
























































CS 245 TUT 103
TA name JohnHunn Smith
email j47smith uwaterloo.ca

website jhs1337 github.io cs245sp26
Willhave thesenotes extraprobs etc

Time Place Congrats youmade it Fridays 2 30 330
MC 4042

NOTES:

• Typed solutions to these problems will be posted soon after all TUT sections are 

done.



UNSOLICITED ADVICE:

• ***Ask questions!

• Get help early on understanding concepts— don’t wait.

• Do exercises—start simple, work up in difficulty.

◦Sources: 

◦Lecture slide extra problems, 

◦Lecture slide unproven theorems

◦Tutorial problems (REDO!)

◦Problems / theorems in Lu Zhongwan’s book (it’s a good book!)

◦Problems you think of

◦Problems people tell you

◦…




























































































Review

sigmaleftpqrp1p2p3ldotsnegVwedgerightarrowleftrightarrowleftrightright

connectivespropositionalvariables

sigmans1s2ldotssnsiinsigma for all

sigman0inftysigman
Lpleftsigmaright strings in sigma formed from finite of
applications of rules

1 prop vers inLpleftsigmaright
2 for every varphiinLpleftsigmaright 74 is also in Lpleftsigmaright
3 varphipsiinLpleftsigmaright

leftvarphisimpsirightleftvarphiveepsiright 1 leftvarphirightarrowpsiright I leftvarphileftrightarrowpsiright are also in Lpleftsigmaright

































































syntaxsemanticsVS

Treat strings as
meaningless symbols

Strings are assigned
meaning

Manipulate according to
grammatical rules

Manipulations have logical TIF

content.QWhy is this destruction useful
A

Problems

Because it:

• Allows one to reuse the same argument in different contexts.

◦Different mathematical models satisfying the same axiomatic theory.


• Gives a descriptive language for logical thought.

• Allows one to prove/disprove that an argument itself is sound, separate from 

the things you are reasoning about.

• Allows logic to be treated mechanically.

◦Computers are good at syntax, but bad at semantics; humans are okay 

at syntax, good at semantics. 

For this tutorial, all problems are taken from the Fall 2025 edition of the course, 
taught by Prof.’s Stephen Watt and Lila Kari. All rights go to them for the problems.































































































81

1 a See above

b p leftpwedgeqright 1 negnegleftp1wedgeleftp2rightarrowp3rightright
L leftpwedgerightleftnegp3right leftp1wedgep2wedgep3rightvarphi i

DeltaDelta

2 a

b One can check exhaustively to see

thatand

are the only other parse trees

C Recall negwedgevee So this one y
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Recall how proofs by structural induction work
It holds for each base case i e YE

Pleftvarphirightholds forallvarphif Atom leftLpleftsigmarightright
It holds for each inductive case i

e.NTS:if

varphinegpsi or varphipsiDeta for some Dinleftwedgeveeleftrightarrowrightarrowright then

PleftpsirightRightarrowPleftvarphiright or PleftpsirightPleft3rightRightarrowPleftpsiDelta3right
Pf






























































































varphiinLpleftsigmaright is d

tautology if for any truth val v vleftvarphirightT
satisfiable if thereexists a sit

contradiction if thee doesn'texist a upsilon

1 a Satisfiable let t be pt0NOT HI satisfiable
NOT tautology becausept1 mean leftprightarrownegprightt0

Altily look rows of truth table
Each one corresponds to a truth valuation

b
Satisfiable
NOTtontology
NOT HI satisfiable

satisfiable
NOTcontr sat
NOT a tout

c

First, recall the definitions of these three notions:
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Tautology vleftvarphiright1 V
Satis taut
NOT contr satis
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