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Questions for practical test

The practical test contains questions only from this document.
Table of content:

• Zero-order syntax: formula, abbrevation, immediate subformula, set of sub-
formula, logical degree, scope, main logical connective,

• Zero-order semantics: interpretation, formula valuation, tautology, contra-
diction, equivalance, logical consequence,

• First-order syntax: formula, term, abbrevation, immediate subformula, set
of subformula, logical degree, scope, main logical connective, immediate
subterm, set of subterms, functional degree, boundings, clean formula

• First-order semantics: interpretation, formula valuation, term valuation.
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Zero-order syntax

Which one is a formula (but not an abbreviation)?

1.  

2. Y

3. ppX ^ Y q _ Zq

4. pX ^ Y q _ Z

5.  pX _ Y

6.  X _ Y qq

7. pX _ ZY q

8. pX _ Z ^ Y q

9. p Xq

10.  pXq

11. X Ą  pY ^ Zq

12. pX Ą _ZY q

13. pp X Ą Y q Ą  pX _ Zqq

14. pX Ą Z Ą Y q

15.  pX _ Y Ą   Zq
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Zero-order syntax

Put back the parentheses!

1.  X _  Y

2. Y Ą X ^ Z

3.   X ^ Y Ą Z

4.  p X ^ Y q Ą Z

5. X ^ Y Ą Z

6. X Ą  Y ^ Z

7. X Ą pY ^ Xq _ Y

8.  X _ Y Ą  Y ^ Z

Remove as much patrentheses as possible from the following formulas!

1. ppX ^ Y q Ą Zq

2. pX ^ pY Ą Zqq

3. p  X ^ pY Ą Zqq

4.   ppX ^ Y q Ą Zq

5. p pX ^ Y q Ą pZ _ Xqq

6. p pX Ą  Y q ^ pZ _ Xqq
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Zero-order syntax

Determine the following properties!

(a) Logical degree,

(b) immediate subformulas,

(c) set of subformulsa,

(d) main logical connective.

1. X

2.   X

3. X _X

4.  X _ Y

5. X _ Y Ą Z

6.  pX _ Y q

7. p pX ^ Y q Ą pZ _ Xqq

8.  pX Ą Y _ Zq ^  Y Ą Z

9.  p  X Ą Y _  Zq

10.  X ^X Ą Y

11. p  X ^ pY Ą Zqq

12.   ppX ^ Y q Ą Zq



5 / 19

Logic in Computer Science 2012 – Questions for practical test

Kádek Tamás, Farshad Badie University of Debrecen 2012.

Zero-order semantics

Evaluate the expressions!

(a) I1pXq “ true, I1pY q “ false, I1pZq “ false, I1pW q “ false

1. | pX ^ Zq Ą Y |I1

2. | pX Ą  Y q Ą  pY Ą Zq |I1

3. | pX _ Y q ^  pY Ą Zq |I1

4. | pX _ Y Ą  Zq Ą  Y ^ Z|I1

5. | pX Ą  Y q Ą  pY Ą Zq |I1

6. | p pX Ą Y _Zq ^W Ą Zq|I1

7. | pX ^ Y q Ą Z _ X|I1

8. | X ^ Z Ą Y _ W |I1

9. |p X ^ Z Ą Y q _  W |I1

10. |  ppX ^ Y q Ą Zq|I1
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Zero-order semantics

Evaluate the expressions!

(b) I2pXq “ false, I2pY q “ false, I2pZq “ true, I2pW q “ false

1. | pX ^ Zq Ą Y |I2

2. | pX Ą  Y q Ą  pY Ą Zq |I2

3. | pX _ Y q ^  pY Ą Zq |I2

4. | pX _ Y Ą  Zq Ą  Y ^ Z|I2

5. | pX Ą  Y q Ą  pY Ą Zq |I2

6. | p pX Ą Y _Zq ^W Ą Zq|I2

7. | pX ^ Y q Ą Z _ X|I2

8. | X ^ Z Ą Y _ W |I2

9. |p X ^ Z Ą Y q _  W |I2

10. |  ppX ^ Y q Ą Zq|I2
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Zero-order semantics

Construct an interpretation (if possible) which satisfies the followings!

1. | pY _ Z Ą X _ Zq|I1 “ true

2. |X Ą Y _Z|I2 “ true; | p X _ Y q |I2 “ true; |Z Ą U _Y |I2 “ true

3. | pX ^ Y Ą Zq |I3 “ true; | U Ą  Z|I3 “ true; |Y Ą  U |I3 “ true

Proove or disprove that the following formulas are tautologies or contradictions!

1.  X ^ Y Ą pX _ Y q

2.  pX Ą Y q Ą  pX ^ Y q

3.  pX Ą  Y q ^ p Z Ą Y q

4.  pX ^ pY ^ pZ _ Xqqq

5.  X Ą pY Ą pZ Ą  Xqq

6. X Ą pY Ą pZ Ą  Xqq
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Zero-order semantics

Proove or disprove, that the following formulas are logically equivalent!

1. pX _ Y q ^X ?
„0 X

2. pX ^ Y q _X ?
„0 X

3. X _ Y Ą Z
?
„0 p X ^ Y q _ Z

4. pX Ą Y q Ą Z
?
„0 pY Ą Xq Ą Z

5. X Ą pY Ą Zq
?
„0 X Ą pZ Ą Y q

6. X Ą pY Ą Zq
?
„0 pX Ą Y q Ą Z

7. X _ Y Ą Z
?
„0 Z _ Y Ą X

8. pX Ą Y q _ pZ ĄW q
?
„0  pX ^ Zq _  p Y ^ W q
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Zero-order semantics

1. Proove or disprove, that the K Ą X formula is a logical consequence of
the formulas below!

pX _ Y q ^ pZ ĄW q

 pY _ Z Ą X _ Uq

2. Proove or disprove, that the  W Ą Z formula is a logical consequence of
the formulas below!

pX _ Y q ^ pZ ĄW q

 pY _ Z Ą X _ Uq
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First order syntax

Underline the π1 type terms of the L1 language!

L1 “ 〈tπ1u , tP,Q,Ru , tf, gu , tcu〉

• x, y, z, . . . are π1 type variables

• ν1pP q “ pπ1q, ν1pQq “ pπ1, π1q, ν1pRq “ pπ1, π1q

• ν2pfq “ pπ1, π1q, ν2pgq “ pπ1, π1q

• ν3pcq “ pπ1q

1. c

2. x

3. F pxq

4. fpc, xq

5. cpxq

6. fpcq

7. fpgpxqq

8. fpgpx, yq, zq

9. P pxq

10. Qpxq

11.  fpcq

12. gpc, fpxqq
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First order syntax

Underline the formulas of the L1 language!

L1 “ 〈tπ1u , tP,Q,Ru , tf, gu , tcu〉

• x, y, z, . . . are π1 type variables

• ν1pP q “ pπ1q, ν1pQq “ pπ1, π1q, ν1pRq “ pπ1, π1q

• ν2pfq “ pπ1, π1q, ν2pgq “ pπ1, π1q

• ν3pcq “ pπ1q

1. P pcq

2. Qpxq

3.  P p fpxqq

4. Rpfpxq, gpxqq

5. Dxfpxq

6. @ P pxq ^ fpxq

7. DcRpfpcq, yq

8.  DxRpP pcq, fpxqq

9. P pxq Ą DxQpx, xq

10. DfpxqP pfpxqq

11.  fpcq ^ @yQpy, yq

12. P px^ yq
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First order syntax

Let P,Q,R, . . . predicate symbol, f, g, h, . . . function symbol, a, b, c, . . . constant
symbol and x, y, z, . . . variables of a first order language!

• Specify the functional degree of the terms and logical degrees of the for-
mulas,

• specify the immediate sub expressions!

1. P pxq _Qpx, yq Ą P pfpxqq ^Qpfpxq, yq

2. @xpP pxq _Qpx, yq Ą P pxq ^Qpx, yqq

3. fpgpx, yqq

4. gpfpxq, fpxqq

5.  P pgpfpxq, fpxqqq
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First order syntax

Clean the formulas!

1. @x@ypQpx, yq Ą  Qpy, xqq

2. @xpP pxq _Qpx, cqq Ą Dx Qpx, cq

3. @x@ypP pxq ^Qpy, xq Ą  P pyqq

4. Qpx, fpxqq ^  Qpy, fpyqq

5. @xDyQpy, xq ^  Dy@xQpy, xq

6.  @x@ypQpx, yq Ą  Qpy, xqq

7.  p@xpP pxq _Qpx, cqq Ą Dx Qpx, cqq

8. DxDy pP pxq ^Qpy, xq Ą  P pyqq

9. @xDyQpy, xq _  Dy@xQpy, xq
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First-order semantics

Evaluate the expression: |@xpQpfpxq, yq Ą  Qpx, fpyqqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3
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First-order semantics

Evaluate the expression: |DypQpfpcq, yq Ą  Qpc, fpyqqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3
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First-order semantics

Evaluate the expression: |DxP pxq Ą @x Qpx, fpxqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3
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First-order semantics

Evaluate the expression: |@xDy Qpx, fpyqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3
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First-order semantics

Evaluate the expression: |Dx@y Qpx, fpyqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3



19 / 19

Logic in Computer Science 2012 – Questions for practical test

Kádek Tamás, Farshad Badie University of Debrecen 2012.

First-order semantics

Evaluate the expression: |@x@ypQpx, fpyqq _Qpfpyq, xqq|I,κ

L “ 〈tπu , tP,Qu , tf, gu , tcu〉

• x, y, z, . . . are π type variables

• ν1pP q “ pπq, ν1pQq “ pπ, πq

• ν2pfq “ pπ, πq, ν2pgq “ pπ, π, πq

• ν3pcq “ pπq

I “ 〈ISrt, IPr, IFn, ICnst〉

• ISrtpπq “ t1, 2, 3, 4u

• IPrpP q “ P I , IPrpQq “ QI

• IFnpfq “ fI , IFnpgq “ gI

• ICnstpcq “ 2

fI
pαq = 5´ α

gIpα, βq = |α´ β| ` 1

P I
pαq =

"

true if α “ 1 or α “ 4
false othervise

QI
pα, βq =

"

true if α ą β
false othervise

κpxq “ 1, κpyq “ 3


