Koncepcia pocitacov CISC a RISC

Obsah prednasky

- zakladné odlisnosti CISC a RISC koncepcie

- zakladné spbsoby realizacie riadiacej jednotky
- OISC (One Instruction Set Computer)



CISC

- pocitaC so zlozitym suborom inStrukcii (Complex Instruction Set
Computer)

- prvy procesor vyvinuty firmou IBM

- vyuziva velky pocCet zlozitych inStrukcii

- instrukcie nie su registrovo orientované (vyuzivaju operandy ulozené v
pamati)

- instrukcie nie su vykonavané v jednom strojovom cykle

- vyuziva datoveé presuny medzi pamatami

- riadiaca jednotka vyuziva koncepciu mikroprogramov

- indtrukcie maju variabilny format (rézne dizky instrukcii)



RISC

- poc€itac s redukovanym suborom instrukcii (Reduced Instruction Set
Computer)

- vyuziva maly pocCet inStrukcii

- obsahuje pomerne velky pocCet registrov

- instrukcie su registrovo orientované (vyuzivaju operandy ulozené v
registroch)

- na pristup do pamate vyuziva len inStrukcie LOAD/STORE

- vacsina instrukcii je vykonavana v jednom (strojovom) cykle

- riadiaca jednota je tvorena pevnou logikou

- format instrukcii je fixny format (rovnaka dizka instrukcif)



Difference Between CISC and RISC

Architectural

Characterstics

Complex Instruction Set Computer{CISC)

Reduced Instruction Set
Computer(RISC)

Instruction size and

format

Large set of instructions with variable formats
(16-64 bits per instruction).

Small set of instructions with
fixed format (32 bit).

Data transfer

Memory to memaory.

Register to register.

CPU control

Most micro coded using control memory (ROM)

but modern CISC use hardwired control.

Mostly hardwired without

control memory.

Instruction type

Mot register based instructions.

Reqgister based instructions.

Memory access

Maore memaory aCCcess.

Less Memory acCcess.

Clocks

Includes multi-clocks.

Includes single clock.

Instruction nature

Instructions are complex.

Instructions are reduced and

simple.




Historia RISC

RISC koncept bol vytvoreny neskér ako CISC

Strucny opis histérie RISC procesorov
(https://www.fi.muni.cz/usr/ijkucera/pv109/2002/xtoufar1.htm)
koncept RISC v r. 1974 (IBM)

RISC 1, RISC 2 v r. 1985 (univerzita v Berkeley)

http://poli.cs.vsb.cz/edu/arp/down/procrisc.pdf




Trendy vyvoja RISC

Aktualne sa hranice medzi CISC a RISC znacne prelinaju a vyrobcovia
Casto vyuzivaju vyhodné vlastnosti z oboch koncepcii.

Koncept RISC-V (uvedeny v roku 2010, univerzita v Berkeley), vyuziva
,»open source” ISA, t.j. za vyuzitie ISA nie je potrebné platit' licencné
poplatky (na rozdiel od napr. ISA pre procesory Intel, ARM, ...) -
https://en.wikipedia.org/wiki/RISC-V

Skalovatelna architektura (32, 64, 128 bitov)

vyuziva sa napr. aj v obvodoch FPGA (Microsemi)

Niektoré myty a skutoCnosti o RISC-V

(https://www.electronicdesign.com/embedded-revolution/11-myths-about-
risc-v-isa)




Riadiaca jednotka

Riadiaca jednotka (RJ) generuje riadiace signaly a ¢asovo
synchronizuje vykon operacii v CPU. RJ riadi vykonavanie inStrukcii
v ALU. RJ tiez riadi prenos dat medzi CPU, pamatou a r6znymi
perifériami.

Zakladné koncepcie navrhu a realizacie riadiacej jednotky

- realizovana pomocou pevnej logiky
- reealizovana pomocou mikroprogramového riadenia



Riadiaca jednotla na baze pevnej
logiky (Hardwired Control Unit)

Je vytvorena s vyuzitim hradiel, preklapacich obvodov, dekdderov a
pod. Ich prepojenim priamo v cielovom HW. Vstupmi riadiacej jednotky
su obsah instrukCného registra, priznaky, ¢asovacie signaly a pod.

Zapojenie RJ na baze pevnej logiky sa vyrazne komplikuje, pokial musi
RJ realizovat zlozité instrukcie. Kazda zmena RJ vyzaduje HW zmeny
(redizajn), €o je pomerne komplikované.

Typicky sa vyuziva pre procesory RISC.
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Mikroprogramova riadiaca jednotka

Vyuziva koncepciu programu. Sekvencia mikro-operacii je vykonavana
programom, ktory je tvoreny mikro-inStrukciami. Ich organizacia,

modifikacia alebo zmeny sa realizuju zmenou mikroprogramu v
riadaicej pameti.

Vyuziva sa v procesoroch CISC.
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Difference between Hardwired Control and

Microprogrammed Control

Hardwired Control

Microprogrammed Control

Technology is circuit based.

Technology is software based.

It is implemented through flip-flops, gates,

decoders etc.

Microinstructions generate signals to control the execution

of instructions.

Fixed instruction format.

Variable instruction format (16-64 bits per instruction).

Instructions are register based.

Instructions are not register based.

ROM 15 not used.

ROM is used.

It 1s used in RISC.

It 1Is used in CISC.

Faster decoding.

Slower decoding.

Difficult to modify.

Easily modified.

Chip area is less.

Chip area is large.
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One Instruction Set Computer
(OISC)

OISC je limitnym pripad RISC koncepcie, niekedy je nazyvany a;
Ultimate Reduced Instruction Set Computer (URISC) a vyuziva len
jednu instrukciu. Vhodne zvolena instrukcia a dostatok dostupnych
zdrojov (pamate) umozniuje OISC realizovat identicku funkcionalitu ako
klasické pocitaCe RISC alebo CISC.

OISC koncepcia sa vyuziva hlavne vo vyucbe (vzhladom na velmi
jednoduhy koncept rieSenia RJ), existuju vSak aj praktické vyuzitia
koncepcie OISC napr. v implementacii kryptografického koprocesora.

V ramci cviCeni bude demonstrovany navrh a implementacia OISC v
obvode FPGA, kde vyuzijeme moznost velmi jednoduchej realizacie
riadiacej jednotky.
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One Instruction Set Computer
(OISC)
DalSie informacie:

https://en.wikipedia.org/wiki/One instruction set computer

kniha:
Computer Architecture: A Minimalist Perspective
(https://www.springer.com/la/book/9781402074165)
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Typicke instrukcie pouzitelné pre
OISC

Subtract and branch if less than or equal to zero (SUBLEQ)
Subtract and branch if negative

Subtract if positive else branch

Reverse subtract and skip if borrow

Subtract and branch if non zero
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SUBLEQ inStrukcia

InStrukcia SUBLEQ ("subtract and branch if less than or equal to zero")
odcCita obsah pamate s adresou “a” od obsahu pamate s adresou “b”,
ulozi vysledok do pamate na adresu “b”. Nasledne, ak vysledok
odcitania nie je kladny (teda je zaporny alebo nulovy), pokraCuje sa
vykonavanim instrukcie na adrese “c”. Ak je vysledok odcCitania kladny,

realizuje sa vykonavanie nasledujucej instrukcie.

Pseudokdod:

subleqg a, b, ¢ ; Mem[b] = Mem[b] - Mem[a] ;if (Mem[b] <0) goto c
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Emulacia

Nasledujuci program (zapisany pomocou pseudokodu) emuluje €innost
OSIC na baze SUBLEQ instrukcie:

int memory[], program counter, a, b, c
program counter = 0
while (program counter >= 0):
= memory[program counter]
= memory[program counter+l]
= memory[program counter+2]
if (a < 0 or b < 0):
program counter = -1
else:
memory[b] = memory[b] - memoryl[a]
1f (memory[b] > 0):
program counter += 3
else:
program counter = cC

QO oW

Program predpoklada, ze memory[] je adresovana pomocou
nezapornych celych Cisel. Program interpretuje hodnoty a < 0, b <0,
alebo skok na adresu ¢ < 0 ako zastavenie programu (halt).
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Kompilacia

Existuje prekladac (s nazvom Higher Subleq), autorom je Oleg
Mazonka, ktory preklada zjednoduseny C program do postupnosti
SUBLEQ instrukcii .

kompilator (opis)
https://arxiv.org/ftp/arxiv/papers/1106/1106.2593.pdf

kompilator pre SUBLEQ OISC (zdrojovy kéd, priklady programoy, ...)
http://mazonka.com/subleg/hsqg.html
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OSIC Interpreter v jazyku C

https://github.com/davidar/subleq

Kompaktny (velkost iba 222 bajtov) SUBLEQ interpreter v jazyku C:

#include<stdio.h>

main(int C,char**A){FILE*F=fopen(A[1],"r");int P=0@, [9999],*i= ;while(fscanf(F,
"%d",i++)>0);while(P>=0){int a=_[P++],b=_[P++],c=_[P++];a<@? [b]+=getchar():b<e
?printf("%c", [a]):(_[b]-=_[a])<=0?P=c:0;}}
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OSIC Interpreter v jazyku C

/**
This file is the unobfuscated and commented version of sg.c, a simple SUBLEQ

interpreter. It should function similarly to sqrun[1].

USAGE:
sq file.sqg

file.sq should be a file of the same format as that output by sqasm[1].
It must not contain any unresolved symbols

e.g. #IN and #0UT should be replaced by -1

[1] <http://mazonka.com/subleq/>
B

#include <stdio.h>
int main(int argc, char *argv[]) {
FILE *fin = fopen(argv[1], "r");
int PC = @; /* Program Counter */
int mem[9999];
int *i = mem;
while(fscanf(fin, "%d", i++) > @); /* read fin into mem */
while(PC >= @) {
int a = mem[PC++], b = mem[PC++], c = mem[PC++];
if(a < @) mem[b] += (int)getchar(); /* input */
else if(b < @) printf("%c", (char)mem[a]); /* output */
else if((mem[b] -= mem[a]) <= @) PC = c; /* subtract and branch */

https://qithub.com/davidar
/subleqg/blob/master/src/s
.0rig.c

Ten isty C kod zapisany v
CitatelnejSom tvare
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Iny OSIC Interpreter v jazyku C
aj s kodom Hello, world!

https://rosettacode.org/wiki/Subleq

Takes the subleq instruction file as input, prints out usage on incorrect invocation.

Input file (subleqCode.txt), first row contains the number of code points ( integers in 2nd row):

#include<stdlib.h>
#include<stdio.h> 32
15 17 -1 17 -1 -1 16 1 -1 16 3 -1 15 15 0 0 =1 72 101 108 108 111 44 3Z 119 111 114 108 100 33

void subleg(int* code) {

int ip = 0, a, b, ¢, nextIP,i; Invocation and output:
char ch;

: C:\rosettaCode>subleg.exe subleqCode.txt
while (0<=ip) {

nextIP = ip + 3;

Hello, world!

a = codelipl;
b = code[ip+1];
c = codelip+2];

if (a==-1){
scanf ("%c", &ch) ;
code[b] = (int)ch;
}
else if(b=—=-1){
printf("%c", (char)codelal);

}
else|
code [b] -= codelal;
if (code[b]l<=0)
nextIP = c;
}
ip = nextIP;



