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THE INDEX OF COINQDENCE AND ITS APPUCATIONS IN CRYPTANALYSIS 1 

INTRODUCTION 

Frcc}Ut'ney tablrs in tho annlysis and solution of ciphBI'B have• commonly been employed 
to u1nkc ul\.~umptions of pln.in-toxt CC!Uivulcnls for tba clpl1cr lc~tcl"K constituting a message. 
'l'he ='ignifit" .. m<'.o of tho vu.rious JlhiUK."B of tJu1 curves thomsclvees, i.e., tbo crosts and tl'ougba 
nud t.lu~ir r<•lntivo positions in such froqurncy t-ables, has boen rcco{."llizcd to some extent, but 
lni"',:•'~Y only iu connection witb tho clatarminaLtion o! two more or lOllS preliminaey points in 
thc•~r :mulys.is: (1) whether the frequency di .. tribution approximates that of a substitution 
t'il,lu~t· in\"olving only ono alphabet or more thnn ono nlplJn.bet; (2) whother this approximation 
rorJ'l'"llOnd~~o to that of a standard alpbabet, direct or revosed, or that of a mixl'd alphabet. 

11 will be shown in this pnpor that tl1o frequency tables of certain types of ciphera have 
,;,.,;:,iiP. ··hnrnctcristics of a mathematical or r:1tbor statistical nature, approaching more or leaa 
r·l .. ..-,·l,v Lboso of ol'dinary statistical curves. 'rllC!Ne cbaructoristics may bo used in the solution 
.,:· zs•u·h t•iJ,be.rs to tho exclusion of any analy:~is of tho frequencies of individual letters consti
• ,,,; .. ~ tlw tables or curves, and t.Dillwut a~&1J tuaumpliou ~ qJ ~ Wllw• for O&a 
,· ·,,;, ,·lttltr~. 

· lt hi truo that cipher systems admitting of such treatment are not very COD1II101lly encoun
t•·:·<,,l. Bu:; ini1SJ11uch u such systems are always of a complex naturo, which the ordinary 
uu•thuds or cryptanalysis would lind rather bafllin.g, a description of a purely mathematical 
.• iinlysis tbatt may be applied to other cases similar to the onea herein described may be eon
.:itl.~:~•l ,·nluoble. In fact, it is posaible that the principles to be set forth may ftnd eon-
11-id('r:.uly ''id<!r application in other phases of cryptanalyaia thu.n is apparent at this time. 

1'wo examples of such n treatment will be given in deta.il: One dealing with a-substitution 
l'ipl .. ~r whcroin a. series of messages employing as many as 12S random mixed seconda.ry.alpha
; ... h c•un he solved without IUIBnming a plnin-t.e.-,:t vnlue for a single cipher letter; the other a 
muldplo ulJ>babet, combined aubatitution-tro.nspoaition cipher, IOlved from a Bingle message 
oC Cnir l~11g1ih. 

a •nac pNIICDt paper 'WDII preparod In 1928. It ia a revialon of &A carllor paper with the ume title, pubUahed 
in 192:! by the Riverbank LAboratories. Geneva, Ill. Tho author t.akcll thla opportunltJ to thank CoL Georp 
P•thyan, of the Riverbank W.boratorles, for his oourteay in IP'&Dtlq pormt.doD to pubUah t.bill revision • 
. \ltluiii!Cll bct.t.cr mct.hoda llave beeu ulaboratod alnco tho rovlalon wu prap&Nd, I~ baa baeD cloomod of lnterod 
hiKt.oriclllly Lo publisl& 1.hia paper lD it. 1028 form without chanp. 

(1) 
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n~; fhr. iout•t.h, ut R<';!UU'Ilt R. '!'hr. firth ~roup of plnin-toxt lottanl, howevor, will take ita 
c•iphcr <>quh•nlentll fa·.n:t tlu• :ir:~t !l:>gmt>nt to t.he.right oC tho plain segment, inasmuch as the 
srgmt'nts inunooinrl'!,,· f,lHowi:ig SP£!mt'nt 8 u.ro :.;:mk. Plo.in-text lettors TA'l'HA, therofore, will 
bl' cncir>llrrt•d 011 srg:ni'm 0, ht!comiJ,g XONJE. 'l'llis method is coz1tinued. iD.like mazmer throug~
out nll'SS:lgc 1. H mcss9b"C 1 contaains more tlHm.21 groups of li Iottera,.the tweDty-eecond.group 
will ~'lko ita cipht'r cquivnlonts on Bqtmcnt. 1 ngnin; tho twcmty-tbird on aegmcmt 13,.~ ao oil. · 

FIC'C'RII 1 
. . . . . 

Pl'OC'"'''!ing now to 1o~nh~ 2, tho {il"Ht 5 pln.in-t.oxt letters, ENEMY, aro set up under tho plain 
:-tC'ftm"nt ;md tho cipht'r letters arc tn.kan from S('.giDcnt 2, becoming LTVBII. Tho aocond group 
of r, lrt.lni"R i" t'nC'iphorcd on segment 1, tbt'i third grmip on sogmont 13, and ao on., throughout 
tho m~:-~n~r.. Tho fli"Bt 5 lr.ttm-s of mcsango 3, SECON, n.ro encipltemd on sogmont 3, becoming 
YAPAC. 'l'hC' Cirst g;:onp of cipbcr lattm:s in " mC~MDgo is olways to bo taken from tho st'.gJ.nenf. 
br.flrin~t th&\ number which coincides witll tho scrin.l or li.cccssion number of 'tho mC!'SNlge in mo 
·day'~' ncth·ity. 

It '\\ill bo sC'.an, thero!ore, tbn.t no matter who.t repetitiona ocour in th~ plain-text beginnings 
ol mossngcs, tbe cipher letter& will give no evide~~ o~ such repetitions, fOl' e&C'.h niesaage .has a 
difFerent starting point, determined, as said before, by the serial number of the meaaage in the 
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4 -. 
dn.y'~' neth·it~. Tl1is automu.t.ic prevention of initia.J ropot.itions in the cipher text is true, how-
e\·er, onl~· of n.number of messngcs equal to t.he ~ongth oi tho numericnl. koy; for, with a number of 
ntl'llA:tt:"'"' ~r(':t.ler tbnn tho l"ngtl1 of the ke:r, rho initial scgmenta from which the cipher letters 
art'! to be tnkcn bt'gin to repent. In this case, m(Rogc 22 would noceseoril.y have the aa.me iDitial 
point ns mcssngo 1; messoge 23, t·he snmo as mcssa.ge 2, and 80 on. Messages 43, 64, 85, ••• , 
would all bt'gi.n \\ith Bt'gment 1 ; messages 44, 65, 86, • • • with segment 2, a.nd 80 on. 

Tbo sl'!r.rccy of tho &)'Atom is dapondnnt upon o. fl'CCl\lont clump of alphabets and a still moro 
fmqucnt chango or numorico.l key, sinco it must ho n~~&umcd, as with all cipher systems or devices, 
thnt soona1·. or later tho goncrol method oC onciphorment "ill become known to the enemy. 
The only roliamco, tbareforc, for t.bo sn.foty of the mC888ges must bo placed in keeping the specific 
alphabets and the numerico.l key for a givon series of Me&Sftb"ee from the 0J181DY. 

PmNCIPL:t:s oP SoLuTiox 

The following meun.gas 1 are assumed to laave beon intercepted within one day a.nd t.herafore f 
to bo in tho snme alpba.bets and key: 

MESSAOE No. 1 

MLVXK QNXVD GIRIE IMNEE FEXVP HPVZR UKSEK IIVQCI VXSFW 
GVART YBZKJ 'RVUPV XZCBD BDOLS GHINZ LJ'CTE KSLPY VPBYD 
WTRJK BDDFA ANJIE XGHED ERYVP YPWDJ DFTJV ZHTWB WXTMF 
OZDOJ 

MEss.a.oz No.2 

ULJCY GXAEU DTEIL UZBRW GJZSS QLUOX P'l'FOO NWSHD BPTJO - HQRYY YAIRZ KTEIIP UAYYK ISRDZ VUVK1'I HXAYD YAGSII CURBZ 
LBXOV EBBPI BMLCB UJLUF ZSLXV QFXUE IIPZIIK MQZZ'l' KIIURW 
EJVB 

Mt:&!AG:& No. 3 

YLMKW CBGSF VGABP HOZFV QQNSQ NQLQL DIGDI XCWAI QFJOQ 
TYDEL MBMJB SEPSO DHREM ELKIP KXND QYBIH BHFDC GLYWC 
YGMMP EEXZH UBBSB SBONG URQKW YRAYU NYUCS LNDIV VNSXN 
WGVME YXPDF WGTZE KRLGU ZJFZJ w 

MBBBAGB No. 4 

UFHUJ LTMKJ PONFG RIUGG OZGWS UBNMW WGILB JNXTD BPREX 
MMWHB OBFVO TFGSJ SLXEH R'l'ZMI LLUUX FIFWC PGSBA KRCAS 
DiKQV SLDKS NTESD QVQBN RZDMB JQLYH LTMXB BSVWL ILKYU 
NMFEB HB 

M.BSSAoE No. s 

v.::.:~Q KZJJK DCVQD KSSXY TSUXE GRROH PXKZF ZKFMS VGDWU 
Xl .. 'l'J~~ EX.~EF AWQwr· ZES1X GWCEM JPNVB GRJGB IBWOH YIIOAP 
IZ'i!1'X GXMSB OZZGK FVURN NJFGQ DTPLV STOID DWVLR TXTBH 
~'INWIE YJXXW BKOJQ FOUHO T 

1 'l'bCIIO are 1.b.e actlaaliD.IIItDpsiRibmlt.ted by Mr. Vopl • 

... --·· -·-- ....... _. __ -- -· ·--···--.....-------·----......--·--...,... ''"""!'!'· .... '!!!'_,SQ .... ""'"'""· -"'!"' ..... ~. ·~'~'~"·-----·---.-·~~-·--------.. 
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5 - MB&&AGI!l ~ o. 6 

XGORF GCHAX DUEIQ XAOWK BK3UH SKWWW XHEYZ JAKUK BEQMG 
IWTVU NPCLU KQDIG YLIINC KYJJF SDSTU DCBUK OQUVA WHSD ' 
VGQSW OGHPI XCYIO SUAEU BQAPY RIIDJIW FWGSQ HYIIRQ LPUVH 
LNGQ'l' IPJRI HUJW) DZU'l'W BFMO 

ME&SAGJI No. 7 

UFUCL HJYDY ZTHHA HWJWJ IniZI VZIJE QODU'r IIZPRX SWNFC 
DKXXR TOSVL IINHNO RZR'l'X QIPFN HOUNL P'GUVO TPOWI VHNCQ 
RTDCO LN'l'TII maR TUIIG ZOJCU BTXJK KGUEJ IISJBS ESVWJ 
IKGSL APA 

MzssAG.E No. 8 
~ NWWVY UIIHVB RPQHF XOHQN IPATI CFIIZT DIIIQI IRUJI NSBWR 

VTEGJ IAFEO BWUT VPSKO HUYNA VPRXS SCUZB JHCDE ··wuwv 
GXHRP OIHWF LBTKF QESIO YXVNK AWDAA EQLVJ IIYY'1'H GSEYA 
KLXHR NCVNY XSQIIC XVXJC TJVSC WEGZ TFOHC HNPII . 

r 

MBSS.AGB No. 9 \ 

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

.. 
~.: 

NNCMP SOJKI GDPQZ IIPIIV ZOCBO UCKXR SEPEII OTZNM AMHWX t r 
NDEUH YUEIP RFOHI QLQHG IJFRT UTNQC JFJJJ.F SQRWO DAJII'l' ' l -

' YKXXQ VRQUW I .-
f .. MB88AGB No. 10 

TEPDA XXHHC FYIIFK QRBJV YVJID JBm" JBLXU ·KSOXR KNHJK .. 
UFRXL WELQJ QJKFW RLSSF BQJIR BZKYH EAUWP AYSKO UWJDX 1 

.f· 
CQRVW ZVXXH HZHCW SVEYH NEANW G . i 

MBSBA.Gil No. 11 J 
SEYBZ MGSOZ CIIPSQ BASFH VFSCG CHKSB ZOPRZ CZEVH OCADC 
LGRXO XXCKK IIVQGJ XYUOC FFFVJ OZCJE AQSJY IIZCIIO TOXVII . i .. 
KEXYA VWONX GTCI'l' 'l'GLOI IWOR'l' JJVQB HYNK I { 

: .. 
MB88A.GB No. 12 

:I 

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

XEUJG ROHUP OFSGQ PONLI RAIBP KACIB CIIY.SB VKHEU XSPFG 
WKZTE KZYIZ ZXFJO HZIVG ESGOX YYCEO B 

MBBBAOB No. 13 

QNKIT FZHNC GJBSA JIQBX PFTAO RJLUD IKPKI THUWU EVGHU 
LJUFZ UBSIID VHMNZ UWVYQ DJPFY KETIIN CLEQS DQJNA GEYHC 
JBCPG RNHNH BSYZR STGBV E 

~ 

. 
'l 
' 
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- () 

1\h:ssAc:.. Jol No. 1·1: 

z.mi\K CL\'ZK RINOK NBTAK ;:m:jBI WRZRX DQTAR .AEKIIY IIOXLT 
YVi"ii;'L DXZSI( ZP\YNI JWLI TPWR TPQGH RJZCQ XCNHU NOKIII 
1\KI]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 DYNIIA- CWULT PK\'lEE: 
UUHTF FOQOK KNRPI PLLXQ DRDEM JMCFB WLHVX FIFZR STVJV 
:XDCAS BEHQV OPWEY UTISE NZFCU BII 

ME&&AGE No. 16 

VHXVD RSRY:t PVNWQ QEDMJ LTKFN RMDGT DNIIBM JDGVP ·JCJMND 
RRQDM S'l'TAL GKPPO PZTCU BNCEE HAWMB KRGNU ZXCWQ VEZTC 
DIPSG ZUFVH OZIGB TQXND HMHEW VHTL'l' 

MESsAGlit No. i7 

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

.. .- M.~~:t~sAOE No. 18 

LALNH QUDUA ZBZUD VSJFE MEHXW EUWZT OKWNO OOSIL TASEG 
OVQVX PMKKW BQRBI VGDGJ JDAH'N RZDIA WQAXB FBRLA AHJEP 
PUMEU HJQJP ZSPPQ VZWDL HE:CDA LPJJS ZOJYB MO .. 

M Jo:Hti." (;)•; ~ o. 1 u 

YTWL TWEVD MBHKV IHTPI GNXBQ XAUAQ OUFVO GSMKB BAKIG 
YlUlAF BKIJC ZJSRN WBQHM. UYJPT CHCCB ~ OLDQA zzocv 
umo~NZ. OPRFC. RDONY RCZAII ZYNVQ WFONZ C'l'TES. IRWER GKETA 
YUSUK TFECD BMQVB v~wvv VWCZP. TWC:l'J FHFEH VNDCO IIZVLK 
YUJPZ BHLDY VVPMD KFHPB VCYU 

MESSAGE ~ o. 20 

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

MEB&AGE ~0. 21 

O!f.XOW LTYIEW KFJHN ZMSKK GXFDL YLCPT YYYNQ CYYMA ZWRAD 
HG?IBI HHCGM FDGMN XIQDN NPLYQ NPJNZ OWFVV KMGVH KHCUC 
STNVZ CGXHV LZZ:XX SVTKG POEAC OJYQU MEULH KHYDD ETPDN 
QYZVU HIMGG RBHEI coso -

.... ~ .. ~·~ .. ·-~ I P U. 4 =· I "¥ c 
_ ........... • 
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- 7 

),h:BSAr.K Xo. ~2 

S'I;'D""'"" ... r ;.! AQMQ\Y FFONY GVFZH JTPSY IAONR TWSZJ OJUGA HOGXW 
YJOUN AE:;QG HTZPB YRNEI DWIVZ JNPXG sxxsz HVRUC QEHQR 
cxmF UKCTB BET EX. ZSL.ru<: QF"-'UV CLRIL LHIGG FVDSQ ·RJCSH 
JJMIV JFCEU QFPMO TFSOQ XKESC CJCFI BN 

}.hssAcnt: No. 23 
• I 

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

LCSMI YVSWW DQNAP KFPAO FIQTR KQQIE HHYCA GHEBF PFTYF 
DZAUO w 

MB88AGE No. 24 .. 
' I 

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

YJODO XIRIX KDCBX UEQTU VPIWA NFWOH GDXY EKBMG IIGETD ' : 
WFKKZ PXXZL XFRWL FH'l'EG INNJI ETVUP QHTJY' OP ~ 

I 

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

!: 
t 

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

YY.DKR GWIIQL FQMEJ KOBMS ZURAN ULZFE YDLOT UZIIJM SETNP 
GWILM FGCVS NCZGB HlJIRT XUWAI DGAIIL QBTFK VYIGT FWVK . t· 

:. ~· 

FJYAZ YQNVO WSMSS CCIIFY KVKRA y . it 
i[ 

MBBBAGlt: No. 26 I t · · 
II 
' . 

XFYKU NDBFZ KNDMF GBVIJ 'l'KNDA LGPKS CWPSK BSNWH LT'l'XN 
. I 
.. ~· 

VDCYO GYZLI TRURO GBIWL VEKYG YOOHV IAUNO LPSJJ UTNIE 
I: 

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

. ,. 
TRJTG PZJCM LSFXW ANHJO UZHRQ ULXFU :XSINC M.VKN'l' ZWXXQ i ~· 

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"l'TO RrrHL .. 

I 

HQWVZ XZUAB GLHMH ZF'l'IQ OTJEP VZXCL YFYOE LSIJU SYBIIC ' .. 
}' 

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

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

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

I . 
• 

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

this <'~phPr into tenns of the sliding of primruy nlphnbota against one another with tho con- ) 

sequent p:"Odur.tion of a multiplicity of soconda.ry alphabets. For example, by using ordinary 
. t . 

sliding al~,hn.bots sucll o.s arc commonly used in cryptanaqsi&, we may produce the sAme i 
results a1s oro briven by the set of concentric diRks. l.st\t us use the nlpbabeta of the illus- t 

trath·e di,;ks, mounted upon sliding strips in pnira, o.nd let us slide each pair of alpbo.bots 8 
lcttPrs apart. Thus,.if we consider the uppor one of oa.ch pair of alphabet& in fic."UrO 2 ns tho 

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

. . i . 



I ·• 
i 
! 

., 

., 

j 

, 

) 

{
Plain text._ •• 

1 Cipher ______ _ 

JPI.ain text.--_ 
1\Cipher ______ _ 

{
PJnin text __ - _ 

3 Ciphor ______ _ 

{
Plain toxt.---4 Cipher ______ _ 

{
Plain text- - --6 Cipher ______ _ 
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AUFQZERHYGWJOIDMNCTXSBLPKVAUFQZERHYGWJOID 
AUFQZERHYGWJOIDJNCTXSBLPKV 

AOXGFZKYLPUKETDJVSWIRBNHCQAOXGFZMYLPUKETD 
AOXGFZMYLPUKITDJVSWIRBNHCQ 

AWJBQIHVKPUFOGTNEDSZXCMLRYAWJBQIHVKPUFOGT 
AWJBQIHVKPUFOGTNEDSZXCMLRY 

ACVXZWMTFNUIOSEHJRDLGKQBPYACVXZWMTFNUIOSE 
ACVXZWMTFNUIOSEH~RDLGKQBPY 

AETJUDKVZNWHXOGYKFRLQBPCISAETJUDKVZNWHXOG 
AETJUDKVZNWHXOGYKFBLQBPCIS 

) 

. . . 
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Xofr now thut thr fiMt set n( a phtin-lc•:.(. lc•l.tc•rs, PREPA, yiold.'\ the MtnC\ set of 5 ciplu~r 
lrttrno, MEKJR, thut. wr rnuncl nn plt~ 2 h;:L· tiriin~.:: t.lar. tliKks. 'l'Ju~ only tbing wl•ir•h t,l,e~;c !ivP 
pniJ'li or iru(C'Jlt'llUt'D(. RlidillJr nJpJu~htl!'l IUI\"ll in ~OIJlJllllD in figure 2 is tbn fACf. tJu,t oar.b pair iws 
ht.cn !'lid nJlnrt thl' "nmc numbrr or It• ttl'!""• \·i;~,, 8; if \\"r ron!tider tho IIPJil'!r olphaLflt in r.nch Jlllir 
n~ tho stnlionary alJ,bahet., tbrn lh" low(\r uno llll'.;. h;orn shift.r.d 8 intervals tu t.hr rig:J.t., or IR 
intrr\•nls to thl\ lr.ft., or t.hr. Ufl]Jrr nl]JbnhN.. ThiR rorrr.sponrlH to t.be poAition of muuhnr 1 in 
figure 1, for thl' lottl'r number ocr.upics tbr. ri~htcc.'llth sagment to tho right of tbn plu.illl-:C;:JnCnt, 
or tbe eiJ!ht-11 to t-he loft. The relative positions of t-he numb8l'B in the numf.ricnl key, tberefore, 
COrrt'Spond t.o tlto nnmbol'B of intcrvnls tho primary nlpbabRts in tbe form of sliding strips would 
have to hr. displncod in order to prodnco thC' snmo rrsults as the disks. 

Now tho sliding against itsolf of a primu.1y sequenco contnining 26 lottt'l'B will give rise to 
a series of 26 secondary cipbor alphabets; 1 likewise, each primdl'J' concentric sequence will 
give rise to o. sorics of 25 Bl'COndary a.lpbohet45. If the numerical key consists of 26 numbers, 
all these secondary alphabots will be employed; if it consists of less than 25 :q~mbcrs, then a 
correspondingly dccrenscd. number of sr.condllJ"ics will be employed. · 

Sinco co.ch primary sequence can givo rit~a to o. set of 25 secondaries, the total number of 
possible B('(.'ondary alphabets in the wl1ole syst('.m is 125; but if the numerical koy coDSists of 
lC'I!S tbn.n 25 numb('l'S, then the total ntm1hcr oi sccondnriN will be less than 126 by exact multi
ples or 5, sinco the absence of one or ntoro numbers from the key aflects all five primary concen
tric Requenccs. For example, if ti1e key consists of 21 numbers, t-hon thero will be involved 
21 X5, or 105 sccondn.ry alphabets. In a rnessoge of exactly105 letters, then, each letter \\ill 
be t'nciphored Ly o. different scccmdnry alphnb~t. I£ tho nlessaltf' contains more than 105lettera, 
thon all the lcttrrs a!tor tho 105th will he t'ncipht,rct·l hy the some socondauy a.lpbabets as at 
tl1e bcgiuning or t-he me&~~ngo and in tho snmo SC\C[Uenco. 

In tlw cxplnnntion of the motl10d of oncif>bemu~n1. it was made clear that the substitution 
pror0ed!tl in o. l't'o~tular mo.nncr, taking successive groups of 5 lettors; tho cipher equivalents are 
t-akCD irom tite sucoossive Bl\gD\r.nts, proooC'ding in a clockwise direction from 8J11 given initial 
sr.gmont. It follows, thoroforo, tl1at in a single long message whoroin the complete encipherment 
requires tJ1c passing tiuougb of this sequence or segJilCDts Jnore tho.n .one tUno, there exist periodic 
or cyeiic phonomt\na of a type found in various ciphers, due to the presence of a definite or regu
lar CJJf'le. In this case, tl1e lengtl1 of tlrls cyclo in terms of groups of 5lottera corresponds exactly 
\\ith thr length of tbe numerical koy; its lcllgtb in terms of in,lividua.llettera is five times the 
lengtl. of the koy. For tbe soke of clarity, wo sball refer to this cycle whon stated in terms of 
letters as tlte pM'iod. Thus, witl1 a koy of 21 numbers, the length of the cycle is 21 groups, and 
the length or the poriod is 105 lettors. If a message conaiats of 316 letters, for example, ti1e 
letters would pass through three complete cycles; tho 1st, 106th, and 211Lh letters would be 
encipltered in exactly similar positions, and therefore by exactly the same seccmda.ry alphabet. 
The 2d, lO';'t.b, and 212th lett-ers would likewise be onciphered by the samo secondary alphabet, 
but of couJ"SC not tho sa.me as the preceding secondary alphabet. With a key of 23 numbers, 
the length of ti1e cycle is 23 groups, the length of tho period, 115 letters; the 1st; 116th, and 
231st Iotter& would bo enciphered by the same secondary alphAbet; the .2d, 117th and 232d 
letters by a dift'erent secondary, and so on. If we roprosent the length of the period by "• 
then the 1st, (s+l)th, (2s+l)th, (3s+l)th, ..• lottomfa.ll in the same secondary alphabet; 
tl1o 2d, (r•+2)th, (2n+2)tb, (3s+2)th, • • • lett:era fa.ll in another secondary alphabet; and 
so on. If a mCBSnge be longer than the period, therefore, it will follow that tho 1st, 2d, 
3d, .•• nth secondary alphabets must contain ropetitiona of cipher letter&, repreacmting 

• The t\\"'Cilty-eixth &eCODdar7 alpll&bfi aolocidol with the llCD'IIlAI alphabet, liDae eaah plaiD-taG letter 
would bo rcprcsentad by ltlolf ID tba\ IIGCOIIflaa7 alphabet. 

., . 
~ 

. 
·-

r . 
: 
, . 

. i 
• . \ 

; I .. . 
• 
I : ~ 

: £ 
I i 

I 

: ~ 
i I I. .. 
:· i .. 

:· 

~ 

cr:· I., ••= ----··- .......-.--·· -- ·- ... ____ "" 



.· 

-

REF ID:A64722 

iO 

rc•twliii<ml'l ,,f pl.tin-lc•xt. lc~Hc·r:~, fur thc•:o:c1 ~&:·•·nncl:u·:.· ::lph:1hi'I.K1 nl,! urtc•r aiJ nnly ~inglo mi:te?cl 
c•iplll'r 11 iph:!l ·•·Ill, n ml I I.e· •·r•pc•ti I inn url1i;,.:h -f•·•••pll'll<';':' 1•·1 i •·1 ~ in ur•lium')' plnin. t.nxt is n IIN'.CH!'=Ary 

t•h:: i":h'i l'!'i:-: h· 1\j" II n :•lt•lmh··· ic·;l) I:! ··~!1:;1~~··:-:. ~w·ll fl'l'' . i: imuo~ ,, m he• m·irlunC'c•rl U)' I l\pctiticmA 
in :he• ··iplil'r lc•xl 111 ,, :!11, ;~, intc•l"\':!!s, lll:d iill',\" m:ry hC' USt!CI In dcii-CII"Uiilln tha 1«·nglh or tho 
Jlc•ric\,f. l·:x:ll"ll,\· huw I hi:4 il4 dune• will pr;'!ll'lll l.v hi' tlrluon~f.rnl.c?d. 

But. I lu• clc•tc·rmin:ll inn nf I ht•lc•n;.tl h or I Ill' jU'I"iucl i!: unly IL lili~ht ~tl.r.p rorwn.rd in thC' ullulyt~iM. 
Jt. i!-1 •·•·uc• f.lml it. will ; . .-i\'1' 111'1 t.hc1 lc•n:!lh ur flu• lllmu•ri~ul kny, hut t.luLt iR 11ll. Wbut wa rnust kranw 
IU'XL i14 tin• "''1(11\'lU'IC' n( 111llnbrrK1 OJ" rn.thr.r, llu• l"''lnlivl:' ]'O:-if.intiS of tJ10 rmrnhcl'll in thi!' kny. 

\\"(• lllll;:\" m:r.c•rfnin thiA hy furthl'r sr.rutin,i" uf tlw tJU~(WCti~WlLilcl actun.J. results of the method 
or 1'1\C'l(lhl'l"llli'Rt·. J t is often thC' Cl\llr. With VllriOUK r.iphl.'rA thn.t tbe mr.t-l10d of enciplumncnt is 
t•xc·.•lll':tt in pr·i:wi)llr, 1tnd will yil'ld Jlrnrt.i~clly iuclnt~i)Jhrr:Jhlo JnC'SRI~gca ,wbon tlte ml'MIIgc!&' arc 
,-cor,,· iC'W in nurnbc~r, but tho \Ven.kncasos in t.hr. mothod aro quickly disclosod wbon it is used for 
rrgnlor trnlfic r.mch n.s that nccOIISa.ry in milital'Y cryptography, whero D1IU1Y messages nre to be 
Rrnt co ell dny in the same kq. In tho cipher under examination, the weakness ia introduced by 
thr fnrt thnt. t.bo initinlslWJJlcnt for on.ch ml'SBIJgo ol tl1e day•s activity is determined _by. tlae ~~eria~.l 
nmnh~·r of tho message.• Now t.l1oro aro as m.1ny iuitin.l sogm.enfill for each numorieal key as .there 
nro numbc:-s in that koy. Once the sturting 11oint is determined, uJl the messages pass througl1 the 
snme cycloi d.iliercn.t n1eaaagcs 1nercly begin o.t dHrerent poinfill in the cycle. Now, since tho 
numbl'.rs applying to these starting points constituto 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 tile koy • 

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

We have so far analyzed tho solution of t.he problem into t.he following three atepa or.~=· .. 
1. The dotcrmino.tion of tho lc1ngth of the period. · · 
2. Tho reconstruction of tho numerirnl key. · · ·: · 
3. Tho rooonstruction of the cipher n.lplJabots. . .... ··"' .. 

Lot us llrocccd, tberolore, to perform carJ1 stop. 
1. The determination of O.eleqth of O.e perlod.-lt was explained abovo how the cipher 

syrStem \\'ill result in tho production of rcpotitions in the cipher text at definite intervals depen.dont 
upon tholcngtl1 of the period. The fllBt, (n+ l)tb, (2n+l)th, •.. letters fall in the same second
ary olJJluJ.bcoi; the second, (n+2)th, (2n+2)th, •.. hlttors fall in another seconclai-y alphabet; 
and so on. If tbere a.re repetitions in the plain text at n intorvola apart, thoro wiD be correspond
ing repetitions in tho cipher text. Tbero would bo involved hero onlY a slightly modified caso 
of the ordin:u:y process of factoring the intorvo.ls between repetitions in the cipher text, oa n.pplil'd 
in tl~e solution of typical periodic mult.i.ple-alplu1-bet ciphers. Thus, in .this case, if it happens that 
the first, second, o.nd third letters of a message, and also the (ta+l)th, (ta+2)th, and (n+3)th, 
are the }('t.tt'rs THE, tlien there must be a repetition of the initial trigra.ph .of the cipher tCLtt, 
representing THE, at o. distance of n letters. But in o. cipher involving so many alphabets as t-his 
one, the repetition of trigraphs and polygraphs would natu.rally. be rather infrequent, except in o. 
very long message. 

IIo\\•over, the paucity of trigrapha and polygrn.pha, and even of digraphs, need not prove 
to be o. grent obstnclo, for the repetitions of individun.llctterJJ may bo used wit-h great llCC\ll'llCY 

for the ~nne purpose, viz, tbo determiJlo.tion or the length of the period. The method is bo.sed 
1 Howu\·er, were the iuiti&l ilepncmt-li detemiined h~ aO.we other manner, the fbialreaulta would be the aame, &Jld 

the cipher could be aoived by a alight.modiflcat1on of method. Eva Jl the inltlall8pleotll ,.._._aubject to no 
law, Cbo cipher could atill be eolved by the method hereinatter act forth, with IIOID8 mocWlcatloDII. . . 

·-·-~·--·-· .. ···-·----:o--~----..... ----"!"'""_,.._........, __ _,;, ___ ~:------·-------
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UJIOII tlll' l'llll!llflll'lion or whnt \\"0 }un."o l'llll(•c) 0. ••'f'nb}o of coincidcmr.ett, whicb WUI mOW US 
umthc•nmti,•:Jll~· the• llll'~t pruhnblt• ]('U~th ur th~ ]Wrind. Wo Inay 88 w~ll UHO tliO text of our 
~;,•r:l'~ or m,·,..~~~:!\'~ In ilh::<lrnt~ the ]JMl'l':<~. 

1i we• u~:::uml' thr mnnl'tirnl key' to conl'i~t of 20 numhCJ'R, then tho ltmgth of the period would 
b': l OOic·l :c•J·~. l..l't u~ wl'itl.' t-hn lnn~st 11ll't\t~ngco or our sarir.a--viK, mCllisogo 26-in l'.xnctly snpor
itnpnsc•d line'!~ l'.OIItnining 100 ]r.ttt'rs CnrJJ, nne] tlum rno.Jco R r.ount of tho racurranct'8, or DlOfO 
nrrm·a;tt'ly, t-ha r.oinr.icll'nr.c...,' oflr.f.to111 within t-ho indhidual eolum11B fJ1us formed. 

:\ot1~ tho rapct.it~nn of tho laU.t!r Fin tJH' Mceontl column. Tbis fact is indico.ted by placing 
3 C')ICi'k m.n•k in tho tabu)otion of coint"Jdt'R('CII, Wltero A Jetter AppeAl'S three times Within tho 
t::llnl\ f"olumn (B, in column 8), tbrca clu.~ck mll.l'ks ft.l'O recorded, for thoro we have a eoinaidmco 
bct\\·ca•n tho first nnd sr.cond, sceoncl and tbird, and fll'Bt n.nd tl1ird oecummces. Where a letter 
RIJJ)l'tLl"R rnur times in tho Mmc eolun1n, six cltock marks are recorded. The number of coinci
dl'Jlr.l'" fur r.ncb cnsn t".Orl"l'sponds to tbe munber o! combinn.tiODs of two things that can be made 
from a total of" tl1ings.1 ·· · •• 

W"c note that on tbe assumption of a period of 100 letters there is a. total of' 39 coincidences. 
:Now, i{ tl1e period is rca.lly 100 }otters in length, then the repetitions of lettera Within columns 
nre not mere coincidences brougbt about by chance superimposition of identical letters but are 
nctunlucurrcmces in the restricted sense of being tl1o resultants of the encipherment of similo.r 
plnin-text letters by the same secondary nlpbobet. 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 
therefore 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.B of coincidences made upon 

· \"orious assumptions of length of period. Theoreticnlly, tbe correct uaumption should yield a 
lligbcr total of coincidences than the incorrect as&umptions, beca.UBB the recurrence 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 producod repotitions should certamly be greater than the number 
of fCJJCtitinns produced by mero cliADCO in tl1e supcrimpoaition.1 

Ll\t t!!'l proccoo, therefore, to make n. tn.blc of coincidonco for the various probn.ble leugths of 
pcrioci, fi1~t trnnsmbing mOHSD.ge26 into lim•.;corl'CSponding to hypotheses of 105, 110, 115, 120, 
and 1:.!5lc•ttcrs.' Be!oro doing so, however, wo lind it necC!881l!'Y. to introduce a few remarks 
upou the dl'sh·nbility of using o. slight correction factor for this table. 

1 We c!r:.w t-bf# dU.tbJct.iun bct.wcon r«:urrmat~ 11ntl t»i,.cidt!nt:U on tho grouruJ• that tlae former term lhould, 
nncl wi!. l;cl\• be Ul\~·cl to indicate rcpotit.io11a of lotton in t.lao citJlaor toxt oaUIIIll17 relatod to eaoll other by being 
e"lll'i))ll,•raucnta CJC idcnUcalJ,lain-toxt letters by idcnticnliLlllla:a.bcta; whCl'OIUI t.ho latter term IDdioatea :repetition• 
unt •':li:,.;:lll,:.' n.•luk•d t.o eACh other in tbia MILllllOI' bnt simply t.ho I'OIIatlt or chance.. A repetition may tlaoreforo bo 
l·i; lu ~a "'"'::·:-.•nee 11r n N~inciclM1CC. Tho J)roCCMII ,,r factoring in ordinary multitJle-alpha.boti oJpben of tho poriodio 
t.n.c J,;,,. i·•r ihiJII1rJJOIIC ala .. IICJu&rutlc•n And olaMUic:n.ticna of lC)JCt.itlollll int.otllotwokillda. UntilprovedothendA, 
ull r'"i" :itiunM IIIUIIL be c:cmMidr.l'l!ll coinuick:neUII. 

: 'l'ill' furaunlu. ill: c ..... ,a(n-1)/2. 1'1ntH, \\'llllll ~&-=5, tho 11umber of ooinald,OllOGIIIIIlO; wbon a-8, the 
l.iUluiJ,.,. izoc IJi. 

; ;-lim:;• t.hiM JIILJ.C!r \\'R8 Wrif.tr.n, II. further Bf.ndy of tho COI1CCpt. oC OOlnoidcD0811 baa made it pouib}u foo predict, 
witia :. rair .!l•grcc of nccnnLcy, jn11f.l1ow many coimsltlenoua Hlaould bo oxpcoto.:l for eorroat and IDaorroot .. ump
t io:i,;, 'l'h• · au:d hcmALica.l and atu.tiatiaa.l analyBCB arc given in dot-a.illo W. F. Friedman, Afllll,a. of G Mcrclacuaico
l;:lrr.ir,.rtll C ·rHlllugruph, Section VI; 8. I<:nUback, Btat.ia'ical Methode in ~nalraia, Sectio.a. VII (Technical 
l,ubl!.·.:li··.:.:, S. 1. S., 1034). It reBulta from theao matbcrua.t.ica.latudleatbat the ratloofthenumberofactual 
coi.m:i.:,:nc.'.; to tl1e total numbor of pouiblo coincidences ill .038 for an lnoorreet; oue and .088 for a correct one. 
Tilis iu. Jwicrl~ eliminates tho necual.t.y for tabulation~~ oorrespondins to eYf¥17 poaslble aue and pvea a reliable 
1nuano~ oi c!cter:miuing the correcfi usumption u 1100n u It Ill made. (See Notal 1 and 8 on pqea 18 and 14 
rcspcctivdy.) 

• Til.- :J;essago need not be written out m0!'8 tli&D once if Ions atrlpa of erou-aeotloD paper are uaed, writinl 
a Unu r,n c:.cb &trip. Each liDe ahould oontaln 121letten, and the Yarlou atdpa GaD "thea. be arranpd to briDs 
the propc•· lcttora iDto nperimpallitlon &0001'diq to each hypotbeiiiiiD tum. 

,.. .. 

.. 

. 
i 
i 
i 

r 

! .. 
~-



(. 

t. 

REF ID:A64122 

12 

)tnr n•nlly nr•~umto coinpnriMD, t.ho tnLnls or coincidcuco obtained for tbo various l1ypothesns 
· aahoulcl he t'\lrrt'r.h•d iri ordt'r to rnuke propl"r nlln\\·nau~o tor tho diframnCC'a in totals clno BfJlely 
to tit.~ \':r::i:lt1,,n in tbo nun1bl'!' ollot~ra in ~ac~h column \\'l1on trAitscribad aceonling to cucl• 

· hyp~~hr.z~ ~. 1 l!~rom n. c1·yptogrnphic point .of \"il"\\"1 a totnl ol 100 coinoidCDces in an o.mLllgcmnnt 
who...we t!lt"::o 4.1"0 6 lette.."' 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 coincidencea, where there aro 7lettera 
in most or fr..e columDs; 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:c.i::.g \"'o"o !~vo followed in the estabHEbmcnt of n correction factor to be applied is as !ollon: 

:\::.:-.osa~~:. Z6 cont.nins e:mct.ly o39lett~--s. 'lb~.il tra.uscribed into lines of 100, 105, ••• , 126 
lettfll.·s, the rolum.ns in e&eh of theae :live ret-u~s have the followiDI number of letter&: 

I 
T .lBU I Pcrlllll 

det&erl) 

SO a<.•lumna ui G lctten and 61" aolnmna olllottora •• -· ------------------· --------·--------------- 100 
14 oolt"JLlUI ')f-:! ~:l~f.ors and 91 "olumna of. I Jot.tcrs •••••••••••••••••••••••••••••••••••••• rr···--·- 1CIS 
19 cah:;.!~n&->! ;; ldt.i..i..-. and 11 cnlumna of' lcJt.ter•----------------------------------------------. 110 
'ill ec•lur.mr. •.•~ .) !cth.'l'l and 36 colUIIlllll of 4lotf.ers •• ···••••·•···•••••·•·•••••••••••············· •• 115 
IJi} cdu:~m;;l ,,i:; leU-era a11d 61 oolumua ol 4 leUt:n ••• ··------------------------------------------ 120 
8\l cc::l.l"l".Uil o~.; !ctt:lrsnDd M aolumna of '.llo~ten............................................... l2i 

i..::s'.l;:·::o~; "iiaAt periect coincidence cm1 occur in each column (alllettel'B identical), then in 
a col·: ..:.1.n u! 5lo1:t.era we can have &X&/2-15 coincidencea; in a. column of & lettel'l, 5X4/2-10 
coinci·:i.-3m·,~s; ttn.d in a column of 4 lettel'l, 4X3/2=6 coincidencea. 

Ii now \'."~ fmd the tot.al Dumber of chances for coiDcid811Ce8 for Nl.'h ul &he IU"''&DppD8DCI 

given in til hle I, we have the following: 

l'triod Coadi&JHI Total I (lit len) - I --
100 89 OQl\UDnl of 115 chances each, 81 COllllllDI of 10 OhaDOII each •••••••••••••• 1,196 I 
10.5 14 col.urm111 ol1& ohauee~ waeb, Dl uuli.Uiln& uf 10 chances euh •• ·------------ 1,120 

I 

I 110 99 culu111D8 ul10 elw.n.cea eaoh, 11 eolumna of 6 obanaea euh ••••••••••••••• 1,018 
I 111 79 coluJDDI of 10 uhauuea eaoh, 86 culUIDlll of 6 abamoel ea.ah •• .: •••••••••••• 1,008 ! 

I 120 H columua of 10 cha.uceaeacb, 61 oolUDUII uC 6 ch&Da. euh------·-------- 9116 
I 125 39 aolum111 of 10 chancaa each, 86 oolumn• u1 0 olwace. euh _______________ fi08 . 
ClLoosing for our buia of compa.rillon tbe hypothe&ia of a period of 100 lottara, the various 

proportions ot clumcea for coiucidencea for each of the roma.iaiDg· hypo~ will CODatitute 
comtetion factcml to be applied in each case. Tboy are u follow: · · · 

TAB,. III . -=. 

Ptrlud c~r. o.r..laa 
a-u-> -~ ... 

100 1,191 1.00 
101 1,120 L07 
110. 1,016 L 13. 
116 1.000 L 19 
120 - 1.21 
121 908 LD 

I See footnote 3 OD the preaedlq pap. Thla oorniiUoll futor Ia UDD__,-If the DUIIlhc of aeWal aoiu• 
olde.aaea Ia redaaed to a peNeDiap bull. Ia tenu of 'be toW PQIIlble IWIDbllr of oaln...__ 

---.---•-=-----P--~.~··----..-w-.~;~;e~.~-.~P~4~.4~.~~--~:;~) ... U.--~.~-•~+••~!~••WF~A~*~»~.;q~o-z;~#~L•.•?~.A~o~.~>f•Aa.o~w.-~t4~1-P~~.---~-·-------~-~· 
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WC!' nro no\\· rent~:'\· to l'aatnhli!:ih tbo t.o.blcs or coincidence for the various eypotheses. Space 
f,,rbids tb,• nrttml ,h.•morwtrution of tbe se\'t'rnl a.rrangomonta of message 26 to correspond 
to thr ,-,ui,,u:; h,rpotbctirnl key ltn:t;b~-tbut shown in figure 3 is typical of them all. We 
slu1ll gh·e only tho final result in tabla IV. 

TABLK IV 1 . 
I -· I I CclnetlaD CclmDI8d I Col&u!ldalaaN DD tl&"h IIJPOLhllla 'l'alal ...... IOtal llellt'l$) 

I 
I 

! /HJ IHJ IHJ 1H/ lHJ lHJ 1H/ /Ill 
I 

100 39 LOO 89.0 
105 IHIIHJIN!IHIIHJIHJIHIIHJIHJ 46 1. 07 I 48.2 . I 
110 IHJIHJ/HJIHIIHIIHJIHJ/HJIHJ/1 47 L 18 18.1 
115 /HJ/HJ/HJIHIIHIIIUIHI/Hl/HIIHIIHIIHI 60 1. 19 71.' 
120 IHIINIIHIIHJ IHIIHJ INII 36 1. 2li 46.0 
125 I IHI/HJIIU 1HJ IHJ IHI Ill 

' 
33 1.32 .41. 6 

! 
.. 

-.· ·- ···-... ···--

Tht•rr. j;:('t•ms to he no doubt but tlutt tht" pr.ritui or 115 lct.tora is cormct. Tho cyclo, thoro
r,,rl', ron"i:sbl o£ 115-:-u==23 groups, &.lltl tbo Dllllll'l'ic~:l.l lil'1 r.ontnins 23 DUDlhON. Thi» means 
thut the two linul el'gmcnta bcalr no numben.c, 1111d aro therefore blank scgmeuts. 

2. The reconstruction of the numerical key.-i:Inving ascertained the length ol the period, 
u.nJ thus the longth ol the numerioul kc~y, tho next ~te·p is to l'eCOD='t-ruct. tho sequence of 
num!.Jca·:~ ron~ti1.i.&ting tho key. As stated before, this procOSB is mado possible in this case 
hv thl' nu~thLlcl of cucipherment which iA such that all tho meiiS&J(e& of the day's activity go 
tfu,uagh l'Xnctly t-he ::;umo cycle, bllt tho succ,~vo nlCISHil~ begJ.n at dii£ei"Ont initial pointa 
in thil'l \~yclo, nnd thc.>SC poin~ cnincido with the relative IJositions of tho nmnbom making up 
the Hl'C[UCnt~\1 af numhCI'R in tbe key. 

Wu do not know tho absolute position or any numbers in the numerical key, but we may 
procerd fil'ld. to find tl1eir rol:l.tive positions, 1"<\ga.nling tll8 key in the nature of a continuous 
cycle or chadn. Later wo DUlY find the a.bsolutA positioDS of the numbers in tlU. cycle, i.e., we 
sllnll hu.vo J•cconsb·ucted tbe numerical key itsolr. 

Xow, us st.nt.ed beCoro, 11.11 mMRagea proceed through the same cycle; it. is only the initial 
puirns Cor the llU!t~:utgcs which uro di(fcrent. lloncc, if wo can detenuino tho relative positions 
iu whic·h nlc::;snf.."CS 1, 2, o.nd 3 slwuld bo supcrimpoaocl in order to make all throe messngcs 
coint':,,t, aa.; l'\•gurds the port-ion of tho cycle through which they pass simultaneously, we shall 
t1lu11 buvc dctmmincd the rola.tive positions of tl1o numb8l'B 1, 2, and 3 in the cycle. For 
cxanlJllt', if we should find tlla.t the ftmt group oi mcasage 2 belcmp UDder the tWGl.fth group 
or mt'SSago 1, o.nd tbe lin;t group or message 3 u11dor tho sixth group of messAge 2, we would 
OOI:icludc that the relative positions of these numbers in the cyale are those: 

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

1 As a. vcrfftaation of Nof.c a, pap 11 above, the JHti'GU11\AIC!II of tho aot.ual number ot oo!oaldcoaa. to tho 
t.otal polllli!Jlo number baa boon caloulatod: 

;a~-"'· 

Parlocl ~-
100--------------------------------------------------------------------------------- A033 
105--------------------------------------------------------------------------------- .040 
110--------------------------------------------------------------------------------- .0·14 
116--------------------------------------------------------------------------------- .060 
120--------------------------------------------------------------------------------- .038 
12li--------------------------------------------------------------------------------- .036 

-·· .. • · .. _ _.. __ ..,....,.,,,.lA ..... ,!"'!1.-~ .. ~:S'4"!", WIIIIIIC"f¥\"'!il!"'fl~. i""Q ...... ·--·---,,. • --......-- ·-- ·-· 
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How nrc tha'!ll\ rt'ln.th·c positions for· m.CSM&tgcs 1, 2, a.nd 3 to be detormined? Clca.rly, we 
nu~y Ulll' thl' Nannr h:u~i.-1 Cot this llctl!rminn.tion ns tor tbat concornod with tbo longtll of the 
Jll'ri\ld·- -\·iz, n. tn hla• o{ C"oiucidt>ncl'R. lt\u·, wb•n mC'RMngN 1 nnd 2 aro corrocf.Iy superimposed 
we Khould ~ra•t :~ l•i~tlll•r alt'~c of a~uina•iaic•nl't' b~t\\·l'nra the Iettora of tl~.e supcrim1JOSOd cohunns 
thun when they aro not r.on·cct.ly KU(>l'l"i.m}JOSC.~d. Tbo roa.sons ILl'O tbo sa.mo u in the prccoding 

' ensc: 1.'hc successive groups of cipher lct.t.ol'B in ono mossago reproscnt enciphorments by tho 
snmo scconcl11ry alpl1nbets os apply in the other mcssttgo; honea, repetitions of plain-text letters 
"·ithia columns will msnlt in repetitions or cii,hcr lC"ttors within those columns. We co.n there
fore dt'tonnine tbe corroct superimposition by "xpc1imcnt o.nd the recording of coincidences. 

H:wiu~ found tbo.t tbo koy contains 23 numbCU'I, it is obvious that message 24 ho.s the 
snmc stnrtiug point in the cycle os message 1 i we :ma.y proceed o.t onoo to combine them by 
direct superimpositiou. Wo do likewise witb messages 2 and 25, o.nd 3 and 26. The purpose 
of this stop id merely to a.iford greater G.CQuru.cy througb the increo.sed number of letter& with 
which \\"e shall ho.vo to deal in finding tbo correct relative superimposition of these three sots 
of mcssllgl's. • . 

Since mcssnge 26 contains tho greatest amount of tu:t, we may regard it1. as Qur base and 
try to find the relative position of messages 1wd 24: with respoct. to ~t. We now plAce messages 
1 ond 24: beneath mCSSilge 26, beginning the first. gTC)Up of the former beneath the second group 
ni the Io.ttN". A tabulo.tion of the number of coincidences iD. eo.cb. column is then made. Mes- · 
:;:lg"('-'l l ond 24: are again placoc.l bcneo.tl& mcss~~t.rre 261 beginning the :6rat group of the fonner 
bone:Lth tl1e third group of tho lo.ttor o.nd again t.ho total number of coincidences is a.scortained. 
Iu otl1t'r words, messages 1 nnd 24: o.rc moved succ.cssively 1; 2, 3 ••. 2!l intervnls 1 to the right 
u: nh·~n-o 26, and o. to.ble Of coincidences is constructed. . ~e g.reo.~~ total number of coin
cid("nccs, as shown in table V, is given when mOStlagca 1 and 24: are~ three intervals to the 
right of message 26. This means, then, that tho number& 1 ~~~~·these ~ti.ve po&i.tions: 

1 2 3 
3 .• 1 

T.AaLx v• 

ii • .• 1 • 1 • I • 

... 

lntcm&la........................ 1 2 3 4 & G 7 8 9 10 11 12 13 14 11 16 17 18 10 20 21 22 
Colncidcncea •••••••••••••••••••• 60 49!!,. 40 S3 30 SO 60 ~ ._7 II 41 61 ~ A ~ 40 i8 10 U 62 4.0 

Showing va.rio1111 totals oC cofncidcmr.o w.b.en JllCH8III8II 26 aad ·1 and 24 ILr8 auperim~ at dlflereDt 
intervals correapoadlng to the aucceuive. hypothelecl of ~tlve poaltioD. . 

Messages 2 md 25 o.re next taken for experiment and o. ·Bbnilar table Of oobicidences is made 
for tho \'Urious superimpositions with mossoge 26, omitting, of co11l"88, the three-interval tJ.iol 
sinc·o the position corl'tlsponding to tlu1ot test we found to be occupied by fihe number 1. .As soon 
:1s t-he rt'lnth·" position of onch numbct is found, tho subsequent trio.ls corresponding to those 
munha•l"':: mny ba omitWd. The ln.bor is, of com-so, somewhat tedious but may be do11a by 

. . . 
1 U. \\"D.M thuugblum&crn~F.Kury t,., u110 bl)th llllllll'll~" 3 o.ml2G as a. baRe!, alooc thtt JaUcr a June del:!med aumcfontly 

I••I.J.: ! r, ~iVI: rtdi;&I,Jc: in(rttiiiiLLhlll. 
2 An holr:n·•LI in LhiH mor:ll 1:1 r:•turo! ..,, •~ 1~1'1•11J• •rlli h:LI.r:r.-1, hn111t11111: llac, r:ur.irabrJtD&llnt r•nMJOt . .'dB Jr. l'lr::cu&unlH uf 

!, h·l.l c•r,, r:m:h. Wr. rn:ccl try uuly tl&u firHL 22 inLt•r"VIoiK HiUCll Lhc cycle IICIIIIIIHt.a cA only 23 pOIIit.im.a, and Ulf:tlllllgell 1 
m1•l :!·1 c:t11Uotf. lmvo tho aa1nc bagiuninH puiut uR nwu:ap 3 and 26. 

• With n.·~:Lrd to tho mAthcwntlc."lol notion diacniiRod In Noto 3 on p. 11, tho followlngrcmn.rk Ia 1:11:rtinunt: 
'l'h•• 1-ul:•l 11.\llllhcr of CCiincldcnUOII J.IOHHihlo when 11~'8 1 aud 24 l&fU plaaod tl&I'CIO inf.orvu.hl to tho ziAhl. of 
UIC:HK:<j.,'l1 2G iH 1253. 'l'hu unmbor or :"'t.m~l C'!uinciclcncc:l, HO, wllon dlvltlod by 12&3 giYell .OGS. Since tho UXIMlC!led 
n:~.u!lo fur:~ c:um:ot I&BIIUmpt.ion ia .000, it, ia ut unoo evident that tlala 8111WDpt.ioa Ia IIOft'OGt and it. ia COIIIKiqUCIItly 
unltCC\:llsllJ'y to ooDIIiclcr u.uy CuriJIOl" CKU!Cll. 

;;r;" ... __ • ~- ·~· • ··-- =nr- ·: r ; o: :rol I 
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cl('r!ts. 'l1litl proc:-:=s is (.'(.\llfin•w<i .in similnr laf!J\nl'r !or r.JI the l"f'.maining messages. The data for 
Jll('~SIO(I~~S 2 RUJ 2.) t;hOW tlU'I t (-!at~y DeltiiJg' fi.\"('.iJltl'l"Vnlq tO t.be right Of JnCMBoiPCS 1 G.Dd 24:1 &nd the 
rclnth·e positions of the numbers 1, 2, o.nd 3 in tlu.' cycll) nrc thcrc(ore theso: 

1 2 3 1 2 3 4 6" 
3 1 2 

The do.tn. for this dotormination of position for o.ll messages aro givcm in table VI. 

TABa VI.-Dala I• tklermiRG£ioa D/ chtJ ~ioa o/ l1ae 1111 ..... 1 Ia croll 

MBIIKAG• 28 UuD As A. B.Au 

1
fPomUon___________________ 2 8 4 a 6 7 8 8 10 11 12 18 14 16 18 17 18 18 30 11 21 21 
LNumbor of colnaidoDCII ••••• 18 " !! 40 18 39 &6 80 18 47 as 41 81 84 18 14 ~ 18 10 48 13 ~ 

2{Poeitlon................... 3 8 I 0 7 8 0 10 11 11 13 14 16 18 17 18 18 10 ~1 22 • 
Number-of coiucldon,_ _____ 46 40 IS 57 82 G1 ,!! •' 

~JP01ition................... 3 8 6 8 7 8 10 11 12 13 14 11 18 17 18 18 20 11 22 23 
.,Number of co!Dcld.auca •••• 84 85 88 38 16 33 27 23 18 24 28 24 24 21 18 21 20 !! 81· 82 

11
{Poaitiou................... 2. 8 I 6 7 8 10 11 12 18 14 11 1,0 17 18 18 10 22 28 

Number of ooiuoJdaDool ••••• 44 81 33 81 88 28 28 22 18 .38 48 · - . . 

a{Poeit~------------------- 2 3 6 8 7 8 10 11 12 18 11 18 17 18 18 10 22 28 
~umber of coiucldCDCel ••••• 2& 88 87 215 40 a1 20 11 66 -

7
JPosition................... 2 a I 8 · 7. 8 10 11 18 15 18 17 18 _19 10 22 28 
L~umlior ol coinoideucea..... 28 88 28 27 25 10 24 81 81 "18 18 28 28 28 48 · 

s{P01ition................... 2 8 6 8 7 
Number of aoiDaideuca. •••• · 88 5fl !! 

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

ft[PmdtUMm................... 2 8 8 7 8 10 11 13 11 18 17 18 11 22 28 
~Nuu-.bor of aoinolclenael ••••• ·27 82 28 17 21 21 80 17 18 21 27 18 · 

. -
10fPomtioD •••.••••.•••••••• ,.. •. 2 8 8 7 8 10.11.13 16 18 17 10 22 28 

lNumber of coiuoid~-~-~- 18 18 16 13 23 18 14 18 13 20 10 11 18 !! 

11{Position ••• ---------------- 2 8 8 '· 8 -1o u 11 11 18 11 18 22: 
Numbor of ooiDoldeu001 ..... 18 28 10 11 14 18 11 26 17 28 10 81 18 - - - -

11 1J~ositlon ••••• 7" ••••••• -:···· 3 1a 16 18 
l~UlUber of cOIDcldeuccs.... 21 !2 22 18 . . . 

12JPot~itlou.................... 2 8· 8 ·., · 8 lO 11 16 10 17 18 22 
LNumbcr of coinoidcucca ••••• 18 27 !! 

13{Poaitiou................... 2 3 7 s 10 11 15 16 17 19 "22 
:'l:u1nbor of coluo.idcnCCIII ••••• 20 18 16 18 18 10 16 38 · . . -

14{P011it.im•---------~--------- 2 a·· 7 · s 10 ·n 1& 17 10 22 
Number or coiualdeucCII •••••. 28 17 82 30 18- 20 23 88 24 43 

. -
16{~om"OD·-······~---···~-~- ~ 8 7 8 10 11 11 17 ~ 

:Number of oolucidencea ••• .:. 88 32 a'l 27 H 68 
. ·.·· - . 

1 Sllcoudary test, uaiDs ~ 1 and 24: plua 2 &114 215 u the baa& · 
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TA'DL'Il VI.-Data/flt' dalmlaiftlllitm oflle JlflliliMI of a. ....... m CJCle-Contlnued 

Mllai&AGil 28 U&IID M A BUll.:.~~··; 

16
[I:asit.i.m___________________ 2 8 7 8 10 16 17 19 · · :: ·: · ; 
l:Sumhcr ofeolncideDClCII ••••• 24 28 :!! , =. .. . · .·. ·•· : ·, 

, 
17

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

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

19\fPoaition................... 8 10 16 17 19 
~umber of aolnoid~----- 28 37 08 - . 

20{Poaiticm.................... 8 10 17 19 
Number of coiDO~----- 66 14. 

. -
21

{Poaltlon ___________________ 10 17 11 

Number of colno1dencel..... 28 33 47 -
22JPoaltlan ••••••••••••••••••• 10 17 

l~umber of aolnoidenaea ••••• -&8 22 -
23jPoaitioD------------------- 17 

lNumber of aoincldeDoal ••••• 10 -

~:- .... •.• 

·,._ ..... 

. ... .. . . 

:: .· { : 

: · ..... 

: . ~·· ·. 

·.: 4i ·::." 

I • ... ".", ....... 

: . . 

. . ·:·. ·. 

:· . ~. . 

: • : :•. I 

.·. 

,. . . , . 

..... 
, I 

•• • "=' .. 
.. .; 

.. : 
.. ., 

.. , 

Wben in any trial tho total of coincidences for a cartain poaition stands out ptominently 
from tho preceding ones, subsequont trials for tho message concemed aro omitted. . . 

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

1 2 a " 6 8 1 8 9 10 11 12 1a 14. 16 18 ir 18 11 20 21 22 21 
a 18 11 1 8 12 18 20 2 22 16 8 u a 19 11 21 9 21 1 " 14. 10 

Tlds reconstructed cycle reproaonta, as stated before,. tlie relative, not the absolute, poai
tiona of the numbers in the key, because there is as yet no indication as to what number occupies 
amy given segment on the base disk. Furthermore, we must remember that there is a break 
of two intorvols somowhoro within this cycle, repreaentiDg ihe two blank segments on the base 
disk. This fact may cause aome difficulty later on but we shall find a way of o~ercoming it. 
In the meantime, we may content o111"B8lvea with the cyale as ea~blisbed a:nd proceed to an analy-:
sia of tho results of ita reconatruction. 

Tile immediate result is to enablo us to superimpose all the measagea of the ~ay•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 anolyais, we may as well trll.llBCrib, them in regular oi-der. 

The letters of each of these llo columDB belcmg to a correapOD.diDg number of aecond&l'Y 
alphabets, o.ll diBenmt, but all single, mixed, substitution alphabets. Individual froquency tables 
o.ro mo.de, therefore, and are shown in ta.ble VII. The tables are givcm in groups of five, laboled 
A, B, C, D, and E, corroaponding to the five primary alphabets of the B.flltGm. The groups of 
ol})habots u.ro given in thoir proper cyclic scquonco, so that each set of five alphabets is accom
panied by a number whicl1 idontifiea ita position in the sequence of 1J811DODt&. Thus, we may refer 
to .:my o£ theso 88CO.Dda.ry alpha.beta by number and letter, u for .example, oB, meaning tho socond 
single alphabet under segment IS. The A. alphabets all apply to the outermost primary alphabet, 
or olphabot 1; the B alphabets to primary alphabet 2, a.nd so on. We are now ready to attempt an 
analysis of the cipher text with the object of solving these aecozular,y alphabets o.nd recoDStructiDg 
the primaries. 
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Th~ first thought that comes to·ono is that thcso individual mixed alphn.beta may be aolved 
upon tll~ bnsis oi fl't'quP.ncy alone, oa is COJnDlonly dono with such froquoncy diatributicms. For 
exnmplt~, we mi~ht nssmno the most- frequently occurring lot-tor in each alphabet- to be t-he equiva
lent of plain-text let torE, tho next, ofT, and so on; then substitute the ASSumed values in the text 
o.a.d.try to build up words. But oach of these al}liULbcts contains only an average of 36lottora, ao 
that hardly any assumption would oa.rry n considorablo dcgroe of certainty. This is especially 
the oosc in English tox:t whero tho letter E docs not olwaya stand out prombum.tly u the most 
frequently used Iotter in small amounts o! text. W'cre an analysis of this kind absolutely nCCOSSIU'1 
to solution, it is doubt.ful whet.her this po.rticulat• set of mossagea could be "aolved aoep,t after a 
long period of patient labor. But it will bo shown now that such II.D. anaJ.yaia ia in fact not eiacm
tio.l, because we mo.y be able to effect a direct roconatruction of the five primary alphabets, which 
will" not only lead to the solution of all these messages, but will also give us every oue of~~ 
125 seconda.ry alphabets of the entire system. · · 

T.A.BLII VII ... 
1 . 8 

A B o· D • A B 0 D B 

A I I A II' I ··.· II Ill 
:B Ill/ I Ill :B II I I I 
0 I Ill/ Ill c· I II I I 
D Ill/ Ill/ D II Ill I /Ill 
B I I II II B II II I Ill/ 1Hl 
I' I . .... I II I II II 
G Ill I nu I G I· Ill I I· 
K Ill I I E I I . I 
J: 1HI II I 1111. 
z I II II z /Ill 1111 1111" 
::s:: 1HI lt Ill . .... I 
r. I I /Ill :r. 
K IIHI I Ill II Ill K I • . I Ill I I I • Ill II 1HI I 
0 Ill II I II I 0 II II I 
p I I II p I I Ill 
Q I II I I I Q Ill/ 1111 I II 
:a I I Ill II I B I II 
8 I I B Ill II II I I 
'1' I I II '1' Ill Ill II I 
lT I Ill/ v Ill I I I 
v II II IHII I II v I II 1111 I 
VI Ill /Ill I VI I 1111 1111 
z I II II Ill z II Ill I Ill 
y 1HI I 'I' I I I I Ill/ 
z II 111111 II I z I 

I 

I 

t 
f· 

j. 
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TADLII VII-Continued 

I 11 I "18 

A. 3" a ··D I B ·A 3 a D .:I 

A I I I A II I . 
I B ,Ill I !Hill/ B Ill II I 

c II I ·IHI Ill i I a· I 
D II Ill. Ill I I D I I IJ· I 
B . I ·. ·II Ill Ill I B I . Ill Ill 1111 
71 I II 71 II II Ill I G 1NI I /Ill G II Ill I 
E ·II nu1 nu E i- II II Ill/ I I Ill II II I Ill /Ill II ·. 
:t I I Ill I I" • :J I I 
n:: II I I ! E Ill II I L II IHl I L I I Ill I I 
1\E Ill /Ill II Ill M Ill Ill /Hill/ II I • I I • II Ill 
0 II ' II 0 INI 1/" II i 
p II Ill· 1NI p I I /Ill 
Q /Ill Ill Q Ill/ I 

.-
:a I Ill 

I 
I a II I I 

8 I II s II I . II 
'1' II Ill 'l' II IHl I 1IU 
'U. Ill I I .: lJ" I Ill/ 
v Ill V· Ill/ I /Ill I 
w /If I I II w Ill. I Ill II 
X I I II 11111 II" X I Ill/ /Ill I 
y I I Ill y 1/. I 
z I II Ill I ·. z I I 

.· 

.. 
:-
' 

'· - f . 
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A B 0 

A II I . 
:a I II 
c I I I 
:D I II 
:B Ill Ill ., I I II 
G I I 
:a: IIIIHII 
X I I z Ill 
z:· 1111 I II 
L II/I II 
K I I 
ll' 1lll I 
0 111ll Ill I 
p 
Q 

B II Ill 
8 1HI I 
!f I I I 
"D' II 
v I I 
VI 
X IIIII IHII 
y Ill/ 1111 
.II 1111 I~ II 

. --,...-:.---..-
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T A.BLB VII-Continuocl 

• 
D • A B 0 D • 

/Ill. Ill A I II·. II 
I I ll I 
I 0 Ill 1111 
I D 1111 I • 11- I I . ., I 1111 I 
I I G II I 

/It 
.. :a:.·. Ill: I ·. I 

. . 
11111 X Ill- I ·. II 1: 

lt. I z, I 1//. f .•• Ill 
fill :S::· I II I ·, /1. 
II L I Till' II Ill 

K . I . .. 
Ill II ll' I .\, I Ill~ ,,. 
Ill. 1111 0 II .1111 I II Ill 
/Ill II p II Ill/ ····. 
1111 Q /Ill I 111111 
I :a II I . Ill I Ill 

I 8 I II. I' 
T I I I Ill/ 

I "D' 111l. 1/J 
II Ill v II I I II 
I w II. I 
II X I I·, 1llll 1111 Ill 

Ill y Ill/ r 
I II II. I II II/; 

t 
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~ 
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A :a Cl 

A I I II :a II 
0 /Ill I II 
D I II nu1 
B Ill Ill/ 
p II .. 
G Ill/ 
B I I :z:. I z I·\\. I 
X I I 
L. 1/J'. Ill' 
K I I /Ill 
ll' Ill I 
0 
J!' INII 1/1. 
Q Ill I ' 
B I . I . 
s /Ill II 
T II I ·. I 
17 Ill II 
v II Ill 
w II I I 
X I If' /J· 
'I' I .II .. I I 
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TADLB VII-Continued 

D • A :a 

A II I 
I :a II Ill 
I 0 

I D II· num . B 
nu .. I 

I G Ill I 
If· II B· I '1.: 
I· I ! I . 

Ill· z· Ill ,IIi: 
II/I X 
/Ill .:ti . /Ill 

II Ill/ K II( II 
11U. I • I 0 INII 1/. 
I J!' II 
II' Q II Ill/ 

B II I 
I B. Ill 

Ill ~ I nu 
I Ill~ 17 I - v I Ill 
II w I 

z: /11. 
II Ill 'I' //'. 
II II ' • I 

11 

Cl D 

I 

Ill I 

I 
I INI· 

Ill/ 

Ill I 
II 

Ill··· I. ·. ,. Ill 
INI; Ill 

/Ill I .. 
II 

Ill/ Ill II. 
I .. 

Ill I 
Ill 

I 
I 

INI/1 I 
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II 
1111 

I 
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lHI/11 
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I 
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/f 
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A B a 

A I I Ill/ 
B I 
c I I 
]) I II Ill/ 
B I I 
'11 1111 II 
G II II 
K II 
I II 
;r I 
E II II 
L Ill IH/.11 
X I 111111 
B' I I 
0 IHI.. 
p I J. I 
Q 
B nu11 II 
s I Ill/ 
'1' II I - U' Ill IH/.111 
v II lN/1 
V1 II I 
X II I I 
y 
z II 

-

..... _ ..... ··---·-·-··--
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T.&ar•z VII-Continnoo 

J. 
11 

II 

D B A B a 
-

A II 
I B Ill I Ill 

Ill c /Ill II 
]) Ill/ I 
B I I I 

Ill II p 1111 /Ill 
I I . G 1111 I . 

II I K I II II· 
/Ill :r Ill/ II 

Ill ;r I 11111111 I . 
I I E I 
I L 
II K. I I ·. 
Ill/ I • Ill 

Ill 0 II 
p II 

I Q Ill I 
111111 I B II 'II 
Ill/ s II II I 
II Ill '1' Ill 
I v 
Ill/ v Ill Ill/ 
I 111111 w I II 
I 1111 X I I I ,. or" II I /Ill 

z II I Ill 
. . ... 

- ....... --
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Ill 
Ill/ 
I 
II. 
II 

Ill . 
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I 
I 
/Ill 

Ill 

111111/ 
II 
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/Ill 
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Ill/ 
II 
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II 
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I 
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11111 
I 
I 
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G 

A :a 0 

A I 
:a I I 
c 
D Ill I II 
E I I /Ill 
p I 
G Ill 11. 
B Ill/ II 
l II II 
:r Ill Ill/ ·I . 
E Ill 
L' II 
X I II Ill 
:X INl 
0 
:!' I I II. 
Q I Ill 
:a I Ill 
8 Ill Ill 
T null - 'U" II Ill I 
v INI.I I 
w I .. I 
X I 
y II Ill 
z II I INII 
. . ....... ----. 

-
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TABLE YII-Continued 

D E 

II 
Jr--
II A :a 

- -
II //· A INl 
Ill :a 
Ill c II II 
I D Ill 
I 3 II I 

p I IHl 
Ill II G I 

I I B I I . 
INI/1 I. J II 
I Ill :r n I 
Ill/ E IHII 
I L I 

I X I II 
I • I 

II I 0 I 
INl p Ill II 
IHU I Q 

I :a Ill I 
I 8 i i 

T I INI. 
'U" •I 

/Ill IHI. v Ill 
I w Ill/ 
II· x. /Ill II 

Ill II y II 
Ill z 

. -
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I 
0 ·D 

II Ill/ 
I 

INl I 
I 

II 
Ill 

I 
INI/1 
I 

II .. II 

.· 1111 II 
II" IHl 
INI/11 I 

-II I 

II 

INl If· 
I II 

II 
I ·. 

.. 

-
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I 
Ill 

II 

I 
I 
II 

'· I 
INl 
I 
II 
II 
Ill 

II 
IHl 
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I 
l 

I 
I 

! 
·i 

I 
t 

r • 
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' .&. B 0 

A I Ill I 
B Ill/ II 
c II /Ill I 
D Ill I 
E II I 
:rr I I 
G I 
E I I ,,. 
I I II 
;r I 
K II Ill 
r. Ill I 
liE I I 
N II /Ill 
0 II II 
p II 
Q lHI/ lHII 
:a Ill/ I I 
s I /Ill 
'1' II II Ill/ 
1T I I II 
v Ill 
w 1HI 
X II 
y II z Ill II 
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T.&BLB VII-Continued 

li 18 

II D B .&. B 0 

-
I I 

.&. I 
II I B Ill I 

I c 
I lHl I D II I 
I B 
II :rr I lHl II 

' II G I 
1111· Ill E II II 
Ill I I I II 

Ill z Ill II 
II .. E /Ill II· Ill 
I r. Ill I . 
/1{ "' K Ill .. I I . • .. 

Ill/ 0 Ill/ 1/. 
I p lHII 

lHl Q II 1/. 
II :a I I 
I s Ill{ I 111111 

Ill/ Ill '1' Ill· II· 1HI 
/Ill I 1T I I 
II II v Ill Ill 

w I I, . Ill~ 
I I . X II ,,... y 

I· z. I 
' 

D B 

II Ill 
I I 
I Ill 
II 
II~ I 

I ,,. II 
I • ,. 
Ill/. •. I· 
II r. 
Ill/ 
I If' 

I·. 
I . II 

I 
Ill 

/Ill II 
II 
I 
I 

I I 
II· II 
Ill II 

Ill 

I 

' ' t 
t" 

. j. 
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. f . 
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t , . 
t 
i 
j. 
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A B a 

A 
B I I 
a II 
D I 
B 11111 .. II II 
G 11111 I 
JE 1HI 1HI 
1 I I Ill·. 
;r II . 
E II Ill II 
L I 
X Ill • Ill II Ill 
0 I . Ill 
p II I 
Q Ill 
:a Ill/ 
8 II I 
T II /Ill I 
"0' IHI Ill/ I 
v I 
w I Ill/ 
X II I 

I "!' II II Ill 
z 

-
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T.A.BLJI VII-continued 

D I B .A 
I 

II IHII A II 
I B 

I Ill/ a I 
II D I 
11111 B .. ., G 1HI 
I K. I 

Ill/ II 1 
;r Ill/ 

I :a: 
Ill L I 

K I 
/Ill • I 
I I 0 II 
Ill :p I 
I 

~ 
Q I. 

II :a II 
IHI/ s 
I T 

11 
II v I 
Ill /Ill w I 
II I X I 
II II y IHII 

Ill" • 1NI 

sn 

B a 

Ill/ 
I II 

Ill II 
I 

I I 
II 
I :,.,.. IHII 

II 

I Ill 
I 
II I 
II I 

II 
I /Ill 

II 
I 

II II 
II 
II 
I IHIII 

II 
IHI 

D 

II 
1Nl 
Ill/ 

I 
II 

: 

I 

I 

1Hl 

Ill 
Ill/ 

II 
Ill 

I 
Ill/ 

B 

I 

Ill. 
Jl· 

II/" 
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II 
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/Ill 
I! 

I. 

1111 

Ill 
II. 
II 
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I 
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I 
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TABLB VII~onUnued 

. 7 I ... 

• A B 0 D B A B 0 D B 

A" II /Ill II A Ill/. II 
B lNI/1 I lNI B I II Ill/ I lNII/h c I . II II 1111· 0 Ill. I II II 
D Ill II D. II I lNII /Ill 
B II Ill/ Ill Ill/ I B Ill I I I .. l.f nu Ill .. II Ill II 
G·' I I I Ill/ G I . Ill 
:a: /Ill lNI :a: 1IU II I Ill II-
I I I I II II I .. 
~·· Ill I ~ Ill· 1IU IIi I II 
X /Ill 1/. I II" :s: nu~ I . I . 
It' II I 1/." I 1-. L II 
X II Ill IHl X I IHI: INII • I ·II I . • I . II 
0 I I II 0. II II ·. Ill 
1" INII Ill Ill 1" I I II I 
Q I 1111 I I II Q I Ill I 
:a I I :a. I 
8 II I 

. 
~ a· II II· II 

T I Ill II T I •I/ I II 
'U' I I IHI/1 I I v· Ill I 1/1. Ill II v I v I I INI. 
'VI I I I II 'VI. I I :. I· 
X Ill. 1/. I·. X 
y II I 'I' 1Nl Ill I . 
z INII II//. z··. II" I I 

-

I 
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TABLB VII-Continued 

14o 

A. B 0 D B A. 

A. I Ill II Ill A. 
B II I Ill Ill B 11111 
c I ., 0 I 
J) II I I I D 
B I Ill Ill 111 II .. . I II .. 
G I Ill I I I G Ill·. 
:a: 1111· ,.. 

~ 
l II ·. II II I 
:r I /II II I ·. :r \ 

E I /Ill I nu·1 1/1: E. I 
:r. 1/U I L 
X I . I Ill" I X .. 

. ~ ~ 

• • II I I Ill II • I . 
0 I I I 0. 
:!' I /Ill I :!' . II ·. 
Q I I II Q. 1/. 
:a II 1111 :a 
8 II 1NJ I I II li 8 II 
'1' I 11111 '1' Ill/ - 17 /Ill 1NJ 17 II. 
v 1111 I I II v 1111 
w /Ill I I I I w 
X I Ill/ X II 

"'' II "'' .. 1111 I Ill/ • II 

-

10 

B 0 

II 

/Ill 
II Ill 
I . 

I 

I 
I 

I I . . . I : 
II/; . 
I I .. 
I I 

II 
II 11/. 
/Ill 
1111 

I .. 
I Ill 

1HI 
Ill. I . 
1111 II:. 
I I 
Ill Ill'" 

I 

D • 
/Ill 

I 
I 
/Ill 
I ;. II 
11111 

1111 

Ill 
II. 

Ill·· Ill" 
IIIli 

/Ill 
I 

II 

/. Ill 
II 
111111 /Ill 

/Ill I 

•• 
i 
J. 
I 
~ 
L 

l 
~ 

• 
i 
I 
I 
l 
f 
~ • 
1 
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TABLJil VII-continued 

a 18 ~ 
t-~----_ ~+--_-A_ --~+

1 

==B====o==,==»====·==I~.··==A=====A====B====o====»====-·---~_1 
A II Ill I II II II II I 

~ ' I II I I fll i ~ I l ~ I l I ?I 
=G· 1,. ~/ ~~II II fill ~ Ill II f/1111 1m 

Ill Ill Ill/ G , I ! I Ill Ill 
:a: I /Ill IHI/1 Ill :a: II . Ill I II 
I 1HI lHl I I II 111 IJ·. 

. i I . ~~ r /Ill ~I ~ i ~/1 w Ill 'f/l II 
L 1111 I II !I L IHJ/ I 
K II 1111 I II liiE II I . II II 
• II II I ., 11'

0 
/Ill I 

~ I Ill I I I I 
II 
I 

I : Ill/ II r : ,. : , /Ill . II I 

: I I ~Ill Ill Iii : I II Ill/ 
Ill/ Ill 

lJ' Ill I IHII 'D' I lHJI 
v I It . v I 

II 
I 

w I I I Ill I I · w I II I 
z: //// Ill/ II X II I I 
y IHIII II /Ill I! : II flU/ Ill 
z I Ill I II flU I !lUll 

17 17 1~ 
~--~--~--~------~--~--~--~--~--~ 

lAB C
1

D Bli lA B 0 D B 

·---:-~ I /Ill ~~-~-~--l-111-1 -t-l-1/-1--l --1--/---1 

:B I Ill Ill Ill Ill . O Ill II Ill 
c Ill · I Ill .,. P I Ill 
D //// Ill /Ill I I Q //// I . I 

I! ;
1 
r l11 1 f ~~ :; :

1 
rullhu 

I ~ ~ I I ~~I ~II ! ~ II II II lHI 
X I I Z: I I 
L I I I y Ill II ""II 
K j II II lllll/11 B INII 

·.I 
I 
II 
I 
I 

II 

,. 

i . 

' i 
~-

j~ . 
;· 

: ; 
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Tbr mrtbod wl1ir.b WC!' nra about to tlrmons1-rato iR based upon tho fact that the segments 
frmn wJ.i,•h the ri11lu•r gruUJ)B n.ro t-ukt'n f,,lJow ono n.not1Jl'.r fmm a givon initiAl point in a 
rr;:ulnr stwC"rssion, uninterrupted in tlais ensc oxc:r.pt for a broak of three segments rctJrcscnting 
the t.wo hlnnlt sr~mt'nts of the key plus onr. blank whicll is Always present representing tho 
ploin &l'l!mr.nt. To oxplnin tbo principle of tbis n1ethod in doto.il, atton.tion is directed to the 
.filet tbo.t, as a result of tho system of cmciphC!'rmont, the sorica of successive cipher equivalents 
for any gh·en plain-text letter in any one of tho fivo primary alphabets coincides with the 
sequence ol lcttora in that alphabet. The series will coincide with the complete Alphabet ucept 
Cor the omission of 1, 2, 3, or more letters depending upon the number of blank segments. 
For e,"(alnple, turn to figure 1 and note that, in alphabet 1, the aequence of letten beginning 
1\itb A is os folloll-s: A U F Q Z E R H Y G W J • • • • . 

Now it is paCem thai if w plat:. letter A oj tM fo'BI FifM171 alpWd i• O&e plaiB 88fll'l&er&t, 
UB ''"'• of BUCCtBftN cipher e{lUitrakmB coincida wA U&e II!UftCI of ,,., I'UCI:Udi'Ati A in. Uaa 
.same alphabet, 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-lw ezample, ~ the plain 
scgn1ont, its series of successive cipher equivalents constitutes uactly the aame 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 fw these 2 plain-text letters come from one and the snme 
cycle or sequonoe. Now, tho same is true with. rospect to evary oth.or letter. of alphabet 1, and 
also of the other primary alphabets. Of coUl'BO, tho sequence is diBerent for each primary" 
alpha.bot. · 

Since this cycle or sequence of letters is the sa.mo for All the letters of each prima.ry alphabet, 
only tho series of succossivo cipher oquival011ts !or 0111 letter 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 accul'ILCy tho cipher equivalent for OM a.fltl only ones plain-text letter in each of the successive 
115 secondary alphabets, we can then armnge those equivalents into five sequences of letten 
wbich will coincide with tho Jlvo primo.ry Alt)]labots, thus rosulting in their reconstruction. 
'l.'ho reconstructed sequences will be comploto oxcopt for tho omission of one or mora letters 
ropl'C801lting the blank segments. H tho numorico.l key consists of 23 numbers, three letten 
will be JDisaing from each soquonco. These letters will be known, of ooUl'l8, but their relative 
positions in the omitted section will have to be round later. · · 

Obviously, the Iotter which will lend itsell best to such a procedure ia E, for it ia the moat 
frequent-ly occurring letter in Eng~ text. If, therefore, by a ca.refulstu9 of the individual 
frequency ta.bles applying to the columns of tho superimposed mesaa.gea, we can select the cipher 
equivalent of only the letter E with certainty in the succeasive UCOfl4a.ry alphabets, we shall 
at once have the sequences of letters in the five primo.ry alphabets and the solution of the 
problem will be at hand. For example, if in a hypothetical sequence of these alphabets we 
select U1e letters K, N, Q, and V, respectively, as the four successive cipher equivalents of E, 
tl1m1 this will mean that in primaiy alphabet 1 thore is a sequenco • • • K N Q V • • • , 
provicling a break in the numorioal key docs not exist botween tho members or the sequence 
of key numbors ap}Jlying to tho segments concornod. Continuing this process, "ultimately tbo 
five p1iDU1ry alpbabota ca.n bo completely reconstructed. But we must romember always that 
this procass ia dependent upon the correct assumptions fOl' the cipher ICJuivalent of E in each 
of the 115 secondary o.lphabeta, or columns of cipbor ton. · . 

Let us attempt suab. a reconstruction. Turning to the series of SOCOJ1dary alphabets givon 
in t.ablc VII, wo try to find in each alphabot tho Iotter which undoubtedly ropresents plain-text 
lottcr E. .At the very start we encounter diOicultias. In alphabet 1.A, the letten II and Y are 
of equal .frequency. There is no "Wa'l of telling which ietter reprisaena B, 10 that we abal1 have 

• • •- .. ••"' ""o - ----=- __ ... ____ rhu •• • • ...... •• """ I • .., • ..-;,... ___ ....,,, • .,,_ •• ,.,.., .... """" _,, ___________ ·-'---.. -· 



-

.. -

-

REF ID :·A-64"7 2·2····· .. -·· ·- . -··-· --~-···· ..... . 

20 

to conl'lil!C'r t••·lh !.~ oncl Y as possibilitiC!s. In nl11hu.l;ot SA flga.in we bawo difficultios, for both 
J anJ Q b:1,·~ 1hc ,;amo frC!qtwncy. It bcgilll:l to look li!to a very douLtlu! p1-ococlure. As wo 
go furthC!r cion:, tl1o difiicultil's in selecting th.~ '''!prcsontl~otivo of E inCl"'O:.SS rnt.her tho.n dm~rensc 
and tho cryptamnlyst b~mcs lost in al. nudt.iJ,]i<"lLy or pos.c;ibilitios. E\idcntiy Lhis mctho,!, 
as tl1o pl'Ct'('ding one, while thoorctico.lly con·cct, ill pmct.icolly out of t.bo quostit.n hecn.une 
of tho limited sizo of cn.ch frequency tnblo. In fact, it is doubtful 'ft'hotbcr '\\-"C r.nu ro.h•ct tho 
roproscnt-ativo or E \\"ith certainty in any one or tho .A alphabets,• 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 con!ronted tho writer, and thoro soemocl 
little hopo of solution, tl1o.t llo evolved tho method which finally resulr.od in solution, and which 
embodied such new principles tbo.t bo wos led to describe tl1cm in this paper. This method 
ho.d recourse to somo simple lllll.thomo.tics, easy of comprehension and application when the 
underlying principles have been gro.spod. .• . . 

First,· let us mo.ko whAt we have termed o. "consoiido.ted frequency" table lor all of the 
socondo.ry alphabets applying to tho firs'- or A, prim•u-y alpho.bot. ThiR is dono by collecW1g 
the do.t.'l. contained in the individual frequency tables shown in to.ble VII into one lo.rgo table, 
tnking only the dat& o.pplying to tbe lottors of primn.ry alphabet 1. This larger table :is shown 
bolow (tn.blo VIII). 

1 It waa fo11ncl later that 1.l1e aipbor equivalent oi E has t.ho grcatcat lrequona:Y iD only 8 out of tho 28 
alpltabata. Io ooe alphabet E did not occur at aU. and in alx CD.50I it occurrad cml)' two tim& It will be 01 
Interest to the reader to ltud)" tbCIIe tGblea for the tnf'OilllAtlon they acmtabl. with nprd to the extnme ~ 
of variation from the normal that IIDl8ll frcqueDCIJ tables !'&D exhibit. 
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I 
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j 
J. 
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:f 
4 
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-~ .... 
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··.· 
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:1 

I 

Clpl:ft' 
Jetter 

l 8 12 

-
A 2 1 
B 8 
0 1 1 I 
D 4 I 2 

• 1 2 1 .. 1 
G 8 1 5 
B 8 1 2 
I 
J 4 1 
K 
L 1 2 
K & 8 
ll" 1 8 1 
0 3 2 2 
p 1 2 
Q 1 4 
B 1 
8 8 
T 1 3 
1J' 8 8 
'V 2 1 
w a 1 8 
X 1 
'I' & 1 1 .. 2 1 

111 

--
I 
4 
1 
1 
1 
I 

1 
a 
1 
3 
1 
3 

J 

2 

·2 
1 
4 
8 

. :t: 
.:_ -

9 
j 

..; 

& 

r; 
4 
4 ~ 

I 

I_ 

--·-

~~~~ 
1 1 

t: I ~ 
8 

] 

' g 
a: 

I 
J ! 1 
. I 
J. • 

! 1 
1 I a 
:~ I 
~ I 

: 18 

' 1 2 
6 8 
2 2 

2 
1 1 

t 1 

) 

TDL11 VIII..--ccm.o!~::.c.~ :~ !~CftllJI taW. for tdpltaliel 1 

lq:r:.l!:& 

18L.: ... ~ l8 • ll I • II 7 ' u 10 
- -

2 1 1 ! 2 2 1 
2 8 1 " 3 7 1 6 

1 2 2 2 1 1 8 1 
2 1 4 8 a: 1 2 2 

1 1 2 l 2 1 2 
1 5 I 1 1 1 . 1 2 1 2 
8 I ! 6 I 1 1 1 . 8 
1 1 4 1 1 & 1 I 

:il 2 2 l I 1 2 2 
8 1 1 a 2 1 4 a 

:il 1 6 4 2 4 I 1 1 
4 I 1 3 a 1 2 & 
8 1 1 1 a 1 I 1 1 

8 1 I 8 1 1 :il 1 . 
6 2 4 1 :1. 2 1 

1 1 a 2 1 6 2 
2 1 6 1 1 1 2 
2 1 2 1 a 4 1 2 1 1 

1 2 8 1 1 ' 2 2 2 2 
1 2 8 1 2 a 2 1 1 ' 8 2 1 1 I l 8 2 . 
1 :il 8 8 1 1 I I 

2 1 1 4· 1 1 1 4 
a 2 1 1 ' 2 2 1 8 a 

2 2 2 2 8 2 . 
2 2 I 2 I 2 

. 
-- - ~ 

841 
Avemp lroqueDoy J)tll ',,.her lettcr-~82.4 OOOIII'J'8DCIII. 

.. -----
Nnnl·l A wr:1·•n ...... :'l'otnlfrc M or rr~•;'""'i'7 

ll111Rt:)' =~~nlS l••r 
I 18 17 pl•~l a::mo:nt 

~ 

2 2 22 14 1.68 
1 1 87 18 2. 8S 
1 8 27 16 1.69 
1 4 89 17 2. 30 

2 1 20 13 1.64 
2 a 1 80 17 l. 76 

1 40 14 2.86 

' 2 85 15 2. 34 
I 1 29 12 2. 42 
1 1 1 27 14 1.93 

a 1 4.0 11 2. 67 
6 1 8-& 14 2. 43 

I 2 81 16 1. 9-l 
4 1 28 16 1.81\ 

1 1 aa 14 2.60 
22 1l 2.00 

4 80 12 2.00 
4 ' 88 16 2. 87 

1 ' a2 14. 2.28 
1 a1 17 L82 

1 8 87 11 2. 47 
1 1 2 aD 16 2.4.1 
1 28 14 2.00 

' I 1 a8 17 2.24 
7 2 86 12 8.00 

6 84 it 2. 88 
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'l'hi~> ron:::nlidntr'l fr"'lu<•ncy tnblo is or :& r01 tlar1· J•t.'«:nlior noturo. Each column gi\"ll8 tl10 

fr,•ctu~·n<·~· of tlH• dplu•r Jt•lt<'l"M in n. JJnrtir.ula,r l'lr;tnH·ra. ~tnd thl'l'O nra 23 HurJL coluutcK, corrc
~pondinJ! tr. :hi:' :?:1 "''gmrnts or the nmm•:-icnl :'"Y· 'J'lw numhon; of Uto columns ore dcLl'I'Ulined 
by, nrltl <'oincitle with, tho sequence of numb,·.&"':J ·;n the (~ycla as given on page lG, viz, 1, 8, 12, lG, 
etc., l~:tch row gives tho Crcquoocy oC B lUtrticulur cipher letter in t.ho successive segments and 
since tho coiunms succeed one anotbcr in the cyclic ll!ClJ.U~nce, it followa that tho frequon.cics 
in the successive segments on o. lino "\lith any f;ivcn ciphor letter form o. definite .stqt.eeftce of 
fn!I.Utnciea. Tl1cre being 26 cipher lotton, thol"C a.re 26 such rows or sequences of frcCJuoncies. 
The tot-:1l frl'qucncy for eo.el1 cipher lot.tcr is given in the column lcbeled as such and the 
o.vernge froqnl'ncy for all cipher }otters is th(lll found to be 841+26=32.4 occurrences. The 
nun1be1· o! dilfercut segments in whit".h tbc rJphr.r Iotter o.pplying to ~my given line OCCW'8 is 
indicn.tc'l iu tho next column; o.nd the a.vcrngc froquency per scgmont !or co.cb cipher letter 
is given in tile last cohm1n. 

Be!oro wo can prococd it \\ill be nchisnble t.o e.;to.blish c.1rto.in principles whieh "ill enable 
us to !ollQ\V tbc subsequent re!150ning moro cc.sily. We sho.ll ma.ke use of alpllD:bct 1 !ho\\"11 
in to.ble VIII, ca.lling attention to tb.o fo.ct tha.t tho s;tme principles apply to tho other four 
prima.ry lll.phn.bote. In order to ma.k:e tl1o illustr1ttion c.ompn.rn.ble in all its deteils with tbt> 
real situation in t-he test problem, lot us mnko tbo n~m<.'rica.l key 23 numbe&"'"B in lengtll l,y 
adding numbers 22 n.ud 23 n.t tho ond of tho koy show11 in :Gguro 1. 

Let us soa whn.t aucceaaive plain-text lettcr.s tl1o cipher letters A, B, a.nd C represon.t in the 
aequelle~ of aegments. . 

P'IOVKI!: 6.-Piain Ita 

A-VKPLBSXTCNUOIOJWGYHREZQ 
~XTCHYDIOJWGYHREZQFUAVK 

~NMDIOJWGYHREZQFUAVKPLBS 

It will bo noted tha.t tho succcssi.vo pl•~in-IA-.::t 1ott(u"S \Yhich cipl1er letters A, B, o.nd C repl'O
s.cnt ~nsLituto o.lmot1t exactly tbo &ILIUO scqucuco iu the throe lines. 'l'his follows fj'ODl the 
nl\turc of tho ciphor S)"Stom itsclr, oncl tho CI.UIIIO or it. htts nlrendy becm pointed out. In tho B 
lino there is 11 section not present in tho A liua, consit;t.ing of tho lGttcrs FUA; in iho A lme, the 
section not present in t-ho C Hue consists of t.ho ll'ttcl'll XTC; and in tlLo C liDo, tho seotion not 
present in tho B line oonsists of tho lelrors PLB. Tbis is due to tho int.o.rruption in the numerical 
key; tho section omitted will consist of 3 sequent letters in each 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 n. sequence of frequencies corresponding to their normal theoretical frequen-
cies 1 for English toxt. · 

& Thc.se theoretical frequeooioa arc 1ivcn by Uitt on the bABle of 200 ~etten of plaiD tad. See Hltt. Parker. 
Manutd for a&e 8olviion of Miluf'JI Cipl&er•. 1018. p. G. 
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Now, ainoe the sequences ot plain .. text !etten repreaanted by theBe &eqU81l081 of frequencies 

d.l'8 the same, it follows that we can so 8l'I'ILDg8 the latter u to make the sucaeaaive individual 
frequencies coincide; and if we make due allowance for the break iD. the uqwmcea caused by 
the omitted aeotiou of 3letten, the three &eqU8DC88 ahould ooinaide euotl7. Thua: 
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FICURR 8 

A 

JV E P L D S X '1' C N' K :D I 0 ;r W G Y n: :a. E. Z Q [ ~· 
~~~~~~ ~~~~~~~-~~§~~~ ~ 

~ ~ ~-~-~~~ ~~~~ a 
' ~ ~ ~ ~~ ~~~ :::: ...... . ....... ~ 

~ 

\ 
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 sequcmco. 
Let us reverse the ordor of those letters, A, B, and C, and space them in accordance with the 
number of intervals which each aequcmee of frcctuoneies hns boeD. shUted relative to the othe1'B. 
Thus: 

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

Rofer now to the illustrative cipher alpho.bot in figuro 1 and note that this corresponds to the 
order of theses letters A, B, a.nd C in this prin:anry alphabet. We have determined the order of 
these let tors in our alph.o.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 frct1uoncies coincide. 

Now bo.d wo not known wbo.t lottors t.hClSo indh·i,lua.l froquoncics in uach sequence of fre
quonci~ ropl"CSSD.tcd but llnd merely bean gh""On tho ~.roquonce of frequencies themsolves, it would 
still lULvo been just lUI cusy to fmd tlte corroot relative positjons of the three ~K~quenees fron1 a 
comJJo.rit~on or t.ho positions of high and low points in eo.ch B'fi"RC:I of fr~. In other 
worc.lM, toe tlo '"~ 'lltJtJd lo kno10 tJJiuJllt!tttJrs lk.c ;,,&&i,,idu.olfr~B in. 1/JCh Be~ oJJnfJ'U'·nciea 
represt.l•t; it is sLill possiblo to dotormine tho 1"Ch1.Livo positions (in the primo.ry o.lilllo.hot) of tho 
lotlrrs :l}lpl)ing to cooh sequence in tb.n ciplwr u.lphn.bot II'IJ a Bltul.y of the piiBiCiou of tiY h;i.gh tmd 
low pniut." ·i" t~cl" lltg_wnce of jre~. No analysis wl:w.tovor of tl1t\ individual :froqaoncies 
is ncce&~ILl'Y, tho entire :Crequoncy to.blo being tl-catod oa an ordinary sto.tidtical curve. 'l.'his, in 
its fino.l analysis, is tllo meaning of the proposition stated in the opening paragraph of this 
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Jlnpor.1 It thus lollows tlULt tho five alpllo.bcts or our problem may bo reconstructed, without 
a knowh•tl~c ol who.t ll\ttor any intlividual freqnru1cy in tho SBquences of lrequencies (o.s shown in 
t-nble VIII) rcprcseo.nts, by an analysis oi these :Crequonoy tables co~ored o.s true statistical 
Cur\"CS. . 

Let us return now to the test messages. Table Vm represents a set of 26 sequences of fre
quencies .similo.r in origin to those for A, B, and C in the illustrative alphabet above. We could 
supl!rim]lose thcso sequences in the 88mo nmnner and as oasily 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 d10 cycle which we lULvo reconstructed but do not know wll8re those blanks must be 
intii'l"t~cl. Const'qut'utl.v, 110me nllowanco n1ust be made :Cor tho bln.nk sogmonts in each sequonco 
oi ll'L'(iULmc·il'R. Socondly, tho individualfrcqumwios in each soquenco of frequencies in our prob
lom uo llot l'.X:Lctly corraspond to tlw thoorotical froquoncias of the plain-text lettanl to which 
they u.ppiy !Jut only correspond approximo.~ly to the theoretical. In some~ this approxima
tion it> far from close because of the paucity of text, and this will make the determination of 
the correct rolo.tive positions of two sequences a much more dif&cult pzoceaa than was the 
case with tho illustrative soquences a.bovo. 

We arfl, therofore, confronted with tlw problem of superimposing the sequences "of frequencies 
colTl'ctly without a. knowledge of thcso two factors, ond tbis we shall accompliah by a slight modi-
fication of mct.llod and a recotu'B8 to some simple mathematics. .. 

'Fi~t, ns to the modification of motbod due to our ign01'1LJ108 of the exact location of the 
bro:l.k of tlaroo intervals in tile numerical key: this consists in superimposing sequences, not to 
find the rolo.tive positions of afttiJ IJGir uj B'!LW"nc&~ but to find such sequences as are ou GfUl onl71 
one interDal a.parl; i.e., sequences which represent a relative displacement of only one interval. 
The reason for this step is now to be explained. 

- Let us consider the sequence of theoretical frequencies con-esponding 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 fimt segment in the key. 

~ The ordinary freqwmcy table applying to a plain tex' or a. cipher alpha.bot does not correspond to the 
ordinary frc(lucncy distribution of statiatica.l work. In tl1e latter, the poelt.lon of the point. aloo1 ono of the a.ses 
of tho grapll atad their extension along tho othor axis aro either oauaally related, or the curve tnat. of data which, 

. being subject to the operation or the law11 of probAhility, form 'Lhe normal, or Quotelet, curve of error. In the 
former, the poaftiona and cxtcmslona of the coorciiootca a.ro not related In any WA'1 Ullleu ono conalderl f.he arbi
trary order of the letters of the alphabet aa constituting a cauae. The poeltlons of the aoordiD&tea in a crypto
graphic curve \\'01'0 determined many aouturica ago \\"ben the Engliah l~Uiguap 'WUirat evolved. 

But tllo acqueDcca ol frcquancica iu ta.blo VIII arc not similar In origin to t.he ordinary plaia-tat or cipher 
alphabet froquoncy ta.Wca of cryptogmphio work. Tbey a.rc, fn fact, aloaely related to certain f:roque.ncy distribu
tions olst.o.tist.icul data. bOCAusc tho poaif.iou and cs.tcralliUJaa of tl1e ooordlnatell are abaolut.aly determined by & ca.u10 
other than the arbitrary order of tho lottora of the l!."nglisb alphabet. These two aha.raGterlatlcs of the curves of 
a aerie• of s~·condary a.lplaa.beta may be varied at \\"ill by changing t.he aequonce of lotten In the primary alphabet. 
Any act of trcquenc;y dlatributloua appl;yiug to a acriea of aecoudar7 alphabet. derived from a va.riableprlmi11'J' 
alphabet may be treated in t.ho aame ma.themu.t.icul ma.tmor as thcao will bo V.tecl ~ ~ 1111blequcnt pap8. 
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D 17 ' l' 10 7 J1 ll 11 
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It is evident that we :may superimpose tllose sequences correctly by shifting the A sequence 
ono spoco to tbo right nf tho U aequooce or tho U sequonco ono apace to tho left of the A sequence~ 
Thus: 

·-. 

.• 17 'U.10 7111111 

i. 
)V E P L B B • , ~·. 
::::::::;::;:z;:::il . :::::.z::- ::::r 

. ::::: a:: 
::::: 

D 17 '1'10 7111111 
11:1 ]A V E P L B. S • 
<· ii===::::::~~:S:il a il === .. ~ 

i! ~ -
~uh• nnw tha11. c."•lllllllC'I.t\ anul lll'rCC'ct. eninc•idc•nc•" bt'tweon sncccasivo pnirs of supcrim)"Kli'Dci 

t1l'~ll1P111"" i~ uht-:"lin,•cl c..~'""'JII. in two eRIK's, vh:, thn"o im·('h·ing tho lottcrs A and Q in thoU a.nd A 
Jinr.s, n·~p,,c•ti\·,~ly. 'l,hiR is duo to tho foot tha1t tho broo.k in tho sequonco comos botwcoo Bl\g

mnntK 23 oncl 9. 'rho frcqnr.noy of Iotter A of tJto U soctuonce should bo matched witll the fro.. 
qucncy or A in tho A scqnonco, but tbe latter docs not occur booa.uao ol tho break in the numoricQ] 
key. Tlao sa.mo iR tho caso with tho Iotter q ol tho A soquonce, 
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Now supposo that wo did not know whore tlte break iu the numerioal key falJa, aud lot ua 
supt'rimpnso tho sequences agt1.in. Thus: 

FlOUBB 11 

A 

'U' 

It is seen that perfect coincidence is still .maintained throughout u:cept in the eue of the one 
pair of segments co.n.tainiDg the letters A and Q of tho U and A lines, respectively. By omitting 
tho three blo.nk segments 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 segments oa agaiDSt the correct superimposition of 22 other 

·pairs is of so little consequenco that it ma.y be neglected altogether. In other words, when we 
superimpoao soquences 'IDI&.ida. a.rw only one iflltnt.&l a,IJGrl, rolative to eo.eh other, we may noglt'Ct 
the discrepancy that would be due to our ignorn.nco of where tho break in the numerical kt'IY 
comes. 

N o'v suppose that wo did not know tlu't the letter U immediately follows A in this illustra
tive prima.ry alphabet, and had only a t;.,ble containing the froquenoios app~ to tho t'.ipbor 
letters (similar to those shown in tablG Vll). It is evident that by placing the A sequence one 
intervn.l to the right of aU other sequences suceessivoly, and choosing that sequence which most 
closoly coincides with the A sequcmce in the positi0111 of the high and low pointe, we shall thus 
have doterminod what letter imm,diatoly follows A in the pliJ11&17 alphabet; this followa because 
the letter applying to that sequence of frequencies oocupiea a. definite position in the cipher 
ali>habct, viz, it follows A. In this cose, tho U soquonce would bo chosen and we would conclude 
that tho rSCquence in the prim11.ry alphabot is • • . A U . . . . Taking tlte U sequence, tll8 Mme 
opr.mtion is performed with tho ot.l1or HOquonccs 88 before, and we thus lind t.he letter that 
follows U in tho primnry alphabet. Tboorotically, thoroforo, wo sl1ould bo ublo to l'econstruet 
tho COIDIJloto primary olpha.bot by this method, n.nd thus overcome the difficulty duo to our 
fo.iluro to kno\V' e."CACtly whore tho jutcr1·nption in tho numerical koy fo.lls. 

In this pl'Occss ot miLtching soquonccs or Iroqwmcios to docide which one most closoly 
coincicl~ with a given sequence, we oa.m.10t depend upon a mere ocular examination and com
pu.J.ison. Wo must reduce the opomtion to a. miLtllGIDAtical mothod. This, wo shall proceed 
to consider. 

Lot us return to table vm and seleot that lino for ~-perhUent which gives the best indica
tiona of ropreaentiDg the cloaest approximation to a thecmtticallrequeaq table conf.ainjng as 
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Ccnv cl('mcn~ nH 11ro cnnl.ainccl in tho nvcrogo Jino in tho t1Lblo. In a. thoorotioal freqwmcy ta.bJe 
or sm::JI t'i7.o such as t-he ono shown in figuro 12 only tho lugh-Croquency lottera are represonted; 
the low-Crequl'ncy letters aro ohscmt. The avcrnge froquea.cy por letter that does occur is 
evidently tho total frequency, vis, 34, divided by t.he number of different ]etten that go to 
m.ako up thi& total, viz, 12. This quotient is 34+12==2.83. 

I 

Flavu12 

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

Avcnp frcqucacy-~:-2.83 

Noto now thn.t t.he Y liDo of frequencies in tablo VIII averages 3.00 occummcei"par aegm.ent; 
that is,· the average frequency per plain-toxt lottor which Y repreaents is 3.00. This is even a 
little bettor tho.n tho average theoretical frcquoncy per letter 88 determined above. Let us con
aider the Y sequence of froquencios, t.herofore, as ropresent.ing the closeat appru:im.aticm. to a 
theorot.ical frequency table of a. similar total of ocoummcee. 

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

· Taking our Y sequence of froquencios,lot us apply it to o.ll the other sequencoa, placiDg the Y 
aequonco ono interval to the right of the other sequencea. Thua, with .A. the Y sequences are 
placed in these relative poaiticma: 

FJ:aVllll 13 

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

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

'!'! s 1 1 4: 2 2 2. 2 6 2 7 2 

II I II 11 10 I II II • 11 I It ~ • • :n 7 4 K 10 I II 17 I . 
We sholl now proceed to find an abstract number such 81 will indicate the decree to which 

these two soquencea of frequcm.ciea agree, or fit, when placed with reference to ear.h 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 beat fit with the Y sequence 
and thus produce the greatest cleg.ree of coincidence. 

Let us now compare the two superimposed sequences above, segment by segment. In the 
upper one of "the first pair of .superimposed segments there are 2 ooourrenoea of A; in the lower one, 
JS oecurronces of Y. The first pair of segments agree, therefore, in 2 occummcea; La., there are 2 
coincidences. In the next pair of segments, o.n occurrence of 1 in the Y sequence is matched by 
an occurrence of 1 in the .A. &equencei i.e., there ill coincidence. Let ua go through thereat of 
the segments in the same manner. The results are givon in :ficare 14. 
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\Yr. ~J:l\·~ IL lntn\ of 12 r.oinridCU('N, 1\ut WO mllflt also tako into consiclcration tbo numlu~r 
of llclDc~uimoiclt'll<'C'R bc,LWl't'll t lta two Nl'C"J liC'IWC~S j fu:- t.lu•.A01 ns cn.n NlBily bo c\OR101Jt;Lrntrcl, arc or 

cqunl im}mrt.nnro wit.h tho l~oincichmr.c•s. In tlao two hyt>otlloti.cn.l soquonccs given below, hoth 
wit-h tlto snmo total !roquoncy, tllo numl•r.r o! coincidonecs is very 11igll, viz, 28, yet t!10 t\\;, 
soc1ur..ncCA do not ogroe closely a.t oll, for tl1~1'8 oro 45 noncoincidenccs. 

. .. 
J..'lauaz 15 

I I 5 1 2 6 2 4 6 4 5 

0 2 6 2 6 ,. 2 4 ·s 
0 10 1 4 12 0 4 0 4 4 li 2 .: i; -~ I 
I~ 

2 6 2 
I 

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

.. 
I 

I : 
1-5-+--1 2 6 I I~ 

-O-co_u_rrc_n_C!ee_(_10-1-) .. -.. -.... -.--·~·-:-0 f-0-t--2-t-:-+_ + ~~ :4: 
Coincidcncca (28) .......... 15 

1 
Noncoincidenocs (45) ..... 0 2 S 6 1 0 

l:_ _________ -!.........1-!.......&.......:...---!.-i ··-! -
. . 

Lot us find tho total or noncoin('.idonccs, tborelore, between the Y and the .A. sequences. 
In the first pnir of segments there ore 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 ~ulTenCe& in 
the segments, for wo sholl have need of this information very soon. 

FIGUBI: 16 

i 
' 

I 
t 

We find tha.t the total of coincidences is 12, tbat of noncoinaidenoes, 34. The ditrerence 
is 12-34 ==-22. Were the soqucnces in closor agreement, this difference would be a 
posit.h·o qua.ntity; but ns o. ru1o, we sholl find it to be a nega.tive quantity in our work boca.use 
of tho !net tho.t the froquonciea are rolo.tivoly low throughout. In this casa, then, the number It 

of noncoincidencea is 22 greater tho.n. the number of coincidenoea. This di1fereuce between t 
i 
I 

··-- -····- .-.--·- .. -· ...... ----'P.'C.C--1 "!"". ----QIII'J!i, ... l ~·.~·-"""'--ji-11"1:4,:"""•••-~•· "·-·-.. 11 I ...-..-{"".,.,..... 
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tho tot nl!' ,,£ coincidences nnd noncoincidoncl'~ will ho ur.nd u the buis for the determination 
ot tbr c!r;:r"t' tn whic.-\1 t\VO scqucmr.r.s coincicll', IIRd innsmuch AS WO alu1ll havo &._groAt many 
l:iilll'h ,!!ii&'l"l.'!h'''" ii• rclmJmtr., n. short c~nt to tb("tir lletol'lltirmt-inn will bo of uso. U wo subtract 
tho to•:ll of n.·cummr.t's from t.brcc timr11 tbo tol:ll or coincidences, we ca.n flD.d this diaeronce 
directly withrrut lu1\"ing to count up tl1o nnmh(\r of noncoincidenCClll. Thus, in tl1ia Cl810, 
(3X 12)-58 =--= -22. I null sub;cqucnt (\atcrmiuut.ions wn shall use tllis mothod. 

X ow it is obvious tha.t tho munbcr of cointl.idnn<"(llolll.8 well RS tho number of noncoincidoncos 
is ·not only tL Cnnction oC tllo distribution of tbo ocr.urronccs in oach soqncnco of froquoncios but 
r.lso ar the totn.l number of or.currcnecs. It is patent tbo.t in ono pair of sequences with a 
J;rc.•:tt-l'r t.ot11l number of occu1Tonces t.lum in :~not.ht>.r pnir, tbc totala of coincid8DC81 and non
roinril~<'net's might be greater in tho former thr.n in tbe latter from tile mere fact that there 
or~ moro opport1mitics for coinridoncc n.ud noncoincidonce in the former case. Wo should 
·t.bcrt'rorc.' tuko i."lto considct·ation the tot.'ll' nmnbl'!r or occurrences in the two superimposed 
l!lr.quL~r.c~~s. nnd the most logicnl COlTootion wou]d be to divic1o tho diJfenmce between tho total& 
of. t"oincidenrt's nnd nonooincidl'!nces by the tot.'ll number of occurronCOR of all ~e sogments. 
For l'XIlhlplo, it is only ronsonn.ble to phlco more TOJ.ianoo upon 0. cnse in which out: of 30 occur
rcnet"S the differonce between the totn.ls of coincidtmce8 and noneoincidences is + 10, than 
upon n ease in which out of 60 oocurronoo& the difFerenco between these same totals ia also + 10. 
In thl.' fonnt'r case, the quotient obt.'l-inod by dividing the cWForence', +IO, by the total ocour
rt'nrr:\, 30, is +.33; in the" lattor cMO, tlto quotient obtained by diTiding +IO by 60 is only 
"+.17, only lu1.1C M much. 

To. this rJuot.iont, which indicates in a. gcn('J'M waa.y tho "goodness of fit" of the two super
impnf'r.d scc[nrneaR, nald which is obtninr.d by dividing tho diaorenco between the totals of 
ooinridenC"rs amd noncoincidl'nces by tlac totn.l occurranccs, we havo applied tho name "Index 
or roinl"iclrn~"".1 It is ovillcnt thn.t tb,, grc:1.tor t-ho in,lo."': of coincidence, tho bettor is the 
ll.J.:l'l'l'llll'nt hl't.Wl't'n tho R11Jlc>rimJ10t'C\C1 t'('CJUt'n~r-'i, nrul thuR, tl1o c]nsar iM tho fit. Whore tbo 
t\\•o l'l~(fl.lt'n~l'M an, roh,th·c,ly low iu lr«~IIIC'Ucy, Um l-owa.l of JtoncoincicJancca will, as a. rulo, bo 
grcatl'r (.lmn the totn.l or coincidcDCCII1 SO tJm.t tha di(lcrenco willusuoJly bo 8 DOgiLtiVO quantity 
n.Jl(l tho indl'x will o.lso be nega.t.ive. As theso ncg:Lth·o indices approach 0, they become closor 
to poRitivo indies, so thn.t when we are dealing with negative indices, the lowest absolute indez 
will indicattc tbo gron.tt'st coincidence. Thus, an index of -.03 will indica.to a much better 
fit tlum RU ind('X of -.35. 

Rc.,turning now to tho case in hund, we found tbo di«eronco between tbe toto.ls of coincidencea 
n.nd nonr.oint'.idcnco." to bo -22. Sineo a total of 58 occurrences enters into the formation of 
theso two. tnblcs, then tlte index of coincidence for tho assumption that A follows Yin alphabet 1 
is -22 + 5N = -.38. 

Let liS pcdorm the soma colculn.tions for tho rest or the letters' in table VUI (p. 30), omitting, 
or CO\IrSO, y. Tho. du.ta n.re gh·on in table IX. 

1 R.oc tJ.. Kullback,lac. oit.,.Sootionll VI and VII for other and mcn'relfable teat. for matahlq alphabet.. 

·. 

( 

t 
J. 
I 
t 

I: 
f 
t· 
f' 
[. 

' . t ' . ~-
! 

~-

f 
! ; 
I: 
I· 

• ; 

j· 
t 

------------·--------------------~-------
r 
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TABLB IX 
I -- .. ·---. ··--······- -····-·--- --------· -- -· ·-----------·-··------=~--:-------
1 I 'l'1>1:1l I . " .,, 11.111 Tnollrr• I Tmol ~~ ~~-- fnclm 'Tnllll .._._,_ 1-- 111111-l .. urr I .. r,11r• C 1 1" • I 1'1"- nrr11in• Jol'llft IIO'I'tll'- ,,..,.,... J) ,....,... ofr.nln• Ll&.. ...... ~ 1!.:.::; fllrnln• 

I ; rtnow drncw ~'~~"''~ l'lclft1N m- lk>n"'"' tnn'll aldelll!l ~ - -- ckln• .---;-=+- --· I - 1---·J-----1~·-----~-------~ 
i A I 68 I 12 -22 -.3R J 03 1& -18 -.29 s 88 14 -28 -.38 

I 
B 

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

c I 63 13 -24: -.38 L 70 10 -21 -.28 u 74 18 -liD -.17 
: D 7& 10 -27 -.30 II 67 D -40 -.00 V 715 12 -89 -.&2 

I E 56 12 -20 -.36 N 04. 16 -18 -.24 W M 7 -48 -.87 
F 1 08 11 -33 -.150 o 11 10 -41 -.as :1 " 18 -28 -.8& 

~ G I 70 8 -62 -.69 P &8 17 - 7 -.11 Z 70 11 -87 -.158 

l
i H 'I !~ I 18 -32 -.4& Q I 68 17 -115 -.28 

I ..., 10 -815 -.14: R. 74 1. 15 -29 -.84 

As stated above, the best fit is obtained whon tho index of coi.ncidenCe is ~ grea.test poaitive 
'lua.ntity. In none of the cases above is tbo index of coiDcidence positive,' but the value for 
P, viz, -.12, approa.chas the nearest to a positive quantity, and therefore :repraaenta the greatest 
dogroo of coincidence. The noxt greatost index is given by the letter Q; but inasmuch as tbe 
index for P is o.lm.ost 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 usiDg 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 Iotter is determinod, it co.n be a.utomaticolly omitted from the succeeding calculaticma. 
Tho data are ua follows: 

T.usLB X 

Tnlal ~D- Tnd'- Tolll1 t'-olnlll·l Dill"• 
lhdlla 'l'o&lll OoiDal- Dlk-1= JAiler arr.ur- - olllllla· LoLlar -- ..... _ - olmla- :r.eu. ....... ....... rl'lllllll cldeace 1'0111'0!11 .......... - - ~~danae -

-;r~27 -
A I 4·i 11 -11 -.25 I 51 -.68 R. 60 14 -18 -.30 

i 
B 

I 
5!l 10 -20 -.'1) J -10 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 56 8 -82 -.111 u 60 9 -as -.66 

I E 

I 
42 9 -1& -.38 II S3 11 -20 -.38 v 81 7 -40 -.6& 

F 52 10 -22 -.42 I so 0 -23 -.46 • 50 8 -26 -.&2 
G 62 10 -31i -.67 0 57 0 -30 . -.IS3 :1 60 11 -27 -.41i 

I H ! 57 18 -18 -.32 Q 52 "I -31 -.eo z 18 8 -u -.18 
I I 

. 
It is seen that the index for letter C, viz, - .20, represents the greatest degree of coincidence. 

But the index for A is -.25 and that for Ria -.30. In other words, the index for· Cia ODly 
.05 greater tho.n that for A, and .10 greater than that for R. The question then arises: Ia a 
difference of .05 or .10 in favor of C over A a.nd R, respectively, a significant di1ference7 In 

1 'l"!lo method which hu been given hero Cor determining tho iDdoz of aolncideAae Ia not; vory efl'activo whOD 
the n.Itllu:!Jet-11 aro very much dift'orcnt in liae. ·rho mo.tbematlaalatudy mentioned in Note 3 on po.gc 11 :bu 
pro,·iclc:d a. method \\"hich Ia ctrac1.ive Ill nch OIUIOII, and \\ith Ifill help a. grea.t deal of work oould have been aa.ved 
in tht- Collo\\·ing calcuJatioDS. For, aa IIOOJl aa the proper poaitloa of'Ule P eequeDee of frequ•olal with reapeot 
to the Y 110quenc:e had becm determ.illed, the two could have beaD oomb!Ded m aa to :rfeld a bale of twice aa IIIAD1' 
lettCl'S. Similarly, the knowledp that P Ia folkn'l-cd b7 C would permit &D. &ddlticm&l adj~ of freqU8DCiel 
to the baso. Since the aecuraoy obtained In matahiDB IDC1"81U181 with the Dambar oflnfien :Involved lA the ted, 
tho further rosulte oould have been obtabled with muoh la. cUtJloaltJ. 

~-~----~---~--~---~----;--==~------------~---------
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ot-hC'r wu"f~, might not. lhl'l ll\t.tl•a· A tlr R Ctlllm•r P, inst.('lnd or C? The answer may be found 
by·modifyinl! thn methull in ono Jln.rticulo.r. \Vo hu.vo bt-.t'll aupurintJ.lOsing KOCJlll'llCf!S wit.b. a 
l"l'lntin' dil'iJll\rCUll\llt o[ lm~ 0110 intorval. If JlOW WO MllJltUim})CJHO scquoncos with ;~ rt\hLtivo 
diliplnr.cmcnl of t.wo int.crval.IK, tho orror, duo Lo lho r1Lilure to tako into O.CCOUllt tbo bron.k in tho 
numerie:tll"\Y1 will be grco.tor than it is with a mln.t.ivo displacoment of ono interval, for now 
thero Will bu tWO incorroct·}Jo.irB of BUporilD})OSO<llot.tcrs1 but still tho rosultB Will bo significant. 
Lot us, tllcr.,Coro, test out all tho lottor& which aro IaRS than twico the indox o£ c, with tho Y 
aequcmco romoved fiDo ~- Tllus with A, the soquonces are in this position: 

J'IGUJUI 17 

A --L~ 1 2 4i 1 4 -1.1:1,m: ~·I j•l·q-1~ I-- ,- -
y I 115 1 1 2l 17 2 

Tho da.to. for the letters which ID&Y possibly follow P, when tested with t£8 Y sequence 
at two intervals removed, are as Iollowa: 

TABJ •• XT 

-:<-~=I 1~1 .. Lila. ~ -- - oleoiD- JMtllo --

--~· -~-,-, 
;..l,....f=l ... += "'·+-~~, 

deAill'll ,

1

1 OIIM J-:;lalclcallC ~-- -I"IIICII-- llllllcl!l '-·---!--Ciidt-A-t"e-1 .\ I as j ~ -a1 -.ao · H 11 : • I .. ' .. -• -.00 I J I .. E ijl} I 13 -17 -.ao t.l 67 

I I . . ' 

tG 1 -23 , -.32 i R 74 11 I _,1 ; -.us · 
10 

1

. -33! -.02

1 
'l' 87 I 13,-28 1 -.42 1 

14 -25 -.87 I I 
--..:---=:..--::..--~-,·-···· -·-· --·· .• 

Tllcso culculations show conclusivoly tb.llt C follo\Vs Pin alphabot 1. In tlafl t:Lblos showing 
tho calculations for the l'OCODBtruction or ulpho.bot 1, whonovor tho first calculation, using 
uno-interval data. fails to show a. lottor wboso index of coincidence is at least twice aa great 
as its nearest rival, a sooondary calculation will be made using two-int«~rval data. In two 
cases, viz, for tho Iotter& following K a.nd Z. it will be noted that tbroo-intarval data. woro 
employed to dotermino tho COl'l'eCt letter aubsoquont to an inconclusive seconda.ry caloulation. 

• 

.. 
!• . 
~ 

l 

;: 

;. 
l . 
;. 
t: . 
:··. 
... 
£ 
f 
<" 

' . 
i 
~: 
~-· .. 
J 
t 

I 

i 

r· 
L 
i. 
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The tabled couta.inin:.{the rost; of tho tb.ta fo1· t11e reconstruction of alphabet 1 are given below: 

T.\ RL11 XII.-D.am for rr.ennatrudion of prilllflfg aZplallbd No. I 

-
! I I . . -.. ... 

To1.1l • CoiiK'I· 1 Dlllfr- Ift'lll'lll . Trotlll Colnal· Dllhr- llllllca ToW OGiul- Dl._.. IDds-
J..auer IIC:l'UI'-, ..... , al:cobl· . . lAUW oaaar- -- - = Ll&tlr -- ...... - areola-ftiiCDI .. _ aldeaae ,_ -- ..._ 

f • 

.. ~ -· 
'I' p a 

.. 

-221 --SI -I 

A ss' 12 -.38 A 4-i 11 -11 -.25 A "' 14 -7 -.14 
B 73 I 16 -27. -.37 I B ;)!) 10 -20 -.ft B M ·" -a -.84 
c 63 13 -24 -.38 c 49 13 -10 -.20 D 68 

. ~· -12 --.18 
D 75 16 -27 -.36 D at 1· 11 -28 -.46 B 4.7 8 -20 -.43 I 
E 50 12 -20 -.36 B 42• 9 -15 -.88 ·F 17 13 -18 -.32 

-as -.so , I 

-22 -.a G 67 .• ,IS -12 -.88 F 66 11 ;)2' 10 
G 76 8 -52 -.80 G fi21 19 -35 -.&7 H 62 14 -20 :.._.82 
H 71 13 -82 -.4& H 57 I 13 -18 -.32 I. "H :11 -23 -.41 
I 65 10 -35 -.M I I s1 1 8 -27 -.&3 J M. 13 -15 -.28 
J 68 15 -18 -.29 J 491 11 -18 -.86 K 67 11 -34 -.51 I 
K 78 18 -37 -.40 K 62 12 -28 -.42 L 81 18 -.7 -.11 
L 70 16 -22 -.28 L .58 8 -as -.&7 II "58 17 -7 -.12 
II 67 9 -40 -.r.o ... sa 11 -20 -.as .II 65 12 .-18 ~-ss I 
N 64. 16 -16 -.24 N 50 9 -28 -.46 0 62 I 20 +~ +.o3~ 
0 

71 I 10 -41 -.58 0 57 9 -30 -.58 Q &71 lli-24 -.421 
p 58 17 -7 -.12 Q 52 7 -81 -.80 R OS 16 -17 -.26. 
Q 88 17 -15 -.231 R 60 14 -18 -.ao s 58 10 -29 -.49 
R :I 16 -20 -.M s 54 8 -80 -.&8 '.1: 58 lli -18 -.22 
s 14 -26 :f,j T 68 11 -20 -.88 ·u 81 8 -88 -.68 
'1' 87 11 -84 u 60 9 -83 .:....65 v ·ee . 18 -is -:--171 u "' 18 -20 -.27 v 01 7 -4.0 -.06 . ·• :65 1-l -18 -.24. 
v 76 . 12 -89 -.63 • 10 8 -26 -.D X 81 . 18 -28 -.40 
I M 7 -48 -.67 X 60 11 -2'1 -.45 ·z 81 18 -22 -.861 
X " 16 -28 -.36 z 66 8 -82 -.68 
z 70 11 -81 -.61 I 

'I' a.t two infien'ala .. . .. 

I I 
A 58 9 -81 -a I c 63 20 -a -.06 

I I E o& 1' -17 -.80 
I H 71 16 -23 -.82 

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

I R 77s 11 -41 -.&& 
I i I 

! 

i '1' 671 18 -28 -.a I i . 
I 

___ _j 

--·--------------------------------·~····-~-··-~·--==~ 
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·.!3 

----, -r--~ I ·;1---,------.-- .. ·-.--; I ~- I 

r.eUI!'r !::;'. : l'~oinr:- i Dlt!'~or- . ~:~i~~! I! l.t"ltfr I J.~i; : '. u!a~l-,! .u:.:· •• -.. i !~~~~D~ LDI.wr· I = Calnd- Dl.r- ~= . 
r~a•-.:~ lcleno.-e\ CJ:.CllS . elucDI:e II N,.,.._,. ; ""r.·~• oueoot ! aldllllee hll:. .S... - ..._ 

1-
_ ___:... __ ,. I I ~I I ; i ,, __ .._ _ __._ _ __.J.___......_ __ I - ,l- - ---.. -

• o ~·---r---.-; _u_-:-~-11------r---r-G---.-~--1 
A 58 ! 131-191 -.83 !i A ~~ 30 : 12 ! -23 ! -.39 A 62 18. -14 -.28 
B 72 j tl I -30 - o41 B 741 15 ! -29 -.39 B . 17 18 -~ -.38 
D 'i'-1 I" 17 I -23 -:31 D 78 lS -31 -.41 II D 70 . 11 -34 -.43 
E 55 n -:.~2 -.40 ·z 57 1 13 -1s -.32 E oo 12 -24 -.40 
F liSI 11 -20 -.31 F 671 13 -28 -.42 , 70 18 -81 -.44 
G '15 13 -36 -.48 G '18 25 - 3 -.03 H 'I.S 11 -30 -.40 
H 'i'O 13 -31 -.4.J. H 72 · 15 -27 -.88 I 69 14 -27 -.39 
I G·i 13 -::15 -.39 I 00 I i3 I -27 -.4:1 J 67 19. -10 -.15 
J .62 o -85 -.67 J M 15 -10 -.80 x 80 14 -as -.48 
X ~~ 16 -27 -.36 X 7'1 13 ..:.as -.49 L 74 11 -29 -.89 
L 69 16 -21 -.80 L 71 14 -20 -.·U II 71 16 -23 -.32 
Jot 66 12 -80 -.46 11 68 1 19 -1~ -.10 H 68 10 -as -.ae 
H 03 17 -12 -.19 H 651 14 -23 -.31 Q 70 12 -84 -.49 
Q GS 1·.1. -23 -.35 Q 67 9 -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 15 -22 -.aa s ou 12 -33 -.48 T n 11 -;12 _.M 
'1' ! 66 17 -16 -.23 'l' 68 15 -23 -.84 v 79 20 -19 -.24 
u 73 25 + 2 +.oa v 76 16 -28 -.a1 w as u -as -.12 
v 74 11 -21 -.81 w 85 21 - 2 -.o8 x 78 11 -21 -.u 
W M 14 -22 -.84 X 715 14 -33 -.44 Z 74 8 -10 -.68 
x 73: 11 -34 -.47 z n

1 
11 -20 -·•rt--·~--'---'--""----1 

z 69 9 -d -.61 11--..L--...J--...L.-----11 

G 
w 

... 

0 a.t t\\"0 l.a.tonralll 

75 
63 

A 
26 + 8 +.04 J 
12 -'J:l . -.48 ' 

158 lT - 8 -.14 
64 1o4 -22 -.34 
76 . 18 -22 -.29 

;. 
i 

I 
r 

l· 
t 

t 
I 
i 
I . 

t ,. 
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TA11t.'R XII.-DaraJor f't'eOftlll.rucUtm of primar:u al~ No. 7-contlu.uecl 

I I 'irot:\1 I I I Inrllr.M ~ 'l'o'"' I ralnel· Dlllnr- I'D I'- 'l'oCal = DUhr- In.u-
. , ... :r.r. fl.'!''lr· 'C"oln~l·· nutrr- Dl'anill· l•tttr oeo:;arol..._ nfeoln· LdCir 01111111'- at eniD-
i I l't:l:l"el : "'"'"' ~ ' 

10111
"'. I eldlllu:l na•j - cldedal naGII -· ldclatllell 

! I I . '.. . ... .. . - ... . . .. . 
A E ~ 

I 
. . ., "I .. . ... . . .. 

B 50 13 -20 -.M B 77 11 -44 -.17 B 78 11 -31 -.41 
D 61 15 -1G -.26 D 70 23 -10 -.18 E 68 17 -8 -.14. 
1!: 42 8,-18 -.43 E GO 8 -38 -.80 I' 88 18 -so -.44 
F 52 14' -10 -.19 ... 70 13 -31 -M H 74 18 -28 -.as 
H 57~ 11 -24: -.42 H 7S 20 -16 -.20 I 88 11 -13 -.84 
I 61 9 -24: -.47 I 69 12 -sa -.48 J 68 16 -21 -.82 
J 49 9 -21 -.46 J 67 11 -84 -.11 L 78 18 -26 -.8·1 
K 62 17 -11 -.18 L 74 13 -85 -.4.7 II. 70 18 -13 -.19 
L. 56 13 -17 -.so 14 71 8 -&3 -.71 H 87 .•• 18 -10 -.28 
II. 113 12 -17 -.89 H 68 1S -23 -.If. Q' 8!l 18 -21 -.30 
N 60 8 -28 -.46 Q 70 20 -10 -.14 R. 77 17 -· -.84 
Q 52 8 -28 -.M R 78. 16 -as -.49 s 71 22 -I -.07 
R GO 18 ~21 -.85 s 72 13 -83 -.46 T 70 22 

_, -.oa 
s i .14 12 -18 -.83 T 71. 14 -29 -.41 v 7. 24: -·· -.os 
T I &a 11 -20 -.38 v 79. 17 -28 -.86 • 67 20 -7 -.io 

· v .. I 61 18 -22 -.38 'II' 68 11 -8lli -.11 X .77 18 -20 -.as 
.lf 60 8 -28 -.62 X 78 18 -30 -.89 Z. 78 1~ -31 -.43 
X GO 16 -16 -.25 z 74 23 -I -.07 

I z 116 12 -20 -.88 
E afi tiro 1Dfiar'val8 

A at two lDf.cn'ala ' : 
G at two lDte:rvala : 

·1aj-;n i E 00 -..u -·- I ;_ I 15 -16 -.26 s 71 20 -12 -.17 . 61 1 
D I 79 14 -37 -.47 74 11 -41 -..u T 71 18 -17 -.24: 
F I 70 17 -19 -.'KT 09 8 -46 -.85 'Y 79 28 +I +.08 
K I 80 20 +.7 +.00 73 12 -37 -.10 • 88 18 -· -.ao 
X 78 21 -11 -.~9 

. 
G at filmiC lDt.ervalli -

-· 
D '79 28 +I +.08 
z 74 18 -20 -.tT 

I 
I 
i 
I 

I 
I 
I 

I 
I 

I 
~ 
I 

I 
I 
I 

t 
l 

I 
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45 

v B 

--~----~--~--~--- 11·--~--~---~--~-----11---,----r--~----~--~ 

-.45 B 75 
1
15
1 1

1 :23~ B 
E ., 
H 
I 
J 
L 
II 
N 
Q 
R 
s 
'I' 
w 
X. 
z 

70 
69 
GO 
'14. 
GS 
li6 
'13 
70 
117 
GO 
77 
71 
70 
67 
77 
78 

14 -34 
16 -11 
13 -80 
15 -29 
11 -as 
12 -30 
10 -48 
13 -81 
11 -1o I 
12 -33 
16 -29 
14 -29 
20 -10 
11 -12 
26 + 1 
18 -84 

s 

B 69 r-·-13 -30 I 
E 62 12 -16 
., 62 12 -28 

H~~67 20-7 61 14 -19 
59 14 -17 

L I GB I 13 -27 
II G3 : 17 -12 
H · 00: 12 -24 
Q 02; 9 -as 
'I' u3: 12. -21 
w II GO I 161' -12 

I._ .... z~1 _oo_l__ 1a -21 

I It. at t.wo lntomlla 

I
I- .~ ,'1 78 I 28 - 4 

a& 69 I 16 -21 
eo! ta -21 

I 

-.10 . E 58 .. 
-.·14 I ., G8 20 I - 8 
-.30 I H 73 19 I -Ui 
-.52 I 07 I 17 I -16 I 
-.4.5 J 6S 1 151 -2o 
-.&9 L 72 20 -12 
-.44 ! II 00 10 ~-21 
-.24 I N 60 15 -:!1 
-.48 Q 68 16 -20 
-.38 R 76 28 ; + 8 
-.41 s 70 1l5 1-25 
-.14 '1' 69 16 -21 

-.4.0 B 
-.43 I I 
-.12 I ~ 

=~I ~ ::: ,., : 
-.29 Q 
+-111 s 
-.38 'I' 
-.30 w 
-.10 z 
-.48 

-.19 11 68 11 1-33 
+.01 z 12 I 13 -aa 
-A7~~~~---~~--~~----u 

., 
L 
R 

69 
73 
77 

I 

11 1-24. 
19 I -16 
20 I+ 1 

li 

75 
S8 
G8 
78 
67 
6S 
72 
69 
66 
88 
70 
89 
66 
72 

18 -27 
10 -28 
21 -a 
11 -40 
11 -22 
10 -25 
18 -18 
14 -'EI 
18 .:..:12 
14 -28 
23 - 1 
19 -12 
10 -so 
14 -ao 

w 

-.38 
-.48 
-,04 
-.1& 
-.88 
-.89 
-.26 
-.3D 
-.18 
..:..as 
-.01 
-.17 
-.11 
-.a 

-11·--~--~·----~---~-----lir--~--~------~--r----
-.44: B 
-.81 E 

:::I ~ 
-.81 J 
-.29 L 
-.41 u 
-.19 N 
-.40 Q 
-.57 'I' 
-.43 w 

9 -45 
14 -13 
14 -28 
10 -341 
15 -17 
18 -16 
16 -21 
17 -12 I 

12 -29 I 
15 
20 -a 

-.63 B 6S 20 - I -.08 -.24. B 48 10 -18 -.88 
-.315 ., 68 13 -10 -.88 
-.63 I 17 7 -38 -.68 
-.27 J ss 13 -16 -.20 
-.22 L 62 11 -20 -.47 
-.32 I II 59 12 -28 
-.18 N 68 14 -14 

-.39 
-.25 

-.46 Q as 14 -16 -.28 
-.32 'I' 69 18 - 5 -.OA 

-.62 
-.20 z 

72 
56 
05 
64 
62 
89 
66 
63 
81 
66 
63 
00 16 

-211 
-211 

-.oa z 82 10 -~ I -.ao n----.a.---""---......._.__. ... _.__ ____ ! 
-.41 

-.08 
-.30 

-:-·'~ 

I 
i 

I 
I 

B 
'I' 

72 ! 26 + 3 +.CM: 
88 17 -11· -.23 

j 

I. 
t 



-

REF ID:A64722 

4.G 

T.uu.~ -;.;n.-I>nltr f'.r ~·;"""''"''';,.:,. ·1/ pr·i11111ru ,,,,,_ N11. 1--0ontfaaecl 

; "r .!.al 
1 

• ! . I r:~:I~:T-T;:;~~- :-:;: -:T---~ Tn•ll• ' I ToL."\1 ' 
Lfl:er • '"'""'lr• • C'.untl· 1 DaaTl'f· ! :>r "lin- :! lAt:er oec·•ar- '"11:·:1":· I l>llil':- or coi• Leiter'! 0011111'- Colllel-1 Dltrw- = 

I rl'::i!l!lll I clcllL"t'l I' 811ft!S ,· eiol~iiC:O ·! ll'l'DCIII ' clr> • .- ; looll!llol ~ - -- ~ Clk'-
1 1"--·--. .!. •. _ _.!l __ l.....-__ li---...!.---=--

11 

~ i 
I I I 

I J j 

571 
071 
QO 

li 

Bl I' ! l ,·---~~~,~---~,-----~~~--·-.·~~,---! 
8 -33 -.58 'I E I ·l9 i 10 ·-10 -.39 ~ BF I 48 11 -15 I -.31 

15 I -22 I -.:~:s :! F I 5!l I ll -2G -.4•l I! liS 10 -.28 ' -.48 
2al + a II +.or; 1 J SG r. -:ss -.68 J .G& 16 -10 -.18 

L I 
y 
N 

·~-J ! 
11 I 
OR 

12 -:m -.44 L &3 1:: -2·i -.38 L 62 13 -23 -~7 

11 -38 i -.M " I &tl 0 -33 -.56 II 59 16 -11 -.19 
lli -23 -.34 N 57 20 + 3 +.05 Q liS 14 -16 -.28 
8 -41 -.63 Q 59 10 -20 -.49 '1' 60 13 -21 -.35 

Q 
T. 

z i 
Uii 
G7 
6!\ 
71 

a -52 -.78 T en 15 -10 -.26 z 62 . 141-20 I -.32 
14. -"J/1 -.30 Z 63 12 -!r/ -.a n...,.......,;.........,,;,.,l•_· ....... .-., ...... ...__=! 
11 -38 -.M n-

Q 

·;,. 
.II 

I Q 

::tat two in1.erval. ... 

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

I 

i 
-~--~~~---~----H---r-~---~--r---~--~----~----.-~------1 

.. , ·~ =~ ::: = :: ~ :'! ::: . ~ :: .! 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 -.80 L Cli I 13 -26 -.40 'l' 62 ·13 -28 
61 20 - 1 -.02 '1' Ci3 18 - 9 -.14 Z M 18 + 8 

: I '! :: =~ ! z I II& I 11 -'80 -.tG 

-.52 
-.35 
- • .J..J: 
-.87 
+.13 

i 

r~--~,--~--·~--~---~l!i---~--~-·~--~--~i~~--~--z~-·~~--
1 E ! 541 10 1- 6 -.11 J j 471 13 - sl -.17 L 01 lS 1- 7 I,, -.11 

I ~ . : I : I ::r :::~ ' . ; :~ I . 1: ::~ =~! u-'l'-.!.--IS....J._1_2..!i_-_2_2~----38--l 
I 'i' i OG 16 - 8 -.12 I L ,___ --L-.......____--1, 

P at two iatorv:lls , 'l' 6:i 22 I + 1 +.02 
-----· ·----··.----· 

1
iJ ~ I J: 1._=_1:__.__=_:~_:_,, 
I :U at thrco intervAls 

I E I 51 
~ T j 62 

16 
18 

-3 
-s 

-.00 
-.13 

( 
·I 
i 
I 

i 
I 
I 
I 

I 

...... 

: 
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'l'bo I!O\\" compl~tod alphabet 1, w·hich is writtclt tentatively on a disk and mounted upon 
tbo bnso, ill o.s !ollo\\-s: 

1 2 a ' ~ 6 7 a v w c u ~ u u u u ~ u • n a m M • • 
.Alphnbct L ___ 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'(!ioUlt of hypothesis. Moreovor, \YO do not as yet 
know· W"ht'rc the brouk in tho numcrir.ul key rolll(!t11 a.ud this wo shall proccod now to nscerta.in, 
Tltcre aro sc\-,h·nl mctbods. "rc might, !oT (~xo.::;p]o, sa~u.mc th1n tho fh'St segment to the righ~ 
o! tho pluin Sl)~Ulcnt boars tho number 1 of ~i;:! lumlr.-~·inn.I koy. Then, t11rniJJg to tho l!l'~Oatds.ry 
alph!).bCt applying to tllD.t SCSlllCD! in tahJe V.:IJ (tllc first column), WO :QOf.e wbat the p}:lln-text 
equivalent:; !'ul' the lo;.tcrs A, B, C, • • . Z, v;,)uid boon Lhis hypothesis by ar.tual tr!tLl witL. thi'! 
alpho.bot mounted on tho bo.so disk, compn:l'ing the fl't!qucncics given with their n(•l'llml c..:•
poctancy. Thus, tile lottors D, M, and Y-\\ith i1"Cc1ucnr~ics of 4, 5, u.nd 51 respcctivcly--,vould 
represent tlto letters K, Q, o.nd T, rcspcctivl'ly; t.his wouid be fo.r. ~ a. good ~rccuucnt with 
expectancy. Hr.nce, wo would conclude that the first sc~o'1118nt of our base disk does not bear 
tho number 1. Let us o.ssumo that tho socond number or our cycle applies to the first segment 
of our base disk, and }n-oceed again to note tho plo.in-liexii lottors corresponding to this assump
tion. The cipher letters with tlloir fl'oqucnri,•.i und oqnivo.lenta would be as follows: 

Cipher ______ .A. B C 0 E ~ G H I J K L M N 0 P Q R S T U V W X ~ Z 
l'lui1l text ____ G W P K Z M U S B E A J Q I C Y N X R L 0 0 H V T F 
,=' ~· ........ :::::::.::::---: ............... 
~ rcqucncy _ _ _ -- -.;:: -

Tho tl~i'I'Cnlt'Dt o! tllMO rrcqut,neios with tlunl' t:onno.l oxpoctaney is fair, although not 
st.l"il,:ing. 'l'lu'l·~ :aro too mnny ucc.urrm•c"',; or lnw-£rm1l11'm:y lottors, G, P, K, u.nd Q, and although 
t.J,\! iL'I~-'lucnci~.s lol' E, 0, I, N, nnd R nro cxct•llcnt, thcl'c :arc not onough occuiTauce. of tho high 
i'J'3ci.m,ncy ll't.f.l•t'ti, T, A, u.nd S. · Wo must. give this hyi,othcsid further scl."utiu.y. If tho first 
scgmuut UL':l-l"ti tho n1.uubC1" ~. then the SCCOllu llli'"Jucnt would boar the number 12. Again let 
Uti mu.tch th~ fl'cq ueucics given with their COl'l'aspon~ plo.i.n-toxt letters on this bypotheais. 

l!'IG"C'lcB 10 

Cipher ______ .A. BCD E F G HI 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 X J C K· S D L II . · 
~ ~~~~~ ~~ ~ ~~~~~ ~ ~~~~ .;:.(equency___ ::::::: ...... ....._ z:: - ....._::::::: ...... ....._ -::::: ::::::: 

Thls nl:'sortmcnt of letters is also fair, but still the evidence is not conclusive. We might 
conti:mu:• along th~11o 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 VIII ~till retai~ the assUmption 
th.<J.t tho nmnmical key begins \\'ith the.numbcr 8, tho Y sequence·ahould be bx'oken andre
l\lTangcd in ol'dcr to conform to tho assumed break in numerical key in this manner: 

FlOUIUl20 

-1 --;-, ;-T·r i . I 

I 211 1$ II u 6 111 i 13 • I :&1 .. ' lt lD :1 11 n 1 I Brenk) . ; 6 i J:! I JG 2D I ll I 

! IT!lliii ,., 2j . -·- ..... .. 
I _l :a :a 2 6 :a 7 :a I 

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

i· 
i . . .. 

J 
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Below thC!sO rrcquuncic!s let us plii.CO the pln.in-text letter& "which they roprcaent UpoA the 
assumption thu.t the break doas occur between tiLe numbers 1 and 8 in the key. 

F1G"C"IIB 21 

~_J .. I,.';, 2 21 u!elu II 10 13 21 • :11 7 ' " 10 I 18 17 1 [a-t) 

' 111 4 i~2 2 2 6 2 7 2 IS 

'-!TIL J E z ., 
II I Q·l N I I I B WIH s R .X v D K A G u 0 

This too, loolcs like o. Cnirly good II.SfOI.ll'tlllcnt of high-!roquenoy lettors, with the ainglo 
exception ofT. It mn.y be that wo ho.vo rcwly st.ruck tho corroct placo for tho broAk af'tor all. 
Lot us corroborn.to it by still anotlacr n1or.hod. 

Assuming tho break to be o.s shown in figUre 20 let us make a list of tho cipher letter& which 
should roprosont E in the succcsaivo scg'Jlumts. Thus: ·.' 

FlOUICZ 22 

I !a!lallll• :1 alu • ulal11!1ala • ll1 7 ' " lO I ll l7 1 [DNatJ 
I 

IJILI'l'IY cjo GlAIK_IDjv 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 colUlllDB, auccesaively beginning 
with segment 8. 

Frovu 23 

Ia I~:~' lal• 1~1 2j22 II G 11 1 1 18 II :II • :11 7 ' " lO I 18 17 1 (Bnlk] 

Equh·aleuta of plaiu-toxt E •• ! J I L '1' Y •I•:TI"~ K D V X R s H I B I N Q II 

! Frec,uoncy •••••••• ___________ ,4,2 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 be expected for the IIIDIJ.ll number of occurrences in 
each tu.blo. Lot us do tl1o same for tlao letters T, 0, and A. If tho results are 88 good 88 thoso 
for E wo mny COJlclude that wo J1ave rcolly found the absolute .positions of the numbers in 
tho nuZDcricol koy: 

! 

·~-~1·1:1 a!~·-~ lilt i Jl :a t II 7 ' 1610 I II 17 I PlnUl 

l_2~quh·alauta of plaiD-text T •• r 'iclofii aTA I x:D vx R s HW B I N Q IIF z E I 
I 

I· ;;::::·;-~·~;;:~;f·~1*l·~~~~ iJi~ 4 ' 4 IS 1 7 2 2 2 2 3 6 1 I • =-- =~ ·= 
B IN Qll FZ E J L '1' l' 

r-- ·-- r·· ~~1nr·· . 2j_s ! .. Y~~~II~ICY---·-----------·- 3 5 ~J:~. !]2 3 .! ~~ 4 4 .. & 3 1 2 2 1 0 0 6 

I };:quh·~lcnta of pl&ba-text; A •• K D VJXjR S 1H I_IB I N Q IIF ZE J L 'l'Y p c 0 
! ~quanoY··-·------------~ 0 2 41612 4 1 318 3 1 o a 3 s 2 a & ' 7 0 a a 
I 
I 

~ I 

,, . . . . . -· .... .,_...,...._ .•. . ............ ~....... ........ -~- -·---~ 
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.w 
ThC":;c cli:o;tribntions oncl !rcqunncics n:ro eortoinly excollont and we may rcganl our numeriral 

koy nM cstnhli.slaccl. 1.'hc initiol st'gmcnt n.ftcr tho plain is number 8. (Soe Addondum, p. SO.) 
Wn c;nuld JU"uccod to rc•construct. 11lphnbnts 2, 3, 4, n.nd 5 by oxo.ctly tllo so.mo principles 118 

\\"t'I'O u.sc•l in LIJo roconsi.I'Uction ofulphahot 1. 'l'o do so lvoulcl bo puroly of thcorotical int.arost 
bccqusc it would roproscnt o. caso wbcro tllo l"OOOnstruction of five primary alphabets, f'rom 
t.ho frequencies of 116 unknown socondary oiJ.»ho.bot.s. is accomplished without a preliminary 
tentati\"'o decipherment of even ao much u a. single word. In short, it would represent a case 
where tho cryptanalyst, without attempting the decipherment of any po.rt of the text, comes 
at onco, after such a reconstruction as the abo\·o, to be in tho same position as tho corrospond~ 
cnts, nnd cnn decipher any mcssago u rapidly as the logitimate recipients. 

Where a stafl of clerks and upertB is avuilablo, this method would indoed be followed, 
for the porsonnel could bo divided into fivo groups,. oach group beiDg assigned an alphabet to 
reconstruct. Each. group could be subdivided into two aeotiona, one working forwaro from a 
givon Iotter, the other working backward from the same letter. After not more than 3 ·to 6 
hours all fi-ve alphabets will have boon roconstructod in their entirety. Or periiaps it would 
be more practicable to reconstruct only throe of the p:cima.ry alphabets, say the first, third, and 
fifth, filling in the other two from the resulting tleciphermont. 

In the presont instance, however, only alphabets 1 and 3 were reconstructed, the recon~ 
struction of nlpllo.bet 3 being successfully o.ccomplished. by the application of the' samo principlos 
u wore used for alphabet 1. Then a. partial dociphermcmt, in which the repetitions of digraphs 
a.nd trigraphs witll.in adjacent columns played an in1portant po.rt, led to the reconstruction of 
the other tbrco pri1nnry ulphabets. 

The dtlliiL for the l\3construction of alpho.bot 3 nro given in ta.blo XIV. Since the location 
of tho brc:1.k. in tho numorico.l koy waa determined after tile reconstruction of Al.pl1abot 1, the 
columns in table XIV, upon which the roconstruotion of alphabet 3 is based, a.re given in the 
correct numoriclll key order so that any two sequences of frequenaiea could be superimposod 
at o.ny intervals. However, o~interval and two-interval data were used almoat exclusively 
excopt in one or two doubtlul iosta.Dcea whoro groator intervo.la were employed. 

.. 
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TABLE XIII.-Con.,lidott.J JrNJuencutalrZe /or alplaabrl 8 
------~- ···----·-- ----···---------- --·--· 

'J'o&al I N"unalo•rl .\\"o·roa!'u 
I llecmfla& 

CIJ>!.\"1"; 
l"r ur ..... \. lr········ra.·:v leLl~r ~-~ ---;;T-;;· Gl-;·--;---;;-.--· ~~-.----;---;--·;- ~.-

I t -~~~.JiJ I~ :~~ . t.... .~ ... 21 7 ~~~~- 111.~&:·~1·. -~:·11, --~----f-----1-- -

A 1 1 2 2 1 4 2 1 2 1 1 2 a 3 "2 1 1 80., 17 1. 70 
B 1 1 3 2 1 1 4 1 1 a 1 19 11 1. 74 c 2 I 1 2 a 2 & .1 2 2 2 1 4 2 a 87 16 2. 47 
D a 2 1 6 4 1 1 1 1 1 3 1 3 4. 82 14 2. 29 
B 1 3 2 1 1 1 4 1 G 2 a a 1 20 13 2.23 
~ 1 2 2 1 1 4 8 2 1 2 1 2 3 ·25 13 1. D2 
G 1 8 1 2 1 2 1 1 1 1 1 1 ·a 3 22 1-i 1.U 
B & 9 1 2 2 2 2 4 l I l 7 a 1 4IS . 14 3. 22 
I 2. 1 8 2 2 8 1 1 2 2 1 I 8 I' 28 13 2. 1& 
J I 8 8 1 1 1 2 2 3 2" ~ l 2 8 1 1. 83 16. 2. 07 
K 1 2 8 2 8 3 8 2 2 1 1 1 l 1 26 14 1.80 
L I 4 2 3 1 2 2 1 1 21 9 2. a-& 
K 1 4 I 1 4 4 1 1 3 a 3 a 4 2 2 3 '" 10 2. 75· 
:R 5 2 1 1 1 1 I 2 2 l l 2 l 3 1 29 1& 1. U·J. 
0 2 1 1 & 2 8 2 1 1 1 1 1 20 12 2.17 p & 4 a 1 2 2 2 1 1 1 4 2 1 l 1 1 32 10 2. 00 
Q " 1 " 1 8 2 2 1 3 3 2 I 1 1 82 14 2. 29 
B 8 3 a 1 2 2 a ·1 4 4 l I 1 2 8 88 "11 2. 63 
I 2 1 1 1 2 1 4 1 8 4 7 1 2 1 8 1 .(() 16 2.60 
!.' 8 2 I 1 1 1 4 I 1 1 2 2 1" ' 1 84 1& 2.. 27 v 1 8 8 1 I 2 1 1 2 7 8 8 1 8 1 4.1 11 a:oo v 2 1 8 4 1 1 8 1 1 I 8 18 11 2.1S w I a I 1 4 8 1 1 1 1 1 2 1 29 18 2.24 
X 8 2 4 2 8 2 1 1 1 1 7 8 1 2 1 2 89 18 2. 44 y 1 1 4 2 4 8 2 I ·1 2 8 2 80 12 2.10 
B 8 1 2 1 7 8 8 2· 1 8 8 2 8-l 12 2.84 

814 

814 
Averap freq\18Do)" per cdpher Iottor---11.8 occurrcncoa. · 

.• 

. - ........... . ...... _ ... , '''"'·•·---·· ...... . - -· ..... __ .. -··-· - ....... ·--· ------ ... -·-·-· - . 
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·r AdLII: XIV.-Dnlll/nr UDaru<trudit.t~ ttj wimarg alpWr.!. rw. 3 

r I I I ' r I I I . 1 ! Tot:~~ I T":.ol , ,,. Jnili~J'II ·: Talnl . ~· ,.., • lr.•lilft 
Lr.·er I CIC'\"Gfo I C'Cii.nl'l·l n ••. t:- I "'C'lin· I Letter CII."C"f• Coo! ••••• I n ... ~r- I .. r C.~.IO· 1 LDI.&ar I "Ge\'nr-

•• rem I lla."l.-.!1 i &'IIC";:;I i tlrlt'DN ll num ; di'IU'l'O" i GrOWl I ddt- ~ 1-
' 

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

-.451 
I I I I 

:I ' I 
07"' 

76 I I i 
A 14 I -34 A 12 I -23 -.39 ,, A 
B 651 12 -20 -.45 B 7: -27· -.56 B 56 
c 82 i I3 -4.8 -.52 c Go 13! -26 -.4.0 c 73 
D 76 I 12 I -40 -.63 D 59 12 -23 -.39 D M 
E 751 13,-36 -.4.8 E 58 JO -28 -.48 I G6 
F 

I 
7I Ui -23 I -.33! p 54 8 -30 -.:i6 r 62 

a 68 Io -23 -.34 G 51 1 8 -27 -.sa c 19 
I I 72 151-16 -.22 I 55 I 10 -2G -.46 1 I· 6a 
J I 76 20 ,-I4 -.21 J 69: 13 -20 -84, J 67 
K I '14. 14 -32 -.-43 X 57 I 12 -21 -.37 K 66 
L 68 7 -47 -.891 L lil 0 -24 -.4.7 L 59 
y 881 IS -43 -.49 II 7I 23 -2 -.03 N 64 
N 73\ IS -21 -.as H 58 13 -I7 -.ao 0· 64 
0 731 10 -a -.591 0 56 s -·U -.7a P· 70 
i' 79 16 -31 -.39 p 62 15 -17 -.28 Q·- 70 
Q 10 1 18 -25 -.32 Q 62 IO -32 -.52 a· '16 
R 84· 17 -aa -.a9 R 67 22 - 1 -.02 s· 7i 
s 85 15 -40 -.4'1 s 88 15 -23 -.a4 'l' .. 70 

OoiDal- ! Jll =-j=:l rUco:sl 
. I 

er.! 'd-
I 

K (3) 

I I . ' 14 ! -2.; 
12 i _..,, 
17 I -22 
16 -20 
13 -271 
1a -23 
10 -291 14 -~1 
14. '-2S 
IS -20 
6 -4i 
9 -37 

1a -20 
18 -i1 
21 - ·'1 
12 -89 
I6 -28 
2I -7 

_I 

.. 

.:...a 7 
61 
0 
9 

-.3 
-.a 
-.2 
-.41 
-.a 7 

9 
a 
'1 
I 
0 
8 
9 

-.4 
-.a 
-.a 
-.a 
-.7 
-.li 
-.a -. 
-.1 

44 
0 -. 

-.a 
-.1 

'1' 79 19 -22 -.28 '1'· 62 7 -4I -.68 u 82 .. 31 +1i 

u 
7 
0 
a 
4 

+-1 
u 9I 18 -87 -.4I u 74 10 -44 -.60 v .. sa· 10 -as -.li 
v 74: 12 -88 -.51 v 67 7 -aa -.68 I 6i ~s -as -.61 

• 72 14 -ao -.a· I ... SIS 8 -a1. ~.ae ~·· 81 1a -28 -. 
:z: 81· 18 -2'1 -.83 :1 67 12 -21 -.87 z .. . . .,. . .lit .":":17 .• :-.61 
y 76 28 -7 -.09 z "85 11 -82 -.49 
z 82 Ia -48 -.as . . .. •. .. 

. .. . ....... . ... -
B: ~t two lllteno~ .. . . .. 

. . .. 
II 88 29 -1 -.01 .. • < 

R 81' 20 -21 -.28 

r 
t 
t 
t. 
i 
i 

t 
I·· 
t-· 
l 
' ---~~::~::~::::::::===========:~~~~~~=::=:===~====~~==~----------._------~·-~--. .. - .•. ·-·-··· ----···--·---....-~- -···-·· •.. ·-t•·· __ ... ·-·-·"'lro·---...-·__.. .. _-=-·-···- . . . . ,, - ........ 
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-
I I I . I ToWi I 

1
bd_ Dl~~ IDdl18 

1 Toral , Jaollm Total Colaal-Ltrrr. i 111'1.'111'- C'a:arl- J)lllrr- or 1111111- Le\111' -•r-1 Calad· Dl«- oloalfto Ll&l.- --· -- ·.-.=: I i f\':UW ... - cldellel - ducel ... ~ -· I ... ~ 
• I 

'U (-&) B (&) 1(8) 
I 

~ I 73 17 -22 -.ao A 47 i 8 -23 -At» A 4D 11 -18 -.33 
63 17 -12 -.10 c &31 0 -26 -.4.9 c u 8 -31 -.56 

c 79 18 -4.0 -.61 D 4.7 a -32 -.as Q. 49 16 -4 -.08 
D 73 14 -31 -.43 E (6 

. 
7 -to -.M I a 10 -18 -.38 

E 72 11 -39 -.54 F 42 7 -21 -.60 F· '" 7 -23 -.52 
F 08 14 -20 -.38 c 30 . 6 -21· -.54 G 41 8 -17 -.4.2 
G 65 13 -26 -.40 I. 43 11 -1.0 -.23 . J·. o49 .. 8 -· - .• u 
I 69 11 -86 -.62 J 47 12 -ll -.28 K 4.1 11 -1' -.ao 
J· 73 1-& -31- -.43 X· 45 10 -1& -.ai k 4.1: 

.. 
6 -2i -.se 

K 71 1-& -29 -.41 t,;"_ ~~ ·2 -sa. -.sii -11. ~ 13 -'i -.IS 
L I u 7 -M -.68 lC 44 7 -23 -.52 a· 4.6 ' -26 -.Sol 
lC 70 10 -40 -.57 0 40 7 -25 -.64 p. 62 12 -18 -.81 
0 70 10 -40 -.67 p. 60 12 -14 -.28 Q. 62 7 -81 -.60 

... -

p 78 u. -M -.45 Q 60 8 -ZQ -.as R. 67 18 -1~ -.82 
Q 76 17 -25 -.aa R 65 1.8 -16 -.- s 68 u. -2& :::I R 81 13 -.0 -.52 s 66 11 -23 -·4.1 T 52 7 -31 
s 82 20 -22 -.'Jfl T 60. 7 -29 -.18 y . ., 6 -29 -.62 
T 78 18 -28 -.37 v 45 7 -24 -.&8 I. 4.5 12 -·8 -.20 I 

v 71 11 -as -.s.o& • 48 7 -22 -.61 ·:i 64 8 -iQ -.&6 
'I 69 ~~, . .:..a -.61 ;I '2 7 -81 -.80 !& ~ ·II. -"' -.62 
X 78 8 -M -.89 _z ~ 10 -23 -AI .. 
z 79 10 -o&l -.62 - .. 

.. ' B at two iDtan~ I 

'U a.t .two iDterv~ - i 
K at two IDtanala I 

I D 47 8 -23 -.491 
I I 69 21, ·- 6 -.09 K 46 7 -24. -.sa 

A 65 17 -14 -.22 J 73 18 -23 -.34 II '" 10 -14 -.82 
B M 16 -8 -.11 I K 71 14. -28 -.4.1 I =a 8 -19 -.44 
s 74 20 -14 -.19 P: 76 16 -· -.87 

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

I 
I 

I 

D 78 18 -M -.47 
I K 71 18 -u -.45 
i I N '10 16 -32 -.32 

I I 89 18 -80 -.C4 

-
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- fi3 

TAnr•l!l XTV • ..:...-Dala far rt:t:arulrur.tiar• .. J prlmGI'U aZplabd 1111. ~-contlnuacl 

r----·-1 I • . II I I I 1 Cnlnr.l·l mlfw.l !,nolO:.: Tolnl I JndiiW Tollll , 1 Jnllll'l!ll Tatal T.o~!lll!r I ar·~•r· I ('nlnd·! nur .... I of........ . Jator I Cll"'lllr· . '· rJIII:•.· ~··1~· I al ffliq. La&la' -n:n.~·~~ ! olellft'l I fniW ciolellft' !! I I'C.Dilii!Oj""l"'~ I .r~. I ddencio - ·- Cl- I !!Ide-
.. ::- I 

' 
Jr(7) ii c (S) T (O) 

I I 
13' -20 1 -121 

I I 
A GO -.84 A 63 17 -.19 A 65 llj-321 -.49 
c 05 22 + 1 +.02 J) G3 ll --so -.48 .J) 65 i1 -321 -.49 
J) i ;;p 8 -351 -.50 E 62 HJ -32 - • .52 E 64 lli -19 -.ao 
E I 5~ 9 -31 -.53 F 58 10 -28 -.48 F 80 14 -18 -.30 
F lH 13 -15 -.28 G Sli 17 -4 -.07 G 57 10 -27 -.47 
G 51 7 -30 -.so J G8 14 -20 -.38 J 65 18 -17 -.26 
J li9 16 -11 -.19 K 61 17 -10 -.16 K 63. ~~ -24 -.38 

-

X 

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

L 51 12 -15 -.30 0 60 91 -33 -.&& 0 62 10" -32 -.52 1 
·0 5.6 12 -20 -.36 p 66 17 1 -·I& -.23 p 68 16 -20 -.so I 
P· 62 16 -14 -.23 Q 66 1!) 1- 0 i -.14 Q. 68 16 -23 -.84 
Q I 62 12 -26 -.42 R 71 12 -·35 I -.49 R 

131 
21 ...:10 -.1~·1 

R I 67 17 -16 -.24 s '12 1i -27 -.as. s 74 17 -23 -.3. 
s I 68 11 -as -.52 'r 66 21 -a -.OS v I 68 s -48 -.7G 
'r 62 12 -28 -.42 v 61. '1 -4.0 -.66 w :j 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 -.4.1 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 . : 

II 

W' (10) I! B (11) .. X (12) -
! I lf 1-:4 i A 58 9 -31 -.54 A 64 -.38 A 64 17 -131-.20 

D iiS 6 -4.0 -.09 D 64 15 I -IO I -.30 D 04 16 -16 · -.2S 
E 57 13 ~ -18 -.32 E 63 121 -271 -.48 E G3 16 -1sl -.24 
F I 

.;:1 R ~-20 -.55 F 59 12. -2~,. -.39 p liO 9 -2G I -.u 
G i 50 li -32 -.fi-t G U6 I I~ I ·-20 I -.30 G ._50 91-20 -.&:a 
J :iS lli 1 -13 -.22! J O·l tr, I -lt• I -·.30 J 6·1 1a -2.s I -.89 
K .au 12 I -20 -.36 K B5 12 I -21)1 -.45 x· 6& 12 -29 -.45 
L :;o 14 -8 -.16! L 5cl 10 -26 I -.47 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 :P . 67 1J -28 -.42 

I 
"Q 61 0 -34 -.56 :Q ,671 13 --28 -.42 'Q 87 :13 -28 -.42 
R I 66 22 0 :0 s 73 13 -M -.4.1 !,-- 73 'Jj) -.43 .-.69 
s 67 s -43 -.64. v . 62 13 -23 -.rt v· -a· ·s -.as -.62 
v 56 6 -38 -.68 X 

. 
69 22 

_ .. , 
-.04 z·· ~- '18 -'D -.81 

X -12 -.191 z 

I 
70 12 ~841 :-.48 

,. ... . 
63 17 

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

-
4 I 

_.._.,.._ ... ___ .. 

t. 

' . i 

i" .. 
r . 

.. r 
f· 
L 
{ 

j· 
L 

t 
t 

i 
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! T,.,,, ~ ,, ~~--i -~,.-r: -~~- Tr~oli"" r I 'J\"or •• ;~-,:nl~-ro·.-: -:1:-I-nd-&.--::;-- --o::-.-:.1 "·"r-'· Dl- '""'"" 
l..t'lr•· 1 '''\"'" • '.' ·'''"'" ..,.. 1tl l'l•n· ll T.ellrr ........... I nt•· 1 '"«- ' Ill' IIPiu- J.oli21' ~!!!.: ~~ _...... or C'ftln• ''I r,.,,..:,';.. ' "~I'•"L'"I''"'' .. I rh .. llft !lj j rrrws j'k'rll\.·~ j f'llo·fll I aldenerl ·-- u--·· eldenee 

• L(1~ ·---~---~-A--(-1~~---~---~---~----~D----U,~------,-----I 
A 

1 
.;o I 1al-n -.21 II D 57 1s -12 -.21 

D so I 8 I -32 -.64 ~ E 56 9 -20 -.52 
E 491 7 I -28 -.57 F 52 14 -10 -.19 
F .t.; 8 -21 -.4.7 C 491 11 -18 -.83 
c 421 6 -24. - .. 64 ·.J .57 14. -15 -.IS 
J 50 10 -20 -.40 K S5 ·12 -1~ -.86 
x 48 8 -24 -.ao o s4 10 -24 -.45 
0 47 5 -81 -.88 p 60 15 -11 -.25 
p 53 .12 -17 -.82 Q . ~-1 13 -2~ -.35 
Q 33 11 -20 -.88 s . . uu i4 -24 -.87 

B 
r 
c 
.J 
X _o .. 
p .. 

·Q 
s v 
z ... 

56 10 -26 
12 12 -18 
,g 0 -22 
57 16 - 9 
55 18 -16 
K 8 -80 
GO 11 -27 
60 15 -15 
66 . JO -38 
16 .1, -11 
·.u K +9 

-.47 
-.81 
-A& 
-.16 
-.19 
-.56 
-.45 
-."25 
-~ss 
-.n 
+-~' s 69 8 -aa -.so v !:_!" I 16 - 1 -.-r3 

v a · " -38 -.7s z .... IS I -is -.28 
z &6 8 -32 -.s7 n--~--'--~--~---11 

E 
F 62 
G 49 
.J 57 
K 35 

.·o M 
? 60 
Q I -60 

~- I !: 
l 

I ~ I 
I. I 

18 
as 

z (16) 

6 -28 
11 -19 
15 -' 
12 -21 

X.. at two ID.terva.la 

D ·so 11 -11 -.22 
F Q 6 -'rl -.eo 
J. . 47 7 -26 -.55 
K 46 7 -26 -.154. 
p 48 . 10 -18 -.88 
v 48 9 -21 -·" 

-.50 B 
-.87 .F 
-.08 J 
-.37 K 
-.-'8 .0 
-.06 p 
-.as . Q 
-.ISO S . 

50 
46 
51 
49 
48 
54 
'M 

G (17) 

10 -20 
1,5 - 1 
14. - 9 

-.40 
-m 
-.18 
-.151 
-.~ 
-.89 
-.ISO 
-.150 

B 
J 
K 
0 
p 

.Q 

.s 

.. , 

:1' (18) 

12 14 -10 
58 9 -28 
61 15 - 8 
50 8 -82 
56 12 -20 
H 8 -31 
8J 14. -10 
51 .11 -18 

-.19 
-.49 
-.12 
-.64 
-.38 
-.67 
-.82· 
-.86 

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

.tlQ 
"40 .. 

8'-26 
9 -a1 

11 -21 
. 9 -'n 
.to 1 -.ao .:',-.. -.157 .. 

~---~~-----_.---~-----~ 6 -fO -.73 

17 -I -.IH 
11 -11 -.~ 

E 
K 
p 
s 

60 
67 
62 
as 

11 -14. -.28 
17 - 8 -.10 
10 -82 - . .st 
28 + 1 +.06 

~ 
1 
; 
I 

I 

. ' ,i 

' I 

~~---~--------..-~·-~-=·-~-~ .. :-·:·--~·~-====::::::::::::·--::·~::-:•::-·~~~~=··~·~i~-4~·=·~~-:-.~ .. ~~-·~·=•~\~::~·A~~~~!=-'~~~=-=-=-============---=-===HAA:. 
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T.t.DLZ XIV.-Drrlajor ret:orutht:,ion of pr;mcru olplt"'* u. 3-Contilmad 

I I . I' ---~ I Tf>l"ll I ltuli""' .I I Tnlnl • .• lnrllll'll I Tolnl 
T.o.-tler : rr•"lr- ! '""·n•~· ma .... , .. , '"'ill· !i l.coLior lllr.PIIr-1 r. • .Jn.-1· ,lllll"l"-1 cor enln- II Lol:llr 1-·r- ... 1 ...... 1 :r.=: j 11"111."1', j drr.res L'lll't'~ L'I•II'IICU I! I'DIII'N ; dfiiiC\·~ Ml'l.. eida- ntlll!ll de- ·- ......_ •I I 

i 

• 8 (ID) I v ('..ID) E (21) 

! 
1n I E 671 14 -25 -.37 E 7 -30 -.89 E ISS 10 -to -.48 

J GS 13 -29 -.43 J 52 12 -10 -.81 J ISG 14 -14 -.2S 
K I 

(iii I 14 -2l -.37 K 00 15 -6 -.10 0 153 10 -a -.011 
0 (j;'j 14 -23 -.35 0 40 5 -34. -.69 p 69 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 Oil 10 -2;) -.46 
v 8d I IS -21 -.al i 

0 (22) B(23) ~(24) 

I 

E 54 11 -21 -.39 J 67 18 -a -.015 p 6& X +17 +.81 
J. 65 7 -84 -.82 p 80 13 -21 -.3& Q u 18 -18 -.u 
p 58 9 -31 -.oa Q 80 9 -aa -.u 
Q I 68 13 -33 -.88 

• (215) 

'11 at fiw IDtervala 
Q 88 a +8 +-Oii 

(28). 
E 48 13 -7 -.16 
Q 49 " -87 -.76 I 

I 
The completely reconstructed alphabet 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 ba.nd, t.ho pnrtiol docipherment of the initial groups of a few 
mossn.gcs soon :oa.ds to tho comploto reconstruction of the otber three alphabets. For example 
note what tbeso two alphabota give for the beginning of l'll8l&8g8 11: 

Segments____ 11 5 

.Alphatbet.B____ 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 T 

113CI111CI1 

19 
1 23.,.6 
CYPSQ 
H 

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

This meaDII that we have 

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

Al;pkaba -4-
Sogmont 11, Ep==B. 
Segment o, Ip==O. 

Alpl&a6td 6 
Segment 11, R.-Z. 
~ent li, Op-:=Z• 

00 -~- ..... --· .. ______ .... ----------------
·-··· ......... - ..... - .. _. __ _.,._ ... ,; ~..,~~'!- -:-·· .. 

' ., 
~ 

~ 
; , 
I. 
l 

( 

~ 

. : i 

.· I 
' l '. i 

' '· 

! . 

I" .. 

I 
~- . 
~ 

I'· 

• '· 
~-,. 

-......-.----.... -· ,.. 
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56 

New w1luc~s 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 roccmstructed. The five alphabets 
arc foural to be llS follows: 

.Alplu~bot L--- Y P C 0 U G A K D V X R S H W B I N Q II F Z E J L T" 
o~Upllllbet 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 
Alplmbot 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!11hnbct 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 

I>roor of tlu•jr correctness may bo at onco cstablisllOd b;v docipharing the :first low groups 
or DlCS~:l~C 1. Thay are as follows: 

MLVXK QNXVD GIRIE IMNEE ·FEXVP HPVZR OKSER IWQCI otc. 
EVEHI NGREP ORTSS . HOULD INCLU DEDAI LYLOS SESSE etc • . . . 

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

Once the primary alpba.bets have boon reoonstructod, the solution of subsequent messages, 
Written by means of th.om but employing o. "•holly different numerical koy, is very easy; for 
the Cl'J'J)tAnalyst ho.s only t.o set tho fll"Rt 5 letters of any messago in one segment and look for 
tho plain-text 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 can be inserted in 
its propor position, and all otltcr numbers of the key determined in o. similar 1nunnt'r. 

Thi,l ni)lb&•r iR or inf,(W~t- ftll'o&l in \'irw u~ it~ z;(.rildn:.: flimilnlity t&l t.hP 1\1\Y.l\riro~~ Dil'k Cia,hrr, 
Ill' 1(11\ ;,:ttnl' ( 'ipho•l' 11

1 olo•uo'l'ilta•ol in II )ol'o'\ iusJ:; )1111"'1" I lo,\' (.h,, 1\Ut.laOr, 

lu tlu• lull•••· c·ip1wr, iuuh•ntl uf ~ml,,· '' pmnnry nltllulh•·l~•, t.lu•r,, lll'l' ~0 (.o 2a, nnal in!ltc•m1 
of lul\·in~~ n nmncl'icul key to llctcr•uinc wborc thu ciphm· equivo.lonts n..rc t-o bt! t-nlum, uo 1-.oy 
of that no.turo is used, or needod, since the correct line, or genero.trix, is eo.sily found becl\uso 
it is the only one tho.t givos intolligiblo text throughout ita length. The segments in the Vogel 
Cipher correspond to the gonoro.trices in tho StaLl' Cipher. In the former, the cipher letters aro 
to.ken from o. deJinite cycle of gonoratricea, and not all genoratrices are used; in the latter, no 
such cycle obta.ins, for it is unncce&sarJ, and oll 25 gonoro.trices may be used at l'll.Ddom. 

Tho fatnl defect in this cipher, from tho point of viow of ita practical indocipbcro.bility, is 
tltllt the segments, or gencro.trir.es, o.re u~oc-1 in o. defmito &BCJ.uence or cycle, giving rise to an 
intcmn.l pnriod within mt\S.c;ogos and o.n c-xtorna1.l pariod between succossivo messages. It wo.s 
through them tho.t tho recovl\ry of t.l1t' numt'rical key a.nd ~e primary alphn.he• was possible. 

. ADDK:NDUK 

Th~ ntdhnd prcsontcd above for de.tamining t.lio index of coincidcnet' will in mosl. rn~tllentl 
to tltn rOJ'J'CCt. fit-ting of two frequency diALnbutions. Sineo writing tJic forc\going flC'.S(•Ii~·tic, ~ 
of the JllCtll.od for dcf.ormining tho indo .. 'C of r.oinciclcncc, tJ1e D.Uthor has applioo another O"o\\~ i:.:1d 
whidt, nlthough it involves o.ddition&.l cn.lcuJnt.ion.·:, will lon.d to evnn more oe«mrn.te r.':'s:ln. 
Sinco cn..<~os whicll may nocessitn.to a gre:ttcr J•cfincmcmt in method than that c:lur.idatcd nli:m: w;Ji 
ft.riso, it rnn.y be worth while to presont t-l~o moro deto.J.1od method. 

'l'bis method moro closoly approximates tho actual methods uaod by sto.tisticiAJUI :1.od biomr.
trici:uls in their u.nulyaia of do.t-a, in tho.t it involves the squares of deviatiou1 or difl'ereocos 
between cnn'Ofiponding observed values. 

• 8a1CTtzl. Mac:Aiu C~a and MIIIAoda /fll' ,,.. 8olu&Wift. B.lverb&Dk. Publiaat.lcm No. 20. (1918.) 

. 
I 
I 
I 
; 

•• o •• a . 1 ··-· 
.. _ ......... r .. .. .... --- ......... ··--·---.-



-

-

-

REF ID:A64722 

r."'! ... 
Let \Ul ('0Uf'idcr t.l:c y .:w:~;,;•;u•o or rroquelil·h" of :.::i,!t~ vr.rr. We dc."'il\1 to fmd tlldot diRtribu

tioll whi,.h, wih•n ;.;hift.·u onf' i•:l('r\·nl to 01o loit or tho Y di. ... tributiou, will most clo!w.ly nppmxi
mntl'~ theY uiMrihuti,m; i.e., C011WR from tho SI~UlO 11 p:trcnt 11 distribution. Returning again to 
figUres 13 and H, we have tho toJlnwing: 

1 J 2 

J 7 2 

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

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

"1'eW 

First sample: J,;,•_ N 

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

wluu·c tho totnls N and N' diRer AS little or OS widely AS we please. The value r given 
1 •• (N'j-N.IJ 1 

by r-Nil' ~ 1; + f, is ca.lculo.tod. Tables z llu.ve been calculated which give, for various 

values of n', tho probnbility of obtaining a. value of x• ns big or bigger tho.n the one calculated. 
In mo.t.ching nlphabcts wo must be cort'ful to c.'loose the proper value of n' in the tables. It 
is known tlutt not all 26 letters will appear in a monoo.lpbabot until the total. number of letters is 
about 500. The ntunber or difierent letters corresponding to various tota.llettan per monoalphabet 
can. be determined, and a curve plotted that will enable one to o.btain this value readily.• The 
procedure in applying the method for matching is as follows: 

1. Tho value of r is calculated OS above. 
2. Th0 number of difFerent Iotter&, a', corresponding to a total of N+N' Iettan ia 

obtnineU. from the curve. 
3. In tbo tables for x1 the colunm fl.' gives the probability ~ to the calcu

lated value of r. 
This probability cxpressea tho cho.nce 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 alphabota match. 
T..et us proceed to find the valuo of P for tha two distribution& shoym in figures 13 .and 14. 

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

1 Pcaraon, Karl. On 1M J)l'fJlJGbii'Ug U&u mo irultJ,....,., tlifllri7nllitiu v ~'I .,.· ~ mwaplM lro• 
118 eamo populatioL Biometrika, voL 8 (1011), pp. 2SOJI'. -

•See, 8. Kullback,loo. cit., Table IV &Dei ohut 1. The table and aharf; are reproduaecl·cni ~ 81-8& of 
W.paper. 
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., 

A 

y 
=-======= 

Welshted frc-1 
quencieL---

Dllrerencoa •••• 

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

-
I 1 I 2 

& 1 I 

72 36 71 73 

110 22 22 
: 

88 14 
.. 

&0 72 

: 

1,444 U)8: 2, &001~ 184 ., 

. . . ~ .. :: 

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

I 

·. 
·. ·.: ., 

... .. ... 
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Noxt, wo must divide each di1l'o.rencc sqUiU'ed by the sum of tho corresponding orig£r&aZ 
frequencies. 'l'hus: 

T.a.BLE XV 

lllqur.ru ur dla.r- ' Hum "' •::f,.lllll ence lnlr&lll" Quollut llquan Ill dur.r- Bum-:..:=.-Inc& . QuoUuc -I 1,444 1 206.3 " a 21.3 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 8,000 8 4.SO. 0 

I 1,206 1 1, 206.0 0 0 0.0 
5,184 2 2, li02. 0 . 1,296 1 1, 296.0 
1,206 1 I 1, 290.0 1,036 2 908.0 

I 

0 0 

I 
0.0 .;. 18, 2 I. 802.0 

1,936 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 quotion.ts 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 are 22 aegmenta 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 obanoe 
a match as bad as or worse than that ob&Grved. 

W c would ordinorily then go through exactly tho 8IUil8 steps for all the other sequences in 
our io.blo \"'II against tile Y sequence; tho scquonco whir.h gives tho greatost value for P would 
be t.hc corre.ct ono a.ud \\-auld indicate wJ1ich lottor followa Y in alphabet 1. But it will be 
unncCC$SO.l"Y bore to go through all the calculations since it is deaired only to show that this 
motl1od will give more trust\\wthy results tl.aan tho method or coinaidencos and~ 
presentod n.bove, and we shaJI, theretore, show only a. few cases. 

Lot us take ouly those five sequences in table VIU which when tested against the Y se
quence by tho previous mothod gn.vo the grea.tcst indices of ooincidenca, viz, the P, Q, N, L, a.nd 
J sequoncos which ga.vo indicca of coincidence of -.12, -.23, -.24, -.28, and -.29,.resp~ 
tively. The data. for those sequencos upon the method of squares are as follow&:. 

T4:Bidl XVI 

l4m' '2 1 a1 2! 1 o/ I :a 22" 
I 

1 I 
I X'-1&.8 P-.18 I I I 'i 2 2 21 I 2

L 
6
1 L :al 1 2 38 1_::1..!, 1' 1 

fQ"I 4! -~ 8: :a I mill I 1 2 429 
j_! I 

:a 21 2 

1 1 

2 o' 
xa-:aa.a P-=.82 

i r i IY 5 1 1 4 2 7 2 88. 

! N! 1al1 1 3 I 3 1 21 
• ai 1 1 2 1 4 1 27 ;_I -, 

X'-21.1 P-.41 
I Y 1 a 1 1 41 , 2 ~ 2 6 2 7 2 36 I 
~ 211 11 4 3 1 a:~ i 1(2j 8 1 33 

I s I 
I 11 2 2 ~ 1 2161 

X'-28.8 P-.11 I 
jY 5 1 4 I 2 7 2 88 ! 

L...!== 
! :r i I 4 1 1! I a 1 lj 81 2 ~· I 1': a· 1 1 1 12 I 

r-~r- I I 
X'-28.' P-.18 I 1 jY sl1 1! 1 4 I '2 2 2 I !2! 61 I 2 1 2 811 
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The values of P (indt'x of probability or coincidcneo) sL.ow tJuu, the probability that tho 
P sequence belongs one btcn·ol ta tho lci't of Ut(\ Y ~·lue:u:(\ i:1 a. IitcJo more than 1.7 times as groat 
as tbot or tho nc:m .. ~t. l'ival to U1e P sequcaco, viz, ~lle tl saquonco. Tho result is quite ;:ratifying. 

We slwll ~how unolhcr coso. }i'or tLis we ll'hell clwoso n case in which a tertiary trial had to 
b~ mnda on tbc J>l"cvious method-that i;;, t.J,,~ 1m~f.hod iu which u. trial with sequence-; only one 
interval nnd two intcrvuls rl'mo\·ed failed to gh·c dl,fmito a.nd clear--cut 1"08ulw necessitating 
a third U"st with a EW.qul.'lnco three int«vals ronlo\·c.d. Note tho difliculty i."'l finding tho letter 
\\·hicl1 follows K in t.n.blc 'VIII. Ilcro even the s:~cond trial lnlled to show whothor D, H, Q, or 
Z follows K. Let us test thoso sequences ngninst tho K sequence using tho method of squo.res. 
Tbo da.tn nr"' ns !ollo\va: 

T.t.nLK XVII 

I ! I I . i 1111 2 ·~'-+-'2 1 1 5 1 2 1 4 a 8 2 1 " 86 
.:;rti-UW•·P-.&1 

I_J~~ - 3 a 1 1 2 1 6 I 1"12 !4 5 1 1 3 39 
- j ~-· "Fr !xi 112 1 3 1 1 4 1 1 o~; 11 jo 4 2 32 

__lx l',s 
xt-11.7 P-.42 

3 5 1 1 2
1
1 6 4 2 1 1 8 39 

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

X ~5lj1 ~~ I 

' 2_1 !~la 
x--:11.7 P-.41 · 

G ! 1 1 3 39 
F=== j- ·-

"i ,, ·r.t.- .. I :;j I_~Jo 2 832 -. 

li"'Ht~·~· ·-or X'-17.7 .P-.86 
6 I ' 2 1'1~ 1 1 I~ 38 

The dill'eronce between D o.nd Z is not conclusive enough to decide definitely yet, but H and Q 
can be el.iminated at once. Testing for interval 2 \\'ill show that D is the proper letter." 

It is to bo noted that for our purposes it is not even necessary to :6nd the actual value of P; 
for given 1~', constant in value, P increases as x' docrellSeS, not in a regular manner it is true but 
approximately so. Therefore, if n' is CODlito.nt throughout a series of oa.lculat.ioDS, the index of 
coincidence in our cose will vo.ry in 0. gcnoral mamner inversely with the value of r, the lowes' 
value of 1(' indica.tiDg the greatest degree of probability or the greatest index Of coincidence. 

It is bcilioved that this method of squares will bo found p-cMefiDgly valuable in many other 
cases wllcre considerable refinmnent of method is necessazy to produce oloar-cut results in fitting 
frequency distributions to ono another. 
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T~\ULE Il7•
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P.A.R'l' II . . . 
THE ·SCHNEIDER CIPBBR 1 

... · .. · 

DE'l'AILB OP EHCIPHBRKmft 

This &J-"'St·em aims to mn.ke the ontire ope:ration of enciphemumt and dociphermcmt depend
ent upon tho kuowlodge of a. single key word agreed upon in adTance bt the corraapondenta. 
I.JCt us supposo tho word to be T R E B I Z 0 N D. · 

.<\11 urbitro.rily mixod alpba.be~ is derived trom a generating roctangle based upon this 
lcoy word, lvith a slight doparture from tho usual method. · bultead of insCribing the letters in 
tho gcnor11ting rectangle in the koy-word scquonco, aa is usual, tho initial letter or the second 
lino ma.y bo any letter except ono in the key word ita~. The remaining lettoi1i then follow in 
tho kay-word sequence: Thus auppOSB \'to clwoso K as this initial letter for the second Jine. 
Our recto.ngle is coutruoted in this m&nner: · · 

FIGURII 27 

TREBIZOND 
KLMPQSUVW 
XYACFGHJ 

... : 

By taking the oolWDDII in auccession and writiilg them m two JiDea of 18 !etten each we 
haTe the followiDg: 

FIG"Im3 28 

{
TKXRLYEIIABPCI 

Al~b~l. QFZSGOUHNVJDW 

Theso two linea COD&titute alpho.bot 1, in which T-Q, K-F, X==Z, etc. The Talues 
are all reciprocal. . 

All the other alpho.bota are derivod fro:iiL al.phabot 1 by the simple oxpedicm.t of carryin:; 
the upper half of alphabet 1 to tho third lino and roTolving the sequence OM letter to the right.. 
Thus: 

{ 
(1) 

Alphabet 1 (2) 

(3) 

Ftovu 29 

TKXRLYEiriABPCI 
Q F Z S G 0 U H N V .1 D W . } .Alpha. bot. 2 
ITKXRLYEMABPC 

'fhc juxt.'lposition ol Jinos 2 and 3 result.:; in tho fonnn.tion of alph1Lbet. ·2, in which Q==I, 
F=T, z~ .. =K, etc., a.Jso completoly rocipror.al. 

• z:lchrll'ilh1r, L. Df•criPti.on d'm' "lflllil""' t:rt/1.llltJrn;mi•ttUJ 4 z·..,.,llflc do Z'nrm~e. "Pn.rls, 1912. Thla olr.her 
wa~o "'1hmi~o~ad fur oxarnlna.ti'm by Maj. O&.to Ilot .. ttlin, :.! .I.-Ucs. wbll furt:isJrcd tho writer, who 11'1111 tlaeo 
a1. t.la~· Rlwrio:mk I..:r.bora.tori011, with a. tmnt~la.tloil of Cmr.mn.mla.nt Schncldcr'a }lolpor. Attempts to locate 
in Arlicri&·:•n lihrarh:a and bookstores the work cited to BOO if t.llo inventor haul Olforcll & II&Ulplo lUCIISil;C for 
bOln1.lun •• ro\"lld of 110 ll.\"8ili fortnnatuly, a. wpy or tho ppor Woi&S IIC.Ut In quite accidentally by~ oL.scurc buok 
rli'AK~r sJ;:lr1ly urtcr ti:Ju firat drult ol this m&DUIIorlpt Willi pr\IJHU"Ud. No .. sample tDeiBGI8 s. sivco. Upon D1)" 

reqm::;t an u ... oi.;tn nt prcpa.rod tbo meaaagc which will prese111Jy be pvcm, aDd the aolU.Ucm of wblch waa &ttr.iDecl 
lly t.hc tJrinciplcd to be oluoida.tccL 

(00) 

'·. 

I 
; 

l 
l 
I 
I 
; 
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f· 
t 

I 



.-

-

REF ID:A64722 

6G 

Alphn.bct 3 is construct.od by moving lino 2 to lino 4, rovolving the Rr.cllll!liCo lit'tJ Jr.ttl>a'l't 
to tho ri~:ht. Thus: 

{ 
(1) 

.Alphabet 1 (2) 

{ 
(3) 

Alphabet 3 (4) 

I•';.t.IJRJ: 30 

TKXRLYEMABPCI 
QF'ZSGOUHNVJDW} 
I T K X R L Y E 1l A B P C Alphu.bot 2 

DWQFZSGOUHNVJ 

The juxtaposit-ion of lines 3 and 4 results in tho ronnation of alphabet 3, in which I=D, 
T==W, K==Q, etc. 

Cont-inuation o! this proeoss co.u result in tho production of a total ol13 difFerent secondary 
reciprocnl olpho.bets. As a rule only a. limited number of these secondary alphabets are 
employl'd, usually not t-o oxcced the first 6 or 7. 

0.:1~ "i tho mai!l t~·=• tuNs of the mC'tlJ,,tl ,1i ~"'n~iph.:-nm•nt is tlu1~ grouil.!' of tllle<Iunllcngtl•s 
r.:~ t:·!~.::ipLL?:-rJ in r~·clic fashion by 1ncan:;. (l! ~r-,·r::d t~!~>hnbrts. Thd is, tho t-c~t. iA broken up 
into groups containing 1, 2, 3, ... 11t.tcra onciphcl"ed by different alphabets, the groups 
being repeated in sets, as explained below. 

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

TKXRLY 
4 1 s 3 2 6 

. . . . 
This 110quonce of numbers, 4-1-5-3-2-6, constitutes a. oyclo designated hereafter u the 

"Interruption key." It pa.rta.kes of tho nnturo o£ an "interrupter" in that it dictates tho 
numbor of lottors in oach of the groups of irregular length trea.ted in enciphorment. Thus, the 
first g~-oup contains 4letters; tho second, llotter; the third, S letters, oto. The seventh group 
would begin a. repetition of the cycle, and it would contain 4lettera; the oighth group, !letter, 
etc~ Tbis cycle is rcpeo.tod many times wit.bin a. mossago. 

Encipberment witbin each group is l"t\glllo.r in tho succassi.on of the alphabets employed. 
Thus, if tlll'Oe alpho.bots aro detorminod upon by the correspondonta, Ule alphabets would be 
employed in tho following sequenca in the interruption key given a.bon: 

FlGVB• 31 

Length of group_____ 4 Ill s I 3 1 2 1 8 
Alphabets___________ 1 2 3 1 1 1 2 a· 1 2 1 2 3 1 2 1 2 3 1 2 3 

~ote that in groups containing mora letters thAn the number of alphabets decided upon, 
tho sequence of alphabets is repeated. Thus, in the 5-letter group, we ha:ve the sequence of 
a.lphahe~ 1-2-3-1-2; in the 6-letter group, 1-2-3-1-2-3. Encipherment then proceeds by 
a.lph.'Lbcts o.ccordiog 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.ter is 8Dciphared .by means of alpbo.bet 
1; the second, by a.lpho.bet 2, and tho third, by alphabet 3. The fourih letter, however, ia again 
enciphered by o.lpha.bot 1. · 
. . o~\.1'tcr encipllenncmt, the order of the cipher letters within the groups is rotersed throughout. 

t.lao DIC.'Sf!Rf,."'. . Thus, suppose that the onciphorment usiog the three _alphAbets o.nd key above 
wcro us follows: · 

I 
I 

I 
l 
I 

----~--~-~-~-----~·~·~--~--------------.. ~--------------~~~ 
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Flrnml'l32 

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

' 2 I :1 I l 2 I 1 I I 1 l I I I I :1 1 l I 
ENEM y IS INT REN CH INGALO NGWE s TERNS LOP 
UMOH 0 WXDAF SHB DE WIIYNOE ARTU R QHZAX ·GLV 

Tho lot.tOJ'S withjn tho ciphor groups oro tlJon rovcrsod yielding tho followiag: 

Ftouaz 38 

HOMO 0 FADXW BHS ED EONYIIW UTRA R XAZHQ VLG 

It is now neeesso.ry that the information neoosaary to deciphor the message be conveyed 
to the recipient, who, of course, is already in posses.c;ion of the key word. This information is 
transmitted in tho fonn of an "Indicator group 11

, consisting of 3letters, whose location within the 
mesNJgo hns been previously determined in a manner to be explained presentl;y. The first letter 
of tho indicator group gives the initia.llettor of tho second line of the genera.tiRg .rectangle; the 
second, tho number of alphabets employed; o.nd the third, the length of the interruption key, 
from which its sequence can bo derived from tho 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 second 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 latter of the indicn.tor group. The knowledge of this letter enables the 
recipient to construct the intonuption key. Tbe indica.tol" group for the message above is, 
therefore, KXY. 

Tbis indicator group is then inserted in tho ciphor text in a position dotormined by a. pre. 
viously ngrccd UJlOn lottor of tho koy word, usuo.lly either tho first or the last letter. Thus, if tho 
correspondents agree upon the first lottor of tJ10 koy word, this indicator group would be ~ertcd 
a.ftcr tho twentieth letter of tho cipher toxt, boco.uso T, tho first letter of tho key word, occupies 
tho twentieth position in the normal or atro.ight alpha.bet. The cipher message above would 
reAd, therefore, a.s follows: 

li:USA.Ol!l 

HOWO FADXW BHSED EON'YII KXYWU· 'l'RARX AZHQV. ete. 

By varying the eloments of the indicator group, a great number of combinatioDI can be 
obta.inod from one key word. Schneider says: 

With & key of 6lottcn, If one 110ta out to modify tho table of alpha.bete. cme obta.iDa cmJy :ae-a-20 
diaercnt crypt.ogmms from tbe II&IDC tu:t. 

If, in adclitioa to the table of alpba.betl, ono modifies tho number of alpbabcta employed &nd the aumbor of 
lotkrs to form tho uumorieal koy, &~BUD~iq that one emplor• 3, 4, 5, or 8 alpbabetl (a total of 4 aombiD&tious) 
and .;, 6, 7, or 8lctters to form the aUIDOZ'Ioal ke7 (ako & total of 4 oombiDatloaa), ODe would obtafD 20 X 4"X 4-320 
diflerent cryptogi'&IDII from one aDd the IIIUD8 text · 

We t~hall first P.Jucida.te the principles by mea.ns of which a single message may be solved, 
and tho11 llrocoed to tho solution of a. series of messages in the 88.ll_l8 key. 

~-

• P"'" 
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1. Solution of a single messaco.-Gh·on ·tbo fllllolving mOSRDge: 

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

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

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

PBDiCIPLES OJ' SoLUTIOJr" · 

This cipher boloDgs to tbo class of conlbincd subsliitution-tra.Dsposi.tion· methods. 'l;'he 
substitution, however, does not follow the method of the ordinar;r periodic multiple-alphabet 
syste111, uor is tho transposition regular o1· geometrical in its nature. We shall consider first the 
results of tbe method of substitution. · 

Whilo nt fll'Bt glance it mo.y be thougllt tlin.t in tbia system,~ encipherment of the groups 
of difi"c1·~nt lengths elimino.tes tho regularity or ·cyclic no.iure of the ordino.ry periodic multiple
r.lphtl.bct cipher, such is not strictly the cnse. · It is true that the groups are irregular in ~. 
due to tllc action of tho interrupter, ·but a.t the sn.mo time, since the interruption key repeats 
itself m~:.ny times throughout a message, Ch.ere VJill be re!}"lll4r au Dj{c:lic Npdifiou qf conafafif Bill 
qf !JrOV.p8. In other words, there is a cycle in the system, composed of a constant number of 
groups of irrcgula.r longths. 'Ve sh:tll first llroccod to determine the lengtb of this cycle. 

Tile lengt[t, of IM.s cr;ck iB .tleptJf'lllenl upon tit.~~ l;;ngll' of tlul i1ztet1'Upiitm ltq, arul iB ciN Btlm of 
tll4 coMtituent number& of lhl kq. It is obvious tltr.t IJ1o key can be 2, 3, 4 .•• up to 13 numbcm 
in lc11gth. It cam.110t be more than 13 becau~Jo 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 these i••1torruption keys do not ropea.~ themselves,. and _it follo-ws, 
therefore, as n. simple mnthcmn.ticol fact, tho.t tho suJns of the numbers compo&ing eVery possible 
koy-in other words~ tho lcngt.hs ·of· the po~:~aible cycles-are conata.n.t and determino.te qua.ntitit'.s. 
Thus, if the" key consists of 2 number&, tho cycle will be 1 +2==3 lctlers ~ length; il it bOnsislR 
of 3 numbers, the cycle will be 1 +2+3==G.lctten in lr.ngth~ The following to.blo gives the J.e.ngt.ll 
of all pO&Iiblo cycles of tbe ontire system. · 

·rAuL• XVJII 

~ l.rDIIh alko'J LeDJ::Ul or QLoJo ;; LIIDIIUI a1: :~rq Lil!l'll aiQala -·:.-------+------1 
! 2-----------------' 3 _________________ j 

4-----------------' 
~-----------------6 ________________ _ 

1-----------------

·--· C""- en···- ·• ..... 

1+2= a I! s_________________ 28+ s-aa I 
373-= u :· 9----------------- 36+ 9--.ID I 
d·H: --10 10---------------- 45+10-.53 
10+5~.:J.i i! 11---------------- lli+ll-68 
15+0=21 ii 12..----------·---- 6Ci+12-18 
21+7==28 0 13---------------- 78+1a-ol 

.,._. ~ .. .._ ..... -.... :" ··-:···,.··· ... -··:- .. ····· ..... -.---~~·=.....-
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In m·r:•·r h1 rlt'tc•:-min'.' the <"OI'I"N!t t\''·.·h· :er::~!! .. _.,.,, p!"oe.ct'd f.o 3fJply the t'.oincidcnce method 
tlf!:'i'rii,rc1 io: t l, .. fir·.~t- p•u·t of pnrl J of Uti~ p.q.H··~·. ·ri:c~ IUl'ifti:I;.;"C is wzittt'n out in lines of 3, 6, 10, 
1.5 ••• INr< !>:: iu lr:•i-=th to corrc'sponJ fo tl.,, \':n·ic;:tt-. bypoth~~=;t:s regarding Jangth of cyole, oa 
gh•cn b ;nbh· X.\'HI. 

Wo must 1irst take into consiclttrn.tiun, howcvN·, tha ~z:ct thut Sc.mewhere within tb.e bocb' 
'of tho :mr.i.;mgo tho:c is u. gz"Oup o! :1 letlcl"R, compos!it~! t-ho i:"tdic:,tors of the messago, and sinco 
the&J 3 lcttm"lS do not form u. p:u·f. c>f u.ny oydc, ~.luly :nigM thruw nll1.hc cycles succccding·them. 
out oC llh.-1so witb tile cyc.ll's p1·ooocling tl1cm. Buf, fl·um tho method given.for fixing the location 
of t.hc indic:Lt.or grou!J, the~ ln.ttc>r must. o\~)ill' ttom~whrro y.rithin tho first 26 letter, of tile' cipher 
mc.~:-,'"0. n::v rli.~~&~llrding tihc Ul'&t 20 lr.t.tcrz; or our lllCAAI&gO tht'u, wo JnllY be suro that ~ ~vo 
cHn1inat<'<i thi."' sourco of distortion. Starting wilJ1 tho tw·outy-sewnth lottor of the m.esea.ge, 
"iz, S, \vc t>rocced to KCt up the mcssn.gu IU:OOI'ding t.o various bypothctil'.nl cycle lengths. We 
may omit tho lengths 3 n.nd 6, u.t tho stnrt ns higuly impt'Obn.blo. In this cn.se no table of coinci
dences is really neccssa.ry beoause tho arz·ungo.ment ol the message on the assumption of ~ cycle 
of 28 !otters givas so mnny repetitious within tho so.me collJUlDS that :Curthu corroboration il 
unnecessary. Note the repetitions of long pol)1.'l'O.pbs below: · 

l!'IG DB!l 34 

1 I I ' I I 7 8 0 W U d ~ U U H U ~ D ~ fi B a M • • • • 
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 
M N J G K D Q K V VII F Q B K U"E I H_A E A A II E K H 
FLWXRKEOKKHFMWAFTWE~PEBDDGWP 

JPXGDZVWUXLZAYUUILHAIUUAEAB 
R E P U F V J J K :.i: P E II _E N F S B V Y Z K W 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 ·o N 
EEIL!WPAECLRNIHNNMODQNLKA~JK 
E 0 Z T C F "f. D J J 0 D W Z A U E S Z ·o W K"G K K B D T 
X N K J D I H T K S N P G D U R Q F II D 0 N" A Z. A ·z II W 
C L R H E 0 F Z W F H ·v K Z Y G E V" P N P K A ~.A. H Ill D 
C C K K U G D J W I L I A B E C E S G S P F E . P K :o P I 
SHHODNDMKFISYQMZKGLQGKTWY~JW 

N P K N W B· H E U L J ·V Q Z Z \Y I 111 L W W N J U C. :D Q. Q 
K K F D G WPM F SKI E B C CD XL F-M D 0 D O":E A-N 
K H r4 fl F Z T C P r.t P P \'1 D A V L Y P .X lC R 0 J K. ·F N. 14 
V P R ..&. 0 E W J 0 ·J V V W R !1. D E W A F Y W H X E .N II E 
NAPRNPVCUCLHYFM~LKHVPNOJKFWW 

CLRAOOWZVJVVWRMDEWAFYWOXE~~z 
FKVWPUXNUMAYMGXVNKOJKFSV~ZRN 

L E I 0 N G J1 N V: F T D :i-1 G B ·J 0 L I P 0 W N P P'W K" N 
REPMDWXYEXNZONUEVOPWUQQQJNMP 
V F Q J .w N K K 0 L I P 0 W K 0 V B H F Y II E P II D A F 
MHFABEFDYKHWUEODR~ISYDKVZKWK 

YIQXKTHYNSVHEQAAEVIXPZTQKIAM 
FTTALOVJKVHDUETCLMHVWRHFUNNG 
FCKKEESYEJUPWWBC 

.· 
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The next stl"l)' is to com)lilo individual frequency tRbles from the columns. Tllt'.ro will, ol couNc, bo 28 of 
them. They hu.vo been consolidated in tablo XIX, and tho avornge frequency per c.olumn is givon. 

T.a.BLB XIX 

-..~I+ I D ~H~EliJ I 
Clplur ID&ta INumbe~----

s_l Tlv 
... Fl e- of A.,.,., •. :u 

E L K !I 0 p Q :a v w X y z queiii'YI"If!"lll"ont fM&U"IILY 
llllHI 

i ,--·:-1--1---1-1- -
~]-

,_ 
1 8 I ' 1 I I a I I I 1 28 12 I. JO 
2 1 I 8 I 8 I 2 8 I 2 8 26 II 1.16 
a 1 1 I 1 I 1 ' 1 8 2 ! I 1 1 1 1 1 26 16 I. 62 

' ' 1 1 2 2 J J I 1 8 1 8 I 16 14 1. 86 
6 1 1 4 I 1 1 ' 1 J 8 1 1 

~ I I 18 16 1, 75 
8 I 1 8 I I I 1 J 3 I I 1 

1 8 J 28 14 1.86 
7 8 1 81 8 1 1 2 1 1 14 3 I 20 13 2.00 

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

sl8 
1 3 2 26 13 2. 00 

9 I 1 8 

I ' 
2 ' 1 1 2 1 2 26 11 2. 16 

10 1 2 81 1 ' 2 8 8 8 
1 I: 2 28 11 1.86 

11 1 I 4 1 1 4 1 2 1 1 1 1 20 14 I. 86 
12 8 21 I 2 5 1 2 ' 2 1 2 26 11 I. 80 

I 

13 2 8 
1 I~ 1 1 2 1 8 ·2 2 5 3 20 12 2.18 

14 3 2 I 1 I 1 3 2 8 1 ' 28 18 1.00 
16 4 I I I I J 4 1 I 8 I J I 20 13 1.00 
18 1 4 8 8 1 1 1 8 1 1 1 3 2 1 JO 14 1.88 
17 1 1 8 1 1 2 8 4 1 1 1 1 I 21i 18 L92 
18 1 1 1 1 1 I I 4 I 1 8 8 8 I 26 14 1.78 
18 2 1 I 1 8 6 ' 1 I 8 1 II 11 I. 27 
10 8 4 2 1 1 1 1 4 8 2 8 25 11 I. 27 
11 8 1 1 2 I 2 li 1 I 8 I 25 11 1.27 
22 2 J 2 I I 8 .I ' I 2 1 8 2 26 13 1.92 
18 8 1 I 1 8 I 1 J I 4 1 1 2 1 25 14 1.78 
24 .I 2 1 J 8 a a 1 2 I I 2 I IS 18 I. f)l 
25 4 1 1 2 J 1 1 8 2 I I 1• 1 1 23 14 1. 78 
26 1 2 4 2 2 1 I 1 1 4 2 1 8 2li 13 I. P2. 
17 4 1 1 J a 4 I I 1 1 I 8 25 11 2. 08 
28 1 1 1 I 2 1 1 I 2 ' 12 

1 1 8 1 15 10 1. 56 
I 

Showlq froqnono:r dist.ributions for tho varioUs coluDUUI of &gun 84. 

"> 

. ········'-·····.. ..... ... . . . ---··---··'--··~-· . ·-··. . ............. ···---..._ ..... _. ........ _._. ............... ------· __ ...._ ............ ..._ ..... ... ·-··--=:-~...=a-.o::..: ... ··-··-
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Now, nr.f'ording to t.ablo XVIII, o. cycle lcnr:t.h of 28 roquircs that tho interrupt-ion kay consist 
oC 7 numhrrR, ob,iously thn digi~ 1 to 7. We do not know how many ""plml>ots aro involved, 
hut thl"'y probably do not oxcoed 7. IC only 3 alphabets n.re involved, thon thoy would be di&
tributcd in 7 irregular groups oa follows: 

TABU XX..-Balli1 of 3 al~ 

a~ .Aiphabeta 
1 1 
2 1-2 
3 l-2-3 
4 1-2 ............ 1 
6 1-a............1-3 
6 1-2-3-1-2-3 
7 1-2-3-t-a............1 

.AJpho.bet 1 would be employed twolve times, a.lplmbet 2, nine times, a.nd al~bet 31 aoven 
times. Tho follo\\ing do.ta. give the number or timos the various alphabet& woufd be employed 
on difl'oicmt hypothesos: 

G:oUPI 
1 
2 
3 
4 
~ 
6 
7 

Balil of 4 al]h\Gr.. 
.Uphabeta 
1 
1-3 
1--2-3 
1-2--3--4. 
1-2-3--4--1 
1 2-3 t 1-2 
1-2-3--4-1-2--3 

Fre'l,ueiiOIII 
AlphBbct. 11 10 times 
Alphabet 2, 8 tiiDCI 
Alphabet 8, 8 t.lme8 

.Alpbabot "' ' tlmaB 

OftiUJII 
1 
2 
3 
4: 
5 
6 
7 

Balil of fl al~ 
AlpbabiU 
1 
1-2 
1-2-3 

1 23 ' 
1-2-3-4-5 
123&68 
1 2----3 ' ~1 

l'raclaeuef• 
Alpha.bot 1, 8 times 
.\ ~roi:Bbct 2. 6 times 
Aiphabet a. 6 times 
AiJJhBbct 4. 4 times 
.\1pbabct 51 3 tfmca 
AiiJ~m.bet 6, 2 times 

Buie of 6 .,.,. 
Gnu&!~ ........... 
"1 1 
3 1-3 
3 1-2-3 
4 1-2-3-4 
5 1 2 3 ' 5 
8 1-~1 
7 1-~1--1 

J'nQ1IInGIII 
Alphabet; 1, 9 tlmDB 
Alphabet 2, 7 timea 
AJP.bAbet 8, 6 times 
Alphabet 4, '~ 
Alphabet I, 8 timea 

BalM of 1 alpAaiela 
OraaPI A1Jihehtl' 

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

J'nqllllllllfll 
Alphabet 1, 7 tlmca 
Alphabet 2, 8 tiiDOI 
Alphabet a, 6 timoa 
Alphabet 4, 4 times 
Alphabet &, a timDB 
Alphabet 8, 3 tlJDCB 
Alphabet 7, 1 time 

We s!:.::.H I~ow try to determine how mnny ulpho.bots were employed, and how t.hey a.ro 
clistlib:1tcd v.·ithin the cycle. The basis for this dotermina~n rests upon the possibility o[ 
comp:Lring !l1e various fMquency distribatio.lls produced by oo.ch alphabet and detmmining 
which D.i."C ~iailla.r. In other words, we proceed to classify the various frequency tables into 
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Ri!'\"L'rnl ~nmps, t.hr. nmnbor of different. J.."'"oups corresponding· to the number of alphabets ern
ploy\.•d in tho m~·:=~:~;..rc. .Accordingly, wo so1lCt one of tho froquonoy tables as the most olosoly 
:Lpproximnting thn.t prodncccl by a singlo mixod nlpho.bot, and try to find othora which seom to be 
iclcmtic:tl \\'ith it, ns ovidC\ncod by the indo.">C ol coincidence. Since there will be moro than ono 
'n.l}lho.hot in C&\cb g1·oup, \Vo sbn.lllook for moro tlaan ono bigh indox: of coincidence. For example, 
if \\"C find thrco indices which a.ro much higltt'r tluw tlla remaining indicea, we ma.y conclude that 
the alphabets corresponding to tbeso indices are identical with the alphabet which is boiDg 
used for comparison. · 

Rotuming to t-able XIX, and follo\V".ing t.ho reasoning given on page 37 of the first part of thls 
J>n.per, colulll.DS 10 o.nd. 12 givo tho closest o.pproxim.o.tions to a tbeoretioal aiDgle frequency table, 
and wo sho.ll start fitting froquencioa with them as bases. 

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

T.dLII XXII 

I 
. 

Columa.·-··············-······ l I I ' • • r • • ll ll ll 16 ll 

Total OCCUITCDaell •••••••• 52 52 52 52! 52 52 12 62 12 0 . 62 0 52 u 
~incUlcnccs. ••••••••••• 17 10 9 7 6 5 10 11 9 8 7 8 6 8 
DilfCI'CDCOI------------- -1 -22 -2S -31 -34 -37 -22 -19 -25 -28 -81 -Q -87 -28 

Indices of coincidence •••• -.02 -.42 -.481-.GO -.651-.71 -.42 -.87 -.48 -.M -.60 -.83 -.71 -.M 

~:-~~:~---·················-····-··-1 1S 17 lB Ill :II II • • • • • II • -· 
'l.'ota.l OCCUI'I'ODCCII •• --••••••••• 152 51 151 51 Sl 61 11 61 51' 61 lJl 61 11 
Coinr.idcncoa •••• ----------.-- 6 10 16 6 11 8 6 6 8 7 8 1 8 
DiO'crunr.ua _____ • ------------- -34 -21 -3 -33 -18 -42 -33 -Ia -27 -30 -33 -80 -27 

Indiccs of coincidence •••• __ ••• -.81 -.41 -.06 -.6& -.as -.83 -.81 -.65 -.&3 -.159 -.615 -.159 -.153 

Tho indic-.cs ot'coiucidonco for columns 1 n.n.d 18 are so high, relative to those for all other 
columns, tho.t we ma.y conclude at once tho.t tho frequency tables for these two colWDDS bolong 
to tho samo olpha.bot as column 10. To cor.roboro.to this caloula.tion, let ua CODBOlidate the tllree 
Crequoncy to.bles to see whether the result of such coDBOJida.tion will present the appeanmce of a. 
single mixed substitution alphabet. 

Funrax 315 

Cmlsoliclated frequency table of oolUIDIUI 1, 10, arad 18 

We note nt once that this frequency distribution gives 8Vflf1 indicatiQn of beiDg that of a 
single mixod nlpho.bet. · · 

Returning to the to.ble of indices of coincidence for all other col~ tried with column 10, wu 
note that tho indices for columDS 1 and 18 are in reality so much ~ than those far all other 
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('Ohnnn:c thllt wamny al"smno with n. lr.ir dt'g.o:.· .. ,;[ t:.:~·!.:·im .. )' ~.hnt th.l\ tlU"c-c columns thuR ~]nS!{irif'.d 
Cl\11:-i it11h• ull :.hl' cu~nm1~r~ nppiyia~ to ono dr~~:; hC'I. !t;.~flll"''nct! to tho tliOgl"ftm (tabla XX) for" 
bnfliS of 3 uJpbuhrt~ sllCIWii thot nJphnbot 1 is U:icd 12 times, alphabet 21 9 Wnes, a.ud ulplln.bet 3, 
7 times. Xm\· iC wo arc r.orrccf. in our nssm;~pti.Jn that columns 1, 10, nnd 18 cOill:JUtuto all 
the columns for ono alphc.bct, tllen this ossum~1tion ':ui.oznntically rulCtS out tho hypothesis tl1at 
tho problem involvl's 3 nlpho.hots been use, on tho ht tt.er hypothesis, t.hcre cannot be an nlphnbot 
which is ut~cd but three tim(18; n.ncl, !or tho Hnmo rcuscms, 1L h;v 110thcsis of 4 olpho.bets is eliminated. 
It is poFo&iblo, l1owo\•cr, LG Jw.vo au olpb.n.hm. ,,•hiC'l1 ~ US(\d but three t.i01cs OJl hypotht'.scs of 5, 
6, or 7 :tlphnht'l~. In t'nch o£ tlu!RO r.uscs, 1-h\! tllpltn.bot to which columns 1, 10, and 18 would 
bolur.g is nlp!1:1 h,.t. li. 

J.ct u;;; pruL~CC!d UO\V to find n.notJl(lr ulphnbct (,(, w1J.d1 Kume oC tJ10 of.hor frequency tables 
belong. 'l'hc tnhlc lor column 12, h•LVing thu s:m1c U\'Mn.go frequency o.s that for column 10,·is 
tukon ns o. bnsis for compo.rison for the next. .--.J~tssificn.tion of !requcmcy ta.blos. We may omit 
from tho cnlculation the froquoncy distributions for columns 1, 10, and 18, amce they have 
already beon classified. The data for this test o.ro o.s follows: 

TARLJI XXUI 

CoJwnD-••••••••••••••••••••••• 1 I I ' I I I -'~ • u D H 11 

1- -
Total occurrcnoea ••••••• j S:l ! 52 s2 62 62 62 12 62 12 62 S2 62 
~ineldent'CS. ---- •••••• , 0 13 a Sl 10 10 6 7 9 <I 9 ' Differcw:ea •••••••• -. -- .j -21 -13 -84 -28 -:!2 -·l -84 -31 -25 -40 -2li -4.0 

Iodi0011 of coiocidaace.:. •• ,-. 48 -.2li -.ea -.54 -.42 -.08 -.66 -.60 -.48 -.77 -.48 -.77 
I 

Collllllu ••••••••••••••••••• _ ••• u 17 ·I 1t 10 I 

~~ 
• •• • f/1 • --1--

Total oceurrcuoea •• ----- 62 51 61 61 61 61 61 61 61 
~iocidcDCOII:---:- ·: ---- 11 6 8 Ui 0 10 6 11 6 9 5 10 
Dllfereocca •• ----------. -19 -33 --n -6 -24. -21 1 -36 · -18 -33 -24. -36 -21 

In.dlcce of coincideuao-. -.37 -.65 -.63 -.12 -. 4.8 -.,1 -.70 -.36 -.65 -.M -.70 
__ ,1 

. . . . 

W' e mn.y with a lair dOa"TCC of cortointy conclude that tho frequency distributions for colUDlllS 
'i, 121 and 20 constitute members of another set. But it is impossible in this systom to hAve two 
alphn.bots which u.re used exactly ·tho sa.mo number of times; a.nd since we have ·olready usun1cd 
thu.t columtl!\ 1, 10, o.nd 18 constitute the alphabet which is used three times, we are forced to 
concludo that ono or moro aclditionol colun1n.o; in this test bolong with columns 71 12, ILDd 20. 
Now tho index for column 3, viz, -.2:51 is tho closest to tho indices for columns 7 ILDd 201 and 
it.is pcrllnpa likely that it bolongs with tbese columns. But the indu: for column 24 is -.351 

· and th."tt Cor column 16, -.371 so· that wo must apply a secondary test. Lot us consolida.t-o 
tlio Ircq ncnoy ti.Lbles for coiumns 7, 12, and 20, and them. make a calculation of indu: of coin-
cidence fur columns 3, 24, and 16. · 
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FIGVBil 86 

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

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

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

Coull)lidatcd frcqu~ncy tahlc of coh1Dlua 7, 12, and 20 

I 
ColuiiiJI •••••••••••••••• - •• ······-·-··--··1 a 11 J6 

Plequona.r---------------------1 103 103 102 
ColncidCJn:ca ••••••••• ---· •••• --I 21 H 18 
Dill'crcnccs •• ------.-----· -·-- --i -40 -81 -48 
Iudicca of coinoldcnr.c ••••••••••• j -.39 -.19 -.<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 corroborate, lot us add their corresponding frequency dis
tributions to the consolidated table. 

Ji'lGVRII 37 · .. 
A B 0 D :a: 'J1 G JI I J E L K Jr 0 I' Q B B ~ v v w :z y z - ~ :::: ~ ~ :::::::: - ~ ::::: - i] i! ~ ~ :::::: :::: ~ ~ ~ - :::::: 

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

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

Consolidated fro(Aucucy ta.blu 0: eolunuur 3, 7, 12, 20, and 24. 

Tbere is every indicn.tion th."1.t we are clan ling -...·ith a distribution £or a single mi""Ced a l~hr. het, 
and that no foreign clements havo bccil introducod. If we have succeeded in collacting ."'~!. t!lc 
columns \\"hich should belong to tho nlph.'l.bl•t. boir.g studied1 it follows tl11.t t.ho latter must be 
olpho.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 alphabet numbers which results when wo set down the 
o.lphabet to which each of the columns now classilied. belcmga. 

F.louu38 

1-2-3 4. ~'7-8-9-1G-11-12-13-14-10.·18-17-18-19-20-21-22-23-24-2&-28-27-28 
53 3:; 3 53 3 

Now it will be rcmombm"Cd thn.t in enciphennont tho lAttOl"B in eacll group were roversod 
before grouping into fives for telegmpbic tra.nsmission. It follows, therefore, tb.a.t the alphabet 
numbOl'B appl)-ing to rol1unna when thR message is set up as shown in figure 32 will bB in groups 
of dc5ccnding series of numbers ancl thi:J descant :is complete in each CUB to "number 1. Thus, 
Cor example, the series in tho mu. .. tru.tivo lnestlo"'.G'O on page 67 81'8 as follows: 

1-'ltiC'Ii."R 39 

1-2-3-4-6-·6-7.....:ol-!1··10··l 1-12-13-14-15-16-17-18-1 !J-2D-21 
1-3-2-J··l-2-1-:l-2- I·· 3- 2·· 1- :a- 1- 3- 2-· 1- 3- 2- 1 

Holuruin~ now to figuro 38, wcl :il'u r.!ua.t our cJossifico.tion of columns is in accorda~nce with 
t.h,l 1W1uil·c,ment oC dcsconcling seriCls of numbl,n;, o.nd wo may Bven fill in mAny numbora witlaout 
n.n:_l• fnrUtC\1' t.c•lit:. Thus, tho &l'.quonoo becomes: 

l!'I\IU'RII 4.0 

1-2-3-l-&-G-'7-8-0-1D-11-12-l:I-14-15-1G-17-18-19-aq-21-22-23-24-2&-26-27-28 
;l-·1-3-2-1 3-2-1- 6- 4- 3- 2- 1 6- 4.- 3- 2- 1 a- 2- 1 

To corroborate this sequence, let us oonsolidate the frequenoy tables for colUDlDS 2, 11, and 
19 into one tablo; those for colWDDS ,, 8, 13, 21, aucl25 into a seocm.d table; ancl those for columDS 
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G, 9, 14, 22, uml 20 into IL third L11bh!. Wu ,~o thi~ tu 1'0~ it tlao resulting to.h)r. ~n ~LCh c1~ 
corresponds t.o tbo.t of a single 1ni~od olphnhrt.. 

I~'u:u1~B 41 

Coiwn11• 2, 11, and HI 

A B 0 ]) :B 'J1 G H I J lC L u K' 0 p Q :a 8 T 'D' v w X y z 
;::: - ::::: ~ ::::: - ~ ~ - :::::: ~ :::::: ·- ;:2.: ~ ::::::: - =::: - -:::::: - :::::: ..... 

~ ~ ~ 
...... 

~ - -
Colu1nna .J., N, 13, 21, and 25 

.A. B c D E '11 G :a: I J X r. 14 M' 0 l» Q :a 8 T 'D' v w X y z 
~ - :::::: ~ i€· :::::::: :::::::: ~ ~ ::)!: :::::: ~ =:.: ::=: - :.::::: :::::: ~ :.::::: ~ :::: - ::::::: ::::::: -=::: ::::::::: 

;-...,: ::::: 
~ - ::::: :.::::: ~ :::::: ~ - i5 ~ ::::::::: 
;::: ::::::: .:::: :.::::: 
:::::: ::::::: "o I 

Columu I, D, 14, 22, and 28 

A :a c D l!l "J1 G :a: I ;r E r. ]II[ N' 0 p Q :a 8 T 'U' v VI X y z 
~ - ~ ~ ~ ~ - =::: :.::::: ~ - ::::: ~ ~ :.::::: :::::::: ~ :.::::: ~ =::: ~ - i! - ~ ~ :.::::: - ~ 

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

:.::::: 

'fho approximation to single alpbabr.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 to alphabets 
are 6, 15, 1C, 17, 23, 27, and 28. 

X ow column 6 can only belong to either o.lpbabot 4 or ali,ho.bet 1; and the same altematives 
present thomseh·cs with respect to colu1un 23. 'nds is booause these columns, being bounded on 
either sido by columns o.lroady distributed into olphabeta l I.Dd 3, must either be members or 
tho dt'.scending scqncnce 4 3 2 l, or must bo tho column forming that part of the interruption key 
which consists of the numbor 1, thu~ constituting tbe isolatod column which must always bo 
enciphered by alphabet 1. In ordor to dotol"miuo wl1il"..la of tbeso alternative assignments is tho 
case, we may mnko o. single calculation by 1inding tho indox of coincidenco when column 6 is 
grouped witl1 columns 5, 0, 14, 22, o.nd 26, and wbon grouped with columns 2, 11, and 19. In 
ordor to make tbc results strictly comparabio wo A.houlc.l includo but three coluJDDs bolonging to 
alphabet 1, b~uao thoro u.ro only three columns ussignod thus far to alphaba' 4. Let us make a 
special consolidation of columns 5, 9, and 14 for UUs teat. 

FIGuu 42 

A :a c D :B 'J1 G :a: I ;r E L llr 11' 0 p Q :a I T v v w z y z 
~ - ~ i§ ;:::::: =::: - ::::: ~ - ::::: :::::: ~ :.::::: ;::: :::: - ~ :::: ~ - :::::: - ::::::: - ::::::: - :::::: :::::::: - :.::::: -

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

A :B c ~ B p G :&: I ;r E L u: H' 0 p Q :a 8 T v v VI z y z 
;:::::: - :.::- ~ :.::::: - :?;t ~ - :::::: ~ ::::::: ;:: i§ ~ ::::: - :::: - -::::::: 

. 2;;: ..... 
~ ~ ~ - :::::: - -

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

Total frcquCJlcy, coluuws 6, li, 9, and 14...... lCM Total frequency, column 8, 2, 11, and 19...... 103 
Total oo.incidm•.:cs, column 8 with I, 9, and 14... 26 Total coinaldonoe~~, column 8 wi~h2, 11, and 19.. 19 
DiiO'crcllCO 3(2i,)-104....................... -26 Di1I'crcnco 3(10)-103----------------------- -46 
IDdox of coincidence •••••••••••••••••••••••• -.Iii Illdel: of ooiDaldeDae •••••••••••••••••••••••• -. 46 
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Thl'rl! "Rl'mns to bo no doubt tl1o.t column G brlmlgs to olpha.bllt I and not to o.lphabot 4. 
Thi~ :.mtnmllti<'n11.)· rnnkcs it. nr..ct'!l;;l\l'l" thnt cuiumn ~3 bo nssignod to nlpba.bet 4 since we cannot 
hu\"(' two no. 1 colurnlhl in the ;,;tunc int.crl"uption key. 

Let ua set ciown what we biLvo: 

l-2-3-~G-7-K·D-J0-1J-l2-13-1~-lii-lG·-t7-lK-1G-2G-21-22-23-2-1-2i't-2G-27·-2& 
&-+3-2-1-1-3-2-1- a- 4- a- 2- 1 ,;- 4:- a- 2- 1-- 4:- a- 2- 1 . 

\Vo now proccPd to compn.m theso Hcr~uoawcs witn tho soqucnces of alphabets within the 
r.-w~l"t'rci t~J'l>U}l~ ou bypot-bcsM of 5, 6, r.nd 7 lllpbo.hcts. 

Wl! nmy ~,mr.ludo, by 11. sbort nmt.lysilt, thaL&. u. byputbcsis of five olph:Lbe,_.. must bo corrcctl 
bccll.URO t.llA dilil.ribution of colu~ ns 1aow Inndo, if it bo co~t (and we feel fairly corta.in of 
our work so faLr), aillows no room for any alphn.bt~t 6 or 7. This ano.lysia is fairly simple. I.e~ 
us usumo n. hypothesis of 6 alphabots. 

~mtsider tho two places wbere Dlplu1.bot 6 would have to fall: 

llaavu: oH 

13-14-16-16-17-1&-19 ••••• 26-:rG-27-2&-1-2 
2- 1 !- a- 4-. • • • • 2-.1 !-&-'- ... 

· .. 

According to this dio.gra.m, column 27, isolated as it stands, would have to bear the number 1. 
But we round, already, that column 6 is tho column which torms the isolated group containiag 
only one number. Hence, a hypot.hcsis of 6 alphabots cannot be correct. · . , 

Let us assume a hypothesis of 7 alphabets. Note these two~ ~.more: 

FJ:o·c"all: 45 
. 13-14-15-16-17-1&-19 ••••• 15-26-27-98-1-2 

.. • 2- 1 7- 6- 6- 4- .. .. • 2- 1- 7- 6-S-4- • • • - - .. -
Here again we would have an isolated column (16), which for similar reasons c;annot b.-r 

the number 1. · · · • 
We o.re loft, thore£oro, only the bypothasis of 5 alphabets. This requires tha.t alphabet·1 be 

usod nino times, and alpho.bot 21 sovon times. We l1ave olready distributed 6 columns to alphabet 
1, and 5 columns to alphabet 2,leaving 3 moro columns to be assigned to the former, a.nd 2 more 
to tho lo.ttor. We may assign columns 27 ed 28 immediately to alphabets~ and 1, ~pectively. 
The sequence thus becomes: · · • · · 

IPr017u 40 

1-2-3 4 ~7-8-9-lD-11-12-13-14-16-16-17-18-19-20-11~27-28 
5-4-3-2-1-1-3-2-1- 5- (- 3- 2- 1 5- ... a- 2- 1- 4- 3- 2- 1- 2- 1 

s 13 6 6 4 J 

I£ wo mn.lce 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 o.nd no group of G and 7, respP.C
tivcly, ns roquirod by o. koy of tbo dotenninod longth. If, however, we shift the aequenco so ns 
to bring columns 27 and 28 to the lert., whiclL is perfectly legitimate since wo are dealing with 
a cyclic koy, wo have: 

li'IGtiBZ 47 

27-2&-l-2-3-4-S-6-7-8-9-lD-ll-12-13-14-11-16-17-18-19-20-21-I"J-23-24-25-26 
2- 1-6-4-3-2-1-1-8-2-1- a- 4- 3- :a- 1- a- 4- 3- 2- 1- 4- 3- 2- 1 

7 1 8 G 6 4" 
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W" now ho.vo onr grour) ,lr 7 eolnmnr~, in:1·· bnk thr l of fi nnd 1 of 2; but we have 2 groups 
of 5 cohnnnll. Obviously, til~~ only thing t.n do is t.o in~rt the soquenco 2-1-1- :in ita proper 
place 11s Collo\\"a: 

l!"u;uuR •lS 

27-28-l-2-3-4-5-G-7-8-D-1Q-11-12-13-1-l-1i,_16-17-18-10..20-21-2H3-24-25-2G 
2- 1-5-4-3-2-1-1-3-2-1- 6- 4- 3- 2- 1- 2- 1- 1- s- 4- 3- 2- 1- 4- 3- 2- 1 

7 1 3 6 · 2 G 'oi 

Wo bo.vo tbus l'OL'.Onstructod tho complotu iuf.c.I"I'UJJi..ion key, and mo.y now proceed to tran
scribt'l the mc.c;sngo in groups in nccordnnco tlacrcwith. Since tho nrat group contaiDS 7 Iotter&, 
and sinco tho letter S, witl1 which wo stortcd onr first transcl"iption (fig. 34), is Io.bolled 1, it is 
clear that wo n1ust start our second traDScription with the two letters preceding S, i.e., the 
twenty-fifth n.nd twenty-sixth letters of the cipher message. Thus: 

FJ:OUBJ:l 49 

7 I I 5 :1 I · •· 
PMSIEET P DKU LISYZ HW BRESAT HRKZ 
RGMNJGK D QKV VMFOB KE NEIHAE AAIIE 

etc., etc. 
• .Utcr this trQ.IlSCZ'iption o. third sot-up is necessary, :in which the sequences of letters are 

reversed within groups, in order to bring tl1e cipher letters ba.ck :into the original 8.1'J'&1lg81Dent 
before tnmsposition. The rearranged set-up is o.s follows: 

7 
I t I ~ I 1 2 

TEEISMP 
KGJNlfGR 
R:XWLFHK 
DG:XPJPW 
KWPERBA 
OODOLVK 
KWIEENO 
CTZOEKJ 
DGKNXTD 
EHRLCWM 
UKKCCDM 
DOHHSIP 
WNK!'N\'IJ 
GDFKKQQ 
FH~lHKNA 
OARPV •. ~N 
NRP.ti.NEM 
OARLCW\V 
PWVK~ZG 
NO!E:.I.JR 
D:MPERNK 
\7JD.FVPM 
BA!i'H:O:FA 
KXQI:O:KW 
LATTFMA 
EK.KCFNG 

1 
I 
p 
D 
K 
z 
F 
B 
w 
F 
I 
0 
G 
N 
B 
w 
z 
E 
p 
0 
X 
G 
VI 
N 
E 
T 
0 
s 

3 
I 2 I 
UKD 
VKQ 
KOE 
uwv 
JJV 
BMF 
E A P 
J D W 
KTH 
WZF 
WJD 
KMD 
UEH 
F ht P 
PC T 
OJW 
u c v 
vzw 
UNU 
VNM 
EYX 
OKK 
MDF 
NYH 
KJV 
EYE 

FlO"D'BB 60 

6 2 
123~.1: 1:1 

ZYSIL WH 
BQFMV EK 
WMFHM FA 
YAZL:X EU 
MEPIK NE 
QO\'/YB VY 
INRCL NH 
ZWDOJ AU 
DGPNS RU 
ZKVnF GY 
BAILI CE 
QYSIF ZM 
ZQVJL WZ 
BEIKS· CC 
DWPPI4 VA 
RWVVJ DM 
"FYHLC N:U 
RWVVJ DM 
GMYAM V:X 
GHDTF JB 
NOZN:X EU 
WOPIL OK 
EUWHK DO 
QEHVS AA 
EUDHV CT 
WWPUJ CB 

6 
I I I ~ I 1 

TASERB 
EAHIEN 
EPSEWT 
I AHLIN 
ZYVBSF 
G D X I V·K 
NQDOMN 
KWDZSE 
NODIIFQ 
KPNPVE 
FPSGSE 
KQQIGK 
NWWLMI 
DMFLXD 
RKXPML 
WYFAWE 
NPVHKL 
WYFAWE 
FKJOKN 
WOPILO 
QUWPOV 
MYFHBV 
DYSILR 
ZPXIVE 
RIVHIIL 

4 
I I I 41 

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

, ______ , ____ , ___________________ _ 

i. 
' 

1." 
r . 

. 
r 
! 
I 

I. 
! 

. 
~ 
I 
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\',\. uro uuw confl'ontcd wil.h 1L rutbcr situplo cnso of tho analysis of :6.vo nciproctJZ and 
in tcrr.:ht tcJ nlphn bets. They are compllSod of tho ccmsolidated froquency tables applyiog to 
tile columns which belong in the some alphabet& and are u follows: 

TA.DJ.B XXIV 

1 

ColumDa 0=-&--9 14-18-17-D-._. 

A B 0 D E '11 G K I ;r :s: :r.. K H 0 p Q B 8 T 1J' v W·X Y ·z - ~ ~ ~ ~ i5 i5 ::::::: ~ ::::: ::::c ;::::; ~ ~ ~ ~ i! i! i! ~ ii ii - ~ 2::::: :::::::: 
~ ~ ~ ieil - ~ ::::::: ~ ~ - - :::::: ::::: ;::::; 1@ i! =:: 

i! i! :::::: - i5 ~ ::::::: i!! :s - ~ ::::: ~ ;::::; 
=:: 

i5 ~ 
::::::: 

.. 
B 

Cobunn11 -t-8--1.3-16-21-26-27 

A B c D B p G :a: X :r X L l\1[ Jl' 0 :I' Q :a 8 T 1J' v w.z "!' z 
~ ~ ;::::; ~ ~ ~ ~ ~ ~ ~ il i! ~ ;:::: :::: :::: ~ i!! ;s: ~ :::: ...... :;;:: :::: ::::: 
~ ::::::: ;::::; - :::::: i! ~ - ~ :::::::: ::::::: ~ ~ =:: ::::: ....... 

i5 if:€ ~ ::::::: ~ :::::::: :::: 
~ :::::: :::::: ::::. 
:::::: 

3 

Colwnn11 3-7-11--20-24 

A B c :D B '11 G :a: I ;r z L ::r.r Jl' 0 :I' Q :a B '1' lT v w .z "!' z - ~ ~ 'i! ~ :::::: - ~ ::::::: - i! .ii! ~ ~ ::::::: ::::::: ~ ii! ~ - :::::: 
~ ~ ~ 

::::. ~ 
~ ~ ::::::: :::::: ~ ii! ~ :::::: 

:::::: :::::: ;::::; 
:::::: :::::::: 

:::::::: 

4 

(1<JIWU111J 2-11-19-23 

A B c :D B '11 G K I ;r r.: L !&: !i 0 :I' Q B B T U' v w ·- r z ..... 
~ - ::::::: ii ::::::: ~ ~ :::-.: fS :::::: ~ ~ ~ - - ::::: :::::: - ~~. -=:::: :::::::: ::::: 
:::::: ::::::: ~ ~ ~ :::: ::::::: 

~ 
=== - ::::::: 

6 

ColiDnDII l-lD-18 

A D c D 3 F G :a: I J I: L .M lf 0 :I' Q :a s '1' 11 v w X "!' z 
=-.:: i~ ::::: 2 - :::::: ~ 2 :]! ~ ::::::. - :::::: ~ i§ ;::::; ::::: 

~- ·- -· - ::::::: - - :::::: =--· ::::: :::::: ::::::: :c:: -
It will ho unuocOiiSn.ry in this PO.!)Or to discnas the method of deciphering tbe message by u.n 

;lll;liy=:;is of fJICSO fiVO sing}o-frcquanc-y t;ll)](l;;, Sulli<'.o it to indicate tile values obtained !rom the 
dt:'ci1 )h,~t·mcnt. 'l'h.cy n.re given boiow, wlloru tbo value~~ obtained from 0. lmcm·wdgc or the 

.C l'l!Cip1·ocnl rulo.tion o.m placed· within ptll'CntbcRt'S. · Only lour values mnnin unknown, all in 
nlpba.bct 5. 

·-
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'tAIILiol X.''\.V 

(1) ······---- A B c D E F G H I J K L il N 0 p Q R s '1' u .. ... lt y z • 
K L M 0 N R '1' 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 r.l N 0 p Q R s '1' u v I lt y z 
E X p H A (Q) U D (K) L I (J) S 0 N c F W (II) y G (Z) R B '1' y 

' (3) •••••••••• A B c D E F c H I J K L u K 0 p Q R s '1' u v • lt y z 
W (Y)(Z) B D I (Jt S F G N (Q) U K (V) '1' 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 '1' 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 followiDg values: 

In alphAbet 1, E==N 
In alphabet 2, N==O 
In alphabets, 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 acm.tam a aolWDD 
like this: 

Alphabet 1 { : } 

{ 
0 

A.lpho.bot 2 

Alphabet 3 v } 

{ 

M Alphabet 4 
Alphabet 5 '1' 

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

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

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

In alphAbet 1, K==A 
In alpho.bd 2, A=E 
In alp.ha.bot 3, E==D 
In alphabet 4, D==Z 
In alphabet 5, z,_ 7 

~ ·. 

~ .. 
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:lt of alphabet 1, we have two colunms in tho tu.ble u.s !ollowa: · 

{
EK 

. . Alphabet 1 N A } 

{

. O E Alphabet 2 

Alphabet 3 V &:l } 
. . { M z :Alphabet. 4 

. · Alphabet a T 

We may continue thus: 
Iu alpha.bot 1, W=I 
In o.it,hn.bot 2, I=K 
In alphabet. 3, K=N 
In alphabet 4, N=H 

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

{
EKW 

Alphabet 1 N A I } 

{ 
O E K Alphabot 2 

Alphabet :~ V D N } 

{ 

M Z H Alphabet. 4 
Alpbabot li 7 U C . . . 

The proae88 is very &im.ple and 8a.sy io continuo .. ~ we have tbls: 

{
EKWFXLY 

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

Alphabpt 3 1 V D N A I R Q } . · 

{ 
M Z H 0 E K W ~phabet 4 

Alphabet 5 f U C S V D N 

0 I 

We may now continuo 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 ma..J add A I R Q 
to the last lino. Tho same process applied to the other lines give& us: · 

1 J J 4 ~ C 7 4 D 

{
EKWFXLY MZHO 

Alphabot 1 N A I R Z B J U C S V D } 

{
OEKWFXLY IIZH .Alphabot 2 

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

{
IIZHOEKWFXLY Alphabet 4 

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

1 2 3 4 i d T S 8 ~ U a D 

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

{ 
0 E K W F X L Y G P II 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 alphabet 1, a speed,y reoonstruction oi the original recta.Dgle is at once eftected. 
Thus: 

l'mVBII U 

EXPORTS 
KLMHQUV 
WYZABED 
FGHIJ 

... 

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

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

EKWFXLY 
13Sidt'l 

Tho indicators will be after eithor tho fifth let.t.cr or the Dineteonth (corresponding to the 
· numoricnl value of the iliitial or :fina.llotter of the keyword). We find K X Y after the Dineteenth 

lot tor. 
lVo may now proceed to decipher the first fow groups oi the massage and the entire solution 

is at hand. It is as followa: 

1 3 5 2 6 4 7 
1 l ~ 3 1 2 a 4 1 I :II I :II 8 4 II 1 I I I 4 1111111111 
K HNV LIQKG KH NHKVQE E X(K X Y)X 0 PMSIEET 
K VNH GKQIL NK EQVKHN ox :X:E TEEISMP 
A HOS TILER E I HFORCE DB RI GADEOCC 

1 3 0 
1 b k·b 1 2 3 4 G 
p LISYZ . . . . . 
p UKD ZYSIL 
u PIE STHER . . . 

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

' ·- ________ .... _'- ' ....... -----· ·-- ·------·-·-· ·- . . .. . ···--.-.--.-.-... - ....... ---- ·--.----· .... . . ,. . . 

r 
;. 

~ 
I· 
J 
I 
I 
I 

t". 
! 

; 
• . 
'· 
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:2. Solution of a. sel"ics of messages.- -'l'ho )'i,)lut.ion or a series of messages in this ciphor 
pr~'""'lll=> :m intt'r~tiug demonstration of tho !or.t thn.t in cryptograpllJ" it is often the more 
in,;;ignifirant clctoil:; of a system that en:t.blo l.llo cryptanalyst to solvo the enemy's messages 
rnthcr than any dcfinito weakness of thn motbod from the cryptographic point of viow. In 
this caso, tho solution o! a sorios of ntC!ssa.gt-.s basod upon the san1e keyword, but involving 
all tho manifold modifications of alpha.bots and interruption key, can bo achieved without 
att-eJ:tpl.ing tho dccipbonncut of a single !Dcs~ngo. The method involves merely an analysis 
of tho indico.tors for a soriaa of messages, resulting in a direct a.nd. speedy roconstruction of the 
\"arious gt'ncrating rect-angles derivod frotn tho sa1no koyword. 

In the first place, it DJJLY be pointod out at onco that tho various genorating rectanglaa 
ba.scd upon tho samo keyword consist of two parts: A ccmatant sequeoe, 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 u we shall term. it, the "raidt.UJlnp~nce ", 
making up tho roiWLining linoa of the roctangle. · • · 

In tl1o socond placo, tl1o longth of tho intonuption kq for each message can be determined 
by applying the principles of coincidence as o.-,:plained. on page 68. Each mesaage ia then 
acc:omp11niod by the number thus found. 

Given tho beginnings of a series of 18 mOSBages, the leDgtba of whose interruption keys 
have been detorm.inod and are as indico.tod bolow, lot us proceed to an analysis of these lengths, 
which in a short time will lead to a direct reconstruction of the keyword. 

J'lGVD &3.-Brginniql of 1eria of.....,.. 
~~ Knd&e 

1 KIBIY FPPLH GZOPB II.A.WFV "1' B H B .I FUEB 6 
2 PONQD AMHDU BNKYO AWDR"l' WQZNJ LIIUR s 
3·QZMVR PXV'l'W HWJXU H ME Q Z· WAXGU SVHY 4 
4: OZAPN VZULV UYHMK YLJLW GVFOP ZGAY 8 
s AAZSL IGIAX VHGWM Qf.IZSI OI"l'YE RGBN 7 
G FMYO'l' MIIFER BBBSF 0 "l' P F·I AYKNA VQVL 8 
7 ATNLB P'1'RZ'1' YWOBA VIKYH ZUALX VKRK 8 
s DZNDJ UBRUL JIFFIIH WVRE.A. AQTSS QSON 8 
0 VRAYQ ERHPO PVJYO WUNKQ VA CAW QNEU 8 

10 I A B 0 Q KULD"l' DEQDY JAUCW A. S·D·K Y TPAD 7 
11 C~TOS JXVXP OADSF JJPYH VLCKH PDAU lj 

12 YLPAY HLWOF GKPDS GNNQO CUOFK ONVF 8 
13 DTXDR C G T K T CKOZU KYAZY TUKNI ANEG 4 

14 GJETM JBPPU Q T D U F C'l'CAL CVZED APUQ"S 
13 SBUXL RQYLL A ·I K U 0 LPHYB Y'l'AKF GLHY s 
16 IBUR'l' WYJAH 'l'HOPB KLQCV OGXLG NJXP 6 
17 OYZVA R G .U Y Y ~GHWU MEKDS MGHFG NTOG 4: 
1& 'l'MRGV IE ED K HXFUU VGFIZ SZKJ'l' YYKO 4 

Lot us zww tum our attention to the generating rootaDglos that a.re possible, indi.~.oti:;);' 
merely their outlines, for keywords of 5 to 10 l~tters in length, an~ numbering tho .:;~ ..... ::.rea& 
which will contain the mat, second, thlrd, to the ninth letters of the fllst line of the ~ 1 plln.bat 

.. 

. . 
I ' 

---·--.. ....... .. ..... -··--............ - .• ·-·· -·-·-·-·· ...... . .. .. . . . ... ··:---.--.. -:----~··· ... ..-; ~ ....... ~~~· .. -····~-··- .,,..,._. ........ ·-··~--c-,...._. 
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~nb!c. \\",, ,.,~I! ,:~··nmn fl:;~1· ilO koywm·•! v.·ili :.m.·i:'lf. o · muro t.haTJ. 10 htf, .. !'=", r.nd no interrup.
lion kty of n~c •. ooc tiwn 0 llUinbcrs. Ti1e :···:?:dill~ :o ba olucid:tt."!,} ma.y bo extended by 
tho l'f!Mler to roYer ot.ht'.r ensca. 

(A) (B) (0) 
I I a 4 & I I I 4o I 6 7 

~ 
7' 

8 

,8 9 

1 6 19 

2 6 

3 7 

' 8 

.. 
(D) (E) 

1 t I 4o I I 7 I 1 t 3 4 I G 7 8 I 

1 I 9 I I 114: 7 
2 6. ! I 
a 7 I I I 

2 ii 8 
~ 1-
8 6 9 

' 8 ..._ ..._ 
(F) 

1 t a I I I 7 8 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 lot.ters w.ill be tho second letter of the keyword proper and, as such,. doe~t 
not change its position. This follows from tbo method of constructing the alphabets frolll ~ 
generating rccto.ngle. In other words, with o. 5-lottcr keyword, no matter what letters be 
choSCln as tl1e initiaJ letters of the various possible generatiDg recf.angl•, all numerical keya 
consisting of seven numbers will alwo.ys ~o dosigna.ted by the aame letter in the indicator groupa 
because tho first line of oJl generating roctunglcs basad upon the same keyword is alwo.ys the 
same. ~inco tho lettor "Which designates tl1o length of the interruption key is the third letter 
of tho inciicntor group for o. keyword or 5 letters, nll messages which Co.otor for a. key of sevon 
numbo..-s must sl1ow tho samo Iotter a.s tho tbil-d eloment ol tho indi,cator group. Conversely, jf 
:messages "·hicl1 fnetor Cor a. key of seven numbers show a. constancy with respect to the third 
clement of tho indicator group, then it must follow that the genera.ti:ag rectangle is bosod upon a. 
5-letter key-word, and that the correspondi11g indica.tol' letter is the second letter of ~ key-: 
word prop"l'. Similo.rly, ~-bon tho third clement of the indioa.tor group is constant in JD.8SIJ8g8S 

which factor for a key of six 11umbers, a f,ronorn.ting rectAngle based upon a. 6-lotter keyword is 
indicntc·d r.ud tho corresponding hutico.tor lottnr b the socond. letter of the keyword proper. 
When. t·llt' t,hird clements of ttDO Ida of indicn.t.or groups a.ro consto.nt and the interr,"ption k8Yl$ 
for tho eoro"C$!JODding sets of messages consist of five o.nd nine numbers, a 7- or 8-lotter keyword 
is indicated and the corresponding indicator letters are the socond and third letteni of ~.key-: 

. ·-·-·-· ·--·. ·-- ----------- ____ ,..__.,. ___ ... -----

i r. 
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; . . . 
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TADLlil XXVI 

I 

:'oiU131;e :~u::~btr l'adl.::~tar IJI'ftiiP Lr:1tt~ cor !::t '!r- !'1Uw..<.ll:8 Dumber 
rup'11111 Jle1· it J'll.diaDW .... Llqtll " lllllr-rap&laalrq 

I 

I ;I 
6 BSF 8 l 3 JXU ' 11 DSF a 16 KUO s 

14 DUF 6 2 KYO & 
8 FIIH 8 7 OBQ 8 

18 ruu ' j 
13 ozu 4 

6 GWM 7 1 OPB 6 

' HXK 8 16 OPB 8 
17 HIU 4 12 PDS 8 
9 JYO 8 

il 
10 QDII 7 

From tho arrangement of the messages in figure 55 and tma Bat we conclude the followiDg: 
(1) Tile keyword consists of either 9 or 10 lotteJ.'S .. 
(2) Tho letter L is either tho initial or finallet.tor of the keyword proper. 
(3) Tho letters UM: form the second and third letters of the keyword proper. 
(4) The letters B, D, F, G, H, J, K, 0, P, Q are not in the keyword proper. 
W c now take each indicator group and from its II.CCOmpanying data make certain doductions 

with respect to the sequen.ce of letters in the keyword alphabet. Thus, for example, the indicator 
groull B S F, applying to a message, the length of whose interruption key is 8, me&DB that certain 
of the lettora within the generating rectangle concerned are as ahown in ficuze 18, whal'8 both 
possibilities as regards the length of the keyword are indicated. 

J'm'UBII :58 
(A) 

1 3 3 ' I I 7 I G 

w~-;1-H-H-1-1 
:,i ! .• 1 II I i I I ! il 

• • • • I • 

Since there is room for but ono letter bet,veoo. B and F, it follows that only one of the inter
vening letters, C, D, and E, is leftin thoresidunl.sequcnce, theotb.ertwo beiogin thekeyworclproper. 
Now tho indicator group D S F shows tha.t Dis tbo initial letter for the generating recta.Dgle for 
mossu.ge 11, O.Dd, since a. letter which co.n be am. initiolletter of an indicator group cannot be a 
letter of the keyword proper, it follows tJ1o.t tho order in the residual soquence is B D F, and 
that the 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 coDBisting of :five numbers. Thus: 

FIGVBB r/1 
(A) 

1 3 a ' 1 • r a e 

~¥01-H*Fl 
i I II I' I I I i ! i I I I I I I ! 

(B) 
131,1178110 

IDIJI~I-~H-1-1+1 
I I I I I I I I i I I 

! 
I. 

; 

i 
I 
I 
;· 
i. 
I 
< 

... 
.. . -·---· ···- ...... -·· .. _ .. __ ...... ---··- ... -------.... -·-·- ·-··- ... -···-·--•'!~~-..& .< ••·•· '''f.::·· . ~!"':t. ~..-..::··~-=--r..--""'""'WP ..... - .. - .......... ··--:_ ... .. 
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.Again, the indic.'ltor group F K H, n.pplying t.() mcssago 8, wllOSG inf.orruption key consists 
of t'ight uumbt'rs, shows that tile scquC'nco must be B D F G H. Thus: . 

FIGURE 58 
(A) 

1 2 3 ' I I 7 A D 
·~-"ii. --,--,-,- --.--·I 1-· -·-1-'-·-,-'--~ .. -~ .F H, I .L__L_;_f 

: i ! 1. ! I I I 1 ~ 

(B) 

1 2 3 ' I I 7 I D W 

F~fY l:i·.-.Ff~FR-1=1 
r = = , 1 1 ; ; 

1
• , ; 

: .. ; . I I . . : 

There is one space vacant between F a11d H, whi(.'.ll must be Qccnpicd by G. 
Tho conclusions furnished by tho othci' .intlico.tol· groups am given in the dillgnuns b~.·Iow. 

Tllo quostion as to whether a. 9-lotter or a. 10-lof.tor kuy>vord is involved will bo dcLcrmincc:llatcr. 

1 :a I 

' r.!mt_ .JYo-aiJI-nr::: 
i ~ ~ 
I : : 

Fl:ounE 50 

H (I J) K 
Since J i" p'I'CIIOilt lUI an 

initL'lllct1.er tho lllCI_UOilC8 
mustho:BDJ'GHJK 

J (K L U) 0 
Slnco K iM }n't'sent 011 AD 

blit.iullct.t :~rbtho ~~anco 
must bo:.B J' G H J K 0 

. ... . ~ . 

123 0( )Q , .. 
-~ r U 1M - Siuce P fnll~e na.t.ura.11Y · • • · 

OBQ-8 lfr..:..ln......... botwocn 0 and Q, Ole Y\uencc I i i Q.. ..... znUII~· be: B D :r G H .J 0 P Q 

" 

In the absence of additional indicator groups, with different initial letters, we cannofi 
continue in tho same manner and roconstruet the entire sequence. Let us, however, t1y to 
determine now whether tho keywol'd contains 0 o1· 10 letters. With the residual sequence 
as det.emt;ned above, let us fill in the gonera.ting reota.ngle for the indicator group D S F, 
iiccording to b~th ll88umed keyword·ICmg~h.s. T'uUtJ: · · · · · · · .. · ·· · · ~ · 

P'JG17JIM 60 
(A) (B) 

i .•. 

Nnw thn into~:•rruption key lol' thu incti,~;~tol' ~roup D S; F consists of five nutnbcns. Tb•' 
~Yt'Lrlll il'l ~uc~h f.lmc. t.ho nmnbnr or n.J],lmhc,to~-~ rmplu,vc~d in 11. mt'&~lp n1uKt. bo uquu.l U. or ll'l4.'4 

tham f.h"' lc•n:xth or t.l11-' interruption kay; it t':mnut. br mor" tlwn f.hi:s length. Honeo, tho letter 
S of th"' i:uHC'.~~tor groujl D SF must iudica.h' o ntJ111bor of olp]labots equal f.o fivo, or lou than 
fi\'c. Upon tho basis of a. 10-]ef.tor kcywonl, the number of alphabets indica.ted by the letterS 
\YOU}cl be impossible; but upon the bDSis of A 9-lcttor keyword, the number of alphabets would 
be three, which is very probable. We may tentatively consider it as established that tha koy'
word is 9 )otters in ]engtib.. 
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?\,l((' Jl\lW din:~l"lllll (A) or (iguro 00. Tll(ll"l' lll"(l .,;ix Mpn.cca vn.cant at. tho encl oC t"ho koy
w.,rd nlph:thl"~. 'l'hc lt'lh•1"' from S to B in th~ l~orm"l alplmbot aro T U V I X Y Z A, a 
tot:1l \l! t'ight. Now ,,.e kno\\" thnt U i.z~ in t-hr koywo~u proper so t.l1at tho residual soquonce 
doL's not co::J.tnin 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 alpho.bet. 

'fho kCJ·,,·ord proper consists of the lettors not present in the residual 10quenco. It must, 
thm"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 }>osition of the indicator groups in the cipber 
text mdccs L very probable as the initio! or fimlllcttc.-r of the word. Now, very few words begin
ning with L U l\1 and containing the other lllttcl'S A, C, E, I, H, and R can be found. But if we 
a.ssumo L to be the finllllettcr of tho keyword, tho most probable ending would be C A L. Given 
• U ld • • • C A L , tho word NUMERICAL soon suggests itself. 

W"it.h tho keyword at hand, every goncl"o.ting rectn.ngle can be constructed at once, ·and. the 
messoges mo.y now be deciphered aa rapidly as by the legitimate recipient. .• , 

The. decipherment of messo.ge 1 follows hm"ewith: 

F.IGUBJJ61 

KIBIY FPPLH GZOPB MAWFV TBHBI FUEB .•• 

Alpllabet 1 

Alphabet 3 

·Alphabet 5 

2 
1 :1 

K I 
I K 
ZE 

GeneratiDg reotaDgle {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 FJ 

NUMERICAL 
OPQSTVIXY 
ZBDFGHJK lLYTGIVHCWJAXK\. 

fE S F R H 0 Z U P B II Q DJ .Alphabet 4 
lntaruption 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 :1 I 41. I I 1 I I ' I 1 I I 41. l 1 I 

B I Y FPPLHG ZMAWF VTBH B IF 
Y I B GHLPPF FWAMZ HBTV B FI 
ROH OURWIL LBEAT T W 0 0 c LO 

"Zero hour will be at t\VO o'clock . " 

The fatal defect in this system lies in tlte fo.ct tlw.t o. koy is used which introduces a froquently 
repented cycle within a messo.ge. 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 
1Sp('t'd~· solut.ion to bo o.tto.incd. The inscl"t.ion of the koy indicatom within messa.gcs makes the 
rccon::;t.ruet.ion oC tho kcyworcl o.nd tho oo.u~cqncut. solution of a sorics of messages vory en.,;y. 
Tbo mn.ny clctoils involved in ouciphonnent, nud dociphormont, concomitants of an attempt to 
1nn.kc tho entire operations dependent upon the knowledge of o. single k.oyword. and the cztsc 
with which o. solution mo.y be o.clrleved in tbo c:o.se of o. siiJgle mesao.ge or a series of messages mu.kea 
this cipher unsafe for UBO iu eitbor the fiold or the more important operaticms of the larger heo.d· 
quo.rters in the roo.r. 
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