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» ¢Qué es CREATOR?
El origen de CREATOR
Caracteristicas de CREATOR
éiDonde se usa CREATOR?
Extensiones futuras

» ¢Como utilizar CREATOR? Vision del Estudiante
Edicion y compilacion de programas
Ejecucion y depuraciéon de programas
Convenio de paso de parametros y uso de pila (Sentinel)
Bibliotecas de funciones

» éCOmo utilizar CREATOR? Vision del Profesor

Soporte para la creacion de material didactico
Soporte para la correccidon de practicas
Soporte para la creacion y edicidon de arquitecturas
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Bloque 2

» Dispositivos y soporte de interrupciones

» Integracion de CREATOR con hardware real
Microcontroladores
Placas SBC
Servicio de laboratorio remoto
Integracion con Arduino (CREATInO)
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Motivacion de CREATOR
didaCtic and geneRic assEmbly progrAmming simulaTOR

» Simulador didactico para la ensenanza de la programacion en ensamblador

Centrado en los estudiantes y profesores

» Multiplataforma

Ejecucion en web sin servidor (sobremesa, tabletas y moviles)
» Entorno integrado (edicion, compilacion y simulacion de programas)
» Posibilidad de definir y trabajar con diferentes arquitecturas y lenguajes
ensamblador
Caracteristicas basicas (n° de bits, registros, ...)
Instrucciones
Pseudoinstrucciones
Directivas
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CREATOR desde el punto de vista docente

» Facilidades para entender:
La representacion de datos e instrucciones
La diferencia entre instrucciones y pseudoinstrucciones
La carga de un programa en memoria

El flujo de ejecucion de un programa en ensamblador conociendo en todo momento
la instruccion en curso y la siguiente (util en bucles)

El convenio de paso de parametros y uso de pila con alertas cuando no se respeta

El concepto de biblioteca de funciones y su uso

ARCOS Eﬁ
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CREATOR

About  Publications  Evolution  Authors  Contributors Community (- © GitHub

CREATOR View Tools Help ® Reset M Step P Run W © Sentinel

Address User Instruction Loaded Instructions ® Registers %= Terminal = Statistics
0x0 (maind la a0, attacker_payload auipc a0, 512

~ Control registers
addi a0, a0, 0

pe mepc

mip mie mtimecmp

lia7, 10 addi a7, x0, 10
ecall ecall v Integer registers Hex v

x0 | zero xi|ra x2 | sp x3 | gp x4 | tp
addi sp, sp, -32 addi sp, sp, -32 00000000 FFFFFFO OFFFFFFC 00000000 00000000

( : R | A I O R sw ra, 28(sp) sw ra, 28(sp) L S5 ) il 10

mv t0, sp addito, sp, 0

x10 | a0 x11 | a1 x12 | a2 x13 | a3 x14 | ad

. . mv t1, a0 addit1, a0, 0
An educational integrated e addit2, x0, 8 15 | a5 x16 | a6 7| a7 18| 52 x19 | 53

development environment for beqz t2, copy_done  beq t2, x0, 28
%20 | s4 x21] 55 x22 | 56 x23 | s7 x24 | 1 >

assembly programming, w13, 0(t1) Iw 13, 0(t1) 000000
sw t3, 0(t0) sw t3, 0(t0) x25 | 59 x26 | s10 x27 | s x28 | 3 x29 | t4

developed by the ARCOS

addit1,t1,4 addit1, t1,4

30 | t5 31| t6
research group at UC3M. e addit0,10, 4 e’;“;eea e:ae;eee

addi 12,12, -1 addit2.t2, -1 Floating point registers

beq zero, zero, 0| ft0 1] 1 2 fe2 2] f3
-24

Try CREATOR

j copy_loop

Iw ra, 28(sp) Iw ra, 28(sp) 5| ft5 6 | ft6 7| ft7 8| fs0

3 addi sp, sp, 32 addi sp, sp, 32
Documentation 10 | fa0 11 fa1 12 | faz 13| fa3

jrra jalr x0, 0(ra)

Ii t5, OXCOFFEEO1 Iui t5, 790527 15 | fas 116 | fa6 17 | fa7 18 | fs2
Usage Statistics addi ts, t5, -511

120 | fs4 121 fs5 f22 | fs6 123 | fs7

Try CREATOR Beta Register Inspector

GED 000000

https://creatorsim.github.io
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CREA I OR = C % creatorsimgithub.io/creator D K 3 A

* CREATOR View Tools Help () Reset M Step » Run B Stop © Ssentinel 1 Welcome to new CREATOR! For previous version, click here. X {§} A B
Address User Instruction Loaded Instructions 4} Registers 2 Memory > Terminal | statistics
- v Control registers Hex
* [ mepc mcause mtvec mstatus
00000000 00000000 00000008
B mip mie mscratch mtime mtimecmp
00000000 00000888 00000000
v Integer registers Hex v
< X0 | zero x1|ra x2 | sp x3 | gp x4 | tp
00000000 FFFFFFFF OFFFFFFC 00000000 00000000
E x5 | t0 x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000 00000000 00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000 00000000 00000000
x20 | s4 x21| s5 x22 | s6 x23 | s7 %24 | s8
00000000 00000000 00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000 00000000 00000000
x30 | t5 x31] t6
00000000 00000000
v Floating point registers Hex v
f0 | ft0 1)1 2] f12 3] f3 fa | fta
5| ft5 f6 | fte 7] 7 8| fs0 9| fs1
10 | fa0 11 fa1 12 | fa2 13 | fa3 14 | fad
15 | fas 16 | faé 17 | fa7 18 | fs2 19 | fs3
120 | fs4 21| fs5 22 | fs6 23 | fs7 124 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | fto
130 | ft10 31] fe11

https://creatorsim.github.io/creator/
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Caracteristicas

» Permite describir caracteristicas y juego de instrucciones de una arquitectura

Actualmente: RISC-V (RV32IMFD), RISC-V (RV64IMFD), MIPS-32, Z80,
RISC-V Sail 32 (full), RISC-V Sail 64 (full) y arquitectura a medida

» Editar/compilar programas en ensamblador del juego de instrucciones elegido
» Ejecutar/depurar programas en ensamblador en un mismo entorno

» Ejecutar programas en ensamblador en hardware real

» Obtener estadisticas sobre los programas ejecutados

» Ejecucion en navegador y en linea de mandatos

Supported Browsers

Google N Mozilla Apple G
Chrome 70+ Firefox 60+ y Safari 12+

ARCOS D—Q
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Disponibilidad

ﬂ CREATOR

CREATOR

An educational integrated
development environment for
assembly programming,
developed by the ARCOS
research group at UC3M.

Try CREATOR
Documentation
Usage Statistics

Try CREATOR Beta

CREATOR Vie

Address
00 G

About

Hel © Rt

User Instruction

la a0, sttacker_payioad

lial, 10

addi sp, sp, -32

metd, a0
2.8

beqz t2. copy_done

s 13,0010)
addit1,11,4
2ddi 10,10, 4
addi 12,12, -1
j copy_toop
Iw ra, 28(sp)
addi 5p. 5
Jrra

1§15, OxCOFFEEOT

Publications

Mosp Bt

Loaded Instructions.
auipe a0, 512

addi 0, 20, 0

addi a7, x0, 10

ecall
addi sp. sp, -32

sw ra, 28(sp)
addi t0, sp. 0
addi t1, 20,0
addi 12, x0, 8
beq t2. x0, 28
w13, 0(t1)

w13, 0(t0)

addi 1,11, 4
2ddi 10,10, 4
addi 12,12, -1

beq zero, zero,

24
o a, 26(5p)
addisp, 5p. 22
Jaie

Iui 15,790

addi 5,15, 511

Evolution  Authors  Contributors

© Sentine

© Regises

Control registers

e mope
08000308 96060808

mip mie
osescace acescsss
Integer registers

%0 zere i
ososeses sFFFFFoD
0 10
oseses0s aceseses
10| a0 i |at
ov200000 asosce0

15 | a5 16|26
98060808 8069808

x20| s4 a1|ss
oR0n6800 00900000

x25 |9 26| 510
0000000 00000000

a0 |15 x|
68080050 sBa69808

Floating point registers
0 #o e

meause
0909606

macrateh
60000600

2w
SFFFFFFC

a2
90909606

a2 a2
90900008

a7 a7
90909600

x22 |
0000000

x27 |11
00009000

21m

Community (&

> Terminal

mtvee
20809698

mtime
86903092

x3 | gp
80800095

8| fp| 50
90903098

a3 | a3
8080008

a8 |2
80909090

3|7
00000000

xas|n
8000000

6l

mstatus
89008002

mtimecmp
29006080

x|
89008005,

x5
0808000

x14 | ad
80900006

9|53
80806000

aelr
prei
x29 |
00900000

e

5165 1611

7167

1810

”6

10| 0 a1

n2|fa2

3t

4| fas

15| fa5 16| fo6

7| fa7

e sz

9|63

2064 2165

Register Inspector

escenve

1221156

123 7

1241 58

https://creatorsim.github.io

=]
(-}
L

chang

earning offerings in the RISC-V community. Browse the list or

- an off

Software

Software Type
Accelerated Libraries
Accelerated Libraries, Linux, macQS
Application Infrastructure
Application Infrastructure, Simulators
Bootloaders
BSD Distro
C Compilers and Libraries

C compilers and libraries, Compilers and

runtimes for other languages
Cloud infrastructure

Hardware

riscv.org

ship

, softwa

CREATOR: didaCtic and ge| o

Software Type: Simulators

FT\

Languages Tech Meetings  Community Meetings ing Groups Portal  Jain

chni lews & Events v (o ty v Q

5, dn

ONTACT US

Cores mSoftware — Services — Learning

grAmming si

https://riscv.org/exchange

10
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Entornos RISC-V soportados

» Entorno para el juego de instrucciones RV32IMFD y RV64IMFD basado en una
especificacion propia de Creator

» Entorno basado en la especificacion SAIL (lenguaje para describir ISA)

: especificacion formal del juego de instrucciones
RISC-V

Juego completo

ARCOS D—Q
[ g Sul 11
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Juego de instrucciones soportado (RV32IMFD)

98 instrucciones y pseudoinstrucciones Guia de referencia
» Transferencia de datos: 11, mv, lui

» Aritmeticas y logicas sobre registros de enteros: addi, add, and,...

» Aritmeéticas sobre numeros en coma flotante (float y double): fadd.s, fmul.d,...
» Instrucciones de salto (registros enteros): beq, bne,...

» Instrucciones de comparacion (enteros y coma flotante): s1t, feq.s,...

» Instrucciones de transferencia entre registros enteros y coma flotante: fmv . w. x,

» Llamadas a funciones y llamadas al sistema: jal, jr, ecall

» Acceso a memoria (enteros y coma flotante): 1b, 1w, flw, fsd,....

» Operaciones de conversion (enteros y coma flotante): fcvt .w. s, ...

» Otras:

Clasificacion de coma flotante: fclass.s, fclass.d
Contador de ciclos: rdcyle

ARCOS [ -
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Registros

ARCOS [ [;

[ gagag gl

Integer Hegisters

Register Name Usage
zero Constant 0
ra Return address (routines/functions)
Sp Stack pointer
gp Global pointer
tp Thread pointer
te..t6 Temporary (NOT preserved across calls)
s@..s511 Saved temporary (preserved across calls)
ae, al Arguments for functions / return value
az2..a7 Arguments for functions

Floating-point registers
ftoe..ftl1 Temporary (NOT preserved across calls)
fs0..fsl1 Saved temporary (preserved across calls)
fa@, fal Arguments for functions / return value
fa2..fa7 Arguments for functions

13
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Llamadas

al sistema

System Calls (ecall)

Service Call Code | Arguments Result

(a7)
Print_int I a0 = integer
Print_float 2 fa0 = float
Print_double | 3 fa0 = double
Print_string 4 a0 = string addr
Read int 5 Integer in a0
Read float 6 Float in fa0
Read double | 7 Double in fa0
Read_string 8 a0 = string addr

al = length

Sbrk 9 a0 = length Address in a0
Exit 10
Print_char | a0 = ASCII code
Read_char |2 Char in a0

ARCOS [ [;

[ gagag gl

14
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Directivas soportadas

Directivas Uso
.data Siguientes elementos van al segmento de dato
.text Siguientes elementos van al segmento de codigo

.ascii ‘““tira de caracteres”

Almacena cadena caracteres NO terminada en caracter nulo

.string ‘“‘tira de caracteres’

Almacena cadena caracteres terminada en caracter nulo

byte 1,2,3

Almacena bytes en memoria consecutivamente

half 300, 301,302

Almacena medias palabras en memoria consecutivamente

.word 800000, 800001

Almacena palabras en memoria consecutivamente

float 1.23,2.13

Almacena float en memoria consecutivamente

.double 3.0e2l

Almacena double en memoria consecutivamente

.ZEro 10

Reserva un espacio de |0 bytes en el segmento actual

Alinea el siguiente dato en un limite de 2"

ARCOS D—Q

15
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CREATOR (RISC-V

ARcos (1)

# CREATOR Help

[ 4] Welcome to new CREATOR! For previous version, click here. X

RISC-V (RV32IMFD)

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This architecture
was developed in 2010 at the University of California, Berkeley.

This ISA includes the 32-bit | (integer), M (multiplication and division), F (single-precision floating-point),
and D (double-precision floating-point) RISC-V extensions.

R

R

MIPS

Ya

Zilog

RISC-V (RV64IMFD)

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This architecture
was developed in 2010 at the University of California, Berkeley.

This ISA includes the 64-bit | (integer), M (multiplication and division), F (single-precision floating-point),
and D (double-precision floating-point) RISC-V extensions.

RISC-V Sail 32 - Full Specification

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This architecture
was developed in 2010 at the University of California, Berkeley.

This ISA includes the full 32-bit specification of RISC-V based on Sail.

RISC-V Sail 64 - Full Specification

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This architecture
was developed in 2010 at the University of California, Berkeley.

This ISA includes the full 64-bit specification of RISC-V based on Sail.

MIPS-32

The MIPS processor was developed by DrJohn Hennessey and his graduate students at Stanford University in the
early 1980s. It is currently one of the major processors in the embedded processor market.

780

The Z80 is an 8-bit microprocessor that was designed by Zilog and introduced in 1976. It became very popular in
the late 1970s and early 1980s, especially in home computers and embedded systems.

Load Custom Architecture

Import your own architecture definition file (.yml)

16
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Pantalla inicial

* CREATOR View Tools Help (@ Reset M Step P Run B Stop © sentinel [ %1 Welcome to new CREATOR! For previous version, click h... X o A B
Address User Instruction Loaded Instructions j i = Memory > Terminal ¥ statistics
& v Control registers Hex v
% pe mepc mcause mtvec mstatus
00000000 00000000 00000000 00000000 00000008
a mip mie mscratch mtime mtimecmp
00000000 00000888 00000000 00000000 00000000
v Integer registers Hex v
X0 | zero x1|ra x2 | sp x3 | gp x4 | tp
00000000 FFFFFFFF OFFFFFFC 00000000 00000000
& x5 t0 x6|t1 x7] 82 x8|fp | 0 x9 | s1
00000000 00000000 00000000 00000000 00000000
x10 | a0 x11 | a1 x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000 00000000 00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000 00000000 00000000 00000000 00000000
%20 | s4 x21] s5 x22 | s6 x23 | s7 x24 | s8
00000000 00000000 00000000 00000000 00000000
x25 | 59 x26 | s10 x27 | s11 x28 | €3 x29 | t4
00000000 00000000 00000000 00000000 00000000
%30 | t5 x31] t6
00000000 00000000
v Floating point registers Hex v
fo | fto 1] 1 212 313 fa | fea
15 | ft5 f6 | fte 17| ft7 f8 | fs0 f9 | fs1
10 | fa0 11| fa1 12 | fa2 13 | fa3 14 | fad
15 | fa5 16 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22 | fs6 23 | fs7 24 | fs8
25 | £s9 26 | fs10 27 | fs11 28 | f18 29 | fto
£30 | ft10 £31] ft11

ARCOS [T
l—@


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg

nspeccion y edicion de la arquitectura

ARCOS [
'—@—@—'——g

* CREATOR View Tools Help O Reset M Step P Run

Address # editor Loaded Instructions

-3 Architecture

Ver/Editar
arquitectura

W Stop

© Sentinel &1 Welcome to new CREATOR! For previous version, click h.. X © A R
) Registers 2 Memory >~ Terminal | statistics
v Control registers Hex v
pc mepc mcause mtvec mstatus
00000000
mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex v
x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
x5 | to x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
%20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4 fta
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11

18


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg

icion de programas

# CREATOR View () Reset M Step P Run W Stop © Ssentinel 1 Welcome to new CREATOR! For previous version, click h... X © A R
Addres: Loaded Instructions ) Registers o Memory >~ Terminal & statistics
o J .
& v Control registers Hex v
<
% N Architecture pc mepc mcause mtvec mstatus
00000000
B . oy mip mie mscratch mtime mtimecmp
Edicion de
v Integer registers Hex v
< X0 | zero x1|ra x2 | s x3 x4
programas ! ! 2l 1oe Lo
E x5 | to x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
x20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | 59 %26 | 510 x27 | s11 x28 | €3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4 fta
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11

ARCOS [ -
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ontrol de la ejecucion

# CREATOR View Tools Help () Reset M step P Run W Stop © Ssentinel 1 Welcome to new CREATOR! For previous version, click h... X © A R

Address #  kditor ! Loaded Instructions &) Registers 2 Memory >~ Terminal & statistics
¥ s at .
& C t 1 d 1 v Control registers Hex v
® X Architecture On rO e a pe mepc mcause mtvec mstatus
. . 00000000
/4
B eJ ecuclon mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex v
< x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
E x5 | to x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
x20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | 59 %26 | 510 x27 | s11 x28 | €3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4 fta
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11
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Ejemplos de programas en ensamblador

Ej emplO S Available examples

Example 1: Data Storage

R

<

Example 2: ALU Operations

Example 3: Store/Load Data in Memory

Example 4: FPU Operations

?

Example 5: Loop

)

Example 6: Branch

Example 7: Loop + Memory

?

Example 8: Copy of Matrices

?

Example 9: /0 Syscalls

Example 10: I/O Syscalls + Strings

?

Example 11: Subroutines

<

Example 12: Factorial

Example 13: Stack Overflow Vulnerability
Demonstration

?

ARCOS (7
[ g Sul
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Calculadora de numeros en coma flotante

|IEEE 754 Floating Point Converter

o 7 - - - B
B # 32-bi (Float) E 64-bit (Double)

IEEE 754 BREAKDOWN

SIGN EXPONENT (8B) MANTISSA (23B)

e 20000000 20000000000000000000000

value = (-1)%i8n x pexponent - 127 y (7 4 mantissa)

Calculadora

VALUE REPRESENTATIONS

DECIMAL

e.g., 3.14159

HEXADECIMAL

e.g., 9x40490FDB

BINARY

32-bit binary

ARCOS [T
l—@
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Configuracion

ARCOS (7
[ g Sul

Configuration

Notification Time (ms):

Interrupt handler:

Execution Autoscroll:

Automatic backup:
Theme:

Debug:

Sidebar Mode:
Vim mode:

Vim Custom Keybinds:

Register Name Representation:

Kernel Simulator:

‘ O Reset to Defaults

CREATOR

1 Configuracion

23
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Ayuda

* CREATOR View Tools Help O Reset M Step

Address User Instr

ARCOS [
l@—@—l—g

B Examples..

© CREATOR Help

B, RISC-V (RV32IMFD) Guide

© Sentinel ¥ Welcome to new CREATOR! For previous version, click here. X {§ A ¢
) Registers o2 Memory >_ Terminal |~ statistics
v Control registers Hex v
pc mepc mcause mtvec mstatus
00000000 00000000 00000000 00000000 00000008
mip mie mscratch mtime mtimecmp
00000000 00000888 00000000 00000000 00000000
v Integer registers Hex v
x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
00000000 FFFFFFFF OFFFFFFC 00000000 00000000
x5 | to x6 | t1 x7 | t2 x8 | fp | s0O x9 | s1
00000000 00000000 00000000 00000000 00000000
x10 | a0 x11 | a1 x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000 00000000 00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000 00000000 00000000 00000000 00000000
x20 | s4 x21|s5 x22 | 56 x23 | s7 x24 | s8
00000000 00000000 00000000 00000000 00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000 00000000 00000000 00000000 00000000
x30 | t5 x31] t6
00000000 00000000
v Floating point registers Hex v
fo | ft0 1] ft1 f2 | ft2 3| f13 f4 | ft4
15 | ft5 16 | ft6 17| ft7 18 | fs0 f9 | fs1
f10 | fa0 f11 | fa1 f12 | fa2 113 | fa3 f14 | fas
f15 | fa5 f16 | faé f17 | fa7 f18 | fs2 19 | fs3
20 | fs4 21 fs5 122 | fs6 23 | fs7 24 | 1s8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31] fe11

24
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Ayuda

* CREATOR View Tools Help () Reset M Step P Run B Stop

Address UserInstr [ ctxamples. structions

© CREATOR Help

B, RISC-V (RV32IMFD) Guide
RISC-V Guide (I:IlEATDﬂ im.lmr]
m Calle.
Serer | Galcae | prmmeres | Aot e —
a7} Comanar 0
i 1 2 = neager g e ——
rint_foat = fouc | Siac poireer
rim_doutie o = Gouble Tonarn
i e b pome
o T -
= e omeorey 3T =
wsd double Doublein b0 i guments bor functions | return valse
aad_srieg | B rguments bor Lnetens
= T g e =
Exit [ Chvid tasporaey (pressrved sero cals)
Brire_char n .Nﬂﬂ"hillmfrim ko
Read_char | 1% Char inall T ‘Argumencs for funcizons
T =
i rd, n [rdsn (Fsewdolnst, n-2 32 bits) s
13 rd, 3 [rd =73 Fadd.s il
1ui  rd, tne [rd = Snm[31:42] ceid (ewtand tha sign) | Fsub.s s
vl 5 3l
T T o
T e
e
e
TR
e
e
e
{n-» 12 bits)

frewx fd, r
{3 i3 bits) xon_rd, F5 d - f5 Lnteger - single

(b’ corplesent. st rd, ra, rs2

W raz alty__rd, r=1, rsa

Iogical, o3 s bits |sltl g, rsi, n

n-> 5 bits | sitiu ré, rs1, o
SrTTheEIc, n-3 5 bits | seaz _rd, rsl

ar i thenat i smez s, ral

z agic rs1
1. rai, re2 | d - ral > raz_Tegleal aTtr e, ral

Branch inssructions (integer ragisters) Somprieen Sexting
[ben 10 t1 etiq [owp to etin if teeery Feg.n v, fal, faa | If (Fsie f52) e diclse d = @ ()
e # £ _etly | up to etly i t8leti Fle.s _re, Fa1, s | I (Faiee fs) i 1ielse rd = 8 (Fimact
i sty | g to stig : £1ts pe, f51, F2 | I (falc far) rae
bty stin | up to etin %1 {unsignes) X
[bge wtly | Sup ta silg =Y Fle.d v, Fei, fa2 | IF (Pl fel) rie Lickia rd = @ [anlcl
bgey etin | up to etin §f toserl (unsigned) Fitid re, fa1, fsa | it (Faic far) rae vieise e @ ammiey
T3 stin | wp to etin if te>x
[bgte ctin | wp to etin if t9:81 (unsigned] sl s, diress | ra = #; PC = oddress
oy i PC - ra
ricycke o i« number af elagsed

accoss 2bits
Flu_fd, n{rel 0 - Mesary[mrs1]  load Flaat
Fafd, n{rs1) resary(mrsi] « f _store flost
12 _fd, n{rsL d_= Merory[rers1] Lond douple
#s2fd, n{rl Masary[nrci] = £ stors dowdls

Clsication
Classiéy siagle precieion
Smitin preciaion

Wasrieg
ToF,

rmalzed negation

Wt meralised regative

C)
raalizad poaiiier

Wt marmalioed positive
-

Fewt.d.s  Fd, Fii | Tre vingls (Fe1] = dackls presislen (4]

ARCOS-UCSM

© Sentinel 4«1 Welcome to new CREATOR! For previous version, click here. X @ A °
o] Registers o Memory > Terminal & statistics
v Control registers Hex v
pe mepc mcause mtvec mstatus
00000000 00000000 00000000 00000000 00000008
mip mie mscratch mtime mtimecmp
00000000 00000888 00000000 00000000 00000000
v Integer registers Hex v
x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
00000000 FFFFFFFF OFFFFFFC 00000000 00000000
x5 | to x6 | t1 x7 | t2 x8 | fp | s0O x9 | s1
00000000 00000000 00000000 00000000 00000000
x10 | a0 x11 | a1 x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000 00000000 00000000
x15 | a5 x16 | a6 x17 | a7 x18 | 52 x19 | s3
00000000 00000000 00000000 00000000 00000000
x20 | s4 x21|s5 x22 | 56 x23 | s7 x24 | s8
00000000 00000000 00000000 00000000 00000000
x25 | 59 %26 | 510 x27 | s11 x28 | t3 x29 | t4
00000000 00000000 00000000 00000000 00000000
x30 | t5 x31] t6
00000000 00000000
v Floating point registers Hex v
o | ft0 ] 1 2| ft2 3| ft3 4| fta
5| ft5 16 | ft6 7] ft7 18 | fs0 9| fs1
10 | fa0 11 fa1 12 | fa2 13 | fa3 14 | faa
f15 | fas 16 | faé 17 | fa7 f18 | fs2 19 | fs3
20 | fs4 21 fs5 22 | fs6 23 | fs7 24 | fs8
25 | fs9 26 | £s10 27| fs11 28 | ft8 29 | fto
30 | ft10 £31] ft11

25
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Registros enteros

* CREATOR View Tools Help () Reset M step P Run W Stop © Ssentinel l 1 Welcome to new CREATOR! For previous version, click h... X © A R
Address # editor [ Loaded Instructions % Memory >— Terminal & statistics
" S at
& v Control registers Hex v
<
% N Architecture pc mepc mcause mtvec mstatus
00000000
B mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex v
< x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
g x5 | to x6 | t1 x7 | t2 x8 | fp | s0 x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
%20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4 fta
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11

ARCOS [
'—@—@—'——g
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Registros enteros

* CREATOR View Tools Help () Reset M step P Run W Stop © Ssentinel l 1 Welcome to new CREATOR! For previous version, click h... X © A R
Address # editor [ Loaded Instructions % Memory >— Terminal & statistics
S at
& v Control registers Hex v
<
% N Architecture pc mepc mcause mtvec mstatus
00000000
B mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex v
< x0 | zero x1|ra x2 | sp x3 | gp x:
FFFFFFFF OFFFFFFC
g x5 | to x6 | t1 x7 | t2 x8 | fp | s0 x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
%20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4 fta
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11

ARCOS [
'—@—@—'——g
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Registros enteros

* CREATOR View Tools Help () Reset M Step P Run W Stop © Ssentinel l &1 Welcome to new CREATOR! For previous version, click h.. X © A R
Address H# Editor | Loaded Instructions 2 Memory >~ Terminal & statistics
B Simulat "
& v Control registers Hex v
<
% N Architecture pe mepc mcause mtvec mstatus
00000000
B mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex
< x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
E x5 | to x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000
x10 | a0 x11 | a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
. 00000000
Space view for x15 | a5 <« X
x20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
Hexadecimal x25 | 59 %26 | 510 x27 | s11 x28 | €3 x29 | t4
00000000
Binary
x30 | t5 x31] t6
Signed a
Unsigned [ 16 ] v Floating point registers Hex
Char o fo | fto 1] 2| 2 3] 13 fa| fta
IEEE 754 (32 bits) 15| s f6 | ft6 717 8| fs0 9 fs1
IEEE 754 (64 bits)
£10 | fa0 11| fa1 12 | fa2 13 | fa3 14| fad
15 | fa5 16 | fa6 17 | a7 18 | fs2 19 | fs3
20 | fs4 21| fs5 122 | fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 128 | ft8 29 | ft9
30 | ft10 31| ft11

ARCOS [
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Registros en coma flotante

ARCOS [
'—@—@—'——g

# CREATOR

Address

View Tools Help O Reset M Step P Run

# editor ( Loaded Instructions
L7

% S at

N Architecture

W stop © Ssentinel l &1 Welcome to new CREATOR! For previous version, click h.. X © A R
o Memory >~ Terminal 2 statistics
v Control registers Hex v
pc mepc mcause mtvec mstatus
00000000
mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex v
x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
x5 | to x6 | t1 x7 | t2 x8 | fp | sO x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
%20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | s9 %26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
o | ft0 1] f1 2| ft2 3| ft3 4
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11
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Registros en coma flotante

Space view for f15 | fa5

Hexadecimal 000000003F800000

Bina ry 00111111100000000000000000000000

IEEE 754 (32 bits) (1]

IEEE 754 (64 bits) 5.263544247e-315

Enter new value

# CREATOR View Tools Help O Reset M Step P Run
Address #  Editor | Loaded Instructions
B Simulat
’ n‘# N Architecture
<

ARCOS [
l@—@—l—g

W stop © Ssentinel l &1 Welcome to new CREATOR! For previous version, click h.. X © A R
o Memory >— Terminal |2 statistics
v Control registers Hex v
pc mepc mcause mtvec mstatus
00000000
mip mie mscratch mtime mtimecmp
00000000
v Integer registers Hex
x0 | zero x1|ra x2 | sp x3 | gp x4 | tp
FFFFFFFF OFFFFFFC
x5 | to x6 | t1 x7 | t2 x8 | fp|s0 x9 | s1
00000000
x10 | a0 x11] a1 x12 | a2 x13 | a3 x14 | a4
00000000
x15 | a5 x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000
x20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000
x25 | 59 %26 | 510 x27 | s11 x28 | €3 x29 | t4
00000000
x30 | t5 x31] t6
v Floating point registers Hex v
f0 | fto 1] ft1 f2 | ft2 3| ft3 f4 | ft4
5| ft5 f6 | ft6 7| #t7 18 | fs0 f9 | fs1
£10 | fa0 f11 | fa1l f12 | fa2 f13 | fa3 14 | fad
115 | fa5 116 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22| fs6 23 | fs7 24 | fs8
25 | fs9 26 | fs10 27 | fs11 28 | ft8 29 | ft9
30 | ft10 31 ft11

30
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Contenido de la memoria

* CREATOR View Tools Help @ Reset M step P Run M Stop O Sentinel &l Welcome to new CREATOR! For previous version, click here. X FOTNY W -
Address User Instruction Loaded Instructions & Registers | statistics
Go to: eg. 0x200000 - Go Jump 1oT DATA STACK
i
Address Hex Ascll
0x00000000
a 0x00000010
0x00000020
0x00000030
0x00000040
0x00000050
a 0x00000060

0x00000070
0x00000080
0x00000090
0x000000A0
0x00000080
0x000000CO
0x000000D00
0x000000EQ
0x000000F0
0x00000100
0x00000110
0x00000120
0x00000130
0x00000140
0x00000150
0x00000160
0x00000170
0x00000180
0x00000190
0x000001A0
0x000001B0
0x000001CO
0x000001D0
0x000001EQ
0x000001F0
0x00000200
0x00000210
0x00000220
0x00000230

Avannnannn

< Previous Page 1 of 167773 Next >
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Pantalla

m CREATOR View Tools Help () Reset © Sentinel & Welcome to new CREATOR! For previous version, click here. X & A R
Address User Instruction Loaded Instructions #} Registers o0 Memory & statistics
0x0 (main la 10, max auipc t0, 512
-!1'# Ox4 addi t0, t0, 0
0x8 Ib t0, O (t0) Ib 0, 0(t0)
B 0xC lit1, 0 addi t1, x0, 0
0x10 lia0, 0 addi a0, x0, 0
0x14 Cwhile bge t1, t0, end_while bge t1, t0, 16
= 0x18 add a0, a0, t1 add a0, a0, t1
7] ox1C addi t1, t1, 1 addit1, t1, 1
0x20 beq zero, zero, while beq zero, zero, -12
0x24 (end while lia7, 1 addi a7, x0, 1
0x28 ecall ecall
0x2C lia7, 10 addi a7, x0, 10
0x30 ecall ecall

ARCOS [ [;

[ gagag gl
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Estadisticas de ejecucion

ARCOS [

# CREATOR View Tools Help @ Reset B Stop © Sentinel €l Welcome to new CREATOR! For previous version, click here. X ¢ A 0
Address User Instruction Loaded Instructions £ Registers % Memory > Terminal @
0x0 - la t0, max auipc t0, 512
TOTAL INSTRUCTIONS TOTAL CYCLES Pl IPC
Ox4 addit0,10, 0 50 50 1.00 1.00
0x8 Ib t0, 0 (t0) Ib t0, O(t0)
0xC i1, 0 addi t1, x0, 0 INSTRUCTION STATISTICS Count  Cycles
0x10 lia0, 0 addi a0, x0, 0 Arithmetic integer 26
0x14 bge t1, t0, end_while bge t1, t0, 16
- 9 - 9 Arithmetic floating point ]
0x18 add a0, a0, t1 add a0, a0, t1
ox1C addi 1, t1, 1 addi t1, t1, 1 Comparison ¢
0x20 beq zero, zero, while beq zero, zero, -12 Conditional bifurcation 21
Ox24 (ERaNRiIE)  lia7 1 addi a7, x0, 1
Control 0
0x28 ecall ecall
0x2C li a7, 10 addi a7, x0, 10 Function call 0
0x30 ecall ecall /0 0
Logic ]
Memory access 1
Syscall 2
Transfer between registers 0
Unconditional bifurcation 0
Other 0

33
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Bloque 1

» ¢Qué es CREATOR?
El origen de CREATOR
Caracteristicas de CREATOR
éiDonde se usa CREATOR?
Extensiones futuras

» ¢COmo utilizar CREATOR? Vision del Estudiante
Edicion y compilacion de programas
Ejecucion y depuracion de programas
Convenio de paso de parametros y uso de pila (Sentinel)
Bibliotecas de funciones

» éCOmo utilizar CREATOR? Vision del Profesor

Soporte para la creacion de material didactico
Soporte para la correccidon de practicas
Soporte para la creacion y edicidon de arquitecturas

ARCOS [ -

34
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Edicion de programas en ensamblador

ejemplo

# CREATOR View File Library Help A Assemble  #) Assemble &Run  {# Vim: off [ €l Welcome to new CREATOR... X “ A =
a o
2 #
# 3 # Creator (https://creatorsim.github.io/creator/)
4 #
5
&# 6  .text
7 main:
8
B 9 1i te 1o
10 1i t2 -20
11
12 add t3,te, t2
13 mul t4 to, t2
14 div t5, te, t2

=
u

mars‘%!«-:—»
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https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=%0A%23%0A%23%20Creator%20(https%3A%2F%2Fcreatorsim.github.io%2Fcreator%2F)%0A%23%0A%0A.text%0Amain%3A%0A%0A%20%20%20%20li%20t0%2C%2010%0A%20%20%20%20li%20t2%2C%20-20%0A%20%0A%09add%20%09t3%2Ct0%2C%20t2%0A%20%20%20%20mul%20%09t4%2C%20t0%2C%20t2%0A%20%20%20%20div%09%09t5%2C%20t0%2C%20t2%20%0A

Compilacion

# CREATOR View File Library Help A Assemble  #) Assemble &Run % Vim: off [ €] Welcome to new CREATOR... X 'E} a R
— 1 .
2 #
# 3 # Creator (https://creatorsim.github.io/creator/)
4 #
% 5
® 6 .text
7 main:
8
B 9 1i EB 10
10 1i t2 -20
11
12 add t3,te, t2
FOREEE mul t4 te, t2

14 div t5, te, t2
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.

rror de compilacion

Assembly Code Error

Incorrect instruction syntax
assembly:9:8

1li
Incorrect syntax

Note: Allowed formats:
opcode rd, val

The syntax failed with the following reason:
found but expected , or
assembly:9:11
1i te

J S

While parsing this expression

Unexpected input

ARCOS [T
fg 37
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Compilacion sin error

# CREATOR View File Library Help #) Assemble &Run 1% Vim: off [ € Welcome to new CREATOR... X # A R
2 #
‘ # 3 # Creator (https://creatorsim.github.io/creator/)
4 #
5
'*# 6  .text
7 main:
8
B ° 1i te, 10
10 1i t2, -20
— 1
12 add t3, to, t2
BN mul t4, to, t2
14 div t5, to, t2
15

ARCOS
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Paso al simulador

ﬁ CREATOR View File Library Help A Assemble  #) Assemble &Run  {# Vim: off [ €l Welcome to new CREATOR... X i A
— 1
2 #
# 3 # Creator (https://creatorsim.github.io/creator/)
4 #
.text
7 main:
B 9 1i te, 10
10 1i t2, -20
e 11
12 add t3, to, t2
I 13 mul t4, to, t2

14 div t5, to, t2
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Modificar el programa para imprimir el valor de t5

ejemplo

* CREATOR View File Library Help A Assemble  #) Assemble &Run  {# Vim: off [ €l Welcome to new CREATOR... X “ A =
2 #
# 3 # Creator (https://creatorsim.github.io/creator/)
4 #
5
&# 6  .text
7 main:
8
B 9 1i te 1o
10 1i t2 -20
11
12 add t3,te, t2
13 mul t4 to, t2
14 div t5, te, t2

=
u

mars‘%!«-:—»
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Simulador
ejemplo

CREATOR View Tools Help () Reset M Step P Run W Stop O Sentinel [ €] Welcome to new CREAT... X % A
',"' --------- "\\‘ I/’ ----------- '\\‘
Address ! User Instruction ! { Loaded Instructions 1 {8 Registers I Memory S Prtdl ~ Statistics
T i - 1 v Control registers Hex v
ﬁ'# 0x4 1 lit2,-20 1 : addi t2, x0, -20 1
: : 1 : pc mepc mcause mtvec
0x8 : add t3, 10, t2 1 : add t3, t0, t2 1 06000000 060000060 00000000 00000000
1 1
1
B 0xC : mul t4, t0, t2 : : mul t4, t0, t2 : mstatus mip mie mscratch
: : 1 : 00000008 00000000 00000888 00000000
0x10 1 divt5, 10, t2 1 1div t5, t0, t2 1
1 1 : 1 mtime mtimecmp
: : : : 00000000 00000000
of 1 [ 1
\ Jx ; v Integer registers Hex v
e e ——— PR \x_ ___________ PR
E x0 | zero x1|ra x2 | sp x3 | gp
£6000000 FFFFFFFF OFFFFFFC ©0000000
x4 | tp x5 | t0 x6 | t1 x7 | t2
PI. 0 grama es Crit o . £6000000 £0000000 ©0000008 ©0080000
(inst se doinst ) Programa cn memoria g | fp | s0 x9 | s1 x10 | a0 x11 | a1
. U . . . r : 00000000 90000000 00000000 00000000
yp (instrucciones maquina)
x12 | a2 x13 | a3 x14 | a4 x15 | a5
00000000 00000000 00000000 00000000
x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000 00000000 00000000 00000000
x20 | s4 x21 | s5 x22 | s6 x23 | s7
£6000000 £0000000 ©0000008 ©0080000
x24 | s8 x25 | s9 x26 | s10 x27 | s11
00000000 00000000 00000000 00000000
x28 | t3 x29 | t4 x30 | t5 x31] t6
00000000 00000000 00000000 00000000

ARCOS [T
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Flujo de

ejecucion

CREATOR View Tools Help

Address

0x0 (maind

0x4

0x10

User Instruction
li t0, 10
li t2, -20

div t5, t0, t2

() Reset P Step

Loaded Instructions

addi t0, x0, 10

addi t2, x0, -20

div t5, t0, t2

» Run B Siop

v Control registers

pc ‘
0000000C

mstatus
[eleleloJo]o]ek:d

mtime |
poeoeee3

v Integer registers

x0 | zero
00000000

x4 | tp
00000000

x8 | fp | sO
00000000

© Sentinel [ o w

I Memory

mepc

00000000
mip

00000000

mtimecmp
00000000

x1|ra
FFFFFFFF

x5 | t0
0000000A

x9 | s1
00000000

42
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Puntos de ruptura

iﬁ CREATOR View Tools Help M) Reset M Step P Run @ Stop T) ot [ o w
# Address User Instruction  Loaded Instructions _ I Memory
0x0 @maind i t0, 10 addi t0, x0, 10 _
) ) v Control registers
0# 0x4 li t2, -20 addi t2, x0, -20 i .
pPc mepc
‘ 0000000C ‘ 06000000
mstatus mip
& 00000008 00000000
0x10 div t5, 10, t2 div t5, 10, t2
— mtime mtimecmp
‘ 00000003 ‘ 00000000
v Integer registers
E x0 | zero x1|ra
00000000 FFFFFFFF
x4 | tp x5 | t0
00000000 0000000A
x8 | fp | sO x9 | s1

00000000 00000000
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Segmento de datos

# CREATOR View File Library Help s Assemble 9] Assemble &Run % Vim: off
1 .data
2
" 3 cadena: .string "Hola mundo"
4 A: .byte 1
#5’ 5 .align 2
6 N: .word 64
7 C: .byte 'a’
8 .align 2
!a 9 F: .float -12.5
10 D: .double -12-5
11
& | 12 # int vi1[5]={1,2,3,4,5}
13 vl: .word 1, 2, 3, 4, 5
éa 14
15 #int v2[10]
16 v2: .zero 40
®
ARcoOs (1]

-

ejemplo
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Visualizacion de datos en memoria ejemplo
0 Assembly:
1 .data
2
& cadena: .string "Hola mundo" {8 Registers _ >_ Terminal |~ Statistics
q A
5 .align 2 Goto: | e.g. 0x200000 - Go Jump to: TEXT DATA STACK
6 N: .word 64
7 C: .byte 'a’ < Hex - sh Layout
8 .align
9 : .Tloat =123 ddress Hex
18 D: .double -12-5
11 [cadena ] @ [N ]
12 # int vi1[5]1={1,2,3,4,5} @X@@Z@@@@@ 6F 6C 61 20 6D 75 6E 64 6F 00 @1 00 00 00O 40
13 vi: .word 1, 2, 3, 4, 5 ¢ | (F /D
14 0x00200010 61 00 00 00 C1 48 00 00 CO 31 00 00 00 00 00 0O
15 #int v2[10] Vi ) | J J )
16 va: -zero 49 0x00200020 00 00 00 @1 00 00 00 @2 00 00 00 @3 00 00 00 04
I vz ]
0x00200030 00 00 00 @5 00 00 00 00 00 00 00 00 00 00 00 00
l )
0x00200040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
[ ]
0x00200050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0Ox00200060 00 00 00 00 00 00 00 00 00 00 00 Q00 00 00 00 00
AR('Z@S@-, < Previous Page 1311 0f 167773 Next >
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Deteccion de datos no alineados cidile

® G G G e @ v G
# CREATOR View File Library Help /> Assemble  #) Assemble & Run % Vim: off [
1 .data
2 cadena: .string "Hola Mundo"
it 3 N1: .word @
4 N2: .word @
‘5, 5 N3: .word @
6 N4: .zero 4
&
4
ARCos [
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Deteccion de datos no alineados

G) C) C) c) = w3m )
- View File Library Help /> Assemble #) Assemble & Run % Vim: off
1
2 cadena: “"Hola Mundo"
3 N1: ]
4 N2: 0
ﬁﬁ 5 N3: 0
6 N4: 4
E Assembly Code Error X
8 Data at address isn't aligned to size 4 nor word size 4
[ assembly:3:18 ]
4 3 (_ N1: .word
This value isn't aligned
—
ARCOS -
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Segmento de datos corregido

ejemplo

# CREATOR View File Library Help /" Assemble  #) Assemble & Run % Vim: off
1 .data
cadena: .string "Hola Mundo"
#t 3 .align 2 <
4 N1: .word @
1&, 5 N2: .word @
6 N3: .word @
7 N4: .Zero 4
B 8
9 .text
10
11 main:
J, 12 jr ra
&
ARcos [T
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Ejemplo. Ejecutar el siguiente programa ejemplo

# CREATOR View File Library Help A Assemble ) Assemble &Run % Vim: off
1 .data
2 N1l: .word 0
# 3 N2: .word 0
4 N3: .word 0
"# 5 N4: .zero 4
6
7 text
B 8 main:
9 1i te, 1
10 la t1, N1
11 sw t0, 0(t1)
L 12
13 1i to, 2
.,L‘ 14 la t1, N2
15 sw t0, 0(tl)
16
CO 17 1i te, -3
18 la t1, N3
19 sw t0, 0(tl)
B 20
21 1i te, 4
- )7 la t1, N4
I 23 sw t0, 0(t1)
B
ARcos [T
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Ejemplo: antes de la ejecucion

Address User Instruction Loaded Instructions {i Registers m Memory >_ Terminal |~ Statistics
Go to: | e.g. 0x200000 —> Go Jumpto: TEXT DATA STACK @ Tags ¢ Layout
Ox4 lat1, N1 auipc t1, 512

Address ASCII

0x8 addi t1, t1, -4 .
| (N2

0xC sw 10, 0(t1) sw t0, 0(t1) 0x00200Q00 /00| 00 20 00 00 00 00 00 00 00 00 00 o0 o0 oo o0 / MUNINRRLLLLL. ...
0x10 lit0, 2 addi t0, x0, 2 0x00200010NQ 00 00 00 00 00 00 00 00 00 00 00 00 Q0 00 _BT . ... .''ueeernean
ox14 la t1, N2 auipc t1, 512 0x00200020 00 00 TU~LLQ 00 00 00 00 00 00 _20=fT0 00 00 i e e e

Ox00200030 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ...
0x18 addi t1, t1, -16 0x00200040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 . ...............
0x1C sw t0, 0(t1) sw t0, 0(t1) Ox00200050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ..

2 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 . ...............

0x20 lit0, -3 addi t0, x0, -3 0x00200060

Ox00200070 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ...
0x24 latl, N3 auipc t1, 512 0x00200080 00 00 00 00 00 00 00 @0 00 00 00 @0 00 00 00 00 . ... ovveereunnnn
0x28 addi t1, 1, -28 Ox00200090 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ...

Ox002000A0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 . ...............
0x2C sw t0, O(t1) sw t0, O(t1)

0x002000B0 00 00 00 00 00 00 00 00 00 00 @0 Q0 00 00 Q0 00 ...............n
0x30 lit0, 4 addi t0, x0, 4 0x002000(0 00 00 00 00 00 00 00 00 00 00 00 Q0 Q0 @00 Q0 @@ ...........i....n
0x002000D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Q0 @@  ................

0x34 latl, N4 auipc t1, 512
0x002000EQ 00 00 00 00 00 00 00 00 00 00 @0 00 Q0 00 Q0 @0 . .........00000..
0x38 addi t1, t1, -40 0x002000FQ 00 00 00 00 00 00 00 00 00 00 @0 00 Q0 00 Q0 @0 . ...............
0x3C sw t0, O(t1) sw t0, 0(t1) 0x00200100 00 00 00 00 00 00 00 @0 00 00 00 @0 00 00 00 00 . ..........000..
ARCos [
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Ejemplo: después de la ejecucion

Address User Instruction Loaded Instructions # Registers m Memory >_ Terminal |~ Statistics

0x0 (main lit0, 1 addi t0, x0, 1

Go to: - Go Jump to: TEXT DATA STACK ® Tags h Layout

0x4 lat1, N1 auipc t1, 512

Address ASCII
0x8 addi t1, 11, -4 .

N3

OxC sw 10, O(t1) sw 10, 0(t1) 0x00R00000 02 ke FF FF D 00 00 00 ea / NUDDRRRRLLLL. ...
0x10 lit0, 2 addi t0, x0, 2 0x00200810 00 00 00 00 00 00 00 00 00 Q0 00 00 Q0 00 00 B~ .. ..... ..o,
Ox14 la t1, N2 auipc t1, 512 000200020 00 DH=LQ_00 00 00 00 00 00 00 00 00 B&—BT 00 00 v rvrrrrnn. ..

000200030 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............
0x18 addi t1, t1, -16 0x@0200040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
ox1C sw t0, 0(t1) sw t0, O(t1) 0x00200050 00 00 00 00 00 00 00 00 00 00 00 00 @0 Q0 00 00 .........c0c0000.
0x20 10, -3 2dd1 10, %0, -3 000200060 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............

0x00200070 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 . .ovurrrernen...
0x24 lat1, N3 auipc t1, 512 0x00200080 00 00 00 00 00 00 00 00 00 00 00 Q0 00 00 00 00 . .........c.....
0x28 addi t1, t1, -28 0x00200090 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 .. ... veveenennn

0x002000A0 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............
Ox2C sw t0, 0(t1) sw t0, 0(t1) 0x@02000B0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ................
0x30 lit0, 4 addi t0, x0, 4 0x002000C0 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............
o0x34 latl, N4 auipe t1, 512 0x002000D0 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............

0x002000EQ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 . .ouurerernen...
0x38 addi t1, t1, -40 0x@02000F0 00 00 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 . ...............
0x3C sw t0, 0(t1) sw t0, 0(t1) 0x00200100 00 00 00 00 00 00 00 00 00 @0 00 00 0G0 00 00 00 .. .....oururnnnn
- . L. - . AxAA?2AA110

ARCOS EL’—Q
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Visualizaci()n del segmento de texto

0x4

0x8

0xC

0x10
0x14
0x18
0x1C
0x20
0x24
0x28
0x2C
0x30
0x34
0x38
0x3C
0x40

ARCOS [
l@—@—'——g

o User Instructloh

la t1, N1

sw t0, O(t1)
li t0, 2

sw t0, O(t1)
li t0, -3
la t1, N3

sw t0, 0(t1)
li t0, 4

lat1, N4

sw t0, O(t1)

o -

S ——————————— - -

. irra '

Programa escrito
(inst. y pseudoinst.)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

/ Loadedlnsﬂucuons

auipc t1, 512
addi t1, t1, -4
sw t0, 0(t1)

addi to, x0, 2

la t1, N2 \N{auipc t1, 512
addi t1, t1, -16

sw t0, 0(t1)
addi to, x0, -3
auipc t1, 512
addi t1, t1, -28
sw t0, 0(t1)
addi t0, x0, 4
auipc t1, 512
addi 1, t1, -40

{w t0, O(t1)
jalr x0, O(ra)

-’

e
N i o o o B

AN

{8} Registers

Go to:

2SS

| exoacoo000
| exeo000010
| exoeoo0020
| exooo00030

0x00000040
0x00000050
0x00000060
@x00000070
0x00000080
0x00000020
0x000000A0
@x000000B0

0x000000C0
Ax AAAAAANA

Programa en memoria

(instrucciones maquina)

e.g. 0x200000 -

Hex

addi t@, x0, 1
b 10 02 93
addi t0, x@, 2
0o 20 @2 93
addi t@, x0, ..
FF D0 @2 93
addi t0, x0, 4
0o 40 @2 93
jalr x@, @(ra)
0o oo 8@ 67

m Memory

Go Jump to:

auipc t1, 512
0o 20 @3 17
auipc t1, 512
0o 20 @3 17
auipc t1, 512
0o 20 @3 17
auipc t1, 512
0o 20 @3 17

{ Previous

TEXT DATA

addi t1, t1, ..
FF C3 @3 13
addi t1, t1, ..
FF @3 @3 13
addi t1, t1, ..
FE 43 03 13
addi t1, t1, ..
FD 83 @3 13

Page 1 of 167773

STACK

>_ Terminal

sw t0, o(tl)
0o 53 20 23
sw t0, a(t1l)
0b 53 20 23
sw t0, o(tl)
0on 53 20 23
sw t0, a(tl)
b 53 20 23

Next >

ejemplo

¥ Tag:

52
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Calcular la longitud de una cadena

ﬁ; CREATOR View File Library Help A Assemble ) Assemble & Run
1 #
2 # Creator (https://creatorsim.github.io/creator/)
H s+
4
ﬁﬁ 5 .data
6 cadena: .string "Hola Mundo"
7
!a 8
9 .text
10 main:
2 11 |
ap 12
&
)
ARCos [

ejemplo

53


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=%23%0A%23%20Creator%20(https%3A%2F%2Fcreatorsim.github.io%2Fcreator%2F)%0A%23%0A%0A.data%0A%20%20%20%20cadena%3A%20.string%20%22Hola%20Mundo%22%0A%20%20%20%0A%0A.text%0Amain%3A%0A%20%20%20%20%20%0A

Visualizacion del segmento de texto
Flujo de ejecucion

Address

ARCOS [
IIHEJ?QQ?II;;!E

040 (i)

0x4
0x8
0xC
0x10

0x18
ox1C
0x20
0x24
0x28
0x2C
0x30
0x34
0x38
0x3C

User Instruction

li t0, 1
la t1, N1

sw t0, 0(t1)
li t0, 2

sw t0, O(t1)
lito, -3
lat1, N3

sw t0, 0(t1)
li t0, 4

lat1, N4

sw t0, O(t1)

Loaded Instructions
addi t0, x0, 1

auipc t1, 512

addit1, t1, -4

sw t0, 0(t1)

addi t0, x0, 2

addi t1, t1, -16
sw t0, 0(t1)
addi t0, x0, -3
auipc t1, 512
addi t1, t1, -28
sw t0, 0(t1)
addi to, x0, 4
auipc t1, 512
addi t1, t1, -40
sw t0, O(t1)

{&} Registers

Go to:

Address

e.g. 0x200000

m Memory

Hex

>_ Terminal

- Go Jump to: TEXT DATA STACK -

ejemplo

[addi te, x@, 1| auipc t1, 512 | |addi t1, t1, .. | [sw to, oCtD)

| 0x00000000 02 10 02 93 00 20 03 17 FF €3 03 13 00 53 20 23
(addi te, x@, 2 | [auipc t1, 512 | [addi t1, t1, .. | [sw te, oCtD)

| exoo000010

00 20 @2 93

20 @3 17 FF 03 @3 13 00 53 20 23

(addi to, x@, .. | [auipc t1, 512 | [addi t1, t1, .. | [sw t@, oCtD)

IOX@@@@@@Z@ FF D@ @2 93 00 20 @3 17 FE 43 @3 13 00 53 20 23
[addi to, x@, 4 | [auipc t1, 512 | [addi t1, t1, .. | [sw t@, oCtD)

| exoo000030

0x00000040
0x00000050
0x00000060
0x00000070
0x00000080
0x00000090
0x000000A0
0x000000B0
0x000000C0
0x000000D0

70 4@ 02 93 00 20 03 17 FD 83

00 00 80 ©7 00 00 00 00 00 0O
00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 0O
00 00 00 00 00 00 00 00 0O 00
00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 0O
00 00 00 00 00 00 00 00 0O 00
00 00 00 00 00 00 00 00 0@ 00
00 00 00 00 00 00 00 00 0O 00
00 00 00 00 00 00 00 00 0O 00

@3

00
00
00
00
00
00
00
00
00
00

13

00
00
00
00
00
00
00
00
00
00

00 53 20 23

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
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Visualizacion del segmento de texto

Varias funciones

ARCOS [

CREATOR View File Library Help /> Assemble  +) Assemble & Run
1 .text
2 fl: 1i a0, 1
3 jr ra
4
5 f2: 1i a0, 2
6 jr ra
7
8 f3: 1i a0, 3
9 jr ra
10
11
12 main:
13 jal ra, fl
14 jal ra, f2
15 jal ra, f3
16
17 jr ra

{# Vim: off [

ejemplo
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Visualizacion del segmento de texto
Varias funciones

CREATOR View Tools Help () Reset P Step P Run @ Stop © Sentinel [ &1 Welcome to new CREATOR! For previous versior
Address User Instruction Loaded Instructions & Registers m Memory >_ Terminal
0x0 ' liao, 1 addi a0, x0, 1
Go to: | e.g. 0x200000 —> Go Jumpto: TEXT DATA STACK ® Ta
Ox4 jrra jalr x0, O(ra)
. . Address Hex
0x8 (f2) lia0, 2 addi a0, x0, 2

[addi ad, x0, 1 ] [jalr x0, 0Cra) ] |addi a0, x0, 2 ] [jalr- x@, 0(ra) ]

oxC rra Jalr x0, O(ra) | exeoe00000 00 10 05 13 00 0o 80 67 0o 20 @5 13 00 00 80 67
0x10 . li a0, 3 addi a0, x0, 3 |addi a0, x0, 3 | [jalr xe, oCra) | [jal ra, -24 | [jal ra, -20 |

. . I@x@@@@@@l@ 07 30 @5 13 00 00 8@ 67 9F F@ EF FE DF F@ EF
0x14 jrra jalr x0, O(ra) Sl ra, -16 b

0x00000030 00 00 00 00 00 00 00 00 00 00 00 00 00 00 @0 00

ox1C jalra, f2 jalra, -20

0x00000040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x20 jalra, f3 jal ra, -16 0x00000050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x24 irra jalr 0, O(ra) @x00000060 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0x00000070 00 00 00 00 00 00 00 00 00 00 00 00 00 @0 00 00
OxQ0000080 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x00000090 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Ox000000A0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Ox000000B0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Ox000000C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x000000D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Ox0Q00000ED 00 00 00 00 00 00 00 00 00 00 00 00 00 @0 00 @0
OxQ00000F0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

ARCOS [T
cos =3

™
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Llamadas al sistema ejemplo

CREATOR View File Library Help N A bl ¥ A ble & Run % Vim: off

#
# Creator (https://creatorsim.github.io/creator/)
#

str_text: .string "Insert a number: "

1
2
3
4
5 .data
6
7 str_result: .string "Result =
8
9

.text
10 main:
11 # print "Insert a number: "
12 la ab, str_text
13 1i a7, 4
14 ecall
15
16 # read int
17 1i a7, 5
18 ecall
19
20 mv t0, ab
21
22 # print "Insert a number: "
23 la a0, str_text
24 1i a7, 4
25 ecall
26
27 # read int
28 1i a7, 5
29 ecall
30 mv tl, a0
31
32 # print "Result ="
33 la a0, str_result
34 1i a7, 4
35 ecall
36
37 add a0, to, tl1
38 1i a7, 1

ARCOS [T
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Llamadas al sistema

View Tools Help () Reset Q Sentinel Welcome to new CREATOR! For previous version, click ... b4 O A X
Address User Instruction Loaded Instructions i} Registers 0 Memory Ermanal |~ statistics
0x0 (main la a0, str_text auipc a0, 512
. Insert a number: I:I

Ox4 addi a0, a0, 0

0x8 lia7, 4 addi a7, x0, 4

0xC ecall ecall

0x10 lia7, 5 addi a7, x0, 5

0x14 ecall ecall

0x18 mv t0, a0 addi t0, a0, 0

ox1C la a0, str_text auipc a0, 512

0x20 addi a0, a0, -28

0x24 lia7, 4 addi a7, x0, 4

0x28 ecall ecall

0x2C lia7, 5 addi a7, x0, 5

0x30 ecall ecall

0x34 mv t1, a0 addi t1, a0, 0

0x38 la a0, str_result auipc a0, 512

0x3C addi a0, a0, -38

0x40 lia7, 4 addi a7, x0, 4

ARCOS [T

[ gagag gl
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Llamadas al sistema

ARCOs (]

[ gagag gl

CREATOR View Tools Help

Address
0x0 (main

0x4

0x8

0xC

0x10
0x14
0x18
ox1C
0x20
0x24
0x28
0x2C
0x30
0x34
0x38
0x3C
0x40
0x44
0x48
0x4C
0x50
0x54
0x58
0x5C

User Instruction
la a0, str_text

lia7z, 4
ecall
liaZ, 5
ecall

mv t0, a0

la a0, str_text

lia7, 4
ecall
lia7, 5
ecall

mv t1, a0

la a0, str_result

lia7z, 4

ecall

add a0, t0, t1
lia7, 1

ecall

lia7, 10
ecall

jrra

() Reset  Finished

Loaded Instructions

auipc a0, 512
addi a0, a0, 0
addi a7, x0, 4
ecall
addi a7, x0, 5
ecall
addi t0, a0, 0
auipc a0, 512
addi a0, a0, -28
addi a7, x0, 4
ecall
addi a7, x0, 5
ecall
addi t1, a0, 0
auipc a0, 512
addi a0, a0, -38
addi a7, x0, 4
ecall

add a0, t0, t1
addi a7, x0, 1
ecall
addi a7, x0, 10
ecall

jalr x0, O(ra)

© Sentinel

Insert
Insert
Result

a

number:

number:

1

ﬁ} Registers

5
6

q:j Welcome to new CREATOR! For previous version, click ..

o Memory

X

>_ Terminal

()]

|~ statistics
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Ejemplo: ejecutar el siguiente programa

CREATOR View File Library Help

#

#

.data

stringl:
string2:

0 ~NOU W NRE

o

.text
main:

T e
Uk WNR S

loop:

[ QT G G Y
® W oo ~NO»

end:

N NN NN NN
~N oUW

ARCOS [T

/> Assemble 4] Assen

# Creator (https://creatorsim.github.io/creator/)

.string "Hola Mundo"
.zero 32

la te, stringl
la tl, string2

lbu  t2, @(te)

beq t2, zero, end
sb t2, 0(tl1)
addi te, to, 1

addi t1, t1, 1

j loop

1i a7, 10
ecall

jr ra

CREATOR View Tools Help

*XC

Address

Ox4

0x8

0xC

0x10 (loop’
0x14

0x18

0x1C

0x20

0x24
0x28 (end’
0x2C
0x30

User Instruction

la t1, string2

Ibu t2, 0(t0)

beq t2, zero, end

sb t2, 0(t1)
addi t0, t0, 1
addi t1, t1, 1
j loop

liaz, 10
ecall

jrra

ejemplo

() Reset P Step » Run B Stop © Sentinel

Loaded Instructions

addi t0, t0, 0
auipc t1, 512
addit1, 1, 3

lbu t2, 0(t0)
beq t2, zero, 20
sb t2, 0(t1)

addi t0, t0, 1
addi t1, t1, 1
beq zero, zero, -20
addi a7, x0, 10
ecall

jalr x0, O(ra)
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Ejecucion del programa. Bucles

CREATOR View Tools Help () Reset Pl Step » Run @ Stop © Sentinel
Address User Instruction Loaded Instructions
0x0 (main) la tO, string1 auipc t0, 512
0x4 addi t0, t0, 0
0x8 la t1, string2 auipc t1, 512
0xC addi t1, t1, 3
[GO@  EEoR e ]
0x14 beq t2, zero, end beq t2, zero, 20
0x18 sb t2, 0(t1) sb t2, 0(t1)
0x1C addi t0, t0, 1 addi t0, t0, 1
0x20 addi t1, 11, 1 addi t1, t1, 1
0x24 j loop beq zero, zero, -20
0x28 (end’ li a7, 10 addi a7, x0, 10
0x2C ecall ecall
0x30 jrra jalr x0, O(ra)

ARCOS [
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Ejemplo de llamadas a funciones anidadas A

» Comprobar el crecimiento de
la pila

CREATOR View Tools Help () Reset P Step P Run @ Stop © Sentinel I ﬂ Welcome to new CREATOR! For previous version, click ... b4
Address User Instruction Loaded Instructions {5} Registers m Memory >_ Terminal
0x14 ecall ecall
Go to: | e.g. 0x200000 —> Go Jumpto: TEXT DATA STACK @ Tags [} Layout
0x18 li a0, '\n' addi a0, x0, 10
ox1C li a7, 11 addi a7, x0, 11 Address  Hex
0x20 ecall ecall @xOFFFFFO@ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x24 jal ra, f2 il ra. 16 @xOFFFFF10 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
X Jalra, Jalra, @xOFFFFF20 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x28 Iw ra, O(sp) Iw ra, 0(sp) @xOFFFFF30 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x2C addi sp, sp, 4 addi sp, sp, 4 @xOFFFFF40 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
@xOFFFFF50 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x30 jrra jalr x0, O(ra) @xOFFFFF6@ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x34 (i) addi sp, sp, -4 addi sp, sp, -4 @xOFFFFF70 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
o0x38 0(sp) otsp) @xOFFFFF80 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
X sSwra S| SWra S
) VISP r O(SP, @xOFFFFF90 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x3C la a0, str2 auipc a0, 512 OxOFFFFFAQ 00 00 00 00 00 00 @0 00 00 00 00 @0 00 00 00 00
. . @xOFFFFFCO 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 00 00
0x44 liaz, 4 addiaz, x0, 4 @x@FFFFFD@ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x48 ecall ecall @xOFFFFFEQ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
) . Caller: f1 main
0x4C li a0, "\n' addi a0, x0, 10
x1,ra x1,ra x1,ra
0x50 liaz, 11 addi a7, x0, 11
I@x@FFFFFF@ 0 00 28 00 00 @0 94 FF FF FF FF 00 00 00 00
0x54 ecall ecall
0x58 jalra, f3 jalra, 16
0x5C Iw ra, O(sp) Iw ra, O(sp)
0x60 addi sp, sp, 4 addi sp, sp, 4
0x64 jrra jalr x0, O(ra)

ARCOS [
l—@—@i—g
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Crecimiento de la pila en factorial

ARCOS [T

™

CREATOR View Tools Help

Address
0xC

0x10
0x14
0x18
0x1C
0x20
0x24
0x28 (factorial)
0x2C
0x30
0x34

() Reset

User Instruction

jal x1, factorial
lia7,1

ecall

Ilw ra, O(sp)
addi sp, sp, 4
liaz, 10

ecall

addi sp, sp, -12
sw ra, 8(sp)
sw fp, 4(sp)
addi fp, sp, 4

Pl Step

» Run @ Stop

Loaded Instructions
jal x1, 28

addi a7, x0, 1
ecall

Iw ra, O(sp)
addi sp, sp, 4
addi a7, x0, 10
ecall

addi sp, sp, -12
sw ra, 8(sp)
sw fp, 4(sp)
addifp, sp, 4

© Sentinel

0x3C
0x40
0x44
0x48 (blelse)
0x4C
0x50
0x54

0x58
NvEC GiZen

bge a0, t0, b_else
lia0, 1

beq x0, x0, b_efs
sw a0, -4(fp)
addi a0, a0, -1

jal x1, factorial

Iw t1, -4(fp)

mul a0, a0, t1

ha ra Rfen)

bge a0, t0, 12
addi a0, x0, 1
beq x0, x0, 24
sw a0, -4(fp)
addi a0, a0, -1
jal x1, -40

Iw t1, -4(fp)
mul a0, a0, t1

hw ra Qfen)

[ ﬂ Welcome to new CREATOR! For previous version, click ... X

ﬁ} Registers

Go to: | e.g. 0x200000

Address

OxQFFFFFOQ
OxOFFFFF10
OxOFFFFF20
OxOFFFFF30
OXOFFFFF40
OxQFFFFF50
OxOFFFFF60
OxOFFFFF70
OXOFFFFF80
OxOFFFFF90
Ox@OFFFFFAQ
OxOFFFFFBO
OXOFFFFFCO
OxQFFFFFDO

—> Go

Hex

00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 @0
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00

Jump to:

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

o Memory

TEXT DATA STACK

00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

>_ Terminal

@ Tags

00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 090
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 090
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00

Callee: factorial
(

J (

)

Caller: facto..

x8,fp,s0

x1,ra

F@ 00 00

00

54

I@xﬂFFFFFE@@ 00 00 00 OF FF FF

| main

)

( J (

J

x8,fp,s0 x1,ra
I@xﬂFFFFFF@ 20 00 00 00 00 00 00

x1,ra
10 FF FF

FF

FF

x10,a0
00 00 00 @5

00 00 00 00

ejemplo

h Layout
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Llamadas a funciones

» Convenio simplificado
La pila no necesita estar alineada
a 8 bytes
» Alerta si se incumple el convenio
de paso de parametros y uso
de pila

ARCOS [ [;

[ gagag gl

Integer Registers

Register Name Usage
zero Constant 0
ra Return address (routines/functions)
Sp Stack pointer
gp Global pointer
tp Thread pointer
t0e..t6 Temporary (NOT preserved across calls)
s@..s11 Saved temporary (preserved across calls)
ae, al Arguments for functions / return value
a2..a7 Arguments for functions

Floating-point registers
fto..ftl1 Temporary (NOT preserved across calls)
fs@..fsll Saved temporary (preserved across calls)
fa@, fail Arguments for functions / return value
fa2..fa7 Arguments for functions
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Deteccion de errores en el convenio de paso de parametros

» Corregir los fallos que aparecen en el ejemplo por un uso incorrecto del

convenio de paso de parametros y uso de pila

» Modelo simplificado que se utiliza actualmente

La pila no tiene porque estar alineada a 8

Integer Registers

Register Name Usage
zero Constant 0
ra Return address (routines/functions)
sp Stack pointer
gp Global pointer
tp Thread pointer
t0..t6 Temporary (NOT preserved across calls)
s@..s11 Saved temporary (preserved across calls)
ae, al Arguments for functions / return value
a2..a7 Arguments for functions

Floating-point registers
fto..ftll Temporary (NOT preserved across calls)
fs@..fsll Saved temporary (preserved across calls)
fa@, fal Arguments for functions / return value
fa2..fa7 Arguments for functions

ARCOS [ [;

@i

.data

.text

max:

bigger:

main:

addi
SW
mv
mv
bge
mv
jr
mv

jr

1i
1i
jal

1i

ecall

1i a7,

ecall

5P,
s0,
s0,
51,
s0,
al,

ra

al,

ra

al,
al,
ra,

a7,

10

sp -8B
U(=sp)

al

al

sl, bigger
sl

s0
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Deteccion de errores en el convenio de paso de parametros

CREATOR View File Library Help A Assemble 4] Assemble | . I
L # €jemplo
2 # Creator (https://creatorsim.github.io/creator/)

3 #

4 .data

5

6 .text

7 #if (a@ > al) return a@ else return 01
8 max: addi sp, sp, -8

9 sSwW s@, 0(sp)

10 mv s@, a@

11 mv sl, al

12 bge s@, sl, bigger

13 mv ad, sl

14 j end

15 bigger: mv a0, so

16 end: jr ra

17

18

19

20 main: 1i ad, 8

21 1i al, 7

22 jal ra, max

23

24 1i a7, 1

25 ecall

26

27 jr ra

ARCOS [


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=%23%0A%23%20Creator%20(https%3A%2F%2Fcreatorsim.github.io%2Fcreator%2F)%0A%23%0A%20.data%0A%0A.text%0A%09%09%09%09%23if%20(a0%20%3E%20a1)%20return%20a0%20else%20return%2001%0A%20%09max%3A%09%09%09addi%09sp%2C%20sp%2C%20-8%0A%20%20%20%20%09%09%09%09sw%09%09s0%2C%200(sp)%0A%20%20%20%20%09%09%09%09mv%09%09s0%2C%20a0%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20mv%20%09%09s1%2C%20a1%0A%20%20%20%20%09%09%09%09bge%09%09s0%2C%20s1%2C%20bigger%0A%20%20%20%20%09%09%09%09mv%09%09a0%2C%20s1%0A%20%20%09%09%09%09%09j%09%09end%0A%20%20%20%20%20%20%20%20%20%20%20bigger%3A%20%20mv%20%09%09a0%2C%20s0%0A%20%20%20%20%20%20%20%20%20%20%20%09end%3A%09jr%09%09ra%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%0A%09main%3A%09%09%09li%09%09a0%2C%098%0A%20%20%20%20%09%09%09%09li%09%09a1%2C%207%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20jal%20%09ra%2C%20max%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20li%20%09%09a7%2C%201%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20ecall%0A%20%20%0A%09%09%09%09%09jr%20ra%20

Deteccion de errores en el convenio de paso de parametros

CREATOR View Tools Help

Address
0x0 (max’
0x4
0x8
0xC
0x10
0x14
0x18

oxiC. @
0x20 (end’

0x28
0x2C
0x30
0x34
0x38

ARCOS [

o~

-

~
7

User Instruction
addi sp, sp, -8
sw s0, 0(sp)

mv s0, a0

mv s1, al

bge s0, s1, bigger
mv a0, s1

jend

mv a0, sO

jrra

lia1, 7

jal ra, max
lia7 1
ecall

jrra

() Reset

G L

P Step P Run @ Stop © Sentinel @)

Loaded Instructions
addi sp, sp, -8

sw s0, O(sp)

addi s0, a0, 0
addis1, al, 0

bge s0, s1, 12

addi a0, s1, 0

beq zero, zero, 8
addi a0, s0, 0

jalr x0, O(ra)

addi a1, x0, 7
jalra, -44
addi a7, x0, 1
ecall

jalr x0, O(ra)

{=f Registers

v Control registers

pc
00000030

mip
ooeoesee
v Integer registers

x0 | zero
poeoeBee

x5 | t0
peeoeoee

x10 | a0
00P00e008

x15 | ab
00000000

x20 | s4
(a[efalela s ]

x25 | s9
00000000

x30 | t5
(a]=]a 115 15]7]%]

v Floating point regi
fo | ft0

U calling Convention asd

unknown

© EMPTY CALLSTACK
Calling convention violation
Cannot leave function: call stack is

unknown

©@ EMPTY CALLSTACK
Calling convention violation

Cannot leave function: call stack is

unknown

© EMPTY CALLSTACK
Calling convention violation

Cannot leave function: call stack is

unknown

© EMPTY CALLSTACK
Calling convention violation

Cannot leave function: call stack is

unknown

©@ EMPTY CALLSTACK

50 violations E]

empty

empty

empty

empty
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cComo corregirlo?

ARCOS [
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Solucion

ARcos (1)

CREATOR View File Library Help

/™ Assemble

%) Assemble

1 #

2 # Creator (https://creatorsim.github.io/creator/)
3 #

4 .data

5

6 .text

7 #if (a@ > al) return a@ else return 01
8 max: addi sp, sp, -8

9 Sw s@, @(sp)

10 mv s@, a@

11 mv sl, al

12 bge s@, sl, bigger
13 mv ad, sl

14 j end

15 bigger: mv a@, so

16 end: jr ra

17

18

19

20 main: 1i a0, 8

21 i al, 7

22 jal ra, max

23

24 1i a7, 1

25 ecall

26

27 jr ra

ejemplo
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Creacion de librerias

ARCOS [

CREATOR View File Library Help

L oo BB WNBRE

[ T e e |
A WNRER®

.globl max, min

.text

max: bge a@, al, bigger
mv a@, al
bigger: jr ra

min: ble a0, al, minor
mv a@, al
minor: jr ra

/¥ Assemble

<) Assemble & Run

{# Vim: off

ejemplo
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Creacion de librerias

CREATOR View File Library Help /" Assemble 9] Assemble & Run  {%# Vim: off
3
i 1 .globl max, min [}
""""'j """""""""" "_.:la-imd.L.l.hraqt. ............... S
]
3 text 1 ) I
s (@ Sweslbreny.. 5
5 o0 Add Arduino Library
6
| bge a0, | I Remove Library...
8 mv af, a
9 bigger: jr ra
10
11
12 min: ble a@, al, minor
13 mv ab, al
14 minor: jr ra
ARCos [
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Uso de librerias

ARCOS [

CREATOR View File Library Help 2 Assemble #) Assemble & Run % Vim: off
1 #

2 # Creator (https://creatorsim.github.io/creator/)
3 #

4

5 .text

6

7 main: 1i ae, 5

8 1i al, 10

9 jal ra, max

10 1i a7, 1

11 ecall

12

13 1i a@, '\n’

14 1i a7, 11

15 ecall

16

17 1i ae, 5

18 1i al, 10

19 jal ra, min

. e e———  Llamadas
21 ecall

22

23 1i a@, '\n’

24 1i a7, 11

25 ecall

ejemplo
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Uso de librerias.

View File Library Help /> Assemble 9) Assemble & Run  {%¥ Vim: off

=
# Creator (https://creatorsim.github.io/creator/)
#

" Assembly Code Error X

O 00~ OO U B W N =

[
=

Label isn't defined
[ assembly:9:21 |
|

S = =
B W N

jal ra,

el
o

Unknown label

Tl
0 ~J

N B
® WO

i y o+

ecall

NN
N =

1i , "\n'
11i , 11
ecall

N NN
[0, N - Y |

ARCOS [ [;

[ gagng i


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=%23%0A%23%20Creator%20(https%3A%2F%2Fcreatorsim.github.io%2Fcreator%2F)%0A%23%0A%0A%20.text%0A%20%0A%20%09main%3A%09li%09a0%2C%205%0A%20%20%20%20%09%09li%20%20a1%2C%2010%0A%20%20%20%20%20%20%20%20%20%20%20%20jal%20ra%2C%20max%0A%20%20%20%20%20%20%20%20%20%20%20%20li%09a7%2C%201%0A%20%20%20%20%20%20%20%20%20%20%20%20ecall%0A%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20li%20%09a0%2C%20'%5Cn'%0A%20%20%20%20%20%20%20%20%20%20%20%20li%09a7%2C%2011%0A%20%20%20%20%20%20%20%20%20%20%20%20ecall%0A%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20li%09a0%2C%205%0A%20%20%20%20%09%09li%20%20a1%2C%2010%0A%20%20%20%20%20%20%20%20%20%20%20%20jal%20ra%2C%20min%0A%20%20%20%20%20%20%20%20%20%20%20%20li%09a7%2C%201%0A%20%20%20%20%20%20%20%20%20%20%20%20ecall%0A%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20%20%20%20%20%20%20%20%20li%20%09a0%2C%20'%5Cn'%0A%20%20%20%20%20%20%20%20%20%20%20%20li%09a7%2C%2011%0A%20%20%20%20%20%20%20%20%20%20%20%20ecall

Libreria cargada

Load Binary

Please select the binary file to be loaded

[ Seleccionar archivo maxmin.yml v ]

Load from this File
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Libreria cargada

Library Tags

max() @oxpe000000

min() @oxeoeeevec
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Uso de librerias: ejecutar y corregir el problema que
aparece en la ejecucion

CREATOR View Tools Help () Reset P Step B Run W Stop © Sentinel
Address User Instruction Loaded Instructions
0x0 - <<Hidden>> <<Hidden>>
Oxc (min) <<Hidden>> <<Hidden>>
I = = 0 R G
ox1C lial, 10 addi a1, x0, 10
0x20 jal ra, max jalra, -32
0x24 lia7z, 1 addi a7, x0, 1
0x28 ecall ecall
0x2C lia0, "\n' addi a0, x0, 10
0x30 lia7z, 11 addi a7, x0, 11
0x34 ecall ecall
0x38 lia0, 5 addi a0, x0, 5
0x3C lial, 10 addi a1, x0, 10
0x40 jal ra, min jalra, -52
0x44 lia7, 1 addi a7, x0, 1
0x48 ecall ecall
0x4cC lia0, "\n' addi a0, x0, 10
0x50 liaZ, 1 addi a7, x0, 11
0x54 ecall ecall

ARCOS [
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Errores en tiempo de ejecucion

» Programa sin funcion main
» Puntero de pila (sp) apunta al segmento de datos o de texto
» Escritura en el segmento de texto

» Acceso a una posicion de memoria no alineada

ARCOS [ [;

[ gagag g
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Cacheé del navegador para recuperacion de errores

» El programa que se esta editando se guarda en la caché del navegador cada
vez que se compila

» Si el navegador falla se puede recuperar el programa al volverlo a cargar

Backup Available

A previous session was found

Architecture: RISC-V (RV32IMFD)

Saved: 5 seconds ago
6/6/2026 at 12:57:36

o, Restore Backup

ARCOS [T
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Bloque 1

» ¢Qué es CREATOR?
El origen de CREATOR
Caracteristicas de CREATOR
éiDonde se usa CREATOR?
Extensiones futuras

» ¢Como utilizar CREATOR? Vision del Estudiante
Edicion y compilacion de programas
Ejecucion y depuraciéon de programas
Convenio de paso de parametros y uso de pila (Sentinel)
Bibliotecas de funciones

» ¢Como utilizar CREATOR? Vision del Profesor
Soporte para la creacion de material didactico
Soporte para la correccion de practicas
Soporte para la creacion y edicion de arquitecturas

ARCOS [ -
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Soporte a la correccion de practicas:
interfaz en linea de comandos

» Ejecucion en linea de comandos

» Prerrequisitos: linux, node.js, npm, bun, deno, cargo y rust

curl -fsSL https://bun.sh/install | bash

curl -fsSL https://deno.land/install.sh | sh
curl --proto '=https' --tlsvl.2 -sSf https://sh.rustup.rs | sh

ARCOS [ [;

[ gagng i
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Soporte a la correccion de practicas:
interfaz en linea de comandos

» Pasos:

git clone --recurse-submodules https://github.com/creatorsim/creator.git
cd creator

bun install
bun dev:wasm
bun build:cli

./creator-cli -help

ARCOS [ [;

[ e Sl
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Ejecucion

» ./creator-cli --architecture architecture/RISCV/RV32IMFD.yml --assembly examples/RISCV-32/examplel.s

CREATOR> list
B | Address | Label

Loaded Instruction | User Instruction

e

| ox4 | addi a0, a®, @ |

| ox8 | 1b a@, 0(a0) | b a0, @(a0d)

| @xC | addi a7, x0, 1 | 1i a7, 1

| 0x10 | ecall | ecall

| 0x14 | auipc a0, 512 | la a@, half

| 0x18 | addi a0, a@, -18 |

| @x1C | 1h ae, @(a0) | 1h a@, @(a0)

| 0x20 | addi a7, x0, 1 | 1ia7, 1

| 0x24 | ecall | ecall

| 0x28 | addi a7, x@0, 10 | 1i a7, 10

| @x2C | ecall | ecall
CREATOR>

ARCOS [ [;
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Comandos

Available cohmands:

ARCOS [ -

step

unstep

run [n]

silent [n]

break [addr]

reg list

reg <type>

reg <name>

mem <address> [count]
list

hexview <address> [count] [bytesPerLine]
reset

snapshot [filename]
restore <filename>
stack

clear

help

alias

about

quit

Execute one instruction
Undo last instruction

Run n instructions or until program completes

Run silently

Set/unset breakpoint at address or list all
List available register types

Display registers of type

Display specific register

Display memory (count in bytes)

Show all loaded instructions

Hex viewer

Reset program to initial state

Save a complete snapshot of current state
Restore a previously saved snapshot

Display call stack hierarchy and frame info
Clear the console screen

Show this help message

Show available aliases

Show information about the simulator

Quit the simulator
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Visualizacion de registros

CREATOR> reg int
Integer registers:

1 0x00000000 t OXFFFffffef 1 Oxoffffffc : 0x00000000
: 0x00000000 : 0x00000000 : 0x00000000 : 0x00000000
: 0x00000000 : 0x00000000 : 0x00000000 : 0x00000000
1 0x00000000 : 0x00000000 1 0x00000000 : 0x00000000
: 0x00000000 : 0x00000000 1 0x00000000 1 0x00000000
: 0x00000000 : 0x00000000 : 0x00000000 : 0x00000000
: 0x00000000 : 0x00000000 : 0x00000000 : 0x00000000
H 0x00000000 : 0x00000000 1 0x00000000 : 0x00000000

CREATOR> reg int decimal
Integer registers:

x0(zero) 0 x1(ra) : 4294967295 x2(sp) : 268435452 x3(gp)
x4(tp) : @ x5(t0) : @ x6(t1) : @ x7(t2) : 0
x8( fy H 9(s1) 0 x10(a@) : 12 x1ll1l(al) : 0
X172 : @ x13(a3 0 x14(a4) : @ x15(a5) : 0
X: H 17 (a7 0 x1 2) + 0 19(s3) : 0
X - 1+ @ x21(s5): 0 x 6) : 0 23(s7) : O
X 0 25(s9): 0 10): @ 27(s11): @
X 2 H 29(t4): 0 F5) = @ x31(t6) : @

ARCOS [ -
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Visualizacion de la memoria

CREATOR> hexview 0x0 200
00 01 02 03 04 05 06 07 08 09 @0a Ob Oc 0d @e Of | ASCII

0x0000: 00 20 05 17 00 ©5 05 13 @0 05 05 03 00 10 08 93 | . severnsnarnnns
Ox0010: 060 00 00 732 00 20 05 17 fe e5 85 13 80 05 15 03 | cucSe ccnnuvnana
0x0020: 00 10 08 93 00 00 00 73 00 a0 08 93 00 00 00 73 | .veeuas - T S
0x0030: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ..vcvevunnnsnnna
Ox0040: 00 00 00 00 00 00 00 00 00 00 00 00 00 OO0 00 PO | .vuevuvnnnasnnua
0x0050: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ...cvvvunnasnnna
0x0060: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ...cvvvunnasnnna
0x0070: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | v.uvevvwennnsnnns
0x0080: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ...cvvvunnasnnna
0x0090: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ..vcvevnnnasnnna
0x00a0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | v.uveuvwennnsnnns
0x00b0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | ...cvvvunncsnnna
0x00cO: 00 00 00 00 00 00 00 00 b s

ARCOS [ -
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Carga de una libreria

» Ejemplo:

creator-cli -a riscv32.yml

ARCOS [ [;

[ gagng i

-S program.s
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Validacion de un programa

» Documentacion:
https://creatorsim.github.io/creator-wiki/teaching-resources/validator.html

» Ejemplo:

./creator-cli --architecture architecture/RISCV/RV32IMFD.yml \
--assembly examples/RISCV-32/factorial.s \

--validate output.yml

» “output.yml” comprueba la salida:

maxCycles: 100
sentinel: true
state:
registers:
al: 120
memory:
"0x200000": 120

ARCOS [ display: " 120"
lk?#?lﬁ% PRy 87
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Ejemplo

» Moadificar el factorial para que deje el resultado en el registro al

» Moadificar el fichero de validacion para comprobar el resultado de
factorial(8) = 40320 y verificar que el resultado correcto se encuentra en al

ARCOS [ [;

[ gagag gl
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Ayuda a la creacion de materiales docentes

« > C 2% creatorsim.github.io/creator/

# CREATOR View File Library Help A Assemble  #) Assemble &Run % Vim: off
1 #
# 2 # Creator (I [ NewAssemblyFile ‘huh,io/creator/)
i # I openfFile...
"ﬁ &) 't?Xt & SaveAs...
6 main:
|
a 8 1i te, =
9 1i t1, 13
10 1i t2, 45
11 1i t3, 33
L 1w
13 add t4, te, t1 # 10+13
L 4 sub t4, t2, t3 # 45-33
15 mul t4, t3, t3 # 33%33
16 div t4, t2, t0 # 45/10
C@ 17
18 # print last t4
19 mv a0, t4
B 2 14 a7, 1
21 ecall
- )
m 23 # return
24 1i a7, 10
25 ecall
a 26
27

ARCOS [
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Ayuda a la creacion de materiales docentes

<« c 25 creatorsim.github.io/creator/
* CREATOR View File Library Help /% Assemble ) Assemble & Run % Vim: off
1 #
2 # Creator (i [) NewAssemblyFile ‘hub,io/creator/)
#H 3 & .
4 X openFile...
'&# 5 - text & SaveAs...
6 main:
7
B 8 i te, o=
9 1i t1, 13 .
10 U t2, 45 Share via URI X
11 11 t3, 33
& | 12
13 add t4, te, t1 # 10+13
L sub t4, t2, t3 # 45-33
15 mul t4, t3, t3 # 33%33
16 div t4, t2, t0 # 45/10
<§) 17
18 # print last t4
19 mv a@, t4
B 22 i a7, 1
21 ecall
- )7
m 74C ] # return
24 i a7, 10
25 ecall
@ 26
27

https://creatorsim.github.iofcreator/?architecture: | (B Copy
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Capacidades para extender el juego de instrucciones y
crear nuevas arquitecturas

» Arquitectura definida en formato YAML

ﬁ CREATOR | View | Tools Help () Reset M Step P Run
Address  # Editor n Loaded Instructions
# ] |
%, Simulator
% X Archi
& rchitecture
ﬁ CREATOR View | Architecture | Help
B ) 1 <[>
RISC-V (RV32 (# Edit Architecture
# E” Guide |
< & Save Architecture  arch instru
& B |
= % Type: All T
NAME
RV32
__________ hea
ARCos [
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Edicion de la arquitectura

Edit Architecture X
1 version: 2.0.0 7l
2
3  # ASCII text generated w/ https://patorjk.com/software/taag/#p=display&h=1&f=Standard
4 # instruction help text extracted from https://msyksphinz-self.github.io/riscv-isadoc/html/index.html
5
6 config:

7 name: RV32

8 word_size: 32

9 byte_size: 8

10 description: RISC-V is a free and open standard ISA (Instruction Set Architecture) based on RISC (Reduced Instruction
Set Computer) principles. It was created in 2010 at the University of California, Berkeley.

11 endianness: big_endian

12 memory_alignment: true

13 main_function: main

14 passing_convention: true

15 sensitive_register_name: true

16 comment_prefix: "#"

17 start_address: 0x@

18 pc_offset: -4

19 plugin: riscv

20 assemblers:

21 - name: CreatorAssembler

22 description: "Default CREATOR assembler"

23

24 extensions:

25 I:

26 description: "RV32I Base Instruction Set"

27 template: Base

20

ARCOS [
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Cancel Save
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Ejercicio propuesto

» Anadir una nueva pseudoinstruccion:
psdli rd |, rd2, inm = rdl =inm yrd2 =inm
» Anadir una nueva instruccion:
Idli rdl, rd2, inm = rdl =inm yrd2 =inm
Codigo de operacion: [ I | 1 1111
» Pasos:
Descargar el archivo YAML con la arquitectura
Editar y entender el archivo con la arquitectura
Modificar la arquitectura incorporando psdli y Idli

Cargar la nueva arquitectura

ARCOS [ -
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MIFPSS

Ya

Zilog

de una nueva arquitectura

RISC-V (RV32IMFD)

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This
architecture was developed in 2010 at the University of California, Berkeley.

This ISA includes the 32-| bltl(mteger) M (multiplication and division), F (single-precision floating-
point), and D (double-pi int) RISC-V ex

RISC-V (RV64IMFD)

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This
architecture was developed in 2010 at the University of California, Berkeley.

This ISA includes the 64- bltl (integer), M Itiplication and division), F (single-precision floating-
point), and D ( ble-pi floating-point) RISC-V

RISC-V Sail 32 - Full Specification

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This
architecture was developed in 2010 at the University of California, Berkeley.

This ISA includes the full 32-bit specification of RISC-V based on Sail.

RISC-V Sail 64 - Full Specification

RISC-V is a free and open-standard instruction set architecture (ISA) based on RISC principles. This
architecture was developed in 2010 at the University of California, Berkeley.

This ISA includes the full 64-bit specification of RISC-V based on Sail.

MIPS-32

The MIPS processor was developed by Dr.John Hennessey and his graduate students at Stanford University in
the early 1980s. It is currently one of the major processors in the embedded processor market.

Z80

The Z80 is an 8-bit microprocessor that was designed by Zilog and introduced in 1976. It became very
popular in the late 1970s and early 1980s, especially in home computers and embedded systems.

Load Custom Architecture

Import your own architecture definition file (.yml)

Load Custom Architecture

Architecture Name

Enter architecture name

Description

Enter architecture description

Architecture File

Seleccionar archivo

Ningun archivo seleccionado

Cancel

(0],¢
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Nueva instruccion

CREATOR View Architecture Help

NAME

# RV32

. WORD SIZE
32

BYTE SIZE
8

DESCRIPTION

RISC-V is a free and open standard
ISA (Instruction Set Architecture)
based on RISC (Reduced Instruction
Set Computer) principles. It was
created in 2010 at the University
of California, Berkeley.

ENDIANNESS
Big Endian

MEMORY ALIGNMENT
Enabled

MAIN FUNCTION
main

PASSING CONVENTION
Enabled

SENSITIVE REGISTER NAME
Enabled

COMMENT PREFIX
#

START ADDRESS
0

PC OFFSET
-4

riscv

ARCOS [

¥] Welcome to new CREATOR! For previous version, click here. X O A *

¢/> Instructions

£ Pseudoinstructions

Search instructions...

Type: All Types v
WORDS: CYCLES:
bltu
SYNTAX
bltu rsl, rs2, imm
DESCRIPTION
Take the branch if registers rs1is less than rs2, using unsigned comparison.
[}
T funct3 | opcode
imm [3/4] H rs2 rs1 3 7
e § ° 110 1100011
c WORDS: CYCLES:
addi 1 1

SYNTAX
addi rd, rsl, imm
DESCRIPTION

Adds the sign-extended 12-bit immediate to register rs1. Arithmetic overflow is ignored and the
result is simply the low XLEN bits of the result.

31 "]
funct3 opcode
7

080 0010811

L)

% Assembler Directives = Registers

WORDS: CYCLES:

bne
SYNTAX
bne rsl, rs2, imm
DESCRIPTION
Take the branch if registers rs1 and rs2 are not equal.
]
opcode
rs2 rs1 -
s 8 1100011
c 1 WORDS: CYCLES:
idli

SYNTAX
idli rd, rsl, imm
DESCRIPTION

Adds the sign-extended 12-bit immediate to register rs1. Arithmetic overflow is ignored and the
result is simply the low XLEN bits of the result.

31 @
funct3 opcode

o g

000 1111111
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Nueva pseudoinstruccion

* CREATOR View Architecture Help [ ¥] Welcome to new CREATOR! For previous version, click here. X O A &
- ¢/> Instructions ( £ Pseudoinstructions J %, Assembler Directives = Registers
# Rv32 . .
Search pseudoinstructions...
E WORD SIZE uuLpPL Tu, upump_nLr,
o 32 addi rd, rd, op{tmp_low};
BYTE SIZE no_ret_op{
g tmp = Field.2.(31,0).int;
tmp_low = tmp & Ox0OGOOFFF;
DESCRIPTION tmp_low -= tmp_low > Ox7FF 7 0x1000 : @;
RISC-V is a free and open standard tmp_hi = (tmp - tmp_low) >>> 12;
ISA (Instruction Set Architecture) = W e val }; . .
based on RISC (Reduced Instruction U 1 rd, va dF (@apda == ) J
L. addi rd, x@, op{tmp_low};
Set Computer) principles. It was }
created in 201@ at the University else {

of California, Berkeley. lui rd, op{tmp_hi};

, -}
addi rd, rd, op{tmp_low};
ENDIANNESS

b
Big Endian

no_ret_op{
MEMORY ALIGNMENT tmp = Field.3.(31,0).1int;
Enabled tmp_low = tmp & 0x@0000OFFF;

tmp_low -= tmp_low > @x7FF ? @x1000 : @;
tmp_hi = (tmp - tmp_low) >>> 12;

MAIN FUNCTION

main 1;
if Cimp_hi === @) {
PASSING CONVENTION . . addi rd, x0, op{tmp_low};
Enabled psdli psdli rd, rs, val addi rs, x@, op{tmp_low};
}
SENSITIVE REGISTER NAME else {
Enabled lui rd, op{tmp_hi};
addi rd, rd, op{tmp_low};
COMMENT PREFIX lui rs, op{tmp_hi};
# addi rs, rs, op{tmp_low};
I

ARCOS [
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Programa con el nuevo juego de instrucciones

CREATOR View File Library Help A Assemble  #) Assemble & Run % Vim: off
1 .text
2
# 3 main:
4
ﬁ# 5 psdli t1, t2, 5
6 idli  al, a2, 10
7
B 8 jr ra
A
ﬁ CREATOR View Tools Help () Reset M Step B Run W Stop © sent
Address User Instruction Loaded Instructions
#
addi t2, x
# 0,5
0x8 idli a1, a2, 10 idli a1, a2, 10
B 0xC jrra jalr x0, O(ra)
ARCQS@—,
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Bloque 2

» Dispositivos y soporte de interrupciones

» Integracion de CREATOR con hardware real
Microcontroladores
Placas SBC
Servicio de laboratorio remoto
Integracion con Arduino (CREATino)

ARCOS [ -
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Dispositivos en CREATOR

» Caracteristicas principales:

Estan mapeados en memoria
Usan rangos de direcciones especificos
Tienen registros de control y estado

Proporcionan buferes de datos
Se pueden activar o desactivar

Mantienen su propio estado

» Dispositivos incluidos:
Dispositivo de consola (pantalla + teclado) y dispositivo de sistema

Gestionan llamadas al sistema (ecall/syscall)

ARCOS [
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(1/2) Consola

» Mapa de memoria:
0xFO000000: registro de control
0xFO0000004: registro de estado
0xF0000008-0xFOO0000F: datos (8 bytes)

» Llamadas al sistema:
|:imprimir entero
2: imprimir decimal 32-bits
3:imprimir decimal 64-bits
4:imprimir cadena de caracteres
5:leer entero
6: leer decimal 32-bits
7:leer decimal 64-bits
8: leer cadena de caracteres
| I: imprimir caracter
| 2: leer caracter

ARCOS Eﬁ
[ gmias Nl
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(1/2) Consola

» Mapa de memoria:
0xFO000000: registro de control
0xF0000004: registro de estado
0xF0000008-0xFOO0000F: datos (8 bytes)

» Llamadas al sistema:
|:imprimir entero
2:imprimir decimal 32-bits
3:imprimir decimal 64-bits
4: imprimir cadena de caracteres
5:leer entero
6: leer decimal 32-bits
7:leer decimal 64-bits
8: leer cadena de caracteres
| I:imprimir caracter
| 2: leer caracter

ARCOS [
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.data

string:

.text
main:

# t0 <- console data addr

la t0, 0xF0000008

# t1 <- console ctrl addr

la t1, ©xF0000000

# write 105

1i t2, 105

sw t2, 0(te) # [console
1i t2, 1

sw t2, @(tl) # [console

# write '\n'

1i t2, '\n'

sw t2, 0(te) # [console
1i t2, 11

sw t2, @(tl) # [console

# write string

la t2, string

sw t2, 0(te) # [console
1i t2, 4

sw t2, 0(tl) # [console

jr ra

.string "Hello string!"

data]

ctrl]

data]

ctrl]

data]

ctrl]

Ejemplo

105

write integer

l\nl

write char

starting address

write string

101
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(2/2) Dispositivo de sistema

» Mapa de memoria:
OxFO000010: registro de control
OxF0000014: registro de estado
0xF00000 | 8-0xFO0000 | F: datos (8 bytes)

» Llamadas al sistema:
9: sbrk (pedir memoria del heap)
|0: exit (terminar ejecucion)

ARCOS [
[ gmias Nl
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(2/2) Dispositivo de sistema Ejemplo

» Mapa de memoria: text
main:
0xFO0000010: registro de control # t@ <- console status addr
la to, 0xFooeee14
O0xFO000014: registro de estado # 1 <- console ctrl addr

la t1, 0xF0000010
0xF00000 | 8-0xFO0000 | F: datos (8 bytes) b it
1i t2, 10 .
» Llamadas al sistema: sw t2, o(t1) # [ctrl] <- exit

# exit

9: sbrk (pedir memoria del heap) L a7, 10
eca

|0: exit (terminar ejecucion)
# return
jr ra

ARCOS [
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Ciclo de vida del dispositivo

» Inicializacion
Registro en el mapa de dispositivos de CREATOR

» Comprobacion de direccion

En cada acceso a memoria se comprueba si es una direccion de un dispositivo

» Invocacion del manejador

En cada ciclo se “despierta” para procesar peticiones pendientes

» Reinicio

Se puede reiniciar los dispositivos a su estado inicial

ARCOS [
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Modos de ejecucion en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Caracteristicas principales:

Posibilidad de definir instrucciones en modo privilegiado (privileged: true)

Antes de ejecutar una instruccion CREATOR comprueba

Si en modo usuario/a y instruccion privilegiada -> excepcion violacion privilegio

ARCOS [
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Modos de ejecucion en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Transiciones:
Usuario a kernel (trap por interrupcion, excepcion o llamada al sistema)

Kernel a usuario/a (retorno de trap)

ARCOS Eﬁ
[ gmias Nl
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&

Usuario a kernel (interrupcion, excepcion o llamada al sistema)

interrupts:
handlers:
#...
custom: |

// Disable interrupts
CAPLINTERRUPTS.globalDisable() ;

/I Switch to kernel mode
CAPLINTERRUPTS.setKernelMode() ;

Il get PC (pointing to the next instruction)
registers.mepc = CAPI.REG.read("pc") ;

I/ jump to associated handler assembly subrutine
if (registers.mtvec & In) {// vectored mode

registers.pc = (registers.mtvec >> 2n) + 4 * (registers.mcause & (2 ** 32 - 1)) ;
} else { // direct mode

registers.pc = (registers.mtvec >> 2n) ;

}

ARCOS [ -
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Kernel a usuario (retorno de trap)

- name: "mret"
privileged: true
definition: |
Il restore PC
registers.pc = registers.mepc ;

Il Switch to kernel mode
CAPLINTERRUPTS.setUserMode() ;

// Enable interrupts
CAPLINTERRUPTS.globalClear();
CAPLINTERRUPTS.globalEnable() ;

I/l Some pending clean-up for Ul
CAPLINTERRUPTS.clearHighlight() ;
CAPILSTACK.endFrame() ;

ARCOS [

https://github.com/creatorsim/creator/blob/master/architecture/RISCV/RV32IMFD.ymI#L3588 108


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://github.com/creatorsim/creator/blob/master/architecture/RISCV/RV32IMFD.yml#L3588

Gestion de eventos en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Transiciones:

Usuario a kernel (trap) .........................................................................................................................
Kernel a usuario/a (retorno de trap) ..............................................................................................
Llamada
al sistema
ARCOS Eﬂ https://creatorsim.github.io/creator-wiki/development/privileged.html
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Gestion de eventos en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Transiciones:

Usuario a kernel (trap) .........................................................................................................................
Kernel a usuario/a (retorno de trap) ..............................................................................................
Llamada
al sistema
ARCOS Eﬂ https://creatorsim.github.io/creator-wiki/development/privileged.html
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Soporte para llamadas al sistema

» Manejador por defecto en CREATOR

Usado para las llamadas al sistema (ecall/syscall) sin trap

» Manejador definido por la arquitectura

Precisa definir el manejador en el programa ensamblador

Configuration X Configuration X
Notification Time (ms): 1500 Notification Time (ms): 1500
Interrupt handler: CREATOR v Interrupt handler: Custom (architecture) v

CREATOR CREATOR
Execution Autoscroll: Custom (architecture) Execution Autoscroll: Custom (architecture)

ARCOS [
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Manejador por defecto en CREATOR

S » Antes de anadir interrupciones a CREATOR,
name": "ecall", L, .,
"type": "Syscall”, la definicion de la funcion ecall de RISC-V
u ejecutaba la llamada al sistema deseada

en funcion del valor del registro a7.
"definition": "switch(a7) {

case '3Cbarl>;a(P_”"t—i"t('a°')? » Se analizo cdmo anadir soporte de interrupciones a
case 2:capi_print_float(fa0’); CREATOR y que ecall usara dicho soporte:
break; , : .
# ... No deberia de obligar a visibilizar un kernel
case 12: Cgf;a:?ad—cmr( a0’); con la implementacion de manejadores
el No se queria incluir un kernel de forma silenciosa
elp . . .
1 P que pudiera tener interacciones no deseadas
a4 No deberia forzar a tener dos arquitecturas:
una con interrupciones y otra sin ellas
ARCOs [
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Manejador por defecto en CREATOR

# ...
instructions:
base:
# ..
- name: ecall
template: standard
fields:
- field: opcode
value: "0x02"
definition: CAPLINTERRUPTS.create(InterruptType.EnvironmentCall);

#..

interrupts:
check: |
is_enabled: |

enable: |
disable: |
create: |
clear: |
global_clear: |
handlers:

Configuration

Notification Time (ms): 1500

Interrupt handler: CREATOR

Execution Autoscroll:

#..
creator_ecall: |
switch (registers.A) {

case 1n:
CAPLSYSCALL.print(registers.B, 'int32’);
break;

# ...

}
CAPLINTERRUPTS.clearHighlight();

CAPLSTACK.endFrame();

ARCOS [

https://creatorsim.github.io/creator-wiki/web/execution.html

» Antes de anadir interrupciones a CREATOR,
la definicion de la funcion ecall de RISC-V

ejecutaba la llamada al sistema deseada
en funcion del valor del registro a7.

» Se analizé cdmo anadir soporte de interrupciones a
CREATOR y que ecall usara dicho soporte:

No deberia de obligar a visibilizar un kernel
con la implementacion de manejadores

No se queria incluir un kernel de forma silenciosa
que pudiera tener interacciones no deseadas

No deberia forzar a tener dos arquitecturas:
una con interrupciones y otra sin ellas

» Aproximacion usada:
Tener dos controladores de interrupciones.
Uno resuelve ecall casi como antes (no kernel)

El otro llama a una subrutina de tratamiento (rti)
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Manejador definido por la arquitectura

#..
i"bst"uctior'SI » Antes de anadir interrupciones a CREATOR,
ase: 'e . o 7 v 4
#... la definicidon de la funcion ecall de RISC-V
- name: ecall . .
template: standard ejecutaba la llamada al sistema deseada
fields: en funcion del valor del registro a7.
- field: opcode
value: "0x02" » Se analizd cdmo anadir soporte de interrupciones a
definition: CAPLINTERRUPTS.create(InterruptType.EnvironmentCall); P . P
CREATOR y que ecall usara dicho soporte:
No deberia de obligar a visibilizar un kernel
con la implementacion de manejadores
contaaton . No se queria incluir un kernel de forma silenciosa
4 — que pudiera tener interacciones no deseadas
i'lf]‘ZZT(FFtS: Comisa No deberia forzar a tener dos arquitecturas:
#... e una con interrupciones y otra sin ellas
handlers:
custom: | . .7 .
CAPLINTERRUPTS globalDisable(); »  Aproximacion usada:
CAPLINTERRUPTS setKernelMode(); : :
registers.mepc = CAPLREG.read("pc"); Tener dos controladores de interrupciones.
if (registers.mtvec & In) { // vectored mode ;
registers.pc = (registers.mtvec >> 2n) + 4*(registers.mcause & (2**32 - 1)); Uno resuelve ecall casi como antes (no kerne’)
pelse { /] direct mode El otro llama a una subrutina de tratamiento (rti)
registers.pc = registers.mtvec >> 2n;
ARCOs [
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Manejador definido por la arquitectura

#..
nstructions: » Antes de anadir interrupciones a CREATOR,
- name: mret la definicidon de la funcion ecall de RISC-V
template: standard . .
fields: ejecutaba la llamada al sistema deseada
- field: opcode . s .
value: "0x01" en funcion del valor del registro a7.
definition: | L, - . . .
/I restore PC and switch to kernel mode » Se analizé cdmo anadir soporte de interrupciones a
registers.pc = registers.mepc ; .
CAPLINTERRUPTS setUserMode() ; CREATOR y que ecall usara dicho soporte:
// Enable interrupts ) ) S
CAPLINTERRUPTS globalClear(); No deberia de obligar a visibilizar un kernel
CAPLINTERRUPTS.globalEnable() ; . ", .
/I Some pending clean-up for Ul con la implementacion de manejadores
CAPLINTERRUPTS.clearHighlight() ; , : N
CAPISTACK.endFrame() ; — . No se queria incluir un kernel de forma silenciosa
" — que pudiera tener interacciones no deseadas
i'lf]i';'l’(‘_‘lptg e No deberia forzar a tener dos arquitecturas:
#... una con interrupciones y otra sin ellas
handlers: |
custom: | . Ny .
CAPLINTERRUPTS globalDisable(); > Aproximacion usada:
CAPLINTERRUPTS setKernelMode(); : :
registers.mepc = CAPIREG.read("pc™; Tener dos controladores de interrupciones.
if (registers.mtvec & In) { // vectored mode i
registers.pc = (registers.mtvec >> 2n) + 4*(registers.mcause & (2**32 - 1)); Uno resuelve ecall casi como antes (no kerne’)
} else { // direct mode El otro llama a una subrutina de tratamiento (rti)
registers.pc = registers.mtvec >> 2n;
ARCOS EH“I" https://creatorsim.github.io/creator-wiki/web/execution.html
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Soporte para llamadas: ejemplo

*E CREATOR View File Library Help

#

1
2
3
4
5
6
7
8
9

10

—— 11

-

e

®

>

12
13
14
i3
16
17
18
13
20
21
22
23
24
25
26
27
28
29
30
31
32
55
34
35
36
37
38
ER)
490

.text
rti:

# tO <- console data addr

la t0, 0xFo00E000S8

# tl <- console ctrl addr

la t1, ©@xFooeo0e0

# console data <- a@
sw af, 9(t0)
# console ctrl

1i to, 11

sw te, o(t1)

# return from interrupt

mret

main:

11 1,

1i a7, 1
1i a@, '
ecall

1i te, o
jr ra

2

1

X

sll te, te, t1
csrrw zero, mtvec, t@

<- 11

# load rti addr to mtvec
la to, rti

# enable interrupts (MIE=1)
csrrw zero, mstatus, t@
ori to, to, 8

csrrw zero, mstatus, to

# generate interrupt

/" Assemble

# enable software interrupts (MSIE=1)
csrrw zero, mie, t@
ori to, te, 8

csrrw zero, mie, t@

+) Assemble & Run

2

# Vvim: off

[ ¢ Welcome to new CREATOR! For previous version, click here.
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Soporte

ara llamadas: ejemplo

Ejemplo

* CREATOR View Tools Help

Address
0x0 (D
‘ Qﬂ 0x4
0x8
B 0xC
0x10
0x14
0x18

B 0x1C

0x24
0x28
0x2C
0x30
0x34
0x38
0x3C
0x40
Ox44
0x48
0x4C
0x50
0x54
0x58

0x5C

ARCOS [T

™

User Instruction

la t0, 0xFO000008

la t1, 0xFOO00000

sw a0, 0(t0)
lit0, 11
sw t0, 0(t1)

mret

lit1, 2

sl t0, 10, t1

csrrw zero, mtvec, t0
csrrw zero, mstatus, t0
ori t0, t0, 8

csrrw zero, mstatus, t0
csrrw zero, mie, t0

ori t0, t0, 8

csrrw zero, mie, t0
lia7, 11

li a0, 'x'

ecall

lit0, 0

jrra

() Reset M Step P Run

Loaded Instructions
auipc t0, -65536
addit0, t0, 8

auipc t1, -65536
addi t1, t1, -8

sw a0, 0(t0)

addi t0, x0, 11

sw t0, 0(t1)

mret

addi t0, t0, -32

addi t1, x0, 2

sl t0, 10, t1

csrrw zero, mtvec, t0
csrrw zero, mstatus, t0
ori t0, t0, 8

csrrw zero, mstatus, t0
csrrw zero, mie, 10

ori t0, t0, 8

csrrw zero, mie, t0
addi a7, x0, 11

addi a0, x0, 120

ecall

addi t0, x0, 0

jalr x0, O(ra)

© Sentinel [ %] Welcome to new CREATOR! For previous 3 here. {a ‘ ¢
£ Registers = Memory >~ Terminal |~ statistics
~ Control registers Hex v
pc mepc mcause mtvec mstatus
00000020 00000000 00000008
mip mie mscratch mtime mtimecmp
00000000 00000888 00000000
v Integer registers Hex
x0 | zero x| ra X2 | sp x3 | gp x4 | tp
00000000 FFFFFFFF @FFFFFFC oeeeceeoe Lelefelclellclc)
x5 | t0 X6 | t1 X7 | t2 x8 | fp | sO x9 | s1
00000000 00000000 00000000
x10 | a0 w11 | a1 x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000
x15 | a5 x16 | a6 x17 | a7 w18 | s2 w19 | s3
00000000 00000000 00000008
X20 | s4 x21| s5 x22 | s6 x23 | s7 x24 | s8
00000000 00000000 00000008
x25 | 59 x26 | s10 x27 | s11 x28 | t3 x29 | t4
00000000 00000000 oeecee0e
%30 | t5 x31] t6
00000000 00000000
v Floating point registers Hex v
f0 | fto 1] ft1 f2 | ft2 13| ft3 14 | ft4
5| f5 16 | ft6 7| fe7 18 | fs0 19 | fs1
10 | fa0 1] fa1 12 | fa2 13 | fa3 14 | fad
15 | fa5 16 | faé 17 | fa7 118 | fs2 19 | fs3
120 | fs4 21 fs5 22 | fs6 23 | fs7 f24 | fs8
£25 | fs9 f26 | fs10 27 | fs1 28 | f18 29 | ft9
30 | fti0 31| ft11
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Soporte para llamadas: ejemplo Ejemplo

T*F CREATOR View Tools Help () Reset M Step P Run © Sentinel [ &1 Welcome to new CREATOR! For previous version, click here. X o A % 4
e
Address User Instruction Loaded Instructions £ Registers m Memory S Trroftoe] |~ statistics
0x0 (rti la t0, 0xFO0O00008 auipc t0, -65536
¢# 0x4 addi to, t0, 8

0x8 la t1, 0xFOO00000 auipc t1, -65536

B 0xC addi t1, t1, -8
0x10 sw a0, 0(t0) sw a0, 0(t0)
0x14 lito, 11 addi t0, x0, 11

L
0x18 sw t0, O(t1) sw t0, 0(t1)

g 0x1C mret mret
0x20 main la to, rti auipc t0, 0 @
0x24 addi t0, t0, -32
0x28 lit1, 2 addi t1, x0, 2
0x2C sl t0, tO, t1 sl t0, t0, t1
0x30 csrrw zero, mtvec, 10 csrrw zero, mtvec, t0
0x34 csrrw zero, mstatus, t0 csrrw zero, mstatus, t0
0x38 ori t0, t0, 8 ori t0, t0, 8
0x3C csrrw zero, mstatus, t0  csrrw zero, mstatus, t0
0x40 csrrw zero, mie, t0 csrrw zero, mie, t0
0x44 ori t0, t0, 8 ori t0, t0, 8
0x48 csrrw zero, mie, t0 csrrw zero, mie, t0
0x4C lia7, 11 addi a7, x0, 11
0x50 li a0, 'x' addi a0, x0, 120
0x54 ecall ecall
0x58 lit0, 0 addi t0, x0, 0
0x5C jrra jalr x0, O(ra)

ARCOS [T
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Soporte para llamadas: ejemplo Ejemplo

Configuration

Notification Time (ms):

Interrupt handler: CREATOR

5 CREATOR

Execution Autoscroll: Custorn (architecture)

Automatic backup: ‘:)

Theme:

Debug:

Sidebar Mode:

Vim mode:

Vim Custom Keybinds:

Register Name Representation:

Kernel Simulator:

D Reset to Defaults

ARCOS [ -
e '_,, 119


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
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Soporte para llamadas: ejemplo Ejemplo
, 6

’f*; CREATOR View Tools Help O Reset m © Sentinel l & Welcome to new CREATOR! For previous version, click here. X & A £
Address User Instruction Loaded Instructions £ Registers I Memory >_ Terminal 1~ statistics
0x0 (rti la t0, 0xFO000008 auipc t0, -65536
| Qﬂ Ox4 addi t0, t0, 8

0x8 la t1, 0xFOO00000 auipc t1, -65536

B 0xC addi t1, t1, -8
0x10 sw a0, 0(t0) sw a0, 0(t0)
0x14 lito, 11 addi t0, x0, 11

oy
0x18 sw 10, O(t1) sw 10, O(t1)

@ 0x1C mret mret
0x20 (main la tO, rti auipc t0, 0
0x24 addi t0, t0, -32
0x28 lit1,2 addi t1, x0, 2
0x2C sll 10, t0, t1 sl t0, t0, t1
0x30 csrrw zero, mtvec, t0 csrrw zero, mtvec, t0
0x34 csrrw zero, mstatus, t0  csrrw zero, mstatus, t0
0x38 ori t0, t0, 8 ori t0, t0, 8
0x3C csrrw zero, mstatus, t0 csrrw zero, mstatus, t0
0x40 csrrw zero, mie, t0 csrrw zero, mie, t0
0x44 ori t0, t0, 8 ori t0, t0, 8
0x48 csrrw zero, mie, t0 csrrw zero, mie, t0
0x4C lia7, 11 addi a7, x0, 11
0x50 lia0, 'x' addi a0, x0, 120
0x54 ecall ecall
0x58 lito, 0 addi t0, x0, 0
0x5C jrra jalr x0, O(ra)
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Soporte para llamadas: ejemplo Ejemplo
"

T*F CREATOR View Tools Help ("Reset M step P Run © Sentinel [ &1 Welcome to new CREATOR! For previous version, click here. X o A % . 8
\,
Address User Instruction Loaded Instructions £ Registers m Memory S Trroftoe] |~ statistics
0x0 (rti la t0, 0xFO0O00008 auipc t0, -65536
¢# 0x4 addi to, t0, 8

0x8 la t1, 0xFOO00000 auipc t1, -65536

B 0xC addi t1, t1, -8
0x10 sw a0, 0(t0) sw a0, 0(t0)
0x14 lito, 11 addi t0, x0, 11

L
0x18 sw t0, O(t1) sw t0, 0(t1)

g 0x1C mret mret
0x20 main la to, rti auipc t0, 0 @
0x24 addi t0, t0, -32
0x28 lit1, 2 addi t1, x0, 2
0x2C sl t0, tO, t1 sl t0, t0, t1
0x30 csrrw zero, mtvec, 10 csrrw zero, mtvec, t0
0x34 csrrw zero, mstatus, t0 csrrw zero, mstatus, t0
0x38 ori t0, t0, 8 ori t0, t0, 8
0x3C csrrw zero, mstatus, t0  csrrw zero, mstatus, t0
0x40 csrrw zero, mie, t0 csrrw zero, mie, t0
0x44 ori t0, t0, 8 ori t0, t0, 8
0x48 csrrw zero, mie, t0 csrrw zero, mie, t0
0x4C lia7, 11 addi a7, x0, 11
0x50 li a0, 'x' addi a0, x0, 120
0x54 ecall ecall
0x58 lit0, 0 addi t0, x0, 0
0x5C jrra jalr x0, O(ra)
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http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
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Soporte para llamadas: ejemplo Ejemplo

Configuration

Notification Time (ms): 1500

Interrupt handler: Custom (architecture)

9 CREATOR

Execution Autoscroll: —L

Automatic backup:

Theme:

Debug:

Sidebar Mode:

Vim mode:

Vim Custom Keybinds:

Register Name Representation:

Kernel Simulator:

'O Reset to Defaults
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Soporte par~ llamadas: ejemplo

i’#f CREATOR View Tools Help

® Reset M Step P Run

l €1 Welcome to new CREATOR! For previous version, click here.

Address User Instruction Loaded Instructions
0x0 (rti la t0, 0xFO000008 auipc t0, -65536
‘ '&# 0x4 addi t0, t0, 8

0x8 la t1, 0xFOO00000 auipc t1, -65536

B 0xC addi t1, t1, -8
0x10 sw a0, 0(t0) sw a0, 0(t0)
0x14 li t0, 11 addi t0, x0, 11

o
0x18 sw t0, O(t1) sw t0, 0(t1)

] 0x1C mret mret | next |
0x20 (main) la tO, rti auipc t0, 0
0x24 addi to0, t0, -32
0x28 lit1,2 addi t1, x0, 2
0x2C sl t0, t0, t1 sl 10, O, t1
0x30 csrrw zero, mtvec, t0 csrrw zero, mtvecg, t0
0x34 csrrw zero, mstatus, t0  csrrw zero, mstatus, t0
0x38 ori t0, t0, 8 ori t0, t0, 8
0x3C csrrw zero, mstatus, t0  csrrw zero, mstatus, tO
0x40 csrrw zero, mie, t0 csrrw zero, mie, t0
Ox44 ori t0, t0, 8 ori t0, t0, 8
0x48 csrrw zero, mie, t0 csrrw zero, mie, t0
0x4C lia7, 11 addi a7, x0, 11
0x50 li a0, 'x* addi a0, x0, 120
0x54 ecall ecall next
0x58 lit0, 0 addi t0, x0, 0
0x5C jrra jalr x0, 0(ra)
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https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=.text%0A%20%20%20rti%3A%0A%20%20%20%20%20%20%23%20t0%20%3C-%20console%20data%20addr%0A%20%20%20%20%20%20la%20t0%2C%200xF0000008%0A%20%20%20%20%20%20%23%20t1%20%3C-%20console%20ctrl%20addr%0A%20%20%20%20%20%20la%20t1%2C%200xF0000000%0A%0A%20%20%20%20%20%20%23%20console%20data%20%3C-%20a0%0A%20%20%20%20%20%20sw%20a0%2C%200(t0)%0A%20%20%20%20%20%20%23%20console%20ctrl%20%3C-%2011%0A%20%20%20%20%20%20li%20t0%2C%2011%0A%20%20%20%20%20%20sw%20t0%2C%200(t1)%0A%0A%20%20%20%20%20%20%23%20return%20from%20interrupt%0A%20%20%20%20%20%20mret%0A%0A%20%20%20main%3A%0A%20%20%20%20%20%20%23%20load%20rti%20addr%20to%20mtvec%0A%20%20%20%20%20%20la%20%20t0%2C%20rti%0A%20%20%20%20%20%20li%20%20t1%2C%202%0A%20%20%20%20%20%20sll%20t0%2C%20t0%2C%20t1%0A%20%20%20%20%20%20csrrw%20zero%2C%20mtvec%2C%20t0%0A%0A%20%20%20%20%20%20%23%20enable%20interrupts%20(MIE%3D1)%0A%20%20%20%20%20%20csrrw%20zero%2C%20mstatus%2C%20t0%0A%20%20%20%20%20%20ori%20t0%2C%20t0%2C%208%0A%20%20%20%20%20%20csrrw%20zero%2C%20mstatus%2C%20t0%0A%0A%20%20%20%20%20%20%23%20enable%20software%20interrupts%20(MSIE%3D1)%0A%20%20%20%20%20%20csrrw%20zero%2C%20mie%2C%20t0%0A%20%20%20%20%20%20ori%20t0%2C%20t0%2C%208%0A%20%20%20%20%20%20csrrw%20zero%2C%20mie%2C%20t0%0A%0A%20%20%20%20%20%20%23%20generate%20interrupt%0A%20%20%20%20%20%20li%20a7%2C%2011%0A%20%20%20%20%20%20li%20a0%2C%20'x'%0A%20%20%20%20%20%20ecall%0A%0A%20%20%20%20%20%20li%20t0%2C%200%0A%20%20%20%20%20%20jr%20ra

Modos de ejecucion en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Transiciones:

Usuario a kernel (trap) .........................................................................................................................
Kernel a usuario/a (retorno de trap) ..............................................................................................
Llamada Interrupcion
al sistema Excepcion hardware
ARCOS Eﬂ https://creatorsim.github.io/creator-wiki/development/privileged.html 124
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Soporte para excepciones

» Gestionado desde la instruccion tras una validacion

Usado para excepciones aritméticas (0/0) y de proteccion (direccion no valida).

ARCOS [
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Edit Architecture

2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
21e3
2104

# R-type instructions
- name: div
template: R
fields:
- field: opcode
value: "@lleell"
- field: funct?
value: "0000001"
- field: funct3
value: "1@0"
definition: |
if (registers[rs2] !'= 0) {
registers[rd] = BigInt.asIntN(
32,
(BigInt.asIntN(32, BigInt(registers[rsl])) / BigInt.asIntN(32, BigInt(registers[rs2])))
);

1

else CAPI.VALIDATION.raise('Division by zero not allowed');
‘ﬂH?fET'F!F?BFH'!H'xEEN'B!!!'By'lEEN'B!!!'!!!H!H'!ﬂ!ﬂ!!"!!ﬂ!!!ﬂﬂ'ﬂ?llsl by

rs2, rounding towards zero.
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Soporte para excepciones: ejemplo Ejemplo

2 ) N\
* CREATOR View File Library Help A Assemble  #) Assemble &Run  {%# Vim: off SO W «
——— 1  .text )
2 in:
®H la to, ©
4 div t1, te, te
I 5
-] 6 jr ra
7
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Soporte para excepciones: ejemplo
3
§ CREATOR View Tools Help ® Reset m 8 stop © Sentinel

Address User Instruction Loaded Instructions 8 Registers I Memory > Tarminal
0x0 @main) lat0, 0 auipc t0, 0
) v Control registers
¢¢ Ox4 addi t0, t0, 0
pc mepc mcause
0x8 div t1, t0, t0 div t1, t0, t0 FFFFFFFE 00000000 00000000
B alr x0, O(ra mstatus mip mie
00000008 00000000 00000888
mtime mtimecmp
00000004 00000000
< .
v Integer registers
a X0 | zero x1|ra x2 | sp
00000000 FFFFFFFF OFFFFFFC
x4 | tp x5 | t0 x6 | t1
00000000 00000000 00000000
x8 | fp | sO x9 | s1 x10 | a0
00000000 00000000 00000000
x12 | a2 x13 | a3 x14 | a4
00000000 00000000 00000000
x16 | a6 x17 | a7 x18 | s2
00000000 00000000 00000000
x20 | s4 x21| s5 x22 | s6
00000000 00000000 00000000
x24 | s8 x25 | s9 x26 | s10
00000000 00000000 00000000
x28 | t3 x29 | t4 x30 | t5
00000000 ©00000¢

v Floating point registe
fo | ft0 fl]

'Division by zero not allowed

ARCOS [

@ A%

|~ Statistics

Hex v

mtvec
00000000

mscratch
00000000

Hex v

x3 | gp
00000000

x7 | t2
00000000

x11 | a1
00000000

x15 | a5
00000000

x19 | s3
00000000

x23 | s7
00000000

x27 | s11
00000000

x31] t6

There has been an exception. Error description:

X

Ejemplo
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Modos de ejecucion en CREATOR

» Modos incluidos:
Modo usuario/a (no privilegiado)

Modo kernel (privilegiado)

» Transiciones:

Usuario a kernel (trap) .........................................................................................................................
Kernel a usuario/a (retorno de trap) ..............................................................................................
Llamada Interrupcion
al sistema Excepcion hardware
ARCOS Eﬂ https://creatorsim.github.io/creator-wiki/development/privileged.html 128
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Soporte para interrupciones

» Manejador definido por la arquitectura

Precisa definir el manejador en el programa ensamblador

Precisa un dispositivo que genere interrupciones

ARCOS [

Edit Architecture

4157
4158
4159
4160
4161
4162
4163
4164
4165
4166
4167
4168
4169
4170
4171

timer:
tick_cycles: 1
advance: |
registers.mtime = (registers.mtime + 1n) % (2n**32n - 1n);

P—
handler: |
if (registers.mtime === registers.mtimecmp) {
CAPI.INTERRUPTS.create(InterruptType.Timer);
}

is_enabled: |

return !! (registers.mie & 2n ** 7n); // MTIE
enable: |

registers.mie |= 2n ** 7n; // MTIE = 1
disable: |

registers.mie &= ~(2n ** 7n); // MTIE = ©
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Soporte para interrupciones: ejemplo Ejemplo

2 ) \_/

* CREATOR View File Library Help 2 Assemble Ule&kun i# Vim: off [ €l Welcome to new CREATOR! For previous version, click here. X © A
1 .text e
2 rti:
# 3 # [to, t1] <- console [data, ctrl.] addr
4 la to, 0xFoooeees
% 5 la t1, 0xFo00R000
% s
7 # print('x’', 11)
8 1i a0, 'x'
e 9 sw a0, 0(te)
10 1 te, 1f
11 sw t0, 0(t1)
12
.T. 13 # return from interrupt
14 mret
15
& 16 main:
17 # load rti addr to mtvec
Co 18 la tO, rti
19 1. #3502
20 sll te, te, ti1
21 csrrw zero, mtvec, t0
22
23 # enable interrupts (mstatus=1000b)
- 24 csrrw zero, mstatus, tO
m o ori to, t0, 8
26 csrrw zero, mstatus, tO
27
E 28 # set timer (mtimecmp=15)
29 111015
30 csrrw zero, mtimecmp, t0
31
32 # enable timer (MIE=2"7)
33 csrrw zero, mie, t0
34 ori to, te, 128
35 csrrw zero, mie, t0
36
37 # wait for interrupt...
38 1i t5, @
39 1i t6, 10
40 11: beq t5, t6, el
41 addi t5, t5, 1
42 beq x0, x0, 11
43 el: # end
44 jr ra

45
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Soporte para interrupciones: ejemplo

ARcos (1)

-7

Configuration

Notification Time (ms):
Interrupt handler:

Execution Autoscroll:

Automatic backup:
Theme:

Debug:

Sidebar Mode:
Vim mode:

Vim Custom Keybinds:

Register Name Representation:

Kernel Simulator:

O Reset to Defaults

1500

Custom (architecture)

@
@

Ejemplo

131



http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&asm=.text%0D%0A%20%20%20rti%3A%0D%0A%20%20%20%20%20%20%23%20%5Bt0%2C%20t1%5D%20%3C-%20console%20%5Bdata%2C%20ctrl.%5D%20addr%0D%0A%20%20%20%20%20%20la%20t0%2C%200xF0000008%0D%0A%20%20%20%20%20%20la%20t1%2C%200xF0000000%0D%0A%0D%0A%20%20%20%20%20%20%23%20print('x'%2C%2011)%0D%0A%20%20%20%20%20%20li%20a0%2C%20'x'%0D%0A%20%20%20%20%20%20sw%20a0%2C%200(t0)%0D%0A%20%20%20%20%20%20li%20t0%2C%2011%0D%0A%20%20%20%20%20%20sw%20t0%2C%200(t1)%0D%0A%0D%0A%20%20%20%20%20%20%23%20return%20from%20interrupt%0D%0A%20%20%20%20%20%20mret%0D%0A%0D%0A%20%20%20main%3A%0D%0A%20%20%20%20%20%20%23%20load%20rti%20addr%20to%20mtvec%0D%0A%20%20%20%20%20%20la%20%20t0%2C%20rti%0D%0A%20%20%20%20%20%20li%20%20t1%2C%202%0D%0A%20%20%20%20%20%20sll%20t0%2C%20t0%2C%20t1%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mtvec%2C%20t0%0D%0A%0D%0A%20%20%20%20%20%20%23%20enable%20interrupts%20(mstatus%3D1000b)%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mstatus%2C%20t0%0D%0A%20%20%20%20%20%20ori%20t0%2C%20t0%2C%208%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mstatus%2C%20t0%0D%0A%0D%0A%20%20%20%20%20%20%23%20set%20timer%20(mtimecmp%3D15)%0D%0A%20%20%20%20%20%20li%20t0%2C%2015%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mtimecmp%2C%20t0%0D%0A%0D%0A%20%20%20%20%20%20%23%20enable%20timer%20(MIE%3D2%5E7)%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mie%2C%20t0%0D%0A%20%20%20%20%20%20ori%20t0%2C%20t0%2C%20128%0D%0A%20%20%20%20%20%20csrrw%20zero%2C%20mie%2C%20t0%0D%0A%0D%0A%20%20%20%20%20%20%23%20wait%20for%20interrupt...%0D%0A%20%20%20%20%20%20li%20t5%2C%20%200%0D%0A%20%20%20%20%20%20li%20t6%2C%2010%0D%0A%20%20l1%3A%20beq%20%20t5%2C%20t6%2C%20e1%0D%0A%20%20%20%20%20%20addi%20t5%2C%20t5%2C%201%0D%0A%20%20%20%20%20%20beq%20%20x0%2C%20x0%2C%20l1%0D%0A%20%20e1%3A%20%23%20end%0D%0A%20%20%20%20%20%20jr%20ra%0D%0A

Soporte para interrupciones: ejemplo

( 5

# CREATOR View Tools Help

Address

‘ o, Ox4

0x8
B 0xC
0x10
0x14
0x18

B ox1C

0x20

0x24 (ain)

0x28
0x2C
0x30
0x34
0x38
0x3C
0x40
0x44
0x48
0x4C
0x50
0x54
0x58
0x5C

0x60 (@)

Ox64

0x68

0x6C @

User Instruction

la t1, 0xFO000000

li a0, %'

sw a0, 0(t0)
lito, 11

sw t0, 0(t1)
mret

la t0, rti

lit1,2

sll 10, t0, t1

csrrw zero, mtvec, t0
csrrw zero, mstatus, t0
ori t0, t0, 8

csrrw zero, mstatus, t0
lit0, 15

csrrw zero, mtimecmp, t0
csrrw zero, mie, t0

ori t0, t0, 128

csrrw zero, mie, t0
lit50

lite, 10

beq t5, t6, e1

addi t5, t5, 1

beq x0, x0, 11

jrra

O Reset w P Run B Siop

Loaded Instructions

addi t0, t0, 8

auipc t1, -65536

addi t1, t1, -8

addi a0, x0, 120

sw a0, 0(t0)

addi t0, x0, 11

sw t0, O(t1)

mret

auipc t0, 0

addi t0, t0, -36

addi t1, x0, 2

sll t0, t0, t1

csrrw zero, mtvec, t0
csrrw zero, mstatus, t0
ori t0, t0, 8

csrrw zero, mstatus, t0
addi t0, x0, 15

csrrw zero, mtimecmp, t0
csrrw zero, mie, t0

ori t0, t0, 128

csrrw zero, mie, t0
addi t5, x0, 0

addi t6, x0, 10

beq t5, t6, 12

addi t5, t5, 1

beq x0, x0, -8

jalr x0, O(ra)

0 Sentinel [ ¥ Welcome to new CREATOR! For previous version, click here. Lo W - |
1) Registers Memory >— Terminal |~ statistics
~ Control registers Hex
pe mepc meause mtvec mstatus
00000000 20000060 7 00000008
mip mie mseratch mtime mtimeemp
00000080 0000000F
Integer registers Hex v
X0 | zero x1|ra x2 | sp x3 | gp x4 | tp
08000000 FFFFFFFF OFFFFFFC 00000000 00000000
x5 | t0 X6 |1 X7 | t2 x8 | fp | s0 x9 | s1
0800008F 2 00000000
%10 | a0 x11 | al x12 | a2 13 | a3 x14 | a4
00000000 00000000 00000000
x15 | as x16 | a6 x17 | a7 x18 | s2 x19 | s3
00000000 00000000 00000000
%20 | s4 x21] s5 x22 | s6 %23 | s7 x24 | s8
08000000 00000000 00000000
25 | s9 x26 | s10 x27 | s1 x28 | t3 x29 | t4
08000000 00000000 00000000
X30 | t5 x31|t6
08000001 0000000A
Floating point registers Hex v
fo | fto f1]ft1 f2 | fe2 3] ft3 4] fta
5 | ft5 6 | ft6 7] f27 f8 | fs0 9| fs1
10 | fa0 11 fa1 12 | fa2 13 | fa3 14 | fad
15 | fas 16 | fa6 17 | fa7 18 | fs2 19 | fs3
20 | fs4 21 fs5 22 | fs6 23 | fs7 f24 | fs8
25 | 159 26 | fs10 27 | 1s11 f28 | ft8 29 | fto
30 | ft10 31 ft11

ARCOS [T

Ejemplo
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Soporte para interrupciones: ejemplo Ejemplo
I

{‘#* CREATOR View Tools Help O Reset ﬂ_Siep P Run 0 Sentinel | 1 Welcome to new CREATOR! For previ¢ 6 lick here. X {5} A *
Address User Instruction Loaded Instructions & Registers = Memory 5 Terminal I~ statistics
0x0 {rti la t0, 0xFO000008 auipc t0, -65536
ﬂh Ox4 addi t0, t0, 8
0x8 la t1, 0xFOOO0000 auipc t1, -65536
B 0xC addi t1, t1, -8
0x10 li a0, 'x' addi a0, x0, 120
. 0x14 sw a0, 0(t0) sw a0, 0(t0)
T e lit0, 11 addi t0, x0, 11
E 0x1C sw t0, 0(t1) sw 10, O(t1)
0x20 mret mret @
0x24 (main) |a t0, rti auipc t0, 0
0x28 addi t0, t0, -36
0x2C lit1, 2 addi t1, x0, 2
0x30 sll t0, t0, t1 sl 10, t0, t1
0x34 csrrw zero, mtvec, t0 csrrw zero, mtvec, t0
0x38 csrrw zero, mstatus, t0 csrrw zero, mstatus, t0
0x3C ori t0, 10, 8 ori 0, t0, 8
0x40 csrrw zero, mstatus, t0 csrrw zero, mstatus, t0
Ox44 lit0, 15 addi t0, x0, 15
0x48 csrrw zero, mtimecmp, t0  ¢srrw zero, mtimecmp, t0
0x4C csrrw zero, mie, t0 csrrw zero, mie, t0
0x50 ori t0, 10, 128 ori t0, t0, 128
0x54 csrrw zero, mie, tO csrrw zero, mie, t0
0x58 lit5, 0 addi t5, x0, 0
0x5C lit6, 10 addi t6, x0, 10
0x60 (1 beq t5, 6, e1 beq t5, 16, 12
0x64 addi t5, t5, 1 addit5, t5, 1
0x68 beq x0, x0, 11 beq x0, x0, -8 next
0x6C (et jrra jalr x0, O(ra)
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Ejercicio

rti:
# [tO, tl] <- [data addr, ctrl. addr]
la to, 0xFo000008 » De un “disparo” (one-shot)
la t1, 0xFOE000V . .
» Si se precisa lanzar
# console print("x’, 11) interrupcion de forma
1i a@, 'x' cr i
sw 20, 0(to) periodica entonces al final del
1i to, 11 tratamiento de interrupcion
sw to, o(tl) ,
hay que programar cuando
# TODO: programar siguiente interrupciodn sera la siguiente.
# return from interrupt
mret
ARCOS [
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Posible solucion Ejemplo

rti:
# [tO, tl] <- [data addr, ctrl. addr]
la to, 0xFo000008 » De un “disparo” (one-shot)
la t1, @xFO00R000 . .
» Si se precisa lanzar
# console print("x’, 11) interrupcion de forma
1i a0, 'x' e e .
sw 20, 0(to) periodica entonces al final del
1i to, 11 tratamiento de interrupcion
sw to, o(tl) ,
hay que programar cuando
# programar siguiente interrupciodn sera la siguiente.
» Incrementar registro mtimecmp
al numero de ciclos futuro.
# return from interrupt
mret
ARCOS [
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Bloque 2

» Dispositivos y soporte de interrupciones

» Integracion de CREATOR con hardware real
Microcontroladores
Placas SBC
Servicio de laboratorio remoto
Integracion con Arduino (CREATino)
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Integracion de CREATOR con hardware real

» CREATOR como entorno de desarrollo intermedio
Integra lenguaje ensamblador y hardware real

Permite a los estudiantes ver las implicaciones de su codigo cuando ejecuta sobre
hardware real

>

CREATOR 7]
Gateway E ‘l

il

"2\
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Integracion de CREATOR con hardware real

» Cuadro de dialogo Target Board Flash »
Permite al usuario Cargar y ejecutar eI Local Device ~ Remote Device
programa en el dispositivo hardware Device type:

desde CREATOR O Espressif ~ SBC

Target board:

Permite definir los parémetros ESP32-C3 (RISC-) v
necesarios Para realizar estas aCCioneS Target port (please verify the port on your computer):

rfc2217://host.docker.internal:40007ign_set_control

Modelo del dispositivo hardware

(3) Flash URL:
Puerto de ConeXién http://localhost:8080
URL del servicio web % Flash 2 Monitor

@ Clean ¥ Debug

#¢ Erase Flash

For instructions on how to use this feature, please refer to the
CREATOR Gateway Documentation.
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Integracion de CREATOR con hardware real

» Servicio web
Framework Flask de Python3

Intermediario entre la interfaz web y
los drivers del dispositivo hardware
Operaciones:

Flash

Monitor

Clear
Debug

Contenedor Docker

ARCOS [

ESP32

CREATOR . B Shell
Service (idf.py)
% Flash
| —M
) asm_build()
fullclean
4 output
set-target |
” output
build R
” output
flash "
d output
. status ”
— )
monitor
syscalls
status ”
" status
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Microcontroladores

» Arquitectura RISC-V

» Espressif ESP32
ESP32 C3
ESP32 Cé6
ESP32 H2
» Ventajas
Menor coste economico

Mayor familiaridad

» Desventajas
Menor potencia de computo

Juego de instrucciones reducido

ARCOS [ -
'—@—@—'-—g

Target Board Flash X

Local Device Remote Device

Device type:
© Espressif SBC
Target board:

ESP32-C3 (RISC-V) v

Target port (please verify the port on your computer):
rfc2217://host.docker.internal:40007ign_set_control
(3) Flash URL:

http://localhost:8080

% Flash & Monitor

W Clean ¥ Debug

»° Erase Flash

For instructions on how to use this feature, please refer to the
CREATOR Gateway Documentation.
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Placas SBC

» Arquitectura RISC-V

» Placas SBC:
OrangePi RV2
Nezha D|-H 64 bit RISC-V
» Ventajas
Mayor potencia de computo
Juego de instrucciones completo
» Desventajas

Mayor coste economico
Mayor complejidad de configuracion

ARCOS [ -
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Target Board Flash X

Local Device Remote Device

Device type:
Espressif @ SBC
Target board:

SBC (RISC-V) v

Target user: (please verify your board user)
ubuntu@10.0.0.1

Target location: (please verify the route exists in your board)
~fcreator

(3) Flash URL:

http://localhost:8080
% Flash & Monitor
W Clean ¥ Debug

¢ Erase Flash

For instructions on how to use this feature, please refer to the
CREATOR Gateway Documentation.
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Ejercicio guiado — Microcontrolador ESP32
Despliegue Linux

I Instalar Docker Engine
2. Descargar el contenedor Docker del Gateway de CREATOR

https://hub.docker.com/repository/docker/creatorsim/creator-gateway-esp32

3. Conectar el microcontrolador al ordenador (evitar utilizar HUBs de USBs)

4. Verificar el puerto donde se ha conectado. Habitualmente se encuentra en el
directorio /dev/. Por defecto:

Linux: /dev/ttyUSB*

5. Ejecutar el contenedor en la terminal:

docker run --rm --name creator-gateway-esp32 -it --init --device=<puerto> \
--add-host=host.docker.internal:host-gateway \
-p 8080:8080 -p 5000:5000 creatorsim/creator-gateway-esp32

ARCOS D—Q
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Ejercicio guiado — Microcontrolador ESP32
Despliegue Windows

I, Instalar Docker Desktop
2. Descargar el contenedor Docker del Gateway de CREATOR

https://hub.docker.com/repository/docker/creatorsim/creator-gateway-esp32

3. Conectar el microcontrolador al ordenador (evitar utilizar HUBs de USBs)

4. Verificar el puerto donde se ha conectado. Administrador de dispositivos. Por
defecto:

Windows: COM3

5. Configurar el puerto serie remoto:
Descargar la herramienta esptool: https://github.com/espressif/esptool/releases

Ejecutar en el CMD la herramienta: esp_rfc2217_server -v -p 4000 <puerto COMx>

6. Ejecutar el contenedor en el CMD:

docker run --rm --name creator-gateway-esp32 -it --init -p 8080:8080 -p 5000:5000 \
--add-host=host.docker.internal:host-gateway creatorsim/creator-gateway-esp32:latest

ARCOS [
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Ejercicio guiado — Microcontrolador |

* CREATOR View File Library Help

| #

-

b

@

>/

ARCOS [
l@—@—l—g

W 0 N O Vs WwN P

W W W w wwwhNNNDNNNNDNNNNNRRR}R[R |2 |2 |2 |2 |2
AV A WNEOWOVUOKNOTUVA,RWNERO®OURNOUVA,WNEREOS®

4

Pad AssembIeI =) Assemble & Run I{Z Vim: off

# ARCOS.INF.UC3M.ES

# BY-NC-SA (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es)

#

.text

main:

addi sp, sp, -4
sw ra, 9(sp)

# t1 = factorial(5)
1i ao, 5
jal x1, factorial

# print_1int(t1)
1i a7, 1
ecall

# return

1w ra, 0(sp)
addi sp, sp, 4
1i a7, 10
ecall

factorial:

# crear "stack frame" para $ra, $fp y una variable Local
addi sp, sp, -12

sw ra, 8(sp)

sw fp, 4(sp)

addi fp, sp, 4

# 1f (a0 < 2):
# return 1

LSP32

Programa
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Ejercicio guiado — Microcontrolador |

# CREATOR View Tools Help () Reset B Step P Run B Siop O Ssentinel

Address User Instruction Loaded Instructions <

{=F Registers

v Control registers
ﬁﬂ Ox4 sw ra, O(sp) sw ra, O(sp)
pc mepc
0x8 li a0, 5 addi a0, x0, 5 00000000 00000000
B 0xC jal x1, factorial jal x1, 28 mip mie
5 X 00000000 00000888
0x10 lia7, 1 addi a7, x0, 1
0x14 ecall ecall v Integer registers
< x0 | zero x1 | ra
0x18 Iw ra, O(sp) Iw ra, O(sp) 00000000 FFFFFFFF
E 0x1C addi sp, sp, 4 addi sp, sp, 4 x5 | t0 X6 | 1
0x20 li a7, 10 addi a7, x0, 10 00000000 00000000
0x24 ecall ecall SISD SIS
00000000 00000000
0x28 ( factorial addi sp, sp, -12 addi sp, sp, -12 X15 | a5 X16 | a6
0x2C sw ra, 8(sp) sw ra, 8(sp) 00000000 00000000
0x30 sw fp, 4(sp) sw fp, 4(sp) x20 | s4 x21] s5
00000000 00000000
0x34 addi fp, sp, 4 addi fp, sp, 4
x25 | s9 x26 | s10
0x38 li x5, 2 addi x5, x0, 2 00000000 00000000
0x3C bge a0, t0, b_else bge a0, t0, 12 x30 | t5 x31| t6
A X 00000000 00000000
0x40 li a0, 1 addi a0, x0, 1
vt Clantimm inatind vamicdkav.

ARCOS [

o Memory

mcause
00000000

mscratch
00000000

x2 | sp
OFFFFFFC

X7 | t2
00000000

x12 | a2
00000000

x17 | a7
00000000

x22 | s6
00000000

x27 | s11
00000000

LSP32

>— Terminal

mtvec
00000000

mtime
000EEE00O

x3 | gp
00000000

x8 | fp | sO
00000000

x13 | a3
00000000

x18 | s2
00000000

x23 | s7
00000000

x28 | 3
00000000

© A
|~ Sstatistics

Hex v

mstatus
00000008

mtimecmp
00000000

Hex v

x4 | tp
00000000

x9 | s1
00000000

x14 | a4
00000000

x19 | s3
00000000

x24 | s8
00000000

x29 | t4
00000000

o
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Ejercicio guiado — Microcontrolador ESP32

I. Cargar el programa ensamblador en el microcontrolador:

Abrir el cuadro de dialogo de la funcionalidad Flash:

View — Simulator — Tools — Flash

Cumplimentar el formulario web:
Target Board Flash: Local Device
Device type: Espressif
Target Board: ESP32 C6 (RISC-V)
Target port: <puerto donde esta conectado el microcontrolador>
Flash URL: http://localhost:8080

Accion Flash

ARCOS [ -
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Ejercicio guiado — Microcontrolador |

ARcos (1)

-7

Target Board Flash

Local Device Remote Device

Device type:
O Espressif SBC
Target board:

ESP32-C6 (RISC-V)

Target port (please verify the port on your computer):
rfc2217://host.docker.internal:4000?ign_set_control
Flash URL:

http://localhost:8080

y Erase Flash @ Stop

For instructions on how to use this feature, please refer to the
CREATOR Gateway Documentation.
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Ejercicio guiado — Microcontrolador ESP32

esptool.py vi.8.1

Serial port rfc2217://host.docker.internal:u4@00?ign_set_control
Connecting. ..

Device PID identification is only supported on COM and /dev/ serial ports.

Chip is ESP32-C6FH4 (QFN32) (revision v0.2)
Features: WiFi 6, BT 5, IEEE802.15.4
Crystal is uU4@MHz
MAC: fc:01:2c:ff:fe:f9:17:bc
BASE MAC: fc:01:2c:f9:17:bc
MAC_EXT: ff:fe
Uploading stub...
Running stub...
Stub running...
Changing baud rate to 460800
Changed.
Configuring flash size...
Flash will be erased from 0x00000000 to ©xQ0005fff...
Flash will be erased from 0x00010000 to Ox00039fff...
Flash will be erased from 0x00008000 to 0x00008fff...
SHA digest in image updated
Compressed 22256 bytes to 13315...
Writing at ©x00000000... (160 %)
Wrote 22256 bytes (13315 compressed) at 0x00000000 in 0.9 seconds (effective 194.4 kbit/s)...
Hash of data verified.
Compressed 172016 bytes to 87u4d5...
Writing at 0x0003726c... (100 %)
Wrote 172016 bytes (87uUuU45 compressed) at 0x00010000 in 4.1 seconds (effective 335.5 kbit/s)...
Hash of data verified.
Compressed 3072 bytes to 103...
Writing at 0x00008000... (160 %)
Wrote 3072 bytes (103 compressed) at 0x00008000 in 0.6 seconds (effective 39.5 kbit/s)...
Hash of data verified.

Leaving. ..

Hard resetting via RTS pin...

Done

2026-06-09 14:28:u44, U416 — INFO — 172.17.0.1 — - [09/Jun/2026 14:28:4u4] "POST /flash HTTP/1.1" 200 -
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Ejercicio guiado — Microcontrolador ESP32

I. Ejecutar el programa ensamblador en el microcontrolador:
Accion Monitor

W (243) spi_flash: Detected size(4096k) larger than the size in the binary image header(20u48k). Using the size in the bin

ary image header.

Started program...

Finished program: 16518 cycles

2026-06-09 14:30:20,180 - INFO - 172.17.0.1 - - [09/Jun/2026 14:30:20] "OPTIONS /stopmonitor HTTP/1.1" 200 -
2026-06-09 14:30:20,196 — INFO - 172.17.0.1 - - [09/Jun/2026 14:30:20] "POST /stopmonitor HTTP/1.1" 200 -
2026-06-09 14:30:20,248 — INFO — 172.17.0.1 - — [09/Jun/2026 14:30:20] "POST /monitor HTTP/1.1" 200 -
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Servicio de laboratorio remoto

» Framework Flask de Python3 ® ®
» Evita tener que comprar el dispositivo — e e Y
hardware y configurar el entorno q e jer o o
» Permite ejecutar los programas B O By ™
ensamblador sobre diferentes B T s
dispositivos hardware o
» Multiples usuarios trabajan sobre los , [G”] o | e
mismos dispositivos hardware - el S
Sistema de colas I
Envio de los resultados por correo - -  eaoar 2 '
electronico e PO AT SONPSIN :-=pr=- SR :
O,

» Contenedor Docker
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Servicio de laboratorio remoto

» Framework Flask de Python3

Target Board Flash

» Evita tener que comprar el dispositivo
hardware y configurar el entorno

Local Device Remote Device

» Permite ejecutar los programas e
] Remote Device URL:
ensamblador SObre dlferentes hitp://kiwi.arcos.inf.uc3m.es:5000/

dispositivos hardware get boartt

» Multiples usuarios trabajan sobre los ESP32-C3 (RISC-V)
mlsmos d|SPOS|t|VOS hardware E-mail to receive the execution results:

carlos.tercero@alumnos.uc3m.es

Sistema de colas
)
Envio de los resultados por correo

eleCtrOniCO For instructions on how to use this feature, please refer to the
CREATOR Remote Laboratory Documentation.
» Contenedor Docker
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Servicio de laboratorio remoto

» Framework Flask de Python3 Target Board Flash
» Evita tener que comprar el dispositivo
hardware y configurar el entorno ocal Device | Remote Device
» Permite ejecutar los programas Remote Device URL
ensamblador sobre diferentes nitpif areos nfucim <3000/
dispositivos hardware ferget board
ESP32-C3 (RISC-V)
» Multiples usuarios trabajan sobre los PSRN

mismos diSPOSitiVOS hardware carlos.tercero@alumnos.uc3m.es
Sistema de COIaS Last program status: Queue position: 67

Envio de los resultados por correo
electronico

For instructions on how to use this feature, please refer to the

4 ContenedOI" DOCker CREATOR Remote Laboratory Documentation.
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Servicio de laboratorio remoto

[CREATOR] Remote device results a &
» Framework Flask de Python3 bt
» Evita tener que comprar el dispositivo e
. creator.arcos.int.ucam.es@gm... d 41 (hace 2 minutos)
hardware y configurar el entorno O
. . Remote device 10=0 has been successfully completed, the execution results are

» Permite e]ecutar los programas attached

ensamblador sobre diferentes Sncerely.

dispositivos hardware

hitps://creatorsim. github.io/

» Multiples usuarios trabajan sobre los
mismos dispositivos hardware

Sistema de colas

1 archivo adjunto- Analizado por Gmail @

Envio de los resultados por correo
eleCtréniCO B remote_device O.... '

» Contenedor Docker

':: & Responder :] ':: ~* Reenviar ::'

ARCOS @—Q
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Servicio de laboratorio remoto

» Despliegue del servicio de laboratorio:

Descargar la imagen Docker
https://hub.docker.com/r/creatorsim/creator-
remote-lab

Crear la siguiente estructura de ficheros

creator-remote-lab/
f— compose.yaml

- results/

- config/

| f— deployment.json

Crear el fichero compose.yaml

ARCOS 'Eﬁ
[ aagse Sl

5

ervices:

creator-remote-lab:
image: creatorsim/creator-remote-lab:latest
volumes:
- ./config:/app/config
- ./results:/app/results
ports:
- "5000:5000"
environment:
- EMAIL=test@inf.uc3m.es # google mail address

- PASSW=abcdefghijklmnop # google app password

target-9:
image: creatorsim/creator-gateway-esp32:latest
devices:
- fdev/ttyUSBe
stdin_open: true

tty: true

target-1:
image: creatorsim/creator-gateway-esp32:latest
devices:
- fdev/ttyUSB1
stdin_open: true

tty: true
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Servicio de laboratorio remoto

» Despliegue del servicio de laboratorio:
Crear el fichero config/deployment.json

{
"target-0": {
"target board": "esp32c3”,
"target_port": "/dev/ttyUSB@",
"target url": "http://target-0:8080"
¥
"target-1": {
"target_board": "esp32c3”,
"target port™: "/dev/ttyUSB1",
"target_url": "http://target-1:8080"
b
¥

Desplegar con Docker Compose
docker compose up

ARCOS [ -

http://kiwi.arcos.inf.uc3m.es:8080/creator

http://kiwi.arcos.inf.uc3m.es:5000
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Integracion con Arduino (CREATino

» Biblioteca nativa en
CREATOR

» Permite la simulacion de los
puertos GPIO del hardware

en la interfaz web de
CREATOR

» Permite utilizar los puertos
GPIO de los dispositivos
hardware en los programas
ensamblador

ARCOS [ |-

T

“

CREATOR View Tools

Address
uxIru

0x174
0x178
0x17C
0x180
0x184 (288
0x188
0x18C
0x190

0x194

0x198
0x19C
0x1A0
Ox1A4
Ox1A8
0x1AC
0x1BO
0x1B4
0x1B8
0x1BC
0x1CO
0x1C4
0x1C8

Help O Reset

User

Instruction
SW ra, u(sp)

jal ra, pinMode
Iw ra, O(sp)
addi sp, sp, 4
jrra

li a0,7

lial, Ox1

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

jal ra,
digitalWrite

Iw ra, O(sp)
addi sp, sp, 4

la a0, time

Ilw a0, 0(a0)
addi sp, sp, -4
swra, 0(sp)
jal ra, delay
Iw ra, O(sp)
addi sp, sp, 4
li a0, 7

li a1, 0x0

addi sp, sp, -4

M step

Loaded Instructions
SW ra, ulsp)

jalra, -364

Iw ra, O(sp)
addi sp, sp, 4
jalr x0, O(ra)
addi a0, x0, 7
addi a1, x0, 1
addi sp, sp, -4
sw ra, O(sp)

jal ra, -392

Iw ra, O(sp)
addi sp, sp, 4
auipc a0, 512
addi a0, a0, -416
Iw a0, 0(a0)
addi sp, sp, -4
sw ra, O(sp)
jal ra, -256

Iw ra, O(sp)
addi sp, sp, 4
addi a0, x0, 7
addi a1, x0,0

addi sp, sp, -4

P Run B Stop

© Ssentinel

{8 Registers

Arduino Function Tracer

> initArduino()

pinMode(7,3)
digitalWrite(?7,
delay(1e60)
digitalwrite(7,
delay(1000)
digitalWrite(7,
delay(1060)
digitalWrite(7,
delay(1000)

digitalwrite(7,

delay(1000)

digitalwrite(7,
delay(1000)
digitalwrite(7,
delay(1600)
digitalwrite(7,

delay(1600)

1)

I Memory

>_ Terminal

Hardware View

= statistics

T AR

©Q Arduino

Vg ~
f\BOARD SELECTED:  ESP32-C6 DevKit v /

GPIO15 |
GPIO23 |
GPIO22 | |
GPI021 |
GPI020 |
GPI019 |
GPIO18 |
GPIO9 |

GPIO17 | |
GPI09 | )

GPIO13 |
GpI012 |
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Ejercicio guiado — CR.

* CREATOR View File

Library §Help

>/

=]

ARCOS [
l@—@—l—g

W 0 NV hk wWwN P

W W Wwwwwuw N NNNNONNNNONNNRRRBRRBRR[R |2 |2
AV hE WNRPSO® WOWOWNOMUDRRWNREOOOXNODUVAEWNEREO®

Q@

# Creatino Exampl

~ATino

»~ Assembl4 ) Assemble & Run I{& Vim: off

8 Led boards (ESP32-C6)

.data I, Load Library...
time:
.word 10¢ B Saveas Library..
.text
©0  Add Arduino Library
main:

addi sp, sp,
sw ra, @(sp)

Remove Library...

jal ra, initArduino

jal ra, setup
1w ra, @(sp)
addi sp, sp, 4
j loop

setup:
nop
loop:

#digitalWrite(LED_BUILTIN, HIGH);

1i ao,8

1i a1, ex1

addi sp, sp, -4
sw ra, @(sp)

jal ra, digitalWrite

1w ra, O(sp)
addi sp, sp, 4
#delay(1000);
la ao@, time

1w a@, ©(ae)
addi sp, sp, -4
sw ra, O(sp)
jal ra, delay
1w ra, @(sp)
addi sp, sp, 4

#digitallWrite(LED_BUILTIN, LOW);

1i ao,8

@

®

Programa

157


http://arcos.inf.uc3m.es/~ssdd/dokuwiki/lib/exe/detail.php?id=sidebar&cache=cache&media=arcos.jpg
https://creatorsim.github.io/creator/?architecture=RISC-V%20(RV32IMFD)&example_set=arduino&example=e1_b

*F CREATOR View Tools

Address

OxtO (serial write

0xf4 ( serial _printf

Help @ Reset

User Instruction
<<Hidden> >

<<Hidden>>

Ejercicio guiado — CREATIno

Pl Step P Run W Stop O Ssentinel

. a
Loaded Instructions i Registers M Memory
<<Hidden>>

Arduino Function Tracer

<<Hidden>>

ARCOS [ -

0x144 i ddi sp, sp, -4 ddi sp, sp, -4
X main addi sp, sp addi sp, sp initArduino()

0x148 sw ra, O(sp) sw ra, O(sp)

digitalwrite(8,
0x14C jal ra, initArduino jal ra, -332
0x150 jal ra, setup jalra, 16 delay(1660)
0x154 lw ra, O(sp) Iw ra, O(sp) digitalwrite(s,
0x158 addi sp, sp, 4 addi sp, sp, 4 delay(1000)
0x15C j loop beq zero, zero, 8

digitalwrite(8,
0x160 ( setup nop addi x0, x0, 0

delay(1leee)
0x164  laop li 20,8 addi a0, x0, 8 next | R
0x168 li a1, Ox1 addi a1, x0, 1 digitalurite(s,
0x16C addi sp, sp, -4 addi sp, sp, -4 delay(1000)
0x170 sw ra, 0(sp) sw ra, 0(sp)

jalra, .
0x174 . . jal ra, -360
digitalWrite

0x178 Iw ra, O(sp) Iw ra, O(sp)
0x17C addi sp, sp, 4 addi sp, sp, 4
0x180 la a0, time auipc a0, 512
0x184 addi a0, a0, -384 o

>_ Terminal

Hardware View

OJ TR

| Statistics I 0O Arduino

(BOARD SELECTED: | ESP32-C6 DevKit VI

)

GPIO4
GPIO5
GPIO6 |
GpIO7
GPIOO |
GPIO1
GPIO8 |
GPIO10
GPIO11
GPIO2 |
GPIO3

2

L
RST
2
4
L J
5
e
6
-
7
®
0
®
1
®
8
®
10
®
11
®
®
o
®
[ ]
G

GPIO15
GPIO23
GPIO22 |
GPIO21
GPIO20 |
GPIO19
GPIO18
GPIO9

GPIO17
GPIO9

GPIO13 |
GPIOT2
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Ejercicio guiado — CREATIno

I. Cargar el programa ensamblador en el microcontrolador:

Abrir el cuadro de dialogo de la funcionalidad Flash:

View — Simulator — Tools — Flash

Cumplimentar el formulario web:
Target Board Flash: Local Device
Device type: Espressif
Target Board: ESP32 C6 (RISC-V)
Target port: <puerto donde esta conectado el microcontrolador>
Flash URL: http://localhost:8080

Accion Flash

ARCOS EI—Q
[ g ooul 159
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ARCOS [

Target Board Flash

Local Device Remote Device

Device type:
O Espressif SBC

Target board:

ESP32-C6 (RISC-V)

v

Target port (please verify the port on your computer):
rfc2217://host.docker.internal:4000?ign_set_control
Flash URL:

http://localhost:8080

% Flash &3 Monitor

 Erase Flash @ Stop

For instructions on how to use this feature, please refer to the

CREATOR Gateway_Documentation.

a
v
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Ejercicio guiado — CREATIno

=hard_reset write_flash -—flash_mode dio --flash_freq 80m -—flash_size 2MB 0x© bootloader/bootloader.bin 0x10000 hello_world.bin 0x8000 partition_ta
ble/partition—table.bin

esptool.py v4.8.1

Serial port rfc2217://host.docker.internal:u4000?ign_set_control

Connecting...

Device PID identification is only supported on COM and /dev/ serial ports.

Chip is ESP32-C6FH4 (QFN32) (revision v0.2)
Features: WiFi 6, BT 5, IEEE802.15.4
Crystal is 4OMHz
MAC: fc:01:2c:ff:fe:f9:17:bc
BASE MAC: fc:01:2c:f9:17:bc
MAC_EXT: ff:fe
Uploading stub...
Running stub...
Stub running...
Changing baud rate to 460800
Changed.
Configuring flash size...
Flash will be erased from 0x00000000 to Ox0EOO5fff...
Flash will be erased from 0x00010000 to Ox0006T7fff...
Flash will be erased from ©x00008000 to Ox00008fff...
SHA digest in image updated
Compressed 22256 bytes to 13315...
Writing at Ox00000000... (100 %)
Wrote 22256 bytes (13315 compressed) at 0x00000000 in 0.9 seconds (effective 195.5 kbit/s)...
Hash of data verified.
Compressed 360160 bytes to 147934...
Writing at 0x00067ad8... (100 %)
Wrote 360160 bytes (147934 compressed) at Ox00010000 in 6.7 seconds (effective 432.4 kbit/s)...
Hash of data verified.
Compressed 3072 bytes to 103...
Writing at ©x00008000... (100 %)
Wrote 3072 bytes (103 compressed) at 0x00008000 in 0.6 seconds (effective 39.8 kbit/s)...
Hash of data verified.

Leaving...

Hard resetting via RTS pin...

Done

2026-06-09 14:38:47,448 - INFO - 172.17.0.1 - - [09/Jun/2026 14:38:47] "POST /flash HTTP/1.1" 200 -
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Ejercicio guiado — CREATIno

» Ejercicio |: Desarrollo de un semaforo con el LED integrado
Hay que utilizar rgbLedVVrite(pin, red, green, blue)

El amarillo se forma con la mezcla de rojo y verde

» Ejercicio 2: Desarrollo de un semaforo utilizando 3 LEDs

Recuerde utilizar una resistencia de 220 por cada LED

ARCOS [
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