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EXERCISE 19:
Describe a BCSS machine (oVRmwithout constants) computing,

a) givenA, B € R94, someC € R4*4 with rangéC) = rangéA) \ rang€B).
c) givenA € R99, someC € R9*4 with rangéC) = —rangéA).
b) givenA, B € R9*9, someC € RY*9 with rangéC) = rangéA) ArangéB).

What is the asymptotic running time? Can we replRosith C ?

EXERCI SE 22:

a) Suppos® :V — W is an isomorphism of vector spaces and abbrewdtd := {¢(U) : U e
U}. Show thath[X VY] = ¢[X]Vo[Y] anddp[X AY] = d[X] Ad[Y] for all X,Y € Gr(V).

b) Supposé is in addition an isometry of inner product spaces. Showd¢faX] = —~¢[X].
c) Everytermt(Xy,...,X,) can be written as(Xy, ..., Xy, X1, ..., Xy) for a lattice termns.

d) Prove: Ift is strongly satisfiable over Gf ) and over G{W), thent is also strongly satisfiable
over Gi(V x W). If t is weakly satisfiable over @) andV is a subspace &, thent is also
weakly satisfiable over GW).  Hint: ty (X1, ...,X) = tw(X1,..., %) NV for x,..., X, € Gr(V).

e) Show thakV -y = 1for x,y € Gr(V) implies dimx) > dim(y).

f) Conclude that the following terning of length O(d?) is strongly satisfiable over @)
iff d|dim(V):

(VLX) & (A2iv%) A (AL 05V, %))
and any satisfying assignment ..., x, € Gr(V) has dinfx;) = ... = dim(x,) = dim(V) /d.

g) Verify thatD; := F& andDg := —[F (& + ...+ &) constitute al—diamondsee the script).
Prove that angl—-diamondDg, Dy, . ..,Dg has din{V) —dim(Dg) = dim(D1) = ... =dim(Dq) =
dim(V)/d and weakly satisfies the following tergq(Zo, Z1, - ..,Z4) = 94(2):

d
“Zon N\, (20V9uj(D)), where gy (Z):=Z AN,



