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Complex Correctness
Behavior Properties

Automatic Verification
for Web Page Layout



VizAssert
Guideline . ﬁ E
Button visible W

over configurable
range of:
Browser widths
Browser helghts
Fowt stzes
Scrollbar widths

Souno quarantee /

Plus Concrete Rendering




Gulideline

Button visible

Vb1, by € B,
b, € $(.search-button) A

by € $(.toolbar) —
Within(bl, bg)

Visual Logic

VizAssert

set-logic QF LRA)

declare-type Box ...)

declare-const b2 Box)
assert (not ...))

(
(
(declare-const bl Box)
(
(

SMT Query



VizAssert

Gulideline
Button visible

(set-logic QF LRA)
declare-type Box ...)
by, by € B, nderings ———— |
b 16 g(.search—button) A e - S
3. (declare-const b2 Box)
by € $(.toolbar) —
SR - 0000o———  (assert (not...))

Visual Logic SMT Query



VizAssert

Gulideline

Button visible

set-logic QF LRA)

declare-type Box ...)

Wby, by € B, Renderings —m
b, € $(.search-button) A 3

by € $(.toolbar) —

within(by. o) . (assert(not.))

Visual Logic SMT Query

(
(
(declare-const bl Box)
(declare-const b2 Box)
(



Guideline
Button visible ‘
Visual Logic

Universal
b, € $(.search-button) A
by € $(.toolbar) —

within(by,ba)

\ Structural

Get Answers

propertles

La 30»&
propertg



Structural La Y out

Universal = TML propertles Co5 property

quantifier oot — bleft —

by, [‘/?2’ o b.parent b.top|margin]
b.previous x4+ 2y — 2
b.first-child b1.top < bo.top

b € $(selector) b.bg.r

Visual Logic —|



VizAssert

Gulideline

Button visible

set-logic QF LRA)

declare-type Box ...)

Wby, by € B, Renderings —m
b, € $(.search-button) A 3

by € $(.toolbar) —

within(by. o) . (assert(not.))

Visual Logic SMT Query

(
(
(declare-const bl Box)
(declare-const b2 Box)
(



VizAssert

Gulideline
Button visible

set-logic QF LRA)

declare-type Box ...)

Wby, by € B, Renderings ——
b1 € $(.search-button) A 3

by € $(.toolbar) —

within(by, by) — » (assert (not...))

Visual Logic SMT Query

(
(
(declare-const bl Box)
(declare-const b2 Box)
(
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—ormalized CSS Features
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2018 Open Enrollment is ove
Still need health insurance?
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Styles -<«— | Cascade -<— | Selectors —
—> | Clearance
\

Floating
Layout

. . Line Margin
>hrink-to-fit Height Collapse




-INitization Reductions

\VIH\V/H Qtjiigtlijeeig ﬁtlternation

Fixpoints, reachability
,lLiEP(QZ) Margin Collapsing

Data structures
SOFt(L) -loating Layout

Finite number of registers



Avoid the jargon In audlio

Faster
ne Helgnt
“The line box heightis the ~  Box s
distance between the f
uppermost box top and the DAsce”t D — g_B_a_s_el_lne
escent.t. ... &/ .. .
lOwermOSt bOX bOttom.,, .....................

\ MaxLmum.

over all boxes

Reduced to 2-register encoding
Incremental maximum/minimum computations



Margin collapsing

OverLaP

Reachability through

condltlon bluwe box
./ S N

“Adjoining vertical margins
collapse; two margins are
adjoining 1f and only 1f; ...”

Reduced to 6-register encoding
Collapse margins box-by-box as they re laid out



B | Right floats
-loat Semantics analogous

~

“Here are the precise rules that govern the behavior of left floats:

8. A floating box must be placed as high as possible.
9. A left-floating box must be put as far to the left as possible.”

\Optimizatiow

problem



-loat Semantics

™~

wWhere floats
are allowed




-loat Semantics




-loat Semantics

Text Line
will wrap
around fl-



-loat Semantics

- Yo
Text Line

will wrap
' around fl-

Reduced to (5r+2)-register encoding
In practice, k < 7; search for sufficient value



-INitization

VvV
nr.P(x)

sort(L)

Reductions

Quantifier alternation

Line Height

— 2 reqgisters

Fixpoints, reachability
Margin Collapsing — 5 reqisters

Data structures
-loating Layout

— BR+2 reqisters



VizAssert

Gulideline
Button visible

set-logic QF LRA)

declare-type Box ...)

Wby, by € B, Renderings ——
b1 € $(.search-button) A 3

by € $(.toolbar) —

within(by, by) — » (assert (not...))

Visual Logic SMT Query

declare-const b2 Box)

(
(
(declare-const bl Box)
(
(



VizAssert

Gulideline
Button visible

(set-logic QF LRA)
(declare-type Box ...)

701, b2 € B, Renderings —— |
b1 € $(.search-button) A e (declare-const bl :BOX)
by € $(.toolbar) — (declare-const b2 Box)
within(by, by) (assert (not ...))

Visual Logic SMT Query




SM T Query

val html = “<html><body>...</body></htm|>"
val ¢SS = "#main { ... h;pli{ ...} .0
abstract params : BrowserParaQs

User constratnts, ex.
abstract layout : Rendering browser width > 600

require layout = render (html, css, params)
f

require - P(layout) - ;’:;‘gie"r"t‘:o":e‘“xamﬂe



SM T Query

Quer
unsat else
v

—P(layout)

¢

require layout :html, CSS, params)

require = P(layout) v & sufficient-k(layout)




VizAssert

Gulideline
Button visible

(set-logic QF LRA)
(declare-type Box ...)

701, b2 € B, Renderings —— |
b1 € $(.search-button) A e (declare-const bl :BOX)
by € $(.toolbar) — (declare-const b2 Box)
within(by, by) (assert (not ...))

Visual Logic SMT Query




VizAssert

Guideline
Button visible

« ( 201¢

1 - Still r

h 5 ..., 2018 Open Enrolimentisover.
" heareo Still need health insurance?

i
L
L LoggiiLooking ¢ VISIT YOUR STATE MARKETPLACE
Loc Looking!
¥/
Looking for insurance in a different state? Start here {
oking for covarage for a small business? Laam more
- [ ]
FIND LOCAL HELP
SEARCH NOW. S ‘ . O g 1 ‘

(

Vb, by € B, Qenderings (declare-type Box ...)

b1 € $(.search-button) A e Edeclare—const bl Box)
(

by € $(.toolbar) = declare-const b2 Box)
within (b1, bs) assert (not ...))

Visual Logic SMT Query



14 Real-world Assertions

Text Is at least 14px tall

Main button is big enough — Custonize to page
Lines at most 80 characters

Text not overlapping
Contrast Is sufficient
Headings form hierarchy .
Columns vertically aligned

Desltgn priwoipLes



02 Real-World Web Pages

WHIY CHIEMOSE LSy



Customized No Customilzation

VIZASsert s

Assertion Verified Bug found

Text size
Button position
Line width
Alt text position
No horiz. scroll
Heading sizes
Occluded text
Line spacing
-High contrast
Text on bg
Hidden menu
Align columns
Visible text
Button size

Total (of 476)

Results
False Positive Timeout

38 18 3 3
59 1 1 1
39 18 3 2
30

60 1 1
39 21 2
53 2 5 2
59 3

1

1

1

1 Guarantees!

/ 1

1
388 13 11



Timeout

ViZASssert's Results

False Pos N \

Verified True P I

Sweall

MISCELLANEOUS

Link Title Name

True positive False positive



Value of Finitization Reductions

CSS Section VizAssert OOPSLA'16
Margins Q3% 047
Collapsing Q6% 10%
Floats Q0% 0%
Float position 397% 0%
Clearance 377% 0%
Line height 707% 10%
Leading 89% 18%
Overall (of 1009) Q1% 277

Rediscovered two known Firefox bugs
And some purposeful deviations from the standard



Derformance

VizAssert Runtime CDF

100%

75%

L

Most complex assertlon

50%

25%

Percentage of tested websites

Fast

/

10s 30s 100s 300s 1000s

0%

Time (seconds; log scale)
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Per-component reasoning
Reuse, iIncrementalization, caching, parallelization



VizAssert

Guideline
Button visible

(set-logic QF LRA)
Vb, .bs € B Qenderings (declare-type Box ...)
b1 € $(.search-button) A e (deciare—const El éOX)
by € $(.toolbar) =—> (declare-const b2 Box)
within(by, by) (assert (not ...))

Visual Logic SMT Query



Automated Verification of
Web Page Layout

Visual Logic
Formalize layout properties

Novel semantics of CSS
Line height, margins, floats

Handles real web pages
O5% verified or true positive

https.//cassius.uwplse.org
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Seargh

lmage occludes button



