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dF tl C+ f rr+Ur :!.fr -r+- ets. I ol . .f-.f'"'tt dCl &sllr .-ilt'ill

c...;c.X ,.+ L,-:il J5i .ir.,.tJ JII .,ls elscYl U' a''JL"'i-Yl c,JiI

g.,,--,rEJl -r ,-Jr, .(")r<.U elscYl LJa ;t+J^Jl :L:)l 6'ia al a''i- tXl avlLl

!l ,Sy -1" ql$-J l-.,i.'..lLll 19Cl lJ" cj+tt i;t-' 
".,t-1. 

t :!-tt c..+l I

.,1rSJl .t-F r'J:e d lc 'i" dr''.a3 l$) r-':r.lJl c;3i\ e!ii' 'rlt-'r' 5

sJ 'li]J)l r.r :,) dlbr ,i.-tCl d ali OF $ dJL"slti ' ul+til3

. u1+!Il3 -2,K11 .59 ir irL,,s 1. it illll ta; rii aJL

,:l-rll .r-,rrl.l ,i;!:rYl ii+ell 1-lr- ,iil.gy ,'4 6..1t gi 5

,rs a-Js:S Lr-,,;rl yf Ci-Y $ .L.rSr a$-.':ll !2i3 $dlr u'r-'llr li-JJr

e-rt J3ril oiA O. Aljo JS dS'ii ''!- 'C"5I lql eL';:Yt gr" e'ltJt

,r.t,-t&ll3 grl.Jl O1lIl d.)Ul qi.3ull alJi:ll j..:r 1- cJ.::;-l '-'lli:-l
liA Ji'+ i!1,:.Jlr i.JS.,,llJ a,rL-itll r.Jr'll 'n ol.lr!. gti & qr.:ll-'

. oliiLtl-rJ6l CJ.+ LF gL. .-, l+ L"'o 'iJrill :*i'i- iJ.; oi'u '-]g C-+ll

j.JrUl g ...:Jl lia $. LLi! JJ ,11 4Jii' +"''= /r":3til ol3c: ul

gn :;:'lf ,rJc {'bS*il l-l : .sl-"X ,.+ .tii OS el 
''til'-ll dY-, 'diF

i*.,Ib ,-FIJll +J ,-,,. Lti ol+ l.,,l gr . f$-pi, . r L.-r-.,-ri ,J ,Jrtll

' (11)dE U$e lr+?-X jln r ' -l v i !C +-.rLX3 :"'-u'll 6JsJl

e.L,Jl .r-Ul -F-1.}t.1 "-.i 
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. f,Ub_--2gr3g

rsltu,--r,;'- t"rlr;, y}ir$l..bu-j!r+r- I-.r,lrp;:, 4ri p+

,,J.lrcL-j!;,-,r'3ye,1;r-;i;rriltr(;a(bi*;rr4,,-r)tC\er.p

",-t, tt {Sx, * : Al Lt.I I J } utr r"}9 . ;, Fr r rU-)U u 16

. ElUl,a:grrjt- .r.--t_rt -lq,f*Jl.!I .*rU$4U- I:"(rlr

-'r.,-a.J,--r)ri,3l-_i LrJ\^# u+iru ir,,* __.r K1

;UUlt:,_;rt -. )t,1*.ttr-rs.r-;,- L2rzl, l g.r:I- l.l.4)c..-,_3-:[

;,$'U;tUt- llr)lit; iutr i ',, . -'.1r.rr:.;La; .rLLror.,J..:I

J[-;rrl.iiy.'L] -_i t.5l u q!oLi-u, *r,p -',L. l'j_:i, ;rl
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-1ir.(,_-,-.: ._;UrK.-gr,+ lari-r- \er. . -i - .*

*-t, j)Vt *r,a9,i,,|r.,,;rp]r - r.U Jt (ri,S;l-',rr, j:-l

' --.lrjr -r-,116,-r,-. y'l.L-i&U- -;..;t,

o\-.ZL -'., +q,l-ll, r i" F ljl \jj li Jy -;} r(a u ga;ir(},j

daLr- (rrl- it-,l"rlr,(fu., += rr+q --.i JrlrU;l.ri; -ar

.Fyr+rlr-;r +l- (Jl__]er

c,.t-l "+tt -.rij.ll+ ,rti .--i-l+ll O-Ll i:ts it-
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errll ,+ E-r:t;. 6uj i.,--.1,!l1a ih'-I 4iJdl &hJl ilill "l-!i-l gl

lrA sr 'olS--X arill -ir- ,-rl-l pt!'ayl, JEoEll cJS ;"3.i 'qiL-i)l

aJ ls..-rl ,,Jc .JIl ol ,;l+LIj -*ll .sy kt'3'-'r' C dll c,iPii ','lL"'J

dscYlJ -.rFJ .sJ ,Jt '+-& l:l 'd!Ss 
a'lL' os rJdl ''''ir lil L!'l+r'l JSJ

i-Gll d+ gl3 ,r5itl i;lt r,-li iJ'^l ,Ji,-i:l+'+ t':t -lt:Jl e4 t'i

J,,-.J. I d3il i..--E X ar.J,S---.-X crl':. tS'Yl Ol ' t{+ Lli c''LDl'll LLI

Ol . /rJiJf ,r--le o--+! Otr- gi :-2,r'l'c i-,pt!'-'' rl lil JrieYlr

r-!-5r_,.,, nnfJl ol;-.1;El;p.Yl :!+.U Cill !- 'o:3qi'o ,J:rX ell-,1Jl ''-ntJ.

Q_:EL Jrlr l+i,; !r -.pA .u' 'fl C-.,;rtlJ+'l Jl;a1I u'Ci^,)

ar^LJl L+-l ,l+-lf-9,rar.l dD-jYlJ g-;,.--lt JriI"J:n:' Il :jlrlJl

Ls-# .: -# :#:4-rYt .-dll etiil ;;" ij1J-ll3;!ill 'YL 
i+ilr

;:l-Y jt+-ll C*-r ' f!y) olllnlt r'X JS+ l-"0!'Lr kl ilE^

. J;i:-Jr ij,i. t !.r a-,-J,':,.J1 ,J:,rnl alul ,,s .rgll Ojlr.,ll

: .rn *,)l JtJiill . C

a--Jj :i .g-j+ e.U c,li ii. L-il u*,1 ,J" 
-;i 

C.Jf C"*., tgi .rl

6lf-S tfill .ii.,l-,ll i,-Jt-nYl ol;-,pEl;p"Yl !* ,J rlJl -* tJ cFlll

e.L"n .r-LJl .,1;r{ "-Li 
l'-i-t+J .tr-LJt r$ il-



\ ;li lle+J .CU +-1,*,J b,','--.tt iJ-Jl.' -llJ r:riLiYl ;.lctill .rJl $i:
.til i3ix *-:c .,Jt oF_j L\r- :J....'Jillr $ll+!l ! +tlyl 6Ji$t

36r -i I r-Jlr LSrrFY .JLrX jo ll-1 .ii,..r..*ll q. dl C. b_,I:- ql
rl <J aJjL"iYl _;e..i.9_,113:tl .,13L-.r-i c.rhii,,,i..i b -!.-. JJYI {sl3j-
\ ila .lsliclr l#t!J-.t olrl l.$';J,.)l iFJtilt 4-,1+Jl os G" ta.: h3iL gjs;

qr-Jl 4-+{+dl ol .rJtilJ. lr AJ:J. I d bEL .rr la:.Ll -.j-yttS--./ .-,;r

i_I).J:.i-JCl ,.itclr.iYt+ lj { e,,.-nJ .f } l- tE;:t1l os tS-,pl le .rrr
,6i:Y bY .-,-r-,ll C. &hi g-rt :=lt r*. ;r, l*:,I-,il de {rL iA;lr

. -1.+ll .fl-l i-!- crr-
,:-.11 -Jl i-J!J'.El,-ll ee:-r ar-r,ll ;:-j+ll ..p-.;t ; li:l-.| g;5 :il
,rl h 6i al3;iJl -.1,:l-- r CJ 0", el,--,. ir:L"ilI i*l^Jl 1ILJX OcLl-a

.,----ll .l-lLll ,-r ,ylll elJil &l g. d-,13.11 ._,r. _./ sgSl ,,,J- . Lti.ayl
a--"Yl s-r tJiLnJt eJeu i.'l-;,'torst, r+, Lrr, q ;+x t-6-nt -rd
(.r L--aljlJ ij.ull ,'. .'"-''rl3 .-r.,--ill 6lJL-ai l+-,Ll ,,Jc' ,-,tri i:.l.;Jl

6lll + :l:=)l la*"Ll urll .*ytt rrLX )-S..'!,-ll CJI cg3 ,i.-1^i,.,Jl

i-[-J d-.i CF J t<;j Lr c.+;. l-+ txJtll aJ!]yl .Fl . :-"ll-r
,rl-"-Yll illLJfJ Jiillr G-Jiil ,.,1;r,llj Jjt.s-"ll laelJr csJii .+L"iyl

6J-3 ilLJ c,+ aJL.Ji.)l 1++ dr.E C ilLjl d,jlSs . ,,r-iJl .,1. l"-l:rr
. +Yl J b.1lj le'.!-., 1.6+ dJJ,i,SilJ !n

at-*- C. rit-illJsLll -jal Gjt*tYl +,"-ll (Jlcr * r**. 
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6p_;ts_;r_r-1,,.:urqJy.;-i,$r:.j"lr.-;r<J"
-'di-'tlf.--r,[i':riuJcU]l-:': r':r"i''Je\i3rill"]l'!]tF Jop

,.,4;,U",:! r;)r;; i,u-r'^-";, +u. Jt '-;,u"!rf;lra,p\;1u;-rri

. ",\I-rr- ii,)lot(rrrr,-;rgr;, r-lr

.Jf ef .,,+ ,+ ;;oli 
'ii-.,-,pJl ':li'-b'll eil: '-r3*,ill 

6Li' ls-l d

oFl j&J . 61rl *;lJl O,r ir'ti-,' i.,i. LJI d'-"1 ,r'lo ,-.1*"3' ' d:te

$Fll GJI .3lJ-'J *+ i-.,;t:-Jl e *j,j g. tDtJ":l 'i+:i$ dl-i;Jl l:e

.-;-. 1,0;so3 L--lir ,.i,.Ul os i.,-;a-Yl ajill el;l iJi+r 'u:"Jlr

,tt---,,. )l iEsil lr++ $;6..- 3-.r,rJe e-.pl-l &-j'll t{*l-i Jr} pl tJ}tll

. ,j -r air.lJl -,lr-Jl -r;c .tr'"r pl'u' &ti"X '$l-ill a;ll Le: g:Jl

,', :- , pLnr)lj a-,1-,p$ ;5 r.J:Lc oJ.,:r.r ;lJ:: p$;l:x ol'i ' I lAl3

6rr-r C d--.r:.!l j;6:l .-,,L.1q k*i-,,.Jgr i,l-t^"'ii'll -,fugYl -.pl3a c.,ir'

cJr a-; tuy Ghlr .t :' JH e Cr+ugicryk aL'Ul: l*-rl

,', -',^ (rill i-,1- L;r+.Yl :.J. \-'"iil c.e Llir5 r5-j':': eil-'jl el't i.,li

. {i3iJ.ill i;- gYl ,-,i+; Cs^-13

: igrtptl3 gr,..,,lt -t
L:,J3 .rlg .Jt -.rS-,,1 .J ct +) JlJri-yl5 Cl+jll "*J e'+: d;i iil

: ,r.f..U,,Jo ' ',-l &lJt dfX etlllt Ct+'' Oti li&lr ' jljia$ il.,.I! Ji"

e.|.n oJJl -FJ.ll+ crls .r'-:-l+J irr.Ll ir:s it'--
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. eL:c)l J.:.r! .!t r 
-:-\. el;eYl dx{ 6lJtJlJ dr,il l-,tJ- tl;J -r

. iJihllr+ill ..u3,.:s cliiit r.)9 -r
. r.+-r'll -tl.,.:-,Ylj qlLr;s"yl A.,.-;L. i.r5 jLXl -t,

a6--F alL .,i el ' .Yl oe ebJl ;*,lt. .r dl n ill gJs,,ll u3l,.jll -o
. 6-,rli gl3:'J

. (Jyl+-ll aiK ss (,jiillr.ert;5yl oJ,3ll _.1

. 4:i3re-llJ t:<:-rYl gX.^-^lt fr+ ,-ESi g! -1t,t=:. lt a:, -V
i.+Jlill Lli-ll d!'nr . C^.tll l+l +lJl crl-r..tjJr ollill Lr.rr., - ,

. a;l;Jl ,.it, r'l tl j rL:sYl &rX
. +il:al3 e.ill ollJ"i ,.>E Ot iJ-.j c.s-r-l d::l +l!!Ll ;.-!*. ttll -l
ol$E &jos ilt-r j el ' .yl 

Ct,g -,rlr.ll .,s 6Cl 4l ehX-l do -1 "

el--bsYl ,Jlr-lt ,.t+ 6tiDlJl e, + l+ll (.J:-F a.-L iL- :l--rl -l I

. tlj,ill ,-ilJtl e^+r LjL l*.|_t$ OjS3 Ol il---,;,i

;r-"=Yl . , ,l tlr '-...-Yl cD$l _21;e & a;l_*:r+lg],a.i -\t
, &-.,lJsll r, . . ,; iJt- qr-i et-:c,yl cj.:pJl a:rr .. .r

u-J . a'-"r /.:.: SiJl .:Slill l(ill^l q;ll a,g'r]lr 6}ilnll ,ra Ji"i lI
iF-.- .ttJ ,/ ,JCl i*lr jJ 6JJ,.r.cll cl-jl alK os , rs. l;Yl : -,'rt cl$l
li r *. .r+i,ll: g.:Hl uJrI Jd-t-r ( 4S-LJ*.yl ) i$-Fyl 4+Jl,.J,i^yl
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' rJ'jll 6lj+L & .iFll ilrt-.,',-;: lJ ,.plill ,rhYl 7t1,.:ll ,-ll:rl-5

' '' '-.lll i ,'.r'.r lllilt IJA r;l-i \#l crt.b.,I ,Jt d-r-Xr .+yl slLX

,J-l,..l',..1+ 4J"l-rYl !i\.i ,.tpClr s.Sll .13f$J JlJri-)l .C o3l-.,1':s ,,lc

L-,ilS.Jj'i # 6r.Ul ,#-tX J"i3"X *p le -t r:',, .l+J+ll 'ra ol+rLJ

.g.r-:ll-9 :r- I c!l-p *+ :"-l--X O:^fut

:C,r+ll ilS&

:a;IEll ,-,,Y 3Lnl1+ d.,,.-,ll liA ilS.L J'.-.5

r:l;X i-L11 drlraYl ,ig-: *+ +Yl .Jl-ll eJIJl *L,s:. ,J J .l

9i--lJl +il.ul dEri53 d e+j cr-! gi ,r:t, tato ds.?,i ,JlJl
ti.-lJl r.ll.ul ,!+,i.3 qj ,jlA)l Gjl*ll dlnJl e.5:" gi ; .f

- 4itjls-l - irnlJX uy o.hYl ,Jl-ll erl':]l ,'Js"q Ol i-ji.Il ir & .r
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:dYl jrill ,rJo +ilul r.rr-i ,jS+ drsJl il<.: cr,a G

.OiJYl ,J +Ylr s-.,,JJ JUI ril,lll ._il.:aL. .l-.p:ll .\
.OrJYl .J .=IA)I JJI Ft6I {iL .9rI jl--i)t ty: e+- Jl , :J{ll .t

.,jlaYl .,llJl dtll d .t.:- d {:,r-tyl i+J*lt d6.f
1-€+lr.l 

u---.r.:.,1Yl slaYl sJJl eJnll aLl a-E"ll r-_ill J ,-iJljll . t

'JJ.:llj JlJ.3-)l slc, 4iJtLJ orjs,3 6l_.1-.),r.o 6Gl3.orir... ll 6l_lr.jl1

..'rlllr s-Cl
ell-ll --Jlnll d-+ .t' iiaJYl i-,.J,.:ll .r. _,p,Jl3 1,J,,-rJJl oJlsi-l .o

.,;rJyl +yt

'eirrJl lr.aJG

1i ^ {;.-y _r"-lje JiS,:i iJtXl ;l"ir^ll .:t+t+yt a! :rjjcyl is+
:-.o3 dr{l

!r_, l-ln .ljl-=il ,36.3 .1. ,.tS+ J err' .rr-l+ll slAyl prldl ..11 . t

el-i;l ol-.1 r-.....-3 eil:.rl .iir: rl .tLc JS,ir JLJI dl{ll ,_it:al cI+.

.irIAYl 6t -tJl
JFi. - OAljl 4,;rr i.alill 4iEtS.l+ - .,:rJyl +yl ,jllJl Jnlt Ol.y

sJo aIiLJl ,-Jr -pl! _r;c qjJ+-r,;r;'r... ll *l;.rsill 4{_-1J.*Jr ftj
. Jlnll3 JIJ*,i-,YIJ d.,W i sr.oJ rc.:J+j d.rl rJ+

C..Ut ,r+Ut -pr.ll+ crli .::e - i.-lJ. I OJ"ill iils iL-
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:a&..*s e,'tll {J+{n

,Dj,j.,.jJ-:X qi +t,,i-.Yl JJJ:-)I 1licl- .lr-,lf liA ,J'3 e-. I

,rJl :ts-,)!,,'' -J[ s-i i=iXl e+t]l Jir,-il$Yl+ jl+Yl fuJti.
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Part II
INTRODUCTTON
Robins 1 I 966, p. 204 ) states thar the use of zero in
linguistic analysis goes back ro the fourth century B.C when
Panini rwote his grammar oi Sanskrit

_ Gleason (1961,p. 76 ) rhinksthartheuseofzeroshouldbe
limited,to ailomorphs in contrast , rather than to morphemes. He
states that " to set up a Zero morpheme ... in which there is no
overt allomorph" is quite urulecessan, , besides . it is logically
indefensible.

The. use of zero prevails in both the morphology and
syntax,.:f English , especially. among nouns likei sheel-,and
verbs like.' 

.cut ' [n s1,ntax, there are many gaps that can be
represented by Zero , such as the deletion oi the relative
pronoun and the deletion ofthe agent in the passive voice .

Transformational grammar makes use of Zero
transforming the various elements of modification
complementation from the deep to the surface structures .

Y. . \ jtjly^-tv ; nil eiJ ,r.Ut ,_r.ll_i _-E ].:c_irl,Jl ,r..Uf ifS.,_-
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As far as Arabic is concemed Dr.Hassan ( 1973 
' 

P. 36 )
states the morphological system ofArabicis of three groups of
constituents, the second of which is a group of morphemes

represented by morphological forms, affixes and structure

groups. These morphemes express morphological and syntactic

meanings sometimes positively by their overt existence and

sometimes negatively by their non- existence . This is what is

known generally as Zero morpheme which grammarians call

Zero indication which means deletion , implicitness and

positional function .

ZERO IN ENGLISH
Zero article . Zero plural . Zero past and Past participle Zero

relative . Zero subject
Zero Article

Mark Lester ( 1976 , P .26 ) states that " the Zero article is a

place marker indicating the position of the article within the

noun phrase ". The Zero article has its own meaning among

the mimbers of the article system in English ' The noun it

modifies seems to be a generalization about the whole class of
objects. Compare :

I love many books . The apples are delicious '
I love O books . O apples are delicious '

N{ichael swan ( 1989, PP - 40 - 4 1 ) presents *re following

diagram to show the distribution of the three English articles

with the three ryPes oFnouns :

r. . t ,tlir,r-rv aJnn elJl ,JJl J-iJ.t ;oLi rc-i*LJl
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Nouns alan the a

Singular counrabie:
Cat

a cal The cat

Plural counmble:
Cats

The cats

Uncountable
Water

The water water

The diagram shows that O is used before plural countable
nouns and un;ountable nouns. compare again :

! book are expensive . these books are expensive .

@ cheese is made frorn O rnilk . the cheese and the miik ive
had for breakt'ast were delicious .

Another use of O is before some proper names . such as those
ofpersons, countries , cities, etc .

@ Iack lir.es in @ London , the capital of A GreatBritain.
The @ anicle here indicates complete familiarity with the noun
it precedes .

Zero Plural
Nouns like sheep , deer , aircraft , salmon add the Zero

allomorph of the plural morpheme when used in the plural as
does cow add the /-Z/ allomorph when used in the plural . so we
say .

The cow is grazing . The cows are _erazing .

The sheep is grazing .The sheep are grazing .

r. . \ -iily,\-yy ; ,iil eLJ qrfjt ).1,-i1J _Ei-r j&_:-,+t Jj.k ^$ i.!.-
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(Robins, I 966,PP204-205)
'^;;;; q'*iin*t and partitive. noYt 1"':-z:::.plural 

when

oreceeded by a numerarlo't"t*itt thgv favS 
re8ular Plurals '

ff;*-J;t it i,a"" 
-io'"n' 

hundred' thousand' million'

biilion, ton, brace, yoke, gross' stone' foot' pound and head:

Two dozen glasses, several hundred.books' many thousand in

,"iir, ". ",ttf;on 
ptopr", 

-u r"* billion stars' :* ry of to^11:

'.""'"1 
head of canle, ten gross of nails,t.ive foot two . stx

pound firry-

When these nouns have no premodifier' they show regular

oiurals:
';;;.;. ol qlasses, hundreds of books' five feet long' six

oounds ,

(Ouirk et al . 1989 , P' 180)

Zero Pest rnd Past Patliciole
A srouc oi verbs "no'nffit-d 

/ 61 /-1 / have one form for the

.;,;;; *nt" i"*titpt third person singular)' past tense

and past ParticiPle '
drive drives drove driven driving (5 forms )

oi;r' ftuy, plaYed PlaYing (4 tbrms )

cur curs cut cut culting (3 forms )

spread spreads spread spread 
. 
spreading (3- forms)

The past and past participle of these H":-foT" 
verbs car

be analysed u, .onsi'tinf oi tittn * o lk6 tl + l@l (past)' /l

6ti +iO i (Past ParticiPle)
( Siiron Potter, 1960 ' P'83 )

Zero Relative
Here is part ot tne diagram by Quirk and Greenba

79.p .381)
!! --.1 .rs-l-"slf :/'ll +iS r!'(le

t..' r',jyA-YY t;i.iileU 
"-!Jl T:J



in which Zero appears as a relative pronoun:

The

man

table

who
that

@

rvhich

I saw
I glanced at

The follorvine clauses can be read from this diagram among
others:

ThernanOlsarv
The man @ I glanced at
The tableOlsaw
The rable O I glanced at

The general practice is that the O relati.r,e can be used to
introduce a relative clause rvhen the relative pronoun is the
object of rhe verb or the preposition attached to the verb in the
relative clause .The preposition has to be removed from the
initial position to a position after rhe verb in the relative clause .

Zero subiect
The imperative verb is alwa.,-s addressed to the second person

( singular or plural ) as the subject which is understood as ,you.

which does not appear in the surface structure . Therefore , we
say the subject of the imperative verb is O in the surface
structure . The imperative is used :

1- To give orders : stopta lking.
Ji:irA-YV 6 ;ill,.,L.lt ,r.I'.:r J.i-i.Il.|.,a,s ::c-i-.i:ll jJ.'-! 1$ ^l+.
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2- To rnake requests : pass the salt, piease

i- To entreat : HeiP ! HelP !

( Tipping ( 1948 , PP. 1i9 - 120 )

Zero Agert in the Passive Voice
Ti.re passive " is especially used in s

unnecessar, or unoesirable to mention

agent m:i,y 'le expressed by means of an

entences in which it is
the agent , though the

adj unct with

f introduction
he antecedent

' fact ' , but the use of' that'is

by ."
Further details will be anounced tomolrow
Susar is sold bYthe kilo .

Se'.'-'ral men were drowned , their bodies were

'Vi.;Ll€C lshore .

The ag,:::r cr Coer of the action in each ofthese sentences has

heen J;:r'rei :i:,d deietion means the use of Zero instead of the

deiei:i r":: I .

i Za:.:.'. - : -. . iQcj . P. ii )

-., .irive clause
---.i ,.,

i

c oil:

her

Ze-'

r -,- r 
j :'.lr ,: tpoositi','e clause is capable o

' ,,: ' Z::c ' . especiallv if the head oft
_- ..-::. :,ai il0utl

_ ,r(.rq

1r -.;;,:1 ,\:roie a letter to her suggests that he knows

.. ,'. lerter to her suggests that he knows her.
J,+ 

'

' '-':rt - clause

-,:< , believe , guess. hoPe , suPPose.

ir. remark , state. conirrm . etc . take.

,-"Eil J.jjJq (.-'L;' r---:-+j .!r,iJ 'Js al-

1Q:: -



as their direct object a noun ciause . The verb and the clause are

linked by either' that'or'zero ' :

thirktlraf she is not coming
thirffite-rrot coming .

I suppose that it is going to rain .

I suppose it is going to rain .

( The Advanced Learners Dictionary , 1960 , P.xvi )

Part III: COMPARISONS
Both Arabic and English make use of the Zero morpheme or the
Zero allomorph in both morphology and Syntax

l- There are few nouns in both languages which have
the same form for singular and plural: sheep and
salmon in English and ' fulk ' ( boat) and ' dhaif
(guest) in Arabic .

2- Proper Names in both languages are preceded by

eirher the definit anicle or zero to express
complete lamiliariry .

London is situated on the Thames ..rr ,Jr i"rtt run

3- English adjectives are int.lected rvith comparative

[-er I and superlative i-est .l , but ungradable adjective and

adjectives derived fiom material nouns are not inflected for

{-er } and {- est } :

large larger largest i gradable)
perfect ( ungradable )
wooden ( material )

Arabic adjectives are also inflected for the comparative and
superlative but material adjectives suffer no such inflection
like their English counter parts .

.l,lr^-\v ', ;iil -;l --*l ..!Js -l- ;:o -i-t ll . -Jl i,K il,
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,f
Adjectives that suffer no inflection in both languages

can be said to add Zero .

4 . the Zero subject is used in both languages with

imperative verbs .

Write ).-our lesson ' (You)

(cji; :Lr: --{t

5 . A iew verbs in English ending in lrl or ldl have the same

tbrm for the stem , the past and the past participle ' They add

Zero in the past and past participle instead of

{-P pt i and {-P PP }
I cut mYself while shaving

I have Put the Pen on Your desk

Alabic verbs make no use of Zero in their past tense ' But in

the present tense after certain structure words like 'lam ' and

'ein ', the verb looses its 'u i'; ' and add Zero:

( The boy writes the lesson ' )"--Ur Jr1 --j-<:

(The boy dirl not write the lesson ' ) '-r,J' 'ir' *( i
6 Zero agent (doer of the action) in the passive voice is used

in Uotn lanluages . The passive voice is used when the agent is

unnecessary or undesirable :

Sugar is sold by the kilo ' +<t,l ,(-lt i!'

y. . \ j!iY^-rv -.ii! e].J .r-! tl ).:!U --u !c-i-"-'ll

!:',
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Lon-gman, London .

l.. r Jl.!iY^-Yv ; ii!,.,iil --U i-r;! --Ls r-:'-;*'qll jJ.i-X .jK a\-

7. In Engiish , the zero - reiative is used when the reiative
pronoun is the object ofthe verb or the preposition attached to
the verb in the relative clause :

This is the house which jack built .

This is the house @ Jack built .

Arabic does not allow the use O in relative clauses .

8. In English , appositive clause may be proceded by Zero :

The lact that she is generous is known by everyone ,

The fact she is generous is known by everyone .

Arabic does not allorv the use ofzero in such clauses .

-.=*' 
qi.* ir-,-i Gt i-:*;

9. Object clauses beginnine rvith' thar ' may begin rvith zero

i think that it is -eoing to rain .

I think O it is going to rain .

.\rabic dose not ailorv the use oi zero in such clauses :

tnP -*,* .tlt -']&'
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lVlood in English

By
Dr.AIif AL.Duri

eul sJ]l l3-iu g-l= :.:c I ' . \ (i) i*lirl jr.ijl AJS:ti .

,li YA-YV jJ* -.Jidl :!,jJl i*r..it 3r.i-tt i1S

Mood in Enslish
l-Introduction . Dr.Atrf Al-Duri

Linguists give different categorizations ofmood , aithough
they agree on the concepts that make up modal utterances. It

seems difficuit to find a generally accepted treatment that
invariably attaches modai concepts to certain fixed categories .

This is because of the interreiation and overlap of concepts and
uses, a case which is problematic.

Traditionally , features of mood and their realizations are
assigned to certain forms of the verb . A clause containing such
a verbal form is said to express a statement , question ,

command according to the lorm of the verb(see Muir,l976:93).
Sled (1954:227), ltall 11967:157), Lehman (1976:140), and
Forvler (1977:71) agree that mood is a verbal category

indicating the speaker ' s attitude toward the state of affairs
referred to Jesperson (1924.,313) and Lyons (1977:848) hold
the same view mentioned before and add that mood is a



syntactic rather than a notional category , whereas Roberts
( 1954: 160) assumes that it is very difficult to distinguish one
mood from another by its form only ,or on a notionai basis oniy.
But he agees with Jesperson (ibid,3 1 3) and Miller ( 1955: I 0) in
reiating mood to formal distinction of verbs so as to give three
categories of mood in English .

2- Catesories of Mood:
Mood is classified into basic and subsidiary moods , as

follow,
2.1- The basic Moods

2.1.1- The Indicafive Mood
The indicative mood is used when stating matters of facts

where the material is presented with assurance ,as follows:
1- He paid his bills yesterday .

2- It is raining now .

2.1.2-The Subiunctive Mood .

the 'subjunctive ' mood is used less frequently than the
'indicative ' mood .It expresses an action or a state as perceived
(not as a fact ). This is exmplified in the following example :-
3- I wish I were you .

In the 'subjunctive', the progressive aspect is mostly used
with adverbial clauses or rejected comparison beginning with
'as if ' or as though , as shorvn in the following example :

4J' speali for yourself ,Sir ,commanded the peregrine , looking
straight before her as if she were talking in her sleep."
(White ,1962: 193 a cited by Scheffer ,1975:43)

2.1.3- The lmperative Mood
This mood is used in commands , requests and entreaties

It clearly reflects the desire of the speaker, as in :

.:LJl ,rJll ja:Jti _€E :-.-i*lsll j-.ur tts "!}



S-Give him what he demands .

6- Please , keep offthe place . (Pink, 1960.66)
The use of progressive imperative is even more restricted

than that of the progressive subjunctive .

This is because the non-progressive imperative is "usually
emphatic enough and its temporal reference to the moment of
speaking (now) is very clear . So that the special attention
predicated by the verb " (Scheffer ,197 5:43). Consider the
lollowing examples:
7- When he comes in, be reading this letter.

(charleston, 19 55 :27 6)
8- Atrunk-call for you ,Mr. Lord .

- i will come at once .Be thinking it over ,my dear .

1 Wodehouse ,193 :36 as cited by Scheffer ,1975:44)

In the above examples , the use of the progressive would
merely report the reading and the thinking as statements of
facts. Employing the progressive imperative is to emphasize
the verbs with reference to the moment of entering and the
period of absence of the Lord .What is important is that the
imperative allows the progressive
Here is another example :

9- Be entertaining the dwarves (when I get back ).
(La Pointe ,1980:772)

The progressive imperative is also found in negative sentences

, as in the following :

i0- Don't be talking . Let me just suck this in as rve go a long .

(Kruisinga ,1931:352).

r . . r ,tl'it r-r v ; jriill eLJt *JJ -"Jjuli -pli :.ro-i*iJt j,-i-if 1fS rg-



2.2- The Secondarv Moods:
In addition to the indicative , subjunctive, and imperative

moods mentioned before, Fowler (1977:.728 ) speaks about
other types of mood . These are as follows:

a- The Interrosative
This is shown in the following example:
l1- Are you leaving ?

b-The Affirmative :

This mood is sometimes called 'emphatic', in which the speaker
is assertive ,claiming the truth of his statements , as in (12)
beiow,
l2- She must have been ilt .

c-The Negative
This is shown in the following example:

l3- He hasn't spoken since 3 o'clock.
The progressive aspect occurs in the negative as well as in

the affirmative . Yet,some do not like the use of the progressive
in the negative sentences .

Goyvnaert (1968:li8 as cited by Scheffer, 1975:161 f.) claims
that a speaker of English is inclined not to use the expanded
form with negation ,as in :

14- He hasn't been speaking since 3 o'clock , as compared to
example (13) above ,

Yet ,the following citations seem to contradict the above
statement :

l5- It wasn't loud ,it couldn't have been heard had I not been
listening for it .

(Braine,l966,l16 as cited by Scheffer,ibid)

y. . \ )l!lr^-rv iJpd e.u !j-Li J.:j$ u-''s r.s-i-l+jl ;'r.i-lt i5 i5-
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16- You haven't been drinking ,have you ?

(ibid: l6l )
2.3- Other Moods

Other kinds of mood are those of possibility ,certainty,
permission ,and obligation or necessity .

These are shown in the following examples :

l7- He may have been doing it. (possibility)
l8- He must have been doing it .(certainry)
l9- You may leave

may be leaving
I now .(permission )

20- You must see the doctor (obligation /necessity) To these
moods ,Lehman (1976:140) adds the ,optative' which suggests
some sort of volition. Yet,this mood is lost in Latin leaving the
other moods mentioned above .

It has been mentioned earlier that mood is attitudinal . It
represents the speaker 's comment or position in judging the

degree offactualiry ofspeech content .Therefore .it modifies the
propositional content of an utterance .

On the other hand ,'tense' is often defined as deictic
category since it locates situations in time ,usually with
reference to other situations.
(Comrie ,1976:5)

Halliday and Hasan (1976:705) bring out rhe
reiatedness of 'tense' and 'mood' by suggesting that

3-Relations of mood
3.1- Mood and Tense

r. , r J[iy,\-yv ; iiit,riJI j-Ljt ,_iJi,-i- :-:e_L-i^jl .ry,|.-lt i.K:r- .



"they are both deictic in the expanded sense,and diffe:
merely in the type of deitis involved 'at the time a
which I am speaking'or' in my opinion"'
Mood and tense are correlated with the verb system ir
English. Mood characterizes verb as being indicativr
,imperative ,subjunctive ,etc , 'tense' denotes whether
the used verbs are 'past' or'non-past' :

Consider the following sentence :

2l- Children like sweets.
In the above sentence,mood is deseribed as'indicative' .

and tense is described as 'non-past' This is also shown
in the example below:
22- Go home .

it is noticed here that mood is imperative , and tense is
present (non-past).
3.2- Mood and Modalitv

Mood and modality are greatly interwoven notions.This is
because of the non-factive basis of each(see

Lyons,1977:816).One way of making modal utterances is by
using modals like can,will,shall,etc.These modals can be

defined formally,but they share the meanings of
possibility,abiliry,necessitv.
This is sharing justifies the use of the term mood (ibid).The
progressive aspect goes with such modals to indicate futurity ,as
in:
23- I will be waiting for you .

Yet ,this is not a pure future statement as I convey other modal

implications , i.e . ,the speaker's intention.

r. . \ Jiit^-yy.-iill c?U s.Li ,iJ+ ;-E .:rc-i-t'! ;-r,-t irs it .
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Similarly , the pert'ective aspect goes with such
modals , as in :

24- He will have graduated by the end ofJuly
lvlodality is not used only for denoting future time . It is more
often used to express non- factive utterances tike wish,
supposition,inference,etc .This is contrast to the traditional
point of view which considers modals as markers of pure
faturity (see Allen ,(974:l2l).Fanrity is not a tense . one reason
is that there is no form change in the English verb to indicate
future time. The second point is that "there is very little
justification for the selection of 'will' and 'shall' as rhe markers
of future tense in English ,even if we rely.heavily upon time
relerence "(Palmer,l974:37). The modai .will,, for instance, is
derived from the Anglo.Saxon verb 'willan, which means have
the intention to . Thus ,it has another function ; it expresses
attitude rather rhan pure time .This function of ,wiil, is now
expressed by modals like may ,must ,can ,shall which expresses
obligation and permission (cf.Forvler, I 977:72).Therefore,they
cannot have past in this sense ,since one cannot impose an
obiigation or give permission to do an acr in the past (see
Paimer ,1965:122 ff.). As for tururity , it is indicated by other
u'ays in addition to the use of modality. as shown in appendix I
enclosed hereafter (see Scott et al. I 968: I I 0).

Mood and aspect are closely intermingled to the extend that it
seems difficuit to study any of them apart from the
other.Goldsmith and Woisetschloager (1982: 83)stress this
notion saying that " it is precisely in modal notions that the key
to an analvsis of aspeet lies ."

r. . l jliy^-rv iJ ! r-.iJ s-Lr J,.tjJ.Lr eErj' J.ro-i-Lrj ,r.i.l irS if.-
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Aspectual notions , like modai notions are descriptions of the

er"ents or states of affairs in propositions but in different ays ;

Nlood discribes them in terms of degrees of 'possibiiity' ,

'necessity' ,' doubt' ,' realiry' , etc, while aspect describes them

in terms of 'duration' ,' completion' ,'frequency' etc.

In English ,for instance , it may be noticed that the

progressive aspect is sometimes not purely aspectual . It may

indicate the intention of the speaker and thus ,convey modal

implication ,as in :

25. Iam leaving tomolrow.
The relation between mood and aspect here can be noticed in

the following example :

26 . I am hoping you will consult me . Verbs of cognition are

incompatible with the progressive aspect. Nevertheless, they are

used with it to indicate polite or tentative expression of mental

attitude (Leech, 197 l:24).

3..I, THE CONCLUSIONS
The discussions undertaken in this paper may lead to the

conclusion that mood is attitudinal It is a verbal category

rvhich indicates the speaker 's attitude towards the state of
at'fuirs referred to. It is a syntactic rather than a notional

category which represents the speaker's position in judging the

degree of factualiry of a statement modiffing its propositional

content .

Mood is classified into basic mood , i.e, indicative,

subjunctive, imperative , and subsidiary moods such as

interrogative , affrmative , negative, and other kinds of moods

rvhich indicate possibiiity,certainry, permission, obligation'ect'

r. . \ jl.Jt^-YY .,fiu c..d r.l,J ,i.q .r-.'* r:E-i-Jl :--i-l +s t!-



Ivlood is greatly inrerelated to categories oftense, aspecr .

and modaiity to the extent that it is difficult to study any of
them apart from the other.
APPENDX I
Tvpe of constructions rvhich express futurity:

l- Modality plus infinitive without to :

a- I'll meet you tomorrow.
2- Be going to plus infinitive :

b- I'm going to meet vou tomorrow .

3- The present progressive :

c- I'm leaving next Monday .

4- Modalit-v combined with the progressive:
d- I'll be having a parr_v in the week end .

5- Present simple :

e- I see you tomorrow .

6- Conditional sentences :

f- If she came early , she would see her fiance.
7- By use of any of the following constructions :

a- Due to plus infinitive .

b- Be about to plus intinitive.
c- Be destined to plus infinitive .

d- Be plus infinitive .

Charleston , B. (1955) " A Reconsideration ofthe problem
of Time , Tense and Aspecr in
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d-.e*Jr ell.l 6-: . j#: ,-lSL lc;tr. '.t'o&.,! eGJ 4,i J"],:! .b, .rJt ls.;ar

: .oI r-" --l 1(ijt ^',J le.J...?'. JS.l Lj...,-,ll

;l ,t--..-:;Ji ,g:Jl _':;*J13 l+.,tr *! '.*=6 itJ;Jl , :r. r 3r eltra-\

! Ar-J.i,J. I LjlJJl io3,.;-3 , :,J'+tl-l l,jlJill 4.c ..+- : L"a .lic u+."

-JlJYl .L-:l; &---r dt LUt lll-,-lt u+-rkJ !l 63ir^ll 3t

-t-3lll1. i-Le sLjl+.J 6L-rr- Jr".:! Jl lJJlsll LjlJJlJ
ari sii l I irril 

\S.-!J \lJ P..;J.Ar -!eii: Jl o", 4JrJ;!l

eLJl .j-Lll >;_rll+.pti .]Jc - ia"r i ll ;_."'LJt i-,ls:t. .



i-J+JriJJ"+!. I . i ,rJ3'sll -HlJill-S Special Maps i'-lill

l*jlJillr 92--J13 jr.jl "FJYI 
r}ii-Jr ir"Ir iJ.J3tl i':lJir

u,- J+j$l ,-j:.lie . (") d, ' ' ' CUI-r u.,itl !x5j i-,."- l+'J

. di-,I;* g,. -r;:'Jl .+ .-i+.Jll tra gLiI ,rJc Oi'slJi'+'ll

J oJ.-tlill r-l(i.+,r 1,;r' l, Li- l;.i-s.Jl JjlJsll J -J"+ ,v eci".l -t

Jjl-Jl LilJ-J -,-J.ll !31-p3 ' '1-'-ll -LilJ.:ll; i.,L'L:"'!l .L!l;Jl :

. (,,.) oJU)lr

r;, ( j.,,Li-i.1;jl }nlJi') +t-')l Jjlll J le'. J u* :l1trr 
' 
-r

-tilllr 4Li)l 6li lJllr a.l.ti-ll !1!lr al.ii^]I l1Jijl J

ir-. a-jrY ; ,-ii ss (rJE4 r{-l'}.:fo p-:ii'i-r- ;tt (") a',,-",.;lt

Ll.,ll ljlFl : ,Jl 
(')r, .., c.,p1;!..1 

i-.'.' 4rilJi+ll l":lll ' ''1 '' u-:

gJt-e(\.. " " :\) cl'i+ q$ i2'iJt o,.$^ll 6tiLl;sJl oe:

ct: i-.-i- IJE r-tll Ljl ,-3lr . J+- (t ' ') ,rl"'r

o+3 (+,;u--jSr) r-:f+-afr 6!sul -Hllr -F.ti 1t ' " " '\)
L:l .----j,lt .l lJis k^t uli. +J #J 'L'-iiil 

''J*6il .IJlrJ

H r+>L *\.:e,-n- , J.l+ll $;! XrSr +'o >$ r:11 *t+'$ (')
uu Jurqr ilaJl.ill \HrLi cl 61-rLjl i+

+--L-d . . ' !. *..ll 'J";E 1l 
'r'r

>;*ll ,.rlji.ll 3! iJ"..)tj,llj rrlr' :rll :J.iiI

/ ;,--Sr, i4r,L1! --!sll ,I +l- /! HlJi.ll / :3-t ;SU 6}i .: : ..,!iil -.2lSl

ld,a/ \lc\ in" / &rll 1*l+

g.Uf o-lJf J,3iJ+ -'-E ::c - "'-lJl 
;,^i;i i5 iq'-

J+-.lsll u"L+i.il 3l: il.Jli'll



k-if :S+J a--'r.".ll 3: d.:.e iil*al G;i.: J:...'6 ,Jc. J..jir +lJi3;$. I

i+JJl .[SLI L:l-js i J".,:ir (Yo. .,t) Ct-: -,.,s. 
ti (r .. .. :t)

. (1 Y)a.lJ.ll 6li6LMJ,i,J

#l -. ::-:_r i+ilJiill !l;Jl , ;rr. -. J.l qi):il rr .A Le--l

aSI-,, rsJlr e;'!.Jl 6;--.1 6rLXJ upJ&X y';tt ut Yl r ,-,*iill

;.::Ul: ;;*.a,Jt ijf.rJl_i i:-:. ll gl_pYl 6li 4,relJi+Jl .I"lt;Jl ..1. .!:\it

, ('^) 
+.tt:Jl ..;;;tJl gEt+;;.-rll;

,,,-i.113 
r=s. _j,,-jJl -tilJi,.l1; , LUI l"itll : 

")..li3 alJl ,.93i.-ll ,.. - -i
i.)i--illr ;o.Jl l.Jl;j r;+rl++ll: a++jl-rsJr"+>l. I LilJill ljlc Ji.ii
,J3. 6, .i.-I .tLf,i arS oJ H-rJ1 iJ-,1-,-..,1- lJ 4,,ilS-JlJ a+itJl L3lJJr

a--lsll irtrr .j,i^ll r+ -Lill.: iJ=.l]-. - lJillJ 1iJS..'llJ i-.,i.JiXl Lilll
. t{rlril d)Eil .Jo LlJlr

: 
"-c -lj3 lajl.:. I ,:f L:.i."..ll j-:._./l q^ -+

.L-:l i.il ".5 ,il r.s ),Yl 4.r. lJi-1. I l1llllj , +lJi +ll LlJsll

L"S , i.-ti,l! l3lllr itt.-lllr i;:L-6rll3 1+l+Jl-r 4J_JnIr i5E ll

. 1i);;;:r-,
: .fu la.L'rLl .+rL.,, - -g

r-*---++ .tL,*-; , ,19tS2.5.-*. +cl3.rl 3l-9: ;l9t-)l L;..-ll -

. jt" J.i..-r . dlt-

L: r (!-,Jl) .'t-r_p.tt -Li.".Jl --:-r3: s.L,rFJ .LiJl
. !r:.ll .,IJ )i..ll L;". IIJ 

-.1-2J1j ,-r-.,;r..Y

^.,:l-,rl -^Lil yn'JL ,-ti 35. - i*-r.I j-*Ul arK :!' .
l_. \)' J ! .v



-;l :l-rJt 4irt-,i.il iI' 'rl .tiLJl oft : 9.!."".}1 L; ''tl -

. drLrul

aiJL,ll -LIlJl ,-r -tsI rl OJe.1,l i.^DL .;.,.-r : ','<-r'll li...ll -

-tit.-.-ll .;.jl-.-i. +.-.L-l-i,J 6.o;'1 +:- 1i.,. #Fl 1,.

. .+.rJ.ll

: .!r. LuL.rl q-r..,--:

J 1J n--ll LilJsll CJ.+ t3,ll l:a f:;3 : dr'-i 6li J.l.> -

.LFllLYl -L:lJiJ ir.rLnll i.3lFK a5!-ll
r ',|;jl-r , J ' JYI .fljJll J;----:iJ : :L"l ii$ ,;li J.3l; -

i-+t -i6il3 4t .-lJl5'+ liL[ crtYl el- .p|l I a^,"-Jl

. iiiiJl a:-.,!rYl3 +1i-. Ylr

: q!. l.ai-t.- (J!a 
-A

-rl A-:-,ill I L-,JJI LF. i:,.. jsl-l ..!"3 : i.rL-X J.:lFl -

:r 61i:tt C-!r"il J ei,=.ll -:l i'-.ryll J Jtill J i.+ll
. ellr +.,.1-i l."5 9JSJ 3l o-LJ- I

,lJr-:.r--ti os e!;i,.i -.,;ttll i:c Jl lJ'Ls .!."3 : a.^JiYl Lilll

el>-.Yl:.S. tFl; €;JYl ClJl LilJ,i J..iiJ: aJJJ LilJAI

. c5.;iYl ar.JL^"'$

,r--tc 1.6-JX 6-j-iYl a,S^r-: 4:nL--Yl JJlJill Ua+l *s*J: dli^

: oXill .9:ll

etJl .r.Lll -.r;3.I-; crli :.rc' - ir'l;ll A;'Ut i:K al-



t')1iurj;t !:r;) al'r---yl -tjr JJI
a-LnJ. ot-it-,l. I .JJ,S: l-.rje al,il#I ,ll''-''l i.,:- t --Yt .til JAll -r.',.-

el-:il J&". rl aS-Jl .,'..- i.l!l gjr Ch ..llE" i.lF- a.,,i- lJi+ jr"'&.

'''1 Lil- ll '+'- ej".a.Jl Gi-i -:l . ttill ;- :iEi-ll Jltill d J+ill

: 113:l 
r,,r3L-rYl L:l-.,Ell3 ell. . .

Dot Map a:ii-ll llrAJl-\
i-ril i.rll ,+E ll Jr j,ii: ,.-: n a rii:.:l ill 'JA JE^, JrL,l .ill .!i"il| ''tJ

oi . i Lll , i:lE i,.,1 Ji"i lliill o:r ;o i L;r JS: , kiE +Jr ,J
Jl]r JIli. . iilr"ll rjl ;;_.pt}ll JS-i .Jlg A i+i,- irLi. J.i ltiil!

L-Joii $ u;Si L,; 4r..-il $lJ,.llJ arclt. ll ,j.t',i,il j -L,iXl -,JK

I ,' r . , 1t -. ,, ! ,, Jl r-,1 .. ^j,uJl 
* ,.rr.l:.rl i-8..------.---:-, --+,-, -=., j

JL-j,iil .rie gl-. Yl , s,; j l\r''. r Laic cllij , Pin Maps o,"+t :il

ki j-r.-,-r6.:J"-Jl :-l rl Jhsll ,.'le il._ltilt ,',i,'t- . ):.4!rYl
6t il--Yl rJ. jJ,j !E Jl :"1,.i a.,,j J ".or :ic O;'- rJlS. ,i .r.i+.

tl i.l ;fu l.S. .r-,Jt k+ "i+ d -Suyt ,r,-rt;tS^Jl dl.r os

!5Je Lr*u-.l iJil JL--51 '+S 1.EJL e,. alli::l i.L-t_e_e s:;Jl -u-

6L'.i"il

: .1}.jl Ji-. Uil (*

/ 11-,^/.,1. :,/;l-Jl, -ir /,r --yr,.3_E,.rJ+/,,+rj;*,.11-+,.:

\t\_lYAJ-

eLll .j-l,jl ,p_!Jr _,-.i:= - ir-:r\t ;_""Ut ;.JS:,..



Cross Hatched Map5 : i-t.LJl .L:lJJl- Y

rl J,-Jln c+- Shaded Maps :JIL.I llJill,, t -arl ,r4Jr

$Li ,Je dsl C,1;"- ojl -rl OJ.-. L:Lr:, lrs- l-.p* i31"i. dE .Lli'3

LilJAllJ, .sl.;Il rl J,iJl .+."- (.rtJ.iUl L,l-r''.1r. I i'gr-.

*Je Ojit jS-! cJ+ dr5 jS-iX ,-i!r-o:sJj,JJi jl$ i tuJ.ll

MaPs With Baks 4lJi,Yl d,li LilF-r
i-i)Jl illi -.';ol-;lll gr.a ,!"il 4ill+ 4lil .',tro .9 n 1J.:l!l .ra3

Picorial L-ilJF-lll LilJiJ -f .! os -,rl-:"r ii5- d- lF c$l!
Maps

uLJ JE :l aJ.;r.-J,.-:ll f5--il cJ-*i .,Jc +jH C L:l;All q*J

('jll lJslJn+Jl i ;Lt ll+ iJ-6-p , a_joll"ll eib d a-'+- ars cp e-t
gllil. J. ilil-. JS j i"lJli-J .::c .p ;.'lll )t3^i , ta;i '-' ' '-1

, iJ.ils-ll uIE o.i a.r3+-3r;-tl+- (1 . . .) .,8"6t'D ui,-'oJli-. f-J3 ..1,till

aJ! e-,rlt .r"l+. -.rli- l ,iS+ 61!slJl ..+J+J.ll g),i:l- I .uc j'ilJ 3l

li .lj!. il.iLs^ JS 15, J+rJ. I &. i)s a-'J',r , :J.: ;Yi (t . ) JS.i ;:-l-:

. . LJI '* 4d e . ,'Jl r'll r"v r lJ-J I,

1pt3;tt u*,J.l: eF 4+^i'Ll i'lJ-,J 4+!lAJl i-hJtill

\ i. ( J,.ilJiJl Ot^J J eJJf JiLr +jl r.l. <llu J,ii,n

il"Jul Ji.3 elJ . L{lrr"3^, C J:)t ' A-irlJll i!-Jl" J-! )r d,.ltS

t. . \r'' . ! ,rJ- I dl,illr d;Liylr dllJl3 d.aJl g)iL-r rx l^+Lc ijlS-

eLJl s-Lll -.r;-!& crti' .:-s - i,-t-ll or.iJ i'JS il+-



i I ;li;rs-. I LJ*-jJ1i.rsr1-,e e',iia,,Yl jS.J Y 1J.:ll,1 ^J;-:,,ri. 
.j3lJiJl

. i++ijl rl+jll r.{* \.r\-1 LJ. + Y Jli e+.,;rJ

( Teachiug Aids ) i:".ltlJl i!..JJl

o,J!l '+,.ji.3-r;l:i .]S .+: . 'j.JEll (.:ErJt).+ U[.] ,rcs oJt-r

. :,LJl,]ll +ilul .!i.: .s r:rr,': ,..ll i;.1 g

!t c :*-.<l g";:..11 '!4-r:+ :l;r3 313:13;j+l iP ''-r':. .rr: -
i.,Itjl .. ;-i: , -.;lSlYl g-i , o-'Jl g;3i . l+i," \FAr dl'lll

fL-j-)lr j-r-rl -i lliiYl r.g LL.I u"Ji.ll r.i'J gl g3.: , ,{ji
(t r)

u.jJ-ll o'L-il ir*-i-, ,l 5l .'.-r 3l r-.*,.L JS oa : i;.;Inlt ilJ-il -\
j ;*ijrl .:lc1,iii jil.r 6"r-i:..3 3l:i .,4s . #l ,rJc J. ti.ll :c1*1j

i l nsil :r-lSI ;r.'- dr .L+"r d enL;) .g-ri.Yl :.]+tXl iilll
Jnll 1!.c .ri'o:c"-.. JLr d J c.,,L-ti +*J 

'+, 
, i! A,^ll 3l

.3-F-i --)lJ"Jl :3;i 'u.S ;*-',;-dl er3. rlri \it-lj:l . -lJlJ
a-lx. .l .il o^ '*il-. . ''.E lqii liir- Jis.'j,:Y tdl 1l , jYl 4,i- l+

, g*;:jl ir!..r-a v!. !++jjJ l.; r-*ll ,',-r I :iJ. 4r.Jlnll i'rL'll

s ((;utt J[..-:Yl -ELr) e-l 'iLr-liJ.:lnll JELII] JJLJ

-91 
, i.;'- SJSs Ci;, ,rJl '.'rt' 1..1S:-,1 \$.al \r-. ''l UF g;Jr) t{j)

,..J,.i-j,ll J. A-.-t- i.,utd-l J1l.o e -.,r.l Jl r'-s-: dJ.6JS, Jn

di arlnJl3 ,JnJl iJ.r ..+ 4+.!,:ll .l.Lrll -,ur r,1o t l .J. Jl iJ,lll
. ,LrlJ r1- ll J,1. clJl -.;L..:,ilr *+ll



t"ir-Jlr i-J"+l,ill ci)trjl-S . l^U+ pl;': ,t-rlt ..lBLJl-I

. (J,.al ols./3 i_je;ilJl3

4-6+^ll ,JJrJ e..-JiJ iiJr..ll Jit d rrl..n i:J4l':ll &LJ-r
. J3Jl er[.i3 lJl-rJr 4,r.:.,,Y1 ,:lJSjlS dl-,pYt +;Lc ,',ir',

. j .''--&L5.oll ,',---o 'o r.l.S J.rl .Jrl . j a....j aJ^Jill aLr.,rl- i
I v - t- \, lr -,

rl \ .)l .lA i!.i il<.rr Js & -L.i oAi s l.osr;.c j si.-

e;:S rr-s'f-,Uf J;in,Jl i!,-ll CJljr.rill uF ;DXI ..,1s9

t ---- .l -Lil . d .-i -Jtlll dl ,r-L.., tl i-r..,.--ll als 'il|J\i' gr 9 . t

.S **:9-.: ..Jtr =l .,1 s{r . ir-Jr"ll ..1<11 j..iJ+

k.-tt l.{-i tr-r: C C drl_r+ii Oe iJtll ,--r.JFi . 1.1-.J$ll

3l e '-Li l.6jy Jl , jl$l .t' i',r ,'r.'- ,l .r;Ul j c.i:.'

. AJl. . . 
"J+6 

J e-'Ji.,: -:l il*:.
;t-tit o-! Elj -,51: Li.o cryl e-..Llll 4J.Jl'311 il+-:lt J..: -o

. i,.Jt ll -),-lrrll 1"6+ .Jiril- lil a-EJ,^:. \rir , i+lLll

..-rJl_Lll \: i- Or' l;i3!'.LJ,-i1 -'i:.i.y;Ell .)iLll-l
c,l -:lll: .:L:--rll: JJ,--llr +)lS ) 4r.l+n-l .&l '1J

'(i++lt
J.') Jt^3 J5.! dlnJl !L' ,J 1e.,l3: i.;.;lnJl o!..:lt g.3i -S,

(") Lul:cl: ir4rlnll i!-,Jl .lt$il .sc 4Jtill Jr.U 'oL;l-p ;"
r-J: . q<-.Jg i-CX-c td r.r.:S.ll-: r::-:l .l.od+ll +Js}- \

.lJ-J,Jill ,-il$5u &i.'a lrs

etJl !,-lJl -,r!d+.rti .uc - L-'.;Jt u'.Ul AilS iL



g-:.-:lll 4t'r*,L,, -.,:iJ . g,,-.1J1 ;:U t$+-1l: iJ"Lil ;rul i.6FY

. $,:ll p.)o-e

,-r-.,,LG ul3. l+ClS uas.J C. 
ls:l. I Lj>ll f|.ll 'c$l ,9.,3-f

. :.3.- JSI _-+_J-.jSill =JJl ;-J.nJl 3.
. J"i-llJ .LlJJ$il gc s 'l-,. i.pS ,',1-i .sl: cr-r*l i.l"r-Jl $-t

ir*li.:, +l.,1.lll 4clill .J.)" :-a 4- kLl*3 19";-.,, .1r,: gl-o

. #S.si*-, eA,rt-o!

6Jt3Yl "-jc .:i6 ,F dJE Y ;13 ,-ubJl d-63Jl ,J !r"F Ol--,

e-r--Sl ir-,t+-Jl ljlllr tl-r.l'-ll .:L3JS..p-,,/l e jI al-V

. dl" -,+r *+!rJl

;3-S3,;13 . qi;:in-Yl Jg-J.':-t q,)J"l dJl:.-e.-r-E; ul-A

.lLlAYlJ.l.,6iU rlL
. ki.'',- )t - ;^ si:li ta-t:iit JI ifJ-jll a.j-,+r-l

C^+r i.Ljtllr J.lll *J' J}Jl ;.,1:i'.rlJj J Jr3l jl-\ .

. (JJll *(nllr 6LJ,-ll

1-"S . C,r.ll Jl i.i ,.Jl .);.-, # (l+,lr r=.,) Jnll lJLc cils llr

*Jt 1.J_1.o3! &ll1 ,-:,,iXl. - lJ.''-ill i,.Jl .r.l 4+-ll :lr:13 gils:Jl ,-3I' .,:'3
a--LJlll ;,ii, ,"LYt lb ,-J", +Al li o+_rt .:-rt -- lrAr , i!!l
,j--lr & J.,: l-S , .till ,Jl liJ*-ll Ju.-ril :,lj-rr ,-,'. jLl :; tilJi-X
i-iJr-ll 

"Jt 
.Jr-:U J.'llJ erinllJ ,',-ill eL:^lt .sJ i;-,,11 rt--,|.; C_rS

^.,,J1 .'jlJl J,-:Jli -,-ii ::. - ir-I.\l ;-..iJt a.,IK ;t' .



e-bri ,+-1ll (6.FrJ) llJ-ril .l!"; il"Jliil ursi ,rll\, r iisJl 4,\ilJisll

. +i^ oj+ ;= Jl U:JYI C+,.Je ;nlitJl . ;l''r .1;; 4:nlS^,I &tOl.,ll

,-,lUll ol i,.l dr J+i i.,l {'t-i, u. LilJru rrsll rlsi-Yt Ol l-S

Jl6 Ll .:rl ,j- r+ii.-_l 4J,i L S: .-'li" .,Jr .+l U,,JJI 19 n ^l
. (") .l -l-rr.Y t'.ll

-ill .t' &.;x: rLs 4+l-rr+ll atrl c.rt lJl i;[.i)l r3 L3

( 4-i. .FU.I lJ'"| $-,1-p3 l+..rJS;lilj6,Jl fls'i-l Ji! J:6iillr

i ;.liLr't) ;rat5ul . ;r,r €j_i i-l_,p1r -l^ti^ .L.+l d q*.*t-,+tU
i -.rltS.ll al$t Jl dCsS-, r 4.r.a e-1; slo Jl L'-JYI e.L,,,Jt (i.r-Jn+I r

CjlJ. C-----;JE .lS Crll os oa +.,1- t-;*qlt Lil-*lll . jl3.LJl ..u gt!+

'oli L-;.rl q)t, &JYl el.-,,Je  +lJ+i. I -,p|.;'Lll ' ''rr ot--,;;

1 rl a,;i3 tJo L,.J , -.pl &ll o:n iji oltLnJYlj.:tot ll e:;j3l i"<+

gl d+ l.u-; . 4+lJirl. I i*,lg cru$ ,,s  +lJr+lJ J.3l-.;''l! ra,'i3 r;'rl

ijLtll Jl,g ar. +lJirJ iJt-r' llr;$liJl .;-- rrdr.,-'Y il:l i.t-lt.-ll

. o'.li-l! L,"J&I aJ+Ji3,-il;^il '-'"',

6L1ril .d :: :l-'. i.l;-.;S iJ.jJl al 
,r', .1 1,."ll ,i^+l ,-5+ +l'r

. (':)sI L+ r+lJi..ll

o-s +-tl;.-e 
"J:':,S 

al--J"-. .Jgi.d olr*: (4J.Jlill gi) ta:t- t

' :rl3 !,lS'

elJl ,-+ll -r;3J1+ ":'.1 
::c - i,lr r ll ..,; *'*jt i-,S iL-



jFrlJ,-Lll ..r,.-.i lr- e---.+i '5 \r'1'll El:ll:'oj-r: ii-,;l!t 3t-f

;al .ii.ll eIE;4 L:lCUl dl-.,p1 .'tt!l *, *-r r'.-. +lii-Jl
4+lJi..ll 631iJl J. rixll J &r:ll J31,r

JLSI ts l-.-'i 61-.iJ'Jl ;* +i6lt iS-i.1" :c1; i!;tijl ;l -l
,'. lrl ']-i-i &l-:" -* &l.c ,.rss dllJ-. i4lll J .-j3 t--r-:
i.--;.t ;,- .!:'r;cjl :* #ll d:+ il Cin-r )! Jfllti , 'tilj
.r-: J=i.l -x, 'si :l q5.:;{ 3l L!.:l- t3l 3 iiil Jl)i 4l+: .;6-,, .s-p-

.r-:ll .,1J"ll .il .r- jr;rr; rrt eJ"i-r 
''*S . illJl ,t o+;*.ll CJ"J

,JL-S {s. lJisll .!iti.Jl .,,..i]J Jl l-J . J])l,-}JJl .Lrt. 1+; F
J-ji .,-.J el--J*Jl 4 hl {Sl}l ;r -2asl C.ir: il-x-,r -*;
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.4!LlL
,Je ,rl li . i.;-: ,JrY ,-i-i..1. dD\:.Jl 4;rJl Li.bil , :,hrr,

:(5) ..1 "ll -ll .1" ar.

,--.Jl s-lJl -*..':Jl+ -'ar..:.y.:c - !.glil! 3r,.'tJt LtS:t. 
"

J+



a;"S,-f.tt Ut.f.tt

.,rinj dEJl e+- .i

..JtJl diJl i+. .r.r

.61$-Jls.tt:JU t.,U!t a,il rri .^1tJ:6ll .dr

.:sla.,-il .Jt.:r!t+ i:*t-:t cir"lt rlt* Jir,,. qJ ,rlJgllJ ,e

.rpUi <-lJl o.i.l 'JjEIl .J

4.1- l:ll &lJ*Jl

.. .tLi=l '".S .i\P.

. JF-'6ll &b' .9

.eC. tC;:!-tt ,,.lc d-e.-.J all: .e

.. -j,t*Jl ,< --.. il '.,..,-'. .-i z -Lll .r19 yJ P r_J

I

_,,

iDl.€i-,Yl iJh gp L$,Jl c,,t-,,JEjll pl : !t
lJr i''.1 eD\iYl iJl+ i-131 o! Ji:lt *i Jl ej,iyl JrL: Ea_r

:or! 1*l t, rrh ,iS^,--r 'J)i :-l3 nS $c .+-LYl l-oo14 r.1.

: ji,s cDt6j,.l ;Jlr -1

JIJ ,JnJl .ri.,-,-Jc ''-:,-..r *L!l 4i;all-, dD{r."Yl ..Jl -jiS .lS}

4-iiri 1- Jl ' ; e;JJ ( dD.el-Yl Al-r ) eDta:-,Y|3 qJiJt g;; t ii),Jl

;--S+ gLJl .-"d aJi: c,t Ji,,* rJ" 6i..- $o 0i6\:."^ll ,J1-+!

,(6)e{- r..- . j 1& lC^ar ,',tril , + ,-i !.-1ll

,uLJl . -"Lll 1,n',.IL .-'-ti.::c - i-'-r: ll ;-.-t^:t i5 i5
(_. !!t J J ' Y



-,0)..rl rS,r-sl-r
.=--s ( Stable function ) ; ,a-." ijl: 9 oiriJ- I eDl'{:-Yl ul .l

'di'ilJnJl
.r-l.;Jl u. ,-Jgl eSlr ,,'i3,o JDs )U t'sll JCt OIJ .2

-' (8)Lo ,Jls Cr;r i+s Lose pl "jl;sl ;t -t;Jrt clll$ Jl Y!

gr-.ll Jl-kll j- ,*ll r-o eDl.6:JU l.-J3.ll gi.il 'Hl .l

..Ji.rl! $!l c. "i-rE;o3,dD{.il)J
.Ji:ll .ul n ,*,. , r-il4 4-n .iDk:..)l dr.ll JCI .2

-.Jl-v

:iriYl JS.:,IL ir'i5ll dDlt{:-Yl ill: i.,lj,S 6ilc! aS.cr-J

C =Co+byd
.dsl ,r$r.d-,Yl Lrlni'l : c sl jl

.( d,ilJr ) rJi:.".u ,:Dta:-Yl : co

.gli.:ll ;* JD$JU.s:s.ll "Pl : b
.,-i ,.-lll .J,till .fyll ,-!i:ll : Yd

: ( Caldor ) ,ur[s cDtai*l lJt.r -2
.-l;j.', iL..rl € r-:1*Jl Lrr.,il ,r.le gl 1-;ritS.:i:,;:i

1j,-. !t ;* rD.6tU g.=ll g};.ll iis .Ji,.rtt ;rL-a 1j$ -rt5eYl

,9;"-r!r JiL< ''!lr CL+-ryt o,. JDta3..N a;:sJl Llr^I j:l+i )i
,j-+t dDq:*,)l i-ll: j*i cJ 9 ,r-.dl eFr .iJSLI dr oi- ilJl

: ?.J:lJl it' tJ ('q)( g!:!l-: -t-n!t ) J-:tt 9-;:.-.
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C=a+4w+bzl

ir..ir^ll JJ-nl .Ju.! r * ul il
;.ii.i.ll Ctr_It o.lL-.! : p,

JJ+!l iJ. dD{tDU .s:.Jt L!^ll : b,

6!-i! .1. dD{:Dtl g:.Jl q!.lt : b,

( Duesenberry ) g*. :sl. r:Dl4i*l ful.r -3
Jl ll dDt€i-..-,Ylr JE jt dr_Ji 4J+-lnll al)i,lt r.s,le .lS:rl :t

) rDtei-Yls r.s;)J i$rll+ {-SU-t {Jc' i.Eil-ll i;t., .1r1-.,, ,,,r,.,.. ,t

D\{ I s{-Jl ''lll 
,r.le o:l;cl -,;:r1 4Il,l1 dJLll diiil .rJe J.il :,--,-l

.iLt-n-, , -lej iril--rj! J-lt ;r. .&!, JDL€.l-,yl ul J:l ,+'*i .4XUl

..r;t--I s-r ri;i55 f uli:ll u;-;.". .,lct ,,.Ic Url * 
=il: il+.J

:.jYtS el:ul +t:S ,.lS.J

C=a+4y+b.j'

.,lLll Jrjll : y gl .rt

,jolJl .u+l.iisl r: JiJ! cs}-* ,*1 , y

: ( Milton Friedman ) Ot-r-.,e cDteil iJlr -4
JliJlJ ihll JiJl dJ,,r jgll g-.1-e_r.-.ll .1. rl OL++ cs-u

,.r-e Lrt-byl ) ,qrl-iiiyl cD{:-ytr itJt dDtc:."ylr .Jiityt

OJ'l:r,-J:!3Jl dDt$-l j JJ.j,,,J Jl ,jS^" ( iht! Jlijt &lriJl

-:dt! us (rolil-r,Jl

eLJl *Jll ..pj-ll+ --ti.:.:c - i.-t-ll OiUr ar:S i.t _"



CP=a+bYp
Cs=a+bl's

jtr]l .iDkiYl : Cp gl il

ail:l Lli.il :Yp

.rJli::)l eDrk:-Yl :Cs

,=JtilYl r-JiJl :Ys

( Franco Modigliani ) tils3rjr ,lDt4i-l fulr -5

; ( ;t t-tl a;e: a; J.r ) &-" Jl +i; Jil r.-DLS_.r s '14 :l

i.] i:il Lls,jl Yl 9 l-" i.i1,- 4+j ijrr.ei j.i eCt*i"Vl .j-..--

L iJGll L-il (-Di 6i.:.ll Lli.il ul JF C ,.-"il .JSt -",.:t .lys

.i.t-ll o-u .$ 'r.,-.' d e<+.1 J."o Yl _:a

. (llt
--5.r .-'a "" EJli a.!E a..!^"r qF+ .:Dt{iYl ',E ,'ll\l liiJj

:4J:Yi drlJr" Lsli"i Js^, Jl-: t+'r= :ls.l .rJo ;*Yl

C=mvlP+by 4.li,ij" - l;-5_.;iJl :w Ol il

")irll g).u- : P

.riLrll .]i.:ll : Y

crrl+,Jl 
"DtSj.,Dtl 

d'EJl dirll fS{i. : l3lE

iiejrll ,Jlc l:l;ct ,r-t+Jl ..il*:.Jtl "r-:Jl dJ^ll l4F,ll"tr! ,is+

LL-" ill 1ll ,r-t+Jt cD\iYl # qF+-ll J#Ill )) 4-11 ."le 1i.i-"ll ir-J,lnll

.(( JJ!J- I JiiJl .-,i J+#

,.LJl -&11 rr rll-, -,-.- ::e - i*Jl ;r"i-:t a;,lS i.[.
L.\?JJ'



:l-n-yl a*]Jl i 1..s dl: .P xr
AC,

n.p.c, = 
Ly

s.l+J cDt{5d t'rsll Jt"ll : m.p.c, gl i!

s-l+Jl dDt{i-) \F+-ill J,fill , a,cr

s4iiJl JtrrIr ,r+*ll J+rJl 1 Ly

Y loj-+ Fr,tt;-ll JD{:JU .;:rJ &.I ,-ll JSJII r.l+lt ;j
ul il rJ ,--LI .3-ii- J Ji.-j tja1 ...tDl{:-)ll 19.lslt J-LJI rr^e ar ij+j,
,4-ij .,--Js ft-.iiYl jl ,-jiJl ,-r or". rr .:+ lg eDtqiJU d;sll &.il

e]-ll p c-e Jl .+r {.. .,i,l:.IJ o+lr-Jl eD[:-)l J \] 4j. le j+i

er-i Jls-ir dD,€l--,j*l g.-ll .-}:^ll :.^,6 )L .:-i5 J.lE .lgJill qrL;iYl
)--L'o' -l( 0.2 ),,+rl-Jl dDLFJU r+.19o1.:. t^^.,i uLaJ-j ( 0.8 )

;-;l;-ll g_j'-+- ,J3rS. ;l .,Jc .e!Jt dl, J .*-.-.'.:=3 ( 0.6 ) !s-ii:^llr

.rDl.6:-Yl ,.r.,.1 g.s.lt J+.ll i+ g;L+ Ol .+'J ( .eAl CUlr.+l+.Jt )

: i.-r:Yi il:l r-- !l , * Il r

b= b,+b,

ul il

dD{:.i.tl .9rJl gp : b
,r-rl+Jl dDl.{i."! gr=ll g!.ll : d

1.9JE)l ClJl ,Jc .3D..:.JJ g.slt g].Jl : D,

a..UIt a+itjt ;sjJ! s..,-. lc - i,-l:.ll ;r.iJt :.*iS:t. 
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.f$l dDtSl,,.,DU dsll ,Jbdl AJ..J"ai: l+lJ

flJl ,Jl-jll 4+.-JFai ,n.r L , ..9o-l )l ra-.i:6,;r1 Jl3- eXL.t

^J-Jl 
,--ls JD{:-.>U .sdl .}r."I , ,g ik:. r lil-"r e S ,FlJl JDt{:Jll

Li5r:'

:aJ:- Yl crto.s,Yl ":ir, d,6-, a:l +4isll., .f6-,;iYl

,i-- *l'i e al"a.r" .9;,.!l CU! rDl4-Y cr:Jl .i;.Jl s:.:. i&ir--l
i-tn u*ii,+: ( rDta:-,Vt -,13,.- ) ;:.;.,11 Jr'.-il ,Jc &!t i.Uli

,.'u,-.... rl dir jF r.\1. qL'dll 6l .$s dDt{3-Yl ,}r. &Lj"il

{rirYl ' -]l )JDqi-,)l ie ctiii-)l C$-rY,Jlld1 .I ..1:!i( ti.a

(;t;-tl Lq sl

.'. C, = a, - b,y

J r i:ll 16 e! Lo'6 . LJIX '6)l.{:-l -,+ .r-Ul dDq!}.ll ii*ll+ r*i
=r 

.a--aiii-ll

jJ$ 4-l+Jl ;. a$t6;-t ;ti , -1i.- -rrl,'. .-!l .!51 OIS l1 r.ll qi+ lrAJ

OY .,;*i.i .,sgJl 4-S)l.{i-l *r*F i+it a:9j rJs.r J-2 jJ ;.'j .t-:,j -,,i.-

,-1:j- Jl elJi g," 7,arr.9 .t-,r-: Jl 3l.'..ll \r.Li., :ISJL 3o "'-ii:-ll 
,-liJl

ai+, (,lg ( ,-i:jl -2-.-- ) ,ra!'t -rr-^:t .i: aL"n r" l-.,." o-EJl JDI-PYI

(Z ) ..ls:l # J+lJ'-,,8 -.,u+ (:oo ; t;; jrs,.Jls &Yl atii

' Ji'- ',slj 'll :D+'Jl '-'i6ll sll ul3 ' 6',ul
:.Ct=at+btY
': at -- )l4

:. C, -- b,y

eL,ll .+-Lll ,,n:^q .F.i :-u - i,-'J. I gr-Ut 4+lS 
'.1-



I jl\ll CLII ,l la:lL ,rll-: "( RGiffen ) l+ -ttsil+ d+i-i .Jh y^"ilr

eI-Jl l-i .j)-rll :s 3l g$)l .,=,-JJ q,ri.rtl,'' .-ll ,-]--; S-rl ClJlr

:l$Yl ' - _.ll J *:ll ;-.: gli:jl -0.:!; r- jli l{-,1- .:.lt.ll _-j+ 4+l-,ll

uL--"jll L€+ J.-J ) .jll eul O. qiE- J .,-,! ol+Jl: .qDt )l .:-31

.!+ r+-r: ) ( JrJl .1. L$i. &1-r .r.-: ) .lrtt "ri, ,J: ft-. )l :- .,Jt

.i-1t -ll ur cEil

qF J,_FIr . jUil .i+rlt c,l:ttu)l drn t+ll i4iJl o:r t.i.i'li .:il '
.768;- ,,rsl C : C+lJ ,jrt i.i

. ,-*t+l + 13 Ja-J r 12 .c--.:t ...r1-;.:LJJI ;* +i.ll' '

+;i;i-;r!.,; ,'.:i^'. t-l( ,J-9131+ i-.r.,.,45Y1 CLJI .iDL6l) t'r:ll dlr^ll-2

.rJiJtr

4-3.af-a r-r ,'rl 
^iln-! 

Ji.:ll ,.,1. L:i:. J-l-r eeA :+.rll(1...^ll Al il

'J-+ Jglt+-r .fl$Yl :- Jl tJ.-J ol ,Jl t.i. a..JrFl i.-ti3 eLIl u.

ai_c -)+. gl .S,+ lSr3 .;ti.Du 6--J! Jrl dlJ c$ r'.,r LliJl-, i+jl
:dt, ll !,-sti:ll cl]l

m.p.c, =0.8.0.7, 0.6, .... etc.

,". ::-.' ,.l.3 t &1*-i )S.i;L-o.*!-"1 dD\:Jtl .grsll J*Jl 1."1

:nJ-lJl .'.i L"S JiJl g3 iliJss'ar!J
m.p.c, =Q,0.1, 0.2,0.3 ..... etc.



ll 'll jl ,r! lr i-...o S;.-, Lj . g!-:ll :1;l-JS'l{+ ,;.ltil ':l.ljj

J--'+= irSl tlJill 5-. -f! tE ',fu ,(r{)it;t s: J.u ;,o,. -+LJl
.,..=1 ."ll JDI+i-Yl ,'F.-inll ,r.'^\l ,e i..r , ; er .il!!',.,JI ,.. - v \jl JIJ

;)i (2) lJs*:il d 1*S,r..li^Jl eDFYI ;llr -J dlb :'; ;fu,

, c:Jl , LJI -'.9

c
( ,ir ) J)i.i.:-!t

(2),t<j

J)+->] ;r;t g, -...-

Y
( ,t-) ) 'r.'!r

.jD,ai-)-l r.-l ;r-srl '!i aroll.iL ijj'6. .r-:l.ril JD\!)u jr-l .!.]l ablirl

L$i-.ll Ol+Jl i crl,.Jl dDt{l-,DU 6sJl r}r'Jl : l./.,,rLr

L'!-Jl L--+t .,1 ai .ro ,.1)i J jJl .,,. d:.ltj.i'.Jiill o-a zL:.,,)

: ;.' i i.t | ,el OLS+ 1,-.,*ll Lr. a.ll :j;i.lll 9 :=jL"S ai !-,r.r_,.- i+L
I . 't-i .i-ri'.g l.sy i '-i'; ii'E {-.':J 4+'*.ll ;,) .J}*l lrd i.:-r-:

o
o



crr.s :Ls 4-11-Jl a-L.ll ;i!;U!t_, ,tr;:-,yt, +Ul 6Els.)t J9lr6
,--Lll Ars gUlt , ,tr,i:-Yl3 +lll eLiLS"yl -.rtje r.jt- ds ,\ss*
:L-S: qllJ'r-L 4-.1?*X i+lJl Ol d-rill i.JliJ .... 4+Jl...S i-t- 4-=1+Jl

.(15)i.,-r:-,.: O_F

J9-YI !!..- 4.s. jll cFlfy a-!.Jl ;;ol! ,.i-,.-i :a dIr eljlJ

lFl .r+l 4jltl i+1..+ .61: ,ei.:.Jl JlJl ,J3: +.i L-- LYlj o+_,,_: dt
rpt-,!ll rr ed d-It ,Jt-,^:at- t O:!.1 i*Ell .JlJl .)3r.J cE_.rS i*i

..i11...... -SJl ..r+lll ..-.rl r.ill

s-j,i lrl.. " :lrlVl dljJ C-F .l$-xl ss 61"!:1,.-rll 
"9.s,) e.;3

ri-Jl ,Jc .J.,,;sJ J,l r+-rl! !:-. !t ,; 0/o60 cilsr .' cl! i++ll el.r-ll

t+-,ji cJ o+J-. !t .J"n d,tSJ .4as*Jl JlJl dDlLl .+iXl +!-*lt+-: ,i-:t+Jl3

.OL!_.,.!l i,,.,J+i "Jiil Jill ,,Jc Oy}: tlts;*,iJj!l j l:c L

.: j.!!l Jdl ..t' :l .+-dl ti:.t3 os uun-,)l u"irl+>l :l ..FIr

;r i! .l*-:s -r*" 6rSr u,-:-. f '.tCl d a1s!r 3r .:s- illL,, .L-)l.i .ir*
4-rJl-SJlr: ;rti-.,f| c.l-+ A- )) 4-t+Jl, JS! Y +ljJl JrJl .s-a Otlll
cl.-.lill ,Jp .Jr---ll ;) ,.*l'1Jl_9 iu,iiJ .tii k+ -F+_: .'otal-xll3

,-lS- .;c .Jr.-=ll-f d reHll ,rr+: .+I4-:r^et uLi,U a+t::r.-ll

.(r6)^il ...... .-,j. li-,6 6j{:. I cDlt l Jl iJLj-, dDls.trt!

r! .r._r;i .:1 ,,-s.l ir., :l'.r-r.jD$Jl .9sll al.Jl ;,h trS.o-,

Cll er.-r" a+l; "ll oLl;l:ll g'. qr'll c&l-! sJ JiY .iJL o.r -.l,.)

,:'.-.- +:,Jf ,Jl 6-,,lnr.il3Jl .JA si drJlii,ll .;-1,-i 3 ,..1b)l rrc ill



OL.jyl+ aL-.li slJl-nel ..,ll i!',.-:yL r+-!Jlr !:Ul .-,,trt,-..yt, g1p1

p F: Fl!', i,Fil ircl*:=)l ..,r1 o+.]l_. ,.:;ilt-, i..-ls.ll 416_ ljll .,,ldas ,4-.il

.'dr ......

dDq:JYlr J-:ll u* a-ci,ll +-lj+ ..- - li-,'f ..rr:3^ _.rt ut.Lj

q!-:.:jl ,:'--.1 iOLJl q-,|_r+ :.r.=-" li-i l9-s* ttl !,-ll lr++ JF ..+l+Jl

glj:-1l o-s 
-o.::-'! c.,,tl;.1 clll:r Jl '. ^ll li{+ J_* ,.,,-.9i1 cDt+:-YlJ

;l k$,-,1. iG-1J..ll ,^,lt ll i;i:ll ir!-.) Ji'Ea!-*J-r!L$il|
L--r-;r!;:l :-,1 i.------c. 6ji-l ,i-13',-'.!l $: JF'.:.rl3 r-!.,J bJS ijl+J JS Jl

.(:) Fl'+Jl dDt"d-i-yl G (%95-o/o75 )

;l :l ,a-1r"11 o.ra c,l_1Le int+.- 6, Ji; Y :i d-sl+ll gl ii,,&Jl3

..J:,rll ;:t :.,14. .:lr; .Jl u;-, ,i-li rr. g:ll -.1E:Yl ,',1 ,ii i! i-l.;Jl .'r,r

;l r :-i riD\r-r)U a;._5. j..lll !t -,jU 
JS " ail z-,-Yl -uisl ;jS; L.r.-,13

JDq:--..)l --i !J:J ( Yo95-o/oi- ) .r-;i;:'1; Jr a,jE-i ,3:.s.1_e'o:rj

.,j'Ldl J ,,',!l l:a-., ".r.lt -Jl

dD.6.i..,DlJ 6.uJl cl;.cll ot ,et CJijrJl eiJ:.rjll : | ,rrL

Jlll .re;-Al+Jr
:633,1t1 , f.aj -l

,r--s 
"-t+-Jl 

dD.6!Jll 19isll ;lll r.r"!iJ 6 ;i.ll 6l.yo,1l el

Jl.'"-lt ji6 ilt.r g^ u"L!t o+!l+,_rlSi , :..:2001 dJ Jtll

LUI .i18 i-.J'.17 .:-.Jl 
^i,r , i,L.J,-l * jj:-ll .

eiJl s-Ul _r-jit+ rr.i ::e - !*orill ;r*i;t a5 aq-



,,Jli11: d,'=J ; Uti k,lj
c: r(y)
C=a+by

cDta;-)l : C

.)i.:ll : C

; o+[-J $&:.)tl +dl Jr.ll .r,ls i.,+ll -'-l;e!3
:4riYi alhll eiLAj yrfr ilrL- Jl ,',-rll l,J.6: ii,-llJJl

:fuIl633nill
c= f(y)
C=a+by

diJI : ), ul i!

"lsil 
cDtq:-Yl : C

Ji:il o. JD{:Jtl g:s.ll r-!^ll : b

: ,r.rl3ll 6i3*:ll
c, = f(v)

C, =a, + b,y

Lliil :y al i!

,*-t+Jt eDt<i-Yl : C,

J-$ ,-,. .,sL-J. I dDl{5JU gsll qJa^ll : d

: &ltillg3j,.;Il
q= f0)
C,=a,+b,y

,.-rLJl , -l.ll r-..-l+ -,-t- sc. - i-.."I-rll ,:"Ul ,+lS iL-
L. \i' r J ''



-)i:il ;v jl i,!

L,llJ ,ll t& cs;!t 6t.lt eDrqi_l :C,

,.slr. .ll lJc: g;;!t 6t-,tt cU{:-Y g:..,11 }..11 :0,

( ,:Eii dLLi ) ;&ll Jlii'- l-2
;---sil 5';-L.!l ,,r--E d.tih,s]c dr.=rll €i !li-,Jl ),.:el

e--Jl -,-J-i ,=Jc l:Liel3 4+;, 4ol!. ,-..r.4+-.* a-r ,rlr e :_d,*

'( SamPle ) ;"-tt..

i'.-- s ,J-Al :l-.,p!l 6^ f -r+. u. 6til+ill g .".: 4iJJ,tll 'ri JiJJ

,>- oj+ '' il ..l- .-G_Fl ; ( -+.U I s--i 4-lJril ac *;j. a;olJall

i.i+ll .ti- l-J.p .!-r;J" ge-r C..-X \+ OIS ot 9 ( a+J ) e+Jl
fl .,Jc: )-1S C+fl "J; 

blr J.-- sJl 4pEi d.,: !.rr Lr.t+ll ,.lS-iJ

i-ls rr+r 3il #+-il ;r cja i-,t-,p l.Hl{ \r:ll ejEjlt ;.i+ iF.::jr JE

. i-E: ;iSl 6jlx,ll J'.: t+' ..i lJ*6
,.. ri ;1X ) ,Jc *;_r ( ..!ls-, ," ) ;:,rt-.* ( 270) -a4,Jt.-._.. rir

O- L-4iElr iill3 _.11i: ( 1500000 J Jn- ;F ) JJlt {iI ..( 4rlir

.Jl+r ( Jsii 3000001 ) ;* djt:.tt i5Jl3 
-.;14.: ( 3000000 (Jlr 1500001 )

.:Ll .-ll lDti ; i-_r;!l erjlli \rLij liJ.an !f'ub.r]E, .jjF--ll j],r .

. ('.;r")l +lj+.{:..-tstl .ij\ii. I Di .rr ) {+,;3l

,'J--Jl ,.l q isldl 1i6gi-y1 ..LJl ru,tl.aitr c.iJl . !i:ll rl-tol j ..
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An ARTN For 8051 Microcontroller
Description
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Abstract
^{n Abstract Reeister Transibr Nourion (ARTN ) is a usetul

method tbr incorporating rhe right level of precision into a

computer specification. This paper presenrs an AR-fN

description for the intemal architecture <-rf 8051 microcontroller.

The description includes the microcontroller instruction formar.

addressing modes and samples of instructions thar are divided

into three groups. The main advantases cf using this method of
hardrvare description are to represent a precise specihcation of
anv computer hardrvare over the informal (English language)

description.
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1-Introduction

tnformal description of a computers hardware and instruction

set are useful to convey general features of a machine desigrr

and to describe its general capabilities. To build a computer

there is a need for precise specification of its functions. Such a

specification requires mathematical notation as well as natural

language I I ]. The importance of moving data among registers

and memory cells in a computer makes notation schemes

known as ARTlri which is considered as a useflrl method for

describing any computer specification precisely.

It is useful to manage the description of a computer by dividing

it into several stages. The first stage describes memories, which

inciude processor state registers and main memory

organization. The second stage considers instruction format and

instruction addressing modes. The third stage describes

instruction interpretation and fetch cycle, which includes

intemrpt mechanism. The Last stage describes the instruction

execution t3]. An 805 I microcontroller is a widely used in

many engineering and scientific applications the functional

btock diagram of 8051 microcontroller is shown in fig' (1) [ ]'

C&ll .# ->.3i& .r-tr rs-i*'lsJ. I n:'-n lls 1l-
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2-ARTN Svmbols

The following table summarizes the ARTN symbols used to

describe 805 I microcontroller.

+-
j Register transfer. Register on LHS stores value

I nom Rss

r Bit index. Selects bit or bit range lrom named

register.

Definition. Text substirution with dummv

Parallel

simultaneously.

Sequential separator. RHS evaluated and./or

performed after LHS.

l. . r Jl:lY^-tv ;;U g.ut e-lJl ,r.! ,.;-ti :-s-irLrjl .)r.i-! i$ i!*

LLrt

CSab

MeaningSymbol

Word index. Selects word or range from a namedil
memor]

I Index range from left index n to right index m.n..m

it--then. True condition on left yieid value and /
or action right.

cation. LHS repetitions ofRHS are

concatenated.

@ Repli

Operation or value grouping.o

I

i

I

I

I

separator. Actions or events carried out

,
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+r-rxr+
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3-Memories

I-Processor states

Comparison operator. Produce 0 or 1

logical value.

Arithmetic operation.

Logical operations. And, O& NOT, XOR,

Equivalence.

PC<15..0>

: 8-bit AccumulatorAcc<7..0>

: 8-bit B register (general PurPose register)B<7..0>

: 8-bit interrupt priorit-v registerIPC<7..0>

: 8-bit Intemrpt Enable

: 8-bit Serial data BufferSBUF<7..0>

: 8-bit Serial control registerscoN<7..0>

: 8-bit Timericounter 1, high order byesTH I <7..0>

; &tit Timericounter 1, low order bltes

: 8-bit Timer/counter 0. low order b1'tesTH0<7..0>

8-bit Timer/counter 0. low order bltesTLO<7..0>

: 8-bit Timer / counter Mode register.TMOD<7..0>

: 8-bit Timer / counter contro I RegisterTCON<7..0>

: 8-bit Data pointer ,High order.DPH<7..0>

: 8-bit Data pointer . Low order.DPL<7..0>

t..\ j!ir^-YY;jilcJ.U \rJl ,!l+,-oLi. r:e-irl....l 'Jri.ll 
4r$ .Jg

: 16-bit register named program counter

IEC<7..0>

I

TL 1<7..0>

tL\



sP<7..0>

8 - bit flag register.

R[0..3][0..7]<7..0>

PSW<7..0>

Carry flag.CY'=PSW<7>

: Auxiliarv carrv.

ag 0.FO'=PSW<5> I : Userfl

: Register bank select I.RSI:=PSW<4>

Register bank select 0RS0'=PSW<-:>

j : OverllorvOV =PSW<2>

Run

: Even parity flag.

: Initiaiization signal

IEO . : TCON<I> : Extemal Request.

TI = SCON<I> Intemal Serial port (ximt)

y. . \ Jl:lr^-,rv ;Jiilj ClJl ,JJt ,,jf+ u-B J]c-i-Lll ,jJ.r*! dS:$-

to.

Intem.rpt priority flag for Extemal Request 0P"o ' : IP<O>

PTI :: IP<3> : Intemal Timer / Counter.

: Extemal Request i.Pxl := IP<2>

PTO::IP<l> : External request 1.

TFO :: TCON<5> : lntemal Timer i Counter 0

IEI :=TCON<3> l
I

Extemal requesr I .

TFI '= TCON<7>

: 8-bit stack poi-nter.

: 4 - bank each with 8 registers each register

is 8-bit.

I

I

t:
AC =PSW<6>

I
I

I

P:=PSW<0>

i : l- bit ruryhalt indicator named Run.

i RSr ::
I

I

I

: Internal Timer I Counter L

RI =SCON<0> r : Internal Serial pon (rew).

I

I



: Interrupt acknowledges.

Llreq

II-Main Memory

Mem10..2'6-11<7..0> : Main memory as a byte.

4-Instruction Formats and Addressin e Modes

Register Number

tl<0> '= IR<0>

OP<'1..0> ' = IR<7..3> : Opcode format I

Disp<10..0> : = IR<7..5>#M[PC] : Absolute Address(Al 0-A0).

Ladd<15..0> : = M[PC]# MIPC+ll Long Address.

OP I <7..0> ':IR<7..0> Opcode format2.

OP2 <4..0> := IR<4..0>

i Add<7..0 > ::M[PC]

Addressing Mode

Indirect

r. . r Jllir^-yv ;-;Il4..l-! sI! J.lJ-tt U'.li !.-i-l+! jr.iJ ljs iJ+.

tct

N<..0> : = IR<2..0>

:Opcode format 3.

: Direct address or offset.

Meaning

Register EA: = R[N].

Direct EA: :Add.

: lntemrpt request.

Iack
i

I-lnstruction Formats

I

j : Select Register Rl or R0
I I

I

I

II-Addressing Modes,

EA::R[IJ.



Immediate EA: : PC

EA:=PC+Add.
Absolute

Long Addressing EA: : Ladd

Indexed EA: : (PC^DPTR)+ ACC.

5 - Instruction Interpretation and Fetch cycle

Previous sections have been dealt with the static

definitions of storage elements and tbrmats. In this section the

action part of the microcontroller is considered. The actions that

occur for each instruction before the specific inskuction is ever

decoded are known as Instruction Interpretation. The instruction

interpretation executes repeatedly as long as the machine is

turned on. In the follorving ARTN description the fetch cycle is

defined as the time interval in which the instruction is fetched

and the program counter is incremenred. This is followed by

instruction execution and invoking instruction interpretarion

again.

A - Instruction Interpreturion: =
( r Run " RST -----+ Run <-l:pc <-- 0000:Sp 07:

PSW,DPH,DPL,ACC,B <F_ OO:

r. . r Jlilr^-tv rJ3i[ eL! sJ_! J.3FL ul.li !r_i-1.,I ar.Ln !s il+-

tol

Relative

EA : Disp.



Intemal Timer / Counter I

Intemal Serial port 3s (0023 H).

Table I Program Memory Location of Intemrpt Service Program

5 - Instr uction Exec utio n

An instruction set is a set of codes that directs a computer to

perform its operations. The instruction set of 8051

Microcontroller can be classified into three main group; these

are

- Data Transfer grouP.

- Arithmetic and Logic grouP.

- Control Transfer grouP.

We will take one instruction from each group as an example of

how we use RTN to describe the execution of instruction'

Instruction-Execution: :
Mov (OP:=E5 -+ ACC <- MIPCI:Instruction-Interpretation);

ADD(OP::25-;ACC<- ACC+R[il :Instruction- Interpretation);

CJNE (OP2:= 85 -+ACC*M[PC] -+ PC <-PC+ Disp:

Instruction-InterPretation) ;

y. . r Jllit^-Yv ;>.lr e.J \rJ,il lF'J ;r!i !o-:-$ll JJ.i-ll 4Jj5 {Jv

| 
27 (0olB H).
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IP +- E0 v 00:

IE < 60 v 00: Machine Initialization

SCON,TCON,TMOD <- 00:

THI,THO <- OO:

SBUF < Indeterminate :

Port[3-O] +- FF:Instruction Interpretation):

(IE0vTFOvIEIvIFlvTIvRI), ireq. l:
Run ^ (ireq ^ Exo ) > (M[SP] <_ pC < 15..0>:Exo< 0:

PC <-0003; iack +_ l; Intem.rp

Iack + O:Instraction_Interrupt ):

Run ^-1 (ireq ^ Exo ) -{IR <- M[pC]: pC <-
pC+ I :Instraction_ Exo):Fetch

Note that we take only the case of extemal intemrpt request thi
cusses the program to branch to address (0003 H) othe
intem-rpt will cause program to branches to addiesses shown i
table (1)[2].

Interrupl source Slarling Address

Extemal Request 0 3 (0003 H)

lntemal Timer / Counter 0 l l (000D H)

Extemal Request I l9 (0013 H).

r. . t Jrliy^-yy -.-;i! eLJ e.j.]t J.:fL J-Li r.r''_iqLr.n jr.iJ .JS il+"
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compilers and interpreters can be written for RTN that would

automatically generate simulated or even machine hardware.

Experience shown that ARTN language and automatic

generators provides subprior results, and they are in nearly

universal use in modem comPuter design.
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Conclusion In this paper the descriprion of 805 1

Microcontroller using ARTN is introduced. The informal

machine description (description using English language) tend

to provide a more intuitive "feel" for the meaning of construct,

but cab be confusing, imprecise or incomplete in their

description power.

ARTN description provides the means to be precise and exact,

but can be dry and difficult to understand. ARTN should be

considered as a metalanguag, a language that is used to describe

ianguage. It aiso can be used to automate the production of
interpreters for the machine (automatic generators).

ARTN can also heip reduce the possibiliry of error in design

and implementation. ARTN helps to prevent trvo types, of error

that can arise during design and implementation, Errors caused

by a misinterpretation of the machine description and errors of
design and implementation.

In the first case, ARTN provides the ability to describe machine

structure and function unambiguously. In the second type,

compilers and interpreters can be written for RTN that would

automatically generate simulated or even machine hardware.

y. . \ JI5irA-rv rjn e..l-X s-lJl J.:iJ., rl.t;. :.ro-i*t-j. I ;r"i-tt irts ili'.

too



3051 Archileclure

5

1

(

n
ITT

Flgur. . E()51 F.mlly Funcllon.l Block Dhgr!m

C+l-,il s-l,ll -r;-!.11+ .rfs .r.r-i'..leJl .i3"ill lJS

tov

I

i

t'

I

I

I

i
l

a



,l.6A4Lr .)Usf,*yl iL .yii
lrt:Li&i-. j MathConnex *tJl Qi.Jl

r.rra jh g).,-a

drlr.,,.t ri a3ie f.l
ir.t+l O3.i.ll i$

:i.a.X.i,ll

t F.,Ul :li:jriJ.t+;L-Jjl J+- j;AUl .-: o:Jl iJr l.-bll

:li:-...-l .r-ll tsc: (Interpolation Methods) Jit-S-Yl Jrt ll+l.,"1 JJ
,''l ,1,., J.i JJI;r.. L-,ll ..,- JBiSlt ,i "r- ,6rUt .j,! C-.l.Ujll +\,-ul. -Ll
oi e .-lc l:lr,.J er;r- C_r & ,i aie- i!.1 

=j ,,r:jii1X,j-it J! gli.:r
l+-3+jJlr- IJJ(--J cllrr ,',,-,,11 tia ,r! gtJsy &.:l -jjil e3r .6tjl+Jt

aJ;lL l+r iJrrri. J;c .aEt* ,.3lr tCJln e+ G:-.rtll otisEl.l g) 
-e

4-.+1+ .,',-ill l:a ..J as_F, f+ Cr- qJA! a+-rLll o:l .lj.L i:.1,:.

.k l.;L +-. ',, iiit:ill f -r--r n[x].:ll .ia

, :i -,,+ll 
, r+-ll ..r-lr )..-i r*'j+,r,+'1; u. CJJ ,JJSli

4:t dir."l &s1!'. ej+J,,''-iI ljr d J:Yl "J+J ja-: (MathConnex)

e !-:ll 3a, 'olL- ll dJJLrrll :,rl 'o \\-r lt+r) 4+-E 6-.;L5 dlJS,l &-Jt

a

AoA

e]Jl \rllr -r*ij.L, u,.ti l.)' y. . \ (i) i*t-1. I or.iJ .ds .t\-

Jlii l,\-Yv J*i rJinf )i.j.I i-Ul ;r.Ut i;S



4-#JiJl L!isl.- I , : jLjj :j")_.Jl '!ir-r5.cl a;t;ll J+J i rt t .;BIt

.r;p] l.u r!,rt .,! i.6.Il o.u clx-nl Mathcad

(MathConnex) tt (Visual Components)-ll C- &l.3ll aj

rJ:\in^ll CU*ll CJr dJtir+inll gl.*i 
C. &l.:ll Oyll c.,rL!f .r. Js Js-f

ejEIlr JAll :t4,.r) U. tirJl o.u .fu .,13:,''-ill l.ra ,J j-,;.'i -ir- dlN Lj

,lrr,ff'4
c r-.ll ,ee ',. S."i: Stl ,U..,j"r&-i*,(\) j r a-tr-.;*ll

: MathConnexJl el$:-L o+--;+ll =:Li .r,S; ."S-: 3 '--"..11
[--]i.- r <t a,jlj,l a-L i1'\ \l .iJ e j+ll .r- e-r" l-s3 6-E-,!l i-rr..i\ ,l I

<-tsl ss u a,c-.;Jl3 (step size) ;rtiJ -J (0.5) 44f 
"!,.:e 

t a.;Jl

.il '- 4-li 
-i,J.il-: 

,Jtill ' 
jJl .!-:.:l ,-il:=1 d.r)13 ora oi ''u',o

\ .t.! t'Jill e-EJ+ll d @,y) - ar"a"lt-r ((Projectile) ri:utt ;l-u.t
p-,r ,-nJ! os e;d ,-i$rill Llilj ,Jc 'o 'i. llr (Mathcad) ',:;-ll ,rl'
re:a .d:lr ,j+1. 1+ !!-ij'orrlr elJ6'l tr., rs.t-i ej,rl. I hA L.t{l ,J . (Y)

, j-+ !]J .JEll a-UJrl. I ; L=f or:r;r .:r gr+:r-,,r e3J-,c.,p . .3!

t': '-r+Jl *s +i;.ril Jt,* di.e (.,ll sjt!. I r-jl

,.rul , -.Lll ri'r.lt rL;' rc-i-ul ;;yi-tt .r:S i1}.

10q

,j-1. I d) (ASCII FILE) 4'1.-i *,.e;s 6-E;* uDB dr c,tjtr.l. I rr-F e+

E



: €l I -:-. tr;r.ll l-""11 .tr$ l-.\t. 6LU+ll .-ti a,;e.i!_ill +
.)rJL i.iJrill Jr,,-r Lr,,.] Cl, i.,)r.- g_rL,l ,i .Fr y i+ rrF r \t.

Cr '>J ../ (stop)

: uilill rgJl
(Y) -,-, e.t rrrll -$-.r &Ul oj+il ..1. ajjn-ll 6EL.l- I &.s-Y :&r

.--JlJ (' ) Ct'*ll 
", 

kl ff 4,'f JJ.6 :t;rJl _rp Lri JB"l +

O-r 
''-i-ll , :l-ll O. irLiljjll ;elJq Jryl .4jlJ.ti i,,r-. ;tr(Mathcad)Jt

+..-1! iirJtX .-) elJS, 4+rt J,,LJ i ,.1.1 .i].Lll e.UJrll rt$j..tJ
4illll cra {+j_jF CJ.--, ;fur (:h * e.klt 6+, jrjts rjr di

:[1] U-Ell c.lgLilL
l. Inpur {(xi. yi). i=0..n}

Input xp
n

z,=ff
2

5
(xp-xi)
(x, - xr)

i = 0..n

4.

j=0

n

vp
i=0

5. ouputyp

y. . r ltiy^-yv r>dl c..LJt r-L-[ J.5JJL uEti .".-i-l+J Or.Ul irls iE-

A1 .

(")

ZL,'r,



.-].:r_, elll r^ OF C.rtr (Y) Ct oj+ll d -tJS 4r.jJl3.ll or JJI J"i

ul- -JJ -i:- ,..rlrlllr ft,y) ,i:*rs^ll +Hl: (xp,yp),rlJil -,.r.lr .etJit

.6Jl ,j,iJ qFs

;.-lill tj_r 4 g*-t s (x,y) Ocp.-3^lt !H e--r -5ra (r) 1.l ';pll

r.. r Jiit^-YV r-r:ill c..U *-Lll ,j.Il,| u,.ti .!e-:*l+l d,r.h iJS:l-

a.l \

.ii,,.Jul'rA ahiS-1,'.ri"ll3 (rp,yp )
6.rl.f1 .:3r.t- 'o',',-', al:ii-,| ,'lS+ .Lli.!Jl o:r .to iiL.i^ll rL.. ) :lr1zi

:silJ tlS.t{iUl'ia3

!' - ;,:'', OrS! (xj,y3) s(xz,y)-9 (xr,yr) -Lln ai)3 El gi .r-p,
:[5] r;tEtt iiJ.4ltr ejlJsi

v - D(x\- @-x)(x-xt) .r,, * ('-',)('-'r) 
. r. *

(x1 -x2)(-r, -xt) '' (xz- -rr)(xz - x) "
(x-xr)(x-xz) .,,

(\ - x)(xr x)'Y3
dyldx *t'St.+l i.i:.Llt .lt-,,j CS* otst

4t - 2x-xz-xt .yr+#.yz+
dx (x, - x2)(xr - xt) " ' (xz - x)(x2 - 4) '

2x-xt-xz . r,^
(x3 - x1)(x3 -xz) "

{(xo il, -Ll_ii dJ)-: ar JiSl '+! cnts lil iii,i,il .t-,J ,}-,lt+ ,r,t- -r

tJe-e (Mathcad)-.ll i t-r-;- elsi-J glE,rllil ,a-!LI &.- ;)ei:0..7)
:o-L t-S. L6all

"JEll 
rJS-1L, Mathcad-ll als:-t, 4,Etii.il ,'S", I;(x/ (,r3,F.! J"..,I ul



i- I

j=0

xx

n

n

K
l

xx x if i=0
J

o I othenvise

=0 =i 1

j=i I
-ti 

- I

@

L(x) .;22;)l L ,J i 4ii),9:ll :Jl ,fug(xx,f aJl.til,

i.-":ill url:x=5,i:3 2 +..,p,S: L.sca iil.i.ll ilh 3; dg(x,i) lhj
:.JEll ,JS-IL

:ttlt Lls-lt (r) *t et.,-,J. t !al-J.i "q;i Os^,J

,tj_1--all L t uJl: , tuds {fti, fu, i:O..n} dJElJrll Gle t l no- :';
:u:tl lA ,-. s,*"ll ?& ,' -, tr;;t.: v L{x)

r, .1 j!ir^-Yv 3y! cJ.l-! sLl J.3JJJ J-ij. rE-i-l-I jj.i.! i]ls, ilF

trt

.. dos(x,r) -- -g( x, r)
dx

5,3) =1.523 l0
t2d ,l[athc



j =o-n

L if i-i, I
I

0 n

L.

L.
I

I

x-
I

.rp AJail $c .:3:.rll 6:,-" iil^L,,Jc r,l. - :! O:S l-<+_r

:al;'ltull

-or-,,-J AJJ :31_,1 la-:Y:l--3 t'r&.ll J[ist]l .r] .rE ],Jl Oq ij .\

Mathcad e5-_,;ll cJli-ll-, Marhconnex &C.6S .13J.bll i*bt-jl crl^iJ"illr

', ar J-J-ilr qll ,rs a+''r ,,,ttLi lqat Jl 1++Lr q:Ji Matlab 3

.drl;JiL"ll .- Y, ql &-& .'S J e.r..t- -itri ll JIIr i.+n J.-F

dy ' : !.r,.dg(xp,i)
Mathc

eJ .. G l, ol L(x) TtSSt 
,JJ \-:! .-r-F ,-!,,-',-=J tJ.+-ll .J...rl r:

:u.a 14.-lljdgfn,, iliJ ai3.i.

r. . \ jliy^-rv i niil er-.! {-Lll J.sJ-tL e-lL :.r,-i-u JlJ.i-I i$ il+-

trr

n



J..-. lJ J:hill t J.:J+ 41.,ij,. oJSt dJ'.JJJEiIJ o,+l .ib,i+ll J, .y

lj-.f.1 
.,1:Sl 1,61+^5 Ji ++t c.,'ii+},] C s;.ii er.!il lra j rt+.

r . . t Jtiiy^-\ v r-p[ e,.'."ll slJ JFiIL u-.s !r-i-l+j ork irls lt*.

L:rL



I

:lJLall

r. .1 Jtjir^-rv 3!l e.u rrJt /.:!L J-la !4-i-t+t1 6r.it ig it-

L1o

[]. 'Numerical Analysis', R. L. Burden, 1987.

[2]. 'Numerical Methods for engineering Application', J.
H. Ferziger, 1981.

[3]. 'Numerical Methods in engineering practice', A. W.
Al-khafaji, 1986.

[4]. Mathcad User's Guide, Mathsoft, ver. 7.0,1997 .

[5]. MathConnex Getting Starred Guide, Mathsoft, 1997.

[6]. l111,ur-..r 'J] '*' ,'s-i*Inl gJrJlr r*,J6Jl JLls:l- l'



q
a

ir,

YllT

EE
J

ll ci
-'i

o
o

,i;

-

qa-.i
o 9a

8r8
;q:
-.1 ;-

El-l
q

l

r,
b
c:t

I

i

t'l'1

t-:--1
ljlfl

-,1 llttll *l
sl I
!t

t-:-'l
t-l

r:--t
l-l

I

I

I

I



t-

t

b)

o
o
7

x
x. {)

,N
N
u

(,

I

L,

I
c
L

_{..._
\

t\

t1 v

__,__l

l:l

1

l

I

I
l--tt
t-l

'.,._1

l



I

:i

1

:

I

A . Rr'aDPRN "c:Ut1.61" )

cols(A) .

2

xP'5

,l

i =0.. n

!( \.1i)

Y, ' Att''- '' ,

0

35.355

70.71 I

106.066

0

30.452

51.097

61.936

62.968

54.t94

ii- l

itt
Lj=o
fu
lll
lj=i'
iti- t

i,ll
::j=o

0

i .0.. n

t4l,42l

i76.i71

2t2.t3X

217.481

I

35.6t2

)

x if i=0

)

dcttz) d gtr-z)-dx

o

ll
j=i- I

f')
Uothe ,ise

i\'.,

t)
I

.:

L.
j '0.. n

IL.Liqi=j, I ,t
x- I'

,ll u,i, 
CI

:

i
i

I
It

I

i=0
dy L y. ds( xP. i)

(r) .esr a-l.,!l

ttrr

dy = 0.961

I
I

I

I

I

I

I

i

I

I

I

I

I


