Avoiding Faulty User Interfaces

Jaakko Jarvi
Feb 11th, 2014

“Parasol

Smarter CUIW]D.:J[IT\CJI.
Texas A&M University

Jaakko Jarvi Avoiding Faulty User Interfaces Feb 11th, 2014

1/26



Programming Graphical User Interfaces (GUIs)

@ Uls are perhaps the most costly area of software
@ Observations in a major desktop software company:

@ 30+% of all code is in Ul logic
@ 60+% of all defects in Ul code
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Programming Graphical User Interfaces (GUIs)

@ Uls are perhaps the most costly area of software
@ Observations in a major desktop software company:

@ 30+% of all code is in Ul logic
@ 60+% of all defects in Ul code

@ GUI programming is not getting easier:
e Multitude of platforms, devices, screen sizes, etc. to support
o Responsiveness harder (latencies, failures in updating Ul state)

@ The difficulty of Ul programming underestimated
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GUI programming from the point of view of the developer
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GUI programming from the point of view of the developer

e

petween widget®
es

e\’\d -

Initial Height 1500 Initial Width 2100 Dep! ent \«‘a\'\d\e\'s eight

Absolute Height Absolute Width (2100 and eve e nosoratel | M [Retative
t ] ||Relc

Relative Height (%) [100.0 Relative Width (%) [100.0 Weigh Width | Width

Dialo
ast reserve
Handl
( [Jordsteal ]| "o Handler

Event Event Event Event

Handler Handler Handler Handler

Abs.H.| [Abs.W.| |Rel.H.| |Rel.W.

ndling code
event hal gasw functionality) .

ST Cormolal AbsoutoPy | {Hsu:'vtjus Value(str(round(height)))

Typical
('lmp\emermng most

def Chal
self.L3

constr
e b her def ChangeCurrentHeightPct(self, event):
mront Peight, and compute rlatve Relght & place new el t self.LastUpdated = "Height’
foat(sell Gonirals| AbsolutePx I Height | Gervalua()
heigh st nalSizsisetHeigh

pe
self.Cor

bom together
‘Relative®] n

Height'].SetValue(str(pet+100)) 1 and

Weanstraneds § updsle widh & i)/ 100
self.Controls["R +']"Width'] SetValue(str(pct+100) Height'].SetValue(str(round(cur)))
w h,m.aem itialSize{self Widl
self.Controls["AbsolutePx]["Width"].SetValue(str(round(width)))

width & width%
S Wil

SetValue(str(height))
def ChangeCurentWidhPx(saf, event 1/ 100

. self Initial

self LastUpdated = "Width" s["AbsolutePx'][ (round(width))
Sonaiainen o el Contols{ Consirin GetValus)

#no matter what cont & curr bound together def NidthPet(self, event

# get cament widih, amcampue v width and p pd
height - float(self.Controls["AbsolutePx ] "Width"]. GetVa constrained

‘selt IntalSize[self Width] #
SoNalue(srpct100)

new rel. wd

Width
ontrols["Constrain’] GetValue(
o matter what the pe urrent stay bound together
urrent rel. wd, and compute absol th and place new abs.
sl Controls{ Relative?’ [ Widih) GetValve()
el Width] /100
h'].SetValue

ained: # update height & height%
nirols{"Relative®%"][" Height"].SetValue(str (pct: 1

(round(c

Jaakko Jarvi Avoiding Faulty User Interfaces

constrained: f updale height & heig
tive%"][ Height'] SetValue(st

i« sol neiSizefsl Heght

e Gonir «J AbsoluteP ight"] Setvalu

upd

o o was o
# \dH”ﬂﬁ‘y‘,thr nd u
cor

width px & %
['Height] GetValus()
eV alue(t

o Yrmp—
clse: # updato widh px 8%
ol Controlsf Relatves T Wit GatVluo)
Sei Controsl'A Height) SetValue(sirpct)

ol IntalSizofsol Hogh] /100
self Controls[" AbsolutePx|['Height"].SetValue(str(round(height)))

Feb 11th, 2014 4/26



GUI programming from the point of view of the developer
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Observation 1

Programming user interfaces constitutes a significant portion of all
programming effort.
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GUI programming from the point of view of the user
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GUI programming from the point of view of the user

POOR QUALITY GUIS ARE FRUSTRATING!

Jaakko Jarvi Avoiding Faulty User Interfaces Feb 11th, 2014 6/26



A concrete instance of GUI frustration

Activity 1
Organization / Activity Activity 1 level
SPEECH CLUB [ LocaL )
Description

EXTEMPORANEOUS SPEAKING

Participation Details for Activity 1 (Use whole numbers only, no fractions.)

Year Position(s) Held Were You Elected? Hours/week Weeks/year
# Fresh MEMBER [(Ne : 15 18
# Soph MEMBER [ No B 15 18
# Junior SECRETARY [ ves . 20 18
# Senior PRESIDENT [ ves . 20 18
Activity 2
Organization / Activity Activity 2 level
CHESS CLUB Froca——3)
Description
CHESS

Participation Details for Activity 2 (Use whole numbers only, no fractions.)

Year Position(s) Held Were You Elected? Hours/week Weeks/year
() Fresh ( )

# Soph MEMBER ((No =) 10 18
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A concrete instance of GUI frustration

Activity 1 +AVER
Organization / Activity Activity 1 level
SPEECH CLUB | LOCAL )
Description
EXTEMPORANEOUS SPEAKING
Participation Details for Activity 1 (Use whole numbers only, no fractions.)
Year Position(s) Held Were You Elected? Hours/week Weeks/year
o Fresh [emeer ] [No D s 8 ]
 soph MEMBER [No & 15 18
o 3Junior SECRETARY [ Yes : 20 18
o Senior PRECIDENT [ Yes s 20 18
Activity 2 +AVFER
Organization / Activity Activity 2 level
CHESS CLUB | LoCAL
Description
CHESS
Participation Details for Activity 2 (Use whole numbers only, no fractions.)
Year Position(s) Held Were You Elected? Hours/week Weeks/year
Fresh ] [ Not Applicable ¢ o] o]
& soph MEMBER [No . [0 ] 18
Junior | Not Applicable * 0 0
Senior | Not Applicable + 0 0
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Back of the envelope estimate

@ Fact: Roughly 250,000 high-school graduates each year
@ Guess: 125,000 uses of www.applytexas.org

@ Guess: 60,000 need to re-order extracurricular activities
@ Time invested:

60,000 x 5 mins = 300, 000 mins
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www.applytexas.org

Back of the envelope estimate

@ Fact: Roughly 250,000 high-school graduates each year
@ Guess: 125,000 uses of www.applytexas.org

@ Guess: 60,000 need to re-order extracurricular activities
@ Time invested:

60,000 x 5 mins = 300, 000 mins
~ 208 days
> 1 year
~ 2 developer years
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www.applytexas.org

Impact of a nuisance

@ ApplyTexas.org is just one little app in one corner of the world, but the

same repeats everywhere

@ e-commerce sites

travel bookings

tax form preparation software
“in-house” business applications
even high-end desktop applications
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Impact of a nuisance

@ ApplyTexas.org is just one little app in one corner of the world, but the
same repeats everywhere
@ e-commerce sites
travel bookings
tax form preparation software
“in-house” business applications
even high-end desktop applications

@ A small waste of effort significant when aggregated over a large number
of users
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Impact of a nuisance

@ ApplyTexas.org is just one little app in one corner of the world, but the
same repeats everywhere
@ e-commerce sites
travel bookings
tax form preparation software
“in-house” business applications
even high-end desktop applications

@ A small waste of effort significant when aggregated over a large number
of users

@ A small waste of effort significant even for one user when repeated in
many user interfaces or by repeated use of one
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Observation 2

Poor quality of user interfaces contribute to a significant waste of human effort
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Why everything is broken and nobody’s upset

@ Users experience low quality in small doses, too small to complain
@ Anindividual user’s reaction to a usability problem

grumbling

attempt to find a work-around

succeed or give up
soldier on

@ Perceived per user cost of low quality is low
@ Per developer cost of eliminating frustration is high(er)
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This imbalance rewards producing barely passable quality
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Why everything is broken and nobody’s upset

@ Users experience low quality in small doses, too small to complain
@ Anindividual user’s reaction to a usability problem

grumbling

attempt to find a work-around
succeed or give up

soldier on

Perceived per user cost of low quality is low
Per developer cost of eliminating frustration is high(er)
This imbalance rewards producing barely passable quality

Even if this was not the case, programming feature-rich and correct Uls is
not easy at all ( )

Jaakko Jarvi Avoiding Faulty User Interfaces Feb 11th, 2014 12/26


file:///Users/jarvi/Sites/async-pm/examples/stocks.html

Simple UI? |

Some considerations for the Ul programmer:

Which fields need to be recomputed and to which values after a change
Should some widgets be disabled or enabled after an interaction
Indicate that a value is pending if there is a delay

Keep the Ul responsive even though some values are pending

Keep updates consistent and cancel unnecessary computations in case
interactions happen while computation is ongoing

Invalid inputs should be rejected or indicated somehow

@ Helpful error messages should be given to the user, pointing accurately
where troublesome values are

@ Failed computations by the user interface should be handled, and the
reasons communicated through helpful error messages

@ Undo/redo
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Simple UI? I

@ Copy/paste

@ Reacting to external changes (change of window size, abruptly closing
the window)

@ Support both mouse and keyboard navigation

@ The Ul should support scripting
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Algorithms for User Interfaces

@ Developing a high-quality feature-rich GUI is no more expensive than
developing a low-quality bare-bones GUI.




Algorithms for User Interfaces

@ Developing a high-quality feature-rich GUI is no more expensive than
developing a low-quality bare-bones GUI.

Approach

@ Declarative programming, constraint systems
e Specify dependencies amongst data in a GUI as a hierarchical multi-way
data-flow constraint system
e A non-incidental real data structure
@ GUI behaviors are reusable algorithms over the constraint system data
structure
e updating values, enabling/disabling widgets, scripting, undo/redo, spinners
for pending values, responsiveness, pinning values, accurate error
messages, ...




Model for Uls: Data with constraints

e A Resize Image

Initial Height 1500 Initial Width 2100
Absolute Height 1500.0 Absolute Width 2100
Relative Height (%) 100.0 Relative Width (%) 100.0
E"Presewe ratio Cancel oK

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image

Initial Height 1500 Initial Width 2100
Absolute Height | 1500.0 Absolute Width | 2100
Relative Height (%) 100.0 Relative Width (%) 100.0

¥ Preserve ratio

' ™\ '
( Cancel )

f oK ‘““
@ Express data and its dependencies as an explicit model

@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image

Initial Height 1500 Initial Width 2100

Absolute Height | 1500.0 Absolute Width | 2100
P—

Relative Height [%)l 100.0 |Re|ative Width (%)) 100.0

™ Preserve ratio (" Cancel ) C ook )

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image

Initial Height 11500 linitial Width 12100 |
Absolute Height Absolute Width

Relative Height (%)] 200.0 Relative Width (%)

™ Preserve ratio ‘( Cancel \ '/_ oK \

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image

Initial Height 11500 lInitial Width 12100 |
L I _————————————

Absolute Height ¥ 3000 IAbsolute Width

Relative Height [%)l 200.0 ; |Re|ative Width (%)

™ Preserve ratio (" Cancel ) C ook )

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image

Initial Height 11500 lInitial Width 12100 |
| _———————

Absolute Height ¥ 3000 IAbsolute Width

Relative Height (%)] 200.0 Relative Width (%):-2-0?)-0 ----- :

™ Preserve ratio (" Cancel ) [ oK _\‘---

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Data with constraints

0.0 Resize Image
Initial Height 11500 lInitial Width 12100 |
| -\
Absolute Height ¥ 3000 IAbsolute Width : 4200 A :
Relative Height (%)| 200.0 Relative Width (%}: 200.0 / :
|
™ Preserve ratio (" Cancel ) (oK )

@ Express data and its dependencies as an explicit model
@ User change may bring data into an inconsistent state
@ Ul reacts by restoring consistency
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Model for Uls: Multi-way dataflow constraint system

Absolute Absolute

Height Width
0,0.0) Resize Image i ;
Initial Height 1500 Initial Width 2100 . Initial
Absolute Height  11500.0 Absolute Width 2100 Width
Relative Height (%) 100.0 Relative Width (%) 100.0
@ Preserve ratio Cancel _ oK

Relative |~ s Relative
Height (%) | Width (%)
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Model for Uls: Multi-way dataflow constraint system

Absolute Absolute

Height Width
0.0 0 Resize Image i ;
Initial Height 1500 Initial Width 2100 Tnitial . Tnitial
Absolute Height Absolute Width ) Width

Relative Height (%) Relative Width (%)

 Preserve ratio (Cancel ) ok )

Relative |~ s Relative
Height (%) | Width (%)
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Model for Uls: Multi-way dataflow constraint system

:'_ABSBIUt-e_: Absolute
1 Height _ | Width

Voo Resize Image

Initial Height 1500 llnitial Width 2100 Tnitial i
Absolute Height [ 3000 IAbsolute Width y

| % | | -1
Relative Height (%)] 200.0 Relative Width (%) |
# Preserve ratio (cancel ) ok ) ;

Relative |~ s Relative
Height (%) | Width (%)
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Model for Uls: Multi-way dataflow constraint system

Voo Resize Image

Initial Height 1500 llnitial Width 2100

Absolute Height 3000 IAbsolute Width
—————

Relative Height (%)] 200.0 Relative Width (%

# Preserve ratio (" Cancel ) s OT(-—\

Relative
Height (%)
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Model for Uls: Multi-way dataflow constraint system

rAbsote ! I~ Absaiite
L Height _ _j i Width_ !

0,06, Resize Image

Initial Height 1500 llnitial Width 2100
Absolute Height 3000 IAbsolute Width 1 4200 ]
B e I l--..}iq
Relative Height (%)] 200.0 Relative Width (%)y .0 ]
1 S e
¥ Preserve ratio (" Cancel ) T OK B

Initial
Height

Width

Relative
Height (%)
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Model for Uls: Multi-way dataflow constraint system

" ABSDGE ! I Risolate }
L Height _ 1 Width_ 2

OO0 Resize Image ;
Initial Height 1500 llnitial Width 2100 Tnitial Tnitial
Absolute Height ] 3000 IAbsolute Width : 4200 \ : Height Width
Relative Height (9] 200.0 '|Re\.mve Width (61 200.0 /1

1 | !
¥ Preserve ratio (" Cancel ) T oK D)

Relative
Height (%)

@ Event handler code for “onChange” event in a view trivial:

@ update a variable in the constraint system
@ solve
© other views update their values
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Incidental Data Structure — Explicit Model

Preserve HEa\:\?drI]et}r
ratio Constr.

t Event
Handler Handler
Rel. H. Rel. W.
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Incidental Data Structure — Explicit Model

Absolute Absolute
@— Height Width ~®

©)

’
Initial
{1 Width

Preserve HEa\:\?drI]et}r
ratio Constr.

~®

@ Relative | T Relative
| Height (%) | Width (%)

Event
Handler
Rel. W.

t
Handler
Rel. H.

Jaakko Jarvi Avoiding Faulty User Interfaces Feb 11th, 2014 18/26



Code of Incidental Algorithm
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Code of Incidental Algorithm — Model Declaration
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sheet image_resize {
input:
initial_width :5 « 300;
initial_height : 7 « 300;
interface:
preserve_ratio : true;
absolute_width : initial_width;
absolute_height : initial_height;
relative_width; relative_height;
logic:
relate {
absolute_height <== relative_height « initial_height / 100;
relative_height <== absolute_height = 100 / initial_height;
}
relate {
absolute_width <== relative_width « initial_width / 100;
relative_width <== absolute_width « 100 / initial_width;
}
when (preserve_ratio) relate {
relative_width <== relative_height;
relative_height <== relative_width;

}
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Key obsrevation
Reifying the dependencies enables reusable GUI algorithms.
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Key obsrevation
Reifying the dependencies enables reusable GUI algorithms.

@ Examples:

@ can a variable impact an output?
e is a variable pending?
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Experiences adopting property models

@ Ul behaviors included

e Maintaining consistency (updating widget values)

e Widget enablement/disablement

e Command activation/deactivation

e Scripting
@ Code reduction of 8—10 to one in statement counts
@ Improved quality

o Fewer defects
e Consistency among different user interface
o More features

@ Anecdote: impact on a single dialog’s event handling and scripting code

o Before: 781 statements, 5 known logic defects
o After: 46 statements, no known defects
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Experiment

@ Rewriting user interface code for a major desktop application
@ Four teams of roughly three engineers each

e Three teams (AE1—AE3) used the declarative approach
e Fourth team (TF) a modern vendor-supplied object-oriented Ul framework

@ Each tasked with rewriting a large number of dialogs and palettes
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Results: Productivity

@ AE1-AE3 teams

o completed roughly 75 dialogs and palettes
@ 50 more under way

@ TF team
e completed fewer than 10 altogether
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Results: Defect Count

Bugs Reported
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Conclusion

@ Programming event-handlers manually is very difficult

@ Unrealistic to hope for correct, responsive, feature-rich user interfaces
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Conclusion

@ Programming event-handlers manually is very difficult
@ Unrealistic to hope for correct, responsive, feature-rich user interfaces

@ Through careful study of commonalities in Ul behavior, it is possible to
capture user interface behavior as reusable algorithms

@ Quality and features can be free
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