Recap: HW 5

ste:te = new LoggedOut(...); state = newState <<interface>>

S itvContext State
ecurityt.ontex ! +login(pwd: EncryptedString): void

+SecurityContext(user: User,/.) state.login (pwd) -~ State | +logout(): void

+changeState(newState: Sta e)[/ le

+login(pwd: EncryptedString) I ]
+logout() €——— state.logout() LoggedOut Loggedin

+isActive(): boolean

+LoggedOut(ctx: SecurityContext] | +LoggedIn(ctx: SecurityContext]

t.. by +login(pwd: EncryptedString) +login(pwd: EncryptedString)
< +logout() _logout()
if ( Authenticator.authenticate(ctx, pwd) }{ )
ctx.changeState(new Loggedin()); mpty /
Jelse{ ctx.changeState(

auth error handling } new LoggedOut() );

if (lctx.isActive() ){

ctx.changeState( new LoggedOut() );

ctx.login(pwd);

HW 10: Implement Secure Visitors

* Goal: Authenticated traversal of FS elements

— Have a user login and then pass a visitor to FS
elements.

— Deny access to FS elements if not logged in.

— Combine your HW 5 and 10 solutions.

Recap: HW 9

hild <<interface>>
ol FSElement FSVisitor
%7 araet isit(ink: Link): void
1 +accept(v: FSVisitor): vold +visit(dir: Directory): void
+visit(file: File): void
ZA VARV NN
1 1 1
. I . . . . I I
Link FileCrawlingVisitor ! !
+accept(...): void . . . !
T PIC-) o1 - CountingVisitor !
= Directory File : —
parent Kaccept(...): void +aACC6pt(___): VoId Fl|esearChVISIt0r
v.visit(this) ;

v.visit(this);

v.visit(this) ;
for (FSElement e: children) {
e.accept(v); }

hil T
children FSElement <<interface>>
target| +accept(v: FSVisitor, - _t(ll_:f\il_s:(t)or —
1 ctx: SecureContext): void +visit(link: Link): vol
+visit(dir: Directory): void
| AN +visit(file: File): void
Link ' ' '
1 1
+accept(v:..., _ FileCrawlingVisitor| ! !
£ ctx:...): void ! X
/ CountingVisitor| !
1
9.1 Directo
parent b Fil FileSearchVisitor|
+accept(v:..., e
ctx:...): void | +accept(v:...,
if (ctx.isActive()) {

v.visit(this) ;
lelse{

stop the on-going

traversal & print

an error msg. Or,

have the user login

again & continue
the traversal.

ctx:...x void

if (ctx.isActive()) {
v.visit(this) ;

if (ctx.isActive()) {
v.visit(this);

for (FSElement e: children) { lelse{
e.accept (v, ctx); stop ... Or, ...}
lelse{
stop ... Or, ...}

SecurityContext ctx = new SecurityContext(...);
ctx.login(...);

FileCrawlingVisitor visitor = new FileCrawlingVisitor ();
rootDir.accept(visitor) ;
visitor.getFile() ;



* Itis up to you how to implement the “else”
block.

- if (ctx.isActive()){
v.visit(this); D - P tt
Strateqgy Design Pattern
stop the on-going traversal & print an error msg. -
Or, have the user login again & continue the traversal.

}

— How to stop the on-going traversal?
* Return accept()?
» Throw an exception?

— How to have the user login again?

Strateqy Design Pattern Recap
* Intent .
<<interface>>
— Implement a family of algorithms Polygon
— Encapsulate each algorithm in a class S Areal roat - tremnt
— Separate one algorithm from another getCentroid(): Point

* Make those algorithms pluggable/interchangeable.

1
| Triangle | | Rectzlmgle | | Pentagon |

+ Can a triangle become a rectangle

dynamically? /\

» If we allow that, eliminate class inheritance

Add Point
Delete Segment
Open Path

Curved Segment

Exit Edit Point



1

Polygon type
-points: ArrayList<Point> = null 0.1
——<<enumeration>>
PolygonType
+ getPoints(): ArrayList<Point> TRIANGLE
+ getArea(): float RECTANGLE
+ getCentroid():Point PENTAGON
* Need to expect conditionals
Polygon ¢
L areaCalc <<interface>>
- points: ArrayList<Point> 0 AreaCalculator
+ Polygon( points: ArrayList<Point>, * getArea(points: ...): float

areaCalc: AreaCalculator)
+ getArea(): float

areaCalc.getArea (points) ;

this.points = points;

TriangleAreaCalc

|RectangIeAreaCa

PentagonAreaCalc

this.areaCalc = areaCalc;

+getArea(...)

A new area calculator NEVER alter

existing code.

User/client of Polygon:

ArrayList<Point> a2 = new ArrayList<Point>();
a2.add( new Point(..) ); al.add(..); al.add(..); al.add(..); al.add(..);

Polygon p = new Polygon( a2, new PentagonAreaCalc() );
p.getArea() ;

An Example of Strategy

Polygon

- points: ArrayList<Point>

+ Polygon( points: ArrayList<Point>,
areaCalc: AreaCalcylator)
+ getArea(): float ?

<<interface>>
AreaCalculator

areaCalc

areaCalc.getArea (points) ;

this.points = points;
this.areaCalc = areaCalc;

Client of Polygon:

0.1
+ getArea(points: ...): float

TriangleAreaCalc

|RectangIeAreaCaIc|

Strategy Pattern:
Area calculation is “strategized.’

ArrayList<Point> al = new ArrayList<Point>();
al.add( new Point(..) ); al.add( new Point(..) ); al.add( new Point(..) );

Polygon p = new Polygon( al, new TriangleAreaCalc () );

p.getArea() ;

Polygon Transformation

Polygon

- points: ArrayList<Point>

+ Polygon( points: ArrayList<Point>,

areaCalc: AreaCalculgtor)
+ setAreaCalc( calc: AreaCalculatyr );
+ addPoint( point: Point );

<<j >>
areaCalc interface

+ ftArea(): float
arealalc.getArea (points) ;

User/client of Polygon:

this.areaCalc

this .points = points;

AreaCalculator

0..1
+ getArea(points: ...): float

TriangleAreaCalc

= areaCalc;

|RectangIeAreaCaIc|

ArrayList<Point> al = new ArrayList<Point>();

al.add( new Point(..) ); al.add(...

); al.add(...);

Polygon p = new Polygon( al, new TriangleAreaCalc() );

p.getArea() ;

p.addPoint( new Point(..) );

// triangle’s area

p.setAreaCalc( new RectangleAreaCalc() );

p.getArea() ;

// rectangle’s area

Dynamic polygon transformation. Dynamic replacement of area

calculators



An Alternative

Polygon
- points: ArrayList<Point> areaCalc <<interface>>
+ Polygon( points: ArrayList<Point> 0.1 0..1 AreaCalculator

areaCalc: AreaCalculator ) + getArea(p: Polygon): floa

+ getPoints(): ArrayList<Point>
+ ﬂetArea(): float
TriangleAreaCalc

areaCalc.getArea (this) ;

RectangleAreaCalc

+gftArea(p: Polygon) j

ArrayList<Point> points = p.getPoints() ;
// calculate a rectangle’s area

Not Good

up
1

Tree
children Node
- traversalPolicy: int *

root 1. pumber: int
0..1

“Tree(policy:int)
+ search(num:int): Node

Conditionals

Need to modify existing code
(search()) when new traversal

L policies are introduced.
traversalPolicy = policy;

if(traversalPolicy==0){
[/l do depth-first search

}

else if(traversalPolicy==1)%
[/l do width-first search

}

Tree Traversal with Strategy

* Tree traversal
« Visiting all nodes in a tree one by one
* Many applications:
* Al engine for strategy games (e.g.
tic-tac-toe, chess)
* Maze solving

« Two major (well-known) algorithms
* Depth-first
+ Width-first

* Assume you need to dynamically change
one traversal algorithm to another.

Suggested Read

Replace Type Code with Class (incl. enumeration)

— http://sourcemaking.com/refactoring/replace-type-code-
with-class

Replace Type Code with Strategy

— http://sourcemaking.com/refactoring/replace-type-code-
with-state-strategy

Replace Type Code with Subclasses

— http://sourcemaking.com/refactoring/replace-type-code-
with-subclasses

Replace Conditional with Polymorphism

— http://sourcemaking.com/refactoring/replace-
conditional-with-polymorphism



With Strategy Classes...

this.traversalPolicy = policy; :'p
e
down
up Tree 0.1 Node
— 1 b Tree(policy:TraversalPolicy] root ber: int
childrgn b+ int): = numbper: in
Tree N Node search(num:int): Node 0.1
Tree(policy:TraversalPolicy] root b int
). = number: in
+ search(num:int): Node 01 ' < No Conditionals
. - traversalPolicy.search(root| num); 3 Lo
* No need to modify existing code
_ (e.g., search()) when new
0.1 traversalPolicy traversal policies are introduced.
<<interface>> 0..1 traversalPolicy
TraversalPolicy | <<interface>>
search(root: Node, num: int): Node TraversalPolicy
search(root: Node, num: int): Node

Strategy Pattern: A
Tree traversal policies are User/client of Tree:
| | “strategized.” Tree tree = new Tree(new DepthFirst());
WidthFirst

| widthFirst | tree.setRoot(...));

_______ 19 Node node = tree.search(2); 2
L ]
-
Graph Traversal with Strategy Trip Planner at mbta.org
- Nl - Trip Planner
Enter an address, intersection, station or landmark below and we'll supply the best travel routes for you. Need help?
Stare R4 s o Map | Satelite | Hybn:jl [
. . South station on St B oustral % 5 s
* A graph consists of nodes and links. P
: s kS Square// East Boston i
. . . § pleion? 4’°'an Bunker Hill / %
» Requirement: Find the shortest path between e Fad e O
. 9/28/2000 [ eqpe ' = i > a m%’% o Jeffries Point B :
given two nodes. e i) N & o e ]
. %8s Internatio
with a walking distance of(_1/2 mile %) &
—1->2->4: 2 hops between Node 1 and Node 4 Bl it s N
Charles’ A
. & Reverse Trip Clear Search Display Trip @ River.Basin 7y &§\ o P
— 2 ->3: 1 hop between Node 2 and Node 3 i , A Ve NS 5
i, torrow 4 ges™ g ty 7
Itinerary 1 - Approx. 12 mins.  Itinerary 2 - Approx. 12 mins awm‘cm“ o BG ¥
o 5 a o ) =X
Gra h Print Itineraries [ [ @ o e D ;f” = ;i 7 Z -
P [l Take Red Line - Alewife To Central Sq - Outbound yiew route 34 3 g NY Ob\o‘?«“n &2 1 ,f% 0’?,
- 2]l e Sg\% RN ) g
- graph: ArrayList<ArrayList<Boolean>> PR I T S R e, |
i - - E;) Mission Hill Qg "’%@% o &’i Sout 5 : Bs
+ Tree(graph:ArrayList<ArrayList<Boolean>>) ﬁ::mm e 5 I AR *"{ SR
+ getShortestPath(n1:int, n2:int): ArrayList<Integer> ey S060 £ Soop b Roxbuy | me % ”"@y”%‘ . Casmmie) Ot
o %2 % | %, Pa
« 0110

%

» Directions from one place to another via T (e.g.
1 t1) (1) g) Connectivity matrix South Station to Central Sq.)

0100 ” * This is a shortest path search problem.

22



Weighted Graphs

* What if you need to consider the weighed shortest path

Graph
between two nodes? P

— 1->3-> 2-> 4: total weight = 4, between Node 1 and Node 4

- graph: ArrayList<ArrayList<Boolean>>

— 1->3-> 2: total weight = 2, between Node 1 and Node 2

Tree(graph:ArrayList<ArraylList<Boolean>>)
+ getShortestPath(n1:int, n2:int): ArrayList<Integer>

Graph
- graph: ArrayList<ArrayList<Integer>>

+ Add conditional statements in getShortestPath()
» Conditional statements

* Need to modify existing code when new

Tree(graph:ArrayList<ArrayList<integer>>)

algorithms are introduced to compute the
+ getShortestPath(n1:int, n2:int): ArrayList<Integer> shortest path.
+ Add getWeightedShortestPath(...)
051 -1 * No conditional statements
501 '2 » Still need to modify existing code when new
1104 Weighted connectivity matrix algorithms are introduced to compute the
shortest path.
-12-10 ”

Google Maps

g GO AglC maps Search Maps | Show search opton
Graoh * No Conditional statements _ N
P * No need to modify existing = RS 10 e
- graph: ArrayList<ArrayList<Integer>> code when new algorithms el .
are introduced.
Tree(graph:ArrayList<ArrayList<integer>>) * Dijkstra’s (w>=0) T
+ getShortestPath(n1:int, n2:int): ArrayList<Integerp « Bellman-Ford ;zmbﬂdg:,mmg s ( Santrcks g
graph | 4 * Directed graphs wow 13mine ,, -
. A e womine | |
0..1 shortestPathFinder Sambids Standsad 15 mine

<<interface>>
ShortestPathFinder

‘This route has tolls.

getShortestPath(graph:..., n1:int, n2:int): ArrayList<Integer>

yAN

» Directions from one place to another

| UnweigedShortestPathFinder | Strategy Pattern: * Bycar
[ WeightedShortestPathFinder ] Shortest path algorithms « By T, walk, bicycle and shared ride (e.g., Uber and Lyft).

are “strategized.”

» By car, considering gas consumption.

25



Recap: an Example Scenario

* Your team is expected to develop a navigation
app like G Maps.

1 graph pathFinder <<interface>> . ) )
[ GMaps | PathFinder — For users to drive and walk (two navigation
1
0.1 getPath(graph:Graph, n1:int, n2:int, ...): ... featureS)
1 . \
| DrivePathFinder | o m P £ &£ 4+ « Jouth Bay Center e
! S\ Joe Moakley
| WalkPathFinder | O JFK/UMass, 599 OId Colony Ave,Bost A )
i S ‘ b D! T
: University of Massachusetts Boston
. i - JFK/ UMass O \
Strategy Patternf Add destination \
Path finding algorithms ‘ .. Jon.Kanedy
« f » i residential Library.
are Strateglzed. Leavenow ~ OPTIONS ) Q. Xuniversity
\“"i Massacht
2]  Senddirections to your phone g
fm  via Morrissey Blvd 3min g Gooale
Fastest route, the usual traffic 0.7 mile S:n ot ach Jen 000 ==t
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Face Detection in Pictures

« How can two Sub-groups of the team develop . Suppose you are implementing an app to

these two features independently (i.e. in parallel)? organize, edit and analyze pictures.

— How can those 2 features be implemented in a loosely-
coupled manner?
* NOT in a tightly-coupled manner.

» To maximize productivity (development efficiency) — The app loads each raw picture and

— How can they be integrated in the end of the project in a then superimposes a relctangle ona
cost-effective manner? human face by (dynamically) calling

an external face detection/recognition
API.

* e.g., Microsoft Azure Face API, Google
Cloud Vision API

—e.g., Photos from Apple

* How can something common be implemented in
between the 2 features?

— Basic data structures, algorithms and Ul (e.g. maps,
landmarks and shortest-path algorithms) »




« Some delay is expected to receive a face detection
result from an external API.
— The user is not patient enough to keep

watching a blank app window until
receiving a detection result.

» Lazy loading of detection results
— Show the user a raw picture first.
— Call a face detection API in the background
— Receive a detection result.

— Replace the raw picture with a
superimposed one, which contains
a detection result.

Client code (app):
RawPicture pic = new RawPicture(...);

pic.draw(); <<interface>>
Picture
+getPath():...
+draw()
1
path=... e e e e — - [ .
detectFaces(...); : 1
RawPicture 0.1 SuperimposedPicture
- path:... - - path:...
TRawPicture() superimposed
) ) —null . .
if(superimposed == null){ +getPath():... nu +SUfF;i';?P°59¢;Plcture(
drawRawlmage(...); ——p+draw() +getPath6:"
}else { -drawRawlmagey...) +draw()
superimposed.draw(); } L) +getFaces: LinkedList<Face>

/ 0..*| faces

Create a thread, which calls an external API. Face
Instantiate SuperimposedPicture and Face once ~Taceld

the API returns a detection result. Call draw() on the | _ faceRectangle
instance of SuperimposedPicture. - faceAttributes
| - faceLandmarks | 33

Client code (app):

RawPicture pic = new RawPicture(...);

pic.draw();

e Issue: An API call for face detection is

<<interface>>

Picture

+getPath():...
+draw()

RawPicture

0..1

SuperimposedPicture

- path:...

+RawPicture(...)
+getPath():...
+draw()

-drawRawlmagey...

-detectFaces(...

Proxy Class

tightly coupled with RawPicture.

— The choice of an external API might

change in the near future.

RawPicture

- path:...

superimposed
=null

+SuperimposedPicture(
faces:..., ...)

+getPath():...

+draw()

+getFaces: LinkedList<Face>

0..*] faces

Face
- faceld
- faceRectangle
- faceAttributes
| - faceLandmarks | 32

<<interface>>

Picture

+getPath():...
+draw()

SuperimposedPicture

- path:...

+RawPicture(...)
+getPath():...
+draw()

-drawRawlmagey...

-detectFaces(...)

/

- path:...

superimposed
=null

+SuperimposedPicture(
faces:..., ...)

+getPath():...

+draw()

+getFaces: LinkedList<Face3

Create a thread, which calls an external API.
Instantiate SuperimposedPicture and Face once

the API returns a detection result. Call draw() on the |

instance of SuperimposedPicture.

0..*| faces
Face

34



Design Improvements

* An improvement with Ilterator-inspired design

 Alternative improvement with Strategy

RawPicture

facl

; <<interface>>
eAPICaller
FaceAPICaller

- path:...
+RawPicture(...)

+setFaceAPICaller(api: FaceAPICaller)
+getFaceAPICaller(): FaceAPICaller
-detectFaces(...)

/

Create a thread, which calls an external API
(faceAPICaller.detectFace()). Instantiate
SuperimposedPicture and Face once the API
returns a detection result. Call draw() on the
instance of SuperimposedPicture.

0..1
+ detectFaces(...): ...

-

|GoogIeFaceAPICaIIer|

| msFaceAPicaller |

Stl:ategy Pattern:
Face API call is “strategized.”




