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A	new	Buzzword: BIG	DATA

ZB=1,000,000,000,000,000,000,000	 =10^21	Bytes



What’s		BIG	DATA?





And	We(=Quantum	Information	Folks)	make	no	difference…..



Today’s	Talk	is	about	yet	another	Big	Quantum	Data	approach:

The Bad The Good The Ugly



Extracting	Small	Patterns	out	Big	Data:	TOPOLOGY

Classification	 of	vast	sets	 of	complex	 objects	 in	terms	of	simple	 topological	 invariants



Topological	 Invariants:	Euler’s	Characteristics

E=2(1-g),					g=	genus

Let’s	refine	this	concept	for	triangulable spaces	(homeomorphic	to	polyhedra):	Simplicial	Complexes





Boundary	Map	&	Chain	Complexes

Cn	=n-th Chain	Group=	Formal	linear	combinations	of	simplices of	the	complex

Boundary	 Map:	 sends	 a	simplex	 to	a	combination	 of	its	faces

Nilpotency=boundary	 of	boundary	 is	0



Homology	Groups

βk=#	of	generators	of	Hk=	Betti Number

β0=#of	connected	 components,

β1=#of	 	holes,

β2=#	voids,	…...

E.	Betti,	1823-1892
Euler’s	 Characteristic



Complexes	from	Point	Cloud	Data	(PCD)	

For	each	scale	of	𝞮 one	builds	a	simplicial	complex	S𝞮 out	of	the	PCD		increasing	𝞮makes	S𝞮 growing
Varying	𝞮 over	a	range		of	scales	one	obtains	a	family	of	nested	simplicial	complexes	aka	a	Filtration	

Data	can	be	represented	 by	 ”clouds”	 of	points	 in	 a	high	 dimensional	 space: how	do	we	do	topology	with	that?!?

Čech complex Vietoris-Rips	 complex



Complex	Filtrations	and	BarCodes

Tracking how Betti numbers change as function of the scale 𝞮 reveals how topological features 
come into existence and go away as the data is analyzed at different 𝞮

A	topological	feature	that	persists	over	many	length	scales	can	be	
identified	with	a	‘true’	feature	of	the	structure:	Persistent	Homology



2)	Find	the	kernel	of	the	Laplacian	 to	get	the	Betti Numbers
(Quantum	Phase	estimation	 Algorithm)

0)		Store	(or	compute)	distances	 between	data	points	 in	a Q-RAM

1)	Fix	𝞮,	construct	a	quantum	state	encoding	simplicial	 complex	at	
the	scale	𝞮 (Grover	Search	Algorithm)

3)		Iterate	over	the	𝞮 and	look	for	persistent	 features	across	scales

Quantum	Algorithm	 for	Persistent	Homology:
The	Sketch

How	About	computational	complexity?!?



Computational	Complexity:	Classical	 vs	Quantum

Our	Quantum	algorithm	provides	and	exponential	speed-up	over	the	classical	one!

QUANTUM SUPREMACY…....



Grover’s	Search	Algorithm:

Space	generated	 by	the	k-simplex	 states	 in	the	𝞮-Complex,	 											--dimensional

Let	sk a	k-simplex	we	map	it	onto	a	quantum	state	|sk>=|j1,j2,…,jn>	where	jp=1 iff	p is	in	sk

The	Guts	of	the	Quantum	Algorithm	 I

Takes	 time																															where												is	fraction	of	simplices actually	 	present	 in	the
𝞮-Complex;	 		Classical	 time

Quantum	Pipeline	1:	Encoding	the	𝞮-Complex



The	Guts	of	the	Quantum	Algorithm	 II

Combinatorial	Hodge	Theory:	Betti numbers	are	the	dimensions	 of	the	kernels	of	
the	𝞮-complex	Laplacian	 operators				(0-eigenvectors=Harmonic	 forms	 	≅	to	Homology	 classes)

If																																			then	 																																																										f		f	is	the	𝞮-complex	Dirac	operator

Run	the	Quantum	Phase	Algorithm	for over	the	uniform	mixture	 of	all	simplices
Determines	 the	dimensions	 of																							i.e.,	the	Betti’s numbers	

Classically:	 Quantumly (n-sparsityà)	 	

Quantum	Pipeline	2



Summary	&	Conclusions

Quantum	Information	Processing	 in	kicking	in	BIG	time	 in	the	Big	DATA	scene
we	are	excited!

We	live	in	the	BIG	DATA	age	AND	in	the	Quantum	Information	Age

Big	Quantum	Data	algorithms	with	exponential	 speedups	 e.g.,	Q-machine	learning

We	described	 a	topological	data	analysis	quantum	algorithm	 for	persistent	homology



Well,	someone	@	MIT a	little	over-excited,	perhaps…�.

THANKS	FOR	THE	ATTENTION!!

Seth	 Lloyd

Universal	 Persistent	Quantum	 theory	
of	EVERYTHING


