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Abstract

To fully analyze, mine, and utilize the information and knowledge implied in problem resolving use cases, this paper proposed
the autonomous learning method based on machine inducting, hypothesis formulating, and result verifying, which was similar to
the biological process of cows ruminating, called rumination computing. Firstly, after inducting and summarizing over 1080
mathematic application problem, the system architecture and general algorithm for humanoid automatic resolving mathematic
application problems were represented, which typically included functional modules such as commonsense knowledge base,
domain knowledge base, and local knowledge base, preprocessing, word segmentation and part of speech tagging, semantic
framework matching, global semantic analyzing, thinking mechanism implementing, etc. Secondly, after the use case solutions
were approved, three typical rumination computing modes, including vocabulary sequence, semantic relationship, and
computing action, were introduced based on the correct results, resolving steps, and basic rumination actions. The rumination
computing step plan was formulated, new knowledge was obtained from the commonsense and results verification, so the
continuous autonomous learning loop for machine thinking was formed. Detailed explanations were provided for the three core
algorithms implemented (rumination framework algorithm, rumination semantic algorithm, rumination action algorithm). Then,
by specific mathematic application problem humanoid resolving user cases, the above three types of rumination computing
modes were illumined.
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1. Introduction

The intelligent software systems whose requirement anal-  carried out through the finite logic extension [9, 10]. This
ysis [1-5] executed based on use cases [6-8] were usually  extension could achieve logic coverage of the problem space
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theoretically, and the workflows and results of use cases
were usually verified through software debugging. However,
all logic branches of the extended part might not be tested
and verified [11, 12], and the granularity of the logic exten-
sion varied from person to person, place to place, and time to
time, without the unified standard and scale. Software quality
was closely related to the strength of testing and the ability
of developers. In the design and development of large-scale
software, intelligent software, and complex logic algorithms,
the hidden risks caused by the logic extension became very
prominent.

After a use case was solved, the input data "similar to" the
use case was input and tested again for "looking back" and
"recalling”, it was like the human brain to process problems,
which was a continuous self-judgment, self-organization,
self-improvement, and self-correction for existing results,
workflows, information, and knowledge. Just like the process
of the cow "ruminating" grasses, first chewing the grasses
preliminarily and swallowing them into the stomach for ini-
tial digestion. In the idle time, the partially digested food in
the stomach could be turned back into the mouth for fine
chewing again. In task-oriented software design, the function
development should be completely in the fastest and most
cost-effective way; During system testing, the input data and
constraint logic of the test cases were extended. With the
support of software self-sensing mechanisms such as trend
prediction and commonsense judgment of step results, the
context logic boundaries of the derived conclusions were
examined. This machine learning technique [13-15] was used
to evaluate the applicability of the system processing meth-
ods and explore new resolving methods, which were called
"rumination computing".

Rumination computing played a particularly significant
role in resolving mathematic application problems and was
the important study experience of the excellent students. The
precise analysis of the applicability conditions for the for-
mulas and resolving methods, the derivation and verification
for new resolving paths, and even the proposal and verifica-
tion of new theorem, had great significance for the machine
learning. Now the big data [16, 17] became the mainstream
technology for research and development, based on machine
rumination computing technology, it had a very broad appli-
cation prospect to achieve logic coverage of problem space
by use case big data; The use cases used for model training
[18] could also be filtered by rumination computing tech-
niques to reduce the logically duplicated samples while en-
suring logic coverage; Use cases with the same resolving
features could be limited in extension and induction of the
input data element attributes, forming higher-level feature
hypotheses, and using use cases that satisfied the feature
hypotheses to verify the resolving method, thereby expand-
ing the problem space coverage of the use cases; Based on
the correct results of use cases, it was possible to discover
and validate new resolving paths by combining the set of
possible resolving actions and the original input data ele-
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ments for iterative traversal. This article would explore the
use of machine rumination computing methods in the field of
automatic humanoid resolving for mathematic application
problems [19-22]. Through results verification [23, 24],
commonsense judgment [25], and trend prediction [26], and
other system self-perception mechanisms [27], hypotheses
might be automatically proposed and self-verified, con-
structing a machine autonomous intelligent system
self-improvement closed loop with use case big data [28-30].

2. General Humanoid Resolving System

The general humanoid automatic resolving system for
mathematic application problems [31] typically included
function modules such as commonsense knowledge base,
domain knowledge base, and local knowledge base [32],
preprocessing, word segmentation and part of speech tagging
[33], semantic framework matching [34, 35], global semantic
analyzing [36], thinking mechanism implementing, etc. (re-
fer to figure 1).

{ Preprocessing I

Common Knowledge
Base, Domain
Knowledge Base, and

Local Knowledge Base
(Dictionary, semantic I
framework library,
synonym library, concept
membership knowledge
graph, concept attribute
relationship knowledge
graph, common formula
library, formula
calculation rule library,
semantic constraint
relationship library, and
dynamic semantic circle)

| Word Segmentation and Part of Speech Tagging |

Semantic Framework Matching |

Global Semantic Analyzing
(a. Scene semantic analyzing;
b. S i i

acc and

data element variable naming;
c. Datael logic and computational
relationships representating)

{ Machine Thinking Mechanism Implementing

Figure 1. System architecture for general humanoid automatic
resolving mathematic application problem.

2.1. Knowledge Base

The semantics of corpus resources were tagged formally to
store in knowledge base, in addition, the commonsense
knowledge base, domain knowledge base, and local
knowledge base were used to store background data, infor-
mation, and knowledge for use case computing and deduc-
tion. The commonsense knowledge base included thinking
machine dictionary, semantic framework base, synonym base,
concept membership knowledge graph, concept attribute
relationship knowledge graph, common formula library,
formula computation rule library, semantic constraint rela-
tionship base, etc. The domain knowledge base contained
domain knowledge and was used to overload commonsense
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knowledge. Local knowledge base referred to temporary and
scene data, information, and knowledge related to problem
resolving.

2.2. General Resolving Algorithm

Input: Problem text Text, dictionary Dict, semantic
framework base SFBase, commonsense knowledge base
CKBase, domain knowledge base FKBase, etc;

Output: Preprocessing result Text’, step results for prob-
lem resolving ANOutputList, step results for word segmenta-
tion and part of speech WRList, matched semantic frame-
works for problem SFList, semantic components SCTable,
scene identifiers sequence SIDList, data element variables
DETable, dynamic semantic circle DSCircle, etc.

Algorithm: General_Algorithm (Text, Dict,
CKBase, FKBase)

1) Text’<--- preprocess (Text, Dict);

/lIProblem text preprocessing included symbol system
standardization, unit base unification, named entity recogni-
tion, etc.

2) WRList<--- word-segmentation&part-of-speech-tagging

(Text’, Dict);

/I/Word segmentation and part of speech tagging functions
were performed through modules such as dictionary retrieval,
vocabulary sequence correction, vocabulary pattern correc-
tion, part of speech sequence correction, and part of speech
pattern correction, as well as corresponding data, and com-
monsense knowledge.

3) SFList<---semantic_framework_matching

SFBase);

/Il After automatic word segmentation and part of speech
tagging, semantic framework matching was used to recog-
nize pattern WRList of input clause with semantic frame-
works in SFBase. The multidimensional scene semantics of
the preceding matched semantic framework were inherited or
overloaded to implement semantic information supplementa-
tion across the semantic frameworks, and knowledge such as
synonym, equivalent representation structure base, and se-
mantic framework description grammar were used to deter-
mine the multidimensional formal semantics contained in the
text, forming a complete formal semantic representation of
the clause. In terms of automatic humanoid resolving of
mathematic application problems, the formal semantic rep-
resentation included multidimensional semantics of skeleton
vocabularies sequence, such as general formulas, logic con-
dition constants, logic condition formulas, and logic inequal-
ity relationships.

4) SIDList<---  global_semantic_analysisA

CKBase, FKBase);

/Il The stage A of global semantic analysis focused on the
scenes. To distinguish and identify different semantic scenes,
the stage A constructed the scene feature word strings in
clause by words that could be inherited, overloaded, or ig-
nored.

SFBase,

(WRList,

(SFList,
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5) SCTable<---  global_semantic_analysisB
SFBase, CKBase, FKBase);

DETable<--- global_semantic_analysisB (WRList, SFBase,
CKBase, FKBase);

/l[The stage B of global semantic analysis focused on the
semantic component accumulating and the data element var-
iable naming. The overall semantic formal representation of
the problem might be accumulated and condensed by seman-
tic components; The data element variable naming assigned
name by global semantic. Firstly, it was necessary to deter-
mine the parallel relationship between clause scene identifi-
ers. If all clause scene identifiers were parallel, semantic
overloading technology should be used to name the data el-
ement variables. If there were subordinate relationship
scenes contained in the upper and lower scene identifiers,
semantic inheritance technology should be used to form a
global scene identifier vocabulary string, and it should be
compared with the local semantic variable name in sequence.
If there were words that should be overloaded (parallel rela-
tionship words with common upper concepts in the
knowledge graph), the parallel relationship words should be
replaced according to the overloading technology; Otherwise,
should inherit the global scene identification word and form
the global semantic names of the data element variables (all
identifiers were arranged in a string from the large concept
extension to small one in sequence).

6) DSCircle<---  global_semantic_analysisC

DETable, SFBase, CKBase, FKBase);

/lIThe stage C of global semantic analysis focused on ex-
plicit representation of calculation and logic relationships.
The explicit representations of calculation and logic rela-
tionships were used to represent the explicit/implicit calcula-
tion and logic relationships between data element variables
contained in the context of natural language. The types of
data element variables included not only explicit known data
element variables and question data variables, but also im-
plicit intermediate data element variables. There were also
two ways of representing calculation and logic relationships,
explicit and implicit, both of which were represented in a
standard form, corresponding to calculation formulas and
their resolving rules, forming dynamic data, information, and
knowledge pool (dynamic semantic circle) that might be
used for problem resolving, in order to enable machine
thinking mechanisms to achieve derivation and calculation
results.

7) ANOutputList<---

DSCircle);

/lIThis module invoked the thinking mechanism to resolve
and output the derivation and calculation results of each step.
The machine thinking mechanisms were used to iteratively
and comprehensively computing and deduce based on data
element variables, calculation rules, and corresponding re-
solving formulas, by different thinking mechanisms, until all
problem variables were resolved. For example, equation re-
solving could be used to sequentially set the question data

(WRList,

(WRList,

thinking_mechanisms  (DETable,
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element variable as x, and then used calculation rules and
corresponding resolving formulas to inference until all ques-
tion variables were resolved by the equation; It was also pos-
sible to iteratively enumerate the values of data element var-
iables under feature constraints based on the feature patterns
in the semantic constraint base, and explore solutions until
the answer to the question variable satisfied the constraint
conditions.

3. Rumination Computing
Implementation

Most machine learning algorithms fitted the logic implied
in static datasets, such as the maximum entropy algorithm
[37]. Inspired by the ChatGPT [38] autoregressive prediction
algorithm, this paper proposed the commonsense verification
logic loop for rumination computing, which meant that after
the resolving scheme was confirmed, the middle steps such
as the resolving steps and the applicable conditions of for-
mulas were evaluated based on the standard answer again,

i
!

and the data-driven rumination computing step plan was
formulated. From beginning to end, new knowledge might be
continuously obtained from the affirmation of commonsense
and verification, forming the continuous autonomous closed
loop machine thinking mechanism.

3.1. Rumination Computing Workflows

The problem solved with the correct result was the prem-
ise for rumination computing, so the correct result should be
the important criterion for judging the success of rumination
computing. Rumination computing was the functional exten-
sion for basic machine thinking mechanisms, forming the
composite self-learning machine thinking mechanism suita-
ble for complex scenarios. Rumination computing could de-
termine the applicable conditions for general formula, the
extension scale for the variable retrieve pattern, and verify-
ing hypotheses for new resolving ideas. The rumination
computing workflow had three branches (rumination modes)
A, B, and C (refer to figure 2):

Preprocessing
| A
Commonsense Rumination
= S A Framework [~
knowledge base, domain ‘ Matching
knowledge base, and
local knowledge base
P . Semantic Framework % &
(Dictionary, s?mantlc Pattern Matching Rumination
framework library, ‘ knowledge base
synonym llbrary,. ! (Rumination
concept memberShlp Scene Semantic Analysis framework base’
knowledge graph, variable retrieval
concept attribute pattern base
= b
- variable o 5 -
knowledge graph, 1 Aii::::a:::l:lg::a retrieval rumination action
coml{lonly used formula Element Variable Naming \l;a:‘:'.'n base)
library, formula alcime
calculation .rule hbrary’ Explicit Representation of A,B,C
and semantic constraint <> Computing & Reasoning
relationship library, etc.) relationships
ABS
! esult
Hybrid Machine Thinking verifying
Mechanism

Figure 2. Hybrid-modes machine thinking.

3.1.1. Rumination Mode A

Extracted and generated rumination frameworks (feature
vocabulary and attribute sequences) from problem text.
Based on synonym, concept attribute relationship graph, and
other commonsense knowledge, the vocabulary and attribute
sequence obtained by the segmentation and part of speech
tagging was matched with the rumination frameworks. the
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pre-set algorithm corresponding to the rumination framework
was applied to generate rumination action plans, and the ac-
tion plans were executed separately. Output the step data and
result data recorded by the system, and analyzed and judged
the output data based on commonsense knowledge and se-
mantic constraints of the action plans. For example, com-
monsense such as "there are no negative numbers in the se-
mantic expression of the objective world" and "the divisor
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cannot be zero" could be used to determine the "affirmative"
error of the result; The constraint on the interval values of
data element variables could determine whether the data el-
ement variables complied with the constraint, or their values
were out of bounds.

3.1.2. Rumination Mode B

When the problem was solved correctly, the problem’ se-
mantic components in the context, as well as known data
element variables, middle data element variables, calculation
and logic relationship sets, etc., were extracted to form the
semantic  component  constraint  (replaceable  and
non-replaceable) framework that could be applied and ex-
tended, namely the variable retrieval pattern. For new input
problems, under the condition of satisfying the variable re-
trieval pattern (i.e. satisfying the semantic components and
known data element variable constraints), middle data ele-
ment variables and their related calculation and logic rela-
tionship hypotheses were generated, and the correctness of
the resolving method hypotheses could be verified through
the problem result.

3.1.3. Rumination Mode C

Based on the rumination action set (included the basic de-
duction and calculation actions such as addition, subtraction,
multiplication, division, rollback, etc.), the resolving engine
should achieve the same correct result with the general prob-
lem resolving system when the other correct basic action
sequences were explored.

3.2. Core Algorithms

3.2.1. Rumination Framework Algorithm (Mode A)

Input: problem text Text, dictionary Dict, semantic
framework base SFBase, commonsense knowledge base
CKBase, domain knowledge base FKBase, rumination
knowledge base RMBase, etc.

Output: Problem solving answer ANOutputList, word
segmentation and part of speech WRList, mode A rumination
framework RMA_A_TYPE for problem matching, rumination
action planning RMActionPlan, data element variable table
DETable, dynamic semantic circle DSCircle, etc.

Algorithm description: Rumination_Algorithm_A (Text,
Dict, SFBase, CKBase, FKBase, RMBase)

1) ANOutputList, WRList, RM_A_TYPE, DSCircle <---

General_Algorithm (Text, Dict, SFBase, CKBase,
FKBase);
/Il Using the general algorithm in section 2.2, resolved
the problem and verified the result. If the result was
correct, output ANOutputList, WRList, RM_A_TYPE,
and DSCircle; If the result was incorrect, exited the
rumination framework algorithm.

2) RMActionPlan<--- pattern_match(WRList,
RM_A_TYPE, RMBase);
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/Il If the problem matched the mode A rumination
framework RM_A TYPE (constructed by the vocabu-
lary and attribute sequence), output the rumination ac-
tion plan; If the problem did not match, exited the ru-
mination algorithm.

3) DETable<--- asign_data_element_vars_values
Table, RMActionPlan, RMBase);

/Il According to the rumination action plan, for the rel-
evant data element variables, reassigned values which
satisfied with the feature constraints.

4) ANOutputList<--- thinking_mechanisms(DETable,
DSCircle);

/l/Re-invoked the thinking mechanism to resolve the
problem and output each step's results.

5) If(is_satisfy RMStrict(RMActionPlan)) goto @& ;
/l/According to the rumination action plan, jumped to
step @), for the relevant data element variables, itera-
tively assigned values, and accumulated the result data
of each resolving step.

6) verify_answers(ANOutputList,
RMBase);

/Il After the rumination action plan was executed com-
pletely, the results were cross validated. If there were
conflicts or errors in commonsense or domain
knowledge, the applicable conditions of the relevant
computing actions were analyzed, recorded, and stored.

(DE-

CKBase, FKBase,

3.2.2. Rumination Semantic Algorithm (Mode B)

Input: problem text Text and Text New, dictionary Dict,
semantic framework base SFBase, commonsense knowledge
base CKBase, domain knowledge base FKBase, rumination
knowledge base RMBase, etc.

Output: Problem solving answer ANOutputList, word
segmentation and part of speech WRList, semantic frame-
work SFList, type B rumination component framework
RM_B_TYPE and RM_B_TYPE’, rumination action planning
RMActionPlan, data element variable tables DETable and
DETable’, dynamic semantic circles DSCircle and DSCircle’,
etc.

Algorithm description: Rumination_Algorithm_B (Text,
Dict, SFBase, CKBase, FKBase, RMBase)

1) ANOutputList <--- General_Algorithm (Text, Dict,

SFBase, CKBase, FKBase);

IF (! verified_right(ANOutputList)) RETURN FALSE;
ELSE RM_B_TYPE<--- record _resolving_method
(DETable, DSCircle, SCFrame);

/Il Using the general algorithm in section 2.2, resolved
the problem and verified the result. If the result was
correct, output ANOutputList and RM_B_TYPE; If the
result was incorrect, exited the rumination semantic al-
gorithm.

2) WRList<---segmentation&part-of-speech  (Text_New);
/l/Performed word segmentation and part of speech
tagging on the new problem Text_New;

3) SFList<---semantic_framework_match(WRList,
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SFBase);
Il Generated the semantic framework sequences SFList
for the new problem;

4)RM B TYPE’  <---global_semantic_analysis(SFList,
CKBase, FKBase);
/Il Generated the semantic component framework for
the new problem;

5) RMActionPlan<---  pattern_match
RM_B_TYPE’, RMBase);
/Il 1f the new problem RM B _TYPE’ matched the mode
B rumination framework RM_B_TYPE (constructed by
the semantic components of the result verified problem),
output the rumination action plan; If the problem did
not match, exited the rumination semantic algorithm.

6) DETable’ <--- repalce_semantic_components (DE-
Table, RMActionPlan, RMBase);
/Il According to the rumination action plan of the mode
B, replaced the semantic components of the relevant
variables in the data element variable table of new
problem.

7) DSCircle’ <---repalce_vars_names
Table’, DSCircle),
/Il Replaced the variable names in the old dynamic se-
mantic circle based on the correspondence between
variables in the old and new data element variable ta-
bles.

8) ANOutputList’ <---thinking_mechanisms (DETable’,
DSCircle’);
/Il Invoked the thinking mechanism to resolve new
problems and output the results of each step.

9) ANOutputList’’ <--- General_Algorithm (Text_New,
Dict, SFBase, CKBase, FKBase);
/Il Solved the new problem using general resolving al-
gorithms and output the results of each step.

10) verify_answer(ANOutputList’, ANOutputList”’,

CKBase, FKBase, RMBase);

/Il Verified the results. If there were no conflicts or er-
rors in commonsense or domain knowledge, and the
results were consistent, recorded the relevant rumina-
tion semantic component framework RM_B_TYPE as
knowledge. Otherwise, removed the RM_B_TYPE from
the RMBase.

(RM_B_TYPE,

(DETable, DE-

3.2.3. Rumination Action Algorithm (Mode C)

Input: problem text Text, dictionary Dict, semantic
framework base SFBase, commonsense knowledge base
CKBase, domain knowledge base FKBase, rumination
knowledge base RMBase, rumination action set RASet, etc.

Output: Problem solving answer ANOutputList, word
segmentation and part of speech WRList, data element varia-
ble table DETable, rumination action step results RAResult,
the rumination action sequence RAList of the correct result,
etc.

Algorithm description: Rumination_Algorithm_C (Text,
SFBase, CKBase, FKBase, RMBase, RASet)
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1) ANOutputList<--- General_Algorithm (Text, Dict,

SFBase, CKBase, FKBase);
/Il Using the general algorithm in section 2.2, resolved
the problem and verified the result. If the result was
correct, output ANOutputList; If the result was incorrect,
exited the rumination action algorithm.

2) RAResult<---iteral_explore(DETable, RASet);
IlIteratively selected the executable computing action,
and stored the computing results in RAResult;

3) IF(is_verified_results(ANOutputList, RAresult)) THEN
RALists<--- output_action_sequence(DETable, RASet);
[IIf the rumination computing result was consistent
with the general algorithm result, output the rumination
computing action path;

4) ELSE goto @),

/l/Otherwise, iteratively explored other variables and
computing actions.

4. Data Analysis

4.1. Word Sequence Instances

4.1.1. Instance A

“Between one o'clock and two o'clock (C1), when do mi-
nute hand and hour hand form a right angle (C2) 7”

1) Word sequence rumination framework

RMA_A_TYPE 4 1 1 /// Rumination framework identi-
fier (ID)

time interval /// Rumination pattern type

Starting~time~::Hour~hand~,
ing~time~::Hour~hand~, ///Rumination variables

one o'clock, two o'clock, /// Original values of rumination
variables

Starting~time~::Hour~hand~, zero o'clock, twelve o'clock,
/Il Rumination variable names and possible ranges of values

Ending~time~::Hour~hand~, zero o'clock, twelve o'clock,
//l Rumination variable names and possible ranges of values

Time::Interval, one o'clock, /// Rumination time interval
value

equal_to, more_than, less_than, /// Rumination logic rela-
tionship

integer,  positive~number~,  negative~number~,  re-
al~number~, odd~number, even~number~ /// Rumination
commonsense attributes

2) Rumination action plan

According to the semantic frameworks (vocabulary se-
quence) and the rumination framework RMA_A_TYPE4 1 1,
the following rumination computing action plan could be

End-

generated, where the rumination variable "Start-
ing~time~::Hour~hand~" was assigned values from 0 to 11
with the interval of 1 hour; And the "End-
ing~time~::Hour~hand~" and ""Start-

ing~time~::Hour~hand~" were assigned values with the in-
terval of 1 hour, then the system was resolved by the general
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(original) algorithm.

3) Semantic annotation

After clause segmentation, word segmentation, and part of
speech recognition, the input clauses were matched with the
following semantic frameworks to generate the problem's
data element variable table and dynamic semantic circle.

C1 [l/semantic framework 1D

General /// semantic framework type

6 /Il semantic framework item quantity

t Between /// “t” represented other word types.

n Starting~Time~.:Hour~Number~ /// “n” represented
data element variable; “Starting~Time~::Hour~Number~"
was the local semantic name;

q o'clock 17/

tand

n Ending~Time~::Hour~Number~

q o'clock /1

C2 /Il semantic framework ID

Expanding ///semantic framework types

10//I general formula quantity

A::Right~Angle~::Minute~Number~,A::Right~Angle~::Mi
nute~Number~,60,///Data element variables

3 /lfformula ID

1_Vaviable,2_Vaviable,Times, ///formula variables

B::Right~Angle~::Minute~Number~,B::Right~Angle~::H
our~Number~,60,/// Data element variables

3 /lfformula ID

1_Vaviable,2_Vaviable,Times, ///formula variables

A::Result::Hour~Number~,A::Right~Angle~::Hour~Num
ber~,Starting~Time~::Hour~Number~,/// Data element var-
iables

6 /lfformula 1D

Total,PartA,PartB, /// formula variables

B::Result::Hour~Number~,B::Right~Angle~::Hour~Num
ber~,Starting~Time~::Hour~Number~,/// Data element var-
iables

6 //fformula ID

Total,PartA,PartB, /// formula variables

6,Minute~Hand~::Tracing::Speed,0.5,///
variables

6 /lfformula ID

Total,PartA,PartB, /// formula variables

A::Minute~Hand~::Right~Angle~::Tracing::Degree~Num
ber~,A::Right~Angle~::Minute~Number~,Minute~Hand~::T
racing::Speed, /// Data element variables

3 /lfformula ID

1 Vaviable,2_Vaviable, Times, ///formula variables

B::Minute~Hand~::Right~Angle~::Tracing::Degree~Num
ber~,B::Right~Angle~::Minute~Number~,Minute~Hand~::T
racing::Speed, /// Data element variables

3 /lfformula ID

1_Vaviable,2_Vaviable,Times, ///formula variables

Hour~Hand~::Starting~Time~::Degree~Number~,0Offset::
De-
gree~Number~,Minute~Hand~::Starting~Time~::Degree~N

ITPeEE]

q " represented quantities.

Data element
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umber~, /// Data element variables

6 /lfformula ID

Total,PartA,PartB, /// formula variables

A::Minute~Hand~::Right~Angle~::Tracing::Degree~Num
ber~,Offset::Degree~Number~,90, /// Data element variables

6 /lfformula ID

Total,PartA,PartB, /// formula variables

270,B::Minute~Hand~::Right~Angle~::Tracing::Degree~
Number~,0Offset::Degree~Number~,/// Data element varia-
bles

6 /lfformula ID

Total,PartA,PartB, /// formula variables

2 /Il The condition formula quantity of the framework

Existed,Starting~Time~::Hour~Number~,;Un-Existed,
Starting~Time~::Minute~Number~,;/// the preconditions of
formula

Hour~Hand-~::Starting~Time~::Degree~Number~,Startin
g~Time~::Hour~Number~,30, ///Data element variables

3 /lliformula ID

1 Vaviable,2_Vaviable, Times, ///formula variables

Existed,Starting~Time~::Hour~Number~,;Un-Existed,
Starting~Time~::Minute~Number~,; /// the preconditions of
formula

0,Starting~Time~::Minute~Number~,
variables

9 /Il formula ID

Left,Right, /// formula variables

0 /lIThe logic relationships quantity of the semantic
framework

20/// Semantic framework item quantity

n A::Result::Hour~Number~ /W “n” represented data
element variable; “A::Result::Hour~Number~" represented
the local semantic name.

w B::Result::Hour~Number~ " “w”  represented
question data element variable; “A::Result:: Hour~Number~"
represented the local semantic name.

vdo /// “v” represented verb.

s minute hand///*s” represented noun.

tand // “t” represented other types of words.

s hour hand

v form

ca /// “a” represented constant.

s right angle

m A::Right~Angle~::Minute~Number~// “m” represent-
ed middle data element variable.

m A::Right~Angle~::Hour~Number~

m B::Right~Angle~::Minute~Number~

m B::Right~Angle~::Hour~Number~

m Minute~Hand~::Tracing::Speed

/Il data element

m  A::Minute~Hand~::Right~Angle~::Tracing::  De-
gree~Number~
m  B::Minute~Hand~::Right~Angle~::Tracing::  De-

gree~Number~
m Hour~Hand~::Starting~Time~::Degree~ Number~
m Minute~Hand~::Starting~Time~::Degree~ Number~
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m Offset:: Degree~Number~ input text, pattern matching was performed with the semantic
m Starting~Time~::Hour~Number~ frameworks. Through global semantic analysis, the following
4) Data element variable table data element variable table could be generated (refer to Table

After word segmentation and part of speech tagging of the 1):

Table 1. Data element variable table.

No Type Name Value

1 Constant Starting~Time~::Hour~Number~ 1.000000
2 Constant Ending~Time~::Hour~Number~ 2.000000
3 Question Variable A::Result::Hour~Number~ Unknown
4 Question Variable B::Result::Hour~Number~ Unknown
5 Middle Variable A::Right~Angle~::Minute~Number~ Unknown
6 Middle Variable A::Right~Angle~::Hour~Number~ Unknown
7 Middle Variable B::Right~Angle~::Minute~Number~ Unknown
8 Middle Variable B::Right~Angle~::Hour~Number~ Unknown
9 Middle Variable Minute~Hand~::Tracing::Speed Unknown
10 Middle Variable A::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~ Unknown
11 Middle Variable B::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~ Unknown
12 Middle Variable Hour~Hand~::Starting~Time~::Degree~Number~ Unknown
13 Middle Variable Minute~Hand~::Starting~Time~::Degree~Number~ Unknown
14 Middle Variable Offset::Degree~Number~ Unknown
15 Constraint Variable Starting~Time~::Hour~Number~ Minimum
16 Constraint Variable Ending~Time~::Hour~Number~ Maximum

Notes: The fifteenth and sixteenth variables were constraint variables of the same name, with their respective minimum and maximum val-
ues.

5) Dynamic semantic circle
The formula antecedents in the dynamic semantic circle were shown in following Table 2:

Table 2. Formula antecedent table.

ID Antecedent
11 Existed, Starting~Time~::Hour~Number~,; UnExisted, Starting~Time~::Minute~Number~,;
12 Existed, Starting~Time~::Hour~Number~,; UnExisted, Starting~Time~::Minute~Number~,;

The formulas in dynamic semantic circle were shown in following Table 3:
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Table 3. Formula table.

ID Formula ID Data Element Variable Formula Variable
1 3 A::Right~Angle~::Minute~Number~, A::Right~Angle~::Hour~Number~,60, 1 Vaviable,2_Vaviable, Times,
2 3 B::Right~Angle~::Minute~Number~, B::Right~Angle~::Hour~Number~,60, 1 Vaviable,2_Vaviable, Times,

A::Result::Hour~Number~, A::Right~Angle~::Hour~Number~, Off-

3 6 set::Hour~Number~, Total, PartA, PartB,

4 6 B::.I-Qesult::Hour~Number~, B::Right~Angle~::Hour~Number~, Off- Total, PartA, PartB,
set::Hour~Number~,

5 6 6, Minute~Hand~::Tracing::Speed, 0.5, Total, PartA, PartB,

6 3 A::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~, 1 Vaviable, 2_Vaviable,
A::Right~Angle~::Minute~Number~, Minute~Hand~::Tracing::Speed, Times,

7 3 B::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~, 1 Vaviable, 2_Vaviable,
B::Right~Angle~::Minute~Number~, Minute~Hand~::Tracing::Speed, Times,
Hour~Hand~::Starting~Time~::Degree~Number~, Offset::Degree~Number~,

8 6 Minute~Hand~::Starting_Time::Degree~Number~, Total, PartA, PartB,

9 6 A::.I-\/Imute~Hand~::R|ght~Hand~::Tracmg::Degree~Number~, Off- Total, PartA, PartB,
set::Degree~Number~,90,

10 6 27(.)-, B::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~, Off- Total, PartA. PartB,
set::Degree~Number~,

1 3 Hour~Hand~::Starting~Time~::Degree~Number~, Start- 1 Vaviable, 2_Vaviable,
ing~Time~::Hour~Number~,30, Times,

12 9 0, Minute~Hand~::Starting~Time~::Degree~Number~, Left, Right,

6) Resolving and analyzing

Based on the formulas listed above, the rumination action plan was formulated for instances that satisfied the rumination
framework of the feature words sequence. The rumination action plan was used to resolve the problem iteratively (refer to Ta-
ble 4).

Table 4. Instance A step results.

St Variable 0-1o'cl 1-20'cl 2-30'cl 3-40'cl 4-50'cl 5-6 6-7 7-8 8-9 9-10 10-11 11-12
ock ock ock ock ock o'clock o'clock o'clock o'clock o'clock o'clock o'clock

Minute~Hand~::Starting~Time~::Deg

1 0 0 0 0 0 0 0 0 0 0 0 0
ree~Number~

p Hour-Hand~:Starting-Time~::Degre 30 60 90 120 150 180 210 240 270 300 330
e~Number~

3 Minute~Hand~::Tracing::Speed 5.5 5.5 5.5 5.5 5.5 55 55 55 55 55 5.5 55

4 Offset::Degree~Number~ 0 30 60 90 120 150 180 210 240 270 300 330

g AcMinute-Hand~:Right-Angle~Tr o) o0 155 189 210 240 270 300 330 360 390 420
acing::Degree~Number~

g DrMinute-Hand—Right-Angle~=Tr o0 500 515 180 150 120 90 60 30 0 30 -60
acing::Degree~Number~

7 A:Right~Angle~:Minute~Number~ 16.36 21.82 2727 0 3818 4364 49.09 5455 60 6545 7091 76.36

8 B:Right~Angle~:Minute~Number~ 49.09 43.64 38.18 3273 27.27 21.82 1636 1091 545 0 545 -10.91
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: Variable ock ock  ock
9 A:Right~Angle~::Hour~Number~ 0.27 036 045
10 B:Right~Angle~::Hour~Number~ 0.82 073 0.64
11 A::Result::Hour~Number~ 027 136 245
12 B::Result::Hour~Number~ 082 173 264
Results number 2 2 2

The rumination computing results of Instance A should
satisfy the default relationship: " A::Result::Hour~Number~"
was less than "B::Result::Hour~Number~"; The following
conditions should also be met: The results should be within
the time interval of the rumination action plan; It must also
meet commonsense: The variables should be positive num-
bers or zero, and all degrees should be between 0-360 de-
grees (determined by the constraint condition time interval).
Therefore, the correct result range of Instance A could be
preliminarily identified as the first four input scenarios (itali-
cized data columns), where the starting times were between
the intervals [0,3]. The specific conclusion could be obtained
through cross validating results of other instances.

0-1o'cl 1-20'cl 2-30'cl 3-40'cl 4-50'cl 5-6

6-7 7-8 8-9 9-10 10-11 11-12

ock ock  o'clock o'clock o'clock o'clock o'clock o'clock o'clock
3273 064 073 082 091 1 1.09 118 127
05 045 036 027 018 009 O -0.09 -0.18
355 463 572 682 791 9 10.09 11.18 1227
355 445 536 627 718 809 9 9.91 10.82
1 2 2 2 2 2 1 0 0

4.1.2. Instance B

“Between five o'clock and six o'clock (C1), when do mi-
nute hand and hour hand form a right angle (C2)?”

The feature word sequence of the semantic frameworks for
matching the instance B was the same as instance A, howev-
er, the input data element variable values were different, and
the preset formulas for the dynamic semantic circle were also
different. Table 5 showed the information of data element
variables that were different from instance A (the same in-
formation was omitted), while Table 6 showed the formula
information in the dynamic semantic circle that was different
from instance A (the same information was omitted).

Table 5. Data element variables.

NO Type Name Value

1 Constant Starting~Time~::Hour~Number~ 5

2 Constant Ending~Time~::Hour~Number~ 6

Table 6. Formula table.

ID Formula ID Data Element Variable Formula Variable
Offset::Degree~Number~,

9 6 . . ) Total, PartA, PartB,
A::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~,90,

10 6 B::Minute~Hand~::Right~Angle~::Tracing::Degree~Number~,90, Total, PartA, PartB,

The step results were shown in Table 7:
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Table 7. Instance B step results.

Ste Vaviable 0-1 1-2 2-3

p

1 Minute~Hand~::Starting~Time~::Deg 0 0 0
ree~Number~

5 Hour~Hand~::Starting~Time~::Degre 0 30 60
e~Number~

3 Minute~Hand~::Tracing::Speed 5.5 55 55

4 Offset::Degree~Number~ 0 30 60

5 A:':M|nute~Hand~::nght~AngIe~::Tr 90 120 150
acing::Degree~Number~

6 B:':Mlnute~Hand~::nght~AngIe~::Tr 270 240 210
acing::Degree~Number~

7 AlRight~Angle~:Minute~Number~ 16.36 21.82 27.27

8 B:Right~Angle~::Minute~Number~ 49.09 43.64 38.18

9 A:Right~Angle~::Hour~Number~ 0.27 036 0.45

10 B:Right~Angle~::Hour~Number~ 0.82 0.73 0.64

11 A::Result::Hour~Number~ 027 136 245

12 B::Result::Hour~Number~ 082 173 264

Results number 2 2 2

The rumination computing results of Instance B should
satisfy the default relationship: " A::Result::Hour~Number~"
was less than "B::Result::Hour~Number~"; The following
conditions should also be met: The results should be within
the time interval of the rumination action plan; It must also
meet commonsense: The variables should be positive num-
bers or zero, and all degrees should be between 0-360 de-
grees (determined by the constraint condition time interval).
Therefore, the correct result range of Instance B could be
preliminarily identified as the middle four input scenarios
(italicized data columns), where the starting times were be-
tween the intervals [0,3]. The specific conclusion could be
obtained through cross validating results of other instances.

4.2. Semantic Relation Instance

The semantic components of text (subject, object, action
and attributes, time and place, etc.) and their relationships, as
well as the more, less, or proportion relations of data ele-
ments, together with system data, constituted another type of
rumination framework summarized from sample data. After
verification, it could form the new thinking mechanism of
feature analogy.

For example, two subject EN "A:: B::", the action AC
"Run", the place PL "Ring::Runway::", the time AT
"First::Meet::Time::", the action modifier string AB "Simul-
tane-

3-4

4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12

o'clock o'clock o'clock o'clock o'clock o'clock o'clock o'clock o'clock o'clock o'clock o'clock

0 0 0 0 0 0 0 0 0

90 120 150 180 210 240 270 300 330
55 55 55 55 55 55 55 55 55
90 120 150 180 210 240 270 300 330
180 210 240 270 300 330 360 390 420
180 150 120 90 60 30 0 -30 -60

0 38.18 43.64 49.09 5455 60 65.45 7091 76.36
32,73 2727 2182 1636 1091 545 O -545 -10.91
3273 064 073 082 091 1 1.09 118 1.27
055 045 036 027 018 0.09 O -0.09 -0.18
355 463 572 682 791 9 10.09 11.18 12.27
355 445 536 627 718 8.09 9 991 10.82
1 2 2 2 2 2 1 0 0
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ous~Departure~::Same~Starting~Place~::Same~Direction::",
the subject attribute string ER "A(person)::B (person)::", the
place modifier string AP "Ring::", and the time modifier
string AT "First::Meet::", determined the general resolving
method for the tracing problem. If the above conditions and
the relationship between data element size/proportion were
satisfied, the corresponding resolving method for the relevant
rumination framework could be invoked to generalize the
solution method for such problems and verified the results.

The constraint relationship of semantic component’s at-
tributes and the size or proportion relationship of data ele-
ments could form another set of preconditions for rumination
framework. The rumination framework also corresponded to
the action plan such as problem scene identifiers, condition
formula sets, and the general formula sets. Matching and
replacing the scene identifiers and data element variable
names of the rumination framework based on the actual situ-
ation of the problem; While satisfying the preconditions of
rumination framework, the dynamic semantic circle of the
new problem was generated. The principle of result verifica-
tion was consistent with the previous methods and would not
be repeated here.

4.2.1. Instance C

“There is a circular track with a circumference of 600 me-
ters (C1), where A and B start simultaneously at the same


http://www.sciencepg.com/journal/acm

Applied and Computational Mathematics

http://www.sciencepg.com/journal/acm

place (C2), and in the same direction (C3). A runs 300 me-
ters per minute (C4), and B runs 400 meters per minute (C5).
How many minutes do the two persons meet for the first time
(C6)?”

After semantic annotating, semantic framework recogniz-
ing, global scene analyzing, data element variable naming,
dynamic semantic circle (included general formulas and
condition formulas) generating, commonsense knowledge
referring, and thinking mechanism invoking, the semantic
relationship rumination framework and corresponding se-
mantic components could be obtained after verifying the
resolving results.

The semantic relationship rumination framework was
showed as follows:

RMA_C _TYPE4 2 1 /// Rumination framework ID

Circular::Track::Circumference, A::Speed, B::Speed,
First~Time~::Meet::Time, ///input variables

sysFirstsys /l//the scene identifier of the data element
variables

Tracing::Distance, Tracing::Speed, Tracing::Time, ///
new added middle data element variables;

4 [/llcondition formulas quantity

Existed, Tracing::Distance, /// antecedents

9 Circular::Track::Circumference, Trac-
ing::Distance=-Left, Right, ///formula body

Existed, Tracing::Distance, /// antecedents

9 Tracing::Distance, Circu-

lar::Track::Circumference=-Left, Right, ///formula body
More~Than~, B::Speed, A::Speed, /// antecedents

6 B::Speed, Tracing::Speed, A::Speed=-Total, PartA,
PartB,///formula body

More~Than~, A::Speed, B::Speed, /// antecedents

6 A::Speed, Tracing::Speed, B::Speed=-Total, PartA,

PartB,///formula body

2 Illgeneral formula quantity

9 Tracing::Time, First~Time~::Meet::Time=-Left, Right,
[lfformula body

9 First~Time~::Meet::Time, Tracing::Time=- Left, Right,
[lfformula body

The semantic component set (context constraint SC4_2_1)
corresponding to the semantic relationship rumination pat-
tern could be represented as follows:

SC4 2 1 /llsemantic component set ID

RMA_C_TYPE 4_2_1 /// rumination framework 1D

EN::AC::PL::AP::ER:: ///The semantic components string
whose constraints could be relaxed.

AB Simultane-
ous~Departure~::Same~Starting~Place~::
Same~Direction~:: ///action modification constraint (string)

AC Run:: [l/actions(string)

AE NULL ///subject modification (string), “NULL”
represented none.

AO NULL ///object modification (string),
represented none.

AP Circular::, /ll place madification (string).

“NULL”
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AR NULL  /action mode (string), “NULL” repre-
sented none.

AT First~Time~::Meet:: ///time modification (string).

ER Person:: ///Subject attributes(string), “NULL”

represented none.

EN A::B:: /l/Subjects (string)

PL Circular::Track:: /// places (string).

OB NULL ///objects (string), “NULL” represented
none.

4.2.2. Instance D

“On a circular track with a circumference of 600 meters
(C1), a truck and a car depart clockwise from the same start-
ing place at the same time (C2). The truck runs 300 meters
per minute (C3), and the car runs 400 meters per minute (C4).
How many minutes do the two vehicles meet for the first
time (C5)”

After semantic annotating, semantic framework recogniz-
ing, and global scene analyzing, the generated problem se-
mantic components (contextual constraints) were compared
with the corresponding information in Instance C. The cor-
responding semantic component approximation index was
the sum of the level numbers of two concepts with the same
attribute; The approximate index of the semantic relationship
rumination framework was the sum of the approximate index
of each replaceable semantic component (refer to Table 8).

Table 8. Semantic components comparison.

ID Type Instance D Instance C Index
1 EN Truck::Car:: A:B: 8

2 AC Run:: Run:: 0

3 PL Circular::Track::  Circular::Track:: 0

4 AP Circular:: Circular: 0*

5 ER Vehicle:: Person:: 2*
Total 8

Note: AP and ER were semantically included in PL and EN, and the
indexes would not be calculated again in the total.

On the premise that the approximation index met the
threshold, replaced the semantic components in the semantic
rumination framework “RMA_C_TYPE4_2_1” of Instance C
with the corresponding semantic components in Instance D,
and generated the new rumination  framework
“RMA_D_TYPE4_2_2”, as shown below:

RMA_D_TYPE4_2 2 /// Rumination framework ID

Circular::Track::Circumference, Truck::Speed,
Car::Speed, First~Time~::Meet::Time, ///Input Variables

sysFirstsys /llthe scene identifier of the data element
variables


http://www.sciencepg.com/journal/acm

Applied and Computational Mathematics

http://www.sciencepg.com/journal/acm

Tracing::Distance, Tracing::Speed, Tracing::Time, ///
new added middle data element variables;

4 [llcondition formulas quantity

Existed, Tracing::Distance, /// antecedents

9 Circular::Track::Circumference, Trac-
ing::Distance=-Left, Right, ///formula body

Existed, Tracing::Distance, /// antecedents

9 Tracing::Distance, Circu-

lar::Track::Circumference=-Left, Right, ///formula body

More~Than~, Truck::Speed, Car::Speed, /// antecedents

6 Car::Speed, Tracing::Speed, Truck::Speed=-Total,
PartA, PartB,///formula body

More~Than~, Truck::Speed, Car::Speed,

/Il antecedents

6 Truck::Speed, Tracing::Speed,
PartA, PartB,///formula body

2 [llgeneral formula quantity

9 Tracing::Time, First~Time~::Meet::Time=-Left, Right,
[lfformula body

9 First~Time~::Meet::Time, Tracing::Time=- Left, Right,
[lfformula body

The information of the generated rumination framework
should be stored into the data element variable table and the
dynamic semantic circle separately. After resolving Instance
D by machine thinking mechanism and comparing the results
with the general method, it could be confirmed that the
above type of problems could be solved using the semantic
relationship rumination framework.

Car::Speed=-Total,

4.3. Calculation Action Instance

Based on the deduction and calculation operations in action
set such as "add/subtract/multiply/divide/rollback/...", enumer-
ated and executed the operations, verified with the com-
monsense knowledge and result. The reasonable action se-
quence was recognized as the new common knowledge, and
new theorems might be derived. This rumination computing
mode had the possibility of achieving autonomous expansion
for mathematic theory. Established the intelligent system to
enumerate the possible actions and explore the new resolving
method when the system was idle, observed, verified, and com-
pared the system output until all possible resolving paths were
explored and verified. In this rumination computing mode, all
calculation actions were executed on the Intelligent Operating
Environment (IOE). Relying on the IOE to achieve system state
monitoring, probing backtracking, and robust calculation. The
principles for result verification were consistent with the previ-
ous method and would not be repeated here.

Instance E: “A farmer raises 3000 chickens and rabbits
(C1), totaling 7200 feet (C2). How many chickens and rab-
bits are there respectively (C3) ?”

4.3.1. Semantic Recognizing

After semantic framework matching and global semantic
analysis, the following data element variable table (refer to
Table 9) and local formula table (refer to Table 10) could be
obtained:

Table 9. Data element variables.

Type Value
Known 3000
Known 7200
question ?
question ?
Middle ?
Middle ?
Constant 2
Constant 4

Table 10. Local formula table.

No Name

1 Chicken”Rabbit”:: Total::Quantity

2 Chicken”Rabbit"::Total::Foot~Number~
3 Chicken::Quantity

4 Rabbit::Quantity

5 Chicken::Foot~Number~

6 Rabbit::Foot~Number~

7 Chicken::Foot~Number~::Quantity~::Rate
8 Rabbit::Foot~Number~::Quantity~::Rate
ID Formula ID Data Element Variable

1 6

2 6

Chicken”™Rabbit”:: Total::Quantity, Chicken::Quantity, Rabbit::Quantity,

Chicken”Rabbit”:: Total::Foot~Number~, Chicken::Foot~Number~, Rab-

Formula Variable

Total, PartA, PartB,
Total, PartA, PartB,
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ID Formula ID Data Element Variable

bit::Foot~Number~,

4.3.2. Commonsense Knowledge

Formula Variable

The commonsense calculation relationships implied in the context were shown in the Table 11 below:

Table 11. Commonsense formulas.

ID FormulaID  Formula ID

1 3 Chicken::Foot~Number~, Chicken::Quantity,
Chicken::Foot~Number~::Quantity~::Rate,

5 3 Rabbit::Foot~Number~, Rabbit::Quantity, Rab-

bit::Foot~Number~::Quantity~::Rate,

Commonsense knowledge about calculation actions in-
cluded: the same property variables could perform addition or
subtraction action; If there was a proportional relationship
between two property variables, they could perform multi-
plication or division action; In the realm of elementary
mathematics, the data elements corresponding to the physical
world were all in the range of 0 and positive numbers.

1) First stage

At the beginning, based on the above commonsense and the
4 variables with the types of "Known™" and "Constant” in
Table 10, the possibly matched addition and subtraction ac-
tions included:

(1) “Chicken::Foot~Number~::Quantity~::Rate”  +
“Rabbit::Foot~Number~::Quantity~::Rate” (R1)

(2) “Chicken::Foot~Number~::Quantity~::Rate” - “Rab-
bit::Foot~Number~::Quantity~::Rate”  (Negative value,

eliminated based on commonsense knowledge)

(3) “Rabbit::Foot~Number~::Quantity~::Rate” -
“Chicken::Foot~Number~::Quantity~::Rate” (R2)

Possibly matched multiplication and division actions in-
cluded:

(4)  “Chicken™Rabbit"::Total::Quantity” *  “Chick-
en::Foot~Number~::Quantity~::Rate” (R3)
(5)  “Chicken™Rabbit"::Total::Quantity” *  “Rab-

bit::Foot~Number~::Quantity~::Rate” (R4)

(7) “Chicken™Rabbit":: Total::Foot~Number~" / “Chick-
en::Foot~Number~::Quantity~::Rate”  (R5)

(8) “Chicken™Rabbit"::Total::Foot~Number~" / “Rab-
bit:: Foot~Number~:: Quantity~::Rate”  (R6)

The six generated middle variables R1-R6 (physical
meanings were not yet determined) were added to the known
variables in the data element variable table. Checked if there
were any middle variables that matched the problem result. If
there were, the algorithm returned success and began the
second result verification stage; If there weren’t, the algo-
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Formula ID

1 Vaviable,2_Vaviable, Times,

1 Vaviable,2_Vaviable, Times,

rithm executed the above actions iteratively.

2) Second stage

Excluding the continuous use of the same variable in itera-
tions, the possibly matched addition and subtraction actions
include:

(8) (R3) - “Chicken™Rabbit"::Total::Quantity” (Negative
value, eliminated based on commonsense knowledge)

(9) “Chicken™Rabbit":: Total::Quantity”’- (R3) (R7)

(10) (R4) - “Chicken”Rabbit": : Total::Quantity” (R8)

(11) “Chicken”Rabbit"::Total::Quantity” — (R4) (Nega-
tive value, eliminated based on commonsense knowledge)

Possibly matched multiplication and division actions in-
cluded:

N)  RN/R2

(N+1) (R8)/(R2)

(R9)
(R10)

4.3.3. Result Verification

The correct results of the question were as follows:

"Rabbit::Quantity"=600,

"Chicken::Quantity"=2400.

Equal to the values of the steps "R9" and "R10" in the
previous section. Therefore, it could be inferred that the cal-
culation and derivation processes of "R9" and "R10" were
correct.

5. Conclusion

“Proposing hypotheses” and “verifying and promoting”
were the important ways for scientific theoretical innovation
and technological development. This method for machine
rumination computing proposed in this article was based on
the massive use cases, implemented the logic closed loop for
innovation and was the important approach for automatic
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optimization of knowledge engineering systems and auton-
omous creative thinking evolution of machine intelligence
systems [39]. In the future, we will deepen the research on the
formal representation for mathematic concept system and
axiomatic system, and explore machine methods to improve
mathematic theories, continuously accumulate commonsense,
deepen research on redundant/inclusive knowledge and con-
flict resolution techniques, and try to construct the large-scale
machine intelligence application system [40].

Abbreviations

ChatGPT Artificial Intelligence Chatbot Program
Developed by OpenAl in the United States

IOE Intelligent Operating Environment

AC Semantic Component: Actions (String)

AE Semantic Component: Subject
Modification (String)

AO Semantic Component: Object Modification
(String)

AP Semantic Component: Place Modification
(String)

AR Semantic Component: Action Mode
(String)

AT Semantic Component: Time Modification
(String)

ER Semantic Component: Subject Attributes
(String)

EN Semantic Component: Subjects (String)

PL Semantic Component: Places (String)

OB Semantic Component: Objects (string)

AB Semantic Component: Action Modification

Constraint (String)
Ci, 1<=i<=n  Clause ldentifiers
ID Identifier
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