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In today’s post-file world, digitized information is vast yet severely scattered 

due to the provision of multiple file-storing and file-sharing tools that leads 

to inevitable dispersion of knowledge. Information silos occur as technical 

limitations in current knowledge management systems disable the establish-

ment of relationships between individual entities of information. As the single 

source of truth, Typed proposes a philosophy based workflow that stream-

lines the documentation process from research to writing by providing a solu-

tion to the scatteredness of digitized knowledge and contextless, standalone 

information. By modeling the human brain and its structure of memory, 

Typed’s knowledge network follows a custom rule-based algorithm to rec-

ognize patterns of cycles within nodes of digitized knowledge. By collecting 

behaviour-based user-generated data that define links between each entity of 

knowledge, Typed establishes a network of relationships among the relevant 

entities of knowledge and provides context based recommendations for the 

purpose of synthesizing knowledge in the form of text.

Abstract



7

Productivity in today’s information economy is defined by the ability to 

search, process, and generate knowledge of quality -- with speed. With 

increased connectivity and massive amount of data being generated by over 

5 billion internet users today1, the ability to “focus on signal over noise”2 is de-

manded more than ever as the quantity of available information is no longer a 

problem but selectively filtering out information that is highly relevant to one’s 

purpose and context remains difficult. 

Rapid digitization of the workplace brought on drastic improvements for 

knowledge management and work collaboration, yet new problems native to 

digital workflow began to arise. Just like traditional forms of physical file stor-

age, cloud storage applications and file-sharing services eventually, inevitably 

fall into the trap of cluttered yet scattered resources. The issue is exacerbated 

due to the provision of multiple storage applications -- it’s similar to having 

multiple cabinets in multiple locations. To sum up, three primary factors 

paved way to people’s underserved needs in terms of knowledge manage-

ment:

Introduction

1  https://www.internetworld-
stats.com/stats.htm

2  https://www.ycombinator.
com/future/elon/

https://www.internetworldstats.com/stats.htm 
https://www.internetworldstats.com/stats.htm 
https://www.ycombinator.com/future/elon/
https://www.ycombinator.com/future/elon/


81. Increase in the % of Digital Natives (Presneky, 2001) in workplace -- rapid shift in behavior and de-

mand regarding digital resource management

2. Consequences of aggressive user value chain decoupling in the productivity market -- too many mi-

cro SaaS competing for the time and attention of a single user [Appendix I, Appendix II]

3. Exponential increase of digital forms information and knowledge due to user generated contents 

shared through the web

The aforementioned factors are primarily driven by the change in user be-

havior3, which has constantly evolved throughout history. The need for pro-

ductivity and efficiency in order to achieve a specific goal has always been in 

demand, regardless of what that goal may be. From handwritten manuscripts 

all the way to resource-heavy digital documents today, continuous transfor-

mation of people’s needs were the main driving forces of technological ad-

vancements. Let’s take a brief look into the evolution of user needs and how 

corresponding solutions were brought upon.

3  https://medium.com/typed/
why-the-best-products-win-to-
day-d929c04d2303

https://medium.com/typed/why-the-best-products-win-today-d929c04d2303
https://medium.com/typed/why-the-best-products-win-today-d929c04d2303
https://medium.com/typed/why-the-best-products-win-today-d929c04d2303
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❶  Pre -1439

All types of documents (books, manuscripts, 

anything literally) were handwritten; hence the 

second copy of a book meant hiring a scribe to 

copy by hand.

→  People needed a way to reproduce text faster 

(for mass production purposes)

❸  1800s - Typewriting Revolution

Typewriter was invented, allowing people to cre-

ate documents faster and with higher precision. 

Free from handwritten penmanship errors, legal 

and business documents that require specific for-

mats and layouts were easily created, paving way 

to significantly increased business and economic 

activity.

→  People needed a way to store and manage 

documents (eternally - until they were needed) for 

future reproduction. Moreover, an easier way of 

editing documents was needed.

❹  1970s ~ 1980s - PC Revolution

Alongside the birth of computers (Apple 1977 

and IBM 1981), word processing became one of 

the most demanded software applications. MS 

Word launched in 1983 and despite their high 

price (i.e. >$500) they were significantly cheaper 

than hiring a Typist and reproducing documents 

through a typewriter. Without the need for spe-

cific manual formatting, word processing was 

democratized. 

→  People needed a way to store and manage 

documents (eternally - until they were needed) for 

future reproduction. Moreover, an easier way of 

editing documents was needed.

❻  Today - Information Silos Problem

Due to massive amounts of data and content 

creation, the quantity of resources is no longer 

a problem. Rather, too many resources created 

by multiple knowledge/content creation tools 

cause the problem of knowledge scatteredness 

and silos. As an ongoing problem, multiple prod-

ucts (e.g. Notion, Roam Research, Obsidian) are 

attempting to solve this. 

→    So we are building Typed⏎.  

❷  1440s - Printing Revolution

Following the invention of movable types in Ko-

rea and China by the 1230s, Johannes Gutenberg 

invented the printing press in 1440, sparking the 

printing revolution. With it, people can produce 

up to 3600 pages per day - a significant innova-

tion for faster text reproduction.

→  People needed a way to store and manage 

documents (eternally - until they were needed) for 

future reproduction. Moreover, an easier way of 

editing documents was needed.

Brief History of Word Processing 

Collaborative document writing and manage-

ment services (i.e. Google Doc, Quip, Dropbox 

paper) were born, as workplace digitization took 

place. Real-time collaboration is now possible.

→  People needed a way to better manage and 

process scattered data (files, resources, commu-

nication)

❺  2000s - Birth of Web Services & Cloud Storage



13 Reality of the
current workplace
Ever since the digitization of the workplace, search has become an essential 

part of the daily tasks of knowledge workers. Even beyond the workplace, ef-

forts to democratize information and increase the accessibility to knowledge 

placed search at the center of this information economy. Over 1.2 trillion web 

searches on Google Search (which has >92% of the search engine market 

share4) that occur annually5 demonstrate the importance of information cu-

ration in this data rich era. However, it is a modern problem that there is too 

much information one can effectively process, and modern problems require 

modern solutions6.

Searches that result in finding the right information for one’s specific pur-

pose are worth the research time and effort, yet a significant amount of time 

is wasted on re-finding previously accessed information and searching for 

specific documents that one created in the past. As digital collaboration be-

come the standard of multiple industries today7 and collaborative outputs (i.e. 

documents) increase exponentially, time spent on searching for content and 

information created by colleagues is skyrocketing. The availability of a myri-

ad of digital collaboration tools (i.e. communication, task management, file 

sharing) in the market definitely gives organizations more options and oppor-

tunities to increase productivity and efficiency of workflow, yet the inability to 

cross-communicate between these tools and information silos created by the 

current form of knowledge management system are exacerbating the prob-

lem of “scatteredness” in digital workflow.

quick lookup: quickly gathering a non-exhaustive set of documents

reference check / source check: finding a specific document

fact check: finding a specific miscellaneous fact

compliance: finding all critical information on a particular topic

re-finding previously accessed information

monitor: a monitoring task where you need to be informed when new

product: finding information on a specific product

business analytics: looking for trends in performance

Other

Figure 1: What type of search tasks do you undertake? (select all that apply)

0 10080604020

4  https://gs.statcounter.com/
search-engine-market-share

5  https://www.inter-
netlivestats.com/goog-
le-search-statistics/

6  https://en.meming.world/
wiki/Modern_Problems_Re-
quire_Modern_Solutions

7  https://www.mckinsey.com/
business-functions/opera-
tions/our-insights/digital-col-
laboration-for-a-connect-
ed-manufacturing-workforce

https://gs.statcounter.com/search-engine-market-share
https://gs.statcounter.com/search-engine-market-share
https://www.internetlivestats.com/google-search-statistics/
https://www.internetlivestats.com/google-search-statistics/
https://www.internetlivestats.com/google-search-statistics/
https://en.meming.world/wiki/Modern_Problems_Require_Modern_Solutions
https://en.meming.world/wiki/Modern_Problems_Require_Modern_Solutions
https://en.meming.world/wiki/Modern_Problems_Require_Modern_Solutions
https://www.mckinsey.com/business-functions/operations/our-insights/digital-collaboration-for-a-connected-manufacturing-workforce 
https://www.mckinsey.com/business-functions/operations/our-insights/digital-collaboration-for-a-connected-manufacturing-workforce 
https://www.mckinsey.com/business-functions/operations/our-insights/digital-collaboration-for-a-connected-manufacturing-workforce 
https://www.mckinsey.com/business-functions/operations/our-insights/digital-collaboration-for-a-connected-manufacturing-workforce 
https://www.mckinsey.com/business-functions/operations/our-insights/digital-collaboration-for-a-connected-manufacturing-workforce 


15 Problems with Current 
Knowledge Management 
Systems / Practice

Following the concept of decoupling by Thales Teixeria, many micro SaaS 

broke the links between customer activities that have traditionally been ser-

viced together and focused on a narrow portion of the customer value chain. 

This way, these new products were able to focus on a much specific pain point 

of the user and provide a superior solution and experience. As this phenome-

non continued, a market in which the best products win was established and 

customers benefited from the increased number of quality options that were 

previously unavailable - more power to the users. 

However, the increased number of options gradually paved way into unfavora-

ble consequences. Primarily digital files and resources, which are the prima-

ry artifacts of work, were severely scattered throughout multiple file storage 

locations (i.e. local and cloud) and file-sharing applications (i.e. email, chat 

app, etc.). The lack of a single integrated entity to store and share digital files 

started to cause a disconnection between the participants of digital collabora-

Scatteredness of 
Resources and 
Knowledge due to 
increased options



16 17tion. As document work become increasingly data driven, knowledge workers 

spend an average of 2.5 hours in searching for resources and information per 

work day8. On average, search happens 60 times a day, 1200 times a month, 

meaning knowledge workers spend more time in searching for information 

as opposed to creation itself. Based on a study by the IDC, 30% of a knowl-

edge worker’s time is spent in searching external data and 60% of the workers 

feel frustrated due to the need to find files repetitively. Moreover, 39% of the 

workers experience difficulty in managing resources efficiently. Annually $25 

million loss occurs given an organization with a 1000 employees due to lost 

files and time spent on searching (McKinsey, 2012).

In addition to the unexpected adverse effects of aggressive decoupling, the 

current hierarchical tree structure of the folder system is gradually beginning 

to show it’s limitations as the amount of data and information stored and man-

aged by an individual / digital native is increasing drastically. As mentioned by 

Ivan Zhao (Founder of Notion), all the knowledge and workflows are trapped 

in different “silos” and the best people can do is to duct-tape everything to-

gether, previously with emails, nowadays with Slack. Relationship between 

files cannot be easily established with the current structure of folder systems; 

hence knowledge management becomes difficult and complex in proportion 

to the number of files stored. The OS’s default search bar serves as the best 

solution to the current file structure, yet two problems remain:

1. Finding files in the ever increasing cloud based applications (as aforemen-

tioned in the previous section) is beyond the reach of OS’s search bar - 

hence services like Command E are on the rise.

2. Users may not remember the related metadata of the file they are looking 

for (i.e. title, keywords, etc.) 

Due to information silos, knowledge workers are not only facing difficulties 

in terms of searching specific files but also creating files that already exist. An 

annual $5 million dollar loss due to inefficiencies caused by repetitive crea-

tion of documents given an organization of 1000 employees (McKinsey, 2012). 

Moreover, Dumais and colleagues at Microsoft Research observed that much 

knowledge work involves integrating and re-using information that has previ-

Information Silo due 
to structural limita-
tions

ously been created or accessed9. Information silos is creating huge inefficien-

cies in the workplace that is exponentially increasing as the number of digital 

files created by an organization organically increases. Hence Typed aims to 

solve this problem of scatteredness and isolation of files, especially those uti-

lized for document writing, through our proposed knowledge network. 
8  https://www.kmworld.com/
Articles/Editorial/Features/
The-high-cost-of-not-finding-
information-9534.aspx#:~:tex-
t=Not%20locating%20and%20
retrieving%20information,mil-
lion%20or%20more%20
each%20day.

9  https://www.microsoft.
com/en-us/research/blog/
susan-dumais-chang-
ing-way-people-search-infor-
mation-algorithms-user-in-
terfaces/

https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.kmworld.com/Articles/Editorial/Features/The-high-cost-of-not-finding-information-9534.aspx#:~:text=Not%20locating%20and%20retrieving%20information,million%20or%20more%20each%20day.
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/
https://www.microsoft.com/en-us/research/blog/susan-dumais-changing-way-people-search-information-algorithms-user-interfaces/


19 Typed’s Philosophy:
From Chaos to Zen

There are various types of writing, but Typed aims to focus on creating the 

most effective and efficient experience for writing research-heavy documents. 

In the process of writing these documents, knowledge works collect and use 

resources from both internal and external sources and the problems men-

tioned above prevail inevitably. 

The general process of these research-heavy documents is shown on the next 

page.
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External Source
Research

Internal Source
Research

Documentation Tool for Drafting

Web Browser

Cloud Drive Cloud Drive

Browser Tab

Browser Tab

Browser Tab

Browser Tab

...

Browser Tab

Browser Tab

Browser Tab

Browser Tab

PDF Viewer

MS Word

MS Excel

Image Viewer

...

PDF Viewer

MS Word

MS Excel

Image Viewer

Document Tool

Local Drive

Cloud Drive

Tools
(Massengers, Email, etc.)

Click
through

File/Search

Click
through

File/Search

Keyword
Search

Keyword
Search

Browse
Web Pages

Browse
Web Pages

Research

Outlining & Drafting

Quick Lookup

Synthesizing Knowledge

Root of Distraction

The entire process is divided into two main sections, research and knowledge 

synthesis. All the resources obtained through different channels during the 

research process are synthesized together in the actual writing process. 

It is undeniable that the amount of accessible information is more than 

enough to produce top-notch work. The average person processes around 

74GB of information daily, how much more for research-driven knowledge 

workers. However, time is a factor that has to be taken into consideration. A 

day is only 24 hours and the average person only spends ⅓ of the day work-

ing. There is not enough time to go through every file, cloud storage, and web 

page to find the information needed. The process of synthesizing knowledge 

through writing should always focus on quality and effectiveness, but during 

the process of research and resource collection, efficiency is key.

Typed’s philosophy on how knowledge workers of the digital age should en-

gage the process of document work is as follows:

●   Efficiently  find, collect, and filter resources with reliable and crucial information

●   Effectively  write by synthesizing a set of filtered resources with full focus

Figure2: General Process of Research-heavy documents
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During the research stage of writing, having countless numbers of tabs on the 

browser and opened applications scattered all over the screen is a common 

experience today. 

Like [Figure 1] above, most of the resources collected during the research pro-

cess have different formats within different channels - web browsers, cloud 

drives, local drives, work tools, etc. Thus it is inevitable that a large number of 

(browser) tabs and applications remain as a remnant of research.

This becomes a problem during the transition from research stage to knowl-

edge synthesis stage. In order to utilize the information collected through 

writing, the user has to search through the endless number of tabs and apps. 

This waste of time energy makes it difficult for knowledge workers to immerse 

themselves in the synthesis of knowledge.

Typed provides a solution that enables the user to fully focus on the synthe-

sis of knowledge through writing through a split view interface. Resources 

collected within Typed can be viewed through a Split Viewer simultaneous-

ly while writing, without having to use a separate viewer application. Typed’s 

Split Viewer currently supports pdf, doc, ppt, and excel formats, as well as web 

URLs, and will continue to support more formats, including image files. The 

Split Viewer enables the user to make seamless transitions between resourc-

es, filter collected resources, and ultimately utilize the resources to produce 

high quality writing without having to leave the main workspace.

This is possible because Typed understands the difference between “current 

document” and “reference material” from the user’s perspective. In most 

note-taking tools, when a reference material, file or URL, is attached and 

opened, a separate viewer is opened or the main page is converted to the 

resource page. The act of leaving the page increases the chances of the user 

being distracted and losing focus. The use of resources is crucial, but nothing 

is more important than the document being written and its context. Typed’s 

workspace with a split viewer interface is a simple, but effective approach that 

allows the knowledge worker to transition through numerous resources while 

staying fully focused on the current document’s context.

Too Many Tabs, Too Many Apps
→ Fully Focus on Writing with Split Viewer
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Being overwhelmed with the amount of information being taken in during the 

research stage even before writing the actual document is a common situa-

tion knowledge workers experience. This leads to longer periods of time spent 

on preparing to write rather than writing itself. In fact, rather than unnecessary 

visual or cognitive disturbances caused by so many tabs and applications, the 

biggest burden on paperwork comes from psychological barriers.

The amount of information accessible leads to difficulty of filtering neces-

sary information from unnecessary information, causing the user to think 

that everything is important. This leads the research to become an endless 

unproductive web surfing and despite spending hours on work, the actual 

document is left as a blank white paper with only a few sentences. In many 

cases (whether in school or business), given that paperwork tends to have 

deadlines, these inefficiencies amplify psychological anxiety and lead to even 

greater inefficiencies.

Typed is an optimized tool for effective output-driven documents. Knowledge 

workers are able to create the same quality output in less time, and even end 

up writing better with increased efficiency. Typed is designed and built around 

a clear philosophy on how knowledge workers should engage in the process 

of research and synthesis of knowledge for effective and efficient documenta-

tion.

Distracted Journey
→ Streamlined Documentation Process

Output-driven Writing with Typed:

1) Fast collection of resources

Documents with clear goals would have a designated topic and a high-level 

table of contents. In this type of document, research is aimed at creating a 

more detailed structure and further filling out the details. In other words, in the 

pre-research stage to build and flesh out the structure, it is important for users 

to quickly find and filter good resources while staying focused on the context 

and the ultimate goal of the document.

Typed’s Browser Extension and Library well reflect this philosophy. When col-

lecting resources through the Web Extension, users can quickly collect them 

in the Inbox of Typed without worrying about further resource organization 

at this stage(Of course, you can also specify specific documents and folders 

when the context for the current research is clear.). This is the first filtration 

process of necessary and unnecessary resources, which is done quickly and 

efficiently.

 

2) Deciding how to use resources: Inbox Zero

The valuable resources collected in Typed’s Inbox then can be utilized to its 

full extent in each document through Typed’s Inbox Zero philosophy. Pri-

or to the actual writing process, Typed encourages the user to organize the 

resources they collected in the research stage in each document-specific re-

source library. This is the second filtration and organization process. Through 

this process, users can filter out unnecessary resources once more and leave 

only essential information needed. The flexibility of the library allows users 

to strategically organize the filtered resources based on their personal style 

of writing. At the end of this stage, the inbox should be empty and necessary 

resources should all be ready for use. The first filtration process focuses on 

efficient resource collection, while the second filtration focuses on effective 

organization.. 

Research WritingResearch

Inbox

Document A

Document B

Folder a

Folder b

Folder c

Folder a’

Figure3: Typed’s Philosophy of Research & Writing

Fast
Collection

Resource
Allocation
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3) Immersing yourself in the synthesis of knowledge:

Minimal Distraction for Search

Typed provides a workspace with minimal distraction once the user is ready to 

write after resources are collected, filtered, and organized. Typed focuses on 

providing features and interface that allows the user to access further needed 

resources and information without having to switch to other screens or appli-

cations, which could lead to digression or inefficiency. 

Typed’s Backlink feature is based on this philosophy, naturally exposing users 

to previously written documents that reference specific resources collected 

in the current library. The interface allows users to not only view the backlink 

documents, but the resource libraries of those documents as well, minimizing 

the time and effort needed to search for relevant resources.

Furthermore, Typed’s integrated search allows users to search resources from 

tools that users have access rights to, without ever leaving Typed. It will pro-

vide an experience that allows users to immerse themselves in writing per se 

as much as possible. In addition, various shortcuts will also provide a mouse-

less experience that enables users to perform necessary tasks such as re-

source reference and search without taking their hands off the keyboard while 

working on documents.

Most document work is not a one-time work, but is often continuous with a 

certain time frame. New documents often do not deviate significantly from 

the field or context of the existing document as well. This is especially true 

for knowledge workers in a particular field of work, or graduate students who 

work deeply in one area. This means that the current documents and its re-

sources will become a valuable resource for the future.

The Typed revolution lies in the difference in the way Typed views documents 

and resources. Documents are not simply words on paper, but it is an inte-

gration of the entire workflow, from research to writing, and all the resources 

used in between. Since Typed truly understands document work, the collec-

tive act of knowledge synthesis, it provides a unique interface consisting of the 

Library Panel, Split Viewer, and more.

Furthermore, Typed encompasses all of this from a long-term perspective 

of ‘knowledge management’ beyond documentation, and understands that 

documents today will become valuable resources in the future. This is not 

only applicable to individual users, but teams and enterprises as well. Typed 

is a true second brain that gets stronger as Typers write.

Scattered Resources & Deliverables
→ Single Source of Truth

Web

ERP / CRM
Data

Real-time
Collaboration

Digital
Feedback

Digital
Sharing Assetization

Internal
Docs

Figure 4: General Process of Collaborative Digital Assets



29 Graphs and Networks :
Human Intelligence Over 
Human-like Intelligence

Graphs and networks have been applied to different areas of science and tech-

nologies. Recently, graph neural networks, which is a deep learning-based 

method, have been recently applied to knowledge graphs in order to build 

personalized artificial intelligence-based curation systems that are able to 

make human-like decisions. However, taking a step back from the complexity 

of the applications, the concept of graphs is extremely simple. Graphs are a 

type of data structure that uses nodes(vertices) and edges(links) to model a 

set of homogeneous or heterogeneous objects and their relationships. This 

mirrors the way neurons (nodes) are linked together by axons and synaps-

es (edges) in the human brain. Unlike AI-based curations systems that try to 

mimic human intelligence, Typed’s curation system leverages the simplicity 

of the concept of knowledge graphs and the way the human brain structures 

memories to enhance human intelligence.



31 Inspiration of
Network Architecture:
How Do We Think?

Imagine singing out loud your favorite song to its tune playing in the back-

ground. Usually you start singing at the beginning of the song or if you missed 

the beginning, you would start at the beginning of the following verse or cho-

rus. Imagining this is not difficult and seems natural, but if a random section, 

which can even be the middle of a verse, of the song is played, no matter how 

well you know the song, it will be difficult to sing along instantly. This is because 

the human brain stores information in discrete segments. These discrete seg-

ments form links with each other to form larger sets of information and mem-

ories. These linked sets of segments are sequential dependent, which is why 

it is difficult to sing songs backwards or even spell a word backwards (Spelling 

of the word “List” is stored as segments and links shown below).

However, neural networks in the human brain are plastic and dynamic. It is 

able to alter the links between the discrete segments, which is the reason be-

hind why people are not able to remember insignificant events and informa-

tion.  There are cases where links are made between unrelated segments as 

well, which is why there are situations when a certain thought stimulates an-

other thought that has no relation. The human brain continuously creates and 

deletes these links between segments, forming a structure of thoughts called 

memory.10

Structures of
Memories

           I           L            S            T NULL

Head Tail

Data Next

10  https://fortelabs.co/
blog/a-pattern-recogni-
tion-theory-of-mind/

Figure 5. Linked segments of memory in sequential order spelling the world “List”

https://fortelabs.co/blog/a-pattern-recognition-theory-of-mind/
https://fortelabs.co/blog/a-pattern-recognition-theory-of-mind/
https://fortelabs.co/blog/a-pattern-recognition-theory-of-mind/


32 33The plasticity and dynamicity of the human brain may seem inefficient due 

to the limit of being able to remember information and the formation of inac-

curate memories. Based on the amount of information storage capacity and 

ability to recall information, the human brain is inferior to current technology. 

However, one ability that machines are inferior to the human brain is recogniz-

ing patterns. When the human brain is stimulated by a form of sensory input, it 

is able to find similar patterns in the different clusters of segments saved in the 

human memory. It does not have to go through each memory segment one 

by one, but is able to scan through everything parallelly. The newly encoded 

input may not be exactly the same as the recalled memory, but the human 

brain is able to find similarities in the patterns formed due to the structure of 

segments and links. Well-structured knowledge or schemas are the output of 

these patterns established through forming links between information. This 

concept of pattern recognition by the human brain is the basis of Typed’s re-

source curation system.

The reward prediction error is a theory on how the dopamine neurons in the 

brain react to prediction errors. The theory states that the dopamine neurons 

fire signals when unexpected positive events occur. For example, an individual 

is given a sweet whenever he or she is tapped on the shoulder, initially dopa-

mine signals are found when the individual receives the sweet. However, if this 

pattern is repeated over time (a form of reinforced learning), receiving a sweet 

after being tapped on the shoulder is an event that the individual expects to 

happen. At this point, the neurons don’t fire dopamine when the individual 

receives the sweet, but fires signals when he or she is tapped on the shoulder. 

Being tapped on the shoulder is closely linked to receiving a sweet, hence a 

positive event, and if the individual is tapped irregularly, it is an unexpected 

event. 

Pattern Recognition

Reward Prediction 
Error

On the other hand, when an individual expects a positive event to happen, but 

doesn’t, dopamine neurons suppress signal firing for a short moment. This 

is a negative prediction error because the brain initially predicted a positive 

event to occur. This shows how the brain reacts differently based on predic-

tions made through established patterns. As interconnected neurons fire sig-

nals more, the strength of their connections increases, while when signals are 

suppressed, the strength decreases. The strength of the connections between 

neurons is important because a certain stimulus, for example a tap on the 

shoulder, can cause an individual to predict more than one following event. 

Using the previous scenario, whenever an individual is tapped on the shoul-

der, he or she is given a candy 90% of the time and given chocolate 10% of 

the time. The neurons stimulated by the two events are interconnected by the 

neuron that recognizes the ‘tap on the shoulder’ event. The probabilities of 

the two events happening are different, hence the brain predicts the higher 

probability event to occur. The neurons react the following ways(The individ-

ual likes chocolate more than candy):

1. Given chocolate instead of candy : Positive prediction error - reward is better than expected - dopamine 

signals fired for the tap on the shoulder + chocolate

2. Given candy : No prediction error - expected reward - dopamine signals fired only for the tap on the 

shoulder

3. Given nothing : Negative prediction error - reward is worse than expected - dopamine signals sup-

pressed

Hence, neurons do not only suppress dopamine signals when a negative pre-

diction error occurs, but also when a predicted pattern happens over and over 

again. This logic is applied to Typed’s knowledge network when determining 

the strength of edges between nodes.

Inspired from “Why Does the Brain Have a Reward Prediction Error” by Mark Humphries11

11  https://medium.com/the-
spike/why-does-the-brain-
have-a-reward-prediction-er-
ror-6d52773bd9e7

https://medium.com/the-spike/why-does-the-brain-have-a-reward-prediction-error-6d52773bd9e7
https://medium.com/the-spike/why-does-the-brain-have-a-reward-prediction-error-6d52773bd9e7
https://medium.com/the-spike/why-does-the-brain-have-a-reward-prediction-error-6d52773bd9e7
https://medium.com/the-spike/why-does-the-brain-have-a-reward-prediction-error-6d52773bd9e7


35 Context-Driven
Resource Curation System

Typed’s primitive curation system is designed to follow a simple, but logically 

powerful rule that can provide accurate resource curations based on the con-

text the user is tackling. As the user’s second brain, Typed’s mission is not crea-

tion, but application of the vast knowledge base that the user has built. Typed 

is an extension of the user’s brain, increasing its capacity and enhancing the 

exploitation of knowledge by recognizing and remembering one single, but 

powerful pattern.

Typed’s heterogeneous knowledge network is constituted by two types of 

nodes, resources and contexts. Context (current document) nodes form uni-

directional links to resource nodes when there is a relation between the two. 

These context-to-resource edges are generated manually by users whenever 

a resource is referenced and every resource can be linked to more than one 

context. Based on this simple structure of two types of nodes, the following 

rules can be deduced:

Based on the rules above, the following pattern is found whenever two con-

texts reference the same resource.

1. Context-to-resource link can be made

2. Resource-to-context link can never be made

3. Context-to-context links can never be made.

4. Resource-to-resource links can never be made.

Pattern
Identification & 
Recognition

Context ContextResource

Figure 6. Context-to-resource unidirectional link. Resources act as linking nodes between contexts



36 37A more complex network with six resources and unidirectional links from con-

text to resources is shown below.

Resource 1 and 3 are the only two resources that are referenced by both con-

text A and B. There is a much higher possibility for resource 1 and 3 to be 

related to each other than any of the other resources. If the nodes 1 and 3 

are pulled at opposite directions (red arrows) then the shape of the network 

would look like the below:

Both are identical networks, but the second shape of the network makes it 

easier to see the relationships between resources. Resources 1, 3, 5, and 6 are 

related to each other based on context A, resources 1, 2, 3, and 4 are relat-

ed to each other based on context B. However, resources 1 and 3 are related 

to each other cross-context (A and B), hence have a high probability of being 

related to each other independent of context. Typed’s curation system recog-

nizes this rectangular pattern and creates a direct resource-to-resource link 

(dotted-line), removing the need of an intermediate node(context) in the path 

between the two resources.

This pattern is an enhanced version of the triadic closure concept from the 

social network theory (Simmel, 1908). The triadic closure states that nodes 1 

and 3 would want to form a link because they are both related to node A. How-

ever, Typed’s system confirms the relation between 1 and 3, independent of A, 

by requiring one other node to link both resources, forming a heterogeneous 

tetrad. Due to this pattern recognition method, the system does not need ac-

cess to the information held in the resources, but is solely dependent on the 
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Typed’s knowledge network is optimized for output-driven document writing 

tasks. Serendipity is always a factor that can provide new insights and ideas 

for knowledge workers, but it may lead to loss of focus as well. Finding the 

optimal level of opportunities for serendipity depends on the balance be-

tween flexibility and rigidity of the network. The determining factor is the re-

source-to-resource links formed whenever the heterogenous tetrad pattern is 

formed. The logic behind flexibility and rigidity based on the number of bonds 

formed between atoms in organic molecules is applied to Typed’s knowledge 

network.

Propagated Cycles for Rigidity

Cycles are formed when three or more resource nodes are referenced by two 

or more context nodes. The smallest cycle would be composed of three re-

sources, shown in the network(left) below, and each node would form two 

resource-to-resource links. The cycle on the right below is formed by four re-

sources that are all referenced by two of the same context nodes. The tetra 

pattern is formed between every resource, forming a total of six resource-to-re-

source links.

Only one resource was added to the cycle, but the number of links doubled 

because each resource forms a link with every other resource part of the cycle. 

As the number of nodes in the cycle increases, the number of links formed are 

propagated. Each node forms the same number of links and every node is at 

a one-hop distance with every other node as well. Thus, the resources in the 

cycle form a rigid cluster of related resources closely held together.

Controlled
Serendipity
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B
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42

1
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B

3

2

1

links created and removed based on the user’s behavior. Thus, protecting the 

privacy and security of the user’s knowledge.

Figure 7. Further complication of links between nodes as the number of related contexts increase

Figure 8. Recognition of heterogeneous tetrads and formation of diagonal resource-to-resource links

Figure 9. Formation of a four node resource cycle shared between two contexts
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The formation of cycles is another type of pattern recognized by Typed’s cura-

tion system. When a resource node part of a cycle is stimulated, Typed predicts 

that the other resources part of the cycle are related based on the previous 

inputs. Predictions made based on patterns is a method used by the human 

brain. However, not all patterns are accurate, which leads to predictions that 

differ from the desired outcome. If the same pattern does not provide the de-

sired outcome repetitively, the brain starts to forget that pattern. On the other 

hand, patterns that lead to the desired outcome repetitively become harder to 

forget. The dynamicity of Typed’s network is based on this logic.

The diagram above shows the increase in links from a three-node cycle to a 

six-node cycle (only resource-to-resource links shown). Rigidity of cycles can 

become the pitfall of the accuracy of the system when a non-relevant resource 

becomes a part of the cycle. Due to equal propagation of links for each node, 

it becomes impossible for the system to recognize the irrelevant resource and 

the cycle would simply become a rigid sub-network of nodes with maximum 

randomness.

Typed’s knowledge network solves this issue through dynamicity of cycles. 

Actions based on the thoughts and reasoning of the user alters the weights 

of every link formed in the network. Like the human brain, the network firmly 

fixes patterns that successfully predict the desired  outcome, while it forgets 

patterns that do not.

The diagram shows a cycle composed of four resources that are all linked to 

context A and B. Context C forms a link with resource 4, which would curate 

resource 1, 2, and 3 that are all 1-hop distances from resource 4 with a weight 

of three links. However, context C only forms links with resource 2 and 3. The 

network dynamically adds weight to the links that form the tetrad pattern with 

context C and removes weight from the link between resource 4 and 1 (forgets 

the link completely in the diagram above - this does not mean resource 1 is 

completely isolated from resource 4, but is simply moved further, from a 1-hop 

to a 2-hop distance). The system continuously goes through a trial-and-error 

system inspired by the reward prediction error theory, dynamically strength-

ening reliable patterns and weakening unreliable ones. However, a maximum 

cap is determined for the strength of a link, similar to how neurons do not fire 

dopamine signals as the brain strongly predicts a certain pattern. The factor 

that determines the magnitude of decrease and increase in strength is to be 

yet determined as the network is developed and tested. 

Our brain is simply designed to have a hard time switching from one context 

to another. The human brain is not designed to easily move from one task to 

another, especially during tasks that require a lot of focus, such as writing. This 

phenomenon is called attention residue and is due to cognitive remains of the 

previous task. Transition of one’s full focus from one task to another imme-

diately is impossible. The individual’s thinking and problem-solving abilities 

are all influenced by the previous task, context in the case of writing, causing 

distraction and decrease in productivity.

Typed’s knowledge network does not suffer from attention residue and assists 

the user to stay focused by curating resources solely based on the current con-

text. The resource-to-resource links are formed based on their relation with 

previous contexts, but once the resource-to-resource links are formed, they 

are independent edges.

Typed
Vs.
Human Brain:
Context Switching
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Figure 10. Propagation of links from three node to six node resource cycles

Figure 11. Dynamic weight of links between resource nodes based on pattern prediction
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Since graphs are three-dimensional, nodes and edges can be rotated around 

the three-dimensional plane. The two graphs shown are identical, but in the 

second visualization, the context nodes (Except the current context B), con-

text-to-resource edges, and isolated resources are all rotated behind, leaving 

only the resource nodes that have resource-to-resource links in the two-di-

mensional plane. When the current context B receives a curation of resources 

based on resource 1, the curated resources are not recommended because 

they are referenced by another context, but because they are independently 

linked to resource 1.

B

1

B C

D

A

E

1

Figure 12. Resource and context heterogeneous graph viewed as a resource homogeneous graph



42 43Future Research

The current architecture for Typed’s resource curation system is at its primitive stage and requires further 

research, as well as testing. In the dynamic cycles for flexibility section, the dynamicity of the weights of the 

links between resources is mentioned. However, details, such as forgetting factors, have to be established 

in order to determine how success and failure in pattern recognition will affect the links. This requires in 

depth analysis of user behavior, which is why the primitive curation system will be continuously tested in 

order to determine an effective and scalable algorithm. More in depth research on Knowledge graph atten-

tion networks(KGAT) and Bayesian algorithms will be done in order to apply to Typed. 
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