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Update to industry

Where PDF, parsing and cyber-security intersect
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= Limitations of internet search corpora S 5279 5368
= Libre Office 5,183 13GB

Common Crawl data is truncated . I
Internet search results are pre-filtered OCR-my-PDF Gl
g?f?cc:e Open 3,109 688 MB

Internet search results vary greatly by search engine S— 31 32M8
Apache PDFBOX 220 —

Chromium pdfium 379 212 MB

= New stressful “Issue Track” PDF Corpus PO o
. df 68 33 MB
https://corpora.tika.apache.org/base/packaged/pdfs/ ms as7e
Apache TIKA — 140 VB

TOTAL 20,576 16 GB

https://www.pdfa.org/a-new-stressful-pdf-corpus/
"Building a Wide Reach Corpus for Secure Parser Development" by Allison et. al. http://spw20.langsec.org/papers.html

l.l PD F Copyright © 2020, PDF Association
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[Type vs [type

N

-

OCTOberPDFesf ONLINE

86 out of ~550,000 PDFs |
\ o |

4 N

K Discover

?—86 hits

Case sensitive key
name search

PDF Creator metadata
(as determined by Apache Tika)

N

-
Instant summary of \\>

Filters  +pf_keys.case:\/type
e
— 3+ Addfilter
a0
© file-observatory...
2 >
Selected fields
£

t original_fname >
t tk_creator_tool 5

Top 5 values in 66 / 86

Filenames identify sub—\_\
COIrpus (e.g. GovDocs1)

>
records
l.R.I.S. Qe 5
- 36.4%
Appligent pdfHarmony 2.0@ @ >

31.8%
Readiris Build 5965 QQ N
I 6.1%
PScript5.dll Version 5.2.2 @ @ S
I 6.1%
Smart touch 1.3 Qe >
4.5%
>
— Avallapie Treras ™

>
Popular
t fname >
t pf_filters 5
t pf_keys

t pi_content

New Save Open Share Inspect

original_fname

s3:

s3:

s3:

s3

s3:

s3:

s3:

s3:

s3:

s3:

s3:

s3:

s3:

s3

//safedocs-prod-raw-file-input/govdocs1/802/8082525.

//safedocs-prod-raw-file-input/govdocs1/789/789598.

//safedocs-prod-raw-file-input/govdocs1/787/787778.

://safedocs-prod-raw-file-input/govdocs1/775/775625.

//safedocs-prod-raw-file-input/govdocs1/708/788569.

//safedocs-prod-raw-file-input/govdocs1/706/706087.

//safedocs-prod-raw-file-input/govdocs1/668/608421

//safedocs-prod-raw-file-input/govdocs1/592/592528.

//safedocs-prod-raw-file-input/govdocs1/528/528897.

//safedocs-prod-raw-file-input/govdocs1/512/512411

//safedocs-prod-raw-file-input/govdocs1/498/498565.

//safedocs-prod-raw-file-input/govdocs1/498/498564 .

//safedocs-prod-raw-file-input/govdocs1/498/498253.

://safedocs-prod-raw-file-input/govdocs1/448/4488a9.

pdf

pdf

pdf

pdf

pdf

pdf

.pdf

pdf

pdf

.pdf

pdf

pdf

pdf

pdf

Lucene C Refresh

tk_creator_tool

I.R.I.S.

Adobe InDesign CS2 (4.0.
5)

PScript5.dll Version 5.2
Smart touch 1.3
I.R.I.S.

I.R.I.S.

= PDF

association
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[Type vs [type

/F10 24 0 R
J/F20 29 0 R
/F30 34 0 R
fF40 39 0 R
JFER0 44 0 R

endob]j
46 0 obj

fRect [225 135 318 126]
fSubtype /fLink

{Type /[Annot

fBorder [0 O 0]

endobj

47 0 obj

(46 0 R]

endob

48 0 ob)

</Application <5363616E20537T461T4696F¢

——

‘ii..

OctoberPDFest onuNE

44 0 abi
[45 O R
endob

45 0 ob)

fRect [172 117 232 110]
f8ubtype fLink

SType SAnnot

fBorder [0 0 O

endob

dé 0 obj

fType SPage
fParent 1 0 R
fMediaBox [0 0 620 814)

PScript5.dll Version 52.2 @ 53://safedocs-prod-raw-file-input/govdocs1/592/592528.pdf

-

N

= PDF

association

\_

Clearly a recurring issue in Link
Annotation inline URI Action dictionaries!

32 0 obj

fRect [308 €79 397 667]
/Subtype /Link

/Type /Annot

/Border [0 0 0]

/B <

/8 JURI

~

J
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/Subtype vs /[SubType

K Discover o))

@© 8450 hits

(14 » °
. /S u bTy p e - 8,450 h Its New Save Open Share Inspect
~ Filters  +pf_keys.case:\/ Lucene

@ + Add filter

—_
80
o) file-observ... w pfkeys
Selected fields > /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC1@ /FXC11 /FXC12 /FXC13 /FX
{§} C14 /FXC2 /FXC3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF2 /Filter /First /Font /ID /Index /Info /Len
t pfkeys gth /MediaBox /N /Pages /ParalLinkXML /ParaXML /Parent /Predictor /Resources /Root /Size /SIS /Ty
pe /W
Available &
fields > /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC1@ /FXC11 /FXC12 /FXC13 /FXC2 /FXC3 /
FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N
Popular /Pages /ParaLinkXML /ParaXML /Parent /Predictor /Resources /Root /Size /SN /Type /W
t fname

> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC1@8 /FXC11 /FXC12 /FXC2 /FXC
t original_fname 3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N /Pa
ges /ParalLinkXML /ParaXML /Parent /Predictor /Resources /Root /Size / /Type /W
t pf_filters
> /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC1@ /FXC11 /FXC12 /FXC2 /FX
C3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox
/N /Pages /ParalLinkXML /ParaXML /Parent /Predictor /Resources /Root /Size / /Type /W /XObject

t pi_content

t g_keys

> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC18 /FXC11 /FXC2

/FXC3 /FXC4 /FXC5 /FXC6é /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /Media
# tk_num_atta... Box /N /Pages /ParalLinkXML /ParaXML /Parent /Predictor /Resources /Root /Size /SUJ§d= /Type /W /XOb
ject

t tk_creator_tool

t _id
> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC1@ /FXC2 /FXC3 /
t _index FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N
/Pages /ParaXML /Parent /Predictor /Resources /Root /Size /SUdBjels /Type /W /XObject
https://kibana.safedocs.xyz/app/kibana#/home L

IAoraCorm IAnnota [DDasx [OA [Colimoo [Coantanta [CranDasx  [NonadaDarmo  [Ca+0C+ata [COAVIT DT [Cil+

SubType A | v | Highlight Al Match Case  Match Diacritics ~Whole Words 1 of 501 matches X

l.l PDF Copyright © 2020, PDF Association
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/Subtype vs /[SubType

K Discover (@)
8,450 hits
= “/Subl ” = 8,450 hit )
u ype , I S @ New Save Open Share Inspect
Filters  +pf_keys.case:\/SubType Lucene G Refresh
[ ] (] (ﬁ
= Highlight “/P 7
Ig .Ig arao ° o = €3 + Add filter
® file-observ... pf_keys
[ [ ] u
[ | P ro 3 rl eta r exte nSIO nS Selected fields > /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC1@ /FXC11 /FXC12 /FXC13 /FX
{§} C14 /FXC2 /FXC3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF2 /Filter /First /Font /ID /Index /Info /Len
t pf_keys gth /MediaBox /N /Pages LinkXML XML /Parent /Predictor /Resources /Root /Size /SubType /Ty
pe /W
Available &
fields > /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC10 /FXC11 /FXC12 /FXC13 /FXC2 /FXC3 /
FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N
Popular /Pages [IE¥ELinkxML [EETEXML /Parent /Predictor /Resources /Root /Size /SubType /Type /M
t fname

> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /FXC1 /FXC18 /FXC11 /FXC12 /FXC2 /FXC
t original_fname 3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N /Pa
ges LinkXML XML /Parent /Predictor /Resources /Root /Size /SubType /Type /W
t pf_filters
. > /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC1@ /FXC11 /FXC12 /FXC2 /FX
G (LEEmE C3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXCQ /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox
Y el /N /Pages LinkXML IR XML /Parent /Predictor /Resources /Root /Size /SubType /Type /W /XObject
> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC18 /FXC11 /FXC2
/FXC3 /FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /Media
Box /N /Pages [[EIgLinkxML [IETEXML /Parent /Predictor /Resources /Root /Size /SubType /Type /W /XOb
ject

t tk_creator_tool
# tk_num_atta...

t _id
> /AcroForm /ColorSpace /Columns /Contents /CropBox /DecodeParms /ExtGState /FXC1 /FXC18 /FXC2 /FXC3 /
t _index FXC4 /FXC5 /FXC6 /FXC7 /FXC8 /FXC9 /FXF1 /Filter /First /Font /ID /Index /Info /Length /MediaBox /N
/Pages XML /Parent /Predictor /Resources /Root /Size /SubType /Type /W /XObject

N a

https://kibana.safedocs.xyz/app/kibana#/home I

2 IAmeaACavm [Amoats DDA IOA _ICATlimees [(Damdants [OeanDas [DasnadaDaeme  (Ca+OChndas [CAVIT DT /C5T1+

/Para A | v | Highlight Al Match Case  Match Diacritics Whole Words 1 of 65 matches

l.l PDF Copyright © 2020, PDF Association
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/Subtype vs /[SubType

= “/SubType” = 8,450 hits
= Highlight “/Para...”
" Proprietary extensions

= Exclude “/Para*” = 8,365 hits

= No single Creator/Producer

= PDF

association

N\

OctoberPDFest ONLINE

K Discover (@)
® 8,365 hits
@ New Save Open Inspect
~ Filters  +pf_keys.case:\/SubType -pf_keys.case:\/Para* Lucene G Refresh
il
— {8 +Addfilter
aJ
® file-obser... ppin_info
Selected fields Creator: Esri ArcCatglog 10.3.1.4959
{§} Producer: Adobe PDF Library 9.6
? ppin_info CreationDate:  Tue May 17 ©2:20:33 20616 UTC
ModDate: Tue May 17 082:20:33 2016 UTC
Available Tagged: no
fields UserProperties: no
Susnects: no
Popular
t fname Creator: Esri ArcCatalog 10.3.1.4959
Producer: Adobe PDF Library 9.6
t original_fname CreationDate: Tue May 17 81:086:54 2016 UTC
- ModDate: Tue May 17 01:06:54 2016 UTC
t pf_filters Tagged: no
UserProperties: no
t pfkeys Susnects: no
t pi_content Creator: Esri ArcCatalog 10.3.1.4959
N Producer: Adobe PDF Library 9.0
t qkeys CreationDate: Tue May 17 01:06:07 2016 UTC
ModDate: Tue May 17 01:06:07 2016 UTC
t tk_creator_t... Tagged: no
UserProperties: no
# tk_num_atta... Susnects: na
t _id Title: MarathiMitra's Jump Start Guide
Author: MarathiMitra
t _index Creator: Acrobat PDFMaker 6.0 for Word
Producer: Acrobat Distiller 6.8 (Windows)
N # _score CreationDate: Wed Jun 29 02:36:49 2005 UTC

Copyright © 2020, PDF Association
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[Subtype vs /[SubType

endob]
24 0 obj
/Type/OCG/Name (YpA R C : /Usage<</Creatorinfo<</Creator (ESRI ArcMap 9.
endobj |
25 0 obj
/Type/OCG/Name (YbA | ' ANN ) /Usage<</CreatoriInfo<</Creator (ESI ArcMap 9.2.2. ) /SubType | 'er)

endob
26 0 ob

[Type/OCG/Name (Yyp<De f a t ) /Usage<</CreatorInfo<</Creator (ESI \rcMap 9.2.2. ) /SubType (Laver)
"11'!-,1':']
27 0 ob)

/Type/OCG/Name (¢} ) /Usage<</CreatorInfo<</Creator (ES rcMap 9.2.2. ) /SubType
endob)

~ s , SQL

endobi

1981 0 obi

/MarkInfo<</LetterspaceFlags 0/Marked /Outlines 363 0 R/Metad:

eLayout/SinglePage/OCProperties<</D<</RBGroups|(]/Order (1982 0 R JOCt
/PageLabels 442 0
endobi

1982 0 obj

' /11:—:.1:_.:‘(:' /CreatorInfo<</Creator (Acrobat DFMa ke R.1 for PowerPoint) /I~’.a:'1e"-F.A}>»:%n1»:;!1t ‘ /Name (Background) /’:“‘.’E";l:f/'l:f-:':;

ita 449 0 R/Piecelnfo<</MarkedPDF<</LastModified(D::
35(1982 0O R /StructTreeRoot 451 0 R/Type/Catalog/LastModified

endobi

/CropBox[36.0 36.0 576.0 756.0] /Parent 445 0 R/StructParents 0/Contents 1985 0 R/Rotate 90/MediaBox|[0 0 612 792]/Trans 1991 0 R/Re

l.l PD F Copyright © 2020, PDF Association 11
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CCITTFaxDecode “Blackis 1” \

OctoberPDFest onune

= /Blacklsl (“lowercase L” + “lowercase S”) - instead of
/BlackIsl (“uppercasei” + “lowercase S”

= 47 hits vs K oo X
4379 hits for correct |©

New Save Open Share Inspect

S p e l l i n ~ Filters  +pf_keys.case:\/Blackls1 Lucene G Refresh
z ; il

€3+ Add filter

© file-observatory-202005 v original_fname ppin_info

° o o y
[ | N O I d e n t I fl a b le Selooted fialde > s3://safedocs-prod-raw-file-input/govdocs1/414/414593 . pdf Title: CTAC 3rd Meeting
{c% Author : dsummers

t original_fname Creator: Acrobat PDFMaker 8.1 for Word
Producer: Acrobat Distiller 8.1.0 (Windows)

? ppin_info CreationDate: Fri Jun 27 20:05:25 26688 UTC
‘ re a O r O r ro ' l ‘ e r ModDate: Tue Dec 30 13:28:23 20608 UTC
Top 5 values in 47 / 47 records Taaaed: no

Tagged: no UserProperties: no Suspect...

) > s3://safedocs-prod-raw-file-input/govdocs1/145/145456 .pdf Producer: PDF::API2 incarnation=0.3r77 0S=linux
I 21% Tagged: no
CreationDate: Thu Feb 5 12:22:35 2015... UserProperties: no
I 21% Suspects: no
CreationDate: Thu Feb 5 12:19:24 2015 ... Form: . none
JavaScript: no
IZ‘W% Panes: 15
CreationDate: Thu Feb 5 11:57:23 2015 ...
I 21% > s3://safedocs-prod-raw-file-input/HackathonTwo/goodFilesMin/868cfd5b24b28f9da634fc7cf3ab  Creator: EPSON Scan
3b8bf51dale15bbdabfe6885c486cdf19a68 CreationDate: Mon Dec 31 16:13:57 2801 UTC
CreationDate: Fri Feb 6 11:45:40 2015 ... ModDate : Mon Dec 31 16:13:57 2801 UTC
I 21% Tagged: no
2 UserProperties: no

Aviailahla fialde Feo

l.l PD F Copyright © 2020, PDF Association 12
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PDF Extensions

OctoberPDFest onune

= /PageDirection: incorrectly named key instead of /Direction used by Acrobat

versions 4.0 - 4.052 - 190 hits

= /DP instead of DecodeParams. Appendix C Implementation Note #7 in legacy
Adobe PDF specifications: “Acrobat viewers accept the name DP as an
abbreviation for the DecodeParms key in any stream dictionary” - 42 hits

= /XUID: only defined in Adobe PDF 1.0 to Adobe PDF 1.2 specifications - 1 hit

(Kibana-whack!) GovDocs1/125347.pdf:

endobi

45 0 obj
/Type

/Name /Watermarkl /XUID

/Resources /Font

stream

xce..z1 A0[..:@pAJ u0~ROI¥VI] ‘LSO

/XObject /Subtype /Form /FormType 1 /BBox 0 792 612 0 /Matrix |
1000000 886 2 27669840 1 2147483647 14791616 |

/F2 228 0 R /Length 44 0 R /Filter /FlateDecode

100100

A http://web.archive.org/web/20071130095404/http://support.adobe.com/devsup/devsup.nsf/docs/50757.htm

= PDF

| Copyright © 2020, PDF Association
association

Iliil


http://web.archive.org/web/20071130095404/http:/support.adobe.com/devsup/devsup.nsf/docs/50757.htm

SafeDocs

Extant Data

(“in the wild”) -
o 00

= PDF

association

’ i 7:" .nuj!m bJ-lrl

FINAL
DRAFT

INTERNATIONAL
STANDARD

ISO/FDIS
32000-2

1S0/TC171/5C2
Secretariat: ANSI

Voting begins on:
2020-09-30

Voting terminates on:

2020-11-25

RECIPIENTS OF THIS DRAFT ARE INVITED TO
SUBMIT, WITH THEIR COMMENTS, NOTIFICATION
OF ANY RELEVANT PATENT RIGHTS OF WHICH
THEY ARE AWARE AND TO PROVIDE SUPPORTING
DOCUMENTATION,

IN ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL. TECHNO-
LOGICAL, COMMERCIAL AND USER PURPOSES,
DRAFT INTERNATIONAL STANDARDS MAY ON
OCCASION HAVE TO BE CONSIDERED IN THE
LIGHT OF THEIR POTENTIAL TO BECOME STAN-
DARDS TO WHICH REFERENCE MAY BE MADE IN
NATIONAL REGULATIONS.

Document management — Portable

document format —

Part 2:
PDF 2.0

Gestion de documents — Format de document portable —

Partie 2: PDF 2.0

e
ISO
v~

Reference number
1SO/FDIS 32000-2:2020(E)

@180 2020

Copyright © 2020, PDF Association
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How standards interconnect

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments or
corrigenda) applies.

Undated reference

ISO 3166-1, Codes for the representation of names of countries and their subdivisions - Part 1: Country
codes.

ISO/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.1): Specification of basic
notation

ISO/IEC 10646, Information technology — Universal Coded Character Set (UCS)

‘ . 99 ISO/IEC 10918 (all parts), Information Technology — Digital Compression and Coding of Continuous-Tone
Fa mi ly refe Frence ﬁ Still Images: Requirements and guidelines (informally known as the JPEG standard, for the Joint

Photographic Experts Group, the ISO group that developed the standard)
ISO/IEC 14492:2019, Information technology — Lossy/lossless coding of bi-level images

| ISO/IEC 14496-22:2019, Information technology — Coding of audio-visual objects — Part 22: Open Font

Dated reference Format

From ISO/FDIS 32000-2:2020

l.l PD F Copyright © 2020, PDF Association

association



IETFBOP 11 RFC 2028 (190 b0 povgcwest ooty ~ <

PDF 2.0 Normative References 3D visualization - . . M‘Z%}j"‘
Selected references: [Unicode UAX #15 2002‘,'“““@'_”A"'£'i'hd - _‘!._{J 200
Canoncal XML Version 1.0~~~ + ik R g

Sedect Normative Reference 1o highlight, v gg;ll:ﬁ:_:;. Part 2: Datatypes (2nd ed) m:m'r;

. =1} Q0
prrere-tgrrerdte Sytax and Processing 1. 1y = :
REQPEO]) nlcode L W e -
3 T mnmm-__-’;:m =
'?‘w 4—“
1=UF Umcode40 2

IO

ETESTD3RFCTT 198 mu RFC 733 (1977}
~|RFC 3629 (2003] - A J’m

[RFC 4073 (2005 Mmm 5
[RFC 1036 (1987) ;

EC D047 (1096
AR L ,JﬁRFc 1952 (1996

F (‘P 18 REC 2277 1998
119

[CCITT Rex
o
: XMS sech Synthesis Markup Language SSML Version 1.0 @0
: [SO/EC 6428:1892] [Versiors of the Unicode Standard| evel 2 .
| e |RFC 2732 “999? e R R
M@O R X Handbook of the Internatlonal Phonetic Associationtsrsemms
; — . ! —_r — —— I—r-—“'- N VD \l998
[SCIEC. 10918 !a“ EE [TU-T Rec T.871 (2011} | ISO/IEC 10918-§
A B BT a1 5 35070 [S05807:1988 S0 22
{m 77777 4 [TU-T Rec 188 (2000) 1 ISOAEC 14497 ‘ 2 :
| e g ! [REC 3987 (2005 UTReT. ISOEC 108
FARNR TN ' XSLT 1.0
824:1990| XML Bas ML S h o |
8825:19 , =l chema Pa e Coesa s




Machine-readable definition

Focus on the Body

Formal Representation!

\‘.

OctoberPDFest onune

©) levigo

RROW (or so)

@} .IeVing ecification

Representation
Could we use that information to b :
validating all of those dictionaries aff . we could do more IS CHANGE
they point? G?

EXAMPLES

66\‘ + Click through documentation (like JavaDoc or doxygen)
" B

YES!

Easily create diffs of PDF versions
(what exactly was the diffence between 1.5 and 1.7?)

© 2012 Adobe Systems Incorporated. All Rights Reserved. Adobe Confidential. 9

~
hw\\j\h2

Copyright © 2020, PDF Association

Resulting
\ rtifacts

= PDF

association

-

rces for references

] P — k ( Formal
E::l.i Representation %

PDF

reaed
Specification <_’/§ /-
2 /

Naay /

L

@
&4

Processing Logic /
& J

https://youtu.be/-K_yBHwW3C0U



https://youtu.be/-K_yBHw3C0U

Arlington PDF DOM -

= Specification-derived for PDF 2.0 Document Object Model
= “Written rarely by very few / read often by very many”
= TSV format

Columnar structured data

Trivial to process
" Internal declarative grammar
= Verified against Adobe DVA and extant PDFs
= Corrections and clarifications made to ISO/FDIS 32000-2:2020

HE PDF Copyright © 2020, PDF Association

association



D pwyatt@PETER-SURFACEBOOK: + v = X




a
peter.wyatt@pdfa.org

association



