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COMPUTER SCIENCE

Computer architecture
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https://en.wikipedia.org/wiki/Computer_architecture
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[MPABI/IJ1IA SAHATVIA

1. BONpoCh B 4YaTe MOXHO 3apaBaTb
B Nnwb6oe BpeMs

2 . BONPOCH roJIOCOM 3ajaem
Nno NOgHATOM pyKe B Zoom

3. OTBETbl Ha BOMpPOCH O6yayT
B 3arylaHUPOBAHHbLIX MecTax
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[IJ1AH JIEKLLV/IVI

1. MoTnBauma unUsydyeHusa

2.Bird s-eye view plan

3. OpraHmsayna 4nnceToB

4. Central processing unit

5. Tnnbl KOMMaHA

6. Instruction Set Architecture

/. lemoHCcTpauma npoueccopa Ha Verilog

8. KoHBeepHas apxutekTypa, Supurscalar, VLIW
O. YcTponcTtBO nmamAaATU, pPErucTpbl

0. TakcoHomusa onmHHa, SMT, HyperThreading



MOTVIBALLI/IA

1. BOBMOXHOCTb ONTUMMU3aLUU

2. MHOrne TUMOBbLIE KOHCTPYKLUMUU A3BIKOB chAesiaHbl Ha OCHOBaHWUWM arnmnapaTHbIX
MHTepPencoB

3. BOBMOXHOCTb BUOETb BHEWHUE MPOABNEHUA, 3HAA BHYTpeHHee YCTPOUCTBO
4. CnocobHOCTb OTJlaXuBaTb MNOBeAeHWEe Ha J/lbOM YypoBHe abcTpaKuuu

5. [losle3HOCTb MOHMMaHUA TOro, 4YTO UCMONb3yeTcH



BIRD S-EYE VVIEWW PLAN
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BIRD S-EVYE VIEW PLAN

Screenshot
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OPIAHI/ISALLV/IA HINNCETOB

Kakne HepocTaTKKU?

CPU, CPU; CPU, CPU;

FSB
RAM «» MC, MC3 <«»RAM

PN Northbrid '
RYVYRE  Northbridge WNTOR o om Northbridge SEEST==Sagyey

<> USB

<> SATA 3

< USB




OPIAHI/ISALLV/IA HINNCETOB

System on chip - SoC

GPU
PCI-E MEM
PCI-E CTR CPU CTR MEM
South




CENTRAL PROCESSING UNIT




PEAJIbHDbIE NPOLLECCOPDI
[OPASA0O CJIOXXHEE

Screenshot

components to defend against ROP/JOP style control-flow subversion attacks:

Shadow Stack

A shadow stack is a second stack for the program that is used exclusively for control
transfer operations. This stack is separate from the data stack and can be enabled for
operation individually in user mode or supervisor mode.

The shadow stack is protected from tamper through the page table protections such
that regular store instructions cannot modify the contents of the shadow stack. To
provide this protection the page table protections are extended to support an
additional attribute for pages to mark them as "Shadow Stack” pages. When shadow
stacks are enabled, control transfer instructions/flows such as near call, far call, call to
interrupt/exception handlers, etc. store their return addresses to the shadow stack.
The RET instruction pops the return address from both stacks and compares them. If
the return addresses from the two stacks do not match, the processor signals a
control protection exception (#CP). Stores from instructions such as MOV, XSAVE, etc.
are not allowed to the shadow stack.

Indirect Branch Tracking




TI/lNbl KOMAHA

MIPS example

Screenshot Q —

I-Type (Immediate)
31 26 25 21 20 16 15
rt Immediate

J-Type (Jump)
31 26 25
op target

R-Type (Register)
31 26 25 21 20 16 15 1110 6 5
op rs rt rd shamt | funct




PEAJIbHDbIE NPOLLECCOPDI
[OPASA0O CJIOXXHEE

MIPS example

Screenshot Q -

software
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DENMIO

[lpoueccop Ha Verilog




KOHBEV/IEPHAS
MIIKPOAPXI/ITEKTYPA

1. OgHOTaKTHasAs MUKpoapxuTekTypa (1 TakT - ogHa KomaHpaa)

2. MHOroTakTHaa MuMKpoapxuTekTypa (1 TakT - ogHa cTaausa)



KOHBEVIEPHAA
MIIKPOAPXI/ITEKTYPA

RAM
IF > ID > EX > MEM
1 < | T
|
PC < Registers < l
WB

CxemMaTn4yHoOe npencTaB/ieHNEe KOHBeepa
MIPS c paspeneHmem Ha 5 cTaguu




KOHBEVIEPHAS
MIIKPOAPXI/ITEKTYPA

IF 1D EX
‘ IF 1D
1
‘ 1F
T

« Data hazards
« Structural hazards

« Control hazards

(+ Branch predictor)

MEM

EX WB

1D MEM WB

1F EX MEM
1D EX

WB
MEM

WB



KOHBEVIEPHAS
MIIKPOAPXI/ITEKTYPA

Very long instruction word (VLIW)

Pros and cons?

> EX > MEM
IF > ID
> EX > MEM

WB

WB



BRANCH PREDICTION

Taken branch
Instruction i+l

Branch target

Branch target+l

Branch target+2




YCTPOI/ICTBO NAMSATI

Memory Hierarhy Design

Increase in cost per bit

Increase in Capacity & Access Time
<

CPU
Registers

Cache Memory
(SRAMs)

Main Memory
(DRAMSs)

Magnetic Disk
(Disk Storage)

Optical Disk

Magnetic Tape

Level O

Level 1

Level 2

Level 3

Level 4




AYEI/IKI/1 TAMSATV/

[ge 4TOo ucnonb3yeTcd MU nodyemy?

ROW

COL

DRAM

ROW

COL

coL

T1—

SRAM

T2—




YCTPOI/ICTBO PET/ICTPOB X86

A
AH AL

8bit 8bit

16bit

32bit



YCTPOI/ICTBO PET/ICTPOB X86

E ESP SP

32bit



YCTPOI/ICTBO PET/ICTPOB X86




YCTPOI/ICTBO PET/ICTPOB X86

Kak peann3oBbiBaTb oOrnepauum cpaBHEHUS
M UHCTPYKUUKM ynpaBleHna?

PerucTtp ¢naros

Screenshot

151413121110 9 8 7 6 5 4 3 2 1 O

. . OID|I]|T|S|Z A P C .
First 16-bits IIIIIII FLAG Register

Overflow Flag (OF) Carry Flag (CF)

Direction Flag (DF) Parity Flag (PF)

Interrupt Flag (IF) Auxiliary Carry Flag (AF)

Trap Flag (TF) Zero Flag (ZF)
Sign Flag (SF)




YCTPOI/ICTBO PET/ICTPOB X86

Kak noHMMaTb, KaKylw WMHCTPYKLMUIO

MCMOJIHATb B AAHHbIL MOMEHT?

Screenshot

func main() {

a .
b :
cC :

1 // Ox6e20dde2
2 // Ox6e20bbe2
a+b // 0x5a20ddd3

PC

program counter
(instruction pointer)




TAKCOHOMWVIA PJII/IHHA

SISD Habop WMHCTPYKLMN SIMD Habop WMHCTPYKLMI

BY

A\ 4

N

A\ 4

BY

S

N

BY

WV

WV

BY

N

X X
= 5
L T
L I
© ©
= S
- o
O O
\O \O
© ©
- T

A\ 4

N

BY




TAKCOHOMWVIA PJII/IHHA

MISD Habop WMHCTPYKLMUK MIMD Habop WMHCTPYKLUK

BY ¢ —— BY <
p 4
X 5
T = BY < L BY <
I ©
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SINID

Advanced Vector Extensions (Intel) pgo 256 6uT
InteL MIC pnpo 512 oéuT
NEON (ARM) go 128 6uT



SIMD, GPGPU

GPU o06bl4HO OocHOBaHbl Ha SIMD-apxuTekKType C noaaepXkKou
BEKTOPOB OJSIMHbI 128, 256 wunun 6onee 6UT

Screenshot Q —

MoTOKOBbLIW Aapo CUDA
MynNsTUNpoOLEeccop

1
S l I I I I I I I

K DRAM
Kaw L2
K mHTepdency

yNpasnNAnLWero

B I I I I I I I I




SMT I/l HYPER-THREADING

CKONBKO NOrmM4YecKmnx
Dunsmnyeckue

npoueccopsl

npoLeccopos BMAUT
cucTtema

Bes HT unu SMT »

 Motok1l

CHT nham SMT

[loToK 2
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HTO bYAET OAJIbLUE



