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ABSTRACT 

This research introduces a new blackboard control mechanism designed to address the weaknesses of 

conventional systems in managing complex, multilayered problem domains. Existing approaches are 

constrained by rigid, sequential control structures and limited scalability, making them unsuitable for 

environments that require adaptive and flexible decision-making. The proposed mechanism provides a 

standardized coordination framework capable of prioritizing several primary problems along with their 

associated subproblems. As a proof of concept, the control mechanism is applied to the domain of 

sustainable timber harvesting, a field characterized by interdependent tasks such as inventory assessment, 

growth prediction, ecological impact mitigation, and strategic tree selection. The mechanism supports 

dynamic problem prioritization according to a policy-based technique, allowing the system to adapt to 

progressing problem-solving needs. This study demonstrates the potential of an improved blackboard 

control mechanism to enhance decision support in complex, real-world domains. 

Keywords-blackboard control mechanism; multilayered complex problem solving; dynamic prioritization; 

policy-based technique; sustainable timber harvesting   

I. INTRODUCTION  

Sustainable timber harvesting has become a crucial 
objective in modern forestry, driven by the need to preserve 
ecological balance while supporting continued economic 
viability. Innovations in sustainable forest management, 
particularly in harvesting techniques [1], aim to improve 
operational efficiency while adhering to sustainability 
principles. These approaches emphasize maintaining adequate 
timber yields, minimizing damage, supporting forest 
regeneration, and preserving the ecological structure of residual 
stands. These interrelated objectives create a complex, 
multilayered decision-making environment involving multiple 
distinct primary problems, each with associated subproblems 
that require independent, non-sequential decisions supported by 
diverse computational approaches. Furthermore, the processes, 
strategies, plans, and execution sequences for both primary 

problems and subproblems are unique, posing significant 
challenges for the control problem. 

Therefore, sustainable timber harvesting is particularly 
well-suited as a proof-of-concept domain for a new mechanism 
capable of adaptive control. To operate effectively in such a 
dynamic context, expert systems must incorporate improved 
control mechanisms that support both standardized and 
adaptive inferencing. These systems must be able to compose 
complex, manageable problems and subproblems, prioritize 
them based on urgency and context, and integrate diverse 
knowledge. A systematic approach to knowledge design and 
control problem [2] enables such systems to reason across 
multiple decision layers, respond to changing priorities, and 
dynamic problem-solving conditions. 
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II. BACKGROUND STUDIES 

An expert system simulates human expert decision-making 
using a knowledge base and inference engine. Multi-agent 
systems are commonly employed in expert systems [3]. The 
blackboard system, introduced in [4], is an extension of expert 
systems. The blackboard architecture, originally developed for 
the Hearsay-II project [5], has been effectively applied in 
diverse areas, including emergency response [6], robot task 
planning [7, 8], strategic automation [9-11], computational 
creativity in poetry [12], and cybersecurity operations [13-16]. 

The blackboard system consists of three main components 
[17]: independent knowledge sources, a shared workspace for 
centralized data sharing among KS, and a control mechanism 
that manages rule selection and KS execution. These 
components engage in an iterative cycle of proposing and 
refining partial solutions, allowing the system to construct 
outcomes in a flexible, step-by-step manner [18, 19]. The 
blackboard system features explicit knowledge source 
representation that differentiates between control and domain 
problems [6, 19, 20]. Control knowledge sources guide the 
problem-solving process, while domain knowledge sources 
supply the necessary expertise.  

Benefiting from the explicit structure and separation, the 
blackboard system eases the composition of several primary 
problems along with their associated subproblems. In contrast, 
multi-agent systems may find it challenging to coordinate 
heterogeneous agents with distinct roles and knowledge, 
making integration increasingly difficult as system complexity 
grows [21-24]. This heterogeneity may complicate system 
design, particularly in managing interactions and 
communication [25, 26]. Conversely, blackboard systems offer 
centralized knowledge-sharing, enabling diverse knowledge 
sources to contribute effectively to a shared workspace [27]. 
Furthermore, the blackboard control mechanism offers a 
flexible, dynamic environment that supports various strategies 
like rule-based and heuristic methods [20]. It provides a solid 
framework that fosters innovation in managing complex, 
multilayered problems by enabling the comprehensive 
organization of knowledge sources and systematic control of 
problems.  

III. ADDRESSING THE LIMITATIONS OF 

SUSTAINABLE TIMBER HARVESTING 

This development responds directly to the limitations 
observed in current forest management practices, particularly 
Malaysia's long-established Selective Management System 
(SMS) [28-30]. SMS organizes operations into pre-harvesting, 
harvesting, and post-harvesting phases, but it exhibits several 
persistent shortcomings: 

 Limited forest inventory (10% sampling). 

 Generalized estimates of tree growth and felling damage. 

 Manual directional felling based on logger expertise. 

 Minimal post-harvest feedback integration. 

Authors in [28, 30-35] have highlighted the consequences 
of these limitations, including skewed canopy gaps, slow forest 

regeneration, excessive volume loss, especially in non-
dipterocarp species, and biodiversity degradation. A key 
underlying issue is the lack of precise, spatially referenced tree 
data, which impairs efforts to assess ecological impact, 
simulate growth trajectories, and optimize harvest strategies. 

To overcome these challenges, the proposed technique 
incorporates: 

 A detailed tree mapping database such as x-y coordinates, 
Diameter-Breast-Height (DBH), and species. 

 Simulation-based growth forecasting tailored to forest type 
and geography. 

 Directional felling analysis to minimize collateral damage 
and maximize yield. 

 A reassessment mechanism to exclude trees where potential 
damage outweighs the production benefits. 

In this study, a new blackboard control mechanism is 
introduced to address the limitations of sustainable timber 
harvesting. Sustainable timber harvesting is modeled as four 
primary, non-sequential problems: data preparation (P1), 
growth prediction (P2), minimum damage calculation (P3), and 
tree selection revision (P4). Each primary problem contains 
diverse, complex computational subproblems. The proposed 
solution represents these problems within well-defined domain 
knowledge sources to effectively manage the complexity of 
decision-making in a multilayered environment. 

The control mechanism dynamically prioritizes both 
primary problems and subproblems based on factors such as 
complexity, execution time, and interdependencies. This 
adaptive approach enables flexible coordination of tasks in 
multilayered domain problems. The integration of structured 
knowledge sources and adaptive control contributes to more 
sustainable timber harvesting practices. 

To realize the proposed solutions, a tree data collection 
study was conducted on January 14–15, 2020, in Compartment 
17 of the Cherul Forest Concession, Dungun, Terengganu, in 
collaboration with Kumpulan Pengurusan Kayu Kayan 
Trengganu Sdn. Bhd. (KPKKT). A total of 48 trees from 21 
species were sampled within a 300 m × 25 m plot, recording 
DBH, height, and x-y coordinates. The forest's degraded 
condition and small sample size made growth forecasting 
unfeasible. To address data limitations, a randomized technique 
for new tree recruitment [36] was adopted and translated into a 
computer simulation. Executed over repeated cycles, the 
simulation generated 22,934 trees across a 20-ha area (400 m × 
500 m), with each tree defined by x-y coordinates, species 
name, species group, and DBH. 

IV. CHALLENGES IN BLACKBOARD 

IMPLEMENTATIONS 

Conventional blackboard systems, such as Hearsay-II [37], 
[38], OPM [4], and PREDMOLL [39], have provided a 
valuable framework for coordinating knowledge sources across 
modular tasks. However, their control structures typically fail 
to manage several primary problems with distinct subproblems, 
as required in sustainable timber harvesting. In particular, 
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PREDMOLL was designed for protein structure prediction, 
exemplifying several limitations that highlight the need for a 
more adaptive control mechanism. 

PREDMOLL is structured to solve a single main problem 
at a time, dividing it into two distinct phases: secondary 
structure prediction (e.g., α-helices, β-sheets) and tertiary 
structure prediction. Although these phases are logically 
interdependent, PREDMOLL enforces strict sequential 
execution. Each phase must be completed and the system 
reloaded before proceeding to the next, as there is no internal 
mechanism to transition or adapt between phases. This rigid 
workflow limits flexibility and adaptability in addressing real-
world, multilayered problems. 

PREDMOLL and similar systems do not support managing 
multiple primary problems with diverse subproblem selection 
processes or determining which primary problem should be 
addressed next. This limitation is especially problematic in the 
sustainable timber harvesting domain, where multiple primary 
problems may compete for attention, each requiring specific 
conditions for activation. The resolution process is inherently 
non-sequential; the selection and execution of subproblems 
vary across tasks and involve an additional layer of 
subproblems that further increase complexity. 

V. METHODOLOGY 

This methodology addresses the challenges associated with 
managing complex, multilayered problems composed of 
several independent primary problems and diverse subproblem 
structures [2]. The control mechanism integrates dynamic 
prioritization of primary problems with a policy-based 
technique for primary problem and subproblem selection and 
execution. Rather than following a fixed, sequential process, 
the system flexibly selects which primary problem to address 
based on the current state and urgency of the task. Once a 
primary problem is completed, the system reevaluates the 
problem space to determine the next most relevant primary 
problem, enabling an adaptive, non-linear progression aligned 
with current interest and state of problem-solving needs.  

To guide this prioritization, a policy-based technique is 
embedded within the control mechanism. Each primary 
problem is evaluated according to predefined criteria such as 
complexity and execution time. This integrated approach 
provides a scalable control methodology, enabling expert 
systems to manage real-world scenarios where problems are 
interrelated, non-sequential, and layered with diverse 
subproblems.  

VI. SYSTEM DESIGN 

The proposed system is designed to manage complex, 
multilayered tasks by dynamically identifying and resolving 
problems in a flexible manner to meet problem-solving needs. 
Two key capabilities define its control mechanism: 

 Dynamic prioritization of primary problems: This ensures 
that the system selects the next most relevant primary 
problem after completing the current one. 

 Policy-based technique: the policy-based technique allows 
the system to handle the next primary problems and 

subproblems in a way that adapts to specific priorities such 
as processing time and computational complexity.  

A. Dynamic Prioritization of Primary Problems 

Each primary problem within the system contains its own 
domain-specific goal, such as predicting growth, calculating 
damage, or determining felling strategies in timber harvesting. 
Unlike rigid, sequential systems, this design updates its 
execution strategy dynamically based on the outcomes of 
previous cycles.  

Building on earlier architectures, the standardized control 
process, as shown in Figure 1, follows a similar flow with key 
enhancements. It operates in three main steps involving four 
functions: trigger(), feasible(), scheduler(), and executeKS() to 
determine which knowledge source to execute within a 
standardized control loop.  

 

 

Fig. 1.  Standardized control process. 

Whenever the system finishes solving a primary problem, 
the blackboard updates the control event to 'Strategy End'. This 
signals that a new primary problem should be selected. At this 
point, the control knowledge source 'ksToSolveNewProblem' is 
activated. This follows a three-step control process to 
determine what should happen next. The following steps 
describe the activities performed, as presented in Table I: 

B. Step 1: Update Event 

1) Trigger() 

 Identifies changes on the blackboard by initiating trigger 
conditions for all knowledge sources. 

 If a condition is met, a Knowledge Source Activation 
Record (KSAR) is dynamically created and added to the 
trigger list. 

 This step identifies potential knowledge sources for the 
problem-solving process. 
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2) Feasible() 

 Corresponds to a specific event on the blackboard and 
subsequently validates all KSARs in the trigger list. 

 The feasible condition is more specific than the trigger 
condition; once it is met, the KSAR is moved from the 
trigger list to the feasible list. 

C. Step 2: Schedule KSARs 

 KSARs in the feasible list compete for execution. 

 The scheduler() function assigns weights to each KSAR 
based on current blackboard state, strategy status, domain 
level (wdl), control level (wcl), and policy criteria (wp). 

 The KSAR with the highest weight (wtotal), indicating the 
best fit for the current context, is selected for execution. 

D. Step 3: KSAR Execution 

 The executeKS() function activates the selected KSAR, 
producing a new blackboard state that advances the 
problem-solving process. 

 This action triggers the start of the next control cycle. 

Table I shows how the weights (wdl, wcl, and wp) are 
calculated for various KSARs, leading to the selection of 
'ksToSolveNewProblem' due to its highest score. Upon 
selection, ksToSolveNewProblem determines that the current 
problem is PN, indicating the need to plan its strategy.  

The planning process is tracked in the Blackboard 
(centralized data sharing among KS): Table II records PN as 
the new problem. Table III demonstrates how the 
ksPlanStrategy determined PN-related subproblems, and Table 
IV displays the transition to the Review Policy phase in Cycle 
10. 

As presented in Table I, the scheduler() rates all KSARs in 
the feasible list. For the current total weight of 720, columns 
wdl and wcl receive the current total weight of 720 accordingly. 
Given that the current blackboard next_control_level state is 
not Focus Domain, the control knowledge source 
ksToSolveNewProblem receives an additional weight of 100 
for column wp. The system chooses ksToSolveNewProblem as 
the selected action since it has the highest total weight value. 

TABLE I.  STANDARDIZED CONTROL PROCESS 

Step 1: Update the event 

trigger( ) 

Condition KSAR No. KSAR 

damage_tree.hit IS NULL 16 ksar('ksTreesInCircle', 'dip45,nondip50') 

blackboard.control_event =='Strategy End' 17 ksar('ksToSolveNewProblem', 'PN') 

prefelling.growth IS NULL 18 ksar('ksGrowthSimu', 22934) 

retain_tree.id IS NULL 19 ksar('ksEliminationECO', 30) 

Step 2: Schedule the KSAR 

feasible( ) 

Trigger list KSAR No. Feasible list 

ksar('ksTreesInCircle', 'dip45,nondip50') 16 ksar('ksTreesInCircle', 'dip45,nondip50') 

ksar('ksToSolveNewProblem', 'PN') 17 ksar('ksToSolveNewProblem', 'PN') 

ksar('ksGrowthSimu', 22934) 18 ksar('ksGrowthSimu', 22934) 

ksar('ksEliminationECO', 30)   

scheduler(  ) 

KSAR No. KS name wdl wcl wp wtotal 

15 ksChangeFocus 0 620 100 720 

16 ksTreesInCircle 720 0 0 720 

17 ksToSolveNewProblem 0 720 100 820 

18 ksGrowthSimu 720 0 0 720 
 

Step 3: KSAR Execution 

executeKS('ksToSolveNewProblem', 'PN') 

TABLE II.  DETERMINATION OF PROBLEM PN IN CYCLE 8 ksToSolveProblem 

Cycle No. KSAR No. KS name Problem Domain level Next control level Control event 

7 15 ksChangeFocus P1 Preparation of data Problem Strategy End 

8 17 ksToSolveNewProblem PN Problem Plan Strategy To Solve Problem 

TABLE III.  CREATION OF A NEW RECORD CYCLE 9 BY ksStartStrategyFocus  

Cycle No. KSAR No. KS name Problem Domain level Next control level Control event 

8 17 ksToSolveNewProblem PN Problem Plan Strategy To Solve Problem 

9 20 ksPlanStrategy PN Problem Focus To Start Planned Strategy 

TABLE IV.  CREATION OF A NEW RECORD CYCLE 10 BY ksStartStrategyFocus 

Cycle No. KSAR No. KS name Problem Domain level Next control level Control event 

9 20 ksPlanStrategy PN Problem Focus To Start Planned Strategy 

10 20 ksStartStrategyFocus PN Problem Policy Review Policy 
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E. Policy-Based Technique 

Once a primary problem (e.g., PN) is defined, the system 
must then decide which primary problem to execute next. 
Instead of a static order, the system applies a policy-based 
technique that considers specific needs. The execution flow for 
PN identifies the primary problems P2, P3, and P4 as its 
subproblems by the ksPlanStrategy control knowledge source, 
as depicted in Table V. Initially, all subproblems are marked 
with a NULL status, indicating that their priority has not yet 
been assessed. 

TABLE V.  STORAGE OF PN SUBPROBLEMS BY f_strategy 

No. KS name Status 

1 P2 NULL 

2 P3 NULL 

3 P4 NULL 

 
Next, ksStartStrategyFocus updates the status of each 

subproblem to To Review, as illustrated in Table VI, which 
triggers the ksProblemPolicy control knowledge source. This 

component examines each subproblem based on well-defined 
policy criteria, such as: 

 Data Processing Time: How long it takes to compute a 
result. 

 Calculation Complexity: How difficult the computational 
steps are. 

The system applies specific policies to evaluate and 
prioritize subproblems using the control knowledge source 
ksProblemPolicy. As detailed in Table VII, these policies 
correspond to different types of problems and guide how 
subproblems should be selected for execution. The internal 
logic of this decision-making process is portayed in Figure 2, 
which outlines the process flow within ksProblemPolicy. 
According to the criteria defined in Table VIII, subproblem P2 
is identified as faster and simpler to compute compared to P3, 
which involves a more elaborate three-step calculation, 
including damage assessment and felling direction analysis. 
Therefore, P2 is considered a high priority and is scheduled for 
execution. 

TABLE VI.  ksStartStrategyFocus UPDATES STATUS TO TO REVIEW 

No. KS name Status 

1 P2 To Review 

2 P3 To Review 

3 P4 To Review 

TABLE VII.  POLICY CONTROL FOR KNOWLEDGE SOURCES 

KSAR No. KS name Problem Domain level Control level 

2 ksProblemPolicy PN Problem Policy 

12 ksGrowthnYieldPolicy P2S Growth prediction Policy 

14 ksGrowthPolicy P2 Growth prediction Policy 

19 ksEliminationPolicy P4 Elimination P_LOG process Policy 

TABLE VIII.  PROBLEM PRIORITIZATION CRITERIA 

Criteria 
Data processing 

time 

Calculation 

complexity 
Explanation 

P2 Low Low 
P2 offers a growth and yield subproblem that iterates volume calculations based on tree diameter 

increments. P2's volume calculation is computationally simple. 

P3 High High 

P3 requires a three-step complex calculation. The process involves three intricate steps: (1) 

determining the potential damage tree coordinates, (2) identifying the degree of potential 

damage, and (3) deciding the ideal felling direction for minimum damage volume and value. P3 

involves multiple steps, requiring detailed computations for each harvest tree, significantly 

increasing processing time. 

TABLE IX.  ksProblemPolicy UPDATING P2 STATUS TO TO EXECUTE 

No Problem Status 

1 P2 To Execute 

2 P3 Impractical 

3 P4 Impractical 

TABLE X.  CREATION OF A NEW RECORD CYCLE 11 BY ksProblemPolicy  

Cycle No. KSAR No. KS name Problem Domain level Next control level Control event 

10 22 ksStartStrategyFocus PN Problem Policy Review Policy 

11 23 ksProblemPolicy PN Problem Focus Change Focus 

TABLE XI.  CREATION OF A NEW RECORD CYCLE 12 BY ksChangeFocus  

Cycle No. KSAR No. KS name Problem Domain level Next control level Control event 

11 23 ksProblemPolicy PN Problem Focus Change Focus 

12 27 ksChangeFocus P2 Growth prediction Plan To Solve Problem 
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Fig. 2.  ksProblemPolicy process flow. 

Given this assessment, the system indicated that P2 is of 
higher priority and updated its status to To Execute while 
marking P3 and P4 as Impractical due to their higher 
computational demands and longer execution time under the 
current operational constraints. This prioritization decision is 
formally recorded in Table IX. 

Following this, Table X presents the creation of a new cycle 
(Cycle 11), where the system's focus is shifted toward the 
execution of P2. To transition the system to P2, the control 
knowledge source ksChangeFocus is activated. This knowledge 
source finalizes the handover, and in the next cycle, Cycle 12, 
the system initiates the execution of P2, as documented in 
Table XI. 

Through this policy-based technique, the system is able to 
make informed decisions that balance performance efficiency 
with problem complexity. This ensures that problems are not 
only solved in a timely manner but also in an order that 
maximizes overall system effectiveness. 

VII. IMPLEMENTATION 

The system is implemented as an improved blackboard 
control mechanism, where a central blackboard holds the 
current state, and knowledge sources are activated as 
conditions change. Each cycle on the blackboard captures an 
intermediate solution of decision-making. 
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A. Dynamic Prioritization of Primary Problems 

The implementation begins with a control event, such as 
Strategy End, which triggers ksToSolveNewProblem. It is 
selected by evaluating which KSARs are most appropriate, 
based on total weighted scores. 

 scheduler() rated KSARs (Table I), and the highest scoring 
one is selected. 

 A new problem, PN, is identified (Table II). 

 Planning phases are initialized across multiple cycles 
(Tables III and IV). 

This ensures that the system adapts its priorities according 
to the current interest of problem needs, depending on which 
problems are already solved and what remains. 

VIII. POLICY-BASED TECHNIQUE 

During the policy review phase, the system evaluates 
subproblems using specific criteria. In the scenario shown: 

 Subproblems P2–P4 are registered (Table V) and set to To 
Review (Table VI). 

 ksProblemPolicy refers to the processing time and 
complexity to determine the high priority subproblem 
(Table VIII). 

 P2 is chosen for execution, and ksChangeFocus updates the 
system state accordingly (Tables IX-XI). 

Each decision updates the blackboard, triggering new 
control cycles and ensuring that the system remains responsive 
and policy-compliant throughout its execution. 

IX. RESULT AND DISCUSSION 

The proposed blackboard control mechanism effectively 
manages the complexity of sustainable timber harvesting by 
applying dynamic prioritization based on a policy-based 
technique. This allows the system to evaluate and schedule 
primary problems (P1–P4) and their subproblems according to 
computational complexity, dependencies, and execution time.  

As illustrated in Figure 3, this flexibility contrasts sharply 
with conventional systems (Figure 4), which follow fixed, 
sequential processes and struggle with non-linear or iterative 
tasks such as regrowth prediction (P2) and tree selection 
revision (P4). The rigid nature of conventional blackboard 
systems limits adaptability and responsiveness in complex 
forestry scenarios.  

By leveraging a policy-based technique, the proposed 
mechanism continuously reassesses task priorities, enabling 
more coherent decision-making and efficient coordination, 
essential for achieving sustainability goals in dynamic 
environments. 

 

 

Fig. 3.  Policy-based prioritization technique. 
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Fig. 4.  Conventional blackboard in addressing sustainable timber harvesting problems. 

X. CONCLUSION 

This study presented a new blackboard control mechanism 
designed to overcome the structural and operational limitations 
inherent in conventional blackboard systems when applied to 
complex, multilayered problem domains. By incorporating 
problem prioritization according to a policy-based technique, 
the mechanism enables the adaptive selection and execution of 
both primary problems and their corresponding subproblems, 
taking into account current system states, computational 
complexity, and specific requirements. 

Demonstrated within the context of sustainable timber 
harvesting, the proposed control framework successfully 
manages interdependent and non-sequential tasks such as 
growth prediction, damage assessment, and strategic tree 
selection. The mechanism's ability to re-evaluate priorities 
across problem-solving cycles ensures more coherent, efficient, 
and responsive decision-making. 

The results affirm the mechanism's capacity to enhance 
system adaptability and scalability in environments where 
decision layers are intricately linked and continuously 
evolving. As such, this approach holds strong potential for 
broader application in other domains requiring intelligent 
coordination across dynamic, data-intensive, and policy-driven 
processes. 
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