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Arhitektura

Osnovna arhitektura procesora

Chapter 2

Microcontroller Components

2.1 Processor Core
The processor core (CPU) is the main part of any microcontroller. It is often taken from an existing
processor, e.g. the MC68306 microcontroller from Motorola contains a 68000 CPU. You should al-
ready be familiar with the material in this section from other courses, so we will briefly repeat the
most important things but will not go into details. An informative book about computer architecture
is [HP90] or one of its successors.
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Figure 2.1: Basic CPU architecture.

A basic CPU architecture is depicted in Figure 2.1. It consists of the data path, which executes
instructions, and of the control unit, which basically tells the data path what to do.
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Data path
Control Unit
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Namena

Aritmetičko logička jedinica – ALU
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Namena ALU:
izvršenje operacija
(AND, ADD, INC, . . . )

Uzima dva ulaza i kao
rezultat vraća jedan izlaz

Ulazni podaci se uzimaju iz
registara ili iz memorije

Izlaz se smešta u registar ili
u memoriju
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Status registar

Statusni registar
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Osim rezultata operacije, generišu
se podaci o njegovoj prirodi:

Z (Zero): Rezultat operacije je
nula

N (Negative): Rezultat
operacije je negativan

O (Overflow): Operacija je
generisala prekoračenje

C (Carry): U operaciji postoji
prenos
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Negativni brojevi

Predstavljanje negativnih brojeva
Računar za predstavljanje brojeva koristi 0 i 1. Kako predstaviti negativan ceo
broj?
Ideja 1: Invertovati sve bitove pozitivnog broja. Ovo se zove komplement jedinice.
Nedostatak: Postoje dve interpretacije nule.
Ideja 2: Invertovati sve bitove pozitivnog broja i dodati 1. Ovo se zove komplement
dvojke.

Primer
Za četvorobitnu reprezentaciju se dobija:

1 = 0001→ −1 = 1110 + 1 = 1111 (1)

0 = 0000→ −0 = 1111 + 1 = 0000 (2)
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Namena

Registar File

Sadrži radne registre CPU. Registri mogu biti opšte namene (general purpose), u
kojima se smeštaju operandi ili rezultat operacije. Postoje i specijalni registri
(dedicated register):

Akumulator(accumulator):
koristi se za aritmetičke i
logičke operacije

(Index register): koristi se za
neke modove adresiranja

. . .
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Upotreba

Upotreba statusnog registra
Statusni regustar se koristi pri sabiranju ili oduzimanju brojeva čija dužina je veća
od procesorske reči.
CPU nudi instrukcije koje mogu da koriste, na primer, (carry flag), kao što je
ADDC – saberi sa prenosom.

Primer: 0x01F0+0x0220
CLC ; briše carry flag
LD R0, #0xF0 ; učitava prvi niži bajt u R0
ADDC R0, #0x20 ; sabira drugi niži bajt sa

; prenosom (carry <- 1)
LD R1, #0x01 ; učitava prvi viši bajt u R1
ADDC R1, #0x02 ; sabira drugi viši bajt, prenos

; iz prethodnog ADDC je dodat
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Pokazivač steka

Stek (stack) je deo memorije u prostoru podataka, koji koristi CPU za smeštaj
adrese povratka i eventualno sadržaja registara u slučaju:

poziva procedure
dešavanja prekida

Komande za pristup steku su:
PUSH (stavi nešto u stek) i
POP (uzmi nešto sa steka).

Stack pointer (SP) – pokazivač steka
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Upotreba

Na žalost, SP može na dva načina pokazivati na memorijsku lokaciju u steku:

prva slobodna adresa (Atmel AVR)
poslednja korišćena adresa

Napomena
SP inicijalizuje programer, morate se upoznati sa načinom na koji ga Vaš kontroler

koristi.
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Primer

Primer14 CHAPTER 2. MICROCONTROLLER COMPONENTS
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Figure 2.2: Stack operation (write first).

to the last address in memory (if a push stores first and decrements afterwards) or to the last address
+ 1 (if the push decrements first).

As we have mentioned, the controller uses the stack during subroutine calls and interrupts, that is,
whenever the normal program flow is interrupted and should resume later on. Since the return address
is a pre-requisite for resuming program execution after the point of interruption, every controller
pushes at least the return address onto the stack. Some controllers even save register contents on the
stack to ensure that they do not get overwritten by the interrupting code. This is mainly done by
controllers which only have a small set of dedicated registers.

Control Unit

Apart from some special situations like a HALT instruction or the reset, the CPU constantly executes
program instructions. It is the task of the control unit to determine which operation should be executed
next and to configure the data path accordingly. To do so, another special register, the program
counter (PC), is used to store the address of the next program instruction. The control unit loads
this instruction into the instruction register (IR), decodes the instruction, and sets up the data path
to execute it. Data path configuration includes providing the appropriate inputs for the ALU (from
registers or memory), selecting the right ALU operation, and making sure that the result is written
to the correct destination (register or memory). The PC is either incremented to point to the next
instruction in the sequence, or is loaded with a new address in the case of a jump or subroutine call.
After a reset, the PC is typically initialized to $0000.

Traditionally, the control unit was hard-wired, that is, it basically contained a look-up table which
held the values of the control lines necessary to perform the instruction, plus a rather complex de-
coding logic. This meant that it was difficult to change or extend the instruction set of the CPU. To
ease the design of the control unit, Maurice Wilkes reflected that the control unit is actually a small
CPU by itself and could benefit from its own set of microinstructions. In his subsequent control unit
design, program instructions were broken down into microinstructions, each of which did some small
part of the whole instruction (like providing the correct register for the ALU). This essentially made
control design a programming task: Adding a new instruction to the instruction set boiled down to
programming the instruction in microcode. As a consequence, it suddenly became comparatively
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Arhitektura

Upravljačka jedinica (Control Unit)

Chapter 2
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A basic CPU architecture is depicted in Figure 2.1. It consists of the data path, which executes
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Namena

Upravljačka jedinica (Control Unit)
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CPU neprekidno izvršava
instrukcije (sem pri resetu i HALT).
Upravljačka jedinica odlučuje koja
se instrukcija izvršava,
Odred̄uje potreban tok podataka.

PC–Program Counter

Čuva adresu sledeće naredbe programa

Instruction Register–IR
Upravljačka jedinica je učitava u registar
intrukcija.
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CISC – RISC

Pored̄enje arhitektura

CISC
Complex Instruction Set Computer

složene mikroinstrukcije
veliki broj naredbi
duže vreme izvršavanja
instrukcije

RISC
Reduced Instruction Set Computer

jednostavna arhitektura
redukovan broj naredbi
kraće vreme izvršanja
instrukcije
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sadržaj registra D1 u memoriju na adresu: 24 + [A0] + 4 ∗ [D0]

CISC: MOVE D1,([24,A0,4*D0])
RISC:
LD R1, X ; indirektno učitava podatak (iz [X] u R1)
LSL R1 ; pomeranje ulevo -> množenje sa 2
LSL R1 ; urad̄eno je 4*[D0]
MOV X, R0 ; postavljanje pokazivača (učitavanje A0)
LD R0, X ; indirektno učitavanje (završeno [A0] )
ADD R0, R1 ; sabiranje pokazivača ([A0]+4*[D0])
LDI R1, $24 ; učitavanje konstante ($ = hex)
ADD R0, R1 ; i sabiranje (24+[A0]+4*[D0])
MOV X, R0 ; postavljanje pokazivača za upis
ST X, R2 ; upisivanje vrednosti ([24+[A0]+4*[D0]] <- R2)
Instrukcija procesora 68030(CISC) se izvršava u 14 ciklkusa takta, dok se kôd za
RISC procesor (Atmel) izvršava u 13 ciklusa takta.
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