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A Series of Books

Category Book Program(s) LOC LOE Pages
Kernel 9pi 3000 3200 732
Clwisyebein Core libraries l?bc 19000 1600 438
libregexp
libthread
Shell T G500 1700 166
Demalormsnt C compiler Gc libece 18500 1900 471
e A_ssembler Ba 3600 4400 176
Linker 51 700 5400 206
Editor ad 1600 200 45
Developer Build system ok 4350 4050 197
B Debugzers db acid 13100 1000 a21
strace
libmach
Profilers prof tima 3900 350 102
kprof stats
iostats
Graphics stack /dev/draw 18500 3400 507
Graphics libdraw
libmemdraw
libmemlayer
Windowing system  rio libframe BBOD 4000 289
libcomplete
libplumb
Networking Network stack fdev/net 18300 4800 457
libip libBp
Mise CLI utilities cat ls grep 23900 650 493
sed diff tar
Ezip ...
Total: 182550 36650 4690

Table 1: Principia Softwarica Books and Their Statistics.
[LOC = lines of code; LOE = lines of explanation; Pages = number of typeset pages)

Tilrrsis pragrammmg B0l M
Wemderaing it
S ——— e 1 = :
e L m ] : e
———— =
e == e — S
] S ——— - =
— . e

IWP9

i—— assexblers/

|- Gaf

|-- Baf

| == dataZs.c
|-- Assembler.ne
'-— mkfile
builderss

|== Fuilder.nw
|-- mkS

‘o= mkfile
coppllars,

|-- Bcf

|-- Bef

I-- eef

|-- CGompiler.nw
|== eppd

f—— mkfile
debuggars/

|== acid/

|-- dbS

|== Dmbugger .nw
|-- litmach/
'—— mkfilae
Dockerfile
daca/

|-- articlas/
== iwphf
doadiak. img
pditors/

|== edf

'-- mkfila
includa/

|== libe.h

|__
f'— u.h

linkers)

I-- B1/

|== 81/

|== Linker.ow
f—- mkfila
Toadme . txk
windowa,

|-- libcoaplata
j== Llibplumh/
|-~ mkfile

I-- wiaf

tem= Windows.nw

Figure 1: https://github. confaryx/principia-softwarica Layout.

|-- nkfile-host-Cygwin

kernel/S

I-- archs

|-- concorrencys
|-- consaole/
I-- devicea
I-- files/

I== fileaystens/
I-- imiesf

|- memory/

|== Emrnel.ow
I-- mkfila

|-- nmtworks
I-- processes/
‘—— syscalla/
1ib_core/

I=-- libkia/S

1—- 1libesd

|== Libcore.nw
|== libthread/
e pkfilae
1ib_graphics/
|-- Graphics.nw
|-- libdram/S
|-- libimg/

I-- libmendras)
|-- libmamlayar/
‘== pkfile
lib_netwarking
|-- libp/

|-- 1libip/

f—— mkfila
1ib_strings/
I=- libflate/
I-- libragexp/
|-- libstrings
‘== pkfile
Hakafila
okconfig.pc
akconfig.pi
nkfile

akfile-hoat-Limug
nkfila-host-macls
nlef ile~host-Pland
NISC/

I pef

em pif

|
|
|
|
|
|
I
I
|
|==
|
|
|
|__
|
I
|
|__
I
|
|
|
|
|
I
|
I
I
|
LT

mkfilasS

|-- 386/

|-- arm/

| == mkdirs

|-- mEfile.proto
|-- mklib

Vo= mkome
mifila-target-pe
miefilo-target-pi
networking/

|-— arp/

I-- dhep/

|-- ftpf

I-- https

I-- ipf

|== mkfile

|-- ndk/f

|== Metwork.onw
|== easopy/

t—— talnet/
profilarss

I-- iastats
|-— mkfila

t—— Profilar.nw
ahallal

|-- mkfila

|== ref

'-- Shell.aw
wtilitiess

|== archive/
I-- bytad

|-- caleS

|-= campare/
|-- filas/

|-— mkfila

|== pipeS

|-- proceas/
|== tazt/

|== time/

e Utilitiesn.ow
ROOT/

|-- 3as/

|-- arm/

|== lib/

|== xe/

|-- tastas

V== usrf

(as generated by tree -L 2 -F and spread in 3 columns)

Goken Dockerfile excerpt

Principia Softwarica Dockerfile

# Build goken on Ubuntu using
# goc/bimutils (and mlfro)
FROM ubuntu:24. 04

# Setup a basic C dev enviromment
RUN apt-get install -y gee libeG-dev
byace

# Now let's build from source
WORKDIR fsrc
cOPY . .

# Small shell script (mot GNU autoconf)
# to detect arch and gemerate

# ./mEconfig

RUN ./configurae

# The script below obwicusly builds
# 'mk' (witheut needing mk) but also:
# = 're?, vhich is called by ‘mk’

# - 'ed®, for the mkenam script

# run during the build

RUN ./scripts/build-mk.sh

# copy ./ROOT/<arch>/bin/{mk,rc,ad}
# to ./bin/
RUN ./scripta/promote-mk.sh

it make mk and rc accessible
ENV PATH="/src/bin:${PATH}"
ENY MESHELL="/src/binfre®

# Let's build goken (using mk/rc built
# in the previous step)

RUN mk

RUN mk install

ENV PATH="/src/RO0T/andéd bin:h,
fere /ROOT farméd bin:,
${PATH}"

# Build principia on Ubuntu
# Linnx (amdB4 or armE4)

# for 336 (pe) and arm (pi)
FROM padator/goken

WORKDIR fprincipia
cory .

& 386

RAUN cp mkconfig.pc mkconfig
RUN mk && mk install

AUN mk kermel

& arm

AN cp mkconfig.pi mkconfig
AUN mk &k mk inatall

AUN mk kermel

# VFAT tools
AUN apt-get install -y dosfsteols
mtools

# making dosdisk.img
AUN dd if=/dev/zerc of=tmp.img %
bs=1M count=512

AUN mkfs.wfat tmp.img

AUN mcopy -i tmp.img -2 -o %
ROOT/+ @

RUN cat MISC/pc/booteector tmp.img
» dosdisk.ing

RUN rm -f tmp.img

Table 3: Principia Softwarica Build and Packsging Process,




The Best Engineers Understand the Stack

Facebook: linker slow, bottleneck for everyone
— most engineers: stuck, accepted it, black box

We had to wait for lan Lance Taylor (Google, 2008) to write gold — a new linker for
GNU binutils.

Not a young hotshot. Old-school Unix/GCC hacker (since 1990).
Also part of the Go team at Google.
The kind of engineer who understands the full stack.

Understand deeply = build better



The Education Gap

| "What happens when you type Is in a terminal window?"

Keith Adams — colleague at Facebook, later Chief Architect at Slack — used this as
his interview question.

Simple question. The answer involves: the shell, the C library, the kernel, the
graphics stack, the windowing system.
Most engineers can't answer.

“Full stack” today = React + Node + cloud
REAL full stack = compiler, linker, kernel, syscalls



The Al Era Makes This More Important

We write less code. We need MORE understanding.

Al generates code — but who evaluates it?
Who debugs the segfault? The linker error?

Al tools like Claude Code USE the classic commands:
BEEEE, RS, [, BRI, EECE, BEEN . . .
The Al is a power user of the very programs Principia explains.

Writing code = 20%. Understanding = 80%.
Al handles the 20%. The 80% becomes everything.



But the Stack i1s Enormous

Linux kernel ~40M LOC core ~2M

gcc ~15M LOC

glibc ~1.5M LOC

bash ~180K LOC

Xorg server ~500K LOC ecosystem: millions
xterm alone ~88K LOC

Each component: more code than ALL of Plan 9




1 bash 180K

B Plan 9

(Kernel)

Linux kernel

40M

(Shell) 2 grep+sed+awk 120K 3 coreutils

183K LOC — ALL of the above

100

K

4 tar+diff

(Compiler)
gcc
15M
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5 make

35K

(Debugger)

gdb
1.5M




Plan 9 — 100x Less Code

Thompson, Ritchie, Pike — Whole OS: ~183,000 LOC

Plan 9 Linux / X

rio =8,800 LOC Xorg = millions
terminal < 1K xterm = 88K
/dev/cons tty, pty, VT100...

ldeal teaching OS: Open source, Small, Real, Complete, Coherent, Self-hosting



Principia Softwarica

Research OS — Teaching OS

Books explaining ALL source code of ALL essential programs
The books ARE the implementations (literate programs)

kernel -» compiler -» assembler - Llinker
shell -» libc - editor - build system
debugger - graphics -» windowing - networking

"What happens when you type [s?"
With Principia: fully answerable.
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A Series of Books

Category Book Program(s) LOC LOE Pages
Kernel 9pi 30000 3200 732
Core libraries libc 19000 1600 438
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Editor ed 1600 200 45
) T p— Build system mk 4350 4050 197
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Graphics stack
Graphics

Windowing system

/dev/draw
libdraw
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libmemlayer
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libcomplete
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Networking Network stack
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Misc CLI utilities
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gZ1p

Total:

182550 36650 4690

Table 1: Principia Softwarica Books and Their Statistics.
(LOC = lines of code; LOE = lines of explanation; Pages = number of typeset pages)
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The Bookset

15 books, 7 categories, 183K LOC total
ARM architecture (simplest widely-used + Raspberry Pi)

LOE/LOC ~1 target — work in progress
The Utilities book: cat, 1s, grep, sed, diff, tar... Sheeen

The exact commands Al coding tools run hundreds of times a day.

-----




How many 400-page books to explain it all?
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