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What	is	PICCOLO?

• A	data-centric	programming	model	for	applications	that
• Are	distributed
• Are	in-memory
• Access	and	mutate	some	shared	intermediate	state.

• Allows	users	to	specify:
• How	is	data	partitioned?
• Locality	Policies



• MPI	requires	too	much	work!
• Fine-grained	control.

• Typical	data-centric	programming	models
• Are	good	for	bulk	processing	of	on-disk	data.
• Not	for	in-memory	applications?

• Read	1MB	sequentially	from	memory	– 0.00025	ms
• Read	1MB	sequentially	from	network	– 0.01000	ms
• Read	1MB	sequentially	from	disk	– 0.03000	ms

• Can	we	do	better?
• Yes,	let	the	user	figure	out	certain	details.
• But..	Why?	Better	performance.
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Programming	Model

• Control functions
• Launch	kernels
• Create	tables
• Sychronize through	barriers
• Runs	on	one	machine

• Kernel functions
• Distributed,	many	instances	are	run	together
• Read	and	write	to	tables



Tables

• Key-value	stores
• Get(Key)
• Put(Key,	Value)
• Update(Key,	Value)
• Flush()

• User	defined	accumulation	functions
• Commutative,	Associative
• Local	– no	access	to	global	state.
• Deal	with	write-write	conflicts.

• But..	Why?	Write	changes	are	buffered.
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Paritioning and	Locality

• Tables	can	be	partitioned.
• Assume	each	fragement fits	in	memory.

• Locality	Preferences
• Co-locate	certain	paritions of	different	tables.
• Co-locate	data	and	execution.
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Checkpoints

• Asynchronous
• Takes	as	arguments	– Tables,	User-Data

• Synchronous
• Takes	as	arguments	– Time	Interval,	Tables,	Callback
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System	Design

• Master node
• Control	Thread
• Assigns	Kernels	to	Workers
• The	assignment	is	a	“public	announcement”.

• Worker nodes
• Handle	Kernel	executions
• Principle:	Buffer	as	long	as	you	can.
• If	need	to	read,	then	flush(),	and	read().

• Why?	Want	that	for	a	single	thread,	the	chronology	makes	sense.



Load	Balancing

• Initial	allocation
• Do	round-robin.
• If	there	is	a	distributed	file,	minimize	inter-rack	
transfer.

• Dynamic	Load	Balancing
• But	..	Why?	
• Heterogeneous	hardware	configs
• How?

• Kill	no	running	task.
• Have	to	migrate	table	partitions.



Work	Stealing

• If	a	worker	is	free,	assign	it	a	task	from	the	busiest	worker.
• Do	larger	tasks	first.
• Estimate	task	size	by	size	of	partition	of	table.



Table	Partition	Migration	(OLD	to	NEW)

• Phase	1—
• Master	says	BEGIN.
• All	workers	flush	changes	to	OLD,	send	new	requests	to	NEW.
• OLD	pauses,	relay	requests	to	NEW.	Then,	transfer	state.
• NEW	buffers	requests,	does	not	act.
• ACKs	from	all.

• Phase	2—
• Master	says	DO_IT_NOW	to	OLD	and	NEW.
• All	workers	flush	changes	to	OLD,	send	new	requests	to	NEW.
• OLD	pauses,	relay	requests	to	NEW.
• NEW	buffers	requests,	does	not	act.
• Now,	OLD	sends	requests.
• NEW	now	acts.



Fault	Tolerance

• If	one	fails,	restart	all	from	the	last	checkpoint.
• Check-point
• Need	to	save	a	consistent	checkpoint	without	stopping	the	execution.

• Chady-Lamport algorithm
• Idea:	Take	a	snapshot	of	state.	Keep	a	log	of	changes.
• When	to	do	it?

• Early.	Log	could	be	too	large.
• Late.	Missed	oppurtunity to	concurrently	do	execution	and	checkpoint.
• Do	it	when	the	first	worker	is	done.



Experiments

• On
• 12	node	NYU	network.
• EC2

• Implements
• PageRank	– co-locate	rank	and	graph.
• Distributed	Crawler	– co-locate	“polite”,	“robots”,	“sites”
• K-Means	
• N-Body	Simulation
• Matrix	Multiplication









Strengths

• Natural	model	for	some	applications.
• Configurability	allows	for	application	tuning.
• 11x,	4x	performance	for	PageRank,	K-Means

• Not	an	all-purpose	system;	targets	specific	apps.
• Makes	good	choices	as	to	what	to	delegate.

• Checkpointingcontrol	variable	is	the	user’s	job.



“Not-Strength”s

• The	one-fails-all-do	policy.
• Associative,	Commutative	accumulators?
• What	if	the	master	fails?
• Key-value	interface.	Multi-entry	writes?
• Too	reliant	on	the	user?
• Checkpoint	scalability?

• Compared	to	some	other	in-memory	system?


