
Using logic bits to make decisions

That’s Logical
One group of littleBits modules allows you to 

evaluate conditional situations at different 

points in a circuit without resorting to 

programming. By Rita L Sooby

because they take two inputs – three- and 
four-input gates (and even more) are com-
mon as well. Here, I’ll just refer to them as 
AND and OR.

OR is a good choice when you just want to 
detect an input, but you don’t care which 
one. A good example is the alarm system at 
the Raspberry Pi Geek offices, where the front 
and back doors sound a momentary alarm 
(i.e., a discreet beep) to let anyone in the of-
fice know that someone is entering or leav-
ing the building. The truth table shown in 
Figure 2 shows that in any case except two 
closed doors, the alarm will sound. This is 
identical to the OR table.

To simulate the door alarms, I attached 
Roller modules to each input of the OR mod-
ule, with the output attached to a long LED. 
Figure 3 shows the circuit with the simulated 
doors closed and the LED unlit (i.e., no 
alarm). This circuit includes:
•	 Power	module	(off	the	bottom	of	the	fig-

ure).
•	 Split	wire,	which	provides	power	to	both	

sides of the circuit.
•	 Front	door	roller	(right)
•	 Back	door	roller	(left).
•	 OR	module,	which	sits	between	the	rollers.
•	 Long	LED	module,	which	indicates	when	

an alarm would sound.
Figures 4A through 4C show the alarm out-
come for various scenarios. Note that this 
circuit also represents the behavior of a car’s 
dome light: When the driver’s door or the 
passenger’s door or both doors are open, the 

The logic modules offered by lit-
tleBits	include	AND,	NAND,	OR,	
NOR, and XOR. If you get the 
Logic expansion pack [1], you also 

get the Inverter and Latch modules. The 
logic bits take two inputs and pro-
duce a single output that depends 
on the logic applied. The outcome 

is mapped in truth tables.
Truth tables map inputs to outcomes, usu-

ally as 1s and 0s; however, you can also use 
true/ false, open/ close, on/ off, or whatever 
describes your problem. Figure 1 shows truth 
tables for the logic modules offered by lit-
tleBits.	Each	outcome	in	the	Result	column	
can	be	expected	from	the	A	and	B	inputs	in	
the same row. In this article, I’ll look in partic-
ular at the NAND, OR, and Inverter modules.

OR
The OR and AND modules are called double 
AND	and	double	OR	by	the	littleBits	Bitsters	 Le
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dome light is on, and it won’t turn off until 
all doors are closed.

NAND
NAND simply means “not AND.” If you look 
at the truth tables in Figure 1, you see that 
the NAND module outputs the exactly oppo-
site outcomes of the AND module, as ex-

pected. A popular example of a NAND circuit 
is the block-out buzzer often used in games 
that require a player to buzz in first for the 
chance to answer a question.

NAND is functionally complete (as is NOR) 
[2], which means all other logic functions can 
be created by different combinations of 
NANDs (NORs). In fact, the first flight com-

puter made with integrated 
circuits	(ICs)	by	NASA	for	
the Apollo program was 
made entirely of three-input 
NOR	gates	[3].	See	the	
“Extra Credit” box for more 
on functional completeness.

The block-out buzzer re-
quires a circuit for player 
A,	a	circuit	for	player	B,	
and a way for the two cir-
cuits to exchange informa-
tion. The circuit for player 
A (Figure 5) includes:
•		Power
•		Button
•		NAND
•		Branch
•		Inverter
•		Bright	LED
•		Wire

Figure 4: The alarm sounds (i.e., the LED is on) whether both doors are open 

(A), only the back door is open (B), or only the front door is open (C).

Figure 3: Door alarm circuit with both doors closed.

Figure 1: Truth tables for littleBits logic modules.

Figure 2: Alarm behavior.

Figure 5: The circuit for player A with the NAND module.
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ton press (1 AND 1=1), turning on the LED, 
and inverts the 1 to a 0 before sending it to 
player A.

If	a	button	press	from	player	B	(1	inverted	
to 0) is already waiting at the NAND when 
player A presses the button (1 NAND 0=1), 
the output is inverted to a 0 farther down the 
circuit, and the LED stays unlit. You can trace 
every scenario through these connected cir-
cuits	with	the	help	of	the	truth	tables.	Better	
yet, you can build the circuits and test them 
yourself.

Figure 7 shows the circuits of players A 
and	B	connected.	Notice	that	I	only	had	one	
Branch	module;	however,	because	I	only	
needed	two	of	the	three	Branch	outputs,	I	
could	use	the	Split	wire	to	send	the	signal	to	
the LED and player A’s circuit.

INveRteR
Unlike the logic modules, the Inverter takes 
only one input. Usually, the Inverter is used 
to reverse the output from a logic module. 
The block-out buzzer built in the NAND ex-
ample used the Inverter in two ways: once to 
invert the output of a logic module to control 
the LED properly and once to convert an 
AND module to a NAND module. However, I 
ran across a problem that the Inverter mod-
ule solved on its own.

During a friendly family game of Uno [4], 
we kept forgetting the direction of play after 
a number of reversals. With the circuit 
shown in Figure 8, we could tell at a glance 
whether play should proceed clockwise or 
counterclockwise. A press of the button 
changed the direction of play when a Reverse 
card was played.

The circuit incudes the following modules:
•	 Power
•	 Button
•	 Latch

Normally, the circuit for 
player	B	would	look	ex-
actly the same. However, I 
only had one NAND mod-
ule, so I had to use an AND 
and an Inverter instead. 
Figure 6 shows this modi-
fied circuit, which in-
cludes:
•	 Power
•	 Button
•	 AND
•	 Branch
•	 LED
•	 Wire
•	 Inverter
When player A presses the 
button (1) in the absence of a button press 
from	player	B	(0	inverted	to	1),	the	truth	table	
informs you that it outputs a no-press signal 
(1 NAND 1=0). At the branch, this 0 is sent 
to the Inverter, which reverses it to a 1 and 
lights	the	LED,	as	well	as	to	player	B’s	circuit.

When	player	B	presses	the	button	(1),	the	
AND module, in the absence of a signal from 
player A (1 from the NAND), outputs a but-

Figure 6: The circuit for player B with the AND and Inverter modules to cre-

ate a NAND outcome.

The illustration at the bottom of this 
boxout shows one example of func-
tional completeness using only NANDs. 
An inversion (Inv) is shorthand for a 
self-NAND (i.e., 0 NAND 0=1 or 1 NAND 
1=0). Compare the outcomes to the 
truth tables in Figure 1. Starting at the 
top left and moving right, a single A 
NAND B produces the NAND outcomes; 
invert that to get the AND results of the 
starting data set. Returning to the top 

left, inverting both inputs first (bottom 
left) then NANDing produces the OR 
outcomes. Simply inverting the OR 
gives you NOR. If you NAND the out-
comes from the NANDs of the original 
data set and the inverted data set (the 
NAND and OR in the center), you get 
the XNOR results, which when inverted, 
produces the XOR result. As an exer-
cise, you can try to create all logic out-
comes using only NORs.
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•	 Fork
•	 Inverter	and	Long	LED	on	the	left	fork
•	 Branch	and	Long	LED	on	the	right	fork
The Latch module continues sending a signal 
from a button press until a second press of 
the button; otherwise, you’d have to press 
and hold the button to keep the LED lit. The 
Fork module sends the signal in two direc-
tions, and the Inverter reverses the signal 

each	time	the	button	is	pressed.	The	Branch	
module simply allows the LED to curve in 
the desired direction.

CONClusIONs
The	littleBits	logic	modules	allow	you	to	in-
ject a bit of complexity into your projects, 
and often you can even avoid having to write 
programs to get the desired results.  ● ● ●

Figure 7: The complete block-out buzzer.

Figure 8: The LED clearly shows whether play should continue counterclockwise (left) or clockwise (right).

[1]  littleBits logic modules: 
http://  littlebits.  cc/ 
 expansion‑packs/  logic

[2]  Functional completeness: 
http://  en.  wikipedia.  org/  wiki/ 
 Functional_completeness

[3]  Apollo guidance computer: 
http://  en.  wikipedia.  org/  wiki/ 
 Apollo_Guidance_Com‑
puter#  Design

[4]  Uno rules:  
http://  www.  unorules.  com

info

littlebits – logicbits

93

Kid Stop

issue 11 RaspbeRRy pi Geek


