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Abstract  We propose “Model Human Processor with Real Time Constraints” as a simulation model of 
human behavior selection. It stems on the successful simulation model of human information process-
ing, Model Human Processor (Card, Moran, and Newell, 1983), and extends it by incorporating three 
theories, Maximum Satisfaction Architecture (MSA, presented at CogSci2007), Structured Meme 
Theory (SMT, presented at CogSci2008), and Brain Information Hydrodynamics (BIH, presented at 
CogSci2008). MSA, SMT and BIH deal with coordination of behavioral goals, utilization of long-term 
memory that works as an autonomous system, and a mechanism for synchronizing individual with en-
vironment, respectively. MHP/RT works as follows: 1) inputs information from environment and indi-
vidual, 2) MHP/RT builds a cognitive frame in working memory, 3) resonates it with autonomous 
long-term memory, 4) maps the resonance on consciousness to form reduced representation of the 
input information, 5) predicts future cognitive frames to coordinate input and working memory.
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(1) Predicting next frame M(n+1) by 
using the past frames M(1), ... , M(n)

(2) Analysis of the M(n) frame

Loop until continuous behavior finishes 
the number total of frame is MX

MAIN: cerebellum processing
AUX: cerebrum processing
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δLTM = ∞
μLTM = ∞
κLTM = Semantic

δVIS = 200[70~1000]msec
μVIS = 17[7~17] letters
κVIS = Physical

δAIS = 1500[900~3500]msec
μAIS = 5[4.4~6.2] letters
κAIS = Physical

μWM = 3[2.5~4.1] chunks
μWM* = 7[5~9] chunks
δWM = 7[5~226] sec
δWM (1chunk) = 73[73~226] sec
δWM (3chunks) = 7[5~34] sec
κWM = Acoustic or Visual

τP = 100[50~200]msec

τC = 70[25~170]msec

Eye movement= 230[70~700]msec

Motor
Processor

τM = 70[30~100]msec

MHP (Model Human Processor) by Card, Moran and Newell
in Applied Cognitive Psychology 
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Available memory for decision making includes:
1) Memory activated by resonance reaction
2) Residually active memory 
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MHP/RT
refers to the mechanism for synchronizing the autonomous systems

working in the “Synchronous Band”
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Process and Content in Two Cognitive Systems
adapted from Kahneman (2003) “A Perspective on Judgment and Choice

Mapping Bounded Rationality”, American Psychologist

NDHB-Model/RT
(Nonlinear Dynamic Human Behavior Model with Real Time Constraints)

proposed by Toyota and Kitajima at CogSci2009

Integration of Memories
> Individual OBJECT Memory
> Integrated OBJECT Memory
> Linkage via Mutual Referencing
> Conscious Behavior by Connecting RMD to BMD
> Prioritization with Reality endorsed by BMD

We assume that memory is organized by “Multidimensional 
Frame.” MD-frame is a conceptual extension of Minsky’s 
frame. It is a primitive cognitive unit that conveys information 
that can be manipulated by brain under various constraints, 
similar to the concept in the ICM theory by G. Lakoff, the 
schema theory by D. Rumelhart, and so on. 
There are two kinds of MD-frame in our theory. BMD-frame 
(Behavior Multidimensional frame) is created and used by 
Autonomous Automatic Behavior Control Processing. RMD-
frame (Relational Multidimensional frame) is created and used 
by Conscious Processing. 
BMD-frame and RMD-frame are mutually connected by shar-
ing OBJECT, originated from Perceptual Processing. 

Phoneme Sequence Analysis Creates:
> Language Structure (Grammar)
> OBJECT Relation Matrix
> Web of Categories

MEMORY

Perception
OBJECT Segmentation causes OBJECT Memory
> OBJECT Decomposition
> OBJECT Categorization

Autonomous Automatic Behavior Control
BMD-Frame: Converging System/Connect to Behavior
> Retrieval of Behavioral BMD-Frame via OBJECT
> Construction of Behavioral BMD-Frame
> Linkage of BMD-Frames to Sequence Behavior
> OBJECT Creation causes OBJECT Memory

Add Information via the following Operations
> Change in time (Differentiation)
> Mutual relationship among OBJECTs (Correlation)
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Activity of 
Consciousness

Information from Perception followed by its 
registration if good experience should result
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Deviation from Synchronized Behavior with Environment

Egocentric Behavior
Synchronized Behavior

with EnvironmentTrigger
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Egocentric behavior is completely 
personal. It is isolated from the 
other conscious activities and it 
doesn’t require the other persons’ 
acceptance.

“Imagination activity” is associated with “Con-
sciousness I” and “Consciousness II” which 
shape those behaviors that are synchronized 
with environment. It is not restricted to eligibility 
of behavior and thus the range of its variety is 
broadest.

Parallel Processing of Consciousness and Autonomous Automatic Behavior
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Two Minds by Kahneman in Behavioral Economics
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Sensory
Information < SMT: DATA OBJECT >

Three layered structure
- Conscious layer

- Autonomous-automatic behavior control layer
- Bodily state layer

< MSA: PROGRAM OBJECT >

Goals(17+a) , Constraints, Object-Relations
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< BIH: ORGANIC SELF-CONSISTENT FIELD >
Real Time Constraints, Initial Conditions (Goals, etc.)

Behavior Mode Change: Circadian rhythm, Schedule, Events, Emotions, etc.
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Consciousness
RMD-Frame: Open System in Simple CrossNetwork
> Retrieval of Episodic RMD-Frame via OBJECT
> Construction of Relational RMD-Frame
> Linkage of RMD-Frames to Construct Episode
> OBJECT Creation causes OBJECT Memory


