Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7

50X1-HUM

0\0
<

Next 2 Page(s) In Document Denied

Q”&

Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7



Declassifieg iin Part - Sanitized}Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A0031OQ530001-7

D

Y

hpplications of graph theory o methewat

N

' ' Ei:msi; of all, graphs waovse vc»z‘lu,es; e U(‘?‘&m

of a free wcmigmup , Will be consi
mlﬁl be r 'Gn&.mmacag and an
Cwith two binary relations

, rected gmpm wml;_ aleo be treated

{

examn 'i.n ol o cimbvr

:?11. bc es:‘:

- /

s
Yoo,
% 0

ical logic and Llinguistics

Ko Cuiin

i.6¢. clements

de red. Then sove labelled g:rapha
graphy lees OF & set
. \ ‘

lmmm Finelly, orﬁii’na:r-gv undie .

-

{

J .
1@ *bﬂm‘v @g Lanpuoses

1 dat*wnmtmal 105,&
.

l”i

The wain aiw o zmzzemwi

/relation of deducd biilt;y in vaed ouy 3@;;;.1@&}. wcn-@i‘“ gne

languages. @‘zﬁom a quim goneral

d\eacri.bed, ag follawso ’

ll gle is ‘r;he

pednt of vmr the situation

"D

L

‘& Einlte al phabet (or voee bwlﬁz:&‘ U is givenj the universal

Clanguage Ve is the free semigroup of sw;ringgﬁ (cm words or m.m:emm)

over V¥ undex‘ mhe opcmtz on of goncgtenstion w,r,h th.% ica@-nmty elew~

ment HEY Fm*ther,‘ a f‘init ¢ set of prcspef rules tﬁﬂz V“’ KV“’

s gmvm?. fe€e we have a graph V™ 2> . the vef ces or edges of

which are stmngs o pmper rules resp. ‘l‘hi' fraph cont ain only
/
a fln_.te number Of ec&gede Uiy ng a C‘ 1 omem ogemzi,ov & we
' assi?gn to the im_te reﬁ ation #2 a xmi‘i; y QCELK‘U&.I}Q& ::.m:.m-z;e binary
: relation _ s | &
1) ‘M% (93 3 ‘there ove 4, % » zrﬁ'“"éfm such Eho
i : li‘@ R ) () BULIL Bk B
» , ("z@i’zx’) Ei’:i and }’:y% Qmmég,é ?15; .
Now, i; the 111f:1.niw graph ¥ V% C#H %" ) & the fini te paths C
. L s % p ’ P L :.,,_' .
Cuy oy, Wy ), k2L (ioee (o g ) eCdl  for each .

i

. 4
s

Declassmed in Part Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80- 00247A003100530001 7




_Decléssified in Part - Sanitized Copy Approvéd for Release 201 4/03/04 : CIA—RD_P80—00247A003100530001—7

N oo , . \ - ) - . ’ . l - .‘ .
s 7 N ‘_v . , . ~ . . oo . % \ )
,/.-
. . o _
. - . E \‘ . ‘ ) \‘.‘ . 4 ; ';_ o 1
bed i, k=13 a:z*e, m,,d to be derlvgtions (or «@oarfu)ﬁ.
If we denete by 1. f*m sraned ti."‘m 3 azil:b&iixb@zz operatrr Jefined for a}.l
Y nary e Yations 8, then FL¢ gw se eseent @ﬁ,ly tae binary relation of
/ * - o L.
N A TR o5 R T : n -
c}c.ﬁucjbij_iwe I:i we %a‘fe o 3'(;‘%; Ac¥™ as the s;seu cf ;i,;:iomfs
. _ - o o f . —
then thc sek A \ \ p
N {"3 ’J(ﬁﬁ "’*‘13& ¢ there ls o 2‘,;/@\» CoReh ara %,, a«f;) & % , |
s . N . - ‘ L, -

is w:he set i‘ dll meemms xuznz.c,h "w; elch demjw& from A .bJ a con~ -

.
"%

stmct:a@e“mapmng S ceﬁ.m* 2 aargialg;@ ';.',;xu This m“t;:z.qn is inbie

a‘tew f*@iatc@ fm the em.w :we mma:maioz* Le,sl *t; e ol Vo Davis

.{11'3 ami to thg: ausac‘a%;wa a...ca.l of A b w@ri’u«? E,i?:,il.‘ -

One of the mam “adns c,;; Iﬁ'ﬁilcmamlc‘} is m (%har% L@d "pi_f,e

'
!

infinite classes by & "i:,m.atufe usiong finite ci&ssms.mﬁ.y L‘;Zefsag the
' finite b:mamr %lations Te &"i and C#  sboudd by charasterize
~ by the pmpemj es-of . 'im.e mm te w’la*i:ion zﬁ‘ . For these gjurp sek

SR £ 1 i«' eful to invest gata wnath 'p:bcpemi% of oinary relations are .

:anamant in reg Vard to the, ovﬁrator& L and TS 5 It e preper'ty
of 5’3 *is not izivariar\tﬂ it i;f-" Neces SH‘PB’ q,o :H,n& the csorwezupvnding

,property of Ce?'%, or }W r?%, aad also c:e'mf&:a‘s:zi% L she 111 shmr zaome

"

_ axampies of the que..stiom eﬁ_ ti'z,m t;ypec

~

- - \ \ ) v . '
, / .Lf 3‘?; ¥ 2 .y ‘there are 1ﬂi,¢.mic,1:y m‘ywy relatl {ms rﬁ% “guch
P . N ~N
- tﬁat g’% Cg’i "éu% ard Cj r?%a " ﬁe?? for each i=f,4 ;oin  Sometimes -
it 1 pra :ﬁ.‘.:le i:,o ul.d; some clements of 74 w:‘;ﬁ?ﬁ'mut- any -changes of .-
, o . , i

( N

£
\f;’«w reducitle 1T the are 1s no

€% . \,&":'i'.a,erefore, we sey-'t a‘f (g’i 18
: T A : w® w(e:-g_.r,,f@ . o
‘ relations. awr such t‘%ac # éﬁgl * f?? und s At : f:/“f’_ + e S
N . Lo o : .
s ~~I‘°JD denotes ch@ opez‘ hc»ﬂ ‘ . - C e e
(3) D‘ﬂ {(% vf) € éi theve aPe 00 L 6?@%} *auceh tat
X %?J anri (x,u, Xy @%} - T
& i T R

‘ Declassified in Part - Sénitized Cbpy Ap'proved for Réléase 2014/03/04 - CIA-RDP80-OO247AOO3100530601-7




N

- Declassifie_d in Part - Sanitized Co‘py Approved for Release 2014/03/04‘:/\CIA-RDP80-00247A003100530001-7

i o 4 - * -
", ) o e - . L3 Z; L ’
& o ' T y
~ \- 1 .
) N . N N ;.
. . - o . ) Yo . . o . . .,\ . ) . " , . - . "_‘L : ’
*tnen ‘the fal]a n.ng %heowem 3;@ pr ved eaeil Jc\ R e

\ i \

i ‘Iheorem 1. An arm trm"y b‘imw wala\,z on f@ -hs K’JJ nmeducﬁb‘i.e
' l . . ! ‘ N
o zi;‘ angd onlv if fz i }mr‘thew LOI‘% ﬁ«w 7? 63@ - and
o Dep® = DE Coo .

I}:E’wewant "to vest ate the cl&@s of hjﬂary re‘laﬁon C i
only, 1t suffie,,e\éé"ito ms;"z&vic‘t o

Vand in ﬂliﬁ c& ﬁ) is an an‘“?c{tm‘ rver«'sr> to "f« o ."Fsm:.om this poink

of‘ vi ew th eﬂtf‘ollowix:@ com.i i on i.s:s upowanu

- \

(4) if uﬁ &7/ i€ Lg" 2 5 ‘the;':?@ are u,r_:iqx;.@ly_de"hémi;mﬁféi‘%z.' XA

a,n@; (. e, M?ea % such m@;‘ = twy, g % J«:aé;@ :

-

Theorem aa An arbi ﬁmw blﬂa‘.ﬁ‘“J mlai‘mw ‘R ..c%rm‘iﬂa '

o
@

-:mdii:.ni,on (4) it an@ am:y i A 41.;31 & m:Lf@c'M;(.ibh sm@ g’:’; satisg~ .

.~ fi@s (‘,i)u ’Ef‘ 3’@ sai,l.;lxps 4()) Y then % ig -g.f,mirreé.uc!,i.hlfe_anﬁ

i

. s«ztiﬁf:u.es (4)3 o \ -

) . ) R "51‘,:; N " »
: (5) Them are no paws gy ¢ J’ RS "Jt Y 3’{ W; u‘Mf’h thaf £ g JF T {%s_%&
: ;N T A ; - : :

wnd %&«ném@%@y, rﬁv‘%"’ %,,g‘f Y for some «i‘ ff v*
. . 5

. . i B o a (

\

1Y

8
=

(6) If M@U?%@% and ,@,ﬁ w@zp ?Wﬁg?@“ or Aw*f%/w ‘iﬁ"”w é";@ where J{g* ey

thcn »ﬁf"‘ﬁgp o \ ", |

— -~

Ty ' o In a. s:;.milar manner the operatom ? am “Fv mu be t‘reateda

We sa;y th:at ﬁ :Ls T »1 r‘mduclble if thc.re is no é%;- sx;ch %h%t N
~,&W«% # A% e TCH™= TeR. AR
i Theorem a.}_‘e An eroi‘crav"fr binar:j .oelat:z.on # is pia eiizmeﬁ.ucibl@
if anc. onl;y if é‘?,, :(z,s c mirrcducz.m,e and e 8 satisfj.ea %‘:ha fc»llo«s» '
\ wivnglcpndniqn (7). If 7 ‘:LS‘ re nixmmuc1ble then 5’%, satisf‘% es
© comaition (8)e - s |

. .

/ AR ; o o ‘ . B

' Declassmed in Part - Sanitized Copy Approved for Release 2014/03/04 CIA- RDP80 00247A003100530001 7

to ,ha class &i binary - E“Gl&&tl()ﬁ?w,;

™

i

. -

]




Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA—IR;DP80—00247A003100530001—7

2
~

tmé,w . ki

(7) L (u, ‘2/’)&‘5% then i;hem ig no path < .;,“,, Wy, =w) inCH

such that ’ﬁJ& and k?ﬂi;fiw’ ,g}%«@% @"} " for a1l e:,,«isf;a&, .
(&) Iff%éuw z)&@ﬁ :fcr i= f@ s then &mgwg‘ %%;é%
- " Ir is clear that comdition (7) is unaulmble beesuse it

similar to the condi‘ti on of atrami**ivity A binary relstion ;‘%

is said to be atransltme :z.i’ it $acisf’les

L

.

. concerns the ixifixiite relation £4% . On the other hand (7) is vex*y
|

(9) if Cm wIE R ’ then w’? 9”, and there is no path C% wﬂ.,. wéﬁ ¥}

oA such thot é >4 .

e 4% is an ai‘manuztlw b] nayry’ relatlon tz en aﬁ% new not be
at;ransitiw,er. i.e0 the property of Mmans:u;t vity is not imv :wn‘t
u.r*der the ﬂonte*;t Qperatez\ i o Befle, et é"eﬂ contaia i;nr toree/
patrs{w; ¥y) for L%, @:‘} , where %f«» ”1’3@’ | Mag® DBty 7 A

and V{ ﬁ@%&‘@" o Now bv (l) {",@y,@ fy’ & W, @f-é}é’{gﬁwﬁ |

from (9) it follows th;,zt 5:3’% is not atran&it*veg ‘The com.a.tlm fcr
# vhich corresponds to atmna:rtjvity of w?:if seems rather cmqp.mi,-.
Jcatedv ‘ R | / | -

g © Originally & was led %o these queatioms by inv'estig&tians )

of the axiomatic sys tem for phrase structure grampars of N. Chomsky

43 where the axions and th@ rest:;?ictmons @xpress some pmpertieu of
C#. Tt w aa_.azu;?'a 2le to r@f'grrrul'ate these axicus 86 us 1o concern
the‘fa.mfte relation 3%« only. It wae shofwn .;3 that s new exiom

nust be added in order to cobiain an equivalient axiomatic s_.,',&:,teme-

/ . ‘ : , s
N il
/

Declassmed in Part - Samtlzed Copy Approved for Release 2014/03/04 CIA-RDP80- 00247A003100530001 7




) R c)

Déclassified in Part - Saniﬁzed Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7 “

¢

‘ - n ' o .
e 5
. Ao

. 2. Syntaetic structure of sentenees . _ o -

.Them are two imnc;ri:um? modif mauon of 8“&433.@03‘3,’3}‘1315% -
:a) bhe al,phanet V is decemrm:ed into two ekl agoim parts 7 and A
which ax"@ gaid ta ‘be Z:he m?m.naj (pz* oper} and nont @'ﬁmim'-sl (am‘i.liary)
alphabets (Je T3 ; and 2}3’ if (e, m@f“& ) then "«&m/“é . ieee
. is a mng&e lezzézere in ib.w ca 3¢ the semi, ng,wi\ukm is determined by

~ & more speciml condition .

(2 )@&A)‘f n {X 5 "i'hw is & Aﬁ’ A such that ¢ ’izf x}g T&%}

\
. \
This e:ma}gorﬂ;hm & snd the }*vm,.a;&;s w(ﬁ’u s L@ m@ seu m

¢ strings ¢ encmted by :n;, are called context~free (61, A very imporse

tant ex amp‘!.e 1“ the pmg"amw% levguage ALGOL 50 ¥107, where the

elements of N or i ars aa‘id to be the memli@mfﬁtm variables o

basic Symbolg re&pectivelm- and «?’ % cmm:ains aboutl;'liiio proper rules ..
‘which czre detex'mme& b;y the syntactic da.fzmm ihcu i‘c;r pﬁogrm'
& o, the lmguaue § (/’pwgrmm %} is *ti @ se&; of all Programns.
‘writteu in AL“QL 6& , | )

In, u‘tomatic pmgrarﬁmmf it is neceeswy LO péc,egnize the

: symectic structure of each pdr*tlcuiar program ;”»s‘;;, (a:fpmgljam ) ‘

in order to trdnalate it :mtc the compwher language. The ﬁymi:aci‘,ic»\ o
structure of f is detamine@ by e d@mvatmm Cug, ..., wy J such
that Wy, w ;i& smd ’w pmmmm > 5 unf @rtunately hcweve? theré |
often are sevewai dexrivations, d,e.sl‘,ine'ﬁ, as sequences of . si,mnguﬂ wmr‘h
»dei,emine the seme symexctic si,mcturce@ A necesuary equivalence x“alafx; _
tion concerning the set of derivations nay be 1ntroduceci uéing ihe. "

notion of mom@mhism.of Jabelled double graphs as follows.

\

I {w; ., W) is the given derivation, we may
v wite f‘%f . . W i .8 Y |
| r %sf e L, ‘% ' ’*z’fe»;:wﬂ; mhgre g, ;f and |

(

7 ) . ;
. - | - |
Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7 ,



i

Declassified in Part - Sanitized Copy Approved for Rélease 2014/03/04 : CIA-RDP80-00247A003100530001-7

%, #J  gor all £, 4%<€h, and a13 F7Eg e ees vy
is the length of the string Wy ). From the Tact that{wy wy, )efdL
and tha* the considered ‘semialgorithm is context«i‘ree there follows

the existence énd\umcﬁ;y of 1ndices‘ ey andaly +€; > 4  such that
C "’*d»‘ aes %1“?1 % @ >€gu fo\r tﬂ'f& vieg, & i (iee¢»the
ﬁa 9

condition (4) lo always satisfied here,, buu upder ‘ch@ assumptlon

that (% U’;“E% implies 1w ¥ ¥ - .
Tow in the set M {(bgﬁ ‘f‘:ﬁ@?%« %f f%ﬁ,; c)f places we

- introduce. three binary relations F s :’w 6" gs follows:

s

1) If‘(ﬁ,j}(‘b»?}éi“ﬁ then (i,f}g(ﬂef,g) ir meied ~ and
: 'g for§<d«@ w DUt § =4 ﬂ% , forgiﬁfd’g for all f;-=vi,£, v, B A

ir ¢ denotes tl'fe smallest @qulvalem».. re.s,aamon deﬁ.mo in M and
contaimng, & le't [<, gfeﬂ cennte 'Lne equivalence clas&s cmtaining'

Q"M‘“) and let f“? be the set of all equivca‘leme ciassem imdueti~

vely one mey prove ;o
Lemma 1;{%,{}*“ L po, .;)? , Where 'ff':fé Sﬁ‘g, gs ﬁ?ﬁﬁé %ﬁ“*;i‘? '

—~

is valid 3.E and only if o -

‘*Jﬁ’ ti« é’%i f‘or some @@'ﬁ , where gﬁ%&%& LCap i
T g=d A

and if the following ::,x"eqn elities are ati;d:‘mc

i< £ el i .
4 ‘_‘aifa% for each% with 44 {m Qm‘ p @&gﬂ? )

¥ |
‘for each I,4% “-‘43 dg‘*:‘ £ Eiam <, for each L
& m < " e ol —
, @, < m, a,ﬁ &g« }%g Carg p: g“‘ﬁfif-,g,,«,g ;

ra

= ' o ‘
&< e, for each ., ﬁg‘{‘$%§ q, ?"‘f;’ ‘

i}

Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7




_IZ)ecIassifvied,in Part - Sanitized Copy Approved for Release 2014/03/04: CIA-RDP80-00247A003106530001-7

- : N S O i

: G ; AP
If we start from +*%¢ end f*’“"’; ..., W%, we get from Lemma L

| ~the aesem.ptlon of 3Q€”ﬁfillcdtloﬂ 01 nlaccm e may introduce & ' napping

~

f as-follows: é&%,gw‘ ..a,;ﬁ; for ‘?"5*? M ,y‘é f’%n, 3 then frow

K

*:?343} Filn,80  follows ﬁf’fé) = 3@-{ &) and therefore it is

possible 'to deflne a 1:113@111&% £ by ‘the’candition % sl%ﬁg-..} *“f Op«}‘.

¥

$re M then { ,ﬁ}l T Ca, ) if wrded, gedy

-

B cand f:’ﬁ«@;f’- g & &f«,g; 2y, o It is clear that ?mg =8 end thab
’ . ‘ E BN l “ .
in ealch equivalence class [, éﬂ cnl“y,, for the places with maximal
' [
 or minimal first index denoted ’ov i S i,;:,}: < ,;r ox*g-«"fg, '“;“’55 £ ‘€§J .
i

qIHCug; o7 \“““ svuises 3

IWM..,WM ] Fpedike b v,

- may the follovmng con&xtwn be vallda

it §”

fore some {4, &) ¢ fi

PR Ny

s ‘i‘hez“efore it is possible to extend the

= SN ¢ R . .
relation - fr*om M. ogo i® by the zj’;’ollowing definitions

v : S = -
[243.}7?? -{ﬁfg \f& ,{ lf tmer’e '11'6“& !M4> ;L w,; ij and Q"?’a ﬁm:%;’fﬁ 3%5 %j

\

: Ry L .
' such that &m’ ;u,st g mﬁm gt

Lemma 2s Each oi hhe ccmnecied components 0:? the graph

< i'”'? e 8 rooted d.wected. 'tx'ee with the root { 'fm,g for some

3
f*“d% & rpey ie€a ‘the vertex fr, 8} ¢ # has input degree ﬁ or ¥
Oy ‘act;ording as it is or not the roote. - a o L
It is cle r that TAt e~ ~& . and that the graph M Ee
2 et

consists of 43, 51mple paths. From th:ns and frow the def "LI’Xlt.LOI'i of

e

@inivslence classes ,_{,e\,ﬁﬁu‘? it iollmvs 'that it is possibl.e to define
. Y. |
L0 ’

a relation "& as follewss izééz‘;a i, oy

v

¥ s g D s g
84 if {2, @3 (v, ws for some
B4 4 :

-

6;3

,_ Pa 41 and { v, W;‘ﬁ ) _'t«,éi ?V A D:x,uaf;v mlatwn ﬁf is sail to tw

BT e s, ] ot Tk Fe 1T o1 7 ] 22 o
Gty 8] = D03 aud (3318 (sl OV D= [1,6] aud (8416 [An6]

Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7




Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7 B
. - . . , ' . . . ' . .'-\‘,,, .;1:"‘}

) o _ ) P ' .‘ } ’
. 0 . : N Y . |

N . : . ¢ | \\
o seyelde, if it satisfies the al“ owing condition ' .\ o

- o) :i.f (w Cd )é’@% thcn 'f,fﬁ?z @?’ and\there is no path @“@ L ﬁ%ﬁ?w}f -

o ip A R S U

\E’uﬁ:mmorm from- tze Bmmm pmpwtms of rctﬁ;% treea it /0

~ e

fol lmm that there is an vind oum;y cl@mminm path whlch connects 81T

— N

arbit rwy vertex f i, é@, /a M with the root ‘;;, <M \Jsg,?nd, which is -

o ca‘i @d mowd %ath for - *".“A,(%;? o . ,' SRR L
,rﬁwtumy one ©ay p“@we @wS}j.Y B oo

\ - o
. . N . e

R Lemmaaulm the 6.5..3:*@(.3“2,.@(1 gaaph éf”’? 6‘> ‘the re—.lai‘ian g i&
ram-b&ive ard a@yelm andé the mput or out out degree of 'i;he veyt@x

fﬂ/ﬁj f”"? l-’?f.&? O e and ‘only i:L ég’“ff \ _ox*z:;m’m‘é@ re&pe ,é.:f ’ : s ﬁ

{Eﬁ%émff“'x@;;ﬁdfg“q’ vy 1 ""fc?é,«] root) and ij&%“[%mi’% vory o, %.,:B“” mot) are
rooted pathe 1 ‘«?Zf"’ F P> £or [%if %respn, “then @f} f‘%%, j
- ' ‘ . ‘ > . ,.» ;Jh, )Q e

if ana c»miﬁ}?.i’g j # 5'% "? and ei tne? 1% fﬁgfﬂ or égﬂ @éwﬁﬁ : "."

foag * féf for thgj_ :wa.}‘. lkadéfx “é‘ ' such. ;,hat ﬁgg.,?y @‘ﬁfaﬂw

~ ' !

L & PN . ! X - o : \

L for wll we @4 .

/ - Using the 'a?m, "mera it is prcm{i 1o prow: the follawing
Ih @m’ﬁm m dmn é,,m; relations ﬂ zmsi T are gm"tial o

ordar i 1ug, le€e :.-:&*ynauesx‘m m{‘ tran: :Ltiveq ar\u in ?”Jé : thgm e

A ~ v

. A . ! : . - A .pfw o i
Cis ;éi't LOET ong ohaldrn emm@n:ﬁ;::.ng two veriicee. F t‘f*hfw F . end RS
TE  watiefy the Tollowing uummti‘m&z . : e ]

(.’L‘lfﬁ Ll oy \-f‘*" ‘apd & F y 33 the 2 there siwzy*g cceurs prec-: s@iy one

af '};he; foliowing pesaivilitiesy ';.Jﬁgfg,}é&’, ?“«Ji“,j X )t; TG ; S

)
®
Q
[
7
®,
=
®
o
=1
v
-
3-
UJ
o}
3
=
N
®
o
Q)
o
ke]
<
>
o
ge]
-
o
<
®
Q-
—h
o
=
EIAN
®
®
o
73
®
)
o
—
N
S~
S
@
B
S
ES
Q
)>
;U
)
U~
.
o
o
o
N
~
~
> -
o.
o
®
—
o
o
o
»
o
o
o
_\
N




TN

‘Declassifiedp in Part - Sanvitized Copy Apprbved for Release 2014/03/04 : CIA-RDP80-00247A003100530001-7~'

P

W9c§:~

_

The labelled gouble graph < M, F, 9, &> , i.e. the set with
Jlapelied elements &nd with two binary relations, is saeid to be phrase
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' grammars {53 , _
i | Two phrase markérs are i‘esemcrphic; if they are isomofphic in
1 regafd to both relations and slso to the labelling. Two different |
deriva‘tioms. of the same string determine the ‘sasne syntactic structure
if thelr phrace merkers are 'iucmkov‘pbica | . |
" The Lemmas 1-3 show that the dr-‘vc.hsn,cr* problem éon‘ceriiing thm_
cquivalence or nonequiva,!.enee cf two gm‘eﬂ aerivat mns is 2 *tather
_eoxgplicabed\ procedure even for a computero

S Of course the relation ﬂi or 79 is the generative subordi-

" mation and & or 76  the word order pelation.

A ulmlar’ cons tmctlon of 'L,h@ phrase marker :m a germeml semie
algoxdthm (/nbt necessam{l.y comext«fme) ledd\.a te a more gen@ra¥
. double graph. In this c:ase ‘T@" is.a quite general partial ordering
(not satisfying the given s o:Lficat:a.cn, and in (12) ‘it is neceseary
| to suppose & ¥ g, Yo Therea?ore a set together with two pavtial ordee=
’ | rings which sai;lsf;y i'll) and {12) j& suitable-for the deseriptmn of

'Lhe syntactic stru.cmre of &n aﬂbitfary sentencea
!

3. Finite automsia and svaitching {;heorl- . : \

) ‘Each mapping is a binary relation and, together with lts argu=-
‘ ments and values, 1t mey be consldered as a'directed graph. This was
really don¢ by the meny authors who_ treated automata end switching

1

i | |
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theory. This represeniation is vmry suitable inp the case cf’ cmnphm h
caﬁm Superpomtj ons c:‘f" meny mappm{,% Ai,wavzs the graphs thus intro- |
dueed are labellede I give hecre um.v some eka“p‘i%o _
Let & “‘<M’ £ > be a firite directed end _Lcaoe“*i.eci'multim
graph and let £ be o -ffi;xz@f‘ finite. set of .Labels,, i.¢. £le)e i.
each egdse 64‘:‘:5 A, path in ::fé’ is a finite sequ.e.ncé of edges
{& PR -» ? .,ﬁzch that output vertex of 2y L8 the sane ra the
:x.nput ve;r'tex of &, for is 52, M.l ﬁ%‘;’f . We say that this path -
generates the string FCe 9 FAC I f{ }6 {f«m o Lot G CX, Y)Y,
- where X 4_Y<L M s be ‘th.e,\se‘a‘of all strings generated "y all paths
siar-ﬁiﬁg»m a v\erteﬁ fronm 33 aﬁd vend’ing in avertex Trom ‘%’ ;\T};m

foll owing was proved 1r1§:0} . N

Theorem 5. The claa..,,s; of all sets G{X V) fcm arbltrarg
G, )(‘ Y is the set of dli regular events in an mlpnabez L inthe
‘sense of So C. Kieene CM-L | |
These finite directed &nd J_a"e‘:»eilecl nxulﬁigra;;h@ are strongly
c;onnected with a special type of 'cbntextwfree Eemj_éigcritlm;ﬂhe Spee
cial conoitlon is the fo llewings if f@o!‘y‘)‘é;% then wetw whefe
teT  ang welN. op w' =) and we put T'= L, MN=M | In this

case the v;rtwacea; are b&ld tc bc states and the proper rules transition

rules :m the finite s state g gramuar (es entlally) & Wl

On the other hand, let the 1e‘bu11in\»3 f{ of G satisfy the
following condm:.om if & M e;%e:é 2, * Cznd a,,- \/}m*‘\reitﬁe some
¢+ dinput vertex, then fle) s (@a} . .r:‘urther let & be ancther labe'? ling
of vertice, i.e. gx(v‘}(.c K for cach €M s where K is a finite
' _set the olements of which are called ou@gu ts (and the elements of L

nguts)o Final ly, le%ne vertex- # € M be diStinguished as the

N
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initial state. Under these éiei‘ini'tians the double labelled groph:

{NM, £, f,g,) is the graph of the finite au't,oma%cn of k. Fo Locre
e,14'3@ If we choose the “second labellin; ina c«:n.ftm"em, manner, we ve%
the graph of the finite aummatox; of Go H. Healy {,13_ Jo Using other
types of 1abellin;gs‘ we zet logical nets o A, Wo Burks and J. 3, Wrigt
{g\ijf, etcs .
In these fields thére arise wany s;*weciél q@xestizmﬁ coneerning '

' ' - o s ]
graph theory from a new point of view.
. \\ ‘ . \. )

4o Semantics and tronslatiorn

Let L be the set of 1ex.zal units of sever rol neiv 1 langiae

---- I

ges and let @< Lyt be the bisary relaion cf tl‘ﬁﬁujdt B Jilt;; w1l
er may suppose tlr_;at ¥ is \s;_rxmne:\'tri.c (both L wnd L omey ‘L. found
in ordinary dictionarics C(‘)X"'(‘E‘K’Pliﬂg the iivestigated 1&:13&“1&{’65)::
Further let M be a set whose elements are osllw meanings.

| A multivalued mappim' P of {- into M  is said to be a '

'sema'n'hic, it g satisfies the, Follov ng c,encll’s:x,ons

i

\ . v A

(13) &+ 30{"“ cM  for cach €L P

'(14), (% . J,}fz;i ' if and only if [N pCyd 5

(15) if ;v%“f"‘/? - then there is at least cne %€ L. such that H€ pixl.

bondxtmn (14} says that may be *tranglate‘d as (} if & and }

have at loast one comston hie_dﬂl.ﬂé,o : . 3

e
{

.- p TR « ' , 3 o ‘ w o :
Now we put L @i x£{ 3} und definc a binary reletion ’
y L3 B o

&

weMy M as folllcwss (PQYe i if PQedt, am "nQFH
< _ . / q

The graph #% 4% ;m,»"} is a set-theoretical representation in M of

- the br'dph €L,¢% , because # is a strong homomorphisi: which maps

< 4, ' 3?;* onto ﬁé’:"’{, s L Pumher 1e*¢ é’« be a set of c:oz:dp)_e;t'e subgraphs
- { R =~ . .

.
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) \] . , B _ : »' - P ', ) ‘(!c.,
o Lo T e 12 : . ) .

by

n % £9>’ : hﬁ.eh Sdtlﬁfi@w the: ‘faunwmg, conditions . - -*

(163 eaeh sm!., and each (2% %>€§ :l,ts afmw -nefl m ,;eme ._

ub,graph éV ?}é% DR LT

N B P . \
N

‘ , 4 Fxa L?; VA ‘ \
In 'fc.h;l. case we my that g covers Ly gt . |

‘ R bt - |
‘\ = P \
o y 3 o Lo f o~y T
Tre smellest car md, nuz,oer uﬁ/ ‘ég COVETing s,,,gr* a8 sald -
7 <& and deaoted ti L L b s,
to ‘be the number m‘: completonzes of <l pe and deoted ty ALy

O

ASS

E is ca@v te prove .- ~ .
~ N
: - \

NG a 4@ &W’L é’ & @quaj. Lc ’(,1’}9 amauem c&mmml mfmer
ber of M .suc,zﬂ thm M adqu' 2 gef Ma@u *ehm al m PR 391’ o Hlen

o*’ <L, m> 9 deee am,h 'r,haft i..aem exists a mwn mf f a;;cyt.;,st:e::*a.ng
< ( ‘ , .

uswéw‘w» e L \
F\wthemore it is mw}.i:i: showi that to se.,lu oet /f)gf 'S@t‘iﬁw

-

¥

f

3‘.3; ng (16} there nay be"founﬁf mm%m? *Be{ (fﬁ’?ﬁ M‘- com@l@ ‘e ebET avhr;s
of <L Q§'\ uc}; th ’ o \‘

<17) card Wee aed gg -

e (18) J.f\(,‘! 6";};@; %’ them there j.g a subgreph £ ¥ 5"}’&,'% such -

- ! . S
. 13 ’ . - / ' : A} / ,A . . J ) ) ‘v
| that %f@:?lfi‘é:é" . -
: K ’ Y ~ R ’ B . ’ B
~ T Y \ ‘vf)" o s Ly 58 g{y’f
(19) the set YL of ell dlfta?ﬁﬂb sets VY such that &V, 4H 7 E 7 -
T ¥ a'dec'ompositlun of b o ~ :

-

Fron {19) it follows ilmh \M’éf l-.,z & ch*'*mmahc deaaup,wi Lo, yﬁ?‘% N

. of the g aph.ﬁs’;{ Lu =P, deee if %?&i Vzgifsz then

e

uagﬁﬁ L. M‘L I Ifx‘iﬁ»#g}' éenm&es the vhr’cmabic mmber of

< L»g> one may prove the xollom!lg : B SR : |

r"heoremt’; }!(L\g,xé4¢f§%w<¢{. f>

Simllar difflcal't..l,e'a arise with’ tne number of céompletenesg ag o

. . "
A . :
T . . \\ N . /
. L . k
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< w13 -

- . : R v
{ R . N -
with the chromatic number. '

/

The number of completeness w< L, @> is the cmallest number

of different meanings of thc given system of translation <:£u££>e
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S@m@n@ics and translmmn of gramuers end ALGOL - like
langu&gaés

«

Kolulik, Prague

-

The langusge L is determined by the set of expresasicns B

&nd bv the seme gt&sc S. B contains certain stringe of hesit symbols

‘choosen fmm VT and S ig a ﬁ“unétiﬁn which Qj-éings a imaniz;g S{x)
to each mpr@ssien x € Eo '

The travs}at,mn from the lang &ge L inte *i:fs.ia ’1&:’1@1&#3&; ye
As the function T’&uch th&t T(x) ¢ E &ind “(2-:) = Sﬁi‘?f}f}'ﬂ for |
/é ﬁch b é»EJ the uroblem is h@w to determine tne tﬂangmtzcn T
in sam@ economica&l and ccnst ct ve way (not as the set of couples
"’Tém for 211l x€E), ms mey be dope if we use suitsble gremmars .
é,ﬂnex‘gtzng the @lven i.an@;ageSc

The set B is &gn@rmeé by the gontext-free srammer

4 =Y

YoV g@?”if B = {m @'\f{ where G{x) ﬁenateg f@he 3@ ef.f’

~ xEVy

‘mll expreasions e € E such that there iz a dgrivation inG begin-

ning with x and ending with e.Vy conkaing the vﬂ.,emlinguiatici Vaw
riables end % amactz.cal definitions (or rules) #'= a5 3t =

- B 8y8y0068, where &g = ‘\,E?g»_ and a; € VN%JVn for @a’mh

&

: N / -
e i = lgggaeegno’

~

- ' In regerd to the translation 7T the set ¥y ia divided in

)' two parhe ?A, and V‘?OV contains auxili &X‘V avmmla (s brackets, -
~ . . ) ‘ i A
. w/D Q/.sp ace, coms &ud other @epxamimr*s% and V the proper g'vmk\:‘ols(the
- DN

~ - - gymbel s\x\ip ueually are agezin the strings over an alphmbm Ap,)@

i . Fach mal@ﬁ T e % can be- un;n&:‘.ly @xpfsxssed in the stendard f?orgg_

U(J/ Bl

& 4 = hg lbvmaknkg whers 2;» -grs either zez*@wﬁtm,ﬂgs or atrings

N
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wt el R . : : ‘
, R o o .
v Vot . m. is eeid to be the i-th stepnderd symbos
over V, and &4 £'¥§g;@§ 5 8y ls ealg to be the i
of i’l’ ) | poy Py LUF e
 Further we &@fin an ex aww&@r 2 of 8 as Tollows: S{x) = 3(x)
for x £ % and S{:z'} = J (vl for x & Vyo \
| | y & G{x) |
- !
} : : - fa i
The gremsar ¢ of the langusge T {i.8.G genﬂr&* g B of L) 1s said
éﬁ be well transiatable . inbo the gremzar G Gof L7Lif there is & nap-
SNy ‘ : 2 e ‘a e ‘{- ' i; *ﬁn“{‘a x.-,,fﬁ
ping é; of 2%91&%& ?% and enother me k%lﬁg A ?,, p ABU P
gnd of ¥y into Vg 8 @Liafyiﬁg the following cenditions:
AT YL H - B ‘
(1) if &, 13 = b mlbqa@oanyf, end e, 318 S ﬁﬁgléloaa@mﬁm
v 3 A 9 . . o
aprs the sianderd formsg of th@ rules ¥ and é:i # £R8P e ?
. s s, 2 p— < . E fq o . : f
then m & n and there is & permuteticn I of the @ﬁb_g&gaggg@ggwg
such that 9, = bﬁ&i} for sach 1 ® L2500, and”
. A% gé‘} . : . .
i - Glg. ) snd ve € G {eg) Sxs )
' \ (2) if = € Gi{ay) snd y; & G (og) end w&A}J = 87 i§ﬁz{ 0y
* . . - gg (‘5
) or 81l i = ?»92 GO e ght then . S‘ih@?ﬁ:ﬁbi@ ) oin‘ﬁﬁ}}? ‘ o ié 1@10 s oé El" e
‘re @ is well transistabie inte G we obtain the expresaion |
, : v % " > |
B4} ¢ Efron the exmpression x & § useing thres sigerithne  (4), |
(8} and (0) sz follows:
{4) Anslysig | .
1. We begin wlth "x, =% and we meke the l-ai step (x, does
not eani@ig'%n" symbol from iﬁia .
’ In the i-th step we deal git§ x;_ @nd we take @ fa&%i
. £ . E D . b e g o — -
we g%‘ (it is necessary %o seapch Tit) such that Zg 4
k Y 3 7 =9 £ 6375 a1t ‘. i Q‘w*‘
= ha&%ufog_gkzkw p Where v and w are some suitable strings and
. . e . R 24 % 23 ey ""?&"‘%- e ,?.55,.9 ;;x;,% "Q‘f{g@‘s‘?}“"ﬁt |
5}5.@ 35 = :3‘{}3512 lsca@»}g% ﬁ.ﬁ the standard Jo¥m Q.L o W& (2 (SR AL
x; = va W and ve put-réggy = i, where the integer ris,) is called
the pang of meislinguistic voriszble &, in xg o The vangs @1 W
- - - > - e - . L am . r‘\‘ 7 o P; =
, taling;iwtie vaﬁlavles gontained in v or W in X 5 “@K@l% nnehan

, . st wae psed o the Jdeth standsrd symbol
peir (g, ¥ ) #nd “heth rule 1&g,g@§&,@e the Joth standsrd b
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@ Q of" triples (21 ,j i)o I‘c e clea;ﬂ that by P and Q is @eter«—»

- minad the phr&se payker of X in G@

Al

- <.

of the i-th rule® @}s the triple {hwvz.} if ey 5 é ¥, . .anﬁ

I"{@.’ij}z b ia gi“l?

B

34 s stop :;r;’ RV o

-

‘l?hei r38ylt ai‘ t,m aa&iysia is & set P of pairs (i,% ) and

(B)Zranslabion of _Eh.?ﬁig’"@ narker

e ems..rm.t P & (15 @ Mﬁ‘*”})& aif,fﬁ*’} € } © apd
{h; ﬁ,l{j}g iig ihg;}gi) Cv{.} » Where’ éf is me pemwwtim
‘the i-th rule (i.es to the pule 4 such

("

b@},sr.égi% in Y e

N
et (4, )6 P

‘ e e . - . 7 _ N
g phsase merker in Gof the required expression x = T(x).

7t is elesr thet by P and Q'is determined

* : B . ’ J‘

{CY Syntheais - B _ o |
> v. 4 s &7 - P ! - . E kg . |

i. We begin with %, = Tlxy), where x, 18 the lest string

in eur onel lysiz, we Gefine v{z; ) = n  and we m,ake *g,h‘é I-st ateps

Pe'dn i,ha i-th atep we de@al 'mth xxz-«%-*l and we t@ke ch@ U=
e ,‘2{’ suen that (i, ﬁ' ) & P i‘n’e concern e, {-;%fm svcb that

Ho s ¥ Ve,W for some atrmg& v and w and r{c ye de o @@ﬂﬁtf“c'@
el td

' s 0 8y h, T Zhere ~"; «da is the smnﬁwﬁ
T © "%%ﬁgﬁwbgﬁk% _@zhem e,3 @ ¥ c é ooa@k@k §
Povm oF 4! and we define r(cﬁ}% &=k in. xﬁ 1 ir (B, o) QQ@

The —#@n:gm of @théﬁ m@t&},ing\ni@"zié vapriables z*mm.na vzx@h&ng&ﬁ @gming

& &=
3.%e ai @p wish xg and gm.i; x = XG"

. ) e . - )
rdvese: Mathemeticel Iostitute of Gsav, Pragus 1, Zii;né} 258,

rnochoslovekisae
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On eguivalent 8nd siuiler grammars of ALGOL - like languu;es

K. Culfx, Prague

Let G = < T', N, NS> ve a context-free grampar, i.e. T

and N are téx.:ﬁinal and nontgrminal vocabularies respo, 56 N o
- and in R are the rules (ouo,aq%m W,m) ¢« where |

o, € N, a eTul tor cacn 146 4 £ M) m2 1 (a'q%J"v' Qpy is
~ said to be string over Tul Yo Eoge in ALGOL 60Tond N

are sets of bagic symbcls and metalinguistic variublé‘s respe;

£ ® prog;v?amm > and % contuiné glementary syntactic defini-

tione ¥ : = 7.:2;/72; (f;he metasymbol | f aeaning "or® is omitted).

Let L be the language generated byvg and let ?\7’ .be the set

of all phrase merkers of elewents in [ . The phrase markers were

intriduced by N.Chomsky and in {1] are defined as double graphs

‘the vertices of which are labelled by syumbols of Tu IV e

If we identify two non}términal_ syabols & and 7 s 1lces
if we substitute 4 instead of %/ in all places in all rules
of % and if we omit 7 rrom N , we get a new gramsar G* )

It is easy to see that L’f ) L and the maéging % of p into
ﬁ% is determined by the me_ntioned substitution. 1f @ 7is a
.mgpping onto ?Z* then 4 and 7/ ure said to be interchan-
-geable in G.E.g. if to each (Cbo.) azq' Gy ve e d/m,)é % where
ap= & (orq,= 2;’) exists another rule (,5;, ,,Kff ‘gfb ﬂ*,m)é % 5
such that m= M , :g'oz ?/(or/g;,=#/ ) and for eauch 4, A< LLm
either &= ﬁjb' or »wx‘,} ey € {jb,g/} 9 then £ and %/ are ine
terchangeuble. o , ,
The homomorphisa of a gramaar 6,; onto a graner q@, is
a mepping | @ of E UN,} onto -?;) UNQ, such that 1) 83 is
an one-to-one map?ing of ‘!; onto TJ;: s 21Oy, 0y 00, -'-'@/,W}é‘%‘?_ o
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iaplies (g}(a,g,), f(%} «f(&@), (w,m‘;)g% and 3) @ induces
the mapping @ of @4 onto <5, . Two gra..urar& are
ig

said to be equwalenﬁ. if it possible to mep them homomorphi-

celly onto the same gramiar.

Another way how to change the granmers are extensions

and reductions. A grazoar G?’ is an extension of the gramnmar

(7; if there are graun ".are _6:”. G‘,b,nn .G)fo“‘ﬂ' such that the

following condition holds for euch 4, A< o :,,é ‘ M‘:" there exlats
mrule (dxa,a/p;&%ona/m)c% ;f,,asymbol /&'é /VUT)

‘an index f/ i< J/4 /i’iz and an integer ,ﬁ, 0, +‘£/ - '
such that “s;z T M=N v, R=(R,, {(&M a@,.f-%)})v
U{ Qg By ﬁjﬁ’r&f" "’“’)('@'w B ;«f-&)}and J:b =S

-
5. it oy be B, e (S, et), (& b)) Yo R { (S b, ()

(S,K'x,),(z; mt )} o 11; this case X and ?/ are interchangeable,

but they do not satisfy the above mentioned sufficient condition.

The composition + of two sets of rules 2; and 2:, is

defined us follows: 2”—:»1’ {(62/0,45 /fv,; g ,-/;g,,m ,v,,,v) 4, and /

are soue atm.ngs such that there are (a,o, /&f 1,,',“,,5 '”,w
(,g“ )6 9’0 for some symbols }Zf and for each ;/

/)4 <;mj

A nonterzinal syabol % of the gruuzar 6 is said to be -
reductible if there/;m rule in % of the form ( %, fb) o where
7\, is a string containing ¥ . The symzbol ¥ is reductible |
if and only if in f’ 3& is no rule containing X , where 7,; '

and 2{;

b
their right and left side respo

are the gets of a"‘l rules in 4% containing ¥ in

Let ¥ be 2 nonterminel reductible gymbol in g . 1% is

) , : Gﬂ* . : %& &/‘_ P
natural to construct a new grammay as folliows:
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~3

and %7‘; (%U (74/'& ?:;))"(2:“ 2;: :s said to be direct redue-

tion of G | « A grammar 6? is called reducti’on of the grewm-

mar Go if there are 6:;, Ga,,'--g -4 such that 6:0 s
- @irectreduction of (7;; -4 for each 4, 1€ 4 £ f? . Some simple

_examples‘ of the reduction in ALGOL 60 are shown in [2] o

Now two grammars are said to be strong or week similer if

they have equivalent extensions or reductions resp.

It » eand are interchangesble in 6 ana 6* ie" direct
reduction of C with the reduced symbol %, & # & + ?/ , then W
and are inter(:hangeable in G*L again. If two grammars are
strong similar then they are week siailar too, but not conver-
88lly. E.go %" {(.C’ n&‘m), (ﬁ’;f';/)} and %9,* {(I/&C)I (C?/m)j
are week similar because %S{G ) J&?f/ﬁu )} is their common
reduction, but there are evidentely no evquivalent‘ extensions of
them. There are somne lattice properties of the greatest extension’a
and smallest reductions in regard to the equivalence relation
among the grammars. _
| Ll] K.0ulik: Applications of graph theory to mathematical
logic end linguistics, Theory of graphs and its ‘applicatiolns‘,

[2]1(@5\;1:(}:: Formal structure of ALGOL and simplication of
its description, 75-82, Symbolic languages in date proceesing;
(Roma 1962), Gordon-Breach, N.l. 1963. |

Adresss Mathematical Institute of CzechoAcad.of Sciences
' Pragueg Janozsoth’1964o '
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