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Ambiente di lavoro

RARS

RARS: RISC-V Assembler and Runtime Simulator

file Edit Run Settings Tools Help

IR kS ‘* ooz ’g 1E| @ ‘a Run speed at max (no interaction)

| Edit | Execute {|[ Registers | Floating Point | Control and Status
bottles.s | printf.s it | printstr.s | Name Number Value
1 I Ox
2 .glebl main 01
3 .data I ox7iffefic)
4 tenplate: [
5 .string "v4 bottles of beer of the wall. %d bottles of beer. Take one down pass it areund. %d bottles of beer on the vall\n | [
6 041001007
7 text T [
8 min: [X
s & Save state to free up 56, s1 and ra for use I o
10 addi  sp, sp, <16 o
n v slLagsp) T o
12 s 50,8(sp) 6310010
112(sp)
i = ot T 0x0000001d
15 o
16 intf(tenplate, x, x, x:1) for 6 < x < 168 | e
17 u 50,99 =
18 Loop: T [
19 w al,s0 0x0009005d
v a2,50 I [
2 addi 50,50, -1 o
2 w 50 | o
2] la a0, template 2] o
22 call  prinef T 2 [
25 bnez  50,laop FEl o
26 1 29 ox
27 & Load state = o
28 v ra,12(sp) I | =
29 W s0.B(sp)
30 w s1.4(sp) 1 Q gomooooo
n addi  sp,sp,16
g o
3 xit (93) with code 8 ! ]
34 1i a0, 0 £l O
35 11 a7, 93 I 32 [
35 ecall
37 ebreak
38
35
40
al I I 0]
Line: 1 Column: 1] Show Line Numbers
Messages | Run IO
9 bottles of beer of the vall. 99 bottles of beer. Take one down pass it around. 98 bottles of beer on the wall
98 bottles of beer of the wall. 98 bottles of beer. Take one down pass it around. 97 bottles of beer on the wall
97 bottles of beer of the wall. 97 bottles of beer. Take one down pass it around. 96 bottles of beer on the wall
96 bottles of beer of the vall. 96 bottles of beer. Take one dovn pass it around. g5 bottles of beer on the wall
5 bottles of beer of the wall. 95 bottles of beer. Take one down pass it arund. 4 bottles of beer o the wall
94 bottles of beer of the wall. 94 bottles of beer. Take one down pass it around. 93 bottles of beer on the wall
93 bottles of beer of the vall. 93 bottles of beer. Take one dovn pass it around. 92 bottles of beer on the wall
92 bottles of beer of the wall. 92 bottles of beer. Take one down pass it around. 91 bottles of beer on the wall
81 bottles of beer of the wall. 91 bottles of beer. Take one down pass it around. 90 bottles of beer on the wall
90 bottles of beer of the vall. 90 bottles of beer. Take one dovn pass it around. 89 bottles of beer o the wall
89 bottles of beer of the wall. 89 bottles of beer. Take one down pass it around. 88 bottles of beer on the wall
88 bottles of beer of the wall. 83 bottles of beer. Take one down pass it around. 87 bottles of beer on the wall
87 bottles of beer of the vall. 87 bottles of beer. Take one dovn pass it around. 86 bottles of beer on the wall
85 bottles of beer of the wall. 85 bottles of beer. Take one down pass it around. 85 bottles of beer on the wall
85 bottles of beer of the wall. 85 bottles of beer. Take one down pass it around. 84 bottles of beer on the wall
8 hottlac of baoc af the wall 24 hattlac f hear Take one dawn nace it acound g3 hattles of hear an the wall
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Ambiente di lavoro
RARS - Componenti fondamentali

B4 C\Users\Gianb\Documents\Didattica\test.asm - RARS 1.4 — [m] *
File Edit Run Seitings Tools Help
Run speed at max (no interaction)
;
[ Edit [ Execute | : Registers | Floating Point |  Control and Status
testasm : ‘ Name Number Value
1 .glabl aain] i[zezo 0 0x00000000,
. <& 1 0x00000000)
3 .data :|sB 2 OxTEfferfc
. 3 . . iflap 3 0x10008000
4 msgl: .string "Hello World e 4 Qx0oooonog I Or e nOS rO
- el ‘o s 000000000
e main: H e & 0x00000000 - -
7 # Write to @ filedescriptor from a buffer ez 7 0x00000000| al‘ ' l blente dl
8 li a0, 1 i[s0 [ 0x00000000]
g la al, msgl fs1 E] 0x00000000, B
10 1i a2z, 12 i[an 10 0x00000000] SVI I u O
11 li a7, &4 i[al 11 0x00000000) .
12 ecall ilaz2 12 0x00000000,
13 a3 13 0x00000000)
14 4 print int las 14 0x00000000,
15 1i a0, 27 i|as 15 0x00000000]
i 1ia7, 1 ‘|6 16 0x00000000!
- ceall ila7 17 0x00000000]
o 2|52 18 0x00000000]
- a3 13 0x00000000
4 exit with o o retirn 0 :
pl) l e.s;\ E“L code 0 ( retwrn 0 ) H 20 0x00000000
& Loal, H S 21 0x00000000
21 i a7, &3 ‘Is8 22 0x00000000
i[s7 23 0x00000000)
H EE 24 0x00000000
HEE 25 0x00000000)
#[s10 26 0x00000000,
i[s11 27 0x00000000]
H = 28 0x00000000]
e 29 0x00000000
H I 30 0x00000000]
b B3 31 0x00000000
iee 0x00400000]
[« Il ] |
Line: 1 Column: 12 Show Line Numbers
= :
[ Messages | RunlO | ;
[Bel1o Worla 27 :
- program is finished running (dropped off bottom) —— .
P :
2 * . [erminale per
-- program is finished running (dropped off bottom) --
I’. t/ t t
mnput/output.
u1]
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Ambiente di lavoro

RARS - Componenti fondamentali

BLc

ers\Gianb\DocumentstDidattica\test.

Eile Edit Run

Seltings Tools Help

Run speed at max (no interaction)
I

solalz xole

O X

[ Edit | Execute | Control and Status |
M= - - isters | Floating Point
m Text Segment Labels
Mame Mum Value
Program A [ EalE sl O zero o[ axoooaoa0o
Bipt | Address Code Basic Source | {moeey R = D=009:101
X i — 1 25 25 [a—
0x00400000| 0x00100513/addi x10,x0, 0200000001 | &: 11 a0, 1 ~|frmain ‘ 000400000 o 3 0x10008000)
L] | 0x00400004| 0x0£cl0597|auipc x11,050000£cl0 | 8: la al, msgl testasm ? n wauuauw
|| 0x00400008| OxffcS8593|addi x11,x11,0xffff. .. msg1 ‘ 0x10010000| EIO. 5| 0x00000000
[ | | ox0040000c| 0x00c00613(addi x12,x0,0x0000000c [10: 1i a2, 12 En T
[] | 0x00400010| 0x04000893/addi x=17,x0,0x00000040 |11 1i a7, 64 2 [ 0x00000000)
[] | ox00400014) 0x00000073/ecall 12: =call B T
[] | 0x00400018| 0x01b00513/addi =10,x0,0x0000001k |15 1i a0, 27 o1 o 0£00000000)
[] | ox0040001c| 0x00100893/addi x17,%0,0x00000001 [16: 1i a7, 1 T Gt
[ | | ox00400020) 0x00000073/ecall 17: scall <+ - 11| 0x00000000
0x00400024| 0x00000513/addi x10,%0, 0x00000000 [20: 1i a0, 0 s T3 Tt
[ | | oxoo4n002e| 0x05d00893/addi x17,x0,0x0000005d |21 1i a7, 93 = (B 13| 0=00000000
ad 14 00000000
[v] Data  [¥] Text a5 15[ 0x00000000
a6 16| 0x00000000
TS ; : : =g (F 17| 0200000000
52 18| 0x00000000
Address Value (+0) Value (+4) Value (+8) Walue (+c) Walue (+10) Walue (+14) Value (+18) Value (+1c) 53 18| 0xooo00000
0x10010000 0x6c6CE548 0x6£57206F] 0x20646c72 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000] = [f| :|l2 20| oxoonoonoo
0x10010020 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010040 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010060 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010030 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 _|ll +|ls8 24| 0x00000000
0x100100a0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000| (il [lsg 25| oxoonoonoo
0x100100c0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 S10 26| 0x00000000
0x100100e0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 s1l 27| 0x00000000
0x10010100 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 '3 28| 0xoooooo00
0x10010120 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 ) 28| 0x00000000
0x10010140 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 p— RO les 30| oxoonoonoo
0x10010160 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000| 6 31| 0xooo0oo00
1
1 0 | 0x00400000
| 4 | & |[mx10010000(data) || A Values [ ASCI
~
M "Run1o |
[50: running test.asm
|Go: execution terminated by null instructicn.
[kssemble: assembling C:\Users\Gianb\Documents\Didattica\test.asm
[Assemble: operation completed successfully.
|
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Segmento text

disassemblato.

Symbol table,
mapping tra label e
rispettivo indirizzo.

Stato dei registri
della CPU in tempo
reale.

Segmento data

disassemblato.



Alcuni Concetti Fondamentali
Segmentazione della memoria

high address

local memory

dynamic memory
initialized to zero by exec
read from executable by exec

binary code

low address

UNIMORE 30/03/2020 Architettura dei Calcolatori 6



Alcuni Concetti Fondamentali
Registri e ABlI name

Register | ABI Name | Description Saver
x0 Zero Hard-wired zero

x1 ra Return address Caller
x2 sSp Stack pointer Callee
x3 gp (Global pointer

x4 tp Thread pointer

x5-7 t0-2 Temporaries Caller
x8 s0/fp Saved register/frame pointer Callee
x9 sl Saved register Callee
x10-11 | a0-1 Function arguments/return values | Caller
x12-17 | a2 7 Function arguments Caller
x18-27 | s2-11 Saved registers Callee
x28-31 | t3-6 Temporaries Caller
fo0-7 ft0-7 FP temporaries Caller
£8-9 fs0-1 FP saved registers Callee
£f10-11 | fa0-1 FP arguments/return values Caller
£f12-17 | fa2-7 FP arguments Caller
£18-27 | fs2-11 FP saved registers Callee
£28-31 | ft8-11 FP temporaries Caller

UNIMORE 30/03/2020 Architettura dei Calcolatori 7



Alcuni Concetti Fondamentali
Environment Calls

- Particolari chiamate a funzione che vengono utilizzate dal
programma per richiedere un servizio al kernel o

5 .
all’environment.
- Esempio:
Call
Name Number Description Inputs Outputs
(a7)
. : . a0 = integer to
Printint 1 Prints an integer . N/A
print
) Prints an floating point fa0 = float to
PrintFloat 2 ) N/A
number print
a0 = the

) . Prints a null-terminated
PrintString 4 ) address of the N/A
string to the console )
string

= Lista completa: https:/github.com/TheThirdOne/rars/wiki/Environment-Calls

UNIMORE 30/03/2020 Architettura dei Calcolatori


https://github.com/TheThirdOne/rars/wiki/Environment-Calls

Alcuni Concetti Fondamentali
Environment Calls

- Esempio di stampa di un intero tramite environment call:

UNIMORE

Call
Name Number Description Inputs Outputs
(a7)
Printint 1 Prints an integer aq = integer to N/A
print
S . Prints an floating point fa0 = float to o
rint-loat number print
) . Prints a null-terminated agd: the fh /
PrintString 4 string to the console al .resso the N/A
string
I = Caricare il call humber dentro al registro a7 ed i
a parametri di input all’interno dei registri a0, al, ...
0, 15 = Successivamente utilizzare [istruzione ecall per
I avviare la environment call.
a
7,1
ecall
30/03/2020 Architettura dei Calcolatori 9



Struttura di un Programma ASM

.globl main

> = |dentifica “‘main”  come
simbolo globale.

.data
msgl: .string "Hello World "
text
main:
# Write to a filedescriptor from a buffer
liao, 1
laal, msgl
lia2, 12
lia7, 64
ecall

# print int
liao0, 27
lia7, 1
ecall

# exit with code O ( return 0)
lia0, 0

lia7, 93

ecall

UNIMORE 30/03/2020 Architettura dei Calcolatori 10



Struttura di un Programma ASM

.globl main
.data 1 - - |dentifica [linizio del
msg1l: .string "Hello World " segmento “dati” nel
text _ quale vengono
main: 4 Write o 2 filedescriotor f e posizionate  variabili
i aorlle O a TiHledescriptor rrom a purter gIOball in
la al, msgl lettura/scrittura.
lia2, 12
lia7, 64
ecall
# printint
li a0, 27
lia7, 1
ecall

# exit with code O ( return 0)
lia0, 0

lia7, 93

ecall

UNIMORE 30/03/2020 Architettura dei Calcolatori 11



Struttura di un Programma ASM

.globl main

.data

text

UNIMORE

msgl: .string "Hello World "

main:

30/03/2020

a
>

# Write to a filedescriptor from a buffer
liao, 1

laal, msgl

lia2, 12

lia7, 64

ecall

# printint
liao0, 27
lia7, 1
ecall

# exit with code O ( return 0)
lia0, 0

lia7, 93

ecall

Architettura dei Calcolatori

e 3

Identifica [linizio del
segmento  “text” |l
quale contiene le
istruzioni del nostro
programma.
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Struttura di un Programma ASM

.globl main

.data
msgl: .string "Hello World "
text
main:
# Write to a filedescriptor from a buffer
liao, 1
laal, msgl
lia2, 12
lia7, 64
ecall

# printint
li a0, 27 _ .
lia7, 1 -=> Chiamata d’ambiente

ecall “exit”, identificata dal
codice numerico “93”.
# exit with code O (return 0) Corrisponde
:: :3 83 all’istruzione  “return
) l » . .
ecall 0 del linguaggio
C/IC++.

UNIMORE 30/03/2020 Architettura dei Calcolatori 13
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Esercizio 01
Loop tramite istruzioni di branching

= Provare a tradurre in Assembly il seguente frammento di
codice C:

int main () {
intn=10;
for (inti=0;i<n; ++i){
printf("i: %d\n", i);
}

return O;

UNIMORE 30/03/2020 Architettura dei Calcolatori
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UNIMORE

Esercizio 02
Chiamate a funzione

= Provare a tradurre in Assembly il seguente frammento di
codice C:

int sum(int n) {
int sum = 0;
for (inti=0;i<n; ++i){
sum +=i;
}
return sum;
}
int main () {
printf("sum: %d\n", sum(10));
return O;

}

30/03/2020 Architettura dei Calcolatori
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Accesso alla Memoria
Segmento Dati e Stack

= Esempio di Lettura di un vettore salvato nel segmento dati:

.data
vett: .word 1, 2, 3, 4
la to, -> accesso allindirizzo di memoria.
Vet 5 accesso agli elementi a partire
lw to, dall’indirizzo precedente:
t0
w 1( ) - t0 = vett[0]
’ > t1 = vett[1]
(t0)

Ricordarsi di sfruttare opportunamente
l'offset in base a come e definita la
memoria (word in questo caso).

UNIMORE 30/03/2020 Architettura dei Calcolatori 16



Esercizio 03
String Copy

- Copiare il file sorgente di seguito, ed inserire le opportune
direttive per permettere 'assemblamento.

strcpy:

addi
sd
add
L1:
add
lbu
add
sb
beq
addi
jal
L2:
Id
addi
jalr

UNIMORE 30/03/2020

sp, sp, -8
x19, 0(sp)
x19,x0,x0

x5, x19, x11
x6,0(x5)
x7,x19,x10
x6,0(x7)
X6,x0,L2
x19,x19, 1
x0,L1

x19,0(sp)

sp,sp,8
x0,0(x1)

Architettura dei Calcolatori

H =

H oF H T R

==

adjust stack for 1 dw
push x19
i=0

x5 = addr of yJi]
X6 = y[i]
x7 = addr of x]i]
x[i] = yl[i]
if y[i] == 0 then exit
i=i+1
# next iteration of loop

restore saved x19
pop 1 dw from stack
and return

17



Esercizio 04
String Copy

= Esequire il programma precedente con due stringhe di
prova, ad esempio:

.data
X: .string «mario\0»
Y: .string «rossi\0»

- Visualizzare tramite RARS il contenuto del segmento di
memoria e verificare [leffettivo funzionamento del
programma.

UNIMORE 30/03/2020 Architettura dei Calcolatori
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Ambiente di lavoro
RARS - Documentazione Disponibile

-> Documentazione utile:

UNIMORE

https://github.com/TheThirdOne/rars/wiki/Supported-Instructions
https://github.com/TheThirdOne/rars/wiki/Environment-Calls
https://github.com/TheThirdOne/rars/wiki/Assembler-Directives
https://github.com/TheThirdOne/rars/wiki

Yidd

30/03/2020 Architettura dei Calcolatori
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Esercizio 05
Operazioni su array

- Realizzare un programma che vada a calcolare il prodotto scalare tra due
array a e Db, memorizzati ad esempio nel segmento dati.

- Si ricorda che il prodotto scalare pud essere calcolato per mezzo della
seguente formula:

[Ax A, AZ]B = AB +AB, +A,B,= AB

UNIMORE 30/03/2020 Architettura dei Calcolatori 20



Esercizio 06
Fattoriale ricorsivo

- Realizzare un programma in grado di calcolare il fattoriale in maniera
ricorsiva:

- nl=nx(n-1)!
- n=1ifn=0orn=1

UNIMORE 30/03/2020 Architettura dei Calcolatori
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Esercizio 07
Maschere di bit

= Utilizziamo le maschere di bit per realizzare un meccanismo di controllo
errori, basato sul calcolo della parita.

- |n pratica quando viene trasmesso un dato, viene aggiunto un bit che e
settato 1 se il numero di “1” nel dato da trasmettere € dispari (parita pari).

= Realizzare un programma che vada a settare il bit di parita per un dato a 7

bit.
Byte con bit di parita
7 bit di dati
Bit di parita pari|Bit di parita dispari
11101001 01101001 11101001
1111111 11111111 01111111

- |l bit piu significativo del nostro byte rappresenta il bit di paritd (come in
figura).

UNIMORE 30/03/2020 Architettura dei Calcolatori



Esercizio 08
Sorting

= Dato il seguente pseudocodice:

procedure SelectionSort(a: lista dei numeri da ordinare);
for i =0 ton -1
posmin « i
for j = (i +# 1) ton
if al[j] < alposmin]

posmin < j
if posmin !'= i
tmp « a[i]

ali] « a[posmin]
a[posmin] < tmp

= Che implementa [l‘algoritmo di ordinamento Selection Sort
https://it.wikipedia.org/wiki/Selection_sort.
= Convertirlo in codice Assembly RISC-V.

UNIMORE 30/03/2020 Architettura dei Calcolatori
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