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E 1.

Let L ⊆ Zn be a lattice. We define

I (L) :=< xc+yc− − xc−yc+ : c ∈ L > .

Show that a binomial of the formxc+yc− − xc−yc+ is contained in every generating
set ofI (L) (i.e., it is a minimal generator) if and only ifc is ML-primitive.

E 2.

Let L ⊆ Zn be a lattice. Show that

(1) ML is the quotient of the freeS-module on the generators{eu : u ∈ L} by
the submodule generated byxw−ev+w − xw+ev = 0 (for v,w ∈ L).

(2) ML ¾ S[L]/ < xu − xvzu−v : u, v ∈ Nn,u− v ∈ L >.

E 3.

Let L is the kernel of the map (1,1,1). Draw a (schematic) picture ofML and
hull(ML). Which (and how many) faces are identified under the action ofL?
Calculate aZ3/L-graded free resolution ofS/IL as in the lecture.

Bonuspoint:Try to draw a picture for the Laurent monomial moduleM′ generated
by the set< xuyvzw : u+ v+w = 0, not all three coordinates of (u, v,w) even}. If
possible, find a cellular minimal free resolution ofM′ overk[x, y, z].

E 4.

Let L be the kernel of the matrix

(

3 2 1 0
0 1 2 3

)

. Calculate (if possible) the hull

resolution ofML and show that it is minimal. Calculate for representative faces
their labels inZ4 and inZ4/L ¾ Z2.


