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gcc: 1000s of contributors over 35+ years

Yosys: 200+ contributors over 10+ years


TVM: 800+ contributors over 7 years
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(Csmith)

(Verismith)

Finds bugs 
in gcc

Finds bugs 
in Yosys

Finds bugs 
in TVM

(et al.)
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Automatically generating compilers can reduce 
engineering effort and eliminate bugs.

Furthermore, the approach scales with new 
hardware designs, thus fighting against the 

hardware lottery!
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As as hardware diversifies, it gets more specialized, and thus easier to target!
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Generating compilers for general-purpose hardware is difficult.
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Parsa et al. Universal Mechanical Polycomputation in Granular Matter.

Gerasimova et al. Connectable DNA Logic Gates: OR and XOR Logics.

Google TPU

AWS InferentiaNVIDIA Tensor Cores Apple A16

Xilinx Zynq

Specialized hardware is easier to target with automated reasoning tools!
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now is the time to make this a reality.

Generating Compilers Why Now? Case Study: Lakeroad Call to Action

Let’s look at a concrete example: FPGAs. 
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a single DSP!
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On brief inspection, yes!

But this is unsurprising—DSPs are 
complicated.
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DSP manual is over 75 
pages long
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Configuring the DSP 
requires setting 100+ 
ports and parameters

Insight #1: configuring DSPs and other complex 
primitives is similar to writing a program…

…so use program synthesis. 
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module DSP48E2 #(

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...

);


Configuring the DSP 
requires setting 100+ 
ports and parameters

Solver-aided program synthesis: using SMT/SAT/etc. 
to generate programs by solving a set of constraints.

Insight #1: configuring DSPs and other complex 
primitives is similar to writing a program…

…so use program synthesis. 
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module DSP48E2 #(

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...

);
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module DSP48E2 #(

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...

);


Configuring the DSP 
requires setting 100+ 
ports and parameters

///////////////////////////////////////////////////////////

//  Copyright (c) 1995/2017 Xilinx, Inc.

//  All Right Reserved.

///////////////////////////////////////////////////////////

//   ____  ____

//  /   /\/   /

// /___/  \  /     Vendor      : Xilinx

// \   \   \/      Version     : 2017.3

//  \   \          Description : Xilinx Unified Simulation 

//  /   /                        48-bit Multi-Functional 

// /___/   /\      Filename    : DSP48E2.v

// \   \  /  \

//  \___\/\___\

//

///////////////////////////////////////////////////////////


`timescale 1 ps / 1 ps


`celldefine


module DSP48E2 #(

`ifdef XIL_TIMING

  parameter LOC = "UNPLACED",

`endif

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  parameter integer BCASCREG = 1,

  parameter BMULTSEL = "B",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...


);

  

// define constants

  localparam MODULE_NAME = "DSP48E2";


// Parameter encodings and registers

  localparam AMULTSEL_A = 0;

  localparam AMULTSEL_AD = 1;

  localparam AUTORESET_PATDET_NO_RESET = 0;

  ...

`endif


  assign ACIN_in = ACIN;

  assign ALUMODE_in[0] = (ALUMODE[0] !== 1'bx) && (ALUMODE[0] ^ 
IS_ALUMODE_INVERTED_REG[0]); // rv 0

  assign ALUMODE_in[1] = (ALUMODE[1] !== 1'bx) && (ALUMODE[1] ^ 
IS_ALUMODE_INVERTED_REG[1]); // rv 0

  assign ALUMODE_in[2] = (ALUMODE[2] !== 1'bx) && (ALUMODE[2] ^ 
IS_ALUMODE_INVERTED_REG[2]); // rv 0

  assign ALUMODE_in[3] = (ALUMODE[3] !== 1'bx) && (ALUMODE[3] ^ 
IS_ALUMODE_INVERTED_REG[3]); // rv 0

  assign A_in[0] = (A[0] === 1'bx) || A[0]; // rv 1

  assign A_in[10] = (A[10] === 1'bx) || A[10]; // rv 1

  assign A_in[11] = (A[11] === 1'bx) || A[11]; // rv 1

  assign A_in[12] = (A[12] === 1'bx) || A[12]; // rv 1

  assign A_in[13] = (A[13] === 1'bx) || A[13]; // rv 1


  assign B_in[3] = (B[3] === 1'bx) || B[3]; // rv 1

  assign B_in[4] = (B[4] === 1'bx) || B[4]; // rv 1

  assign B_in[5] = (B[5] === 1'bx) || B[5]; // rv 1

  assign B_in[6] = (B[6] === 1'bx) || B[6]; // rv 1

  assign B_in[7] = (B[7] === 1'bx) || B[7]; // rv 1

  assign B_in[8] = (B[8] === 1'bx) || B[8]; // rv 1

  assign B_in[9] = (B[9] === 1'bx) || B[9]; // rv 1

  assign CARRYCASCIN_in = CARRYCASCIN;

  assign CARRYINSEL_in[0] = (CARRYINSEL[0] !== 1'bx) && 
CARRYINSEL[0]; // rv 0

  assign CARRYINSEL_in[1] = (CARRYINSEL[1] !== 1'bx) && 
CARRYINSEL[1]; // rv 0

  assign CARRYINSEL_in[2] = (CARRYINSEL[2] !== 1'bx) && 
CARRYINSEL[2]; // rv 0

  assign CARRYIN_in = (CARRYIN !== 1'bx) && (CARRYIN ^ 
IS_CARRYIN_INVERTED_REG); // rv 0

  assign CEA1_in = (CEA1 !== 1'bx) && CEA1; // rv 0

  assign CEA2_in = (CEA2 !== 1'bx) && CEA2; // rv 0

  assign CEAD_in = (CEAD !== 1'bx) && CEAD; // rv 0

  assign CEALUMODE_in = (CEALUMODE !== 1'bx) && CEALUMODE; // rv 
0

  assign CEB1_in = (CEB1 !== 1'bx) && CEB1; // rv 0

  assign CEB2_in = (CEB2 !== 1'bx) && CEB2; // rv 0


  assign CECARRYIN_in = (CECARRYIN !== 1'bx) && CECARRYIN; // rv 
0

  assign CECTRL_in = (CECTRL !== 1'bx) && CECTRL; // rv 0

  assign CEC_in = (CEC !== 1'bx) && CEC; // rv 0

  assign CED_in = (CED !== 1'bx) && CED; // rv 0

  assign CEINMODE_in = CEINMODE;

  assign CEM_in = (CEM !== 1'bx) && CEM; // rv 0

  assign CEP_in = (CEP !== 1'bx) && CEP; // rv 0

  assign CLK_in = (CLK !== 1'bx) && (CLK ^ IS_CLK_INVERTED_REG); 
// rv 0

  assign C_in[0] = (C[0] === 1'bx) || C[0]; // rv 1

  assign C_in[10] = (C[10] === 1'bx) || C[10]; // rv 1

  a

  assign D_in[1] = (D[1] !== 1'bx) && D[1]; // rv 0

  assign D_in[20] = (D[20] !== 1'bx) && D[20]; // rv 0

  assign D_in[21] = (D[21] !== 1'bx) && D[21]; // rv 0

  assign D_in[22] = (D[22] !== 1'bx) && D[22]; // rv 0

  assign D_in[23] = (D[23] !== 1'bx) && D[23]; // rv 0

  assign D_in[24] = (D[24] !== 1'bx) && D[24]; // rv 0

  assign D_in[25] = (D[25] !== 1'bx) && D[25]; // rv 0

  assign D_in[26] = (D[26] !== 1'bx) && D[26]; // rv 0

  assign D_in[2] = (D[2] !== 1'bx) && D[2]; // rv 0

  assign D_in[3] = (D[3] !== 1'bx) && D[3]; // rv 0

  assign D_in[4] = (D[4] !== 1'bx) && D[4]; // rv 0

  assign D_in[5] = (D[5] !== 1'bx) && D[5]; // rv 0

  assign D_in[6] = (D[6] !== 1'bx) && D[6]; // rv 0

  assign D_in[7] = (D[7] !== 1'bx) && D[7]; // rv 0

  assign D_in[8] = (D[8] !== 1'bx) && D[8]; // rv 0

  assign D_in[9] = (D[9] !== 1'bx) && D[9]; // rv 0

  assign INMODE_in[0] = (INMODE[0] !== 1'bx) && (INMODE[0] ^ 
IS_INMODE_INVERTED_REG[0]); // rv 0

  assign INMODE_in[1] = (INMODE[1] !== 1'bx) && (INMODE[1] ^ 
IS_INMODE_INVERTED_REG[1]); // rv 0

  assign INMODE_in[2] = (INMODE[2] !== 1'bx) && (INMODE[2] ^ 
IS_INMODE_INVERTED_REG[2]); // rv 0

  assign INMODE_in[3] = (INMODE[3] !== 1'bx) && (INMODE[3] ^ 
IS_INMODE_INVERTED_REG[3]); // rv 0

  assign INMODE_in[4] = (INMODE[4] !== 1'bx) && (INMODE[4] ^ 
IS_INMODE_INVERTED_REG[4]); // rv 0

  assign MULTSIGNIN_in = MULTSIGNIN;

  assign OPMODE_in[0] = (OPMODE[0] !== 1'bx) && (OPMODE[0] ^ 
IS_OPMODE_INVERTED_REG[0]); // rv 0

  assign OPMODE_in[1] = (OPMODE[1] !== 1'bx) && (OPMODE[1] ^ 
IS_OPMODE_INVERTED_REG[1]); // rv 0

  assign OPMODE_in[2] = (OPMODE[2] !== 1'bx) && (OPMODE[2] ^ 
IS_OPMODE_INVERTED_REG[2]); // rv 0

  assign OPMODE_in[3] = (OPMODE[3] !== 1'bx) && (OPMODE[3] ^ 
IS_OPMODE_INVERTED_REG[3]); // rv 0


...


DSP48E2.v
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module DSP48E2 #(

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...

);


Configuring the DSP 
requires setting 100+ 
ports and parameters

///////////////////////////////////////////////////////////

//  Copyright (c) 1995/2017 Xilinx, Inc.

//  All Right Reserved.

///////////////////////////////////////////////////////////

//   ____  ____

//  /   /\/   /

// /___/  \  /     Vendor      : Xilinx

// \   \   \/      Version     : 2017.3

//  \   \          Description : Xilinx Unified Simulation 

//  /   /                        48-bit Multi-Functional 

// /___/   /\      Filename    : DSP48E2.v

// \   \  /  \

//  \___\/\___\

//

///////////////////////////////////////////////////////////


`timescale 1 ps / 1 ps


`celldefine


module DSP48E2 #(

`ifdef XIL_TIMING

  parameter LOC = "UNPLACED",

`endif

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  parameter integer BCASCREG = 1,

  parameter BMULTSEL = "B",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...


);

  

// define constants

  localparam MODULE_NAME = "DSP48E2";


// Parameter encodings and registers

  localparam AMULTSEL_A = 0;

  localparam AMULTSEL_AD = 1;

  localparam AUTORESET_PATDET_NO_RESET = 0;

  ...

`endif


  assign ACIN_in = ACIN;

  assign ALUMODE_in[0] = (ALUMODE[0] !== 1'bx) && (ALUMODE[0] ^ 
IS_ALUMODE_INVERTED_REG[0]); // rv 0

  assign ALUMODE_in[1] = (ALUMODE[1] !== 1'bx) && (ALUMODE[1] ^ 
IS_ALUMODE_INVERTED_REG[1]); // rv 0

  assign ALUMODE_in[2] = (ALUMODE[2] !== 1'bx) && (ALUMODE[2] ^ 
IS_ALUMODE_INVERTED_REG[2]); // rv 0

  assign ALUMODE_in[3] = (ALUMODE[3] !== 1'bx) && (ALUMODE[3] ^ 
IS_ALUMODE_INVERTED_REG[3]); // rv 0

  assign A_in[0] = (A[0] === 1'bx) || A[0]; // rv 1

  assign A_in[10] = (A[10] === 1'bx) || A[10]; // rv 1

  assign A_in[11] = (A[11] === 1'bx) || A[11]; // rv 1

  assign A_in[12] = (A[12] === 1'bx) || A[12]; // rv 1

  assign A_in[13] = (A[13] === 1'bx) || A[13]; // rv 1


  assign B_in[3] = (B[3] === 1'bx) || B[3]; // rv 1

  assign B_in[4] = (B[4] === 1'bx) || B[4]; // rv 1

  assign B_in[5] = (B[5] === 1'bx) || B[5]; // rv 1

  assign B_in[6] = (B[6] === 1'bx) || B[6]; // rv 1

  assign B_in[7] = (B[7] === 1'bx) || B[7]; // rv 1

  assign B_in[8] = (B[8] === 1'bx) || B[8]; // rv 1

  assign B_in[9] = (B[9] === 1'bx) || B[9]; // rv 1

  assign CARRYCASCIN_in = CARRYCASCIN;

  assign CARRYINSEL_in[0] = (CARRYINSEL[0] !== 1'bx) && 
CARRYINSEL[0]; // rv 0

  assign CARRYINSEL_in[1] = (CARRYINSEL[1] !== 1'bx) && 
CARRYINSEL[1]; // rv 0

  assign CARRYINSEL_in[2] = (CARRYINSEL[2] !== 1'bx) && 
CARRYINSEL[2]; // rv 0

  assign CARRYIN_in = (CARRYIN !== 1'bx) && (CARRYIN ^ 
IS_CARRYIN_INVERTED_REG); // rv 0

  assign CEA1_in = (CEA1 !== 1'bx) && CEA1; // rv 0

  assign CEA2_in = (CEA2 !== 1'bx) && CEA2; // rv 0

  assign CEAD_in = (CEAD !== 1'bx) && CEAD; // rv 0

  assign CEALUMODE_in = (CEALUMODE !== 1'bx) && CEALUMODE; // rv 
0

  assign CEB1_in = (CEB1 !== 1'bx) && CEB1; // rv 0

  assign CEB2_in = (CEB2 !== 1'bx) && CEB2; // rv 0


  assign CECARRYIN_in = (CECARRYIN !== 1'bx) && CECARRYIN; // rv 
0

  assign CECTRL_in = (CECTRL !== 1'bx) && CECTRL; // rv 0

  assign CEC_in = (CEC !== 1'bx) && CEC; // rv 0

  assign CED_in = (CED !== 1'bx) && CED; // rv 0

  assign CEINMODE_in = CEINMODE;

  assign CEM_in = (CEM !== 1'bx) && CEM; // rv 0

  assign CEP_in = (CEP !== 1'bx) && CEP; // rv 0

  assign CLK_in = (CLK !== 1'bx) && (CLK ^ IS_CLK_INVERTED_REG); 
// rv 0

  assign C_in[0] = (C[0] === 1'bx) || C[0]; // rv 1

  assign C_in[10] = (C[10] === 1'bx) || C[10]; // rv 1

  a

  assign D_in[1] = (D[1] !== 1'bx) && D[1]; // rv 0

  assign D_in[20] = (D[20] !== 1'bx) && D[20]; // rv 0

  assign D_in[21] = (D[21] !== 1'bx) && D[21]; // rv 0

  assign D_in[22] = (D[22] !== 1'bx) && D[22]; // rv 0

  assign D_in[23] = (D[23] !== 1'bx) && D[23]; // rv 0

  assign D_in[24] = (D[24] !== 1'bx) && D[24]; // rv 0

  assign D_in[25] = (D[25] !== 1'bx) && D[25]; // rv 0

  assign D_in[26] = (D[26] !== 1'bx) && D[26]; // rv 0

  assign D_in[2] = (D[2] !== 1'bx) && D[2]; // rv 0

  assign D_in[3] = (D[3] !== 1'bx) && D[3]; // rv 0

  assign D_in[4] = (D[4] !== 1'bx) && D[4]; // rv 0

  assign D_in[5] = (D[5] !== 1'bx) && D[5]; // rv 0

  assign D_in[6] = (D[6] !== 1'bx) && D[6]; // rv 0

  assign D_in[7] = (D[7] !== 1'bx) && D[7]; // rv 0

  assign D_in[8] = (D[8] !== 1'bx) && D[8]; // rv 0

  assign D_in[9] = (D[9] !== 1'bx) && D[9]; // rv 0

  assign INMODE_in[0] = (INMODE[0] !== 1'bx) && (INMODE[0] ^ 
IS_INMODE_INVERTED_REG[0]); // rv 0

  assign INMODE_in[1] = (INMODE[1] !== 1'bx) && (INMODE[1] ^ 
IS_INMODE_INVERTED_REG[1]); // rv 0

  assign INMODE_in[2] = (INMODE[2] !== 1'bx) && (INMODE[2] ^ 
IS_INMODE_INVERTED_REG[2]); // rv 0

  assign INMODE_in[3] = (INMODE[3] !== 1'bx) && (INMODE[3] ^ 
IS_INMODE_INVERTED_REG[3]); // rv 0

  assign INMODE_in[4] = (INMODE[4] !== 1'bx) && (INMODE[4] ^ 
IS_INMODE_INVERTED_REG[4]); // rv 0

  assign MULTSIGNIN_in = MULTSIGNIN;

  assign OPMODE_in[0] = (OPMODE[0] !== 1'bx) && (OPMODE[0] ^ 
IS_OPMODE_INVERTED_REG[0]); // rv 0

  assign OPMODE_in[1] = (OPMODE[1] !== 1'bx) && (OPMODE[1] ^ 
IS_OPMODE_INVERTED_REG[1]); // rv 0

  assign OPMODE_in[2] = (OPMODE[2] !== 1'bx) && (OPMODE[2] ^ 
IS_OPMODE_INVERTED_REG[2]); // rv 0

  assign OPMODE_in[3] = (OPMODE[3] !== 1'bx) && (OPMODE[3] ^ 
IS_OPMODE_INVERTED_REG[3]); // rv 0


...


DSP48E2.v

Simulation models provide the formal semantics of behaviors and constraints 
necessary for automated reasoning!
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module DSP48E2 #(

  parameter integer ACASCREG = 1,

  parameter integer ADREG = 1,

  parameter integer ALUMODEREG = 1,

  parameter AMULTSEL = "A",

  parameter integer AREG = 1,

  parameter AUTORESET_PATDET = "NO_RESET",

  parameter AUTORESET_PRIORITY = "RESET",

  parameter A_INPUT = "DIRECT",

  ...

)(

  output [29:0] ACOUT,

  output [17:0] BCOUT,

  output CARRYCASCOUT,

  ...


  input [29:0] A,

  input [29:0] ACIN,

  input [3:0] ALUMODE,

  input [17:0] B,

  input [17:0] BCIN,

  input [47:0] C,

  ...

);


Configuring the DSP 
requires setting 100+ 
ports and parameters

Insight #1: configuring DSPs and other 
complex primitives is similar to writing a 

program, so use program synthesis. 

Insight #2: we can extract the semantics 

necessary for automated reasoning 
directly from simulation models.



Lakeroad: a hardware synthesis tool utilizing 
program synthesis and semantics extracted 
from simulation models to target complex, 

programmable FPGA primitives.
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primitives, given the simulation models of those primitives.
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Generating Compilers Why Now? Case Study: Lakeroad Call to Action

Lakeroad automatically enables compilation to FPGA 
primitives, given the simulation models of those primitives.



Compilers should be generated from formal 
models of hardware. 

With the growing diversity of hardware and the 
rapid improvement of automated reasoning, 

now is the time to make this a reality.

Generating Compilers Why Now? Case Study: Lakeroad Call to Action

Lakeroad demonstrates that automated methods are now powerful 
enough address gaps in existing state-of-the-art tools.

Lakeroad automatically enables compilation to FPGA 
primitives, given the simulation models of those primitives.
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It’s on on all of us to fight against the hardware lottery, by making 
sure that practitioners in all fields have the hardware and compilers 

they need to advance their research.



Thank you!


