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a puzzle

premise: large software systems are
intricate and complex beyond human comprehension
so no chance of achieving reliability by informal reasoning

so how did software get so reliable without proof?
better management, testing, type safety, etc [Hoare 96]

but maybe premise was wrong?



what are concepts?

concepts illustrated

concepts described
design flaws illustrated

design flaws described



what are concepts?



designing behavior

identify phenomena (eg, events, states)
things that matter in the context of use

constrain behaviors over phenomena
as traces, state machine, etc



example flashlight

! light:0FF

toggle< > toggle

light:ON




example twitter

tweet

~ follow:OFF
pending: OFF

unfollow follow

follow:ON
pending: OFF

notify < > tweet

follow:ON
pending: ON
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Who Is in These Photos?

To tag your friends, review the suggested names and click Save Tags at the bottom of this page. If a
name is missing or incorrect, list a new name and press Enter.

Remember: If someone doesn't like a photo, they can untag themselves or ask you to take it down,

Skip Tagging Friends
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designing behavior (revisited)

identify phenomena (eg, events, states)
things that matter in the context of use

invent concepts to explain behavior

constrain behaviors over phenomena
as traces, state machine, etc



the quality of the concepts
in a software system's design
is (often) the determining factor
in whether the system is
usable, buildable, reliable



concepts illustrated
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selection in Lr

In Keynote



>1 selection/document
contiguity
active element too
selection within groups

selection across groups
selection in [0..1]
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Modify Style ?)X]
Properties
MName: Heading 1
Style based on: 1 Normal v
Style For following paragraph: | T Normal v

Formatting

Cambria (Headings} v |14 & | |B | 7 U | IS v

N
]

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

Following style: Normal

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: MNormal,

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

Format ~

QK

Cancel

styles in Microsoft Word



Color Ftcheme
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themes in Powerpoint  |M c-1oM-s0v-10k-0 &

swatches in Indesign



style sheet
style inheritance

applying subset of props



concepts described



concepts are sets & relations
represent diagrammatically

show hierarchy visually
suggest path invariants
partitioning diagram



iIdiom selection
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design flaws illustrated
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cropping lightroom

Crop & Straighten

Aspect : Criginal

L] - - -
Angle




printing lightroom

Ruler Units :

Left
Right
Top

Bottom

y G
10OWS

Columns

Height

Width

Margins

A
EN
A

A

Page Grid

.

A

Cell Size

A

Keep Square

Layout V¥

Inches

PrintJob V¥

Printto: Printer
Draft Mode Printing

Print Resolution m»m

Print Sharpening :
Media Type :

16 Bit Output

Color Management

Profile : Managed by Printer

Print Adjustment




Resolution: | pixelsfinch \%




cropping
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orthogonal not
orthogonal
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custom settings

“IP SHOOTING MENU

SELECT CUSTOM SETTING
[0_3 (23 Fn BUTTON 1S0)
=] DISP. CUSTOM SETTING
E23 FRAMING GUIDLINE FE
E=) WIDE CONVERSION LENS OFF
MF ASSIST STD
€D EXIT
2 Highlight a custom settings bank and press MENU/OK to select. Ad- s i -
just the following as desired and press DISP/BACK when adjustments SAVE CURRENT SETTINGS
are complete: [E11SO, &2 DYNAMIC RANGE, [T3 FILM SIMULATION,
[ WHITE BALANCE, B8 COLOR, &I SHARPNESS, & HIGHLIGHT & DYNAMIC RANGE 100

TONE, & SHADOW TONE, [ NOISE REDUCTION, and [ RESET. (3 FILM SIMULATION @r

(5] WHITE BALANCE AUTO

23 COLOR 0
The X100's Custom Settings memories are useless.

EED EXIT
1.) The X100's Custom Settings memories are useless. Unlike Canon's brilliant C1,
C2 and C3 Total Recall modes, the X100's EDIT/SAVE CUSTOM SETTINGS
function only stores and recalls a few of the image parameters like sharpness and
white balance, but not Auto ISO, image size, AF mode, flash or anything else. For
these to be useful, they need to save everything, as Canon does. Even the LCD
brightness needs to be saved and recalled, for instance, on my Canons, | use different
presets for shooting outdoors or indoors.




annotations

The Washington Post The Washington Post

Back 1o previous page Back 1o previous page

Private consultants Private consultants

warned of risks before ——o—9 warned of risks before ~ Wow!
HealthCare.gov’s Oct.1 W ow! | HealthCare.gov’s Oct. 1
launch | launch

Bylulklliilpgrinal}d&ndhu By Juliet Eilperin and Sandhya
Somashekhar, Published: November 18 Somashekhar, Published: November 18



not general
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trash OS X finder

how to make room on a USB thumb drive?
how to restore an old file deleted by mistake?

Name Modified v Size

= Screen Shot 2013-02-25 at 11.46.27 AM Today 11:46 AM S8 KB

B Screen Shot 2013-02-25 at 11.45.46 AM Today 11:45 AM 39 KB

__ bits.key Yesterday 7:09 PM 326 KB

» (] 2013 2.16.58 PM Feb 22, 2013 2:16 PM -
» (] 2013-02-18 Feb 22, 2013 2:12 PM --
1P (] 2013-02-17 Feb 22, 2013 2:12 PM -
| » (@] 2013-02-15 Feb 22, 2013 2:12 PM -



font style adobe indesign

General

Basic Character Formats
Advanced Character Formats
Character Color

OpenType Features
Underline Options
Strikethrough Options

Char
Style Nar

Basic Charact

Font Family: ’

Font Style: ’ v ltalic

Size:
Kerning:
Case: |

' | Preview

(=1

Light

LightFracs

LightOS T —
Lightltalic -
LightltalicOS
Normal
NormalFracs

NormalOS B

ItalicOS e g
Semibold ‘
SemiboldFracs i s
SemiboldItalic

SemibolditalicFracs = = No Break
SemiboldItalicOS

SemiboldOS

Bold

BoldFracs |

BoldOS ncel || OK |
Boldltalic

BoldltalicFracs
BoldItalicOS




search apple mail

",
Q, goldwasser] X
o Message contains: goldwasser E

People

Shafi Goldwasser

Shafrira Goldwasser
goldwasser@theory.lcs.mit.edu
Sender contains: goldwasser

looking for message from shafi@csail.mit.edu


mailto:shafi@csail.mit.edu
mailto:shafi@csail.mit.edu

not complete
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a sad dropbox tale

v |68

Dropbox: Edit

Someone accidentally deleted thousands of files in my
company Dropbox: how can | quickly undelete them? cai
Add Question Details

Comment - Share - Report - Options

=



alyssa & ben plan a party

Share 'party' with others

« Allow members to invite others

alyssa Import contacts

J Alyssa P. Hacker

dnj+alice@csail.mit.edu

Share folder Cancel

£) Events

». Get Started 2



alyssa spoils everythin

Delete folder?

Are you sure you want to delete party from your Dropbox?

Delete folder?

Are you sure you want to delete invitations from your Dropbox?




small survey of MIT dropbox users

correctly predict behavior

80.0%

60.0%

40.0%

20.0%

0%
good knowledge average knowledge poorknowledge

B delete shared folder results in leaving

B delete shared subfolder removes it
study by Kelly Zhang






design flaws described



idea: archetypal invariants

orthogonality
all x: X 1 F(x) implies G(x)

generality
all x: X1 expr(x) in subset

completeness
227



orthogonality



orthogonal apple keynote

| 3 4 = make

4l_____a skip slide 1 5ke parent  parent

and skip




orthogonal

assign concepts to features

elts
Template >| Placeholder %
template Geometry
: , elts /
children Slide >| Element geo
>
/\
content
v
SkippedSlide Content

all s: Slide I s in SkippedSlide implies s.children in
SkippedSlide



not orthogonal photoshop

Dimensions |< ratio Crop
I | d
) te
dims cro >elected,
P after
° l V
Resolution & Photo P1X€ S> Pixel

all p: Photo, c: p.crop | #c.after x p.res = c.ratio



orthogonal

crop

Photo

pixels

ratio

>

Crop

selected

dim / &es

Dimensions

Resolution

>

Pixel

Ratio




orthogonality selection & groups

selection Selection

Document

selected

m Object contents

Element Group

all s: Selection, o: s.selected & Group |
o.contents in s.selected



orthogonality HTTP methods

* | Headers | Preview Response Cookies Timing * | Headers | Preview Response Cookies Timing

Request URL: https://www.google.com/search?q=tel+aviv+university& Request URL: http://www.amazon.com/gp/product/handle-buy-box/ref=
elespv=210&es_sm=91&ie=UTF-8 Request Method: POST
Request Method: GET Status Code: @ 200 0K
Status Code: @ 200 0K » Request Headers (12)

» Request Headers (11) v Form Data view source view URL encoded

v Query String Parameters view source view URL encoded session-id: 175-2138999-3784551
q: tel aviv university ASIN: 3540713158
og: tel aviv offerListingID: %2BeQPWvC7r5UAJdGNCtKpwEZqrLqaz%2BFTyE4UDj3iSbP58Z
ags: chrome.®.69i59j69i57j014.1428j039 x4%3D
sourceid: chrome isMerchantExclusive: 0
espv: 210 merchantiD: ATVPDKIKX@DER
es sm: 91 isAddon: 0
ie:_UTF—B nodelD: 283155

sellingCustomeriD: A2R2RITDINW1Q6
qid: 1387076683

GET: query params

storelD: books

but no form data apActonCode: 28315

rsid: 175-2138999-3784551

POST: query params
& form data

all r: HttpReq I .method = get implies
no r.formData



generality



not general

Function | function

Butt Function
utton
/\
Set Set
Value Property
setting prop
Y Y
Buttonable Buttonable
Setting Property
settings v ro v :
Cgstom g | Setting prop J Property <} Customizable
Setting Bank Property
val

Value

all b: Bank | b.settings.prop in CustomizableProperty



general

Property

Function function | Function
Button
/\
settings ro
CL.JStom J > Setting Prop >
Setting Bank
val

Value




generality gmail

Everything You Need to Know About
Gmail's New, Super-Confusing Layout

Home » Quick Tech Tip: Disabling Gmail's Category Tabs

Quick Tech Tip: Disabling Gmail's Category Tabs

Mon, 07/29/2013 - 12:17 | Chuck Gray
in LibraryPoint Blog Tech Tutorials Teen Blog Tech Answers Science and Technology Self-Help and Instructional

Are you a Gmail user? Did you wake up a week or two ago to find that your new messages were now being
automatically organized by Gmail into tabs of different, pre-determined categories? And, did you think, like me,
M that they were really ugly, stupid, and unnecessary? Here's a quick tip on how to rid yourself of them!

all t: Tab | t.Ilabel in CategoryLabel



generality apple mail

006 Rules

frs 5 2 i o F . Y e, L~ L .'. 2 Y
e i — ey
If any * of the following conditions are met: To

Entire Message

Cc ¢ Contains ¢ |Alice

Perform the following actions:

~ Move Message *  tomailbox: No mailbox selected * DAL

2] . Cancel ok

all f: Filter | some f.cc implies f in Rule



generality

The Washington Post @he Washington Post

Back 1o previous page Back 1o previous page

Private consultants Private consultants

warned of risks before - warned of risks before Vo'
HealthCare.gov’s Oct.1 ~ WOW: | HealthCare.gov’s Oct. 1
launch launch

By Juliet Eilperin and Sandhya By Juliet Eilperin and Sandhya

Somashekhar, Published: November 18 Somashekhar, Published: November 18

all a: Annotation | some a.text.format
implies a in TextBox



completeness



missing concept apple OS X trash

Name . Date Modified @ v
= Screen Shot 2013-02-25 at 11.46.27 AM Today 11:46 AM 58 KB
Bl Screen Shot 2013-02-25 at 11.45.46 AM Today 11:45 AM 39 KB
__ bits.key Yesterday 7:09 PM 326 KB
» (] 2013 2.16.58 PM Feb 22, 2013 2:16 PM -
» @ 2013-02-18 Feb 22, 2013 2:12 PM -
» @ 2013-02-17 Feb 22, 2013 2:12 PM -
» @ 2013-02-15 Feb 22, 2013 2:12 PM -
files
Drive File

mod
date

deleted
files

Trash Date




missing concept apple mail

",
(ngldwassed )
J Message contains: goldwasser Q_
People

Shafi Goldwasser

Shafrira Goldwasser
goldwasser@theory.lcs.mit.edu
Sender contains: goldwasser

message I'm looking for is from shafi@csail.mit.edu




incompleteness

Custom settings . prop Customizable
|  Settin >|  Propert <|_
Setting Bank : PETY Property

val Value

problem: can’t use custom settings
just to override some selected settings

all b: Bank, p: CustomizableProperty |
some s: b.settings | s.prop = p



incompleteness

Element

style !

Style
rules
prop
/
Rule
\
value 1

Property

Value

all s: Style, p: Property |
some r: s.rules | r.prop = p




incompleteness style examples

Modity Style a3

e Style Name: rEmph i New character style:
tyave Headng 1
Location: Name: [Emphasis
Syle based onc ¥ Normad v General 7777777777777777777777777777777777777777777777777777777777777777777777
v for oy paragreghc | ¥ o * ¥ Include these character attributes:
v %3z u e— Based On: | [Basic Paragraph] ¢A\ =
B ERIEEEIEEIEE. Neict S c I — | Font: Helvetica
ext Style: | [Same style] = ! ] Size: 12.0 pt
Sumple T Sumpie Tt Smple Tes Sample o Samie T Shortcut: | Character Spacing: 0%
o T Suangil Tout Somgle Tant Sumpdo Ta —
Sample Text Sample Text Sample Text Sample Text Sample Text R T
Sample Text Style Settings: | eset To Base | [QI Bold: On
ﬁ&gﬁ:?ﬁ oo Lrvad, Qo Sy, ! 10, S o M, |IBaS|c Paragraph] + next: [Same style] + Italic | @ Italic: On
&) A to Quek vl et (] Aupomaticaly update |:| Color: -
*) Only o thes document () New dotuments based on ths tenplate ° ——
= ——las Indesign: property Q) Shadow: Of
b ,I d - Fill:
Formatting absent until entered,;
| then remove only . 23ah
vl[ ~ Pages: aaah!

with Reset (since 2007) properties

Word: property are optional
absent until entered:

then remove only
in Visual Basic!



incompleteness invitable

how to invite same user multiple times using devise invitable

4, | amworking with devise invitable gem with rails 3.2 application . My problem is that

1 | have a user who involves in several groups , so group owner will send invitation to that user . Now | want to
4 implement the functionality to send invitation for the same user from different groups , but devise invitable not
allows me to do that ..

Can anyone help me .. thanks in advance ..

: ?
Email < email : Account
! AN
email
?
Invitation account !> Ghost Activated
Account Account

all e: Email [#email.e » 1



transparency



representation flaws

user interface
elements

=@ ® @
representation , A

. . A
Inconsistent
representation

indistinct
representation| ! (2 @

conce ptS




consistency OS X apps

OmniGraffle:  Apple apps:
controlkey  option key




distinctness unix

[chim:~] dnj% mv readme -README
[chim:~] dnj% mv -README readme

mv: illegal option -- R
usage: mv [-f | -i | -n] [-v] source target
mv [-f | -1 | -n] [-v] source ... directory

from the Unix Hater’s Handbook

A A

on <::i:>
option
name




distinctness

How do | leave a shared folder?

« Back to Help Center by Changing the fOIder'S SEttingS

You can leave a shared folder at any time by changing the folder's settings on the Dropbox website or
deleting it. If you change your mind or leave a folder accidentally, you can rejoin it later.

or by deleting it
A A
leave @




where do concepts come from?

domain concepts: analogic concepts: synthetic concepts:
existin problem domain| based on known notions invented for software
photo, movie, song blog post, email, tweet relative reference
direct flight, code share desktop, folder, file hypertext link
401k, CDO, commission layer, mask, stacking tag, keyword
typeface, ligature cart, order, item select, cut buffer

direct flights, CSS pixel dimensions

relative references, paragraph styles



concluding thought

intricate and complex beyond human comprehension
so no chance of achieving reliability by informal reasoning

better management, testing, type safety, etc [Hoare 96]

with strong concepts, informal reasoning goes very far
with orthogonality & generality, can control complexity



