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Téma projektu: Navrh jednoduchého vypocetniho systému

Zadani: Navrhnéte a popiste v jazyce Verilog jednoduchy vypocetni systém pozUstavajici z procesoru, oddélené
instrukéni a datové paméti. Procesor bude podporovat instrukce add, sub, and, or, slt, addi, lw, sw, beq, jal a jr
ve formatu instrukéni sady MIPS. Soucasti procesoru musi byt fidici jednotka a aritmeticko-logicka jednotka.
Funkénost Vaseho navrhu demonstrujte simulaci nize uvedeného programu.

a = b5;

b = 4;

c = 3;

b = fun(a) + sinple(a,b,c,5,10);
whi | e(1)

kde definice pouzitych funkce jsou:

int fun(int x)

{
if (x ==0) return 1;
el se return x+fun(x-1);

int sinple(int a, int b, int ¢, int d, int e)
{

int x, y;

X = atb+c

y = d-e;

X =X +y;

X =X &7;

return x;

}

Predpokladejte, ze vsechny proménné jsou typu i nt (4B) a jsou jiz ulozeny v paméti na adresach 0x0010,
0x0014 a 0x0018, atd. datové paméti, proménna a je vétsi nez 0, a program je jiz uloZen v instrukéni paméti od
adresy 0x0000 (tj. neni potreba fesit zavadéni programu). Procesor po resetu (po spusténi) zacind vykondvat
instrukce od adresy 0x0000. Predpokladejte volaci konvenci 032.

Formalni pokyny:

Odevzdané zadani musi byt ve formatu pdf a musi obsahovat:
e titulni stranku (jméno, studijni zaméreni,...),
e znéni zadani,

e fesSeni.



Soucasti feSeni musi byt prepis simulovaného programu do jazyka symbolickych adres pomoci instrukci
uvedenych v zadani, jeho vyjadreni v strojovém kddu (Sestnactkové), kompletni popis navrzeného vypocetniho
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jednotky procesoru, vypis datové paméti po ukonceni simulace apod.).

vvs

Blizsi specifikace a informace:

K dispozici je 32 pracovnich registrl. Registry jsou 32-bitové a jsou &islovany SO aZ $31. V registru SO je vidy
uloZena hodnota 0. VSechny MIPS instrukce jsou 32-bitové a jsou déleny do tfech skupin: R (add, and, or, slt,
sub), | (addi, beq, lw, sw) a J. Kazda instrukce zacina 6-bitovym opera¢nim kédem (opcode). VSechny R-instrukce
maji opcode roven 000000, pfiemz v tomto pfipadé vykonavanou funkci uréuji bity 5:0 (funct).

Typ |31]30[29]28]27 |26 25|24 23] 22]21]20]19]18]17 |16 |15 |14 13 12][11]20] 0 |8 |7 |6 |5 |a]3]2]1]0
R opcode(6) rs(5) rt(5) rd(5) shamt(5) funct(6)
| opcode(6) rs(5) rt(5) immediate (16)
J opcode(6) address (26)

BlizSi popis, vykonavanou operaci, syntax a kddovani pro instrukce podporované navrzenym procesorem uvadéji
tabulky nize.

ADD - Add (with overflow)

Description: | Adds two registers and stores the result in a register
Operation: | Sd =Ss + $t;

Syntax: add $d, Ss, St

Encoding: 0000 00ss ssst tttt dddd dOOO 0010 0000

ADDI -- Add immediate (with overflow)

Description: | Adds a register and a sign-extended immediate value and stores the result in a register
Operation: | St=S$s+imm;

Syntax: addi St, Ss, imm

Encoding: 0010 00ss ssst tttt iiii iiii iiii iifii

AND -- Bitwise and
Description: | Bitwise ands two registers and stores the result in a register
Operation: | Sd =5s & St;

Syntax: and Sd, Ss, St

Encoding: 0000 00ss ssst tttt dddd dOOO 0010 0100

BEQ -- Branch on equal
Description: | Branches if the two registers are equal

Operation: if Ss == St go to PC+4+4*offset; else go to PC+4

Syntax: beq Ss, St, offset

Encoding: 0001 00ss ssst tttt iiii iiii iiii iiii

LW -- Load word
Description: | A word is loaded into a register from the specified address.
Operation: | St=MEM][Ss + offset];

Syntax: Iw St, offset(Ss)

Encoding: 1000 11ss ssst tttt iiii iiii iiii iiii

OR -- Bitwise or
Description: | Bitwise logical ors two registers and stores the result in a register
Operation: | Sd=5s | $t;

Syntax: or $d, Ss, St

Encoding: 0000 00ss ssst tttt dddd dO0OO 0010 0101




SLT -- Set on less than (signed)

Description: | If Ssis less than $t, $d is set to one. It gets zero otherwise.
Operation: if Ss<StSd=1;else$d=0;

Syntax: slt Sd, Ss, St

Encoding: 0000 00ss ssst tttt dddd dO0O0 0010 1010

SUB -- Subtract

Description: | Subtracts two registers and stores the result in a register
Operation: | Sd =5s - St;

Syntax: sub $d, Ss, St

Encoding: 0000 00ss ssst tttt dddd dOOO 0010 0010

SW -- Store word

Description: | The contents of St is stored at the specified address.
Operation: | MEM[Ss + offset] = St;

Syntax: sw St, offset(Ss)

Encoding: 1010 11ss ssst tttt iiii iiii tiii iiii

JAL -- Jump and link

Description: | For procedure call.

Operation: | $31=PC + 8; PC = (PC & 0xf0000000) | (target << 2)
Syntax: jal target

Encoding: 0000 12ii idiii idiii @pdidbi o idiiiobiiioiiti

JR = Jump register

Description: | Jumps to the address contained in the specified register
Operation: goto address $s

Syntax: jrSs

Encoding: 0000 00ss sssO 0000 0000 0000 0000 1000

032 volaci konvence:

Callee
must
Name Number Use preserve?
Szero SO constant 0 N/A
Sat s1 assembler temporary No
Sv0-$v1 $2-S3 values for function returns and expression evaluation No
Sa0-$a3 S$4-$7 function arguments No
St0-5t7 $8-515 temporaries No
Ss0-Ss7 | $16-523 saved temporaries Yes
St8-St9 | $24-$25 temporaries No
Sk0-Sk1 | $26-$27 reserved for OS kernel N/A
Sgp $28 global pointer Yes
Ssp $29 stack pointer Yes
Sfp S30 frame pointer Yes
Sra S31 return address N/A




