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A Question Posed by Schubert

Given 4 generic lines in space, how many lines intersect all 47
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.

@ Replace a line in 3-space by a plane through the origin in 4-space.
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.
@ Replace a line in 3-space by a plane through the origin in 4-space.

@ Move to complex planes in C*.

Gr(2,4) = {2-dimensional vector spaces in C*.}
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.
@ Replace a line in 3-space by a plane through the origin in 4-space.

@ Move to complex planes in C*.

Gr(2,4) = {2-dimensional vector spaces in C*.}

@ Each line we started with is a point in Gr(2,4).
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.
@ Replace a line in 3-space by a plane through the origin in 4-space.

@ Move to complex planes in C*.

Gr(2,4) = {2-dimensional vector spaces in C*.}

Each line we started with is a point in Gr(2,4).

o Let X; be the set of planes in C* that intersect the ith red line. Then
Xi C Gr(2,4).
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Rephrasing with complex geometry

The question can be phrased as an intersection of algebraic varieties.
@ Replace a line in 3-space by a plane through the origin in 4-space.

@ Move to complex planes in C*.

Gr(2,4) = {2-dimensional vector spaces in C*.}

@ Each line we started with is a point in Gr(2,4).

o Let X; be the set of planes in C* that intersect the ith red line. Then
Xi C Gr(2,4).

@ Our question is answered by the number of points in

X1 NXoN Xz3N Xg.
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Flags (type A)
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|
Flags (type A)

Definition

A flag on C" is a sequence of vector spaces with increasing dimensions:
ocvicVocC---CC”,

with dimg Vi = i.

[T etel e [T R SIS T7- NV P MUANVI TSl Some equivariant combinatorics of flag manifc November 10, 2018 6 /31




|
Flags (type A)

Definition

A flag on C" is a sequence of vector spaces with increasing dimensions:

ocvicWwc-.-cCm,

with dim¢ V; = i. The flag manifold FI(n,C) is the collection of all flags.
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|
Flags (type A)

Definition

A flag on C" is a sequence of vector spaces with increasing dimensions:

ocvicWw,c...cC”

with dim¢ V; = i. The flag manifold FI(n,C) is the collection of all flags.

v

Flags of type A are also realized as G/(n,C)/B, where B consists of upper
triangular matrices.
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|
Flags (type A)

Definition

A flag on C" is a sequence of vector spaces with increasing dimensions:

ocvicWw,c...cC”

with dim¢ V; = i. The flag manifold F/(n, C) is the collection of all flags.

Flags of type A are also realized as G/(n,C)/B, where B consists of upper
triangular matrices.

More generally, for G a complex reductive Lie group and B a Borel
subgroup, G/B is called a flag variety. Note it has a complex structure
coming from G itself. We will also pick T C B a maximal torus in B. For
G = GI(n,C) and B upper triangular matrices, T consists of diagonal
matrices with non-zero entries along the diagonal.
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Schubert varieties

Let W := N(T)/T, the normalizer of the torus mod the torus. This is a
finite group (and isomoprhic to S, for GI(n,C).) Schubert varieties are

defined by
X" = BwB/B,

for each w € W.
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Schubert varieties

Let W := N(T)/T, the normalizer of the torus mod the torus. This is a
finite group (and isomoprhic to S, for GI(n,C).) Schubert varieties are
defined by

X" = BwB/B,
for each w € W. Similarly, there are varieties X,, := B_wB/B where B_
consists of lower triangular matrices (or an opposite Borel).
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Schubert varieties

Let W := N(T)/T, the normalizer of the torus mod the torus. This is a
finite group (and isomoprhic to S, for GI(n,C).) Schubert varieties are
defined by

X" = BwB/B,

for each w € W. Similarly, there are varieties X,, := B_wB/B where B_
consists of lower triangular matrices (or an opposite Borel).

Schubert calculus is the study of intersection properties some special
subvarieties of FI(n,C). . Specifically,

o = Xu] N [X] N [XY]

is nonnegative integer if the varieties are the right dimension.
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Schubert varieties

Let W := N(T)/T, the normalizer of the torus mod the torus. This is a
finite group (and isomoprhic to S, for GI(n,C).) Schubert varieties are
defined by

X" = BwB/B,

for each w € W. Similarly, there are varieties X,, := B_wB/B where B_
consists of lower triangular matrices (or an opposite Borel).

Schubert calculus is the study of intersection properties some special
subvarieties of FI(n,C). . Specifically,

o = Xu] N [X] N [XY]

is nonnegative integer if the varieties are the right dimension. So how can
we count it?
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A group action on Fl(n,C)
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|
A group action on Fl(n,C)

Let C"=Cy ®--- ® C, be given by a choice of basis. For
T = S x ... x S!, consider the action of T on C" given by

(917 ’en) . (Zl’.. . 7Zn) = (elelzl’ ’eienzn)‘

Note that each summand is an eigenspace of the action.
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A group action on Fl(n,C)

Let C"=Cy ®--- ® C, be given by a choice of basis. For
T = S x ... x S!, consider the action of T on C" given by

(917 o aen) : (Zla e 7Zn) = (619121’ Ty el@,,zn)‘
Note that each summand is an eigenspace of the action.

@ For V a vector space, T - V is a vector space of the same dimension.
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|
A group action on Fl(n,C)

Let C"=Cy ®--- ® C, be given by a choice of basis. For

T =2 St x ... x S, consider the action of T on C” given by
(917 e aen) : (Zla e 7Zn) — (eielzla T, eienzn)-

Note that each summand is an eigenspace of the action.

@ For V a vector space, T - V is a vector space of the same dimension.
olf VCW,thenT-VCT-W.
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A group action on Fl(n,C)
Let C"=Cy ®--- ® C, be given by a choice of basis. For
T =2 St x ... x S, consider the action of T on C” given by
01, ,0p) (21, ,zn) = (%2, €% z,).
Note that each summand is an eigenspace of the action.

@ For V a vector space, T - V is a vector space of the same dimension.
olf VCW,thenT-VCT-W.
@ Therefore, T acts on Fl(n,C).
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A group action on Fl(n,C)

Let C"=Cy ®--- ® C, be given by a choice of basis. For
T = S x ... x S!, consider the action of T on C" given by

(917 ’en) . (Zl’.. . 7Zn) = (elglzl’ ’eienzn)‘

Note that each summand is an eigenspace of the action.

For V a vector space, T - V is a vector space of the same dimension.
fvVcCcW,thenT-VCT-W.

Therefore, T acts on Fl(n,C).

The fixed points are coordinate planes. For each permutation o of the
{1,--- n}, the coordinate flag

0cC (Cg(l) - (Cg(l) >, (Cg(z) c.---c(C”

is fixed under the T-action.
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A group action on Fl(n,C)

Let C"=Cy ®--- ® C, be given by a choice of basis. For
T = S x ... x S!, consider the action of T on C" given by

(917 ’en) . (Zl’.. . 7Zn) = (elglzl’ ’eienzn)‘

Note that each summand is an eigenspace of the action.

For V a vector space, T - V is a vector space of the same dimension.
fvVcCcW,thenT-VCT-W.

Therefore, T acts on Fl(n,C).

The fixed points are coordinate planes. For each permutation o of the
{1,--- n}, the coordinate flag

0cC (Cg(l) - (Cg(l) >, (Cg(z) c.---c(C”

is fixed under the T-action.
@ The fixed points are in 1-1 correspondence with S,,, the permutation
group on n letters.
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What can be said about ¢,?

@ The same numbers can be obtained as structure constants for the
basis of Schubert varieties in the cohomology H*(G/B). Let S,,
represent the cohomology class [X,].

SuSv =Y cSu.
weW
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What can be said about ¢,?

@ The same numbers can be obtained as structure constants for the
basis of Schubert varieties in the cohomology H*(G/B). Let S,,
represent the cohomology class [X,].

SuSv =Y cSu.
weW

@ Positive (combinatorial) formula known for these constants in the
case of Grassmannians. They are counted by Young tableaux.

[T W etel e [T R SIS T7- MV P MUANVI Tl Some equivariant combinatorics of flag manifc November 10, 2018 9 /31



What can be said about ¢,?

@ The same numbers can be obtained as structure constants for the
basis of Schubert varieties in the cohomology H*(G/B). Let S,,
represent the cohomology class [X,].

SuSv =Y cSu.
weW

@ Positive (combinatorial) formula known for these constants in the
case of Grassmannians. They are counted by Young tableaux.

@ Positive formulas are known for the general flag manifold in special
cases, i.e. for a subset of Weyl group elements u.
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What can be said about ¢,?

@ The same numbers can be obtained as structure constants for the
basis of Schubert varieties in the cohomology H*(G/B). Let S,,
represent the cohomology class [X,].

SuSv =Y cSu.
weW

@ Positive (combinatorial) formula known for these constants in the
case of Grassmannians. They are counted by Young tableaux.

@ Positive formulas are known for the general flag manifold in special
cases, i.e. for a subset of Weyl group elements u.

@ The structure constants count the number of times a irreducible
representation occurs in the tensor product of two other
representations.
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Generalizing the coefficients ¢/

@ In the equivariant cohomology H%(G/B), there is a basis given by
cohomology classes representing X,,, denoted by S,”. Then

S/ = (an)'s,.

wew

defines coefficients (c!%,)7 € H*(pt).
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Generalizing the coefficients ¢/

@ In the equivariant cohomology H%(G/B), there is a basis given by
cohomology classes representing X,,, denoted by S,”. Then

SIS = (am)'s).
wew

defines coefficients (c!%,)7 € H*(pt).
°
H7(pt) = Z[xq, . . . , xn)
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Generalizing the coefficients ¢/

@ In the equivariant cohomology H%(G/B), there is a basis given by
cohomology classes representing X,,, denoted by S,”. Then

SiS; =) () S
wew
defines coefficients (c!%,)7 € H*(pt).
°

H7(pt) = Z[xq, . . . , xn)

@ These are also positive in an appropriate sense. With choosing a
Borel B, we also choose a set of positive roots. In this case,
AT ={x;—xj:i<j}. Then (c%)7 can be written as a polynomial
in positive roots, with positive coefficients.
T(0) —
o (c)T(0) =l
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Another generalization of ¢y,

Equivariant K-theory! There are several prominent bases that people love.
And the notion of positivity changes accordingly.
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-
What is K-theory about?

Suppose V and W are vector spaces over C.
o We “add” vector spaces: V @ W. The dimensions add.
o We “multiply” vector spaces: V ® W. The dimensions multiply.

@ The 0-vector space is an additive identity. The one-dimensional vector
space is a multiplicative identity.

e By formally introducing “subtraction,” the set of vector spaces (up to
isomorphism) form a ring, denoted K(pt).
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-
What is K-theory about?

Suppose V and W are vector spaces over C.
o We “add” vector spaces: V @ W. The dimensions add.
o We “multiply” vector spaces: V ® W. The dimensions multiply.

@ The 0-vector space is an additive identity. The one-dimensional vector
space is a multiplicative identity.

e By formally introducing “subtraction,” the set of vector spaces (up to
isomorphism) form a ring, denoted K(pt).

Up to isomorphism, V and W are characterized by their dimension. It
follows that
K(pt) = Z.

For an honest vector space, the correspondence is V — dim V.
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What is K-theory about?

Suppose V' and W are vector bundles over a smooth algebraic variety X.
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-
What is K-theory about?

Suppose V' and W are vector bundles over a smooth algebraic variety X.
@ We can form the direct sum of vector bundles: V @& W.

@ The 0-vector bundle is an additive identity. The trivial
one-dimensional vector bundle is a multiplicative identity

@ The problem is cancelation. we want to have additive inverses.
And in particular, if V@& W = Z, then a correct definition for —V
must imply that W = Z — V. However, V& W = Z and
V & W' = Z does not imply that W = W',

e Instead, we define [V/] as an equivalence class of stably isomorphic
vector bundles of the same dimension, i.e.

VAW e VaCrk=WwaoCk for some k.
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Defining K-theory (topological)

V~W < VoCrk=WaCk for some k. [V]={W| W ~ V}
@ Introduce a formal difference of vector bundles,

V-V ~~W-W = VoW=xwae V.

Note that V& W = V & W' is equivalent to V — W ~ V — W/,
which resolves the problem with cancelation.

@ V — V ~ 0 (the trivial dimension-0 vector bundle)

o Define [V]+[W]:= [V @ W]. If [V] = [V], then V@& Ck = V' ¢ Ck,
soVoCkow=2V eCaoW,and [Vo W]=[V & W

e Similarly, [V] — [W] := [V — W] is well defined. If [V] = [V'], then
VaCk=2V aCk soVaClka W=V ¢Cka W, so that
V-W~V —W,ie. [V-W]=[V-W].

@ Form the tensor product of vector bundles: V ® W, and define
V] [W]=[VeW]. IfV~V then VW~V @W.
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-
Defining K-theory (topological)

V~W < VoCrk=WaCk for some k. [V]={W| W ~ V}
@ Introduce a formal difference of vector bundles,

V-V ~~W-W = VoW=xwae V.

Note that V& W = V & W' is equivalent to V — W ~ V — W/,
which resolves the problem with cancelation.
@ V — V ~ 0 (the trivial dimension-0 vector bundle)
o Define [V]+[W]:= [V @ W]. If [V] = [V], then V@& Ck = V' ¢ Ck,
soVoCkow=2V eCaoW,and [Vo W]=[V & W
e Similarly, [V] — [W] := [V — W] is well defined. If [V] = [V'], then
VaCk=2V aCk soVaClka W=V ¢Cka W, so that
V-W~V —W,ie. [V-W]=[V-W].
@ Form the tensor product of vector bundles: V ® W, and define
V] [W]=[VeW]. IfV~V then VW~V @W.
The set of equivalence classes of vector bundles over X form a ring,
denoted K(X).
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-
What is equivariant K-theory about?

Suppose a group G acts on vector spaces V and W.
@ A vector space V with a group action is a representation of G.
@ The vector space V @& W has an induced group action.
@ The vector space V ® W has an induced group action.
°

The formal difference of vector spaces has an induced group action.
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What is equivariant K-theory about?

Suppose a group G acts on vector spaces V and W.
@ A vector space V with a group action is a representation of G.
@ The vector space V @& W has an induced group action.
@ The vector space V ® W has an induced group action.
@ The formal difference of vector spaces has an induced group action.
It follows that
Ke(pt) = R(G),

the representation ring of G.
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-
What is equivariant K-theory about?

Suppose a group G acts on vector spaces V and W.
@ A vector space V with a group action is a representation of G.
@ The vector space V @& W has an induced group action.
@ The vector space V ® W has an induced group action.
@ The formal difference of vector spaces has an induced group action.
It follows that
Ke(pt) = R(G),

the representation ring of G. A similar story allows us to form a ring
K (X) out of vector bundles over a smooth algebraic variety X with a G
action.
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T- Equivariant K-theory of a point

When G = T, an Abelian Lie group (such as S!, or more generally a
product of circles):
@ Each finite dimensional representation of T breaks into a direct sum
of irreducible representations.
@ An irreducible representation of T is one-dimensional.

@ An irreducible representation of T is characterized by its weight, an
element of the weight lattice of the dual t* of the Lie algebra t to T.
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T- Equivariant K-theory of a point

o In the case that T = S!, the weight is simply an integer, indicating
how S spins each copy of C. For each # € S! and z € C, the action

given by 0 - z = ez is weight n.

o Let t indicate the weight 1 action of S! on C. Then
Ksi(pt) =2 Z[t, t71].
o For example, the representation C @ C of S! given by
0-(z1,2) = (62021, e73 2y)

is indicated in the ring by the element t2 + t 3.
o By picking a splitting of T = St... S,

KT(pt) = Z[tl, coe b, tflv T tn_ll’

the Laurent polynomials in n-variables.
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T- Equivariant K-theory of the flag manifold, G/B

Let (G/B)T denote the fixed points of T on G/B. The inclusion
(G/B)T — G/B induces in injection

Kr(G/B) = Kr((G/B)")
= @KT(Pt)
%

= @Z[tl,"'tn, t;l, .. t;l]_
w

There's an algebraic description of the image of this map. For any class
B € Kr(FI(n,C)) and fixed point w € (FI(n,C)T), we write 3|,, to
indicate the restriction of 3 to the fixed point w.
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Why is this so awesome?

We can multiply K1(G/B) classes by multiplying the corresponding
Laurent polynomials at each point!

1— 367" 1— 36" 1— 13t 1—t3t;
[ ] [ ] (] ®
X
° o, ° °
1—t2t1_1 1—t3t1_1 1_t3t;1
° o, ° o,
17!’21‘171 0

—1 —1 —1
(1=t (1— sty (1 — sty )

_ o _ o
(1—t3t; A - t3t71) 0

[ ] [ ]
0 0
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A geometric story

Theorem

Fact: For each w € S, there is a class £, € KT(G/B) with &, # 0 if
and only if v > w in the Bruhat order.

(Additional properties are required so that these classes are uniquely
defined.) These classes are dual to structure sheafs on Schubert varieties

X" := BwB/B

Theorem

Fact: The set of classes {{,,} over all w € S, form a basis of the ring as a
module over Kt (pt).
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A geometric story

Since the elements {&, } form a basis, the coefficients pi, € Kt (pt) are
defined by the relationship

gufv = Z Pl‘ﬁvvﬁw,

WGSn

then p)y, have can be written in Laurent polynomials with coefficient that
have a predictable sign.

In particular, Bill Graham conjectured that

(~1) O, € 7,4 [e 0~ Ugens

and the statement was subsequently proved by Anderson-Griffeths-Miller.
This phenomenon is called positivity.
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Schubert basis: a simple example

A simplest case: flags on C2 with an S action on it (weight 2).

The &, basis: ,
L
The class &1 6 The class £[13) .t
° °
1 0
(1—t72)? 1—t72
2 ¢ ¢
In particular, (§[12])° = =(1-t2).
[ ] [ J
0 0

(€nzp)” = (1 — t72)epg = —(¢72 = 1)),
meaning
2] _
Pl2)121 =
so it satisfies the described positivity.
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More on the K-theory classes &,

e We may define basis {{, },ew is dual to the basis given by
[Oxw] € K1(G/B), under a natural pairing (push-forward to a point).
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More on the K-theory classes &,

e We may define basis {{, },ew is dual to the basis given by
[Oxw] € K1(G/B), under a natural pairing (push-forward to a point).

@ It turns out that &, = [Ox,(0X,)], the sheaf of functions on X, that
vanish on the boundary.

Theorem
Fix v,w € W. Let W be a word with [[ W = w. Then

fv’w = Z Z (—1)|R\V| H(]_ — e(HJ'EWJSf rj)at)

VCW, I:[VZVRVQRQW teR
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Schubert basis for flags on C3

Opposite Schubert Varieties, indexed by w € S3. Here e = ¥ Xi+1=¢; t“,Jrl

11
61 o0
le el
le o1
§[231] )
(11— t3t) )(1.— tyt ).O
(1 —t3t; (1 - ]t
° °0
Oe e 0
(1 —t3ty 7)1 — 3ty )1 — taty )

(1—%{1) (1—)€3r1 >(1;)r3r2 B
—(1 =t A= 6y (- e Y=
LS AN 1y12 1 3t
H(1 = oty )1 = taty )1 —t3t, e (1 - 611 — 156570
1—tt ) = (1— bt (1 — 1385 ¢
1 —tt7 ) — (1 — bt 1) L B0 ) 0
‘ e g §213]
§[132] LR
(-t )= (-t )1 -6 ") -1 — bt )1 - ")
—1 < 1
+(1 — oty )1 — 3ty )1 — t3t; ). o (1—t3ty 1)
—(1—t3t; (1 — 131, V)
(1—t3t; 1) = (L= tot] )1 — tst; o ol — i3ty
o0 o0
0 (11—t - 355 Y (1— 37 (1 — 585 )
L] [ ]
§[312] oo o0
*0 0e 0
November 10, 2018 24 /31
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-
A geometric story

There are no complete positive formulas for the general case.

For a simple reflection r; = (j,j + 1), let 6; be the K-theoretic isobaric
divided difference operator given by

(f —e %r-f)
§if i = —-—-"—2
/ (1—e %)
Theorem (G-Knutson)

Let the equivariant K-theoretic intersection numbers p);, be defined by
Evéw = Y uew Piwu- For any reduced word U for u,

Pow = Z <H(ﬁ;)i€\mm(_5i)[ie\7rw_v]
VcU,WcU[[V=v,[][W=w U

(1fe\_ai)[ieVﬂW] ri[ieVuW]) 1,

v
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More on coefficients

Pow = Z (H(e/—z,-)iE\mW)(_(;i)[ieVmVT/]
VcU,WcU [[V=v,[][W=w U

(1f;ai)[ieVﬂW] r,-[iGVUW]> 1,
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More on coefficients

Pow = Z (H(e/—z,-)iE\mW)(_(;i)[ievaT/]
VcU,WcU [[V=v,[][W=w U

(1f;ai)[ieVﬂW] r,-[iGVUW]> 1,

@ Not a positive formula, not even predictably positive.
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More on coefficients

Pow = Z (H(e/—z,-)iE\mW)(_(;i)[ievaT/]
VcU,WcU [[V=v,[][W=w U

(1f;ai)[ieVﬂW] r,-[iGVUW]> 1,

@ Not a positive formula, not even predictably positive.

@ A direct formula (not inductive).
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N
More on coefficients

Pow = Z (H(e/—z,-)iE\mW)(_(;i)[ievaT/]
VcU,WcU [[V=v,[][W=w U

(1f;ai)[ieVﬂW] r,-[iGVUW]> 1,

@ Not a positive formula, not even predictably positive.
@ A direct formula (not inductive).

@ May lead to positive formulas for specific kinds of permutations
(Monk or Pieri).
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More on coefficients

Pow = Z (H(e/—z,-)iE\mW)(_(;i)[ievaT/]
VcU,WcU [[V=v,[][W=w U

(1f;ai)[ieVﬂW] r,-[iGVUW]> 1,

@ Not a positive formula, not even predictably positive.
@ A direct formula (not inductive).

@ May lead to positive formulas for specific kinds of permutations
(Monk or Pieri).

@ Should lead to a recursive formula.
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Analogous statements in equivariant cohomology

For a simple reflection r; = (j,j + 1), let 9; be the divided difference

operator given by 9;f := %

Theorem (G-Knutson)
For any reduced word W for w,

=X (TIwerr gy
ucw,ucw.J] V=v,[]U=u

where the sum is over reduced words U and V.

Corollary

Lets =rys foranys. If w < w,

= Oatalyy, - 140 < u]cﬁw’v +[v< v]cfv—i— [U<u][v< v]aCEWJ

u

v
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Returning to our original intersection theorem

The original question was how many lines intersect 4 given lines. We
determined it is the triple intersection

[Xa] N [Xa] N [X5] N [Xa].

In equivariant cohomology, this is represented by a polytope decorated by
“vectors” that indicate equivariant cohomology classes.
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Returning to our original intersection theorem

The original question was how many lines intersect 4 given lines. We
determined it is the triple intersection

[Xa] N [Xa] N [X5] N [Xa].

In equivariant cohomology, this is represented by a polytope decorated by
“vectors” that indicate equivariant cohomology classes.

@ The polytope we associate to Xi is the convex hull of fixed points in
a T action on Gr(2,4), living in the Lie algebra dual t* of T.
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Returning to our original intersection theorem

The original question was how many lines intersect 4 given lines. We
determined it is the triple intersection

[Xa] N [Xa] N [X5] N [Xa].

In equivariant cohomology, this is represented by a polytope decorated by
“vectors” that indicate equivariant cohomology classes.
@ The polytope we associate to Xi is the convex hull of fixed points in
a T action on Gr(2,4), living in the Lie algebra dual t* of T.
@ We naturally associate to each such polytope a cohomology class in

H7F to each fixed point. The degree of each polynomial is the
codimension of the polytope.
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Returning to our original intersection theorem

The original question was how many lines intersect 4 given lines. We
determined it is the triple intersection

[Xa] N [Xa] N [X5] N [Xa].

In equivariant cohomology, this is represented by a polytope decorated by
“vectors” that indicate equivariant cohomology classes.

@ The polytope we associate to Xi is the convex hull of fixed points in
a T action on Gr(2,4), living in the Lie algebra dual t* of T.

@ We naturally associate to each such polytope a cohomology class in
H7F to each fixed point. The degree of each polynomial is the
codimension of the polytope.

@ A vector in t* indicates a linear term, and we associate is to the same
element of H7 at every fixed point.
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Intersection solution using graphs

N
VRN

LA L L 1
VRN

[T etel e [T RN SIS T7- MV P MUANVEI Tl Some equivariant combinatorics of flag manifc November 10, 2018 29 /31




Intersection solution using graphs

The we simplify using the algebra (which is hidden)

/(/ L /N
/(//\)
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Intersection solution using graphs

Now we evaluate the polynomial at 0, which means we kill all terms with
arrows.

when we kill the last term with an arrow, we get two (times a point).
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