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Llenb Kypca

Kypc «Apxmutektypa 9BM n a3blk accembnepa»

— BbluncantenbHaa TexHmMKa 6e3 nporpamm beccmbiCieHHA

— CoBpemeHHoe N0 pa3pabaTtbiBaeTca Ha A3blKax BbICOKOrO YPOBHA
dopmmnpoBaHmMe CBA3HOIo NpeacTaB/ieHna 0b opraHmM3aumm
coBpeMeHHbIX BbIHNCINUTE/IbHBIX CUCTEM

— AnnapaTypa, CMCTEMHbIE NPOrpaMmmbl, NPUKAAAHbIE MPOrPaMMbl

A3blKk Cn KaK cpeacTBO AEMOHCTpaUmm ...
— TOro, KaK paboTtaeTt annapaTtypa ...
— WUTOro, Kak cz1eayeT Ucnos1ib3oBaTb anrnapatypy 414 peaan3aumnm A3blka
nporpaMmmmpoBaHUA
PesynbTar
— [MoHMMaHWe NPUYKH XopoLllei/nnoxon NPon3BoANTEIbHOCTM NPOrPaMMmMbl
— [MoHMMaHMe NPUYNH ONDOOK

— OcHoBa gna apyrux kypcos: OC, ceTn, KOMNUNATOPbI, NapansienbHas
0bpaboTKa AaHHbIX ...



[Mpobnema Nel CBomncrtaa yncen

e X2207?
— float — Bcerpa na
— int?
e 40000 * 40000 = 1600000000
¢ 50000 * 50000 = ?
e (X+y)+z=x+(y+2)?
— signed/unsigned int — Bceraa ga
— float
e (1le20+-1e20)+3.14 — 3.14
e 1e20+(-1e20+3.14) — ??
e CBOMCTBA TUNOB AAdHHbIX MOTyT ObITb MCNONb30BAHDbI
ANA NPUYUHEHMA Bpeaa
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[Mpobnema No2 A3bik accembnepa

TIOBE Programming Community Index

Source: www.tiobe com
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— Java
-
C++
== Python
= CF
== JavaScript
Visual Basic NET
== R
== PHP
Perl
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[Mpobnema No2 A3bik accembnepa

TIOBE Index for Assembly language

A3bIK accembnepa - No15
PentnHr 2.056% (pespanb 2018)

Wednesday, Jan 3, 2018

2017 - Ne13 Assembly language: 2.056%
2016 - Ne13 _ /1

2015 - Ne14
2014 - Ne14
2013 - Ne19
2012 - No21

2011 2012 2013 2014 2015 2016 2017 2018

Komnunatop Cu coOCTaBUT NPOrpammy HUYYTb HE XYKe 5




[Mpobnema No2 A3bik accembnepa

A3blKk accembniepa No3BOASIET NOHMMATb NOBeAeHNE MALLUHbI

CuctemHoe nporpammHoe obecneyeHme
co3gaeTca 1tlnaAbMU, B TOM 4Yncae BbiNyCKHMKamu BMK

— Komnunatopbl U MHOrME Apyrue MHCTPYMEHTbI pa3paboTKmn Nnporpamm
— OnepaymnoHHble CUCTEMDI
— CpepacTBa 3aWwmTbl MHGOPMaL MK

OTnagka owMbOK pa3paboTYMKOM NPOrpammoil

HacTpoiKa npon3BoamuTeNbHOCTU NPOrpamMmmbl
- I'quelv\y onTmmMmun3aumna nporpammbl KOMMUTATOPOM HE AaET OXKNOAEMOTO
pe3ynbTaTa
bBesonacHocTb nporpammHoro obecneyeHus
(software security, cyber security)
— CepTuduKayuma nporpamm
— CpeacTBa 3aWUThI
— BpeaoHOCHbIN Koa: 6OTHETbI, BUPYCbI/YepBU, PYTKUTDI, ...



[Mpobnema Ne3 Otnagka
HeonpepneneHHoe noBeaeHue

double fun(int i) {
volatile double d[1] = {3.14};
volatile long int a[2];
a[i] = 1073741824;
return d[0];

}

fun(@) = 3.14

fun(l) - 3.14

fun(2) =  3.1399998664856

fun(3) =  2.00000061035156
—p

fun(4) 3.14, anotom segmentation fault




[Mpobnema Ne3 Otnagka
OwmnbKM paboTbl € NaMATbIO

e A3blK Cn He npegnonaraeT 3aWmTbl NAMATHU, HO 3aTO
3a[a€eT YeTKMe npaBusia pasmMmeLleHUs JaHHbIX B NaMATH

— BbIxop 3a npegenbl maccuBa
— HeKoppeKTHble yKa3aTenu
— malloc/free

e OWKnOKKM Npu paboTe c NaMATbIO TAXKENO UCNPAaBNATD
— [MpoaBneHue oWnbKM MOXKET 3aBUCETb OT OKPYHKEHUA

— BO3HWKHOBEHME OLLINOKK MOMKET ObITb «AaNeKo» OT ee
nposiBAEHUsA

e Kak 6bopoTbca ¢ owmnbkamum paboTbl € NamATbIO
— Rust, Java, Ruby, ...
— [loHMMaTb YCTPOUCTBO KOMMNbIOTEPA

— Wcnonb3oBaTb NPOrpaMMHbIE NMHCTPYMEHTbI ANA OTNaAKU
e Valgrind, Pin, Address sanitizer, ...



Mpobnema Ne3 OTtnaaKa
[TamAaTb Cn-malunHbl vs. [lamAaTb KoMnbloTepa

HenpaBuabHaa paboTta c NnamATbIO NPUBOAUT HE TO/IbKO K
cboam B paboTe nporpammbl

[TamMATb KOMMNbIOTEPA OrpaHMNYeHa
— [nybuHa BbI30BOB PYHKLMIM OrpaHNYEHA

— MamATblo HeobxoAMMO yrpPaBAATb
— PaboTta MHOrux nporpamm 3aBMcUT OT o6 bema A0CTYNHON NaMATH

Ob6palleHune K pasHbiM NepeMeHHbIM AJINTCA PasHOe Bpems

— HacTpoiKka nporpammsbl NoJ, 0COOEHHOCTU YCTPOMCTBA NaMATH
KOMMblOTEPA MOXKET AaTb OLLYTUMOE YCKOpeHne paboTbl



Mpobnema No4 Mpon3BoaNTENbHOCTb
ACMMNTOTUYECKaA CZIOKHOCTb

void copyij(int
int i,7;
for (1 =0; i
for (j = O;
dst[i][]]

src[2048][2048], int dst[2048][2048]) {

N de A

2048; i++)
< 2048; j++)
src[1][]];

[TamaTb umeeT
nepapxmyecKyro CTPYKTypy

CKopoCTb paboTbl Nporpammb
3aBMCUT OT NOPAAKa
BbIMO/IHAEMbIX AENUCTBUM

void copyji(int
int 1i,7;
for (j = 05 J
for (1 = 0;
dst[i][]]

src[2048][2048], int dst[2048][2048]) {

<
i

2048; j++)
< 2048; i++)
src[i][3];

MepneHHen B 21 pa3
(Pentium 4)
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Mpobnema No4 [Mpon3BoaNTENbHOCTb
ACMMNTOTUYECKAA CNNOXKHOCTb

YMmHoKeHue maTtpuy, 2 X Core 2 Duo 3 GHz (double)
bubnnoteka GotoBLAS

Mflop/s
50000 p/
45000 Anroputm K. Goto
.
40000
35000 Tem BpemeHeM...
30000 CraHgapTHoe ymHoxKeHue O(n3)
25000 PasHuua B 160 pas3 Anroputm LTtpacceHa O(n%31)
20000 Anroputm Konnepcmuta-BuHorpaga O(n?38)
15000 Moyemy UCnosib3yem anropuTm C XyaLemn
A 12?7
10000 aCMMNTOTUYECKOM OLEHKOM??T
>000 TpOMHOM UUKA
0 T T T T T T T T 1
0 1000 2000 3000 4000 5000 6 000 7 000 8 000 9 000
matrix size
B TOYHOCTU OAMHAKOBAA CAOXKHOCTb (2n3)
Kazushige Goto and Robert A. van de Geijn. 2008. Anatomy of high-performance matrix multiplication. 11

ACM Trans. Math. Softw. 34, 3, Article 12 (May 2008)




[Mpobnema Ne5 be3sonacHocTb

e ONTMMM3ALMM KOMMUAATOPA CNOCOOHbI HapyLaTb
6e3onacHOCTb KoAa

memset(password, °*\0’, len); -03

free(password) ; - free(password);

e A3blK BbICOKOIO YPOBHA He cneundpuumnpyet
CyLLLleCTBEHHbIe A1 6e30MacHOCTM acneKTbl

int a[2], b;
memset(a, 0, 12);

e CooTBeTCcTBME MCXOOAHOIo n UcnoiHAemoro Koad

— Heobxoamm goctyn K cucteme cOOpKM M KOHGUTYPaLMOHHbIM
dbannam

* McxoAHbIN KOA, MOXeT ObiTb MPOCTO HeAOCTYNeH

Gogul Balakrishnan and Thomas Reps. 2010. WYSINWYX: What you see is not what you eXecute.
ACM Trans. Program. Lang. Syst. 32, 6, Article 23 (August 2010), 84 pages. DOI=http://dx.doi.org/10.1145/1749608.1749612
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[KOMMMBIOTEPHBIE CUCTEMb

T T APXUTEKTYPA V1 MPOrPAMMUPOBAHME
M e p a y p a B3SA NPOrPAMMUCTA

Panpan 3. bpanaHT, 3sna O’ XannapoH. KomnbloTepHble
CUCTEMbI: APXUTEKTYpPA M NPOrpaMmmMmmnpoBaHune
(Computer Systems: A Programmer’s Perspective).
N3paTtenbctBo: BXB-lMetepbypr, 2005 r. — 1186 cTp.

3. TaHeHbaym. T. OCTUH. ApXMUTEKTYPA KOMNbloTEPA. 6-€ v|3,£|,
N3paTenbctBo: MNnutep, 2016. — 816 cTp. ||
E.A. KyabmeHKoBa, B.C. MaxHbiues, B.A. [NagapaH. BAIBHENBAYM  TeRETH
CemuHapbl No Kypcy «Apxutektypa 9BM un A3bIK
accembnepa»: yuebHo-meTogmnyeckoe nocobume. Yactb 1. APXUTEKTYPA

N3paTtenbctso: MAKC NPECC, 2014, 78 cTp. KOMIIbIOTEPA

E.A. KyabmeHKoBa, B.A. lNagapaH, M.A. Conosbes.
CemunHapbl No Kypcy «Apxutektypa O9BM un A3bIK
accembnepa»: yuebHO-meTOogM4ecKoe nocobume. HYactb 2. -
U3spatenbcteo: MAKC NMPECC, 2014, 100 cTp. B-EHBRAHNE

pznnrep
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[lononHutenbHasa (aHrnoA3blyHAA) INTEpaTypa

e John L. Hennessy and David A. Patterson. Q . |
® co TER

Computer Architecture, 5th Edition: A Quantitative EESEEI ="
Approach. Morgan Kaufmann Publishers 2012.

— YacTb Tem Kypca paccmaTpuBaeTCca B NepBbiX ABYX rnaBax
(~130 cTpaHunL)

e Randal E. Bryant, David R. O'Hallaron. Computer SOMPUTER SYSTEMS
Systems: A Programmer’s Perspective (3rd
Edition). Pearson 2015. - 1120 p.

BRYANT « O'HALLARON
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A3 yero cocTtout Kypc

MTorosas oueHka
* Jlekuuu 0.2%c1+0.2%c2+0.6* ex

— 48 u4acos / 24 nekuuu 1uc2 * yaosneTBopuTenbHo >= 40%
— [1Ba NnCbMeHHbIX Konnokenyma cl nc2 | XOPOLIO >=60%

— [IncbMeHHbIN 3K3aMeH ex
*  OTAMYHO >=80%

* CemuHapbl Mponyck Konnoksnyma — wrpad -5%.

— 72 yaca / 36 3aHATUI
e AyautopwuAa

e MalWWHHbIX 3an

— J[lomalwHne 3agaHuA
e Bcero— 6 3agaHui

OrpaHquHme Ha KON4eCTBO
MOCbLINTIOK 3a4a4U:

e 4 33paHuA caatoTca B cucteme Ejudge * npocTble 3aga4n — 16,
— 3a4eT C OLLeHKOWM e 06blYHble 3aaaun — 24,
— Komuccma: mallinHHbIN 3an °*  MNOBbIWEHHOMN CNOXKHOCTU — 32.

e CauTt noaaeprKKku
http://asmcourse.cs.msu.ru/

Ha cante noaaepKKu Kypca B pasgene «IK3aMeHbl U KOHTPObHbIE» AETa/IbHO
ONKUCaHbl NPaBUAA BbICTAaB/IEHNA OLLEHOK 33 IEKLMOHHbIN KYPC M NPAKTUKYM
http://asmcourse.cs.msu.ru/?page id=1020
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http://asmcourse.cs.msu.ru/?page_id=1020

[1naH nekumm

BBeaeHue Ha npumepax

— 4 nekunn

ApxuTeKkTypa Habopa KomaHA, NPOM3BOANTE/IbHOCTb U
6e30nacHOCTb Nporpamm

— 10 nekumnn

Cunctema nporpammmpoBaHua (A3bika Cu)

— 3 neKkumn

Apxutektypa BM

— 6 1ekuunm

OpuneHTMPOBOYHOE Bpema NpoBeaeHUA KONJIOKBUYMOB
1. 14 mapta
2. 21 anpena

16



AcTopnAa nepBbIX KOMNbIOTEPOB

Yapns3 b366max, Ana Nasnanc 1820 — 1833
KoHpapa ¢oH Lly3e
— Z711938r.,721939r.,73 1941r., Z4 1945r.

JKepT n Moyunum
— ENIAC1946r.

— ¢oH HenmaH
e First Draft of a Report on the EDVAC, 30 utoHAa 1945

AtaHacoB 1 beppu

— ABC1942r. MpuMmeHeHne nepBbIX KOMMNbIOTEPOB
Mark | * 33434 MaTemaTuyeckon Gpusnkm
— 1949, * wndposaHue/gewnppoBaHme coobLieHni
* ynpas/sieHne (BOEHHOM) TEXHUKOM
NcaakK bpykK
— M-11951r. CoBpemeHHOe NpUMeHeHNe KOMMNbIOTEPOB
Cepreﬁ ﬂ66EAEB * XpaHeHue nHopmauum n npeaocTaBneHme
— M3CM 1950 . yao6Horo gocryna ana paboTbl ¢ Hew
— B2CM-11952r. * nepepgaya MHdopmauun

* ynpaB/ieHNEe TEXHONOTMYECKMMM NpoLLeccamm
* 1Y MHOroe apyroe ...

17



ApxuteKkTypa ¢oH HemmaHa

89 c8 mov eax, ecx

8b 15 18 20 00 00 mov edx, dword [©0x2018]

c7 03 41 00 00 00 |mov dword [ebx],

IAI

Perncrpsbl J
LlinHa
. < , N e > OnepaTtnBHas
namsATb
YY AJlY
\, J/ \, J/
LIFTY
/ \ /

BcnomnHaem Cu-malumHy...

1. 1BonyHOE KoamMpoBaHme nHpopmaumnm
2. HepasnnummocTb KomaHAa 1 AaHHbIX
3. AapecyemocCTb NamMAaTH

4. NMocnepoBaTenibHOE BbIMOJHEHME KOMaH/

18




EANHCTBEHHDBIN BaPUAHT apXUTEKTYPbLI?

NamaTb:
OnepaTtmBHasa namsaTb McnonHsemas
nporpaMmma

{ l N\ '8 I i

M :
vy ANY amaTh vy ANy
[aHHble
Ly A Ly
. S L >
\ 4 \ 4
Cuctema BBoaa/sbiBoaa Cucrema BeBoga/sbiBoga

Ewe oauH BapmaHT

n306parkeHna apxXnuTeKTypbl [apBapAcKan apxmTekTypa

doH HelmaHa...

BcnomnHaem Cu-malumHy...

19



v

(MopgenbHbIn) uMKn pabotbl 9BM

N3BaeueHue NMHCTPYKLUUU U3 NaMATH

Ncnonb3ys TeKylee 3Ha4YEeHUE cYemYyuKa KOMAHO, NPOLEeCCop
N3BNEKAET HEKOTOPOE KONMYecTBO HalT U3 NamATU U NOMELLAET UX B
bygep KomaHO

HdeKkoanposaHMe KomaHAbl

[Mpoueccop NpocMmaTpUBaAET coaepKnmoe bygpepa KOMaHO w
onpeaenaeT Koo onepayuu v ee onepaHosbl

[NVHa AeKoaANPOBaHHOM KOMaHAbl NPpnbaBAAeTCs K TeKyLLLEeMy
3HAYEHUI0 CYeMYyuKa KOMaHO

3arpy3Ka onepaHaos

N3BneKatoTcA 3HaYeHnA onepaHaos

Ecnhn onepaHg pa3melleH B AMEMKAX NaMATU — BbIYUCNAETCA
ucrnosiHUMesbHbil aopec

BbinonHeHMe onepauumn Haa AaHHbIMMU

3anucb pesynabrata
Pe3ynbTaT MOXKeT ObITb 3aNMCaH B TOM YMUCNE U B CYEMYUK KOMAHO ANns
N3MEHEHMA eCTeCTBEHHOIo NopAAKa BbINOJIHEHUA

20



[TpOoMeXKyTOYHbIe UTOTU:
KNtoYeBble TePMUHbI U MOHATUA

Peructp, nma peructpa, 3SHayeHne perncrpa,
Pa3pPAAHOCTb PEernMcTpa, MallMHHOE C/I0BO

[MamATb, A4enKa NamMATHU, agpec AYENKM NaMATHU, BPpemMs
A0CTYyNa K NaMATH

L|,MK!'I, TAKTOBAA YaCTOTa, CHETYUK KOMaAHA

MalwunHHaa KomaHda, Koa onepauun, onepaHa,
aZlpecHOCTb KOMaHAbl

NcnonHumenoHsbIl (OelicmaumerbHsili) adpec
aHrn. effective (executive) address

Cnocob agpecaunm
npsamasn, HenocpeacTBeHHaA, KOCBEHHAA

21


http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

Peructposblii
dhann

ANy

CuctemHas wnHa

MocT

MHa NaMATn

NHTepdenc WnHbl

BBOJa/BbiBOAA

MamsaTb

Y

I

padhnyecknin
apantep

LLnHa BBOOA/BbIBOAA

!

l

USB
KOHTpONnep

Mbiwb

Knaeunatypa

KoHTponnep
ANCKOB CnoTbl-paclumMperns
Ana apyrnx
YCTPOWCTB

22



MalwmnHa, Ha KOTOpPOoM paboTaeT N0Nb30BaTE/1bCKasA
nporpamma (apxutekTtypa |A-32)

OnepaTtuBHas
namsTb

”

% PerucTtpbl

\

7

Crek
LnHa
I ) «Ky4ya»
CTaTtuyeckue

LNy

BcnomnHaem Cu-malumHy...

nepemMeHHble

KomaHabl

_

t2ez-y

Anpeca

23



16 out 8 out 8 out

A
A 4
A
\ 4
A

A\ 4

AX
< i »
AH | AL
BX
« BH | BL >
Tunbl onepaHaoB CX
* Peructp r “<cn | cL
DX
* [lamAaTb m « = = >
* KOHCTaHTa [
S|
< >
]|
Pasmepsbl onepaHaos < >
* byte 8 < BP >
e word 16 Sp
<
e dword 32
e qword 64

mov eax, ecx

mov eax, dword [0x2018]

add eax, Oxff

mov dword [ebp-4], eax

fpe cermeHTHblE peI'MCprI?

EAX
EBX
ECX
EDX

ESI
EDI
EBP
ESP

EIP

EFLAGS
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