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Nizkourovnove programovani dnes

opcode instruction name
fa - cli - - register name
31 cO Xor  %eax, seax
8e d8 mov  %eax, %ds _ gereference
66 0f 01 16 lgdtw (%esi)
29 82 Of 20 cO 66 sub  %eax, 0x66c0200f (%edx)
83 c8 01 or $0x1, %eax - displacement
of 22 co mov  %eax, %»Cro
66 ea 1d 80 00 00 1jmpw $0x0, $@X891d\
08 00 or %al, (%eax) SelsaE
strojovy kod na I1A-32 instrukéni mnemonika na I1A-32 (AT&T syntaxe)
Posloupnost byt( uloZzena Kéd napsany rucné nebo vyrobeny prekladacem vyssiho
v pameéti kodujici instrukce programovaciho jazyka

provadéné procesorem
Assembler preklada mnemonika na strojovy kod
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Nizkouroviiové programovani dnes (2)

86
89
82
83
86
c4
81
c8

03
57
10
28
08
58
c3
70

a7’
co
3f
70
co
eo
eo
a4

opcode
£f

(51%
f
Qe
01
18
08
78

strojovy kod na SPARC V9
VSechny instrukce maji délku
4 byty

instruction name

add 7%sp, oOx7ff, %g3
rdpr %ver, %g4 e
mov _1, %gl constant
sllx %gl, oxe, %gl

and %g3, %gl, %g3

ldx [ %g3 + ox18 ], %g2

register name

retl displacement
stx %gd, [ %g2 + 0x478 ]
- dereference

instrukéni mnemonika na SPARC V9
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K ¢emu mi to muze byt dobré?

Vzdyt prece budu stejné cely Zivot programovat
v Javé, C#, Pythonu nebo PHP!
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Aplikacni framework

Komponentovy systém

Java / .NET

JVM / CLR

C++

C

Firmware / Operacni systém
Assembler

Strojovy kod

Procesor



Stovky tisic fadku kodu

e Aplikac¢ni software

m Napf. textovy editor
m Knihovny pro uzivatelské rozhrani

e Systémovy software

m Operacni systém
e Vstupné/vystupni operace
e Alokace pameéti a ulozného prostoru
e Sdileni prostredk

m Firmware
e Hardware

m Procesor, pamét, periferie
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Latenca MNumbers Every Programmer Should Know

Hins

™ L1 cache reference: 8.5ns

[ ] ]
H B Eranch mispredict: Sns
|

Hn

BBl L2 cache reference: 7ns

HE

|

EEEEE

EEEEE

HEEEBE Hutex locksunlock: 25 ns
HEEEEE

EEEER

B Main memory reference: 188 ns

HE
HE
1
]|
[ ] |
n
~
=
n

Compress 1KE with Zippa! 3ps

B Send 1KE over 1Ghps network: 18ps

350 random read C1GbSs 330
156 p=

|
N Fead 1ME sequentially
] from memory! 2568 ps

B W Round tip in same
BN datacenter: 588 ps

B Read 1ME sequentially
from 3500 1 ks

Tisk sesk! 18 ms

Source: httpsiAfgist. github. com 28491832




Pamétova zed'

e Vykon procesorli omezen vykonem paméti

= Vykon procesoru roste rychleji nez vykon paméti

e Jednoduché operace trvaji desetiny ns, pristup do
pameti trva desitky ns

e Nedosazitelny cil — kombinace: Pamét stejné rychla jako
procesor, dostatecna kapacita, rozumna cena

@ 2003 Elsevier Science

Performance

100
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Proc€ je dulezité védet o CPU cache?
e Quick Sort vs. Radix Sort

= LaMarca, Ladner (1996)
= O(nxlog n) vs. O(n)
e Teoreticky ,neni co resit”

1200

1000 Radix sort

8004

6004

4004

Instructions / ltem

2004

0 T T T T T T T T T T
4 8 16 32 64 128 256 512 1024 2048 4096

Slze (K Items to sort) Zdroj: Patterson & Hennessy
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Proc€ je dulezité védét o CPU cache? (2)

e Jenze: Quick Sort se pro vétsi mnozstvi dat
ukazal rychlejsi ...

2000

800 S

| | | | | |
4 8 16 32 64 128 256 512 1024 2048 4096
Slze (K ltems to sort) Zdroj: Patterson & Hennessy




Proc€ je dulezité védét o CPU cache? (3)

e Duvod

= Zpusob pristupu k datiim v implementaci
algoritmu Radix Sort zpusoboval pfilis mnoho
vypadku cache

5
Radix sort
g
@ 3
Lol
@
E
a E_
=
[&]
o
14
Quicksort
o & > O . &
{] | I I I

| | | | | |
4 8 16 32 64 128 256 512 1024 2048 4096
Slze (K Items to sort) Zdroj: Patterson & Hennessy
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Proc€ je duleiité védét o CPU cache? (4)

s ® s 5 © s
o Reseni
= Uprava implementace algoritmu Radix Sort, aby

pracoval s daty nejprve v ramci bloku paméti, ktery
je jiz nacteny v cache (radku cache)
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Abstrakce: Od uzivatele k algoritmu

Uzivatel
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Abstrakce: Od uzivatele k algoritmu

® &
© B

Uzivatel
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Abstrakce: Od uzivatele k algoritmu

Sémanticka
mezera

Uzivatel

Martin Décky, InstallFest, 5. 3. 2016 Nizkourovinové programovani



Abstrakce: Od algoritmu k programu
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Abstrakce: Od algoritmu k programu

Sémanticka
mezera
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Abstrakce: Od programu ke kodu
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Abstrakce: Od programu ke kodu

@

Sémanticka
mezera
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Abstrakce

e Prekonavani sémantickych mezer

= Postup od konkrétniho (technického) jazyka
k abstraktnimu (obecnému) jazyku

= |dealné se zachovanim presnosti, ale vyuziti Sireji
definovanych pojmu a ,,zapouzdreni” vnitfnich
detaill

vV eV Y/

= ,An abstraction is one thing that represents
several real things equally well.” (Edsger Dijkstra)
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Abstrakce (2)

¢ Vhodny jazyk pro danou uroven abstrakce

= Ridici logika procesoru

e Pomoci jednotky ALU secti hodnotu z registru A a
hodnotu z registru B, vysledek uloz do registru C

= Strojovy kdd: instrukce (slova) nad abecedou {0, 1}
e 1000110010100000

= Assembler: symbolicky zapis instrukci programu
o add R2, R3, R1

= VySSi programovaci jazyk: symbolicky zapis
algoritmu
e fruits := apples + oranges
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Abstrakce (3)

e Vhodny jazyk pro danou uroven abstrakce
m Preklad mezi jazyky = prekonavani sémantické mezery
m Jazyk vyssi urovné = vyssi produktivita clovéka
e Doménove-specifické jazyky
e Strojovy kad
m Prekladac

“VvVvV/

(Casto az do symbolického zapisu instrukci konkrétniho procesoru)
m Assembler

e Preklad ze symbolického zapisu instrukci do binarniho kédu
vykonatelného konkrétnim procesorem
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Prekladac vyssiho jazyka

preprocessor

O

compiler

-0

assembler

cCc -c -o output.o input.c
as -o output.o input.s
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Assembler s preprocessorem

@ preprocesor —>‘—>

assembler

cc -c -o output.o input.S
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Linkovani

linker - @er‘ SC@

ld -T link.ld -o output.bin input@.o inputl.o
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Linkovani (2)

input0.c

void global fncol() { }
void global fnco2() { }

int global int;
void *global ptr;

int another_symbol  attribute_ ((section(“another_section”)));

input0.o

.text
global fncel
global fnceO2
.bss
global int
global ptr
another_section
another_symbol
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Linkovani (3)

link.ld

SECTIONS {
.output 0x80000000 : {
*(.text)
*(.bss)
*(another_section)
_output_end = .;

¥

output.bin

.output (displacement: 0x80000000)
global fncel
global fnceO2
global int
global ptr
another_symbol
_output_end
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Uzitecné prepinace prekladace

o GCC

-ffreestanding

o Preklad bez standardni knihovny a funkce main()
-nostdlib

e Bez prohledavani systémové cesty knihoven
-nostdinc

e Bez prohledavani systémové cesty hlavickovych soubor(
-fno-builtin

e Nepouzivat vestavéné funkce prekladace (neni-li
explicitné pouzit prefix _ builtin )

Martin Décky, InstallFest, 5. 3. 2016 Nizkourovinové programovani



Uzitecné atributy prekladace

e GCC
__attribute ((packed))

e Struktura bez standardniho zarovnani prvk
__attribute ((may alias))

e Proménna daného datového typu muze byt zdroven jinym
datovym typem

__attribute ((aligned(n)))

e Proménna se zarovnanim v paméti na n byt(
__attribute ((section(“sekce”)))
e Symbol umistén ve vstupni sekci sekce
__attribute ((returns_twice))

e Pro implementaci funkci obnovujicich kontext procesoru
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UziteCné nastroje

e objdump

= Vypis informaci o objektovych a binarnich
souborech

-X
= Vypis vSech hlavicek

-d
= Disassemblovani spustitelnych sekci

-D
= Disassemblovani vSech sekci

-S
= Disassemblovani prolozené radky zdrojového kodu
= Potrebuje debuggovaci informace (gcc -g)
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Kde se to naucit poradné?

e Kurzy na MFF UK (a obdobné na jinych univerzitach)
= Principy pocitac
= Architektura pocitact
m Operacni systémy
= Principy prekladacu
m Crash dump analyza

e Literatura COMPUTER
. ORGANIZATION
m David Patterson, John Hennessy: Computer AND DESIGN

Organization and Design T RO

ARM EDITION

e On-line

m Série ¢lankl Co se déje v pocitaci na Root.cz
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Strucna charakteristika

Helen0S

open source general-purpose
multiplatform microkernel multiserver
operating system implemented from
scratch
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uvlaunch E

uvterm u

op — 10:22:02 up 0 days, 00:04:03, load average: 0.45 0.24 0.09 .
asks: 65 total \¥ Helen0S

hreads: ?3 total, 1 rumming, 0 ready, 7?2 sleeping, © lingering, O other, O inva

lid Launch application:
pud (1552 MHz): busy cycles: 35032M, idle cycles: 527298M, idle: 94.22+, busy:

5. 77 ' m
pulﬂ(iigl MHz) : busy 12-f sh2?uodrgnblrg9)

L . Built on 2016-02-18 09:56:29
ESCGUEILOIE UMD ok umming on amd64 (viterm-/63)

[taskid]l [thrdsl opyright (cl) 2001-2015 HelenOS project

49

6
52
19
11

4
62
35
50
32

elcome to HelenOS5t
http:- - uwww.helenos.orgs

# inet
onf igured addresses:

127.0.0.1-24 net-loopba
111128 net-loopback vt
fefo: 5054 :ff :felld:345€

[Link-layer fAddress] [Lfs
00:00:00:00:00:00 net-]
52:54:00:12:34:56 net-e
# viewer comp:O-winreg pr
v # wavplay demo.wav
> laying (1-1) demo.wav
ound playback: demo.wau
File ‘demo.wav’ format: 2 chamnel(s), 44100Hz, 16 bit singed(LE).
#

Pk ok ok ok ok e [ ek ek ek ok ok ok ok ok ok ok




HelenOS: Architektura v kostce

architecture independent

architecture
dependent

kernel kfl:i'tel
console P
ELF "l;eeg;celle tracing
loader mgmt support
lists, generic i
trees, resource TEEnE
bitmaps allocator y
string misc slab
routines routines allocator

system
information

memory
backends

interrupt & hardware
syscall resource
dispatch mgmt
thread &
task IPC )
mgmt 5
=
O
[T =
2o
thread task <2
scheduler capabilities P=]
-9
T o
U T
S
]
K=
w

platform
library
routines

bootstrap
routines

interrupt platform
handling drivers

context
switching

concurrent
hash
table

synchro-
nization
interface

" read-

faes copy-
a update

. work
spinlocks queues

address
space
mgmt

memory
zones
mgmt

global page
hash table

support

shared
platform

drivers

o]
mgmt

platform

memory
mgmt

Kernel subsystems

memory
reservation

frame
allocator

hierarchical
page table
support

shared
debugging
support

debugging
support

atomics
&

barriers

remote remote
console framebuffer

| console | | compositor |

P |

client
session

put

human interface.

nconfsrv

link layer

networking protocols

- Mmanagement
s

transport \
__layer protocols

inetsrv
I TMPFS I I Location FS I
£
150 9660 | | UDF | | MINIXFS |
[FaT][exrat | [ exta ’
file system device drivers |
device
manager
location
service logger klog
naming task A
service loader monitor it
kernel

System components

allFest, 5. 3.

2
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