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* First step to the application specific Ics

* Partially Branch & Bound mapping

* Nmap
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The Energy Model

* bit energy (E,;) metric: for a router

* T.T. Ye, L. Benini, G. De Micheli, “Analysis of power consumption on
switch fabrics in network routers,” Proc. DAC, June 2002.

¢ Ebit:
Epii = Egpic * Eppic T Ewpi
— Eg,; = The energy consumed by switch
— Egi buffering

— E ;i = interconnection wires
* It is assumed that the buffers are implemented in SRAM or DRAM
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The Energy Model

» Extending the router energy model to the tile-
based network

* Note:

— Ejg,;; becomes dominant when congestion happens
since accessing and refreshing the memory are
very expensive in terms of power consumption.

* Eypi - The energy consumed on the wires
inside the switch fabric.
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The Energy Model

E, ;i Energy consumed on the links

The average energy consumed in sending
one bit of data from a tile to its neighboring
tile

— Epit = Espit + Egpit ¥ Ewpie T Erpic

Link length is typically in the order of mm,

— Epuit T Ewnit << Eppis

SO:

= Epit = Egpic + Eppi
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The Energy Model

» Average energy consumption of sending one
bit of data from tile t; to tile t; :

tit
Eyi? = Nhops X Esy;, + (Nhops — 1) X Ep,,,

— Nyps: NUMber of hops
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Problem Formulation

e Objective
— Mapping IPs onto different tiles such that

* The total communication energy consumption is
minimized

* Guaranteeing the performance of the system
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Problem Formulation

Definition 1:

An Application Characterization Graph (APCG)
G= G(C,A): A directed graph

— ¢, represents one selected IP/core

— a;; represents the communication from ¢; to ¢; .
Associated with each a, ; as arc properties:

- V(aiqj): The communication volume (bits) from c; to C;

— b(a;;): The bandwidth requirement from vertex c; to ¢; ,

* The minimum bandwidth (bits/sec.) that should be allocated
by the communication network.
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Problem Formulation

Definition 2

An Architecture Characterization Graph (ARCG)
G’ = G(T, P): A directed graph

— Each vertex t; represents one tile in the architecture

— Each directed arc p;; represents the routing path from t;
to t. ‘
j

Associated with each p; ; as arc properties:

— e(p;;): The average energy consumption (joule) of
sending one bit of data from tile t; to t; > E4Y,

— L(p;): the set of links that make up the path p; ;
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Problem Formulation

Minimizing the communication energy
consumption under performance constraints:

Given an APCG and an ARCG that satisfy:
size(APCG) < size(ARCG)

Find a mapping function map() from APCG to
ARCG which minimizes:

min{ Energy = Z V(84,5) X €(Pmap(cs)map(es)) }

Vai,j
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Problem Formulation

* such that:
Ve; € C, map(e;)) e T
Ve; # ¢ € C, map(c;) # map(c;)
¥ link Ly, B(lk) > > b(@i;) X f(lk, Praap(e)map(c;))

Va@,j

* Where B(l,) is the bandwidth of link I, :

_J 0 € Lpmn)
f(lk,pm,n)_{ 1 : lkEL(pm,n)
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Significance of the Problem

* Scenario:
— The number of IPs: 3x3 to 13x13
— 3000 random generated mapping for each benchmark
— Optimizing method: Simulated Annealing (SA)

* Annotations:
— Random_min/SA_sol:

* Minimum energy for random mapping/Simulated annealing

— Random med/SA_sol:

* Average energy for random mapping/Simulated annealing

© Midia Reshadi

1/4/2011

10



Significance of the Problem
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Significance of the Problem

* Unfortunately, the mapping problem is NP-

hard problem
—4 x 4: tiles: 16! mappings

— 10x10 tiles that are anticipated in five years or less

* This paper proposed the branch-and-bound

algorithm
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The Data Structure

* Walking through the search tree represents the
whole searching space

* Example :

— Mapping an application with 4 IPs onto a 2x2 tile
architecture g
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The Data Structure
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The Data Structure

* Example:

— “23xx” = IP0 and IP1 are mapped to Tile2 and
Tile3 respectively, while IP2 and IP3 are still

unmapped
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The Data Structure

e Definition 3

* The cost of a node is the energy consumed by
the communication among those IPs that have
already been mapped.

e For instance
— The cost of the node labeled “23xx”
* V() e(py3) +v(a) e(p;n)
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The Branch-and-Bound Algorithm

* Branch:
— An unexpanded node is selected from the tree

— The next unmapped IP is enumeratively assigned
to the set of remaining unoccupied tiles

— The corresponding new child nodes are generated.
* Bound:
— Each of the newly generated child nodes are

inspected to see if it is possible to generate the best
leaf nodes later.
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NMAP

* Bandwidth-Constrained Mapping of Cores
onto NoC Architectures

— Authors: Srinivasan Murali, Giovanni De Micheli
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Mathematical Formulation of the
Mapping Problem

* Definition 1
* The core graph is a directed graph-> G(V,E)
— Each vertexvieV
° representing a core
— Each edge (v, v), e;; ¢ E,

* representing the communication between the cores v,
and V.

— The weight of the edge e, ;, denoted by comm,;,

* represents the bandwidth of the communication from vi
tovj.
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Mathematical Formulation of the
Mapping Problem

* Definition 2
» The NoC topology graph 2 a directed graph
—P(U, F) with each vertex u; e U
* representing a node in the topology
— Each edge (u;, u,), denoted as fi,j ¢ F

* representing a direct communication between the
vertices ui and uj.

— The weight of the edge f; ;, denoted by bw;;

* represents the bandwidth available across the edge f; ;.
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Mathematical Formulation of the
Mapping Problem
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Mapping function

* Mapping function map:
map:V = U st map(v;) = u;,Yv, € V,Ju; €U

VI <|Ul
* flow of single commodity (d¥), k = 1, 2, - - - |E].

— The communication between each pair of cores
(i.e. each edge ¢i,j ¢ E)
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Mapping function

 The value of d¢ vi(d¥)

— Represents the bandwidth of communication
across the edge

n_ I d* : vl(d*) = comm,; j,k=1,2,---|E|,Ve; ; € E,l
7 | with source(d*) = map(v;), dest(d*) = map(v;) |

* The bandwidth constraints
| E|
D wb < bwig, Vi,j€1,2,---,|U]
k=1
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