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Outline
e RISC-V Assembly Programming

® Registers
® L[abels

® Symbols
® Directives

e Ripes RISC-V Assembly Simulator
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e A native program is a program  RISC-Vassembly code

® Encoded using instructions that 't?{t 5
can be directly executed by the rhzijﬁm

computer hardware ,
addi sp, sp, -16

C Code 1i a0, 10
int main () SW ra, 12 (sp)
{ jal func
int r = func (10); 1w ra, 12 (sp)
return r+1; addi a0, a0, 1
} addi sp, sp, 16

ret
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Generating native programs

e A compiler
® translate a program from one language to another

riscvb4-unknown-elf-gcc -mabi=ilp32 -march=rv32i -S main.c -0 main.s

® The RV32| assembly program will be stored on the main.s file
e An Assembler
® A assembleris a tool that translates a program in assembly

language into a program in machine language
The GNU assembiler tool (as) is an assembler
The assembler produces obiject files (.0) that are encoded in

binary and contains code in machine language
riscve4-unknown-elf-as -mabi=ilp32 -march=rv32i main.s -0 main.o
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Generating native programs
e A linker ki J ot fumc(iat o) J High-level language program
(- y return func {10}y return a®ll3p {C'- C—F, Jﬂ.‘{ﬂ__ Pmal’ :'
® A tool that ‘links :' ) (text file
together one or more Cumpﬂer%g_z gcc) Cumpﬂe%.g.z gcc)
object files — —
e Produces an - J S . J i
executable file ¥
Aszsembler (g, a=) Aszembler (e.g.. a=)
| umtlnl J | 0lelolol Machine language program
10001001 10001001 (object file - binary)
S | 4
Linker (e g., 1d)
Machine langnage program
(executable file - binary)

riscve4-unknown-elf-Ild -m elf32lriscv

main.o mylib.o -0 main.x
¥
| 01010101
lod01001

main.x is an executable file
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Registers

e There are 32 registers in the RISC-V base ISA

® These registers can be used directly in assembly programming
® Some of registers have conventional roles

® e.g.return address, stack pointer

RISC-V extensions may introduce additional register files

® e.g. floating point extension, vector extension
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Registers

Table B.4 Register names and numbers

Register
Name |Number |Use
zero x0 Constant value 0
ra x1 Return address
sp X2 Stack pointer
ap X3 Global pointer
tp x4 Thread pointer
t0-2 x5-7 Temporary registers
sO/fp  [x8 Saved register / Frame pointer
s1 X9 Saved register
a0-1 x10-11 Function arguments / Return values
a2-7 x12-17 Function arguments
s2-11 |x18-27 |Saved registers
t3-6 x28-31 Temporary registers
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Labels

e A label in assembly language RISC-V assembly code

® As a marker that represent program
location

® ‘x:" label identifies a program location
that contains a variable, which is
allocated and initialized by the directive
.word 10

e ‘sum10:’ label identifies the program location that contains the
first instruction of the sum10 routine

.word 10

sumlO:
lw a0, x
addia0, a0, 10
ret
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Program Symbol

e Program symbols
® “names’” that are associated with numerical values
® The “symbol table” is a data structure that maps each
program system to its value
® “nm’” tool helps us to inspect the symbol table of a program

1 00000004 t .LO
IOOOOOOO4 t sumlO
IOOOOOOOO t x
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Program Symbol

e Using the “.set” directive
® Explicitly define symbols
® The follow example that uses .set directive to define a symbol
named answer and assign value 42 to it
® Two symbols: answer, get_answer

.set answer, 42
get answer
11 a0, answer

11
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Global vs local Symbols

e Local symbols
® Only visible on the same file
® By default, the assembler registers labels as local symbols
e The .global directive
® |nstructs the assembler to register a label as a global symbol

iexit E
i 1i a0, O §
i 1i a7, 93 ;
i ecall i

12
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Program Entry Point

e The entry point is defined by an address
® The address of the first instruction that must be executed
® The linker sets the entry point field on the executable file and
looks for a symbol named start
® The linker sets the entry point to a default value (the address
of the first instruction of the program) if the linker cannot find
“start” symbol | 5icpal start

start
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Program Section

e The assembly program is usually organized in ‘sections’
® A section may contain data or instructions
® The contents of each section are mapped to a set of
consecutive main memory addresses

o .text
® Store the program instructions
® .data
® Store initialized global variables
® .bss
® Store uninitialized global variables
® .rodata

® Store constants
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Assembly Language

e Assembly program contains
e Comment
® Labels
e Usually defined by a name ended with the suffix “”
® Assembly instructions
e Converted by the assembler into machine instructions
e E.g.addia0, al, 1
® Assembly directives
® Commands used to coordinate the assembling process
e E.g..word 10
® |Instruct the assembler to assemble a 32-bit value (10)
into the program
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Program Structure |

e Plain text file with data declarations
e Data declaration section is followed by program code
section

Data Declarations

¢ Identified with assembler directive .data
¢ Declares variable names used in program
¢ Storage allocated in main memory (e.g., RAM)

® <name>: .<datatype> <value>

16
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Program Structure |l

¢ placed in section of text identified with assembler directive .text
* contains program code (instructions)

¢ starting point for code e.g. execution given label start:

Comments

Anything following # on a line
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Program Structure Il

The structure of an assembly program looks like this:

Program outline

# Comment giving name of program and description

# Template.asm
# Bare-bones outline of RISC-V assembly language program

.globl _start

.data # variable declarations follow this line
#

.text # instructions follow this line

_start: # indicates start of code
#

# End of program, leave a blank line afterwards 1s preferred
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An Example RISC-V Assembly Program

)

.global start

.data

welcome msg: .asciz “"Welcome!”

text

elerence

_start:

addi ae, x@, 1

la a1, welcome msg

addi a2, x@, 8

addi a7, x@, 64

ecall
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RISC-V Card

e You can search instructions in RISC-V Card

|funct3 |funct7

Table B.1 RV32l: RISC-V integer instructions

|Type ‘ Instruction

‘ Description

Operation

0000011 (3) 000 - I 1b rd, imm(rsl) load byte rd = SignExt([Address];.q)
0000011 (3) 001 - | 1h rd, imm(rsl) load half rd = Signkxt([Address]is.g)
0000011 (3) 010 |- I Tw rd, imm(rsl) |load word rd = [Address]a.g
0000011 (3) 100 - I 1bu rd, imm(rsl) load byte unsigned rd = ZeroExt([Address];.q)
0000011 (3) 101 - I Thu rd, imm(rsl) load half unsigned rd = ZeroExt([Address]is.y)
0010011 (19) |000 |- I addi rd., rsl, imm |add immediate rd = rsl + SignExt(imm)
0010011 (19) |001 0000000 |l s11i rd, rsl, uinm |shift left logical immediate rd = rsl < uimm

0010011 (19) |010 - I slti rd, rsl, imm |setlessthanimmediate rd = (rsl < SignExt(imm))
0010011 (19) |011 - I sltiu rd, rsl, imm |setlessthanimm. unsigned rd = (rsl <  SignExt(imm))
0010011 (19) 100 - | xori rd, rsl, imm xor immediate rd = rsl A SignExt(imm)
0010011 (19) |101 0000000 |1 srlird, rsl, uimm |shift right logical immediate rd = rsl >> uimm

0010011 (19) 101 0100000" |1 srai rd, rsl, uimm |shift right arithmeticimm. rd = rsl >>> uimm

0010011 (19) 110 - | ori rd, rsl, imm |orimmediate rd = rsl | SignExt(imm)
0010011 (19) [111 - I andi rd, rsl, imm |andimmediate rd = rsl &  SignExt(imm)
0010111 (23) - - U auipc rd, upimm add upper immediate to PC rd = {upimm, 12'b0} + PC
0100011 (35) 000 - S sh rsZ, imm(rsl) store byte [Address];.g = rs2;.

20
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RISC-V ISA Simulator - Ripes

e Ripes

® The RISC-V visual computer architecture simulator and
assembly code editor

® Ripes supports RISC-V IMC ISA base (riscv32 & riscv64)

® Ripes provides multiple processor models (Single Cycle, 5-
Stage)

® Download Ripes
® https://github.com/mortbopet/Ripes

21
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RISC-V ISA Simulator - Ripes

File Edit View Help

B <> pmm 5D

1co

1010 Source code Input type: (o) Assembly € Executable code View mode: () Binary (e Disassembled |& || gpr
1
g"tof 1 .data Name Alias Value
2 arr .word 1 3 7 0PEABABA <xor_trick_asm>:
3 s “word 3 CE 10000517 auipc x10 0x10000 B 0x20000000
4 4: 20050513 addi x1@ x1@ @
5 .text 3: 10008597 auipc x11 0x10000 X | |exececscee
6 xor_trick_asm c: 00458593 addi x11 x11 4
: x2 5| ex7fFffffe
7 la ae, arr T 10: 00053583 Iw x11 @ x11 v
8 la a1, size 14: 00000293 addi x5 x@ @ x3
: gp | @x10000008
9 Iw al, o(al) 18: 00000313 addi x6 x0 @
1 lite, o+ x4 |tp  @x00008000
1 1i t1, @ # 00P0R01c <loop>:
12 1c: 00052383 1w x7 @ x18 x5 t0  9x@0000000
13 loop 20: 9072c2b3 xor x5 x5 x7
14 1w t2, 0(a@) 4 . 24: 00450513 addi x10 x10 4 X6 1 @xeo000000
15 xor to, to, t2 # alil 28: 00130313 addi x6 x6 1
16 addi ae, a0, 4 1 2c: feb348e3 blt x6 x11 16 <loop> X7 |2 |axboaoaese
17 addi t1, t1, 1 ¢ 30: 00028513 addi x10 x5 @ s o
18 34: 00808067 jalr x0 x1 0 X8 |0 |#xa0a0acas
19 blt t1, al, loop # i n the loop
o X9 |s1  0x@0008000
ZL T:taas to x10 (a0 | @x@@080000
b x11 |al | @x00008000

x12 az 0x20000000
Console | Memory
x13 a3 0x00000000
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RISC-V ISA Simulator - Ripes

e You can select different processor model in Ripes.

~ RISCV Name: Single-cycle processor
~ 32-bit
Single-cycle processor ISA: RV32I
5-stage processor w/o forwarding or hazard...
5-stage processor wfo hazard detection ISA Exts. v M C
5-Stage processor wjo forwarding unit
5-stage processor Layout Standard =
6-stage dual-issue processor
b B4-bit A single cycle processor
MIPS
Description:

Register initialization

x2 (sp) ~ | |ox7ffffffo b 4

x3 (gp) - | |0x10000000 b 4

+
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