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Comparative analysis of the digital circuit designing ability of ChatGPT
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Abstract Recently, a variety of Al-based platform services are available, and one of them is ChatGPT that
processes a large quantity of data in the natural language and generates an answer after self-learning. ChatGPT
can perform various tasks including software programming in the IT sector. Particularly, it may help generate a
simple program and correct errors using C Language, which is a major programming language. Accordingly, it
is expected that ChatGPT is capable of effectively using Verilog HDL, which is a hardware language created in
C Language. Verilog HDL synthesis, however, is to generate imperative sentences in a logical circuit form and
thus it needs to be verified whether the products are executed properly. In this paper, we aim to select
small-scale logical circuits for ease of experimentation and to verify the results of circuits generated by
ChatGPT and human-designed circuits. As to experimental environments, Xilinx ISE 14.7 was used for module
modeling, and the xc3s1000 FPGA chip was used for module embodiment. Comparative analysis was performed
on the use area and processing time of FPGA to compare the performance of ChatGPT products and Verilog
HDL products.

Key Words : ChatGPT(Generative Pre-trained Transformer), RLHF(Reinforcement Learning from Human
Feedback), Verilog HDL(Hardware Description Languge), Synthesis, FSM(Finite State Machine)
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module CarrylookaheadAdderi6Bit (
input [15:01 A, // 16-bit input A
input [15:01 B, // 16-bit input B
4/ Carry-in

input Cin,

output [156:01 Sum, // 16-bit sum output
output Cout // Carry-out
2

wire [15:01 G; // Generate signals
wire [15:0]1 P; // Propagate signals
wire [15:01 G; // Carry signals

// Generate and Propagate signals
genvar i;
generate
for (i =0; i < i = i + 1) begin
assign GL1i1 = & BLa1;
assign PLil = A[il | BLil:
end
e

/7 Carry Lookahead logic
assign CLO1 = GLO1 | (PLO] & Cin);

genvar 3;

generate
for (3 =1; J < 16; J = J + 1) begin

J% 4. ChatGPT7 4A$H 16H|E X2 S8l5 olE T
Figure 4. 16-bit Carry-lookahead adder generated by ChatGPT

variiog

module CaTTylookaheadAdderiGBiT (
Input £15:01 A, // 10-DIT input A

: propagate

assign Pril = AFil | BFil:
ena
enagenerate

/7 Carry Lookahead logic
assign CLO] = GLO1 | (PLOI & Gin)s

: carry_logic
assign CL[7] = GLi1 | (PC1] & CLi-11)3
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Figure 5. 16-bit Carry-lookahead adder modified after leamning
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Figure 6. Simulation results of a 16-bit Carry-lookahead adder
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Table 1. Synthesis result by module
Modul Human |- opp | CRAGET
odule al -
Engineer TH &
4bit 16x1 Successfully Successfully -
Multiplexer (B4 2%) (B4 %)
16bit SIPO Shift Successfully Successfully
Register (34 #%) (3 #%)

Binary coded Dec Successfully

(8% 4%)

Successfully

imal counter 4bit | (8% #&)

Ripple Carry Successfully Failed Successfully
Adder 16hit (B 2%) (45 +4) (8% %)
Carry Lookahed Successfully Failed Successfully
Adder 16bit (B4 2%) (A 4) (B %)
(FSM) Traffic Successfully Failed Successfully
Signal Controller (B4 %) (A4 +4) (4%)
(FSM) Vending Successfully Failed Successfully
Machine (B 2%) (A F4) (2.25)

Booth Multiplier Successfully Failed Successfully
8hit (88 2%) (AA +#4) (&4%)
Successfully Failed Successfully
UART(RX/TX) (84 A5 A +4) (2%

s
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Table 2. Comparison of Module Performance

Xilinx Spartan3 XC3S1000
. Human Engineer ChatGPT
Bit Module
Speed Area Speed Area
(ns) (LUTS) (ns) (LUTSs)
16x1 B -
4 . 541 36 5.87 33
Multiplexer
SIPO Shift
16 . 7.24 45 7.24 45
Register
Binary coded
4 Decimal 445 24 314 23
Counter
Ripple Carry
16| oC MY 503 100 897 101
Adder
C Look
16| Y R 5 143 634 131
ahed Adder
FSM Traffic
- K 421 152 - 12
Signal Con.
FSM Vendin
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