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90. Abstract
The format record for zenfmt_pdf (ai.insan.zenfmt.pdf), a native Zig PDF text extractor with 

no C dependency. PDF is unlike every other zenfmt input: it describes placed glyphs, not docu

ment structure. This reader recovers structure by projection — lines from positions, paragraphs 

from vertical rhythm, headings from font-size tiers — and says so in a pdf.layout-projection 

note on every conversion. This record is the plugin’s ledger under ZDS 0001: the mapping as 

implemented, the deliberate omissions with their reasons, and what a round trip may and may 

not expect.
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91. Scope
The reader consumes the PDF file structure directly: the header (allowing up to 1 KiB of 

leading junk per spec), classic cross-reference tables, cross-reference streams (/W-packed, PNG-

predicted), the /Prev incremental update chain, hybrid /XRefStm bridges, and compressed objects 

inside /ObjStm object streams. Streams decode through FlateDecode (zlib framing with a raw-

deflate fallback for sloppy producers), ASCIIHexDecode, and ASCII85Decode, under the same 

ratio-and-size budgets as the ZIP layer.

Text decodes per font: an embedded /ToUnicode CMap when present (bfchar/bfrange, including 

array destinations and surrogate pairs), otherwise the named base encoding (WinAnsi, MacRo

man, Standard) with /Differences resolved through a compact Adobe Glyph List subset covering 

the Latin repertoire plus uniXXXX names. Type0 fonts are read as two-byte codes; without a 

ToUnicode map their characters are counted and reported as pdf.unmappable-text rather than 

guessed.

Everything runs on explicit bounded machinery: a non-recursive object parser (max_depth), a 

bounded form-XObject frame stack (depth 8), reference resolution bounded at 32 hops with 

in-progress loop detection, page-tree walking with a visited set and an 8192-page cap, and 64 

cross-reference sections at most.

92. Mapping

Source Tree 

re­

sult

Facets

Shown text (Tj, TJ, ', ") De

coded 

to 

UTF-8 

and 

grouped 

into 

de

vice-

space 

lines 

by 

base

line 

po

si

tion.

none 

at 

line 

level; 

facets 

at

tach 

to 

the 

pro

jected 

blocks 

be

low.

Consecutive lines in vertical rhythm One 

paragraph; 

a 

gap 

ex

ceed

ing 

ProvenanceFacet 

(plu

gin 

ai.insan.zenfmt.pdf, 

mem

ber 

page-

21



Source Tree 

re­

sult

Facets

1.7 

× 

the 

line’s 

font 

size, 

a 

page 

change, 

or 

an 

up

ward 

jump 

starts 

a 

new 

one. 

A 

line 

end

ing 

in 

- 

fol

lowed 

by 

a 

low

er

case 

con

tin

u

a

tion 

joins 

with

out 

the 

hy

phen.

N, 

con

fi

dence 

projected) 

and 

LayoutFacet 

(sur

face 

page) 

an

chored 

at 

the 

block’s 

first 

line; 

co

or

di

nates 

as 

de

scribed 

un

der 

Lay

out 

facets 

be

low.

Line whose font size ≥ 1.6 × the document’s median body size heading 

level 

The 

same 

22



Source Tree 

re­

sult

Facets

1; 

≥ 

1.35 

× 

level 

2; 

≥ 

1.12 

× 

and 

bold-

named 

font, 

level 

3. 

Tightly 

stacked 

head

ing 

lines 

of 

one 

tier 

merge 

into 

one 

head

ing.

prove

nance 

and 

lay

out 

facets 

as 

para

graphs.

Glyph widths (/FirstChar+/Widths; CID /W ranges and lists with /DW, /MissingWidth) A 

de

vice-

space 

pen 

po

si

tion, 

ad

vanced 

per 

glyph 

by 

width/1000 

× 

size 

none.

23



Source Tree 

re­

sult

Facets

plus 

Tc 

(and 

Tw 

on 

the 

space 

code), 

scaled 

by 

Tz. 

Two 

shows 

on 

one 

base

line 

join 

with 

no 

space 

when 

the 

next 

show 

starts 

within 

0.15 

× 

size 

of 

the 

pen, 

and 

with 

ex

actly 

one 

space 

be

yond 

that 

— 

so 

24



Source Tree 

re­

sult

Facets

(Dumm) 

Tj 

… 

(y) 

Tj 

reads 

Dummy, 

not 

Dumm 

y.

TJ kerning adjustments Pen 

move

ment 

of 

−n/1000 

× 

size 

when 

the 

font 

has 

width 

met

rics 

(the 

gap 

rule 

above 

de

cides 

about 

the 

space); 

for 

width-

less 

fonts, 

the 

fall

back 

heuris

tic 

reads 

≤ 

none.

25



Source Tree 

re­

sult

Facets

−180/1000 

as 

a 

word 

space.

Form XObjects (Do on /Subtype /Form) Ex

e

cuted 

in

line, 

own 

re

sources 

hon

ored, 

bounded 

depth 

8.

none.

Painted rule lattices (m/l/re painted by S/f/B variants) A 

lat

tice 

of 

at 

least 

three 

span

ning 

ver

ti

cal 

and 

three 

span

ning 

hor

i

zon

tal 

rules 

on 

one 

page 

be

comes 

The 

same 

prove

nance 

and 

lay

out 

facets 

as 

para

graphs, 

an

chored 

at 

the 

table’s 

first 

claimed 

line.

26



Source Tree 

re­

sult

Facets

a 

table; 

line 

frag

ments 

are 

as

signed 

to 

cells 

by 

de

vice 

po

si

tion. 

All 

rows 

land 

in 

table_body: 

PDF 

has 

no 

header 

se

man

tics, 

and 

guess

ing 

one 

from 

ty

pog

ra

phy 

would 

be 

wrong 

more 

of

ten 
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Source Tree 

re­

sult

Facets

than 

right.

Whitespace-aligned columns Three 

or 

more 

con

sec

u

tive 

lines 

whose 

frag

ment 

starts 

clus

ter 

onto 

the 

same 

two-

plus 

x 

po

si

tions 

be

come 

a 

table 

with 

those 

columns. 

Sin

gle 

shared 

columns, 

short 

runs, 

and 

drift

ing 

po

si

tions 

The 

same 

prove

nance 

and 

lay

out 

facets, 

an

chored 

at 

the 

run’s 

first 

line.
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Source Tree 

re­

sult

Facets

stay 

para

graphs 

— 

de

tec

tion 

prefers 

prose 

when 

in 

doubt.

Image XObjects (Do on /Subtype /Image) Ex

tracted 

as-

is 

and 

com

mit

ted 

be

side 

the 

ar

ti

fact 

through 

the 

me

dia 

pipeline: 

DCTDecode 

streams 

ver

ba

tim 

as 

JPEG, 

JPXDecode 

as 

JPEG 

2000, 

and 

Flate 

Re

source-

store 

en

tries 

with 

BLAKE3 

di

gests, 

com

puted 

at 

reg

is

tra

tion.
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Source Tree 

re­

sult

Facets

or 

un

com

pressed 

8-

bit 

DeviceRGB/

DeviceGray 

rasters 

wrapped 

loss

lessly 

as 

PNG. 

Each 

XOb

ject 

reg

is

ters 

once 

how

ever 

of

ten 

it 

is 

drawn; 

each 

draw

ing 

an

chors 

an 

image 

at 

its 

po

si

tion 

in 

the 

flow.
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Source Tree 

re­

sult

Facets

/Info Title, Author, Subject metaString 

title, 

author, 

subject; 

UTF-16BE 

with 

BOM 

and 

PDF

Do

cEn

cod

ing 

both 

de

coded.

none.

92.1. Layout facets

Every projected paragraph, heading, and table carries a LayoutFacet in EMU with a top-left 

origin (ZDS 0013, One coordinate system), anchored at the block’s first line. PDF user space is 

bottom-up, so the y axis flips through the page’s height, taken from the page’s own or inherited /

MediaBox and recorded per page; a missing or hostile box falls back to US Letter (792 pt) rather 

than poisoning every facet. The stored fields are honest about what the projection tracks: x is 

the first line’s start and y its top edge, computed as page height − baseline − font size; height is 

the font size; width is zero, because fragment extents are not measured. Coordinates convert at 

exactly 12700 EMU per point and saturate rather than overflow. The companion ProvenanceFacet 

names the plugin, the 1-based page-N member, and confidence projected — these blocks are 

heuristic projections, and the facet says so.

93. Deliberate omissions
Each omission is visible at run time through the listed report code.

Construct Report Rea­

son

Encrypted documents pdf.encryption-refused No 

de

cryp

tion 

is 

im

ple

mented, 

even 

empty-
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Construct Report Rea­

son

pass

word 

RC4; 

re

fus

ing 

out

right 

is 

hon

est 

and 

keeps 

hos

tile 

crypto 

sur

face 

out 

of 

the 

reader. 

No 

over

ride.

Multi-column text, headers, footers pdf.layout-projection Ta

bles 

are 

re

con

structed 

when 

drawn 

rules 

or 

aligned 

columns 

sup

port 

them; 

col

umn 

flow, 

run

ning 
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Construct Report Rea­

son

head

ers, 

and 

foot

ers 

are 

not. 

The 

note 

fires 

on 

every 

con

ver

sion 

so 

the 

pro

jec

tion 

is 

never 

mis

taken 

for 

struc

ture 

fi

delity.

Images in undecoded encodings (CCITT, JBIG2, indexed/CMYK 

color, inline BI data)

pdf.images-omitted JPEG, 

JPEG 

2000, 

and 

8-

bit 

RGB/

gray 

rasters 

are 

ex

tracted 

as-

is; 

the 

rest 
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Construct Report Rea­

son

are 

counted 

and 

dropped 

rather 

than 

transcoded. 

Ex

trac

tion 

past 

the 

me

dia 

lim

its 

stops 

with 

pdf.media-

limit.

Link annotations pdf.links-omitted PDF 

links 

are 

rec

tan

gles 

over 

the 

page, 

not 

text 

spans; 

map

ping 

them 

back 

to 

words 

re

quires 

glyph 

met

rics. 

Counted 

per 
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Construct Report Rea­

son

doc

u

ment.

CCITT, JBIG2, LZW, Crypt filters on content streams pdf.unsupported-filter LZW 

is 

rare 

enough 

in 

the 

wild 

to 

refuse 

un

til 

a 

cor

pus 

shows 

oth

er

wise; 

DCT 

and 

JPX 

streams 

are 

im

age 

pay

loads 

and 

pass 

through 

the 

im

age 

path 

in

stead.

Symbol/Dingbats and unmapped subset fonts pdf.unmappable-text No 

hon

est 

Uni

code 

map
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Construct Report Rea­

son

ping 

ex

ists; 

char

ac

ters 

are 

counted, 

not 

guessed.

Scanned pages pdf.no-text OCR 

is 

out 

of 

scope; 

the 

warn

ing 

tells 

the 

user 

to 

run 

OCR 

first.

Width metrics from the font dictionaries (/Widths, CID /W) are consulted for the pen-position 

spacing model above. Still not consulted: metrics inside embedded font programs themselves (a 

subset font that omits /Widths falls back to the 500/1000 default and the TJ heuristic), per-glyph 

kerning pairs, and vertical writing mode (/W2). Table recovery uses rule and alignment geometry 

as mapped above; recovering multi-column reading order remains future work, gated on a corpus 

benchmark.

94. Round-trip expectations
PDF is read-only in zenfmt; there is no PDF writer, so the round trip is pdf → markdown → 

markdown from the second pass onward, and the usual markdown fixed-point rules apply. A 

PDF converted twice yields identical bytes and an identical manifest. Paragraph and heading 

boundaries are heuristic; they are stable for a given input but are not warranted to match the 

authoring application’s structure.

95. Security
• Decompression is budgeted per stream (max(encoded, 64) ×

  max_compression_ratio, capped by max_entry_uncompressed) and enforced by the stream

ing reader, so a flate bomb fails during expansion.
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• Reference loops (a → b → a, self-referencing /Length, an object stream containing itself) are 

detected by an in-progress set plus a 32-hop bound: error.Malformed, never a hang.

• The page tree walk keeps a visited set; shared or cyclic /Kids nodes are entered once. Page 

count is capped at 8192 (pdf.limit, exit class limit).

• Object nesting is bounded by max_depth; the operand stack, graphics stack, and form frame 

stack are fixed arrays with explicit bounds.

• Encrypted trailers are refused before any object parse.

96. References
• ZDS 0002, zenfmt: architecture — engine contract, limits, diagnostics.

• ISO 32000-1 (PDF 1.7), sections 7 (file structure), 9 (text and fonts).

• Adobe Glyph List specification (glyph-name to Unicode mapping).
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