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Wik RN R -2 EH — A GTP_LUT6D kM B AN 5, A 2| FH @R E i,

// GTP_LUT6D 1jj E 5
module GTP_LUT6D
#(
parameter [63:0] INIT = 64'h0000 0000 0000 0000
) (
output Z,
output Z5,
input 10,
input 11,
input 12,
input 13,
input 14,
input 15
)i
wire z5a,z5b;
$lut #(.WIDTH(5),.LUT(INIT[31:0])) luta_cell(.A({14,13,12,11,10}),.Y(z5a));
$lut #(.WIDTH(5),.LUT(INIT[63:32])) lutb cell(.A({14,13,12,11,10}),.Y(z5b));
$mux #((WIDTH(1)) ul(.A(z5a),.B(z5b),.S(15),.Y(Z));
assign Z5 = z5a;

endmodule

B 3 GTP_LUT6D fi A AL
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\$ OR_ ul (LA(nt rst), .B(N145), . Y(N145 1))

\$ AND u2 ((A(N6_inv), .B(N167_4), . Y(N107));

\$ NOT  u3 (.A(tready), .Y (tready_inv));

\$ MUX  u4 (\A(nt_prescale[9]), .B(prescale[12]), .S(N10),.Y(_N145));
\$ XOR  u5 (LA(bit_cnt[0]), .B(bit_cnt[1]), .Y(N324 inv));
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2025 China Postgraduate IC Innovation
Competition * EDA Elite Challenge Contest

1. Problem

Logic Mapping Algorithm for FPGA Dual Output LUTs

2. Company

Shenzhen Pango Microsystems Co., Ltd.

3. Problem Background

Current advanced FPGA (Field Programmable Gate Array) architectures usually use
dual-output LUT (Look-Up-Table) structures (hereinafter referred to as “dual-output
LUTs”). The traditional LUT mapping algorithm can only map combinational logic gates to
a single output LUT, which brings a new challenge to FPGA synthesis tools, “how to better
map combinational logic to dual output LUTs”. The two output ports of a dual-output LUT
share part of the input, and the two outputs need to satisfy a certain logical relationship
between them. The difficulty lies in how to utilize the structure of the dual-output LUT
during the mapping process and reflect the impact of the dual-output LUT in the cost
function, as well as how to combine the LUTs to minimize the total area of the netlist at the
end of the mapping process.

The FPGA design flow is shown in Figure 1. This contest problem belongs to the FPGA
logic synthesis category in EDA (Electronic Design Automation) technology. The problem
1s divided into two parts: basic problem and advanced problem. The basic question is, given

a mapped single-port LUT netlist, to find an algorithm to combine two LUTs into a

10
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dual-output LUT, so that the final number of LUTs in the netlist is as small as possible; the
advanced question is how to modify the traditional single-port LUT mapping algorithm to
map directly to a dual-output LUT to realize the minimum number of LUTs. The two
questions belong to the Technology-dependent Optimization (which refers to the optimize
netlist using specific technology libraries) and Technology Map (which refers to the

mapping of generic circuit cells to cells in specific technology libraries) parts of logic

synthesis.
Select Architecture HDL Compile
HDL coding N
l Technology-independent logic
optimization

Logic synthesize

l \

advanced

Place and Route Uzt Wity question
Timing and Power A
Analyze
Technology-dependent basic
l Optimization question

Simulation and
Verification

| ‘

Configuration Synthesis report & output

Figure 1 EDA design flow for FPGAs
4. Demo Flow
PANGO has provided a base code. The base code is written based on the open source
project YOSYS. Participants can make modifications on the basis of this code. Figure 2
shows a demo flow using this code.
The scripts and test cases provided by PANGO are stored at yosys/techlibs/pango.

synth_pango.cc implemented a mapping algorithm based on reference [1], the function is

11
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to map the combinational logic gates in the netlist to the LUT primitive of PANGO, with
some conjectures and simplifications on the details not mentioned in the literature, which
can be used with the synth_pango command under the yosys tool. The function of
score. cc is to compute the cost function of the mapped netlist, which can be used by score

command under the yosys tool.

start yosys

|

read verilog

|

synth_pango (base code)

|

output mapped result

!

equivalence check

Figure 2 demo flow using base code
Yosys project contains two important data structures, SigBit and Cell.
SigBit is one bit of wire in yosys. Logic synthesis is not concerned with the bit width of the
wires and the assign relationship between the wires, so the interconnected wires are
converted to the unique SigBit representation. Base code uses SigBit object to get its
driver, reader, depth and other data.
The synthesis process only focuses on the cell of combinational logic gates, the cases
provided by PANGO only include the combinational logic gates of AND, OR, XOR,
Multiplexer, Inverter. Other types of cells must be preserved as is without any processing.
5. Dual Output LUT Architecture
The cell types starting with GTP_ are FPGA primitives of PANGO. yosys/techlibs/

pango/pango_sim.v file contains the simulation models of some primitives.

12
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GTP_LUTI~GTP_LUT®6 are n-input and 1-output lookup tables.

GTP_LUT6D is a 6-input, 2-output lookup table whose simulation model is shown in
Figure 3 and internal structure in Figure 4.

In the estimation of resource consumption, GTP_LUT6D and GTP_LUT are equal, both of
them will occupy one lookup table hardware resource in the FPGA chip, but GTP_LUT6D
can additionally realize one 5-input and 1-output lookup table in addition to the function of
GTP_LUTS6, and the logic expression of Z5 is a sub-expression of the Z logic expression,
and the 1[4:0] of two logic expressions are the same. Therefore, we could combine two
logic expressions with the same or similar inputs together using a single GTP_LUT6D to

reduce area.

13
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// GTP_LUT6D 1jj FH. A% T
module GTP_LUT6D
#(
parameter [63:0] INIT = 64'h0000_0000 0000 0000
) (
output Z,
output Z5,
input 10,
input 11,
input 12,
input I3,
input 14,
input I5
)i
wire z5a,z5b;
Slut #(WIDTH(5),.LUT(INIT[31:0])) luta_cell(.A({14,13,12,11,10}),.Y(z52));
Slut #(WIDTH(5),.LUT(INIT[63:32])) lutb_cell(.A({14,13,12,11,10}),.Y(z5b));
$mux #(.WIDTH(1)) ul(.A(z5a),.B(z5b),.S(15),.Y(2));
assign Z5 = z5a;

endmodule

Figure 3 GTP_LUT6D simulation model

" : GTP_LUT6D |
: INIT=64'h0 |
13 | z i :
| — zoa I
12 | = ‘ zZ5
11 . = I
| |
IO T |
| |
| |
| |
|
|
| | —
I z
| o z5b
| [+2]
@
| w
| N
|
|
|
|
15 —
|

Figure 4 Internal structure of GTP_LUT6D

6. Competition Description

14
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The competition content consists of two questions:

(1) Basic questions

Given a mapped single-port GTP LUT netlist, design algorithms to combine the
GTP_LUTs in the netlist into GTP_LUT6Ds, minimizing the total number of GTP_LUTs
and GTP_LUT®6Ds. For example, if there are two GTP_LUTs in the netlist whose logic is
01 = A&B&D&E and 02 = A&B&C&F | A&B&D&E respectively, the two GTP_LUTs can
be combine to become one GTP_LUT6D, and the total number of LUTs in the netlist is

reduced by 1 after combing.

GTP_LUT4
£ - c } GTP_LUTED ,
p—{ @ } INIT=64'H8880808085000000
= o1 D— 13 — z s ,
B— I c — 12 = = L 75 — Of
2 ) |
A— 8 B — I 2 !
|
A 10 — |
\ |
AN | q
= | combne) : 7 . o
F— 5 | w
I - s
[=2] [ —_ 1 I
] & / r- 1
E & / | = 25b |
D 3 Vv | 2 ]
g L o2 | @ ‘
@ | 2 ,
c— & ! ki
Io |
B—— 8 |
g F— 15—
A—— 8
(=] I
o
GTP_LUT6

Figure 5 combine LUT Example
(2) Advanced Questions
Design algorithms to direct mapping combinational logic gate to GTP_LUT6D. Participants
can modify or redesign the mapping algorithm to realize direct mapping out of
GTP_LUT6D using the least number of total LUTs.
Participants must submit an executable program, along with the necessary documentation.
It is recommended to submit the source code in case the submitted program fail to run on

test server due to lib dependency issue.
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7. Benchmarks

At least 6 development test cases and at least 10 evaluation test cases will be provided by
PANGO. Development test cases will be published before the competition, while evaluation
test cases will not be made public until the end of the competition. There is variance in
scale among these test cases, with no distinction in difficulty.

The cases for the basic and advanced questions are the same and are not differentiated. If
participant choose to solve only the basic question, also needed map the combinational
logic gate to a GTP_LUT, either using the synth_pango function in the base code or
otherwise.

The non-combinatorial logic of these cases has already been mapped to the GTP type of the
PANGQO, and participant only need to deal with the remaining combinatorial logic gates; an
example of the five combinatorial logic gates that need to be dealt with is given in Figure 6.
All cases are characterized as follows:

(1) File is structured Verilog format, without procedure blocks or high-level operators;

(2) Include only one flattened module, and only included yosys built-in cell types or GTP
cell types;

(3) non-combinational logic gates (registers, RAM, IO, etc.) are considered to be black
boxes, and participants cannot make any modifications to them;

(4) The combinational logic gate types are all yosys built-in logic gate types, and only the
five types in Figure 6 exist; $ AND ,$ OR , and $§ XOR are all 2-input logic gates, and

$ MUX and $ NOT _have a bit width of one.

16
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\$ OR  ul ((A(nt_rst), . B(N145), . Y(N145 1));

\$ AND u2 ((A(N6_inv), .B(N167 4), . Y(N107));

\$ NOT  u3 (.A(tready), .Y(tready_inv));

\$ MUX  u4 ((A(nt_prescale[9]), .B(prescale[12]), .S(N10),.Y(_N145));
\$ XOR  u5 (LA(bit_ent[0]), .B(bit_cnt[1]), .Y(N324 inv));

Figure 6 combinational gate types

The output file must be structured Verilog. No distinction is made as to whether the output
file belongs to a basic or advanced question.
8. Scoring Criteria
Score is determined by the final output file of the executable program. The output file of the
executable program submitted by the participant is calculated as a cost function according
to the following formula, where the smaller the cost value is, the higher the quality of the
result:

max logic level

cost = (. >0 + 1) * num_of luts * 10 + num_of_pins

Where max logiclevel is the maximum number of GTP_LUTs and GTP_LUT6Ds in

series in the output file, i.e., the maximum number of the signal through a GTP_LUT or
GTP_LUT6D; num_of_luts is the total number of GTP_LUTs and GTP_LUT6Ds in the
output result; num_of_pins is the total number of input ports of all the GTP_LUTs and
GTP_LUT6Ds in the output file, whether the input ports are connected to signals or not, or
whether the connected signals are constants or not.

The score is the geometric mean of all the ratio * 100. The formula for the corresponding
ratio of each case is as follows:

benckmark_score = geomean([ratio, ratioy, ..., ratio,]) * 100

17



- PEEFEM TR AT

(base; — cost)

base;

0.6, map_failed
Here base; is the comparative benchmark value, which is the cost of the output netlist

max (1 + ,0.7), map_success

ratio; =

after use the synth pango function (the function in the base code) with input case;.

Output result will be treated as map failure, if:

(1) there are unmapped combinational logic gates in the output results;

(2) there is logic mismatch between input file and output results;

An example is given in demo.ys, using the built-in equiv function of yosys to verify the
logical equivalence of two netlists.

(3) unsupported cell types are present in the output results;

Make sure that the cells in the final output result are all of GTP type, and the signals
connect to GTP cells present in the input have not been modified.

(4) exists GTP_LUT with LUT size > 6;

The combinational logic gates can be mapped only to GTP _LUTI1 to GTP _LUT6 and
GTP_LUT6D.

(5) Combinatorial logic loops are present in the output ;

The cases do not contain combinational logic loops by default and cannot contain
combinational logic loops in the output result. Note that the output port of GTP_LUT6D
cannot connect to its own input port.

(6) Occupying more than 15 GB of memory;

(7) Not ending normally more than 30 minutes;

(8) Multiple runs of the program with the same input produce different output results;

(9) The logic of Z5 and Z of GTP_LUT6D does not share any input;

18
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For example Z=10&11, Z5=I12|13.

score.cc implement the cost calculation function according to the description before, and
you can use the score command to calculate the cost of the output file.

For the same score, (1) compare the number of failed use cases, the team with less number
is ranked higher; (2) compare benckmark_score, the higher the score the higher the
ranking.
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* For questions not covered in this guide, please refer to the Q&A document.
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