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Artificialintelligence (Al) is already part of everyday life, recommending

YOUNG REVIEWERS: . . . .
music, translating languages, and even helping with homework. But

A scientists want Al to do even more demanding jobs, such as guiding
AGE: 13 self-driving cars, helping doctors with medical scans, or steering
HRDAYA rescue drones in dangerous places. The problem is that today’s
AGE: 12 computers were not built for nonstop learning and rapid decision

making. They hit the “memory wall”, a slowdown that happens
when computers waste time and energy moving data around instead
of working on it. To get past this, researchers are looking to the
human brain for inspiration. Brain cells called neurons can handle
information, connect in networks that learn, and send short bursts
of signals that save energy. New types of computer chips copy
these ideas to make Al faster and more efficient. These advances
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could cut the energy computers use and open the way for faster,
greener technology.

Al NEEDS FASTER, SMARTER COMPUTERS

Not long ago—just a few decades—artificial intelligence (Al) was
mostly something we only heard about in science fiction movies,
where it piloted spaceships or controlled a robot sidekick. But now,
chances are you interact with Al in your daily life, maybe without
even realizing it. YouTube and Spotify use Al to recommend videos or
songs based on your past choices, Google Translate uses it to convert
words into different languages, and platforms like ChatGPT can answer
questions, create art, write stories, or help with homework.

The impressive things that Al tools already do require lots of computer
power. Researchers are now working toward even more demanding
uses of Al, such as systems that can guide self-driving cars through
busy streets, assist doctors in accurately diagnosing diseases from
medical scans, or control rescue drones after a natural disaster. In
situations like these, the Al system must see, plan, and act almost
instantly—there is no time to wait for a slow computer to respond.
Many of today's computers were built for tasks like running apps,
watching videos, writing documents, browsing the internet, or running
spreadsheets—jobs that do not require the level of computer power
that Al needs. Al requires handling massive amounts of data at high
speed and doing so continuously as it learns and makes on-the-spot
decisions. The mismatch between what Al needs to function in
high-stakes situations and what computers can currently deliver
without using too much energy is one of the biggest challenges facing
scientists and engineers today [1].

WHY TODAY’'S COMPUTERS ARE TOO SLOW FOR Al

To understand the problem, it will help to look at how today's
computers are organized. Every computer has two main “parts”
hardware and software. Hardware is the physical machinery—chips,
circuits, and wires. Software is a set of instructions that tells the
hardware what to do and when to do it, whether that is running
a game, editing a photo, or sending a text message. When people
think about Al, they often focus on the software—the programs that
translate language or recognize images. But software can be limited by
hardware, because the physical chips and circuits inside the computer
determine how quickly and efficiently those programs can run.

Why does the hardware slow things down? Typical computer hardware
has two main components: one that stores information, which is
called memory, and one that carries out instructions in the form of
calculations, which is called the processor. Every time the processor
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Figure 1

(A) Computer hardware
has two main
components: the
memory, where
information is stored,
and the processor,
which carries out the
calculations. In typical
computers, the
processor much fetch
information from
memory every time it
carries out its
instructions. This is
called the memory wall
problem, and it can
make traditional
computers too slow for
Al systems. (B) The
memory wall problem
is like trying to do your
math homework at
your desk, but each
time you need a piece
of information you
must run across the hall
to the library to get it,
slowing you down and
burning lots of energy.

MEMORY WALL
PROBLEM

A slowdown in
computers caused by
constant movement of
data between memory
and processor, which
wastes time

and energy.

needs a piece of information, it must fetch it from memory before
doing anything with it (Figure 1A). You can think about this like trying
to do your math homework when your calculator is on your desk in
the math classroom but all the data you need for your calculations is
across the hall in the library. Every time you need some numbers, you
need to stop working, run to the library, and bring the data back. The
constant back-and-forth slows you down and burns a lot of energy
(Figure 1B).

Output

Processor

Memory

Figure 1

While most everyday computer tasks only need to move small
amounts of data at a time, Al puts much greater demands on
hardware. Al systems contain millions or even billions of pieces of
information that must be checked over and over to spot patterns or
make decisions. The constant shuttling of data between memory and
processor creates a major slowdown inside the computer. Researchers
call this the memory wall problem [2]. Even if the processor is ready to
work, it spends most of its time waiting for data to arrive. The result is
wasted energy and slower performance—two things Al cannot afford
when it needs to act quickly in the real world. Another important factor
is how much memory is used to store each piece of information.
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NEURON

A brain cell that
receives signals,
processes them, and
sends signals to other
neurons while also
storing information in
its connections.

SYNAPSE

The connection
between two neurons
where information is
stored and passed
along by changing the
strength of the link.

Computers usually give every piece the same amount of digital space
in memory, like handing everyone the same big box no matter how
small their item is. This wastes memory and can slow down Al.

LEARNING FROM THE BRAIN

In terms of computing power and memory management, the human
brain is far more efficient than any computer we can build today.
Scientists are now taking lessons from the brain as they try to
overcome the memory wall problem. Brain cells called neurons are
especially important for processing signals from the world and the
body—like sights, sounds, touches, movements, and even memories.
There are three big features that make brain neurons different from
traditional processors.

First, neurons can both store and process information. Each neuron
receives tiny electrical or chemical signals from other neurons. It
adds up all the incoming signals, decides whether the message is
strong enough to pass along, and if it is, sends its own signal to
other neurons. Neurons also store information by strengthening or
weakening their connections with other neurons, which are called
synapses. This means a single neuron can both processes signals
and store memories without constantly moving data back and forth
the way traditional computer hardware does. This efficient way of
representing and handling data saves memory and makes information
transfer faster.

Second, neurons form flexible networks that can change and learn
(Figure 2A). The brain’s power comes from billions of neurons working
together. One neuron by itself cannot do much, but a vast network
of neurons can recognize a friend’'s face, understand speech, or
plan a movement. These networks constantly change as connections
between neurons grow stronger or weaker, which is how the brain
learns from experience. In contrast, conventional computer circuits
cannot change their connections on their own.

Third, neurons send signals only when needed. Instead of streaming
information nonstop like today’s computer chips, neurons send quick
bursts of electrical activity, called spikes, only when something
important needs to be shared—like a short ping that says “pay
attention!”. This stop-and-go style of communication saves enormous
amounts of energy while still allowing the brain to react quickly to the
world. Computer scientists call this idea spike-based computing when
they try to copy it in machines.

Together, these three features make the brain powerful and energy
efficient. Engineers hope that by borrowing some of these strategies,
they can design computer hardware that handles Al tasks quicker
and with far less energy. At the same time, computer scientists and
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Figure 2

(A) Neurons in the brain
are organized into
networks that can both
store and process
information based on
the strength of their
connections to each
other. The connections
between neurons can
change in number and
strength, which is how
the brain learns from
experiences. Neurons
also communicate by
sending “spikes” of
signals only when
necessary, which saves
energy. (B) To
overcome the memory
wall problem so that Al
systems can work faster
and more efficiently,
engineers are trying to
design faster computer
hardware, called
neuromorphic chips,
made of connected
units that combine
memory and
processing, have
brain-like flexible
connections, and use
spike-based
computing.

COMPUTE-IN-
MEMORY (CIM)

A type of computer
chip that can both
store and process
information in the same
place, reducing wasted
energy and speeding
up tasks.

NEUROMORPHIC
CHIPS

Computer chips built
from many small units
that act like neurons
and synapses, sending
spikes and forming
networks that can learn
and adapt.

Brain Biological neuronal network
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Figure 2

software engineers will need to develop new software so that these
new hardware solutions can reach their full potential.

BRAIN-INSPIRED COMPUTING FOR SMARTER
HARDWARE

One step toward brain-inspired computing is compute-in-memory
(CiM). CiM is a new technology that takes inspiration from the
first key characteristic of brain neurons: combining memory and
processing in the same physical hardware [3, 4]. Instead of keeping
storage and calculation separate, as today’s chips do, CiM-based chips
are designed to carry out simple calculations, such as adding or
multiplying numbers, within the memory itself, right where the data
is stored. This is similar to the way neurons both hold information and
process signals. In our math homework analogy, CiM is like moving
your calculator into the library so you can look up numbers and
work on them without constantly running back and forth. By cutting
out extra data transfers, CiM chips could make Al systems faster and
more efficient.

Neuromorphic chips take this a step further [5]. The word
‘neuromorphic” means “shaped like the brain®, and these chips are
built from many tiny units that act like simplified versions of the brain’s
neurons and synapses (Figure 2B). Each unit can send and receive
signals, adjust the strength of its connections with other units, and
communicate with short bursts (spikes) of activity only when new
information arrives—similar to how brain cells work. Linking thousands
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SPIKING NEURAL
NETWORKS (SNNS)

Special Al programs
designed to
communicate with
short bursts of activity,
or spikes, similar to
how neurons in the
brain send signals.

QUANTIZATION

A technique that stores
data in simpler, smaller
pieces, reducing
memory use and
making computer
processing

more efficient.

CONVERGED
PLATFORM

A single kind of
computer hardware
designed to run both
today's data-hungry Al
systems and future
brain-like Al programs.

or even millions of these units together creates a network that can
learn from patterns and adapt to new situations. Researchers are
also creating spiking neural networks (SNNs), special Al programs
(software) built to match this hardware [6, 7]. In contrast to ordinary
computing, which processes information with constant signals, SNNs
are designed to work with spikes. The simultaneous optimization of
hardware and software could solve problems in real time, such as
recognizing images, speech, or movement as they happen—while
using far less energy than today’s chips.

These brain-inspired chips also use a technique called quantization,
which stores data in simpler, smaller pieces so the computer can
work faster without losing important details. Quantization reduces
memory needs and speeds up processing with only a small loss in
accuracy. Together, compute-in-memory, neuromorphic design, and
quantization help create smarter hardware that works faster and more
efficiently—much like the human brain.

Both CiM and neuromorphic chips are still in the research stage. CiM
may be closer to real-world use, while neuromorphic chips represent a
longer-term goal that could one day enable brain-like computing—but
both show how lessons from biology could help us design computers
that could support more powerful Al. Training today’s most advanced
Al systems can use as much electricity as hundreds of households in a
year, on top of the huge amounts already consumed by data centers
worldwide. Cutting this demand could make Al more practical and
lower its negative impact on Earth’s climate. Researchers see these
advances as steps toward what they call a converged platform—a
single kind of hardware that can run today’s data-hungry Al while also
supporting future, brain-like Al systems.

SMARTER HARDWARE IN FUTURE ACTION

Think about a rescue drone flying into a collapsed building after an
earthquake: every second counts. The drone’s onboard Al might be
trained to fly into places that are too dangerous or too small for
people to enter, map out safe routes for rescue workers, or even locate
trapped survivors by scanning for heat or sound [8]. To succeed, the Al
must process information from cameras and sensors, make decisions
about where to go, and keep moving without delay (Figure 3). If its
computer spends too much time stuck in the memory wall traffic jam,
the drone could crash into debris, overlook signs of survivors, or fail to
guide rescuers when every second matters.

New hardware ideas like CiM and neuromorphic chips, coupled
with neuromorphic software such as spiking neural networks, could
make this kind of life-or-death task possible, not only for drones
but for many other uses. Phones and laptops could run advanced
Al apps without draining their batteries or overheating. Self-driving
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Figure 3

An Al-powered rescue
drone must process
information from its
sensors extremely
quickly, so that it can
maneuver precisely
through dangerous
places (like collapsed
buildings) when every
second counts.
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Figure 3

cars could respond instantly to hazards on the road. Medical devices
could process signals from the body in real time, helping doctors
spot problems quickly. And large data centers—which power much
of the world's computing—could operate with far less energy.
Although these designs are being developed mainly to support Al,
they would also make many kinds of everyday computing faster and
more efficient.

THE ROAD AHEAD

As Al becomes more central to our world, computers will need
to process information accurately, quickly, and without wasting
energy. Today's hardware struggles with this task because of the
memory wall problem, which happens because data spends too
much time traveling between memory and processor. To overcome
this problem, researchers are rethinking how computers should be
built. Compute-in-memory chips store data where it is used, and
neuromorphic systems borrow ideas from the brain's networks of
neurons. Both approaches aim to reduce wasted energy and allow Al
to work in new, more demanding settings.

These technologies are mostly still in the research stage, and scientists
and engineers face tough problems building them reliably, making
them small and affordable enough for everyday devices, and showing
they can handle the huge demands of modern computing. But
progress is happening in both hardware and software. If these
researchers succeed, the memory wall that limits computers today
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may become a thing of the past. That would mean faster, more
efficient Al systems in areas from emergency response to medicine to
everyday technology—and it would also reduce the energy burden of
computing, helping to protect Earth’s changing climate as Al becomes
an even bigger part of our world.
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YOUNG REVIEWERS

ARIA, AGE: 13

Aria loves playing with her two guinea pigs and feeding birds and squirrels in her
backyard. She gave each squirrel a unique name and lots of peanuts. Aria is always
curious about science and she has a lot of questions about nature, animals and
universe. She also likes singing and drawing in her spare time.

HRDAYA, AGE: 12

| am an avid book reader, and | am fond of writing critical reviews of books that |
read. English and Science are my favorite subjects. | like to play chess when | am not
reading. | am also curious to know more about things around me. | am an animal
lover, and | love to play with my pet birds and feed them.
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