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Background: Mul.core, Real Time System


How	to	efficiently	share	resources?	

TODO:	Picture	to	show	real-Bme	mulBcore	system	
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Background: Mul.core, Real Time System


How	to	provide	real-time	guarantee?	
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Shared Linked List Example


Core3	Core1	

c	

Core2	

a	 b	

read(b)	 update(b)	read(c)	
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Core3	Core1	

c	

Core2	

a	 b	

read(b)	 update(b)	read(c)	
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Linked List Example: Global Lock
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Bme	

R	Ƭ1	

Global Lock: blocking
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Bme	

R	

R	Ƭ1	

Ƭ2	

Global Lock: blocking
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Bme	
W
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Global Lock: blocking




Linked List Example: Fine-grained Lock


Core3	Core1	

c	

Core2	

a	 b	

read(b)	 update(b)	read(c)	
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Locking: scalability


 0

 10

 20

 30

 40

 50

 60

 0  5  10  15  20  25  30  35  40

Co
st

 (µ
s)

Number of Cores

Ticket lock
MCS lock

10	

Intel	Xeon	E7-4850	
	
4	sockets,	40	cores	

99th	percenBle	measured	cost	



Linked List Example:  
Read Copy Update (RCU) 
Scalable Memory Reclama.on (SMR)


c	a	 b	

read(b)	
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Core3	Core1	 Core2	



Linked List Example: RCU/SMR


c	a	 b	

update(b)	

b’	

read(b)	
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Core3	Core1	 Core2	



Linked List Example: RCU/SMR


c	a	 b	

update(b)	

b’	

read(b)	
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Core3	Core1	 Core2	



Linked List Example: RCU/SMR


c	a	 b	

b’	

read(b)	
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Core3	Core1	 Core2	

read(c)	
update(b)	



Parallel	Readers	
Reduced	response	Bme	
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Linked List Example: RCU/SMR




Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

c	a	 b	

b’	

update(b)	

b’	=	alloc()	
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t1	



Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

free(b)	

c	a	 b	

b’	

b’	=	alloc()	

update(b)	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

b	=	alloc()	

û	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

c	=	alloc()	

Reader	
(Core1)	

free(b)	b’	=	alloc()	

20	

t1	 t2	 t3	

ü	



Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

b	=	alloc()	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

b	=	alloc()	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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c	=	alloc()	
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When	to	reuse	freed	memory?			



Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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t1	 t2	 t3	 t4	

c	=	alloc()	

ü	
b	=	alloc()	

ü	

	

			Scalability	Problem							Garbage	CollecBon	Problem	
	



Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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t1	 t2	 t3	

When	to	reuse	freed	memory?		Quiescence	state																				

c	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	
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t1	 t2	 t3	

When	to	reuse	freed	memory?		Quiescence	state																				

c	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free(b)	b’	=	alloc()	
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When	to	reuse	freed	memory?		Quiescence	state																				

c	=	alloc()	
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b	=	alloc()	
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Scalable Memory Reclama.on (SMR)


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free(b)	b’	=	alloc()	

When	to	reuse	freed	memory?		Quiescence	state											Grace	period											
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c	=	alloc()	
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SMR: API


enter();	
n	=	walk(path);	
process(n);	
exit();	
//	no	references	into	DS	remain	

enter();	
n	=	unlink(path);	
exit();	
sync();	
//	reuse	prior	memory	

Read-path	 Update-path	

• enter:	declare	the	start	of	code	referencing	a	shared	data	structure	
• exit:				declare	the	end	of	code	referencing	that	data	structure	

• sync:			calculate	grace	period		
Ø  wait	Bll	memory	is	reusable	
Ø  delay	the	reuse	of	memory	
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SMR Implementa.on: U-RCU example


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free	

U-RCU	
sync:	suspend,	wait	for	the	grace	period		
Blocking	increases	the	worst	case	response	Bme.		
	
	

sync	

enter	 exit	

 alloc	
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t1	 t2	 t3	

Blocking	



SMR Implementa.on: U-RCU example


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free	

U-RCU	
sync:	suspend,	wait	for	the	grace	period		
	
	

sync	

enter	 exit	
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t1	 t2	

Priority	Inversion		

Blocking	



SMR Implementa.on: U-RCU example


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free	

U-RCU	
sync:	suspend,	wait	for	the	grace	period		
	
	

sync	

enter	 exit	
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t1	 t2	

Self-suspension	
Priority	Inversion		

Blocking	



Summary of Exis.ng Solu.ons 



Predictability	 Scalability	 Efficiency	
Lock	
U-RCU	

Real-Bme	
SMR	
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Summary of Exis.ng Solu.ons 



Predictability	 Scalability	 Efficiency	
Lock	
U-RCU	

Real-Bme	
SMR	
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Summary of Exis.ng Solu.ons 



Predictability	 Scalability	 Efficiency	
Lock	
U-RCU	

Real-Bme	
SMR	
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Real-Time SMR


•  Two	ImplementaBons:		

•  RT-ParSec:	scalable	bounded	memory	consumpBon	
•  Temporal	Quiescence:	opBmized	for	hard	real	Bme	system	

• AnalyBcal	Model:	

• Worst	case	memory	consumpBon.	
•  Response	Time	Analysis	of	quiescence	calculaBons.	
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Real-Time SMR: RT-ParSec


Bme	

Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	

free	 sync	free	
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Bme	

free	 sync	free	
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t1	 t2	t0	

Grace	period	

Real-Time SMR: RT-ParSec


Writer	
(Core3)	

Reader	
(Core2)	

Reader	
(Core1)	



Real-Time SMR: RT-ParSec


Bme	

free	 sync	free	

enter	 exit	
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free	 free	
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Real-Time SMR: RT-ParSec


Bme	

free	

U-RCU	

Blocking	

sync	free	free	free	
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Real-Time SMR: RT-ParSec


Bme	

free	 sync	free	free	free	
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Real-Time SMR: Temporal Quiescence
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free	 sync	free	
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Reader	
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Real-Time SMR: Temporal Quiescence
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Temporal	
t1	 t2	t0	



Real-Time SMR: Temporal Quiescence


Bme	

Writer	
(Core3)	
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free	free	
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Temporal	
t1	 t2	t0	

	

Perfectly	scalable	
no	shared	cache	lines	

	



 System Model and Assump.ons


•  Sporadic	task	model	

• ParBBoned	fixed	priority	scheduling		

• Non	nested	requests	

• Memory	reclamaBon	as	quiescence	detecBon	task	
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Worst Case Memory Consump.on


Number	of	writers	
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Worst Case Memory Consump.on


Number	of	writers	

Max	number	of	memory	allocaBons	
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Worst Case Memory Consump.on


Number	of	writers	

Time	interval	where	memory	accumulates	

Max	number	of	memory	allocaBons	
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zombie	live	

Worst Case Memory Consump.on


free	

free	garbage	

sync	

Max	allocaBon	
deallocaBon	interval	

Longest	grace	period	

Quiescence	detecBon	period	

Quiescence	detecBon	task		
response	Bme	

alloc	
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Response Time Analysis 


Worst	case	execuBon	Bme	

49	

Task	execuBon	Bme	 System		overhead	



Response Time Analysis 


Worst	case	execuBon	Bme	

Interference	

Higher	priority	tasks	 Quiescence	detecBon	tasks	
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Response Time Analysis 


Worst	case	execuBon	Bme	

Total	blocking	Bme	(U-RCU)	

Interference	

Higher	priority	tasks	 Quiescence	detecBon	tasks	
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Interdependency


Memory		
accumulaBon	

Quiescence	task	
response	Bme	
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Interdependency


Memory		
accumulaBon	

Quiescence	task	
response	Bme	
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Evalua.on: Schedulability Tests
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Evalua.on: Schedulability Tests
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Evalua.on: Memcached
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Evalua.on: Memcached
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Evalua.on: Memcached
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Evalua.on: Memcached
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6.89x	



Conclusion


Real-Bme	SMR:	Scalable	predictable	resource	sharing	

•  Scalable	and	predictable	quiescence	detecBon	

• Bounds	on	memory	uBlizaBon	

• Bounds	on	response	Bme	
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