
CS3733-B00: Software Engineering

MzSchemeProgrammingExercises

Theseexercisesaremeantto giveyou practicein datamodelingandMzSchemeprogramming.Most of theproblems
shouldbesimilar to onesyou have written in previousprogrammingclassesor experience.If any of the problems
other than the last one are beyond your prior programming experience (in any language), you might not be
ready to take this class!

Notethatalmostnoneof theseprogramsrequireassignmentoperators, suchasset! or set-car!. Your goal is to write
these programs with as few assignment operators as possible! Youshouldbeableto doall but problem6bwithout
assignmentoperators.

1. Programduple, which consumesa numbern andanitemx andproducesa list consistingof n copiesof x.

;; Examples
� (duple2 3)
(3 3)

� (duple4 ’(ho ho))
((hoho) (ho ho) (ho ho) (ho ho))

2. Programinvert, which consumesa list of two-elementlists and producesa list with eachtwo-elementlist
reversed.

;; Examples
� (invert ’((a 1) (a 2) (b 1) (b 2)))
((1 a) (2 a) (1 b) (2 b))

3. Programswapperwhich consumestwo itemsanda list andreturnsthe samelist as the original but with all
occurrencesof thefirst itemreplacedwith thesecondandvice-versa.

;; Examples
� (swapper’a ’d ’(a b c d))
(d b c a)

� (swapper’a ’d ’(a d () c d))
(d a () c a)

� (swapper’x ’y ’((x) y (z (x))))
((y) x (z (y)))

4. Programmergesort, which consumestwo lists of numbersandreturnsthelist sortedin ascendingorder. Usea
helperfunctionmergewhichconsumestwo listssortedin ascendingorderandreturnsasortedlist of all numbers
in thetwo input lists.

;; Examples
� (merge ’(1 4) ’(1 2 8))
(1 1 2 4 8)

� (merge ’(35 62 81 90 91) ’(3 83 85 90))
(3 35 62 81 83 85 90 90 91)

� (mergesort’(8 2 5 2 3))
(2 2 3 5 8)

5. A set of shapescontainscircles (definedby centerpoint and radius),rectangles(definedby top-left corner,
width, andheight),andsquares(definedby top-left cornerandwidth).

Write thefollowing programsovershapes:
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(a) area, whichconsumesashapeandreturnsits area

(b) translate, which consumesa shapeanda number(thex-offset)andreturnsa shapewith thesamedimen-
sionsastheoriginal,but movedhorizontallyby thex-offset.

6. A gradebookcontainscertaininformationfor eachstudent:name,id number, anda list of numericscoreson
homework assignments.

Write thefollowing programsovergradebooks:

(a) total-points, which consumesa studentnameand a gradebookand returnsthe total homework points
earnedby thestudentsofar.

(b) add-grade, which consumesa studentname,a homework grade,anda gradebookandaddsthe gradeto
thegradebookfor thenamedstudent.

Without editing any of your previouscodefor this problem,adda classyear(freshman,etc) for eachstudent
andwrite aprogramgrade-warningwhichconsumesagradebookandaclassyearandproducesa list of names
of all studentsin thatyearwho have fewer than50 homework points.

7. A binarytreeis a treein which eachnodecontainsa numberandaccessorsto (up to) two othernodes(left and
right). A binarysearchtreeis a binarytreewith thefollowing property:at eachnodeof thetree,thenumberat
thatnodemustbe largerthanor equalto thenumbersin all nodesaccessibledown the left branchandsmaller
thanor equalto all nodesaccessibledown theright branch.

Write thefollowing programsoverbinary(search)trees:

(a) bst?, which consumesa binary treeandreturnsa booleanindicatingwhetherthe treeis a binary search
tree.

(b) bst-order, whichconsumesabinarysearchtreeandreturnsanorderedlist of all numbersstoredin thetree.

(c) bst-add, which consumesa binarysearchtreeanda numberandreturnsa binarysearchtreethatcontains
thenew numberandall of thenumbersthatwerein theoriginal tree.

8. A file systemconsistsof filesorganizedintopotentiallynestedsubdirectories.For thisproblem,weareinterested
in storingthename,size,andcontentsof eachfile, andthenameandcontents(files andsubdirectories)of each
directory.

Write thefollowing programsoverfilesystems:

(a) total-size, which consumesa filesystemandreturnsthetotal sizeof all files in thefilesystem.

(b) contains-file?, which consumesa filesystemanda file nameandreturnsa booleanindicatingwhetherthe
filesystemcontainsthegivenfile.
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