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what you’ll learn today 

how to design modular software 
so much more than “use interfaces”



where we are



defining a concept

concept Inviting

purpose ensure mutual consent for 
participation in some engagement; 
prevents unwanted participation.

principle A host invites guests one 
at a time to participate in some 
engagement. Each guest can 
accept or decline the invitation, 
until the invitation expires after 
which no responses are accepted.

state 
a set of Invitations with 
  an Engagement 
  an invited Guest 
  an expiry Date 
  a status of 
    PENDING, ACCEPTED, DECLINED, EXPIRED

actions 
invite (guest: Guest, engagement: Engagement) 
  where no invitation for guest and engagement 
  then 
     create new invitation for guest and engagement 
     with expiry of one month from now 
     and status PENDING 
accept (guest: Guest, engagement: Engagement)  
  where some invitation for guest and engagement 
     with status PENDING 
  then set status of invitation to ACCEPTED 
…



from design language to realization

invite
accept
decline
expire

Inviting



composing concepts into a system

invite
accept
decline
expire

Inviting

register
send

Notifying

convene
include

Convening
human registers email1

human convenes a meeting2

agent includes participants3

machine invites participants4

machine sends notifications5

human accepts or declines6

machine expires invitation7



how reactions are specified

when 
    Inviting.invite (guest, engagement) 

where 
    Convening: engagement has title and date 

then 
    Notifying.send (user: guest, msg:  
        “Please come to “ + engagement +  
        “ on “ + date)

invite
accept
decline
expire

Inviting

register
send

Notifying

convene
include

Convening

this is called “event-driven programming” 
it’s a common paradigm in large scale systems

what do you think are 
its benefits and costs?



concepts for 
hacker news



design by concept

Sessioning

Commenting

FavoritingUpvoting

KarmaTracking

Posting



a sample concept: Upvoting

what’s a concept?

a coherent course of action

realized as a mechanism

reusable & familiar

designed, coded and explained independently



concept Upvoting [User, Item]

state 
  a set of Votes with 
    a voter User 
    a target Item

actions 
  upvote (user: User, item: Item) 
  unvote (user: User, item: Item)

purpose rank items by popularity

principle after a series of 
upvotes, can rank items by the 
number of votes they received

defining the concept

new to concept design

standard computer science

what’s an invariant of 
the state?

how would you add 
downvoting?

why the unvote 
action?

what bad situation 
does it prevent?



how unique is it?

no other app is the same as HackerNews

HackerNews = Posting + Commenting + Upvoting + KarmaTracking + …

but its concepts are mostly identical to the concepts in other apps:

so where’s the 
innovation?



so where’s the innovation?

hacker news is popular 
> 10m page views/day 
so evidently it was worth building 

where’s the innovation? 
“combinational creativity” [Boden] 
familiar elements combined in new ways 

innovations in concepts themselves 
in Posting, post is title + link 

innovations in concept coordination 
no downvote until your own posts upvoted



related concepts 
Rating, Recommending, Reacting, …

design variants 
downvote as unvote 

use age in ranking 
weigh downvotes more 
various identity tactics 

freezing old posts known issues 
high votes can promote old content 

feedback favors early upvotes 
upvoting encourages echo chamber 

preventing double votes
typical uses 

social media posts 
comments on articles 

Q&A responses

often used with 
KarmaTracking, Authenticating …

concept: Upvoting

concepts as carriers of design knowledge

what are some known issues?



extending 
hacker news





suppose I want this behavior: 
you can’t downvote a post 

until you’ve received 
two upvotes on your own posts

concept Upvoting

actions 
upvote (user, item) 
downvote (user, item) 
unvote (user, item)

purpose privilege good users

concept KarmaTracking

state  
a set of Users with 
   a karma Number

actions 
reward (user, reward)

define a new concept! 
a hint: not just used by Upvoting

purpose rank items by popularity purpose share content

concept Posting

state 
a set of Posts with 
   a body String 
   an author User

actions 
create (user, body): post 
delete (post) 
edit (post, body)

could just modify Upvoting 
why is this bad?

adding application-specific functionality



concept Posting

state 
a set of Posts with 
   a body String 
   an author User

actions 
reward (user, reward)

concept Upvoting

concept KarmaTracking

a first reaction

actions 
create (user, body): post 
delete (post) 
edit (post, body)

when Upvoting.upvote (post) 
where Posting: author of post is user 
then KarmaTracking.reward (user, 10)

state  
a set of Users with 
   a karma Number

actions 
upvote (user, item) 
downvote (user, item) 
unvote (user, item)



concept Posting

state 
a set of Posts with 
   a body String 
   an author User

concept Requesting

actions 
request (action) 
respond (response)

actions 
reward (user, reward)

concept Upvoting

concept KarmaTracking

a second reaction

actions 
create (user, body): post 
delete (post) 
edit (post, body)

state  
a set of Users with 
   a karma Number

actions 
upvote (user, item) 
downvote (user, item) 
unvote (user, item) when Requesting.request ( 

      downvote, user, post) 
where KarmaTracking: user karma >= 20 
then Upvoting.downvote (user, post)



concept Posting

state 
a set of Posts with 
   a body String 
   an author User

concept Requesting

actions 
request (action) 
respond (response)

actions 
reward (user, reward)

concept Upvoting

concept KarmaTracking

controlling downvoting in two reactions

actions 
create (user, body): post 
delete (post) 
edit (post, body)

state  
a set of Users with 
   a karma Number

actions 
upvote (user, item) 
downvote (user, item) 
unvote (user, item)

when Upvoting.upvote (post) 
where Posting: author of post is user 
then KarmaTracking.reward (user, 10)

why not upvote (user, post) in first reaction?

when Requesting.request ( 
      downvote, user, post) 
where KarmaTracking: user karma >= 20 
then Upvoting.downvote (user, post)



concept Upvoting concept KarmaTracking concept Postingconcept Requesting

reward (Alice, 10)

downvote (Alice, p2) Alice has >= 20 karma

create (Alice, …) : p1

author of p1 is Alice

upvote (Carol, p1) reward (Alice, 10) author of p1 is Alice

create (Bob, …) : p2

reactions viewed over traces

request(downvote, Alice, p2)

upvote (Bob, p1)

not a call 
concepts are 
decoupled

each concept 
executes a 

valid scenario

concepts stay 
largely 

application 
independent



an architectural view: externalizing connections

dependencies 
between 
modules

mediated 
control & data

conductor 
coordinatesapp-specific 

details

icons by Luis Prado & Zach Bogart, Noun Project

1980s software development concept-based software development



a reminder: how we didn’t do it

Upvoting

Posting 

Karma 
Tracking 

upvote 
reads  

author 
from Posting 

and calls 
reward in 

KarmaTracking

concepts never 
call each other’s actions 

read or write each other’s state 
share mutable composite objects



your turn

more karma 
can you think of other ways 

to use karma in a social media app?

some ideas 
improve the reliability of upvoting? 

counter botnet attacks? 
reward star contributors?

your task 
talk to the person next to you 

come up with some ideas 
submit an idea each

for each idea 
which concepts? 
what reactions?



how 
reactions 
are used



what are reactions used for?

maintaining invariants 
no comments without post

automation 
follow user whose post you liked

achieve synergy 
trash item when labeled deleted

authentication & access 
only author can delete post

karma constraints 
can’t downvote until upvoted

logging & notification 
notify on response to post

inferring intent 
mark post as read on scroll

response hydration 
get post with author image

getting inputs 
author of new post is session user

coordination 
on joining, grant access



an example of 
a bad reaction





HCI Seminar

Daniel’s Calendar

seminar 
announced as 

email to listserv 
with attached 
calendar event

event installed 
automatically in 
user’s calendar

user deletes event 
from calendar

cancellation email 
automatically sent 
to other invitees



HCI Seminar

Daniel’s Calendar

concept EventPlanning 
purpose record upcoming engagements 
actions 
    create an event 
    delete an event 
     …

concept Inviting 
purpose ensure mutual consent 
actions 
    accept invitation 
    decline invitation 
     …



a long time problem in iCal too 
how to delete spam calendar events?

resolution to design problem 
make reaction optional



an example of 
a good reaction



synergy in design

just a label 
lookup

use sent, 
trash in filters

why is this a 
great design?



seeking 
modularity



two criteria



seeking criteria 
imagine a division of functionality into parts 

what makes this division modular? 



separation vs conflation 
unrelated functions are separated 

not conflated in the same part

what goes wrong? 
part is more complex 

and less reusable



encapsulation vs fragmentation 
each piece of functionality is encapsulated 

not fragmented across parts

what goes wrong? 
parts become coupled 
changes not localized





let’s code 
hacker news!



let’s look at an example: hacker news

Authenticating

Commenting

FavoritingUpvoting

Karma Tracking

Posting



class User { 
  String name; 
  String password; 
  User new (n, p) { … } 
  User authenticate (n, p) { … } 
 }

class Post { 
  User author; 
  String body; 
  Post new (a, b) { … } 
}

let’s build it!



adding upvoting

class User { 
  String name; 
  String password; 
  User register (n, p) { … } 
  User authenticate (n, p) { … } 
 }

class Post { 
  User author; 
  String body; 
  Post new (a, b) { … } 
}

class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Post new (a, b) { … } 
  upvote (u) { … } 
  downvote (u) { … } 
 }



class User { 
  String name; 
  String password; 
  User register (n, p) { … } 
  User authenticate (n, p) { … } 
 }

adding karma

class User { 
  String name; 
  String password; 
  int karma; 
  User register (n, p) { … } 
  User authenticate (n, p) { … } 
  award (i) { … } 
  bool hasKarma (i) { … } 
 }

class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Post new (a, b) {…} 
  upvote (u) {…} 
  downvote (u) {…} 
}

class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Post new (a, b) {…} 
  upvote (u) { 
      author.award (10) 
      } 
  downvote (u) { 
     if u.hasKarma (10)  … 
     } 
 }



class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Post new (a, b) {…} 
  upvote (u) { 
      author.award (10) 
      } 
  downvote (u) { 
     if u.hasKarma (10)  … 
     } 
 }

class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Set [Comment] comments; 
  Post new (a, b) { … } 
  upvote (u) { 
      author.award (10) 
      } 
  downvote (u) { 
     if u.hasKarma (20)  … } 
  addComment (c, b) { … } 
 }

adding commenting

class User { 
  String name; 
  String password; 
  int karma; 
  User register (n, p) { … } 
  User authenticate (n, p) { … } 
  award (i) { … } 
  bool hasKarma (i) { … } 
 }



what’s wrong with this code?

class User { 
  String name; 
  String password; 
  int karma; 
  User register (n, p) { … } 
  User authenticate (n, p) { … } 
  award (i) { … } 
  bool hasKarma (i) { … } 
 }

class Post { 
  User author; 
  String body; 
  Set [User] ups, downs; 
  Seq [Comment] comments; 
  Post new (a, b) { … } 
  upvote (u) { 
      author.award (10) } 
  downvote (u) { 
     if u.hasKarma (20)  … } 
  addComment (c, b) { … } 
 }

Posting

Upvoting

Commenting

Karma

User authentication

conflation 
Post conflates posting, karma, etc

fragmentation 
commenting is in Post and Comment

classes are not reusable 
Post class won’t work in an app 
that doesn’t have karma points

can’t be built independently 
to build Post class, need User class 

to have been built already



class User { 
  String name; 
  String password; 
  User new (n, p) { … } 
  User authenticate (n, p) { … } 
 }

class Post { 
  User author; 
  String body; 
  Post new (a, b) { … } 
}

actually, it was even worse than this

where does the 
new post go?and this is truly  

broken!
posts might go 

in User: yet more 
needless coupling

typically add a class 
with a name like 

Users



a better way



concept Authenticating 
state 
  a set of Users with 
     a username String 
     a password String 
actions 
 register (username, password): (user) 
 authenticate (username, password): (user)

concept Posting [Author] 
state 
  a set of Posts with 
     an author User 
     a text String 
actions 
  addPost (author, text): (post)

concept KarmaTracking [Actor] 
state 
  a set of Actors with 
     a karma Int 
actions 
  award (actor, karma)

concept Upvoting [Voter, Item] 
state 
 a set of Votes with 
    a Voter 
    an Item 
actions 
  upvote (voter, item) 
  downvote (voter, item)

concept Commenting [Commenter, Item] 
  a set of Comment with 
    a Commenter 
    a target Item 
    a text String 
actions 
   comment (commenter, target, text): (comment)

when  
  Upvoting.upvote (voter, item)  
where 
  Posting: item has author 
do 
  KarmaTracking.award (author, 10)

when  
  Requesting.request (downvote, user, item) 
where 
  KarmaTracking: user has 20 or more 
then 
 Upvoting.downvote (voter: user, item)

note the generic roles 
Voter, Author, Commenter, Actor… 

will all be Authentication.User



parting 
thought



Remember our discussion about Facebook 
reactions, and whether this was Upvoting, 

Reacting or Recommending?

join the discussion 
on the forum

Can you now recast this design analysis in 
terms of reactions? 

What are the benefits and costs to the user 
of the automation that happens here?


