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design
concepts

in software



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?



part 0
what are concepts?

part 1
concepts illustrated

part 2
concepts described

part 3
design flaws illustrated

part 4
design flaws described



part 0
what are concepts?



step 1: phenomena
identify phenomena (eg, events, states)
things that matter in the context of use

step 2: behaviors
constrain behaviors over phenomena

as traces, state machine, etc

designing behavior



example flashlight

light:ON

toggle

light:OFF

toggle



example twitter

follow:ON
pending: OFF

follow

follow:OFF
pending: OFF

unfollow

tweet

follow:ON
pending: ON

tweetnotify





who can see the image?

friends
User

posts

Image

tags

sees

Bob Carol

Alice

Dave

friends

Bob Carol

Alice

Dave

Image
posts

tags

Bob Carol

Alice

Dave

Image sees

Bob Carol

Alice

Dave

Image
posts



step 1: phenomena
identify phenomena (eg, events, states)
things that matter in the context of use

step 2: concepts
invent concepts to explain behavior

step 3: behaviors
constrain behaviors over phenomena

as traces, state machine, etc

designing behavior (revisited)



a hypothesis

the quality of the concepts
in a software system’s design

is (often) the determining factor
in whether the system is

usable, buildable, reliable



part 1
concepts illustrated



#1



selection in Lr

in Apple Mail

in Keynote



variants
>1 selection/document

contiguity
active element too

selection within groups
selection across groups

selection in [0..1]



#2



styles in Microsoft Word



themes in Powerpoint
swatches in Indesign



variants
style sheet

style inheritance
applying subset of props



part 2
concepts described



idea
concepts are sets & relations
represent diagrammatically

why diagrams?
show hierarchy visually
suggest path invariants

partitioning diagram



idiom selection

Document

Elementelements

Selection

selected

selection

Object

Document

elements

Selection

selected

selection

Element Group

contents



Element Stylestyle !

Rule

rules
Property

Value

prop

value

!

!

abstracted basic concept idiom

idiom style

Paragraph Stylestyle !

Rule

rules
Property

Value

prop

value

basedOn, next

?

!

!

original concept model for Word styles

Element Stylestyle !

Rule

rules
Property

Value

prop

value

basedOn

?

!

!

variant idiom with basedOn
variant idiom with 

stylesheet

Element Stylestyle !

Rule

rules
Property

Value

prop

value

basedOn

?

!

!

Stylesheet

styles



part 3
design flaws illustrated



#1



cropping lightroom



printing lightroom



cropping photoshop



cropping photoshop



not
orthogonal

orthogonal



#2



custom settings fuji x100s

“ ”



annotations apple preview



not general



#3



trash OS X finder

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



font style adobe indesign



search apple mail

looking for message from shafi@csail.mit.edu

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


not complete



#4



a sad dropbox tale



alyssa & ben plan a party



alyssa spoils everything



small survey of MIT dropbox users

0%

20.0%

40.0%

60.0%

80.0%

good knowledge average knowledge poor knowledge

correctly predict behavior

delete shared folder results in leaving
delete shared subfolder removes it

study by Kelly Zhang



not transparent



part 4
design flaws described



idea: archetypal invariants

orthogonality

generality

completeness

all x: X | F(x) implies G(x)

all x: X | expr(x) in subset

???



orthogonality



orthogonal apple keynote

make parent
make 

parent
and skip

skip slide



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

Slide

geo

Element

elts

elts

SkippedSlide

Geometry

Template

template

Placeholder

geo

Content

content

children

orthogonal apple keynote

assign concepts to features



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

Photo

Crop

Pixelpixels

crop selected,
after

Dimensions

dims

ratio

Resolution res

not orthogonal photoshop



orthogonal lightroom

Photo

Crop

Pixel

Ratio

pixels

crop selected

ratio

Dimensions

dims

Resolution

res



orthogonality selection & groups

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

Object

Document

elements

Selection

selected

selection

Element Group

contents



orthogonality HTTP methods

GET: query params
but no form data

POST: query params
& form data

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



generality



Function

Buttonable
Property

Set
Property

Set
Value

Buttonable
Setting

propsetting

Function
Button

function

not general fuji x100s

ISO

400

bank1

ISO, but not
image quality

quality, but
not ISO

Setting Property
prop

Value
val

Setting Property
prop

Value
val

Custom
Setting Bank

settings
Setting Property

prop

Value
val

Custom
Setting Bank

settings Customizable
Property

eg, set quality
to raw 

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



general fuji x100s reworked

Setting Property
prop

Function

Value
val

Custom
Setting Bank

settings

Function
Button

function



generality gmail

all t: Tab | t.label in CategoryLabel



generality apple mail

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



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

generality apple preview



completeness



missing concept apple OS X trash

Drive

Trash

files
File

deleted
files

Date

mod
datetrash del

date



missing concept apple mail

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

user



incompleteness fuji x100s

Setting Property
prop

Value
val

Custom
Setting Bank

settings Customizable
Property

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

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



incompleteness style

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

Element Stylestyle !

Rule

rules
Property

Value

prop

value

!

!



incompleteness style examples

Word: property
absent until entered;

then remove only
in Visual Basic!

Indesign: property
absent until entered;

then remove only
with Reset (since 2007)

Pages: aaah!
properties

are optional



Invitation

Email

email
?

incompleteness invitable

Ghost
Account

Activated
Account

Account

Invitation
account

Email email

email
?

?

!

all e: Email |#email.e ≯ 1



transparency



representation flaws

C1 C2 C3

E1 E2 E3

user interface 
elements

concepts

C1 C2 C3

E1 E2 E3faithful 
representation

C1 C2 C3

E1 E2 E3

inconsistent
representation

C1 C2 C3

E1 E2 E3

indistinct
representation



consistency OS X apps

copy
style

⌥⌘C ^⌘C

OmniGraffle:
control key

Apple apps:
option key



distinctness unix

from the Unix Hater’s Handbook

file
name option

no
hyphen hyphen



distinctness dropbox

by changing the folder’s settings

or by deleting it

leave remove

setting delete



where do concepts come from?
domain concepts:

exist in problem domain

photo, movie, song

direct flight, code share

401k, CDO, commission

typeface, ligature

analogic concepts:
based on known notions

blog post, email, tweet

desktop, folder, file

layer, mask, stacking

cart, order, item

synthetic concepts:
invented for software

relative reference

hypertext link

tag, keyword

select, cut buffer

evolving concepts often confusing
direct flights, CSS pixel dimensions

some concepts are key enablers
relative references, paragraph styles



concluding thought

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?
with strong concepts, informal reasoning goes very far

with orthogonality & generality, can control complexity


