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| ectures and evaluation

Scope of the course is 3 ECTS (80 hours)
Theory — 30 hours (15 lectures)
Practice — 15 hours (7 lectures)

Structure of the final grade
- Practice coefficientis 0.3
- Exam coefficient is 0.7
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Content of the theory course

Computer architecture

O

O

O

Processors (word, pipes, ISA, ILP, SMP, threads, cores)
RAMs (SRAM, DRAM, SDRAM, DDR, CAS, RAS, latency)

Cache(L1, L2, L3, Direct mapped, Fully Associative, Set
Associative)

HDD, SDD, RAID, LUN, file systems
File storages (DAS, NAS, SAN, protocols)



Content of the theory course

Computer networks

o Network topology, components, main features

o OSlir TCP/IP models

o L2 layer - LAN technologies, IEEE 802.x standard

o L3 layer, IP protocol (IP v4, IPv6)

o L4 layer, TCP and UDP protocols

o WAN technologies

o Wireless LAN (IEEE 802.11x)

o Routing and protocols (BGP, RIP, OSPF)

o Application layer (DNS, DHCP, FTP, ICMP, SMTP, etc.)



Functional view of the computer

Basic functions that a computer

performs:

« Data processing
 Data storage
 Data movement
« Control

Operating environment
(source and destination of data)

L



Structure of the computer
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von Neumann machine

Central Processing Unit (CPU)
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Computer consists of:
A main memory, which stores both data and instructions
An arithmetic and logic unit (ALU) capable of operating on binary data

A control unit, which interprets the instructions in memory and causes
them to be executed

Input and output (I/O) equipment operated by the control unit



Comp

uter components

Arithmetic-logic unit (ALU)
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Registers

ALU contain storage locations, called registers, defined as
follows:

Memory buffer register (MBR): Contains a word to be stored in
memory or sent to the /O unit, or is used to receive a word from
memory or from the 1/O unit.

Memory address register (MAR): Specifies the address in memory
of the word to be written from or read into the MBR.

Instruction register (IR): Contains the 8-bit opcode instruction being
executed.

Instruction buffer register (IBR): Employed to hold temporarily the
right hand instruction from a word in memory.

Program counter (PC): Contains the address of the next instruction-
pair to be fetched from memory.

Accumulator (AC) and multiplier quotient (MQ): Employed to hold
temporarily operands and results of ALU operations.



Principle of the processor
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Operating principles

Execution of the program is the main function of the
computer.

Program consists of serias of instructions and data that
are located in main memory.

CPU executes instructions.

Execution of the program is continual cycles of the
Instruction fetch and execution.



Instruction

instructions

IIIIIIIIII -

4 bits 6 bits 6 bits
Opcode Operand Reference Operand Reference
<« 16 bits >

Instruction is an operation that is executed by processor.



Instructions

Instruction Symbolic
Type Opcode Representation Description
00001010 LOAD MO Transfer contents of register MQ) to the accumulator AC
00100001  STOR M(X) Transfer contents of accumulator to memory location X
Data transfer 00000001  LOAD M(X) Transfer M(X) to the accumulator
00000010 LOAD —M{X) Transfer —M(X) to the accumulator
Unconditional 00001101  JUMP M{X,0:19) Take next instruction from left half of M(X)
branch 00001110 JUMP M(X.20:39)  Take next instruction from right half of M(X)
00001111 JUMP+ M(X.0:19)  If number in the accumulator is nonnegative, take next in-
Conditional struction from left half of M(X)
branch 00010000  JUMP+ M(X,20:39) If number in the accumulator is nonnegative, take next
instruction from right half of M(X)
00000101 ADD M(X) Add M(X) to AC; put the result in AC
00000111  ADD |[M(X)| Add [M(X)| to AC: put the result in AC
00000110 SUB M(X) Subtract M({X) from AC: put the result in AC
00001000  SUB [M(X)| Subtract [M(X)| from AC; put the remainder in AC
Arithmetic 00001011 MUL M(X) Multiply M(X) by MQ: put most significant bits of result
in AC. put least significant bits in MO
00010010  STOR M(X,8:19) Replace left address field at M(X) by 12 rightmost bits
Address of AC
modify 00010011 STOR M(X28:39)  Replace right address field at M(X) by 12 rightmost
bits of AC




Instruction cycle

An instruction cycle consists of an instruction fetch,
followed by zero or more operand fetches, followed by

zero or more operand stores, followed by an interrupt
check (if interrupts are enabled).

Fetch cycle Execute cycle

o - A Fetch next Execute 4 .
N START D__‘- e for | —}"‘x HALI )

instruction




Instruction cycle state diagram
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Example of program exection

Program counter (PC)
Address of instruction

Instruction register (IR)
Instruction being executed

Accumulator (AC)
Temporary storage

Memory CPU registers Memory CPU registers
0011 9 4 |3 0 0|PC 011 9 40 30 1|PC
01|15 9 4 | AC|301|5 941 ~0003|AC
30212 9 4 “»/1 0 4 0|]IR |302(2 0 4 1] | 1 9 4 0|IR

. - |
940[0 0 0 940[0 0 0 3}
04110 0 0 04110 0 0 2
Step 1 Step 2

Memory CPU registers Memory CPU registers
0011 9 4 30 1|PC 011 9 40 30 2|PC
30115 9 4 ~ 000 3JAC|301(5 9 41 /-—DDIJSLAC.
30212 9 4 >5 94 1|IR 302|294 1| ( [594 Iﬁ.IIR
04010 0 0 04010 0 0 3 \A?s+2=i'1—*”J
041 [0 0 0 9410 0 0 2}— 7
Step 3 Step 4

Memory CPU registers Memory CPU registers
011 9 4 302 PC 011 9 40 30 3|PC
01|15 9 4 000 5|/AC|301(5 9 4 1 ~10 0 0 5]AC
30212 9 4 =2 0 4 |[IR [302]|2 0 4 | L [2 9 4 1|IR
94010 0 0 04010 O O 3 |
941[0 0 0 041 [0 0 0 5]«

Step 5 Step 6




Interrupts

Virtually all computers provide a mechanism by which other

modules (I/O, memory) may interrupt the normal processing
of the processor.

Interrupts are provided primarily as a way to improve
processing efficiend

User program Interrupt handler

¥

Interrupt
occurs here

'1'f



[Program Flow
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(b) Interrupts; short /O wait

(a) No interrupts



Program Timing
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Sisteminé magistralé
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Magistrales struktira
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Duomeny magistrale vyksta keitimasis duomenimis tarp kompiuterio

moduliy.

Adresy magistrale nurodo duomeny magistraléje esancios

informacijos saltinj ir paskirties jrenginj (destination).

Valdymo magistrale kontroliuoja kreiptis (access) j duomeny ir
adresy linijas ir Siy linijy naudojima.



Registry sandara

Registry rinkinys funkcionuoja kaip atminties hierarchijos
lygmuo, esantis aukSCiau uz pagrindine ir spartinancigja
atmintis.

CP| registrai skirti dviem funkcijoms vykdyti:

- Vartotojo pasiekiami registrai. Sie registrai leidZia programuotojui,
taikant asemblerio programavimo kalbg arba tiesiog per masininius
kodus, sumazinti kreipCiy | pagrindine atmintj skaicCiy ir optimizuoti Siy
registry vartojima.

* Valdymo ir blklés registrai. Jie naudojami CP| valdymo jrenginio
darbui kontroliuoti, o taip pat valdyti operaciniy sistemy programy
taikomujy programy vykdyma.



Vartotojo pasiekiami registral

- Bendrosios paskirties;
* Duomeny;
* Adresy

* Salygy koduy.

Bendrosios paskirties registrai programuotojo gali bdti
pritaikyti jvairioms funkcijoms.

Duomeny registrai gali bati taikomi tik duomenims saugoti ir
niekada netaikomi apskaiciuojant operandy adresus.
Adresy registrai patys gali bati realizuojami iS bendrosios
paskirties registry, o gali blti skirti specialiems adresavimo
metodams.

Sglygy kodus sudaro tam tikri bitai, kuriais gali operuoti CP)
techniné jranga, priklausomai nuo vykdomos operacijos
rezultato.



Valdymo buklés registral

Programos skaitiklis (PS). Saugo sekancios iSrenkamos
Instrukcijos adresa.

Instrukcijos registras (IR). Saugo naujausigjg iSrinktg
iInstrukcija.

Atminties adreso registras (AAR). Saugo atminties Igstelés,
IS kurios kg tik buvo perskaityta informacija arba j kurig
vyks duomeny rasymas, adresa.

Atminties buferio registras (ABR). Saugomas duomeny
zodis, kuris bus jrasytas | atmintj arba iS atminties kg tik
nuskaitytas.



Duomeny srauto diagrama
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Instrukcija ciklo iSrankos metu skaitoma iS atminties. PS registre saugomas
sekandios iSrenkamos instrukcijos adresas. Sis adresas siunéiamas j AAR ir
patalpinamas adresy magistraléje. Valdymo jrenginys organizuoja skaitymg is
atminties. Nuskaitytas rezultatas patalpinamas duomeny magistraléje, kopijuojamas
j ABR ir toliau siun€iamas j IR. Tuo tarpu PS turinys didinamas vienetu ir taip
gaunamas sekancios instrukcijos adresas.




Instrukcijy konvejeris

- Ihstrukclic Rezulfatas
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Instrukcijy konvejerizavimas panasus | surinkimo linijos taikymg produkcijos
gamyboje. Surinkimo linijos privalumas yra tame, kad surinkimo procesas
surinkimo linijoje iSskaidomas | etapus ir tame, kad tam tikros gaminio surinkimo
proceduros gali blti vykdomos vienu metu. Toks procesas dar vadinamas
konvejeriu arba vamzdynu (pipeline), kadangi konvejeryje nauja operacija
pradedama viename gale nesulaukus kol kita operacija kitame gale bus uzbaigta.



Instrukcijy konvejeris
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Instrukcijos iSranka (11). | buferj nuskaitoma sekanti instrukcija po vykdomos.

Instrukcijos dekodavimas (ID). Nustatomi operacijos kodas ir operando specifikatorius.

Operando apskaiciavimas (OA). ApskaiCiuojamas operando efektyvusis (realusis arba fizinis)
adresas. Tai gali bati perkelimo, registry netiesioginis adresavimo ir kity formy adresy
apskaiCiavimai.

Operandy iSranka (Ol). Operandas arba operandai nuskaitomas i$ atminties.

Instrukcijos vykdymas (1V). Vykdoma instrukcijoje nurodyta operacija ir iSsaugomas jos rezultatas.
Operando rasymas (OR). Operacijos rezultatas jraSomas | atmint;.



Konvejerio nasumas problemos

Konvejerio nasumg jtakojancius faktorius priimta skirstyti j tris
klases:

1) resursy konfliktus (structural hazards);

2) duomeny priklausomumg (data hazards);

3) valdymo nuoseklumo priklausomumag (control hazards).

Resursy konfliktai kyla tuomet, kai j tg patj vienintelj resursg
Kreipiasi ne maziau kaip dvi komandos. Tokiu atveju viena komanda
gali tuo resursu naudotis, o likusios komandos turi laukti, kol
resursas bus atlaisvintas ir bus patenkinta kitos komandos paraiska.
Jei to tipo resursas turi k egzemplioriy (pavyzdziui,
superskaliariniame procesoriuje yra keli to paties tipo funkciniai
jtaisai), aiSku, kad vienu metu gali bati patenkinta k kreipiniu.



Konvejerio nasumas problemos

Duomeny priklausomumas atsiranda dél to, kad konvejerizuotame
procesoriuje pasikeiCia gretimy komandy atskiry zingsniy vykdymo
nuoseklumas. Tai lieCia operandy isrinkimag ir rezultato jraSyma.
Pavyzdziui, vykdoma tokia komandy pora:

AddRl, B2 R3 ; Rl « Rd+ER3 F N il W
Jub R4 E4 Rl , R4« R4+ El F D i Ioh

Komandos Add rezultatas bus jrasytas j registrg R1 fazéje W , o
komanda Sub atéminj turi iSrinkti iS registro R1 fazéje F , kuri
vykdoma dviems ciklais ankscCiau.

Sis pavyzdys atitinka vadinamajj tikrajj duomeny priklausomuma.



Valdymo problemos konvejeryje

Il, Ol ir OR etapuose vykdomi kreipiniai j atmint;.
Diagramoje numatyta, kad visos Sios kreiptys gali
vykti vienu metu.

Instrukcijos etapy trukmés skirtumai;

Salygiskojo sakojimosi instrukcija;

Tam tikrg neapibréztuma taip pat jnesa pertrauktys.



Klausimai?



