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II. Mathematical Complexity of
the Enigma Machine

Let me count the ways. . .



Simple Multiplication Principle
If there are exactly a ways of doing a first task and for each of
these ways there are exactly b ways of doing another task, then

there are a × b ways of performing both tasks.

Example 3 shirts: Blue,Yellow, Green
2 pants: Khaki, Navy

2 × 3 = 6 outfits





General Multiplication Principle
Suppose n choices must be made
with m1 ways to make choice 1,

and for each of these ways,
m2 ways to make choice 2,

and so on, with
mn ways to make choice n.

Then there are
m1 ×m2 × ...×mn

different ways to make the entire sequence of choices.



The Possible Number
of Enigma Configurations



5 Variable Components of Enigma

I 3 Ordered (left to right) Rotors: wired 26 input contact points
to 26 output contact points on alternate faces of a disc

I 26 serrations: around periphery of the rotors, to specify initial
positions of the rotors.

I Moveable ring on each rotor: controlled rotational behavior of
the rotor immediately to the left by means of a notch.

I Reflector: fold inputs and outputs back onto the same face of
contact points.

I Plugboard: 0 to 13 dual-wired cables



Ordered Rotors I

Wire 26 input contact points to 26 output contact points

Choices for wire from A: 26
Choices for wire from B: 25
Choices for wire from C: 24

. . . Choices for write from Y: 2
Choices for wire from Z: 1

Number of possible different discs:
26 × 25 × 24 × . . . 3 × 2 × 1

26!
403,291,461,126,605,635,584,000,000

4.032914611× 1026



Ordered Rotors II

Of these 26!, pick any one to occupy leftmost position.
Then 26! - 1 are available for middle position

and 26! -2 for the rightmost slot.
The total number of ways of ordering all possible disc

combinations in a 3 rotor Enigma:
26!× (26!− 1)× (26!− 2)

65,592,937,459,144,468,297,405,473,480,371,753,615,896,841,298,988,710,328,553,805,190,043,271,168,000,000
6.559293746× 1079



Serrations

Initial Rotation Position of the 3 Rotors

Each rotor can be set into one of 26 different positions.
Number of combinations: 26× 26× 26 = 263 = 17, 576

For 4 Rotors: 264 = 456, 976



Closer Look at Rotors



Closer Look at Rotors



Closer Look at Rotors



Notches

Initial Rotation Position of the 3 Rotors

Moveable ring on each rotor: controlled rotational behavior of the
rotor immediately to the left by means of a notch.

Rightmost rotor rotated every time a key was pressed.

The rightmost rotor’s notch forced a rotation of the middle rotor
once every 26 keystrokes.

The middle rotor’s notch force a rotation of the leftmost error
every 26× 26 = 676 keystrokes.



Reflector

The reflector had 26 contact points like a rotor, but only on one
face. 13 wires internally connected the 26 contact points together
in a series of pairs so that a connection coming in to the reflector
from the rotors was sent back through the rotors a second time by

a different route.
The number of distinct reflectors is

25× 23× 21× ...× 5× 3× 1 =
26!

21313!

= 7, 905, 853, 580, 625 = 7.905853581× 1012



Plugboard = Steckerbrett
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Cables Possibilities Scientific Notation

0 1 1
1 325 3.25 ×102

2 44850 4.4850 ×104

3 3453450 3.453450 ×106

4 164038875 1.64038875 ×108

5 5019589575 5.019589575 ×109

6 100391791500 1.003917915 ×1011

7 1305093289500 1.305093290 ×1012

8 10767019638375 1.076701964 ×1013

9 53835098191875 5.383509819 ×1013

10 150738274937250 1.507382749 ×1014

11 205552193096250 2.055521931 ×1014

12 102776096548125 1.027760965 ×1014

13 7905853580625 7.905853581 ×1012



5 Variable Components of Enigma

I 3 Rotors: 6.559293746× 1079

I Serrations: 263

I Notches: 262

I Reflector: 7.905853581× 1012

I Plugboard: 5.329852082× 1014

Number of Theoretically Possible Configurations:
3283883513796974198700882069882752878379955261095623685444
055315226006433615627409666933182371154802769920000000000

= 3.283883514× 10114




