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Zadani
Program precte ze vstupu dvé ¢isla v hexadecimalnim tvaru a vypiSe jejich soucet
(opét v hexadecimalni tvaru).

Rozbor problému

Prevod vstupniho retézce na Cislo

O konverzi ze vstupniho retézce na Cislo se stara rutina read_num. Jeji princip lze

pospat takto:

var input: array[l..8] of char;
i,cislo,cislice: integer;

cislo := 0;
for i := 1 to 8 do begin

if input[i] < '0O' then goto error;

if input[i]<='9' then cislo := input[i] -'0';

else begin

if input[i] < 'a' then goto error;

if input[i] <= 'f' then cislice := input[i] -'a' + 10;
end;
if i < 8 then cislo := cislo shl 8;
cislo := cislo + cislice;

end;

Prevod cisla na vystupni retézec

Obdobnym zpusobem jako v pfedchozim pfipadé 1ze udélat obracenou konverzi.
Pro uplnost uvedu jeji algoritmus:

var ouput: array [1..8] of char;
cislo, cislice;
for i := 8 downto 1 do begin

cislice := cislo and Ofh;

if cislice < 10 then output[i] := cislice + '0';
else output[i] := (cislice -10) + 'a';

cislo := cislo shr 8;

end;

Nahrazovani pseudoinstrukci

Prekladac (resp. simulator) pro pohodli programatora rozSiruje instruk¢ni sadu o
dalsi instrukce, ktereé pri prekladu (resp. simulaci) nahrazuje jednou ¢i vice
instrukcemi ze sady procesoru.

1) Napriklad pseudoinstrukce move $t0, $a0 je nahrazena instrukci addu $tO0,
$0, $a0 (registr $0 je specialnim registrem, ktery vZdy obsahuje nulu).

2) Dalsi pseudoinstrukci je subu $t0, $t0, 1. Tu prekladac (simulator) nahradi
takto: addiu $t0, $tO0, -1.

3) Jako posledni zde zminim o vétvici instrukci. Napriklad bgt $t0, 57, chck_af
se nahradi za tuto posloupnost instrukci:

slti $1, $8, 58 ($t1 = $8, $at = $1)
beq $1, $0, 12



Datovy hazard

Potencialni datovy hazard nastava v pripadech, kdy se instrukce pokusi precist
obsah paméti po instrukci, ktera do tohoto zdroje zapisuje. Napriklad:

move $ra, $t0 # restore return address from tO
jr $ra # return

Listing programu

Usek programu, kde miiZze dojit k datovému hazardu je vyznacen kurzivou a
podtrzenim. Useky, kde dochazi ke zpozdéni ¢teni z paméti ¢i zpozdéni skokovych
instrukci jsou oznaceny tucné.

.data
instr: .asciiz "12345678"
varl: .word 0x01
var2: .word 0x02
var3: .word 0x00
ret: .word 0x00
errstr: .asciiz "\nError: Wrong number format. Accepted are [0-9a-f]{8}\n"
err2str: .asciiz "\nError: Empty string is not number ;)\n"
msgl: .asciiz "\n "
msg2: .asciiz "\n + "
msg3: .asciiz "\n---——————-—- \n "
newlinestr: .asciiz "\n"
outstr: .asciiz "12345678"
.text
.globl main
main:
nop
1i $vo, 4
la $a0, msgl
syscall
jal read_num # read first nubmer
nop
SwW $a0, varl # store it into varl
nop
1i $vo, 4
la $a0, msg2
syscall
jal read_num # read second number
lui $a0, 0x344
Sw $a0, var2 # store it into var?2
1w $t0, varl # load first number into tO
1w $t1, var2 # load second number into tl
nop
nop
addu  $t2, $t0,$t1 # t2 = t0 + tl1
SW $t2, var3 # store result into var3
1i $vo, 4
la $a0, msg3

syscall




1w $a0, var3
jal print_hex

jal newline
1w $ra, ret # restore global return address
nop
nop
J $ra # quit
nop
nop
read_num: # read number function
addiu $sp, $sp, -32 # push stack
SwW $ra, 20($sp) # store return address to stack
sw $fp, 16($sp) # store frame pointer to stack
addiu $fp, $sp, 28 # setup new frame pointer
1i $v0, 8 # read string (of 8 char)
la $a0, instr # . into [instr]
1i $al, 9 # . maximal length of string to read is 8
syscall
1i $t2, O # t2 sotres value of number
la $a0, instr # a0 now points to beginig of read string
1b $t0, 0($a0) # load first byte of string into t0
nop
nop
beq $t0, 0, error2 # empty string -> error
nop
nop
conv_loop: # for all characters in read string
chck_09: # check range [0-9]
blt $t0, 48, error # t0 < '0' -> error
nop
nop
bgt $t0, 57, chck_af # t0 > '9" -> check range [a-f]
nop
nop
addiu $t1, $t0, -48 # tl = digit value of tO
J chck_ok
nop
nop
chck_af: # check range [a-f]
blt $t0, 97, error # t0 < '"a' -> error
nop
nop
bgt $t0, 102, error # t0 > '"f' -> error
nop
nop
addiu $t1, $t0, -87 # tl1l = digit value of tO
chck_ok: # range test OK
addu $t2, $t2, $tl # t2 += tl
addu $a0, $a0, 1 # go to next charcter

1b $t0, 0($a0l) # load next character into t0
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is end of string -> end_loop

t2 <<= 8
is not end of string -> loop

restore return address from stack

restore frame pointer from stack
pop stack

store result in a0

end of read_num

Prints error message 1
set address of error message to a0
go to print it

Prints error message 2
store address of error message to a0

print error message

. and exit

store return address into tO
a0 points to new line string
number of system call

print it

restore return address from t0
return

t0 stores number to print
a0 stores pointer to be stored actual digit
. now it pointes to last character of buffer
tl loop counter
t2 mask to get last number

t3 = t0 % 16

convert from digit number to character

0x09, hex_conv_af #<--+

nop
beqz $t0, conv_loop_end
nop
nop
mul $t2, $t2, 16
J conv_loop
nop
nop
conv_loop_end:
1w $ra, 20($sp)
nop
1w $fp, 16($sp)
addiu $sp,$sp, 32
move $a0, $t2
jr $ra
error:
la $a0, errstr
J error_print
nop
nop
error2:
la $a0, err2str
error_print:
1i $v0o, 4
syscall
1i $v0, 20
syscall
newline:
move $t0, $ra
la $a0, newlinestr
1i $vo, 4
syscall
move _ $ra, $t0
ir ra
nop
nop
nop
print_hex:
addiu $sp, $sp, -32
sw $ra, 24($sp)
Sw $fp, 16($sp)
addiu $fp, $fp, 28
move  $t0, $a0
la $a0, outstr
addu $a0, $a0, 7
1i $t1, 8
1i $t2, 0x00f
print_hex_loop:
and $t3, $t0, $t2
bgt $t3,
nop
nop

hex_conv_09:



addu $t3, $t3, 48 # |

J hex_conv_ok # |
nop
nop
hex_conv_af: # |
addu $t3, $t3, 87 # |
hex_conv_ok: #<——+
nop
nop
sb $t3, 0($a0) # store t3 into buffer
addiu $t1, $t1, -1 # t1--
addiu $a0, $a0, -1 # a0--
div $t0, $t0, 0x10 # t0 /= 16
bnez $tl, print_hex_loop
nop
nop
1i $vo, 4 # print buffer
la $a0, outstr
syscall

1w $ra, 24($sp)
1w $fp, 16($sp)
addiu $sp, $sp, 32
jr $ra

Zaver
K vyvoji a ladéni programu byl pouZit simulator MIPS procesoru PCSim ve verzi 7.0 ve verzi pro
MS Windows. Pokougl jsem s e zprovoznit stejny simulator i na (moji domovské) platformeé

GNU/Linux. Ackoliv se mi povedlo po urputnych bojich program zkompilovat a nainstalovat,
vykazoval znamky abnormalniho chovani, a proto jsem radéji pouzival Windowsovou verzi.

Binarni forma programu je ke staZeni na adrese: http://zcu.cz/~bartipan/upa/sum.s.



