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Key Feature s of this Book

A fresh alternative to traditional algorithm surveys, A Practical Guide to Data Structures
and Algorithms using Java by Goldman & Goldman preserts a systemaic, applications-certered
approach to data structure designand practical implemertation. The book provides compre-
hensiwe coverage, with completeintegrated Java implemertations, of a wide variety of important
data structures, including many usefil abstract data typesnot provided in the standard Java
libraries. Fundamerntal algorithms, also with complete implemertations, are preserted within
the context of their supporting data structures. Casestudies, exanples, decison treesand com-
parison charts throughout the book illustrate and support a methodology for careful selection
and application of data structuresand algorithms. Appendices summarize major features of
the Java programming language, intr oduce asymptotic notation and complexity analysis, and
discuss design patterns illustrated thr oughout the book. Sdtware deweloperswill read for this
guide to quickly identify the bestdata structure or algorithm for their problem.

This book has the following features that support its useasa textb ook for a courseon data
structures and algorithms.

¥ The practical top-down approach guides you to the most natural and elcient data struc-
ture for your application. Case studies and examplesthroughout the book provide mo-
tivation and illustrat e the methodology. This feature supports the objective of teaching
studerts to select an appropriate ADT based on application requiremerns, and to then
selet among competing data structures and algorithms according to the performance
requiremerts of an application.

¥ Completethoroughly explainedJava implemertations explait object-oriented designprin-
ciples for maximum clarity and to exposekey di"e rencesamong related data structures
and algorithms.

¥ The organized and stylized presenation puts theright level of detail at your bngertips. Ac-
cesible compaiison tables support rapid assesmer of trade-0"s among implemenrtations,
along with complete asymptotic analysisfor detailed comparison.

¥ Designdedsions, optimizations, and corredness highlights are presened to deepen under-
standing and provide opportunit ies for guided customization of the Java implemertations,
which are provided with completedocumertation on the acoompanying CD. T his supports
the goal of studerts learning how to customize and/or combine standard data structures
and algorithms to meet the specibcneedsof applications.

¥ A true marriage of theory and practice, this book setsa new standard as a comprehen-
sive practical guide to data structures and algorithms. When used as a text book, the
coursecan provide a sca"oding of understandingto learn about new data structures and
algorithms.

¥ No single caurse can OcwoerOthe ertire book, but by the end of the course,studerts will
have the appropriate sca' olding to make productive useof the portions not covered. An
advantage of usingthis book versus a standard text book is that it is an excellet resource
book that the students can usethroughout the res of their education and careers.



Guide to Instructor

An introductory data structures and algorithms course could begin with Part |, with an
emphasison selecting abstract data types and implementati ons appropriate for applications.
Then, based on the interests of the instructor and studerts, a selectedsubsetof the ADTs could
be coveredin detail. It is not necesay, or ewven feasible, to presen every data structure for
eat ADT, but instead the comparison tables can be usedto highlight the di"erences, and then
studerts can concentrat e on oneor two repre®ntative implemertations of each. For courseswith
a more applied focus, homework and projectsmight concertrat e on empirica comparisans of the
provided implemertations, modibPcaions basedon the optimizations suggeded in the chapters,
and projects basedon the casestudies. A more theoretical course might cover the compexity
anaysis material in the appendix early in the course, and focus more on theoretical andysis of
the algorithms and correctness proofs.

This packet highlights the online educaional materials will are available at

http:/ /gold manc se.wust l.e du/c rc2 007/

The course from which these materials are drawn is a sophanore level introductory algo-
rithm s and data structures course. Studerts taking this coursehave already studied basic data
structures sud as linked lists and (unbalanced) binary seach trees. Thesematerials could be
easilyadjustedfor a data structures courseby replacing the more algorit hmic components by the
introductory data structures material. As just one other exanple, an advanceddata structures
coursecould be created by covering same of the more advanceddata structures preseried in the
book that are not coveredin the coursefrom which thesematerials are drawn.

This packet includesthe following:

sampl e syllabus - Samplesyllabus for an introductory data structures and algorithms course

lectur es/note - A detailed summay of each lecture wherea link is provided for ead lecture
component to a recorded lectures (avi Plesthat include full audio and high resolution
screa capture of all activity on the tablet PC) and the completedlecture notes (pdf Ples
of the complete content of eat page of the lecture).

pro jects - sampleimplemertation exercisesof varying length and dilc ulty along with code
provided to support the project. Sdutions are available to qualifying instructors from the
publisher.

hom ework problems - an organized repository of homework exercise with a brief overview
of the goals for each homework. Sdutions are available to qualifying instructors from the
publisher.



Samge syllabusfor an Introductory Data Structuresand Algorithms Course
(90-minute twice weekly over a 15 weeksemester)

Date Topic Readings Due Assigned
(Gol dman & Gol dman)

Lecture 1 | Introduction: Which algorithm is best? Appendx B.1
Lecture 2 | Divide-and-conquer algorith ms Handout 1 Project 1
Lecture 3 | Divide-and-conquer algorith ms (cont.) Preface, Chapter 1
Lecture 4 | Asymptotic notation Appendix B.2
Lecture 5 | Analyzing divide-and-conquer algorithms | Appendx B.6
Lecture 6 | ADT Taxonony Part I, Sections2.1-2.6.1, Project 1 Homework 1

Positional Collection ADT and Chapter 9
Lecture 7 | Quicksort, Randomized quicksort Section11.4.5and

expected time complexity Appendx B.5
Lecture 8 | Adversary lower bound technique Handout 2 Homework 1 | Homework 2
Lecture 9 | Linear time sorting algorithms Section 11.4.6
Lecture 10 | ADT Taxonony Part Il Sections2.6.2,7.3.2,

and Set ADT and Chapter 20 Homework 2 | Homework 3
Lecture 11 | Direct Addressng, Open Addresdng Chapters 21, 22
Lecture 12 | Sepamte Chaining Chapter 23 Homework 3 | Project 2
Lecture 13 | Priority Queue ADT, Binary Heaps Chapter 24 and 25
Lecture 14 | Ordered Collection ADT, Chapters 29, 33 Project 2

Balanced Seart Trees

Midterm

Lecture 15 | Red-Black Trees Chapter 34 Homework 4
Lecture 16 | B-trees Chapter 36
Lecture 17 | B-trees B+-trees Sections37.137.2 Homework 4 | Project 3
Lecture 18 | Skip Lists Sections38.1385
Lecture 19 | Skip List analysis, Ordered colledion Section 38.6

data structures comparisons
Lecture 20 | Digitized Ordered Collections, Chapters 39, 46,

Spatial Collections, and k-d Trees Section47.1
Lecture 21 | Graph problems, graph representation s Section 2.7, Chapter 52 | Project 3 Homework 5
Lecture 22 | Breadth-pbrst search (BFS) Section53.4
Lecture 23 | DijkstraOsshortest path algorithm Section57.2 Homework 5 | Project 4
Lecture 24 | Greedy Tree Builder Sections57.1
Lecture 25 | PrimOsand Kru skalOsvlinimum Sections57.3

Spanning Tree (M ST) Algorithms and 57.4
Lecture 26 | DFS and topological sort Sections53.5,53.6 Homework 6
Lecture 27 | Garbage colledion algorithms Section53.9 Project 4
Lecture 28 | Course Review Homework 6




A Practical Guide to Data Structures and Algorithms Using Java

Sally A. Goldman and Kenneth J. Goldman
Washington University in St. Louis

Courselectures

The lecturesare provided in two formats: video and pdf. Thevideosareavi files thatincludefull audioandhigh resolutionscreen
captureof all activity onthetabletPC. The pdf files showthe completecontentof each’page"of thelecture.Usedin conjunctionthe
pdf files arehelpful to quickly identify sectionof lecturesthatyou maywantto view in detailwithin thevideos.

Theselecturescanbe usedin severaways:

asideasfor courseinstructors

asreinforcemenbr reviewfor students

asoptionalenrichmenfor studentontopicsnot coveredin class
asstudentpreparatiorfor activelearningclasssessionssotime in classis moreengaging

Lecture 1: Introduction

Courselntroduction(7:54)[lecturenoteg
We describethegoalsof this course.

Motivating asymptoticcomplexity (37:48)[lecturenoted
We usethe problemof finding the closestpair of pointsin the planeto help motivatethe standardasymptotictime
complexityanalysishatis usedby computerscientistsOnegoalis to demonstrat¢hatthe asymptoticvalue of the numberof
lines of codeexecuteds a good"back-of-the-envelope'calculationthatcan be usedto evaluatewhich algorithmswill run
fastestin practice.To help makethis point, we reporton empiricaltestscomparingexecutiontime to the numberof
statementgxecutedWe stresghevalue of beingableto quickly rule outinferior algorithms sothatthetime spenton coding
andempiricaltestingcanbe usedfor the mostpromisingalgorithms.

Introductionof the closestpair problem(15:39)[lecturenoteg
We presenthe closestpair problem,whichis usedat the startof the courseto motivatethetheoreticafoundationghatare
goingto be usedthroughoutthe course.This problemhasbeenselectedsinceit helpsstudentdo appreciatéhateventhough
they may be ableto solvea problemfrom first principles,this coursecanhelpthemlearnto developmoreefficient solutions.
This lecturecomponengalsocoversthe bruteforce algorithmthat computeshe distancebetweerall pairsof points,andhasa
high-level overviewof the divide-and conqueralgorithm,built up by combiningideassuggestedy the class.

Analysisof thebruteforce closestpair algorithm(6:35)[lecturenoteg
We analyzethe bruteforce closestpair algorithmthatcomputeghe distancebetweenrall pairsof pointsincluding a brief
discussioronwaysto computethe numberof pairsof pointsfrom first principlesfor anyonewithout combinatorics
background.

Empirical comparison®f runningtimes (5:19)[lecturenoteg
We presenfactualrunningtimes(in secondsjor the bruteforceanddivide-and conqueralgorithmsfor theclosestpair
problemfor differing input sizesontwo differentcomputerghatvary significantlyin processospeedThe goalis to help

studentsappreciatehedifferencein realtime betweenan O(n log n) andO(nz) algorithm.

Lecture 2: Divide-and-Conquer Algorithms

Divide-and congueralgorithmdesigntechniqueg6:45)[lecturenoted [handou}
We describethedivide-and conquettechniquefor algorithmdesign.

Mergesortalgorithm(14:12)[lecturenoteg
We presenimergesortasan exampleof thedivide-and conquettechnique.

Detaileddiscussiorof thedivide-and conquerclosestpair algorithm(31:34)[lecturenoteg
We expanduponthehigh-level ideasintroducedn thefirst lecturefor anin-depthdiscussiorof thedivide-and conquer
closestpair algorithm.

Handlingdegeneraciem thedivide-and conquerclosestpair algorithm(14:13)[lecturenoteg
We discusghe problemthat could occurwhentwo or morepointssharethe samex-coordinatealongtheline thatdividesthe
left andright halves.In particular,we describehow amethod(called! ef t Of ) canbe usedto definea uniqueorderingof the
pointsthatis sortedwith respecto thex-coordinateto resolvethis potentialdifficulty.

Lecture 3: Divide-and-Conquer Algorithms (cont.)

Pseudocodéor thedivide-and congquerclosestpair algorithm (8:02) [lecturenoteg
We wrapup our discussiorof thedivide-and-conquerclosestpair algorithmby overviewingit throughpseudecode.

Correctnessf thedivide-and conguerclosestpair algorithm(6:51) [lecturenoted
We arguethatthedivide-and conqueralgorithmis guaranteedo returnthe correctanswetrfor all possibleinputs. While the




discussiorusesthis problemasan examplejt addressemoregenerallyhow inductioncanbe usedto provethe correctnessf
anydivide-and conqueralgorithm.

Analysisof thedivide-and conquerclosestpair algorithm(42:43)[lecturenoteg
We analyzetheasymptotictime complexity of the closestpair algorithm.While this lecturemotivatesthe benefitsof the
mastemethod(a "cookbook"approacho solverecurrencesf a specifiedform), it usestherecursiontreetechnigueto solve
therecurrence.

Lecture 4: Asymptotic Notation

AsymptoticNotation(38:19)[lecturenoted
We formally defineasymptoticnotation(big-Oh, big-Omegabig- Thetalittle-oh, little-omega) anddiscusghelimiting
behaviorasn approachefinity. We build uponrelationshipsalreadyunderstoodn working with inequalitieso develop
intuition aboutasymptoticnotation.

Working with asymptoticnotation(31:10)[lecturenoteg
We useexampleproblemsto developa betterunderstandingf asymptoticnotation.lt's importantto be ableto determine
relationshipsetweerpairsof functions.As partof this lecture,L'Hopital'srule for computinglimits is reviewed.

Analyzing codefragmentghatarenestedoops(6:17)[lecturenoteg
We analyzetheasymptotictime complexity of examplecodefragmentsvith nestedoops.

Lecture 5: Analyzing Divide-and-Conquer Algorithms

Analyzing divide-and conqueralgorithms(12:36)[lecturenoteg
We discusshow to definearecurrenceelationto expresgsheasymptotictime complexityof adivide-and conqueralgorithm.
Next we presenthe mastemethodto quickly getan asymptoticsolution,or how to usearecursiontreeto obtainanexact
solution.

Mastermethodto asymptoticallysolvea recurrenceelation(19:04)[lecturenoteg
We presenthe mastemethod,a "cookbook"methodto asymptoticallysolvetypical recurrenceelationsthatoccurfor divide
andconqueralgorithmswhenall subproblemsireroughly thesamesize.In particular,it canbe usedto solverecurrencesf

theform T(n) = a T(n/b)+ f(n) wheref(n) is of theform n'(Iog n)k for constantd ! Oandk! O.

Exactlysolving arecurrenceelation(29:50)[ lecturenoteg
We illustratehow to usearecursiontreeto exactlysolverecurrenceelationsthattypical of divide andconqueralgorithms.

Lecture 6: ADT Taxonomy Part | and Positional Collection ADT

Overviewof the ADT taxonomy(11:57)[lecturenoteg
We overviewthe ADT taxonomyusedthroughoutthebook.

Introductionof the manuallypositionedcollection(2:42)[lecturenoted
We provideanintroductionto manuallypositionedcollections.

A discussiorof the positionalcollectiondatastructureg62:29)[lecturenoteg
We presenfpositionalcollectiondatastructuresincluding the singly-linked list, doubly-linked list, array,dynamicarray,
circulararray,andtrackedarray.

Lecture 7: Quicksort, Expectedtime complexity

Quicksort(59:31)[lecturenoted
We presentjuicksortwith medianof-threepartitioningandalsorandomizedjuicksort.We alsodiscusghecommon
optimizationof terminatingwhentheinputsizeis a small value (around30), andthenusinginsertionsortto completethe sort.

Expectedime complexitydefinition (9:00)[lecturenoted

We formally defineexpectedime complexity.

Analysisof randomizedjuicksort(10:11)[lecturenoteg
We analyzethe expectedime complexityof randomizedjuicksort.

Lecture 8: Adversary Lower Bound Technique

Adversarylower boundtechnique(40:47)[lecturenoteg [handouf
Using "20 questions'asan exampleproblem,we describethe adversaryower boundtechniqueln particular,we focusonthe
basicadversarystrategyof makinga list of all possiblesolutions,andthenansweringo maximizethe numberof remaining
solutionsconsistentvith all pastanswersThis adversarystrategygivesthe sameboundsasoneobtainsusingthedecisiontree
technique.

Comparisonbasedsortinglower bound(16:17)[lecturenoteg
We applytheadversaryjower boundtechniqueto provean"” (nlog n) lower boundfor any comparisorbasedsorting
algorithm.

Lower boundfor finding the minimum (13:08)[lecturenoteg




We usetheproblemof finding theminimumelementin anarrayto illustratethatfor someproblemsalternateadversary
strategiexanyield a betterlower bound.

Lecture 9: Linear Time Sorting Algorithms

Countingsort(24:39)[lecturenoted
We presentountingsort.

Digitizer interface(9:03)[lecturenoteg
We describethedigitizer interface.Similar to theway in which Java'sComparatointerfaceallowsacomparisorbased
sortingalgorithmto be appliedto anydataelementghathavea comparatorpur Digitizer interfaceallowsanysorting
algorithmthattreatseachelementasa sequencef digits to be appliedto anydataelementdor which a Digitizer is defined.

Radix sort(50:19)[lecturenoted
We presentadix sort.

Bucketsort(7:19)[lecturenoteg
We presenbucketsort.

Lecture 10: ADT Taxonomy Part Il, SetADT

ADT taxonomyfor algorithmicallypositionedcollections(38:28)[lecturenoted

We returnto our earlierdiscussiorof the ADT taxonomyusedin thebook, focusingon algorithmicallypositionedcollections.

SetADT (6:58)[lecturenoteg
We describethe Setabstracdatatype.

Lecture 11: Direct Addressingand Open Addressing

Direct addressing18:56)[lecturenoted
We presenthedirectaddressinglatastructure.

Introductionto hashingbasedSetdatastructureg27:39)[lecturenoteg
We introducehashing andprovidean overviewof separatehainingandopenaddressing.

Openaddressind44:32)[lecturenoted
We presentheopenaddressinglatastructure.

Lecture 12: SeparateChaining

Separat€haining(10:18)[lecturenoted

We presentheseparatehainingdatastructure.

Comparisormof thetrade offs betweenSetdatastructureg11:08)[lecturenoteg
We systematicallycomparethe advantageanddisadvantagesf directaddressingppenaddressingandseparate&haining.

Lecture 13: Priority QueueADT andthe Binary Heap Data Structure

Priority QueueADT (7:00)[lecturenoted
We describethe priority queueabstractdatatype.

Binary Heap(56:34)[lecturenoteg
We presenthebinary heapdatastructure.

TrackedBinary Heap(5:25)[lecturenoteg
We illustrateshow theelementsstoredin a binary heapcanbetracked.

Comparisorof thetrade offs betweenpriority queuedatastructureg6:14)[lecturenoteg
We systematicallycompareshe advantageanddisadvantagesf a binary heap leftist heap pairingheap,andFibonacciheap.

Lecture 14: Ordered Collection ADT, BalancedSearchTrees

OrderedcollectionADT (5:31)[lecturenoteg
We describethe orderedcollectionabstractatatype.

Abstractsearchiree(14:24)[lecturenoteg
We discusghegeneralizatiorof abinary searchtreein which eachnodecanhaveany numberof elementpernode.As part
of this discussionyve presenthe propertieof an abstrackearchtreethatallow efficient searchanddiscusshow aninorder
traversakanbe usedto iterateover theelementdn sortedorder.

Binary searchireereview (17:23)[lecturenoteg
We reviewthebinary searchireedatastructurewith afocusonhow to find the successofand symmetricallypredecessof
anelementandhow to removean element.




Balancedsearchiree(27:03)[lecturenoted
We describetherotationsthatareusedto help createbalancedinary searchtrees.This discussiorincludesa high-level
overviewof thewaysin which datastructureghat maintaina balancedinary searchtreeselectwhento performrotations.

Reviewfor Midterm

Midterm topics(15:07)[lecturenoted
A review of thetopicsthatwill be coveredonthemidterm.

Lecture 15: Red-Black Trees

Redblacktreepropertieg12:24)[lecturenoted
We introducethered-black treeby describingits propertiesWe alsoderivean upperboundon the depthof ared-blacktree
holdingn elements.

Redblack treemethods(54:49)[lecturenoted
We describethered-black treemethods startingwith a brief discussiorof how thenon-mutatingmethodsareexactlyasfor a
standardbinary searchtree. Thenwe presenthe mutatorsinsertionis presentedn depth,followed by a discussiorof the
high-level approactusedby deletion,but without the detailsof the specificcaseghatoccur.

Lecture 16: B-Trees

Intuition behindthe B-Treedesign(33:19)[lecturenoted
We discusssecondarstorageanduseit to motivatethedesignof a B-treein termsof its goal of reducingthe numberof page
faultsduringasearch.

B-Treepropertieq7:00)[lecturenoted
We describethe B-Treeproperties.

B-Treeinsertion(19:49)[lecturenoteg
We describeboth the bottomup andtop-downB-Treeinsertionmethods.

2-3-4 treesandtheirrelationto red-black trees(17:08)[lecturenoteg
We describethe 2-3-4 tree,whichis simply a B-treeof order2 (t=2), andits relationshipto thered-blacktree.

Lecture 17: B-Trees(cont.) and B+-Trees

B-Treedeletion(18:47)[lecturenoteg
We describethe B-Treedeletionwith afocusonthehigh-level ideasto developa goodintuition behindthedesignof this
method.

B-Treeanalysig16:27)[lecturenoteg
We deriveanupperboundonthe heightof the B-tree,anduseit to analyzetheasymptotictime complexityof theB-Tree
methods.

B+-tree(17:31)[lecturenoted
We briefly overviewthe B+-Treedatastructure.

Lecture 18: Skip Lists

Intuition behindthe skip list design(18:54)[lecturenoteg
We motivatethe designof askip list in termsof additionalnavigationsupportfor adoubly-linked list.

Skip list representatiois:24) [ lecturenoteg
We describetheinternalrepresentatioof the skip list.

Skiplist methodg(17:17)[lecturenoteg
We describethe skip list methodsfocusingon searchingjnsertion,anddeletion.

Lecture 19: Skip List Analysis, and Comparisonsof Ordered Collection Data Structures

Skiplist analysig30:55)[lecturenoteg
We analyzethetime complexitiesof the skip list methods.

Relationshipbetweena skip list andB+-tree(3:50)[lecturenoted
We describetherelationshipbetweenaskip list andB+-tree.

Comparisorandtrade offs amongorderedcollectiondatastructureq8:39)[ lecturenoted

We systematicallycomparethe orderedcollectiondatastructures.

Lecture 20: Digitized Ordered Collections, Spatial Collections/k-d Tree

Building aftrie (16:02)
This videoshowsa shortvisualizationof building atrie.




Digitized orderedcollectionADT anddatastructureg33:43)[lecturenoteg
We describethedigitized orderedcollectionabstractdatatype, andtheillustrate by examplethetrie, compacttrie, compressed
trie, suffix tree,andindexingtrie datastructures..

SpatialcollectionADT (9:37)[lecturenoted
We describethe spatialcollectionabstractatatype.

kd-treedatastructure(14:34)[lecturenoteg
We describethe kd-treedatastructurefor the spatialcollection.

Quadtreedatastructureoverview(3:26)[lecturenoteg
We briefly describethe quadtreedatastructurefor the spatialcollection.

Lecture 21: Graph Problemsand Graph Representations

Introductionto graphg(23:50)[lecturenoted
We introducegraphsanddescribea variety of problemsthatarebestmodeledby graphs.

Graphrepresentation64:38)[lecturenoted
After reviewingthedifferenttypesof graphswe discusgheadjacencyist, adjacencyset,andadjacencymatrix
representationandthetrade offs betweerthem.

Lecture 22: Breadth-First Search(BFS)

Breadthfirst search(51:17)[lecturenoteg
We considerthe problemof finding the shortesipathin anunweightedpathusingbreadthfirst search(bfs). We alsointroduce
theshortespathtreeasaway to representhe outputfrom breadthfirst search.

Lecture 23: Dijkstra's ShortestPath Algorithm

Dijkstra'ssingle-sourceshortesipathalgorithm(38:55)[lecturenoteg
We presenDijkstra'salgorithmto find the shortespathin aweightedgraph(with non-negativeedgeweights)to all vertices
from a specifiedsourcevertex.

Shortoverviewof Dijkstra'salgorithm(11:32)[lecturenoteg
A closingoverviewof Dijkstra'ssingle-sourceshortespathalgorithm.

Guidanceon thedesignfor Project4 -- TravelAgentApplication of Dijkstra's ShortesPathAlgorithm (22:37)[lecturenoteg
An overviewof theinternalsof theimplementatiorfor thelast project.

Lecture 24: Greedy Tree Builder

Minimum spannindreeproblemdefinition (4:15)[lecturenoteg
We definethe minimum spanningreeproblem.

Maximum bottleneckproblemdefinition (3:11)[lecturenoteg
We definethe maximumbottleneckproblem.

Greedytreebuilder(55:41)[lecturenoteg
We definea generalizatiorof Dijkstra'ssingle-sourceshortesipathproblemandalsoPrim'sminimum spanningreeproblem.
We discusshow the greedytreebuildercanbe usedto solveeitherof thesetwo problemsandalsoto solvethemaximum
bottleneckproblem.

Time complexityanalysisof the greedytreebuilder (15:45)[lecturenoteg
We analyzethetime complexity of the greedytreebuilder (and henceof both Dijkstra'ssingle-sourceshortesipathalgorithm
andPrim'sminimum spanningreealgorithm)in termsof thetime complexityof the priority queueADT methodsthat
dominatethetime complexity of thegreedytreebuilder.

Lecture 25: Prim's and Kruskal's Minimum SpanningTree (MST) Algorithm

Correctnesgrgumentfor Dijkstra'salgorithm(23:35)[lecturenoted

We arguethatDijkstra'ssingle-sourceshortespathalgorithmis correct.

Kruskal'sminimum spanningreealgorithm(11:48)[lecturenoteg
We presenKruskal'sminimum spanningreealgorithmandproveits correctnessWe alsobriefly introducethe union-find
datastructureasaway to efficiently implementKruskal'salgorithm.Finally, we analyzethetime complexityof Kruskal's
algorithmandbriefly discusst in relationto Prim'salgorithm.

Lecture 26: DFS and Topological Sort

Depthfirst search(33:43)[lecturenoteg
We presendepthfirst search(dfs).

Topologicalsort(30:14)[lecturenoted



We presentow depthfirst searchcanbe usedto ordera setof processes a precedencgraph,andprovethatthealgorithm
is correct.This problemis calledtopologicalsortsinceit is trying to order(or sort)theprocesses away thatadherego the
givenprecedenceonstraints.

Stronglyconnectedomponent$5:51)[lecturenoted
We defineastronglyconnecteccomponentsandthenbriefly describehow depthfirst searchcanbe usedto solvethis
problem.

Lecture 27: Garbage Collection Algorithms

Whatis garbagecollectior? (11:56)[lecturenoted
We discussnemorymanagemerandhow onedefineswhich memorycellsaregarbage.

Mark-and sweepgarbagecollectionalgorithm(51:02)[lecturenoted
We describethe mark-and sweepgarbagecollectionalgorithm,including in-placedepthfirst searchandwhy thatis so
importantfor this application.We closewith a brief analysisof the mark-and sweepalgorithmandan examplewherenovice
Javaprogrammersftenunnecessarilgreategarbage.

Copyinggarbagecollectionalgorithm(14:16)[lecturenoteg We briefly overviewthe copyingcollectiongarbagecollection
algorithmanddiscusghetrade off betweermark-and sweepandcopyingcollection.

Lecture 28: CourseReview

Graphg(15:23)[lecturenoted
We reviewthe portion of the courseon graphsandgraphalgorithms.

ADT taxonomy(11:59)[lecturenoteg
We reviewthe ADT taxonomyintroducedandusedthroughoutthis courseto selectthebestADT(s) for agivenapplication.

Datastructureg13:12)[lecturenoteg
We reviewthedatastructuresoveredin this course.

Othertopics(7:05)[lecturenoteg
We reviewtheremainingtopicsin this course.
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Projects

Projectl: ClosestPairof Points(providedcode
Projectdescriptionandcodeto supportstudentsn implementingandperformingsomebenchmarkindor algorithmsto
computetheclosestpair of pointsin the plane,including thedivide-and conqueralgorithm.The goalsof thislab areto:

e Ensurethatthe studentsinderstandhe divide-and conquerclosestpair algorithmdescribedn the supportinghandout.
Providethe studentsvith ahandsonunderstandingf the practicalbenefitsof designingmoresophisticated
algorithms,in particular,usingthedivide-and conquerdesigntechnique.

e Allow thestudentgo designtheirown algorithmto solvethis problemandcomparets performanceo thedivide-and
conqueralgorithm.

e Asonestudentsaid,"Lab 1 wasagoodintroductionto whatthe classwastrying to teach.It got methinkingin the
right mindframefor therestof theclass."Anotherstudentsaid,"l learnedaboutdivide andconqueralgorithms."”

Project2: Bloom Filtersfor ComparingGenomicDNA Sequencefprovidedcode provideddatd
Projectdescriptionandcodeto supportstudentsn learningaboutandimplementinga Bloom filter andcombiningit with a
standardnappingimplementatiorto improvethe efficiencyfor comparinggenomicDNA sequencew find important
regulatorysites.

e IntroduceBloom filters, andstresgheimportanceof beingpreparedo learnabouta newdatastructureasneededor
anapplication.
Exposestudentgo an applicationwherehashtablesareusedto makea moreefficient algorithm.
Providean excitingapplicationareaandactualdatafor studentso seehow datastructurecanreally makea
differencein our ability to solveimporatantreatlife problems.

e As onestudentsummarized;l learnedtheimportanceof efficient datastructuresandthat specialtydatastructuresan
bevery useful." Anothersaid,"This wasareally cool way to help usunderstandashtableandwhy they areuseful."

Project3: Querieson a Collectionof Historical Events(providedcode provideddatd
Projectdescriptionandcodeto supportstudentsn implementingapplicationto maintaina setof historicalevents.The goals
of thislabareto:

e Help studentgainexperiencen usingthe ADTs anddatastructuresve havebeenstudyingto implementabasic
systemthatallowsa userto posesimplequeriesabouta collectionof historicalevents.

e Providestudentswith experiencen thedesignprocesgrom theapplicationto aworking implementatiorfor an
applicationthatrequiresmultiple datastructuredo satisfyits needs.

e Help studentdecomemorefamiliar with APl andusefor thelibrariesonthe CD includedwith thebooksothatthey
canuseit to helpdevelopapplicationamoreefficiently.

e As onestudenticely summarized;It washelpfulin learningto quickly designandimplementan application."
Anotherstudentsaid,”l learnedto choosedatastructurego fit theapplication'sspecifications."

Project4: ShortesPathsfor Travel AgentApplication (providedcode provideddatd
Projectdescriptionandcodeto supportstudentsn implementingapplicationto find theroute(i.e., sequencef flights) from a
givenairportat a providedstarttime to a desireddestinationairportin theshortestamountof time. The goalsof this lab areto:

e Bring togetherseverabf thetopicswe havestudiedthis semesteto createa solutionto aninterestingreatlife
problemfrom "scratch."

e Havethestudentdmplementataggedbinary heapin which elementplacedin thebinary heapcanbetracked.The
ability to trackelementss necessaryor theimplementatiorof the shortespathalgorithm.

e Help studentgo understandhatthe graphrepresentatioof theflights betweertheairportscansimply be represented
by maintaininga list of outgoingflights from eachairport.(This is justan adjacencyist representationf thegraph.)

e Makesurethatstudentdavea deepenoughunderstandin@f Dijkstra'sshortesipathalgorithmto createthevariation
of it thatis requiredto addresshelayovercostthatoccurswhenthetravelleris waiting at anintermediateairport
betweerflights.

e As onestudentnicely summarized;lt wasagreatlearningexperiencebecausét taughtyou hadto applyalot of the
conceptave learnedto building a programfrom thegroundup.”

e Anotherstudentsaid”l think overallit wasa goodcombinatorof learningin orderto showhow muchwe hadlearned
overthesemester."

Solutionsfor theseprojects are available to qualifying instructors from the book publisher.
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HomeworkProblems

PracticeProblemsfor HomeworkExcercisel (solutiong
Thesepracticeproblemshelpthestudentsinderstandgsymptoticnotation to determinghe asymptotictime complexityof
fragement®f codewith nestedoops,andto be ableto computetheasymptotictime complexityof adivide-and-conquer
algorithmusingthemastemethod,andto understandherelationshipbetweerfunctionsto determinevhich algorithmis
asymptoticallybest.

HomeworkExcercisel
Thesehomeworkproblemsaredesignedo help studentde ableto analyzedivide-and conqueralgorithmsby first creatinga
recurrenceelationfor the asymptotictime complexity,andthensolving therecurrencevith the mastemethod,andalso(with
guidance)}o createnewdivide-and-conqueralgorithms.

PracticeProblemsfor HomeworkExcercise? (solutiong
Thesepracticeproblemsreinforcethe lectureson quicksort,positionalcollections,anintroductionto expectedtime
complexity,andanintroductionto usingthe basicadversarjower boundtechnique.

HomeworkExcercise?
Thesehomeworkproblemsreinforcethelectureson quicksort,positionalcollections(particularly,to help studentaunderstand
thetrade offs betweercirculararrays,dynamicarrays,singly-linked lists, anddoubly-linked lists), anintroductionto
expectedtime complexity,andanintroductionto usingthe basicadversaryjower boundtechnique.

PracticeProblemsfor HomeworkExcercise3 (solutiond
Thesepracticeproblemsreinforcethelectureson linear-time sorting. They help studentgo understandhegainsin efficiency
thatcanbe acheivedby appropriatelyselectingthe basedor eachdigit whenusingradix sort.

HomeworkExcercise3
This homeworkprovidesadditionalpracticein applyingtheadversaryower boundtechniquelt providesvery simpledesign
problemsto help studentsstartthinking aboutwhich ADT bestsupportsgheneedwf anapplication.Finally, thishomework
reinforceshelectureonlineartime sortingalgorithms providing problemsof varying degree®f difficulty working with the
basicdesignof radix sort.

PracticeProblemsfor HomeworkExcercise4 (solutiong
Thesepracticeproblemsreinforcethelecturesonthebinary heapred-black-tree.

HomeworkExcercise4
Thesehomeworkproblemsreinforcethelecturesonthebinary heap red-black-treedatastructuresandhelp students
understandhow to applythemto arealworld problem.

PracticeProblemsfor HomeworkExcerciseb (solutiond
Thesepracticeproblemsreinforcethelecturesonthe B-treesandhelp studentgo understandherelationshipbetweerared
blacktreeand2-3-4 tree.

HomeworkExcercises
Thesehomeworkproblemsreinforcethelectureson skiplists,B-trees B+-trees tries, k-d trees,andgraphrepresentations.

PracticeProblemsfor HomeworkExcercises andthe Final (solutiong
Thesepracticeproblemsreinforcethelectureson graphrepresentationandgraphalgorithms.

HomeworkExcercises
Thesehomeworkproblemsreinforcethelectureson graphalgorithmsto help the studentsoth learnthealgorithmsandto
formulaterealworld problemsasgraphproblems.

Solutionsto thesehomework excercisesare available to qualifying instructors from the book publisher.



