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Overview

?ebb\e IS o \omsuq&e —_
Posed on o simr\e kernel.

With o tew essentiol 2otures:
s)‘o&’icﬁ e—c\weckinSPusinS

sbmbo Ic eva\uo&'ion,
reasonin o\\ooux' equa\i)rb;
ol
\ Ebs'rqc iori's;\’ |
i:‘:f:s os {?lrs -closs values;

rches, moclu\es as -Plrs;'-c\ass vq\ues;
exceprions;

sicle-eﬂgac;'s.

Mode F\easom)' For Frogrqmminﬁ bﬁj
luskers:

discover Unctions.
Q“owins Eisf\{-eﬂ%cien;' olo\')ec)' code.

With s opera ionq\ semoantics
rrecise\b efmecl ‘93 in-Perence rules

\'\OA' se)oara e com)oi\o\)’ion From execu*ion.
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Ex):ressions

Nomes Ys Q\F‘\Q, TYPE
LET LET x: INT~3 IN x+5
Lambda A x: INTTIN x+5
ﬂmo\icoé’ion m0cKi, 5)
oF."+"(i, 5) written i+5
Binclina 3:“'3 or u: TINT~Q
TFunckion cle{; {(5 INT) 5CINT) -~ f%r P (3: INTINT)~
54-5 A Y INT IN 5+5
Selection (i~3, J:"’S)$i f%r LET §:~3, j~5
IN i
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Declarotions and Binclinss
E’B’I ields H'ae some va\ue os 3, ‘DLA'

os 3’5)% [V:INT], nol’ INT

‘Dinclins clec‘ar‘oA’ion

_nwe nome | coanh \De usec| )’o re]per }‘o H\e
va\ue. _n'\us

LET i: INT*3 1IN i+D
hos the value 3+5 or 8

Q clec\oror‘rion coh ‘De For more H\om one
nome, soy for I omcIJ, as In
LET 1: INT~S, J REAL~T IN i-l-J
w\'\ic}\ is s\\or‘\' For
LET i: INT~3 IN J: TR IN i+
_n'\is )Dinclins \'\as 3’5)oe

i:INTXJ:’REQL

gn in)'erface IS o clec\o\roé'ion, e.q9.,
-T v TYPE
XX \'\eo\cl :T—)INT

X ;'o«i\ : -T—)_T

X cons :T X ‘INT—;T
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~

—In)'er?qces omcl _:m,:\emen;'od'ions

’Dec\aro}ion or in)’er{?ace

Lis)’ - -T : TYPE
xx head : T—SINT
X ¥oﬁ\ H -T—)T

X cons : J x 'INT—;T;

Binc‘ina or im)o\emen}'oé'ion

Node: TYPE ~ RET RECORD

nex*’: NOcle :

Nodelist: List ~ (
T e Noc‘e;

heo«cKnoJe: T)SCIND -~ node” .s*‘uﬁ’;
x'qunOcle-. DM -~ nOcleA.nex}';

cons(s;'uﬂ?: INT x node: 1) — (1) .~ 'BEgIN

VAR ,\?ezlobloclei' T, ]jew(neuﬁNijg) ;} \

STRC review: Pebble | grri\ 1987 8



morbhism

O-ﬁ'en we want the result )rvj e o-P o Func)’ion
o) cle):encl on the o\rsumen;'. aive\:j:

’Depﬁjetﬂ' —");—nnc;'ions:

MQF= (T. TYPE > (TS x IsTTSD)
Zerogrrab: G: INT —— ARRAY [0..i] OF REAL)

—n\is cloean' make sense wriH’en, since |

omcl i are nos‘ l:oumcl ba (ﬁ\e Frececlinﬁ

clec\ara)'ion. 'Bul' we con 3’0\& - as su?—o\r‘
o

or o |—| o eroA’or Hm%’ uses o -Pumc;'ion
im,,u W vk ope

1d: CT.7vrE [S] A TN OS5 )
Ma,m CT: vFE |o| A T: vPe N (A0S x tTST TSD)
Zeroﬂrrasz G: INT [o| 2 i: INT IN ormay [0..i] OF ®enL)

'IA omcl MQF can ‘32 cle{?mecl os PO“OOOS:

TdOvm)(3) = 3
Map(T: TPEX(Z (TSTD x| LTsT D-ATST D o~
TF |-=NTL THEN | BLSE cons({z"\eqcl D , mQFCDC-F, Yoil D)

Map 1) (Square , THZ,3T) = L1t 2]
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’Discoverins -TSFQS

we wcu\cl \i\?e some more sugor Yo com}ou\}'e

}'\'\e -T arsumerA' F‘OT’O )’\'\e 3 or F arsumen)’.

IJCT T™YPE BY Q’R@YPE)(S T)—)CT) i Y
qﬁ'er which

1d(3)
\'\o\s Q’RgTYPEJINT omc‘ \'\ence Is sugor For

1dn(2)
—n\e TINT arsumeﬂ' Is com)ou}'ecl ‘93 o\ﬂo\:)ins

Yhe cliscoverij Fumc;'ion
o $he Fupe TNT 0P The argument 2

MQ)D (T: TYPE BY domain _%rsﬂ' AR )
({’: (=S x st DTSt D W™

TF |-NTL ™EN | BLSE cons({{\weacl D, maF(T)(-F, Yoil DD
}\as H’\e cliscoverb «Fumc;'ion

A . TYPE IN domain {Airs¥T
i FirerT S

MopC i: INT IN i, [I, 2, 3D
with FRGIYPE-(INTSINDXTST INT is sugor {or

MQP(W)(?L i+ INT IN i, LI, 2, 3]
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DePﬁﬁe I"OJUC;'S:

rac ions

Slml\a we ™oy wom;' a Pair in which the
oPHhe secahd dependL on the Grst

lveb
(T:. TYPE  xx T )
Vo«ncm;'. G’Qs. BOOL xx TF ;'QS THEN TINT
ELSE REAL D)
Lis*’:" (T. ¥5Fe XX ‘\eqcl: -T—)in)'
X }'Qi‘: T—)T

X cons: —Txin}'—;r ),

g an, we can ma\?e )’\'\ls OOOI"\? O\DI;'\'\ )
E?» Fo compue Hhe Y off second

(T. ~PE x| A T: TYPE IN )
Variont:~ (tog: BOOL [x] A Yag: BOOL IN TF ag THEN TINT
ELSE REAL )
Lisk:~ (T. }'Sloe Z A 1: TYPE IN \neacl: Toink
X ;'Qi\: T—)T
X cons: Txin)‘—-;r )
EXQmF es:

(in*’, 3) omcl (rea\, n) \'\o\ve ;'3)92 gnb

Q'rue, 3) o.ncl (?q\se, 11:) \ﬁo\ve }'b)oe Vqriomx'
q’-:"’re{7 No»::le; heqc‘(‘: —D—:»(in;'):"'r,nex}'; ) "\QS ;'bloe Lis;'
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Modules
’.Dec\c\ro}ion or in}'erf)o\ce

ListCU: TYPE) sTYPE -~

T : TYPE
XX "\eqcl : T—)U
X ;'Qi‘ : T—)_T

X econs : ] X U—)T;
Bincling or im):‘emen;'o}ion

Node(U: ¥5Ie)_><1YPE) ~ RET RECORD

nex": NQ
T

NodeList(U: }upe) sCLish) o~ C
-T D NOc‘e(HB
\'\eacKnocle: T)—)(U) R no«:‘eh.s}'uﬂ?;
)’o‘i\(noée: TS -~ nOcleA.ne:A';

cons(sHuff? U x node: T -5 (1) o~ 'BECJIN
VAR neﬁ;\}ode: -T; New(newNode) ;

newNoc'eA.nex}'anOcle; newNode .stuffP=stu ;
RETURN newNode END ) W ﬂ?

.
L4
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Qbs¥r0c¥ions os 'Parame;'ers

Lis;‘ ™ -T : TYPE
xx heod : T—SINT
X }'O\l\ : T—)T

x cons : ] x INTT;
?everse(l. L|s¥')(3 Liﬂ-) - (LW ™

TF u=L¥nil ™
ELSE Lﬁnconc(?everse(\.)(l.m'ouKb) L%eqd(g)))
SrarseMoA’rlx(NL: List(real)) > (Makrix) -~

VQ"R n: NLN.
NL$head (NL $Hailnd)
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OlDJecx's
We associoA"e with o ;'?Pe o \Dinclins and its

O\SSOCioA'ecl clec\aroA’ion

c\_t?ser';r\; o H’\e l'bFe, wrlhns
Tor exom \e,

Node wiH\FNocleLis}’
‘nas }Sre Nocle omcl c\us}’er Noclel_is)r, uo\‘)ere —_—

Nodelist: Lis} ~ (
_T it Nocle;
head(node: TDSCINT o~ nocleh.sx'uﬁj;
)’aiKnoc‘e: TS -~ nerA.nex¥;

cons(s*‘uf? INT x node: 1) — (1) ~ 'BEgIN

Vﬂ'?Nne:loNoclei T; Tew(neu}p\jN:rlg) ;;- )
newivo i e-:;ﬁ(ojgo E'Ne'];) n)ew ode .s uﬂ-’::s uﬂ);

Now iP . Node WTTH Noc‘e\is)', we wri}'e
ool 1 NodeLishBhal(y)

or in enera\

EN Yo Cusher hypeOP XN (B

Now we con write
Reverse(L: Lis} BY cluster Q'Y?gYYPE)CS L) - D) ~

TF =L $nil THEN
ELSS ?everse(b ;'o?D .nconc(b head)
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