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Predem

> syntézou se mysli logicka syntéza, tj. minimalizace logiky a jeji
mapovani na vyrobitelné/dostupné logické bloky
» IR je intermediate representation, vnitfni reprezentace



Kapitola 1: Zadani
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Obrazek 1: Naivni pohled

» src: HDL, HLS
» dst: RTL, netlist LUT pro FPGA, standardnich bunék pro ASIC, C++
simulaéni model, SMT verifika¢ni model, Redstone, Factorio?



Kapitola 1: Zadani
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Obrazek 2: Mozna implementace - 2 IR




Jak to vypada pro Verilog?

vVvyYyy

wire [7:0] x;
wire mux, a, b;
assign mux = x[0] ? a : b;

modelujeme w1 re a operace nad nima (hradla, buriky)

kazdy spojeni hodnot mUZe fezat a slepovat

wi re maze mit libovolny pocet zdrojd hodnot (budicl signalu)
instance modulu nevyZaduje viditelnost deklarace rozhrani
modulu



Pockat, neni to jenom kompilator?

» mulZeme psat hardware tfeba v LLVM IR?



MlZeme psat hardware tfeba v LLVM IR?

Operace maji arbitrarni sitky

» docela detail ale ok



MiZeme psat hardware tfeba v LLVM IR?

Tok rizeni
» program je posloupnost instrukci
» LLVM IR tohle zachovava
» HDL maji imperativni paradigma jen pro prakti¢nost
P neexistuje “instruction pointer”
> “elaboraci” se eliminuje tok fizeni na Cisté tok dat

always @(posedge clk)
if(s) begin

X = aj;
end else begin
X = by
end

always @(posedge clk)
X <= s ? a : b;



MlZeme psat hardware tfeba v LLVM IR?

Moduly nejsou funkce

1 extern void spawn_nasal_demon(); ¥ A O~ Y- B F 4+~ /-
2 void bar() {
3 spawn_nasal_demon(); 1 par 3
a return; 2 link.w %a6, #0
5 3 jsr spawn_nasal_demon
6 wvoid foo() { 4 Wil =G
7 bar(); 5 rts
8 bar(); — 6
9 } 7 foo:
8 link.w %a6, #0
9 jsr bar
10 jsr bar
11 unlk %ab
12 rts

Obrazek 3: Funkce



MiZeme psat hardware tfeba v LLVM IR?

Moduly nejsou funkce

Module Instantiation

adder  add_0 (out® in1 in2) .
adder  add_1 (out1 in3 ink) .
endmodule

Adder

L

Adder | | Adder

Adder_tree

Lecture Note on Vrilog, Course #90132300, EE, NTU

C.H Tsai, 10/29/2004

Obréazek 4: Moduly




Kapitola 2: Otevrené IR pro hardware



Verilog

» otevieny standard
» nejednoznacny
> prosté ne



Yosys / RTLIL

» IR pro Yosys
» silné postaveny na Verilogu
» pro celou syntézu, ne jen “interchange format” mezi nastroji



Yosys / RTLIL

vVvyVvyVvyVvVvVVvyVyvyy

akademicky experiment ktery se vymkl z rukou
jadro: 2013-2014

prvni open source verilogovy frontend

prvni FOSS end-to-end flow pro FPGA (+nextpnr)
open source Cipy (+OpenROAD)

formalni verifikace s FOSS SMT solvery
provéreny, popularni

C++17/C++11



Yosys / RTLIL

Syntetizuje moduly jako funkce

» hranice modulu je arbitrarni bariéra proti optimalizacim
» pokud se nepouzije flatten

» abc ale zabije src atributy

» =>s flatten nezbude Zadny “debug info”



Implementace

RTLIL

port_input = true
width = 8

port_input = true
width = 8

width = 8

Module
Cell Cell
idx = Ox... idx = 0;
name = ... .
type = "$add” type = "$add"
Wire Wire Wire Wire Wire
idx = 0 ide
name
port_output = true

width = 8

width = 8

Obrazek5:t=a+b;u=t;o=t+c




prijunnamed / Unnamed IR

vVvyVvyVvVVvyVyvyy

bleeding-edge, vyvoj zacal koncem ledna letos

zatim nic pro hardwarare

masivni zlepSeni ve vykonu, pamétové spotrebé, dev experience
Rust

silna inspirace LLVM a silnymi zkusenostmi s Yosys

cile zatim omezeny na FPGA

fundamentalni omezeni
» bezabc
» interpretace x/undef pro jednoznacnost
» vyjadreni ¢asovani
nehierarchicka reprezentace
» hierarchie je jen metadata
» optimalizace napfi¢ moduly
koncepty odprototypovany v Amaranth HDL



CIRCT

vVvyVvYyVvVvyyvyy

MLIR navazuje na LLVM styl pro Sirsi spektrum domén
GPU, akceleratory, potencialné hardware

hezky formalni a konzistentni framework

tablegen na definici tablegenu

Chisel - FIRRTL - Yosys

nevéfim overhead pro syntézu



CIRCT

> goto https://llvm.org/devmtg/2021-11/slides/2021-
RepresentingConcurrencywithGraphRegionsinMLIR.pdf
» goto godbolt- doma>.>


https://llvm.org/devmtg/2021-11/slides/2021-RepresentingConcurrencywithGraphRegionsinMLIR.pdf
https://llvm.org/devmtg/2021-11/slides/2021-RepresentingConcurrencywithGraphRegionsinMLIR.pdf

CIRCT
» Projekt Open Source Verification of Instruction Set Extensions

Other design sources Core ISA and ISA Extensions

CoreDSL,
Codal, ..

Yosys CorePerfDSL

RTL-IR

CHISEL PSL gya SV

AP4 AP3

Instruction Generator

(CRV)

Yosys CHISEL PSL  [slang/SVA Power &
Frontend | Frontend | Frontend | Frontend generated generated e
ISAX ISAX Timing

Model Model

RTL
CIRCT LJ?L

Instruction Set

SCAIEV
CVXIF
CFU

Yosys Verilator

Backend Backend 'S_AX 'F_ Simulator

Co-Simulation
(1SS)
Yosys Verilator
Pass

ISAX or full system simulation, Scoreboa_r_d (F_unctional TR

Verification)

synthesis or formal verification

existing open source | new open source contributions |




Otazky?

» hrali jste si s MLIR?

» chcete slySet néco o syntéze?

» jak to vidite s veceri?

» goto@the_art_of_giving_up@mastodon.social



