I Designing XOR from NAND gates I

Symbols to be used are

ORVAND A NOR{ NAND T
XOR v XAND A
XNOR | XNAND T

T is called Sheffer’s arrow.
d is Goodhand’s arrow.
with an underline to indicate X~

(One day | hope to persuade the world
to abandon its myriad use of “illogical”
representation and adopt a simple and
“logical” system.)

Truth Tables are

PQqPpPVQ P q PAq
FFF FFF
FTT FTF
TET T F F
TTT TTT
P aqapla pq plq
FFT FFT
F T F FTT
T F F TET
T TF T TF
PQqQPpPYQ P q PAq
FFF FFT
FTT FTF
TET T F F
T TF TTT
Paqpg p q plq
FFT FFF
F T F F T

T F F T F F
TTT TTT

So we discover

XAND = XNOR and

XNAND = XOR

Next we feed p into both inputs of
a NAND gate

p plp

F T

T F

It is apparent both the NAND and
NOR gates can act as an inverters.
So if we link two NAND gates in
series we get

p q pTq (pTq T (pTq)
FFT F
FTT F
TFT F
T TF T

we produce an AND gate as
expected.

To make an OR gate we invert p
and q and then feed the inverses
into a NAND gate.

Pq P —q9 -pT-—g
FF T T F
FT T F T
TF F T T
TT F F T

| term this a NAND triple.

To produce a NOR gate we just
add an inverter at the final output.
So from a single NAND gate we can
now make AND, NAND, OR and
NOR gates.



Making XOR from NANDs

Now we can use the NAND gates
(or NOR gates) to create the XOR
gate.

Step |

From a Venn diagram the XOR gate
is represented by

(PN Q)U(PnQ)

which in logic becomes
(PA—=q)V(—pPAq)

Step 2

Draw up the three simplest logical
gates to create

@ is (p A —q) inverter + AND
@ is (—p A q) inverter + AND
Qis ® v @ an OR gate

- a total of 5 gates.

Step 3

In © replace AND with NAND +
inverter. O is now 3 gates

In @ replace AND with NAND +
inverter. @ is now 3 gates
Replace ® with a NAND triple.
We now have nine gates.

Step 4

As ——p = p eliminate the two
occurrences of two inverters in
series. We now have 5 gates
representing

p q p—q plT—q —pTq
FFTT T T
FTTF T F
TFFT F T
TTFF T T

And we feed these two outputs into
the final NAND gate to produce

P q (pT—=q) T (—pTq)
F F F
F T T
T F T
T T F

which is indeed an XOR gate.
If we add an inverter to the output
we produce an XNOR gate.

From our initial analysis we can also
substitute for XAND and XNAND
though these are rarely specified.

In fact there is a simpler solution
using only 4 NAND gates as follows

p qa pTqa (TeTp (pTe)Tq
FFT T T
FTT T F
TFT F T
TTF T T

and these two outputs are fed into
another NAND gate to produce

P q {(eT)Tp}T{(pTeTq}
F F F
F T T
T F T
T T F

producing a XOR gate as before.

It was my lecturer’s ambition to create
an algorithm that would identify the
minimal gate solution. Does it exist?

XD Robert Goodhand
The Apollo | | moon lander had a

guidance computer consisting of
4500 NOR gates.
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The Apollo | | moon lander had a guidance
computer consisting of 4500 NOR gates. An
iphone contains over 9 billion logic gates.



