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Abstract. There is substantial interest in the research community for a map of
the paths to artificial general intelligence (AGI), however, no effort toward these
ends has been entirely successful. This paper identifies an alternative technique
called scenario network mapping that is well suited for the difficulties posed in
mapping the paths to AGI. The method is discussed, and a modified version of
scenario network mapping is proposed which is intended specifically for the pur-
pose of mapping the paths to AGI. Finally, a scenario network mapping work-
shopping process is proposed to utilize this method and develop a map of the
paths to AGI. This will hopefully lead to discussion and action in the research
community toward a new effort to map the paths to AGI using this technique.
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1 Introduction

Technology roadmaps are a technology management technique that have been used
with a large degree of success in a number of different technology research areas [24].
Primarily employed for informing resource allocation, they can also be used to structure
and streamline the innovation process, to set targets and expectations, and to identify
possible risks or potential roadblocks [27]. Technology roadmaps are perhaps even
more valuable for developing artificial general intelligence (AGI) [25]. They can be
used to: elucidate biases leading to research for near-term gains, illuminate dead ends
in ongoing research, identify hidden problems or prizes in research plans, compare al-
ternate paths, introduce young researchers to the field, align the community, etc. In
short, technology roadmaps offer a powerful technology management tool for optimiz-
ing the development of AGI.

While many benefits could come from a roadmap to AGI, there are likely many
paths to it rather than just one [11]. This poses a major challenge [1], and previous
attempts have indicated that traditional technology roadmaps are insufficient for map-
ping the paths to AGI [10]. Consequently, the technique presented here does not gen-
erate merely a single path, but rather a lattice-like structure of interconnected possible



paths to AGI. Specifically, this method produces a directed graph that includes two
layers of nodes: one for AGI’s technological components and another for its milestones.
Unlike traditional roadmaps, this approach can enable comparison of the many possible
paths to AGI. This would allow researchers to compare the required resources, risks,
technological challenges and other crucial factors for developing AGI.

2 Background

A decade has passed since the first attempt to map the path to AGI was conceived [9].
This idea, intended to align the community, would lead to a small workshop in 2009
which built on work from earlier workshops [15, 16] to produce the first roadmap to
AGI [1]. Organizers were disappointed that the resulting roadmap was not a straight-
forward, road-like path, but rather like climbing the peak of a mountain range, with
many possible paths, the easiest of which is difficult to tell from the bottom [11]. Alt-
hough the results were not what organizers had hoped for [10], much progress has been
made toward the milestones that were proposed as a result of the roadmap. In fact, some
of the most impressive advances in the past ten years have been in general video-game
learning [6, 21, 26], reading and grade school level tasks [23] — domains that represent
over 50% of that roadmap. However, the amount of true progress that has been made
in these domains is debatable, and progress made on the roadmap is uncertain. What is
clear is that while the 2009 roadmap has proved to be a much better guide for AGI
progress than forecasts [4], further improvements are still desirable.

Another roadmap toward AGI (or machine intelligence) was proposed in 2016 [20].
This roadmap did not use a structured group process like the 2009 workshop, but rather
proposed a full training environment as well as the only end-to-end description of a
process for training an AGI agent. However, it lacked concrete proposals for the more
challenging tasks that were described, some of which would be critical to the agent.
Other intelligence frameworks that have been proposed in the AGI research commu-
nity, such as NARS, OpenCog or MicroPsi 2 could also be seen as roadmaps to AGI as
envisioned by their developers [3, 14, 28]. In fact, one of the challenges that organizers
of the 2009 workshop found was the difficulty to get participants to agree on a common
direction because they each advocated their own roadmap since it was well suited for
their own AGI framework [11]. Although neither a roadmap nor a framework, a 2017
study on creating human-like machines constitutes a significant contribution to the
roadmap-oriented literature [17]. Rather than mapping the milestones or specifying a
path, this study surveyed the requisite components for a brain-inspired AGI agent. The
Al Roadmap Institute! has also created a roadmap, however, it is less technical and
focuses more on the exploration of an AI Race. While this map was simply a flow chart
of possible future scenarios during the development process of AGI, it may be the clos-
est example to the output of this proposed workshopping technique.

' The AI Roadmap Institute has also thoroughly identified the benefits and uses for roadmaps

to AGI [25]. (www.roadmapinstitute.com).



All of the relevant previous studies on mapping the paths to AGI have one thing in
common: none resulted in a map in the sense discussed here?. Technology roadmapping
[7] is an established and widely used technique from technology management literature
that is useful for supporting strategic planning [22]. It has been used successfully by
numerous organizations and consortiums, including Philips Medical Systems [27] and
the Semiconductor Industry Association [24], to foster innovation and to align industry
innovation goals. However, the technology roadmapping process is not rigorous, is
heavily reliant on visual aids and was considered unsuccessful in the previous attempt
to use it for mapping the paths to AGI [10, 11]. Recent work has proposed a new class
of scenario analysis techniques, called scenario mapping techniques, due to the com-
mon mapping properties they share [12]. These techniques are more suitable for map-
ping the paths to AGI. Generally, scenario analysis techniques are considered to be a
powerful family of techniques that are commonly used by organizations to illuminate
blind spots in strategic plans [5]. Their use may be able to identigy blind spots in exist-
ing AGI frameworks that are difficult for the developers to see. Scenario network map-
ping (SNM) is a comprehensive, flexible approach for anticipating plausible futures in
environments with high levels of uncertainty [2]. Recent work has suggested this tech-
nique to be better suited for mapping the paths to AGI than the technology roadmapping
procedure or other scenario mapping processes due to its unique workshop style and its
ability to model numerous entangled possible paths [13].

Given the progress in Al research over the past ten years and the promise of a new
mapping process, we argue that a workshop should be held with AGI experts® to con-
duct an updated mapping of the paths to AGI. To these ends, this paper proceeds by
first introducing the SNM technique. Then, the outlines a modified SNM process that
is specifically tailored for the mapping of the paths to AGI. The paper concludes by
urging members of the AGI research community to participate in a workshop for de-
veloping a new map of the paths to AGI.

3 Scenario Network Mapping

SNM was first proposed in 2005 to improve upon standard scenario analysis techniques
by enabling the use of a large number of possible scenarios, each representing a com-
ponent of one possible pathway to a particular outcome [19]. Scenario network map-
ping is intended for scenario planning purposes, however, the technique can also be
extended to concepts or ideas for new technologies. The map resulting from SNM is
easily modified as the future unfolds by updating it with new events and repositioning

2 The notion of a map here more closely resembles a lattice than a flowchart or a technology

roadmap. The following section discusses this further, and a generic map of this sort is de-
picted in Figure 1.

A development workshop has been conducted with early career AGI researchers which was
used in the development of the method proposed here. More details can be found at
www.rossgritz.com/snm-development-workshop. Further development workshops are rec-
ommended for refinement of the technique proposed here.



the existing components and connections to accommodate the new events*. SNM is
conducted via four half-day workshops, each ideally with 15-20 participants.

The result of SNM is a directed graph wherein the nodes are components of the
pathways and the edges are the causal links between these components. SNM utilizes
event trees and the holonic principle (explained below) to enable the generation of a
large number of interconnected scenarios. Event trees are comprised of a hierarchy of
antecedents (the roots), the central event (the trunk) and a hierarchy of outcomes (the
branches). SNM maps are laid out horizontally so that the depiction of time may flow
from left to right, improving readability when stacking these event trees with complex
interactions. The holonic principle is another essential feature of SNM that means each
node in the resulting graph is simultaneously both a component of the larger system
and itself comprised of smaller systems. This principle implies that, if necessary, each
component can be broken down further into its constituents for analyzing the relation-
ships with other components in the graph. This is well suited for complex technologies
that are poorly understood, and which may be best anticipated through their subcom-
ponents.

The workshopping process is well-documented and includes a user manual for fa-
cilitators [18]. A slightly altered process has been developed and widely used for map-
ping complex networks of components involving interactions between micro and macro
level system innovation for sustainability [8]. For the specific purpose proposed here,
an altered process has also been developed. Fig. 1 below is adapted from a figure of a
generic SNM structure in [8]. We have recreated this figure with modifications con-
sistent with the adaptations for the purposes of this study.
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Fig. 1. This figure depicts an example of the lattice-like output from the scenario network map-
ping workshop that is proposed.

The structure depicted in Fig. 1 can be seen to demonstrate the lattice-like structure
that has been described earlier. It can be seen that there is both a technology layer as

4 In the adapted technique that is the focus of this paper we are concerned with mapping future

technologies rather than events.



well as a milestone layer. Fig. 1 depicts a generic map for demonstration purposes
only; an actual map would be expected to have many more nodes for technologies as
well as milestones. The following section outlines a similar altered SNM process for
the purpose of mapping the paths to AGI.

4 AGI Scenario Network Mapping

The original SNM workshopping process involves four half-day workshops that are
intended to be conducted over the span of up to four weeks, allowing one week in-
between each workshop [19]. This is only reasonable for organizations, and conse-
quently, the proposed AGI-SNM workshopping process proposed here is designed to
be suitable for four consecutive half-day workshops over two days. However, the half-
day workshops could also be spread out over as many as four weeks for organizations.
A single AGI-SNM development workshop has been conducted with early career AGI
researchers. The experience from this workshop has helped to develop the workshop-
ping process described here.

The SNM workshopping process requires some specific resources in order to be
conducted effectively. The most important resource is the experts. At least 10 are
needed for diversity but larger groups can take longer and become more chaotic. Thus,
it is recommended to stay between 15 and 20 experts® [19]. Another important resource
is the venue; a single room large enough for breakout groups is necessary to maintain
an efficient process during breakout sessions. The process also requires a large amount
of wall space and freedom from interruptions. Other equipment and materials include
size A3 paper, multicolored fine tip markers, multicolored sticky notes, ribbon, mask-
ing tape, colored circular stickers (dots for voting), recording equipment (if desired)
and a projector for the facilitator [18].

The original workshopping technique uses the first half-day exploring historical an-
tecedents to the current state of events [18]. In general, a substantial amount of content
in the original workshop manual had to be adapted for the unique purposes of mapping
the paths to AGI®. Such variations are often necessary dependent on the use case. The
original SNM component workshops, as outlined in the SNM manual, are shown be-

low’.

e Workshop 1: Influences from past and present
— Introduction
— Unfinished business
— Prouds and sorries
— Scenarios of the recent past
— Stakeholder map

For organizations, it is suggested that well-informed outsiders are also included to give a di-
versity of perspectives.

For more details regarding the original technique, interested readers are encouraged to read
the scenario network mapping manual found in [18].

This outline lacks implementation details because it is intended to serve for comparison.



— Leaf of goals

Workshop 2: Generating possibilities

— Futures wheel

— Defining paths

— Backcasting

— Midcasting

Workshop 3: Mapping paths to the future

— Introduction and review

— Grouping the event trees

— Linking the event trees

— Reviewing and digitizing the scenario map
Workshop 4: Revealing the underlying layers
— From event trees to scenarios

— Finding the influences

— Grouping the stakeholders

— Finding the visions

— Finding the worldviews

— Review

The proposed modified SNM workshopping process for mapping the paths to AGI

is designed to take place over as little as two days through four separate half-day work-
shop sessions. It roughly follows the process laid out in the SNM manual, however, the
individual workshops have been modified significantly for the specific task of mapping
the paths to AGI. The process is very tactile and utilizes post-its, colored ribbon, various
sizes of paper, colored stickers for voting and other items that were described earlier®.
The outcome is lattice-like map with a technology layer as well as a milestone layer.
The outline below depicts the four independent workshops in this process. It includes
more detail than the outline for the standard process so that it may be used for imple-
mentation®.

Workshop 1: Identifying the present and future (approximately 3 hours)

— Introduction to the workshopping process and supporting techniques

— Mapping the core technologies that have led to the current state of Al
o Identify the core technologies driving Al research

Split into groups for each of these research areas

o List recent milestones in Al research for each technology group!®

o Vote on milestones using stickers!!

o Create event trees for the most important of the milestones'?

@)

See www.rossgritz.com/snm-development-workshop for examples.

A complete manual for use of the modified method requires further research and is beyond
the scope of this introduction to the technique.

Milestones are written on a large sticky note.

A fixed number of stickers is given to each participant to vote. Participants may use one or
more sticker for each item they vote on.

To create event trees, each large sticky note is placed at the center of a blank A3 sized sheet
of paper. Smaller sticky notes are placed on the left and right for the antecedents and the



o Link and combine the most important event trees
— Results are pasted to wall
o The facilitator guides the group in connecting the event trees!?
Workshop 2: Identifying paths to the future (approximately 5 hours)
— Identify the different visions for arriving at AGI
o Split into groups for identifying different visions
o Assign different visions to groups to explore further
— Forward-flow and backward-flow analysis
o Split into two groups (one for forward-flow and another for backward-flow)
o Forward-flow group identifies technologies that will likely be part of the de-
velopment of AGI starting from the current state'*
» Begins from the results of Workshop 1
o Backward-flow group identifies technologies that will likely be developed
leading to AGI
= working backward from the different visions for AGI identified earlier
o These results are pasted to the wall and duplicates or overlapping technologies
are condensed
o Each technology is assigned by facilitator to a group for event tree creation
o Each group creates event trees!’ for these technologies
= Groups can split further if needed (groups of 3-5 are ideal)
— Results are pasted to wall (from left to right) building on those from Workshop 1
Workshop 3: Connecting the present and future (approximately 5 hours)
— Introduction and facilitator notes from first two workshops
— Reassess previous workshops’ work
o Technology groups split away to reassess their work
» Modifications and updates are made if necessary
o Split into forward-flow and backward-flow groups
= Each group reassesses their previous work
o Modifications and updates are made if necessary
— The event trees are connected
o The facilitator guides the group in connecting the event trees!®
— The most important elements are determined and the map is condensed
o Each participant votes on the most important elements using stickers
* Voting is done for the event trees as a whole as well as the subcomponents!’

outcomes, respectively. Different yet consistent colors are used for the left and right sticky
notes.

The event trees are connected with ribbon.

Technologies are written on a large sticky note.

Event trees are created in the same way as for Workshop 1.

Different colored ribbon can be used for more complex mappings.

Different colored stickers are used for low and high priority items. A limited number of stick-
ers is given to each participant. Stickers are to be placed directly on either the large or small
sticky notes for each of the event trees. Stickers may be placed to overlap due to constraints
on the size of sticky notes as long as the total number of votes is still clear. Sticky notes can
also be rewritten and replaced in order to make room for stickers for voting if necessary.



o As a group, the facilitator goes through the event trees to determine what to
combine and what to remove
— Gaps and items for expansion are identified
o As a group the facilitator helps to identify gaps between paths and the items in
the current map that need breaking down further (using the holonic principle)
— Groups split into breakout groups (size of 3-5 is ideal)
o Gaps and items are assigned to each breakout group
o Each breakout group develops event trees for the items and gaps assigned
— Results are pasted to the wall (in-between the event trees they are intended to
connect or adjacent to the items they breakdown)'8
e Workshop 4: Mapping the paths and milestones (approximately 3 hours)
— The most important links are determined and the map is finalized
o Each participant votes on the most relevant event trees that were added
= Participants also vote on whether certain elements need further attention
o Entire group discusses the votes the facilitator guides discussion to condense
the map
» If necessary entire group or subgroups can address any elements that need
further attention
o When group is content then finalize map
— Add milestones layer
o Identify core future technology groups and split into subgroups for each
» Each subgroup identifies potential milestones for their technology domain'®
= Milestones associated with technology paths are added
= Participants vote on most relevant and plausible milestones
» The facilitator guides the group in removing the unnecessary or unpopular
milestones
— Conduct concluding discussion about the process and outcome

Participants are encouraged to keep notes of their personal experience throughout
the process in order to help to improve future efforts. In general, participants are en-
couraged to be creative and to not be conservative in suggesting technologies or mile-
stones, or in creating the event trees. Irrelevant or unnecessary items will always be
removed in the process of voting and condensing. It may be helpful for the facilitator
to be familiar with brainstorming and creativity techniques in order to assist the group
or breakout groups and to improve the overall outcome. It can also be beneficial to have
a co-facilitator for the entire process due to the size of the ideal group. Particularly, a
co-facilitator is highly recommended for Workshop 2, where groups need to split into
forward-flow and backward-flow groups.

Following the workshop, it is necessary to digitize the results. The easiest way to do
this is using a spreadsheet application [18]. More advanced techniques can include the

18 Connections are self-evident and the facilitator connects the event trees without the group’s
input.

19 Milestones and technologies are both written on large sticky notes — these sticky notes should
each be of a distinctive and consistent color for the entire process.



use of visualization software packages. In order to create a map of the sort that is de-
picted in Fig. 1, this would be necessary. Such a visualization may have to be created
manually due to the lack of automated software for digitizing scenario maps of this sort.

5 Conclusion

This study presented an adapted scenario network mapping (SNM) workshopping pro-
cess for mapping the paths to AGI (AGI-SNM). SNM is a comprehensive and flexible
approach that comes from the family of scenario analysis techniques commonly used
in technology forecasting and management. It is more rigorous and methodical than
technology roadmapping which was used in an earlier coordinated effort to map the
paths to AGI. Furthermore, it sufficiently addresses some of the challenges mentioned
by organizers of the earlier attempt a decade ago. Specifically, it is intended to accom-
modate many intersecting paths and large numbers of scenarios.

Many may think the pursuit of a roadmap to AGI to be useless due to the results of
previous efforts. Perhaps this is correct, but SNM does not produce a roadmap like
previous efforts, rather, it produces a lattice-like map of intersecting possible paths. It
does this by utilizing a powerful combination of group facilitation techniques for iden-
tifying things that may be difficult for independent researchers or researchers in stand-
ard group meetings to foresee on their own. Thus, SNM has the potential to aid all
active members of the AGI research community by illuminating blind spots, hidden
problems and hidden prizes that couldn’t be found otherwise. It can also help in ways
such as aligning the research community, providing a useful overview of the field to
young researchers and refocusing research efforts on longer-term goals rather than
goals for near-term gains. Simply participating in the AGI-SNM workshopping process
can be a valuable experience to researchers as well?°. Future work should continue to
refine and apply the process. We intend for this paper to foster discussion within the
community about an effort to use it to conduct an updated mapping of the paths to AGI
with leading experts in the field.
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