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In the last four decades, the easiest way to improve performance of programs has been to
simply wait; processor and process scaling took care of the rest. Sadly, Moore’s law is
over, there are no free lunches left, and everyone at the table is desperate. The only way
forward is to build specialized hardware accelerators, that can be customized to the needs
of the application.

So how, then, does an enterprising performance hound like yourself build an accelerator?

P.S. Make sure you have
access to the PLDI discord!
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Getting Started

® I nStaI I DOC ker Calyx is an intermediate language and infrastructure for building compilers that
generate custom hardware accelerators. These instructions will help you set up the

Calyx compiler and associated tools. By the end, you should be able to compile and
simulate hardware designs generated by Calyx.

* Get the Calyx Image

Compiler Installation
o
R un san Ity C h eC kS There are three possible ways to install Calyx, depending on your goals.

inerj

{ Using the Docker Conta

(These will take some time!)

The easiest way is to use the Calyx Docker container container that provides a pinned
version of the compiler, all frontends, as well as configuration for several tools.

The following commands will build the docker container for you and run it in an
interactive shell:

docs.calyxir.org
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Hardware description languages (HDLs)

SystemVerilog

VHDL
CHISEU

@ PyMTL add integers

assign a = b + C



Hardware description languages (HDLs)

module seq_mult (p, rdy, clk, reset, a, b);
input clk, reset;
input [7:0] a, b;
output [15:0] p;
output rdy;

reg [15:0] p;
reg [15:0] multiplier;

. [15:0] multiplicand;
SystemVerilog e s:0) i ico
J reg [4:0] ctr;

always @(posedge clk or posedge reset) begin
if (reset)
begin

VHDL S

ctr <= 0;
multiplier <= {{8{a[7]}}, a};
multiplicand <= {{8{b[7]}}, b};

end
’ else
begin
if(ctr < 16)

begin

if(multiplier[ctr]==1)
begin
multiplicand = multiplicand<<ctr;
p <= p + multiplicand;

T=E PyMTL

else
begin
rdy <= 1;
end
end
end

endmodule

6 multiply integers



SystemVerilog
"/

VHDL

CHISEU

T=E PyMTL
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control, 1'bl, recA, recB, roundingMode, recOut,

exceptionFlags);

i i i i i

Hardware description langu

sameRecFN#(expWidth, sigWidth) sameRecFN(recOut,
2 —

o o e i e

-*x/
integer errorCount, count, partialCount;
initial begin

_*/

recExpectOut, sameOut);

$fwrite( 'h80000002, "Testing 'addRecF%0d_sub'", formatWidth);
if ($fscanf('h80000000, "%h %h", control, roundinaMade) « 2) henin

$fdisplay( 'h80000002, ".\n--> Invalid tg¢
“finish_fail;

end

$fdisplay(
'h80000002,
", control %H, rounding mode %0d:",
control,
roundingMode

—*/
errorCount = 0;
count = 0;
partialCount = 0;
begin :TestLoop

while (
$fscanf(
"h80000000,
"%h %h %h %h",
a,
b,
expectOut,
expectExceptionFlags

partialCount = partialCount + 1;
if (partialCount == 10000) begin
count = count + 10000;
$fdisplay('h80000002, "%0d...",
partialCount = 0;
end
if (
!sameQut || (exceptionFlags !==
) begin
if (errorCount == 0) begin
$display(
"Errors found in 'addRecF%0d_sub', conti
%0d:",
formatWidth,
control,
roundingMode
)3
end
$write("%H %H", recA, recB);
if (formatWidth > 64) begin
$write("\n\t");
end else begin
$write(" ");
end

$write("=> %H %H", recOut, exceptionFlags);

if (formatWidth > 32) begin
$write("\n\t");

end else begin
$write(" ");

end

$display(

o000 [ < O B Not Secure — jhauser.us

- N¢

Berkeley HardFloat Release 1: Verilog Modules

John R. Hauser
2019 July 29
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9.6. Multiplication (mulRecFN, mulRecFNToRaw, mulRecFNToFullRaw)
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add floating-
point numbers
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control, 1'bl, recA, recB, roundingMode, recOut,

exceptionFlags);

/K e e e e

® ® e e e e e e e e e

%/

wire sameOut;

sameRecFN#(expWidth, sigWidth) sameRecFN(recOut, recExpectOut, samelut);

/K e e e e

T et e ey e e e st e e P e e e e e e e e s e P e e e e s e e ey s e e e e e Ve e s ey e e e e
%/

integer errorCount, count, partialCount;
initial begin

/* __________________________________________________________________
B e e et et e B e e e e e o e et e et e e et
_*/

$fwrite( 'h80000002, "Testing 'addRecF%0d_sub'", formatWidth);

if ($fscanf('h80000000, "%h %h", control, roundinaMade) « 2) henin
$fdisplay( 'h80000002, ".\n--> Invalid te
Winiéh_?aﬂ; @) @ [ < 0O B Not Secure — jhauser.us 8] ¢

end

$fdisplay(
"h80000002, o
") Cont rol O’OH'. r*ound]‘ng mode QO(Dd:”’ Berkeley HardFloat Release 1: Verllog MOdules
control,

* roundingMode John R. Hauser
YStCm Cfl Og ); 2019 July 29
/* __________________________________________
pa — e Contents
_*/

e,]" oreount = ¢; 1. Introduction

count = % .. 2. Limitations

}b)d' L (T(}H!E =0 3. Acknowledgments and License

egmh . lﬁs (' oop 4. HardFloat Package Directory Structure
vt Z fscanf( 5. Floating-Point Representations

' h80000000, 5.1. Standard Formats

CHISEU

T=E PyMTL

hartialCount = partialCount + 1;

if (partialCount == 10000) begin
count = count + 10000;
$fdisplay( 'h80000002, "%0d...",
partialCount = 0;

bnd

f(

"rgrs found in 'addRecF%0d_sub', conti

formatWidth,
control,
roundingMode

Ke("%H %H", recA, recB);
‘matWidth > 64) begin
iLte("\n\t");

b begin

te(" ");

yrmatWidth > 32) begin
$write("\n\t");
end else begin
EB $write(" ");
end
$display(

"avnaertaed 24 o.H" rarEvnaert+Dinit+

"=> %H %H", recOut, exceptionFlags);

5.2. Recoded Formats

, .Oh th % %h", 5.3. Raw Deconstructions
b. 6. Common Control and Mode Inputs
ie,;ipe( tout, 6.1. Control Input
expectExceptionFlags 6.2. Rounding Mode

= 4 7. Exception Results

oo

. Specialization
8.1. Width and Default Value for the Control Input
8.2. Integer Results on Exceptions
8.3. NaN Results
9. Main Modules
9.1. Conversions Between Standard and Recoded Floating-Point (£NToRecFN, recFNTOFN)
9.2. Conversions from Integer (iNToRecFN, iNToRawFN)
9.3. Conversions to Integer (recFNToIN)
9.4. Conversions Between Formats (recFNToRecFN)

! r’,}ar"‘eOUt || (exceptionFlags !== 9.5. Addition and Subtraction (addRecFN, addRecFNToRaw)
begin . . 9.6. Multiplication (mulRecFN, mulRecFNToRaw, mulRecFNToFullRaw)
LU ?d rol %O‘“’(W == 0) begin 9.7. Fused Multiply-Add (mulAddRecFN, mulAddRecFNToRaw)
isplay

9.8. Division and Square Root (divSgrtRecFN_small, divSqrtRecFNToRaw_small)
9.9. Comparisons (compareRecFN)

10. Common Submodules
10.1, isSiagNaNRecFN

add and multiply
several floating-
point numbers
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Encoding control
flow

Optimizing resource usage

Breaking up critical
paths

SystemVerilog
 ——
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SystemVerilog
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Captures
control flow

COMPILER INFRASTRUCTURE

Missing
structure and
time

13

Captures
structure and
time

FIRATL

Missing control
flow
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c++

int a, b, c, d;
1if (a % 10)
X = a x b

else

y = Cc * d

16



C Calfx

. component do_add(inputs) -> (outputs) {
int a, b, ¢, d; cells {}

if (a % 10) wires {]

control {}

X = a *x b }

else

y = Cc * d

Components encapsulate
hardware structure and
control flow

17



Com

component do_add(a: 32, ..) -> (out: 32) {

cells {}
wires {}

control {}
ks

Components define sized
input and output ports

18



C Cal'x

component do_add(a: 32, ..) -> (out: 32) {

int a, b, c, d; cells {
i'f ( ) mod :_std_mod(32);
cond = std_reg(1);
X = a % b }
wires {}
else control {}

y = Cc * d }

Cells define sub-components
required by a given component

19



C Calx

component do_add(a: 32, ..) -> (out: 32) {

int a, b, ¢, d; cells { .. }
'if ( ) wires {
mod.right = 32°d10;
X = a % b mod. left = count;

cond.in = mod.out;

cond.write_en = 1°d1l;

ks
control {}

Wires defines connections
between submodules

20



Co

component do_add(a: 32, ..) -> (out: 32) {
cells {
mod = std_mod(32);
cond = std_reg(1l);

X

¥

wires {
mod.right = 32°d10;
mod. left = count;
cond.in = mod.out;
cond.write_en = 1°d1l;

¥

control {}

21



Co

component do_add(a: 32, ..) -> (out: 32) {
cells {
mod = std_mod(32);
cond = std_reg(1l);

X

¥

wires {
mod.right = 32°d10;
mod. left = count;
cond.in = mod.out;
cond.write_en = 1°d1l;

¥

control {}

22



Co

component do_add(a: 32, ..) -> (out: 32) {

cells { .. }
wires {

X

group do_cond {
mod.right = 32°d10;
mod. left = count;
cond.in = mod.out;

cond.write_en = 1°d1l;
do_cond[done] = cond.done;

ks
control {}

23



C Ca

component do_add(a: 32, ..) -> (out: 32) {

X

int a, b, c, d; cells { .. }
'if ( ) wires {
group do_cond {
X = a * b mod.right = 32°d10;

mod. left = a;
cond.in = mod.out;

cond.write_en = 1°d1l;
do_cond[done] = cond.done;

¥

Groups describe the control {}
"tor the accelerator }

/1

24



C Ca

component do_add(a: 32, ..) -> (out: 32) {

X

int a, b, ¢, d; cells { .. }
'if ( ) wires {
group do_cond {
X = a * b mod.right = 32°d10;

mod. left = a;
cond.in = mod.out;

cond.write_en = 1°d1l;
do_cond|[done] = cond.done;

¥

control {

Control defines the

seq { do_cond; do_cond; do_cond }

25



C Coﬂﬁ

_ component do_add(a: 32, ..) -> (out: 32) {
int a, b, ¢, d; cells { .. }

1f (a 04 l@) wires {

group do_cond { .. }
group upd_x { .. }
else group upd_y { ..}

}
control {}

26



C: Calix

_ component do_add(a: 32, ..) -> (out: 32) {
int a, b, c, d cells { .. }

(a % 10) wires |

group do_cond { .. }

X = a * b group upd_x { ..}
group upd_y { .. }

}

control {

seq {
do_cond;

if cond.out { upd_x } else { upd_y }

27



C Cal'x

component do_add(a: 32, ..) -> (out: 32) {

int a, b, c, d; cells { .. }
if (a % 10) wires {
group do_cond { .. }
X = a * b group upd_x { ..}
else } group upd_y { .. }
y = C * d control {
seq {
do_cond;
® (Generate 1o if cond.out { upd_x } else { upd_y }
encode computation }

® Use to schedule
execution

28
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Write your first Calyx program!

PS. Remember to install,
setup your favorite editor

Getting Started

Calyx Language

i 1. Language Tutorial ¥

. " Itinent Designs

1.2. Passing Memories by Reference
2. Language Reference
2.1. Data Format
2.2, Static Timing
2.3. Experimental: Synchronization
2.4. Undefined Behaviors
3. Attributes

Running Calyx Programs

4. fud: The Calyx Driver
4.1. Examples

4.2. Xilinx Tools

A M A4 AVI CAamAva i~

docs.calyxir.org PP ¢ OpeninWork 30
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Calyx Language
Tutorial

This tutorial will familiarize you with the Calyx
language by writing a minimal program by hand.
Usually, Calyx code will be generated by a
frontend. However, by writing the program by
hand, you can get familiar with all the basic
constructs you need to generate Calyx yourself!

Complete code for each example can be found

in the tutorial directory in the Calyx repository.
Get Started

docs.calyxir.org
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fud, the Calyx driver

import "primitives/core.futil";
import "primitives/binary_operators.futil"”;
component main() — () {
cells {
nexternal avec_b® = std _mem_di(32, 2, 32);
nexternal avec_bl = std mem_di(32, 2, 32);
dexternal squares_b@ = std_mem_di(32, 2, 32);
dexternal squares_bl = std_mem_di1(32, 2, 32);
idx_b0_0 = std_reg(32);
incr_b@ 0 = std_add(32);
1t_b0_0 = std_1t(32);
mul_b0 0 = std mult pipe(32);
fUd e S uares idx_bl @ = std_reg(32);
(] incr_bl_0 = std_add(32);
1t _ bl 0 = std_1t(32);
mul_bl @0 = std mult_pipe(32);
}
wires {
group incr_idx_bo_0 {
incr_bo 0.left = i1dx _b@ _0.out;
incr_b0_0.right = 32'd1;
1dx_b@ _@0.in = incr_b@_0.out;
1dx_b0O_0.write_en = 1'd1l;
incr_idx_b@® _0[done] = idx_b®_0.done;
}
comb group cond b0 _0 {
1t bo _0.left = 1dx_b0_0.out;
31

MrXL




fud, the Calyx driver

module main(
input logic go,
input logic clk,
input logic reset,
output logic done

)
M rXL // COMPONENT START: main >

string DATA;
int CODE;
initial begin
CODE = $value$plusargs("DATA=%s", DATA);
$display("DATA (path to meminit files): %s", DATA); .
f d $readmemh( {DATA, "/avec b@.dat"}, avec_b0@.mem); e -L :
U e Squar( $readmemh( {DATA, "/avec_bl.dat"}, avec_bl.mem); i |
$readmemh( {DATA, "/squares_b@.dat"}, squares_bO.mem); wscsemmcaso el
$readmemh({DATA, "/squares_bl.dat"}, squares_bl.mem);
end
final begin
$writememh({DATA, "/avec b@.out"}, avec_b@.mem);
$writememh({DATA, "/avec _bl.out"}, avec_bl.mem);
$writememh( {DATA, "/squares_b@.out"}, squares_bo.mem);
$writememh({DATA, "/squares_bl.out"}, squares_bl.mem);
end
logic [31:0] avec_b0_addro;
logic [31:0] avec_b0 _write_data;
logic avec_b0O_write_en;
logic avec_b0O_clk;

32
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fud will perform the followling steps:

- mrxl.mktmp: Make temporary directory to store Verilator build files.

- mrxl.set_mrxl_prog: Set stages.mrxl.prog as input’

- mrxl.mrxl-data.get_mrxl_prog: Dynamically retrieve the value of stages.mrxl.prog

- mrxl.mrxl-data.convert _mrxl _data_to_calyx _data: Converts MrXL input into calyx 1input

- transform: transform input to String

- mrxl.save_data: Save verilog.data i1n tmpdir and update stages.verilog.data

- mrxLl.run_mrxl: mrxl

- calyx.run_futil: /Users/ps/Research/calyx-ref/calyx/target/debug/calyx -1 /Users/ps/Re
search/calyx-ref/calyx -b verilog

- transform: transform input to Path

- verilog.mktmp: Make temporary directory to store Verilator build files.

- verilog.get verilog data: Dynamically retrieve the value of stages.verilog.data

- verilog.check _verilog for_mem_read: Read input verilog to see if "verilog.data needs
to be set.

- verilog.json_to_dat: Converts a json data format into a series of .dat files insid
e the given

temporary directory.

- verilog.compile with_verilator: verilator --trace {input_path} /Users/ps/Research/caly
x-ref/calyx/fud/icarus/tb.sv --binary --top-module TOP --Mdir {tmpdir_name} -fno-inline

- verilog.simulate: Simulates compiled Verilator code.

- verilog.output_json: Convert .dat files back into a json and extract simulated cycles
from log.

- verilog.cleanup: Cleanup Verilator build files that we no longer need.

34



"cycles": 17,
"memories": {
"avec bo": [
0,
1
I,

"avec b1": [

4,
] S to dat \
"squares bo": [ uares.mrxl.data
0,
1

1,

"squares _bl": [
16,
25

]

35
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MIrXL: map—-reduce accelerator

Real frontends are not built in a day,
SO let’s work on a toy frontend for Calyx.

We will introduce MrXL, and then you will implement its map operation.
Watch your directories!

The initial commands are run from calyx/
Eventually you will work in calyx/frontends/mrxl

37



anatomy of a frontend

|orogram.mrxlﬂser_py
program.ast™ =\ calyx_gen.py

| program.futil
wrapped up using fud

33



The Calyx
Builder

Python library to
build Calyx programs

{ Generating Catyx )

0 0O (< " Work

8. Frimitive Liprary

9. The calyx Library

10. Dataflow Analysis

11. Debugging
11.1. Logical Bugs
11.2. Compilation Bugs

12. Emit{&wg Calyx from Python

‘  1 42‘.1‘.-:vca|»yx»—py BuilderReference!
14. Frontend Compilers

14.1. Dahlia

14.2. Systolic Array Generator
14.3. TVM Relay

14.4. NTT Pipeline Generator
14.5. MrXL

Tools

15. Runt
16. Data Gen
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Calyx Documentation

Builder Library Reference

Top-Level Program Structure

Here's the general structure of a program that uses the
builder to generate Calyx code.

# import the builder library
import calyx.builder as cb

# define "second_comp’
def add_second_comp(prog):
# "second_comp definition here

=

# method for defining "my_component™ and adding it to

def add_my_component(prog, second_comp):
# add the component to the program
my_component = prog.component('"my_component")

# Adding an instance of "second_comp as a cell of
mv second comp = mv component.cell("mv second comp



memory banking

Reads from a memory have a limitation:
one read/write per tick of the clock.

Say | give you all the compute But if we bank the arrays,
you could ask for: we really can parallelize:

cfofelo]efefe]r ofolclefefele]n
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. . . .
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give MrXL a map operation!

Psst: consider implementing just add first, end-to-end

fud e ——from mrxl test/sos.mrxl \

--to dat --through verilog \

pass this flag
to run your version

(s mrx1.flags "—-my-map "]
" —s mrxl.data test/sos mrx1.data

41
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12.1. calyx-py Builder Reference
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Building a Frontend

This tutorial assumes that you have alre:

through the . You won't get
of it by itself!
In the utorial you wrote Calyx code k

(probably) a good way to build character, b
live. Indeed, Calyx was designed to be a com
human-facing language.

In this tutorial, we're going to learn all abot
DSL-to-hardware compiler for a toy langua;
accelerate. We will compile the DSL to Caly:
Calyx take us to hardware.

MrXL Overview

Meet MrXL, our toy DSL. MrXL lets you defil

vrarmictAare anA tham narfArm e h AarnA L.
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| | T i | | el e Nt e ) L i B A EEL B o B | e
200ps 400ps 600ps 800ps 1ns 1200ps 1400ps 1600ps 1800ps 2ns 2200ps
Name

h00000001

CODE[31:0] h00000000 XX__hooo00000 XX hoo000000 XX hoo00o0000 XX h00000000 XX hoo000000 XX hoooooooo XX hoo000000 XX hoo000000 X X h00000000

add_left][...

h00000000 XX__h00000000 XX h00000000 X X_ h00000000 XX h00000000 XX h00000000 XX h00000000 XX h00000000 XX h00000000 XX ho0000000 X X h00000000

add_out[... h00000000 XX hooo00000 XX hoooooooo XX h00000000 XX hoooooooo XX ho0000000 XX hoooooooo XX hoooooooo XX  hoo000000 XX  hoooooooo X X h00000000

add_righ...
clk
comb_re...

[ [ [ [ [ [ [ [ [ [
comb_re... XX ho XX ho )¢ ho XX ho XX ho XX ho XX ho XX h0 XX ho XX_ho
X X X ) X X X X X X

comb_re... ho h1 h2 h3 h4 h5 h6 h7 h8 h9 hA

comb_re...

S I I I I I I I I I I

comb_re...

comb_re... M M M M M M M M M M

comb_re... h00000000 XX hoooooooo XX ho0000000 XX ho0000000 XX ho0000000 XX h00000000 XX ho0000000 XX h00000000 XX ho00000000 XX ho0000000 XX h00000000

comb_re... h00000000 X hOOOOO00OA X h0000001C X h00000034 X h0O0000050 X hOOOOOO6E X  h0000008C X  hOOOOOOA8 X  h000000CO X  h000000D2 X hOOOOOODC

comb_re...

comb_re... M M M M M M M M M M

comb_re...

comb_re... M M M M M M M M M

3]

comb_re... M M M M M M M M M

comb_re... |

comb_re...

comb_re... M M M M M M M M M M

comb_re... r

done
fsm_clk

fsm—_don.e EECED 900080 090990900080 09090000080 09009099000800900999900080009000909809090990900809099090000.8090900090080900090090809099999909
fsm_in[3:0] ETReetE e e dh e eaded e and

fsm_out]|...

fsm_reset

fsm_writ...

go
idx_clk

. [ [ [ [ [ [ [ [ [
idx_done ho XX ho X ho XX ho XX ho XX ho XX ho XX ho XX ho XX ho XX__ho
) X ) X X ) X X )

idx_in[3:0] ho h1 h2 h3 ha hS h6 h7 h8 h9 X_hA

idx_out[3...

idx_reset M M N M N M M N M [

idx_write... ho XX ho XX ho XX ho XX ho XX ho XX ho XX ho XX ho XX ho

in1_addr...

in1_clk h00000000 X h00000001 X h00000002 X h00000003 X h00o000004 X ho0000005 X h00000006 X  h00000007 X  h00000008 X  h00000009 X h0000000A

in1_read_... M M M M M B [ [ [ [

in1_read._... M n M M M M M M M M

in1_read_...

IN1_reset h00000000

in1_write...




Cider: Calyx 'nterpreter and cbugge

Provides a GDB-like debugaing experience for Calyx programs



Insight: Use Calyx Groups as coarse time units

read mem

0O..4: do mul
7] * y[] write_mem
upd_1dx



for in 0..4:

L] = x[71 % v[7]

Observed behavior: does not terminate

> aftter upd_idx with \u 1dx_reg
1dx_reg = 1
1dx_reg = 2
1dx_reg = 3

- Integer overflow, source:
1dx_reg = 0
1dx_reg = 1



the bug

cells { cells {
1idx_reg = reg(2); :>» 1idx_reg = reg(’);
idx_adder = reg(2); idx_adder = reg(:);

while 1dx_reg <= 3 {
read_mem;
do_mul;
write_mem;
upd_1dx;



using Cider
fud e ——from mrx1l test/sos.mrxl --to interpreter-out

fud e ——from mrxl test/sos.mrxl —--to debugger

Read more: https://docs.calyxir.org/debug/cider.htmi
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Pollen, an accelerator generator for
pDaNgenomIc grapn queries
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Pollen, an accelerator generator for
pDaNgenomIc grapn queries
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Size of a human pangenomic grapn:

259,525,394 base pairs In a chromosome
481,945 nodes per person
4,043,780 nodes per pangenomic graph
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Size of a human pangenomic grapn:

209,525,394 base pairs in a chromosome
481,945 nodes per person
4,043,730 nodes per pangenomic graph

~30GB
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Size of a human pangenomic grapn:

209,525,394 base pairs in a chromosome
481,945 nodes per person
4,043,730 nodes per pangenomic graph

~30GB
L arger tor efficient computations
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out_graph g;
parset depth[int, g];
for segment 1n graph.segments {
emit segment.steps.size() to depths;

¥
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out_graph g;
parset depth[i1nt, g];
for segment 1n graph.segments {
emit segment.steps.size() to depths;

¥
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depth.pollen

out_graph g;
parset depth[int, g];

for segment 1n graph.segments {
emit segment.steps.size() to depths;

;
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depth.pollen

out_graph g;
parset depth[int, g];

for segment 1n graph.segments {
emit segment.steps.size() to depths;

;

exine depth depth.pollen -n 2
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depth.pollen

out_graph g;
parset depth[int, g];

for segment 1n graph.segments {
emit segment.steps.size() to depths;

;

exine depth depth.pollen -n 2

It

depth.mrxl

output depths : 1nt|[4]

depths := map 2 (s <- graph.segments) {s.steps.size()}

o1



ELCEWWEVS

Domain experts with minimal hardware knowledge can
make use of Calyx

Calyx can be a backend for complex DSLs

The skills you've gained generating map are broadly
applicable to all sorts of language features
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nave a preak,
nave a Kit Kat



VIrXL: extensions

Three options:

1. Implement the reduce operation.

2. Allow the same memory to banked repeatedly.
3. Office hours!

o4



regduction trees

How best to run a tennis tournament?

This clearly has problems...

DAY 7
DAY 6

DAY 5
DAY 4

DAY 3
DAY 2

DAY 1




regduction trees

A little better!




regduction trees

Better still. ..

But hang on, do we have four courts at the same time”

> 4

DAY 3

DAY 2 DAY 2

DAY 1 DAY 1 DAY 1 DAY 1




regduction trees

We can do this with two courts!

DAY 4

DAY 3 DAY 3

DAY 1 DAY 1 DAY 2 DAY 2




regduction trees

Ugh it's getting expensive to transport players to and fro.
Here’s another option...

DAY 5

DAY 2 DAY 4

DAY 1 DAY 1 DAY 3 DAY 3




regduction trees

This just in:
the players are numbers;
the matches are addition!
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regduction trees

How would you handle 16 numbers”?

Q...OQ0.000.0.0.000.000.000..O’ :........................... ............................




reduction trees, feat. banking

Where would you place the 16 numbers?

.........................Q....’ :........................... ............................




arbitrage

What it | want to parallelize the same
memory, but with different banking factors”

wee = CEC L EEFFEFFFEFEEEE

squares := map 3 (a <- avec) { a * a }

add_1 :=map 2 (a <- avec) { a + 1 }

We need to break avec Into
lcm(2,3) =6 banks,
and then arbitrate between those.

cdedode e frfefofuo]ufeu)]ufisfioforfoa]uofaofar]orfa)a

aveco( avecl avec?2 avec3 avec4d avech



make MrXL better!



closing remarks



