Characterization and P arameteriz ed Generation of Digital Circuits

Michael Hutton Ph.D. Departmental Oral

Department of Computer Science University of Toronto

Wednesda y, March 26, 1997 11am, LP 378

M. Hutton Page 2 of 32

Benchmark circuitsneeded to evaluate and test:

• new FPGA architectures • new algorithms.

• Some benchmarks exist (PREP, LGSynth, proprietary)

• Hard to find enough and the right size

- usually big, sometimes specific size range.

Generate synthetic circuits

• learn and use physical properties

Context and Motivation

M. Hutton Page 3 of 32

Realistic cir cuits. How?

Goal is to generate realistic synthetic circuits. • Define physical characteristics of circuits. • Characterize real circuits for default profile. (CIRC) • Generate circuits from user-parameters and the default profile (GEN).

Validation is crucial! • Easy to generate random graphs. • Noteasy to generate good synthetic circuits.

M. Hutton Page 4 of 32

Validation Pr ocess - A Pre view

Characterization

Generation

Place & Route

Real Circuit

Compare

Place & Route

Parameters

Clone Circuit

wirelength, tracks wirelength, tracks

Success?

M. Hutton Page 5 of 32

[Donath, Feuer, El Gamal, and others]

• Stochastic wireability analysis, Rent’s Rule.

[MCNC, PREP, industry]

• Collect public or private “real” benchmarks.

[Darnauer and Dai] (independent, parallel work) • Generate random graphs based on Rent’s Rule.

[Iwama et. al.] (independent, parallel work)

• Random logic functions by transformation.

Previous Efforts

M. Hutton Page 6 of 32

I. Characterizing Combinational Circuits

M. Hutton Page 7 of 32

Combinational Cir cuit Characteristics

Basic Parameters:

• size, I/O, edges, fanout distribution.

Delay-Based Characteristics:

• delay, shape, edge-length, fanout by level.

Reconvergence:

• quantification of reconvergent fanout, R.

Locality:

• spread, average in span (in progress).

M. Hutton Page 8 of 32

Statistical Relationships

Example: Size vs. combinational delay:

delay = gauss( μ= log(size) )

delay log nodes

M. Hutton Page 9 of 32

Structural Characteristics

Example: Shape and edge length functions.

unit edge long edge

(36/108) (53/108) (12/108) (8/108) shape distribution

M. Hutton Page 10 of 32

II. Generating Combinational Circuits

M. Hutton Page 11 of 32

n=23 k=2 nPI=7 nPO=2 delay=4 shape=(7,6,5,3,2) fanout=(2,15,3,1,2) edges=(0,29,3) locality=6

Important: Algorithm based on delay, shape, fanout. -- real circuit characteristics.

Example Characterization / Generation

M. Hutton Page 12 of 32

Generation Pr oblem Specification

GIVEN:n, k, nPI, nPO, delay, locality, distributions

FIND: Circuit C such that: I. nodes and edges match distr ibutions II. fanout corresponds to assigned value III. delay(x) is well-defined for all nodes x IV. fanin(x) bounded by k, all fanins distinct

Hard and time-consuming optimization problem:

Solve heuristically

M. Hutton Page 13 of 32

Pictorial Description of the Pr oblem

M. Hutton Page 14 of 32

Combinational Algorithm:

Step 1

(degree bounds)

Step 2

(edge assignment)

Step 3

(degree partition)

M. Hutton Page 15 of 32

Combinational Algorithm, contin ued.

Step 5 Step 4

(node split; assign fanouts) (assign edges to nodes)

M. Hutton Page 16 of 32

III. Sequential Circuits

M. Hutton Page 17 of 32

combinational

combinational

Key: combinational sub-circuits are joined by flip-flops and back-edges.

level 0

level 1 sequential

sequential primary inputs

flip-flops

Modelling Sequential Cir cuits

M. Hutton Page 18 of 32

Sequential Cir cuit Characteristics

New Characteristics

• sequential level, sequential shape • forward edge, back edge, FF-edge • nDFF, nBack • delay locations of back edges

‘‘Ghost I/O ports”

• at head and tail of back-edges • have a shape distr ibution (important)

M. Hutton Page 19 of 32

Basic Approach: 1. Combinational sub-circuits (many new constraints). 2. Glue sub-circuits: iterative, greedy algorithm.

(POs not shown)

GLUE ghost input

ghost output

Sequential Generation Algorithm

M. Hutton Page 20 of 32

The Gluing Process

• Previously hadcombinational delay and shape .

• add sequential level, shape, “ghost” I/Os.

• Input at sequential level >0 becomes a FF in gluing.

• Introduce ghost input (GI) and output (GO) ports:

• abstractly like a PI or PO in a sub-circuit, but disappear in gluing.

• have delay-locations: GIshape and GOshape • GI and GO must be delay-compatible to join.

Note: the model generalizes to arbitrary hierarchy.

M. Hutton Page 21 of 32

IV. Validation of Circuit Quality

M. Hutton Page 22 of 32

GEN-scripts and “Clone” Cir cuits

X = { name = “bbtasclone”; L0=(@.comb_circ) {

name=”L0”; n=8; kin=4; nPI=2; nPO=2;

nDFF=0; nEdges=7; level=0; delay=2; nBot=3; shape=(2,3,3); nGI=13; GIshape=(4,9,0); nGO=3; GOshape=(0,0,3); nZeros=5; POshape=(0,2,0); edges=(0,7,0); outs=(5,0,2,1); max_out=3 }; L1=(@.comb_circ) {

name=”L1”; n=3; kin=4; nPI=0; nPO=0;

nDFF=3; nEdges=0; level=1; delay=0; nBot=3; shape=(3); nGI=0; GIshape=(0); nGO=13; GOshape=(13); nZeros=3; POshape=(0); edges=(0); outs=(3); max_out=0; }; glue=(L0,L1); }; output(circuit(X));

real circuit GEN clone circuit clone script

CIRC

M. Hutton Page 23 of 32

Combinational Cir cuit Clone

MCNC circuit x2 GEN clone of x2

M. Hutton Page 24 of 32

Sequential Cir cuit Clone

MCNC circuit dk15 GEN clone of dk15

M. Hutton Page 25 of 32

Compare real circuits againstGEN-clones and “random” graphs with same #nodes and edges .

Note: We use very fair and reasonable random graphs.

MCNC/Industry Benchmark circuit GEN clone circuit same-size random graph

place and route (VPR) (MAX+PLUS2)

track total wirelength count

10K20 wire resources

Validation of Routability

M. Hutton Page 26 of 32

Results f or Combinational Cir cuits

Wirelength Track Count Reconvergence

GEN: 17% RAND:119% GEN: 14% RAND:123% GEN: 22% RAND:48%

(MCNC benchmarks)

M. Hutton Page 27 of 32

Results f or Sequential Cir cuits

(Altera benchmarks)

Wirelength:

Track Count:

10K20 “wires”:

GEN: 35% RAND: 175%

GEN: 38% RAND: 134%

GEN: 36% (1 fail) RAND: 151% (13 fail)

(real circuits all fit)

M. Hutton Page 28 of 32

V. Conclusions and Future Work

M. Hutton Page 29 of 32

Why This Work is Impor tant

Heuristic solutionsmust understand input data.

• We provide new characteristics of digital netlists, useful both for this problem and CAD in general.

• Heuristic algorithm increasingly important.

Benchmarks are necessar y but rare.

• We describe a new, viable and practical approach to generating benchmarks.

• Based on known aspects of circuits (e.g. delay).

Test data must be believable.

• We give a concrete approach to validation, and show conclusively good results.

M. Hutton Page 30 of 32

• New characteristics of combinational

circuits:shape, edge length, POshape , reconvergence, locality.

• New abstract model for sequential and

hierarchicalcircuits: GI and GO shape, gluing.

• Define circuit generation problem and requirements for solution. Give an algorithmic solution, implementation, and empirical validation.

• Practical research tools for future work and the industrial community.

Specific Contrib utions of This Thesis

M. Hutton Page 31 of 32

Users of CIRC and GEN software .

Also 25 academic or individual users.

1996 DAC partitioning contest.

(accepted licencing criteria and downloaded software)

Actel Motorola Altera Northern Telecom AMD Pilkington Cypress Sierra Imaging Hewlett Packard Synopsys Mentor Graphics Vantis

MINC Xilinx

M. Hutton Page 32 of 32

For implementation in GEN:

• Fine tune parameters, more and varied circuits • New netlist formats, stitching, LUT functionality.

Further Research:

• Better understanding and handling of “locality.” • Better understanding of circuit structure with size. • Hierarchical and “system” level generation. • Validating large circuits? • Validation for partitioning, logic synthesis, simulation,power consumption.

Future Work