


What we Will cover...

o Digital {we will need to learn everything about the binary )

* e will need to design a process based on input/state to move into different output

e Difference between Arduino and DE10-Lite
e Advantage of FPGA -> check out here

e (uartus and EDA Playground |
o {uartus will be on AWS Academy (ST

o hitps.//edaplayground com/

..........
......

e Learmn combinatory logic, sequential logic, flip-flop, block diagram, timing diagram, making process


https://www.aldec.com/en/company/blog/188--how-does-the-mars-perseverance-rover-benefit-from-fpgas-as-the-main-processing-units
https://edaplayground.com/

AW Acadermy dtudent (ogin

aws academy student login 1 X
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All Perspectives  Images  Videos News  More ~ Tools

About 15,400,000 results (0.19 seconds)

AWS Academy Portal

https://www.awsacademy.com

AWS Academy Portal

We have launched a new login experience for all AWS Academy users. Please re ... Forgot
your Password? Are you a student? information. close image. If you are ...

Instructure
: sacademy.instructure.com - Translate this page :

Untitled 2

FEOAHIRIESNSOT1 Y LTSN, BEMHRRNZEEIFEXEER. Educator
Login. (For educators who have access to the AWS Academy Portal).

Instructure
https://awsacademy.instructure.com > login > canvas  §

Canvas - Amazon AWS Academy Login - Instructure

Canvas by Instructure. Log In. Forgot Password? Enter your Email and we'll send you a link to
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Accery Learner') Lab

Cc 25 awsacademy.instructure.com/courses/67880/modules

— ALLvIEN-LTI13-67880 > Modules

Home / 1
Modules

Discussions

Grades » Course Welcome and Overview

» AWS Academy Learner Lab Compliance and Security

v AWS Academy Learner Lab / 2

¢ Launch AWS Academy Learner Lab

v AWS Academy Learner Lab Resources



Accept Termpd andd conditions

-LTl... > Modules > AWS Acade...

yocareum

> Launch AWS Academy Learner Lab

@Home @ Classes ~

Please read the terms and conditions shown below and click on the "1
agree" button at the bottom of this page to continue.

Terms and Conditions

Welcome to the Vocareum, Inc. (“Vocareum"”) website located at
www.vocareum.com (the “Site"”). Please read these Terms of Service (the
“Terms") and our Privacy Policy (http://www.vocareum.com/privacy-policy/)
carefully because they govern your use of our Site and our web-based education
and learning platform. To make these Terms easier to read, the Site and our
platform are collectively called the “Services."

1. Agreement To Terms

By using our Services, you agree to be bound by these Terms. If you don’t agree
to these Terms, do not use the Services. If you are accessing and using the
Services on behalf of an educational institution (such as your employer or the
educational institution in which you are enrolled) or other legal entity, you
represent and warrant that you have the authority to bind that educational
institution or other legal entity to these Terms. In that case, “you” and "your” will
refer to that educational institution or other legal entity.

@

vocareum

@Home W Clas

assign or transfer these Terms without restriction. Subject to the foregoing, these
Terms will bind and inure to the benefit of the parties, their successors and
permitted assigns.

Any notices or other communications provided by Vocareum under these Terms,
including those regarding modifications to these Terms, will be given: (i) via email;
or (ii) by posting to the Services. For notices made by e-mail, the date of receipt
will be deemed the date on which such notice is transmitted.

Vocareum'’s failure to enforce any right or provision of these Terms will not be
considered a waiver of such right or provision. The waiver of any such right or
provision will be effective only if in writing and signed by a duly authorized
representative of Vocareum. Except as expressly set forth in these Terms, the
exercise by either party of any of its remedies under these Terms will be without
prejudice to its other remedies under these Terms or otherwise.

Contact Information

If you have any questions about these Terms or the Services, please contact
Vocareum at info@vocareum.com

3| —




Start (ab

awsacademy.instructure.com/courses/67880/modules/items/6035341

Y O #*

ALLV1EN-LTI... > Modules > AWS Acade... > Launch AWS Academy Learner Lab

AWS @
ne
lules eee_W_2764216@runweb109510:~$ []
:ussions
des

P Start Lab

M End Lab i AWS Details i Readme D Reset

EN-US v

Learner Lab

Environment Overview

Environment Navigation
Access the AWS Management Console

Region restriction
Service usage and other restrictions

X



Al green —> 9o to connole

et — ——y — e — — — g — e ——y

> Modules > AWS Acade... > Launch AWS Academy Learner Lab

AWS Used $0 of $100 03:58 p Start Lab M End Lab i AWS Details i Reac

eee_w_2764$6@runweb109509:~$ 0 ‘ EN-US v‘

Learner La

Environment Overview

Environment Navigation
Access the AWS Managen

Region restriction
Service usage and other r

Using the terminal in the

Running AWS CLI comma
Using the AWS SDK for Py
Preserving your budget

Accessing EC2 Instances
SSH Access to FC? Instan:




Find cfoud

25 us-east-1.console.aws.amazon.com/console/home?region=us-east-1#

Services | QU cloud9 L @ &  Nviginia

Search results for 'cloud9’

Con

Services See all 49 results »

Features (29)
& Cloud9 Yy

A Cloud IDE for Writing, Running, and Debugging Code

Resources ' New
Documentation (14,635)

Knowledge Articles (643) @ Amazon CodeCatalyst ¢

Marketplace (14) Integrated DevOps Service
Blogs (6,400)
Events (308) &3 AWS Cloud Map %

Tutorials (28) Build a dynamic map of your cloud

B Lightsail %

Launch and Manage Virtual Private Servers




Create evwirorument

< Cc 25 us-east-1.console.aws.amazon.com/cloud9control/home?region=us-east-1#/product

aws 2% Services | Q Search [Option+S] e) VAN ©) © N. Virginia ¥

Developer Tools

Aws CI_OUdg New AWS Cloud9 environment
A cioud IDE for writing,
running, and debugging code

AWS Cloud9 allows you to write, run, and debug your code witii just a browser. With AWS

Cloud9, you have immediate access to a rich code editor, integrated debugger, and built-in
terminal with preconfigured AWS CLI. You can get started in minutes and no longer have to
spend the time to install local applications or configure your development machine.

Getting started 2

HOW it WOI‘kS Before you start (2 min read)



Ubuntw derver clowdd sebup

228 Services | Q Search [Option+S]

Services ‘ Q Search [Option+S]

New EC2 instance
AWS Cloud9 » Environments » Create environment

Instance type Info

Create enVI |'0n ment Info The memory and CPU of the EC2 instance that will be created for Cloud9 to run on.
O t2.micro (1 GiB RAM + 1 O t3.small (2 GiB RAM + 2 O mb.large (8 GiB RAM + 2

vCPU) vCPU) vCPU)

Details Free-tier eligible. Ideal for Recommended for small web Recommended for production and
educational users and exploration. projects. most general-purpose

development.
T

| ece2613 I O Additional instance types

Limit of 60 characters, alphanumeric, and unique per user. Exploicladditionallinstancesiojfit
your need.

Description - optional

Additional instance types

’ 4
Limit 200 characters. | c4.xlarge | v ’

—Environment type Info Platform Info
Determines what the Cloud9 IDE will run on. This will be installed on your EC2 instance. We recommend Amazon Linux 2023.
O New EC2 instance O Existing compute ’ Ubuntu Server 22.04 LTS v I
Cloud9 creates an EC2 instance in your accourft. The You have an existing instance or server that you'd like to
configuration of your EC2 instance cannot be §hanged by use. Timeout
Cloud9 afte ation.
Y rereation How long Cloud9 can be inactive (no user input) before auto-hibernating. This helps prevent unnecessary charges.

[ 30 minutes v ‘

New EC2 instance

Network settings Info



Finalize your cfowdd erwironumend

Network settings info

Connection
How your environment is accessed.

o chxlarge

O AWS Systems Manager (SSM)
Accesses environment via SSM without opening inbound
ports (no ingress).

O Secure Shell (SSH)
Accesses environment directly via SSH, opens in|
ports.

e {bunttu?Z04

» VPC settings Info

» Tags - optional Info

¢ sh

A tag is a label that you assign to an AWS resource. Each tag consists of a key and an optional value. You can use tags to search and filter your resources or track your AWS costs.

@ The following IAM resources will be created in your account

¢ AWSServiceRoleForAWSCloud9 - AWS Cloud9 creates a service-linked role for you. This allows AWS Cloud9 to call other AWS services on your behalf.
You can delete the role from the AWS IAM console once you no longer have any AWS Cloud9 environments. Learn more [

Cancel Create




hutruction on githnb

¢ =% Igithub.com/lbaitemple/ece2613/tree/sprin924 I

3 Ibaitemple / ece2613 Q Type

e (O Issues 19 Pullrequests (» Actions [ Projects [ Wiki (@ Security [~ Insights 3 Settings

ece2613 Public <7 Pin @u
¥ spring24 ~ ¥ 6 Branches O 2 Tags Q Go to file t Add file ~
Switch branches/tags .

behind master . 1 Contrik
[ Q. Find or create a branch... ]

47524fd - 3 days ago L) 184 C¢
Branches Tags ysago O

master default Add files via upload 3 mor
de0lite Delete test.bat 4y

fall2021
Add files via upload 4 y¢

rpi

- spring24 Add files via upload 3 ye
spring2022 Update tb_gates.sv 3y
View all branches Add files via upload 3 ye
lab3 Add files via upload 3y
lab4 Ad(d files via upload 3y

lab5 Add files via upload 3 ye

2613_2024s

Instruction is provided at https://sites.google.com/a/temple.edu/ece2612/home/cloud9-setup

after you select the instance for cloud?9, in the terminal

git clone -b spring24 https://github.com/lbaitemple/ece2613
cd ece2613

bash ./setup.bash

sudo reboot

Test the code

« right click on m_sim (extension file) and run

« right click on gsf (extension file) and run




Redize clowud] terminal winidows

Welcome to your development environment

bash - "ip-172-31-19-32" x | Imm e ©

Get:17 http://us—-east-1l.ec2.archive.ubuntu.com/ubuntu jammy/multiverse amd64 c-n-f Metalata [8372 B]

Get:18 http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/main amd64 Packages [1277 kBl

Get:19 http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/main Translation-en/ [261 kB]

Get:20 http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/main amd64 c-n-f Metadata [16.1 kB]
Get:21 http://us—east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/restricted amd64 Pa:ckages [1272 kB]
Get:22 http://us—east-1l.ec2.archive.ubuntu.com/ubuntu jammy-updates/restricted Translation-en [207 kB]
Get:23 http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/restricted amd64 c-h-f Metadata [520 Bl
Get:24 http://us—east-1l.ec2.archive.ubuntu.com/ubuntu jammy-updates/universe amd64 Packages [1023 kB]
Get:25 http://us—east-1l.ec2.archive.ubuntu.com/ubuntu jammy-updates/universe Translation-en [228 kB]

Get:26 http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/universe amd64 c-n-f Metadata [22.1 kBl
Get:27 http://us—east-1l.ec2.archive.ubuntu.com/ubuntu jammy-updates/multiverse amd64 Packages [42.1 kB]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/multiverse Translation-en [10.1 kB]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-updates/multiverse amd64 c-n-f Metadata [472 BI
Get: http://us—-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/main amd64 Packages [41.7 kB]

Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/main Translation-en [10.5 kBI]

Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/main amd64 c-n-f Metadata [388 B]
Get: http://us—-east-1l.ec2.archive.ubuntu.com/ubuntu jammy-backports/restricted amd64 c-n-f Metadata [116 B]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/universe amd64 Packages [24.3 kB]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/universe Translation-en [16.5 kB]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/universe amd64 c-n-f Metadata [644 B]
Get: http://us-east-1.ec2.archive.ubuntu.com/ubuntu jammy-backports/multiverse amd64 c-n-f Metadata [116 B]
Get: http://security.ubuntu.com/ubuntu jammy-security/main amd64 Packages [1062 kB]

Get: http://security.ubuntu.com/ubuntu jammy-security/main Translation-en [201 kB]

Get: http://security.ubuntu.com/ubuntu jammy-security/restricted amd64 Packages [1244 kB]

Get: http://security.ubuntu.com/ubuntu jammy-security/restricted Translation-en [203 kB]

Get: http://security.ubuntu.com/ubuntu jammy-security/universe amd64 Packages [826 kB]

Get: http://security.ubuntu.com/ubuntu jammy-security/universe Translation-en [156 kB]

93% [14 Commands—-amd64 store @ Bl




Am,r about 19-20 minutes...



eboot the yyrtem

.c9/project.settings have been changed on disk

The project settings file (.c9/project.settings ) was updated outside the IDE. If you did not make
the changes we suggest reviewing the file before accepting. Do you want to accept the new
settings?

Never sync Accept Discard Review

AWS Cloud9
Welcome to your development

bash - "ip-172-31-19-32" x | Immediate ©)

Setting up libxext6:1386 (2:1.3.4-1lbuildl) ...

Setting up libxft2:i386 (2.3.4-1) ...

Setting up libxi6:i386 (2:1.8-1buildl) ...

Setting up libxtst6:1386 (2:1.2.3-1build4) ...
Processing triggers for libc-bin (2.35-@ubuntu3.6) ...
Scanning processes...

Scanning candidates...

Scanning linux images...

Running kernel seems to be up-to-date.
Restarting services...

Service restarts being deferred:
/etc/needrestart/restart.d/dbus.service
systemctl restart docker.service
systemctl restart getty@ttyl.service
systemctl restart networkd-dispatcher.service
systemctl restart systemd-logind.service
systemctl restart unattended-upgrades.service
systemctl restart user@l@00.service

No containers need to be restarted.
No user sessions are running outdated binaries.

No VM guests are running outdated hypervisor (gemu) binaries on this host.
voclabs:~/environment/ece2613 $ sudo rebootf]




Xwindow accer)

[B] hitps://d26019510f294 x = ()
Browser
Run  Tools Window  Support Preview c Sor
Welcome ©) Proview Fi
Preview Running Application

Confif Preview URL...
Developer Tools Bl

Show Active Servers...

AWS Cloud9

Welcome to your development environment

bash - "ip-172-31-19-32" x | Immediate

©)

Setting up libxft2:i386 (2.3.4-1) ...

Warning: PATH set to RVM ruby but GEM_HOME and/or GEM_PATH not set, see:
https://github.com/rvm/rvm/issues/3212

ubuntu@ip-172-31-19-32:~/environment$




Allow Xwindow

C [*) Share clipboard? d26b1951bf294e16b340779c0c6f0967.vfs.cloud9.us-east-1.amazonaws.com

a1 0
& ¢ ...st-1.amazonaws.com wants to X

Activities . . Jan 14 21:38
See text and images copied to the

clipboard




Activities Jan 14 21:39

Sy

Byobu Terminal XTerm

Q Settings ]

ur batte

Q? Network Control ho he Internet




Clode accery o Xwindow

[B] https://d2601951bf2¢4 x (@

/ Browser

close




Open quartuy in cloud J terminal

Setting up libxft2:i386 (2.3.4-1) ...

Warning: PATH set to RVM ruby but GEM_HOME and/or GEM_PATH not set, see:
https://github.com/rvm/rvm/issues/3212

ubuntu@ip-172-31-19-32:~/environment$ export DISPLAY=:0
ubuntu@ip-172-31-19-32:~/environment$ quartus &l

Thank you for Installing the Quartus Prime software - the #1 in performance and productivity. To upgrade to
a full featured edition, please https://www.intel.com/contentfwww/us/en/products/programmable.html.

Select one of the following licensing options to continue:

Select one of the following options

Buy a Quartus Prime software license

®' Run the Quartus Prime software I

Add an IP license file (for users who have purchased IP)

Cancel




Cuartuw) in Xwindow

File Edit View Project Assignments Processing

v

Project Navigator| .\ Hierarchy v QR E @

#% Compilation Hierarchy

Compilation

Tutorial Video:
Tutorial Video:

Tutorial Video:

All 2

Q|4

Type ID Message

1

System Processing

Quartus Prime Lite Edition

Tools Window Help

A Home 3

ﬁ New Project Wizard

M Eind...

&8 Find Next

x

Search Intel FPGA e

Sa0E 9

IP Catalog 1@ ®
Device Family | MAX 10 (DA/DD/DF/DC/SA/SC/SL} ~

.

~ @ Installed IP
~ Project Directory

~ Library
» Basic Functions
» DSP




Clowd 9 fite Girting

2613 - /h 7 v Go Run Tools Window Support Preview ‘ Run
ece: - /home/i

5673 Developer Tools g Welcome x &

aux

e AW oolKit Tor Lloudy Is an IDE extension that simplifies

accessing and interacting with resources from services such as AWS .
Clone from GitHub
Lambda, AWS CloudFormation, and AWS API Gateway. With the

W l toolkit, developers can also develop, debug, and deploy applications
e C( using the AWS Serverless Application Model (SAM). Learn more@

Configure AWS Cloud9

bash - "ip-172-31-19-32" X

ttin libxft2:i 2.
gates.sv Setting up libx 1386 (2.3, Main Theme: jett-dark

|

f

* Warning: PATH set to RVM rub Support

https://github.com/rvm/r Editor Theme:

n
AWS Cloud9 Classic Dark Theme
n

AWS Cloud9 Dark Gray Theme

- B TAL A= 2=l = = e If you have any questions or experience issues, refer to our AWS Cloud? Flat Light Theme
ubuntu@ip-172-31-19-32:~/env. d ny q P ' Keyboard Mode: [
[1] 3487 documentation or reach us to get help.

ubuntu@ip-172-31-19-32:~/env More Settings...

Documentation

Get Help

bash - "ip-172-31-19-32" x | Immediate ®

m ) ¢ 0 m o m m w6 s



jo)

Environment

Source Control

AWS

- Nz e Em NP NY O me > = V. el W RSN WD M S M % T var | omm

C 25 us-east-1.console.aws.amazon.com/cloud9/ide/d26b1951bf294e16b340779c0c6f0967?region=us-east-1

AWS Cloud9 File Edit Find View Go Run Tools Window Support Preview # Loading work.gates
. °o = # do gates.m_sim
memsmlk.mrgoudg.san|DEextens,onthatS]mpl.hes # Mismatch--1loop index i: 0; input: 00, expected: 1000, received: Xxxx»
v & ece2613 o accessing and interacting with resources from services such as AWS Clor # Mismatch__'[_oop index 1i: 1; input: @1' expected: 1110' received: xxx>
v 2613 i i . . . . o
. Lambda, AWS CloudFormation, and AWS API Gateway. With the # Mismatch--loop index i: 2; input: 10, expected: 1110, received: xxx»
ux toolkit, developers can also develop, debug, and deploy applications . R . . .
» () backdoor using the AWS Serverless Application Model (SAM). Learn more # Mismatch—-1loop index i: 3; input: 11, expected: 0011, received: Xxxx»
2L (s o # Simulation complete - 4 mismatches!!!
L ettt # xx Note: $finish : tb_gates.sv(64)
v a
DE10_LITE Temple " # Time: 80 ns Iteration: @ Instance: /tb_gates
_| - L alr . 1
“upport # End time: 21:48:13 on Jan 14,2024, Elapsed time: 0:00:00
t pen ite . 1 .
z:t: Download Edit # Errors: @, Warnings: 0
hf_al If you have any questions or experience issues, refer to our Keyl
e el Preview documentation or reach us to get help.
hto  Refresh _ Mor  Process exited with code: 0
labls Rename Documentation
lab1_ Delete
Get Help
labl_
wy Ot % X -
1 Copy s c X Immediate X
labl_
Paste BV
run_k . to RVM ruby but GEM_HOME and/or GEM_PATH not set, see:
th_ge Duplicate ».com/rvm/rvm/issues/3212
gz Copy file path 9-32:~/environment$ export DISPLAY=:@
tb_ge .9-32:~/environment$ quartus &
> lab2 Add to Favorites
> lab3 Open Terminal Here % L  -9-32:~/environment$ 0

Search In This Folder {* 88 F
4 lab4



Check gh| (ide ...

ece2613

aux
backdoor
handsfree
intel_extra_files_2020f
lab1

vsim_work

DE10_LITE_Temple_

gates.m_sim
gates.sim
gates.sv
hf_lab1_t«
Open
hf_lab1_t«
[ Downroad ]
hf_top.sv
lablxdc Preview
< Refresh
lab1_top_ Rename
lab1_top_ Delete
modelsim.
Cut
run_hf.bal Copy
tb_gates.| Paste
tb_gates.s Duplicate
tb_gates.t
th_gatest  Copy file path
tb_gates.\
Add to Favorites
lab2 .
Open Terminal Here
e Search In This Folder
lab4
lab5 New File

= KA RS

accessing and Interactin
Lambda, AWS CloudFori
toolkit, developers can ¢
using the AWS Serverles

Support

If you have any questior
ycumentation or reach

hcumentation

't Help
Immediate X
® X
¥C
®’V x i 0; i
ix i iy ol
btz 25!
bl siy
= 4 mism
: tb_gates.sv(64)
rration: @ Instance
#€ L on Jan 14,2024, Ela
oxF 0

ode: 0

incremental_db

output_files I

lab1_top.asm.rpt
lab1_top.done
lab1_top.fit.rpt
lab1_top.fit.smsg
lab1_top.fit.summ
lab1_top.flow.rpt
lab1_top.jdi
lab1_top.map.rpt
labl_top.map.sun
lab1_top.pin
lab1_top.pof
lab1_top.sld

lab1_top.sof I

lab1_top.sta.rpt

lab1_top.sta.sumi

lab1_top.svf
vsim_work
DE10_LITE_Temple_
gates.m_sim
gates.sim

gates.sv

]

Support

bash - "ip-172-31 X
Run

1INTO:
Info:
Info:
Info:
Info:
Info:
Info:

If you have any questions or experience issues, refer to our
documentation or reach us to get help.

Documentation

Get Help

Immediate

X

Command:

ece2613/lab1/ga X

ece2613/lab1/lab *

ece2613/lab1/lab1_top.qgsf

tnNe 1nteL rruA 1r L1CENSE Agreement, Or otner appLicanlLe License
agreement, including, without limitation, that your use is for
the sole purpose of programming logic devices manufactured by
Intel and sold by Intel or its authorized distributors.
refer to the applicable agreement for further details, at
https://fpgasoftware.intel.com/eula.
Processing started: Sun Jan 14 21:49:26 2024

Please

Main Theme:

Editor Theme:

Keyboard Mode:

More Settings...

AWS Cl

Cloud9

Default

fo: Command: quartus_cpf -c —q 1IMHz -g 3.3 -n p output_fjles/labl_top.sof output_files/labl_top.svf
fo: Quartus Prime Convert_programming_file was successfu

Info:
Info:
Info:
Info:

Peak virtual memory: 323 megabytes

Processing ended: Sun Jan 14 21:49:26 2024
Elapsed time: 00:00:00
Total CPU time (on all processors): 00:00:01

@ errors, @ warnings



For the next cladh...

* [hink about how you would design a vendor machine with instruction..



Rofaiomj encoder — eXxample or FPCA

put A
-C_\\ Output B |




Cate Aymboly

1 1>

AND gate OR gate

- B

inverter multiplexer

i
0
|
0
|

00 0
01 0
100
111



Vat example

EXAMPLE 1.1  Suppose a factory has two vats, only one of which is used at
a time. The liquid in the vat in use needs to be at the right temperature, between
25°C and 30°C. Each vat has two temperature sensors indicating whether the
temperature is above 25°C and above 30°C, respectively. The vats also have low-
level sensors. The supervisor needs to be woken up by a buzzer when the temper-
ature is too high or too low or the vat level is too low. He has a switch to select
which vat is in use. Design a circuit of gates to activate the buzzer as required.

M N Y YYITIY SN ATY ™o _- A.l-- ‘-l--A.-‘l - 4.‘-- --_-J:A_:‘A- [--- - it A.I-- L____-‘A DA



FIGURE 1.21 The vat buzzer
above_30_0
>30°C >30°C temp_bad_0 circuit, showing net and component
0 names.
inv_0 = a\ r_Ob
>95°C above_25 0 -
vat 0 >925°C wake_up_0
below_25_0
low_level_O
low level select_mux
low level :)\l buzzer buzzer
b 30_1
:Di buzzer >30°C | temp_bad_1
1
0 : AT +V
>30°C b 5 1 inv_1 | o= wake_up_1
above
>25°C =25 |
{>c select_vat_1
+V below_25_1
vat 1 >25°C l select vat 1 low_level_1 j;
low level
;Lselect vat 0
low level




verilof,

module vat_buzzer_struct
( output buzzer,

above 30 0 FIGURE 1.21 The vat buzzer . b 2 b 1 1 1
>30°C _oU_ temp bad 0 o ) input above_25_0, above_30_0, Tow_level 0,
€mp_nad_ :nr:nmt, showing net and component : nput above 25 1, above _30_1, low_level 1,
. ala | o ames input select_vat_1 );
o above_25_0 N
>25°C D” wake_up_0 wire below_25_0, temp_bad_0, wake_up_0;
below 950 T wire below_25_1, temp_bad_1, wake_up_1;
low_level_0
low level select_mux // components for vat 0
0 ] buzzer buzzer not inv_0 (below_25_0, above_25 0);
bove 30 1 » or or_0a (temp_bad_0, above_30_0, below_25_0);
>30°C o= temp_bad_1 or or_0Ob (wake_up_0, temp_bad_0, Tow_level_0);
1
inv_1 =~ | or_tb wake_up_1 +V // components for vat 1
So5ec | 2025 1 D” l not inv_1 (below_25 1, above 25 1);
selectvat 1 9 or or_la (temp_bad_1, above_30_1, below_25_1);
below_25_1 or or_1lb (wake_up_1, temp_bad_1, Tow_level_1);
low level low_level_1 ;L
owleve mux2 select_mux (buzzer, select_vat_1l, wake_up_0, wake_up_1);

endmodule



Block Mrm and Uu"tfng code

module vat_buzzer_struct
( output buzzer,

input above_25_0, above_30_0, low_level_O,
1nput above_25 1, ab?ve_30_1, Tow_Tlevel_1, Vﬂ;bUZﬁﬁfﬁfUd
input select_vat_1 );

wire below_25_0, temp_bad_0, wake_up_0;
wire below_25_1, temp_bad_1, wake_up_1; above 25 O

// components for vat O
not inv_0 (below_25_0, above_25 0);

or or_0Oa (temp_bad_0, above_30_0, below_25_0); above 30 O
or or_0Ob (wake_up_0, temp_bad_0, Tow_level_0); —P> -
// components for vat 1
not inv_1l (below_25_1, above_25_1); me,kvd,o
or or_la (temp_bad_1, above_30_1, below_25_1); >
or or_1b (wake_up_1, temp_bad_1, Tow_level_1);
mux2 select_mux (buzzer, select_vat_1, wake_up_0, wake_up_1); bUZZGF
oy
endmodule 8b0V€7257W
module vat_buzzer_behavior b 30 1
( output buzzer, —pf d0ove_JU_

input above_25_0, above_30_0, low_level_ O,
input above_25_1, above_30_1, low_level_1,
input select_vat_1 );
_ o Low level 1
assign buzzer =
select_vat_1 ? low_level_1 | (above_30_1 | ~above_25_1)
: Tow_level_0 | (above_30_0 | ~above_25_0);

endmodule



doda vending machine

* Suppose a soda vending machine has two choices of soda, only one of
which is dispensed at a time. The soda in the chosen slot needs to
have the right cost, between $2 and $3. Each slot has two cost
sensors indicating whether the cost is above $3 and above $20,
respectively. The slots also have zero-level sensors. The supervisor
needs to be notified by a dispenser when the cost is too high or too
low, or the soda level is too low. They have a switch to select which
soda slot is in use. Design a circuit of gates to activate the dispenser

as required.
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] for a D flip-flop.
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EXERCISE 1.6 Complete the timing diagram in Figure 1.25, showing the

operation of a rising-edge-triggered D flip-flop. :‘zzy
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