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Motivation

e We are recreating an app previously made by a
student named Mark Hernandez.

e The application will be used by synthetic biology
students to participate in a large competition called
iIGEM.

e It will also be used by professional synthetic
biologists.
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What is Synthetic Biology?

Synthetic biology involves redesigning
organisms for useful purposes by engineering
them to have new abilities.

e Forexample E. Coli.

e Many aspects of synthetic biology is also
similar to how software is created.

E. Coli (Above Figure)
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The Assurance Recipes Application

Using a notation called Goal Structuring
Notation (GSN) which was chosen by our client,
Assurance Recipes and Cases are a concept in
synthetic biology to allow people who use
genetically modified organisms to feel
confident that what they are testing and using
is safe. Our application will help allow students
and researchers to create and outline diagrams
in a fully implemented design.




Objective and Problem Statement

e The original website was coded by Mark
Hernandez - Meant to be temporary.

e Uses an unsafe database that isn't owned
by our client.

e Was used and meant to be a prototype used
on for the iGEM competition.

e Hosted on website that needs to be moved.

e We want to recreate and redo the webapp
so that it can be released to the community.




Goal Structuring Notation (GSN) and Assurance Cases
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Undeveloped Goal o Can have too many degrees of freedom.

Context

(to be developed further)

The Goal Structuring Notation — A Safety Argument Notation by Tim Kelly and Rob Weaver of the University of York



International Genetically Engineered Machine (iGEM)
Competition

All projects are open source.

Safety of projects must be explicitly discussed.

Gold Medals require teams to accomplish

Integrated Human Practices

o Asks teams to “consider whether their projects are safe,

responsible, and good for the world.”
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Assurance Recipes

e Abstraction of assurance cases.
Template-Like Model
Provide user with structure/pattern for assurance case, user selects
ingredients.
Customized for domain, then parameterized for easy user instantiation.
Containment Recipe

e Safety Mechanism Recipe



Past Literature

o The Assurance Recipe: Facilitating Assurance Patterns

o Myra Cohen, Justin Firestone

e The Goal Structuring Notation — A Safety Argument Notation
o Tim Kelly, Rob Weaver



React

A JavaScript library for
building user interfaces

React can apply MVP
model for Ul development
by using React Context
API

Model




Electron

The Electron framework
lets you write
cross-platform desktop
applications using
JavaScript, HTML and
CSS. It is based on
Node.js and Chromium
and is used by the Atom
editor and many other

apps.

Context menus

Tabbar menus

Drag and drop

Local notification
Directly modify local files




Our client asked us

e Both Web App and local App Electron is the best option!
e One single code base .

e Works on every platform
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With a field like synthetic biology making leaps and bounds every year towards a realization of industrial and
commercial use, safety is at the forefront of the minds of individuals deciding whether to start incorporating
genetically modified organisms into their daily routines. People want to be certain that this new and exc
I opportunity will be safe for both them and their community. Synthetic biologists are no strangers to safety
themselves while working with biohazardous materials and inside high-tech biology labs, but sometimes the
safety of the end-goal, products, and processes utilized by people every day can elude even the most well-
thought-out projects. This page hopes to help these projects work towards a safe implementation by logically
breaking down and analyzing their safety concerns using Safety Cases (Cohen et al, 2016).
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inodicenl] Graeh Safety Cases take their design strategy from the aeronautics and software engineering communities (Kelly and
Weaver, 2004) where they can also be seen under the title Assurance Arguments using Goal Structuring Notation
(GSN). There they are used to ensure the safety of various parts of the aircraft and target certain problem areas
i the functions and dangers of the process of flight. Unlike aeronautics, synthetic biologists do not have toworry
about engine and wing design or console displays, but they do have to worry about accidental release of bacteria
and plasmid conjugation as well as other concerns. As synthetic biology grows to new heights and levels of
complexity, the number of safety concerns a ingle project or application needs to address will also grow. Just as
people trust the engineering of an airplane despite the many risks, Safety Cases can help people who use
genetically modified organisms feel confident that what they are usingis safe.

‘With a field ike synthetic biology making leaps and bounds every year towards a realization of industrial and commercial use, safety is a the forefront of the minds of individuals deci

whether tosstart incorporating genetically modified organisms into their daily routines. People want to be certain that this new and exciting opportunity will be safe for both them and eir
community. Synthetic biologists are no strangers to safety themselves while working with biohazardous materials ar e high-tech biology labs, but sometimes the safety of the end-goal,
products, and processes utilized by people every day can elude even the most well-thought-out projects. This page hopes to help these projects work towards a safe implementation by logically
breaking down and analyzing their safety concerns using Safety Cases (Cohen et al, 2016).

Safety Cases take their design strategy from the aeronauics and software engineering communities (Kelly and Weeaver, 2004) where they can also be scen under the title Assurance Arguments
using Goal Structuring Notation (GSN). There they are used to ensure the safety of various parts of the aircraft and target certain problem areas in the functions and dangers of the process of
flight. Unlike aeronautics,synthetic biologists do ot have to worry about engine and wing design or console displays, but they do have to worry abouit accidental release of bacteria and plasmid
conjugation as wellas other concerns. As synthetic biology grows to new heights and levels of complexity the number of safety concerns asingle project or application needs to address willalso
grow. Just as people trust the engineering of an airplane despite the many risks, Safety Cases can help people who use genetically modified organisms feel confident that what they are using is
safe.

Prototype Browser version and Electron version
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Using Electron builder to generate app =~

All platforms: 7z, zip, tar.xz, tar.lz, tar.gz, tar.bz2, dir (unpacked directory).

macOS: dmg, pkg, mas, mas-dev.

Linux: Applmage, snap, debian package (deb), rpm, freebsd, pacman, p5p, apk.

Windows: nsis (Installer), nsis-web (Web installer), portable (portable app without installation),
AppX (Windows Store), Squirrel. Windows.


https://www.electron.build/configuration/mac#MacConfiguration-target
https://www.electron.build/configuration/linux#LinuxConfiguration-target
http://appimage.org/
http://snapcraft.io/
https://www.electron.build/configuration/win#WindowsConfiguration-target



https://docs.google.com/file/d/1Dkrpe7w5G--ud-GmB7Axhckd2uFkoalM/preview

Docker

Debug your app, not your environment

Securely build, share and run any
application, anywhere

*docker

1 FROM node:12.13.0-stretch

2 WORKDIR /home/projects

2 COPY package.json package.json
4 RUN yarn

Dockerfile we used for this project



Functional requirements

e Creation and editing of safety case diagrams.

e Creating safety cases based on a template.

e Free text editing on the diagrams.

e Importing and exporting of safety cases on local machine.

e Opening an existing safety case.



Non-functional Requirements

Performance: Running the
application in a short
response time.

Availability: An app that is
available for those who
need to use it.

Scalability: Users being
able to add assurance
cases.

Reliability: Safe stable
software

Security: Saving and
creating in a secure
environment. No sensitive
information being leaked.

Usability: Easy to use and
understandable interface
for users not well versed in
a technical background.




Test Plan

e Interface Specifications

e Functional Testing describe("Test utils”, () => {
2 const rsp: Result<Post> = { count: 1, results: [{ title: "Some title",
O TeStIng mOdels content: “1234" }] };
0O Testing U| (axios.get as jest.Mock).mockResolvedValue({ data: rsp })
. . test("Test search function”, async () => {
® Non-FunCtIOI‘la| TeSt|ng let result = await searchPost("Hello")
o Performance expect(result.count).toBe(1)
. expect(result.results).toBe(rsp.results)
o Security })
o Usability
o Compatibility b

Example of model testing



Testing Interface

yarn test

BaseNode.test.tsx
GSNNodes.test.tsx
BaseGraph.test.tsx
base_graph.test.ts
Homepage.test.tsx

Test Suites: 5 passed, 5 total
Tests: 43 passed, 43 total
Snapshots: 0 total

Time: 3.289s, estimated 6s

Watch Usage:




Risks and Costs

e Store user’s data
e No costs for any hardware and other sources

e Working remotely and Pandemic



Project Milestones & Schedule & Planning

Implement basic

Basic Template Setup application Basic Function Final Product
Choice libraries. Setup project Implemented basic functions. Finished the basic functions’ Cleaning up final project for a
template Added unit tests implementation. Add more tests. presentable final application
Backlog Doing Done
Create a new canvas Design Document Editing Ul: Welcome Page
CUBECHS i . = Documentation on GSN
Create a diagram from a template = e e @ &
and put it in a canvas. : .
S s = Create diagram from a list of StartinG UNDEVEIoEiSHE

templates

Eusle e -

Allow users to save their created = et e a @ sw & e @ @@ sw
document on their local drive.

C1/CD for gitlab

®© Dec 15 —

® e Pros/Cons for graphing/drawing
Implement testing for canvas and libraries
diagram editor. Final Presentation m ®

® Dpecis = ® O pec11 = e_l.Qasw
~+ Add another card et e te @ i

Import drawing library into project

2 B
GH e La @ sw
Add Card [ 4 Put biographies and pictures on

website ASAP
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Create timeline and list of tasks for
the the next couple of months and the
ester.

-+ Add another card




Functional Decomposition

User:

-Export Template
-Create Graph
-Add Node

-Delete Node

-Add description
-Delete description
Admin:

-Delete template
-Upload template




Prototype
Implementations

Test Case

testing

Safety Feature

Our kill-switch is safe,
secure, and effective

Safety Feature
Kill-Switch

General Environment

Gﬁml Aﬁnmnﬁn

General Justification General Justification The water table General Assumption
All threats to the Argument over the General Environment Our organisms only Our i function o All threats to the environment
environment have effectiveness of the Only in the lab function in fresh inSawater ooy ey i have been dentified.
‘been identified. hazard-migration y water.

for
the kill-switch

Sub-Goal

Our kill-switch
operates effectively
and when intended.

Sub Goal

Our Kill-Switch operates
effectively and when intended.

Specific Justification Specific Assumption
Our organisms could

ibi Our organisms could evolve Our organisms and their outputs will
ev.?:.‘ﬁ:::ge?z,"p i and exhibit unintended or undesirable, not [)egu_sed except for !heir‘?nlended
undesirable behavior. behavior. application.

, New Implementation
Old Implementation



Detailed Design
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Engineering Standards and Design Practices

0

O a2 slack

Webex Meetings




Task responsibility

For Group working: Matt: Meeting Facilitator
e Weekly status report
e Lightning talk Garrett: Scribe/Test Engineer
e Design document
e Weekly meeting with client Kevan: Report Manager
e Weekly group meeting

Qiwei: Chief Engineer

Shiwei: Test Engineer






