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Designing hardware accelerators is challenging, particularly for
domain experts from other fields
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Lack of a robust compiler infrastructure hinders
DSL development

Limited debugging tools hinder DSL adoption
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rl = std_reg(32);
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r2 = std_req(32);

while @ { =
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mul = std_mul(32);
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} else {

par {
@

} add = std_add(32);

div = std_div(32);
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rl = std_reg(32);
mul = std mul(32);
r2 = std_reg(32);
add = std_add(32);
div = std_div(32);
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control cells



group pink {
mul. left = reg.out;
mul.right = mem.out;

rl = std_reg(32); mem.in = mul.out;
mul = std_mul(32); !

N _ group orange {
r2 = std_reg(32); mem.in = add.out;
add = std_add(32); add. left = mem.out;

, , add.right = mem.out;
div = std_div(32);

group green {

control cells wires



Com

if pink {

while orange {

green;
¥
} else {
par {
orange;
green;

}
}

control

rl = std_reqg(32);
mul = std mul(32);
r2 = std_reqg(32);
add = std_add(32);
div = std_div(32);

cells

group pink {
mul. left = reg.out;
mul.right = mem.out;
mem.in = mul.out;

group orange {
mem.in = add.out;
add. left = mem.out;
add.right = mem.out;

group green {

wires



Optimizations in Calyx

Calyx Code

Register
Unsharing

Resource Sharing

Different end-targets will benefit from
different sets of optimizations




Debugging with CO' X



Debugging in Software

Program.cs # X v §
DebuggingDemo - "%DebuggingDemo.Program ~ @ Main(string[] args) - §'
18 { = | B
11 public static string GetName() => "Maarten"; b %
12 - ®
1303 public static string GetWord() =
14 { E
15 return "hello”; |0 m
16 | } %
17 )
18 = public static void Main(string[] args) args = {string|[0]}
19 {
() 20 var name = GetName(); name = {null}
21 var word = GetWord(); " -
22
23 var result = $"{name} says {word}!";
24
25 Console.WritelLine(result); -
100% ~ 4 b
Locals e e BB e BB e BB e e BB B e B e BB e B B BB B e S e S BB B BB B BB e <7 rll X
Name Value Type Name Lang!
@ args {string[O]) string[]
@ name null string
@ word null string
@ result null string
Autos | Locals | Watch 1 > o = 81 & >
Breakpoints Step execution ? Add tosource Control ~ 1 @) .

Complex state inspection

Image from jetbrains blog



Debugging in Hardware
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Debugging in Hardware
RTL doesn’t know about the control of the accelerator

* Any assignment could change at each clock cycle
* S0, debugging tools must capture and display every change

Even simple accelerators can have many thousands of cycles!



Even worse: generated RTL does not resemble the surface
application

We cannot expect domain experts to
code in a DSL and debug in RTL



RTL Is too low-level for
DSL accelerator debugging

Instead debug at the level of the



Calix

High-level Low-level
control flow structure

Calyx knows about control flow explicitly. This
bypasses many of the challenges of RTL simulation
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Calix

High-level Low-level
control flow structure

Calyx represents many of the realities of hardware which are
not visible when debugging at the DSL level (or C for HLS)
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Calyx Interactive Debugger (CIDR)

Built on top of the Calyx Interpreter

interp — interp < fud e --to debugger tests/complexfunsigned-dot-product.futil -s verilog.data testsf/fcomp...

rch/capra/calyx/interp]$ fud e —to debugger tests/complex/unsigned-dot-product.futil -s verilog.data
tests/complex/unsigned—-dot-product.futil.data
== Calyx Interactive Debugger ==

> break unknown

There is no group named: unknown
> break initialize_mem_@
> break initialize mem_1
» info break

Current breakpoints:

1. enabled initialize_mem_8

2. enabled initialize_mem_1

>l




= int — int s« fud e --to deb test [ ig...
ue ERTIER R et o@® " interp — interp « fud e --to debugger tests/complex/unsig...
. == Calyx Interactive Debugger == g g [

> info break [
Current break?u}nﬁs:_ [ > info break
1. enabled 1initialize_mem_@ .
2. enabled initialize_mem_1 yrrat braakpolmte:
: == 1. disabled initialize_mem_8

> step 2. disabled initialize_mem_1

> cuntinue_ R [ > break add
[Hit breakpoint: 1nitialize_mem_@ [ » break mul

o s O : [ » continue
[ mem@ ] ¥/unsigned-dot-

Hit breakpoint:

addr@ = [888] ts/complex/unsi[ > step
[ addrl = [6@8] ] [ » continue

[ write_data = [PP@PAAEAEAPAREAEARAABREAEEEERERE ] ] Hit breakpoint:
write_en = [8] [ > step
clk = [8] [ » step
read_data = [BOOBERERRGGEEAPEO0EERRBGA00000008 ] [ » continue
done = [@] Hit breakpoint:
> disable 1 [ » step
» continue [ » continue
Hit breakpoint: initialize_mem_1 Hit breakpoint:
» print mem@ »
mema
addrd = [@ee]
addrl = [@ee]
write_data = [PPBBBGBABEEEREEEARBEEE0ERBBEEE0080]
write_en = [8]
clk = [B]
read_data = [BOOBERERRGGEEAPEOOEERRBGA00001168 ]
done = [@]
» print mem@.read_data
mem@.read_data = [G6BEGEEEEE000ABEEE00000008801108]
» print meml.read_data
meml.read_data = [G28P8G0GEER00A500800000608018008 ]
> 5
» print meml.read_data
Imemla.read_data = [BBEEPBABEREEEARRRBAREEBERE10068E ]
P!




Future extensions to CIDR

» Data structure rematerialization for frontends

» Source Location support and gui interaction

* IR level debugging constructs/annotations
» Watch values & asserts

* FPGA integration (capture error state from FPGA to
debug In software)

 And much more In the broader Calyx ecosystem
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Simulation
+

Debugging

Backend Targets

Thanks to my co-authors and the rest of the Calyx team! CaIVX| l. Orq
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