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Proof	of	Lemma	



Minimum	Spanning	Forest	
•  Goal:	Obtain	the	minimum	spanning	forest	
•  Algorithm:	Maintain	a	spanning	forest	F

–  Initialize F ß Φ
–  Edge (u,v) arrives

•  If  u and v not connected in F, insert (u,v) in F
•  If u and v are connected in F then include (u,v) and ;ind the cycle 

containing it— remove the edge with minimum weight in that cycle 
•  Analysis

–  F is a forest
–  If an edge (u,v) is not in F then (u,v) must be the heaviest weight 

edge in some cycle in G
•  Thm: Can maintain minimum spanning tree in O(nlog(n)) space





Minimum	Spanning	Tree	in	Map	
Reduce	

•  Distribute	edges	randomly	to	machines.	Compute	MST	
on	local	edges—Combine	and	Repeat!	

•  Analysis:		
–  Correctness:	

•  Use	the	fact	that	if	an	edge	is	discarded	by	a	machine	then	it	must	
be	the	heaviest	weight	edge	in	some	cycle	in	a	subgraphà	
heaviest	weight	edge	in	that	same	cycle	in	the	original	graph	

•  Hence	combine	and	repeat	is	a	valid	policy	
–  Complexity	

•  Number	of	rounds	required	is	at	most	
•  Number	of	edges	before	the	1st	round	m1=n1+c	
•  Number	of	edges	before	the	2nd	round	m2=(n-1)*nc-ε=n1+c-ε	and	so	
on	



Minimum	Spanning	Tree	in	Map	
Reduce	

•  Can	we	par;;on	the	ver;ces?	
– A	more	complex	algorithm	by	par;;oning	the	
ver;ces	exist	with	nearly	same	complexity	

– Works	under	the	same	principle	of	combine	&	
repeat	

	



Graph	Streams	

•  Sampling	Edges	
– Connec;vity,	MST,	Spanners,	Sparsifiers,	
maximum	density	es;ma;on….	

•  Sampling	Ver;ces	
– Es;ma;ng	graph	sta;s;c	like	number	of	paths	of	
length	two/three	etc.	



Linear	Sketch	





Advantages	of	Linear	Sketch	
•  Can	handle	dele;on	in	streams	
•  Allows	for	distributed	compu;ng	

•  Exercise:	Implement	a	MapReduce	algorithm	for	compu;ng	F2	
where	the	stream	is	decomposed	into	k	substeams	and	sent	
to	k	different	machines	ini;ally.	

•  Similarly	there	exists	linear	sketches	for	graphs	to	handle	
dele;on	of	edges.	



Sliding/Decaying	Window	Model	

•  Only	the	last	W	items	mader	
– Can	you	extend	the	algorithms	for	Count	Min	
sketch	and	F2	es;ma;on	in	the	sliding	window	
model?	

•  Decaying	window	model 		
– No	fixed	window	size	but	older	items	have	less	
importance	
•  Can	you	extend	the	algorithms	for	Count	Min	sketch	
and	F2	es;ma;on	in	the	sliding	window	model?	


