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Systems Vocabulary 

Vidyadhar Tilak 

“System’s Lexicon thru SHS (Smart Home System)” 

Abstract 

Analysing the inherent complexity of modern engineered systems, such as a Smart Home 

System (SHS), requires abandoning reductionist tools in favour of a specialized systemic 

vocabulary. This essay provides a consolidated lexicon for systems science, centred on the 

Holon as the fundamental unit of structure and agency. We apply this conceptual architecture—

including Holarchy, Emergent Properties, State, and Behaviour—using the Smart Thermostat 

as a concrete, dynamic example of a functioning Holon. The analysis systematically defines 

each term in an engineering context, underscoring the necessity of establishing clear System 

Boundaries (Irreducible and Cul-de-sac) and emphasizing the critical methodological guardrail 

of avoiding the Neighbourhood Fallacy. By translating complex technological reality into 

formal, relational models, this work equips a person to structure, diagnose, and intervene 

effectively across diverse complex systems. 

I. Introduction: The Foundational Shift:  

 

Figure 1: The concept of a Holon 

[Description: A structural diagram illustrating the Holon. It shows the concept of Holarchy 

with In-vironment containing  Parts  and En-vironment  of which it is a part]. 
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The primary hurdle in modeling complexity is acknowledging that any entity possesses a 

structural duality: it is simultaneously a whole unto itself and a part of something greater. 

Traditional reductionism breaks systems into isolated components, missing the crucial 

synergy where the combined action produces novel outcomes. Holism addresses this directly, 

requiring the concept of the Holon—the foundational atom of systemic thought. 

A Holon is an autonomous unit that maintains its own distinct integrity and purpose while 

being tightly integrated into a larger organizational structure. We will use the Smart 

Thermostat as our designated Holon under study: 

• Whole: The Smart Thermostat is a self-regulating device that independently manages 

temperature control based on programmed settings, local sensor readings, and user 

input. 

• Part: It is a constituent element of the broader Smart Home System (SHS), 

coordinating with lighting, security, and energy reporting. 

This duality defines its three crucial relationships: 

• Sub-Holons (Level Minus One): The constituent parts providing input and function. 

These include the device's Microprocessor (for computation), the 

Temperature/Humidity Sensors (for local data), and the Communication Module 

(for network activity). 

• Sup-Holon (Level Plus One): The larger system that integrates and controls its output. 

This is the Central Home Automation Hub (or the utility company's Demand 

Response Grid). 

• Sis-Holons (Planar Peers): Other complex systems operating at the same functional 

level within the home. This might be the Smart Security Camera or the Voice 

Assistant Speaker. 
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Figure 2: System properties 

[Description: A structural diagram illustrating the three prime system properties: Transitive 

property, Emergent property and Absorbent property] 

System Properties: The Holon’s identity is defined by its Emergent Properties—

characteristics that arise solely from the coordinated interaction of its sub-holons, and which, 

those sub-holons alone do not possess. The primary emergent property of the Smart Thermostat 

is Predictive Comfort Optimization. A sensor can report temperature, and a microprocessor 

can run code, but the capability to learn household patterns and anticipate the optimal system 

activation time is an emergent property created by the interaction between the sensor data, the 

computational logic, and the stored historical data. This is the function the Sup-Holon (Home 

Hub) utilizes. Systemic characteristics are precisely categorized: 

▪ Intrinsic Properties: Transitive properties acquired by simple summation from sub-

holons. The total power consumption (in watts) of the Thermostat is the sum of the 

consumption of its screen, processor, and communication modules. 

▪ Emergent Properties: Novel, synergistic properties felt by the Sup-Holon. Peak Load 

Avoidance is the defining emergent property communicated to the energy grid. 

▪ Absorbent Properties: Characteristics the Holon acquires from the Sup-Holon and 

passes down to its Sub-Holons. The Thermostat absorbs the utility company’s tiered 

pricing schedule (a macro-economic signal) from the Home Hub, and this price data 

then influences the microprocessor's scheduling algorithm. 

II. Holarchy, Structure, and Setting System Boundaries 

 

Figure 3: The Holarchic Structure of the Smart Home 
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[Description: A structural diagram illustrating the Holarchy with the Smart Thermostat as the 

focal Holon. It identifies the vertical Hierarchical Links that define the system boundary, and 

the horizontal Planar Relationships with parallel peer systems (Sis-Holons)]. 

The interconnected arrangement of holons forms the Holarchy, a nested hierarchy that reflects 

the organizational complexity of the entire system. This organization is dictated by the system’s 

Structure, which must account for both hierarchical links (vertical relationships, e.g., the 

Home Hub sending a command to the Thermostat) and planar relationships (side-to-side 

communication, e.g., the Thermostat and the Smart Light reporting occupancy data to each 

other). 

To effectively analyse this complexity, the systems thinker must establish definitive analytical 

boundaries using two conceptual endpoints: 

• Irreducible: The bottom-most unit relevant to the study. For analysing the Smart 

Thermostat, the Irreducible might be the Transistor within the device's main chip, as 

it represents the fundamental physical switch that enables computation. 

• Cul-de-sac: The top-most, most complex unit relevant to the study. In the context of a 

smart home, the Cul-de-sac might be the Global Energy Market or the Regional 

Power Grid, as these represent the ultimate environmental context influencing the 

home's operation. 

These endpoints define the Degree of Complexity by setting the number of organizational 

layers studied. 

The System Definition and Boundaries: The formal definition of a System is simply the Holon 

under study, bounded by its structure, its behaviour, and its neighbourhood. This boundary-

setting activity establishes three essential levels for analysis: 

• Level Zero: The Smart Thermostat itself—our focus. 

• Level Minus One (The Sub-environment): All Sub-Holons providing input (e.g., the 

temperature sensor data, the Wi-Fi signal strength). 

• Level Plus One (The Sup-environment): The Sup-Holon and its context, which 

provide control and absorb output (e.g., the Central Home Hub's scheduling logic, the 

user's manual override command). 
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The strategic value in systems thinking is the ability to shift the system boundary seamlessly. 

If the focus is on maximizing regional power grid stability, the Regional Power Grid becomes 

Level Zero; if the focus shifts to optimizing a single device, the Smart Thermostat becomes 

Level Zero. 

III. Dynamics, State, and Behaviour 

 

Figure 4: Smart Thermostat Dynamic Response Cycle 

[Description: A dynamic feedback diagram illustrating the Trigger-Process-Event cycle as a 

critical adaptive Behaviour loop controlled by the Smart Thermostat (Memory Holon)]. 

A system is not a rigid model; it is a perennially dynamic entity characterized by constant 

Changes. These changes are driven by a triplet of influences: 

1. Historic Influence: The accumulated memory of past events shaping the current 

response. The Thermostat’s stored record that the house takes two hours to warm up on 

a Tuesday morning in winter influences its current decision to pre-emptively start the 

furnace. 

2. Random Fluctuation: Stochastic, unpredictable internal events. Minor, untraceable 

variations in network latency or sensor drift. 

3. Agent’s Influence: Intentional or deliberate intervention. A homeowner's direct 

manual override (external agent) or the thermostat's own algorithm adjusting its set 

point to hit a predicted energy target (internal agent). 
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The dynamic response of a Holon is dictated by its capacity for memory. 

• Memoryless Holons: These produce a fixed output pattern (Function) for a fixed input 

pattern. A simple electrical relay that clicks on when the temperature hits 75°F and off 

when it hits 72°F operates purely on a deterministic function. Their action is history 

independent. 

• Memory Holons (Agents): These incorporate a summarized history of past inputs to 

determine their output, a pattern called Behaviour. The Smart Thermostat is an 

excellent example. Its output (calling for heat) is based on the current temperature plus 

its knowledge of past efficiency, current time of day, and predicted occupancy. 

The Thermostat’s State is this summarized history—a cumulative record of occupancy patterns 

and heating/cooling response times—which acts as a processor of both current input and its 

past Trajectory (the complete sequence of states, or set points, it has occupied over time). 

Change is initiated by a Trigger (e.g., the user leaving the room), activating Processes (e.g., 

engaging the away mode algorithm) within the holon that lead to a series of state changes, 

culminating in an Event (e.g., furnace shutdown) when the system reaches a temporary 

equilibrium (the "eco-mode" set point). 

IV. The Crucial Role of Connects and Neighbourhoods 

 

Figure 5: Neighbourhood of Thermostat (Focal Holon) 
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A system’s function depends entirely on the links, or connects, between its holons. These are 

not just physical links (wires, Wi-Fi) but also semantic associations, facilitating the exchange 

of energy, information, and Agency (the assertion of control and adaptive capability). The 

Connects between the Thermostat and the HVAC unit, the Home Hub, and the cloud servers 

are its operational network.The System Neighbourhood: The Neighbourhood defines the total 

context for the Holon, providing the critical map for a comprehensive systems analysis. It is 

divided into three crucial types: 

1. Structural Neighbourhood: All holons with direct Connects to the focal holon. For 

the Thermostat, this includes the Furnace Control Board (Sub-Holon), the Central 

Router (Sis-Holon), and the External Weather API (Sup-Holon data source). 

2. Behavioural Neighbourhood: The system’s Trajectory—its past, present, and 

possible future States. This helps predict the likelihood of the thermostat failing to 

communicate if it has a history of sporadic network drops. 

3. Conceptual Neighbourhood: The abstract context crucial for understanding and 

communication. Comparing the Thermostat to an experienced ship captain provides an 

isomorphism that aids in explaining its dual function of monitoring conditions and 

proactively guiding resources (energy) to a goal (comfort). 

V. Recapitulation 

The consolidated systems lexicon, founded on the duality of the Holon, provides an 

indispensable architecture for investigating technical and organizational complexity. By 

applying these concepts to the Smart Thermostat, we have demonstrated how system identity 

is captured by Emergent Properties, structure is defined by the nested layers of the Holarchy, 

and processes are mapped through State and Behaviour. The core methodological imperative 

remains the complete mapping of the Neighbourhood to completely understand  the system. 

Mastering this vocabulary moves the practitioner beyond simple linear causation, equipping 

them with the tools needed to design adaptive systems, diagnose multi-layered failures, and 

engage with the holistic reality of interconnected modern life. 

“System’s Lexicon thru SHS (Smart Home System)” 

------------- 0------------- 
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Technical Terms 

Term Short Description 

Absorbent 

Properties 

Characteristics the Holon acquires from the Sup-Holon and passes 

down to its Sub-Holons (e.g., absorbing a utility company's tiered 

pricing schedule and using it to influence the scheduling algorithm). 

Agency 
The assertion of control and adaptive capability exchanged via 

Connects. 

Behaviour 
The output pattern of a Memory Holon that is determined by current 

input and its accumulated history (State). 

Behavioural 

Neighbourhood 

The system's Trajectory—its past, present, and possible future States, 

used to predict the likelihood of future events. 

Conceptual 

Neighbourhood 

The abstract context used for understanding and communication, often 

involving Isomorphism (e.g., comparing the Thermostat to a ship 

captain). 

Connects 

The links or operational network between Holons, facilitating the 

exchange of energy, information, and Agency (e.g., Wi-Fi links 

between the Thermostat and the Home Hub). 

Cul-de-sac 

The top-most, most complex unit relevant to the study, defining the 

highest analytical boundary (e.g., the Global Energy Market or 

Regional Power Grid). 

Emergent 

Properties 

Novel, synergistic properties that arise solely from the coordinated 

interaction of a Holon's sub-holons and which the sub-holons alone do 

not possess (e.g., Predictive Comfort Optimization). 

Function 
The fixed output pattern of a Memoryless Holon for a fixed input 

pattern (action is history independent). 

Holarchy 

The nested hierarchy or interconnected arrangement of Holons that 

reflects the overall organizational complexity of the system (e.g., the 

structure of the entire Smart Home System). 
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Holon 

The fundamental unit of systemic thought; an entity that is 

simultaneously a whole unto itself (maintains integrity) and a part of a 

larger system. The Smart Thermostat is the essay's Focal Holon. 

Intrinsic Properties 
Transitive properties acquired by simple summation from sub-holons 

(e.g., the total electrical power consumption of the Thermostat). 

Irreducible 
The bottom-most unit relevant to the study, defining the lowest 

analytical boundary (e.g., the Transistor within the main chip). 

Memory Holons 

Agents, like the Smart Thermostat, that incorporate a summarized 

history of past inputs to determine their output, leading to Behaviour 

rather than fixed Function. 

Sis-Holon 
A Planar Peer—another complex system operating at the same 

functional level as the Focal Holon (e.g., the Smart Security Camera). 

State 

The Holon's summarized history—a cumulative record of past inputs 

and events (e.g., occupancy patterns, heating response times) that 

determines its current condition and future output. 

Structural 

Neighbourhood 

All Holons with direct connects to the focal holon (e.g., Furnace 

Control Board, Central Router). 

Structure 
The physical and relational arrangement of Holons that accounts for 

both hierarchical links (vertical) and planar relationships (horizontal). 

Sub-Holon 

A constituent part operating at Level Minus One that provides input 

and function to the Focal Holon (e.g., the Thermostat's Microprocessor 

and Sensors). 

Sup-Holon 

The larger system operating at Level Plus One that integrates and 

controls the output of the Focal Holon (e.g., the Central Home 

Automation Hub or the Utility Grid). 

System 

Neighbourhood 

The total context for the Focal Holon, divided into Structural, 

Behavioural, and Conceptual dimensions, providing the map for 

comprehensive systems analysis. 

Trajectory 

The complete sequence of states a Holon has occupied over time. It is 

the history used by the Holon's internal processor to determine its next 

action. 

 

Annex: The Smart Thermostat: A Dynamic Focal Holon 

The essay uses the Smart Thermostat as the definitive example of a Focal Holon to illustrate 

core systemic concepts. The Smart Thermostat is defined by its ability to act as both a whole 

and a part within the Smart Home System (SHS): 

1. As a Whole (Maintaining Integrity): It is a self-regulating, autonomous unit that 

independently manages temperature control based on programmed settings, local 

sensor readings, and user input. 

2. As a Part (Integrating into the Larger System): It coordinates with the Sup-Holon 

(Central Home Automation Hub or Utility Grid) for energy reporting and system-

wide optimization. 

Key Systemic Roles of the Smart Thermostat: 
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• Emergent Property: Its defining characteristic is Predictive Comfort 

Optimization—the ability to learn household patterns and anticipate the optimal time 

to activate the HVAC system to reach the set point efficiently. This goes beyond 

simple temperature reading (an intrinsic property). 

• Memory Holon: It is not a rigid switch. It possesses State (memory) that includes 

stored history of occupancy patterns, heating/cooling response times, and external 

economic signals (Absorbent Properties). This memory allows it to exhibit 

Behaviour, where its output is based on current input plus accumulated historical 

knowledge. 

• Dynamic Response Cycle: Its operation follows an adaptive feedback loop: a 

Trigger (e.g., user input, temperature change) initiates a Process (algorithm 

execution), which culminates in an Event (HVAC action), which in turn feeds 

Feedback/Data back into the system to adjust the current State. 

This focus allows the essay to demonstrate how complex, adaptive functions are modelled by 

a system's structure and its dynamic, history-dependent Behaviour. 
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