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Abstract: Epidemiological surveillance and phylogenetic studies rely nowadays on processing and analysing
huge volumes of data. Processing tasks consist on running and refining a series of intertwined computational
tasks. And, despite of existing several web applications for data processing and interactive visualization for
phylogenetic studies, integrating many different tools and algorithms, their execution is total or partially on the
client side, making them unsuitable for dealing with huge volumes of data. Studies are often also not easy to
reproduce. On the other hand, in recent years, data-centric workflow systems have been proposed, allowing
to deal better with increasingly larger datasets. The integration of these systems within phylogenetic tools will
allow to scale them as required, and will contribute also to promote studies reproducibility. We propose then the
FLOWYViZ middleware for facilitating the integration of a state of the art data-centric workflow system, Apache
Airflow, within web applications for phylogenetic analyses. This framework abstracts contracts and a core API
for defining tools and workflows, where tools are assumed to be containerized. FLOWYViZ has been tested and
evaluated within the PHYLOViZ web application, a tool supporting phylogenetic inference and data visualization.

Keywords: software integration; middleware; data centric workflows; computational phylogenetics

1. Introduction

The analysis of phylogenetic data presents several challenges for epidemiologists and microbi-
ologists, as well as for computer scientists and engineers. One of the major challenges is taking into
account data from several sources, such as data from surveillance databases to rapidly detect microbial
outbreaks, and data generated by different sequence based typing methods. The appearance of NGS
technologies further increased this challenge by the substantial growth on the amount of genomic data
that can be used to characterize a population.

Phylogenetic analyses usually consist of four main steps: obtaining relevant typing data and
ancillary data, inferring phylogenetic trees and descendent patterns, integrating typing and ancillary
data, and providing suitable information visualizations of trees and integrated data. There are more
than one alternative tool to achieve these main steps, which choice usually depends on the type of data
and results of interest. Several tools to support phylogenetic analyses have been proposed, varying
from standalone applications to integrative web applications that include tools and algorithms used
in these tasks. Some of them are standalone tools that are focused on inferring phylogenetic trees,
such Phylip [1], START [2], eBURST [3] and goeBURST [4]; others are focused on visualization and
integration of data and exploration of results, such as Dendroscope [5], TreeView [6] and Evolview [7].
Online web services dedicated to one phylogenetic tool have been also proposed, such as PhyML [8],
FastME [9] and BOOSTER [10], and that target in general just one step of phylogenetic analysis. These
approaches imply often to transform and reformat their output to serve as input data for other tools,
in addition to manage their storage. Thus, users have to build these procedures manually as well as to
wait for and collect results in order to proceed to the next steps. This is time-consuming, inefficient and
more prone to human error, as no automation is involved. To overcome these problems, standalone
integrative applications, i.e., which can execute all steps previously described for phylogenetic analyses,
have been proposed, such as SplitsTree4 [11] and PHYLOViZ [12]. Also, web integrative applications
have emerged, such as PHYLOViZ Online[13], GrapeTree [14] and Phylogeny.fr [15] providing the
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possibility of remote cloud-based execution and storage management. But cloud-based execution
mechanisms provided by these solutions are often only partial and do not scale. Moreover, new tools
are not easily integrated. Recently, Phylogeny.fr as evolved to NGPhylogeny.fr, a web integrative
application that relies on the Galaxy workflow system [16] for executing tools and algorithms over
data. It is however a specific implementation for NGPhylogeny.fr [17], and the integration between
NGPhylogeny.fr and the worflow system is not generic and modular to adapt to other web integrative
applications.

In this work we introduce FLOWViZ, an Apache Airflow based workflow middleware for compu-
tational phylogenetics, that abstracts contracts and a core API for defining and specifying data-centric
workflows based on containerized tools. It has been designed to be: (i) interoperable by allowing seam-
less integration with different web integrative applications, that want to provide workflow building,
through contracts and loosely-coupled relationships among components; (ii) scalable by supporting
large-scale analyses over on cloud and HPC premises; (iii) flexible by allowing to add and use external
tools, along with the bundled ones inside the web application itself, which is achieved by assuring
that tools comply with defined contracts, that specify rules and operation guidelines for a correct tool
execution and configuration; (iv) user-friendly by giving a web API and interface through which users
can manage, build and execute workflows along with the access of complete and detailed results and
logs. To accomplish these features, FLOWViZ is composed by two components: (i) a web client which
supplies the user with both an API and a graphical user interface allowing it to add its own tools, build
workflows and get results; (ii) a server which includes, among other features, the contracts that should
be complied by tools and mechanisms to interact with Apache Airflow instances for scheduling and
monitoring workflows execution.

We describe in this paper the key aspects and choices that guided the design and implementa-
tion process of FLOWViZ. It is organized as follows. Section 2 presents the design principles and
the architecture, namely the main components and interactions among them. Section 3 details the
implementation choices. An use case is provided in Section 4, namely the integration of FLOWViZ
middleware in the PHYLOViZ web application, which illustrates how data-centric workflows can be
built and used in this context. Finally, in Section 5 we discuss our approach and results, as well as
possible future work, and we summarize the main contributions.

2. FLOWViZ

FLOWViZ middleware aims to provide a bridge between workflow clients, such as web applica-
tions, and data-centric workflow systems. Although we chose to rely on Apache Airflow, FLOWYViZ
design principles and architecture are independent of the underlying workflow engine. The choice of
Apache Airflow relied on the comparison of its features among other task-based data-centric workflow
systems [18,19]. Apache AirFlow [20] is higly scalable and it can be deployed on cloud and HPC
environments, it supports several workflow models, and it provides both a graphical user interface
(GUI) and a application programming interface (API). Others such as Galaxy [21], Kepler [22] and
Taverna [23] only support a GUI. Pegasus [24], Nextflow [25], Swift [26] and Snakemake [27] provide
only a command line interface. An application programming interface is particularly relevant when
developing a middleware framework, to be able to programmatically define the tasks to be executed.
Unlike most of the other workflow managers, it supports all the following workflow models [28]:
procedural, since the model explicitly specifies the sequence of steps and tasks known as control-flow;
script-based, because the composition of nodes is described using scripting languages; event-based, since
workflows are characterized by a discrete set of states; and adaptive, having the possibility to react
dynamically to runtime situations and exceptions, such as a failure in pre-processing an input file.

We describe next the design principles and the architecture, detailing the different modules. The
domain model will be also presented and discussed.

2.1. Architecture

FLOWYViZ middleware supports the following functionalities: (i) tools integration; (ii) workflow
design and specification; (iii) and workflow execution and monitoring. It main usage scenario is to be
integrated as a component. In order to support required functionalities, FLOWViZ has two main
components, the client and the server, as depicted in Figure 1. The web client supplies the user
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with a GUI that exposes the three functionalities previously referred. The server component serves
as a middleware between the web client and both the workflow system and a database, which is
responsible for storing the information about users, tools and workflows. Moreover, the server provides
the necessary API endpoints that make the execution of the three main functionalities possible, while
providing user authentication and account management.

Workflow
specification

Tool
integration

Execution
result

Containerized Data sources
tools

System assets

[ AR SE— .
- XD -

System Interaction Dependency Group of Module

Component components

Actor

Figure 1. FLOWYViZ architecture.

The workflow system interacts both with the database and the server. It retrieves information
from the database, in order to dynamically create and execute workflows submitted by the user, and
provides the server with information regarding execution of each workflow, which latterly the server
will deliver to the client.

Web applications that rely on FLOWViZ can use the server API directly, submitting tools and
workflows specifications, as well as monitoring their execution. To achieve a seamless tool integration
with main web applications, tools to be used in workflows must be containerized and their usage
must be specified in compliance with FLOWViZ contracts. Moreover, the common core dependencies
between FLOWYViZ and the web application, for instance if they are deployed on the same server,
must be also by a dependency contract. But if there are no dependencies, the FLOWViZ will have to
be deployed standalone, meaning that it cannot be integrated as an internal module and share object
instances. Instead, it will be an external component that communicates with the web application or
phylogenetic framework and its tools over the network.

The database is a requirement, since FLOWYViZ need to have access to the storage of tool contracts,
which specifies for instance how to invoke the tool, to the submitted workflows and to the user creden-
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tials. Tool contracts and workflows contain information which can point out to external containerized
tools and data sources, i.e. the system assets.

2.2. Modules

The functionalities supported by FLOWViZ rely on three functional modules: (i) tool integration
module; (ii) workflow specification module; (iii) execution result module. The tool integration module (i) is
responsible for integrating new phylogenetic tools within the framework via contracts; the workflow
building module (ii) supports designing workflows and scheduling their execution, either through the
GUI or directly through the server API; the result production (iii) retrieves workflow execution logs
and builds a final report related to the workflow execution.

2.2.1. Tool integration module

The tool integration module (i) supports the setup and addition of new tools to FLOWViZ. This
is done by specifying the usage contract for the tool. Figure 2 shows the interaction diagram of this
module.

By using the web client, the user can configure the tool contract. When concluded, it is sent to the
server, validated and if successful, saved into the database. A web application can also submit tool
contracts directly through the server APL. After the contract being stored, the tool is integrated with
the middleware and its documentation can be accessed in the web client and through the server APL
Notice that the tool must be containerized, accessible to the workflow system. The user can then build
workflows, if all the necessary tools are already integrated.

[Interaction] Integrate a new tool
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Client Server Database

Setups new tool
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c
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@
=

Confirms and sends tool setup
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Figure 2. The interaction diagram that depicts the functionality of the tool integration module in FLOWViZ.

2.2.2. Workflow specification module

As depicted in Figure 3, the workflow specification module allows designing workflows and it is
responsible for managing workflows.
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Figure 3. The interaction diagram that depicts the functionality of the workflow specification module in FLOWViZ.

During a workflow specification, the user specifies the workflow using the graphical editor
provided in the web client. Each tool will be represented as a node inside the editor and can be
configured as a task or step of the workflow. The user must also connect the nodes, in order to let
the framework infer the data flow between each involved tool. When the user finishes the setup, the
web client will send the workflow to the server. A web application can also send a specified workflow
directly through the server API. When it reaches the server, the workflow will go through a validation
and, if successful, it will be saved into the database. If the database save procedure has executed
successfully, the server will then trigger the Airflow ETL pipeline, by sending an HTTP request to
its REST API, which notifies that a new user workflow was created. The ETL pipeline, as it will be
detailed ahead, will transform the workflow contract into the Airflow directed acyclic graph (DAG)
and, then, starts its execution. Its execution will occur at the date and time configured by the user and
the execution result status can be retrieved later.

2.2.3. Execution result module

The execution result module (iii) delivers the workflow log back to the client, so the user can check
it. When the workflow execution finishes, the server provides the client with endpoints, which fetch
data from the Airflow REST API, in order to retrieve results for a specific workflow. Figure 4 displays
the general use case implementation of this module. When the workflow execution finishes, the user
can check its execution logs and the dynamically generated DAG source code, created by the ETL
pipeline. It can also access output files or data generated in each step.
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Figure 4. The interaction diagram that depicts the functionality of the execution result module in FLOWViZ.

2.3. Domain Model

To support the functionalities described before, FLOWViZ stores tool contracts, submitted work-
flows and user credentials. Therefore, the domain model includes three main entities, namely Tool,
Workflow and User.

The Tool, as depicted in Figure 5, represents the contract of an integrated tool. The Access of a
tool can be through a docker container (LibraryAccess) or an API (ApiAccess). Although we have
selected docker containers, more container engines can be used, with little effort.

In the case of tool libraries which include also standalone tools, it is necessary to define the tool
command tree and establish the command hierarchy. This is supported by specifying a CommandGroup,
which may contain more than one Command.

The CommandGroup includes properties such as: invocation property, which allows the user to
specify an alias to invoke a specific command group or command; order property, that defines the
invocation priority of a specific command or command group; allowRep property, that defines if a
command or command group can be invoked again, after a previous invocation. Each CommandGroup is
composed by one or more commands included in the tool library. The sub-properties which compose
a Command and their functions are the following: name that represents the designation of the command;
invocation, which specify how the command can be invoked; allowedValues, which are the values
that the specific command accepts; allowedCommands, that gives the list of commands which can
be invoked after the current command invocation; allowedCommandGroups which gives the list of
command groups that can be invoked after the current command invocation.

In the case of an tool accessed through an AP, it is necessary to define the Endpoint, which
includes: the method, which specifies the HTTP method accepted by the endpoint; the headers, for
specifying the HTTP headers that are accepted by the endpoint; the body, for specifying the body that
is accepted by the endpoint.

The workflow entity, depicted in Figure 6 represents a workflow to be executed by Apache Airflow.
This entity is responsible for binding a workflow to the user who submitted it, as Apache Airflow does
not have a way to separate workflows for each user. Later, in Section 3, it will be detailed how Apache
Airflow will process the user created workflows.

The user model, depicted by Figure 7, represents a FLOWViZ user, and it is mainly used during
the registration and login procedures. The password property is always stored in the hashed form, in
order to be unusable in case of a data leak.
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Figure 5. Tool domain model.
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+ execution_order: String + password: String
| Model Kevs: Model
Keys: eys:
Composition Generalization Model Model
Figure 6. Workflow domain model. Figure 7. User domain model.

3. FLOWViZ Implementation
As depicted in Figure 8, FLOWYViZ interacts with a database (e.g., MongoDB) and the Apache
Airflow workflow system. FLOWYViZ includes a React web client and an HTTP Express server, built

with Node js, and hence both written in JavaScript. The reference implementation is publicly available
at https:/ /github.com /DIVA-IPL-Project/ FLOWViZ.
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Figure 8. FLOWViZ components interaction.

3.1. Server

The server is mainly responsible to: (i) receive, validate and save tool contracts into the database,
namely in the tool model collection; (ii) receive, validate and save user workflows into the database,
namely in the workflow model collection; (iii) manage users access; (iv) supply the client with
integrated tools, created workflows and workflow execution logs. To perform these operations it was
designed a REST API, described in Table 1.

Table 1. FLOWViZ server REST API endpoints.

Endpoints HTTP Verbs Access To
/tool GET,; POST database
/tool/{name} GET, PUT; DELETE database
/profile GET database
/register POST database
/login POST -
/logout POST -
/workflow GET,; POST database
/workflow POST database; Airflow
/workflow /{name} GET database; Airflow
/workflow /{name}/{dagRunld} GET database; Airflow
/workflow/{name}/{dagRunld}/tasks/{taskInstanceld} GET database; Airflow
/workflow /{name}/{dagRunld}/tasks/{taskInstanceld}/

logs/{logNumber} GET database; Airflow

The server was also built to be extensible, since it can be integrated as a dependency along with
another Node.js applications that meet the minimum requirements. Therefore, FLOWViZ can be
integrated with an web application via an established contract. If the application has common core
dependencies, such as the Express server dependency, the Express instance can be shared with the
FLOWViZ server, if specified in the contract. This way, FLOWViZ will behave as an extension or
a plugin of the framework. FLOWViZ is also able to be integrated with frameworks that do not
contain common dependencies or technologies, however, the deployment of FLOWYViZ will have to be
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standalone, meaning that it can not be integrated as an internal module and share object instances, as
depicted in Figure 8, but it will be an external module that communicates with the framework and its
tools over the network. Self-hosting FLOWViZ does not require exposing tools using remote instances;
in the localhost environment, the user or developer only needs to specify the tools contracts.

3.1.1. Tools

Listing 1 shows the generic tool contract. As mentioned before, there exists two alternatives for
configuring a tool: if it has CLI support, the user can configure it as a library and configure each
command invocation and settings; or if the tool exposes an API, the user can set up each exposed
endpoint, providing the allowed structure for the HTTP body and headers. Although the listing has
both api and library fields, the access will bound the kind of configuration that will be used for a

given tool.
Listing 1: Generic tool contract.

1 o
2 "general": {
3 "name": "Name of the tool.",
4 "description": "Tool description."
5 i
6 "access": {
7 "_type": "type of tool access (library or API)"
8 // External tool access specifications
9 Ty
10 "library": [
11 // Groups of commands
12 1,
13 "api": [
14 // Endpoints
15 ]
16 F

3.1.2. Worflows

The main goal of Apache Airflow is to schedule and execute users workflows, that are sent from
the server and saved into MongoDB. To this end, an ETL pipeline was created, in order to retrieve
users workflows from the database and transform them into Airflow DAGs, to be executable by the
workflow system. An ETL pipeline is a set of processes that extracts information from a data source,
namely, from the MongoDB workflow collection, transforms the extracted information into another
format and, finally, loads the transformed information into a new DAG (Directed Acyclic Graph) to be
executed by the workflow system. Figure 9 shows the use case of the developed ETL pipeline inside
the system architecture.

. MongoDB
\A\(’ database

Airflow ETL Pipeline
2. Triggers ETL pipeline via Apache

Airflow Rest API H T del int
> AI rﬁ ow Extract wt;rkﬂnw model ransform model into Load file into
I— rom the ‘Airflow DAG
MongoDB Airflow DSL script trilow

Apache Airflow
workflow system

Keys: B /
Pipeline
step

Callll

Node.js HTTP
server

Data flow
dependency

Figure 9. Workflow ETL pipeline.
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Observing Figure 9, when a client sends a workflow to the server, it will first go through a
validation and, if it succeeds, it will be saved into database (1). If the workflow was successfully saved,
the server will then notify the workflow system that there is a new user workflow to be parsed and
executed at a certain date and time, that was previously configured by the user (2). This notification
will trigger the Airflow ETL pipeline via the workflow system REST API, which will retrieve the
workflow from the database and parse it to an Airflow DAG, in order to be executable by the workflow
system (3).

The workflow system starts by fetching the workflow specification from the database, using the
name of the workflow and its user, i.e., the metadata that is included in the HTTP request that performs
the trigger of the ETL pipeline. After the retrieval of the workflow, the extract function will extract the
dag property from the workflow model in the database and send it to the next function. The interaction
between the workflow system and the database is made by a specific Airflow provider, that had to be
explicitly installed. The second function will transform the workflow fetched from the database using
the dag property and the generate_dag function will generate a new Airflow DAG — an Airflow DSL
script. Finally, Airflow will load the script into the Airflow DAG collection, which will be recognized
by the workflow system and executed at the configured date and time.

3.1.3. User access management

When the user is authenticated, workflows are associated with its username, so only the user can
manage its own workflows. The adopted authentication strategy relies on passport-jwt, which requires
the user to authenticate using a signed and valid JSON Web Token (JWT), previously generated by
the server and sent within the HTTP header. Sensitive information are safely stored into the database,
using the hashing library Argon2 [29].

3.2. Client

The web client is built with React [30] and written in JavaScript. It uses the CSS framework
Material-UI [31], which provides React with out-of-the-box components that follow the Material
Design of Google. It allows to seamlessly build the application graphical user interface. Moreover, for
building workflows, it was used the component React Flow. With this customizable component, the
web client includes an editor when it is possible to create an interactive flow, where nodes represent
the integrated tools and edges represent data dependencies and the execution flow.

4. Use Case

Our use case consists of using FLOWViZ middleware within PHYLOViZ [13], namely in its
new version deployed at https://web.phyloviz.net/. We note data all data analysis tasks in this
new version of PHYLOViZ are defined as data-centric workflows. We illustrate next how tools are
configured and how workflows are defined and sumitted for asynchronous execution.

The workflow described next relies on phylolib [32], a set of tools for inferring phylognetic trees
from typing data, and on another two helper tools to deal with datasets. These tools are containerized
and cached locally in our environment. But they can be stored elsewhere, as is the case of phylolib
container available at https://hub.docker.com/r/luanab/phylolib.

Listings 2 and 3 show the JSON objects that describe the workflow and underlying tools, re-
spectively. In this use case, tools are integrated through direct submission to FLOWViZ server API,
with Docker volumes being customized accordingly to a given PHYLOViZ project. The described
tools could however be also integrated through the web client, which would then submit them to the
FLOWViZ server. In both situations, the JSON objects are validated by FLOWViZ server component.
If the contract is valid, it will be saved into the database. At this point, tools become successfully
integrated, and the user can build customized workflows using such tools.

Workflows can be specified using the web client provided editor — the whiteboard, where the user
can graphically draw and configure the workflow tasks (see Figure 10). The user can also submit a
workflow specification directly to the FLOWViZ server API as mentioned before, which is the approach
followed in our use case.


https://web.phyloviz.net/
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Figure 10. FLOWViZ workflow whiteboard.

When a workflow is submitted to the FLOWYViZ server, it is also validated. If it succeeds, the
workflow data will be saved into the database (see Listing 4) and an HTTP request, containing the
name of the workflow and its correspondent user, will be sent to the Airflow REST API, that will then
fetch from the database the correspondent user workflow and parse it to an Airflow DSL script or
DAG. The DAG will then be executed at the pre-configured date and time, which will produce results,
that can be easily consulted via the web client. In our use case, PHYLOViZ relies on FLOWYViZ server
API to check executions status. An exemple of an execution log is shown in Listing 5, namely for the
fourth task in the workflow shown in Listing 2.

Listing 2: Workflow JSON sumitted to FLOWViZ server APL

1 {

2 "name": "compute-distance-matrix-and-tree-64790e2e97f73c39e45e0257",

3 "description": "Compute Distance Matrix and Tree Workflow",

4 "startDate": {

5 "$date": "2023-06-01T20:31:26.164Z"

6 i

7 "tasks": [

8 {

9 "_id": "download",

10 "tool": "downloader -64790e2e97£f73c39e45e0257",

11 "action": {

12 "command": "--project-id=647908226df25357dd92c1b2 --dataset-id=647908
a16df25357dd92c1b3 --resource-type=typing-data --workflow-id=64790
e2e97£73c39e45e0257 --out=/phyloviz-web-platform/typing_dataset.txt"

13 },

14 "children": [

15 "distanceCalculation"

16 ]

17 ¥

18 {

19 "_id": "distanceCalculation",

20 "tool": "phylolib-64790e2e97f73c39e45e0257",

21 "action": {

2 "command": "distance hamming --dataset=ml:/phyloviz-web-platform/typing_dataset
.txt --out=symmetric:/phyloviz-web-platform/distance_matrix.txt"

2 },

24 "children": [

25 "upload_distance_matrix"

26 ]

27 },

28 {
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29 "_id": "upload_distance_matrix",

30 "tool": "uploader -64790e2e97f73c39e45e0257",

31 "action": {

32 "command": " --file-path=/phyloviz-web-platform/distance_matrix.txt --project-
id=647908226df25357dd92c1b2 --dataset-id=647908a16df25357dd92c1b3 --
workflow-id=64790e2e97£73c39e45e0257 --resource-type=distance-matrix --
source -type=function --function=hamming"

33 ¥o

34 "children": [

35 "treeCalculation"

36 ]

37 T,

38 {

39 "_id": "treeCalculation",

40 "tool": "phylolib-64790e2e97f73c39e45e0257",

41 "action": {

42 "command": "algorithm goeburst --matrix=symmetric:/phyloviz-web-platform/
distance_matrix.txt --out=newick:/phyloviz-web-platform/tree.txt"

13 },

44 "children": [

45 "upload_tree"

46 ]

47 Fo

48 {

49 "_id": "upload_tree",

50 "tool": "uploader -64790e2e97f73c39e45e0257",

51 "action": {

52 "command": " --file-path=/phyloviz-web-platform/tree.txt --project-id=647908226
df25357dd92c1b2 --dataset-id=647908a16df25357dd92c1b3 --workflow-id=64790
e2e97£f73c39e45e0257 --resource-type=tree --source-type=algorithm-distance-
matrix --algorithm=goeburst --parameters={}"

53 },

54 "children": []

55 }

56 ]

57}

Listing 3: Tools JSON sumitted to FLOWViZ server API.

1 {

2 "general": {

3 "name": "uploader",

4 "description": "The uploader script"

5 ¥o

6 "access": {

7 "_type": "library",

8 "details": {

9 "address": "localhost",

10 "dockerUrl": "unix://var/run/docker.sock",

1 "dockerImage": "localhost:5000/uploader",

12 "dockerAutoRemove": "never",

13 "dockerNetworkMode": "bridge",

14 "dockerApiVersion": "auto",

15 "dockerVolumes": [

16 {

17 "source": "/mnt/phyloviz-web-platform/${projectId}/${workflowId}/",

18 "target": "/phyloviz-web-platform",

19 "_type": "bind"

20 }

21 ]

2 }

23 Fo

2% "library": []

5},

%

27 "general": {

28 "name": "downloader",

29 "description": "The downloader script"
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30 o

31 "access": {

32 "_type": "library",

33 "details": {

34 "address": "localhost",

35 "dockerUrl": "unix://var/run/docker.sock",
36 "dockerImage": "localhost:5000/downloader",
37 "dockerAutoRemove": "never",

38 "dockerNetworkMode": "bridge",

39 "dockerApiVersion": "auto",

40 "dockerVolumes": [

K {

42 "source": "/mnt/phyloviz-web-platform/${projectId}/${workflowId}/",
43 "target": "/phyloviz-web-platform",
44 "_type": "bind"

45 }

46 ]

47 }

18 },

49 "library": []

50 T,

51 {

52 "general": {

53 "name": "phylolib",

54 "description": "The phylolib library"

55 },

56 "access": {

57 "_type": "library",

58 "details": {

59 "address": "localhost",

60 "dockerUrl": "unix://var/run/docker.sock",
61 "dockerImage": "localhost:5000/phylolib",
62 "dockerAutoRemove": "never",

63 "dockerNetworkMode": "bridge",

64 "dockerApiVersion": "auto",

65 "dockerVolumes": [

66 {

67 "source": "/mnt/phyloviz-web-platform/${projectId}/${workflowId}/",
68 "target": "/phyloviz-web-platform",
69 "_type": "bind"

70 }

7 ]

72 }

73 T,

74 "library": [

75 {

76 "name": "Arguments",

77 "order": O,

78 "invocation": "-args",

79 "allowCommandRep": false,

80 "commands": [

81 {

82 "name": "help",

83 "invocation": [

84 "help"

85 1

86 ¥o

87 {

88 "name": "distance",

89 "invocation": [

90 "distance"

91 1

2 "allowedValues": [

93 "hamming",

94 "grapetree",

95 "kimura"

96 1

97 "allowedCommandSets": [
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98 "Options"

99 1

100 ¥o

101 {

102 "name": "correction",

103 "invocation": [

104 "correction"

105 1

106 "allowedValues": [

107 "jukescantor"

108 1

109 "allowedCommandSets": [

110 "Options"

11 1

112 ¥o

113 {

114 "name": "algorithm",

115 "invocation": [

116 "algorithm"

117 g

118 "allowedValues": [

119 "goeburst",

120 "edmonds",

121 "sl",

122 "cl",

123 "upgma",

124 "upgmc",

125 "wpgma",

126 "wpgmc",

127 "saitounei",

128 "studierkepler",

129 "unj"

130 1

131 "allowedCommandSets": [

132 "Options™"

133 1

134 T,

135 {

136 "name": "optimization",

137 "invocation": [

138 "optimization"

139 1

140 "allowedValues": [

141 "lbr"

142 1

143 "allowedCommandSets": [

144 "Options™"

145 1

146 }

147 ]

148 Fs

149 {

150 "name": "Optiomns",

151 "order": 1,

152 "allowCommandRep": true,

153 "commands": [

154 {

155 "name": "File Output",

156 "description": "Output file as <format>:<location> with format being (
asymmetric|symmetric|newick|nexus)",

157 "invocation": [

158 "-o",

159 "--out"

160 1

161 "allowedValues": [

162 "file"

163 1

164 ¥o
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165 {

166 "name": "Dataset Input",

167 "description": "Input dataset file as <format>:<location> with format being (
fasta|ml|snp)",

168 "invocation": [

169 "-q4q",

170 "--dataset"

171 1

172 "allowedValues": [

173 "file"

174 1

175 ¥o

176 {

177 "name": "Distance Matrix Imnput",

178 "description": "Input distance matrix file as <format>:<location> with format
being (asymmetric|symmetric)",

179 "invocation": [

180 "-m",

181 "--matrix"

182 g

183 "allowedValues": [

184 "file"

185 1

186 Fo

187 {

188 "name": "Phylogenetic Tree Input",

189 "description": "Input phylogenetic tree file as <format>:<location> with
format being (newick|nexus)",

190 "invocation": [

191 "-m",

192 "--matrix"

193 1

194 "allowedValues": [

195 "file"

19 1

197 T,

198 {

199 "name": "Limit of focus variants",

200 "description": "Limit of locus variants to consider using goeBURST algorithm
[default: 31",

201 "invocation": [

202 "oiv,

203 "--1lvs"

204 1

205 "allowedValues": [

206 "file"

207 ]

208 }

209 ]

210 }

211 ]

212}

Listing 4: FLOWViZ internal workflow instance representation.

1 1

2 "_id": {

3 "$oid": "64790e2ee2dd8f4e8269bcH7"

4 ¥o

5 "dag_id": "compute-distance-matrix-and-tree-64790e2e97£f73c39e45e0257",

6 "description": "Compute Distance Matrix and Tree Workflow",

7 "username": "admin",

8 "dag": {

9 "start_date": "2023-06-01T21:31:26.164463300Z",

10 "airflow_imports": [

—
=

"from airflow.providers.docker.operators.docker import DockerOperator",
"from docker.types import Mount"

Js

[
SIS
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14 "tasks": [

15 {

16 "task_id": "task_download",

17 "operator_import": "airflow.providers.docker.operators.docker",

18 "operator_type": "DockerOperator",

19 "operator_params": {

20 "image": "’localhost:5000/downloader’",

21 "api_version": "’auto’",

2 "mounts": {

23 "operator_import": "docker.types",

24 "operator_type": "Mount",

25 "operator_params": [

26 "Mount (target=’/phyloviz -web-platform’, source=’/mnt/phyloviz-web-
platform/647908226df25357dd92c1b2/64790e2e97f73c39e45e0257/°, type=’
bind )"

27 ]

28 ¥

29 "command": "’--project-id=647908226df25357dd92c1b2 --dataset-id=647908

al16df25357dd92c1b3 --resource-type=typing-data --workflow-id=64790
e2e97£73c39e45e0257 --out=/phyloviz-web-platform/typing_dataset.txt’",

30 "auto_remove": "’never’",

31 "docker_url": "’unix://var/run/docker.sock’",

32 "network_mode": "’bridge’"

3 }

34 I,

35 {

36 "task_id": "task_distanceCalculation",

37 "operator_import": "airflow.providers.docker.operators.docker",

38 "operator_type": "DockerOperator",

39 "operator_params": {

40 "image": "’localhost:5000/phylolib’",

1 "api_version": "’auto’",

2 "mounts": {

43 "operator_import": "docker.types",

44 "operator_type": "Mount",

45 "operator_params": [

46 "Mount (target=’/phyloviz -web-platform’, source=’/mnt/phyloviz-web-
platform/647908226df25357dd92c1b2/64790e2e97£73c39e45e0257/°, type=’
bind )"

47 ]

48 ¥s

49 "command": "’distance hamming --dataset=ml:/phyloviz-web-platform/

typing_dataset.txt --out=symmetric:/phyloviz-web-platform/distance_matrix
.txt ",

50 "auto_remove": "’never’",

51 "docker_url": "’unix://var/run/docker.sock’",

52 "network_mode": "’bridge’"

53 }

54 i

55 {

56 "task_id": "task_upload_distance_matrix",

57 "operator_import": "airflow.providers.docker.operators.docker",

58 "operator_type": "DockerOperator",

59 "operator_params": {

60 "image": "’localhost:5000/uploader’",

61 "api_version": "’auto’",

62 "mounts": {

63 "operator_import": "docker.types",

64 "operator_type": "Mount",

65 "operator_params": [

66 "Mount (target=’/phyloviz -web-platform’, source=’/mnt/phyloviz-web-
platform/647908226df25357dd92c1b2/64790e2e97f73c39e45e0257/°, type=’
bind )"

67 ]

68 1

69 "command": "’ --file-path=/phyloviz-web-platform/distance_matrix.txt --

project-id=647908226df25357dd92c1b2 --dataset-id=647908a16df25357dd92c1b3
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--resource-type=distance-matrix

type=’

type=’

--source-type=

70 "auto_remove": "’never’",

71 "docker_url": "’unix://var/run/docker.sock’",

72 "network_mode": "’bridge’"

7 }

74 },

75 {

76 "task_id": "task_treeCalculation",

77 "operator_import": "airflow.providers.docker.operators.docker",

78 "operator_type": "DockerOperator",

79 "operator_params": {

80 "image": "’localhost:5000/phylolib’",

81 "api_version": "’auto’",

82 "mounts": {

83 "operator_import": "docker.types",

84 "operator_type": "Mount",

85 "operator_params": [

86 "Mount (target=’/phyloviz-web-platform’, source=’/mnt/phyloviz-web-
platform/647908226df25357dd92c1b2/64790e2e97£73c39e45e0257/7,
bind )"

87 ]

88 },

89 "command": "’algorithm goeburst --matrix=symmetric:/phyloviz-web-platform/

distance_matrix.txt --out=newick:/phyloviz-web-platform/tree.txt’",

90 "auto_remove": "’never’",

91 "docker_url": "’unix://var/run/docker.sock’",

92 "network_mode": "’bridge’"

%3 }

9% ¥y

95 {

9% "task_id": "task_upload_tree",

97 "operator_import": "airflow.providers.docker.operators.docker",

98 "operator_type": "DockerOperator",

99 "operator_params": {

100 "image": "’localhost:5000/uploader’",

101 "api_version": "’auto’",

102 "mounts": {

103 "operator_import": "docker.types",

104 "operator_type": "Mount",

105 "operator_params": [

106 "Mount (target=’/phyloviz -web-platform’, source=’/mnt/phyloviz-web-
platform/647908226df25357dd92c1b2/64790e2e97£73c39e45e0257/7,
bind )"

107 ]

108 ¥

109 "command": "’ --file-path=/phyloviz-web-platform/tree.txt --project-id

=647908226df25357dd92c1b2 --dataset-id=647908a16df25357dd92c1b3
workflow-i1id=64790e2e97f73c39e45e0257 --resource-type=tree
algorithm-distance-matrix --algorithm=goeburst --parameters={}’",

110 "auto_remove": "’never’",

111 "docker_url": "’unix://var/run/docker.sock’",

112 "network_mode": "’bridge’"

113 }

114 }

I

"execution_order":

115
116

"task_download >> task_distanceCalculation >>

task_upload_distance_matrix >> task_treeCalculation >> task_upload_tree"

17
118
119
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Listing 5: Tool execution log.

1 [2023-06-01 21:31:35,634] {taskinstance.py:1035} INFO - Dependencies all met for <
TaskInstance: compute-distance-matrix-and-tree-64790e2e97f73c39e45e0257.
task_distanceCalculation scheduled__2023-06-01T21:31:26.164463+00:00 [queued]>

2 [2023-06-01 21:31:35,651] {taskinstance.py:1035} INFO - Dependencies all met for <
TaskInstance: compute-distance-matrix-and-tree-64790e2e97f73c39e45e0257.
task_distanceCalculation scheduled__2023-06-01T21:31:26.164463+00:00 [queued]>

3 [2023-06-01 21:31:35,651] {taskinstance.py:1241} INFO -

5 [2023-06-01 21:31:35,652] {taskinstance.py:1242} INFO - Starting attempt 1 of 1
¢ [2023-06-01 21:31:35,652] {taskinstance.py:1243} INFO -

8 [2023-06-01 21:31:35,664] {taskinstance.py:1262} INFO - Executing <Task(DockerOperator)

task_distanceCalculation> on 2023-06-01 21:31:26.164463+00:00

9 [2023-06-01 21:31:35,668] {standard_task_runner.py:52} INFO - Started process 1573 to
run task

10 [2023-06-01 21:31:35,670] {standard_task_runner.py:76} INFO - Running: [’**%’, >tasks’,

’run’, ’compute-distance-matrix-and-tree-64790e2e97f73c39%9e45e02577,
task_distanceCalculation’, ’scheduled__2023-06-01T21:31:26.164463+00:00%, ’--job-id
>, ?961°, ’--raw’, ’--subdir’, ’DAGS_FOLDER/compute-distance-matrix-and-tree-64790e
2e97£73c39e45e0257.py’, ’--cfg-path’, ’/tmp/tmpu4hjcwbm’, ’--error-file’, ’/tmp/
tmphtgq_z09°]

1n [2023-06-01 21:31:35,671] {standard_task_runner.py:77} INFO - Job 961: Subtask
task_distanceCalculation

12 [2023-06-01 21:31:35,704] {logging_mixin.py:109} INFO - Running <TaskInstance: compute-
distance-matrix-and-tree-64790e2e97£73c39e45e0257.task_distanceCalculation
scheduled__2023-06-01T21:31:26.164463+00:00 [running]> on host bf5ae8bcacf2

13 [2023-06-01 21:31:35,746] {taskinstance.py:1429} INFO - Exporting the following env
vars:

14 AIRFLOW_CTX_DAG_OWNER=*x*x*

15 AIRFLOW_CTX_DAG_ID=compute-distance-matrix-and-tree-64790e2e97f73c39%9e45e0257

16 AIRFLOW_CTX_TASK_ID=task_distanceCalculation

17 AIRFLOW_CTX_EXECUTION_DATE=2023-06-01T21:31:26.164463+00:00

18 AIRFLOW_CTX_DAG_RUN_ID=scheduled__2023-06-01T21:31:26.164463+00:00

19 [2023-06-01 21:31:35,769] {docker.py:258} INFO - Starting docker container from image
localhost:5000/phylolib

20 [2023-06-01 21:31:36,508] {docker.py:320} INFO - INFO: Started running command °’
distance’ with type ’hamming’

2 [2023-06-01 21:31:36,527] {docker.py:320} INFO - INFO: Started reading file ’/phyloviz-
web-platform/typing_dataset.txt’

2 [2023-06-01 21:31:36,536] {docker.py:320} INFO - WARNING: Ignored invalid profile ’ST?’

23 [2023-06-01 21:31:36,540] {docker.py:320} INFO - INFO: Finished reading file °’/phyloviz
-web-platform/typing_dataset.txt’

24 [2023-06-01 21:31:36,553] {docker.py:320} INFO - INFO: Started writing file ’/phyloviz-
web-platform/distance_matrix.txt’

25 [2023-06-01 21:31:36,556] {docker.py:320} INFO - INFO: Finished writing file °’/phyloviz
-web-platform/distance_matrix.txt’

26 [2023-06-01 21:31:36,557] {docker.py:320} INFO - INFO: Finished running command °’
distance’ with type ’hamming’

27 [2023-06-01 21:31:37,007] {taskinstance.py:1280} INFO - Marking task as SUCCESS. dag_id
=compute-distance-matrix-and-tree-64790e2e97f73c39%9e45e0257, task_id=
task_distanceCalculation, execution_date=20230601T213126, start_date=20230601T21313
5, end_date=20230601T213137

28 [2023-06-01 21:31:37,047] {local_task_job.py:154} INFO - Task exited with return code 0

29 [2023-06-01 21:31:37,081] {local_task_job.py:264} INFO - 1 downstream tasks scheduled
from follow-on schedule check

5. Conclusion

This paper introduces FLOWViZ, a tool integration and workflow management middleware
for phylogenetic analysis frameworks. It provides both a client and a server components, allowing
the user to build workflows, through a user-friendly web client interface, enabling it to add its own
phylogenetic tools and use them in its own built workflows. It aims to allow and facilitate the
integration of workflows and their execution offloading within data-centric phylogenetic analysis
frameworks.
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The advantages are a greater scalability and interoperability, as tools can be continuously inte-
grated, while the workflow system workers can be also scaled-out to handle larger workloads. Tool
interoperability is also supported by using contracts and loosely coupled relationship between compo-
nents, which allows seamless integration within phylogenetic frameworks, requiring the developer to
only add the phylogenetic framework bundled tools to the FLOWViZ configuration.

The proposed architecture was tested and materialized into an application prototype, composed
by two main components: (i) a React web client and (ii) an HTTP server, both written in JavaScript. With
these two components it is possible to: (i) integrate external phylogenetic tools, (ii) build workflows
with the previously integrated tools and, finally, (iii) retrieve results and logs from the underlying
workflow system.

We plan to extend FLOWViZ to support integration with other data-centric workflow systems,
since the architecture was designed independently of the underlying workflow engine. This will allow
data-centric web platforms to configure different execution environments according to their needs,
when using FLOWViZ as middleware, without effort.
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