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OPERATING SYSTEM USING DYNAMIC 
MULTI-DIMENSIONAL TREES 

[0001] This application claims the priority to US. patent 
application Ser. No. 09/853,821, ?led May 14, 2001, Which 
is a continuation of US. patent application Ser. No. 09/064, 
824, ?led Apr. 23, 1998, now US. Pat. No. 6,256,618, and 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to operating systems, and, 
more particularly, to operating systems using trees as the 
basic data structures. 

[0004] 2. Discussion of the Related Art 

[0005] Conventional operating systems provide applica 
tion interface softWare that enables applications to share the 
same basic 2-dimensional “look-and-feel”. But 3-dimen 
sional modeling is left to the individual applications, and the 
operating system provides no cohesive structure into Which 
applications can ?t their 3-D modeling. 

[0006] The result is that conventional operating systems 
provide no means for providing cohesion betWeen applica 
tions. TWo independent applications may have their oWn 
modeling structures, but, because they are not de?ned by the 
operating system, the models cannot merge. 

[0007] For example, tWo independent softWare designers 
create a ?ight simulator and a virtual exploratory atlas, 
respectively. Conventionally, these Would be separate appli 
cations. Conventionally, a user can merge the tWo only if the 
tWo softWare designers Worked together. 

[0008] Another issue is that of navigation. People have an 
innate ability to navigate, ?nd things, recogniZe things, and 
operate Within a three-dimensional environment. For 
example, people don’t memorize street names or maps in 
order to familiariZe themselves With a neW city; instead, as 
they explore, they gradually put together a mental image of 
the city. They don’t memoriZe lengths of streets; rather, they 
have a more primitive understanding of relative positions. 

[0009] Navigating the conventional operating systems is 
like the memoriZation approach. There are hierarchies of 
folders and ?le names, coupled With a relatively tiny set of 
icons that do little to aid the memory and, sometimes, a 
dif?cult-to-use command language. 

[0010] For example, a user is looking for a particular ?le. 
They have to ask themselves questions such as “What Was its 
name?”, or “What folder did I leave it in?”. 

[0011] As conventional systems groW, people lose their 
familiarity With the contents. Entire folders, and folders of 
folders, become alien, as people forget What they Were, and 
What they contain. People do not naturally think in terms of 
hierarchies of folders, since it Would be like trying to 
familiariZe oneself With a toWn strictly by memoriZing 
names. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the present invention is directed to an 
operating system using dynamic multi-dimensional trees 
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that substantially obviates one or more of the problems due 
to limitations and disadvantages of the related art. 

[0013] An object of the present invention is to provide a 
novel operating system paradigm and a universal in?nitely 
extensible translation mechanism. 

[0014] Additional features and advantages of the inven 
tion Will be set forth in the description Which folloWs, and 
in part Will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention Will be realiZed and 
attained by the structure particularly pointed out in the 
Written description and claims hereof as Well as the 
appended draWings. 
[0015] To achieve these and other advantages and in 
accordance With the purpose of the present invention, as 
embodied and broadly described, in one aspect of the present 
invention there is provided an operating system including 
means for interacting With a user, means for storing infor 
mation, the information being organiZed using nuclear trees, 
means for interacting With underlying hardWare, and means 
for initiating an application to run on the underlying hard 
Ware. 

[0016] In another aspect of the present invention there is 
provided a operating system including means for interacting 
With a user using nuclear trees, means for storing informa 
tion, means for interacting With underlying hardWare, and 
means for initiating an application to run on the underlying 
hardWare. 

[0017] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user, means for storing information, means for 
interacting With underlying hardWare, and means for initi 
ating an application to run on the underlying hardWare, 
Wherein nuclear trees are used to control internal behavior of 
the application. 

[0018] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user using a Graphical User Interface, means for 
storing information, means for interacting With underlying 
hardWare, and means for initiating applications to run on the 
underlying hardWare, Wherein the Graphical User Interface 
uses nuclear trees to integrate outputs of the applications. 

[0019] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user, means for storing information as applied 
knoWledges, means for interacting With underlying hard 
Ware, and means for initiating an application to run on the 
underlying hardWare. 

[0020] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user, means for storing information as applied 
knoWledges, means for interacting With underlying hard 
Ware, and means for initiating an application to run on the 
underlying hardWare. 

[0021] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user, means for storing information, means for 
interacting With underlying hardWare, and means for initi 
ating an application to run on the underlying hardWare, 
Wherein nuclear trees are used to provide an in?nitely 
expressive language. 
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[0022] In another aspect of the present invention there is 
provided an operating system including means for interact 
ing With a user using a Graphical User Interface and a 
general purpose translator, means for storing information, 
means for interacting With underlying hardWare, and means 
for initiating applications to run on the underlying hardWare, 
Wherein the operating system permits different applications 
to communicate to each other using source trees. 

[0023] In another aspect of the present invention there is 
provided a hierarchical structure for storing information 
embodied in a computer readable medium comprising a 
source for expressing a task, and applied knoWledge to refer 
to at least one of an executable component and an interpre 
tive component. 

[0024] In another aspect of the present invention there is 
provided a method of interpreting input from a user com 
prising the steps of identifying a list of potential candidates 
to understand the input, recursively launching each candi 
date With the input, and evaluating results returned by each 
candidate. 

[0025] In another aspect of the present invention there is 
provided a computer program product for operating a com 
puter including a computer usable medium having computer 
readable program code means embodied in the computer 
usable medium for causing an application program to 
execute on a computer system, the computer readable pro 
gram code means including computer readable program 
code means for interacting With a user, computer readable 
program code means for storing information, the informa 
tion being organiZed using nuclear trees, computer readable 
program code means for interacting With underlying hard 
Ware, and computer readable program code means for ini 
tiating an application to run on the underlying hardWare. 

[0026] In another aspect of the present invention there is 
provided a computer program product for operating a com 
puter including a computer usable medium having computer 
readable program code means embodied in the computer 
usable medium for causing an application program to 
execute on a computer system, the computer readable pro 
gram code means including computer readable program 
code means for interacting With a user using nuclear trees, 
computer readable program code means for storing infor 
mation, computer readable program code means for inter 
acting With underlying hardWare, and computer readable 
program code means for initiating an application to run on 
the underlying hardWare. 

[0027] In another aspect of the present invention there is 
provided a computer program product for operating a com 
puter including a computer usable medium having computer 
readable program code means embodied in the computer 
usable medium for causing an application program to 
execute on a computer system, the computer readable pro 
gram code means including computer readable program 
code means for interacting With a user, computer readable 
program code means for storing information, computer 
readable program code means for interacting With underly 
ing hardWare, and computer readable program code means 
for initiating an application to run on the underlying hard 
Ware, Wherein nuclear trees are used to control internal 
behavior of the application. 

[0028] In another aspect of the present invention there is 
provided a computer program product for operating a com 
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puter including a computer usable medium having computer 
readable program code means embodied in the computer 
usable medium for causing an application program to 
execute on a computer system, the computer readable pro 
gram code means including computer readable program 
code means for interacting With a user using a Graphical 
User Interface, computer readable program code means for 
storing information, computer readable program code means 
for interacting With underlying hardWare, and computer 
readable program code means for initiating applications to 
run on the underlying hardWare, Wherein the Graphical User 
Interface uses nuclear trees to integrate outputs of the 
applications. 

[0029] In another aspect of the present invention there is 
provided a computer program product for operating a com 
puter including a computer usable medium having computer 
readable program code means embodied in the computer 
usable medium for causing an application program to 
execute on a computer system, the computer readable pro 
gram code means comprising computer readable program 
code means for interacting With a user, computer readable 
program code means for storing information as applied 
knoWledges, computer readable program code means for 
interacting With underlying hardWare, and computer read 
able program code means for initiating an application to run 
on the underlying hardWare. 

[0030] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

[0031] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this speci?cation, 
illustrate embodiments of the invention and together With 
the description serve to explain the principles of the inven 
tion. 

[0032] 

[0033] 
system; 

[0034] FIG. 2 illustrates the use of nGen as a translation 
paradigm; 

In the draWings: 

FIG. 1 illustrates the role of a kernel in the nGen 

[0035] FIG. 3 illustrates the 3-dimensional nature of nGen 
models; 

[0036] 
FIG. 3; 

[0037] FIG. 5 shoWs an example of hoW nGen model 
hierarchy changes as time evolves; 

[0038] 

[0039] 
[0040] FIGS. 8A-8D illustrate an activation of a nuclear 
tree; and 

[0041] FIG. 9 illustrates the use of nuclear trees in docu 
ment creation. 

FIG. 4 illustrates a hierarchy of the nGen model of 

FIG. 6 is an illustration of a source tree; 

FIG. 7 illustrates a 3-dimensional nuclear tree; 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying drawings. 

Non-architectural Aspects of nGen 

[0043] nGen is an operating system. It can run as an 
application under a host operating system, in Which case it 
uses the host operating system’s application interface as its 
interface to the hardWare. It can also run as its oWn operating 
system, in Which case it interfaces directly With the hard 
Ware. nGen is also designed such that the base of the system 
could serve as the logical model for hardWare design. 

[0044] More generally, nGen is a machine independent 
operating system. It assumes that some kind of executable 
machine lies underneath itself, but it makes no assumptions 
about the nature of that machine. Therefore, it could be 
conventional softWare, actual hardWare, non-binary based 
hardWare, softWare machines such as neural netWorks, or 
even command-based machines (such as robotics). 

[0045] In addition to organiZing the running of softWare in 
the environment, nGen also provides a comprehensive lan 
guage translation mechanism (re?nement) for any input or 
output language desired by the user. In particular, it alloWs 
for any subset of any natural language to be used as the input 
language for all purposes. One such purpose is to translate 
a subset of natural language text input into executable code, 
Where the meaning of “executable code” is dictated by the 
nature of the underlying machine. As such, nGen’s capa 
bilities include serving as a system and application level 
programming environment. 

[0046] Each nGen system is created by a parent nGen 
system. Thus, apart possibly from a small interface to a host 
operating system, the entire nGen system can be created 
using a subset of any natural language. 

[0047] As illustrated in FIG. 1, a kernel is a small, ?xed 
machine-dependent part of the system. It interfaces to the 
underlying platform (using a conventionally Written inter 
face, if required). The kernel implements the nGen archi 
tecture. The rest of the system, Which groWs dynamically, is 
composed of this architecture. 

[0048] In addition to supporting the environment, and 
interfacing With the hardWare, kernels are also responsible 
for interfacing With each other (even though the nature of 
their underlying machine may differ). The result is that tWo 
nGen systems, connected at the kernel level, Would behave 
as a single, larger nGen system. It is intended that, in the 
preferred embodiment, all nGen systems Would be part of a 
single nGen netWork. The nGen netWork Would have the 
same characteristics as a single nGen system, varying only 
in the range of capabilities, and the amount of knoWledge. 

[0049] The manner of nGen distribution is as folloWs: 

[0050] A parent nGen system is used as a development 
platform, thus increasing the capabilities and knoWledge 
contained in the environment. The added capabilities and 
knoWledge presumably re?ect the “application” the devel 
oper Wishes to create. 
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[0051] (b) The developer can then choose Which parts of 
the parent to include in the neW child nGen system. 

[0052] (c) The parent then creates the child nGen system 
(Which may have to run on a different underlying machine 
or operating system). If the user already has an nGen system, 
the neW child and the existing system merge. 

[0053] (d) As a result, a user Who doWnloads separate 
nGen applications Would end up With a single, seamless 
nGen system re?ecting the combined capabilities of all the 
doWnloaded nGen applications. 

[0054] The same basic arrangement can apply When a user 
visits an nGen-poWered Internet site. If the user already has 
an nGen system, the user’s and the Internet site’s nGen 
systems Would cooperate at the kernel level. If the user did 
not have an nGen system, the Internet site Would create one 
for them. 

[0055] The child nGen system may have programming 
capabilities (and, because the system provides a softWare 
development environment suitable for novice and expert 
alike, this is the general case). If so, the child nGen can 
create children of its oWn. The resulting distribution hierar 
chy provides the basic means for identifying particular nGen 
systems. 

[0056] As noted earlier, a regular operating system cannot 
easily act as a virtual operating system, and attempting to 
create simulators (Which are really limited virtual operating 
systems) to run under rival operating systems is a difficult 
and error-?lled process. With nGen, virtual and regular are 
easily interchanged. 

[0057] With nGen there is a relatively tiny hardWare 
dependent component. Thus, an nGen system can be easily 
created for substantially different kinds of machines (like, 
for example, a neural netWork machine), and nGen running 
as a virtual operating system is designed to serve as a large 
operating system. 

[0058] Conventional netWorks transfer ?les or similar 
units of information, and are seamless in the sense that a 
particular computer can use ?les from another computer. 

[0059] With nGen, this seamlessness extends to the deep 
est level. For example, a thread of operation may go through 
several machines; this type of thread migration does not 
need to be explicitly speci?ed, rather it happens spontane 
ously as the normal kind of operation Within the system. This 
means that the level of cooperation is not dictated by 
decisions about units of information by softWare designers 
(i.e.—What is a ?le, and What is part of a ?le; or Which logic 
constitutes a DLL, and Which logic is merely part of a DLL, 
and therefore not shareable); the level of cooperation is 
dictated by the needs of the nGen systems. Furthermore, 
because the structure, utiliZation, and interpretation of con 
tent is consistent across all nGen systems, compatibility is 
ensured across systems. For example, a user in NeW York 
has asked a question involving atomic Weights. His softWare 
“agent” (described beloW) has discovered that one Way to 
ansWer the question is to ?rst ansWer a series of subordinate 
questions, such as “What is the period of an indium electron 
at 150 degrees absolute?” In the course of experimentation 
(described beloW), other agents have been consulted, but 
none of them could ansWer this last question; hoWever one 
of them suggested that particular humans, including profes 
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sor Schmidt in Germany, might have relevant expertise. The 
user’s agent cooperates With the professor’s agent in con 
ducting an on-line dialog With the professor (With the 
professor’s agent translating into German), in the hope of 
mutually deriving the ansWer. Above the kernel level, this 
has all transpired as if there had been no machine bound 
aries. More importantly, the tWo agents Were designed 
independently, With no knoWledge about the other; their 
on-the-?y cooperation occurred as a natural result of the 
infrastructure they Were designed in. 

[0060] Conventionally, softWare is created through one of 
the compilers for a particular programming language. There 
are several areas in Which nGen improves upon this process: 

[0061] With nGen, different languages are all processed 
via the same mechanism. For example, a softWare designer 
could use natural French and natural English as their lan 
guage, and could use them interchangeably. Conventionally, 
if a designer Wanted to use different languages, they Would 
have to use separate compilers. 

[0062] Ordinarily, different compilers or interpreters are 
needed for different purposes. For example, a person Would 
use one language and compiler to program, a different piece 
of softWare With its oWn language for commanding, and yet 
another language and interpreter for querying. As illustrated 
in FIG. 2, With nGen, the language covers all purposes, so 
the user can stay With the same language, and never have to 
sWitch to another piece of softWare, no matter hoW varied 
the tasks. 

[0063] Conventionally, if softWare is exported to a differ 
ent kind of machine, it has to operate on a different platform. 
With nGen, the platform goes With the softWare. Even With 
JAVA applications (Which theoretically are platform inde 
pendent), variances in the recipient’s platform mean that the 
applications rarely Work exactly as the designer intended. 
Because With nGen the bulk of the platform is machine 
independent, designers can be sure that their application Will 
function exactly as they intended. 

[0064] Ordinarily, the operating system is distributed With 
the machine, and the user has to make a decision to sWitch 
operating systems (Which is a risky operation, requiring a 
conscious decision). With nGen, users Will generally see an 
nGen application ?rst, and Will not be aWare of the base 
nGen system under the application. As they use more nGen 
applications or sites, their system’s nGen capabilities Will 
gradually expand. If and When it becomes appropriate to 
consider making nGen the sole operating system, the user 
Will already be familiar With nGen, and can make an 
informed decision. 

OvervieW of nGen’s Architecture and 
Implementation 

[0065] The highest level of the nGen system/netWork is 
nGenSpace. Within nGenSpace lie the nGen models. The 
nGen models are activated cyclically, to mimic a passing of 
virtual time. Some activity, such as movement, occurs over 
a span of time, While other activity, such as vieWing, occurs 
at moments in time. The nGen models have nuclear trees, 
Which provide the “brains” of the nGen models. The nuclear 
trees take care of translation and implementation, Which 
together With basic actions such as movement and vieWing, 
encompass all of a system’s actions. One particular nGen 
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model of importance is the user’s agent, Which plays a major 
role both in the user’s interface With nGen and in nGen’s 
internal organiZation. Structures of nGen models form the 
equivalent of both documents, and sites. The interpretation 
of these structures, usually by agents, takes on a large role 
Within the system; this action is loosely labeled editing. 

nGenSpace 

[0066] As shoWn in FIG. 3, nGenSpace is a 4-dimensional 
(3 spatial, 1 time) virtual space, containing hierarchically 
organiZed nGen models. Usually, an nGen model occupies a 
contiguous and ?nite volume of virtual space. If it has 
(hierarchical) children, then the nGen models space encloses 
empty space, and the children are positioned Within that 
space. If an nGen model has no children, then it is hierar 
chically a leaf. OtherWise, it is a non-leaf. 

[0067] An nGen model can have its oWn 3-dimensional 
coordinate system, or, alternatively, may simply use the 
coordinate system used by its parents. If it has its oWn 
coordinate system, a set of simple and general conversion 
algorithms alloW its position to be described to avoid 
collisions (a number of methods are knoWn in the art to do 

this). 
[0068] Similarly, an nGen model may de?ne its oWn 
virtual time. Alternatively, it may use its parent’s virtual 
time. If it has its oWn, it must de?ne its virtual time either 
as a function of its parents, or as a function of real-time. The 
outermost nGen model uses real time as its virtual time. 
Once again, simple conversion algorithms alloW for rapid 
conversion. 

[0069] As shoWn in FIG. 4, Within the hierarchy of nGen 
models, any non-leaf nGen model implies a sub-hierarchy of 
nGen models. This sub-hierarchy is called an nGen model 
structure. 

[0070] nGen models are activated on a periodic basis, With 
each activation being supplied an allocation of CPU usage. 
An nGen model’s parent may activate it for one of at least 
tWo reasons: 

[0071] (1) to display itself, or to vieW its surround 
ings. These occur at moments in virtual time, to 
ensure that the snapshots capture a coordinated pic 
ture; and 

[0072] (2) autonomous action. These occur over a 
range of time. For example, a virtual bird is activated 
at time t2, to simulate the action from the time t1 
through t2. (Next, the nGen model Will simulate the 
action from the time t2 through time t3, a subsequent 
time). Similarly, supposing that the virtual bird Was 
in a virtual room (its parent nGen model); all peers 
of the bird (all other things in the room) Would also 
be activated for the same range of time. The bird 
Would do all movement appropriate for the passing 
of time; in addition, it may be doing background 
jobs, communicating With users or With other nGen 
models, or performing any other activity designed to 
be part of its continuous action. 

[0073] During either of these tWo actions, an nGen model 
may discover messages from other nGen models in one of its 
mailboxes. If so, it deals With them accordingly. 
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[0074] An nGen model may also be activated on demand 
from another nGen model, for any number of reasons. In this 
case, the activation is immediate. The demanding nGen 
model’s action halts until the demanded action is complete. 
For example, a virtual bird may need to knoW exactly Where 
the user’s agent is, in order to knoW Where to move. Since 
it needs to knoW this immediately, it Would activate the 
agent, asking it Where it is. To discourage unnecessary use 
of this type of communication, the CPU time used is charged 
to the caller’s allocation. 

[0075] As illustrated in FIG. 5, the hierarchy of nGen 
models is not static. It changes as models move around. 
There is no inherent limit to this movement. For example, a 
virtual bird may ?y all over nGenSpace, passing through 
sites, documents, desktops, and public areas. In so doing, its 
position in the hierarchy changes. Similarly, a site, Which 
forms a large nGen model structure, may ?oat around 
nGenSpace. Not only does its position change, but because 
its (hierarchical) children go With it, so too do all of the nGen 
models contained in the site. 

[0076] The Kernel in nGenSpace 

[0077] nGenSpace is distributed across machines; but the 
architecture does not describe any such distribution. Rather 
it describes hoW nGenSpace is distributed across the kernels 
that implement it. It is based on kernels, not machines. 
Where there is one kernel per machine (Which may often be 
the case), this is either for convenience, or because the 
underlying hardware or operating system makes it neces 
sary. It is not for architectural necessity. 

[0078] Each kernel implements a portion of nGenSpace— 
its domain of nGenSpace (not to be confused With nGen 
model domain). In particular, each nGen model is imple 
mented by one kernel (With one exception, about to be 
described). HoWever, as nGen models move around, they 
may cross domain boundaries betWeen kernels, and so 
transfer their allegiance. Kernel domains are dynamic. The 
exception just mentioned happens When an nGen model’s 
parent is under one kernel, and its child is under another. 
This nGen model has to appear simultaneously under both 
kernels: key information Will be duplicated under the tWo 
kernels, but the majority of the contents of the nGen model 
Will be under one kernel or the other. This may be illustrated 
With the folloWing example: 

[0079] A virtual city is located on a particular machine, 
under kernel “1”. Within that city lies a virtual store. The 
interior of the virtual store lies Within kernel “2”, on another 
machine, so much of the store’s nGen model is appropriately 
held in kernel 2’s domain. The exterior of the store, hoW 
ever, is only of interest outside the store, on the ?rst 
machine, not Within the store on the second machine. To ask 
an nGen model under kernel 2 to display its exterior on the 
?rst machine Would certainly be possible, but it Would not 
be sensible. Therefore the store is represented under both 
kernels, 1 and 2, for displaying externally and internally 
respectively. 

[0080] Responsibility for nGenSpace 

[0081] Kernels implement key aspects of the architecture, 
either for security reasons, or to ensure consistency. With 
respect to nGenSpace, each kernel: 
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[0082] ensures that no child nGen model lies outside 
of its parents space; 

[0083] takes care of the actual activation of nGen 
models, and ensures that no individual activation 
exceeds the alloWance of CPU time speci?ed by the 
parent of the activated nGen model; 

[0084] implements the conveyance of messages 
betWeen nGen models, and activates nGen models as 
necessary; 

[0085] takes care of the actual movement of nGen 
models; 

[0086] 
els; 

identi?es and disalloWs overlap of nGen mod 

[0087] Non-leaf nGen models also have certain roles, 
including: 

[0088] (through the kernel) activating children nGen 
models, and allocating CPU time; 

[0089] checking messages going both into and out of 
their area (for security reasons); 

[0090] 
space; 

responding to attempted overlap Within their 

[0091] overseeing all vieWing Within their space; 

[0092] In the example of tWo independent softWare 
designers creating a ?ight simulator and a virtual explor 
atory atlas, Within nGen, these applications Would be struc 
turally mergeable. The result is that the user could be using 
his ?ight simulator to explore the virtual atlas. The tWo 
softWare designers, although Working independently, are, by 
virtue of using nGen, effectively creating a single seamless 
product, since With nGen, all they need to do is use the nGen 
model frameWork. 

[0093] Further, With nGen, navigation is accomplished via 
natural language (discussed beloW), and a consistent, point 
of-vieW based 3-dimensional model. This approach parallels 
people’s innate ability to navigate. 

[0094] For example, a user is looking for a particular ?le. 
Conventionally, they have to ask themselves questions such 
as “What Was its name?”, or “What folder did I leave it in?” 
With nGen, they can ask themselves more intuitive ques 
tions: “Where did I last see it?”, “What Was it near?”, “Where 
Would I have put it?” In other Words, they can approach the 
task in the same basic manner that they Would approach 
real-life navigational problems. 

[0095] In nGen, users build up a natural familiarity, a 
sense of Where things are, relative positions, What areas look 
like, and, in short, a sense of feel. 

Nuclear Trees 

[0096] Nuclear trees are the brains of nGen models. They 
provide the raW, architectural frameWork upon Which all real 
action occurs Within the system. 

[0097] As shoWn in FIG. 6, a source tree represents a 
thought of some kind (e.g., a request, a question, a statement, 
an integrated combination of thoughts). (Note that a source 
tree corresponds to a self-modifying tree of the parent US. 
patent application Ser. No. 09/064,824, ?led Apr. 23, 1998, 
now US. Pat. No. 6,256,618. Its nodes hold concept repre 
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sentatives, Which are references either to concepts in the real 
World (the concept of “dog”, for example), or to things 
Within nGen itself (the concept of a particular nGen model, 
or a particular user, or a particular kernel, for example). The 
arrangement of concept representatives Within a source tree 
expresses some kind of thought (the concept of “the sky is 
blue” Would consist of a tree containing the concept repre 
sentatives of “sky”, “blue”, etc.). 

[0098] An applied knoWledge is a unit of knoWledge that 
Will be applied to a particular source tree (if the source tree 
represents a request, for example, the applied knoWledge 
Would contain the knoWledge of hoW to implement that 
request). 

[0099] When an nGen model is activated, it is the nGen 
model’s nuclear tree that gets activated. In the current 
implementation, every nGen model has a nuclear tree, and 
every nuclear tree is attached to an nGen model (although 
this arrangement could be deviated from, Without upsetting 
the essence of the system-for example, a single nGen model 
can have multiple nuclear trees corresponding to it, or a 
nuclear tree can have no associated nGen model). 

[0100] As shoWn in FIG. 7, a nuclear tree is conceptually 
3-dimensional (logically, this has nothing to do With the 3 
spatial dimensions of nGenSpace). It consists of source trees 
and references to applied knoWledge. The source trees can 
be regarded as lying in planes parallel to one another. 
Connecting the planes of the source tree are nuclear 
branches. 

[0101] Traversing a nuclear branch doWnWard, one goes 
from an (upper) source tree root to a reference to an applied 
knoWledge, then to a (loWer) source tree root. The applied 
knoWledge is that unit of knoWledge that has been selected 
to process the reference in the upper source tree root. The 
loWer source tree is Where that processing takes place. The 
end result of that processing Will be to alter the upper source 
tree; hoWever, the process can continue recursively doWn the 
nuclear branches, and the upper source tree Will remain in its 
original form until the recursion has unWound. 

[0102] Activating a Nuclear Tree 

[0103] There are at least tWo basic purposes to activation: 
translation, and implementation. Translation means taking a 
source tree and re-expressing it in some other form. Imple 
mentation means taking the source tree and implementing 
Whatever it is expressing. 

[0104] Both cases use the same underlying mechanisms, 
except that translation also uses a mechanism called re?ne 
ment (Which is addressed beloW). 

[0105] There are roughly ?ve types of implementation, 
depending upon the nature of the expressed source tree. The 
source tree may express a question (“What is 2+2?”), a 
request (“move to the other corner of the room”), a statement 
(usually to be remembered or reacted to: “the sky is blue”), 
some kind of combination of these three (“the nearest store 
is 5 feet to your left; hoW long Will it take you to get there‘), 
and if it is less than an hour, go there”), or a structured 
expression of hoW to do something (usually to be remem 
bered: “this is a Way to average a bunch of numbers: take the 
numbers and add . . . ”). The last case corresponds to 

conventional programming (at least in terms of functional 
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ity), and contains all of the other types of implementation 
internally. This is illustrated in the sequence shoWn in FIGS. 
8A-8D. 

[0106] Translation of Source Trees 

[0107] There can be any number of languages. For each 
combination of source language and target language there is 
a translation type. For each translation type, there are one or 
more re?nement types, each of Which represents a Way (not 
necessarily the only Way) to translate from the source 
language to the target language. Each re?nement type is 
expressed as a sequence of re?nement stages. Re?nement 
stages may be shared by re?nement types. 

[0108] For example, standard English and modern French 
may be languages. Translation from standard English to 
modern French is a translation type. Each translation type 
has any number of re?nement types, each being a Way to 
translate from one to the other. Each of these re?nement 
types has a sequence of stages. In some cases, these re?ne 
ment types may also refer to other re?nement types. In this 
case, there Would be references to the translation from 
standard English to an internal form, and the translation 
from internal form to English. 

[0109] The reason for dividing into stages is that it is often 
convenient, and sometimes necessary, to deal With one issue 
completely before attending to another. For example, in the 
translation from English to internal language it is necessary 
?rst to try to come up With all possible interpretations, 
before Weeding them out on the basis of context. This 
ordering is organiZed around the re?nement mechanism. 

[0110] With nGen, all translation uses the same mecha 
nism, i.e., re?nement. Re?nement corresponds to a Wide 
variety of conventional computing tasks (parsing, compil 
ing, dynamic language creation, translation). 
[0111] Conventional parsing corresponds to nGen’s trans 
lation from natural language to internal language, for Which 
re?nement is used as folloWs: 

[0112] A source tree starts out as raW text: “What time is 
it?”. The ?rst stage may be lexical analysis, Which separates 
the text into Words and grammar: “What” space “time” space 
“is” space “it”“?”. The second stage may be matching, in 
Which applied knoWledges throughout the system are invited 
to attempt to match concept representatives to all of these 
components. For example, a particular applied knoWledge 
may recogniZe that “What . . . is it?” can be a question, 

assuming that the “. . . ” meets certain requirements. This 

leads to the matching of “time”. 

[0113] This in turn may lead to many candidate source 
trees. The third stage may consist of making sure that all 
cross-references are understood (not applicable in this case, 
but applicable in a statement like “Who is he?”). The fourth 
stage may Weed out candidates on context. The ?fth stage 
may Weed out candidates on the basis of grammar. A ?nal 
stage may ?ll out missing information by supplying context 
(“What time is it?” becoming “What time is it in the Eastern 
Standard Time Zone?”). These individual stages are stages 
of one particular re?nement type. There may be several such 
re?nement types competing to understand the text. In addi 
tion, these stages may be implemented using an experimen 
tative process (at all points, there may be several trees Which 
are still in play). 
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[0114] Conventional parsing is usually done by an appli 
cation (for programming languages, a compiler; for natural 
language, some natural-language “system”). Except to the 
extent that the application may contain references to other, 
speci?c applications or ?les, the rest of the knowledge on the 
machine is useless. For example, translation of material 
concerning landmarks may be occurring on a system in 
Which there is a ?le containing the knowledge that the White 
House is a landmark. That knoWledge may be important for 
disambiguating, but it Will not be used by a conventional 
parser because there is no system-Wide mechanism Which 
Will lead to the application of that knoWledge. With nGen, 
the act of parsing draWs off of the full knoWledge of the 
nGen system, via the inherently recursive nature of the 
nuclear tree. 

[0115] Conventional parsing is also generally rule-based. 
The parser implements grammatical rules. As a result, a 
conventional compiler implements a language Which is a set 
of grammatical rules; these rules inevitably prevent exten 
sibility, since natural language cannot be expressed as a set 
of rules. For example, C can be extended; but C could never 
be extended to express “What time is it?”, or “the sky is 
blue”, since these statements do not folloW the grammatical 
rules of C. With nGen, there are no universal language rules; 
the rules are located Within the individual applied knoWl 
edges, Which may or may not even be invited in any 
particular case. 

[0116] In the case of natural language, conventional pars 
ing is done via stand-alone applications Which attempt to 
understand freely spoken speech. The problem generally is 
tWofold. First, these parsers, being stand-alone applications, 
are not extensible. It is unfeasible to take a conventional 
parser and simply add entirely neW Ways to understand 
language; With nGen, this occurs as a natural result of the 
re?nement frameWork. Second, conventional parsers pro 
vide no mechanism for certainty in the result. As a result, 
natural language parsing, as conventionally done, can never 
serve as, for example, a programming language. Program 
ming With an unreliable tool could never result in reliable 
softWare. With nGen, the individual applied knoWledges can 
insist upon 100% accuracy Whenever that type of accuracy 
is needed. 

[0117] In terms of code generation, nGen provides for any 
number of code generators to coexist. For example, the 
infrastructure can be extended to alloW JAVA byte code 
generation, Pentium 2 executable code generation, C source 
language generation, SQL generation, or even generation of 
commands for robotics. In all cases, the same frameWork 
ensures that all available knoWledge Will be applied to the 
task of creating code, that entirely neW approaches to code 
generation can be added, that all ?t into the same frameWork. 

[0118] As another example, the user asks a question “hoW 
many of my documents contain references to historical 
events?”. This is translated into internal language. At this 
point, the system may have to translate different parts into 
different languages. Part of the question may end up in some 
proprietary language for text analysis, another part may get 
converted into SQL for database access, another part may be 
turned into JAVA byte code for analysis, another part into 
machine code for execution. 

[0119] In other Words, the re?nement mechanism provides 
an infrastructure such that any number of languages (not 
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limited to machine code) can be effectively utiliZed by the 
system, on behalf of the user. Without re?nement, this 
process Would become an organiZational nightmare. Each of 
the different compilers Would have to be called. All Would 
have their oWn expectations about the input language. There 
could not really be any recursivity, because these compilers 
couldn’t Work together. With nGen, this occurs as the natural 
result of the infrastructure. 

[0120] Translation from human language to human lan 
guage is another area of concern. Conventionally, stand 
alone applications attempt to do the entire job. Re?nement 
provides a mechanism Whereby many different developers, 
each With their oWn area of expertise, can provide a piece to 
the puZZle. 

[0121] For example, several designers add knoWledge 
relevant to understanding French. These Works come 
together in the re?nement of French to internal language. 
Several other designers put together, independently, internal 
language to English generators. Some provide various gen 
eral approaches (different top-level approaches), While other 
designers add more localiZed knoWledge (such as When 
contextual information can be assumed, or Which is the 
better Way to frame a question, or Which ambiguities are 
acceptable). Due to re?nement, these diverse knoWledges 
can co-exist Whereas, conventionally, the softWare develop 
ers Would have to coordinate their Work in order to achieve 
the same effect. And even then, they Would still not have a 
cohesive frameWork in Which to organiZe their efforts. 

[0122] The generating of natural language does not nor 
mally occur outside of stand-alone applications; certainly, it 
is not an operating system function. Within nGen, a general 
means for softWare to generate it exists. 

[0123] For example, a particular application has to com 
municate With the user. Conventionally, the designer Would 
prepare the questions in advance, and have them presented 
to the user as some sort of menu or dialogue box. If the 

nature of the question can only be determined at run-time, 
they have no effective means for creating the question. With 
nGen, the designer frames the question in nGen’s internal 
(base) language—or supplies the run-time logic for creating 
the same. Then, they simply arrange for the source tree to be 
translated into natural language. The re?nement mecha 
nisms ensure that if the knoWledge to express the question 
exists someWhere on the system, that question Will get 
expressed. The result is that developers can easily add 
run-time human-computer interaction, Without specifying 
exactly hoW the computer generated language Will be cre 
ated—or even committing to any particular human lan 
guage. 

[0124] Implementation of Source Trees 

[0125] As discussed above, another purpose of activating 
a source tree is for implementation. In these cases, the 
applied knoWledge planted under the source tree Will do 
What the source tree expressed. If the source tree expressed 
a question, then the applied knoWledge Will express a Way 
to ansWer that question. For example, if the question Was 
“What is 2+2?”, the applied knoWledge may knoW of a Way 
to add numbers together. If the source tree Was a request 
such as “move 2 feet to the right”, the applied knoWledge 
Will knoW hoW to move nGen models. If the source tree Was 
a statement such as “the sky is blue”, the applied knoWledge 
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may know hoW to remember facts (generally, such applied 
knoWledges Will store those facts in the form of applied 
knowledge Which knows hoW to ansWer the relevant ques 

tion). 
[0126] The infrastructure of re?nement Was used in trans 
lation because there are broad areas of similarity betWeen 
the various re?nement types. Implementation, hoWever, 
does not shoW equivalent areas of similarity, so, in the 
preferred embodiment, it does not use re?nement. 

[0127] Often the applied knowledge Will not knoW hoW to 
directly implement the source tree. Instead, it Will rephrase 
the request, in the hope that applied knoWledges exist that 
can then implement it. For example, “move 2 feet to the 
right” Would ?rst be rephrased as a sequence of questions 
and requests, such “Where exactly is this nGen model?”, 
“Which direction is to the right?” and so on. It is in this 
manner that complex requests are actually implemented by 
a relatively longer process of rephrasing, leading to a 
sequence of simpler source trees that can be directly imple 
mented. 

[0128] In practice, the use of implementation and the use 
of translation are seamlessly intermixed. For example, trans 
lation Will result in many nuclear branches re?ecting ques 
tions to be ansWered (implementations). Similarly, imple 
mentation is often accomplished through the use of 
translation; for example, one Way to ansWer the question 
“What is the population of NeW Mexico?” is to translate the 
question into SQL (translation), and send the result of that 
translation to a database (implementation). Similarly, the 
principal means of remembering facts is to re-express them, 
and then translate them into applied knoWledge (for 
example, “the sky is blue” Will become applied knoWledge 
Which knoWs hoW to ansWer the question “What color is the 
sky?”). 
[0129] Implementation covers a Wide range of activities. 
Command languages, data storage and search languages 
(discussed beloW) are some of the activities involved. More 
generally, the process of implementation covers the internal 
organiZation of softWare (akin to the handling of objects in 
an object oriented system). 

[0130] Conventional command languages lead directly 
either to applications, or to interfaces to those applications 
that include a limited language associated With the operating 
system. These languages are usually parsed, after Which 
actual implementation immediately folloWs. For example, in 
DOS, one ?nds the contents of a directory With a command 
like “dir c:”, which, once parsed, leads to implementation by 
a standard utility. Such languages are inherently limited, 
because they can only express those things that the system 
directly knoWs hoW to do. 

[0131] By contrast, With nGen, the language may express 
a request that is too complex to lead directly to the appli 
cations or utilities that can perform it. Instead, implemen 
tation provides a broad mechanism by Which the request can 
be continually re-expressed, such that in one of those 
re-expressions the Way to accomplish it naturally folloWs. 
More importantly, this language harnesses all of the knoWl 
edge Within the system. Typically, a command language can 
only access a tiny fraction of the system’s knoWledge; With 
nGen, all knoWledge is potentially involved in meeting the 
user’s request. 
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[0132] For example, suppose the user asks the system to 
“?nd all documents Which Were created prior to the last 
board meeting, and Which contain multiple references to the 
largest client”. This “command” results in all knoWledge 
Within the system (and, through connection to the nGen 
netWork, all nGen systems) potentially being involved in 
meeting the request. 

[0133] For data storage, nGen may utiliZe external data 
bases (principally, but not exclusively, through formal query 
language translation). In addition, nGen can be used to 
create in-house, conventionally structured databases. 

[0134] Finally, and most importantly for this area of 
concern, nGen has its oWn approach to data usage and data 
entry. Traditionally, data is stored in records and ?elds (in a 
relational database). Arecord may contain information about 
a particular customer, for example, and the ?elds Within that 
record may contain particular pieces of information, such as 
money oWed and favorite product. 

[0135] With nGen, the customer Would be a concept 
representative. Information about that customer Would not 
be stored as ?elds in that concept representative. Instead, 
information is stored as applied knoWledge. For example, 
the knoWledge that the customer oWes $50 Would be stored 
as knoWledge that kneW hoW to ansWer the question: “hoW 
much does this customer oWe?” 

[0136] 
[0137] First, the ansWer does not have to be as direct as a 
number. The ansWer may be more subtle, as in “at least $20, 
but up until 2 days ago he oWed nothing.” The language (the 
concept representatives and the structure of source trees) 
alloWs such an expression to be made. 

It is important to note the folloWing: 

[0138] Second, in general, the attempt to ansWer may be 
one of many such attempts (as discussed With reference to 
experimentation). For example, several such applied knoWl 
edges may provide an ansWer, and the questioner may sort 
out Which is most appropriate. 

[0139] Third, the creation of the ansWer may be more 
subtle than just described. The customer representative may 
originally have stated that “this customer oWes $50, unless 
they have an outstanding gift certi?cate over that amount” 
(Which clearly needs to be stored as an applied knoWledge, 
since it is primarily an expression of logic). What Would 
ordinarily be unstorable as a data entry, Would in fact recurse 
the entire nuclear tree operation. This alloWs seamless 
mixing of raW information, and analytical softWare. 

[0140] The rationale behind relational databases is that 
they more accurately model hoW people think about the 
“real World.” nGen, hoWever, alloWs to model more accu 
rately hoW people really think about knoWledge. KnoWledge 
is not just the memoriZation of facts. KnoWledge is an active 
part of a much bigger process. Certainly knoWledge can 
sometimes be accurately modeled as a Web of connected 
records; but this is rare: the vast majority of the time 
knoWledge is an integral part of the thinking process, 
sometimes leading to neW questions, and other times 
expressing a partial or subtle ansWer. 

[0141] Object-oriented approaches to execution revolve 
around objects passing messages to each other. But the 
extensibility and expressiveness of the language in these 
messages is limited, in contrast to the source trees of an 






















