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Use-Case and Quantitative Use-Case Requirements

Exhibition piece targeting science/history museum displays, classrooms

AGC Architecture 50Mhz, 33 instructions, 15 I/O Channels

Peripheral uC Keypress scans, LED updates, Bluetooth TX at 100 Hz
DSKY PCB 12 LED Lamps, 25 Displays, 19 Key switches
Dimensions Compact size of 7.5in by 6in by 1in

Operating Conditions Ambient temperature of 25°C. Protective Casing.
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Complete Solution



https://docs.google.com/file/d/1wZMimPi_Jc_leZ7U9xL29wRJvrFLJWGG/preview

RTL Correctness Verification

The AGC Architecture

e The registers state of our ISA matched a simulated AGC for 30 instruction specific tests

e Using the same agc file in both prongs we used the below process to test for correctness
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Instructions per Cycle (IPC)
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DSKY Verification

Max Temperature of around 40.8 degrees Celsius

12C Bus Congestion: 31.8% Congestion (68.2% ldle) for 400kHz

UART Bus Congestion: 42.4% Congestion (56.6% Idle) for 115200 Baud




Software/Final Verification

Delta-V Calculation accuracy: Accurate to £ 0.001 m/s for normalized values
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Description VERB NOUN | Description
View mission time (05) || 39 00 Escape Velocity Calculation (00)

39 01 Hohmann/Orbital Transfer Calculation (01)
Test the displays (06) 39 02 Translunar Injection Initial Change in Velocity
- Default on Reset Calculation (02)
Clear the displays 39 03 Translunar Injection Final Change in Velocity

Calculation (03)

Run Program Number 39 04 Translunar Injection Angle Calculation (04)
# PROG (NOUN)

39 05 Orbital Plane Change Calculation



Software/Final Verification

Delta-V Calculation accuracy: Accurate to £ 0.001 m/s for normalized values

* Using 15-bit single precision fixed point numbers

Celestial Mechanics Simulator - 3 Body Problem Solved Using Runge-Kutta 4

Calculation results in correct
Orbital transfers and
Translunar injections in the
3-body simulation
(Runge-Kutta 4th order ODE
solver) for step-size (dt) of 0.01

® Apollo Command Module




Celestial Mechanics Simulator - 3 Body Problem Solved Using Runge-Kutta 4

Elapsed time = 94.20 units 0.93976 =?= 1.68776
&d» Luna-Earth

Phobos - Mars
Europa - Jupiter

Titan - Saturn

Orbit Radius I 1.0
Transfer Orbit Radius I 1.0
O Final Orbit Radius G, 0.2

Simulation Speed IIEEEEEGEGGGEEN B 2.4

Lunar Inject| | Hohmann Reset

Current Program : 01 Lunar Injection
Connection Status: Connected

Initial Delta - V: +0.00000

Final Delta—-V: +0.00000

® Apollo Command Module © Moon O Earth Angle of Bodies : +0.00000




Project Management
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<] Interim Demo |
Write submodules for Core| ;
Write memory unit
Finish Core in SV
Set up testing infrastructur]
Write tests
Write Demo Code
Micro-constroller code
Debug SV design
Slack Time

-] Peripheral stuff
Layout DSKY
Verify Layout
Order Parts
Test and verify parts work’
Slack Time

=] Final Demo
Finish AGC Code
Synthesize core on FPGA
Integration
Debug Demo code on chip i i
Analytics Complete
Make Presentation }
Make Apple video

el Todo
Slack time

Full integration finished




Conclusion

Educational opportunities

- 3 Body Problem Sofved Using Runge-Kutta &

Demonstrate historic applications on modern
equipment

o  Contrast with original AGC: How far we’ve come
Interactivity appeals to young audience

o  Excitement about history and innovation

Working examples of post-AGC innovation
o UART, FPGA, PCB, HDL

......



