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finding 
structure 

in software



we use structure 
to understand 

artifacts



villa designs (andrea palladio, c. 1570)



american federal government (1864)



periodic table (mendeleev, c. 1870)



london underground (harry beck, 1933)
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experiential
structure helps you understand how it behaves not how it’s built

modular
components of the structure can be understood independently

abstract
internal workings and structure are not shown



what are the 
elements of

software?
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but what’s a concept? three things it isn’t

upvotes and downvotes 
are votes and then what?

abstract type, class/object

Matrix

multiply
add
invert
equals

not limited to built-in types 
encapsulate representation

defined by operations alone

what operations can 
you do on an upvote? 

concept lattice

DownvoteUpvote

VoteUser Post

votes for

Vote

entity in data model

but concept is in the 
relationships, not the entities!
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a concept has a purpose

concept Upvote

purpose rank items by popularity

concept Reaction

purpose send reactions to author

concept Recommendation

purpose use prior likes to recommend 
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concept Upvote
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votes: User -> set Vote 
for: Vote -> one Item 
Upvote, Downvote: set Vote 
rank: Item -> one Int

purpose rank items by popularity
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Vote Item
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rank
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rank: Item -> one Int
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a concept has a state

like bounded context 
in DDD, but even  

more localized

include in state only what’s 
needed for the concept’s 

own computations

concept Upvote

state 
votes: User -> set Vote 
for: Vote -> one Item 
Upvote, Downvote: set Vote 
rank: Item -> one Int

purpose rank items by popularity

track users to prevent 
duplicate voting

DownvoteUpvote

VoteUser Post
votes for

Vote Item
for

Int

rank
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a concept has actions

actions capture the concept 
behavior in full

concept Upvote

state 
votes: User -> set Vote 
for: Vote -> one Item 
Upvote, Downvote: set Vote 
rank: Item -> one Int

actions 
upvote (u: User, i: Item) 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a concept has actions

actions capture the concept 
behavior in full

succinct specification 
as actions on states


VDM (1986)

Z (1992)


Larch (1993)

Event-B (2006) 

Alloy (2006)

concept Upvote

state 
votes: User -> set Vote 
for: Vote -> one Item 
Upvote, Downvote: set Vote 
rank: Item -> one Int

actions 
upvote (u: User, i: Item) 
downvote (u: User, i: Item) 
unvote (u: User, i: Item)

purpose rank items by popularity

downvote (i: Item, u: User) 
   // no existing Downvote for i in u.votes 
   // remove any Upvote for i from u.votes 
   // add a Downvote for i in u.votes 
   // update i.rank …



a concept catalog entry

related concepts 
Recommendation, Reaction, …

design variants 
downvote as unvote 

use age in ranking 
weigh downvotes more known issues 

preventing double votes 
(require login, use IP address, save cookie) 

saving storage space 
(freeze old posts and from user info)

typical uses 
social media posts 

comments on articles 
Q&A responses

often used with 
Karma, Session, …

concept Upvote



how to 
compose 
concepts?
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how to extend behavior?

suppose I want this behavior:

you can’t downvote an item 

 


concept Upvote

actions 
upvote (u: User, i: Item) 
downvote (u: User, i: Item) 
unvote (u: User, i: Item)

purpose privilege good users

concept Karma

state 
karma: User -> one Int 
contribs: User -> set Item

actions 
contribute (u: User, i: Item) 
reward (u: User, r: Int) 
permit (u: User, r: Int)

defi

a hint: not just used by Upvote
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concept Upvote

actions 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unvote (u: User, i: Item)

concept Karma
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actions 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reward (i: Item, r: Int) 
permit (u: User, r: Int)

concept Upvote

actions 
upvote (u: User, i: Item) 
downvote (u: User, i: Item) 
unvote (u: User, i: Item)

concept Karmawhen upvote (u, i) 
and i in u’.contribs 
also reward (u’, 10)

when downvote (u, i) 
also permit (u, 20)
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concept Upvote concept Karma

contrib (Alice, post1)

upvote (Bob, post1) when upvote (u, i) 
also reward (u, 10)

reward (Alice, 10)

upvote (Carol, post1) reward (Alice, 10)

downvote (Alice, post2)

contrib (Bob, post2)

when downvote (u, i) 
also permit (u, 20)

permit (Alice, 20)
composition uses 
event sync from 

Hoare’s CSP

no concept coupling 
concepts preserve properties



so what can 
you do with  
concepts?
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characterize apps and families

url

autofill

form

bookmark favorite

html

reading listfrequently  visited

cache cookie private browsing

certificate

Safari

slide

theme

master

shape

animation

text style

comment

layerparagraph

text block

shape style

group

special block

presenter note

outline

transition

Keynote

post

reply

user

tag

comment

friend

like

Facebook
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characterize apps & families

word processor
desktop publishing app

text editor

line

character set

markup

paragraph

format

style

paragraph

format

style

page

textflow



explore & evaluate individual concepts



Ava Dropbox Bella Dropbox

Bella Party

Bella Plan

how many users believe the folder concept works

explore & evaluate individual concepts



Bella DropboxAva Dropbox

Bella Party

Bella Plan

Bella Party

how folders actually work (in Dropbox, Unix, Multics)

Ava Dropbox Bella Dropbox

Bella Party

Bella Plan

how many users believe the folder concept works

explore & evaluate individual concepts
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concept Upvote
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actions 
    upvote (u: User, i: Item) 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actions 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analyze how concepts fit together

concept Upvote

purpose rank items by popularity

actions 
    upvote (u: User, i: Item) 
     … unwanted 

sync?

concept Reaction

purpose convey emotion to author

actions 
    reactAngry (u: User, i: Item) 
    …



design moves

mechanical analogs
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unify specializemerge split loosen tighten

three pairs of design moves
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split-merge: tradeoff simplicity/flexibility

photocopier

split

printer + scanner

merge

emergency flashlight
flashlight + battery + charger
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unify-specialize: tradeoff simplicity/specificity

unify

set of wrenches adjustable wrench

specialize

general-purpose lens
macro lens
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tighten

light pull / door lock airplane toilet lock



tighten-loosen: tradeoff automation/flexibility

tighten

light pull / door lock airplane toilet lock

loosen

rotary dimmer switchdimmers with separate controls



successful  
design moves


in software
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split: emergence of a concept in Keynote

full screen toggle

emerges as partial concept 

(c. 2010?) play-in-window option 
now an independent concept 

(2021)

Fullscreen

Slideshow

split

Slideshow

Slideshow



unify: subsuming access control in MIT’s Moira



unify: subsuming access control in MIT’s Moira

List

unify

Mailing 
List

Access 
List



unify: subsuming access control in MIT’s Moira

can toggle 
mailing list 
attribute

List

unify

Mailing 
List

Access 
List



unify: subsuming access control in MIT’s Moira

can toggle 
mailing list 
attribute

can create 
admin list 
with no 

login users!

List

unify

Mailing 
List

Access 
List
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a label

show messages with label hacking 

also implemented as a label

tighten: label and trash concepts in Gmail

Label

tighten

Trash

Label
Trash





purpose undo deletion
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structure 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actions 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purpose undo deletion

concept trash

structure 
trash: set Item

actions 
delete (i: Item) 
restore (i: Item) 
empty ()

purpose organize  with overlapping

concept label

structure 
labels: Item -> set Label

actions 
add (i: Item, l: Label) 
remove (i: Item, l: Label) 
find (ls: set Label, out is: set Item)



purpose undo deletion

concept trash

structure 


actions 
 
 


when delete (i) 
also add (i, ‘trash’)

purpose organize  with overlapping

concept label

structure 


actions 
 
 
fi
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integrating these concepts is tricky

click on 
trash

filter on 
todo label

filter on 
todo 

and trash

filter on 
something 

else
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a beautiful (but tricky) synergy

folder 
sortable by 

volume!

new in 
Lion 

(2011)

Folder

tighten

Trash

Folder
Trash



design moves

in response to 

problems



aspect ratio

in fujifilm cameras



a lovely camera fuji x100



complex menu system: image quality setting



complex menu system: image quality setting



complex menu system: image quality setting



aspect ratio



aspect ratio



image size setting



image size setting



image size setting



image size setting



non-standard ratio + raw?



problem #1: no non-standard ratio unless also save JPG!

raw image showing non-destructive aspect ratio crop
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diagnosis?

aspect ratio is not a concept

merged into JPEG image size concept

so cannot be controlled independently

I call this ”overloading by piggybacking”


solution: split concepts

would allow ratio change to raws without JPEGs

would avoid combinatoric explosion of options



diagnosis?

aspect ratio is not a concept

merged into JPEG image size concept

so cannot be controlled independently

I call this ”overloading by piggybacking”


solution: split concepts

would allow ratio change to raws without JPEGs

would avoid combinatoric explosion of options

Image 
Size

Slideshow

split

Image 
Size

Aspect 
Ratio



message filters

in apple mail
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how many ways to filter messages?

smart folder options

rule options

search options

search for a message

create a rule

define a smart folder
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search, rule and smart folder

all include their own specialized concepts

incomparable features, different UIs


unify in a single message filter concept

include “create folder from search”, eg



diagnosis?

search, rule and smart folder

all include their own specialized concepts

incomparable features, different UIs


unify in a single message filter concept

include “create folder from search”, eg

Filter

unify

Filter 
(Search)

Filter 
(Rule)

Filter 
(Folder)



sticky hands

in zoom



zoom



zoom

Hand

tighten

Mute

Hand
Mute



event deletion

in google calendar
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a long time problem in iCal too

how to delete spam calendar events?



diagnosis?
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concept calendar

purpose record engagements

actions 
    createEvent (…): Event 
    deleteEvent (e: Event) 
     …

concept invitation

purpose coordinate events

actions 
    accept (e: Event) 
    decline (e: Event) 
     …

unwanted 
sync!

diagnosis?



apple’s solution

resolution to design problem

make sync optional



apple’s solution

resolution to design problem

make sync optional

Event

loosen

Invite

Event

Invite
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takeaways

structure your software design with concepts

inventory the concepts, identify the critical ones

see if you can describe them fully independently

then formulate interactions as synchronizations

apply design moves to explore new options

never a panacea, always a tradeoff

software concepts as patterns

only hinted at this, but equally important

don’t reinvent the wheel!

express your design as sync of familiar concepts?

in formal methods

can concepts help structure & validate models?



join the discussion 
about concept design! 

forum.softwareconcepts.io

essenceofsoftware.com

much more in the book

newsletter 
essenceofsoftware.com/subscribe

http://essenceofsoftware.com
http://essenceofsoftware.com

