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Comp Graphs

Timeline:  1960’s

� “Stream” (P.J. L an d i n )  – 1 9 6 0
� Linking A l go l 6 0  a nd  l a m b d a  c a l c u l u s ,  u s e d  f o r  l o o p  h is t o r ie s

� Petri  N ets  (C .A . Petri )  – 1 9 6 6
� P l a c e s ,  t r a ns it io ns ,  t o ke ns

� Computation Graphs (Karp, Miller) – 1 9 6 7
� Graph with firing actors, minimal firing requirements
� F ormulate d eterminancy , termination, queuing properties

1 9 6 0 1 9 7 0 1 9 8 0 1 9 9 0 2 0 0 0

M od els of C omputation

L anguages /  C ompilers

M od eling E nv ironments

Petri Nets
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Timeline:  1970’s

� Process Networks (Kahn) – 1 9 7 4
� Sequential threads communicate with unbounded F I F O ’ s
� D eterministic

� C S P:  C om m u ni cati ng  S eq u enti al  Processes (H oare) – 1 9 7 8  
� Sequential threads communicate with rendez v ous messag e-p assing
� N on-deterministic due to g uards

� D ataf l ow l ang u ag es
� F irst v ersion dataf low p rocedure lang uag e ( D ennis)
� L ucid ( A shcrof t,  W adg e) ,  I d ( A rv ind,  G ostelow) ,  V A L  ( D ennis)

� F u ncti onal  l ang u ag es wi th l az y  ev al u ati on f or stream s
� laz y  ev aluator ( H enderson,  M orris) ;  Siev e of  E ratosthenes ( F riedman,  W ise)

1 9 6 0 1 9 7 0 1 9 8 0 1 9 9 0 2 0 0 0

Models of Computation

L ang uag es /  Compiler s

Modeling  E nv ir onments

Petri Nets
Co m p  G ra p h s

PN
CS P

L u c id I d
V A Ll a z yC
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� SDF:  Synchronous Dataflow (Lee, Messerschmitt) – 1 9 8 7
� Actors have static, non-u nif orm  rates;  f iring  is atom ic and  d ata-d riven
� Al l ow s static sched u l ing

� Sisal:  Streams and  I teration in a Sing le A ssig nment Lang uag e – 1 9 8 3
� Ad d s recu rsion, f inite stream s to V AL
� I m p l em entations on m any  p aral l el  m achines
� I F 1  interm ed iate f orm at

� O ccam – 1 9 8 3
� S trong l y  ty p ed  p roced u ral  l ang u ag e
� P ractical  im p l em entation of  C S P

� More work  on d ataflow and  functional lang uag es (e. g . , M.  B roy)

1 9 6 0 1 9 7 0 1 9 8 0 1 9 9 0 2 0 0 0

Mod els of C omp utation

Lang uag es /  C omp ilers

Mod eling  E nv ironments

Petri Nets
C o m p  G ra p h s

PN
C S P

S isa l
O c c a m

Lucid I d
V A Ll a z y

S D F

G a b r ie l

Timeline:  1980’s

C
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Timeline:  1990’s

� Synchronous Languages:  Signal, LUSTRE, etc.
� Designed for expressiveness, verification more so than high performance

� Esterel
� F or reactive programming;  event-driven and control -oriented
� O ften impl emented in either hardw are or softw are

� p H :  P arallel H ask ell ( N ik hil, A rv ind , et al.)
� C omb ines l az y  fu nctional  and datafl ow  phil osophies for high performance

� P tolem y:  H eterogeneous M od eling Env ironm ent ( Lee et al.)
� M any  contrib u tions to formal isms, schedu l ing, graph-l evel  optimiz ation

� C om m ercial Env ironm ents ( M atlab , SP W , C O SSA P , A D S, etc.)
� B ecoming increasingl y  preval ent

1 9 6 0 1 9 7 0 1 9 8 0 1 9 9 0 2 0 0 0

M od els of  C om p utation

Languages /  C om p ilers

M od eling Env ironm ents

Petri Nets
Co m p  G ra p h s

PN
CS P

S isa l
O c c a m

L u c id I d
V A Ll a z y

S D F

G a b riel

S ig n a l
L U S T R E
Pto l em y

F S M
E sterel

C p H

G ra p e-I I
M a tl a b / S im u l in k

etc .
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Von Neumann Languages
� Why C (FORTRAN, C++ etc.) became very successful?

� Abstracted out the differences of  von Neumann machines
� Register set structure
� F un ctio n a l  un its a n d  ca p a b il ities
� P ip el in e d ep th / w id th
� M em o ry / ca ch e o rga n iz a tio n

� Directly expose the common properties
� S in gl e m em o ry  im a ge
� S in gl e co n tro l -f l o w
� A  cl ea r n o tio n  o f  tim e

� C a n ha v e a  v ery ef f icient ma pping  to a  v on N eu ma nn ma chine
� “ C  is the porta b le ma chine la ng u a g e f or v on N u ma nn ma chines”

� Today von Neumann languages are a curse 
� W e ha v e sq u eez ed  ou t a ll the perf orma nce ou t of  C
� W e ca n b u ild  more pow erf u l ma chines
� B u t,  ca nnot ma p C  into next g enera tion ma chines
� S w itching  to a  d a ta -f low  prog ra mming  pa ra d ig m w ill help
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The StreamIt Project
� Goals:

� Breaks the Von Neumann language barrier
� P rov id e a H igh-L ev el P rogramming P arad igm 
� I mp rov e P rogrammer P rod uc tiv ity
� Be C omp iler F riend ly

� W h at ’ s n e w ?
� P rac tic al language f eatures f or large 
ap p lic ation d ev elop ment

� S tream-sp ec if ic  c omp iler tec hnology
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Language Features 
� Circular Buffer Management

� Reuse the data on the tapes using ‘peek’
� S tructured  S treams

� H ier ar c hic al
� P ar am eter iz ed

� P recis e E v ent H and ling
� A  f or m al  notion of  tim e



The New Laboratory for Computer Science and Artificial Intelligence M as s achus etts  Ins titute of Technology

Example: Freq band detection
� Used in…

� metal detector
� g arag e door op en er
� s p ectru m an aly z er

Source: 
A p p l i ca t i on  R ep ort  SP R A 4 1 4
T ex a s  I n s t rum en t s ,  1 9 9 9

A/D

Duplicate

LED

Detect

Band pass

LED

Detect

LED

Detect

LED

Detect
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Freq band detection in StreamIt

A/D

Duplicate

LED

Detect

Band pass

LED

Detect

LED

Detect

LED

Detect

void->void pipeline FrequencyBand {
float sFreq = 4000; 
float cFreq = 500/(sFreq*2*pi); 
float  wFreq = 100/(sFreq*2*pi);

add D2ASource(sFreq);

add BandPassFilter(1, cFreq-wFreq, 
cFreq+wFreq, 100);

add splitjoin {

split duplicate;
for (int i=0; i<4; i++) {

add Detector(i/4);

add LEDOutput(i);
}
join roundrobin(0);

}
}
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A/D

Duplicate

LED

Detect

LED

Detect

LED

Detect

LED

Detect

Freq band detection in StreamIt
void->void pipeline FrequencyBand {

float sFreq = 4000; 
float cFreq = 500/(sFreq*2*pi); 
float  wFreq = 100/(sFreq*2*pi);

add D2ASource(sFreq);

add BandPassFilter(1, cFreq-wFreq, 
cFreq+wFreq, 100);

add splitjoin {

split duplicate;
for (int i=0; i<4; i++) {

add Detector(i/4);

add LEDOutput(i);
}
join roundrobin(0);

}
}

float->float pipeline BandPassFilter(float gain, float ws, 
float wp, int num) {

add LowPassFilter(1, wp, num);

add HighPassFilter(gain, ws, num);
}

Low pass

High pass Ba
nd
 pa

ss
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Freq band detection in StreamIt
void->void pipeline FrequencyBand {

float sFreq = 4000; 
float cFreq = 500/(sFreq*2*pi); 
float  wFreq = 100/(sFreq*2*pi);

add D2ASource(sFreq);

add BandPassFilter(1, cFreq-wFreq, 
cFreq+wFreq, 100);

add splitjoin {

split duplicate;
for (int i=0; i<4; i++) {

add Detector(i/4);

add LEDOutput(i);
}
join roundrobin(0);

}
}

float->float pipeline BandPassFilter(float gain, float ws, 
float wp, int num) {

add LowPassFilter(1, wp, num);

add HighPassFilter(gain, ws, num);
}

A/D

High pass

Duplicate

LED

Detect

Low pass

Ba
nd
 pa

ss

LED

Detect

LED

Detect

LED

Detect

float->float pipeline BandPassFilter(float gain, float ws, 
float wp, int num) {

add LowPassFilter(1, wp, num);

add HighPassFilter(gain, ws, num);
}

float-> float fi lte r L ow P as s F i lte r ( float g ,  
float c F r e q ,  i n t N )  

{
float[ N ]  h ;
i n i t {
i n t O F F  =  N / 2 ;
for  ( i n t i = 0 ;  i < N ;  i + + )  {
h [ i ]  =  g * s i n ( … ) ;

}
}
w or k p e e k N  p op 1  p u s h 1  {
float s u m  =  0 ;
for  ( i n t i = 0 ;  i < N ;  i + + )  { 
s u m  + =  h [ i ] * p e e k ( i ) ;
}
p u s h ( s u m ) ;
p op ( ) ;
}
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Freq band detection in StreamIt
void->void pipeline FrequencyBand {

float sFreq = 4000; 
float cFreq = 500/(sFreq*2*pi); 
float  wFreq = 100/(sFreq*2*pi);

add D2ASource(sFreq);

add BandPassFilter(1, cFreq-wFreq, 
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for (int i=0; i<4; i++) {
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add LEDOutput(i);
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}
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float->float pipeline BandPassFilter(float gain, float ws, 
float wp, int num) {

add LowPassFilter(1, wp, num);

add HighPassFilter(gain, ws, num);
}
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Conventional DSP Design Flow

DSP Optimizations

R e w r ite  th e  
pr og r am

De sig n th e  Datapath s
(no control flow)

A r c h ite c tu r e -spe c if ic
Optimizations
(performance, 
pow er, cod e s i z e)

S p e c.  (d a ta -flow d i a g ra m )

C oe ffi ci e nt T a b le s

C / A s s e m b ly  C od e

Signal Processing Expert 
in M atlab

Sof tw are Engineer
in C  and  A ssem b ly
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Any Design Modifications?
� Center frequency from 500 Hz to 1200 Hz?

� According to TI, 
in th e  conv e ntiona l  de s ign-f l ow :

� Redesign filter in MATLAB
� C u t-a nd-p a ste v a lu es to  E X C E L
� Rec a lc u la te th e c o effic ients 
� U p da te a ssem b ly

� If using StreamIt
� C h a nge o ne c o nsta nt
� Rec o m p ile

A/D

Duplicate

LED

Detect

LED

Detect

LED

Detect

LED

Detect

Band pass
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Design Flow with StreamIt

DSP Optimizations

Str e amI t Pr og r am
( d ataf l ow  +  c ontr ol )

A r c h ite c tu r e -Spe c if ic
Optimizations

C/Assembly Code

Ap p li c a t i on -L ev el D esi g n

StreamIt compiler

A pplication  P rog rammer
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Design Flow with StreamIt

DSP Optimizations

Str e amI t Pr og r am
( d ataf l ow  +  c ontr ol )

A r c h ite c tu r e -Spe c if ic
Optimizations

C/Assembly Code

Ap p li c a t i on -L ev el D esi g n
� Benefits of programming in a 
singl e,  h igh -l ev el  ab strac tion
� Modular 
� C om p os ab le
� P ort ab le
� Malle ab le

� The Challenge: 
M ai nt ai ni ng P er f o r m anc e
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Our Focus:  Linear Filters
� Most common target of DSP optimizations

� FIR filters
� C o m p resso rs
� E x p a n d ers
� D FT / D C T

� E x ampl e optimizations:
� C o m b in in g  A d j a c en t N o d es
� T ra n sla tin g  to  Freq u en c y  D o m a in

O u tp u t is w eig h ted  su m  o f in p u ts
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Representing Linear Filters
� A linear filter is a tuple ‚A ,  b ,  o Ú

� A:  matrix of coefficients
� b :  v ector of constants
� o:  nu mb er of items p op p ed

� Example
yx 

1

1

= x A + b1
1‚A, b, oÚ1



The New Laboratory for Computer Science and Artificial Intelligence M as s achus etts  Ins titute of Technology

Representing Linear Filters
� A linear filter is a tuple ‚A ,  b ,  o Ú

� A:  matrix of coefficients 
� b :  v ector of constants
� o:  nu mb er of items p op p ed

� Example

1

1

2 1
1 2A =

o  = 1
1 1b  =1
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Extracting Linear Representation
work peek N pop 1 push 1 {
f l oa t  sum  =  0 ;
f or ( i n t i = 0 ;  i < N;  i + + )  { 
sum  + =  h[ i ] * peek( i ) ;
}
push( sum ) ;
pop( ) ;

}

� Resembles constant propagation
� M aintains linear f orm ‚ v ,  bÚ f or each  v ariable

� Peek expression:  generate fresh v
� Pu sh expression:  c opy  v into A
� Pop expression:  inc rem ent o

L inear
D atafl ow
A nal y sis ‚A, b, oÚ1

1

1

1

1
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Optimizations using Linear Analysis
� Combining adjacent linear structures

� S h if ting f rom time to th e f req uency  domain

� S election of  ‘ op timal’  set of  transf ormations
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1) Combining Linear Filters
� Pipelines and split j o ins c an b e c o llapsed
� E x am ple:   pipeline

Filter 1

Filter 2

x

y

z

y = x A

z = y B

Combined
Filter

z = x Cz = x A B

C
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Combination Example












=

3

2

1

B

[ ]654=A

6 m u l t s
o u t p u t

1  m u l t s
o u t p u t

Filter 1

Filter 2

C = [ 3 2  ]Combined
Filter
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AB for any A and B??
Need to “expand” matrices to a steady-state cycl e:

A

pop = 1

B

pop = 2
A’ B’
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AB for any A and B??
Need to “expand” matrices to a steady-state cycl e:

A

pop = 1

B

pop = 2
A’ B’

pop = 6pop = 2
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AB for any A and B??
Need to “expand” matrices to a steady-state cycl e:

A

pop = 1

B

pop = 2
A’ B’

pop = 6pop = 2

E xpanded dimensions match
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AB for any A and B??

[A]
U

E

[A]
U

E

[A]
[A]

[A]

Original E x p and e d

σ

pop = σ

� Linear Expansion 
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Floating-P oint O p e r ations  R e d u c tion
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2) From Time to Frequency Domain
� Convolutions can be done 
ch eap ly  in th e F r eq uency  
D om ain

� P ainf ul to do by  h and
� Blocking
� C oe f f icie nt  ca lcu la t ions
� S t a r t u p  e t c.  

Xi*Wn-iΣ

X ←←←← FFFF(x)

Y ←←←← X .* H

y ←←←← FFFF -1(Y)

FFT

V V M

I FFT
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Floating-P oint O p e r ations  R e d u c tion
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3) Transformation Selection
� When to apply what transformations?

� Linear filter combination can increase the 
comp u tation cost

� S hifting  to the F req u ency  d omain is ex p ensiv e for 
filters w ith p op  >  1

� Compute all outputs, then decimate by pop rate
� Some expensive transformations may later enable 
oth er transformations,  red u c ing  th e overall c ost
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Radar (Linear Analysis)
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Radar (Maximal Linear Combination)
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Radar (Maximal Frequency)
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65% slower!

2 . 4  t i m es a s 
m a n y  F L O P S
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Radar (Maximal Linear Combination)
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Radar (Maximal Linear Combination)
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Radar (Maximal Frequency)
Splitter

Sin k

R R

M a g

D u plic a te

M a g M a g M a g

R R

Splitter( n u ll)

I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t I n pu t

65% slower!

2 . 4  t i m es a s 
m a n y  F L O P S
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Selection Algorithm
� Estimate minimal cost for each structure:

� Linear combination
� F req u ency  trans l ation
� N o trans f ormation

� If hierarchical, consider all possible 
g rou ping s of children

� Overlapping sub-pro blem s allo w s ef f ic ient  
d y nam ic  pro gram m ing searc h

C ost  fu nct ion based 
on profiler feedback
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Radar (Transformation Selection)

RR

B e a m F r m
F i l t e r
M a g

D e t e c t

D u p l i c a t e

B e a m F r m

F i l t e r

M a g

D e t e c t

B e a m F r m

F i l t e r

M a g

D e t e c t

B e a m F r m

F i l t e r

M a g

D e t e c t

S p l i t t e r

S i n k

RR

S p l i t t e r ( n u l l )

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2

I n p u t

D e c

D e c

C f i l t

C F i l t 2



The New Laboratory for Computer Science and Artificial Intelligence M as s achus etts  Ins titute of Technology

Radar (Transformation Selection)
First compute cost of individual filters:
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Radar (Transformation Selection)
First compute cost of individual filters:

Linear Combination F req u enc y N o T rans f orm

low h i g h
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Radar (Transformation Selection)
First compute cost of individual filters: low h i g h

Linear Combination F req u enc y N o T rans f orm

1x1
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Radar (Transformation Selection)
low h i g hThen, compute cost of 1x2 nodes:

Linear Combination F req u enc y N o T rans f orm

1x1
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Radar (Transformation Selection)
low h i g hThen, compute cost of 1x2 nodes:

Linear Combination F req u enc y N o T rans f orm
?

min= 
min= +

1 x 1
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Radar (Transformation Selection)
low h i g hThen, compute cost of 1x2 nodes:

Linear Combination F req u enc y N o T rans f orm

1x1

1x2
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Radar (Transformation Selection)
Continue with 1 x 3

1 x 4
2 x 1
2 x 2
2 x 3
2 x 4

3 x 1
3 x 2
3 x 3
3 x 4

4 x 1
4 x 2
4 x 3
4 x 4 Overall solution
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Radar (Transformation Selection)
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Radar ( T ran s f o rm at i o n  S e l e c t i o n )
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half as 
m an y  F L O P S
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S e le c t i o n

2 . 4  t i m e s as 
m an y  F L O P S
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Outline
� Historical timeline of Stream Programming

� T h e StreamI t L angu age

� D SP D omain Sp ecific O p timiz ations

� A rch itectu re Sp ecific O p timiz ations 
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RAW: A Wire Exposed Architecture

� A wire can cross a tile in a single clock cycle
� Wire delay is not a issue in the processor design

� U ltra f ast interconnect network
� E x poses the w ires to the com piler
� C om piler orchestrate the com m unication � hide w ire delay
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18.2 mm x 18.2 mm

16 Flops/ops per cycle

208 Operand Routes / cycle

2048 KB L1 SRAM

1657 Pin CCGA Package 

1080 HSTL core-speed 
signal I/O

Raw Chip
IBM SA-27E .15u 6L Cu

3.6  Peak GFLOPS (without FMAC!)
225 Gb/s on-chip bisection bandwidth
201 Gb/s off-chip I/O bandwidth

@ 225 MHz Worst Case 

(Temp, Vdd, process):
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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 :
� Scheduling is easy
� Synchr o niz at io n f r o m  M em o r y

� C ons :
� I f  a f ilt er  r un is t o o  sho r t

� 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

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

Processor

Memory
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� 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
� R edu c ed m em ory  traffic
� L oc aliz ed c om m u nic ation
� T ighter latenc ies
� S m aller live data set

� C o ns :
� L oad b alanc ing is c ritic al
� Not good for dy nam ic  b ehavior
� R eq u ires #  filters ≤ # processing elements 

How to execute a Stream Graph?
M ethod  2 :  Space M ul ti pl exi n g
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Example: Radar Array Front End
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

F i rF i l ter

V ec to r  Mul t

Detector

Magnitude

F i rF i l ter

V ec to r  Mul t

Detector

Magnitude

F i rF i l ter

V ec to r  Mul t

Detector

Magnitude

F i rF i l ter

V ec to r  Mul t

Joiner
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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
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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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Partitioning: Choosing the Granularity

� 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 d ynamic  prog ramming  
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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
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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



The New Laboratory for Computer Science and Artificial Intelligence M as s achus etts  Ins titute of Technology

Example: Radar Array Front End
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Example: Radar Array Front End
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Example: Radar Array Front End
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Example: Radar Array Front End
Splitter
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Example: Radar Array Front End
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Example: Radar Array Front End (Balanced)
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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
� R ed uce/ eliminate cy clic communication if p ossib le

� C om p iler a lgorith m
� U ses S imulated  A nnealing 
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Placement for Partitioned Radar Array Front End
FIR
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Scheduling: Communication Orchestration

� 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
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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

� S chedule =  {  }

pop=3
push=1

pop=2
…

A B C
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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
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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 

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 
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Code Generation: Optimizing tile performance

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

� Generates  th e s w itch  code for th e 
commu nication
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Performance Results for Radar

Executing Instructions
Blocked on Static Network

Pipeline Stall
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Performance of Radar
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Application Performance
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Scalability of StreamIt
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Scalability of StreamIt
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Conclusions
� Streaming Programming Model

� Can break the von Neumann bottleneck 
� A  natural f i t f or a larg e clas s  of  ap p li cati ons
� A n i d eal mod el f or communi cati on-ex p os ed  archi tectures .  

� C an w e rep lac e th e D SP engineer f rom th e des ign f low ?
� O n the averag e 9 0 %  of  the F L O P s eli mi nated
� A verag e p erf ormance s p eed up  of  4 5 0 %

� I nc reas ed ab s trac tion does  not h av e to s ac rif ic e 
p erf ormanc e

� T h e h ardw are is  ready  f or th e s tream p rogramming model

h ttp : / / c ag. lc s . mit. edu / c ommit/


