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Back to Printers

Printers are hated, boring appliances.

| got obsessed with their language and here's what happend...
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PSChess — -76h — a0x24

3 B -

748N
'

NSer10t@IMAC-GLO19 PSChess % cat pschess_compact.ps | nc 172.20.10.7 9100

212



1. Programming in PostScript



PostScript

Adobe
lllustrator

Adobe
PostScript

Adobe PostScript

e
early 80s device and interpreted
resolution on printer
independant




PostScript Interpreter

/A 3 def
/square { dup mul } def

four stacks l

powerful set of

~400 operators

globaldict
no librairies

Dictionaries Operands Execution Graphics States

square

1 L |




Sample Code

First-class functions,
passed as arguments

~

/S 32 def
/N 2 def % steps 0-1-2

/B exch def

/G exch def

/R exch def

@ 1 N{ /x exch def
gsave
O 1N

language

{ /y exch def

G B setrgbcolor
0SS rectfill
setgray

@ S S rectstroke
S translate

(SISO RO Iy v

}y for
grestore
S 0 translate
}y for
grestore
} def

/_a_b_c_DrawCube {
/c exch def
/b exch def
/a exch def

1 0.5 -1
1 0.5 0
-1 0.5 0

0.5
-1
-1

} de

gsave

{ x N div

240 @ translate
{ N x sub N div } { Ny sub N div } 1 _a_b_c_DrawCube
grestore

} { y N div } © a b c DrawCube

Graphics oriented

t

DrawSide % top
DrawSide % right
DrawSide % Lleft




Write and Run

https://Iwww.ghostscript.com/

SubEthaEdit PostScript mode

B

@] o wt b.ps
1:0 <No selected symbol> Written by me = 357 characters
. 1 /W 400 def
Interactively... * /M 300 def
« << /PageSize [W H] >> setpagedevice
gs —-q s
6 @ 0.6 0.2 setrgbcolor
GS>1 2 add ) @0 WH rectfill
8
GS<1>pStaCk 9 11 0@ setrgbcolor
33 10 newpath
n W 10 div H 2 div moveto
2z W 2 div H 8 div 7 mul 1lineto
3 W 10 div 9 mul H 2 div lineto
“w W 2 div H 8 div lineto
5 closepath
6 fill
© 0 0.2 0.5 setrgbcolor
w W 2 div H 2 div W 6 div @ 360 arc
o fill
21
PostScript & | Spaces (4) Y| LF ¥  Unicode (UTF-8) P9+ MmN aw

... or from a file

gs (b.ps)

ps2pdf b.ps



https://subethaedit.net/
https://seriot.ch/projects/subethaedit_postscript.html
https://www.ghostscript.com/

® ® ® (O PostScript Viewer and Comp X +

& C °% https:ffehubsoft.herokuapp.com/psviewer/ D W & Incognito

Show/Hide Editor \IDefauIt browser PDF '~ | Download New

PostScript Viewer ’ H Find H H Rep H Jump H Size H Options H & Create PDF |*Changed

Send feedback

using ps-wasm:
Ghostscript compiled

in web assembly

Choose Files | No file chosen | & Open | & | & Save as.. || SetFo -
Select a PS, EPS, GZ file from Computer or Drive.

: Accelerate Your Development



https://github.com/ochachacha/ps-wasm

Operand Stack PostScript Input Display Output

Ghostscript Console
No image yet

Clear Console Run Clear Page

prototype in Swift, linking with libgs.dylib
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| Yap PostScript Output

NeXTStep 3.3
(1995)



Brainfuck
Interpreter

https://github.com/nst/bfps/

Brainfuck is Turing-complete.
| wrote a Brainfuck interpreter.

This proves PostScript is
Turing-complete, unlike PDF.

T . bf_nano.pdf
—— 1 page

hello world

/Courier findfont 12 scalefont setfont 32 740 moveto

/P (+[-[<<[+[——]-[<<<] ] ]>>>-]>—-.— —.>..>.<<<<—. <+.>>>>>,>.<<.<—, ) def

/p 0 def

/C { P p 1 getinterval } def
/M 30000 string def

/m 0 def

/V { M mget } def

hello world

{ p P length ge { exit } if

+

eqg { MmV 1 add 255 and put } if
eg { MmV 1 sub 255 and put } if
eq { /mm 1 add def } if
eq { /mm 1 sub def } if

OO0 0
I

ANV

(@)

eq 1

< T —

0 eq {
mark
{ C([)eg {0} if
C (1) eq { pop } if
counttomark @ eq { pop exit } if
/p p 1 add def
} loop
y if
y if

C (1) eg A

/X exch def

VO ne { /p x def p } if
;yoif

p @ V put show } if
L

o® o° o o° o°

o

o® o o° o°

0\0 O\o

o

0\0 O\o

o

ineedit) (r) file read pop put } if

o

program pointer
read program char
memory array
memory pointer
read mem value

exit 1f out of prog
increment mem value
decrement mem value

move p to right
move p to left

push p on stack
1f V ==

move after matching ]

pop p for matching [
jump back if V != 0

show mem value
% read user input

move p to right



https://github.com/nst/bfps/

2. Games on Printer

Powerful in theory,
very limited in practice

Let's overcome that!



Run Code on Printer

mental model:

>
> from "printing”
= to "executing”
o)
8 fire and forget
cat x.ps | nc 172.20.10.13 9100
cat x.ps - | nc 172.20.10.13 9100 (echo $'%!PS\nexecutive\n'; cat) \
O | nc 172.20.10.13 9100
>
'-8 bi-directional com. executive Mode (REPL)
(S
-
O
afud
£

@5

. Dash “-* to read stdin




Tic-Tac-Toe




Tic-Tac-Toe

cat ttt.ps - | nc 172.20.10.13 9100




AN

A

vector: x.ps payload: ttt.ps

\ % a handwritten Tic-Tac-Toe program stored in a string
/prog(/d{def}def/e{exch}d/M{moveto}d/0{pop}d/g{getinterval
+d/{length}d/L{lineto}d/I{if}d/P{putinterval}d/D(1234567\
89)d/nf{0 b{46 eq{l add}I}forall}d/R{/q false d @ 1 8{/i e
d/A b dup 1 string cvs d A i 1 g(.)eq{[(X)(0)]{/pedA i
p PAB{b i(X)P/q true d exit}I}forall}I q{exit}I}for q}d
/Q{/x rand nf mod d/c @d @1 b 11 sub{/iedbi1lgqg(.)
eqf{c x eqf{b i(X)P exit}I/c c 1 add d}I}for}d/r{{(human (1\
—-9)>)print flush(%lineedit) (r)file( )readline 0 dup
1 0 gt{0 1 g}{0 ( )}ifelse/o e d D o search{0 0 0 b o cvi
1 sub 1 g(.)eq{o cvi 1 sub exit}I}{0}ifelse(bad input)= S}
loop}td/B{/z e d/N[[0 1 2][3 4 5][6 7 8]1[0 3 6][1 4 7][2 5
81[0 4 8][2 4 6]1]1d/V false d[(0)(X)]{/p e d N{/T e d/V
true d T{/Ue d/VzU1lgpeqV and diforall V{exit}I}
forall V{exit}I}forall V}d/S{0.2 setlinewidth 10 10 scale
20 /0 M 20 40 L 30 70 M 30 40 L 10 60 M 40 60 L 10 50 M 40
50 L stroke @ 1 b 1 1 sub{/i edb i1 g(.)ne{gsave 10 i 3
mod 10 mul add 3 add 70 i 3 idiv 10 mul sub 7 sub M b i 1
g show grestore}I}for m null ne{10 30 M m show}I showpage}
d/C{/E e d/K e d/m null d nf @ eq{/m(TIE)d/E true d}I b B{
/m( WINS)d m @ K P/E true d}I E{S}I m null ne{quit}
I}d/Courier findfont 5 scalefont setfont/b D d/m(HUMAN PL\
AYS 0)d S/b(....uuu.. )d{/m null d b r(0)P(__HUMAN) false C
R not{Q}I(PRINTER)true C}loop)def

% leave the program on the printer's file system
/f (ttt.ps) (w) file def
f prog writestring f flushfile f closefile







= Architecture and Tests

—

logic_board.ps

L — /board (\ L s 6

= — = [ \ Ole|4| (@ |4]e
logic_chess.ps  test_logic.ps b :t ﬂ.ﬂ..

T e Pal i\ | (& [ |4

SRR | el | [wle[k
B o |& | | [4]4
) def 4] |O|k[O|4]|e®
nHEREERE




Ul Design

/m { moveto } def
/1 lineto } def

~

/p { newpath SQUARE_SIZE 2 div SQUARE_SIZE 2 div 4 @ 360 arc closepath } def

/r { newpath 515 m7 1517 13 1913 1915 11115 111 13 1 13 13 1
1315 11515 11511 11310 1 13 3 1 73 1710 1 511 15 15 1
closepath } def

/n { newpath 12 15 m 14 3 1 6 3 110 9 1 6 9 1 closepath } def

/b { newpath 14 3 m 12 10 1 10 12 3 -30 30 arc
10 12 1 10 12 3 80 210 arc 8 10 1 6 3 1 closepath } def
/q { newpath 4 12 m 8 10 1 10 15 1 12 10 1 16 12 1 12 3 1 8 3 1 closepath } def

/k { newpath 8 3 m59 19919111711 17131913 1915111 15 1
11 13 1 13 13 1 13 11 1 11 11 1 11 9 1 159 1 12 3 1 closepath } def




Game Engine

s |y ¥ ‘black h8 e8
70100 (F| K YV 320‘\
6 LW e - Z
5 | '. ﬂ @ | white turn
4 '8- O.‘. 5
3l | |0 O &1
zo_ Alo| | [O] 4ee
L 7| 7 LI
a b ¢ d e £ g h

printer tries to minimize )
using minmax algorithm

fixed values

/WhitePieceValueDict

<<

P) 100
N) 320
B) 330
R) 500
Q) 900
K) 20000
)

(N) [ -50 -40 -30 -30 -30 -30

_40 -20
ﬂ 30 0 1
30 5 1
30 0 1

-30 5 1
-40 -20

0
0
5
5
0
0

0
15
20
20
15

5

0
15
20
20
15

5

0
10
15
15
10

0

-50 -40 -30 -30 -30 -30

-40 -50
—20 -40
0 —-30
5 —30
0 —-30
5 —30
—20 —40
-40 -50 ]



3. Games on Desktop







Sokoban

PSSokoban

Level:0 Moves:0 Push:0


https://github.com/nst/PSSokoban

1:0 | Bl umDo
%1 PS
%%Title: sokoban.ps nseriot@IMAC-GLR19? PSSokoban %

SsCreator: Nicolas Seriot
%“%BoundingBox: @ @ 660 300

&

0
ol

“J s QN B LD

rm /tmp/p; mkfifo /tmp/p; cat sokoban.ps /tmp/p | gs -
8 % stty raw —-echo; cat > /tmp/p

10 % Game symbols:

" % (@) Man ® @ =0 PSSokoban — -zsh — 77x17

12 % (+) ManOnGoal .
($) Box -zsh .
(*) Box0OnGoal - -

(#) Wall nseriot@IMAC-GL@19 PSSokoban % mkfifo /tmp/p; cat sokoban.ps /tmp/p | gs -

(.) Goal

7 % () or (-) Floor

e
ol of of o

0

19 /DeviceRGB setcolorspace
21 /S 16 def % square size

23 /MAX_WIDTH 24 def
2 /MAX_HEIGHT 12 def

26 /Helvetica findfont 10 scalefont setfont

82 % undo manager

22 /umSize 1000 def

0  fumRingBuffer umSize array def
1 /umHead @ def

322  /umbDo {

a3 umRingBuffer umHead 3 -1 roll put

34 /umHead umHead 1 add umSize mod def

s } def

3 /umUndo {

37 /umHead umHead @ eq { umSize 1 sub } { umHead 1 sub } ifelse def
38 umRingBuffer umHead get % result

39 umRingBuffer umHead null put

40 } def

42 % converts a level string into a 2D array of characters
43 /_s_ParselLevel_a_ {

45 /s exch def
46 /sLength s length def

48 /lines MAX_HEIGHT array def
49 /line MAX _WIDTH array def

51 /X 0 def % iterates on line
/y 0 def % iterates on lines

54 @ 1 sLength 1 sub {

55 /1 exch def
56
57 /¢ s 11 getinterval def

ot

4

PastScript 5 Spaces (4) LF  ¥| Unicode (UTF-8) . 9+



Immediate Keystrokes e enterkey

1. cat file and unix pipe
$ mkfifo /tmp/p; cat sokoban.ps /tmp/p | gs -

— —_—

Oh()stscript"

.’b

$ stty raw -echo; cat > /tmp/p

2. write with immediate input




Images

DDS

- L 5

https://opengameart.org/

/DeviceRGB setcolorspace

/imageData {
(
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DR]_DB8—PBE
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8
DB8 DB8 DBS8

} def

DB8
DB8
101
Y
101
101
DB8
DB8
DB8
101
101
DB8
DB8
776
776
DB8

DB8
101
843
DD5
843
843
101
DB8
101
57C
DA9
101
DB8
776
776
776

101
843
D

843
D72
423
DD5
101
57C
336
101
101
101
101
776
776

101
D72
Q4.3
DD5
423
101
101
DA9
843
57C
57C
D44
D44
D72
101
776

101
D72
DD5
843
DD5
DED
DA9
D72
57C
57C
423
423
423

101
776

101
D/2

DD5

D72
423
DD5
DED
DA9
D72
57C
57C
423
423
423
101
776

101
D72
843
423
D72
101
101
DA9
843
57C
57C
D44
D44
D72
101
776

101
843
843
D72
423
D72
DD5
101
57C
336
101
101
101
101
776
776

DB8
101
843
843
843
423
101
DB8
101
57C
DA9
101
DB8
776
776
776

DB8
DB8
101
101
101
101
DB8
DB8
DB3
101
101
DB3
DB8
776
776
DB8

DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS
DB8 DB8 DBS

<<
/ImageType
/Width
/Height

1

16
16

/BitsPerComponent 4
/DeviceRGB

/ColorSpace

/ImageMatrix

/DataSource
>>

image

[1 00 -10 0]
imageData /ASCIIHexDecode filter

% 0—F

inverted
y coord.



https://opengameart.org/

Levels

11
% Game symbols: / #;#
% (@) Man #H—# H#H#H
% (+) ManOnGoal
% (%) BoX HH——HH#HH——H#
% (%) Box0OnGoal oy :
% (#) Wall #=——Q@—#——H
% (.) Goal HH#H—SHHH——H#
% ( ) or (=) Floor e
HH—H# . H—HH
H—————— H#it
H———— #i

) def

/10 (

S

. 4 /12 (

4o ___4 W B

G i HH—

#—. $Q@$ . —# # #H-%.-#

B S ——— =3
AT - S Q-
o #=g——
###s) def Fowmii

o f

#HHHAE #) def






Tetris in PostScript

“In

* realtime input

o directdrop Level: 1
e |evels with increasing speed et o
High: 16260

o /-tetriminos random bags
* high scores
* Nintendo scoring scheme

e sound through external H HEN
MIDI synthetizer .......=

600 lines

60 operators

10 KB




o
(s8]
Ty)
o
- O Ol
—_— Q..
L =
a5 3 D
1 N I

F

IMINOS

Tetr

code
rotation

f %
f %

/tlc 0 de
/tlr 0 de

/t2c 2 def % code

% rotation

/t2r 0 def

Only 4 integers
to keep track of

0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def
0] def

oS RO RS oS R oS RO I S R oS BT IO IS RS RO B S R oS RS RS R O Oy
(SRS R oS RS RS I O RS I oS B N oS B O RN S B S RS IS BECS I oS BTG oS
SRS BSOS RN S RO IS RN O BN RO I S RS BTG BGOSR S B GS B O O
SRS RS I oS A o RO I S N o BN RO I S RO BT BT R S B O RO B O R O
(SRS A oS R RO B oS RS I o BN R oS RS RN S B S RS B S BTG B oS B I O
OSO0OOOO0OSS A O OO N A O OOOOOS
O rdlrdrdr1 OO OO OO S
OO0 OO OO OO0 OO OO
SRS RS R S A o RO I S R o BT RO I S R oS BT BT R S BN O RO B O O
(SR A oS RS RS I oS RS I O RO N O B RN oS B S B B O BTG I oS BT I O
T A1 OO0 OO IO IO 1O A
rITrdededrd e e e e e v e e
A OO A A SO AT OO T OO A A
SRS RO R S R O RS B O R o BT IS B S RO IO IS RO RIS RO RO B oy
SRS RS RN O RN oS RO IS RN O BN RO IS RN S BEOS BGOSR S BGS B O O
SOOI IO -HOS
Lo B o BB o B o B R o B S B S BN CS IO RS I o B o IO B o BNCS IR o IO
OSO0O OO OrIO OO T OOOS
SRS RS R S R o RS I S R o BT RO I S R O TS BT I S B O IO B O R O
SRS RS RE OS RCS BOS ISR O BN RO I S RS BTG BTSN S RS B GS B O S
SRS RS R oS A o RO B S R o BT RO I S R oS BT BT R oS B O RO B oS O
(SRS A oS R S RS B S RS IO BSOS B RN S B S BN B O BT IO B B oS
SRS RS RN oS oS RO I S R o RS RS I S RS RO B S R oS RS IS R oS Oy

L > .0TCT~ S >
NV o -
NN NN NN

/Ih

- = T e >
= = P S NN
~N N\ NN N N NN

/Td
/TL
/I

=
N

/Tetriminos |

Td TU Tu Tr]

'Jd JU Ju Jr]
Zh Zv]

0]

Sh Sv]
Ld LT Lu Lr]
Th Iv]

] bind def




Board

JZ O S L il
o 02 0B 04 05

0)
11 P = * % | rrr | rr

. =11 T r r

012 3456 78289

+10 for active tetrimino




Random Bag

‘ . il J Z D 5 L A

00 06

III |

----

Ensures game fairness

Yes, PostScript has a rand operator!




Non-Blocking I/O

1. read and truncate continuously

$ gs —-sNOSAFER tetris.ps

>_ =

tetris.ps

il

>_
ﬁ

T. TXT

2. write with immediate input

$ stty raw —-echo; cat >> t.txt

ie. keep pieces falling
when no input



Bonus: MIDI Sound

1. read and truncate continuously
$ gs —sNOSAFER tetris.ps

> _

tetris.ps midi.bin

ul raw MIDI
commands

IAC Driver Bus 1 GarageBand

3. forward messages
with tail -f midi.bin

$ stty raw —-echo; cat >> t.txt

T. TXT

Thanks to simple unix mechanisms,
we can stream keystrokes,
and even MID|I commands!

2. write with immediate input
$ stty raw —-echo; cat >> t.txt




-

Bl * 0 ¢ 32 @ 2 25 s

BERY B -ethm: a3t > T .I»




Your Own Games




orotTherornin.com



Animations

frame 306

% ghostscript

/W 320 def /H 240 def /R 15

/X 100 def /y 50 def def /x_ 2 def /y_1 def

<< /PageSize [W H] >> setpagedevice

{ e e e e e e e mmmmmmm——- -

X R sub @ 1t x R add W gt or {
/X _ X_ =1 mul def

}oif

y R sub @ 1t y R add H gt or {
/Y_ Y_ =1 mul def

/X X X_ add def /y y y_ add def
newpath Xx y R 0 360 arc
1 @ 1 setrgbcolor fill
10 10 moveto @ setgray

C o} af
:




extreme code minimization

4. Golfing

gambiarra inside gambiarra



bf _nano.ps

/Courier findfont 12 scalefont setfont 32 740 moveto hello world

/P (+[=-[<<[+[——=]-[<<<]]]>>>-]>—-.— —.>..>.<<<<—.<+,>>>>>,>,.<<.<—, ) def

/1{def}tdef/o{/c exch C sub ! ¢ abs 1 =}!'/p 0 '/={eq}!/?{1f}'/+{/p p 1 add !'}!/M
30000 string '/m @ '/V{M m get}!/C{P p get}!{p P length ge{exit}? 44 o{M m V c
add 255 and put}? 61 of{/mm c sub !}? C 91 ={p V @ ={mark{C 91 ={0}? C 93 ={pop}
? counttomark @ ={pop exit}? +}loop}t?}? C 93 ={/x exch ' V @ ne{/p x ! p}?}? C
46 ={( )dup @ V put show}? C 44 ={M m (%lineedit)(r)file read pop put}? +}loop

- bf_nano.pdf
-J Y 1 page

5 lines Brainfuck interpreter

hello world




3D

200 250 translate/D{def}def/M{mul}D/Z{20000001{}repeat}D/P 50 D/N{P neg}D/G{get}D

/a @ D/b @ D/c @ D/o{0@ G}D/0{1 G}D{/v[IN N N]J[P N N]J[P P N]J[N P NJ[N N P][P N P]

[P P P]INP P]ID/w 8 array D/f a cos D/d b cos D/e ¢ cos D/s a sin D/t b sin D/u

c sinD®©17{/1 exchD/pviGD/ypOfMp2GsMsubD/zpOsMp2GTFM

add D/x podMz tMadd DwilxeMy uMsubx uMyeM addlput}for[[0 1][1
2112 31[3 0114 5]11[5 6][6 7117 4]1[0 4]1[1 5][2 6][3 7]1]1{/E exch DwE o GowEoOo

GO moveto w EOGowEOGO lineto}forall 1 0 0 setrgbcolor stroke flushpage Z 1
setgray -100 dup 200 dup rectfill/a a 0.1 add D/b b 0.3 sub D/c ¢ 0.5 sub D}loop

demo-scene like

cube.ps



https://gist.github.com/nst/ee47099f49816d20c07d3e286938fc96

Tiny Ray Tracer

Obfuscated PostScript Contest 1993

%!0PS5-1.0 %%Creator: HAYAKAWA, Takashi
/A/copy/p/floor/q/gt/S/add/n/exch/1/index/J/ifelse/r/roll/w/div/H{{loop}stopped
Y}def/t/and/C/neqg/T/dup/h/exp/Y/pop/d/mul/s/cvi/e/sqrt/R/rlineto{load def}H 300
T translate(V2L&1i2A00053r45hNvQXz&vUX&UOVQXzFI!'FJ!J!10&Y43d9rE3IaN96r63rvx2dcaN
G&140N7'U&AC577d7!12&893r61Q02Z2403AQYaN LxS2w! ' f&NY9wn/7/wpSps1t1S!D&cjS5032rS40S30
Z&b 1xC1SdCON5dh ! I&3STinTinTinY !B&VOROVRVCOR 'N&3A3AXelnwe ! 1&993dC99Cc96raN!a&1Ch
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Edge Matching Puzzle

Printer can even play by itself!
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