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The Creators

John Vincent Atanasoff Clifford Berry Og/__:

https://jva.cs.iastate.edu/jvabio.php https://jva.cs.iastate.edu/berrybio.php



Atanasoff-Berry Computer

ABC, built
1939-1942
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imaga captive Oct2024 2025 Google  Unied States To

Northbound I-35 to Westbound U.S. 30
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Flyover Bridge with Punch Card Detailing

https://iowadot.gov/consultants-contractors/bridges-struc M\
tures/featured-bridges/flyover-bridge y o




are the basis of moderniﬂc‘ismput|ng,
and Atanasoff is now considered
the “father of the computer.”

.-

Plague Outside of Physics Hall
https://www.fpm.iastate.edu/maps/memoaorials/marker.asp
?id=16-03




ABC Reconstruction (Ames Lab, 1394-1937)

Successes: ‘1
e QOriginal mechanical design

e Looks like the ariginal ABC

> & >

Shortcomings:
e $300,000 budget
(~s650,000 today)
g

e Lacks technical
documentation
e NolongeratISU

https://jva.cs.iastate.edu/team.php
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Partial Breadboard Recreation - sdmay25-19

Successes:
e Incredible amount of research and
discovery work on ABC’s design
e Recreated the logic of most
modules on breadboards and
integrated them to solve systems

Shortcomings:
e Significantly scaled down
(computes 3x3 systems)
e Did not implement all of the
modules of the ABC (such as the
decimal output)

https://sdmay25-29.sd.ece.iastate.edu/

a1



Problem Statement

Implement the logical design of the ABC
using modern components

Design PCBs for each of the ABC’'s modules
and integrate them onto a motherboard for
a full-scale logical recreation of the ABC
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Purpose: C \ J—
P T o )

e Restore lost history

e Teach students and ISU visitors
about computing logic and design

o >
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https://jva.cs.iastate.edu/berrybio.php  https://sd-archive.ece.iastate.edu/sdmay24-14/



Functional Requirements

https://twen.rs-online.com/web/p/inverters-ics/0307503?srsltid=AfmBOor0Ob9
zcAIYTTrmtgXFPHACvz-bvUbWgLwtGgh40Pugaa9H8-zy)

https://www.engineering.com/vacuum-tubes-the-world-before-transistors/

e Be as accurate as possible to original
ABC

e Have the ability to solve 29 x 29
systems of linear equations
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https://www.engineering.com/vacuum-tubes-the-world-before-transistors/
https://potentiallabs.com/cart/buy-7404-not-gate-ic-online-hyderabad-india?srsltid=AfmBOoqrV_nhj5b3ewA7zAUT0EUe-dohtLFY8YDr5A4G7G0Iaq9xQxFg

Physical Requirements
: e

e Phuysical device easily usable by the user
e Model should be modular

O@ ﬂ https://sdmay25-29.sd.ece.iastate.edu/
| |




User Experience Requirement

- Full Adder/ Subtractor Modute
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e Model should have LED’s to show
states and functionality
e Easily usable with help of the

instruction manual
e QOverall is visually appealing
%MTI 1




|IEEE Standards

IEEE Std 1149.1™-2013, |IEEE Standard for Test Access Port and
Boundary-Scan Architecture

IEEE/ANSI Std 91/91a-1991, IEEE/ANSI Standard Graphic Symbols for Logic
Functions

IEEE/IEC 61691-1-1:2023, Behavioural Languages - Part 1-1: VHDL Language
Reference Manual

IPC-2221, Generic Standard on Printed Board Design

& IEEE

https://www.prnewswire.com/news-releases/ieee-standards-in-interactiv
e-html-now-available-in-ieee-xplore-300271566.html
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)
Slow shoft —-—-—- Keyboard drum Counter drum

Manual start
Restore-shift

mechanisms

Base-10 reader Plugboard

Monual
controls

General controls

Manual start

Add- subtract
mechanisms

Base- 2 reader

i
Slow shafts «---60 cycle AC
| :

Fast shaft —-

Base- 2 punch

Fig. 18. Organization of computer. The overall architecture of Atanasoff’s computer is
depicted here. It is. of course, idealized with respect to physical layout. (See also fig. 7.)

From The First Electronic Computer by Burks and Burks



High Level Design

ControliSignaIs ControléSignaIs ControliSignaIs
v v v
N Hold/Shift N
Memory Drum Mechanism > Memory Drum
: K
Control: Signals :
— Control; Signals
Binary v
Decimal Input » Conversion
Mechanism >
N Input h
: " Selector Y v
Binary Input
N Add/Subtract
T Mechanism
T ||
Control:Signals
User Interface v
Binary Output Decimal Output
A 4
Control and ‘
T"“'”Q Control:Signals
Mechanism U

ControliSignaIs
v




Design & Testing Process

Design PCB
Design > Verification > Manufacturing > PCB Verification >

7




Add/Sub Module

ControliSignaIs ControléSignaIs ControliSignaIs
v v v
N Hold/Shift N
Memory Drum Mechanism > Memory Drum
: K
Control: Signals :
— Control; Signals
Binary v
Decimal Input » Conversion
Mechanism >
N Input — h
: " Selector
Biiandiipdt N Add/Subtract
T Mechanism
[ A ]
- : | |
Control:Signals
User Interface v
Binary Output Decimal Output
A 4
Control and ‘
T"“'”Q Control:Signals
Mechanism U

ControliSignaIs
v




Add/Sub Maodule: Design

1997 ABC
Replica

https://en.wikipedia.org/wiki/Atanasoff

%E2%80%93Berry_computer

e

https://sdmay25-29.sd.ece.iastate.edu/




Add/Sub Maodule: Design

variable Inputs | Sontrol Intermediate Switching Points Outputs
Addend | Augend | Cerry
In P2|P3|Pa4 |Ps Ps P P13
! i | 7e Sum or

Counter difference
a .

i Oj
(ADDEND OR
MINUEND)

i
1

Keyboard
y y.}

;|
( AUGEND OR
SUBTRAHEND)

Carry-borrow
nput

i-1
Carry-borrow

(Carry-borrow drum) obtput

f g
Add-subtract
control lines

Fig. A.17. Logical structure of Atanasoff’s add-subtract mechanism

(b) Subtraction
ig. A.18. Truth table for the add-subtract mechanism

From The First Electronic Computer by Burks and Burks



Add/Sub Maodule: Design




Add/Sub Module: Design Verification

|
|

entity AddSubModule is
port (x, y, cin, AddSub: in std
end entity AddSubModule;

Sum, Cout

architecture Structural of AddSubModule is

-- Declare internal signals

out st

signali-Pl; P2;. P3; P4;. B5; PG, P7; P8, P10, Pl

P12, P13, mlA, mlB, m4a, mdb

begin

P1 <=

P2 -

P3 <

P4 <= N

P5 <= P2 N

P6 <= P2

P7 <

P8 -

P10 <= |

P11 < ND P8;
mla R7. P10;
mlb <= P1@ NAND P7;
mda <= P7 NAND P8;
ma4b P8 R7;
P12 ( AddSub)
P13 < AddSub)

Cout <= | (P12 NOR P13);

Sum <= P10 R1d;

end Structural;]

0GIC;

(AddSub AN
(AddSub Al

mib);
m4b) ;

Addition Implementation
F=X+Y+Cin

Subtraction Implementation
F = (X-Y) -Cin

Inputs:

X =>1b0
Y =>1'b1

Cin => 1'b1

Add/Sub => 1b’1

Qutputs:
Couft

Sum

=> 1'b1
=>1h0

x|| |§m Objects -

¥ Name ¢

S
=

iCin

iAddSub

iy ——l—= [ I F= [ L= [ e

oCout

L S S S 8

oSum




Add/Sub Module: PCB Design

INPUTS & OUTPUTS
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PCB Verification

Add/Sub Module
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https://docs.google.com/file/d/1Uk3vtteA1Col4XzmJb8_yhd1cBbGApvu/preview
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Decimal to Binary Conversion

ControliSignaIs Contro!éSignaIs ControliSignaIs
v v v
N Hold/Shift N
Memory Drum Mechanism > Memory Drum
: K
Control: Signals :
— Control; Signals
Binary v
Decimal Input » Conversion [
Mechanism >
N Input h
: " Selector Y
Binary Input
N Add/Subtract
T Mechanism
mEaummll
Control:Signals
User Interface v
Binary Output Decimal Output
Y
Control and ‘
T"“'”Q Control:Signals
Mechanism U

ControliSignaIs
v




Decimal to Binary Conversion

COUNTER DRUM
KEYBOARD DRUM

DECIMAL-TO-BINARY
CONVERSION DRUM

\
\ DECIMAL CARRY-OVER DRUM
\ CARD READER %

MOTOR

BASE 2
CARD READER

BASE 2 OUTPUT
CARD PUNCHER

POWER SUPPLY

AND REGULATOR

30 ADD-SUBTRACT LOGIC CIRCUITS

ELECTRICAL CARD-PUNCHING CIRCUITS

MEMORY-REGENERATING CIRCUITS




Decimal to Binary Conversion

BT



https://docs.google.com/file/d/1oA2mXxUzVW_Ox9J5MfZut49gxejUVOUO/preview

Decimal to Binary Conversion

TABLE 3. Pattern of Decimal-Binary Conversion Drum

Hundreds (x102) Tens (x10) Units (x 10)

The array continues to the left
for twelve more decimal digits.

A large dot indicates the presence of a stud, fora “1.”
A blank cell indicates the absence of a stud, fora *( ™~
Compare table 2 and its representation of 875

From The First Electronic Computer by Burks and Burks
L 2\ ]




Decimal to Binary Conversion

-

https://jva.cs.iastate.edu/reconstructionoperation.php




Decimal to Binary Conversion

Vountngtte ?H

Drum Position

Tltle B!nary Cnnverslan Drum Schematic
[ Date: " TRev:A |




Decimal Output

ControliSignaIs ControléSignaIs ControliSignaIs
v v v
N Hold/Shift N
Memory Drum Mechanism > Memory Drum
: K
Control: Signals :
— Control; Signals
Binary v
Decimal Input » Conversion
Mechanism >
N Input h
: " Selector Y v
Binary Input
N Add/Subtract
T Mechanism
T ||
Control:Signals
User Interface v
Binary Output Decimal Output
A 4
Control and ‘
T"“'”Q Control:Signals
Mechanism U

ControliSignaIs
v




Decimal Output

https ://jva.cs.iastate .edu/reconstructionoperation.php


https://docs.google.com/file/d/12TtDgLfN2E7ptkdnmJkbqkG2cDvomKoU/preview

Decimal Output

Stored Value

82

Subtract 100, advance a dial

-18

Sign change, switch to the next dial

Add 10, advance a dial

Add 10, advance a dial

Sign change, switch to the next dial

Subtract 1, advance a dial

Subtract 1, advance a dial

Zero, terminate



https://docs.google.com/file/d/1my1BiaX5Cct2mwEscU2NTbRC8Rx6zkgy/preview

Clock Circuit and Program Counter

ControliSignaIs Contro!éSignaIs ControliSignaIs
v v v
N Hold/Shift N
Memory Drum Mechanism > Memory Drum
: K
Control: Signals :
— Control; Signals
Binary v
Decimal Input » Conversion
Mechanism >
N Input h
S L " Selector Y
ry inp N Add/Subtract
T Mechanism
mEaummll
Control:Signals
User Interface v
Binary Output Decimal Output
12
Control and ‘
T"“'”Q Control:Signals
Mechanism U

Control;Signals
v




***Not Finalized - Under Active Development***

Crystal Oscillator
2MHz

Freq. Divider
1MHz to 488Hz

Freq. Divider
244Hz to 0.12Hz

Manual Clock
Pushbutton

Manual Mode
Pushbutton

Debounce
DFF

Debounce
DFF

Manual Continuous Run
Mode
Freg. Selector
Default = ~120Hz |

120kHz to 1 Hz

pc120.vhd
Under development

Advance Run
Manual Pushbutton Debounce Pushbutton

Clock DFF

Continuous
Mode
Manual Pushbutton LU Continuous
Mode DFF Mode

Freq.

Divider
TFF

Debounce
DFF Run

» 2xClk




Continuous Functionality

***Under Development***
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Advance Functionality

***Under Development***

51 |52 ¢

54 |55 |
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ﬂl Budget Overview

Distribution of Project Spending

To-Date Switches Cables, Wires
Spending:
~5600

Breadboards

Connectors, Intercon...

Optoelectronics

S =N\

Capacitors

Resistors

(S
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Next Steps & Takeaways

Short-Term

Finish testing & PCB design for in-progress
modules

(clock, decimal output, & decimal conversion)

Long-Term
Design and integrate the remaining modules
Document our designs in a technical manual

Develop full system in VHDL

Lessons Learned

Ordering parts early and accurately to avoid
implementation delays

Recreating the complex, sparsely-documented
design of the ABC is time consuming

Future Considerations

Identify a realistic scope for our
end-of-semester deliverables

Establish thorough & efficient testing methods

for gradual integration of all modules
N ]
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