- - - = % - - - - -
: REF ID:A62834

3rd DRAFT
—CONFITENTIAL
rEcTE 5o 0
(/%

This lecture, the fourbh-leshtnre in the series, will be divided into

oo Briaf Reamanr
tmpm,'ﬁe first.efewhieh Vi1l be devoted to

Seliian Ha
TN A T G N K St Yo Y

A

" do ot R, i .,.a,}.,

intimated in the first lecture of this geries, I thni:'l:-nsi npoloaiu for

nakinql\dewmjmtrmmn-nﬂ.nthms,

shasild-bo-batorcobimpomi technically useful to those of you who spesbe

. d.ntobecguprctu 10311.. I;....}
St e fritans. S AL Rane %o m—,@’f"é Iﬁ:@:tw‘ :
thc swondpart of this lect\u-e
,ﬂmu-inmdwelop-mtdmidm nothodnin mptolmu

ik Pad
ﬁt digreuim will be to rnturn
% W

O N = pssdat

—_ — - - — - — - . . -__{ ta



REF ID:A62834

3rd DRAFT
one contribution te the science of cryptolegy which 1is notable in the

a%mmwwweﬂmg‘mw.

history of the sub.ject,\ Here's an excellent picture of Poe, probably

made in 1849, only a few years after he had attained fame and found life's

i

" vicissitudes too much a burden.

Many Americans believe that cryptology in Americe was born vhen

Poe's story of the "Cold Bug" and his important article "A Fev Words on

Secret Writing" had been publishedAm such a belief is -mmvarranted.

o Roa Hat

Al:n a previous lecture I mentiéned James lovell and characterized him as

the one~man HSA who served the Continental COngreas as crjiptolesist. But

s:lnceh :
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General in th}n-ﬁ'w and 9«{: official title in the Army
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But_ngw _let's vack to.Pos
whek 24, Pre urdo
The Cold Bug '\which makes his neme notable in the history of cryp'bology?

First, how 4id Poe become interested in eryptology? It appears
that in 1821 the interception by French security police of certain
correspondence broke up & conspiracy to return the Bourbons to the
throne which they had lost to the rival House of Orleans. The correspondence,
__which was betveen the legilimist Duchesse de Berry and her conspirators in

Paris, was in cipher but of a rather simple sort; it was monoaslphsbetic,
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vith a wfieatien that made solution a bit tricky. A French orator
nan;ed Berryer solved the correspondence and the solution, as well as the

_ Whole affair, attiracted a certain amount of interest in the world. In
particulsar, the story attracted the a.ttent'ion of Poe whose natural
inclination toward the obscure, the mysterious, and the enigmatical, let/
tovard a reacts.on that could easily be anﬂcipatedt Poe became interested
in cryptology. Fow, it 1s quite likely that en eirst contact with the
subject he was ehtirely self-tsught, but it wasn't very long before he
sought out what could be found in Americe on the subject, including vhat
therg vas in at least three encyclopsedias, the B:_'itanp_:gca, ﬂne Awmericane,

and Abraham Rees' Cyelopasdia. There wesn't much in those thres i‘ources; A

I
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paucity of information on the mbaeet,wm

and at the end of the first

installment of his four-part article entitled " A Few Words on Secret

y Writing," published in Graham's Megazine (July, August, October,

Decenber, 1841) he notes this fact and says:

"I, hovever, there should be sought in these disquisitions--
or in any--rules for the solution of cipher, the seeker will be
disappointed. Bayond some hints in regard to the general
structure of language, and some minute exericses in thelr practieal
epplication, he will find Mhins upon record wvhich he does not 4n
his own intellect possess.”

Lo st e Al PTG Mg
ow 262 Puﬂrdﬂs*r’*«%»&, «M%MVM
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'\Sofauanw vasn't much {information reedily at

}
hand in Americe on the subject of ceryptology in Poe'‘s tinme, but vhat there
was Poe quickly sbsorbed and thus he becsme an expert--or so he éhought.
e o
Perhaps I was a bit severe on him inw preceding lecture vwhen I said that
Poe appears to have sincerely believed that any cryptofram he couldn't

solve was not a valid cipher, and I cited a little ditty reflecting on such

a naive belief'. So now I'll try to make it up to those of you who happen
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t0 be Poe 1dolators by telling you some detalls about a cryptologic dietum

he enunciated, a dictum which has become world famous in eryptologic
tradition and which those of you who aim to become professionals in the
field of eryptology should ponder aver from time to time.

In a previcus lecture it was pointed out that cryptanalysis is really
a quite encient art or science, byt it seems clear that 1t wes Poe vho was
the first to contend that there was no sgch thing ss a cipher which can't
be solved. Poe didn't ssy it quite that ;:anly and baJ:dly, as some people
seem to think. let's see exactly vhat he did say.

The very first time Poe wrote sbout cryptography, m& wvas in a
;brief arf.:l.cle that appeared on 18 December 1839, in a journal called
"Alexa.nderl's Weekly Messenger,” he seid, with reference to the solution of
enigmas and conundrums, that "...rules really exist, by means of vhich it is
easy to decipher any species of hieroglyphical writing-~that is to aas'
writing vhere, in place of alphabetical letters, any kind of marks are made

use of at random.” At the end of this statement there is an asterisk

ealling attention to a footnote which appears at the end of the article.

6
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The footnote says:

. "For example--in place of A put # [ a dsgger/ or any other
arbitrary cheracter--in place of B, a * /an asterisk/ete. ete.
let an entire alphabet be made in this.manner, and then let this
alphabet be used in any piece of writing. This writing can be
read by means of a proper method. Let this be put to the test.
let any one address us a letter in this way, and we pledge our-
selves to read it forthwith--however unusual or arbitrary may be
the characters employed."

Several wveeks lster, on 15 January 1840, under the heading
"ERIGMATICAL," the first response to this challenge appeared. Before
giving the cryptogram, and its solution, Poe wrote:

"Some weeks since, in an editorial article under this head
[ERIGMATICAL/, we mentioned that, with a proper method, it
vould be easy to decipher any piece of writing in which arbitrary
slgns were made use of in place of proper alphabetical characterg--
pledging ourselves, at the sape time, to read any thing which
should be sent to us thus written."

These two statements contain the germ of the idea vhich later was
elsborated into vhat has cone to be known as Poe's wrld<Pimdps dictum.
let us see exactly how, & year and a half later, this germ of the idea was
elsborated upon in his very first formal statement of his dictum, which
appeared in the 25 March 1840 issue of “Alexander's Weekly Messenger.”
Here is vhat he wrote:

"We assest rowndly, and in general terme, that humen ingemdty
cannot concoct a proper cypher vhich we cannot resolve.” -

T
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Note cerefully that word “We"--it unéoubtedly is an editorial pronoun.

] Y L i
It 1 almost abselut/ey certain that it could only refer to Poe himsgelf,
because no other persen comnected with "Alexander's Weekly uess_mgor“
has ever been discovéred to have dabbled in cryptogrsphy: HNow W, let
us ask, did Poe insert ths word “proper” before the word “cypher" in this
first forpal statement of his dictux? The answer must de that he felt
that in making his challenge he had to be careful to set up certain limita-
tions upon the kind of ciphers he would undertake to solve, n;mely, simple
eiphers, or vhat we now oall noncalphsbetic substitution ciphers, in vhich
one and emly‘ one substitution alphebet is invoived. By 1nsml'ting that
word "proper," with the connotation I have hare elucidated, Poe must bave
felt that he had protected himself sgeinst any charge of frasud, because,
as you all are or should!by this time be fully awere, practically every
monoslpbebetic substitution cipher can be solved, no matter what characters
are used in the cipher text, previded only that the original plaintext
message 18 in an alphabetical language, is of sufficient length, say 25 or

more cheracters, and you know a bit sbout the language involved. This is

8
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true even of the sort of "erypts” which appear in many of our "daﬂyd
newvspapers, ciphers vhich__ are made &1fficult by the use of outlmai'sh
vords and outragecus dletion ;so &s to suppress the nornal frequencies
of the letters of the English langueage, as exemplified in the following
specimen:

Juowd vag, Waew gipsy, stalk mohr nth time. Mpongwe gumboy
a8 niekt Xonum, Unfed, knsb juum, ngapl. |

Ifyouthinklmtry:ingtoputwuarastemenyou, or that
“there are typographical errors in this example, consult yowr Webster's
unedbridged English dictionary. You'll find every one of t.tfoae vords in
16 0mdl kol Hora wareaga. poyo Anahas pocee — W%M,w;,.

By setting up the limitation of nmoneslphabeticity Poe made

certain that he could solve any challenge cryptogram; if he couldn't, then

1t meant that the challenge cryptogram was fraudulent, so far ss he was
concerned.
In the 22 April 1840 issue of “Burton's Gentlemen's Magazine," which

- ' 9
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vas merely a continuation of "Alexander's Weekly Messenger" under a .
aifferent name, Poe wrote at the end of one of his solutions: "We eay
again deliberately that human ingenuity canno_t. concoct & cypher ;lhich"
humen ingenuity camnot resolve." Note, now, a simple but ?dte signifi -
cant change in this, the second atatement of his dictum. In the first
version he equated "human ingenuity” with his own 1ngem;:lty--the two apparently
. -wre, 1'n h:l.sl opn_non,l eqidvden't. But in the second version he substituted
for the "We" 1nﬂ the first version the phrase "human ingemity.' Ilet's

place the two versions side Ly side for comparison:

1) "Ve sssert roundly, and in 2) “We say again deliberately

genersl terms, that hvman that nman ingenuity cannot
ingenuity camnot conceet a écneoet a eypher vhich human
proper cypher which we ingenuity esnnot resolve,"

caunot reaolve."( - " )

Well, here you ean essily see how tl_uae two statements or versions
of Poe's dictum differ. In the first, Foe placed himself upon a very tall
. pedestal of cryptanalytiec capability; in the aet;ond he becomes more
xmdelt and leaves room for other aspirants to the accolade. But I'm sorry

to have to tell you tkat only a b1t later, in a letter to a man named

Frailey, vhose challenge cipher messege he'd just solved (it was the most

-

10
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aifficult vhich he ever solved), he wrote: "Nothing intelligible can be
written wkich, vith time, I canmet decipher.” Poe was rather jubilant
ebout his solution of the Eralley ceryptogran snd perhaps he was Justified--
it was & very early, if not the earliest, case of t.he use of outrageous
diction, such as 18 fourd in the modern "crypts" for the purpose of
thwarting the would-be cryptanﬂyst In Pig. 00 you see it just as Poe
published 1t. In Pig. o you see the eryptogram with an inter-l{inssr
deciphermemat vhich you can @isily read, and in Fig. 00 you see Poe's own

a4

interlinear decipherment of it.

PROTO PHOTO . PHOTO
F1G. 00 nG. 00 ¥iG. 00
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362, I wish that Poe had never written that flamboyant sentence "Nothing

intelligible car be written vhich, in time, I camot decipher,” because of

-{ts unbecoming immodesty, especially in view of his real lsck of professional

experience. It seems that Poe had reason to regret having made such a bold
randbaldclain, beceause, as you will soon see, in the third and final
statenent of his dictum, he cnce more zedified it. This time his dictum
becomes more censistent with reality and with the nodesty that w
in the writings of one of the greatest literary figures of modern times.

Let us see how Poe worded the dictum in his third and final attespt
t0 put his 1dea across. It is found in his short story “The Gold Bug." I've
mentioned that tale tvice slresdy, but I'll now add that those of you Who
Baven't read that story should do so before letting another day go by, for
it 18 a fascinating one. It is t0ld with an adroitness and perspicacity

which nobody else in the world before or after him has surpassed or even

equalled._ In that tale Poe's dictum is siated vhen the hero says: “It
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may well be doubted vhether human ingeniity can construct an enigma of the
kind /such as the eryptogram in "The Gold Bug'/ which human ingenuity masy not,
by proper appli:cation, resolve.” In this form Poe neatly puts the matter in

a mamer that aptly expresses what professional cryptologiscts believe to be

true today, 2ave for one exception ebout vhich X hope you'll learn something

didokws-and for this he deserves to be remembered for all time by all

professional cryptologistes. I would like to conclude this digression adbout

Poe by quoting a paragraph which I have teken from Fletcher Pratt's Secret

and Urgent and vhich I think quite interesting:

“Poe has an inmportant niche in the history of cryptography
although he brought little or nothing new to the art but his taste
for it and e natursl skill in decipherment. He made it briefly
popular in Philadelphia in the 1840's, but vhat was a great deal
more important he attracted literary interest to the subject,
particularly in France, vhere his works were received so mch
more enthusiastically then in his own country. The Gomry
had mumerous imitators there. Jules Verne three times intro-
duced cryptograms and their solution as important elements of
his stories, and Balzac found the mania for ciphers in fiction
80 wideapread that he was moved to put a cryptogram three
pages long into la Physiclogie du Mariege. It must have amsed
the last vriter greatly to discover that for years after there was
hardly a wvriter on ciphers in any country wvho did not attempt to
solve the Physiologie du Mariage cryptogram and fail in the
sttempt. Conmandent Bazeries, the same who broke the Great

13
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Cipher of louis XIV, finally spoiled the sport with an analytical
essay demonstrating that the message was an elsborate fake,
almost as carefully composed as a genuine cipher, and arranged
to have a mmber of almost-clues."

If you'll teke the trouble to look up vhat Bazeries says sbout this
famous and unsolved Balzac cryptogram you'll £ind something interesting.
' -Pratt says that Bazeries "finally spoiled the sport with an analytical eseay
demonstrating that the /Balzac/message was en elaborate fske.” And so Bazeries
.does say. But one can only smile at the manner in wvhich Bageries demonstrated
that the Balzac message i a fake. Pirst he "demonstrates" that it can't be
monalphsbetic--and his reasoning leaves much to be desired. In fact, it is
fallaecicus. Then he says that it can't be a system of transposition, which
ve may grant without argument.  Bazeries then closes his reasoning by a
;1nlp1e dential that 1t is an encipberment of the genus of the cipher square
[ Vigenire/--but he doesn't even attempt to substentiate that opinion.
Bazeries coneludes:

"Balzac, having wvished to say that the question of the confessor
and the lover was sn indeciphersble question, without doubt left two
or three pages blank in his manuscript, and said to his editor:

'Fi{11 this up as you plemse, with capital letters, small letters,
figures, punctuation marks, etc, putting some of them right side

1k

<



-
¥

REF. ID:A62834
*®

A L g

3rd ERAFT: . ‘
up, s0me upside am, in a m that wvill for:ga a

vhich nobely vill mderstand.’

"That's vhat he d1d.

"Mus the Balzac cryptogram ig simply s fecetiousness on the
part of the sythor.and is not the resnlt of any eryptographic

gystex yhatever."

"How 1ike Poe! What Bagzeries couldn's solve was not a valid crypto-

gran. Maybe he's right--I haven't tried to solve the Bilzac cryptogram,

"s0 I don't know. Why don't some of you try it. M
“

Covck versaow WMS%‘N—M"‘%
Yoo A LA I o~y G-Q—?f—bw‘*p?— Rana. ana. o1&s
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Rov we must go on with our story of the developments in the history
of cryptology after Poe's time, that is, after the 1840's. It will be
useful at this point to say & few vords sbout ths role played by the invention
of electric telsgrephy and by the rather rapid developments and improvements
in electrical communications, for they brought about equally rspid develop-
ments and improvements in cryptographic communications and, as'a eongmttnnt ’,
in cryptanalytic technology. And here I begin my second diregression from
our maftn theme. .

Of' ct;urse » there can be no single and siwple explanation for the
rather rapid developments and ihpravm,nts in cryptologic teehnology that
began about the middle of the ninete‘enth century. It would t;e incorrect to
ascribe them solely to the invention and development of the electric tele-
ereph, but 1t 1s valid te assume that telegraphy, that is, eleetric tele-
graphy, now begen to pley the major role. 1 refer here particularly to

that.type of electric telegraphy vhich was invented and developed by

Samuel F. B. Morse. Merse was primarily an American portrait painter but

16
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he had a good backgrowund of education in electrical studies. Aboard

the packet-ship "Sully” in October 1832, returning from Purope, Morse
developed plans for a telegruph recording instrument and laid down the
principles for the first practical eystem of electric telegraphy. Morse's
systen was based upon a rather simple scheme and it was because of its
simplicity that electric telegraphy became practicsl: short and long
pulses of current in an electrical circuit, separated by intervals during
vhich no eurrent flowvas. The short and long pulses of current are termed
respectively dots and dashes, s0 that p_eaple generally refer to the scheme
as "The Morse dot and dash code.” It will be well to stop right here and

emphasise that the wvord "cede” in this context doss not have by connotation

17
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of "secrecy” because there is not, and there never has been, snything secret
about "The Morse Code.” The vord as used in this context simply means a
"convention,” "sgreement,” "set of rules,” etc., ss in the expreseions "the

f ' ! 5
Napoleonic Code,” or a "buildiﬁg( code,” end the like. The Morse Code is
merely a set of conventional aquivalents for the 20 lstters of the English
alphabet, plus soms additional ones ?’or the 10 digits, and a few more for
punctuation signs, such as comma, ;,;é/x,;iod, question murk, etc. Its ussge in
telegraph:y spread very rapidly amlléoon it becane ta.mul throughout the entire
civilized world. :Basicalhr, vh-t‘:'/were (or mre) these equivalents? _ The ansver
is very simple: they are conbin;tionl and permutations of itwo simple elements:
periods when a current of electricity flows in a circuit, sepamted‘by mtgr-
vels during 'w'hich no cuyfent flows.  In other words,' ‘the Norse Code is & vay
of representing a set of about 40 elements (26 letters, 10 digits, plus several
signs of punctuation) by combinations and permutations of only two elcmnts—-‘\t
pelriods of current and periods of no current. It is trus, hovever, that withi;r

each of these two periods, the "length" or rather the duration of the differen- '

tiating signels is variable, but the retios between the shortest signal and the

18
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others are more or less fixed, since in manwal operation the durstion of the
shortest signal amd in tura the speed in words per minute depends upon the
31;111 of the operator. When curreat is flowing, for instance, the duraticn
of the flow is varisble, the shortest, about 1/24th of a second, for a
moderate word speed, representing & dot (E = 1 unit); the next in length,
about 3/24ths of & second, representing a dash (T = 3 units); the next in

)

imgth being & long dash, sbout 5/2kths of a second, representing the letter
L ”(= 5 units); and the longest, being a dash of seven units in duration,
representing the digit zero. These lengths are a ‘b:ll.t- theoretical. Likewise,

L
!

the duration of the spaces, that "I:Ls, the periods of m-c&nvnt, are slso’

variable in length: 'bha space: betveen the dot-dash components of a letter
equals the length ~of ome dot, (= 1 unit), except in certain dot letters

(c; 95 R, Y, ) in Americas Morse, vhich contain a space equal in length of
that of two dots. The space betwesn the letters of a word is equa]: to three
dots, and the space between words is equal to six dots. (Again, these lengths
are a bit theoretical:) It is clear, therefore, that the Morse code is by mo

means ome vhich is composed of bdut two elements, dots and dashes; and this is

19
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tirue alro of the Internnrtionsl Morse Cods where there are no letters 4im which

the dots ere separrted by spaces equal to two dots., nor ere there letters with
spaces loriger than the length of three dots. It isn't even true that the Morse
code is composed of permutations of three elements, dots dashes, and spaces,
beceuse, as indicated, the dashes are of several lengths and s0 are the spaces.
Morse was quite logical and clever Iwhen' be devised his set of dot-dash-
space equivalents for the letters of our slphabet, becsuse from the very first
he composed those equivalents in accordence with the normel frequencies of
letters in English. To the letter E he assigned a single dot; to the letter
T & single darh the shortest dssh; to the letter I, he assigned two dota; to
the letter A r dot It;'ollowed by » dash etc. A fev yesrs later rs‘llo‘rao
telegraphy spreed »11 over the vox‘-ld. some modifications were mede in Morse's
originaz. code vwhen by international agreement r set of equivelents was
adopted t:or internationsl telegrsphy, although in the United Ststes the Americsn
Morse continu?d, and still continues. to be used, because of its supposedly
- greater efficiency. Both codes 'sre shovn below.

(Ene Brit Vol 21, p.883 (Enec Brit Vol 21, p. 883,
1kth Ed.

Photogrsph Morse Code
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I think that most of you, when you read or learn something about the

Morse Code, probably hear, in your imagination, the "clatter-clatter® of a
telegraph instrument representing dots and dashes. And when you listen to
certain prograns on your radio you hear the short apnd long high-pitched squeals
of radio-telegraphy, representing the dots and dashes of the Morse Code sent at
high speed. But Morse's first model of his telegraph system was a recording
:I.nstnme:\:t--dots and dashes, separated by spaces, were recorded, 1-'.hat is, -~

printed or indicated, upon & moving paper tape, Here's a picture of it.

-
-

[ Ry
(Britennica, Vol. 15, p. 828) In April 1844, Alfred Vail, one of Morse's

assoclates, made the important discovery that it was possible to read messages
by sound. He noted that aB & dot o;"dnsh is Yeing recorded on the moving tape
the printing lever makes two distinet sounds, one as it strikes against the

stop limiting its motion in one direction and again in retreating, as it strikes,
Jagainst the stop limiting its motion in the other direction. He noted that when
a dot or e shoxrt desh is recorded the interval is shorter than when a long dash

is recorded, and he found that signals could thus be read by the length of the

intervals between sounds. Thus was borm "the sounder.” Because of its simplRcity

21
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"sound"” telegraphy spread like wild-fire; but, unfortunately, it retarded the

development, or rather the re-birth, of "recording” telegraphy for many years.
Nowvedays, one seldom sees or hears the "clatter-clatter” of the Morse Sounder,
for sound telegraphy suffered a lingering death when modern printing telegraphy
was invented, developed and perfected. Today, in America, there are only a very
few vorking veterans of the Morse sound telegraphy; progress has passed them
by apnd soon there will be none remeining, except those few "old-timers" you
may still see dbehind the ticket windows of railroed station offices in the
;:ountry ; in very sumall towns and hamlets., In international commercial radio-
telegraph communications you can still hear the rapidly-~-interrupted whine of
the Morse Code do1;s and dashes, although even in that field radio-printing
telegraphy is rapidly expanding in usage.

If question be raised at this point as to vhy this lecture devotes so

)

mach time to "codes” such as the American and the International Morse Codes, \\
hY

AN

-
e

vhich have little to do specifically with secrecy or cryptology, I can only sey

e

that in practical work the professional cryptologist uses his knowledge of these

= Y S
R P -

types of "codes" to good advantege, when he must straighten out errors or b
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"garbles” or the like made in telegraphic transmission or reception. The infor-

mation 1s therefore quite relevant and is sufficiently important im the qryptolq‘__rdn
study of electrical commmications to warrant the presentation of additional infor-
mation of interest and pertinence. P ’
Before pmins on to my next digreassion, I think you will be interested in
seeing the ;.it.le page of vhat is belleved to be the very first codebook which
;a}l/dressed itulf specifically to the new technology introduced by Morse's eiectric
télegraphy. Here it is. Note the date of publication, 1845, which was Jjust
ox;e yenr after the first télegreph line in America, the one between Washington
and Baltimore, was imt into public use. As you can see, the codedbook was pro-
duced by Francis O. J. Smith, one of Morse's partne;'s, and it is dedicated to
“Professor Ssauel F. B. Morase”, Invent;r of the Amsrican Electro-Magnetic
Telegraph." I said that that first telegraph line was put into public use in
1844 for originally it wes bHullt for experimental use, #30,060 having been
appropriated by %yﬁs ih 1843 for this purpose five years after Morse had
demonstrated I nis telegraph bafore President Van Buren and his cebinet early in

1838. You'll be amused to learn that soon after his telegraph had proved to be

a great success, Morse offered his system and patentas to the Govermment for
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$100,000, but the offer was refused upon the recommendation of t!é\l\’ostms‘:er

W,

General, vwho reported that he was "uncertain that the revenmues could be xade

N
equal to the expenditures"--this, after the immense value of the telegraph to -

L
o
~

the Government had became fully epparent. But perbaps the refusal was best
after all, for had the offer been accepted the chances sre good that the
telegraph would have become a govermmental monopoly, &8s is the case in every
country except Canada and the United States. When Morae was turned down, he
enlisted private capital, and in 184 a company was organized to erect a
telegraph live between New York, Baltimore and Washington. Ten years later,
there were more than 50 telegraph companies in the United States using Morse
patents, but now 100 years later, by act of Congress, there is only one com-
peny in the Un:lted'. States, the Western Union, which offers to the general
public a domestic telegraph service wherein a message may be handed in "over-
the-counter” or telephoned in for trensmission. Western Union accepts over-
seas messages but transmits them via cable. On the other hand, redio-tele-
graph companies such as the Radio Corporation of America, the International
Telegraph and Telephone Company, etc., cannot accept messeges to be transmitted

2L
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withinl the United States, but orly overseas.

80 much for the second diversion from my mein theme. I have but one
more, which I hope will be interesting and will give you some useful infor-
aation.

Movadays we see meny references to certain relatively mev machines
called electronic digital eonpute;-s , ond “data-processing mmchines.” These
mc%iin;s constitute & post-World Hl:leI innontion vwhich offers a means to
increase man's productivity in many different ways and at ever-increasing
speeda --wherevex: large-scale, ‘repetitiv? clerical and computationsl tasks
cen be mechanized, or wherever there iz & possibility of speeding up operations,
or of s;un.g tijﬂ » labor und money in processing large amounts of date. M.
can be Jf'instruct‘ed" or “progresmed” of great assistance wherever a great deal
;:)r information is needed to manage enterprises, run institutions, direct re-
seerch, and plan endeavors. They &re even ‘be:lng developed or ;oditied to per-
for;, or to ct;-ist in the berformance of, la-rée-sca.le lnng—uase:trmalation
proJecte; in mathematical research, biolo_gical‘ investigations, etec., etc. )

These machines are sc versatile because they can deal with all such problems

25
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in one and always the zame very simple way: they function according to one

or the other of two and only two states or wvays which may be termed 'yes" or
"no", the equivalents of which, in the language of electricity, are the con-
ditions calléd "eurrent-on" or “cwrrent-off”, just as is the case in an o;di-
nary electric-bulb in your home--the light is either "on" or-“off", depending
upon the position of the switchvwhich controls the flow of' current to 1?. Be-
cauge these tv9 conditions can be changed electrically within the components of
th; computer, it can perform its operatiofzs at great speed, electranic_speed in

fact, and that’'s why such machines are called "electronic computers.” But

vwhy are they calied “eleotronic digital computers?” It is because they employ

eiz:cuitry and mechanisms which function in vhat is termsd the "binary mode”,
that is, Ilccerd:lng to a system that operates under one or the other of two and
only two conditions representable by two and only two differex;t symbols or '

' atgits ‘whiclzh may be extended to denote all mumbers or qantities no matter how
large. The mef:hodq is commonly cn.l;ed "the binary-digit system.” The expression
"binary digit" gave rise t0 the abbreviation or rather contraction "bit", coined
by one of NSA's associates, Dr. John Tukey, of Princet'on and the Bell Telephone

Iaboratories, by simply joining the first tvo and the last two letters of the

’ 26
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expression, It 18 easy to understand that one could use any two symbols or
digits but it is cflanon nowedays to use "0" and "I", 1. e., the first two

of our ordimary series of digits 0, 1,...9. It is possidble to repreasent or .
"encode" any sort of message--a& printed page, a‘ musical composition, a

_ photogreph, etc., etc.--by using only this pair of digits. To summarize,

electronicAtgital computers gperate on a method of notation or counting
Y . 1

based 11;;; the "binary scale,” and a bit ;f e;cplanation as to how they are
able to count according to that scale will be useful if you are to understand
- certain fundemental principles underlying the functions and manner of operation
of thez;,e computers.

- In everyday life nowadays we add, subtract, multiply apd divide according
to & system of counting that is based, upon the decimal or denary system, in
which arithmetic notation 1s besed upon "decades.” Let me explain the idea
in simple language. In our s;rstem of notation there is a seqguence of ten
symbols or mmpe_rs called ”d:igita‘, namely, 6,7,8,9, and they have what 1s
called "positional value," tha'lb 1s, the numericsl value of s diglt in & number

consisting of two or more digits deperds upon the position of that digit in

a1
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the number under consideration. A digit at the extreme right in the punber

hes a unitary value, that is, it represents as many units as the digit indi-
cates. In a compound number the value of a digit to the left,of it has a
value 10 times as lerge as that of the ome to the right of it. The positions

from right to left have these values:

10x 10 x 10 x 10 = 10, 10x10x10x10, 10x10x10, 10810 10 1
oxr or or or
100,000 10,000 1,000. 100 10 1

The foregoing simple presentation of the matter makes it clear that next

to the left or "hundreds” position, end so on. Although we write numbers consis.-

e

4 - i -
Wﬁs from left to right, the numerical values of the

fndividual digits composing the number incresse from right to left by the
success;ve povers of 10. The number 1796, for instance, represents one
thousand seven hundred and Hinety-six units of something being counted, welghed,
or measured, that is, 103:(7x102)+(9x101)+6, or 1000/700.90+6,.

TheThe foregoing rather lengthy explanation mey seem superfluous; in fact,
it appears hardly worth so many words of exposition, because the matter to be

{and it really is) very obvious to us now. But it took thousands of years of

progress in civilization to invent or develop the very simple system of nota-
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1

tion vhich we call the decimal or denary system. It is perhaps utqﬁilhing
. ;-

.~

that none of the ancient civilizations of AfFies or Burope had such a sizple

f i

system. Lat me remind you that ia the Romen syptem of notation, which was
1 /’:

based upon strokes, probably representations of fimgers, ithere vere separate
Sy

1

j e

symbols for numbers. "Ome"™ was represented by & single stroke (1); TPive"
{ ; ‘

(V), "ten" (X); "fifty" (L), "bundrea” (C), /five hunirea” (D), and "thous-

;

"and” (N). The nusber 1843 was represented by eleven letters--MDCCCXLVIIX,

'

Later, by subtraction, 4 was written as IV; 9, as IX; 40, as XL. Sometimes

A
i '

@ bar over a symbol multiplied its value by 1,000; thus £ = 10,0003 C = 100,000;
. y |

I"/ \\
R = 1,000,000, How would you like to find the square of the number 1796

using Roman notation? Many anelemt civilizations used systems of notation

\

similar to that of the Romens, and they were all rather cumbersome, compared

to our present system. It/i/_s- hardly a curious fact that practically the world

,

s ’ ’ Y N
over systems of numeration were based upon counting by tens:-becsuse fingers

Lt f \
4 !

vers (a/dd 8t1ll are) used in counting anq we have ten of them. ('The word

\

"a141t" comes from "digitus” and mesns "ringer" or "toe", although nowadays

ve say that our hand comprises four fingers and & tiamb.) The dnnu'y system

.. ’/ |
s oy LD

!
!
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including both the idea of the positional value of notation and the ides of

8 having e symdbol for zerc, was invented in Indie, and wvas brought to Burope
by the Arabs.
But there are systems of counting other than by tens. Man hag five

1

fingers on each of tvo hands, and five toes on each of two feet. He thus bas

/

a counting “abacus” arrangeable on & scale or radix )6! 5, 10 or 20. Systems
. t a[ ’
based upon radix 10 are very convenient, as, for gﬁmle, in our American

currency system: 10 cents make & "dime,” 10 "dimes" make a dollar, etc.

t
\

Qut 8 scale of 12 is also very con;eniont, the mmber 12 being divisable by

2,3,4, and 6. In matters other than financial or currency we still in the

i \
N

United States use the British system of counting; we use their' system of
lineay measurexent which is basgsed upon 12 inches to the foot, their gystem
of weight measurement, vhich is besed upon 12 ounces to the pmnd, and so.on.

Bu'g. I now wish to say & few words 'about & system of cpuntiné based upon

1
i

the redix 20, the so-called vigesimal system, vhich is the bne that was‘l used
; . ' \
\

by the Celts in Europe 2000 years ago end by the ancient civilizations of -

Central America. Consider, for instance, the mathematical a"yst.em of the anclend
)inara. of Yucatan, who thousands of ;reu.rs ago vere great a.strqnomrs. Inde-

30
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pendently of the Hindus of India, or of the Arabs, or of the Buropeans, sand

probably much earlier than tham, the Maya invented or dlscovered two ideas
of first importance in any efficient system of -emumeration: they had a
symbol for "zero" and their symbols had positional value, just as do the
digits. in our present-dey denary system. A symbol or unit in the last

(or units) plsce in the Maya system had the value "1"; 1t took 20 such units
to make & upit in the next-to-legt place, eand so on, so that in their system
the positional values of the symbols went thus:

6th Poaigion Sth Position kth Position 3rd ng%uon 2nd Poeltion lsts.
20 20 20 2 20
20x20x20x20x20x20  20320x20x20x20  20xP0x20x20  20x20x20  20x20 20
- 64,000,000 3,200,000 160,000 8,000 Loo

E;uch a gystem made it eeasy for the Maya astronomers to represent very high
mmbgrs with grest economy in the use of symbols. In practice, the Maya wrote
their ‘nunbers Trerttca.lly {not hori:suntllly, as we do), tll:e units position
being the bottom ane. '.l'hey aleo had special symbols for the multiples 20, 400,
8000, etc. I; is an sstonishing fact that the gmat sathematieians of neither

sncient Greece nor of ancient Rome seemed to have any inkling of either the’

concept of "zero” or that of the positionszl velue of symbols in numeration.

31
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Once you have these two ideas, problems of arithmetic become much easier

than in the case of Egyptian, Greek or Romen numeration. One more curious
fact: Greenlanders use the counting system based upon redix 2;) and soms
S p_eople wonder if this & bit of evidence of the tropical origin of the
Greenlafxders.
- We coy the binary scale used in electronic digital computars.
In 1:.he I;mry scale, the binary digits, or "bits", also have positional
velue, proceeding frex right to left, as in the denary system, but, as
, already mentioned, only two Aigits or sysbols are involved in the binary
system. Only one of them has & value, and that value progresses from right
‘:o left according to the scale 1, 2, L, 8, 16, 32, 64, 128,..'-, that 1s, on
itézj progression of the povers of 8 This can be seen in rigzx-; wherein are

pr==* ]
set down the binary equivalents for the decimal numbers O, 1, 2, 3, ...31.

r4
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decimal values O— 31

Columm No.
_Binayy valus
Binary

J
{
1

. Pighre ] - Binary representa

Note the neat sri orierly mamner in which the 0's and 1's are arranged

e

single alternations in the lest column

within colums from right to lefts

mmm.
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slternations of pairs in the 2ad colomm from the right, aldernations of sets
of k's in the 3rd colum, of sets of 8's in tbhe Ath eolusn, snd altermations
of sets of 16'a in tha Sth eolwmm.

Iz Figure O0 sre shown cily the first 32 permutations of the binary
digits 0 and 1. And the ressson for stopping with these 32 yermutations is
that I wish toc demonstrate an interesting if not an astonishing fact, namely,
that ¥rancis Bacen, whose bilitersl cipher system, inmvented in 1583, was ex-
~ plained in detail in the second lesture of this series, vas reslly the first
,mmo:mpm:pummmm‘bmﬂuml Wheress Baccn
assigned the lotier eguivalants A, B, €, ++. 2 to systemstically-arrangsd
pommuonuorummmuotﬁubmqum,mor'y:"m
"b's", in computer technology thoss very ssme permubaticns (but of "0's" snd
"1's” instead of "a's" and "h's") aye ueed to represent the nwbers of the
sequence G, 1, 2, 3, eee o But the fundsmental wi;xcipleismqunumbly
the seme, as can be semn by placing the fiwst 24 permutations of "0's" and
"1's" of the modern binary scale alcmgside the sequence of "a” and "™

egquivalents Baccon established for the lettars of the alphabet as used in the

3k
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days 'of Xlizshatd I (Figaws 2). The cotacideunse is quite remarimbls.
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" Yig. 00« = Computer bluary eguivalents asd Bescs's bdiliteral aiphabet.

I 834 now wnothar curious sl Quibe interesting fact.

When Becont anunciated his bilitevel aiphebet, composed of permutations

of two things through five pisces, ncbody had yet conceived of such a thing

But Bacon's Ycoda™ of a's and d's awmse to enjoy its

us electric telagraphy.

birthright ssveral lnndred years aftar he devised it, whem elecirie pricting

It is rather astonishing to mote that

telagraphy canme into use.
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Bscon's "code®™ of permutations of two different signs taken in sets of five
(of which he used only 24 out of the possible total of 32 permutaticns) is
now actually employed in its entirety the world over in practical electrical
printing telegraph systems! In the latter, however, the permutations, al-
though the ssme as those used in Bacon's "code", are assigned alphsbetic
equivalents different frem those Bacon had assigned them. For ingtance, in
Bacon's system, the first permmtation, aasaa, rapresented A; sasab, the next
permutation, xepresented B, and 80 on, in o neat, oxnderly sequence, as seen
in FPigure 00. But in a practical system of electric printing telegraphy the
nasigment of characters and functiong to the successive permutations wes dta-~
tated by two factors: (1), sconcmy in the use of electrical energy amd (2),
reduction to a minimum of wesr and tear on the mschanical epparatus. We cams
now to a considexation of the first of these fectors, viz., econamy in the use
of electrical energy, and in such consideration we shall take s gcod lock at
the "code” used for modern printing telegraphy.

(ne of the most widely used systens of printing telegraply eysteme is
that in which there is for each character a "stext" impulse at the begimning

of the get of five signals for a character, and a "stop” impulse at the end
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of the aet, This system is commonly referred to as the "S5-unit code, start
stop” printing telegraph system. In this system, there is, as in Bacon's
syetem, a "code" based upon the pexxutations of two things teken in sets of
five; in this case the two things are "current” and “no current,” or "positive
current” and "negstive current.” Thus, if we use "£" and "-" as symbols to
represent the two electrical states involved, Bacon's asasa % A could be
represented a8 Aiféf; B could be vepresented Jff/-, and so on. But in printe
ing telegraph systems the susigmment of the permutaticns of "£'s” and "-'g"

to represent tha characters to He transmitied sre made according to & schems
vidch takes into consideration scuething other than a desire to make the
alternations of the "£'s" and "'s" couform to the neat sequential or sys-
tematic pattern of Bacon's biliteral alphsbet. Thus, if 4" represents
"owrrent” and "<" represents "no current,” it is cbvious that the greatest
efficiency and economy in ths use of electrical energy and the least wesr snd
teax on mechanical perts would be cbtained by assigning the permatations in
accordance with the normal frequancies of letters and punctuation signs. Amd,

as for the second of the two factors mentioned above, it is cbvious that here
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again such assigrments would result in the least emount of wear and tear on
mechanical or moving parts. Thus, the letter E is sssigned the permmtaticn
fewen; the letter T, =-«-f; the space between words, s«fe-, etc., since in
each of these pexmutations thers is but cne instant in the cycle of five

time periods whan current is flowing. A "code" of this type was designed
meny years agc by a French inventor and engineer named Baudoct, and the “code"
is now generally referred to as the Baudot Code. The unit expressing speed

in electric signalling, the baud, is named in his honor,

In Fig. 00 the Bawdot Code is presented in the form of a picture of a
Plecse of pexrforaied tape for & controlling e printing telegraph system. Each
charscter is represented by one or moie "character holes” which may be punched
in five differant positions or "levels" across the tape, i.e., trancversely
to its length. Since in each of these five levels a hole may be present or
sbsent, there are 2° or 32 possible permutations, of which 26 are used %o
represant characters, and 5 are used to control certain functions of ths
printing mechanizm, viz., "space," "carrisge return,” Aine feed”, “figure-

shift™, and "lettsr-shift", leaving cne permustation (no hole in any level)
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vhich 1s the "blank” or "idling" signal. The “letier~-shift™ sad "figure-
shirt" permutations permit dovbling the mumber of charscters that can be
represented. When the "lsttershift" precedes & sscticn of tape, the punobe
pexrwutations that follow are interpreted 23 alphabetic shaxencters; if "figure-
shift" precedes, the puncheparzutations that follow are interpretel sa mmeric
or apecilal characters.

Careful serutiny of Fig. 3 will confirm vhat has bees said sbout the
sseigumant of punch-permutstions on the basis of statisticsl considerations,
for purpose of ec@mdc;ﬂeimyinthmot electric pover and wear
and tear on the spyaratus. The most frequantly weed lettews (ar fumctioms)
are represented by pumchepermsintions baving the fewest holes; the lesst-
frequently used letters (or functions) are represented by permutatiocus having

"the most holes. Thus, “line feed," "carriage return,” “spece,” and the letter
B axe represented by cne-hole pumnch-permutaticns; the letters T, R, I, X, O,
A, e, ave represeuted by two-hde punch-permutations, ste. I referring %o
a hole or a blank (or no~hole) one oftem uys “s hols (or perforation) in

the 1st (or the 2nd, 3ra, hth, or 5th level™), or "s blank in the .., level,"
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