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The Problem

® Hardware design is hard
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The Problem

* Hardware design is hard . .

= Software is easy to use

® Why is hardware not?
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Tydi-Chisel
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Tydi implementation in Chisel & PoC systems
Presented here last year

Typed waveform viewer for Chisel, conserving high level types
By Rafaelle Meloni

Improve typed debugging with breakpoints and source navigation
By Jarl Brand

Tydi protocol implementation in clash-protocols
By Marijn Adriaanse in collab. with I:I. QBaylLogic.

Verify Tydi-Spec type system principles and timing guarantees
By Harold Struik



Tydi-lang

Ty d i _ C h i S e | specification
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Tywaves

® Typed waveform viewer for Chisel

" Conserve high level types through Verilog simulation

" Solves:

What the user
sees

What the user writes

]
TUDelft



Tywaves

'O Bundfe

o eng

o eng

lo_endq
lo_endq
i e
o end
lo_deq
io_deq
lo_deq
o_dedq

write
write 0
Full

Full_0

din [9:0]
din_ 0 [9:C]
read
read_0
emply
ermpby 0
dout [9:0]
dout 0 [9:0]
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Only VCD

Tywaves enabled

Bunale
io[23:0] TO[Anony/ . "T0[Anonymo...) I0[AnonymousBund
v O[WriterlO)]: eng :. "{write: @, full: @, din: 171}
|O[Bool]: write
IO[Bool]: Full
»  1O[UInt<10=]): din

O[ReaderO]: deg (read: 8{read: @, empty: .){read: 0, empty:
IO[Bool]: read

IO[Bool]: empby

» | 10[UInt<10=]: dout




Tywaves - Chiselwatt simulation
Tywaves display

clock

Fetch Unit

..Fetch.io [251:0]
IO[UInt<64>]: nia
IO[UInt<32>]: insn
IO[Opcodes): insnOpCode

IO[MemoryPort]: mem

length [2:0]
mask [7:0]
d [63:0]

...loadStore.io [418:0]

y {4
Controf Unit

...control.io [76:0]

IO[ControlSignals): out

|O[UInt<32>]: insn I
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» 10O[Unit]: unit
I0[InternalOps]: intern
IO[RaRegs): rA
IO[RbRegs]: rB
IO[RsRegs]: rS
IO[RoutRegs]: rOut
IO[CaRegs): carrylr

I0[AnonymousBundle] {nia: 00000000..Y I0[Anony..Y IO[Anonym

00000000000011bc
3fe2ffff
ADDIS

00000000000011bc
fbelfff8 3fe2ffff
STD ADDIS

{addr: 237, readData: 3fe2fffffbel{addr: 237, readData:

ousBundle] {

3fe2fffffbel

lReg[LoadStoreState] sStoreAccess

Reg[LenEnum] LEN_8B
Wire[UInt<8>] 1
OpResult[UInt<64>] 0

I0[AnonymousBundle] {ili:

Reg[LoadStoreState] s..

Reg[Load..

Reg[LenEnum] DC
Wire[UInt<8>] 1
OpResult[UInt<64>] 12..

{valid: @I0[Anonymo.. \ IO[Anony..

I0[AnonymousBundle] {insn: 3fe2fff I0[AnonymousBundle] {..

3fe2ffff

{unit: U_ADD, internalOp: DC, rA:

U_ADD

DC
RA_RA_OR_ZERO
RB_CONST_SI_HI
DC

ROUT_RT

CA_O

fbelfff8

{unit: U_LDST, intern..
U_LDST

LDST_STORE
RA_RA_OR_ZERO
RB_CONST DS

RS_RS

ROUT_NONE

DC

Reg[LenEnum
Wire[UInt<8
OpResult..
I0O[Anony..

I0[Anonymou
3fe2ffff
{unit: U_AD
U_ADD

DC

RB_CONST_ST]
DC

ROUT_RT
CA_O

clock

Fetch Unit

io_nia [63:0]

io_nia 0[63:0]
...Fetch.io_insn [31:0]
io_insnOpCode [7:0]

y_mem_addr [10:0]
io_mem_addr_0 [10:0]

y_ mem_readData [63:0]
io_mem_readData_0 [63:0]
LoadStore Unit
state [2:0]
length [2:0]
mask [7:0]

d[63:0]

e § {1 §
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...control.io_insn [31:0]
io_out_unit [3:0]
internalOp [3:0
rA [1:0]
rB [3:0]
)

rOut [1:0]

VCD only display
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Tydi implementation in Chisel & PoC systems
Presented here last year

Typed waveform viewer for Chisel, conserving high level types
By Rafaelle Meloni

Improve typed debugging with breakpoints and source navigation
By Jarl Brand

Tydi protocol implementation in clash-protocols

By Marijn Adriaanse in collab. with IJ QBUyLogiC

Verify Tydi-Spec type system principles and timing guarantees
By Harold Struik



Typed Hardware

development
- -,r-n Crori?:npger:
% . il @dones C.Cromjongh@tudelft.nl
~ 24" github.com/abs-tudelft
Zaid Christiaan  Yongding

Al-Ars Boerkamp Tian

Thank you for your attention
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The Problem

® Hardware design is hard

= Software is easy to use
® Why is hardware not?
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