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The Cybernetics of Human Learning and Performance

appropriate limiting principle is furnished by Bremmerman’s limit (Brem-
merman, 1962; Ashby, 1968). Take any physical universe you like, where
postulates | to 5 apply. Itis, by the definition of ‘physical universe’, isolated
and, by its nature, subject to Bremmerman’s limit; hence, it is, if these
postulates apply, a machine of this type, or a bag of them which is itself a
machine of this type. In particular, any real (engineer's) machine is a machine
of this (abstract) type.

It is worth noting that though I respect the utility of postulates 1 to 5 and
the elegance of their development, I do not regard these principles as
generally applicable or ‘true’; nor do I concur in the philosophical con-
clusion about the universe or isolated bits of it. However, it isquite important
to stress that my disagreement is not based on grounds directly related to
the next (probablistic) development of machines.

1.4 Suppose that Ru is redefined as a relation rather than a function, so
that pictures like the ones shown become permissible. Call the revised rule

~0f - 0%

RR. It is possible to characterise a new kind of machine (preserving all of
the other requirements) by a mapping

RR:Z—~Z

which may be one to many. If so, the new kind of machine in state z,
(say, at 7) may go into state z, or z. at the next instant = + 1. But it must
be in one and only one state at once. Since RR fails to prescribe which state
this will be, and since it will be just one of the possibilities, it is usual to
invoke the notion of chance or probability, i.e. to conceive of a random
device that determines the outcome.

It is usually the case, and often harmless, to think of the random device
that picks out labels for each next state permitted by RR as a wheel of
chance, or, considered in a more sophisticated way, an uncorrelated source
of events like a radioactively decaying material.

Whichever interpretation you choose, the following points are valid.

(a) Given a state at = (say z, = z,) and given RR, the set of next states
(up to all of them) permitted by RR is a set of exclusive and exhaustive
alternatives.

(b) Suppose this set is {z,,2.} then one of {z,,2,} is selected as z;..,, but
only ane.

(¢) An unbiassed random source would have the property that for any
value of r, if z, occurs, then in the long run (over many occurrences of

4R

Machines

z.=z,) on hall the occasions the selected state would be z, and on
half z,; a fact expressed by assigning a positive fractional number, p, to the
states 25, 2, With the property that the p numbers sum to unity and stating
‘Plze) = p(z) = §'. In the general case of m alternatives named by
the value of an index j, then p(z,) = |/m. In so far as this metrical assertion
tallies with the frequency count, as the number of instances is increased,
p(z;) is the probability of =, (and remains so, even if pl=;) departs from the
equiprobability condition that p(z)) = 1/m for all values of 7).

(d) Further, under the same restrictions, the conditional probability
Plzz) is the probability, given the machine is in state z, at -, that it will
be in state =, at instant = + 1.

(¢) As a refinement in machine design, it is possible to assert, for each
2in Z a conditional probability p(z /=) that a certain transition will occur.
This trick amounts to using a systematically biassed random source or to
biassing unbiassed random sources. Any machine of this kind is called
probabilistic and is represented graphically as shown below

Pz

or, in 5o far as Z and RR are invariant, by a matrix with rows corresponding
to all possibles states (those in Z) and columns corresponding to the same
states (one instant later) and with entries (typified by the cell ¢z,=, with
entry p{_:j]z,)} that are conditional probabilities. If these entries do not
change in value the machine is a Markovian device. Two representations
:re I::nrtl:::mcnt, lgnhthc nnhi hand RR can be stated together with a list, for
ach state =, of the probability numbers displayed in the graph of t
machine. Call the list Prob: the {nachint is prgx:n{ﬁl by EA SR

Prob,RR> 1 Z—+Z

Equally, if all of the caveats hold good, the conditional probability marrix
represents the machine on its own.

(f) ITtms‘e are prescriptive expedients. There are also descriptive expedi-
©0is, L.e. given an unknown butdynamic entity (which it is possible to isolate
as an observable in some manner independent of the observation) its state

40
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The Cybernetics of Human Learning and Performance

inside the large FSM belong to only a few categories (for example, see the
discussion, by Minsky (1967), concerning machines using McCulloch/Pitts
elements as the units). The state of the FSM (if it is an FSM and is properly
constructed/partitioned) is retrievable as the product of the states of the
units.

Output

T FSM

Figure 13 Simple representation of a finite-state machine.
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Figure 14 Example of partitioning a finite-state machine into components that
are interconnected finite-state machines,

Such figures are simpler to manipulate, for all practical purposes, than
state representations. The main justification for talking, improvidently, of
stales is because a state representation is more susceptible to logical analysis.
One way of putting the matter is to note that an FSM can be regarded, in
its state representation, as the ‘grammar’ or ‘set of rewriting rules' (list of
quadruples) and a formal language. Legal expressions in this formal
language are read (symbol to input state) from the machine input tape and
are printed (symbol to output state) on to the machine output tape. The
internal states are non-terminal symbols in the language. These statements
are conched in the terminology for that part of psycholinguistics concerned
with phrase structure, grammars and the like. The crucial issue is the
existence of a state-to-symbol correspondence. Because of this, particular
machines can be characterised as able to ‘accept’ or to ‘generate’ certain
classes of strings (the expression is ‘grammatical’ according to the grammar
for the particular class of machine). Moreover, different classes of machines
are able to compute, {.e. accept or generate strings, only of a certain type.
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For example, FSMs, as a class, compute only regular expressions (Kleene's
theorem).

Because that is so, the otherwise arbitrary idea of an output gains sub-
stance. A noo-trivial output occurs if, and onlyif, 2 machine has recognised
(in other words accepted) a string or expression belonging to some class;
in which case it is a recogniser of that class of expressions. Further, the
irredundant internal states of an FSM are not just mechanically ordained
configurations but correspond to histories, i.e. finite expressions, that the
FSM is able to recognise.

The serious reader should refer to Minsky (1967). Chapters 1 to 4 contain
the most suitable treatment of the concepts I have just mentioned. The
development of machine theory in the field of psycholinguistics is brilliant
but has questionable relevance.' One compact account of machines as
grammars and of the expressions they can generate or accept is in a series
of papers by Chomsky and Miller (in Luce, Bush and Gallanter, 1963). It
is well worth reading these articles and also the shorter account in Bach
(1964) of what expressions can be produced/accepted by what machines.

1.8 One very important extension of finite state machines, Von
Foerster’s (1971) class of finite-function machines, is readily expressed
using the notations of Figures 13 and 14 together with two additional
symbols; namely ¢ / *to stand fora parametric operation upon the internal

state set of a machine and ‘w 'to stand for a deseription of the condition of

any machine that is operated upon parametrically (since, in the present
case, the machine is a finite state machine, a description can be a record of
its input/output history). A finite function machine is shown in Fig. 15

Upnar F5M
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Figure 15 A finite-function machine.

1. There is no doubt about the validity or elegance of this work but T am inclined 1o
the view that knowledpe of the syntactic forms admissible for certain machines has little
bearing upon the meaningful utterances made either by human beings or by machines,
The reader should judge the matier for himself,
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The Cybernetics of Human Learning and Performance

(b) Similar comments apply to a TM gua computing machine and its
greater power may be ascribed to its greater storage capacity; for example
an FSM cannot multiply arbitrary numbers. But of course, it is possible to
simulate a finitary form of a TM in an FSM, capable of multiplying specified
numbers. ‘Add’, for example, only entails the degree of (one stage) retention
needed to realise a ‘carry’ operation. ‘Multiply” may involve any number of
‘retention stages’. In particular, there is a TM able to compute any general
recursive function; Davis (1958) bases his approach to recursive com-
putation upon this point, and he develops recursive function theory in
terms of Turing machines rather than the reverse.

(c) Next, there is a universal Turing machine TU (in fact there are indefin-
ite numbers of them) able to compute any function that can be computed
by some TM. The result is most conveniently stated, for the present purpose,
in the following manner. Any TU is able to accept the tape description of
any TM and to carry out the computations that would be performed by
this TM. A ‘tape description’ might consist in an arrangement of the quin-
tuples representing the TM in question. It is however, convenient, and for
subsequent developmenis it is essential, to represent the pertinent TM in an
arithmeticised form. Using the unique factorisation theorem of arithmetic,
it is possible to represent any TM as a number that can be unpacked by
successive factoring to uniquely specify the TM. This numbering trick is
essentially the trick employed by Godel in proving his famous theorem;*
the number in question is often called the code number of the TM.

(d) Without logical innovation it is possible to specify a constructing
machine which, given the tape description of any machine TM, call it
Descr (TM), will produce a (chain-like, or tape-like) copy of TM. Further,
the constructive automaton (let us call it Build) may form part of a larger
automaton in which its operations are started and to which their completion
is signalled. That is

Build ( Descr (TM)) — TM
(the original description being demolished in the process).

Next, there is, from the existence of TU, a further machine (called Copy
as a tag word) that will copy any description such as Descr (TM) to produce
copies of it. That is

Copy ( Descr (TM)) = { Descr (TM), Descr (TM)}
(the original description being demolished in the process).
2. In this respect Nugel nnd MNeunuinn (1939) is an extremely readable book and

provides a discussion, which Is useful for the argument in the next volume, of the
classical paradoxes and antinomies; notably Russell's paradox and the Richard paradox,

e

Machines

Copy Build

Parts (o8 input] wm at outputh

Figure I7 A universal constructor.

Finally there is a controller machine, also a TM, which is able (o organise
the activities of Build and Copy in respect of Deser (TM) which can institute
the following operation (using the notation of Fig. 16, in Fig. 17).

Copy (Descr (TM)) — ¢ Deser (TM), Deser (TM))
Build ( Descr (TM)) — (TM, Descr (TM))

at the end of which TA and its description are cut free by punctuation.
Call the entire machine TR; that is

TR = (Copy, Control, Build}
s0 that TR (Descr (TM)) == {TM, Descr (TM}>

and TR is preserved.
There is a description of TR, TM and TU. Hence, it is possible to represent
the process

TR (Descr (TR)) — {TR, Descr (TR}

with the original TR being preserved.

This argument is a sketch of the demonstration given in Von Neumann
(1966) lecture 5 and this reference (not only lecture 5 but all, at least, of
part 1 of the book) should be consulted. The entirety TR is a Von Neumann
*self-reproducing’ machine and it may be formulated in various ways that
remove the ‘linearity’ (Von Neumann's word) of the tape descriptions
Deser (TM), One of these ways, the Tesselation model (introduced in
Part 2 of Von Neumann, 1966), is discussed briefly in the next chapter.

9



o) wawdmbo Furgoop puw Sunuanbas v (sonijiqedes s8e101s woay ede)
Fmppe Aq wudang aq Jwewdne o) L1wssacou 51 1 os Ji ing Jundangg
© se 2unorw Ppensqe ue Juisn paufisap aq ued JUTYIEW [BAI B “JaA0I01
aunpew e wand Apeasje ue jo uonesado 2 siolmu JUNIEW }ORNSQE
241 ‘onedyiEnb MOy TMEWOINE JO SAUIYIEW JIRNSIE PUB SIUTIEW
[E20 waam3aq 125100 a1 e 1y opew ‘uonounsip ) [[RIAI MOU PINOYS 3

Supuwesdorg pue Surpopy ¢

‘pastadowmii (39 dow 11 ySnow) 2q Joa
paau wonesado s)r pue wojewoyne fzzny v amnsuos ‘awdaudde ur ‘som
uayl * * Cf1'o =1 q payoopp Alsnouosyouds (ns ing jepesed w Somuns
ejewoine ‘st ey fmewone fdoo yuspuadapuy esssss sre amagl ) 7

‘uojpoIne Azznj pasiatiawnu
B J0 259 [r1aads v st uoyewoine ansiqeqold v ‘sjdwexs 10 ‘uongsey pasia
-tatwnu vt ayesado Sjuo uwa yp uat) ‘feias A3ains 8011 a' faano 1 (2)es
Kzzny auo you) aegs auo Fulavy s parlesuos s uojewoINE S JI BT

“awayas uaald v 03 Jurpaosow Furjurs ysaydng s Les ‘anes anbun
© paif 01 paajosal si dajs Auw 18 2WOINO 2U) PUR ‘pasiaiiatunu 3q 0] pIES
s1 moyewone ) jo uonerado ayy ‘os Jy “digsiaquaur jo sapeid jo smsnja
gunnsaz ay) jo sanjua wnwnxew o) Fuiajoaut suopessdo Funjues snoirea
Aq paajosa1 2q ued 2iweame Azznf S1f) ‘JAMMOH °SI|qULIEA 2)EIS ) PIED
(sy9s swipe) sanea Kyxadoad ay jo yowa ur digsaaquiaiu jo sapead Surkzea yua
$JUWA J0 398 01 951 sanIS vonmndwos sy urdoys e ‘essua Uy g

*(1asqns
Azzn) ® 51 uonejas £zzn) B Yoy Jo 1npoad ueisauey 2y Jo 198 xapur 2y
s1 Jou ‘Azznj jou 1 * * * ‘['p = J 195 Xoput oY) ‘Azznj jou are uonesndo m
sdas §31) payoop Aj[uiaas pur A[owns ST UOIEWIOINE STY) ‘IAaMOH  TT

5138
Azznj azow 30 om) jo 1anposd uwisagses a Jo 1esqns (Azzng)  Jo s1aqmanr
saonpoad 11 sty fuonepas Kzzng v syndwos uojewoine ot ‘feeusd uy
‘sjuawudisse digssaquia jo sapesd 01 pes| swropad i suonemduwos sy pue
‘uorewroyne Azznj v st 5198 )ms Jo ndur Azznj Qua woppwOoNE UYL

"SMO[|0J 5 e sduanbasuoo aerpawun jo sjdaanos AL

(O xipuaddy
ur ‘fpeng Kia ‘pams se) Ajeowswnu passardxe oq ued 1om) sl

FAUIADIY

09

‘dysraquiatu fo 3ppa3 W ¥ 2ANY 138 £Z20] B JO SIIQUIB 10 SUNWH2 211
ISEIUOD U] “J0U 10 )1 3Avy o) pos aq Lew 3t 2FenSue; agqens & ur menpasd
30 2anoalpe ue £q papudrsap st Kuaadosd ap p pue fuodosd sup 2aey,
10U 520 J0 530p 232 103(qo Lue ¢ Kuadosd, v pajes Apusieamba st 338 s,
"J0u 30 31 0) Suofeq AIUYap 138 [EISSEP ¥ JO SIIQUIINT JO SYUIWA}D 1 |,
'sanwajjoo sy pue (€461 *1L61 ‘8961) Y=peZ 03 9np
‘K303 198 Azzng se umor| aurdiasip © S181x0 UK} “1SENUOI U] ‘UO OS puR
905 oyms yndut uw 198 9mS [ULIUL UN SV UOJEWOINT yons AUe S& IB] 05 Ul
K10a11 195 jo s3daouoo ay) uodn papunoj si saunjorin PELSqE jo A1oay ay L,

SOUmPEIA Jounsqy Azzng g

aunPEw LRUONT0AD Uy §T MnELT

_O_O_O_O_O_O_mﬁo_o_
1
[Aswcinjoan majiin ppak) TR
VAU LR0L DujiED)Be o Inding

“UOISEIQE O} GEI] 24% YdIym Jo siaed ay ‘aungoem [2al B
2IMINNS UIIPW PENSR ur Jo uoneasasasd oy jo o uonnjoa jo 12
amoyd v st g1 ‘814 *(7.L) #59g Jo wiio parearduios asow € pue Y f jaacu
Jo suondussap payesyjduros KjFmseasaur 2onposd ues *poan Aoy sped ap
e UaArd “Juer) T 20 202) pue F 7 UrgIew LIPUonNnjoAl UE J0 UONEIUS
-asdax Fuung, sy e ssuss LepLioaa it ul prom sy Susn ‘Livuonmpoas
aue o5y pue (sTuryl 13110 op OS[R YIM) sauTor Sunestdas jo saouanbas
asnposd 1oy (g261 *uaudjpo 10L61 ‘INUAI) seuryorw jo ssep remonsed
B 1 a19Y) way) sSuoury ‘[]am se 1310 Op 01 pur Y I Jo suoneiado aqy
2)NI9%3 0] A|q T “SAUNATLL 21w A1y [, “saurgamu jo uonwmdod 10 sunprmr e jo
seandas Funyews o1 paynui] jou st uonanpoidar-jjas jo ssasoxd oiseq ay g,
‘gjRwoine Je[n[Es jo 193lgns am
O 30U2IIJAI [RISNID ¥ §1 yoargm (pLa1 "$yang) uoneonqnd e o) szaded jeranss
PAINGUIUOD S “YOO0q © §# $24N)29] § Uuwinan] uoA papidwos oym ‘sxng

aaunuiofiad pup Supwana g uowngy fo saaudaqds ar



£9

(ELAT "SpIULIARIE)
Hupesanoad gsgswy, Jo sURAE AQ UONRUNLENID YSIGTISA 0] AJESSA0A0 S1 )1 AU} (ol
PIALIOP §IPOU SO PUE SEUSLIO IYi UI0A YOOUAAD IFYL SIPOU [PAI[ YT UTEIGO
o} onsnaY woponnswos awes agy Sufjdde ug “permstyqo Apiwaqiap st Epo 19y
asuaE agl oy Asnoaumnus, 198 S s Jed v uo sindur paou s aradde faq qomgs oy
$3pOu [943] JPEN 94} I9PI0 WAaLS B U1 (NI I[EIP AT $IpOU [uidiio 3 FEARY A “HPOT
saiung sepun padnosd are = ‘wing O “Sepot TORTF0A JO SEISN[ U0 OF (LIRSS
-u03 apnuls 2o nogim) spios jo uonsodoiml a1 pue “epao sup sasn g Do
s, u2upyigo ¥ Jo ‘ajdunexs soj e jo 1opeo oy jndu g se saye) sanueidosd sOp
Sepiupans o1 anp sunneiSosd vonmmSossd sFmSury Jusas ® 51 seqouy (F9s] “WOE
PUT GRO[NDON PWIN) DLITHS J0 vonnae (v oy 1 aphwes sup ssossasoad
[eaee Sumn squssnoe e wopmndwos juaumves o suopemmondde japen ¢

¢ SUONoRINUL
aypapdood Jo asnedaq pastuoiyouls 2w [ONUOI JO 1H0] SNOUOIYOUASE
Appenut o asus Bunsazayur fpuassyur s1siossasoad jo Lofam sy (P61
A1) Muwone 10 $aulypELL ORIEGE SnouosysuLse [Riaass jo suonerado
a1 :naaxe 0 ajqissod st 31 yargm Ut pue ‘$a0[a snouolysulse fuvur qim
papisold au jun) sdossaoosd jonnysuocd oy ajqissod mmb s ey pg

“[RINJONANS §I WSIUTWLIAIIP A3 2121 £ o0STIq
-eqosd, 01 ‘Ajuressa0au Jo APOAIIp ‘B[R 10U SIOP SUSIUNIINIP-UOY, WIN
L ‘(oz61 ‘euvepy) swesSosd snsmwnusaap-uou pajEd e Jossasosd
v yons Aq uonmosxa so] sweidorg ‘(([og]) Awssa suouwng ‘spdurexa
Joj *228) syjnsa1 palojs Yia uoneIndwiod [EIS B UI PAIIPIO TIAQ MEY
pinom Aai) se [oIUOD J0 O] [RI1A3S UAMIaq SuolusuRn i) Surapao
10j papiacad ase sueaw jemy papioid suonorIIUl 2a4paadoo UTEIGO 0}
a|qissod osie s1 11 Ing {sassasoad Sunoeiaur Y1 USIMIBG IIIJUDD PIOAE O)
Kawssa0au s131 95314 “|RIALY THOJ) 18} 1 2usnay ¥ jo uonou oy ()61 Fi)
das vonnoaxa yowa saye eI 0] pamole ae Jossaaodd jeqesed v m
(jpdives o 100] J0) sesse00ad paxa0[d A[SNOsUMINIIIS SNOUBA I JT €€

‘(poyrenbun) spspnay v st
witifosd Surpuodsarios sy pue pafjeied ul paNaaxe 9 LU S[EHONIPUOD
Kzzny asua sy u] (6961 ‘Wadeg pue fsuipy ! [96] ‘Nejquasoy) uondsarad
e st ajdwexa pood aup -Asnosuwpnuns suononssul Junnoaxe syoop
snouoryouds Auww are a1y i ((g)g[ “Fif o0s) ppypued sizossaoxdy - 7€

"JNSIM3Y [DIANG T PA[JED U0 $1 ‘ased sy ul ‘wesSoad
ayj ‘w0 pasiouswnu w uonepas Lzzny KLue andwos pue (1oss2d0xd
[Ru2s ¥ Aq UONN0X2 10] pasyaiisumu K|Uessaoou aw pup ) xrpuaddy w
pauIpino aue sjuE)es aaneiadun puonipuoes Azzn) Surpuodsaizos 2y

Saupn Y

9

‘nonauny oyads v saindimos ‘0101 U1 ‘(1 JUILNNIS 0 IS[ 1k JUIWEIS 0F
uat) £ = X JJ, 10 u syuaiuayms 07 asja b <= d wayy € < x j1,) opdwexa 104

J SR g g L

91| SIUAMLIE)S PUR
sjuatun@isse jo sauas pasapuo ue £q padewn st wfoad v sny L, “(uoneao
passaJppe uo sanjea SUIQUDSTY, JO SIGRLIEA 01 SIN|EA, Suad) sjuawages
JUSUFISSE I} YIa PAUIGUIOD (STUAWILIS IS[2°* * VYY" * * J,) SIWIWIELS
aanesaduy [PUONIPUO JO SIS ¥ 1 UIUIAUOI Js0W ) suonejuasazdal
a1qissod [eaaavs JO “weaSoad 10 wyjuode uw s1 ‘suonaNISUIAY £q paquiasap
UGV JOTLSGE UB WOLJ SUIYIWW [B21 B JO §)¥)S Indul pus [euIau aq) dn
195 0) ‘suononxsu Jo aousnbas ® ()61 Si4) Jossaoond jpresei0g  TE

suonannsut pajasdiaiu 323X 0131 SMO[[E Ry} JuWATuELIE Ful
-¥a0[0 10 Fuiiapdo ur(q) pue dsuoanasl| N3N pu asiuFooal ues 31 1By
os ‘uonmaidsaur () ;soniigeded 280G OM) AV 1SN QL puB Jdosgasoad
© pojeo st paonponui si weiFosd 3yl yarym ojul 1palgo ay g “ayes [enml
un s¢ wodn a1esado 01 31 Joj mup awos pus wwiFoud ¢ Twanponut -3t e
Fuimi® woponusuy Ue AQ PAIANIISUOD ST PaudIsap [onw 08 10U AI¥ SIUTIBUE
(Sunndwoo) [ea1 ji juepodun feiadsa st Jos59001d ® Jo uonou Ayl
‘7’1 Won3g Ul passasdya 2ouapissip
p{i 3y JOJ UOSEA] WIELT Y} ST SUOMESIUESI0 JUINIVI JLIEZIQ 210U 353T) JO
2302181%2 21| | *Auayos SuLapIo UB UL suonisod Jo sassaippe Jaiio e swapjed
1310y 0301 11 SUNI2AU0D PUE W) WOLJ LONTULION] Fumnauas £q suaaped
andwosal ey sourygoeu (e2s £q 10 Adonuadau jo sa0inos (20| £q paysyd
-UI030¥ §1 UOHU3IAI ST IRjOSUT *OMuBUAD 99 J|9s) Aew afuioys ayy “Aqeuig
‘pasiuoamouks aq jou Lew 10 Awwl 53y 31018 PAIAPI0 YIM SIa1SISAI
Ys puw s12junod SUIALIp 'SI0[2 JO Jaquinu ¥ Ul JSISUOD Lww 10ssa003d
ol ‘[esousd uy *sunpoeur, Jovnsqe ue 1snl jou [pal v ‘10852001d 2An)
-jutad K39 © s1(,§00[2, SE PAAIRIAAIGYE UALIO) Juawafuriie sl snooj Sum
-uvas ay (Furssazppe Jo) Surljipowr UOARILIG)UL AN JO WO SUOHEIIOH]
ojup (sfem J9yj0 ui 10 ‘uFisap jarIsqe £q umop prej se) susaned pagriosul
J9AU0d 01 pue wnppawr adeioys (pasapio Ajenuds Ajjensn) paspio e
uas 01 Adonualau Jo 20imos [E30] B JO UOISINOKA I} S|ONUOD Y2013 Y]
‘uam) Uy ‘wonpwdofuy oyur (udisap su) waned © spaauos Yo fdonuadau
Jo Kddns pesof ® jo jurp g paInoaxd 1 UOHEWOINE Y0P Y], "l Hon2as
‘| sapduyD) ur pajoow Jsoyy {paspun I AP K194 240 1SIFAL YIS
a1 puE 320} 31 91 101dap oy pasn vonwjuasaidal ay jo ssapreSal g
-BIWOINE 1982}5qE 0) puodsanios °| uonos Ul sB
‘as0q) pu “33psifar YIys B pum NOOP T YA PIYSILINY 3q UTD SUIIEW
oy ‘aidwexs Jog *(;punoaxa 2q, 01) ;s AFURYD JUNITW [E1 I fEW

aoumuiofiag pun Supnay uvwnpy Jo soyauisgl) 241




59

*panys oy sonjdde wonpuos swes 2q
ST 4 Fe o= Yoo 4 T2 yey) annbas fjuessansu jou op aw) ssaaoad oy oo ysuf e
AJ1a352091 10U 5121311 ‘OS] *30UO I¥ 31815 ‘JU0 AJUD PUT U0 TIM sunjaR anpod

e 58 pajussasdar agq youuma (saslyd, s 03 1senues wr) wagsks s jo uonwesdo
U1 NG palurtLlE ST100U0s jo fysmeiany ue ayndys o) pasu Ayl ‘uonwSUOI |

-uds pand 4q peonpad st Jaquunu 2AlARA Y1 YENOY) ‘IOKWOD JO 100] 21 213
se sy20p Auvw se are axaq | -(ndu arers ofueyd, J0 Susmongouds pestersnad
apnouy inq ‘asojeq se ‘synduj juasasdal asau) sau| PaSEP SE LMOYS ‘SUOTIORIIL
Surajosau-12(jjuoo vt pasuoIyouds A0asq 1YL F ¥ pa|j3qE (j0Nuo3 Jo 190] SWST)
sypop snouompufse Srenroy yua tossasoad fq uopmndmos jwaimouo) (p)
“Wwis ks AU U jonuea Jo sjana] 110q 1e siuaunduwion suy (suo renmaad €) 1anpoad i)
‘o 1 'ing .1 sonpoad afm) auo se umiSosd pun sosexoid amua oy predar o3
ajqussod s1 1] “snounnpuAs 21w SJYS.J 93 [[2 20U[S JUNITU SUNEN[EAD U 0] Paau e
savEUlY pue synsar apquedwoour siuasasd yorm (L0, 190] j013100) ANNOIN3 31
yEnouy eonyd axym Aem andino pue ndm ‘enuea jo Ayoresamy ul pas] syS B e
sumowm aannaexs me Aq pastuviio st vonowsaut aanmiadoos sig JT (SIS jEms
I9NJ10 W) [0HUCs Jo 0] 0, 01 Surpuodsanios spsg [rews 0 induy) dags yoea
1% vonaRIu Susossr-aryuos yum wonmndwos apieed (2) ydu e uo ssea
Jupsaaoqu pue [eads » s0 umoys s uondassad Jake| auo v jo siskjeun s uadeg
PuE AYSuIjY ‘[EoMpRrRIeiy §1 101guod renusiod Yk waisds B ‘ousy ‘1ol 0, A
URI) j00U00 Jo A2reay UR U [a49] 2aydny e Je am [, j0XU0D Jo 100] JY L "(aul]
paysep v Aq pagiusis) indu) g1 s pannugns aw snsas 3 QM 01,17, payrew
[0IJU0D JO [20] A W S] 1128 “121)umy = g payw{Iuisse 1o payen[eas oq 1sni A3t
TMOYS §B ‘2510 Juamainba am synsar panwgns [snoate| s ) guos
ou sqejua wonmndwoa ay ji andur oo aauy puw juspuadapur am Aeyy ‘asom
=saquny  (anpoad nagy o1 g S S8re] auo se pajussardar aq {zw os) snovorgouds
are SIS 25941 JO Ie Ing WS [1vws = 03 SwiSuopeq se paprmSar oq v 0, fon
-u03 JO SN0 YoEg ‘3aM ¥ s uopmndwos pieang (¢) “=1ep poe meiSosd se
*SLIRIS BOHINa0Xa 210)aq “Jossaoad o peas arm sinduy Sunndwos puw ayms fenm
qroq {yndut ou s2q WS S, ‘(WP PI0IS SIPNJOUT YA JO UopRaYIads i)
20UO 1 9)UIE DU SEY 1 PUR NS auo ate weidoxd pur J0ss30014 ‘MNP pAIOIS
dn youd o wangas few onuos jo snaop uod Suw 1y (ysioe 4+ < 03 (aEs)e
woyj ‘wopwinduros [ewes (p) uonnoexs wonmndwos jo sadly g7 amSlg

"noneEsiuedio aypu v soj pied 2oud 1) SE PaIIa|0] 10 PIPIOAE 3 JAN)12 JSAM
suonmndwos FunaIguos ‘[jes S8 £°g UONIIS UT 258 A1 SBM 5V (9)

(€7 WONAAS U 5T ‘Japio FuiAammar)
uonesiuosyouls Aq pasapio awosaq Susuodurod snouonpuisy Ayl
It Ajuo aappaadeos aq Kewr vopowsayut 3y a1 1 sndeyg) w vonvwioyul Jo
uonoway) woiymsip Anbidouoo e (8961) 1OH pur (961) 134 Jo 35UIS
apy W sfrupsy woppusofig e ‘wayy Isworyduks YoM ‘jonuod Jo 10of
snoucsyoufee K[Enmr uaamiaq suondenul sanesadoos Yl (g)

"onsLmat] © osge s1 11§ Kzzny jjasu st (sdays pasapio-flam Jo) 195 xapul i
yorga i wipuofe Lzzng v 1 aois2p v yons J0j urexford oy (v) 'L

soupIDRy

TE

=

1 "
[

; :
PRPRITRLPT TP

i
i
¥
:

L s

duvniofiag pup Supava] uviungy fo sopauigAD Y L



