. . .‘;\“
N <
\ R, » 5 A
N ,
~
" . - !

" towards a theory of
conceptual design for software

Daniel Jackson - MIT
Onward, SPLASH - Pittsburgh - October 29, 2015



three
software design

problems



# 1

ries
ail catego
em



gmail’s categories

&a Primary

*a Social EIXT ¥ Promotions [EEEEEY

Google

Keith Muhammad at DeMont.
AT&T High Speed Internet.
Keith Muhammad at DeMont.
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AT&T High Speed Internet Service Activation - Your Al
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12:19 pm
10:37 am
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category tab settings

Categories: / Primary
Learn more @ Social
«/ Promotions
| Updates
| Forums

Starred messages
« Include starred in Primary

Choose which message categories to show as inbox tabs. Other
messages will appear in the Primary tab.



some reactions

« Google gets it terribly, terribly wrong with
“ Gmail tabs and makes me angry
! g By Mark Wilson Published 2 years ago 3 Follow

<¥’ m 1 S+1 < 37 W Tweet <30 D€,

Like many Gmail users, | greeted the news
of the introduction of tabs to the interface
with a degree of anticipation -- now it was
just a matter of waiting for the feature to
roll out so | could try it for myself. Earlier
today | was randomly signed out of my
Gmail account, and after signing back in
and checking the settings menus, | could
see that tabs were now available to me.
Excitement was short-lived, however; it
quickly became apparent that this new
feature is a disaster.

J . 71 Comments

B



categories? labels?

Why the Tabs Are So Confusing

The tabs do give you a convenient way to automatically sort your inbox according to
Gmail's preset categories and get notifications at a glance for when new emails come in.
However, the tabbed view introduces a new, not-so-clear element in Gmail called

n — n
categories.

The problem is, you already have labels
that also match these categories. Gmail, for example, adds Social Updates, Promotions,
and Forums as SmartLabels in the left menu. The "Notifications" SmartLabel corresponds
to the Updates tab (I wonder why they didn't just call the tab Notifications), but
SmartLabels are not the same as Categories. Gmail's pre-designed SmartLabel

filters makes it seem like that, but they're really two different things.




how google explains labels (!)

Gmail Help

GMAIL 2} FORUM

Using labels

Labels help you organize your messages into categories - work, family, to do,
read later, jokes, recipes, any category you want. Labels do all the work that
folders do, but with an added bonus: you can add more than one to a
message.



what you can't do

associate tabs with labels
feature available only for categories

use tabs outside inbox
tabs disappear when you filter on a label
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my camera




image quality setting

MNTIANAN AMICAILLI

FINE

NORMAL
FINE+RAW

NORMAL+RAW
RAW




aspect ratio




Image size setting

A SHOOTING MENU

i

BJSELF-TIMER
— 1 @ISO
EAIMAGE SIZE
EAIMAGE QUALITY
EBRDYNAMIC RANGE
[EFILM SIMULATION
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non-standard ratio + raw?

A SHOOTING MENU

PN

BJSELF-TIMER
| EmIso
K3 IMAGE SIZE
EAIMAGE QUALITY RAW
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what you can't do

non-standard aspect ratio + raw
even though raw images get nice nondestructive crop!
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what's a font?

Light
~ LightFracs |
el | ightOS | ————
— Style Nar L!g htltaI!c
S o LightltalicOS
Advanced Character Formats Basic Charact Normal
Character Color NormalFracs
OpenType Features Font Family: ‘ NormalOS B

Underline Opti
nderline Options Font Style: ‘ v ltalic

Size:

Strikethrough Options

Kerning: Italic.OS % =] B
Casel] Semibold L :)
' SemiboldFracs '
Semiboldltalic
S: SemiboldltalicFracs
" SemiboldItalicOS
SemiboldOS
Bold
BoldFracs
BoldOS
Boldltalic
BoldltalicFracs

BoldItalicOS

[=] No Break

| Preview




what you can't do

define a style that italicizes

Arno Regular to Arno Italic
Futura Book to Futura Book Oblique
Magma Light to Magma Light Italic




what kind of problems are these?

manifestations
constrained functionality
confusion & complexity

coding errors?
no, code seems to meet the spec

user interface design errors?
no, interfaces are clear and faithful to function



these are conceptual flaws

Light
LightFracs
LightOS
Lightitalic
LightitalicOS
Normal
NormalFracs
NormalOS
v Italic
| lftalicFracs |
ItalicOS
Semibold
SemiboldFracs
. . SemiboldItalic
Image SIZGZ SemiboldItalicFracs

SemibolditalicOS

a confusing concept SemiboldOs

Bold
BoldFracs
BoldOS
Boldltalic
BoldItalicFracs
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Keith Muhammad at DeMont. DeMontrond Auto Group - 14101 North Freeway Houslo Aug 26
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categories:
a redundant concept



what’s an
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what characterizes an app?

Apple Mail
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FmailAddress
Message
Folder or Label

concepts!

Microsoft Word
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Paragraph
Format
Style

Twitter
Photoshop
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Tweet
Hashtag
Following

PixelMap
Layer/Mask
Adjustment



text editor
line

bufter

jamonh

w fie L[4z Yiew Josent Farmal  Unltes ‘Wisdow

Pg ! Sec ! Wl & W Cal)

word processor

paragraph
format
style

Oct 22, 2013 7:19 PM
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concepts define classes

waffling about concepts

and fine points of desig; “

desktop publishing app
stylesheet
text flow
page template

Just upgraded to the new Pages and can't find a way to link text boxes anymore like

http:/ /www.macobserver.com/tmo/article/pages-linking-text-boxes

Am | missing something, or is it really not possible anymore?



where are Word's concepts from?

Charles Simonyi: brought key concepts to Word from Xerox PARC



rich concepts have long journeys

o [Grew] L
AND |}
COM

| |PANY

GINN AND COMPANY

Publishers of
SCHOOL AND COLLEGE TEXTBOOKS

The Athenaeum Press
215 First Street

Boston Office

- Cambridge
- 15 Ashburton Place

Ginn & Co, since 1868

Apple Pages, 2005

o file Edin

Necrosoft Werd - Decument!

Yiew |nsert Formal Utilities Yindow

READY: Sclect operand or Lype commangd

Last command was LOOK

fAsubsta.! ways)  {Computer... SXEROXO)S
Personal Distributed Computing
The Alto and Ethernet Software

Butier W. Lampson
Digital Equipment Corp, Systems Research Center

Abstract

The personal distnbuted computing syvstem based on the Ao and
the Ethemet was a magor effort 1o make computers help people to
think and communicate, A complex and diverse collection of
oftware was built to pursie this goal, ranging from operating
syslems,  peogramming  environments,  and  communicalions
woftware 1o pnnting and lile servers, user  mterfaces, and
applications sich as editors, illustrators, and mail systems,

1. Introduction

A _syhstantial compiting system based on the Alto [Thacker ¢t al
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so what
exactly is
2 concept?






a hon-conceptual description

ON

tick
—> toggle(day)
— toggle(night)

a precise semantics
but no real meaning



a conceptual explanation

purpose
using this timer, you can program a light
to be on at certain times each day

data model the concept!

the day’s divided into time slots
there’s a set of slots called the

and a current time slot

operational principle
if you put a slot in the schedule, then
when the time is in that current slot, the light will be on

user interface

each tab is a time slot
the current time is where the arrow points



the operational principle

a way to define & explain a concept

an archetypal scenario
separates essential from accidental aspects
shows how purpose is fulfilled
by combination of user & system actions

7 ]

“if you pull a tab out, then when that
time slot comes around, the light will
goon”

Michael Polanyi



“if you pull a tab out, then when that
time slot comes around, the light will
go on”
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“if you change a style’s format, then
o --.. | all paragraphs of that style will change
format accordingly”

“if you tag a photo, then all

T e friends of the person tagged
— will be able to see the
photo”
- eille s o “if you select some files and
N — they belong to a folder with
e - keyboard focus, then pressing
= delete will move the files to the
e trash”



designing

On purposc



design is driven by purpose

purpose

fulfills? x

. misfit
motivates

NOt a

contrivance counterexample




example: a photo wall

changeable wall

display of prints
fulfills?
motivates
adhesive corkboard magnetic
corners tiles paint
X X
strong AMAgEs
prints

enough



as implemented




refining the purpose with misfits

changeable wall strong no
display of prints enough damage
. anticipated
fulfills? 'P
misfits
motivates
adhesive corkboard magnetic
corners tiles paint
blocks
wifi unanticipated

misfits



NOTES ON THE
SYNTHESES
OF FORM

CHRISTOPHER ALEXANDER

Such a list of requirements is
potentially endless... But if we think of
the requirements from a negative point
of view, as potential misfits, there is a
simple way of picking a finite set.




concepts driven by purposes too

application purpose

purpose purpose purpose
70 2 wm

) ) b

s e = o, = e
S = S = S =
F=— = E= - = S E
S 3 0 3 S 3
concept concept concept

application




example: microsoft word

create & format documents

consistency provide consistency
within docs structure across docs

% % %8
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S £ £

style paragraph stylesheet

microsoft word




purposes, principles & misfits

concept: trash

purpose: allow undo of deletions

operational principle: if you delete a file, it moves to a
special folder; you can restore from there, but emptying it
removes contents for good

misfit: if you delete a file on an external drive, you cannot
reclaim the space until you empty the trash, but then you'll
lose the ability to restore files deleted from the main drive

misfit: if you delete an old file and change your mind, you
may not be able to find it again in the trash (if there are
many deleted files and you forgot the file's name)



the fundamental principle

in a well-designed system
each concept is motivated by one purpose




analyzing
concepts



the ideal mapping

PUrposes COHCBPtS

Pl Cl

P2 C2




4 bad smells

unfulfilled purpose

P1 Cl

P2

unmotivated concept

P1 Cl

C2

overloaded concept

P1 Cl

~

P2
redundant concepts

P1 Cl

N

C2




P1

P2

unfulfilled purposes

Cl

C2

user (Apple Mail, Gmail)
'identity parties to communication’
weak search, no authentication

slide hierarchy (Powerpoint)
‘'structure slides in a tree’
sections provide just one level

aspect ratio (Sony A7Rii, Canon 5D3)
'take square image’
can't view in finder or save setting

binder (Preview, Acrobat)
‘maintain composite PDF doc’
can insert pages, but forgets source



unfulfilled purpose Apple Mail

= @) B Mon Mar 23 5:42 PM Daniel Jackson Q

- h
J People '
| -

Shafi Goldwasser

T shafi@theory.Ics.mit.edu
ail.mit.edu> and 1 more... sha@mi adis

Graduate Students at CSAIL®

;r search)

y.csail.mit.edu>

Sender contains: shafi

Subjects
Subject contains: shafi Pester
shafi's email
NSF
Attachments
M, Tiffany Luongo <tluongo@csal Attachment name contains: shafi E

active

hat we will be starting the Summer '15 graduate student support process on Monday,
0 working with you on coordinating your graduate student planning. Please be in

ibout your plans and if you intend on supporting graduate students at CSAIL over the E

Arnrdnayy AMarecrh D22vA withh » linlk A vinvniir enaritGe DI Farm waathiicrhh wirill incliida svemasiy



P1

unmotivated concepts

Cl

C2

buffer (emacs)
no reason not to save to file

stash (Git)
addresses branching misfits

staging area (Git)
what's it for?

boxing (Java)
addresses primitives vs objects misfit



P1

redundant concepts

N

Cl

C2

rating stars (Lightroom)
colors, flags, stars, oh my!

rules & searches (Apple Mail)
two ways to specify set of messages

labels & categories (Gmail)
two ways to classity messages

text object & text box (Acrobat 10)
document text too: all different

permissions (AFS)
coexist with Unix permissions

headline, title, caption (IPTC)
original purposes lost



redundant concepts apple mail

Description: ‘Rule 1

If any : of the following conditions are met:

Cc ¢  Contains ¢ |Alice =) (&)

Perform the following actions:

~ Move Message :  tomailbox: No mailbox selected

© . Cancel | OK |

(Q GZZM Alice | Q)
—i v From
To

Entire Message




overloaded concepts

No one can serve two masters. Either you will hate the one and love the other,
or you will be devoted to the one and despise the other. [Matthew 6:24]

Pl Cl

P2

Nam Suh
independence
axiom



P1

P2

overloaded concepts

~

Cl

conference review
feedback vs. selection

call forwarding
follow-me vs. delegate

contact (Apple address book)
shortcut vs. format addressee

friends (Facebook)
filter posts vs. limit access

signature (Acrobat 9)
digital vs. physical

paper size (Epson printer driver)
dimensions vs. source



overloaded concepts epson driver

2 A 70

8x10in
11 x 14 in
12x 12 in
16:9 wide (4 x 7.11 in)
A3
|
A4
4 A4 (Roll Paper - Borderless Banner)
A6
Settings:  aif Letter (5 1/2 x 8 1/2 in)
Super B (13 x 19 in) )=
Format For:  Super B (13 x 19 in) (Roll Paper - Borderless Banner)

USB(11x 17 in) =
US Legal = US Letter (Manual - Front)

Paper Size:  US Letter
US Letter (Manual - Roll)

Envelope #6 US Letter (Sheet Feeder - Borderless)

US Letter (Manual - Roll (Borderless))

VyvyVvYyVvYyVYyyly

Orientation: Manage Custom Sizes...
[—

I

Scale: | 100 %

| Cancel | [ OK |

result: can't create custom size for front loading
also, page size presets in Lightroom hold feed setting



case
studies



gitless: a reworking of git

Gitless: a version control system

About Gitless Download

Gitless is an experimental version control system built on top of Git. Many people « Mac OS X Binary (.tar.gz)
complain that Git is hard to use. We think the problem lies deeper than the user
interface, in the concepts underlying Git. Gitless is an experiment to see what
happens if you put a simple veneer on an app that changes the underlying concepts.

« Linux Binary (.tar.gz)

» Source Code (.tar.gz)

Because Gitless is implemented on top of Git (could be considered what Git pros call For installation instructions see the

a "porcelain” of Git), you can always fall back on Git. And of course your coworkers readme file. After installation, you

you share a repo with need never know that you're not a Git aficionado. should be able to execute the gl
command. The current Gitless version

Check out the documentation to get started. If you are a novice user that never used is 0.7 which was released on 4/2015

any version control system the documentation should be enough to get you started. (release notes).

If you are a Git pro looking to see what's different from your beloved Git you'll be
able to spot the differences by glancing through the Gitless vs. Git section.

Santiago
Perez De Rosso



results of a user study

| enjoyed using Gitless 9% 9% 14% 14% 27% 27% - 64%
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small survey of MIT dropbox users

correctly predicting behavior

80.0%

60.0%

40.0%

20.0%

good knowledge average knowledge poorknowledge

B delete shared folder results in leaving
B delete shared subfolder removes it

> AV

lKeII;/ Zhang



conclusions
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contributions

the idea of concepts
a new-old view of software design

talking about concepts
purpose, misfit, operational principle

analyzing concepts
purpose-concept mapping, esp. overloading



a common view of software design

Ul design
soft & human
about presentation

programming
hard & technical
about content




a better view of software design
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conceptual design:
essential concepts

& behavior

representation design:
organization & performance



