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The first installment 1s complete on the job of writing a
brief description of all analytic machin;ry in the Agency,
wvhether past, present or projected. Itliﬁgludes Bl equlpments,
and later installments will add approximately 150 more machines,
plus photographs of many of the equipments. To this will be added
a table of contents and index by the time the perect is complated.

Corrections, additions and comments are invited.’
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DESCRIFTION OF AMALYTIC MACHINMIE

This is the firast installment of a collectiol’ of .machinery
descriptions which will ultimately be a complete Ify ofiBll crypt- -
analytic machines built by and for the National v&eeﬁr,ﬁz;y Agency or
its predecessors. The purpose is to provide a brief set:pf intbsf
ductory facts about each macﬁine, and provide the analyst W{th a
starting point for learning any machine.

Since these initial e:::ppsitions are tentative, the reader 15-
invited to inform Roy Vmb?a:!!;;',ey, ext, 527 at AHS, of any errors or
omissions noted. In limitéd detail, the descriptions give the name,
nature, purpose, origini.function, size, speed, location, and status
of 211 equipments whether past, present or currently projected, plus
any further information considere'd important enough to be included.

Plans call for a complet Tab}e of Contents, Index, and Glossary

, of Terms whem the tagk is fi lly.l concluded. Logically, ma.ny minor
padgets and, simple constructiéns far!e excluded for convenience and

clarity, but everything considered interesting or significant is

included. * Their status, locaf.i.on and number, even thelr function may

and do change, so the date of'publicatione must be ta ien as a gulde

in these respects.

Numbering and naming of machines has not always been adequate,
so almost every system of designation found, such as the BuShips
"X and CX" 1ist, Army's comparable "AX and AFSAP" list, local Naval
"N and NC" 1list, etc., have been included to best insurce ageinst

anbiguity.

A
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CRYPTANALYTIC MACHINES IN NSA

Most cryptanalysis reduces to counting, comparing, rewriting,
and referring, =Each of these operations by itself is simple and
easily done by the proper type of machinery., When there is need
to do them in combinations, or especially if a choice of methods
nust be made, mechanlzation 1s not so simple, For some operations
the -advantages of machines is evident. Some steps can be done faster,
more accurately, and with better organization by machine, Theoreti- ‘
cally with enough men and enough' time anything a machine can do could
be done by hand. But to do certain very routine computations, such
as that done by SUPERSCRITCHER, by means of a crew of thousands of
People would raise tremendous personnel problems, so that it might
be impossible to actually carry this out. The old joke about solviné
e, simple substitusion by a crew of 26 factorial'chinameix is no more
than a Joke, .

Until,1935 practically all cryptanalysis,.beth; by:the Navy.and
the Army, was dons by hand, About that time the possibilities of
accounting equipment, such as IBM (International Businees Machines)
and, Powers, was realized and some was procured for experimental use.
It was & success, and Pver a period of years many special techniques,
unorthodox for accounting, were developed, some requiring modifica-
tions of the machines, Many special devices or-gates were developed
to do specialized analytic dev;icos, the first of whiéh\\vag‘ called

~GP-SRORAPOAROR—
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the GEEWHIZZER and applied to columnar transposi.lon systenms.

Vannevar Bush of Massachusetts Institute of Technology, under-
took to develop & special machine for cryptanalysis. With the aid
of gradunte assistents this was done and the machine was shlpped to
the Navy in Washington in 1941. Later, two of the géaduate asaist-
ants came too, John Howard and Lawrence Steinhardt, John Coombs
went to the Naval Computing Machine Laboratory in Dayton to build
BOMBES, The design of Bush's machine was ambitious, and provided
for photoelectric comparisons of two texts for coincidence, mono-
graphic, digraphic, etc., up to nine letter repeats, for specilal

patterne and for isomorphic repeats. In operation it proved to be

slow (it printed for each comparison, no matter how unintaresting)
and full of "bugs". Some of the functions were abandoned after
operational and maintenance'ezperience. such as the isomorphic re~ ,
peat search, At a later time improved models were built, and still
exist as the 70mm (the tape width) Comparators. They have had long
and useful service,

The advent of the war in late 1941 gave great impetus to procur-
ing mechanical aids for the criptanalyst. The I.C. MACHINE was made
to compare two texts and measure coincidences. It could compare

texts up to €600 letters long &t all offsets in a few seconds, and the

machine was small enough to sit on a desk, In practice it did not

vork this way, however; the device was simple enough, but the prepara-
tion of the text onto photographic plates was not, so the machines had

to be operated as a battery near the camera and dark rooms,
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Another photographic device, TESSIE, was started early in 1942,
It compared texts for repesats, Subsequently the Army developed a
super photoelectric device, the 5202, COMFARATOR, which had much
greater capacity and flexibility. These along with others formed a
distinct series of photoelectric comparators, the last of which was
AMBER, completed in 1947, All of these machines, except the last,
contributed definitely to the prosecutlon of the war., In recent
years photoelectric techniques have been used less ‘than digital
electronic, |

The only analytic machines ever built in large quaentity were
the BOMBES. These were designed in 1942 with advice from the British,
The Navy designed a 16-unit model of whichllzs copies were made,
neerly identical. To operate and maintain these around the clock
took a trained crew of 800 people. The Army built a single machine
called MADAME X, coneisting of 144 units, which could be run as
gseveral separate machines with smaller numbers of units, It also had
‘the advantage of trying the wheel orders in automatic. succession,
‘“These BOMBES were used against the ENIGMA, ‘the cipher machine used by
ithe (Germans .for 90 per cent of their enciphering, and consedquently
vere of the greatest importance, One estimate by the Navy was that,
cosi.;ing less than a cruiser, the BOMBE instellation had caused the
sinking of 60 German submarines, The successes against the German
Army eand Air were even more important.

The introduction by the Germans of new reflectors with unknown

wiring led to the invention and construction of several machines,
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called "SCRITCHERS",K able to do the BOMBE problem without having all

the enciphering elements, These machines came quite close to being
digital computers and were probably the most ingenious machines
built during the war. The fundamental ides of scritching is cred-
ited to the British.

“After the war the comparator series continued to develop. The——
Navy product was GOLDBERG, which was the first machine designed to
hold its data on & magnetic drum, The Army built CONNIE which used
punched teletype tape. Both these comparators were influenced by
the British war time machines called ROBINSON and COLOSSUS., 1In faet,

the name GOLDBERG is an American version of ROBINSON, since the

cartooniast Rube Goldberg drew welrd gedgets just as Heath-Robinson
did. From CONNIE was developed the more special ROBIN for making
round-robing, or all comparisons., The sonic delay line machine DELIA
uses & new medium, sound waves in mercury, to continue the line,

Since 1946 there have been three main lines of new deveélopments,
the exhaustive trial devices, the dictionary machines, and the crypt-
analytic computers,

The exhaustive trial devices include HECATE and WARLOCK, They
distinguish themselves by having very high operation rates, and by
being large and working only by exhaustive trials,

The dictionary machines look up weilghts, meanings, ete., in &

large memory, They are physically large and limited in their abil-

itieas, Their rates of operation are not so fast as HEOATE, but are
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high nevertheless, They started with Navy's MERCURY (a war time de-
velopment, long defunct) and Army's SLIDE-RUN MACHINE, and now in-
clude DEMON I, II, and III, SKATE I and II, and SLED I and IXI, Thiws
last can also do such operations as dragging cribe and reading
depths,

The computers were inspired by developments at Harvard and the
University of Pennsylvania. They are extremely flexible, able to do
almost any loglical process by breaking each problem into minmte steps.
As a consequence of the minuteness of the steps some operations are
not nearly so fast as are some more specialized devices, The machines

. developed at NSA are not copies of standard computers but specially
depigned machines with much more logical flexivility. They are
ATLAS I and II, ABNER I and NOMAD,

In retrospect these machines have seemed to create more work than
they accomplish, <In the original planning it was expecped that the
burden of hand work would be lightened and the need for pers;nnol de~
creased. ' Although many things formerly impossible are now done,

.thererare:in fact more hand jobs than before, These require more

-

t
n- analytic ability, and bring more h{essure on the people in order to
make best use of the machines, The reason for this can be seen by an
example. A dertain process called a "pass" is needed to solve a
eryptanalytic problem, BOOTSTRAPS, To do this by hand takes several
hundred man hours, valued at nearly $1,000. This is exorbitant, so
BOOTSTRAPS was deferred in favor of more feasible jobs,
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Then & method of doing a pass was devised on card equipment. 3By

this means the cost was approximately $32.50, and several hundred

basses were made. The result of a sequence, of passes is,the material’

from which cryptanalysts ca.n yroceed to & solution. The new method
led therefore to more work for cryptanalysts. Each solution opened
new jobs to do as well, h |
Then a progr.am for making a pass on ATLAS became operational and
the cost of & pasy became $1.25. Thie is such s bargain that all
available data wam thrgt;gh the process, making a tremendous Jodb
for cryptanalyste (afa Plain text). Thie ia the way enalytic machin-

ery makes more work Zt‘3,r the analyst rather than leas,

‘ﬂ‘r. H., Campaigne,
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AMBFR (AFSAFDIOO, CXMP) is a photoelectric comparator, similar
to HYPO, using four photoelectric cells to scan two superimposed 70mm
films, apply welghts and count coinéidences. Two equipments, serial 1
and 2, were built by Bastman lodalk Company for llavy for depth sea?ch
in JN-37, a Japanese weather system, but/arrived too late in 1945 for
that purpose. The contract also prodweed two cameras, 5'H x 11'L x
5'D (tapered) and two card readers B'Hx 9'Lx 3'D. A 7'Hx8'L x
2'D wunit supplies identification data to the camera. A DENSITOMETER
wvas developed by Bastman Kodak t9 check AMBER film.

The gate is 160 characters;deep by 320 columns wiée, permitting
comparison of a large block of data at one time. The scanning area
of the film may be treated as two zones, such as plus and minus.
Ch%?acters are read fron cards and photographed as spots of light,

each vith a one to ten dengitr range (O to 100 per cent transmission
factor in steps of ten) providing a system of nineteen weights. The
machine can be set t0 find the single best point of coincidence, or
all points sbove a pre~set threshold.

It measures 6'H x 4'L x 4'D and is now at Faval Security
Station, one in Room 20109 and the other in Room 20210, doing general

comparison, welghting, coincidence counting and message setting

ogainst key. The comparison rate is 800 characters per second.

Ref: NSA-18l‘Library
Mr., G. Xler

Mr. 5. Snyder GOPRETRRET AL, |
Mr. F. Spurberg 55 C RZE 7
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ARABIC DECIPHKRING TREVICE

The ARABIC DECIPHFRIVG DEVICE (AFSAF 45) is o relay-operated
subs8titution device for decr:mting messares in an Arabic digraphic
substitution gvstem complex by converting two digits to one Arabic
letter. The one model was bullt by WSA-352 in 1949.

It consists of a standard digital “evboard for input, a junction
box to take an 8 x 20 plugboard for substitution, and an electromatic
typewriter equipped with Arabic key-slugs Ffor ontomt. Two diglts of
cipher are typed on the keyboard, combined into one impulse in the
plugboard, which is wired according to a particular substiﬁution
keyiiist and which operates a corresmondine type bar on the tvpewriter.

The device proved satisfactory in use, but the feature of é;_
quiring a plugboard wiring for each of a tremendous number of key-
lists used in the complex of substituxioni}ystems'slowed oﬁeration
drastically. It is stored currently at AHS in Room 2021-A. 0.pera.t'lon
is at typilng speed, np to 8 characters per second. Size is best ex~
pressed by listing the components: an IBM keybo;rd, an 8 x 20 junc~

tion box and an electromatic_typewriter.

Ref: Mr. B. Agar
Mr. N. Christopher
Hr. H. Herczog
Mr, M. Pattie
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ASP .

/ The ASP was nn nlectromechanicnl] devico for tho decr mpiion of
call signs in certain Jannnese srstoms. One unit wns comploted by
USHOML in April 1%944; construction o< r, second nmodel was dlscontinued
because of systom chanse.

Thero were three units to the device: a kana koyboard for input,
three separnte pluzboards (two for 48 kana and one f=a:r 10 diglts) to -
accomplish simple substitutions by plusging, and a regeneration type-
writer for outnut of- deciph‘;rment. The machine automatically stepped

to the next stecker nfter n deciphorment.

It operated for only two or three months before the systems

changed, and was an improvement over hand methods for handling a
large trafflc volume. Size was 2'H x 4'L x 1'D plus keyboard and

regen typewriter. It hns been dismantied.

Ref: OCIT-21
NSA-18 flles
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® " AUTOSCRITCHWR _ .

LY

The AUTOSCRITCHUR, or (GRAPEVINE) wns .i'elay oporated eridb-
tester-nsed to solve Germnn EFIGHA traffic through cxhaunstive trials.

T

Requiring a crib of nbout 20N-letters and lmo-wn rotor “iring, 1t ex—
haustively assumed steckers (end-plate plug.{:ings) untii the correct
reflector plugging and stec]:ex-'-weré found. It was bullt by Army in
1944 and operated wntil July 1945, when the German problem ended. It

vas replaced Ly the electronic SUVPERSCRITCHER, for which it served as

a test model. d

\ " The menvu. (pairin‘;;a of crib s:md cipher letters) was set up on a
‘ plugboard and an arbitrary etockér wae assumed 8o as £o gatisfy the
first pailr of letters. Mthgr gssumptions included whe.el order and
no SWTO (slow wheel turn over; ie., only fast and medium wheeis in- - ]
volved in the movement )-. Each pj.ugéing assumption was automatically

tested through successive pairi‘ifgs until eliminated, the machine

* sending impulses’ ﬁhiough the rotor wirings, sensing contradictions, _
non~contradictions and confirmations of extt points. Wien all le_tt-;ers
in the menu produced nd contra:d.:i-.-f:‘tions the machine stopped, allowing
band reco:-rd of data for funther testing. Prohtabllity of aolul.ti.on
was about 70 per cent.-.- . o .

| . The machine measured B'H x 10'L x 3'D . Av?rage set-up time

' was 30 minuiies, but r;nning'i;ime was as much as ten to fourteen. da,y's,- _.

three shifts a day. Speed was 26 tests per second. Belng slow,
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AUTOSCRITCHAR (Con¥*d,)
~. .

rather infléxible and inc'o‘n'_;:eniont for testing and maintenance,

1t was dismantled.

Ref: M.A.C. Outline #20
Mr. R. Bowman
Mr. R. Moulton
Mr., J. Raisch
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“E0 3.3(h)(2)
B-P11l STRCKER FINDER . PL 86-36/50 USC 3605
The B-211 STECKER FINDER wns n speclal purpose genorator deslgned
by ASA for wuse in conjuwnetion with thg/condenser—type FREAK (refer

to M.A.C., Outline #11) in stntisticgi'solution of tho stecker of one

coordinate of the B-211 matrix. It was built by ASA

in 1947. N

The machine had two sets of 25 relays,

FREAK made a sta-

tistical tally of the codprdinates resulting from combination of
genorated key and fractionated tape. A record of results (;/,n"/fape
and print) permitted the operator to select favorable cage”;.

Not much use was made of this generator, due to _:,t‘/é;ilure of FREAK,
Rate of speed was about 17 minutds per message. Ituas considerably

smaller than a typewriter, and is,now dismantlgdl

EO 3.3(h)(2)
PL 86-36/50 USC 3605
Ref: M.A.C. Outline #57
Mr. M. Collins
Mr. R. Gordon
Mr. J. Russell
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CALS

The name GAI-tEiL is n phonetic rendering of CML, the abbreviation
for CHARACTERISTIC MESSAGE LOCATOR, which wns a S5-unit relay gate
desigzned to operate vith a #05 TABULATOR in locating CI (Cryptographic
Instruction) messages. Thesc messages contained a conversion square
to be used in certaln Jep Armr systens. It was bullt by Armyls
F Branch for 1.3 Branch, delivered in Februnrr 1945 and is now dls~
mantled.

The device was designed to ma'te use of the fact that the Japanese

frequently sent a conversion square for a particular poriod as a

messade. A line of 10 digits, O to 9 in some one of its 10!
(= 3,628,800) permutations, was represented as ten four-digit gr(pups.
The machine deciphered a message using the current square and matched .
resulting plain groups ten at a time against these ten known groups.
In the right set of messages ten such seq(zgnces oi: the ten groups
would be found. A print of all the plain text was made and an indi-
cation was given of every hit.

Average rate was one card every 15 seconds plus print time. It

measured 7'H x 4'L, x 2'D .

Ref: NSA-354B files
Mr. S, Kullback

M, ¥, Mayol
Mr. J. Raicch
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CHI™LSE TYPEWRITFRR

M CHI'™'ST! TYPEWRIYDR (IDEOGRAPHIC TYPRURIT:R, CARN-OPERATD
SHARACT ML TYU1-MRITIR) éravre siylizcd charncters vith no curvod
liner ~rd nn aslading on ed-ht levels or more veing a special set of
troe elne. Tt 1 ps bullt dy Internntional Businces Machines Corp.,
in 1946 usiyg the (uplienting portion of on 053 CARD-OPERAT:D WYPE-
VRITER nnd a nly bosrd.

A file of cords has been developed for ell code groups in tho
fretem and their caquivalent Chinese charrcter, listing the conscen~
tive typovriter funetlons and lkc;- strokes roruilred to "drau" the
chrrncter. This is nceomplished by graphing cnch charancter, then
roducing the clements in coch rropl. sauore to the closost relntod
etroie. An IBH eard 18 nrconrod in rmeelal coding for cach charncter
end 1ts elvher text codc [jrnre, nvers',.;}c_' ~0-75 strolzes, and somo
totalin., €5 or 0. A Aec™ of thore 28 read hy the machine through o
plugbonrd to {tho NB2 Cumlie.ting wnil. Using oll zhe t;mom:it.er
functions and a epeclal set of 472 "oy eluys, e t.owrlter drews
the stylized cliwrrncters renulred by the deck. Oo the t;po slug frec
(suppllcd by Inicrnsilonnl Bus’=cer linchine Corp.) 's n Rounn ~1pbn-
bet on lover case and Lo sirai_hb strolxce Jor for.ing the Ohincse
charactors on uprer casa.

It peasures 3'H x 5'L = 21D and operntcs sa1loantlicoll- ni a
rete of 10 atrokes por socond, It im siill nun‘louir ¥for wre ol
Arlirgton Hall Station in Room 1605-A.

Ref: Machine Branch Annual Report, 1946

It. T. Myers
My, J. Powers
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CORNIE I and 11

CONNIB, (AFSAF-1, AFPSAF-D/1A) is a general purpose teletype-tape
comparator, used for polygraphi-c ooinc:ld.'ence counting, of up to pen-
tagraph size, Model I was experimental,:'-,oompleted. by Army in October
1949, just after the merger. A contract for an expanded equipuent,

model II, (AFSAT-1-1, now AFSAP-D/1A, sometimes called the new ;Jr
expanded CONNIE), was let to National Union Radio Corporation with an
expected delivery date of August 1953, IDA, (AFSAP-1-X, or AFSAF-D/52),
is a modification of CONNIE and is described under that title.

Input for both is a high-spsed dual tape drive, a pair of photo-~
electric tape readers operatihg at 5000 charactersper second, Output

o is to two APSAF-44-1 DIGITAL RECORDERS. In the f£all of 1951, four

Remington Rand card readers were also prov'ided for model I to hold
\bng stationary card aplece and supply a crid or pattern, such as for
a m;f\;‘ched wvheel, thus simulating regular wheel motion. :Characters

are scanned, stored electronically and treated cyclically, ma:l;;ing
successive matches against text. In general, the machine counts
binary coincidences, combines thess internally for character coineci-
dencs, and matchea totals ageinst a preset threshold,

CONNIE II will have several improvementa: & 32 x 32 mognetic
binary matrix, a2 eriterion generator with a variable threshold print

control and auxiliery storage unit. It will handle larger numbers at

‘ e much faster rate and will pormit welghting and variabdle grouping.,
\




COMMIH I and II (Cont'd.)

Model I measuraes 8'H x 33'L x 2'D plus the photoelectric
reader input. It is now in use ¢* Arlington Hall Station in Room
0413-B and has a rate of 5000 comparisons pexr second, Model II

will alsc operate at Arlington Hall.

Ref: Mr, W, Cole
Mr, J. Deutsch
Mr, R. Gordon
Migs M, Hobbs
Mr, J. May
Mr, J. Powers
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CONNIE I
AFSAF 1
with two AFSAF 4, WH-JATON
DIGITAL RECORDERS (left) for output
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COFFPERHEAD

COPPERHEAD (AFSAY-94, OXMN, OXPO) is & relay-operated photo-
electric comparator for locating double group repeats at equal
interval in two cipher me'usages by comparing the messages on 70mm
tape at all juxtapositions, This is in effect a depth' search, Four
such were built for Navy by National Oash Reglster 0b., the firet in
1944, Also, four punches were built, Models II through V were
plamed btut never materialized, A TAPB OHECKER (see OIT paper 22)
was developed in 1944 to improve tape accuracy.

Up to 260 cipher meseages are punched into a pair of opaque
70mm plastic tapes by means of a 70mm tape punch (considered a part

of the machine but actually separate) at an average rate of 40 mes-

sages per hour, A whole group is punched per frame using dinary
code which requires five of the twenty-six tape levels for each
digit. The two tapes being matched are complementry to one another,
80 t}:a.t a hit appears as a blackout to two of the 100 pl:‘.otoel.ectrib
téolli'n. A hit stops the machine for manual recording.

i COPPERHEAD I is faster and scans a wider span than the BABY
BRUTE FORCE DEVICR or TESSIN II (100 groups similtaneously versur
I:Blll's 17 groups and TESSIB'e 20 groups). It is currently in use at
Naval Security Station in Room 4152 and measures 9'H x 6'L x 3'D ,

plus & amall t’ape punch, The machine operates at 4000 frames per

secomd ., '

Ref: Brief Descriptions of RAM Bquipment
CIT 11, 23, 24, 41, 42, 94 .
M, A, O, Outline #14
My, J. Stapleston —RRSIRTETHD-
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COUNTESS

COUNTESS (AFSAF-D/13) is to be & limited purpose group-I.C.
device to do & round robin wearch for monographic through penta-
graphic coincidences elther adjacent or split up in any or all
phnses., The one model ordered was completed in 1952 by NSA-354,
-Pleiizfor & COUNTESS II (su'b-pro;)eci.z 851-437-53) were dropped when

1t was found that modifications could be completed in 1953 to pro-

vide all the features desired. It is one of the FRINCEHSS equipments, -
comparing over a wider than usual span of text, 210 _ 1024 charadteors.,

A 517 REPRODUCER PUNCH operating at 40 to 50 cards per minute,

-

60 characters per card or a high-speed teletype tape reader at 100
characters per second is the input, Characters are inserted suc-
cegsively into a 5-place A-register and also onto a ma'gnetic drum
which feeds all preceding charscters to a b~place B-reglater, The
drum holde 30 . 1024 characters, the contents of 17 IBM cards, snd

at each revolution feeds all the characters it then holds th.t:ougn

the B-regifiter vwhere they are compared electronically with the con-
tents of the A-regiiter., Through plugging, search can he made for
any coincidence, up to pentagraphic length in any phase, It calculates
the statistic A JELL) . Hite ave wired to one or more of 10

decade counters which are flexibly interconnectable by plugging, each
having separate presettable thresholds.’ When a counter threshold is

exceeded, the machine stops and another 517 REFRODUCER punches as

-1 -
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COUNTKGS (Cont'd.)

nony as 20 idertification characters, the contenta of the 10 countriya
and an indication of which countor caused the hit, Dits end blcnks
are alloved for and the drum automatically limits the length of text
acceptable to 1024, csusing a punch-out and sterting a new cycle,
vhenever the capaclity is exceeded. There are plans to provide mcona
of malcing lengthe of text as low as 100 characters cause & punch-out,
Size is: 8'H x 26'L x 2'D plus two 517 PUNCHES and a tape
reader, Drwn gpoed 1s 7200 revolutions per minute, rosulting in up
to 125,000 comparisons per second. It will operate at Arlington Fall

Station,

L g
Rof: Mr, W, Grogzen
Mr, J. Hnduke
Mr., J. Powers
- 2 -
—CONFIDRNETAT




DELIA 1 and 2

DELIA (AFSAF D/51-1 and -2) is an elcctronic rovnd robin com-
parator using sonic. dclay lines to matech data from magnetic tapeL at
a megneycle pulse rate. It counts chafaézaf or variable group hlts
and 1lists or munches indications of all matches which exceed a pre-
determined vmalue. Two equinnent were ordered from Technitgol Engineer-
ing Co., of Philadelphia. The first operationsl model was delivered
July 1952. A second is due by July. 1953. In general, DELLA is de-
signed to do a round robin comparisons of 1000 ‘messages of various
lengths up to 1000 characters each in abou; 17 hours of machine t%he.

Originally desifmed for round robin search only, later changes
have made possible isomorphic scarch and mixed monograph-digraph hit
counts as vell as matching sroups between tapes (not within tapes) if .
80 desired. Input is by tvo or four magnetic tapes as in ABHER.
Wormally, one holf of the ressages are put on one tape, and half on
the other. Puleing is at megacycle rate resulting in elght tao ten.
million comparisons per second. Sixty-four mercury delay lines (half
the number but identical with those in ABNER) provide the acoustic
storare. Comparison circuits and qovnters are provided for 64 offmets
slmul taneously. Group length is variamble and machine operation 1s
asynchronous, controlled by signals to indicate completion of various
steps, sequences, ete. Length and scoring of hits is flexible and
easily controlled by swltches. Output is to punched tape, anc perﬁaps

eventually to an AFSAT 44-~1 Printer, Physical unite include: Iemory,

-1 ~
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DELLA 1 and 8-(Cont'd.)

-

sixty-four counters, timing, control, 4 Raytheon-type magnetic tape
inputs, & tape punch output and 1 wer supply. Its size as 7'H x
16'L x 2'D , plus a motor and a generator unit, It has just completed

i1te initial tests at Naval Security Station in Room 4050 using paper

teper,

M, R. Bowman
Mr, W. Cole
Mr., J. Fowers
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DELLA
AFSAF D51
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May 1963

DUGEES§

DUCHESS (AFSAF-D68) will be.a "group 10" devie which aifferences
two sequences of 300 characters each at flush .stabl, testing the re-
sult for group wepeats. Part of the Pringess project, the set of
devices designnted as "high épeed statistipal placode diagnostic
equipment", it is to be the.uliimate eqilpment for which COUNTESS and
MISTRESS and OONSORT (the group-IC atfachment to SIED) are interim
devices. Two models are coﬁtémplatgd,.but Ao full coniract has yet
been let, although International Businéss Machine Corporation has
al.lready constructed input; output and differenser units. " Delivery
was planned for 1953.

. Using a number of magnetic drums, DUCHESS stores 1000 sequences
-‘-qf:_.:soo digits each: and matches each sequence flush with another
einmflqr set of sequence strips, searching for group repeats in the
result. The test used 1s the group IC test, Z:Ji-g:-]-')- , and 1s ..

epplied to four and five-digit zroups.
‘Outstanding feature of the machine is its Hiugé rate of speed, -
all peirings of 1000 magnetic strips, or 1 million matches in sn hour.

Sige has not yet been determined. It will be located at AHS.

Ref: Mr. R. Bowman
Mr. J. '.Qeutsch
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BXAPANDED GOMPARATOR .

. ) The EXPANDBD COMPARATOR (AVSAF-27) was & pho.toelectric compo.rat;r,
an enlarged version of the 7(mn CUMPARATOR designed to match two tapeu"\,‘
. or £filmg in search uf various coincidences., ilogan Laboratories built
the .one model in 1950 for Army as an experimental model to test a
ﬁethod. of ngaking comparisons. -The electronic circulitry worked. pi'o—
perly but some of the mechanicel features were unsatisfactory,
The device recognized and counted charact;rs or groups of pat-
tern coincidences, using binary elsctronic counters and twelve plug;
gable recognition unita. It could be plugged to indicate when a
threshold h-a.d. been exceesiad. could do welghting, or divide the field
‘ of viewing into sub-fields for high-low comparisons, A photoeleotrib
cell scanned each of 272 posslfblt; spots (16 levels by 17 frames in
the gate at one time). Two os three films or tapes, each up t.o 200
frames long, were placed 11 the pate and the fast film was 'pulle.d by
at a rate of 1000 frumes vwir m:cond. Output was to (1) a mat:;'ix of
neon lights indicating visunily which of the 272 photoelectric cells
ﬁs receiving light, to (<) a milt-1in recording device w.hi.ch gave a
print-out at user's option on facsimile paper, or to (3) an applique
unit bullt to record dmcimally the totals in the binary electronic
counters,
. Never intended for ¢weraticnal use, it has been dismentled.

There were -four major umniin, iha largest measuring 733-\4'L x 6'D ;
.,

—RESTRIOTRD—
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EXPANDED COMPARATOR (Cont'd.)

the other three together measuring 7'H x 6'L x 2'D , plus pover .
'summly end & small applique printer unit, Rate of comparison was
effectively 272,600 individual comparisons or 1000 matrix comparicons

per second.,

Ref: Mr. E, Fleming
Mige M. Hobbs
Mr, J. Raisch
Mr, S. Sayder
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FREAXK I

Moy 1953

The FREAK (AFSAF-24, MULTIPLE FREQUENCY COUNTER, later callcd
PREAK I, RELAY FHEAK or OONDENSER FREAK to distinguish it from the
ELBCTRONIC FHEAK which superceded 1t) was a relay opersted frequency
ct;uhter. It used condensers for storage-of totals, to make mono-
graphic and digraphio couni;s of digital or literal text, handl:lné
up to. 33 character alphabets, One model was built by Army in late
1943, It proved to be unrelisble and was diemsntled. The B-211
STECKER FINDER was designed to operate in conjunction with FREAK btut
saw 1little usage due to the counters erratic performance,

It conslsted of two tape read;ars. a ban}: of relays..- 32 x 32 or
1024 sets of seven condensers each, & scann.ing eircuit, and en
ela.ctromatic typewriter. The nachine distributed successive digrephs
read from two ta;pes to the proper set of condensers, A ring circuilt
automat:l.cally distributed text for a monographic diatri’uu.t.ton. The

d.evica also eveluated X M¥=1) = £or each distribution.

' It conslsted of five relay racks and measured 9'H x 8'L x 2'D
:plu_is two- tape readers for input and a regeneration typewriter for
'ou'_lipni';. Bate of operation was 6 characters per second end final
r?'mraiﬁg took 14 minutes for a full width of 32, Its major uce was

. on EAGELIN problems and for cyclie distribution,

Ref: M.A.C, Outline 11
Mr. J., Russell
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FROG

FROG (AFSAP-33, B-211 CRIBIRAGGER, 'm> is an
electronic message setter for solving traffic from a stralght-
plugged (at the top) B-211 cipher machine. It was designed and
completed by NSA-352 on 1 July 1950. Original plans called for
one engineering model and one operational model. BSerial 1, a bread-
board model, proved guite efficient and is still in use, Serial 2
is under study by NSA-36B, There are plans to contract soon for its .
construction, with delivei-y expected ,i.n September 1963, The name,
FROG was only recently applied to thg', machine when plans for Serial 2

were initiated snd has since been applied to both.

A maximum crib of 20 letters is represented as a 20-card deck,

usually by drawing one pre-punched 3 x § card per fractionated letter

of cridb, Each card contains coded h\ches in & 30 x 5 matrix, The
30 levels provide for the comb:lﬁed minimum cycle of a 16 and 10 wheel,
The five positions in the vertical dimension provide for the five
columns of the internal B-211 ﬁacti.onating square. This plain text
deck and & cipher taxb tape are fod into the machine which goes
through the full cycle, testing all motlonr and turnover possibilities,
at the same time chadjing for bottom stecker &t every setting,

4 crid can be tested in all positions of a 500 letter meassage in

about 6 or 7 hours. The machine measures 6'H_ x 12'L x 1'D (6 frames,

incorporating a ring of 30 thqratron tubes). Serial .1 1as located at
AHS in Room 0414~-3, |

Rof: Mr., J. Cochran :
Mr, M, Collins —DOF-SRORFAR—OANOF

Mr. R, Moult
sECURITE A s~ FOP-SECRET-CANOE
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FROG I
AFSAF 33, B-211 CRIBDRAGGER,
B-211 SOLUTION DEVICE
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GBEWHIZZER 1 - IV

The GEEWHIZZER (AFSAF-112, ELECTROMECHANAGRAMMER) is & weighting
device used with a 405 or 407 TABULATOR to slide a stretch of cipher
text (originally 10, later 12 and then 16 letters) ag~inst the rest
of the message, selecting and summing welghts according to the re-
sniting digraphs, Four models were built successively. The first,
in 1941, weas merely a met of rogary switches in-‘a small box and was
probably the first IBM relay gate. The second was a set of wire con-
tact relays mounted in a 60 x 34 plughboard cover. The third, of
heavier construction, was a 3'H x 2'L x 2'D gate, mounted aeparately”
to avold vibration. The fourth or NEW Gmwﬁxzzm, often erroneously
called ﬁodél I1, is really Modei IV, It is electronic, supercedes the
first three and has additional functions,

In operation, the particulgr ;et of letters chosen, usnally the
first of text, are plugged on a[405 or 4Q7 TABULATOR and the cipher
message read from cards (from t%pe or cards in Model IV)‘together

with associated sets of log weiéhta of each particular letter, con-

|
sldered both as initial and fin?l half of a digreph, These welights,

0 through 9, and later OO\throu?h 50, are totalled and liated, whille
all totals above a preset %hreshold are wired to print in a separate
column to facilitate 1ocating the best answer., Model IV has a

32 x 32 pluggable electroniec matrix, can 4o Fourier weighting and

is currently at work sotting messages in a speclal case of B-211

-1 -
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'This document is to be read only by those personnel officially ind_octrinal;ed in accordance with com-
munication intelligence securily regulations and authorized to receive the information reported herein.

—POF-SECRETCANOR-

GEEWHIZZER I - IV (Cont'd,)

usage where five wheels and a part of the indicator are known, |
The tiny first model 1s still in storage at Arlington Hall
Station in Room 1501-A. The second and third have been dismantled.
The latest device is 4'H x 4'L x 2'D and has a speed of 2 or 3
cards per second. Location is at Arlington Hall Station in Rooml

Ref: M.A,C, Outline 1
Mrs, D, Blum
Mr, J. Powers
Mr., S, Thorne:

NATIONAL SECURITY AGENCY om0 FOP-SECRETGCANOE-
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(GRHE -1V .
NEW or ELECTRONIC GE JWHIZZER.
On to~, at left is the original
GERMHIZZER I or ELECTROMECHANAGRAMMER
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GREEN ANALOG

The GREEN ANALOG is & relay device for completeiy reproducing
‘any function of the Japanese GREEN machine, a 6-wheel cipher dqvice,
never used operationally. The analog was built by F Branch, of
Army, completed in February 1946, after World War II ended, and @e—
livered to the museum,

Input is by keyboard or'tape reader head, and output is to a
teletype pege printer or tape punch. The 2$—point rotors and their
complex stepping were simulated by relays, 'Although rotor wiring
vas fixed in the two captured converters,'four 8 x 20 plugboards

allowed for changes, The system used 45 plgiﬁ text characters and

100 eipher text digraphs, including variants,

The analog measured 6'H x 5'I, x 21D plus a page printer, key-
boérqg\tape reader head an@ punch, The GREEN converter itself was
portable, typewriter aize,:and never ceme in for much use, The
analog is still in the museum, in NSA-18, stored in the attic of
Building 20 at Naval Security Station,

Ref: NSA-354B files . .
Mr, D. Dribin
¥r, ¥, Mayol
Mr, S. Snyder

b ]
b
¥
H
1
1
H
M
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RO 3.3(h)(2) ' oy 1958
86—36/50 USC 3605 HAGELIN MESSAGE SETTER

The HAGELIN MESSAGE SETTER (AFSAF-38) is a relay operated wheel-

setting device which

Two 'units were built by

Army, the first, by WDGAS-74, was delivered 29 October 1949, and’the

second.‘"‘«\(AFSAF-SBA), by NSA-354B, on 15 December 1950, There are plans

for a thxi\rd equipment to replace the now worn out first unit, In such

a machine,

There are four major components, a storage portion consisting ofl
relays and condensers, a comparison circult for matching key and
cipher text, a maze circuit which interprets the comparisons by pheses

and a control circuit which checks for required conditions and controls

the machine accordingly. In operation,

signs. Counters show tl:le digits of key in the machine. Meanms ig




—GNPE TR AL EO 3.3(h)(2)

PL 8‘6=3\6/50 USC 3605
HAGRLIN MESSAGE SETTER (Cont'd.)

provided for manusl stoppingz. In unit II there are provisi\‘éns_n for

gix choices

Unit I, a table~top apparatus, measures one cubic yard plus tape
reader. Unit II measures 6'H x 2'L x 2'D . Both units are still in
Room 2208-A at Arlington Fall Station, but the older one is unused.

Tests are made at a rate of 6 to 10 characters per second.

Ref; NSA-354B File
Miss B, Church
Mr. N, Chriastopher
Mr, W, Cole
Mr, ¥, G. Mayol




L

DL D)

ARER TID
NpE o m R E 2 am S
b o AL DAL A

‘ 2
=W

EO 3.3(h)(2)
PL 86-36/50 USC 3605

HAGELIY MESSAGE SETTER (Cont'd.)

provided for manval stopping. In unit II there are provisi\b‘ns\_ for

8ix cholces

Unlt I, a table-top apparatus, measuyrps one cubic yard plus tape
reader. TUnit II measures 6'H x 2'L x 21D . Both units are still in
Room 2208-A at Arlington Fall Station, but the older one is unueed.

Tests are made at a rate of 6 to 10 characters per second.

Fef; XNSA-354R File
Miss B, O
Mr, N, Christopher
Mr, ¥, Oole
Mr, T, G. Mayol




EQ 3.3(h)(2) K
@ 5-36/50 USC 3605 FAGELIN PARITY STREA: GITERATOR

The HAGHLI PARITY STREAN GENFRATOR (AFSAP-4G) is a relny

operated table-top key generator which

Application 1s to the HAGELIN 0-38 and similar machines.

It was built by Army and delivered on 28 February 19560.

and output is supplied either directly as an

input to the HAGELIW IESSAGE SETTHR and/or to a tape punch. Wheel

st.arting positione nre set up by push buttons. Lamps indicate thé
vheel positions at all times. _

The device is a table-top moﬁal and megsures 2'H x 3'L x B'ID, .
Bate of operation is 6 to 8 characters per second. It is curremtly
in use at Arlington Hall Station in Room 2208-A, in conjunction wvith
the HAGELIN IESSAGE SMTTER,

Rof: TO/A 13
USA-3548 Filss
lr, H, Chriztophor
Moy Fo 1™yol
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EO 3.3(h)(2)
PL 86-36/50 USC 3605

iiﬁ'i- s PARITY STREIM GNERATOR

\doft) | ATSAF 46 _
and | Tml Fﬁ] @l'r-ﬂ:n
EAGLIN MiSS\GE SZTTIR # 2 | {Tu \
HAGZLIN @ ﬂlﬂ
2237 DEVIC =0
ATSAF 381 ¢
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PL 86-36/50 USC 3605 SECATH

HECATE (AFSAY-91, CXDD or HAGELIN CRIBIRAGGIR) ls a special pei-
pose high speed eleetron';c cribiragger for solviwyg 8-%8 type HAGELIN
messages by exhaustive trials, Two equipments, Serial 1 and. 2, were
built for Navy by Engineering Research Assoclatas, how part of '
Remington Rand, the firet delivered 1 April 1948 and the second on

16 May 1950, A SATIR is used with each as suxiliary equipment to

The nsme HAGELIN CRIBIRAGGER was

recently appliel tb the subproject 351-411, and the term HECATE to
361-411-61 %o be sule the subproject covers the full cribdragger

field and not ® specific equipment.

The machine in geheral requires

keys. At a hit, the machine stops to permit hand recording of each
" possible window setting it finds,\ Your brief tests'on a SATYR will
establish the wheel patiern and seft{ng of the two extluded wheels .
.vhone patterns are usually known, |
Both models are now in operation at Naval Security Shtion in ~
Room 20103, Dimensions of the tape unit aie 6'H x 4L x B'D and
of the analytic section, 6'H x 17'L x 3'D ., Operati.on is at tho rate




HECATE (Cont'd.,)

of 75,000 trials per second, each window settink being tested in

about fourteen microseconds,

Ref: TO/A - 17
N3A~30233 Files
Mr, D, HD@
Mr, J. Btapleton
Mr. L. Wheatley




GENERAL REER R +R 60348, 1

——— e = —‘i - e -

DESCRIPTION . MODEL, CXDD

AMALYTJCAL. SECTION .

. TAPE R.tnén
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HELLCAT I

May 1953

HELLCAT I (originolly BLXET for EBLWCTROIIC m)g MISTTR, and also

called MATTHRY, JR., DEF 59, AFSAF-D/59) is a deek-side deciphering

device and key tester, relay' operated, with provision "fqr 'up to 26

i .

mixed alphabets. It is a general purpose version of DMD. \@nd in some

W
functions resembles HATTI-IH‘J 'more ‘than it does HELLCAT II. SEQ‘ one
rodel ordered was built by }!SA.—-854'B for NSA-23 and was deliverdd 1w-
February 1953, | _

Wheg a'set—up switch-.ifs thrown, up to 20 1etter§ of key or

text may be entered in the 'rela,y nlnemory via a ring circult vhleh acts

as a counter and a storage: control‘. Given 26 random alphabets of
i
26 letters each, set up on a 34 x 60 plugboard, the ma.chine applies

ggsumed ltey or plain a.gainj 'cipher antl derives pousi‘ble plain or key.
OQutput is to a regeneration t;v'pewriter. The ring circuit position,
and therefore the particular zllphabe_;t and key belng used, 1s shown
by lights. . : . , -

It is 3'Hx 6'L x 1'D , :.designed. to fit under the overhang of
an executive-tyne desk. Operq:.tion rate is 6 to 8 cl;ara,cters per
second. Alphabetic and numar:{ca.l substitution is pos-ible. It is

now located at Arlington Hall Station in Room 2522-A.

Nefs mc/ A 8/50
L.-.-u543 FMlen
lie H., Chaintophor
e, Fo Iniyol
I, X, Polloy

NATIONAL SECURITY AGENCY . Fom 791-GjosC
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HIGH-SPEED TELETYPE TAPE READER

The HIGH-SPEHD TELETYPE TAPE READER (AFSAY-D/GS or CHADLESS TAPE
READER) 1s a high speed, mechanical telotype tape reader., Enough
unassembled parts and reading-head assemblies (the novel.element) to
permit NSA-35 to assemble tvlrenty—nine of these readers.vysmereceived
from Teletype Corporation in May.1953, Development. by:NBA~35 o:!" a
palr of experimental .CHADLEGS.READERS, one -
mechanical and the other phptoelectric and pneumatic (The PALLY READER),
was discontinued when this, mgdel was :I.ntro%uced.

Its function is simply. to read data from Chadless (or non~
Chadless) tape at higher speeds than earlier derices, and will be used
as input to numerous equipngnte. - |

Rate of operation 1-;{;:@.100 characters per second up to 340

\%cteru per second, I't-.-iz; uﬁ&- tiny, 6H x 6"L x 6"D .,

These* readers are being.p.i\_lt .%o use in various locations,

Ref: Mr, R, Bronder
Mr, J. Deutsch
Mr, J, Bussell
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ICKY I

IOKY I, (TETRAGRAPH II or OXOL, called TESSIE by Atmy personnel), .
was a general purpose 35mm photoelectric comparator and tetragraph
tester built for Navy by Eastman Kodak Co., 1n 1943, A total of
three units was bullt, the first two being delivered to Navy and
Army respectively in October and November 1943, I't replaced TES.SIE 83, -
Navy's original tetragraph tests and is superceded by Army's TESSIE II
(APSAP-11). : |

The four original cemeras were small and simple (about 25 pounds),
merely transferring data from punched tepe to 36mm £film, ERUTE I.,
developed by Eastman Kodak Co,, and received in June 1944, provided a
greater concentration of information on the film and complicated '
identification data, It measured 4'H x 3'L x 6'D ' and was never used
operationally. Two new and more flexible cameras, BRUTE II, Serial 1l
and 3 (M.A,C, Outline #60), were delivered in March and May 1948,

Each is a double camera and exposes film at a rate of over .6 zsﬁaractez'-s
per mecond from cards, or 10 characters per second from tape, 3Size 1is
. 5'H x 3'L x 9'D , |

The machine compared two £ilms on which literal .or numerical
text was represented aQ clear rectangular spots in a f:leld.' 30 levels
deep together with ideptification data., The search was for either
polygraphic repeats or high I,C. Through a gate 36 characters wide,
the films were antoma.tioally. compared, one held in place and the

ofther drawn past at 3500 frames per second. The "slow" £ilm was moved




it
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—SECHRITYINFORMATION-

A

—CONPIPENTIAT-
10kY 1 (Cont'a.)

up‘aa meny as o0 frames at the end of each pass by the "fast® fili,
¥hen the proper number or pattern of letters was found, a neon light
flashed and the machine stopped to permit a hand record of the
visuslly represonted data.

Size of.the machine was 4'H x 2'L x 2'D and rate was 3500
comparigons per second, It was modified by Eastman Kodak Co., in
1948, but was still considered unreliable and so was dismantled,
Army's ‘variation of thHia device, built in 1945 is called TESSIB II
or AFSAY-11, Plans for' ati' ICKY II (CXNR) were drawn up then aban-

doned,

Ref: OIT paper 6
OIT paper 48
. M,A.C, Outline %3
Mr, G, Kler
Mr, J, Stapleton
H:I.'_. L. uhﬂath
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ambigwously called TESSIE by some




IDA

IDA, (from Isomorphic Depth Analysis, AFSAF-1-X, CONNIE-1-X,
DEF-52, AFSAY-D/52) is essentially a strip;ied—down CONNIE, & special
purpose electronic tape comparator for isomorphic pattern search,
The AYE—AYE.(AFSAF-DSZ/M, XFN), the associated tape punch for pat-
ternizing tape, was completed by NSA-224 in June 1950, The “irst
breadboard model IDA was ready shortly thereafter, and the second,
an operational model, was finished in 1951,

The machine counts monographic coincidences of isomorphic re-

peats over a span ¢f 10 to 12 characters. Two patternized loop
tapes are read by & palr of photoelectirlc readers at 5000 charac-
ters per second, AYE-AYE uses 3 frames on the pattern tape to in-
dicate the location of each repeat found in the preceding 12 chara.o—
ters of text., It considers a ,parti.cular character and punches a
hole in level 1 to 5 of th!e first freme if a repeat is found in
the first five preceding characters; in level 1 to b5 of the
second frame, for a repeat found in the sixth through the tenth
preceding characters. These are pluggable. The character itself
is punched into the third frame. Addition of 1, 2, or 3 ocharacters
to one tape causes a preeess:lézi of corresponding step-size between
tapes. Each result is in the form of a confirmation or confliet.
These are welghted and summed, All totals over a preset threshold

ere recorded or a 517 REPRODUCER PUNCH.

Size of the comparator is 7'H x 6'L x 2'D plus two tape readers

-CONFIDENTTAL

L




THOA (Cont'd.)

5'H x 4'L x °'D ench and 517 PINIH. IDA s now in oporntion at
1

Arlington Hall Station in Room 0411-B. Onmparison time on an

average palr of tapes is five to twonty minutes..

Mr. W. Cole

Mises M. Hobbs
Mr. T. McGuire
Mr. J. Powers
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IDA |
AFSAF D52, Isomorphic Depth Analysi
with CONNIE reador inmut (loft) and
IBM 517 REPRODUCER cutput
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This dosumpmt o to be rmd culy by thoms Dermone o e the afokmaation reporied Berets.
—IOR STCRRT-OANOH-
. May 1963
EO 3.3(h)(2)

PL 8‘6—3\6/50 USC 3605 ITITRAM

“““‘\\\\\\\\\;I"I'.I.'RAH (MARTIII eaclled boc'aard) uns a rToley annlo; of tho

LOLCFHLLO: SHARMANKA

type. It wns built by Mavy in 1948 fronm n cannibalized VIPER to
rorve Ae a companion uachipe to MARTINI vhich it completely dupll-
cates except that it has a backwnrd steyping fecture.® Its pu:rpos.e
was to axploit o i of kmowledgo ahout messaze endinge.

The mnchine automatically followed in reverse the prescribed
key c;c.c and rule 4f motion, stopping at ambiguous points to permit
the opcrator to choodp which path it should take. ZFrequent use was
made of it as n handteyler. Input was by tape or keyboard; output
was t0 a regeneration tipciriter.

Size wae the samo st for MARTINI, 6'H x 4!L x 4'D and rate

vas 8ix to elsht characters per second. It has been dismentled.

Ref: Mr., H, Oampaigne
Mr, 2, Holloroft
Mr, J. Btapleton

NATIONAL SECURITY AGENCY rmcx TP SECRET-CANOE-
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m-mﬁ&ﬁ'u':m—amﬁm“mmwumnﬂ information reported herein.

—TOP SHCREN-CANOE-

Moy 1953

JMA DECIPHZRING MACHINE

The JMA was a relay-operated deciphering device, derliving its
~ name from the Jap Military Attache system 1t was bullt to attack.

Originally designed o perform a process equivalent to sliding alpha-
bet atrips to find the proper substitution alphabets according to
running key, later modification permitted deciphering by eny of 26
unrelated alphebsts. It was bullt by Army in 1942 and replaced by
HATTHEW, .

The machine is best u.nd.erstood. when visualized as a 26 x 26
square where an electric typewriter operated to select & letter wired

to the left margin (usually according to cipher text) while a synchro-

nized tape-stepper selected a letter (from running or cyclic key)
wired to the top olf the square. The value found at the intersection -
of such a row~ a.nd: ~column selection was determined as a certain
value according to a plugboard wiring. Thus the machine added any
given key value to a corresponding cipher value and gave a prbd.e-
termined answer,

It handled a 26 character alphabet, used a double tape reader
for input and regeneration typewriter and/or tape punch for output,
By reversing the role of key and plain or of key and oipher, the JMA
could perform enciphering and be used for placement or teast purposes,

It operated at typist mpeed and has been dlesmantled. The 26 x 26

matrix was housed in a CXCO dolly 23'H x 4'L x 3'D with teletype
tape reader, IBM keyboard and regeneration typewriter, ‘

Ref: M.A.C. Outline #2
Mr. S, Snyder
-RoP-SHORET—CANO®

NATIONAL SECURITY AGENCY rm mecioc TROYD SR CRIT-CANOE
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May 1953
J-SQUARE UNITS

The term J-SQYUARE designates a family of 23 equipments whose
basic function was code docipherment and rocognition, To these prob-
ably chould be added the three LIMITED SELECTORS and the two CODE
RECOGNITION UNITS. All units were built by Army's F Branch, now
NSA-354B, ond operated in conjunction with an IBM 405 TABULATOR or
a 517 PRE-SENSING PUNCH. The 32 x 32 ALPHABETIC SUBSTITUTION UNIT
(6'M x 6'L x 3'D) was built by F Branch in 1947 as a logicel exten~
sion of the 10 x 10 numerical J-SQUARE UNITS, and is still in use
at Arlington Hall Station in Room 1700~A,

In general, these devices simulated & 10 x 10 Jap Army ciphor

square and operated to strip probable additive from a given number

of cipher text groups, matching the resulting possidle plain groups
egalinst a list of high frequency groups set up on a plugbhoard, It
printed and/or punched any recognized groups, together with appro-
priate collateral notations. All opesrated at tabulator or té.pe punch
speed, 80 or 100 cards per minute. A listing of equipments, with

dates and dimensions is attached. They are all dismentled.

Ref: NSA-354B files
Mr, P, Mayol

NATIONAL SECURITY AGENCY a2 FOP-SEGCGRET-CANOE-
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LD

The LD (LONGITUDIVAL DIFFERENCING MACHINE) was n tape &1f-

ferencer consisting of nn IBM tape ronder (SIGTOT) modified to road

elither one or two tapes. Used in connaction with a small relay uni:,
i1t could differemce on modulus 2 eithor consecutive Baudot characters
in one tape or charncters from two tapos. It was built by Army '
Security Agency in 1944 for teleprinter cipher systems such as TUNRY.
The modifjed re-der trnnalntfng one or two }apes wvas connected
t0 a relay unit. In the unilt vere three seto of five relsys, each
correspondinz to the five bnuds in the characters. Two sets were

operated from the reander vhen tun tapes were helng read, with the

third set governing the other sets. Tho third sot was operated by

the comblnatlon of the two and 1n turn oporated a regeneration btype-
writer and/or Tinch nn deeired, \Vhen nnl;" one tape was belng read,
the third set »f rolnys cmatrolled the nlternnte switching of ohar-
acters to the first ~nd sccond set. Output of the first relay:set
at ench step wam the diff;rence of the two chnrncters being held.
Ordinary S-level tape wns used, nt n speed of 10 characters per

second. Results werc nccurate, frater than by hand, and could be

expressed in print, in tape, nor in both. It has been dlsmantled.

*+ Ref: M.A.C, Outline M5

NATIONAL SECURITY AGENCY s FOP-SEERET CANOE
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LINITED SELBCTOR

The LIMITRD SELTCTOR (and TRANGFER ATEACHHWNT) was a code recog-
nition and deciphering device veed as san aide in working additlve
deptha, The first model bullt marled the start of a large family of
deciphering devices, including nll the SELEWCTORS, the CODE RECOGIITICH
UFIT and all of the J-SGUARE devices. Three LIMITED SELEGTORS Qére
bullt by Army's F Branch, with delivery dates of 24 Decomber 1943,

4 Februpry 1944, and 26 Fobrunry 1944. '

The first ﬁodel‘rnceivod fecur consecutive cipher aroups from the
TABULATOR, stripped off key ~nd sent the resulting poesible plnin
. groups back to be printed if it recosniezed among them one .of the higzgh

frequency groups set ue on B plugbonrd.pnﬂelé. todels 2 and 3 con-
tnined an 8 x 20 plufﬁonrﬁ and ndditive groups plugged on it were
§E${épped from cipher text (received from the TABULATOR four groups at
a tiggﬁ. Also, the G0 x 74 +wlughoarde were the removable slide
type, not Tixed as In the first model.
The first model was B!'H x 5'L x 2'D , the nlugboard belng
mounted owt from the side of the two frames. DBoth of the later hodels
measured 6MH x 'L x 7'D and mounted the manels betwe;% éhe two
frames, All operated with a 405 TABULATOR at 80 cards per minute.
A LIMITED SELECTOR TRAWSFER ATTACHMEMT (4'H x 2'L x 2'D) was
‘ .completed on 3 August 1944, providing a relay unit for transferring ‘

480 leads to the LIMITED SELECTOR, thus permitting the code recognition

v
N 1
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LIMITED SBLECTOR (Cont'd.) -

. ~unit to scan two sets of code groups. A{ll‘are now dismantled.

R

" Ref: NSA-354B files’
- ‘Mr. F, Mayol - . S

NATIONAL SECURITY AGENCY - "~7mg~ TOP SECRET CANOE
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MAISIN '

MAISIB (AFSAF D74) is & magnetic card file and look-up device,
a general plu-'pose decoder of smaller capacify than was planmned for
KATY, a similar equipment, Three models are be\i.ng‘bullt by Inter~
national Business Machine Corp., two for N3A and one for ASA, The
first is completed and being tested, with delivery due in June 1953.

Capacity of the two magnetic drums in tandem' s wbout 245,000
characters, or 511 tracks of 480 characters each, This amounts to
five to ten timuand. code giro‘l'lpa and meanings, Each ten v seventy
characters in length, Il;xpu't and output is & 407 TABULATOR which
reads up to 'tan 5—characltelr cod.e groups from a card, prints each
and, via electronic look—up ei.rcu:l.ts. finds and luppuel for print-
ing purposes the corresponding meanings !rom the d:mns.

Size of MAISIB is 5'H x 6'L x 4'D » Plus 407 TABULAT(OR, which
" prints 150 lines per minute, It will be located at Arlington Hall
Station, Room 1600-A, |

w‘ "1'. Jo Do“-t'ch
¥r, E, ﬂming
Mr, J. Powers
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MAMBA, (CXLT) was a message setting devic'e which compared
digital informetion, setting enciphered code or additive by recogni-
tion of plain code, Two were built for Navy by National Cash
Register Co., and delivered on 15 December 1944, arriving efter the
specifio pro'i;lem had dled.

Input was by specially coded IBM cards, Numerical key data,
usually + , 0 or - weights, was placed in fixed reading positions,
while cipher in another 1IBM card deck was moved through a reading
gate slide-run fashion, one position at a time, and compared, The
¥gcanning" feature of the code (even division by three of code groups)

was the test being made, The message tested was usually known to be

on a particular additive page. Reading of cipher was done by 2400
brushes (10 digits in 80 columns in three cards), which coald make
contact through the reading head onl;\through punched holes. The
device also had a weight summing arrangement which in effect totalled
the number of circuits completed and stopped the machine vhe‘:n & pre-~
set threshold was exceeded. Recording of hits was done manually.
Original intended to be a deskslized simplification similar to
COFPERHEAD, it measured 6§'H x 3'L x 3'D and tested four positions
per second, or one card per minute. Iater devices made 1t obsolete,

.80 1% was dlsmentled,

def: CIT paper 4
NSA~-064 files

NATIONAL SECURITY AGENCY rm oo TOP-SECRET CANOE
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mereryr  EO 3.3(h)(2)
PL 86-36/50 USC 3605

IARTINI (XF¥) was a l'avy relay fz‘fmalog for LOKGFELLOW, the

"Sa.nd comparable in functlion to

the Army's TAN AWALOG.

It was bullt by ¥avy (Lt. Kilham's project)

in 1948 from parts cannibalized from PYTHON. INITRAM was a compan-—

ion machine which stenwped in reverse throush the key eycle in ord:er

to explolt weaknesses in message endings.

The machine was tape fed and simulated with relays the action '

and MARTINI and

INITRAM were accordingly retired.

Vheel patterns had to be known, but wheel plusging (selection of

the two wheels to be rend) could be found by trial and error, The

machine, nov dismantled, measured 6'H x 4'L x 4!'D . Rate of opera-

tlon wvas 6 to 8 characters per second.

Ref: Dr. H. Campalgne
Mr. C. Higgins '
Mr. J. Stapleton

NATIONAL SECURITY AGENCY

Form 781-C10SC
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MARTINI
XEN
and also INITRAM,
identical in apnearance
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I"e SYOYD, I aAnd II

"reSI0YN, (AFSAF-D75) annlogous to Mavy's O'MNALLEY, 1e en olec~
tronic eross products sum cormuter. lodel I, in brendboard form,
was built b;- I'SA-251C in August 1950. HcSFOYD 1I, an operational
model, 18 due to be completed in April 1953. In June 1951, an elec-
tronic BIFARY-DEIIARY CONVIRTER vas dosigned and incorporated into
MeSIOYD I and gZave n printed rccord on a regeneratlon typewrlter.
The CONVERTFR.was lncorporsted into !eSNOYD I and was also used in
reyerse a8 input to ABIFR, ferial 1.

HeSI0YD'e function 1s 172 cormmte and sum the ceross products of
two sets of Aizital vnluos fod in on tape at about 200 characters
per socond by a modified douvle Lendcd AFSAF-256 READER, The machino
recognizes plus nrd minus anibers. Output circult to the conm?m
ig through a 22 = A7 plu-bosrd. Fifteon binpry diglts are ex-~
proessed ar five decimal numbnrs for 'print-aut. orizinally by a re-
gensration t:mewriter, and la‘er b an 1%-10 Tevy BOMBE PRIMTER,

Sige 1s bB'H x 'L, x 41D , i'eSFOYD I, rlrondy dlsmantled
operated at ten di~lts zer secind; lodel II, located at Arlington Hnall
Station 1n Room 0220-B, operates at 100 oroducts por second. Tho
BITTARY-DTIARY COXVIRTSR messurnrs 6!'H x 2'L x 2'D , and 1s pulsed at

200 KO por second.

Ref: ITSA-03 Mles
IIr. J. Doutech
ilr. . KoBlvy
tir. J. Russell

RESFRICTED-




Yoy 1953

MERCURY (CxM0, FULI SELECTOR DEVICE) wae the Navy countorpart
of the Army SLIDZ-RUN machine, a relay-operated group-scoring dLvico
for placing messagos againgt key in addi-iive—enciphered. digital coda
systoms, Essentlally it was a 10,000 group catalog with provision
for assignment of weights (0 to 19) to each group. The one model
built dated from June 1945 and was designed for research into welght-~
ing methods., It was later expanded from 4 to 5 digit, plus a 100,006 _
group catalog by effectively bullding 10 such machines in tanden,

The device was relay operated and consisted of an 077 GOLLAfOR
for card input, a selector and weighting unit, an electronic adding
machine and storege unit. An electronic ring counter was used in
totaling welights, Data was supplied one group per card (originally

four-digit only) and the COLLATOR selected all cards whose total of

veights exceeded a preset threshold. In effect, MERCURY dragged
cipher against edditive, n'lado a welghted frequency count of resulting
possible plain, natched the overall total ageinst a threshold and
selected a deck of cards containing all "hits" which exceeded 1it,
then no key was fmnwn, an attack based on welghting and matching of
ciphor difforences (of two messagss in depth) with code group dif-
ferencen was possible, The machine was also capable of a GEEWHIZZIN
type urage against transposition smystems whers digraphs showed rui-

ficient frequency varliation to bhe statistically significant,

-1 -

e




MERCURY (Cont'd,)

The original four-digit model was -|7'H x 14'L x 2'D , plus

-

COLLATOR. When it was expanded.\ﬁo accommodate five-digit, additional
addltive racks were attached, in effect roducing ten four-digit
MERCURYS in tandem, The equipment then took up most of a room,

measuring abgyt 7'H x 40'L x 2D, ‘1t o erated at four cards per
|

second.,

Ret: gﬂb—%ﬁ%ﬁ? t.mgry " el :
rie seriptiohs o quipmen
014 payet 'fﬁp H W
C1'? paper 8B4
Mr. J. Powers
Mr, J. Stapleton
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MERCURY
FULL SELECTOR DEVICE
CXMD, N~-2900
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MIKE

MIKE (CAfii, NCR DIGRAPH COUNTER) was & versatile monograph and
digraph counter, replaced in July 1949 by ALCATRAZ, a fastor, biggor
and more flexible counter. The contract was let to National Cash

Reginter in October 1943 aund delivery was made %o Naval Communications

Amex in April 1944,

The machine was basically two units. One was an 8! x 8!
counter board containing 52 "visual" counters with 999 capacity for
.row-colunm totals, and 676 dial counters with 50 capacity for digrhph
counting. The other unit was a double-headed reader and associated
plugboard., A single impulse from each of two standard tapes is fed
from the reader to a matrix, combined into a digraph and sent to
(1) a particular dial counter and (2) the two as.sociated Veeder
counters for row and column totals, Resulis were reasd visually from
the board and copled by hand. Plans to use a 70mm camera to phcto-
greph the counters were never carried through.

The device replaced manual counting and a slow "MATTHEY M-26"
run, handling up to 26 x 26 separate scores, Army Security Agency's
CONDENSER FREAK was more flexible and faster, but not so dependable
as MIXB, Bight characters per second was the rate, and size was

6'H x 7'L x 2'D plus two 8! x 8' counter boards.

Ref: GYA Report
Mr, J. Stapleton
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MISTRESS

MISTRESS (AFSAF-D73A) is a special purpose repeat search device,
a relay gate used in conjunction with a modified 407 TABULATOR. The
purpose is to find messages with a significant number of group re-
peats, as in the case of accldentally unenciphered code megsage. -
One model was built by NSA-224, and began operating in June 1952,

The device reads 120 characters from cards, (24 pentagrephs or
30 tetragraphe) and treating one half at a time, intermatches every
group to find repeats. 78 comparisons are made in about one second
end the TABULATOR prints a line of twelve pentagraphs or fifteen
tetragraphs after each set of matches, In addition, a merginal digit
showing the number of repeats found in the line printed. Weight-
ing of hits (0-9) is done by plugboard and blank group hits are dis~
counted in this manner, The message print is a by-product,

The device measures 3'H x 3'L x 3'D and is used by NSA-22 at
Arlington Hell Station in Room 1600-A, It is designed to consider
text as quragraphs automaticaily ~hile penvagre::. 1c matching yuat
be sgt up by plugboard, Listirg rave is 75 cards :er munujc or two

TABULATOR card cycles per tps'..

Ref: Mr, N. Andrews
Mr. J. Poweras
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M-8 r

The M~8 (AFSAF-108, XBL) is a deciphering device built on a con-
verted ECM (SIGABA) frame, able to simulate ENIGMA wheel stepping and
used chiefly as an analog for higher than hand speed decryption and
cryptanalytic testing. Starting in 1943, about thirteen such equip-
ments were built, varying a good deal as to type. It replaces the
so-called PAPER MACHINE, a set of cardboard strips in slots in a
cardboard frame for tracing circults and reproducing wheel motion.

The device uses regular two-sided ENIGMA wheelé; some can be

tape operated. The widest usage is to assist work on the BOMBE or

other special machines. Many were incorporated in larger equipments

such as HYPO, for example, to produce ENIGMA key as needed.

Its size 1s negligible, slightly over 1'H x 1'L x 1'D ; it
usually operates at tape reader speed, 6 to 8 characters per second
and is found in various locations and sections, three at Arlington

Hall Station in Room 2050-A,

Ref: CIT Paper TS-4
LCIR R, Greenwood
Mr. J. Stapleton
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FCR DIFFERENCING CALCULATOR

The NCR DIFFERENCING CALCULATOR (AFSAF-118, ADDITIVE CALCULATOR,
JEEP) is a desk-top device built in quantity in 1942 by National
Cash Reglster Company for Navy, and in the following year for Army,
used either for stripping probable additive from cipher groups in
depth in gearch of high frequency code groups, or to difference such
groups in depth to find probable relative additive. Two, now obso-
lete, were operated by hand, but most are motor driven and perform
non-carrying addition or subtraction on 5-digit or smaller groups
for up to twenty groups in depth,

Each calculator has twenty rows of five windows and into sach

row a pentagraph or shorter group may be set. Any additive or minu-

end may be tried against this column of groups, using non-carrying

arithmetic, or a palr of groups may be differenced, The machine can

perform twenty calculations simultaneously, retaining the original

entrd;es for furthe:; tests, ’ '
I,(')pe,rat:l.on is at the rate of up to one cycle per second., The

"c‘levi’ii:e facilitates hand solutions, but is unsuited to large scale .

'add ,'stripping or square conversions stripping. It can he used to

add Ifurther nessages 10 a depth., An NCR DIFFERENCING CALCULATOR is

about 2'H x 1'L x 2'D, Most operating divisions have a I;‘e,«w in

their possesﬂm, s8till available for use,

Ref: M.A,.C, Outline #13

i —CONF1DENTAAE

L




REF ID:A60928




REF ID:A60928

NCR DIFFERENCING CALCULATOR ®
AFSAF 118
CADG, JEEP, ADDITIVE CALCULATOR
M-l MACHINE




Thia docwment is to be read only by those personnel officially 1nd d Jn c with com=
munication intelligence security regulations and authorized to receive the i reported herel

—FoP-SRORFT—CANOYE—

EO 3.3(h)(2)
PL 86-36/50 USC 3605 PINK ANALOG
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] PINK ANALOG was a relay device which .iutMated the functions of
the PINK

traffic. Navy's counterpsrt to this equipment wa:\called RICKY., Two

units were built by Army, the first in April 1946.the second in
November 1947,

"The device had & keyboard or tape reader input; outpu¥ was to &

regeneig.tion typewriter,

A1l wheel positions were shown by lights, Plug-

ging and pinwhé‘ql starting positlons had to be known, A print of

either component V“"c_‘ould be had if desired.

The system was]| and some work has

been done on the backlog of traffic., Dimensions of the machine were:

6'H x 2'L x 2'D , plus keyboard, typewriter and reader. Serial 1

was dismantled and Serial 2 was sent to the museum and later disposed

of for lack of gpace,

Ref: M.A.C, Outline #55
Mr, ¥, Mayol
Mr, J. Raisch
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PLUTO

PLUTO (AFSAF-30, the OYCLE AMALYZER) is a special purpose zen-
erating device with computing elements, designed to ]tud,v cycle
structures generated by regularly or erratically ste'ﬁ;’:ping rotor:.,
It was bullt by Sylvania Electric Produects Inec., of Boston, Mors.,
for NSA-34 and delivered in July 1951. It sinml:a.tes a variety of
rules of motion by rotors of up to 27 - 178 points and perforns
counts and studies on resulting cryeles, Not strictly analytic, it
merely determines the nature and length of cycles, sub-eycles and
lead—-in eequences from any givon starting point, thus permitting
gtudy of key generation,

In operation, a partiocular tule of motion is set up by preperly
interconneeting basic eomponents Eof the frames, A starting peint is
selested by means ef Rerington Rand cardslz results are displayed on
neen lights, Thyee comparator 1111.11'.5 function as memorles and ‘gtop
the machine vhen a seleeted settil.ng is reached. Autematie seareh ———
for a setting repetition 1s buil_ii. in to stop the maghlne at a eeln-
gidenee apd indigate the length cI;:E‘ the cyocle tested and the length of
the lead=in sequence, It is capable of contlinuous pepfarmance and
wag recently modified to male sutomatic the recozmnition af gertailn
eanvergence situations,

It oonsiste af 28 frames arranged in two parallel banks, each
8'H x 40'L x 8'D, plus a 6'H x 9'L x 4'D power supply, Rate af

operation ia dial ocontrolled, ranging from 560 %o a million pulses

g




14UV (Coatta.)

or settin;s a sccond. Location is at Naval Security Station in
Room R0105. In many respects its circultry is ldentical with

VHIBRLYIND, Sylvania's electronic computer,

Ref: YSA-34 Filcs
Hrs. A. Androws
Kr. W. Ersiine
Mr. R. Moulton
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FREPUNCH VERIFIER

The FREPUNCH VERIFIER (AFSAF-D67) is a tape verifier, g modifi-
cation of CXCO letterwriting equipment which checks, the accuracy of
two typings of 50 characters before punching-the sequence into tape.
The one model was built by NSA-354 in October 1952, It hae not
passed lts tests nor bheen p\llt to operaticnal use.

Designed for 5-level tape only, the device stores a line of 50O
characters in an equal number of relays, then matches this letter by
letter with a second typing of the same te.xt. At & wrong stroke,
the keyboard locks, and correction in relay storage or key stroke

mist be made before typing can proceed, Carriage return at the end

of the line starts the automatic tape punching process and sets up
the machine for the next line. Input is by keyboard only, and output
\g to tape only. Although very useful, the machine really has no
cryRmalWic function béyond avoldance of garbles from processing,

CXCO keyboard and tapepunch are mounted on the usua'{.’ G_X(EO dolly .. - -
2'H x 6'L x 3'D , with relay equipment ‘contained 1nsid.e; .Typing in-
put is at a rate up to 5 characters per soscond and output is at 10

characters per second. It is located at WSS in Room 4177.

Ref: Mr, J. Deutsch
¥r, J, January
Mr, J. Stapleton
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TURPLY: ATALOG

" The PURIL. .ALOG ic a relnys Acvice, ”Rimlating the Jap "B"
HACHINE nr MIFOKI cipher device whigh prodnced. FURPLE or Jnp dlplo-
matic traffic. ,(T!a "A® HAGHIIE, producing RED traffic, preceded
this sysiem and wvns rand hy nnnual methodr with no speeinl machine
alds.) Botuo.on 1941 anA 1945 n total of cl~ht anelogs were bullt
by Army nnd llavy, on.ch' offerinz imnrovement, but no basle change.
The equipment smercedes hand gothods and n primifive handtester
called SILLY SUE for trrecins encinlierins circults througch three of
the four vhecls. -

As the Jape had #0n0 in the ori;innl device, the annlog enciphers

a seloctod eix letters of tlr rl-habet through a single "6% wheel and
the. remnining tuent; lettore t'rov,M three "20" wieels, with stepping -
provided nutnmnticnll). All four ~re 25 point vheels, slmlated by
rotary solector mritchirs. Il was nead chinfly for deciphsring.

- The device, nensrin - 1'II x %L x 1'D , plus keyboard for input
and regonerntion t rcwriter for ontyut, 18 normally placed on a low

. table or fes:. Two modale nra -'ouy in existence, one of whioch was

used rccently in the 0'.I.'P_ :J:‘MEGE rnd. the SCRAKILER for key study pur-

poses.

Ref; .,A.C. Outlino '3
I'SA-24 Filcn
Mr. 2. linreton
Kr. L. Vhentle;r
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PURFPLE DUDBUSTER

The FPURPLE DUDﬁﬁSTER was an electrical cribtester made from a
modified FPURFPLE ANALOG and used tc find the stepping order and set—
tings of the three wheels which encipher the 20-letter portion of
the alphabot in Jap Diplomatic traffic. It was employed after the
6" Jotters, enciphered on a single separate wheel, had been re-
covered and when plain and cipher steckering were known. It was
built by Army in 1945 and operated at AHS until VJ day, when it end
its running mate, the PURPLE ANALOG, were retired to the museun,

One model of the ANALOG was modified for automatic stepping

and plugged to decipher text to be analyzed (i.e., recognized) dby

sets of rotors. Starting at position 111 and arbitrarily selecting
one fast -~ medium - eslow order, the machine was set 1in motion. A
the point the first plain-cipher palr was satisfied, the machine
considered the second pair, and so on through the full cribd until a
contradiction occurred., In that case the next position is assumed
and the process repeated, A total hit would probadbly be the true
one, and could readily be verified so as to end or continue testing.
Average time for obtaining solution was 35 minutes, one wheel
order run taking 18 minutes., Initial plugging and setting time was

negligible,

Ref: M.A.C, Outline #44
Mr., BE. D, Marston

NATIONAL SECURITY AGENCY s TOP-SECRET-CAINOE-
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Muy 1963
ROBIN I emd XI

ROBIN (CXOR, AFSAT-D/b4 and AFSAF-D/64~1) ls a photoelootric
conparator for matching tupes round robin, It was dosigned by 3520
and built by Engincering Rescarch Associates, the first two (known
as ROBIN I or AFSAF-D/43, being deliverod in November and Decembor
1950, Thirtoen more callod APSAF-D/54~1 througsh -13 havo sinco boen
built. The originml pair and the 13ti1 ROBIN of 'thu second group, .
stlll eratod, are now stored.

In operation, two teletype tapos usually of 16 to 20 thousand
characters each are fod past a dual tape reader, scanned photo-

electrically at a rato of 5 thousand characters per second and com-

pared at effectively 50 thousand characters per second. The thres-
hold for a hit is a preset straight line criterion., ROBIN generates
its own step-function ocriterion (ratio botweon expected coincidences
and numbe:t: of comparisons) as it matches each new mossage overlap,

and punches a card or not whencvdr a megsago btreak in eithor tape
passes the reader, Oounting is actually character by character, with
dits ignored., Message identification and overlap information causing
the requirod high monographic colncidence are punched in binary form
into a card by a 517 REFRODUCER PUNCH, A loglcal extonsion of CONNIR,
1t uses similar and additional circuitry. An optional "bonua® cir-

cult woights consecutive monographic hits, thus tending to select
polygraphic coincidences,

Dimensions are 7'H x 12'L x 2'D , plus reader, punch and power

supply. Complete matching betwesn two 20,000 character tapes take

NATIONAL SECURITY AGENCY Fom, TEYSI05C




ROBIN I nnd II (Cont'd.)

about two ~nd A half houra. All tiolve are operating at AHS in
Room 0221-B. At present there is considernble doubt as to ROBIN's
theoretical ability to dlstinsuish statistically between random and

causnl situntions am it was designod to do.

Ref: Mr. J. Deutsch
¥Mr, D, Hogan
~ Mr, J, May
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PL 86-36/50 USC 3605 SATYN

T
~ SATYR"(AFSAF-103,'6XDA) 1s en electrical enslog of a clipher device
known variously as the HAGELIN C-38, OSP-1500 or M-209. It 1s used

for encipherlng or deciphering traffic and for various oryptanalytic

processes sueh testing suggested

“wettings in conjunction with HEOATE and WARLOCK I and other special
operations. It generates all or part of the emtire 6-wheel cyocle of
‘about 101 million elements. Serial 1 was bullt by National Cash
Reglster Oo,, and Navy in late 1944 and is now dismantled. Four others
of a d!‘.fferent model, followed shortly, but all are basically identiocal.
Army's BLECTRICAT, HAGHLIN ANALOG 0-38 (refer to M.A.C. Outline #33)

is a comparable machine, slightly faster, using relays instead of
actunl Hagelin wheels, The SATYR HEAD (AFSAF-103/10) is a specially
developed patt;rn generatoz; which punches the 6 whesl patterns into

tape. It was developed by Havly in 1944 at the same time SATYR was,
Each machine consists of (1) twenty-two 26-point switches (6 for
kiek, 15 for overlap, 1 for slide), (2) a converted set of HAGELIN
vheels, (3) a keyboard for input and (4) an 8 x 30 plugboard to
make both input and output pluggable. The input contacts of the plug-
board are connected to the switch~relay units, inocluding the slide,
and back again to the output contects of the plugboard. If all
.-vi.tchu are set at "off", the input impulse goes through unchanged.

A given switch-relay is operated as many times as there are active

-BoR-SEGREM CANOR-

[}
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T EO 3.3(h)(2)

' PL 86-36/50 USC 3605

Both input and output may be by either tape or

typing,

Dimensions vary only slightly between the two models, averaging
. about 4'H x 4'L x 3'D plus a keyboard, a regensration typewriter,
a reader and a panch, all usually set on a nearbdy d.esl;: or stand, The
early model was the larger. Three machines are loocated at Naval
Security Station, two of which are in Room 20103 with HECATE, The
fifth is at Usmh. in St, Paul, Operating speed is 6 characters per
second, SATYR permite analytic stndy of any one element or combina-
tion of elementa of the O-type HAGELIN,

Refs MN.A.0, Outline §7
CIT-TS b1

Mr. XK. P. Cook
Mr, J. Stapleton
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AFSAF 102
CXDA, N-2500
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SETTIRG GEHIRATOR

The CIPHFR iACHI'R SETTING GEIRMRATOR (AFSAF 35, OlSG) 1s o
ralry oper~ted testing device whlch ocan slm.]'.a.ta fifteen rotors of
vp to 80 positions, each stepping eccording to almost any rule of .
motion. 1Ite alm 1e to facilitate such cyele studles ae were con-
ducted under thc ATVARRATCE project by reproducing successive wheel
nogitions of most nowm cipher mnohines. The one modsl vas bullt

. by F¥SA-852 on 14 Hny 1951.
The function of AFSAF 75 is to renerato all successive rotor

settings possidle in nnr cyeln, racordlns: (1) after each steppingz

cvele, (7) nftcr scloctod eyclee onlr or (3) on all or selected
vheol positions onlr. Results nn- be in printed or punched tn;pec\

Tornm ant _ v include stedping instructions. It has application to

such probleas as KORZ", notcheéd ring or wi::ed. rotor machines and

permits: stnd;- of rilas of .oiion, rotor viring nad key generation.

Set-up of rotch prttern, rvle of rotinn and arder of vheel print is

by plugboards and iaitiel sobtin; i by pushbutfon. Thero are tvo ) -

reading poeltions for anch of tho £0 vhoel-positions.

S8isze 18 §'H x 15'L x 7'D nlue CXN0 equ:!pm::t onil power eup-
. ply. Rate of operrtion is 76 stopr por ninuto, or up to 210 stepe

. _o—vithout printing;. It 1e nesd opcrationall:r et T'SS in Room 17114,

Ref: Mr. X. Rhodos

Hr. C. Schierlannn -
.Hr. R. Scnrplehl
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SLIDE-RUN MACHINE

SLIDE-RUN MACHINE (AFSAP-29 AXAB/1, IBM #9031, CODE RECOGNYTION

UNIT) was a relay deciphering and message aetting devjce, used to

place 4~ or 5-digit messages against a bank of recovered key, by
either non-carrying or "square" arithmetic, Brute force searches up
to seventeen groups were also posgible, Eight 4-diglt machines and
one 5-digit machine were bduilt by ¥ Branch of Army between early
1944 and 1946. It was superceded by SKATR and SLED, .

A 4056 TABULATOR read 17 consecutive groups at a time to this
gate wvhich employed counters and ;roluy- to strip an equal length
of key from the groups through appropriate deciphering squares, 4t
the same time it matched resulting possible plain groups against a

selacted set of 100 high frequency groups set up on a plugboard,
At a hit, the TABULATOR printed a record of the line, indiecating
by a dit to the right \'vhtch groups vere recognized, It was adapt-
able to' three-digit trdffic also, .

A weighting device was included in the later models, with a
i.ogglo switch to set the threshold, The DECIFHERING UNIT, btuilt -
shortly after the first SLIDE-RUN MACHINES, was basically similar .
but minus the recognition elements, Poth are of the JiSQUARE fa.ily
of deciphering machines, Dimensions were 6'Hx 7'L x23'D, An
RLEOTRONIO OIROUIT BRMAKER (3'H x 3'L x 2'D) was built by 35-93 in

1947, increasing the SLIDE-RUN MACHINES rate from 80 tc° 150 cards
per minute, All models are nov dismantled and replaced by the SKATH

e




SLIDK-RUN MAOHINE (Oont'd.)

and SLED equipment,

Ref: M.A,0, Outlines M4
NSA-354B files
Mr, ¥, Mayol
Mr, J. Powers
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EO 3.3(h)(2)
SUPERSCRITCHER  p| 86-36/50 USC 3605

The SUPERSCRITCHER, (AFSAF-18), was an é}ectronic cribtogter,
analogous to Navy's DUENNA, designed to atto.clé‘ ENIGMA traffic, The
first model was completed by F Branch in 1945 ahortly after VE day,
and replaced the now dismentled AUTOSCRITCHER. ];\n December 1951

modifications were completed to permlt lts use as\‘*.g low speed BOMBE

(1t tested sorially, not in parallel, as does the BOMBE) and it' be-

came operational in 1952 in solution of |traffic (fixed

reflector plugging) for a brief time,
\.
Its function \\-r\as to make successively all possible stecker

assumptions in con,jt}nction with all possible reflector pluggings,

teating each setting \hrough a menu (selected pairings of plain and
cipher letters) and sensing contradictions end non-contradictions in
circuitry. Requirements were a 200 to 600 letter crib (amnd there-
fore a menu of about 20 pairs) and known rotor wiring, to find stecker,
reflector plugging, wheel ord.e\r and window setting. The menn was
set on a plugboard and resu.lt‘\\were in the form of a printed list of
possible window settings, .

It consisted of two rows o:t:l frames, each 10'H x 20'L x 2'D ,

with nine bays or frames to a rov, I\t used actual rotors and 2075

tubes, testing at the rate of 10 to 15 KC. It was dismantled in 1952,

Ref: Mr, J. Deutsch
Mr, B, Flemming
Mr., J. Raisch
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EO 3.3(h)(2) Hoy 1953

PL 86-36/50 USC 3605 TUNNY IMAGON

The TUN IRAGON, (or GEHEIMSCHEBIBER CRIBTESTER) is a relay

device built by F Brarch of Army on 14 August 1944 and dolivered to

. GCCS in England in October for mse

Vhen a match occurs at one

or more levels, the machline recognizes the match and stops, indicating
vheel position by lighting epprepriate lamps, The operator then re-
cords necessary data for further testingz,

Tape preparation required 20 minutes; plugging the crib, b
minutes; setting rotor switches, 20 minutes, The DRAGON compared 6
tape.positions per socond and was faulty but effective, The problen

ended with World Wer II and the DRAGON has since been dismantled.

Size'was 7'H x 9'L x 2'D .

Ref: M.A.C, Outline #21
Mro Eu Do Mﬂ.!‘ston
~T0RSEORAP-CANOE—
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WIRED VHEML HANDTESTER

The WIRED WEEEL EANDTESTRR (called HEEERN HANDTESTER in M.A.C.
Outline #8) was an electro-mechanical testing device jppplicable to
all such wired rotor cipher machines as SIGABA (called ECM or ELECTRIC
CIPHER MACHINE by Navy), ENIGMA or ASAM-7. Built 'byIASA. in 1946, it
was one of a series of aimple handtesters. . -

It consisted of two rotor beskets to handle both ordinary and
plugga.'bl.e rotors, two panels and three or four plugboards. The de-
vice provided a means of assembling up to twenty 26-point rotors with
fixed or pluggable wlring. A prnel of pushbuttons and lights was
provided for enci'phelrment and another for decipherment. .Ba.sket end--
plates were wired to plugboards. for complete flexibility. All rotor
motion was controlled by hond. The output of the first ten wheels
(one basket) could be connécted to an optional fourth plugboard or to
= input of the second ten wheels,

Operation wes limited to the user's speed. Sigze was 1'H x 1'L .-

It was sent to the rmseum, nnd has probably been dismantled.

Ref: M,A.C. Outline #8
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5707 COMPARATOR, HARK IT

The 5302 COMPARATOR, MARX II (AFSAF 41) is t:.‘\his_-;h—speed gonaral
purpose IC comparator, photoelectrically matching 1Arze volumes of
text on E5mm filﬁ. Tho MARY II wag'built by Hozan LalQratories, Inec.,
formerly known as Rndio Inventions, Inc., md delivered to AFSA In
1952. Its basic purposo is caleulation of IC (ratlo of coije dences
to comparinons) between two fields in a 76mm film. Testing coyers a

range of ratios between 1/40 ond 40/1 coincidences with a very s

tolerance in sensitivity. AFSAF 40 ig the associated céhera end
etorage unit, and nccepts any tapo input. _

The film 18 divided into a higzh nAnd a low field each 40 levels
deep and is viewed in a gnfe 600 frames wide, permitting a match
between tvo bloclts of up to 24,000 characters. Three circults are
provided for recosnition of coﬁncidence. one for stralght higﬁ IO
above a set criterion (in the korm of a step function which the
machine successivelyr computes at each setting), another for measur—
ing light difference between the two film fields, and a third for
recozn1q10n of bloclout or no coiﬁcidﬂnce. At a hit the machine
stops, the operator nates exnct alignment manually and reads the IC
total from an electronlic counter of 999 capacity. Velghting of
results 1s possible.

" Film 18 exposed at & rate of 1000 frames per minute, and compar-
isons are made nt up to 500" overlaps per second. MARK II has in-

creased accuracy (a few percentage points of error),—greater
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65202 COMPARATOR, MARE II

flexibility and speed snd a wider gate (600 as against 500) than
MARK I. The MARK II camera moasures the same ap MABK I, 4'H x 6'L x
3'D . The comparator is B'H x 4'L x 3'D . ILocation is at Arlington

Hall Station in Room NR20-B.

¢
Ref: Mr, J. Deutsch *
Mr. B. Fleming
Mr. D. Marston
Mr. J. Ralsch
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Brief Descrintions of Analytic Machines
‘ Second Installment

N3A-3j
Wheatley, LeRoy H

The project of writing these Brief Descrivtions of Analytic
Machines has been transferred from NSA-34 to NSA-35 since
publishing the first installment, so this and subsequent install-
ments will be under their joint sponsorship. This second
installment consisting of eighty-five equipments or topics is
now resdy for publicaticn. An additional thirty-four have been
written in rough draft and are in the process of proofing, review,
etc. Some twenty-two equipments remain to be writtem up., This

. figure inclndes the small backlog list and all equipments being
planned to date and may be reduced somewhat by research and changes
of plans.

When .tho whole set of anrnroximately 200 briefs has been
published, a small number of re-issues will be sent out to
correct errors and bring facts up to date. There will also be a
glossary, index and table of cont.enf;s compiled for the complete
set. It is intended that such an index constitute the most
complete exlsting list of Agency machinery, past and present.
Reproduction st the Photolab, NSA~EL, of 8 x 10 prints of most

' of the equipments is proceeding and will be sent out presently.
Comments, critlcisms and corrections on this work are invited;

the extension is 563 at Arlington Hall Station. .

6 JUL 51
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ABEL

ABEL, (XTY) 1s a relay computer for low-speed parallel-type
computation, including arithmetloal and other logical processes,

Built by Navy in 1949, .1t was the first of the Agency-sponsored

computers to opera..te. It 1s en anslog of ATLAS I, and contains
no analytic orders.

It 1s 8 parallel computer, operating on the full 24 Ddits
of a word simultaneously. Input of both data amd program (sequence
of orders) is by CX00 tape reader and not under program control;
output 1s to a 0XCO regeneration t;;:pevriter and tape punch. FPro-
gramming of a problem 1s much the same as for ATLAS I and uses & one-
address system. Memory storage is on & 24-channel (later a 48-

channel) magnetic drum with a 2047 word capacity, each word con-
gleting of 24 ‘binary bits or digite. Pushbuttons provide for
manusl ingertlon into or reading from the regis.ters. The 48-place
acoumulator, operating in conjunction with the control section of
the machine and the 24-place auxiliary Q-register, performs all
computations.

Overall size is 7'H x 14":[. x 3'D plus assoclated equipment.

Rate 18 10 orders per second. It vas trensferred to Office of
Navel Hesearch and is 1n operation at George Wa;hington University.

Ref: Technical Library
NSA-34 files
Mr., K. P. Cook
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ABNER (AFSAP~32 is Serial 1 and AFSAF-D53 is actually '
Serial 2, not a different machine as numbering implies) is a
serial elsctronic digital computer especially designed for such
oryptologic problems as key generation, frequency counts, coin-
cidence and equality céunts, slide routines, modular arithmetic,
writing on widths and others. Designed and bullt by Army, the
Serial 1 machine began operation on 1 June 1952, Dellvery of
Serial 2 is expected from Technitrol Engineering Company by
February 195k. . BAKER (AFSAF~D89)was a relay computer analogous
to ABNER whose programs it was bullt to test,

The machine operates serially on The individual bits or
digits of a word, starting with the least significant. Most
instructions employ four addresses. The machine can distinguish
between mumbers by size or sign, Programming (listing of _ordsrs
in sequence) is relatively simple and is normally coded in
decimal instead of octal notatlion as for most .Agenqr computers,
There are 19 ordinary and 12 special analytic orders available
on the machine,

Input is by (1) punched tape, photoelectrically read on a
Ferranti reader at up to 315 characters per se.cond; by (2)
punched cards on a collator at 240 or 120 cards per minute
and by (3) magnetic tapes at abo!_xt_.‘ 2500 characters per second;




REF AR;H80968
R -DECRKRE T
ABNER (Cont'd,)
all under program control, Output includes these three plus an
Anderson-Nichols line printer (AFSAP-44B) at 300 characters per

sscond, ~ 7% lines of 4O characters each. One, and eventually

four 7-level magnetic tapes of 720,000 character capaclity serve
as input, output and intermediate storage. The peripheral
ABNER CONVERTER UNIT provides ready interchange between media,

The control unit receives orders from the memory and operates
the memory, arithmetic unit and input-output devices accordingly.
The arithmetic unit consists of five registers or loops of electric
delay lines constantly circulating the information. One of thess,
the accumulator, may be used to retain the results of arithmetic
processes,

The memory consists of 1024 words contained in 128 mercury

delay lines each storing eight ,5-bit words plus 3 assoclated
non-textual blits for control of synchronism, Being under program
control, the magnet:ll.e tapes constitute auxiliary o A console
permits manual control for interruption, insertion and verification.

Pulse riate 1s one megacycle and access time cannot exceed 336
microseconds, resulting in from 440 to 20,000 arithmetic operations
per second., The main cablinet measures 7'H x 24'L x 2'D and, together
with console and other units, requires about 630 square feet (2-1/2
bays) floor space, Potentially one of the most versatile and valuable
equipments yet conceived, Serial 1‘:15 in operation at Arlingl;.on Hall
Station in room 0310-B, .

Ref: T/CA 10/53
Mr. J, Hyduke
Mr. P, Johnson
Mr. J. Rixse




ALCATRAZ

ALCATRAZ (APSAF-92, CXLQ) is a digraph frequency counter with
a 36 x 40 oounter array, with two rows and two colums of totals
counters. It was built by Engineering Research Assoclates under
task 7 in July 1950 and:ﬁ.'aou MIKE (CXMM), BABY ALCATRAZ
(cxmu, 6 xbcB), dmbmdbym@dermku, 1:0, is & 36-cell

frequency counter, one thirty-sixth the sise of ALCATRAZ and now in use

at Naval Security Station in room 4152, Its special line-printer,
type 10 AWN, prints out results eleven grouns to a line, exactly
half the 22 'group- capacity of the.-tyne 10 AVR printer developed at
the same time for ALCATRAZ., In July 1950, Commercial Controls
Corporation delivered a card-reader unit, BEAR (AFSAF-93, cxo:.),
pemittinginput:rromIEMandRemRandcards at 4 per second as an
alternative to the usual CXCO double-headed 6—].eva1 tape reader
input.

. The machine is an immrovement over MIKE in that results are’
printed as well as visual, cell counters have a 3-digit capacity,
total: counters have a 5-digit capacity, 6-level tanes may be used '
to operate the 36x 36 translation matrix. Theé control contains
a double-headed CXCO tape readsr, matrix input plugboards, the
36x36 translation matrix and 't.ho dia'l‘.ributi.vo mlmater. The
two counterbanks are fed by 36 or 1,296 wires from the trans~
lation matrix, Printed output contains cell totals, row and colum
totals and the overall frequency count,




ALCATRAZ (Cont'd,)

Control and printer each measure 6iH x 6'L x 3'D, and the
two counterbanks 8'H x 12'L x 4'D. Rate is up to 16 characters
per second, It is at Naval Security Station in room 4152,

Ref: Instruction Mammsl (R531.1/775)

?/CA 8/51 Report
Mr, D, Hogan .
Mr. J. Stapleton
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ALCATRAZ
AFSAF 92
CxLQ
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ASAY-7 ATALOG

The ASAY-7 AFALOG was a relay device to simulate the func-
tion of the ASAY-7 ciphony device. It operated with a 513
REPRODUCER to generate key for a security study. Sectioz; WDGAS -92
of Army built it in early 1948.

The ANALOG was developed to permit study of cipher resuli-
ing from use of random noise generated key, and produced 50,000
elements of key. Motion of the 4 key-producing wheels was
simulated by cyclic offset of pattern in cards, including dila-
tion (repetition) of key. Thirty wire contact relays were used
according to the same priaciples as the TAN KEY GEMERATOR, Re-
sults were checked by doing the job twice.

Size was 3'H x 2'L x 2'D plus a 513 REPRODUCER and rate
was . 100 cards per minute. It wes dismantled shortly after the

study was completed.

Referenes: 1lir, S. Thorne

FORM 781-C10C
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ATLAS 1

ATLAS I (AFSAF-70, CXMX) is a parallel type electronic
computer to perform basic arithmetic processes and able to
make conditional decisions on the basis of size and sign,
modifying its own program of orders. Under Task 13,
Engineering Research Associates delivered Serial 1 in December
1950 and Serial 2 in May 1953, The model is available commercially
under the name ERA 1101 COMPUTER. NSA-35 built ABEL, a relay
analog, in November 1949 which has since been transferred to
George Washington University.

Several peripheral equipments have been developed: a pair
of special tape punches, a HIGH~SPEED TAPE COMPARATOR consisting
of two POTTER READERS (AFSAF-25) and a comparing unikt s and a trio
of rather non-descript devices known as OCTAL KEYBOARD, 8 KEYS,
2 OCTALS PER FRAME (AFSAF-D65), a CONTROLLER-OCTAL-TAFE-REFRODUCER-
CONVERTER- (AFSAF-D66), a TAPE PUNCH VERIFIER (AFSAF-D67) and a
CONTROLLER~OCT AL~T APE~-REGENERATOR=-CONVERTER with ho AFSAF number,
In addition, two equipments are under construction: BUNNY (AFSAF-
D70/11), which is a high speed tape reproducer to insert seventh
level pattern, and CENSOR (AFSAF-D70/10), a tape checking device,

Operation is in parallel, simultaneously handling all bits
of a worcL a binary number. This makes for faster operation but

more complex machinery. Each order employs one address., Data




ATILAS I (pont'd.)

is read in from 7-level punched paper tape on a photo-electric
reader at 144 characters per second, and is not under program
control. Output is to a CZCO regeneratlon typewrlter and tape
punch. The control unit interprets orders read from the drum
(e repertory of 42 5§  now available) and operates the machine
accordingly. The magnetic drum memory is divided into
214 = 156,384 Yoxes or memory locations, each of which holds a
24 Dbinary digit word, which may be either a coded order or
datum. The érithmetic it consists of a 48-hit gccumulator Qr
A-register, a 24-bit Q-register and a 24-bit X-register. These
together perform computations as f;quired by the controls.
Special orders have been added, including a random—order, prodb-
ably the most novel feature on the machine.
The drum revolution time of 17 milliseconds indicates
that, without planning, each instruction will take that long.
But with careful planning, placing the instruetions and relevant
data where they will be immediately avallable when peeded, the
time per order can be lowered to as little as one percent of a
drum revolution, or, at times, one fifth of one percent. The
care needed to accomplish this is considerable.
Physical size of the main machine is 7'H x 40'L x 2'D

plus reader, control panel and auxiliary equipment; this requires

-2 -.




ATLAS I (Cont'd.)

over a thousand square feet of floor space. Pulse rate is 400

kilocycles per second and access time ranges from 32 micro-
seconds up to 17 milliseconds (1 drum revolution). Both are

in operation at Naval Security Station in room 4152.

Ref: ©NSA-3L4 Files
Mr, E. Burke
Mr. D. Hogan
Mr. P. Johnson
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ATLAS I
AFSAF 70, CXMX, SZRA 1101
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ATLAS I1

ATLAS II (AFSAP-70A, AFSAF-70B) is an electronic parallel-
type computer with all the functions of ATLAS I but with additional
types of memories which result in greater speed and capacity. Serial
1 was delivered by Engineering Research Associates, now a subsidiary
of Remington Rand Corporation, in September 1953. Serial 2, actually
a model change, is expected by August 1954. The machine is available
commercially under the name of ERA 1103 COMPUTER. Auxiliary equipment
is the same as for ATLAS I, the ERA 1101 COMPUIER.

Operation is in parallel - all bits of a word (number) are operated
on simultaneously. Word size is 36 bits, 6 for address and 30 for two
15 bit addresses or data. Initial input is by 7-level paper tape read
photoelectrically at 14k characters per second, Four magnetic tapes
under program control during oreration serve as input, output and an'

auxiliary memory. In addition, a CXCO regeneration typewriter or tape

punch is available for output. In addition te the intermediate speed

magnetic drum memory which holds Zlh or 16,384 words and the magnetic
tapes just mentioned, there is a primary high-speed electrostatic

storage (Williams tubes in serial 1, AFSAF-70A, and magnetic cores in

1
serial 2, AFSAP-TOB) capable of storing 2 ° or 1,02 words. Both the

electrostatic and drum memories are fully addressed, The arithmetic

unit consists of a 72-bit accumulator, a 36-bit X register and a 36-bit

“~register., The control unit funcétions the same as in ATLAS I, Frogram-
ing, or sequercing of orders, uses a 2-address system and is not very

difficult,




ATLAS II (Cont 'd.)

Several special orders, such as modular arithmetic, a scale factor
order and repetition, are built in routines. This last one in particular
is the outstanding feature which differentiates the machine from other
computers and contributes most to its eryptologic usefulness.

The device consists of 6 cabinets each measuring 7'H x 18'L x 2'D,
plus peripheral equipment, and requires about 1200 square feet of floor
space., Pulse rate is 500 kilocycles per second. Access time for electro-
static storage is about 12 to 18 microseconds, and for data on tape or
drum is not great since one drum revolution takes 34 milliseconds. It

operates at Naval Security Station in room 4152,

Ref: Lt. E. Friend
Mr. D, Hogan
Mr. P. Johnson
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BABY OPHIS

BABY OPHIS (AFSAF-DS7A) 1s a WIRED WHEEL ANALOG designed
to simulate with relays a.l:lnost any rule of rotor motion for
five rotors of up to 32 points each, It was constructed by
WSA-36 in April 1953 to test rotor settings and cycles under
various rules of motion.

Conslderable flexibility of control is provided. A tape,
often one from the AFSAF-35 SETTING GENERATOR, controls rotor
stepping through a plugboard. OCM and classic Enigma motion
are bullt in. Certaln comparisons are possible, including a
feature permitting carrying plain text through a couple of
rotors, while carrying clpher text back throush the others and
making comparison between the two results.

It is a baby only in number and size of rotors when com-
pared with.OPHIS, 1ts dimensions being 6'H x 5'L x 3'D .
Rate of operation is 6 %o 8 pulses per second. It is now

located at Arlington Hall Station in room 2050-B.

References:

NSA-3548B files

Mr. N. Christopher
Mr. F. Mayol

Mr. K. Polley

6 JUL 51
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BAKER

BAKER (AFSAF-D89) was a low-speed parallel relay computer to
perform the same mathematical operations and analytic functions
as ABNER. It was built by NSA-35 in February 1953 and used
mainly to test programs for ABNER.

Input was a standard CXCO tape reader and output was to a CXCO
regeneration typewriter and tape punch. The magnetic drum memory
operated at 440 RPM and had a storage capacity on either half of the
drum of 1024 words of 45 binary bits. Either half could be used
independently. There were four 45 bit registers, the Q, X, X~-bar and
Y, and a 90 bit accumulator. All but three of the orders were handled
in paralled fashion; that is, all bits were operated on simultaneously,
A 10-bit address system and a L-address code similar Lo that for ABNER
was used, Control was similar to that in ABNER.

The machine, arranged in an "L", measured 6'H x 20'L x 2'D plus
power supply. The timing control clock in BAKER made 10 cycles a second
yet there was no basic pulse rate. Multiplication and division required
L secor!_d_s at most; addition, subtraction and comparison needed 1/3 of
a second, It has been dismantled,

Ref: Mr, B, Baker

M. Ko P. Cook
Mr, J. Deutsch
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BRUTE FORCE DEYVICE

The term BRUTE FORCE DEVICE (AXHB/1) refers by general usage to the
IBM gates and processes (and rarely to the several other machines of
comparable function) designed to search through cipher text and find a
type of coincidence known variously a.s. a brute force hit » & copperhead
hit, a double hit, a double repeat, a two-point hit, a red (roint) hit,
or a pattern hit, -~ this last in only one of its several meanings.
Briefly, the required condition is that two pairs of repeated groups exist,
either between two parts of a message or between pairs of messages, and
further, that these repeats be in phase and at equal intervals. ICKY I

LY

and COFPERHEAD did a comparable Jjob, )

The first such gate, the BABY BRUTE FORCE DEVICE, described in
M.A,C., Outline No, 24, operated in connection with a 405 TABULATOR.
Four successive models were built by army section WhGAS-92 between 1942
and 1944, all designed to find double repeats at any interval from 1 to 9,
in 3- , 4= , or 5~character traffic., The JUNIOR BRUTE FORCE DEVICE, for
use with a 407 TABULATOR, superseded this znd increased the span of
search to 12 pentagraphs, numeric only. It was also needed with a special
plugboard for reducing test to pattern and called PATTERN BRUTE FORCE DEVICE.
In this connection 110 relays of a general purpose gate were rewired and
used with a 797 COORDINATING REPRODUCER to punch patterns into cards at
100 yards per minute. It was called PATTERN PUNCHING DEVICE. The term
FULL BRUTE FORCE applies only to a i:'rocess on IBM ecuipment where search

is made through the full le ngth of the message for this type of coincidence.




BRUTE FORCE DEVICE (Cont'd,)

Operational time depends on the jobj the 405 TABULATOR matched
cards at 150 cards per minute and listed at 80 per minute; the 407
currently used is faster, matching and listing at 150 cards per minute,
This type of search is most efficient on 5-character traffic. The last,
BABY BRUTE FORCE measured 1'H x 2'L x 1'D, in a plugboard cover, and
JUNICR BRU'TE FORCE was 3'H x 3'L x 1'D. The former is dismantled, and the
latter is in operation 82, 1700-A in Arlington Hall Station,

Ref: M.A,C. Outline No. 24
Mr. J. Hyduke
Mr. J. Powers
Mr, W, Sharp
Mr. S. Thorne
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PL86-36/50 USC 3605 )
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L 86-36/50 USC 3605

B-211 ANALOG

The 13-211 ANALOG (AFSAF-36, AXOQ/l and /2), o parable to

Na.vy's RICKY, refers to. a set of relay devices to s:l.mulate com~

pletely the functions of both a.nd |mod1f:|.cat:|.ons of

the HAGELIN B-211. cipher device. The first, for the [problem,

was built by Army in 1941,. Then two PINK AI\IALOGo (AXOQ/l a.nd AX0Q/2,

ANALOG) were. bu ilt for the . the first delivered

in April 1946. Three models for the were built in 19&9: 1951

and 1953. Although basically no different cryptograph:.cally: var:.a.-

tions include selector sw:.tches in earlier models and relays in la.ter

ones

In all of them rotor wiring is \\ee\t on a plugboard, and stecker
by pushbuttons or on plugboards, with iights to show wheel positions.
Input is by tape or keyboard and output ie\t,e a CXCO regeneration
typewriter. Some may be used as a whole or eff.ectively as either of
the component halves to produce enciphered, deci;hered or fractionated
text. “

Operation is at 8 characters per second and size‘**i‘e about

6'H x 3'L x 2'D . Three are dismantled, but the last 'bhree|\"*
type are used operationally at Arlington Hall Station in room A-2208.

' Ref: Completion Report, AFSA Technical Document #35
My, £, Snyder

/
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B8~2Z11 ANALOG
AFSAF 36
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BE-211 FAWDTESTER

. The B-211 HANDPESITR (AFSAF-119, AX03/1) is an electrical cir-

cuit testing device able to produce the effect of the commuté&tors and
rotors of the HACELIN B-211 cipher machine, The first was bullt by
Arny, WDGAS=74, in January 1947 (see M. A, C. Outline No. 8) and is
now dismentled., Thres later models, delivered in February and July
1247, use switches to accompligh the fractlonation.
An anglyst or tralned clerl may use the device to test wheel

settings, frectionate text to obtoin elther of both couwponents, de-
cipher and encipher messages, and recover slide and motion pattern.

AJ1l wheel motion is by hand. Cipher is introduced by switchea and

plain text values are resd from lists, or vice versa by resetting

a-switch., All steckorin; is nov provided for in ¢ single switchboard.
te of operatlon depends on the operator and the Job. The de-

vice is much more repid than using charts or the cipher machine itself.

All three are now in operation at Arlington Fell.Station in room 2407-A

randling both model T and model M wiring., 8ize is

3'H x 3'L ='1'D,

L

Def: K.A.C. Outline No. °
I, ii. Collins

. e, F, lejol
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. The CALL 35 DEVICE (AFSAF-114, MOD 35 GATE) is a relay gete which

operstes with o 797 COORDINATING REFRODUCER to convert inter—

cept cell-signs to their corresponding Balter—Vol@e ‘B‘q(ok nuaber, It
was built by WSA-22 in Merch 1951. |

The aevice consisis of two complete units for s““e“nder a.nd. recelver

call signs, and

Irput is by card end outpﬂt is the

sunm in decimal for.: and corresponding boolr number.

Its size is 3'H x 3'L x 2'D. All computation occurs between
card cycles so the rate of 100 cards per minute results in 200
call sign decipherments per minute. It 1s in use at Arlington Hell

Station in room 1200--A.

‘ Ref: . S. Thorne







CALL 35 DEVICE
AFSAP 1 114

TR ﬁﬁf
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COLERIDGE KxY SUBSTLTUTION D :VICE

. COLERIDGE K<Y SUBSTITUTION D:VICK is a twice-used term. Navy

' informally constructed a device of tlat nams in 1947, a collection
c;f.,\plugboards used for a few months and dismantled when DEMON
and.ved. It merits no write-up. In 1948, NSA-82 built in-
forma.l.‘l.y for Army the electrical COLERIDGE KEY SUBSTITUTION DZVICE

. (KEY'DERIVATION for GOLERIDCE) described h.re,

a hﬁnsi-operated decipher, hand~tester.and key checker. In
general, it para.llels OBOE (which likewise was called KEY DERIVATION
for COLERIDGE) and PICCOLO (AFSAF-37).

This device oc;ﬁs\ists of a keyboard for input and a lampbank or
CXCO regeneration tynewri'ber for output. Pressing 2 key in succession
representing key and ciuiie,; in either order produces a possible~plain

character in the form of :I.ts

A switch permits encinhering.

Rate 18 up to 6 or 8 characters per second and size is insignificant,
only svecial wiring and lamns on the back of an IBM keyboard, plus
CXCO regeneration typewriter., It is avallable, but stored at Arlington

Hall Station in room 2058-B.

Ref: Miss K. Blank
Mr. W, Lutwiniak
Mr, E. Marston

® Mr. J. Stapleton
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' COLUMIT ARRANGING DEVICE

. -The COLUMN ARRANGING DEVICE (AF3AF-113, COLUMN ARRANGER) is a
| specialized relay device used with a SELECTIVE FUNCH, later with a
797 COORDINATING REFRODUCER, to prepsre & teble of relationships

based. on two sets of digits with amod 5 or 6 range. Model I was

built by Navy in 1949, an independent pert of the NC-8 AUTOMATIO

CIRCUIT CHANGER, and simply arranged pentagrephs in ascending or
 descending ovéer, O to 9 . Model II, sleo by Navy in 1949, and

Model III, by NSA-22 in December 1950, operate with a 797 REFRODUCER.

tetragraph. OColumn gelection order is plugneble., Input, therefore,

ig two tetragrsphs and output is a list of pentagraphs or hexagrsphs

which are searched by other eguipments for lsomorphism in either of
the two components.

Size is 4'H x 3'L x 2'D and rate 1s 100 cards per minute,
lodel I was dismantled.' Model II and ]._a.ter Model III were Dbullt
into the same gate with GLID and the SUBSTITUTION IREVICE, It is

avallable for mee at Arlirgton Eall Station in room 1700-A.

. Ref: I, W. Hopper
Mr, J. Hrduke
. F. Saith
Mr, S5, Thorne
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COMPUTERS

The general purpose electronic corputer cen perform at hlgh
speeds a number of arithmetic and loglcal operations. The results
can be retained internslly for later use or they can be used to
control the computational procedure to follow, This control ie mede
possible by the computer's ability to discrimirate and to modify its
own lngtructions. The Agency is concerned with 6 types, or a total
of 10 or 11 mechines, each descrlbed under one of the following
headings: ABEL, ABNER, ATLAS, BAKER, EDFM (IBM 701) and NOMAD,

Information can be transferred to and from a compubter by means
of megnetic tape, perforated paper tape, punched cerds, or electriec
typewriters. Hos'l.: couputers use more then one of thesc mediums and
several use all, Some mechines, particularly those which employ
magnetic tape, are c;a.pa'ble of accepting lnput during operation;
others require that ell’ data needed for a computation be loeded into
the computer before operatlon is started.

In additlon to Input-output equipnent a computer hes three main
components: the control unit, the arithmetic unit, and the memory,
This last is divided into cells and in each a unit of information,
either an instruction or a datum, may be stored. In order that
stored -materia.l mey be located and used, addrosses ere assigned to
tho nmewory cells. The control unit on roceiving an instruction from

the memory directs the arithmetic unit to perform the oporation

SECRET
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indicated by certein bits (binary diglts) of the instruction., Other
bits specify the locetion(s) in the memory of the operend(s). When
the operation hes been corpleted and if the instruction has not
called for a jump to some other pert of the merory, the control unit
of most computers tekes as 1ts next instructlon the contents of the
memory cell following that which conteined the instruction Just used,
and trke cycle is repeated. Fowever, some computers do not depend on
this sequencing, but rather each instruction includes the address of
its successor. This device is charecteristic of the so-called four-
address computers.

The greatest restriction to confutction speed is the access time
of the memory, i.e., the tine required for a memory cell to releas;
i1ts contents to the arithmctic unit or the control unit after the
latter has called for the inforwation. This fect has motivated the
search for faster memorlies snd as a consequence there has been a
progression from the slow static electro-mechenicel reley memory
through the medium speed cyclic memories of the magnetic drum or
acoustic deley lines to the present high-speed static storage mede up
of electrostatic storage tubes. The megnetic core matrix may con~
stitute an even faster memory in the near future. Magnetic topes
ere 2ow pelng used for aurilis>;- storege, but thoir speed-limiting
reckenicel foaiures preclude use &s £ primary nerory.

Corputers cen oe furt™or &irtin, vrishcd br t-c menner in vhich

tre orit™ ctfe o perloried. Lmeldinmitict ojevcie on erok Mg
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separately are called serial compubers; those which handle all bits
simul taneously are called parallel. DParallel computers tend to be
faster, but their construction is considerably more complex,
Ultimately the design of a corputer becomes a function of the
work it will have to do. Inpub-output equipment must be adequate
%0 handle the necessary data without unduly holding up computation,
and the computer itself should be fast and flexible enough to provide
prectical solution for the problems to which it is to be applied.
Specialization ~in the order code is one means by which the potential-
1ties of a computer can be extended, and this has been done to vary-
ing degrees in the machines being used and to be used by NSA, prin-
cipally ABNER,




REEL IR R OB S
A Y A ALS Add N

[4

March 195,

COUHTING DEVICE FOR CARD-OPERATED TYPEWRITINR

The COUNTIFG DEVICE was & reley gste which, by counting the
sbrokes of an 058 CARD-OPERATED TYPEWAITER, served to break the text
into required lengths. It was built by WDGAS-92 in 1948, 'A gimilar
Job was done by a set of TRAWSPOSITION DECIFPHEPMENT CIRCUITS, a
machine modification and not a device in 1tself, which were built
into an 040 TAPE-TO-CARD PUNCH for use with traffic on tape.’

" The COUNTING DEVICE, consisting of seven relays, was used for
deciphering simple columnar transposition messages in which length
of column varled. It counted strokes of tho typewriter, at most 99,
and when a predeterm:::.ned. criticel velue was reached, it bhelted the
card feed, operated the carriasgc roturn, reset the counters, and
started the eycle ae_?ain.

Size wvas 1'H x 1'L x 1'D plus =n 058 CARD READER and a CXCQ
regeneration typewriter. It oporeted at 8 to 10 characters per

gecond and has been dismentled.

Ref: lMachine Branch Annuel Report, 1948
¥r, S. Thorne
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CYCLIC DELAY KEY GENERATOR

The CYCLIC IELAY KEY GENERATCR (CD KEY GENFRATOR) was & speciel
purpose relay gate used with a 513 REFRODUCER to produce key for
study purposes according to prescribed control, MAEK I was built
by Army, section WDGAS-92, in late 1948; MARK II, a similer gener-
ator, was completed in late 1949 by simply rewiring MARK I,

Both models used the same rules of motion. The first had five
16-point wheels, and the se'cond had eight. Xey in parity form was
calculated in two weys. The first used mod 2 additlon to combine
gelected points on the 65 (or 8) wheels. The second used a formula
involving storage in IBM cards of es meny as five ele:nents of key.
Starting points for all wheels were put into cards, and wheel settings
were continuously recorded to facilitate cycle study.

The gate measured 3'H x 3'L x 2'D end operated with a 513

REFTRODUCHR at 100 cards per minute. It is now dlsnmantled.

Ref: Mechine Branch Annual Report, 1949
Mr. S, Thorne )
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DECIPHERING MACHINE

The DECIPHERING MACHINE (SPECIAL DECIPHERING DEVICE, Project
1049) was a relay deciphering device intended to incorporate
the functions of several special purpose devices into one
generalized machine. It was built by F Branch of Army in September
1945 and paralleled in part functions of MATTHEW and similar

devices.,

Two control units, each with CXCO tape reader‘and keyboard
for input and a control panel, 6perated with a relay unit which
performed the actual deciphering processes, Results went to a
CXCO regeneration typewriter for page printing. It could do
1) monoalphabetic substitution through a plugboard, 2) plain
text reproduction, 3) polyalphabetic decipherment for cycles
of 2 to 5, or 4) decipher literal or digital codes of up to
5 characters., Although superior to hand methods, the machine
was slow and not so flexible as expected. ‘

Each of the two control units was set on desks together
with tape reader head, keyboard and CXCO regeneration typewriter
and measured 2'H x 2'L x 1'D, The relay unit was 6'H x 2'L x 1'D,
Rate was 6 to 8 characters per second. It was dismantled a;d
replaced by the 797 COORDINATING RZIPRODUCER and various faster
equioments,

Ref: MAC Outline #27
Mr, N, Christopher

-CONFIDENTIAL-
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DECIFHERING UNIT

The DECIPFERING UNIT was & reley deciphering device uged with a
405 TABULATOR to =pply numerical key to traffic through an encipher-
ing square. The first of four was built by Army in early 1944 and
deciprered twenty cipher positiona simultaneously using one of fif-
teen squares set up on interchangeable 8 x 20 pl.ugboard.a. The
gecond, bullt by International Business Machines Corporation, was
actually four smaller units each handling five groups. These were
wired in tandem and used for slide-runs in conjunction with the
SLIDE-RUN MAOHINES. Two more, further modifications of the first,
were built and used by Army. -

A cipher and a key diglt were entered from the TABULATOR 1into
a pelr of counters in the gate, The key counter energlzed a row of
10 celle, one in each .column of the enciphering square plughoard.
The cipher counter did the same in a perticular column and the cell
thus selected emitted the deciphered value to the TABULATOR,

The device was like a SLIDE-RUN MACHINE, but lacked the recogni-
tion elements. The first and the last two were 5'H x 8'L x 3'D; the
four units of the second model were each 4'H x 2'L x 2!'D, All are
now dismantled. A unit could handle up to 2200 uessages per day

and, operated 2t 150 cards per minute,

Ref: Mr. J. Powers
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. ﬁ-‘m\(AFSAF-DGO, DESK MODNL DECIPHERER) is a special purpose

hand.tester;*pgrt relay and part electronic, to decipher messgages in

the Gzech systenm The first model vas built by NSA-36 and

deliversd in April 1952. It parallels ssveral other equipments such
as MATTHHY and HELLCAT I and II.

Using 26 alphasbets of 26 characters each, the device assumes
key (or plain) aéa.inst cipher and derives possible plain (or key).
It has & 26 x 26 non~pluggable matrix. Input is by keyboard and
output 1s to a CXCO regeneration typewriter. 25 of the alphabets

are inversely related to the plain- (or key) sequence, which is the

26th alphabet.
Size is 2'EH x 6'L x 2'D. Speed is gbout 1 character per

second., It 1s located 2% Arlington Hall Station in room 2520-A.

Ref: T/CA 8/50
Mr. ¥. Christopher
Hr. B. Fleming
Mr. J. May
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DUDBUSTER

The DUDBUSTER (ARLINGTON DUDBUSTER) was a relay-type analog of
the ENIGMA cipher machine, designed to set messages, 1.e., find win-
dow settings, by using s statistical test rather than a crid. An
earlier model, using thirty-six 003 frames (basic unite of the
Army BOMBE), was built in 1943 by F Branch but was discarded in 1944
in favor of a two-frame model.

The 16 lowest frequency letters of the language were plugged
throuéh a frame to 2 52 segment dlstributor controlling 52
counters. The frame then ran through a machine cycle of 26° set-
j:ings, enciphering the set of low Trequency letters at every possible
getting. These sots were stored and matched with 52 ocipher letters
represented on a plugboard. Occurrence of less than 19 coincidences
stopped the machine. The second frame, ‘running 52 settings behind
produced the possible plain text and printed 1%t on a CX00 regeneration
typewriter. ,

Set up time was about 16 minutes, and operating speed was 40
tests per second. Size was 8'H x 4!L x 3'D. It has been dismantled.

Ref: M.A.C. Outlines No. 15. °

wnrenmens 1wz~ 1 O P SECRET—TFROTH-
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DUEHNTTA

DUEINA (CXLU, §-1500) is & high speed. two-wheel bombelng device %o
recover reflector plugging, window settings and steckering as used 1ln
YHELIOW ENIGMA, given only rotor wiring. It comsiders crib-vs-plain
pairings and tries all intervening scrambling circu}ts possible to .
£ind one with no conflicts. Five such machines were bully for Navy by
U.S. Naval Computing Machine Leboratory, the first being delivered in
November 1944. The Army AUTOSCRITCHER end SUPERSCRITCHER and the
British GIANT are comparable equipnents. Flans for a .pair of BOMBE-
type cribtesters to be called MOXA were dropped in favor of DUENNA,
which wonld do the seme test using 2 wheels where }NONA would have
used one. ot

The machine cor-mis.i.'.s of two scparate units, a wheel unit housing
four wheol-banke. and an electronlec unit. ¥ exhaustively makos all
'possib?.e stecker assumptiona for 2 or 3 high frequoncy letters, test- .
ing each againgt a 100 or more letter menu, (cribs ve cipher peirings).
Two whecls are sufficlent because 1t is assuned that there is no slow
vheel turn-over, so reflector and slow-vheels may be considered as an
unchanged unit. Motlon pattern is considered through menu set~up and
wheel oxrder t11ro@ programaing runs (up to 56 in some systens to
cover 21l coxbinationg). 'Results ere on teledeltos paper in 2 square

. flagren,

T-o electronic unit measurss O'H x 14'L x 3'D »nlus a vieel unit




DUENNA (Cont'd.)

and a blower unit, BRate is about 20 minutes to test each assumption,
All five are stored at U.S. NMaval Computing Machine Laboratory in
St. Paul, Minnesots.

Ref: Technical Library
CIT paper TS-39
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EMBERYO OI'HIS

The term EMERYO OPHIS (AFSAF-D57B and D570, ALFHABET GENERATOR)
refers to a relsy device designed to cimmlate wired rotor encipherment
under a wide variety of motlons. Its main use is for cycle study or
decipherment purposes. NSA-82 built the first two (one is AFSAP-D57C,
card operated; the other 1z AFSAF-D57B serial 2, tape operated) in
December 1952. NSA-356 completed the third (AFSAP-D57B, serial 1, also
tape operated) in January 1953.

The card-fed EMBRYO OFHIS operates with a 6513 (later a 519)
REFRODUCER, while the other two use OXCO equipment. All have three
30-position wheels and pluggeble inbternal stepping control. Two of
these could be connected in serics to provide 6-wheel operation.
Notch pa.'bte:.:-n and rotor wiring are set on a plugboard.

Size for all three_ is about 3'H x 2'L x 2'D, plus teletype tape
reeder and CXC00 regeneration typewriter or 513 REFRODUCER, Rate 1s
respectively 360 or 100 charactors per mihute. The first is in

use in NSA-82 in room 1700-A; the other two operate in room 2059-B.

Ref: NSA-354 files
Mr, N. Christopher
l{r\ s- Thorns
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FIRECRACKER

FIRECRACKER (AF3AF-121) is an electronic or relay cribtester
used to find possible settings in Jap Purple Diplomatic traffic
vwhere a particular crib could have been enciphered. The first
was built by NSA-35 in August 1953 and a second, a relay equipment,
in October 1953,

Five letters of plain text and the corresponding five letters
of cipher are set on 10 dials which range frc'm 1 to 20, since
only the letters steckered to the three 20's wheels are involved.
The 6's letters must be considered separately Motion is con-
trolled by plugboard. Three electronic matrices, analogues of the
old PURPLE ANALOG wheels, step automatically through the full cycle
of both encipher and decipher, or approximately 36,000 settings.
At any point where the crib fits the cipher text the device stops
to permit recording of the setting shown in lights. The device can
be hand stepped.

Size is 4'H x 2'L x 2'D and rate is about 600 tests per

second. They are located at Arlington Hall Station in room jp47-a

Ref: Mr. T. McGuire
Mr. P. Oyer

@9 Mr. K. Polly
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FIRE NHGINE

. FIRE BGINE (CX0Q) was en "invertod"BOMBE, a modification of
the stardard ¥-530 machine end similar in all respe;ts except that
relative spceds of the wheel levols were interchanged. A total of
eight werc so modified by Navy in 1944,

The job eccomplished is the usual BOHMBE job, - glven rotor and

reflector wiring to recover stecker, rotor order and window settings,
but additional infc;rmation 1s used to shorten the run. The position
of the fzst and slow rotors are interchanged, permitting setting up

a machine to talko adventage of (1) lmovm fast wkeel positlons, or of
(2) known mediwn wheel notion (czlled an H-Hoppity run), thus shorten—
ing the runs. Thie conrot be done convoniently on the standard N-530

or N-1530. Wiring of tke slow rotor in such runs ropresented the

combined effect of the slow rotor ané the reflector plate.

] Size, gpecd and oxternal &sppccoronce of the machine remained un~
chenged by the nodification. Dircngions were 7!H x 9'L x 3'D and
264 = £56,976 tocta werc made 1n about 20 minutes. All eilght are

now dismantled.

Rof: CIT-TS5-14
I'SA-34 files
Mr, J. Steplcton

L
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FOUR~-POSITION ALPHA GATE

The FOUR-FOSITION ALPHA GATE (32 x 32 ALPHABETIC SUBSTITUTION
UNIT, FOUR-POSITION 32 x 32 MATRIX) is a general purpose relay de-
ciphering device which operated with en NC-4 SELECTIVE PUNCH, end later
with & 797 COORDINATING REFRODUCER, doing summing and differencing on
mod 1 to 32 simultaneously for four positions. It was bullt dy
Army, section WDGAS-92, in October 1946, and modified in 1950 to
operate with a 797 COORDINATING REPRODUCER,

The machine, a loglical extension of the 10 x 10 J-SQUARE equip-
ment, is designed to combine a pailr of tetragrephs to produce a final
tetregraph in one mechine cycle, There are Tfour plughoards, & pair of
20 x 34 plugboards for coordinate control, a 40 x 34 plugboard for
matrix control, and an 8 x 20 plugboard for substitution. The groups
being combined nay come from the seme or different cards.

It measures 5'H x 6'L x 3'D and operates at 100 carde per

minute., Locatlon is at Arlington Hall Station in room 1600-A.

Ref: Mr, N. Andrews

Mr, S, Thorne
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FREAK 1I

FREAK IT (AF3AF-31, AXIG/1l, ELECTRONIC FREAK, orginally

MONOGRAPHIC FREQUENCY COUNTER) was an electronic frequency
counte? for making high speed monographic and digraphic frequency
counter for making high snecd monographic and digraphic frequency
distributions of up to 32 character 1:'.ext of great length., Of two
olanned, F Branch of Army built one exnermiental breadboard model
in January 1950. The device counted characters in 5-level tape
and furnished an overall total.

Input by a CXCO ta~e reader or alphabetic keyboard was
connected through 32 nluzgable leads to any of 40 resettable
mechanical counters, each wivh 5 decim:al place canacity. Seven
of these served as sovares and one was for the overall total.,
Results were tyned on a CXCO regeneration typewriter. One
function was to check the accuracy of tanes,

Rate was 10 characters pcr second and size was 5'H x 3'L x 2'D
plus tyovewriter md keyboard, It was basic and simvle in overation

and has been dismantled.

Ref: Completion Report, May 1952
M.A.C. Outlinef47
Mr, W, Cole
m- J . Russell
Mr. G. Schierlman
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FREAK I (right) AFSAF 24
The FREAK, MULTIFLE FREQUENCY COUNTER,
RELAY FREAK, CONDENSER FREAK
and
FREAK IT (left) AFSAF 31
ELECTRONIC FREAK, MONOGRAPHIG

FREQUENCY COUNTER AXIG/1
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FREWUERCY DISTRIEUTIOK DEVICE

The FRELJENCY DISTRIBUTION DEVICE ves a relcry device used with
& OXCO tapr reader, 405 TABULATOR end = £13 SUMAARY PUNCH to make
mono-alnhabetic frequoncy distributions on limitod spens of bext.
' It wae bullt by Armv, sectlon WDGAS-“Z, 1n 1549,

The dovice uvsed = so0% of 32 countere to keep individual totals.
A special character in tho tepc set off e totaling, lieting end/or
punching cycle and also recet the commtors for the next dletribution.
Totals were ususlly recordod ty the SUINIATY PUIICH.,

The gote roasured 3'H = 3'L = 3'D crnd rete wes 150 cherecters

per minute. It 1s nov dlszantled.

Ref: Machine Branch Annual Roport, 1949
Mr. S. Thorne
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 |KEY GENERATOR

KEY GENERATOR was & rela.y a.nalog of al . |umber-

stamping device to produce one-time pads for t.he
A makeshifb desk-model, set up hastily by F Branch of Army in late 194

for use in the operating section, used a CXCO regeneration typewriter
output, The gecond operated with a 513 REPRODUCER. Work ‘was begun in
April 1945 on a companion equipment, the DEVELOPMENT NUMBER CONVERSION
UNIT, and terminated in May because of the War ending. It wa.s a relay-
type manual subeﬁitution device (6'H x 2' L x 2'D) to mecha.nize con-

version of key numbere (representing step point of five numbering wheels)

to development numbers with results read from a bank of lamp.

As in the orig:l.naJ device, the analog contained 48 units of

The desk model measured 4'H x 3'L x 1'D and printed at the rate
of 6 to 8 key digits per second. The IBM model produced 80 lines of
key digits per minuté.and measured 6'H x 2'L x 2'D, Both are dismantled,

References:

m. D. Dribj.n, MI‘. Bo Getchell, Mr, Fo lhyo.l
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' GEITERAL PURPOSE 100 V/IRE CONTACT EELAY GATE

. The GEFMRAL PURPOSE 100 WIRE COWTACT RELAY CATE (AFSAF-110 and
| 1004, SELECTOR GATH, 100 RELAY GATE) 1s a relay device to increase
selsector ca.i)a.city of any base machine connected with 1t. Army,
section WDEAS-92, originally built two in 1947, A third was con-
structed in 1950 and a fourth (APSAF-110A) containing its own power
unity in 1951l. They replace Internationsl Business Machine Corpor-
ation's AR and RC gates (called 797's, miscellaneous equipment)
whicl-t were rental equipments used to do similar jobs.
These are versatile devices and do a wide varlety of Jjobs,
requiring special internal wiring ?r only plughoard changes. A
40 x 34 plugboard makes all contacts interchangeable, and an
8 x 20 plughboard g.llows comparisons on numeric material. The gate
1tself does no con;lputa.t:lons.
One modification late in 1947 was called the SINGLE VWHEEL
CHAINING TEST., It operated wlth a 405 TABULATOR and a teletype

tape recorder to determine

It has been dismantled.

‘ Model I of a ROUGHNESS TEST DEVICE was set up in 1949 and
Model II in July 1952. The device read 32-character text by a




PL 86-36/50 USC 3605

3. IENAL PIPPNSK 100 VT COPT.ACT RELLY GATE (Cont ';i\.«\,\)
double-headed btape reader or [rom cards by a 407 TATU .mTC't. Characters

' were dizlritubed al 152 or 6C0 per minte to the counterg( in the TABULATOR
arranged to provide luo-digit counlers for 32 categories a.nd a four-digit
counter for totils. The result recordnd on the TABULATOR or' a 517
SUK"\"Y I'tNiCH, was a freruency count of the texb or of characte‘z: differences
and was limited to six digits. Nodel I was dismantled but Modelk‘II is in

- Operation at Arlingbton Hall Station in room 1700-A.

AnolLher modification was thc HAGELIMN SETTING LOCATION DEVICE in l9l|.9

IL operates with an 077 COLLATCR to

Rate was 2,0 cards per minute, It has been dismantled and

superccded by AFSAF-12 and other comparators.

An interesling cryptographic use was made of one of these gates in
March 1950, called the ALPHABZT CONSTRUCTION DEVICE (ALPHABET COMSTRUCTION
SIRCUIT). It operated with a 513 REFRODUCER to create randomized alphabets,
Characters were read from tape by a single~hended teletype reader, TDX, at
600 p~r minute and the REFRODUCER punched each letter into a card as it occurred
initin1ly and ignored all subsequent octurrences until the 26th character
apreared, He-get and repetition were automatic,

The AL} H-BIT CONSTRUCTION PLUGBOARD was set up by NSA-22 in 1950
The counters of a 405 TaBULATCR were used as mod 2 tube counters, with 5 and
0 for plus ind mimas, Each pulse added 5, non=carrying arithmetic. A ring

‘ of comlers whs sebt up and stepped by: KOKEN motion. A Baudot character
vas formed from realings at 5 selectable’ points,

-2~
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GENERAL PURPUSE 100 WIRE CONTACT RELAT GATE (Cont 'd,)

A count was made to determine the number of settings required to construct

' all 25 or 32 possible characters, The end product was a listing of the com-
plete KOKEN development, together with the character each setting produced
and, at the last setting, the total number of settings. It has been
dismantled,

Another KOKEN - type usage is the relay analog called the 59~KUKEN DEVICE,
wired in September 1952, It operates with a 407 TABULATOR to produce and
record binary wheel settings for security study purposes., It completely
simulates the key generation of the original 59-stage device at a rate of
75 settings per minute and is still in use at Arlington Hall Station in
room 1700-4, Sixteen selectable points for motion control and sixteen for
key are read at each setting and combined in the gate using mod 2 addition,
Boolean addition, multiplication, double helay and dilation (standing for
one pulse). In addition, pluses and minuses in key are counted and the excess
between totals indicated.

These gates measure 3'H x 3'L x 2'D and are available for similar

specizl jobs. They are Arlington Hall Station in room 1700-4 in NSA-22,

Ref: Machine Branch innual Report, 1949
Mr. O. Algren
Mr. A. Duncanson
Mr. W, Erskine
Mr. J. Powers
Mr. S. Thorne
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SINGLA WHEEL CHAINING DZVICE

a soecial usage of
GENERAL PURPOSE lOO-WIRE CONTACT
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GLID

o GLID (AFSAP-113, Group Length Indicating Device) is a relay gate
first used wlth? an NC-4 SELECTIVE FUNCH, and later with a 797 COORDINA-
TING REFRODUCER‘to indicate by appropriate card punches thq length of a
selected field, It was duilt by Navy in 1949 and alapted for use with
the 797 in the following year, The device eliminates tedious card
sorting methods to determine length of punched field,
The device reads a selectied set of columns in a deck of cards,
determines which is the last column containing punching, and punches
an indication of this into the same or s different card, Also, this
length indication may be used to control feeding of blank cards into a
collator in preparation for an offset alide of groups. The selected
fileld tested may contaln single blank columns, but not double or greater
spacing. One use is in making rhyming dictionaries which require reverse
sorting of irregular length entries,
GLID is built into ths same frame with COLUMN ARRANGER GATE and
the SUBSTITUTION DEVICE, Size is 4'H x 3'L x 2'D and rate is 100
cards per minute, It is located at Arlington Hall Station in room
1700-A,

Ref: Mr. W, Hopper
Mr, S. Thorne
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GOLDBERG

GOLDBERG (AFPSAF~90) is a high speed general purpose
comparator and scoring device, with magnetic drums, designed
to compare 2 or 3 streams of data. It does coincidence
and frequency counts, céibdragging, wheel stripping, transformations,
pattern and round robin searches, weighting, distribution matching
and calculation of certain statistics. Engineering Research
Associates under task 9 delivered the one model to Navy in September
1949. It replaces the 70mm COMPARATOR and various others. Serial
2 of SIGMAGE (AFSAF-28) was tried with GOLDBERG to limit the number
of print-outs, but with indifferent success.,

A double-headed seven-level tape reader puts data onto one of
the two magnetic tape coated drums, usually while the other is being
analyzed., A drum has 32 tracks of L4740 cells each and memory has 6
positions of storage for each track, Using the elements of the
comparator unit (input translators, 36 x 36 matrix and 4-position
counters), an nC2 calculator and various control components, all
flexibly inter-cennected, the machine does various counts, weightings,
matches and calculations. It can apply an upper and/or lower criterion
to each of the 36 counters and the nC2 calculator which computes
Eifi(fi—l) for any of the 36 counters. Attaining a criterion at the
end of analysis produces a print-out of counter totals and certain
other data at a rate of 3 seconds.per line, There are 38 four-digit

numbers and 1 eight-digit number to' a line,

-CONHFDENTHALE
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GOLDBERG (Cont fd)

Size of the machine is 9'H x 25!'L x 3'D plus console and
printer, Character rate is 20,000 comparisons per second; bit
rate 1s 20KC, It operates at Naval Security Station in
room 20105, Plans for a GOLDBERG II (CXOT) were dropped when
it was found ATLAS II would do all the required functions.

References:

Mr, D, Hogan
Lt, F, Sperberg
Mr, J. Stapleton
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GRANDDAD

GRANDDAD (CXCQ, §-800, DOUBLE BOMBE) is actually two N-530 BOMBES
with common drive, and consists of 32 ENIGMA frames, Given rotor
wiring, reflector plugging and & crib, 1% can find rotor order and
stecker (end-plate plugging). IZight were ordered from National Cash
Register Company, but five were cancelled. Two were delivered in late
1944 and one in early 1945.

Operation is the same as for a stendard BOMBE, except a crib of
up to 32 letters may be used, inatead of only 16 letters, It tries
all possible sbecker combinaticns until it finde one which satisfies
the menu (erib-vs-cipher letter pairings), when it stops, prints a
record and continues testing,

A 3-wheel run takes O0C seconds; a 4-wheel run takes 20 minutes,
Dimensions are 7'H x 20'L x 3'D ,'or 8lightly leas than twice as long
as a gtandard BOMBE, All three are stored at Mechanicaburg, Pennsyl-

vanla, along with the rest of the EOMBE equipment,

Ref: Cdr, R. Greenwood
Mr, C. Higgins
Mr, R, Nothnegel
Mr, J. Stapleton
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GYPSY

GYPSY (CXMR) was a relay strip cipher analog to mechanize

routine decryption of JN-87 traffic. Two were built by National
Cash Register Company of Dayton, the first delivered to Navy in
1945. Plans to send the second to FRUPAC at Pearl Harbor never
materialized.,

Thirty strips represented by plugboards were chosen daily from
the 100 two-sided strips available, taking care of pre-arranged
omissions and reversals (interrupter pattern) in the plugging. A
set of switches took care of other variables. Input for cipher
text was a 48-Kana keyboard and output for plain text was to a
CXCO regeneration typewriter, both beir.1g mounted on a metal shelf
across the front of the machine,

Size of the control unit was 5'H x 5'L x 2'D plus 5 cabinets
6'H x 2'L x 2'D, Rate was at 6 to 8 characters per second. They

have been dismantled.

. References:
CIT paper 32
CIT~-TS3=-25, 30
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'HAGELIN KEY GENERATOR
Tho HAGELIN KEY GENERATOR (mo APSAF No.) is & relsy gate used
with a 513 REPRODUGm'for' tﬁe si@fmeous .produc't'ion of 6 elements
| oi’ alpha‘betic key from thq\pa.tterns of six 'HAGELIN wheels. One model
. ‘of TANW ANAI.OG loft 1&10 'by the dicappearance of LONG—I‘EI.I.OW tra.fﬂ.c
was modified to simlat.e EAGELIN pa.ttern whcell and completed by Army,
section WDGAS-92, in Apr:ll 1949
The patterns of th:;ix wheela are recorded on ai.x levels o:l!' an
IBM card, and wheel mot:l.on 15 repre-ented 'by a horizontal cycl!.c off-
'set. Plugboarde select the appropriate pos:ltione for. read.tng and.
translate the sums of 1.he "kick:s " or offsets into alphabetic key. :
| Da.te is read :ln 'by a 513 REPRODUOER which also pu.nchcs r_esu.‘l.ts into .
cards, There are checking circuits to help accuracy.
' Size 1s 3'H x 3 x 2'D plus & 513 EEFRODUCER. and rate is 600
| eiements of key or 100 ‘cards per minute, It is at present 1_n stor-

- age at Arlington Hall Station in Room 1700-A

" Ref: Interim Report JPAG No. 5812, IT-¢6l
Machine Branch Amnual Report 1949
‘Mr, J., Powers -
‘Mr. S, Thorne

-
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HAGILIN KEY GINERATOR
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HAGELIN PEST DEVICE

The HAGELIN] DEVICE (AFSAF-38A, ODD

KICK DETECTION DEVICE‘)“is\g relay gate used with a 519 REPRODUCER

~ and a CXCO tape reader to tééi‘.‘
| wheels. It was built by Army, section WDGAS-92, in November 1949.
are read from

tape by a CXCO reader, stored consecutively and offset by gang
=-unching into secc.essive colums and levels of an IBM card, after

Agree-
ments and disagreements are recorded by the 519 REPRODUCER and listed

 on & g7 TABULATOR, permitting the analyst to study the retio of such

About 800 or more characters of clpher are needed.

The device measures 2'H x 2'D, Rate is 100 cards per
minute. It is still available for use at Arlington Hall Station in

room 1800-A. )

Ref: Mr. S, Thorne

NSA Form 781-C10S 1 Jul 52 T‘e-P-_S_EGKE%_F_Rem
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HELLCAT II

HELLCAT II (AFPSAF-DS9A) is ;. relay hand-tester and deglphering
&evice which combines two letters at a time to prpduce cipher or
pléin. Only two of the four units planned were built, NSA-35 de-
livering them in June 1953, The remaini.ﬁg two ﬁere cancelled,

'.[‘he'key.'boa:':'d input is located on a desk nearby and the memory
(a rela.y-storaéa unit), adder unit éodér and ri!_xg circuit a.re. all
enclosed in a small table 2'H x 2'L x 2'D mounted on casters. A
CXCO regeneration typewriter sits on top aﬁd serves as outpuﬁ.

Twenty characters, usuelly key, are 'typ_ed. on the kéy'board., converted
to a corresponding number in the coder and stored in one of the
twenty storage cells in the form of five-level Baud.ot impulses. The
ring circuit controls tI}e level of storage used, Cipher text via
the keyboard is then combined with the .stored. key by means of an
adder unit, a set of 15 relays which add chara.ctefs by pairs, modulo '
‘26, 'The ouj;put, reconverted to letters, 1s page printed on the type-
writer, . |

The device will have no plugboards as in HELi.GAT I, . ]fté rate
of operation is up fo 6 or 8 characters per second, It is located

at Naval Security Station in room 1323.

Ref: Mr. N, Christopher
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HOYLE

HOYLE (no AFSAF #) is a relay decipherer to mechanize de-
cipherment of Playfair cipher messages. The one model was built
by NSA-82 in July 1953 as a desk-top crypto-aid. |
Input is by keyboard; output is to a CXCO regeneration type-
‘writer. The first keystroke stores the initial half of a playfair .
digraph in the relay unit and the second stroke starts the analyz-
‘ing séquence which results in printing a pair of plain text equixfa—
1ent§ accc.irding to the plugging of a square. Dimensions of. the
square at present are 6 x 6 , but this could be modified to a
- ~ smaller rectanglé with but little difficulty.

Size of the relay unit is 1'H x 2'L x 2'D plus keyboard and
typewriter. Rate is up to 6 or 8 characters per second. ‘At
present the device is in storage at Arlington Hall Station in room

Ref: Mr. S. Thorne

NSA Form 78-C105 1 Jul 52 l ()I M;Ii;‘ :I% Iii I Ii I!‘ ’ I I I
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HYPO I - III

HYPO (CXEA) is a 35 mm photoelectric film comparator used as
a statistical GRENADE to locate starting point of traffic from an
ENIGMA mth known reflectors stecker and wheel order. Eastman
Kodak Company delivered to Navy a palr of HYPO cameras in 1943
(325 target capacity, A4'H x 8'L x 3'D) and a pair of projectors
in late 1943 and 1944, A third camers and card reade:‘:-'pa.i,r; built
jointly by Eastman and International Business Machines Corporation,
srrived in 1945 and is called Serial 1 (of Model IT). A fourth -
camera called Serial 2 (of Model I1) remain_s undelivered, stofed

- in Rochester. Both have 676 target capacity. Navy built two
more projectors. The first, called Model I with complete disregard
_ for the earlier model, was mostly thcle work of Lt. Steinhart, and.

was finished in 1946. Model II was finished in 1952. A special
e_quipmeht called LETTERWRITER SUBSTITUTION TRANSFERRING DEVICE wa.s._
developed to maske automatic substitution in preparing message tapes.

The card-reader and camera operate together to produce a
master g.nd a cipher film. The master film contains a graphic rep-
resenté.tion of all possible encipher links thﬁough the reflector,
slow and medium wheels for the full alphébet' in the form of digraphs.
The message film consists. of cipher text deciphered through the

. stecker substitution and the fast wheel, then combined with 3 or

more high frequency letters to produce digraphs which are merely




HYPO I ~ III (Cont‘d.)

input-output pairings. The projector matches the two films photo~
graphically to find the point of maximum coincidence, stopping auto-
matically to permit hand recording at a hit. There are 30 frames
in the gate and 5 columns of 26 possible spots per frame. The
ICKY IT Camera (CXNR) can be used to produce HYPO film.
The equipment tends to be bulky, the smallest item being the

original projector, 4'H x 2'L x 2'D and the largest the readers

| for Model I and II, 6'H x 7'L x 3'D . Rate of comparison .is about
10,000 items per second. The two latest cameras and readers are
in use at Naval Security Station in room 20209. The latest two
projectors are in room 20210.. All the earlier equipments have been

dismantled.

Ref: Brief Description of RAM Equipment
CIT paper 33, 61 -
CIT-TS 9, 21, 24y 34
Mr. G. Kier
Mr., J. Stapleton
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I. C. MACHINE

The I. C. MACHINE (AFSAF-7 and -8, CXCM, I. C. PROJECTOR) is a
general_ purpose photoelectric comparator designed to match two
portions of te:;t oﬁ photographic plates at every okrlap and locate
either the 'i)'oi_nt of maximum Index of Coincidence (I.C. = Number of
coincidences divided by number of comparisons) or the several posi-
tions where I.C. exceeds a pre—seﬁ_tﬁreshold.’ Eastman Kodak .
Company built 6' for Na;vy, the first in August 1942. Two were °
diverted to Arlington Hall in 1943 together with the Vane Camera
(AFSAF—é) and the I.C. Plate Camera (AFSAF-9) fef photographic
text onto plates. One (AFSAF-7) wz;.s modified in ;1.947 to handle.
35mm tape; the Lucite Rod Camera (AFSAF-10) produced the film for it.

Two lengths of text are photogré.phed onto 1" x " glass
'plates as a 30 x 600 field of clear spots on an opaque background. -
A clear balance track of length proportional to text length and )
identification data are also added. The plate_s._ are placed ‘in the
projecf.or gate and slid past each other as light is beamed through
them. Light from matching clear spots (indicatihg text cé:incidenée)
is weighted by a phdtoelectric cell and matched agaihst outpqt of
another photoelectric cell receiﬁng light ffom the ;averlapped
balance tracks (exactly proportional to overiap of texts being
compared). When the ratio . (I.C.) of these two currents exceeds a

pre-set amount, a neon light flashes and the operator hand records

CONFIDENTIAL-
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I. C. MACHINZ (Cont'd.)

the setting. Only one other machine, the 5202 COMPARATOR MARK II,
has suc;h a wide. gate, 600 frames. This is restricted to ‘128
frames when film is used. The device handle‘g numerical or literal
text and ig complet.ely general in usage; but experience has shown
_that I..C.' ‘studies r-m_mt not be used indiscriminately to build up
depth 01.1 unknown traffic. | '
Size is negligible, less than 1'H x 1'£. x 2'D and an averé.ge

effective rate of comparison is é.bout 1000 matches in 4 or 5

| seconds, or 1500 frames per second when film is used. In spite
of extensive redesigning by the ma?ufacturer the equipment has not

been as useful as hoped so all but two, one for pla_té and one for

film, have been dismantled. Both of thesgse are stored in the attic
of building 20 at Naval Security Station.

Ref: M.A.C. Outline #12
CeTTe papers 1, 1As 71
Mr. J. Stapleton
Mr. L. Wheatley
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KEYFINDER

KEYFINDER, (ANAB/2, AUTOMATIC COLUMN STRIPPING UNIT, NUMERIC
KEYFINDER) was a digital key tester or depth tester, used with a
405 TABULATOR to try probable key against an <.>ve1fla.p column, Six
type 931 SLIDE-RUN ga.tés were built by and rented from International
Business Machines Corporation in 1944, and two were converted to a .
KEYFINDER by section WDGAS-92, The first one, in 1945, was dis-
mantled and the second built in 1948, It continued in use until

replaced in December 1949 by SKATE and SLED equipments., Navy used
" & combination of IBM equipment and MERCURY to do the same Job,

‘The original plan was to apply the full 10,000 keys possible

in a 4-digit system to all groups in an overlap column 3 to 20

deep., Instead, the machine assumed successively 95 high-frequency

groups at each group in an overlap column up to 20 deep, applied
key thus derived against the remaining groups in the column and
‘tested resulting possible plain groups sgainst a recognition bank
of 300 high-frequency groups.

Later, two 5-position 10 x 10 matrices were added making ﬁhe
use of cipher, crid and key more flexible. This modification, made
in 1948, further changed its capacitieh.from 4 digit only to 3,
4, or 5-digilt, set depth limits at 3 t$0 16 , permitted from 93

to 192 high-frequency crib assumptions, and from 300 to 1500

groups in the recognition unit, A log weighting feature ranging

NSA Form 781-C108 1 Jul 52 %_P_S_E_GREL.F_F_RGCPI'{_
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KEYFINEDER (Cont'd.,)

from 1 to 7 was also provided. Input and output were still through
the 405 TABULATOR, and record was made of all kéys for whick the number
of recognized groups exceeded the preset threshold, The first model
eontained 5 channels to accomplish simultaneous decipherment through
5 random squares. This feature was eliminated on the later model,
‘pince only the defunct Jap Army used "square arithmetic” keyings.
Weights and recognition groups were set up on plugboards,

The gate itoelf consisted of five leaves or frames, hinged f;o-
gother and measured 5'H x 6'L x 3'D plus a 405 TABULATOR, Cards
wore reed at 150 per minute, giving up to 20 x 156 = 3000 tests
per minute. All special cireuitry w;.s. removed end the gate returned

to International Business Machines Corporation.

‘ Ref: Machine Branch Annusl Report, 1946
M,A.C, Outline No. 18
Mr, J. Powers
Mr., S. Thorne

NSA Form 781-C10S 1 Jul 52 %‘P“S‘E‘G&EH‘R@EPI'I_
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' PL 86-36/50 USC 3605
KBY SINTHESIZER .

. The KEY SYNTHESIZER (STURGEON KEY SYNTHESIZER) is a pattern

generator which prints out

It applies to ;tratfic produced on the

German~bullt on-line teletype cipher device and was built by NSA-23
in 19650,

for 1d.ent.tf1cation.
The machine coneists of an IEM keyboard, a 1'H x 1'L x I'D
combiner unit and a CXCO regeneration typewriter, Rate is 6 to 8

characters per second, It is in operation at Arlington Hall Station
in room 2048-A,

Ref: Miss V. Collins
Mr, G, Stahly
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LETTERWRITER EQUIPMENT

The term LETTERWRITER EQUIPMENT (AFSAF-96, CXCO PERFORATED TAPE
EQUIPMENT ) refers to a unit of three standard commercial machines
for processing 7/8 inch perforated paper LETTERVRITER tape and also
"~ for 11/16 inch teletyfpe tape. Serving as a two-way link between
information printed in page form and in mechanically-readable per-
forated form, the CXCO provides imnput or output for a large mumber
‘of the analytic machines, It is not Agency developed. and not ana-
lytic in the strictest sense, but is included here becamse it is so
completely a.d.apté.‘ble to a number of the analytical processes or
auxiliary to others, and because punched tapes and cards still handle
the greatest part of all data during processing.

Several hundred such sets or unite, composed of READER, REGEN-
ERATION TYPEWRITER and PUﬁGH, plus various minor items such as the‘
the Junction box (chime box), pulse counter, etc., have been pro-
cured since April 1942, Such units, originally produced by
Elecfromatic Tmeﬁiter Corporation, an IBM subsidiery, are now pro-
duced by the 1nd;ependent suCCesEOT, commercia.l Controls Corporation,
under the commerciai neme o.f Flexowriter,

. Versatile MATTHEW and many other machines are logical modifica-
tions and extensions of this equipment. For straight producti&n of
page copy from iape, the cheaper COPY MACHINE (o REGENERATION TYPE-

WRITER minus the tape-punch control) is often used, A similar special

NSA Form 781-C10S 1 Jul 52 IE)I !i]E(EItIE I l It( ’ I I I
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LEPTERVRITER EQUIPMENT (Cont'd.)

purpose PUNCH CONTROL TYPEWRITER with no solencids and only 5
translator bars under the keys, operates & tape punch and cannot be
reader-contrélled to do tape-tp—print work, |
Rate of operation ranges from 4 to 12 characters per second,

The three pieces are usually mounted on & 2'H x 5'L x 2'D dolly,
with the READER and PUNCH, each 1'H x 1'L x 2'D, placed on either
gside, and the REGENHRATION TYPEWRITER in the center, Such units are

~ found in various locations., Faster readers, writers and punches are
being sought and found, so eventually the equipment may become obso-
lete, but is most useful at present. 15-level tape equipment (oxco;a),
developed through commercial companiés, is now available. All CXCO -
EQUIPMENT in the Agency has been redesigned and improved recently
and is now called OXCO-1.

Ref: CIT paper 34, 62, 63
M,4,0. Outline No. 46
Mr, R, Nothnagel
Mr, J. Russell
‘Mr. J, Stapleton
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LETTERWRITER EQUIPMENT
R .AFSAF 96 . .
CZCO PERFORATED TAPE BQUIPMENT
inciuding tape reader, regeneration
tynewriter and tape punch
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MATRIX GATE

The term MATRIX GATE (AFSAF-104, 798 SUBSTITUTION GATE) refers
%o one of & set of relay devices used with 797 COORDINATING REFRO-
" DUCERS to perform various. su‘batitution.s on 5 and 10 cheracters of
text., All twelve were purchased from Internationsal Business Machines
~ Corporation in 1951. The J-SQUARES end the FOUR-POSITION ALPHA GATE
. are predecessors to fhis equipment and MATTHEW @es a comparable Job,

§1x are for alphabetic data, with pluggable 32 x 32 matrices.
0f these, four handle 5 characters at a time and two handle 10
_ characters. The six numeric ones ha_fe 10 x 10 pluggable ma.tripes,
four of which handle 10 characters at a time, and two of which only
§ characters, The numeric gates can do normal, false, .or minor
differencing, Iach has its internal power supply but can not o;::erate
independently, Results are checked by double computation. |

S.i.zes. range from B'H x 5'L x 3'D for the large 10 position
numeric down to 3'H x 4'L x 3'D for the small frame, 5 position
32 x 32 alphabetic, All operate at 100 cards per minute and are
nov in use at Arlington Hall Station in the four A~building wings of

4

Section NSA-83,

 Ref: Mr, O, Algren
Mr, J. Powers
Mr. S, Thorne

-CONFIDENTTAL
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MATRIX GATE
AFSAF 104E
IBM MATRIX SUBSTITUTION GATE
10~positaon, 32x32
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MATTHEW

The term MATTHEW (AFSAF-104, 1O4B, CXCX) covers a family of general
purpose' sullastit-ut_',ion and comparing devices s used for differenciqg
and combining ﬁwo punched paper tapes character by character on any
modulus wo to 26 using non-carrying arithmetic.  About 9 models of
guch equivment were built., The'first_ (cxcx, MATRIX MAéHI}JE? M=26)
by Navy in January 1943, had a fixed 10 x 10 mabrix mounbed in &
CXCO LETTERWRITER dolly, with the usual CXCO readef; regeneration
typewriter and ﬁuﬁch set on ton, Later models include a 10 x 10
'n;uggable matrix, a fixed and a nluggable 26 z 26 matrix, and a
‘oluggable 32 x 32 matrix (AFSAF-104), this last in an upright
| relay rack., The latest model is a ;air wi£h a 36 x 36 pluggable -
matrix (AFSAF-104B) built into old PYTHON-VIPER frames set on a
a desktop, LUKE and JOHN are svecialized modifidations and the
several IBM MATRIX GATES are eard-operated equipments havingl
identical functions. The outnut of a 10 x 10 pluggable MATTHEW
was connected to a 10 x 10 FREQU.."*:NGYl COUNTER and called MATTHEW-
SIMON, BASE 10. Matthew replaced Army's JMA DECIPHERING I?EVICEI )
and other substitution devices as well. |

Basically, the device consists of two readers or a double
head reader, a relay'matrik,-a CXCO regeneration tyneﬁriter and a tape °
punch, Inmut is by keyboard and tapé, or two tanes and outnut is

to a regeneration typpwriter'éhd/or punch, Thus the machine can

CONFIDENTIAL
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decirher literal or numerical text, or can combine two tapes accord-

int to almost any rule of combination. Plugboards make substitution

possible on input or output.

The dolly housiné the relays of early models measured

2'H x 5'L x 3'D. An upright or rack-type MATTHEW measures

6'ﬁ x 2!'L x 1'D, The newer desk-top modeis measure 4'H x 5'L x 3'D.

Opération is a 6 to 8 ché.ractera per second., They are located at

various places, for example, the desktop MAITHEW is at Arlington

Hall

Station in room 2054-B, and the two of the latest models at

Naval Security Station in room 4152,

Ref:

MAC Outline #5
CIT vaper #95
Mr. R. Brondetr
Mr, F, Mayol
My, J, Stapleton
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NOMAD

NOMAD (AFSAF-DG1 through D88) will be a system of high-speed

electronic mass~data~handling equipment with all the capabilities

of a computer, but with design emphaeis on its huge data handling

capacity rather than on computetions and operations on individual
terms. A typical use will be a large-scale sorting job which it
will accomplish 100 to 300 times faster than current IBM ‘ecuip-
men}. The idea of such a machine wes suggested 1ln 1946 and tud.iea
of mass a.a.ta. handling methods, started dy Navy in February 1949,
led to a contract Qn 7 September 1951 with Raytheon Corporafion for
one operationallmodel due January 1956,

Eight pieces of peripheral equipment, 4 for tape and 4 for
card, will convert dat# onto 6-level mégnetic tape at a rate of 240
characters perl second f_z'om punched tape, or more than 320 characters
per second from cards, or 85 per second from Mess tape, There
will be two units to convert magne_tic tape to :page copy on a 407’
TABULATOR, Information on these megnetic tapes will be read in and
out at a rate of 14,000 characters per second. A CXCO tape punch
will 'bé provided for output of brief, infrequent answers.

In the maln machine, 4 PITS, Primq.ry Internal Tape units,

vill each store 109

bits In the form of 36-bdit words on 36-level
magnetic tape, This is equivalent to about 2 million IBM cards

per PIT, In conjunction with automatic monitor reg'is.ters. four
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ROMAD (Cont'd,)

magnetic core buffers will act as interim stolrage, each accepbing up
to 128 words from its assocliated PIT and feeding it into the main
memory and computation units as needed, The high speed memory will
be a unit of 36 magnetic core matrices, 32 x 32 , having a
constant access time of 20 microseconds and a 1,024 word cspacity.
There will be an suxiliary drum memory with & 2% = 16,384 word
capacity. The control section will use 3-address instructions, 'each‘
consisting of a 6-bit order code and three 10-bit addresses. Both
program and dats will be handled in the maln memory. There will be
special cryptanalytic orders lto facilitate such character manipulae-
tions as .modula.r arithmetic, masking transfer, automatic repetition
and jump orders based on distihguishing between mumbers on the basis

of size, sign or pattern,

Repetitive operations on large sets of words will be at.a rate

of up to 50,000 words per second for short stretches or- 14,000

for continuous operation, The main machine will oceupy 5,000
aquare feet of floor space, and the peripheral equipment, 2,000
square feet, It will be delivered at Ft, Meade, Maryland, FPoten-
tially one of the most useful of all the machines, it is also the
most expensive (4 $o 5 million dolla.zjs) and the largest.

Bef: Mr, D. Hogen

Hyduke
. Powers
o Snyder

o
B
.
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OBOE

 OBOE (XFE, also called KEY DERIVATION for COLERIDGE, a term also
a._pplj.ed to the COLERIDGE KEY SUBSTITUTION DEVICE) was a speclal
purpose relay gribtester for COLERIDGE isomorphic depths of two. It
Iw_as'built by Navy in 1948 and has been superceded by PICCOLO
(AFSAF-37). Earlier, Navy cancelled plans for FLUTE, a cribtepter

which was to have been a prototype to OBOE,

The device was desk-like in arrangement and measured
5'H x 6'L x 3'D . Operation was at the operator's own speed. It

has been dismantled.

Ref: M.A.C. Outline #62
Mr. J. Eachus
Lt. R. Marmet

B ——




3
.‘t
!

f

M
3
.

l

g

ﬁ

i

A
F
i
1
S
i

J




OBOE
AFSAF 374
KEY DERIVATION for COLERTDGE




REF ID:A60928

March 1954

O'MALLEY

O'MALLEY (AFSAF-95, CXMY) is an electronic digital calculator
for finding sums of cross—prodt_lcts. The card reader and relay
sections were built for Navy by Commercial Controls Corp;:ration and
the electronic section by Engineering Research Associates. ;l'he one
model wa.Q delivéred_ in December 1948. |

The machine apﬁ]ies to problems requiring sums of producta,.
such as flagging, inverslion of large ciroulant matrices or matching

frequency distributions with a knowm universe. The reader-printer -

is simply a two-card feed mechanism to handle multiplier and multi-
pl;\.ca;ld decks,; as well as the print'.—ing mechanisms control panels and
plﬁgboards. Each card holds as many as 35 signed four-digit
numbers. ' :

The relay unit stores values read.from the cards and the re-
sultant sums of products. An electronic unit scanhs these values,
feeding them by pairs into counter rings and adding thelr product
into a 10-ring accumulator of 1010 capacity. These sums transfer
to the reader-printer for recording. Special coding is used in the
cards, and .oubput. is in printed form only. Negative mumbers are
expressed as the complement of 10 .

Inpﬁi'. is at the rate of 80 palrs of ‘cards per minute and
print—cut is one line of 30 q:hai'acters per second (2(_) characters

for identification and a 10-digit answer). Each answer is computed
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O'MALLEY (Cont'd.)

and returned in 425 milliseconds. Size is 2 cabinets totalling
6'H % 17'L x 2'D plus reader-printer console 4'H x 5'L x 3'D,

requiring 16' x 32' floor space. It is now at Arlington Hall

Station in room 1530-A.

Ref: Mr. D. Hogan
Mr. J. Stapleton
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OPHIS

OPHIS (AFSAT-D67) is & generalized wired-rotor relay analog, a
general purpose substitution device designed to duplicate the function
of any wired rotor machine of Iu;p %o ten 36-position rotors,” A oon-
traot vi.th :Ilngi.nur:lng Besearch Associates for its construction was
oanceuod. and Iﬂ-ﬁ built 1t hltﬂd. It was delivered in October :
1953 and 'is used to ald in studies of wired rotor éli.phu devices, An
'OPHIS OOMPARER (Project 363-419-50-0) was completed in Jamuary 1953 %o
'opmto vith OPEIS end later with BABY OFHIS to count instances vhere
1n:put to a masze comes out at the same po-!.ti.on.

The machine can be used as & 10=rotor device or as two B-rotor
devices, Tape or keyboard input is provided for both wections, It
contains a ocompletely pluggable Telay wired-rotor analog in which
stepping cen be controlled by internal o:l.ment- or by tepe. It can
do enciphering and deciphering, using two 60 x 34 ;plug‘bolrd.l, and
fen 8x 30 plughoards, meicing sll elements pluggable. |

It consists of a U-shaped table 3in x 10'L x 3'D backed against
five racks of relay oqp.ipmnt 6'H x 10'1. x 3'D.l e!.ther arn of
the U is a tape road.or, ‘tape punch and oxoo ro;mo:uﬂon typewriter .
vhich 1imit the speed to G\ or 8 oharacterl per uoond.. It 1-
located at Naval Security Station in reom 17114,

Bef: NSA-34 files
Mr, N, Christopher
Mr. ¥. Erskine -
Hr. B. Sengpiehl

CONFIDENTTIAL-
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| PIGGOLO ( AFSAF-37) is a special purpose relay cribtester and
xx\.‘xdsdptlmr for applying cribs through & given substitution to a
pdr of 1smmio COLERTDGE messages. Four models were bullt, the
ﬂrstbyllsafasmdlsbermsbyﬂsm, omoachyeartml?h&tu
i 1951, Serial 2 of model IV was couploted in September 1952, These
Wa'._mﬁvmmmpmamwm.. |

For each mung tried, the machine automatically prints out 20 lstters
of possibls pmnon & CXCO regeneration typewriter, Wodsls III and IV
have prqw:l-.l.im Iof | and
have -poeiel typewriters which print if dss:lredo

‘l'he ﬂrst. two wnits wers table~top size, 1'H x 3'L x 3.D.
Iater are relay racks, 5'H x 3'%L x 2'D plus typewriter. " Model I
has been stored and modsl XIX hes been dfsmintled, but the remaining |
2 modsls, II and IV, are often referred to as models II and ITI, There

sre now 3 PICCOLO's in.use @t irlingtan Hall Station in room 2054-B.
Rate Is 6 to 8 characters per second. '

References:

¥r. N. Christopher

Mr, G, Lockhart . .
Mr, F. Mayol ) .
'l'bs. II. Pokorsld.

wremens 12 ~F OP—SECRETFROTH
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The FPRESENSING PUIUE vas & modification of a 517 RREFRODUCIR
PUNCH or SUMMARY PUNCH, a oonploto:ly gcun:l. inpnt-ontpnt device
vhich operated with other equipments %0 d.o d.iglt_ll enciphering and
deciphering using arithmetic or substitution, on up to five digits
-at a tm;_ It vas a rental equipment developed in 1944 for the Army
by Intmat.iona.l Business Machines Go:_'pora.ti.on and mals nb-tl:tntiou
at a higher rate of speed than any previous IEN method. lm'l IO-G
COORDIEATING REFRODUCER replaced both it aml. the XO-3, and. vas 115-01:!
Teplaced by a MARK IT model (um-a). now called the 797 ooonmm-
ING REFRODUCER, ) -
| The machine had two sets of 80 resding trushes and ome set of
80 ypunch magnets Jlus 20 dlgit-selectors. ey sud oipher were fod
in from oms deck. The exira set of brushes, installed ons ayole
before the punching stage, pern!.tt-ed. comtatlonur to be punched into
the same card from vhich the base information ceme or into & mew
deck, With auxiliary equipment the lnch!.ne could encipher or decipher
and punch a record of the results, all in one cycle, In itself, it
does no computation, serving only as a 'buo.nachim. '

It measured 4'H x 3'L x 3'D and operated at a rate of 100
‘cards per mimte. ALl have been returmed to International Business
Machine Corporation,

Ref: Mr. O, Algren

Mr., J. Hyduke
Mr, S, Thorne

-CONFIDENTIAL-
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PURFLE KEY DEVICE

The P'URPle DEVICE vas a temporary comnection of the PURFLA

- ANALOG end a 514 EEFRODUCER used to develop alphabets in the machine

cycle., It was set uwp ‘nrlle-Bz 4n Karch 1953 for a one-time Job,

On the strength of studies of

the retired PURFLE ANAIOG was gotten out of storage and put into
wvorking oﬁ#. It vag run tﬁrou@ its full cycle of 257 or 15.63'
positions, (The three 25-position %"20's" wheels only, since the
"gia¥ wheel is always oconsidered separately) and the resulting en-
oipher-decipher alphabets catalogued on other equipment for decryp-
tion and study purposes, '

" Analog size wvag 1'E x 3'L x 1'D plus a 514 REFRODUCER, Rate
wvas 100 cycles per minute, Although now dismantled, it would be

easy to re-combine the pair of equipments if needed,

Ref: Mr., 8. Thorne

snremmicos 1z 1 O P SECRET—FROTH-
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RATTLER (CXLS) was a relay analog for the Japanese JADE
. machine (a telephone selector cipher device producing JN-157
traffic) to recover starting points through exhaustive trial.
National Cash Register Canp.:uw bullt three for Navy, the first
in May 1944. Plans to send one to Pearl Harbor were cancelled
and it was mntual]y._dimn’l‘-led. The other two were modified -
in October 1944 to apply interchangeably to either 5-wheel VIPER
or 3-wheel PYTHON problems, Auxillary equipment included a cable
eonb:l.ﬁuity checker, a relay cl';e;:ker, a test osc:l.]:lator and plug-
board test. There was an mimporbant tape-operated pre-punoh verifier
bullt for Nevy sbout 1946 which was called RATTIER for & short wille,
_ The machine tested & 5.or 6 letter crib against cipher through
a full oycle by tracing cipher text through the 3 moving rotors. and
matching the results for poseible circuits. These last 2 rotors were
hand uteppod between messages and were not interchangeabls., The gystem
used 50 characters, 25 each in upper and loner case, with each half
enciphering only to itsslf. There were 25 plugboards, one per letter.
Each board, containing the rotor wirings and the 10-day stecker, had
25 :I.nputa and 625 outputs to a d:sl'.ector circuit. At a hit, consisting
of 5 or 6 points hot :I.nthe samecollm,themchine stoppedto:l.nd:l.ea.to
the existence of required c:l.reu:l.ts and shouad the so'l'.ting on neon lights,
Cipher input was by CXCO tape reader. . _
. Size was 7'H x 9'L x 2'D plus tape reader and rate was a full cycle
tested in about 10 minutes, They were dlsmantled.

References: CIT-T3 23 and 33
Mr. J. Stapleton -

m'. so. ¥E P . *
NSA Form 781.C10S 1 Jul 52 . .
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ROE

o ROE (AFSAF-D98) 1is a special purpose tape-operated relay de-

ci;_phering device for STURGEON traffic,

The STURGEON AWALOG supplies both su‘bstituilzion and transposition
key tapes, and ROE applies these to cipher. A pair of double~headed
readers permit three tape inputs at a time, usually cipher text tape
and two key tapes. The resulting vlain values are printed out on a
CXCO regeneration typewriter. Its present use as a supplement to the
ANALOG is limited due to a change in the traffic system from use of
one~way tapes to multiple daily wheel settings, thus requiring the
AMALOG to do the full job. ROE is still useful for fitting out-_of-
;pha.se megsages in shallow depth, and will be in use again whenever
wheel patterns change and must be recovered. )

Sige i1s 1'Hx 1'L x 1;D » Plus two double-hesded readers and
a CXCO regeneratlion typewriter. Rate of speed is 6 to 8 characters
per second. At present it is stored at Arlington Hall Station in

room 2048-A,

Ref: Miss V. Collins
Mr., G. Stahly

NSA Form 781-C10S 1 Jul 52 %‘P_S_E'GR_E%_F_R%
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ROSE
’ ROSE (AFSAF-DS5, nmﬁﬁ;nmw;m CRIBDRAGGER) is an electronic
| cribiragger for depths of two in STURGEON| Probably

the first electronic desk~top crypt-aid ever built, the single model
was built in 1951 by NSA-35, ‘

Up to 20 1letters of cridb are supplied by tape or RemRand cards
and two cipher messages in depth are read by & double~headed tape

reader, Output is to a CXCO regeneration typewriter end/or tape

punch,

The analyst

may then try to read text from these irregular lines, Weight sum-~
ning is accomplished in binary counters, and printed in decimal form,
Wheel patterns and stecker and consequent function must be known,
Input is at the rate of 1 character per 4 seconds and out-
put is at 8 characters, The several pleces of equipment in the
unit f£it comfortebly on a table. It is now in use at Arlington Hall
. Station in room 2048-A,
Ref: T/CA 15/50
Miss V. Collins

Miss N. Miller
Mr, G. Stahly
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KEY GENERATOR

The- . |EEY GENERATOR wes a relay device which operated with

a 513 BEPB.ODUGER as an a.nalog of a cipher

machine called. It was bullt by Army, section

WDGAS-92, in April 1947,

The patterns of the were repre-

gented on six levels of an IBM card and auntomatlically offset by a
26 position class selector to produce the effect of motion. The
full cycle of the cipher device could be reproduced in four and
sometimes two cycles of the analog.

The device was mounted in the cover of a 20 x 34 plugboard on
a 513 REFRODUCER snd measured 1'H x 1'L x 1'D, Rate was 100 cards

per minute, It has been dismantled,

Bef: Mr, S. Thorne

FORM 781-C10C )
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SIGMA

SIGMA (AFSAF-120, TWO-POSITION GATE) is & relay adding device
used with 797 COORDINATING REFRODUCER number 35 to do modular
addition on two positive numbers read from a card. It was built by
¥SA-22 in late 1950,

The computatlon is true arithmetic, and selection of modulus
is by an 8 x 20 plugboard, Two numbers from 00 to 99 are
compared to find A23B or A< B, For either case, the selected
modulus may dbe employed before computing A+ B ., Both factors are
read from a card and results are punched into the same or a different
deck,

Size is 2'H x 3'%L x 2'D and rate is 100 cards per minute,

It is avallable but unused at Arlington Hall Station in room 1700-A,

Ref: Mr., S. Thorne
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SINGLE POSITION COMPARING COLLATOR

The SINGLE POSITION COMPARING COLLATOR was an 077 COLLATOR,
. rewired to provide 32 aeparate and distinct comparing positions,
all inter-connectable in any desired manner, Three of these were
built by Army, section WDGAS-92, in September 1946, In 1949, en
072 COLLATOR was similarly modified to handle alphabetic material.

The first device was used for pattern search in digital
meterisl, testing several different patterns simultaneously, The
special wiring was through the regular 20 x 34 plugboard, per-
mitting plugging of any pattern(s) of any length up to 32 , Input
wes by IBM cards, and at a hit the card in question was sorted into
a different pocket,

Rate was 240 cards per minute and size was 4!'H x 4!'L x 2'D,
The three modified 077 COLLATORS were recently dismantled but the
modified 072 COLLATOR is still availlablse at Arlington Hall Station
in room 1600-A,

Ref: Machine Branch Annuel Report, 1947
Mr. S. Thorne
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SLED I

SLED 1 (AFSAF-72, ALPHABETIC SLIDE-RUN MACHINE) is a general
purpose analog computer, capable of a great variety of analytic
operations, Two have been bought from Internationa.:l Buginess
Machines Corporation. Serlal 1 was delivered in Januvary 1953 and
Serisl 2 arrived in July 1953. They replace MERCURY, SLIDE-RUN,
KEYFINDER, SKATE I and II and other equipments. Flans for one or
two SLED II's are still under discussion, but as yet no specifica~
tions have been drawn, CONSORT (AFSAF—D'r_zllo, GROUP 1.0, ATTACH-
MENT) has been added to permit making 4~ or 5-diglt group
comparisons and to evaluate an Index of Coincidence of the groups
matched over a span of up to 300 -charact.ers.

The device 1s card-operated and has a 48,000 character mag-
netic drum with revolvers, delay line storage, two pluggable
32 x 32 matrices, a 2000 pentagraph recognition unit, a statis-
tical evaluation or comparison unit, and provisions for weights
over a range of 1 to 127 . It 1s capable of notched wheel or
wired rotor declpherment, depth search, keyfinding, eribd-dragging,
coincldence counts, group I,C. counts, fractionation, chaining and
other operations, Operation is controlled, not by program as in
most computers, tut by intercomnecting machine elements and by
Plugboard wiring, Emphasis on data~handling rather than digital

computation and large numbers of simultaneous rather than serial

SEEREYT
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SLED I (Cont'd.)

operatione are the outstanding characteristics of the machine,
Pulse rate is 120 K,C, and drum rate is 3720 RPM , per-
mitting 30,000 deciphermenis per second and up to 30 million
pentagraphic comparisons per second. Fhysically, the machine is
L shaped, each arm being about 7'H x 20'L x 3'D, plus a 797
COORDINATING REFRODUCER, They are in operation at Arlington Hall

Station in room 1530~A.

Ref: Mr, J. Hyduke
Mr, J. Powers
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SKATE I and I1

SKAT% (AFSAF-71 = CXNQ; AFSAF-71A = CX0S) is a high speed crib-
dragger for_reading depthsy slide-run and keyfinder jobs. Both
models were built for Army by International Business Machines
Corporation and delivered in January and December 1949. They served
partly as pilot models to SLED (AFSAF-D72), of which they are only
abbreviated versions, and supercede Army's SLIDE~RUN MACHINE (AFSAF-29)
and KEYFINDER.

Model I was limited to cribdragging in COLERIDGE traffic, for

>
isomorphic depths of two. Model II is much more flexible and general,

able to do cribdragging, slide-runs and keyfinder jobs. All SKATE-
SLED equipment uses special input-output devices. A modified (72
COLLATOR is the input and a special 517 SUMMARY PUNCH or a 797

COORDINATING REPRODUCER is the output. Both models try each of 192

cribs in message A ;

Key may be tried offset up to 9 position. Cribs and recognition
banks are set on plugboards; Model IT has an additional feature, a
device for applying weights of 1 to 9 and an accumulabor.

Model T measured 97'H x 16'L x 3'D and IT is 4 feet lower.
The 15 KC pulse rate is the same for both, permitting testing 192
cribs at one position and checking against 2000 recognition groups

in .12 seconds on either model in a cribdragging job. Model II

SECRET
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SKATE I and IT (Cont'd.)

also does 21,100 decipherments per seconds checking eééh\against

the 2000 group recognition bank. | out

thé latter is in operation at Arlington Hall Station in room 1530-A.

Ref= :MI‘S. Dc Blu]n
Mr,. J. Powers
Mr. J. Russell
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SLOT MACHINE

SLOT MACHINE (XFJ, 13-WHEEL DEVICE) was a solenoid operated
deciphering device used to remove known key in certain weather
systems, It was built by NSA-35 in August 1950 to mechanize
tedious hand decipherment. It was planned as a pilo% model, but
dve to its cumbersome operation was the only one built.

The machine contained 13 wheels, each 18 inches in dlameter,
whose sanded lucite circumference was marked off into 10 equal
segments., On this rim synoptic data could be pencilled. Five
pushbuttons controlled stepping combinations (motion of sixth
wheel equals sum of motion of first and fifth wheel, motion of
seventh wheel equals motion of second and sixth vheels, ete.).
It permitted use of semi-skilled personnel on a highly skilled
Job. Operation consisted of inscribing stendard synoptic data
on the wheels semi-permanently, setting the wheels according
to each message in turn and hand copying the data thus aligned
in the window slots.

8ize was 3'H x 3'L x 3'D and rate was about one operation
per second. It operated at Naval Security Station for s while,

then was sent to the museum and laiter dismantled.

References:

Mr. K. P. Cook
Mr. F. Sims

FORM 781-C10C
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STORK

STORK (XFA) was a slowrspeed relay slide-run, device for placing
a long crib against cipher by recognizing cyclic key and roughness.
The one equipment was built by Navy in November 1949 and was used on
COLERIDGE traffic.

Input was a CXCO tape reader. BEach of the five baws on the tape
was wired to each of five chains of thyratrons which operate a. stop
circuit when fired .by a strong enough current. The device tried a
30~letter crib at successive points, allowed a slide of up to 30

positions, calculated ZH-CU-EJ-)- roughness statistic and stopped

the machine when the statistic exceeded a preset amount. Output
was in the form of lights revealing pertinent data.
Size was 7'H x '7'L x 3'D and rate of comparison was 4 to 6

characters per second. It has been dismantled.

Ref: CIT papers #96

NSA- Technical Library
Mr. J. Stapleton
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STURGEON ANALOG

. \::’*::;:\; The STURGEON ANALOG (AFSAF-106) applies to the German-built

STURGEON on-line teletype keying device (SFM T52C, 752D, and T62E)

used by th4 A total of 6 was

built by NSAr-zz\:;xj;he first in December 1949. Three still have the

old wheel patterns of

patterns, All hendle types C, D and E and their various wheel
patterns,

The analog contains 10 pattern wheels (73, 71, 69, 67, 65, 63,
61, 59, 53 and 47 in length) and the stepping controls as in the

original cipher device. As now used, plain or cipher is read on &

double~headed téletype reader and output is to a CXCO regeneration
typewriter and/or tape punch. A tiny plugboard on the front con-
trols the stecker, determining which 5 wheels are concerned with
substitution and which with transposition. A switch permits writ-
ing out either type key for study or other use.

Sige is 1'H x 2'L x 2'D plus double-headed reader, CXCO
regeneration typewriter and tape punch, Rate is 6 :I;o 8 char-
acters per second. All 6 are now in use at Arlington Hall
Statlon, 5 1in room 2048-A and the other in room 0413-B for use

with IDA,

‘ Ref: Miss V., Collins
Mr, G, Stahly
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SUBSTITUTION DEVICE

The SUBSTITUTION DEVICE (AFSAF-113) is a relay gate used with
an NC-5 PATTERN PURCE to perform simple substitution on up to five
columns in a card, It was bullt by Navy in Merch 1949..

The device will recognize 38 characters, O through 12 ,
and A through Z , Substitution for all five positions is con-
trolled by a plugboard but is not unique and independent of other
columns, Results are punched into the same card,

The SUBSTITUTION DEVICE is built into the same gate with GLID
and the COLUMN ARRANGER., Size is 4'H x 3'L x 2'D and rate is 80
to 90 cards per minmnte, It is at Arlington Hall Station in room

1700-A and available for use only after some rewiring, since no

NC~5 now exists.

. Ref: Mr. S. Thorne

‘
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TAN ANALOG
TAN ANALOG (AFSAF-L48, TAN MACHINE, LONGFELLOW ANALOG) designates

" a set of relay analogs designed to

/;age inLONGFELLCM traffic,

Used mainly to generate key, they could also set
pé,t.tem wheels, decipher and encipher. Traffic :l.ncluded| but
noé IN POGODA system which was a double-tape on~line usage.

At Army, sections WDGAS-?A, 76 and 92 built a total of 7 such
machlines, Navy'!s two similar analogs, MARTINI AND INITRAM, are
described under those headings.
A major' component of HIAWATHA (CXNO, a projected wheel setter)
was to be an electronic analog of TAN pattern wheels, Work under
task 20 at Engineering Research Associates was suspended when the
system disappeared and continued under L:O, task 11, as a generalized

study of a wheel analog.

In all models it is necessary to

The first model in April 1947 by WDGAS-92 s consisted of two units,
The TAN SETTING GENERATOR (AXTB/1, TAN MOTION GENERATOR) was a small

(] plugboard asttachment operating with a 513 REPRODUCER to develop motion

patterns only. The first such unit was mounted on a board and a later

model in a 20 x 34 plugboard cover,

NSA Form 781-C108 1 Jul 52 ¥9_P__S_E-GREH_R9¥H_
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TAN ANALOG (Cont'd,)

Its working mate, the TAN KEY RECORDER, AXKB/1, TAN KEY REFRODUCER)

was a small plugboard attachment to an NC-4 SELECTIVE PUNCH (AFSAF-42)
to combine motion and wheel pattern to produce key. Size was 1'H x 1'L
X 1'D and rate was 50 keys per minute.

The second model also operated with a 513 REPRODUCER, incorporating
motion and key production in one unit. It also was built in April 1947

. and added a comparison circuit for checking results. OSize was
3'H x 2'L x 2'D and rate was still 50 keys per minute.

In = October 1947, three of a third model were finished and all
these earlier ones dismantled. Plans for three more were cancelled,
Size was 2'H x 3'L x 2'D and rate rose to 100 keys per minute. A
circuit was added in 1948 for producing key parity. One of these '3
was made into the MODEL TAN GENERATOR,-a reduced version for cycle

study to include finding branch points, It contained three wheels of

variable size. later in 1948 this same gate was re-wired and became.
the BINARY MOTION SETTING GENERATCR, a generalized pattern wheel
_+"EO 3.3(h)(2)
analog, also for cycle studies. It was dismantled. ,,;;;:,,,, PL 86.36/50 USC 3505
These five machines alone ; enerated about four mlllion digits of
key ., for use in the operational .;ectlons. Experience with these led
to development of the AFSAF-12 COMPARATORS and the assoclated AFSAF-13
KEY GENERATOR. ’

. July WDGAS-7I.|. built a rela.y TAN ANALOG (LONGFELLOW, LONGFELLOW

ANALOG FOR which used 6 loop-tapes read on solenoid-operated

reader heads to sirnulatg,,~notched vheels, Cipher text could be read in

by a TDX reader, wi‘/t}h"/:/results being punched on a CXCO tape punch,

Plans for a seggnﬁ and larger one, called a SEQUENTIAL SETTING TESTER

FOR ﬂfére cancelled, Size was 3"H X 3'L x 2'D and rate was

about 6 to 8 cheracters per second.

NSA Form 781-C10S 1 Jul 52
e
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TAN ANALOG (cont'd.) PL 86-36/50 USC 3605

In December 1947, WDGAS-76 gompleted a Tan Analog (APSAP-LS)

for key generation and decipheriﬁg. The wheels were represented by

héving electrical contacts set around

the rim and read by wiper arms. Notch patterns were set on plug-

"boards, and output was a key tape from a CXCO punch., Size was

51 x 3'L x 3'D and speed was 5 characters per second., It was later
modified to do key generation only and used as an aid to cycle studies,
The' usual procedure with all these machines was to produce key in tape

for use on other equipments. Two of the third model built by WDGAS-92

are now at Arlington Hall Station in room 1600-A, and the model by WDGAS-76

1s in the museum. The rest are dismantled.

Ref: E, R. A. Final Repcrt, Task 20
M, A. C, Outline #53
Machine Branch Annual Reports, 1947, 1948, 1949
Mr, F, Mayol
Mr. J., Powers
Mr. J. Russell
Mr. R. Sykes
Mr. S. Thorne
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EO 3.3(h)(2)

TERTIARY MOTION SETTING GENERATOR

The TERTIARY MOTION SETTING GENERATOR was a relay device used

with a 513 REFRODUCER for aimulating\

It was bulilt by NSA-22 in Februery 1950,

The device operated as

Wheel smettings were recorded continuously on a 513 REFRO-

DUCER in 6 1levels of a card, Wheel set-up was controlled at the
time of punching the first card. Motion was simulated by cyclic

offset within the card.
Size wes 2'H x 3'L x 2'D and rate was 100 cards per

minute, It was dismantled after the key study was finighed.

Ref: Mr., S. Thorne
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TESSIE I

TESSIE I (TESSIE SS, SYMMETRY SEQUENCE MACHINE) is the

posthumous designation of a photoelectric film comparator and
tetragraph tester built for Navy by Fastman Kodak Company in

1942, and called simply TESSIE with no numeral designation, When

ICKY I, a second model tetragraph tester, arrived in 1943, Navy called
it ICKY while Army, unaware of TESSIE I, called it TESSIE (A}gOE).

At that time the original tetragraph tester was modified to do symmetry
search only and was then called TESSIE SS or SYMMETRY SEQUENCE MACHINE.
The nomenclature problem was further befogged by (1) a third model
tetragraph tester (called TE3SIE II, AFSAF-1l), built by Army in 1945

and by (2) unfruitful plans at Navy for a fourth tetragraph tester

to be called ICKY IT (CXNR)., Film for TESSIE I was made by a 35mm
cameras which also supplied ICKY I,

As used for symmetry search, the device consisted essentially
of a film advance mechanism and an electronic scanning system. The
first character of text on the message film loop actuated a master
photoelectric cell which scanned the next 20 letters of text while
a mask representing A to Z passed across each position of text, A
repeat of the initial character caused a punch in two 70mm tapeg,

one white and the other black-and-red. These tapes, superimposed in

a viewer (a particular device but no nomenclature to identify it) and
scanned visually position by position through a triangular guage,

allowed the operator to detect blackouts, or a diagonal of red spots

indicating the presence of symmetr& in the cipher.

-CONFIDENTTAL




TESSUE I (cont 'd.)

Size was 6'H x 7'L x 2D and rate was about 5 minutes to search
a pair, The camera was less than a cubic foot in volume. It was tape
controlled and ran at 6 characters per second. TESSIE I has been

dismantled. '

References:

Brief Descriptions of RAM
CIT paper 9

Mr, He Lofink

¥r, Jo Stapleton
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TESSIE II

TESSIE II (AFSAF-11) is a general purpose photoelectric
35mm film comparator and tetragraph tester. Army personnel
added the II after dellvery of a pair by Eastman Kodak Company
in 1945 to distinguish it from (a) ICKY I which had erroneocusly
called TESSIE and from (b) Navy'!s TESSIE I (TESSIE SS) of whose
prior existence Army seemed unaware. At first, a tiny camera
supplid the 35mm film, It was replaced by ERUTE camera and currently
by a pair of BRUTE II camera and storage units (AFSAF-5) which
concentrate more information and identification gata on the film,

The device offers nothing new in principle or function over
ICKY I, all modification being merely for operational convenience,
Its function is to search for tetragraphic or larger repeats or
patterns up to the limit of the 35 column wide gate.

Size is 4'H x 2'L, x 4'D. Rate of the motor-driven film is still
3500 frames per second as in ICKY I, Both are located at Naval
Security Station in room 20210,

References:

M, G, Kier
Mr, H, Lofink
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® THRESHOLD DISCRIMINATOR

The THRESHOLD DISCRIMINATOR was a relay gate which operated
with a405 TABULATOR to count digits, in effect, and to locate and
mentiff\_any digit occurring more than a predetermined number of

times. It was built by Army, section WDGAS-92, in 1948 epecific-

ally for the This operation is now done by the 101

ELECTRONIC SORTER and HORACE (AFSAF-116).
The TABULATOR, over & span of 50 columns in a card, sequen-
tially read all punches on the 9's level, 8's level, etc.

Occurrence of a given digit was made to increase the voltage of a

tube by passing a pulse through ‘a set of fr,om 2 to 15 matched
resistors, VWhen & preset voltage value was reached, the tube
energlzed a relay to produce a listing on the TABULATOR of the
digit which caused the listing.

Size was about 3'H x 2'L x 2'D and rate was 150 cards

per minute, It has been dismantled,

Ref: Machine Branch Annual Report, 1948
Mr, S. Thorne
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TOPAZ (CXEK) was the relay analog of a Jap strip cipher system,
intended to mechanize decryption of large volumes of JN-11 and JN=-25
traffic vwhich never materialized. Two such equipments were built
for Navy in March 1945 at US Naval Computing Machine Laboratory.

Up to 50 strips, each 20 digits long, were set up on plug~
boards and selected 20 or less at a time by switches. Cipher text
was supplied by keyboard or tape reader, with the analog automatic—
ally applying the key elements, non-carrying. Resulting decoded
values were typed in 4~ or 5-digit groups as desired on a CXCO
regeneration typewriter. Code values for these groups were then
looked up by hand. The provisions for 5-digit code were never used.
Key could be used either as additive for deciphering or subtractor
for enciphering. Internal setup was indicated at all times by a
panel of lights. The strip-selection feature and ability to read
across the resulting rows made columnar transposition possible on
the machine.

The machine measured 6'H x 4'L x 3'D with a metal shelf in
front for tape reader, digital keyboard and regeneration typewriter.
Rate was 6 to 8 characters per second. Both machines are now
dismantled.

Ref: CIT paper 31
CIT paper 43
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TRACK-IN TEST DEVICE

The TRACK-IN TEST DEVICE was & relay gate used with a 6513
REPRODUCER to find branch points for cycle studies. It was dullt
by Army, section WDGAS-92, in September 1949. PLUTO (AFSAF-30)
now automatically does this type testing for dranch points,

Four wheel-patterns were stored in cards, although only two,
the 256 and 23 , were wheels in the usual sense. The two 12 |
vheels were simulated by fixed plugs. BRules of motion wers involved
and were, in part: 1) The sign on the 23 wheel two cycles pre-
vious determined dilation (standing) of the 235 wheel; 2) The sign
on the 35 wheel three cycles previous determined dilation of 33
wheel, The REFRODUCER continuously recorded 23 and 25 wheel
settings, The card held 25 positions of key which, gy sorting,
permitted deternination of exact point at which cycles :beg;n Tepeat-
ing (i.e., - bdranch points).

Size wvas 2'H x 3'L x 2'D plus 513 REFRODUCER, and rate was

00 characters per minute., It was dismantled,

Ref: MNr, S, Thorne
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TRANSFOSITION RECOGKITION DEVICES

TRANSPOSITION RECOGNITION DEVICES (AXEB/1) refers to a set of

five relay unite developed for use with IBM equipment for anagram-
ming keyed columnar transposition eystems., They were uilt by Army,
section WDGAS~92, in the spring of 1946 to replace hand methods,
Only one of each was bullt and all are now dismantled,

The RECOGNITION ANAGRAMMING DEVICE was used with a 513 REFRO-
DUCER FUNCH to search & 4-column field for any of fifty 4-digit
recognition groups which were wired on a 20 x 34 plugboard, and to
punch & log welght into a cerd for each group recognized., 3By am
earlier sorting, 5-diglt material could be handled, The device con~

sisted of 153 wire-contact releys, measured 2'H x 1'L x 2'D and

-

operated at 100 cards per minute,

The COLUMN SELECTION DEVICE operated with a 513 REPRODUCER to
select for reproduction one of ten columns in four flelds simml-
taneously. Selection was controlled by a punch in a master card,

The device consigted of 45 wire-contact relays mounted in a 20 x 34
plugboard cover and rate was 100 cards per minute,

The BINARY ARRANGING DEVICE operated with an NC-~4 COORDINATING
REFRODUCER to inter-compare 5 binary numbers and arrange them in
order of magnitude, This rearranged set of §5 was punched back into
the card it ceme from. In 1948, an automatic checking unit was in-

gtalled, The device consisted of 35 relays mounted ina 20 x 34
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TRANSPOSITIOK RECOGMITION DEVICES (Cont'd.)

plughoard cover and operated at 100 cards per minute.

The BINARY DIFFERENCING and CHECKING DEVICE was usually used in
conjunction with the BINARY ARBANGING DEVICE just described and an
¥C-4 COORDINATING REFRODUCER to calculate and check differences among
the 5 binary numbers being arranged by the preceding device. It
consisted of 38 relays in a 20 x 34 plugboard cover. For checking,
the circult was duplicated and the en.tire computation done twice., In
1948 these last two were rebuilt, housed in the same 2'H x 2'L x 2'D
frame end called BINARY ARRANGING and DIFFERENCING DEVICE, Rate was
100 cards per minute,

The COMMON SHORT’-GOI.UMN IDENTIFICATION DEVICE was attached to a
405 TABULATOER and a 513 REFRODUCER which could do summary punching,
It operated on the differences obtalned by the preceding device to
determine possible short column lengths common to the foﬁr binarily
exproaged differences, ILengths from 11 to 40 were rocognized
eutomatically and cases with no common length were passed over while
favorable cases were listed on the TABULATOR, Differences over 265
were arbit,z'arily considered to have all lengths possidle. The device
coneisted of 201 wire-contact relays and operated at 150 cards
per minute, Size was 3'H x 3!'L x 1'D, All these equipments have

been dismantled.

Ref: Interim Report, JPAG FNo, 1236, Miee, 060
Machine Branch Annual Report, 1947
M, J. Powers :
Mr, S, Thorne
-8 -
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TRANSPCSI [10N PJUGNITICN DEVICES
A/EB/1

RECOGNTTION ANAGRAMMING D.YVICE (P NTANAGRAMER)

COLUMN SE-ECTION DEVICE

BINARY ARRANGING and DIFFRINCING DEVICE

SHORT COLUMN IDENTIFICATION DLVICE

SECRET{

lower right
upper right
lower left
upper left
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VIVI.N I-I1

VIVIAN (AFSAF-12, D12B) covers a family of general purpose

electronic comparators designed to

A study contract

with Transducer Corporation, indicated that delay line circuits

.would be superior to magnetic bingpy circuits in a comparator

and this led to VIVIAN I, known orginally only as MDL COMPARATOR,
MERCURY DELAYLINE COMPARATOR, ASAF-12 (X-l), now AFSAF-12, or
FLYING SAUCER., It was delivered in February 1951 by Technitrol .
¥ngineering Company. JENNY (AFSAF-13, PATTERNGHNERATOR, BELECTRONIC
PATTERN WHEEL) is the external compani:m key generator built
loca;l.ly at that time, .

A contract with 'i‘ranéducer Corporation in April 1950 produced
the second member of the family, a MAGNETIC BINARY COMPARATOR
or ASFA-12 (X~-2), now AFSAF-D12A, which was only partically
completed but never acquired the V:VIAN name. It failed its
test and the contract was closed., VIVIAN II (AFSAF-D12B), a

second delay line comvarator using quartz crystals instead of

mercury, is due for delivery by Denver Research Institute in
April 1954. Plans were cancelled for a STORAG:E TUSE COMPARATOR
(AFSAF-49), a logical member of the family of electronic

comrarators which also never acquired the VIVIAN name,

-CONFIDENTTAL-
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VIVIAN I-II (Cont'd) \x*\\

VIVIAN I is finding application to the ﬂAGﬂLfoproblam,

This sequence is cycled constantly at ﬁlkilocyules

per second pulse rate, The pattern of as many as

Totals

are matchea against a preset threshoi@@ha) a hit occurs, the machine
completes that comparison cycle and stops to indicate on lights
for manual recording the intemnm 1l setting toge ther with the amount
of excess over the threshold. The experimental AFSAF-D12A used a
locally built pattern generator for input and an AFSAF-4) DIGITAL
RECORDER for output.

VIVIAN II has a quartz delay line memory, used JENNY
for input and offers several improvements. The most novel
is a bullt-in osciloscope which at a hit displays the memory
contents as a 20x25 awey of bits on the scope face., New memory
circuitry permits making use of short messages for faster cycling,
the pulse rate ranging from 2 KC'per.se cond for messages 500 long

up to 6.8 KC for messages 100 long,

D
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VIVIAN I-11 (Cont'd)

VIVIAN I measures 7'H x 4'L x 2'Dand VIVIAN II slightly more.
The PATTERN GENERATOR, measures 7'H x 3'L x 2'D, At 2KC pulse
rate, a 5-wheel cycle requires from 30 to 45 minutes. Model I
is in use at Arlington Hall Station in room 1530-A and model II

wlll operate nearby.

Ref: T/CA 16/51
Mr, W, Pavidson
Mr. Jo. Russell
Mr, C. Schierlmann
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WARLOCK I AND II

WARLOCK (AFSAF-D79=CXNK, AFSAF-D80=CXFB)is an electronic
message sé%ter capable of high speed decryption and statlistical

recognition of plain text roughness. Under task 18 Engineering

' Research Associafég of St, Paul, Minnesota, comrleted Model I in

February 1951; Mbdei\I; is due for completion in November 1953.
Model I has a 4=bit weiéh@ing matrix or weight shifter developed
by Engineering Research Asgécjates under task 24, URSA, and Model II
has a similar one for 3-bit wéigbts. The statistical evaluation
unit, sn accumulator, is completei&\general and could be built into

other equipments,

Model I is specifically for Hagelin;\

Output is to a CXCO

regeneration typewriter., At a hit, the machine prints out window set-
ting and excess over bthe criterion, An optional decryption print-out
is évailable at the rate of 5 letters a second.

Model II is completely general, using five 32 x 32 matrices to
simulate any wired rotor devices whoselwiring and stepping patter
are known. Its span is 80 characters, with provisions to use this
as two sets of 4O characters., Size of Model I is a pair of cabinets

totaling 7'H x L4O'L x 4'D plus typewriter and power units occuping

1800 esquare feet of floor space.

\

O
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WARLOCK I AND II (cont'd.)

Model II is U~shaped 40'L on an arm and about 6'H x 3'D, occupying
2400 square feet of space. Rate is 100 KC per second for both. The
pair are.being kept in St. Paul, available for operstional use.

Ref: Miss M, Hobbs
lh'o D. Hogan

m. J‘ M

-2-
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® WORK-BACK MACHINE

The WORK-BACK MACHINE was a handtester forl

on the T52C STURGEON, used to find the inltial setting when

break-in occurred 1n-the middle of a message tape. It was built by
NSA-82 in early 1950,

The device mounted 10 notched wheels (73, 71, 69, 67, 65, 63,
61, 59, 53 and 47 long) in a frame, permitting the operator to in-
terplug them so as to control substitution or transportation, and to
step them as desired by hand. Lights on the front panel indicated
wheel notch activity to assist cholce of settings at each dbranch
point, .

Size was 1'H x 2'L x 1'D and operation was at hand speeds,
It was used at Arlington Hall Station and is now dismantled, its

work being done by other devices.

o Ref: Miss V. Collins
Mr. G. Stahly
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5202 COMPARATOR, MARK I

The 5202 COVPARATOR, MARK I (AFSAF-l4, AXGQ/1) is a highspeed
general purpose I. C. comparator to match photoelectrically a large
volume of text on 35mmfilme. It was bullt for Army by Eastman Kodak
Company in March 1945 and after satisfactory tests, was transshipped
to G? and CS for uss on the TUNNY problem for about a yeare The
assoclated camera, synchronized with a built-in key generator, is
called AFSAF-4/1.

A pair of 35mm films containing literal or digital text is
matched in a gate 80 deep by 500 wide. This field is usually
considered as two fields of 40 x 500 and matched for high I.Ce.
expreésed as a ratio between the two fields. Weighting of scores
is possible. Threshold is preset by a dial and at a hit the machine
stops, permitting visual study and hand recqrdihg of approximate
) location. The camcra.was originally tape operated, but 1éter modi-
fied to accept cards. Operation with a HAGELIN key generator unit
has also been tried successfully.

The comparator\measures 5'H x 2'L x 4'D plus a small counter
unit and operates at 3000 frames per second. The camera with its
built-in generator measures A4'H x 6'L x 3'D and exposes film at
up to 635 frames per second. Since its recent overhaul and modi-
fication it is now available at Naval Securlty Station in room 20210.
Ref: MAC Outline #10

The 5202, ANCRAD Technical Paper
Mr. J. Deutsch '
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70mm COMPARATOR

The 70mm COMPARATOR (AFSAF-2, CXCN, RAM=-4) is a general purpose
photoelectric comparator to count coincidence and pattern repeats
between two texts vunched into 70mm paper tapes. Probably the
oldest of the cryptanalytic devices, its conception dates back a:t
least to 1937 when M.I.T. built the BUSH MACHINE (naﬁed after
Dr. Vannevar Bush), prototype to the 70mm COMPARATOR, and delivered
it to Navy upon completion., It was used briefly and stored until:
1942, then was used again until the first of the four COMPARATORS
(CXCN), built by National Cash Register and Gray Manuf;a.cturing
Companies, was delivered that year.

The second (AFSAF-2, RAM-4) was del;i.vered to Army in August 1944,
along with AFSAF-3; the associated punch. Including the BUSH
MACHINE, five comparators ‘and _s.ix ounches were built, Reed .Research,
Incoroorated, of Georget;)wn, D.C. delivered SIGMAGE (AFS.AF-ZS,‘
SIGMAGE CONTROL, PRINT SUPPRESSION DiVICE) to Army in September 1949
and a second to Navy in April 1950 for use with GOLDBERG which
supercedes the 7O0mm COMPARATOR. .

The machine matches t.wp loops of tape, each holding as many as
2000 characters in the form of perforations in any of 32 levels.
Required patterns or conditions of coincidence are preset on a
plugboard. Twelve photoelectric cells scan the tapes at all
offsets through a 10 column wide gate. Originally a record‘was
printed after each cycle, but SIGM;\GE perrlnitted setting a threshold

-CONFIDENTTIAL



Omm COMPARATOR (Cont'd)

and reducing recording to aé few print-outs as desired. An optional
circuit provides a means of stopping the machine wheA‘a particular
event such as a pentagraphic repeat occurs,
Together, the three units which mak; up the COMPARATOR measure
_about 7'H x 9'L x 2'D. Comparisons are made at the rate of one'

offset tested in ., seconds, All but: one are dismantled, and that

one is In the museum,

Ref: Brief Descriptions of R.A.M.
C.I.T. paper # 82
Lt. F. Sperberg
Mr. J. Stapleton
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AFSAF 2
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used with
SIGHAGE (FRINT SUPRESSION DEVICE)
AFSAF 28 (center rear)
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701 EDEM

The 701 EDPM (ELECTRONIC DATA FROCESSING MACHINE, DEFENSE
CALCULATOR) is an electronic parallel computer capable of mathe~
matical and statistics-.l functions., Serial 1, rented from Inter-
national Business Machine Corporation, arrived in May 1953. There
are plans for a Serial 2 in the coming year,

The computer operates in parallel on all bits of a word (digits
of a binary number) simultaneously and can distinguish between two
numbers by sizn or size., Input is from cards by a printer type 711
CARD READER or from cne of 4 megnetic tapes, all under program
control, Output is to a 716 ALPHABETIC FRINTER and a 721 PUNCHED
CARD READER., Therse are three types of memory storage, Cathode ra.fr
tubes provide the primary electrostatic storage holding 2l » 2,048

words of 36 bDits each, with access time of 12 microseconds:

Bach of four magnetic drums holds 211 = 2,048 words with access
time of 40 milliseconds. Each of four magnetic tapes holds }1;9 to
epproximately 1 million words with recall rate of 800 microseconds,
Add1tional drum and tape units may be added. Various standard IBM
equipments provide for interchange of media, .

Control is much the same as in ATLAS, with addresses advancing
one each time unless specifically altered, The erithmetic unit con-
tains a 38-bit acowmilator, a 36-bit M-Q register (for Multiply-

Quotient) and a 36-bit memory register serving the seme function as
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701 EDPM (COont'd.)

the X-reglster in ATLAS I, The 36;bit words may be handled effectively
as two 18-bit words if desired. There are no speclal analytic orders,
Programming is based on a single address system,

Physically, the machine consiats of 12 units ranging from a
3'H x 3'L x 2'D ocard reader to a s'fr x 7'1; x 3'D calculator unit,
in total requiring about 1500 square feet of floor space. Pulse
rate is 100 KC, affording 16,666 additions or 2,192 multiplica~
tions per second. It is in operation at Arlington Hall Station in

roonm 1730-A,
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Brief Descriptions of Analytic Machines
Third Installment

NSA-3L4
NSA=35

2 August 1954
Wheatley, LeRoy H,.

This third installment consists wholly of photographs. Further

Briefs, completed since issuance of the Second Installment, will

presently be distributed as Fourth Installment.

These 8 x 10 prints

total 88 and are to be interleaved with your copy of BDAM. Briefs

on the remaining equipments are still to be published, along with

some republications and a list of corrections.

The correspondence between prints and Briefs is, in most cases,

obvious ( a print of ABEL to be filed back of the ABZL write-up).

Aside from these there are two categories must be listecs

(1) Prints for which the related Brief is yet to be published,

and which therefore aret be held and filed later:

Print

v/ DEMON
" DELTA-DOT-CROSS COUNTER
v HORACE
/ GYP
~ HAGELIN C-38 ANALOG
(original)
v HAGELIN C-38 ANALOG
(serial 5)
HAGELIN WINDOW SETTING
" 'GENERATOR
v M~9 HANDTESTER
v JOHN
v MADAME X
v Navy BOMBE
/'PEELER
v PLAINTEXT REIAY ANAT.OG
v PYTHON
/ TAN KEY GENERATOR
vHORIZONTAT. DIFFERENCER

JVIPER

Brief to be published

DEMON

FREQUENCY COUNTERS
FREGUENCY COUNTERS

GYP

HAGELIN C~38 ANALOG

HAGELIN C-~38 ANALOG

HAGELIN WINDOW SETTING
GENERATOR
HANDTESTER

JOHN

MADAME X |

Nevy BOMBE

PEELER

PALLY

PYTHON

TAN KEY GENERATOR
TAPE COMPARATORS
VIPER
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SECRET

(2) Prints whose title does not correspond exactly to the
title of the related Brief: ¥

e

Print . Brief
v JUNIOR BRUTE FORCE BRUTE FORCE DEVICES
VCHAGELIN SETTING LOCATION <GENERAI. PURPOSE 100 WIRE
) DEVICE CONTACT RELAY GATE
!/CSINGI.E WHEEL CHAINING ENERAL PURPOSE 100 WIRE
DEVICE CONTACT RELAY GATE
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DELTA~DOT~CRCSS COUNTER
AFSAF D56
one of the many FREQUENCY COUNTERS
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HORACE
AFSAF 116
(left) with 407 TABULATOR
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GYP
(originally
KEY COMBINER)
STURGEON model
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The originaiLOG
\GELIN C-38 AN
A OWRICAL HAGELIN, NAG
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HEOES-

FAGELIN HINDOW SETTINZ GENERATOR
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MADAME X ‘

ATSAF 14
ARMY BOMBE, 003 RELAY BOMBE, AXCQ/].
turret controls & printers (1eft) and .
a bay of BOMBE racks—=(ri
v i gf J\r by
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NAVY BOMBE
AFSAF 23, CXNQ, N-15%
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PESLER
AFSAF D 109
(erroneously called HATCHET)
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‘@ ead P a
- PLAIN TEXT RELAY ANALOG
prototype to CHUMMY (AFSAF D97A)
related to: PALLY equipment
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PUNGH PUNCH  COMPARE' GOMPARE
CABLE PATCHING PATCHING  GABLE
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TAN KEY GENERATOR



TAN KEY GENERATOR
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HORIZONTAL DIFFERENCER
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