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Programming Like it's 1975

Nathan Jones
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Auspicious Origins

https://tinyurl.com/y83kvrp6 | /mp4uksar | /mvbwx74w | /yewkdmjf

Steve Wozniak
Bill Gates
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What can you do with a 4-bit computer?

Badge Hacking Awards Ceremony, Supercon 2022

http://www.youtube.com/watch?v=X-XJmlMLx7k
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Agenda

Advanced Topics and
Building Your Own ProjectHack-a-day Tutorial Running the examples

"Tertis" "Demon Attack"
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How can we maximize learning?
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How can we maximize learning?

● If you know/learn something, everyone around your table should know that same thing.

● If someone asks you for help, their problem becomes your problem (help them out!).

● If you get stuck on something, ask for help. (And then your problem has become both of your 

problems!)

● etc
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Get to know the folks at your 
table!

Ask them, "What inspired you 
to get into tech?"
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The Voja4 ISA
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Tutorial! https://tinyurl.com/y3h7397f
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Running the Examples
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1. Clone "2022-Supercon-Badge-Tools"
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2. Connect a USB-to-UART adapter to the exp. port
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3. Assemble your code

Option 1: Use the provided makefile Option 2: Run the assembler yourself
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4. Put your badge into program load mode

a. Press MODE until you're in DIR mode.

b. OPTIONAL: Save your current program to a portion of Flash memory
i. Press ALT+[Operand Y] to select the section of flash memory to be written

ii. Press ALT+SAVE

c. Press LOAD.
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5. Send .hex file out over UART

Windows

(update PORT first!)

Linux
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Find an example and run it!
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Building Your Own Project
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Brainstorm ideas with your 
tablemates!
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Helpful Topics Before You Begin

● About the badge
○ The rest of the Voja4 instructions

○ Synthetic instructions

○ SFRs

○ Other modes and features of the badge

○ Contents of the manuals

● About assembly programming
○ Idioms: loops, conditionals, subroutine calls, pointers, etc

○ Debugging tips

○ Flowcharts for reading/writing assembly
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Debugging Tips
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General

● Change ONE thing at a time

● Write down what you're doing

● Read the manual (especially the 

parts that don't make sense!)

● Draw a sketch

● Take a break
● After you've fixed your bug:

○ Scan your code for similar errors

○ Add this error to a checklist

Make a hypothesis

Gather evidence

Test your hypothesis
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Resources

● "How to Debug" by John Regehr

● "Debugging" by David Agans (book | website)

● "If I Only Changed the Software, Why is the Phone on Fire?" by Lisa Simone

● "Creating Chaos and Hardfaults" by Elecia White

● "Debugging" lesson by Nathan Jones (part of EE375, "Computer Architecture")

https://blog.regehr.org/archives/199
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.amazon.com/Debugging-Indispensable-Software-Hardware-Problems/dp/0814474578
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://debuggingrules.com/
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.amazon.com/Only-Changed-Software-Phone-Fire/dp/0750682183
https://embeddedonlineconference.com/session/Creating_Chaos_and_Hard_Faults
https://sites.google.com/view/ee375-computer-architecture/unit-2-assembly-language-programming?authuser=0#h.e91088wa59eg
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Badge-specific
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Badge-specific: History submode

Preset Pointer 
to 1

(Point to the 
last

History event)

Step Back
History Pointer
(earlier event)

Step Ahead
History Pointer

(later event)

Exit
History 

submode
INACTIVE INACTIVE INACTIVE

INACTIVE INACTIVE INACTIVE INACTIVE INACTIVE INACTIVE INACTIVE
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Badge-specific: Implementing "breakpoints"

Enter address after "JR 
-1" and press ALT+SAVE04

Press BREAK then switch 
to "Single-step" mode03

Run program until "JR -1"  
is reached02

Assemble code with "JR 
-1" at desired breakpoint01
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Flowcharts for Reading/Writing 
Assembly
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Flowchart Elements
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Writing Code Using Structured Decomposition

Can be implemented in machine code
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Reading Code by Creating a Flowchart foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0



Slides:
tinyurl.com
/28rw2db3

Reading Code by Creating a Flowchart

1. The start of the program starts a sequential block.

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart

1. The start of the program starts a sequential block.

2. A jump instruction:
a. ends a sequential block (with the instruction prior to it),

b. is, itself, a selection block, and

c. starts a new sequential block (with the instruction 

following it).

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart

1. The start of the program starts a sequential block.

2. A jump instruction:
a. ends a sequential block (with the instruction prior to it),

b. is, itself, a selection block, and

c. starts a new sequential block (with the instruction 

following it).

3. A jump target starts a sequential block (and ends the 

previous one).

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart

1. The start of the program starts a sequential block.

2. A jump instruction:
a. ends a sequential block (with the instruction prior to it),

b. is, itself, a selection block, and

c. starts a new sequential block (with the instruction 

following it).

3. A jump target starts a sequential block (and ends the 

previous one).

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart

1. The start of the program starts a sequential block.

2. A jump instruction:
a. ends a sequential block (with the instruction prior to it),

b. is, itself, a selection block, and

c. starts a new sequential block (with the instruction 

following it).

3. A jump target starts a sequential block (and ends the 

previous one).

4. The end of the program ends a sequential block.

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart
Get [0xFF]

Get [0xFF] again if [0xFF] <= 7

Get [0xFF] again if [0xFF] == 0

Put [0xFF] in R1

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0
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Reading Code by Creating a Flowchart
Get [0xFF]

Get [0xFF] again if [0xFF] <= 7

Get [0xFF] again if [0xFF] == 0

Put [0xFF] in R1

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0

do
{
    R1 = *(0xFF);
} while (R1 >= 7) || (R1 == 0);
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Reading Code by Creating a Flowchart
Get [0xFF]

Get [0xFF] again if [0xFF] <= 7

Get [0xFF] again if [0xFF] == 0

Put [0xFF] in R1

foo:

mov r0, [0xff]

cp r0, 7

skip nc, 1

jr -4

cp r0, 0

skip nz, 1

jr -7

mov r1, r0

ret r0, 0

Generate a random number from [1,6]
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Let's build!



Slides:
tinyurl.com
/28rw2db3

Concluding
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Buying More Voja4s

https://www.tindie.com/products/0xc0decafe/supercon-2022-badge-voja4/
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Going Further: Books/Courses

tinyurl.com/5n6f3zt6 tinyurl.com/39sa23fb tinyurl.com/mrpbnk48
tinyurl.com/5398wrd5 nand2tetris.org
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Going Further: "Inside the Voja4"

https://www.youtube.com/watch?v=cUcKpRigZts

http://www.youtube.com/watch?v=cUcKpRigZts
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Going Further: Breadboard Computers

Nibbler 4-bit CPU (from BMOW)

bigmessowires.com/nibbler/

Ben Eater's 8-bit CPU

eater.net/8bit/kits
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Thanks for coming and I hope 
you enjoy the rest of the 
conference!


