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Abstract—Recently, disasters due to floods based on extreme
rainfall have resulted in over 2 million deaths and US$ 3.64
trillion loss of property over the last five decades globally. On
the other side, researchers have been increasing interest in
employing large language models (LLMs) to generate solutions
for numerous real-time applications. This work proposes
memristor-based electronic circuits for flood alert indication
developed through LLM after training through an example.
Initially, an average value calculator was designed to record the
rainfall associated with four consecutive days. Importantly, a
memristor-based electronic circuit was developed to provide
extreme rainfall alert indication during heavy rain. Most
importantly, the employment of LLM was advantageous in
terms of ease and reduction in code complexity by 98.94%.
Furthermore, the power consumed by our proposed circuit
resulted in ~99.9% improvement, whereas the circuit
complexity was reduced by ~99% when compared to their
existing transistor-based counterparts.

Keywords—Artificial Intelligence, Disaster management,
Memristor, Rainwater harvesting systems, Llarge Language
Models.

I. INTRODUCTION (HEADING 1)

Recently, disasters due to extreme rainfall conditions have
become more frequent in several parts of the world [1, 2]. In
the past five decades, globally there have been over 2 million
deaths and a huge loss of property above US$ 3.64 trillion
owing to floods [3]. Therefore, it is exceedingly essential to
detect extreme rainfall, to avoid such natural disasters. To
achieve this, transistor-based electronic circuits have been
widely employed [4]. In this regard, researchers have
developed an extreme rainfall detection system in which large
volumes of data were gathered and analysed to generate the
very important excess rainfall alert [4]. However, such work
is disadvantageous since it involves storing large quantities of
information and processing such data which ultimately results
in undesirably high computational complexity and the
requirement of a large amount of the associated hardware. In
other instances, researchers have monitored water level
variations in rivers using sensors and microcontrollers to
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design a flood alert system using wireless sensor networks [5,
6]. This study aimed to record and send a message to the
people before the calamity. Nevertheless, this work
necessitated a huge amount of data that had to be amassed at
even intervals of time which ultimately resulted in increased
circuit complexity. The most significant drawback of the
above-mentioned systems is that all these systems are based
on transistor technology which has reached its termination
stage. Recently transistor technology abided with
discommodes due to grading of device attributes such as
undesirable quantum mechanical burrowing and curt channel
consequences, that mitigate device functionality and
heightened power intake [7—12]. The above-named drawbacks
bespeak the cease of the transistor epoch, and attempts were
consecrated to explicate substitute technologies [13—-15]. On
the other side, the memristor has been attracting widespread
interest due to its multilevel logic (92 states within a single
device), high network density (~40% improvement), faster
execution (within 1 ns), ameliorated power dissipation
(~0.01% consumed), ability to recollect its state history, and
employment of existing CMOS fabrication process without
the need for newer fabrication systems [16-18].
Consequently, it is highly recommended to switch towards
memristive systems, which surmounts the shortcomings
consociated with transistor-based systems [19]. It is important
to mention that a memristor is essentially a resistor with
memory; its resistance (memristance) depends upon the
amount of current that passes through it [15]. To overcome the
disadvantages of transistor technology and develop advanced
rainfall alert and extreme rainfall indication systems, it is very
much important to propose memristor-based rainfall
measurement and extreme rainfall alert systems for futuristic
applications. To develop such systems, it is extremely
essential to develop its fundamental version of the operational
circuit. One such circuit is the average value calculator, which
can be extended to develop the memristor rainfall alert system.
It is well known that, the traditional method of performing
average value calculation is achieved by executing the
addition operation followed by division of the total number of
elements. Recently researchers have developed memristor-
based adder [20] circuits which have exhibited significant
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advantages compared to the widely used CMOS technology
in terms of power consumption (54.7%) and circuit
complexity (29.4%) [21]. In a different article, researchers
have developed memristor-based adder circuits which
exhibited 20% improvement in computational speed.
Electronic circuits that perform all four basic arithmetic
operations, namely addition, subtraction, multiplication, and
division were developed using memristive technology [22].
These circuits provided for high data retention compared to
their existing transistor-based counterparts. Several such
memristor-based arithmetic circuits were reported in the
literature which exhibited numerous advantages over the
conventional transistor-based circuits [23-30]. Despite the
above-mentioned advancements in memristive computational
circuits, unfortunately, to this day no one has yet developed a
memristor-based average value calculator circuit.

It is a well-known fact that rainwater is usually gathered,
stored, and maintained in reservoirs for public use. Recently,
researchers have developed numerous electronic circuits and
systems to automatically perform such functionalities [31—
34]. In [31] researchers have developed a non-contact type
water measurement system using microcontrollers. In [32]
river water level was monitored employing microcontrollers
to provide flood indication. In [33] water levels were
controlled and monitored in an overhead tank; logical
functionalities were implemented through flip-flops. In [34]
microcontroller-based automatic water pumping was achieved
and various water levels were indicated using an ultrasonic
sensor. Regardless of such advancements, it is noteworthy to
mention that all these reservoir maintenance systems are based
on transistor technology which possesses numerous
disadvantages as mentioned earlier.

At present, researchers have been increasing interest in
employing large language models (LLMs) to generate
solutions for numerous real-time applications [35, 36]. The
same is the situation in electronic circuit design [37, 38].
Nevertheless, the existing LLMs are unable to generate
accurate netlists for circuit simulation applications [39]. In this
work, a memristor-based average value calculator was
designed which calculated the amount of direct current (DC)
components present in a given signal. This circuit was further
developed to record the amount of rainfall associated with four
consecutive days by converting rainfall in centimetres to its
corresponding resistive values. Interestingly, heavy rainfall
was represented by a wider pulse, whereas lighter rainfall was
represented by a narrow pulse. To develop an application for
the maintenance of a reservoir, the inflow of water into the
reservoir was represented by a positive pulse, whereas the
outflow of water was indicated by a negative pulse where the
width of the pulse represented the amount of water. Utilizing
this approach memristor was employed to maintain the record
of water available in the reservoir. Most importantly, to
provide a very important extreme rainfall alert indication
during heavy rainfall, a memristor-based electronic circuit
was developed, and the same was implemented using
simulation routes. The proposed memristor-based electronic
circuits were developed through LLM after training with an
example.

Il. MATERIALS AND METHODS

The LLM ChatGPT based on the GPT-4 architecture was
employed in this work. The LTspice XVII simulator was
utilized to obtain the electronic behaviour of the memristive

circuits proposed in this work. The aimed device comprises of
10 nm TiO2 thin film in between two platinum metal
electrodes. This device was first proposed in 2008 by Hewlett-
Packard Labs, which is useable in LTspice [40]. Initially,
library files of this memristor were involved in the LTspice
directory to construct the novel memristive logic circuits.

I11. RESULTS AND DISCUSSIONS

The LLM was prompted to generate SPICE netlists. As
shown in Figure 1, the Al, on its own, was incapable of
generating the correct circuit as per the given prompt to
generate a SPICE netlist for a1 V DC source connected across
a memristor. The circuit in Figure 1 was obtained when the
generated netlist was reopened as the schematic version in the
SPICE environment. However, when the LLM was trained
through a simple example shown in Figure 2, it got trained and
generated the required netlist. The generated netlist shown in
Figure 3, when simulated in the SPICE environment was
100% accurate. Interestingly, although trained for only a DC
voltage source, the LLM correctly interpreted the prompt and
generated a SPICE netlist for a biased sinusoidal signal. As
presented in Figure 4. In this manner, one could simulate all
the circuits presented in this work through the aid of Al. These
results provide promising rules for LLMs on futuristic circuit
designing; the following SPICE simulations were employed
to validate the proposed memristive circuits. Initially,
piecewise linear (PWL) based pulse signals were applied to
the memristor as shown in Figure 5(a), it was noticed that
while the pulse was ON the memristance gradually increased
and once the pulse was low the memristance was observed to
be constant (Figure 5(b)). Interestingly, it was identified that
the memristive variations remained uniform whenever the
area under the pulse was equal, irrespective of the variations
in the height or width of the pulse. This finding validated the
usefulness of the memristor to estimate the DC component
i.e., the average value of pulse-based signals. These results
offer compelling evidence for real-time applications, one such
instance is rainfall calculation. For example, let us consider
that one has to measure the rainfall for four consecutive days.
In such case, the width of the pulse (in Figure 5(b)) indicated
the amount of rainfall i.e., a wider pulse showed heavy
rainfall, whereas a narrow pulse pointed to low rainfall, and
such pulses were represented using PWL signal. When these
signals were applied, the memristance gradually got updated
per the rainfall (as indicated in Figure 5(b)) i.e., whenever
there was heavy rainfall memristance was increased by a
correspondingly large amount, whereas, for the event of low
rainfall memristance increased by only a small quantity.

+ Vimwe ’

|
B! 1

gt
.tran: 1

|

(8]

Figure 1: Schematic contents generated by circuit
specifically untrained LLM. One can notice that the general
training given to the LLMs was insufficient to generate the
correct results for electronic circuit simulations.
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Figure 2: LLM successfully trained through a simple
SPICE netlist. The operation ‘=" represented the parallel
connection between the voltage source and the memristor.
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Figure 3. SPICE netlist of a 1 V voltage source connected
in parallel to a memristor, generated by LLM after training
through an example. The content generated by LLM proved
to be 100% accurate when simulated in the SPICE
environment.
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Figure 4. SPICE netlist of a sinusoidal signal with DC
offset generated by LLM. Although trained for only a DC
voltage source, the LLM correctly interpreted the prompt and
generated a biased SPICE netlist for a sinusoidal signal.
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Figure 5. (a) Average signal calculator circuit and (b) its
electronic characteristics. When pulse signals are given as
input, the memristance increases along with the pulse, and
when there is no pulse signal the memristance remains
constant.

The mathematical relation for a continuum of memristive
updates (from its initial value of 11 kQ, when a DC source of
0.7 V is applied) is presented in Equation (1)

M= 11172 + (8058 * (t)) (1)

where M represents memristance in Q, and t denotes time in
seconds. However, the relation for the memristive updates
shown in Figure 5(b) is expressed based on its previous values
as given in Equation (2) shown below.

PAGE NO: 189



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 8 2025

M = (8058 * (t-tp)) + Mp (@)

where Mp denotes the previous memristance in Q, and tp
denotes the time instance when a new pulse has been applied
to update the memristance. For example, as depicted in Figure
5(b), the initial value of memristance is 11 kQ. i.e., tp =0, and
Mp = 11 kQ. Building upon this the memristance at time t =
0.1616 s was calculated as 12.53 kQ and the same is reflected
in the graph shown in Figure 5(b). Depending upon the
relation in Equation (2) the update of memristance per the
pulse signals is presented in Table 1. In this case, when a pulse
signal of 170.3 ms was applied to the memristor, its
memristance got updated to 12.6 kQ from its initial value of
11 kQ. Consequently, when a pulse signal of 110.2 ms was
supplied to the memristor, its value was incremented to 13.6
kQ from its previous value of 12.6 kQ. Subsequently, the
memristance was updated to 13.8 kQ and 15.7 kQ for the pulse
signals of duration 21.5 ms and 285 ms, respectively.

Table 1. Memristive value updates in accordance
with pulse signals

PULSE DURATION MEMRISTANCE

(ms) (kQ)
170.3 12.6
110.2 13.6

21.5 13.8
285.1 15.7

To showecase the practical application, let us consider the case
where rainwater is stored in dams; this same water gets
supplied to people to meet their day-to-day water
requirements. It is noteworthy to mention that in the case of a
water dam, there is an inlet and an outlet water flow. To
maintain the record of the amount of water available in the
reservoir, the inlet flow was represented by a positive pulse
such that a wider pulse represented heavy water flow whereas
a narrow pulse represented lower water flow (Figure 6(a)). On
the other side, the outlet water flow instances were represented
by negative pulses as shown in Figure 6(a). Since memristors
respond to the applied DC signal, it was employed to track the
amount of water available in the water dam. —— It can be seen
in Figure 6(b) that whenever there was a heavy inflow of water
the memristance increased accordingly. However, when there
was no inflow or outflow of water the memristance retained
its value. Nevertheless, when there was an outflow of water
the memristance got reduced accordingly. In this manner, the
memristor maintained the record of the amount of water
available in the reservoir. The mathematical expression for the
memristive updates depicted in Figure 6(b) (negative pulse
signals) is expressed based on its previous values as given in
Equation (3)

M= (- 16468 = (t- tp)) + Mp (3)

where Mp is the previous memristance in 2, and tp is the time
instance when a new pulse has been applied to the memristor.

Relying on Equation (3) the memristive update in
agreement with the pulse signals is given in Table 2. Here,
when a positive pulse signal of 170.3 ms was applied to the
memristor, its memristance was updated to 12.6 kQ from its
initial value of 11 kQ. Consequently, when a negative pulse
signal of 99.1 ms was supplied to the memiristor, its value was

decreased to 11.7kQ from its previous value of 12.6 kQ.
Subsequently, the memristance was updated to 12.7 kQ,12.9
kQ, 12.1 kQ, and 14.5 kQ for the remaining pulse signals as
exhibited in Table 2.

Table 2. Memristance updates for input pulse
signals

MEMRISTANCE
PULSE DURATION (Ms)

(kQ)
170.3 (positive pulse) 12.6
99.1 (negative pulse) 11.7
110.2 (positive pulse) 12.7
21.5 (positive pulse) 12.9
97.8 (negative pulse) 12.1
285.1 (positive pulse) 14.5

converting the rainfall to pulse signals (at the terminal rainfall-
based pulse width modulation (RPWM)) and the other circuit
for accepting those pulse signals as input to provide the
extreme rainfall alert system. In the first subsequent, rainfall
for four consecutive days was represented in terms of
electronic resistances. These resistive values were obtained by
measuring the resistance of the volume of rainwater gathered
in a container. The dimensions of this container were such that
its radius was 4.7 cm, with a height of 15 cm. The cross-
sectional area of this cylindrical structure was 69.36 cm2.
Utilizing this arrangement, the rainfall measured for four
consecutive days was 8.8 cm, 5.9 cm, 2.7 cm, and 12.6 cm
respectively. As expected, heavy rain was represented by high
resistance, whereas low rainfall was indicated by smaller
resistance. The resistances observed these four days were such
that the first-day resistance was 2.5 kQ, whereas 1.7 kQ for
the second day. Consequently, third- and fourth-day
resistances were 770 Q and 3.6 kQ respectively. Each of these
resistances namely R3, R4, R5, and R6 were given as
consecutive inputs to the circuit by employing single pole
double throw (SPDT) switches Ul, U3, and U4 through
controlled timing-based V4, V5, and V6 pulse signals. The
switching was such that in the first instance, 2.5 kQ was
transferred to the location in between the positive terminal of
Ul and the ground. Consequently, 1.7 kQ, 770 Q, and 3.6 kQ
were passed on during the second, third, and fourth instances
respectively. A voltage divider network was constructed
which consisted of DC input voltage V1 of 1 V, resistance R1
of 100 kQ, and the abovementioned resistance value switched
into the circuit. Subsequently, the voltage across the newly
switched resistor appeared at the positive terminal of the
comparator U2. The operation of the voltage divider network
was such that it gives an output voltage corresponding to the
resistance received from the SPDT switches and the 100 kQ
resistor. Such obtained different voltage levels were compared
with a sawtooth waveform through U2 to generate the RPWM
pulse signals that followed the rainfall. Thus, the rainfall
represented in the form of pulse signals was obtained at the
terminal RPWM. The logic of using a sawtooth signal is that
whenever the value of the sawtooth signal is lower than the
voltage signal at the positive terminal of U2, the resultant
signal is high; otherwise, the resultant waveform is in its low
state, resulting in pulse signals. These pulse signals were
scaled down 5 times through the employment of the dependent
voltage source B1 in the second subsequent. This was because
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a low voltage (~ 1V) is sufficient for memristive write
operations. On the second circuit, as shown in Figure 7(a), the
33 uF capacitor C1 was employed to suppress the unwanted
spike signals at the output of B1. It is noteworthy to mention
that a very high value of capacitance leads to smoother
waveform; however, the size of the capacitor will be large. On
the other side smaller value of capacity will give improper
smoothening. Therefore, an optimum value of 33 pF was
employed in this work. Furthermore, two memristors U8 and
U10 were employed in which U8 updated its memristance
following the rainfall-based pulses, whereas U10 was
employed for isolating U8 and the voltage source B1 such that
the voltage across the memristor is different from that of the
source voltage.

(a)
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Figure 6. (a) Average signal calculator circuit with both

positive and negative PWL signals. V1 was the same as that

of the previous circuit, while V2 was connected to provide

negative pulses. (b) The variations of memristance per that of
the applied PWL signal.

The op-amp comparator U9 compares the voltage across U8
with the pre-set reference voltage which was set at V10 to 0.96
V. Based on the accumulation of the highest rainfall detected
(here in this case it is the fourth day) an extreme rainfall alert
signal was produced at the output terminal (LED QTLP690C)
following the reference voltage. Therefore, as shown in Figure
7(b) whenever there was heavy rainfall (the end of the fourth
day in our case) an alert signal was generated by this circuit.
Thus, this circuit was used as an excess rainfall indicator.

When compared to the existing circuits (which employ
thousands of transistors [4-6]) the proposed memristive
circuits achieved ~99% improvement in circuit complexity.
Importantly, the power consumed by our proposed circuit was
62.7 uW, resulting in ~99.9% improvement in power
consumption.
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Figure 7. (a) Circuit for converting rainfall into pulse signals
and providing extreme rainfall alerts. The resistance measured
for the four days is converted into pulse signals utilising SPDT
switches and the obtained signals are given as input to the
behavioural voltage source to obtain the excess rainfall alert.

IV. CONCLUSION

In this work, memristor-based circuit simulations were
performed through training LLM to generate a SPICE netlist.
The memristive average value calculator was designed to
calculate the average value present in a given signal. This
circuit was further developed to record the amount of rainfall
associated with four consecutive days. A memristor was
employed to maintain the record of rainwater available in the
reservoir. Importantly, in order to provide the very important
extreme rainfall alert indication during heavy rainfall, a
memristor based electronic circuit was developed and the
same was implemented using simulation routes. When
compared to the existing circuits the proposed circuits
achieved ~99% improvement in circuit complexity
Importantly, the power consumed by our proposed circuit
was 62.7 uW, resulting in ~99.9% betterment in power
consumption. Most importantly, the employment of LLM
was advantageous in terms of ease and reduction in code
complexity by 98.94%. The ideas proposed in his work pave
the way for futuristic automatic circuit designing through Al.
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