Pre-LabT: Training
Lab

Lab Objectives

This lab introduces you to the RVS RISC-V simulator and to basic assembly programming.

By the end of this lab, you should be able to:

1

2
3.
4

Connecting to the EECS computing facilities

Use RVS to compile and run assembly programs.

Write a small straight line assembly program.

How to submit through eClass (Moodle)

Part 1: Connecting to the EECS servers

Open the course Moodle site in your browser and go to the Labs section. Follow the instructions

for remote access to the EECS computing facilities.

1.

Make sure that your EECS account is active and ready to use

Activation Process

Enter personal
information

Review and agree to
lab policy

Select a secure
password

Complete activation

Please Note: Your
account will not be
activated until you
complete all of the
steps in the activation
process. If you have
questions, please email
tech@eecs.yorku.ca.

In order to activate
wour account, you must
have "cookies" enabled
in your web browser,

Account Activation : Introduction

Welcome to Activa!

This web application is used to create a Prism Lab computer account, or to change the password on
an existing account. The Prism Lab is located on the first floor of the Lassonde Building (LAS) at York
University,

In order to use this web application to generate an account, you must meet the following criteria:

* You must have a Passport ork account.
» You must be enrolled in a course (eg. EECSxxxx) that uses the Prism Lab,[*]

If you have any questions or problems with this web application, please email tech@eecs. yorku.ca
during business hours.

1 Since it may take up to 24 hours to process your enrollment in & course, you may have to wait
a day after enrclling before vou can use Activg.
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2.

Read the REMOTE LAB (EECS) technical instructions
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Technical Database » Departmental Services » EECS Remote Lab

The EECS Remote Lab allows you to connect to EECS lab workstations from within your web
browser. It is clientless as no plugins or client software are required. It uses a product called
) Apache Guacamole.

Visit the EECS Remote Lab here: ) filER/EN CIECEERTT TR

Login to the Remote Lab using your EECS credentials. If you are enrolled in a first year E|
course that requires the use of the Remote Lab in the current term, you will be able to login
using your Passport York username with your student number as password.

Not all EECS users have access to the Remote Lab. For example, students will only have
access to machines relevant to the courses for which they are enrolled.

Any problems or questions using the Remote Lab should be directed to the EECS Technical
Support team - tech@eecs .yorku.ca.

NOTE: This system is presently under testing. Only a small set of accounts has access to any
resources.

-EECS Remate L
~Home Screen
+EECS Conne
-User Menu
+Client Screen
- The Guacam
=Copying/Pasting
=Disconnecting ai
« Transferring File
=Using the File
-0n-sCreen Keyh
~Scaling the Disp
+Mobile or Touch
-Mouse Emulz
« Absolute
«Relative i
= Typing Witho
-Changing Prefer o
>

3. Follow the provided link to visit the EECS Remote Lab

U Course: LEZEFCR2021

F8 £ECSRemote Lab [Technica . EECSRemote Lab

/frematelab.eecs. yorku.cait/

LASSONDE

EECS REMOTE LAB

Jsamama
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https://remotelab.eecs.yorku.ca/#/

Enter your EECS credentials from step 1 in the EECS REMOTE LAB login window as shown
above. Any problems or questions with respect to the Remote Lab access should be directed
to the EECS Technical Support team - tech@eecs.yorku.ca. In the following window, click on
the Remote Desktop (EDU) (ea) link to see the list of the available workstations.

EEECS“R:mouLm 5 N —
«->2C0 @ & nitps /fremotelab eecs yorku.ca/ won O +yINOBEY ®B2HMS = » =

ALL CONNECTIONS Fiber

= Remote Desktop (EDU) (ea)
Q e
[ =
Q ea3
Q ead
Q cads
Q cots
Q cad?
O eats
[= R
Q eot0
Q eann
Q o2
Q 013
Q eand
Q eass
Q a8
Q 17
Q coig
Q eo1?
Q caz0
Q et
Q w22
Q 23
Q eazs
Q ea?5
Q eazé ¥

Select a free workstation and click on it to connect. The Linux Desktop shows in your browser.
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You will use the above desktop to do all the course work. To start with, let’'s run Firefox. Click
on the Activities menu in the top-left corner.

- @ simoOEORH» £

A column of icons is shown on the left- click on the top icon to start Firefox. Now you can open
the course Moodle site in Firefox and follow the instructions and the links provided there.

You will also use the Linux Desktop to run the RISC-V Visual Simulator (RVS). First clear the
desktop by minimizing the Firefox window. Then Right-click on the desktop to show the menu

and select Open Terminal in it. The Linux Desktop page with the terminal window should look as
follows.
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In the Terminal window, type rvsg to start the RISC-V Visual Simulator.

€« ¢ @ 0 a yorkuca A - © srnoOomBO EMH» =

RVS (RISC-V Visual Simulator) v0.46
ss+++ BETA VERSION FOR EDUCATIONAL USE *+++*
Copyright (c)2019. SIDIC. All Rights Reserved.

nmh-lon to use this software for educational not-for-profit purposes -mmn fee is
bareby grasted, providad that the ssove copyigit motice: thl- m

following two paragraphs appear in all copies. Contact info@yahoo.co.jp hr

commercial licensing opportunities.

IN NO EVENT SHALL SIDIC BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT, SPECIAL
ICIDENTAL, OR CONSEQUENTIAL DAMAGES, ST PROFITS, ARISING OUT
Compie BIN HEX INT TXT Source | nitPC START j o‘ :,‘"‘"’:;"w‘g'":“m“ SIBILITY o' Wﬂl D‘"‘ GE. LA

-

B SIDIC SPECIFICALLY DISCLAIMS ANY WARRANTIES, INCLUDING, BUT NOT LIMITED TO,
THE IMPUED wuu\nm!s 'OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE SOFTWARE AND ACCOMPANYING DOCUMENTATION, IF ANY, PROVIDED
HEREUNDER IS 'IOVlD!D “AS 15°, SIDIC HAS NO OBLIGATION TO PR(
MAINTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODIFICATIONS.

[T ciear ! i our

| |
=3 ke i) L)

Py ' x
Refresh | ~ HEX © INT ( FLP  Regs| Refresh HEX ~WNT ~ AP ~ TXT Mem| Clear Execi]| Cancel Ercer

Read the notice and press OK to close it. The rvs is ready to use.

Now we want to bring back the Firefox window so that we can see the RVS reference materials.
Click on the Activities menu and select the Firefox screen.
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Right-click on the RVS User Manual link to open the manual in a New Tab
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Arrange the RVS and the Firefox windows in a convenient way so that you can easily switch
between them.
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RVS (RISC-V Visual Simulator)

User Manual v0.07
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The Risk-V Visual Simulator (RVS) provides a convenient Graphical User Interface

w
2 (GUD for input, editing, assembly, and execution tracing of RISC-V assembly

programs. RVS supports the subset of RISC-V instructions in the book “Computer
Organization and Design® The HardwareSoftware Interface, RISC-V Edition” by
Patterson and H ¥ The GUI consists of six windows as shown below.
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When reading the manual, try the examples shown in it by running them in the RVS.

You can copy from the PDF file shown in Firefox (Ctrl-C) and paste into the Source window of the RVS (Ctrl-V).

Pay attention to the space and new line character that may need manual re-entry.

Part 2: Using RISC-V Visual Simulator

Syntax Errors

Before we start, let us try to run a program that contains syntax error.

Run the simulator and enter the following code in the source code window or load a text file containing the
code shown below File — Load (the file must be terminated by a newline character, which most editors do

anyway).

addi x1, x0, 5
eoi X2, x1, -1

RVS (RISC-V Visual Simulator) v0.34

File Fname:

addi
eori

x1, x0, 5
x2, x1, -}

BIN/HEX CODE
I

S!

HEX
101 00000 000 00001 0010011 addi
0x0000000000000004 INSTR CODE NOT RECOGNIZED

SOURCE
x1 x0 Oxi

eori x2 x1 -1

e

ERROR

005

‘ Compile | ¥ BIN v HEX ~ INT ~ TXT

Y
SourcerlnitPC | 0x0000000000000000

START | Stop Run |

Next

-pi

Listing|

x0
x1
x2
x3
x4
x5
x6
x7
x8
x9 sl

zero 0x0000000000000000 0
0x6000000000000000 6
0x0000000000000000 0
0x0000000000000000 0
0x0000000000000000 6
0x0000000000000000 0
0x0000000000000000 0
0x0000000000000000 0
0x0000000000000000 6
0x0000000000000000 0

x10 a@
x11 al
x12 a2
x13 a3
x14 a4
x15 a5
x16 a6
x17 a7
x18 s2

0x0000000000000000 0
0x0000000000000000 0
06x0000000000000000 6
0x0000000000000000 0
0x0060000000000000 0
0x0000000000000000 0
0x0000000000000000 0
0x0000000000000000 0

I

MEMORY

ADDRESS HEXADECIMAL

Al
INTEGER

¢
A1

Al

=

_ Clear_ |

| —
Refresh | ¥ HEX = INT

-hi

FLP:

lept gl

—_— % =2 il
rRefresh ¥ HEX ~ INT ~ FLP vTXTemc'T Clear |
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The first line is addi x1, x0, 5 is a legitimate instruction, the second line is not (eori is not an
instruction in RISC-V).

Click on “compile” and check the Assembly listing window (shown within red ellipse). The first line in the
window (below “ADDRESS”) shows the memory location 0x0000 ..0 (since we did not specify where to put the
code, it starts from location zero) and the representation of the first instruction

addi x1,x0,5

It shows the instruction type (I for Immediate) followed by the binary, hex, and text representation of the
instruction.

The following line, is memory location 0x00..04 followed by “INSTR CODE NOT RECOGNIZED”. That is a
syntax error, you have to go back and correct that instruction (eoi is xor in the ARM assembly language, easy
mistake to do if you are familiar with ARM).

Register manipulation

Launch the simulator

Then follow these steps for your first program/interaction with the simulator.

Write the following into the Assembly Source Window (or load a file contains the text below).

addi x1,x0,5 // adds 5 + x0 and store them in x1 (x0 always is 0)
addi x2, x0,7 // adds 7 +x0 and stores it in x2 (x2 is 7)

add x3, x1, x2 // adds x1+x2 and store the result in x3 (x3=5+7=12)
click on compile.

The simulator window will look like this

RVS (RISC-V Visual Simulator) v0.38 - a »

File |Fname: Help

addi x1, x0, 5 // adds 5 + x0 and store them in x1 (x0 always 1s @) || [ASSEMBLY LISTING Al
addi x2, x0, 7 // adds 7 +x0 and stores it in x2 (x2 is 7) DRESS IN/HEX CODE HEX OPERANDS

add x3, x1, x2 // adds x1+x2 and store the result in x3 (x3=5+7=12)] 0x0000000000000000 I 000000000101 00000 000 00001 0010011 addi x1 x0 0x005 addi
) %4 I 111 06080 006 08010 0010011 addi x2 x8 0x807 addi
0x0000000000000008 R 0000000 0OO10 600% 000 60011 0110011 add x3 x1 x2 add

v

SYMBOL TABLE
0x000000000000000, E}STmT

mory
addresses Instruction format and HEX

listing
Scroll
-

e p i J - i

Compile \ v BIN v HEX ~ INT »~ TXT Source | InitPC |oxoooooooo00000000 START Stop | Run Next «TXListing'

ot
X0 zero 0x6000000060000000 0 |3 || MEMORY A1 A »
xl ra  0x0000000000000000 O ADDRESS HEXADECIMAL INTE
X2 sp  0x0000000000000000 0
x3 gp  ©xBOOOAEOAAOABOA O
x4 tp  0xBOOEEEOOAO0ABOOS O
x5 tO  0x0000000000000000 O
x6 t1  0xDO06EE0OA00AOAD O
x7 12  0xB000600BO0AB00O O
xB s BxBAOEAOAAO0ABOAD O
X9 sl 0xBO0OAEOOBO0ABO0E O
x10 ad  0x60060006H0080000 O
x11 al  0xBOO6EO0OAOOABOGS O
x12 a2 0xB00O6EOOAO0AEO0O O
x13 a3 0x6006600000006000 0 = 1

x14 a4 0x0000006000000000 0 Clear
x15 a5 0x0000000000000000 0
x16 ab  0x0000000000000000 O
| =i [— = | AT A= it
Refresh | ¥ HEX = INT - FL|| Refresh | v HEX ~ INT ~ FLP ~ IXIT Clear ExecutionT Cancel Enter
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Note that the register window shows the contents of all the 32 registers in the CPU. The registers are initialized
to zero.

In the assembly listing window, you can see the memory addresses where the instructions are stored.
Since we did not specify the starting memory address, the default is 0 (we can change this using ORG
directive as we will see later). Three instructions are stored in locations 0, 4 and 8 respectively. If you
remember from the class, RISC-V instructions are 32-bit each (4 bytes).

Under BIN/HEX CODE you can see the binary representation of the instructions showing the different
fields as discussed in the class and the textbook. Before the representation, the instruction type is shown
(The first two instructions show I, for immediate, and the third one is R for R-type or Register- Register
ALU operation). Following that it shows the different operands for the three instructions in HEX. If you
scroll to the right, you will see the operands in decimal.

Now, click on START or RUN, the program runs and the register values changes as shown in the
following Figure.

RVS (RISC-V Visual Simulator) vO.34 = o x

File |Fname: Help

x1, x0, 5 ASSEMBLY LISTING

x2,x0, 7 ADDRESS BIN/HEX CODE HEX SOURCE INT SOURCE TEXT SOURC
0x0000000000000000 | 000000000101 Q0000 000 00001 0010011 addi x1 x0 0x005 addi  x1,x0,5
0x0000000000000004 | 000000000111 00000 000 00010 0010011 addi x2 x0 0x007 addi x2,x0,7
0x0000000000000008 R 0000000 00010 00001 000 00011 0110011 add  x3 x1 x2 add  x3,x1,x2

SYMBOL TABLE
0x0000000000000000 START

e ol

i
InitPC |0x000000000000000c START Stop Run Next v TXT Listing

RUN
0x0000000000000000 addi  x1 x0 0x00=
0x0000000000000004 addi  x2 x0 0x007
0x0000000000000008 add  x3 x1 x2

0x000000000000000c: NO INSTRUCTION

zero 0x0000000000000000 0
x1 ra 0x0000000000000005 5 }

HEXADECIMAL
x2 sp 0x0000000000000007 7
x3 gp 0x000000000000000C 12
x4 tp 0x0000000000000000 O
x5 t0 0x0000000000000000 0
x6 t1 0x0000000000000000 O
x7 t2 0x0000000000000000 0
x8 s0 0x0000000000000000 0
x9 s1 0x0000000000000000 O
x10 a0 0x0000000000000000 0
x11l al 0x0000000000000000 0
x12 a2 0x0000000000000000 0
x13 a3 0x0000000000000000 0

I e il i e il
Refresh | # HEX © INT - FLP Regs|| Refresh | ¥ HEX ~ INT v FLP |

|
Clear Executinn|

Only the registers that we modified in the program have changed values (x1=5, x2=7, and x3=12).
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Memory manipulation

Launch the simulator

Enter the following code (or put it in a file and open it in the simulator)

OR
DD

G

addi

96

12, 36, 87
x1, x0, 96
x4, 0(x1)

x5, 8(x1)

X6, x4, x5
X6, 16(x1)

Compile and run the program. The window should look like this

0x0000000000000088 S 0000000 00110 00001 011 10000 0100011 sd

SYMBOL TABLE
0x0000000000000078 START

RVS (RISC-V Visual Simulator) v0.34 = o x
File |Fname: | Help
IORG 96 0x0000000000000060 DD 0x000000000000000¢ DD 12, 3
DD 12, 36, 87 0x0000000000000068 DD 0x0000000000000024
addi x1, x0, 96 0x0000000000000070 DD 0x0000000000000057
Id x4, 0(x1) 0x0000000000000078 | 000001100000 00000 000 00001 0010011 addi
Id x5, 8(x1) 0x000000000000007¢c | 000000000000 00001 011 00100 0000011 Id
add x6, x4, x5 0x0000000000000080 | 000000001000 00001 011 00101 0000011 Id
sd x6, 16(x1) 0x0000000000000084 R 0000000 00101 00100 000 00110 0110011 add

1=p8

" Compile | ¥ BIN ¥ HEX ~ INT ~ TXT

I} =)
SourcerlnltPC 0x000000000000008c  START Stop Run__] Next H
] = L b I

3|

Refresh | ¥ HEX © INT

FLP

x0 zero 0x0000000000000000 0 | MEMORY A | RUN a
x1 ra 0x0000000000000060 96 YADDRESS INTEGER 0x0000000000000078 addi  x:

x2 sp 0x0000000000000000 0 0x0000000000000060 12 0x000000000000007c Id x4

x3 gp 0x0000000000000000 0 0x0000000000000068 36 0x0000000000000080 Id x5

x4 tp 0x000000000000000c 12 0x0000000000000070 48 0x0000000000000084 add ~ x:

x5 t0 0x0000000000000024 36 0x0000000000000088 sd  x6

x6 t1 0x0000000000000030 48 i 0x000000000000008c: NO INS

x7 2 0x0000000000000000 0

x8 sO 0x0000000000000000 0 MEMORY

x9 s1 0x0000000000000000 0

x10 a0 0x0000000000000000 0 ! :
x11al 0x0000000000000000 0 Bzl
x12 a2 0x0000000000000000 0 Clear | r OUT|
x13 a3 0x0000000000000000 0 |
- ~l,

“lim
Executlon|TCan—CE|]§n£, r INP|

Let us us take a close look at the simulator.

1.

The first line

ORG 96

. 1)t g )
ReganRefresh | ™ HEX P_I'riT FLP I TXTW Clear |

Show the value in decimal

Show the value in decimal

States that you start at location 96 (hex = 0x60). That basically means the memory assignment will
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start at location 96. So, the next line data or instruction will be in location 96.
The second statement

DD 12, 36, 87

Define three double words 12, 36, and 87 and stores them in locations 96, 96+8=104,
104+8=112 (in hex 0x60, 0x68, 0x70).

Now, look at the memory contents window, it shows the contents of the memory.
0x0000000000000060 12

In memory location 0x60 (decimal 96) the contents is the integer value 12. The next two lines
shown the two integers 36 and 87 in memory location 0x68 and 0x70 (decimal 104 and 112). The
above figure does not show the value 87, since it has changed in the program as we will see soon.

The values is shown in decimal since we clicked the INT box, if you click on HEX, the value will be
shown both in decimal and hex

The next line is

addi x1, x0, 96

It adds the contents of x0 (by definition 0) to the integer 96 and stores the result in x1. The register
window shows the content of x1 to be 96. sine the value of x1 is 96, we can say that x1 is pointing
to the memory where we started storing data (96 or 0X60).

The following line is

d x4, 0(x1)

It loads a doubleword from location O+contents of X1 REG(x1) that is 96, to register x4. The
instruction loads the contents of memory location 96 (0x60) into register x4. From statement 2
above, we stored 12 in location 96. Now x4 contains 12.

The following line is

d x5, 8(x1)

it loads from location 8+REG(x1), i.e. 8+96=104 (in hex 0x68) into register x5. If you look at the
memory window, in location 0x96 there is 36. now x5 contains 36 (check the register window to be
sure it contains 36, if not, you made a mistake. Find out your mistake and correct it).

The following line is

add x6, x4, x5
Adds REG(x4), that is 12, to REG(x5), that is 36, and the result is stored in x6. If you check the

contents of register x6 in the register memory, you find it 48.
The following line is

sd x6, 16(x1)
Stores the contents of x6 (that is 48) in memory location pointed to by the contents of x1 + 16

(REG(x1)+16 = 96+16 = 112, in hex Ox70). Now check location 0x70 (or 112 decimal) in the
memory window it is 48.
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Part 2: Submitting your work

Go back to the Labs section in Moodle and read the LAB REPORTS part. Following the
instructions click on the LabT Report link then start the quiz which will include a link for the Lab
book for the lab and a possible Quiz.

Upload the completed the file part of the lab work.

Locate the files in the appropriate folder in Remote Lab then drag and drop it to the blue arrow
in the file drop area. You should see the following screen:

hMaximum size for nevy files: T00MB

i BHEBS
B Fies

L] Mame Last modified Size Type

L ¢ addiasm 28/04/21, 0B:40 38 bytes Text file
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Alternatively you can click on the Add... icon in the top left corner of the file drop window
(encircled in red) and use the File Picker interface shown below.

File picker x

tn Recent files ‘

£ Upload a file

1h Private files

9 Wikimedia Attachment
Mo file selected.
» YorkU Images
Save as
Uploaded By

Upload this file

With Upload a file selected, you can click on the Browse... button and select your file using
the graphical interface shown below.

The submission is automatic and happens every few minutes but problems may arise if your
network connection is unstable as indicated by the following message:

MNetwork connection lost, (Autosave falled).
IMake a note of any responses entered on this page in the last few minutes, then try to re-connect,

Once connection has been re-established, your responses should be saved and this message will disappear.

To avoid such problems you can initiate an immediate submit of the current content by clicking
on the Finish attempt ... button. Then click on the Return to attempt button to get back to the
previous screen and continue with the preparation of your lab report.

With this, the explanation of the submit procedure is complete. Please follow this procedure
whenever you are instructed in the lab book to submit a file.
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At the end of each lab you should submit your completed Lab Report by clicking on the Finish attempt ... button
and then on the Submit all and finish ... button. The following small confirmation window will show up:

Confirmation %

Once you submit, you will no longer
be able to change your answers for
this attempt.

Submit all and finish Cancel

Clicking on the Submit all and finish button will finalize your lab report submission. Right afterwards you will be
given a chance to review your final submission. Check the content and the attachments of your lab report and
click on the Finish review link to complete your review.

Important: While multiple submissions are possible, your most recently submitted report for each
lab will be the one that is eligible for consideration. Therefore you must do your final lab report
submission before the submission deadline for each of the labs.
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