COMPITINO di CALCOLATORI ELETTRONICI 1 del 09-06-2014

(v1.2) MATRICOLA

COGNOME

NOME

1) [40/40] Trovare il codice assembly MIPS corrispondente del seguente programma (utilizzando solo e unicamente istruzioni dalla tabella
sottostante e rispettaMndo le convenzioni di utilizzazione dei registri dell’assembly MIPS riportate qua sotto, per riferimento). Inoltre si
relizzino sempre in assembly MIPS le funzioni esterne della libreria “arduino”, ipotizzando di utlizzare per la comunicazione seriale il chip
16550A mappato ad indirizzo 0x9000°03F4 per generare ritardi il chip 8254 mappato ad indirizzo 0x9000’0040 (default trasmissione: 8 bit dati,
parita’ dispari di zeri, 1 bit di stop) e per mantenere lo stato del led il bit4 di una porta posta ad indirizzo 0x90005678, per mantenere lo stato del
pulsante il bit 7 di una porta posta ad indirizzo 0x9000°4321. Notare che le funzioni di tale libreria devono risiedere tutto nello spazio Kernel.

Si ricorda inoltre che il 16550A e’ temporizzato con una frequenza Fc=1.8432MHz, mentre 1’8254 con una frequenza Fc=1.19MHz.

#include <arduino.h>
#define INPUT 1

// make the pushbutton's pin an input:
pinMode (pushButton, INPUT);

#define OUTPUT 0
#define HIGH 1
#define LOW O

// Pin 13 has an LED

int led = 13;

// digital pin 2 has

int pushButton = 2
int buttonState =

void setup() {

connected

pinMode (led, OUTPUT);

a pushbutton attached to it.

// initialize serial communication
// at 9600 bits per second:

void loop ()
digitalWrite(led, HIGH);
delay (1000) ;

{
// turn the LED
// wait for a second

// read the input pin:

buttonState = digitalRead (pushButton);

// print out the state of the button:
Serial.println (buttonState);

delay (10);

digitalWrite (led, LOW);
delay (1000);

// delay 10ms

// turn the LED off
// wait for a second

Serial.begin (9600); }
MIPS instructions
Instruction Example Meaning Comments
add add 1,52,%3 1=$2+83 3 operands; exception possible
subtract sub 1,%52,%3 1=$2-83 3 operands; exception possible
add immediate addi 1,$2,100 $1 =82+ 100 + constant; exception possible
subtract immediate subi 1,$2,100 51 =$2-100 - constant; exception possible
Multiplication mult 1, $2 Hi,Lo=$1 x $2 64-bit Signed Product ; result in Hi,Lo
Division div 1, $2 Hi=$1% $2, Lo=81/$2 Signed division
move from Hi mfhi 1 $1 = Hi Create copy of Hi
move from Lo mflo 1 Create copy of Lo
and and 1,$2,$3 3 register operands; Logical AND
or or 1,52,%3 3 register operands; Logical OR
nor nor 1,$2,$3 3 register operands; Logical NOR
xor xor 1,$2,$3 31 3 register operands; Logical XOR
and immediate andi 1,$2,100 31 Logical AND register, constant
or immediate ori 1,852,100 51 =$21100 Logical OR register, constant
xor immediate xori 1,%2,100 1=827100 Logical XOR register, constant
shift left logical sll $1,82,10 1=82<<10 Shift left by constant
shift right logical srl $1,82,10 1=82>>10 Shift right by constant
load word 1w $1,100(52) 1 = Memory[$2+100] Data from memory to register
load byte 1b $1,100(52) 1 = Memory[$2+100] Data from memory to register
load byte unsigned Tbu $1,100(52) 1 = Memory[$2+100] Data from mem. (o reg.; no sign extension
store word swW $1,100(52) Memory[$2+100] = §1 Data from register to memory
store byte sb $1,100(52) Memory[$2+100] = §1 Data from register to memory
load address la $1,var $1 = &var Load variable address
branch on equal beq $1,82,100 if ($1 = = $2) go to PC+4+100 Equal test; PC relative branch
branch on not equal bne $1,$2,100 if ($1 != $2) go to PC+4+100 Not equal test; PC relative
set on less than slt $1,52,83 if ($2<9$3)$1=1;else $1 =0 Compare less than; 2°s complement
set on less than immediate slti 1,582,100 if ($2 < 100) $1 = 1; else $1 =0 Compare < constant; 2's complement
set on less than unsigned sltu 1,852,583 if ($2<$3)$1 =1L else $1=0 Compare less than; natural number
set on less than imm. unsigned sltiu 1,$2,100 if ($2 < 100) $1 = 1; else $1 =0 Compare constant; natural number
jum 3 0000 go to 10000 Jump to target address
jump register jr $31 0 to $31 For switch, procedure return
'umE and link jal 10000 $31 = PC + 4:20 to 10000 For procedure ca_ll
add.s add.d add.x £0,£2,$f4 Single and double precision add
sub.s sub.d add.x £0,£2,$f4 Single and double precision subtraction
mul.s mul.d mul.x £0,£2, 54 Single and double precision multiplication
div.s div.d div.x £0,£2,5f4 Single and double precision division
mov.s mov.d mov.x S$£0,$f2 Single and double precision move
abs.s abs.d abs.x S$£0,$f2 f0=ABS($2) Single and double precision absolute value
negs negd neg.x  §£0,52 $10= - (52) Single and double precision absolute value
clts cltd (egne,legt.ge) c.lt.x S$f0,$f2 Temp=($f0<$f2) Single and double: compare $f0 and $f2 <,=,!=<=>>=
mtcl (mfcl) mtcl S1,8f2 $2=$1 Data from gen.reg. to C1 reg. (no conversion) (and viceversa)
branch on false bclf label If (Temp = = false) go to label Temp is ‘Condition-Code’
branch on true bclt label If (Temp = = true) go to label Temp is ‘Condition-Code’
load_floating point (32bit) lwcl £0,0(51) $f0€Memory[$1]
store floating point (32bit) swcl £0,0(51) Memory[$1]€$f0
convert single into double cvt.d.s $£f0,$f2 $0=(double)$2 Also cvt.s.d (viceversa)
convert single into integer cvt.w.s $f1,$f0 $f1=(int)$f0 Also cvt.s.w (viceversa)
Register Usage
Name Register Num. Usage Name Register Num. Usage Name Usage
$zero 0 The constant value 0 $v0-$v1 2-3 Results $f0, $f1, ..., $31 Single precision floating point registers
$50-$s7 16-23 Saved $fp, $sp 30,29 frame pointer, stack pointer $10, $12, ..., $f30 Double precision floating point registers
$10-$19 8-15,24-25 Temporaires $ra, $gp 31,28 return address, global pointer
$a0-$a3 4-7 Arguments $k0-$k1 26,27 Kernel usage

System calls

Service Name Service Num. ($v0) INPUT Arguments OUTPUT Arguments
print_int 1 $aO=integer to print -
print_float 2 $f12=float to print ==
print_string 4 $a0=address of ASCIIZ string to print -
Sbrk 9 $a0=Number of bytes to be allocated $v0=pointer to the allocated memory
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(SOLUZIONE)

(vl.2)

1) 1l codice dovra’ essere organizzato in tre moduli: A) codice utente; B) codice libreria (libreria arduino, composta
essenzialmente da syscall wrappers); C) codice kernel (mini-drivers delle periferiche coinvolte).

PARTE A (CODICE UTENTE)

.data

led: .word 13
pushButton: .word 2
buttonState: .word 0

.extern pinMode
.extern Serial.begin
.extern Serial.println
.extern digitalRead
.extern digitalWrite
.extern delay

.text
#
# SETUP
setup:
addi $sp,
sw $ra,

#alloc stackspace
#save old-ra

$sp, -4
0($sp)

PARTE B
.text
.globl pinMode

.globl Serial.begin
.globl Serial.println
.globl digitalRead
.globl digitalWrite
.globl delay

(CODICE LIBRERIA)

Serial.begin:
addi $sp, $sp -4
sw $ra 0(S$sp)
addi $v0, $0, 21 #syscall 21
teq $0,%0 ###SIM:emulo syscall
1w $ra 0(S$sp)
addi $sp, $sp, 4

PARTE C(CODICE KERNEL)

FHHHHHHEHE R
# EXCEPTION HANDLER (OPZIONALE PER SPIM
TEST)

# (per comoditllettere opzione QUIET di
SPIM)

# NOTA: non fAn exc. handler generale,
# questo vale solo per questo esercizio
.kdata

saveframe: .space(4*8) # per
v0,a0,al,t0...t4

_syscallmsg: .asciiz "Syscall "
_nl: .asciiz "\n"

.ktext 0x80000180

la $k0, saveframe
sw  $v0, 0($k0)
sw $a0, 4($k0)
sw $al, 8($k0)
sw $t0, 12($k0)
sw $tl, 16($k0)
sw  $t2, 20($k0)
sw $t3, 24($k0)
sw $t4, 28($k0)

# Print a message (optional)
addi $v0, $0, 4 # print_str

la $a0, _syscallmsg
syscall
1w $a0, 0($k0) # pop $vO

addi $v0, $0, 1
syscall

addi $vO0, $0, 4
la $a0, _nl
syscall

# print_int

# print_str

# Switch to mysyscall code
1w $v0, 0($k0) # pop $vO
1w $a0, 4($k0) # pop $al
1w $al, 8($k0) # pop $al
addi $t0, $0, 21

beq $t0, $v0, syscall2l
addi $t0, $0, 22

beq $t0, $v0, syscall22
addi $t0, $0, 23

beq $t0, $v0, syscall23
addi $t0, $0, 24

beq $t0, $v0, syscall24
addi $t0, $0, 25

beq $t0, $v0, syscall25
addi $t0, $0, 26

beq $t0, $v0, syscall2é

isr_ret:
# in case of mysyscall
# do not overwrite
# $v0 (can be mysyscall output)

1w  $k1, 0($k0) # pop vO
addi  $tO0, $0,13

beq $t0, $kl1,dno_v0

1w $v0, 0($k0) # pop vO

dno_vO0:

1w $a0, 4($k0) # pop a0
1w $al, 8($k0) # pop al
1w $t0, 12($k0) # pop tO
1w $tl, 16($k0) # pop tl

la $t0, led #punta a led

1w $a0, 0($t0) #legge led

add $al, $0, $0 #setta II param.
jal pinMode

addi $a0, $0, 9600 #setta il I

param.
jal Serial.begin
la $t0, pushButton #punta a
pushButton
1w $a0, 0($t0) #legge pushButton

addi $al, $0, 1
jal pinMode

#setta II param.

1w $ra, 0($sp) #restore old-ra
addi $sp, $sp, 4 #deallocate stack
space
jr $ra
"
#
jr $ra

Serial.println:

addi $sp, $sp -4
sw $ra 0($sp)

addi $v0, $0, 22 #syscall 22
teq $0,%0 ##4#SIM:emulo syscall
1w $ra 0($sp)
addi $sp, $sp, 4
jr $ra
digitalRead:

bit

addi $sp, $sp -4

sw $ra 0($sp)

addi $v0, $0, 23 #syscall 23

teq $0,5%0 ##4#SIM:emulo syscall

1w $t2, 20($k0) # pop t2
1w  $t3, 24($k0) # pop t3
1w $t4, 28($k0) # pop t4

# standard exception exit

mfc0 $k0, $14 # update EPC

addiu $k0, $kO0, 4

mtc0 $k0, $14

mtc0 $0, $13 # update CAUSE
mfc0 $k0, $12 # update STATUS
andi $k0, Oxfffd

ori $k0, 0x0001# Set int. enable
mtcO $k0, $12

eret

FHEHHH

#

KERNEL CODE (DRIVERS)

.kdata

fel:
fc2:

.word 1190000
.word 1843200

.ktext

syscall2l:

#Serial.begin # a0=BR

addi $t0, $0, 0x900

s11 $t0, $to0, 20

addi $t0, $t0, 0x03F4

# LCR (DLAB=1)

addi $t1,$0,0xAB #10101011
#->LCRval. (DLAB=1)

#bit6=nobreak,bit5-4=#disp.di

0,bit3=parity

#bit2=1stopbit,bitl-0=8bitframe
sb $t1l, 3($t0) # LCR (offset 3)
#calculate the time constant

sll $t2, $a0, 4 # BR*1l6
la $t1l, fc2 # Carica &fc2
1w $t1,0($tl) #Carica val di fc2
div $tl, $t2 # C=fcl/ (BR*16)
mflo $tl # Valore DL
sb $tl, 0($t0) # va in DLL

# (byte -signif)
srl $tl, $tl, 8 # Valore DLM

# nel byte +sig.
sb $tl, 0($t0) # va in DIM (byte

+signif.)

# LCR (DLAB=0)

addi $t1,$0,0x2B #00101011
#->LCRval. (DLAB=0)

sb  $tl, 3($t0)

3 isr_ret

syscall22: #Serial.println

addi $t0, $0, 0x900
s11 $t0, $to0, 20
addi $t0, $t0, OxO03F4
sb $a0,0($t0) #write data byte
j isr_ret
syscall23: #digitalRead
addi $t0, $0, 13 #LED
beq $a0, $tl,isledl#isled
addi $t0, $0, 2 #PUSHBUTTON

beq $a0, $tl,ispshl#ispushbutton
j iserrorl

isledl:

syscall24:

syscall25:

# Loop
loop:

addi $sp, $sp, -4
sw  $ra,0($sp)

#alloc stackspace
#save old-ra

la $t0, led #punta a led

1w $a0, 0($t0) #legge led

addi $al, $0, 1 #setta II param.
jal digitalWrite

addi $a0, $0, 1000 #setta I param.
jal delay

la $t0, pushButton

1w $a0, 0($t0)

jal digitalRead

la $t0, buttonState
sw $v0, 0($t0)
add $a0, $0, $v0 #prep. I param.
1w $ra 0($sp)

addi $sp, $sp, 4

jr $ra
digitalWrite:
addi $sp, $sp -4
sw $ra 0($sp)
addi $v0, $0, 24 #syscall 24
teq $0,%0 ###SIM:emulo syscall
1w $ra 0($sp)
addi $sp, $sp, 4
jr $ra
pinMode:
addi $sp, $sp -4

sw $ra 0($sp)

addi $t0, $0, 0x900

s11 $t0, $to0, 20

addi $t0, $t0, 0x5678

1b $t2, 0($t0) #read byte
andi $t2, $t2, 0x10 #mask bit 4
srl $v0, $t2, 4

j finel

ispshl:

addi $t0, $0, 0x900

s11 $t0, $to0, 20

addi $t0, $t0, 0x4321

1b $t2, 0($t0) #read byte
andi $t2, $t2, 0x80 #mask bit 7
srl $v0, $t2, 7

j finel

iserrorl:

#do nothing for now

finel:

j isr_ret

#digitalWrite

#a0=reg.no. al=value(0 o 1)
addi $t0, $0, 13 #LED

beq $a0, $tl,isled2#isled

addi $t0, $0, 2 #PUSHBUTTON
beq $a0, $tl,ispsh2#ispushbutton
j iserror2

isled2:
addi $t0, $0, 0x900
s11 $t0, $to0, 20
addi $t0, $t0, 0x5678
andi $t1, $al, 1 #mask bit 0 of al
srl $tl, $tl, 4 #select bit4d
1b $t2, 0($t0) #read before write
andi $t2, $t2, OxEF #clear bit4
or $t3, $t2, S$tl#set bit4
sb $t3, 0($t0) #store
j fine2
ispsh2:
addi $t0, $0, 0x900
s11  $t0, $t0, 20
addi $t0, $t0, 0x4321
andi $t1, $al, 1 #mask bit 0 of al
srl $tl, $tl, 7 #select bit7
1b $t2, 0($t0) #read before write
andi $t2, $t2, Ox7F #clear bit7
or $t3, $t2, S$tlfset bit7
sb $t3, 0($t0) #store
j fine2
iserror2:

#do nothing for now

fine2:

j isr_ret

#pinMode

# a0=reg.no al=value
#assume that modifies bit 0
# of each status reg.

isled3:

addi $t0, $0, 13 #LED

beq $a0, $tl,isled3#isled

addi $t0, $0, 2 #PUSHBUTTON
beq $a0, $tl,ispsh3#ispushbutton
j iserror3

addi $t0, $0, 0x900

sl11 $t0, $t0, 20

jal Serial.println
addi $a0, $0, 10 #setta I param.
jal delay
la $t0, led #punta a led
1w $a0, 0($t0) #legge led
addi $al, $0, O #setta il II
param.
jal digitalWrite
addi $a0, $0, 1000 #setta I param.
jal delay
1w $ra, 0($sp) #restore old-ra
addi $sp, $sp, 4 #deallocate stack
space
jr $ra
addi $v0, $0, 25 #syscall 25
teq $0,50 ###SIM:emulo syscall
1w $ra 0($sp)
addi $sp, $sp, 4
jr $ra
delay:
addi $sp, $sp -4
sw $ra 0($sp)
addi $v0, $0, 26 #syscall 26
teq $0,50 ###SIM:emulo syscall
1w $ra 0($sp)
addi $sp, $sp, 4
jr $ra
addi $t0, $t0, 0x5678
1b $t2, 0($t0) #read byte
andi $t1, $al, 1 #mask bit0 of al
andi $t2, $t2, OxFE #clear bit0
or $t3, $t2, $tl1 #set bit0
sb  $t3, 0($t0)
j fine3
ispsh3:
addi $t0, $0, 0x900
s11 $t0, $tO0, 20
addi $t0, $t0, 0x4321
1b $t2, 0($t0) #read byte
andi $t1, $al, 1 #mask bit0 of al
andi $t2, $t2, OxFE #clear bit0
or $t3, $t2, $tl #set bit0
j fine3
iserror3:

#do nothing for now

fine3:

j isr_ret

syscall26: #delay # aO=delay

addi $t0, $0, 0x900

s11 $t0, $to0, 20

addi $t0, $t0, 0x0040

la $t0, fecl #1.19 MHz

1w $t0, 0($t0)

mult $a0, $tO #count=delta*fc

mflo $t2

addi $t2, $t2, -1 #count=delta*fc-1

andi $t3, $t2, OxFF #LSB

srl $t4, $t2, 8 #MSB

andi $t4, $t4, OxFF

addi $tl, $0, 0x30 #bit7-
6=counter0,

#bit5-

4=LSB+MSB (16bit)

counter
la
sb
sb
sb

#bit3-1=mode-0,
#bitO=binary

$t0, fcl #1.19 MHz

$tl, 3($t0) #write value in CWR
$t3, 0($t0) #write LSB in CRO
$t4, 0($t0) #write MSB in CRO

#start counting

addi

sw $a0,

$t1,$0,0xC2 #11000010 read CRO
# counter latch cmd

CONTATORE (init)

add $t2, $0,

check:

addi $t2, $t2, -1

CONTATORE (dec)

sw $t2,

0($t0) ### sIMULA
$a0

### siMuLA

0($t0) ### sIMULA

CONTATORE (upd)

sb $t1l, 3($t0) #CRO counter
latch cmd

1h $t2, 0($t0) #CRO-LSB (SIM:1lh
GIUSTO 1b)

1h $t3, 0($t0) #CRO-MSB (SIM:1lh
GIUSTO:1b)

bne $t3, $0, check

bne $t2, $0, check

# count finished CRO==
j isr_ret



