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 Part 1 (Lecture)(~80 mins)

e Break!

e Part 2 (Discussion)(~60 mins)
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Dinnaco - Exchange Calculator - iPad App Module Architecture

CHALLENGE TYPE: Architecture
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Reliability Bonus $320 DR Points 720

Details | Registrants (18) & Submissions (0) | Results
Challenge Overview

Challenge Overview

Welcome to the Dinnaco - Exchange Calculator - iPad App Module Architecture challenge! In this challenge, we are looking to
define the module architecture for the new Private Exchange Sustainability Calculator iPad application.

Project Overview

The client for this project has an existing Excel-based application that helps organizations determine what solution is best for their
healthcare needs. They have decided to convert this Excel-based application into a new iPad application!

For this challenge, we need you to design the architecture for the new Private Exchange Sustainability Calculator iPad
application. A design concept challenge has already been completed that shows how the new application will work.

We look forward to seeing your architecture designs!

Tips for success!

- Asking questions early and getting PM's feedback is very important for the success of this competition.
- Raise questions if you feel anything is confusing, or if you have any questions on the provided documentation.

Project Description:

The client for this project has an existing Excel-based application that helps organizations determine what solution is best for their
healthcare needs. This application helps organizations determine what solution is best for their healthcare needs. Through a series
of questions a user of an organization is able to quickly determine if his/her organization is a good fit for a Private Healthcare
Exchange. Dinnaco provides this tool as a service to its clients and is looking to improve the user experience and refresh the overall
look and feel.
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2 Days 12 Hours 56 Mins

View all deadlines +

DOWNLOADS:

REVIEW STYLE:
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Approval: User Sign-Off @]
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= Mac diskimage
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Crowdsourcing - definition

The act of a company or institution taking a function once
performed by employees and outsourcing it to an undefined

(and generally large) network of people in the form of an
open call.

[Howe 2000]



Crowdsourcing for software engineering - definition

The act of undertaking any external software
engineering tasks by an undefined, potentially large group
of online workers in an open call format.

[Mao+ 2015]



LaToza

Some crowdsourcing models

amazonmechanical turk

Wisdom of the crowds (e.g., prediction markets)
aggregating information from diverse participants

Peer production (e.g., Wikipedia)
decentralized goal setting

Microtasking (Mechanical Turk)
short, self contained parallelizable tasks

Human computation / Games with a purpose
dual-sided value creation through play

Online labor markets
fluid labor forces, recruiting specialists

GMU SWE 795 Spring 2017



Dimensions of software crowdsourcing

Dimension Explanation Range

crowd size size of the crowd necessary to effectively small to large
tackle the problem

task length amount of time a worker spends completing minutes to weeks
an individual task

expertise demands level of domain familiarity required for a minimal to
worker to make a contribution extensive

locus of control ownership over the creation of new client to workers
(sub)tasks

incentives motivational factors that cause workers to intrinsic to
engage with the task extrinsic

task interdependence degree to which tasks within the overall low to high

workflow build on each other

task context amount of system information a worker none to extensive
must know to contribute

replication the number of times the same task may be  none to many
redundantly completed

LaToza and van der Hoek. Crowdsourcing for Software Engineering: Models, Opportunities,
LaToza Challenges. IEEE Software, Jan/Feb 2016. Gyy swe 795 Spring 2017
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Dimensions of Pipelam

Crowd size: medium
Task length: minutes
Expertise demands:
minimal

_ocus of control: client
ncentives: intrinsic

Task interdependence:
medium ' == m

Task context: none

Earth MountRock

Replication: none

LaToza GMU SWE 795 Spring 2017 11



Locus of control & incentives

°9
Crowd & Intrinsic
OSS

Q&A sites (StackOverflow)

Gamified programming
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Dinnaco - Exchange Calculator - iPad App Module Architecture
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Client & Extrinsic
Competitions

Labor markets
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Replication

Driver
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Prototype

The following image shows a high level mock up of how TrafficSim looks lke. This is
a first cut design trying to capture and show the various elements of the use-case in
a holistic view. This will be referred to in thy detailed design later.

The post-it notes above explain provide more detail about what the modkup is
showing. You may have to zoom in further to read it.

2. Design Overview
In this sectien the overview of suggosted dosign will be described.

2.1. Key architectural drivers and tradecffs

Based on given problem desciption, was conciuded 1t he key archilectursl drive
wouid be usability, because the main purpose of this system is to show and teach studes'
how the signal timing schemes in diferent scenados alfect raffic Sow. Next key
archiectural driver would be perfommance of e system. The system wil produce high loe
on user the system wil havior of mutiple graphical
Inatances and e syster should run on average user laplopidevics.

1t 15 nct research proect in ralfic flow Bheory, e PIOGram Shosic do exacty what |
supposed 1o do - demansirate studert how the dfferent timing schemes in diferent
sconanios sffect the raffic flow. The griority of such quality sttribute as accuracy of model
simulation s low.

From thers are would by tme and human
rescurces, becouse the project probably wil not have a high budget, because i is small
MN-profit educational project

Based 0n the system descripton and previous conclusions, the following priceitzec
list of hoy architectural drives was creaod

Table 1. Architoctural drvers prorites.
Acchitectural driver Priority

1. |Ussomty e

2. |Perormence Medium

3. | Acceracy of mode smulation Low
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dwdevno appication thpood level of usability, it shuid graphical engine in order 1o
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on dfferent devices: beginring Fom the PC, laptops. tablets, and ending with
smartphones. Also suppert of moder davices wil ncrease he student's interest for the
appication and 1opic. There are two aporoaches:
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Task length & Task context

Long (hours - weeks) & High
OSS
Competitions

| abor markets

(Software development work)

WIN 10005 PLAYING

N\

|=] stackoverflow

Short (minutes) & Low
Gamified programming
Q&A sites

Labor markets for testing

(Tasks w/ clear goals)

14



Examples of software crowdsourcing platforms

Dimension Open source TopCoder
crowd size small — medium small
task length hours — days days - week
expertise demands moderate extensive
locus of control workers client
Incentives Intrinsic extrinsic
_ task moderate low
Interdependence
task context extensive minimal
replication none several

UserTesting.com
medium
minutes
minimal

client
extrinsic
low
none

many

15



Programming is becoming more social and fluid

= stackoverflow [code]cademy

learn programming through

share hard-earned expertise
structured examples

>7M monthly visits >24M users

WIN 10005 PLAYING
CODE HUNT

ithub

SOCIAL CODING

reputation made visible competitive programming duels
>8M users >100K users



Crowdsourcing SE opportunities

II I ‘I Extreme specialization - more effectively match workers to work

Worker might choose microtasks they most enjoy or most experienced.
(similar microtask,

done for many tasks)

Increase participation by reducing contribution barriers
Expert developer might do a key microtask and contribute key insight.
Microtask design might enable non-programmer to do work.

Let developers learn while working
Novice selects microtasks related to learning objective.

Reduce time to market
Decomposing tasks into parallel microtasks reduces time.

[>eXi> ol > o N> o)

More fluid software teams
Enable teams to hire experts for short engagements

Platform for data-driven SE research
Produces archival data on structure of work inside tasks 17
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Crowdsourcing SE topics today

* Peer production on Q&A sites (Stack Overflow)
e Sharing expertise
e [ncreasing parallelism in programming

* Replication & competition in software design

GMU SWE 795 Spring 2017
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Commons-Based Peer Production

- Community with
distributed control where
contributors, rather than a
paying client, make
decisions about scope
and goals of project.

- Contributors may be
motivated by opportunity
for experience, reputation,
altruism.

Easy path to mobile app development, fast path to popular app stores:

INTEL" XDK—ELEVATE YOURAPP, GO MULTI-0S ~ mesimsismsiss (inteD

Software

| created an iOS app and would like to give the users the opportunity to use the app for free for 30
days since the app was installed and started the very first time.

After these 30 days I'd like to turn off most functionality. The only way to retain full functionality is to
login in with username and password which the user can register for on a dedicated website

My problem is:

When the app was started the very first time, I'd like store a unique identifier and a timestamp of
this moment on a remote server. Then I'd know when 30 days have passed for this unique id.

Unfortunately, it seems like the only uuid-like identifier on iOS is identifierForVendor. According to
the docs, when the user removes all apps from the same vendor of the app and then reinstalls
them, the uuid changes. Since this uuid would not match the one | stored to the database on my
remote server, the user would be able to re-use the app although 30 days had passed.

From the docs:

The uuid on iOS uses the identifierForVendor property. It is unique to the device across the
same vendor, but will be different for different vendors and will change if all apps from the
vendor are deleted and then reinstalled. See the official Apple docs.

The UUID will be the same if app is restored from a backup or iCloud as it is saved in
preferences. Users using older versions of this plugin will still receive the same previous UUID
generated by another means as it will be retrieved from preferences.

My question is:

Is there a way to find out how many days have passed since the user opened the app the very first
time, even if he deletes/reinstalls all apps made by me?

Note: Since | am using Phonegap/Cordova, a Cordova-compatible solution would be welcome but
a native Swift/Objective-C solution would be ok too.

os xcode swift cordova uuid

share improve this questio edited 15 mins ago asked 21 mins ago

_ﬁ Timo

He 3,964 8 « 50 00

| don't think that's possible because the UUID property was being abused by adveriisers. | don'w know what
kind of app you are building, but if it's something where they'd lose their data if they deletelreinstall the app,
they might choose to register. — EmilioPelaez

@EmilioPelaez Nah, it's a news app. My customer wants a "iry before you buy" for it for 30 days. After the 30
days you'd have to sign up on their website and pay for a subscription. = Timo

Seems like a free sign up would be the best way to go, then you can register the user and give them 30 days
across all devices rather than 30 days per device they install on (assuming there was an id that could be used
to even pull that off since Apple removed our ability to use a single uuid without the threat of it changing on
us.) — Steve

You could use an in-app purchase subscription with a free trial period. Note that if you aren't using in-app
purchase then your app cannot include any link to an external website that allows the user to purchase a
subscription — Paulw11

How to find out how many days have passed since an iOS app was opened the first time by a
specific user/device?

today
13 times

today

king for a job?

UIUX Designer
Excella Consulting
Washington, DC / relocation

javascript htmi5

DevOps Engineer @ high-growth DC startup
FiscalNote

FiscalNote, Inc.

Washington, DC / remote / relocation

amazon-web-services  networking
Front End Developer (Web) - Remote or Onsite

Dharma
Washington, DC / remote

javascript  angularjs

Ruby on Ralils Developer
Slate Magazine
Washington, DC

javascript  jquery

Related

5 xCode returns 'timed oul waiting for app
to launch’ error when | trying deploy
PhoneGAP app on the device
How to find out WHEN a user bought the
app / installed it for the first time (possible
without UDID?)

2 What can | use as a permanent
alternative to UUID?

How to preserve identifierForVendor in ios
after uninstalling ios app on device?

n Delete user from server if they delete app

n Modern Core Data Performance with
UuID

H identifierForVendor changes on reinstall

.2 Howto count days since app install or first
open?

n How to get how many minutes have
passed since some time mark

1 Android equivalent of identifierForVendor

Hot Network Questions

= Covie Golf Golf Senre
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Mechanisms for soliciting contributions

e Key requirements

 Qutput is decomposable into separate
contribution units

« (Contributions are sufficiently fine-grained to
capture contributions from those whose
motivation will only sustain short efforts

* Low cost mechanism defends against
iIncompetent and malicious contributions

Y. Benkler and H. Nissenbaum, “Commons-based Peer Production and Virtue*,” J. Polit. Philos., vol. 14, no. 4, pp. 394— 419, 2006.

GMU SWE 795 Spring 2017
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stackoverflow Questions Jobs Documentation Tags Users Q, Search... (2] Log In

1l

asked 8 days ago

S t a C k | Free sandbox. Create a web app viewed 95 times
HaSS|€ free No credit card required active today

A, |amusing Firebase and Node with Redux. | am loading all objects from a key as follows.

We have 5 open jobs
V e O W 7 firebaseDb.child('invites').on('child_added', snapshot => { - —
| ; -
A 4

The idea behind this method is that we get a payload from the database and only use one action to

updated my local data stores via the Reducers. m

1 . . . L Ally Financial
Next, i need to listen for any NEW or UPDATED children of the key invites. The problem now 9 Charlotte, NC

however, is that the child_added event triggers for all existing keys, as well as newly added ones. |
do not want this behaviour, i only require new keys, as i have the existing data retrieved.

i o
® > 1 O O I\/I I I I O n t h | y | am aware that child_added is typically used for this type of operation, however i wish to reduce Banking Public E

the number of actions fired, and renders triggered as a result.

u n i q u e Vi S i tO rS What would be the best pattern to achieve this goal?

Thanks, Technology Early Talent Progrz

Sr. Application Developer

javascript htmi

javascript  events ¥ firebase firebase-database redux
edited 8 hours ago asked Apr 16 at 18:57 Early Talent Program

e >3.9B yearly visits
. :,izz 3 %24 047
« >3.7M questions

This question has an open bounty worth reputation from Lee ending in 4 hours.

. . . . Related
This question has not received enough attention.

0 Watching for new adds in Fi

only when the listener triggered for first time, child_added will trigger for number of child children in that 1 Handling multiple URLs in F
node,after that it will trigger only when new child is added. — Priya Apr 17 at 6:53 references?
| know, thats what i mentioned in my question.. | only want new items... — Lee Apr 17 at 18:04 n Firebase: How to run a callb
initial "child_added"” calls?
0 Firebase not creating new s
endpoint
2 Answers active oldest votes . .
0 Firebase: How to use child «
tables?
A, | have solved the problem using the following method. n ng‘g.iedux structure with |
ndroi
4 firebaseDb.child( invites').limitToLast(1).on('child_added’, cb) n React components not re-re
firebaseDb.child( invites').on("child_changed®, cb) firebase child_update event
v -
limitToLast(1) gets the last child object of invites, and then listens for any new ones, passing a 0 Howcan | get only children:
V snapshot object to the cb callback. updated in Firebase Databa
. . . _— . How does fireb hild_ad
child_changed listens for any child update to invites, passing a snapshot to the cb 0 wgn’(,, ooes firebase chiid_a
share improve this answer edited yesterday answered Apr 19 at 10:54 How to call yield in firebase
LaToza [ y
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Questions are answered quickly

 Median first answer 11 mins, accepted answer 21

MINS

Cumulative histogram: time elapsed
before questions receive answers (first 2 hrs)

£ 100

o

2 90
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o
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g
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a sof 30 min

5 a0} 1 hour

§, 30 first answer

S 20 upvoted answer

c

Y 10t accepted answer |-
QJ ' L "

e O 15 30 45 60 75 90 105 120

Minutes elapsed after questions are posted

Figure 4: Answers in the 2 hours after questions are posted.

Cumulative histogram: time elapsed

n before questions receive answers (first 48 hrs)
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] 30 first answer

. i
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Figure 5: Answers in the first 2 days: little activity after 4 hrs.

Number of Questions

Histogram: Answers, Thread Lengths for Questions

250000 =
v Number of Answers
% e | B Total Thread Length ||
é 150000 |
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Q
L0
E soo00}
=

0! - i | .
01 2 5 10 15 20 >=25
Answers / Thread Length
Figure 3: Answers and thread lengths for all questions.

) Number of Views per Question (log-log)

10 ode: 34 : '
Qs posted in last week
103 | ..'. Qs posted in last month |
.’ Qs posted in last 6 months
. * * Qs postedin last year
107 | D :
. * All Questions

10 | 1
100 — v ™ e o

10° 10! 10° 10° 10* 10° 10°

Number of Views

Figure 10: Questions receive dozens of views from visitors.

Lena Mamykina, Bella Manoim, Manas Mittal, George Hripcsak, and Bjorn Hartmann. 2011. Design lessons from the
fastest q&a site in the west. Conference on Human Factors in Computing Systems, 2857-2866.
LaToza GMU SWE 795 Spring 2017
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What makes StackOverflow work?

 Make competition productive

e Tight focus on technical answers & voting system
offered strong alternative to conversational forums

 (Game mechanisms through a reputation system led to
iIntense participation

e Credibility in the community

 Founders were thought leads that enabled them to
gain a critical mass

e Evolutionary approach to design

* Continuous feedback loop with users, helped
orioritize feedback

Lena Mamykina, Bella Manoim, Manas Mittal, George Hripcsak, and Bjérn Hartmann. 2011. Design lessons from the
fastest gq&a site in the west. Conference on Human Factors in Computing Systems, 2857-2866.

LaToza GMU SWE 795 Spring 2017
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Coverage of APIs

» (Googled for all methods in jQuery API, examined
top 10 links for type of result

SEARCH RESULT TYPE COVERAGE MEAN RANK

code snippet site 8.7% 9
qéa 9.8% 9
forum 20.2% 8
official bug tracker 21.4% 3
mailing list entry 25.4% 7
official documentation 30.1% 3
official forum 37.0% 3
unofficial documentation 63.6% 6
stackoverflow 84.4% 6
blog post 87.9% 5
official API 99.4% 1

Chris Parnin and Christoph Treude. 2011. Measuring API documentation on the web. International Workshop on
Web 2.0 for Software Engineering, 25-30.

LaToza GMU SWE 795 Spring 2017
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Sharing expertise

Many developers do similar tasks everyday

Write similar code —> code reuse
Fix similar defects —> 7?77
Do similar performance optimizations —> 7?7

Can solve with StackOverflow, but requires developers to share
knowledge & developer to find it

Goals:

* |Increase breadth & quantity of expertise shared

* Decrease time to access expertise

* |ncrease probability that relevant expertise is found

GMU SWE 795 Spring 2017
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On Demand
Expert Assistance

code oontext )
(task)

Developer Hypothetical assistant log file
(own project, own IDE)

Figure 1. Setup for our hypothetical assistant study. Developer partic-
ipants were asked to bring their own task to complete, and ask ques-
tions from our hypothetical assistant as if it could answer any support
question needed. Participants were still allowed to use traditional online
resources and augment them with the assistant as they saw fit. Context
related to their programming task was collected at the beginning of each
study, and audio of their questions was recorded during the session.

Description # Sessions (out of 5) # / Session
Memory Aids: Participants sought a specific function name 2 0.6
Explanatory Requests: Participants sought examples or explanations of their code 4 1.8
High-Level Strategic Guidance: Participants sought best ways to approach problems 5 4.6
Code Requests: Participants sought specific pieces of code 2 0.6
' Bug Fixing: Participants sought specific solutions to program errors 2 1.0
Code Refactoring: Participants asked for code improvements 2 0.8
Effort-Saving Requests: Participants handed off tasks to save time and effort 4 4.0

Table 1. Common query types observed during our hypothetical assistant study, with corresponding frequencies. Each of these query types suggests a
support role that remote software development assistants can play in future systems. “Number of Sessions” indicates the number of different sessions
that each type of question occurred in, while “Number of Queries per Session” indicates the number of queries that referred to solving one of these
query types, on average.

Y. Chen, S. Oney, W.S. Lasecki. (2016) Towards Providing On-Demand Expert Support for Software Developers. In Proceedings of the
ACM Conference on Human Factors in Computing Systems.

LaToza GMU SWE 795 Spring 2017 26


https://web.eecs.umich.edu/~wlasecki/pubs/devhelp_chi2016.pdf

On Demand Expert
Assistance

Y. Chen, S. Oney, W.S. Lasecki. (2016) Towards Providing On-Demand Expert Support for Software Developers. In Proceedings of the
ACM Conference on Human Factors in Computing Systems.

LaToza

fjnswerrcode\

—_—

-

Developer IDE

igure 2. Setup for our human expert assistant study. In each trial, one
“requester” participant (developer) was paired with one “helper” (ex-
pert, based on a pre-study skill assessment). Participants could chat via
either text or voice, and requesters were able to share their screen with
helpers as needed using Skype. The helper was tasked with assisting the
requester reactively, meaning that they only responded to queries, and
did not proactively propose solutions or approaches. This simulates a
“best case” (repeated, non-multiplexed helper) on-demand model where
human experts are not expected to be continuously available between
end-user queries.

>

Query

I\./oice/chatl

el

=

-

Expert human assistant

—_n # Sessions .ot # Interviews o
Patterns Description (out of 12) # / Session (out of 12) # / Interview

Background Helpers wanted to know the requester’s experience level 1 15 5 0.7
and background

Context Helpers wanted to know what the high-level goals and 1 15 9 0.8
context were

Sharing Participants wanted a shared editor that lets helpers type 1 21 1 11
code directly

Real-Time Part1c1papts needed immediate responses (some pre- 12 N/A 10 0.9

Response ferred voice, others text)

Integrated Participants did not like switching windows, and would

g . 9 N/A 7 0.8

ystem prefer a single system
Personalized | Requesters wanted help suited to their intent, e.g., spec- 9 1.0 10 19
Help ifying “teach me” when more explanation was desired ' '

GMU SWE 795 Spring 2017
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https://web.eecs.umich.edu/~wlasecki/pubs/devhelp_chi2016.pdf

HelpMeOut

Instrumented IDE Logs
Source Changes Over Time

Suggestion Panel Shows
Proposed Solutions to Errors

| Source,, Source,, T Suggestions
with
Error No error Error —
7 — —
time > l
( )
! 2 ' query(error, source)
1 | submit(error, diff(source,,,source,,)) - R J
~— o~ S
Many users |—1 pre— HelpMeOul le— —— ((source1,,, sourcel,,), ( 3
submit Database (source2,,, source2,;), "~

)

Priority list of fixes Explanation for fixes

i " Web Interface

Collects Explanations

Suggestion X

before after
Explanation:

Figure 1. HelpMeOut offers asynchronous collaboration to
suggest corrections to programming errors. 1: IDE instru-
mentation collects bug fixes and sends them to a remote
database. 2: Other programmers query the database when
they encounter errors. 3: Suggested fixes are shown inside
their IDE. 4: Explanations for fixes are collected in a web
interface.

File Edit Sketch Tools Help

00O BEHI

Followl §

£ % helpmeo

HelpMeOut

ut

X = 1808;

v = 188;
arr[] = ¢
onglel = 9,
seglength =

tup{) {
(200, 200);
()3
(29

(6, 108);

O {

(226)

Error Message:

Variable must provide either dimension expressions or an array initializer

Suggestion 1

Before (Broken)
2int y|) = new int[); 2int y|) = new int(width);|

After (Fixed)

more info | vote up | vote down | find line | copy fix

Suggestion 2

" Before (Broken)
2float arr(] = new float(); 2float arr() = {0.0, 0.33, 0.66, 1.0);

After (Fixed)

more info | vote up | vote down | find line | copy fix

dx = mouseX - x;

PR P

dy = nousa¥ - y3
A P =

Variable must provide either dimension expressions or an array initializer

Broken source

float [] A = new float [];

Matching token types,
But different content

Fix suggestion

float [] Z = new float[10];

'\l';:> float | [ Al=|new | float | []|]];
Modification in fix

float ]| Z|=|new| float | I 10 | ]

float | [ A | =| new | float [— 10 | ]

Bjorn Hartmann, Daniel MacDougall, Joel Brandt, and Scott R. Klemmer. 2010. What would other programmers
do: suggesting solutions to error messages. Conference on Human Factors in Computing Systems, 1019-1028.

LaToza
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def get_video_data(video_page_url):
video_data = {}
response = requests.get(root_url +

Tutorons

video_page_url)

soup = bsd4.BeautifulSoup(response.text)

video_data['title'] = soup.select('div#videobox h3')([@8].get_text()
video_data(['speakers'] = [a.get_text() for a in soup.select('div#sidebar alhref*=/speaker]')]
Vldeo_dataIIYOUtUbe_brl.] = Soup. g‘.‘ovL'du frd drbner rlharfodvrard b e wuta e e ATV et B ) v b e e - - |

|

A few things to note about this functio
)

|

¢ The URLs returned from the scraping o:

* The session title is obtained from the <
because the select() callreturns a h:

e The speaker names and YouTube links :

|

Now all that remains is to scrape the v,
very simple to write as a continuation .
we can also scrape the likes and dislik

def get_video_data(video_page_url): |

You found a CSS selector.

The selector 'divé#sidebar a[href*=/speaker]’ chooses links with URLSs starting with

‘/speaker’ from a container with the ID 'sidebar’.

If you haven 't seen them before, selectors pick sections of HTML pages by their names or
properties. Once you've ‘grabbed’ elements with a selector, you can manipulate them, like

changing their appearance or text.
Here's an example of what this selector will finc

<div id="sidebar">
<a href="/speaker”>
</a>

</div>

/

~N (

8 regex_str =

B emoticons_str,

10 r'<[~>]+>"', # HTML tags

11 r'(2:@[\w_]+)"', # @-mentions

12 r"(?:\#+[\w_]+[\w\'_\:]*[\w ]+)", # hash-tags

You found a regular expression!

We compare text to regular expressions to see if they match a pattern
or not. To read this regular expression diagram, follow it from left to
right as you see the letters and symbols it looks for in a line of text.

One of:

NODE EXPLANATION
(?: group, but do not capture:
@ '‘@'
Nw_]+ any character of: word characters (a-z,

A-Z, 0-9, )),"' '(1 or more times
(matching the most amount possible))

) end of grouping

- ~

4
“olT[$-_@.&+][!*\(\),]11(?

?)', # numbers
", # words with - and '
rds

| *.join(regex_str)+')', r
+emoticons_str+'$', re.VE

s)

alse):

oticon_re.search(token) e

just an example! :D http:

, 'Just', 'an', 'exampl

e

A. Head, C. Appachu, M. A. Hearst and B. Hartmann, "Tutorons: Generating context-relevant, on-demand explanations and demonstrations of
online code," 2015 IEEE Symposium on Visual Languages and Human-Centric Computing (VL/HCC), Atlanta, GA, 2015, pp. 3-12.

LaToza
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Creating a Nested Hash
Total Count 75 Project Count 17

new do |var0, varl|

var(O[varl] = {}
end

1
2
3
4
5
6
7
8

choices = .new { Ih,kl h[k] = {} }

Projects: cassandra fakeweb fog jruby
MacRuby maglev mechanize rails
choices[:is][:happy] = true recommendify redcar reek replicate
choices[:is][:sad] = false rubinius ruby rubygems state_machine
more...

Assigns an empty hash as the default key value

Figure 1. Codex draws on millions of lines of open source code to create software engineering interfaces that integrate emergent programming practice.
Here, Codex’s pattern annotation calls out popular idioms that appear in the user’s code.

https://www.youtube.com/watch?v=j]AIWXbygKuc

Ethan Fast, Daniel Steffee, Lucy Wang, Joel R. Brandt, and Michael S. Bernstein. 2014. Emergent, crowd-scale
programming practice in the IDE. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, 2491-2500.
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CodeOn

 Requestor speaks in IDE, requests help

* |DE captures code context
* Responders author descriptions, annotations, snippets, explanations
* Reqguestor can integrate responses

task4. js I helper-task4.js ‘ < Requests
qunction summation(){ 1 function summation(){
Is this task supposed to use the ap...
6 FE3T glhans waw caas 3 fame Y28 ahar wou 80 2 har > taské js w.:u:gs!:rxtwons
switch(arguments. length) { switch(arguments. length) { aske ays ago
case 1: case 1:
@ return ""; @ return "
break; 1 break;
case 2: 14 case 2: Answer o
var x = arguments[@]; 1 var x = arguments(@]; , _
var y = arguments(1]; 1 var y = arguments(1]; Commonly, if-else statement is most people would use,
return function() { return function() { but here you can use switch if that's what you need to

return x + y + ar¢ 18 do. Here is one example.

(Please only run Helper Code version,) @ 32 minutes ago

Helper Code

case 3:
var x = arguments[@];
var y = arquments|1];
var z = arquments(2];
return function () {
return x + y + 2;

};
default:
} ' L 0 break;

dd 3 comment

‘ S Jenr mremend e ¥ g Helper : No prob J) Worth noting is that
} 4 you'll need a seitch statement to
I account for 1 or Zvdriables *inside* the case
(est case L 1 statement

Figure 2: Codeon interface where the requests and responses are on the right panel(2). Developer’s code(1) and helper’s
code(3) are side by side for better comparison. Other responses includes explanation(4), annotation(5), and comments(6)

Y. Chen, S.W. Lee, Y. Xie, Y. Yang, W.S. Lasecki, S. Oney. Codeon: On-Demand Software Development Assistance. Conference on Human Factors in
Computing Systems (CHI 2017).
LaToza GMU SWE 795 Spring 2017


https://web.eecs.umich.edu/~wlasecki/pubs/codeon_chi2017.pdf

Increasing parallelism in programming

Build a large application in a day?

>24 million users X 1 day 277

32



I. Steinmacher, M. A. G. Silva, M. A. Gerosa, and D. F. Redmiles, “A systematic literature review on the barriers faced by newcomers to open source

Reduce joining barriers

o OSS imposes joining barriers that dissuade casual
contributions

feed

dentifying appropriate contacts & receiving timely

nack

dentitying appropriate tasks and corresponding

artifacts

Understanding project structure, complex code,
setting up a workplace

Uncl

ear documentation & info overload

Learning project practices, domain knowledge,
technical expertise

software projects,” Inf. Softw. Technol., vol. 59, pp. 67-85, 2015.

LaToza
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Costs & challenges

-+ Task context & interdependence

Handoffs — Specification often implicit through
Interpretation of requirements & domain, rather than
explicitly represented in artifacts.

34



Key questions

To what extent can software development work be
decomposed at a granularity smaller than commits?

What task context would such tasks require?

How could such work be coordinated and organized?

35



SF \NJ \J e

Jicl Collabode - myproject - src. x \\gay
€ 9 C M 5 http://localhost:9000/myproject/src/Hello.java N>
1= myproject Hello.java = ‘= B admin £
'_C;,myproject 1| import java.util.ArrayList;

= SIc ) 1| public class Hello {
Hello.java d public static String hi = "hello";
HelloTest java

',C_;newproject public stn?ic void main(SL:i:'tg[] args) {
ArrayList x = new ArrayList();
x.clear();

) System.out.printin("hello hello”);
1c X.C

} @ clear() : void - ArraylList

@ containsAl(Collection c) : boolean - AbsiractCo

Figure 1: The Collabode web-based IDE allows multi-
ple simultaneous editors to work together.

* Micro-outsourcing

* Enables “original programmer” to describe custom microtasks in
Orose

* Each microtask completed by workers

* Workers may discuss microtasks with original programmer for
clarification

* QOriginal programmer responsible for feedback

Max Goldman, Greg Little, and Robert C. Miller. Real-Time Collaborative Coding in a Web IDE. UIST "11.
Max Goldman, Greg Little, and Robert C. Miller. Collabode: Collaborative Coding in the Browser. CHASE '11.
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http://up.csail.mit.edu/collabode/UIST11-Collabode.pdf
http://dx.doi.org/10.1145/1984642.1984658

LaToza

Collabode Evaluation

* \Was possible to use the worktlow for programming

e But...

« Managing the crowd imposed large overhead on
requestor to answer guestions & eval
contributions

 Code often had subtle bugs, which were time
consuming to find and identity

 Anonymous workers led to low responsibility for
Work

GMU SWE 795 Spring 2017 37



Microtask programming model

Programming tasks

- are short (< 10 minutes)

-+ are completed by pool of transient workers
- are automatically generated by system

- Iteratively update artifacts

38



5  Stats: 5 functions 7 tests

" EDIT AFUNCTION T :

Can you write some code in the function below? but don't be a hog, if there's much to do be sure to use pseudocalls or pseudocode to leave some work for others.

® FUNCTION CONVENTIONS

Want to sketch something? Write a line of pseudocode with

Want to call a function? Write a pseudocall beginning it with /LR TS A Lt s L rEn

Example:
function foo() {
var values = [ 128, 309 ];
/# calc the least common multiple of values
var avg;
/'avg = Compute the average of (values)
return { average: avg, lcm: lcm };

}
Note that all function calls are pass by value (i.e., if you pass an object to a function, and the function changes the object you will not see the change).
= AVAILABLE DATA TYPES 1| /**
2 Renders the specified array of Elements, creating and returning a
3 RenderInstructions describing how they should be rendered to the
String 4 screen. Lines and freehand shapes should be rendered in order of each
Neamber 5 of their lines. Rectangles should be rendered with a series of
6 segments beginning in the top left and proceeding clockwise.
7
|
Hosiesn 8 €param Element element , the element to be rendered
Element 9 :
éreturn RenderInstructions
Positi %/
osition : .
function renderElement(element) {
LineSegment //#Mark this function as implemented by removing this line.

return {};
Renderinstructions

Action

39



1.e., if you pass an object to a function, and the function changes the object you will not see the change).

/tt
Renders the specified array of Elements, creating and returning a
RenderInstructions describing how they should be rendered to the
screen. Lines and freehand shapes should be rendered in order of each
of their lines. Rectangles should be rendered with a series of
segments beginning in the top left and proceeding clockwise.

éparam Element element , the element to be rendered
€return RenderInstructions

*x/

function renderElement(element){
if (element.type == "Line")

//# render line

else if (element.type == "Rectangle”)

//# render rectangle

L e e e S S S S =
OCVLOANAVNBWNHOVLONOAWULIBWN =

}

else if (element.type == "Freehand")
//# render freehand

}

return {};

NNNNNNN
SNSOoOUeaWN -




8 AVARLABLE DATATYPES

> String
> Number

> Boolean

V Element

Elements are shapes in a drawing and may be
of type "Rectangle”, "Freehand”, or "Line"
For a Rectangle Element, the vertices
describes the four corners and are listed in
clockwise order (the first vertices can be any
of the four).

For a Line or Frechand Element, the vertices
describes the path of the Element.

All Elements are identified by a unique id,
beginning ato

DATASTRUCTURE

EXAMPLES Rectangle «

) (Le., if you pass an

oDIeCt to a function, and the function

function movetlement( ’
1f (IvalidPosition(mouseDownPos)

return ’
}

Lf (!validElementType(origElen.type)) {

return 3

}

var element « {
I": origElem. . id,

: origElem. type,

| H
var x0ffset « mouseCurrfos. - mouseDownPos. ;
var yOffset = mouseCurrfPos., - mouseDownPos. . ;
for (var vertex in origElem.vertices) {
var newPos;
//8 odjust newPos based on xOffset ond yOffse
element.vertices.push(newPos);

24
25
26
27
28
29
30 }

31 return element;
32
33
34
35

-- 5

1 PROBLEM(S) FOUND:
1. Line 22: 'origElemVerticies' is not defined.

Returns true 1f

" validElementType --
“Freehand”,

function

or “Line”.

) 1}

H

'validPosition(mouseCurrfos)

.Slice(origElenVerticies)

-
-




Stats: 8 functions 16 tests

WRITEATEST 10 pts (7]

For the following test case, can you implement a test, providing a JSON object literal for each input parameter and for the expected return value?
Tip: Descriptions of the data types are on the left with examples you can copy and paste.

® TEST CASE DESCRIPTION Report an issue in the test case ©@

create a FreeHand

#FUNCTION SIGNATURE

/*0
Creates a new Element, as specified by the Action and using the
provided current mouse coordinates.

For Freehand Elements, which contain many positions, copies the
existing list of positions from prevElement, if it exists.

@param Number x , the current x position of Mouse - left is @

@param Number y , the current y position of Mouse - top is 0

@param Action action , the current action

@param Element prevElement , previous version of the Element - may be null

@return Element
Ol‘l/
function createElement(x, y, action, prevElement)

= AVAILABLE DATA TYPES INPUT PARAMETERS

x (Number)
String
Number Paste Example
Boolean y (Number)
Element Paste Example
Position action (Action)
LineSegment .

Paste Example

Renderinstructions

prevElement (Element)

Action
Paste Example

RETURN VALUE
(Element)

- -

4.



‘ied by the Action and using the
es.

‘tain many positions, copies the
prevElement, if it exists.

position of Mouse - left is 0@

position of Mouse - top is 0

nt action

'vious version of the Element - may be null

n, prevEilement)

x (Number) 10
y(Number) 10

action (Action) {
"type": "Freehand”,
"elementID": O,
"mouseDownX": 10,
"mouseDownY": 10
}

prevElement (Element) E3 nul
Unexpected end of input

RETURN VALUE

Paste Example

Paste Example

Paste Example

Paste Example




Enabling fine-grained contributions

Local changes to a single function or test

ype system, request functionality through pseudocalls
Preconfigured environment
Tutorial system introducing microtasks
Encourage mass parallelism
Collective ownership of code

Time & space box contributions

44



Automatic microtask generation

Existing microtask workflows enumerate microtasks statically (e.g., map-reduce)

Programming work cannot be statically enumerated upfront.
— Work created in response to work completed.

Inputs
Map
Output
Reduce
Output

Map / Reduce Workflow

45



Function state machine - example

Write
Function
Description

described
written

buggy

described
lwritten

ldescribed testRun

described
written

lbuggy

46



Edit a Function

described
written

buggy

‘

ldescribed

>

4
described
lwritten

testRun

described
written

lbuggy

47



Edit a Function

described
written

buggy

‘

ldescribed

>

4
described
lwritten

testRun

described
written

lbuggy

48



P

Idescribed dﬁ;ﬁzgﬁd testRun

described
written

buggy

described
written

lbuggy

49



Debug
a Test Failure

v

Idescribed dle\;ﬁﬂzﬁd testRun

described
written

buggy

described
written

Ibuggy

50



Edit a Function

described
written

buggy

‘

ldescribed

>

4
described
lwritten

testRun

described
written

lbuggy

51



P

Idescribed dﬁ;ﬁzgﬁd testRun

described
written

buggy

described
written

lbuggy

52



-O /Q/

described testRun

ldescribed lwritten

described
written

buggy

described
written

Ibuggy

53



Coordinating work

R microtask;
function f

]

Edit a Function

Rmicrotasks

test: test, tests

One microtask in progress per artifact

» function add(Number a, Number b)

/ N\

test, tests

8microtask1

54



]

Edit a Function

R microtask; Rmicrotasks numbar a Numberb
function f » function add(Number[] numbers)
test; test; tests test, tests

8microtask1

55



test:

[microtasks]

R microtask;
function f

test,

tests

» function add(Number[] numbers)

/ N\

test, tests

microtask, Qmicrotask:

[microtasks]

56



Ensure quality through iterative work

Key principle: any crowd authored content can be
revised by crowd

- Sketch & revision w/ small contributions

Report issues w/ dependent artifacts that can’t be
directly edited

Review & test

o7



Workflow

client request

WELOOME TO THE CROWDCODE CLIENT REQUEST EDITOR
[
Deseritos ADTs wih & couription, narm, steseturs, i 85 aamysha. The JOON seseture shauké be of 1 form fiskdis Typehlarma, whars each Tysehlarms is sitar
et sacurstaly an a0 ADT Cr 3 e of 1w S Srrvstves Sirrg Norber fackess. T3 rebcatn a0 1-drmaesonsl sy, e © s o Eracksts ater e Yoe same
sl aray - Typaarmel). The ORCAGR Wk CONcTTe a7y #5s S04 the ADT a7 Chas a1 examiple of & rakus o the ADT 1 JSON trTar
rptien 0 v ’ x

.\ APl functio

Cxamples: e

function

implemented library

API
AP} function

8 8 microtask microtask microtask

crowd microtask queue 58



Results - Automatically generating microtasks

Implemented 22 functions (490 lines of code), including 14 new functions

Created 149 unit tests (2920 lines of code)

Microtask type Completed Skipped Reissued Median time Total time
(m:s) (h:m:s)

Session A B A B A B A B A B
Review 260 227 22 22 - - 1:27 1:14 9:29:32 6:43:43
Write test 158 102 22 7 40 41 1:29 1:21 6:35:41 3:15:12
Write function 44 5% 25 21 16 22 4:57 2:31 3:59:28 3:40:03
Write test cases 40 30 9 4 11 13 3:50 2:28 2:57:02 2:05:53
Debug test failure 14 18 5 4 2:32 4:00 0:57:22 1:21:21
Write function 8 16 3 10 3:12 2:44 0:30:21 1:03:58
Write call 7 9 2 3 1:37 2:28 0:15:02 0:36:49
Reuse search 9 10 3 3 0:42 1:35 0:06:37 0:22:33

Total 540 468 91 62 68 96 24.51.0 19:09:32
Overall total 1008 153 16 44:00:37

6
0
2
0

1 O O ==



Results - Small contributions

o worker2 - tot loc

W workerd W workerd B workers - psewdo loc

A
function createAction(mouseDownPos, command, elements) {
//# mark this function as complete removing this line
//# mark this function as complete by removing this line
iflcommand == "Move"){
var el = null;
for (el in elements) {
if (onOutline(mouseDownPos, el)) {
return {
“type”:"Move’,
"elementld”elid,
“"mouseDownPos" mouseDownPos
-
}
}
Jelse ifcommand == "Line” || command == "Freehand”
|| command == "Rectangle)
//% handle Line
// handle Freehand
//# handle Rectangle
Jelse{
return null;
|
return null;
I

§ S B L LTTT]
B n
!M

= Lo

Iﬁnowm

100 40

8
function createAction(mouseDownPos, command, elements) (
//# mark this function as complete by removing this line
iflcommand == "Move")}{
var el = null;
for (el in elements) {
if (isOnOutline(mouseDownPos, el)) {
return {
“type""Move",
"elementid”:el.id,
"mouseDownPos"mouseDownPos
b
)
|
| else iflcommand == "Line” || command == Freehand”
|| command == "Rectangle”)|
//% handle Line
//# handle Freehand
//# handle Rectangle
Jelse{
return null;
jelse{
var nextld = getNextid(elements);
if (command == "Line") {
//% handle Line and return it
| else if (command == "Freehand”) |
//# handle Freehand and retumn it
| else if (command == "Rectangle”) {
//# handle Rectangle and return it
I
I
return null;
}

C
function createAction(mouseDownPos, command,
elements) {
iflcommand == "Move")}{
var el = null;
for (el in elements) {
if (isOnQutline{(mouseDownPos, el)) {
return {
"type":"Move",
"elementid”el.id,
“mouseDownPos"mouseDownPos
17
)
}
Jelse (
var nextld = getNextValidid{elements);
if (command == "Line") {
//# handle Line and return it
return {
“type”: "Line”,
“elementid™; nextid,
"mouseDownPos”: mouseDownPos
X
} else if (command == "Freehand”) |
//# handle Freehand and return it
return {
"type”: "Freehand’,
“elementid™; nextid,
“mouseDownPos”; mouseDownPos
X
} else if (command == "Rectangle”) (
//# handle Rectangle and return it
return {
"type™: "Rectangle”,
"elementid™; nextid,
“mouseDownPos”™;: mouseDownPos
X
}
}
return null;

]
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Results - Fixing bugs

1. function createElement(id, type, mouseDownPos, mouseCurrPos, previlement) 1. function createElement(id, type, mouseDownPos, mouseCurrPos, previlement)
2.4 2.4
3. if (typeof id l= “number™ || typeof type != “string” 3. if (typeof id != “number™ || typeof type != “string”
4. || typeof mouseDownPos !« typeof {} || typeof mouseCurrPos !« typeof {} 4. || typeof mouseDownPos !« typeof {} || typeof mouseCurrPos !« typeof {}
5. || typeof prevElement != typeof {}) { 5. || typeof prevElement ! typeof {}) {
6. return null; 6. return null;
7. } 7. }
8. // check if mouse coordinates are within bounds 8. // check if mouse coordinates are within bounds
9. if (lvaliorosition(mouseDownPos) || !validPosition(mouseCurrPos)) 9. if (Ivaliorosition(mouseDownPos) || IvalidPosition(mouseCurrPos))
10. return null; 10. return null;
11. 11.
12. var element « { 12. var element « {
13, “1d": ig, 13, “1d*: 14,
14, “type": type 14, "type™: type
15. 1 15. };
16. if (type === "Rectangle”™) { 16. if (type === "Rectangle”™) {
17. // Create in clockwise order 17. // Create in clockwise order
18. - J18. | element.vertices - [
19. mouseDownPos , 19. mouseDownPos ,
20. {x: mouseCurrPos.x, y: mouseDownPos.y), 20. {x: mouseCurrPos.x, y: mouseDownPos.y),
21. mouseCurrpPos, 21. mouseCurrpPos,
22. {x: mouseDownPos.x, y: mouseCurrPos.y) 22. {x: mouseDownPos.x, y: mouseCurrPos.y)
23, | H 23, | H
24, } else if (type === “Line”) { 24, } else if (type === “Lime™) {
25. element . vertices « [mouseDownPos, mouseCurrPos); 25. element.vertices « [mouseDownPos, mouseCurrPos);
26, else { //type === “Freehand” 26, } else { //type === “Freechand™
if (previlement === null) {
8,
29.
30. element.vertices = [mouseDownPos, mouseCurrPos); - 28. element.vertices = [mouseDownPos, mouseCurrPos);
3. | } else { ]29.| } else
32. // Build off of prevElement £ // Build off of previlement
33, element. vertices « prevElement.vertices; //if prevprevElement is not mul 31, element.vertices « prevElement.vertices; //if prevprevElement is mot nul

NERE

1, copy its vertices to new element

}

return element;

}

32.
33,
34,
3s.
36.
37.
38.

1, copy its vertices to new element

}

return elesent;

}
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Still a need for coordinating crosscutting information

* Much of the crosscutting information related to decisions

* Interpretation of requirements & specifications
* Representation of state in data structures
* Building good interface often as much work (or more) than doing implementation

* Need for global view for the crowd to be more involved in crafting AP
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Scaffolding coordination and knowledge sharing

|[dea
Make design decisions explicit
link artifacts to design decisions

enable developers to coordinate by discussing
design decisions

LaToza, Di Lecce, Ricci, Towne, van der Hoek. Ask the crowd: Scaffolding coordination and
knowledge sharing in microtask programming. VL/HCC 2015.
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Extended environment w/ Q&A system directly connected to code

CrowdCode project: spreadsheetVs Stats: 20 functhons

Ualy

escription as well as just the function name itself, thisfu .
nction should just insert an empty column before the curn
ently selected column. It shouldn't have anything todow

ith the clipboard whatsoever. Thoughts?

NEWSFEED

QUESTIONS

obout an hour ago
010
Answer thes guestion
1 answers:

The function name actually doesn't specify *what* shoul
d be inserted. So, the content of the clipboard seems to be
a reasonable guess. What's does the header description s
ay? Does it say that the column should be empty?

about an hour ago - P02 S0

LEADERBOARD

It says "Insert a column before the spreadsheet conten
ts and returns the modified spreadsheet. " What | take
away from the fact is that it specifies "a column,” whic
h is of course singular while the clipboard could potent
ially contain multiple columns. It also doesn't mention
anything about the clipboard, so | think this function s
hould instead just do as described - create a new, empt
y column to the lefr.

about an howr ago ~ P07 019

I agree: from the header description it does seem that |
t should be an empty column.

about an hour ago - P02 Ce L
I am also with | , even tho is not 100% clear, it w
ould make way more sense the way he described

37 minutes ago — you Soe

write a comment

35 tests 369

“text®: “bao”,
“style”: null

(-

SREPORTED ISSUE

Should be able to insert only *a* column, not multiple comments. See function header description

SRATING SYSTEM RATING

1 Star: Incoherent or unfocussed > 7> REVISE WORK
2 Stars: Unconvincing or weak
3 Stars: There are some weakness REVIEW

4 Stars: Good quality, without weakness
5 Stars: Excellent without weakness SRS

® AVAILABLE DATA TYPES opinion his

> String
> Number

and also the method

"

> Boolean

> Spreadsheet
> Row

> Cell

> Style

» Position

9 Range

> View




Developers can search for existing answers

Developers can search questions
with full text filter

Questions marked as closed (yellow)

or open (gray)

Questions marked as relevant to
current artifact (top) and all other
guestions

If no answer, can ask new question.

QUESTIONS

LEADERBOARD

a

Related to createAction
When is the action 'move' triggered? (1 new answer, 1 new comment)
less than @ minute ago move-action
G2 W3 open
which commands are allowed? (2 new answers)
15 minutes ago m
i>o W2 CLOSED

Other questions

How to calculate the next element ID?
17 minutes ago elements | global-data-structures
&1 P82 OPEN | createAction ’
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Developers can discuss questions and answers

Any worker may at any time discuss
guestion.

Threaded into answers & comments.

Up vote & down-vote.

Discussion synchronous (real time
updates) & asynchronous
(notifications on issues developers
follows)

Question title, text, tags,

open/closed collaboratively editable.

4 back Mark as closed

When is the action 'move' triggered? | EDIT |

The description of the function 'createAction' specifies that the m

ove action starts if the mouseDown occurres on the path of one ele
ment. This is not the standard behavior of the drawing programsw
here the move starts also if the mouseDown occurres inside the sh

ape . What do you think?

13 minutes ago m move-action

1521

It depends. If the shape is closed, also clicking inside the closed ar
ea, should trigger the ‘'move’.
7 minutes ago = Michelle G110

2 answers:

Calculating the area of a freehand closed shape, is a very hard.
What about simply defining bounding boxes around the shapes?
6 minutes ago — you 154

write a comment

| think we should stick to the already defined specifications about t
his topic.
5 minutes ago - Giuliano 5 0¢

write a comment
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Organizing discussion around decisions helps structure
coordination

Workers used Q&A to ask questions on variety of topics
— Crosscutting decisions

— clarify function descriptions

— state decisions already made, indicating convention
— ask questions about using CrowdCode environment
— explicit coordination

Compared to unstructured global chat, several preferred Q&A
— “easler to transmit and spread the information” (P2)

— easier to “find relevant issues very easily” (P5)

— petter than “tutorials and documentation” (P18)

— less distracting, easier to reach agreement, easier to get
up to speed
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Some limitations

Lots of work for client to craft the right AP
- Only for code, not Ul
No independent consideration of alternatives
Independence important for generating diverse ideas

- Valuable for important design decisions?
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Software design recombination

Consider alternatives separately created by many, iteratively selecting and

recombining the best ideas

Driver

The meat istelligont actor in tive system, the Driver i rospanaile for contraling its Velsale and
making Bpprograte decaions whan Saced Wit choices, sich 48 which direction to um. The
Drwer ciass should mplement some wel-s8.died approximatien cf human driver behavior, such
as the inteligent Driver Model. Each Drver has 3 goal dessnation resresentes by the Harizan
abjmct, which it an entry part or axt pamt fram the road map. Upan cretan, the Driver wil
perform a saarch on the Road network 1 finé ther percened shoriest path (taking into account
s22p bghts, laft s, eke.) 12 this destination and wil follow that reute at each ken during the

Dirivnrs have variows characerisics hat affict ther behavior, Such &5 agessivenss and he
10p 8peed ey are wilng 1o vavel. They also kesp back of e 10l trve ey ve s slopped
- 2 foc rattc o et an g weitind matce 1

Dirivers Gontrol ek Vencles by coninually sxeciting ter dv
timaste for which Tay are drivieg 5 an argament, This Smwsten, e with how fast e
Drivac's Venicle is Faveing. is 1sed 1o determine how 181 e Vehick will move. The Smestep
parameter 5 configaratie and afects the pedarmance of the simsiatisn:  smaller imestep wil
s more computascnal aerhead and siow he simuaton wheras a laser Smestep may
adversely atfect the accuracy of indiical Vehide maverents. The tmestep defaults 1o 3
reasonable 100 miksecands, which = on the same oxder of magntude of human reacton tme
ané 50 shaukd provide a good balance of accuracy and performance.

When a Drwer drve()s. ¢ sets the Vehicee's acceleratar or brake as determine by e cument
1rafic siluaon. which is furs 861 the Venicie's spaed. and than Gsters to e Vehicle's movel)
Methot. The mathed wih which Drivers determine the prasimity of rwarby Vehices Is
discussad o the later secton an Rasds. Similarty, the secSon an TraScSqnas disc s how
Drvars determing whether Dy can safely procesd through e rsection or ot

Location
Every physcal objeet in the simuatisn (Vahicks, Road, ete ) has 8 Locatios, which mostly just
represents the physical coontinates of the abject for e purposes of arawng &in the GUL
However, & aiso contales paternal information about whers Bhe object s lscated weh respect 1o
the Raad network: what Raad it 15 o and what Lane & i in

Distance

Tha reprosants the physical distance between teo Lacations withn the smulstion. The actual
measurement is abstracted as a class so that diflerent unts may te used, especially usehu for
amaionsl cisssrsoms whare diffesent stucsnls may be used 1o difterent longth
Messsuraments. 1L proveles MBS [0 HrINEng e Distance N & Uses-dermined fomat 55
formmats by Bair urits specified as Slrings, #.0. “mEh” or ‘mA”

well s parsig varis

Tratte Sigral Simmadator Oesign Decument

Proto
Gredtion. & repeesanted 35 a0 edge An adge has 3 Dagin made aect 31 and made The rodes in the
borders are At intesecion nodes; they are ether penerator noces, If they pracuce Cars: of Grain
odes £ cars drampear aher reaching ther

_—
The following Image shows  high bevel mock up of how TrafficSim books Mke. This is
afirst cut design trying to capture and show the various elements of the use-case in
a halistic view. This will be referred to in thy detailed design later.

2. Design Overview
In thes soction the overview of suggosted dosign will be descrbed

2.1. Key architectural drivers and tradecffs
Based 0n given problem desciption, was conduded hat the key architectursl drive

Oy cars can drive In the map anc are called SO cars. ==

would be usabilty, because the main purpose of this system is 1o show and leach studes

10 020 intersaction node thase are 3 set of tralfie Sghis. They desermvire whkh actisns are svaiabie at 3
particuiar teme for the Gars i an tersection

Pises, 8wt ask the affic SNt can. We assume That turning
Vet gerng feene sctons e et abwi-groen trafbe Sghts

how the signal timing schemes in different scenaros alfect taffic Sow. Nex! key
archviectural driver would be performance of the system. The system wil produce high loe
on user laptop/device, because the system wil simulate behavior of multiple graphical

115 nt research project n rafic flow theory, Bhe program shosic do exacty whal
supposed 10 o - demanstrate student how the dfferent timing schemas in dfferent
[sconarion affect the raffic Sow. The priority of such quality attribute as accuracy of meod

From there it by tima and human
rescurces, because the project probably wil ngfhave a high budget, because i is small
0-profit educational project

Based on the system descrotion
list of key architectural drives was createl

fous conchusions, the following priceitzec

) Table 1. Architoctural dnvers prontes
Acchisectural driver Priority
1. |Usaosty I o
2. |Perormance I Medium
3. |Acceracy of model *mm Low

2.2. Technologles Uj
In order 1 5

develcping applc

draw word simul

given architectural drivers. the technoiogy should support
with good level of usabilty, it should graphical engine in order 1
and should have good perdonmance charsterisics. in order 1o,
Y proven, and have examples,

‘of such apgiicaton. Considering high priority of usabilty

The pest.it notes
showing, You may haw

re detail aboNgrhat the modkup bs

appication, can be concluded that the applicaton

will be ation vecticns

The fellowing figures ilstrate the postion of the Tuen sbject in the |
pointers in the Broader picture.

Represents the state of o trafic ight

of the rafte sght

The durston of the varisus states in icks. If
lefts are ot permimed, Le £t Lengtn 5 e

nt Tekshonsnne

The rurbar of ticks unsl the stae charges

Mtersection

______ -
Incomin,
Object Road “““_g_

The rosd object is respon two or between sne
entrasce poist 10 an Imersection. When CONAECting Lo an INtersection as aa Incoming 103d, the
#0ad object will have pointers to three Tum objects fone for left, one for right and one for
continang straght). As as outgong roae, the road will have thee pointers conrmctad 1o hen
#rom the tures from other incoming reads hat kad 1 it

The Road sbect variaties that ace related 10 the bullding phase ace

ot turnsMap: A mao from destéier 10 3 turn in this Intersection
war exitPoint A painter to an exit poit of wach exists (rull if thi rosd connects 10 3
ntersection).

More variables and functionalties will be described in the next secton.
Object Entrance/Exit Point

A simole object that acts as an entrance/exit pont. In simelation tve, cars can envier the
systom andy theough an estrance peint, snd leave the system threugh an exit port. We wil
describe that functionality in the next section. However, urng the bulding phase, it is oy
sequived to have 3 painter to the road (If estrance point).

e ehanges

Ovemide these settngs # he wants 10 sat the limps which is diferent fashon fom hat of
rmaager by accestirg he ndveial cetrolers Schedulieg algcrthn thoud be carflly

1. Number of r08ds joining ot the Fisrection
2. State of the 3cn r03d, busy of free which Can be found by aumber of cars on ech i

3. Ruos of the baic 50 a 50 two 1amgs B 0réeen which may 103d to colisisn

As shown from above dagram, § we conmider an nismecton of & mads, car from spot A can
have 3 possiie lraiecteries Daoed Upon Mow it wes programmed E0 bes
the traffic ights en every side, the oppaste sides oes green saTubisnosusly.
Smple Cases Explantd 83 60 BXBRGHe 0f SCIEIINY

This can be discussed n mare detail in design-2 wheee. we can deveiop detaied schoduing
QROrTm which nn6 in task manager cortroling ol the nps.
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UX and architectural desigh competitions

Round 1

Round 2

Control Initial _} . read Revised |  read __ rank
UX group designs designs designs designs  designs
i"SthﬁonS\bExperimema| Initial _| . read __ rank Revised | . read __ rank
/ group designs designs  designs |\ designs designs designs\
. . . eceive pay
.trafﬁc Round 1 Round 2 Harviews & prize(s)
simulator
design Control Initial _\ _ read * Revised \—{> read _ rank
prompt AD group designs designs designs designs  designs
instmcﬁons\AExperimental Initial read ___ rank _J} Revised | _ read __ rank
group designs designs  designs k designsj designs  designs
1 week 3 days 1 week 3 days 30 - 45 mins
12 UX participants 10 AD participants
Designs independently scored on 1-7 scale by 4 expert panelists
Evaluated on elegance, clarity, and completeness
LaToza, Chen, Jiang, Zhao, van der Hoek. Borrowing from the crowd: A study of 70

recombination in software design competitions. ICSE 2015.



Designs increased in quality

User experience designs: +1.8 points out of 21 (p = .03)
75% of designs improved

Architectural designs: +1.6 points out of 21 (p =.009)
80% of designs improved

LaToza, Chen, Jiang, Zhao, van der Hoek. Borrowing from the crowd: A study of
recombination in software design competitions. ICSE 2015.
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Designers borrowed features and presentation elements

When user opens this simulator, there e
is a default simulation provided.

< + |>

User can just use the default map,

or choose other maps (different layout,

intersections),

R1 R2 R3 R4 RS

(Please click each road or traffic light to edit. )|

Lights Scheme

/A\ A =

(a) Pre-designed templates - UE4, Round 1

or create (“+") his own map (create a
map based on his location or entered

Sensors location).

LoopSensor

A LoopSensor detects Vehicles as they drove over top of it. They are primarily used for
intelligent traffic flow control in “actuated” Intersections, though they can also be used to capture
Statistics about Vehicle flow through particular stretches of Road. LoopSensors detect Vehicles
by receiving updates about nearby Vehicle Locations from the Roads these two objects are
attached to. As previously mentioned, the Multiindex structure used to store Vehicles and
LoopSensors in Roads allows querying for nearby neighbors. Every time a Vehicle updates its
Location within a Road, the Road will query for the nearest LoopSensor in that Vehicle's Lane
and alert the LoopSensor to the Vehicles presence. If the Vehicle is close enough to be
detected, the LoopSensor will notify its associated TrafficController (if any) and store this
information in the Statistics store. As the Vehicle moves away, the Road will again notify the
LoopSensor, which will then determine that the Vehicle is gone and as such will notify the
TrafficController.

Source design

Available templates for simulation
appear as thumbnall views of thelr
maps.

User selects template.

| Cancel || Choose |

(b) Pre-designed templates - UE2, Round 2

4.3 SENSORS

Sensors can be attached to edges to detect cars presence. When they detect that a car is passing, they
notify to a specific traffic light. The stimulus will be considered by the scheme to determine which traffic
light combination will be activated next.

Sensors will be notified when the simulation starts by calling its start() method and they will schedule
themselves in the VirtualClock to check for cars. For example, if a sensor must check every 50ms
whether there are cars or not, they can schedule a Handler to be executed after 50ms and that handler
will be perform the checking and will also schedule the next check.

Since sensors have a position in the edge and cars can also be asked for their positions, the sensors can
determine whether a car is close enough to be sensed. An efficient indexing must be implemented to
relate cars and edges to avoid checking for all the cars in the map.

Revised design

LaToza, Chen, Jiang, Zhao, van der Hoek. Borrowing from the crowd: A study of
recombination in software design competitions. ICSE 2015. 72



All designers borrowed
User experience Architecture & design

source designer (best first)
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LaToza, Chen, Jiang, Zhao, van der Hoek. Borrowing from the crowd: A study of 73
recombination in software desiecn combpetitions. ICSE 2015



Microtasking

Task:

Design an interface mechanism through which users set the timing

of green, yellow, and red for the traffic ights on an intersection

Sketch solutions that cover the following
requirements:

Your intersection should support left hand turns
Your solution must avoid letting the user set timings that allow

car crashes

software design work

Oy

® Ou

e Sonsors Left Tiaml ghes : ;
® O

On

Le# Tum Lizht Tumung E

Yellow Secuon Ked Light Timung |0

Yellow
Yellow

Section Yellow Light Tuuug | I
Section Green Light Timing :]

¢ The intersection should support (optional) use of sensors to

detect cars waiting Blue Section Red Light Tumung
I Blue Section Yellow Light Tuning

Blve Section Green Light Tunung: 3%

* You only have to design a solution for a 4-way intersection

Tips:

e Try to focus on what settings the user needs to configure to

g L100%
Greeu Sectovns Red Light Tuamg E

g Yellow oc Red Lt >t equal O
Green Secticn Yellow Light Tummg P Wemmg: Yellow_Sec.Red 1ght: Cannetoquul 0

5 affic lights t am . Gueen Section Green Light Tuumg 5 Poteatially dangerous
set traffic lights timings that meet the requirements

Wamung: Dlue_Sec Geeen Lght: Greea Light cannot

e Think about the different ways the user can manipulate these be longer than opposiag red hght!

25

Red Section Red Laght Tanmg | 5

settings Red Secuon Yellow Light Timng
e Optionally, you can also think about how your system would Red Section Green Light Tummg 30
work with multiple intersections
Reminder:
We are not looking for one perfect design but are interested in a
variety of designs that @each can have their own pro’s and con's 4

REVIEW & SUBMIT

O

Figure 1. CrowdDesign Platform: (1) sample task description, (2) tool bar for sketching, (3) sketch area, (4) input area for name
of the solution alternative and its explanation, and (5) additional canvases, which can be reached by scrolling down.

QuIT

Edgar R. Q. Weidema, Consuelo Lopez, Sahand Nayebaziz, Fernando Spanghero, and André van der Hoek. 2016. Toward
microtask crowdsourcing software design work. International Workshop on CrowdSourcing in Software Engineering (CSI-SE
'16), 41-44.
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n | t |
Edit Ordering Grouping Configuration Help Show All items

&] Q e Toe Users worker2

| Todos

K 'circ_le (2.36)
r.cevs'kgt'ch. (0)

@ Update sketch. (0)

® Gesture: menubar (2.52)

=] §hape: rec;angle (6.87)

[} Shape_: rectangle (5.88)

™ Shg_pe: rgc;angle (5.83)

® Gesture: window (2.2)

Click to Accept

Click to Accept

Click to Accept

Click to Accept

Click to Accept

Click to Accept

Click to Accept

Click to Accept

Chars Left:

Figure 1. Apparition allows designers to quickly create functional interface prototypes using sketches and verbal descriptions. (1) A collaborative
canvas where the user(s) and workers can draw. (2) Drawing tools and icons to quicken workers’ creation of Ul elements. (3) A search function to help
workers find relevant icons. (4) A to-do list that shows what has been drawn by the user but not yet converted to Ul elements. Workers can “accept”
tasks to signal what they are currently working on. (5) “In-progress’’ markers for workers to show where they are currently working to avoid conflicts.

https://www.youtube.com/watch?v=tBCB6P7/FwWY

Walter S. Lasecki, Juho Kim, Nick Rafter, Onkur Sen, Jeffrey P. Bigham, and Michael S. Bernstein. 2015. Apparition:

Crowdsourced User Interfaces that Come to Life as You Sketch Them. CHI, 1925-1934.,

LaToza GMU SWE 795 Spring 2017
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https://www.youtube.com/watch?v=tBCB6P7FwWY

Flash teams

Oh 5h 10h 15h 20h
_tt—————
—»Low-fi mockup (revised) Low-fi mockup
I'I‘ ~ > IceBreaKer
\ ‘ . Hi, Daniela Reteln
[ euristic evaluation \ User testmE '
| | 4 - \ e ——
: ! - | Find 5]
\H"ﬁ prototype development . [revised) Hi-fi prototype development-» R -
e —————— e d y Friends =
My Location ©
Full List of Heuristic Violations = ——— P =
. — ! =l E . ==
= ' — B > 1) : 132 S e ot et e et e e IceBreaker is an app that helps you
—rrt c : - . sss—esaase find people in your location that
- _— s ave friends or interests in common
e g =3 —~ rm— | ::i!h you. \((’ou 4::::\l s:fall the people
- 0 o r— ::-““ around you that share at least one
N [ Py Ta v < —driend ac oo intacest with woa Hwon
= L— - S _ e m ©
napkin sketch low-£fi heuristic (revised) hi-fi user study report (revised) hi-fi
mockup evaluation low-£fi mockup prototype prototype

Figure 1: A flash team is a linked set of modular tasks that draw upon paid experts from the crowd, often three to six at a time, on demand. The napkin
sketch design team follows the user-centered design process to create a series of prototypes and iterate based on feedback to produce a user-tested
software prototype within a day. Multiple arrows indicate the beginning and end of pipelining; lighter bars indicate possible elastic growth.

https://www.youtube.com/watch?v=IVgTZEpHOzc

Daniela Retelny, Sebastien Robaszkiewicz, Alexandra To, Walter Lasecki, Jay Patel, Negar Rahmati, Tulsee Doshi, Melissa Valentine, Michael Bernstein. Expert
Crowdsourcing with Flash Teams. UIST 2014: ACM Symposium on User Interface Software and Technology.
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http://www.acm.org/uist/uist2014/
https://www.youtube.com/watch?v=IVgTZEpHOzc

