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Abstract: Software service providers are increasingly taking over the cloud computing paradigm to provide on-demand access to near-
unlimited resource pools. Services, memory sensitivity Cloud data and rationalization. Two of the central issues that concern the industry:
(i) how to achieve outsourced calculations in an efficient and manageable way through agile and optimized deployments, and (ii)
Especially with sensitive data. How sensitive data is not protected public cloud, but still maintains business functionality practically. To
optimize deployment, cloud providers have improved their computing infrastructure. By introducing container orchestration, we introduce
the framework with improved software proposal automation and agility. Additionally, software service providers have migrated
computationally intensive software systems such as high layers and technical workflows to achieve efficiency. To maintain the benefits of
cloud-protected data, researchers have proposed many encryption techniques for searching and computation of encrypted data. However,
software practitioners face several challenges. First, elastic scaling of arithmetic resources such as containers leads to non-negative delays.
This is called cold start and prohibits the agile and rapid delivery of software services. This concern is often the case that server less
computing and generally automated scaling systems (deadline-based service level goals (SLOs) for deadline-based applications. There are
many techniques for resource instantiation. The problem is that cloud resources can be reduced to minutes. The contribution is based on
several applications in the fields of aviation, finance and healthcare. The results were verified and evaluated. This paper shows how to

effectively tackle the above challenges. Finally, the paper outlines future directions beyond the limits of success presented.
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1. Introduction

Using optimization processes to develop, model, and refine
intricate designs. In order to simulate and optimize physical
attributes  like  strength,  vibrations,  geometrical
decomposition, or material selection, these workflows are
intricate and time-consuming procedures that are usually
made up of a variety of software tools and services. These
tools can include engineering tools like MathWorks, Cradle,
and others, as well as knowledge engineering tools like
ParaPy. To carry out these operations, engineers utilize a
variety of hardware, such as their desktop PCs or High-
Performance Computing (HPC) clusters.

Current circumstances. The processing, memory, and storage
capacities of desktop computers are con-strained.
Furthermore, the experiments' parallel execution is dependent
on the quantity of computers and cores that are accessible.
Although HPC clusters are more powerful and efficient than
desktop computers, they are built with specialized, costly
gear, and their capacity isn't always immediately available.
For engineers who conduct ongoing or repeating experiments,
scheduling time slots and complicated queuing APIs present
still another challenge.

The cloud's promise. These days, engineers can use cloud
computing to obtain on-demand access to the resources they
need for their processes, which are frequently built on
inexpensive commodity hard-ware. A common pool of
reconfigurable computing resources, such as networks,
servers, storage, apps, and services, can be accessed on-
demand using the cloud computing concept [14]. Automated
provisioning of necessary cloud-related resources, including

virtual networks, virtual machines, and necessary
infrastructure software and middleware platforms, is made
possible by cloud orchestration solutions. As a result,
deployment procedures and infrastructure are now fully
programmable and decomposable.

2. Challenges

When implementing and carrying out engineering workflows
in the cloud, there are still significant issues and difficulties.
In addition to supporting intelligent scaling and the execution
of simulation and optimization workflows in the cloud,
engineers must automate deployment. This procedure uses
adaptive deployment for every workflow deployment and
execution in order to group, divide, and parallel-size the
various jobs and their corresponding tools on the appropriate
number and kind of nodes. Both may also change based on the
particulars of a certain execution. Automating this process
involves automatically estimating the quantity of cloud
resources (number of virtual machines, memory, and cores,
etc.), automatically determining the types of resources needed
(virtual machines, storage volumes, etc.), and automatically
bootstrapping and destroying the necessary infrastructure.

InfraComposer: towards smart deployment in the cloud.
In order to overcome these obstacles, we introduce a reflective
and flexible middleware that facilitates and controls (i) the
deployment of intelligent, flexible workflows, (ii) scaling, and
(iii) cloud execution. We make use of both domain-specific
expertise on the specific tools utilized and thorough
examination of these tools when they are implemented and run
on the cloud platform.
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Figure 1.1: Middleware for cloudifying simulation workflows

The engineers' feedback regarding the characteristics of the
tools they use and their execution history both influence the
adaptive middleware. In terms of CPU, memory, and network
utilization, the engineers' contribution is defined as
annotations on the processes and is predicated on human
expertise and assumptions about the tools. The original
deployment and scaling strategy will be optimized using the
execution history over time, allowing for further adaptation to
actual execution information (see Fig. 1.1).

Therefore, our middleware identifies two significant additions

to the current deployment and orchestration middleware:

1) Resource deployment and reservation planning based on
annotations. An initial deployment plan will be created
using the workflow's annotations. A cloud orchestrator
can carry out a deployment plan, which is a topology and
orchestration specification for a cloud application.

2) Adaptive scaling and reconfiguration based on history.
The middleware uses past outcomes to modify the
deployment plan configurations according to the
workflows' execution history. This is fuelled by policies
that have the ability to analyse execution history
statistically and reason about it.

In order to do this, the middleware's reflective meta-models

allow for the reification of:

1) Important architectural ideas like tasks, workflows,
particular tools, and how they are deployed,

2) Important ideas about how certain tools should be
executed with particular parameters; and

3) Important ideas about how resources should be used, like
nodes, cores, CPU time, memory, storage, and network
metrics.

Electrical Wiring Interconnection System (EWIS):-
EWIS is a crucial phase in the multidisciplinary design
optimizations (MDO) process used in aircraft design. To
determine the best options for cockpit wire harness routings,
aerospace experts plan and carry out intricate simulation and
optimization tests.
Motivating Situation. It is unclear whether a task's primary
optimization tool is memory-intensive when looking at the
tasks in an EWIS workflow. The best deployment is
accomplished through a gradual and flexible procedure that is
initially influenced by the engineer's annotations and
subsequently by the tool's execution history.
1) Because the wire harness tool puts a lot of data, such as
an aircraft's physical characteristics, into memory, the
aerospace engineer specifies that it is memory-intensive

rather than CPU-intensive. This is, at the very least, the
engineer's annotation-based assumption.

2) The middleware allows the engineer to carry out the
experiment as outlined in the process by allocating a
significant quantity of RAM with a limited number of
cores for every virtual node in the cloud.

3) However, because the executing nodes surpass the system
load saturation limits and the memory resource has been
over allocated, the execution history indicates that the
tool is mostly CPU intensive.

4) The deployment strategy ought to be modified to use
more cores and less memory for the virtual nodes.

Design of the hinge system of an aircraft rudder:-

The design of airplanes is another instance of
multidisciplinary design optimization (MDO). An auto-mated
workflow optimizes the hinge design, which is an essential
component of the overall rudder de-sign of an airplane. In
order to minimize engineering goals (such as overall weight),
the workflow in-clues a collection of engineering tools that
handle meshing and stress analysis of hinge components in
addition to doing a nearly thorough search for every potential
solution [97, 114]. As a validation, we provide a workflow in
Section 3.5.2.

Motivating scenario. The workflow's execution flow for
these interdependent engineering tools is predicated on
intricate designs created by MDO specialists. As a result, an
aeronautical engineer cannot immediately determine the
number of nodes, the necessary tool instances, or the
supported level of parallelization.

1) To begin, the workflow engineer indicates through
annotations that only a very large node is needed
additionally, an anticipated execution completion time is
specified by the engineer.

2) In accordance with the procedure, the middleware
instantiates the node and carries out the experiment.

3) How-ever, due to a huge number of sub-experiments, the
execution history reveals that the execution takes a lot
longer than anticipated. This leads to numerous scheduled
jobs and parallel runs.

4) In light of the anticipated execution time, the deployment
plan should be revised to modify the number of nodes
(rescaling).

Electrical Wiring Interconnection System Design

The wire harness routing simulation and optimization
procedure is demonstrated by the condensed EWIS workflow
(see Fig. 1.2). Usually, a workflow engine (Optimus in our
instance [185]) powers such a workflow. Such optimization
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procedures involve concurrent, iterative execution of tests to
pro-vide the best wire routing. Different input design variables
are supplied by the workflow engine at runtime for every
experiment run. The creation, coordination, and offloading of
jobs to worker nodes are handled by the workflow engine.

Following the MAPE-K loop's three distinct iterations (steps),
we conducted a series of tests that presented various adaption
scenarios. In each scenario, we suppose that an engineer has
made a series of incorrect assumptions about the workflow
and its requirements. The MAPE-K loop is iterated in each

step.
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Figure 1.2: An overview of the cloud-based wire harness routing simulation and optimization process is shown in Both the
worker nodes and the workflow engine (master node) are set up on virtual computers.

Table 1.1: Configuration details of each execution round of the EWIS workflow.

vCPU | RAM (GB) | Nodes Intensiveness Execution | Jobs per VM
Step 1 2 16 5 Memory Network | 62.37 min 9
Step 2 4 8 10 CPU Network 33.10 min ~5
Step 3 4 4 15 CPU Network 22.02 min 3

Scenario 1: the workflow is memory intensive: The
reflective monitoring indicates that the wire harness tool does
not load a significant amount of data into the memory before
or during the workflow execution, despite the engineer's
annotation that it is memory hungry. As a result, the
deployment strategy is modified to use virtual machines with
less RAM and to scale down.

The workflow engineer specifies annotations for resource use
and direct deployment in phase 1. The former consists of five
worker nodes, one installation per node, the usage of the wire
harness optimization tool, and a shared storage space for
geometrical data. The latter characterizes the process as
requiring a lot of memory and network. The cloud
infrastructure is then deployed by sending the work-flow to
Infra Composer. The execution then begins, and the workflow
engine (the master node) for-wards optimization jobs to the
worker nodes, as shown in Fig. 1.2. regulations. Every

execution step is a 45-experiment iteration of the MAPE-K
loop. In this use case, each node can accept one work (optimal
wire harness routing computation) at a time. The number of
experiments is specific domain knowledge, and InraComposer
observes the 45 experiments as one large experiment.

The engineer's next goal is to repeat the process with other
experiments. Following a thorough examination of various
jobs, processes, and system-wide KPIs, InfraComposer
continued to monitor the execution of step 1.

To enforce the business rules, the monitoring component
collects memory-related metrics (such as free, swap memory,
etc.) and sends the results to the policy engine (see Table 3.3).
In step 1, a significant amount of memory was left unused, as
seen in Fig. 3.9. To prevent over-provisioning, the virtual
machine has been shrunk to use less memory.

S Adaptations Policies

1 -Assumption: memory intensive
— Adaptation: scale up/down the VM

input :VM

if VM.free_memory > 4GB

and VM.total memory >= 4GB then
| resize(VM, VM.total _memory/2)
if VM.swap_memory > 0 then

| resize(VM, VM.total memory*2)
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2 --Assumption: CPU intensive input :VM

— Adaptation: scale up/down the VM | if VM.load average < VM.cores

and VM.CPU_utilization < 40%

and VM.cores >= 4 then

| resize(VM, VM.cores/2)

if VM.load_average > VM.cores

or VM.CPU _utilization > 60% then

| resize(VM, VM.cores*2)

3 — Assumption: few number of nodes input : Cluster, VM, Workflow, Net, Master, license, quota
— Adaptation: scale in/out the VMs if (Workflow.execution > 30min

or VM.accepted jobs > 1)

and Net.bandwidth_utilization < 1Gbps

and Net.packet_loss < 5%

and is_sufficient (license, quota)

and not master node_saturated(Master) then
| quantity license.tools <5 ? license.tools : 5
| resize(Cluster, Cluster.VMs.count + quantity)
if Net.bandwidth utilization >= 1Gbps

or Net.packet_loss >= 5%

or master_node_saturated(Master) then

| resize(Cluster, Cluster.VMs.count - 5)

Table 1.2: Policy-based adaptation scenarios based on execution history. The system performance analysis is performed using
the Utilization Saturation and Errors (USE) [82] methodology. Aggregated values are maximum values, and VMs. Load average
maps to the system load during the last one-minute periods in Linux.

Scenario 2: the workflow is not CPU intensive Although the reflective monitoring data indicates that the nodes and the tools
utilize more than a specific threshold, the workflow—specifically, the wire harness optimization task—is not tagged as compute-
bound. More precisely, when the load number is greater than the number of cores, the virtual machine load average illustrates
system saturation. In order to scale up and use more cores, the deployment plan has been changed.

Following step 1, InfraComposer uses its policy engine to enforce a few compute-related rules in order to re-execute the
workflow (see scenario 2 in Table 3.3). The CPU utilization and system load over the last one-minute intervals (average Linux
load of one minute) are shown in Fig. 3.10. System saturation is indicated by the Linux system load, which should typically be
lower than the number of cores. The system is saturated since the virtual machine used two cores in step 1. As a result, the
workflow is changed to use four cores for steps two and three. The system load thus stayed below 4 (the number of cores).

186GB| O swapoGB @Free 14268 | 7998l O swap0GB @ Free 6.4GB

14.0GB 56GB
9.3GB 3.7GB
4.7GB 1.9GB
o'oaoom" 30'00" 62'37" 0'0300'00" 10007  20'00° 3310

(a) Step 1. 16GB Memaory (b) Step 2. 8GB Memory

S37GB| 0O Swap 0GB @ Free 2.6GB 23GB| @ Mem Used 2.0GB
2.8GB 1.9GB

1.9GB 953.7MB

953.7MB 476.8MB

0.0 0.0B

B
00'00" 11'01" 22'02" 00'00" 00 30" 6237

(c) Step 3. 4GB Memory (d) Wire harness tool
memory usage

Figure 1.3: Different steps of the EWIS case: free memory vs. swapping
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(c) Step 1. CPU utilization.
Each worker has 2 cores.

(d) Step 2. CPU utilization.
Each worker has 4 cores.

Figure 1.4: CPU utilization and load average of the workers and the master node. Master node has 4 cores. Each core is a
virtual core.

Scenario 3: the workflow needs few number of nodes

The engineer expects the wire harness virtual machines to
have a restricted horizontal scale. In the distributed
arrangement, he must adhere to his quota of total cores and
memory, and at first, he wants it to be inexpensively installed
on a small number of instances. However, because of the
quantity of the input parameters and datasets (about the
physical attributes of the aircraft), reflective monitoring
reveals that there are a significant number of parallel
executions (i.e., scheduled jobs). As a result, the total
execution is prolonged. As a result, the deployment strategy is
modified to reduce the number of nodes and their memory
capacity. Because of this, the process can use more instances
of the tools, meeting the predicted execution time need while
adhering to budget and quota.

Horizontal re-scaling limits are presented as rules in policies
in Table 3.3 for scenario 3. Networking metrics, licensing, and
quota restrictions are also crucial, in addition to execution
time and the quantity of approved jobs per virtual machine
(VM) (9 jobs per VM in step 1). There is a real upper limit to
cluster-wide bandwidth consumption, and beyond it results in
network saturation in terms of packet loss, networking
failures, and segment retransmissions. Additionally, because
of the job scheduling and workflow execution, resources
ought to be available in the master node. Policies ensure that
disk IO speeds, available RAM, and average load do not
overload the master node.

57 2MB/s 105,6MB/s
so9msrsl @ Outbound 403.3KB/s 79.0Mas| | @ Qutbound 406.8KB/s
i @ Inbound 83.2KB/s \ @ Inbound 99.5KB/s
28 6MB/s ||| 52.8MBJs | |
14.3MB/s 26.4MB/s |
0.08 k= 0.0B Ll _4 e
00'00"  10'00"  2000" 3310 00'00" 11'01" 222"
(a) Step 2. Bandwidth utilization  (b) Step 3. Bandwidth utilization
(max: 54.4 MB/s) (max: 84 MB/s)

Figure 1.4: Cluster-wide bandwidth utilization of the network where the shared volume is operating.

The network's cluster-wide bandwidth usage when the shared
volume is in use is shown in Fig. 1.4.

The shared volume is in use. Packet loss was minimal because
the maximum incoming rate (34.9 MB/s in step 1 (not shown),
54.5 MB/s in step 2, and 84 MB/s in step 3) is less than the
network's total bandwidth. Furthermore, the nodes' disk 10

utilization was 52.4% in step 1, 74.82% in step 2, and 70.05%
in step 3. These numbers are affected by the shared volume's
network latency. When compared to step 1, the execution time
was 29.27 minutes faster in step 2 and 40.25 minutes faster in
step 3 as a result of the policy engine scaling out and
reconfiguring the number of nodes to 10 in step 2 and 15 in
step 3.
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Limitations and Future Opportunities

This section describes our design choices and future directions
for (i) componentization granularity and (ii) the policy-based
decision making mechanism in the context of cloudification
engineering work-flows.

Granularity of Componentization Although virtual
machines are provided by InfraComposer as the level of
componentization, the ideas in the architecture are not always
associated with any particular component model (such as
virtual machines or containers). Applying the ideas discussed
in this work to a containerized environment, which calls for
minimal concerns, is part of our future work. (i) The meta
models, such as the resource meta model, and the reflective
architecture in general need to be modified to fit the new
configurations. (ii)) A cloud orchestrator and a unified,
modular, reusable deployment topology and orchestration
specification like TOSCA are essential components of the
current architecture. There is a need for such an abstract
specification that allows interaction with the state-of-the-art
container orchestration systems (e.g., Kubernetes, Mesos,
Docker Swarm, etc.) because mapping TOSCA to containers
is not fully realized [60]. (iii) Because engineering workflows
include a wide range of domain tools that can be executed on
different operating systems, those operating systems should
fully support containers. (iv) Finally, in this situation, a novel
auto scaling technique ought to be suggested.

Dynamic Adaptation Policies A policy-based approach to
defining rules, and specifically their thresholds, is the
foundation of the present InfraComposer architecture (see
Section 3.4.3, 3.5). In order to prepare the policies, this
method mainly depends on the domain knowledge of
engineering workflows. In addition, thresholds are statically
defined. Chen et al. [49] divide the state of the art into two
categories in order to dynamicize the decision-making
mechanism: (i) control theoretic techniques, and (ii) search-
based optimization. Though they have been thoroughly
explored, control theoretic techniques (e.g., Kalman control,
fuzzy control, or PD) are not very good at handling multi-
objectivity (e.g., execution time, cost, etc.) or performing well
in situations when a lot of rescaling decisions need to be made.

Threats to validity In an Open Stack cloud platform that is
shared with multiple tenants, we assessed the middleware. To
ensure that co-located tenants on the bare-metal compute
nodes do not affect our performance metrics, we have
considered every isolation method that is feasible.
Additionally, industry-standard tools and workflows, as well
as actual aircraft designs, serve as the foundation for the tested
application cases. We were only able to execute our
evaluations for a brief period of time because these
instruments and data were quite expensive.

3. Conclusions

To achieve intelligent and optimal deployment on cloud
infrastructures, we presented InfraComposer, a policy-driven,
adaptive, and reflective middleware that facilitates simulation
and optimization workflows. Our methodical process consists
of: (i) getting the engineers' feedback on the first direct
workflow deployment using annotations, and (ii) learning new
things from the real execution history used to create better

deployments. Policies use execution histories to optimize
deployments by encapsulating the expertise of system
administrators and cloud engineers. Reconfiguring and
expanding the execution environment for subsequent
engineering workflow iterations is one way that these policies
respond to reflective time-series data. We demonstrated
particular adaptive deployment scenarios in actual application
cases within the aeronautics area as a means of validating and
assessing the middleware. We verified that the middleware's
reflective and adaptable features could handle every situation.
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