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three puzzles

why are formal methods not widely used?

> great advances, successful application in specialized domains
> but still a niche, little impact on mainstream development

why is analysis often a second order effect?
> key rationale for formalization: mechanical analysis?
> butin many case studies, most errors found during formalization

why is software so “reliable without proof™?

> better languages & more testing don't explain it
> |east usable features are the least reliable?
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a hypothesis

one underlying driver
> clarity of the underlying conceptual model

bad concepts affect both
> user: can't form mental model
> developer: can'timplement clean modules

SO:
with good conceptual model, informal reasoning goes far

it forces you to clarify the concepts

because the developers are confused too
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classification

atoms are

> distinguishable: have an identity

Message

> immutable: don't change

A

|

> indivisible: not structured Read

Unread

box
> set of atoms (empty, singleton, finite, infinite)

> italic: exhausted by subsets

FSObject

fat arrow AN

> subset, not necessarily static |

Link

L. File Directory
> shared arrow: disjoint subsets

Soft

Hard
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relations syntax & semantics

kinds of relation shape | [ Cotor
> property
. _ contai
’ COnta.lnl:nent Directory o FSObject
> assoclation
> naming enrolled
Course *|  Student
A m R I B friends
User
* R maps m A's to each B
* R maps each A to n B’'s .
Machine f P IPAddress

+ one or more
* zero or more
' exactly one
? atmostone
omitted = *




example word styles

Modify Style @

Properties
Name: Heading 1
Stvle type Linked (paragraph and character
Style based on: T Normal v
Style for following paragraph: = 'Y Normal v
Formatting

Cambria (Headings, v |[14 | /B | Z U | v

]
Il
il
(]
< >
[l Il
<
Il 1h
A
|
n¥i
"

Sample Text Sample Text Sample Text Sample Text Sample Text
Sample Text Sample Text Sample Text Sample Text Sample Text
Sample Text Sample Text Sample Text Sample Text Sample Text

Sample Text Sample Text Sample Text Sample Text Sample Text
Sample Text

Font: (Default) +Headings, 14 pt, Bold, Font color: Accent 1, Space Before: 24 pt, After: 0 pt, Keep
with next, Keep lines together, Level 1, Style: Linked, Quick Style, Priority: 10, Based on: Normal,
Following style: Normal

Add to Quick Style list [ ] Automatically update
(%) Only in this document () New documents based on this template

Format ~ QK Cancel




model word styles

basedOn, next

|

Paragraph style Style |
?
rules
prop ! Property
Rule —
\

value 1 Value




instance word styles

next

(Style) bacedOn (Style)

rules PO

20 prop (Property)
(Rule) Face
value

Caslon

PO style
(Paragraph)
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next
PO style
(Paragraph)

rules
prop (Property)

value

basedOn, next

RO
(Rule)

1
Paragraph style Style .
rules
prop : Property
Rule |
\
value | Value
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PO style
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Paragraph

Paragraph
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Face
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semantics word styles

PO

(Paragraph)

Paragraph

style

style !

rules

basedOn

cX

basedOn, next

|

:

PO
(Property)

Property

Style
?
rules
prop
Rule — |
\
value 1

Value
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basedOn
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Paragraph
rules
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Paragraph (Rule face

value
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adding constraints word styles

basedOn

style
Paragraph
rules
prop

Pro ert
RO perty)
Paragraph (Rule face

value

Caslon

basedOn, next

Paragraph style Style J -
grap * 5 alls: Style I s not in s.basedOn
rules
prop : Property
Rule |
\
value 1 Value




not just application state



model javascript

_proto

2
. _constructor

JS Object

3

. |

Function '

prototype

all o: JSObject | o._proto = o._constructor.prototype



model

from, to, origin ! .
HTTPEvent EndPoint
causes !

4& /\
L \ 1
Request  [response, Response Client Server
/\ ! /\
embeds
Embedded Redirect
Request Response

/ / requests that are not embedded come from the client
all r: Request - Embedded | r.origin = r.from

/| embedded requests have the same origin as the response
all r: Response, e: r.embeds | e.origin = r.origin

// request is only accepted if origin is server itself or sender
all s: Server, r: Request | r.to = s implies r.origin = r.to or r.origin = r.from

after Barth et al



model

Group Plan

COUTSEs selects

conflicts Course

/[ plan must include one course from each group
all p: Plan, g: Group | some c: p.selects | ciin g.courses

// plan cannot include conflicting courses
all p: Plan I no c1, c2: p.selects | c1 in c2.conflicts




concept idioms




style idiom

original concept model for Word styles

Paragraph

style !

basedOn, next

|

Property

Style -
?
rules
prop
~ PrOP. -
Rule
\
value 1

Value




style idiom

abstracted basic concept idiom

Element

style !

Property

Style
rules
prop
- PTOP "
Rule
\
value 1

Value




style idiom

variant idiom with basedOn

Element

style !

basedOn
Style -
?
rules
prop
. prop -
Rule
\
value 1

Property

Value




style idiom

variant idiom with stylesheet

Element

styles

style !

Stylesheet

basedOn

|

Style

rules

Rule

prop

value 1

Property

Value




style

variant idiom with stylesheet Stylesheet
Styl_es basedOn
Element style Style -
?
rules
prop -
There is no problem Rule |
in computer science W
that cannot be solved '
by introducing another
level of indirection.

--David Wheeler

Property

Value




style other instantiations

Color Scheme
I & SWATCHES
::_‘.:H-ﬂrrd'l‘l'd_| Custom

Tint; P %

Standard Color Schemes:

v,
Title Title Title /|
= Bullet = Bullet = Bullet
Chlhh Chlil Ol
Title Title
DBUEI Daui;t'l . [Registration]

A

B C=100 M=0Y=0K=0
B C=0M=100Y=0K=0
. [ C=0M=0Y=100K=0
B C=15M=100 Y=100 K=0

(: Delete Scheme )

Preview = ( Cancel ) ( Apply ) € ApplytoAll) - C=75 M=5 Y=100 K=0
B C=100M=90 Y=10 K=0

Powerpoint schemes Indesign swatches

TS




style non instantiations

List: ' Developer B

B :clectedControlTextColor
| selectedKnobColor
L

selectedMenultemColor

selectedMenultemTextColor
sglectedTextBackgroundColo

B :clectedTextColor

B :hadowColor
textBackgroundColor '
B tcxtColor =

Color ) (" search

Opacity
|

| A 100 %

Element

style !

- R

Apple color picker

Style

rules

prop

Rule

PP -

\

value 1

Property

Value

value relation must be mutable




iIdiom selection

slides in photos in Adobe Lightroom fnessages in Apple Mail
Keynote
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idiom

selection

Document

m Element

Selection

selected

one or more selections per document?
selected elements and active element?

selectionis 0/1 or0..1?



idiom

selection Selection

D
ocument selected

m Object contents

Element Group

one or more selections per document?
selected elements and active element?
selectionis 0/1 or0..17?



idiom

selection Selection

D
ocument selected

: tent
m Object contents

7

Element Group

one or more selections per document?
selected elements and active element?
selectionis0/1 or0..1?

can select groups too



idiom tagging

Tag

Element

includes

% Filter
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filter has disjuncts/conjuncts
tags are key/value pairs
some tags are system tags
some tags inhibit display




idiom

Element

% Filter

filter has disjuncts/conjuncts
tags are key/value pairs
some tags are system tags
some tags inhibit display

Tag

includes

TrashTag




idiom

Element

% Filter

filter has disjuncts/conjuncts
tags are key/value pairs
some tags are system tags
some tags inhibit display

TrashTag

includes

labels in Gmail

keywords in Lightroom
file properties in OS X




iIdiom Invariants



Invariant

Property

Value

basedOn
Element style Style -
2
rules
prop
. prop -
Rule
\
value 1
every style nas a rule for every property

all s: Style, p: Pro

perty | some r: s.rules [ r.prop = p




Invariant variants

why it matters

> if a style must include all properties then:
> astyle can't inherit a rule from its parent

but unfortunately
> many designs don't consider implications fully...
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can you inherit a property?

Modity Style a3

eopertes
tpove Headng 1
yle besed orc ¥ Normad v
2o for Folloming paeagragtc ¥ Normad -
Forvatirg

v » (B 7 U S
E ¥ B W = = = 212 & i

Sample Text Sample Text Sample Text Sample Text Sample Text
Sample Text Sample Text Sample Text Sampie Text Sample Text
Sample Text Sample Text Sample Text Sample Text Sample Text
Sample Text Sample Text Sample Text Sample Text Sample Text

Sample Text

Port: (Defack) stmadiogn, 14 pt, Bokd, Port color: Acoert 1, Space Before: 24 pt, After: 052, Keep
i e, Coed e together, Leved 1, Stde: Lnked, Quach Style, Priorty) 10, Based ond hoems,
Folowrg otyle: Norvad

) Add to Quack vl bt [ Agomatically update
=) Oy i this document () New documents based on ths template

[rgme- | L= J [ _coen |

Formatting

Word: property
absent until entered:
then remove only
in Visual Basic!



can you inherit a property?

Modify Style idlc3
T gertes

hyave Wasdng §

yle based orc ¥ Normad

Qyle for Following paeagragtc ¥ Normad

v (B 7 U SE——

B W AW === 22

Port: (Def k) stmadiogn, 14 pt, Bokd, Port color: Acoert 1, Space Before: 24 pt, After: 0gt, Keep
Wb N, Ko s bogether, Leved 1, Stde! Unked, Quach Styde, Priorty) 10, Based ond hoems,
Folowrg otyle: Norvad

. ASd to Quack vle et || Agtomatically update
*) Only o thes document New documents based on ths template

=

| Ox l Cancel J

Formatting

Word: property
absent until entered:
then remove only
in Visual Basic!

Style Name: "Emphasis

Location:
Ceneral
Based On: | [Basic Paragraph] ﬂ
Next Style: | [Same style] s !
Shortcut: | |
Reset To Base
Style Settings: | ’

[Basic Paragraph] + next: [Same style] + Italic |

Indesign: property
absent until entered:

then remove only
with Reset (since 2007)



can you inherit a property?

Modify Style 7% . h I
Style Name: Emphasis New character style:
(S Hesdng 1 !
Location: Name: | Emphasis
T — X Ceneral .
bl ki pepute | ¥ tomd ¥ ¥ Include these character attributes:
v % (8|7 u ! e— Based On: | [Basic Paragraph] =
E AW == 2| ® * = __| Font: Helvetica
Next Style: | [Same style] = R
, _|Size: 12.0 pt
hor - | :
pSample Tunt Sammplls Yout Sample Yost Samspls Tost Shortcut | Character Spacing: 0%
Sam oxt Sample Text Sample Text Sample Text
Sample Text Sample Text Sample Text ( . \
' : . Reset To Base |
Style Settings: | ™ Bold: On
ﬁ&&?:feﬁ e, Lk, 4 Sk, P, 10, Sasod o Mot |[8as:c Paragraph] + next: [Same style] + Italic @ Italic: On
) adéto ok it (] sy st | Color: |
*) Only i thes document New documents based on thes template °
® : ‘ .
= (=) (o) Indesign: property ) Shadow: Off

| Fill:

absent until entered:
then remove only Pages: aaah!
with Reset (since 2007) properties

Word: property are optional
absent until entered:

then remove only
in Visual Basic!

Formatting



Invariant

selection Selection

Document

selected

m Object contents

Element Group

selecting a group selects its elements too
all s: Selection, o: s.selected & Group | o.contents in s.selected
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Invariant variants

why it matters

> if groups and their members can be selected separately,
the design is more flexible for the user

variants

> drawing apps: until recently, grouping prevented separate selection
now many apps allow elements of groups to be selected alone

> Apple Mail: selecting an element of a group and an element outside
the group causes all elements of the group to be selected

> git: eliminates notion of group by not syncing directories

> CrashPlan: selection of directory has different meaning; sets default
for files that will be added later



invariant tagging

tay Tag Qf TrashTag

Element includes

% Filter

a filter shows elements with its included tags
all f: Filter | f.shows = f.includes.~tags



Invariant variants

why it matters
> users get very confused if things they expect to be there are not

variants

> Lightroom: deleted images are never shown

> Apple Finder: “include trash” separated out
(but will create a smart folder that shows files marked as invisible!)



Invariant variants

why it matters
> users get very confused if things they expect to be there are not

variants

> Lightroom: deleted images are never shown

> Apple Finder: “include trash” separated out
(but will create a smart folder that shows files marked as invisible!)

Smart Mailbox Name: Smart Mailbox 1
Contains messages that match | all + | of the following conditions:
Message is Flagged H - +

Include messages from Trash

Include messages from Sent Cancel [ 0 |







T A deleted message matches your search. View it or go to Trash to delete forever.

generally won't show trashed messages



il A deleted message matches your search. View it or go to Trash to delete forever.
generally won't show trashed messages

in:trash “

v C More ~

Empty Trash now (messages that have been in Trash more than 30 days will be ;

i Abbie Bedrock Freight Brokerage, LLC is Interested in You - Now Hiring: Contr

1] Amazing Ipad Keyboard Easily Type on Your iPad Quickly and Accurately! - Typing On Your iPz

i sanmarin Service Request Completed for 2404 - Dear Dakota Nannette Jackson,
label:work label:trash L&

v C More ~

1] Your Job Recommendations Trash Work Receptionist, FT Sr. Assistant Manager, and more! -

if you ask for them explicitly, you'll see some



il A deleted message matches your search. View it or go to Trash to delete forever.
generally won't show trashed messages

in:trash “

v C More ~

Empty Trash now (messages that have been in Trash more than 30 days will be ;

i Abbie Bedrock Freight Brokerage, LLC is Interested in You - Now Hiring: Contr

1]} Amazing Ipad Keyboard Easily Type on Your iPad Quickly and Accurately! - Typing On Your iPz

i sanmarin Service Request Completed for 2404 - Dear Dakota Nannette Jackson,
label:work label:trash n

v C More ~

1)} Your Job Recommendations Trash Work Receptionist, FT Sr. Assistant Manager, and more! -

if you ask for them explicitly, you'll see some

label:work “

h m m There are no conversations with this label.
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refactoring concept models

suppose we have a bad concept model
> can we refactor into a better one?
> and show that the two are somehow equivalent?



refactoring concept models

suppose we have a bad concept model
> can we refactor into a better one?
> and show that the two are somehow equivalent?

an example from the “Area 2 web app”
> application that tracks degree requirements for MIT CS students

>



Circle four subject numbers in the table below. Of the 4 subjects, two subjects should be selected from a single group.
The remaining two subjects must be selected from two other groups. If you have already received a grade in the subject,
please enter the grade in the box. Please enter the term that you completed the subject or plan to take the subject as
well (e.g. FT12 is the term starting September 2012 and ST13 is the term starting February 2013). Prior to Drop Date of
the Spring term 2013, changes in your choices may be made by submitting a new version of this form; after that date, a
petition to the Committee on Graduate Students is required.

Group 1: Systems in CS
6.820, 6.824, 6.829, 6.830,
6.375, 6.823, 6.858,

6.831 (see note below)

Group 2: Theoretical CS
6.840, 6.845, 6.850,

6.852,6.854, 6.856, 6.875

(Any 1 or 2 subject allowed)

Group 3: Artificial Intelligence

[6.345 xor 6.863 xor 6.864],
[6.866 xor 6.869],
[6.437 xor 6.438 xor 6.867],
6.832,

[6.831* xor 6.839%],
[6.874 xor 6.878]
(*see note below)

Group 4. System Science and
Control Engineering

6.241,
[6.251 xor 6.255],

[6.341 xor 6.344 xor 6.555]

Group 5: Circuits and Electronic
Systems

6.334, 6.336, 6.374,6.376,6.775

(Any 1 or 2 subjecl allowed)

Group 6: Information Science
and Communication

6.262, 6.436,
[6.437 xor 6.438],
6.450, 6.453

Group 7. Bioelectrical
Engineering

6.521, 6.522, 6.551

(Any 1 or 2 subjecl allowed)

Group 8: Electromagnetics

[6.630 xor 6.632],
6.631, 6.634
[6.641 xor 6.581 xor 6.685]

Group 9. Physical Science and
Engineering

6.720,6.728, 6.730,6.774,6.777

(Any 1 or 2 subject allowed)

Note: Students in Area Il Computer Science select subjects from Group 1, 2, 3 only (shaded boxes)
o0 6.8400r 6. 854 are recommended for students who plan to take only one subject in Group 2.

0 6.839 can be used as the second Al subject, but not the only subject.
0 6.831 can be the second subject in Group 1 or 3, but not the only subject in either group.




Circle four subject numbers in the table below. Of the 4 subjects, two subjects should be selected from a single group.
The remaining two subjects must be selected from two other groups. If you have already received a grade in the subject,
please enter the grade in the box. Please enter the term that you completed the subject or plan to take the subject as
well (e.g. FT12 is the term starting September 2012 and ST13 is the term starting February 2013). Prior to Drop Date of
the Spring term 2013, changes in your choices may be made by submitting a new version of this form; after that date, a
petition to the Committee on Graduate Students is required.

Group 3: Artificial Intelligence
Group 1: Systems in CS _ _
Eliel 28 VhyzebEioel [6.345 xor 6.863 xor 6.864],
6.820,6.824, 6.829, 6.830, [6.866 xor 6.869],
e [6.437 xor 6.438 xor 6.867],
6.375, 6.823, 6.858, . 5 832,
6.852, 6.854, 6.856, 6.8750p.m0n or 6.839%]
ee note below) 0.074 xor 6.878]
optlon (Any 1 or 2 subject allowed) (*see note below)
Group 4: System Science and Group 5: Circuits and Electronic |  groyp 6: Information Science
Control Engineering Systems and Communication
6.334, 6.336, 6.374, 6.376,6.775
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6.450, 6.453
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implied conceptual model

Group Plan
:
options selects
conflicts Option Course
course

/\

a. select 2 options from one group

NotOnly b. select one option from other groups

Option c. NotOnly option is not only option in group
d. options may not conflict




new design

Edit TQE Plan

Systems in CS

6.375 - Complex Digital Systems Design | 5 Select one subject from each of the
four groups. Note that the following
Theoretical CS subjects conflict; you may take at most

one from each set:

<>

6.840 - Theory of Computation

e 6.345, 6.863, and 6.864
e 6.437, 6.438, and 6.867
6.831 and 6.839

¢ 6.840 and 6.841
Miscellaneous e 6.866 and 6.869

6.874 and 6.878

Artificial Intelligence

4>
B

6.345 - Automatic Speech Recognition

4>
B

6.823 - Computer Systems Architecture



simplified conceptual model

Group Plan

courses selects

conflicts Course

a. select one more course than groups
b. select at least one course per group
C. courses may not conflict
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alloy model

forward: check {
all p: TQE_Plan I valid[p] implies simpler_valid[p]
} for 4 but 1 TQE_Plan

backward: check {
all p: TQE_Plan | simpler_valid[p] implies valid[p]
} for 4 but 1 TQE_Plan
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/ GroupO /

notOnly
Optionl Groupl
course: Course0 ($valid_g)
conflicts notOnly
Option3 Option0 Option2

course: Course?2 course: CourseO course: Coursel




counterexample: new too strong

TQE_Plan
/ GroupO / courses: CourseQ, Coursel, Course?
map: Course0->0Option0, Coursel->Option2, Course2->0Option3
notOnly
Optionl Groupl
course: Course0 ($valid_g)

conflicts notOnly

Option3 Option0 Option2

course: Course?2 course: CourseO course: Coursel




counterexample: new too strong

TQE_Plan
/ GroupO / courses: Course0O, Coursel, Course?2
map: Course0->0Option0, Coursel->Option2, Course2->0Option3
notOnly
Optionl Groupl
course: Course0 ($valid_g)

conflicts notOnly

Option3 Option0 Option2

course: Course?2 course: Course0 course: Coursel

plan rejected by new rules but accepted by old ones
because courses 0 and 2 only conflict for some options
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counterexample: new too weak

/GroupO/ /Groupl/

options [options options '\ gptions
\rjotOnly
Optionl Option2 Option3 Option0O

course: Course?2 course: Coursel course: CourseO course: Coursel




counterexample: new too weak

/GroupO/ /Groupl/

options [options

Optionl

Option2

course: Course?2 course: Coursel

options
n‘otOnIy

Option3

course: CourseO

options

Option0O
course: Coursel

TQE_Plan

courses: CourseO, Coursel, Course?2

map: Course0->0Option3, Coursel->0Option2, Course2->0Optionl




counterexample: new too weak

/GroupO/ /Groupl/

options [options options '\ gptions
n‘otOnIy
Optionl Option2 Option3 Option0
course: Course?2 course: Coursel course: CourseO course: Coursel

TQE_Plan
courses: CourseQ, Coursel, Course?2
map: Course0->0Option3, Coursel->0Option2, Course2->0Optionl

plan rejected by old rules but accepted by new ones because
option was chosen for course 1 that leaves a ‘not only’ course in
group 1
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P1. When two options contflict, any other pair of options that
corresponds to the same two courses also conflicts.




when is simplification valid?

P1. When two options contflict, any other pair of options that
corresponds to the same two courses also conflicts.

P2. I two options (in different groups) are for the same course, then
those options are “not only” options
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