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State-conversion problems

State-conversion problem: [LMR+11]
P = {(‘UX> ) s OX)}XGD:

@ Input states: |ox) € V).

@ Output states: |1x) € Vo.

© Oracle: Oy € L(H) unitary.

Goal: ¥x € D, |ox) 2 ).
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State-conversion problem: [LMR+11]
P = {(‘UX> ) s OX)}XGD:

@ Input states: |ox) € V).

@ Output states: |1x) € Vo.

© Oracle: Oy € L(H) unitary.

Goal: ¥x € D, |ox) 3 Im).

Adversary bound: ADV(P)
min maX|HWx>||

s.t. <WX| (htew — (010,) @ hy) |w,)
= (ox|oy) — (7x|7y) ,Vx,y € D,
lwy) € H® W,Vx € D,
W Hilbert space.
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State-conversion problem: [LMR+11]
P = {(‘UX> ) s OX)}XGD:

@ Input states: |ox) € V).

@ Output states: |1x) € Vo.

© Oracle: Oy € L(H) unitary.
A0.)

Result: [BJY24] we can build A with
IA(Ox) |ox) — |m) |2 € O(A2P)y,
with K queries to O.
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State-conversion problems

State-conversion problem: [LMR+11]
P = {(‘UX> ) s OX)}XGD:

@ Input states: |ox) € V).

@ Output states: |1x) € Vo.

© Oracle: Oy € L(H) unitary.
A0.)

Result: [BJY24] we can build A with
IA(Ox) |ox) — |m) |2 € O(A2P)y,
with K queries to O.

Special cases:
@ Database update:
@ |ox),|7x) comp. basis states.
i @ Function evaluation: f : D — ¥
= (oxloy) — <TxlTy> ,Vx,y €D, @ | = |f(x)), Vx € D.
|wy) € H® W,Vx € D,
W Hilbert space.

Goal: Vx € D, |oy) 7).
Adversary bound: ADV(P)
min maX|HWx>||
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State-reflection problems

State-reflection problem:

R=A{(lo),lox), Ox)}xep.
@ Reflection states: |of) € V.
o Orthogonality: (c}|oy) = 0.
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).

e Involution: O? = I.
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,

Adversary bound: ADV(R) :=
min. - max{mane ||y} 2, ma w7,
s.t. <0‘j‘0’;> = <Wj|wy_> ,Vx,y € D,
(O & hy) wit) — = wi) ,vx € D,
lwE) € H@W,Vx € D,
W Hilbert space.
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,

Adversary bound: ADV(R) :=
min. - max{mane ||y} 2, ma w7,
s.t. <O‘j‘0’;> = <Wj|wy_> ,Vx,y € D,
(O & hy) wit) — = wi) ,vx € D,
lwE) € H@W,Vx € D,
W Hilbert space.

Arjan Cornelissen (Simons Institute)

Theorem:
o P — {(|UX> ) ’TX> ) OX)}XGD
state-conversion problem.
@ Define R = {(l07) . |0) , O\ e, with
0 |of) = |0x>€3ﬂ§:\fx>
@ 0, =(X® ) (0 ®0f)
© Then: R < P (identical feasible regions).
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,

Adversary bound: ADV(R) :=

Theorem:
o P — {(|UX> ) ’TX> ) OX)}XGD
state-conversion problem.
@ Define R = {(l07) . |0) , O\ e, with
0 |of) = |0x>€3ﬂ§:\fx>
@ 0, =(X® ) (0 ®0f)
© Then: R < P (identical feasible regions).

Properties:

min - max{max i) ma s, ) )
xeD xeD
s.t. <O‘j‘0’;> = <Wj|wy_> ,Vx,y € D,
(Ox ® ) W) = £ |wF) ,¥x € D,
wE) € H @ W,V¥x € D,
W Hilbert space.
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,

Adversary bound: ADV(R) :=
min. - max{mane ||y} 2, ma w7,
s.t. <O‘j‘0’;> = <Wj|wy_> ,Vx,y € D,
(O & hy) wit) — = wi) ,vx € D,
lwE) € H@W,Vx € D,
W Hilbert space.
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Theorem:
@ P ={(lox).|mx) , Ox)}xep
state-conversion problem.
@ Define R = {(0) |5} , OL) bxep, with
0 lot) = l2i2zin)
@ 0, =(X® ) (0 ®0f)
© Then: R < P (identical feasible regions).
Properties:

@ Positive/negative witness: |wr).
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Theorem:
@ P ={(lox).|mx) , Ox)}xep
state-conversion problem.
@ Define R = {(|of),|ox), OL)}xep, with
0 |of) = |0x>€3ﬂ§:\fx>
@ O, = (X@h)(0.® Of)
© Then: R < P (identical feasible regions).
Properties:
@ Positive/negative witness: |wr).
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State-reflection problems

State-reflection problem:
R={(lox),lo%), Ox)}xep-
@ Reflection states: |of) € V.
o Orthogonality: (o}|oy) = 0.
@ Oracle: Oy € L(H).
o Involution: 0% = I.

Goal- |o£) M9 £ |52,

Adversary bound: ADV(R) :=
min. - max{mane ||y} 2, ma w7,
s.t. <O‘j‘0’;> = <Wj|wy_> ,Vx,y € D,
(O & hy) wit) — = wi) ,vx € D,
lwE) € H@W,Vx € D,
W Hilbert space.
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Generalized graph composition

Theorem:

@ P ={(lox).|mx) , Ox)}xep
state-conversion problem.
@ Define R = {(|of),|ox), OL)}xep, with
0 |of) = |0x>€3ﬂ§:\fx>
@ O, = (X&) (O 0))
© Then: R < P (identical feasible regions).
Properties:
@ Positive/negative witness: |wr).
@ Rescaling with constant factors.

© Only depends on inner products between
pairs of |oF) and |o},).
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Generalized graph composition (1/11)

State-reflection problem: R = {(|o;}),|oy), Ox)}xep-
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Generalized graph composition (1/11)
State-reflection problem: R = {(|o}}), |0y ), Ox)}xep-
Core idea: electric network interpretation:

© V: vertices adjacent to a hyperedge.

@ U, :=|of) € CV: potential function.

Q 0, :=|og) € CY: net-flow.
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Generalized graph composition (1/11)
State-reflection problem: R = {(|o;}),|oy), Ox)}xep-
Core idea: electric network interpretation: 1= 11
© V: vertices adjacent to a hyperedge.
@ U, :=|of) € CV: potential function. 1 R
Q 0, :=|og) € CY: net-flow. L / ¢ 0
-
Examples:
@ Function evaluation: f : D — ¥;
0 U, =|1)+|f(x)).

@ 0, =|L)—|f(x)).
e V={l}urx.

Function evaluation

Arjan Cornelissen (Simons Institute) Generalized graph composition September 30th, 2025

5/13



Generalized graph composition (1/11)

State-reflection problem: R = {(|o}}), |0y ), Ox)}xep-
Core idea: electric network interpretation: 1= 11
© V: vertices adjacent to a hyperedge.
@ U, :=|of) € CV: potential function. 1 R
Q 0, :=|og) € CY: net-flow. L / ¢ 0
-
Examples:
@ Function evaluation: f : D — ¥;
0 U, =|Ll)+|f(x)).
0 4, =|L)—|f(x)).
e V={l}urx.
@ Database update: ¥ — X,
Ox > Tx:
0 U .=|ox) +]|mx).
0 0y = |ox) — |7x)-
@ V=Y,UXo.
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Generalized graph composition (1/11)

State-reflection problem: R = {(|lo}), |07, Ox) }xeD-
Core idea: electric network interpretation: 1 1 X, = 1
0 0

© V: vertices adjacent to a hyperedge.

@ U, :=|of) € CV: potential function. R R
et L1 /0 0 L1 /0 o
@ I, = o) € CY: net-flow.
- o
Examples: ] _
) . Function evaluation Database update
@ Function evaluation: f : D — ¥;
0 U =|1)+[f(x)). 15— r—go
Q 5, =|L)—|f(x)). On /off switch
e V={l}urx.
@ Database update: ¥; — Yo, o On/offsw:tch' f:D— {0, 1},
Ox F> Tx: 0 U= l¢=0ls).
@ I = Le=1(ls) — |t)).
0 U .=|ox) +]|mx).
® b, =|0) — Ir). ° V= (st
@ V=Y,UXo
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Generalized graph composition (1/11)

State-reflection problem: R = {(|lo}), |07, Ox) }xeD-
Core idea: electric network interpretation: 1 1 X, = 1
0 0

© V: vertices adjacent to a hyperedge.

@ U, :=|of) € CV: potential function. 1 / ’g . 1 / ';" 0
Q 0, :=|og) € CY: net-flow. N N
- Fo
Examples:
. . Function evaluation Database update

@ Function evaluation: f : D — ¥;

0 U =|L)+|f(x). 1(s)—rR—{tJo

® I, =|L)—|f(x)). On /off switch

e V={l}urx.
@ Database update: ¥; — ¥, Q@ On/off switch: f : D — {0,1},

Ox F> Tx: 0 U= l¢=0ls).
© 0. = Lr(o=a(ls) — [t)).

0 U .=|ox) +]|mx).

® 5. = o) - 7. 0 V=i

0 V=Y UXo. Theorem: Span program < On/off switch.
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Generalized graph composition (11/11)

Core idea:
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Generalized graph composition (11/11)

Core idea:

@ Hypergraph: G = (V,E).
R: R
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Generalized graph composition (11/11)

Core idea:

@ Hypergraph: G = (V,E). B =
© V = B U/ boundary and internal.
Ry R:

2

/- (%)
R

R — 1]
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Generalized graph composition (11/11)

Core idea:

@ Hypergraph: G = (V,E). B =
© V = B U/ boundary and internal.
Ry R>

© Ve € E, R® state-reflection problem:
@ such that net-flow vanishes on /.

@ such that potential function is unique at =
R

every vertex.

R — 1]
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Generalized graph composition (11/11)

Core idea:

@ Hypergraph: G = (V,E). B =
© V = B U/ boundary and internal.
Ry R>

© Ve € E, R® state-reflection problem:
@ such that net-flow vanishes on /.

@ such that potential function is unique at =
R

every vertex.

@ Defines Uy and d, on boundary vertices.
= R = {(Ux, 9x, Ox) }xeD-

R — 1]
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Generalized graph composition (11/11)

Core idea:

@ Hypergraph: G = (V,E). B =
© V = B U/ boundary and internal.
Ry R>

© Ve € E, R® state-reflection problem:
@ such that net-flow vanishes on /.

@ such that potential function is unique at =
R

every vertex.

@ Defines Uy and d, on boundary vertices.
= R = {(Ux, 9x, Ox) }xeD-
Theorem: |wE) = @ |(w€)%) is a feas. sin. R —t)
ecE
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Generalized graph composition (11/11)

Core idea:
@ Hypergraph: G = (V,E). B:
© V = B U/ boundary and internal.
© Ve € E, Re state-reflection problem: Ry R2

every vertex.

@ such that net-flow vanishes on /. ‘
@ such that potential function is unique at I =

@ Defines Uy and d, on boundary vertices.
= R = {(Ux, dx, Ox) }xep-
Theorem: |wk) = @ |(w®)E) is a feas. sin. R —t)
Proof: <U+|U > UT5y =2 vev(U)y ZeeN(v)((S)i)V =2 ecE ZveN(e)(Uf)V(‘sf%)v
= ZeeE(Ue)T‘Se =D ecE <(Wf)+‘(w}f)i> = <W>ﬂw)7> 0
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Example: finding first marked index
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Example: finding first marked index

@ Problem statement:
@ D ={0,1}"\{0"}.
@ f:D—|n],
© f(x)=min{j € [n]:x; =1}
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Example: finding first marked index

@ Problem statement:

@ D={0,1}"\ {0"}.
@ f:D—|n],
© f(x)=min{j € [n]:x; =1}

@ fFolklore: O(\/f(x)) queries suffice.
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Example: finding first marked index

© Problem statement:
o D=1{0,1}"\ {0"}.
@ f:D—|[n]
© f(x)=min{j € [n]:x; =1}
@ fFolklore: O(\/f(x)) queries suffice.

axj
© Canonical on/off edge: :
2 a, if x;=1, o2 0, ifx =1,
® W) = T lw)IP =9y T
0, ifx;=0. = ifx=0.
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Example: finding first marked index

© Problem statement:
o D=1{0,1}"\ {0"}.
@ f:D—|[n]
© f(x)=min{j € [n]:x; =1}
@ fFolklore: O(\/f(x)) queries suffice.

axj
© Canonical on/off edge: :

el Je =1, 2o )0 i =1,
o ||lwh] {07 =0 [w )l L ifx =0,

o’

Q Analysis:
f(x)—1

0 [[wh)’ = TecellwNI" = X &+ VFx) € O(/F(x))-

1

J
f(x)—

@ [llwo)l’ = S.ce W) = Y L+ VFx) € O(/F(X)).

_1

[
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Application: Random walk search
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Application: Random walk search

Walk search problem:
Q@ G = (V,E): undirected graph.
@ r: E — R.g: resistance function.
© Finite set D: domain.
Q Vx €D, M, C V: marked set.
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Application: Random walk search

Walk search problem:
Q@ G = (V,E): undirected graph.
@ r: E — R.g: resistance function.
© Finite set D: domain.
Q Vx €D, M, C V: marked set.
Goal:
@ Detection: Output whether M, # &.
@ Finding: Output any v € M,, with M, # @.
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Application: Random walk search

Walk search problem:
Q@ G = (V,E): undirected graph.
@ r: E — R.g: resistance function.
© Finite set D: domain.
Q Vx €D, M, C V: marked set.
Goal:
@ Detection: Output whether M, # &.
@ Finding: Output any v € M,, with M, # @.
Subroutines: Vx € D,v € V, D, , € S (data).
Q Setup: v D, x with S queries.
@ Update: (vw, D, x) — Dy, «, with U queries.
@ Checking: (v, Dy x) — [v € My], with C queries.
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Application: Random walk search

Walk search problem:
Q@ G = (V,E): undirected graph.
@ r: E — R.g: resistance function.
© Finite set D: domain.
Q Vx €D, M, C V: marked set.
Goal:
@ Detection: Output whether M, # &.
@ Finding: Output any v € M,, with M, # @.
Subroutines: Vx € D,v € V, D, , € S (data).
Q Setup: v D, x with S queries.
@ Update: (vw, D, x) — Dy, «, with U queries.
@ Checking: (v, Dy x) — [v € My], with C queries.
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Random walk dynamics
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Random walk dynamics

Canonical randomized algorithm:
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Random walk dynamics

Canonical randomized algorithm:
Q Sample v~oc € Ay.
@ Compute D, . (cost S)
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Random walk dynamics

Canonical randomized algorithm:
Q Sample v~oc € Ay.
@ Compute D, . (cost S)
© Repeat N; times:
@ If v € M,, output yes. (cost C)
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Random walk dynamics

Canonical randomized algorithm:
Q Sample v~oc € Ay.
@ Compute D, . (cost S)
© Repeat N; times:

@ If v € M,, output yes. (cost C)

© Repeat t times: (fast-forwarding)
@ Sample w ~ P,., where P, x %
@ Compute Dy, «. (cost U) "
© Set vtow.
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Random walk dynamics

Canonical randomized algorithm:
Q Sample v~oc € Ay.
@ Compute D, . (cost S)
© Repeat N; times:
@ If v € M,, output yes. (cost C)
© Repeat t times: (fast-forwarding)
@ Sample w ~ P,., where P, x i
@ Compute Dy, «. (cost U)
© Set vtow.
Cost: O(S+ N - (tU + Q)).

@ Detection: Ny € O max HT(P; 0 — M,)).
XE
Myt o

@ Finding: N; € @(ma%(HT(Pt; o — My)).
PSS
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Effective resistance
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Effective resistance

Definition:
Q@ 7:V = Rnetflow: > ., n =0.

Ret(P;m) = 6(rp)i2n ZeeE fezre.
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Effective resistance

Definition:
Q@ 7:V = Rnetflow: > ., n =0.

Ret(P;m) = 6{?;2” ZeeE fezre.

Q@ ccAy: Rg(P;0 < M) = min Reg(P;0 —v).
vEANy
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Effective resistance

Definition:
Q@ 7:V = Rnetflow: > ., n =0.

Ret(P;m) = 6{?;2” ZeeE fezre.

Q@ ccAy: Rg(P;0 < M) = min Reg(P;0 —v).
vEANy

Relationships:
Q@ HT(P;m — My) = Reg(P; m <> My).
@ HT(P;s — t)+ HT(P;t — s) = Reg(P; s < t).
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Effective resistance

Definition:
Q@ 7:V = Rnetflow: > ., n =0.

Ret(P;m) = 6{?;2” ZeeE fezre.

Q@ ccAy: Rg(P;0 < M) = min Reg(P;0 —v).
vEANy

Relationships:
Q@ HT(P;m — My) = Reg(P; m <> My).
@ HT(P;s — t)+ HT(P;t — s) = Reg(P; s < t).

Quantum algorithm: 5(5 + 1+ R: - (v/tU + Q)). [AGJ21] Nle nf
Q@ Detection: R; € ©( max Ru(P'; 7 ¢+ M), Wiog: Z;Erle = 3.
S ec
My #2

@ Finding: Ry € @(mal>)< Ret(PY; 0 < My)).
x€
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Quantum walk search — detection (similar to [Jef22])
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Quantum walk search — detection (similar to [Jef22])

Subroutines:

Q@ S, : compute D, , with cost S.
(function evaluation)

@ Uw : update D, x — D, x with cost U.
(database update)

@ C . p: if D=D,y, compute v € M, with
cost C. (on/off switch)
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Quantum walk search — detection (similar to [Jef22])

Subroutines:

1 1
TV gy ow

Q@ S, : compute D, , with cost S.
(function evaluation)

@ Uw : update D, x — D, x with cost U.

(database update) v, Dy w, Dy
@ C . p: if D=D,y, compute v € M, with v, D Fow Uvw w, D
cost C. (on/off switch) v.Ds w. Ds
Hypergraph:

Q@ V={(v.D):veV,DeS}U{s, t}.
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Quantum walk search — detection (similar to [Jef22])

Subroutines:

Q@ S, : compute D, , with cost S.

(function evaluation) 1lg 1g
oy v ow w

@ Uw : update D, x — D, x with cost U. T~
(database update) v, Dy
@ C . p: if D=D,y, compute v € M, with v, D
cost C. (on/off switch)
v, D3
Hypergraph:

Q@ V={(v.D):veV,DeS}U{s, t}.
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Quantum walk search — detection (similar to [Jef22])

Subroutines:
Q@ S, : compute D, , with cost S. /' l\
(function evaluation) U% s, ﬁ S,

@ Uw : update D, x — D, x with cost U.
(database update)

@ C . p: if D=D,y, compute v € M, with
cost C. (on/off switch)

Hypergraph:
Q@ V={(v.D):veV,DeS}U{s, t}.
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Quantum walk search — detection (similar to [Jef22])

Subroutines:
Q@ S, : compute D, , with cost S. /' l\
(function evaluation) U% s, ﬁ S,

@ Uw : update D, x — D, x with cost U.
(database update)

@ C . p: if D=D,y, compute v € M, with
cost C. (on/off switch)

Hypergraph:
Q@ V={(v.D):veV,DeS}U{s, t}.
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Quantum walk search — detection (similar to [Jef22])

Subroutines:
Q@ S, : compute D, , with cost S. /' l\
(function evaluation) U% s, ﬁ S,

@ Uw : update D, x — D, x with cost U.
(database update)

@ C . p: if D=D,y, compute v € M, with
cost C. (on/off switch)

Hypergraph:

Q@ V={(v.D):veV,DeS}U{s, t}.
Parameters:

Q o, T<EAy.

Q ux €Ay, v € Apy,.

Arjan Cornelissen (Simons Institute) Generalized graph composition September 30th, 2025 11/13



Quantum walk search — detection (similar to [Jef22])

Subroutines:
Q@ S, : compute D, , with cost S. /' l\
(function evaluation) U% s, ﬁ S,

@ Uw : update D, x — D, x with cost U.
(database update)

@ C . p: if D=D,y, compute v € M, with
cost C. (on/off switch)
Hypergraph:
Q@ V={(v.D):veV,DeS}U{s, t}.
Parameters:
Q o, T<EAy.
Q ux € Ay, vy € AMX-

= O(max /> %S + VRt (Pipix —vx)U+ [ %C) queries.
veV ve My
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Quantum walk search — detection analysis

O(max , /> (’j%)%s + VRt (Pipix —vx)U+ [ > (VTX—)%C) queries.
x€D \[ ey vem, "

M, Ao
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Quantum walk search — detection analysis

O(max , /> (’gﬁs + VRt (Pipix —vx)U+ [ > (VTX—)%C) queries.
x€D \[ ey vem, "

My£2
Plug in:

Q ux=o.

Q@ 7=(c+m)/2
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Quantum walk search — detection analysis

O(max , /> (’j%)%s + VRt (Pipix —vx)U+ [ > %C) queries.

Aj;ffg vev vEM,
Plug in:
Q ux=o.
Q@ 7=(c+m)/2
Lemmas:

Q Re(P;n) < t-Reg(P*;n).
@ Yooy B <201+ Ra(Pt o — 1)),

Tv
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Quantum walk search — detection analysis

O(max , /> %S + VRt (Pipix —vx)U+ [ > %C) queries.

I\;Ii(e;éDQ vev
Plug in:
Q ux=o.
Q@ 7=(c+m)/2
Lemmas:

Q@ R(Pin) < t-Reg(Pn).
0 Y.y Bl <21+ Rp(Pto —v)).

ve Mx

Proof of first lemma:
QO D =diag(nr) = L=D(l-P).
Q= D—1/277 /5_ D1/2PD—1/2_
© Observe that 12~ < t- L+ (x € (—1,1)).

= Reg(P;n) = QTL+77 =17 (/ — Pty
<t- (I — Py =t-Rg(Ptn). O
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Quantum walk search — detection analysis

O(max /> (’j%)%s + /Rest (P; pix — vx)U +
xeD vev v
My£2
Plug in:
Q ux=o.
Q@ 7= (c+m))/2
Lemmas:

Q@ R(Pin) < t-Reg(Pn).
0 Y.y Bl <21+ Rp(Pto —v)).

> (VTX—)%C) queries.
ve My v
Proof of first lemma:

QO D =diag(nr) = L=D(l-P).

Q@ =D, /5 = 01/2PD—1/2.

© Observe that 12~ < t- L+ (x € (—1,1)).

= Reg(P;n) = QTL+77 =17 (/ — Pty
<t- (I — Py =t-Rg(Ptn). O

= O(S + VtRU + v/1+ RC), where R € O( max Rest(PY; o <> My)) queries.
X€E
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Quantum walk search — detection analysis

O(max /> (’j%)%s + /Rest (P; pix — vx)U +
xeD vev v
My£2
Plug in:
Q ux=o.
Q@ 7= (c+m))/2
Lemmas:

Q@ R(Pin) < t-Reg(Pn).
0 Y.y Bl <21+ Rp(Pto —v)).

> (VTX—)%C) queries.
ve My v
Proof of first lemma:

QO D =diag(nr) = L=D(l-P).

Q@ =D, /5 = 01/2PD—1/2.

© Observe that 12~ < t- L+ (x € (—1,1)).

= Reg(P;n) = QTL+77 =17 (/ — Pty
<t- (I — Py =t-Rg(Ptn). O

= O(S + VtRU + v/1+ RC), where R € O( max Rest(PY; o <> My)) queries.
X€E

My Ao

Note: Does not use fast forwarding in the algorithm — merely in the analysis.
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Summary & future research
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Summary & future research

Summary:

@ State-reflection problems

@ Generalized graph composition

© Quantum walk search construction

@ Improved analysis
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Summary & future research

Summary:
@ State-reflection problems
@ Generalized graph composition
© Quantum walk search construction
@ Improved analysis
Additional thoughts:
@ Amortization [CLM20; Jef22]
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Summary & future research

Summary:
@ State-reflection problems Future directions:
Q Generalized graph composition @ Generalize quantum walk search to the
© Quantum walk search construction finding setting.
@ Improved analysis @ Figure out quantum minimum finding.
Additional thoughts: © Estimation problems?

@ Amortization [CLM20; Jef22]
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Summary & future research

Summary:
@ State-reflection problems Future directions:
Q Generalized graph composition @ Generalize quantum walk search to the
© Quantum walk search construction finding setting.
@ Improved analysis @ Figure out quantum minimum finding.
Additional thoughts: © Estimation problems?

@ Amortization [CLM20; Jef22]

Thanks for you attention!
ajcornelissen@outlook.com
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