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before fhe eXmmPlc i feod. )
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S gpeling cortackion fedarng & undains of profiesly inpd commands (Teitehmmen, J
tmcomlams , ool Hlay diagpans . pettiprid
Nisks:
1. Can dowlyp  heske ad‘:\\’ prof Wiy Lechmigues BM‘«-\{'&HM J(deb'u i, say, Lisf.
2. W e are ifeded in Rogransaing Systeu and Frameworks , suseed iy o
suchlle Lranewok '(vor INTER ISP

/i.w any ooy wy svcducho, o Bl
[See Darr ! ' ) a‘ :
Rw‘swzes]l “ by b, evduskion ' o fgin
. Congda, Say, an wheadic el gi:-l:..) prosraim, Give & Forml senwti L:a
widinin; ol commend's crewhir a4 AL e M fesds htexts, 4
gomehod fomalizy fy "B o g

R



A c_:omple‘l‘e Ianﬂuag\e S QA ‘l‘rip\e (E,C,H)

T e e ar=n
2) pisa partial map from E anite C
3) C 15 the set of hledpdm"'s of H

Example : The N-calculus

E=the <et of well-formed tormulag

C= 4he get of Pn‘mpa( normal -r'orms
14 ($ ole:‘inzé -For all CéE W'L'Hz\ a homl ‘Fbrm,
N which case  He = the prncipal normal form of ©

<‘W\< Cl'twcfn*Qossev ‘\’meew\ ogsules 'H'wd ,.A 1 WQH CJe'ﬁmecl) |



Red
"SynTax

Bl There is a set A of adoms such Hid A<E.

EC. If ee1, en€E, then (e,€, - 0n)€¢E.  (saence)
E3. If facE, then <f a> ¢E.  (appliation)

E4. E is the smallest set aa:FmCy'Mj E1ER  abote.

A conﬁuu'l (fne.w\loer o‘( C) is an e.xp&ss'lov\ cov\himinj ho
sSubexprasions  whick ase &FP\'\CA"HOV\S. Thus:

Cl. AcC
C2. 1 cyer-ycneC, then (cucr,-male C

C3. C s the smallest s sabishing Cland C2.

C(carly, C<k.



Rep seMANTICS

Red % a '(OLM(\)( _Q_-{ »QOM@V\Q@CS'-

All have Same 5yw+a>‘ CE;C>
All have same Dagic gcewantics (p)
B each has difftrent set o pﬁm‘nhm operaters

To spec'ncy Q par{'\cdar lon wage, \we rovide a al
function @, with Set?ﬁ\a/[c-*Cg. et

i pa ie defined, s wlue is a prmitive funchon  (acA) .
Here s a recursive defihion of p:
He B f ceh then e
caif e=(e, -y en) then (pey, - pen)
ehef @=<f a>Huen |
if feh fhen H[[gf]m]
el £=(6, 6 then <k, ((F, 45, al




Mothematical semantics

W8 a(quH&\) map from E onto C /Qeq;f
K& whiquely defined as fhe “root! or ‘F'n(ec‘po'mt
of the dc‘cr"minj ea,ua“iov\ jivev\ prev':ou.le

Operational semontics (a set of transformabion ndes
whick, if tepecedly applied o o meaningful expression,
will cucv\hal(/ p\Z/oduce the Wmuinj ol Lve cxymsiah).

¥ <&y is a Su(aexprc,ssioh of e and weither
£ ner & contain «fplicxl"lous/
then replace <fHa>m e \Dy

[Q‘F]a if f is an dom
<k, (fa)> i £= (£, F.)

The Yapbendad Churcl-Resser preper *7 " Lr Red <hbes thad
\£ pe [ c\egmca, then Cvery sequcv\ce 6F F«iuc"'lev\; Sh
= +evm‘nm+es/ prw\wémj He.



Some_ Red grimijrives ("rf_gmfa.r")

w CPLUS, (i 40> = 4y Lalss TIMES, MINUS, etc. ]

4 (L, leg,--e)0 = @ [4\5" 2,3, ]

NIL =l
n <TAIL, (CL/"'/C"\)> I { (cz,+ Cn) otherwise

n <PISIL, <xJ ()'u"'Yh))> = ((xy, - 5 (% )’h))
,4<D|§TR; ((Yl)"',xh)))l)>= ((Y.,y), ' “)<xl\)7))

HSSEP, (%)) = (x4, NIL)
H<$EP/ (xl)\(l)‘ ’ ))‘h)> = (X,,(X,_)- ")Yn))

W<ON, (%, NIL)> = (¥,)
}4<UN/ (Xj,(xz)“',?‘u))> = ()‘.UX‘L)" ';Xh)

{4<TRANS/ ((xl\) ey XM)) = il (x‘“l, : ";xh\h)) >
=H<(X“J o Xm), e (Xm, . Xm.,)>

u<L, x> = pux



Some Red primitives ("meta)

w<(COMP, £, 80 ), X2 = pL, <hy i x> 00)

(CN, p, _(p<hY i ondpxr=T
p <O, pidg), 62 i}«<3,x> it wepx>=F

n<NF, ﬁ,--u&), Y2 =uldh x>, - L<h,x>)
n<(G xl y> = x
p< (AAJ{))("M")"")> - i'\(dﬂs’s = <f Yu¥)

M (INSERT, £, (ys)> = Uya
< CINSERT, f), ()'uY‘lx"':Y“)>=t‘<'F) <)’1:<'F3 (Y, G'(Y"-“Y“b"')))’

f'\< <EE/ 'r)/ ((XI) . "Ix")l (YU' : )Yk))>= H(<'F’ (Y‘)\/I)>) ") <F) (Xh:)’“)>)



Sowme Red cieFiV\iJr]ons

\Péf—i (CoMP, (INSERT PLUS), (EE,TIMes) )
(#L: Re+/AxB ]
Example

(P ((1,2,3),4,5,6))”
= (ComP, (NgRT, +), (BE, X)), (L2450 [def of 1P)

= (WsERT, +),< (EE, x), ((12,3),4,5¢))0) [def of coMP]
= (INERT, 4), (€%, (1417, <%, (50>, <%, (3,6)3) > [def of EF]
=< (INSERT; 1), (4, 10, 19)> L4 of X ]
= <+ (4,44, (16,18)7)> [t of INsmeT)

: 22 Ldef of +]

—



Some Ked dﬁ‘&n]ﬁg__\'_\_j

MM = (CoMp, (AA, (AA, IP)),

(A A, D\STL)
DISTR,

G@Ra

(NF, 1, (CoMP, TRANS, 2)) )
Example
¥3) a=( (a-u,")am), =l (lel, "‘,O\Mh)>
2€+ b= ( (bn,"'; l)lp)) ") (Qh\) i Q.»\P))

_Qd’ a, = (Q;'”"'

To compute <MM, (a, b)S, w prceed  as £o!ows:

<(NF, L, (comp, TRANS, 2 ) ), (a,b)> = (o, bT)
where bT~j b;.«,

<D\6TR) (G.) bT) (Qla bT) a.\m) bT))

<(AADISTL), ( (@, BT), -+ (A, bT) )
=( ( (a,‘) bT;),"',(O-‘)\arp) ) ((am, ), : )(ah)bT) ) )

< (PA, (AA)IP))) <D= C whe C, 24,= <IP, (o, bTJ)>



o /;1[/sz1:/[51/1*m m """ EEEEEE
delehe [l\ulk] | | BN EE

replace [ Lima |
|zb: Elml]

Lod line
.Qou:k / strin j / |
)

oot

RN .- A

WU
Afwh [1ln

Atot fleis a sequome of L <Ly, by o A7
| 1A Q(:«.nl,;io Q Sequing airlm«tas <Ciy. C,;-,._, "'/C;gké >

The |edthic |shite |3 4 ok L LF% Jaw [F =<21,2z o Aoy > ot fide
EiO) ) )V\? u'H*Q_OW.\SBr

"“’P <L FY 4+ <0, F>
baﬂ-u\<IF>-—-b <V\ F2> w(u«F’<Q1 L. P

| éwa«>><rf; — §I°”Fr>> ¢ o (WAROEN BTy AR EEEE
 daown o> <LP> » <T@
-Fwd'b <LE> <J‘l;> iy T= 31«1'&&}4)1 1. L= m;,,;,%j,{ Fr.

BN bf%b MuLdWll.k'




L f(pmgsh) = (P Fog 5ok

(pot —
B o e qq = d{fed)
. (2feuq)ix = ofiugix i of °
*tf-‘(%‘-tﬁ-*d} def of

2 (x=f - ofid T
x.—.(Y., e, ¥ <o e({'. <j'.>1.} .-.Jj:m.).'j
af:l) |
2 (xfi» g5 (R-9 >4, ‘ dfof o
¢:<N>,_.,...)- : .
i )3 e =
Xy, =¥ (;j”‘u"',j-\‘;ﬂ HBad,
5:2.,---,3:29:.()/,)-';‘/0 e
SEVER DS

.1_)3
Bid=d ey
= (X=¢ 5 ¢) , 5{57\."':4{0&
X,y + (g iy, -",7C:j:><a>) :
L)

2 oA (X 6 Xty d ()i, o) xe>50) Hepe
e T



)

TR TR
S pux=F Hhio BAE =
o £ Jubch=af oo

P Tt T ———

= (60«—”[0?)1[0[\):)( ——




3. (p—f; b= (pehofebigel)

P'F (W»Jw\ ALY

. I "'Jfa]oj = [ﬂej, "}‘E.‘j] :
5 owfe [.ﬂ.s,f",jn] = U"ji) =5 Lﬁsl
¥ dolggisallogelix s
zaf: ¢ }x > .b;{ 3[]
o (< e OB E >-)6_°'FS JJ{ 4
o XD ey >—~< { >
jz#’%"& ‘ ..L)j e 7

1(><><1(«u
= 5 —[&;*]y




—

£ola. hlok=Felgk Lok | 53 2l Aujud 1934
. J n 7 ol A > = 1 ( ) > R R o

5 ! J "WS - {WHILE, pt” = <Cl\!/, py QHILE p, £ o-{:/I >

(AA c)o [3, m/ok] [fey, Rowe(AA){)oh]

(AA £)o(¢)¢) = (¢,¢)

DlsTLo[f' [3 eomt.]]--f (L, 5] RO\J DISTL° [\C l«.]]
DisTLe [£,(C4)] = (¢ ¢)

pistR = [Lf, Roweg 1 W= »LLE W], ReoweDistRe [4, 5]
pisTR o [ (C,8), H = (Ce)

TRANS =0[(A,1), Rowls TRANS * (AA,TAIL ) ] {bitd b seg o wangy ,«,si
mNgk[...’(C)qg))...] . (C,¢)
e X = [1, ROUSTAIL] §rafidld +o mevongly seguonasT

%

S
—

-
onee

i

i

MMt (4, (MK, 1P)eDISTL )o DISTR © [_1 ’712ANS E]

(A, (M!P)nmem_g DIsTRs [[I°1 mm] TRANS<? )
(AA (aA)e DisTL) © [[ 1e], TRANSZ ], RoVeDisTR o [ThHLS], Travsz)]
( (AA 1P)e DISTLe [ 101, musez] ROwWe (AN, (4, 1P)oDigTL o Dlsmoﬁm Teme? )|

Tt e u.s%v[wc.

[ (2l DisTLe (151, [Unth, RoveTranse (b TRz )], rest |
[k, P)e [[ 61, Ghh 1], Rowe DisTL- [ Troats= L) 1], est ]
[[lf’o [101 (AAA)e Z] ROWo(Ah, IP)e DlsTLe[]g‘] TRANS o (AA THL) f]] m,rj

1P [11, (a8, 1)eC]  conpel Folehuot o inton
\ Rows (Ah, 1P)eDISTLs [ 1o], TRANSs (AATAIL) 2] compde et of fird o |
ROWs (AA, (K, IP)DISTL)oDISTRe [TRILs, TRANST]  crmpuy reomcinivg raws |




rrd ijus# B34

Soime mere ideuh Les

IP = (INSERT, Pus)e= (EE, TIMES )

e 1 Ly ] = foly, ]
(EE‘F [[35 EOWoLl[ ROWek]] = [ [j’L‘] w"(EE;F [L l(]J

|Pe [ 161, (AA,1)2

= (IserT, +)o (BE x)e [[1+1e ], RoweThILe1 1e1], [ 1412, Rowe (Ah, 1)°TML°Z]]
= (INSERT+)e [x= [1o147, 1 107 ), 0w (B2, ThlLs o1, (AN, oTao2 1]
= 4a[xe [10e], 112 ), (INSEIZH) (B[, (1)L ] ]

MJ.‘(* " Scan acress -R»st Seam clswh ‘Fﬂ""’ ce lUkh, —t
= ,_\:;:;” s row of Laft opered of FQj*:t ﬂl)em.a[
\ =
T i
Add Hhe products

7 : (EE £)e @:@ﬁ»
w(leeraTF) [jl

(IfsERT, £ ) Ea,l« Rowek] = (ERT £)e [fo[q,L] Rowek]

(c,8) deptdosl
: ) “mev‘u&gi? S_ %}

ONSEET, ’F) 31 e j ippv«hzlj doesut preduce en gy rbw}
OT'. | | | T
st £ 2)e [ g, Rowel] = m%[ (s £ el
(Nsaarh) c,¢) = (¢ 4i)

iy for



30 Ot

Joap'y sheff
Sﬁ“'ﬁ'/
ASE
Z. Lef Rl A>1 'qu.\ (eE &«ré& e e)reR
3 rR — <rek Coidescs)
4 reR, — 4rFelb Cinsruction)
5. ek — f{eefel (world pain, ¢ iy envirammed &' )
6. eel — (e, ¢')eL (aprl:wl-.‘o..)
Semaris

I,({e,s} Zpce = eeA —ve
@z, ,8,7 — <Y€, - ,pus e ?
ez4e,...,e, + — o
e-4¢' s’} — uie {4 sff
e= (x Y) —F

x= % — {(«j s) i
fﬁf\ wmg.iffﬂ M) 3

[} ...

o T T, HS HSX/‘\:]>

Afes)s pe=<axr > —c
pe=te¥ = Afe s
‘ nge = (AP . A{#ez P, Aie.,s?f
o S e
/ ,(u“"\‘w
€057 % we = tet — c9e 3
hoe = teet— and[afe s}, Ste-et,afe,s] ]
T H?C 5?




it Decemyer 1949 | .
Ltk i is Tle veson o (Ced

}U\,/)/g‘Ziaea{ﬁ(/ R (,{;P progat -
[Tt a2 Drovisins o quld expaani < g 15 Hlay 7 /“»’%mé]
~ Rep wrn Rows awp Covmexrs

. _;4 L
s 0 E. = i@},,, e A T e
D) Auirf <

3) rLeE 9‘\ 1 € E1 e | L] S_E;?f,,,,,,,

= 4 Lej;—»mee, T ,
9 xeE by Gy, o n

l“SQ = & (fhe v.-(b ow) AS e,r A{r where = Ase
Hs Fe = (fetel cnmvet M Ag (xx: ‘p = Wy b _)_

5 1S

E - .o =Lc-+o-~3  8e(ey) = ey A
= € = Ke, IS where t=A§e(rW)A$ € =6 [ied, chwm, sequnt]
Hs < = St CSCQ""““) = . =

pley) = peds(y) Cappliedies) =
——— by = q fortohdonged
>\5 (<P£_v_u_q £ Y)= CP Y ‘.?riw‘kvlc] E

a’ ) = <¢‘d’ ‘S_a\$> ) ['M“'J OW"L‘] E S T’>/"1"T>’>5)‘ =
1 & >

(<e r>. ) (e L6, f>;ﬁ5’?> [w’meohpas\hl e
x( [ 3 =Metrra) N

G ey s g N m&m ke (?-

?-E._H;\ 9)45‘,3’ ) = ?‘feﬁ-\ e.r e \___,m-\_m‘/j

Pt €% = §Netrouwm e
Py oy =hwewms. . . e D




12 Dee

Red Ewluaters

| Griven K=o as inpt, repeatedly st g = with e iummesf'aff‘ica#ou remved
whl ome W (k=z0) is constot. Hic o gtk :
(Flag mensomshat exprs in iyt coubive; Flay oppes codmiony PR )
2. Simlar o |, LA Ha Wi, My o Py are never ac*w.l\y jcnem')rcl. A recursive
program bieres  po cv«{w‘inj aplicchns (and recursive Ly Freversing acsbhing ool ) S

3. To,: clowrﬁfas over_ gumpymg, <X plession h«uslc.l{»\j ke jenm.lw [of He wlue of Hoow
Hey. exec gw«.}af to prodmae Ghoam. 4 urkres |
La, < (Vw)>E <l (msm,*p),(ggﬁ)), (, w)>
is Jranslebed 4o L e etk = 0/
for k=14 ot (v) do
resudtt := pesultt + V(5 ) % w{i)/]
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£ce Lt
Rep Infecpreter '
M.e J waeld (.h} ks ’D;W 1Rod) 1. P ]
E AR A EXELC [ﬂmmc o | e BEDBY o e J
ntroduch n ]

The me:{’lood ned e 18 ‘hg ",\{\m'qd‘e,r}

L

Y

whose companents hgve dhe followimg purpos

! P (uFro Qw”)' ’ . Lequerke
F -T jr

of lcubexpressions fo| evaluate (also eontming special_arkers).
i ém'pomr'v") A coqience o |ualues ol be lused a3 eprands| by fiure| ackions.
(e | | B totked & ol |cai codneite b s ke [l 4 o]
(Error Mode') A bookean vehe {g%g if lno | exror| bt acaurted in Hhe_ashiehon

| MThe lab rm}_c_r i3 inttialized Lm’/ sctfing P 4 fhe opreSion 1 [ ewlidd, T o &, S the luidhal | chive | ap) |
Mt 'Q\u. Tihe u\_i erpreter | ¢ Hkl-lf n ‘F{)rms <E/ ‘]_—} S M2 luswa g sel 6( ‘ 'a‘l"j fuke | o T &
pIHCESS 1 ' 'mﬁcg{ ?»romﬂ 8 Ahen S o 4l Jh&u are i
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él-«
=

] RN E ]
Ao, | &5 o PRIM, FETCH, ¢

| |
a4 1 i ‘EA'\'O%S I
yC}dL :or\S'\‘a]L | few ( pem‘{ =;D ‘ ] | i \’ fi T | ii 1’= E‘_L I :
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I+ Decem "IQ'SM L nerpretor: ’Pcw'dhnj E’ulﬁfs | L

STAR 0 is expression b evaluade; ¢ 1o curvent cortet| = krp Q

[ <&p, P T S = |P <35 T

ETCH: <xz,P i3 2,9 9 P <Chy ] ,
ATOM: a9y P T 5 o b G S
DER: | k>, Pl | (T | E|> = Krseg, P T
MBEQ: bidea(P| | &5, | | | k5 > P <t T i
ROW:. <eyr>ef | | (T S o TP e P T; :“§
NG & A aad T | | S T =P <t ln):,T %
APPL: e .P T | S| % = P ed2 P T | %

| B
_STORE: p,P F (0, Kk 7L | c\féb | @:’! \ % P | ﬁff‘S’:’aT |

PRIM: LpP YR HT S = ‘<qu E i
EEDL o P D okah, T3 = P Lo,

C: [ P b T T S [ 1 (1 = b OGP,

MO: | P | | | kbhgeaW ] | dS a. P « ',u)rt‘/ d)

T P Q G <D _c v :? t i rc:.sd+’; C {5 new cor

)
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PROCTMMW&LQ L ANGuAGe SEMAle cf

Hypothesis: THe uSOFT\«/I'cRE PROBLEM“ (HigH costs,
SLippED DEADLINES, ROOR RELIABILITY) IS IN PART
CAVSED BY [INADEQUACIES OF CURRERNT
PROGRAMMING L ANGQUAGES:

HIGHLY COMPLEX
HARD TO LEARN
HARD TO [MPLEMENT
DEFINITIONS  AMAGUouS, INCOMPLETE

"Llow LEVEL', MACHINE ORIENTATION
GO-TO
ASSIGNMENT

EXPOSURE OF ALTERNATE DATA REPRESENTATIONS
eq. DEC vs. BIN

MULTIPLE STORAGE ALLOCATION PoLI\CIES
eq. AUTO, STATIC, BASED-ALLOCATE.

EXPOSURE OF IMPLEMENTATION STORA4GE MODEL
eq. DEFINED




INADEQUACIES OF CURRENT LANGUAGES, CONT. :

LACKING IN DEFINITIONAL CAPRBILITY (2)

FORTRAN @ SIBPROGRAMS
PL/I : STRICTVRED DATA (ARRKY OF ARRAS)

MACROS
CLU  : EXTENDED DATA TYPES

Conclusion: CURRENT LANGUAGES SEEM MOSILY
CONCERNED WITH HOW TO COMPUTE AN
AMAWER, RATHER THAN WHAT THAT ANSWER
SHOULD RE.



GoaL: o DESIGN A LANGUAGE WITH THE
FOLLOWING PROPERTIES:

"HIGH LEVEL' / DESCRIPTIVE OF ENDS, NOT MEANS

S(MPLE, RIGOROUS SEMANTICS
NONTRIVIAL DEFINITIONAL CAPARILITY

[DEA © Pursue THE NOTION OF APPLICATIVE
L ANGUAGES, WHEREIN THE MEANING OF AN

EXPRESSION 15 ALWAYS 1T VALUE, NEVER
A "SIDE-EFFECT.

EXAMPLE:

|

SUM=0;

Do I=1T0 N;
SUM= SUM+A (1)) SUM«+/A

\ END;

PL/T APL
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