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Administrivia

* Homework 4c due tonight
— Canregain up to 75% of lost Homework 4a credit
e Directly address TA comments
 Turn in revised design documents + description of what you changed
to Gradescope before Monday night
* No lecture next Tuesday: please vote
* Homework 5 team sign-up deadline Wednesday 5 p.m.

 Midterm exam next Wednesday/Thursday
— Practice exam released tomorrow
— Exam review session Monday 6:30-8:30 p.m.
— Exam released Wednesday night, due Thursday 11:59 p.m.
— No lecture next Thursday
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Key concepts from the past week
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Key design principle: Information hiding

e “When in doubt, leave it out.”
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Minimize Mutability

* Parameter types should be immutable
— Eliminates need for defensive copying

* C(Classes should be immutable unless there’s a good reason to do
otherwise
— Advantages: simple, thread-safe, reusable
— Disadvantage: separate object for each value

* If mutable, keep state-space small, well-defined

— Make clear when it’s legal to call which method
Bad: Date

Good: java.time.Instant
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“Fail Fast” — prevent failure, or fail quickly, predictably,
and informatively

* |deally, APl should make misuse impossible

— Fail at compile time or sooner
 Misuse that’s statically detectable is second best

— Fail at build time, with proper tooling

* Misuse leading to prompt runtime failure is third best
— Fail when first erroneous call is made

— Method should succeed or have no effect (failure-atomicity)

 Misuse that can lie undetected is what nightmares
are made of
— Fail at an undetermined place and time in the future
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Don’t let your output become your de facto API

 Document the fact that output formats may evolve in the future

* Provide programmatic access to all data available in string form

org.omg.CORBA.MARSHAL:
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
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ibm.
ibm.
ibm.
ibm.
ibm.
ibm.
ibm.
ibm.
ibm.
ibm.
.ejs.oa.pool.ThreadPool$PooledWorker. run (ThreadPool.java:104)
ibm.

ibm

rmi.
rmi.
rmi.
rmi.
rmi.
rmi.
ejs.

io.ValueHandlerImpl

iiop.CDRInputStream.

io.ValueHandlerImpl
io.ValueHandlerImpl
io.ValueHandlerImpl

iiop.CDRInputStream.

com.ibm.ws.pmi.server.DataDescriptor; IllegalAccessException minor code: 4942F23E comg

.readValue (ValueHandlerImpl.java:199)
read value (CDRInputStream.java:1429)
.read Array (ValueHandlerImpl.java:625)
.readValueInternal (ValueHandlerImpl.java:273)
.readValue (ValueHandlerImpl.java:189)
read value (CDRInputStream.java:1429)

sm.beans. EJSRemoteStatelessPmiService Tie. invoke( EJSRemoteStatelessPmiService Tie. j:
CORBA.iiop.ExtendedServerDelegate.dispatch (ExtendedServerDelegate.java:515)
CORBA.iiop.ORB.process (ORB.java:2377)

CORBA.iiop.OrbWorker.run (OrbWorker.java:186)

ws.util.CachedThread.run (ThreadPool.java:137)
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Today: Toward software engineering in practice

 Two puzzlers
» Software engineering for teams

— Challenges of working as a team

— Tools and processes for teams
* Branch-based development, et al.
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1. “Time for a Change” (2002)

If you pay $2.00 for a gasket that costs
$1.10, how much change do you get?

public class Change {
public static void main(String args[]) {
System.out.println(2.00 - 1.10);

}

} JAVA’
P 7Zl ERS
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What does it print?

(@)0.9
(b) 0.90

(c) It varies
(d) None of the above

public class Change {
public static void main(String args[]) {
System.out.println(2.00 - 1.10);

}
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What does it print?

(a) 0.9

(b) ©.90

(c) It varies

(d) None of the above: ©.8999999999999999

Decimal values can't be represented exactly
by float or double
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Another look

public class Change {
public static void main(String args[]) {
System.out.println(2.00 - 1.10);

}
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How do you fix it?

// You could fix it this way... -
import java.math.BigDecimal);/ Prints 0.90
public class Change {
public static void main(String args[]) {
System.out.println(
new BigDecimal("2.00").subtract(

new BigDecimal("1.10")));

// ...or you could fix it this way Prints 90

public class Change {
public static void main(String args[]) {
System.out.println(200 - 110);

}
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The moral

 Avoid float and double where exact answers are required
— For example, when dealing with money

 UseBigDecimal, int, or long instead
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2. “A Change is Gonna Come”

If you pay $2.00 for a gasket that costs
$1.10, how much change do you get?

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {
BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));
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What does it print?

) O. 8999999999999999
) None of the above

(a) ©
(b
(c
(d

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {
BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));
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What does it print?

(a)©.9

(b) ©.960

(c) ©.8999999999999999
(d) None of the above:

0.89999999999999991118215802998747
6/66109466552/734375
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Another look

We used the wrong BigDecimal constructor.

The spec says:
public BigDecimal(double val)

Translates a double into a BigDecimal which is the exact
decimal representation of the double's binary floating-point
value.

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {
BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));

[ ]
institute for
17-214 18



How do you fix it?

import java.math.BigDecimal; :
Prints ©.960

public class Change {
public static void main(String args[]) {
BigDecimal payment = new BigDecimal("2.00");
BigDecimal cost = new BigDecimal("1.10");
System.out.println(payment.subtract(cost));
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The moral

 Use new BigDecimal(String),
not new BigDecimal(double)
« BigDecimal.valueOf(double) is better, but not
perfect
— Use it for non-constant values.
* For API designers
— Make it easy to do the commonly correct thing

— Make it hard to misuse
— Make it possible to do exotic things
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Today: Toward software engineering in practice

 Two puzzlers
» Software engineering for teams

— Challenges of working as a team

— Tools and processes for teams
* Branch-based development, et al.

[ ]
institute for
17-214 21



Software engineering is inherently collaborative

Software Size (million Lines of Code)

Moder High-end Car | —

Facebook

Windows Vista

Large Hadron Collider

Boeing 787 —as o

Android
Google Chrome 2
Linux Kernel 2.6.0 > -~
Mars Curiosity Rover o .

Hubble Space Telescope
F-22 Raptor
Space Shuttle
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Challenges of working as a team:
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Challenges of working as a team: Aligning expectations

- How does the team make decisions?
How do you divide the work?
Does the team share the same goals and incentives?
What happens when work isn’t completed as expected?
- When do team members like to work?
-  What other commitments do your team members have?
Where will you get the work done?
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Decide what to build, then design the API

Basic Process:
% 1) Determine minimal

Mﬁ_ﬁ | feature set

2) Draw UML on a

whiteboard.

// A collection of elements (root of the collection hierarchy)

public interface Collection<E> { (3) SketCh out your API on

// Ensures that collection contains o

boolean add(E o0); pa per

// Removes an instance of o from collection, if present

boolean remove(Object o0); (4) Write example COde

// Returns true iff collection contains o

boolean contains(Object o) ; (5) REVieW

// Returns number of elements in collection

int size() ; (6) Repeat

// Returns true if collection is empty

boolean isEmpty();

. // Remainder omitted
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Break up tasks into GitHub Issues

® 16 Open v 96 Closed Author~  Labels+  Projects~

® Add Autolocalization as an action server enhancement

54 opened 4 days ago by mkhansen-intel

®© Improved Recovery Node Behavior Tree [EEMEHIBEI enhancement

#1206 opened 17 days ago by bpwilcox

© Should we provide a node to TF listeners? BRG] enhancement

#1182 opened 20 days ago by orduno

® Update system test to use NavigateToPose Action [EEMIEHGM] [Gi] enhancement
nav2_system_tests

21168 opened 26 days ago by mkhansen-intel " E Turtle Release

© Implement waypoint following [3=Low enhancement

3 opened on 4 Jun by orduno

© Provide behavior tree current node on a ROS topic _ enhancement
help wanted

opened on 28 Feb by crdelsey " E Turtle Release

® Slow robot if DWB missing performance requirements [EEMEU enhancement

opened on 4 Feb by crdelsey

® Map server providing dynamically-generated maps [EEMESI enhancement
549 opened on 31 Jan by gbiggs

® Maps from sub-map sources_ enhancement

2548 opened on 31 Jan by gbiggs

® Multi-layer maps: map server and data structures design [EEMEGURY enhancement
#547 opened on 31Jan by gbiggs

© Need more extensive system tests _ enhancement

E Turtle Release

opened on 28 Jan by crdelsey [ 0 of 6

© Add Slow / safety zones to map [EEMESGR enhancement

#404 opened on 3 Dec 2018 by mkhansen-intel

© Add support for Keep-out zones on map AW enhancement

#401 opened on 3 Dec 20

8 by mkhansen-intel

© Map server design for multi-layer maps, multiple map sources, etc. 1-High enhancement

opened on 29 Nov 2018 by gbiggs 0 of 3

® map server service to change map [EEMEIG enhancement
# Tiny Ticket Sprint

9 opened on 24 Oct 2018 by SteveMacenski

@® Time monitoring of time-sensitive tasks [23Wigdigm| enhancement nav2_mission_executor

£200

2200 opened on 18 Oct 2018 by mhpanah " E Turtle Release

Milestones ~

Assignee ~

Sort v

32
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Issues can represent both tasks
and bugs that need to be fixed.

Issues should be:
® areasonable chunk of work
e focused and cohesive

institute for
SOFTWARE
RESEARCH

26 |8



Break up tasks into GitHub Issues

- i Assignees <

No one—assign yourself

E= @R &

Write Preview M B i € © ©

Labels

None yet

Projects 1o

None yet
Milestone o
No milestone

Attach files by dragging & dropping, selecting or pasting them. (M4
Helpful resources

LI Styling with Markdown is supported Contributing

institute for
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Use labels to indicate priority and differentiate bugs from features

17-214

Apply labels to this issue

v

enhancement X

New feature or request

J bug
Something isn't working B 0 - Critica

Critical to project, highest priority
. documentation

Improvements or additions to documentation 1- High
High Priority
duplicate
This issue or pull request already exists @ 2 - Medium

B good first issue

Good for newcomers

@ help wanted

Extra attention is needed

invalid
This doesn't seem right

B question v

# Edit labels

28
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Consider using milestones (e.g., HW5a, HW5b)

== 40pen v 12 Closed

Tiny Ticket Sprint
Due by October 25, 2019 (© Last updated about 3 hours ago

Lets get some tiny tickets out the week before we all head to China...(more)

E Turtle Release

Due by November 22, 2019 (© Last updated about 4 hours ago

September

A Pastdue by 22 days (© Last updated 3 days ago

F Turtle Release

No due date (© Last updated 4 days ago

17-214

Sort ~

|
16% complete 20 open 4 closed

(N
63% complete 29 open 50 closed

81% complete 5 open 22 closed

0% complete 1open 0 closed
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How does a large software project
get to be one year late?
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How does a large software project
get to be one year late?

One day at a time.

— Fred Brooks, The Mythical Man-Month

MAN-MONTH

https://en.wikipedia.org/wiki/The_Mythical_Man-Month

®
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Use a simple Kanban board to measure progress

Pull requests 0 [l Projects 1

Integration
Updated 1 minute ago
3 Todo + o 0 In progress + o 0 Review in progress + o 0 Reviewer approved + o 0 Done ar

5] % Welcome to GitHub Projects %
We're so exdited that you've decided to

create a new project! Now that you're here,

's make sure you know how to get the
most out of GitHub Projects.

[ Cre:
[ Give your project a name
O

ki

te a new project

ess the key to see available

oard shortcuts

[J Add a new column

[0 Drag and drop this card to the new
column

[ Search for and add issues or PRs to your
project

O Manage automation on columns
[ Archive a card or archive all cards in a
column

ChrisTimperley

= Cards
Cards can be added to your board to track
the progress of issues and pull requests.
You can also add note cards, like this one!

Add ChrisTimperley

] Automation
Automatically move your cards to the right
place based on the status and activity of

your issues and pull requests.

ChrisTimperley

Todo Ma

In progress Manage Automated 25 In progress M In progress Done

17-214 ol | S A

RESEARCH



Use a simple Kanban board to measure progress
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Single-branch development doesn’t scale to teams

‘o0 @ merge_conflict — bash — 80x24
bash python bash bash =F
Your branch is up-to-date with 'origin/master’.

Changes not staged for commit:
(use "git add <file>..." to update what will be committed)
(use "git checkout -- <file>..." to discard changes in working directory)

no changes added to commit (use "git add" and/or "git commit -a")
dhcp-10-101-250-155:merge_conflict SUYEONSON$ git add index.html
dhcp-10-101-250-155:merge_conflict SUYEONSON$ git commit -m 'tryna make a merge
conflict"'

[master ee28024] tryna make a merge conflict

1 file changed, 1 deletion(-)
dhcp-10-101-250-155:merge_conflict SUYEONSON$ git push
To git@github.com:suyeonson/merge_conflict.git

! [rejected] master -> master (fetch first)
error: failed to push some refs to 'git@github.com:suyeonson/merge_conflict.git'
hint: Updates were rejected because the remote contains work that you do
hint: not have locally. This is usually caused by another repository pushing
hint: to the same ref. You may want to first integrate the remote changes
hint: (e.g., 'git pull ..."') before pushing again.
hint: See the 'Note about fast-forwards' in 'git push --help' for details.
dhcp-10-101-250-155:merge_conflict SUYEONSONS$

B B8 00 06

Master

build failure
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Use simple branch-based development

Master

\4

™

Create a new branch for each feature.

e allows parallel development

® no dealing with half-finished code

® no merge conflicts!

17-214

Commits on Oct 20, 2019

Added file checking methods to FileSystem (#28) ..
@ ChrisTimperley committed yesterday v/

Commits on Oct 19, 2019

Implemented basic filesystem API (#27) -
& ChrisTimperley committed 2 days ago v/

Added workaround for shell calls without both stdout and stderr (¥26) ..
@ ChrisTimperley committed 2 days ago v/

Added Container class for holding Docker container details (#24) ..

@ ChrisTimperley committed 3 days ago v/

Commits on Oct 13, 2019

Added DockerDaemon for maintaining connnections to daemon (fixes #21) (... .-

@ ChrisTimperley committed 8 days ago v/

Added environ method to Shell (#20) ..
& ChrisTimperley committed 9 days ago v/

Added basic popen to shell (fixes #6) (#19) ..
@ ChrisTimperley committed 9 days ago v/

Add encoding and text parameters to Shell commands (fixes #9) (#17) ..

@ ChrisTimperley committed 9 days ago v/

Verified

Verified

Verified

Verified

Verified

Verified

Verified

Verified

E  da32eda

E | 73d331e

B | 06aa0se

B | osceles
Bl 79adse7
B | 4493af4

B | cf79374

B cefilac

Every commit to “master” should pass

your Cl checks.

build ' passing

s [Hi
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Git, practically
* Q@it stores each version as a snapshot

* If files have not changed, only a link to the previous file is stored
* Each version is referred by the SHA-1 hash of the contents

Checkins Over Time

File A Al Al A2 A2
File B B B Bl B2

File C (1 Q2 (2 a3
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git commit

O

U?(:)
U:Q)

Graphics by https://learngitbranching.js.org
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git branch newImage

O

Up

O

Le=

institute for
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git commit

O

. - =
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git checkout newImage; git commit

newImage*
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Activity: Make a new branch named bugFix and switch
to that branch

O O

O:QJ

=)

W

o
17-214 a1 sorat

institute for



Three ways to move work around between branches
1) git merge bugFix (into master)

O O

a
2 [E=
Sguibre] NS
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git checkout bugfix; git merge master (intobugFix)

O O
O

O
e e |e

. . .
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Move work from bugFix directly onto master

2) git rebase master

institute for
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But master hasn't been updated, so:

git checkout master; git rebase bugFix

O
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Copy a series of commits below current location

3) git cherry-pick C2 C4







Use GitHub pull requests to review and merge changes

master v New pull request

Open a pull request

base: master~v 4 compare: update-readme-2 v

? Add CONTRIBUTING.md
Write  Preview MBI o EEE NO@R
Let's add a contributing file, so we can work better, together!
Attach files by dragging & dropping, selecting them, or pasting from the clipboard.
https://help.github.com/en/github/collaborating-with-issues-and-pull-requests/creating-a-pull-request
°
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Ask your teammates to review your pull request

Q octocat requested changes 3 minutes ago View changes

r;w octocat Request This is looking good. | left a few comments that should be addressed before this gets merged. \:'

templates/issue_template.md
9,0 +1

+### Testing multiple templates

octocat 3 minutes ago
Could we use the template from the styleguide here for consistency?

7,{" lecoursen
&

(en) octocat
n

{;

’

Resolve conversation

https://help.github.com/en/github/collaborating-with-issues-and-pull-requests/about-pull-request-reviews
[
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Bonus tip: Automatically close issues in commits/PRs

Add encoding and text parameters to Shell commands (fixes #9) (#17)

i ChrisTimperley committed 11 days ago v/

Use any of the following words:
® close #N, closes #N, closed #N

o fix #N, fixes #N, fixed #N
e resolve #N, resolves #N, resolved #N

®
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Summary

- Ildentify and discuss risks within your team

— Get to know your teammates, and agree on your process
- Use standard tools to improve your process
. Please vote!
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