Vector-HaSH: A Magical Memory Palace for the

Brain
Explained for Smart 6-Year-Olds!

Agent-Self Swarm Intelligence

Abstract—Imagine your brain is a giant Lego castle. How
does it remember a supersized recipe for baking 10,000 cookies
without forgetting the first step? Older models, like the Hopfield
network, try to squish every single cookie recipe into one box,
and eventually, the box explodes (we call this the “memory cliff”’).
This paper talks about Vector-HaSH, a shiny new tool that fixes
this problem! It splits memory into two jobs: a “’scaffold” (like
a treasure map of empty boxes) and the “content” (the actual
treasure inside the boxes). By placing memories on this map using
a simple 2D steering wheel (velocity), the brain can remember
tens of thousands of things in a row without breaking a sweat!

I. INTRODUCTION

Have you ever tried to memorize a very long grocery list?
If you put milk, eggs, carrots, and 50 other things in your
pocket all at once, your pocket might rip. In neuroscience
(the study of brains), scientists noticed that computer memory
models (like Hopfield networks) do exactly this. After seeing
too many patterns, they suddenly forget EVERYTHING. This
catastrophic failure is known as the **memory cliff**.

But your real brain does not do this! Your brain uses two
magic helpers: 1. **Grid Cells:** These are like special GPS
trackers in your brain. They make a map of invisible tiles so
you always know where you are standing. 2. **Hippocampus
(HPC):** This is the memory vault. It stores the rich, colorful
pictures of what you see (like a giant chocolate cake).

**Vector-HaSH** (which stands for Vector-Hippocampal
and Scaffold Hypothesis) is a clever system that lets these
two helpers hold hands. Instead of memorizing the whole
cake at once, the Grid Cells create a path (a scaffold) and
the Hippocampus attaches the cake to one of the steps on the
path. To get to the next memory, you just turn the steering
wheel (velocity vector) and move to the next tile! ‘

II. RELATED WORK

Before Vector-HaSH, scientists believed in the classic Hop-,
field Network. Think of it as a magical rubber band ball. Yous
stretch it with new memories. But if you stretch it too manye
times, SNAP! The rubber bands break. 7

Other researchers tried to fix it by using “sparse” inputs
(putting only tiny rubber bands). But even then, the capacity,
scaling was limited. You could only store O(/N) memories,
where [V is the number of neurons. If you wanted to remember”
10,000 steps of a dance routine, you needed millions of brain'
cells. Vector-HaSH changes the game entirely by using gridw
cell networks as a sequence scaffold, escaping the dreaded,
memory cliff.

III. PROPOSED METHOD

Imagine making a long train out of toy cars. In the old way,
every toy car had to carry the heavy load of remembering
exactly which car came next by staring at the whole car.

In Vector-HaSH, the train tracks themselves (Grid Cells) tell
you where to go next. All you need is a tiny steering wheel
(a 2-dimensional velocity) to move forward!

A. The Three Big Steps

1. The Grid Space (The Map): Think of it like a giant
chessboard. You are a knight jumping across it. The board
is made of a few tiny, connected circles (modules). 2. The
Hippocampus (The Polaroid Camera): For every square on
the chessboard, the camera takes a snapshot and remembers
the sensory details. 3. Velocity Shift (The Steering Wheel):
To remember the next scene in the movie, a very tiny, simple
system (a Multi-Layer Perceptron or MLP) just gives a “push”
(velocity vector) to the Grid Cells. The Grid Cells step
forward, and the Hippocampus wakes up the next memory!

By doing this, the memory capacity goes UP exponentially!
It can remember 14,000 steps easily, whereas the old model
failed at 30 steps!

IV. CoDE EXAMPLES: TINY AND PYTHONIC

Let’s look at the real code logic for Vector-HaSH. We will
make tiny, runnable scripts so you can build your own mini-
brain at home!

A. Example 1: Moving the Grid Cells

How does the brain know where to go next? It uses a
“velocity” to shift the grid. Here is a tiny Python example:

import numpy as np

# Line 1: Imagine our grid map has 5 spots (0
to 4).

grid_map_size = 5

# Line 2: You are currently sitting at spot
number 2.

current_grid_state = 2

# Line 3: The steering wheel tells us to move

forward by 1 step!
velocity_shift = 1
# Line 4: We calculate the new spot! We use
the modulo operator (%),
# which acts like a circle.
4, you go back to 0!

If you step past
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next_grid_state = (current_grid_state +
% grid_map_size

velocity_shift) %
# Line 5: Print the result! The car moved to
spot 3!

print (f"We drove to spot: {next_grid_state}l")

Explanation for a 6-year old:

o Line 1: We build a tiny race track with 5 spaces.

« Line 2: We put our toy car on space number 2.

o Line 3: We press the gas pedal to move 1 space.

o Line 4: We calculate where the car lands. Because the
track is a circle, if we go past the end, we warp back to
the start!

o Line 5: We tell the world where our car parked!

B. Example 2: Hippocampus Remembering the Cake

Now that we are on a new grid spot, the Hippocampus needs
to hook a memory onto it. We use a matrix multiplication
(which is just a fancy way of giving high-fives).

import numpy as np

# Line 1: This is our grid spot (Spot 3). It
is turned ON (1).

grid_activity = np.array ([0, 0, 0, 1, 01)

# Line 2: These are the memory weights.

# They decide what picture appears when a spot
is ON.

hippocampus_weights = np.array ([
[0.1, 0.2], # Spot 0 —-> sees an apple
[0.5, 0.9], # Spot 1 -> sees a dog
[0.8, 0.1], # Spot 2 —-> sees a car
[0.9, 0.9], # Spot 3 —-> sees a GIANT CAKE!
[0.3, 0.4] # Spot 4 -> sees a tree

1)

# Line 3: We multiply our current spot by the

weights.

# It acts like a magic flashlight revealing
the picture.

recalled_memory = grid_activity.dot (
hippocampus_weights)

# Line 4: Boom! We see the numbers [0.9, 0.9]
which means CAKE!

print (f"I remember: {recalled_memory}")

Explanation for a 6-year old:

o Line 1: We have a row of light switches. Only the switch
for Spot 3 is turned ON.

o Line 2: We have a magical book of secrets (weights).
Each switch is glued to a different secret picture.

o Line 3: We use ‘.dot()‘, which is a robot taking the ON
switch and pulling its secret picture out of the book.

e Line 4: The robot shows us the picture. Yummy cake!

V. EXPERIMENTS

The smart scientists put Vector-HaSH through a tough
obstacle course: 1. The Dark Room Test: Can the grid cells
still work if you turn off the lights? Yes! Even if you can’t

see the colorful walls (no sensory input), the steering wheel
(velocity) still drives the car around the invisible grid map. 2.
The Mega-Marathon Test: Can Vector-HaSH run for 14,000
steps without stumbling over its shoelaces? Yes! Even a tiny
network recalled the exact sequence of 14,000 turns without
making a mistake!

VI. RESULTS

Vector-HaSH scored an A+! The results showed that biolog-
ical brains use a Sequence Scaffold. If you learn a new song,
you don’t build a new piano. You use the same piano keys
(the grid cells scaffold) and just play them in a different order!
Because the brain reuses the grid cells, it saves a MASSIVE
amount of energy and avoids the memory cliff. This is exactly
how "Memory Athletes” (people who can memorize a whole
deck of cards in 20 seconds) use the "Memory Palace” trick.
They walk through a familiar house in their mind (the grid)
and drop off memories in every room!

VII. CONCLUSION

The brain is the coolest computer in the world. Instead of
getting overwhelmed by remembering everything at once, it
uses Grid Cells to build a map, and Hippocampus cells to
take pictures along the way. Vector-HaSH proves that with a
tiny 2D steering wheel (velocity), we can navigate super-long
memories flawlessly. Next time you play with your Lego sets,
remember: your brain is snapping together a track and placing
memories on it, block by block!
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