
mated functions frequently need to engage with their central
controller or workflow engine to facilitate the exchange of
internal states. Consequently, the centralized workflow pat-
tern brings substantial connection challenges to the internal
functions of serverless workflows.

In contrast, the decentralized worker-side pattern can be
utilized to offload the overhead from a central master to the
workers [2]. A few studies have emerged that utilized this
idea in recent years. Nightcore [17] is an efficient serverless
computing framework that orchestrates chained serverless
functions of a workflow onto the same host. It relies on a
gateway in each worker host to schedule tasks within that
host. The gateway acts as a workflow engine proxy, taking
over some tasks from the master controller. In this way,
the inner calls between chained functions can be processed
locally and efficiently because they are located on the same
host. Additionally, their internal data can be transmitted and
preprocessed by the local gateway without relying on a re-
mote workflow engine.

Function

Host

Remote call

Local call
FaaS

Gateway

Worker Host 1

Gateway

Worker Host 2

…

Gateway

…Host n

FIGURE 2. Worker-side Pattern Structure in FaaSFlow

While Nightcore seems to utilize worker-side pattern, Li
et al. [2] argues that Nightcore is still based on a master-
side pattern because its gateway serves as the centralized
manager to assign tasks and allocates execution states. They
proposed FaaSFlow which is closer to a worker-side design.
Figure 2 shows the basic structure of FaaSFlow. There is
still a decentralized workflow engine (gateway) located in
each worker host similar to Nightcore. The difference is the
worker-side engine in FaaSFlow handles more tasks than
Nightcore, so the workflow tasks of the master side can be
eliminated completely. Thus, FaaSFlow can be considered a
worker-side decentralized serverless workflow pattern.

Although both Nightcore and FaaSFlowmake use of proxy
engine located in each worker host, they are still small re-

gional masters. They rely on gateways to handle internal
interactions between serverless functions within the same
host, and between gateways to handle remote cross-host in-
teractions. Such worker-side pattern could be further decen-
tralized to have the ability to schedule themselves according
to predefined workflow logic without any level of masters.
This is the approach proposed in this article which will be
described in detail in Section III.

C. OPENWHISK
OpenWhisk, an open-source FaaS system, has a commer-
cial counterpart called IBM Cloud Functions. It enables the
scheduling of containerized serverless functions and offers a
simple sequential workflow for executing multiple functions.
The system utilizes a controller to oversee the scheduling of
each serverless function and relies on CouchDB for storing
process data. Additionally, OpenWhisk leverages Kafka as a
messaging system, essential for decoupling event producers
from event consumers. This architectural approach fosters
scalable and resilient communication among various compo-
nents of the system.
The sandbox of OpenWhisk encapsulates serverless func-

tions and is commonly a containerized structure that isolates
the functions in serverless applications. Virtualized contain-
ers provide an autonomous runtime which includes system
libraries and program dependencies. In OpenWhisk, each
sandbox only contains the code of a single function due to
function isolation concerns. Figure 3 shows the steps from
when a sandbox instance is loaded to the time when the func-
tion code is injected into the sandbox by the FaaS controller
and ready to be invoked. The life of the sandbox ends when
it is no longer needed and removed by the controller.

FIGURE 3. The Process Steps of a Sandbox

III. IMPROVING SERVERLESS WORKFLOWS
In Section II, the performance bottleneck of serverless sys-
tems thatmake use ofmaster-side patterns have been outlined.
This problem could be alleviated by using a novel worker-
side pattern that allows functions to pass control and data
from one to another in a workflow without the need for any
central controllers. Our implementation of this approach is
called BriskChain.
Since BriskChain’s implementation requires modifications

to the Sandbox’s internal structure and the integration of
authoritative code into the main controller, an open-sourced
serverless platform is required. The underlying architecture
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of most open-source FaaS platforms is fundamentally similar
[18]. We have chosen OpenWhisk, which has been described
in Section II-C, as the platform on which to base BriskChain
on. An important distinguishing feature of OpenWhisk is its
incorporation of a portion of the workflow engine within its
structure. This characteristic provides valuable engineering
insights that contribute to our implementation strategy. Fur-
thermore, OpenWhisk’s Sequence workflow engine is seam-
lessly integrated into the core FaaS controller. This integration
treats workflow tasks and normal serverless functions as in-
terchangeable entities for the controller. This alignment with
the substitution principle, as discussed by in [4], harmonizes
seamlessly with our concept.

A. ARCHITECTURE OF BRISKCHAIN

Cluster

FaaS

Gateway
Host 1

Host 2
Host N

FaaS
Controller

Embedded
Workflow
Controller

… …

Monitor

BaaS

File

…

Msg

DB

Sandbox

Sandbox

Sandbox

Fn

Fn

Fn

FIGURE 4. Infrastructure of BriskChain

Figure 4 illustrates the infrastructure of BriskChain within
the broader FaaS system. The "Embedded Workflow Con-
troller" primarily manages support for serverless workflows.
Integratedwithin the FaaSController, this newly incorporated
controller enables the entire FaaS system to orchestrate both
individual serverless functions and workflows composed of
multiple serverless functions. The BriskChain controller can
schedule workflow resource allocation and workflow func-
tions. It handles workflow tasks as cohesive units, which,
from the perspective of the FaaS controller, are indistinguish-
able from single functional tasks. This feature ensures there is
no operational difference between invoking a workflow and
invoking a single function within the BriskChain framework
from the user’s perspective. Additionally, the new controller
supports a locality strategy, orchestrating all the sandboxes
in the cloud cluster of the same workflow onto a single
host. Consequently, these workflow-related functions can in-
teract with each other through local communication. For a
detailed engineer’s perspective on the process sequence of the
BriskChain workflow system with its new controller, refer to
Section III-C.

The Sandbox depicted in Figure 4 is an enhanced version
compared to traditional sandboxes used in serverless appli-
cations. Its primary feature remains containerizing serverless
function code. The "Fn" in the Sandbox in the figure in-
dicates the serverless function encapsulated within the con-

FIGURE 5. OpenWhisk with BriskChain

tainerized sandbox. The enhanced BriskChain sandboxes can
collaborate with the Embedded Workflow Controller to effi-
ciently process serverless workflows. Internally, the enhanced
sandbox includes an additional BriskChain runtime layer,
represented by the large circles at the bottom of Figure 5.
This embedded layer ensures the implementation of server-
less workflow features within the sandboxes. These features
include reducing reliance on the Controller within work-
flows, autonomously transmitting workflow context data to
subsequent workflow nodes, as indicated by the arrows and
dashed arrows between Sandboxes in Figure 4. Additionally,
the new Sandbox promptly communicates error information
within workflows back to the controller for corrective action
or coordination of serverless function scheduling tasks.
Other components within the infrastructure of BriskChain,

as shown in Figure 4, remain consistent with traditional FaaS
systems in terms of functionality and operation. These in-
clude, but are not limited to, Monitoring, Gateway, Clusters,
and BaaS (Backend as a Service). The Gateway handles both
internal and external interactions of the FaaS system. The
Monitor focuses on the operation of the sandbox, ensuring
that FaaS systems can be observed and detailed logs can be
provided. The BaaS offers commonly used external services
for FaaS, especially various commonly used storage services.
Figure 5 illustrates the precise software architecture of

BriskChain seamlessly integrated within OpenWhisk. The
shaded regions in the diagram depict the two fundamen-
tal extensions of BriskChain. The BriskChain Embedded
Controller functions as an augmentation of the Controller,
whereas the BriskChain Runtime enhances Sandbox func-
tionality. Intercommunication among the BriskChain Run-
time layers, symbolized by dotted lines with arrows in the fig-
ure, across various Sandboxes, facilitates decentralized data
exchange to support contextual information within workflow
functions. Furthermore, the BriskChain Embedded Controller
is equipped with scheduling capabilities tailored for each
embedded BriskChain Sandbox.
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B. THE WORKER-SIDE PATTERN IN BRISKCHAIN
The decentralized worker-side pattern means that workers
are able to schedule without relying on a master controller.
The worker here refers to the sandbox loaded with serverless
functions, and the master is a central controller that schedules
each worker. The worker-side pattern is mainly supported
by the BriskChain runtime which undertakes the function
scheduling tasks of the workflows. Specifically, BriskChain
sandbox runtime schedule the next function that the current
function is connected to, according to the predefined work-
flow schema. It also forwards the result of the current function
to its next function in a workflow directly without having it
flow back to the controller or database.

Algorithm 1 BriskChain runtime pseudocode
1: function runtime(parameters, schema)
2: result ← faasruntime(parameters)
3: node← schema.current()
4: if (schema.isNull() or node.isEnd()) then
5: response(result) ▷ task end
6: else if (sequential node) then
7: next ← node.child()
8: nextsandbox ← controller .resource(next)
9: nextsandbox.msg(result, next) ▷ forward to next

sandbox
10: else if (node is parallel) then
11: for (i in node.children()) do
12: next ← node[i]
13: nextsandbox ← controller .resource(next)
14: nextsandbox.msg(result, next) ▷ forward to a

sandbox
15: end for
16: else if (node is branch) then
17: next ← node.judge(result)
18: nextsandbox ← controller .resource(next)
19: nextsandbox.msg(result, next) ▷ forward to next

sandbox
20: else
21: Throw an exception
22: end if
23: end function

Algorithm 1 shows the basic processing logic of the
BriskChain runtime. There are two main branches in the
code logic, one is responsible for normal serverless function
processing, and the other is responsible for workflow function
processing. If the current function is a function that is not part
of a workflow, or it is the last function in the workflow. then
the BriskChain runtime will forward this function to the FaaS
runtime. Otherwise, it will request new sandbox resources for
the next step of the workflow. There are three possibilities
in the next step of the workflow. The first one is one single
function that follows the current one. In this case, the results
of the current sandbox will be transferred asynchronously to
the new sandbox. The second case is that it is followed by sev-
eral parallel sub-functions, then the result will be dispatched

to these sub-functions. Finally, if the current workflow node
is a conditional branch, then the subsequent route will depend
on which condition is satisfied.
The computational complexity of the proposed BriskChain

runtime algorithm is determined by the specific structure
and flow of the serverless workflow. According to the Algo-
rithm 1, the complexity depends on the number of nodes and
their types within the workflow. Sequential nodes contribute
to linear complexity, processed one at a time, while parallel
nodes increase complexity based on the number of concurrent
tasks handled simultaneously. Branch nodes add variability
due to conditional evaluations leading to different execution
paths. Thus, the overall complexity can be approximated as
O(n+m), where n represents the number of sequential nodes
and m the number of parallel nodes. This complexity reflects
the algorithm’s dependency on the total number of nodes,
the presence of parallel processing, and the conditions that
determine branching paths within the workflow.

C. PROCESSING OF SERVERLESS FUNCTIONS

NGINX Controller CouchDB Kafka Sandbox 1

① Request
②Request

③Fetch function 1 and workflow schema

⑥Message

⑦ Invoke function 1

Result⑩⑪ Result

Activation ID ④
Activation ID

Sandbox 2 Sandbox N

⑤ Function locality strategy (asynchronous)

⑧ Invoke function 2

⑨Invoke function N

FIGURE 6. BriskChain Sequence Diagram

Figure 6 shows the workflow processing sequence dia-
gram using OpenWhisk with BriskChain. The sequence starts
from the end-user request to the gateway (NGINX) ( 1 ).
Specifically, the user invokes the first function of a workflow
with a predefined workflow schema. NGINX forwards the
requirement to the controller with the function parameters,
function ID and the workflow schema ID ( 2 ). The controller
uses this information to obtain the function source code and
detailed workflow definition from CouchDB ( 3 ). Then, the
user will receive a token (activation ID) after the controller
accepts the workflow task ( 4 ). Meanwhile, the controller
also dispatches the sandbox of the current function to the
same location (same host) as other functions in the workflow
if possible. The remaining functions of the workflow run
one after another without having to communicate with the
central controller ( 7 , 8 , and 9 ). This is performed by the
embedded controller sending aworkflow task toKafa ( 6 ). At
the end of processing, the result of the workflow comes from
the result of the last function of the workflow ( 10 ). Once
this result is stored in CouchDB, the user can use the token
(activation ID) to obtain the workflow result.
The BriskChain sandboxes possess the capability to au-

tonomously process interrelated data sequentially, indepen-
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dent of direct interaction with the controller. This autonomy
is facilitated by the BriskChain Embedded Controller’s pre-
definition or scheduling of workflows in advance. In sce-
narios involving sequences, branches, or parallel execution,
the BriskChain sandbox automatically routes the output of
the current node to the subsequent serverless function within
the workflow, as demonstrated in steps 7, 8, and 9 of Fig-
ure 6. Moreover, in the special scenario of "fun-in" within a
workflow, where multiple nodes contribute output to a single
next node, the BriskChain framework relies on an external
memory database Redis. This external database temporar-
ily stores output data from multiple preceding nodes before
transmitting it to their shared next node.

IV. EVALUATION METHODOLOGY
In order to evaluate the advantage of worker-side pattern that
has been implemented in BriskChain, several experiments
have been designed to provide answers to the following ques-
tions:

(i) What is the scheduling overhead of BriskChain com-
pared with others in different DAG forms?

(ii) What is the performance of BriskChain scheduling
serverless functions based on the different payloads of
the workflows?

(iii) How does BriskChain perform in real-world applica-
tions?

The benchmarks used for evaluation are described in detail in
Section IV-A.

Configuration
Kubernetes Cluster Google Kubernetes Engine; Zone: us-central1-c;

One cluster with three nodes
Cluster Node 301 mCPU requested; 940 mCPU allocatable;

445 MB memory requested; 2.95 gigabyte allo-
catable

Cluster Software Container-Optimized OS from Google;
Kernel: 5.10.109+; Kubelet: v1.22.11-gke;
Operating System: Ubuntu 20.04 LTS

Libraries and OpenWhisk v1.2.0;
Frameworks BriskChain; Composer 0.12.0
Related third-party Redis v7.2; Apache Kafka v2.7.0;
dependencies CouchDB v3.1.1; Nginx v1.19.10
Data 1: Customized simulation data

2: Travis2slack [19]; Vid [20]

TABLE 1. Hardware and Software Setups for the Experiment

The performance of BriskChain will be compared with
that of OpenWhisk, and Apache Composer. There are many
other open-source serverless platforms such as those reviewed
in [18], [21]. However, making fair comparisons between per-
formances of different serverless platforms have been known
to be challenging [22]. This is because the optimal perfor-
mance of such systems often depend on certain configuration
parameters which are system dependent. On the other hand,
BriskChain, OpenWhisk and Apache Composer share similar
runtime environments. Thus, we can more easily configure
these systems to ensure a fair comparison.

The hardware and software environment that are used to
conduct the experiments are listed in Table 1. A Kubernetes
cluster was built on Google Kubernetes Engine (GKE) with
three host nodes installed in the same cloud zone. The three
severless platforms are installed in the Kubernetes environ-
ments.

FIGURE 7. Synthetic Benchmarks

Note, however, that OpenWhisk currently only supports se-
quential function composition. Therefore, for the workflows
that involve branching and parallelism, comparisons could
only be made between BriskChain and Apache Composer.

A. EXPERIMENTAL BENCHMARKS
Two different kinds of workflows are used as benchmarks
in our experiments – synthetic and real applications. The
synthetic benchmarks allow us to compare the performances
of the systems under sequential, branching, and parallel work-
flow situations as illustrated in Figure 7. Sequential work-
flows contain identical functions that are run one after an-
other. The branching workflows contain branching nodes set
up in an if-then-else arrangement. Parallel workflows break
out from a single function into parallel subtasks. They are
also known as fan-out and fan-in workflows because the task
breaks out (fan-out) into multiple concurrent sub-functions,
and then the results of the sub-functions are collected (fan-in)
through a single node.
To evaluate BriskChain under more realistic workflows,

two real applications – Travis2slack and video transcoding,
are used. They are representative use cases with payloads and
external dependencies and involve all three workflows in the
synthetic benchmarks.
Travis2slack [19] is a serverless application that responds

to notifications from continuous integration and continuous
deployment (CI/CD) software projects. It analyses project
logs and publishes analysis reports with the original er-
ror addresses to the subscribers. The processing steps of
Travis2slack are shown in Figure 8. Initially, Travis2slack
uses a webhook to receive build notifications from Travis-
CI [23] which is a hosted continuous integration service
for building and testing software projects hosted on GitHub
and Bitbucket. Then it retrieves pull requests and build de-
tails. The second task is to fetch and analyze build and test
logs. Finally, Travis2slack generates Slack [24] messages for
subscribers. This application consists of twelve nodes in its
workflow as shown in Figure 9. The descriptions of these
twelve nodes are provided in Table 2.
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FIGURE 8. Pipeline of Travis CI to Slack

FIGURE 9. Workflow of Travis CI to Slack

Video Transcoding (Vid) is a serverless application that
converts videos from one encoding format to another. It is
a resource-intensive task, and traditional transcoding appli-
cation software consumes a lot of computing resources. Its
serverless workflow involves three major steps – splitting,
transcoding, and merging. The splitting step segments the
video into a series of videos of shorter durations. This step is
required to overcome the time limit of serverless functions.
For example, OpenWhisk has a default time limit of one
minute. These segmented video files are then transcoded into
the target format. In the workflow, many segmented videos
are transcoded in parallel to increase efficiency. Finally, the
transcoded segmented videos are merged into a single video
file. This workflow is illustrated in Figure 10 and a descrip-
tion of the nodes can be found in Table 3. In our experiment,
a 100-second video file in MOV format is transcoded to MP4
format.

FIGURE 10. Workflow of Video Transcoding

B. EVALUATION METRICS
The effectiveness of BriskChain will be evaluated on the
amount of time needed time spend on setting up and getting
the serverless functions ready for a workflow. Obviously, this
runtime overhead depends on the number of functions in-
volved in the workflow and the size of the payload. In our ex-
periments, unless stated otherwise, the overhead includes the
total time spent outside of the functions. It typically includes
scheduling time, state transition time, and delay time between
the workflow functions. Apart from the total overhead time,
we will also measure the 95th percentile latency.

Node Explanation
1 Webhook The message comes from Travis.
2 Echo Data cleaning.
3 Extract Build notification information.
4 Fetch Queries Travis CI to determine the job ID.
5 Check Is a pull request number defined?
6 Return Record logs, output error and terminating computa-

tion.
7 Slack author Get Slack author.
8 Is subscribed If author is not subscribed for notifications.
9 Return Record logs, output error and terminating computa-

tion.
10 Analyse Fetches and analyses the CI logs.
11 Format This action formats notification message with log

analysis.
12 Post Sends the message to Slack

TABLE 2. Workflow Nodes for the Travis2slack Benchmark

Node Explanation
1 Trigger It triggers the workflow by a newly uploaded video.
2 Split It splits the video into small video slices according

to a defined time interval.
3 Transcode It transcodes sliced videos in parallel.
4 Other tasks Other optional tasks such as content security

review or video watermarking.
5 Merge Merge(fan-in) the transcoded videos into one final

video.
6 After-process Update information to database.

TABLE 3. Workflow Nodes for the Video Transcoding Benchmarks

V. RESULTS
A. SYNTHETIC BENCHMARKS
1) Sequence Workflow
The sequence workflows consist of identical functions. Fur-
thermore, these functions do not perform any processing
and respond to calls immediately. Also, there is no payload
transferred between the internal functions of the workflow;
only a short string is transmitted to record the execution status
of the workflow. The functions will normally encounter a long
cold start delay when they are run for the first time. However,
the results shown in this experiment do not include any cold
start delay. Each workflow case is executed 100 times.
The results in Figure 11 show that BriskChain outper-

forms OpenWhisk by over 70%. This is direct result of the
worker-side pattern in BriskChain. On the other hand, Open-
Whisk requires multiple internal interaction loops between
the master and the workers when processing the workflow,
resulting in much higher overhead. Another desirable effect
of BriskChain’s worker-side pattern is that the overhead in-
creases linearly with the number of functions in the sequence.
Another reason why BriskChain’s overhead is lower is

that it omits many unnecessary remote database accesses.
OpenWhisk stores the result of each serverless function call
into Apache CouchDB,whichmay be located in a remote host
from the functional tasks of the workflow. On the other hand,
BriskChain sends the result of the current function directly
to the next function of the workflow, without accessing the
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FIGURE 11. Overhead of Synthetic Sequential Workflows

database unless any error occurs.

2) Branch Workflows
The branch workflows each consist of two branches. If the
result of the judicial function is true, the result is dispatched to
the first branch. Otherwise, it goes to the second branch. Since
OpenWhisk does not support branch scheduling, comparisons
are made between Apache Composer and BriskChain. Note
that this experiment does not examine the workflows with
more than two branches.

Overhead (seconds)

Apache OpenWhisk 
Composer

BriskChain

0.00 0.05 0.10 0.15

Average 95th Percentile

FIGURE 12. Overhead of Synthetic Branch Workflow

The results in Figure 12. shows that BriskChain spent
significantly less time in overheads compared with Apache
Composer. The 0.023 seconds of overhead on average re-
quired by BriskChain is about one-third of that for Apache
Composer. Furthermore, the 95th percentile latency is 70%
lower. This is because BriskChain dispatches the branch node
directly from the condition node without waiting for the
scheduling order from the controller. A branch is no different
from a sequence, except that there is an additional conditional
test before scheduling the next correct workflow node. There-
fore, the overhead of BriskChain in the branching benchmark
is also low, similar to the sequence workflow experiments.

3) Parallel Workflows
The experiment simulates synthetic parallel workflows com-
posed of various number of sub-functions. A whisker plot
of the results for Apache Composer and BriskChain over
1000 runs is shown in Figure 13. Overall, BriskChain re-
quires 50-75% less overhead than Composer across the dif-
ferent number of parallel functions. Also, the overhead of
BriskChain grows linearly with the number of parallel func-
tions, but Composer shows exponential growth. For example,
in a parallel test of 30 concurrent functions, the overhead
of BriskChain is only 1/5 of the overhead of Composer. In
addition, BriskChain overhead shows much smaller variance.
For example, for 30 parallel tasks, some executions with
Composer use nearly 3000 milliseconds which is 50% higher
than the lowest value. This is because parallel scheduling
in Composer requires complex multisystem dependencies.
Delays in any one of these components will lead to delays
in the entire workflow. As the number of parallel functions
increases, the probability of latency becomes greater, and
hence the higher variance.

FIGURE 13. Whisker Plot of Parallel Workflow Execution Time

Another reason why BriskChain shows better performance
than Composer is resource competition. Large numbers of
subtasks in parallel workflow lead to large resource demand
spikes, albeit for a short period of time. Such spikes could
cause network resource contention. BriskChain’s locality
strategy enables serverless functions of the same workflow
to be exeduted on the same host. Therefore, such network
contention issues could be avoided.

4) Payload Evaluation
To assesses how well BriskChain performs with various pay-
load sizes, we constructed a workflow using six functions
that operate sequentially. Different payload sizes are used,
with each function handing off the payload to the next un-
til the workflow is completed. Figure 14 shows the over-
head associated with each payload size. In comparison with
BriskChain, OpenWhisk requires roughly three times higher
overhead for a 1K byte payload. The overhead of OpenWhisk
also increases exponentially while that for BriskChain shows
only polynomial increase. This is due to riskChain’s locality
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FIGURE 14. Overhead with Different Payloads

mechanism effectively avoiding cross-host internal commu-
nications. High overhead for high payload in typical FaaS
systems is the reason why many platforms place a limit on
the payload size.

B. APPLICATIONS CASE STUDIES
Figure 15 depicts the transcoding performance of the video
transcoder workflow. The graph on the left-hand-side of this
figure shows the percentage improvements as a 90-second
video is divided into videos segments of shorter durations.
The percentage is calculated with respect to that of Com-
poser for the 90s video. The graph on the right-hand-side
of Figure 15 shows the change in the percentage of time
taken to complete the workflow as the video segment duration
changes.

FIGURE 15. The Effect of BriskChain for Video Transcoding

As the original video is split up into a larger number of
segments (with shorter segment durations), transcoding is
performed by a larger number of distributed functions. Hence,
in general, the efficiency increases as the duration becomes
shorter. The results show that even with the 45-second seg-
ments, the workflow required 180s and 167s to complete
with Apache Composer and BriskChain respectively. This
correponds to BriskChain having an 18% better performance.
With 5-second segments, BriskChain outperforms Apache
Composer by a margin of about 35%, with the workflow
completed in 38s

The performances of Apache Composer and BriskChain
for Travis2slack are shown in Figure 16 as the payload in-
creases. In general, there is a deterioration in performance
with increased payload. As the payload quantity is increased

FIGURE 16. The Effect of BriskChain at Travis2slack

ten-fold, Apache Composer experienced a 50% reduction,
while BriskChain’s performance merely encountered a 25%
decline.

It should be noted that data transactions surpassing 1MB
between serverless functions on different hosts will intro-
duce bottlenecks. BriskChain always attempts to orchestrate
serverless functions from the same workflow onto the same
host, effectively circumventing this kind of bottlenecks. Con-
sequently, as the quantum of payload data within the work-
flow escalates, BriskChain is able to achieve not only a more
gradual pace of performance deterioration but also sidesteps
the potential hindrance posed by hefty data loads.
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FIGURE 17. Overhead time (seconds) for Travis2slack and Vid

Figure 17 compares the overhead time between BriskChain
and Composer for both applications. For Travis2slack with
original basic payload, BriskChain’s overhead is 3.5 seconds,
about 30% of Composer’s overhead of 11.3 seconds. In the
case of Vid, BriskChain requires 60% less overhead on aver-
age than Composer for video segments of five seconds. The
superiority of BriskChain for these applications mirrors the
results obtained with the synthetic workflows.
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VI. CONCLUSIONS
This article presented the design of a novel worker-side
pattern for serverless computing. Its implementation, called
BriskChain, is based on the OpenWhisk open-source server-
less platform. It shows that by reducing the communication
required for each function sandbox with the central con-
troller, computation overhead could be drastically reduced.
Furthermore, with an embedded controller in each sandbox,
each function could directly transfer payloads to a subse-
quent function in the workflow, thereby reducing the over-
head for data transfer even more. Experimental results using
BriskChain showed that In this way, serverless applications
are able to run much more efficiently in terms of the runtime
overhead required, for both synthetic and real application
workflows.

The concept of decentralized architecture holds promise
for improving the efficiency of cloud computing, and is wor-
thy of further research. An example of the use of decentral-
ization is to perform auto-scaling. It is an important feature of
every virtualized container and is typically supported by the
master in an FaaS system. Decentralized containers could be
designed to manage their own auto-scaling instead of relying
on the master. This implies that each container needs to have
its own lifespan, with any inactive container automatically
terminated after a predetermined length of time. In this way,
the requirement for scaling down could be fulfilled. When
service demand increases, each container could spawn more
replicas by itself to enable scaling up.
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