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¢ A leitura completa das instrucdes faz parte da sua avaliacdo!
¢ O teste tem duragido de 20 minutos
¢ Na&o esquega de preencher a caneta seu nome e RA
e As respostas podem ser deixadas a lapis.
¢ Em caso de fraude, TODOS os envolvidos:
— Receberao conceito final F (reprovado) na disciplina
— Serdo denunciados & Comissdo de Transgressdes Disciplinares Discentes da Graduacio e & Comissdao de Etica da
UFABC cuja punicdo pode resultar em adverténcia, suspensao ou desligamento, de acordo com os artigos 78-82
do Regimento Geral da UFABC e do artigo 25 do Cédigo de Etica da UFABC.

Questao 1 Reescreva a fungdo em C dada abaixo em MIPS Assembly. No verso da prova vocé encontra
o cartdo de referéncias MIPS. Dica: como a funcao é folha, use e abuse dos registradores tempordrios
para evitar ter que salvar os registradores salvos na pilha.

int fibonacci (int n) {
int a =0, b=1, i, tmp;
if (n == 0) return 0;
for (i = 2; i <= n; i++) {
tmp = a + b;

a = b;
b = tmp;
}

return b;



O]

M I P s Reference Data

(5) JumpAddr =
(6) Operands considered unsigned numbers (vs. 2’s comp.)
(7) Atomic test&set pair; R[rt] = 1 if pair atomic, 0 if not atomic

BASIC INSTRUCTION FORMATS

OPERATION (in Verilog)
R[rd] = R[rs] + R[rt]
R[rt] = R[rs] + SignExtImm
R[rt] = R[rs] + SignExtImm
R[rd] = R[rs] + R[rt]
R[rd] = R[rs] & R[rt]
R[rt] = R[rs] & ZeroExtImm
if(R[rs]==R[rt])
PC=PC+4+BranchAddr
if(R[rs]!=R[rt])
PC=PC+4+BranchAddr
PC=JumpAddr
R[31]=PC+8;PC=JumpAddr
PC=R[rs]
R[rt]={24’b0,M[R[rs]
+SignExtImm](7:0)}
R[rt]={16’b0,M[R[rs]
+SignExtImm](15:0)}
R[rt] = M[R[rs]+SignExtImm]
R[rt] = {imm, 16’b0}
R[rt] = M[R[rs]+SignExtImm]
R[rd] =~ (R[rs] | R[rt])
R[rd] = R[rs] | R[rt]
R[rt] = R[rs] | ZeroExtImm
R[rd] = (R[rs] <R[rt]) 2 1: 0
R[rt] = (R[rs] < SignExtImm)? 1 : 0 (2)
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R[rt] = (R[rs] < SignExtImm)
21:0 (2.6)
R[rd] = (R[rs] <R[rt])? 1:0 (6)
R[rd] = R[rt] << shamt
R[rd] = R[rt] >>> shamt
M[R[rs]+SignExtImm](7:0) =
R[rt](7:0) )
MIR[rs]+SignExtImm] = R[rt];
R[rt] = (atomic)? 1:0  (2,7)
M[R([rs]+SignExtImm](15:0) =
R[rt](15:0) 2)
MIR[rs]+SignExtImm] = R[rt] 2)

R[rd] = R[rs] - R[rt]
R[rd] = R[rs] - R[rt]
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(1) May cause overflow exception

(2) SignExtImm = { 16{immediate[15]}, immediate }
(3) ZeroExtImm = { 16{1b’0}, immediate }

(4) BranchAddr = { 14{immediate[15]}, immediate, 2°b0 }

{ PC+4[31:28], address, 2°b0 }

OPCODE
/FUNCT

(Hex)
0/ 20pex

8 hex

Shex
0/21pex

0/ 24pex
Chex

4hex

Shex

2hex
3hex
0/08}ex

24hex

25hex

30hex

fhex
23hex
0/27ex
0/25pex

dhex
0/ 2ap0,

Apex
bhex

0/ 2bpex
0/00pex
0/02pex

28ex
38hcx

29hex

2bpex
0/224ex
0/23pex
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2 | CORE INSTRUCTION SET
an FOR-
< | NAME, MNEMONIC ~ MAT
% Add add R
'Q I Add Immediate addi 1
g I Add Imm. Unsigned addiu 1
= | Add Unsigned addu R
§ | And and R
O And Immediate andi I
2
© Branch On Equal beq 1
g 1
% | Branch On Not Equal bne I
© Jump j J
=z | . ,
IS Jump And Link jal J
LL: [ Jump Register jr R
o
| Load Byte Unsigned 1bu I
B | Load Halfword
< oad Hattwor lhu I
o I Unsigned
£ Load Linked oo
§_ I Load Upper Imm.  1ui I
2 | Load Word 1w I
i< I Nor nor R
g Or or R
= | Or Immediate ori I
é | Set Less Than slt R
5 I Set Less Than Imm. slti I
;; Set Less Than Imm. .
. sltiu |
g | Unsigned
= I Set Less Than Unsig. situ R
% Shift Left Logical ~ s11 R
£ | Shift Right Logical ~sr1 R
=
Store Byte sb I
: Store Conditional sc I
| Store Halfword sh I
I Store Word sw I
Subtract sub R
I Subtract Unsigned  subu R
I

MIPS Reterence Data Card (‘““Green Card”)

R l opcode I TS It ‘ rd l shamt l funct

31 26 25 21 20 16 15 11 10 65 0
1 ‘ opcode | IS It immediate

31 26 25 2120 16 15 0
J ‘ opcode address

31 2625 0

ARITHMETIC CORE INSTRUCTION SET

FOR-

NAME, MNEMONIC ~ MAT

Branch On FP True bcilt
Branch On FP False bclf
Divide

div

Divide Unsigned ~ divu
FP Add Single add.s
FP Add )
Double add.d
FP Compare Single c.x.s*
FP Compare

Double et

*(xisegq, 1t, or le) (opis==,

FP Divide Single  div.s
FP Divide .
Double div.d
FP Multiply Single mul.s
FP Multiply

Double mut-d
FP Subtract Single sub.s
FP Subtract

Double sub.d
Load FP Single lwcl
Load FP

Double taet
Move From Hi mfhi
Move From Lo mflo

Move From Control mfc0
Multiply mult
Multiply Unsigned multu
Shift Right Arith.

sra

Store FP Single swcl
Store FP qor
Double sae

OPERATION
FI
FI
R Lo=R[rs]/R[rt]; Hi=R[rs]%R]rt]
R Lo=R[rs]/R[rt]; Hi=R[rs]%R[rt]
FR F[fd ]= F[fs] + F[ft]
FR {F[fd],F[fd+1]} = {F[fs],F[fs+1
{F[ft],F[ft+1
FR FPcond = (F[fs] op F[ft])? 1: 0
FR FPcond = ({F[fs],F[fs+1]} op
{FftLF[ft+1]}) ? 1
<, or<=) (yis 32, 3c, or 3e)
FR F[fd] = F[fs] / F[ft]
FR {F[fd],F[fd+1]} = {F[fs],F[fs+1
{F[ft],F[ft+1
FR F[fd] = F[fs] * F[ft]
FR {F[fd],F[fd+1]} = {F[fs],F[fs+1

{F[ft].F[ft+1
FR F[fd]=F[fs] - F[ft]
FR {F[fd],F[fd+1]} = {F[fs].F[fs+1
{F[ft],F[ft+1
I F[rt]J=M[R[rs]+SignExtImm]
F[rt]=M[R[rs]+SignExtImm];

if(FPcond)PC=PC+4+BranchAddr (4)
if(!FPcond)PC=PC+4+BranchAddr(4)
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F[rt+1]=M[R[rs]+SignExtImm-+4]

R R[rd] =Hi

R R[rd]=Lo

R R[rd] = CR[rs]

R {Hi,Lo} =R[rs] * R[rt]

R {HiLo} =R[rs] * R[rt]

R R[rd] = R[rt] >> shamt

I M[R[rs]+SignExtImm] = F[rt]
M[R[rs]+SignExtImm] = F[rt];

(6)
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M[R[rs]+SignExtimm+4] = F[rt+1]
FLOATING-POINT INSTRUCTION FORMATS

OPCODE
/FMT /FT
/FUNCT

(Hex)
11/8/1/--
11/8/0/--

0/~-/--/1a
0/-/~-/1b

11/10/--/0

11/11/--/0
11/10/--/y
1/11/--ly

11/10/--/3
11/11/--/3
11/10/--/2
11/11/--/2
11/10/--/1
11/11/--/1
31/=/=-/--
35/=</=-/--

0 /--/--/10
0 /--/--/112
10 /0/--/0
0/--/--/18
0/--/--/19
0/--/--/3
39/--/--/--

3d/enfoef

FR ‘ opcode ‘ fmt | ft ‘ fs ‘ fd | funct

31 26 25 21 20 16 15 11 10 65
FI l opcode l fmt | ft ‘ immediate

31 26 25 21 20 16 15

PSEUDOINSTRUCTION SET
NAME MNEMONIC OPERATION

Branch Less Than blt if(R[rs]<R[rt]) PC = Label
Branch Greater Than bgt if(R[rs]>R[rt]) PC = Label
Branch Less Than or Equal ble if(R[rs]<=R[rt]) PC = Label
Branch Greater Than or Equal bge if(R[rs]>=R[rt]) PC = Label
Load Immediate 1i R[rd] = immediate

Move

move

R[rd] = R[rs]

REGISTER NAME, NUMBER, USE, CALL CONVENTION

PRESERVED ACROSS

NAME NUMBER USE A CALL?
$zero 0 The Constant Value 0 N.A.
Sat 1 Assembler Temporary No
$v0-$v1 23 Values for F'unction Regults No

and Expression Evaluation

$a0-$a3 4-7 Arguments No
$t0-$t7 8-15  Temporaries No
$50-$s7 16-23  Saved Temporaries Yes
$t8-$t9 24-25  Temporaries No
$k0-Sk1 26-27  Reserved for OS Kernel No
Sgp 28 Global Pointer Yes
Ssp 29 Stack Pointer Yes
Sfp 30 Frame Pointer Yes
Sra 31 Return Address Yes

© 2014 by Elsevier, Inc. All rights reserved. From Patterson and Hennessy, Computer Organization and Design, Sth ed.

Exemplo: cédigo MIPS Assembly para a fungao fatorial
# Calcula o fatorial de um numero n.
# Recebe n em $a0 e devolve n! em $v0.

int fact (int n) {

if (n == 0) return 1;

int i, res n;

for (i =n-1; i
res = res * i;

return res;

fact:

beq $a0, $zero, fact_zero #

1; i—-)

J

bne

fact_loop:

fact_zero:

add $t1, $zero, $al # res = n
addi $t0, $a0, -1 #i=mn-1
slti $t2, $to, 1 # se i < 1 entdo t2

$t2, $zero, fact_ret # entdo terminou
mul $ti1, $t1, $tO # res = res * 1%
addi $t0, $to, -1 # 1=

fact_loop

# 0! =1

addi $vO0, $zero, 1
jr

$ra

fact_ret:

add $v0, $zero, $ti1

jr  $ra

# retorna

# preenche resultado

# retorna

Trata caso especial O

=1



