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General Context

« What: speed-up multimedia applications

« How: Application Specific Instruction-set Processor
* Processor extension = system level reconfigurable cells
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DURASE flow

Context Efsfmimfmji,

]H—mr[ Dataflow analyser ]
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Generic Environment for
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This design flow is based on

“Constraint-driven methodology”

Reference : « DURASE : Generic Environment for Design and Utilization of Reconfigurable
Application-Specific Processors Extensions » DATE09




DURASE flow
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Motivations

Synthesis of a system level reconfigurable cell in the
DURASE context under technological constraint:

* Minimize the area of the reconfigurable cell.

« Add the possibility to ensure a certain frequency

=> Not increase the Critical Path of the extended
pProcessor core.




Related Work

* N. Moreano (2005)

Gy G; From G, From G,
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= Merge iteratively two patternsby: ) () ) O ) . 2 g
» Making node and edge matches and OE ) a L — (t: oy
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Compatibility Graph (CG)
» Reconstructing the temporary merged

pattern
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= At each iteration: ORONO

> Solution = Maximum Weighted Clique in a“"
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» The weight = Area reduction of the
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= Moreano’s heuristic is among the best available suboptimal algorithm
available for DataPath Merging.

= It solves the global problem in polynomial time.
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Related Work

M. Corazao (2004)

» HLS for data-path-intensive ASIC
design Gimerged

G, G,
» Performance optimization using
template mapping QXONO BN ORONO
() (&)
= Key of their algorithm: (+) (+)
> Notion of “bypassability”
)

(example: Node “+1” in the figure

= Interesting method to reduce the number of Mux in the merged pattern.
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Our Contribution

» Make patterns merging with/without increasing the critical path under
different conditions as:

« Maximum number of MUX on the critical path

« Maximum number of bypassed nodes on a path
(generalization of the bypassability notion)

» Combine the constraints modeling these conditions and solve the entire
problem while minimizing the area of the merged pattern.




Our Contribution

» Make patterns merging with/without increasing the critical path under
different conditions as:

« Maximum number of MUX on the critical path

« Maximum number of bypassed nodes on a path
(generalization of the bypassability notion)

» Combine the constraints modeling these conditions and solve the entire
problem while minimizing the area of the merged pattern.

» The problem has been modelised using constraint programming and
solved by JaCoP solver.

4R
'g JaCoP web site: http://jacop.osolpro.com




Constraint programming

« Formally, a Constraint Satisfaction Problem (CSP) is defined
by a 3-tuple (V;D;C)

Where:

> V=X X,;...: X, Is a finite set of finite domain variables (FDV's),

» D =D;;D,;...;D, is afinite set of domains,

» C is a set of constraints restricting the values that the variables can
simultaneously take. In practice, the constraints are defined by
equations, inequalities and combinatorial constraints.




Constraint programming

« Example of combinatorial constraint:
The “cumulative constraint”
A

<9

N

| TaskID

amount of resourcae

. -
1 2 3 4 5 6 7 8 9 10 11 12 time

Constraint example:
Quantity of resource used at a time < maximum number of resource avallable

-




Algorithm Overview

Input patterns
(ordered set)
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- Compatibility graph generation
- Constraint generation for :
* Weighted clique problem

N Nz * Critical path problem
T~ -7 * Multiplexer minimization problem
Update procedure - Optimization




Compatibility Graph
« Undirected graph

* Node types

Type Example
- Regular node Add / Add
- Edge node Add — Mul / Add — Mul
- Path node Add — ... » Mul/Add — Mul

« An edge defines “mapping compatibility” between two nodes
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Compatibility Graph
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Weights iIn Compatibility Graphs

O
« Regular node weight P
Weight (u;/ u;) = Area(u) — Area(Mux) (1)
« Edge node weight
Weight ((u;,v;) / (u;,v;)) = Area(Mux) (2)

« Path node weight

Weight ((u;,w;, ...,v;) / (u;,v;)) = Area(Mux) — Area((u;,w, ..., v)) (3)




Weighted Cliqgue Model

« Compatibility Graph (CG) model
CG = (Vc,Ec) where:  Vcis a set of vertices
Ec c Vc x Vc is a set of edges

« Cligue model

Each node u €V, is modeled by finite domain variable Sel, = {0,1}.

Sel, =1 if the node is contained in the Maximum Weighted Clique.
Sum is the goal function that is maximized.

V(UeV,) & Ec: Sel, #1v Sel, #1 (4)

Sum= > Sel, -weight(u) (5)

uev,




Critical Path Model

e Problematic Original input pattern

Temporary merged pattern

Path node

— The node t, is bypassed in the temporary merged pattern to
match with the (i1,i2) edge of the imput pattern.

> The delay of the bypassed node must be taken into account if New 'nPUt pattern
the path node is selected in the clique. ‘ ‘




path node

Critical Path Model

 Constraint modeling the Q
critical path problem @

CPL = Max{Latency(Py),...,Latency(Px)}

Vue Ve,u= (uj,wi,...,vi)/(uj,vj):

(6)
Delaysy, = Sel, - Z Latency(n)
ne{u;,wi,...,vi}
V(uj.vj) € E}; : Start,; + Delay,, < Start,, (7)
Yu € ONS : Start,, + Delay,, < CPL (8)

“ONS”: Output Node Set, “CPL”: Critical Path Latenc




Model with Multiplexers

 Problematic

» When two nodes are shared in the merged graph without sharing
their inputs, multiplexers are added.

» Objective: Modeling the condition related to the number of MUX on
the critical path.

Pi ‘ IDj Jv |:)r\a*lerged

Example of multiplexer insertion after merging patterns P; and P;




Model with Multiplexers

« Example (1)
» Generation of the Set of Nodes on the Critical Path

CPL = Latency(P,)

a e SNCP, ={4a, ,a, ,a5 }

CPL: Critical Path Length
SNCP: Set of Node on Critical Path




Model with Multiplexers

« Example (2)
» Compatibility Graph generation

I:)1 Pz
(o) ~u

Bypassable node e 'u3
a A”/’

CG: Compatibility Graph




Model with Multiplexers Mg @

/

- Example (3) ) :g:ul . e
U2
Sel,, = 0 (Weight < 0)

~—

Sel, =1 e
< Sel, =1




Model with Multiplexers

« Constraints modeling (1)

» Generation of the Set of Nodes on the Critical Path (SNCP).

CPL = Max{Latency(P,), ..., Latency(P,)}

For each pattern P; with Latency(P;) = CPL we generate SNCP; which
contains all the node on the critical path P;.




Model with Multiplexers

« Constraints modeling (2)

» Generation algorithm for SSN and SSN’ sets

Algorithm result for each u; € SNCP,
SSN,; =0, SSN! =0

If SSNy, # @ the node u, is implicated 107 €ach u V.
if u=u/u;

in a regular node of the CG. SSN,, = SSN,, U {Sel, }
if u= (vioui)/(uj,vj) Av; € SNCP;
I !
If SSN'; # @ the node u, is implicated SSN,, = SSN,,, U {Sel..}

if w=(viowi.....u;)/(uj.vj) ANv;i e SNCP,

d

in a edge or path node of the CG as SSN/, = SSN,, U {Sel, }

a destination node.

Don't forget:  Sel, = {0,1}

e’




Model with Multiplexers

« Constraints modeling (3)

» Definition of the FDV: For each node u; two variables, Start, and Mux, are
defined. The latter is defined as follow:

(1 ifTNM,, >0
Ri if TNM, =0ASSN,, #0ASSN, =0
Mux,, = < : l i “ 7 i 9)
Ry if TNM,, =0ASSN,, # 0 ASSN] #0
(0 if TNM, =0ASSN, =0
Rie ) Sel>0
SelSSN,,
Ry=R;-R, where R ) Sel=0
SeleSSN],
» Constraints definition
Yuj,v;i € SNCP;, (uj,v;) € E; : Start,, +Mux,, < Start,, (10)

Yu € ONS": Start, +Mux, < MNM (11)




Results

« EPIC decoder application example from Moreano’s paper

Input Selected Optimizations Compatibility Graph Selected Nodes in Time Merged Pattern Area
Application Patterns Nodes Edges | Max. Weighted Clique in Imp.
nodes | edges | N E [P | CP | NM | Reg. | Edpe | Path Repg. | Edge | Path sec | node | edge | mux | in%
12 11
EPIC DECODER 16 16 Yes | Yes 31 15 0 858 10 6 0 1.02 18 30 5 48%
15 13 Yes | Yes 49 31 i} 2717 15 9 0 0.85
12 11
EPIC DECODER 16 16 Yes | Yes |2 31 13 8 1151 10 [ 1 371 18 25 @ 50%
15 13 Yes | Yes \2 49 28 12 3215 15 9 2 1.24
16 16 ~ P
EPIC DECODER 12 11 Yes | Yes | 2 esy X 2| 31 15 2 1151 9 6 0 1.18 20 29 4
15 13 Yes | Yes | 2 NYesJ X2 49 28 12 3225 13 8 1 215

>> The system found local optimal weighted cliques <<
And proved their optimality !




Results

« Average area reduction for five different experimentations
applied to the Mediabench test using the DURASE flow:

1. Node sharing only 66.5%
2. Node and Edge + 2 Bypassed Node 67.7%
3. N & E + No Mux on the Critical Path 41.1%
4. N & E + No Mux + 2 BP + CP opt. 50.5%
5. N&E +2 Mux + 2 BP + CP opt. 66.7%

Our system gives good results under different optimization constraints but
not only...

e’




Results

e ...Qives it fast!

Auto Regression Filter (3)
Cosine (9)
Elliptic Wave Filter (8)
EPIC Colapse (7)
FIR (8)
JPEG IDCT (7)
JPEG Smooth Downsample (9)
JPEG Write BMP Header (7)
MESA Feedback Points (5)
MESA Horner Bezier (5)
MESA Interpolate Aux (4)
MESA Matrix Multiplication (3)
MESA Smooth Triangle (9)
MPEG IDCT (6)
MPEG Mation Vector (7)

| 1 1 1
0 25 50 75 100 125 150 175 200 225 250 275 300 ms

Example : A weighted clique in a graph with 2,122 nodes and 2,116,470 edges in 2 sec.




Questions...




Constraint Programming (Finite Domain) vs.
(Mixed) Integer Programming

Variables Discrete Continues and discrete
Constraints Linear & non-linear Linear
Global constraints
Modeling Flexible, problem structure Linearized model
preserved
Solving Local consistency Linear relaxation (simplex)
Depth First Search Branch and Bound
Search Possible heuristics Standard methods

“Constraint Programming is Software Engineering applied to Operation
Research”

Jean-Francois Puget, ILOG
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