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Abstract
The purpose of this paper is to discuss the modifiability of logic control software
systems from both theoretical and practical perspectives. From a philosophy of
technology viewpoint, it proposes that to achieve system modifiability, the ab-
stract narrative of the world in computer science should be:“The world consists
of objects and the relationships between them.”This paper demonstrates that
the SEA (State Event Analysis) method, based on this abstraction, can achieve
modifiability in logic control systems. Through an example of group elevator
modeling, it illustrates how the SEA method enables modeling of complex logic
control systems by leveraging and preserving system modifiability. The con-
tent of this paper contributes to exploring new pathways for modeling complex
manufacturing systems.
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Abstract
This paper examines the modifiability of logic control software systems from
both theoretical and practical perspectives. From a philosophy of technology
standpoint, we propose that to achieve system modifiability, computer science’s
abstract description of the world should be: “The world is composed of objects
and the relationships between objects.”We demonstrate that the SEA (State
Event Analysis) methodology, based on this abstraction, can realize the modifia-
bility of logic control systems. Using elevator group modeling as an example, we
illustrate how the SEA methodology models complex logic control systems by
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utilizing and preserving their modifiability. This work contributes to exploring
new pathways for modeling complex manufacturing systems.

Keywords: Complex Systems; Modifiability; Philosophy of Technology; Object
Technology; Elevator Group Modeling

Logic control systems are becoming increasingly complex. Mobile phones, au-
tomobiles, robots, field production control systems, network applications, elec-
tronic games, and consumer systems are all evolving into complex intelligent
systems—either as pure logic control systems or with logic control as their frame-
work. In particular, current complex manufacturing system modeling faces nu-
merous challenges [1], and system modifiability represents a fundamental issue
in addressing these challenges.

This paper defines “system modifiability”as follows: (1) When modifying the
framework structure between different stages/versions during system evolution,
there should be clear and straightforward specifications and methods [2]; (2)
Within the framework and structure of a single version, conventional program-
ming practices should suffice to achieve version objectives [3]; (3) Most impor-
tantly, system modifiability must be sustainable and should not deteriorate
or disappear as systems grow more complex [4]. Achieving such modifiability
enables methods for complex system evolution, yielding traceable, analyzable,
optimizable, and easily testable complex systems. For instance, widely-used
development approaches like prototyping and agile development require specifi-
cations in the sense of systematic modifiability under methodological guidance;
otherwise, both the methods and system scale become difficult to advance [5].

2.1 Do We Need Strict Object-Orientation?

This paper collectively refers to both object-oriented and object-based concepts
as “object technology.”We discuss the modifiability of logic control systems
from the perspective of object technology. When emphasizing the modifiability
of computer software systems, should modeling languages be strictly object-
oriented or object-based? We argue that object-based, rather than strictly
object-oriented, languages should be chosen.

We now examine a proposition in the philosophy of technology. Currently, com-
puter technology abstracts the world as: “The world is composed of objects.”
This corresponds to strictly object-oriented languages. Through practice and
reflection, however, we contend that the abstraction should be: “The world is
composed of objects and the relationships between objects.”This corresponds
to object-based languages.

Software development requires more philosophical speculation [6]. We argue
that in computer modeling, objects/entities are easily identifiable, but relation-
ships between objects are often vague and difficult to determine, representing
a primary challenge in the early modeling phase. Inter-object relationships are
constrained by various factors: (1) External constraints—requirements for sys-
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tem logic, functionality, and performance proposed by industry, market, or
users, such as the elevator industry’s “maximum same-direction, en-route
service”requirement, time interval requirements between process steps in chip
production, or software system compatibility requirements; (2) Internal logical
consistency requirements—how can systems crafted with if-statements or logic
encapsulated in individual objects ensure overall system logic without conflicts
or omissions? What methods or methodologies can guarantee the quality met-
rics of system logic? (3) Computational resource constraints—feasible algorithms
and data are limited by resources measured in terms of system timing require-
ments and program/data space; (4) System modifiability requirements—do the
relationships between objects in a built system allow for future modifications?
(5) In logic control systems, real-time systems and systems with stringent logic
requirements are particularly challenging, as modeling success often hinges on
revealing and unraveling deep relationships between objects. To build systems
that are both concise and highly modifiable, it is necessary to contemplate more
general inter-object relationships and the structure of modeling languages.

Target systems must satisfy various constraints on inter-object relationships.
These relationships are not subjectively or locally defined but possess objective
limitations and mutual constraints, exhibiting chaotic characteristics in the early
modeling phase. There is no reason to assume that inter-object relationships
can be encapsulated into complex object specifications at the outset of modeling
[7]. Modeling languages should preserve the possibility of recognizing and re-
vealing inter-object relationships, allowing modelers to gradually advance their
understanding of these relationships. The more language mechanisms prescribe
objects and the more a priori information is encapsulated within objects, the
more likely they are to fragment, sever, or disrupt the constrained relationships
awaiting revelation in the system. Particularly when focusing on system mod-
ifiability, object-based rather than strictly object-oriented languages should be
chosen in object technology.

2.2 Event-Driven Mechanism and System Modifiability

Object-based programs are event-driven. We now discuss how the event-driven
mechanism affects program structure from the perspective of system modifia-
bility. Discussions of modifiability often involve concepts of “loose coupling”
and “decoupling.”From a decoupling perspective, the event-driven mechanism
disperses long-flow programs into numerous event handling processes—this may
be called the first type of decoupling. Furthermore, strictly object-oriented lan-
guages involve excessive encapsulation and inheritance within objects, whereas
object-based languages represent a decoupling from complex object definitions
and specifications—this may be called the second type of decoupling. For system
modifiability, modeling should employ languages with inherently low coupling
to avoid introducing accidental complexity into the system, thereby facilitating
the revelation of essential complexity [8].

Therefore, object-based languages are more appropriate for modeling. However,
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the event-driven mechanism allows the timing, quantity, and interrelationships
of events (sequences) to be random and uncertain, necessitating resolution of
the “event sequence trap”problem [9]. Especially as programs grow larger
and more complex with stronger modification requirements, addressing program
disorderliness must precede achieving modifiability.

This paper discusses system modifiability based on our modeling practice over
several years using the State Event Analysis (SEA) methodology. Examining
the evolution from a single-elevator system to a group elevator system reveals
how the SEA methodology consistently preserves modifiability throughout this
evolution.

3 SEA Methodology and System Orderliness and Modifia-
bility
After establishing a single-elevator model using the SEA methodology [10], we
developed an N-elevator multi-agent“blackboard pattern”group elevator schedul-
ing model [11]. We now describe the relationship and evolution between single
and group elevator models from several perspectives: state transition diagrams,
timer object usage, data structures, decision algorithms, and visualization in-
terface technology, using this example to observe and discuss how the SEA
methodology realizes, utilizes, and preserves the modifiability of logic control
systems.

3.1 Use of State Transition Diagrams in the SEA Methodology

The SEA (State Event Analysis) methodology performs state transition anal-
ysis on event-driven systems. It employs universal computer visualization ob-
jects/entities for system modeling, providing a consistent approach for system
analysis, design, programming, debugging, modification, and maintenance that
yields excellent modifiability.

Although the target system’s state transition diagram is key to SEA method-
ology modeling, it is not necessarily the first step to draw the complete system
state transition diagram. For instance, when a portion of the target system can
be defined as one or several states within the overall state transition diagram
while the remainder remains poorly understood, modeling can begin by defining
partial states and then completing the target system through state expansion,
ultimately obtaining the overall system state transition diagram through the
modeling process. Single-elevator system modeling using the SEA methodol-
ogy primarily achieves the system and its modifiability through state expansion
[10]. For group elevator system modeling, this paper introduces another system
expansion approach in the timer section that enables evolution from single to
group elevators. In summary, the timing and manner of using state transition
diagrams for target systems are predicated on facilitating system analysis and
understanding—this represents an important characteristic of state transition
diagram usage in the SEA methodology.
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State transition diagrams are tools for describing systems from the outside in
and serve as a framework for analyzing and understanding systems even in
their infancy. Determining the timing and conditions for state transitions is
a process from coarse to fine, from vague to precise. Because state transition
diagrams have an implementation at the statement level—the select case state-
ment, which is the unified, sole framework statement within each event handling
function—the gradual clarification of system understanding primarily relies on
the programming process guided by state transition diagrams. The state tran-
sition diagram, the global single state control variable “state,”and its select
case statement collectively form the SEA methodology’s outside-in, top-down
system framework [12]. Although SEA methodology involves multiple model-
ing elements, because the state perspective controls the entire system workflow,
every program statement except those in the select case statement and initial-
ization program exists in and only in one definite state. “State”becomes the
organizing principle that integrates and orders the system. State connects the
static text of each event handling function while also establishing dynamic, or-
ganic state-dimensional relationships among all processing. State’s partitioning
and unifying of the system resembles a butcher’s dissection and reassembly of
an ox.

3.2 Two Phases of Single-Elevator Modeling

[Figure 1: see original paper] shows the state transition diagram of a single-
elevator system. State-controlled single-elevator modeling is completed in two
phases. The first phase uses a visualization interface to establish an uncondi-
tional reciprocating operation between floors, stopping at each floor with door
opening/closing, creating a dynamic system environment. Critically, no com-
mand buttons are placed on the interface during this phase, avoiding program-
ming that processes each button input as it occurs. The first phase’s modeling
task is to obtain the logic for processing/servicing stored user requests when the
system is in working states other than the two pending-service states. Without
buttons on the interface, the assumption is that once the program runs, it cuts
into a designated working state—the dashed line in Figure 1 indicates cutting
into the upward state. Therefore, the system initialization program sets: (1)
the state the system will cut into; (2) the current positions of the elevator car
and doors; (3) assumed accepted requests in the user request array; and (4) cor-
responding values for key variables. Upon program startup, the elevator begins
upward operation. Figure 1 does not show dashed lines for transitioning from
the initialization program to the stopping or downward states, though such tran-
sitions can be configured when modeling requires them. These dashed lines only
represent temporarily applied state transitions during the first modeling phase.
Modelers configure various user request combinations, elevator positions, and
directions in the initialization program to analyze, program, and debug the logic
constrained by“maximum same-direction, en-route service”within the upward,
downward, and stopping states (these three states are also called non-pending-
service or non-idle states), thereby obtaining scheduling algorithms covering all
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user request data [10]. When the elevator completes servicing user requests, it
enters the first-floor or non-first-floor pending-service state (these two states are
also called pending-service or idle states). In SEA methodology, events causing
state transitions are mostly those defined in event-driven languages, such as user
request input events that cause transitions from pending-service to non-pending-
service states. However, some are system-level defined behavioral events, such
as the elevator leveling event that causes transitions from upward/downward
states to the stopping state, which is implemented using timer interrupt events.
An important feature of the SEA methodology is using the dynamic, animated
environment of visualization programs to analyze, clarify, and refine system
logic.

The second phase of single-elevator modeling places floor and in-car command
buttons on the visualization interface and completes programming for button
input processing. This processing mainly includes: (1) input validity checking;
(2) starting idle elevators; and (3) storing valid requests in the user request array
[10]. Because state governs every statement and every animation action on the
graphical user interface is programmed within event handling functions, there is
no separate GUI development issue under the SEA methodology [13]. This phase
completes all programming for the single-elevator system. Command buttons
on the interface can be pressed at any time, and these inputs are processed
logically and functionally appropriate in each state.

3.3 Timer Object

Both single and group elevator systems use only one timer object. The timer
starts and exits simultaneously with the system and remains the core object of
modeling.

First, consider the timer’s operation in the single-elevator system. Because
the maximum structure in the timer interrupt routine is a select case statement
for the state variable, each timer interrupt enters a definite state. The timer
routine accomplishes: (1) displaying dynamic behaviors of visualization objects
on the interface, such as displacement changes during elevator movement and
door opening/closing; (2) controlling time durations for door opening/closing
through time counting; (3) causing state transitions when detecting positions
or moments for state migration; and (4) calling three decision algorithms at
system-scheduled decision moments to make the system act according to decision
results. The first step in transforming the single-elevator program into a group-
elevator program is replicating the original single-elevator program N times
within the timer, where N is the number of elevators. Correspondingly, the
visualization interface increases to N elevators, and all variables in the single-
elevator program become N-element variable arrays. Because each elevator has
its own independent state control variable state(i), i=1~N, the group elevator
system is an asynchronous parallel system. This evolution from single to multi-
elevator system represents a non-state-expansion expansion approach, thereby
increasing system complexity while preserving modifiability.
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3.4 In-Car Requests

We define in-car requests as the destination floor numbers entered by users after
entering the elevator—these are tasks the elevator must complete. The system
stipulates that in-car requests are only valid when they are destination floor
numbers ahead of (approachable by) the elevator’s current direction. For fault
tolerance, in-car requests entered while the elevator is in pending-service state
can also start the elevator to service that request.

3.5 Data Structure for User Requests in Group Elevator Systems

All user requests in an N-elevator group system are stored in a task table array
button(j,i), j=1~MAXL, where MAXL is the highest building floor. The N eleva-
tors’in-car requests occupy columns i=1~N of the task table, denoted as stopi(j).
Each cell in this MAXL×N array takes two values: 0 indicates no request, and 1
indicates an in-car request corresponding to that cell. Column N+1 of the task
table stores upward floor requests button(j,N+1)=up(j), j=1~MAXL-1; column
N+2 stores downward floor requests button(j,N+2)=down(j), j=2~MAXL. Cells
in these two floor request columns take four values: (1) =0, indicating no floor
request; (2) =i, i=1~N, indicating elevator i will service this floor request; (3)
=N+i, indicating elevator i has an in-car request matching this floor request;
(4) =2N+1, indicating the elevator to service this floor request is undetermined.
The third value N+i represents a“match”where if elevator i has an in-car stop
request at floor m and the system has a floor request at m in the same direction
as elevator i, these two requests are considered matched. The system performs
matching whenever any floor or in-car request arrives, and if matching succeeds,
writes N+i (i=1~N, the matched elevator number) into the floor request cell. A
floor request may match in-car requests from multiple elevators, and the system
allows all matching situations to be written into that floor request cell in an over-
lay manner. The other two values indicating tasks, i or 2N+1, are dynamic and
will be detailed later. Each individual elevator in the group system only faces
its own data structure, identical to the single-elevator system’s data structure
—composed of elevator i’s in-car requests stopi(j) and floor up(j) and down(j)
columns. However, unlike the single-elevator system, the group system’s two
floor request columns are shared and jointly serviced by N elevators. Therefore,
the original single-elevator scheduling logic must be modified so that N eleva-
tors respond to randomly arriving in-car and floor requests without missing
any request while minimizing the average response time caused by extended or
frequent stops by any single elevator.

3.6 Starting Idle Elevators in Group Elevator Systems

Besides in-car requests that can cause idle elevators to leave idle state, the sys-
tem’s response to newly input floor requests represents the primary opportunity
to start idle elevators. For a new floor request, if it matches no in-car request,
the system finds the idle elevator nearest to that floor request. When found
(elevator i), the system writes elevator number i into that floor request cell in
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the task table and simultaneously starts elevator i to service the floor request.
If no idle elevator exists in the system, the value 2N+1 is stored in that floor
request cell.

3.7 Brief Introduction to Single-Elevator Logic

The state transition diagram from the original single-elevator system (Figure 1)
is still used to describe individual elevator operation in the group system. Each
elevator’s decision algorithms in the group system are derived by modifying
the single-elevator system’s three decision algorithms. Table 1 provides a brief
introduction to the three decision algorithms called in the single-elevator system
[10].

Table 1: Introduction to Three Decision Algorithms in Single-
Elevator System

# Decision Algorithm Calling Moment Decision Content
1 Stop Decision Before reaching

floor during
up/down movement

Whether to stop at
this floor

2 Priority Direction
Decision

After floor stop,
before door opening

Service direction for
this door opening

3 Operation Decision After stop layer
service ends

Search for new service
tasks; if none,
transition to
pending-service state

When a single elevator responds to a user request across floors, it proceeds
through three decision algorithms in sequence. The stop decision is called before
each floor, while the other two decisions are called during floor stops. Each
individual elevator in the group system still uses calling these three decision
algorithms as its main operational logic.

3.8 Scheduling Logic of Group Elevator Systems

In the task table, the elevator number i written for floor tasks is entered by
the system only when starting idle elevators; otherwise, it is entirely entered
proactively by elevator agent i onto the task table“blackboard.”We now describe
each individual elevator’s operational logic. During a given period, elevator i in
the group system only works to complete either its own in-car request (matched
or unmatched) or a floor request marked with i—one of these two exclusively.
The purpose of marking elevator numbers in the task table is to enable multiple
elevators to claim different floor tasks, thereby avoiding overlapping service.
The stipulation is: for any elevator i, there is only one cell in the task table
containing its elevator number i during necessary periods; during most periods
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when elevator i’s current operation target is an in-car request and during most of
its stopping state, the task table contains no cells with value i. This stipulation
minimizes the number of floor requests marked for any elevator at any moment,
allowing other elevators to mark and respond to floor requests originally valued
at 2N+1 as early as possible.

During stop decisions before each floor, elevator i checks for new targets. New,
closer targets may be: (1) new in-car requests for elevator i; (2) other eleva-
tors returning their originally marked tasks to the system by changing the task
value to 2N+1; or (3) the system writing 2N+1 for newly arrived floor requests
when no idle elevator was started. If a randomly occurring situation is closer to
elevator i, it replaces the original, farther target. If the original farther target
was a floor task, its value i is changed to 2N+1, keeping elevator i’s marked
tasks in the task table minimal. After leveling at a floor and before opening
doors, elevator i calls the priority direction decision, whose purpose remains as
listed in Table 1. Notably, if a task valued 2N+1 exists ahead of elevator i,
the elevator should at least maintain its running direction. After the priority
direction decision, the elevator opens doors for service, at which point the task
table no longer contains floor tasks valued i. After completing stop layer ser-
vice, elevator i performs the operation decision, searching for the nearest in-car
request (matched or unmatched) and floor requests valued 2N+1. If the nearest
is an in-car request, the task table still contains no cells valued i, and operation
begins. If the nearest is a floor task valued 2N+1, its value is changed to i and
operation begins. If no such tasks are found ahead, the elevator searches and
services in the opposite direction until confirming no tasks require service, then
enters the pending-service state.

The scheduling characteristic of this method is that balancing tasks among ele-
vators is achieved dynamically through the independent, autonomous behavior
of each elevator agent. The system only compares distances between idle eleva-
tors and floor signals when processing new floor signals that require starting idle
elevators. Beyond this, neither the system nor individual elevators perform hor-
izontal comparisons between elevators, nor does the system conduct top-down
task allocation.

This represents a logically closed, complete foundational scheduling model for
group elevator systems.“Logically closed”means that for both the system and its
individual elevators, from the first user request to the last serviced request, each
elevator experiences a closed loop of states from pending-service to non-pending-
service and back to pending-service. Moreover, this system program can adapt
to any elevator count N from 1 to 8. When programming, setting constant N=1
yields a single-elevator system. During early group elevator modeling, most
editing and debugging of group elevator logic occurs with N=1. Then, values
N$�$8 are set to run, debug, verify, and modify the system separately.
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3.9 Further Modifications to This Group Elevator System

This is a highly adaptable and modifiable foundational group elevator model.
Based on this model, future modifications can proceed in several main directions:

First, modifying the conditions for starting idle elevators. To balance system
energy consumption and average response speed, a threshold for average tasks
of working elevators can be added, called the idle elevator start decision factor.
When a floor request arrives, the system calculates the average task load of
working elevators. If this value exceeds the set threshold, an idle elevator is
started; otherwise, the floor request is directly entered into the request task
table with value 2N+1.

Second, limited by space, this paper only presents key points of top-down mod-
eling for group elevator systems. For actual engineering needs, this model can
be further refined. We have implemented a refined version of this model on PLC
systems [11], demonstrating the advantages and feasibility of our method.

Third, implementing system peak scheduling functions. Real group elevator
systems often have various specific peak scheduling requirements, such as up-
peak/down-peak services (UPS/DPS). Generally, to meet specific requirements,
the SEA methodology allows modifications at three levels: (1) Program level
—adding new event lines to the state transition diagram in Figure 1 without
adding new states, enabling more state transitions under additional events (con-
ditions); (2) Modifying the state transition diagram in Figure 1 to add specific
peak states to some individual elevators; (3) Treating the aforementioned group
elevator foundational model as a normal state of the group elevator system.
Adding a top-level state transition diagram and top-level state control variable
top_{state} above this model creates a system containing peak states that can
transfer with the normal state. Notably, even when adding another layer of
states, the top-level top_{state} still controls states that partition the system
down to the statement level—states remain extensible. These three modification
schemes may need to be combined and used simultaneously. In practice, peak
state switching generally occurs through timing. Because peak functions and
requirements vary across specific systems, the SEA methodology and this model
provide these modification possibilities. Providing such a foundational model
with multiple modification possibilities is theoretically and engineering-wise nec-
essary and meaningful.

4 Conclusion
The SEA methodology achieves and preserves system modifiability because it
can always realize the framework value of its target systems [2]. Whether for
simple systems, 雏形系统 (nascent systems), or complex systems like the group
elevator model in this paper, the SEA methodology simultaneously achieves
both the behavioral value [2] and framework value of systems. As real-world
entities increasingly transform into computer-based systems, revealing the es-
sential complexity [8] of such entities becomes an inevitable mission of object
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technology. Object technology is not obsolete, nor are its technical problems all
solved [14]; rather, it is at a stage of fulfilling its mission while developing its
own theory, technology, applications, and experience. We should acknowledge
the uniqueness of object technology in revealing the essential complexity of logic
control systems and should now further develop its specifications and applica-
tions. Simultaneously, we should develop China’s own object-based modeling
(meta-model) language [15] and its theory based on the philosophy of technology
proposition discussed in this paper.
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