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Do exercises9.1,9.2,9.3,and9.4. Handin thesolutions.

Exercise 9.1 Thecontinuation-basedmicro-Ccompiler(file imp/contcomp.sml) still generatesclumsycodein
somecases.For instance,thestatement(file imp/ex16.c):

if (n)
{ }

else
print 1111;

print 2222;

is compiledto this machinecode:

GETBP, LDI, IFZERO L2,
GOTO L1

L2: 1111, PRINTI, INCSP ~1,
L1: CSTI 2222, PRINTI

whichcouldbeoptimizedto this by invertingtheconditionaljump:

GETBP, LDI, IFNZRO L1,
1111, PRINTI, INCSP ~1,

L1: CSTI 2222, PRINTI

Improve the compilerto recognizethis situation. It mustrecognizethat it is aboutto generatecodeof oneof these
forms:

IFZERO L2, GOTO L1, L2: ....
IFNZRO L2, GOTO L1, L2: ....

wherea conditionaljump just skipsover anunconditionaljump. In thosecasesit shouldinsteadgeneratecodesuch
asthis:

IFNZRO L1, L2: ....
IFZERO L1, L2: ....

Exercise 9.2 Improve codegenerationin the continuation-basedmicro-C compiler so that a less-thancomparison
with constantargumentsis compiledto its truth value. For instance,11 < 22 shouldcompileto thesamecodeas
true, and22 < 11 shouldcompile to the samecodeasfalse. This canbe doneby a small extensionof the
addCST function.

Furtherimprove the codegenerationso that all comparisonswith constantargumentsarecompiledto the same
codeastrue (e.g.11 <= 22, 11 != 22, 22 > 11, 22 >= 11) or false.

Checkthatif (11 <= 22) print 33; compilesto codethatunconditionallyexecutesprint 33 without
performingany testat all.

Exercise 9.3 Extendthemicro-Cabstractsyntax(file imp/Absyn.sml) with conditionalexpressionsCond(e1,
e2, e3), correspondingto theC/C++/Java/C#concretesyntax:

e1 ? e2 : e3

TheexpressionCond(e1, e2, e3) mustevaluatee1, andif theresultis non-zero,mustevaluatee2, otherwise
e3. (If you want to extendalso the lexer andparserto acceptthis new syntax,thennote that ? and: are right
associative. But implementingthemin thelexerandparseris not strictly necessaryfor thisexercise).

Extendthecontinuation-basedmicro-Ccompiler(file imp/contcomp.sml) to compileconditionalexpressions
to stackmachinecode.Checkthatyourcompilercompilesthefollowing kindsof examplesproperly:
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true ? 1111 : 2222

false ? 1111 : 2222

Theabstractsyntaxfor thefirstexpressionisCond(Cst(CstI 1), Cst(CstI 1111), Cst(CstI 2222)).

Exercise 9.4 Notethat

e1 && e2 is equivalentto (e1 ? e2 : 0)
e1 || e2 is equivalentto (e1 ? 1 : e2)

Doesyour extendedcompiler(from Exercise9.3)optimize(e1 ? e2 : e3) sowell thatyou canjust implement
e1 && e2 ande1 || e2 asshorthandsfor conditionalexpressions?Testit on file imp/ex13.c, for example.
If it doesoptimizewell enough,you candropAndalso andOrelse from the abstractsyntax,andconsiderably
simplify cExpr in thecompiler, which is desirable.

Exercise 9.5 Improve thecompilationof assignmentexpressionsthatarereally just incrementoperations,suchas

i = i + 1

andpossibly

a[i] = a[i] + 1

It is bestto recognizesuchcasesin theabstractsyntax,not by lookingat thecodecontinuation.

Exercise 9.6 Try to make senseof thecodegeneratedby thecontinuation-basedcompilerfor the � -queensprogram
in file imp/ex11.c. Draw a flowchart.
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