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INTRODUCTION

Thisis part of avery large (200 page) document. This section has been tackled first because of the interest in Colossus and the
need to fully understand and debate the wartime use of Colossus to enable the completion of the Colossus rebuild by the
Colossus Rebuild Project under the direction of Tony Sale.

A complete copy of the original document is held in the Public Record Office, UK.

It was written by Donald Michie, Jack Good and other members of the Newmanry, after the end of World War 11 and has only
recently been declassified.

It was found to be impossible to meet the original objective of a"photo-copy” reproduction because many pages contained over
70 lines of text. As a compromise, Courier Font has been retained, together with the original page numbers. However, a wider
page width has allowed re-formatting of paragraphs to "gain some lines' and fit it onto an A4 page.

The document has been produce using Optical Character Recognition (OCR), from photo copies of the original. Thisisa

notoriously error prone task. | am indebted to Frode Weierud, Andrew Hodges and many others for correcting "garbles".
Any remaining that are reported would be gratefully received and corrected.

Tony Sale March 2001
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31 - MR NEWWAN S SECTI ON

31A Gowth

31B. Staff Requirenents
31C.  Adninistration

31D. Cyptographic Staff
3lEE. WRNS.

31F. Engi neer.

31G  Education

31H  Statistics Bureau

31A GRONMH

I n Decenber, 1942 M.MH A Newran was given the job of devel opi ng nachi ne
nmet hods of setting Tunny. In April, 1943 the first nachines arrived, a Robinson and
a Tunny, pilot nodels of sonewhat uncertain behaviour. M. Newran formed his section
wi th one cryptographer, two engineers and 16 Wens. The section was founded and |ived
(for the nost part) in a single room After three nonths two or three nessages were
set each week.

By May, 1945 there were 26 cryptographers, 28 Engi neers, and 273 Wens
with 10 Col ossi, 3 Robinsons, 3 Tunnies and 20 snaller electrical machines. The
section nmoved into Block F in Nov. 1943, and expanded into a new and additional Bl ock
(H in Septenmber, 1944 in which all chi-breaking was done. In the week endi ng March
31st, 358 messages were set on Chis, 151 on Mdtors and Psis and
23 sets of new wheel s were broken.

The total nunber of |og books used in 2 years was about 500.

31B STAFF REQU REMENTS

The allocation of staff at 6 monthly intervals is shown
in the follow ng table.

Apr.43 Sep.43 Apr.44 Sep.44  Apr.45

(Adm ni stration | | | 1 | 2 | 2 |

(Crypt ogr apher s | 2 | 5 | 6 | 20 | 22 |

I I I I I I

Engi neers- (M nt enance | - | 3 | 9 | 12 | 15 |

(Construction | - | 4 | 9 | 11 | 13 |

I I I I I I

W ens | 16 | 16 | 28 | 180 | 273 |

I I I I I I

TOTAL | 18 | 28 | 93 | 225 | 325 |

Finally the staff per shift was as follows:

7 Oryptographers : DO in charge of setting ( TSnote: DO isDuty Officey

1 Wieel -nman in charge of wheel - breaki ng
1 in charge of Cibs and Robi nson work
2 to supervise Col ossus setting

2 to supervise Col ossus wheel breaking

67 Wens : 7 Registrars
17 Tunny Cperators
2 Robi nson operators
20 Col ossus operators
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15 conputers

1 "Oribs" assistant

5 "Room 11" nmai ntai ni ng cont act
wi th Knockhol t.

5 Engi neers and a daily

requi rement of 2 Research cryptographers
2 Research Wens
13 Construction Engi neers
6 Admnistrative Staff.

31C ADM NI STRATI ON

As the section expanded, adm nistrative probl ens becane considerable. Co-
ordinated policy was established through a "Fish Conmttee" under M. Wl chman's
chai rmanshi p during the period of fastest devel opnent (May 1944 - January 1945) to
determ ne the policy of machines to be ordered and staff to be recruited. A good
deal of attention was given by this committee to the slip-reading and perforation of
tape at Knockholt and every effort was made to encourage the production
of material at Knockholt on a scale commensurate with the rapidly expandi ng capacity
at this end.

The adm nistration had to keep in touch with operational results. It did this
by collecting and anal ysi ng facts about success achieved in each part of the section
and issuing suitable reports. The | og books kept by all operators provided the

required information in addition to maki ng operators conscious of their own
effici ency.

31D. CRYPTOGRAPH C STAF F

The first thirteen men to join the Section as cryptographers were drawn from
other sections of GC & CS. In experience and infectious enthusiasmthey preserved
their lead to the end, and there were fewin the section not affected by their
keenness. After July, 1944 they were joined by men fromother war jobs and
men straight fromthe universities. The qualifications of men chosen are given in
the follow ng table:

June 43- Aug. 44-
Date of Arrival July 44 May 45.
Pr of essi onal Mat henatici ans etc )

Research Students ) 8 4
QG her University Mathenati ci ans 3 11
Q hers 2 1
Previ ous cryptographi c experience 12 3
Eni gma 5 2
Fi sh 3 1
Age on joi ning over 30 5 2
25 - 30 3 3
20 - 25 3 5
under 20 1 6
British 11 13
Aneri can 2 3

TOTAL 13 16
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Crypt ographers were not organised into fixed shifts, but worked with different
peopl e each week and took it in turn to do research work and the various operationa
jobs. This system kept everybody in touch with up to date technique and alive to
possi bl e i nprovenents. A weekly change of job led at tines to m nor
admni strative inefficiency and the nornmal termof offices for Duty officers and
wheel -men was eventual |y extended to three weeks, these two jobs were normally filled
by nmore experienced nen.

After the Section was fully staffed there were often two research nen each
week. Mbst of the inportant ideas were devel oped by nen as a result of practical
routine work and witten up in the Research Logs. In a subsequent research period of
a week or nmore they were at leisure to elaborate their ideas and to tackle any other
probl ens of a pressing operational nature.

| deas for new nethods, and routines for imedi ate instruction were di scussed at
the weekly "Tea Party" - a denocratic assenbly of cryptographic staff.

31E. WR NS

Wens were chosen by interviewfromthose in HM S. Penbroke V (Category -
Special Duties X ). No fixed qualifications were required, though a pass in
mat hermatics in School Certificate or apparently "good social recomrendati ons” was
normal |y consi dered essential. Though a few of the earlier Wens were rather ol der
and nore experienced, 96 per cent of those who cane were between the ages of
17 1/2 and 20. 21 per cent had H gher Certificate, 9 per cent had been to a
Uni versity, 22 per cent had sone other training after school training and 28 per cent
had previous paid enpl oyment. None had studi ed mathenatics at the university.

Onh arrival all Wens were given up to a fortnight's training in the teleprinter
al phabet, the workings of the Tunny machine and (in some cases) in conputing. This
was followed by a conducted tour of the section and a witten test. Wens (unlike
men) were organi sed in fixed watches and given fixed jobs in which they coul d becorne
technically proficient. Wile the section remai ned
small it was possible to try new Wens at various jobs soon after arrival, but |ater
al l ocation was nmade on the basis of the test held at the end of their initia
training period, and on the basis of the jobs avail able. The cheerful comron sense of
the Wens was a great asset. Several of them showed ability in cryptographic work and
several others were trained by the engineers to undertake
routine testing of nachines.

31F. ENGLNEERS

It was decided at the beginning of the association of the P.Q Research Branch
with GC and CS that mai ntenance of equi prent woul d be an increasingly inportant part
of the undertaking. It was agreed to recruit the best available men fromthe
aut onati c tel ephone construction and nai nt enance staff throughout the
country, to enploy themat Dollis HIl and the P.O Factory at Birmnghamto build
the equi prent so that they should be thoroughly famliar with it, and to give them
before taking up their maintenance duties, any supplenentary instruction that was
necessary. As the work devel oped, the conplexity and novelty of the equi pnent
i ncreased and further mai ntenance training was needed but the technical staff were
often hard pressed to produce the equi pnent and instruction was negl ected. A nunber
of mai ntenance nmen nmade up for this deficiency by their own
initiative and exertions, and passed their know edge on to others. Full maintenance
efficiency can be achieved only after sone nonths
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of experience, and by May, 1945 equi pnent and nai nt enance had reached a very high
| evel of performance.

Tel ephone mai nt enance work is mainly done by unestablished skilled workmen and
skilled workmen dass Il. Recruitnment for the naintenance force at Station X was
made al nost entirely fromnmen in these grades aged 20 - 22 years. The first eight
men cane to Dollis HII in April, 1942 a nunber of Chief Regional Engineers
havi ng been asked to recomrend good men. A selection was made on the basis of paper
qualifications, nostly Gty and Quilds certificates. The selection of the nmen after
the first eight was based solely on their technical qualifications, the type of work
on whi ch they bad been engaged and (where possible) their performance at the Post
office Training Centre, where nmen are trained for normal Post office work. The total
nunber of nen engaged in mai ntenance on "Fish" traffic eventually reached 45.

The allocation of duties to the mai ntenance nen was based on their previous
Post office experience and the aptitude which they had shown for various kinds of
work during the tinme they spent at Dollis HIlI. For along tinme a rather critica
bal ance of manpower had to be held between mai ntenance and further construction. The
total manpower available at the begi nning of 1944 had been so depl eted by the denands
of the Arnmed Forces on the Post office Staff that no further suitable nen were
avai |l abl e, and the nen already engaged - including all the manufacturing force at
Dollis HII and the P.O Factory worked over 70 hours a week for many nont hs.

31G  EDUCATI ON

It was the policy of the section that all its menbers shoul d be encouraged to
interest themselves in all its activities and to inprove their theoretical know edge.
In practice it becane increasingly hard for Wens to get a conplete picture of an
organi sation in which they mght have only done one job. Moreover
the mat hematical style of the Research Logs made t hem unreadable for Wens, and
before they (or new nen) undertook chi-breaking and Col ossus-setting on their own,
some ot her introduction to the theoretical side was needed.

Screeds and | ectures on aspects of the work were issued or given fromtine to
tine in 1944, but nothing was done systematically till the Educati on Commttee was
founded i n January, 1945. This committee of four men and 14 Wens chosen
denocratically arranged general |ectures end "sem nars" for snall parties of Col ossus
operators or other specialised groups. Al lectures and Sem nars
were given outside working hours and were voluntary. The Sem nars for Col ossus
operators were a conpl ete success. The | ess mathenatical general |ectures were al so
appr eci at ed.

The Education Conmttee co-ordi nated the production of screeds and started a
Ceneral Fish Series of papers which were duplicated and avail able in every room

31H STATI STI CS BUREAU

In August, 1944 a permanent Statistics Section was set up enpl oyi ng one or two
Wens. The Statistics Bureau:

(i) Collected routine statistics , in particular 32 letter-counts of various types,
significant rectangl es and nunbers of nessages set.

(ii)Hel ped the adm nistration to prepare statistical reports.
(iii) Looked after the library and the publication of screeds.

(iv) Helped the research man to conplete any statistics that he required.
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32 - CORGAN SATI ON OF THE TESTERY

The organi sation of Major Tester's Section has been described briefly in 14B
(c), and nore fully in "Report on Tunny (Mjor Tester's Section)" and also in the
separate report entitled "Hstory of the Fish Sub-section of the German Mlitary
Section". W& do not go into further details here as they are of no great
cryptographic interest and are not necessary for the understanding of the present
report.
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33 KNOCKHOLT

33A CRDERI NG TAPES

The work of Knockholt was the preparation of tapes and Red Fornms (RF) for
Station X and consisted of (i) Interception (ii) Slip Reading (iii) Reperforation. A
tape with a single letter inserted or omtted in the mddl e woul d al nost certainly
fail to set, hence the need for accuracy at Knockholt. Approximately
600 peopl e were enpl oyed there. Nevertheless there were tines when the traffic
ordered by us was nore than they could handl e. Once (Aug. 1944) an abortive attenpt
was made to perforate tapes in Block F.

The priorities of ordering were decided by a norning neeting of various
interested parties in station X This neeting also decided priorities for nachine
setting and wheel -breaking. Al ordering was done through the "Control Cfficer' at
Station X by the foll owi ng procedures:

A procedure Long tapes on unbroken days (according to a link priority list).

B procedure Qher tapes for wheel -breaking ordered individually.

C procedure Tapes for setting on broken days.

D procedure Messages required for Oib purposes.

Depths The Control O ficer was responsible for ensuring that these were tel eprinted
at once.

33B TREATMENT COF TAPES

There were 30 receiving sets (in the Set Room). 26 covered priority |links and
the rest were on directed and general search. Intercepted inpul ses were automatically
recorded on undul ator tape and usually on printed and perforated tape. The undul at or
tape was the nost reliable and was used by the "slip-readers” for inproving the RF
and perforated tape. In March 1945 efforts were nade to save time by using the
autonatic perforation (RAWTAPE) when interception conditions were good. Blurred
pat ches were marked by the operator. Sonetines dubi ous portions were also slip-read.
The nethod of raw tapes is a good one provided that
full slip-reading is continued until and if positive cryptographic results are
obtained with the raw tape.

Compl etely slip-read messages were passed to the reperforating room The final
tape was checked against the RF with the use of a 'hand counter', though it was not
until Autumm, 1944 that a hand counter was issued to Knockholt.

I ncreased accuracy was i nmedi ately noticeabl e.

There were 10 transmssion lines to our section. At its best the reperforation
room achi eved an average daily output of 400,000 letters.

For further details, including auxiliary interception stations, the report by
Si xta shoul d be consul t ed.
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34 - REQ STRATI ON AND O RCULATI ON

(a) Foundation of the Joint Registry

Regi stration met hods were, of course, developed early and in January, 1944 a
joint registry was founded for Major Tester's and M. Newran's sections. This
registry kept track of all material entering or circulating in either section, and
itself kept all tapes, or docunents for tapes, not being worked on. This avoided
congestion and delays in the Newranry. Few messages strayed and those that did were
qui ckly recovered.

(b) D vi sion of work

Wrk was divided between Room 12 and Block H Room 12 dealt with tapes
required for setting and the T registry in RoomA Block H wth tapes required for
wheel - breaki ng or Oribs. An soon as a days' wheels were broken all tapes and
docunents for the wheel -day were sent over fromBlock Hto Block F

(c) Cards and Crcul ation

The basic systemfor all procedures was the sane: the copies of each tape
perforated were tel eprinted fromKnockholt. Later on the RF (Red Forn) and Master
Tape were sent by DR (D spatch R der). A procedure card was started for each nessage
and a pigeon hole allotted for the tapes and RF (See Fig 34 (1) ).

In addition to the procedure card, a card was nade out for each message, which
acconpani ed the tapes on their journeys. These were used in Qos or Block H for the
regi stration of various setting and rectangling processes. The "(ps Card" for
i nstance was used for setting nessages and it was returned to Room 12 when the
nmessage was abandoned or set.

Wien a set of wheels was broken the relevant material was transferred fromthe
T-Registry to Room 12 and fromthe HRegistry to Qps. On the other hand if the
wheel s for a day were not broken within a nonth the pigeon holes in Block H
were enptied, the RF was filed and the master and anot her tape were stored. The
pi geon holes in Block F were not cleared until a setting message was abandoned or
conpl etely decoded. In the latter case one copy of the decode was sent to the
appropriate intelligence section and one copy was filed i n Room 41.

(d) G her Records

QG her records kept include registers of:

Al tapes intercepted.

"A tapes and their history.
Tapes for setting on broken days.
Tapes transmitted from Knockhol t
Dept hs.

Settings of decoded nessages.
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W.S. 31a
M K
P.H. No. Decode No. Serial No.

Q.E.P. Date T.S T.E. Freq. Pages

Trans Date Time Pages Length Copies
1st 5 Letters Start Quality

Sent to 'H' Registrar
Sent to Ops.

Set on Chis

Set on Psis
Decoded

Abandoned

Red Form received from KN
Red Form to Ops.
Red Form Returned

Extra Routine Movements

Fig 34(1)
Pr ocedur e Card.
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35 TAPE MAKI NG AND CHECKI NG

35A | NTRCDUCTI ON

The successful working of all parts of M.Newran's secti on depended on the
accuracy and efficiency of the Tunny roons which were responsible for |ooking after
all copying, reading and tape-naki ng nachi nery.

An el aborate system of checks for all tapes nade was found to be essential to
prevent the early introduction of m stakes which m ght be reproduced unnoticed. The
i mportance of cheeks was not realised at first and it is generally believed that the
conparative lack of success in the earliest days was largely due to the use
of i ncorrect tapes.

35B GENERAL RULES

Al tapes were made twi ce i ndependently and conpared to ensure that no letters
had been inserted or omtted. Before new y-nade tapes were returned to the
appropriate registrar their text |ength was measured on a Hand Counter and marked on
the tape. Al jobs involving the making of tapes (or prints) other than exact copies,
were sent to Tunny with a Hand Check for the begi nni ng which had been worked out by
the Registrar. For every tape made two copies (at least) were ordered to save tine in
case of damage to one of them Al work was very fully |abell ed.

35C CHECKI NG AND ALTERATI ON OF TAPES
(a) Checking tapes agai nst Red Forns

This was not strictly a Tunny Roomjob, but may | ogically be described here.
For a long time every long rectangling tape and every setting tape which failed to
set was checked agai nst the appropriate Red Form

First Method The nunmber of letters on each page of the RF was cal culated and the
first fewletters at the top of each page recorded, The tape was wound through the
hand counter and stopped at the cal cul ated position corresponding to the end of each
page. The position of the entries corresponding to the top of the next

page were checked on the tape.

Second Method The tape was measured out on a hand counter, nmarked at every nultiple
of 1271, and 10 letters after each nmark recorded. Wien the RF arrived, the letters at
simlar positions on it, were independently noted, and the results conpared. This

nmet hod was suitable for rectangling tapes as it enabled a hand check for the
rectangle to be made at once fromthe tape check

(b) Comparing two versions of the same tape

It was sonetines necessary to conpare two versions of the same tape, ( say an
original version with its rewite). The tapes were added together on Mles until the
out put tape showed that there was a slide. The place at which this occurred was
mar ked on both tapes and the tapes were reset (to account for the slide) and the
operation continued. A print-out of both versions was nmade on Garbo wherever
di screpanci es had been noted so that Knockholt could be asked to reread the undul at or
tape at these places and deci de which version was the nost likely. A conposite tape
coul d then be made enbodyi ng the best of both tapes.

(e) Correction and Doctoring of tapes.

This was nornally done on an IBM (preferably) or Angel. The tape to be
corrected was marked (with the help of a hand counter) at the places at which a
letter was to be inserted or onmitted. The IBMor Angel was stopped when the marks
were reached and the correcti on nade.
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The corrected or doctored tape was conpared with the first version by

hand and the corrected length verified on a hand counter. It was marked CORRECTED
TAPE or DOCTORED TAPE in bl ock capitals.

35D PREPARATI ON OF MESSAGE TAPES

(a) For Col ossus

. Sy vgral h“ﬁ? = h_'"- :"{!-.,._ ‘;"" soanal
27 e 7000
TaxT ABouT 156 BLANKS. TEXT[ Hade h

Igoa Ltk Ayny, .. it dn-olhg]

Tapes were copied (on Angel) if sufficient copies were not available, or
if avail able copies had not sufficient blanks at either end. Tapes issued were stuck
into closed circuits as shown, and stop and start signs punched with a
special metal gadget. An overlap of two sprocket holes was allowed at the join; the
join had to be nmade with snooth edges and the end ( as opposed to the begi nning) of
the tape on the outside of the circuit.

The text |ength was nmeasured before the tapes were returned to the
Registrar and if it failed to agree with the Knockholt estimate, Knockholt were
i nf or ned.

If the text length was bel ow 1500, copied tapes were nade on whi ch the
text was followed by RYRY... till the total length of text exceeded 1500. This was
done by feeding a tape reading RYRY.. into the Angel input as soon as the real text
had been copi ed.

For issue to Colossi with short bedsteads very |long tapes were stuck in
parts of text length 10172 with an overlay of 4 between each part ( 1-10172, 10169 -
20340, 20337 - end) [see 53B(b)]

(b) For Robi nson

Message tapes were prepared for Robinson as for Col ossus except that a
m xture of Bostick and benzene was used for sticking. The tape to be stuck was
inserted between two electrically heated plates ( a 'hot sticker' ) and the benzene
was evapor at ed.

35E MAKING O DE-CH' S

(a) Wthout Col ossus check

The settings and wheels for the de-chi were witten on the chit by the
Tapes Registrar with a hand check of the first 41 letters of the de-chi. The dech
was made on a Tunny nachine tw ce, and if both makes agreed one nake was stuck for
Col ossus or Robi nson and returned to the Registrar. The Tunny was not
st opped during either make.

If the Delta-D count on the de-chi tape checked with that on the Z tape,
the dechi tape was returned to the Tunny Roomfor printing (on Garbo) in rows of 31
wi th doubl e spacing. To check the print the de-chi tape was marked at positions
1,621, 1241 etc.
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and the start of every 20th line on the print verified.

Li nes of the de-chi were nunbered and the print marked with the 1st 10 letters
of Z

If the Delta-D count on the de-chi tape did not check the wheels set up on the
Tunny machi ne were checked and if no m stake was discovered the Z tape was recounted
on a different Col ossus.

(b) Wth Col ossus check

The Tunny roomwas supplied with a chit giving setting and wheels and a
Col ossus check giving the following letters of de-chi :- 2-9,62i-624,1241-1244, 1861-
1864, 2481- 2484, 3101-3104 and the last 5 letters. To this the Tapes Regi strar
had added the settings for letters 621,1241 etc.

The de-chi was nmade on Tunny twice. The first nake was stopped autonatically
every 620 letters and the settings checked. This nake was printed while the second
make was being nmade. |If the two makes were identical, and the print checked with the
Col ossus check the de-chi was assuned correct and narked
and sent over as before.

When the two nmakes agreed, but the print did not agree with the Col ossus check
the Tunny wheel s were checked and if correct, the Col ossus check was assuned invalid,
a hand check nmade, and the de-chi tape stuck and counted on Col ossus.

(c) Contraction of de-chis

I n days when psis were set on Robi nson (on nessages with X2oneback lin) the
psis were run agai nst a de-chi tape fromwhich all letters occurring agai nst Tota
Mot or dots were omitted. The contracted de-chi was nade on a Tunny on whi ch notors
and X2 were set up. A special switch was used and a hand check suppli ed.

35F WHEEL TAPES Al D TEST TAPES

(a) Chi test tapes

These were made on Tunny. The appropriate wheels were set up at 01 01 01 01 01
and 2002 letters of chi-streamperforated. Before sticking for Col ossus every
i mpul se was checked by sliding the tape against itself at a multiple of each wheel in
turn.

(b) Psi test tapes

These were made on Tunny with setting 01 01 01 01 01 for Psis and 01 01 for
Motors. The limtation appropriate to the wheel -day concerned was used and a hand
check of 61 letters supplied by the registrar. Final copies were stuck for Col ossus.

(c) Motor tapes

Tunny can be nade to perforate Basic Mtor tapes fromthe plugged patterns of
MB7 and M6l and Total Mdtor tapes (for X2oneback lin) if X2 also set up. Mtor
tapes were sonetinmes required for printing the notor over a dechi or for doing notor
runs on Robinson. A hand check of 15 letters was suppli ed.
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35G RECTANGLES

(a) Garbo Rectangl es.

The net hod of naking 1+2/ Rectangles on Garbo is described in 24B(c). The
followi ng practical steps were taken to ensure accuracy. The tape was neasured on a
hand counter and positions of the form (1271 n +2) were marked. The second letter
of the tape was put in the Garbo (which deltas backwards) and the print-out was
started and conpared with a hand check prepared for the first few characters.

Whenever 1271 characters had been printed and the paper was reset, the tape should
have been on the appropriate nark and this was checked. A hand check for the |ast
few characters was prepared, and the position of the last character printed was
verified by cal culation. Garbo rectangles were only nmade once.

D fferent markings of the tape woul d have been required for a 3+4x/ or 4+5/
Rect angl e. These were not nade on a routine basis.

A further hand check was applied to rectangl es when they were returned to the H
Registrar. Fromthe check sheet prepared by her fromthe Z tape [see 35c(b)] a hand
check for the first entries of each cycle of 1271 was nade.

(b) Ml es and Garbo (Thurl ow) Rectangl es.

This method of rectangling is described in 24B(d). The tape was neasured and
mar ked at positions of the form (1271 n +1). Hand checks for letters 1-10, 1271-
1281 etc. of the Thurlow tape were prepared. Marks 1-5 on the Z tape were
put in the 5 heads of Mles and the resulting Thurl ow tape conpared with the hand
check. After it had noved 1271 tinmes the Mles was stopped and it was verified that
the second mark was in the first head, the third in the second etc. The tape was
removed and marks 6-10 put in the 5 heads and so on. The start of each new stretch
of 1271 was conpared with the hand check

Thurl ow t apes were made twi ce and neasured to ensure that their length was a
multiple of 1271 before printing. The positions 2,1273 etc. were marked and the
Thurlow tape printed like a Garbo rectangle. The position of the change of depth
was cal cul ated fromthe Z tape, checked on the Thurl ow tape and narked on the print
out .

A further hand check, simlar to that for Garbo Rectangl es, was done by the H
Regi strar when a Thurl ow Rectangl e was ret urned.

35H OTHER TUNNY JOBS

(a) Hand Perforation.

Hand perforations were nost easily checked by printing out the perforated text
and checking the print-out against the original

(b) Cribs.
The various tapes required for Oib work are described in detail in Ch 27.

(a) Gher jobs.

Tunny Room machi nery was very adaptabl e and nunerous non-routine jobs were
under t aken. In certain cases it was necessary for hand checks to be prepared by a
crypt ographer who (at nost) supervised the job in person or (at |east)
provi ded a sheet of careful instructions.
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36 CH - BREAKI NG FROM O PHER

36A Hstory and Resource
36B Rectangl es and Chi 2 Cap Runs

36C Ti nes

36A H STORY AND RESQURCES

(a) Early wheel - br eaki ng.

M. Newran's section began as a section for setting nessages on wheel s broken
fromdepths in Room 41. Weel - breaki ng activities came |ater

Breamstarted to use P5 limtation regularly in the mddl e of Decenber, 1943,
and as there seened every chance that the use of this gadget woul d be extended,
research activities were devoted to the statistical solution of chis fromZ  Tutte's
nmet hod of rectangl es (see Ch.44) was el aborated and from January 1944 nonthly keys
were tackl ed operationally.

Significance tests were gradually instituted and nethods i nproved. Soon after
Colossus 1 arrived in February 1944 it was discovered that it could be used for chi-
breaking. It was this discovery that nade | arge scal e wheel - br eaki ng
possi bl e oven after the introduction of the daily wheel change in July 1944.

(b) The period of expansion.

Bet ween July and Novenber 1944 the nunber of conputers increased from4 to
about 16 a watch, and the nunber of Colossi fromthree to six, of which three were
fitted with a rectangling device. New Garbos, Mles and arrival termnals from
Knockholt were installed in Bl ock H which opened in Septenber and housed all wheel -
breaki ng operators fromthe mddl e of Novenber onwards.

From August onwards extensive rectangling was rarely applied to any particul ar

day' s nessages. A few |l ong tapes on each day were rectangled and it was assuned
that when the dottage was high and the interception good the
rectangl e woul d be significant. Col ossus work on significant rectangles largely

repl aced the nore | aborious nethod of the conditional rectangle, and fromthe end of
August a machine and a man to supervise operation could be spared nost of the
tinme.

Fromthe mddl e of Novenmber 1944 to May 1945 t he nunber of machi nes and trained
staff continued to increase, and about 15 sets of wheels broken on rectangl es each
week. In 1945 there were about 15 Conputers per shift, whose nain job was to
converge rectangl es on paper. The head of Conputers was
call ed the Rectangl es Registrar. A man, called the Wieel Man (W) was in charge of
wheel - breaki ng operators and there were other nen call ed wheel - breakers, each of whom
t ook charge of one wheel -breaking job on a Col ossus.
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(c) Checking of tapes .

Needl ess to say the long tapes ordered on A (or B) procedure for rectangling
needed to be particularly carefully checked. Therefore they were checked by us
agai nst The Red Form as described in Ch. 35. However, after Knockholt had been
supplied with a hand counter in Autumm 1944, There were so few m stakes that we
st opped checking the tapes in Bletchley.

36B  RECTANGLES AND CH 2 CAP RUNS

There were four nethods of rectangling, decried in ch. 24. Priorities were
decided by intelligence value, length of tape, supporting tapes and many ot her
consi derations. Tapes were often rectangled in parts, in case of a slide in the tape.
The Sumtheta(i,j)”2 test was done when the Col ossus had the required neter.

In addition chi 2 cap runs were done on each third and the whol e of each
nmessage rectangl ed.

If X >7(tau)”1/2 the WM mght start Col ossus chi-breaking at once, before the
rectangl e was conver ged. If 5.6(v)"1/2<X<7(tau)”1/2 the rectangl e was gi ven
priority. Very rarely the chi 2 cap run revealed a slide in the tape.

(See RS p.98.)

36C TI MES

Here are the average times in hours for various processes and over various
peri ods. The unbracketed figures are for high priority and bracketed for |ow
priority groups.

1944 19145 1945

NOV-DEC  JAN-FEB  MAR- APR
Tine of interception-Arrival in Bl ock H 39(56) 29(41) 25(30)
Tinme of arrival - Issue of rectangle 5(6) 3(5) 3(4)
| ssue - Abandoni ng 21(26) 11(12) 12(14)
| ssue - Significance 11(13) 9(8) 7(12)
Conpl etion of wheels on Col ossus 31(27) 15(14) 13(11)
W.S. 33.
Serial No. Date TS TE. Lath.
R/F. Checked
Remake
Ops.
Rectangle
Converged
Significant
Returned to Ops
Action

Rectangl e card used by H Registry.
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37 NMACH NE SETTI NG ORGANI SATI ON

(a) Ops
The follow ng were housed with the Duty Oficer (D.Q)
(i) The Runs Registry, which organi sed jobs for Robi nson and Col ossi .
(ii) The Tapes Registry, which organi sed jobs for the Tunny Roons.
(iii1)The Logs Registrar, who nmaintained |liaison with the Joint Registry

(Roons 11 and 12) and the T-Registry (which was the Bl ock H branch of the
Joint Registry - see Ch.34) see also Fig.37 (I).

Co LS |
b F.

Funeriond oF

Rada i Twg Owd, Ruml‘g
oy

Fig, 31{1]
In addition there was an H registrar who warn effectively the Bl ock H
representative of the Runs Registry.

The Runs and Tapes Regi strars issued chits with every job ordered. These chits
contai ned accurate descriptions of the job required and were returned with the tapes

when t he j ob wasconpl et ed.

When t he Col ossus tapes were returned fromthe Tunny Roomthe T.R checked that
they were correctly nmarked, had an adequate join, and stop and start signs in the
correct place. To ensure this the first fewletters of the tape were checked wth
those on the (ps. card. The tapes were then passed to the Runs Registrar.

After a successful setting job the tapes were returned to ps with a decode
check or de-chi check and Delta-D letter count. If the job was partially successful a
Delta-D letter count using as nmany wheel s as possible was provided. Wen a dossier
was given to the DO he ordered one of the follow ng: Further runs, Decode, De-chi,
or Abandon and returned the dossier to the runs Registrar.

The Registries had several additional jobs. For exanple the Tapes Registrar
kept an index of Delta-X5's so that any repetition of the same set of wheels could be

spott ed.

(b) Robi nsons and Col ossi

In June, 1943, when there was only one Robi nson avail abl e, each nessage tried
was a research job in itself, and every run
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was ordered separately by the Runs Registrar the Duty Oficer being consulted if
necessary. At this tinme the DO was responsible for all work on nessages tried in
the Newranry and it was in ps. that the psis were first set by hand i n Novenber
1943. After this there was an al nost i medi ate change of policy, Room 41 took over
the job of psi-setting by hand, and Robi nsons were used to set all five chis on as
many nessages as possible. This policy renained unchanged for al nost a year though
spasnodi c efforts at machine psi and notor-setting were nade.

The Newmanry noved to Block F late in Novenber, 1943: the first 'Heath'
Robi nson was repl aced by 2 production nodels and others came later. Colossus 1 cane
in February 1944 and runs on the new nmachi ne took so short a tine that it was
necessary to decide policy on the spot and a Col ossus nan was appoi nt ed.
Col ossi soon repl aced Robi nsons for setting purposes and the duties of the Runs
Regi strar were increasingly confined to issuing tapes to machines in the right order
and seeing that they did not stay there for too long. By the end or August no
Robi nsons and up to 4 Col ossi were used for setting.

As the nunber of Col ossi increased Wen operators were left nore and nore on
their own. A Col ossus man was al ways available for consultation, and the D.Q kept a
check on the accuracy of all Colossus work. FromJuly, 1944 onwards the D.O saw
every Col ossus dossier as it returned to ps. and took over the responsibility for
abandoni ng messages and orderi ng de-chis.
This had previously been done by the Col ossus nan.

By Novenber, 1944 nmany new Wens were working Col ossi on their own and
considerabl e tinme was being wasted. E ther too nmany runs were done, or so few that
further runs had to be ordered by the DO For this reason the runs normal ly done
were standardised, the 'trees' or runs schedul es varying according to the type of
| anguage and Iimtation expected. Departures from
schedul e were only nmade in consultation with the Col ossus man. The new 'rules' had a
remar kably good effect and were interpreted in an increasingly |iberal way.

In the Summer and Autumm of 1944 there was so nuch chi- setting to do that ps
runs were not done. But in Novenber, when there were 6 Col ossi, Mtor and Psi runs
were done nore often, and after Decenber 25th it becane a routine to do themon | ow
dottage days. From March 5th, 1945, a new policy of setting
nmotors and psis on Col ossus in every possi bl e case was adopted, exceptions only
occurring on days of high dottage, or days for which nmotor patterns were not yet
broken. Wens soon picked up the technique and were able to do notor and psi runs on
their own. The machine resources in 1945 are given in part 5.

(c) Odering

The D.O was responsi bl e for know ng what wheel - breaki ng was in progress,
whet her on significant rectangles, key, or crib. As soon as it appeared likely that a
day woul d cone out, the D Q (in consultation with the WM or head of Room 41)
asked the CQ to order the traffic from Knockholt on G procedure,
and recommended what ever priority and procedure seened to fit the general priority of
the link, date, estimated dottage, and estimated time of conpletion of the wheels.
The priority of the wheel day was assigned by the morning neeting if it was being
wor ked on when this took place : otherwise the priority had to be decided fromthe
general priority list or in consultation with Hut 3 (See 33A).

(d) Further Runs

VW referred in 37(a) to 'Further Runs'. These were of 5 main types.
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(1) Correct Runs, where incorrect runs had been done before.
(ii) Mre runs, runs with spanning etc

(iii) Mtor and Psi runs, either imredi ate or del ayed. Messages set on all chis
bef ore notors were broken were de-chied, but those set strongly on some chis
only, were held for 'delayed notor runs'

(iv) 4-wheel runs (see 23H(c)). These were done on | ong messages for which nor ma
nmet hods gave no result, if and when there was machine time to spare.

(v) Runs on a Doctored tape i.e. a tape altered to counteract a nmessage slide
di scovered by spanni ng on Col ossus.

In all cases it was best for the DDO to wite out quite precisely what he
wanted done. As it was often necessary for the D.Q to calculate the expected score
of a notor run in order to decide if it was worth while, many notor runs were issued
with E'S. worked out.

Further runs fell naturally into two categories: Runs strongly expected to

succeed and runs done because insufficient work had been done to justify abandoni ng.
The first category was marked so that the R R could give it suitable priority.

(e) Hut 3 Priority Messages

When Hut 3 believed that messages were of special urgency, the C O was sent a
chit, requesting that it should be marked zZ, 72z, or ZZZ. |f the tapes had not been
set the request was passed to the D.O and Logs Registrar. Al docunents were marked

with the priority sign and treated specially. |If other work was plentiful, Z and ZZ
nmessages were run rather nmore fully than other tapes. |f already abandoned when the
request arrived, a rewite was ordered, and run fully. 4-wheel runs were not done.

ZZ had priority over Z ZZZ priority was only ordered in special cases. Al possible
runs includi ng 4-wheel runs were done at once on the first tape and a rewite was
ordered. Al runs including 4-wheel runs, were repeated on the rewite.

(f) Routine checks for machi nes

(i) Chi test runs and tapes

Before the first de-chi on a new key day was ordered by the TR, a chi test
tape was ordered from Tunny. This was sent to a Col ossus on whi ch the new chis had
been set up, and chis and test tape were checked agai nst each other by addi ng them
together. Test Runs were then done on this Col ossus and one other, and if
they agreed several copies were nade and stuck in each Col ossus wheel book

(ii) Psi rest Runs and Tapes

Psi test tapes were nade (with suitable limtation) as soon as psis and notors
were known. The routine and uses of psi test runs and tapes were simlar to those for
chi test runs and tapes.

(iii) Routine Tests .

Aroutine test (using a general test tape) was carried out on two Col ossi per
shift. The test took about 20 m nutes and was done by Wens specially trained by the
Engi neers.
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38 - WHEEL- BREAKI NG FROM KEY, ORGAN SATI ON

(a) Devel opnent

In the early days of Tunny work when all nonthly keys were broken on dept hs,
the recovery of wheels fromkey was undertaken in Major Tester's section, either by
nmeans of special methods avail abl e before the (EP systemwas introduced, or by 'old
Fashi oned Turingery'.

After P5 linmtation was introduced on nmost of the links normally tried
(Decenber, 1943) depths were still occasionally anagrammed on any others that stil
used X2 lim Some nonthly keys were broken in this way, but hand nethods as
practised in Room4l were rarely strong enough to break wheel s from key of
under 400 letters. Very long key was sonetines broken on Col ossus.

No great advances were made until the autumm of 1944 when X2 PSI1 [imtation
gradual |y replaced X2 P5 and X2 limwas reintroduced on several inportant I|inks.
After the start of the daily key change (July, 1943) it was policy to try as nany key
days as possible and it becane necessary to devel op qui ck and powerful nethods on
shorter lengths of key. First the Delta-X5 flag was invented and introduced, the
Modern Turingery (with decibans) and later 6 - inpulse Turingery for X2 limtation

Therefore, by 1945, the resources and staff enployed in the breaking of chis
and psis fromdepth key had expanded outsi de Room 41 and included sone or all of the
fol |l owi ng: -

A skilled key-breaker in Room 41 (and assistant)

The Weel sman

The Rectangl es Registrar and up to 6 conputers.

1 Garbo, 1 handperforator and operators in Room D

1 Col ossus with wheel breaker and 1 or 2 operators to
assi st him

(b) Wrk in Room4l

Wrk on Turingery in Room41 involved very little organisation as each job
was undertaken by one man with occasional help froman AT.S

Certain nmenbers of Room 41 took a particular interest in key-breaking and
specialised in the work. Mdst of the ol der nmenbers coul d undertake the job in the
absence of the specialists, and newer nenbers were gradually trained when it appeared
that two key-breakers on each shift mght be required.

Unfortunately the specialist key-breakers did not work on a three shift basis
and were by no neans al ways avail abl e. However they were always willing to work
doubl e shifts and odd shifts when there were inportant key-breaking jobs to be done.

(c) Making of Conbi ned Fl ags.

The flaggi ng of such rectangl e was done by one conputer, and one conputer was
enpl oyed in adding the flags together, so that 5 or 6 conputers worked at once.

It proved profitable for the conputer adding the flags to record entries of
each flag on a | arge sheet.
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and then to add them Therefore whenever a fewlines of a single flag were conpl eted
they were torn off and given for entering to the conputer in charge of the adding.

The time for naking a conbined flag was about 3 1/2 hours.

If the converged conbi ned flag proved significant the Delta-X5 pattern was
taken through the rectangles and the resulting scores for each character sent to Room
41 with the flag scores for each character of Delta-X5

Results were recorded and further work was normally done in Room 41, unless the
key was issued to Col ossus.

If the conbined flag proved insignificant, all working and entering was
rechecked by the wheel sman and if no m stakes were found either

(a) t he key was abandoned
(b) a Delta-X4 flag was made,

(c) the key was issued to Col ossus for convergence of a 150 x 150
rectangle in the hope that this mght prove significant.

In view of the work involved in naking a conbined flag and the strain on
conputers, experinents in naking the flag mechanically started in 1945. These were
never successful enough to produce new operational technique and are described in an
appendi x.



Part of the "General Report on Tunny", the Newmanry History, formatted by Tony Sale (c) March 2001

39B Page 295

39 - LANGUAGE METHODS

39A d ROULATI ON

CGrculation of material in the Testery was arranged from Room 12 with the hel p
of the de-chi clerk (in Room41l) who kept trace of material in Room40 and 41 and the
Supervi sor, who kept track of material in the decoding room Documents for
each nessage worked on in the Testery were circulated in an envel ope whi ch incl uded
the Red Form (but not the tapes). Wen the nmessage had been decoded, it was returned
to Room 12:

39B CRYPTOGRAPHY

(a) Commitnents

Cyptographers in the Testery were divided into two roons, the so-called
Breakers in Room 41 and the so-called 'Setters' in Room40. Room 41 nunbered 5 on a
shift plus 4 on permanent days, and Room 40, 8 a shift. Room 41 contained the
nore experienced men and the Head of Room 41 was responsible for all work in the
section, on his watch.

The growth of the Testery and the division of work has been established in 14A(
b). The purpose of this chapter is to describe the organisation in 1945 when there
were two maj or cryptographic comitnents.

(1) Recovery and Sol ution of Key from Depths.

(ii) Psi and motor setting froma de-chi by hand or with the hel p of Dragon.

(b) Depths

Possi bl e depths noticed at Knockholt were teleprinted at once, not nore than
1000 letters being sent. Wien the interception registers arrived in Room 12 they were
carefully examned and a |list of other possible depths sent to Knockholt.

(c) De-chis

Before being issued to the Head of Room 41, the annotations "Pause", "Auto" and
"Hand" were copied by the de-chi clerk fromthe Red Formon to the de-chi. The head
of shift saw that the de-chis were worked on in a suitable order and that
psi breaking jobs were given suitable priority. Various aids to de-chi "breakers
existed in the formof decodes and abstracts of nessage characteristics.

De-chis were passed to Room 40 when sufficient P and PSI had been obtained to
set or break the psis at sone point in the de-chi. Room 40 found the settings for the
start of the nessage and worked out sufficient extended psi to set the notor or break
the notor patterns. In the nost favourable circunstances jobs took 20 mnutes and 1
1/2 hours respectively, but nore usuallyrather |onger ow ng to unfavourabl e notor
wheel s or slides in the text. Messages with X2 limtation were sonetines set at the
position of the Room 41l break and worked back on a specially
adapt ed machi ne.

De-chis worked on in Room 41 without success and any unworked setting de-chis
on | ow dottage days could be sent to Dragon, which was under the control of menbers
of Room 41l. Wien ???19 it was general practice to send all de-chis to Dragon. A few
de-chis were returned to the Newranry for notor runs.
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39C DECODI NG

Decodi ng Resources consi sted of a Supervisor; 13 machines 10 operators and 3
engi neers on each watch. There were occasional interchanges of staff wth
Room 40.

(a) Supervisor

The Supervisor registered nessages to be decoded, and issued themto nachines,
whi ch had to be set up so that nessages could be dealt with, with suitable priority.
The supervisor verified fromthe decodes on their return, that the machi nes had been
set up correctly on all inpul ses.

(b) Qperators

Operators needed to be touch-typists and to be able to recognise P and to be
trained sufficiently in Tunny to sol ve m nor breakdown probl ens. Mj or breakdowns
wer e passed back to Room 40

In the later stages, tape decoding was introduced. It was found to be much
faster than hand decodi ng on | ong nessages, but slower on short ones. Corrupt
nmessages were better dealt w th by hand net hods.

Rewrites of poor or unreliable cipher text could be obtained through the C QO
from Knockhol t, and when necessary a slide run on approxi mate chi-settings coul d be
done in the Newranry.

(c) Machi nes

In the early days decoding had to be interrupted for short periods while
repairs and adjustnents were carried out.

The nunber of nachines steadily increased to the final total of 13 and during
the last 12 nonths or so, it was possible to have the engi neers working on the
machi nes which were not actually required for current work.

39 | SSU NG

The Oribs Watch was created, to read decoded naterial "en passant”, and
contained 5 Gernman linguists covering three shifts.

Its duties were:

(1) To pick out possible retransm ssions frominconpl ete decodes still on
the machi nes, to assist operators in correcting breakdowns by suggesting
probabl e clear text, and to expedite the issue of particularly urgent
nessages.

(ii) To check the general accuracy of conpl eted decodes, and to route the
different messages found in each decode, to the appropriate actions.

(iii) Later, to reread the duplicate copy of each decode (returned from Room
12) with the object of marking any infornmation of interest to Sixta and of
informng M.Page's section of any possible cribs.

(iv) To sort amended and typed decodes fromHut 3 and extract and file
exanpl es of routine messages for the benefit of Room 41.
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41 THE FI RST BREAK

41A EARLY TRAFFI C
(a) Afirst analysis

The first messages on the "Tunny" link ( the name "Tunny" was first given to
this traffic in the summer of 1942) to be studied cryptographically were sent out
shortly after the German invasion of Russia. They passed between Vi enna and At hens.
The Hel | schrei ber method of transm ssion was used, Sone earlier traffic, apparently
practice transm ssions, had been intercepted in May. This had been sent out in the
formof a five-unit code, so it was suspected that a teleprinter was being used. This
was confirnmed by a prelimnary examnation of the later traffic, which showed that an
al phabet of 32 characters was bei ng enpl oyed. These characters were the 26 letters of
the normal al phabet, and the six extra synbols 3, 4, 8, 9, + and /.

Each nmessage began with a clear preanble in which there appeared first the
serial nunber, repeated several tinmes, and then a set of 12 letter, in the form of
name (Anton, Bertha etc.) which was clearly a 12-letter indicator. The synbol 9 was
used as a separator in this preanble, and a group of five 9's separated the clear
preanbl e fromthe cipher text. Imrediately after the cipher text there appeared a
sequence of 8's. The serial nunmber was given in letter formby means of a sinple
keyboard substitution the digits 1,2,3,4,5,6,7,8,9,0, being represented by the
letters QWE RT,Y,U1l,QP, respectively.

(b) Meanings of teleprinter letters

On the assunption that a tel eprinter machi ne was bei ng used, two probl em
presented thensel ves. First, was the correlation of the 26 letters of the nornal
al phabet with teleprinter signs the sane as that of the international convention, and
second, what teleprinter signs corresponded to the synbols 3,4,8,9,+ and / ?

Bot h these questions were answered by the study of a a series of corrupt
nmessages which were sent out on July 22nd. Only sixteen different letters appeared
in these nessages, and those letters of the nornal al phabet whi ch appeared were those
whose first inpul se was conventionally a dot. dearly, owing to sone fault in the
machi ne, the first inpul se of each letter had been transmtted as dot, even when it
shoul d have been cross. This effect finally confirmed the hypothesis that a
tel eprinter machi ne was being used and answered the first of the above questions in
the affirmative.

The second probl ens was then solved by a study of the corrupt clear preanbles.
For exanple the sequence a H/ | NRI CHand TH/ O3 OR would be recogni sed as
corruptions of HEI NRI CHand THE OD O R respectively. Hence it would be
deduced that for each of the pairs (E /) and (D, 3) the teleprinter signs differed
only in the first inpulse. But by convention Eis (x....) and Dis (x..x.). Hence it
was deduced that / corresponded to the teleprinter sign (..... ), and 3 to the
teleprinter sign (...x.). By this sort of argunent the teleprinter sign
corresponding to each of the letters 3, 4, 8, 9, + and /, were detern ned.

41B TUNNY SHOM TO BE A LETTER SUBTRACTCR

The next advance to be made was the denonstration that the cipher was a letter
subtractor cipher, and the determ nation of the [aw of addition used.

This was nmade possi ble by the occurrence of a nunber of "depths of two", that
is, of nessages having the sane 12 letter indicator, usually the two nmessages of such
a pair were consecutive, as though an operator had failed to reset his nachine
bet ween the two nmessages, but instead had nade use of some device for returning al
the wheels to their starting points.

The sinpl est assunptions to make seened to be that a letter subtractor cipher
was bei ng used. The |aw of addition was fairly
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easy to guess and was guessed correctly.

It was argued that if a pair of nessages (a,b,) with the same indicators were
really in depth, the sumof the two cipher nessages nust be equal to the sumof the
two clear messages, it being assumed that the cipher was a | etter subtractor

Now when the suns Za + Zb were formed for a nunber of depths of two it was
noticed that some pairs of thembegan with the same sequence of five or six letters
This was regarded as a proof of the assunptions that had been nmade, nanely that the
cipher was a letter subtractor, and that the | aw of addition had been inferred
correctly. The effect would be expected to arise if stereotyped begi nni ngs were bei ng
used.

The proof was conpl et ed when about 15 letters of one of the depths were
decoded. Wen a group ++zzz88, whi ch had appeared occasionally in clear preanbles
was tried as the clear of one message, the clear of the other nessage, canme out as
the first letters of the word SPRUCHNUMMER (serial nunber).

41C A DEPTH READ

(a) Problens of depth reading

The first attenpts to reconstruct |ong key-sequences fromdepths of two were
failures. Depth breakers then had no previous experience of the traffic, and so
dept h breaki ng was much sl ower and rmuch nore difficult than it was in |ater years.
Apart fromthis there was one very serious obstacle in an anbiguity which is
i nseparabl e froma depth of two.

For in the process of depth breaking the first step is to construct the

sequence Za + Zb , and then to express this as the sumof two passages of plain
| anguage, which are assumed to be Pa and Pb . But there is usually no way of telling
whi ch of the passages is Pa and which is Pb . It can be done when cribs to the

nmessages are known; for exanple, as in the early days when the serial nunbers were
given both internally and externally: and it can al so be done when the decodi ng
process is carried on to the end of the shorter nessage, for then the cl ear nessage
whi ch comes to an end nust be associated with the shorter cipher nessage. But it
cannot be done by the depth breaki ng process al one, without independent evidence.

In the depths which were first attacked, the clear |anguage obtai nhed was not
conti nuous, and the short sequences obtained could not be correlated with one
another, so the anbiguity arose fresh in each section

It is not surprising therefore that for sone tinme little progress was made with
the "Tunny" cipher. The construction of |ong pieces of key was very difficult, and
even when it was possible the results were not uni que.

(b) The depth "HQJ BPEXEZMJG'

On 30th August, 1941 the German ci pher operators cane to the rescue.

On that date two very |ong nessages, wi th the sane indicators HQY BPEXEZMJG wer e
sent out fromthe sane end of the link. Wen a depth was broken into, it was found
that the messages were essentially the sanme, but the spacing, the ms-spellings and
the corrections were different. Evidently the sane message had been typed out twice,
by hand. As a result the two versions, at the same nunber of letters fromthe
begi nning, would be at slightly different places in the true
text of the nmessage. This divergence increased slowy, until at the 3,976th letter
where the shorter nmessage canme to an end, it had increase to nore than one hundred
letters.
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This depth was nuch easier to read than the earlier depths had been, for at
any stage the next letter of clear |anguage in the | ess advanced message coul d be
predicted fromthe clear |anguage al ready derived for the other. The nmessages were
in fact decoded over the entire length of the shorter nmessage, so that the anbiguity
in the key was resol ved. The practice of giving the serial nunber
externally and internally had ceased sone weeks previously.

Fromthis depth a |l ength of subtractor key of 3,976 letters was reconstructed
(with a fewof the letters doubtful, of course). During the renaining nonths of the
year 1941 the Research section were engaged in attenpt to analyse this key, and so
di scover the nature of the nachine which had produced it.

The Germans nmay have noticed this breach of security, for the traffic al nost
stopped for a few days, and no nore true depths are on record for the remai nder of
1941.

(c) Near-depths

Besi des the depths in July and August there were a nunber of "near-depths”
These were pairs of messages sent out on the sane day whose indicators differed only
in one or two letters. One pair whose indicators differed only in the first letter
was decoded successfully for 20 or 30 letters on the assunption that the two
subtractor keys differed only in the first inpulse. Then another pair whose
indicators differed only in the first two letters was decoded for a dozen or so on
the assunption that its two subtractor keys differed only in the first and second
i mpul ses.

It was deduced fromthis that the first letter of the indicator affected only
the first inmpulse and the second letter only the second inpul se of the subtractor
key. No further positive infornmation was obtai ned fromnear-depths at this stage.

Mention shoul d al so be made of sone pairs of messages having the same
indi cator, but not sent on the same day. Al attenpts to decode the begi nni ngs of
these pairs fail ed.

Wth luck, we mght have had at this early stage a near depth whose indicators
differed only in one or two of the last five letters. Such a depth, we now know,
shoul d have given very inportant information. However no such depth seens to have
been intercepted until March 1942, except for a hopel essly corrupt one in the January
of that year.

41D KEY ANALYSED

(a) Study of Indicators

For a long time no progress was nmade in the analysis of the subtractor key of
the depth HQI BPE XEZ MUG This was due to concentration on a hypot hesi s now
known to be wong - that each inpul se was the sumof two or nore periodic conponents,
the periods being small.

In fact the only positive information obtained during the rest of 1941 was
obtai ned by a study of the indicators used. It was found that, in any particul ar
month, there were two letters (apart fromJ) which could not appear in the twelfth
pl ace of the indicator. This pair varied fromnmonth to nonth. One other fact
about the indicators was established: the letters nost frequently used were those in
the mddl e of the al phabet, and those at the ends of the al phabet were conparatively
rare.

The reason for the latter effect renmains obscure though there
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is no doubt that it is only a psychol ogical one, and is not necessitated by the
nature of the machine and of the indicator system The first effect suggested that
the last letter of the indicator controlled the setting of a wheel of

period 23.

(b) Chis, Psis and extensions.

The first success in the analysis or the key was obtained towards the end of
January 1942 when it was found al nost accidentally that many repeats occurred in the
first inmpulse of the key at intervals which were multiples of 41. This suggested
that this first inpulse was the sumor a periodic sequence (of period 41) and of an
aperi odi ¢ but non-random sequence. VW& here denote the periodic sequence by X and the
non- peri odi ¢ sequence by PS|

In order to reconstruct the sequences X and PSI , the first inpulse was witten
out on a width of 41, and for each set of five consecutive colums a count was nade
of the five consecutive characters whi ch occupi ed these colums. Wen two such
counts were nmade it was found that they were closely related; by adding a constant
set of five consecutive characters to each of the five character sequences in one of
the sets of columms, the frequency count of this set could be brought into close
agreenent with that of the other. It was found that these constant five-character
sequences coul d be so chosen as not only to bring all the frequency counts into good
agreenent, but also to fit together in their proper order to forma periodi c sequence
of period 41. This sequence was denoted by X and the result of adding it to the
first inpul se was denoted by PS

When PSI was examined with the object of determning its non-random properties,
the followi ng "local" peculiarities were observed: -

(1) Consecutive signs in the sequence PSI tended to be equal
In fact there was equality in about 3/4 of the cases.

(ii) The sequences .x. and x.x were significantly rare in PS|
even when the result (i) was taken into account.

It was then seen that the X pattern coul d have been reconstructed by
considering only pairs of consecutive colums in the rectangle, and that the power of
the net hod was not appreciably increased by taking five colums rather than three.
When the nethod cane to be applied to other depths, the counts were
therefore made on sets of three consecutive col unns.

The nost striking property of PSI, was that it was roughly periodic; it could
be regarded as a periodi c sequence of period 43 which had been "extended" by
repl aci ng some dots by sequences of two or nore consecutive dots, and sonme crosses by
sequences of two or nore consecutive crosses. The PSI sequence was evidently
generated by a wheel of period 43 which sonetines noved on one place, and sonetinmes
stayed still when the ci pher machi ne noved fromone of its states to the next.

VW may here introduce a slight change of notation. The extended key whi ch has
been called PSI is now denoted by PSI' and the synbol PSI is used for the periodic
sequence fromwhich it is derived by extension

V& have now reached the stage at which the first inmpul se was shown to be the
sum of a periodic sequence X of period 41, and an "extended" sequence PSI' derived
froma periodi c sequence PSI of period 43. An anbiguity arose here, for the pattern
of X and PSlI could both be reversed (by replacing dots by crosses, and crosses by
dots) without affecting their sum but this was evidently of very little inportance.
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The | aw governi ng the extension of the sequence PSI was still unknown.

The four inpul ses of the key were next attacked, and they were successfully
broken down into X and PSl patterns, just as the first inpulse had been. In these
cases the periods of the X wheels were found by booking 7-sign repeats in the first
few hundred pl aces of each inpulse, factorizing the intervals and sel ecting the nost
common, fairly large, prime factor. The periods were found to be 41, 31, 29, 26, and
23 for X1, X2, X3, X4, and X5 respectively, and 43, 47, 51, 53 and 59 for PSlI1, PSI2,
PSI 3, PSI4, and PSI5 respectively.

(c) The Motor

The next problemwas to determ ne the | aw governing the extensions of the PS
patterns. This was attacked by neans of the concept of the "notor-key".

The notor-key was defined as a sequence of dots and crosses of which each sign
was associated with a particular pair of consecutive signs of PSI' , and such that
the nth sign of the notor key corresponded to the pair forned by the nth and (n +
1)th signs of the extended PSI key. W en two consecutive signs in PSI' correspond to
the same positions of the PSI wheel the correspondi ng notor-key
sign was defined to be dot, and when two such signs corresponded to different
positions of the PSI wheel the corresponding nmotor key sign was defined to be a
Cr 0ss.

The notor key corresponding to a particular inpulse could only be determ ned
partially fromthe corresponding PSI' key. Wen for exanple a block of 3 consecutive
crosses in the PSI wheel was represented by a bl ock of 5 consecutive crosses in PSl'

, it was possible to say that just two of the pairs of consecutive crosses in this
bl ock corresponded to dots in the motor key, but it was not possible to say which two
of the four such pairs these were

A pair of consecutive different signs in PSI' necessarily corresponded to a
cross in the notor key, but the position of a dot in the nmotor key could only be
fixed, when it corresponded to the extension of a singleton dot, or cross, in the PS
pattern. As there were very few singleton dots, or crosses in the PSI patterns, very
few dots could be fixed in the nmotor key. Sonetines a group of several consecutive
dots, or crosses, in the PSI key would not be extended at all: each sign in the notor
key corresponding to a pair of signs in this block could then necessarily be a cross.

A notor key determned froma PSI' key therefore consisted of a nunber of
i sol ated groups of one or nore crosses, together with a few groups consisting of dots
fl anked by crosses. These groups woul d be separated by interval s whose | engths
varied fromtwo places up to eight or nine. In each such interval the nunber of
dots, but not their distribution, would be known.

A study of the indicator had suggested the hypothesis that the notor keys of
the five inpul ses were identical. For since the first and second indicators affected
only the first and second inpul ses respectively, it was supposed that each indicator
letter gave the setting of a particular wheel in the nachine. W have already
menti oned the evidence that the twelfth indicator letter gave the setting of a wheel
period of 23. This wheel could now be identified with the fifth X wheel. It seened
probabl e therefore that the first five indicator letters corresponded to the five PS
wheels in order, and the last five to the five X wheels in order

This left only the mddle two indicators to govern the notor key. (This would
expl ai n why near depths differing in this pair of indicators have proved
unbr eakabl e.)

But five independent notor keys should need at |east five
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indicators. Hence there was probably only one notor key, controlling all five PS
wheel s.

The five partial nmotor keys, obtained fromthe five inpul ses, were therefore
conpared, and it was found that the assunptions that they were all partia
descriptions of the same fundanental notor sequence led to no inconsistencies ( or at
any rate to no nore inconsistencies than could be expl ained by rare corruptions
inthe text). The five motor keys were accordingly conbined to give the true notor
key. Even this was not free fromanbiguities, but nost of its signs were fixed.

The Research Section now tried out a nunber of hypotheses on the notor key,
wi t hout success, until it was noticed that the key was nearly periodic. It was then
found that it was derived froma truly periodic sequence, of period 37, by a system
of extensions just as the PSI' keys were derived from peri odi c sequences.

The pattern of the 37 wheel was readily determ ned, as was the | aw governi ng
its extension. For the "notor-key" governing the nmovenent of the 37 wheel was sinply
a sequence of dots and crosses of period 61.

41E TWD MCRE DEPTHS

The crypt ographi c problempresented by the depth HQlI BPEXE Z MU G had
now been conpl etely solved. The next problemwas to find what changes were nade in
t he machi ne between the enci phernment of different nessages. For exanple, could the
wheel patterns be changed, if so how often were they changed? Again, could the actua
order of the wheels be changed, so that say, the 41 wheel becane the X wheel of the
3rd. inpul se?

The first attack on this probl emwas nade by attenpting to set messages of 30th
August 1941 and ot her dates close to this, on the set of wheels found for HQI B P E
XEZMUG taken in the sanme order. In this way it was hoped that the period of
ti me over which these wheel patterns, with this wheel order were
valid could be determ ned. But these attenpts at nmessage setting all failed. An
attenpt was then nade to set a depth of July 3rd, the indicator letters of which were
DKTNFQGWAOSH This depth was usually referred to as "Waosh". Now that a
good know edge of the type of plain |anguage used in the traffic had
been obtained fromHQI BEEXE Z MUG and nowthat it was known that keys coul d
be broken, depth breaking becane a much nore rapid and successful process than it had
been in July and August, 1941. Two passages of the depth were read, one about 500
letters long, and the other about 300 letters long, and two possi bl e subtractor keys
wer e obt ai ned from each passage.

These possible keys were submtted to the anal ysis that had succeeded in the
case of HQIl BEEXEZMUG , but the colums were now counted in three, rather
than fives. The alternative which seened to give the nost significant results in the
fifth inmpulse, on a width of 23, was retained in the case of each of the passages
that had been read. The information given by both passages was now conbi ned, and the
fifth i mpul se was successfully broken up into a X key of period 23, and an extended
PSI  key of period 59. The anbiguity in the key was now elimnated for all five
i mpul ses. The anal ysis was now applied to the other four inpulses on the assunption
that the wheel order was the sane as in HQIl BEE XE Z MU G and successf ul
results were obtained in each case. No difficulty was then found in the
determ nation of the nmotor key.

It was found that the patterns of the PSI wheels in WA OSH were identica
with the PSI wheel patterns of HQI BPEXEZ MUG but the patterns of all the
ot her wheel s were different in the two depths.
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Next a depth of July 21st with indicators KOWP AENGF QB Z was
successfully attacked. Al the wheel patterns of this depth, with the exception of
these of the two "notor" wheels ( with periods 37 and 61 were the sane as in WA O
S H but these two patterns were different.

From these depths the fol |l owi ng concl usi ons coul d be drawn:
(1) The order of the wheels was fixed.

(ii) The PSI patterns remnai ned unchanged over periods which
coul d exceed one nont h.

(iii) The X patterns remain unchanged over periods of
many days.

(iv) The patterns of the notor wheel s were changed
conparatively frequently.

It could now be assuned that one reason why the attenpts to set nessages not in
depth had failed was that the wong notor wheel patterns had been assunmed. The
attenpts were now resumed, but no assunptions were nade about the notor patterns
Messages intermediate in time between K OWPAENGFQBZand WA OS Hwere
taken, so that there could be no serious doubt about the pattern of the X and PS
wheel s.
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42 EARLY HAND METHCDS

42A FI RST EFFORTS AT MESSAGE SETTI NG

The theory of nessage setting which was attenpted in March, 1942, after the
breaking of the first three depths is sinple. 1t had been observed fromthese, and
fromdepths that had only been decoded for a fewletters, that nost messages
contained the group SPRUCH9+ + or SPRUCHNUMMER 9++ either right at
t he begi nning or el se preceded only by such groups as 89. or + +222889. |In
nost attenpts at nmessage setting therefore, the groups SPRUCHNUMMER9 + +
or ++272272728898SPRUCHWre assuned as the clear |anguage in sone position
near to the begi nning of the nessage. After the group 9 + + the serial nunber of the
message would be given in letter form Wen this was also given in the clear
preanble the crib could be extended a little if necessary. (This practice of giving
the serial nunber in clear soon ceased.)

By addi ng the assuned cl ear | anguage to the cipher text, a length of about 15
letters of possible keys was obtained. Each inpulse of this was treated in the
following way. First the corresponding X wheel was added in all possible settings,
and then attenpts were made to fit the PSI pattern, suitably extended,
to each of the set of sequences of dots and crosses thus obtained. Usually there were
two or three sequences which could be interpreted as extended parts of the PS
patterns.

The possibilities were linmted by the nature of the PSI patterns, which
contai ned so few singleton dots or crosses. A sequence containing several singletons
could be rejected at once.

After this process had been gone through for the five inpulses the results were
conpared to see if the same notor key could be fitted to five of the possibilities,
one in each inpulse. If so, a possible setting or the 10 X and PSI wheels had
been obtained. It was finally tested by an attenpt to decode nore of the nmessage.
This test depended on the principle that a nmessage can be decoded even when the notor
key' is unknown, provided that the other ten wheels are correctly set. For suppose
we have decoded a nessage up to the nth letter. Then there are only two
possibilities for the nth sign of the notor key, nanely cross and dot, and the (
n+l)th sign of the subtractor key can readily be cal cul ated for each possibility. By
appl ying these two subtractor letters we get two alternatives for the (n+tl)th clear
letter, and considerations of sense are usually sufficient to decide between them
Thus the message can be decoded letter by letter, the nmotor key being built up sign
by sign at the sane tine.

For a long time the woul d be setters had no success, but at |ast came the great
day when the first single nessage was set and decoded.

By the end of April several other July nmessages had been set, and the Research
section was in a position to attack the July indicator system But then sone
nmessages were broken which were only about a nonth old. The nessage setters
t hereupon forgot all about July 1941 and concentrated on March, 1942.

42B NMACH NE BREAKI NG FOR MARCH 1942

(a) Depths in February

Interest in current traffic dormant for six nonths, revived at the end of
February, 1942. The Hellschreiber method of
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transm ssi on had now been superseded by tone transmssion in 5 - unit code; near
dept hs were once nore appearing. Many of these were corrupt, but the beginnings of
sone were decoded, and were shown to be of the sane stereotyped fornms as were those
of July and August 1941. Two or three hundred letters of one February depth were
read and an attenpt was made to break the nachine. This failed. A near depth of
March 3rd was passed over in favour of the February dept h.

(b) A depth of three

On March 29th, an unprecedented phenonenon, the interception of a depth of
three, occurred. Attention was imediately diverted to it. Reading in depth of
three was found to be very easy, and it was soon carried to the end of the shortest
of the three nessages (975 letters). It was continued for the other two nessages
without a break up to the 1060th letter. There was no anbiguity about the
subtractor key, as there would have been in a depth of two, and there was hardly any
possibility of corruption init, since all three nmessages were good, and since two
nmessages woul d need to be corrupt in the sane letter in order to produce an error in
the cal cul ated subtractor key. No better |length of key coul d have been desired, and
all the energies of the Research Section were thrown into the attenpt to break it,
but w thout success. Some evidence was found to confirmthe hypothesis that the

periods of the X wheels were the same as of old, but that was all. It was supposed
that the Germans had taken steps to elimnate the non-random characteristics of the
extended PS|I patterns. The Research Section did not manage to anticipate

Turing's Method of Key Analysis and work on the depth of three had to be abandoned

(c) A near depth of March 3rd

However, though depths could no | onger be broken, it was thought that a near
depth m ght prove vulnerable. For when a near depth can be read it gives not merely
one key, but two closely related, but different keys. Attention was therefore
transferred to the rather corrupt near depth of March 3rd. which has already been
ment i oned.

The two messages of the near depth had indicators which differed only in tw of
the last five letters, and therefore according to the hypothesis referred to in
section IV the only difference between the two subtractor keys was in the settings
of two of the X wheels.

The near depth was decoded for about 30 letters and the sumKa + Kb of the two
keys was determ ned. O osses (of course) appeared only in the inpul ses whose X
wheel s had different settings in the two nmessages. Both these inpulses of Ka + Kb
shoul d have shown the periodicity of the correspondi ng X wheels, and were in
fact found to do so, though the piece of pattern actually repeated in either inpulse
was of course very short. Hence, both these inpul ses were assuned to be X patterns

"differenced" at some unknown interval. By repeating the patterns the sequence Ka +
Kb could be extended as far as was desired. So fromthis sequence
and the cipher texts the sumof the two clear texts could be derived. Thi s sum was

attacked as in the breaking of ordinary depths, and two or three hundred letters were
decoded. So two alternatives for the subtractor key of either of the nessages were
worked out for this stretch of two or three hundred | etters.

Thi s success established the validity of the assunptions which led up to it.

At this stage then, not only were two alternatives for a length of key known
but also two X patterns differenced at unknown interval had been obt ai ned.
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(d) Chis and Psis conpl et ed

Fromthe X difference patterns, it was possible to determne the correct X it
patterns with sonme anbiguity. Actually each assunption about the unknown differencing
interval led to a different X pattern, but nost of these could be rejected as having
too many, or too few crosses. The justification for this lay in the fact that in July
and August 1941 the nunbers of dots and crosses in any X or
PSI wheel patterns had been made as nearly equal as possi bl e.

Those few possible X wheels that renained for one of the inpul ses were applied
in their proper settings to the alternative subtractor keys, and the resulting suns
were examned to see if they were nearly periodic. (ne of themdid indeed prove to
be an extended PSI key.

So the anbiguity of the subtractor keys was resol ved, and one inpul se of each
key was successfully broken down into X and PSI keys. By studying the PSI' key
inthe inpulse it was possible to decide, for very nmany of the subtractor letters
just how many PSI novenents had intervened between them and the begi nning or the
message. As the PSI novenment was the sane for all five inpulses, it followed that
for very many letters of the key, the settings of all the PSI wheels, relative to
their initial settings could be determned. This was done, and then the val ue dot
was assumed for the first character of the X wheel in another inpulse. Thi s
assunption was legitimate, since the patterns of both X and PSI wheels in any
i mpul se can be reversed without affecting their sum Then fromthe characters of the
key corresponding to the first position in this X wheel, a nunber of characters in
the PSI pattern were obtained, and put at their proper intervals in the PS
pattern, by the use of the relative settings.

From ot her key characters corresponding to these PSI characters, nore X
characters were found, and then by continuing this process the conplete X pattern
and PSI patterns were built up

Hence all the X and PSI patterns were determ ned and then the notor key was
anal ysed just as for July and August, 1941.

The nessage setting nethod was then applied to the Key fromthe depth or three
and this was successfully set on the X and PSI wheel s which had been derived from
the near depth. The notor wheels were however different.

(e) Value of a and b

When t he March wheel patterns were inspected it was seen that there were stil
11 dots in My 37( so that a = .703 since there was no linm and that the value of b
was about .7 giving ab = 1/2. These val ues nust be conpared with those for the
patterns for 1941 when a =.703 b < 1/2 so that ab was al ways
| ess than . 352.

The change in the value of b explains the failure of the old method of key
anal ysis on the key fromthe depth of three. It is worth noticing that the Tunny
machi ne woul d probably never have been broken if there had been no stretch of key
susceptible to the single inpul se anal ysis possi bl e when ab not = 1/ 2.

42C MESSAGE SETTI NG FCR MVARCH 1942

The success obtained with the near depth of March 3rd. confirmed the theory of
i ndi cat ors whi ch has been nentioned above. It was now taken for granted that the
setting of each wheel was
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controlled by a single letter of the indicator, that the first five letters of the

i ndi cator corresponded to the five PSI wheels, in order, and the last five letters
corresponded to the five X wheels, in order. The obvious assunption that the sane
indicator letter in the sanme place for two nessages neant that the corresponding
wheel had the same setting in both nessages was al so made. Justification for it
could be found in the fact that the last indicator letter was

restricted to the sane 23 val ues over the whol e of any one nonth, which seened to
show that there was no change in the indication of the fifth X wheel over this

peri od.

The nessage setters therefore restricted thensel ves to nmessages whi ch had for
two or nmore of their X and PSI indicators values which had appeared i n messages
whi ch were already set. The settings of the correspondi ng wheels coul d be assuned
known, and this greatly sinplified the process of nmessage setting described above.
In inpulses in which the setting of a X wheel was known, the crib, usually
SPRUCHNUMVER9++ coul d be tried in nmany different positions, and rejected at once in
sone of them Wen the X setting was known for two inpul ses, nost of the false crib
positions coul d be rejected.

The process of nessage setting was very successful, and with each success it
becane nore powerful, since the neanings of nore indicator letters were known. In
its later stages the settings of the majority of the wheels for the nmessage attacked
were known, and the process differed but little from ordi nary decodi ng.

The theory of the indicators was conpletely confirmed. The results, together

with those for April - the two nonths were soon being attacked sinultaneously - also
gave new i nformati on about the nmotor wheels. It was found that their patterns

changed every day but that the corresponding indicator system

that is the correlation of the indicator letters w th wheel positions, was fixed over

each nmonth. The 6th indicator letter controlled the 37 wheel and the 7th control | ed
the 61 wheel.

It should be noted that the cyclic order of the wheel settings corresponding to
the indicator letters was not correlated with the order of those indicator letters in
t he al phabet.

It was found that the X and PSI wheel patterns remai ned constant over each of
the nonths March and April, but changed between these two nonths.

42 D APR L 1942

(a) Breaking the wheels

(One or two depths were found in April, but no attenpt was rmade to anal yse the
keys obtained. The break into April was nade on a near depth of April 22nd. The
indi cators of the two nessages concerned were

MHSLPEI SVOI U
and
MHSLPEI .. Ol O

Two of the indicator letters in the second message coul d not be determ ned,
owing to corruptions. By a curious coincidence both were found, after the near depth
was broken, to represent different wheel settings fromthose used in the first
message. The fifth X indicator differed between the tw nmessages.
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It was clear at the beginning therefore that the two nmessage settings differed
only in the settings of the X wheels and further that the settings of the 3rd and
4t h wheel s were the same. Mreover the messages were stated in the clear preanbles
to be 3rd. and 2nd parts of messages (presumably the sane nessage) respectively.

From experience with the decodes of July and August 1941, and of March 1942 the clear
nmessages were expected to begin with

DRI TTEROTEI L9DES9SPRUCHES9
and
Z\WOTEROTEI L9DES9SPRUCHES9

or equival ent phrases, respectively.

The initial problemwas to find two such phrases whi ch when added t oget her gave
a result which agreed in the third and fourth inpul ses with the sumof the two cipher
nmessages. This probl emwas sol ved without difficulty and the wheel s
conpl eted. (The screed of the Research Section contains further details of this
job.)

(b) Setting

When t he wheel patterns had been obtained the April depths were set, and then
nmessages whose cl ear | anguage was unknown were studi ed. The process of message
setting was carried so far that the indicator systemwas conpletely
sol ved.

At this stage, early in May, 1942, it was possible to draw concl usi ons about
the periods over which the wheel patterns remained valid. It was found that the
patterns of the notor wheels changed every day, and the X patterns changed at
t he begi nning of each nmonth. The patterns of the PSI wheels, it was found, had
changed at the beginning of April, and they were constant over each of the nonths
March and April. But it was renenbered that the sane PSI patterns were used in
August as in July of 1941 so it was suspected that the PSI patterns were constant
over a period of several nonths. Three nonths seened a |likely period, since the
first set of PSI patterns had presunably conme into force at the begi nning of July
1941.

A curious difficulty arose out of the first letter of each message, which never

seened to decode according to the rules. This effect was not understood until the
studi es described in the next section had been nade.

42E THE | NDI CATOR METHCD

(a) Ceneral Tunny position in April 1942

The Research section had achi eved great success with the March and Apri
nmessages, The conpl ete decoding of all this traffic would have been possible if
sui tabl e machi nes had been available at the tine. (As a result, while this analysis
was proceeding, it was decided to have such nachi nes nmade; the
first one cane into operation at the begi nning of June, 1942).

But the nastery of the problemwas not so conplete as the March and April
success mght seemto indicate. No way of breaking a | ength of key, without
i ndependent i nformation was
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known, and the only independent information that would suffice seened to be a

know edge of one of the X patterns, or of a nunber of alternatives for such a
pattern. The only way of getting a length of key with this additional information
seened to be by the study of a near depth, for which the two indicators concerned
differed only in the last five letters. The Germans could not be relied upon to send
such near depths at the rate of one a nonth.

It seenmed possible that a pair of nessages whose indicators differed only
in one of the first five letters, so that only one PSI wheel was differently set in
the two messages, mght al so be breakable. However there was never any occasion for
the Research Section to attenpt the feat of breaking such a pair.

(ne possible line of research woul d have been the search for a new net hod of
breaking into a |l ength of key, so that wheel patterns m ght again be derived from
true depths. It was not until July, 1942 that such a nethod was di scovered, (by
Turing) .

Even such a nmethod woul d have been useless in the case of a nonth in which no
depth had been sent, and there had been several much nont hs.

(b) Idea of using indicators for breaking the wheels, My, 1942

The Research Section sought therefore for a method of machi ne breaki ng
i ndependent of depths. It seened possible that such a nethod coul d be devel oped from
a study of the indicators and first few cipher letters of a sufficiently |arge nunber
of messages. Even if the process was not carried on to conpletion it mght give the
pattern of a single X wheel and thus pernit the breaking of a nachine when a depth
was avail abl e.

A study of the May messages was therefore began as soon as about 10 days

traffic had accumul ated. The worki ngs have not been preserved, but simlar workings
for June still exist.

(c) The first experinent

In the first experiment which was nade, the fifth i npul se of the second letter
of each ci pher nessage was tabul ated against the fifth and twelfth indicator letters,
corresponding to the fifth PSI, and X wheel s respectively. The row, and al so the
colums, were lettered in order fromA to Z excluding J, which
had never been used is an indicator letter. The fifth inpulse of the second letter
of a cipher nessage was entered in the row whose letter was the PSl indicator, and
the col um whose letter was the X indicator. Several hundreds of messages were
used.

Many of the 625 squares contai ned nmore than one entry, but it was very rare to
find two different signs in the sane square. This confirned the assunption that
al most all the nessages began in the sane way, and al so showed that the setting of
the PSI wheel for the second letter was fixed uniquely by the PS
i ndi cat or . A very simlar effect was found when the fifth inpulse of the third
cipher letter was tabulated in the sane way, but when the fifth inpulse of the fourth
letter was tabul ated, very many cases of different signs appearing in the sane square
were found. |t was deduced that the novenent of the PSI wheel
was the sane for all nessages up to the third letter, but that between the third and
the fourth letters the wheel could either advance one place or else stay still.
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Anot her count was nmade for the fifth inpulse of the first letter. This count
differed fromall the others in that nearly all the entries in any one colum were
the same. This showed that only the X wheels were effective in the enciphernment of
the first letter

Simlar results were obtained for the first and third inpul ses. The other two
wer e avoi ded because they are the ones in which + and Z differ, so that these two
i mpul ses woul d, it was thought, present nore difficulty than the others.

The difficulty that had been presented by the first cipher letter in March and
April was now explained, and it was no longer a matter of conplete indifference
whet her the wheel patterns of a Tunny machi ne were reversed or not. This property of
the first letter was peculiar to ZS 40 ( the first nmodel of the Gernman Tunny
machi ne) .

(d) Construction of pattern fragnents.

On the assunption that alnost all nessages began with a group of +'s, followed
by a group of Z s it followed that nearly every nmessage began in the fifth inpul se
with a sequence of crosses. ( At least 6 crosses, to judge by the March and Apri
traffic). Since the PSI wheel did not operate in the first place, the nature of
the X character in the wheel -setting corresponding to each X indicator could be
determined fromthe count of the fifth inpulse of the 1st letter. Since each setting
of the 23-wheel corresponds to some indicator letter, the nunber of crosses in the
pattern of the fifth X wheel could at once be deduced. It was found to be 11. o
course the count or the first letter did not suffice to determine the pattern of the
wheel , since the wheel settings were not in the order of the indicator letters.

The anal ysis of the count of the 2nd letter was nore conplicated since the PS
wheel s were now operative. Each cipher character was the sumof a clear character
assuned to be x, a X character fixed by the X indicator, and a PSI character
fixed by the PSI indicator. However, if a particular X character was assuned to
be dot, the values of a nunber of PSI characters could be deduced fromthe row of the
square corresponding to that X character. Then nmore X characters coul d be deduced
fromthese PSI characters, and so on. This process was carried on until it
termnated, and so sets of X and PSlI characters were obtained. Since these led to
very little inconsistency, they were assuned to be the correct ones. Some of the
PSI characters were uncertain, since the correspondi ng
rows were alnmost enpty, but all the X characters were obtained with a fair
certainty. The first assunption, that a particular X character was x, m ght have
been wong: it would have then been necessary to reverse all the X and
PSI characters finally obtained. This point was settled by using the fact that the
nunber of crosses in the fifth X wheel was 11

The count of the third letter was anal ysed in the same way. It was found that
the PSI wheel always noved on between the second and third letters.

Ve will now summari se the information which had been obtained at this stage. W
shall use the term"pattern-fragnment for A" to denote a short sequence of dots and
crosses in a wheel beginning at the setting which, with the indicator
A, corresponds to the first letter of the nessage in the case of a X wheel, and to
the second letter in the case of a PSI wheel.

The pattern-fragnments of the fifth X wheel were known to three places, and the
pattern fragments of the fifth PSI wheel were known to two places. A check on the
wor ki ng was now possible, for by the nature of the PSI wheels the pattern
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fragnents .x and x. should have been nuch nmore common than the pattern fragments .
and xx . The pattern fragnents actually obtained were found to fulfil this
requi renent.

(e) Extension of the fragments

The next step was the analysis of the fifth inmpulse of the fourth letter. This
was expected to be nore difficult, as either the second or third characters of the
PSI pattern-fragment m ght be used in any given nessage. 1In all the notor
keys of March and April the proportion of dots to crosses was 11 to 26, so the effect
of the third signs of the PSI pattern-fragments was expected to predom nate.

In some rows of the square it very sel dom happened that, two different
characters were entered in the same small square. This evidently meant that the
second and third characters of the corresponding PSl pattern-fragments were the sane.
Conversely rows in which there were many cases of different entries in the
sane square corresponded to pattern fragments whose second and third characters were
different. Thus many third characters of PSl pattern-fragments were deduced nerely
fromthe quality of the corresponding rows. The analysis was conpleted as for the
earlier letters, and thus many PSl pattern-fragnments were extended to 3 places, and
nost X pattern-fragnents to four places.

There were nore anbiguities this tine than there were before, because of the
nmessages in which the second characters of the PSI pattern-fragnents were used in
the fourth place, so one or two X characters, and several PSI characters could not be
determined by this analysis. But it was known that the results obtained did not need
to be reversed, (by the argunment fromthe qualities of the rows).

The m ssing characters in the X pattern-fragments were easily filled in by
using the fact that the fragunts had to fit together to forma wheel. Thus for
exanpl e the nunber or fragnents four characters |ong beginning with x.x had to be
equal to the nunber of such fragments ending with x.x

The same kind of analysis was applied to the first and third inpul ses, but with
| ess satisfactory results, owng to the fact that not every possible pattern-fragment
in the correspondi ng X wheels corresponded to an indicator letter. Thus although X
and PSI fragnments were obtained it could not be decided whether or not these PS
fragnents and the parts of the X fragnents fromthe second | etter onwards ought to be
reversed, and the argunent that the X fragnents nust fit together, (with others) to
forma wheel was not so readily applicable

It was now possible to get further characters of some of the X fragnents, and
gradual ly to build up all possible X5 patterns. There were rather |ess than 10.
These were applied in turn to key fromtwo rather corrupt depths, and the May wheel s
were conpl eted before the month was quite over. (This was something new). As the
settings for nost of the X5 indicator letters ( and sonme others ) were known wth
certainty, the setting of the other May nessages was conparatively easy.

(f) June and July, 1942

The wheel patterns for June and July were al so broken by the Indicator method.
In June no depth was found and the problemwas correspondingly nmore difficult. It
was necessary to extend the X5 fragnents until only one wheel could be fornmed from
them In July a good depth (yielding several hundred letters of key) was intercepted
early in the nmonth. The anal ysis was conpl et ed
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before 18th July and current traffic was read for the first tine.

(g) Later uses of the nethod

Refinements of the Indicator Method, whereby the second and fourth inpul ses
were given equal status with the others, and whereby a conplete and systematic
determ nation of the wheel patterns was nade possi ble, even when the PSI patterns
were initially unknown will not be described here.

It may be noted however that anal ysis by indicators still proved possible and
useful , even when the stereotyped begi nnings were replaced by arbitrary paddi ng words
as was the case fromthe mddl e of August onwards. However, after July, Turing's
met hod for anal ysing key fromtrue depths was avail abl e, and
wheel patterns for Septenber and Cctober were actually broken on depths and near
depths. The indicator analysis was used only for the breaking of the indicator
substitution

At the end of July work on the Tunny ci pher by the Research Section canme to an
end, and was all taken over by a special "Tunny" Section. Later however the Research
Section made another contribution in the shape of the Statistical Method.
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43  TESTERY METHODS 1942 - 44

43A BREAKI NG TUNNY AUGUST - OCTCBER 1942.

The first major job of the newy forned Tunny section (see 14A (b)) was to
break the August wheels. The indicator nethod described in 42E was applied and for
the first 10 days the traffic responded well, except for the bad corruption caused by
exceptional |y poor intercept conditions. But fromthe 11th onwards only a very few
nmessages seened to produce the stereotyped openings. By working only fromthose
nmessages which were using the regul ar and predi ctabl e openi ngs progress was nade

until it became clear that the others opened with German words, - the padding
sentences or quatach which continued as the invariable prelimnary to the nmessage
text throughout Fish history. It was often possible to predict the next letter of

partially obtai ned words and thus progress was nmade, using rmuch nore material than
required in previous nonths, until a X5 had been built up by the time the Germans
sent a depth on the 27th.

To neet the introduction of quatach, research into German plain |language in its
teleprinter inpulse formwas carried out, and it was thought that the indicator
nmet hod was still possible though i mensely slow and difficult. But the
findings were never put to the test for on Septenber 5th a depth was sent which
provi ded easily enough key to break the wheels on the recently evol ved Turing met hod
(see below 43B). At this stage the position of only one indicator on each wheel was
known (that of the depth) whereas the indicator nmethod had enabl ed a nunber of
indicators to be placed on the wheels as noon as the full patterns were obtai ned.
The initial stage of setting individual messages (for nmethod see 42A ) was therefore
nore difficult. The last nonth of the indicator era, Cctober
was broken from a near dept h.

43B. TUR NGERY.

The original nethod of key breaking clearly becane usel ess as soon as the
Cermans introduced the condition ab = 1/2. So research was done by A M Turing on the
key fromwhich the July wheel s had been broken by the indicator-cumdepth nethod, and
a met hod was evol ved whi ch produced the correct wheels. The introduction of (BN s
(later QEP's) in Novenber 942 dealt the death blow to the indicator nmethod and | eft
Turingery as the only known way of breaking wheel s.

Turingery introduced the principle that key differenced at one, now called
Delta-K, could yield information unobtai nable fromordinary key. This Delta
principle was to be the fundanental basis of nearly all statistical methods of wheel -
breaki ng and setting. Many inprovenments and refinenents of techni que have since been
made enabling very nuch shorter lengths of key to be broken than the 500 or nore
required by original Turingery. The technique of nodern wheel -breaking fromkey is
given in Ch.26. The original nmethod is described
here. The description gives a certain anount of rationalisation of the process which
could certainly not have been given at the tinme since the principle involved had not
bean studi ed and understood to the extent that they were later.

The property used throughout is sinply P(Delta-PSI'(i,j) =.) =bor in
different terns, Delta-K(i,j) -b--> Delta-X(i,j)

Delta-Kis witten out in ink on squared paper. The 5 rows
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of squared paper beneath are regarded as corresponding to the 5 TP inpul ses and each

impul se is marked of f with an upright ink line according to the chi
subsequent work is done in pencil.
Delta-PSl' =/.

i mpul se.

Al

arbitrarily chosen and assuned to have
tinme the psis cane in at the second letter and noved on autonmatically fromthe second

to the third pl ace.

Aletter or Delta-Kis

| ength of that
On the Tunny nachi ne of the

So the third place of Delta-K was the first possible TM dot.

At

the assumed Delta-PSl'/ position we enter the Delta-X letter in inpulses (= Delta-K

since Delta-PSI'=1/),

respective chi-periods throughout the Delta-K These signs are underlined to
di stingui sh themfromother Delta-X signs deduced fromthem

and the 5 Delta-X signs thus derived are entered on their

Now from every Delta-X

sign thus entered we can use the property Delta-K(i,j) --> Delta-X(i,j) to deduce one
Del ta- X sign on each of the other four inpulses.

character is on inpulse i

For if the underlined Delta-X

the above property we deduce Delta-X(j) = Delta-K(j)

i mpul ses,

provided that the position originally selected is in fact a TM dot.

and gives Delta-X(i) = Delta-K(i),

for j

thus obtaining 4 fresh Delta-X characters which each have probability b

then in accordance with
each of the other 4

Simlarly if we

find Delta-X(i) not = Delta-K(i) we assume Delta-X on the other four inpulses to be
the opposite of Delta-K  These deduced Delta-X signs are witten into 5 'cages'
wi dth 41, 31, 29,26 and 23 respectively.
underlined Delta-X signs on inpulses 1,2,4 and 5 are witten out on a width of 29.
An exanpl e of a

Thus al |

si gns deduced for Delta- X3,

of
from

Delta- X3 cage is given bel ow
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It will be seen that the underlined Delta-X3 sign is also witten into the cage
each tine it occurs as a check against inadvertently sliding the cage to right or
left when entering. W now use these 5 cages as a test of the original
assunption of a TMdot. For if the original assunption is correct the ratio of
agreenents to di sagreements anong the signs in each colum of the cage will be (b)"2
+ (1-(b)*2) to 2b(1-b), or (1+(beta)”2) to (1-(beta)”2) . W therefore wite the
nunber of agreenents and the nunber of di sagreements at the bottom of
each colum (see Fig.(l) ) and add up the total excess of agreenents over
di sagreenents for all 5 cages. Each excess contributes a factor of (1+(beta)”2)/(1-
(beta)”2) to the theory that the original position has Delta-PSI'=/ (or Delta-PSl'=8

which nmerely makes all our Delta-X s inside out). |If the result is poor we scrap the
cages, erase the workings and take the next Delta-K letter as our Delta-PSl' =/
assunption. If it is good we accept the original

assunption. In that case the cage entries each have a probability b of being correct

and can sinply be totted up in colums, and witten at the bottomas ringed or

unri nged nunbers according to whether they are scores in favour of the

particul ar ~ character being dot or cross (see Fig. (1) ). Accepting scores >=2 we
formrudi mentary Delta-X wheel s with which we de-chi the Delta-K to give rudi nmentary
Delta-PSI . W examine thus Delta-PSI' to find a character with 3 or nore dots, not
counting dots generated by an original underlined Delta-X sign. This we assunme to be
anot her position where Delta-PSl'=/ , and re-apply

the cage teat described above. |If the proportion of agreenents is poor we try

anot her assuned Delta-PSI'=/ . |If it is good we derive Delta-X scores as before by
summi ng the col ums and conbi ne these with the previous scores by straight addition,
provi ded that the agreement between scores is reasonably good. Again

taking a standard of >=2 we formb5 enbryonic Delta-X s fromthe conbi ned scores,
with which we de-chi the Delta-K to give enbryonic Delta-PSl'.

VW nmake a 'count' for Delta-X5, which is the shortest wheel and therefore will
accunmul ate the nost evidence per character. The systemof scoring is as follows. For
each L(mn) in Delta-PSl' (considering only the other 4 inpul ses)

(where L(mn) is aletter with m dots and n crosses) we score mn for the theory
that Delta-PSI'5 = dot, and that therefore Delta-X5 = Delta-K5 at that place. Thus
if the Delta-PSl' letter reads x ? . x in the first 4 inpulses, and the Delta-K
letter is Qwe score (1) for Delta-X5 s dot. W wite in all these scores through-out
the key on a width of 23, and add up the colums to give an inproved delta-X5 . with
this we de-chi Delta-K5 in place of the earlier delta-X5 used, and count for Delta-X4
Thi s process continues, going back to delta-X5 after Delta-XL , until all the
Delta-X s are conpleted. These Delta-X s nust obviously integrate into |egal
undi ff erenced chis, the even or odd nunber of crosses in the Delta-Xs will tell us
whet her the original assunption was a Delta-PSI'/ or 8. Wth the undifferenced chis
obtained, fromthe delta-X s we de-chi the un-
differenced Kto give PSI', fromwhich we derive the psi wheels by taking out the
ext ensi ons.

43C.  THE PRE- NEWVANRY CEP ERA.

(a) I ntroduction of CEP s.

At the end of Cctober, 1942 Tunny was repl aced by
Codfish (Saloniki - Berlin,) and Cctopus (see 14A(Db)).
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I ndicators were replaced by the QEP system This nmeant a serious reduction in the
amount of traffic decoded because we had to rely entirely on depths. Fortunately the
Cermans sent frequent and sonetimes multiple depths - sonetines as nmany as 10
nmessages on the sane QEP nunber (or (BN nunber as it was at first called).

Keys were broken fromdepths as before, but the wheel settings had to be found for
each depth broken for a nmonth for which the chi and psi patterns were known. The

nmet hod for doing this is described below The nmotors constructed in the sane way as
those used in Tunny.

(b) Setting depths with no-limtation notors.

The P obtained by anagramming the depth is added to Zto formK Wiere it is
not possible to determ ne which P belongs to which Z the second possible K has to be
tried if the first fails.

K5 is witten out and de-chied at all 23 possible settings of X5 to give 23
possi bl e versions of PSI'5 . This process is called 'naking a drag" . The probl em
istofind the true PSI'5. The najority can be discarded i mredi ately because it can
be seen at once that they cannot fit the known PSI's whatever extensions are assumned.
This process is greatly helped by the fact that the
Tunny type Mu61 and Mu37 only have singleton dots and therefore cannot give nore than
two consecutive dots in TM The renai ning candi dates are exam ned by reference to
anot her inpulse in the foll owi ng manner.

For each assumed PSI'5 pattern, all TM dots which have to be assuned for the
pattern to fit PSI5 are marked. At each of these places we know that Delta-K =
Delta-X . So at all X4 settings which satisfy this condition we de-chi K4 and
exam ne the resultant possible PSI'4's. Unless the key is very short (the length
normal ly used is from14 to 30) the correct X4 setting based on the correct X5
setting will yield a PSI'4 pattern which when contracted by using the assunmed TM
dots will fit on the known PSI'4. W then do the sanme for PSI3 and so on until al
psis and chis are set. It remains to anagram by using the known psis and chis
sufficient to break (or, if the notor patterns are known, to set) the notors.

(c) Advances in Key-breaking

Recogni sing the psi repeat and nunbering , were devised in the winter of 1942
and were never discarded (See 26D).

(d) Setting depths on X2oneback limtation

The X2oneback limtation first appeared in February, 1943. The nunber of dots
in Mu37 was doubled to give the same proportion of dots in TMas before. The
X2oneback limtation necessitated changes in setting and notor working and caused
sone changes i n Key-breaki ng net hods.

The nethod of setting depths on X2oneback limtation is essentially the same as
with the "No-limtation"™ nmotor. But the drag is made on K2 instead of K5 and use is
made or the fact that for each setting of X2 used, we know where the conpul sory
crosses in TMfall and therefore we know where we are not permtted to assune
extensions when trying to fit possible PSI'2 on to PSI2 . On the ot her
hand we no | onger have the useful feature of the old type nmotor, which precludes nore
than two consecutive TM dots.
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(e) The effect of X2oneback linmtation on key-breaking

Turing' a original method had al ready been nodified in two respects (see above
(c)). Wth the introduction of X2oneback |limtation a certain anount of use was at
once nade of this new feature in key-breaking, though it was realised at the tine
that it should be possible to make very much greater use of it. The powerful methods
for using X2oneback which were finally perfected in early 1945 are described in 26.
At the tinme, however, use was only made of the limtation to
obtain X2 after one other chi had been obtained and the psi repeat recognised. This
was done by exam ning the TM deduced fromthe PSI' already obtai ned, when witten on
a wdth of 31. Al TMdote inply X2oneback = x and col utms where no dots appear are
extrenely likely to correspond to a X2oneback dot. This allows
us to infer nost of X2oneback which is then slid one to the left so that it becomnes
X2 and is then conpared with the Delta-X2 val ues obtained fromthe |ast Turingery
count for Delta-X2 to have been made. The conbi nation of the two should give a
complete X2 which is then added to K2 to give PSI'2 . This PSI'2 conbi ned
with the use of the known X2oneback should place nmost if not all, of the TMdote
whose position i s anbi guous.

The di sadvantage of the new nodification was that recognising the psi repeat
was made much nore difficult because the old rule disallowing nore than 2 consecutive
TM dots no | onger hel d.

(f) Anewfeature

In the early nonths of the (EP era a new feature appeared. Messages no | onger
i nvari ably began and ended w th the begi nning and endi ng of transm ssions, nor did
transm ssions beginning In the mddl e of messages start with "Zwoter (etc)
teil . . . ". No serious difficulties were caused, apart fromthe greater difficulty
of breaking depths, and | ater de-chis, because we could no longer rely on the starts
of transm ssi ons contai ni ng stereotyped nessage begi nni ngs,
though a fair proportion still did.

(g) The Herring link and the first appearance of X2oneback P5twoback limtation

The Rome-Tunis link known as Herring operated between Decnber, 1942 and the
final collapse of the Gernman forces in Tunisia in May, 1943. It was on this |ink
that both the X2oneback and X2oneback + P5twoback limtations first appeared. The
met hod by whi ch the X2oneback + P5twoback |limtation was anal ysed and its nethod of
wor ki ng understood is described in Ch.44. The X2oneback + P5twoback limtation
effectively prevents messages being in depth even when the initial settings are the
sane owi ng to the divergence of the two PSlI's under the influence of the different
P5's. Thus work on Herring was nade inpossible, until the operationa
difficulties or passing a great quantity of traffic under pressure using the new P5
attachnent proved too great ( a single fifth inpulse corruption in reception would
cause a breakdown, necessitating a conplete retransm ssion) and the
attachnent was abandoned. - (to reappear on nearly all links in Decenber, 1943). From
then on the Germans sent an enornous quantity of traffic; the majority was sent in
depth (often multiple depth), presumably because they could hardly
spare the tine to reset their machines. The effort and production of the Testery
reached an unprecedented peak, at a time when the nessages broken were of great
operational inportance. In Miy the section decoded over 1,400,000 letters,

a figure which was not equalled until March, 1944, when the Newmanry was in full
SWi ng.
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43D THE FOUNDATI ON G- THE NEWVANRY AND AFTER

(a) Early days

In July, 1943 M. Newran formed his section, to set nmessages not sent in depth,
by mechani cal and statistical nethods. Since the introduction of QRP s these
nmessages had not been touched. For the first few nmonths the Newnanry was
struggling to put its work on an operational basis. The Testery occasionally hel ped
t hem by hand- br eaki ng messages set on Xs 1,2,4 and 5 and the motor. A print-out of
D1245 was provided with TM printed above. A break was obtai ned opposite a run of dots
in the TMand then extendi ng the break both ways with the aid of nearby TM dots unti
sufficient had been read to set PSI's, 124 and 5 uniquely. X3 and PSI3 were set as in
setting on a length of K, described above (43C (b) and (d) ). K is produced by adding
Z to the P obtained, and since all the TMdots are known it is a sinple matter to
find the setting of X3 which gives Delta-X3 = Delta-K3 at all TMdots, and then to
add at the correct setting to K3 to give PSI'3.

(b) Further advances in key-breaking

(i) Accurate scoring

In the sumrer of 1943 the CGernans reduced the nunber of dots in the Bream Mi37
from22 to 16. This nmade key-breaking by Turing' s original scoring systemextrenely
slow and difficult, and stinmulated the first attenpt to nmake key-breaking scoring
nore accurate. Accurate scoring inits final formis described in 26C

(ii) Delta™2 properties

The next discovery to have an effect on key-breaking techni ques was nade in
Septenber, 1943 (see RO pp 53,54). It was that Delta”*2 X --> x with probability about
2/3. Unlike the property Delta-PSlI --> x the new property was found to | ack
rigidity. The way in which it is applied Is described in 26B(d).

(iii) The discovery of "X2 (See 263(h) )

The di scovery of X2 was nade on Squid for Novenber, 1943, for which 880 key
had been obtained fromdepth. It had 22 dots in Mu37 and X2oneback Iimtation. The
di scovery had far-reaching repercussions. Its ultinmate effect on key-breaking is
described in (26B(b) ), and on chi-breaking fromZ in (25 ) It led directly to the
breaki ng of wheels fromcrib. (See 27G) And lastly the | evel or significance of the
AX2 count or run proved an invaluable test as to (i) whether a given key was on
X2oneback limtation or not and (ii) in the case of certainty of
X2oneback limtation a priori, but anbiguous key (see 28A (e) ), which of the two
alternative keys was the true one.

(iv) Key-breaking rationalised

In the autum of 1944 X2oneback + P5twoback |imtation began to be dropped on
VWstern links, and mnce we were nowin the era of daily change, (see above (f) )
br eaki ng wheel s fromdepth once nore cane into prom nence. The accurate scoring
formul ae devised in the summer of 1943 on the basis of 16 dots in
(see above (b) (i) ) were dug up and recal cul ated on the basis of 18 1/2 dots in Mi37
(see 26C Y (d) ) as being nearer to the average expected dottage and al so as gi vi ng
convenient values for a and b (a = 3/4, b =2/3). The test for the sign of the key
(see 26 C ) and the 5 by 5 flag (see 26B (a) ) were devised, and the Newranry at
the same time invented the powerful X5 conposite flag (see 26B (c) ).

The imedi ate result of this
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work was that the length of key and the length of tinme thought necessary to break the
wheel s were divided by about 2 and 4 respectively.

At the sane time research on key-breaking for X2oneback limtati on was begun

and after sone nonths of evolution the nethod reached its final formas described in
26B(b), 26E

(c) The first dc-chis

Wien the X2oneback + P5twoback |imtation was reintroduced in m d-Decenber
1943 it was no |longer possible with the equiprment of that tine to set the notors and
psis mechanically, and at the sane time the main source of decodes and the whol e
source of enploynent for the Testery, dried up, since depths could no | onger occur
So the Testery had to master the art of setting the psis by hand fromthe dc-chis
prepared by the Newranry, and this becane their nmain job. But, nore inportant, the
mont h's wheel patterns could no | onger be broken fromdepth, and the task of breaking
the wheels fromZ had to be attenpted. The Breamchis for January, 1944 were broken
within the first fortnight with the conparatively printive equi pnent of the time -
Col ossus | (see 52(c) was not yet in action. Two nessages on the sane QEP were set
on the chis and de-chied. Fromthese two dc-chis, by the method of applying the psis
obtained froma break in one to the other de-chi (see 28C(a)) the psi patterns were
obtained within an hour. The Mi37 proved to hare 26 dots which hel ps to explain this
remar kably short tine.

The breaking of the February Breamchis was greatly hel ped by the use of
Colossus |I. No pairs of nmessages on the same (EP were avail able, and attenpts by the
Testery to break the psis fromthe de-chis sent over were at first fruitless.

Finally however the psis were broken with great difficulty and effort fromone de-
chi. The Miu37 dottage proved to be only 19, which explained the difficulty
encountered. It was now evident that the problemof the X2oneback + P5twoback
limtation had been nastered in both sections. A detailed account of psi-breaking
fromde-chi in given in 28C

(d) The X2oneback + PSI' loneback + P5twoback limtation

This triple limtation first appeared in June, 1944 on Codfi sh and Qurnard.
Its action is described in 11B(g)iv); its stay was brief as in Decenber, 1944 the
Cermans began taking the P5twoback conponent out of the linmtation on the various
links; thus it gave rise to the X2oneback + PSI' loneback limtation (see B(g)(ii),
11B(i)), which becane the standard Ilimtation on the najority of links, the remainder
reverting to the old X2oneback limtation. It did not cause any new difficulties
apart fromslightly conplicating the process of de-chi breaking.

(e) Daily Change

The introduction of daily change of all wheel patterns in the sumrer of 1944 meant
that the time and energy previously expended to rel ease a whole nmonth's traffic for
setting now only rel eased one day's traffic. The enphasis in the Testery as well as
t he Newranry changed from wheel setting to the nuch nmore difficult job of

wheel breaking. But the concerted efforts of both sections met with such success that
the production figures for August, 1944, the first month with daily change on al

i nks, was higher than ever before, and the figures continued to rise steadily nonth
after nonth.
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44 - HAND STATI STI CAL METHODS

44A | NTRODUCTI ON CF THE CEP (CBN) SYSTEM

(a) Codfish and Cctopus

At the end of Cctober, 1942, there was a conplete change in the nature of the
Tunny traffic. The Tunny link itself closed down, and it was for a tine supposed
that the Germans had abandoned the ,"Tunny" ci pher machine. Two other
teleprinter links (called Codfish and Cctopus) cane into operation at this time, and
it was shown, by the analysis of depths of three that both these links were using the
"Tunny" machi ne. These links did not transmt twelve letter indicators, but only a
"(BN' nunber (SN was |l ater replaced by QEP ). Messages having the sane (BN nunber
on the same day and belonging to the sane link were, it was found, in depth.

(b) Depths

Messages were soon being sent in greater nunbers than ever, but now only those
nmessages which were in depth with others could be read. So during the first half of
the year 1943, the Tunny Section confined itself to the reading of
dept hs.

Fortunately the Gernan operators began to send depths in great profusion, and
so on many links it was still possible to read a fairly large fraction of the
traffic. (Fromthis time on, many new links were comng into operation, or were
bei ng di scovered.)

Codfi sh was one of the |inks which gave a | arge proportion of depths. Depths
of nmore than a dozen messages were not unknown on this link. Cctopus depths were
nmuch rarer.

(c) The New O yptographi c Probl em

It was found that each link had its own set of wheel patterns, that X and PS
patterns were changed nonthly, and that notor wheel patterns were still changed
daily. Here there was one difference fromthe old Tunny link, for which it had been
denmonstrated that the PSI patterns were changed only quarterly.

The Germans could not be relied upon to continue to send much a proportion of
depths, and in any came the single nmessages presented an urgent problem The wheel
patterns for a link coul d be obtained fromthe depths but there seemed
to be no way by which single messages could be set on these patterns.

It was clear that single nmessages had now to be considered in isolation, for it
was no |l onger possible to relate themto one another by neans of their indicators, as
in the nethod of anal ysis described in 42E. Had there been
reliable cribs, the nethod of nessage-setting described in Section VI could have been
enpl oyed, but the Germans had now taken precauti ons agai nst the use of stereotyped
begi nni ngs, the chief precaution being the use of paddi ng words.

Sonetines a fairly reliable crib for a link would be found, but positions of the crib
in the nessage was then so variable that the method was still not practicable.
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The only hope left was that it mght be possible to set nessages by using
the statistical properties of the plain | anguage, or extended psi-stream

44B SETTI NG - STATI STI CAL METHODS

(a) First ideas - P characteristics.

An attenpt warn made early in i942 to set X s and PSl's for a nessage by using
the observed fact that dots predom nated markedly over crosses in the fifth inpul se
of ordinary Tunny plain | anguage. This was not successful but the possibility of
using this effect was again investigated. The chief difficulty
was the irregul ar novenent of the PSI wheels, but it was hoped that the PSI' key
coul d be approxinated to sufficiently closely by using a standard notor key instead
of the unknown true notor key. The theoretical investigation showed that success
m ght just be possible with ab not = 1/2 but that no success coul d be
expected with ab = 1/2. The reason for this was closely connected with the
predom nance of changes in the PSI pattern: when the assumed setting of a PSI wheel
was one place off the true setting, the resulting sign in the assuned PSlI' key was
nore likely to be wong than right.

(b) Delta-PSI' characteristics.

I n anot her investigation, no attenpt was made to use the periodicity of the
unext ended PSI inpul ses but an attenpt was nade to derive a statistical method froma
consi deration of the other non-random properties of the PSI' key. These are:

(i) Al five PSI wheel s have the same novenent

and (ii) In the unextended PSI inpul ses, changes are much nore
frequent than continuation

These properties, it was thought, could best be expressed in terns not of the
actual PSI' key, but of its first difference, which we denote Delta-PSI' . Changes
and continuation in PSl' are represented by crosses and dots respectively in Delta-
PSSl .

At this tine, as in March and April, 1942, the Germans al ways arranged that ab
=1/2 , so that dots and crosses were equally frequent in each inpulse of Delta-PSl'.
Hence no statistical nethod could be founded, it was thought, on the statistica
properties of Delta-PSl'.

But suppose, it was argued, that two inpul ses of the Delta-PSI' key, say the
first and second, are added together. The resulting sequence Delta-PSI'1 +Delta-
PSI'2 will have a dot in each position corresponding to a dot in the notor key, and
in the positions corresponding to crosses in the notor key, the proportion of dots
will be (b)?2 + (1 - b )”2, and the proportion of crosses 2b ( 1 - b ), if,
as an approxi mati on we take the sane value of b for each inpulse. But then the
proportion of crosses in the entire sequence wll be

2ab(1-b)=1-b

and therefore the proportion of dots in the sumof any two inpul ses of Delta-PS|
will be equal to b and about 70%

It was deduced that the first step in any statistical nethod of wheel netting
shoul d be the differencing of the cipher text and the addition of two inpul ses of the
resulting streamof letters

Al now depended an the properties of Delta-Pl1 + Delta-P2. Counts
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were made on the clear texts at sone Qctopus nessages, and the value .63 was derived
for the proportion of dots in Delta-P1 + Delta-P2 averaged over these nessages. This
effect seemed to be due, largely to the high proportion of double letters in Cctopus

clear, in which long drawn out punctuation signs such as +++MAA3889 were used.

It followed that, for the sanple taken
P(Delta-D12 = . ) = 55
and that this property of D was sufficiently marked for it to have been possible

uni quely to determine the X1 and X2 settings for one of the Cctopus nessages whose P
had been count ed.

(c) Chis set successfully

An attenpt was then nade to set an unbroken nessage by this new nethod of the
"1+2 Break In". A systematic nethod of testing the 1271 possible Delta-X1 + Delta- X2
settings had to be devised. The sequence Delta-X2 was added to Delta-Z1 + Delta-Z2
in an arbitrary setting, the nunbers of dots and crosses in Delta-Z1+Del ta-Z2+Delt a-
X2 corresponding to each position in the 41 period were tabulated and then this table
was conpared with each setting of delta-Xl. This process was carried out for every
setting of Delta-X2. It was found convenient for this process to wite Delta-Z1 +
Delta-Z2 diagonally into a rectangle, of sides 31 and 41.

A nmessage of length about 4000 letters, which did not belong to a depth, was
taken, and a significant result was obtained for the first two i npul ses. The sane
process was then applied to sone other pairs of inmpulses and by conbi ning the best
results for all these pairs, the other three X wheels were set. For |ater nessages
it was found sufficient, after X1 and X2 had been set to work only on pairs of
i mpul ses for which the setting of one X wheel was known. The settings
of the other X wheels would then be conparatively sinple with good nmessages.

(d) Mdtors and Psis set

When all the X wheels of the first nmessage had been set, the X key was added to
the cipher text, and the sequence D= Z + X, obtained. This sequence was found to
have nore than tw ce the random nunber of double letters. This was
presumabl y because both P and PSI' contained a high proportion of double letters.

But nearly all the double letters in the extended PSI key would correspond to notor
dots and therefore nost of the double letters in the de-chi would correspond to notor
dot s.

It was found that, by an analysis of the distribution of the probable notor
dots the patterns of both notor wheels could be derived. The nethod used was
anal ogous to that later used for notor breaking on machines with limtation, and
described in Ch. 28.

A controversy broke out in the Research section over the probl emof the best
met hod of continuing the analysis fromthis point. Sone held that the PSI wheel s
shoul d be set statistically, by striking out fromthe de-chi all letters
correspondi ng to extensions of the PSI-key and then setting the PSI wheels on the
‘contracted de-chi' just as the Delta-X wheels had been set on the differenced cipher
message. Qhers held that attenpts should be made to guess the clear at sone point
of the de-chi, and thus to obtain a short stretch of extended PSI key, on which the
wheel s could easily be set. The best way to do this, they said,
was to consider a place where there were two consecutive dots,
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in the notor key. (There were never nore than two consecutive dots in the notor keys
of those days). For in much a place, three consecutive letters of the extended PS
key woul d be identical, and there would be only 32 possibilities for

correspondi ng trigramof the plain | anguage.

In the case of the first message, the PSI wheels were set by nmeans of the
second met hod, but the first method was al so used successfully later on

(e) Foundation of Newnmanry

When two or three nmessages had been set by the statistical nmethod, it was seen
that new nmachi nery, and a new section to operate it, was needed, for the hand net hods
took far too long to be of much practical use. M. Newran was put in charge of
devel opnents and his section came into operation later in the year. This section set
the X wheels of their messages essentially by the nethod described above at first,
but carried out its processes nechanically. The technique of using only runs of form
i +j was soon inproved upon (see 23 of Part 1).

(f) Statistical Chi-breaking

Statistical nmethods were carried further by the Research Section early in 1943
when an exanpl e of chi-breaking fromrectangles was carried out. 'Weel-breaking in
the sense of chapter 25 was not used - in fact the message was so favourable that al
the chis were obtained fromthree rectangles, nanely Delta-Z12 Del ta-Z13 and Del t a-
Z45. The notor was obtained statistically.

Further investigation into Rectangling and other statistical chi-breaking
nmet hods was carried out by the Newranry, but it was only after the genera
introduction of autoclave in Dec. 1943 that these nethods were used operationally.

No statistical method for notor-breaking (with limtation) was devel oped by the
Research Secti on.

44C I NTRCDUCTI ON G- P5 LI M TATI ON

The autocl ave was first used on a single link in March 1943, before the
Newranry canme into operation, but it was abandoned and was not used agai n unti
Decenber. The anal ysis of nmessages show ng the autocl ave effect was one of the
triunphs of the hand met hods of statistical analysis

The first sign that a new devi ce was being used was the sending of a nunber of
pai rs of nessages on the 'Herring 1ink the nmenbers of each pair having the same (BN
nunber. These pairs should therefore have been depths, but attenpts to break themin
the usual way all failed. Fortunately this happened in
the mddle of the month, so the nmessages were expected to be using the name whee
patterns as the earlier messages of that nonth, some of which had been broken. Gne
of the nessages in the unbreakabl e 'depths' was about 6,000 letters |ong, so the
statistical nethod for setting X wheels was applied to it. The method was conpl etely
successful. The de-chi was obtained and investigated. one passage of this de-ch
contai ned so many repeated letters that it |ooked |ike an extended PSI key. The
passage was

Z3DDDDVYVNAAFGOOES8/// KHRRR
QQQCCCC38SSWM

It was assuned therefore that in the underlying clear
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| anguage the sane clear letter was being repeated over and over again. |If this
hypot hesi s were correct, each separate inpul se of the passage woul d either agree
with, or else be the conplete reverse of, the corresponding i mpul se of the extended
PSSl key.

The hypot hesis was tested by conparing the actual PSI wheels with the various
impul ses. It was found that conplete agreenent could be secured by taking the
underlyi ng cl ear | anguage to consist of a | ong sequence of Z s followed by a | ong
sequence or 9's. The PSI wheels were thus set and the notor key could now
be derived by decodi ng the nessage.

This was the first exanple of hand psi-setting froma de-chi wth an unknown
not or key, but the de-chi was an exceptionally easy one.

The decodi ng process was applied to both nmessages of the 'depth’ on the
assunption, soon verified, that the initial settings of the wheels were the sanme for
bot h messages. The two motor keys were different however, and the difference coul d
only be explained on the assunption that the nmotor key was a function of the clear
| anguage, or cipher, as well as of the initial state of the machine.

The nature of the plain | anguage effect was deduced by studying the actual
pl ai n | anguage near the places in which the two notor keys differed. It was found
that when they differed, there was always a difference in the two clear texts
two letters back, in the fifth inpul se

Further investigation reveal ed that when there was a difference in the notor
key, the notor sign in each nmessage was given by the sumof the fifth inpul se of the
pl ai n | anguage two pl aces back (denoted by P5twoback ) and the second X sign of one
pl ace back ( denoted by X2oneback ). This suggested that the total notor key was
obtained fromthe Basic Mdtor in conjunction with the limtation (P5twoback +
X2oneback ). This 'basic notor' could be determ ned whenever P5twoback + X2oneback
had the value cross. The fragnentary basic motor was witten out on a width of 61
and broken by the nethods al ready devised by the Testery for dealing with notors
havi ng the X2oneback limtation
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51 I NTRODUCTCRY

(a) Character of chapters 51 - 58

This is a strictly functional and non-technical account of the machi nes used.
A technical account is to be prepared by the post office engineers.

Sore attenpt is nade to avoid statenments technically fal se, but none to avoid
statenents technically vague

(b) Term nol ogy

The termnology is that of the layman and cryptographer: for exanple a switch
nmeans a | ever to be pushed up and down, or a knob to be rotated. As in other parts
of the report, an inpul se neans one of the five streans of which teleprinter letters
are conposed, but when the neaning is clear fromthe
context, inmpulse is also to nean electrical inpulse, otherw se called pulse to avoid
anbi gui ty.

(c) Scope of the charter.

Such history as is included is a description of devel opment and | acks
chr onol ogy.

Col ossus and Robi nson receive detailed treatment, for in large neasure it is
the use of these machi nes which gives Tunny-breaking its distinctive character

Copyi ng machi nes are indi spensabl e but less distinctive, and are treated | ess
fully.

The speci alized counting nachi nes, Dragon, Aquarius, Proteus are treated rather

sketchily because bei ng specialized nost of their functions are adequately dealt with
in the description of their applications.

(d) Relative inportance of nachi nes

The pre-em nence of Col ossus and Robi nson is nanifest.

The need for a "Tunny" machine to decode messages, or, as an internedi ate step
t owards decoding, to de-chi them is obvious.

The need for efficiency in other copying nmachines is apt to be overl ooked; one
of them Mles, was in fact unduly neglected: in particular the producti on nodel s of
Mles A were vetoed. The supply of spare parts for readers and reperforators
general |y has been inadequate. The hand counter is very sinple and quite
i ndi spensable: a long time el apsed before a reliable one was produced. The anount of
Col ossus time wasted because tapes were del ayed or incorrect is difficult to estinate
but it is certainly very considerabl e.

(e) Hectronic counters etc.

As a matter of general interest it may be nentioned that on the existing
counting and stepping machi nes, counting is in the scale
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of 10 (strictly, in alternate scales of 2 and 5 ) and is purely electronic: auxiliary
circuits which can operate nore slowy however, use al so mechani cal relays and
uni sel ector swi tches.

The earlier Robinsons counted in four electronic scales of 2, followed by
four mechanical relay scal es of 5.

Col ossus | counted electronically, in three scales of 2 followed by four
scal es of 5.

Copyi ng machi nes, whose speed per letter is much |ess, generally enpl oy
mechani cal relays, but Mles Ais largely electronic and Tunny and the decodi ng
nmachi nes use a few val ves.

(f) Use of standard conponents.

Many features recogni sed as desirabl e in Tunny-breaki ng machi nery were
not incorporated because they require equi pnent which was either non-standard or not
readily obtainable, e.g. six-inpulse tape. Indeed it is a recognised principle that
a machi ne whi ch can be assenbl ed from standard parts, even though nore conplex, is
preferable to a machine requiring special parts. This is due in part to
availability, in part to the probability that the special parts will not work
properly. This is one advantage of el ectronic equipnent: the anmazingly reliable
counters of Col ossus are of novel design but do not need special parts, being made
from standard val ves and ot her standard equi pnent.

(g) Note on the source of nachi nes

Al machines were provided by the Post O'fice Engineers except the counters of
Heat h Robi nson, and sone copyi hg machi nes due to TRE. The nai ntenance of the TRE
machi nes by P.Q Engineers was never officially authorised, a nost wunsatisfactory
state of affairs, in consequence of which, despite their relatively sinple character
they are less reliable than Col ossus.

(h) Readers and Reperforators.

There is one exanpl e of technical vagueness in this account of which warning
must be given. The five inpulses which constitute a teleprinter letter are
transmtted over distances successively, not sinultaneously, for otherw se five
separate wires or other carriers would be required. Wthin a termnal office,
however, there is no objection to the use of five wires; in sone tape readers and
reperforators the five inpul ses appear sinultaneously, in others successively.

Both types are used for Tunny cryptography, though for this purpose successive
i mpul se appar atus has no advantage except availability: it is clearly nmuch easier to
add and permut e sinultaneous inpul ses.

The hand perforator, the Insert nachine, Junior, Garbo, and the punch of
Col ossus 6 use sinmultaneous i npul ses.

Angel , Tunny, and the decodi ng machi ne use successive inpul ses.

Mles (including Mles A reads the five inpul ses simltaneously but sends them
successively to the reperforator

Readers whi ch produce five successive inmpul ses are supposed to be cal |l ed auto-
transmtters.

Reperforators which receive five inpul ses simltaneously are supposed to be
cal | ed punches.
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(i) Typewiters

Simlarly "typewiter"” and "printer" are used indifferently for various types
of electric typewiters, regenerative and non-regenerative.

(j) | npr essi ons of Col ossus

It is regretted that it is not possible to give an adequate idea of the
fascination of a Colossus at work: its sheer bul k and apparent conplexity; the
fantastic speed of thin paper tape round the glittering pulleys; the childish
pl easure of not-not, span, print main heading and ot her gadgets; the w zardry of
purely nechani cal decoding letter by |letter (one novice thought she was being
hoaxed); the uncanny action of the typewiter in printing the correct scores without
and beyond hurman aid; the stepping of display; periods or eager expectation
culmnating in the sudden appearance of the |onged-for score; and the strange rhythns
characterizing every type of run : the stately break-in, the erratic short run, the
regul arity of wheel -breaking, the stolid rectangle
interrupted by the wild | eaps of the carriage-return, the frantic chatter of a notor
run, even the ludicrous frenzy of hosts of bogus scores.

Per haps sone Tunny-breaki ng poet could do justice to this thene; but although
an ode to Col ossus and various fragments appeared, all seemed to have been conposed
intimes of distress and despondency, and consist al nost whol |y
of inprecation or conm nation

(k) Nunber of machines in use

e e o
B MAY 19&:5 .| ™oTEB
B:agci"m_"_'_r“ib&'u o o
Robinsons 2 .2 |+ 2 neariy
Coloswsi 6 10 complete
- 2o | ? [ontrinis
Proteus - - +1 under
Aguarius 1 s [om veat
Decoding mschines 13 13
Tunnies 3
Milss 3 3
-Garbon x
Juniors 4
Insert Machines 2 B 2
Angels 2 4
Aund Pesrforators 1 z
Hand Qeunters 2 _ &
s ckers {(Hot) 3 3 *
atiokesrs (cold) 3 [
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52. DEVELCPMENT OF RCBI NSON AND COLGOSSUS

(a) I ntroductory.

Sorre of the paragraphs in this chapter will not be fully intelligible wthout
reference to the two chapters which follow 53, 54.

A brief description of the two machi nes has al ready been given [15(b)]. The
essential difference between themis that on Robinson all streans of letters are on
tapes. On Colossus only Zis on a tape, the wheels being set up electrically.

(b) Heath Robi nson.

In the experinental stages of Tunny-breaking, though other forns of machine
were considered, it was inevitable that one using Robi nson principles should be
chosen because

(a) it is easy to nake.
(b) it can be adapted to any wheel |ength by preparing
sui tabl e tapes.

The origi nal Heath Robi nson was effective, despite what now seemintol erabl e
handi caps:

(1) There was at first no printer: the operators (two in nunber) had
to wite down the fleeting figures on display: this was a
fruitful source of error

(ii) The distance between the gate where the tape was scanned and the
sprocket -wheel which drove it was six inches, so that the
stretching of tapes alone was sufficient to put tapes out of
al i gnnent .

(iii) The position counter recorded, not the relative position of the two
tapes, but the nunber of revolutions conpleted: fromthis the
rel ative position can be found but with great risk of er r oneous
cal cul ati on.

(iv) Heath Robinson would not tolerate |ong stretches of dots or of
crosses, so that el aborate tapes, with additional opportunities for
maki ng m stakes had to be devised to avoid this.

(v) The mnimumtext length was 2000. If it was |less, rubbish had to
be inserted in such a way that it was not count ed.

(vi) There was no spanni ng.

(vii) The fornms of inpossible conditions were severelylimted.

(viii)The counters were only partly el ectronic.

(ix) At first Heath Robi nson warn unable to obtain results, even if not
itself at fault, because the tapes, not being subject to a proper
system of checks, were incorrectly nade.

As a direct result of experience with Heath Robinson all the inprovenents
needed to remedy these defects (except spanning, whose val ue was overl ooked till
later) were incorporated by stages in Ad Robinson and Super Robi nhson, and
i ncorporated at the outset in Col ossus.

(c) A d Robinson (Figs 58 1,11)

The ol d Robi nson, which foll owed Heath Robi nson, had a special Gfford printer
whi ch shoul d have been far superior to the ordinary typewiter, for it printed al
eight digits at once: in fact it caused endless trouble, and its records were barely
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| egible. The counters were much the same as before. The restrictions on strings or
dots or crosses and on mninumtext |ength remnai ned.

(d) The basi ¢ weakness of Robi nson.

The di sadvant ages of Heath Robi nson |isted above were | ater overcone, but there
is one which is inherent in the Robinson principle, nanely, that a pattern cannot be
"extended", in particular, in psi-setting, because the psi pattern coul d
not be extended, it was necessary to "contract” the de-chi, i.e. letters opposite a
total nmotor dot were omtted. This wasted evidence, but was quite feasible with no
[imtation or X2oneback limtation

A related functional disadvantage is that stepping is necessarily uniform so
that to set wheels arbitrarily is extremely |aborious, noreover when a wheel which
has been stepping, is to remain at a fixed setting, its tape nust be
repl aced by one of different |ength.

(e) Col ossus i .

The flexibility of Heath Robinson for experimental purposes nade it easy to
di scover the essential requirenents or a breaking nachine. As a result, Colossus 1
the original experimental nodel, really |acked surprisingly little for a first nodel
The choi ce of runs, though nore extensive than on Robi nson, was | ess extensive than
Heat h Robi nson had shown to be desirable: it was biased towards runs of the formi +
= .: these could be done by switching except in the fifth counter. Mbat other runs
requi red pluggi ng, though there was a single
set of five dot and cross switches for "all counters”. There were five counters, two
pai rs of which could be used i ndependently for double testing on X1, but for this it
was necessary to set up the same wheel twice with a stagger of one. (peration was
not very sinple because of the lack of symmetry, accentuated
by changes introduced without correcting the "signwiting" on the machine. There was
no spanni ng and only a singl e bedst ead.

(r) Col ossus 2 and | ater.

Experi ence gai ned fromthe devel opment of Col ossus 1 added to that from Heath
Robi nson, nade possi bl e Col ossus 2, the prototype of all later Colossi, in a form
whi ch needed very little nodification

Col ossus 2 possessed fromthe first, quintuple testing, a generous swtch
panel (including not-not), a versatile plug-panel, spanning, a double bedstead, and a
greatly increased sinplicity of operation

Spanni ng was introduced originally for P5 [imtation, but was soon found
i ndi spensable for all setting.

The chief nodifications introduced |ater were the rectangling gadgets, devices
to reduce the effect of doubtful cipher letters, and devi ces to make wheel - breaki ng
easi er.
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(9) The rectangli ng gadgets.

These were added shortly after Col ossus 2 canme into use, and afterwards fitted,
with technical nodifications, to several Colossi. Score neters were added |ater
Col ossus 6 has sone special gadgets for key rectangles.

Col ossus rectangling has been slightly disappointing; although the rectangle
is produced in the required form it has been found necessary to copy it onto squared
paper for convergence; as a single operation it cannot be used with
"not 99".

(h) The use O Col ossus for wheel -breaking : not 99.

Col ossus was designed for chi and psi setting, not for breaking. The first
attenpts to use it for chi-breaking consisted of setting up sone provisional wheels
and changing the characters one by one : if the score inproved the character
remai ned changed, otherwise it reverted. It was soon realized that this was
equivalent to the nore rapid process of putting only one cross in a trigger, and
stepping it, thus in effect using the trigger to select the characters
of the wheel one by one. Essentially the same nethod had al ready been used on
Robi nson

That Col ossus (including Col ossus 1) should prove suitable for wheel breaking,
justified the policy of making it as flexible as possible, but imedi ately demanded
further inprovenents.

(1) Longer bedsteads, because breaki ng requires | onger

texts than setting.

(ii) Uncertain letters replaced by 9's are a nuisance in
chi-setting and breaking fromcipher, even if there
is no slide, but it is in chi-breaking fromdepth
key, where mssing letters are a substantial part
of the text that the probl em becones acute. It was
found necessary to use the Q panel for the condition
Znot =9, there being no "not" facility on the pl ug-
board, and plugging all runs, which was intol erably
t edi ous.

I n consequence "not 9" was fitted, a device which
imposed Z not =9 but this lost all genuine 9's al so
(about 1/17 of the text after differencing), and was
repl aced by "not 99".

(iii) Miltiple testing on doubted wheels is obviously
of great val ue when setting | ong messages during
wheel - br eaki ng.

(iv) Intolerable delays and m stakes duri ng wheel - breaki ng
were caused by the need for setting up pins at the
back of Col ossus and conplaints finally extorted
t he wheel - breaki ng panel on the front of some nachi nes.

(1) (hj ections to specialised gadgets.

The clamour for specialised gadgets continues : the objectionto it is
the difficulty of maintaining Colossi unless they are all alike : a device worth
fitting to all Colossi is nuch nmore wel cone.

(j) Super - Robi nson.

Col ossus soon repl aced Robi nson for setting and breaking, but Robinson renai ned
i ndi spensable for crib runs in which two tapes (derived fromZ and P), nust be
conpared in al
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positions. A successful crib run usually produced key of such |ength that wheel -
breaki ng was extrenely easy. For this reason four Super-Robi nsons were ordered to
overcone some of the handi-caps which persisted on old Robinson, and to include
spanni ng whose val ue had been proved on Col ossus.

(k) Suggestions for a Super-Col ossus.

Many suggestions are nade in R4 pp 124-128 fundanental, trivial or even
frivol ous.

Per haps the nmobst obvi ous devel opnent is the | ogical conpletion of devices to
deal with corruption, including spanning, on two or nore stretches, slide-correction
wi t hout doctoring tapes, and not 99 for all purposes including
rect angl i ng.

The difficulty of not 99 in rectangling is that the most straightforward
(though not the only) nethod denmands the subtraction of a variable nunber. The nost
sati sfactory scheme would be a general facility so that, on the same counter, sone
letters score positively and others negatively. A generalization would be that
scores fromdifferent runs coul d be added, each multiplied by an arbitrary constant
either positive or negative. @ ven either, wheel-breaking would require no i mredi ate
sinplification

A smal | inprovement would be the setting up of wheels by neans of punched
cards.

() Suggesti ons for Robi nson

The nost pressing needs are not 99 and a | onger bedstead, but the latter is a
difficult mechanical problem Miltiple testing and a much |arger plugboard and
swi tchboard are desirabl e.

(m Synt hesi s of Robi nson and Col ossus.

There have been various suggestions for a conbi ned Robi nson-Col ossus i n which
all patterns are set up electrically, being of adjustable and in many cases, very
consi derabl e 1 ength. These could be setup froma tape (as on Aquarius). A further
suggestion is that of making it possible to exam ne many positions sinultaneously (as
on Proteus) : this however is nore than a mere nodification of Col ossus, and |eads
to such flights of fancy as a machine to conbine two letters by means of an arbitrary
conversi on square before counting them
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53 - OOLGSSUS

53A | NTRCDUCTI ON

The phot ogr aphs in chapter 58 showthe |ayout both of the whol e nachine
and of individual panels, far nore clearly than verbal description, which is
therefore omtted

Col ossus makes counts concerning certain streans of teleprinter letters. QOne,
denoted by Z and represented on a punched tape, is wholly arbitrary; the others,
denoted by X, Mu, PSI and represented electrically, are specialized and conposed from
certain fixed periods. These patterns X, Mi, PSI, do in fact represent the 12 wheel s
of the German Tunny machi ne, and nove in the sane way. Their 12 conponents wll here
be called wheels. For given "settings" there will be, corresponding to each place on
the tape Z, definite positions on all the wheels.

Col ossus counts the nunmber of places of Z where a condition involving sone or
all of these streans is satisfied. An essential feature is that the counts can be
made in rapid succession with the various wheels in different relative positions

("stepping").

Col ossus cannot count a condition involving two different places in the stream
except inalimted way by nenory circuits, used nostly for delta-ing.

The sum Q of any nunber of the three 5-inpul se streans Z, X, PSl, either
differenced or undifferenced, can be switched into the Q panel: the switches of this
panel suffice to inpose the majority of the 232 app. = 5, 000, 000, 000
conbi nations of conditions which are theoretically possible. Less specialized
condi tions can be inposed by the plugboard.

Note 1 Al t hough the streans are named Z, X, Mi, PSI, these are not necessarily
used as the real Z, X, Mi, PSI of Tunny. In a short wheel breaking run (25) the
pattern set up in Xis really delta X except in the wheel for which the run is nade,
where it has only one cross and is used nerely to select in turn the

characters of that wheel.

Note 2 Atape is required in every case, because it controls counting, but Z need not
occur in the conditions inposed (e.g. X test runs).

53B THE Z STREAM

(a) The tape

The tape is a continuous | oop of five-inpulse tape carrying the Z stream the
usual sprocket holes, a start sign, a stop sign, and 150 bl anks.

The sprocket holes are utilized

(1) to cause the nmachine to count if the conditions inposed are satisfied: the
machi ne counts once, at most, for each sprocket hole.

(ii) to maintain the correct notion of X, Mi, PSl.
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The start sign is a hole between the 3rd and 4th inpul ses, which

(1) causes the machine to start counting (the start sign has to be punched 2 1/2
sprocket |engths before the first place to be counted),

(ii) sets X, My, PSI, in notion

The stop sign is a hole between the 4th and 5th inpul ses, 1 1/2 places beyond
the end of the text, which

(i) causes the nmachine to stop counting, and generally prepares for the next start
si gn.

(ii) transfers to relays the score which has been counted.
150 bl anks between atop and start give Colossus tinme to prepare for the next

start sign.

(b) The Bedst ead

The bedstead is a systemof pulleys round which the tape is driven by friction
at about 40 feet or 5000 sprocket hol es per second, so as to pass through a gate
where it is scanned by eight photo-electric cells, one for each inpul se and one each
for sprocket hole, start and stop.

Each Col ossus has two bedsteads; while one is in use a tape can be put on the
other. An on-of switch by each bedstead controls both its driving notor and its
lamp. There is a switch on the selection panel, whereby either bedstead can be
sel ected (near or far), not both at once

The maxi mum | ength of tape which a bedstead can carry is either 11,000 (short
bedstead) or, on Colossi 5,6,7,8,10, 30,000 (long bedstead). On a |long bedstead the
voltage applied to the notor can be adjusted to maintain the correct speed whatever
the length of tape and nunber of pulleys in use.

Al t hough shorter tapes can be put on the pull eys, Col ossus does not work well
with a tape less than 2,000 | ong.

53C THE X, Mi, PSI, STREAMVG

(a) The triggers

The twel ve wheel s constituting X, Mi, PSI, are set up in "triggers' of length
41,31 etc. These triggers, except the wheel -breaking panel, are inconveniently
situated at the back of Col ossus.

For each character of a wheel there are two small sockets: a cross is
represented by short-circuiting these with a U shaped pin ("putting in a pin"); a dot
by | eaving themvacant. (Fig 58(xviii)).

There are several alternative triggers for each wheel. The X PSlI patterns
have five triggers (a, b, ¢, d, e) each selected by a switch on the sel ection panel
X a nmust be used with PSl a.

The Mi pattern has seven triggers a,b,c,d,e, f,g, any one of which can be used
with any X, PSI, trigger. This discrimnatory treatnment of Mi was arranged when only
the MI's changed daily.
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(b) Special Patterns

By using the switch position e the X, PSI trigger e can be used in a
different way as a "special pattern” or "doubting"” trigger. Simlarly g is the
special pattern Mi trigger.

e in not added into Q (see Q panel: 53J (a) ).
g does not notorize trio PSI's.

| ndeed these patterns appear nowhere except in the seven special pattern jacks
on the plug panel, and to have any effect they nust be plugged.

These are used in addition to an ordinary trigger.

(c) Waeel - br eaki ng Panel

On wheel - breaking Col ossi there is the inestimble boon of a panel on the front
of the machine, carrying an ordinary X trigger and a special pattern X trigger: in
pl ace of U shaped pins, easily inserted plugs are used: they are so
much easier that they are often used for setting. Each of the 5 X wheels has its
ordi nary and special patterns adjacent and each is controlled by a 3-way sw tch whose
positions are

( down: ordinary and special patterns in,
(
( normal: all out,
(
(

up: single cross in the last position of the
ordinary pattern.

(d) Mot ori zation and Limtation determner switches

The notion of Mu37 and the PSI's is not uniform but simulates that of the
correspondi ng wheel s of the German Tunny machi ne.

On Col ossus the extension of the Mu37 pattern by Mi6l is fixed. The extension
of the PSI pattern is naturally adjustable to suit the limtation. The appropriate
switches are near the bottomof the selection panel viz

PSI loneback, X2oneback, PSI5twoback: if one or nore of these switches are
either up or down the correspondi ng i npul ses are added and used as the limtation.
At the beginning of the text these, since they refer to places one or tw back, are
i ndeterm nate: the up and down positions of these sw tches and of P5twoback i npose an
arbitrary dot or cross, in these places.

BMCois the basic notor cut-out. Wen it is used the total nmotor is sinply
[im

53D STEPPI NG AND SETTI NG

(a) Setting

The setting of a wheel is that character of the wheel which corresponds to the
first sprocket hole of Z

Al'l wheel s can be given assigned settings, sinultaneously, by putting plugs in
the appropriate setting jacks and depressing the switch SU  The setting jacks are
arranged bel ow the control panel in 12 rows which correspond to the 12 wheel s.
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(b) Stepping

Any wheel can be stepped i.e. its setting increased at each revol ution of the

t ape.

This will not of course be confused with the ordinary notion of the wheels at a
fixed setting. 1t should be noticed that increasing settings inply that the patterns
nmove backwards relative to Z.  Any nunber of wheels nay be stepped sinmnultaneously.

(c) Stepping Swtches

Each wheel has two 3-way switches in the control panel, one in the upper row,
one in the | ower.

Either of these two switches may be thrown up or down.

Upper switch up ) causes the wheel to step fast
or Upper swtch down ) i.e. to step at each tape
or Lower sw tch down ) revol uti on.
Lower switch up - causes the wheel to step slowy i.e. to step only when a
wheel whose lower switch is thrown down reached the plug in the setting jacks. If in

sone frenzied fantasy, several wheels have their |ower swtches
down each of themwll step a sl ow steppi ng wheel.

(d) Repeat Light

When all wheels return to their original settings (strictly to the plug in the
setting jack), the repeat light gl ows. A wheel whose upper switch is thrown up is
i gnor ed.

53E DI FFERENG NG

Any pattern, except a "special pattern” is available deltaed either on the Q
panel (by throwing the Q selection switch to delta) or on the plug panel (by using
del t aed out put jacks).

The conventional Tunny delta is the sumof present and future i.e. forwards.
Col ossus deltas by remenbering and adding the letter one place back i.e. backwards.

This is immaterial provided that all patterns in use are deltaed by Col ossus or
all not deltaed by Col ossus; but if sone are and sone not, then those which are, are
recorded by Col ossus as one pl ace back.

For exanpl e suppose that Zis a plain Z tape which is being deltaed by
Col ossus and added to delta X set up deltaed on the X trigger, the two patterns
being level so that the recorded setting is 01.

pposite the second sprocket hol e Col ossus produces for delta Z: 1st character
+ 2nd character.

oposite the second sprocket hole delta X is plugged as: 2nd character + 3rd
character.

It follows that the true setting of X is 02.

This is in many cases corrected by adjusting the settings, whence the phrase
"Setting of deltaed wheels shoul d be one back".
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A "Special Pattern", however, steps |evel with the corresponding ordinary
pattern, and accordingly when the latter is to be deltaed by Col ossus, the former
must be set up in the trigger one back, in the sense that the 2nd position
of the trigger contains the first character of the wheel.

If the same pattern is used both differenced and undifferenced, the correction
cannot be made either by setting or by setting up, but nmust be nmade internally by
Col ossus.

The following are all one back so as to be in the present place when used with
wheel s del taed on Col ossus
(1) The TMswitch at the bottomof the Q panel (including not X2oneback when BMis
cut out and the X2 determner switch is in.)
(2) the jacks not Mu61, not Mu37, not P5, TMon either side of the special pattern
j acks.

It will be noticed that the labelling is inconsistent.

53F COUNTI NG

(a) The five Counters

Col ossus counts up to 9999 and then returns to zero.

To increase the speed of operation, Colossus has five separate counters, which
can be used simultaneously either for five (or fewer) distinct runs or for multiple
testing on a single run. Spanning and stepping nust be the same for al
runs. The five counters are labelled 1,2,3,4,5, but printed on Col ossus records
a,b,cde.

(b) Switching into counters

To be effective a condition must be switched ( on the Q panel) or plugged (on
the plug panel), into the proper counter. |In particular in nultiple testing the
condition on each of the renenbered inpul ses nust be pl ugged or switched
to its proper counter

53G RECORDI NG OF SCORES

When a count has been conpleted, i.e. when the stop sign on the tape is
reached, Colossus can transfer it to the "display and the printer

(a) Set Total

To avoid displaying and printing usel ess scores a "set total"™ can be inposed so
that only scores which exceed, or, alternatively, only scores which do not exceed
this set total appear, others being cancell ed.

The set total controls for the five counters are independent, and for each of
the five, consist of decade switches reading 0000 - 9999 , and a three-way sw tch
"<","off",">". Wth the off position all scores are displayed and printed. (Fig
58( xi v))

(b) SIP

On Colossus 10 S.1.P. ("significance Interpretation” switch on control panel)
causes all counters to print if one



Part of the "General Report on Tunny", the Newmanry History, formatted by Tony Sale (c) March 2001
53G Page 338

exceeds the set total

(c) Storage of scores.

Scores which are to be printed, together with the relevant settings are stored
on relays and appear on a display. Wile the next count is being made these rel ays
send inpulses to the printer and so clear thenselves. |If the printing is
not conpleted in tine to clear the relays for the next score, stepping is
autonmatically inhibited until the relays are clear: thus no scores are | ost.

(d) The D spl ay

The display is a glass screen on which the scores are projected by snall
el ectric | anps.

bactr sy bwedrads  beas  uets
A
B
Counlars. e
-]
$-ttiﬂ3=.

The switch LC o cuts out the "settings" lanps. The switch M. extinguishes
the "settings" |anps when all scores in storage have been printed.

(e) Printing of settings

When the machine is started it prints in a horizontal row the synbols for al
wheel s which are stepping. In the printed record the settings of these stepping
wheel s appear before every score. Each below its appropriate heading. when runs are
done sinultaneously, some of these settings may be relevant to certain runs only. To
avoid the printing of confusingly neaningless settings thereis a5 x 12 array of
jacks to the right of the X setting jacks, whose rows
correspond to the 5 counters, and 12 colums to the 12 wheels: in order that a score
on a particular counter shall cause the setting of a particular wheel to be printed
a shorting plug nust be inserted in the correspondi ng jack.

In all cases the nanme (a, b, ¢, d, e) of the appropriate counter is printed
bef ore each score.

(f) Printing of Scores

After a score is printed there is an automatic carriage return so that each
score is on a separate |line.

(g) "Print Main Headings". (PMH switch on control panel).

Prints the settings of all 12 wheels, each following its appropriate synbol
Col ossus has to be restarted after printing the synbol s.
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(h)"Letter GCount" (LEC switch on control panel)

is for making counts at fixed settings. It stops the machine after printing a
batch of scores: without it the same count woul d be repeated. Wil st one batch of
scores is being printed, the next batch can be switched.

(i) Printer Gut Qut (PC switch on control panel)

prevents Col ossus fromsending inpulses to the printer, so that stepping
ceases [ cf. storage if scores in para. (c) above].

(j) Reset (switch on control panel)

clears all scores in storage: in particular if POOis in use it allows
stepping to be resuned.

(k) The Printer

The printer is an electromatic typewiter.

It can be operated manually for the insertion of data (e.g. sigma , S T. span)
not printed by Col ossus.

Single, double and triple line feed are avail abl e.
The inexplicably assorted founts are not intended for cryptography, but

this seens to be no handicap: sigma has appeared as £, @ $ .

53H SPANNI NG

(a) Spanni ng

is a device whereby Col ossus counts only over a selected stretch of the tape.

There are three groups of decade sw tches (Fig 58(xvi)) above the plug pane
each readi ng 0000 - 9999 | abell ed

START GONTERS , START PSIS | END CF SPAN

If "start counter” is set to m where mis not 0000, "end of span” to n ,
Col ossus counts only fromthe (mtl)th to nth places on the tape, inclusive.

If "start counter” is set to 0000, spanning is ineffective, the first place on
the tape cannot be included in a span

(b) The settings

The settings on Colossus refer to the start of the tape, not the start of the
span.

Motorizing of the PSI's begins at the place to which "start psis" is set:
normally this is 0000, the start of the tape.

(c) On Colossi with | ong bedst eads

there is a rudinentary 5th decade in the bottomrow of the selection panel
Swi tches are thrown down for
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+10, 000, up for + 20, 000.

(d) on Colossi with short bedsteads

spanning, is unable to distinguish places 10,000 apart so that e.g. 500 - 1, 000
cannot be di sentangl ed from 10,500 - 11, 000.

(e) End of Span cut-out

The ES c/o switch in the bottomrow of the selection panel overrides the end of
span switches and spans to the end of the tape.

53] Q PANEL (Fig 58(xiii)).

(a) Q Selection swtches

At the top right of the selection panel there are three | arge three-way
switches. Each switch has a neutral position and the active positions are Z, delta
Z, X, delta X; PSI , delta PSI . The streans to which these switches are thrown
are added together, and their sumappears in the Q panel: the five inpulses of this

sumare called QL Q, @B, XA, &b.

Note: each large switch is really five switches linked together viz. one switch for
each inpulse : if necessary these can be separated.

(b) The Layout of the Q panel

The upper part (10 rows) is used for inposing conditions on individual
i mpul ses.

The lower part (5 rows) is used for inposing conditions on the suns of
i mpul ses.

(c) Conditions on individual inpulses

Every row in the upper part of the panel is arranged as follows. At the left
there are five 3-way sw tches, one for each inpul se, each of which can be thrown to
dot or cross to nake the correspondi ng i npul se of Qdot or cross. At the
right there are five switches labelled 1,2,3,4,5 one for each counter, to determne
the counters in which the condition is to be inposed.

L ‘!‘-.ﬁ"
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W coumdary fond 2

Any nunber of rows may be used: if conditions fromtwo of themare switched
into the same counter, both wll be inposed.

(d) "Not" switches

To i npose alternative conditions
"either Aor B
is replaced by the equival ent

"not (not A and not B)".
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Just to the left of the counter switches is a "not" switch | abelled not

=, which negates the conditions.
' 3 Y "R |
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means not (Q=xand @ =.) : thisallow QL =. , @=x, or QL =x, @ =x, or
QA=., Q=.

At the foot of each columm of ten counter sw tches is another
whi ch negates the whol e col um.

For exanple: to inpose Q= either / or 5

This is equivalent to not (Qnot =/ and not = 5)
’ ] a4 3 & =
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(e) Addition Switches

not" swtch,

Inarowin the lower part of the Qpanel the 5 switches at the |left
whi ch are separated by + signs. can be thrown down only, to make the sum of any
nunber of inpulses a dot. There are five counter switches exactly as in the upper
part of the panel. The "not" switch is labelled x dot , but it has the sane effect.

Foot not e: Cearly not( i +j =. ) is the sane as (i +j = x). These "not"
swi tches actually have a neutral position, but it is not needed and is not alike on
all Colossi: on sone it causes no condition to be inposed, on others an inpossible

condi ti on.
The five "not" switches at the bottomof the Q panel |abelled not =

negat e whol e colums, not nerely the |lower part of the panel; in particular they
negate the upper row of "not" switches.

(f) Exanples of Switching

It is worthy of enphasis that what is switched is Q and that Qis

what ever is selected by big black switches. In runs to set Xs, Qis Delta-Z +
Delta-X (though if Delta'd X patterns are set up it is Delta-Z + X so far as
Col ossus is concerned); inruns to set PSI's it is usually Z + X + PSI . Use has

been made of Qas X ,Z, Z + X Delta-Z + Delta-X + Delta-PSI. The nethods of
switching on the Q panel are the sane in all cases.

(1) 3x/1x2., 4 =/1=2, 5=/1=2 sinmultaneously on counters 1,2,3 The two runs 4=/1=2,
5=/1=2 would ordinarily be done on the sanme principle: here, for purposes of
denmonstration, they are done quite differently
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(ii) /T HO3GPI UQ5JFXYS as asingle run

tt 1t :
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If this were done in a hurry it would be very easy to overl ook that Pl UQ
can be switched in a single row, if PI, UQwere in separate runs it would not matter,
but it is necessary to put sone of the fifteen letters together, for there
are only 10 rows.

(g) Possible Runs

Thi s suggests the probl emof whether all possible sets of conditions can
be inposed on Q i.e. whether it is possible to run for an entirely arbitrary
selection of letters fromthe 32 |letter al phabet.

It is obviously possible to run for any ten letters but, for exanple, RA
SHDONS8LI Z, 11 letters, is inpossible.

Despite the aid of the addition switches, 15 rows in the upper part of
panel are needed to include all runs.

(h) The R Switches

These are the nultiple test switches carrying the inpulses R, R, R3, R4, RS
[ see Multiple Test 53L(c)] : each occurs in tw rows in the upper part of the panel
and in one rowin the | ower part.

Evidently the choice of runs will be rmuch nore restricted on multiple
test than without it.

For exanples of multiple test switching see 53 L(1)

(i) Total Mdtor Switch

In the bottomrow of the Q panel is a three-way sw tch whose active
positions are labelled TM. and TM x

This switch is not used for nmotorizing, but only for counting agai nst T™M
=. or TM=x . It is rather nore general than this, for by use of the limtation
determ ner sw tches TM can be nmade to nean

BM =Mu37/ : all switches nornal
™ : Switches for the appropriate linmtation in.
Not X2oneback : BMc/o, X2oneback in
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Note: TMis in the present position when used with wheel s which are deltaed by
Colossus (as it usually will be) conpared to patterns not deltaed by Colossus it is
ThMoneback, i.e. TMone back [cf. differenci ng 53F].

53K PLUG PANEL (Fig 58(xv))

(a) The Jacks

The jacks in this panel are essentially of four kinds:

1. Jacks carrying streanms, ( including sone conbi ned streans.

2. Addi tion Field,
3. Common Jacks:
4. Jacks carrying input to counters.

Streans may be plugged into counters, either directly or via the addition
field and common jacks. To plug anything into a counter is to equate it to a dot.

(b) Jacks carrying streans are described in paragraphs (c) to (h)

(c) Q Jacks

The whol e top row of jacks is really a dependency of the Q panel. Q., @,
@B, A, B are the five inpulses switched into Q by the selection switches, Rl, R2,
R3, R4, R5 are the present and renenbered itens of Qnwhen Qnis on multiple test.
Al these have two jacks each.

(d) Z, X, PSl ,

Each inpulse of Z, X, PSI , has two jacks, one deltaed and one
undel t aed.

(e) Special Patterns

X1, X2, X3, X4, X5, M4l , Mi37 , have each one each one jack for
the pattern set up, independently of the ordinary pattern in use, in the special
trigger.

(f) Mi6loneback , Miu37oneback , P5oneback , TMboneback

These are derived fromordinary patterns. |If used with streans eltaed
by Col ossus they are in the present position. If used with streans not deltaed by
Col ossus they are one back, as labelled [cf. 53E]

(g) Not 99

This is used to inhibit counting at doubtful letters of cipher replaced
by Z=9. Such 9's rarely occur singly. Genuine 9's usually do occur singly. It is
therefore only inposed at a 9 adjacent to another 9: at such pl aces
this jack carries a cross, el sewhere a dot.

Note: Not 99 is intended for use with a Z pattern which is deltaed by Col ossus and
therefore, since delta Zis rubbish if
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Z one forward is rubbish, it is in use, for each stretch of 9's, fromone pl ace
before the first 9 to the last 9. Col ossus however, because it deltas backwards,
treats this as being fromthe first 9 to one place after the last 9; and accordingly
if not 99 is used with Z not deltaed by Col ossus one place will be |ost unnecessarily
at the end of each stretch of 9's.

(h) Start Units

These carry a permanent dot or cross as |abelled.

(i) Addition Field

These are of course used to add inpul ses: there are three rows, 26 col ums.

Al but one of the inpulses to be added are plugged i nto consecutive jacks in
the top row

The odd one is plugged in the mddle row below the first of the other plugs.

The output (sun) is taken fromthe bottomrow bel ow the |ast of the other
pl ugs.

2y : Ii‘ 1 '1
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The col unmms used thus are isolated so that several additions can be carried out
si mul t aneousl y.

To plug any inpulse to equal a cross, add a cross and plug normal ly.

(j) Common Jacks

There are on each Col ossus six or nore commons of five jacks each. An inpul se

put in can be taken out four tines: if this is insufficient common jacks can be
i nked toget her.

(k) Counter Jacks

There are 8 jacks for carrying conditions to each counter.

There are also 6 jacks carrying conditions to all counters. One of these is
mar ked TM because it will not work if the TMswitch on the Q panel is thrown.

There is a special counter jack (Multiple Test Doubting) used only for multiple
testing on special patterns.

(1) Exanpl es of the use of the Plug panel

(1) Before not 99 was available it was usual, on corrupt texts, to switch Q=2 Q
not = 9, and plug all wheel -breaking runs.

(ii) The wheel breaking run, Delta-Xl + Delta-Z1 + Delta X6 =. is normally done by
plugging (delta X6 is usually set up in the X2 trigger).
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If the Q panel were used delta Z2 would be switched in along with delta Z1.
This coul d be avoided, alternatively, by splitting the delta Z selecting switch.

(iii) the run i=2=lim(i.e. Delta-Dl1 = Delta-D2 = X2oneback can be sw tched and
pl ugged t hus

1=2 on the Q panel, nmultiple testing on X1
@ + X+ TM=. on the plug panel
TM = not X2oneback on the limtation determ ner swtches, using BMe/ o,

X2oneback .

53L MALTI PLE TEST

(a) To save tinme it is arranged that the sanme wheel can be exanmined at five different
settings simltaneously, the five scores appearing in the five counters.

(b) Menory circuits

When the multiple test switch for any wheel is thrown, a menmory device is
switched in, which stores the characters of that wheel 1,2,3, and 4 pl aces back.

Footnote More explicitly Col ossus renenbers characters of the wheel opposite places
on the tape 1, 2,3,4, back; in particular characters of PSI' not of PSI . 1In the
first four places of the text some of the renmenbered characters are really those at
the end of the text in the preceding tape revolution; and will give

random scores, unless the text length is a nultiple of the wheel length: it is
custonmary to span from o4 onwar ds.

Thus when Col ossus is exanmining a particular place on Z, it has avail able for
conpari son: -

(1) on the multiply tested wheel, the present character and the characters 1,2, 3, 4,
back. These are associated with the nunbers 1,2,3,4,5 ( i back with i+1).

(ii) on Z and on all other wheels, only the present character.

(c) RL,R,R3 R4,FS.

Most operators are surprised to find that the renmenbered characters appear
nowher e except as a conponent of Q the corresponding five characters of Q are called
Rl, R2, R3, R4, R5.

e.g. if Xismltiply tested and Q= Delta-X + Delta-Z then

Rl = Delta-Z1 (present) + Del ta-X1(present)
R2 = Delta-71 " + Delta-X1(1 back)
R3 = Delta-71 " + Delta-X1(2 back)
R4 = Delta-71 " + Del ta- X1(3 back)
R5 = Delta-71 " + Del ta-X1(4 back)

Fi ve counts made sinultaneously, with Rl, R2, R3, R4, R5, used instead of the
correspondi ng inpul se of Q are evidently equivalent to a count, for the same
conditions, at each of the follow ng settings for the multiply tested wheel: present,
1 back, 2 back, 3 back, 4 back.
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(d) M R RB R4 RS : Switching and Pl uggi ng.

RL R2 R3 R4 R5, nust be plugged or switched in the usual way. The provision
for themis | ess generous than for ordinary inmpulses. On the Q panel they have two
switches each in the upper part, one switch each in the lower part. On the plug
panel they have two jacks each: these jacks are part of Q and
are controlled by the main Q sel ecting switches.

(e) M R RBRA R : Relation to the Five Counters. (regrettably obscure.)

RL 2 R3 R4 RS may of course be switched or plugged into the counters in any
order; but Col ossus cannot recognise this and therefore always prints the setting.
for a batch of five scores in the sane order, viz backwards (e.g. 11, 10, 09, 08,
07).

The counters print in the order 1, 2, 3, 4, 5, and therefore if each setting
is to be printed opposite the appropriate score, the settings in the five counters
must |ikew se run backwards. (e.g. 11 in 1, 10in 2, 9in3, 8in4, 7inb5).

The settings corresponding to R1L R RB3 R4 R5 al so run back wards (RL is
resent, R2 one back etc.) and therefore, finally RL is switched to counter 1 etc.

It may sonetines be profitable to put RL R RB R4 RS into the counters in
reverse order ( e.g. in rectangling).

(f) Manner of stepping

The wheel on multiple test can step either fast or slow [53D (c)] but in
either ease it steps five positions at a time, for obvious reasons. The batches of
five settings are not arbitrary but nust belong to the sequence 02-06, 07-11, 12-16
........ ending with the batch whose present positionis Ol (e.g. Xl
ends with 38-01). 1

(9) Mul ti pl e Testabl e wheel s.

Miltiple testing is provided for all wheels except Mi61 Xs , PSIs were added | ater
and have not been fitted to all colossi. Mi37 has its own switch: the others are in
pairs, each pair sharing a three-way switch, viz X1, X2 ; X3, X4 ; PSI1, PSI2;
PSI3, PSI4; X5, PSIS.

(h)y ™M 37
Miltiple testing on Mu 37 has sone special features. It can be used only for
nmotor runs in which a count is nade against motor = ., or nmotor = x. It cannot be

used for notorizing the psis.

The Mi37 nmultiple test switch, not only puts the wheel on nultiple test, but
also puts Mi 37 alone into the switches RL R2 R3 R4 R5 on the Q panel, where it can
be switched in the normal manner. (commonly Mi37' = ., but sonetimes M37 + Delta-D12
=. ). The effect of these switches is not nodified by the limtation
determ ner switches: they always represent the basic motor. For a total motor run
what is required is BM=. and lim= X BM= . is inposed by these Rswitches. Lim=
X is inmposed by the TMswitch on the Qpanel, the limtation determner swtches
being thrown to BMc/o and the appropriate limtation.
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(i) No Miltiple Test for Mtorizing.

It is inpossible, in arun involving the psis, to use nultiple test on any
wheel which influences the total notor, for this would require that the psis shoul d
move in two different ways at once. |In practice the wheels thus restricted are Mi
37, psi 1, and, with P5 linmtation, chi 5 psi 5 It is however, possible to use
the nultiple test switch nerely to step one of these wheels five positions at a tine,
ignoring four setting out of five. This is useful for PSI'1 because of coal escence

[23X] .

(j) Miltiple Test Doubting (Special Patterns).

Miltiple test normally applies only to ordinary patterns, not to special
patterns. On Col ossi 5,8,10, however, it can be applied to the correspondi ng speci al
pattern al so. The appropriate switch is in the bottomrow of the selection panel.

As always with special patterns, it nust be plugged, viz. fromthe appropriate
special pattern jack to one of the two jacks |labelled Miltiple Test Doubting . or x :
these sel ect places where the special patternis ., or x, respectively, in all

count ers.

(k) Checking of Miltiple Test Scores.

It is generally undesirable, because of confusion about settings, to check
scores with multiple testing in. In place of RL RR RB R4 RS the ordinary inpulse is
used, and of course, the wheels nust be reset.

For Mu 37 this nmeans that, in the lower part of the Q panel, what is used is
not R1 R RB R4 RS but TM In checking a total nmotor run the BMc/o nust be restored
toits normal position.

For special pattern nultiple test this means that the special pattern shall be
plugged into the ordinary all-counters, not into the nultiple test doubting jacks.

(1) Exanpl es of Miltiple Test Switching.

(i) 1+2 =.

Note : this may be either Delta-Dl12 = . to set X1 and X2,
or Pl2 = . to set PSI1 and PSI 2.
On the Q panel the switching for their two cases is identical.

ey 1 R
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imtation is in use, counting T, where AD = 1.5 U | e Mhen xeoneback
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ot her switching

MB7 nmultiple test, step M37 slow, Ml fast.
Limtation determner switches : BMc/o, Xoneback in. For checking this run see 53L
(K).
(iii) Pnot =/,3, toset Chi 3, Psi 3, with multiple testing on Chi 3, all other
wheel s bei ng set
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(iv) The short wheel -breaking run 3+/1.2. It is not worth while to use multiple test for
one-wheel runs, unless the tape is very long, as it may be in chi-

breaki ng. For the reason why 3+1 is switched to cross see 25A. (b) RLRR RB R4 RS are
switched into counters 5,4,3,2,1 so that scores shall be printed An the correct order [53L

()]
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53M  COLGSSUS RECTANGLI NG GADGETS.

(a) The principle of Colossus Rectangling.

To render the gadget nore intelligible the how and why of Col ossus rectangling is
expl ai ned [see al so 24B(f)].

Suppose that the Chi 1, Chi 2 triggers each contain one cross, that Q= X ; and that
Qis switched : QL =x, @ =x. This will select a set of places all of which are opposite
a particular character of chil, ands al so opposite a particul ar
character of chi 2, i.e. they will belong to the same cell of the rectangle.

Plug Delta-Z1 + Deltaz2 = .

Throw t he | ower stepping switches, so that chi 1 (down) steps fast and controls chi 2
(up).

Chi 1 will step, producing a row of the rectangle : when Chi 1 reaches the setting
plug, chi 2 will step one.

Chi 1 then atop again, producing the next row, and so on.

(b) The Rectangling Gadget.

If the rectangl e were nade exactly as above the entries would be printed on separate
i nes each preceded by the settings of chi 1, chi 2. It is much better to have the row
printed as a row. Accordingly a gadget is fitted such that
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(i) Carriage return is operated only after the conpletion of a row
(ii) settings are not printed.
(iii) Ascoreis printed as a single figure.

On Col ossus 6 scores exceeding 9 are represented by letters viz. A=10, B=11
and so on.

(c) Miultiple Test in Rectangling.

To increase the speed of rectangling, multiple testing on Xl is used. Miltiple
testing al ways exam nes batches of settings whose "present” menber belongs to the
sequence 1,6,11....... 41. The first batch of settings in each row of the rectangle is
chosen to be 02 - 06, 06 being "present”, 02,03,04,0 "renenbered". In order that
X2 shall step at the correct position of X1, the Xl setting plug nmust be at 01. If
however X1 were actually set at 01, the first row would begin with settings 38, 39,
40, 41, 01. To make the first row begin 02, 03, 04, 05, 06 the wheels are set with
the Xl plug at 06 : the plug is then returned to 01 w thout resetting.

Because the rectangl e is made backwards the first five readi ngs should be for
the last five cells of the rectangle, which contain places of the cipher whose
remai nders on division by 41 an 37, 38, 39, 40, 41 so that the required differences
(Delta-z1) are 37 + 38, 38 + 39, 39 + 40, 40 + 41, 41 + 01. Since
Col ossus differences backwards, the cross in X1 nust be agai nst cipher places
38,39,40,41,01. The first batch of settings is 02,03, 04, 05,06; and therefore the
cross nust be in position 02:

Position in cipher ( remainder 37 38 39 LO L [ 1 2
on divieion by Ui)

Charaotar of X opposits sach
letter of oiphar when the

aetting 1s Q6{1.8, 06 of X, R1 1 2 3 4 5 (6 7
opposite 01 of Z).

' R2 b1 f1 ex 3 4|5 6

Remewbsred character of X, R3 W T 1 2x 3| L 5

ki 39 Lo L1y 1 x| 3 L

. RS 38 f 39 LONWM ¢t | 2x 3

Ry smoes the cross remembers

in 02 of X the croas of

oppoeltes 38 of 2 02 of X,
opposite 39of Z

X2 has a cross in 02, for symretry, and it follows that its setting is 02.
The last batch of settings is 38, 39,40,41 and 01 of which 38,39, 40,41
are also in the last batch but one: the rectangl e gadget prevents these from bei ng
printed tw ce.

(d) Print Scores

Done thus, the rectangle would have to be done twice, for Delta-Z1 + Delta-Z22 =
., and for Delta-Z1 + Delta-Z2 = x. Conditional rectangles are done this way; the
rectangling switch is thrown to "print scores".

(e) The Subtracti on Gadget.

If the depth is constant, which will be the case if the text length is a
multiple of 1271 and 99's are not cancelled, the score for Delta-Z1 + Delta-Z2 = .
will suffice, for the bulge equals (Delta-Z1 + Delta-Z2 = .) mnus depth. A further
rectangl i ng gadget perforns this arithretical operation if the rectangling switch
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is thrown to "normal ", and the appropriate depth switched in on the rectangling
panel

This is the usual Col ossus rectangl e nethod : it is often di sadvantageous for
short texts because so much is lost by reduction to a multiple of 1271

Note: Al though the subtracti on gadget can be used i ndependently of the rectangle
gadget proper, it is too linmted in scope to be of val ue.

(f)  Switching.

the 3-way rectangling switch at the extreme right of the control panel has two

active positions : "Print scores" and "normal"
The other switches are on the rectangling panel. Any chi-wheel can be multiply
tested for naking a rectangle : the corresponding switch of the bottomof the

rectangl i ng panel nust be thrown. This determ nes when carriage return i s operated
and how many surplus scores are cancel |l ed.

The subtraction gadget is controlled by a series of switches labelled 1 to 36,
each nunber indicating the depth to be subtracted

(g) The Cycloneters.

The Theta(ij)”2 significance test is based on the nunber of occurrences of
each possible value for the entries in a rectangle.

At the top of the rectangling panel is a row of cycloneters to record these
occur r ences.

Bel ow these is a row of jacks, one for each cyclometer. A pulse here steps the
correspondi ng cycl onet er

Bel ow these again are two rows of jacks labelled 1,2,3.... A score of + Theta
produces a pulse in the jack Theta.

These score jacks can be plugged arbitrarily to the cycl oneter jacks.

(h) The punch.

Col ossus 6 can nmake a rectangle in the formof punched tape. A negative score
is always represented by a cross in the fifth inpul se, but otherw se a score can be
represented by an arbitrary letter, selected by plugging froma score jack to a punch
j ack.

There is a score jack labelled CR which carries the pul se of the carriage
return at the end of each row of the rectangle. This is normally plugged to the punch
jack labelled 9oneback/ which punches / and adds a cross to the third inpul se of the
preceding letter (c.f. Appendix 95).

(1) Rect angl e not 99.

In any cell of the rectangle containing a place where Z = 9 adjacent to another
9, this replaces the entry by zero. It is useful only for rectangles of depth one.
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53N.  CONTRCL PANEL.

See the phot ograph. (Fi g 58(x))

MAS is the master switch (upper row, second switch fromright; |abelling
obscured in the photograph). Unless this switch is thrown Col ossus can neither count
nor step. It is however possible to set wheels and to reset counters.

The switches labelled X, M, PSI, are the stepping swtches 53D(c). The
switches labelled mult are multiple test switches 53L(g). X5, PSI5 are oddly pl aced.

The other switches are

PV  Print main heading [53¢ g)] PCO Printer cut-out [53Fi)]

SET ? Set wheels [53D0(a)] Lc/o Lanp cut-out [533d)]
RESET Reset counters [53dj)] LC Letter Count [53F h)]
REC Rectangl e [53Mf)] KL Cancel lights [53F d)]

SI P Significance
Interpretation [53F b)]

53P. OGOLGBSUS TESTI NG

Any account of the methods used by the engineers to test Col ossi would be
entirely out of place in this report, but it is appropriate to refer to the methods
used by Wens, chosen to carry out routine tests.

Onng to the conplexity of its operations Col ossus can produce results so
erroneous as to be usel ess w thout arousing suspicion till valuable tinme has been
wast ed.

Runs have therefore been sel ected such that a machine faulty in any respect is
unlikely to give correct scores, and these have been done on Col ossi known to be in
good order, using selected standard wheel patterns and a sel ected standard tape. One
set of triggers on each Col ossus is now assigned to these
standard patterns, and standard tapes are kept in stock : the runs are repeated on
all Colossi at frequent intervals.

A single fantastic run coul d doubtless be devised to check everything, but it
is preferable to use a nunber of runs, which in thenselves will aid in |ocating
faults. Z and X are first tested w thout PSI.

O course when there is a fault the ordinary chi and psi tests [ 23K(d) ] will
fail, thus providing a crude test of Col ossus very frequently.
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54 - ROBI NSON

54A | NTRODUCTI ON

Robi nson was nade in three versi ons known as

Heat h Robi nson.
d d Robi nson
Super Rob(inson).

Super Robinson is described in detail: the others, which do not differ in
principle, are nmentioned in chapter 52.

For phot ographs see the end of this volume. (Fig 58(iii,iv,v,vi,vii))

Let four or fewer teleprinter streans punched on tapes, with uniformy spaced
sprocket-hol es, be imagined laid side by side, so that their letters correspond,
sprocket - hol e by sprocket-hol e.

Robi nson can count the nunber of places in the conbi ned streamwhere certain
conditions are satisfied.

Rat her nore generally, it can count the nunber of places such that certain
conditions are satisfied involving that place, and the place one forward ( this
i ncludes differencing) together with two conditions involving the place one back, and
one condition involving the place two back

Apart fromthis it cannot count a condition involving two different places
except by using two tapes alike, appropriately staggered.

An essential feature is that the counts can be nmade in rapid succession, with
the various tapes in different relative positions ( stepping) : stepping is
necessarily uni formthough the step between successive counts nay be any nunber of
sprocket - hol es.

54B HOWN SCORES ARE EXH Bl TED.

The scores so counted are exhibited in tw ways
(i) On display.
(ii) By the printer.

The display is a ground gl ass screen on whi ch nunbers can be projected by snal
el ectric | anps.

The four upper digits are the position counter , i.e. they show the relative
position of the tapes.

The four lower digits are the score counter .

The printer sinply prints all 8 digits in order, wthout spacing. So that e.g.
25341798, means position 2534 score 1798.

Footnote Display can be switched off either entirely or to show position only.
There are nore printer details later.
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54C BEDSTEADS AND PGSl TI ON GOUNTI NG

(a) Bedsteads

A bedstead is a systemof pulleys round which the tape is driven by a sprocket
wheel at about 2000 sprocket-hol es per second, so as to be scanned by photo-el ectric
cells.

There are four bedsteads A B,C D to ensure sinultaneous scanni ng of
correspondi ng pl aces on different tapes, their four sprocket wheels are on a comon
shaft.

(b) Bedstead Drive

To reduce the tearing of sprocket-holes, two of the pulleys are driven at the
correct speed. For the sanme reason the drive is applied gradually when starting, and
removed gradual |y when stopping ( by nmeans of relays).

The tapes are draped | oosely on the pulleys, centrifugal action tends to
tighten them and they may need to be slackened. After a long run tapes may stretch

Between the "Gate" and the sprocket wheel the tape noves past two engraved
marks: to ensure that the tape is correctly placed these are aligned with an
appropriate pencil mark on the tape [ Fig.58(iv) ]

The tapes, which are of course continuous |oops, are jointed flexibly with
Bost i ck.

One spring switch is used both for starting and stopping: it is thrown down (
and rel eased) for start, up for stop

(c) The Gate

Each bedstead has 13 photo-electric cells which scan the tape as it passes
(downwards) through the "gate". The gate is placed as near as possible to the
driving sprocket to reduce the effect of stretched tapes.

(One of the photo-cells scans the sprocket-holes, permtting the counters to add
1 or 0 at each sprocket hole.

In each position of the tape 10 of these cells scan the 10 dots and crosses in
two consecutive places on the tape, the 10 outputs appearing in 10 jacks on the plug
panel ( the output fromeach bedstead in the 10 jacks i mredi ately bel ow the
correspondi ng letter), and nowhere el se.

(d) Start and Stop Signs

The remai ning two photo-cells ook for the start and stop signs which are
punched in the 4 1/2th and 3 1/2th inpul ses of the tape, exactly as on Col ossus.

A start sign causes the machine to start counting.

A stop sign causes the nmachine to stop counting, transfer the count to rel ays,
and prepare for the next start sign.

Only one start sign and one stop sign are used as such at any time; these are
not necessarily taken fromthe same bedstead: they are sel ected by the sw tches above
the plugboard. Start ( on AB,C or D by the first four: Stop (on A B,C, or D by
t he second four.

(e) Posi ti on Counter

The start signs are used also for finding the relative positions
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of tapes. |If one (say B) of the right-hand sw tches above the display is thrown, the
position counter shows how many sprocket-holes the start sign on B is behind the
start sign used as a start sign.

(f) Period D als

These are above the display reading 0000 - 9999.
It they are set e.g. to 1271, as soon as the position counter reaches 1271 it
returns to 0000 i.e. the reading is always the remai nder on division by 1271.

(g) Split Position Counter

If one of the left-hand switches above the display is thrown the position
counter is split in tw, each half working i ndependently, reading up to 99. The
first two digits show the position of the tape selected by the left-hand switch. The
second two digits shown the position of the tape selected by the right-hand sw tch.

Splitting splits the period dials also, e.g. if the dials are set to 4131, the
first two digits show the remai nder on division by 41, the second two digits show the
remai nder on division by 61. These may refer to the sane or different tapes.

(h) Settings

By convention the setting of one pattern relative to another is the place on
the latter against the 1st and not the Oth place on the former. Thus setting = Rob
reading + 1.

(i) Stepping

Stepping is effected on Robi nson by using tapes of different lengths. If Ais
m sprocket -hol es | onger than B, and the original setting is 01, then after a
revolution, Awll return msprocket-holes later than B, i.e. the 1st place on Ais
opposite the (mrl)th place on B, and the setting of Arelative to Bis +m

Ais said to have noved forward rel ative to B.

(j) Repeat light

When the position counter returns to its original reading a repeat |ight
appears bel ow the di spl ay.

54D THE PLUG PANEL
(a) Layout

The jacks on the plug panel may be grouped thus.

'um,..lul. p Fram  lupes
i

. 3/ 'ﬂgﬂﬁa:.mh:
f---"i'!u---—--r"f _]!

ik Vd
| \‘; e
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Condi tions can be inposed only by plugging bot h:

1. Fromtapes to Addition Field input.
2. From Addition Field output to swtch panel.
The latter however may be plugged via "Special Facilities". Note that this forbids

pl ugging direct fromtapes to swtch panel

Subj ect to the above rules ( and sonme nminor restrictions in the ordinary
addition fields) any jack nmay be plugged to any other. No jacks in the plug panel ate
permanently |inked except the colums of the addition fields (ordinary and special).

(b) Pul ses from Tapes

The arrangenent is obvious fromthe picture.
The upper rowis one forward on the tape.
The lower rowis present position on the tape.

(c) Odinary addition fields

Pul ses (one or nore) fromtapes, plugged into input jacks in any colum, appear
added together in both the output jacks of that colum. For technical reasons there
are certain restrictions on the use of these fields. Each of the left-hand five
colums has two pairs of input jacks (upper and lower). Each of the right-hand five

colums has a single pair of input jacks. |nmpul ses plugged
into the two jacks of a pair nust conme fromthe sane tape. |If there is only one
impulse in a pair it should be in the upper jack of the pair. Inpulses from

different tapes can be added only in the five right-hand colums (or in the special
addition field). Each colum of the addition field has two output jacks from which
the inpul se may be plugged directly to the switchboard or to some

special facility.

(d) Special Facilities

These are special addition, Permanent cross, one back and two back

(e) Special addition field

This is exactly the same as a Col ossus addition field e.g.
E w
SETSTE

A2 -
-~
] Bl 4T AL W

Note: other columns in the addition field are unaffected by this and can be used
separately.

(f) Pernmanent O oss.

The e is a colum of jacks to the left of the special addition field: each of
t hem bears a permanent cross, which can be added, in the special addition field, to
any inpulse. This is useful for making an inmpul se equal a cross when using "direct

pl uggi ng".
(g) One back and two back

There are five jacks at the right of the addition field
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. o in each colum any inpul se plugged into Q
- I® appears one back in Qbar and, in the |eft-hand col um
7% &
e two back in Q doubl e bar

The notation Qis unfortunate: it is not anal ogous to Q on Col ossus.
| woul d be better.

(h) Plugging into the switch panel.

The output of an ordinary addition field, or of any special facility nay be

pl ugged into the switch panel where the conditions, a count for which is to be nade,
can be inposed.

An inmpul se plugged into one of the 10 jacks in the bottomrow of the switch
panel appears on two switches, one |labelled x dot, and, imredi ately bel ow this, one
labelled + . The first five jacks correspond to the five pairs of switches aa , the
second five to those of bb. The inpulses are called (not witten on nachine)

Q, @, B, A, B, B, &, B, P, QAO.

Foot note: These are not related to Q Q bar, Q double bar: they(i.e. QL @ etc.) are

broadl y anal ogous to Q on Col ossus, but the inpul ses plugged into themare quite
arbitrary.

The five flacks marked "direct plug" in the diagram have essentially the sane
function, but are permanently swtched to dot.

54E THE SW TCH PANEL

(a) Layout

Wthout the diagramat the end of this volune, this description will probably
be conpl etely obscure; Fig 58(vii).

(b) Q Swi tches

The two rows of switches in the left half of the switch panel will be described

first: the conditions they inpose nay be nodified (may even be reversed) by the
switches in the right half.

The switches to the left of aa control inpulses QL @, B, A, &b.
The switches to the left of bb control inpulses @B, Q7, (8, @, QLO.

A switch labelled X dot can be thrown either to make its inpulse a dot or to
make its inpul se a cross.

If several are thrown, all their conditions are inposed.

i I TR ) O

| npose the conditions
— aA=. @=. &=x
I_; 1 W o T =x @
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Switches | abelled + can be thrown (down only) to add one or nore inpul ses and
equate their sumto a dot.

- - L LI
el st
& 1‘, *a' ' . | rposes the conditions
o :
. ] a + = Iy A+Q@+ @ =.
: N -
i* 1!' I*'*-i - Q7 @

(c) Yes Not Switches

On the right half of the switch panel white lines are drawn: conditions inposed
must in effect, pass along these I|ines.

Switches situated on these lines nodify the conditions which pass through them
of these aa, bb and the bottomswitch are three-way swi tches | abelled

whi ch nmeans : condition is unchanged (yes)

whi ch nmeans : condition in cancell ed

Pt Y Y Y Y

X whi ch nmeans : condition is reversed (not)

The & + and red switches are described later: at present they are supposed to
be in their normal positions.

Bxamples. |
’ r-"n - ) . : » . T L] » - L] .
f .- :! - t - - . L
Q=x . Either g, = « or g = -
d & + ' )

Two conditions reach this switch, fromaa and bb.

& means bot h;
+ means both or neither.

It is intended for use with Q + sw tches

eg QA+R+@B=., B+@=., +, neans
(either QL+ @ + @B =. and B + @ = .
(
(

or QAQ+Q@R+@B=xand B + @ =x
i.e. A+ R+ B+B+Q@=.

Qovi ously any nunber of Qs can be added.

54F M SCELLANEQUS COUNTER FAC LI TI ES

(a) split score Counter

If the red switch to the right of & + is thrown the score
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counter is split into two, each counting independently up to 99.
The 1st and 2nd digits count for conditions inposed in bb
The 3rd. and 4th digits count for condition inposed in aa and direct plugging.

(b) Span Counter

This makes it possible to count on a part only of the text between start and
st op.

It controls two sets of decade sw tches (0000 - 9999) |abelled "start", "end"
on the panel above the printer

If "start” is set at m, "end" at n, the places counted on fromthe nth to (n-
1)th inclusive, on the tape fromwhich the start sign is taken

Not e: The position counter continues to work in terns of start signs not in terns of
t he begi nni ng of span.

(c) Set Total

A devi ce whereby only scores which exceed, or, alternatively, scores which do
not exceeded; a fixed score, are displayed or printed. The switches are above the
plug panel, viz. a set of decade swi tches (0000 - 9999) and a three way sw tch
> of f, <.

54G THE PRI NTER

(a) Lost scores

On Robi nson stepping is always uniform so that when scores appear in rapid
succession it is not possible to inhibit stepping till they can be printed and scores
may thus be "lost". Various devices are used to prevent this.

1. The printer is nade to print as fast as possible, without spacing, in fact
too fast to print the sane figure tw ce successively. Wien two or nore digits which
are alike occur together, the printer replaces all but the last by arbitrary
letters (actually a,b,c,d,e,f,g for the first seven digits respectively) for exanple
ab072f 39 neans 00072339.

2. Two scores can be stored at once (instead of one as on Col ossus).

3. The nmachine is not nmade to count as fast as it could be.

4. If nevertheless a score is lost, this is shown in two ways.

(i) Alight appears below the display (labelled "lost count")
(ii) A cyclometer records the nunber of |ost scores.

The cycl ometer can be reset (but only one at a tine) by throwing a sw tch near
the cyclometer up to "nmeter".

(b) PRQ

This switch cuts out the printer: unfortunately if it is thrown to nornal
during arun it is apt to denoralize the printer and produce rows of dots.
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c) RESET
This switch clears the display and all scores which are in storage.

54H CONTROL TAPES

(a) Definition

A control tape is one used to select a set of places on another tape whereon a
count is to be nade.

These pl aces nay be all consecutive, or inin la ed groups, either regular or
irregul ar.

(b) Spanning by neans of control tapes

In particular if all the places are consecutive, and if still nore particularly
the tape steps in unison with the tape fromwhich the start is taken, a control tape
is equivalent to spanning. Spanning by dials has of course the advantage that it can
be adjusted rapidly, and if the spanning required is not known beforehand this
advant age i s overwhel m ng.

Spanning by a control tape was used for some early versions of mechanical flags
and rectangl es, in which several different spans are needed: the spans were
represented on the control tape by different letters, and sel ected by nmeans of a
letter count which is easier than respanning. This was discontinued when the
split score counter was introduced only because it absorbed too many of the
condi tions which can be inposed on the bb hal f-count.

A conprom se, spanning |arge pieces of text by dial and subdividing these by a
control tape is quite feasible.

A d Robi nson has no span counter so that spanning had to be effected by contro

tape, or nmore commonly by a control inpulse replacing an inpulse of the tape to be
counted. This was often necessary because the mninumtext |ength was 2, 000.

(c) Irregularly spaced sel ection

Ven the places to be selected are not consecutive a control tape or inpulse
must be used: the nethod is obvious: it can be enployed to elinmnate corrupt letters.

(d) Regularly spaced sel ection

Sore sinplification is usually possible: the length of the control tape can be
any multiple of the cycle which can be put on the bedstead. A proper choice for the
length of the other tape will usually suffice for any stepping required. A good
exanple is the 1+2 rectangle [24 B ( e)]

(e) Nunmber of different selections nade by one tape

A single control tape /9/HT and so on can, by inposing the conditions Cwd =
9, C=09, aGwd = H C=H and so on, be made to select a cycle of 62 or fewer
pl aces.

A single inpulse of a tape with the pattern xxxx....Xxx.X..X.. can, by use of
cwd, C Coneback, Cwoback, be made to select a cycle of 16 pl aces.
[R3 p79]
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54J SOMVE RCBI NSON PLUGE NG USED CPERATI ONALLY

*

A
; .

W TR TR T

cop

547

1

A

c

Page 362



Part of the "General Report on Tunny", the Newmanry History, formatted by Tony Sale (c) March 2001
55A Page 363

55 - SPEC ALI SED GOUNTI NG MACH NES

55A DRAGON Fi gs 58(xxvi-xxx) (Details apply to Dragon 2 only)

(a) Purpose and net hod

The purpose is to set a conmon crib P, of up to 10 letters, in a given de-chi
D i.e. tofind a stretch of D(if there is one) where the underlying plain text is
P, sothat P+ D= PSI'" , which when the extensions are renoved, yields PSl

Dragon adds P to a stretch of Din all positions in turn: in each position it
contracts P+ D, i.e. omts repeated letters, and then conpares each inpul se of the
result, independently, with the corresponding PSI wheel : it all five can be fitted
t he machi ne stops and displays the settings of Dand all PSI's at the last letter of
the crib.

(b) Use of notor or limtation

Al though the majority of repeated letters in PSI' are due to extension sone are
not, and the method will obviously be nmore powerful if P+ Dis contracted only at
total notor dots.

Dragon 1 cannot do this; Dragons 2,3 can. In practice if the notor settings

are known it is unnecessary to use Dragon: the facility can however be used wth
great benefit to forbid contraction at limtation dots.

(c) Setting up D, PSI, X2, Mi .

(i) The de-chi Dis on a tape fed into a tape-reader. Dragon renenbers it ten
letters at a tine.

(ii) The crib Pis plugged on a 10 x 5 array of jacks. The length of the crib can be
reduced by the top row switches: starting at the left, each switch thrown up cuts out
one letter. The only letter which can be cut out fromthe mddle of the

cribis the fifth, by throming its sw tch down.

There are actually two 10 x 5 arrays, selected by a switch, so that one can be set up
while the other is in use.

(iii) PSI .  PSI is plugged up as usual: above each jack is a lanp to show the
setting at the end at a successful crib.

(iv) M, X2 Mi61, Mu37, X2 have each two rows of jacks, the lower for the pattern,
the upper for the setting at the start of the de-chi.

(d) The displ ay

When a crib sets, this shews the settings, at the end of the crib, of M61,
Mi37, X2, D Dis neasured in lines of 31.

The display al so shows each position (1,2,....9).where P + D has been
contract ed.

(e) The de-chi displ ay

Above the crib jacks is a display show ng, in dots and
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crosses, the ten letters currently under exam nation.

(f) Mscellaneous facilities.

(i) Acut-out switch for each of the five inpulses.

(ii) Set total for extensions such that Dragon does not stop unless there is a
m ni mrum nunber of extensions. Switch 5 neans 5, switches 5 and i means i

(iii) Switch for use when setting tapes back, such that the recorded setting of
D remains stationary.

(g) M scell aneous switches

Reset tape, Reset tape and wheels, reset X2, Mi, linitation, single step, de-
chi display cut-out, test, start-stop.

(h) Dragon 1

Al ways contracts a repeated letter.

(i) Dragon 3

A much larger machine; can deal with a 16 letter crib, or with two or three
shorter ones sinultaneously. 1t can cope with a gap of up to 5 letters in the crib,
trying every possi bl e nunber of extensions in the gap.

(j) Sal anander

This is a "conpatibility" gadget for attachment to Dragon [see 28B (d) ).

55B PROTEUS (Fi g 58(xxxi))

(a) Purpose and net hod

Prot eus anagrans depths [ 28A(d)(ii)]

The given depth V is known to be the sumof two plain texts P(a) + P(b) . It
is expected that at sone position one of these will be a very common group of plain
text letters, say one of the six comonest: this is called the crib, P(1); and that
at the same position the other is a fairly common group, one of several hundred ,
called the dictionary P(2).

Then of course P(1) + P(2) + v = /.

What Proteus does is to add P(1), P(2), Vin all positions |ooking for a
position where the sumis all /'s.

(b) Setting up, P(1), P(2), V.

(i) P(1) The crib has a length of seven or fewer letters and is set up by
pl uggi ng. Each letter has 6 jacks: a cross in the 6th means "ignore this letter".
Actual ly six cribs are set up and exam ned si mul taneously but independently.

(ii) P(2) The dictionary is on a tape running on a Col ossus bedstead, wth
bl anks bet ween groups.



Part of the "General Report on Tunny", the Newmanry History, formatted by Tony Sale (c) March 2001
55C Page 365

(iit) V The depth is on a tape fed into a tape-reader.

(c) Qperation

Proteus is started: it reads and renenbers the first seven letters of the
depth, adds themto the crib, and as the dictionary is scanned adds this also in all
positions |ooking for a click consisting entirely of strokes.

If noclick is found, the tape reader steps. Proteus acquires the 8th letter
and forgets the 1st, so that letters 1-7 are replaced by letters 2 - 8; and so on.

When a click is found, Proteus stops, and displays

(i) The position in the depth (last letter) measured in lines 31 |ong.
(ii) The successful crib (1,2,3,4,5 or 6).

The place in the dictionary must be found by hand, (by addition).

The anagram can be checked throwing a switch to "rerun", so re-exanining the
sane seven letters of the depth.

To resume stepping throw the switch to "reset”.

(d) G her Applications

Proteus is equally applicable to any nod-2-addition teleprinter cipher which
has true dept hs.

55C AQUARIUS  Fig 58(Xxxxii).

(a) Purpose and net hod

Aquarius sets go-backs [28B(f)] using a de-chi.

In the correct position, the two PPs are the sane, so that Delta-D(a) + Delta-
D(b) = Delta-P(a) + Delta-PSI'(a) + Delta-P(b) + Delta-PSl'(b) = Delta-PSlI'(a) +
Delta-PSl' (a)

Aquarius adds a stretch of de-chi imediately after the autopause to a stretch
bef ore the autopause, differences the sum and nmakes counts for resenbl ance to the
sumof two Delta-PSl's. The proportional frequency of each |etter depends only on the
nunber of crosses in it. and the six switches are for counting letters with
0,1,2,3,4,5 crosses: throwing nore than one swtch
provides "either - or",

Two counters are provided (generally used for all dots, all crosses.)

(b) Stepping

At first the conparison is made on a steadily increasing, text, thus: first 11
letters after the auto-pause with last 11 before; then first 12 after with last 12
before, and so on.

After the text length has reached 97 there is no further increase, but the 97
letters follow ng the autopause are stepped back relative to the part before the
aut opause. 97 letters are sufficient: in a long go-back the letters i mediately
bef ore the aut opause may be rubbi sh.
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(c) Setting up the de-chi

The nost entertaining feature of Aquarius is that the tape is used only at the
outset, to set up the de-chi electrically, viz. on condensers : a charge represents a
cross: these are automatically recharged at |east once every two mnutes, according
to the rule "to himthat hath shall be given".

The tape is marked at the 97th letter beyond the autopause and ( sw tch:
readi ng position, hone, charge operating length, start reader) run backwards through
a tape-reader and so transferred to the condensers. It stops automatically at the
aut opause, where its position is checked. Then (switch: charge conparison |ength,
start reader) 218 letters before the autopause are simlarly transferred. Swtch
conparison length off, reader off, conparison
position, hore.

(d) Runni ng

A set total is inmposed on each counter (for /'s and 8 s) and the machine is
started.

In a position where the score on either counter exceeds set total, the machine
stops. The set total is taken off and the switch thrown to "rerun" (i.e. count again
wi t hout stepping). This checks the score and finds the score on the other counter

To resume stepping the switch is thrown to "go on".

Because the text length increases, the set total requires occasiona
adj ust nent .

(e) Inpul se cut-out

Switches labelled 1,2,3,4,5 cut out these inpul ses, causing themto be treated
as all dots.

(f) The Buzzer

This is provided to call attention to immnent catastrophes.
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56 - QGOPYI NG MACH NES

56A Hand Perforator.

56B  Angel .

56C I nsert Machi ne.
56D Juni or.

56E Gar bo.

56F Ml es

56G Mles BCD

56H Mles A

56J Tunny and Decodi ng Machi nes
56K  Tunny

56L Decodi ng Machi nes

For general description and cl assification see Chapter 13.

56A. HAND PERFCRATCR

Qperation of the keyboard produces punched t ape.

56B. ANCEL.

This sinply copies tapes. It consists of a tape-reader linked to a
reperforator. To nake corrections by hand, it is necessary to stop the nachine, and
repl ace the input tape by one bearing the letter to be inserted.

56C. | NSERT MACH NE.

(Mul garly known as the | BM nachi ne)

Functionally this is an Angel with a device for making corrections by hand
easily. In addition to the reader and reperforator it has a punch insertion
typewiter to which nine special keys have been added, thus

o o (-] o a

3 s B
e / Mo~ DEDD |
For normal running use "read" : *"start" neans start and continue to run;
"step" neans step one letter.

To insert letters, "stop" and
for Ato Z use the ordinary keyboard;
for 9 use the space bar;
for 3458/ use the special keys.
To step the reader but not the reperforator use "non-read".
To step the reperforator but not the reader use special key "/";

To correct a letter, use "non-read", and insert.
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The tapes produced are unsuitable for Col ossus and need to be copi ed.

56D. JUN R

(a) Function.

Junior prints froma tape. It consists of a tape-reader, a steckerboard, and
an electric typewiter.

By steckering any character can be made to print any other character. Any
nunber of characters can be steckered to print the sane character.

(b) Details of steckering.

The three upper rows of jacks carry the output fromthe reader.
The three lower rows carry the input to the typewiter.
Steckering is effected by plug cords.

Letters not steckered are printed nornmally (as Tunny letters, e.g. 5 as 5 not
by actual figure shift).

Different letters to be printed alike are plugged into a common jack and thence
to the desired letter.

To common a large group of letters a R ng Conmon can be used.

The reader output has two jacks for each letter: a mere shorting plug in the
upper jack connects the letter to Rng Coomon RC 1; a plug in the lower jack connects
it to RC2. RC1, RC 2 can be plugged to any desired letters : if they
are left blank the letters commoned into themare printed as . , X respectively.

In a jack carrying input to the typewiter FS neans literally figure shift; 5
means 5; simlarly for CR etc.

Note : some Juniors have a different and nuch snall er stecker-board, unsuitable for
rapi d steckering.

(c) The Typewiter.

This has three switches : ™"start"; "stop" and "insert". "lInsert" causes the
whol e machine to stop at the end of each line. The arrangement of these sw tches
varies considerably.

The typewiter can be set to print in any width up to 60.

Letters can be inserted by using the keyboard.
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56E. GARBO. Fig 58(xXi).

Everyt hi ng said about Junior applies to Garbo : the only difference is that,
in addition, Garbo has a row of switches for Delta'ing. Garbo always Delta's
backwar ds.

Clear ad

5 £ 2 $ ¢ % % %

O AT, ax, :t:, AX, a1y P M("I‘I‘T}
- -

1. If the switch labelled SumDelta is thrown to Delta-d , each letter is
differenced; it nay thereafter be steckered.

2. If the same switch is thrown to SumDelta , and sone Delta-Z switches are
thrown the correspondi ng i npul ses are differenced and added, being printed as . or X
no steckering i s needed.
"Cear" nerely clears any letter left fromthe precedi ng run.
"punch” is thrown if the output is connected to a punch instead of a
typewiter.

56F. M LES

(a) Functi on.

A Mles is a machi ne which when fed with one or nore tapes produces a tape
conbi ning themin some way.

(b) The early Mles.

The early Ml es could conbine tapes by addi ng them (in the Tunny sense).
I npul ses coul d not be permuted, though an inpul se could be cut out. No further
description is given.

(c) Mles B.C D

These are a devel opment of the early Mles. Wth no plugging and sw tches all
normal the tapes are nerely added. By plugging inpul ses can be pernut ed.
Differencing i s not possible except by using two tapes at a stagger of one.

(Details : 56Q

(d) The Mechanical flag Gadget (Mles D

This introduced an extension of the notion of conbining tapes, viz that one
tape can be used to control the stepping of another, or of itself. (Details 563 n).

(e) Mles A

This was designed to be as flexible as possible : nothing is transferred from
i nput to output w thout being plugged. Plugging is therefore usually nore extensive
than on Mles B,C D, but because it is based on a sinple uniform
principle (56H (c)), it is very easy and can be nade qui ckly.

Differencing, up to eight times, is provided by nmeans of menory circuits.
(Details 56H).
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(f) Performance of Mles

This has not been entirely satisfactory. These machines could not of course
claimthe attention devoted to Colossi, but even relatively they have been rather
negl ected. The design is believed to be sound, but there has been no adequate
supply of spare parts. |In particular Mles A has been rarely in proper working
order, the existing nodel being the experimental one, not really intended for regular
use: this rather than the extra pluggi ng, explains the operators'
preference for B, C D.

(g) Possible |Inprovenents.

The ideal MIles would probably be on the lines of Mles A It would be
desirable to include a generalization of the Flagging Gadget [56G (m) ], viz. an
autonmatic stepping control such that any reader or reperforator control could be
started or stopped either by pulses fromany tape or after a fixed nunber of letters

one suggestion is tw autonmatic control jacks (stop and start,) on each reader and
reperforator control, into which any pul se coul d be pl ugged.

If Mles were required to conbine letters in accordance with a general
conbi nati on square, extensive changes woul d be needed.

The counters woul d probably be of real use only if they could be reset to zero.

56G M LES B, C D.

(a) Layout

Each of these consist of 5 tape-renders, a plugboard, and 2 reperforators.
B is now i nconpl ete.

The control panel is arranged as in the follow ng di agram

This may be conpared with the photograph (Fig 58(xxii)).

In the description of Mles, tape-readers will be called transmtters, as is
custonmary: these are not auto-transmtters.
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(b) The itens of the pl ugboard

1. Transnitter inpulse cut-out switches.
2. Transmtter output jacks, each carrying one of the 5X5 inpulses for the 5
transmtters.

3. Addition field : this has 5 rows of jacks, one for each inpul se.

4. Sumof inpulses : these 5 jacks are the output jacks for the 5 suns of the

addition field.
5. Distributor these 5 jacks carry the input to the 5 inpul ses of the
reperforators.

6. Commons : each row constitutes one common j ack.

(c) Normal Connection, ie. wthout plugging.

The first inmpulses (for exanple) fromall five transmtters are added in the
first rowof the addition field and taken to the first inpulse of "D stributor"”.

(d) Plugging and Switching.

The nore inportant itens are described in paras (e) (f) (g) (h) (i).
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(e) Inpulse cut-out swtches.

Any inmpul se can he cut out conpletely by its inpulse cut-out switch : if all
the inpul ses of a transnitter are cut out it does not step.

(f) Transmtter output jacks.

Any one of the 25 inpulses in the transmtter output jacks can, by the obvious
pl uggi ng, be transferred to a different row of the addition field. This nmeans that
it is:

(1) cut out fromits own row

(ii) added to the inpulses already in its new row

For exanple, if T4 T5 are cut out, and a plug cord is taken fromT3(1), the

first inmpulse of T3, to the second row of the addition field the first row now
carries T1(1) + T2(1) and the second row T1(2)+T2(2)+T3(2)+T3(1).

(g) Adding a cross.

A shorting plug in a jack of addition field adds a cross thereto.

(h) Permuting suns of inpul ses.

The outputs fromthe addition field can be transferred to other inpul ses,
cancelling what is already there e.g. if the 2nd inpulse in 'Sumof |npul ses' is
pl ugged to the 5th inpul se of 'Distributor', the reperforators wll have not hing
in the 2nd inpul se, and whatever is in the 2nd row of the addition field in the 5th
i mpul se.

(i) Gomon j acks.

These, unlike the other jacks, are not permanently connected to anything el se.

I npul ses plugged into a common jack are added, not in the ordi nary way, but by
the rule that the output is a cross unless all inputs are dots (Bool ean addition).

Two or more outputs can be taken.

(j) Reperforators.

E ther one or both can be used.

(k) GCounters.

(Cycl oneters) are supposed to record the nunber of blanks and letters punched :
they were used very little and all but one are out of order.
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(1) Mscellaneous swtches.

Step ("run” on Mles D causes both the transmtters and reperforators to start
and continue to step.

Space causes the reperforators to step, and punch bl anks, the transmtters
remai ni ng stationery.

Single step, single space can, be flicked on and off for single step or space.

The unl abell ed switch to the right of the reperforator switches on Mles C
controls an inprovised gadget used for naking notor tapes when Tunny was di sabl ed by
the Fire (See d ossary).

The pair or switches belowthese on Mles D are for flagging (Next para. 56G

n.
The Triple switch is the on-off swtch.

(m  Mechani sed H ag Gadget (Mles Donly).

The basic idea is to control the stepping of transmtters automatically by
nmeans of inpulses fromthe tapes thensel ves.

This may be needed if tapes are to be conbined not concurrently, but
consecutively, in a large nunber of stretches.

The gadget was nade specially for Mechanical Fl agging (ch 95) wi thout nuch
regard to flexibility. Neverthel ess, though designed for ordinary flags it proved
suitable for conbined key flags, when it is used quite differently.

This explains the rather odd facilities avail able.

The gadget manifests itself as a series of jacks Jz1 - JZ8.

A cross in:

JZ71,2,3,4 starts transmtters 1,2,3,4, respectively.

JZ5 produces a cross in JZ7 and, if

JZ71,2,3,4 are all dots, produces a cross in JZ8 & steps transmtter 4

JZ6 stops transmitters 1,2,3,4 and steps transnitter 5one sprocket hole.

The gadget has two switches : the right hand one switches in the gadgets, the
left hand one then acts as an on-off sw tch.

56H MLES A

(a) Layout (see photograph Fig 58(xxix)).

There are

6 Transmtters.

3 Reperforators.

3 Controls (which control the stepping of both transmtters and reperforators).

6 Common | acks.

8 Sets of jacks for differencing an inpul se (backwards) or taking an inpul se
one back.

2 Sets of extra jacks for addition.
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(b) Al 28 itens are conpletely independent.

Three different tape-making jobs may be done sinultaneously, each being started
and stopped by its own control without interfering with the running of the others.
The allocation of itens to each job is quite arbitrary.

At the other extrenme one control nay control everything, producing identical
tapes fromall three reperforators.

The linking of itenms is by plug cords.

(c) Principle of plugging.

Pl uggi ng depends on a very sinple principle

( I'Njacks
Each itemhas a series of corresponding (
( aJT jacks

Any i nmpul se plugged into an IN jack appears suitably nodified in the
correspondi ng QUT j ack.

NOTES. Reperforators have, naturally, no QUT jacks.
Even transmtters have I N jacks.
In a common jack, IN and QUT jacks are the sane.
In a control. QUT jacks are common to all 5 inpul ses.
Corresponding IN and QUT jacks are in the same col um.

(d) The effects of the various itens on an inpul se taken through them

(1) Any one of the 5 inpulses of a transmtter : adds that inpulse.

(ii) Comon jack : the inpulse can be taken out on several cords.

(iii) Delta ; fromloneback : the sane inpul se one back.
from Del t a- oneback : the sane inpul se Delta' d backwards
( Delta'd ).

(iv) "Add" : two inputs can be added (rmay be useful for adding two inpul ses
al ready conpl ex) .

(v) GControls : the inpulses plugged into a control can be taken out into
reperforators (only one cord for each reperforator) ; each inpul se is punched
in the correspondi ng i npul se of the tape.

IN and QUT can be continued without restriction as long as there are jacks to
spare

(e) Exanpl es

reans. b TRANS. 2. ;

PP PP PP P LD Gvosiidk

' z, - ’-: _l; Eg {8 Ey Eg iy 1,
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A good practical exanple is giyen in 27.

An amusing exanple is to take an inpul se to a comon
jack thence

(1) to control

(ii) one back ( loneback ) to the INjack of the sane
i mpul se.

This integrates ( un-Delta's ) the inpul se : it can be applied
to five inpul ses sinmultaneously.
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56J TUNNY AND DECODI NG MACHI NES

The original Tunny machine was sinply a functional reproduction of the German

Tunny machi ne, operated electrically instead of largely nmechanically. 1t way
intended primarily for straight forward decoding. It was devel oped in two
di rections:

(i) as a decodi ng nachine inprovenents were effected and gadgets added for
ease of operation, not for versatility.

(ii) as an aid to Newnanry setting and breaking, rmuch nore versatile nodel s
wer e produced.

There were several versions of each, some of the early ones being very awkward
in operation e.g. patterns were set up by neans of U shaped pins, and wheel s were
reset by stepping each uniselector switch by hand, one position at a tine, and
forwards only. Only the later nodels will be described.

A weakness common to all Tunnies is that the five inmpul ses of each letter of Z
are sent through the machi ne successively though by different routes, and can be
added or perrmuted only with the aid of renmenbering circuits. This restriction does
not apply to the wheels.

56K THE (NEWVANRY) TUNNY MACH NE  (Fi g 58(XxVv)).

(a) Ceneral description of operation.

The tape is fed into an auto-transmtter: chi, psi, unless cut out, are added
autonatically, and the sum appears on another tape, letter by letter. At each letter
the current settings of all wheels are exhibited.

(b) Weel -patterns.

Each wheel has two rows or jacks, in which shorting plugs can be inserted. The
upper row represents the pattern; the lower row determines the initial setting. Each
wheel has al so one row of indicator lanmps to showits current setting.

The "di spl ay"” shows not the wheel settings but the nunber of positions through
whi ch the wheel s have noved: the three rows of figures correspond to Chi, (with Z and
Mi61), Mi37, Psi. Each row has a cut-out switch.

(c) Limtation

Switches K P B ( for X2oneback , P5twoback , PSI1' oneback,) one or nore being
thrown determne the limtation.

The characters of PS|1' oneback , P5twoback , P5oneback , which are just before
the start of Z can be preset by spring sw tches: P5twoback. P5oneback are set
simul taneously by switch positions: .. , .X, X., XX .
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(d) Wieel switches.

Each wheel has a separate switch. Unless a wheel is switched in, it has no
effect whatever, e.g. if X2 isnot in, the limtation will be incorrect and the
psis will nove incorrectly [ c.f. Para (e)].

The chi, psi naster switches nmerely determ ne whet her the wheel s nove or remnain
stationary.

{_a} Plug panel.

In normal operation the notion of the
:f.% (B z .y psi s depends on sone or all of Z Chi, Psi,
1 Motor, but only Z Chi, Psi are added in
I the resultant tape. It is sometinmes desirable
- to nodify this in various ways, e.g. in a
F total motor tape Mi37 and the limtation are

involved in the resultant tape; Z Chi, Psi
are not to be added to it, but Z Chi, Psi
(or X2 at least) cannot be sw tched out
[compare para (d)] because they determ ne
the limtation.

;

"

‘T |

_ To each or the five inpul ses corresponds
a colum of jacks (see diagram: where no
.. , suffix is shown, that corresponding to the
e y colum is to be assumed). It will be seen
— that Psi, X2oneback, M, P5twoback have each an "in"
- jack and an "out" jack. Anything put into
: "in" appears at "out" with the appropriate

i mpul se added to it. Chi has no in jack
bei ng normally connected to "I M, which is
in effect, "Z out". Xoneback PSIoneback have no out jacks

' bei ng permanently connected to PSI X2
I respectively. Chi and psi are normal |y
]

i

connected both up and down (dotted |ines)
- but a plug inserted in one of their jacks
F; autonatical ly breaks the normal connection
ot g to that Jack.

Weel s may be transferred from one
colum to another, but Z cannot.

There are a few comon j acks.

- -
Pe

]

1

o Teapk

(f) Stop setting.

Decade switches reading 0-9999 can be set so that the nmachine stops after so
many letters of Z

(g) Contracti on.

Because Robi nson psi-setting required a de-chi tape contracted by the om ssion
of letters against total notor dots [52 (d)], several Tunnies included a facility for
maki ng such tapes.
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(h) M scel | aneous facilities .

(1) Reversing one or nore of the five inpulses.
(ii) Making blank one or nmore of the five inpul ses.
(ii1) Running backwards.

(iv) Encoding with P5 limtation.

(v) I nnurrer abl e switches for cutting out |anps.

(1) Di ff erenci ng.

Tunnies "1" and "3" can produce differenced tapes.

56L. DECODING MACH NE.  Fi g 58(xxi V).

(a) Ceneral description of operation.

A ven a cipher text all of whose settings are known, the appropriate patterns,
settings and limtation are inposed, and the nachine is started.

As each letter of cipher is typed out on the keyboard, Chi, Psi, are
autonatically added so that a letter of clear text is printed.

In place of the keyboard an auto-transmtter readi ng a ci pher tape can be
plugged in, but its speed is apt to be too great for the machine.

The settings of all wheels at each letter are shown by indicating | anps.
For swift operation sone switches are on a control box adjacent to the

keyboar d.

(b) Wheel patterns .

See 56K(b), but there is no display of positions noved through, only of current
settings.

(c) Limtation.

See 56K(c).

(d) Chaser settings .

In early nodels if it were necessary for any reason, such as typists' error or
corruption, to start again a few places back, the position of each wheel had to be
cal cul ated and set separately. This is now avoi ded by "chaser settings" which are
stationary during ordinary running, but

(1) the "set reading" swtch causes the chaser settings to nove forward to
current settings (used once per line or so)

(ii) the "reset"” switch causes the current settings to nove back to the chaser
settings.

These switches are duplicated on the control box.

The same | anps are used to indicate both current and chaser settings, but
confusion is avoi ded by "DCL" which extingui shes the chaser settings.
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(e) Snaking

On corrupt texts using PS5 limtation the psis may be incorrectly motorized. If
the SN and the psi cut-out switches are in the active position, then each tinme SSis
shown the psi settings are increase by one. Several versions for ??? and
psi settings can be printed: by "snaking" through these the clear text can be found.
In practice it was done better by hand.

(f) Chi, M, Psi cut-out switches.

These switches (on the control box) cut out a set of wheels conpletely,
including their effect in the total notor.

Cutting out Psi produces de-chi, which nmay be checked agai nst that provided by
t he Newmanry.

(9) X2 inside out

This switch interchanges dot and cross in X2.



