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The Graphical User Interface

File Edit Run Settings Tools Help

IOa® &3 [e]e[%DaZ(xeeCe e e

Run speed at max (no interaction)

Edit  Execute S Registers >
D Text Segment ce BT Fame Narber Ve
Bt Address  Code Basic Source Label Address & zero 1 oxo0000000
0x00400000 0x0FC10517 auipc x10,0x0000fc10 141 a0 (global) 5 2 oxrfffeffc
0x00400004 0x009S0513 addi x10,x10,0 3 0x10008000
0x00400008  0x00400893 addi x17,x0,4 a1,4 main 0x09400000) B 4 0+00000000
0x0040000c 0x00000073 ecall ecall codes o 5 oxo000000
igﬁ:gm ::;;;:gﬁ;;.::ixiﬂvxff:ffffﬂ 50, 0xf {0000 ‘main_get 0x00400020 t1 6 0x0000000a
0x004000 main_end 0x00400064 53 7 0x00000000
0x00400018  OxFFF04b7 Lui X9, OXFFTFFFTO U s1,0xFFFr0004 - p
0X00A0D0IC 000448493 adi. 33,39, 4 b xostonte o 5 ourrroons
0x00400020 €x00042283 1w X5,0(xB) W to,0(s0) ! ox1001001 20 10 0x1001001a
0x00400024 0x00121293 andi x5,5,1 andi  t0,t,1 ve A i 11 oxo0000000
0x004000280xTe2Bee3 beq x5, X8, OxFFFFFFTB beq  t0,zero,main_get 2 12 000000000
eDDAADIE OvOBRARIRA Th x5 A(v) T rnaie 7 Data @ Text by 13 oxa0000000
a4 14 000000000
as 15 000000000
Data Segment a6 16 0x00000000
Address Value (+0) Value (+4) Value (+8) Value (+0) Value(+10)  Value(+14)  Value(+18  Value(+10 a7 17 0x0000000a
0x10010000  OX6c6CE548  Ox677206F  0x21646¢72 7974 0x00002165 2 o
0x10010020  0x00000000  0x00000000  0x00Q0ROGD 4 20 0x00000000
0x10010040 s .
0x10010060  0x00000000  0x00000000  0x00000000 000000000  0x00000000  0x00000000  0x00000000  0x000G0000 2 R ke
0x10010080
0 0x0000 e 7 23 000000000
ox10010020 0x00000000  0x00000000  0x00000000  ©xD000D0D  0x00DUGO0D  0x00O0R000  0xDR0000D o e
s 25 000000000
10010000 Cdata) 0 . . s10 26 0x00000000
< % [ 0x10010000(data) 3] v Hexadecimal Addresses V' Hexadecimal Values  ASCII 0 ooy
= 28 000000000
a 29 000000000
- 5 30 000000000
6 31 0x00000000
Messages  Run 1/0 £ e
Hello world!
You typed: 4
You typed: 2
Bye!
Clear program is finished running () — TELECOM)
@ reoanis

2 Telecom Pari EURECOM Introduction to Computer Architecture — RISC-V Assembler and Runtime Simulator cunccom



The vital Help window

RARS 1.5 Help

RARS  License  Bugs/C Ac

:j Extended (pseudo) Instructions  Directives =~ Syscalls  Exceptions = Macros

add t1,t2,t3
addi t1,t2,-100

and t1,t2,t3

andi t1,t2,-100

auipc t1,100000

beq t1,t2, label

bge t1,t2,label

bgeu t1,12, label

blt t1,t2,label

bltu t1,t2,label

bne t1,t2,label

csrrc to, fesr, t1
csrrci t@, fcsr, 10
csrrs t0, fesr, t1
csrrsi t@, fcsr, 10
csrrw t0, fesr, tl
csrrwi to, fcsr, 10
div t1,t2,t3

divu t1,t2,t3

ebreak

ecall

fadd.d f1, f2, f3, dyn
fadd.s f1, f2, f3, dyn
fclass.d t1, f1
fclass.s t1, f1
fevt.d.s f1. 2. dvn

Addition: set t1 to (t2 plus t3)

Addition immediate: set tl to (t2 plus signed 12-bit immediate)

Bitwise AND : Set t1 to bitwise AND of t2 and t3

Bitwise AND immediate : Set t1 to bitwise AND of t2 and sign-extended 12-bit imme
Add upper immediate to pc: set t1 to (pc plus an upper 20-bit immediate)

Branch if equal : Branch to statement at label's address if t1 and t2 are equal
Branch if greater than or equal: Branch to statement at label's address if t1 is
Branch if greater than or equal to (unsigned): Branch to statement at label's add
Branch if less than: Branch to statement at label's address if t1 is less than t2
Branch if less than (unsigned): Branch to statement at label's address if t1 is 1
Branch if not equal : Branch to statement at label's address if t1 and t2 are not
Atomic Read/Clear CSR: read from the CSR into t@ and clear bits of the CSR accord
Atomic Read/Clear CSR Immediate: read from the CSR into t@ and clear bits of the
Atomic Read/Set CSR: read from the CSR into t@ and logical or t1 into the CSR
Atomic Read/Set CSR Immediate: read from the CSR into t@ and logical or a constan
Atomic Read/Write CSR: read from the CSR into t@ and write t1 into the CSR

Atomic Read/Write CSR Immediate: read from the CSR into t@ and write a constant i
Division: set tl to the result of t2/t3

Division: set t1 to the result of t2/t3 using unsigned division

Pause execution

Issue a system call : Execute the system call specified by value in a7

Floating ADD (64 bit): assigns f1 to f2 + f3

Floating ADD: assigns fl1 to f2 + f3

Classify a floating point number (64 bit)

Classify a floating point number

Convert a float to a double: Assianed the value of f2 to f1

Close

EHIHHHH
CEL

B 1w earis
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Memory layout

[ ) [ ) Memory Configuration

oxffffffff memory map limit address
oxffffffff kernel space high address
oxffffoe0e MMIO base address
0x80000000 kernel space base address
ox7fffffff user space high address

ox7fffffff data segment limit address
Configuration

© Default
Compact, Data at Address 0

ox7ffffffc stack base address
ox7fffeffc stack pointer (sp)

Compact, Text at Address 0 0x10040000 stack limit address
0x10040000 heap base address

0x10010000 .data base address
0x10008000 global pointer (gp)
0x10000000 data segment base address
0x10000000 .extern base address
oxoffffffc text limit address
0x00400000 .text base address

Apply and Close Apply Cancel Reset

4/ Telecom Paris / EURECOM Introduction to Computer Architecture — RISC-V Assembler and Runtime Simulator cusicou




Settings

un | Settings | Tools Help

¥ Show Labels Window (symbol table)

[J Program arguments provided to program
—_| O Popup dialog for input syscalls (5,6,7,8,12) -
tute ¥ Addresses displayed in hexadecimal
¥ Values displayed in hexadecimal

[J Assemble file upon opening

[J Assemble all files in directory

[J Assemble all files currently open

[J Assembler warnings are considered errors

¥ Initialize Program Counter to global 'main’ if defined
[J Derive current working directory

¥ Permit extended (pseudo) instructions and formats
[J Self-modifying code

7 64 bit
Editor...
Highlighting...
Exception Handler...
Memory Configuration... EHIT
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Directives, labels, pseudo instructions

-data Directives
hw:

-asciz "Hello world!\n" m .data, .text, .section: segment change

1

2

3

4 . .. . .
5 text m .asciz, .ascii, .word: strings, aligned
6

7

8

.globl main words. . .
main: m .globl label: global label
la a0, hw
10 ecall
11 141 s0,0xf£££0000 Aliases for addresses
12 1i s1,0xf£f££0004

13 main_get: Pseudo instructi
14 1w £0,0(s0) Seudo Instructions

15 andi t0,t0,1
16 beq t0,zero,main_get

m la reg,label: lui (auipc) + addi
m 1li reg,imm: lui (auipc) + addi
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System calls (syscalls)

m Access to system services

; ]'Jifta ® Syscall ID in a7

3 .asciz "Hello world!\n" .I/Oin a0-a6

4 ® ecall

5 .text m Examples

6 .globl main ® PrintInt (1), PrintString (4),
7 main: PrintChar (11)

8 1la a0, hw ® ReadInt (5), ReadString (8)
9 1i a7 ,4 ® Exit (10), Sleep (32)

10 ecall ® RandSeed (40), RandInt (41)
11 1i s0,0xf£f££0000 ° ”.(nurethan40)

12 1i s1,0xf£f££0004

13 main_get:

14 1w t0,0(s0)

15 andi t0,t0,1
16 beq t0,zero,main_get
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Memory Mapped 10: companion tool emulates keyboard and console

ece Keyboard and Display MMIO Simulator, Version 1.4

Keyboard and Display MMIO Simulator
DISPLAY: Store to Transmitter Data OXffff000c, cursor 0, area 114 x 6

Delay length: 5 instruction executions
Font DAD  Fixed transmitter delay, select using slider e

KEYBOARD: Characters typed here are stored to Receiver Data 0xffff0004

Tool Control
Connect to Program Reset [ Help Close

m Keyboard (input)
® Ready bit: bit 0 of mem [0xffff0000]
® ASCII code of input character: least significant byte of mem[0xff£f£0004]
® Reading mem [0xff£f£f0004] clears ready bit
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Memory Mapped 10: companion tool emulates keyboard and console

ece Keyboard and Display MMIO Simulator, Version 1.4

Keyboard and Display MMIO Simulator

DISPLAY: Store to Transmitter Data Offff000c, cursor 0, area 114 x 6

Font DAD  Fixed transmitter delay, select using slider e

KEYBOARD: Characters typed here are stored to Receiver Data 0xffff0004

Delay length: 5 instruction executions

Tool Control
Connect to Program Reset [ Help

m Console (display) with tunable delay (in # of executed instructions)

® Ready bit: bit 0 of mem [0xffff0008]

® ASCII code of character to display: write least significant byte of mem[0xff££000c]

® Special features (ASCII art)
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Other features

Companion tools

m Branch prediction simulator
m Data cache simulator
m Bitmap display

Custom exception handler

m Interrupt service routines
m Could be used to design a simple OS

Audio system calls

m MIDI outputs
m Could be used to play music (we will)
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