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A sample processor
(electrical circuit)

Instruction code: —>
0 — logical “OR”;
1 —logical “AND”
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Computer Hardware: Processor Principle

A sample processor
(electrical circuit)

Instruction code: —>

0 — logical “OR”;

1 —logical “AND”
Argument A (O or 1) —

Argument B (0O or 1) —>

Input pins Output pin



Computer Hardware: Processor Principle

A sample processor
(electrical circuit)

Instruction code: —>
0 — logical “OR”;
1 —logical “AND”

ArgumentA(Oorl) ——>

ArgumentB(Oorl) ——>

Result of
—> instruction execution
(0 or1)

Input pins

Output pin
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Computer Hardware: Processor Principle

A sample processor
(electrical circuit)

Instruction code: —>
0 — logical “OR”;

1 — logical “AND” Result of
—> instruction execution
ArgumentA(Oorl) ——> (Oor1)

ArgumentB(Oorl) ——>

Machine instruction — string of Os and 1s:
<Instruction code> <Value A> <Value B>
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Computer Hardware: Processor Principle

A sample processor
(electrical circuit)

Instruction code: —>
0 — logical “OR”;

1 — logical “AND” 1 Result of
—> instruction execution
ArgumentA(Oorl) ——> (Oor1)

ArgumentB(Oorl) ——>

Machine instruction — string of 0Os and 1s:

<Instruction code> <Value A> <Value B>

Example: 010 1

/ /‘ .\ Result

Instr. code Value B
Value A 14
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Widely-known CPU architectures:

Intel x86

RISC-V (Reduced Instruction Set Computer)
AMDG64 (Advanced Micro Devices)

ARM (Advanced RISC Machines)

Examples of Russian processor architectures?
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CPU:
Central
—r Processing Widely-known CPU architectures:
22 onit - Intel x86

- RISC-V (Reduced Instruction Set Computer)
- AMDG64 (Advanced Micro Devices)

- ARM (Advanced RISC Machines)

- Baikal

- Elbrus

- Others: for embedded systems,
tailored to specific needs (e.g. for car engine)
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CPUs differ in various aspects
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AMDG64 (Advanced Micro Devices)

ARM (Advanced RISC Machines)

Baikal, Elbrus, others

CPUs differ in various aspects, including:

Speed of instructions execution
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Widely-known CPU architectures:
- Intel x86

- RISC-V (Reduced Instruction Set Computer)
- AMDG64 (Advanced Micro Devices)

- ARM (Advanced RISC Machines)

- Baikal, Elbrus, others

CPUs differ in various aspects, including:

- Speed of instructions execution
- Supported instructions (CPU instruction set)
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- RISC-V (Reduced Instruction Set Computer)
- AMDG64 (Advanced Micro Devices)

- ARM (Advanced RISC Machines)

- Baikal, Elbrus, others

CPUs differ in various aspects, including:

Speed of instructions execution
Supported instructions (CPU instruction set)
Energy consumption
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- AMDG64 (Advanced Micro Devices)

- ARM (Advanced RISC Machines)

- Baikal, Elbrus, others

CPUs differ in various aspects, including:

- Speed of instructions execution

- Supported instructions (CPU instruction set)
- Energy consumption

- Level 1 (L1) cache storage capacity

28



Computer Hardware

CPU:
Central
—r Processing Widely-known CPU architectures:
onit - Intel x86

RYZE
i - RISC-V (Reduced Instruction Set Computer)
- AMDG64 (Advanced Micro Devices)

- ARM (Advanced RISC Machines)

- Baikal, Elbrus, others

CPUs differ in various aspects, including:

- Speed of instructions execution

- Supported instructions (CPU instruction set)
- Energy consumption

- L1 cache storage capacity

We will thoroughly study CPU performance aspects later
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Computer Hardware:

CPU
SySte m M emo ry | __— ALU (Arithmetic-Logic Unit):
V'e performs arithmetic and logic operations
CU$ ALU
\\ CU (Control Unit):
Registers picks the next instruction to execute from memory, etc.
{\DDD ] DD\ Registers:

/
_________ «
— Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data
System Memory




Computer Hardware:

CPU
System Memory AW (Arithmetic-Logic Unit)
Vel performs arithmetic and logic operations
CU$ ALU
\\ CU (Control Unit):
Registers picks the next instruction to execute from memory, etc.
T Bk
TR TR fP ‘ ‘ ot o \D_D_D_j:_D_D’/( Registers:

J B suissbit” o i " Store data required by an executed instruction
B ey o [ ; : e (e.g. input arguments)
A | " J;;ilj;;llll;lllllllllllllll
Image taken from: https://en.wikipedia.org System Memory - Contains program instructions and data
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Key Computer Components: System Memory

CPU
| __— ALU (Arithmetic-Logic Unit):
Vel performs arithmetic and logic operations
CU$ ALU
\\ CU (Control Unit):
Registers picks the next instruction to execute from memory, etc.
T mh
. ‘ ‘ ‘ ‘o \D_D_D_j :_D_D’/( Registers:

J L Suissoit” P ' ; j — Store data required by an executed instruction
= 601682/ 20037725 s X 7 3 3 (e.g. |nput argumentS)

2 i m J;;ili;;illll;llllllllllllllIIlIIllIIIIIllIIlIIIIIIIIIIIIII;IIII L] ) ) )
Image taken from: https://en.wikipedia.org System Memory - Contains program instructions and data

Differ in storage capacity, access speed, and other aspects
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Key Computer Components: System Memory

CPU
| __— ALU (Arithmetic-Logic Unit):
Vel performs arithmetic and logic operations
CU$ ALU
\\ CU (Control Unit):

B Registers picks the next instruction to execute from memory, etc.
T =
\DDD ] DD Registers:

/.
_________ «
T Store data required by an executed instruction
(e.g. input arguments)

Image taken from: https://en.wikipedia.org Contains program instructions and data

System Memory _—

Differ in storage capacity, access speed, and other aspects;
System memory of a larger storage capacity might have a slower access speed
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Key Computer Components: Communication Bus

CPU

Communication Bus

(to exchange data) \

System Memory
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| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data
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Key Computer Components: Remote Storage Devices

CPU

—

—_—— e ——— . — —

) -

Communication Bus

(to exchange data) \

System Memory .

<

ALU (Arithmetic-Logic Unit):
performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components: Communication Bus Overheads

/'

Significant communication
overheads

(key performance limitation of modern
computer platforms, “a memory wall problem”)

CPU

| —

e L R Lo RO
A \

System Memory .

<

ALU (Arithmetic-Logic Unit):
performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

.

Storage Devices
(SSD Disk, NAND Flash Memory, others)

37



Key Computer Components: CPU Cache

CPU
| __— ALU (Arithmetic-Logic Unit):
V' performs arithmetic and logic operations
CU$ ALU
\\ CU (Control Unit):
Registers picks the next instruction to execute from memory, etc.
T N
\DDD ] DD Registers:

/
_________ «
I T Store data required by an executed instruction
(e.g. input arguments)

Cache L1 | (faster, but smaller)
0

v
Cache L(i) (slower, but larger; also known as LLC = Last Level Cache)

Contains program instructions and data
System Memory

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components: CPU Cache

Note: Some hardware architectures
allow a direct communication to main
memory, bypassing some caches

CPU

!
!

IR >  Cache L(i)

System Memory I

| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components:

Note: Some hardware architectures I
. . . . I

allow a direct communication to main !
memory, bypassing some caches :
1

CPU Cache

CPU

!
!

e >  Cache L(i)

System Memory I

| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Cache-oblivious programming:

Programs are optimized by considering a
cache hierarchy of a certain computing
platform

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components: A memory Hierarchy

A memory hierarchy

CPU

!
!

e >  Cache L(i)

System Memory I

| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components: Input/Output (Peripheral) Devices

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

CPU

!
!

e >  Cache L(i)

System Memory I

| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Key Computer Components: Multicore (Multiprocessor) Systems

CPU Core 1 CPU Core 2
Cu ALU Ccu ALU
Registers Registers
000 .00 OO0 O

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

4

—————————————————————————————————————————
< I I N
N\

Y

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Depends on a specific hardware
implementation; variations are possible

Cache L1 Cachell |
* . . A :
\ N r's ,
\\\\ Cache L(i) -
—————————————— Contains program instructions and data
System Memory
"

43



Key Computer Components: Multicore (Multiprocessor) Systems

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

Y

Storage Devices
(SSD Disk, NAND Flash Memory, others)

CPU Core 1 CPU Core 2
CuU ALU (o) ALU
Registers Registers
I 1 Depends on a specific hardware
J R 2 i .. implementation; variations are possible
Cache ‘Izl ﬁCache L1 ‘; Some cache (e.g. L1) is on a processor chip;
N 2 //' Other cache — outside of a processor chip
S Cache L(i)
_________________________ Contains program instructions and data
System Memory I
N
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Key Computer Components: Multicore (Multiprocessor) Systems

CPU Core 1

(ol ALV

Registers

L0000

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

I

Cache L1
x.
N
Cache L(i)

System Memory I

CPU Core 2

CcU ALV

Registers

Ho00.. O

I

Cache L1

A

P

Y

Storage Devices

(SSD Disk, NAND Flash Memory, others)

Depends on a specific hardware
implementation; variations are possible

Some cache (e.g. L1) is on a processor chip;
Other cache — outside of a processor chip

Contains program instructions and data

Various so-called
“scheduling” problems raise
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Key Computer Components: CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.)

o vabthabseroldukisanhabid ©
5 Level 2
Cache
Memory

CPU with
Control Unit
Arithmetic { Logic

Unit TEE L i ¢ -
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Level 2
Cache
Memory

and Level 1 Cache
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Image taken from: https://jbwyatt.com



Key Computer Components: CPU and Cache

¢ skt hudabosthaabukitmteaad ©

Level 2
Cache
Memory

CPU with
Control Unit
Arithmetic { Logic

Unit s & Muuwwm" -
Level 2
Cache

Memory .

ittty

e
Y
.a

and Level 1 Cache

il LAl AT T

Image taken from: https://jbwyatt.com

Different levels of CPU caches (L1, L2, L3, etc.):
- L1 cache:
- embedded into a CPU chip
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Key Computer Components: CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

o u.wnmmluum:-uum'- = L 1 Ca C h e :

Level 2

CPUWith | ® ¢ Cache - : :
Comrortnit  (ABE Memory: 3 - embedded into a CPU chip,

Arithmetic ¢ Logic | e S8 TR 8
Unit HEE  wien - the fastest

and Level 1 Cache Level 2
Cache

_" % Hemory '% .

Image taken from: https://jbwyatt.com



Key Computer Components: CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

o vl bahaboenholtakissnhabad »'- - L 1 Ca C h e :

ww s Level2 3
CPU with ®°UF Cache 3 . :
Contrortmit |4 wemory 1 - embedded into a CPU chip,
 Arithmetic { Logic | . SEEimignes e
Unit S - the fastest,

and Level 1 Cache Level 2

Cache 3= .
T— - the smallest storage capacity

Image taken from: https://jbwyatt.com



Key Computer Components: CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

o vl bahaboenholtakissnhabad »'- - L 1 Ca C h e :

ww s Level2 3
CPU with ®°UF Cache 3 . :
Contrortmit |4 wemory 1 - embedded into a CPU chip,
| Arithmetic ! Logic | & SSaiimiaas e
Unit S - the fastest,

and Level 1 Cache Level 2

Cache : ,
Heaniofy - the smallest storage capacity;

- L(i) cache

Image taken from: https://jbwyatt.com



Key Computer Components: CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

o vl bahaboenholtakissnhabad »'- - L 1 Ca C h e :

ww s Level2 3
CPU with ®°UF Cache 3 . :
Contrortmit |4 wemory 1 - embedded into a CPU chip,
| Arithmetic ! Logic | & SSaiimiaas e
Unit S - the fastest,

and Level 1 Cache Level 2

Cache : ,
Heaniofy - the smallest storage capacity;

- L(i) cache:

Image taken from: https://jbwyatt.com - EIther on or OutS|de Of d CPU Ch'p
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Key Computer Components:

CPU with
Control Unit
. Arithmetic ! Logic
Unit

and Level 1 Cache

CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

) ._‘Ammuummmmmm-'- = L]. CaChe:

TE level2 3
i Cache 3 i i
| Gerwocy 3 - embedded into a CPU chip,

- the fastest,
Level 2 _
g il | - the smallest storage capacity;
' - L(i) cache:

Image taken from: https://jbwyatt.com

- either on or outside of a CPU chip,

- slower, but has a larger storage capacity,
than L(i-1) cache
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Key Computer Components:

CPU with
Control Unit
. Arithmetic { Logic
Unit

and Level 1 Cache

CPU and Cache

Different levels of CPU caches (L1, L2, L3, etc.):

! 3 .:Amhlmlmhlnm:wmn-'- = L1 CaChe:
v st Level 2
g Cach i . .
Ne"n‘jofy - embedded into a CPU chip,
- the fastest,
Level 2 _
- i - the smallest storage capacity;
‘ - L(i) cache:

Image taken from: https://jbwyatt.com

- either on or outside of a CPU chip,

- slower, but has a larger storage capacity,
than L(i-1) cache

53



Key Computer Components: Sample Communication Buses

CPU Core 1

CPU Core 2
Cu ALU CcU ALU
Registers Registers
e.g. Processor Local Bus (PLB), ,’I I I \‘\‘
or On-chip Peripheral Bus (OPB) :| Cache L1 Cache L1 !
X, 7 :'
\ N e /
Cache L{(i)
h -~ _,,»’/Contains program instructions and data
System Memeory.__ | __-----"7777°
I/O (peripheral) devices aa

(keyboard, printer, remote |e— -

storage devices, etc.)
A e g

e.g. Peripheral Component
Interconnect (PCIl) bus

Y

Peripheral Component Interconnect (PCl) bus,
| Universal Serial Bus (USB) for remote storage devices

Storage Devices

(SSD Disk, NAND Flash Memory, others)




Some Performance Metrics

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

!
!

e >  Cache L(i)

System Memory I

| __— ALU (Arithmetic-Logic Unit):

performs arithmetic and logic operations

CU (Control Unit):

picks the next instruction to execute from memory, etc.

Registers:
Store data required by an executed instruction
(e.g. input arguments)

Contains program instructions and data

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Some Performance Metrics

(provided ranges are rough estimations) cPU

cu ALV

CPU speed (or frequency, ~2-3 GHz)
Registers Speed turbo boost up to ~5 GHz (short time interval)

—

!
y
R >  Cache L(i)

System Memory I

I/O (peripheral) devices
(keyboard, printer, remote |e— -
storage devices, etc.)

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Some Performance Metrics

(provided ranges are just for illustration)

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

pmmmmmmmmmmmoee- > Cache L1

e > Cache L(i)

CPU
CuU ALU
CPU speed (or frequency, ~2-3 GHz)
__RSg_i_SEELS_\\ Speed turbo boost up to ~5 GHz (short time interval)
OO0 O

!
!

A

System Memory

\ 4

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Storage capacity (up to ~16-64 GBs)

Access speed (~10-20 GBs/sec)
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Some Performance Metrics

(provided ranges are just for illustration)

I/O (peripheral) devices
(keyboard, printer, remote
storage devices, etc.)

pmmmmmmmmmmmoee- > Cache L1

e > Cache L(i)

CPU
Cu ALU
CPU speed (or frequency, ~2-3 GHz)
__REgEEELS_\\ Speed turbo boost up to ~5 GHz (short time interval)
{\D_D_|:|_:;_|:|_|:_,/
A

!
!

A

System Memory

\ 4

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Storage capacity (up to ~16-64 GBs)

Access speed (~10-20 GBs/sec)

Storage capacity (~TBs)
Access speed (up to ~50-300 MB/s)
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Some Performance Metrics
(provided ranges are just for illustration)

I/O (peripheral) devices

storage devices, etc.)

Communication bus speed
(up to orders of GBs/sec)

(keyboard, printer, remote |€=— -

------------ > Cache L1

—————————— > Cache L(i)

CPU
Cu ALU
CPU speed (or frequency, ~2-3 GHz)
__REg_iSEELS_\\ Speed turbo boost up to ~5 GHz (short time interval)
Lood. o0

.
v

A
System Memory  §

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Storage capacity (up to ~16-64 GBs)

Access speed (~10-20 GBs/sec)

Storage capacity (~TBs)
Access speed (up to ~50-300 MB/s)

60



Generates clock signals
(e.g. used for system synchronizatiom
Clock H
----------------

Chipset

Graphics
card slot

High-speed
graphics bus
(AGP or PCI

Express)

Northbridge

bus

(memory
controller hub)

Internal
Bus

Southbridge

(1/O controller
hub)

PCI
Bus

IDE

SATA

USB

Ethernet
Audio Codec
CMOS Memory

PCI Slots

_________________________________

Peripheral Component Interconnect (PCI) bus
to connect to 1/O peripheral devices

Super I/O

Serial Port
Parallel Port
Floppy Disk

Keyboard
Mouse

Flash ROM
(BIOS)

Read-Only Memory (ROM),
e.g. for BIOS

iMemory

Chipset to provide communication
between CPU and memory

Memory Slots

Chipset to provide communication
to input/output (1/0O) devices

Cables and
ports leading
off-board

Note: nowadays, northbridge and a part of
southbridge can be integrated into CPU, for
performance increase

A Northbridge / Southbridge Hardware Layout
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Example: Computer Server Architecture

Server has multiple CPUs and

system memory slots

-




iPhone X Architecture

Another Example
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Computer Systems are Omnipresent
(including general-purpose computers and embedded computers)

Many more...
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