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Schedule
1:30-1:4 0 O v e r v i e w  ( S a m a n )
1:4 0-2 :2 0 S t r e a m  A r c h i t e c t u r e s  ( S a m a n )
2 :2 0-3:00 S t r e a m  L a n g u a g e s  ( B i l l )
3:00-3:30 B r e a k
3:30-3:5 5 S t r e a m  C o m p i l e r s  ( S a m a n )
3:5 5 -4 :35 S c h e d u l i n g  A l g o r i t h m s  ( B i l l )
4 :35 -5 :00 D o m a i n -s p e c i f i c  

O p t i m i z a t i o n s  ( S a m a n )
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How to execute a Stream Graph?
M ethod   1 :  T i me M ul ti pl exi n g
� Run one filter at a time

� P ros :
� Perfectly load balanced
� A llow s  S I M D  control
� S ynch roni z ati on from  M em ory

� C ons :
� I f a fi lter ru n i s  too s h ort

� Filter load overhead is high
� If a filter run is too long

� D ata sp ills dow n  the c ac he hierarc hy
� L on g laten c y

� L ots of m em ory  traffic
- B ad c ac he ef f ec ts
- C ou ld req u ire storage to of f set ( S R F)

� D oes not sc ale w ith  sp atially -aw are 
arc h itec tures 

Processor

Memory



Architectures, Languages, and Compilers for the Streaming Domain
P ACT  2 0 0 3  T utorial  - Saman Amarasinghe, W illiam T hies  - M I T  CSAI L 4

How to execute a Stream Graph?
M ethod  2 :  Space M ul ti pl exi n g
� Map filter per tile and run 

fo rev er
� P ro s :

� No filter swapping overhead
� E x ploits spatially -aware 
arc hitec tu res

� Scales well
� Reduced memory traffic
� L ocal iz ed commun ication
� T ig h ter l aten cies
� S mal l er l iv e data s et

� Cons:
� L oad b al an cin g  is  critical
� N ot g ood for dyn amic b eh av ior
� Req uires  #  fil ters  ≤ #  p roces s in g  el emen ts  
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Example: Radar Array Front End
Splitter

FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter

FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter

RoundRobin

Duplicate

Detector

Magnitude

FirFilter

Vector Mult

Detector

Magnitude

FirFilter

Vector Mult

Detector

Magnitude

FirFilter

Vector Mult

Detector

Magnitude

FirFilter

Vector Mult

Joiner

complex->v oi d pi peli n e B ea mF or mer (i n t n u mC h a n n els ,  i n tn u mB ea ms )  {
a d d s pli t j oi n { 

s pli t  d u pli ca t e;
f or (i n t i = 0 ; i < n u mC h a n n els ; i + + )  {

a d d pi peli n e { 
a d d F I R 1 (N 1 ) ;
a d d  F I R 2 (N 2 ) ;

};
};
j oi n  r ou n d r ob i n ;  

};
a d d s pli t j oi n {

s pli t d u pli ca t e;
f or (i n t i = 0 ; i < n u mB ea ms ; i + + )  {

a d d  pi peli n e {
a d d V ect or M u lt () ;
a d d F I R 3 (N 3 ) ;
a d d M a g n i t u d e() ;
a d d D et ect () ;

};
};
j oi n r ou n d r ob i n (0 ) ;  

};
}
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Radar Array Front End on Raw

Executing Instructions
Blocked on Static Network

Pipeline Stall
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Bridging the Abstraction layers

� StreamIt language exposes the data movement
� Graph structure is architecture independent

� E ac h arc hi tec ture i s di f f erent i n granulari ty  and topology
� C o m m unicatio n is ex po sed to  the co m pil er

� T he c ompi ler needs to ef f i c i ently  b ri dge the ab strac ti on
� M ap the co m putatio n and co m m unicatio n pattern o f  the pro g ram  
to  the P E ’ s,  m em o ry  and the co m m unicatio n sub strate

� T he StreamIt C ompi ler
� P artitio ning
� P l acem ent
� S chedul ing
� C o de g eneratio n
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� StreamIt language exposes the data movement
� Graph structure is architecture independent

� E ac h arc hi tec ture i s di f f erent i n granulari ty  and topology
� C o m m unicatio n is ex po sed to  the co m pil er

� T he c ompi ler needs to ef f i c i ently  b ri dge the ab strac ti on
� M ap the co m putatio n and co m m unicatio n pattern o f  the pro g ram  
to  the P E ’ s,  m em o ry  and the co m m unicatio n sub strate

� T he StreamIt C ompi ler
� P artitio ning
� P l acem ent
� S chedul ing
� C o de g eneratio n

Bridging the Abstraction layers
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� Mapping filters to tiles
� # filters should equal (or a few less than) # of tiles
� E ac h filter should hav e sim ilar am ount of work

� Throughput determined by the filter with most work 
� Compiler Algorithm

� Two primary transformations
� F ilter fission
� F ilter fusion

� U se s a g re e d y h e u ristic  

Partitioning: Choosing the Granularity
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Partitioning - F is s ion
� Fission - sp l it t ing  st r e a m s

� Duplicate a filter, placing the duplicates in a 
S plitJ o in to  ex po se parallelism .

Filter FilterFilter

Joiner

Splitter

…

–S p l i t  a  f i l t e r  i n t o  a  p i p e l i n e  f o r  l o a d  b a l a n c i n g
Filter Filter0 Filter1 FilterN…
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Partitioning - F u s ion
� Fusion - m e r g ing  st r e a m s

� Merge filters into one filter for load balancing 
and sy nch roniz ation rem ov al

FilterFilterNFilter0

Joiner

Splitter

…

FilterFilter0 Filter1 FilterN…
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Example: Radar Array Front End (Original)
Splitter

FIRFilter FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter

FIRFilter FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter

Joiner

Splitter

Detector

Magnitude

FirFilter

V ec to r  Mul t

D etec to r

Magnitude

FirFilter

V ec to r  Mul t

D etec to r

Magnitude

FirFilter

V ec to r  Mul t

D etec to r

Magnitude

FirFilter

V ec to r  Mul t

Joiner
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Example: Radar Array Front End 
Splitter

FIRFilter FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter

Joiner

Splitter

Detector

Magnitude

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

Joiner

FIRFilter FIRFilterFIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter FIRFilter
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Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

Joiner

Splitter

Detector

Magnitude

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

Joiner
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Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

Joiner

Splitter

Detector

Magnitude

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

D etec to r

Ma g n i tud e

FirFilter

Vector Mult

Joiner
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Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

Joiner

Splitter

Detector Detector Detector Detector

Magnitude Magnitude Magnitude Magnitude

FirFilter FirFilter FirFilter FirFilter

Vector Mult Vector Mult Vector Mult Vector Mult

Joiner



Architectures, Languages, and Compilers for the Streaming Domain
P ACT  2 0 0 3  T utorial  - Saman Amarasinghe, W illiam T hies  - M I T  CSAI L 17

Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

Joiner

Splitter

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Joiner

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Vector Mult
F I R F i lter
Ma g n i tud e
D etector
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Example: Radar Array Front End 
Splitter
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FIRFilter
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FIRFilter
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FIRFilter
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FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
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Splitter
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Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter 
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

Joiner

Splitter

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Joiner

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Vector Mult
F I R F i lter
Ma g n i tud e
D etector

Vector Mult
F I R F i lter
Ma g n i tud e
D etector



Architectures, Languages, and Compilers for the Streaming Domain
P ACT  2 0 0 3  T utorial  - Saman Amarasinghe, W illiam T hies  - M I T  CSAI L 20

Example: Radar Array Front End 
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter
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FIRFilter
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Vector Mult
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Example: Radar Array Front End (Balanced)
Splitter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
FIRFilter

FIRFilter
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FIRFilter
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Joiner

Vector Mult
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Placement: Minimizing Communication

� Assign filters to tiles 
� Communicating filters � try  to mak e th em ad j acent 
� R ed uce ov erlap p ing communication p ath s
� Reduce/eliminate cyclic communication if possible

� Compiler algorithm
� U ses S imulated A nnealing  
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Placement for Partitioned Radar Array Front End
FIR
FIR

FIR
FIR

Vector Mult
FIR

Magnitude
Detector

FIR
FIR

FIR
FIR

Vector Mult
FIR

Magnitude
Detector

Joiner
FIR
FIR

FIR
FIR

FIR
FIR

FIR
FIR

FIR
FIR

FIR
FIR

FIR
FIR

FIR
FIR
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� Create a communication schedule

� Comp iler A lg orithm
� Calculate an initialization and steady-state sch edule
� S im ulate th e ex ecution of  an entir e cyclic sch edule
� P lace static r oute instr uctions at th e ap p r op r iate tim e

Scheduling: Communication Orchestration 
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…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { }

pop=3
push=1

pop=2
…

A B C
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…
push=2

…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A }

pop=3
push=1

pop=2
…

A B C
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…
push=2

…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A, A }

pop=3
push=1

pop=2
…

A B C
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…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A, A, B }

pop=3
push=1

pop=2
…

pop=3
push=1

A B C
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…
push=2

…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A, A, B, A }

pop=3
push=1

pop=2
…

A B C
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…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A, A, B, A, B }

pop=3
push=1

pop=2
…

pop=3
push=1

A B C
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…
push=2

Steady-State Sc h edu l e
� All data pop/push rates are constant
� C an f i nd a S teady -S tate S chedule

� # of items in the buffers are the same before and the 
after ex ec uting  the sc hedul e

� T here ex ist a uniq ue minimum steady  state sc hedul e
� More details later, in section on scheduling

� Schedule = { A, A, B, A, B, C }

pop=3
push=1

pop=2
…

pop=2
…

A B C



Architectures, Languages, and Compilers for the Streaming Domain
P ACT  2 0 0 3  T utorial  - Saman Amarasinghe, W illiam T hies  - M I T  CSAI L 32

Initialization Schedule
� When peek > pop, buffer cannot be empty after 
fi ri ng  a fi l ter 

� B uffers  are not empty at the beg i nni ng / end  of 
the s tead y s tate s ched ul e

� N eed  to fi l l  the buffers  before s tarti ng  the s tead y 
s tate ex ecuti on

� More details later, in section on scheduling

peek=4
pop=3
push=1
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Initialization Schedule
� When peek > pop, buffer cannot be empty after 
fi ri ng  a fi l ter 

� B uffers  are not empty at the beg i nni ng / end  of 
the s tead y s tate s ched ul e

� N eed  to fi l l  the buffers  before s tarti ng  the s tead y 
s tate ex ecuti on

� More details later, in section on scheduling

peek=4
pop=3
push=1

peek=4
pop=3
push=1



Architectures, Languages, and Compilers for the Streaming Domain
P ACT  2 0 0 3  T utorial  - Saman Amarasinghe, W illiam T hies  - M I T  CSAI L 34

Code Generation: Optimizing tile performance

� Creates code to run on each tile
� Optimized by the existing node compiler

� G enerates the sw itch code f or the com m unication
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Performance Results for Radar Array Front End

Executing Instructions
Blocked on Static Network

Pipeline Stall
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Performance of Radar Array Front End*
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Utilization of Radar Array Front End*
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Application Performance*
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Scalability of Str e am I t*
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Scalability of Str e am I t*
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Related Work
� Stream-C  /  K ern el -C  ( D al l y  et.  al )

� Compiled to Imagine with time multiplexing
� E xtens ions  to C to deal with f inite s tr eams
� P r ogr ammer  explic itly  c alls  s tr eam “ k er nels ”
� N eed pr ogr am analy s is  to ov er lap s tr eams  /  v ar y  tar get gr anular ity  

� B ro o k  ( B u c k  et.  al )
� A r c hitec tur e-independent c ounter par t of  S tr eam-C /  K er nel-C
� D es igned to b e mor e par alleliz ab le

� P to l emy  ( L ee et.  al )
� Heterogeneous modeling environment for DSP 
� M a ny  sc h eduling results sh a red w ith  Strea mI t
� Don’ t foc us on la ngua ge develop ment /  op timiz ed c ode genera tion

� Other languages
� O c c a m,  SI SA L  – not sta tic a lly  sc h edula b le
� L U ST R E ,  L uc id,  Signa l,  E sterel – don’ t foc us on p a ra llel p erforma nc e
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Conclusion
� Streaming Programming Model

� An important class of applications
� C an b re ak  th e  v on N e u mann b ottle ne ck  
� A natu ral fit for a larg e  class of applications
� S traig h tforw ard  mapping  to th e  arch ite ctu ral mod e l

� StreamI t:  A  Mac h ine L angu age f or C ommu nic ation E x p os ed A rc h itec tu res
� E x pose  th e  common prope rtie s

� Multiple instruction streams
� S of tw are ex posed  communication
� F ast local memory  co-located  w ith  ex ecution units

� Hide the differences
� G ranularity  of  ex ecution units
� T y pe and  topolog y  of  th e communication netw ork
� Memory  h ierarch y  

� A good compiler can eliminate the overhead of ab s traction 


