Lecture /

 Frameworksand AP
* Notations for strategies
e Metric for structure-shyness

 Demeter Method, including Law of
Demeter

* Project steps
e Classdictionary kinds
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View View of AP Multiple views of the same class graph

V2

Application class graph
In Demeter/Java: view = strategy graph

11/19/98 AOO / Demeter 2




Apply Ideaagan

e Each view hasaclass graph
* Define views of that view class graph

11/19/98 AOO / Demeter



Connection to Frameworks

* A framework Is aset of cooperating classes
that make up a reusable behavior. Sounds
like an adaptive program?

e Slogan: AP = programming with many
small frameworks.

e Typical use of aframework: by subclassing

e |eadsto inversion of control: “We will call
you; don’t call us’
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IBM San Francisco project

* Aninteresting framework from IBM:
http://www.1bm.com/Javal/ Sanfrancisco

e They tried earlier: Taligent. Why did it fail:
“The class structures were too rigid” (quote
from an IBM manager).
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Adaptive Programming and

Frameworks
* Frameworks e AP
— afew big ones — many small ones
— hard to combine — easy to combine
— hard to map — easy to map
— conventional — relatively new

technology
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Relation between an application
class graph and aview class

graph?

e They need to be sufficiently similar so that
program defined for view behaves correctly
on application objects

11/19/98 AOO / Demeter



Key concepts. refinement

e Let G1=(V1,El) and G2=(V2,E2) be directed
graphs with V2 a subset of V1. Graph G, iIsa
refinement of G, if for all u,vinV, we have
that (u,v) In E, impliesthat there exists a path
In G, between u and v which does not use in
ItS interior anode in V..

* Motivation: No surprises.
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Refinement means. no surprises

not G, refinement G,




G, refinement G,

|mplementation: create strategy
constraint map: bypassing all
A nodes of G,




Motivation for Refinement

* Refinement has nice implications on
Instances of G, and G, (consider the graphs
to be class graphs). By contracting edges of
Instances of G, without eliminating G,
nodes and by deleting parts from instances
of G, we can transform any G, instance to a
G, Instance.

* G, objectsare similar to G, objects.
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Motivation for Refinement

» Extrapathsin G, can be eliminated during
traversal.

o Similarity between G, and G, objects helps
to guarantee that program for G, works
correctly when applied to G;.

11/19/98 AOQO / Demeter 12



No Refinement: objects are not similar

aA ( aA(
aB( aC(
aC())) aB()
aC()
B C aB()))))
o——0

G, notG;, refinement G,

Code in C updates the

d B-object: need to visit

B before C

A A G




Refinement means. no surprises

C

G,

—0

G, refinement G,

o

2



aA ( aA\ (

aB( aB(
aC( aC(
aA()))) aX ( contracting
aA())
aB())

aA() B ®

; "g %0) O

G, refinement G,

¢’ & s




|mplementation of refinement:
reduce to compatability

* Trandate G, into a strategy graph Sthat has
“bypassing all nodes’ as constraint on each
edge.

» Check whether Sis compatible with G, 1.e.
thereisapath in G, satisfying the constraint
for each edgein S

* Reuses Traversal Graph Algorithm.
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Traversing pure paths only

o Use same strategy graph construction

 Compute traversal graph for that strategy
graph

* Run-time traversals will only follow pure
paths

11/19/98 AOO / Demeter
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Demeter/Java notation for
strategies

* Notations
— line graph notation
f rom BookKeepi ng

via Taxes via Busi ness
to Lineltem

— strategy graph notation
{ BookKeepi ng -> Taxes
Taxes -> Busi ness
Busi ness -> Lineltem}

11/19/98 AOO / Demeter
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Bypassing

e |ine graph notation
f rom BookKeepi ng
via Taxes bypassi ng HomeO fice
Vi a Busi ness
to Lineltem

o strategy graph notation
{ BookKeepi ng -> Taxes
Taxes -> Busi ness bypassi ng HoneOfi ce
Busi ness -> Lineltem}

11/19/98 AOO / Demeter
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Strategies by example

e Single-edge strategies

o Star-graph strategies

« Basicjoin strategies

e Edge-controlled strategies
e Thewild card feature

* Preventing recursion

e Surprise paths

11/19/98 AOO / Demeter 20



Single-edge strategies

 Fundamental building blocks of general
strategies

e Can express any subgraph of a class graph
— not expressive enough

 No-pitfall strategies
— subgraph summarizes path set correctly

11/19/98 AOO / Demeter
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propagation graph: From A to B

* Reverse all inheritance edges and call them
subclass edges.

e Hatten d
common

Inheritance by expanding all
narts to concrete subclasses.

e Findall c

asses reachable from A and color

them red including the edges traversed.

11/19/98
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propagation graph: From A to B

 Find all classes from which B Is reachable
and color them blue including the edges
traversed.

e The group of collaborating classes is the set
of classes and edges colored both red and

blue.

11/19/98 AOO / Demeter 23



Propagation graph controls
traversal

* 0object graph / @
(o)

 propagation
graph .

11/19/98 AOO / Demeter
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Propagation graph and bypassing

« Take bypassed classes out of the class graph
Including edges incident with them

{ BusRoute -> Person
bypassi ng Bus }

11/19/98 AOO / Demeter 25



Propagation graph and bypassing

 May bypass a set of classes
{ BusRoute -> Person

bypassi ng {Bus, BusSt op}
}

11/19/98 AOO / Demeter 26



only-through

 |scomplement of bypassing
- {A->B

only-through {-> A b, B}}
* bypassall edges not in only-through set

11/19/98 AOO / Demeter
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Star-graph strategies

0l

 Multipletargets
* No-pitfall strategies

fromA
to {B,C D, E, F}

11/19/98 AOO / Demeter 28



Star-graph strategies

Company {

... bypassing{...} to{Customer, SalesAgent} ...

}

{ Company -> Customer bypassing{...}
Company -> SalesAgent bypassing { ...}
}

11/19/98 AOO / Demeter
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Approximate meaning of multi-
edge strategies
 Decompose strategy graph into single edges

* Propagation graphs for single edge
strategies

« Takeunion of propagation graphs (merge
graphs)

 May givewrong result in afew casesfor
pitfall strategies (Demeter/Javawill do It
right)

11/19/98 AOO / Demeter 30



11/19/98

Nov. 10, 1998

AOO / Demeter

31



Basic join strategies

 Join two single edge strategies
from Conpany bypassing {..}
t hrough Cust onmer

t o Address

{ Conpany- >Cust oner bypassi ng{..}
Cust oner - >Addr ess}
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Multiple join points

from Company
t hrough {Secretary, Manager}
to Sal ary

{ Conpany -> Secretary,
Conmpany -> Manager,
Secretary -> Sal ary,
Manager -> Sal ary }
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Edge-controlled strategies

o Class-only strategies are preferred

 They do not reveal details about the part
names

o Usewhenever possible
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Edge notation

« -> A b, Bconstruction edgefrom A to B
« => A B subclassedgefromA to B
 set of edges:
{-> A b,B,
-> Xy, Y,
=> R, S}
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Needs edge-control

b1
N -
"I —-—
>/ fromA
bypassi ng
fromA {-> A b2, B,
t hrough -> A bl, B -> A b3, B}
to C to C o
{A-> A
A -> B onl y-through {A -> C bypassi ng
-> A bl,B {-> A b2 B,
B -> C -> A, b3, B}}
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Wild card feature

* For classes and labels may use *
e |ine graph notation
from A bypassing Bto *

o strategy graph notation
{A -> * bypassi ng B}

e Galn more adaptiveness,; can talk about
classes we don’'t know yet.
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Preventing Recursion

From Congl oner at e
t o- st op Conpany
equivalent to
from Congl oner at e
bypassi ng {-> Conpany, *, * |
=> Conpany, * }
t o Conpany

11/19/98 AOO / Demeter
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simulating to-stop

{ Conglomerate -> Company
bypassing {-> Company,*,* ,
=> Company,*}

All edges from targets are bypassed.
What isthemeaningof: from A to-stop A

11/19/98 AOO / Demeter
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Surprise paths

e {A->BB->(
e surprisepath: AP CQABRASC

e diminate sur
{A->B
B- >C

orise paths:
pypassi ng {A B, C

pypassi ng {A B, C}

« { A->A bypassi ng A}

11/19/98
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WYysiwg strategies

e Avoid surprise paths

e Bypassall classes mentioned in strategy on
all edges of the strategy graph

e Some usersthink that wysiwg strategies are
easler to work with

e For wysiwig strategies, If class graph has a
loop, strategy must have aloop.
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Example: In-laws

Person = Brothers Sisters Status.
Status : Single | Married.
Single=.

Married = <marriedTo> Person.
Brothers ~ { Person}.

Sisters ~ { Person} .

11/19/98 AOO / Demeter
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Example: In-laws

{ Person -> Married bypassing Person
Married -> spouse:Person bypassing Person
spouse:Person -> Brothers bypassing Person
spouse: Person -> Sisters bypassing Person
Brothers -> brothers in_law:Person bypassing Person
Sisters -> sisters in_law:Person bypassing Person
}

Note: not yet implemented
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Traversals and naming roles (not
Implemented)

e Can use strategy graphs to name roles
which objects play depending on when we
get to them during traversal.
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Traversal dependent roles

Cl ass graph with super-inposed
strategy graph

Strategy graph

Per son 3a - Per son
- Brothers 4 bypassing part
exi sts Marri ed
A
spouse:
Per son

Sisters Br ot her s

Married Si ngl e
sisters_in_|aw brothers _in_| aw
Per son Per son
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When to avoid strategies?

Per son
from Person
marri edTo t o Person
Marri ed
Per son from Per son

bypassi ng Person
via Marri ed
bypassi ng Person
to Person
/|| spouse

St at us
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When to avold strategies

 Either write your class graphs without self
loops (a construction edge from A to A) by
Introducing additional classes or

« Avoid the use of strategiesfor traversing
through a self loop. Reason: strategies
cannot control how often to go through a
self-loop; visitors would need to do that.

11/19/98 AOO / Demeter
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~O00OX>»m>"T

may even contain | oops

11/19/98

VV VYV VYV

Generdl strategies

B //neg.
E //neg.
C // negq.
D //neg.
E //neg.
B //neg.

constr ai
constr ai
constr ai
constr ai
constr ai
constr ai

nt
nt
nt
nt
nt
nt

AOO / Demeter
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Generdl strategies

* Negative constraints
— either bypassi ng or
—onl y-through

— complement of each other for entire node or
edge set

11/19/98 AOO / Demeter
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Constraints

e bypassing
—A -> B bypassing C
 if C1A,B: delete C and edges incident with C
 if C=A: delete edgesincoming into A
o if C = B: delete edges outgoing from B
o if C=A =B: deleteedgesinto and out of A: sitat A
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Constraints

e bypassing
—A -> B bypassing ->C,d, D
e deleteedge->C, d, D

11/19/98 AOO / Demeter
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Constraints

 only-through
—A -> B only-through C
o delete edges not incident with C

11/19/98 AOO / Demeter
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Constraints

 only-through
—A -> B only-through ->C,d, D
o delete all edgesexcept - >C, d, D

11/19/98 AOO / Demeter
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Metric for structure-shyness

e A strategy D may be too dependent on a
class graph G

e Define a mathematical measure Dep(D,G)
for this dependency

e Goal Isto try to minimize Dep(D,G) of a
strategy D with respect to G which isthe
same as maximizing structure-shyness of D
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Metric for structure-shyness

o S7e(D) = number of strategy edgesin D plus
number of distinct class graph node names
and class graph edge label s plus number of
class graph edges.

2 sg edges
1A->{GF 5 cg node names
G -> H bypassing E} | 0 cg edge |abels
O cg edges
7 size
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Metric for structure-shyness

Define Dep,,;(D,G) as a strategy of minimal
size among all strategies E for which
TG(D,G)=TG(E,G) (TG istraversal graph)

+ Dep(D,G) = 1 - 5ize(Dep,,(D,G))/size(D)
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A Example

2 sg edges
(A ->{GF) g cg ngde names
G -> H bypassi ng E} ¢g edge nanes
O cg edges
Dep(D,G = 1-7/7 =0 --._
Size 7
F
1 sg edge
5 cg node nanes
1A -> {F H 1 cg edge | abel
bypassing {E ->C h,H} | 4 cg edge
4 Dep(D, G = 1-7/8=1/8 si 7o 8
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Finding strategies

 |nput: class graph G and subgraph H
o QOutput: strategy Swhich selects H
e Algorithm (informal):
— Choose a node basis of H and make the nodes

11/19/98

source nodes in the strategy graph. The node
basis of adirected graph isasmallest set of
nodes from which all other nodes can be
reached.

AOO / Demeter

58



Finding strategies

 Algorithm (continued):

— Temporarily (for this step only) reverse the
edges of H and choose a node basis of the
reversed H and make the nodes target nodesin
the strategy graph.
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Finding strategies

* Approximate desired subgraph by single
edge strategy (includes star-graphs) without
negative constraints:

 from {source vertex basis} to {target vertex basis} .

e Approximate by positive strategy without
negative constraints.

* Find precise strategy by adding negative
constraints.
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}

Oy
Oy
Oy
Oy
Oy

{A ->{H F}

passi ng ->
passi ng ->
passi ng ->
passi ng ->

passi ng ->

AOO / Demeter
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How to find the negative
constraints?

 |nput: class graph G and subgraph H
o Qutput: strategy Swhich selects H

e Bypassall edgesin G that

— have the source in H but that do not belong to H
and

—areinthescopeof “from
source vertex basis to
target vertex basis”
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Not necessarily minimal

o Sometimes we can find an equivalent but
shorter set of nodes/edges to bypass.

o Strategy obtained is correct but may not be
very structure-shy.

e That iswhy we use multi-edge strategies.

11/19/98 AOO / Demeter
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{A -> {HF}
bypassing -> A e, E
bypassing -> G e, E
Example bypassing -> C, e, E
bypassing -> C, h, H
| bypassing -> A f,F
}
{A->{HF;
pypassi ng E
oypassing -> C, h, H
oypassing -> A f, F
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Robusthess and dependency

 |If for astrategy D and class graph G,
Dep(D,G) isnot O, it should be justified by
robustness concerns.

» Conflicting requirements for a strategy:

— succinctly describe paths that do exist
» use minimal info about cd

— succinctly describe paths that do NOT exist
 use more than minimal info about cd
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Robustness and dependency

 from Company to Money
e from Company via Salary to Money

11/19/98 AOO / Demeter
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Summary

o Strategies are good for painting your
programs with traversal code

o Strategies allow you to assign rolesto
obj ects depending on when you visit them
during atraversal

o stay away of strategies through self-loops
o strategies useful for many other things

11/19/98 AOO / Demeter

67



Universal traversal

e A{void f() to * (V1)}
e YOu can al so use:
A {void f() {V1 vi=new VI1();

uni versal trvOo(vl);}}
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Topic switch

AOO / Demeter

69



Demeter Method

o Law of Demeter
e Demeter process

11/19/98 AOO / Demeter
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Forms of adaptiveness

time AL
s o

— compile-time <=

— run-time .

e feedback
— with
— without <=

new
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Law of Demeter

o Stylerulefor OOP

e Godls

— promote good 00 programming style

— minimize coupling between classes; precursor
of structure-shyness

— minimize change propagation
— facilitate evolution

11/19/98 AOO / Demeter
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Formulation (class form)

 Inside method Mof class C one should only
call methods attached to (preferred supplier
classes)

— the classes of the immediate subparts
(computed or stored) of the current object

— the classes of the argument objects of M
(including the class Citself)

— the classes of objects created by M
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Metric: count number of
violations of Law of Demeter

 classversion can be easlly implemented

 |arge number of violationsis indicator of
high maintenance costs

e classversion alows situations which are
against the spirit of the Law of Demeter

11/19/98 AOO / Demeter
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Formulation (object form)

All methods may have only
preferred supplier objects.
Expresses the spirit of the basic law and serves as a

conceptual guideline for you to approximate.
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Preferred supplier objects of a
method

e theimmediate partsof t hi s

 the method’ s argument objects (which
Includest hi s)

 the objectsthat are created directly in the
method

11/19/98 AOO / Demeter
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Why object form is needed

O
[Tl

mow >
TR TR
- MU W

class A {
void f() {
this.get _b().get _d().get _e();
}

}
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Context switch
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Generic OO products

Analysis Design | mplementation
S |Use cases Collaboration| M ethod
§ Diagrams Bodies
. |Analysis Design Classes
S |Class Class
- | Diagram Diagram

11/19/98
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Traversal/Visitor OO products

Analysis Design | mplementation
S |Use cases Traversas |Method
< Visitors Bodies
. |Analysis Design Classes
S |Class Class
- | Diagram Diagram

11/19/98
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Demeter/Java OO products

Analysis Design | mplementation
S Use cases Visitors Method
E Strategies  |Bodies
& Ad. Methods
Annotated Annotated |Classes
@ Analysis Design
-~ Class Class
; Diagram Diagram

tree objects represented as sentences

11/19/98
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Decomposition of OOD

e C=classgraph

e G =grammar

M = method, including adaptive method
e S=strategy

e V =visitor

e« OOD=CD+GD +MD + SD +VD
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Software process

e Development process itself can be described
as Informal program

* Refine process based on experience
« Adapt process to specific domains
e Could use a process description language
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Demeter M ethod with Visitors

e Use case: atypical use of the software to be
built.

e Derive from uses cases:

— analysis class dictionary. Defines vocabulary
used In use cases.

— detailed class dictionary.

— derive interfaces, traversals, visitors and
host/visitor diagrams.
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Demeter/Java software process

* For each use case
— focus on subgraphs of collaborating classes

— express clustering in terms of strategies and
transportation visitors

— express strategies robustly, focussing on long-
term intent
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Demeter/Java software process

* Fundamental problem of method design
— ldentify collaborating objects

— ldentify suitable traversals and visitors to
collect them

— Minimize number of methods not calling
traversals
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Demeter/Java software process

* Fundamental problem of class dictionary
design
— Structural/Behavioral: Arrange the classes so

that it Is easy to use strategies to collect the
collaborating objects needed for behaviors

— Structural/Grammar: Arrange the classes so that
there Is a syntax extension which produces
natural, English-like descriptions of tree objects
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Demeter/Java software process

 Fundamental problem of strategy design

— Given agroup of collaborating classes C, write
a strategy which captures the long-term intent
behind C
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Demeter/Java software process

* Fundamental problem of visitor design

— What are the classes which do the interesting
work for agiven task?

— Decompose into multiple visitors, each one
doing a simple task which might be reusable

— Compose visitors based on the communication
needs
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Demeter/Java software process

* Fundamental prob
— Separate the core

em of visitor design
nehavioral pieces of an

application from t

nelr 1nterconnections

— Two-tiered approach to connection: traversal
strategies and class diagrams

11/19/98 AOO / Demeter 0



Host/visitor diagram

e summarizes important object interactions
e rows consist of host classes

e columns consist of visitor classes

e communication primitives

! t o host

? from host

'V to visitor V
?V fromvisitor V
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host s

Host/visitor diagrams

vi sitors
Check Sum Initia
before S
Contaner
after |?2.75,2,1C y
before ?1S
Weight
! t o host
? from host
'V to visitor V
AOO / Demeter ?V fromvisitor V 92



Managing Demeter/Java projects

« Job categories
— Vigitor designers and implementors
 Forces. features requested, cd infra structure

— Class dictionary designers
 Forces: |10, data structures, cd infra structure req.

— Feature integrators

e Forces. use cases, available visitors and class
diagrams

11/19/98 AOO / Demeter 93



11/19/98

Topic switch
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Read chapter 2 of UML Distill ed:
An Qutl i ne Devel opnment Process

Y our Project

 Inception
 Elaboration

« Construction consisting of Iterations

— each iteration builds tested and integrated
software for a subset of use cases

e Transition

11/19/98 AOO / Demeter
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Elaboration

¢ Risks
— requirements
— technological
— skills
— political

11/19/98 AOO / Demeter
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Elaboration

e Use cases

— Def: A typical interaction that a user has with
the system

— Provide basis of communication between
sponsors and developers

e Domain model (class diagram)

e Design model (class diagram, important
strategies and visitors)

11/19/98 AOO / Demeter
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Elaboration

e \WWhen finished? Takes about 1/5 of total
time.

— Feel comfortable providing estimates
— Significant risks have been identified
* Planning

— Assign use cases to iterations, Growth Plan
e Highrisk use cases early

— Commitment schedule

11/19/98 AOO / Demeter
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Construction

e Documentation: confine to areas where it
nelps

e Document patterns in your project

o Use patterns for documentation

11/19/98 AOO / Demeter
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Transitions

o Optimization
 More bug fixes
e Time between beta release and final release
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Topic switch
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class dictionaries (11 kinds)

nonleft-recursive/ 10

11/19/98

Inductive
9

nonambiguous

AQOQ / Demeter

LL(1)

Venn Dil%gram




11 kinds of class dictionaries

e \Why 11 and not 167

— Four properties. nonambiguous, LL(1),
Inductive, non-left recursive: 16 sets if
Independent

— But: implication relationships

e LL(1) implies nonambiguous. 12 |eft
e LL(1) and inductive imply nonleft-recursive: 11 left
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| nductive class dictionaries

 Inductiveness already defined for class
graphs

— contains only good recursions; recursions that
terminate

Car = Mbdtor.
Mot or = <bel ongsTo> Car.

bad recursion, objects must be cyclic,
cannot use for parsing: useless nonterminals

11/19/98 AOO / Demeter
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| nductive class dictionaries

« A nodev inaclassgraph isinductive if
thereis at least one tree object of classv.

e A classgraphisinductiveif all its nodes are
Inductive.

Car = Motor Transm SSi on.

Mot or = <bel ongsTo> Car.
Transm ssion = .

Which nodes are inductive?
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Inductiveness style rule to follow

o Maximize the number of classes which are
Inductive.
* Reasons: cyclic objects
— cannot be parsed directly from sentences.
— require visitors to break infinite loops.
— It 1s harder to reason about cyclic objects.
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| eft-recursive class dictionaries

* Bring us back to the same class without
consuming Input.

A: B| C
B — 11 b” ]
C=A
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Ambiguous class dictionaries

 cannot distinguish between objects. Print Is
not injective (one-to-one).

But: undecidable
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LL(1) class dictionaries

» A special kind of nonambiguous class
dictionaries. Membership can be checked
efficiently.
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Stylerule

 |deally, make your class dictionaries LL(1),
nonleft-recursive and inductive.
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Topic Switch
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AP and structural design patterns

e Show how adaptiveness helps to work with
structural design patterns

* Focus on Composite and Decorator

o Opportunity to learn two more design
patterns
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Composite Pattern

* Replace S by Composite(S)
Composite(S) : S| Conpound(S).

Compound(S) =
<s> List(Conposite(S)).
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Decorator Pattern

* Replace S by Decorator(S)
Decorator(S) : S| Decor(S).
Decor (S

Scrol Il Decor(S) | Border(S)
*comon*

<conponent > Decorator(S).
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Evolution steps for drawing

program

e Sketch = <shape> X. Have drawing progr.

— replace X
— replace X
— replace X
— replace X
— replace X

0y Box

oy Composite(Box) : no change
0y Decorator(Box)

oy Composite(Decorator(Box))

ny Decorator(Composite(Box)):

/ additional classes, need code only for two
* need only code for decorator classes

11/19/98
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Program is soft

e Have draw program which works
“correctly” in all 5 cases

e The draw program works correctly In
Infinitely many other class graphs not
resulting from applications of Composite
and Decorator.

e Focus on essence and not on noise!
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