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In 3 Parts...

Part 1: MIPS
Part 2: RISC-V

Part 3. Advanced topics



Part 1: MIPS



MARS

Java based MIPS simulator

Home page:
http://courses.missouristate.edu/KenVollmar/MARS/

Missouri State —
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pagrstuvwxyz

U NI V ERS I T Y

MARS (MIPS Assembler and Runtime Simulator)
An IDE for MIPS Assembly Language Programming

MARS is a lightweight interactive development environment (IDE) for programming in MIPS
assembly language, intended for educational-level use with Patterson and Hennessy's
Computer Organization and Design.

2 NO ADWARE
2 NO VIRUSES

Home
Features

Download certified by www.softpedia.com .
Feb. 2013: "MARS has been tested in the Softpedia labs
cense using several industry-leading security solutions and found to be completely clean of
adware/spyware components. ... Softpedia guarantees that MARS 4.3 is 100% FREE,
PaErs which means it does not contain any form of malware, including spyware, viruses,

trojans and backdoors.”

Help & Info
Download MARS from Soffpedia (version on Softpedia may lag behind the version on
Contact Us this page).

Download MARS 4.5 software! (Aug. 2014)
Note: Is your MARS text unreadably small? Download and use a new release Java

9, which contains a fix to automatically scale and size AWT and Swing components for
High Dots Per Inch (HIDPI) displays on Windows and Linux. Technical details.

New for 4.0: new editor, featuring multiple files, context-sensitive input, and
color-coding.


http://courses.missouristate.edu/KenVollmar/MARS/

Invocation (Linux):

File Edit View Search Terminal Help

telzur@GL553VD which mars
/home/telzur/bin/mars
telzur@GL553VD cat ~/bin/mars
#!/bin/sh

java -jar /home/telzur/science/Teaching/CPU/SW/MARS/Mars4 5.jar
telzur@GL553VD



File Edit Run Settings Tools Help

Cla[a3[s] 5 [WElo)E e o

Execute |

Run speed at max (no interaction)
=

[F] Text Segment

Registers r Coprocl r’ Coproc 0

MName

Number

Value

> B - é $Zero &) [¢]

Bkpt | Address Code Rasic Source “gat 1 €]
[] | oxo04 0x24020004|addiu §= 10: 11 $v0, 4 “|gve 2 g
; 0x00400004) 0x3c011001|Tul $1,409 11: la $a0, msgo gy 3 [¢]
L] | ox 0x34 ori $4,%1.0 |$a0 4 ¢]
L] | ox 0x yscall syscall “gal 5 [¢]
L[| | 0x00400010) Ox3c011001/Tui §1.4097 1i $s0, Ox100LOO00 # begining data segment 3az 6 0
[ 0x00400014| 0x343000000r1 $16.4$1,0 é $a3 7 [¢]
[l [ oxocdocois| O b $8.0($16) b $t0, 0x00($50) # load byte from Mem to Reg “|lgto g 0
0x0040001c) 0xB209000L/1k $9,1($16) 19: $t1, Gx01 ($s0) H$tl 9 o)

Ll 0%00400020) 0xB20a0002(lb $10,2($16) 20: §t2, 0x02($50) : $t2 10| [¢]
L] 0x00400024) 0x820b0003|lh $11,3($16) 21: 0x03($s0) é $13 \ 11 [¢]
L] 0x00400028| Ox3c0110011ul $1, 4097 24: 10010040 : 14 12| ¢]
0x0040062c| 0x34310046/ori $17.$1,64 13 [¢]

L[| | oxoed000R) oxa b 38,0($17) 26: sb 14 9
0x00400034) %a229000L/sb $9,1($17) 27 15| €]

Ll 0x 00400038 2a0002/sb 310,2($17) 15 [¢]
Dan-ﬂDDD3c| a h0003|sb $11.3($17) 17| [¢]
0x00400040]_0x 204 452 18| [¢)

1 $53 19 0
———— 354 20 (¢]
[ Data Segment 455 51 o
Address Walue (+4) 356 22| 6]
0x10010000)| 18697625 $s7 23 [¢]
0x10010020) 1753347 $t8 24| €]
0x10010040)| $19 25 [¢]
0x10010060) kO 26 g
0x10010080)| 27 [¢]
0x100100a0) 28| 268468224
0x100160c0) 29 2147479548
0x100100e0)| 30| [¢]
0x10010100) 31 0

0x10010120)
0x10010140)
0x10010160)
0x10016180)
0x100101a0]

4]

Invalid language element: @functilon

Error in /mnt/038d7f89-5713-462a-a%6h-aa%
Invalid language element: fp=xx

Error in /mnt/038d7f89-5713-462a-a96b-aa9afa3f6f93,/Teaching/CPU/lecture ine 20 column 14:
Invalid language element: @function

Error in /mnt/038d7f89-5713-462a-a%6b-aa9afa3f6f93/Teaching /CPU/ lectures /03/code/s11del23/s11del23_mnI]

Invalid language element: @function
Assemble: operation completed with errors,

Assemble: assembling /mnt/038d7T89-5713-4562a-a96b-aa%fa3f5f93,/Teaching/CPU/lectures /03 /code/simple_demos/1bsb.asm

/CPU/lectures/03/code/s1idel23/s1idel23_mips.asm line 5 column 10:

Assemble: operation completed successfully.

.module fp=xx

4194304

[¢]

[¢]




MARS

MIPS ¥-Ray - Animation of MIPS Datapath, Version 2.0 %
MIPS X-Ray - Animation of MIPS Datapath

Tools —» X-Ray
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SPIM | QtSPIM

https://spimsimulator.sourceforge.net/

About QESpim

QtSpim

Version 9.1.20 of August 29, 2017
SPIM is a simulator of the MIPS R3000 processor.
Copyright (c) 1990-2015, James R. Larus (larus@larusstone.org).
SPIM is distributed under a BSD license.
For more information, source code, and binaries:

https://sourceforge.net/projects/spimsimulator/

QtSPIM is linked to the Qt library, which is distributed under the GNU
Lesser General Public License version 3 and GNU Lesser General
Public License version 2.1.

GNU Lesser General Public License, version 2.1

GMNU Lesser General Public License, version 3

File Simulator

g2 3 a 2 #

FP Regs

Int Regs [16]

PC

EPC
Cause
BadvVaddr
Status

HI
Lo

R0 [r0]
Rl [at]
r2 [v0]
B3  [vl]
R4 [al]
B5 [all
R6  [a2]
rR7 [a3]
R8  [t0]
R [tl]
R10 [t2]
R11 [t3]
R12 [td]
R13 [t5]
R14 [t6]
R15 [t7]
R16 [s0]
R17 [s1]
R18 [=2]
R19 [s3]
R20 [=4]
R21 [s5]
R22 [s6]
R23 [s7]
R24 [t8]
R25 [t9]
R26 [k0]
B27 k11

nt Regs [16]

TJLffe300
TEffel0B

Registers Text Segment

4

-

n @ = @

Data

® Text

[o0400000]
[00400004]
[00400008]
[oD40000c]
[00400010]
[00400014]
[00400018]
[0040001c]
[oD400020]

[8oDo0180]
[80000184]
#sp

[80000188]
[8000018c]
[soo00150]
[80000154]
[ao000198]
[8000015c]
[800001a0]
[800001a4]
[800001a8]
[800001lac]
[800001b0]
[800001b4]
[800001LE]
[800001bc]
[800001c0]
[800001c4]
[800001cB]
[8o0001ce]
[800001d0]
[800001d4]
[800001d8]

Text

dfad40000
27a50004
24a60004
00041080
00c23021
QcO00000
aoooooono
3402000a
0000000

aonide21
3c01%000

ac220200
3c01%000
ac240204
401a6800
001az0&82
I0B4001F
34020004
3c048000
Q000000
34020001
00laz0g2
I0B4001F
000000 0e
34020004
3344003c
3c01%000
00240821
8c240180
aoooooono
Q000000
34010018

special checks

Data Segment Window Help

User Text Segment

1w 84, 0($29)
addiu $5, $29, 4
addiu $6, $5, 4
s11 $2, 84, 2
addu $6, $6, $2

jal 0x00000000 [main]

nep
ori $2, $0, 10
syscall

Kernel Text Segment

addu $27, $0, $1
lui $1, -2B672

sw $2, 512($1)
lui $1, -2B672
sw $4, 516 (31)
mfel $26, $13
srl $4, $26, 2
andi $4, $4, 31
ori $2, $0, 4

lui $4, -28672 [ ml_]

syscall

ori $2, $0, 1
srl $4, $26, 2
andi $4, $4, 31
syscall

ori $2, $0, 4
andi $4, $26, 60
lui %1, -2B672
addu $1, $1, $4
1w $4, 384(s1)
nop

syscall

ori $1, $0, 24

[00400000]..[00440000]

183: 1w $ac0 0(§sp) # argc
1684: addiu $al $sp 4 # argv
185: addiu $a2 $al 4 # envp
166: s11 $vo $ad 2

187: addu $a2 $a2 §vo

168: jal main

183: nop
181: 11 $vo 10
1%2: syscall # syscall 10 (exit)

[80000000] .. [80010000]1
80: move fk1 fat # Save fat
52: sw $v0 s1 # Not re-entrant and we can't trust

83: sw $a0 s2 # But we need to use these registers

85;: mfc0 §kx0 $13 # Cause register

96: srl §acd $k0 2 # Extract ExcCode Field
87: andi $a0 fa0 OxI1f

101: 11 §v0 4 # syscall 4 (print_str)
102: 1a $ald __ml_

103: syscall

5: 11 $vo 1 # syscall 1 (print_int)

§: srl $ald $k0 2 # Extract ExcCode Field
7: andi $a0 $a0 Ox1f

8: syscall

0: 11 §v0 4 # syscall 4 (print_str)

1: andi $a0 §k0 0x3c

2: 1w $ad _ excp($a0)

113: nop
114: syscall
116: bne §k0 0x18 ok pc # Bad PC exception reguires



QtsSpim -+
File Simulator Registers Text Segment Data Segment Window Help

b & B & 2 # » n @

= @
FP Regs | nt Regs [16]
Int Regs [16] &

H PC = 400030 User Text Segment [00400000]..[00440000]
The COde IS Ioaded EPC =0 [00400000] 8fad40000 1w 84, 0($29) ; 183: 1w $ad 0(§sp) # argc

. . Cause =0 [0D400004] 27a50004 addiu $5, $29, 4 ; 184: addiu $al $sp 4 # argv
Into the SlmU|at0r BadVAddr = 0 [00400008] 24260004 addiu $6, $5, 4 ; 185: addiu $a2 $al 4 # envp
. Status = 3000££10 [0040000c] 00041080 =11 %2, $4, 2 ; 186: 511 §v0 $ad 2
| k [00400010] 00c23021 addu $6, $6, $2 : 187: addu $a? $a2 $v0
TO exeCUte C IC On HI =0 [00400014] 0c1l00009 jal 0x00400024 [main] ; 188: jal main

[00400018] 00000000 nop ; 188: nop

“Simulator” - re -

[0040001c] 324020002 ori $2, $0, 10 ;o181: 11 $v0 10
RO [x0] = [0D400020] 0000000c syscall ; 192: syscall # syscall 10 (exit)
Run (F5) OI' Rl [at] = [00400024] 80002 ori $8, $0, 2 i 4: 11 $E0 0 o
. R2 > [00400028] ori $9, $0, 3 ; 5: 11 $E1 3 :
Single Step (F10) & (904000201 01055021 _aadu 410, 48, 49 | o) s ses, s

Kernel Text Segment [80000000]..[80010000]

7fffe328 [gopo0l80] 00014821 addu $27, $0, #1 ; 90: move $k1 fat # Save fat
[80000184] 32019000 lui $1, -2B672 ; 92: sw $v0 s1 # Not re-entrant and we can't trust
$sp
[80000188] ac220200 sw $2, 512($1)
[8o00018c] 3c019000 lui $1, -2B672 ; 93: sw $a0 =2 # But we need to use these registers
[80000190] ac240204 sw $4, 516 ($1)
[8o000194] 401a6s00 mfeld $26, $13 ; 95: mfc0 $k0 $£13 # Cause register
[80000198] 001a2082 srl $4, $26, 2 ; 96: srl1 $ad $k0 2 # Extract ExcCode Field
- - [800001%c] 2084001f andi $4, $4, 31 ; 97: andi $a0 $a0 OxIf
‘te'Lzur@GL553VD ./qtsplm_example.s [800001a0] 34020004 ori %2, $0, 4 ; 101: 11 $vd 4 # syscall 4 (print str)
.text [800001a4] 3c045000 lui $4, -28672 [ ml 1  ; 102: la $a0 _ ml_
.globl main [800001aB] 0000000c syseall ; 103: syscall
main: [go000lac] 324020001 ori $2, %0, 1 ; 105: 11 $v0 1 # syscall 1 (print_int)
. [800001b0] 001a2082 srl $4, $26, 2 ; 106: srl $ald §k0 2 # Extract ExcCode Field
1i $t0, 0x2 # $t0 0Ox2 [800001b4] 30B4001f andi $4, $4, 31 ; 107: andi $ad fa0d O0x1f
1i $tl, Ox3 # $t1 0x3 [BO0001EBE] 0000000c syscall ; 108: syscall
[800001bc] 34020004 ori %2, $0, 4 ; 110: 11 $vd 4 # syscall 4 (print str)
e [800001c0] 3244003c andi #4, #26, 60 ; 111: andi $a0 §k0 0x3c
telzur@GL553VD [800001c4] 2c015000 lui $1, -28672 ; 112: 1w $a0 _ excp($a0)
R25 [t9] [800001cB] 00240821 addu $1, $1, $4
R26 [k0] = 0 [800001cc] B8c240180 1w $4, 384($1)
R27 [k1l] =0 - || [B0000140] 00000000 nop ; 113: nop

Attempt ko execute non-instructicn at 0x00400030
Attempt to execute non-instructicn at 0x00400030
Attempt to execute non-instructicn at 0x00400030
Attempt to execute non-instructicon at 0x00400030




EduMIPS

https://edumips.org/



& EduMIPS64 v. 1.2.7.1 - MIPS64 Processor Simulator

File Execute Configure Tools Window Help

ﬁ Cycles

=- Registers

Statistics

Home screen

R10

R12
R13
R14
R15
R16
R17

($zero)
($at)
($vo)
($vl)
($a0)
($al)
($a2)
($a3)
($to)
($t1)
($t2)
($t3)
($t4)
($t5)
($t6)
($t7)
($s0)
($s1)

0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
000000EE00EEA000
0000000000000000
0000000000000000
000000EE00EEA000
0000000000000000
0000000000000000

Fo
F1
F2
F3
F4
F5
Fé&
F7
F8
F9
F10
F11
F12
F13
Fl4
F15
F16
F17

000000000000000
000000000000000
000000000000000
000000000000000
000000000000000

0000000000000006|

000000000000000
000000000000000
000000000000000
000000000000000
000000000000000
000000000000000
00000EEENO00000
000000000000000
000000000000000
00000EEENO00000
000000000000000
000000000000000

Execution
0 Cycles
0 Instructions

Stalls
0 RAW Stalls
0 WAW sStalls
0 WAR Stalls
0 Structural Stalls (Divider not available)
0 Structural Stalls (Memory not available)
0 Branch Taken Stalls
Branch Misprediction Stalls
Code size
0 Bytes
Floating point unit
FCSR register
FCC Cause EnablFlag RM
7654321 © VZOUIVZOUIVZOUI
000000EEENORELE00000111100000001

[o]

¥

00 Code

EX

FP Multiplier

Add

ress |

Representation

Address Representation Instruction

F | ID /D_D_D_D_D_D_D\MEM

A

FP Adder

FP-DIV O

0000
0008
0010
0018
0020
0028
0030
0038
0040
0048
0050
0058
0060
0068
0070
0078
0080

0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000

[e]e]e]e]
ooe4
0oes
peec
oele
0014
0018
oe1c
0020
0024
0028
002C
0030
0034
0038
003C
oe4e

Welcome to EAuMIPS64 1.2.7.1




& EduMIPS564 v. 1.2.7.1 - MIPS64 Processor Simulator - guyl.asm

File Execute Configure Tools Window Hel

p

ﬁ Cycles

Registers

Statistics

daddi r5.r0,format_"
sw S, fs_addr(r0)
daddi r2,ro,s1

Wh

le running a code

2082 S

($zero)
($at)
($vo)
($vl)
($a0)
($al)
($a2)
($a3)
($to)
($t1)
($t2)
($t3)
($t4)
($t5)
($t6)
($t7)
($s0)
($s1)

0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
000000EE00EEA000
0000000000000000
0000000000000000
000000EE00EEA000
0000000000000000
0000000000000000

Fo 000000000000000
F1 000000000000000
F2 000000000000000
F3 000000000000000
F4 000000000000000

Stalls

Execution
5 Cycles
0 Instructions

F5  000000000000000 [ 2 "AW 2::%%:

F6 000000000000000 0 WAR Stalls

F7 006000000000000 0 Structural Stalls (Divider not available)
F8 000000000000000 0 Structural Stalls (Memory not available)
F9 000000000000000— |l @ Branch Taken Stalls

F10 000000000000000 0 Branch Misprediction Stalls

F11 000000000000000
Fl2 [elefelclelclclclololelolelolc]
F13 000000000000000
Fl4 000000000000000
F15 [elefelclelclclclololelolelolc]
F16 000000000000000
F17 000000000000000

"0 Code

Code size

36 Bytes

Floating point unit

FCSR register
FCC

7654321 ©

000000EEENORELE00000111100000001

Cause EnablFlag RM
VZOUIVZOUIVZOUI

EX

FP Multiplier

IF
DADDI

MEM

FP Adder

FP-DIV O

Add

ress |

Representation

Label Data

Address

0000
0008
0010
0018
0020
0028
0030
0038
0040
0048
0050
0058
0060
0068
0070
0078
0080

20666F2068746425

format_str

.asciiz "%dth of %g

Representation

762073250A3A7325
25206E6F69737265
2073692069252E69
657420676E696562
0000002164657473
00000OOO656E754A
365350494D756445
0000000000000034
0000000000000000
0000000000000005
0000000000000000
0000000000000000
0000000000000000
0000000000000005
0000000000000000
0000000000000000

sl
s2

fs_addr

sl_addr
s2_addr

test

.asciiz "June"
.asciiz "EduMIPS64*

.Space 4
.ward 5
.space 4
.Space 4
.ward 0
.word 5

60020030
60030038
FC020058
FCO30060
600EQQ48
0000014C
oo00000C

daddi r2,r0,sl
daddi r3,r0,s2

sd r2,sl_addr(ro)
sd r3,s2_addr(ro)
daddi rl4,r0,fs_add

syscall 5
syscall 0

Instruction

Welcome to EAuMIPS64 1.2.7.1

¥

RUNNING O



Dr. MIPS

https://brunonova.github.io/drmips/
https://github.com/brunonova/drmips

https://www.youtube.com/watch?v=dyDSV-3v1Ns

2013 1st International Conference of the Portuguese Society for Engineering Education (CISPEE)

Tool to Support Computer Architecture Teaching
and Learning

Bruno Nova', Jodo C. Ferreira?, Anténio Araiijo?
'Faculdade de Engenharia da Universidade do Porto, Porto, Portugal
2INESC TEC and Faculdade de Engenharia da Universidade do Porto, Porto, Portugal

Abstract—Computer architecture is an important subject for
informatics and electrical engineering courses. However, students
display some difficulties in this subject, mainly due to the lack
of educational tools that are intuitive, versatile and graphical.
Existing tools are not adequate enough or are very specific.
In this paper, an educational MIPS simulator, DrMIPS, is
described. This tool simulates the execution of an assembly
program on the CPU and displays the datapath graphically.
Registers, data memory and assembled code are also displayed

PR Y 1 TR R ——— R | DN PUpEE I, DR B § DR . [ ———

B. Objectives

The main objective of the work presented in this paper
was to create a tool to support computer architecture teaching
and learning. This educational tool is a simulator the MIPS
processor [1], which is a well-known processor in the computer
architecture academic community and also one of the most
used processors for teaching computer architecture courses
in universities [2]. This simulator was developed under the


https://brunonova.github.io/drmips/
https://github.com/brunonova/drmips
https://www.youtube.com/watch?v=dyDSV-3v1Ns

Dr. MIPS

File “iew Edit Datapath Execute CPU Help
e o =5 =Y T
mE8E &k < Q00 85
Code T Assembled | Datapath | Data memory |

11li $te, 10

211 $t1, ©

3 loop:

4 beq $t1, $t0, end # if t1 == 10 we are done

5 addi $t1, $t1, 1

63 loop

7 end:
File Wiew Edit Datapath Execute CPU Help _ - _

_ﬂhtﬁﬂﬁ < le= € QOO £3  Zoom: 218%
| Code T Assembled T Datapath | Data memory |
Address Assembled Code
537395210 1: addi $t0, 50, 10 # 1i §to, 10

n 537460736 2: addi $t1, 50, 0 # 1i §t1, 0
) 287834114 4: loop: heq $t1, $t0, end
12 556335105 5: addi $t1, 5t1, 1
16 131217730 6: j loop




Single cycle

Inl: EtDD

Shift

In: Besft 2 but: 200

4 | PC+d: 5A

In2: 0

b Instruction
MewPC: 545 PC: O Hemo ry

» o=

M
U
Inl: 50
#DD Out: 356 X
In2: 300
Shift
In: Besft 2 |but: 300
AND
—H
Control
ReadRegl: 300
Readlatal: 480 Inl: 408 |
ReadReg2: 308|
Registers ALU ]
WriteReq: 365 Rg-du T Resu;:: 51&{ress: 515 M
adlata2; [
= In2: 415 Data 3 u
- Readlata:| 915
WriteData: 930 x memor )' adjata
WriteData: 408
Sign ALU
tn:csoetend [bur: 360 control




Pipelined

Control -

- =

Inl: @&
4 _,ln S0 PC+4: 50 Inl: B0 al —

In2: 0 — Duk: 56
n:
AND
|| shift
= e ft 2 jouc @
— (1]
I ReadRegl: 6 I M E | | M
F ReadDatal: 108 D —H u X E
, : Inl: 65 —
or Instruction / Renifegz: 0 / o X n " ; T
NewPC: 65| |PC: 0 Memory I ned E t E! ALU e v
D WriteReg: 0 T X T M Result;, 16G| | |Address: @ B
adData2: ] o Data
| ahi In2: 80
WriteData: 15 .Lg X | | memary ReadData: 400
| F __.HriteData: 1]
Sign AL
tn:caftend [put: 6 control - ||
\ M
U -
X
R
. EW/MEM.Rd: ©
IvEN Rs: alarding |
| unit
10/EX.Rt: 0 MEWWE. Rd: 0




Dr. MIPS

There is a support for several micro-
architectures

(* but there isn’t support for Jump in
many of them * )

/. .\

Load CPU from File

Look In: |27 cpu -

[ ] pipeline-extended.cpu

| ] pipeline-no-hazard-detection.cpu
[ ] pipeline-onlyforwarding.cpu

[ ] pipeline.cpu

[ ] unicycle-extended. cpu

[ ] unicycle-no-jump-branch.epu

D unicycle-no-jump. cpu

[ ] unicycle.cpu

File Name: |pipe|ine-nnly-fnrwarding.cpu|

Files of Type: |CPU files (*.cpu)

]

Open...

Cancel




QtMIPS

This is an advanced MIPS simulation tool!
Home page: https://comparch.edu.cvut.cz/qtmips/app/

See a screen capture in the next slide

Tutorial video:
https://www.youtube.com/watch?v=6xH72UBvnaY

o About QtMips

QtMips - MIPS Architecture Simula

Version 0.8.0

Copyright (c) 2017-2019 Karel Koci cynerd@email.c
Copyright (c) 2019-2022 Pavel Pisa pisa@cmp.felk.
Copyright (c) 2020-2022 Jakub Dupak dev@jakubd!

Home Page : https://github.com/cvut/gtmips
Implemented for Computer Architectures and
Advanced Computer Achitectures courses at
Czech Technical University in Prague Faculty of
Electrical Engineering

This program is free software: you can
redistribute it and/or modify it under the terms
of the GNU General Public License as published
by the Free Software Foundation, either version
3 of the License, or (at your option) any later
version.

o -V AR QU SO SPRY S (- PUNE ) MG AR T R S ¥

oK



https://comparch.edu.cvut.cz/qtmips/app/
https://www.youtube.com/watch?v=6xH72UBvnaY

QtMIPS

File Machine Windows Help
& 0 aB [1x | 2x 5x 10x Unlimited Max | [T H 0 ¢« @

Program @®  Core | cop0-test-ia.S emery
Follow fetch ~ NOP NOP NOP . BREAK Word - || Direct
Bp Address Instruction * MEGOLS S Fb 14020 Address +0
0x80020000 ADDI $1, ... 5L 000002000
0x80020004 ADDI $2, ... iy 1DiEX EXEM MERYWE 0x00002004 00000000
0x80020008 SYNCI ... Cone g0 - 0x00002008 00000000
0x8002000C ADDI $3, ... i O S0 T — 0x0000200C 00000000
0x80020010 ADDI $4, ... A.Fﬂ I 0x00002010 00000000
0x80020014 LUI $20, ... Branch Uy 0x00002014 00000000
0x80020018 ORI $20, ... 0x00002018 00000000
0x8002001C MTCO $20, [oobam0mE ] - 0x0000201C 00000000
0x80020020 ERET o ) 0x00002020 00000000
0x80020024 ADDI §5, ... — oot E B 0x00002024 00000000
e s HoHa SCEC al| e
0x80020028 ADDI $6, ... mes M - lo IR Il :\FD_ 0x00002028 00000000
0x8002002C ADDI $7, ... Registers | HIE § mb) gk § 0x0000202C 00000000
0x80020030 ADDI §8, ... Program — = E o0 M 0 : 0x00002030 00000000
0x80020034 MFCO $9, o § ME;’EW 0 g NwANANIN2A ANANANAN
0x80020038 BREAK NORMAL i o _§ 0 0x00002000
0x8002003C (LI EIT N | s 0 Terminal
0x80020040 LUI $20, ... RE - :D—E— - {0
0x80020044 ORI $20, ... @ ST e S ]
0x80020048 MTCO $20, & =<2 Exception
0x8002004C LUI $21, ... * NORMAL 7 BReak
0x80020050 ORI $21, ... - = - =
0x80020054 LUI $20, ... —

0x80020000 NORMAL Hazard Unit Cycles 22 Stalls 3 Input:




Part 2: RISC-V



— fhome/benjamin/Decuments/workspace/rars/examples/bottles.s - RARS 1.1 - + X
it Run Settings Tools Help

[T

Run speed at max (no interaction)

Edit | Execute | -fRegisters | Floating Point | Control and Status |
bottles.s rprintf.s f’printnum.s rprintstr.s | i Name Number Walue
zZero 4] Ox
ra 1 Ox
sp 2 Ox7fffeffc
gp 3 Ox1
-, rE~Nopm~asy i agind, %d bot e op, the wallin'l 1p 4 [¢]
= RISC-V Assembler ‘and Runtime Simulator || @ :
11 [ [¢]
7| 0x00000025)
e :LeLa go free up 56, sl apd ra : =
g :
milar to MARS there is RARS for the RISC-V processor. . 2
Hw ne h llgithub. ITheThirdOne/ -
ome page: htips:/ig ithub.com/TheThirdOnelrars e
13| [¢]
# tall printf(template, -1) for 8 = 14 0
11 50,89 15 2
18 logp: 16 L2
19 v al,s0 - . 1; 0x0000005d
20 Ox
5 E!]Vﬂﬁatl on: 19
22 a3,so ° ° ° 20 Ox
: ja th/to/th fFile/RARS 1.4 2 :
. Javasjar /pa o/the/jar/file rars1_4.jar 2
25 nez 50, 1 — 23 <}
26 24 ¢}
27 i e 35 o
4 : 26 g
- ® :
a1 i N | 28 Gx00000030)
2 4 29| [¢]
33 % 30 <]
24 31 0x 00000030
35 4 32 0x00400054)
36
37 ebreak
38
39
40
(4] I |
Line: 1 Column: 1 [v| Show Line Numbers
P T R T EEEEEEEEEESwmmImwAmwI A ™
|’Messages I’Run o |
99 bottles of beer of the wall. 99 bottles of beer. Take one down pass it around. 98 bottles of beer on the wall
98 bottles of beer of the wall. 98 bottles of beer. Take one down pass it around. 97 bottles of beer on the wall
97 bottles of beer of the wall, 97 bottles of beer. Take one down pass it around. 96 bottles of beer on the wall
95 bottles of beer of the wall, 96 bottles of beer. Take one down pass it around. 95 bottles of beer on the wall
95 bottles of beer of the wall. 95 bottles of beer. Take one down pass it around. 94 bottles of beer on the wall
94 bottles of beer of the wall. 94 bottles of beer. Take one down pass it around. 93 bottles of beer on the wall
93 bottles of beer of the wall. 93 bottles of beer. Take one down pass it around. 92 bottles of beer on the wall
92 bottles of beer of the wall. 92 bottles of beer. Take one down pass it around. 91 bottles of beer on the wall
91 bottles of beer of the wall, 91 bottles of beer. Take one down pass it around. 90 bottles of beer on the wall
90 bottles of beer of the wall, 90 bottles of beer. Take one down pass it around. 89 bottles of beer on the wall
89 bottles of beer of the wall. 89 bottles of beer. Take one down pass it around. 88 bottles of beer on the wall
88 bottles of beer of the wall. 88 bottles of beer. Take one down pass it around. 87 bottles of beer on the wall
87 bottles of beer of the wall. 87 bottles of beer. Take one down pass it around. 86 bottles of beer on the wall
86 bottles of beer of the wall. 86 bottles of beer. Take one down pass it around. 85 bottles of beer on the wall
85 bottles of beer of the wall. 85 bottles of beer. Take one down pass it around. 84 bottles of beer on the wall
24 hnttles nf hasr nf the wall 84 hnttles nf hear Taks nne down nase it araund 8% hattles nf hesr nn tha wall



https://github.com/TheThirdOne/rars

RISC-V

Home page: https://riscv-programming.org/ale/#home
(it was tested on Google Chrome)

This is a portal for executing RISC-V code.

RISC-V emulation is done here in two stages:

1) build: This is done on the local (Linux) machine with the RISC-V tool
chain.

2) Upload and execute the code in the portal.

A video tutorial:
https://www.youtube.com/watch?v=Av5kg5xavuo

L]

WELCOME

& Select an activity or tutorial below to start learning RISC-V assembly language!

A lllllllllllll -V Resources

GETTING STARTED REFERENCE CARD
3 .

nstructions on compiling and running a simple code in RISC-V
ALE Presents a summary of instructions and register available in

Start


https://riscv-programming.org/ale/#home

RISC-V
QtRVSIim

QtRVSim is the counter part to the QtMIPS simulator

Tutorial are available at:
https:/lcomparch.edu.cvut.cz/slides/lewc22-qtrvsim.pdf

and:
https://drive.google.com/file/d/1Rxd6-Qm6LhkDjd97401AKY_kX1roLOeOlview

The simulator is available at:
https:/igithub.com/cvut/qtrvsim
and must be downloaded to the local computer.

In addition there is an online version (like in the case of the QtMIPS) is available
from here:
https://lcomparch.edu.cvut.cz/qtrvsim/app/


https://comparch.edu.cvut.cz/slides/ewc22-qtrvsim.pdf
https://drive.google.com/file/d/1Rxd6-Qm6LhkDjd9740IAkY_kX1roLOeO/view
https://github.com/cvut/qtrvsim
https://comparch.edu.cvut.cz/qtrvsim/app/

File Machine Windows Help

& 4 B [1x 2x 5x 10x Unlimited Max | | [T H 0 ¢+ @ QtRVSim

Program B® | Core | simple-lw-sw-ia.S
Follow fetch -
Bp Address  Instruction * nop
WEODIEEETS unknown
NOMNE
0x000001f0 unknown
0x000001f4 unknown Branchoutcome — Cycles: 0
stalls: 0
0x000001f8 unknown
0x000001fc unknown e o —
0x00000200 Iw x2, ... _Bmc:mlu‘ i "Read—
C | |—Branchja 1]
0x00000204 Sw X2, ... — U [Corancnar 3 D &
—-BranchVal —""I xor
0x00000208 beq x0, x0, —Alucontrol {7 — LD_?_?B_}P
— | Al | rancl rancl
0x0000020c nop [l —0 o Jalr Jalx
0x00000210 nop ‘—L"
0x00000214 ebreak - Wstruction  Reglurite ue
IUDDOODUOI
0x00000218 unknown OxfEFefFEf E]:]
0x0000021c unknown =
0x00000220 unknown - 1 {H regeters g woul E
L rs2 uOu §
0x00000224 unknown ': g
0x00000228 unknown Wemory — E
0x0000022¢c unknown R ] MData
WriteData = emary
0x00000230 unknown :.d m | o00a0} ]
@C
0x00000234 unknown — N H E
0x00000238 unknown — e P P ]
rd {00}
0x0000023c unknown
0x00000240 unknown b iz Wit Dt 00000000
N ’ b b BranchTarget,

P



Ripes

A graphical processor simulator and assembly editor for the RISC-V ISA

Homepage:
https://github.com/mortbopet/Ripes/

Documentation:
https://github.com/mortbopet/Ripes/tree/master/docs

Easy install:
In Linux as Applmage just do
chmod u+x Ripes-v2.2.6-linux-x86_64.Applmage


https://github.com/mortbopet/Ripes/
https://github.com/mortbopet/Ripes/tree/master/docs

File Edit View Help

Fn (:) <> Pplwoms 2D

Input type: @ Assembly (  C Executable code View mode: | Binary (® Disassembled ‘®| GPR. |
1 # This example shows an implementation of the mathematical E o: leeaes17 auipc x1@ ox108ee & Name| Alias value S
2 # factorial function (! function) to find the factorial value of !7 = 5048. 4: 08852503 1w x10 8 x1@
3 8: @1cofdef jal x1 28 <fact> ( zero | @x00p0e0000
4 .data [=H @ae58593 addi x11 %10 @
5 argument: .word 7 1a: 10900517 auipc x10 9x10080 x1 ra @x@neae4c
6 stri: .string "Factorial value of " 14: ffas2503 1w x10 -16 x18
7 str2: .string " is " 18: Q4ceoaef jal x1 76 <printResult> x2 sp @xT7fFfffae
8 1c: 20aB0893 addi x17 x@ 18
9 . text 20: 20000073 ecall X3 |gp |@x10000060
10 main:
11 lw a@, argument # Load argument from static data @eeapaz4 <fact>: x4 P Bx0R6a606a
12 jal ra, fact # Jump-and-link to the 'fact' label 24: ffe1e113 addi x2 x2 -16 --_
13 28: 20112423 sw x1 8 x2
14 # Print the result to consocle 2c: 26al12023 swox18 @ x2 X6 1 Gx00000000
15 my al, a@ 30: fffse293 addi x5 x18 -1
16 1w a@, argument 34 2092d863 bge x5 xB 16 <nfact> %7 12 @xeAERERAR
17 jal ra, printResult 38 20108513 addi x1@ x@ 1
18 3c: 21818113 addi x2 x2 16 %8 s0 @x00000000
19 # Exit program 49: 20008867 jalr x0 x1 @
28 1i a7, 10 x9 sl Gxe0000080
21 ecall 20000044 <nfact>:
22 44: addi x1@ x18 -1 x10 a0  @x0eeeeee?
23 fact: 48 jal x1 -36 <fact:
24 addi sp, sp, -16 4c: addi X_ a1 jar 0000860
25 sw ra, 8(sp 50: 1w x10 @ x2
26 sw  al, Ggsp; 54: 1w x1 8 x2 A2 a2 [egdeacene
27 addi te, ae, -1 58: addi x2 x2 16 |
28 bge t@, zero, nfact 5c: mul x10 %10 %6 | |X12 |23 |opgpoedese
29 60: 00008067 jalr xa x1 @ X14 a4 000000
3a addi a@, zero, 1
31 addi sp, sp, 16 @eeapasd <printResult>: Gae0a0
32 jr x1 64 20059293 addi x5 x10 @
33 68 20858313 addi x6 %11 @ x16 a6 Gaaeas
34 nfact: 6C: 19008517 auipc x1@ 9x10060
35 addi a@, a@, -1 Ta: 9850513 ddi %18 x1@ -104 x17 a7 00088
36 jal ra, fact T4: 204008393
37 addi t1, a@, T&: 20000873 =
Console ki
Factorial value of 7 is 5040
Program exited with code: @
Hex -

r: 5-stage processor [SA: RV321M(




File Edit Vview Help

it Q < > ’lljorns C>>

' 5-Stage RISC-V Processor =~ 0 [ | F9/t=r®
addix6xt00 -~ -~ - jalx1-86<fact>-- -~ - addix10x10-1

GFR

ﬁ Name Alias Value

Processor 0x60000000

0x0000004C
ox7frfffae
0x10000000
0xB0000000
Gx00e00001
[egeteleluletlele)

0x00000000

0x00000000

6xB0000000
0xEORARAR2
0xB0000000
0x0000000A
0x2ORARARE
0x60000000
x15 Gx00e00000
x16 Gx0o000008
x17 0x00000008

x18 Ox00800000
NET AARARAAANS

Display type: Hex

1 N
— Instruction memery
Console i | Execution info

BP Addr Stage Instruction

Cycles: X
4 0x3c addi x2 x2 16

Factorial value of 7 is 5040 Instrs. retired: 0x40 jalr x0 x1 0
Program exited with code: @ CPI:
Oxd44 EX addi x10 x10 -1
IPC: : -
0x48 ID jal x1 -36 <fact>
Clock rate:
Oxdc IF addi x6 x10 0

0x50 Iw x10 0 x2

Processor: 5-stage processor  1SA: RV32I1



)

Il |Efms |2 >>

Decode ! ' ' : EX/ MEM/
] o IFID R2 idx IDEX L g ° . ALU . MEM o o e : -
s :: Regz D . . Data out
opoode ) e . Data memory | - ...
Compressed| - - | | > o N S N
............. ) A i . e
decoder | op2 o Ny P
SR Imm. ~ ' o
Branch - - - - - - - - [ e
Bench . . S
___ ] P P



Part 3: Additional simulators

Reorder Buffer

Tomasulo Algorithm



Simulation

Control

+1 Clock Cycle

Reorder Buffer

https://www.ecs.umass.edu/ece/koren/architecture/ROB/rob_simulator.ntm

"M 'YN TN MNNN

Reorder Buffer Simulator

Configuration Window

Number of ROB entries: Instructions
currentclock:[ FUs  ||Number CEx]. # of RSs Operands ;
yeles # Opcode causes an exception
Dest. Opl Op2
o : FP-Adder |[[1 [ [E =
Simulation Settings I 1 LD F6 w FO w FO ~ [}
Multiplier |1 | |10 | |1 | 2 LD v F2 v FO w FO w O
FP-Divider |1 | |40 | |1 | 3 MUL.D v FO F2 v F4 ~ (]
4 SUB.D v F8 « F& w F2 w (]
Number of CDBs: [1v| 5 DIVD v Flov Fo v F6 v =
Number of Load Buffers: 6 ADDD ¥ Fé v 8 v F2 ~ U

START SIMULATION
CONFIGURATION
HELP

Latency of Load: Eclock cycle(s)
[ change | # of Instructions to

current # of Instructions: D

| Examples |


https://www.ecs.umass.edu/ece/koren/architecture/ROB/rob_simulator.htm

Name

Loadd
Loadl
Adde
Addl
Add2
Mult@
Multl
Stored
Storel

http://nathantypanski.github.io/tomasulo-simulator/

Busy

false
false
false
false
false
false
false
false
false

op

vj

Tomasulo Algorithm

Tomasulo algorithm simulator (protoype)

This simulates Tomasulo's algorithm for a floating-point MIPS-like instruction pipeline, demonstrating out-of-order execution. The source is on

GitHub

Click instructions on the right to issue and execute them. Instructions will only execute if all of their data dependencies have been resolved, but
they may issue in any order (though at least issuing them in order is recommended). Currently, loads have two-step execution and still require a
writeback cycle. Regs[x] is the value at location x from the register file.

Color codes are as follows: destination source occupied source nceupied destination.

Reservation stations
Vk

0j

ok

Result

Instruction Status
Instruction Issue Execute

L.D F6,32(R2)
L.D F2,44(R3)
MUL.D FO,F2,F4
ADD.D F10,F12,F8
SUB.D FB,F2,F6
DIV.D F10,F®,F6
ADD.D F6,F8,F2
5.0 F6,32(R2)

Write result


http://nathantypanski.github.io/tomasulo-simulator/

Tomasulo Algorithm

https://www.ecs.umass.edu/ece/koren/architecture/Tomasulo/AppletTomasulo.html
Can work from Chrome but requires Java Plug-in.
For example: Cheerp Java Applet Runner. Dynamic Scheduling Using Tomasulo's Algorithm

SELECT THE SET OF INSTRUCTIONS TO EXECUTE

e . RSN, ERERT, R, R,

Results of the Execution : Next credits

INSTRUCTION STATION LOAD/STORE UNIT il
Issue Exec comp Write Result Name Busy Address Funct Unit
Ldl MO
Ldz NO
Ld3 NO
Sdl NO
Sd2 MO
Sd3 MO
RESERVATION STATION =
MName Busy op Wi Wi Qj Qk Time
Addl MO
Addz MO
Add3 MO
Multl MO
Mult2 MO
REGISTER FILE STATION
clock | | Fo | 2| Fa | | FB | Fl0 | Rm2 | fa e
0 [Funct Unit | | | | | | | | ll>



https://www.ecs.umass.edu/ece/koren/architecture/Tomasulo/AppletTomasulo.html

