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Hardware Acceleration for High Performance Computing with Fortran

and a High-Level Synthesis Tool FortRock

TAKAHIRO YAMASHITA! YUTA IKARASHI! HIRONORI NAKAJO!

Abstract:

In recent years, with growth of using GPU and FPGA, hardware acceleration in simulation of Computational
Fluid Dynamics (CFD) is focused. In designing circuits with an FPGA, high level synthesis with a C or a
Java language as well as an HDL is utilized to describe complex algorithms. However, there still exist a large
amount of heritage of Fortran programs in high performance computing also still have been improved. For
Fortran programs, we have re-written them into Java source codes and have converted into a Verilog HDL
codes with our HLS called JavaRock-Thrash. Due to experiences and knowledge, we have been developing
FortRock which converts a Fortran source code into a Verilog HDL code directly to utilize software heritage
in high performance computing.
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SUBROUTINE CALC(A, B, C, RET)
INTEGER A, B, C, RET

RET = A *x B + RET

RETURN
END

DA WN =

0 2 SUBROUTINE 000 (Fortran000000)
Fig. 2 SUBROUTINE description example (Fortran)
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0 3 SUBROUTINEOOO (DODODO)
Fig. 3 SUBROUTINE translation example (Block diagram)
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SUBROUTINE TOP(A, B)
INTEGER A, B, S_OUT

B = A + SUB(A, S_OUT)

RETURN
END

SUBROUTINE SUB(C, D)
INTEGER C, D

D=C=*2

RETURN
END

NOOBAWN= NOO A WN =

0 4 SUBROUTINEOOOOO (0D0OO)
Fig. 4 SUBROUTINE modulation example(description)
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Fig. 5 SUBROUTINE modulation example(Block diagram)
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SUBROUTINE LCM(I, J, ret_lcm)
INTEGER I, J, IR1, IR2, IR, ret_lcm

IF(I < J) THEN
IR1 =
IR2
ELSE
IR1
IR2
ENDIF

1

I
J

IR = IR1 — (IR1/IR2) * IR2

DO WHILE (IR >0)

IR1 = IR2
IR2 = IR
IR = IR1 — (IR1/IR2) * IR2
ENDDO
ret_lcm = IxJ/IR2
RETURN
END

06 000000 (FortranOOOOOO)
Fig. 6 LCM program example (Fortran source code)

module lcm_opt(clk, res, fin, reg_i, reg._j,
input clk, res;
output fin;

reg_ret_lem );

reg fin;

input [31:0] reg-i, reg-j;

output [31:0] reg_-ret_lcm ;

reg reg_tmp2, reg_-tmp4, reg_tmp8;

reg [1:0] prev_state , current_state;

reg [31:0] reg.ret_lcm , reg_tmp, reg_tmpl, reg__,

reg__1, reg_-tmp3, reg_tmp6, reg_tmp7,
reg-tmp5, reg-tmp9, reg--lcssa , reg-tmplO;

always @(posedge clk)
begin
if(res)
begin
fin = 1’'b0;
reg_ret_lcm = 32°b0;
prev_state = 2°'b0;
current_state = 2’b0;
end // if res
else if(fin == 1’b0)
begin
case (current_state)
2’d0o:
begin
reg-tmp = reg-i;
reg.tmpl = reg_j;
reg_-tmp2 = (reg_-tmp < reg_tmpl);
reg__ = (reg_tmp2 == 1°bl) ? reg_tmpl : reg_tmp;
reg--1 = (reg_-tmp2 == 1’bl) ? reg_tmp : reg_-tmpl;
reg-tmp3 = reg_- % reg-_1;
reg-tmp4 = (reg-tmp3 < 1);
prev.state = current_-state;
current_state = (1’bl == reg-tmp4) ? 2'd2 : 2’dl;
end
2’d1:
begin
case(prev_state)
2°dl : reg_tmpb
2°d0 : reg_tmp5
endcase
case(prev_state)
2’dl : reg-tmp6
2°d0 : reg-tmp6
endcase
reg_tmp7 = reg_tmpb5 % reg_-tmp6;
reg-tmp8 = (reg-tmp7 < 1);
prev.state = current_.state;
current_state = (1°bl == reg_tmp8) ? 2°d2 : 2°'dl;
end
2'd2:
begin
case(prev_state)
2’d0 : reg--lcssa
2’dl : reg-_-lcssa
endcase
reg-tmp9 = reg_-tmpl % reg_tmp;
reg_tmpl0 = reg_tmp9 / reg__lcssa;
prev_state = current_state;
current_state = 2’bll;

reg_tmp6 ;
reg__1;

reg-tmp7;
reg-tmp3;

reg--1;
reg-tmp6 ;

end
2’bll:
begin
fin = 1°bl;
end
endcase
end // if fin
end // always
endmodule

07 000 (Verilog HDLODOO)
Fig. 7 Converted example (Verilog HDL code)
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