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What if compilers were synthesized?

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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rapid improvement of automated reasoning,
now Is the time to make this a reality.

Hardware is diversifying, and we need new compilers.

Modern targets are more amenable to automated methods.

Automated reasoning tools are ready for the task of compiler generation.
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With the growing diversity of hardware

Let’s look at a concrete example: FPGAs.
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Are new primitives a challenge for FPGA compilers?

i: X"_INX® Chapter 1: Overview

48-Bit Accumulator/Logic Unit

B —» » XOR
D> L >
A—» S S @b > —e—t—» P * /\
: (C ) )
> L 3 d +a b C
Multiplier Pattern
D™ > Pre-adder 45—’ S ™ Detect
il]i Pattern Detector
C—1Tr™
D>

X16750-082917

Figure 1-1: Basic DSP48E2 Functionality
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Are new primitives a challenge for FPGA compilers?

Report Cell Usage:

DSP48E1l Should use only
LUT2 a single DSP!

| SRL16E
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Are new primitives a challenge for FPGA compilers?

On brief inspection, yes!

But this is unsurprising—DSPs are
complicated.
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module DSP48EZ2 #(

)(...

out
out
out

1n
1n
1n
1n
1n
1n

put
put
Ut
put
Ut

put

);...

out [29:0] ACOUT,
out [17:0] BCOUT,
out CARRYCASCOUT,

parameter integer ACASCREG = 1,
parameter integer ADREG = 1,

narameter integer ALUMODEREG = 1,
parameter AMULTSEL = "A",

parameter integer AREG = 1,

parameter AUTORESET_PATDET = "NO_RESET",
parameter AUTORESET_PRIORITY = "RESET",
parameter A_INPUT = "DIRECT",

29:0] A,
29:0] ACIN,
3:0] ALUMODE,
17:0] B,
17:0] BCIN,

47:0] C,
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module DSP48EZ2 #(

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

)(...

out
out
out

1n
1n
1n
1n
1n
1n

put
Ut
Ut
put
put

put

);...

(17:0]
(17:0]

AUTO
AUTO
A_IN

47:0]

out [29:0] ACOUT
out [17:0] BCOUT
out CARRYCASCOUT

29:0] A,
29:0] ACIN,
'3:0] ALUMODE,

B,
BCIN,
C,

integer ACASCREG = 1,

integer ADREG = 1,

integer ALUMODEREG = 1,
AMULTSEL = "A",

integer AREG = 1,

RESET_PATDET = "NO_RESET",
RESET_PRIORITY = "RESET",
PUT = "DIRECT",

Configuring the DSP

requires setting 100+
ports and parameters
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module DSP48EZ2 #(

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

)(...

output [29:0] ACOUT,
output [17:0] BCOUT,
output CARRYCASCOUT,

integer ACASCREG = 1,
integer ADREG = 1,
integer ALUMODEREG = 1,
AMULTSEL = "A",

integer AREG = 1,

AUTORESET_PATDET = "NO_RESET",
AUTORESET_PRIORITY = "RESET",

A_INPUT = "DIRECT",

Case Study: Lakeroad

Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

w
OPMODE[8:7]

i
OPMODE[6:4]

Y
OPMODE[3:2]

X
OPMODE[1:0]

X Multiplexer
Output

Notes

XX XXX XX 00 0 Default

Must select with
X% XXX 01 01 M OPMODE[3:2] = 01
XX XXX XX 10 P Requires PREG = 1
XX XXX XX 11 A:B 48-bits wide

Configuring the DSP

1hput [29:0] A,
1hput [29:0] ACIN,
1hput [3:0] ALUMODE,
ihput [17:0] B,
input [17:0] BCIN,
ihput [47:0] C,

);...

requires setting 100+
ports and parameters

. All signals are active High.

When either TWO24 or FOUR12 mode is selected, the

multiplier must not be used, and USE_MULT must be set
to NONE.

. These signals are dedicated routing paths internal to the DSP48E2 column. They are not accessible via general routing
resources.




module DSP48EZ2 #(

)(...

output [29:0] ACOUT,
output [17:0] BCOUT,
output CARRYCASCOUT,

Case Study: Lakeroad

Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

requires setting 100+
ports and parameters

narameter integer ACASCREG = 1,
: Itip!

parameter integer ADREG = 1, opmovg£[8:7] 0PMO%)E[6:4] OPMOT)E[B:Z] OPMO)I()E[1:0] chl)uu:mxer Notes
parameter integer ALUMODEREG = 1, — — — 0 . Sefault
narameter AMULTSEL = "A", . . 01 01 M Must select with
parameter integer AREG = 1, ittt
parameter AUTORESET_PATDET = "NO_RESET", o 00 o = — PR
parameter AUTORESET_PRIORITY = "RESET", = o = ' ot wide
varameter A_INPUT = "DIRECT",

Configuring the DSP When either TWO24 or FOUR12 mode is selected, the

multiplier must not be used, and USE_MULT must be set
to NONE.

2. These signals are dedicated routing paths internal to the DSP48E2 column. They are not accessible via general routing

3. All signals are active High.

1hput [29:0] A,

input [29:0] ACIN,

1hput [3:0] ALUMODE,

1nput :17:®: B, resources.
input [17:0] BCIN,

ihput [47:0] C,

);...

Configuring a DSP sounds a lot like writing a program!
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module DSP48EZ2 #(

par
oar
oar
oar
oar

)(...

out
out
out

1n
1n
1n
1n
1n

O L L L L L

1npt

);...

narameter integer ACASCREG = 1,
parameter integer ADREG = 1,
ofele

Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

W Z Y X X Multiplexer Notes
OPMODE[8:7]|OPMODE[6:4]|OPMODE[3:2] OPMODE[1:0] Output

Insight #1: configuring DSPs and other complex
primitives Is similar to writing a program...
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module DSP48EZ2 #(

par
oar
oar
oar
oar

)(...

out
out
out

1n
1n
1n
1n
1n

. O L L L O O

1npt

narameter integer ACASCREG = 1,
parameter integer ADREG = 1,
oele

Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

W Z Y X X Multiplexer
OPMODE[8:7]|OPMODE[6:4]|OPMODE[3:2] OPMODE[1:0] Output

Insight #1: configuring DSPs and other complex
primitives Is similar to writing a program...

...SO Use program synthesis.

otes
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module DSP48EZ2 #(
rarameter 1 nteger ACASCREG = 1 Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

parameter integer ADREG = 1, OPMO\gE[8:7] 0PMO%)E[6:4] 0PMO¥)E[3:2] OPMO)I()E[I:O] " “%"J:L‘ﬂf"e' Notes
-‘.- ~ 1 _ ~ - \ W IATRA [ )

nar

nar

nar

nar

o Insight #1: configuring DSPs and other complex
Y primitives Is similar to writing a program...

out
out

out ...SO use program synthesis.

1n
1n
1n
1n
1n
1npk

Solver-aided program synthesis: using SMT/SAT/etc.

to generate programs by solving a set of constraints.

e L . L O O O O
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module DSP48EZ2 #(

rarameter 1 ntege r ACASCREG = 1 , Table 2-4: OPMODE Control Bits Select X Multiplexer Outputs

parameter integer ADREG = 1, OPMOWDE[8:7] OPMOIz)E[6:4] omo}’)ep:z] OPMO)I()E[1:0] " “gud:;:‘:::xer Notes
parameter integer ALUMODEREG = 1, — — — — - ——
parameter AMULTSEL = "A" , - e 01 o M Must select with
parameter integer AREG = 1, OPMODE([3:2] = 01
parameter AUTORESET_PATDET = "NO_RESET", = o > 10 P i AL
parameter AUTORESET_PRIORITY = "RESET", = i = t it 48-bits wide
parameter A_INPUT = "DIRECT",

)(
output [29:0] ACOUT,

output [17:0] BCOUT,
output CARRYCASCOUT,

1hput [29:0] A,
1hput [29:0] ACIN,
1hput [3:0] ALUMODE,
input [17:0] B

2. These signals are dedicated routing paths internal to the DSP48E2 column. They are not accessible via general routing
resources.

1nput :17 . @: BCIN ) 3. All signals are active High.

ihput [47:0] C,

);...
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)3 assign CECARRYIN_in = (CECARRYIN !== 1'bx) && CECARRYIN; // rv
0
mOdu-I-e DSP48E2_V // define constants assign CECTRL_in = (CECTRL !== 1'bx) && CECTRLj // rv 0
localparam MODULE_NAME = "DSP48E2"; assign CEC_in = (CEC !== 1'bx) && CEC3 // rv 0
para 111111110117 rrrrrrr il assign CED_in = (CED !== 1'bx) && CED; // rv ©
// Copyright (c) 1995/2017 Xilinx, Inc. // Parameter encodings and registers assign CEINMODE_in = CEINMODE}
Ddrd // All Right Reserved. localparam AMULTSEL_A = 03 assign CEM_in = (CEM !== 1'bx) && CEM3j // rv 0
[1717177 77777 rrrrr i rrrriirr i rrrrrrirrrrrirrrirililrrrrrrrll localparam AMULTSEL_AD = 13 assign CEP_in = (CEP !== 1'bx) && CEP3 // rv 0
oaran,, == localparam AUTORESET_PATDET_NO_RESET = 03 assign CLK_in = (CLK !== 1'bx) && (CLK "~ IS_CLK_INVERTED_REG)};
/7 Y AV A | coo /] rv 0
baram,;; ;_; \ Vendor : Xilinx ‘endif assign C_in[0] = (C[0] === 1'bx) || c[013 // rv 1
// \ \ \/ Version s 2017.3 assign C_in[10] = (C[10] === 1'bx) || C[10]sy // rv 1
DCI I"Cl // \ \ Description : Xilinx Unified Simulation a
/] / / 48-bit Multi-Functional assign ACIN_in = ACINj assign D_in[1] = (D[1] !== 1'bx) && D[1]3 // rv ©
:)C1r1(] !/ /___/ /\ Filename s DSP48E2.v assign ALUMODE_in[0] = (ALUMODE[0] !== 1'bx) && (ALUMODE[0] assign D_in[20] = (D[260] !== 1'bx) && D[20]j // rv ©
// \ \ / \ IS_ALUMODE_INVERTED_REG[0])s // rv © assign D_in[21] = (D[21] !== 1'bx) && D[21]; // rv ©
DAram// \___\/\___\ assign ALUMODE_in[1] = (ALUMODE[1] !== 1'bx) && (ALUMODE[1] assign D_in[22] = (D[22] !== 1'bx) && D[22]3 // rv ©
// IS_ALUMODE_INVERTED_REG[1])3 // rv © assign D_in[23] = (D[23] !== 1'bx) && D[23]; // rv ©
DAV QWR//7777171111711111717111771711117717171117711111117111111711111111 assign ALUMODE_in[2] = (ALUMODE[2] !== 1'bx) && (ALUMODE[2] assign D_in[24] = (D[24] !== 1'bx) && D[24]3 // rv ©
IS_ALUMODE_INVERTED_REG[2])3 // rv © assign D_in[25] = (D[25] !== 1'bx) && D[25]3 // rv ©
. o o "timescale 1 ps / 1 ps assign ALUMODE_in[3] = (ALUMODE[3] !== 1'bx) && (ALUMODE[3] assign D_in[26] = (D[26] !== 1'bx) && D[26]j // rv ©
IS_ALUMODE_INVERTED_REG[3])s // rv © assign D_in[2] = (D[2] !== 1'bx) && D[2]3 // rv ©
‘celldefine assign A_in[0] = (A[0] === 1'bx) || A[0]; // rv 1 assign D_in[3] = (D[3] !== 1'bx) && D[3]3 // rv ©
assign A_in[10] = (A[10] === 1'bx) || A[10]s // rv 1 assign D_in[4] = (D[4] !== 1'bx) && D[4]3 // rv ©
()LJ1::) module DSP48E2 #/( assign A_in[11] = (A[11] === 1'bx) || A[11]s // rv 1 assign D_in[5] = (D[5] !== 1'bx) && D[5]3 // rv ©
‘ifdef XIL_TIMING assign A_in[12] = (A[12] === 1'bx) || A[12]3y // rv 1 assign D_in[6] = (D[6] !== 1'bx) && D[6]3 // rv ©
()LJ1::) parameter LOC = "UNPLACED", assign A_in[13] = (A[13] === 1'bx) || A[13]sy // rv 1 assign D_in[7] = (D[7] !== 1'bx) && D[7]3 // rv ©
‘endif assign D_in[8] = (D[8] !== 1'bx) && D[8]3 // rv O
()LJ1::) parameter 1integer ACASCREG = 1, assign B_in[3] = (B[3] === 1'bx) || B[3]; // rv 1 assign D_in[9] = (D[9] !== 1'bx) && D[9]3 // rv ©
parameter +integer ADREG = 1, assign B_in[4] = (B[4] === 1'bx) || B[4]; // rv 1 assign INMODE_in[0] = (INMODE[0] !== 1'bx) && (INMODE[O]
parameter +integer ALUMODEREG = 1, assign B_in[5] = (B[5] === 1'bx) || B[5]3 // rv 1 IS_INMODE_INVERTED_REG[@]); // rv ©
¢ parameter AMULTSEL = "A", assign B_in[6] = (B[6] === 1'bx) || B[6]} // rv 1 assign INMODE_in[1] = (INMODE[1] !== 1'bx) && (INMODE[1]
parameter +integer AREG = 1, assign B_in[7] = (B[7] === 1'bx) || B[7]s // rv 1 IS_INMODE_INVERTED_REG[1]); // rv ©
parameter AUTORESET_PATDET = "NO_RESET", assign B_in[8] = (B[8] === 1'bx) || B[8]3 // rv 1 assign INMODE_in[2] = (INMODE[2] !== 1'bx) && (INMODE[2]
-i-n QU l parameter AUTORESET_PRIORITY = '""RESET", assign B_in[9] = (B[9] === 1'bx) || B[91s // rv 1 IS_INMODE_INVERTED_REG[2]); // rv ©
parameter A_INPUT = "DIRECT", assign CARRYCASCIN_in = CARRYCASCIN; assign INMODE_in[3] = (INMODE[3] !== 1'bx) && (INMODE[3]
.i_nou l parameter 1integer BCASCREG = 1, assign CARRYINSEL_in[0] = (CARRYINSEL[@] !== 1'bx) &% IS_INMODE_INVERTED_REG[3]); // rv ©
parameter BMULTSEL = "B", CARRYINSEL[O®]3 // rv © assign INMODE_in[4] = (INMODE[4] !== 1'bx) && (INMODE[4]
. coe assign CARRYINSEL_in[1] = (CARRYINSEL[1] !== 1'bx) &% IS_INMODE_INVERTED_REG[4]); // rv ©
Lnpuwy,, CARRYINSEL[1]} // rv © assign MULTSIGNIN_in = MULTSIGNIN;
° output [29:0] ACOUT, assign CARRYINSEL_in[2] = (CARRYINSEL[2] !== 1'bx) &% assign OPMODE_in[©®] = (OPMODE[0©] !== 1'bx) && (OPMODE[0]
-Lngu l output [17:0] BCOUT, CARRYINSEL[2]s // rv O IS_OPMODE_INVERTED_REG[@]); // rv ©
. output CARRYCASCOUT, assign CARRYIN_in = (CARRYIN !== 1'bx) && (CARRYIN * assign OPMODE_in[1] = (OPMODE[1] !== 1'bx) && (OPMODE[1]
-I-ngu l cee IS_CARRYIN_INVERTED_REG); // rv © IS_OPMODE_INVERTED_REG[1]); // rv ©
. assign CEAl_in = (CEAl1 !== 1'bx) && CEAl1; // rv © assign OPMODE_in[2] = (OPMODE[2] !== 1'bx) && (OPMODE[2]
LNPUW input [29:0] A, assign CEA2_in = (CEA2 !== 1'bx) && CEA2; // rv 0 IS_OPMODE_INVERTED_REG[2]); // rv ©
input [29:0] ACIN, assign CEAD_in = (CEAD !== 1'bx) && CEADj // rv © assign OPMODE_in[3] = (OPMODE[3] !== 1'bx) && (OPMODE[3]
e o o input [3:0] ALUMODE, assign CEALUMODE_in = (CEALUMODE !== 1'bx) && CEALUMODE; // rvIS_OPMODE_INVERTED_REG[3])3; // rv ©
input [17:0] B, 0
input [17:0] BCIN, assign CEB1_in = (CEB1 !== 1'bx) && CEB1j // rv ©
input [47:0] C, assign CEB2_in = (CEB2 !== 1'bx) && CEB2j // rv © e o6 o




module
narda
narda
narda
nard
narda
narda
narda
narda

)(

outp
outp
outp

1nput
1nput
1nput
1nput
1nput
1nput

DSP48E2.v
[T i nrir i

// Copyright (c) 1995/2017 Xilinx, Inc.
// All Right Reserved.
[P0 rrrrrrrrrirrriirrrrrrrirrrrrrrrrrrrrlll

// e

/]l / /\/ /

[/ [___/ \ [/ Vendor ¢ Xilinx

// \ \ \/ Version : 2017.3

// \ \ Description : Xilinx Unified Simulation
/] / / 48-bit Multi-Functional
/] [___/ /\ Filename ¢ DSP48E2.v

/] \ \ / \

/1 \___\/\___\

//

[111177700 000 rrrr i rrrr i rrirrrrirrrrrirrrririrlrrirlrlll

"timescale 1 ps / 1 ps

‘celldef

module D
“ifdef X

parame
‘endif
parame
parame
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 1integer BCASCREG = 1,
parameter BMULTSEL = '"B'",
) (

output [29:0] ACOUT,
output [17:0] BCOUT,
output CARRYCASCOUT,

input
input
input
input
input
input

[29:0] A,
[29:0] ACIN,
[3:0] ALUMODE,
[17:0] B,
[17:0] BCIN,
[47:0] C,

)3

// define constants
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localparam MODULE_NAME = '""DSP48E2";

// Parameter
localparam
localparam
localparam

AMULTS
AMULTS

‘endif

EL_A = 03
EL_AD = 13

assign ACIN_in = ACINj

assign ALUMODE_in

[e] =

(ALUMODE[0] !

encodings and registers

AUTORESET_PATDET_NO_RESET = 03

1'bx) && (ALUMODE[O]

IS_ALUMODE_INVERTED_REG[0])s // rv ©

assign ALUMODE_in

[1] =

(ALUMODE[1] !

1'bx) && (ALUMODE[1]

IS_ALUMODE_INVERTED_REG[1])3 // rv ©

assign ALUMODE_in

[2] =

(ALUMODE[2] !

1'bx) && (ALUMODE[2]

IS_ALUMODE_INVERTED_REG[2])3 // rv ©

assign ALUMODE_in

IS _ALUMODE INVERTED REG|[3

[3] =

rv

(ALUMODE[3] !

1'bx) && (ALUMODE[3]
0

assign B_in[5] = (B[5] === 1'bx) || B[5]3 // rv 1

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

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

assign B_in[8] = (B[8] === 1'bx) || B[8]3 // rv 1

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

assign CARRYCASCIN_1in = CARRYCASCIN}

assign CARRYINSEL_in[0] = (CARRYINSEL[0] !== 1'bx) &%
CARRYINSEL[O]s // rv ©

assign CARRYINSEL_in[1] = (CARRYINSEL[1] !== 1'bx) &%
CARRYINSEL[1]s // rv ©

assign CARRYINSEL_in[2] = (CARRYINSEL[2] !== 1'bx) &%
CARRYINSEL[2]s // rv ©

assign CARRYIN_in = (CARRYIN !== 1'bx) && (CARRYIN *

IS_CARRYIN_INVERTED_REG); // rv ©

assign CEA1l_in
assign CEA2_in
assign CEAD_in

assign CEALUMODE_

assign CEB1_in
assign CEB2_1in

(CEA1 == 1'bx)
(CEA2 !== 1'bx)
(CEAD !== 1'bx)
in = (CEALUMODE

(CEB1 !== 1'bx)
(CEB2 !== 1'bx)

&& CEAl13 // rv ©
&& CEA23 // rv ©
&& CEAD3 // rv ©
!== 1'bx) && CEALUMODE; //

&& CEB13 // rv ©
&& CEB23 // rv ©

assign

assign
assign
assign
assign
assign
assign
assign

// rv ©

assign
assign
a

assign
assign
assign
assign
assign
assign
assign
assign
assign

assign INMODE_1in[1] =
IS_INMODE_INVERTED_REG[1]); // rv ©
assign INMODE_in[2] =
IS_INMODE_INVERTED_REG[2]); // rv ©
assign INMODE_in[3] =
IS_INMODE_INVERTED_REG[3]); // rv ©
assign INMODE_1in[4] =
IS_INMODE_INVERTED_REG[4]); // rv ©

CECARRYIN_in =

CECTRL_

CEC_1in
CED_1in

(CECARRYIN !== 1'bx) && CECARRYIN3 // rv
in = (CECTRL !== 1'bx) && CECTRL; // rv 0
= (CEC !== 1'bx) && CEC; // rv 0
= (CED !== 1'bx) && CEDj // rv 0

CEINMODE_in = CEINMODE}

CEM_in = (CEM !== 1'bx) && CEM3 // rv 0
CEP_in = (CEP !== 1'bx) && CEPj // rv 0
CLK_in = (CLK !== 1'bx) && (CLK * IS_CLK_INVERTED_REG)}
C_in[0] = (C[0] === 1'bx) || C[0]3 // rv 1
c_in[10] = (C[10] === 1'bx) || C[10]5 // rv 1
D_in[1] = (D[1] !== 1'bx) && D[1]3 // rv ©
D_in[20] = (D[20] !== 1'bx) && D[20]3 // rv O
D_in[21] = (D[21] !== 1'bx) && D[21]3 // rv O
D_in[22] = (D[22] !== 1'bx) && D[22]3 // rv O
D_in[23] = (D[23] !== 1'bx) && D[23]; // rv O
D_in[24] = (D[24] !== 1'bx) && D[24]3 // rv ©
D_in[25] = (D[25] !== 1'bx) && D[25]3 // rv O
D_in[26] = (D[26] !== 1'bx) && D[26]; // rv ©
D in[2] = (D[2] !== 1'bx) && D[2]: rv_0

IS_INMODE_INVERTED_REG[0])3 // rv ©

(INMODE[1] !==
(INMODE[2] !==
(INMODE[3] !==

(INMODE[4] !==

assign MULTSIGNIN_in = MULTSIGNIN;

assign OPMODE_1in[0] =
IS_OPMODE_INVERTED_REG[@]); // rv ©
assign OPMODE_1in[1] =
IS_OPMODE_INVERTED_REG[1]); // rv ©
assign OPMODE_1in[2] =
IS_OPMODE_INVERTED_REG[2]); // rv ©

(OPMODE[0] !==
(OPMODE[1] !==

(OPMODE[2] !==

assign OPMODE_1in[3] = (OPMODE[3] !==

rvIS_OPMODE_INVERTED_REG[3])3 // rv O

1'bx)
1'bx)
1'bx)

1'bx)

1'bx)
1'bx)
1'bx)

1'bx)

Simulation models provide the formal semantics of behaviors and constraints
necessary for automated reasoning!

&&

&&
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&&
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&&

&&

MODE[0]
(INMODE[1]
(INMODE[2]
(INMODE[3]

(INMODE[4]

(OPMODE[ 0]
(OPMODE[1]
(OPMODE[2]

(OPMODE[3]




Case Study: Lakeroad

module DSP48EZ2 #(

oar
par
par
par
oar
oar
oar
poar

)(...

out
out
out

1n
1n
1n
1n
1n
1n

e O L O O O O

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.




Workload
((d + a)
((d - a)
((d - a)
((d + a)
((d + a)

* X X X %

b) |
b) |
b) *
b) &
b) *

O O 0O 0O 0O

Signed?

NN N X

# Stages
1

DN W W DN

Case Study: Lakeroad

Yosys

1 DSP, 20 LUT
1 DSP, 20 LUT
1 DSP, 22 LUT
1 DSP, 22 LUT
1 DSP, 18 LUT

SOTA

1 DSP, 10 LUT
1 DSP, 10 LUT
2 DSP, 11 LUT
2 DSP, 11 LUT
1 DSP, 9 LUT

Lakeroad
1 DSP
1 DSP
1 DSP
1 DSP
1 DSP
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Workload Signed? # Stages Yosys SOTA Lakeroad
(d+a) *b) | c X 1 1 DSP, 20 LUT 1DSP, 10 LUT |1 DSP
(d=-a) *b) | c v 1 DSP, 20 LUT 1DSP, 10 LUT |1 DSP
((d=-a) *b) *c v 3 1 DSP, 22 LUT 2DSP, 11 LUT |1 DSP
((d+a) *xb) &c v 3 1 DSP, 22 LUT 2DSP, 11 LUT |1 DSP
((d+a) *xb) * c X 2 1 DSP, 18 LUT 1DSP,9LUT |1DSP
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Workload Signed? # Stages | Yosys SOTA Lakeroad
(d+a) xb) | ¢ X 1 1 DSP, 20 LUT 1DSP, 10 LUT |§ 1 DSP
(d=-a) *b) | c v 1 DSP, 20 LUT 1DSP, 10 LUT |} 1 DSP
((d=-a) *b) *c v 3 1 DSP, 22 LUT 2DSP, 11 LUT |§ 1 DSP
((d+a) *b) &c v 3 1 DSP, 22 LUT 2DSP, 11 LUT |} 1 DSP
((d+a) *xb) * c X 2 1 DSP, 18 LUT 1DSP,9LUT |}1DSP
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Compilers should be generated from formal
models of hardware.

Lakeroad automatically enables compilation to FPGA

primitives, given the simulation models of those primitives.

With the growing diversity of hardware and the

rapid iImprovement of automated reasoning,
now Is the time to make this a reality.

Lakeroad demonstrates that automated methods are now powerful

enough address gaps in existing state-of-the-art tools.
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The Hardware Lottery

Sara Hooker

Google Research, Brain Team

shooker@Qgoogle.com -

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!

PAUL G.
ALLEN

SCHOOL




