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CS/ECE 374CS/ECE 374: About This Course: About This Course

CS/ECE 374 covers fundamental tools and techniques from theore�cal computer science, including design and analysis of algorithms, formal
languages and automata, computability, and complexity. Specific topics include regular and context-free languages, finite-state automata,
recursive algorithms (including divide and conquer, backtracking, dynamic programming, and greedy algorithms), fundamental graph algorithms
(including depth- and breadth-first search, topological sor�ng, minimum spanning trees, and shortest paths), undecidability, and NP-
completeness. The course also has a strong focus on clear technical communica�on. 

We assume that students have mastered the material taught in CS 173 (discrete mathema�cs, especially induc�on) and
CS 225 (basic algorithms and data structures). Note that “mastery” is not the same as “exposure” or even “a good
grade”; hence, Homework Zero! If you got a C+ or worse in CS 173, we strongly recommend retaking 173 before taking
374.

The CS department is now strictly enforcing the CS 173 and CS 225 prerequisites. Students must have credit for both
courses (either through taking the class, passing the proficiency exam, or transferring credit from an equivalent course
taken elsewhere) before they can register for 374.

This course is required for all undergraduates majoring in Computer Engineering or any species of Computer Science.

CS/ECE 374 is a formal prerequisite for at least the following classes:
CS 421: Programming Languages
CS 473: Algorithms

Course grades are based on weekly wri�en homeworks (30% total), two midterms (20% each), and a final exam (30%).
See the grading policies for more details.

Many students consider 374 to be the most challenging course in the en�re undergraduate CS/CE curriculum (perhaps
a�er ECE 391). On the other hand, we believe (and employers and alumni seem to agree) that 374 is also the most useful
course in the undergraduate CS/CE curriculum (perhaps a�er CS 225), in no small part because it is so challenging. CS
and CE majors are among the brightest and hardest-working students on campus; an easier course would be an insul�ng
waste of your �me.

❖❖  Class Resources Class Resources ❖❖

Almost everything—course policies, detailed schedule, lecture notes, lecture videos, homeworks, homework solu�ons,
lab problems, etc.—can be found here. Hey, look! You found it!

There is no required textbook. Lecture notes / book chapters for all lecture topics are available on the schedule page;
Jeff will revise and update these as the semester progresses.

The algorithms por�on of the class largely follows Jeff's Algorithms textbook, which is freely available online. The book
web site also contains lots of addi�onal lecture notes, along with homeworks, lab handouts, and exams (but no
solu�ons) from his past theory classes.

You may also find resources from other Illinois instructors useful:

Fall 2015 offering of CS 374 by Chandra Chekuri and Manoj Prabhakaran

Margaret Fleck's discrete mathema�cs textbook for CS 173 (review material)

Mahesh Viswanathan's automata and formal languages notes for CS 373 (Spring 2013)

Margaret Fleck and Sariel Har-Peled's automata and formal languages notes for CS 373 (Spring 2008 and
Spring 2009)

Recordings of all lectures automa�cally appear on two separate sites (Echo360 and MediaSpace) at most a few hours
a�er each lecture. Streamable and downloadable lecture videos are also available on the schedule page at most a day
a�er each lecture. However, we strongly encourage students to a�end the lectures in person to get the most out of
them.

Both the Echo360 videos and the downloadable videos should be freely available to the public forever; the MediaSpace
videos require university creden�als to access.

Jeff's videos from Spring 2018 are also publicly available.

We will use Gradescope for homework submission and grading (both homeworks and exams). Anyone can sign up for
access to the CS/ECE 374 Gradescope site with any name and any email address, using the self-enrollment code
MKNYRY. We will separately ask you for your Gradescope iden�ty, so that we can map your homework grades to you.

We will use Piazza for online discussions. Anyone can sign up for access to the CS/ECE 374 Piazza site with with any name
and any email address; no access code is required. We strongly encourage pos�ng ques�ons on any course-related topic
to Piazza rather than emailing the course staff. You can even post your ques�ons anonymously. (However, we can only
give you extra credit for helpful posts if you post them using your real name.)

We've collected a long list of other useful resources on a separate page.

**This is solely for example purposes only **

https://courses.engr.illinois.edu/cs374/fa2019/A/index.html
https://courses.engr.illinois.edu/cs173
https://courses.engr.illinois.edu/cs225
https://courses.engr.illinois.edu/cs374/fa2019/A/prereqs.html
https://courses.engr.illinois.edu/cs374/fa2019/A/homework/hw0.pdf
https://cs.illinois.edu/academics/undergraduate/degree-program-options
https://courses.engr.illinois.edu/cs421/
https://courses.engr.illinois.edu/cs473/
https://courses.engr.illinois.edu/cs374/fa2019/A/homework.html
https://courses.engr.illinois.edu/cs374/fa2019/A/grading.html#final
https://courses.engr.illinois.edu/cs374/fa2019/A/index.html
https://courses.engr.illinois.edu/cs374/fa2019/A/lectures.html
http://jeffe.cs.illinois.edu/teaching/algorithms/
http://jeffe.cs.illinois.edu/teaching/algorithms/
https://courses.engr.illinois.edu/cs374/fa2015/lectures.html
http://web.engr.illinois.edu/~mfleck/building-blocks/
https://courses.engr.illinois.edu/cs373/sp2013/
http://sarielhp.org/teach/notes/373/book.pdf
https://echo360.org/section/fcca8d1d-0dc6-4597-b8cd-5e66b72016fa/public
https://mediaspace.illinois.edu/embedplaylist/secure/embed/playlistId/1_xy04qvk6/v2/1/uiConfId/41193391
https://courses.engr.illinois.edu/cs374/fa2019/A/schedule.html
https://echo360.org/section/fcca8d1d-0dc6-4597-b8cd-5e66b72016fa/public
https://courses.engr.illinois.edu/cs374/fa2019/A/schedule.html
https://mediaspace.illinois.edu/embedplaylist/secure/embed/playlistId/1_xy04qvk6/v2/1/uiConfId/41193391
https://echo360.org/section/4d637247-b557-4c53-81ac-6a90afe5ea28/home
http://piazza.com/
http://piazza.com/illinois/fall2019/csece374a
https://courses.engr.illinois.edu/cs374/fa2019/A/resources.html


CS/ECE 374CS/ECE 374: Lecture and Lab Schedule: Lecture and Lab Schedule

The calendar below lists the topics of each lecture and lab sec�on for the semester, with links to relevant lecture notes,
slides, lecture videos, and lab handouts. Topics for future lectures and labs are subject to change; exam dates are not. 
Lecture videos are available at Echo360 site and requires university creden�als to login.

Week Tuesday Lecture Wednesday Lab Thursday Lecture Friday Lab

Aug 28-31

Administrivia and course goals 
Notes on strings 
[sect A: slides1, slides2] [sect B: slides1,
slides2]

String induc�on 
[Jeff's induc�on
notes, Chandra's
addi�onal notes]
[solu�ons]

Languages and regular expressions 
[sec A slides, sect B slides]

Regular
expressions 
[solu�ons]

Sep 4-7
DFAs, product construc�on 
[Automata Tutor] [sec A slides] [sec B
slides] DFA Proofs

DFA
construc�on 
[solu�ons]

Non-determinism, NFAs 
Jeff's NFA notes  
[sec A slides] [sec B slides]

DFA product
construc�on 
[solu�ons]

Sep 11-14

NFAs con�nued, equivalence with
DFAs and regular expressions  
Jeff's NFA notes  
[sec A slides sec B slides]

DFA/NFA
transforma�on 
[solu�ons]

Proving non-regularity via fooling
sets  
[slides] [DFA Proofs][Fooling sets guide]

Proving
nonregularity 
[solu�ons]

Sep 18-21
Context-free languages and
grammars  
[slides: secA, secB]

Context-free
grammars 
[solu�ons]

Turing machines: history, formal
defini�ons, examples, varia�ons 
[slides]

Regular or not? 
[solu�ons]

Sep 25-28
Universal Turing Machine, RAM
simula�on, P  
[UTM slides][complexity slides]

Turing machine
design 
[solu�ons]

SecA Op�onal review for Midterm
1 
Sec B Recursion: Hanoi, mergesort
(see Oct 2 links) 
sec B slides

Op�onal review
for Midterm 1

Midterm 1: Monday, October 1, 7-9:30pm 

Oct 2-5
Sec A: Recursion: Hanoi, mergesort
Sec B: no lecture 
[slides][solving recurrences]

Hint: Binary
search 
[solu�ons]

Divide and conquer: linear-�me
selec�on, Karatsuba mul�plica�on 
[recurrence notes] [slides]

Divide and
conquer 
[solu�ons]

Oct 9-12
Backtracking: independent set,
longest increasing subsequence 
[sec A slides sec B notebook]

Backtracking 
[solu�ons]

Dynamic programming: spli�ng
strings, longest increasing
subsequence  
[slides sec B notebook]

Dynamic
programming 
[solu�ons]

Oct 16-19
More DP: Edit Distance, MIS in
trees  
[slides]

More dynamic
programming 
[solu�ons]

CYK Algorithm, Graphs, basic
search 
[CYK slides, Graph search slides]

Yet even s�ll
more dynamic
programming 
Drop deadline
[solu�ons]

Oct 23-26 Directed graphs, depth-first search 
[slides]

Graph modeling 
[solu�ons]

Catch up lecture 
[Graph notes]

Graph modeling 
[solu�ons]

Oct 30 -
Nov 2

BFS and Shortest Paths 
[slides]

Shortest paths 
[solu�ons]

Shortest Paths with Nega�ve
Lengths via DP  
[slides]

More shortest
paths 
[solu�ons]

Nov 6-9 MST Algorithms 
[Kent's slides], [slides]

MST 
[solu�ons]

Op�onal review for midterm 2
[sec B sketches]

Op�onal review
for Midterm 2

Midterm 2: Monday, November 12, 7-9:30pm 
Conflict exam: Tuesday, Nove 13

Nov 13-16 Greedy algorithms 
[slides]

Greedy 
[solu�ons]

Undecidability: hal�ng problem,
diagonaliza�on, reduc�ons 
[slides]

Undecidability
via reduc�ons 
[solu�ons]

Nov 20-23 Fall break

**This is solely for example purposes only**

https://courses.engr.illinois.edu/cs374/fa2018/index.html
https://echo360.org/
https://courses.engr.illinois.edu/cs374/fa2018/about.html
https://courses.engr.illinois.edu/cs374/fa2018/hw-policies.html
http://jeffe.cs.illinois.edu/teaching/algorithms/notes/models/01-strings.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/01-intro.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/01-strings-languages.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/01-intro-B.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/01-strings-languages-B.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab1.pdf
https://courses.engr.illinois.edu/cs374/sp2018/A/notes/98-induction.pdf
https://courses.engr.illinois.edu/cs374/fa2015/notes/induction-notes.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab1-sol.pdf
https://courses.engr.illinois.edu/cs374/sp2018/A/notes/models/02-regular.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/02-regular-languages.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/02-regular-languages-B.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab1bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab1bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/03-automata.pdf
http://www.automatatutor.com/index
https://courses.engr.illinois.edu/cs374/fa2018/slides/03-dfa.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/03-dfa-B.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/DFAproofs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab2.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab2-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/NFAnotes.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/04-nfa.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/04-nfa.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/04-nfa-B.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab2bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab2bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/NFAnotes.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/04-nfa.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/05-nfa-reg-lang-closure.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/05-nfa-reg-lang-closure-secB.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab3.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab3-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/03-automata.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/06-non-regularity.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/DFAproofs.pdf
https://courses.engr.illinois.edu/cs374/sp2016/notes/fooling_sets_guide_v6.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab3bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab3bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/05-context-free.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/07-cfg.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/07-cfg-secB.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab4.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab4-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/06-turing-machines.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/08-TMs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab4bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab4bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/06-turing-machines.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/UTMs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/complexity.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab5.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab5-sol.pdf
https://courses.engr.illinois.edu/cs374/sp2018/A/exams/midterm1-fodder.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/10-recursion-divide-conquer-secB.pdf
https://courses.engr.illinois.edu/cs374/fa2016/exams/midterm1-fodder.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/01-recursion.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/10-recursion.pdf
http://jeffe.cs.illinois.edu/teaching/algorithms/notes/99-recurrences.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab6.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab6-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/01-recursion.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/99-recurrences.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/11-divide-and-conquer.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab6bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab6bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/02-backtracking.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/12-backtracking-memoization.pdf
https://github.com/nikitaborisov/374-notebooks/blob/master/Backtracking.ipynb
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab7.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab7-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/03-dynprog.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/13-dynamic-prog.pdf
https://github.com/nikitaborisov/374-notebooks/blob/master/DynProg1.ipynb
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab7bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab7bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/03-dynprog.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/14-more-dp.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab8.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab8-sol.pdf
https://en.wikipedia.org/wiki/CYK_algorithm
https://courses.engr.illinois.edu/cs374/fa2018/notes/05-graphs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/cyk.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/15-graphs-search.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab8bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab8bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/06-dfs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/16-dir-graphs-dfs.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab9.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab9-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/graph-notes.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab9bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab9bis-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/08-sssp.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/17-shortest-paths.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab10.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab10-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/08-sssp.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/18-dyn-prog-shortest-paths.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab10bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab10bis-sol.pdf
http://jeffe.cs.illinois.edu/teaching/algorithms/notes/20-mst.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/19-mst-kent.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/19-mst.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab11.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab11-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/mt2-review-sketches.pdf
https://courses.engr.illinois.edu/cs374/sp2018/A/exams/midterm2-fodder.pdf
http://jeffe.cs.illinois.edu/teaching/algorithms/notes/07-greedy.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/20-greedy.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab12.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab12-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/models/07-undecidable.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/Undecidability.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab12bis.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab12bis-sol.pdf


Week Tuesday Lecture Wednesday Lab Thursday Lecture Friday Lab

Nov 27-30 Polynomial �me Reduc�ons 
[slides]

Self Reduc�ons 
[solu�ons]

NP, NP-Completeness, 3SAT to
Independent Set  
[slides][helpful video on P vs NP]

NP-hardness
proofs 
[solu�ons]

Dec 4-7
More NP-hardness reduc�ons: 3-
coloring, Hamiltonian cycle 
[slides]

NP-Hardness,
the final chapter 
[solu�ons]

Undecidability: more reduc�ons,
Rice's theorem 
[slides] 
ICES Forms

Using Rice's
Theorem 
ICES Forms 
[solu�ons]

Dec 11-14 No lecture, review session
Thursday Review for final Review session: 7pm, ECEB 1002

Final exam: Saturday, Dec 15, 1:30-4:30 p.m. 

https://courses.engr.illinois.edu/cs374/fa2018/notes/10-nphard.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/22-poly-time-reductions.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/lab13.pdf
https://courses.engr.illinois.edu/cs374/fa2018/labs/solutions/lab13-sol.pdf
https://courses.engr.illinois.edu/cs374/fa2018/notes/10-nphard.pdf
https://courses.engr.illinois.edu/cs374/fa2018/slides/23-npc.pdf
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