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THE INDEX OP COINQDENCE AND ITS APPUCATIONS IN CRYPTANALYSIS 1 

INTRODUCTION 

Frc11ut'ney tables in tho annlysis and solution of ciphBrB have• commonly been employed 
to uinkc u~~umptions of 1>ln.in-toxt cc111.iv11lcnls for tba clplacr lc~tcl'IS constituting a message. 
'l'he ='ignifi<'..ilD<'.O of tho v11.rious 1>J11UK."B of tJ1c curves thomsclveis, .i.e., tbo crests and troughs 
nud t-h~ir r<•lntivo positions in such froqurncy t-o.bles, has boen rcco{."llizcd to some extent, but 
lnl",:•'~Y only iu connoction witb tho clatarmination o! two more or lOllS preliminaey points in 
tht>~r :inulys.is: (1) whether tho frequency di,.tribution approximates that of a substitution 
t·i1,lm· i11\"olving only ono alphabet or more thnn ono nlpli:a.bet; (2) whother this approximation 
rorr•'"J>0nd11o to that of a standard alpbabet, direct or revosed, or that of a mixed alphabet. 

I 1 will be shown in this pnpor that tl10 frequency tables of cmtain types of ciphera have 
,;,.,::1iiP. 1•lrnrnctcristics of a mathematical or r11tl1or sto.tistical nature, approaching more or leaa 
rl .. ..-,.f.v Lboso of ol'din11ry statistical curves. 'rlH!Ne cbaructoristics may bo used in the solution 
.,:· i.11rh l'i1>be.rs to tho exclusion of any analy:1is of tho frequencies of individual letters consti­
• ,,,; .. ~ thll tables or curves, and t.ailAout a1&'1/ aanmpliou """"*-' q/ plaVHm m/,w1 Jor O&a 
,· ·,,;,, 1· lttltr~. 

· lt hi truo that cipher systems admitting of such treatment are not very COD1ll10nly encoun­
t 1·:·«,l. Bu:; i1111SJ11uch u such systems are always of a complex naturo, which the ordinary 
11u•thuds or cryptanalysis would find rather ho.filing, a description of a purely mathematical 
.• iinlysia th11t ma.y be applied to other cases similar to the onea herein described may be eon­
-=itl.~:~11 ,·nli111ble. In fact, it is posaible that the principles to be set forth may ftnd con-
11-id<'r:.uly ''i<l<!r applicn.tion in other phases of cryptanalyais thu.n is apparent at this time. 

1'wo examples of such n treatment will be given in detail: One dealing with a.substitution 
<'ipl .. ~r whcroin. a. series of messages employing as many a.a 12S random mixed sccondary.alpha­
; ... h c•1rn he solvod without assuming a plnin-t.e.-,:t vnlue for a single cipher letter; the other a 
muldplo atlJ>bo.bet, combined subatitution-tra.nsposition cipher, IOlved from a Bingle message 
oC Cnir fo11g1ih. 

1 'liac pN11CDt paper 'WU prepared In 1928. It ia a revision of an carllor paper with the ume title, published 
in 192:! by the Riverbank LAboratoriea. Geneva, Ill. Tho author t.akCll thla opportunltJ to thank CoL George 
P•1hy11.11, or the Riverbank W.boratorles, for bis oourteay in granting pormimdon to pubUah t.bill revision • 
• \ltl11111icb bct.t.cr mct.hod11 liave beeu ulaboratod alnco tho revision wu prap&Nd, I~ baa boaD doomod of lnterod 
liiKt.oriclllly Lo publisl& 1.hia pa.per In it. 1028 form without change. 

(1) 
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PABT I 

.THE VOGEL QUINTUPLE DISK CIPBBB. 1 

This ci1>hor systcnn involves tho uso or Jivo superimposed disks bearing dissimilar ranclom 
mixt'd. 11.lphabcts. Tbase disks are 1nountcd upon a cinmlll.l" hnso plate, tile periphery of "·hich 
is divided into 26 tlegmcnls; ono of these is nuirk~ll "J>lu.in ", indicating tho &Ob'1llt'nt in lino 
with wbfob tho llUCC".ct;tUVO letters o( tl1e pltlfo tc.~t 111:1 fOliJld OD tbo fivo revolving disks 0.1"0 to 
bo brought Cor cJlciphm·nicnt. Tho ron111.foing 25 sr.gmt'Jlta or the hnso llln.to bear the numbcra 
from 1 to 25 in a. mixod seq ucncc; wbfol1 WL\ Im vc cullod the " N umorico.l key. " This key mo.y, 
howovcr, consist or less thlln 25 numbCl"S, in which cnsc one or more of tho segments of the base 
plato will remain blank. Tbe numb01'8 constituting tbe key are.written on the·base plato in a 
clockwise direction beginni!-11 immccliA~ly 11t tl10 ria;ht of the plain segment (fig. 1). 

· METHOD o:r ENCI.rmm~Bl'fT 

In the nccompanying example illustrating tho details of enciphorment it. will bo 10011 that tJ1e 
numerical key consi&ts of 21 numbers, looving blank, therefore, tho four segments immediately 
preceding the plo.in segment.•· .Assuming a sorias of messages, let us suppose the first three 
.begin as followa: 

1. Prepare for bombnrdment at Harvey • 
2. Enemy attack on Huntorstown • • • 
3. Second Field Artillery Brigade • • • 

Revolving .the five ciphor disks successively, nnd thus bringing the first 5 letters of message 
1, PREPA, in line with the pin.in segment, reading f1·om tl1e outer disk inward in the order 1-2-3-
4-5, the cipher letters for tbis first set of 5 plo.in-te.'Ot letters ore then taken in the so.me order from 
the segments of tile. disk11-dir~tlyin lino with thatscgmentof tl1e base plate that b8ara the number 1. 
In this case it is the eighteenth segment after !iho plain, in a clockwise direction, and, as sllown 
in figure 1, the equivalent cipher lettors for this group are JIEKJR. The second sot of five plo.in­
text letters of mcsso.go 1, REFOR, arc then in a similar manner set in line under the plain segment, 
and their oquivalent ciphor lotters a.re takon from the segmont immediatoly following segment 
1 of the 1111morical key, in o. clockwise direction, viz, segmont 13. The cipher letters in tllis co.so 
are VZQWH~ The third 1,rroup of lettors in lllt'SS11~ro 1 finds its cipher equivo..lonts at seg1nent 

• Whi:t! nn duty in tl1c Codo a11d Cipbor Scctiw1 of the Intc1ligonco Division of tho Gcntt.a.1 Stair, G.U.Q., 
A.E.F., Lt. C(Jl. F. Moonuan, Chief of ScctJ.ou, tun1cd over t.o 1.l1c \\"riter for 11t.udy a cipher ayatcm to;cc~hcr 
with a 11Cri;•s or 26 t.cat mcaagca aubmittod by Mr. E. J. Vngcl, Chief Clerk, who lwl ta.kou con11idorablo ln.t.ercat 
in ory1.t.or=·•l'hY and luul, ""'n. rcault of his atmlic11, dovi1md t.l1c ay11tmn J>l'C8lllltcd tor oxnmina.tlon. Tho writer 
\\"Orkcc! UJ•·•ll tho oi11hor durh1ic bill lcia11ro momenta, hut. the 1>rohlozn involved cu.111ldorablo laLbor nnd aolntion 
WBR DCIL CollUiJICtcd before bcinp; reliovod from clu1.y at. t1111t 11ta.t.iou. Tho 1111\ln 1>rl11oiplca ror aolntion, however, 
were .i.;t.:Lhln.hr.d ancl only 1.hc rlct.ailod work l'OD111;11cd t.o bo COIDJ>lot.cd. After an b1t.urvnl of more than a ye&&r, 
wbilo Dir.•,1 ur or t.l1c Cipher Dc1>u.rt.inont of tbc l\iverbank I.:ibora.t.urloa, Genova, Ill., tbc writer Lunwd his 
a.tt.c:1•tii1u u1icc ni.ore tu tl1ill cipl1or and auocoeclod bi aomplotcly anlving ~ problem b;y careyiug out thUllC 
princi1>•C1> ;.o their logical conclwiiOD. 

• It is l"COOIDmondod that the roader prepare a duplicate of frho aet ot diake In order tba.t he may moro rcadil;y 
follow the various steps in the analJ'aiL 

(2) 
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to~; fhr. iom•t.h, 11t R<';!UU'llt 8. 'fhr. firth ~roup of plnin-toxt lottan, howevor, wiJI take it.a 
c•iphcr <>q11h•nlent11 fr.n:1 tlu• :ir::it ~:-gmt>nt to t.he.right oC tho pin.in segment, inasmuch as the 
srgmt'nts inunooinr<'!,,· fl1Howi:ig s"t!mt'nt 8 :i.ro :1;:mk. Plo.in-text letters TATHA, tb.erofore, will 
bl" cncir>llrrl•d oi1 srg:ni'm O, Jmcomfog XONJE. 'l'J1is met.hod is co11tinued. inJike maDDar throug~­
out ntl'SS:igc 1. IC mcssnb"C 1 conta1ins more tfom .21 groups of li Iottera,.the twenty-eecond.group 
will ~1ko its cipht'r cquivnlonts on Bqtmcnt. 1 ngnin; tho twmty-tbird on aegmcmt 13,.~ ao oil. · 

FIC'C'Rll l 
. . . . . 

Pl'O<'r'''!ing now to 111~n1.~ 2, tho fi111t 5 pin.in-text letters, ENEMY, aro set up under tho plain 
:-tC'ftm"nt 1md tho cipht'r letters arc tn.ktm from l\l'.gmcnt 2, bocoming LTVBll. Tho aocond group 
nC .!> lrtlr.1"R i" t'n<'iphorcd on segment 1, tbt'i third grmip on sogmont 13, and ao on., throughout 
tho m~:-1n~r.. Tho flrst 5 lr.ttm-s of mcsango 3, SECON, n.ro encipliemd on segment 3, becoming 
YAPAC. 'l'h<' rirst g;:onp of cipbcr Iattm:s in " mC1MDgo is always to ho taken Crom tho se.ganenf. 
br.nrin1t tlu\ 11umhcr which coincides witl1 tho scrin.l or li.cccssion number of 'tho mC!'SNlge in iho 
· day'f' ncth·ity. 

It '\\ill ho sC'.an, thero!ore, tbn.t no matter what repetitions occur in th~ plain-t.ext beginnings 
ol mossngcs, tbe cipher letter& will give no evide~~ o~ such repetitions, for e&C'li niesaage .has a 
diflerent starting point, determined, as said before, by the serial number of the meaaage in the 
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dny'i; neth·it~. Tl1is automu.t.ic prevention or initio.J ropotitions in the cipher tut is true, how-
e\·er, onl~· of n. number of messngcs equal to t.he ~ongth oi tho numerical koy; for, with a number of 
mt'lli11:tt:"'" ~r":i.tcr tbnn tho ll'ngtl1 of the ke~·, rho initial segment.a from which tho cipher letter& 
o.rt'! to be tnkcn bt'gin to repent. In this cnsc, mcangc 22 would noceseoril.y hn.ve the aa.me initial 
point as mcssngo 1; ml'SSoge 23, t·ho snino as message 2, and 80 on. Messages 43, 64, 85, ••• , 
would nll bt'gin \\it.h Bt'gment 1 ; messages 44, 65, 86, • . • with 1og111ent 2, and 80 on. 

Tbo sl'!r.rccy of tho &)'Rtom is dapondnnt upon o. frcc111ont cbo.ngeof alphabets and a still moro 
fmqucnt chnngo or numorico.l key, sinco it must ho n11&11mcd, as with n.11 cipher systems or devicoa, 
thnt soona1·. or later tho general mot.hod oC onciphonnent \\ill become known to the enemy. 
The only roliamco, tbareforc, Cor t.lio sn.foty of the mC888ges must bo placed in keeping the specific 
alphabets and tlie numerico.l key for a givon series of Me&Sftb"ell from the onemy. 

PmNCIPL:t:s oP SoLuTiox 

The following meun.gas 1 a.re 888umed to laave been intercepted within one day 11.nd t.b.erafore f 
to bo in tho snme alpba.bets and koy: 

MESSAOE No. 1 

MLVXK QNXVD GIRIE IMNEE FEXVP HPVZR UKSEK llVQCI VXSFW 
GVART YBZKJ WVUPV XZCBD BDOLS GHINZ LJ'CTE KSLPY VPBYD 
WTRJK BDDFA AN.JD XGHED ERYVP YPWDJ DF'l'JV ZHTWB WXTMF 
OZDOJ 

MEss.a.oz No. 2 

ULJCY GXAEU DTEIL UZBRW GJZSS QLUOX PTFOO NWSHD BPTJO - HQRYY YAIRZ KTEllP UAYYK ISRDZ VUVKW HXAYD YAGSll CURBZ 
LBXOV EBBPI Biil.CB UJWCF ZSLXV QFXUE llPZllK MQZZT KllURW 
EJVB 

Mt:&!AGlil No. 3 

YLMKW CBGSF VGABP HOZFV QQNSQ NQLQL DIGDI XCWAI QFJOQ 
'l'YDEL MBMJB SEP SO DHREM ELKIP KXND QYBIH BHFDC GLYWC 
YGMMP EEXZH UBBSB SB ONG URQKW YRAYU NYUCS LNDIV VNSXN 
WGVME YXPDF WGTZE KRLGU ZJFZJ I 

MBBBAGB No. 4 

UFHUJ LTMKJ PONFG RIUGG OZGWS UBNMW WGILB JNXTD BPREX 
MMWHB OBFVO TFGSJ SLXEH RTZ.MI LLUUX FIFIC PGSBA KRCAS 
DiKQV SLDKS NTESD QVQBN RZDMB JQLYH L'l'MXB BSVWL ILKYU 
NMFEB HB 

M.BSSAoE No. s 

v.::.:~Q KZJJK DCVQD KSSXY TSUXE GRROH PXKZF ZKFMS VGDWU 
Xl .. 'l'J~~ EX.i.tEF AWQWr' ZES1X GWCEM JPNVB GRJGB IBWOH YMOAP 
IZ'i!1'X GXMSB OZZGK FVURN NJFGQ DTPLV STOID DWVLR TXTBH 
~'OC#IE YJXXW BKOJQ FOUHO T 

1 'J.'bCllO are 1.b.e act1181JD.1111aps1n1bmlt.t.ed by Mr. Vogel • 

... --·· -·-- ....... _. __ - - -· ·--···--.....--........ -·-----.---·--............. , ..... '!!!'_,SQ .... "'"'"'""· -II'!" ..... ~ •. !'I'll,._..,_.,._. ___ ... ~~-·--------.. 
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MB&&AGl!l ~ o. 6 

XGORF GCHAX DUE IQ XAOWK BK3UH SKWWW XHEYZ JAKUK BEQMG 
IWTVU NPCLU KQDIG YLllNC KYJJF SDSTU DCBUK OQUVA WHSD ' VGQSW OGHPI XCYIO SUAEU BQAPY RllDJIW FWGSQ HYllRQ LPUVH 
LNGQ'l' IPJRI HlJIW) DZU'l'W BFMO 

ME&SA.GJll No. 7 

UFUCL HJYDY ZTHHA HWJWJ InlZI VZIJE QODUT llZPRX SWNFC 
DKXXR TOSVL llNHNO RZR'l'X QIPFN HOUNL P'GUVO TPOWI VHNCQ 
RTDCO LNTTll YXMXR TUIIG ZOJCU BTXJK KGUEJ llSJBS ESVWJ 
IKGSL APA 

MzssAG.E No. 8 
~ NWWVY UllHVB RPQHF XOHQN IPA.TI CFllZT DillQI IRUJI NSBWR 

VTEGJ IAFEO BWUT VPSKO HUYNA VPRXS SCUZB JHCDE '•WUHJV 
GXHRP OIHWF LBTKF QESIO YXVNK AID.AA EQLVJ llYYTH GSEYA 
KLXHR NCVNY XSQllC XVI.JC TJVSC WEGZ TFOHC HNPll . 

r 

MBSS.AGB No. 9 \ 

f. 
NYMPE YZYRZ AWLPP IMPBB VWAXZ QSVFC I'l"lll'l' KZNFC I»fSUA 

.. 
~.: 

NNCMP SOJKI GDPQZ IIPllV ZOCBO UCKXR SEPEll OTZNM mm t r 
NDEUH YUEIP RFOHI QLQHG IJFRT UTNQC JFJJAF SQRWO DAJll'l' ' l -

' YKXXQ VRQUW I .-
f· . M:USAGB No. 10 

TEPDA XXHHC FYllFK QRBJV YVJID JBm' JBLXU ·KSOXR KNHJK .. 
UFRXL WELQJ QJKFI RLSSF BQJIR BZKYH JWJWP AYSKO UWJDX l 

. f· 
CQRVW ZVXXH HZHCW SVEYH NEANW G . i 

MESSA.Gil No. 11 J 
SEYBZ MGSOZ CllPSQ BASFH VFSCG CHKSB ZOPRZ CZEVH OCADC 
LGRXO XXCKK llVQGJ XYUOC FFFVJ OZCJE AQSJY llZCllO TOXVll . i .. 
KEXYA VWONX GTCl'l' TGLOI IWORT JJVQB HYNK I { 

: .. 
ME88A.GB No. 12 : I 

t OMTXX WUXZE YEHOJ ALJCO EPLPJ RBCVX VVARW DYBDQ F'l'ZDA • i. 

XEWG ROHUP OFSGQ PONLI RA IBP KACIB CllY.BB VKHEU XSPFG 
WKZTE KZYIZ ZXFJO HZIVG ESGOX YYCEO B 

MEBBAOB No. 13 

QNKIT FZHNC GJBSA JIQBX PFTAO RJLUD IKPKI THUWU EVGHU 
LJUFZ UBSllD VHMHZ UWVYQ DJPFY KE'l'llN CLEQS DQJNA GEYHC 
JBCPG RNNNH BSYZR STGBV E 

~ 

. 
'l 
' 
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l\h:ssAc:.. M No. 1 ·1: 

z.mi\K CLYZK RINOK NBTAK ;:m:jBI WRZRX DQTAR AEKllY llOXLT 
YVi"ii;'L DXZSI( ZP\YNI JWLI TPWR TPQGH RJZCQ XCNHU NOKllI 
l\Kl]EF FJW\'VR ZXROX PZUGG HMYNB DUHQZ BJDFA FJAYU RKHKB 
ZMKMI D 

MESSAGE No. 15 

OSULC WZAFW SQAUC WPRBI \'lCFUO JKQHY OIWVX KSMSX MBXOZ 
QQDCX CBIMT DGIAS BAQRK Ru1-IHF JYUJG DYNllA- CWULT PK\'lEE: 
UUHTF FOQOK KNRPI PLLXQ DRDEM JMCFB WLHVX FIFZR STVJV 
:XDCAS BEHQV OPWEY UT I SE NZFCU BII 

ME&&AGE No. 16 

VHXVD RSRY:t PVNWQ QEDMJ LTKFN RMDGT DNllBM JDGVP ·JCJMND 
RRQDM STTAL GKPPO PZTCU BNCEE HARB KRGNU ZXCWQ VEZ'l'C 
DIPSG ZUFVH OZIGB TQXND HMHEW VHTL'l' 

MESsAG:iit No. i7 

UMMOL HVVEQ GWTJI PQTNS AEFZH· TOFQH OOXNQ NPDDT QVSJR 
RAABX ZCVWR WJEG NMJHQ CHZUM TT SIU GHELW HUMFH LZHNH 
CJEDW AKHZA SDZIE HIH\9G LBUFZ DVPUB DCMXO NAYEY GQHID 

.. .- M.e:1:1sAOE No. 18 

LALNH QUDUA ZBZUD VSJFE MEHX?I EUWZ'l' OKINO OOSIL TASEG 
OVQVX PMKKW BQRBI VGDGJ JDAH'N RZDI.A. WQAXB FBRLA AHJEP 
PUMEU HJQJP Z.SPPQ VZWDL HE:CDA LPJJS ZOJYB MO .. 

M Jo:Hti." (;)•; ~ o. l u 

YTWL TWEVD MBHKV IHTPI GNXBQ X.A.UAQ OUFVO GSMKB BAKIG 
YlUlAF BKIJC ZJSRN WBQHM. UYJPT CHCCB ~ OLD QA zzocv 
Url1.iNZ. OPRFC. RDONY ROZ.A.II ZYNVQ WFONZ C'l"l'ES. IRWER GKETA 
YU SUK TFECD BMQVB v~wvv VWCZP. TWC:l'J FHFEH VNDCO llZVLK 
YUJPZ BHLDY VVPllD KFHPB VCYU 

MESSAGE ~ o. :?O 

OBHOK UWRON AJDFH FRQMI ULOTG XX I EV HMAKV PVMAV OITKD 
LDQIW UYVWI JEJRQ MCUZP KGUDN ~PBF· TQVZP- IZJTU RBUFZ 
JUSIZ DCIGX QESJD LIZW l..OPME Y)IEXI HOIJK KUYHK AO RUY 
LVD 

Mu&AGE ~o. 21 

O!f.XOW LTYIEW KFJHN ZMSKK GXFDL YLCPT YYYNQ CYYMA ZWRAD 
HG?IBI HHCGM FDGMN XIQDN NPLYQ NPJNZ OWFVV KMGVH KHCUC 
STNVZ CGXHV LZZXX SVTKG POEAC OJYQU MEULH KHYDD E'l'PDN 
QYZVU HIMGG RBHEI cuso -

.... ~·······-~ I PU. Z =· I "¥ c 
-·•'""'W"' • 



REF ID:A64722 

- 7 

)ih:BSAr.E Xo. ~2 

S'l;'D""'"" ... r ;,! AQMQ\Y FFONY GVFZH JTPSY IAONR TWSZJ OJUGA HOGXW 
YJOUN AE:;QG HTZPB YRNEI DWIVZ JNPXG sxxsz HVRUC QEHQR 
cxmF UKCTB BETEX. ZSL.ru< QF".aJV CLRIL LHIGG FVDSQ ·R.JCSH 
JJMIV JFCEU QFPMO TFSOQ XKF.SC CJCFI BK 

MKSSACl1G No. 23 
•I 

L}!i<G? KUKNY WJROY XZHPK JJIHU LUVBU ZRUDA XXHRF MOAFT . 
' Xt:'\11VE YZAJE NFDEX. GDZGA JBZET XYHAL DGECA CDPYll B'l'llYK ! 

LCSMI YVSWW DQNAP KFPAO FIQTR KQQIE HHYCA GHEBF PFTYF 
DZAUO w 

MUBA.GE No. 24 .. 
' I 

QMOOK OKWHR llPXQI PIQMN ALWNK HZIKQ XQNUY. GQZNG ·.DFTFO I 
; 

YJODO XI RIX KDCBX UEQTU VP I WA NFWOH GDXY EKBMG llGETD ' : 
WFKKZ PXXZL XFRWL FH'l'EG INNJI ETVUP QHTJY" OP ~ 

I 

MEsa.t.Gl!l No. 2S 
. t . 

1: 
t 

FPETJ CDVNY LllKQU CDALX FIYGR HQMIP FAONR 'QCAVJ MFIAC I . . 
t 

YY.DKR GWllQL FQMEJ KOBMS ZURAN ULZFE YDLOT UZllJM SETNP 
GWILM FGCVS NCZGB HUIRT XUWAI DGAllL QBTFK VYIGT FWVK . t· 

:. ~· 

FJYAZ YQNVO WSMSS CCllFY KVKRA y . it 
i[ 

MBBBAGlt: No. 26 I t · · 
11 
' . 

XFYKU NDBFZ KNDMF GBVIJ 'l'KNDA LGPKS CWPSK BSNWH LTTXN 
. I 
.. i· 

VDCYO GYZLI TRURC GBIWL VEKYG YOOHV IA UNO LPSJJ UTNIE 
I: 

; ~ 
ZAECE XQDYB FDBPB SESMA SRUEU RUWKE RIYIT BDWVG MZNGB I 

. , . 
TRJTG PZJCM LSFXW ANHJO UZHRQ tJLXFU :XSINC M.VKNT ZWXXQ i ~· '· i 
VWRIH MPMHG DURHG IJKIR UFRNA APKQP KAXUF CACVC LNICD I . ' 
ESOWP MJQEC GGJBF SGMFC TQRGT JODEE XHRXE KIOZG DLRZV .: 

. t 
DLZCS EMVZL GAMFQ ULGXC WIZWK IIZYY · HTAVV O'l'TTO Rrl'HL .. 

I 

HQWVZ XZUAB GLHMH ZFTIQ OTJEP VZXCL YFYOE LSIJU SYBllC ' .. 
}' 

YQXGD SEC CE CIJTI BUILZ ZUAPV QRYXB 'VHMWL LPXGC RLE'l'I ! 

DJBCW IHSAM RHCMJ RAQBJ IWORY OISIE . RESKE PAWD SMQVB I . 
~. 

VEASF TZCWL AUHKA MSTZZ DDQYB RCWS UXWQX WDPDB BYGMQ !· .. 
XRLCH IOKZO EPLQU XJZKI JNSSI· HCHXX ZllZKW PVUGD QCVQ i 

I . 
• 

It mny bo of ndvnnto.go w bl'.gin the eluciclntio11 of tho principles of solution by translnting .. 
; 

this <'~phPr into terms of the sliding of primruy nlphnbot.s against one another with tho con- ) 

sequent pmdur.tion of a multiplicity of soconda.ry alphabet.a. For example, by using ordinary 
. t . 

sliding al~>hn.bots sucli o.s arc commonly used in cryptanaqsis, we may produco the sAme i 
results 11s aro briven by the set of concentric diRks. l.it\t 111 use the n.Jpbabet.s of the illus- t 

trath·e di,;ks, mounted upon sliding strips in pnira, o.nd let us slide each pair of alpha.bots 8 
fottPrs apart. Thus,.if we consider the uppor one of ca.ch pair of alphabet& in fic."Ul'O 2 11s tho 

- plain-text alphabet and begin each alphabet arbitrarily with the lotter A, we have the following: 
I· 

. . i . 



I ·• 
i 
! 

., 

., 

j 

, 

) 

{
Plain text __ •• 

1 Qpher ______ _ 

Jl'lain text. - - _ 
1\apher ______ _ 

{
Pia.in text. _ - _ 

3 Qphor ______ _ 

{
Plain toxt. - - -

' apher ______ _ 

{
Plain text. - - -

I Cipher ______ _ 
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AUFQZERHYGWJOIDMNCTXSBLPKVAUFQZERHYGWJOID 
AUFQZERHYGWJOIDINCTXSBLPKV 

AOXGFZKYLPUKETDJVSWIRBNHCQAOXGFZMYLPUKETD 
AOXGFZMYLPUKITDJVSWIRBNHCQ 

AWJBQIHVKPUFOGTNEDSZXCMLRYAWJBQIHVKPUFOGT 
AWJBQIHVKPUFOGTNEDSZXCMLRY 

ACVXZWMTFNUIOSEHJRDLGKQBPYACVXZWMTFNUIOSE 
ACVXZWMTFNUIOSEH~RDLGKQBPY 

AETJUDKVZNWHXOGYKFRLQBPCISAETJUDKVZNWHXOG 
AETJUDKVZHWHXOGYKFBLQBPCIS 

) 

. . . 
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Xofr now tlu1t thr fiMt set or a pliiin-lc•:.(. 111 1.tc•rs, PREPA, yiold.'\ the MtnC\ set. of 5 ciplu~r 
lrttrn;, MEKJR, thut. wr found on pit~ :? h;:L· lirii11~.:: t.hC' tliKkR. 'l'J1r. only tbing wl1i1•h t.l1e8C !ivP 
pnii'li of irulrprntlt•nl. RlidinJ? nlplrnhr.l!'I hn\"t' in r.ommnn in figure 2 is tbn fA<'f, t11"t oar.h pair irns 
ht.en Niel nr>nrt thl' An mo numbrr ur lt•tt1•?-,., \"il'-, 8 i if\\"(' f'oniiider tho 11J>Tll'!r olphaLflt in r.nch J>1iir 
n~ tho stnlionary alJ>bahot., thrn lh<' lowC1r 0110 llll';. h.-rn shift.r.d 8 intervals tut.hr rig:l1t, or IR 
intrr\•nls to thl\ Jr.ft., or t.hr. 11111>rr nl1>l111hN.. ThiR rorrr.sponru. to t.bc poAition of muuhnr 1 in 
figure 1, for thl' Iott~ number ocr.upics tbr. ri~htcc.'llth sagmcnt to tho right of tbn plu.i11 l":e;:inent, 
or tbe ci1.d1t-h to f.ho left. The relative positions of t.hc numben in the numf.ricnl key, tberefore, 
CO?l't'Spond t-0 tl10 numbol'B of intervals tho primary nl1>ho.bRt.s in tl1e form of sliding strips would 
have to hr. displnced in order to produce th<' snmo rrsult.s as the disks. 

Now tho sliding against itsolr of a prim1ny sequenco contninfog 26 lott<'rs will give rise to 
a series of 26 secondary cipbor alphabets; 1 likewise, ea.ch primdl'J' concentric sequence will 
give rise to o. series of 25 Bl'COndnry a.lpbohet45, If the numericol koy consists of 26 numbers, 
all these socondory alphabot.s will be employed; if it consist.a of less than 25 :q~mbcrs, then a 
correspondingly docrenscd number of sr.condllJ'ics will be employed. · 

Since en.ch primary sequence can givo rit1a to o. set of 25 secondaries, the total number of 
poBBible sl'<.'ondnry alphabets in the wl1ole syst<'.nl is 125; but if the numerical key coDSists of 
l<'l!S tbn.n 25 numb<'l"S, t.hen the total number of sccondnrfos will be leBB than 126 by exact multi­
ples or 5, since the absence of on(\ or n1oro numbers from the key aflects all five primary concen­
tric Requenccs. For example, if tl1e key consists of 21 numbers, t-hon thero will be involved 
21 XS, or 105 secondary alpha.bets. In a rnessoge of exactly 105 lcttcrs, then, each Jett.er \\ill 
be l'ncipharcd Ly o. different scccmd11ry nlphnb~t. 1£ tho n1essaltf' contains more than 105 lettera, 
them nil the lcttrrs after tho lOoth will ho t'ncipht,rct·I by the some socondnry alpbabet.s u at 
tlae begiuning or t-hc mes11ngo and in tho snmo SC\C[Uenco. 

In tlw l\xplnnntion of the motbod of onr.i1>bem1en1. it was made clear that the substitution 
pror0Cdltl in o. l'C.'-1t11ln.r mo.nncr, taking successive groups of 5 letters; tho cipher equivalents a.re 
f.akcn from tl1e sucoossive 8'\gJllf'.nts, protm<'ding in o. clockwise direction from any given initial 
BC'.gmont. It follows, thorofore, tlaat in a single long message whoroin the complete encipherment 
requires tJ1e pnssing fluougb of this soquence of segJIICDt.s JDOre tho.n .one tllno, there exist periodic 
or cyciic phenomr.na of a type found in various cipbers, due to the presence of a definite or regu­
lar CJJele. Jn this case, tl1e longtli of tliis cyclo in terms of groups of 5 fottera corresponds exactly 
\\ith thr length of tl10 numerical koy; it.a lcJ1gtb in terms of in<lividua.1 lottera is five times the 
lcngtl. of the koy. For tbo snke of clarity, wo sball refer to this cycle whon stated in terms of 
lot.tors as the pariod. Thus, wit.la a koy of 21 numbers, the length of the cycle is 21 groups, and 
the length of the period is 105 letters. If IL message conaist.s of 316 letters, for example, tl1e 
letters would pass through three complete cycles; tho lat, 106th, and 211Lh lotter& would be 
encipl1ered in exactly similar positions, and therefore by exactly the same seccmdary alphabet.. 
The 2d, lO';'t.b, and 212th Iett-en would likewise be onciphered by the same secondary alphabet, 
but of cou1"Sc not the same a.a the preceding secondo.ry alphabet. With a key of 23 nomben, 
the length of tl1e cycle is 23 groups, t.he length of the period, 115 letters; the lat; 116th, and 
231at Iott.era would be enciphered by the same secondary alpha.bet; the .2d, 117th and 232d 
lot.tors by a dift'erent secondary, and so on. If we roprosen.t. the length of the period by "• 
then the lat, (n+l)th, (2n+l)th, (3n+l)th, ••• lotton fall in the same seoonda.ry alphabet.; 
tl1e 2d, (r.+2)th, (2n.+2)tJ1, (3n.+2)th, • • • lett:era fall in another secondary alphabet; and 
so on. If o. mossnge be longer than the period, therefore, it will follow that the lat, 2d, 
3d1 ••• nth secondary alphabet.a must contain ropetitiona of cipher letter&, representing 

I The t\\'Cllf.)'-eixth aeco.ndarJ" alpll&bfi aolocidOI with the normal alphabet, liDae euh plalD-teG letter 
would bo rcprcsentad by ltlolf In tba\ IGCODdarJ alphabet. 
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rc•1wtiii1mll 11f pl.1in-lc•xt. lc~H1·r:~, rur lh1•:-:11 1&:·1·011cl:11·:.· ::lph:1hnt.K, 111,! 11rtc•r alJ nnly ~inglo mi:tr.cl 
1•iplll'r :1 ipii:il ·•·11'1, n 1111 1111• l"l'j!l'ti I ion or hi;.:h-fr1•1p1r111•;-.• l•·I i ••I~ in ur1li11m")' p)nin. t.nxL is ll llt'C'.CH.C1A'1"3' 
1•h:1i":h'i1•ri:-d1· 1\i" II n :1I1>lmh1•; i.·;1) l:!l•~!l:il~~··:-:. ~w·li fl'I'' . i '. fom1 ,, m he• l!\"irlunc•l'rl U)' I l\pctiticmA 
in :h11 1·ipli1•r :c•xl 111 11, :!11, ;~,, i11t1•r\·1!!s, 111:d iill',\" m:ry hC' mv!d In dc1f.c1rmiun tha 1<·nglh oC tho 
J>11 ri1\1f. l·:x;ll'l I,\· how I hil4 il4 done• will pr1'!11•ut '.v hr 1lr1uonlif-rnt.c?d. 

But. I 1111 1lc•tc·rmin:11 inn nf I h1• l1•11;.tl h of I Ill' jn•riucl i!: only IL lili~ht itl.r.p forwn.rd in thC' 111111Jy11iM. 
Jt. i!'I I-rue• f.lmf it. will ;..-i,·c• 111'1I.Im11•11:,?lh or flu• urmu•rfoul kny, hut t.luLt iR 1111. Wlmt. wa must kranw 
IU'XL j14 I.In• "'''llll"llC'IC' n( 111llnbr~, 01" rn.thr.r, lh1• ITlllllVl' ]'O:-if.inllS of tJ10 rmrnhcl'll in thi!' kny. 

W<• mu:r :1~r.c•rt11in thiA hy lurthl'r sr.rutin.r uf tlw tl1corctfoal o.ncl actun.l results of the mot.hod 
or 1'1\l'l)lhl'l'llll'Rt·. J t is often thr. C1U1r. With VllriOUK r.iphl.'l'A thn.t tbe mr.t.}1od of enciplumncnt is 
t•xr1•llr:1t in pri:wi)llr, 11.nd will yiC'ld 1>rnrt.ir.clly i11clr.t~i11hrr:1hlo Jn"8R1~gca ,wbon tl1e ml'Ml1geu1rc 
,-eor,,· il'w in numb1~r, but tho \Ven.kncasos in t.hr. mothod aro quickly disclOBOd whon it is used for 
rrgnlor trnlfic r.mch n.s that noc01Sa.ry in milital'J' cryptography, whero many messages nre to be 
Rrnt cocl1 dny in the an.me kq. In tho cipher under examination, the weakness ia introduced by 
thr fnrt thnt. t.bo initial segment for on.ch ml'SBIJgo ol tl1e day's activity is determined _by. t11e 11eria1.l 
nmnhl1r of tho messoge.1 Now t.l1oro nro as m.1ny iuitin.l sogm.ent.s for each numorieal key as .there 
nro numbc:& in that koy. Once the sturting i1oint is determined, u.11 the messages pass througl1 the 
s11me cycle; diliercnt n1eaaagcs inercly begin o.t dHrerent point.sin the cycle. Now, since the 
numbl'.rs applying to these sto.rting points constitute tho sequence of numbers in the koy, the 
succcs3ive initial segments cqnstitute a seril'S or BMJ.uonce which, when properly reoonstruc~, 
will give us the sequence of numbers in tlie koy • 

. Alter tho numerical key has been reconstrl!cted, wei are yet a long way from solution, for we 
are still confronted by the more complex probll'lU of .reconatructing1 or solving, tho cipher 
alphabets. · 

We have 10 far analyzed tho solution of t.he problem into t.he following three atepa or.~=· .. 
1. The dotcrmino.tion of tho lcingth nf the period. · · 
2. Tho reconstruction of the nummirnl key. · · ·: · 
3. Tho rooonstruction of the cipher n.lpl1abota. . .... ··"' .. Lot us 11rocced, tberofore, to perform oo.rJ1 stop. 

1. The determination of ihe length of ihe perlod.-lt was explained abovo how the cipher 
syrStem \\"ill result in tho production of repetitions in the cipher text at definite intervals dependent 
upon thofongtl1 of the period. The fmt, (n.+ l)tb, (2n+l)th, ... letters fall in the same second­
ary ol1>l11J.beoi; the second, (n+2)th, (2n.+2)th, •.. hitters fall in another seconcla"ry alphabet; 
and iSO on. If tbere a.re repetitions in the plain text a.t n intervals o.pn.rt, there will be correspond­
ing repetitions in tho cipher text. Thero would ho involved. hero onJ.y a slightly modified caso 
of the ordin:uy process of factoring the intervo.ls between repetitions in the cipher text, oa n.pplil'd 
in tl~e solution of typical periodic mult.iple-alpl1:i.bet ciphers. Thus, in .this case, if it happens that 
the first, second, and third letters of a message, and also the (n+l)th1 (n+2)th, and Cn+3)th1 

are the l<'t.tl'rs THE, tlien there must be a repetition of the initial trigraph .of the cipher tmt, 
representing THE, at a distance of n letters. But in o. cipher involving so many alphabets as t.llls 
one, the repetition of trigraphs and polygro.phs would naturally. be rather infrequent, ucept in a 
very long message. 

IIo\\•over, the paucity of trigraphs and polygrn.pha, and even of digraphs, need not prove 
to be o. great obstnclo, for the repetitions of individuo.l lcttel"IJ may ho used with great 11cc1U"acy 
for the ~me purpose, viz, t110 determi110.tion or the length of the period. The method is bo.sed 

1 Howu\·er, were the i11iti&l ilepncmt-li detemiined h~ aO.ule other manner, the fbial reauna would be the aame, a11d 
the cipher could be aoived by a alight.modiflcat1on of method. Evan JI the inltlal 18pleDt.ll ,.._._aubject to no 
law, Cho cipher could •till be eolved by the method hereinatter act forth, with llOID8 mocWlca.tloDll. . . 

·-·-~·--·-······-·----=---..,...--.......... --------..... ---..... -~----------------
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UJIOll tJU' l'Oll!llflll'fion or whnt \\"O }uw·o l11ll1(•1) 0. ••'f'nblo of coincidcmr.eu, whicb WUI mow US 

m:1th1•m:1til•:1ll~· the• llll'"t pruhnhll• ll'UJ?th ur lhl' ]Wrind. Wo inay 88 Wl'll UHO tl10 text of our 
i;,•r:l'" or m,·,.."1~:;:,·~ tn illui<lrn(O tJic ]JMl'l'I'~. 

Ii we• u":::mnl' thr 1111ml'1irnl key' to conl'iRt of 20 11umhcra, then tho le.ngtlt of the period would 
be: l 00 lc·I :c·r~. l..l't 11~ Wl"itl' t-hn lnnl?<!Rt JJll't\MRgf' or our sarir.a--vhc, mCllisogo 26-in l'.Xnctly 111por­

i111pnsc•d linc•11 l'.Olltnining 100 Jr.tll'rs CnrJ1, lllH] tlum rnn.ko R l'.OUnt of tho racurranC<'ll, or DlO?O 

11rr111·1•tl'ly, t-ha r.oinr.icll'nr.c...,' of fof.toai. within 1.ho indhidunl columm tJ1us formed. 
:\ot1~ tho rapct.itfon of tho laU.t!r Fin tJH' Mceontl column. Tbis fact is indica.ted by placing 

3 C')ICi'k Jll•l1'k in tho tabu)otion of coint"Jdt'D('Cll. Wl1ero A Jotter appears three times Within t)10 
i-::tml\ rolumn (B, in column S), tbrca check mll.l'ks n.ro recorded, for thoro we have a coinaicll'nco 
bct\\"Cl'll tho first nnd sr.cond, scconcl o.nd tbird, and fll'Bt n.nd tl1ird oecurren.ces. Where a letter 
O.IJJ><'tLl"R four tiincs in tho Mme colun1n, six chock marks are recorded. Tho number of coinci­
d<'Jl~l'" fur r.acb cnsn l".Orl"l'sponds to tbo munber o! combinn.tions of two things that can be made 
from a totnl of n. tbings.1 ·· · •• 

W"c note tho.ton tbe o.ssumption of a period of JOO letters there is a total of' 39 coincidences. 
:Now, if° tho period is really 100 Iott.era in length, then the repetitions of lettera Within columns 
a.re not mere coincidences brouglit about by chance superimposition of idcntico.l letters but are 
actual recurrences in the restricted sense of being tl10 resultant.a of the encipherment of similar 
plnin-tcxt letters by the same secondary nlpl111bet. But there is no way of determining from 
this single tabulation whether the assumption of a period of 100 letters is correct or not, and 
tl1crefore we do not know whether the repetitions in this cue are recurrences or coincidences. 
This we can determine, bo\\·ever, by a comparison of "ta.6ulation.s of coincidences made upon 

· \"orious assumptions of length of period. Theoreticnlly, tl1e correct uaumption should yield a 
lligbcr total or coincidences than the incorrect assumptions, beco.use the recumm.ce of high­
frequency plnin-text letters (in English, E, T, 0, A, N, I, R, S, H, D) is to be expected, and the 
nmnbcr of such causally produced repotitions should certainly be greater than the number 
of ?CJ>Ctitions produced by mero cJ1n.nco in tl10 supcrimpoaition.1 

Ll\t t!!'I proccoo, therefore, to make n. to.bfo of coincidonco for the "VO.rious probable lengths of 
pcrioci, fo~t trnnsmbing mmiso.go26 into lim•t1cor1'CSponding to hypotheses of 105, 110, 115, 120, 
and 1:.!5 l<•ttcrs.' Be!oro doing so, however, wo find it necessary to introduce a few remarks 
upo11 the dl'sii-nbility of using o. slight correction footor for this table. 

1 We c!r:.w t.be dU.tim,t.iun bct.\t"COJl r«:urrmat111nJ coincidt!nt:U on tho grounda that tlae former term lhould, 
nncl wil1 l•cl\' be ui.,•cl to indicate rcpotit.io11• of lotton in t.lao ci1Jlaor toxt oaWlllll)' relatod to eaoll other by being 
eJ1l'ipl1.·r111c111a CJC idcnUcal 1>lain-toxt lottera by idcnticnl 1Ll11ba.bcta; whCl"OIUI t.ho latter term lndioatea :repetition• 
1111t •':11:..;:11!,:.- n.•luk-d t.o c:icb o1hcr in tbia mmmOI' bnt simply t.ho runlt. or chance.· A repetition may tlaoreforo bo 
l•ii lll ~a "'"1::0 l"l'llCC •Ir a N>inciclM1eo. Tho 1>roCCM11 ur factoring in ordinary multl11le-a.lpha.boti oJpben of tho poriodio 
t.n.c 1:1 ... i·•r i1111mr1>osc thc 1m1uar11tlc111 nnd olaMUicn.ticm of rc1>0t.itlo1111 int.otliatwokinde. UntilprovedothendA, 
1111 r''i" :iti1111M 111u11L be ccmMidr.l'\!ll coinuick111c1111. 

: •rtU" (urnmlu. ill: c ..... ,1(n-l)/2. 1'lntH, \\"hr.11 ""'"5, tho 11umber of ooinald,onoaa 11110; whon a-8, the 
1.iUluh1••• izic IJi. 

; ;-lim:1• t.hi.11 lllL)lllr \\"RS writt.r.n, II. further af.ndy of tho COllCCpt. ot OOlnoidcD0811 hall mado it. pouiblu f.o predict, 
witia :. fair .!1•grcc of accnnLcy, j1111t. 11ow many coim1ldcnoua Hhould bo oxpcotoi:l for eorraat and lnaorroot .. ump­
t io:i,,;, 'l"h• · au:d hc1111Lt.ica.l and atu.tiatiaa.1 analylll?ll arc given in dot.ail lo W. F. Friedman, Analuna of a Mcrcla1.111ico­
l;:lrr.ir,.rtll C ·ru11tugruph, Section VI; 8. I<:nllb&ck, Btat.iaiit:al Mnhod1 in G'rn*&nalraia, Sectio.a. VII (Technical 
l>ubl!.·.:li•·.:.:, S. l. S., 1034). It reBulta from theao matbcrua.t.iaaJ. atudleathat the ratloofthenumberofactual 
coi.nc:i.:,,nc.'.; to tl1e total nnmbor of pouiblo colnaidencea ill .038 for an lnoorreet. aua and .088 for a correct one. 
Tilis ks. 1wicrl~ cJiminatea tho nec81Bl.t.y for tabulat.io1111 oorreaponding to eYff17 polllble cue and givea a reliable 
1nuan11 ui c!cter111i11ing the aorrect auumpt.ion aa BOOn aa It Ill made. (See Not.ea 1 and 8 on paga 18 and 14 
rcspcctivdy.) 

• Tll.- :1.cssago need not be writ.tan out mon tll&D once if long atrlpa of ezau.aeotlaD paper are uaed, writing 
a llnu r,n c:.cl1 strip. Ea.ah line ahould contain 121 letten, and the Y&rlou atdpa aan 'then be anaupd to bring 
the prope•· lcttora into nperlmpallitlcm aooordiDg to each h.Jpot.bellll ID tum. 
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Jtnr n•111Jy nr1~umto coinpnriROD, t.ho tnLnl11 or coincidcnco obtained for tho various l1ypothesns 
· aahoulcl he 1•,1rrl'r-h•d iri ordl'r to muke propl'r nllm\·nnco tor tho diframnCC'a in totals clno B1Jlely 
to th." ,·:r::i:1t1,111 in lbo nun1bl'!' ol lot~ra in ~at~h column \\'lion trai1scribad aceonling to cucl1 

· hyp~·d1r.z~ ~- 1 l!~rom n. c1·yptogrnphic point .of \"il'\\", a. totnl ol 100 coinoidCDces ia an o.rra11gcmnnt 
who..."t! t!it"::o a."'O 6 lette.."I in each colun1n repr~ent:s c slightly greater degree of ooincidence tl~an 
in ll.n Mre.ngcmont of the aame massage also yielding 100 coin.cidencea, where there aro 7 lettera 
in most or fr..e columlis; there ia 1688 opporturjt.y for comcidencea to be produced in the former 
oase. We should, therefore, reduce all the tobls of coinciclence to some common ba&ia. The 
recso:ci::.g \"'.-e !~vo followed in the estabHEbmcnt of n correction lactor to be applied is as !ollon: 

'..\::.:-3311~1:. Z6 cont.nins e:mct.ly 639 lett~""S. 'lb~.il tra.nscribed into lines of 100, 105, ••• , 126 
lettfll.·s, the rolumns in e&eh of theae :live ret-u~s have the following number of letter&: 

I 
T .A.BU I Pcrlllll 

det&el'I) 

SO a<.•lumna ui G lctten and 61" aolnm11a ol I lottora •• -· ------------------· -·-----···-------------- 100 
14 oolt"JLtUI '>f-:! ~:l~f.ors :md 91 '1olumna of. I Jot.tcrs •••••••••••••••••••••••••••••••••••••• rr···---- lCIS 
99 cah:;.!~n&->! ;; ldt.1..1..-. and 11 cnlumn1 of' lot.ter1. _____________ ·---------·---------------------. 110 
'ill ec•lur.mr. ·-·~ .) !cth.'TI and 36 colUlllllll or 4 lotters •• ··------------------------------------------ -- 115 
Ii} c~·lu:~m;;1 ,,i:; lctt-cra a11d 61oolumnaol4 letit:n ••• --------------------------------····-------- 120 
8\l cc:;i.1•·.ua o~.; !ctt:lrs nnd M aolumn1 of '.l lo~ten............................................... l2i 

i..::s:i;:·'.:;~; °ii.At periect coincidence ca.11 occur in each column (all letteTB identical), then in 
a col·: ..:.i.n u! 5 lott.ers we can have 6X5/2-15 coincideDC88; in a. column of & letten, 5X4/2-10 
eoinci·:i.-3m·,~s; ttnd in a column of 4 lettera, 4X3/2==6 coincidencea. 

Ii now ".-~ fmd the tot.al number of chances for coincidences for Nl.'h ul &lie arranpmeDCI 
given in t.i hle I, we ha.ve the following: 

TABia II 

l'triad Comll&lllll• Totlll I (lltlel'I) - I --
100 89 eol\unn1or115 chances each, 81aolul&lnaof10 ohanoea each---------···-- l, 196 I 
ms 14 colurm111 of 1& ohauee11 wa.eb, 91 uulumna uf 10 chances euh •• ·------------ 1, 120 

I 

I 110 99 culumm uf 10 elw.n.cea ea.oh, 11eolumnaor6 obanoee euh--------------- 1,018 
I 111 79 oolu1DD1 of 10 uhauuea eaoh, 86 culumiia of 6 a'bamoem ea.oh •• .: •••••••••••• 1,008 ! 

I 120 H colum11a of 10 cha.ncm each, 61 oolumna uC 6 ch&DCIS euh------·-------· 9116 
I 125 39 oolum111 of 10 olumcem each, 86 oolunm• uf 0 ohmacea eaeh. ______________ fl08 . . 
Clioosing for our buia of comparison tbe hypothe&ia of a period of 100 lotter&, the various 

proportions or clumcea for coiucideD.cell for each of the remaining· hypot.b.elm will conatitute 
comtetion facton to be applied in each case. Thay are u follow: · · · 

Tnr.s III . -=. 

Ptrlud 01-b o.n.m 
a.u-> ......... ... 

100 1, 191 1.00 
106 1, 120 L07 
110. 1,0l6 L 13. 
116 1,000 L 19 
120 916 1. 21 
121 908 LD 

• See footnote a on the preaedlq pap. Thia oomeUon futor la mm__,- If the number of aeWAI aoin· 
olde.aaea la red.aced to a pneatap --.1a tenu of 'be total polllble numbs of oalvaldm-

•=- P ~-~··--...... -·--~:~;e~ .. ~.~p~4~.4~.~~--~s?~'-.. '·••~.~-•~+•a~!~••WF ....... A~*~»~.;qllll""'lo-z4~9"""'L•.•?~.A~o~.~>f•Aa.o~wlll!'llll"""'t4..,,•,'"'"""°~ .......... -.-.---..... -.--..........-:• 
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WC!' nro no\\· rcn&i:'\· to l'11tnhli!:ih tbo t.o.bles or coincidence for the various eypotheses. Space 
fllrbids till' nrtm1l ,1'.•monistrution of tbe Sl'\'t'rnl a.rrangomonta of messago 26 to correspond 
to thr ,-,ufou& h,rpothctirnl key ltn:t;b~-tl1ut shown in figure 3 is typical of them all. We 
slu1ll gh-e only tho final result in tabla IV. 

TABLK IV 1 

i 
Pft'l••i 

I 
I CcmetlaD CGmlll8d I llellt'l$) Col&u!ldalaaN DD tl&"h llJ110Lhllla 
! 

'l'alal ...... IOtal 
I , 
I 

100 ! /HJ IHI IHI 1HI /HJ !HJ 1HI /Ill 39 LOO 89. 0 
JO.ii IHI IHI IN! IHI IHI /HJ IHI !HJ !HJ 46 1. 07 

I 
48. 2 . I 

110 1HJ IHJ IHJ IHI IHI /HJ IHI IHI !HJ II 47 L 18 18.1 
115 IHI IHI IHI IHI IHI IHJ IHI IHI IHI IHI IHI IHI 60 1. 19 71.' 
120 IHI IHJ IHJ !HJ IHI lH./ IHJ I 36 1. 2li 45..0 
l:?S I IHJ IHI IHJ IHI IHI IHI Ill 

' 
33 1. 32 .41. 6 

! 
.. 

-.· ·- ···-... ···--

Th1•rr. j;:('l'ms to he no doubt but t1u1t thl°' pr.ritHi or 115 let.tors is cormct. Tho cyclo, thoro­
forl', ron"i:sb1 oC 115-:-u==23 groups, anti tlio nnml'1'ic~11.1 kl'y r.ontnins 23 11un1hon. Thi» means 
thut the two final el'gmcnta bcllr no numben.c, 1111d aro therefore blank segments. 

2. The reconstruction of the numerical key.-i:foving ascertained. the length ol t.Jie period, 
u.nJ thus the langth of the numerioul kc~y, tho next ~tl"p is to recon='t.ruct. tho sequence of 
num!.Jcr& ron~ti1.i.1ting the key. As stated before, this procOSB is mado possible in this case 
hv thl' llll'thLHl of cucipherml'nt which iA such that all tho me11S&l(e& of the day's activity go 
tf11iu1gh l'xnctly the dlllllO cyolo, but tho succ1~vo nlCQlll~ begin at dii£e1'0nt initial pointa 
in thil'I \~yclo, 1111d thl'SC poin~ cflincido with foe rclativo i•ositions ol tho nmnbor& making up 
the Hl'C[UCnl!\1 af numhCl'R in tbe key. 

Wu do not know tho absoluto position of any numbers in the numerical key, but we may 
procerd fil'ld. to find tl1eir rol:l.tive positions, l"<\ganling tlie key in the nature of a continuous 
cycle or ch1dn. Later wo DlAY find the a.bsolutA positious of the numbers in tliil cycle, i.e., we 
sl1nll lu1.vo 1·cconsb·ucted tbe numerical key itself. 

Xow, us st.at.eel beCore, 11.ll mMRagea proceed througli the same cycle; it is only tlie initial 
puims tor the 11uit1:uigcs which uro different. Hence, if wo can deten11ino tho relative positions 
iu wliid1 n1c::;snf.."CS 1, 2, o.nd 3 sl10uld bo superimpoaocl in order to mako all throe messages 
coin<':••t' 111J l'\•gurds the port.ion of tho cycle through which they pass simultaneously, we shall 
t1m11 have dctcimincd tile rola.tive positions of tl10 numb8l'B 1, 2, and 3 in the cycle. For 
cxan1J>fo, if we should find tlla.t the ti.mt group oI mcasage 2 belonp under the tWGl.fth group 
or mt'SSago 1, a.nd tlie fin;t group or message 3 u1id.or tho sixth group of messAge 2, we would 
COJ:ich&dc that the relative positions of these numbers in the cycle are those: 

1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 
1 • 2 • 3 

I As a. vcrfftaation of Nof.c a, pap 11 a.boYG, the J>Ol'GUUt.AgCJll of tho aot.ual number ot oo!oaldcow to tho 
t.otal polllli!Jlo number bu boon calaulatod: 

;a·-"'· 

Parlocl ~-100 _________________________________________________________________________________ 0.083 

105--------------------------------------------------------------------------------- .040 
110--------------------------------------------------------------------------------- .0·14 
116--------------------------------------------------------------------------------- .060 
120--------------------------------------------------------------------------------- .oas 
12a ..• ------------------------------------------------------------------------------ .oa& 

-•· .. •· .. _ _., ___ ..,.,,,.IA ... ., ·""' .--.. l!Ql'4 ..... W~oC .. f+1Wil!il!!lllfi_,. ilil'Q ...... ·--·---··. • --......-- ·- - ·-· 

-
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How nra th<1111\ r<'l:ith·c positions for· m.CSM&1gcs 1, 2, and 3 to be detormined? Clca.rly, we 
nmy n11<' thl' Nannr h:t~i.-1 rot this <lctl!rminn.tion ns tor tba.t concornod with tbo longtli of the 
Jll'ri\ld·- -\·iz, n. tn hit• o{ C"oiucidl'nct'R, 11\11·, wb•n mC'RMngN 1 n11d 2 aro corrocf.Iy superimposed 
we td1ould J:<'t '~ l1iJ:lil•r ll<'~c of <~uin,•i,ic•nl'<' b~t\\'l'nra the Iettol'B of tlie supcrim1JOSOd cohunns 
thun when they aro 11ot r.on·cct.ly NU(><'ri.m1>osc.~d. Tbo roa.sons ILl'O tbo samo u in the prccoding 

' ense: 1.'he successive groups of eiphcr lct.t.01'8 in ono mossago reproscnt enciphorments by t.bo 
snmo seconcl11ry nlpluibets n.s apply in the other mcss.'lgo; honce, repetitions of plain-text letters 
\\"ithia columns will msnlt in repotitions or ci1>IU!l' l<"ttors within those columns. We can there­
fore dl'tonnine tl1e correct suporimpos.ition by "xpc1imcnt and the recording of coincidences. 

na.,·iu~ round tl10.t tbo koy contains 23 numbCU'I, it is obvious that message 24 Wis the 
snmc stnrtiug point in the cycle o.s mcssoge 1 i we may proceed at onoo to combine them by 
direct superimposit.io11. Wo do likewise witl1 messages 2 and 25, and 3 and 26. The purpose 
of this stop id merely to o.iford greater BCQuru.cy througli the increo.sed number of letter& with 
which \\'e shall h1Lvo to deal in finding tl10 correct relative superimposition of these three sots 
of mcss11gl's. • . 

Sinco mcssnge 26 canto.ins tho great.est amount of tut, we may regard it1. as Qur base and 
try to find the rcla.tivo position of messages l wd 24 with respoct. to ~t. We now pla.ce messages 
1 nnd 24 beneath mcsso.ge 26, beginning the first. grc>up of the form.or beneath the second group 
ni the Io.ttl'l'. A tabulo.tion of the number of coincidences iD. each column is then made. Mes- · 
:;11g('-'l l ond 24 are again placoc.l bcneatl& mess11t.rre 26, beginning the :6rat group of tho fonner 
bonc:Lth tl1e third. group of tho latter o.nd again t.ho total number of coincidences is a.scortained. 
Iu otl1t'r words, mt'.SSOgc& 1 o.nd 24 o.rc moved succ.cssively l; 2, 3 ••• n intervnls 1 to the right 
u: nh·~n-o 26, and a. to.hie Of coincidences is constructed. . ~e g.rea.~~ total number of coin­
ciclt'nccs, as shown in table V, is given when mOStsagca 1and24 are~ three interva.Is to the 
right of message 26. This means, then, that tho number& 1 ~~~~·these ~tive po&i.tions: 

1 2 3 
3 .• 1 

T.AaLx v• 

ii•.• 1 • 1 •I • 

... 

lntcmila ••••••••• -.............. 1 2 3 4 Ii G 7 8 9 10 11 12 13 14 11 16 17 18 10 20 21 22 
Colncidca.cea ••• ----------------- 60 49 !!, 40 S3 30 SO 60 ~ ._, II 41 61 ~ A ~ 40 i8 ID '8 62 40 

Showing va.rioaa totals of cofncidcmr.o w.hen JllCH8agell 26 and ·1 and 24 II.re auperimpamd at different 
intervals correapondlng to the aucceuive. hypotheles of ~tlve poaltioD. . 

Messages 2 md 25 are next to.ken for experiment o.nd a ·Bbnilar table Of cobicidence.s is mo.de 
for tho \-nrious superimpositions with mossoge 26, omitting, of course, the three-interval tiiol 
sinc·ci the position corresponding to tlu1.t test we found to be occupied by fib.a number 1. .As soon 
:1s t-ha rt'l11th·" position of oncl.1 numbcJ" is found, tho subsequent trials corresponding to those 
munhl'l"l:I mn.y ha omitWd. The ln.bor is, of course, somewhat tedious but may be dona by 

. . . 
1 U. \\"a.11 tb1111gbl 1111ncrn~i;1111ry t1> UHC bc>th 111Clll'11~" 3 11111120 as a. baRo, alooc thtt JaUcr a1unc de<!med aumcfontly 

1•11.1.: ! '' ~iVI: rtdi=&l1h1 in(11r1111•Lh111. 
2 An h1l1:n·1L1 in LhiH 1:111:1l 1:11:111111! t.t1I~1'.1"1•111• 1,/ Ii h:Ll.l:r.-1, tmr.1111111': llrc, r:1111i11b11rn1<1nt flftMIOl.'lfB Jr, 1m1c111u11l11 of 

!1 lc· r.I c•r,, i:auh. Wr. m:ccl try uuly tl1u firHL 22 inLt·rv1.l11 Hi11c1J Lhc cyoJc OC111BIHt.a cA only 23 p011it.im1a, and Hlf:t1Bfl11811 1 
:mil :?·I c:.nnot. lmvo tho aa1nc bagiunin11 puiut uR DlCllll:llOll 3 and 26. 

• With n.·~:Lrd to tho mnthcwntlc.'1.l not.ion diac111111od In Noto 3 on p. 11, tho following rcmn.rk la 1>1:rtinunt: 
'l'h•• t.u1:.l 1111mhcr or cc1i11cldc11U011 JJOHHihlo when 11~'8 1 aud 24 aru plaaod tlirao inf.orvu.hl to tho ziAhL of 
UIC!HK:Lj.,'l1 2G iH 1253. 'l'hu lllllllbor or :'°1.11111 l'!11inciclcncc:1, 80, wl1on dlvltlocl by 12&3 giYllll .OGS. Since tho UXIMlC!led 
n:M1!L fur a c:um:ot 1&B11Ump1Jon ia .ooo, it, ia "t 01100 evident that tlala BlllWDpt.ioa la aonaot and it. ia coMGquc11tly 
un11cca:llsl&J"y to ooDlliclcr 11.111 CurLllOl' OW!Cll. 

;;.";' -·--. ·- ... . ..... =nr- ·: r ; ;; ;;ol I 

l 
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cl<'rks. '111i.,; proc:-:=s is (.'(.\llfin•w<i .in similar 1af!J\TI1•r !or r.JI the re.maining messages. The data for 
l11Nt:t"1~~S 2 nnJ 2.J t;how tlm t t-!u~y beltiDg' fi.\"<'.llltt•rvnlq tot.be right of lllC!MBolPCS 1ud24, and the 
rclnth-e positions of the numbers 1, 2, o.nd 3 in tl10 cycfo arc thcrcCore theso: 

1 2 3 1 2 3 4 5· 
3 1 2 

The do.to. for this dotormination of position for all messages aro giveu in table VI. 

TABLS VI.-Dala /fir ikferminaiioa o/ CU poliiioa of l1ae 1111 ..... 1 la croll 

MBllKAG• 28 UuD As A. B.Au 

1f Poeit.ion •••••••• ----------- 2 8 4 a 6 7 8 8 10 11 12 18 14 l& 18 17 18 18 30 21 12 28 
LNumbor of colnaidone11 _____ 18 '8 !! 40 aa n &a eo 18 47 as 41 81 84 18 H ~ 18 IO 48 H ~ 

2{Poeitlon •••• --------------- 2 8 I 0 7 8 0 10 11 12 13 14 1& 18 17 18 18 20 ~1 12 • 
Number.of coiucldon.,. _____ 46 40 IS 57 82 Gl ,!! •' 

~JPoaition.------------------ 2 8 & 8 7 8 10 11 12 13 14 la 18 17 18 18 20 21 22 28 
91.Numbcr of co1ncldauol9 ---- 84 85 88 38 16 33 27 23 18 24 28 24 24 21 18 la 20 !! 81· 82 

11
{Poaitiou___________________ 2. 8 I 8 7 8 10 11 12 18 14 la J,i 17 18 18 20 22 28 

Number of ooiuoJdaDool _____ 44 81 88 31 83 38 28 22 18 28 '8 · - . . 
a{PositloD------------------- 2 3 & 8 7 8 10 11 12 18 11 18 17 18 18 20 :Ill 28 
~umber of coiucldCDCel---·· 2& 88 87 2& 40 81 20 11 66 -

7/PositiOD.------------------ 2 8 I 8. 7. 8 10 11 18 15 18 17 18 _19 20 22 28 
L'.~umlior of coinoideucea_____ 28 88 28 27 25 20 24 81 81 "18 18 28 28 28 48 · 

s{Poaition------------------- 2 a & 8 7 
Number of aolDaideuca.----· 86 rt !! 

... -
8 10 11 18 11 18 17 1~ 18 22 28 

ftf Position •••• --------------- 2 3 8 7 8 10 11 13 11 18 17 18 19 22 28 
11Nuu-.bor of aoinolclenael----- ·27 82 28 17 21 21 80 17 13 21 27 18 · 

. -
10f Position-----------------.. - . 2 8 8 7 8 10 .11.11 16 18 17 10 22 28 

lNumber of coiuoidtlllCCl9 •••• - 18 18 16 18 23 18 14 18 13 20 10 11 18 !! 

11{Position.------------------ 2 a 8 7_ a .Jo u 13 11 18 11 18 22: 
Numbor of ooiDoldeDOOI----- 18 28 10 11 14 18 11 26 17 28 20 81 18 - - - -

11 if1:,ositlon-----7'--------:---- 3 13 18 18 
t~u1uber of cOIDoldeuccs ••• - 21 !2 22 18 · .. 

12
[Pot1itlou ••••• __________ ,.___ 2 8· 8 '7 · 8 lO 11 1& 10 17 18 22 
LNumbcr of coinoidcucca •• --- 18 27 !! 

13{Pmiitiou •• ----------------- 2 a 7 s 10 11 15 16 17 10 '22 
:-,:u1nbor of coluo.idcnCClll •• --- 20 18 1& 18 18 10 10 38 · . . -

l4{P011it.i011 _________ ~--------- I a·· 7. 8 10 ·11 16 17 10 ft 
Number of coiualdeuce11 _____ · 28 17 32 80 18- 20 23 38 24 42 

. -
l&{~oaiti.OD.-------~------~-~- t 3 7 8 10 11 11 17 1'9 

:Number of oolucidencea_ •• .:. 38 82 8'1 27 H 68 
. ·.·· - . 

l Secondary test, uaiDg ID8SlaP9 l and 24 plua 2 &114 2& u the baa& · 
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T A'DL'll Vl.-Dat11 /flf' dalmainlllion of Ile ptMUioa of a. ....... '8 CJCle-Qantlnued 

Mllal&AGE 28 U811D MA BAD.:.~~··; 

16
[X:o•it.i.ln___________________ 2 3 7 8 10 16 17 19 · · :: ·: · ; 
l:Sumhcr ofcolncidenClCll ••••• 24 23 :!! , =. .. . · .·. ·•· : ·, 

, 
17

{Poaition___________________ 2 8 8'10 11 17 19 
:Somber of colncldeqcea ••••• lS 44. 30 -

18{Position •••• ~-------------- 2 8 10 16 17 19 
~umber of coinoidonCCJI ••••• '8 81 20 . . - . 

19lf Poaition................... s 10 11 11 19 
~um.bar of aolnoidonam ••••• 28 37 08 - . 

20{Poaition.................... 8 10 17 19 
Number of colneldmum..... 16 14. 

. -
21

{Poaltlon ___________________ 10 17 19 

Number of colnolderua..... 28 33 47 -
22f Poaltlan ••••••••••••••••••• 10 17 

l~umber of aolnoidenaea ••••• "8 22 -
23

{'Poaition ___________________ 17 

Number of ao.inoldenom ..... 60 -

~:- .... •.• 

·,._ ..... 

. ... .. . . 

:: .. · { : 

: · ..... 

: . ~·· ·. 

..... ·:. .. • .... 

: . . 

. . ·:·. ·. 

:· . ~. . 

: • : :•.I 

.·. 

,. . . , . 

..... 
• I 

•• • "=' .. 
.. .; 

..: 

.. ., 

.. , 

Wben in any trial tho total of coincidences for a cartain. poaition stands out ptominently 
from tho preceding ones, subsequent trials for tho message concerned are omitted. . . 

Tho final result of carrying out this work for all the mesaac- tried apinst measage 26 · ~ 
that tho following cycle is eatablish.od: · · 

1 2 3 • 6 8 1 s 9 10 11 12 13 1• 16 18 ir 1s 11 20 21 22 21 
a 18 11 1 s 12 18 20 2 22 16 8 11 a 19 11 21 9 21 1 4. 1• 10 

Tlds reconstructed cycle reproaonts, as stated before,. tlie relative, not the absolute, poai­
tions of the numbers in the key, because there is as yet no indication as to what number occupies 
any given segment on the base disk. Furthermore, we must remember that there is a break 
of two intorvals somewhere within this cycle, representing ihe two blank segments on the base 
disk. This fa.ct may cause some difficulty later on but we shall find a way of o~ercoming it. 
In the meantime, we may content ounelvea with the cya'le as ea~blished a:nd proceed to an analy':' 
sis of tho results of its reconstruction. 

Tl1e immediate result is to enablo us to superimpose all the measagea of the ~o.y's activity, 
o.s shown in figure 5. We may begin with message 1, or with any other message, but for the 
sake of convenience in analyais, we may as well tr&DBCrib, them in regular oi-der. 

The letters of each of these 116 columns belong to a corresponding number of secondary 
alpha.bots, all dllrerent, but all single, mixed, substitution alphabets. Individual froquency tables 
n.ro mo.do, therefore, and are shown in table VII. The tables are given in groups of five, laboled 
A, B, C, D, and E, corresponding to tho fi.vo primary alphabets of the system. The groups of 
o.11>habots u.ro given in thoir proper cyclic scquonco, so that eaob. set of five alphabets is accom­
panied by a number whic11 identifies its position in the sequence of segments. Thus, we may refer 
to .:my of tlieso seco.ndo.ry alphabet& by number and lotter, as for .example, &B, meaning tho socond 
single 11lpho.bot under segment IS. The A. alphabets all apply to the outermost primary alphabet, 
or alphabot 1; the B alphabets to primary alphabet 2, a.nd so on. We are now ready to attempt an 
analysis of the cipher tut with the object of solving these aecondar,y alphabets and reconstructing 
the primaries. 

:rm·mr'": -- ... __ ,. .. ··-
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Th~ first thought thu.t comes to·ono is that thcso individual mixed alphabet.a may be aolvecl 
upon tli~ bnsis oi fl't'quP.ncy alone, as is comn1only dona with such froquoncy distributions. For 
exnmplt~, we mi~ht nssmno the most. frequently occurring lot.tor in each alphabet to bet.he equiva­
lent of plain-text lcttor E, tho next, of T, and so on; then substitute the ASSumod. values in the tut 
o.a.d.try to build up words. But oach of these al1llULbcts conto.ins only an. average of 36 lettora, ao 
that hardly any assumption would carry n considerable dcgroe of certainty. This is especially 
the caisc in English tox:t whero tho letter E docs not olwaya stand out prombum.tly u the most 
frequently used lotter in small amounts o! text. W'cre an analysis of this kind absolutely DOCOSSIU'J' 
to solution, it is doubt.ful whether this po.rticula1· set of mossa.gea could be "aolved acep,t after a 
long period of patient labor. But it will bo shown now that such an analyaia ia in fact not eiacm­
tio.l, been.use we may be able to effect a direct roconatruction of the five primary alphabets, which 
wiirnot only lead to the solution of all these messages, but will also give us every 01L8 of~~ 
125 secondo.ry alphabets of the entire system. · · 

TABLll VII ... 
1 . 8 

A B a· D • A B 0 D B 

A I I A ,,. 
I 

•'.• II Ill 
:B Ill/ I Ill :B II I I I 
0 I Ill/ Ill c· I II I I 
D 1111 1111 D II Ill I /Ill 
B I I II II 3 II II I Ill/ 1Hl 
I' I . ... I II I II II 
G Ill I nu I G I· Ill I /. 
JI Ill I I E I I . I 
J: IHI II I 1111. 
z I II II z /Ill IHI 1111· 
::s:: IHI JC Ill · .... I 
r. I I /Ill :r. 
JI[ I IHI I Ill II Ill K I 
JI' . I Ill I I I • Ill II IHI I 
0 Ill II I II I 0 II II I 
JI' I I II JI' I I Ill 
Q I II I I I Q Ill/ IHI I II 
:a I I Ill II I B I II 
8 I I B Ill II II I I 
'l' I I II 'l' Ill Ill II I 
lT I /Ill 'D' Ill I I I 
v II II IHll I II v I II 1111 I 
w Ill /Ill I VI I 1111 1111 
z I II II Ill z II Ill I Ill 
y 1HI I y I I I I 1111 
z II IHI II II I z I 

I 

I 

t 
f· 

j. 
i 

' .. 
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i 
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i" 
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TADL11 VII-Continued 

I 11 I "18 

A. JI" a .. J> I B ·A B a J> . JI 

A I I I A II I . 
I B I /II I IHI Ill B Ill II I 

c II I ·IHI Ill i I O· I 
D II Ill. Ill I I D I I II . 
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Tbr mrtbod wl1ir.b we nra about to <1rmons1-rato iR based upon tho fact that the segments 
frr,m wJ.i1·h the ri11lu•r gruuJ>& n.ro t.ukt'n f,,lJow ono n.notlil'.r fmm a givon initial point in a 
rC';:ulnr stll'<'t'ssion, uninterrupted in tl1is ensc oxc:r.pt for o. break of three segment.a rc11rcscnting 
the l.\\"O lilnnk St'~lllt'nts or the key plus Oil{'! blank whic.11 is alwaJB present representing tho 
phlin &l'l!mr.nt. To oxplnin tbo principle of tbis n1othod in dot.oil, attontion is directed to the 
.fiict t.bo.t, as a result of tho system of cmciphcrmont, the sorica of successive cipher equivalent.a 
for any gh·en plain-text lotter in any one of tho fi.vo primary alphabet.a coincides with the 
sequence ol lcttora in that olphabet. The series will coincide with the complete alphabet ucept 
for the omission of 1, 2, 3, or more lottcrs depending upon the number of blank segments. 
For e."(a1nple, turn to figure 1 and note that, in alphabet 1, the aequence of letten beginning 
1'ith A is ns folloll"S: A. U F Q Z E R H Y G W J • • • • . 

Now it i.a patam tho.I if w p1.aa letter A oj tM fo'BI FifM171 alpWd in O&e plain 8'fll'l&n&t, 
UB Bt!.ri"' of BUCCtBftN cipher e{lUitrakmB coincida wA U&e ·~°' of ,,,,,,., l'Ut:UMling" A in. Uaa 
.sa.ma alpha.bet, viz, U I' Q Z E R H Y G W J 0 I D II N. C • • • • 

If we place another letter of the same primary alpbabet-lor ezample. ~ the plain 
scgn1ont, its series of successive cipher equivalent.a constitutes uactly the aa.me aequence, 
except with a di1ferent initial point, viz, E R H Y G W J 0 I D II N C • • • • In other 
words tho successive cipher equivalents for these 2 plain-text letters come from one and the snme 
cycle or sequonoe. Now, tho same is true with. rospect to evary 0th.or letter. of alphabet 1, and 
also of the other primary alphabet.a. Of coUl'BO, tho sequence is diBerent for each primary 
alpha.bot. · 

Since this cycle or sequence of letters is the so.mo for all the letters of each prima.ry alphabet, 
only tho series of succossivo ciphor oquivalOJlts !or 0111 lotter ol each prima.ry alphabet ia necessary 
in order to cft'ect a complete reconstruction of that alphabet. In other words, if we can select 
with accuracy tho cipher equivalent for ons afltl only oncs plain-text letter in each of the successive 
115 secondary alphabet.a, we co.n then armnge those equivalent.a into five sequences of letters 
wbich will coincide with tho Jlvo primo.ry ol.1>110.bot.s, thus rosulting in their reconstruction. 
'l.'ho reconstructed sequences will be comploto oxcopt for tho omission of one or more letters 
roprcsonting the blank segment.a. H tho numorico.l key consist.a of 23 numbers, three letters 
will be JDisaing from eacli soquonco. These lottors will be known, of ooUl'l8, but their relative 
positions in the omitted section will have to be round la.tor. · · 

Obviously, the lotter which will lend it.sell best to such a prooeclure ia E, for it ia the moat 
frequent-ly occurring letter in Eng~ text. If, therefore, by a careful 1tu9 of the individual 
frequency tables a.pplying to the columns of tho superimposed mesaa.gea, we can select the cipher 
equivalent of only the letter E with certainty in the succeasive """"4a.ry alphabets, we shall 
at once have the sequences of letters in the five primary alphabet.a and the solution of the 
problem will be at ha.n.d. For example, if in a hypothetical sequence of these alphabet.a we 
select U1e letters K, N, Q, and V, respectively, as the four successive cipher equivoleut.s of E, 
tl.1011 this will mean that in primUy olphabet 1 thore is a sequence • • • K N Q V • • • , 
provicling a break in the numorioal key docs not exist botween tho membora or the sequence 
of key numbors ap1>lying to tho scgmonta oonccrnod. Continuing this process, "ultimately t110 

five p1imu.ry o.lpbabot.a ca.n ho completely roconstructod. But we must romember always that 
this procass ia dcpondont upon the correct nssumptiona far the cipher ICJuivalent of E in each 
of the 115 secondary alpha.beta, or columns of cipbor ton. · . 

Let us attempt such a roconst.ruotion. Turning to the series of SOCOJ1dary alpha.beta givon 
in t.1blc VII, wo try to find in each alpha.bot tho lotter which undoubtedly ropresents pla.in-toxt 
lotter E. .At the very start we encounter diflicultias. In alphabet 1.A, the letters II and Y are 
of cqua.l .frcquenoy. There is no ws:r of telling which ietter reprisaeut.8 B, IO that we aball have 
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to con111il!<'r t•i·lh !.~ oncl Y as possibilitfos. In nl11h:.i.l;ot SA flga.in we bawo diffic11ltios, for both 
J anJ Q btm~ 1bc ,;nmo frcquvncy. It hcgilll:I to look li!to a very douLtlu! prococlure. As wo 
go further r.lori:, t110 difilcultil's in selecting th.~ &'<?prcsont.11.tivo of E incroi:.so rnt.her tho.u dm~rensc 
and the cryptamnlyst b~mcs lost in al. nudt.i11li<"lLy or pos.c;ibilitios. E\idcntiy Lhis motho,!, 
as tl10 pl'Ct'l'.'ding one, whilo thoorctico.lly con·cct, hi pmct.icolly out of t.l.io quosti<.n hecn.une 
of tho limited sizo of en.ch frequency tnblo. In fact, it is doubtful 'ft'hotbcr '\\-"C r.nu ro.Jc•ct tho 
roproscnt-a.tivo or E \\"ith certainty in any one or tho .A alpha.beta,• and certainly, iI we cannot 
do this \\itb tho letter that theoretically occurs the most frequently, wa cannot do it with 
any other letter. 

It was o.t this point, wlum apparently u. blank wall confronted tho writ.or, and thoro soemocl 
little hope of solution, tluit )10 evolved tho method wbich finally resulr.od in solution, and which 
ombodiod such new principles tho.t bo wos led to describe tlum1 in this po.par. This method 
ho.d recourse to eomo simple lllll.tbomn.tics, easy of comprehension and application when the 
underlying principlos have been graspod. .• . . 

First,· let us mo.ko what we have termed a "consoiido.ted frequency" ta.hie for all of the 
socondary alpha.bots applying to tho firs'9 or A, primary o.lphabot. ThiR is done by collecWig 
the do.t.'l. contained in the individual frequency tables sho\VD in table VII into one largo table, 
tnkiug only the data applying to tlie lotter& of primn.ry alphabet 1. This larger table :is shown 
bolow (tn.blo VIII). 

1 It waa fo11ncl later that 1.l1e aiphor equivalent oi E baa t.ho grcatmst frequency in only 8 out of tho 28 
alpl1abata. In one alphabet E did not occur at aU. a.nd in six c:a.ao1 it occunad cml)' two tim& It will be Of 
Interest to the reader to ltud)" tbaae tGblea for the tnronoa.tlon they aontabl. with nprd to the extnme d..­
of variation from the normal that llDlall frcquenay tablca ~ exhibit. 
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'l'hiio c-011:i:nlid11tr<l fr"'tm•ncy tnblo is or :& ri1 t11r1· Jn.'«:nlior noturo. Each column gi,.,'8 tl10 
fr,•1111,·m·~· of tlH1 dplu•r Jt•lt<'l"N in n. 1>nrtir.ul11r 111r;tnH·1a. 11nd thl'l'O nra 23 HurJL cobuncK, corrc­
~IJondinJ! to :hi'.' :?:l i-;,•gmrnts or the nmm•:-ic:il :'"Y· 'J'lw numhon of tJ10 columns a.re dcLl'l'Ulllled 
by, n11<l <'oincitle with, tho scqucnco of numb1'.i"l:J ·;11 the c~yclo as given on page lG, viz, 1, 8, 12, lG, 
etc., l~11ch row gives tho lrcqumicy oC n imrliculur cipher letter int.ho successive segments and 
since tho coiunms succeed one anotl1cr in the cyclic ll!equcnce, it followa that tho frequcm.cics 
in the successive segments on o. lino "\\iib 11.ny f;ivcn ciphGr letter form o. definite stqt.mu:• of 
jng_runciea. Tbcre being 26 cipher lot.ton, the1·c a.re 26 such rows or sequences of frcCJuoncies. 
The tot-:11 frl'qucncy for eael1 cipher lot.tcr is given in the column lcbeled as such and the 
o.vernge froqn<'ncy for all cipher lotters is th(lll found to be 841+26=32.4 occurrences. The 
nun1bci· o! dilfercut segments in whil"Ji tbc rJphr.r lot.tor n.pplying to imy given line occurs is 
indicn.tc<l iu tho next column; o.nd tho o.vcrngc froquency per scgmont for each cipher letter 
is given in tlic la.st cohm1n. 

Be!oro wo can prococd it \\ill be nchisnble t.o ei;to.blish c."ll"to.in principles which "ill enablo 
us to !ollQ\V tbc subsequent re!l50ning moro cc.sily. We sh.a.JI ma.ke use of alpJln.bct 1 !ho\\'11 
in tablo VIII, cnlling attention to tb.o f=wt tlrn.t tho s;tme principles 11.pply to tho otller four 
primary 11.1.pho.bot.e. In order to ma.k:e tl10 illustr1ttion c.ompn.mble in all it.a deteils with tb<> 
real situation in t-ho test problem, lot ua mnko tbo n~:n<.'rica.l key 23 numbe&""S in lengtll l>y 
ad.ding numbers 22 and 23 at tho ond of tho koy showu in :Gguro 1. 

Lot us soa what aucceaaive plo.in-toxt lettcr.s tl10 cipher lett.ers A, B, a.nd C represont in the 
aeqU81lc~ of aogment.s. . 

P'IavH 6.-Plain tt:l 

A-VKPLBSXTCNUOIOJWGYHREZQ 
B-SXTCHYDIOJWGYHREZQFUAVK 
C-NMDIOJWGYHREZQFUAVKPLBS 

It will ho not.eel that tho succcssi.vo pl1Li.i1-to.-.::t 1ott<1rs \Yhich cip11er letters A, B, a.nd C repl'o­
s.cnt ~nsLituto o.lmot1t exactly tbo &ILIUO scqucuco iu tho tlll'OO lines. 'l'his follows fj'ODl the 
nllturc of tho cipher system itself, o.ncl tho c.rntlO oC it htts nlrondy beon pointed out. Jn tho B 
lino there is 11 section not present in tho A liua, consii;t.ing of tho lGttcrs FUA; in iho A Ii:iie, tho 
sect.ion not present in t-ho C li11c consists of t.i10 fottcN XTC; and in tllo C lino, tho section not 
prosent in tho Bline consists 0£ the lelrors PLB. Tliis is Jue to tho inf.o.l'ruption in the numerical 
key; tho section omitted will consist of 3 sequent letters in eo.oh coso, but these letters will be 
d iflerent for every ciphor letter. 

Let UY no'v accompany the sequence of the pL:.in-tex:t letters opposite each of the letters 
A, B, nud C, with a sequence of frequencioa corresponding to their normal theoretical frequen-
0ies 1 for English text. · 

& Thc.se theoretical frequenoioa arc given by Hitt on the bABle of 2001etter11 of plain tat. See Hitt_ Parker. 
Manwd /or '1&I 8olviion of Mili4af'JI Oiplu:r11 1018, p. G. 
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Now, ai.D.oe the sequences ot plain .. text letten repreaanted by t.heae &eqU81l081 of frequencies 

d.l'8 the same, it follows that we can so arrange the latter u to make the sucaeaaive individual 
frequencies coincide; and if we make due allowance for the break in the uqwmcea caused by 
the omitted wt.ions of 3 letten, the three sequencas ahould ooinaide mot17. Thua: 
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\ 
In order to· make the sequences coincide, '"e displaced ihe B sequonce five intervals to 

tho right of' the A sequence, and the C sequence four intervals to the right of the B sequetteo. 
Let us reverse the order of those letters, A, B1 and C1 and space them in accordance with the 
number of intervals which each aequcmee of frcc1uoneies hos been sbllted relative to the othere. 
Thus: 

' I I I I I ' 1·1 l 
C • • • B • • • • A 

Rofer now to the illustrative cipher alpha.bot in figuro 1 and note that this corresponds to the 
order of theses letters A, B, a.nd C in this primary alphabet. We have determined the order of 
these lettors in our alpha.bet moroly by eoiTCctly superimposing or shifting tho three sequences of 
f'requoncies relative to one o.nothor so os to mn.ko tho individual frc<1uoncies coincide. 

Now bo.d wo not known wbo.t lottors t.hCl&o indh-i<lna.J. froquoncics in uach sequence of fre­
quonci~ rop1"CSOD.tcd but hnd merely bean gh""On tho i.roquonce of frequencies themsolves, it would 
still lULvo been just 11& eusy t.o fmd tlie oorroot relative positjons of the three 1K1quenees from a 
com1>0.ri111on or t.ho posit.ions of high and low points in oil.Ch B'fl"RC:I of fr~. In other 
worc.lM, toe tlo 111d 11oed lo kno10 tJJ1uJI lt!ttttrs lb.a i1&&i.,,idu.alfr~B in. '401. Be~ of Jn<.JU1·ncitJa 
ropresci1t; it is sLill possiblo to dotormine tho i-ch1.Livo positions (in the primo.ry n.11>lu1.bot) of tho 
lotlrrs :11>pl)ing to cooh sequcnco in tb.n ciplicr 11.lphn.bot 1"J a stvd.y of tho pllBiCiona of th,, h;i.gh and 
low pni11t.t1 ·i" t.acl1, 11tg_wnc1 of fro~. No analysis wlw.tovor of tl1l\ individual froq11oncies 
is ncce&11L1"Y, tho on.tire :Crequoncy to.blo being tl'Catod oa an ordinary sto.t.idtical curve. 'l.'his, in 
its finnl analysis, is tlio meaning of the proposition stated in the opening paragraph of this 
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J>npor.1 It thus lollows tlULt tho fivo alplio.bcts or our problem may bo reconstructed, without 
a knowh•ll~c ol who.t lflttor any inclividual tre.qnru1cy in tho sequences of lrequencies (AS shown in 
t.nble VIII) rcprcse.nts, by an analysis oI these frequonoy tables co~ored AS true stat.ist.ical 
Cur\"CS. . 

Let us return now to the test messages. Table Vm represents a set of 26 sequences of fre­
quencies .s.imilo.r in origin to those for A, B, and C in the illustratin alphabet above. Wo could 
s11pl!rim11ose thcso sequences in the samo nmnner a.nd as oa.sily as we did in the messages them­
selves woro it not for two circumstances: :birst, we know that there is an interruption of three 
blunks in iho cycle which we llll.vo reconstructed but do not know wliare those blanks must be 
intii•rt~,1. Const'quc.'lltl.v, 11<>me nllowa.nco nmst be mado for tho blank sogmonts in each sequonco 
oI l1'L'<illl!iU'i('R. Soco11dly, th.o individual frcqumicios in eacli soquenco of frequencies in our prob­
lom <lo l10t l'.X:Lctly corraspond to tlio thoorotical froquoncias of the plain-text let.tan to which 
they u.ppiy !Jut only correspond a.pproximo.~ly to the theoretical. In some~ this approxima­
tion ii; far from close because of the paucity of text, and this will make the determination of 
the col'l'ect rolative posit.ions of two sequences a much more dif&cult pzoceaa than was the 
case with tho illustrative sequences a.bovo. 

We nrfl, therofore, confronted with tho problem of superimposing the sequences Of frequencies 
con-('ctly witliout a. kn.owlodge of thcso two factors, ond tbis we shall accomplish by a slight modi-
6.co.tion of mct.liod and a roco1u"B8 to some simple mo.thematics. .. 

"Fi~t, as to tho modification of motbod due to our ignomnce of the exact location of the 
bro:l.k of tlaroo intervals in the numorioa..l key: this consists in superimposing sequences, not to 
find the rola.tive positions of u.n111 f}Gir uj l'!l'"nc&I but to :6ncl such sequences as a.re au GfUl onl11 
one interDal a.parl; i.e., sequences which represent a relatin displacement of only one interval. 
The reason for this step is now to be explained. 

- Let us consider the sequence of theoretical frequencies cornsponding to the cipher letter A 

-

and the letter which immediately follows it in the illustrative alphabet, viz, U, arranging the two 
sequences as though we had only reconstructed the cycle and had not as yet determined the 
numerical key. Let us begin both sequences with segment 9, the firat segment in the key. 

~ The ordinary frequency table applying to a plain text or a. cipher alpha.bot does not correspond to the 
ordinary irc(lucncy distribution of statiatica.l work. In tl1e latter, the poeltion of the point. along ODO of the a.sea 
of tho grapll a11d their extension along tho othor wds aro either oauaally related, or the curve treat. of data which, 

. being subject to the operation of the law11 of probAhility, form 1.he normal, or Quotelet, curve of error. In the 
form.er, the poaftiona and cxtcmslona of the coordina.tca a.ro not related In an7 'WA'1 unleu ODO conalden f.he arbi­
trary order of the letters of the alphabet aa constituting a cauae. The poeltlons of the aoordlna.tea in a crypto­
graphic curve \\"OZ'O determined many aouturica ago 1d1cn the Engliah lmiguap \YU I.rat evolved. 

But tl10 acquencca of frcquancica iu ta.blo VIII arc not similar In origin to 1.he ordinary plain-tat or cipher 
alphabet troquonc7 ta.Wea of cryptogmphio work. They a.re, fn raat, aloaely related to certain t:roqull.llCy distribu­
tions ol st.a.ti11ticul data. boca.usc tho poai1.iou and cir.tcr11i011s of tlic ooordlnateii a.re abaolut.al7 determined b7 & ca.ulO 
other than the arbitrary order of tho lotton of the l!."nglish Alpha.bot. These two aha.raoterlatlcs of the curves of 
a aerie• of s~·condary a.lplia.bets ma7 be varied at \\"ill by changing 1.he aequonae of lotten In the primary alphabet. 
Any set of frequency dlstributlo11a applying to a acriea of. aecoudary alphabet. derived from a va.riableprlmm•y 
alphabet may be treated in t.lio aame ma.themu.t.icu.l ma.1mor aa thcao will bo V.ted ~ ~ 1111bllequcnt papa. 
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D 17 ' l' 10 7 11 ll 11 
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It is evident that we may superimpose tl1ose sequonces correctly by shifting the A sequence 
ono spoco to tbo right nf tho U aeq\looce or tho U sequonco ono apace to tho left of th.a A sequence~ 
Thus: 

"D' 

·-. 

"D 17 'H.10 7111111 

i. 
)V lC P L B B • , ~·. 
::: ::::: ;:: ;:z ;:::: ii 

. :::::· z:: - :::z . ::::: a:: 
::::: 

D 17'l'IO7111111 
llCI ]A V JC :P L B. S • 
<· il===::::::~~===il a ii :::::: .. ~ 

i! ~ -
~""' 1ulw t.11111. c."•lllllllC'l.t\ 111111 lll'rCC'ct. enin1·id1•nc•" bt'tweon sncccasivo pnirs of supcrim)'Kll'Dd 

t1l'~l11Pl11"" i~ uht-:'lin,•cl c..~c."A.l]ll. in two c!W's, vh:, thn2'o im·C'h·ing tho lottcl's A and Qin tho U a.nd A 
linr.s, n'~Pt'•'ti\·,~ly. 'l,hiR is duo to tho foct t1u1t tl10 broo.k in tho sequonco comos botwcoo 8"g­

mnntK 23 oncl 9. 'rho frcqnr.noy of lotter A of tJ10 U IW<IUOnce should bo matched wit.Ji the fro. 
qucncy or A in tho A scqnonco, but tbe latter docs not occur booa.uao ol tho break in the numoricQ] 
koy. Tlao so.mo iR tho caso with tho lotter q ol tho A sequence, 
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Now supposo tha.t wo did not know whore tl10 break in the numerioal key falls, and lot ua 
supt'rimpnso tho sequences age.in. Thus: 

FlauBB 11 

A 

'U' 

It is seen tha.t perfect coincidence is still mninta.ined throughout u:cept in the Cue of the one 
pair of segments containing the letters A and Q of tho U and A lines, respectively. By omitting 
tho three blo.nk segment.a representing the place where the break oCOUl'B, we have brought the 
letters A and Q into an incorrect superimposition. But the amount of error due to the super­
imposition of one pair of incorrect &egJDonta oa against the correct superimposition of 22 other 

·pairs is of so little consequenco that it ma.y be neglected altogether. In other words, whon we 
superimpoao soquences vniola. an only one i""""1.l a.pa.rl, rolative to ea.eh other, we may noglt'Ct 
the discrepancy that would be duo to our ignorn.nco of where tho break in the numerical kt'IJ' 
comes. 

N o'v suppose th.at wo did not know that the letter U immediately follow& A in tbia illustra­
tive prima.ry alphabet, and had only a table containing the froquenoies a.pp~ to tho t'.iphor 
letters (similar to those shown in tablG Vll). It is evident that by placing the A sequence one 
interval to the right of all other sequences successively, and choosing that sequence which most 
closoly coincides with the A sequence in the positiOlll of the high and low point.a, we shall thus 
have doterminod what letter imm,,dia.t.ely follows A in the primary alpha.bet; this follOWB because 
tho letter applying to that sequence of frequencies occupies a. definite position in the cipher 
al1>habct, viz, it follows A. In this case, tho U soq11once would bo chosen and we would conclude 
that tho rSCquence in the prim11.ry alpho.bot is • • . A U . . . . Ta.king tl1e U sequence, the Mme 
opr.mtion is performed with tho ot.11or HOquoncos ns before, and we thus lind tlio letter that 
follows U in the primnry o.lpho.bot. Tbcorotically, thoroforo, wo sl1ould bo able to i·econstruct 
tho com1>loto primary olpha.bot by this niothod, n.nd thus overcome the difficulty duo to our 
fa.iluro to kno\V' e."CBCtly whore tho jutcr1·uption in tho numerical koy falls. 

In this p1"0ccss ot mlLtching soquonccs or Iroquencios to docide which one most closoly 
coincicfos with a. givon sequence, we oa.m.10t depend upon a. mere ocular examination and com­
paiison. Wo muat reduce the opomtion to a mo.tllGmAtical mothod. This, wo shall proceed 
to consider. 

Lot us return to table vm and select that lino for ~-periDient which gives the best indica­
tiona of representing the closest approximation to a theontica.l lnquenq table conf.ainjng as 

\ , 
I 
~ . 
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Ccnv cl<'mcnto nH 11ro cnnl.ainccl in tho nvcrogo Jiuo in tho t1LbJo. In a. thoorotioal frequency ta.bJe 
or sm::JI t'i7.o such as t-hc ono shown in figuro 12 only tho lugh-Croquency lotter& a.re represont.ed; 
the low-ll'l'qu<'nc,y letters aro ohscmt. The average froquency por letter that does occur is 
evidently t.ho total frequency, vis, 34, divided by the number of different letten that go to 
m.ako up thi& total, viz, 12. This quotient is 34+12==2.83. 

I 

Flavu 12 

Tolal f.requeno,y-34 
Number or dift'orcnt Iot.ton-12 

Avongu frcqucncy-~:-2.83 

Noto now thn.t the Y lino of frequencies in ta.blo VIII averages 3.00 occummcei"par aegm.ent; 
that is,· the average frequency per plo.in-toxt lottor which Y repreaent.s is 3.00. This is even a 
little bettor tho.n tho average theoretical frcquoncy per letter 88 determined a.hove. Let us con­
sider the Y sequence of froquencios, therefore, a.s ropresent.ing the closeat appru:im.ation. to a 
theorot.ical frequenoy table of a. similar total of occummcee. 

Following the method diacussed above, Jot us see if we can find the Jetter m alphabet 1 
which follows Y. 

· To.king our Y sequence of froquencios, lot us apply it to o.11 the other sequencoa, placing the Y 
aequonco ono interval to the right of the other sequencoa. Thus, with A the Y sequences are 
placed in these relative position&: 

FJ:auu 13 

I • JJ II • I II JI • JI I 19 11 " • ll 7 4 14 10 I· 11 17 I 

A. 2 1 2 2 1 1 2 1 1 2 2 I 2 2 

YI s 1 1 4: 2 2 2. 2 6 2 7 2 

! 11 I II 11 IO I II II • 11 I It " • • n 7 4 1' 10 I II 17 I 

We sho.11 now proceed to find an abstract number such BS will indicate the degree to which 
these two soquencea of freqwm.ciea agree, or fit, when placed with reference to ear.Ii other as in 
figure 13. It is evident that when we strike the letter which really follows Yin alphabet 1, the 
corresponding sequence of frequences concerned should give the best fit with the Y sequence 
and thus produce the greatest cleg.ree of coincidence. 

Let us now compare the two superimposed sequences above, aegm.ant by aegm.en.t. In the 
upper one of "the first pair of .superimposed segments there are 2 oocurrenoea of A; in the lower one, 
JS occurrences of Y. The first pair of segments agree, therefore, in 2 occummcea; Le., there are 2 
coincidences. In the next pair of segment.a, o.n. occurrence of 1 in the Y sequence is matched by 
an occurrence of 1 in the A &equencei i.e., there ii 1 coincidence. Let us go through thereat of 
the segments in the same manner. The results are given in :6gare 14. 

______ .. _ .......... ____ __...._,.._..~ ........ -----·· ............ -··-..-:--- ·~ >.•• ':-·""•---.. .._.. .............. ·-···--...---·· ...... . 
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li'J.aunm H •• 
,....-----' . i J_i_L~-=-i~l 20 t.~J~J~L~_kLJ l• 11 • • ·11 ·7 ' I 1c lD I 18 17 ·1 .. - 2 ~ 2 _!_L:.J_1_i~~~2...!2-' .. :.L:. :_! __ _!_ 1 2 3 1 

y-1~1..~J_1 1-.... ~L~i_I ! _ _:mJl .--1-~ 

2 G 2 7 2 

l I • Ill Ill 20 ll ZI I IS i:D.2:..2-110 i 11 • • ll1 7 4 ., JO I JI 17 l 

o~~--- .2 1 1 1 o 1 o o ! ~J : o Io 11 I s .. 2 0 o .. 0,2 01 
I 

I ! ! ! 

·-·-=-
! .A. I 

I i---,•-• I ·---j__I....__._ 
i Colnciclonc L _______ _ 

\Yr. ~J:l\·~ IL lntn\ of 12 r.oinridcU('t"N, l\ut WO mllflt also tako into consiclcration tbo numlH~r 
of IUlDCOim-iclt'll<'C'R bt,LWl't'll t ha two Nl'C"J llC'IWC~S j fo:- t.11C'.AO, RS cn.n NlBily bo c\On&OlJi;Lrntrcl, arc or 

cqunl im1mrt.nnro wit.h tho <~oinciclc11r.1•s. In tlao two hy1>otJ101.i.cAl sequences given below, hoth 
wit.Ii lite snmo total !roquoncy, tho numl1r.r o! coincidonecs is very Jligli, viz, 28, yet t!10 t\\i> 
soc1ur..ncCA do not ngroe closely a.t All, for tlu~l'e oro 45 noncoincidenccs. 

. .. 
J..'lauaz 15 

I I 5 1 2 6 2 4 6 4 5 

0 2 6 2 6 4· 2 4 ·s 
0 10 1 4 12 0 4 0 4 ' Ii 2 .: ii .o I 
I~ 

2 6 2 
I 

1 0 0 0 6 4 ' s 12. o ! s ~~I I 
! I 

I : 
·-IJ-r: _ .... 2 6 I I~ 

Ocourrcnl!ell (101) ........... j :a 0 2 :. + II :4: 
Coincidcncca (28) .......... 15 

, Noncoincidenocs (45) .... 0 2 S 6 1 0 
l:_ _________ _.____._.___.___,__..__i ___ ! -

. . 
Lot us find tho total or noncoin('.idonccs, thorelore, between the Y and the .A. sequences. 

In the first pnir of sogmenta there a.re 3 noncoincidencea; in the second pair, none; in the third 
pair 1, etc. Lot US DO~ add ~~ .to our table, and include 8Jso t1i8 number. Of ~ummces in 
the sogmont.s, for wo slioll have need of this information very soon. 

FIGUJll: 16 

i 
' 

I 
t 

We find that the total of coincidonces is 12, tl1at of noncoinaidenoes, 34. The ditrerence 
is 12-34 ==-22. Were the soqucnces in closor agreement, this difference would be a 
posit.i.Yo quantity; but ns o. rulo, we shall find it to be a negative quantity in our work boca.use 
of tho !net tho.t the froquonciea are rolo.tivoly low throughout. In tllis casa, then, the number It 

of noncoinciden.ces js 22 grea.ter tha.n. the number of coincidencea. This cli1fereuce between t 
i 
I 
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tho to1 nl!' 0£ coinci<lcnccs n.nd noncoincidonc<'~ will ho ur.nd. n.s the buia for the determination 
or thr c!r;:r"'' to whic.-11 two scqul'nr.r.s coincicll', 1ind innsmuch a.s wo al1nll ha.vo a. groii.t; mony 
l:iilll'li 1!!ii1·1"1.'!W1•,: iii rcllllJmtr., n. short cut to tb"ir llctl\m1irmt-inn will ho of uso. U wo subtmct; 
tho to•:1l of o.·cul'rcnr.l's from t.l1rcc limr11 tbo tol:ll or coincidences, we can flD.d this dHreronce 
directly wi1hr1ut 1111\"ing to count up tl10 nnmh(\r ot noncoincidenCClll. Thus, in tl1ia ClUG, 
(3X 12)-58 =--= -22. Ju 1111 subi;cqucnt <latcrmi11ut.ions wn sbn.11 uso tbiM mothod. 

Xow it is obvious tha.t tho munbcr ol coiml.idnn<"<ltl ll.8 well RS tho number of noncoincidoncos 
is ·not only tL Cnnction oC t110 distribution of tbo ocr.urronccs in oach soqucnce of froquoncios but 
r.lso ar the totn.1 numbci- of or.currcnecs. It is po.tent tbo.t in ono pair of sequences with a 
J;rt•nt.rr t.ot11l number of occu1Tonces t.Juin in :mot.ht>.r p11ir, tlic totala of coincid8DC8S and non­
roinril~<'nel's might be greater in tho former thr.n in the latter from tl1e mere fa.ct that there 
nr~ moro opportunities for coinl'idoncc n.ud noncoincidonce in the former case. Wo should 
·t.bcrl'rorc.' tuko fat;o considc1·0.tion the tot.'ll. nmnbt'r or occurrences in the two superimposod 
l!lr.quL~r.c~~s, nnd the most logicnl ccmootion wou]d be to divic1o tho dilferonce between tho totala 
of. t"nincidenrt's nnd noncoincidl'!nces by the tot.."1 number of occurronCOR of all ~a segments. 
For rxnrnplo, it is only ronsono.ble to phlco more TOliRnco upon a cnse in which out: of 30 occur­
rcnet"S tho difference bot.ween the tot.a.ls of coincidMceB and noncoincidences is + 10, than 
upon 11 ease in which out of 60 oocurronoo& the difFere11co between these same totals ia also + 10. 
In th!.' fonn<'r cnse, the quotient obt."l-inod by dividing tbe difference", +10, by the total ocour­
r<'nl'r:\, 30, is +.33; in the" lattor cMO, tbo quotient obtained by dividing +10 by 60 is only 
+.17, only l1n.1£ M much. 

To. this r1uotJ.ont, which indicates in a gc11<'J'M waa.y tho "goodness of fit" of the two super­
impnf'r.<1 scc1urnccR, naul which is obt;nin<1d by divi<ling tho diaorenco between the tot;als of 
cninridenl'l'S llnd noncoincidl'ncos by tl1c totn.l occurranccs, we ha.vo applied tho name "Inda 
or roinl'idrn~<'".1 It is ovillcnt thn.t tb,, grc:l.tor t.lin in<lo.....: of coincidence, tho bettor is the 
ll.J.:1'1.'l'l111'nt hl't.Wl'l\n tha 1mJ1l'rimJ>Ol'l'Cl t'C'CJUC'n~r-'i, nml thuR, tl10 c]nsar iM the fit. Whore tbo 
t\\•o :1~<1a.11·n~l'M an, relath·c1ly low iu lmc111rucy, Um t.owil of 11oncoincicJancca will, as a rulo, bo 
grcatl'r (.lmn the tot.n.J. or coinci<lcuCC11, so thn.t tha <li(lcrenco will usuo.lly bo a nogativo quantity 
o.n<l tho incfox will also ho nege.t.ive. As theso ncg:Lth·o indices approach O, they become closer 
to poRitivo indics, so thn.t when we are doaling with nega.tivo indices, the lowest absolute indez 
will indicattc tbo gron.t<.-st coincidence. Thus, an iudcx of - .03 will indicate a much better 
fit tlum RU ind<'X of -.35. 

Rc.1turni11g now to tho case in hund, wo found tlio difference between the totals of coincidencea 
nnd nonr.oinl'.idcnco." to bo -22. Sineo o. total of 58 occurrences entora into the formation of 
those two. tnblcs, then tl1e index of coincidence for tho assumption that A follows Yin alphabet 1 
is -22 + 5N = -.38. 

Let us pcdorm the so.mo colculn.tions for tl10 rest or the letter&. in tablo VIII (p. 30), omitting, 
or CO\lrSO, y. Tho. du.ta o.re gh·on in table IX. 

1 fi,-c s. Kullback, lac. oit.1.Sootion11 VI and VII for other and morerellable t.uta for matching alphabet.. 
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TABLB IX 
I -- .. ·---. ··········- ·····-·--- --------· -- -·····--------····-------------
1 I '1'1>1:11 I . " ., , Jl"lli Tnillrr• I Tmol ~~ 1 ·-- fnclm 'l'nllll ....,_,_ 1-- 111111-1 .. 11 .. r I .. r.11f• C 1 1" • 1 «- nrr11in• JA'llft lll'ftll'- ,,..,.,... Jl ,.....- ofr.nln• Ll&IS _..... ~ I!.:.::; fllrnln• 

I ; rtn•W dPmw ... ,..,. l'lclftu'll m- lk>n"'"' tnn'll aldelll!I naem - -- cklnm .---;-:+- --· I - ·-- -·•-----i-----1--1---1 

i A I 68 I 12 -22 -.3R J 63 1& -18 -.29 s 88 14 -28 -.38 

I 
B 

1
• 73 Iii -28 -.37 K 7G 13 -37 -.40 '.E' 87 11 -8-& -.&l 

c I 63 13 -24: -.38 L 70 10 -21 -.28 u 14 18 -:ao -.27 
: D 7& 10 -27 -.ao II 67 D -40 -.oo v 715 12 -89 -.&2 

I E 56 12 -20 -.36 N 04. 16 -18 -.24 W M 7 -48 -.87 
F I 08 11 -33 -.l50 0 71 10 -41 -.&8 :I " 18 -28 -.81 

~ G I 70 8 -62 -.69 P &8 IT - 7 -.12 Z TO 11 -87 -.158 

I
i H ·1 !~ I 13 -32 -.4& Q I 68 17 -115 -.28 

I ..., 10 -815 -.H K 74: 1. 1S -29 -.M 

As stated above, the best fit is obtained whon tho inda: of coincidenCe is ~ grea.test poaitive 
'lua.ntity. In none of the cases above is tbo index of coincidence positive,' but the value for 
P, viz, -.12, approa.chas the nearest to a positive quantity, and therefore :repraaen.ta the greatest 
dogroo of coincidence. The non greatost index ia given by the letter Q; but inasmuch as the 
index for P is almost twice as great as that for Q, we may conclude that it ia the letter P, and 
not the letter Q, which immediately succeeds Yin the alphabet 1. 

We mo.y now proceed to find the letter that follows P. The same opera~ ar8 performed 
with thG letter P as with the letter Y 1, this time using the frequency of P 88 the base and 
trying it one interval removed from the frequencies of all letters ezcept Y and P, for, 88 the posi­
tion of each lotter is determinod, it co.n be a.utomn.ticolly omitted from the succeeding calculation&. 
Tho dato. a.re as follows: 

T.usLB X 

Tnlal ~D- Tndlam Tolll1 <'-olnlll·I ma ... lndka 'l'o&lll Ooblal- Dla.r-1 = LeUer arr.ur- - ol llllla· LDL\s -- ..... _ - ofmla- Wis ....... ....... rl'llmll cldeace l'OllN!ll aldlmla - - lld8nae -
-;1-=:27 

-
A I 4·i 11 -11 -.:as I SI -.63 K 60 14 -18 -.30 

i 
B 

I 
5!l 10 -20 -.'9 J 40 11 -16 -.80 s M 8 -30 -.&6 

I c 40 13 -10 -.20 K 62 12 -26 -.42 T 13 11 -20 -.38 
I D 61 11 -28 -.40 L S6 8 -82 -.111 u 60 9 -83 -.66 

I 

E 

I 
4:2 9 -1& -.38 II S3 11 -20 -.38 v 81 7 -40 -.6& 

F S2 10 -22 -.42 I so 0 -23 -.46 • 50 8 -26 -.&2 
G 62 10 -Iii -.67 0 S7 0 -30 . -.n x 60 11 -27 -.41i 

I H ! S7 18 -18 -.32 Q S2 7 -31 -.eo z 158 8 -u -.156. 
I I 

. 
It is seen that the index for letter C, viz, - .20, represent.& the great.eat degree of coincidence. 

But the index for A is -.25 and that for Ria -.30. In other words, the index for· C ia only 
.05 greater tho.n that for A, a.nd .10 greater than that for R. The question then a.rises: Ia a 
difference of .05 or .10 in favor of C over A and R, respectively, a significant dllfenm.ce7 In 

1 'l"!?o mctbod which hu been given hero for dot.ermi11ing tho iDdos: of aolncidenae la not; vory efl'activo when 
the n.J1ll1::!Jet-11 aro very much dift'orcnt in lin. 'fho ino.tbematlaal 1tudJ :mentioned in Note 3 on page 11 :bu 
pro,·iclc:d a. method \\"hich la ctroc1.ive 111 nch OIUIOll, and \\ith Ifill help a great deal of work oould have been •ved 
in tht- follo\\·ing calculations. Jl'or, u llOOJl aa the proper poaitloa of 'Ula P eequeDee of frequ•olm with reapeot 
to the Y 110quenc:e had been determ.iaed, the two could have bean oomb!ned m aa to :rfeld a bue of twice u lllAD1' 
lettCl'S. Similarly, the knowledge that P la follo\\'cd b7 C would permit &11. &ddlticm&l adj~ of frequenclel 
to the baso. Since the aecuraoy obtained In matahing lnC1"81U181 with the nmnbar of 1nfien Involved I.a the teat, 
tho further rosultll oould have been obtained with muoh 1- dltBoaltJ. 

~-~---~····~--~--~----~···=-====------------------~---------
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ot-hC'r wu1'f2', might not. lhl'I foLt<•1· A 11r R C111lm•r P, inst.('lnd or C? The nnswcr may be found 
by·modifyinl? thn methull in ono 110.rt.iculo.r. \Vo hu.vo bt-.t'll BUJ>urin1posing KO<Jtll'ue«1s wit.b. a 
l"l'lntin' <lii:11lnrcml'nt or bu~ ono intorval. If now wo Ml1J>Orim1>0HO scquoncos with a n,Jativ" 
diliplnr.omcnl o[ f.WO int.crvai.IK, tho orror, duo Lo lhO r1Lilure to tako into 0.CCOUllt tbo bron.k in tho 
nu111erie11l kl'Y• will be great.or than it is with n. mln.t.ivo displacoment of uno interval, for now 
thero will bu two incorroct· 1>o.ira of aupori1n1>oso<l lot.tcrs, but still tho results will bo significant. 
Lot us, tbcr.1Coro, test out all tho lottor& which aro laRB than twico the indox of C, with tho Y 
aequcmco roinoved fr.Do ""'1mls. Tllua with A, the soquonces are in this position: 

J'IGUJUI 17 

A --L~ 1 2 4i 1 4 -121:1.m: ~· 2 •l~_I_: - - -
y I 11 1 1 2 11 2 

Tllo da.to. for the letters which may possibly follow P, when test.ed with ti.a Y sequence 
a.t two intervals removed, are as follows: 

T.A.111.• XT 

-:<-~ ·-1 1~1 .. LlllS ~ -- - oleoln- JMm --

--~· -1-,-1 ;..1,,....f =1 ... += -+-1~1 
deAlll'll ,

1

1 OllM J~alclcallC 1 __ -l"lllCll-- cleacel ·-·---!--Cliltt-A_'9_1 .\ I as j ~ -a1 -.ao · H 11 : • I .. ' .. -• -Jiii I J I .. E ijl} I 13 -17 -.ao t.I 67 

I I . . ' 

tG 1 -23 , -.s2 i R 74 1 i I _,1 ; -.us · 

10 ,. -331 -.021 T 87 I 13 , -281 -.42 l 
14 -25 -.87 I I 

-----------------,·-···· -·-· --·· .. 
Tllcso culcula.tions show conclusivoly tb.llt C follo\Vs Pin alpha.bot 1. In tlafl t1Lblos showing 

tho calculations for the rccoDBtruction or alpha.bot 1, whonovor tho first calculation, using 
ono-intcrval data, fails to show a. lotter whoso index of coincidence is at least twice aa greu.t 
as its nearest rival, a sooondary calculation will be made using two-int«1rval data. In two 
cases, viz, for tho Iott.era following K a.nd Z. it will be noted thu.t tbroo-intarval data. woro 
employed to dot.ermine the COITeCt letter aubsoquont to an inconclusive secondary caloulation. 
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The tabled couta.inin:.{the rost; of tho tfo.ta Io1· t11e. reconstruction of alphab8t 1 are given below: 

T., RLB XII.-D11m for rr.enn1trudion of prilllflfg aZpladd Na. I 

-
i I I . . -.. ... 

Tol.11 • Colari· I Dlllfr- IMll'lll . T11tll1 Colnal· Dllhr- llllllcm ToW OGlul- J>lir. India. 
J..auer OCl'Ur-1.._ I ar coin· . . lA"1lr oaam- -- - = Ll&tll' -- ...... - ofeoln-ftllCDI .. _ aldeaae ,_ .- ..._ 

f • 

.. ~ .. 

'I' p a 
.. 

-22 I --SI -I 

A 5S I 12 -.38 A 4-i 11 -11 -.25 A " '' -7 -.14. 
B 73 I 16 -27. -.37 I B ;)!) 10 -20 -.ft B M . 1, -22 -.H 
c 63 13 -24 -.38 c 49 13 -10 -.20 D 68 

. ~· -12 --.18 
D 75 18 -27 -.36 D a1 I· 11 -28 -.46 B °f.7 9 -20 -.43 I 
E 50 12 -20 -.36 B 42 i 9 -15 -.88 ·F 17 18 -18 -.n 

-as -.so , I 

-22 -.a a 67 .• , IS -22 -.88 F 66 11 ;)2' 10 
G 76 8 -52 -.80 G n2 I 19 -35 -.&7 H 82 14 -20 :._.82 
H 71 13 -82 -.4& H 57 I 13 -18 -.32 I. "H : 11 -23 -.41 
I 65 10 -35 -.MI I 51 I 8 -27 -.13 J M. 13 -1s -.28 
J 68 15 -18 -.29 J 491 11 -18 -.86 K 67 11 -3' -.511 
K 78 18 -37 -.40 K 62 12 -28 -.42 L 81 18 -.7 -.11 
L 70 16 -22 -.28 L D8 8 -n -.&7 II . 18 17 -7 -.12 
II 67 9 -40 -.r.o ... SB 11 -20 -.as JI 65 12 .-11 ~.ss I 
N 64. 16 -16 -.24 N 50 9 -23 -.46 0 62 I 20 +~ +.oa~ 
0 

71 I 10 -41 -.58 0 57 9 -30 -.58 Q &71 11 i -24 -.421 
p SS 17 -7 -.12 Q li:? 7 -81 -.80 R OS 16 -17 -.26. 
Q 88 17 -15 --231 R 60 14. -18 -.ao s 59 10 -29 -.49 
R :1 16 -20 -.M s 54. 8 -80 -.&8 '.I: 58 IS -18 -.22 
s 14: -26 :f,j T 08 11 -20 -.88 ·u 81 9 -88 -.68 
T 87 11 -8' u 60 9 -83 .:....65 v '88 . 16 -is ".'"•271 u " 18 -20 -.27 v 01 7 -40 -.06 . ·• : 65 lo& -18 -.24. 
v 76 . 12 -89 -.u • ao 8 -26 -.D x 81 . 18 -28 -.'4> 
I M 7 -48 -.67 lC 80 11 -27 -.45 ·z 81 18 -22 -.861 
x " 16 -28 -.36 z 58 8 -81 -.68 
z 70 11 -BT -.68 I 

'I' a.t two infienala .. . .. 

I I 
A 58 9 -81 -.55 

I c 63 20 -a -.06 

I I E 06 1, -17 -.80 
I H 71 16 -23 -.82 

I 
J G3 10 -83 -.u 
II 67 14 -25 -.87 I 

I R 17s 11 -~1 -.&& 
I i I 

! 
i T 67 j 18 -28 -.a I i I 

I 
___ _J 

--·--------------------------------------·~····-~---~-·=--=-=::::=-
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----, -r--. I ·;11·-----.-- · · ·-.--; I 1- · 
r.eU1!1' !::;'. : r .. inr:- i Dll!'~-r- . ~:~i.~! I! l.t"ltfr I J.~i; : '. u!:i~:- ,! .u:.:· .... i !~~.~D~ LDl.wr I = Calnd- Dlir- ~= . 

r~n•-.:~ 1 •le11L-.:\ ci:.Clls · elucn.:e II N•...._,. i 11"11·~• Ollet'l' ! aldellee hlll9 .S... - ..._ . __ ..___. I I ~, I ; i ,,. __ ...._ _ _._ __ ...__....._ __ , 
- . Ii- . ---:·-

• 0 11----.-~;-U-~~-11-..--~G-------i 
A 58 ! 13 I -10 I -.83 !i A '1 SD : 12 ! -23 ! -.39 A 62 18. -14 -.28 
B 72 j tl I -30 - 041 B 741 15 ! -29 -.39 B . 77 18 -'9 -.38 
o 'i'-1 1· 11 I -2a -:31 o 78 1s -a1 -.41 ii o 10 · 11 -34 -.43 
E 55 11 -:112 -.40 ·z 57 I 13 -1s -.32 E oo 12 -24 -.40 
F liS I 11 -20 -.31 F 671 13 -28 -.42 , 70 18 -81 -.44 
G '15 13 -36 -.48 G '18 25 - 3 -.03 H '1.S 111 -30 -.40 
H 'i'O 13 -31 -.4.J. H 72 · 15 -27 -.as I 69 14 -27 -.39 
I G·i 13 -::15 -.39 I 00 I :i.3 I -27 -.4:1 J 67 19. -10 -.11 
J .62 o -85 -.67 J M 15 -10 -.ao x 80 14 -as -.48 
K T'S 16 -27 -.36 IC 7'1 13 ..:.as -.49 L 74 11 -29 -.89 
L 69 16 -21 -.80 L 71 14 -20 -.·'1 II 71 16 -28 -.32 
lot 66 12 -ao -.46 II 68 I 19 -1~ -.16 H 68 10 -as -·· 
H 63 17 -12 -.19 N 65 I 14 -23 -.Bi Q 70 12 -84 -.49 
Q GS 1-J, -23 -.35 Q 67 D -40 -.eo R 78 18 -80 -.89 
R 73 14 -81 -.43 R 75 I 18 -'J:l -.36 S 72 13 -33 -.46 
& 67 IS -22 -.38 S 69 12 -33 -.48 T n 18 -;12 _.M 
T ! 66 17 -Iii -.28 'l' 68 lS -23 -.84 V 79 20 -19 -.24 
u 73 25 + 2 +.oa v 76 16 -211 -.a1 w as 11 -as -.12 
v 74 17 -28 -.81 w 85 21 - 2 -.08 x 78 17 -27 -.u 
W M 14 -22 -.84 X 715 14 -33 -.4' Z 7' 8 -IO -.68 
x 18 : 1a -84 -.41 z 11 I 11 -20 -.• it-----"--"--...__--i 
z 69 9 -41 -.61 11--....... --~----"'--------~· 

G 
w 

... 

0 a.t t\\0 0 la.tonrals 

75 
63 

A 
20 +a +.04 J 
12 -'J:l . -.48 ' 

V at two ID:tarTals 

158 lT - 8 -.14 
64 14 -22 -.84 
76 . 18 -22 -.29 

;. 
i 

I 
r 

l· 
t 

t 
I 
i 
I . 

t ,. 
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TA11t.'R XII.-Dara/or f't'COftlll.rucUon o/ pri111ar11 al~ No. 7-Contlu.uecl 

I I ·r"'"' I I I Inr11- ~ 'l'o•.n1 I ra1nc1- Dlllnr- ID ti. Tocal = J>Uhr. In.U-
· 1..-:r.r • 11.·r•1r· ! C'oln~l· I nutrr- Dl'anin· l•tter oeo:;aro I ..._ nfeoln· LdClr 111111111'- otenln-
i I l't:l:l"el : ... ,,.,,. ~ ' ll'lll1'• I eldllncl nnmj - cldedal naGll -· lddatllell 
! I I . '.. . ... .. . - ... . . .. . 

A JC ~ 

I 
. . ., .. , .. . ... . . .. 

B so 13 -20 -.M B 77 11 -44 -.17 B 78 11 -31 -.41 
D 61 15 -lG -.26 D 70 23 -10 -.18 E 69 17 -s -.Hr 
I!: 42 s 1-1s -.43 E GO 8 -38 -.80 I' 89 18 -so -.44 
F 52 14' -10 -.19 .F 70 13 -31 -M H 74 18 -28 -.as 
H 

57 ~ 11 -24: -.42 H 7S 20 -16 -.20 I 88 11 -23 -JN 
I 61 9 -24: -.47 I 69 12 -3a -.48 J 68 16 -21 -.82 
J 49 9 -21 -.46 J 67 11 -84 -.ai L 78 18 -26 -.H 
K 62 17 -11 -.18 L 74 13 -85 -.47 II. 70 19 -1a -.19 
L. 56 13 -17 -.so " 71 9 -&3 -.76 H 87 .•• 18 -10 -.28 
II. 113 12 -17 -.32 H 68 U5 -23 -.84 Q' 8P 18 -21 -.30 
N ISO 9 -28 -.48 Q 70 20 -10 -.14 R. 77 17 -· -.84 
Q 52 8 -28 -.M R 78. 16 -38 -.49 s 71 22 -6 -.07 
R GO 18 ~21 -.35 s 72 13 -83 -.46 T 70 22 

_, -.oa 
s i 34 12 -18 -.83 'l 71. 14 -29 -.41 v 7. 24 -·· -.os 
T I &a 11 -20 -.as v 79. 17 -28 -.86 • 67 20 -7 -.io 

· v .. I Gl 18 -22 -.38 'II' 68 11 -811 -.151 x ,77 18 -20 -.as 
. lf ISO 8 -28 -.62 J: 78 18 -30 -.39 Z. 78 1~ -81 -.a 
x GO 16 -16 -.25 z 74 23 -I -.07 

I z 156 12 -20 -.38 
JC afi tn lntarval8 

A at two lnt.crvala ' : 
G at two lnte:rvala : 

·1a j -i1 ! E 00 -..u I -·- I D 

I 
15 -16 -.26 s n 20 -12 -.17 . 61 I 

J) I 79 14 -87 -.47 H 74 11 -41 -.u T 71 18 -17 -.24 
F I 70 17 -19 -.rr Q 09 8 -46 -.85 'Y 79 28 +a +.08 
K I 80 20 +.7 +.oe z. 73 12 -37 -.IO • 88 18 -20 -.ao 
x 78 21 -16 -.~9 

. 
G at tlirec lnt.ervalli -

-· 
J) 79 28 +a +.08 
z 74: 18 -20 -.rt 

I 
I 
i 
I 

I 
I 
I 

I 
I 

I 
~ 
I 

I 
I 
I 

t 
l 

I 

OJ ... 
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TABLm XII.-Dala /or rcc:oMlrRC:tioa fl/ primt&Ty alphabet No. Z-COnUnuod 

--1~1·~-1-- --1 'l'otal 
Onlncl· I Dl«n-1 Inell- TClllll Oolllll· Dlll'u- rni1i-

or a;n. I Leicer occur- dl11"5 llllW ot eoln- Wtlr - ...... - otaoln-RlllCH dfa~ IDCtl ddenN - I akll!llll nn.. ........ 
--1 

' v lC B 

-
B 70 14 -34 -.45 B 75 ~~I ==~ -.4.0 B 75 18 -27 -.38 
E 69 lG -11 -.10. E 68 -.43 I g SS 10 -28 -.48 
F GO 13 -80 -.·l4 I F GS 201- 8 -.12 I F GS 21 -a -.D4 
H '14. 15 -20 -.so I H 73 10 I -l(i 

=~1 
H 73 11 -40 -.&6 

I GS 11 -as -.62 I 07 I 17 I -10 I I 67 15 -22 -.33 
J Iii 12 -30 -.4.5 J 6S I 151-20 -.8! J 85 10 -25 -.89 
L '13 10 -43 -.69 L 72 20 -12 

=~1 
L 72 18 -18 -.26 

11 70 13. -81 -.44 ! II OD 101-21 JI 89 14 -27 -.89 
N 117 17 -10 I -,24 I N 80 15 -21 JI 66 18 .:...:12 -.18 
Q GO 12 -33 -.48 Q 68 16 -20 -.29 Q 88 14 -26 ..:..as 
R 77 16 -29 -.38 R 76 28; + 8 +.111 s 70 23 - 1 -.01 
s 71 14 -29 -.41 s 70 151-25 -.86 T 69 19 -12 -.17 
T 70 20 -10 -.H T 69 16 -21 -.30 w 66 10 -ao -.&& 
w 67 16 -12 -.19 11 68 

11 1-33 -.so z 72 14, -ao -.a 
x. 77 26 + 1 +.01 z 721 13 -33 -.48 
z 73 18 -84 -.47 I I 

.-
i V at t.wo biten•al8 

·1 

I 
I 

F 69 161-24. -~ 
L 73 19 I -16 -.22 
R 77 20 I+ l +.01 

I 

~10.0. Dffrlr.. lllllm 
Total I Caine!- ! Dllrur- lllll1- Total ColDalo DUllr- Iadkm 

-- 4- - alllllln- La&tr 
-- dlluc.8I . -

aCODIR- Lens - -- - alcmlao - lllcle'Ull I lllM9 I ~ - 1111-. 
; 

I. 
t 

s lI w 

691 
··-·- -ao' I 

B 13 -.44 B 72 9 -45 -.63 B 85 20 -6 -.08 
E 62 12 -16 -.81 E 66 14 -13 -.24. B 48 10 -18 -.38 
F 62 12 -28 -.4.2, F 06 14 -23 -.as F 88 13 -10 -.88 
H 

I 
67 20 -7 -.10 I 64 10 -341 -.63 I &7 7 -38 -.68 

I Gl 14 -19 -.31 J 82 15 -17 -.27 J SS 13 -16 -.i9 
J 59 14 -17 -.29 L 69 18 -16 -.22 L 82 11 -29 -.47 
L I GB I 13 -27 -.41 14 66 16 -21 -.32 I II 69 12 -28 -.89 
II 63; 17 -12 -.19 N 63 17 -12 I -.18 N 68 14 -14 -.26 •• GO: 12 -24 -.40 Q 86 12 -29 I -.46 Q as 14 -16 -.28 
Q 62; 9 -35 -.57 T 66 15 -211 -.32 T GD 18 -5 -.OD 
T u3 ~ 12. -27 -.43 w 63 20 -8 -.oa z 62 10 -3:2 I -.62 

I 

101-12 w I GO I -.20 z 00 16 -211 -.ao 
I z GO I 13 -27 -.41 :S: at two 1Dtorva1a I I 

·- i 
I n at t.wo lntorvala I B 12 I 2& +3 +.CM: I 

1- H I 1a I T 88 17 -11. -.23 
28 - " -.06 I 

I : ! 69 I 16 -21 -.ao I eo ! 18 -27 """."·"~ .. I I .-
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4.G 

T.u11.1' -;.;n.-J>n/11 /'17' ~-;,..,.,,,,,,,;,.:,,,. ·If pti"Nlllru al,,Nabd No. 1--0ontfnaecl 

; "r .1.11 I . ! . I fa:l~:T-T;:;~~- :-:;:-:T ___ I (11\ll• • I ToL'\I ' 
Lfl:er • ,., .... ,;r- • C'.unel- 1 DuTl'f- ! :ir "Jin- :! 1At:er oec·•1r- '·•1:·:1"•· I l>llil':- or mi• Leiter , -,.. Colnel-1 Dltrw- = 

I rr.:i!l!lll I clcll•T• 1' Bllnis 1' eiol~ilCO 1! I l'l'DClll ' clr. • .c:oc ; •.ieas eldlai. - ._ ~ aklmm 
I 1·--·--. .!.. _ _..I _ __.:....._ __ ,; ___ _.__ __ _ 

II 

~ i 
I I , 
I J j 

571 011 
QO 

1; 

B I 1· ! J '·-I......----.-,. --n,--I~--·-.· --,--• 
s -33 -.SS 'I E I ·J.9 i 10 ·-10 -.39 ~ BF I 48 11 -lli I -.31 

15 I -22 I -.3:S :! F I 5!> I 1 l -2G -.4•l I! li8 10 -.28 ' -.48 231 + 3 1
1 

+.05 I J 5G 6 -:IS -.68 J Ii& 16 -10 -.18 

L I 
y 
N 

·~-J ! 
11 I 
GR 

12 -:m -.44 L &3 13 -2·i -.38 L 62 13 -23 -~7 

11 -38 i -.M " I &tl 0 -33 -.S& II liO 16 -11 -.10 
lli -23 -.34 N 57 20 + 3 +.05 Q ii8 14 -16 -.28 
8 -41 -.63 Q 50 10 -20 -.40 T 60 13 -21 -.35 

Q 
T. 

z i 
Uii 
G7 
6!\ 
71 

a -52 -.78 T en 15 -1G -.26 z 62 . 141-20 I -.32 
14 -"J/1 -.30 z 63 12 -!rt -.a 11 ......................... 1 ·_· .......................... _=, 
11 -38 -.M 

Q 

·;,. 
. II 

I Q 

::tat two in1.erval. .. 

13 -17 -.1o 
10 -30 -.so 
171- 8 i -;14 

I 

i 
-------~------------·---------------------~-----------=--------' .. , ·~ =~ ::: = :: ~ :'! ::: . ~ :: .! I :: E 

F 
J 
L 
II 

i I 
I 

~ I 0 -30 -.531 J li8 14 -16 -.27 L 64 12 , -28 
6-1 I 13 -25 -.so L Cli I 13 -26 -.40 T 62 ·13 -28 
61 20 - 1 -.02 T Ci3 18 - 9 -.14 Z 64 18 + 8 

: I '! :: =~ ! z I II& I 11 -'8" -AG 

-.52 
-.35 
- • .J.4: 
-.87 
+.13 

i 

l---,------•--.,.-------11,--------.---·---.-----u-::.-..-~..----z--:---·-:-----
I E , H I 10 I - o -.11 J ! 471 13 - s 1 -.11 L 01 1s I - 1 'i· -.11 I J 64 ! o -a1 -.as . L 01 • 12 -2s -.41 T as 12 i -22 -.as 

1
1J_ I :;l_ 1: l ='~ =:~~ I T 591 . 0 -32 -.li4 ·,-_...:-_ _,___L-.:..--..:..----1 

P at two iafiorvUI I 
-----· ·------·----· 
1iJ ~ I J: I ._=_1:__.__=_:~_:_" 
I :U at thrco intervAls 

I E I 51 
I T i 62 
! : 

16 
18 

-3 
-s 

-.oo 
-.13 

: '1' 22 I + 1 +.02 

( 
·I 
i 
I 

i 
I 
I 
I 

I 

...... 
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'l'bo uo\\· completed ol.pbo.bet 11 \Yhich is writtcll tentatively on a disk and mounted upon 
tbo bnso1 ill o.s !ollows: 

1 2 a ' ~ 6 7 a v w c u n u u u u ~ n m n a m M • • 
.Alphnbct i_ ___ y P C 0 U G A K D V X R S H W B I N Q M F Z E J L T 

>This rer.on::;truction is, so fn.r, pm·,-ly tho l'Cioult of hypothesis. Moreovor, WO do not QS yet 
kno\Y W"ht'rc the brouk in tho numcrir.ul key ro111c1:1, 1.11cl this wo shall proccod now to nscerta.in, 
Tlicre n.ro sc\-,h·nl mctbods. "re might, !or c~xo.::;p]o, sa~umc thin tho fo'St segment to the righ~ 
of tho pin.in Sl)~Ulcnt boa.rs tho number 1 of ~i;:! lum1r.-~·inn.I koy. Then, t11rniJJg to tho l!l'~O.Lds.ry 
alph!lbCt a.pplyfog to tJia.t seg111cn! in tahJe V.:IJ (tJic first column), WO :QOf.e wbo.t the plain-text 
equiv111c11t:; !'u1· the lo;.ters A, B, C, • • • Z, v.-,>uid boon Lhis hypothesis by ar.tual tr!1Ll witL. thi-! 
alpho.bot mounted on tho ha.so disk, compn:l'ing the fl'(?qucncics given with their n<1ruml 1.;:•­
pocto.ncy. Thus, tlio lottors D, M, and Y-\\ith i1"Cc1ucn<~fos of 4, 5, u.nd 51 respcctivcly--,vould 
represent tl10 letters K, Q, o.nd T, rcspcctivl'ly; t.his wouid be fa.r. ~ a. good ~rccuucnt with 
expectancy. Hr.nee, wo would conclude that the first sc1,'1118nt of our base disk does not bear 
tho number 1. Let us o.ssumo that tho socond numbor of our cycle applies to the first segment 
of our base disk, and 1>roceed again to note tho plo.in-liexii lottors corresponding to this assump­
tion. Tlie ciplior lotter& with tlioir fl'oqucnri,.,i und oqnin.lent.a would be as follows: 

Cipher ______ A B C D E ~ G H I J K L M N 0 P Q R S T U V W X °!'. Z 
l'!ufo text ____ G W P K Z M U S B E A J Q I C Y N X R L 0 D H V T F 
,=' ~· ........ :::::::.::::---: ............... 
~ rcqucncy _ _ _ -- -.;:: -

Tho n~i'1•cment of tll"80 !rcqut,nefos with tl1ei1· 1.:on1111l oxpoct.o.ney is fair, although not 
st.i-iking. 'l'lu'l·~ :1ro too mnny ucc.urr<mC<"fl or low-frm1urm:y lottors, G, P, K, u.nd Q, and although 
t.J,\! fo~·'lucnci~.s lol' E, O, I, N, nnd R nro cxcl•llcnt, thc1·c :1rc not onough occulTance. of tho high 
i'1·3ci.m,11cy fot.f.l•t"ti, T, A, u.nd S. · Wo must. give this hyi>othcsid further SCl'UWJy. If tho first 
scgmuut UL':l-l"ti tho nl.lmbu ~. then the SCCOllu 11mg1ucnt would boar the number 12. Again let 
Ult mu.tell th~ freq ueucics given with their COl'l'aspon~ plo.i.n-toxt letters on this bypotheais. 

l!'IG'C'lcB 10 

Cipher ______ A B C D E F G H I J K L M N 0 P· Q R S T .U V W X Y Z 
Plain toxt_. _ U H Y A F Q 0 R W Z G E N B P T I V JC J C K· S D L II . · 
~ ~~~~~ ~~ ~ ~~~~~ ~ ~~~~ .;:.(equency___ ::::::: ..... ...._ z:: - ...._::::::: ..... ...._ -::::: ::::::: 

Thls 11i::sortmcnt of letters is also fair, but still the evidence is not conclusive. We might 
conti:mu:• along th~110 lines, attempting to esto.blish definitoly that the numerical key begins 
llith tl1c nnm her 8, or does not. But let.' us try another method. · · · 

Referring now to tho Y sequence of frequencies in table VIll ~till retai"ajng the asaWn.ption 
that tho nmnmical key begins \\'ith the.number 8, tho Y sequence·ahould be bx'oken. a.ncl re­
a.rro.ngcd in ol'dcr to conform to tho assumed break in numerical key in this manner: 

FlOUIUl 20 

-I --;-, ;-T·r i I I 

I 211 1$ II u 6 itai 13 • • aL .. ' H lD :I 11 n l IDnlnkJ . ; 6 i J!! I JO 2D I ll I 

! !T!11111,·1 21 
. -·- ..... .. 

I I :a :a 2 6 :a 7 :a I 

....... --·-·-··-.. ·-·--·-··------··- ... . ···-----.. --·---....-···- .. 

i· 
i . . .. 

J 
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Below thC!sO rrcquuncic!s let us pla.co the pin.in-text letter& "which they roprcaent upoii the 
assumption thu.t the break doas occur between tlie numbers 1 and 8 in the key. 

F1G'C"llB 21 

~i_J .. 1 .. •• 
2 21 11lel11 II 10 13 21 • 11 7 ' " 10 I 18 17 1 [nr.t) 

~! 1 11 4 j~2 2 2 6 2 7 2 IS 

t.jTjL J E z ., 
II I Q· 1 N I I I B WIH s R .x v D K A G u 0 

This too, looks like o. Cnirly good D.Sf01.lrt111cnt of high-!roquenoy letters, with the Bingle 
exception of T. It mn.y be that wo ho.vo rcwly st.ruck tho corroct placo for tho hrOAk af'tor all. 
Lot us corroborato it by still w1otl1cr n1orJiod. 

Assuming tho breo.k to be o.s sh.own in figiire 20 let. us make a list of tho cipher letter& which 
should roprosont E in the successive scgiuonts. Thus: · .. 

FlOUICZ 22 

I !1l11l11l111 I II I 11 • ul1l11!1al21 • ll1 7 ' 1' lO I ll 17 1 [DniatJ 
I I JI LI '1' I y clo G!AIKjDjv I I 
I p u x R s H • B :r: N Q II I 

. . 
Let us turn now to the respective frequencies of these cipher letters as given in table VII, 

tnking the frequencies of tho letters J, L, T, •.• in the A colUlDllB, auccesaively beginning 
with segment 8. 

FrGVU 23 

1•112 1,.1. l~I 2j22 11 G ~~ 11 11 II • II 7 ' 1, lO I ll 17 1 (Bnlk] 

Equh·alenta of plaiu-toxt E--! J I L 'l' Y •!•:•1u1•.& K D V x R s H I B I N Q II 

! Frec1uoncy •••• ---------------14 I 2 2· 4 214!8 3:Sj 6 a a 2 2 2 I 4 6 a 4 4 & 
I I I I 

On the whole, this is as good as can bo cxpootod for the small numbor of ocourrencea in 
cac:ll tu.blo. Lot us do tl10 same for tho Jotters T, O, and A. If tho results are as good as thoso 
for E wo mny COJlcludo that wo liave rcolly found the abaolute .positions of the numbers in 
tho nuzncrica.l koy: 

! 

·~·l&'~I.: n!~~E , 111 i JI :a • ll 7 ' " lO 
I ll 17 I (BnakJ 

l_2'.ri11h·ala11ta of plaiD-tut; T •• r Pjclolu alA' xln vx R s H W BI N Q II F z E I 
I 

u:.:;::-;-~-~~~;f -~~j~~Fli~ 
4 ' 4 IS 1 7 2 2 2 2 3 6 1 I == =-- -- =~ .~ 

• B IN Q II FZ E J L 't r 
, ___ 1··i:~~11~1cy _________________ 3 5 ~J:~J:j![3 _! !~ 4 4 .. & 3 1 2 2J_s 2 1 0 0 Ii 

I i;:quh·'1lcnta of pl&ba-text; A •• K D V ! XI R S 1 H 1 I B I H Q II F ZE J L 'r y p c 0 
I 

Frcquono1----------------~ 0 2 41612 4 1 :ala 2 1 o a 2 s z a s ' 7 0 a a i 
I 

~ I 

C' • .. • • -· .... .,_...,...._ .•. . ............ ~....... ....... -~- -·---~ 
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.w 
TllC'..;c cli:o;tributions oncl !rcq11nncics n:ro cort11inly excellent and we may rcganl our numeriral 

koy nM cst:ihli.slaccl. 1.'hc initial st'gmcnt n.ftcr tho pin.in is number 8. (See Addendum, p. SO.) 
Wn c;ould 1u·occml to rc•construct 11lphnbnts 2, 31 4, 11.nd 5 by oxo.ctly tlio so.mo principles as 

\\"t'J'O u.sc1l in L]Jo rocon11L1·uction of 11lphaJJOt 1. 'l'o do so lvoulcl bo puroly of thcorotical int.Groat 
bccqusc it would roproscnt o. caso wllcro tlio 1-ooonstruction of five primary alpha.bots, f'rom 
t.ho frequencies of 116 unknown socondary 1111.»ho.bot.s. is accomplished without a preliminary 
tentn.ti\"'o decipherment of even ao much na a. single word. In short, it would represent o. case 
where tho cryptanalyst, without attempting the decipherment of a.ny po.rt of the text, comes 
at onco, n.ftor sucli o. reconstruction as the o.bo\·o, t.o be in tho same position as tho correspond~ 
cnts, nnd cnn dcciplicr o.ny mcssago u rapidly o.s the logitimate recipient.a. 

Where o. sto.fI of clerks and upertB is avuilo.blo, this method would indoed be followed, 
for tile porsonnel could bo divided int.o fivo groups,. each group being aasignecl an alpliabet to 
reconstruct. Ea.ch group could be subdivided int.o two aeotiona, one working forwmd from a 
given lotter, the other working backward from the so.me letter. After not more than 3 ·to 6 
hours all fi.ve alpha.bot.a will have boon roconstructod in their entirety. Or periiaps it would 
be more practicable to reconstruct only throe of the primary alphabet.a, say the first, third, and 
fifth, filling in the other two from the rosulting cleciphermont. 

In the presont instance, however, only alpha.bots 1 and 3 were reconstructed, the recon­
struction of nlplio.het 3 being successfully o.ccomplished by the appJico.tion of the' samo principlos 
as wore used for alphabet 1. Thon a partial decipherment, in which the rcpet.itions of digraphs 
a.nd trigro.pha witliin adja.ccnt columns played an in1porto.nt po.rt, led to the reconstruction of 
the other three pri1nnry ulpho.bets. 

The d111i1L for the 1'3construction of alpha.bot 3 are given in to.blo XIV. Since the location 
of tho brc:ik. in tho numoricol koy wu dotormined after tlie reconstruct.ion of Al.pliabot 1, the 
columns in table XIV, upon which the reconstruction of alpha.bet 3 is based, a.re given in the 
correct numoricll.l key order so that any two sequences of frequenaiea could be superimposocl 
at any intorvals. However, o~interval and two-interval data were used almoat exclusively 
except in one or two doubtlul instancea whoro groator intervals were employed. 

.. 

t 
r 

r 
r.. . 
r 

.. 
~ 

r 
I 

' t· 
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T ADLE XIII.-Conaolidott.J /rNJ1t.enc11 tal1l1 /or alplaalirl 8 

------,- ···---·--- ----···---·------ .;~-.,--· To&al IN"11m1 .. rll .\\
0

1·m!'u 

'f!l~~~ I' -·,--·1·~-1--1·8-·.1. "" ,-:_·--- 111 8--_· -.-1-1 --1 .. -,, -·:---~--1-·-_1____ ·----·---· Ii"• ur, .... !. lr···r••·'ll-"J' 
• _ - • aa ~ - • 7 I t -~,~~__l_a _ _l_'.'c_._'.' __ _'._ :-::r~~-:~· 

A 
B 
c 
D 
B 
~ 
G 
B 
I 
J 
K 
L 
K 
:R 
0 
p 
Q 
B 
I 
!.' 
v 
v 
w 
x 
y 
B 

1 
2 
8 
1 
1 
1 

2 
a 
1 
2 
I 
8 
1 

1 1 

Ii l 
2 
8 

2 2 
8 

& 9 

8 
1 

2. 

Ii 4 
1 

2 l 
2 1 

I 4 
" l 8 8 

l 1 
2 I 

I I 
2 4 2 

1 
a 1 

2 

l 
2 
1 
1 
1 
1 
a 
2 
2 

1 
1 

a 
1 
1 

1 

8 
4 
2 

2 

2 
8 

1 

3 
4 
1 

a 

1 
2 
1 

8 
1 
2 
2 
1 

1 

8 

1 
1 

8 

8 
1 
I 

" 2 
1 

a 

1 

7 

4 
1 

4 
1 

2 
2 

2 

1 
I 
l 

4 
l 
8 

1 

2 1 
8 
2 

1 
1 4 
4 
l 2 
2 
2 
l 1 

8 

1 4 
I 

2 
2 

1 
2 a 
1 a 

1 

' 1 

1 
4 
8 8 

2 1 1 
2 

& .1 
1 l 1 

1 
8 2 

1 1 
2 2 

2 
2 2 

8 8 

4 1 1 
2 
8 2 
2 2 

8 2 
·1 
4 7 
4 I 

I 2 1 
1 a 
1 

814 
Average freq\lenoy per cdpher Iottor-.-81.8 OCC\lrrcncoa. · 

. - ........... . ...... _ .... "''"'··----·· ...... . - -· ..... __ .. -··-· - ....... 

1 

l 
G 

1 

8 

2 

3 
2 

1 

4 
1 
l 
l 
1 
8 

8 

2 

2 
l 
l 

1 
a 
2 

8 

l 
1 
2 
4 
2 
1 
2 

7 
2 

1 
2 
3 
8 

1 
4 
1 

1 
2 
3 

1 

l 
l 

2 
7 

1 
8 

2 8 3 . 2 1 1 80., 17 1. 70 
4 1 1 8 1 19 11 1. 74 
2 1 4 2 8 87 16 2. 47 

l 8 4. 82 14 2. 29 
a 
2 

1 
l I 
2 2 
2· ~ 

2 

1 
a 

2 
8 

1 

I 
1 

1 

a 
1 
l 
4 

Ii 
I 

1 
1 
1 

l 

1 
l I 

1 
1 

l 
l 
2 
a 

t" 
8 
I 
1 
2 

·1 
8 

·a 
7 

2 
1 
1 
4 
2 

l 
2 
l 

1 

l 

2 
8 

2 
8 a 
8 
8 

1 
2 
1 

l 
I 

' 8 

1 
8 

l 20 13 2. 23 
3 ·21i 13 1.D2 

22 14 1. GS 
l 4IJ . 14 3. 22 
I I 28 13 2. 1& 

1 1. 83 16. 2. 07 
1 26 14 1.80 

2 
3 

l 
1 
2 
8 
1 

8 
1 
1 
1 
1 
8 
1 

1 
8 
1 
2 

2 

21 9 2. 8-& 
'" 10 2. 75· 
29 1& 1. U·J. 
20 12 2. 17 
82 10 2. 00 
82 14 2. 29 
88 · 11 2. 63 "° 16 2. 60 
84 l& 2. 27 
41 11 a:oo 
18 11 2. IS 
29 13 2. 24 

89 18 2. '' 
80 12 2. IO 
8-l 12 2. 84 

814 
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REF ID:A64722 

·r AdLll: XIV.-Dnlll /nr uooru<trutlit.t~ ttj wimarg alphabr.!. '"'· 3 

' I I • r I I I . I I I T.,:111 , ,,. Jnili~J'll ·: Talnl . ~· 1 ,,.. • lr.1lilft Tot:il 
Lr.ter I ottur- I c;~.:.nl'l· 1 °···:-- ! "'C'lin· '· Letter Cll.-CUf• . C~:··~: ' n ... ~r- I .. r C.~.IO· LDl.&ar 1 ·--nr-

rem • ....... -.5 ! " 11'"" ' tl•lt'DN f; nnen d.a.rr. I or.w• I ddr- ! j l'IUml 

I I I 1: I i i 
' . 

' :a: (1) f y (2)" 

-.45 l I I I I 

:I 
I I 07·1 76 I I i 

A 14 I -34 A 12 I -23 -.391, A 
B 651 12 -20 -.45 B 7: -27· -.56 8 56 
c 82 i 13 -4.8 -.52 c Go 13 ! -26 -.4.0 c 73 
D 76 I 12 I -40 -.63 D 69 12 -23 -.39 D M 
E 751 13, -36 -.48 E SB JO -28 -."8 I G6 
F 

I 
71 1Ci -23 I -.33 ! p 54 8 -30 -.:i6 r 62 

a 68 Io -23 -.34 G SJ I 8 -27 -.sa c 19 
I I 72 151-10 -.22 I 55 I 10 -2G -.46 I I· 68 
J I 76 201-14 -.21 J 69: 13 -20 -84, J 67 
K I 74. 14 -32 -.43 x 57 I 12 -21 -.37 K 66 
L 68 7 -47 -.891 L lil 0 -24 -.4.7 L S9 
y S8 I 15 -43 -.49 II 71 23 -2 -.03 N 64 
N 73 \ IS -21 -.as H 58 13 -17 -.ao O· 64 
0 731 10 -43 -.591 0 66 s -·U -.78 P· 70 
i' 79 16 -31 -.39 p 62 15 -17 -.28 Q·- 70 
Q 10 I 18 -25 -.32 Q 62 10 -32 -.52 a· 76 
R 84. 17 -aa -.89 R 67 22 - l -.02 s· 7i 
s 85 15 -40 -.47 s 88 15 -23 -.84 'l' .. 70 

Oolaal- T 111 =-1='1 rUci:sl 
. I 

Ill'> ! 'd-
I 

K (3) 

I I . I 

14 ! -2.; 

12 j-201 
17 I -22 
16 -20 
13 -271 
18 -23 
10 -291 1' -~1 
14. •·-2s 
IS -20 
6 -4i 
9 -37 

18 -20 
18 -il 
21 - ·7 
12 -89 
16 -28 
21 -7 

_1 

.. 

.:...a 7 
61 
0 
9 
1 

-.3 
-.3 
-.2 
-.4 
-.8 7 

9 
a 
7 
1 
0 
8 
9 

-.4 
-.a 
-.a 
-.8 
-.7 
-.Ii 
-.8 -. 
-.1 

44 
0 -. 

-.a 
-.1 

T 79 19 -22 -.28 'l'· 62 7 -41 -.68 u 82 .. 31 +Ii 

SS 
7 
0 
3 
4 
1 

+.1 
u 91 18 -87 -.41 u 74 10 -44 
v 74: 12 -88 -.51 v 67 7 -36 

• 72 14 -ao -.a· W ... ISIS s -81 
:z: 81· 18 -27 -.aa :I 67 12 -21 
y 76 28 -7 -.09 z "65 11 -32 
z 82 18 -48 -.as . . 

J! ~t two IDten~ 

II 88 29 -1 
R 11 · 20 -21 

-.60 v .. ea· 
-.68 I 6i 
~.ae r·· 81 
-.87 z .. .. n 
-.49 

•. .. 
. .. . 

. . 
-.01 .. 
-.28 

10 
~s 

18 
. .ia. 

....... 

.. . . .. .. 

-as 
-88 
-28 
.":"':17 .• 

.. 
. ... 

• < 

-.Ii 
-.6 -. 40 

1 :-.6 

-

r 
t 
t 
t. 
i 
i 

t I ·. 
t-· 
l 
' ---~·~··~-:·:··~·-~·-=·~··~··-:-:·:··-:=:··========·-:-::-::-=-==-~-~···-~··~·~·~·~·-~··~··=·-:··~·==·-~·,~·~::.:-:=::::.=-·=--::.:·-:::,;•~:;:;:·-~··=·=-~··---------·-·M·1--------~ .. ~---.,,. .... 



REF ID: A64 7.22. • I •• -· •• ...... _ •••-••"•--•- ••• - • o 1 .. -•1• "'•- ' • • • '••• "'" 

-
I I I ·1 I ToWi I 

1
bd_ J>I~, IDdl19 1 Toral , Jnillm Total Colaal-Ltrrr. i """'"" C'a:nrl· DU?rr- or llllln- :r.w -· ... I Calad· DI«- ol Cllllno LIUs --· -- ·.-.=: I I f\':UW -- - dduel - ducel ....... -· I 

•' 
... 

'U (4) B (&) I (8) 
I 

A I 73 17 -22 -.ao A 47 i 8 -23 -AP A 4D 11 -18 -.33 
B 63 17 -12 -.10 c 631 0 -:ae -.4.9 c u 8 -81 -.56 
c 79 18 -4.0 -.51 D 4.7 a -32 -.as Q. 49 16 

_, -.os 
D 73 14 -31 -.43 E (6 

. 
7 -ts -.M I '8 10 -18 -.38 

E 72 11 -39 -.54: F 42 7 -21 -.60 p. '" 7 -23 -.S2 
F 08 1-6 -20 -.38 c 30 . 6 -21· -.54. G 41 8 -17 -.42 
G 65 13 -26 -.40 I. 43 11 -1.0 -.23 . J·. '49 .. 8 -· - .• u 
I 69 11 -86 -.62 J 47 12 -11 -.28 K 41 11 -1' -.ao 
J· 73 14 -H -.48 X· 45 10 -16 -.ai k 4.1: 

.. 
6 -2i -.se 

K 71 14 -n -.41 t,;"_ ~9 ·2 -sa. -.sii -II • ~ 13 - 'i -.IS 
L I u 7 -M -.68 lC 44 7 -23 -.S2 a· f.6 ' -26 -.H 
H 70 10 -40 -.57 0 f.0 7 -25 -.H p. 62 12 -18 -.81 
0 70 10 -40 -.67 p. 60 12 -14 -.28 Q. 62 7 -81 -.60 

... -

p 78 H -M -.45 Q 60 8 -2Q -.as R. 67 18 -1~ -.82 
Q 76 17 -25 -.aa R 65 1.8 -16 -.- s 68 u. -26 ::: I R 81 13 -"2 -.52 s 66 11 -23 -.4.J. T 52 7 -31 
s 82 20 -22 -.'Jfl T 60. 7 -29 -.18 y -67. 6 -n -.62 
T 78 18 -28 -.87 v 45 7 -24 -.u I. '5 12 -·9 -,20 I 

v 71 11 -38 -.S.4 • 48 7 -22 -.151 ·:i 64 8 -iQ -.&6 
'I 69 111 • ..:..42 -.61 Jt ,2 7 -a1 -.80 !& ~ 

.,.,_ -'4 -.62 
x 78 8 -64 -.89 ~ ~ 10 -23 -AB .. 
z 79 10 -49 -.62 . .. 

.. . B i,t, two intan~ I 

'U a.t .two interv~ - i 
K at two lntanala I 

I D 4.7 8 -23 -.49 I 
I I 69 21. ·- 6 -.09 K 46 7 -2' -.sa 

A 65 17 -H -.22 J 73 18 -23 -.84 II '" 10 -14 -.82 
B 64 16 -8 -.11 I K 71 14 -29 -.4.1 I : 4.8 8 -19 -.44 
s 74. 20 -H -.19 P: 76 16 -28 -.87 

~ 81 . 18 -17 -.as 
U' at threo interftls . .. . . .. ... - .. ..... - . 

I 
I 

I 

D 78 18 -84 -.47 
I K 71 18 -n -.45 
i I N 70 16 -n -.82 

I • 89 18 -ao -.4.4 

-



REF ID:A64722 

- ;,3 

TADl.'l!I XTV • ..:...-Dala /or rt:t:orulrur.tior• 11/ prlmaru oZplabd u. ~-Contlnuacl 

-I I •. II I I I I 
Cnlnr.l· I Dllfw. I !,11110:.: Tolnl I JndllW Tolnl , 1 Jnllll'l!ll Tntal 

TA!lll!r I CK•~lr• I ('nlnel· ! nur .... I of min- • Jalcll' I Cll"llllr· . '· rJm:•.· ~··'~· I al ffliq. La&ls -n:n.~·" ! •leiaws I •nlW i chleilft' !! j rc111i11" j ""111•~ j .r~. I ddencio - ·- Cl- ' r.111e-

·r 
I 

' 
Jr (7) c (S) 'l' (O) 

I I 
13' -20 I -12 I I I 

A 50 -.84 A 63 17 -.19 A 65 llj-32• -.49 
c 05 22 + 1 +.02 D G3 ll --so -.48 . D 65 il -321 -.49 
D i ;;p 8 -35 I -.50 E 62 rn -32 - • .52 E 64 lli -19 -.ao 
E I 5~ 9 -31 -.53 F 58 10 -28 -.48 r 80 14 -18 -.30 
F .;:;.i 13 -15 -.28 G S& 17 -4 -.07 G S7 10 -27 -.47 
G SI 7 -30 -.so J GS 14 -20 -.38 J 65 18 -17 -.26 
J li9 16 -11 -.19 K 61 17 -10 -.16 K 63. ~3 -24 -.38 

-

x 

I 
57 ! II -24 -.42 L 55 10 -25 -.i6. L 57 14 -15 -.26 

L Sl 12 -1s -.30 0 60 9 I -33 -.&& 0 62 10· -32 -.52 I 
·O 5.6 12 -20 -.36 p 66 17 I -·lo -.23 p 68 16 -20 -.so I 
P· 62 16 -14 -.23 Q 66 rn 1- 9 i -.14 Q. 68 1.; -23 -.84 
Q I 62 12 -28 -.42 R 71 12 -·35 I -.49 R 

131 
21 ...:10 -.1~· 1 

R I 67 17 -16 -.24 s '12 li -27 -.as. s 74. 17 -23 -.3. 
s I 68 11 -as -.52 T 66 21 -8 -.OS v I 68 s -48 -.7G 
T 62 12 -28 -.42 v 61. 'l -4.0 -.66 w :1 24 +11 +.18 
v 67 10 -27 -.41 • 69 9 -32 -.64 x 11 -25 -.86 
w 55 7 -84 -.62 x 68 12 -821 -.41 z 71 I 10 -41 -.68 
x 64 14, -22 -.84 z 69 15 -241. -..86 I 

I 
I 

z 61 14 -23 -.as I " 
I . : 

'• 
W' (10) I! B (11) .. x (I:I) -

! I lf 1-:4 i -13 I -.20 A 58 9 -31 -.54 A 64 -.38 A 64 17 
D iiS 6 -4.0 -.69 D G4 15 I -IO I -.30 D 04 16 -16. -.20 
E S7 13 ~ -18 -.32 E G3 121 -271 -.48 I 63 16 -1s I -.24 
r I 

.;:1 R 1-20 -.55 F 59 12. -2~,. -.39 r liO 9 -2G I -."4 
G i 50 li -32 -.fi-t G U6 I 12 I ·-20 I -.36 a ._50 91-20 -.&2 

J :i8 rn I -13 -.22 ! J O·l 1:, I -lt1 I -·.30 J 6·1 1a -2.s I -.89 
K .aH 12 I -20 -.36 K B5 12 I -21) I -.45 K. 65 12 -29 -.45 
L :;o 14 -s -.16 ! L 5cl 10 -26 I -.4.7 L 66 18 -2 -.04 
0 r.a 6 -37 -.67 0 61 I 13 -22 -.36 0 61 1 -"P -.66 

·p 61 13 -22 -.36 p 671 17 -.16 -.24 : 1' . 67 lJ -28 -.42 

I 'Q 61 0 -34 -.S6 :Q ,671 13 --2s -.42 'Q 87 :13 -28 -.a 
R I 66 22 0 :0 s 73 13 -3' -.4.1 !=-·- 73 'Jj) -.43 .-.69 
s 67 s -43 -.64 y . 62 13 -23 -.rt v· a· ·s -.as -.62 
y S6 6 -38 -.68 x . 69 22 -··3 -.04 z .. ~- '18 -'D -.81 
x -12 -.191 z 

I 
70 12 ~841 :-.48 

,. ... . 
63 17 

z 64 11 -81 -.48 ... .. 

-
.. -· ---.. --................. -_ ....... _, ____________ ....... ··---···---...... -----..------.._...-... --··· 

l. 

t. 

' . i 

i' .. 
r . 

.. r 
f. 
L 
' j· 
L 

t 
t 

l 
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REF ID:A64722 

TA nu XIV.-Dcrl" Jar n:con:olrur:lil1f& ri/ ;">"!'i111.1ry alplttibel no. S- -Contfnuud 

! T.•l:il ~ ,, ~~--i-l>l-r: -,,-Tri.Ii"" r I 'J\ll.1;i-,:nl~-ro·.-:--,,....1 -Ind_m_, ____ 0::-.-:.1,,.·"1-'· 01- '""'"" 
1..t'lr •· 1 0•1\"•· • '.' •1·•-.· ..,.. 1tl l'l•n· ll I.el.Irr uMar- I nc•· I "'«- ' DI' ePlu- J.oli21" ~!!!.: ~~ _...... or «>In• 

•' I ,,.,,..:,:., ' .. ~1•1·L·• 1 l'I•, .. I ri.i.11NI !j j rrru•rs j 'k-111\.·~ j f'lh"b I aldeneD ·-- u--·· elclenell 

' L(l~ ·----.-----.--A--(-1-0...-·---r-----~---.---.....-D--U~~--~----• 
A 

1 
.;o I la I -11 -.21 II D 57 2s -12 -.21 

D so I 8 I -32 -.64 ri E 56 9 -20 -.s2 
E 491 7 

1 
-2s -.sT r &2 14 -10 -.10 

F .t.; 8 -21 -.4.7 C 491 11 -18 -.83 
C 421 6 -2' - .. 64 ·.J .S7 24, -15 -.IS 
J 50 10 -20 -.40 K SS ·12 -1~ -.86 
x 48 s -2' -.ao o s4 10 -24 -.,s 
0 47 5 -81 -.88 p 60 15 -11 -.25 
P 5a .12 -11 -.82 Q · ~-I 13 -2~ -.u 
Q 33 11 -20 -.88 s . . uu i4 -24 -.87 

B 
r 
c 
J 
K 

.o .. 
p .. 
·Q 
s v 
z ... 

56 10 -26 
12 11 -18 
,9 9 -22 
57 16 - 9 
55 18 -16 
6' 8 -80 
GO 11 -27 
60 15 -ia 
66 . JO -38 
15 ·1, -11 
·.u 2' +o 

-.47 
-.31 
-Al 
-.16 
-.19 
-.56 
-.'5 
-."2a 
-~ss 
-.n 
+.~, s ae a -aa -.so v !:_'" I 16 - 1 - .. r3 

v " · , -38 -.1s z .... 1s I -is -.29 
z 56 8 -32 -.57 

n----.r...---~--_._ __ _... _____ 11 

E 
F 62 
G 49 
.J 57 
K S5 

.·o M 
? 60 
Q I -60 

~- I !: 
l 

I ~ I 
I . I 

18 
as 

Z (lG) 

6 -28 
11 -19 

15 - ' 
12 -21 

. 

r... at two lnterva.la 

D ·ao 13 -u -.22 
r '5 o -'rt -.eo 
J. . 47 7 -26 -.55 
K 46 7 -26 -.H 
p '8 . 10 -18 -.88 
v 48 9 -21 -.'4 

-.50 B 
-.87 .F 
-.08 J 
-.87 K 
-.'8 .o 
-.06 p 
-.as . Q 
-.ISO S . 

50 
46 
51 
49 
48 
54. 
'M 

G (17) 

10 -20 
1,5 - l 
14 - 9 

-.40 
-.D2 
-.18 
-JJl 
-.~ 
-.89 
-.ISO 
-.50 

B 
J 
K 
0 
p 

.Q 

.s 

.. , 

JP' (18) 

II l' -10 
58 9 -28 
61 15 - 8 
50 8 -82 
56 12 -20 
H s -n 
81 14 -20 
51 .11 -11 

-.19 
-.'9 
-.12 
-.64 
-.38 
-.67 
-.n . 
-.86 

10 -26 
17 - 8 
.J8 -21 
.10 :...ao 
14, -24 -.88 I ·v 

.tlQ 
""49 .. 

8'-26 
e -a1 

11 -21 
. 9 -rt 
.to I -.ao .:7,-.• -.57 .. 

n----................ ...-.------------1 6 -fO -.78 

17 - 2 -.06 
11 -II -.'8 

E 
K 
p 
s 

ao 
57 
62 
88 

12 -H -.28 
17 - 8 -.10 
10 -n - . .u 
28 + 1 +.06 

~ 
l 
; 
I 

I 

. ' ,i 

' ~ 
t 

I • 

' I 

• .. -·- -··-.... -:-_._ ________ ,_..... ........ ,. ... , ..-. - ............. ""li""·4 ..... <_ ................ 9 .... 4 , ... , ..... _,,A_..i .. , ""'' ---
-------- f9¥' 
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REF ID:A64722 

T.t.DLZ XIV.-Dnla/or nt:analr'l-:iion oJ pr;mr.ru alpltalNd u. 3-Contilmad 

I I . 

... ' ....... 1 , ....... -r;,;-~,- I '"'""'I I""" I Tf>l'll I '"·l--1 :r.=: T.t.-tler : rrr•1r- ! f"H.ni~· .... 
1 

.. , .... ir.. !i l.eLlor 

1
........... .• .... . . l •11·"' .. , enln- I Lol:llr ......... 

j 11"111.·1•, j drr.res rnl't'~ L'l•ll'llca I! l'llnrN ; d111u,·A nn'"" eidancm nnll!ll 
de- ·- ~ 11 I 

i -

• 8 (ID) I v ('.ID) lC (21) 

! 
1n I E 671 14 -25 -.37 E 7 -30 -.89 E ISS 10 -20 -.'8 

J GS 13 -29 -.43 J 52 I J2 -10 -.81 J ISG 14 -14 -.2S 
K . 

(iii I 14 -21 -.37 K 00 Ju -6 -.10 0 aa 16 - Ii -.09 
0 (jj 14 -23 -.35 0 40 Ii -34. -.69 p 59 14 -17 -.29 
p 

71 I 12 -35 -.49 p 55 10 -25 -.48 Q 69 18 -20 -.84 
Q 71 11 -38 -.M, Q Sli I 10 -2;) -.46 
v 8d I IS -21 -.nl i 

0 (22) B (23) a' (24) 

I 

E 54 11 -21 -.39 J 57 18 -8 -.Oli p && 2' +17 +.11 
J. 65 7 -84 -.82 p 80 13 -21 -.a& Q u 18 -18 -.n 
p SS 9 -a1 -.oa Q 80 9 -aa -.u 
Q I 68 13 -33 -.88 

• (25) 

11 at fiw IDtervala 
-

Q 88 a +a +.oa 
(28). 

I 48 13 -7 -.15 
Q 49 " -87 -.76 I 

I 
The completely reconstructed alpha.bet 3 is as follows: 

.Alphabo·:; 3---- R X L A D Z Q F S V K 0 E J P Q H Y II U B I H C T I 

With alph1bets 1 nnd 3 a.t Jum.d, t.ho pnrtiol docii>herment of the initial groups of a few 
mossn.gcs soon :oa.ds to tho comploto reconstruction of the otber threo alphabets. For example 
note what tboso two alpha.bots give for the beginning of message 11: 

Segments____ 11 5 

.Alphaibet.8____ 1 2 3 4 li 1 2 3 4 S 
Cipher _______ S E Y B Z M G S 0 Z 
Plain text ____ 0 s v 'l' 

113Cl111Cl1 

19 
1 23.,.1 
CYPSQ 
H 

The word OBSERVATION' comes to mind almost at once. 
determined the following values: 

This meana tba.t we have 

Alpl&abdl 
8cgment 11, Bp==E. 
Segment S, Ap=-G. 

Al;pkabd4 
Sogmont 11, Ep==B. 
Segment S, Ip==O. 

Alp/&G6td6 
Segment 11, R.-Z. 
~ent 6, O.-:=Z• 

.. .. -.... --· .. ______ . -· ---------------- ·--·· ........ - ..... -. ·.·--_.,._ ... ,; ~..,-....ir'~~- -:-·· .. 

' ., 
~ 

~ 
; , 
I. 
l 

( 

~ 

. : i 

.· I 
' 1 '. i 

' .. 

i 
~ 
I 
f 

t 
~ 

.. t 
t 
I 

! . 

1· .. 

I 
~- . 
~ 

•'· 
• '· 
~-,. 

-......-.----.... -· ,,,,. . 
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New w1lues thus dotrrn.dnod. are ir.sortod in their corroot poai.~ with the result that 
after n .s:•ort timo nlpho.beta 2, 4, and 5 are complotely reconstructed. The five alphabet.a 
arc fomal to be llS follows: 

.Alplmbot L--- Y P C 0 U G A K D V X R S H W B I N Q 11 F Z E J L T" 

.1Uplinbet 2 ____ E Q II S L P Y V C J T A K H U Z. F B R X I G N W D 0 
Alpl111bot 3 ____ R X L A D Z Q F S V K 0 E J P Q. H Y II U B I N C T W 
A!11h11bct 4 ____ A T E V X Z Y N F G S B I N Q R P C M D K I' 0 J U L 
Alp!mhl't 5 ____ A E F B N K L T I X M V 0 R Y W H Q J U G C Z P D S 

PJ"Oof of tlu•jr correctness may bo at onco cstablisliod by docipharing the :first low groups 
or DlCS~:l~C 1. Thay are as lollows: 

MLVXK QNXVD GIRIE IMNEE ·FEXVP HPVZR tJKSER IWQCI otc. 
EVENI NGREP ORTSS . HOULJ> INCLU DEDAI LYLOS SESSE etc • . . . 

u E,·cning reports should include dnily losses • • . " · · · 

Once the primary alphabets have boon reconstruotod, the solution of subsequent messages, 
Written by means of th.om but employing a. "•holly different numerical key, is very easy; for 
tlie Cl'J'Ptimalyst ha.s only t.o set tho fll"Rt 5 letters of any messa.go in one segment and look for 
tho i>lain-toxt beginning of the message in some othor segment. Onco the sto.rting point has 
beon found, the number corresponding to the serial number of the mess.'lge cnn be inserted in 
it.s propor position, o.nd all otl1cr numbers of the key def.ermined in a. similar 1nunnor. 

Thi,1 ni11b,•r fo or int.~1~t. nl,;,1 in \'irw u~ it~ z;l.rikin:.: flimiln1ity t'l t.hP UnxC1rir-11 Dil'k Ciphrr, 
Ill" Iii!\ ;,:ttnl' ( 'iph1•1' 11

1 1l1•111•1•il11•1l in II 1•1'1'\ i111a:; l•n1u•r I Ii,\' f.h,, l\Ut.hor, 
111 ilu• lnll1•r c·ip1wr, i1111h•ml uf ~1111,,· '' pmnnry 11l11h11hc•l~•, t.h1•r,, lll'l' ~O C-o 2a, 111111 in!ltc-1111 

of lul\·in~~ 11 11mnc1·icul key to llctcr111i11c whore tlm ciphm· equiva.lonts n.rc t-0 bl! t-11Jum, 110 koy 
of that no.turo is used, or needod, since the correct line, or genera.trix, is eo.sily found becl.\uso 
it is the only one that givos intolligiblo text throughout it.a length. The segments in the Vogel 
Cipher correspond to the gonoro.trices in tho St11.r Cipher. In the form.or, the cipher letters aro 
ta.ken from a deJinite cycle of gonoratricea, and not all genera.trices are used; in the latter, no 
such cycle obtains, for it is unncce&sarJ, and oll 25 gonora.trices may be used at 1'11.Ddom. 

Tho fatnl defect in this cipher, from tho point of viow of its practical indocipbcra.bility, is 
that the segments, or gencratrfoes, o.re u~0tl in a. definite sequence or cycle, giving rise to an 
intcmn.l pnriod within mt\S.c;ogos and o.n c-xtornn.l pariod between succossivo messages. It wo.s 
through them tho.t tho recovl\ry of Uu' numt'rical koy a.nd ~e primary alphn.he• was possible . 

. ADDK:NDUK 

Th~ mdhnd prcsontcd above for de.tamining t.lio index of coincidcncl' will in mosl. <'A;\?tl lent! 
to tile: rOJ'J'CCt. fit.ting of two frequency dii;;Lnbutions. Sineo writing tJic forc'going dc-.sc·ii~·tic, ~ 
of the JllCtli.od for dctormining tho indo .. 'C of t.oinciclcncc, tbe author has 11.pplioo o.notber rr.,\~ i:1:,d 
wliid1, nltliough it involves o.ddition&.l c11.lculnt.io1i.·;, will len.d to evnn inoro oe«mrn.te r.':'1:ln. 
Sinco cn..<1os wliicli mn.y nocessitn.to a gre:itor J•cfincmcmt in method than that c:lur.ida.tcd nli:n"" w;J;. 
ariso, it rnn.y be worth while to presont t.l~o moro det&J.1od method. 

'l'J..iis method mOl'O closoly approximates tho aetuol methods UBOd by statisticiAJui aod biomr.­
trici:uls in their u.nulyaia of data, in that it involves the squares of deviatiou1 or difl'erencos 
between con'Ofiponding observed. values. 

• Baoaal. Mac:Alu C'1/&lra and MlllAoda /fll' 'hair 8olu&Mn&. B.lverb&Dk. Publiaat.lcm No. 20. (1918.) 
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r,"'! ... 
Let mi <'Oni:;idcr t.l:c Y .:w:~;,;·;u•o of froque1;t•h i; of :.::Ml~ Vf !I. We dc."'il\1 to fmd that dii;tribu­

tio11 whirh, wih•n ;.;liift1·u <mf' i•:l('r\·nl to foo loit or tho Y di.-.,tributiou, will most cloiw.ly nppmxi­
mnh' the Y JiMriln1ti,m; i.e .• conwR from tho Sl~mo 11 p:1rcnt" distribution. Returning again to 
figures 13 ond H, we have tho toJlnwing: 

IAT-,-2 ; 1 I 2 i :!j I 112T1 I I I 1 I I I 2 2 1 2 2 

IY j a j 1j1 i I I ' I i I 12 212 i i 12 e 2 7 2 

Pt'nrson 1 gin-s, in his ~ussion concorning 11Testing Goodnasa of Fit", the method for 
dotcnnining the prohnbility that rando1n sampling would lead to as large or larger deviations 
botwcon observations than those observed. 

\Ve shnll hnre summarize tho pa.per referred to. Lot tho samples be given by the frequenciea 
in tho same clo.ss as follows: ... 

TeW 

First sample: J11 J., Ja, i•·. N 

Second sample: JC, J:, J:, J.. N' 

wl1erc tho totnls N and N' dift'er AS little or 08 widely AS we please. The value r given 
1 •' (N'j-N/J 1 

by r-Nil' ~ 1; +]; is calculo.tod. Tables z 1111.ve been calculated which give, for various 

values of n', tho probnbility of obtaining a value of x• RR big or bigger tho.n the one calculated. 
In mo.t.ching nlphabcts wo must be cort'ful to c.'ioose the proper value of n' in the tables. It 
is known tl1nt not all 26 letters will o.ppoar in a mononlpbabot until the total.ntunber of letters is 
a.bout 500. The n1unber or difierent letters corresponding to various total let.tan per monoalphabet 
con be det.crminod, and a curve plotted that will enable one to o.btain this value readily.1 The 
procedure in applying the method for matching is as follows: 

1. Tho value of r is ca.lculo.ted o.s above. 
2. Tlu~ number of different lotter&, n', corresponding to a total of N+N' lettan ia 

obt11ineJ. from the curve. 
3. In tho tables for x1 the colunm n/ gives the probability ~ to the ca.lcu­

lnted value of r. 
This probability cxpressea tho chance of getting another set to yield a value of r at least 

aa large as tho one obtained; in other words, the closeness with which the two alphabot.a match. 
T..et us proceed to find tho valuo of P for tha two distribution& shoym in figures 13 .and 14. 

Wo firAt fincl the difi'crcnces between the wcightod frequenciea'in the respeotiv.e auperimpoaed 
sequcncrs nnd then squuo the differences. Thns: 

1 Pcaraon, Karl. On Iha prolJabila1 U&ai hoo ind•,....,., tlidn7nllitiu ti ~'6 .,.· ~ mwaplM /ro• 
Ile 1amo populatioL Biometrika, vol. 8 (1011), pp. 2SOJI'. -

•See, 8. Kullback, loo. cit., Table IV and abut 1. The table and ah&ri are reproduaed·on ~ 61-8& of 
W.paper. 
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A 

y 
=-======= 

Welshted frc-1 
quencieL---

Dllrerencoa •••• 

SqU81'81 o1 cmr-
eDCl!I-------

2 

& 

72 

110 

88 

1,444 

-
1 2 2 

1 I 

36 72 72 

22 22 
: 

14 
. 

&O 72 

: 

U>e: 2, &001~ 184 ., 

.. :: . ~ 

·.; ..... 
.. : .. 
~ .. ·. 
·· .. ·: 

I 

·. 
·. 

... .. ... 
I ,I, 

! . . · : 
': ~ . 

.. ... 
: 

. · ,; .. 

. , 

: . : 

---.. ··----

I I 2 I 

' 
36 38 73 36 

88 

&2 38 71 86 

2, 704 1, 19815, 184 1,21111 

•' 

11'1oua11 26 

2 2 

'" '" 
'" 44 

1,936 1,938 

1 

2 

38 

'" 
8 

8f: 

2 

2 

71 

44 

28 

784 

. 
• 

2 I 2 

8 2 

72 36-~ 72 

132 " 
00 30 '" 72 

., ~11· 296,l, 8381&, 184 

____ ........ --··- -··· ... . 

) 

Totlll 

2 .. r_ 22 __ 

7 2 36 
. ·::::.:::= 

71 

'" 44 

Bl 44 

8,7241,~LJ 

.· 
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Noxt, wo must divide each di1l'o.rence sqUiU'ed by the sum of tho corresponding orig£naZ 
frequencies. 'l'hus: 

T.a.BLE xv 
I llqur.ru 11r dla.r- ' Hum cit •::f,.11111 Quolluc Square Ill dur.r- Bum-:..:=..- QuoUuc 

·- lnlr&lll" - lnq . 

I 1,444 1 206. 3 " a 21.a I 106 2 98. 0 0 0 0.0 
I 2,500 3 833. 3 0 0 0. 0 
I 5, 184 2 2, 592. I} 784 " 196. 0 
I 2, 704 5 540. 8 8, GOO 8 4SO. 0 

I 1,206 1 1, 206. 0 0 0 0.0 
5, 184 2 2, G02. 0 . 1,296 l 1, 296. 0 
1,206 l I 1, 290. 0 1,036 2 908. 0 

I 

0 0 

I 
0. 0 .;. 18' 2 I. 802. 0 

l, 936 2 968. 0 0, 724 9 141.1 
1, 088 2 96&0 1, 936 2 968:8· 

To find x• we must now add these quotients and divide the sum by NXN' or 22X36. 
The sum of the quotients, 18,628.8, when divided by 792 gives x1=23.6. In this particular case 
the further refinement was not applied. Since there a.re 22 segments we look up the table for 
x2=23.5 and n' ==22 and find P== .32 which mea.ris that in 32 of 100 cues we would pt by chance 
a match as bad as or worse than that obsGrvod. 

W c would ordinorily then go through exactly tho 8lllll8 steps for all the other sequences in 
our io.blo \"III against t11c Y soquence; tho scquonco whfoh gives tho greatost value for P would 
be t.he corre.ct ono 11.lld \\"Ould indicate wJ1ich lottor followa Y in alphabet 1. But it will be 
unncCC$SO.l"Y lioro to go through all the calculations since it is deaired only to show that this 
motl1od will give more trust\\'Ol'tlly results tlian tho method or coinaidencos and~ 
presented above, and we shall, theretore, show only a. few cases. 

Lot us take only those five sequences in table VIII which when tested against the Y se­
quence by tho previous mothod gn.vo the grea.tcst indices of ooinciden.ca, viz, the P, Q, N, L, and 
J sequoneos which ga.vo indicca of coincidence of -.12, -.23, -.24, -.28, and -.29,.resp~ 
tively. The data. for those sequences upon the mothod of squares a.re as follows:. 

T4:Bldl XVI 

m ··-•·z=zm;· -=-a;=- .. .--·-' . . ............. . 
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The values of J> (indt'x of probability or coincidcneo) sL.ow tJuu, the probability that tho 
P sequence belongs one btcn·ol ta tho lci't of l.ltC\ Y ~·1ue:u:C\ i:J a. litcJo more than 1.7 times as groat 
as tlu1t or tho nc:trL~t. i·iv11l to U1e P sequc:i.co, viz, ~l1e tl saquonco. Tho result is quite ;:ratifying. 

We sliall ~how unolhcJ' case. }i'or tLis we i>hell cliooso n ca.se in which a tertiary trial had to 
b~ mndc on tbc J>l'cvious method-that ii>, t.11,~ 111uf.hod iu which u. trial with sequence-; only one 
interval 11nd two intcrvuls rcmto\·ed failc!cl lo gh·c 1fofmito a.nd clcar--cut 1"08ulw necessitating 
a third U"st with a EW.qul.'lnco three int«vals ron10,·c.d. Note tho difilculty bi finding tho letter 
\\"hicl1 follows K in t.n.blo 'VIII. Ilcro even the s:~cond triol fniled to show whotl1or D, H, Q, or 
Z follows K. Let us test thcso sequences ngninst tho K sequence using tho method of aqua.res. 
Tbo da.tn nrl'o 11.s !ollo\va: 

T.t.nLK XVII 

I ! I I . i I 1l l2 ·~i+-12 1 
1 5 1 2 1 4 a 8 2 

1 " 
86 

.:;rtl-IM• • P-.U 

l_J~~ - a a 1 1 2 1 6 I i'l2_l_ !11 5 1 1 3 39 
- -· --== • ( I I !xi 11 2 l 3 1 1 4 1 1 I o1; 1 1 1u 4 2 32 

_Jx ., 5 
x'-21.7 P-.42 

3 5 1 1 2
1
1 6 4 2 I I 

1 1 8 39 

Q ' ' 3j2. 1 G 1 .11 11 2 . ' 20 

Fo=! t151j1 ~J I 

' 21 !11.Ja 
x--:11.1 P-.,2 · 

G ! 1 1 3 39 

~i_ ,, ~111-~. 
.. . =":' 

I :i I 13. o 2 8 32 .. 

I i"'Ht ·1·1· ' ·r X'-17.7 .P-.66 
6 I ' 2 l'I~ 1 1 1~ 39 

The difi'eronce between D o.nd Z is not conclusive enough to decide definit.ely yet, but ff and Q 
can be eliminated at once. Testing for interval 2 will show that D is the proper letter." 

It is to bo noted that for our purposes it is not even necessary to :find the actual value of P; 
for given 1i', constant in value, P increases as x' docrellSeS, not in a regular manner it is true but 
approxiino.tcly so. Therefore, if•' is CODlito.nt throughout a series of oa.lculat.iona, the index of 
coincidence in our cose will vo.ry in 0. general mamner inversely with the value of r. the lowes' 
valuo of r indicating the great.est degree of probability or the greatest index of coincidence. 

It is bolioved tho.t this method of squares will bo found p-ceedingly valuable in many other 
cases wlicre considerable refinmnent of met.bod is necessaiy to produce oloar-cut result.a in fitting 
frequency distribut.ions to ono another. 
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T~\JJLE Il7•
1 Tesljor 0o0fltu'S& of Fil. Valw1 of P • . 

I I "''"!3 I r.'•' n'=S n'=G I 
... 7 I ··=· • 'X.2 

I I 

I l "(lOG:;31 il01253 1>09700 1>0!!.'iOG 'OSG611 I -00-1820 

I 11 "3Gi87'0 •57:1-107• "7357~ '6401.tG "!ll:'.>CD9 1)1;{)840 

S -223130 "3Dl<rel "6578!5 "6D9&8G "S08847 "88000S 
.f. I ·l3G333 '!01,(1..L '400006 •M041G "IJ'7GG7G "779778 
6 -OS2085 •171';07 '187298 "415SSO "543813 "050003 

c I "0·10iti71 ·111G10 "l.!JDHS -000210 "423190 •li397li0 
7 -000107 -Oil8D7 •131888 -22004.0 ·3208-t.7 "42f3880 

I 

8 -01831G "().UIQll '()81178 •150236 "238103 -atiliD4 

DI ·011100 -00..D!!Dl '001009 •lOOQG.l •173li'i8 •!5SGli8 

JO '()()G738 '()18666 "0&0428 '076235 •l!IG6! 1.88673 
Zl "(J0.1()87 •'()11790 '()10504 '()61380 "088378 •138010 
1!J 'OO:l-170 '()()7383 '017361 "OM787 '081000 ·100068 
13 -omri03 '()O.t637 '()11170 '023370 '()~30.10 '071100 
1.s '()0001!'1 -002005 1>07205 '015000 -0290:1G '051181 
i;; "(),)0053 '001817 1>04701 '010303 '0!0250 '030000 
1.G '()()()33G '001134 '003010 '000844. '()l37M I '()2Gl18 
17 1)()()!03 1>ClOi07 '()()1033 '004MlO '000383 -Ol 73DO 
lS i"J00123 '()()()«() '()()123-l 'OO!M-7 'OOG23! '()1197'0 

19 '()()0076 '()()0!73 '()00';8G '()()102i -00.f.16' '()()8187 
!!O '()Q()OOS '000170 '()()().109 '001250 oQOi';G9 '()00670 

:Jl '000028 '000108 '()()0317 '000810 -0018:l5 '()()3770 

eJ '000017 '()()0006 '000!00 'OOOlis.t. "001211 'OO!Ml 
ea '000010 'OOOOiO '000197 '()00338 1>00700 '001706 

e4 -000000 '00002G '000080 '000117 1>005!i '001130 
flS '()()(JO(M -000016 -oooo.;o il00139 '000341 0007li0 .. ,- -000010 oQ0003I '()()OOl)() '000i93 '000504 
fl'1 -000001 '()00()()8 "0000!0 '()()()007 "000141 '000333 
:& '000001 -000004 -000011 '00003'1 '000004 '000920 

. l!:J '000001 ilOOOOI '000008 iXl00!3 I '000001 
1 

'000146 

130 -000000 -000001 '000008 '()00015 iXJ0039 : ~ 

I .4rJ '()()il<J(.10 -000000 -000000 '000000 -000001 '000001 I s(J I -o:roooo '000000 '000000 '()Q()();Y,) '000000 -000000 I ~~ I «ioOOO -000000 '000000 '000000 'OOOClOO '000000 uil I 

?O 1-000000 -000000 '000000 '(l()OOiJO I 1100000 -000000 
L. 

... , 
-OOS!ilO 
1>81011 
"88C367 
"85'11!3 
•':'67570 
1147!31 
·53GGU 

"433470 
"341290 

1!850i8 
"I018D9 
"16ll04 
1.11850 
'0817815 
'069145 
<>4.l380 
'()30108 

'Ollft8 
'OlcsaJ 
'010338 
'007147 
'004918 

'00336' 
'OOJIOI 
'()011164 

'OOlOIJO 
'000707 
'OCJ0.&74 
'()00317 

ilOOlll 

"(lQ0()03 

'()()QOQO 

-000000 
'000000 

14 

... 10 

"900438 
-OOHGB 
"96GOI 
'911413 

"834308 
"730019 
'637119 
"634148 

"43717' 
"35048:i 
"176700 
'113308 
"1Gi007 
"1!!326 
'090037 
'OGOSSl 
o(M8718 

'03:il74. 
'026193 
-017013 
'()12050 

-oossso 
'008107 
'()(),1,301 

'OOI07'1 
1IO!CM3 
'001308 
'OODDM 
'OOOGt8 
'000'38 

"000008 
'000000 
'000000 
'000000 

... 11 

'OO"J8!8 
"996340 
1>81414 
1).17347 

"881178 
-811183 
?IN« 
ti883'1 
•li3JJ.CN 

"C40:l03 
-317618 
"l8S05'1 
'913G'71" 

"171DOI 
"13!001 
-000031 
-07430& 
'()1.181J.1 

-040J83 
'0!0263 
'()31003 

'0151061 

-0107'' I 
'()()7000 

'Cm346 
1>03740 
'00280& 
'001606 
'001146 

'000867 

'()00017 
1JOOOOO 
1XJOOOO 
'000000 

---· ... 

i." 
~ . 
I 

~ 
}: 
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I r. 
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T .ARI .. E IV-(coniin":Ucl). 

1"•14. ' •"=l!; 
• I ' ~ G'•l! n'=13 tf=lG tlal'I ... 11 a"=l!t ..a .. , ! --

l '9DOOl50 '990080 1>9000'1 1)9!)00!) l• l• 1· 1· 1• , 'OOM90 i)OO.aOfJ '90077' "900017 1>00!)i0 -0000110 11000D7 "989i09 l• 
a '900726 "9Dlili'4 '997D34 '000074 i>OO!'IDa "090830 "990031 "1)30072 -t~f1l}S!) 

' 1J00017 iJ834.38 "091191 '9!>S-1CG -0077:>7 '998903 1>09483 1K);):'G3 '99!if:.!t.& 
6 1J311G7 '96;979 "9'16103 11s;;s1a -OO:'!i27 11967M '997771 11~5500 -Soo.&31 

' "8i33G5 "8100SS ·0-16153 -OGC:Ol 1i'ID749 il88Q06 "8931871 ·tl!GlC"l "8Di8!0 
t "700073 -867013 "IJOSlGI 1)31711 -Oti7CIJO -073000 1JS3540 ·OC.l012G -00-1213 
8 "'lla:J0.1 1'85131 1M3C01 ·~!J.1i7 "!12"d783 1MMG? -ooofi-t7 1>':'8G:i7 -o&CC'll 
9 "(121891 "702031 "772043 •8310:il "8i7Gl7 -013414. "G.W261 -008741 1fl3479 

10 •&30357 '61&000 '693934. "70:1183 '81C'7:t0 "888U8 1J03Gl0 '031DOG "852048 
lZ "443!!63 "li9801D -010817 •GSC03G "71illlilM G48S -&Gli04r '8943b7 ·'9!!3538 
JD "3G!Ga ·4.a:iOSO "69';C43 ·000303 I ·ll7&0!l3 '743980 i10013G '847137 "86a6i4r 
J.S "203320 "3600-11 '4·1'1819 'll2"i5!U •0023:)8 '6'111S8 "'13G186 "'101673 "838671 
1~ ~ -31.)0708 "3i38-14 "4-1:)711 'li2,:'>620 il087H •007102 "7l9001 "763601 
J.fj '1824l>S '141430 -aoi354 -a;s1s.1 '-i.61418 "liM63S •m>348i '061987 "7121188 
ta 1.,1130 '18123C ·!@129 '313374 •3S!ml '4li2001 •6"!!363-J. •GIW47 -867177 
1'1 •10i878 •140007 ·1oo:m.s. '!!iiul7& I "3'lS:l04 "3855'J7 "4.ii-l:Jull •6!3103 •GS08G8 
1.8 "OS1581 0llliG9l •lli7G!!O '906781 ·~:?GOO o;S3S07 o38S84J. "4.50063 ·as!-138 
1.9 • '(J(ll004. 'O&SG!O •12310-l 1648"'9 '!113734 'i!08003 •35?8632 •391823 -.OG83B 
fJO '00i3-ll '()67080 -005910 •130141 •I'll~ "230290 "17ti29 "33S8l8 "304078 
11. 1133371 '060380 -07!0!0 ·101G3! •130830 •178610 "1!0201 '179'13 '838801 
.'3 '024374. '037620 '0Sli3a! -cr.'861-& •107804. "143191 ·oJ.Bf.719 '231081 '9Ml60 
!JS '017670 "0177S8 '(M.1077 '()00270 'OSil(() •113735 oJ.o&DllJl oJ.llOMJO -U'iad 
~ '0151733 '()203.ll '031130 '()4580:1 ... 'OGli093 -Gll&li06 oJ.194311 "].~ "1881111 
~5 -000117 '014.811 '0!3084 oQ3.ll>OO '040043 'OOll8l4. GN710 "1514915 oJ.806d 

.BB '()OQ.190 '01073' -017001 -O.ili887 '0390B3 "0640IB 'O'lo&.m. i>98768 1.30189 
. flt '()()~ 1J07717 'OUW.41 '()10:!5' '()28738 'Ot1'83 'o:J8008 '078986 •1CM863 
18 '()()3238 1l0063I '()09()50 '()149!8 '0!11500 '031Gi0 '0&'938 '06I066 '083428 
SJS 'OOSll70 iJ03D.10 'OOGG·IG -010t50 i>lGOSI i>S3D36 '()3'98 1H8379 "'()8G886 

ao -001686 '00i79S il04710 -00i03! 1>110!1 i>lSOOI '()S03C5 '()87tl40 'Oal798 

.fO -oooose . '(J(j()(J71 1l00138 1l00i136 '000458 '000778 "(1()128' 'OOI087 "(1()3171 
iiO -000001 i>OOOOI '000003 i>OOOOG -000011 1JOOOll3 -cJ000.151 '000076 'G00131 
IQ -000000 -000000 -000000 -000000 "000000 '000001 i>OOOOl 1IOOOOJ "(JOQOCK 

'° -000000 1IOOOOO -000000 -000000 -000000 "000000 -000000 -000000 'OCJOOOO 
I 

fl 

I 
• ••••••••-R•_, ________ ,,. ..... ~H "'"'"R ___ _.,._, .. ) ! .. , .. ,,, '"• 4$ ~~_, ____ • ___ _.. ...... 



REF ID:A64722 

.- 63 

TADLl~ IY--(nuiti1111td) 
r--- .. ·.u j .. =Ill I r n'=21 ... Mi .... 15 a'•IG •'•IT a'•tl ..... .... 

I 

J l• l· 1• 1• 1· 1· 1• 1• 1· 1• 
f l• l• 1· l· l• l• l• 1• l• 1• 
tJ -000096 "000008 i>9D009 1• l• l" l• . 1· 1• t· 
+ 11"~!'.1;;4 1100080 '909001 1>90097 'fJOOIY.>!} l• l• 1· l• 1· 
6 ii:Y.>i:':! -000868 1100030 iiOOO'lS -000087 i)9!)~ iJD0098 "D99D90 1• 1• 
6 "liD:s."l>S 1M>O.l!l7 "llD!riOS "llODS65 -000029 '000000 '0898M 1M>0893 "009097 '900000 ., -OOGGSG 1)~141 "008080 1>DfMlil '909711 -090861 "9D09M. 1>98881 i>D0881 '90D091 
8 ·DOlSGS 1M>li143 1>071GO '908371 "900085 "990·l~M 'Obo7IO "ll9B8U "llDOOK "89DOflO 
0 1'18:!007 1)89214. '003331 'l>060li7 '997505 -OD&DG -000184 "890M8 '800748 '890BG3 

10 ·OCS171 '078011 '88G3M -001177 "99-1347 1IOOG:i3 "9D7081 "808803 '09830I-, ."90:Mi98 
l1 '!J46123 i>Gl'l87 '0'14.740 "883189 "9!10011 '0029'6 '995M8 1t9713D '888318 1188988 
1!1 1JlGO'iO '1J30017 'Oii7379 i1'1Chl70 "97!:008 '9tlOSG7 'f>91173 "89419' "908371 '997718 
13 '87'i38.I. iJOtlGU '1133101 "961800 1100111 "!)78601 1Nl307' '98DU7 '90!000 -D9638f. 
1.f ·8304.90 '809.liOO 1l014.79 -020871 '94.GGBO 1)01731 "973000 1NlllM il87188 '981177 
15 "l'iGtOS "8!29SI 8Gi!38 "89-1034. i)C>..0759 1)41383 '96733' '989431 '978438 i>SD0115 
16 "llGGM "780850 "116880 '8M!G8 -888076 1)14828 '936203 1Mi1947 "8GD&l8 '87151538 
11 "G51974 1'11108 "783381 "808Ul il"800il "881703 il00088 "831111 "fJ48l88 1J8!181 
lB ·~7408 'fJ49004 '70llf>B8 '767488 "803008 '842390 -&71778 1JOIS19 1>5181'0 '844171 - 19 ·5218!10 •1586140 "8'53SS 1'011H "761090 "797190 "886430 "870001 '898138 '911188 
co '45'1830 •611281 •683040 'fH1811 '896778 '7468!1i "7011H il307158 '88(4" ......, 
fl '307131 "4158944 ·00'188 •681087 "(138'126 il82600 '74188' '788188 -816348 "818149 
Ill -MOSll "309010 "418889 fiOilil ·6'1Sm7 1136'144 'G8B687 "181177 "781191 fi0189 
SS "98e'I05 '143978 "401730 "'80771 "119798. "677li(H. 'f3JIH7 '88DOl8 "733041 "77tDG ,.. 'lmDS .. ~ "147119 -408808 "(81197 •119373 •6708Cl5 '830318 1181&3& 1'18D3i 
Ill "201431 '14718' "1970715 'llOl8l5 4.05780 "40!!378 •5189715 •15748 G7836 '678148 
1$ •103811 "!06449 "2151881 '000808 "3li3105 ""4.UllOS "483106 '618800 '678CMG 1Ji6491 
fn I •135G.Jl4, •17QS:i3 "111118 "2llli80'1 "3044.53 -35.~884 •4.09383 "40379' •alSM7 "671705 ~a I iGOOD9 "1..a>llil "1715881 "116781 "2GCJO.!O -oo78li3 "3:l84IJ8 "410078 "484447 '117913 
f:9 'CS7759 •114009 '144801 "180310 •290131 ·203910 "31108I "300899 •411118 "46ikJ88 
::0 -OU"OSJ4 '()01988 "118404. "l.484.0I oJ.84.762 '!2am '207811 "31:41H "1G3118 "414004 

"° -004900 -007437 '010811 -015300 "(jl1387 '0!918' o038011 -OHS8'7 '088118 "083la7 
&O -CO-J!!l '(JQ03GG "000586 'OOOOt1 -001418 '()()i131 o()()814' '(1()4al1 "CI084B7- "00803I 
60 '(J(J(J007 '()00018 'fJOOOD -ooc;oaa "000004 "(JOOJN '()OOJ88 ~ '000407 1XJ0818 
'10 {)()()0()0 iJOOOOO 1Xl0001. '000001 'OOOOOI 'Cl00004. 'CIOOOO'I "000011 1J0001D '000030 

I I 

.,.._ 

I· 

I 
I 

.. ·-----· -·-- ····--.. . ----......-·------... -·------------------------·-·· ·--.. ·--· ..,,, 



REF ID:A64722 

- 64 

CHART 1 

t 

f 

I 
j 

I 



-

-· 

REF ID:A64722 

P.A.R'l' II . . . 
THE ·SCHNEIDER CIPBBR 1 

... · .. · 

DETAIL& o:r ExcIPHBRKm 

This syst-em. aims to mn.ke the ontire ope:ration of enciphemumt and dociphermcmt depend­
ent upon tho k11owlodge of a. single key word agreed upon in ad:vance b1 the correspondent.a. 
I.JCt us SUI>!Joso tho word to be T R E B I Z 0 N D. · 

• .\Ii urbitro.rily inixod alpha.be~ is derived trom a. genera.ting rectangle based upon this 
Jcoy word, lvith a slight doparture from tho usual method. · Instead of inseri.bing the letters in 
tho gcnor11ting rectangle in the koy-word scquonco, as is usu.al, tho initial letter or the second 
lino ma.y bo any letter except ono in the key word it.a~. The remaining lettoi1i then follow in 
tho key-word sequence: Thus suppose \'ro cliooso K as this initial letter for t.he second line. 
Our recto.ngle is constructed in this m•nner: · · 

FIGURll 27 

TREBIZOND 
K L fd P Q S U V W 
XYACFGHJ 

... : 

By taking the oolWDDB in auccession and writhig them m two JiDea of 18 lett.en each we 
have the following: 

FIG"lm3 28 

{
TKXRLYEllABPCI 

Al~b~l. QFZSGOUHNVJDW 

Theso two lines conatitute alpha.bot 1, in which T-Q, K-F, X==Z, etc. The nlues 
are all reciprocal. . 

All the othor alpha.bot.a are derivod fro:i:n alpha.bot 1 by the simple oxpediont of carryin:,; 
the upper half of alphabet 1 to tho third lino and revolving the sequence OM letter t.o the right.. 
Thus: 

{ 
(1) 

Alpha.bet 1 (2) 

(3) 

Ftovu 29 

TKXRLYElriABPCI 
Q F Z S G 0 U H N V .1 D W . } .Alpha.bot. 2 
I 'l' K X R L Y E M A B P C 

'fhc juxtaposition ol linos 2 and 3 result.:; in tho fonnn.tion of alph1Lbet. ·2, in which Q==I, 
F=T, z~--=K, etc., also completoly rocipror.al. 

• z:lclmri1h1r, L. Df11criPti.o11 d'mi "If"""'° cr111.l11urn;mi•1tio 4 z·..,.,1110 do Z'nrm~e. "Pn.rls, 1912. Thia olr.her 
wai. 11;?h111i1o~ad fur oxa1nlna.ti'm by Maj. 0&.to Ilo?. .. tt.oin, :.! .I.-Ucs. whll fur11isbcd tho writer, who 11"1111 tlaeo 
a1. t.l•l' Riwri.:mk I..a.l:iora.torillll, with a. tmn11la.tloil of Cnmmn.mla.nt Schneider's Jlolpor. Attempts to locate 
in A1ocrii·:•ll lihrarfoa and bookatorca the work cited to BOO if f.110 inventor Juul Olforcll & ll&Ulplo lUCllSll;,":C for 
bOl111.i1111 1.ro\•11d of 110 ll.\"8ili fortnnatuly, a. wpy or tlio pai.por W.iUI 110.ut In quite accidentally by~ oti.scurc buok 
d1'11.k:r s);:irtly urtcr tl:iu firat drult °' this m&DUllorlpt WBll pr\:JHU'Ud. No .. sample tnel8Gg8 s. given. Upon D1)' 

reqm::;t an u .. 11i.;tn nt prcpa.rod tl10 meaaagc which will preseol.ly be pvon, and the aolu'1on of which wu &ttr..iDecl 
lly t.hc tJrinciplcd to be oluoida.tccL 
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Alphn.bct 3 is construct.od by moving lino 2 to lino 4, rovolving tho Rr.c11w1ico l1t'tJ lr.lte1'l't 
to tho rii:ht. Thus: 

{ 
(1) 

.Alphabet 1 (2) 

{ 
(3) 

Alphabet s (4) 

I•';.•.IJRI: 30 

TKXRLYEMABPCI 
QF'ZSGOUHNVJDW} 
I 'l' K X R L Y E 1l A B P C Alphu.bot 2 

DWQFZSGOUHNVJ 

The juxtaposit.fon of lines 3 and 4 results in tho ronnation of alpha.bet 3, in which I=D, 
T==W, K==Q, etc. 

Cont-inuo.tion o! this proeoss co.u result in tho product.ion of a total of 13 different secondary 
reciprocn.l olpho.bets. As a. rule only o. limited number of these secondary alpha.bets are 
employed, usually not t.o oxcced the first 6 or 7. 

O!l~ "i the mai!l f ,•:1 tuNs of the mC'tli,1tl ,1i ~"'n~iph.:-:rmt'nt is tlu1i gro11Il.!' of t11U!<1unl lcngtl1s 
r.:~ t:·1~.::ipl.i.?:-rJ in r~·clic fashion by incanio (l! ~r-,·r::d t1!~>hnbrts. Thd is, tho t.cit. iA broken up 
into groups contnining 1, 2, 3, ... 11t.tcra onciphcl'ed by different alphabets, the groups 
being repeated in sets, as explained bolow. 

Let us, as one of tho correspondents, dotermino that the oycle is to CODBist of six groups. 
Taking )ho first 6 lottera ot line l, that is tho upper halt of alphabet 1, their numerical values on 
tho basis of their relative positions in tlio normal or stmight alpha.bet, are aa follows: 

TKXRLY 
4 1 s 3 2 6 

. . . . 
This 11Cquonce of numbers, 4-1-5-3-2-6, constitutes a oyclo designated hereafter u the 

"Interruption key." It pa.rto.kes of tho 1111turo or an "interrupter" in that it dictates tho 
numbor of lotton in oo.ch of the groups of irregular length treated in enciphorment. Thus, the 
fint gi-oup contains 4 letters; tho second, 1 lotter; the third, S letters, etc. The seventh group 
would bogin a. repetition of the cycle, a.nd it would contain 4 lettera; the oighth group, I letter, 
etc~ Tbis cycle is repeated many times wit.bin a inossago. 

Encipberment witbin each group is l"t\glllo.r in tho succassi.011 of the alpha.bots employed. 
Thus, if tlll'Oe o.lpho.bota aro determined upon by the correspondonta, i.he alpha.bet.a would be 
employed in tho following sequence in the interruption key given abon: 

FlGVB• 31 

Length of group_____ 4: 111 s I 3 I 2 I 8 
.Alphabet.a___________ 1 2 3 1 1 1 2 a· l 2 1 2 3 1 2 1 2 3 1 2 S 

~ote that in groups containing more lett.ers th:m. the number of alpha.bets decided upon, 
tho sequence of alpha.bots is repeated. Thus, in the 5-letter group, we have the sequence of 
o.lpl111he~ 1-2-3-1-2; in the 6-letter group, 1-2-3-1-2-3. Encipherment. then proceeds by 
o.lpli.'Lbcts o.ccording to the distribution of numbers within the groups. For eumple, group 1 
con~ning the soquonce of numbers 1-2-3-1, the first let.tar is enciphered .by means of alpbcbet 
1; the second, by alphabet 2, and the third, by alphabet 3. The fourth letter, however, ia again 
enciphettd by alpha.bot 1. · 
. . .After encipliennent, the order of the cipher letters wit.bin the groups is rotersed throughout. 

t.lao n1c.'Sfln:,."O. . Thus, suppose that the onciphorment using the three _alphabets and key above 
wcro us follows: · 

I 
I 

I 
l 
I 
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Firnml'l 32 

4 .; a 2 (j 4 1 s 3 
1 :Z 3 I I I 2 3 1 2 1 I :I 

' 2 I :I :II l 2 I l I I l l I I I I I 1 I. I 
ENEM y IS INT REN CH INGALO NGWE s 'l' E RNS LOP 
U 1' 0 H 0 WXDAF SHB DE WllYNOE ARTU R QHZAX ·GLV 

Tho lot.tOJ'S withjn tho ciphor groups ore tlJon rovcrsod yielding tho following: 

F1ouaz 38 

HOMO 0 FADXW BHS ED EONYllW UTRA R XAZHQ VLG 

It is now necessary that the informo.tion neoosaary to decipher the message be conveyed 
to the rccipiont, who, of course, is already in possession of the key word. This information is 
transmitted in tho fonn of an "Indicator group", consisting of 3 letters, whose location within the 
mesNJgo hns been previously determined in a manner to be explained presently. The first letter 
of tho indicator group gives the initial lettor of tho second line of the genera.tie.g .rectangle; the 
second, the number of alpha.bets employed; o.nd the third, the length of the interruption key, 
from which its sequence can bo derived from the upper holf of alphabet 1, oa already ~ed. 

In the case a.bovo, the initial letter is K. The number of alphabets being three, the third 
letter in the upper half of alphabet 1, viz, X, forms the seoond letter of the indica.t.or group. 
The length of the interruption key being six, the sixth letter of the upper half of. al~bet 1, 
viz, Y, forms the third lotter of the indica.tor group. The knowledge of this letter enables the 
recipiont to construct the intomlption key. Tbe indica.tol" group for the message above is, 
thereforo, KXY. 

Tbis indicator group is then inserted in tho ciphor text in o. position dotormined by a. pre. 
viously ngrccd UJ>On lottor of tho koy word, usually either tho first or the la.st lettor. Thus, if tho 
correspondonts o.groo upon the first lottor of tJ10 koy word, this indicator group would be ~ertcd 
after tho twentieth letter of tho cipher toxt, boca.uso T, tho first letter of tho key word, occupies 
tho twentieth position in the normal or atrllight alpha.bet. The cipher message a.hove would 
1'81Ld, therefore, as follows: 

lll!lSSAOl!I 

HOWO FADXW BHSED EON'Yll KXYWlJ· 'l'RARX AZHQV. etc. 

By varying the elements of the indicator group, a great number of combinations can be 
obta.inod from ono key word. Schneider says: 

With & key of 6 lottcn, If one llOta out to modify tho table of alphabets. one obta.ina only 26-5-20 
diaercnt crypt.ogmm11 from tbe 11&111.0 tut. 

If, in adclition to the table of alpha.bet.I, ono modifies tho number of alpbabcta employed and the numbor of 
lotkrs to form tho n11morieal koy, wuming that one emplo71 3, 4, 5, or 8 alpbabetl (a total of 4 aomblnatious) 
and .;, 6, 7, or 8 lctters to form. the numorloal key (ako & total of 4 oombinatlona), one would obtain 20 X 4"X 4-320 
diflerent cryptogl'&IDll from one and the ume text · 

We Rhall first elucidate the principles by mea.ns of which a single message may be solved, 
and tho11 1>rocoed to tho solution of a series of messages in the 8l.ll_l8 by. 

~-

• --·-...... __ , ______ ..... -··----·---~------.._--.----------Po'" 
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1. Solution of a single messago.-Giwin ·tbo follolring mOSRDge: 

Kl·mVL IQKGK NNHKV QEEXK XYXOP MSIEE TPDKU LISYZ HWBRE SATHR 
KZRG:•! NJGKD QKVW FQBKE NEIHA E:.AME KHFLW XRKEO .KMHFt4 WAFTw 
ESPE:B D~GWP JPXGD ZVWUX LZA~1J ENIIJ-1 AIUUA EABRE PWKFV JJKIP 

'EMENF SBVYZ KWDMK VLODO OBFMS Br.'IOQ YVKVI XDGIK HEONE EIWKW 
PAECL RNIHN :NMODQ NIKAO JKSOZ TCF\\'D JJODW ·ZU.A.ES ZDWKG KKBDT 
XNKGD IHTKS NPGDU RQFMD ONAZA ~4WCL RHEOF ZWFHV KZYGE VPNPK 

. AQA~I DCCKlC UGDJW ILIAB ECESG SPFEP KOPIS HHODN DMKFI SYQMZ 
KGIQQ KTYIYG Ji'IUPK NWBHE ULJVQ ZZWDI LWWNJ UCDQQ KKFDG WPMFS 
KIEBC CDXLF MDODO EANKH MHFZT CPMPP WDAVL llPXKR·. OJKFN llVPRA 
OEWJO JVVWR KDEWA FYWHX ENMEN APRNP VCUCL HYFMN LKHVP NOJKF · 
WWCLR AOOWZ VJVVW RMDEW AFYWO XENGZ FKVWP XUNUlll AYMGX VNKOJ 
KFSVB ZRNLE IONGM MVFTD HG:aJO LIPOW NPPWK NREPM DWXYE XNZON .. 
UEVOP WUQQQ JNMPV FQJWN KKOLI POWKO VBHFY 14EPYD AFllHF ABEFD 
YKI-um EODRL ISYDK VZKWK MIQXK THYN~ . VHEQA . AEVIX PZTQK IAllFT' 
TALOV JKVHD UETCL MHVWR HFUNN GFCKK ESEYE. JUi;nr BC 

PBDiCIPLES OJ' SoLUTIOJr" · 

This cipher bolongs to tlio class of con1bincd subsliitution-tra.Dsposition· methods. 'l;'he 
substitution, however, does not follow tho method of the ordinruy periodic multiple-alphabet 
syste111, uor is tho transposition regular 01· geometrical in it.s nature. We shall consider first tho 
results of tho method of substitution. · 

Whilo nt first glanco it mo.y be thouglit tlin.t in tbis system,~ oncipherment of the groups 
of difi"c1·~nt lengths elimino.tes tho reguln.r.i.Ly or ·cyclic nature of the ordinary periodic multiple­
r.lphtl.bct cipher, such is not strictly the cnse. · It is true that the groups a.re irregular in ~. 
due to tllc action of tho interrupter, ·but a.t the so.mo time, since the interruption key repeats 
itself m~:.ny times throughout o. message, Ch.ere VJi.ll be re!}'ld4r ancl ajfc:lic npdiliona qf conafant 1111 

qf 9rov.pa. In other words, there is a cycle iu the system, composed of a constant number of 
groups of irrcguln.r longths. 'Vo sh.'111 first l>roccod to determine the lengtl1 of this cycle. 

Tiie len.gt[t, of IM.s cr;ck ia .tleptJrulenl upon tlt.11 l<.11.gl/, of t!UI i1zterrupiitm ltq, and ia clN Btun of 
t/,,. constituent numhera of lhl kq. It i11 obvious tltr.t l.110 key can be 2, 3, 4 • • • up to 13 numbcm 
in lc11gth. It cam.."lot be more than 13 becauilo of the ma.nuer in which the key is derived from the 
upper half of alphabet 1. (Seo p. 68.) 

No'v the numbers in those fatorruption keys do not ropoa~ themselves,. and _it follo-ws, 
therefore, BS 0. simple mnthcmo.ticol fact, tho.t tho SUJDS Of the numbers compo&ing eVery possible 
koy-in other words~ tho lcngt.hs ·or- the po1:1aible cycles-are conata.nt and determino.te qua.ntitfos. 
Thus, if the' key consists of 2 number&, tho cycle will be l +2==3 lctlers pi length; il it bOnsislR 
of 3 numbers, the cycle will be 1 +2+3==G.lctters in lr.ngth~ The following to.blo gives the J.e.ngt.11 
of all po&dblo cycles of tbe ontire system. · 

·rA.nLB XVIII 

~ Lenglh allror 
1 

L8DJ::Ul of QL'1o l; LllqUI al: Jrq Lil!l'll al QalD 
-''--------+-------1 ! 2 _________________ , 

3 _________________ j 
4 _________________ 1 

~-----------------G ________________ _ 
7 ________________ _ 

·--· C""- en···- ·• ..... 

1+2= a n s_________________ 28+ s-aa I 
373-= u :· 9----------------- ao+ 9-..ID I 
d·H: --10 10---------------- 45+10-aa 

20+.:;~ ... 1.; i! 11---------------- 1s+11-68 
15+0=21 ii 12..----------·-··· 6CJ+12-18 
21+1-2s 0 13---------------- 78+11-01 

.,._. ~ .. .._ ..... - .... :" ""';"""'l"'"I" '"'""":""""••" 
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In 01·r:•·r h1 rlt't1•:-mi11'.' the rorr'N!t <.\''·.·h· :e1::~!! .... ,.,, pme.c<'d f.o :tfJply I.he t'.oincidcnce method 
tl<!i'l"'fforc1 i;; f j, .• ffr.~t· j>ill't of p11rl J of tfii~ p.q.1e··~·. "J'i:c~ IUl'iftl:l;.;'C is Wlitt<.'ll out in Jines of 3, 6, 101 

1.5 ••. INr< i-:: iu lr:1#-:th to cc.>rrc'sponJ fo tl.,, \':1i"iu:tt'· bypoth~~i;t::J regarding Jangth of cyole, oa 
gi\•c11 b ;nbic• X.\"ill. 

Wn must first ta.kc into consiclttrn.tiun, luilVC\'N", tha ~i:ct thut Sc.mewhere within the bocb' 
'of tho :mr.i.i111go tho:c is u. g1'011p o! :J lettc1"R, composiui! t.l:o fadic:,tors of the message, and sinco 
the&J 3 lcttCJ"lS do not form u. p:u·f. c>f u.ny oydc, ~.luly :niglti thruw all 1.hc cycles succccding·them. 
out or 11hnso witb t11c cyc.lC's p1·ooocling tl1cm. Bui, from tho method given.for fixing the location 
of the indic:Lt.or grou!J, the~ ln.ttc>r must. o\~mr ttom~whrro y.rithin tho first 26 let.tar, of tlie"cipher 
mc.~:.,"O. Hy rli.i11~arding tihc 1i1"&t 20 lr.ttcrz; or our u1cAAugo thl'u, wo in11y be suro that ~ ~vo 
cHn1in11.t<'<i thi."' sourco of dist.ortion. Starting wilJ1 tho tw·outy-sewnth lottor ot the meuage, 
"iz, S, \vc 1>rocced to KCt up tile mcssn.gu 01:001·ding t.o various bypothctiC'.al cycle lengths. We 
may omit tho lengths 3 n.nd 6, u.t tho stnrt ns higuly imp1-obn.blo. In this en.so no table of coinci­
dences :is really neccssa.ry beoause tho ar1·ungo.ment ol the message on the assumption of ~ cycle 
of 28 !otters givas so mnny repetitious within tho so.me col11mns that :Curt.Jiu corroboration ii 
unnecessary. Note the repetitions of long polyb'l'O.pbs below: · 

l!'1c:; IJB!l 34 

l I I ' I • 7 • 0 w n d ~ u u H u ~ D ~ n • • • • • • • 
S I E E T p· D K U L I S Y Z H W B R IL§ A T H R K Z R G 
MN JG K D Q KV VII F QB K U"E I H_A EA AME K H 
FLWXRKEOKllHFMWAFTWE~PEBDDGWP 

JPXGDZVWUXLZAYUUILHAIUUAEAB 
REP U F VJ J K :.i: PE ll_E NFS B VY Z KW D M_1< V 
L 0 D 0 0 B F M B B y w· 0 Q y v K v I x D G il H E ·a N 
EEI~WPAECLRNIHNNMODQNl.,.IA~JK 
E 0 z Tc F "f. DJ J 0 D w z Au Es z·o w K"G K KB D T 
X N K JD I HT KS NP GD UR Q F II D 0 N"A Z.A ·z II W 
CL RH E 0 F Z W F H·V K Z Y GE V- P NP KA ~-A.H Ill D 
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The next stl"IJ' is to com1>ilo individual frequency tRbles from the columns. Tlil'.ro will, ol couNc, ho 28 of 
them. They hu.vo been consolidn.Lod in tablo XIX, and tho avornge frequency per c.olumn is givon. 

T.a.BLB XIX 

--fo~ o!n 
Clplur ID&la INumbe~----

sf Tlv 
... Fl C• of A. \·,·1 •-:u 

B F G H I ;r E L JI H 0 p Q :a v w x y z que."11'1' llllf!" lll"ORI fM&U"llLY 
l11tm 

j I 
. 

~]-
-

1 8 2 ' 1 2 2 a 2 2 2 1 28 12 2. JO 
2 1 2 8 2 8 2 2 8 2 2 8 20 12 2. 16 
a 1 1 2 1 2 1 ' 1 8 2 ! I 1 1 1 1 1 20 18 I. 62 

' ' 1 1 2 2 2 2 I 1 8 1 8 I 16 14 1. 86 
I 1 1 4 2 1 1 ' 1 2 8 1 1 

~ I 2 28 11 1. 73 
8 2 1 8 2 2 1 1 2 3 2 I 1 

1 8 2 28 14 1.86 
7 8 1 •1 8 1 1 2 1 1 14 3 2 20 13 2.00 

I 8 1 2 2 1 
1 I ' 8 8 2 I I 1 

318 
1 3 2 26 13 2. 00 

9 I 1 8 

I ' 
2 ' 1 1 2 1 2 26 12 2.16 

10 1 2 al 1 ' 2 8 8 8 
1 I: 2 28 11 2. 86 

11 1 I 

' 1 1 ' 1 2 1 1 1 1 20 H I. 80 
12 8 21 2 2 5 1 2 ' 2 1 2 26 11 2. 80 

I 

13 2 a 
1 I~ 1 1 2 1 8 ·2 2 s 3 20 12 2.18 

14 3 2 2 1 1 1 3 2 8 1 ' 28 18 2. 00 
16 ' 2 1 2 2 2 ' 1 I 8 I 2 I 20 13 2. 00 
18 1 ' 8 8 1 1 1 8 1 1 1 8 2 1 20 14 1. 88 
17 1 1 8 1 1 2 8 ' 1 1 1 1 2 21i 18 L92 
18 1 1 1 1 1 I 2 ' 1 1 8 B 8 1 26 1, 1. 78 
19 2 1 I 1 8 6 ' 1 2 8 1 II 11 2. 27 
IO 8 ' 2 1 1 1 1 4 8 2 8 25 11 2. 27 
11 8 1 1 2 1 2 Ii 1 I 8 I 25 11 2. 27 
22 2 2 2 1 1 a .I ' 1 2 l 8 2 26 13 1.92 
23 8 l 2 1 8 2 1 2 I ' 1 1 2 1 25 H 1.78 
24 .I 2 1 2 8 a a 1 2 2 I 2 I 25 18 1.n 
25 ' 1 1 2 2 1 1 8 2 I 1 1· 1 I 23 14 I. 78 
26 1 2 ' 2 2 1 1 1 1 ' I 1 8 2li 13 1. P2. 
17 ' 1 1 2 8 ' 2 1 1 I 2 8 25 11 2. 08 
28 1 1 1 I 2 1 1 I 2 ' 12 

1 1 3 1 15 10 1. 56 
I 

Showing froq11ono1 dist.ribution1 for tho varloUa colum.u of &gun 84. 
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Now, :tt'.f'ording to t.ablo XVIII, o. cycle Ic11r:tJ1of28 roquircs that tho interrupt.ion kay consist 
oC 7 numhr~, ob,iously thn digi~ I to 7. We do not know how many "1plml>ots aro involved, 
hut thl"'y probably do not oxcocd 7. IC only 3 alpha.bet& o.re involved, thon thoy would be di&­
tributcd in 7 irregular groups as follows: 

TADU XX..-Ballia of 3 al~ 
OIVUllm .Alphabeta 

1 1 
2 1-2 
3 l-2--3 
4 1-2---3-1 
6 1-2---3-1-3 
6 1-2-3-1-2-3 
7 1-2-3-1-2---3-1 

.Alpha.bet 1 would be employed twelve times, a.lplmbet 2, nine times, a.nd al~bet 31 aoven 
times. Tho follo"ing data. give the number or timos the various alphabet.a woufd be employed 
on difl'oicmt hypothesos: 

G:ou111 
1 
2 
3 
4 
~ 
6 
7 

Baaia of 4 alpAar.a 
Alphabeta 
1 
1-3 
1-2-3 
1-2--3--i 
1-2-3-4-1 
1 2-3 t 1-2 
1-2-3-4-1-Z--S 

Jlre'luellOlll 
AlphBbct. 11 10 times 
.Alphabn 21 8 tilDCI 
Alpbabn 8, 8 t.lme8 

.Alpbabot "' ' tlmm 

OftlUJll 
1 
2 
3 
4: 
5 
6 
7 

Baaia of fl alJMabda 
AJpbablU 
1 
1-2 
1-2-3 

1 23 ' 
1-2-3-i-5 
123i68 
1 2----3 ' ~1 

l'rllllaeuef• 
Alpha.bot 11 8 times 
,\ ~rol:Bbct 2. 6 times 
Aiphabet 3, 6 times 
Ai1>hBbct 4, 4 times 
.\1pbabct 5, 3 tfmca 
Aii>?m.bet 61 2 times 

Buie of 6 alpiaWa 
GlllUlll ........... 
·1 1 
3 1-3 
3 1-2-3 
4 1-2-3-4 
5 1 2 3 ' 5 
8 1-3--3-4-6-1 
7 1-3--3-4-6-1-3 

J'NQ1lllUllll 
.Alphabet; 11 9 timDB 
Alphabn 21 7 t1mea 
A]P.hAbet 8, 6 times 
Alphabet 4, ' times 
.Alphabet 1. 8 timea 

BalH of 1 alpAaiela 
Oran111 A1Jlhehtl' 

1 1 
2 1-3 
3 1-~ 
4 1-:z-s..-...& 
6 1-Z--8 ' 6 
8 1-z--s.--4-5--6 
7 1 2 3 ' 18-7. 

J'nqllllllllfll 
.Alphabet 1, 7 tlmcl 
Alphabet 21 8 tilDOI 
Alpbabot a. 1 timoa 
Alpbabot 4, 4 times 
.Alphabet 61 a tlmae 
.Alphabet 8, 3 tlmm 
Alpha.bot 71 1 time 

We s!:.::.H I~ow try to dot.ermine how many alpha.bots were employed, and how t.hey a.ro 
clistiib:1tcd v.·ithin the cycle. The basis for this dotermina~n rests upon the possibility o[ 
comp:i.ring !lie various fMquency distribatio.lls produced by oach alphabet and detmmining 
which D.i."C ~i~nilnr. In other words, we proceed to classify the various frequency tables into 
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Ri!'\"L'rnl ~nmps, t.Im nmnhor of different. J.."l"oups corresponding· to the number of alpha.bets ern­
ploy\.•cI in tho ml•::~:1;..rc. .Accordingly, wo sofoct one of tho froquonoy tables as the most olosoly 
:Lpproximnting thn.t prodncccl by a singlo mixod o.lpho.bot, n.ud try to find othora which seom to be 
iclcmtic:tl \\'ith it, ns ovid<'ncod by the indo.--c ol coincidence. Since there will be moro than ono 
'n.l11ho.hot in 0&1cb g1·011p, \Vo sbn.11 look for moro tlaan ono liigh indox: of coincidcnce. For example, 
if \\"C find thrco indices which a.ro much higltt'r t11an tlu1 remaining indices, we may conclude tha.t 
the alpha.bot.a corresponding to tbeso indices are identical with the alphabet which is boing 
used for comparison. · 

Rotuming to table XIX, and follo\v-.ing t.bo reasoning given. on page 37 of the first part of thls 
1>aper, columDS 10 n.nd 12 givo tho closest o.pproximatfons to a tbeoretioal aingle frequency table, 
o.nd wo sho.ll st.a.rt fitting froquencioa with them as bases. 

To.king the frequency tablo for column lP and applying it to that for every other column, we 
get tho coincidence data. shown herewith: 

T.ilLll XXII 

I . 
Column •• -··············-······ l I I ' • • r • • ll 11 ll 16 11 

Total occurrenaee •••••••• 52 52 52 52 52 12 12 62 62 0 . 62 12 52 u 
Coincidcncca.. ••••••••••• 17 10 9 7 6 5 10 11 9 8 7 8 Ii 8 
Dilfcrcncoa ••••••••••••• -1 -22 -2S -31 -34 -37 -22 -19 -25 -28 -81 -'3 -87 -28 

Indices of coincidence •••• -.02 -.42 -.481-.GO -.651-.71 -.42 -.87 -.48 -.M -.80 -.sa -.71 -.u 

~:-~~:~---·················-····-··-I 1S 17 lB Ill :II II • • • • • " • -· 
'l.'ota.l OCCUl'l'ODCCll •• - - ••••••••• li2 S1 151 51 Sl lit Sl lil st" lil lJ1 H 11 
Coinr.idcncoa •••• ------- --- • -- 6 10 16 6 11 8 6 6 8 7 8 7 8 
DiO'cru11r.ua _____ • -·----------- -34 -21 -3 -33 -18 -'2 -33 -la -27 -30 -33 -80 -27 

Indiccs of coillcidcnce •• _. __ ••• -.81 -.41 -.06 -.6& -.as -.83 -.81 -.65 -.&3 -.159 -.65 -.159 -.53 

-
Tho indic-.cs ot'coincidonco for columns 1 n.nd 18 a.re so high, relative t.o those for all other 

columns, tho.t we mo.y conclude at once tho.t tho froquency tables for these two columns bolong 
to tho samo alpha.bot as column 10. To cor.roboro.to this caloula.tion, let ua CODBOlido.te the tl1ree 
Crequoncy tables to see whether the result of such coDBOlidation. will present the appeannce of a 
single mixed substitution alphabet. 

FunrH 31 

C011soliclatied frequency table of oolUIDIUI 11 10, &rad 18 

We note nt on.co that this frequency distribution gives 8Vflf'f indicatiQn of being that of a 
single mixod alpha.bet. · · 

Rot.urning to the to.ble of indices of coincidcmce for all other col~ tried with column 10, wu 
note that tho indices for columns 1 and 18 a.ro in reality so much ~ than those far all other 
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('Ohnnn:c thllt wci mny al"smno with n. lr.ir dC'g.<:.· .. .;[ t:.:~·!.:-im._)' ~.lmt th.l\ tlU"<'C columns thuR r.JnS!{Hif'.d 
Cl\llr-i it11fr ull :.hl' cu~1mrnr1 nppiyia~ to ono dr~~:; h<'I. !t;.~f1.11"1•nct! to tho tliogi"ftm (tablO XX) for n. 
bnflis of 3 uJplrnhrt~ slwwli thot nlphnbot 1 is u:;cd 12 times, alpha.bot 2, 9 tin1es, a.ud ulplln.bet 3, 
7 times. Xm\· iC wo arc r.orrcct in our nssmi~ptfon th.at columns 1, 10, and 18 cOildUtuto all 
the columns !or ono alpha.bet, tllen this ossum~1tion ':ui.o1nntically rulcs out tho hypothesis tliat 
tho problem involvl's 3 nlpho.hots been use, on tho hi tt.er hypothesis, ihcre cannot be an nlphnhot 
which is 11t1cd but three tim'18; n.ncl, !or tho Hnmo rcuscms, 1L Ji:v 11othcsis of 4 olplULbets is eliminated. 
It is poFo&iblo, l1owo\•cr, l-0 Jw.vo au olphn.hm. whiC'l1 ~ uS<\d but three t.inics OJl hypothC'.scs of 5, 
G, or 7 itlphnht'I~. In C'nch or tl1r.Ro r.uscs, 1-h\! i1lpltn.bot to which columns 1, 10, and 18 would 
bolur.g is nlp!rn hrt. li. 

I.ct ui;; pruL~CC!d UO\V to find n.notJ1(1r ulplrnbct (,(, whid1 Kume or tJ10 of.her frequency tables 
belong. 'l'hc t11?Jlc lor column 12, h1Lving thu s:m1c U\'Mn.go frequency o.s that for column 10,·is 
tukon ns n. basis for compo.rison for the next. .--.Jitssificn.tion of !requoncy tables. We may omit 
from tho calculation the froquoncy distributions for columns 1, 10, and 18, amce they have 
already bean classified. The data for this test o.ro o.s follows: 

TARLJI XXUI 

CoJwn11...--·-··-··-··-······-··1 I I ' I I I -'~ • 11 D H 11 

I- -
Total occurrc11oe• •• -----i S2 ! 52 S2 62 62 62 12 62 62 62 02 62 
~ineldent'CS. ----. ____ -1 0 13 a SI 10 10 6 7 9 <I 9 ' Differc~ea-------- - • -- •1 -21 -13 -84 -28 -:!2 -·l -84 -31 -25 -40 -2li -4.0 

Iodieo11 of coiocidaace.:.--1-· 48 -.2S -.66 -.54 -.42 -.OS -.66 -.60 -.48 -.rt -.48 -.rt 
I 

Col1111111 ••••••••••••••••••• _ ••• u 17 ·I 1t IO I 

~~ 
• •• • ffl • ---

Total oceurrcuoea------- 62 51 61 61 61 61 61 61 61 
~iocidcocos:---:--_----- 11 6 8 Ui 0 10 6 11 6 9 5 10 
D1ft'ereocc•-- ------ - - - - - -19 -33 -'n -6 -24. -21 I -36 · -18 -33 -2' -36 -21 

In.dlcce of coineideuao-. -.37 -.65 -.63 -.12 -. 4.8 
__ ,1 

-.70 -.36 -.65 -.'6 -.70 
__ ,1 

. . . . 

W' o mn.y with a. fair dOa"TCO of certainty conclude that tho frequency distributions for colUDlllS 
'i, 121 :ind 20 constitute members of another set. But it is impossible in this system to have two 
alpha.bots which u.re used exactly ·tho sa.mo number of times; a.n.d since we have ·already usun1cd 
thu.t colum11" 1, 10, o.nd 18 constitute the alphabet which is used three times, we a.re forced to 
concludo that ono or moro additional col11n1n.o; in this test bolong with columns 7, 12, and 20. 
Now tho index for column 3, viz, -.2S, is tho closest to tho indices for columns 7 and 201 and 
it.is pcrllnpa likely that it bolongs with tbese columns. But the indu: for column 24 is -.301 

· and thn.t Cor column 161 -.371 so· that wo must apply a secondary test. Lot us consolida.t-o 
tlio Ircq ncnoy tables for coiumns 7, 12, and 20, and them. make a caloula.tion of indu:: of coin-
cidence f'or columns 3, 24, and 16. · 
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FIGVBll 86 

A n c D E p G JI I J B: L K !1 0 p Q B 8 T v v w :z y z 
:"'.;:' - ~ z ~ - .... 
.:...: -- ~ ::::;,; - ~ 

.... 
~ i ~ - :::::: 

::::: :::::::: .::::: - ::::::: - - ::::: ~ ::::: :::::: 
·-

Cou11>lidatcd frequency to.hie of cohmiua 71 12, and 20 

I 
CoJu11111 ••••••••••••••• ·-········-·-··--··I a 11 " 
Frequon0)'---------------------1 103 103 102 
Colncid011cca •• --- •••• ---- ---- - .1 21 H 18 
DilTcrcnccs •• ------ •••• --· -·- - --i -40 -81 -48 

Iudicca of coinoldc11r.c ••••••••••• j -.39 -.ID -.<l7 

It. is vory proba.ble that column 16 docs not; belong in the aamo alphabet with columns 7, 12, 
nnd 20, but; columns 3 and 24 do. To corrobomto, lot us add their corresponding frequency dis­
tributions to the consolidated table. 

Jl'1avn11 37 · .. 
A B 0 D :a: 11 G JI I J JC L K Jr 0 I' Q B B ~ v v w :z y z - ~ ::::: ~ ~ :::::::: - ~ ::::: - i] ii! ~ ~ ::::: ::::: ~ ~ ~ - :::::: 

:::::: ::::: :::::: 
~ i ::: .... ;:: ~ :::::: ::::: ~ ~ :::: 
:::::: ::::::: :::::::: 

::::::: 
:::::: 
::::::: 

Consolidated frc(Aucncy ta.blu 0: eolunuur 3, 7, 12, 20, and 2' 

Tliere is every indicn.tion th."1.t we are clan ling -...·ith a distribution £or a single mii:ed a li:hr. het, 
and that no foreign clements have bccil introducod. If we have succeeded m coll.acting ... !. t!le 
columns \\"hich should belong to tho nlph.'l.bl•t. boir.g studied, it follows tlia.t t.ho latter mu.st be 
alpha.bet 3, for it is used five times on a. hypothc:iis of 5, 6, or 7 alphabets. 

Lot us now consider tho sequence of alpha.bet numbers which results when wo set down the 
o.lpho.bet to which ea.ch of the columns now classilied belooga. 

F.1ouu3S 

1-2-3 4. ~'7-8-9-10-11-12-13-14.-10-·18-17-18-19-2G-21-22-23-24-2.&-28-2'7-28 
53 3:; 3 5 3 3 

Now it will be rcmom.b01-cd thn.t in enciphennont tho lAttOl'B in eacll group were roversod 
before grouping into fives for telegmpbic tra.nsmission. It follows, therefore, tha.t the alphabet 
numbors appl)-ing to rol1unna when thR message is set up as shown in figure 32 will be in groups 
of dc5ccnding series of numbers an.cl thi:I descant is complete in each case to "number 1. Thus, 
for example, t.he series in tho illu.'ttru.tivo lllestl."1.G'O OD page 67 81'8 U follows: 

P1t1c1i."R 39 

1-2-3-4-6-·6-7-lol-!l ·· lO··l 1-12-13-14-16-16-17-18-1 !J-20-21 
1-3-2-J··l-2-l-:l-2- I·· 3- 2·· 1- :a- 1- 3- 2-· 1- 3- 2- 1 

lfoluruin~ now to figuro 38, wcl :il.'o r.ha.t our cJossifico.tion of columns is jn accord11nce with 
t.!h1 1w1uin1ment oC dcsconcling seri<1s of numb,,n;, n.nd wo may evon fill in JDAD7 numbora witlaout 
n.n:_l• fnrf.11"1' t-c·iit:. Tl111s, tho &<'.quonoo hocomes: 

J:i'l\IU"Rll 4.Q 

1-2-3-l-&-G-'7-S-0-10-11-12-1:1-14-16-lG-17-18-19-ac>-21-22-23-24-2&-26-27-28 
3-·1-3-2-1 3-2-1- 6- 4- 3- 2- 1 6- 4.- 3- 2- 1 a- 2- l 

To corroborate this sequence, let us oonsolidate the frequenay tables for columna 2, 11, and 
19 into one t&blo; those for columns,, 8, 13, 21, aucl 25 into a seooDd table; and those for columns 
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··-'ii 
G, 9, 14, 22, uml 20 into IL third L11bfo. Wu ,~o thi~ tu "°~ it tlao resulting to.hJr. ~n °'Leh Cl&de 
corresponds t.o tbo.t of a single 1ni.~od olphnhrt.. 

l•'u:u1n: 41 

Coiwn1u 2, 11, and HI 

A B 0 ]) :B 'J1 G H I J IC L u N' 0 p Q :a. 8 T 'D' v w z T z 
::::: - :::::: ~ :::::: - ~ ~ - :::::: ~ ::::::: ·- ;?.; ~ ::::::: - =::: - -::::::: - :::::: ..... 

~ ~ ~ 
...... 

~ - -
Colu1nn1 .J., 8, 13, 21, and 25 

A B c D E '11 G :a: I ;r JC r. 14 M' 0 l» Q :a 8 T 'D' v w z y • 
~ - :::::: ~ i5· ::::::: ::::::: ~ ~ :::i: :::::: ~ ::;r: ::=: - ::::: :::::: ~ ::::: ~ :::: - ::::::: ::::::: -=== :::::::: 

;-...,: ::::: 
~ - :::::: ::::: ~ :::::: ~ - i5 ~ :::::::: ::::: ::::: .:::: ::::: 
::::::: ::::::: ... 

Columns I, D, 14, 22, and 28 

A :a c D l!l 'JI G :a: I ;r JC r. ]II[ N' 0 p Q :a 8 T 'U' v VI z y z 
~ - ~ ~ ~ ~ - =::: ::::: ~ - ::::: ~ ~ ::::: ::::::: ~ ::::: ~ =::: ~ - i! - ~ ~ ::::: - ~ 

::::::: 
i§ ::::: ::::::: - ~ ::::: - :::::: ::::::: - ::::::: ::::: 

'fho o.pproxima.tion to single alpba.br.t distributions is, in oach case, very close, and we may 
o.ssumo our work thus far to be correct. 1'bo only columns remaining to bo assigned t.o alphabet.a 
are 6, 15, IC, 17, 23, 27, and 28. 

X ow column 6 can only belong to either o.lplu1.bot 4 or o.11>ho.bet 1; and the same oltemo.tives 
present thomseh·cs with respect to colu1un 23. 'n1is is booo.use these columns, being bounded on 
either sido by columns alroady distributed into olphabeta l 1.Dd 3, must either be members or 
tho dl'.scending scqncnce 4 3 2 l, or must bo tho column forming that part of the intorruption key 
which consists of the numbor 1, thu~ constituting tbe isolo.tod column which must always bo 
enciphorcd by alphabet 1. In ordor to dotomuuo wl1foh of tbeso al.temo.tive assignment.a is tho 
case, we may mn.ko o. single calculation by 1inding tho indox of coincidenco when column 6 is 
grouped witl1 columns 5, O, 14, 22, o.nd 26, and whon grouped with columns 2, 11, and 19. In 
ardor to make tbc roaulta strictly compn.rabio wo A.houl<l includo but three columns bolonging to 
alpha.bet 1, b~uao thcro u.ro only throe columns ussignod thus fo.r to alpha.be' 4. Let us make a 
spacial consolidation of columns 5, 9, and 14 for this t.eat. 

FIGuu 42 

A :a c D :B 'J1 G :a: I ;r 1C L llr • 0 p Q :a I T 'D' v w z y z 
~ - ~ i§ ;:::::: =::: - :::::: ~ - :::::: :::::: ~ ::::: ::::: :::: - ~ :::: ~ - :::::: - :::::: - ::::::: - :::::: ::::::: - ::::: -

Special conaolldatod. frequency table of co111mna II, 9, 14 

.&. :B c ~ B p G :&: I ;r 1C L u: H' 0 p Q :a I T 'D' v VI x y z 
;:::::: - :.::- ~ ::::: - :?;t ~ - :::::: ~ ::::::: ;:: i§ ~ :::::: - :::: - -::::::: 

. z;;: ..... 
~ ~ ~ - :::::: - -

C"..ouaolidated frequency table of cohm1na 2, 11, and 19 

Total frcqu011cy, colulllllS 6, Ii, 9, and 14...... ICM Total frequency, column 8, 2, 11, and 19...... 103 
Total oo.i11cid1m.:cs, column 8 with I, 9, and H... 26 Total coinaldonoe11, column 8wi~h2,11, and 19.. 19 
DilOcrcllCO 3(2il)-104....................... -26 DilI'crcnco 3(10)-103 •••••••••••••••• ------- -46 
IDdox of co.incidence.----------------------- -. Iii Illdel: of oolnaldenae------------------------ -. 46 

. ·-··-···-·-···· .. ..· .. -·· .... -· ·--·---... - ..... ··--:i-.---- -· ..... ·--· .............. .. 
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Thl'rl! "Rl'mns to bo no doubt tl10.t column G brlongs to alpha.hilt I and not to alpha.bot 4. 
Thi~ :.mtnm11ti<'n1l.)· rn11kcs it. nr..ct'Ml\l'l" th11t cuiumn ~3 ho nssignod to nlpba.bet 4 since we cannot 
hu\"(' two no. 1 colurm1t1 in the ;,;tune int.crl"uption key. 

Let ua set ciown who.t we blLvo: 

l-2-3-~G-7-K·D-J0-1J-l2-13-1~-lii-lG·-t7-lK-10-2G-21-22-23-2-1-2i't-2G-27·-28. 
AH-3-2-1-1-a-:z-.1- a- 4- a- 2- 1 5- 1:- a- 2- 1-- 1:- a- 2- 1 . 

\Vo now proccPd to compn.m theso 11cr~uo1wcs witn tho sequences of alphabets within the 
r.w~l"t'rci t~J'l>lll>~ 011 bypot-bcsM of 5, 6, r.nd 7 lllpho.hcts. 

\\'l? nmy ~,mr.ludo, by 11. sbort nmi.lysiit, th1Lr. u. byputbcsis of five nlph:i.beµ. must bo corrccti 
bccll.m~o t.lm diiil.ribution of colu~ ns 11ow inndo, if it bo co~t (and we feel fairly corta.in of 
our work so far), allows no room for any n1phn.bt1t 6 or 7. This analysis is fairly simple. Le~ 
us usumo n. hypothesis of 6 alpha.bots. 

~011Sider tho two places wliere Dlpluibot 6 would have to fall: 

ll1011u: "' 

13-14-16-1&-17-lS-19 ••••• 26-2G-27-2S-1-2 
1- 1 !- a- 4-. • • • • 1- .1 !-6-4- .•• 

· .. 

According to this diagram, column 27, isolo.tcd as it stands, would have to bear the number 1. 
But we round, already, that column 6 is tho column which rorms the isolated group containing 
only one number. Hence, a hypot.J.i.csis of 6 alphabot.s cannot be correct. · . , 

Let us aaaume a hypothesis of 7 alphabets. Noto these two ~ ~-more: 
J'IG"CJl.11: '5 

. 13-14-15-16-17-lS-19 ••••• 10-26-27-98-1-2 
• • • 2- 1 .,_ &- 6- 4- • • • • • 9- 1- .,_ &-S-4- • • • - - .. -

Here again we would have an isolated column (16), which for similar reasons c;annot b'981' 
the number 1. · · · • 

We are loft, thore£oro, only the bypothasis of 5 alphabet.a. This requires that alphabet· 1 be 
usod nine times, and alpha.bot 21 sovon times. We l1ave already distributed 6 columns to alpha.bet 
11 and 5 columns to alphabet 21 leaving 3 moro columns to be assigned to the former, and 2 more 
to tho lo.ttor. We mo.y assign columns 27 ed 28 immediately to alphabets~ and 1, ~pectively. 
The sequence thus becomes: · · • · · 

JPravu 40 

1-2-3 4 ~7-8-9-10-11-12-13-14-11H6-17-l.8-11M0-21~27-28 
5-4-3-2-1-1-3-2-1- 5- ,_ 3- 2- 1 5- ... a.- 2- 1- ... 3- 2- 1- 2- l 

o 13 6 6 4 1 

IC wo mn.ko a grouping of columns to co1·rcspond with tho probable interruption koy, ns 
shown in figure 46, wo noto tha.t wo bavo 2 t'xtra groups of 4 and no group of G and 7, respP.C­
tivcly, ns roquirod by a koy of tbo dotenninod longth. If, however, we shift the aequenco so ns 
to bring columns 27 and 28 to the loft, whicl1 is perfectly legitim.a.t.e since wo are dealing with 
a cyclic koy, wo have: 

ll'IGtiBZ 47 

27-2S-l-2-3-4-S-6-7-8-9-l0-11-I2-13-l4-16-1&-17-18-19-20-214J-23-H-25-2G 
2- 1-6-4-3-2-1-1-8-2-1- 0- 4- 3- :a- 1- 6- +- a.- I- 1- 4- 3- I- 1 

7 l 8 G 6 4· 

I 
I 
I 
c 

l 
I 
I 
i 

·I 
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f 
I 

I 
I 

1 · 
l 

I 
l 
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W" now ho.vo onr grou1> 1lf 7 eohmmri, i>t:I" !:ink thr l of r, nnd 1of2; but we have 2 groups 
of 5 colmnn:i;. Obviously, till~ only thing t.n do is f.o in~rt the soquenco 2-1-1- :in ita proper 
pince 11s Collo\\"a: 

l!"u;uuR •lS 

27-28-l-2-3-4-5-G-7-S-D-10-11-12-13-1'1-li>-16-17-18-10-20-21-n-23-24-25-20 
2- 1-5-4-3-2-1-1-3-2-1- 6- 4- 3- 2- 1- 2- I- 1- S- 4- 3- 2- 1- 4- 3- 2- 1 

7 1 3 6 · 2 G 'oi 

\Vo bo.vo tbus l'OL'.Onstructod tho complotu iut.c.z·1·u1Ji..ion key, and mo.y now proceed to tran­
scribt'I the mc.c;sngo in groups in nccordnnco tl1crcwith. Since tho nrat group contains 7 Jotters, 
and sinco tho letter S, with which wo stortcd onr first transcl'iption (fig. 34), is la.bolled. 1, it is 
clear that wo niust sta.rt our second transcription with the two letters preceding S, i.e., the 
twonty-fifth n.nd twenty-sixth letters of the cipher message. Thus: 

F!OUBJ:l 49 

7 I I 5 :I I · •· 
PMSIEET P DKU LISYZ HW BRESA'l' HRKZ 
RGMHJGK D QKV VMFOB KE NEIHAE AAllE 

etc., etc. 
.Utcr this trllDSCription a third sot-up is necessary, :in which the sequences of letters a.re 

reversed within groups, in order to bring tl1e cipher letters back :into the original arrangement 
before transposition. The rearranged set-up is o.s follows: 

7 
I I I 4 I 1 2 
TEEISMP 
K G J N ?if G R 
R :X W L F H K 
D G :X P J P W 
KWPERBA 
OODOLVK 
KWIEENO 
CTZOEKJ 
DGKNXTD 
EHRLCWM 
UKKCCDM 
DOHHSIP 
W N K ? N \'I J 
GDFKKQQ 
FH~lHKNA 
OARPVi.iN 
NRPJ"i.NEM 
O A R L C W \V 
PWVK~ZG 
N 0 ! E :. H R 
D :M P E R N K 
\7JD.FVPM 
BA!i'H:O:FA 
KXQI:O:KW 
LATTFMA 
E K .K C F N G 

1 
I 
p 
D 
K 
z 
F 
B 
w 
F 
I 
0 
G 
N 
B 
w 
z 
E 
p 
0 
x 
G 
'1 
N 
E 
T 
0 
s 

3 
I 2 I 
UKD 
VKQ 
KOE 
uwv 
JJV 
BMF 
EA P 
JD W 
KTH 
WZF 
WJD 
KMD 
UEH 
F ht P 
PCT 
OJW 
u c v 
vzw 
UNU 
VNM 
EYX 
OKK 
MDF 
NYH 
KJV 
EYE 

FlOUBB 60 

6 2 
1234.1: II 

ZYSIL WH 
BQFMV EK 
WMFHM FA 
YAZLX EU 
MEPIK NE 
Q 0 \'I Y B V Y 
INRCL NH 
ZWDOJ AU 
DGPNS RU 
ZKVnF GY 
BAILI CE 
QYSIF ZM 
ZQVJL WZ 
BEIKS· CC 
D W P P 14 V A 
RWVVJ DM 
'FYHLC NII 
RWVVJ DM 
G M Y A M V :X 
GHDTF JB 
N 0 Z N :X E U 
WOPIL OK 
EUWHK DO 
QEHVS AA 
EUDHV CT 
WWPUJ CB 

6 
I I I 4 I 1 

TASERB 
EAHIEN 
EPSEWT 
IAHLIN 
ZYVBSF 
G D X I V·K 
NQDOMN 
KWDZSE 
N 0 D II F Q 
KPNPVE 
FPSGSE 
KQQIGK 
NWWLMI 
DMFLXD 
RKXPML 
WYFAWE 
NPVHKL 
WYFAWE 
FKJOKN 
WOPILO 
QUWPOV 
MYFHBV 
DYS I LR 
ZPXIVE 
RIVHllL 

4 
I I I 41 

ZKRH 
E II A A 
GDDB 
EAUU 
MDKW 
EH KI 
OAKI 
BKKG 
ZAZA 
HAQA 
OKPE 
GYWT 
DCUJ 
ODOE 
FKJO 
NEXH 
FKJO 
NEXO 
ZBVS 
WPPN 
NJQQ 
DMPE 
KZVK 
I K QT 
N U·F H 

'------·----,----··---·----------
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\'1\· uro uuw confronted wil.h 1L rutbcr siluplo cnso of tho analysis of :6.vo nciprocal and 
in tcrr.:fo tcJ nlphn bets. They are compllSod of tho consolidated froquency tables applying to 
tlie columns which belong in the so.me alpha.bet.& and are u follows: 

TA.m.B XXIV 

l 

Column• 0=-&--9 14-18-17-D-2fr-28 

A B 0 D E 'JI G K I ;r :s: L K H 0 :p Q JI, a T 11' v W·X Y ·z - ~ ~ ~ ~ ii! ii! ::::::: ~ ::::: ::::c :::::: ~ ~ ~ ~ i! i! i! ~ ii ii - ~ 2:::: :::::::: 
~ ~ ~ ii! ii - ~ ::::::: ~ ~ - - :::::: ::::: ;::::; ~ ii =:: 

i! i! ::::::: - ii! ~ ::::::: i!! :s - ~ ::::: ~ :::::: =:: 
ii! ~ 
::::::: 

.. 
9 

Collun1111 .(.-8-13-16-21-26-27 

A B c D B p G :a: x :r x L l\I[ JI' 0 p Q :a a '1' 11' v w.z "!' z 
;,! :::: :::::: ~ ~ ~ ~ ~ ~ ~ ii i! ~ ;:::; :::: :::: ~ i!! ;s: i5 ;:::; ..... ::::: :::::: ::::: 
~ :::::: ;::::; - :::::: i! ~ - ~ :::::::: ::::: ~ ~ =:: ::::::: -ii! i!:€ ~ :::::: ~ :::::::: :::::: 
ii! :::::: :::::: 

::::::: 
::::: 

3 

Colwnn11 3-7-ll-20-24 

A B c J) B p G :a: I ;r z L M JI' 0 p Q B B '1' l7' v w .z "!' z - ~ :::::: . i! ~ :::::: - ~ :::::: - i! .ii! ~ ~ ::::::: :::::: ~ ~ ~ - :::::: 
~ ~ :::: :::::::: :::: 

~ ~ :::::: :::::::: ~ i!! :::: :::::: 
:::::: :::::::: :::::: 

::::::: 
:::::::: 
::::::: 

4 

<1olw1.m,. 2-11-19-23 

A B c J) B 'JI G K I ;r r.: L ?&: !i 0 p Q B B T U' v w ·- r z ..... 
ii! - :::::: ii :::::: ~ ~ :::-.: fS :::::: ~ ~ ~ - - ::::: :::::: - ~-. -=:::: ::::::: ::::::: 
:::::: :::::: ~ i5 ~ :::: :::::: 

:::: 
=== - :::::: 

6 

Col1unm1 1-10-18 

A D c D 3 F G :a: I J I: L .u lf 0 :p Q :a s 'l.' 1J' v w x "!' z 
=-.:: i~ ::::: 2 - :::::.: ~ 2 :]! ~ ::::::. - :::::: ~ ~ :::::: ::::: -- ·- -· - ::::::: - - :::::: =--· ::::: :::::: ::::::: :c:: -
It will ho unuocOliSn.ry in this po.1>or to discnas the method of deciphering tlie message by u.n 

1rn.1ly=:;is or U1cso live singlo-lrcquan<"::r t11l>l'1S. Sufifoo it to indicate tlie values obtained !rom the 
dt:'ci1 )h,~t·mcnt. 'l'h.cy n.re given bofow, wlloru tbo value11 obtained from "' li.Dml·wdgc or the 

.C 1'l!Cip1·ocnl rulo.tion o.m placed· within plll'Cnthl'R(IS. · Only lour values mnnin unknown, all in 
nlpba.bct 5. 
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•t AllLlol X."\.V 

(l) ••••• _____ A B c D E F G H I J K L ii N 0 p Q R s 'l' u .. ... lt y z ' K L 1.1 0 N R 'l' v " y A B c E D u x r z G p H I (Q) J s 
(2>-----·---- A B c D E F G H I J K L 1il N 0 p Q R s 'l' u v I lt y z 

E x p H A (Q) U D (K) L I (J) S 0 H c F W (II) y G (Z) R B T y 
' (3) __________ A 

B c D E F c H I J K L u K 0 p Q R s 'l' u v • x '!' z 
W (Y)(Z) E D I (Jt S F G N (Q) U K (V) 'l L x H p • 0 A R B c 

(4)-----·---- A B c D E r G H I J K L II N 0 p Q R s '.E' u y • x y z 
0 r G (Z) I B c N E x R 'l' v H A s W (K) p L y • (Q)(J) u D 

(6)---·-·---- A B c D E F G H I J K L II N 0 p Q R s T u v • x y z 
(F) G H (K) V A B (C) X p D R '1" w s (J) L 0 (II) B • I 

Wo may now o.ttompt a. roconstruction of the original, or pl'imaq,·alphabet, of which these 
are socondaries. Note the following values: 

In alpha.bet 1, E=H 
In alphabet 2, N=O 
In alphabet 3, O==V 
In alpha.bot 4, V ==M 
In alphabet 5, 11='1' 

... 

Now if E occurs in the upper half of alphabet 1, the table of alphabet. must aon.tam a column 
like this: 

Alphabet 1 { : } 

{ 
0 

A.lphabot 2 

Alphabet 3 v } 

{ 

M Alpha.bet 4 
.Alphabet 5 'l' 

Let us assume this to be correct. In alphabet 3, E will again be in the upper half of the 
alphabet. We have these va.lues: · 

In alphabet 3, E==D 
In alphabet 4, D=Z 
In alphabet 5, Z=f 

But to this we may add two more values sinco we have the value of E in alphabet 2. Thua: 

In alpha.bet 1, K=A 
In alphabd 2, A=E 
In alp.ha.bot 3, E=D 
In. alphabet 4:, D=Z 
In alphabet 5, Z=-f 

~ ·. 

~ .. 
I 
I 

' . . 
' 

: · .. 

! . 

: . 
\ 
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so 
Sinco tbo upper lino in alphabet 3 is displaced but one lettor to the right as comparad·with 

th:it of alphabet 1, we have two colunms in tho tu.ble 11.1 !ollowa: · 

{
EK 

. . Alphabet 1 N A } 

{
. O E Alphabet 2 

Alphabet 3 V &:> } 

. . { M z :Alphabet. 4 
. · Alphabet a T 

We may continue thus: 
Iu alpha.bot l, W=I 
In o.i1>hn.bot 2, I=K 
In alphabet. 3, K=N 
In alpha.bet 4, N=H 

Hence we have this: 
·In alpha.bot. 5, H=C 

{
EKW 

Alpha.bot 1 N A I } 

{ 
O E K Alphabet 2 

Alpbabet :~ V D N } 

{ 
M z H .Alpha.bot. 4 

AJ.pbabot li 7 U C . . . 

The proae88 is very aim.pie and 8a.sy io continuo .. ~ we have t1lls: 

{
EKWFXLY 

.Alphabet 1 H .A. I R Q B J } 
fOEKWFXL .Alphabet 2 

Alphabpt 3 \ V D N A I R Q } . · 

{ 
M Z H 0 E K W ~phabet 4 

Alpha.bet 5 f U C S V D N 

• I 

We may now continua from the sequences given already. Thus in the last line we see the 
sequence • • • S V D N, in the fourth line, V D N .A. I R Q. Hence, we may add A I R Q 
to the lut lino. Tho same process applied to the other lines give& us: · 

1 2 I 4 ~ C 7 4 D 

{
EKWFXLY MZHO 

Alphabet l H A I R Z B J U C S V D } 

{
OEKWFXLY llZH .Alphabot 2 

Alpha.bot 3 V D N A I R Q B J . U C S } 

{
llZHOEKWFXLY Alphabet4: 

Alphabet 5 f U C S V D N A I R Q B J 
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'Wo m:i.y fill in the rrst. from tho nlphr.b<1tid Uwmnulvce, a.nd wo havo: 

1 2 3 4 i d T S 9 ~ U a D 

I {E K w F x L y G p M z H 0 
AlpWLbet 1 N A I R Q B J T U C S V D} 

{ 
0 E K W F X L Y G P 11 Z H Alph,a.bot 2 

Alphabet 3 V D H A I R Q B J T U C S} 

{
II Z H 0 E K W F X L Y G p .Alphabet 4 

.Alphabet 0 T U C S V D H A I R Q B J 

. Taking alphabot 1, a speed,y reoonstruction oI the original rectangle is at once eftected. 
Thus: 

l'mVBll u 
EXPORTS 
KLMHQUV 
WYZABED 
FGHIJ 

... 

Tho keyword is EXPORTS. In conformity with the agreement.a of the SJ'Btam, the indiaat.on 
should be K :X: Y and indicate the following: 

K, the initial letter of the distorted alpha.bet; 
X, the fifth lotter in alphabet 1, hence live alpha.beta; 
Y, the seventh letter in alphabet 1, hence seven groups ammged as follows: 

EKWFXLY 
13SllltT 

Tho indicator& will be after eithor tho fifth let.t.cr or the ninet.eonth (corresponding to the 
· numoricnl valuo of the lliitial or :final lotter of tho keyword). We find K X Y after the nineteenth 

lottor. 
'\Vo may now proceed to decipher the first fow groups oI the massage and the entiro solution 

is at hand. It is as follow&: 

1 3 5 2 6 4 7 
1 l ~ 3 1 I a 4 I I :ii I :ii 8 4 11 1 I I I 4 1111111111 
K HNV LIQKG KN NHKVQE E JC(K X Y)X 0 PMSIEET 
K VNH GKQIL NK EQVKHN ox :X: E TEEISMP 
A HOS TILER EI HF ORCE DB RI GADEOCC 

1 3 0 
1 b k·b 1 I 3 4 G 
p LISYZ . . . . . 
p UKD ZYSIL 
u PIE STHER . . . 

'"A ho~tilo reinforced brigade occupies the .. 

. ·- ------·-····-. - . -··· ... --·--· ·-- ·------·-·-· ·- . . .. . ···--.-.--.-.-... - ....... ---- ___ ..,._... . ... . . ,. . . 
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::?. Solution of a. sel'ics of messages.- -'l'ho i;,>lut.ion or a aeries of messages in this cipher 
pr~»•i.'lll=> :m inter~tiug demonstration of tho !or.t thn.t in cryptograpllJ" it is often the more 
in,;;ignifir11nt detail:; of a systom that en:i.blo l.110 cryptanalyst to solvo the enemy's messages 
rnthcr than any deofinito weakness of thn motbod Crom the cryptographic point of viow. In 
this caso, tho solution o! a sorios of n1C!ssa.gt'.s ha.sod upon the san1e keyword, but involving 
all tho manifold modifications of alpha.bots and interruption key, can bo achiovecl without 
att-eiapl.ing tho dccipbonncut of a singlo incs~ngo. The method involves merely an analysis 
of tho indico.tors for a soriaa of messages, resulting in a direct and 1p0edy roconstruction of the 
\•arious gt'ncrating rect.angles derivod frotn tho sa1no koyword. 

In the first place, it may be pointod out at onco that tho various genorating reotanglaa 
based upon tho so.mo keyword consist of two parts: A conatan.t sequence, consisting of the key.. 
"'°rd pNpcr, making up the first line of the rectangle, and a variable, or revolving sequence, 
consist.ing of the romo.ining letters of tho o.lpho.bot, or as we shall t.a"rm. it, the "raidval np1nc1"1 

mo.king up the remaining lino& of t.ho roct.angle. · • · 
In tl10 second placo, tl10 longth of tho intonuption kq for each message can be determined 

by applying tho principlaa of coincidence as o.-,:plained. on page 68. Each mesaage ia then 
accomp11niod by the number thus found. 

Given tho beginnings of a series of 18 mOSBages, the lengtba of whose interruption keys 
have been detorminod and are as indico.tod bolow, lot us proceed to an analysis of these lengt.bs, 
which in A short time will lead t.o a direct reconstruction of the keyword. 

J'lGVD &3.-Brginniq• of •eria of.....,.. 
132~ Knnce 

1 KIBIY FPPLH GZOPB 11.A.WFV TB KB.I FUEB 6 
2 PONQD AMHDU BNKYO A W D R 'l' WQZNJ L II U R s 
3·QZllVR p x v '1' w HWJXU HM E Q Z· WAX GU SVHY 4 
4: OZAPN VZULV UYHMK YLJLW GVFOP ZCAY 8 
s AAZSL IGIAX VHGWM Qf.IZSI OI'l'YE RGBN 7 
G F M Y 0 'l' 111 II F E R BBBSF 0 'l' P F·I AYKNA VQVL 8 
7 ATNLB PTRZT YWOBA VIKYH ZUALX VKRK 8 
8 DZNDJ UBRUL JI F F II H W V R E A A QT SS QSON 8 
0 VRAYQ ERHPO PVJYO WUNKQ VA CAW QNEU s 

10 I AB 0 Q KU LDT DEQDY JAUCW A. S·D·K Y TPAD 1 
11 C~TOS JXVXP OADSF JJPYH VLCKH PDAU lj 

12 YLPAY HLWOF GKPDS GNNQO CUOFK ONVF 8 
13 DTXDR C G T K 'l' CKOZU KYAZY TUKNI ANEG 4 

14 GJETM JBPPU QT DU F CT CAL CVZED APUQ'S 
13 SBUXL RQYLL A ·I KU 0 LPHYB YTAKF GLHY s 
16 I BURT WYJAH 'l' H 0 P B KLQCV OGXLG NJXP 6 

11 OYZVA R G .UY Y ~GHWU MEKDS MGHFG NTOG 4 
l& 'l' M R G V IEE DK HXFUU VGFIZ S Z K J 'l' YYKO 4 

Lot us now turn our attention to the generating rootanglos that a.re possible, indfo.oti:;i; 
merely their outlines, for keywords of 5 to 10 l~tters in length, AU~ numbering tho .:;~ . .... ::.rea& 
which will contain the mat, second, thlrd, to the ninth letters of the flnt line of the ~ 1 plln.bat 

.. 

' 
' I • 

---·--.. ....... .. ..... -··--............ _ ••• _., -·-·-·-·· ...... • •• •• • • • ... ··:---.--.. -:----~··· ... "-= ~ ....... ~-:":"9"~· .. -····~-··- .• ,,..,._. ....,.._ .. ~--c-,...._. 
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~nbfo. \\",, ,.,.rn ,:~··nmn fl:;~1· i10 koywm·•! v.·ili :.m.·i::it. o · muro t.haTJ. 10 htf, .. !'=", r.nd no int.errup.­
lion kty of n~c •. ""C tirnn 0 :uu1nbcrs. Ti10 :···:?:d1>l~ :o ba olucid:it."!,} ma.y ho extended by 
the l'f!Mler to roYcr ot.ht'.r cnsca. 

CA) 
I I I 4 & 

1 7' 

2 8 

,8 9 

(D) 
1 t I ' I I 7 I 

1 I 9 
2 6. 

a 7 

' 8 

(B) 

(F) 

(0) 

I t I ' I 6 7 

1 :; 19 

2 6 

3 7 

' 8 

(E) 
l t 3 4 I G 7 8 I 

1I4 7 

2 ii 8 - 1-

8 6 9 

l t a ' I I ' I I m 

1 ' 
71 

2 I sl 
a a ol , 

•' 

N'oto no\\· tbn.t in (A) of figuro M, the sevonth lcttor of line 1 of the alpbab~t to.b!Q based 
upon & koy\\·ord or 5 lotter& w.ill bo tho second letter of the keyword proper and, as such,. do91t 
not change its position. This follows from tbo method of constructing the alphabets frolll ~ 
genera.ting rccto.ngle. In othor words, with o. 5-lottcr keyword, no matter what letters be 
choS<ln as t11e initial letters of the various possible generating recf.angl•, all numerical keya 
consisting of soven numbers will always ?o dosigna.ted by the same letter in the indicator group,, 
because tho first lino of oJl gen.era.ting roctunglcs basod upon the same keyword is alwo.ys the 
same. ~inco tho lottor -which designates tl10 length of the interruption key is the third Jetter 
of tho inciicn.tor group for o. keyword or 5 letters, nil messages which Co.otor for a key of seven 
numbo..-s must sliow tho samo lotter as tho tbii-d eloment ol tho indi,cato.r group. Conversely, il 
:messages \\"hicl1 fnetor !or a key of seven numbers show a constancy with respect t.o the third 
clement of tho indicator group, then it must follow that the genera.ting rectangle is hosed upon a 
5-letter k<>yword, and that the correspondi11g indica.tol' letter is the second letter of ~ koy-: 
word prop<'l'. Similo.rly, ~·hon tho third clement of the indioat.or group is constant in messages 
which factor for a key of six 11umbers, a i,ronorn.ting rccta.ngle based upon a 6-lotter keyword is 
indicntc·d r.ud tho corresponding hidico.tor lottnr fa the socond letter of the keyword proper. 
When. t·lit' 1'hird clements of ttDO Ida of indicator groups are constant and the interr_µption k8Yl$ 
for the cor•"C$!Jonding set.s of messages consist of five o.nd nine numbers, a 7- or 8-lotter keyword 
js indicated and the corresponding indicator lett.ers are the socond and third letteni of ~.key-: 

. ·-·-·-~ ---· ... ______ , ______ _ ·----------... --·---· 
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TADLlil XXVI 

I 

:'o1Ul3l;e :iu::ibtr l'11dl.::itar IJl'ftllP Lr.1Ct~ eor !::t '!r- !' l\.lw..<.lj:e number 
rup,11111 Jie1· it llldiaDW..-p Llqtholllllll'-

rapuaaJrq 
I 

I ;I 
6 BSF 8 l 3 JXU ' 11 DSF a 16 KUO & 

14 DUF 6 2 KTO & 
8 F II H 8 7 OBQ 8 

18 ruu ' j 
13 ozu 4 

6 GWM 7 l OPB 6 

' H X K 8 16 OPB 8 
17 HIU 4 12 PDS 8 
9 JYO 8 

ii 
10 Q D II 7 

From tho arrangement of the messages in figure 55 and tma list we conclude the following: 
(1) Tl1e keyword consists of either 9 or 10 lottei"S .. 
(2) Tho letter L is either tho initial. or final let.tor of the keyword proper. 
(3) Tho lotter& UM form the second and third letters of the keyword proper. 
(4) The letters B, D, F, G, H, J, K, O, P, Qare not in the keyword proper. 
W c now take each indicator group and from its accompanying data make certain doductions 

with respect to the sequence of letters in the keyword alphabet. Thus, for example, the indicator 
grou1> B S F, applying to a message, the length of whose :interruption key is 8, me&DB that certain 
of the Jetton within the generating rectangle concerned are as ahown in figun 18, whan both 
possibilities as regards the length of the keyword are indicated. 

l'mVBll :SS 
(A) 

1 3 3 ' I I 7 I 0 

W~-;1-H-H-1-1 
:,i ! .• 1 II I i I I ! ii 

• • • • I • 

(B) i 
1 3 I ' I I r I I m 

Fai~J.H-l+H~ 
i ! ! ! ! 1' ! 
i ! i i ! ' 

Since there is room for but ono letter bet,veoo. B a.nd F, it follows that cmly one of the inter­
vening letters, C, D, and E, is leftin thoresidunl.sequcnce, theotb.ertwo beiogin thekeywordproper. 
Now tho indicator group D S F &hows tha.t Dis tbo initial letter for the generating rectangle for 
mossa.ge 11, ond, since a. letter which co.n be an initial letter of an indicator group cannot be a 
lotter of the keyword proper, it follows tJ10.t tho order in the residual soquence is B D F, and 
that tho letters C ~nd E are in the keyword propor. 

This is confirmed by the indicator group D S F, which accompanying message 11 has an 
interruption key consisting of :five numbers. Thus: 

FIGVBB rl1 
(A) 

1 1 a ' a 1 r a e 

~¥"1-H*Fl 
i I 1

1 1· I I I i ! i I I I I I I ! 

(B) 
131,1171110 

IDIJl~l-~H-1-1+1 
I I I I I I I I i I I 

! 
I. 

; 

i 
I 
I 
;· 
i. 
I 
< 
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86 

.Again, the indicator group F K H, n.pplying t.<> mcssago 8, wllOSG inf.orruption key consists 
of t'ight 1111mbt'rs, shows that tlic scqur.nco must be B D F G H. Thus: . 

FIGURE 58 
(A) 

1 2 3 ' I I T A D 
·~-"ii.--,--,-,- --.--·I I-· ---l-'-·-,-'--~ .. -1 
.F H1 I .L__L_;_f 

: i ! I. ! I I I 1 ~ 

(B) 

l 2 3 ' I I 7 I D W 

F~fY 1:1·---R~FR-1=1 
r = = 1 1 1 ; ; 

1
• , ; 

: .. ; . I I . . : 

There is one space vacant between F a11d H, whid1 must be Qccnpicd by G. 
Tho conclusions f umished by tho othci' .intlic11.to1· groups am given in the di.aignuns hi.•low. 

Tllo quostion as to whether a. 9-lotter or a. 10-lof.tor kuy>vord is involved will bo dct.crminccl latcr. 

1 :a I 

I r.!rnl_ no-ar:r1-nr::: 
i ~ ~ 
I : : 

Fl:oum;: 50 

ff (I J) K 
Since J i" p'l'CllOllt u an 

initfal lct1.er tho lllQ_UOllC8 
mustho:BDJ'GHJK 

J (K L U) 0 
Slnco K iM l>l''l'sent Man 

biit.iul lct.t :irbtho ~~anco 
must bo:.B F G H J K 0 

. ... . ~ . 

123 0( )Q , .. 
-I r U iii - 8i11ce P fnllic na.t.ura.11Y · • • · 

OBQ-8 lfr.:.ln......... botwocn 0 and Q, fhe Y\uencc I i iQ....... 1nU11~· be: B D F G H.J 0 P Q 

" 

In the absence of additional indicator groups, with different initial letters, we cannofi 
continue in tho so.me manner and roconstruet the entire sequence. Let us, however, ti:J" to 
determine now whether tho keywonl contains 0 01· 10 letters. With the residual sequence 
as det.emt;ned above, let us fill in the genera.ting rectangle for the indicator group D S F, 
il'ccording to b~th oawned keyword·ICmgi!lS. TliU1:1: · · · · · · · .. · ·· - · ~ · 

Jl'JG11JIM 60 
(A) 

l21411TBD· 

1-1~,Y_i ,j_J. . l __ L_: 
. P.;!.!J!.l HI~ K _,.~,· i! 
!S1 I : I · B I 
i ~ i ! I I l ! .. ,.- ~ 
: : I ; I ' : . 

(B) 
1 2 I ~ I 0 T I t M 

1~=tifh'1 
i .• . 

Nnw thn into1:•rruption key 101· thu inctic11.to1· ~roup D S; F consists of fivo nu1nbcns. Tiu' 
~Yt'Lrlll il'I 2'uch f.lmf. 1.ho nmnbnr or n.l1>lmhc't"" rmplo,vc~d in 11. ml'&~lp n1uKt. ho uquul tc. or ll'l4.'4 

1h1m f.h" lc•n:xth or t.lH-' interruption kay; it c-:mnut. hr mor" tlwn f.hfa length. Honeo, tho letter 
S of th" i:ulfon.tor groujl D SF must iudica.il' o nu111bor of ol.p]1abots equal f.o fivo, or Jou than 
fi\'c. Upon tho basis of a. 10-]ef.tor kcywonl, the number of alpha.beta indicat.ed by the lotter S 
\YOU}cl be impossible; but upon tho bnsis of A 9-lcttor keyword, the number of alphabets would 
be three, which is very probable. We may tonto.tively consider it as established that tha koy'­
word is 9 Jotters in Jengtih. 
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?\,l((' Jl\lW Jin:~r:un (A) or (iguro cm. Tl1<ll"l' lll"<l i:;ix Mpn.cca vncant at tho encl or t'ho koy­
w.ml nlph:1hl"i. 'l'hc ll'lh•1°" from S to B in th~ uornml alplmbot ans 'l' U V I X Y Z A, a 
tot:1l \l! l'ight. Now ,,.e knO\\" th:it U i.11 in Oir koy\\"o~u proper so f,'.hat tho residual soquonce 
doL's not co::itnin this letter. Of tllo letters, V W X Y Z A, the one most likely to be prosent in 
th~ keyword propor is A, leaving tho soqucnce V W X Y Z o.s tho end of the kGY-word alpha.bet. 

'fho kCJ"\\"ord proper consists of the lettom not present in the residunl BOquonco. It must, 
th02"Cfore, consist ol tJ1e letters A, C, E, I, L, M, N, R, and U. We know that the letters U II form. 
tho second n.nd third letters of tho word; and tho 1>osition of tho indicator groups in the cipber 
text mdccs L very probable as tho initiol or fimll lcttt'r of the word. Now, very few words begin­
ning with L U llr! and containing tlie other lllttc1'S A, C, E, I, H, and R can be found. But if we 
a.ssumo L to be the final letter of tho keyword, tho most probable ending would be C A L. Given 
• U 1d • • • C A L , tho word NUMERICAL soon suggests itself. 

W"it.h tlio keyword at hand, every goncl'o.ting rectn.ngle can be constructed at once, ·and the 
messoges may now be deciphered aa rapidly as by the legitimate recipient. .• , 

The. decipherment of messo.ge 1 follows hm"ewith: 

F.i:amm 61 

KIBIY FPPLH GZOPB MAWFV TBHBI FUEB ••• 

AlplUJ.bot 1 

Alpha.bet 3 

·Alphabet 5 

2 
1 I 

KI 
I K 
ZE 

Generating reot.aDgle {NOZUPBMQDESFR 
"T G I V H C W J A X K L Y\. .Alphabet 2 JR H 0 Z U P B M Q D E S Ff 

HUMERI CAL 
OPQSTVIXY 
ZBDFGHJK lL Y T G I V H C W J A X K\. 

fE S F R N 0 Z U P B II Q DJ .Alphabet 4 
Inarruption key 

HOZUPB 
\J A X K L Y T G I V H C W 

S I • • ' l 

3 6 5 ' 1 2 
1 I I 1 :I I Iii I I 1 I I ' I 1 I I Iii 1 1 I 

BI Y FPPLHG ZMAWF V 'l' B N B IF 
YI B GHLPPF FWAMZ HBTV B FI 
ROH OURWIL LB EAT '!'WOO c LO 

"Zero hour will be at t\VO o'clock • " 

The fatal defect in this system lies in tl1e fact tlw.t o. koy is used which introduces a frequently 
repented cycle within n. message. The dotor;mination of the length of this cycle, and its recon­
struction by means of a. comparison of nlphnbets bnsed upon the index of coincidence, enables a 
ispl'.'t'd~· solut.ion to ho o.tto.incd. The inscl"t.ion of the koy indicatom within messa.gcs makes tbc 
rccon::if.ruct.ion oC tho kcyworcl o.nd tho oo.u~cqncut. solution. of a. sorics of messages vory eni:;y. 
Tbo m:in.y clctoils involved in onciphonnent, nud dociphormont, eoncomito.nt.s of an attempt to 
1nn.kc tho onf.ire operations dcpondont upon the knowledge of a single koyword and the c1isc 
with which a. solution may be o.clrleved in tbo co.so of o. si11gle mesao.ge or a series of messages mu.kea 
this cipher unso.fe for uso iu eitll.01" the fi.old or the more import.ant operations of the larger heo.d· 
quarters in the roar. 
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