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Announcements

» Good job on the Midterm!

» Make sure that you can solve the problems on paper!
» Summary of grades will be emailed/added to ELMS
» Quiz due on Friday, Lab due on Sunday.

» Watch for more videos about how to do the upcoming problems on
LogicLab...

» Email: You should email your TA first with questions about
extensions, problems with the assignments, etc.
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Fun problems to think about...

Imagine you have been transported to the mysterious “Island of Knights
and Knaves” where every inhabitant is either a knight or a knave. Every
knight always tells the truth and every knave always lies.

You stop for gas and the attendant says, “Either | am a knight or | am
not a knight.” What is he?

Suppose that you see two people A and B. Suppose that A says “Either |
am a knave or B is a knight." What can you conclude?

Suppose that A says “Either | am a knave or 2 + 2 = 5." What can you
conclude?
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Fun problems to think about...

An advertisement for a tennis magazine states, “If I'm not playing tennis,
I'm watching tennis. And if I'm not watching tennis, I'm reading about
tennis.” We can assume that the speaker cannot do more than one of
these activities at a time. What is the speaker doing?
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General Observations

Y1
P2
is valid if, and only if, ((p1 & w2 & -+ & ¢,) — 1) is a tautology.
Pn
LY

¢ and 1) are logically equivalent (i.e., have exactly the same
truth-values) if, and only if, ((¢ — ¥) & (¢ — ¢)) is a tautology.

We often write ¢ > 1) for ((p — V) & (¥ — ¢))
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Logical Equivalences

=
=
=

(¢ V)
(¢ &)
i

(p & (¥ VX))
(p V(¥ &x))
(¢ = (¥ = x))

—p Vi
(o A —)
Y =
(mp & =)
(me V =)

(( )
((p V)& (v VX))
(




Questions

Why are we learning both truth-tables and truth-trees?

Why does LogicLab force you to enter truth-value assignments in the
way that it does?

What's next?
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Questions

Why are we learning both truth-tables and truth-trees?

Why does LogicLab force you to enter truth-value assignments in the
way that it does?

What's next? Deductions
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Arguments

| need to be at UMD by 11am.
Lily needs to be at the bus-stop by 9am.
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Arguments

X

| need to be at UMD by 11am.
Lily needs to be at the bus-stop by 9am.

Ann brought here laptop to first three lectures.
Ann will bring her laptop to today’s lecture.
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Ann will have salad or steak.
Ann will not have steak.
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Arguments

) G

L

X (L1 & Lp) & L3)

L4




Deductions

An advertisement for a tennis magazine states, “If I'm not playing tennis,
I'm watching tennis. And if I'm not watching tennis, I'm reading about
tennis.” We can assume that the speaker cannot do more than one of
these activities at a time. What is the speaker doing?
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Deductions

An advertisement for a tennis magazine states, “If I'm not playing tennis,
I'm watching tennis. And if I'm not watching tennis, I'm reading about
tennis.” We can assume that the speaker cannot do more than one of
these activities at a time. What is the speaker doing?

P =W

-W— R

((PVv W)VR)
(P— (mW & —R))
(R—= (—P & ~W))
(W — (P & —R))
R
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Deductions

Ol i COF R

-P—= W
-W—R
(P— (W & =R))
(R— (—P & —W))
(W — (=P & —R))

Premise
Premise
Premise
Premise

Premise

Goal
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Conjunction Introduction (&)

pl.
p2. ¢

c. (p&v) &l:pl,p2
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Conjunction Introduction (&)

Premise
Premise

Premise
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Conjunction Introduction (&)

= adl > R

A
B

(A& (BV C))
(A& B)

Premise
Premise
Premise

&lI:1,2
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Conjunction Introduction (&)

Ol Bl - B

A
B

(A& (BV C))
(A& B)

(B & A)

Premise
Premise
Premise
&l:1,2
&l1:2,1
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Conjunction Introduction (&)

S C El > IR

A
B

(A& (BV C))
(A& B)

(B & A)
(A& A)

Premise
Premise
Premise
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Conjunction Introduction (&)

S C' El > IRl

A
B

(A& (BV C))
(A& B)

(B & A)
(A& A)

Premise
Premise
Premise
&l:1,2
&l1:2,1
&I:1,1
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Conjunction Introduction (&)

SOESE C Bl > R

A
B

(A& (BV C))

(A& B)

(B & A)

(A& A)

(A& (BV C)) & B)

Premise
Premise
Premise
&l:1,2
&l1:2,1
&lI:1,1
&l:3,2
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Conjunction Introduction (&)

A
B

(A& (B V C))

(A& B)

(B & A)

(A& A)

(A& (BV C)) & B)
(B&A)& (A& A))

2 Bl © KA > Kol >l

Premise
Premise
Premise
&l:1,2
&l1:2,1
&l:1,1
&l:3,2
&I1:5,6
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Example

1. (G—-H) Premise
2. 1 Premise
3. 4] Premise
n. ((I1&-1)&(G—H)) Goal

Eric Pacuit
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Example

Complete the derivation using the
rules provided.

Intro Elim
a8l L & ) anjem)
| SDED TR
B - ~ol
B ) w) -e) )
H =) —a)-w
M v ) ve) )
|- -

Select a rule...

[_APPLY_) [ CLEAR

OGIC & RREISIRS
Eits

Problem Score:

1. (G-H
2. 1
3. -

4 ((&-D&G—HY

Prem
Prem
Prem

Goal

Tutor
The Tutor is not available on this
problem.
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Example

Complete the derivation using the
rules provided.

Intro Elim
Tel C & ) eeL)em)
M v vr) v )
[ ) e
H -D)a) e)ae)
HLC - ) o)
Ml v) a) ve) )
(-] ) )

RulePreview
3
w

@&y

APPLY ) [ CLEAR

OGIC & RREISIES

Problem Score:

1. (G-H
2.1
3. -

(1 &=) & (G = H)

Prem
Prem
Prem

Goal

Message 1 clck here o apen
CONJUNCTION INTRODUCTION
Foruaros: Select any available first
formula; Select any available second
formula; Press APPLY

Backwaros: Select a goal conjunction;
Press APPLY .

Tutor
The Tutor is not available on this
problem.
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Example

0GIC &IEReIsIES Problem Score: ”J
Complete the derivation using the
rules provide: "
Message 1 cick here t apen
1. (G-H) Prem Message 2 clck here o open
2 ’ MISSING SOME PREMISES
a (L) You selected O premises, but 2 should
3. - Prem be selected when applying &.
Need more help? &
4 (&) &(G—HY Goal
Intro Elim
[ C o aeL) ar)
M v v vE
[ O WEE) Tutor
[ENEDNDREI ) The Tutor s not avatlable on ths
= —e) ~) problem.
M v a) ve) )
. R
Select a rule...
[_ ALY ) CLEAR
=

Eric Pacuit
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Example

Complete the derivation using the

rules provided.

W< =]

&)

(ALY ) [ CLEAR

LoGIc 2iPHeIeIea
fitch

(G- H

1 <I>
-J <2>

({(1& =) & (G~ H)

Prem
Prem
Prem

Goal

Problem Score: 1/

Message 1 clck here o open
Message 2 clck here o apen
Message 3 clck here o apen
CONJUNCTION INTRODUCTION
Foruaros: Select any available first
formula; Select any available second
formula; Press APPLY.
Backwaros: Select a goal conjunction;
Press APPLY .

Tutor
The Tutor is not available on this
problem.
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Example

Complete the derivation using the
rules provided.

Intro Elim
lsl C & ) em)ewm)
H Lole) v« )
Bl e
B (2000 (e)e)
[ <~ JH-E)er)
F v ) ve) 3)
Bl - -

Selecta rule...

[_APPLY ) [ CLEAR

LOGIC & RREISIRS

Problem Score:

1. G-H
2. |

3. )

4. (1&-)

5. (1&-)&(C—~H)

Prem
Prem
Prem
&l2,3

Goal

Message 1 clck here o apen
Message 2 clck here o open
Message 3 clck here o apen
CONJUNCTION INTRODUCTION
Forwaros: Select any available first
formula; Select any available second
formula; Press APPLY
Backwaros: Select a goal conjunction;
Press APPLY .

Tutor
The Tutor is not available on this
problem.
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Example

(G — H) Premise
/ Premise
3. —J Premise

5. (1 & —J)& (G — H)) Goal
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Example

Ol Sl COF B

(G — H)

/

-J

(I & —J)

(1 & ~J) & (G = H))

Premise
Premise
Premise
&l1:2,3
Goal
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Example

Ol COF RUUE

(G—H)

/

-J

(I & —J)

(1 & ~J) & (G = H))

Premise
Premise
Premise
&l1:2,3
&l:4,1
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Example

Complete the derivation using the
rules provided.

Intro Elim
) se)am)
i r) e
5 =
o)) o) aE)
M)
i) ) ve) 3)

MECTEEE

OGIC

ZROOFS

Problem Score:

G- H) <>
|

-J

(I & _‘J) <l>

(1 &~ & (G = H)

Prem
Prem
Prem
&l2,3

Goal

Message 2 clck here o apen
Message 3 clck here o open
Message 4 clck here o open
CONJUNCTION INTRODUCTION
Foruaros: Select any available first
formula; Select any available second
formula; Press APPLY .

Backwaros: Select a goal conjunction;

Press APPLY.

Tutor
The Tutor is not available on this
problem.

=t -
a&-)
G-
(&) & (G~ H)
[_APPLY ) [ CLEAR
=l

Eric Pacuit
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Example

rules provided.

Intro
le (&
I vi) i)
B -

B e

=

=
KD

 Selecta rule...

Complete the derivation using the

Elim
en) amm)
&
=
e) )
o) )
ve) )
=

[ Apy ) [ CLear

| LoGIC 2iPReIeIea

Problem Score:

(G- H)

|

-J

(1&-)

(1 &) & (G = H)

¢ 6= & B3

Prem
Prem
Prem
&12,3
&l 4,1

Message 3 click here to apen
Message 4 clck here to apen
Message 5 click here to apen

'YOUVE COMPLETED THE PROBLEM!
You've completed the problem!
To start over, select "Edit: Reset"”

(resetting the proof will not reset your

score for it
Need more help? ©

Tutor

The Tutor is not available on this
problem.

Eric Pacuit
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Conjunction Elimination (&EL, &ER)

pl. (v &) pl.

c. &EL: pl c.

(o &)

Y

&ER: pl

14



Conjunction Elimination (&EL, &ER)

1. (A& (BV CC))& D) Premise
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Conjunction Elimination (&EL, &ER)

1. (A& (BV C))&D) Premise
2. D &ER:1
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Conjunction Elimination (&EL, &ER)

1. (A& (BVvC))&D) Premise
2. D &ER:1
3. (A& (BvV(Q)) &EL:1
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Conjunction Elimination (&EL, &ER)

= bl ™ e

(A& (BV C)) & D) Premise

D
(A& (B V C))
A

&ER:1
&EL:1
&EL:3

Eric Pacuit
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Conjunction Elimination (&EL, &ER)

1. (A& (BV CC))& D) Premise
2. D &ER:1
3. (A&(BVC()) &EL:1
4. A &EL:3
5.

(BV Q) &ER:3

Eric Pacuit



Example

1.
2.

5.

(D & E)
(F & G)

(E&F)

Premise

Premise

Goal
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Example

N =

&1

(D & E)
(F& G)

(E&F)

Premise

Premise

&EL:2

Goal
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Example

Ol ECE - NS

(D & E)
(F& G)

(E&F)

Premise
Premise
&EL:2
&ER:1
Goal
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Example

Ol Eal - N

(D & E)
(F& G)

(E&F)

Premise
Premise
&EL:2
&ER:1
&l1:4,3
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Example

Complete the derivation using the
rules provided.

Intro Elim

C o) e

GOGw v

C-)C =)

) )
ED V)

) ve) )
= —

MEETERE

Select a rule...

| AppLY. CLEAR

jionalR
[ cog o)

[vl Df-J cmv) Dsi) DsR)
[= o= Trans) _Hs) MT)
Bl D] DNE)

GIC & PReIsIES

1. (D&E) Prem
2. (F&G) Prem
3. (E&F) Goal

(__OPEN PROBLEM SET BROWSER

Problem Score: o1

Tutor

The Tutor is not available on this
problem.

Eric Pacuit
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Example

Logic & Proofs _File Edit Tools

View

Complete the derivation using the
rules provided.

BasicRules
Intro Elim

lo o ) (e)(em)

b o) e

BC - C=

[EREDFPRE )

|- e

F v 2) ve) 3)

[_APPLY ) [ CLEAR

AL Additional RUleS

Vo) emJ DsU 058)

Df~) Trans) HS ) MT)
DNiJ DNE)

[ 0<]=]

Problem Score: o1

ZROOFS
1. (D&B
2. (F&Q)
3. (E&P)

Prem
Prem

Goal

(_OPEN PROBLEM SET BROWSER

‘CONJUNCTION ELIMINATION LEFT
Forwagos: Select an available
conjunction; Press APPLY .

Tutor
The Tutor is not available on this
problem.

Eric Pacuit
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Example

Complete the derivation using the
rules provided.

Intro Elim
[ &EL) &ER

GUem e

Select a rule.

[_AprLy ) [ CLEaR

=
2

&

By (o0 (7rans

(i
o
=
=

LOGIC & RREISIRS

Problem Score: o1

1. (D&E)
2. (F&Q)

3. (E&P

Prem
Prem

Goal

(_OPEN PROBLEM SET BROWSER )

Message 1 clck here o apen

No GOAL SELECTED

The rule GEL can't be applied when a
goal has been selected. &L can only
be applied forwards.

Need more help? @

Tutor

The Tutor is not available on this
problem.

Eric Pacuit
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Example

Complete the derivation using the
rules provided

Elim

(ee) Ceer)
vE )

[ -E

£ 13)]

L) ~ER)

vE)_3E
=€
F&G)
F

(_AprLY ) [ CLEAR

| LoGIC ZIRHeIsIEa

Problem Score:

1. (D&
2. (F&©Q) <

(E&F)

Prem
Prem

Goal

Message 1 click here o open
Message 2 click here © open
CONJUNCTION ELIMINATION LEFT
Forwaros: Select an available
conjunction; Press APPLY .

Tutor

‘The Tutor is not available on this
problem.

Eric Pacuit
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Example

~ Complete the derivation using the
rules provided.

Intro Elim
o o ) lee)em)
W Golw) e )
HC - 00—
o) ) -E) wE)

= ) -e)em)
i) ) ve) )
)

Selecta rule...

[_ApPLY ) [ CLeAR

|LOGIC &IRHeIs]Rs

Problem Score: 171

(D&E)
(F&Q)
r
E
(E&F)

[CRFSIITRAINEr=

Prem
Prem
&EL 2
&ER 1
&l 4,3

(_OPEN PROBLEM SET BROWSER

Message 3 clck here o apen
Message 4 clck here o apen
Message 5 clck here o open
'YOUVE COMPLETED THE PROBLEM!
You've completed the problem!
To start over, select "Edit: Reset"
(resetting the proof will not reset your
score for it
Need more help? &

Tutor
The Tutor is not available on this
problem.
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Conditional Elimination (— E)

pl.
p2. (¢ =)

—E:pl, p2

Eric Pacuit
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Example

Complete the derivation using the
rules provided.

Intro Elim
Te] C & ) i) em)
M r) e )
HC - ) -
H 1) a) e)aE)
— ) i) -w)
) 3 ) ve) )
- - -

Select a rule.

[ Ay ) [ Clear

OGIC & RREIsIES

(P~ (P-9)
3

Q

Prem
Prem
Prem

Goal

@ cmg) Dew)
[v or=) ) Dsi) pse)
Ll lof-g an s ) wT)
1=l DN De)
F v ) o) 1)

__OPEN PROBLEM SET BROWSER

Problem Score: o0/1
Messages
Tutor

The Tutor is ot available on this
problem.

Eric Pacuit
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Example

rules provided.

Intro
ol \’L&li
v Qa(vr)

[« =
= NED )]
[~ -l

¢ DD
- 4

(@ =y

.

i

Complete the derivation using the

Elim

&EL) &ER)
T
C-=>)
—€) ae)
—o) -w)
_vE) 3E)

=

OGIC & RREISIES

1. (P&Q)—~(P—5)
2. P

3. Q

4. (P&Q)

5. S

Prem
Prem
Prem
&l2,3

Goal

EAraaEC

(_OPEN PROBLEM SET BROWSER

Problem Score: o1

Message 2 click here to open
Message 3 click here to apen

Message 4 click here t apen
CONDITIONAL ELIMINATION
ANTECEDENT AvAlLABLE Select an
available conditional; Select its
antecedent; Press APPLY .
ANTECEDENT NoT AvAILABLE: Select an
available conditional; Press APPLY

Tutor
The Tutor is not available on this
problem

Eric Pacuit
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Example

Complete the derivation using the
rules provided.

< =

P&~ P~ 5)
P&Q

®-9

[_APPLY ) [ CLEAR

Iel Cmg) DeM)
[vl Df=) cmv) Dsi) DsR)
[=| o= Trans) HS) MT)

5 D) DNEJ
M v-) 3m) v 1)

Eitch

PREISIRS

(PaQ) = (P=5) &
P

Q

(P&Q) <I>

Prem
Prem
Prem
&l2,3

Goal

(__OPEN PROBLEM SET BROWSER

Problem Score: o/1

| Message 4 click here t apen

Message 5 clck here to open
Message 6 click here to open
CONDITIONAL ELIMINATION
ANTECEDENT AVAILABLE Select an
available conditional; Select its
antecedent; Press APPLY
Anteceoent No AvaiLasie: Select an
available conditional; Press APPLY.

Tutor
The Tutor is not available on this
problem.

Eric Pacuit
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Example

Complete the derivation using the
rules provided.

< =

Select a rule...

[_APPLY ) [ CLEAR

Iel Cmg) DeM)
[vl Df=) cmv) Dsi) DsR)
[= =g ) s wT)
5 D) DNEJ
A o)) o) 1)

PREISIRS

Eitch

1. (P&Q)—(P—9)
2. P

3. Q

4. (P&Q

5. (PoS)

6. S

Prem
Prem
Prem
&l2,3
—EL14

Goal

(__OPEN PROBLEM SET BROWSER

Problem Score: o/1

| Message 5 click here t apen

Message 6 clck here o apen
Message 7 clck here o apen
PREMISES SELECTED IN REVERSE ORDER
You selected the premises for this
application of ~E in the opposite order
from what was expected, but they do
represent a correct application.

Need more help? &

Tutor
The Tutor is not available on this
problem.

Eric Pacuit
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Example

Complete the deri
rules provided

ion using the

Intro Elim
[e] C & ) se)se)
HC= D C-e_
B ) u) -e) sE)
B ~ ) (—B)—e)
M _vi)_3) _ve) )
[ .

Select a rule...

[_APPLY ) [ CLEAR

~All Additional Rufes
[a Cmé) DeM

[¥l Di=) ) Ds1) DsR)
[ or-g) o) _bs) wT)
I~ _onJ one)

M ) 3n) o) sy

[LoGIC 2iPHeIeIea
_Fitch

1. (P&Q)~(P—S)
2. p

3. Q

4. (P&Q)

5. (P9

6. S

Prem
Prem
Prem
&l2,3
—-ELl 4
—ES5,2

(__OPEN PROBLEM SET BROWSER

Problem Score: 1/t

Message 7 clck here o apen
Message 8 clck here o apen

Message 9 click here o apen
'YOUVE COMPLETED THE PROBLEM!

You've completed the problemt

To start over, select "Edit: Reset”
(resetting the proof will not reset your
score for i,

Need more help? &

Tutor
The Tutor is not available on this
problem.

Eric Pacuit
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