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Core contributions

• Bridge MLIR/CIRCT floating-point arithmetic gap

• Restructured Core generator ⇒ HAriCo

• Materialization lowering pass: harico-arith-to-comb

• Multiple lowering strategies:

1. Per-op (IEEE754-compliant)

2. Fused-graph-datapath (e.g. fast-math; fma)

3. Specialized (Kulisch-style accumulation, squarer)

• End-to-end flow: Machine learning, DSP ⇒ Silicon
 

Emeraude-MLIR: Problem to Silicon

Tensor
Non-linear Math

Python

Polybench matmul.cpp
div3.cpp SSH.cpp

C++

IIR.dsp
FM.dsp

Faust

Torch-MLIR Polygeist ClangIR Faust

Multi-domain workloads and data-aware front-ends

RealArith Linalg

MemRef

Tensor
Math

Arith

Sollya [5]

FixedPoint
Arith

Arith

MemRef

Buffer

Affine

HAriCo

SCF

hileco

Comb Seq HW

SUF [6]

GDS

VHDL SystemVerilog

High-level: R-valued graphs and Matrices

Medium-level: Control Flow Arithmetic

Low-level: datapaths

Devices / Materials

M
L
IR

C
IR

C
T

MLIR/CIRCT Arith float gap

Transformations:

1. linalg-fuse-elementwise-ops

2. promote-math-expr-to-real-arith

3. configure-real-arith-approx

4. realarith-to-fixed pt arith

5. one-shot-bufferize

6. convert-bufferization-to-memref

7. buffer-results-to-out-params

8. linalg-to-scf

9. memref-return-to-out-param

10. flatten-memref

11. flatten-memref-args

12. flatten-memref-globals

13. lower-memref-view-to-linear

14. fixed pt arith-to-arith

16. func-to-hw-module

17. lower-scf-to-seq-stream

18. lower-memref-globals-to-rom-hw

19. switch-to-rom-hw

20. switch-to-if

21. realize-memref-as-seq-hw

22. lower-scf-if-to-seq-enable

23. convert-index-to-uint

24. map-arith-to-comb

25. hw-aggregate-to-comb

26. lower-seq-hlmem

27. lower-seq-to-sv

28. lower-hw-to-sv

29. export-verilog

15. harico-arith-to-comb

Internal Dialect Internal Library Language

External Dialect External Library Benchmark

 

Results from DSE
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From MLIR to CIRCT: harico-arith-to-comb

• IEEE754-compliant

• 1 Operation → 1 Operator

• N Operations → N Roundings

1 Per-op

• FMA philosophy

• 1 deferred rounding

• Expression fusion

1
√𝑥2+𝑦2

sin(𝜔𝑡 + 𝜑)

2 Fused-graph-datapath

• Squarers [1]

• Constant multipliers [2]

• Kulisch / Systolic Arrays [3]

• Target semantics
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3 Specialized

Transformations
1. emeraude-mlir-opt fpmult-loop-muladd.mlir --harico-arith-to-comb=“lowering-mode=per-op target=VirtexUltraScale target-

frequency=2.5e7”

2. emeraude-mlir-opt fpmult-loop-muladd.mlir --harico-arith-to-comb=“lowering-mode=fused-graph-datapath target=sky130 

target-frequency=2.5e7”

3. emeraude-mlir-opt fpmult-loop-muladd.mlir --harico-arith-to-comb=“lowering-mode=specialized 

specializations=enable=s3fdp,s3fdp.chunk_size=32,s3fdp.ovf=10,s3fdp.msb=10,s3fdp.lsb=-20 target=tsmc7 target-

frequency=2.5e7”

• domains

• operator

• i/o format

• 𝑓(𝑥) = sin(𝑥)

F Func. specs.
module {
  func.func @fpmult_loop_muladd_s3fdp(
    %clk: i1 {hw.name = "clk"},
    %reset: i1 {hw.name = "reset"},
    %a: memref<2x2xf32> {hw.name = "a"},
    %b: memref<2x2xf32> {hw.name = "b"},
    %c: memref<1xf32> {hw.name = "c"})
  -> (f32 {hw.name = "r"}) {
    %c0 = arith.constant 0 : index
    %c1 = arith.constant 1 : index
    %c2 = arith.constant 2 : index
    scf.for %i = %c0 to %c2 step %c1 {
       scf.for %j = %c0 to %c2 step %c1 {
         %x = memref.load %a[%i, %j] : memref<2x2xf32>
         %y = memref.load %b[%i, %j] : memref<2x2xf32>
         %acc = memref.load %c[%c0] : memref<1xf32>
         %m = arith.mulf %x, %y : f32
         %s = arith.addf %acc, %m : f32
         memref.store %s, %c[%c0] : memref<1xf32>
       }
     }
     %r = memref.load %c[%c0] : memref<1xf32>
     func.return %r : f32
   }
}

E upstream IR (scf/arith)

• frequency

• fpga model

• asic pdk

• power

P Perf. specs.

I HAriCo

• MLIR

• Pattern matching

1 Inputs

• Scheduling

• Pipelining

• Validation

2 IR/Passes

• Conversion

• Verilog

• Testbenches

• VHDL

3 Generation

Specifications

Arithmetic

Patterns

PassManager

[...]
%c0_i23 = hw.constant 0 : i23
%c0_i8 = hw.constant 0 : i8
%c0 = arith.constant 0 : index
%c1 = arith.constant 1 : index
%c2 = arith.constant 2 : index
  scf.for %arg5 = %c0 to %c2 step %c1 {
    scf.for %arg6 = %c0 to %c2 step %c1 {
      %1 = memref.load %arg2[%arg5, %arg6] : memref<2x2xi32>
      %2 = memref.load %arg3[%arg5, %arg6] : memref<2x2xi32>
      %3 = memref.load %arg4[%c0] : memref<1xi32>
      %4 = comb.extract %1 from 23 : (i32) -> i8
      %5 = comb.extract %1 from 0 : (i32) -> i23
      %6 = comb.icmp eq %4, %c0_i8 : i8
[...]

C CIRCT (comb/hw/seq)

Emit

CIRCT

W (Surfer) Waveform

GNU MPFR

[4]

Tapeouts

Figure 2: MLIR S3FDP TTSKY26A/130 Figure 3: Faust Softclipping TTGF0p2/180 Figure 4: MLIR per-op+S3FDP TTIHP0p4/130
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