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» Story of why algorithms matter in programming

» or a promise of never having to write a GUI event handler again
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Why is software like this?



Motivation

Initial Width
Absolute Wi

Initial Height 1500
Absolute Height | 1500.

Relative Height (%) 100.0 Relative Width (%) 100.0
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det ChangecurvemHe\ngx(seH event):
self LastUpdated =

Sonaianea oo Connms[ ‘Constrain’].GetValue)

#no matter what the percent & current stay bound together

#get curent height, and compute relative height and place new rel. ht
height = float(self. Controls[" Absu\uler IHeight'] GetValue())

pct = height/ self.nitalSize[self Heigh

self Controls["Relatives]["Height'] Solatve(erpet-100)

& width%

"Widih'] SetValue(st(pet-100))
width = pct - self InitalSizeself Width]

self. Controls["AbsolutePx I Widih’] SetValue(str(round(width)))

if constrained: # update wi
sel Controls["Relative?”

def ChangeCurantWidhPx(se, ven):
self LastUpdated
constrained = self Cunlm\s[ ‘Constrain']. GetValue()
#no matter what the percent & current stay bound together
#get current width, and compute relative place new rel. wd
he\gm - nnausew Controls["AbsolutePx|["Width"] GetValue()

self.InitialSize[self. Width]
o) Comm\:[“ﬁe\anve% ["Width"]) SetValue(str(pct+100))

if constrained: # update height & height?
self.Controls{"Relativess']["Height']. SetValue(str(pct-100))

0 Relative
2100 Height Height
th 2100 Initial Relative
Weight| Width Width
Event
last Preserve
4 Handler
- updated ratio nstr.
vent vent Event Event
Handler Handler Handler Handler
Abs. H. Abs. W. Rel. H. Rel. W.

helght = pct - setniaSizesoleoh)
self Controls["AbsolutePx|["Height']. SetValue(str(round(height)))

el hangeCurentegniPaselcven):
self LastUpdated =
Consirangd - st oS- Constai) GetValue(
o mattr wna e prcont & curont sty bound togho
# get current rel. mpute absobts height and oo new abs. i
< Troateo onrok-Relaivoos e an] Getvals))
cur = height - el InialSizefselt Height
seicontol S eignt ] Setvalue(st(roundicuny)

if constrained: # update widih & widih
self. Cnmm\s[ Relative?%[Width’] ]Sel\/a\ue\sn/he\gm)\
- self IniialSize[sell Widt
“Width']. Setva\ue(stmound!w\dtm\)

def hangeCumentidhPcsell, ever)
self LastUpdated = "Wid
consirained = sel cwms[ “Constrain’] GetValue()
# o matter what the percent & current stay bound together
# get current rel. wd, and compute absolute width and place new abs. wd
width = float(self.Gontrols[*Relative®s"|['Width'] GetValue())
cur = width - self InitialSize{self Width] / 100
self Controls["AbsolutePx|[ Width'] SetValue(str(round(cu))

if constrained: # update height & height%
sellConvols Reltive Heiht] SelValueat(uidt)
Reight - wcth - sl IntaiSizeolt Hergh]
self.Controls{"AbsolutePx"]['Height'] Sev\/a\ue[:vmound/he\ghv))]

et ChangeConstrainState(sl, v
constraine ontrols Gonehn ] GetValue()
& ina o 1 conshainod derorming whch dmansion
# was last updated and update the OTHER dimension.
# For example: if Height was last updated, use Height as
# Widih's new percent, and update Width's absolute value
if constrained:
ol astUcated —
- Con

Height": # update width px &
latnede THelght] Getvaue()
/&% Width'] SetValue(str(pct))
width = pct - sel InitalSizeself.Width] /
self Controls["AbsolutePx]['Width"] SetValue(str(round(width)))
else: # update width px & %
pct = float(self. Controls["

elativess"|[ Width*).GetValue()
self Conrols Relatve?4 | Height] Setvalue(srpet)

hei elf InitalSizesel Height]

Soi Gontrls AbsoiaPx T Hlght' Sutvae(stroundireighy)
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» Reuse is a proven and successful route to improve quality of
software, and increase programmer productivity
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> 200 events
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» Compositions are not reusable
= ad-hoc code, defects, inconsistent behavior, costly development
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> 200 events
Compositions are not reusable
= ad-hoc code, defects, inconsistent behavior, costly development
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» Reuse is a proven and successful route to improve quality of
software, and increase programmer productivity
» Vasts amounts of well tested and proven code routinely reused
» GUI components, delivering events, rendering, capturing
interaction
» Example: a typical TextBox widget: 100 methods, recognizes
> 200 events

» Compositions are not reusable
= ad-hoc code, defects, inconsistent behavior, costly development
» Incidental data structures arise from a network of objects
» Incidental algorithms arise from the concert of localized actions
» Minimal requirement for reuse: understandable model
» Not satisfied by incidental data structures and algorithms



Software is forever doomed!

Given a sorted array A[0] <= A[1] <=...<= A[n—1], we want to
determine if a given element T is in the array. Binary search
solves the problem by keeping track of a range within the
array in which T must be if it is anywhere in the array. Initially
the range is the entire array. The range is shrunk by
comparing its middle element to T, and then discarding half
the range. The process continues until T is found, or until the
range in which it must lie is known to be empty. In an
n-element table, the search uses roughly log,(n)
comparisons.



Software is forever doomed!

int+ binary_search(int- first, int« last, int x) {
while (first |= last) {
int» middle = first + (last — first) / 2;
if (\middle < x) first = middle + 1;
else last = middle;

}

return first;

}



Cancel that, programming is not forever doomed after all

> The problem: Ul related code is
» bloated and buggy

» for example, Adobe’s desktop applications, event handling is
estimated to account for a third of the code and over half of the
defects

» full of incidental data structures and algorithms



Cancel that, programming is not forever doomed after all

> The problem: Ul related code is
» bloated and buggy

» for example, Adobe’s desktop applications, event handling is
estimated to account for a third of the code and over half of the
defects

» full of incidental data structures and algorithms

» An approach for improving the status quo

» To understand the commonalities that exist in event-handling code
» To define a model that captures these commonalities
> To apply

> replace incidental data structures with explicit data structures

» replace incidental algorithms with explicit reusable algorithm

» Result: substantial increase in reuse, programming productivity,
software correctness and quality



Outline

Command Parameter Synthesis



Understanding Uls: Command Parameter Synthesis

» Dialogs serve to
assist the user in selecting values for parameters to some

command
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» Then it tries to restore consistency
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Understanding Uls: Command Parameter Synthesis

» Dialogs serve to

assist the user in selecting values for parameters to some
command
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» Command interested in only a few values

» Dialog may provide more values than necessary for assistance
> After the user edits a value,

» The dialog is inconsistent

» Then it tries to restore consistency
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Property Models as Multi-way Dataflow Constraint Systems



Core of the Model: Multi-way Dataflow Constraint System
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» Variables ...
» tied together by constraints ...
> Heightapsoiue = Height,y - (%)

» each of which can be satisfied by any of a number of methods



Core of the Model: Multi-way Dataflow Constraint System

Absolute Absolute
Height Width

» Variables ...
» tied together by constraints ...
> HeightAbsolute = Heightlnitial : (%)
» each of which can be satisfied by any of a number of methods

> a: absolute_height = initial_height = relative_height / 100;
> b: relative_height = (absolute_height / initial_height) = 100;



Multi-way Dataflow Constraint Systems
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Multi-way Dataflow Constraint Systems
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Multi-way Dataflow Constraint Systems
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» Restoring consistency is now just solving the system
» Solution defines a dataflow
» Selection of methods (in order) such that

» all constraints enforced
> no two methods output to same variable

» eg.a,e—C¢C
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> In general, want to prefer methods that change older values
» Priorities = Hierarchical Stay Constraints
» Stay constraint = does nothing, so its variable stays the same



Picking the “right” solution

Absolute
Height

Absolute
Width

@ ) Initial Width
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Absolute Height
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Relative Width
Absolute Width | 6

» Programmer only defines relations and their methods, not which

method to execute and when = often multiple solutions

» Need a way to order them

@— -® Initial Height

a ~ WO =

~®

> In general, want to prefer methods that change older values
» Priorities = Hierarchical Stay Constraints

» Stay constraint = does nothing, so its variable stays the same
» Hierarchy = groups of constraints with certain strength



Explicit Algorithm for Command Parameter Synthesis

» Each Ul element has a variable in a constraint system
» Event handling code becomes auto-generated boilerplate
» Value modification generates a request to the constraint system to
modify one variable and its priority, and solve
» At all times, the Ul element shows the value of the variable in the
constraint system
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What was achieved



Incidental Data Structure — Explicit Model



Incidental Data Structure — Explicit Model

Initial /Absolute| Relative
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| Event
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Incidental Data Structure — Explicit Model

Absolute Absolute
Initial /Absolute| Relative - N ¢ g
Height % Height [«—| Height @ Height . ‘Wldth ®
Initial Absolute| Relative
\Weight Width # Width
| Event
last Preserve
Handler
K updated ratio Constr.
0 Relative |-~ Relative
Event Even! Even! Event ®"‘ Height (%) L\(;)_ | Width (%) ‘-©
Handler Handler Handler Handler :
Abs. H Abs. W. Rel. H. Rel. W.




Code of Incidental Algorithm — Model Declaration

def ChangeCurrentHeightPx(sel, vent):
self LasiUpdated = *Hol
consiraned = sefl Controls{-Constrain’] GetValue()
#110 mattor what ho percent & current stay bound together

sl ConrlfRelatyore [ Wt Sevauetthiht)
= hoight  sel InialSizefsell Width] / 1
et foe i ———

h  event):

Tr Height')

ight) constained = se\!oanuulsl‘censlram'] GetValue()

) SetValue(sirpet-100)) #no matter what  bound ogoter
i o mpute absolu e width and place new abs wd

oo ol Aot "lrwmm ‘Gavaloat)

1o seloa s 10

et hegh el ntaSictet
Salf Controls["Relative®s'| Hei

i constained: £ updato et & wit
sl Conrol{Relaive g Sevalus(sipol00)
= pot - st InlalSize[self Widih]
[ AbsolutePx T Widt

cotand: ¢ updte gt & e,
salf Controls[ Rolatve* Setlaluasiviam)
sl G the it
GOt AssoteP g oS roundheight)

e Ghargeuron Wil ovni
solLastUpdated - Wit

Cansiaines - ol Gontla Consiai]Getalue)

#1n0 matter what the percent & curent say bound logether

) d o)
- ot ConlbaokaP "Wl GotVle0) constrained = sell Controls{"Consirain'] GelValue()
- solfnialSize{selt Wi # i the rato is consirained, determine which dimension
oA S K ——
 constained: # updato helght & hoight%
sellConros Reltes I Haght] Sevaue(pat100)
i = p - ol nalSizfsoHoighi

Hogh  updo
o Contoe Abecniebe T oon pot = ]I'He\ghl]GelVa\uE(U
il e A
et GhangeCurrntHoPasel, ovet) widih = pot - semmuaus-xe(seuwmm oo
selt LastUpdated o
Consimines - ol Contan Consiai] GetVlue) else: # update widn
# 10 matter what the percent & current stay bound together pe - fomtcl cwms[ Rl | Cottael)
90t cumont .t t

W

ontrols|“Relative?s'| Height'] GetValue()) Reight - pt » sl nalSizelselHeighil 100
s s TS st M 1 [ AbsolutePx T Height'

Sei Gontrols AbsoiePs T et - Sevalelstroundicun))

f consirained: # update widih & widi%



Code of Incidental Algorithm — Model Declaration

sl ConrlfRelatyore [ Wt Sevauetthiht)
Ight - sof InfialSizelsell Wicth) /1

ChangeCurrentHeightPx(sel, event):
jated
et foe i ———

et
solf LasiUj Hol
consiraned = sefl Controls{-Constrain’] GetValue()
#110 mattor what ho percent & current stay bound together

h event)
“Wicth"
consned e Convos{ Gonsrar] Getvauey
nt stay bound toge
e compute absoue wilh ard pace ow abs. wd
loat(seif Contros["Re “lrwm“yaewamem
i sl \mna\swze[sew w1

r 0)
pet = helght/selfIntalSizelsel Height]
Salf Conirols["Relative®s"| Height') SetValue(strpet+100)) #no mator

srdtewidh  widt
seUComm\s Relave SotValue(st(pet:100))
el S amisor wia]
[ Absolut

cotand: ¢ updte gt & e,
et ChangeCurrentWidinPx(se, event) salf Controls[ Rolatve* Setlaluasiviam)

sellLastUpdated = “Width" ot v aah maitreoet Hegh
consirained - self Controls{"Constrain]GetValus() AR e CA T p—
#n0 malter whal the percent & current stay bound together

) d event)

ot - ol ConrothAsolser Wil otVaken) constrained = sell Controls{"Consirain'] GelValue()
height / selt.niialSizelselt Wi

e Contils Reatver% T Wicth] Sovalue(strpc-00)

# For example: if Height was last updated, use Heig/

 constained: # updato helght & hoight% Widi's new percent, and update WIi's absolute value
et ol Rlave . Heht T SetValue(stpet-100) i constraine
sol InalSizofal Hoigh) H s Laspcoud . Magh ot i 4.0
o Contoe Abecniebe T oon pot = "Relative®%"| Helght'] GetValue()
el oo P ST St e

W
et GhangeCurrntHoPasel, ovet) Vi < ol - sl InalS.sial. W 100
solf Lasil Heig r ot
Consimines - ol Contan Consiai] GetVlue) else: # update widn
# 10 matter what the percent & current stay bound together pe - fomtcl cwms[ et W) Cotlabe()
 gecuent o, n
ontros{ RelaveriHeiht] GerValue() heigh
s et oot san
S omtol Aosoughx T egnt] Setvauefsiroundun)

- sof IntalSizelsei Heght) | 100
[ AosolutePx I Height

f consirained: # update widih & widi%

sheet inage resize
iy

il i :5 - 300

absolute_widh  inital_width;
abeolute_helgh : niial_height;
Ilativo_wii rlate_oig

lat

absolute_height
relative_hoight

relative_height - intial_height / 100;
solute_height - 100/ nital_height;

te (
oot _yidh <= latve_widh - w100
relative_width <== absolute_width - 100 /niia_wicth;

‘when (preserve_ratio)




Declarative Specification of Command Parameter Synthesis

sheet image_resize {
input:
initial_width : 5 = 300;
initial_height : 7 « 300;
interface:
preserve_ratio : true;

absolute_width : initial_width; ®_>‘ al;s;rl:te ‘ Asii(‘)j[(ur]te -®
absolute_height : initial_height; ; :

relative_width; relative_height; @ i )
logic: 4

relate {

absolute_height <== relative_height « initial_height / 100;
relative_height <== absolute_height « 100 / initial_height;

} i :

relate { R': = . :
absolute_width <== relative_width « initial_width / 100; @_,‘ elative 7 e elative ‘4_©
relative_width <== absolute_width « 100 / initial_width; Height (%) [ Width (%)

}

when (preserve_ratio) relate {
relative_width <== relative_height;
relative_height <== relative_width;

}




Declarative Specification of Command Parameter Synthesis

sheet image_resize {
input:
initial_width : 5 = 300;
initial_height : 7 « 300;

interface:
preserve_ra_tio : true; ' eoloe oo
absolute_wu_:lth nmal_wnc:Ith; @4 Height | | Width ~®
absolute_height tial_height; T T
relative_width; relative_height; @ @
logic:
relate {
absolute_height <== relative_height « initial_height / 100; Height

relative_height <== absolute_height « 100 / initial_height;

relate { R lati Relati
absolute_width <== relative_width « initial_width / 100; @ | elative 17 2 elative | ®
relative_width <== absolute_width » 100 / initial_width; fieight (%) Width (%)

}

when (preserve_ratio) relate {
relative_width <== relative_height;
relative_height <== relative_width;

}




Declarative Specification of Command Parameter Synthesis

sheet image_resize {
input:
initial_width : 5 = 300;
initial_height : 7 « 300;
interface:

preserve_ratio : true; Abeolots ~booiie
absolute_width : initial_width; ©) Height Width ~®
absolute_height tial_height;

relative_width; relative_height;

logic:

relate {

absolute_height <== relative_height « initial_height / 100; // a
relative_height <== absolute_height = 100 / initial_height; / b

}
relate {
@—

absolute_width <== relative_width « initial_width / 100; // ¢
relative_width <== absolute_width « 100 / initial_width; / d
}
when (preserve_ratio) relate {
relative_width <== relative_height; /e
relative_height <== relative_width; / f

}

Relative
Height (%)




Algorithms for User Interfaces

» Before, every new feature required more spaghetti (incidental)
code, specific to each dialog
» Now, each new feature can be defined as a reusable algorithm in

a library
Enable/Disable
Error. — {7 S Presets
Correction ki ‘
w /

Blaming <— “=# —3=gcripting

Accessibility \

Undo/Redo




Scripting

» A script is a recorded sequence of commands
> e.g. remove red-eye, skin blemishes, extra weight



Scripting

» A script is a recorded sequence of commands
> e.g. remove red-eye, skin blemishes, extra weight

» What do we record from our model as part of the script?



Scripting

v

A script is a recorded sequence of commands
> e.g. remove red-eye, skin blemishes, extra weight

v

What do we record from our model as part of the script?

v

Remember that probably not every value is useful

» Some are provided by the document
» Some are provided by the user

v

Only want to capture what the user intended



Capturing the User’s Intent

Initial Height 1500 Initial Width 2100

Absolute Height |1 1500.0 Absolute Width 2100
Relative Height (%) |100.0 Relative Width (%)} 100.0

pesene ai o)

Command looks at Absolute Height, Absolute Width,

but what we wanted to change is Relative Height



Capturing the User’s Intent

000 Resize Image

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

[V Preserve ratio ~ Cancel oK

» Command looks at Absolute Height, Absolute Width,



Capturing the User’s Intent

e e Resize Image

Initial Height 11500 Jinitial Width [2100 ]
Absolute Height Absolute Width

Relative Height (%)| 200.0 |Relative Width (%)

[V Preserve ratio ( Cancel \‘ - OK

» Command looks at Absolute Height, Absolute Width,
» but what we wanted to change is Relative Height



Outline

Experience and Conclusions



Experiences

» Early experience deploying our approach for command
parameter synthesis at Adobe
» Code reductions of a factor of 8 to 10
» Fewer defects
» Consistency among user interfaces



Experiment

» Rewriting user interface code for a major desktop application
» Four teams of roughly three engineers each,
» each tasked with rewriting a large number of dialogs and palettes

» Three teams (AE1-AE3) used the declarative approach, fourth
team (TF) a modern vendor-supplied object-oriented Ul
framework



Results: Productivity

» AE1-AE3 teams combined completed roughly 75 dialogs and
palettes, with 50 more underway

» TF team completed fewer than 10 altogether



Results: Defect Count

35¢

s ob—m [\ /\ A

2 st [\ /[ \ [/ \

St [ /[ \/ \
A [V

0 2 4 6 8 10 12 14 16
Reporting Week



Future Directions

» Opportunities for user interfaces using property models
» Recently worked on algorithms for enabling/disabling
» Presets and defaults will follow
» Perfecting the model for command parameter synthesis
» Incidental structures present in many areas of software
» Want to know how the approach generalizes

» Currently developing ideas about applying the declarative
approach/constraint systems to other kinds of document modeling
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