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I ❤ 
Terminals



Disclaimer 

This talk will focus on Unix-based operating 
systems. I wanted to cover others as well, but due 
to time constraints, that would have meant 
overlooking the Unix side. █ 



Ok, let’s dive in █



Most of us use terminal every day.



In conventional ways and  

unconventional ways!













Terminals are used in many 
different use cases. 

But how it actually works?



Teletypes 

* Tom Hanks is not really 
connected to our talk, I just 

thought he has a nice collection



Teletype 
Writers (TTYs)



DEC 
VT05



VT100



Created in 1984. 

It started based on the 
DEC VT102 terminal specs 
and later incorporated 
features from other DEC 

terminals like the VT220, 
VT320, VT420, VT520, and 

Tektronix 4014.

XTerm



PTY (Pseudo-Terminal)
In some operating systems, including 
Unix-like systems, a pseudoterminal, 
pseudotty, or PTY is a pair of pseudo-
device endpoints (files) which establish 
an asynchronous, bidirectional 
communication (IPC) channel (with two 
ports) between two or more processes



Terminal Emulators



Terminal Emulator <-> PTY <-> Process* 

* Bash,Fish,Vim,etc… 



User input → 
terminal writes to Pty input buffer → 
shell reads Pty input buffer and interprets them → 
shell writes to Pty output buffer → 
terminal interprets them → 
renders



Program writes → 
terminal reads Pty → 
terminal parsers buffer → 
(optionally) update terminal view/state → 
renders.





The buffer frequently contains ANSI escape codes. 

ANSI escape sequences are a standard for in-band 
signaling to control cursor location, color, font 
styling, and other options. 





ANSI sequences were introduced in the 1970s to replace 
vendor-specific sequences and became widespread in the 
computer equipment market by the early 1980s. 

* Although hardware text terminals have become 
increasingly rare in the 21st century, the relevance of 
the ANSI standard persists because a great majority of 
terminal emulators and command consoles interpret at 
least a portion of the ANSI standard. 



Certain sequences of bytes, most starting with 
an ASCII escape character and a bracket 
character, are embedded into text. The 
terminal interprets these sequences as 
commands, rather than text to display 
verbatim.











CSI n m (Select Graphic Rendition parameters)



Of course you have terminal protocols extensions. 

Extensions started from DEC, which provided 
backwards-compatible series, extending from the 
first ANSI-compatible model introduced in 1978 

(the VT100)



Sixel, 
iTerm2 (inline) Image Protocol, 
Kitty Keyboard Protocol, 
Kitty Image Protocol, 
...





There’s actually much more 
stuff but for now let’s focus 
on what we just learned.



Program writes \033[2J 

CSI 2J: Erase entire screen



Program writes \033[2J 
Program writes "hello peeps!" 

CSI 2J Erase entire screen 
Text   Hello peeps!



Parsing data



charmbracelet/sequin









Pty













ignore 
print 
execute 
clear 
collect 
param 
esc_dispatch 
csi_dispatch 
hook 
put 
unhook 
osc_start 
osc_put 
osc_end

Actions



ground, escape, escape 
intermediate, csi entry, csi param, 
csi intermediate, csi ignore, dcs 
entry, dcs param, dcs intermediate, 
dcs passthrough, dcs ignore, osc 
string, sos/pm/apc string



Managing 
The 
Terminal 
Emulator 



Terminal 

1. Receives PTY updates 
2. Parses it 
3. Manage it’s own state





OSC dispatch



Update Terminal State



Render 
(Decide CPU or GPU path (e.g: Metal, Vulkan, DX12, OpenGL, etc.) 



From Terminal User Interface Perspective













raphamorim/zaz





References: 

- https://vt100.net/emu/dec_ansi_parser 

- https://vt100.net/emu/ 

- github.com/charmbracelet/sequin 

- github.com/charmbracelet/gum 

- github.com/charmbracelet/ultraviolet 

- github.com/saitoha/libsixel 

- github.com/cryptocode/terminal-doom 

- https://sw.kovidgoyal.net/kitty/graphics-protocol/ 

- https://en.wikipedia.org/wiki/Sixel 

- https://github.com/raphamorim/zaz 
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Rio terminal stickers!



Thank you! 
Obrigado! 
Grazie! █ 


