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FPGA Overview

* Field-Programmable Gate Arrays

— Pre-fabricated silicon devices that comprise of an array of
uncommitted circuit elements (logic blocks) and
Interconnect resources

— An IC designed to be configured by end-user after
manufacturing

* Implement any logical function that ASIC can perform
« Applications:

— DSP

— Device controllers

— Medical imaging
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FPGA Architecture
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FPGA CAD Flow
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Clustering

Group logic elements into logic blocks

Separate clustering step may be performed
orior to placement

* Reduce the number of logic blocks to be
nlaced

Simplify legality checking for main placement

Algorithm: greedily packs LE with the highest
attraction to the current cluster
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Placement

« Slot assignment problem

* Placement has significant impact on the
performance and routability of circuit design

« EXisting approaches to FPGA placement:
1. Simulated Annealing-based placement
2. Partitioning-based placement
3. Analytical method-based placement
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Simulated Annealing-based Placement

* Placement optimization engine for placement used
In the well-known VPR package for FPGA

P = InitialPlacement ());
T = Initial Temperature ();

while (ExitCriterion () = False) {
while (InnerL.oopCriterion () == False) { /* “Inner Loop™ */
P.cw = PerturbPlacementViaMove (P);
ACost = Cost (Py..) — Cost (P);
r = random (0,1);
lf{l' < E—ﬂCnEL'T] {
P=P..  /* Move Accepted */
h

+ /* End “Inner Loop™ */

T = UpdateTemp (T);
}
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Simulated Annealing-based Placement

* The cost function penalizes placement which require
more routing in the narrower channels

Fnes bb (n)  bb (n) }

Cost = ﬂzl.g'i:n][“:,:,m‘J[':”:.+.‘::,w':lf(”:.

» Key strengths that SA possess:

— Possible to enforce all the legality constraints
Imposed by the FPGA architecture

— Possible to model the impact of the FPGA
routing architecture on circuit delay and
routing congestion
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Physical Synthesis Optimizations
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(a) Example "iterative” physical synthesis flow. (b) Example "incremental” physical synthesis flow.
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Routing

 FPGA routing consists of pre-fabricated metal wires
and programmable switches

e |nterconnect between wire and CLB 1I/O blocks
* FPGA routing typically goes through:

— Routing-resource graph generation
— Global routing
— Detailed routing

« Two-Step Routing

Single-Step Routers
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Routing-resource graph

* An abstract data representation for global and
detailed routers

* Vertices: I/O pins of logic blocks and wire segment in
the routing channels

« Edges: programmable switches that connect two
vertices
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Global Routing

« Uses a simplified routing resource graph

« To determine the routing of each net on the graph such

that all the channel capacity constraints are met

1. Each connection is initially routed using minimum cost with little
regards to congestion

2. Routing iterations to reduce wire overuse
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Detailed Routing

« Given a global routing solution, the detailed router step
Implements each step in the coarse routing-resource graph to
eliminate resource conflict

« Two phases:

1. Enumerate all the possible detailed routes and add to
expansion graph

2. lteratively refine route with lowest cost
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Single-step router

* Avoid possible mismatch between global and

detailed routing

* These routers differ primarily in their costing of
various routing alternatives, search techniques, and
congestion resolution

 Various single-step routers yleld

two-step routing
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Future Challenges

* Need for more scalable and efficient placement and
routing algorithm

* Novel PD algorithms with considerations of process
variability and be able to perform statistical
optimization
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