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Es'ma'ng	Sample	Size	

•  Let	p	be	the	unknown	probability	that	a	gene	
mutates.	

•  En're	dataset	size=N	
•  Sample	size=n	
•  In	the	sample					of	them	have	been	mutated	
•  Es'mated	probability	of	muta'on	
	 Is	this	a	reliable		

es,mate?	



When	is												a	reliable	es'mate?		

•  Must	sa'sfy	

•  Or,	 Confidence	parameter	

Error	tolerance	



Es'ma'ng	Sample	Size	

•  Define	indicator	random	variables							which	is	
1	if	the	i-th	sampled	element	has	the	desired	
property	(muta'on/i-phone	8	query..)	and	0	
otherwise.	



Es'ma'ng	Sample	Size	

•  We	have		
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Repea'ng	Reservoir	Sampling	



Repea'ng	Reservoir	Sampling	

•  Number	of	items=100	
•  According	to	the	proof	of	the	reservoir	
sampling	each	item	has	1/100	chance	of	being	
stored	in	the	reservoir	

•  Consider	the	1st	item	and	define	an	indicator	
random	variable								which	is	1	if	the	the	1st		
item	is	stored	at	the	end	of	the	algorithm	on	
its	i-th	run.	

•  We	run	the	algorithm	“m”	'mes.	



Repea'ng	Reservoir	Sampling	

•  Define	

•  We	want	the	frequency	of	all	items	to	be	
within																				with	high	probability.		
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Repea'ng	Reservoir	Sampling	

•  We	want	the	frequency	of	all	items	to	be	
within																				with	high	probability.	

•  	For	the	1st	item		

•  For	the	2nd	item	

•  For	the	100th	item		
	



Repea'ng	Reservoir	Sampling	

•  We	want	the	frequency	of	all	items	to	be	
within																				with	high	probability.	

•  Prob	there	exists	at	least	one	item	out	of	100	
such	that	its	frequency	is	not	in	the	range	is	

	



Chernoff+Union	Bound	

•  Random	Load	Balancing	
– Suppose	a	content	delivery	network	like	YouTube	
receives	a	million	content	requests	per	minute.	
Each	request	needs	to	be	served	from	one	of	the	
1000	servers.	How	should	one	distribute	the	load	
so	that	no	server	is	overloaded.	



Chernoff+Union	Bound	

•  Random	Load	Balancing	
– Suppose	a	content	delivery	network	like	YouTube	
receives	a	million	content	requests	per	minute.	
Each	request	needs	to	be	served	from	one	of	the	
1000	servers.	How	should	one	distribute	the	load	
so	that	no	server	is	overloaded.	

– Assign	each	request	to	a	random	server.	



Random	Load	Balancing	

•  Let	there	be	“n”	requests	and	“k”	servers	
•  Consider	server	“i”	
•  Define	an	indicator	random	variable								which	
will	be	1	if	request	j	is	assigned	to	server	i	and	0	
otherwise.		

•  Load	on	machine	i:	

•  																																								[Apply	the	Chernoff	Bound]	



Random	Load	Balancing	

•  Applying	the	Chernoff	Bound	we	get	



Random	Load	Balancing	

•  Apply	Union	Bound	

•  Prob(there	exists	at	least	one	server	which	is	
overloaded)		


