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Overall design system
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import [balsa.types.basic]

procedure gcd (input ain : byte; 
input bin : byte; output o : byte) is

variable a : byte
variable b : byte

begin
ain -> a || bin -> b;
loop while b /= 0 then
if a > b then

a := (a - b as byte)
else

b := (b - a as byte)
end

end;
o <- a

end

balsa-netlist
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Resynthesis idea
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Resynthesis idea – extract control
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Resynthesis idea – extract data
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module BrzCallMux_3_2 (
inp_0r, inp_0a, inp_0d,
inp_1r, inp_1a, inp_1d,
out_0r, out_0a, out_0d,
initialise

);
input inp_0r, inp_1r, out_0a, initialise;
output inp_0a, inp_1a, out_0r;
input [2:0] inp_0d;
input [2:0] inp_1d;
output [2:0] out_0d;
wire select_0n, nselect_0n;
SDN_MUX2 I0 (out_0d[0], inp_0d[0], inp_1d[0], select_0n);
SDN_MUX2 I1 (out_0d[1], inp_0d[1], inp_1d[1], select_0n);
SDN_MUX2 I2 (out_0d[2], inp_0d[2], inp_1d[2], select_0n);
SDN_MUX2 I3 (out_0r, inp_0r, inp_1r, select_0n);
SDN_AN2 I4 (inp_0a, nselect_0n, out_0a);
SDN_AN2 I5 (inp_1a, select_0n, out_0a);
srff I6 (inp_1r, inp_0r, select_0n, nselect_0n
initialise);

endmodule

S

R

module BrzCallMux_3_2 (
inp_0r, inp_0a, inp_0d,
inp_1r, inp_1a, inp_1d,
out_0r, out_0a, out_0d,
initialise

);
input inp_0r, inp_1r, out_0a, initialise
output inp_0a, inp_1a, out_0r;
input [2:0] inp_0d;
input [2:0] inp_1d;
output [2:0] out_0d;
wire select_0n, nselect_0n;
SDN_MUX2 I0 (out_0d[0], inp_0d[0], inp_1d[0], select_0n);
SDN_MUX2 I1 (out_0d[1], inp_0d[1], inp_1d[1], select_0n);
SDN_MUX2 I2 (out_0d[2], inp_0d[2], inp_1d[2], select_0n);
SDN_MUX2 I3 (out_0r, inp_0r, inp_1r, select_0n);
SDN_AN2 I4 (inp_0a, nselect_0n, out_0a);
SDN_AN2 I5 (inp_1a, select_0n, out_0a);
srff I6 (inp_1r, inp_0r, select_0n, nselect_0n
initialise);

assign select_0n = inp_1r;
endmodule
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Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow

11.05.2016Norman Kluge, Ralf Wollowski - Optimising Bundled-Data Balsa Circuits15

Breeze
Netlist

Balsa-STG

Merging Agent

Technology mapper
(balsa-netlist)

STG Composer
(PCOMP)

STG Mapper
(breeze2stg)

HS-STG

Control 
HS-Component

Mixed 
HS-Component

Data Path
Generator

Verilog Netlist

DataControl

HS-Data 
specification

Data Circuit

STG decomposition
(DesiJ)

STG

CSC solver
(Petrify or MPSAT)

STG with CSC

Logic synthesis
(ASGlogic or Petrify)

SI Circuit



Resynthesis design flow
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Resynthesis design flow
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Resynthesis design flow
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assign r4 = aD_1;assign rS_1 = a2;assign rS1_1 = a3;

SDN_NR2B_1 U0 (.B(a4), .A(oC_0), .X(r3__set_1));
SDN_AN2_1 U1 (.A2(r2), .A1(a4), .X(oC_0__set_1));
SDN_OA21_1 U2 (.A2(oC_0__set_1), .B(r1), .A1(oC_0), .X(oC_0));
SDN_OA21_1 U3 (.A2(r3), .B(a4), .A1(a1), .X(a1));
SDN_OA21_1 U4 (.A2(r3__set_1), .B(oC_0), .A1(r3), .X(r3));
SDN_NR2B_1 U5 (.B(oC_0), .A(r1), .X(r2));



Resynthesis design flow
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Resynthesis design flow
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Pure control à No data path

2 Input channels
8 bit data width8 bit data width
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Resynthesis design flow
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Pure control à No data path

2 Input channels
8 bit data width

8 bit data width module ResynCallMux_0 (
inp_0r, inp_0d,
inp_1r, inp_1d,
out_0r, out_0d,

);
input inp_0r, inp_1r;
output out_0r;
input [2:0] inp_0d;
input [2:0] inp_1d;
output [2:0] out_0d;
wire select_0n;
SDN_MUX2 I0 (out_0d[0], inp_0d[0], inp_1d[0], select_0n);
SDN_MUX2 I1 (out_0d[1], inp_0d[1], inp_1d[1], select_0n);
SDN_MUX2 I2 (out_0d[2], inp_0d[2], inp_1d[2], select_0n);
SDN_MUX2 I3 (out_0r, inp_0r, inp_1r, select_0n);
assign select_0n = inp_1r;

endmodule

module ResynFetch_0 (
inp_0d,
out_0d

);
input [7:0] inp_0d;
output [7:0] out_0d;
assign out_0d[0] = inp_0d[0];
assign out_0d[1] = inp_0d[1];
assign out_0d[2] = inp_0d[2];
assign out_0d[3] = inp_0d[3];
assign out_0d[4] = inp_0d[4];
assign out_0d[5] = inp_0d[5];
assign out_0d[6] = inp_0d[6];
assign out_0d[7] = inp_0d[7];

endmodule



Resynthesis design flow
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// Control
ResynControl_muxtest0 S0 (a3,_reset,rS1_1);
ResynControl_muxtest1 S1 (a2,a3,a4,r1,_reset,a1,oC_0,r2,r3);
ResynControl_muxtest2 S2 (a2,_reset,rS_1);
ResynControl_muxtest3 S3 (aD_1,_reset,r4);

// Data
ResynFetch_0 I2 (d2, d7);
ResynFetch_0 I3 (d3, d5);
ResynCallMux_0 I1 (rS_1, d7, rS1_1, d5, aD_1, d4);
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Experimental results 130nm (Post synthesis)
Latency in ps

Balsa
Resynthesis

w/o STG decomposition with STG decomposition
Petrify ASGlogic Petrify ASGlogic

gcd 949 N/A 792 -17% 765 -20% 822 -13%
counter 43 N/A 34 -19% N/A 41 -3%
counter 
alt.

50 36 -29% 39 -23% 45 -11% 49 -3%

shifter 16 13 -13% 15 -4% 14 -9% 15 -4%
buffer 8 8 -4% 8 -5% 8 -4% 8 -5%

■ Petrify sometimes fails to generate proper reset logic
■ However in most cases Petrifys solutions are faster (Todo for us)
■ Applying STG decomposition will (in general) result in performance 

overhead



Impact of STG decomposition

w/o STG deco. w/ STG deco
#occur# HS

comp
Petrify ASGlogic #comp Petrify ASGlogic

SAMIPS 24 no no 35 yes yes 3
CP0 252 no no 210 no (3) yes 2
EX 474 no no 390 no (20) no (29) 6
FWUnit 36 no no 22 yes no (1) 2
ID 3 yes yes 1 yes yes 2
ADD4 15 yes no 7 yes yes 1
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■ All benchmarks could be decomposed and for all their components 
CSC could be obtained 

■ Main problem for ASGlogic: AND gate decomposition



Summary & future work

■ Summary
□ Fully automated resynthesis flow for Balsa
□ Download: https://github.com/hpiasg
□ Performance improvement of up to 23%
□ STG decomposition tackles state space explosion
□ Logic synthesis with proper reset insertion

■ Future work
□ AND gate decomposition
□ Data path optimisation
□ Delay matching
□ Area / Power analysis
□ …

Thank you!
Questions?
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Backup slides



Backup slide: Clustering problem?



Backup slide: Petrify reset
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Backup slide: Data path optimsation
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Backup slide: AND deco
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