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(x;Fx v (2 x)-Fx Fealtd ,b‘ﬁ radus TOR F-\'\G'T o v =F
A x)Fx ek Ivv(u:,‘(t.a\-l\r( W Conxt rffv“ Y
(x) (Fx v = Fx)  voulil
() Fx v (x)-Fx
~(x)Px v = (x)-Fx
~(x)Fx * (xFx
(x) (Px + ~Fx)
(A x)(Fx +* ~Fx)
-(Fa &4 -Fa)
¢ (MFx > Ta /w % 16 T Thee a3 =)
11. Fa + (x)Fx
12. Fa & =(3 x)Fx CO!\‘\"\A’&QN\,"\' E\ ot Ghwinn B bt Co LTLW\0
13. Pa v -(3x}Fx ConwSt
14, (x)(Fx =>Gx) cnwfs‘..%gvd
15. (Rx)(-Fx & ~62) (An~\AQONT
16. (x)(¥x v Cx) & 5:) (-h v -Gx) Co T waun‘r
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~17. ((EFxv ~Cx) v (P S Gx)) conmiraenct

18, (B0)(fx & Gx) & ~(3x)6x
19, ((AX'x & (I2)6x) * (3Ax) (Px & Cx)
20, (2x)(Fx & 6x) v (3x)-Fx v (Ix)(Fx & -Gx)

‘21, (Rx)(Fx & -0x) & (A=) (Cx & -Px) & (I x)(-Px & -6X)

27, (2 (Px & 6x) v (Fx)(-Fx & Ox) v (x)-Cx

(For part B, do not give an j org' that assigns to 'ﬂz' either
the awpty relation that contains no elesent ox the rdutbn%’xz’ that
contuins ne slement every orderad pir{m, n > of objects = and n D)

23, (x)-Hxx D Ry (el
26.  (x)(y)(dxy + Hyx) . \
25 (2)((y) Hxy + Hxx) (cm-h M "\ St X

26. (x)(Axx + (y) Hxy)

27. (0)(3y) Bxy & () (Ax)-Hxy

28, (Ax)(y) Hxy & (Ry)(x)-Hxy

29. @ (=(FANBxy v (Iy) Byx)

30. (x)((3y)-8xy v (3 y)Bxy)

3. (3 x) ((y)-Hxy v (y)Exy)

32.  (x)(y)(Bxy + -Hyx) § (x)(3y)Exy

33, (x)(y)(z) ((Hxy & Hyz) = Hxz) & (x){-Hxx & (Fy)Hxy)
4. (x)(y)(Bxy ~ Hyx) ~ (x)(y) (Byx < Bxy)
25, (x)(y)(2){Hxy = ~Hyz)

8. (Fx)(y) (Bxy =+ -Hxx)

37, (x)(3y)(z) (Axz « Hxy)
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Validicy, Unsatisfisbility, Contingency

Exercise

A. For ecaca L ~sentence ¢ below indicate whether it is valid (V),

1
’

B.

—unsatisfiable (U}, or contingent (C).

1f ¢ is contingent, show this by gilving a trim mtorprguuonytor
which 1t 18 J -true and a trim interprecation J' for which

it is g‘-flloe. Eicher use notions from daily life or use

one of the domains D -{1.2....} 3

If ¢ is valid, show this by reasoning about coe complete inter- ()GBM
pretation j in =& way which is typicel, i.:., equally applicable to an é’m'
any other complete {nterpretation. (It mey be helpful to imagite o, UQ\‘B
—for anJ with & small doutn% ’ cccu.lly draw the reduction tree for ;
(] und.rat this is anzlogous to what we do in geomerry where in »«()
reasoning about triangles in gensral we often fmesgine or draw s oS
particular one.) For the JJ being considered f£ind an apprepriate ral w
distinction of cases go that the different cases together exhaust
all péssibilities and so that for each of these different cssos S
you can show that the .& -gentence (which is at the root of
the reduction tree) is _J-true. It is importan: that the case
;lhtinction and the reasoning in each case work equally well for
any other complete intsrpretationm.

If ¢ is unsatisfiable, proceed as in C, except that for each of the
cases distinguished you show that ¢ is 7 -false.

Su, tions.

a. Sometimes the ctask at hand can be rq;lncod by one that is simpler. ewy:-
For example, one mey find an < -sentence § thst is simpler than \ e
thootrmnau ¢ that is given and that is logically equivalent



c.

dl

o
( Il S

to Q//Instead of finding an J under uhich ¢ is true, it thea ( Y€ 0
guffices to find an \7 under which ¢ is ttue;’/'uno. one may find an @'&

~sentence x that is simpler than -4 and log
to -¢. inscead of finding an J ' under which ¢ is false, Lt then
suffices to find an J ' under which x is true.
There is probably no substitute for having intuitions on what an
L-oentence “says'. Sometimes these can be developed or streagthened -/
by translating theo{’, -sentence into "quasi-English". For example,
'(x) (FA—)Gx)' thus tranalates into: All F's are G's. Also,
') ((Fy)Hyx + (z)Hxz)' becomes: For evarfthing (it is that case that)
if logo_géng is H-related to it then it is H-related to everything. \

ically equivalent

There are various other crutches for intuition., Circles have often
bean used to represent sets that are associated with l-ary predicates.
For an ordered pair (n.n} the following has sometimen been usegd:

;—’.:’l A binary relation can then be represented by certain points
together with certain arrows between them,

Y Teviile, © Suwy \o»a_ o suvall YVoumerig
Under B, if ooncdb/- <1,2,...> 18 used, it will save time to employ
a -uﬁf Some times. 0= <1> will do. At other times it won't,
htﬁ/. {1,2} will suffice. There are a few cases, however, where
nothing smaller ¢ = <1,2,3> will work, and there is one case
where one needs an infinite - {1;25a0np B0 1005 )s



