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Abstract

One of the key distinctions between humans and animals is proficiency in craft-
ing and utilizing tools. Likewise, acquiring the skill to use or even create tools
represents a crucial benchmark and milestone on the path towards general artifi-
cial intelligence. Nonetheless, teaching an intelligent agent how to employ tools
is a notably challenging endeavor, mainly demanding proficiency in three core
aspects: perception, manipulation, and cognitive reasoning, which necessitates
the agent’s clear understanding of physics world and causal relationships[7]. In
this essay, I will first offer a definition of Tool Use and introduce the background
of the problem(Section 1). Subsequently, we will delve into the current advance-
ments and limitations in the three essential capabilities required for an agent to
use tools(Section 2). Finally, we will showcase the current abilities of intelligent
agents in Tool Use before a brief summary, shedding light on both their present
capabilities and the future directions of development(Section 3&4).

1 Introduction

Using human tools is a fundamental capability in the path towards General Artificial Intelligence[12].
By utilizing human-made tools, robots can accomplish more tasks which are tough without tools.
However, tool use is a challenging and open-world problem, which is considered as the benchmark to
distinguish human from other animals. Unfortunately, at present, robots still lag behind certain crows
and primates in their ability to use tools2, with a notably limited capacity for generalizing reasoning
when manipulating objects[1, 7].

Figure 1: Adult New Caledonian crow dexterously extracting a longhorn larva clamped onto the end of its
stick tool[8]. Its 0.1W-powered brain possesses the ability to choose the right stick for obtaining food through
few-shot learning, a task that currently eludes even the most intelligent artificial agents.
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1.1 Definition of robot tool use

Before delving into the discussion of the issue of tool usage, it might be helpful to start by providing
a clear definition of tool usage and differentiating it from mere interaction with objects. We adopt the
definition of tool usage provided by Qin et al. [7]:

Definition of Robot Tool Use

A robot attaches or secures to its end-effector an external, unanimated, freely available
object or an object attached to another object, in order to achieve a goal of altering the state
of another object, updating its own state, or other goals, through purposeful manipulations.

The definition above has 2 key points. First, a tool use problem must be motivated by a specific
goal, rather than simply manipulating objects with the end effectors. Second, the agent should have a
clear understanding of causality between the target and the action itself. Both of these steps are well
exemplified in the process of crows using tools to obtain food.

1.2 Classification of tool usage

Tool usage is a complex open-world problem. With an uncountable variety of tools and an endless
array of tasks, this issue is exceptionally intricate. Before we delve into the various modules required
for further exploration of tool usage, let’s begin by analyzing the different categories of tool usage
from a human perspective.

Through literature research, we discovered that the issue of the taxonomy of tool usage had been
previously explored in the literature review by Qin et al. [7]. The problem of tool usage in machines
can be broadly categorized into two main classes: causal tool usage and non-causal tool usage.
Furthermore, this article further subdivides tool usage into eight subcategories based on the types
of prior knowledge and samples used during tool utilization. In most common scenarios, tool usage
requires causality. This classification method provides greater clarity to the problem of tool usage in
robotics.

Figure 2: Classifation of tool use problem. [7]
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In other words, the problem of tool use can be classified into 4 categories or stages:

• Solving old tasks with old tools (a simple problem, very strong prior).
• Solving novel tasks with old tools (transfer learning, strong prior).
• Solving novel tasks with novel tools (complex causality problem, weak prior)
• Manufacture novel tools to solve novel tasks, a sign of AGI.

2 Abilities behind tool use problem

The utilization of tools by robots primarily requires capabilities in perception, manipulation, and
reasoning [2, 7, 10]. In the following two subsections, our focus will be on the analysis of perception
and reasoning abilities. Regarding the manipulation abilities of robots, there are already numerous
algorithms that have made substantial progress, and we will not delve into that discussion here.

2.1 Perception: object and scene level understanding

Tool use is an open-world task involving complex relationships between object, actions and effects[2].
As for human, the manipulation of a tool can only take place after our understanding the functionaliy
or affordance of the object. Similarly, the first step of tool usage is to understand the affordance and
nature of an object or scene. For instance, in the tools transfer learning task demostrated in 3, the
agent needs to understand hard objects are required to crack open the walnut.

Figure 3: Tools transfer learning task. [11]

A good news is that affordance learning and scene understanding has been reserched from different
perspectives[3, 4, 9].

2.2 Causality: pave the path towards target

The use of tools is a task-driven challenge. In the process of transitioning from an initial state to a goal
state with the assistance of tools, an intelligent agent needs to comprehend the causal relationships
involved, infer the effects of tool usage through these relationships, and thereby achieve the task with
a relatively low error rate in scenarios with limited sample learning. The inference and deductive
process requires the information from the perception process.

Furthermore, causality is also required when it comes to ethical. There is a strong need for inter-
pretability when it comes to the process of intelligent agents solving problems with tools. When
machines have access to tools, they cease to be the brains in a vat. It can be highly perilous if we do
not have a clear understanding of the intent behind their actions. The intention cannot be revealed
without causality.

3 Discussion

In the field of robotic tool usage, I am particularly interested in two aspects: tool deductive learning,
and tool manufacturing. From my aspect of view, without these 2 tasks, We were not much different
from animals. Here I will give a brief discussion these 2 fields.

Deductive tool use is the task that a robot can solve a novel task with a novel tool with little prior
knowledge about the tool and the task. Solving Chinese Ring Puzzle is a process of deductive learning.
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It requires the agent to infer the entire affordance model and have a world model in alignment human.
This is a very challenging task. And I didn’t find any studies showcase their agents can conduct
deductive learning.

Tool manufacturing is the final target of robot tool use problem. It’s also an open problem and have
a long way to explore. In Nair et al. [5] research, they put forward a method to construct tools via
geometry learning and reasoning. A similar method was used in [6]. However, these abilities fall
behind from human and have a weak capability of generalization. And I think a super model which is
a complex combination of perception and reasoning is necessary to solve the task.

4 Summary

During this essay, we have delved into the definition of tool usage by intelligent agents, its significance,
the necessary dimensions of capability, and the current state of academic progress. Through literature
review, it becomes apparent that intelligent agents currently lack the ability to learn to use simple
tools through few-shot or zero-shot learning, let alone the capacity to fabricate tools. We have
explored that, for an intelligent agent, acquiring tool usage necessitates a complex array of skills
such as comprehensive perception, causal reasoning, object manipulation, and a clear understanding
of objects and the environment. It seems to require a complex system containing all the module
mentioned above.
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