Programming L anguages I T-C, F2002

Written examination
19 June 2002 *

Therearethreequestionsall of whosesubquestionshouldbe satisactorily answeredo getfull marks.

Question 1 (30 %)

Question 1.1

Note: Whena subquestiorsays‘Define a functionf (.. .) sothat...” anda later questionsays‘Use function
f(...) fromabove...’, youcanalwaystakethefunctionf for grantedwhenansweringhelatersubquestiongven
if youwereunableto answettheformerone,andyou canstill getfull marksfor thelaterone. Thisholdsfor questions
2 and3 also.

Herearefive StandardML functionson lists:

fun sum[] 0
| sum (x::xr) X + sum xr
fun sumist [] =[]
| sumist (xs::xsr) = sumxs :: sunlist xsr

fun sumsumist [] =0
| sumsumiist (xs::xsr) = sumxs + sunsumlist xsr
fun map f [] [1

| map f (x::xr)
fun maplist g []
| maplist g (xs::xsr)

f x:: map f xr

[]

(map g xs) :: maplist g xsr

For eachfunction, shov the most general(most polymorphic) type of the function, and briefly explain what the
functiondoes.

Question 1.2

Write an SML functiondoubl el ist : int list list ->int list |ist thattakesa list of integer
lists and multiplies eachelementof the inner lists by 2. For instancedoubl el ist [[4, 7], [11]] should
give[[8, 14], [22]].

Question 1.3

Anintegerlist [ 1, 2, ..., xz,] issorted if thelist hasO or 1 elementsporif z; < 25 < --- < z,. Definea

functionsorted : int |ist -> bool sothatsorted xs returnstrueif xs is sorted,andfalseotherwise.
Defineafunctionsortedlists : int list |list -> bool sothatsortedlists xss returnstrue

if all listsin xss aresorted.

Question 1.4

Defineafunctionmerge : int list ->int list ->int |ist sothatnerge(xs, ys) memgesthe
listsxs andys. Theresultinglist mustcontainall the element®f xs andys, andif bothxs andys aresortedthen
ner ge(xs, Yys) mustbesortedalso.

Question 1.5
Defineafunctionnergelists : int list list -> int |ist sothatmergelists xss memgesallthe
innerlistsin xss, in someorder

One possibility is to definener gel i st s xss sothatif xss is [ xs;, zs2, ..., zs,.1, xs,], then
nmergel i sts xssisequivalenttomerge(zs;, nmerge(zss, ..., nerge(xsp—1, TSp)...)).
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Question 1.6
First, definea functionsi ngl etons : "a list -> "a list |ist thatsplitsa list of valuesinto a list
of one-elementists eachcontainingone of thosevalues. For instancesi ngl etons [7, 13, 9] shouldgive
[07], [13], [9]].

Secondly usesi ngl et ons andmer gel i st s to definea sortingfunctionsort : int list -> int

I i st inasingleline of StandardvL code.
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Question 2 (30 %)

In an electroniccalendarsystem,or in an accountingsystem,one often needsto specify recurringappointmentor
eventdatessuchasthese:

every day

every Friday

first day of the nmonth

tenth day of the nonth

first Tuesday of the nonth
second Tuesday of the nonth
|l ast day of the nonth

last Friday of the nmonth
second | ast day of the nonth

andsoon. Suchappointmentlatescanbe describedisingthis abstracsyntax:

dat atype day =
Day | Mon | Tue | Wd | Thu | Fri | Sat | Sun;

dat at ype apptdate =
Every of day
| First of int * day
| Last of int * day

In typeday, theintentionis thatDay meansary day, whereasachof Mon, Tue, ..., Sun indicatesa particularday
of theweek.
In type appt dat e, theintentionis thatFi r st (¢, Day) meansthe ¢'th day of the month, andfor instance
Fi rst (¢, Mon) meansthei’th Monday of the month, and similarly for the other weekdays. Correspondingly
Last (¢, Day) isthei’'thlastdayof themonth,and, Last (i, Mon) isthes’thlastMondayof themonth.
Thus,theabove nineappointmentiatescanbedescribedasfollowsin abstracsyntax:

Every Day
Every Fri

First (1, Day)
First (10, Day)
First (1, Tue)
First (2, Tue)
Last (1, Day)
Last (1, Fri)
Last (2, Day)

Question 2.1

Write aninformal grammarfor appointmentlates.It mustrecognizeall of theabove nineexampleappointmentates.
You may assumehat thereare terminal symbols(tokens)FI RST (representindf i r st ’), LAST (representing
‘l ast’), NTH (representingsecond’, ‘t hi rd’, andso on), DAY (representingday’), MONDAY (representing
‘Monday’), ..., SUNDAY, EVERY, OF, THE, andMONTH.
Meaninglesphrasesuchasfirst | ast day of the nonth shouldnotbederivablefromthegrammar
Hint: Thequestioncanbe answeredisingonly four nonterminakymbols.
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Question 2.2

Write thegrammarpartof anosm yac parserspecificatiorfor recurringappointmentiatesabove. You mayassume
thatthefollowing tokendeclarationgreavailablein the parserspecificatioralready:

% oken FI RST LAST

% oken DAY MONDAY TUESDAY WEDNESDAY THURSDAY FRI DAY SATURDAY SUNDAY
% oken EVERY OF THE MONTH

% oken <int> NTH

% oken EOF

Thatis, thereareindividual tokensfor the keywords‘f i r st * and‘l ast’, andfor ‘day’, ‘Monday’, ‘Tuesday’,
...,'Sunday’, aswell as‘every’, ‘of ’, ‘t he’, and‘nont h’.

Moreover, all the ordinal numbersare representedy the token classNTH, sothat‘second’ is representedy
NTH( 2) ,and't hi r d’ is representetty NTH( 3) , andsoon.

It sufficesto write therule partof the. gr mfile, which beginslik e this:

Mai n:
Dat e EOF { ...}
Dat e:
{ ...}
I { ...}
Question 2.3

Extendthe above parserspecificationwith semanticactions,so thateachrule generates StandardviL valuecorre-
spondingo the abstracsyntaxshavn above.

Question 2.4

Theordinalnumberd i r st ,second,t hird,fourth,fifthandsoonareoftenwritten1st, 2nd, 3rd, 4t h,
5t h andsoon. (However, thereis nosuchshorthandor | ast , asfarasl know). In animplementatiorof appointment
datest would begoodto acceptalsotheseabbreviations,but this questionconcernsonly theform of theabbreviations.

We needto considernly theordinalnumberdetweenl and99.

Ordinalnumbersendingin 1 musthave suffix st , with theexceptionof 11t h.

Ordinalnumbersendingin 2 musthave suffix nd, with the exceptionof 12t h.

Ordinalnumbersendingin 3 musthave suffix r d, with the exceptionof 13t h.

Ordinalnumbersendingin 0,4, 5, 6, 7, 8 or 9 have sufiix t h.

Write aregularexpressiorthatrepresentthewell-formedordinalnumberdetweenl and99. Thatis, it shouldaccept
3rdand13t h and23r d, butnot13r d or 23t h.
You may useabbreviatedregularexpressionsuchas[4 — 9] insteadof themoreverbosg4|5|6/7|8|9).
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Question 3 (40 %)

This questionconcernsa simplestackmachinefor manipulatingists, suchaslists of integers. The stackmachinehas
aprogramp, aprogramcounterpe, astacks holdingintegersandlists, anda stacktop pointersp. Theinstructionsof
theabstractmachine andtheir effect on the stack,aredescribedy this table:

Instruction Stack before Stack after Effect

CSTq s = s Pushintegerconstant

ADD i2:41:8 = (i1+142):s Addintegers

SuB i2:41:8 = (i1 —142):s  Subtractntegers

DUP v:is = wv:iv:s Duplicate

SWAP V210118 = VU1:V2:8 Swap

POP v:is = 8 Pop

GOTOa s = s Jumpto a

IFNZRO a vis = s Jumptoaifv #0

CALL a v:is = v:iT:S8 Call functionata, pushingreturnaddress:
RET vir:s = wv:§ Return:jumpto r

PRINT v:is = wv:s Printv andkeepit on stack

STOP s = _ Halt themachine

MKNIL s = Nil:s PushNi | , thatis, theemptylist
MKCONS t:i:s = Cons(i,t):s PushconsnodeCons(i,t)

LISTCASEa Nil:s = s If Ni | , donotjump

LISTCASEa Cons(i,t):s = t:i:s If Cons, unpackcomponentaindjumpto a

The stackmachinemay beimplementedn Java asshovn on the next page.The arrayp containsthe programcode.
Executionstartsatp[ 0] . Thestackcontaindntegerobjectsaswell asList objects asdefinedbelown. Theinitial stack
s[ 0. . k- 1] containsghek commandine argumentgwhich mustbeintegers).

The stackmachineusesa standardlava representationf lists of integers:

abstract class List { }

class Nil extends List {
public String toString() {
return "NiI";
}
}

cl ass Cons extends List {
public final Integer i;
public final List tail;

public Cons(lnteger i, List tail) {
this.i =i; this.tail =tail;

}

public String toString() {
return "Cons(" + i + ", " +tal +")",;
}
}
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/* Abstract stack machine for manipulating lists */
/* p[] is program pc is program counter */
/* s[] is stack, sp is stack top pointer */

static int execcode(int[] p, Object[] s, int pc, int sp) {

}

for (5;) {
switch (p[pc++]) {
case CST:
s[sp+l] = new Integer(p[pc++]); sp++; break;
case ADD:

}

s[sp-1] = new Integer(((Integer)s[sp-1]).intValue()
+ ((Integer)s[sp]).intValue());
sp--; break;
case SUB:
s[sp-1] = new Integer(((Integer)s[sp-1]).intValue()
- ((I'nteger)s[sp]).intValue());

sp--; break;
case DUP:

s[sp+l] = s[sp]; sp++; break;
case SWAP:

{ Qoject tnmp = s[sp]; s[sp] = s[sp-1]; s[sp-1] = tnp; } break;
case POP:

sp--; break;
case GOTQO

pc = p[pc]; break;
case | FNZRO

pc = (((Integer)s[sp--]).intValue() '=0 ? p[pc] : pc+l); break;
case CALL:
s[sp+1] = s[sp]; s[sp] = new Integer(pc+l); sp++,
pc = p[pc]; break;
case RET:
pc = ((Integer)s[sp-1]).intVal ue();
s[sp-1] = s[sp]; sp--; break;
case PRI NT:
Systemout.println(s[sp] + " "); break;
case MKNI L:
s[sp+1l] = new Nil(); sp++; break;
case MKCONS:
s[sp-1] = new Cons((Integer)s[sp-1], (List)s[sp]);
sp--; break;
case LI STCASE:
if (s[sp] instanceof Cons) {
Cons cons = (Cons)s[sp];
s[sp] = cons.i; s[sp+l] = cons.tail;
Sp++;
pc = p[pc];
} else {
sp--;
pc++;
}
br eak;
case STOP:
return sp;
defaul t:
throw new Runti nmeException("Illegal instruction " + p[pc-1] + "

}

I T-C, F2002

at

"+ (pc-1));
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Question 3.1

First, manuallyexecutethe codebelov on the stackmachine. Shav the stackcontentsafter every instruction,and
shav whatis printedon the console:

CST 100
CST 11

oNoaANO
£
—

Secondlywrite stackmachinecodeto createandprint thelist Cons( 111, Cons(222, N l)).

Question 3.2

Theinstructionsof thelist machinemaybeencodedn a StandardML datatypeasfollows:

datatype instr =
CST of int | ADD| SUB

| DUP | SWAP
| GOTO of int | IFNZRO of int | CALL of int | RET
| PRINT
| MKNIL | MKCONS | LI STCASE of int
| sTOP
Write a StandardML functionnkl i st : int -> instr |ist thatfor agivenintegern > 0 generatestack

machinecode(in theform of SML abstracsyntax)to build andprint alist with n consnodes of this form:
Cons(2n, Cons(2n—2, ..., Cons(2, Nil)...))

Forinstancejf n = 3 thenCons(6, Cons(4, Cons(2, N I))) shouldbeprinted.

Question 3.3

The machineinstructionsCALL a andRET canbe usedto implementsimplefunctionsthattake zeroor moreargu-
ments(on the stacktop) andreturnoneresult(on the stacktop).

What doesthis stackmachineprogramcompute giventhatthe integer 42 is on the stacktop whenexecutionis
startedatinstructionaddres®?

CALL 4
PRI NT
STOP

QEINOIRWONG
T

(I

Shaw the contentof the stackafter eachinstruction,in the orderin which theinstructionsareexecuted.

Question 3.4

Write a stackmachineprogramthat, giventhatn > 0 is on the stacktop, builds and prints ann-elementlist of this
form:

Cons(n, Cons(n—1, ..., Cons(1l, Nil)...))

Hint: you will needto usefunctions,implementecusingCALL andRET. You arewelcometo usesymboliclabels
insteadof absolutgump addressem thoseinstructiongthattake anaddresargument(GOTO, | FNZRO, CALL).
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Question 3.5

TheinstructionLI STCASE « canbeusedto testwhetherthelist onthestacktopisNi | orCons(. . .) . If thestack
top elementis Ni | , executionsimply continueswith the next instruction. If the stacktop elementis Cons (¢, t),
thentheintegeri andlist tail ¢ areunpaclkedon the stack,andexecutioncontinuesat address:.

Thustheexpressiorcase xs of Nil => el | Cons(i, t) => e2 canbetranslatedo theinstruction
sequencé| STCASE | abl, <el>, GOTO |l ab2, labl: <e2>, |ab2:.

Assumethatthelist Cons( 111, Cons(222, N I)) isonthestacktopwhenthefunctionataddres®1below
iscalled(by CALL 21). Whatis onthestacktop, andis thereforeprinted,whencontrolreachesnstruction28?What
is printedif theemptylist Ni | is onthestacktopwhenCALL 21 is executed?

21: LI STCASE 27, CST 999, GOTO 28,

27: POP
28: PRI NT
Question 3.6

Write a stackmachinefunction that, givena list on the stacktop, computeghe sumof thelist elements.Hint: you
needto useL| STCASE, CALL, andRET.

Question 3.7

The stackmachineas presentedbove is very limited andhardto use. Onereasonis thatthereis no way to access
the stackelementdelon thetopmosttwo elementsthereis noway to index into the stack.Extendthe stackmachine
with anew instructionGETVAR i thatreadsthe contentsof the i’ th stackelementbelow the stacktop andpusheghat
valueontothe stack(incrementinghe stacktop pointer).

Sincethe stacktop is the 0’th elementbelow the stacktop, GETVAR 0 shouldbe equivalentto DUP.

First shav the necessarynodificationsto the Javaimplementatiorof the stackabstracmachineon page6.

Thenusethenew GETVAR nstructionto write astackmachingunctionthatcancreatealist thatcontains: copies
of v, likethis:

Cons(wv, Cons(w, ..., Cons(w, Nil)...))
Thefunctionshouldbe calledwith a stackof formn : v : s, thatis, with n onthestacktopandwv belaw it, andshould

returnwith a stackof theform w : s wherew is ann-elementlist all of whoseelementsarev, asshovn aborve.

Question 3.8

Write a stackmachineprogramthat, giventhatn > 0 is on the stacktop, builds and prints ann-elementlist of this
form:

Cons(2n, Cons(2n—2, ..., Cons(2, Nil)...))

Hint: This canbe doneevenwithoutthenew GETVAR 1 instructionfrom Question3.7.



