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We hear computers “think n binacy”. But yyhat does that MEAN?!
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Your compuler’s memocy

pfosmms ace bu‘nar7

(RA H} " S instruction set =
OO0 LMo\ 0110 6 (86
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Oioo /\\ OO‘M Some instructions
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Every CPU has an
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and run Yhe code
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from Mactin kleppmaan’s “A critigue of the CAP theocem”

in distr;buted systems, || if you want 1o be "CP systems ™

nehork pactjons happen || Grebet rey oo
;
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E > when -”\97 ceply , you can

4 39 ar = .
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whole P{aa‘F! whpo.‘\’ can you
14 Yook -
10 minutes + %
You can call beoth of there's no
CAP

maih

these “AP”
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Copy on write

every +ime you stact
A new proces.s on
Lfr\ux, 1t dOESO\.

or

’FO(k (3 “clone "

which copies Fhe. parenf

Procesg
)G Ga)
LIT) samg

old new

the cloned process

has EXACTLY +he
Same memory

3@3%{»1
cld new

Copying o\l +he memar)|
eve ry Fime we Fark

would be slow and o

wade O‘F' space-
o®

7,

the new pro cess

i\an— E\I'Qr\ 6OMQ
use at memory

so Linux lets them

share RAM ingtead
of copying

oo ( Gh Y\JZ Won

7l' l\e Pmce.s.re_s‘
Po”uf‘ﬁ. each
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how do we make this work?)

Linux macks all the memacy for
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0
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1o +he Shared
Memor7 !
\
®

OH hat

UH
@ is not quoweéz
Linuk ' PAGE FAurf

P age Tabl

(® Linux
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Copy of that piece
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@ Everyone i
happy 7
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\/Jhajr's a dlfQC"-O(%g

-fllename inode number
awesome.jpg 279932
blah. ¢t 12227

Comberbatch 232333

1 made a duectory

with 2,000,000 listing
files Your dn(ec+o®
1S gonna be
REAL SLoOW

( a few seconds at leasﬂ

what's a symlink?
ifs st a File with the
name of ancther file in if‘g

$ reQC“l.f\k MY-COol" link

/home /julia/ long —Compllcdec[-
Fu(e-name

on ext 2 even opennng
Files 1n bmg dicectories
18 slow WY

o I

Thad's right! ext 2

dicectories have no index
Soyou have +o SEARCH

THE WHOLE THINO A

oxt2is oLD ’rhou@h-exgi.is
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wilittle Boua,
DNS work T G

., VY YN 4

more of these atf drawings. jvns. ca

DNS secrvers 4ronslate

TP addresses

where's

noamesS 4
cate. com?

; j>\ 17.2.3.9 Y it
A cecocd

Most DNS quecies 39‘]‘ cached

whece's |
cats. com? :..3 7\

some +imes “H(\Qy tell you itls
on alias (CNAME recoré\

{
bw\)}eres same place
esT. cats. com AS cats.com

=l
3.6.¢.8 acthoritatwe
Gooale DNS secver
DNS servec. for cats.com
looks op cats. com for
You angd gues you an answer .
when an impoctant
PNS secver dies
w\r\ere_s 2.8.8.8 o
+\..|rHer com? ? @ ? :)—'
avthor dedive
T have no idea . # sgr'jésr
was ot 172. 2.3.‘1 but
(dead)

4hat DNS record exp«eJ

and now +he avthorrtahve
secver is dead and AULGH
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more ot drqwings . ')\ms. ca
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& double is &Y bits.

that means there ore 2%
different doubles

%Ofﬂﬁ UP “l‘o

some double arithmetic

52 52
2526 0.2 = 1°* (the nex+ number ofter
252 is 2% 1)

|
11‘ —2—53- =1 ( the next number afder
1 s l+i-'§5)
(00
Jx 10 = u‘n‘Fn‘ni‘I-y < infinity is a. double

nn¥ini+7—in‘fin{+7= nan (not o number)

ﬂ\ere are 252 numloer,s

between 1 and 2
|

*’_ 2

l 2“""2‘72'

Z:Lr\umbers between 2+y
2" between 4 and &

etcetera.
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has C‘oub|€$ [La"d\

va ¥

that meQ

af ter 253
you don'+

have every
inte gec Z

the shortest version
of 25.44¥53898042e8

E 2.564854e9

7
calculad 0'13 the
shortest represen +ation

takes Fime V
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hello can 1 have an
IP address like

172.99.7.37
AP | o.0dresses

Youre OuT? Y
are

Whot wil we DO? Y

Yeah there were onl

2" (4 billion) o stact with
and there are SO MANY
cell phones

You can have this IPyvp
ddress thoogh | (128 bits)
200::0db§: 85a3:0000:0000:§a2e:0370:27a 9

Conp
UTER

N

that's coolV I +o’fqll7

Understand 1p, 4 because
this is 201

Windows 2000 had IPvé
SO
Su[nporf. oPem’hnj systems: ppa by

hello can T use

this website

Sometimes people pot

\Pvb

in the middle 1o Furn IP,
User

(3 packets
inte TPvY packets

it's hqppen ing Y V\W

6603‘8 Says 30% of Ameftca.r; traffic

‘H\ey see is usinj IPvb

pesple were Pu‘Hmj tobf butwelre REALLY
RUNNING oUT of TP addresses s,

now they have no choice




+he “0OSI model” Sutih Evans

T don't q\um
vseful but il 80@(:]

to know wha¥

for networking

Y loyer Yy meary

LAYERS

1 1 electrical eng: neecing stuff,
wires, frequencies, wify

1: E thernet pro‘f‘oco | + othecs
3:IpP (zp addresses )

H: Tcp + uop (ports)
516 : nobody ever Falks  about these

@bork

hat does “Hhis
1S an LY pfaxy" mean?

T a loaA balC\ncer
is labelled “L7F" i+
vsually me ans i+ looks
ot the Host: headesr inside
Youe HTTP packets.

loyer 3 ﬁ only  knovs
ne:l'warku‘fg about P aédresse_s!
Yool T don't even know

7: HTTP and Frvend s

f‘\ W"\Ot".q POF-,- iS
let alone wh at +he

1gnoces layer
q and above. \ P2 cket says
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wWhod's oo MAC address?

moce. at: deowings. \VNS. ca ¥

every COMP(J“}er on the
internet has @ network cord

ellg | you can call me
Oa:58:45 e 05:97

\
etwock ‘
ncawc\ MAC address

when you make HTTP rec[uesir

with Ethernet/ wify, every
PG.C.ke‘f' Se:l's sent 40 oo MAC.
address

wait, how de T know
someone else on the

Same nehrork isn't reading

all my Packe* s’
You don't ¥ Fhat’s one
feason we yse HITPS
T Secure Wi networke

your couter has a
iaﬁl.e +hat maps TP addresses

+0 MAC addresses

& mess age for 192.0.2.77?

T will send that +e
Oo.‘.SSVF’ﬁqu 0s:9% Y

(read about ARP 5, more )
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memory ollocation “’@"ggﬁz"‘

Vour allocator tries te

aﬂ‘an\/ qiven Fime and it can askK
£ill in unused preces when

your plogram has the 05 For more
afixed amouat of Memo(7, yov ask for memory
memor \
! mused || he can T have
587 Mp  Dfree nou I have
| -8 6B of S12 b?”f(’& of
memacy ¥ yay? Mmemory 7

google @ maua

got freed Chrome
\/OU C4aNn I‘Y\Veﬂ'f- )l@df

A
! YOoUr new mem or\/

own s'}ra’féﬁy To auacc\'fe
Memarb

oM o olternatwes 4o libe malloc

Q.‘*fa\ “‘&,@‘
~S( ~\D‘) «\Or\
\ o o

C
P || Fasboo®

alibe malloc!s algorithm
1S dumb T'm going to
do M‘Y oWAN ’H\"\S

'Hns 18 sort of nocmal to do 6005]e
if vou cace o LOT about pecformance




Mmon PQgeS = awesome Sota Evans

(some +imes. Quality @bdrk
May vary \'b\
T ‘Faund OU’]' T can @ P(OS(QN @ Sydem Caﬂj
6e+ clocUmen‘)'a.+.‘an § man send-file
for programg ([ke S(PP) $Mar\ qrep

with mMman Srelog $man ts @ devices

l @ C Fonctions $ man noll
bU'l' that S no‘i’ q”!! $man 3 pru’n',"F for /dev/null docs
lots of other ’H\un35 - $man Fopen
have Mman pages tool @ file formats games
bman sudoers ('::: ﬁ({susf‘:‘l
man Pages ace 5")“‘} V\\ZP‘{ $ for /etc / sudoecs You have sls-tl?oug\-\
. . CRb > P Mman Proc
UP into 8 Se‘d"ms‘ 2 @ miscellaneous SYSQAM"A programs
OCOOG®O®® $ man F oipe b man apt
g PP ink. $M0m chisot
/US( /share /man /man $ Mman ¥ 571”\1"‘

has section S on MY madhine. [these are cool T)
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mesos manages

resources
©) PO
maste/ DR
& @i

o.geats

we have
200 CPUs +
§00 6B of rAM .
what shauld we do?

0&38(\"‘5 fon \‘+¢sksl'

(unning o
X ®9A  needs 268
AHEN
Sl\ & of RAM +

Hhe Mesos master
keeps track of EuERy
(vaning task

dude dhere are

THOUSAND S of
”"\CSQ ‘H’\t’%S\
T 30"' L ‘H\oujlﬂ.

ask the

MeSos mo\S‘}er 1o cun
tasks
Hhee are LOTS.

Chronos
&) (cron- like 5obs)

Spqu Hﬂaoop

\\\a(os\\of\ ‘
(WP se

Senf 05
E\as\iLSearc\\ Cassandra

You can Spl'"‘ your
Mesos clyster between
several Frameworks

half for Hado()p ),
haf For web

secvi ces y

Mesos doesnt know
moch gbouvt tasks

[osK

Hat's a
'*A'k what} CHTTP seqnce
S doin ronning on
o' | Pad- 61223

|mesos | : | Magathon)
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mU’rexes

Sulia Evans
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SOMQ’l‘f\r;\Q; )’OU'('Q rUﬂf\t’f\S SOMQ}iMGS 2. threads want to
code on 2 CPUs ot v iy, change the same thing
o q 0
the same time ? i f,“C/r;’z
@ @ o' B wriden , o0
e o 5 e 11e “L( /) o1
| "‘“‘/
C | S \
ICPU 1 JCPU 2)  ||[Program) ~hale! ) “hullo? ragian
1 o L 2 J
O mutex keeps track of when veu're done, thece's lots more

w\se’“\er some-ﬂ\fng is In Uge
© Program 1’

Ve

to n r\nu‘l‘ eX

N uq. welp not

_,%’ 5 my turn.

& | >
~— , . °g

prasmm ﬁ
b o pros?f.'am

you tell the mytex
it's available

/"QV

mu‘l‘QK

pro :%raﬂ Ero 2 fam

but welre ouvtta space

g(\'omiC .
instructions




ne‘hl\lorkl‘ﬂs conce P+ S fUéAbg;/ZM.S
v

hey I want %o

understand all the
networking stuff +hat

happens”when T go

VES Ahat is awesome .

there are o |t of

Con CeP+5 bot you

Can totally learn

them all V (Knowss many
l’\e‘h—Jorkc'nj

Pm+o cols Concepts row)
othecr concepts

i

+Some more

o google . com ‘,

8
J
)
d

I
i

it's o lot to learn but it's tota Iy
Possible 1o learn hoy it all Fits together

gf) SgS
to 3e'|‘ you Pic’l‘ures of cats )
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When you 6€+
o webpage ke
Eaceooo K, iT

comes into your

compu'}e( (n man-/

snall

Le’\ls see w‘f\”\'\'
Hhose losk tikel

Dackets are split inlo

o few sections N

Cmad‘omy ot o POLCK@"'

ethernet/wifi

moce ot
drawmss .SVns .Ca

“physical layer™.

crean Gaior.aee MAC
02:53:ac: 99:2F:33 address

this gels chanseA
cons‘,'an‘H:j as YOUf

packe‘i' moves betueen

EP & in'}eﬂrj protocal "))

com pm‘e(s .

FROM: 72-96.2.3 TO: 123.9.2.32

€ in charge of

TCP | (oruDP)

Sequence number: €773 & counls

4
checksom - 84477 :;/n;sso
detect corrupted far
data
from: port 9479  to: port 8O

364’1':‘1\3 your packel
+o the right server

(like an address on
an envelope)

& in charge of
preventing d ata
corruption and helpin
you retey lost paclkéts

Video sTreamina uses

RtTe) (of whatever)

(GET / HTTP /14

Host: g 004 le.com

Acce p+ - Language:en-US

UOP instead. UJDP
does not try 0 be

reliable.
& the actual

data you're
-)'ryinj +o send Z
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Page_ Toble (in32 bt

memory

every pracess has

its oun memory
SPQCQ

Ox aeff3 000

)J?rocess 1

E(ocess 2

each addrgss maps

o o ‘real address

in Pkysfca.l RAM
process ] QKQQeodmd

at that peegess
address i1 § For me it Ox aef$3000 ii? 7
Jsays “cat” Says “doq ' nvalid §
o 0

Plocess 5
2 x 3942004

vecy® memoary access
Uses the page table

T need to acces
Ox ae 423 456

processes have
o "page table” in RAM
that stores ol
their mappings

Ox 12345 000 -> Ox aeq2s.-
Ox 23449000 —0x 12345~

the mappinags are
Usu:xllypskg blocks
(4kB is 4he normal size
of a“page")

when you switch
P(UC&SSQS R

Some pages don't
map to o physical
RAM addres s

Pf' ocess

T ' 3 onng
access

x 0004000
.EEPNDY
BAD ADpRESST [ cPU

N SESmen‘l'A"‘fOr\ fault =
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Unix Pe(‘miSSiOns @0k

3 k{nAS O‘G +k1'n35 $1S -X awesome.Pns

YoL can doTo afile r‘/'r\" rw- r--  bork staff
v ¥ v ’Y
V‘eqa er‘}e exeCU".e bork Can $+4'H"an
do this do +hjs can do
( ) this
$' X /bi [o; what's this Mmore Weird
S - '\n/ping 755 business ? Permissiong
r\l\l§ r-xr-x f00+ roo’)’ s means  ryx +l‘”\6\$
Se‘l’UfCl ‘F’Qﬁ 5 N :‘:’x
runsg P it's binary 7

. aS root (wWho owns
l-|—)/ no matter who

Started ping

59 ol » r—x

755 means
FWX r=x yr-x

bU-‘- I can OU+
UFSPQCQ




pipes

Soup EVANS
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drowings. jvns. ca

when {s does
write(®, “hi”)
WC can read it

So me‘\‘\‘mes you want Q P_'Bg s O Pair
7o send the output of ane 0f 2 magical
Process to the inpul of ancther File descri pTorS

S’QSlwc-X &‘Md.
53 AN, M
S‘\'c\'\n ® o s¥dout
PiPQ bU’f’FQ('S what if your
: '}arge‘l’ process dies?
| LT™ gonna write @
o ‘{)ajil\{on byies .,QS\ e
to A DVARR
® 93

Vh ne if my
buﬂer is Foll you
have 150 wait

Y

s gets sent
SIGPIPE it @ gets

C|O$PA (9.5 ugua“y dl?S)

read (@ )
- \\h; ]}
YoV Can pipe
SO MANY 'H'nna.s
+08e+he(
$ alblclale
APV N\
\ 7~~~
pairs of
pipes
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Bhork &Skms 3ooc\ ques{'aons

find a. sood time

state what you know ask factual queS'l'i ons

s6, I know when +he does this database
database gets a la 4ake out a lock
of writes, the hard When i+ does writes? ?

hey can T ask you
abOU"' dq+abase

pecformance $or
20 minutes?

yeah ¥ can we
do i+ afder lunch?

drive can't keep up.

that$ right | 1 yes | here are the

don't think that was
ovr problem though,

ook at this- -

docs You should read
i you want 1o Knowv
more | Theg’re 8004.

choose. Who o ask do seme research meH'

So6 I ‘FOU!\A OU‘} fkq:‘“ now 1 Know
0°
e loF more
g

Crecd'n'ns detabese
indexes Falces time
T really helped |
y helped |
Thet wes ﬁ

oand L have
S(emL use of

r Choi‘ce/ .
pe obo\b(\'j “fﬂfaﬂ- ansWe™s

moce time

e
% \our coworker with P
+the darabaset &% bit more expeine

how ‘H\c.‘l' ckfects
PE(‘Fafmam ce..-.

vestrons about
+im e

creator then You
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CPU scheduling

Su LA EVANS
@bork

O‘YLC,Q,;PO'Y\ a Time ...

T want 10 con a
(O progeam !

CoMp
UTARR

Your compu'l'e '
+oday

L25)
un
Pf 03( am

Sorry I
can on|~/ do
1 program at from 4he ||,

atime /60s or so BP;‘;?;}:E}

evecy CPU core can
only run 1 program
ot a time

ok +ime 4o stop
it's Timmy’s torn
+o use -H\e CPU now

Bpera+fn3
syd em

Every progea
gels a few

ms ot a +ime

steps when we s:ﬁ'}ck the rur;rn;:,',ﬁ process
> save: context swite

. res,’s‘}ed
‘stack pointer e~

‘Which CPU nstruction §
to stact ot nex+ Fime y

= set up memory For new process

all this takes time

(2 miccosecon d g ?5
145 ok to do bot
You don't want +o

be su:+ck.'n3 processe s
COns']'an+|7
-> load new registers and stoff

you don't use the CPU
when you're \.Jm’-l-a‘nj

hey I'm wa..'-}ms
for a network




A EvANS
V\OCQ oe(’ \\1\9'60\' & '“'\e S+QCK k {gtbﬁrk
(in a C pog ram\

example program
Yool program has it fon O {0 e dothing (b {
~> local variobles at x=2; i x= bet;
nt xe 0. dO..’H'\u‘nj (2); ’“L 2=, £
n X = : ind y;q)ﬁ re ucn
> . Fonction to return 1o 3

void  pacent () {

\

he stackat &

ClO._ ’l'l'\fnj L); locq\sY-— 3 (x\ o ’H\Q(P'S a ll‘m:','
} Y (2) (,:_ to how beg
- 'F , etoem |- - - - -— Your stack ca,
On d' on QfQUMPY\:ff QA()('QSS\Z- ?‘_déres_s‘foc __? ? 33"' Z Excppd it
make_ cat (name, Fluffiness) arg s ¥

2. (b)

an ov 3e'l’q,
R 7 STAck 14
these 4l live in a part _2 OVER Flaw
I\ed

0 _F me MO('7/ co return addr

Uﬂj_




wWhat's o thread

JuLia Evans
@b0oOrk

drawings. (vns. co_

18 Process can
hawe lots of fhr‘equ

process i0 | thread id
1€ 88 1892
1888 1¢93
1§¥8 2007

+hread
1 J

T can overwrite TR~
that f 1 want¥

threads share memo ry

“3" 46 address
2977886

Shar ng memory can

cavse problems

L ] - ',
“race conditions

memary

23

thread I'm going to

1 add 140 _ ) same
that numbec Y/ Fime

RESvLLT: 24

I'm going to
add 1 4o thread
that nurn\w(! 1

& WRONG
(shovld be 25)

but U‘H'\;y can

ron different code

TI'm do ing q
Fhigad QAE

f you have §
CPU cares, you
can run code for

8§ +threads ot the
SAME TIME




user space VS. kernel space

Sutia Evans

draw: ngs . \vns ca @bO0rk
’}\'\Q L‘“Ux kernel has when Linux kernel +,m +o
of lines of code Code runs, +h 0"}.,5 Write ovfile
called W
read+ write £iles youR
&K decide which progcam s keﬂ\e\ SPO‘LQ PROGRAM kernEL
Se‘l' to use +he Cé time for &

¥ make the keyboacd
work

when Yout pio gram
rons, +hat's

to Keenel space

Your ngmm Switches

‘]’iminj your process

back and forth
ste= “ms/ S'frins ¥ $ Jc:ime ‘Fl'nd /”\Ome
Xz xt2
file ucite (sh) « g Switchte O 'S user 0.73 systen
\/: x +4 e\ feinel wpace ’)'I{V\e SPen’i' 1N time S/per\']' b)’
str = 5+(1<7: ¥ aand welre You? process the kemel coin

back +o

user space §

work for yous
Process




= VIRTUAL MEMORY =

“+ranslation
lookaside
its actually  buffer”

1'd ke 1o

read from this

in RAM s \)TLB — [rRAM

add ress n memoryg "’ransla‘l'e.s virtual|

Qddresses To real addresseg

.OH NO. Jhat address
1S 06"’0&"7 on d\SKg
E FA Lty

HArD
| DRIVE

lets Yyoeu map a bunch reason @ i you run out of
of stuff on disk into swop memory, it gets
MQMOr‘s. None of it will

Saved to disk and
actually get read from Your computer gets

disk until you access the SUPER SLow I
memor%.




